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EYXAPIXTIEX

e autd to onpeio Ba el va evyaploTo® Tov eMPAET®VY KoMy K. Iodvvn Toovro
Y10 TNV GLVEPYUGIN KO TIC YVMGELS TTOV OV TPOGEPEPE OAO ALTO TO SLAGTNUO KO KOTE T

JLIPKELD TOV GTOLODV LOV.

21t ovvéyeln, 0o MOl va guyOPIOTAGH TOVE KAONYNTEG TOV TUNUATOG MMNyoviK®V
[TAnpogopikng Tov TEI Hreipov yia T1g YVOGELS Kot TOV YpOVO TOL OV YAP1oaY ADVOVTOG

KGO pov amopia.

TéNog, TO LeEYaADTEPO EVYUPIOTM, TO OPEIAM GTNV OIKOYEVELL LLOL Y10 TNV GTNPLEN TTOL LoV
napelyav, oe TOAAY emimeda, OAL AVTA TO XPOVIK KAHMG KOl TOVG PIAOVS-CLUEOITNTES TTOV

potpaotnro poli Toug aéyaota EorTnTIKA ¥pOVIaL.



IHEPIAHYH

Ot yevetikol alyopiBuot etvar eUmveLGUEVOL OO TN PUOT) KOl GUYKEKPIUEVA OO TN
Bempia eEEMENC TV €10®V. 'Exouv e@apootel 6€ TOALODG EMGTNUOVIKOVG TOUEIS Kol
TOAAG amd T TPOoPANaTe Tov ETAVOLY elvar peilovog onpaciog Yo avTo Kot o,
TeEAEVTAIO XPOVIO LEYUADVEL TO EVOLAPEPOV TOV AVOPOTMOV Y10 LTOVE. XTO TOPOV
Kelpevo, viomoteitat £va Ypoaetkd TeptBAAAOV e 6KOTO TNV E0KOAN KoL YPNYOpT| XPNon
EVOG KOOKO KOTIYOPLOTOinonG 0e00UEVMV LE YEVETIKOVS aAyopiBupovg, amd Evav néco
xpNot. O KOSIKOG OV KATYOPLOTOLEL T0 dEOUEVA PN OIHOTOLEL T HEBOJO TG
YPOUUOTIKNG eEEMEEMC, M| omoio LEBOSOC TAPAYEL TPOYPAUUOTO GE OTOLUONTOTE YAMDGGO
npoypoppatiopod. H ypappatiky eEEMEN, ya va Aettovpynoet, ypetaletar 6vo factkd
otoyeia pa ypappatiky) oe BNF (Backus-Naur Form) kot ™ oyetiky] cuvdptnon
KOTOAANAOTNTAG. TN GUVEYELD, SIVETOL O TPOTOC EYKATAGTAOTG TOL OAOKANPOUEVOD
neptParlov avantuéng Qt Creator, KaBndg ko kKdmota mapadeiypata pali pe Tov KmotKa
VAOTOINOMG e GKOTO O OvOyVAGTNG VO TAPEL LLaL LLIKPT) YEVGT Y10L TOV TPOTO LLE TOV
omoio umopet va vhiomomOBet pia pkpny epappoyn oto Qt Creator. Téhog, mapovcidleTon N
EQOPLOYY TOL VAOTOMONKE OT®G Ko 1 AVOT VO TPOPANLLATOS TOV ApOpdL TNV

Ta&VOUNGT| TPUDV TOIKIAMMY KPAGLOV e BAOT T EGOUEVH HIAG YNUKNG ovIALONG.

AEEEIG-KAEOA: TEYVNTA VELPOVIKA OIKTLO, YEVETIKOL OAYOPLOpHOL, YPOPROTIKY)

e€éMén, Tpopinpa katnyopromoineng.



ABSTRACT

Genetic algorithms are inspired by nature and specifically by the theory of species
evolution. They have been applied in many scientific areas and many of the problems
they solve are of major importance for this, and in recent years people's interest has
grown for them. In the present text, a graphical interface is implemented in order to easily
and quickly use a data categorization code with genetic algorithms from an average user.
The code that categorizes the data uses the grammatical evolution method, which
produces programs in any programming language. The grammatical evolution, in order to
work, requires two basic elements of a BNF (Backus-Naur Form) grammar and the
relative fitness function. Next, we are given the way to install an Integrated Development
Environment, the Qt Creator, as well as some examples along with the implementation
code for the reader to get a little glimpse into how a small Qt Creator application can be
created. Finally, we present the application that we created and the solution of a problem
concerning the classification of three varieties of wines based on the data of a chemical

analysis.

Keywords: artificial neural networks, genetic algorithms, grammatical evolution,

classification problem.
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Ewoéva 4.5 T'poappotikn mov xpnoonotel 0 KOOTKOG Y10, KOTYoplomoinomn dedouéEvmy e

OUO KAUIGELG. .euvveeeereeeiuteeetteeetteeeteeesteeesseeessseaesssaeessaeesseeassseesssseesssseesssesesssesenssesensses 571.

To mpopinpa

To mpoPAnuo mov mpaypatevetal 10 mopdv Keipevo mepropileton ot TPoomAbELn
CLYYPAPNG KOOIKA LE GKOTO TNV VAOTOINGT VOGS Ypaptkol TeptBAALOVTOG Yo TV E0KOAN,
Kot 660 TO SLVOTOV YPNYOPN, XPNOTN EVOS KOSIKA KATNYOPLOTOINoNG 0E00UEVDV omtd Evay
xpno. To ypapikd mepifdirov £xel vAomomOel amokAieiotikd o Qt C++. O ypnotng Ha
TPETEL VO EKTTOOEVOEL TOV OAYOPIOHO UE £VOL GUVOAD OEOOUEVMV 1 OAAKDG VO EICAYEL TA
dedOUEVH EKTOUOEVOTG, GTI GLVEXELD VO OPYLIKOTOMGEL £VOL GHVOLO LETAPANTOV Kol TEAOG
va elodyet Ta dedopéva Tov Ba Tpémel vo Katryoplomombovv. O kddkag Katnyoplomotet
T 0gdopéva e Paon o pnéBodo mov ovopdleton ypappatiky e£€MEn. H pébodog g
Ypappatikng e€EMENG etvan pa pEB0d0G M omoia el EPUPUOGTEL e emTLYiN GE O18POPOVG

TOUEIG OTIMG Y10 TOPASELY IO GTOV TOUEN TOV OIKOVOUIK®V, LOVGIKNG CLVOEGEWMS K. 0L

1.1 Teyvntd vevpovikd dikTva

Ta texyvmtd vevpwvikd oiktvo, givor évo HOVTEAO OTOTEAOVUEVO OO GLVOESEUEVOLG
vevpmveg petald tovg to omoia Pacilovtar e PLOAOYIKA TPOTLTI KOl GUYKEKPIUEV GTOV
avOpomvo gyképaro. [lpotondpotl otov topéa avtd ot McCulloch ko Pitts o1 omoiot
dekaetion tov ‘40 meptypdyove éva amhd HOVIELO TNG NAEKTPIKNG OpAGTNPLOTNTOS TOV
vevpova. 'Evag vevpavag pmopel va BpioKeTol 6 0O KATOGTAGELS, 1 TPADTN KOTAGTOON
etvar 6tav Aépe OtL 0 vevpdvog “mupoPoiel” otn HEYIGTN cLYVOTNTA Kot M Oe0TEPT
Katdotaot givol 0tav o vevpavog pével adpavig. Ot 600 avTéC KaTaoTAGELS GTIC OTOlEG
EICEPYETOL O VELPOVOG YivVOVTOLl KAT® 0td 0piopéveg cuvOnkeg Tig omoieg Ba mpoomadnow

vo eENYNo® 6€ EMOUEVO KEPAANLO.

Kdé0Be vevpdvag eivar cuvoedeévog e TOV OVTIGTOL(O YELTOVIKO TOV VELPOVO Kot GAOL Ot
1



vevpaveg pall Bpiokovion oe €va Koo emimedo. YmApyovv TovAdyIGTOV SO Emimeda
vELVPOVOY ToL omtoio. ovopalovtal eminedo €16000v kot emimedo ££6oov. Kdbe emmiéov
eminedo avapeoa ota enineda 16000V Kot enineda £660v, ovoudleTor kKpvEd eminedo (PA.
Ewova 1.1). KéBe £€0dog evdg vevpmva givar 1 €l6000¢ £vOg GALOV, LE TOV TPOTO OVTO
oMol ot vevpadves poll aAANAEmOpodv HETAED TOLG, OVAAOYO UE TIC E1GO00VE OV
Aappavovv, Kot kataAnyovv oe éva amotélecpo. Ev katakAeidl, to teEXvNTd VELP®OVIKA
diktua elvan o Wiaitepn mPocEyyion ot dnpovpyia cuotnudtov pe vonpoovvn. Ola
T TEYVNTO VELPOVIKA diKTVLO £YOVV KATOEG PACIKES 1010TNTEG OO TNV KAVOTNTA VO
pafoivouv HEGH TAPASELYHATWV, £YOVV UEYOAN OVOYN CE COAALATO Kol U0, EEOPETIKTY

KOVOTNTA Y10, AVOyVOPLGT TPOTUTT®V. (8)

— Kpu@o Emritredo

X1

Xz

Ya

X3

R R D

m

Eminedo Eioddou Emitredo EE68ou

Ewéva 1.1: Enineda vevphvmv.

1.1.1 Broroykog vevpovag

"Eva Bacikd dopuxd otoryeio Tov avBpdmivov eyke@AAov gival 01 VELPMOVEG TOV, 01 0TToi01



oNUovpyovy éva oxeTIKE TLKVO JdikTvo emkoveoviag petaEy Tovg. O avBpdmivog
eYKEPaAOG Bewpeitan amd TOVG MO TOATAOKOVS “DTOAOYIOTES” Kol O XPOVOS OmMOKPIoNG
TOV VELPOVOV TOL avépyetal tng taEemg twv msec. Evag avOpdmivog eyképaiog
amotereitan and mepimov 100 SioeKaTOpIDPLO VEVPDOVES, OOV KABE VELPDVOGS EXEL TEPITOV

103 cuvéperg.

To Bactkd YopaKTNPIOTIKG £VOC VELP®VA EIVOL TO GO0 TOL VELP®VA, Ol OEVOPITEG, O
GEovag Kol 01 GUVAYELS. XTO GO TOV VELPOVO ELGEPYOVTOL GNLOTA, XPTCLULOTOIDOVTOS MG
HEGO TOVG deVOPITEG, OOV GTN GLVEXELD TO. CNUATO AVTA cLVOLALOVTOL KOl oV 1) ££000G
TOV VELPOVA EEMEPVA KATO0 KATDOOAL, TOTE TOPAYETOL EVOS NAEKTPIKOS TOAUOG amd TOV
GEova pe peydAn coyxvotnta o omoiog SadidETAL TPOG TOVG YEITOVIKOVS VEVP®VES. EOD
EYOLLLE TNV TPATY KATAOCTOGT GTNV OTOI0 EIGEPYETAL O VELPAOVAG, ONAadn Aéue OTL O
VELPOVAG “TVPOPOAEL”, OTAV OUWMG TO GUVOAO TOV EIGEPYOUEV®V ONUATOV Ogv Eemepvidiet
T0 KATOEAL Tov €yl 1ebel, 10TE G€ TLYOLEC OTIYUEG O VELPMOVAG TOPAYEL TOAD apotdt
TOALOVS. AVTn givan 1) dg0TEPN KoTtdoTaon Tov pumopel va e16€pHet £vag vevpdvag oniadn
Aépe OTL 0 vevpmvag givar adpavie. Xtnv wkova 1.2 BAémovpe ta dopikd ototyeio evog

Bloroyikol vevpava mov to amaptilovv. (9) (10)

ﬂmﬂg K
Afovag

—_— £

Aevdpiteg

Ewéva 1.2: Aopikd ototyeio evog froAoyikov vevpmva.



1.1.2 Movtého €vig TEXVINTOD VEVLPOVA

H doun evdg teyyntod vevpmva dtoicntikd kot oyt povo, Pacileton oe peydio fadbud ot
doun| evog Proroykov vevpava. Kabe vevpdvag dabétet Tig £160000¢ TOL (X1,X2,...Xn), TO
Bapn tov (W1,W2,...Wn), évav abfpotot (X) o omoiog divel To ABpoicua TV GTaOUICHEVEY
€1000MV, &va KOTOEAL 11 0AAMGDG bias (b) to omoio givor évag Tpaypatikdg aplfuog Kot
Bonbad to TEYVNTO VELPWOVIKO OIKTVLO VO €xel KAAVLTEPT KOvOTNTO TOSIvOUMoNG, Mo
ouvvaptnon evepyomoinong f() émov and kel mepvdiet ) ££000¢ Tov 0BpoO1IGTH, Kot TEAOG TNV

€000 y mov divel 0 TeyvnTog vevpavag (PA. Ewkova 1.3).

Bias
b
[ Xy O—W;
Activation
Function
Output
'npms<x20 W, z——>f—>)’

Kx,, O——>w,

Weights

Ewova 1.3: Aopukd otoryeio evOg TEXVNTOL VELPAOVOL.

[T avoivtikd, 1 €l0000¢ TOL déXETAL O VEVPDVAG amoTEAEITAL OO TO GLVOAMKS GBpoLGLLL
amd T yvopeva twv Bapav (w) (copmeptiappavopévon Kot Tov bias) pe Tov 16000V (X),
oniaodn etvor u=> xiWj, 6mov i = 0..n., omoTE 1 ££000¢ EVOG TEXVNTOL VELPDVA TPOKVITEL
amd v e€ng oxéon: yi = f (Ui). Zopewva pe to poviéro tov McCulloch-Pitts ,av 1o
dBpowopo u > b (bias 1 OAMOG KATOEAL) TOTE O VELPOVOG EIGEPYETOL OTNV TPATY
Katdotaor, onAadn Aéue Ot “mupoPolel”, aAM®G E10EPYETAL GTN SEVTEPT KATACTOON

oniaon mapapével adpovig. (9) (10)



H ocvvéptnon evepyomoinong f(), opilel tnv £€£000 £vOG VELPDOVA GUVAPTIGEL TOL ENTUTEGOV
EVEPYOTOINGNG TNG E10000V. YTTAPYOLV J1APOPES CLVOPTIGELS EVEPYOTOINONG LEPIKES OO

avtég glva:

° Bnuatikn cvuvdptnon 0/1:
fluy=0 av u<o0
fluy=1 v u>0
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. Bnuatuh cuvaptnon -1/1:
f(u) =-1 av u<o0
fu)y=1 (Y u>0
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° 21YUOEWNC cLVAPTHON:
f(u) = 1/(1+e™)

+1

05¢ g,

a,>a

° YrepBoikn spamtouévn:

f(u) = tanh(u) = (1-e)/(1+e")

UmCp ok COPTT Y
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° 2UVAPTNOT POLTOC:

f(uy=0 av u<o
f(u) =u av u>0
° I'pauuikn cvvapnon:
f(u)=u
2_
@iEi) 1.5 1
1
0,5 1
-2 -1 0.5 4 1 Si 2
1
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1.1.3 Xy€010610G VEVPOVIKAOV SIKTVOV

O oxed10oUOg VELPOVIKOV OIKTUMV OVUPEPETAL GE £VOV HEYAAO aplOud dOKIUDV Kot
armopdoewv mov o kAnbel o ekdoTOTE TPOYPOUUOTIOTHG VO TAPEL, TPOKEUEVOL VO
“omNoel” WO IKOVOTOMTIKY OPYLTEKTOVIKY €VOG OKTVOL amd vevpmves. Mia tétola
OPYLTEKTOVIKN amOTEAEITOL OO TNV TOTOBETNON TOV VELPOV®VY O€ EMmedA, Omd TOV TOTO

ovuvdeong mov Ba £xel KaBe vevpadvag oe ke eminedo, KAODS Kot TOV TOTO GLVOECG TOV



vELPOVOV Tov Ppiokovtal o€ OlaPopeTiKA eminedo to KaBéva. Télog, aAld eficov
ONUOVTIKO UE TO TTPOMNYOVUEVa, €lvor 1 pdOnon 1M aAM®dG N ekmaidevon Tov SIKTHOL
oniadn, to mwg Bo pabet To SiKTLO TIG KOTAAANAEG TWEG Yo Ta Papn ovvoeoNS

YPNOLOTOIMVTAG VO GLVOAO dedOUEVMV ekTaidevang. (6) (17) (23)

o Ezined o vevpavev: e yevikég YPappEG OAN T TEYVNTA VELPOVIKA diKTLO £XOVV

mapopole. oo tomoroyiog petad Tovg. OvolaoTikd €0d, Ol TEXVNTOlL VELPAOVEG
opadomotovvtarl o€ enimedo, ta omoio emkovovodv petah tovg. Onwg emmbnke oto
Ke@dAaio 1.1, To veupmvikd SiKTua OLLAOOTOOVVTOL GE TOVAGYIGTOV VO EMITENA, TO OTTOLN
ovopdlovrtal enimedo 10660V kot eninedo e£60ov (PA. Ewdva 1.1). Zto eninedo €16660v
naipvouv gicodo and to eEmtepkd mePPEALov VD, 6TO eMimedo ££600V O VELPDOVES TOV
oLOTHATOG divovy £€£000 PO Tov ¥pnotn N 10 e&mtepkd mepiPdAlov, ta vIOAOUTA
eMimeda Ko KaT’ ETEKTOOT) 01 VEVPMOVEG TOV OVIKOLV G€ 0 Td Bempovvton kpuppévor. Kabe
€€000¢ €vOC emumédov amd vevpmves, eivor €i6odog evog dAlov. H dwdikasio avtr
ovveyiletan péypt va “ikavomomBel’” o cuykekpipévn cuvOnkm 1| pnéypt 1o enimedo €660V
va “rupoPoincel” oto eEmtepikd mepPdriov. Edv avéncovpe tov aptfpd tov KPOPUEVOV
veupmvav Ba Eyovpe pa “vrepkatackeun” Kot To diktvo Ba Exel TpoPAinua. Ta dedopéva

ekmaidevong Ba Eyovv amobnkevtel ot pviun ToL SIKTHOV, LLE ATOTEAEGLO TO OIKTLO V.

etvat dypnoto e véa cHVOLD dESOUEVMV.

o Tomog ovvoeong vevpavev: Onwmg eimope Kot TPV, Ol VELPMOVES GLVOEOVTOUL

HETOED TOVG PECH “UOVOTOTIOV” HETOPEPOVTOS TNV £000 £VOC VELPDOVA MG 10000 £VOG
dArov. Ta “povormdria” avtd cuvnBwg ivar povng katevbvvong, aAld dev givar anibavo
peTa&h dVo VELPOV®Y VO VTTAPYEL L1 Ap@idpoun entkotvovia petaéd tove. H apgidpoun
emKovovia opeileTan 6to yeyovog Ot pmopet va vrdpyet dAro €va “povomdrtt” Tpog TV
avtifemn katevBuvon. Kdbe vevpovag, mapdyet pia ££0d0 M omoio emKotvovel pe GALOVG
VELPAOVES Ko avTioToL o 0€XETAL £10000 ad TOAAOVE vevpdveg pali. e £va koo eninedo,
EVOG VELPOVOG UTOPEL VOl EYEL TOVAGYIOTOV Lol 1] Kapion cUVOEST e AAAOVS VEVPAOVESG OAAGL
Ol VELPAOVEG €VOG EMTEOOV €ivall TAVTA GUVOESEUEVOL LE VEVPAOVEG TOVANYIGTOV €VOG

SlpopeTikol emumédov. Av 1o okeptel kavelg eivar Aoywkd 10Tl pe kdmowo TpomO M



TAnpoopia EEKvaVTAG omd To ENImEdO 10000V Ba TPEMEL VoL PTAGEL 6TO £Minedo £E6O0V.
[Mapaxdtw, divovior 600 MIVOKEG TOV AVOPEPOVTAL GTOVS OLO JLUPOPETIKOVS TOTOVG
OLVOEGEWV: 0 TPMTOG £ival OTOV dVO SUPOPETIKA EMITEDA VELPDOVOV GLVOEOVTOL HETAED

TOVG, KOl 0 OEVLTEPOG EIVOL OTAV VTAPYOVY GLVIEGELG VELPOV®V GE £Vl KOWVO emtimedo.

YOVOEGELS VEVPAOVOVUETAED OLOPOPETIKAV EMTEIMV

[TApwg cuvoedepéva, Ké&be  vevpovag evdég  emmédov  elval
ocuvoedepuévog o kéBe  vevpdvo  evog

SPOPETIKOD EMTESOV.

Mepikmg cuvdedepéva Evag veupwvag evog emuédou  dev  eival
amapaitnto va eivat ouvdedepévog oe OAoug

TOU G VEUPWVEC EVOC AANOU eTUTESOU.

Eunpo6c0iag tpo@oddtmong Orvevpmveg evog emmédov A 6TéEAVOLY TNV £6000
TOVG OE VELPMOVEG €vOG emmédov B, aAAdd dev
Aappdvouv  €lcod0 omd TOLG VELPMOVES TOL
emmédov B. Mmopet va elvan mAnpog 1 pepikmg

oLVOEdEUEVOL.

Autdng KatevBuvong Orvevpmves evog emmédov A 6téAvouy TNV €600
TOVG G€ VELPMVEG VOGS emmédov B, oAl 1 €000
TOV VELPOVOV TOL emumédov B pmopel va
ypnoorombet cav €l6060 GTOVG VELPOVES TOV
emmédov A. Mmopel va givar TANpoc 1 LepKdG

GLVOEDEUEVOL.

[epapyika OL veupwveg &vOG yapnAotepou emuedou
UTTOPOUV VA ETIKOWVWVHOOUV LE TOUG VEUPWVEG

TOU OHECWC ETIOUEVOU ETUTESOU.

Amynong H emwowwvia petafl auvtwv twv emutédwy

elvat SutAng katevBuvong Kal HIMOpoOUV va




OTEAVOUV HUNVUPOTO OTIC OUVOECELS QPKETEG
dOPEC LEXPL VA LKAVOTIOLNOEL HLa CUYKEKPLUEVN

ouvenkn.

Mivakag 1.1: XuvoEcelg veupdvmv HETOED OL0POPETIKMY EMTEIMV.

YUVOEGELS VEVPAOVOV GE KOLVO ETITEDO

Enavaiapfavopeva

O vevpwveg og éva eminedo etvar pmopel va givorn
TAMPOG 1 UEPIKDOG cuvdedepévol petalld tovug.
Molg ot vevpwveg avtol  AdPouvv  pa
TANPoeopiamceicodo amd éva dAlo emimedo, yia
va pumopécel n mAnpoeopia avty va “@vyel” og
Ao eminedo, Ba mpémer vo kavomombel pia

GLYKEKPLUEVT GLUVONKT GTO TPEYOV EMITEDO.

[TepBdrrov yOpw amd To KEVTIPO

Ye éva eminmedo, évag vevpovag Olubétet
OlEYEPTIKEG GUVOEGELS LLE TOV EAVTO TOL KOl TOVG
YEITOVIKOUG VELPAVES KOl EYEL OVOOTOATIKEG
GLVOEGELS e BALOVG vevpmveS. Mia opddo amd
VELPMVES OLEYEIPEL TOV E0VTO TNG KOL TOL LEAT TNG
opddag kot eumodiler Oho To pEAN GAA®V
opdd®v. Metd amd kdmolovg YOPOLS aVTOAANYNG
ONUATOV, 01 VEVLPOVES e evePYT| ££000 Kepdilovv
Kot tote oAAGlovv o BapT TG OHAdOG Kol TV

LEADV TNC.

MMivakoeg 1.2: ZuvoEcelc vEupOVOV GE KOO EMIMEDO.

o MdaOnon: O avBpomivog eyképarog pobaivel péocw sumeiprov. H gumepio kot n

YVOOT VO TEYVNTOD VELP®VIKOL O1KTVOV, amodnkedetal oto Pépn TOL Kol 1) EKTAIOELOT|

TOV €lvat PioL ETOVOANTTIKY Stodtkacio 6oV YIVETOL GUVEXELS AVOTPOGAPLOYT TV Bapdv,
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MOOTE TO TEYVNTO VELPOVIKO Vo EYel TNV emMBLUNT ATOKPIoT. AVTO EMTLYYAVETOL E

alyopiBuovg ekmaidevons. H kavotnta evog vevpwovikod dtktvov va, pnabet, kabopiletot

amod TNV OPYLTEKTOVIKY TOL Kot omd tnv aiyoptBukn pébodo mov emdéystar yio v

exnaidevon). [apokdto, divetan Evog mivakag pe Tpelg pebddovg exkmaidevong odyopiOpwy.

Mé0ooorekmaidogvong aryopiOpwy

Mabnon xwpic emiPAePn

OL veupwveg mou Ppilokovtal Ot KPUPUEVA
enineda, Oo mpémer vo Ppovve €va TpoOTO va
opyavwbovve pova Toug ywpPIic Kamoln eEMTEPIKY
Bonbeta. Zto diktvo dev mopéyovtal Kdmolo
delypato  €£60ov  mov  va  pmopodv o
voloyicovv v mpdPAeyn Y €va dedouévo
duvocpa  €16660v.  Ovolootikd, TO  diKTLO

naBaiver kavovtog (learning by doing).

Mabnon pe eniBAedn

Ot vevpmveg €dd yperalovtar KAmOWG HopPNS
eEotepikng Pondetog n omoia. avorapuPdver To
poLo Tov “dackdiov”. H Bondeia cuvnbmg elvar
éva ohVOLo amd dedopéva, Ta Aeydpeva dedopéval
exmaidevong, 1 €vag mopaTnpNTAG O 0moiog
BaBuoroyeli v amddoomn tov diktvov. Ot
GUVOEGEIS TV VELPOVOV ToL Ppiokovionl oto
Kpuea emineda, eivor Tuyoio devBetnuéves Kot
OVOKOTOTAGGOVTOL OVOAOY LE TO TOCO KOVTOL

glva 1o dikTvo BTNV EMIAVGN TOV TPOPANUATOC.

OmcBooidooon(Backpropagation)

H pébodog avt €xel amoderytel yevikd emruymg
OTNV  €KTOIOEVOT| TOAVETIMES®Y  VEVPOVIKOV
dwtovwv. Tapéyetor mAnpogopio and 1o ido T0
OIKTLO YO ToL GEAALOTO TO. OTTOT0. PIATPAPOVTOL
KOl YPTGLULOTOLOVVTOL Y10l VO, TPOGOPUOGTOUV Ot

ocuvoéaelg petalhd tov emmédwv. Me Tov TpoOTo

11




avtd PertidveTon M amddoon Tov dkTvov. Ev

KatakAeidLelvatl TNgULopeNSUAONon pe emifieym.

MMivaxag 1.3: MéBodot ekmaidevong akyopibuwyv

Kavoveg padnong

Kavévag tov Hebb

Eivar 0 mpotoc xor amd TOLg MO YVOGTOVG
Kavoveg pndnong o omoiog mpotdOnke amd Tov
Donald Hebb oto BifAio tov The organization of
Behavior (1949). O xavévag avtdg avagpépel To
e€ng: Av évag vevpavag AaPet eicodo and Evav
GAAo vevpmdva Kol GV givor Kot ot Vo VYNAL
gvepyot, 10te ta Phpn petald twv vevpovov Ha

TPEMEL vaL eVIoYLOOVV.

Noépog tov Hopfield

O vopog awtdg avapépel OtL €dv N emBount)
€€000¢ Ko 1 €16000¢ glval Kot o1 dVO EVePYES N
Kot ol dvo avevepyég 10te avénoe to Papn
oVvdEONC e To pLOUO eKpaONoNG dAMOC peiwoe
o Bapn pe 1o pvbud expabnone. O pvOUOG
expabnong ovvnbog eivor  Betikdc  aplBpog

HETOED TOL UNOEV Kat EVa.

Kavovag Aéhta

O kavovog Aértaeival pio TepoiTép® TAPOALUYN
Tov kavova tov Hebb, o onoiog ypnoiponoteiton
apketd ovyvd. H 18éa tov kavova avtov
BaciCeton ot ovveyn — TpomomoinonT®V
SLVOTOTTOV TV GLVOEGEMV €16000V Yo, TN
ueimon ¢ deopdg HETOEL NG EmMBLUNTAG
NG €£0600V KOt TG TPAYLATIKNG 5000V €vOG
vevpava. O Kavovog avtdg aAlalel T cHVOEoT

twv  Popdv pe  TPOMO  TETOWO  (MOTEVA
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EMOYIOTOTOEL TO EGO TETPAYMVIKO GPAAp. To
GOAALLO O10OTOETOL TPOGS TOL TGW GE TPOTYOVEVO
eninedo. H dadikacio avty cvuveyiletan péypt va

(PTAGEL OTO OPYIKO EMMEDO.

IMivaxog 1.4: Koavoveg padnong.

1.2 llpofpata Katnyopromoinong

H xatnyopromoinon, eivau éva peifov 0€pa mov anacyorel dpesa Tov KAGOO TG UNYOVIKNG
péonong kot £xel va kdvet pe 1o Tog Ba “010dEer” Toug akyopiBpovg va Katnyoplonotohv
dedopéva 16000V Le cLYKEKPILEVA KptThpla. ZuviBwg, To dedopéva 16000V ywpilovtan
oe Ovo uépM, TO €va givorl TO GUVOAO EKTAIOELONG, OOV YPNCULOTOLEITAL Yol V.
KATOGKEVLOOTEL TO HOVTELO KOTYOPLOTOiNonG Kot To GAAO €lval To GUVOAD EAEYYOV, TOL
xpnowonoteitor ywo v emkdpwon Tov poviédov. Ovclaotikd, o  aAydpduog
Katnyoplonoinong npoonafel va avayvopicel AyvooTo avTIKEILEVA 1] QOIVOUEVO GOV LEAN
KATO10G YVOOTNG KAAONG OVTIKEIWEVOV 1 avopévev avtiotoya. Otav o akydpiBuog
tonobetel o€ KAAGELG OE00UEVO TV OTOIMV TA YOPOKTNPLOTIKA Eivat 1101 Tpokabopiouéva
ONradn ot kKAdoelg mov Ba toroBenBovv givar and v apyn YVoOoTég, avtd opileton cav
po popen “nabnon pe emifieym”. BéPara, vmapyer ko g dAAn €kdoon NG
Katnyoplomoinong 6mov dev kabopilovrar katnyopieg, ondte avtd opiletar TG HOPPNG
“nabnon yopic enifreyn”. O aryopBuog kel opadomotet ta dedouévo Ppickovrag to
KOWG OPOKTNPIGTIKG TOVG. MepKd eVOEIKTIKG Tapadeiypata gival 1 Katnyoplonoinon
TV gloepyduevov emails. To email cuvnBwg Katnyoplomoobvtar avdioya pe Tov TiTho
OV PEPOLV 1] TO TEPIEXOUEVO KO AVTIGTOLYO TO AOYIGUIKO KOTATACGEL TO UNVOLLAL OVTO GE
spam 1 Oyt 'Eva dAlo mapddetypa o pmopodvoe vo eivar n katnyoplomoinom teccdpwv
QPOVTMV TOL £YOLV TAPOLOLO GO LETAED TOVG, OTMG TO UAO, TO TOPTOKAAL, TO AEHOVL
Kot To povtapivi. @a pmopovoe va vdpyet po kapepa mov va “drafdlel” to oynua, o
péyebog , To PO Kot 16m¢ Kot TO BAPOg TV PPOVLT®V KOl AvAAOYOL LE TO, ATTOTEAEGLLATOL

va eKTEAEL TASIVOUNOT TOV GPOVTMOV GTNV KaTnyopia mov avikovv. (11)
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1.2.1 Teyvikég kaTnyopromoinoeng

210 kePAAo10 avTO B O VO AVOPEP® EVOEIKTIKA KATOLEG TEXVIKESG TTOL YPTCLUEVOLYV
omv katnyoplomoinon odedopévav. Tétoteg elvar ot ypappikol ta&vountég Ommg 1M
AOY1OTIKN TOAVOpOUNOT KoL 0 amAoikog Bayes, 6évipa amd@aong, veupmvikd diktoa Kot

KovTvoTEPOG Yeitovag. (12) (14)

. Logistic regression (Aoyietikn maivdpopnon): Eivor pia otatiotikn pébodog n
omoio. ypnoedel otV avdivcn &vog cuvoAov amd dedopéva 610 omoio vEapyoLvV
TOVAdIoTOV pia aveldptntn petafAnt) mov kabopilel to anotéiecpa. To amotéheopa
petpdror pe pio OryotORo HETAPANTH. LTOYOG TNG TEYVIKNG QNG €ival, M €OpecT TOL
KOADTEPOL LOVTEAOD Y10, TNV TEPLYPAPT] TNG OXECNG AVALESH GTO SLYOTOLO YOPUKTIPLOTIKO

TOV eVOLOPEPOVTOG (EEQPTMUEVN LETAPANTT) Kot £va GOVOLO OveEEAPTNTOV HETARANTOV.

o Naive Bayes (amhoikog Bayes): H teyvikn avt paciletar otnv Oswpia tov Bayes.
Anhodn, kavel o TpoPreyn kot epeavifel cov arotédeopa TV TOavOTNTO TOL £XEL £Val
dedopEVO Vo aviKeL o€ pia cuYKeKPLLév KAGo. To povtédo Naive Bayes givon ebkoAo va

KOTAOKELOOTEL Kot lvat 10104TEPQ XPNGLO Y10 TOAD HEYOAD GHVOLD OEOOUEVMV.

o Decision Trees (Aévrpo amépaonc): To dévipa amdpacnc “ytilovv” povtéia
Tavounong 1N ToAVOPOUNoNG 1e TN HopeT 0&vTpov. OvclaoTikd, “omdel” To GHVOLO TV
dedopEVOV GE LUKPOTEPO VTTOGVVOLQ, TOVTOYPOVA OUMOS OAVOTTOGGEL GTASIOKE EVOL OEVTPO

anOPACTG.

