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3RXåLWLH JHQHWLFNpKR DOJRULWPX QD DGDSWiFLX
neurónovej siete

Zadanie
,PSOHPHQWXMWH QHXUyQRY~ VLH"� IHHG�IRUZDUG� V jednou vrstvou skrytých neurónov, so sigmoidálnou prechodovou
IXQNFLRX� 3RXåLWH JHQHWLFNê DOJRULWPXV QD DGDSWiFLX WDNHMWR QHXUyQRYHM VLHWH �MHM YiK D SUDKRYêFK NRHILFLHQWRY��
DE\ VLH" V þR QDMPHQãRX FK\ERX LQWHUSUHWRYDOD U{]QH ERRORYVNp IXQNFLH �ERRORYVNp KRGQRW\ QHFK V~

z numerických dôvodou reprezentované hodnotami 0.1 a 0.9)

Obsah
3RXåLWLH JHQHWLFNpKR DOJRULWPX QD DGDSWiFLX QHXUyQRYHM VLHWH ............................................................................1

Zadanie.........................................................................................................................................................1
Obsah ...........................................................................................................................................................1
3RSLV SRXåLWêFK PHWyG ..................................................................................................................................2

1HXUyQRYi VLH"..........................................................................................................................................2
Genetický algoritmus.................................................................................................................................2

Problém kódovania neurónovej siete v chromozóme ......................................................................................2
Problém vyjadrenia úspešnosti neurónovej siete (fitness) ...............................................................................3
Príklad projektu.............................................................................................................................................3
Vstupy a výstupy projektu .............................................................................................................................6

Popis vstupného súboru .............................................................................................................................6
Popis výstupných grafov............................................................................................................................7

Experimentálne výsledky...............................................................................................................................9
Grafy.........................................................................................................................................................9
Komentár ................................................................................................................................................11

Záver ..........................................................................................................................................................12



2/12

3RSLV SRXåLWêFK PHWyG

1HXUyQRYi VLH"

,PSOHPHQWRYDQi QHXUyQRYi VLH" MH WURMYUVWYRYi IHHG�IRUZDUG� .DåGê QHXUyQ MH VSRMHQê VR YãHWNêPL QHXUyQPL
SUHGFKiG]DM~FHM DM QDVOHGXM~FHM YUVWY\� 3RþHW YVWXSQêFK QHXUyQRY VD URYQi NDUGLQDOLWH ]YROHQHM FLH�RYHM IXQNFLH
(z SULHVWRURYêFK D KODYQH þDVRYêFK G{YRGRY EXGHPH SUDFRYD" V kardinalitou menšou ako 10�� 3RþHW YQ~WRUQêFK
QHXUyQRY VRP ]YROLO URYQDNê DNR SRþHW YVWXSQêFK QHXUyQRY� YêVWXSQê QHXUyQ MH MHGLQê �LQWHUSUHWRYD" VD EXG~
ERRORYVNp IXQNFLH�� 9iK\ MHGQRWOLYêFK VSRMRY V~ Y\MDGUHQp UHiOQ\P þtVORP ] intervalu [0,1] sSUHVQRV"RX ��
þtVOLF �W\S 5HDO MD]\ND 3DVFDO�� 3UDKRYp NRHILFLHQW\ MHGQRWLOYêFK QHXUyQRY PDM~ URYQDN~ SUHVQRV"� 3UH Qiã
konkrétny problém – boolovskp IXQNFLH E\ YãDN PDOD SRVWDþRYD" DM RYH�D PHQãLD SUHVQRV"� YiK\ DM SUDKRYp
koeficienty budú vFKURPR]yPH NyGRYDQp MHGLQêP EDMWRP� þR ]RGSRYHGi SUHVQRVWL QD ��� þtVOLFH� Boolovský

YVWXS MH UHSUH]HQWRYDQê UHiOQ\PL þtVODPL ��� D ���� 3UHFKRGRYi IXQNFLH MH NODVLFNê VLJPRLG t α (ξ) = 
1

 1+e -αξ 

s YROLWH�QêP parametrom α (kde ξ je suma vstupov neurónu upravená hodnotou prahového koeficientu ν, ξi = νi