. Neural Network (Nevpovika diktva): Eivar puo teyvikn n onoia amoteAeitat and
VELPADOVEG OUAOOTONUEVOL GE EMMEDA, TOL OO0 EMKOVOVOUV PETAED TOovG. ['evikd, givon

amotélecuo oG tpoonddeioc va ppunbet tov avBpamivo eyképalo.

o Nearest Neighbor (K-Kovtwvotepor I'eitoveg): Eivor g popeng pabnon pe

enifreyn. Baoiletor omn pukpdtepn andoToo, omd To Selylo EpOTHLATOS GTO dElyLoTaL
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exmaidgvong v Tov tpocdtopiopd tov K- yerrtdvov. Anradn, vroroyilel v amdctoon
VAUESH OTO OElYLOL EPOTILLOTOG Kol OAC TO OEOOUEVO EKTOUOEVONC, EMELTA TASIVOUEL TNV
amoOoTOoN Kol TPocdlopilel Toug TANGIEsTEPOVS YeiToveg pe Pdon Tn pkpdTEPT K-00TH
amootaot. Télog, ypnotponotel TV TAEOYNPi0 TOV TANGLEGTEPOV YEITOVOV MG TNV TIUN

TPOPAEYNC TOL GTIYUIOTVTTOV EPWTHUATOC.

1.3 lpoppota maivopounong (regession)

H maAvdpdunon ivon 1 cuveyng mpdPreyn petafintaov. H avédivon g moalvépounong
elvar 10 otatotikd ekeivo poviélo to omoio ypmoyledel otnv TPOPAEYT dedopéEvev
amotelovpeva amd voopepa. H maivdpounon, yevikd sivor éva ypnoipo epyoieio otnv
OTOTIGTIKN, TO 0To{0 YpnoyLonoteital emiong yio v pétpnon g oxéong petald dvo M
TePLOCOTEP®V UETAPANTOV, OOV M o givor oveEaptnn petafAnt evd ot GAAEG
eCoptnuévec. H dapopd pe tn katnyoplomoinon eivor 61t opadonotel tar dedopéva 6e
KAMIOELS, evd M moAvopounot mpoPAémert v €£000 YPNGLOTOIDOVTING TO OEOOUEVOL
exnaidevong. ‘Eva anko mapddetypo maivopounong Oa pmopovoe vo, gival To TopakiTm

(BA. Ewova 1.4). (13) (22)
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Ewova 1.4: [Topdostypa aning TaAtvopounong.

‘Ecto o¢ éva kaptectavo eminedo Eyovpe detypata TH®V {It': yt'}, 6TOY0G Kot AVGT TOV

npofMjpatog sfvor vo Ppedel pia ypaups mg Hopeng fx) =y =a+ 02,404
®oTe Vo Touplalel KaATEPO GTO GUVOAO TMV SELYHATMV TOV KOPTESIAVOD emmédov. Mg
Baon 10 povtérlo avtd pumopoOLE Vo, «TPOPAEYOVUEN TIG TILES TOV Y Y10 VEEG TIUES TOV X.

Ed® aveEaptnn petafintn ivor to x, ko 1 Eaptnuévn givor o y.

2. Kataokgvalopeva TE(VNTA VEVPOVIKE OIKTVO

[Ipwv mpoywpnoovpe oto Kotookevoalopevo TeYVNTA VELPWVIKA Oiktva, Oo MO
TPOTIOTOG, VO KAVD L0, EI00YMYN GTOVG YEVETIKOVS adlyopifuovg kot o po pEBodo mov
ovopdCeton ypappatikny eEEMEN. Ot yevetucol adydpiBpotl, etvat eumvevoévol omd tn eUon)
Kot ovykekpyéva Paciloviar tave ot Bewpio Tov Kdporov AapBivov, n ypoppotikn

eEEMEN elvon o pEB0S0G Ko OVIKEL KAT® O TNV OUTTPEAQ TV EEEMKTIKMV aAyopiOuwmy.
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2.1 Ewoayomyn 67100¢ YEVETIKOVG alyopiOpovg

210 mop®OV VIOKEPAAAL0, Ba yivel pa cuTnom YOp® amd TOVS YEVETIKOVG 0AYOpifpovG.
Onwg simape kot mpv, Pacilovror oty Bempia Tov AapPivov mepl eeMlems TV E10MV
Kot pe Baon ta ototyeia mov v oémovv, o John Holland kot ot portntég tov to 1975
AVETTLENY TOVG YEVETIKOVG 0hyopiBovg. [M'evikd, o adkydpiBuog mov avértuEay pupeiton tnv
@VOT KOl YPNOYOTOIEITOL Y10 TNV EMAVGT TPOPANUATOV TEXVNTIAG VONLOGVLVNG KOl O)L
puovo. Ot yevetikol ahydpBpot etvor pio Lopen Unyavikng pabnong omov, Ue v ndpodo
TOV XPOVOL, Paivetal va kepdilel OA0 kol TEPIocOTEPOVS Pilovs. Otmg OAa To CLGTHOTA
pnyovikng nadnong (Bedtiotonoinon Zunvous Zopotdiov, I'evetikdg [poypappatiopds
K.01), Ol YEVETIKOL aAyOpOUol amontohv oNUOVTIKE UEYAAN VTOAOYIGTIKY 10YV Yo, TNV

extéleon Tovg. (18)

2.1.1 H Bempio e£EMENG TOV E100V

opeova pe tov AapPivo, 1o «eidocy dev givarl otabepd ki avarioimto. O Ta €10 TV
eLTOV Kot TV {Oov, Tov énoav tadveo ot I'm 1 mov eEakorovBovv va Lovv, glvar To
OTOTEAECLLO, TNG AOTAUATNTNG HETABOANG, TNG EEEMENG amO aL 1] EAGYIOTEG VITOTLTTMOELG
apyéc popeéc. Attio g e£EMENG etvan 1 PUOTKY| ETAOYY|, TOV OPEILETOL GTOV AYDVA Y10

AVOTOPUYMYN LE GKOTO T «IL0MVIGT] TOL EI00VC.

[T avoivtikd, n apyn avt dénetan omd Kamown Pacikd otoryeio. Eva and avtd eivar 61t
o€ éva €100¢ deV VAPYEL OVATEPOS KO KATMTEPOG OPYOVIGHOG, OAOL £XOVV 1O1EG OVAYKES
Kot TV 101 “vmoypémon’ va daiwvicovy to £100g Tovg. Emiong, o mepifdiiov yevikd mov
Bpioketar o kGOe £100g KaBopilel To TOGOVG amOYOVOLS Pmopel va apnoetl kdBe LEAOG TOL
minfucpov. Av ot cuvOnkeg owPimong eivar tétoleg ywpic QLoEG SvoKOAieg, 1M

mOavotnTo oG WI0TNTAG TOV YOVE®V VO TEPAGEL GTOVG OmOYOVOLG €ivarl avEnpévn.
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‘Enetta 1oydet 611, kB €100G amoteAeitonl amd YPOUOGHOUOTO KOl OVTA LE TN GEPE TOVG
amoteAobvtal amd yovidw. O yevotumog €lval TO GUVOAO NG TANPOQOPIOS 7OV
amoOnkevetar ota yovidwo. Ta yopaxtnpiotikd o€ kébe opyoviopod vEapyovv
KOOIKOTOMUEVO KOl TO GUVOAO ATV oL PAETOLUE ovoudleTon eoawvotumog. Téhog, g
kd0e (ovtavo opyavioud (yAwpida N moavida) Pactkég Aertovpyieg eivon 1 avamopoymyn

Kot M petdAraén. (15) (18)

2.1.2 Aertovpyia YEVETIKOV aryopiOpov

>T0VG YEVETIKOUG aAyopiBovg KAOE YpOUOCOUN TOPIGTAVETAL LE TN LOPON SLOVOGUATOG
Kot To. yoviolo pe v popen oplfpod (dvadikd 1 dekadikd). XtoOyog Kbe yeveTIKOD
alyopiBuov givar m gvpeon g PEATIOTNG TWNG TG GLVAPTNONG KotoAAnAotnTag. H
oLVAPTNON aVTY, B TPENEL VoL AVTAVOKAL TO TPOPANLLO TOV LITEPYEL, KoL 1) TIU THG VAL
dwapopomotleiton Yoo S1apopeTikd ypopocompato. Ot yevetikoi ailyopifuot ydyvoovv v
KaAOTEPN duvatn ADon, o€ Evav TANBVGUO amd VTOYNPLEG AVGELG Ol OTTOIEG OVOTTALPAYOVTOL
Kot petoAddocovtat. ['evikd, amotedAodv pio TEXVIKY TOPOLUETPOTOINGCNG LLE TNV OmOoid
emvovtar TpoPfAnuata Bedtictonoinong. BeAtiotonoinon, ovopdleton pio dtodikacio m
omoia mpoomadel va Ppet Eva GHVOLO TOPAUETPOV TOV OTTOTEAOVY TV KOADTEPT duvaTh
Mon og éva mpdfinua. Ta va yiver oavtd Ba mpémel apykd vo opiotel pe axpifela to
GUVOAO T®V TOPUUETPOV KOl TO TANO0G TOVS, VO OPIGOVE TOV TOTO TNG AVTIKEWEVIKNG
ouvapmnong mov Bélovpe vo PBEATICTOTOMCOVUE KOl TEAOG VO OPIGOVHE TO GUVOAO
TEPLOPICUDV TO omoio Oa mpémel va mpémel va TANpel  emotpeouevn Aorn. Otav 1
péBodog PeltioTomoinong amookonel Gty €VPECT KATOOL EAOYIGTOV LE TEPLOPIGUEVN
velrrovid Tov mediov opiopov, avtd eivar péBodog Tomikng PerticTomoinong, oAM®G eivat

péBodog kaboikng Pertiotomoinong.

2ty mopdypoeo outr, o yivel pia tpocmdbeia vo Teptypapet n dadtkacio VO YEVETIKOD

alyopiBpov. Apyikd Aoimdv, £x0VUE TNV OPYLIKOTOINGT TWV YEVEDV Kol TOv TANBLoHOD,
18



KaBmg Ko TNV avamTuEn KpTnpiov TEPUATIGHOV, LE GKOTO VO UTOPEGOVE VO, ODGOLVE
nepatdTTO 6TOV aAyopidpo. Ta kprriplo teppotiopnod Ba mpénel va givon T€T0100 MOTE,
TPOTOV Vo OlOKOTTEL TNV EMaVAANYN Otav avt O0gv 0dnyel € KOMOO KOAVTEPO
ATOTEAECO, Kot OEVTEPOV VO OTANATAEL O aAyOPIOHOC OTav €lpaoTE Glyovpol OTL el
Bpebei 0 o1dy06. ['eviKd, LAPYOVY TPOTOL VOl IKOVOTOLOVVTOL, TOVANYIGTOV TO £Va. 1] KOl TO
ovo kprmpun poali  O6mwg pe aplOud emavoANYE®V, TPOGEYYIGN GTOYOV, KPITHPLO
OLOOTNTOG K.0L. ZTNV GUVEXEL, OE KAOE ETOVAAN YT EMAEYETOL EVO VTOGVVOAO TOV OPYLKOV
mnbvocpov oto omoio, epapuolovtar ot Agrtovpyieg NG OloTAVPMOONG KOl TNG
petdAroing. Télog, to vTOGUVOAO 7oL eMAEEOUE TPOTA, TPOoTIOETOL OTOV TPEYMV
nAnBovoud pe oxond vo mopoaydel n enduevn yevid. Ot AéEelg KAewdd mov Ba mpémet va
KPOTNoEL Kovelg amd 1n Sadikacio mov pOMG meptypayope sivor ot eENc: emiloyn,
dtotadpmon Kot HETAAAAEN. AVTEG 01 AEEELS TEPTYPAPOVY TOVG YEVETIKOVS TEAEGTEG TTOL

Ba avaAdcovEe oE ETOUEVO KEQAAOLL.

BéBara, kdBe vopiopa €xel ovo Oyelg mpdypo Tov onuaivel 0Tt ot yevetikoi alyopidpot
StB€TouV mAEOVEKTALOTO Kot petovekTiuato. Ta mAeovekTnuato ovtdv gival, 0Tl Gg
TOALEG TEPMTMOELG ADVOLVY TTpoPAnata ypryopa Kot aidmiota, ival ebkoAa ETEKTAGILOL
HE OLVOTOTNTO TPOMOMOINGNG OTO €KAGTOTE TPOPANUa, &xovv TN dvvordtnTo Vo
GLVEPYOOGTOVV e GALN CLGTHLLOTO Kot TEAOG UTOPOVV VO, EPOPLOGTOVV GE LEYAAO TAN00G

VTOAOYICTIKAOV TPOPANUATOV.

"Eva Bacukcd Toug petovéktnua, givatl 0Tt 0 xpovog GOYKAMGONG Tovg givorl peydlog oniadn
elvar apyol. Emiong, vrapyovv mepumtdaoelg mov yevetikol alyopifpot £xovv “moyidevtel”
0€ TOTIKA EAQYIOTA TNG OVTIKEWEVIKNG TOVS cuvaptnone. [a va amopevybel éva tétoto
YEYOVOG OOLTEITAL OO TOV TPOYPOUUUOTIOTI] TPOGEKTIKO GYESOGUO KOl VO VITAPYEL M

KOTAAANAN TPOGAPULOYT TOV TOPAUETP®V TOV 6TO TPOPANLA TPog eniAvon. (18)
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2.1.3 Emaoyn

2ToV TPOYUATIKO KOGHO, €MALYOVIOL TO MO KOTAAANAo péAn evog €idovg yu
avamopoyoyn. ['a mapdderypa, 0vo apoeviKa EAAPLo TPOKEILEVOL Va (EVYAPOCOLV IE EVa
ONAvkd ehaot, Ba Tpémetl var doBel pa pLaym HeTald TV apoEVIKOV Kot 0 VIKNTAG Ba ivat
Kot avTdg oV B GLUUETEXEL 6TO (ELYAPOUA. XVVETMG, TO ONAVKO ELAQL EMAEYEL Y10
AVOTOPUYMYN TO KAADTEPO APGEVIKO EAAPL. AVTO YivETOL Y10TL O OTOYOVOL TOV EAAPLOV,
Kot Tov kdBe €ld0vg YevikOTEPQ, Oa TPEMEL VO KAT|POVOUNGOVY OGOV TO duVOTOV KAADTEPQ
YAPOKTNPLOTIKA atd TOLG YOVEIS pe okomd TV emiPimon Kot tn dtdvion tov gidove. To
010 axptPag cvuPaivel Kot pe Tovg YEVETIKOUS aAyopidovs, Lovo To KaAvTEPA EAN TOV
mAnBvcpov, Bacel kKdmolwv Kpltnpiov, ETAEYovVToL Yo StlacTopmaen. [a Tov okond avtd,
Kataokevaletal po Alota amd yoveig ot omoiot Oa avtaAAdEovy yeveTikd vAKO, 1 AMota
ot ovopdleton mating pool. Iapokdtw, Ba yiver o avapopd dvo Tpdnwv emAOYNg
yovéwv. (18)

o Emioyq povrétag: Baoikd yapaxtnplotikd g peboddov avtig eivar 1 emioyn

evog otoryeiov, n omola yivetan Bdon mbavotnTag pi, ONAaoT

.|r|'
E_::I”:]_ .|r_.:

by =

0, \_1 Ti , , , , . , , J4
[ 2= [) omov fj elvar n kataAAnAdétTa TOV PEAOLG 1. Tevikd, N emAoyr] povAétag

vAomoteital pe Ovo  TPOTOVS: TPMTOS TPOTOS EIvaL LE YPTOT SEKAOIKMV Kol 0 OEVTEPOG
pe mivaxa akepoiov. o vo. vhomomBel pe ypnon Oekadikmdv Bo mpémer ot
KotaAANAOTTEG Vo TaSvounBobv amd T YEPOTEPN O KOAVTEPT, Emelta va emAeyel

évag Tuyaiog aplBuog r og ddoTnuo

i—1 i
ey f
=t =t Kot TEAOG, vo emAEYDEl Yia avamopayyn 0 aKEPOLOC T Y10, TOV 0010 1oy VEL

H vAomoinon avt €xel to petovékmuo 0t eivon apyn. H viomoinon pe wivaka
aKepoimv, neptlopPdaver éva mivako Omov kdbe ypopocope Katoloppdvel TGS
Béoelg, avaroya pe 1o G0 PEYAAN elvar M KOTOAANAOTNTA TOV GE GYEOT UE TIG
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voOAOUTEG Kol oo ekel yivetaw kol emAoyn ypopocoudtov. Ooceg mo moAléc 0écelg
KOTEYEL VO YPOUOCOUA TOGES neplocotepec  mbavotteg  va  emdeyel. To
LEOVEKTN O TNG VAOTOINOMG VTG eivar 1 Topduetpog mov opilet 10 péyebog TOL
mivaka, ONAadn avarloya pe TV TN TG Uropel va dtagopomonbel  onuoviikéd 10
OTOTEAECLLOL KO VO UMV Elvat akpiPng 1 avamopdoTacn Tov TOavoTHTOV GTOV
nivaka. Ev katakAeidl, n emioyn povAétag £xel Kamolo mpoPfAnuato Omms KEVo NG
TPOWPNG GVYKAIONG, TNG OTUCIUOTNTOC KOl TO YEYOVOS OTL TO YPOUOCMUOTO [E
KOTOAANAOTNTA HEYOADTEPO TNG HEOMG KATOAANAOTNTOG £YOVV TEPIGGOTEPA Omd £val
avtiypo@o ot mating pool. Avtifeta, YpOUOGOUOTO LE UIKPOTEPT) KATOAANAOTNTA OTd
ekelvn g péong KataAAniorag dev epgavifovratl otn mating pool. [Tapaxdrm, divetan
L0 EIKOVA [LE TOV OAYOPIOUO ETAOYNG POVALTOC LE XPNOT OEKASIKAOV KOl O OAyOPIOLOC

EMAOYNG POVAETOG LLE YPTOT TVAKO OKEPAT®V.

Function select(f) Function select (p M)
totalf=I0 start=1
for 1i=1..s5ize([) do for 1i=1..s5ize{p) do
totalf=totalf+f[1) k=p(i)=M
end for for j=start .. start+k do
sum=I() vij)=i
r=rand (0, totall) end for
for 1i=1..512e () do start—=start+k=+1
sum=sum-+f (i) end for
if (sum>=r) return i return v rand (1 .M))
end for end select

end select

Ewova 2.1: ALyOp1Bpog emAoyng povAETag e (p1oT 0EKOOIKDV (0ploTePd), LLE XP1IoN

mivaxo akepaiov (0e€1d).

. Emloyf tovpvovd: H pébodog avtn dovAevel og eEng: emdéyet o oepd and N
ypopoocopato (N > 2) Kot Kpatdel Gov YOVEN TO YPOUOCOLL TOV EYEL TN LEYOADTEPN TIUY|
katoAnAotroc. Omwg dnAdver kot to 6vopd tov elvar €va tovpvovd peTald
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YPOLOCOUATOV. A0BETEL TAEOVEKTILOTA, OTTMOG TO YEYOVOG OTL OEV £YEL TPOWPT] GVYKALOT),
00TE GTOCIHOTNTA, OV O1B€TEL OKP1PT] LITOAOYIGUO TNG KATAAANAOTNTOG KOt EIVOL APKETA

ypPIyopn. XNy €Kova 2.2 divetar 0 adydpifpog emAoyng TOLPVOLAL.

function select (N)

max _fitness=0

parent=0

for i=1..N do

r=rand (1 ,chromosome_count)

if(fitness(r)>max _fitness) then
max_fitness = fitness(r)
parent =T

end if

end for

return parent

end select

Ewéva 2.2: AhydpiBpog emloyng Toupvovd.

2.1.4 Awaotavpoon

O endpevog yevetikog tehectng mov Ba cuinoovie eivor eketvog g daotadpwons. 1o
onpeio avtd, 0 ahyOp1OUAC Le SLAPOPES TEXVIKES SLOGTAVPWONG Ba TPETEL VO OOV PYNCEL
Kavovpla GePd ypopocopdtov pe Pacn ekeiva tov moMav. Ot teyvikéc mov Oa
ocv{nmoovpe elvarl tpelg, N THAVOTNTO O1UCTAVPOCNGS, JCTAVP®ST VOGS onueiov Ko
opotopopen dactavpwor). (18)

. IMBavotnTa drastadpmong: Yrapyet n e&ng mbavotnta Pecn onoia kabopilet to
TOGOOTO TOV TOANIDV YPOUOCOUAT®OV Tov Bo avtikataotafodv amd Kawvovplo He
dloTadp®ON Kol T0. VTOAOUTO, YpOUHOcOUATe O aviypaeovy o emduevn yevid. o

napddetypa, £6t® N o TANBuopds ypopaTocopUdToV Kot €61 Pc = X, X € [0 1], ondte Ta
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YPOLOCOUATO TOVL Ba avTikatactafovv amd Koavovpia Ba eivar N x Pc. Ze mepintwon mov
TO TOGOOTO TV ATOUMV oL UEVEL oTafepd oe KABe yevid givor peydro, TOTE LILAPYEL
nepintwon vo mopatnpndel o eykKA®PIGHOS TOV YEVETIKOO TANBVOUOD GE KATO0 TOMIKO

erdyLoTo.

o AWoTOOPOON EVOS oNUEiOV: XE TPONYOVUEVO KEPOAAOMO OVAPEPOAUE OTL TO
YPOLOCOUATO TOPIGTAVOVTIOL LE TN HOPPN OvOGHOTOS Kol T YOVIOl UE TN HOpPON
axepaiov 1 dvadikdv apBudv. H dadwkacio mov ektedel n dStoctadpmon evog onueiov
ocLVNOMG YPNOLOTOIEITOL O OKEPALD YPOHUOCHUOTO Kot OoVAeDEL ¢ €ENG. Apykd,
emAéyetal Toyaio o B€om oTa XPOUOCOUATO TOL OO0 TPOKELTOL VO S0GTAVPpBOHV Kot
OTN GUVEYELD YIVETOL Ol OVTOAAOYT] TOV YEVETIKOD VAIKOD OV LITAPYEL TPV KOt LETA OO
10 onpeio mov emAéyOnke oty apyn (BA. Ewova 2.2). Y’ Oy, 6TL T0 Yp®OUOCOUOTO SEV

etvar amapaitnto va £xovv to 1610 uéyedog.

Crossover point

9 12 11 104 300 400 9 1211 10040 30
10119 5¢ 40 30 10 11 9 50 300 400
Parents Children

Ewova 2.3: Aloctavpwon evog onpeiov.

o Opodpopen aoTAVPOGN: TNV  GLUYKEKPUEVN  TEYVIKN  OCTOVP®OONG,
emAéyovtot 600 YoVeic pe oToYo va dnovpynBodv 6vo amdyovotl. Ot amdyovol Aappdvovy
T otoryeio Tovg gite amd ToV TPMTO €ite AMO TOV O€VTEPO Yovén pe mbavotnta 50% Yo

kd0e otoryeio. Edm, Ta ypopochdpata amorteitol va £xovv 1010 PnKog.
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Xpwpoowpara yovewy Xpuwpoowpara anoyevwv

Ewéva 2.4: Opotdpopen daotonpmon.

2.1.5 Merdrhoén

O yevetikdg teEleoTNG NG UETOANOENG TpokOAel [KpES aAAOyEG otV TN €VOG M
TEPLOCOTEP®V LETAPANTOV TOL Yovidiov tov TANBucpov. ['evikd, Paciletor oty xpron
evlog ovvtedeotn petaAAGEewg mov avikel oto dtdotnua [0 1]. Oco peyaidtepog eivan
avTdg 0 apBUdS TOcO peyoldtepn Kot 1 ThavoTTO Vo cupPel petdAraén og éva yovidlo
EVOC YPOUOCHUATOC. XNV EIKOVA 2.5 diveTon EVOEIKTIKA 0 aAydplOuog TG HETAAAAENG.

(18)

for i=1..chromosome_count do
for j=1..chromosome_size do
r = rand (0,1)
if (r<pm) then
change (chromosome (1) ,j)
end if
end for

end for

Ewova 2.5: Evdeiktikdg aryopiOpog petdAroéng.
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2.2 Ewoayoyn oty ypappotikn e£éaén

H péBooog g ypappatiknig e&ediewg tpotddnke amd toug Conor Ryan, Michael O’Neil
kot JJ Colins 10 1998, n onoia amd tOTE £YEL EPOPUOOTEL e EMITVYIOL GE O18POPOVG TOUEIG
OTMG GTO YEPLGUO POUTOT, GTIG OIKOVOUIKES TPOPAEYELS, GE AVOLYVMDPLOTN TPIYOVOUETPIKOV
TOVTOTATOV K.0. Etvor pia véa oyetikd pébodog e€ehktikon adyopibuov, n onoia mapdyet
TPOYPAUUOTO GE OTOLONTOTE YADCGCO TPOYPAUUATIOUOD PactlOpevn otV mEPLYpaO

Backus-Naur Form (BNF) ypoppatiknic.

2.2.1 I'pappoatikn o Backus-Naur Form (BNF)

H popoen BNF givan éva mepieydpievo, 1o omoio ek@palet T YPOLUUATIKY HUOG YADCGOG LLE
N HOPOPN TOPAYOYIKOV Kovovav. ['evikd, T€T0100 €100VC YPOUUATIKEG OTOTEAOVVTOL OO
TEPUATIKA KOt U1 Teppatikd ovuPora. Ta teppatikd cvufora eivor ototyeio tor omoia
enpavifovral ot YA®soo OTmg Yo Topaderypa +,-,*,/ k.0, Kot To U1 TEpUATIKG cOUPoA
etvar ta otoyyela exelva to omoio. pmopovv vo enekTaBovv G GAAO UN TEPUATIKA 1)
teppotikd oopPora. [opakdtm, otny ekdva 2.6 divetar Evo Tapddery Lo Hog YPOUILOTIKNG

Y KPpdoelg Tomov boolean.

(A) <expr> ::= (<expr> <biop> <expr>) (0)
| <uop> <expr> (1)
| <bool> (2)

(B) <biop> ::= and (0)
| or (1)
| xor (2)
| nand 3)

(C) <uop> ::= not

(D) <bool> ::= true (0
| false (1)
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Ewova 2.6: I'poppotikn yio ek@pacelg Tumov boolean.

v ewova, 2.6 ta un tepRatikd svpuBoia etvat to <expr>, <biop>, <uop>, <bool> ko ta

TepUaTIKA cOUPoAra eivon and, or, xor, nand, not, true, false. (16) (24)

2.2.2 Agrtovpyia TG ypoppotikig e€ehilemg

H ypoppatikn eE€MEN, Onwg eimape kot mo mwhvo, eivor g pébodog eEektikon
alyopiBpov n omoia yi va dovAdyet ypetdleTtar dvo PacIKE GLOTATIKA: TN GYETIKY|
GLVAPTNOT KOTAAANAOTNTOG KO T YPOLLLOTIKY] TG AVTIKEYLEVIKNG YADGGOS EKPPUAGUEVT)
oe BNF. H ypappoatin kaBopiletoan oc €€ng G = (N, T,S,P), émov N: givatl 10 6Ovolo tav
un teppatikav cupuPorwv, T: eivar 10 menepacuévo 6OVOLo amd TepUATIKO GOUPOAN e
tov mepopopd o6t NNT=0, S: eivar t0 apywd ocvpporo (S € N) wor P: eivor 10
TEMEPOUCUEVO GHVOLO TOV TOPAYOYIKOV KAvOVeV TS Lopeng A—an A—aB (A,B € N kot
a e T). H ypappatikn €£EMEN, eivon (o HOpON YEVETIKOV TPOYPOUUUATIGHOD OTTOV TO
YPOUOCOUATO EKPPALOVTOL LE TN HOPPN aKEPAI®V OVLGUATOV, OOV KAOE GTotlXElo

AVTAOV EKTPOCOTEL Evay Tapaywykd Kavova mov divetor amod T ypoppatiky] o€ BNF.

I'evikd, n 0An 1 dwdikacio Eekvael omd 10 apykd GUUPOAO, TOV AVOPEPOLE O AV,
NG YPOUUOTIKNG Kol TTOPAYeEL TO avTioTolyo mPdypapupa avtikafiotodvtag Oho To un
TEPUOTIKA COUPOAN pe TO 0€€10 TUNUO TOV KOvOvVa Topay®yng mov €xetl emieyfel. H
EMAOYT TOV KOOV Topaywyns amottel ta €ENg dvo Prpoata yu vo mpoypotoromOet,
np®ToV S1oAleL TO GTOLYXEID TOV YPOUOGMUATOS, 0G TO BEcovE pe T T V kot dgvTEPOV
1 €MAOYN TOV KovOVa ToPpaAy®YNG cOUemva pe v €&ng 1ooétta Rule = V mod R, 6mov
R &ivor 0 ap1Budg Tov mopayoylkdv Kavovav Yoo To TpExev Un teppatikd cvpuporo. H
SadKOGI0 TOL AVAPEPOLLE TTLO TAVE YIVETOL ETAVIANTTIKA £0G OTOV £XOVV OVTIKOTACTOOEL

TAEOV OAQL TOL U1 TEPUOTIKA GOUPOAD LLE TEPUATIKAL, TPAYLLO TTOV GNHaiveL OTL £yl TapoyOel
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éva. £YKLUPO TTPOYPOLLO, OTNV OVTIKEWWEVIKT] YAMOOO TPOYPOUUOTICHOD, 1 Vo EXOvV
dwpactel O To GTOLYEIN TOV YPOUOGHOUOTOS Y®PIG PePaia va Exovv avTiKatacTadel O N
TOL U1 TEPUATIKA UE TEPUOTIKG cOUPOA. XTN debTEPN TTEPIMTOOT EPAPUOLETAL TO YEYOVOG
neptvAiypotog (wrapping event), dSniadn EovadiaPaleTor To YpOUOCOUN OO TNV apyn
Kot OTAV TO YEYOVOG TEPITLALYLOTOC PTAGEL GTO AVATATO OPLO TV POP®OV (GLVNOMS a1
dvo Qopég etvar apketég) mov Bo ektedeotel ko oev €xel mapaybel Ekppaomn yopic un

TEPUATIKA GOUPOAD, TOTE TO YpOUOSOL BempeiTal divpo.

‘Eva, amhd mapddetypa ivor 1o €€1g, pe Paon v ewova 2.6 ag vmobécovpe 0Tl TO U
TEPUATIKO GVUUPOLO OV €xovpe gival To <biop> , Kot o¢ voBécovpe 6TL V = 6 Kot apov
10 <biop> anoteAeital and T€60EPIS KAVOVES TOPay®YNGS, T0TE xovpe R = 4. Mg Bdon v
ot ta Rule = V mod R, éyovpe 10 €€ng Rule = 6 mod 4, dniadn Rule = 2. Xvvenmg, 10

un tepuatikd cvpporo <biop> Ba avtikatactabel amd To TEPLOTIKG GVOUPOAO XOr. (24)

2.3 Ewcoyomyn 6To KOTOGKEVALONEVO TEXVTA VEVPOVIKA OIKTVO

Ye évo kataokevalOlevo TeEXYNTO VELPOVIKO dikTvo, Yoo TV ophn emilvon &vog
TPOPALATOC, CNUAVTIKO pOLO Tailel N APYLTEKTOVIKY] TOV OkTOOV. O TPOYPOUUUATIGTHG
Oa mpénetl va eitvar og BEon va yvopilel Tov apBud emmédmv mov Oa mpémetl va amoteleiton
10 01KTVO, OTTMC emiong Ba mpémel vo pmopel va Kdvel Kot TS avaAoyeg TpocHEcelg Ko
aQUIPEGELS KOUPV, Y10 VoL PTOPEGEL £TGL VO, AVENGEL OGO TO dVVATOV TNV OTOSOTIKOTITO,
tov dwktvov. E&icov onuoviikd PéPata pe v apyltektovikny Tov OKTOHOL, 16M¢ Mo
ONUOVTIKO, Elval Kot 0 adyop1Opog pdbnong awtov. Ot adydpBpot exmaidgvong dtopépouvv
HETOED TOVG e TOV TPOTO UE TOV Omoio yivetar n pvOuion oe éva cuvantikd Papog evog
vevpmva. I'evikd, to TexynTé vevpmvikd diktva £govv TNV tKavotnto vo padoivovv amd to

nePPAALOV TOVG Kot Vo BEATIOVOLY TV amOO0GN TOVG HEGM TNG HABnong, Kot o kdoe

27



EMAVAANYT TO OIKTVLO OTOKTA TEPIGTOTEPT YVMOOT).

2.4 XpNMon KoTOGKELVULOPEVOV TEYVNITAOV VEVPOVIKAOV OIKTO®OV ©¢€

EQappoyis

Me v mapodo Tov ¥POVOV, T VEVPOVIKE dikTue, OAO Kot o TOAD 16BdAlovy oty (oN
LOG e GKOTO TTAVTO VoL KAVOLV TNV KoONUEPVOTNTA Hag o VKOAN. Ta vevpwvikd diktva
KOADTTTOVV L0l OPKETA PEYAAN VKA EQAPLOYDV OT®G M 10TPIKN, 1| TPOPAEYN Kapov, oe
YEOAOYIKES €pevveg, poumotikn K.T.A. Tlapokdrto, yivetor pi pukpr avaivorn ovo

epapproydv mov Pacilovral 6 KataokeLALOUEVO TEYVNTA VELPOVIKE dikTLO.

2.4.1 Avayvapion TpotiTev

Xpnowonoteiton apketd ot Propnyovio Onwg Yo mopdoelye GTOV oLTOUATO EAEYYO
Blopnyavikav mpoidovimv, GTOV OVTOUATIGUO TNG TOPAY®YNG Kol GTNV TOOTNTO TOV
TeMKoV Tpoiovtog. 'Eva amdd moapddstypo Bo propovce va givar to €€ng: ag vmobécovpe
Ot &yovpie éva py0cTAc1o To 0moio e£dyel 2 €10MV PPOVTO OTMG UNAC KO UTAVAVES, Kot
ag vroBécovpe 6t BEAove va BdAovpe og Eva KOUTL Ta UNAQL KOl G v, GAAO KOVTL TIg
umavaves. Ynofétm, pia mbovny Adon tov mpoPfAnuatog avtod Oa tav 1 vmoapEn £vog
OLGTNATOG, TO omoio Oa “EPAeme” TO PPOVTO, Kot AVOAOYA LE TIG TANPOPopieg Tov Oa
Aappave (0nmg Yo mopdaderypo To xpdpo kot To péyefog) Ba pmopovoe va KAveL Kot TNV
KAtOAMNAN kotnyoplomoinon. dvoikd, n vAomoinon awtod TOL TOPASEIYUOTOS CTNV
TPAYLOTIKOTNTO €ivon TOAD o ohvOeTn Ko o1 Tpoypappatiotés Oa mpémel va Aafouvv

VT OYV Kol GAAOVG TP AYOVTEG O1 OTTOT0L OEV AVAPEPOVTOL EOD.

2.4.2 Enilvon o10@opik®Vv eE1606E®V
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2116 OETIKEG EMOTALEG LIAPYOVV APKETA TPOPALLATO TOV UTOPOVV VO EKQGPOUGTOVV LLE TN
HOPOT O10POPIK®OV EEI0MGEMY. Meptkd omd Ta TpoPfAnuota avtd gival o puOudg e Tov
01010 MAdVEL £VoL KOUUATL TAYOoV, 1) EKTIUNOT KEPOOLG GE AyOPUTWANGIES LETOYMV K.0. [
NV €MIAVOT SLAPOPIKAV EEIGMOGEMV, 0 YPNOTNG TOiPVEL SLAPOPIKES EEIGADGELS 0d TO TS0
OPIGHOV Kol UE TOV TPOTO avTO dNUovpYel o dedopéva EKTOIdEVONG Kot TO. OEOOUEVOL
eréyyov. ‘Emetta, og ke ypoudcsopo vroroyileton n kataAAnAdtTTo Kot pe ) fondeia
™G YPOUUOTIKNG eEEMEEMS TapdyeTan pia vroyneo Aon. Kabe vroymoeia Ao yivovrot

KOADTEPES YPNOUOTOIOVTOS Hto dtadtkacio Bedtiotonoinong. (20)

3. E@appoyég oe QT

To Qt eivor pa mAoteoppa avanTvENG AoYIGHIKoD, Omov cvvifwg 0 YPNOTNG TOL
AoyopIKoD ovToD, TO YPNCHOTOLEL Yoo T dNUovpyic KAUGIKOV Kol EVOOUOTOUEVOV
YPAPIKAOV JeEmap®Vv xpnot. To Qt avantdcoetan puéypt kot orjuepa TOGO amd TNV ETOPia
Qt, 660 Ko amd HEPOVOUEVOVG TPOYPOUUUOTIOTEG KOl ETYEPNOES VIO T dlayeipion

avOLYTOL KMOOIKA PE 0KOTTO TNV TtpodBnon tov Qt.

3.1 Eykatactaon Qt Creator

To Qt Creator givon éva oAoxAnpopévo mepifarrov avantvéng (IDE) ypauuévo e C++,
10 01oi0 avNKeEL o€ P “epyoarerodnkn’ avantuéng Aoyiopukot (SDK) kot ypnoyoroteiton
vy avartoén epappoymv. To Qt Creator ypnoyomotetl tov petayrlottiot| C++ amd
ovAloyr tov GNU Compiler o Linux kot FreeBSD, eved ota Windows 1o Qt Creator,
umopet va ypnotpomomoet 1o MinGW 1) to MSVC pe v mpoemheypévn eykatdotaon. H
epapuoyn &xel vaomombel og vrorloyiot| pe Aettovpykd cvotnue Ubuntu 16.04 (Linux)
oLVENMOS TO KePAAaio 3.1 mpaypatedetor v eykatdotacn tov Qt Creator 6e Aeltovpyikod

tov Linux.
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H gykatdotaon, emAéym va yivel amd ) ypapuun eviohdv (cmd) Tov LVTOAOYIGTY" LE TOV
TPOTO AVTO ATOPEVYOLLE TN GTOTAAN ¥POVOL YAYVOVTOS GE SIUPOPES 1GTOCEAIDES GTO
dwdiktvo. To mapdBvpo ™G YPAUUNAG EVIOADV avOlyEl TANKTPOAOYDOVTAG TO TANKTPO
Ctrl+Alt+T towtoypova, kKo omnv emeaveld epyosiog epgavitetor éva mapdbvpo
avtioToryo pe avtd ™ ewovag 3.1. 'Enetta, 0o mpoywprcove 6TV £€yKaTAoTOoN KATOLWOV
Boocik®V TaKETOV, OTMG Y10, TUPAOELYIN TOV HUETOYAMTTIOT! €CC, OIVOVIOG OTN YPOLUN

evtohdv v e€N¢ evron: sudo apt-get install build-essential.

- © midakos@midakos-Aspire-E5-572G: ~
midakos@midakos-Aspire-E5-572G:~% _

Ewoéva 3.1: I'poppr evioddv

21 ovvéyetla eykabiotovpe to gt-creator divovrag dradoyukd T eENg 000 evtoAés : sudo
apt-get install gtcreator kot sudo apt-get install qt5-default kot peté propode TpoopeTiKd
va dwcovpe TV evtoln sudo apt-get update yio va kévovpe EVUEPOGT GTO GUGTNUA LLOG.
TéNog, apob o1 evtorég Exovv ekteleotel e emtuyia avoiyovpe to Qt Creator Kot KAVOULLLE
OV amopoitnto €Aeyx0 Y vo. OoVUE OV EYEL YIVEL CMOGTA 1 €YKOTAGTOON TOV
petoyAottiotdv. EmAéyovpe and to opildévtio pevov Tools > Options > Build & Run >
Compilers ko 6o mpémel oto mapdOvpo mov HBa avoilel vo vdpyel KATL AVTIGTOLO HE VT
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¢ ewovag 3.2. ['o meptocoTepEg TANPOPOPIES, UTOPOVLLE VO KATEPBAGOVIE TO AVTIGTOLXO

eyyxepiolo (documentation) tov Qt TANKTPOLOYDOVTOC OTN YPOUUN EVTOAMV TNV EVIOAN:

sudo apt-get install qt5-doc. (1) (3) (4)

Options

C] Environment

E Text Editor

F';;’, FakeVim
f?) Help
{} e
A o Quick

U3

[ Debugger
%/ Designer
] Analyzer
Ty .
il Version Control
# Android
=0 QNX
™ Devices

ﬁ Code Pasting

Build & Run
General Kits QtVersions Compilers Debuggers

Name Type
~ Auto-detected
GCC (xB6 64bit in fusr/bin) GCC
GCC (x86 32bit in fusr/bin) GCC
Manual

Add ~
Clone

Remove

Apply Cancel

Ewéva 3.2: Epodvion petaylottiotdv 6to tepifaiiov Qt.

3.2 llopoodeiypota pappoy®@v koveorog o Qt

Epocov 1 eykatdotaocn tov Qt Creator £xet ohokAnpwbei pe emrvyio, Bo Eexvnoovpe

dtvovtog kdmota amAd mopadeiypota ypappéva oty yaAdcoso C++. o v dnpovpyio

véov Project emidéyovpe amd to opilovtio pevov File > New File or Project 6mov

epoaviletor To Tapdbvpo g ewdvag 3.3. X edaon avtr, ard T 0e&1d GTAN EMAEYOLUE

10 Non-Qt Project, kot amd ™ pecaio otAn emdéyovpe to Plain C++ Application ko

TéA0G KdT® de&1d divovpe Choose.
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New File or Project

Choose a template:

All Templates
Projects i icati

Creates a simple C++ application
Application using either gmake, CMake, or Qbs to
e build.

Other Project
Non-Qt Project
Import Project
Files and Classes
C++
(o]
GLSL

Supported Platforms:

General
Java
Python

Cancel choose...

Ewéva 3.3: Enthoyn €idog tov épyov.

211 ovvéyeln 6To ToPabdvpo, avticToro e aVTo NG E1KOVAG 3.4, TOov akoAovdel, divovue

10 6vopa oL BEAoLLE va. ExEL TO £pYo pag, 0w Yo topdaderypo “HelloWorld”,

KkaBd¢ kot To povomdrt (path name) mov BEAovE va amodnkevtel To £pyo péca
GTOV VTTOAOYLGTY).

Plain C++ Application
cation Project Location

Creates a simple C++ application using either gmake, CMake, or Qbs to build

Name:  Helloworld

Create in: /home/midakos/Documents/Develop/QtProjects

Browse...
Use as default project location

Next>
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Ewova 3.4: Ovopacio Kot Kataympnor Tov £pyoV GTOV VITOAOYIGTY).

"Emetta, matdpe Next ota oradoykd eppoaviCopeva mapabupa (PA eucoveg 3.5 kai 3.6) £mg
6tov etdoovpe oto TapdOvpo ™G kOvag 3.7 6mov kel PAETOVIE CUVOTTIKA OAEC TIC

Tponyovpeves pubuicelg mov Eyovpe kdvel, ko matdpe Finish.

Plain C++ Application

Location Define Build System

= Build System
Build system: gmake =

< Back Next > Cancel

Ewéva 3.5: Zrrypuotomo snpovpyiog €pyov.

33



Plain C++ Application

Location Kit Selection
Build System
* Kits

Qt Creator can use the following kits for project Helloworld:
v Select all kits

v . Desktop Details *

< Back Next >

Ewéva 3.6: Ztrypuotomo snpovpyiog £pyov.

Plain C++ Application

Location Project Management
Build System
Kits

= summary Add to version control: <None> ~ Configure...

Add as a subproject to project: <None=> -

Files to be added in

Finish Cancel
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Ewova 3.7: Zovoyn pvBuicemv tov £pyov.

[Mapaxdtw, oty ewdva 3.8 BAEmove 10 TEPBEALOV Yoo TNV OvATTVEN KOdKa g CH++
poli pe éva £Toto pikpo KOpRATL Kadika 0mov epgaviCet to pvoua “Hello World!” oty
KOVeOAd. O KOJIKOG EKTEAEITOL TATMOVTOG TO TPAGIVO TPIYOVO KAT® 0ploTtePd otV 006vn

KO TO QITOTEAEGLLOL TG EQPOPUOYNG OLTNG PaiveTol 6TV gkova 3.9.

Proj... # %= 2 8- @ & + B main.cpp #| X | <Select Symbol> % # Line:1, Col:1
- i@ Helloworld 1|
B Helloworld.pro

+ B Sources

cout <<
return

Projects

Analyze

2]

HelloWorld

3

O = Typetole 1 Issues 2 Search Results 3 Application Output 4 Compile Qutput 5 QML/JS Console & General Mess

Ewodva 3.8: Ileparrov avamtuéng kadwa Qt Creator.
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Ewéva 3.9: Epodvion unvopatog “Hello World!” otnv xoveoira.

"Eva Ao pikpd mopaderypo Kadika, eivol 1 vAoToinon Hog Epaproyns, 6mov dExEToL Gov
€16000 000 axépata vovpepa kot epeovitel 6Ny kovodria to dfpotspd tovg (PA. Ewova
3.10). Eexwvape pe ) dNAwon g PPAodNkng iostream TANKTPOAOYDOVTOG TNV EVIOAN
#include <iostream> (ypouun 1), ot ypopp 3 ¥pNOUOTOOVUE TNV EVTOAN using
namespace std;, 67ov vt pag divel T SLVATOTNTA VO YPNGILOTOLOVLLE TIG EVTOAES Cin Kot
cout. Xmpic v evtoAn g ypapupung 3, Ba mpénet avti yio cout Ko cin va ypayovpe
std::cout kot std::icin ywo vo PUTOPEGOLY VO EKTEAECTOVV Ol EVTOAEC. XN GUVEXELQ,
dNAdvovTot ot aKEPalot X, y (Ypappég 7 kot 8), émerta pe v evtoArn cout epeaviCovpe ta
unvopaTo 6TV KovoOAa mov Ppickovtarl péso oto SuAd ewcaymywd (), Koabmg Kot To
dBpotopa Twv 6vo akepainv (ypappés 10, 13 ko 16). Téhog, pe v eviol cin g16ayovpe
To. VOOUEPO, TTOL €0MGE O YPNOTNG, ONAdY, T0 3 Kol T0 9 oTIg HETAPANTEG X Kot y

aVTIoTOTYOL.
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Proj. = % © Br B + # [] main.cpp # X | # main(): int ¥ # Line: 16, Col: 27
'_ * i Helloworld
B Helloworld.prc -

Welceme

~ W Sources
[ ——

¢ Terminal File Edit View Search Terminal Help

*- Type to locate (Ct.. 1 Issues 2 Search Results 3 Application Output 4 Compile Output 5 QML/JS Console 6 General Messoges +

Ewéva 3.10: TTapdostypa epappoyng kovedrag oe Qt.

3.3 Hopadeiypotao YpoQIKOV EQUPRoy®y o€ Qt

Eexwdpe emiéyoviag and to oplovtio pevov File > New File or Project, and v
aplotepn otnAn emAaéyovpe to Application kot amd ™ pecaio to Qt Console Application
(BA. Ewova 3.11) ko divoope Choose. Aivovpe €va dvopo 6to €pyo pog, Kabdg kot tnv
tomofecio mov mpokertan va amodnkevtel otov vroAoyiot) pag (PA. Euwova 3.12) ko
emiéyovpe Next oTig 01000 1KA ELPAVILOUEVES EIKOVES, TAPOLOL0 SLALOTKAGTO LLE QLTI TOV

kepaaiov 3.2, (BA. Ewdveg 3.4, 3.5, 3.6, 3.7) ko 1éhog emAéyovpe Finish.
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New File or Project

Choose a template: All Templates

Projects m, Qt Widgets Application . ia

Qt ¢ “Application y Creates a project containing a

Librar‘y o 3t ik Agliction single main.cpp file with a stub

Other Project 4 Qt Quick Controls Application
Non-Qt Project Qt Canvas 3D Application

implementation.

Preselects a desktop Qt for
Import Project building the application if
Files and Classes available.
C++
at Supported Platforms: Desktop
6GLSL
General
Java
Python

Cancel | Choose...

Ewéva 3.11: Emloyn| gidovg tov épyov.

Qt Console Application

Location  Project Location

Kits

This wizard creates a simple Qt-based console application.
Summary

Name: HeIIoWorldGr'o.phics|

Create in: /home/midakes/Documents/Develop/QtProjects

Use as default project location

Next > Cancel

Ewova 3.12: Ovopoacio kot Kotay®pnor Tov £pyoV GTOV LITOAOYICTY).
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[TAéov, &govpie £To1po T0 TEPPAAAOV YO AVATTLEN KOJIKA LLE EIGAY®YT| YpapikdV (Eucova
3.13). Xt moapdypapo avt Ba dovAéyovupie To Tapaderypa Tov kepaiaiov 3.2 (PA. ekdva
3.10). ®a pmopovoape vo vAoTomcovpe o eENG: Eva TapdBupo, dvo medio OToL kel 0
xpNotng Ba elodyel Tovg dVo akepaiovs, Eva emmAéov tedio Omov kel Ba eppaviletal To
amotéAecpo TN TPOGHESNC Kot 160G KATO10 KOLUTL Yo Vo eKTEAEITON 1] TPOGOEDT).

Proj. +%. @ E-E ¢ § ] main.cop + X | <Select Symbol> + # Linei 1, Col: 1 EI:

[ENreeWanaGta 1

B Helloworldéra

~ i Sources
B main.cpp

« »
LI . Type fo locate (€5 1 Issues 2 Search Results 3 Application Output 4 Compile Output 5 QML/JS Console 6 General Messages *

Ewova 3.13: TlepiBdAhov avamTuEng Yo Snovpyion KOOKO LE YPOoPKa

Kévovpe de&l KMk mave oto @dxero source kot emAgyovpue Add New, 6to mapaBvpo mov
epopaviletat, ot de&ld oAn emAéyovpe 1o C++ ko ot pecaio otmin 1o C++ Source
File

(BA. Ewovo 3.14) kou divovpe éva 6vopa my mainWindow kot apéomc €yovpe
dnuovpyia Tov apyeiov mainwindow.cpp , emavorapfavovpe ™ TopoTdve dtodkacio pe
m deopd 0Tt 6N pecaio otnin emAéyovpe 1o C++ Header File, 6ivovpe éva dvopa
(xatd mpotipnon 1o {510 pe AVTO TOL dNUIOVPYNGOLE KoL TPLV) KoL £(OVUE TN dnpovpyio

eokélov Headers pe 1o apyeio mainwindow.h péca og avto.
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New File

Choose a template: All Templates

Fil d Cl

el pr e Creates a C++ header and a
source file for a new class that
you can add to a C++ project.

C++ Source File
Qt C++ Header File

6LSL

General Supported Platforms: Desktep
Java

Python

Cancel | Choose...

Ewéva 3.14: Anuovpyia source file kot header file.

>0 apyeio mainwindow.h, SnAdvoupe Tig petafAntég ko T1g avtictoryes PifAotnkeg mov
TPOKELTOL VAL YPNGULOTONCOVLE, (£0M KATOL01 {0MG OVIILETOTIGOVLY TO £ENG TPOPANUA),
Kamoteg PpAobnkeg iomg va unv avayvopiloviat. H Aon og avtd sivor va mape oto
apyeio pe katdAnén .pro (oto mapdderypd pog eivar to HelloWorldGraphics.pro) kot va
ypayovpe TV eENG EVTOAN: qt += widgets, pe Tov TpOTO 0V TO TO CVLGTNHO AVaYVEOPILEL OAha
0. mOOVA ONTIKA GCLOTATIKA 7OV TPOKELTOL VO YPNCLLOTOW|COVUE KOOMDG Kol TIg
avtiotoryeg PAodnkeg tovg. Xty eikova 3.15 gaivovtat ot SNADGELS LeTOPANTOV Kot 01
BpAoOnKec Tovg. X ypapun 13 €ovpe eTiager po kAdon pe to dvopo MainWindow
7oV KAnpovopel otoyeia amo v kKAdon QMainWindow ( :public QMainWindow), otig
ypappés 16 émg 18 onAdvovpe TOV KOTOOKELOOTN Kol Mo, PLETOPANTN TOTOL integer
(axéporog), otig ypappés 20 €mg 25 elvar ta onTiKd GLOTOTIKG TTOL £xovUEe BAAeL Kot 6TV
ypopun 28 givail 1 cuvaptnomn Omov ekTeAel TNV TPAEN TG TpOcBeonc kol eppavilel To
arotéleoua. Aev Oa unw oe fabiTepn avaivon Tov Tt onpaivel To Kabéva amd To OTTIKA
OLOTATIKA OV £YoVV dINABEL yiotl VTapyEL 0 KIVOLVOS VoL KOUPAGH TOV AVOYVMOGT TO
pévo mov motevw 0Tt ailel va onpelwbel d® elvar OTL TAL OTTIKA GVGTATIKA (TT.Y, KOLUTLAL,
medio E10aYOYNS TOV OKEPUI®V amd ToV ¥pNoTn K.0) “Tatdve” Tave og o odtosn, To

mainLayout, mov &ivar tOHmov QVBoxLayout 6mov avtd onuoiver 6tt OA0 TO OMTIKA
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OLOTATIKA IOV “TtaTdve” TAVMD 6€ aVTo £yovv KABeTN dtdTaln Heta &y Tovg Kat 1 ddtaén
(onA. o mainLayout) pe ) cepd ¢ “matdel” mavo otnv kAdon QWidget 6mov exkel

“matdve” Ol To VTOAOUTO OTTTIK( GUGTOTIKG.

~ class Ma I blic QMainWindow{

public:

public slots
void

// MAINWINDOW

Ewova 3.15: O kodwoag and 1o apyeio mainwindow.h .

‘Exovtag tedeunoet pe Tig SNADGELG HETOPANTAOV Kol OTTIKOV GLUGTUTIKOV TNYUIVOLLE TO
apyelo mainwindow.cpp Kot gkel ypdpovpe Tov KOdK Tov yperaletar yio va otnbei 10
YPOQWKO TEPIPEALOV KOl M AstTOvPYIKOTNTO TNG €QapUoyns. o va pmopécovpe va
YPNOUOTOU|COVE AVTA TOL ONAmcape 6to opyeio mainwindow.h, 6o mpémel va to
glodyovpe oto apyeio mainwindow.cp® avtd yivetor pe v €ENg €vioAn ot ypopun 1:

#include <mainwindow.h>. And ™ ypopun 3 péxpt ) ypopun 41, elvar o KOOIKOS TOV
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KatookevLaoTn ™G kKAdong MainWindow (BA. Ewdva 3.16). AvoaAvTtikOTEpQ, OTIC YPOUUES
5 ko 6 €yovue ™ onuovpyia mapabvpov pe daoctdoelg 300x300 kot Tov TitAo OLTOVL,
énerta otig Ypoupés 8 £wg 10 kat 12 émg 13 etvon ) onpovpyio g didraéng (Layout) ko
QWidget. Ztn cvvéyeta, ypappés 15 éwg 17, 21 €wg 23 kot 32 éwg 34 ivor ) ONAwon Tov
etketmv (QLabel), otig ypoupéc 18 €mg 19 kot 24 £wg 25, ONUIovPYOVLE TIG TEPLOYES TOL
dtver 0 ypnotng tovg dvo akepaiovg kot Ta TomobeTovpe ot Odtaén pog. Ioapakdrto,
ypappés 28 £wg 30 givor 1 dnuovpyia Tov KOLUTIOL Kot 1 ToroBETnon Tov ot didtaln,
KOl KOTOAYOUUE OTn ONAMOY TOL TEAELTAOV OMTIKOV GLOTOTIKOV, TNG TEPLOYNG
EUQAvVIoNG Tov amoteAécuatog ¢ tpocheong (QLineEdit) ypappég 35 éwg 37. Télog,
&yovpe ™ ypopuun 39 6mov ekel poc matnOel To kKovumi amd Tov ¥pNnotr Oa ektelectel 0
KOOKag mov Ppicketotl otn cuvaptnon makeAddition (Ewova 3.17). Xt cuvéptnon avt
“raipvovpe” ta VOOLUEPD TOV £YEL OMGEL OTO TESIN O YPNOTNG TPONYOLUEVMG (Ypoppég 43
Kot 44), yivetar  Tpdcheomn ,0mov Kol TO amoTEAESHA TG TPAENS eppavileTor oto Tpito

medio.
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1
:

> Mainwind ainWinde

inekdit

LineEdit

Ewova 3.17: O xodwag and 1o apyeio mainwindow.cpp.
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Hello World Graphics

First Value:

9

Second Value:

Results:

12

Ewéva 3.18: [Topdaderypo TG Epoproyng LE YPAPIKO TEPIPAAAOV.

3.4 Ilopaodciypoto epapuoyav faccmv ogoopévay e QT

O1 Baoceig dedopévev givor pio opyovopIEVT] GLAAOYN SPOP®Y TOT®V dedoUEVAOV GOV
eEumnpetodv €va cuykekpipuévo okomd. H avalnmmon &vog otoyeiov 1 aAM®dG €vOG
dedopévou pmopet va yiver modd e0KoAo Ko Ypyopo KAT® amd GUYKEKPIUEVEG CLVONKES'
Yo TOPAOEY IO G VTTOOEGOVIE OTL EYOVUE KATAYEYPOAUUEVOVG 0mtd OAOVG TovG EAANveC
TOAiTEG TO OVOLA, TO £MIBETO, TOV OPOUO TOVTOTNTOS KOL TOV aPtOUd TNAEPADOVOL TOVG KOt
Bélovpe va Bpodie To oVOUATETOVLLO €KEIvo oL Exel aplBud tavtdmrag “4”. Edm, 10
OVOUOTETMVLIO OTOTEAEL TO OEOOUEVO TOV Whyvovpe kol o aplBudg tavtdtrog “4”

oLVVIOTA TN GLVONKN KAT® amd TNV 0TToin YEXVOLLLE TO OVOLOTETMVLLO OVTO.

Ag mpoomabncovpe, Aowmdv, vo vhomorcovpe 6to Qt Creator To TOPATAVE® TOPAOELYLLOL

ONUIOVPYDOVTOGS Hto. BAcT dEdOUEVMDV 6TV oToia 0 ¥protng Ba pmopel va kdvel eloaywyn,
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dwypagn, Kol EUPAVION OA®V TOV oTolElmV KaOdg Kot avaltnon CLYKEKPIUEVOV
OTOLEI®V KATM OO OPIGUEVEC GUVONKES. TKEPTOWAL, VO VTTAPYEL KOl VA amAd YPoPIKO
nePPAALOV OO0 [E aVTO TOV TOPASEIYLOTOG 6TO KEQAALO 3.3, OOTE Vo glval E0YPNOTO
vy Tov ypnotn. Agv Ba pmo oe oAy Pabeid avaivorn g dnpovpyiog Tov YpopKon
TePPAAALOVTOC, Y1IOTL LTTAPYEL Lo Pikpn TETOL avaAvom oto kepdaiato 3.3. Eniong, Bempd
g EEPevyel amd Ta Oplo Tov keporaiov 3.4. Téhog, Ba mpémel va mpocHBiowm 10 €ENG:
Kamoleg Pacikég Aettovpyieg, OTOL o€ pio TPAYUATIKY Bdon dedopévmv 1 un vAOToinon
Tovg Ba Tav adtovontn, Agimovy yiati 0 6TOYX0C TOL KePaAaiov avToL gival va dei&el oTovV
avayvooTn TV oAMAETidpacn Tov xpnotn e TG Pdoelg dedopévev kabmE Kol ™
onpovpyia evdg mivaka, Tov TpOmo €lcaymyng otoyyeiov k.T.A. Boowkég Aettovpyieg
pumopovv va BewpnBodv 0 TePLopIoUOg TOV ¥PNOTN MOTE Vo UV UIopel va e16AyeL TO 1010
OVOUOTETOVLLO Kol TNAEPMOVO TAV® amtd o opd 1 1 Pdon va unv d€xetor otoryeio pe

KEVO TEPLEYOUEVO.

Apywucd, Eekvaypie T Ompovpyia tng KAAGMS person pe okomd Vo KoBopiGovUE ToL 1OIOTIK
nedia Ko T1g pebddovg tng KAAonS owtng. Anpovpyovpe dvo apyeio Eva tomov header (pe
katdAnén .h) kot éva tomov source (pe katdinén .cpp). Z1o apyeio header dnAdve ta
WOOTIKA Tedior OnAadn Tov aplfud tavtdttog (aKépalog), To ovoud (aApapOuntikd), To
enifeto (aA@aplBuntiKd) Kot to THAEEMVO(OAPAPIOUNTIKO). XT1 GUVEXELD, ONADVE TNV
ouvapnon onovpyiog person, 1 omoio d€xETAL Gav €16000 TO WWTIKA Tedio MOV
INAdGOE Vopitepa, KOONDS Kot TIG GUVOPTNGELS OOV EMGTPEPOVV TIG TILEG TV OO TIKAOV
nediov TEA0C ONA®OV® TN cLvapTnon toString, 6oL EMCTPEPEL GLVOMKA TO GTOLYEID TOV
atopov. Xvveyilovpe, pe tn dnuovpyia g PAONG OEOOUEVOV YPNOUYLOTOIDVTAS TNV
QSQLITE dnimvovtag 115 avtiotoryeg Pipiodnkeg kabog kot to apyeio person.h. Ot
péBodol Tov LVAOTOIOVUE Eivarl Yio €100 y®YY| OTOWEI®VY, dypapn OTOLKEI®V, EUEAVION
OLYKEKPILEVOL GTOLXELOV e Baom Tov aplfud TavTtdTNTOG Kol ELPEAVIOT) OADV TOV ATOUOV
pe OAa TovG T oTOoLYElR TOV LITAPYOVV TN PACT dEdOUEV®V. X1 GUVAPTNON dNUoVPYiag
nov £x® ovoudoet database, dnuovpyovue tov mivaka greekPeople kot t1g otiAeg TOVL,

Omov KABe oTNAN elval Ta YOPOKTINPIOTIKA TOL TPocdtopicape Ott Ba Exetl éva dropo ot
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Baon pag, kot opilovpe cav Tp®TEVOV KAWL TOV ap1OUd TaTOTNTOG 0 0TT010G Bl v EdveTa
ddoykd oe kaOe eloaymyn ototyeiov. [lapoakdtm, TpoympAEe GE po LIkpn avaAVoT TG
vAomoinomng TV HeBddmV e TIg omoieg OAANAETOPE 0 ¥pNotng pe T Pdor. H viomoinon
TV HEBOSOV OVTOV (E10aYMYT, S10ypa®n Kot ELOAVICT) GTOLYEIDV) QaivVETOL GTNV EIKOVAL

3.19.

r
return sut

bool database

r
return |

Ewova 3.19: O x@dkag tov peboddwv elcaymyns, dtoypaens Kot ELEAVIoNg oTotyelnv

o€ po faon dedopuéEvmy.

H péBodocg insertPerson(person &p) o0éxetonr cav €ic0d0 TtV GuvapTNoN ONUovpyiog
person mov £YOVLUE OPIGEL O TAV®' GTN GLVAPTNON UECO ¥pMoipomolovue TV sqlite
EVTOMN Y10 E100Y®YT oTotXelwV TG omoiag 1 yevikn popoen eivor INSERT INTO <évopa
nivake™> (<ot oTMAeg oTIg omoleg Béhovpe va kdvovpe swoaywyn>) VALUES (<ot

avtiotolyeg petaPAntéc™>). ‘Enetta, £govpe tn ocuvaptnon, yia dsoypagr] 0OAOKANPNG TG
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ypopuung amd m Paomn, v deletePerson(int id) n omoia déxeton cav €icodo Tov aplBuo
TaVTOTNTOG 0 0Moiog avTioTolyiletal pe To otowyeio mpog daypaer|. I'evikn popen g
evtoM|g yw dwaypaen ototyeiov eivor DELETE FROM <o6vopo mivoke> WHERE
<ovvOnkn>. Téhog, £xovpe v pebodo getPeople() yio tnv epeavion OAmV TV SeS0UEVOV
mov mepiEyovtan ot Paon pog. H eviodn avtn) €xer v poper) SELECT <otoyeia mpog
eneavion> FROM <évopa mivaxke™>. Otoav dpmg 1 epeavion tov ototyeimv mov B ovue
Vo KAVOVUE vl GUYKEKPIUEVT), OTTMOC Yo Topadetypa 6tav BEA® va epeavicm Ola To
dropa ekeiva pe aplOud tovtotrog “4”, n evtodn avt maipver ) popeny SELECT
<ortoryeia mpog eppavion™> FROM <ovoua nivoke> WHERE <cuvOnin>, 1o WHERE pog
dtvetl ) dvvaTOTNTA VO ELPAVIGOVUE GLYKEKPLUEVO GTOLXElD TOV Ttivaka, dnAadr| exeiva
mov €xovv aplBuod tavtotrag ico pe 4. A&iler va onuewwBel 6t oty evrod) DELETE av
dev Baiovpe cuvOKn T0TE AMAGDS SlaypdpeTor 0AOKANPOG o Tivakag pall pe 6Aa ta
otoyyeia Tov. Ilapakdtm, mapabétm dvo €1KOVEG TG EPAPLOYNG TOV VAOTOMONKE GTO

KePAAa10 ovTd. O TANPNG KOJKOG TOL TopadElypLatog divetal 6To mapapTnpa A.
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Hello World Database

insert person delete person search person view people

Ewéva 3.20: Ztrypidtomo eQopproyns yuo E160ywyn OE00UEVMYV.
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Hello World Database

insert person delete person search person view people

remove

Ewéva 3.21: Zriypidtomo @approyng yo oerypapn OES0UEV®V.

4. H gepappoyn mov viomou)Onke

H epappoyn mov vAomombnke oty mapovca epyocion eivor pio ypogiky] €QOPUOYN
ypopuévn o€ qt ct++, n omoia “matdel” mave ce Evav aAyopiBuo Katnyoplomoinong, Ue
oTOY0 TNV ELKOAT YPNOM TOL amd TOV YPNoTn. O K®OIKAG KaTyoplomoinong PacileTon ot
péB0dOo NG Ypappatikig eEEMENG Ko pmopeite eAe0Bepa va avatpéEete Kot va Katefdoete

oV KOO oty niektpovikn dedbuvon https://github.com/itsoulos/GenClass. ®a

mpoomabncove va avaAdcovpe Kamowo Pactkd pEpn g eeapuoyns, Ba osifovpe ta
Bruato Tov KOAK KT Yoplomoinong kot T€Aog Ba eKTEAEGOLUE KATTOWN TOPAOETYLaTOL
OOV GTO ATOTEAEGHATO AVTAOV B Yivel po pikpn eneénynon. Xto mapdaptnpa B, vrdpyet

O0AOKANPOG 0 KMOKOG EPOPLOYNG.
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https://github.com/itsoulos/GenClass

4.1 Mépn g epopproyns

4.1.1 H ypoguc epappoyn

H ypapkn epappoyn mov €yet viomombetl oty mopovca epyacia (swdva 4.1) amoteleiton
and 6 kovumd (QPuhButton) kot pa emeavelo oty omoia 0 aAyopOpog eppavilel Ta
aroteAéopata. Ta kovpmd ivar Ta €ENG:

. Run: extelel Tov adydpiOpo a@ov mpdTo TPoTPEYEL TOV YPNOTH Vo EMAEEEL TV
péBodo 1N aAAMdg Tov TPOTO pe Tov 0moio Ba epeavicTovy ta anoteAéopota. Ot emAoyEg

TOV XpNoTN Elvar TpeLS:

o Simple: To mpoypappa TVT®OVEL KateLOEiaY TO AmMOTELEGHA YOPIC TEPAUTEP®
OVOAVGELG.
. Comma separated value (csv): To TpoypapLLo TUTMOVEL TO OTOTELEGHA, KOOMG Ko

Kamoteg emmAéov mAnpoopieg yia ke yevid. O emmAéov mAnpogopieg etvar o aptBuog
TOV YEVEDV, TO train error kot To test error (ene&Nynon twv O0pwv train error Kot test error
yivovtal 6to Kepdiowo 4.2).

o Full: Eivon n m\npng pébodog 6mov 10 mpdypappo o€ kabe yevid (7 ahAimdg
EMOVOAN YY) TUTOVEL AETTOUEPELEG Yo TN Oladikocio. BeATiotomoinong, kabmg Kot To

COAALO TAEVOUNONG Y10 KAOE dlokpLTr] KAAGT] TOL TPOPANLATOC,.

. Set Variables: supavilet pa oppo oty omoia 0 ¥pNoTng CLUTANPOVEL TIG EENG
petoPAnTég
o Ap1Buos I'svewyv (Number of Generations): évag axépoiog aplOuoc o omoiog

kaBopilel To péyoto aplBud yevedv yuo tov yeveTikd adyopiBuo. Kébe yevid givon o
eMOVAAN YT TOV aAyopiBLov.

o Ap1Buos Xpouocwudrwv (Number of Chromosomes): £vog axépoiog apOpoc
mov KaBopilel Tov apBud ypoOUOCOUAT®V Y10 TOV YEVETIKO TANOLGUO.