+ Σ wijxj ). &LH�RYRX IXQNFLRX� NWRU~ VD EXGHPH VQDåL" QHXUyQRYRX VLH"RX DSUR[LPRYD"� MH QiKRGQi ERRORYVNi
IXQNFLD� *HQHURYD" VD EXGH QD ]DþLDWNX SURJUDPX QD ]iNODGH ãWDQGDUGQHM SDVFDORYVNHM IXQNFLH 5DQGRP��� 3RþHW
YVWXSQêFK SUHPHQQêFK FLH�RYHM IXQNFLH MH YROLWH�Qê�

Genetický algoritmus
Implementovaný je štandardný všeobecný genetický algoritmus, ktorý je potom následne prispôsobený nášmu
SUREOpPX DGDSWiFLH QHXUyQRYHM VLHWH� 3RSXOiFLX WYRUt YROLWH�Qê SRþHW FKURPR]yPRY� .DåGê FKURPR]yP NyGXMH
YiK\ D SUDKRYp NRHILFLHQW\ QHXUyQRYHM VLHWH� .RQNUpWQ\ VS{VRE NyGRYDQLD P{åH E\" U{]Q\ D EXGH UR]REUDQê
�DOHM� 6S{VRE NyGRYDQLD MH G{OHåLWê� DE\ PQRåLQD FKURPR]yPRY GRVWDWRþQH SRNUêYDOD SULHVWRU ULHãHQt� W�M� DE\
SRþLDWRþQêP QiKRGQêP JHQHURYDQtP FKURPR]yPX D DM PXWiFLDPL SRþDV SURFHVX HYRO~FLH Y]QLNDOL ]P\VOXSOQp
NyG\ QHXUyQRYHM VLHWH� 2NUHP WRKR RG VS{VREX NyGRYDQLD ]iYLVt DM HIHNWtYQR" NUtåHQLD� PDO E\ E\" WDNê� DE\
MHGQRWOLYp VHJPHQW\ FKURPR]yPX NyGRYDOL SRG�D PRåQRVWL ORNiOQH VSUiYQH ULHãHQLD� NWRUp PRåQR QDY]iMRP
NRPELQRYD"� )LWQHVV NDåGpKR FKURPR]yPX MH Y\KRGQRWHQi WDNWR� QD ]iNODGH FKURPR]yPX V~ DGDSWRYDQp YiK\ D
SUDKRYp NRHILFLHQW\ QHXUyQRYHM VLHWH� D QiVOHGQH V~ YãHWN\ PRåQp YVWXS\ QHXUyQRYHM VLHWH SRURYQDQp
sKRGQRWDPL FLH�RYHM IXQNFLH� .RQNUpWQD IXQNFLD UHDOL]XM~FD WRWR SRURYQDQLH P{åH E\" U{]QD D Mej výber by som
Y\þOHQLO DNR VDPRVWDWQê SUREOpP� NWRUê EXGH UR]REUDQê �DOHM� 9R�ED WHMWR IXQNFLH MH YH�PL G{OHåLWi� SUHWRåH RG
QHM ]iYLVt SULURG]HQê YêEHU D QiVOHGQH DM FHOi ~VSHãQRV" JHQHWLFNpKR DOJRULWPX� 3R Y\KRGQRWHQt ILWQHVV YãHWNêFK
FKURPR]yPRY SRSXOiFLH QDOHGXMH SULURG]HQê YêEHU FKURPR]yPRY GR �DOãHM JHQHUiFLH� 9êEHU MH UHDOL]RYDQê
NODVLFNêP DOJRULWPRP URXOHWWH ZKHHO� .DåGi Y\EUDQi GYRMLFD VD EX� SUHQHVLH GR �DOãHM JHQHUiFLH EH] ]PHQ\�
DOHER VD QD WHMWR GYRMLFL Y\NRQi UHSURGXNþQê SURFHV� SUDYGHSRGREQRV" MHGQRKR DOHER GUXKpKR SUtSDGX MH
YROLWH�Qi� 6DPRWQê UHSURGXNþQê SURFHV SR]RVWiYD ] PXWiFLH D NUtåHQLD� 2SHUiWRU PXWiFLH SUHEHKQH SR FHORP
chromozóme a sYROLWH�QRX SUDYGHSRGREQRV"RX QHJXMH MHGQRWOLYp ELW\ FKURPR]yPX� 2SHUiWRU NUtåHQLD GYRFK
FKURPR]yPRY P{åH E\" UHDOL]RYDQê YROLWH�QH EX� MHGQRGXFKêP DOHER YLDFQiVREQêP NUtåHQtP� 3UL
MHGQRGXFKRP NUtåHQt VD Y QiKRGQRP PLHVWH FKURPR]yP\ VNUtåLD� MHGLQê NUiW D SUL NDåGHM UHSURGXNFLL� 3UL
YLDFQiVREQRP NUtåHQt VD SUHEHKQH SR]G�å FHOpKR FKURPR]yPX D V YROLWH�QRP SUDYGHSRGREQRV"RX VD
chromozómy vGDQRP PLHVWH VNUtåLD� ýLåH Y NRQHþQRP G{VOHGNX P{åH G{MV" N výmene viacerých segmentov
FKURPR]yPX PHG]L GYRPD URGLþPL� 7DNêPWR VS{VRERP VD Y\WYRUt QRYi JHQHUiFLD D WHQWR SURFHV VD RSDNXMH
VWDQRYHQê SRþHW JHQHUiFLL�

Problém kódovania neurónovej siete v chromozóme
Pri implementácii sa stretneme s~ORKRX DNR ]DNyGRYD" MHGQRWOLYp YiK\ D SUDKRYp NRHILFLHQW\ QHXUyQRYHM VLHWH
v chromozóme. ZK�DGLVND WHyULH E\ PDO VS{VRE NyGRYDQLD VS��D" QDVOHGRYQp NULWpULD� DE\ PQRåLQD
FKURPR]yPRY GRVWDWRþQH SRNUêYDOD SULHVWRU ULHãHQt� W�M� DE\ SRþLDWRþQêP QiKRGQêP JHQHURYDQtP FKURPR]yPX

D PXWiFLDPL SRþDV SURFHVX HYRO~FLH Y]QLNDOL ]P\VOXSOQp NyG\ QHXUyQRYHM VLHWH D DE\ PQRåLQD YãHWNêFK

chromozómov obsahovala aj optimálne riešenie. Okrem toho, jednotlivé segmenty chromozómu by mali
NyGRYD" SRG�D PRåQRVWL ORNiOQH VSUiYQH ULHãHQLD� NWRUp PRåQR QDY]iMRP NRPELQRYD"� DE\ EROR HIHNWtYQH

NUtåHQLH. $N VD NyGRYDQLH ]YROt QHYKRGQH� NUtåHQtP EXG~ Y]QLND" VODEp FKURPR]yP\ D SRVWXS JHQHWLFNpKR

DOJRULWPX EXGH ]iYLVLH" LED QD µVOHSHM¶ PXWiFLL� þR ]QDPHQi VSRPDOHQLH DOJRULWPX�

Problém pokrytia priestoru riešení:1DNR�NR QHXUyQRYi VLH" Pi DSUR[LPRYD" ERRORYVNp IXQNFLH� QLH MH SRWUHEQp

NyGRYD" YiK\ VSRMRY YH�PL SUHVQH� ��� KRGQ{W YiK E\ PDOR E\" GRVWDWRþQH YH�D� WDNêWR SULHVWRU FKURPR]yPRY

E\ PDO SRNUêYD" QDVWDYHQLH YiK Y optimálnom prípade. Druhou vecou je spôsob kódovania prahových
NRHILFLHQWRY� 3UH NyGRYDQLH SUDKRYpKR NRHILFLHQWX MH SRWUHEQp XYDåRYD" R WRP� DNi P{åH E\" VXPD YVWXSRY GR