. PvOuos Emiioyng (Selection Rate): ¢vog dekaduodg aptBpdc omov kabopiletl tov

pLOUO emAoyNg pe Tov omoio emAéyovion To dtopo amd Tov TPEY®V TANBLGUO oL
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YPNOUOTOIEITOL GTOV YEVETIKO OAYOP1OLLO.

o PvOuog Metallaéns (Mutation Rate): o dekadikdg aplOuog ekeivog o omoiog
kaBopilet Tov puOUd petdAlaéne mov ¥pNoLOTOIEITOL GTOV YEVETIKO 0hydpiOpo. Emidéyet
Tuyoio kAol yovidio omd To YPOUOCHUATO TOV ATOU®V TOL TANBVoUOD Kot omTAMG
UETOPAALEL TNV TUN TOVG

o I'eyovog Ileprrviiyparos (Wrapping Event): o axépailog oplOuog “mepttodiyporog”
nov kabopilel Tov péyioto aplfud “reptrvAlypdtov”’ Tov umopovv va yivouv. H avdyvoon
TOV GTOLYEIOV EVOG YPOUATOCOUATOG EKTEAEITOL ETAVOANTTIKA, HEXPLS OTOV Vo TaporyOel
pa £yKopr EKQpoon 1 Vo, TEAELDGEL 1] AVAYVOGT TV GTOLYEI®V TOL Kot va, OempnOel dvpo
TO GLYKEKPUEVO YpopOcoUa. MOAG 10 ypopdcopa Bempnbel dkvpo, Eexvd oAl M
avayvoon TV 6TolElmv Tov Kot €0V 0 apltBudc mepttvAlypatog yivel icog pe tov apipd
TOV OVOYVOCEDY TOV GTOLEI®V TOL YPOUOCHUATOS Kol dgv €xel mapaydel o £ykopn
gkppaot tote 0 Ypoudcoua Bempeitat divpo.

o Méyebog ypouocouatos (Genome Size): £vag aképalog apBuds mov kabopiletl to

péyefog kbe YpOUOCOUATOG GTOV TANOLGUO.

o Import Train File: O ypnotng iodyet to apyeio mov ypetdleTol To TpOYPaLLLL, TO

omoio mepiéyel Ta onpeia ekeiva Tov Ba ypnoIonomBovy Gov dedopUEVH EKTAIOEVLONG TOV
aryopiBuov. To apyeio Ba mpénet va eivar tHmov .txt 1 .csv. Xt0 apyeio avtd Oa npénet va
vrdpyel Evag aképorog aplBuodg mov kKabopilel T ddoTao TOV TPOPANUATOS KOl £VOG
aképalog mov kabopilel Tov apBud tov onueimv 610 apyeio 0TS Paivetal TOPUKATE.
Omnov D opileton 1 dtdotaon tov mpofAnpatos kot M givar o apBuodg towv onueiov mov

vIdpyoLvV 6TOo apP)Elo.

D

M
Tr11 T2 ... T1p W1
Tz1 T22 ... I2D Y2
Iyl ITyz2 - TMD UM

Ewova 4.1: Mop@n| 0£001EVOVY Yo EKTAIOELON KOl Y10 KOTYOPlOToinot.
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KdéBe ypopun mepiéyet éva mpdTLTO Ko 1 TeEAevTaio GTNAN €ivar 1 Tpayportikn £6000¢ ToL
mpotHmov avtov. To Aoywopkd avayvopilet tov apBpud tov KAACE®V TOL

TPOPALTOG o 10 apyelo ekmaidevonc.

. Import Test File: O ypfiotng elodyet To apyeio mov meptEyetl To. dedopévo EAEYYOV
Yo T0 ovyKekpipévo TpoPanua. To apyeio avtd Ba mpémer va givor g HOpeNg Ommg

eaiveton oty gwova 4.1.
. Clear: Kavel ekkafdpion tov omotelecpdtov amnd tny 00ovn.
o Exit: Teppatiler nv epoppoyn.

- ° ~Graduate Project~

Run Set Variables Import Train File Import Test File Clear

~Instructions~

1. Set your Variables
2. Train algorithm
3. Import data for classification
4. Have fun

Ewova 4.2: To k0p1o pevod g ypoptkng EQoproyng.
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4.1.2 O KOOIKOG KOTNYOPLOTOiNG1G OE00UEVOV
Apyikd, 0nwg avapépOnke Topomdve o KdoKag Katnyoptonoinong Paciletar otnv péboodo
™G ypoppatikng eE€Ménc. [apakdtw, divovtatl To Ppoto 6€ pio YeLOOYADTTO, TO, OTToin

exteAel 0 ahydp1OLOG Yo TV KATNYOPLOTOINGT SESOUEVMV.

. Brjua apykomoinong.

. AwdBaoce to apyeio ekmaidgvong.

. Op1ioe tov apBud yevemv (Ng).

. Oproe 10 mN00og TV ypopocopdtov otov yevetikd tAndocud (Nc).

. Op1ioe tov puOuod emroyng (Ps).

. Op1iog tov puOuod petarroéng (Pm).

. Apykonoince to YPOUATOCOMOTE GTOV YeEVETIKO TANOvoud. Ta ypopocopota

OPYIKOTOLOVVTOL TVUYAIO GOV SLOVOGHLOTO OKEPAIWV.

. Brjua I'evetiknc.

° o i=1,...,Ng kdve

o Anpiovpynoe yuo ke ypoUOCOO 6TOV TANOLGUO £va TPOYPOAUILO TOEVOUNONG
YPNOOTOIDOVTOS TNV TPONYOVUEVN O00KAGIO TG YPOUUOTIKNAG €EEMENG. AAwGE TO
npoypappa tasvounong cav Ci.

. Ymoloyioe T cvvaptnon fi vy kébe ypopodocopa tov yevetukod tanbvouov. H fi
dtvetan amd N mapakdTe oyxéon, 6mov M eivar 0 apBpdg 16poNg TPOTLTMOV GTO SEGOUEVA
ekmaidevong, Xi gival To i-06T0 TPATLTIO ekTaidevoNG Kot ti lvan 1 emBounty €€odog:

M

fi=Y (Ci(z:) — ta)”

i=1

. Epoappoyn g Swdwaciog emroyng: To ypopocopoto tavopodvior oe

ebivovca cepd pe Pdon v Ty ™G ocvvaptnong tovc. Ta mpodto (1-PS) X Nc
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YPOLOCOUATO AVTLYPAPOVTOL AVTOVCLO OTIG ETOUEVES YEVEES. Tl VTTOAOLTOL XPOUOCDLOTOL
TOPAYOVTOL YPNOILOTOIOVTAG TN dtodikacio dtactavpmong (crossover procedure). o
KGOe vEo ypouOGOUN ETAEYOVTOL GAAL 6VO YPOUOTOCOUOTO GOV YOVEIS 0md TOV TOAO
mnBoopud pe ) pébodo g emroyng daywviopuov (tournament selection). H emioyn
Syoviopol &xel o¢ eENG: emA&yeTon TVYaiN £VOL GET OO YPOUATOCMOUATO (TOLALYIGTOV
dV0) Kol TO YPOUOCOUN UE TN KOAVTEPY TIUN cvvapTnong emAéyetol. Ta emAeypéva
Cevydpla dtactavpdvovtol e va Tuyaio onpeio mov ovopdletotl onUElo dCTAVPOONG
(crossover point). Katd ) dadikacio avtn, otovg “yoveic” opiletor évo tuyaio onueio
“komg” O6mov omd 1o onueio avTd Ko Emerta To O0efl PEPOG TOV YPOUATOCOUATOV
avtoArdletor To éva pe to GAAo ota “mondtd” (PA. Ewdva 2.2) .

. Epappoyn mg dwdikaciog petdaroing: Ta kédbe otoyeio oe kdbe ypopudSOLLL
TapayeTon £vag tuyaiog aptBudc r og dtdotnua [0,1] . Eqv to r <= Pm 161¢€ 10 avtictoryo
otoyeio aArGlel Tuyaia.

. Téhog Ta.

° Brjua A&oddynong.

. Anpiovpynce éva TpoOypappe ToEVOUNONS Yot TO KOADTEPO YPOUOCMOLO GTOV
veveTikd TAnbovcud.

. Epdppoce 1o mponyovpevo mpodypopLo 6To opyeio SOKIUNG KoL 0VEPEPE TO GOAALLOL

mov TpoKaAeitat. (24)

4.2 TIlopadelypota (PNoems TS EPAPROYNG

10 KePdAaio avtd Bo mpaypatomomOet pia enideldn g EPUPUOYNS. EEKIVALE [LE TO EENG
TOPAOELYLLOL, EYOVLLE OTN O1AOECT LG OEOOUEVA TOL OTOL0L TTPOKVTTTOVV GOV OTTOTEAEGLLOL LLLOG
ANUIKNG OVAALGNG KPACI®V TOL 0TToi0 TPOoEPYovToL amd TNV i01a teployf otnv Itaiio aArd
Ao TPELS SLPOPETIKES TOIKIALEG TO KAOe €va. Ta €xovpe eiodyel o éva apyeio .txt pe ™
popon mov opilel n ewdva 4.1. ‘Emetta, apywomolovpe Tig Hetafintés ot eopua Tov

epeaviletor motdvtag To kovuni set variables (swova 4.4), eiodyovpe 10 apyeio pe ta
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dedopéva  exmaidgvong tov oaAyopiBpuov kol To opyeio pe too dedouéva Yo TNV

KOTYOPLOTTOINGT QLTMV.

Set Variables

Number of Generations:
10

Number of Chromosomes:
500

Selection Rate:

0.1

Mutation Rate:

0.02

Wrapping Events:
1

Genome Size:

100

Submit Cancel

Ewova 4.3: ®oppa apyikonoinong HetofAnTtav.

Katd v ektéleon g epaployng EMAEYOVUE TNV ELOAVIOT] TOV OTOTEAEGUATOV GE CSV
LOpPON KOl TO. OMOTEAEGUATA TOV OAyopiBuov ywo k0Be emavdAnym (v’ dyv 61t kdbe
EMOVAANYT EKTPOCOTEL 1oL YEVIA GTOV YEVETIKO TANOLGUO) eaivovtal otny ekova 4.5. H
TPAOTN GTNAN €lvar 0 aplOUog TV ETOAVOANYE®DV 1 AAMOC 0 AplOUOG TV YEVEDV, 1) OEVTEPT)
oA eivol Ta amoteAéopata Tov train error yio ke emoviAnym Kot 1 tpitn givon ta
amoteAécpato Tov class error yia kéOe emavainym.

o Train_error (Z@dipno_ekmaidsvonc): ZeAaipo ekmaidevong eivor 10 oA

exkeivo mov maipvovpe OTOV TPEYOLUE TO EKTOOEVUEVO HOVTEAO TIG® oTOL dedopéval
ekmaidevong. Yo' Oyy 0ti to 0edopéva autd £xouv 1on yp1oILonomBel ylo Ty KatdpTion

TOV HOVTEAOVL Kol avTd KT 'avayknv dev onpaivel 6Tt 1o poviélo mov Ba ekmodevtel Ha
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exteleotel pe axpifela 0tav epappootel miom ota id1o dedoUEVE EKTOIOEVONG

o Class error (Xedipo taévounenc): Teaiuo ta&vounong eivol to cpdiua ekeivo

OV TOPVOLUE OTAV EKTEAEITE TO EKTOUOEVUEVO LOVTEAO GE €Vl GUVOAO JESOUEVMV TTOV
dev elye extebel moté. Avtd T Sedopéva ¥PNGILOTOIOVVTOL GUYVE Yo TN WETPNON TNG

aKkpifelag Tov povtélov TPoTol AMOGTAAEL GTNV TOPAYWOY.

Run Set Variables Import Train File TImport Test File

. 35.96 4444
. 33.71 38.89
. 2247 22.22
. 19,10 21.11
. 13.48 16.67
. 13.48 16.67
. 11.24 15.56
. 10,11 14.44
9. 8.99 12.22
** CONFUSION MATRIX ** Number of classes: 3
3200

9 26 2
00 22

FINAL OUTPUT EXPRESSION=

if(I(x4/x7>=(x7T*x10)|x1<(-5.40))) CLASS=0.00

else

if(x13<=(-7.6580)4x9 <x10|l(x12/x10*x11 <=cos((-5.4)))) CLASS=1.00
else

CLASS=2.00

TRAIN ERROR = 8.99%

CLASS ERROR = 12.22%

Ewova 4.4: AmoteAéGpata, KOTYOPlomoinong 0£00UEVOV KPOGLOV.

TéNog, BAéEmOLLE TNV AVTIOTOLYN £KPPACT) TOV TAPAYETOL Y10 KAOE Lol aTtd TG TPELS KAAGELS
Boolopévo Ge ol YPOUUOTIKY] TOL YpNoHomolel 0 KmOwag katnyoplonoinonc. Mo
TOPOLOLOL LOPPY| TNG YPOLUOTIKNG TOV YPNGUYLOTOLEL 0 KOJKOS etvar eketvn g KOVOG
4.6, TpocoyN OUMG M YPOUUOATIKY TNG EKOVOCS 4.6 avapépeTan o€ TaSIVOUNGN 0V0 KAAGE®YV,

TO TOPAOELYLLOL LLOG OLPOPA TNV TOEWVOUNOT) OEGOUEVOV GE TPELG KAAGELC.
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<8>::=if (<BEXPR>) CLASS=0 else CLASS=1 (0)

<BEXPR>: :=<XLIST><BOOLOP><EXPR> (0)
| ' (<BEXPR>) (1)
| <XLIST><BOOLOP><EXPR>&<BEXPR> (2)
| <XLIST><BOOLOP><EXPR> | <BEXPR> (3)

<BOOLOP>::= > (0)

| >= (1)

| < (2)

| <= (3)

<EXPR>::= (<EXPR><BINARYOP><EXPR>) 0

| <FUNCTION>(<EXPR>) (1)

| <TERMINAL> (2)

<BINARYOP>::= + (0)

| - (1)

| = (2)

|/ (3

<FUNCTION>::= sin | cos | exp | log (0-3)

<TERMINAL>::= <XLIST> (0)

| <DIGITLIST>.<DIGITLIST> (1)

| (-<DIGITLIST>.<DIGITLIST>) (2)
<XLIST>::=x1 | x2 | ...|xD (0-D-1)

<DIGITLIST>: :=<DIGIT> (0)

| <DIGIT><DICIT> (1)

| <DIGIT><DIGIT><DIGIT> (2)

<DIGIT>::=0 | 1] 2| 3141516 |7 18 19 (0-9)

Ewoéva 4.5: T'pappotikn mov ypnoiponotel 0 KOSKOG Yo KOTYOPlomToinst dE00UEVMV

o€ 0LO KAAGELG.
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ITAPAPTHMA A: O k®oKOS TOV TOPUOEIYHOTOS 0ONT0 TO

Ke@aiaro 3.4

database.h
#ifndef DATABASE
#define DATABASE

#include <QSqlDatabase>
#include <QSqlQuery>
#include <QSgqlError>

#include <person.h>
class database{

private:
QSqlDatabase db;

public:
database();
bool insertPerson(person &p);
bool deletePerson(int id);
QVector<person*> getPeople();
QVector<person*> getPeople(int id);
~database();

+
#endif // DATABASE
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mainWindow.h

#ifndef MAINWINDOW

#define MAINWINDOW

#include <QObject>
#include <QMainWindow>
#include <QHBoxLayout>
#include <QVBoxLayout>
#include <QLabel>
#include <QPushButton>
#include <QLineEdit>
#include <database.h>

#include <person.h>

class mainWindow:public QMainWindow{
Q_OBIJECT

public:
mainWindow(QWidget *parent = 0);
void insertTab();
void deleteTab();
void searchTab();

void viewTab();

private:
database *db;
QWidget *mainWidget;



QHBoxLayout *mainLayout;
QTabWidget *tabWidget;

QLineEdit *idEdit, *nameEdit, *lastnameEdit, *phoneEdit, *deleteldEdit;

QVBoxLayout *viewLayout;
QVBoxLayout *searchLayout;

QPushButton *viewButton;

public slots:
void insertSlot();
void deleteSlot();
void viewSlot();

void searchSlot();

}

#endif // MAINWINDOW

person.h

#ifndef PERSON

#define PERSON

#include <QString>

class person{

private:
intid,
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QString name, lastname, phone;

public:

person(int i,QString n, QString I, QString p);
int getld();

QString getName();

QString getLastname();

QString getPhone();

QString toString();

#endif // PERSON

database.cpp

#include <database.h>

#include <QDebug>

database::database()

{

db = QSglDatabase::addDatabase("QSQLITE");

db.setDatabaseName(*"example.db™);

db.open();

QSqlQuery q(db);

bool greekPeople = g.exec(QString("create table if not exists greekPeople(*")+
QString("id integer primary key autoincrement,”)+
QString(""name varchar(50),lastname varchar(50),")+
QString("phone varchar(50))")
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bool database::insertPerson(person &p)

{
bool success = false;
QSqlQuery query(db);
query.prepare("INSERT INTO greekPeople (name,lastname,phone) VALUES
(:name,:lastname,:phone)");
query.bindValue(*":name",p.getName());
query.bindValue(":lastname",p.getLastname());
query.bindValue(":phone",p.getPhone());
if(query.exec()) success = true;
else
{
gDebug() << "Database error: "
<< query.lastError();

}

return success;

bool database::deletePerson(int id)

{
bool success = false;
QSqlQuery query(db);
query.prepare("DELETE FROM greekPeople WHERE id = :value");
query.bindValue(*:value",id);
if(query.exec()) success = true;
else

{

gDebug() << "Database error:
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<< query.lastError();

}

return success;

QVector<person*> database::getPeople()
{
QVector<person*> people;
QSqlQuery query(db);
query.exec("SELECT * FROM greekPeople™);
while (query.next())
{
person *p = new person(query.value(0).tolnt(),query.value(1).toString(),
query.value(2).toString(),
query.value(3).toString());

people.append(p);
}

return people;

Q\ector<person*> database::getPeople(int value)
{
QVector<person*> people;
QSqlQuery query(db);
query.exec("SELECT * FROM greekPeople WHERE id ="+QString::number(value));
query.bindValue(":value",value);
while (query.next())
{
person *p = new person(query.value(0).tolnt(),
query.value(1).toString(),
query.value(2).toString(),
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query.value(3).toString());

people.append(p);
}

return people;

database::~database()

{
db.close();

mainWindow.cpp

#include <mainwindow.h>

#include<QDebug>

mainWindow::mainWindow (QWidget *parent):QMainWindow(parent)
{

setFixedSize(470,470);
setWindowTitle(""Hello World Database");

mainWidget = new QWidget;
setCentralWidget(mainWidget);
mainWidget->setFixedSize(this->width(),this->height());

mainLayout = new QHBoxLayout;

mainWidget->setLayout(mainLayout);
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tabWidget = new QTabWidget;
mainLayout->addWidget(tabWidget);
db = new database;

insertTab();

deleteTab();

searchTab();

viewTab();

void mainWindow::insertTab()

{
QWidget *insertWidget = new QWidget;
tabWidget->addTab(insertWidget,"insert person™);

QVBoxLayout *insertLayout = new QVBoxLayout;
insertWidget->setLayout(insertLayout);

nameEdit = new QLineEdit;
nameEdit->setPlaceholderText("name");
insertLayout->addWidget(nameEdit);

lastnameEdit = new QLineEdit;
lastnameEdit->setPlaceholderText("lastname");

insertLayout->addWidget(lastnameEdit);

phoneEdit = new QLineEdit;
phoneEdit->setPlaceholderText("phone");
insertLayout->addWidget(phoneEdit);

QHBoxLayout *buttonLayout = new QHBoxLayout;
insertLayout->addLayout(buttonLayout);

QPushButton *insertButton = new QPushButton;



insertButton->setText("add");
buttonLayout->addWidget(insertButton);
connect(insertButton,SIGNAL(clicked(bool)),this,SLOT (insertSlot()));

QPushButton *exitButton = new QPushButton;
exitButton->setText("exit");
buttonLayout->addWidget(exitButton);
connect(exitButton,SIGNAL(clicked(bool)),this,SLOT(close()));

void mainWindow::insertSlot()

{
person p(NULL,nameEdit->text(),lastnameEdit->text(),

phoneEdit->text());

db->insertPerson(p);

void mainWindow::deleteTab()

{
QWidget *deleteWidget = new QWidget;
tabWidget->addTab(deleteWidget,"delete person™);

QVBoxLayout *deleteLayout = new QVBoxLayout;
deleteWidget->setLayout(deleteLayout);

deleteldEdit = new QLineEdit;
deleteldEdit->setPlaceholderText("id");
deleteLayout->addWidget(deleteldEdit);

QHBoxLayout *buttonLayout = new QHBoxLayout;
deleteLayout->addLayout(buttonLayout);
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QPushButton *deleteButton = new QPushButton;
deleteButton->setText(* remove™);
buttonLayout->addWidget(deleteButton);
connect(deleteButton,SIGNAL(clicked(bool)),this,SLOT(deleteSlot()));

QPushButton *exitButton = new QPushButton;
exitButton->setText("exit");
buttonLayout->addWidget(exitButton);
connect(exitButton,SIGNAL(clicked(bool)),this,SLOT(close()));

void mainWindow::deleteSlot()

{
db->deletePerson(deleteldEdit->text().tolnt());

void mainWindow::searchTab()

{
QWidget *searchWidget = new QWidget;
tabWidget->addTab(searchWidget,"search person");

searchLayout = new QVBoxLayout;

searchWidget->setLayout(searchLayout);

idEdit = new QLineEdit;
idEdit->setPlaceholderText(*"id");
searchLayout->addWidget(idEdit);

QHBoxLayout *buttonLayout = new QHBoxLayout;
searchLayout->addLayout(buttonLayout);

QPushButton *searchButton = new QPushButton;

searchButton->setText(*'search™);



buttonLayout->addWidget(searchButton);
connect(searchButton,SIGNAL(clicked(bool)),this,SLOT(searchSlot()));

QPushButton *exitButton = new QPushButton;
exitButton->setText("exit");

buttonLayout- >addWidget(exitButton

connect(exitButton, SIGNAL (clicked(bool)),this,SLOT(close()));

void mainWindow::searchSlot()

{
QLabel *result = new QLabel;
searchLayout->addWidget(result);
Q\Vector<person*> people=db->getPeople(idEdit->text().toInt());
QString htmlText="<h3 align=center>Your Results</h3>";

htmlText+="<table border=1 cellpadding=10 cellspacing=3> <tr>";
htmlText+= "<th> ID </th>";

htmlText+= "<th> NAME </th>";

htmIText+="<th> LASTNAME </th>";

htmIText+= "<th> PHONE </th> </tr>";

for(int i=0;i<people.size();i++)

{
htmIText+="<tr><td>"+QString::number(people[i]->getld())+"</td>";
htmIText+="<td>"+people[i]->getName()+"</td>";
htmlText+="<td>"+people[i]->getLastname()+"</td>";
htmlText+="<td>"+people[i]->getPhone()+"</td></tr>";
delete people[i];

}

htmlText+="</table>";
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result->setText(htmliText);

void mainWindow::viewTab()

{
QWidget *viewWidget = new QWidget;
tabWidget->addTab(viewWidget,"view people™);

viewLayout = new QVBoxLayout;
viewWidget->setLayout(viewLayout);

QHBoxLayout *buttonLayout = new QHBoxLayout;
viewLayout->addLayout(buttonLayout);

viewButton = new QPushButton;

viewButton->setText("view all people");
buttonLayout->addWidget(viewButton);
connect(viewButton,SIGNAL (clicked(bool)),this,SLOT(viewSlot()));

QPushButton *exit = new QPushButton;
exit->setText("exit");

buttonLayout->addWidget(exit);
connect(exit,SIGNAL(clicked(bool)),this,SLOT(close()));

void mainWindow::viewSlot()
{
QLabel *result = new QLabel;
viewLayout->addWidget(result);
QVector<person*> people=db->getPeople();
QString htmlText= "<h3 align=center>People from Greece</h3>";

htmlText+= "<table border=1 cellpadding=10 cellspacing=3> <tr>";



htmlText+= "<th> ID </th>";
htmlIText+= "<th> NAME </th>";
htmlText+= "<th> LASTNAME </th>";
htmlText+= "<th> PHONE </th> </tr>";
for(int i=0;i<people.size();i++)

{

htmIText+="<tr><td>"+QString::number(people[i]->getld())+"</td>";

htmIText+="<td>"+people[i]->getName()+"</td>";
htmIText+="<td>"+people[i]->getLastname()+"</td>";
htmIText+="<td>"+people[i]->getPhone()+"</td></tr>";
delete peopleli];

}

htmlText+="</table>";

result->setText(htmlIText);

viewButton->setEnabled(false);

person.cpp

#include <person.h>

person::person(int i, QString n, QString I, QString p)
{

id=1i;

name = n;

lastname = I,

phone = p;
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int person::getld() {return id;}

QString person::getName() {return name;}

QString person::getLastname() {return lastname;}

QString person::getPhone() {return phone;}

QString person::toString(){

return QString::number(id)+" "+name+" "+lasthame+" "+phone;

main.cpp

#include <QApplication>

#include "mainwindow.h"

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

{
QApplication a(argc, argv);

mainWindow w;

w.show();

return a.exec();
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ITAPAPTHMA B: O k®0wkog NG EQUPUROYS

classprogram.h

#ifndef CLASSPROGRAM

#define CLASSPROGRAM
# include <program.h>

# include <cprogram.h>

# include <vector>

using namespace std;

typedef vector<double> Data;
class ClassProgram  :public Program
{
private:
vector<double> vclass;
vector<string> pstring;
vector<int> pgenome;
vector<double*> trainx;

vector<double> trainy;

72



vector<double*> testx;
vector<double> testy;
vector<double> outy;
Cprogram *program;
vector<double> mapper;
int dimension,nclass;
public:
ClassProgram(char *filename);
string printF(vector<int> &genome);
int  findMapper(double x);
virtual double fitness(vector<int> &genome);
double getClassError(vector<int> &genome,char *filename);
void getOutputs(vector<double> &real,vector<double> &est);
int  getClass() const;
void getTrainData(vector<Data> &tx,Data &ty);
void setTrainData(vector<Data> &tx,Data &ty);
double getClassError(vector<int> &genome,vector<Data> &tx,Data &ty);
~ClassProgram();
j
#endif // CLASSPROGRAM

cprogram.h

#ifndef CPROGRAM

#define CPROGRAM
# include <symbol.h>

# include <rule.h>
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# include <fparser.h>
# define SCALE 1
extern int mperror;
class Cprogram
{
protected:
string vars;
FunctionParser parser;
int dimension,pdimension;
vector<Rule*> rule;
Symbol Start, Expr, Near,NotNear,nearfunction,Number,
addN,subN,multN,divN,
function, binaryop, terminal,
XXlist,DigitList, Digit0, Digit1,
MinMax,Sin, Cos, Exp, Log, Abs, Sqrt,Avg,
Min, PI, Max,Delim,BooleanExpr,In,Notin;
Symbol andor,Not,boolExpr,inexpr,infunction,
boolop,Gt,Lt,Ge,Le,Eq,Neq,And,Or;
Symbol Plus, Minus, Mult, Div, Pow;
Symbol Lpar, Rpar, Dot, Comma;
Symbol Tan, Int, Log10,Kernel xlist;
vector<Symbol> Digit;
vector<Symbol> XX;
int newRule();
void makeTerminals();
void makeNonTerminals();
void makeRules();
public:
Cprogram(int dim,int pdim);

int  Parse(string expr);
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double Eval(const double *X);
int  EvalError();
Symbol *getStartSymbol();
~Cprogram();

3

#endif // CPROGRAM

doublestack.h

#ifndef DOUBLESTACK

#define DOUBLESTACK
# include <stdlib.h>
# include <stdio.h>
# include <math.h>

# include <string.h>

class DoubleStack
{
private:
double *data;
int counter;
public:
DoubleStack();
int size() const;
void push(double x);
double top() const;
double pop();
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void clear();
~DoubleStack();

j

#endif // DOUBLESTACK

fparser.h

#ifndef FPARSER

#define FPARSER

#include <string>
#include <map>

#include <vector>

#ifdef FUNCTIONPARSER_SUPPORT_DEBUG_OUTPUT
#include <iostream>
#endif

extern int lastVariable;

class FunctionParser
{
public:
enum ParseErrorType
{
SYNTAX_ERROR=0, MISM_PARENTH, MISSING_PARENTH, EMPTY_PARENTH,
EXPECT_OPERATOR, OUT_OF MEMORY, UNEXPECTED_ ERROR,

INVALID_VARS,
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ILL_PARAMS_AMOUNT, PREMATURE_EOS, EXPECT_PARENTH_FUNC,
FP_NO_ERROR

}

int Parse(const std::string& Function, const std::string& Vars,
bool useDegrees = false);
const char* ErrorMsg() const;

inline ParseErrorType GetParseErrorType() const { return parseErrorType; }

double Eval(const double* Vars);

inline int EvalError() const { return evalErrorType; }
bool AddConstant(const std::string& name, double value);
typedef double (*FunctionPtr)(const double*);

bool AddFunction(const std::string& name,
FunctionPtr, unsigned paramsAmount);

bool AddFunction(const std::string& name, FunctionParser&);
void Optimize();

FunctionParser();
~FunctionParser();

/I Copy constructor and assignment operator (implemented using the
/I copy-on-write technique for efficiency):
FunctionParser(const FunctionParser&);

FunctionParser& operator=(const FunctionParser&);

#ifdef FUNCTIONPARSER_SUPPORT_DEBUG_OUTPUT
Il For debugging purposes only:
void PrintByteCode(std::ostream& dest) const;



#endif

ParseErrorType parseErrorType;

int evalErrorType;

struct Data

{

unsigned referenceCounter;

int varAmount;

bool useDegreeConversion;

typedef std::map<std::string, unsigned> VarMap _t;
VarMap_t Variables;

typedef std::map<std::string, double> ConstMap _t;
ConstMap_t Constants;

VarMap_t FuncPtrNames;
struct FuncPtrData
{
FunctionPtr ptr; unsigned params;
FuncPtrData(FunctionPtr p, unsigned par): ptr(p), params(par) {}
h

std::vector<FuncPtrData> FuncPtrs;
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VarMap_t FuncParserNames;

std::vector<FunctionParser*> FuncParsers;

unsigned* ByteCode;
unsigned ByteCodeSize;
double* Immed;
unsigned ImmedSize;
double* Stack;

unsigned StackSize;

Data();
~Data();
Data(const Data&);

Data& operator=(const Data&); // not implemented on purpose

j3

Data* data;

unsigned evalRecursionLevel,

/l Temp data needed in Compile():
unsigned StackPtr;
std::vector<unsigned>* tempByteCode;

std::vector<double>* templmmed,;

/! Private methods:

void copyOnWrite();

bool checkRecursiveLinking(const FunctionParser*) const;

bool isValidName(const std::string&) const;

Data::\VarMap_t::const_iterator FindVariable(const char*,
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const Data::VarMap_t&) const;
Data::ConstMap_t::const_iterator FindConstant(const char*) const;
int CheckSyntax(const char*);
bool Compile(const char*);
bool IsVariable(int);
void AddCompiledByte(unsigned);
void Addimmediate(double);
void AddFunctionOpcode(unsigned);
inline void incStackPtr();
int Compilelf(const char*, int);
int CompileFunctionParams(const char*, int, unsigned);
int CompileElement(const char*, int);
int CompilePow(const char*, int);
int CompileUnaryMinus(const char*, int);
int CompileMult(const char*, int);
int CompileAddition(const char*, int);
int CompileComparison(const char*, int);
int CompileAnd(const char*, int);
int CompileOr(const char*, int);
int CompileExpression(const char*, int, bool=false);

void MakeTree(void*) const;

#endif // FPARSER

80



Il Function parser v2.8 by Warp

/I NOTE:

/I This file is for the internal use of the function parser only.
//'You don't need to include this file in your source files, just
Il include "fparser.hh".

[*
Comment out the following line if your compiler supports the (non-standard)
asinh, acosh and atanh functions and you want them to be supported. If
you are not sure, just leave it (those function will then not be supported).

*/

#define NO_ASINH

[*
Uncomment the following line to disable the eval() function if it could

be too dangerous in the target application.

Note that even though the maximum recursion level of eval() is limited,
it is still possible to write functions using it which take enormous
amounts of time to evaluate even though the maximum recursion is never
reached. This may be undesirable in some applications.

*/

/#define DISABLE_EVAL

[*
Maximum recursion level for eval() calls:
*/

#define EVAL_MAX_REC_LEVEL 1000

81



[*
Comment out the following lines out if you are not going to use the
optimizer and want a slightly smaller library. The Optimize() method
can still be called, but it will not do anything.

If you are unsure, just leave it. It won't slow down the other parts of
the library.

*/

#ifndef NO_SUPPORT_OPTIMIZER

#define SUPPORT_OPTIMIZER

#endif

[*
Epsilon value used with the comparison operators (must be non-negative):
(Comment it out if you don't want to use epsilon in comparisons. Might
lead to marginally faster evaluation of the comparison operators, but
can introduce inaccuracies in comparisons.)

*/

#define FP_EPSILON 1e-14

/I NOTE:
/I This file contains only internal types for the function parser library.