QHXUyQX� .H�åH YiK\ VSRMRY V~ ] intervalu [0,1] a obor hodnôt prechodovej funkcie je interval [0,1], znamená
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WR� åH NDåGê VR YVWXSQêFK VSRMRY QHXUyQX P{åH SULVSLH" KRGQRWRX � Då �� &HONRYR WHGD P{åH E\" VXPD YVWXSRY
z LQWHUYDOX >��Q@ NGH Q MH SRþHW YVWXSQêFK VSRMRY QHXUyQX� +RGQRWD SUDKRYpKR NRHILFLHQWX E\ PDOD SRNUêYD"
RNROLH WRKWR LQWHUYDOX� RNUHP WRKR E\ PDOD ]DLVWL" PRåQRV" ]iSRUQêFK YVWXSRY GR SUHFKRGRYHM IXQNFLH �DE\
záporné aj kladné hodnoty vsupovali do neurónu sURYQDNRX SUDYGHSRGREQRV"RX�� 3RG�D WêFKWR NULWpULL VRP VD
QDNRQLHF UR]KRGRO YROL" SUDKRYp NRHILFLHQW\ ] LQWHUYOX >����Q����Q@� VD YDULDELOLWRX ��� KRGQ{W�
  a := _b^/256*c_BaseFunction^.cInputWidth;
  DecodeThreshold := -7/6*a+1/6*a;
ýR VD WêND GUXKpKR SUREOpPX �UR]GHOHQLH QD ORNiOQH SRGSUREOpP\�� MH WDåNp Y\P\VOLH" QHMDNp ãSHFLiOQH ULHãHQLH�
SUHWRåH NDåGê QHXUyQ Pi SRWHQFLiOQH YSO\Y QD FHOê ]Y\ãRN QHXUyQRYHM VLHWH� SUHWR QHPRåQR QLMDNêP VS{VRERP
VSR�DKOLYR UR]GHOL" SUREOpP QD ORNiOQH SRGSUREOpP\� 1DNRQLHF VRP SRXåLO SULDPRþLDUH ULHãHQLH NyGRYDQLD YiK
a prahových koeficientov postupne po jednotlivých neurónoch.

Problém vyjadrenia úspešnosti neurónovej siete (fitness)
�DOãtP SUREOpPRP� V ktorým sa pri implementácii stretneme, je vyjadrenie úspešnosti neurónovej siete. Od tejto
IXQNFLH ]iYLVt MHGQDN SULURG]HQê YêEHU� MHGQDN GLYHU]LWD SRSXOiFLH� 3ULURG]HQê YêEHU PXVt ]DLVWL" SUHåLWLH WêFK
FKURPR]yPRY� NWRUp VD QDMYLDF SRGREDM~ QD FLH�RY~ IXQNFLX� 1t]ND GLYHU]LWD SRSXOiFLH ]DVH VLJQDOL]XMH
VWDJQiFLX� SUHWRåH QLH MH þR NRPELQRYD" D SRVWXS MH ]iYLVOê Xå LED QD ‘slepej’ mutácii. Z teórie: funkcia sily
(fitness) chromozómu je zobrazenie F: P → R+� NWRUp NDåGpPX FKURPR]yPX SULUDGt NODGQp UHiOQH þtVOR�
Y\MDGUXM~FH MHKR ~VSHãQRV"� 1D ]iNODGH VLO\ FKURPR]yPX SRWRP SUHELHKD SULURG]HQê YêEHU �DOJRULWPXV URXOHWWH�
ZKHHO�� SUHWR Pi ]YROHQLH WHMWR IXQNFLH ]iYDåQê YSO\Y QD UêFKORV" DM ~VSHãQRV" DOJRULWPX� 9 našom prípade, na
]iNODGH NDåGpKR FKURPR]yPX EXGH DGDSWRYDQi QHXUyQRYi VLH"� 7DNWR Y\WYRUHQRX QHXUyQRYRX VLH"RX EXGHPH
VSUDFRYiYD" ERRORYVNp YHNWRU\ D QD UR]GLHORFK PHG]L YêVWXSPL QHXUyQRYHM VLHWH D YêVOHGNDPL FLH�RYHM IXQNFLH
]DORåtPH YêSRþHW VLO\ FKURPR]yPX� ([SHULPHQWiOQH VRP VN~ãDO QDVOHGXM~FH IXQNFLH �
MHGQRGXFKi VXPD UR]GLHORY QHXUyQRYHM VLHWH D FLH�RYHM IXQNFLH

{Fitness := correl+exp(disper*2)-1;}
{Fitness := correl+disper2/4;     }
Fitness := sqrt(correl);
{Fitness := sqrt(correl+disper2/4);}
{Fitness := correl;}
{Fitness := correl/n/Sqrt(disper1*disper2);}
NGH FRUUHO MH NRYDULDQFLD PHG]L 16 D FLH�RYRX IXQNFLRX� GLVSHU�� GLVSHU� V~ GLVSHU]LH FLH�RYHM IXQNFLH D 16�
Ako najvhodnejšia sa experimentálne ukázala funkcia Sqrt�FRUUHO�� NWRUi RNUHP WRKR åH YKRGQH KRGQRWt
SRGREQRV" PHG]L 16 D &) WDN DM ]DFKRYiYD YlþãLX GLYHU]LWX SRSXOiFLH� þtP VD SUHGFKiG]D VWDJQiFLL� %OLåãt SRSLV
funkcií je v stati Experimentálne výsledky.

Príklad projektu
Výpis vstupného súboru:
[POPULATION]
50    ;PopulationSize
0.5   ;ReproductionFactor  {probability of reproduction process, when creating next generation member}
0.02  ;MutationFactor  {probability of a one-bit mutation}
0     ;CrossOverType   {0=single 1=multiple}
0.01   ;CrossOverFactor {for multiple crossovers, probability of a crossover at one position}
200    ;MaxNumberOfGenerations

[BASEFUNCTION]
4   ;InputWidth    {cardinality of a base function}
0.1 ;ZeroValue     {Boolean->Real conversion}
0.9 ;OneValue      {Boolean->Real conversion}
0.5 ;Threshold     {Real->Boolean conversion}

[NEURALNETWORK]
4   ;first (input) layer neuron count
4   ;second layer neuron count
1   ;third (output) layer neuron count
4   ;SigmoidParameter
3   ;LayerCount

[STATISTICS]
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1   ;ShowCrossoverCount
1   ;AnimateDelay  {how often to display progress}
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Výstupy projektu:

Graf dosiahnutej fitness

5HSURGXNþQp ãWDWLVWLN\

Dosiahnutá adaptácia neurónovej siete
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Vstupy a výstupy projektu
Vstupný súbor:
PROJEKT3 TXT           849
Výstupné súbory:
PROJEKT3 CHR           502
PROJEKT3 FNC        32,878
PROJEKT3 STA        24,012

9VWXSQê V~ERU MH WH[WRYê� MHKR REVDK PRåQR PRGLILNRYD" �XERYR�QêP HGLWRURP�

VêVWXSQp V~ERU\ V~ ELQiUQH� 1D LFK SUHKOLDGDQLH MH XUþHQê SURJUDP ',63�(;(�

Súbor sSUtSRQRX �W[W MH ãSHFLILNDþQê V~ERU� 7HQWR V~ERU REVDKXMH YãHWN\ YROLWH�Qp SDUDPHWUH SURJUDPX� DNR
QDSUtNODG SUDYGHSRGREQRV" PXWiFLH� YH�NRV" SRSXOiFLH DOHER DUFKLWHNW~UX QHXUyQRYHM VLHWH�
Výstupný súbor s príponou .chr obsahuje najúspešnejší dosiahnutý chromozóm.
Výstupný súbor sSUtSRQRX �IQF REVDKXMH FLH�RY~ IXQNFLX� Y\JHQHURYDQ~ Y tomto jednom konkrétnom prípade.
Výstupný súbor sSUtSRQRX �VWD REVDKXMH ]iNODGQp ãWDWLVWLN\ R HYROXþQRP SURFHVH� DNR QDSUtNODG PD[LPiOQX

GRVLDKQXW~ ILWQHVV SUH NDåG~ JHQHUiFLX� DOHER SRþHW PXWiFLt SUL NDåGHM JHQHUiFLL�

Popis vstupného súboru
� 3DUDPHWUH XYHGHQp YR YVWXSQRP V~ERUH V~ REPHG]HQp YH�NRV"RX MHGQRWOLYêFK SURJUDPRYêFK ãWUXNW~U

]YROHQRX SRþDV NRPSLOiFLH�

 [POPULATION]
50    ;PopulationSize

Integer [2,50]
9H�NRV" SRSXOiFLH�

0.5   ;ReproductionFactor  {probability of reproduction process, when creating next generation member}
Real [0,1]
)DNWRU UHSURGXNFLH� 3UL WYRUEH �DOãHM JHQHUiFLH VD Y\EHU~ GYD FKURPR]yP\ QD ]iNODGH LFK ILWQHVV� 7LHWR
FKURPR]yP\ EX� YVWXSXM~ GR UHSURGXNþQpKR SURFHVX� DOHER VD GR �DOãHM JHQHUiFLH GRVWiYDM~

QH]PHQHQp� 2 WRP� NWRUi PRåQRV" QDVWDQH� UR]KRGXMH WHQWR SDUDPHWHU� � UHSURGXNþQê SURFHV QDVWDQH
YåG\�

0.02  ;MutationFactor  {probability of a one-bit mutation}
Real [0,~0.3]
3UDYGHSRGREQRV" PXWiFLH QD MHGQRP ELWH FKURPR]óPX� 0XWRYD" P{åH �XERYR�Qê ELW FKURPR]yPX�

teda pravdepodobnos" PXWiFLH Y MHGQRP UHSURGXNþQRP SURFHVH MH RNUHP WRKR ~PHUQi G�åNH
chromozómu.