/I 'You don't need to include this file in your code. Include "fparser.hh"



I/ only.

namespace FUNCTIONPARSERTYPES
{
// The functions must be in alphabetical order:
enum OPCODE
{
cAbs, cAcos,
#ifndef NO_ASINH
cAcosh,
#endif
CAsIn,
#ifndef NO_ASINH
cAsinh,
#endif
CcAtan,
cAtan2,
#ifndef NO_ASINH
cAtanh,
#endif
cCeil, cCos, cCosh, cCot, cCsc,
#ifndef DISABLE_EVAL
cEval,
#endif
cExp, cFloor, clf, cInt, cLog, cLog10, cMax, cMin,

cSec, ¢Sin, ¢Sinh, cSqrt, cTan, cTanh,

/I These do not need any ordering:
clmmed, cJump,
cNeg, cAdd, cSub, cMul, cDiv, cMod, cPow,
cEqual, cNEqual, cLess, cLessOrEq, cGreater, cGreaterOrEq,
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cNot, cAnd, cOr,

cDeg, cRad,

cFCall, cPCall,

#ifdef SUPPORT_OPTIMIZER
cVar, cDup, clnv,
#endif

VarBegin
h

struct FuncDefinition

{
const char* name;
unsigned nameLength;
unsigned opcode;

unsigned params;

/l This is basically strcmp(), but taking 'nameLength’ as string
/'length (not ending \0"):
bool operator<(const FuncDefinition& rhs) const
{
for(unsigned i = 0; i < nameLength; ++i)
{
if(i == rhs.nameLength) return false;
const char c1 = name[i], c2 = rhs.name[i];
if(cl < c2) return true;
if(c2 < cl) return false;

¥

return namelLength < rhs.nameLength;
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}
)3

Il This list must be in alphabetical order:
const FuncDefinition Functions[]=
{

{ "abs", 3, cAbs, 1},

{ "acos", 4, cAcos, 1},
#ifndef NO_ASINH

{ "acosh", 5, cAcosh, 1 },
#endif

{ "asin", 4, cAsin, 1 },
#ifndef NO_ASINH

{ "asinh", 5, cAsinh, 1 },
#endif

{ "atan", 4, cAtan, 1 },

{ "atan2", 5, cAtan2, 2 },
#ifndef NO_ASINH

{ "atanh", 5, cAtanh, 1 },
#endif

{ "ceil", 4, cCell, 1},

{"cos", 3, cCos, 1},

{ "cosh", 4, cCosh, 1},

{"cot", 3, cCot, 1},

{"csc", 3, cCsc, 1},
#ifndef DISABLE_EVAL

{ "eval", 4, cEval, 0 },
#endif

{ "exp", 3, cExp, 1 },

{ "floor", 5, cFloor, 1},

{"if",2,clf,0},



{"int", 3,cInt, 1},
{"log", 3, cLog, 1},
{"log10", 5, cLog10, 1 },
{"max", 3, cMax, 2 },
{"min", 3, cMin, 2 },
{ "sec", 3, cSec, 1},
{"sin", 3, cSin, 1 },
{"sinh", 4, cSinh, 1 },
{"sqrt", 4, cSqrt, 1 },
{"tan", 3, cTan, 1 },
{ "tanh", 4, cTanh, 1 }

mainwindow.h

#ifndef MAINWINDOW_H

#define MAINWINDOW_H

#include <QHBoxLayout>
#include <QMainWindow>
#include <QWidget>
#include <QPushButton>
#include <QFileDialog>
#include <QFile>

#include <QTextStream>
#include <QLabel>
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#include <QStackedLayout>
#include <QTextEdit>
#include <population.h>
#include <classprogram.h>
#include <string.h>
#include <stdio.h>

#include <stdlib.h>

extern char  output_method[100];
extern int  random_seed;
extern int  wrapping;
externint  foldcount;

extern int numberGenerations;
extern int numberChromosomes;
extern double selectionRate;
extern double mutationRate;
extern int genomeSize;

extern char *myTrainFile;
extern char *myTestFile;

extern vector<int> genome;
extern int pattern_dimension;

extern vector<double> Imargin,rmargin;

/** Output methods **/

# define CSV_METHOD  "csv"

# define SIMPLE_METHOD "simple"
# define FULL_METHOD "full"

class MainWindow:public QMainWindow{
Q_OBJECT

public:



MainWindow(QWidget *parent = 0);
void createButtons();

void displaylnstructions();
void displayResult();

void clearResults();

void printConfusionMatrix();
void initProgram();

void doneProgram();

void runGenetic();

void foldValidation();

void runOneFold();

int myabs(int x);

private:
QWidget *mainWidget;
QWidget *widgetRe;

QVBoxLayout *resultLayout;
QVBoxLayout *mainLayout;

QPushButton *run, *sets, *importTrain, *importTest, *clear, *exit;

QHBoxLayout *buttonLayout;

QStackedLayout *panel;

QLabel *instructions;

Population *pop;

ClassProgram *p;

int choice;

int flagVariables = 0;
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int flagTrainFile = 0;
int flagTestFile = 0;
int flagClear = 0;

vector<int> genome;
vector<double> Imargin,rmargin;
string s;

int ok_to_print=1;
QTextEdit *messageArea;

public slots:
void variablesFormSlot();
void runButtonSlot();
void clearButtonSlot();
void importTrainSlot();
void importTestSlot();
void outputMethodSlot();

}

#endif // MAINWINDOW_H

outputmethoddialog.h

#ifndef OUTPUTMETHODDIALOG

#define OUTPUTMETHODDIALOG

#include <QWidget>
89



#include <QObject>
#include <QDialog>
#include <QVBoxLayout>
#include <QRadioButton>
#include <QButtonGroup>
#include <QPushButton>

class outputMethodDialog: public QDialog{
Q_OBIJECT

public:
outputMethodDialog(QWidget *parent = 0);
int choice;
int getChoice();

private:
QVBoxLayout *mainLayout;
QWidget *mainWidget;
QRadioButton *csvButton, *fullButton, *simpleButton;
QPushButton *next;
QButtonGroup *group;

public slots:
void csvSlot(bool selected);
void fullSlot(bool selected);

void simpleSlot(bool selected);

)3

#endif // OUTPUTMETHODDIALOG
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population.h

#ifndef __POPULATION__H

# include <program.h>

I* The Population class holds the current population. */
/* The mutation, selection and crossover operators are defined here */
class Population
{
private:

int  **children;

int  **trialx;

int  **genome;

int  *valid;

double *fitness_array;

double mutation_rate,selection_rate;

int  genome_count;

int  genome_size;

int  generation;

Program *program;

double fitness(vector<int> &g);
void select();
void crossover();
void mutate();
void calcFitnessArray();
int  elitism;
int  tournament();
public:
Population(int gcount,int gsize,Program *p);

void setElitism(int s);
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int  getGeneration() const;

int  getCount() const;

int  getSize() const;

void nextGeneration();

void setMutationRate(double r);
void setSelectionRate(double r);
double getSelectionRate() const;
double getMutationRate() const;
double getBestFitness() const;
double evaluateBestFitness();
vector<int> getBestGenome() const;
void reset();

~Population();

+
# define _ POPULATION__H
# endif

program.h

#ifndef__ PROGRAM__H

# include <symbol.h>

# include <rule.h>

# include <doublestack.h>
# include <vector>

using namespace std;

class Program
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protected:
Symbol *start_symbol;
public:
Program();
void setStartSymbol(Symbol *s);
Symbol *getStartSymbol() const;
string printRandomProgram(vector<int> &genome,int &redo);
int  hasFailed();
int  parse(vector<Symbol*> slist);

virtual double fitness(vector<int> &genome);

~Program();
h
# define_ PROGRAM__H
# endif
rule.h

#ifndef RULE_H

# include <symbol.h>
# include <doublestack.h>
# include <vector>

using namespace std;

[* Creates the rules based on the grammar file and adds the symbols */

class Rule
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private:
vector<Symbol*> data;
int  length;
public:
Rule();
void addSymbol(Symbol *s);
int  getSymbolPos(string s);
Symbol *getSymbol(int pos) const;
void setSymbol(int pos,Symbol *s);
int  getLength() const;
string printRule(vector<int> genome,int &pos,int &redo);
double getValue(vector<int> genome,int &pos,int &redo,DoubleStack
&stack,double *X);

~Rule();
¥
# define_ RULE_ H
# endif

setdialogvariables.h

#ifndef SETDIALOGVARIABLES

#define SETDIALOGVARIABLES

#include <QDialog>
#include <QVBoxLayout>
#include <QHBoxLayout>



#i
#i
#i
#i

nclude <QWidget>
nclude <QObject>
nclude <QLineEdit>
nclude <QPushButton>

class setDialogVariables: public QDialog{

Q_OBJECT

public:

setDialogVariables(QWidget *parent = 0);
int getNumberGenerations();

int getNumberChromosomes();

double getSelectionRate();

double getMutationRate();

int getWrappingEvent();

int getGenomeSize();

int numberGenerations, numberChromosomes,wrappingEvent, genomeSize;

double selectionRate, mutationRate;

private:

}

QPushButton *submit,*cancel,;

QWidget *mainWidget;

QVBoxLayout *mainLayout;

QHBoxLayout *buttonLayout;

QLineEdit *generationsLineEdit, *chromosomesLineEdit, *selectionLineEdit,

*mutationLineEdit,*wrappingEdit, *genomeSizeEdit;

#endif // SETDIALOGVARIABLES
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symbol.h

#ifndef _SYMBOL__H

# include <string>
# include <vector>

using namespace std;

/* Creates the symbols based on the grammar file and adds them to the rules */

class Rule;

class Symbol
{
private:
string name;
vector<Rule*> rule;
int  count_rules;
int is_terminal,
public:
Symbol();

void set(string s,int status);
void setName(string s);

string getName() const;

void setTerminalStatus(int status);

int getTerminalStatus() const;

void addRule(Rule *r);
void cut(int N);
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Rule *getRule(int pos) const;
int  getCountRules() const;
~Symbol();

j

# define __ SYMBOL__H
# endif

classprogram.cpp

# include <classprogram.h>

# include <math.h>
# define NAN_CLASS  1le+10

static double dmax(double a,double b) {return a>b?a:b;}
int  problem_dimension;

ClassProgram::ClassProgram(char *filename)
{

FILE *fp=fopen(filename,"r");

if("fp) return;

int valid_count;

int d,c;

fscanf(fp,"%d",&d);

dimension =d;

fscanf(fp,"%d",&c);
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trainy.resize(c);
trainx.resize(c);
vclass.resize(0);
problem_dimension = d;
for(int i=0;i<c;i++) trainx[i]=new double[d];
for(int i=0;i<c;i++)
{
for(int j=0;j<d;j++)
{
fscanf(fp,"%lIf", &trainx[i][j]);
}
fscanf(fp,"%If", &trainy[i]);
int flag=0;
for(int j=0;j<vclass.size();j++)
{
if(fabs(vclass[j]-trainy[i])<1e-5)
{
flag=1;
break;

}

if('flag)

{
int s=vclass.size();
vclass.resize(s+1);

vclass[s]=trainy[i];

}
fclose(fp);

//sort vclass
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for(int i=0;i<vclass.size();i++)
{
for(int j=0;j<vclass.size()-1;j++)
{
if(vclass[j+1]<vclass[j])
Ilif(vclass[j+1]>vclass[j])
{
double d=vclass[j];
vclass[j]=vclass[j+1];

vclass[j+1]=d;

mapper.resize(vclass.size());
for(int i=0;i<vclass.size();i++)
{

mapper[i]=vclass[i];

vclass[i]=i;

program = new Cprogram(d,vclass.size()-1);
setStartSymbol(program->getStartSymbol());
pstring.resize(vclass.size());

for(int i=0;i<pstring.size();i++) pstring[i]=""";
pgenome.resize(0);

nclass = vclass.size();

outy.resize(trainy.size());

string ClassProgram::printF(vector<int> &genome)



string ret=""",
if(pgenome.size()!=genome.size()/(nclass-1))
pgenome.resize(genome.size()/(nclass-1));
char str[100];
extern int wrapping;
for(int i=0;i<nclass-1;i++)
{
for(int j=0;j<genome.size()/(nclass-1);j++)
pgenome[j]=genome[i*genome.size()/(nclass-1)+j];
int redo=0;
pstring[i]=printRandomProgram(pgenome,redo);
if(redo>=wrapping) return "";
ret+="if(";
ret+=pstring[i];
ret+=") CLASS=",
sprintf(str,"%.2If",vclass[i]);
ret+=str;
ret+="\nelse \n";
}
sprintf(str,"%.2If" vclass[nclass-1]);
ret+="CLASS=";
ret+=str;
ret+="\n";

return ret;

int  ClassProgram::findMapper(double y)
{
for(int i=0;i<vclass.size();i++)
if(fabs(mapper[i]-y)<le-7) return i,
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return O;

double ClassProgram::getClassError(vector<int> &genome,vector<Data> &tx,Data &ty)

{

if(testx.size()!=tx.size())
for(int i=0;i<testx.size();i++)
delete[] testx[i];
testy.resize(tx.size());
testx.resize(tx.size());
extern int wrapping;
int d=tx[0].size();
int c=tx.size();
for(int i=0;i<c;i++) testx[i]=new double[d];
for(int i=0;i<c;i++)
{
for(int j=0;j<d;j++)
testx[1][j1=tx[i1[J];
testy[i]=ty[i];
}
double value=0.0;
if(pgenome.size()!=genome.size()/(nclass-1))
pgenome.resize(genome.size()/(nclass-1));
if(outy.size()!=testy.size()) outy.resize(testy.size());
for(int i=0;i<outy.size();i++) outy[i]=NAN_CLASS;
for(int i=0;i<nclass-1;i++)
{
for(int j=0;j<pgenome.size();j++)
pgenome[j]=genome[i*genome.size()/(nclass-1)+j];
int redo=0;

string s = printRandomProgram(pgenome,redo);

101



if(redo>=wrapping) return -1e+8;
pstring[i]=s;
}
for(int j=0;j<nclass-1;j++)
{
program->Parse(pstring[j]);
double dclass;
for(int i=0;i<testy.size();i++)
{
if(fabs(outy[i]-NAN_CLASS)>1e-5) continue;
double v=program->Eval(testx[i]);
if(isnan(v) || isinf(v)) return -1e+8;
if(fabs(v-1.0)<le-5) outy[i]=vclass[j];

for(int i=0;i<testy.size();i++)

{
if(fabs(outy[i]-NAN_CLASS)<1e-5) outy[i]=vclass[nclass-1];
value=value+(fabs(findMapper(testy[i])-outy[i])>1e-5);

if(isnan(value) || isinf(value)) return -1e+8;

return -value*100.0/testy.size();

double ClassProgram::getClassError(vector<int> &genome,char *filename)

{
FILE *fp=fopen(filename,"r");
if('fp) return -1.0;
if(testx.size())
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for(int i=0;i<testx.size();i++)
delete[] testx[i];
int d,c;
fscanf(fp,"%d",&d);
fscanf(fp,"%d",&c);
testy.resize(c);
testx.resize(c);
extern int wrapping;
for(int i=0;i<c;i++) testx[i]=new double[d];
for(int i=0;i<c;i++)
{
for(int j=0;j<d;j++)
fscanf(fp,"%If", &testx[i][j]);
fscanf(fp,"%If", &testy[i]);
}
fclose(fp);
double value=0.0;
if(pgenome.size()!=genome.size()/(nclass-1))
pgenome.resize(genome.size()/(nclass-1));
if(outy.size()!=testy.size()) outy.resize(testy.size());
for(int i=0;i<outy.size();i++) outy[i]=NAN_CLASS;
for(int i=0;i<nclass-1;i++)
{
for(int j=0;j<pgenome.size();j++)
pgenome[j]=genome[i*genome.size()/(nclass-1)+j];
int redo=0;
string s = printRandomProgram(pgenome,redo);
if(redo>=wrapping) return -1e+8;

pstring[i]=s;
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for(int j=0;j<nclass-1;j++)
{
program->Parse(pstring[j]);
double dclass;
for(int i=0;i<testy.size();i++)
{
if(fabs(outy[i]-NAN_CLASS)>1e-5) continue;
double v=program->Eval(testx[i]);
if(isnan(v) || isinf(v)) return -1e+8;
if(fabs(v-1.0)<le-5) outy[i]=vclass[j];

for(int i=0;i<testy.size();i++)

{
if(fabs(outy[i]-NAN_CLASS)<1e-5) outy[i]=vclass[nclass-1];
value=value+(fabs(findMapper(testy[i])-outy[i])>1e-5);

if(isnan(value) || isinf(value)) return -1e+8;

return -value*100.0/testy.size();

}
int  ClassProgram::getClass() const
{
return nclass;
}

double ClassProgram::fitness(vector<int> &genome)

{

double value=0.0;
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/lprintf("nclass = %d \n",nclass);

if(pgenome.size()!=genome.size()/(nclass-1))
pgenome.resize(genome.size()/(nclass-1));
if(outy.size()!=trainy.size()) outy.resize(trainy.size());
for(int i=0;i<outy.size();i++) outy[i]=NAN_CLASS;
extern int wrapping;
for(int i=0;i<nclass-1;i++)
{
for(int j=0;j<pgenome.size();j++)
pgenome[j]=genome[i*genome.size()/(nclass-1)+j];
int redo=0;
string s = printRandomProgram(pgenome,redo);
if(redo>=wrapping) return -1e+8;

pstring[i]=s;

for(int j=0;j<nclass-1;j++)
{
program->Parse(pstring[j]);
double dclass;
for(int i=0;i<trainy.size();i++)
{
if(fabs(outy[i]-NAN_CLASS)>1e-5) continue;
double v=program->Eval(trainx[i]);
if(isnan(v) || isinf(v) ) return -1e+8;
if(fabs(v-1.0)<le-5) outy[i]=vclass[j];

vector<int> fail;
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vector<int> belong;

fail.resize(nclass);

belong.resize(nclass);

for(int i=0;i<nclass;i++)
fail[i]=belong[i]=0;

for(int i=0;i<trainy.size();i++)

{
if(fabs(outy[i]-NAN_CLASS)<1e-5) outy[i]=vclass[nclass-1];
int pos=findMapper(trainy[i]);
value=value+((fabs(findMapper(trainy[i])-outy[i]))>1e-5);
belong[pos]++;
if(fabs(findMapper(trainy[i])-outy[i])>1e-5)
{

fail[pos]++;

ky

[* extern*/ int ok_to_print=0; //with 1 print class, with 0 not
if(ok_to_print)
for(int i=0;i<nclass;i++)
{
printf("CLASS[%3d (%3d)] FAIL=%5.21f%%
\n",i,belong([i],fail[i]*100.0/belong[i]);
}

if(isnan(value) || isinf(value)) return -1e+8;

return -value*100.0/trainy.size();

void ClassProgram::getTrainData(vector<Data> &tx,Data &ty)
{

tx.resize(trainx.size());
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ty.resize(trainy.size());

for(int i=0;i<trainx.size();i++)

{
tx[i].resize(dimension);
for(int j=0;j<dimension;j++) tx[i][j]=trainx[i][j];
ty[i]=trainy[i];

void ClassProgram::getOutputs(vector<double> &real,vector<double> &est)
{
real.resize(testy.size());
est.resize(testy.size());
for(int i=0;i<testy.size();i++)
{
real[i]=findMapper(testy[i]);
est[i]=outy[i];

void ClassProgram::setTrainData(vector<Data> &tx,Data &ty)

{

if(trainx.size() != tx.size())
{
for(int i=0;i<trainy.size();i++) delete[] trainx[i];
trainx.resize(tx.size());
trainy.resize(ty.size());
for(int i=0;i<tx.size();i++)
{
trainx[i]=new double[tx[0].size()];
for(int j=0;j<tx[0].size();j++) trainx[i][j]=tx[11[j];
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trainy[i]=ty[i];

ClassProgram::~ClassProgram()

{
for(int i=0;i<trainy.size();i++) delete[] trainx[i];
for(int i=0;i<testy.size();i++) delete[] testx[i];

delete program;

cprogram.cpp

# include <cprogram.h>

# include <stdio.h>
# include <math.h>

extern vector<double> Imargin;

extern vector<double> rmargin;

static double dmax(double a,double b)

{

return a>b?a:b;

static double dmin(double a,double b)

{
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return a<b?a:b;

¥

double between(const double *X)

{

return X[0]>=dmin(X[1],X[2]) && X[0]<=dmax(X[1],X[2]);

¥

double not_between(const double *X)

{

return 1(X[0]>=dmin(X[1],X[2]) && X[0]<=dmax(X[1],X[2]));

}

double near(const double *X)

{

double d=dmax(X[1],X[2])-dmin(X[1],X[2]);

return fabs(X[0]-dmin(X[1],X[2]))<d/10
|
fabs(X[0]-dmax(X[1],X[2])<d/10);
}

double notnear(const double *X)

{

double d=dmax(X[1],X[2])-dmin(X[1],X[2]);

return !(fabs(X[0]-dmin(X[1],X[2]))<d/10
|
fabs(X[0]-dmax(X[1],X[2])<d/10));
}

double near2(const double *X)

{
return fabs(X[0]-dmin(X[1],X[2]))<X][3]
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fabs(X[0]-dmax(X[1],X[2])<X[3]);

double notnear2(const double *X)

{
return !(fabs(X[0]-dmin(X[1],X[2]))<X[3]

I
fabs(X[0]-dmax(X[1],X[2])<X[3])):

double kernel(const double *X)

{
return exp((X[0]-X[1])/(2.0 * X[2]));

double sig(const double *x)

{
return 1.0/(1.0+exp(-x[0]));

Cprogram::Cprogram(int dim,int pdim)

{
parser.AddFunction("in",between,3);
parser.AddFunction("near"”,near,3);
parser.AddFunction("notnear"”,notnear,3);

parser.AddFunction("near2",near2,4);

parser.AddFunction(""notnear2",notnear2,4);

parser.AddFunction("sig",sig,1);

dimension = dim;

pdimension = pdim;
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makeTerminals();
makeNonTerminals();

makeRules();

}

int  Cprogram::newRule()
{

intr;

void Cprogram::makeTerminals()

{

r=rule.size();
rule.resize(r+1);
rule[r]=new Rule();

returnr,

Number.set("Number",1);
In.set("in",1);
Delim.set("#",1);
Pl.set("pi",1);
Plus.set("+",1);
Minus.set("-",1);
Mult.set("*",1);
Div.set("/",1);
Pow.set(""",1);
Comma.set(",",1);
Dot.set(".",1);
Lpar.set("(",1);
Rpar.set(*)",1);

Sin.set("sin",1);
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Cos.set("cos",1);
Exp.set("exp",1);
Log.set("log",1);
Not.set("!",1);
addN.set("Add",1);
subN.set("Sub",1);
multN.set("Mult",1);
divN.set("Div",1);

Abs.set("abs",1);
Sqart.set("sqrt™,1);
Tan.set("tan",1);
Int.set("int",1);
Log10.set("log10",1);
Min.set("min",1);
Max.set("max",1);
Near.set("near",1);
NotNear.set("notnear"”,1);
Kernel.set("kernel™,1);
Gt.set(">",1);
Ge.set(">=",1);
Lt.set("<",1);
Le.set("<=",1);
Eq.set("=",1);
Neq.set("!=",1);
And.set("&",1);
Or.set("|",1);
boolExpr.set("jump”,1);
XX.resize(dimension);
Avg.set("sig",1);

vars=",
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void Cprogram::makeNonTerminals()

{

for(int i=0;i<dimension;i++)

{
char str[100];
sprintf(str,"x%d",i+1);
XX[i].set(str,1);
vars=vars+str;
if(i<dimension-1) vars=vars+",";

}

Digit.resize(10);

for(int i=0;i<10;i++)

{
char str[100];
sprintf(str,"%d",i);
Digit[i].set(str,1);

Start.set("START",0);
xlist.set("XLIST",0);
DigitList.set("DIGITLIST",0);
Digit0.set("DIGIT0",0);
Digitl.set("DIGIT1",0);
XXlist.set("XXLIST",0);
Expr.set("EXPR",0);
function.set("FUNCTION",0);
binaryop.set("BINARYOP",0);
terminal.set("TERMINAL",0);
MinMax.set("MINMAX",0);
BooleanExpr.set("BOOLEXPR",0);
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boolop.set("BOOLOP",0);
inexpr.set("INEXPR",0);
infunction.set("INFUNCTION",0);
andor.set("ANDOR",0);

nearfunction.set("NEARFUNCTION",0);

void Cprogram::makeRules()

{
intr;

r=newRule();

rule[r]->addSymbol(&BooleanExpr);

Start.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&XXlist);
rule[r]->addSymbol(&boolop);
rule[r]->addSymbol(&Expr);
BooleanExpr.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Not);
rule[r]->addSymbol (&L par);

rule[r]->addSymbol(&BooleanExpr);

rule[r]->addSymbol(&Rpar);
BooleanExpr.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&XXlist);
rule[r]->addSymbol(&boolop);
rule[r]->addSymbol(&Expr);
rule[r]->addSymbol(&And);
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rule[r]->addSymbol(&BooleanExpr);

BooleanExpr.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&XXlist);
rule[r]->addSymbol(&boolop);
rule[r]->addSymbol(&Expr);
rule[r]->addSymbol(&Or);

rule[r]->addSymbol(&BooleanExpr);

BooleanExpr.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Gt);
boolop.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Ge);
boolop.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Lt);
boolop.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Le);
boolop.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Lpar);
rule[r]->addSymbol(&Expr);
rule[r]->addSymbol(&binaryop);
rule[r]->addSymbol(&Expr);
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rule[r]->addSymbol(&Rpar);
Expr.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&function);
rule[r]->addSymbol(&Lpar);
rule[r]->addSymbol(&Expr);
rule[r]->addSymbol(&Rpar);
Expr.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Log);
function.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Exp);

function.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Sin);
function.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Cos);
function.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Plus);
binaryop.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Minus);

binaryop.addRule(rule[r]);
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r=newRule();
rule[r]->addSymbol(&Mult);
binaryop.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Div);
binaryop.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Digit0);
DigitList.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Digit0);
rule[r]->addSymbol(&DigitList);
DigitList.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Digit0);
rule[r]->addSymbol(&Digit0);
rule[r]->addSymbol(&Digit0);
/[DigitList.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&DigitList);
rule[r]->addSymbol(&Dot);
rule[r]->addSymbol(&DigitList);

terminal.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Lpar);
rule[r]->addSymbol(&Minus);
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rule[r]->addSymbol(&DigitList);
rule[r]->addSymbol(&Dot);
rule[r]->addSymbol(&DigitList);
rule[r]->addSymbol(&Rpar);
terminal.addRule(rule[r]);
Expr.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&XXlist);
Expr.addRule(rule[r]);

for(int i=0;i<dimension;i++)

{
r=newRule();
rule[r]->addSymbol(&XX[i]);
XXlist.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&Expr);
rule[r]->addSymbol(&Mult);
rule[r]->addSymbol(&XXlist);
XXlist.addRule(rule[r]);

r=newRule();
rule[r]->addSymbol(&XXlist);
rule[r]->addSymbol(&binaryop);
rule[r]->addSymbol(&XXlist);
XXlist.addRule(rule[r]);

for(int i=0;i<10;i++)
{
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r=newRule();
rule[r]->addSymbol(&Digit[i]);
Digit0.addRule(rule[r]);

int Cprogram::Parse(string expr)

return (parser.Parse(expr,vars)==-1);

int Cprogram::EvalError()
{

return  parser.EvalError();
}

double Cprogram::Eval( const double *X)
{

return parser.Eval(X);

Symbol *Cprogram::getStartSymbol()

{
return &Start;

Cprogram::~Cprogram()
{
for(int i=0;i<rule.size();i++)

delete rule[i];
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doublestack.cpp

# include <doublestack.h>

# include <iostream>
# include <stdio.h>
# include <stdlib.h>
# include <math.h>

using namespace std;

DoubleStack::DoubleStack()

{
data = (double*)malloc(512*sizeof(double));//NULL,

counter =0;

}
void DoubleStack::clear()
{
counter = 0;
}
int  DoubleStack::size() const
{
return counter;
}

void DoubleStack::push(double x)

{
if(isnan(x) || isinf(x)) {x=1e+8; }
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if(counter>=512)
{

data=(double*)realloc(data,(counter+1)*sizeof(double));

ks

data[counter]=x;

counter++;

double DoubleStack::top() const
{

return (counter!=0)?data[counter-1]:-1;

double DoubleStack::pop()
{

if('counter) return -1;
double t=data[counter-1];
counter--;

return t;

DoubleStack::~DoubleStack()

{
free(data);

fparser.cpp

[|[m================ === ==
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Il Function parser v2.8 by Warp

#include "fparser.h"

#include "fpconfig.h"

#include "fptypes.h”

using namespace FUNCTIONPARSERTYPES;

#include <cstdlib>
#include <cstring>
#include <cctype>

#include <cmath>

using namespace std;

int lastVariable;

#ifndef M_PI

#define M_PI 3.1415926535897932384626433832795
#endif

namespace

{
const unsigned FUNC_AMOUNT = sizeof(Functions)/sizeof(Functions[0]);

// BCB4 does not implement the standard lower_bound function.

// This is used instead:

const FuncDefinition* fp_lower_bound(const FuncDefinition™* first,
const FuncDefinition* last,

const FuncDefinition& value)

while(first < last)

{
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const FuncDefinition* middle = first+(last-first)/2;
if(*middle < value) first = middle+1;
else last = middle;

ks

return last;

/l Returns a pointer to the FuncDefinition instance which 'name’ is
/I the same as the one given by 'F'. If no such function name exists,
// returns 0.
inline const FuncDefinition* FindFunction(const char* F)
{
FuncDefinition func={F 0,0,0 };
while(isalnum(F[func.namelLength])) ++func.nameLength;
if(func.nameLength)
{
const FuncDefinition* found =
fp_lower_bound(Functions, Functions+FUNC_AMOUNT, func);
if(found == Functions+FUNC_AMOUNT || func < *found)
return 0;
return found,

}

return O;

void FunctionParser::copyOnWrite()

{
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if(data->referenceCounter > 1)

{
Data* oldData = data;
data = new Data(*oldData);
--(oldData->referenceCounter);

data->referenceCounter = 1;

FunctionParser::FunctionParser():
parseErrorType(FP_NO_ERROR), evalErrorType(0),
data(new Data),

evalRecursionLevel(0)

data->referenceCounter = 1;

FunctionParser::~FunctionParser()

{

if(--(data->referenceCounter) == 0)

{

delete data;

FunctionParser::FunctionParser(const FunctionParser& cpy):

124



parseErrorType(cpy.parseErrorType),
evalErrorType(cpy.evalErrorType),

data(cpy.data),
evalRecursionLevel(0)
{
++(data->referenceCounter);
}
FunctionParser& FunctionParser::operator=(const FunctionParser& cpy)
{
if(data !'= cpy.data)
{
if(--(data->referenceCounter) == 0) delete data;
parseErrorType = cpy.parseErrorType;
evalErrorType = cpy.evalErrorType;
data = cpy.data;
evalRecursionLevel = cpy.evalRecursionLevel,
++(data->referenceCounter);
}

return *this;

FunctionParser::Data::Data():
useDegreeConversion(false),
ByteCode(0), ByteCodeSize(0),
Immed(0), ImmedSize(0),
Stack(0), StackSize(0)

4
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FunctionParser::Data::~Data()

{
if(ByteCode) { delete[] ByteCode; ByteCode=0; }
if(Immed) { delete[] Immed; Immed=0; }
if(Stack) { delete[] Stack; Stack=0; }

/I Makes a deep-copy of Data:

FunctionParser::Data::Data(const Data& cpy):
varAmount(cpy.varAmount), useDegreeConversion(cpy.useDegreeConversion),
Variables(cpy.Variables), Constants(cpy.Constants),
FuncPtrNames(cpy.FuncPtrNames), FuncPtrs(cpy.FuncPtrs),
FuncParserNames(cpy.FuncParserNames), FuncParsers(cpy.FuncParsers),
ByteCode(0), ByteCodeSize(cpy.ByteCodeSize),
Immed(0), ImmedSize(cpy.ImmedSize),
Stack(0), StackSize(cpy.StackSize)

if(ByteCodeSize) ByteCode = new unsigned[ByteCodeSize];
if(ImmedSize) Immed = new double[ImmedSize];
if(StackSize) Stack = new double[StackSize];

for(unsigned i=0; i<ByteCodeSize; ++i) ByteCode[i] = cpy.ByteCode[i];

for(unsigned i=0; i<iImmedSize; ++i) Immed[i] = cpy.Immed[i];

/I No need to copy the stack contents because it's obsolete outside Eval()
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namespace

{

Il Error messages returned by ErrorMsg():
const char* ParseErrorMessage[]=

{
"Syntax error”, 110
"Mismatched parenthesis”, 11
"Missing )™, 112
"Empty parentheses”, 113
"Syntax error: Operator expected"”, Il4
"Not enough memory", I1'5
"An unexpected error occurred. Please make a full bug report "
"to the author”, 116
"Syntax error in parameter 'Vars' given to "
"FunctionParser::Parse()", 17
"Illegal number of parameters to function™, // 8
"Syntax error: Premature end of string”, //9
"Syntax error: Expecting ( after function™, // 10
j

/I Parse variables
bool ParseVars(const string& Vars, map<string, unsigned>& dest)
{

unsigned varNumber = VarBegin;

unsigned ind1 = 0, ind2;

while(ind1 < Vars.size())

{
if(tisalpha(Vars[ind1]) && Vars[ind1]!="_") return false;
for(ind2=ind1+1; ind2<Vars.size() && Vars[ind2]!=","; ++ind2)
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if(Yisalnum(Vars[ind2]) && Vars[ind2]!'="_") return false;

const string varName = Vars.substr(ind1, ind2-indl);

if(dest.insert(make_pair(varName, varNumber++)).second == false)

return false;

indl = ind2+1;
}

return true;

bool FunctionParser::isValidName(const std::string& name) const

{
if(name.empty() || (*isalpha(name[0]) && name[0] !="_")) return false;
for(unsigned i=0; i<name.size(); ++i)

if(Yisalnum(name[i]) && namel[i] !="_") return false;

if(FindFunction(name.c_str())) return false;

return true;

// Constants:
bool FunctionParser::AddConstant(const string& name, double value)

{
if(isvValidName(name))

{
const char* n = name.c_str();
if(FindVariable(n, data->FuncParserNames) !=
data->FuncParserNames.end() ||

FindVariable(n, data->FuncPtrNames) !=
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data->FuncPtrNames.end())

return false;

copyOnWrite();

data->Constants[name] = value;
return true;

}

return false;

Il Function pointers
bool FunctionParser::AddFunction(const std::string& name,

FunctionPtr func, unsigned paramsAmount)

{
if(isvValidName(name))
{
const char* n = name.c_str();
if(FindVariable(n, data->FuncParserNames) !=
data->FuncParserNames.end() ||
FindConstant(n) != data->Constants.end())
return false;
copyOnWrite();
data->FuncPtrNames[name] = data->FuncPtrs.size();
data->FuncPtrs.push_back(Data::FuncPtrData(func, paramsAmount));
return true;
}
return false;
}
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bool FunctionParser::checkRecursiveLinking(const FunctionParser* fp) const

{
if(fp == this) return true;
for(unsigned i=0; i<fp->data->FuncParsers.size(); ++i)
if(checkRecursiveLinking(fp->data->FuncParsers][i])) return true;

return false;

bool FunctionParser::AddFunction(const std::string& name,

FunctionParser& parser)

if(isvValidName(name))
{

const char* n = name.c_str();
if(FindVariable(n, data->FuncPtrNames) != data->FuncPtrNames.end() ||
FindConstant(n) != data->Constants.end())

return false;
if(checkRecursiveLinking(&parser)) return false;
copyOnWrite();

data->FuncParserNames[name] = data->FuncParsers.size();
data->FuncParsers.push_back(&parser);

return true;

}

return false;

/I Main parsing function

int FunctionParser::Parse(const std::string& Function,
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const std::string& Vars,

bool useDegrees)

copyOnWrite();

data->Variables.clear();

if('ParseVars(Vars, data->Variables))

{
parseErrorType = INVALID_VARS;

return Function.size();

}

data->varAmount = data->Variables.size(); // this is for Eval()

const char* Func = Function.c_str();

parseErrorType = FP_NO_ERROR,;

int Result = CheckSyntax(Func);

if(Result>=0) return Result;

data->useDegreeConversion = useDegrees;
if(!1Compile(Func)) return Function.size();

data->Variables.clear();

parseErrorType = FP_NO_ERROR,;

return -1;

namespace

{

const char* const fpOperators[] =

131



/s given char an operator?
/I (Returns 0 if not, else the size of the operator)
inline int IsOperator(const char* F)

{
for(unsigned oplInd = 0; fpOperators[opInd]; ++opind)
{
const char* op = fpOperators[opInd];
for(unsigned n = 0; F[n] == *op; ++n)
{
++0p;
if(*op == 0) return op-fpOperators[opInd];
}
}
return 0;
}

/I skip whitespace

inline void sws(const char* F, int& Ind)

{
while(F[Ind] && isspace(F[Ind])) ++Ind;

// Returns an iterator to the variable with the same name as 'F', or to

Il Variables.end() if no such variable exists:
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inline FunctionParser::Data::VarMap_t::const_iterator
FunctionParser::FindVariable(const char* F, const Data::VarMap_t& vars) const

{

if(vars.size())
{
unsigned ind = 0;
while(isalnum(F[ind]) || F[ind] =="_") ++ind,
if(ind)
{
string name(F, ind);
[**GIANNIS **/
if(name[0]=="x"' && isdigit(name[1])) lastVariable = atoi(name.substr(1).c_str());
[**END OF GIANNIS **/

return vars.find(name);

ky

return vars.end();

inline FunctionParser::Data::ConstMap_t::const_iterator
FunctionParser::FindConstant(const char* F) const

{

if(data->Constants.size())
{
unsigned ind = 0;
while(isalnum(F[ind]) || F[ind] =="_") ++ind;
if(ind)
{
string name(F, ind);

return data->Constants.find(name);
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}

return data->Constants.end();

int FunctionParser::CheckSyntax(const char* Function)
{
const Data::VarMap_t& Variables = data->Variables;
const Data::ConstMap_t& Constants = data->Constants;
const Data::VarMap_t& FuncPtrNames = data->FuncPtrNames;
const Data::VarMap_t& FuncParserNames = data->FuncParserNames;

vector<int> functionParenthDepth;

int Ind=0, ParenthCnt=0, c;
char* Ptr;

while(true)
{
sws(Function, Ind);

c=Function[Ind];

/I Check for valid operand (must appear)

/I Check for leading - or !
if(c=="-"|| c=="") { sws(Function, ++Ind); c=Function[Ind]; }
if(c==0) { parseErrorType=PREMATURE_EOS; return Ind; }

/!l Check for math function
bool foundFunc = false;

const FuncDefinition* fptr = FindFunction(&Function[Ind]);
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if(fptr)

{
Ind += fptr->nameLength;
foundFunc = true;

}

else
{
Il Check for user-defined function
Data::\VarMap_t::const_iterator flter =
FindVariable(&Function[Ind], FuncPtrNames);
if(flter = FuncPtrNames.end())
{
Ind += flter->first.size();
foundFunc = true;

ky

else
{
Data::VarMap_t::const_iterator plter =
FindVariable(&Function[Ind], FuncParserNames);
if(plter = FuncParserNames.end())
{
Ind += plter->first.size();

foundFunc = true;

if(foundFunc)
{

sws(Function, Ind);

¢ = Function[Ind];
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if(c!'="(") { parseErrorType=EXPECT_PARENTH_FUNC,; return Ind; }

int Ind2 = Ind+1;
sws(Function, Ind2);
if(Function[Ind2] == "))
{
Ind = Ind2+1;
sws(Function, Ind);
¢ = Function[Ind];
/' Ugly, but other methods would just be uglier...
goto CheckOperator;

functionParenthDepth.push_back(ParenthCnt+1);

/I Check for opening parenthesis
if(c=="()
{
++ParenthCnt;
sws(Function, ++Ind);
if(Function[Ind]==")") { parseErrorType=EMPTY_PARENTH,; return Ind;}

continue;

/I Check for number
if(isdigit(c) || (c=="" && isdigit(Function[Ind+1])))
{

strtod(&Function[Ind], &Ptr);

Ind += int(Ptr-&Function[Ind]);

sws(Function, Ind);

¢ = Function[Ind];
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}

else
{ // Check for variable
Data::VarMap_t::const_iterator viter =
FindVariable(&Function[Ind], Variables);
if(viter 1= Variables.end())
Ind += vliter->first.size();
else
{
/I Check for constant
Data::ConstMap_t::const_iterator clter =
FindConstant(&Function[Ind]);
if(clter 1= Constants.end())
Ind += clter->first.size();
else
{ parseErrorType=SYNTAX_ERROR; return Ind; }
}
sws(Function, Ind);

¢ = Function[Ind];

}

Il Check for closing parenthesis
while(c==")")

{

if(functionParenthDepth.size() &&
functionParenthDepth.back() == ParenthCnt)
functionParenthDepth.pop_back();
if((--ParenthCnt)<0) { parseErrorType=MISM_PARENTH,; return Ind; }
sws(Function, ++Ind);

c=Function[Ind];
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/I If we get here, we have a legal operand and now a legal operator or

I/ end of string must follow

CheckOperator:
/I Check for EOS
if(c==0) break; // The only way to end the checking loop without error

/I Check for operator

int opSize = 0;

if(c ==",' && !functionParenthDepth.empty() &&
functionParenthDepth.back() == ParenthCnt)
opSize =1,

else
opSize = IsOperator(Function+Ind);

if(opSize == 0)

{ parseErrorType=EXPECT_OPERATOR,; return Ind; }

/' If we get here, we have an operand and an operator; the next loop will
/I check for another operand (must appear)
Ind += opSize;
} I/ while

/I Check that all opened parentheses are also closed
if(ParenthCnt>0) { parseErrorType=MISSING_PARENTH,; return Ind; }

Il The string is ok
parseErrorType=FP_NO_ERROR,;

return -1;

/I Compile function string to bytecode

138



bool FunctionParser::Compile(const char* Function)

{
if(data->ByteCode) { delete[] data->ByteCode; data->ByteCode=0; }
if(data->Immed) { delete[] data->Immed; data->Immed=0; }
if(data->Stack) { delete[] data->Stack; data->Stack=0; }

vector<unsigned> byteCode; byteCode.reserve(1024);
tempByteCode = &byteCode;

vector<double> immed; immed.reserve(1024);

templmmed = &immed,;
data->StackSize = StackPtr = 0;

CompileExpression(Function, 0);
if(parseErrorType != FP_NO_ERROR) return false;

data->ByteCodeSize = byteCode.size();

data->ImmedSize = immed.size();

if(data->ByteCodeSize)
{
data->ByteCode = new unsigned[data->ByteCodeSize];
memcpy(data->ByteCode, &byteCode[0],
sizeof(unsigned)*data->ByteCodeSize);
}

if(data->ImmedSize)

{

data->Immed = new double[data->ImmedSize];
memcpy(data->Immed, &immed[0],
sizeof(double)*data->ImmedSize);
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if(data->StackSize)

data->Stack = new double[data->StackSize];

return true;

inline void FunctionParser:: AddCompiledByte(unsigned c)

{
tempByteCode->push_back(c);

inline void FunctionParser::Addimmediate(double i)

{

tempImmed->push_back(i);

inline void FunctionParser::AddFunctionOpcode(unsigned opcode)
{
if(data->useDegreeConversion)
switch(opcode)
{
case cCos:
case cCosh:
case cCot:
case cCsc:
case cSec:
case cSin:
case cSinh:
case cTan:
case cTanh:
AddCompiledByte(cRad);
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AddCompiledByte(opcode);

if(data->useDegreeConversion)
switch(opcode)
{
case CACos:
#ifndef NO_ASINH
case cAcosh:
case cAsinh:
case CAtanh:
#endif
case CAsin:
case CAtan:
case cAtan2:
AddCompiledByte(cDeg);

inline void FunctionParser::incStackPtr()

{
if(++StackPtr > data->StackSize) ++(data->StackSize);

/I Compile if()
int FunctionParser::Compilelf(const char* F, int ind)
{
int ind2 = CompileExpression(F, ind, true); // condition
sws(F, ind2);
if(F[ind2] 1=",") { parseErrorType=ILL_PARAMS_AMOUNT,; return ind2; }
AddCompiledByte(clf);
unsigned curByteCodeSize = tempByteCode->size();
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AddCompiledByte(0); // Jump index; to be set later
AddCompiledByte(0); // Immed jump index; to be set later

--StackPtr;

ind2 = CompileExpression(F, ind2+1, true); // then

sws(F, ind2);

if(F[ind2] 1=",") { parseErrorType=ILL_PARAMS_AMOUNT,; return ind2; }
AddCompiledByte(cJump);

unsigned curByteCodeSize2 = tempByteCode->size();

unsigned curlmmedSize2 = templmmed->size();

AddCompiledByte(0); // Jump index; to be set later

AddCompiledByte(0); / Immed jump index; to be set later

--StackPtr;

ind2 = CompileExpression(F, ind2+1, true); // else
sws(F, ind2);
if(F[ind2] 1=")") { parseErrorType=ILL_PARAMS_AMOUNT,; return ind2; }

/I Set jump indices

(*tempByteCode)[curByteCodeSize] = curByteCodeSize2+1;
(*tempByteCode)[curByteCodeSize+1] = curlmmedSize2,;
(*tempByteCode)[curByteCodeSize2] = tempByteCode->size()-1;
(*tempByteCode)[curByteCodeSize2+1] = templmmed->size();

return ind2+1;

int FunctionParser::CompileFunctionParams(const char* F, int ind,

unsigned requiredParams)

int ind2 = ind;
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if(requiredParams > 0)

{
unsigned curStackPtr = StackPtr;
ind2 = CompileExpression(F, ind);

if(StackPtr != curStackPtr+requiredParams)
{ parseErrorType=ILL_PARAMS_AMOUNT; return ind; }

StackPtr -= requiredParams - 1;

ky

else

{
incStackPtr();

sws(F, ind2);
return ind2+1; // F[ind2] is ")’

/I Compiles element
int FunctionParser::CompileElement(const char* F, int ind)
{

sws(F, ind);

char ¢ = F[ind];

if(c=="()
{
ind = CompileExpression(F, ind+1);
sws(F, ind);
return ind+1; // F[ind] is ")’
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if(isdigit(c) || c==""/*|| c=="-"*/) /| Number
{
const char* startPtr = &F[ind];
char* endPtr;
double val = strtod(startPtr, &endPtr);
AddIimmediate(val);
AddCompiledByte(clmmed);

incStackPtr();

return ind+(endPtr-startPtr);
}
if(isalpha(c) || c =="_") // Function, variable or constant
{

const FuncDefinition* func = FindFunction(F+ind);
if(func) // is function
{

int ind2 = ind + func->nameLength;

sws(F, ind2); // F[ind2] is'("

if(strcmp(func->name, "if") == 0) // "if" is a special case

{

return Compilelf(F, ind2+1);

#ifndef DISABLE_EVAL
unsigned requiredParams =
strcemp(func->name, "eval™) ==0 ?
data->Variables.size() : func->params;
#else
unsigned requiredParams = func->params;
#endif
ind2 = CompileFunctionParams(F, ind2+1, requiredParams);
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AddFunctionOpcode(func->opcode);
return ind2; // F[ind2-1] is ")’

Data::VarMap_t::const_iterator viter =
FindVariable(F+ind, data->Variables);
if(viter '= data->Variables.end()) // is variable
{
AddCompiledByte(viter->second);
incStackPtr();

return ind + viter->first.size();

Data::ConstMap_t::const_iterator clter = FindConstant(F+ind);
if(clter = data->Constants.end()) // is constant
{

AddImmediate(clter->second);

AddCompiledByte(clmmed);

incStackPtr();

return ind + clter->first.size();

Data::\VarMap_t::const_iterator flter =
FindVariable(F+ind, data->FuncPtrNames);

if(flter 1= data->FuncPtrNames.end()) // is user-defined func pointer

{

unsigned index = flter->second;

int ind2 = ind + flter->first.length();
sws(F, ind2); // F[ind2] is ‘("

ind2 = CompileFunctionParams(F, ind2+1,
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data->FuncPtrs[index].params);

AddCompiledByte(cFCall);
AddCompiledByte(index);

return ind2;

Data::\VarMap_t::const_iterator plter =
FindVariable(F+ind, data->FuncParserNames);
if(plter '= data->FuncParserNames.end()) // is user-defined func parser

{

unsigned index = plter->second,;

int ind2 = ind + plter->first.length();
sws(F, ind2); // F[ind2] is ‘("

ind2 = CompileFunctionParams

(F, ind2+1, data->FuncParsers[index]->data->varAmount);

AddCompiledByte(cPCall);
AddCompiledByte(index);

return ind2;

parseErrorType = UNEXPECTED_ERROR,;

return ind;

[/l Compiles "M
int FunctionParser::CompilePow(const char* F, int ind)

{

int ind2 = CompileElement(F, ind);
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sws(F, ind2);

while(F[ind2] =="'

{
ind2 = CompileUnaryMinus(F, ind2+1);
sws(F, ind2);
AddCompiledByte(cPow);
--StackPtr;

return ind2;

// Compiles unary '-'
int FunctionParser::CompileUnaryMinus(const char* F, int ind)
{
sws(F, ind);
if(F[ind] =="-"|| F[ind] =="1")
{
int ind2 = ind+1;
sws(F, ind2);
ind2 = CompilePow(F, ind2);
sws(F, ind2);

/' if we are negating a constant, negate the constant itself:
if(F[ind] =="-' && tempByteCode->back() == clmmed)

templmmed->back() = -templmmed->back();

/' if we are negating a negation, we can remove both:
else if((F[ind] =="-' && tempByteCode->back() == cNeg))
tempByteCode->pop_back();
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else
AddCompiledByte(F[ind] =="-"? cNeg : cNot);

return ind2;

int ind2 = CompilePow(F, ind);

sws(F, ind2);

return ind2;

/I Compiles ™', '/* and "%’

int FunctionParser::CompileMult(const char* F, int ind)

{
int ind2 = CompileUnaryMinus(F, ind);
sws(F, ind2);
char op;

while((op = F[ind2]) =="*"||op =="/" || op == '%")
{
ind2 = CompileUnaryMinus(F, ind2+1);
sws(F, ind2);
switch(op)
{
case "*': AddCompiledByte(cMul); break;
case '/: AddCompiledByte(cDiv); break;
case '%": AddCompiledByte(cMod); break;

}
--StackPtr;

return ind2;
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/I Compiles '+ and *-'
int FunctionParser::CompileAddition(const char* F, int ind)
{

int ind2 = CompileMult(F, ind);

sws(F, ind2);

char op;

while((op = F[ind2]) =="+"|| op =="-")

{
ind2 = CompileMult(F, ind2+1);
sws(F, ind2);
AddCompiledByte(op=="+'? cAdd : cSub);
--StackPtr;
}
return ind2;

/l Compiles '=', '<"and ">'
int FunctionParser::CompileComparison(const char* F, int ind)
{

int ind2 = CompileAddition(F, ind);

sws(F, ind2);

char op;

while((op = Flind2]) == '='[|op =='<' | op == >'|| op == ")
{
int opSize = (F[ind2+1] =='="'?2: 1);
ind2 = CompileAddition(F, ind2+opSize);
sws(F, ind2);
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switch(op)

{
case '="
AddCompiledByte(cEqual); break;
case '<"
AddCompiledByte(opSize == 1 ? cLess : cLessOrEq); break;
case >"

AddCompiledByte(opSize == 1 ? cGreater : cGreaterOrEQ); break;
case 'l"
AddCompiledByte(cNEqual); break;

}
--StackPtr;

return ind2;

/I Compiles '&'
int FunctionParser::CompileAnd(const char* F, int ind)
{

int ind2 = CompileComparison(F, ind);

sws(F, ind2);

while(F[ind2] =='&")

{
ind2 = CompileComparison(F, ind2+1);
sws(F, ind2);
AddCompiledByte(cAnd);
--StackPtr;

return ind2;
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/I Compiles '
int FunctionParser::CompileOr(const char* F, int ind)
{

int ind2 = CompileAnd(F, ind);

sws(F, ind2);

while(F[ind2] ==])

{
ind2 = CompileAnd(F, ind2+1);
sws(F, ind2);
AddCompiledByte(cOr);
--Stackptr;

return ind2;

/I Compiles ',
int FunctionParser::CompileExpression(const char* F, int ind, bool stopAtComma)
{

int ind2 = CompileOr(F, ind);

sws(F, ind2);

if(stopAtComma) return ind2;

while(F[ind2] ==",'

{
ind2 = CompileOr(F, ind2+1);
sws(F, ind2);
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return ind2;

// Return parse error message

const char* FunctionParser::ErrorMsg() const

{

if(parseErrorType = FP_NO_ERROR) return ParseErrorMessage[parseErrorType];

return O;

namespace

{

inline int doubleTolnt(double d)

{

return d<0 ? -int((-d)+.5) : int(d+.5);

inline double Min(double d1, double d2)

{
return d1<d2 ? d1 : d2;

¥

inline double Max(double d1, double d2)

{
return d1>d2 ? d1 : d2;
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inline double DegreesToRadians(double degrees)

{
return degrees*(M_P1/180.0);

ks

inline double RadiansToDegrees(double radians)

{
return radians*(180.0/M_PlI);

double FunctionParser::Eval(const double* Vars)

{
const unsigned* const ByteCode = data->ByteCode;
const double* const Immed = data->Immed,;
double* const Stack = data->Stack;
const unsigned ByteCodeSize = data->ByteCodeSize;
unsigned IP, DP=0;
int SP=-1;

for(IP=0; IP<ByteCodeSize; ++IP)
{
switch(ByteCode[IP])
{
// Functions:
case CAbs: Stack[SP] = fabs(Stack[SP]); break;
case cAcos: if(Stack[SP] < -1 || Stack[SP] > 1)
{ evalErrorType=4; return O; }
Stack[SP] = acos(Stack[SP]); break;
#ifndef NO_ASINH
case cAcosh: Stack[SP] = acosh(Stack[SP]); break;
#endif
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case CAsin: if(Stack[SP] < -1 || Stack[SP] > 1)
{ evalErrorType=4; return 0; }
Stack[SP] = asin(Stack[SP]); break;
#ifndef NO_ASINH
case cAsinh: Stack[SP] = asinh(Stack[SP]); break;
#endif
case CAtan: Stack[SP] = atan(Stack[SP]); break;
case CAtan2: Stack[SP-1] = atan2(Stack[SP-1], Stack[SP]);
--SP; break;
#ifndef NO_ASINH
case cAtanh: Stack[SP] = atanh(Stack[SP]); break;
#endif
case cCeil: Stack[SP] = ceil(Stack[SP]); break;
case cCos: Stack[SP] = cos(Stack[SP]); break;
case cCosh: Stack[SP] = cosh(Stack[SP]); break;

case cCot:
{
double t = tan(Stack[SP]);
if(t == 0) { evalErrorType=1; return 0; }
Stack[SP] = 1/t; break;
}
case cCsc:
{
double s = sin(Stack[SP]);
if(s == 0) { evalErrorType=1, return 0; }
Stack[SP] = 1/s; break;

#ifndef DISABLE_EVAL

case cEval:
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double retVal = 0;
if(evalRecursionLevel == EVAL_MAX_ REC_LEVEL)

{
evalErrorType = 5;

}

else

{
data->Stack = new double[data->StackSize];
++evalRecursionLevel;
retVal = Eval(&Stack[SP-data->varAmount+1]);
--evalRecursionLevel;
delete[] data->Stack;
data->Stack = Stack;

}

SP -= data->varAmount-1;

Stack[SP] = retVal;

break;
}
#endif
case CEXxp:
{
Stack[SP] = exp(Stack[SP]); break;
}
case cFloor: Stack[SP] = floor(Stack[SP]); break;
case clf:
{

unsigned jumpAddr = ByteCode[++1P];
unsigned immedAddr = ByteCode[++IP];
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if(doubleTolnt(Stack[SP]) == 0)
{

IP = jumpAddr;

DP = immedAddr;

}
--SP; break;

case clnt: Stack[SP] = floor(Stack[SP]+.5); break;
case clLog:
if(Stack[SP] <= 0) { evalErrorType=3; return 0; }
Stack[SP] = log(Stack[SP]); break;
case cLog10: if(Stack[SP] <= 0) { evalErrorType=3; return 0; }
Stack[SP] = log10(Stack[SP]); break;
case cMax: Stack[SP-1] = Max(Stack[SP-1], Stack[SP]);
--SP; break;
case cMin: Stack[SP-1] = Min(Stack[SP-1], Stack[SP]);
--SP; break;
case CcSec:
{
double ¢ = cos(Stack[SP]);
if(c == 0) { evalErrorType=1; return 0; }
Stack[SP] = 1/c; break;
}
case cSin: Stack[SP] = sin(Stack[SP]); break;
case cSinh: Stack[SP] = sinh(Stack[SP]); break;
case cSqrt: if(Stack[SP] < 0) { evalErrorType=2; return O; }
Stack[SP] = sqrt(Stack[SP]); break;
case cTan: Stack[SP] = tan(Stack[SP]); break;
case cTanh: Stack[SP] = tanh(Stack[SP]); break;
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/I Misc:

case clImmed: Stack[++SP] = Immed[DP++]; break;
case cJump: DP = ByteCode[IP+2];

I/ Operators:

case

case

case

case

case

case

case

IP = ByteCode[IP+1];
break;

cNeg: Stack[SP] = -Stack[SP]; break;

cAdd: Stack[SP-1] += Stack[SP]; --SP; break;

cSub: Stack[SP-1] -= Stack[SP]; --SP; break;

cMul: Stack[SP-1] *= Stack[SP]; --SP; break;

cDiv: if(Stack[SP] == 0) { evalErrorType=1; return O; }
Stack[SP-1] /= Stack[SP]; --SP; break;

cMod: if(Stack[SP] == 0) { evalErrorType=1; return 0; }
Stack[SP-1] = fmod(Stack[SP-1], Stack[SP]);
--SP; break;

cPow: Stack[SP-1] = pow(Stack[SP-1], Stack[SP]);
--SP; break;

#ifdef FP_EPSILON
case cEqual: Stack[SP-1] =

(fabs(Stack[SP-1]-Stack[SP]) <= FP_EPSILON);
--SP; break;

case ctNEqual: Stack[SP-1] =

(fabs(Stack[SP-1] - Stack[SP]) >= FP_EPSILON);
--SP; break;

case clLess: Stack[SP-1] = (Stack[SP-1] < Stack[SP]-FP_EPSILON);

--SP; break;

case cLessOrEq: Stack[SP-1] = (Stack[SP-1] <= Stack[SP]+FP_EPSILON);

--SP; break;

case cGreater: Stack[SP-1] = (Stack[SP-1]-FP_EPSILON > Stack[SP]);
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--SP; break;
case cGreaterOrEq: Stack[SP-1] =
(Stack[SP-1]+FP_EPSILON >= Stack[SP]);

--SP; break;
#else
case cEqual: Stack[SP-1] = (Stack[SP-1] == Stack[SP]);
--SP; break;
case cNEqual: Stack[SP-1] = (Stack[SP-1] != Stack[SP]));
--SP; break;
case clLess: Stack[SP-1] = (Stack[SP-1] < Stack[SP]);
--SP; break;
case cLessOrEq: Stack[SP-1] = (Stack[SP-1] <= Stack[SP]);
--SP; break;
case cGreater: Stack[SP-1] = (Stack[SP-1] > Stack[SP]);
--SP; break;
case cGreaterOrEq: Stack[SP-1] = (Stack[SP-1] >= Stack[SP]);
--SP; break;
#endif

case cAnd: Stack[SP-1] =
(doubleTolnt(Stack[SP-1]) &&
doubleTolnt(Stack[SP]));
--SP; break;
case cOr: Stack[SP-1] =
(doubleTolnt(Stack[SP-1]) ||
doubleTolnt(Stack[SP]));
--SP; break;
case cNot: Stack[SP] = !doubleTolnt(Stack[SP]); break;

/I Degrees-radians conversion:
case cDeg: Stack[SP] = RadiansToDegrees(Stack[SP]); break;
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case cRad: Stack[SP] = DegreesToRadians(Stack[SP]); break;

/I User-defined function calls:
case cFCall:
{
unsigned index = ByteCode[++IP];
unsigned params = data->FuncPtrs[index].params;
double retVal =
data->FuncPtrs[index].ptr(&Stack[SP-params+1]);
SP -= int(params)-1;
Stack[SP] = retVal;
break;

case cPCall:
{
unsigned index = ByteCode[++IP];
unsigned params = data->FuncParsers[index]->data->varAmount;
double retVal =
data->FuncParsers[index]->Eval(&Stack[SP-params+1]);
SP -= int(params)-1;
Stack[SP] = retVal,
break;

#ifdef SUPPORT_OPTIMIZER
case cVar: break; // Paranoia. These should never exist
case cDup: Stack[SP+1] = Stack[SP]; ++SP; break;
case clnv:
if(Stack[SP] == 0.0) { evalErrorType=1; return O; }
Stack[SP] = 1.0/Stack[SP];
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break;
#endif

Il Variables:
default:
Stack[++SP] = Vars[ByteCode[IP]-VarBegin];

evalErrorType=0;
return Stack[SP];

#ifdef FUNCTIONPARSER_SUPPORT_DEBUG_OUTPUT

namespace
{
inline void printHex(std::ostream& dest, unsigned n)
{
dest.width(8); dest.fill('0"); hex(dest); //uppercase(dest);
dest << n;
}
}

void FunctionParser::PrintByteCode(std::0stream& dest) const

{

const unsigned* const ByteCode = data->ByteCode;

const double* const Immed = data->Immed;

for(unsigned 1P=0, DP=0; IP<data->ByteCodeSize; ++IP)

{
printHex(dest, 1P);

dest << ™ ™

160



unsigned opcode = ByteCode[IP];

switch(opcode)
{
case clf:

dest << "jz\t";
printHex(dest, ByteCode[IP+1]+1);
dest << endl,
IP+=2;
break;

case cJump:
dest << "jump\t”;
printHex(dest, ByteCode[IP+1]+1);
dest << endl:
IP+=2;
break;
case clmmed:
dest.precision(10);
dest << "push\t" << Immed[DP++] << endl;

break;

case cFCall:
{

unsigned index = ByteCode[++IP];

Data::\VarMap_t::const_iterator iter =
data->FuncPtrNames.begin();

while(iter->second != index) ++iter;

dest << "fcall\t" << iter->first
<< " (" << data->FuncPtrs[index].params << ")" << endl;

break;
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case cPCall:

{
unsigned index = ByteCode[++1P];

Data::\VarMap_t::const_iterator iter
data->FuncParserNames.begin();
while(iter->second != index) ++iter;
dest << "pcall\t" << iter->first
<< " (" << data->FuncParsers[index]->data->varAmount
<<")" << endl,

break;

default:
if(opcode < VarBegin)
{
string n;
unsigned params = 1;
switch(opcode)
{
case cNeg: n = "neg"; break;
case CAdd: n = "add"; break;
case cSub: n ="sub"; break;
case cMul: n = "mul"; break;
case cDiv: n = "div"; break;
case cMod: n = "mod"; break;
case cPow: n = "pow"; break;
case cEqual: n ="eq"; break;
case ctNEqual: n ="neq"; break;
case cLess: n = "It"; break;
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case cLessOrEq: n = "le"; break;
case cGreater: n = "gt"; break;

case cGreaterOrEq: n = "ge"; break;
case cCAnd: n = "and"; break;

case cOr: n ="or"; break;

case cNot: n = "not"; break;

case cDeg: n = "deg"; break;

case cRad: n = "rad"; break;

#ifndef DISABLE_EVAL
case cEval: n = "call\t0"; break;
#endif

#ifdef SUPPORT_OPTIMIZER
case cVar: n = "(var)"; break;
case cDup: n ="dup"; break;
case clnv: n ="inv"; break;
#endif

default:
n = Functions[opcode-cAbs].name;
params = Functions[opcode-cAbs].params;
}
dest << n;
if(params !=1) dest << " (** << params << ")";
dest << endl:

¥

else

{

dest << "push\tVar" << opcode-VarBegin << endl;
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}
#endif

#ifndef SUPPORT_OPTIMIZER
void FunctionParser::MakeTree(void *) const {}

void FunctionParser::Optimize()

{

/I Do nothing if no optimizations are supported.

}
#endif

fpoptimizer

NOTE!

Everything that goes into the #ifndef SUPPORT_OPTIMIZER part
(ie. when SUPPORT_OPTIMIZER is not defined) should be put in
the end of fparser.cc file, not in this file.

Everything in this file should be inside the #ifdef SUPPORT_OPTIMIZER
block (except the #include "fpconfig.hh™ line).
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*/

#include "fpconfig.h™

#ifdef SUPPORT_OPTIMIZER

#include "fparser.h"
#include "fptypes.h”
using namespace FUNCTIONPARSERTYPES;

#include <cmath>
#include <list>

#include <utility>
#include <cassert>

using namespace std;

#ifndef M_PI
#define M_PI 3.1415926535897932384626433832795
#endif

#define CONSTANT_E  2.71828182845904509080 // exp(1)
#define CONSTANT_PI M_PI /l atan2(0,-1)

#define CONSTANT_L10 2.30258509299404590109 // log(10)
#define CONSTANT_L10I 0.43429448190325176116 // 1/1og(10)
#define CONSTANT_L10E CONSTANT_L10I //'1og10(e)
#define CONSTANT _L10EI CONSTANT_L10 /1 1/10g10(e)
#define CONSTANT_DR  (180.0/ M_PI) /1 180/pi

#define CONSTANT_RD (M_PI1/180.0) /1 pi/180

namespace {
inline double Min(double d1, double d2)

{
return d1<d2 ? d1 : d2;
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}
inline double Max(double d1, double d2)

{
return d1>d2 ? d1: d2;

class compres
{
/] states: O=false, 1=true, 2=unknown
public:
compres(bool b) : state(b) {}
compres(char v) : state(v) {}
/s it?
operator bool() const { return state '=0; }
/I is it not?
bool operator! () const { return state '=1; }
bool operator==(bool b) const { return state !=!b; }
bool operator!=(bool b) const { return state !=b; }
private:

char state;

j
const compres maybe = (char)2;
struct CodeTree;

class SubTree

{

CodeTree *tree;

bool sign; // Only possible when parent is cAdd or cMul

inline void flipsign() { sign = !sign; }
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public:
SubTree();
SubTree(double value);
SubTree(const SubTree &b);
SubTree(const CodeTree &b);

~SubTree();
const SubTree &operator= (const SubTree &b);
const SubTree &operator= (const CodeTree &b);

bool getsign() const { return sign; }

const CodeTree* operator-> () const { return tree; }
const CodeTree& operator* () const { return *tree; }
struct CodeTree* operator-> () { return tree; }

struct CodeTree& operator* () { return *tree; }

bool operator< (const SubTree& b) const;
bool operator== (const SubTree& b) const;
void Negate(); // Note: Parent must be cAdd
void Invert(); // Note: Parent must be cMul

void CheckConstNeg();
void CheckConstinv();

}

bool IsNegate(const SubTree &pl, const SubTree &p2);
bool Isinverse(const SubTree &pl, const SubTree &p2);

typedef list<SubTree> paramlist;

struct CodeTreeData

{
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paramlist args;

private:
unsigned op;  // Operation
double value;  // In case of cImmed
unsigned var;  // In case of cVar

unsigned funcno; // In case of cFCall, cPCall

public:
CodeTreeData() : op(cAdd) {}
~CodeTreeData() {}

void SetOp(unsigned newop)  { op=newop; }
void SetFuncNo(unsigned newno) { funcno=newno; }
unsigned GetFuncNo() const { return funcno; }

bool IsFunc() const { return op == cFCall || op == cPCall; }
bool Isimmed() const { return op == clmmed; }

bool IsVar() const { return op == cVar; }

inline unsigned GetOp() const { return op; }

inline double Getimmed() const

{

return value;

ky

inline unsigned GetVar() const

{

return var;

void AddParam(const SubTree &p)

{
args.push_back(p);
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}

void SetVar(unsigned v)
{
args.clear();
op =cVar;
var =v;
}
void Setimmed(double v)
{
args.clear();
op  =clmmed,;
value =orig=v;
inverted = negated = false;

}

void Negatelmmed()
{
negated = Inegated,
UpdateValue();
}

void Invertimmed()

{
inverted = linverted;
UpdateValue();

bool IsOriginal() const { return !(Isinverted() || IsNegated()); }

bool Isinverted() const { return inverted; }

bool IsNegated() const { return negated; }

bool IsinvertedOriginal() const { return Isinverted() && 'IsNegated(); }
bool IsNegatedOriginal() const { return !lsinverted() && IsNegated(); }
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private:
void UpdateValue()
{
value = orig;
if(Isinverted()) { value = 1.0 / value;
/I FIXME: potential divide by zero.
¥

if(IsNegated()) value = -value;

double orig;
bool inverted;
bool negated;
protected:
I/l Ensure we don't accidentally copy this

void operator=(const CodeTreeData &b);

}

class CodeTreeDataPtr

{
typedef pair<CodeTreeData, unsigned> p_t;

typedef p_t* pp;
mutable pp p;

void Alloc() const { ++p->second; }

void Dealloc() const { if(1--p->second) delete p; p =0; }

void PrepareForWrite()
{

/I We're ready if we're the only owner.

if(p->second == 1) return;
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// Then make a clone.

p_t *newtree = new p_t(p->first, 1);
/l Forget the old

Dealloc();

Il Keep the new

p = newtree;

public:
CodeTreeDataPtr() : p(new p_t) { p->second =1; }
CodeTreeDataPtr(const CodeTreeDataPtr &b): p(b.p) { Alloc(); }
~CodeTreeDataPtr() { Dealloc(); }
const CodeTreeDataPtr &operator= (const CodeTreeDataPtr &b)
{
b.Alloc();
Dealloc();
p=b.p;
return *this;
}
const CodeTreeData *operator-> () const { return &p->first; }
const CodeTreeData &operator* () const { return p->first; }
CodeTreeData *operator-> () { PrepareForWrite(); return &p->first; }
CodeTreeData &operator* () { PrepareForWrite(); return p->first; }

void Shock();
Y

#define CHECKCONSTNEG(item, op) \
((op)==cMul) \
? (item).CheckConstinv() \
. (item).CheckConstNeg()
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struct CodeTree

{
CodeTreeDataPtr data;

private:
typedef paramlist::iterator pit;

typedef paramlist::const_iterator pcit;

/*
template<unsigned v> inline void chk() const
{

¥
*/

public:

const pcit GetBegin() const { return data->args.begin(); }

const pcit GetEnd() const { return data->args.end(); }

const pit GetBegin() { return data->args.begin(); }

const pit GetEnd() { return data->args.end(); }

const SubTree& getp0() const { /*chk<1>();*/pcit tmp=GetBegin(); return
*tmp; }

const SubTree& getpl() const { /*chk<2>();*/pcit tmp=GetBegin(); ++tmp; return
*tmp; }

const SubTree& getp2() const { /*chk<3>();*/pcit tmp=GetBegin(); ++tmp; ++tmp;
return *tmp; }

unsigned GetArgCount() const { return data->args.size(); }

void Erase(const pit p)  { data->args.erase(p); }

SubTree& getp0() { /*chk<1>();*/pit tmp=GetBegin(); return *tmp; }
SubTree& getpl() { /*chk<2>();*/pit tmp=GetBegin(); ++tmp; return *tmp; }
SubTree& getp2() { /*chk<3>();*/pit tmp=GetBegin(); ++tmp; ++tmp; return *tmp; }
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Il set

void Setimmed(double v) { data->Setimmed(v); }

void SetOp(unsigned op) { data->SetOp(op); }

void SetVar(unsigned v) { data->SetVar(v); }

/I get

double Getlmmed() const { return data->Getlmmed(); }
unsigned GetVar() const { return data->GetVar(); }
unsigned GetOp() const { return data->GetOp(); }

/] test

bool Isimmed() const { return data->Isimmed(); }

bool IsVar() const { return data->IsVar(); }

/I act

void AddParam(const SubTree &p) { data->AddParam(p); }
void Negatelmmed() { data->Negatelmmed(); } // don't use when op!=cImmed

void Invertimmed() { data->Invertimmed(); } // don't use when op!=clmmed

compres NonZero() const { if('Isimmed()) return maybe;
return Getimmed() !=0.0; }
compres IsPositive() const { if(*Isimmed()) return maybe;
return Getimmed() > 0.0; }

private:
struct ConstList
{
double voidvalue;
list<pit> cp;
double value;
unsigned size() const { return cp.size(); }
3
struct ConstList BuildConstList();
void KillConst(const ConstList &cl)
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for(list<pit>::const_iterator i=cl.cp.begin(); i!=cl.cp.end(); ++i)

Erase(*i);
}
void FinishConst(const ConstList &cl)
{

if(cl.value != cl.voidvalue && cl.size() > 1) AddParam(cl.value);

if(cl.value == cl.voidvalue || cl.size() > 1) KillConst(cl);

public:
CodeTree() {}
CodeTree(double v) { Setimmed(v); }

CodeTree(unsigned op, const SubTree &p)
{

SetOp(op);

AddParam(p);

}
CodeTree(unsigned op, const SubTree &pl, const SubTree &p2)

{
SetOp(op);
AddParam(pl);
AddParam(p2);

ky

bool operator== (const CodeTree& b) const;
bool operator< (const CodeTree& b) const;

private:

bool IsSortable() const

{
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switch(GetOp())

{
case cAdd: case cMul:
case cEqual:
case cAnd: case cOr:
case cMax: case cMin:

return true;

default:

return false;

}
void SortlfPossible()

{
if(IsSortable())

{

data->args.sort();

void ReplaceWithConst(double value)
{

Setimmed(value);

/* REMEMBER TO CALL CheckConstinv / CheckConstNeg
* FOR PARENT SubTree, OR MAYHEM HAPPENS
*/

void ReplaceWith(const CodeTree &b)

{
/[ If b is child of *this, mayhem
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I/ happens. So we first make a clone
/I and then proceed with copy.
CodeTreeDataPtr tmp = b.data;
tmp.Shock();

data = tmp;

void ReplaceWith(unsigned op, const SubTree &p)

{
ReplaceWith(CodeTree(op, p));

void ReplaceWith(unsigned op, const SubTree &p1l, const SubTree &p2)

{
ReplaceWith(CodeTree(op, p1, p2));

void OptimizeConflict()
{

[/l This optimization does this: x-x = 0, x/x = 1, atb-a=b.

if(GetOp() == cAdd || GetOp() == cMul)

{
Redo:
pit a, b;
for(a=GetBegin(); a!=GetEnd(); ++a)
{
for(b=GetBegin(); ++b = GetEnd(); )
{

const SubTree &pl = *g;
const SubTree &p2 = *Db;
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if(GetOp() == cMul ? Isinverse(pl,p2)
: IsNegate(p1,p2))
{
/] These parameters complement each others out
Erase(b);
Erase(a);

goto Redo;

k
OptimizeRedundant();

void OptimizeRedundant()

{
// This optimization does this: min()=0, max()=0, add()=0, mul()=1

if('GetArgCount())
{
if(GetOp() == cAdd || GetOp() == cMin || GetOp() == cMax)
ReplaceWithConst(0);
else if(GetOp() == cMul)
ReplaceWithConst(1);

return;

/l And this: mul(x) = x, min(x) = x, max(x) = x, add(x) = x

if(GetArgCount() == 1)
{

if(GetOp() == cMul || GetOp() == cAdd || GetOp() == cMin || GetOp() == cMax)
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if('getp0().getsign())
ReplaceWith(*getp0()):

OptimizeDoubleNegations();

void OptimizeDoubleNegations()
{

if(GetOp() == cAdd)

{

I/l Eschew double negations

/' 1If any of the elements is cMul
/[ and has a numeric constant, negate

/I the constant and negate sign.

for(pit a=GetBegin(); al=GetEnd(); ++a)
{
SubTree &pa = *a;
if(pa.getsign()
&& pa->GetOp() == cMul)
{
CodeTree &p = *pa;
for(pit b=p.GetBegin();
b!=p.GetEnd(); ++b)

SubTree &pb = *b;
if(pb->1simmed())
{
pb.Negate();
pa.Negate();
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break;

if(GetOp() == cMul)
{
/'If any of the elements is cPow
/l and has a numeric exponent, negate

/I the exponent and negate sign.

for(pit a=GetBegin(); al=GetEnd(); ++a)
{
SubTree &pa = *3;
if(pa.getsign() && pa->GetOp() == cPow)
{
CodeTree &p = *pa;
if(p.getp1()->IsImmed())
{
/I negate ok for pow when op=clmmed
p.getpl().Negate();
pa.Negate();

void OptimizeConstantMath1()
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/I This optimization does three things:

I
I
I
I
I
I
I

- For adding groups:

Constants are added together.
- For multiplying groups:

Constants are multiplied together.
- For function calls:

If all parameters are constants,

the call is replaced with constant value.

/I First, do this:
OptimizeAddMulFlat();

switch(GetOp())

{

case cAdd:

{
ConstList cl = BuildConstList();
FinishConst(cl);
break;

ky

case cMul:

{
ConstList cl = BuildConstL.ist();

if(cl.value == 0.0) ReplaceWithConst(0.0);
else FinishConst(cl);

break;

}
#define ConstantUnaryFun(token, fun) \

case token: { const SubTree &p0 = getp0(); \
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if(p0->1simmed()) ReplaceWithConst(fun(p0->Getimmed())); \
break; }
#define ConstantBinaryFun(token, fun) \
case token: { const SubTree &p0 = getp0(); \
const SubTree &p1 = getpl(); \

if(pO->1simmed() && \

pl->Isimmed()) ReplaceWithConst(fun(p0->Getimmed(), p1-

>Getimmed())); \

break; }

/I FIXME: potential invalid parameters for functions

I can cause exceptions here

ConstantUnaryFun(cAbs, fabs);
ConstantUnaryFun(cAcos, acos);
ConstantUnaryFun(cAsin, asin);
ConstantUnaryFun(cAtan, atan);
ConstantUnaryFun(cCeil, ceil);
ConstantUnaryFun(cCos, cos);
ConstantUnaryFun(cCosh, cosh);
ConstantUnaryFun(cFloor, floor);
ConstantUnaryFun(cLog, log);
ConstantUnaryFun(cSin, sin);
ConstantUnaryFun(cSinh, sinh);
ConstantUnaryFun(cTan, tan);
ConstantUnaryFun(cTanh, tanh);
ConstantBinaryFun(cAtan2, atan2);
ConstantBinaryFun(cMax, Max);
ConstantBinaryFun(cMin, Min);
ConstantBinaryFun(cMod, fmod); // not a func, but belongs here too
ConstantBinaryFun(cPow, pow);
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case cNeg:

case cSub:

case cDiv:
I* Unreached (nonexistent operator)
* TODO: internal error here?
*/

break;

case cCot:

case cCsc:

case cSec:

case cDeg:

case cRad:

case cLog10:

case cSqrt:

case CExp:
I* Unreached (nonexistent function)
* TODO: internal error here?
*/
break;

OptimizeConflict();

void OptimizeAddMulFlat()

{

/I This optimization flattens the topography of the tree.

1
1
I

Examples:
X+ (y+2) = x+y+2

X * (ylz) = x*ylz
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Il xI(ylz) =xly*z

if(GetOp() == cAdd || GetOp() == cMul)
{

/I If children are same type as parent add them here
for(pit b, a=GetBegin(); al=GetEnd(); a=b)

{

const SubTree &pa = *a; b=a; ++b;
if(pa->GetOp() '= GetOp()) continue;

// Child is same type
for(pcit c=pa->GetBegin();
c!=pa->GetEnd();

++C)

const SubTree &pb = *c;
if(pa.getsign())
{

Il +a -(+b +c)

/l means b and ¢ will be negated

SubTree tmp = pb;
if(GetOp() == cMul)
tmp.Invert();
else
tmp.Negate();
AddParam(tmp);
}
else
AddParam(pb);
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Erase(a);

/I Note: OptimizeConstantMath1() would be a good thing to call next.

void OptimizeLinearCombine()

{

Il This optimization does the following:

I
I
I
I
I
I

XFEXEX*X -> XM
X+X+X+X -> X*4
X*X > X"N2

xlzlz ->

/I Remove conflicts first, so we don't have to worry about signs.
OptimizeConflict();

bool didchanges = false;
if(GetOp() == cAdd || GetOp() == cMul)

{

Redo:

for(pit a=GetBegin(); al=GetEnd(); ++a)
{

const SubTree &pa = *a;

list<pit> poslist;

for(pit b=a; ++b!=GetEnd(); )
{
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const SubTree &pb = *b;
if(*pa == *pb)
poslist.push_back(b);

unsigned min = 2;
if(poslist.size() >= min)
{

SubTree arvo = pa;

bool negate = arvo.getsign();

double factor = poslist.size() + 1;

if(negate)
{
arvo.Negate();

factor = -factor;

CodeTree tmp(GetOp()==cAdd ? cMul : cPow,
arvo,

factor);

list<pit>::const_iterator j;
for(j=poslist.begin(); j!=poslist.end(); ++j)
Erase(*));

poslist.clear();

*a = tmp;
didchanges = true;
goto Redo;
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}
if(didchanges)
{
Il As a result, there might be need for this:
OptimizeAddMulFlat();
// And this:
OptimizeRedundant();

void OptimizeLogarithm()
{
5
This is basic logarithm math:

pow(X,Y)/log(Y) = X
log(X)/log(Y) = logY (X)
log(X"Y)  =log(X)*Y
log(X*Y)  =log(X)+log(Y)
exp(log(X)*Y) = XY

This function does these optimizations:
pow(const_E, log(x)) =X
pow(const_E, log(x)*y) = xy
pow(10, log(x)*const_L10I*y) = x"y
pow(z,  log(x)/log(z)*y) =x"y

And this:
log(x"z) =z * log(x)
Which automatically causes these too:

log(pow(const_E, X)) =X
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log(pow(y,  x))  =x*log(y)
log(pow(pow(const_E, y), X)) = x*y

And it does this too:
log(x) + log(y) + log(z) = log(x *y * 2)
log(x * exp(y)) = log(x) +y

*/
// Must be already in exponential form.

/I Optimize exponents before doing something.

OptimizeExponents();

if(GetOp() == cLog)
{

// We should have one parameter for log() function.

/I 1f we don't, we're screwed.
const SubTree &p = getp0();

if(p->GetOp() == cPow)

{
// Found log(x"y)
SubTree p0 = p->getp0(); // x
SubTree pl = p->getpl(); /'y

// Build the new logarithm.
CodeTree tmp(GetOp(), p0); // log(x)

// Become log(x) * vy
ReplaceWith(cMul, tmp, p1);
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else if(p->GetOp() == cMul)
{
I/ Redefine &p nonconst
SubTree &p = getp0();

p->OptimizeAddMulFlat();
p->OptimizeExponents();
CHECKCONSTNEG(p, p->GetOp());

list<SubTree> adds;

for(pit b, a = p->GetBegin();
a 1= p->GetEnd(); a=h)

SubTree &pa = *a; b=a; ++b;
if(pa->GetOp() == cPow
&& pa->getp0()->Isimmed()
&& pa->getp0()->Getimmed() == CONSTANT _E)
{
adds.push_back(pa->getpl());
p->Erase(a);

continue;

}
if(adds.size())

{
CodeTree tmp(cAdd, *this);

list<SubTree>::const_iterator i;
for(i=adds.begin(); i'=adds.end(); ++i)
tmp.AddParam(*i);
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ReplaceWith(tmp);

¥

if(GetOp() == cAdd)

{
/I Check which ones are logs.
list<pit> poslist;

for(pit a=GetBegin(); al=GetEnd(); ++a)

{

const SubTree &pa = *a;
if(pa->GetOp() == cLog)
poslist.push_back(a);

if(poslist.size() >= 2)

{
CodeTree tmp(cMul, 1.0); // eek

list<pit>::const_iterator j;

for(j=poslist.begin(); jl=poslist.end(); ++j)

{
const SubTree &pb = **j;

// Take all of its children

for(pcit b=pb->GetBegin();
bl=pb->GetEnd();
++b)

SubTree tmp2 = *Db;
if(pb.getsign()) tmp2.Negate();
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tmp.AddParam(tmp2);

}
Erase(*));

ks

poslist.clear();

AddParam(CodeTree(cLog, tmp));

}

// Done, hopefully
}
if(GetOp() == cPow)
{

const SubTree &p0 = getp0();
SubTree &p1 = getpl();

if(p0->Isimmed() && p0->Getimmed() == CONSTANT _E
&& pl->GetOp() == cLog)

{
/I pow(const_E, log(x)) = x
ReplaceWith(*(p1->getp0()));

k
else if(p1->GetOp() == cMul)

{

//bool didsomething = true;

pit poslogpos; bool foundposlog = false;

pit neglogpos; bool foundneglog = false;
ConstList cl = p1->BuildConstList();

for(pit a=p1->GetBegin(); a!=p1->GetEnd(); ++a)
{
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const SubTree &pa = *a;
if(pa->GetOp() == cLog)
{
if('pa.getsign())
{
foundposlog = true;
poslogpos =a;
}
else if(*p0 == *(pa->getp0()))
{
foundneglog = true;

neglogpos = g;

if(p0->Isimmed()

&& p0->Getimmed() == 10.0

&& cl.value == CONSTANT_L10I

&& foundposlog)

{
SubTree base = (*poslogpos)->getp0();
pl->KillConst(cl);
pl->Erase(poslogpos);
pl->OptimizeRedundant();
SubTree mul = p1;

ReplaceWith(cPow, base, mul);

/I FIXME: what optimizations should be done now?

return;
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/I Put back the constant
FinishConst(cl);

if(p0->1simmed()
&& p0->Getimmed() == CONSTANT _E
&& foundposlog)
{
SubTree base = (*poslogpos)->getp0();
pl->Erase(poslogpos);

p1->OptimizeRedundant();
SubTree mul = p1;

ReplaceWith(cPow, base, mul);

/I FIXME: what optimizations should be done now?

return;

if(foundposlog

&& foundneglog

&& *((*neglogpos)->getp0()) == *p0)

{
SubTree base = (*poslogpos)->getp0();
pl->Erase(poslogpos);
pl->Erase(neglogpos);

p1->OptimizeRedundant();
SubTree mul = p1;

ReplaceWith(cPow, base, mul);
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/I FIXME: what optimizations should be done now?

return;

void OptimizeFunctionCalls()
{
[* Goals: sin(asin(x)) = x
* cos(acos(x)) = x
* tan(atan(x)) = x
*NOTE:
* Do NOT do these:

asin(sin(x))

*

* acos(cos(x))

*  atan(tan(x))

* Because someone might want to wrap the angle.
*/

/I FIXME: TODO

void OptimizePowMulAdd()
{

I XN3 * X -> x4

I X*3 + X ->x*4

/I FIXME: Do those

I X" ->x
if(GetOp() == cPow)
{
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const SubTree &base = getp0();
const SubTree &exponent = getpl();

if(exponent->Isimmed())
{
if(exponent->Getimmed() == 1.0)
ReplaceWith(*base);
else if(exponent->Getimmed() == 0.0
&& base->NonZero())
ReplaceWithConst(1.0);

void OptimizeExponents()

{
[* Goals:
=)z > xNy)
* XNy *XAZ > xXNy+2)
*/
/I First move to exponential form.
OptimizeLinearCombine();

bool didchanges = false;

Redo:
if(GetOp() == cPow)

{
I (x"y)y"z ->x™y*z)

const SubTree &p0 = getp0();
const SubTree &pl = getpl();
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if(p0->GetOp() == cPow)

{
CodeTree tmp(cMul, p0->getpl1(), pl);

tmp.Optimize();
ReplaceWith(cPow, p0->getp0(), tmp):

didchanges = true;

goto Redo;
}
}
if(GetOp() == cMul)
{

I XNy * X"z -> x™Ny+z)

for(pit a=GetBegin(); al=GetEnd(); ++a)
{

const SubTree &pa = *a;

if(pa->GetOp() !'= cPow) continue;

list<pit> poslist;

for(pit b=a; ++b !'= GetEnd(); )
{
const SubTree &pb = *b;
if(pb->GetOp() == cPow
&& *(pa->getp0())
== *(pb->getp0()))
{
poslist.push_back(b);
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if(poslist.size() >= 1)

{
poslist.push_back(a);

CodeTree base = *(pa->getp0());

CodeTree exponent(cAdd, 0.0); //eek

Il Collect all exponents to cAdd
list<pit>::const_iterator i;
for(i=poslist.begin(); i'=poslist.end(); ++i)

{
const SubTree &pb = **i;

SubTree tmp2 = pb->getpl();
if(pb.getsign()) tmp2.Invert();

exponent. AddParam(tmp2);

exponent.Optimize();

CodeTree result(cPow, base, exponent);

for(i=poslist.begin(); i'=poslist.end(); ++i)
Erase(*i);

poslist.clear();

AddParam(result); // We're cMul, remember

didchanges = true;
goto Redo;
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OptimizePowMulAdd();

if(didchanges)

{
Il As a result, there might be need for this:
OptimizeConflict();

void OptimizeLinearExplode()
{

[ X"2 -> X*X

/I But only if x is just a simple thing

/I Won't work on anything else.
if(GetOp() '= cPow) return;

// TODO TODO TODO

void OptimizePascal()

{
#if 0 // Too big, too specific, etc

/I Won't work on anything else.
if(GetOp() '= cAdd) return;

/I Must be done after OptimizeLinearCombine();
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/I Don't need pascal triangle

Il Coefficient for x*a * y*b * z*c = 3!/ (a! * b! * c!)

/I We are greedy and want other than just binomials
/I FIXME

/I note: partial ones are also nice
Il X*X + Xx*y + y*y

I = (xty)"2 - x*y

1

II XX*Xy*+yy*+

I[-> xy+dup*xy*-

#endif

public:

void Optimize();

void Assemble(vector<unsigned> &byteCode,

vector<double> &immed) const;

void FinalOptimize()

/I First optimize each parameter.
for(pit a=GetBegin(); a!=GetEnd(); ++a)
(*a)->FinalOptimize();

[* These things are to be done:

*

*x * CONSTANT_DR -> cDeg(x)
*x * CONSTANT_RD -> cRad(x)
* pow(x, 0.5) -> sqrt(x)
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* log(x) * CONSTANT_L10I -> log10(x)
* pow(CONSTANT _E, x) ->exp(x)

*inv(sin(x)) -> ¢sc(x)
* inv(cos(x)) -> sec(x)
* inv(tan(x)) -> cot(x)
*/

if(GetOp() == cPow)
{
const SubTree &p0 = getpO();
const SubTree &pl = getpl();
if(p0->GetOp() == clmmed
&& p0->Getimmed() == CONSTANT _E)
{
ReplaceWith(cExp, pl);
}
else if(pl->GetOp() == clmmed
&& pl->Getlmmed() == 0.5)

{
ReplaceWith(cSqrt, p0);
}
}
if(GetOp() == cMul)
{
if(GetArgCount() == 1 && getp0().getsign())
{
1***[if(getp0()->GetOp() == cSin)ReplaceWith(cCsc, getp0()->getp0());
else if(getp0()->GetOp() == cCos)ReplaceWith(cSec, getp0()->getp0());
else if(getp0()->GetOp() == cTan)ReplaceWith(cCot, getp0()->getp0());
}
}
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Il Separate "if", because op may have just changed
if(GetOp() == cMul)

{
CodeTree *found_log = 0;

ConstList cl = BuildConstL.ist();

for(pit a=GetBegin(); al=GetEnd(); ++a)
{
SubTree &pa = *3;
if(pa->GetOp() == cLog && !pa.getsign())
found_log = &*pa;
}
if(cl.value == CONSTANT _L10l && found_log)
{
/I Change the log() to log10()
found_log->SetOp(cLog10);
/I And forget the constant
KillConst(cl);

}
else if(cl.value == CONSTANT_DR)

{
OptimizeRedundant();
ReplaceWith(cDeg, *this);
}
else if(cl.value == CONSTANT _RD)
{
OptimizeRedundant();
ReplaceWith(cRad, *this);
}

else FinishConst(cl);
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SortlfPossible();

}
j

void CodeTreeDataPtr::Shock()
{
/*
PrepareForWrite();
paramlist &p2 = (*this)->args;
for(paramlist::iterator i=p2.begin(); i'=p2.end(); ++i)
{
(*i)->data.Shock();

*/

CodeTree::ConstList CodeTree::BuildConstList()
{

ConstList result;

result.value =

result.voidvalue = GetOp()==cMul ? 1.0 : 0.0;

list<pit> &cp = result.cp;
for(pit b, a=GetBegin(); al=GetEnd(); a=b)
{
SubTree &pa = *a; b=a; ++b;
if('pa->Isimmed()) continue;

double thisvalue = pa->Getimmed();

if(thisvalue == result.voidvalue)
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/I This value is no good, forget it
Erase(a);
continue;
}
if(GetOp() == cMul)
result.value *= thisvalue;
else
result.value += thisvalue;
cp.push_back(a);
}
if(GetOp() == cMul)
{
/*
Jos joku niistd arvoista on -1 eikd se ole ainoa arvo,
niin joku muu niistd arvoista negatoidaan.
*/
for(bool done=false; cp.size() > 1 && !done; )
{
done = true;
for(list<pit>::iterator b,a=cp.begin(); al=cp.end(); a=b)
{
b=a; ++b;
if((**a)->Getimmed() == -1.0)
{
Erase(*a);

cp.erase(a);

/I take randomly something
(**cp.begin())->data->Negatelmmed();
if(cp.size() < 2)break;
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done = false;

}

return result;

void CodeTree::Assemble
(vector<unsigned> &byteCode,
vector<double> &immed) const
{
#define AddCmd(op) byteCode.push_back((op))
#define AddConst(v) do { \
byteCode.push_back(cimmed); \
immed.push_back((v)); \
} while(0)

if(IsVar())

{
AddCmd(GetVar());

return;

}
if(Isimmed())

{
AddConst(Getimmed());

return;

switch(GetOp())
{
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case cAdd:

case cMul:

{
unsigned opcount = 0;
for(pcit a=GetBegin(); al=GetEnd(); ++a)
{

const SubTree &pa = *a;

if(opcount < 2) ++opcount;

bool pnega = pa.getsign();

bool done = false;
if(pa->Isimmed())
{
if(GetOp() == cMul
&& pa->data->Isinverted()
&& (pnega || opcount==2)
)

{
CodeTree tmp = *pa;

tmp.data->Invertimmed();
tmp.Assemble(byteCode, immed);
pnega = !pnega;
done = true;

}

else if(GetOp() == cAdd

&& (pa->data->IsNegatedOriginal()

Il || pa->Getlmmed() < 0

)
&& (pnega || opcount==2)
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CodeTree tmp = *pa;
tmp.data->Negatelmmed();
tmp.Assemble(byteCode, immed);
pnega = !pnega;

done = true;

}
if('done)
pa->Assemble(byteCode, immed);

if(opcount == 2)
{
unsigned tmpop = GetOp();
if(pnega) // negate
{
tmpop = (tmpop == cMul) ? cDiv : cSub;
}
AddCmd(tmpop);
}
else if(pnega)
{
if(GetOp() == cMul) AddCmd(cInv);
else AddCmd(cNeg);

¥

break;

¥

case clf:

{
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}

/I If the parameter amount is '= 3, we're screwed.
getp0()->Assemble(byteCode, immed);

unsigned ofs = byteCode.size();
AddCmd(clf);

AddCmd(0); // code index
AddCmd(0); // immed index

getpl()->Assemble(byteCode, immed);

byteCode[ofs+1] = byteCode.size()+2;
byteCode[ofs+2] = immed.size();

ofs = byteCode.size();
AddCmd(cJump);
AddCmd(0); // code index
AddCmd(0); // immed index

getp2()->Assemble(byteCode, immed);

byteCode[ofs+1] = byteCode.size()-1;
byteCode[ofs+2] = immed.size();

break;

case cFCall:

{

/'If the parameter count is invalid, we're screwed.
for(pcit a=GetBegin(); al=GetEnd(); ++a)
{
const SubTree &pa = *a;
pa->Assemble(byteCode, immed);
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AddCmd(GetOp());
AddCmd(data->GetFuncNo());
break;

ks

case cPCall:

{

/I'If the parameter count is invalid, we're screwed.

for(pcit a=GetBegin(); a!=GetEnd(); ++a)
{
const SubTree &pa = *a;
pa->Assemble(byteCode, immed);
}
AddCmd(GetOp());
AddCmd(data->GetFuncNo());
break;

}
default:

{

/'If the parameter count is invalid, we're screwed.

for(pcit a=GetBegin(); al=GetEnd(); ++a)
{

const SubTree &pa = *a;

pa->Assemble(byteCode, immed);

}
AddCmd(GetOp());

break;

void CodeTree::Optimize()
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I/ Phase:
/I Phase 0: Do local optimizations.
/I Phase 1: Optimize each.

/I Phase 2: Do local optimizations again.

for(unsigned phase=0; phase<=2; ++phase)

{
if(phase == 1)
{
I/ Optimize each parameter.
for(pit a=GetBegin(); al=GetEnd(); ++a)
{
(*a)->Optimize();
CHECKCONSTNEG(*a, GetOp());
}
continue;
}
if(phase == 0 || phase == 2)
{

// Do local optimizations.

OptimizeConstantMath1();
OptimizeLogarithm();
OptimizeFunctionCalls();
OptimizeExponents();
OptimizeLinearExplode();
OptimizePascal();

/* Optimization paths:

doublenegations=
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redundant=* doublenegations

conflict= * redundant

addmulflat=

constantmath1= addmulflat * conflict
linearcombine= conflict * addmulflatH redundantH
powmuladd=

exponents= linearcombine * powmuladd conflictH
logarithm= exponents *

functioncalls= IDLE

linearexplode= IDLE

pascal= IDLE

* = actions here
'H = only if made changes
*/

bool CodeTree::operator== (const CodeTree& b) const
{
if(GetOp() '=b.GetOp()) return false;
if(Isimmed()) if(Getimmed() '=b.Getimmed()) return false;
if(IsVar()) if(GetVar() !=b.GetVar()) return false;
if(data->IsFunc())
if(data->GetFuncNo() != b.data->GetFuncNo()) return false;

return data->args == b.data->args;

bool CodeTree::operator< (const CodeTree& b) const

{
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if(GetArgCount() '= b.GetArgCount())
return GetArgCount() > b.GetArgCount();

if(GetOp() '=b.GetOp())
{

/I sort immeds last

if(Isimmed() !'= b.Isimmed()) return Isimmed() < b.Isimmed();

return GetOp() < b.GetOp();

}
if(Isimmed())
{
if(Getimmed() != b.Getimmed()) return Getimmed() < b.Getimmed();
}
if(IsVar() && GetVar() != b.GetVar())
{
return GetVar() < b.GetVar();
}
if(data->IsFunc() && data->GetFuncNo() !'= b.data->GetFuncNo())
{
return data->GetFuncNo() < b.data->GetFuncNo();
}

pcit i = GetBegin(), j = b.GetBegin();
for(; i '= GetEnd(); ++i, ++])

{
const SubTree &pa = *i, &pb = *j;

if(!(pa == pb))
return pa < pb;
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return false;

bool IsNegate(const SubTree &pl, const SubTree &p2) /*const */

{
if(p1->Isimmed() && p2->Isimmed())

{
return pl->Getlmmed() == -p2->Getimmed();

}
if(pl.getsign() == p2.getsign()) return false;
return *pl == *p2;

}

bool Isinverse(const SubTree &p1l, const SubTree &p2) /*const™/

{
if(p1->Isimmed() && p2->Isimmed())

{
Il FIXME: potential divide by zero.
return p1->Getlmmed() == 1.0 / p2->Getimmed();
}
if(pl.getsign() == p2.getsign()) return false;
return *pl == *p2;

SubTree::SubTree() : tree(new CodeTree), sign(false)

{
k

SubTree::SubTree(const SubTree &b) : tree(new CodeTree(*b.tree)), sign(b.sign)

{
k

#define SubTreeDecl(pl, p2) \
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SubTree::SubTree pl : tree(new CodeTree p2), sign(false) { }

SubTreeDecl( (const CodeTree &b), (b))
SubTreeDecl( (double value), (value))

#undef SubTreeDecl

SubTree::~SubTree()
{

delete tree; tree=0;

const SubTree &SubTree::operator= (const SubTree &b)
{

sign = b.sign;

CodeTree *oldtree = tree;

tree = new CodeTree(*b.tree);

delete oldtree;

return *this;

}
const SubTree &SubTree::operator= (const CodeTree &b)

{
sign = false;
CodeTree *oldtree = tree;
tree = new CodeTree(b);
delete oldtree;

return *this;

bool SubTree::operator< (const SubTree& b) const

{
if(getsign() 1= b.getsign()) return getsign() < b.getsign();
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return *tree < *b.tree;

¥

bool SubTree::operator== (const SubTree& b) const

{

return sign == b.sign && *tree == *D.tree;

¥

void SubTree::Negate() // Note: Parent must be cAdd

{
flipsign();
CheckConstNeg();

}
void SubTree::CheckConstNeg()

{
if(tree->IsImmed() && getsign())

{
tree->Negatelmmed();

sign = false;

}
void SubTree::Invert() // Note: Parent must be cMul
{

flipsign();

CheckConstinv();

}
void SubTree::CheckConstinv()

{
if(tree->IsImmed() && getsign())
{
tree->Invertimmed();

sign = false;
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}/namespace

void FunctionParser::MakeTree(void *r) const
{
// Dirty hack. Should be fixed.

CodeTree* result = static_cast<CodeTree*>(r);

vector<CodeTree> stack(1);

#define GROW(n) do {\

stacktop +=n; \

if(stack.size() <= stacktop) stack.resize(stacktop+1); \
} while(0)

#define EAT(n, opcode) do {\
unsigned newstacktop = stacktop-n; \
if((n) == 0) GROW(1); \
stack[stacktop].SetOp((opcode)); \
for(unsigned a=0, b=(n); a<b; ++a) \

stack[stacktop].AddParam(stack[newstacktop+a]); \
stack.erase(stack.begin() + newstacktop, \
stack.begin() + stacktop); \

stacktop = newstacktop; GROW(1); \

} while(0)

#define ADDCONST(n) do {\
stack[stacktop].Setimmed((n)); \
GROW(1); \

} while(0)

214



unsigned stacktop=0;

list<unsigned> labels;

const unsigned* const ByteCode = data->ByteCode;
const unsigned ByteCodeSize = data->ByteCodeSize;

const double* const Immed = data->Immed;

for(unsigned IP=0, DP=0; ; ++IP)
{

while(labels.size() > 0
&& *labels.begin() == IP)
{

// The "else" of an "if" ends here
EAT(3, clf);

labels.erase(labels.begin());

if(IP >= ByteCodeSize)
{

break;

unsigned opcode = ByteCode[IP];

if(opcode == clf)
{
IP+=2;
}
else if(opcode == cJump)

{
labels.push_front(ByteCode[IP+1]+1);
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IP+=2;
}
else if(opcode == clmmed)
{
ADDCONST(Immed[DP++]);
}
else if(opcode < VarBegin)
{
switch(opcode)
{
I/l Unary operators
case cNeg:
{
EAT(1, cAdd); // Unary minus is negative adding.
stack[stacktop-1].getpO().Negate();
break;
}
// Binary operators
case cSub:
{
EAT(2, cAdd); // Minus is negative adding
stack[stacktop-1].getp1().Negate();
break;

ky

case cDiv:

{
EAT(2, cMul); // Divide is inverse multiply

stack[stacktop-1].getp1().Invert();

break;
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/l ADD ALL TWO PARAMETER NON-FUNCTIONS HERE

case cAdd: case cMul:
case cMod: case cPow:
case cEqual: case cLess: case cGreater:
case cNEqual: case cLessOrEq: case cGreaterOrEq:
case cAnd: case cOr:
EAT(2, opcode);
break;

// ADD ALL UNARY NON-FUNCTIONS HERE
case cNot:

EAT(1, opcode);

break;

case cFCall:

{
unsigned index = ByteCode[++IP];
unsigned params = data->FuncPtrs[index].params;
EAT (params, opcode);
stack[stacktop-1].data->SetFuncNo(index);
break;

ky

case cPCall:

{
unsigned index = ByteCode[++IP];
unsigned params =

data->FuncParsers[index]->data->varAmount;

EAT (params, opcode);
stack[stacktop-1].data->SetFuncNo(index);
break;
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/I Converted to cMul on fly

case cDeg:
ADDCONST(CONSTANT _DR);
EAT(2, cMul);
break;

/I Converted to cMul on fly

case cRad:
ADDCONST(CONSTANT_RD);
EAT(2, cMul);
break;

/I Functions
default:
{
/lassert(opcode >= cAbs);
unsigned funcno = opcode-cAbs;
assert(funcno < sizeof(Functions)/sizeof(Functions[0]));

const FuncDefinition& func = Functions[funcno];
/lconst FuncDefinition& func = Functions[opcode-cAbs];

unsigned paramcount = func.params;
#ifndef DISABLE_EVAL
if(opcode == cEval) paramcount = data->varAmount;
#endif
if(opcode == cSqrt)
{
Il Converted on fly: sgrt(x) = x*0.5
opcode = cPow;
paramcount = 2;

ADDCONST(0.5);
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}
if(opcode == cExp)

{
/I Converted on fly: exp(x) = CONSTANT_E”x

opcode = cPow;
paramcount = 2;
/I reverse the parameters... kludgey
stack[stacktop] = stack[stacktop-1];
stack[stacktop-1].Setimmed(CONSTANT _E);
GROW(1);
}
bool do_inv = false;
if(opcode == cCot) { do_inv = true; opcode = cTan; }
if(opcode == cCsc) { do_inv = true; opcode = cSin; }

if(opcode == cSec) { do_inv = true; opcode = cCos; }

bool do_log10 = false;
if(opcode == cLog10)
{
/I Converted on fly: 1og10(x) = log(x) * CONSTANT _L10I
opcode = cLog;
do_log10 = true;
}
EAT (paramcount, opcode);
if(do_log10)
{
ADDCONST(CONSTANT _L10D);
EAT(2, cMul);
}
if(do_inv)
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// ' Unary cMul, inverted. No need for "1.0"
EAT(1, cMul);
stack[stacktop-1].getpO().Invert();

}
break;

}

else

{
stack[stacktop].SetVar(opcode);

GROW(L);

if(!stacktop)

{
/l ERROR: Stack does not have any values!

return;

--stacktop; // Ignore the last element, it is always nop (cAdd).

if(stacktop > 0)

{
/I ERROR: Stack has too many values!

return;

/I Okay, the tree is now stack[0]
*result = stack[0];
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void FunctionParser::Optimize()

{
copyOnWrite();

CodeTree tree;
MakeTree(&tree);

/I Do all sorts of optimizations
tree.Optimize();
/I Last changes before assembly

tree.FinalOptimize();
/I Now rebuild from the tree.

vector<unsigned> byteCode;

vector<double> immed;

#if 0
byteCode.resize(Comp.ByteCodeSize);
for(unsigned a=0; a<Comp.ByteCodeSize; ++a)byteCode[a] = Comp.ByteCode[a];

immed.resize(Comp.ImmedSize);

for(unsigned a=0; a<Comp.ImmedSize; ++a)immed[a] = Comp.Immed[a];
#else

byteCode.clear(); immed.clear();

tree.Assemble(byteCode, immed);
#endif

delete[] data->ByteCode; data->ByteCode = 0;
if((data->ByteCodeSize = byteCode.size()) > 0)
{
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data->ByteCode = new unsigned[data->ByteCodeSize];
for(unsigned a=0; a<byteCode.size(); ++a)
data->ByteCode[a] = byteCode[a];

delete[] data->Immed; data->Immed = 0;

if((data->ImmedSize = immed.size()) > 0)

{

data->Immed = new double[data->ImmedSize];
for(unsigned a=0; a<immed.size(); ++a)

data->Immed[a] = immed][a];

#endif // #ifdef SUPPORT_OPTIMIZER

mainwindow.cpp

#include "mainwindow.h"

#include <setdialogvariables.h>
#include <outputmethoddialog.h>
#include <QMessageBox>
#include <QFont>

#include <iomanip>

int numberGenerations;
int numberChromosomes;

double selectionRate;
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double mutationRate;

int wrapping;

int genomeSize;

char *myTrainFile;

char *myTestFile;

char output_method[100];
int random_seed,;

int foldcount = 0;

int pattern_dimension;

vector<int> genome;

MainWindow::MainWindow (QWidget *parent):QMainWindow(parent)
{
setWindowTitle("~Graduate Project~");
mainWidget = new QWidget;
mainWidget->setStyleSheet(*"background-color:black;");
setCentralWidget(mainWidget);
mainLayout = new QVBoxLayout;
mainWidget->setLayout(mainLayout);
createButtons();
panel = new QStackedLayout;
mainLayout->addLayout(panel);
displaylInstructions();

displayResult();

void MainWindow::createButtons()

{
buttonLayout = new QHBoxLayout;

mainLayout->addLayout(buttonLayout);
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run = new QPushButton;

run->setText("Run");

run->setStyleSheet(""background-color:rgh(100,100,100); color:white; outline: none;");
buttonLayout->insertWidget(1, run, 0, Qt::AlignLeft);

buttonLayout->insertWidget(1, run, 0, Qt::AlignTop);
connect(run,SIGNAL(clicked(bool)),this,SLOT (runButtonSlot()));

sets = new QPushBultton;

sets->setText(""Set Variables");

sets->setStyleSheet("background-color:rgh(100,100,100); color: white; outline:
none;");

buttonLayout->insertWidget(2,sets,0,Qt::AlignLeft);

buttonLayout->insertWidget(2,sets,0,Qt::AlignTop);

connect(sets,SIGNAL(clicked(bool)),this,SLOT (variablesFormSlot()));

importTrain = new QPushButton;

importTrain->setText("Import Train File");

importTrain->setStyleSheet("background-color:rgb(100,100,100); color: white;
outline: none;");

buttonLayout->insertWidget(3, importTrain, 0, Qt::AlignLeft);

buttonLayout->insertWidget(3, importTrain, 0, Qt::AlignTop);

connect(importTrain,SIGNAL(clicked(bool)),this,SLOT(importTrainSlot()));

importTest = new QPushButton;

importTest->setText("Import Test File");

importTest->setStyleSheet("background-color:rgh(100,100,100); color: white; outline:
none;");

buttonLayout->insertWidget(4, importTest, 0, Qt::AlignLeft);

buttonLayout->insertWidget(4, importTest, 0, Qt::AlignTop);

connect(importTest,SIGNAL(clicked(bool)),this,SLOT (importTestSlot()));

clear = new QPushButton;
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clear->setText("Clear");

clear->setStyleSheet(""background-color:rgh(100,100,100); color: white; outline:
none;");

buttonLayout->insertWidget(5, clear, 0, Qt::AlignLeft);

buttonLayout->insertWidget(5, clear, 0, Qt::AlignTop);

connect(clear,SIGNAL(clicked(bool)),this,SLOT(clearButtonSlot()));

exit = new QPushButton;

exit->setText("Exit");
exit->setStyleSheet("background-color:rgh(100,100,100); color: white;");
buttonLayout->insertWidget(7, exit, 0, Qt::AlignLeft);
buttonLayout->insertWidget(7, exit, 0, Qt::AlignTop);
connect(exit,SIGNAL(clicked(bool)),this,SLOT(close()));

void MainWindow::variablesFormSlot()
{
setDialogVariables *d = new setDialogVariables(this);
int result = d->exec();
if (result == QDialog::Accepted)
{
numberGenerations = d->getNumberGenerations();
numberChromosomes = d->getNumberChromosomes();
selectionRate = d->getSelectionRate();
mutationRate = d->getMutationRate();
wrapping = d->getWrappingEvent();
genomeSize = d->getGenomeSize();

if (numberGenerations == NULL || numberChromosomes == NULL || genomeSize
== NULL ||
selectionRate == NULL || mutationRate == NULL || wrapping == NULL)
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QMessageBox::warning(this,"Error","Please fill in all fields");

variablesFormSlot();

flagVariables = 1;

void MainWindow::runButtonSlot()

{
if(flagVariables == 0 && flagTrainFile == 0 && flagTestFile == 0)
{

QMessageBox::warning(this,"Warning","Application can't run, not inputs");

}
else if (flagVariables == 0)

{
QMessageBox::warning(this,"Warning","Please insert values");
}
else if(flagTrainFile == 0)
{

QMessageBox::warning(this,"Warning","Please insert train file");

}
else if(flagTestFile == 0)

{

QMessageBox::warning(this,"Warning","Please insert test file™);

}
else if(flagVariables == 1 && flagTrainFile == 1 && flagTestFile == 1)

{

clearResults();
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outputMethodSlot();

panel->setCurrentindex(1);

initProgram();

genome.resize(pattern_dimension * genomeSize);

if(foldcount)
foldValidation();

else
runOneFold();

doneProgram();

flagClear++;

void MainWindow::clearButtonSlot()

{

panel->setCurrentindex(0);
if (flagClear == 1) clearResults();

void MainWindow::clearResults()

{

messageArea->clear();

void MainWindow::importTrainSlot()
{
QString filename = QFileDialog::getOpenFileName(this,
"Open Train File", ".", "Txt file(*.txt *csv)");

if (filename.size() '=0)
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QFile file(filename);
if ('file.open(QIODevice::ReadOnly | QIODevice:: Text))

return;
myTrainFile=(char *)malloc(1024);

QByteArray ba=filename.toLatin1();
strcpy(myTrainFile,ba);

}
flagTrainFile = 1;
}
void MainWindow::importTestSlot()
{
QsString filename = QFileDialog::getOpenFileName(this,

"Open Test File", ".", "Txt file(*.txt *csv)" );
if (filename.size() 1= 0)
{
QFile file(filename);
if ('file.open(QIODevice::ReadOnly | QIODevice:: Text))

return;
myTestFile=(char *)malloc(1024);

QByteArray ba=filename.toLatin1();
strcpy(myTestFile,ba);

}
flagTestFile = 1;

void MainWindow::displayInstructions()
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QWidget *widgetln = new QWidget;
panel->addWidget(widgetin);

QHBoxLayout *instructionsLayout = new QHBoxLayout;

widgetIn->setLayout(instructionsLayout);

instructions = new QLabel;
instructions-
>setText(""<htmI><body><center><u>~Instructions~</u></center></body></htm|>"
"<htmlI><body><center> </center></body></htmI>"
"<html><body><center>1. Set your
Variables</center></body></htm|>"
"<html><body><center>2. Train algorithm </center></body></htm|>"
"<html><body><center>3. Import data for
classification</center></body></htmI>"
"<html><body><center>4. Have fun</center></body></html>");
QFont font = instructions->font();
font.setPointSize(32);
font.setBold(true);
instructions->setFont(font);

instructionsLayout->addWidget(instructions);

void MainWindow::displayResult()

{
widgetRe = new QWidget;
panel->addWidget(widgetRe);

resultLayout = new QVBoxLayout;

widgetRe->setLayout(resultLayout);
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messageArea = new QTextEdit();

messageArea->setReadOnly(true);

void MainWindow::outputMethodSlot()
{
outputMethodDialog *d = new outputMethodDialog(this);
int result = d->exec();
if (result == QDialog::Accepted)
{
choice = d->getChoice();
if (choice==0)
strcpy(output_method,SIMPLE_METHOD);
else if (choice==1)
strcpy(output_method,CSV_METHOD);
else
strcpy(output_method,FULL_METHOD);

int MainWindow::myabs(int x)

{

return x<0?-x:x;

void MainWindow::printConfusionMatrix()
{

QString s1,s2;

inti,j;

vector<double> T;

vector<double> O;
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p->getOutputs(T,0);

int N=T.size();

int nclass=p->getClass();

int **CM,;

s1 ="** CONFUSION MATRIX ** Number of classes:
"+QString::number(nclass)+"\n";

CM=new int*[nclass];

for(i=0;i<nclass;i++) CM[i]=new int[nclass];

for(i=0;i<nclass;i++)

for(j=0;j<nclass;j++) CMi][j] = 0;

for(i=0;i<N;i++) CM[(int) T[i]][(int)O[i]]++;
for(i=0;i<nclass;i++)
{
for(j=0;j<nclass;j++)
{
s2+=QString::number(CM[i][j)+" "+" ";
if (j==nclass-1) s2+="\n";
}
printf(*\n™);
delete[] CMi];

}
delete[] CM;

messageArea->setText(messageArea->document()->toPlainText()+"\n"+s1+s2+"\n");
resultLayout->addWidget(messageArea);

void MainWindow::initProgram()

{

/lparse_cmd_line(argc,argv);
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srand(random_seed);

p=new ClassProgram(myTrainFile);

pattern_dimension = p->getClass()-1;

pop=new Population(numberChromosomes,genomeSize * pattern_dimension,p);
pop->setSelectionRate(selectionRate);

pop->setMutationRate(mutationRate);

void MainWindow::doneProgram()
{

delete p;

delete pop;

void MainWindow::runGenetic()
{
QString s1,s2,s3,54;
inti;
for(i=1;i<numberGenerations;i++)
{
pop->nextGeneration();
genome=pop->getBestGenome();
s=p->printF(genome);
if(!strcmp(output_method,FULL_METHOD))
ok_to_print=1;
pop->evaluateBestFitness();
double bestf=pop->getBestFitness();
ok to_print=0;
if(fabs(bestf)<le-7) break;

if(strcmp(output_method,CSV_METHOD)==0)
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if(strlen(myTestFile)==0)
{
s1 = QString::number(i);
s2 = QString::number(-pop->getBestFitness(),'f',2);
messageArea->setText(messageArea->document()-
>toPlainText()+"\n"+s1+s2);

resultLayout->addWidget(messageArea);

}

else
{
s1 = QString::number(i);
s2 = QString::number(-pop->getBestFitness(), 'f',2);
s3 = QString::number(-p->getClassError(genome,myTestFile),'f',2);
messageArea->setText(messageArea->document()-
>toPlainText()+"\n"+s1+"."+" "+" "+s2+" "+" "+" "+53+"\n");

resultLayout->addWidget(messageArea);

}
}
if(!strcmp(output_method,FULL_METHOD))
{

if(strlen(myTestFile)==0)

{

s1 = QString::number(i)+" ";
s2 = QString::number(-pop->getBestFitness(),'f',2);
s3 =s.c_str();
messageArea->setText(messageArea->document()-
>toPlainText()+"\n"+"GENERATION = "+s1+
"FITNESS = "+s2+"%"+" "+"\n"+"PROGRAMS = "+s3);
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resultLayout->addWidget(messageArea);

else
{
s1 = QString::number(i)+" ";
s2 = QString::number(-pop->getBestFitness(),'f',2);
s3 = QString::number(-p->getClassError(genome,myTestFile),'f',2);
s4 =s.c_str();
messageArea->setText(messageArea->document()-
>toPlainText()+"\n"+"GENERATION = "+s1+
"FITNESS = "+s2+"%"+" "+"TEST_ERROR =
"+s3+"%"+"\n"+"PROGRAMS = "+s4);
resultLayout->addWidget(messageArea);

void MainWindow::foldValidation()
{
QString s1,s2,s3,s4,s5,56,57,58,59,510,511;
intij;
srand(random_seed);
vector<Data> trainx,testx;
vector<Data> totalx;
Data totaly;
Data trainy,testy;
vector<int> Index;

p->getTrainData(totalx,totaly);
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Index.resize(totalx.size());
for(i=0;i<Index.size();i++) Index[i]=i;
for(i=0;i<Index.size();i++)
{
int randpos=myabs(rand() % Index.size());
int t=Index[i];
Index[i]=Index[randpos];
Index[randpos]=t;
}
int testsize=Index.size() / foldcount;
int trainsize=Index.size() - testsize;
trainx.resize(trainsize);
trainy.resize(trainsize);
testx.resize(testsize);

testy.resize(testsize);

for(i=0;i<trainsize;i++) trainx[i].resize(totalx[0].size());

for(i=0;i<testsize;i++) testx[i].resize(totalx[0].size());

double avg_train_error=0.0;
double avg_test_error=0.0;
int nclass=p->getClass();
vector<double>T;
vector<double> O;
int **CM;
CM=new int*[nclass];
for(i=0;i<nclass;i++) CM[i]=new int[nclass];
for(i=0;i<nclass;i++)
for(j=0;j<nclass;j++) CM[i][j] = 0;
for(i=0;i<foldcount;i++)
{
pop->reset();
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s1 ="FOLD COUNT: \n";
s2 = QString::number(i);

messageArea->setText(messageArea->document()->toPlainText()+"\n"+s1+s2);

resultLayout->addWidget(messageArea);

int icount=0;
for(j=i*testsize;j<(i+1)*testsize;j++)
{
testx[icount]=totalx[j];
testy[icount]=totaly[j];
icount++;
}
icount=0;
for(j=0;j<totalx.size();j++)
{
if(icount>=trainsize) break;
if(j>=i*testsize && j<(i+1)*testsize) continue;
trainx[icount]=totalx[j];
trainy[icount]=totaly[j];
icount++;
}
p->setTrainData(trainx,trainy);
runGenetic();
p->fitness(genome);
s=p->printF(genome);
avg_train_error+=fabs(pop->getBestFitness());
avg_test_error+=fabs(p->getClassError(genome,testx,testy));
p->getOutputs(T,0);
for(j=0;j<T.size();j++) CM[(int) T[j]][(int)O[j]]+=1;
s3 = "EXPRESSION =";

s4 =s.c_str();
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messageArea->setText(messageArea->document()->toPlainText()+"\n"+s3+s4);

resultLayout->addWidget(messageArea);

s5 = "AVERAGE OUTPUT\n";

s6 = "AVERAGE TRAIN ERROR=\n";

s7 = QString::number(avg_train_error/foldcount);

s8 = "AVERAGE TEST ERROR=\n";

s9 = QString::number(avg_test_error/foldcount);

510 = "** CONFUSION MATRIX ** Number of classes: \n";
s11 = QString::number(nclass);

for(i=0;i<nclass;i++)
{
for(j=0;j<nclass;j++)
{
s2+=QString::number(CM[i][jD+" "+" ";
if (j==nclass-1) s2+="\n";

delete[] CMi];

}
delete[] CM;

void MainWindow::runOneFold()
{
QString s1,s2,s3,54,55,56,57;
runGenetic();
p->fitness(genome);
s=p->printF(genome);

sl ="FINAL OUTPUT";
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s2 =" EXPRESSION=\n";
s3 =s.c_str();
s4 ="TRAIN ERROR ="}
s5= QString::number(fabs(pop->getBestFitness()), 'f', 2);
if(strlen(myTestFile)!=0)
{
s6 ="CLASS ERROR =";
s7 = QString::number(-p->getClassError(genome,myTestFile), 'f',2);

printConfusionMatrix();

messageArea->setText(messageArea->document()-
>toPlainText()+"\n"+s1+s2+53+54+s5+"%"+"\n"+s6+s7+"%");

resultLayout->addWidget(messageArea);

outputmethoddialog.cpp

#include <outputmethoddialog.h>

outputMethodDialog::outputMethodDialog(QWidget *parent)
:QDialog(parent)

setFixedSize(250,150);
setWindowTitle("Choose Output Method");

mainWidget = new QWidget(this);
mainWidget->setFixedSize(this->width(),this->height());
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mainLayout = new QVBoxLayout;

mainWidget->setLayout(mainLayout);

group = new QButtonGroup;

simpleButton = new QRadioButton;
simpleButton->setText("Simple Method");
group->addButton(simpleButton);
mainLayout->addWidget(simpleButton);

csvButton = new QRadioButton;
csvButton->setText("Csv Method");
group->addButton(csvButton);
mainLayout->addWidget(csvButton);

fullButton = new QRadioButton;
fullButton->setText("Full Method");
group->addButton(fullButton);
mainLayout->addWidget(fullButton);

next = new QPushButton;
next->setText("Next");

mainLayout->addWidget(next);

connect(csvButton,SIGNAL (toggled(bool)),this,SLOT(csvSlot(bool)));
connect(fullButton,SIGNAL (toggled(bool)),this,SLOT(fullSlot(bool)));
connect(simpleButton,SIGNAL (toggled(bool)),this,SLOT(simpleSlot(bool)));
connect(next,SIGNAL(clicked(bool)),this,SLOT (accept()));

void outputMethodDialog::simpleSlot(bool selected){if (selected) choice =0;}

void outputMethodDialog::csvSlot(bool selected){ if(selected) choice = 1; }
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void outputMethodDialog::fullSlot(bool selected){ if (selected) choice = 2; }

int outputMethodDialog::getChoice(){ return choice; }

population.cpp

# include <population.h>
# include <stdlib.h>
# include <string.h>
# include <math.h>

# include <iostream>

# define MAX_RULE 65536

extern double selectionRate;

extern double mutationRate;

/* Population constructor */
/* Input: genome count , genome size, pointer to Program instance */
Population::Population(int gcount,int gsize,Program *p)
{
elitism=1;
selection_rate = selectionRate;
mutation_rate = mutationRate;
genome_count = gcount;
genome_size =gsize,;

generation =0;
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program =p;

/* Create the population and based on genome count and size */
/* Initialize the genomes to random */
double f;
genome=new int*[genome_count];
children=new int*[genome_count];
for(int i=0;i<genome_count;i++)
{
genome[i]=new int[genome_size];
children[i]=new int[genome_size];
for(int j=0;j<genome_size;j++)
genome[i][j]=rand()%MAX_RULE;
}

fitness_array=new double[genome_count];

/* Reinitialize the population to random */
void Population::reset()
{

generation = 0;

for(int i=0;i<genome_count;i++)

for(int j=0;j<genome_size;j++)
genome[i][j]=rand()Q%MAX_RULE;
for(int i=0;i<genome_count;i++)

fitness_array[i]=-1e+8;

[* Return the fitness of a genome */

double Population::fitness(vector<int> &Q)

{
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return program->fitness(g);

/* The selection of the chromosomes according to the fitness value is performed */

void Population::select()
{
int itemp[genome_size];
for(int i=0;i<genome_count;i++)
{
for(int j=0;j<genome_count-1;j++)
{
if(fitness_array[j+1]>fitness_array[j])
{
double dtemp;
dtemp=fitness_array[j];
fitness_array[j]=fitness_array[j+1];
fitness_array[j+1]=dtemp;

memcpy(itemp,genome[j],genome_size*sizeof(int));
memcpy(genome[j],genome[j+1],genome_size*sizeof(int));

memcpy(genome[j+1],itemp,genome_size*sizeof(int));

int  Population::tournament()
{
double max_fitness=-1e+10;
const int tournament_size =(genome_count<=100)?74:20;

int  max_index=-1;

242



intr;
/I Select the best parents of the candidates
for(int j=0;j<tournament_size;j++)
{
r=rand() % (genome_count);
if(j==0 || fitness_array[r]>max_fitness)
{
max_index=r;
max_fitness=fitness_array[r];
}
¥

return max_index;

/* Crossover operation: based on tournament selection */
[* Select the tournament_size based on the genome count : */
/*  (if genome_count > 100 ) tournament_size = 10 else tournament_size =4 */
/* Select 2 chromosomes based on the tournament size and cross them over based on the
crossover probability */
[* There is 1 crossover point and it is random */
void Population::crossover()
{
int parent[2];
int nchildren=(int)((1.0 - selection_rate) * genome_count);
if(!(nchildren%2==0)) nchildren++;
int count_children=0;
while(1)
{
/I The two parents are selected here according to the tournament selection procedure
for(int i=0;i<2;i++)
{
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parent[i]=tournament();
}
int ptl,pt2;
/I The one-point crossover is performed here (the point is ptl)
ptl=rand() % genome_size;
memcpy(children[count_children],
genome[parent[0]],ptl * sizeof(int));
memcpy(&children[count_children][pt1],
&genome[parent[1]][pt1],(genome_size-ptl)*sizeof(int));
memcpy(children[count_children+1],
genome[parent[1]],ptl * sizeof(int));
memcpy(&children[count_children+1][pt1],
&genome[parent[0]][pt1],(genome_size-ptl)*sizeof(int));
count_children+=2;

if(count_children>=nchildren) break;

for(int i=0;i<nchildren;i++)
{
memcpy(genome[genome_count-i-1],

children[i],genome_size * sizeof(int));

}
}
void Population::setElitism(int s)
{
elitism =s;
}

/* Mutate the current population */

[* Standard mutation algorithm: mutate all chromosomes in the population based on the
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mutation probability */
void Population::mutate()
{
int start = 1;
for(int i=start;i<genome_count;i++)
{
for(int j=0;j<genome_size;j++)
{
double r=rand()*1.0/RAND_MAX;
if(r<mutation_rate)
genome[i][j]=rand() %MAX_RULE;

[* Evaluate the fitness for all chromosomes in the current population */

void Population::calcFitnessArray()

{

vector<int> g;

g.resize(genome_size);

for(int i=0;i<genome_count;i++)
{
for(int j=0;j<genome_size;j++) g[j]=genome[i][j];

fitness_array[i]=fitness(g);

[* Return the current generation */

int  Population::getGeneration() const

{
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return generation;

/* Return the genome count */
int  Population::getCount() const

{

return genome_count;

[* Return the size of the population */
int  Population::getSize() const

{

return genome_size;

/* Evolve the next generation */
void Population::nextGeneration()
{

if(generation)

mutate();

calcFitnessArray();

select();
crossover();

++generation;

/* Set the mutation rate */

void Population::setMutationRate(double r)

{

if(r>=0 && r<=1) mutation_rate =r;
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/* Set the selection rate */
void Population::setSelectionRate(double r)

{

if(r>=0 && r<=1) selection_rate =r;

/* Return the selection rate */
double Population::getSelectionRate() const

{

return selection_rate;

/* Return the mutation rate */
double Population::getMutationRate() const

{

return m utation_rate ;

/* Return the best fitness for this population */
double Population::getBestFitness() const

{

return fitness_array[0];

/* Return the best chromosome */
vector<int> Population::getBestGenome() const
{
vector<int> g;g.resize(genome_size);
for(int i=0;i<genome_size;i++) g[i]=genome[0][i];

return g;
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/* Evaluate and return the best fitness for all chromosomes in the population */

double Population::evaluateBestFitness()

{

vector<int> g;g.resize(genome_size);
for(int i=0;i<genome_size;i++) g[i]=genome[0][i];

return fitness(g);

* Destructor */
Population::~Population()

{

for(int i=0;i<genome_count;i++)

{
delete[] childrenli];

delete[] genomeli];

ky

delete[] genome;
delete[] children;

delete[] fitness_array;

program.cpp

# include <program.h>

Program::Program()

{
start_symbol = NULL,;
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void Program::setStartSymbol(Symbol *s)

{
start_symbol =s;
}
Symbol *Program::getStartSymbol() const
{
return start_symbol;
}
string Program::printRandomProgram(vector<int> &genome,int &redo)
{
string str=""";
int count=0;
Rule *r;

int pos=genome[count]%start_symbol->getCountRules();
r=start_symbol->getRule(genome[count]%start_symbol->getCountRules());
redo = 0;

str=r->printRule(genome,count,redo);

return str;

double Program::fitness(vector<int> &genome)

{

return 0.0;

Program::~Program()

{
k
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rule.cpp

# include <rule.h>

# include <iostream>
Rule::Rule()

{
length =0;

/* Adds a symbol to the stack */
void Rule::addSymbol(Symbol *s)
{

data.push_back(s);

length++;

/* Return the position in the stack of a particular symbol */
int  Rule::getSymbolPos(string s)
{
for(int i=0;i<length;i++)
if(data[i]->getName()==s) return i;

return -1;

/* Return the symbol from the stack given its position */
Symbol *Rule::getSymbol(int pos) const
{

if(pos<0 || pos>=length) return NULL;
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return data[pos];

[* Sets a symbol in a given position in the stack */
void Rule::setSymbol(int pos,Symbol *s)
{

if(pos<0 || pos>=length) return;

data[pos]=s;

/* Returns the stack length */
int  Rule::getLength() const

{

return length;

/* Prints the expression for this grammar given an array of integer (a chromosome) */

string Rule::printRule(vector<int> genome,int &pos,int &redo)

{

string str=""";

string str2="""

Rule *r;

int old_pos;

extern int wrapping;

for(int i=0;i<length;i++)

{
Symbol *s=data[i];
if(s->getTerminalStatus())
{

str=str+s->getName();
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else

{
if(pos>=genome.size()) {redo++;pos=0;}
r=s->getRule((genome[pos]%s->getCountRules()));
pos++;
if(pos>=genome.size()) {redo++;pos=0;}
if(redo>=wrapping) return str;
str2=r->printRule(genome,pos,redo);

str=str+str2;

ky

return str;

/* Evaluates and returns the function result given an instance of the functions (as
produced by the given chromosome), */
/* the given grammar and an input vector X */
double Rule::getValue(vector<int> genome,int &pos,int &redo,DoubleStack
&stack,double *X)
{
extern int wrapping;
for(int i=0;i<length;i++)
{
Symbol *s=data[i];
if(s->getTerminalStatus())
{
string str=s->getName();
if(str==string(""+"))
{
double a,b;

a=stack.pop();
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b=stack.pop();
cout<<"a ="<<a<<"p="<<b<<endl;
stack.push(b+a);

}

else

if(str=="-")

{
double a,b;
a=stack.pop();
b=stack.pop();
stack.push(b-a);

}
else
if(str==">*")
{

double a,b;

a=stack.pop();
b=stack.pop();

stack.push(b*a);
}
else
if(str=="x")
{
stack.push(X[0]);
}
}
else
{

if(pos>=genome.size()) {redo++;pos=0;}

int k=genome[pos]%s->getCountRules();
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Rule *r;
double rnd;
r=s->getRule(genome[pos]%s->getCountRules());
pOS++;
if(pos>=genome.size()) {redo++;pos=0;}
if(redo>=wrapping) return O;
return (r->getValue(genome,pos,redo,stack, X));
}

}

return stack.top();

Rule::~Rule()

{
¥

setdialogvariables.cpp

#include <setdialogvariables.h>

#include <QLabel>

setDialogVariables::setDialogVariables(QWidget *parent)
:QDialog(parent)

setFixedSize(300,400);
setWindowTitle(""Set Variables");
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mainWidget = new QWidget(this);
mainWidget->setFixedSize(this->width(),this->height());

mainLayout = new QVBoxLayout;
mainWidget->setLayout(mainLayout);

QLabel *labell, *label2, *label3, *label4, *1abel5, *label6;

labell = new QLabel,
labell->setText("Number of Generations:");
mainLayout->addWidget(labell);
generationsLineEdit = new QLineEdit;

mainLayout->addWidget(generationsLineEdit);

label2 = new QLabel,
label2->setText("Number of Chromosomes:");
mainLayout->addWidget(label2);
chromosomesLineEdit = new QLineEdit;

mainLayout->addWidget(chromosomesLineEdit);

label3 = new QLabel,
label3->setText("Selection Rate:");
mainLayout->addWidget(label3);
selectionLineEdit = new QLineEdit;

mainLayout->addWidget(selectionLineEdit);

label4 = new QLabel,
label4->setText("Mutation Rate:");
mainLayout->addWidget(label4);
mutationLineEdit = new QLineEdit;
mainLayout->addWidget(mutationLineEdit);

label5 = new QLabel,
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label5->setText("Wrapping Events:™);
mainLayout->addWidget(label5);
wrappingEdit = new QLineEdit;
mainLayout->addWidget(wrappingEdit);

label6 = new QLabel,
label6->setText("Genome Size:");
mainLayout->addWidget(label6);
genomeSizeEdit = new QLineEdit;

mainLayout->addWidget(genomeSizeEdit);

buttonLayout = new QHBoxLayout;
mainLayout->addLayout(buttonLayout);

submit = new QPushButton;
submit->setText("Submit");

buttonLayout->addWidget(submit);

cancel = new QPushButton;
cancel->setText("Cancel™);
buttonLayout->addWidget(cancel);

connect(submit,SIGNAL(clicked(bool)),this,SLOT (accept()));
connect(cancel,SIGNAL(clicked(bool)),this,SLOT(reject()));

int setDialogVariables::getNumberGenerations() {return generationsLineEdit-
>text().toInt();}

int setDialogVariables::getNumberChromosomes() {return chromosomesLineEdit-
>text().tolnt();}

double setDialogVariables::getSelectionRate() {return selectionLineEdit-
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>text().toDouble();}

double setDialogVariables::getMutationRate() {return mutationLineEdit-
>text().toDouble();}

int setDialogVariables::getWrappingEvent() {return wrappingEdit->text().tolnt();}

int setDialogVariables::getGenomeSize() {return genomeSizeEdit->text().tolnt();}

symbol.cpp

# include <symbol.h>
Symbol::Symbol()
{
name =",
count_rules = 0;

is_terminal = 1;

[* Set a symbol (name,terminal status) */
void Symbol::set(string s,int status)
{

setName(s);

setTerminalStatus(status);

[* Set the name of the symbol */

void Symbol::setName(string s)
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name =s§;

I* Get the name of the symbol */
string Symbol::getName() const
{

return name;

[* Set the terminal status of a symbol */
void Symbol::setTerminalStatus(int status)

{

is_terminal=status % 2;

[* Get the terminal status of a symbol */
int  Symbol::getTerminalStatus() const

{

return is_terminal;

/* Add a new rule to the current rule stack */
void Symbol::addRule(Rule *r)
{

rule.push_back(r);

count_rules++;

[* Get a rule for this symbol by position: return NULL if out of bounds */
Rule *Symbol::getRule(int pos) const
{
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if(pos<0 || pos>=count_rules) return NULL,;

return rule[pos];

/* Count the rules for this symbol */

int  Symbol::getCountRules() const
{

return count_rules;

/* Cut the rules to N */
void Symbol::cut(int N)
{

count_rules=N;

rule.resize(N);

Symbol::~Symbol()
{
}

main.cpp

#include <QApplication>

#include "mainwindow.h

#include <locale.h>

int ok_to_print=1;
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int main(int argc, char *argv[])

{
setlocale(LC_ALL,"C");

QApplication a(argc, argv);

MainWindow w;

w.showNormal();

return a.exec();
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