0     ;CrossOverType   {0=single 1=multiple}
Integer [0,1]
7\S NUtåHQLD�

�  MHGQRGXFKp NUtåHQLH� 3UL NDåGRP UHSURGXNþQRP SURFHVH VD VWDQH MHGQR SUHNUtåHQLH FKURPR]yPRY

na náhodnom mieste.
�  YLDFQiVREQp NUtåHQLH� 3UL UHSURGXNþQRP SURFHVH VD SRVWXSXMH SR]G�å FKURPR]yPX D Y NDåGRP
PLHVWH P{åH QDVWDQH V SUDYGHSRGREQRV"RX &URVV2YHU)DFWRU NUtåHQLH� WHGD SUL MHGQRP UHSURGXNþQRP

procese si chromozyP\ P{åX Y\PHQL" YLDFHUR VHJPHQWRY� 3UL YLDFQiVREQRP NUtåHQt VD QHSRVWXSXMH SR

bitoch, ale po bytoch.
0.01   ;CrossOverFactor {for multiple crossovers, probability of a crossover at one position}

Real [0,~0.3]
3UL YLDGQiVREQRP NUtåHQt� SUDYGHSRGREQRV" NUtåHQLD Y jednom mieste chromozómu.

200    ;MaxNumberOfGenerations
Integer [2,1000]
3RþHW JHQHUiFLt HYROXþQpKR SURFHVX�

[BASEFUNCTION]
4   ;InputWidth    {cardinality of a base function}

Integer [0,10]
3RþHW YVWXSQêFK SUHPHQQêFK FLH�RYHM IXQNFLH�

0.1 ;ZeroValue     {Boolean->Real conversion}
Real [0,1]
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Pri konverzii boolovských hodnôt na reálne, hodnota zodpovedajúca FALSE.
0.9 ;OneValue      {Boolean->Real conversion}

Real [0,1]
Pri konverzii boolovských hodnôt na reálne, hodnota zodpovedajúca TRUE.

0.5 ;Threshold     {Real->Boolean conversion}
Real [0,1]
Pri konverzii reálnych hodnôt na boolovské� SUDKRYi KRGQRWD RGGH�XM~FD 758( D )$/6(�

[NEURALNETWORK]
4   ;first (input) layer neuron count

Integer[1,15]
3RþHW QHXUyQRY �� 9UVWY\�

4   ;second layer neuron count
Integer[1,15]
3RþHW QHXUyQRY �� 9UVWY\�

1   ;third (output) layer neuron count
Integer[1,15]
3RþHW QHXUyQRY �� 9UVWY\�

4   ;SigmoidParameter
Real[~0.2,~10]
3DUDPHWHU SUHFKRGRYHM IXQNFLH� XUþXMH MHM VWUPRV"�

3   ;LayerCount
Integer[1,3]
3RþHW YUVWLHY QHXUyQRYHM VLHWH�

[STATISTICS]
1   ;ShowCrossoverCount

Integer[0,1]
ýL ]REUD]RYD" Y JUDIH SRþHW NUtåHQt� �3UL MHGQRGXFKRP NUtåHQt VD WHQWR SRþHW URYQi SRþWX UHSURGXNFLL�

1   ;AnimateDelay  {how often to display progress}
Integer[0,~50]
3UL EHKX SURJUDPX� DNR þDVWR �Y JHQHUiFLDFK� ]REUD]RYD" JUDI\ XND]XM~FH SRVWXS HYROXþQpKR SURFHVX�
�3UL YH�NRP SRþWH JHQHUiFLL P{åH þDVWê UHIUHVK LED ]E\WRþQH VSRPD�RYD"�

Popis výstupných grafov
Graf dosiahnutej fitness:7HQWR JUDI QiP GiYD SUHK�DG R SRVWXSH HYROXþQpKR SURFHVX� 1D [�RYHM RVL V~
JHQHUiFLH� QD \�RYHM RVL MH GRVLDKQXWi ILWQHVV JHQHUiFLH� *UDI REVDKXMH GYH ]ORåN\� PD[LPiOQX ILWQHVV JHQHUiFLH
D SULHPHUQ~ ILWQHVV JHQHUiFLH� ýtP VWUPãLH VW~SD JUDI PD[LPiOQHM ILWQHVV� WêP MH HYROXþQê SURFHV ~VSHãQHMãt� $N
VD SULHPHUQi ILWQHVV EOtåL PD[LPiOQHM� SUDYGHSRGREQH WR LQGLNXMH PDO~ GLYHU]LWX SRSXOiFLH D QiVOHGQ~ VWDJQiFLX�
ýtVORYDQLH \�RYHM RVL QLH MH ãWDQGDUGL]RYDQp� ]iYLVt RG ]YROHQHM PHWyG\ SRþtWDQLD ILWQHVV�

Graf dosiahnutej fitness
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*UDI UHSURGXNþQêFK ãWDWLVWtN� 7HQWR JUDI GiYD SUHK�DG R UHSURGXNþQRP SURFHVH� Na x-ovej osi sú generácie, na
\�RYHM RVL MH SUtVOXãQi SRþHWQRV" UHSURGXNFLL� PXWiFLL D NUtåHQt� -HGQRWOLYp ]ORåN\ UHSURGXNþQpKR SURFHVX VD

UHJXOXM~ SUtVOXãQêPL SUDYGHSRGREQRV"DPL YR YVWXSQRP V~ERUH� 7HQWR JUDI ]Qi]RU�XMH UHiOQ\ SULHEHK

UHSURGXNþQpKR SURFHVX QD ]iNODGH YVWXSQêFK SUDYGHSRGREQRWt� *UDI REVDKXMH WUL ]ORåN\� 3URYRX MH SRþHW

UHSURGXNFLt SUL WYRUEH �DOãHM JHQHUiFLH� ]Y\ãQt SUtVOXãQtFL �DOãHM JHQHUiFLH EROL SUHQHVHQt SULDPR

z SUHGFKiG]DM~FHM� EH] UHSURGXNþQpKR SURFHVX� 'UXKRX ]ORåNRX MH SRþHW NUtåHQt� 9 prípade jednoduchého
NUtåHQLD VD ]KRGXMH V SRþWRP UHSURGXNFtt� v SUtSDGH YLDFQiVREQpKR NUtåHQLD MH XUþHQê SUDYGHSRGREQRVWQH�

7UH"RX ]ORåNRX MH FHONRYê SRþHW MHGQRELWRYêFK PXWiFLL� NWRUp QDVWDOL SUL WYRUEH �DOãHM JHQHUiFLH�

5HSURGXNþQp ãWDWLVWLN\

 Graf adaptácie neurónovej siete:7HQWR JUDI GiYD GHWDLOQê SUHK�DG R QDM~VSHãQHMãHM DGDSWiFLL QHXUyQRYHM VLHWH ±

najúspešnejšom chromozóme. 1D [�RYHM RVL V~ YãHWN\ PRåQp YVWXS\ FLH�RYHM IXQNFLH� QD \�RYHM RVL MH SUtVOXãQê

YêVOHGRN FLH�RYHM IXQNFLH D YêVWXS QHXUyQRYHM VLHWH� 3UL Y\KRGQRWHQt NDåGHM JHQHUiFLH VD ]REHULH FKURPR]yP

sQDMY\ããRX ILWQHVV� QD ]iNODGH QHKR VD DGDSWXMH QHXUyQRYi VLH" D Y\KRGQRWLD VD MHM YêVWXS\� NWRUp PRåQR

v WRPWR JUDIH SRURYQD" V YêVOHGNDPL FLH�RYHM IXQNFLH�

Dosiahnutá adaptácia neurónovej siete
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Experimentálne výsledky

Grafy

[POPULATION]
50    ;PopulationSize
0.5   ;ReproductionFactor  {probability of reproduction process, when creating next generation member}
0.02  ;MutationFactor  {probability of a one-bit mutation}
0     ;CrossOverType   {0=single 1=multiple}
0.01   ;CrossOverFactor {for multiple crossovers, probability of a crossover at one position}
200    ;MaxNumberOfGenerations
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[POPULATION]
80    ;PopulationSize
0.8   ;ReproductionFactor  {probability of reproduction process, when creating next generation member}
0.005  ;MutationFactor  {probability of a one-bit mutation}
1     ;CrossOverType   {0=single 1=multiple}
0.04   ;CrossOverFactor {for multiple crossovers, probability of a crossover at one position}
70    ;MaxNumberOfGenerations
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[POPULATION]
80    ;PopulationSize
0.8   ;ReproductionFactor  {probability of reproduction process, when creating next generation member}
0.001  ;MutationFactor  {probability of a one-bit mutation}
1     ;CrossOverType   {0=single 1=multiple}
0.08   ;CrossOverFactor {for multiple crossovers, probability of a crossover at one position}
70    ;MaxNumberOfGenerations

Komentár
3UH ]OHSãHQLH YêVOHGNRY EROR SRWUHEQp GROD�RYD" QDVOHGRYQp SDUDPHWUH�

Funkcia fitness:
MHGQRGXFKi VXPD UR]GLHORY QHXUyQRYHM VLHWH D FLH�RYHM IXQNFLH

Nevhodná.
{Fitness := correl+disper2/4;     }

9KRGQHMãt MD NRYDULDQFLD�V~þtQ UR]GLHORY �KRGQWD�DULWPHWLFNê SULHPHU KRGQ{W��� 'LVSHU]LX VRP SULGDO�

DE\ VRP GRFLHOLO HOLPLQiFLX YLDF�PHQHM NRQãWDQWQêFK IXQNFLL� QR XNi]DOR VD åH WR QLH MH SRWUHEQp�
{Fitness := sqrt(correl+disper2/4);}

)XQNFLRX 6TUW VD Gi GRFLHOL" YlþãLD GLYHU]LWD� �]PHQãXMH YlþãLH KRGQRWD D ]YlþãXMH PHQãLH�
{Fitness := correl;}
Fitness := sqrt(correl);

Táto funkcia sa ukázala ako najvhodnejšia. (spôsob porovnania aj diverzita)
{Fitness := correl/n/Sqrt(disper1*disper2);}

.RUHOiFLD MH ãWDQGDUGL]RYDQi NRYDULDQFLD� 1HRYSO\Y�XMH SURFHV YêEHUX� LED PHQt YêVOHGQp KRGQRW\ QD
interval [0,1]�KRGQRWD NRUHOiFLH ]iYLVt RG DEVRO~WQ\FK KRGQ{W D SRþWX KRGQ{W�

Diverzita:
Algoritmus má problémy so skorou stagnáciou a s tým súvisiacou nízkou diverzitou populácie. Diverzitu sa mi
SRGDULOR ]YêãL" ]PHQRX IXQNFLH )LWQHVV� YlþãRX YH�NRV"RX SRSXOiFLH D YKRGQêP QDVWDYHQtP IDNWRURY PXWiFLH D

NUtåHQLD�

5HSURGXNþQp SDUDPHWUH�
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.UtåHQLH� 9KRGQHMãLH VD ]Gi E\" YLDFQiVREQp NUtåHQLH� ýDVWHMãtP YLDFQiVREQêP NUtåHQtP VD Gi GRFLHOL" YlþãLD
diverzita populácie. Z YêVOHGNRY Y\SOêYD� åH SURJUHV DOJRULWPX MH KODYQH YêVOHGNRP NUtåHQLD� QLH PXWiFLL�
0XWiFLD� 0XWiFLH LED ]ULHGND YêUD]QHMãLH ]Y\ãXM~ ILWQHVV� RVYHGþLOL VD VN{U QLåãLH SUDYGHSRGREQRVWL PXWiFLH�
9H�NRV" SRSXOiFLH� 2YSO\Y�XMH GLYHU]LWX� PHQãLH SRSXOiFLH VNRUR VWDJQXM~� 3UHWR V~ YêKRGQHMãLH YlþãLH
populácie.

Záver
0HWyGD GRNi]DOD LVWp YêVOHGN\� YiK\ QHXUyQRYHM VLHWH QDVWDYHQp QD ]iNODGH HYROXþQpKR SURFHVX SURGXNRYDOL
výstup z YlþãHM PLHU\ ]RGSRYHGDM~FL Y]RURYHM IXQNFLL� DYãDN YêVOHGN\ QLH V~ LGHiOQH� +ODYQêP SUREOpPRP
DOJRULWPX MH GRV" VNRUi VWDJQiFLD D UHODWtYQH PDOi GLYHU]LWD SRSXOiFLH�


