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Predmet: (YROXþQp DOJRULWP\

Vypracoval: Andrej Probst, MFF UK, Informatika, Umelá inteligencia

Téma 4.
Genetický algoritmus pre funkciu

F(x) = 0,993851231 + e-0,001 *  x * x sin(10x)cos(8x)

Pre x z intervalu [-10,10]. Premenná x je binárne reprezentovaná tak v štandardnom kódovaní, ako aj v Grayovom
NyGRYDQt� 3RN~VWH VD QiMV" PLQLPiOQX YH�NRV" SRSXOiFLH D WDNp KRGQRW\ SUDYGHSRGREQRVWt 3cross a Pmut, aby ste skoro
so 100% istotou dostali globálne minimum sSUHGStVDQêP PLQLPiOQ\P SRþWRP NURNRY�

Riešenie:

7HyULD RSWLPDOL]DþQêFK SUREOpPRY

3UL IRUPXORYDQt WHyULH VRP Y\FKiG]DO ] SUHGQiãRN ] SUHGPHWX (YROXþQp $OJRULWP\� NWRUp VD GDM~ QiMV" QD
internetovskej stránke: ftp://math.chtf.stuba.sk/pub/vlado/evol_alg_mff.
Nech funkcia

F : D → R

n

   D = ∏ [ai,bi]
i=1

]REUD]XMH Q�UR]PHUQ~ NRFNX ' �NDUWH]LiQVN\ SURGXNW X]DYUHWêFK LQWHUYDORY >DL�EL@� QD UHiOQH þtVOR \∈R. Úlohou je
QiMV" JOREiOQH PLQLPXP IXQFNLH )� 1D WR� DE\ VPH WR GRNi]DOL� SRWUHEXMHPH W~WR IXQNFLX RKUDQLþL" QDVOHGRYQêPL
podmienkami:

1. ([LVWXMH WDNê DOJRULWPXV� NWRUê IXQNFLX I �Y\SRþtWD GRVWDWRþQH UêFKOR� V SRåDGRYDQRX SUHVQRV"RX SUH NDåGp [ ∈
' �KRYRUtPH� åH IXQNFLD I MH GREUH Y\SRþLWDWH�Qi��

2. 3UH NDåG~ GYRMLFX ORNiOQ\FK PLQtP [1, x2 ∈' Y]GLDOHQRV" _ [1- x2 _ MH YlþãLD DNR GDQp NODGQp þtVOR δ>0, | x1- x2

|>δ� 3RGPLHQND RKUDQLþXMH ]KRUD SRþHW ORNiOQ\FK PLQtP IXQNFLH I� NWRUp VD Y\VN\WXM~ QD NRFNH '� 1LH MH PRåQp�
DE\ VD Y �XERYR�QRP RNROt PLQLPD IXQNFLH Y\VN\WRYDOR LQp PLQLPXP� SUH XUþLWp PDOp RNROLH PLQLPD IXQNFLH
vyššie uvedená podmienka | x1- x2 |>δ E\ SUHVWDOD SODWL"� 3RGPLHQND DXWRPDWLFN\ Y\OXþXMH ] WULHG\ SUtSXVWQêFK
IXQNFLt WLH IXQNFLH� NWRUp V~ �IUDNWiORYpKR� W\SX� W�M� Y NDåGRP RNROt QHMDNpKR PLQLPD VD QDFKiG]D DVSR� MHGQR
iné minimum.

*OREiOQH PLQLPXP IXQNFLH ) QD NRFNH ' MH XUþHQp Y]"DKRP (1)

xopt = arg min F (x)
            x∈D

1iMGHQLH JOREiOQHKR PLQLPD SRXåLWtP NODVLFNêFK RSWLPDOL]DþQêFK PHWyG �JUDGLHQWRYêFK D QHJUDGLHQWRYêFK� SDWUt
PHG]L REWLDåQH QXPHULFNp SUREOpP\ SUH IXQNFLH� NWRUp QLH V~ RKUDQLþHQp �DOãtPL SRGPLHQNDPL �DNR QDSU� åH )� [ �
MH NRQYH[Qi IXQNFLD QD REODVWL '�� = WêFKWR G{YRGRY VD Y V~þDVQRVWL SUL ULHãHQt SUREOpPX þDVWR SRXåtYDM~ W]Y�
HYROXþQp RSWLPDOL]DþQp DOJRULWP\� NWRUp SRVN\WXM~ ULHãHQLD EOt]NH JOREiOQHPX� DOHER V QtP WRWRåQp�
0\ EXGHPH SUDFRYD" V ELQiUQ\PL IXQNFLDPL� 3RWRP EXGH IXQNFLD ) Y\]HUD" QDVOHGRYQH�

F : {0,1}n → R

7iWR IXQNFLD MH GHILQRYDQi QDG PQRåLQRX ELQiUQ\FK YHNWRURY G�åN\ N� NDåGpPX ELQiUQHPX YHNWRUX ]REUD]HQLH )
SULUDGt UHiOQH þtVOR ] PQRåLQ\ 5
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y = F (α)

.DUGLQDOLWD PQRåLQ\ ELQiUQ\FK YHNWRURY G�åN\ N MH XUþHQi Y]"DKRP

|{0,1}k| = 2k

7R ]QDPHQi� åH �GLPHQ]LD� SULHVWRUX YãHWNêFK PRåQêFK ELQiUQ\FK YHNWRURY G�åN\ N UDVWLH H[SRQHQFLiOQH V G�åNRX N�
$QDOyJ RSWLPDOL]DþQpKR SUREOpPX ��� SUH ELQiUQH YHNWRU\ Pi WYDU (2)

αopt = arg        min      f(α)
           α∈{0,1}k

Vo všeobecnosti, globálne optimum αopt VD QiMGH SR SUHVN~ãDQt YãHWNêFK PRåQêFK ELQiUQ\FK YHNWRURY G�åN\ N �
2EUD]QH SRYHGDQp� SUREOpP Y\ULHãLPH WDN� åH VD XUþLWêP V\VWHPDWLFNêP VS{VRERP SRK\EXMHPH SR YUFKRORFK N�
UR]PHUQHM K\SHUNRFN\ WDN� åH QDYãWtYLPH YãHWNêFK �k YUFKRORY� $OJRULWPLFN\ WHQWR SUtVWXS P{åH E\"
LPSOHPHQWRYDQê SRPRFRX PHWyG\ VSlWQpKR SUHK�DGiYDQLD� &38 þDV SRWUHEQê QD ULHãHQLH RSWLPDOL]DþQHM ~ORK\ MH
potom úmerný kardinalite priestoru riešení

tCPU ∝ 2k

Binárna reprezentácia reálnej premennej
Nech binárny vektor α G�åN\ N

α = (α1 α2  ... , ακ) ∈ {0,1}k

MH LQWHUSUHWRYDQê DNR FHOp þtVOR

                                          k

int (α) = ∑ αi 2
k-i = α12k-1 + α22k-2 ... + αk-12 + αk

                                                    i=1

. WRPXWR FHOpPX þtVOX MHGQRGXFKêP VS{VRERP SULUDGtPH UHiOQH þtVOR� NWRUp P{åH E\" FKiSDQp DNR DSUR[LPiFLD
UHiOQHKR þtVOD [ ∈ [a,b]

 x ≈ real(α) = a + (b-a) / (2k-1) int(α)

V našom prípade prevodová funkcia z bináUQHKR þtVOD α QD UHiOQH þtVOR [ Y\]HUi QDVOHGRYQH ����

a = -10, b = 10
x = -10 + 20/(2velkost – 1)int(α)

7iWR NRQãWUXNFLD UDFLRQiOQHKR þtVOD D≤real(α)≤E ] ELQiUQHKR UH"D]FD D G�åN\ N je formálne interpretovaná ako
�WUDQVIRUPiFLD� ELQiUQHM UHSUH]HQWiFLH QD �UHiOQX� UHSUH]HQWiFLX� NGH ]RVWURMHQp UDFLRQiOQH þtVOR UHDO�D� DSUR[LPXMH
SRåDGRYDQp UHiOQH þtVOR [ V SUHVQRV"RX � E�D ����k-1). Interval [ a , b ] obsahuje m =2k bodov x1 = a , x2 = a + ( b – a )
/ (2k-1), ..., xi= a +(i-1)( b - a )/(2k-1), ..., xn= b. 3UtNODG QD ELQiUQHKR þtVOD QD UHiOQH þtVOR�

Tab.1:
No. α Int(α) Real(α) α (Gray)
1 000 0 0 000
2 001 1 1/7 001
3 010 2 2/7 011
4 011 3 3/7 010
5 100 4 4/7 110
6 101 5 5/7 111
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7 110 6 6/7 101
8 111 7 1 100

Inverzná transformácia k formule  (1) má tvar

int (α) = (x-a)*(2k-1)/(b-a) 

kde symbol x MH FHOi þDV" UHiOQHKR þtVOD [ �QDSU� 1.1=1 α 1.9=1). V G{VOHGNX WRKR� åH α ≤ x ≤ β , zlomok (x - a)
� � E � D � OHåt Y X]DYUHWRP LQWHUYDOH >���@� DN LQW�α)=0, potom x = a , ak int(α)=2k -1, potom x = b.

9\ããLH XYHGHQi ELQiUQD UHSUH]HQWiFLD Pi MHGQX SRGVWDWQ~ QHYêKRGX� 'YRMLFD ELQiUQ\FK UH"D]FRY� NWRUp V~
RGOLãQp YR YãHWNêFK SRORKiFK ELWRYêFK SUHPHQQêFK P{åH RGSRYHGD" GYRP VXVHGQêP FHOêP þtVODP �SR]UL QDSU�
7DE� �� NGH NRPSOHPHQWiUQH ELQiUQH UH"D]FH D1 =(011) a a2 ����� V~ LQWHUSUHWRYDQp DNR FHOp þtVOD LQW�D1 )=4 resp.
int(a2 � ��� 7iWR QHYêKRGD ãWDQGDUGQpKR ELQiUQHKR NyGX MH RGVWUiQHQi SRXåLWtP W]Y� *UD\RYKR NyGX� -HKR ]iNODGQi
P\ãOLHQND VSRþtYD Y WRP� åH NyGXMH ELQiUQH þtVOD WDN� åH GYH VXVHGQp FHOp þtVOD V~ ELQiUQH UHSUH]HQWRYDQp UH"D]FDPL�
NWRUp V~ U{]QH OHQ Y MHGQHM SRORKH ELQiUQHKR UH"D]FD �SR]UL 7DE� �� NGH QDSU� ELQiUQH UH"D]FH α’ 1 =(010) a α‘ 2

=(110�� NWRUp VD OtãLD OHQ Y SUYHM SRORKH UH"D]FD� RGSRYHGDM~ VXVHGQêP FHOêP þtVODP LQW� Dµ1)=4 resp. int( a‘2 )=5.
.RQãWUXNFLD UDFLRQiOQHKR þtVOD ] LQWHUYDOX >D�E@ �NWRUp� DNR Xå EROR SRYHGDQp Y\ããLH� DSUR[LPXMH UHiOQH þtVOR D ≤ x ≤
E� VD ]DNODGi QD WRP� åH Y *UD\RYRP NyGH ELQiUQHKR þtVOD QDMSUY SUHWUDQVIRUPXMHPH GR ãWDQGDUGQpKR NyGX D Då
SRWRP VD SRXåLMH Y]"DK

x ≈ real(α‘) = a + (b-a) / (2k-1) int(α‘)

kde α‘ = (α‘ 1 α‘ 2  ... , α‘ κ) MH ELQiUQ\ UH"D]HF ]RVWURMHQê SRPRFRX *UD\RYKR NyGX D LQW� α‘ ) je odpovedajúce celé
þtVOR�

Prevod z Grayovho kódu do štandardného kódu

3RSXOiFLX Y HYROXþQRP DOJRULWPH UHSUH]HQWXMHPH ELQiUQ\P NyGRP� 9 PRMHM ~ORKH WR EXGH ãWDQGDUGQêP DM
*UD\RYêP ELQiUQ\P NyGRP� 3RWUHERYD" EXGHP UHYLHV" *UD\RY NyG QD ãWDQGDUGQê ELQiUQ\ NyG� =REHUPH VL ELQiUQH
þtVOR Y *UD\RYRP NyGH� 2]QDþPH MHKR ELW\ SRVWXSQH E1, b2, …, bk� &KFHPH SUHYLHV" WRWR þtVOR GR ãWDQGDUGQpKR NyGX
a1,a2, … ak. Prevedieme ho pomocou nasledovných priradení:

a1 : = b1

aI : = ai-1 XOR bi  pre i = 2,3, ...k

7UDQVIRUPiFLD VSRMLWpKR RSWLPDOL]DþQpKR SUREOpPX QD ELQiUQ\ RSWLPDOL]DþQê SUREOpP

1DãRX KODYQRX ~ORKRX MH ULHãL" VSRMLWê RSWLPDOL]DþQê SUREOpP SUH JOREiOQH PLQLPXP IXQNFLH ) � [ � QD
REODVWL '� 3UH �DOãLH ~YDK\ R SRXåLWt HYROXþQêFK DOJRULWPRY N ULHãHQLX WRKWR SUREOpPX MH WUHED SUHWUDQVIRUPRYD"
WHQWR VSRMLWê RSWLPDOL]DþQê SUREOpP QD ELQiUQ\ RSWLPDOL]DþQê SUREOpP� 3UHGSRNODGDMPH� åH NDåGi ] n premenných
vektora x ∈ ' MH Y\MDGUHQi Y ELQiUQHM UHSUH]HQWiFLL ELWRYêP YHNWRURP G�åN\ N� 7R ]QDPHQi� åH YHNWRU [ ∈ D je v
ELQiUQHM UHSUH]HQWiFLL Y\MDGUHQê ELWRYêP YHNWRURP G�åN\ NQ� 1HFK IXQNFLD ) Y\KRYXMH GUXKHM SRGPLHQNH SUH GDQ~
kladnú konštantu δ� %XGHPH SUHGSRNODGD"� åH G�åND ELQiUQHM UHSUH]HQWiFLH N MH ]YROHQi WDN� åH SODWt

δ >> (bi – ai )/(2
k – 1) pre i = 1,2,...,n

7iWR SRGPLHQND SRåDGXMH� DE\ PLQLPiOQD Y]GLDOHQRV" PHG]L GYRPD PLQLPDPL IXQNFLH ) � [ � QD REODVWL ' EROD R
PQRKR YlþãLD DNR �SUHVQRV"� ELQiUQHM UHSUH]HQWiFLH SUH NDåG~ SUHPHQQ~ YHNWRUD [ ∈D.

Prechod od binárneho vektora α=(α1,α2, ..., αkn)∈{0,1}kn k spojitému vektoru x = (x1,x2,..., xn)∈' P{åH
E\" IRUPiOQH FKiSDQê DNR WUDQVIRUPiFLD

Γ : { 0,1}kn → D
x = Γ (αα)
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NWRUi ]REUD]XMH PQRåLQX ELQiUQ\FK YHNWRURY G�åN\ NQ QD ERG\ � Q�WLFH UHiOQ\FK þtVHO ] NRFN\ '� ,Qiþ SRYHGDQp�
NRQHþQi PQRåLQD ��kn� ELQiUQ\FK YHNWRURY G�åN\ NQ MH reprezentovaná pomocou zobrazenia Γ ERGPL� NWRUp P{åX
E\" QD REODVWL ' XVSRULDGDQp GR RUWRJRQiOQHM PULHåN\� 0LQLPDOL]DþQê SUREOpP ��� SUL SRXåLWt ELQiUQHM UHSUH]HQWiFLH
Q �UR]PHUQêFK YHNWRURY [ VD WHGD UHDOL]XMH QD NRQHþQHM PQRåLQH GLVNUpWQ\FK ERGRY� 2]QDþPH D’ opt binárny vektor
G�åN\ NQ � NWRUê ERO ]tVNDQê ULHãHQtP RSWLPDOL]DþQpKR SUREOpPX ���� SULþRP IXQNFLD ) WRKWR SUREOpPX MH WRWRåQi V
IXQNFLRX ) Y RSWLPDOL]DþQRP SUREOpPH ���

α’ opt = arg        min      f ( Γ (α) )
    αα∈{0,1}kn

Vektor reálnych premenných priradený tomuto binárnemu vektoru je x‘ opt = Γ (a‘ opt�� %XGHPH SUHGSRNODGD"� åH
SUHVQRV" ELQiUQHM UHSUH]HQWiFLH �W�M� SRþHW ELWRY N UH]HUYRYDQêFK SUH NDåG~ UHiOQX SUHPHQQ~� MH WDNi� åH YHNWRU x‘ opt

je blízky presnému riešeniu xopt VSRMLWpKR RSWLPDOL]DþQpKR SUREOpPX ��� IXQNFLH ) QDG REODV"RX '

xopt ≈  x‘opt = Γ (a‘ opt)

3UHVQRV" ULHãHQLD RSWLPDOL]DþQpKR SUREOpPX ��� SUL SUHFKRGH ]R VSRMLWHM UHSUH]HQWiFLH N ELQiUQHM
UHSUH]HQWiFLL ]iYLVt QD NRQãWDQWH N � NWRUi XUþXMH G�åNX ELQiUQ\FK YHNWRURY UHSUH]HQWXM~FLFK MHGQRWOLYp UHiOQH
SUHPHQQp� $N IXQNFLD ) REVDKXMH PiOR PLQtP� NWRUp V~ GRVWDWRþQH QDY]iMRP L]RORYDQp �NRQãWDQWD δ MH YH�Ni� D
�ãLURNp�� NRQãWDQWD N QHPXVt E\" YH�Ni� $YãDN� DN IXQNFLD ) REVDKXMH PQRåVWYR PLQtP� NWRUp OHåLD EOt]NR VHED
(konštanta δ PXVt E\" PDOi�� SRWRP NRQãWDQWD N PXVt E\W SRPHUQH YH�Ni� 2UWRJRQiOQD PULHåND ERGRY QDG REODV"RX
' � NWRUp V~ JHQHURYDQp ]YROHQRX ELQiUQRX UHSUH]HQWiFLRX UHiOQ\FK SUHPHQQêFK� PXVt E\" GRVWDWRþQH MHPQi� DE\ VD
SRVWLKOL D RGOtãLOL EOt]NR VHED OHåLDFH PLQLPi IXQNFLH ) �

*HQHWLFNp SURJUDPRYDQLH SUH K�DGDQLH JOREiOQHKR PLQLPD IXQNFLH )

1HFK 3 MH PQRåLQD �PXOWLPQRåLQD� W�M� 3 P{åH REVDKRYD" αi, αj WDNp� åH αi = αj D ]iURYH� L ≠ j) - populácia riešení
tvaru

P = { α1, α2, ..., αpocet } ⊆ {0,1}velkost

Kde pocet ]QDþt YH�NRV" SRSXOiFLH 3 D velkost ]QDþt NDUGLQDOLWX ELQiUQHKR þtVOD� NWRUp UHSUH]HQWXMH MHGLQFD EX�
v štandardnom binárnom kóde alebo v*UD\RYRP NyGH� .DåGê HOHPHQW ] SRSXOiFLH 3 MH RKRGQRWHQê IXQNþQRX
hodnotou F(α) (fitness jedinca α). V našom prípade je fitness nasledovná:

F(x) = 0,993851231 + e-0,001 *  x * x sin(10x)cos(8x)

)XQFNLX ) DSOLNXMHPH QD SUHYHGHQp ELQiUQH þtVOR α ]R Y]"DKX ���� )LWQHVV Y PRMRP SUtSDGH MH LQHN SRQtPDQi DNR MH
EHåQH ]DXåtYDQp� ýtP PHQãLH )�[�� WêP MH [ OHSãLH� = SRSXOiFLH 3 Y\EHULHPH SRGPQRåQLQX � SRGSRSXOiFLX URGLþRY
Q1 ⊆ P a mutantov Q2 ⊆ P, ktorých kardinalita |Q1 + Q2| je menšia alebo nanajvýš rovná kardinalite pôvodnej
populácie P , |Q1 + Q2| ≤ |P|. Riešenia z podpopulácie Q1 V~ WUDQVIRUPRYDQp PXWDþQêP RSHUiWRURP 2krizuj na
podpopuláciu potomkov a riešenia z Q2 operátorom Qmutuj:

Q1’ = { α’ = Okrizuj (α) | a ∈ Q}
Q2’ = { α’ = Omutuj (α) | a ∈ Q}

SULþRP NDUGLQDOLW\ 41 a Q1’ sú rovnaké, |Q1|=|Q1'| to isté platí aj pre Q2. Potomkovia z podpopulácie Qi' sú
RKRGQRWHQp IXQNþQêPL KRGQRWDPL ) �α).

procedure Evolutionary_Programmning(output: αopt);
begin
 P:=náhodne vybratá populácia;
 stop_criterion:=false;

while not stop_criterion do
begin
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 Q1:=kvázináhodne vybratá podpopulácia P ;
   Q1':=O krizuj (Q1);
 Q 2:=náhodne vybratá podpopulácia (P \  Q1) ;
   Q2':=O mutuj (Q2);
 P:=(P \ Q 2) ∪Q2’ ;
 S:=kvázináhodne vybratá podpopulácia (P \  Q1) ;
 P:=(P \ S) ∪Q1‘;

if convergence criteria are fulfilled then
stop_criterion:=true;

end ;

α opt  = arg min F (α)
                          α∈ P

end ;

V proced~UH VD WUL NUiW SRXåtYD QiKRGQê YêEHU� 1DSULHN WRPX MH NDåGê VSRPHQXWê QiKRGQê YêEHU LQê� 3UL YêEHUH
jedincov do podpopulácie Q1 PDM~ YlþãLX ãDQFX SUHåL" MHGLQFH α, ktoré majú vysoké F ( α �� 9H�NRV" SRSXOiFLH 41 je
Round ( | P | * Pcross ). Pcross vyjadruje, UHODWtYQH PQRåVWYR MHGLQFRY� NWRUt VD EXGH NUtåL"� Do podpopulácie Q2 sa
vyberie náhodne Round (  | P | * Pmut ) jedincov, ktorý zmutujú. Znova Pmut Y\MDGUXMH UHODWtYQ\ SRþHW MHGLQFRY QD
PXWiFLX� 'R SRGSRSXOiFLH 6 VD Y\EHU~ MHGLQFL WDN� åH QDMYlþãLX SUDYGHSRGREQRV" YêEHUX PDM~ MHGLQFL α s malou F (
α )� 0XVt SUL WRP SODWL"� | Q1 | = | S |.

.UtåHQLH

.DåGê MHGLQHF α je reprezentovaný binárne:

αι  ⊆ {0,1}velkost

αi = bvelkost bvelkost-1 … b2 b1 , kde bi ∈ {0,1}

KrtåHQLH SUHEHKQH QDVOHGRYQH� =YROt VD QiKRGQp þtVOR RG � SR velkost a na tomto mieste sa chromozómy jedincov
SUHNUtåLD WêPWR VS{VRERP�
3UHG NUtåHQtP�

αi = bvelkost bvelkost-1 … b2 b1 , kde bi ∈ {0,1}
αj = cvelkost cvelkost-1 … c2 c1 , kde ci ∈ {0,1}

1HFK N MH LQGH[ NUtåHQLD SRWRP NUtåHQLH EXGH Y\]HUD" QDVOHGRYQH�

αi = bvelkost bvelkost-1 …bk ck-1 … c2 c1 , kde bi, ci ∈ {0,1}
αj = cvelkost cvelkost-1 …ck bk-1 … b2 b1 , kde bi, ci ∈ {0,1}

Mutácia

0XWiFLD SUHELHKD WDN� åH VD SRVWXSXMH SR ELWRFK MHGLQFD D V YRSUHG GDQRX SUDYGHSRGREQRV"RX VD ELW ]PHQt QD RSDþQ~
hodnotu.

.Yi]LQiKRGQê YêEHU V XSUHGQRVWQHQtP MHGLQFRY V Y\ããRX UHVS� QLåãRX ILWQHVV�

1iKRGQê YêEHU VRP Y\WYRULO QDVOHGRYQêP VS{VRERP� =RVXPRYDO VRP YKRGQH XSUDYHQp IXQþNQp KRGQRW\ ) � α )
YãHWNêFK MHGLQFRY SRSXOiFLH� 3RWRP VRP QHFKDO Y\JHQHURYD" QiKRGQp þtVOR ] LQWHUYDOX ��� 6XPD�� 9\EUDO VD WRKR
MHGLQFD� QD NWRUpKR XNi]DOR Y\JHQHURYDQp QiKRGQp þtVOR� 7HQWR YêEHU NYi]LQiKRGQpKR YêEHUX Y\FKiG]D ] SULQFtSX
rulety:

Podmienka ukonþHQLD JHQHWLFNpKR DOJRULWPX

$OJRULWPXV P{åPH XNRQþL" YLDFHUêPL VS{VREPL�
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1. 0{åPH RKUDQLþL" SRþHW JHQHUiFLt ]KRUD QHMDNRX NRQãWDQWRX�
2. 6WRSBFULWHULRQ EXGH ÄSUtEX]QRV"Ä MHGLQFRY� 9R VYRMHP SURJUDPH VRP ÄSUtEX]QRV"Ä Y\MDGULO DNR UR]GLHO PHG]L

priemerom fitnesov všetkých jedincov a fitnesom najsilnejšieho jedinca.

Program

3URJUDP MH SULSRMHQê N WHMWR FDVH�VWXG\� 1DSURJUDPRYDQê MH Y 3DVFDOH� 3R VSXVWHQt SURJUDPX XåtYDWH� ]DGi
NRQãWDQW\� NWRUêPL VD Gi YSOêYD" QD SULHEHK YêSRþWX� 0HG]L YROLWH�Qp NRQãWDQW\ SDWUt� YH�NRV" SRSXOiFLH� YH�NRV"
MHGLQFD UHSUH]HQWRYDQpKR ELQiUQ\P NyGRP� SUDYGHSRGREQRV" PXWiFLH D NUtåHQLD D QDNRQLHF YêEHU PHG]L
ãWDQGDUGQêP D *UD\RYêP NyGRYDQtP� 3URJUDP SRWRP QiMGH JOREiOQH PLQLPXP VS{VRERP WDNêP� åH SUHK�DGi FHOê
SULHVWRU D QiMGH MHGLQFD �MHKR FKURPR]yP� V QDMOHSãtP ILWQHVRP� 1iVOHGQH QD WR VD ]DþQ~ JHQHURYD" MHGQWROLYp
JHQHUiFLH Då NêP QHEXGH VSOQHQi SRGPLHQND 6WRSBFULWHULRQ� 9 WRPWR SURJUDPH QDVWDQH YWHG\� DN XåtYDWH� VWODþt
�XERYR�Q~ NOiYHVX� 3R FHOê þDV SULHEHKX YêSRþWX� SURJUDP ]REUD]XMH SRUDGLH SUiYH VSUDFRYiYDQHM JHQHUiFLH� MHM
QDMOHSãLHKR MHGLQFD VSROX V ILWQHVV IXQNFLXR D SULHPHU ILWQHVRY MHGLQFRY Y SRSXOiFLL� 8åtYDWH� P{åH WDNWR SULDPR
VOHGRYD" YêYRM SRSXOiFLH�

Výsledky

3UHVQRV" YêVOHGNRY SRG�D NDUGLQDOLW\ ELQiUQHKR þtVOD UHSUH]HQWXM~FHKR MHGLQFD ] populácie P

K Real ( α ) F ( Real ( α ) )
5 5.4838709677 2.6526754387E-01
6 -4.7619047620E-01 5.6697941918E-03
7 -3.9370078740E-01 2.8082589435E-01
8 -8.2352941176E-01 1.1451031830E-01
9 -8.0234833660E-01 2.3497448497E-02
10 -7.9178885631E-01 3.4253203166E-03
11 -7.8651685393E-01 1.2020833128E-04
12 -7.8388278389E-01 1.6425077320E-04
13 -7.8500793554E-01 7.0671276262E-06
14 -7.8557040835E-01 5.8547111621E-06
15 -7.8524124881E-01 3.0480532587E-07
16 -7.8538185701E-01 5.1471488405E-07
17 -7.8529957046E-01 7.1759131970E-10

V WDEX�NH MH GREUH YLGQR DNR SUHVQRV" narastá sSRGUREQHMãRX UHSUH]HQWiFLH FKURPR]yPX MHGLQFD� 'i VD WXãL"� åH
JOREiOQ\P PLQLPXP ]DGDQHM IXQNFLH MH KRGQRWD QXOD� 5R]KRGRO VRP VD UHSUH]HQWRYD" MHGLQFRY ELQiUQ\P NyGRP
sNDUGLQDOLWRX ��� QDNR�NR Y\ããLD NDUGLQDOLWD PL YH�D QD SUHVQRVWL QHSULGi� 9êEHU NDUGLQDOLW\ ELQiUQHKR þtVOD ]iYLVt
QD SRXåtYDWH�RYL� DNi SUHVQRV" PX Y\KRYXMH�

7DEX�ND 2: SUH N ��� NyGRYDQLH MH ãWDQGDUGQp� YH�NRV" SRSXOiFLH ��� 3cross=0.2, Pmut=0.12.

Poradie  generácie Chromozóm jedinca α Real ( α ) F ( Real ( α ) )
5 0111010111 -7.9178885631E-01 3.4253203166E-03
10 0111010111 -7.9178885631E-01 3.4253203166E-03
15 0111010110 -8.1133919844E-01 5.4254236609E-02
20 0111010110 -8.1133919844E-01 5.4254236609E-02
25 0111010111 -7.9178885631E-01 3.4253203166E-03
30 0111010111 -7.9178885631E-01 3.4253203166E-03
35 0111010111 -7.9178885631E-01 3.4253203166E-03
40 0111010111 -7.9178885631E-01 3.4253203166E-03
45 0111010111 -7.9178885631E-01 3.4253203166E-03
50 0111010111 -7.9178885631E-01 3.4253203166E-03
... ... ... ...
100 0100010111 -5.1808406647E-01 3.4253203166E-03



7

7DEX�ND �� SUH N ��� NyGRYDQLH MH ãWDQGDUGQp� YH�NRV" SRSXOiFLH ���� 3cross=0.2, Pmut=0.12.

Poradie  generácie Chromozóm jedinca α Real ( α ) F ( Real ( α ) )
5 0111010100 -8.5043988269E-01 3.08321676180E-01
10 0100111001 -3.8807429130E+00 2.7611618375E-01
15 0111011001 -7.5268817204E-01 2.7611618375E-01
20 0111011000 -7.7223851417E-01 1.38479049583E-02
25 0111010111 -7.9178885631E-01 3.4253203166E-03
30 0111010111 -7.9178885631E-01 3.4253203166E-03
35 0111010111 -7.9178885631E-01 3.4253203166E-03
40 0111011000 -7.7223851417E-01 1.38479049583E-02
45 0100010111 -5.1808406647E-01 3.4253203166E-03
50 0100010111 -5.1808406647E-01 3.4253203166E-03
... ... ... ...
100 0100010111 -5.1808406647E-01 3.4253203166E-03

7DEX�ND �� SUH N ��� NyGRYDQLH MH ãWDQGDUGQp� YH�NRV" SRSXOiFLH ���� 3cross=0.2, Pmut=0.12.

Poradie  generácie Chromozóm jedinca α Real ( α ) F ( Real ( α ) )
5 0111010111 -7.9178885631E-01 3.4253203166E-03
10 1001111000 2.3558162268E+00 4.7849077780E-02
15 0111011000 -7.7223851417E-01 1.3847950710E-02
20 0111010110 -8.1133919844E-01 5.4254236609E-02
25 0111010110 -8.1133919844E-01 5.4254236609E-02
30 0111011000 -7.7223851417E-01 1.3847950710E-02
35 0111010111 -7.9178885631E-01 3.4253203166E-03
40 0111010111 -7.9178885631E-01 1.38479049583E-02
45 0111010111 -7.9178885631E-01 3.4253203166E-03
50 0111010111 -7.9178885631E-01 3.4253203166E-03
... ... ... ...
100 0111010111 -7.9178885631E-01 3.4253203166E-03

7DEX�ND �� SUH N ��� NyGRYDQLH MH *UD\RYR� YH�NRV" SRSXOiFLH ��� 3cross=0.2, Pmut=0.12.

Poradie generácie Chromozóm
jedinca α

Real ( α ) F ( Real ( α ) ) Priemer

5 0100111101 -8.1133919844E-01  5.4254236609E-02  9.0119940900E-01
10 0100111101 -8.1133919844E-01  5.4254236609E-02  7.1375115771E-01
15 0100011111 -4.2033235582E-01  1.4340476803E-01  7.0370581935E-01
20 0100100101 -1.1241446725E+00  1.2394154204E-01  5.5158079424E-01
25 0100100101 -1.1241446725E+00  1.2394154204E-01  6.0462897766E-01
30 0100100101 -1.1241446725E+00  1.2394154204E-01  4.9204184739E-01
35 0100011101 -4.3988269794E-01  1.1128660521E-01  3.3531162485E-01
40 0100111101 -8.1133919844E-01  5.4254236609E-02  4.2261993245E-01
45 0100111101 -8.1133919844E-01  5.4254236609E-02  4.4949575495E-01
50 0100111100 -7.9178885631E-01  3.4253203166E-03  4.7993586954E-01
... ... ... ... ...

100 0100111100 -7.9178885631E-01  3.4253203166E-03  3.3399340548E-01

7DEX�ND �� SUH N ��� NyGRYDQLH MH *UD\RYR� YH�NRV" SRSXOiFLH ���� 3cross=0.2, Pmut=0.12.
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Poradie generácie Chromozóm
jedinca α

Real ( α ) F ( Real ( α ) ) Priemer

5 0100110100 -7.7223851417E-01  1.3847950710E-02  8.7244641990E-01
10 0100011101 -4.3988269794E-01  1.1128660521E-01  8.6872749590E-01
15 1101001100  2.3362658847E+00  7.7480878502E-02  7.5178225137E-01
20 0100011101 -4.3988269794E-01  1.1128660521E-01  7.8315873224E-01
25 0100110101 -7.5268817204E-01  8.4279049583E-02  7.3176211020E-01
30 0100111101 -8.1133919844E-01  5.4254236609E-02  6.4802230291E-01
35 0100111101 -8.1133919844E-01  5.4254236609E-02  6.0090048181E-01
40 0100111100 -7.9178885631E-01  3.4253203166E-03  5.6560550313E-01
45 0100111101 -8.1133919844E-01  5.4254236609E-02  6.0529449390E-01
50 0100111100 -7.9178885631E-01  3.4253203166E-03  5.9360907022E-01
55 0100110100 -7.7223851417E-01  1.3847950710E-02  5.7389181754E-01
60 0100111100 -7.9178885631E-01  3.4253203166E-03  5.9786967339E-01
65 0100110100 -7.7223851417E-01  1.3847950710E-02  5.8329069309E-01
70 0100111100 -7.9178885631E-01  3.4253203166E-03  5.6881784142E-01
75 0100110100 -7.7223851417E-01  1.3847950710E-02  5.8828002603E-01
80 0100110100 -7.7223851417E-01  1.3847950710E-02  5.0034970616E-01
85 0100111100 -7.9178885631E-01  3.4253203166E-03  4.5594462843E-01
90 0100111100 -7.9178885631E-01  3.4253203166E-03  5.0196300232E-01
95 0100111100 -7.9178885631E-01  3.4253203166E-03  6.4071592240E-01

100 0100111100 -7.9178885631E-01  3.4253203166E-03  6.5390919393E-01

7DEX�ND �� SUH N ��� NyGRYDQLH MH *UD\RYR� YH�NRV" SRSXOiFLH ���� 3cross=0.2, Pmut=0.12.

Poradie generácie Chromozóm
jedinca α

Real ( α ) F ( Real ( α ) ) Priemer

5 0100110100 -7.7223851417E-01  1.3847950710E-02  9.1786790734E-01
10 0100110100 -7.7223851417E-01  1.3847950710E-02  8.2768525696E-01
15 0100110100 -7.7223851417E-01  1.3847950710E-02  7.1020509864E-01
20 0100110100 -7.7223851417E-01  1.3847950710E-02  7.5872459736E-01
25 0100110100 -7.7223851417E-01  1.3847950710E-02  6.5479004685E-01
30 0100111100 -7.9178885631E-01  3.4253203166E-03  6.0345658938E-01
35 0100111100 -7.9178885631E-01  3.4253203166E-03  5.4023422817E-01
40 0100111100 -7.9178885631E-01  3.4253203166E-03  5.6634625532E-01
... ... ... ... ...

100 0100111100 -7.9178885631E-01  3.4253203166E-03  4.4225066568E-01

7DEX�ND 8: 9H�NRV" SRSXOiFLH MH ���� .DUGLQDOLWD MH URYQi ��� 3FURVV ����� 3PXW ����� SRXåLOR VD ãWDQGDUGQp
kódovanie.

Poradie generácie Chromozóm
jedinca α

Real ( α ) F ( Real ( α ) ) Priemer

5 0111010111 -7.9178885631E-01  3.4253203166E-03  8.4739879151E-01
10 1001111000  2.3558162268E+00  4.7849077780E-02  7.5956544920E-01
15 1001111001  2.3753665689E+00  7.6921465769E-02  7.7806403100E-01
20 1001111001  2.3753665689E+00  7.6921465769E-02  8.4884526057E-01
25 0111000111 -1.1045943304E+00  1.7294512517E-01  8.4385537073E-01
30 0111101000 -4.5943304007E-01  1.4080256357E-01  8.3611588022E-01
35 0111000101 -1.1436950147E+00  1.3502139145E-01  8.2264494858E-01
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40 0111011000 -7.7223851417E-01  1.3847950710E-02  7.1656204622E-01
45 0111011000 -7.7223851417E-01  1.3847950710E-02  7.1069796494E-01
50 0111010111 -7.9178885631E-01  3.4253203166E-03  8.0223729196E-01
55 0111010111 -7.9178885631E-01  3.4253203166E-03  7.3380128917E-01
60 0111010111 -7.9178885631E-01  3.4253203166E-03  6.4552466921E-01
65 0111010111 -7.9178885631E-01  3.4253203166E-03  7.4960136943E-01
70 0111000110 -1.1241446725E+00  1.2394154204E-01  7.8617500012E-01
75 1001111000  2.3558162268E+00  4.7849077780E-02  7.5667537239E-01
80 0111010110 -8.1133919844E-01  5.4254236609E-02  7.6179526775E-01
85 0111010110 -8.1133919844E-01  5.4254236609E-02  7.6563557158E-01
90 1001110111  2.3362658847E+00  7.7480878502E-02  5.3038944200E-01
95 0111010111 -7.9178885631E-01  3.4253203166E-03  5.6203867373E-01

100 0111010111 -7.9178885631E-01  3.4253203166E-03  5.3722258747E-01

7DEX�ND �� 9H�NRV" SRSXOiFLH MH ���� .DUGLQDOLWD MH URYQi ��� 3FURVV ����� 3PXW ����� SRXåLOR VD ãWDQGDUGQp
kódovanie.

Poradie generácie Chromozóm
jedinca α

Real ( α ) F ( Real ( α ) ) Priemer

5 0111101010 -4.2033235582E-01  1.4340476803E-01  7.3530523524E-01
10 0111101001 -4.3988269794E-01  1.1128660521E-01  7.2538755814E-01
15 1001110111  2.3362658847E+00  7.7480878502E-02  6.2329147952E-01
20 1001110111  2.3362658847E+00  7.7480878502E-02  6.4606258436E-01
25 1001110111  2.3362658847E+00  7.7480878502E-02  5.1244723950E-01
30 0111010111 -7.9178885631E-01  3.4253203166E-03  6.0685024948E-01
35 0111010111 -7.9178885631E-01  3.4253203166E-03  5.5795047884E-01
40 0111011000 -7.7223851417E-01  1.3847950710E-02  4.7989332702E-01
45 0111010111 -7.9178885631E-01  3.4253203166E-03  4.0431900988E-01
50 0111010111 -7.9178885631E-01  3.4253203166E-03  3.6751642547E-01
55 0111010111 -7.9178885631E-01  3.4253203166E-03  4.4706672560E-01
60 0111010111 -7.9178885631E-01  3.4253203166E-03  3.9914158039E-01
65 0111010111 -7.9178885631E-01  3.4253203166E-03  3.6539696867E-01
70 0111010111 -7.9178885631E-01  3.4253203166E-03  3.5816068935E-01
75 0111010111 -7.9178885631E-01  3.4253203166E-03  2.7598702867E-01
80 0111010111 -7.9178885631E-01  3.4253203166E-03  2.9473119642E-01
85 0111010111 -7.9178885631E-01  3.4253203166E-03  9.4509836879E-02
90 0111010111 -7.9178885631E-01  3.4253203166E-03  1.1962996424E-01
95 0111010111 -7.9178885631E-01  3.4253203166E-03  8.7215824216E-02

100 0111010111 -7.9178885631E-01  3.4253203166E-03  3.1648112253E-02

ýR Y\SOêYD ] tabuliek:

3DUDPHWUH 3FURVV D 3PXW WUHED YROL" RSDWUQH� 1HVP~ E\" EOt]NR SUL VHEH� SUHWRåH YWHG\ ]DþtQD SUHYDåRYD" QiKRGD SUL
]PHQH D YêEHUH MHGLQFRY GR �DOãHM JHQHUiFLH� 3UHWR MH OHSãLH YROL" 3FURVV YlþãLH DNR 3PXW� 0QH VD XNi]DOR SR
YLDFHUêFK VLPXOiFLiFK� åH YKRGQp MH QDVWDYL" SDUDPDWUH QDVOHGRYQH 3FURVV  ���� D 3PXW  ����� $OJRULWPXV SUDFXMH
OHSãLH� þtP MH YlþãLD SRSXOiFLD� 9WHG\ H[LVWXMH YlþãLD SUDYGHSRGREQRV"� åH VD Y SRSXOiFLL Y\VN\WQ~ MHGLQFH V GREURX
ILWQHVV� �DOãt IDNWRU YSOêYDM~FL QD SUHVQRV" DOJRULWPX MH SRþHW JHQHUiFLt� ýtP GOKLã QHFKiPH DOJRULWPXV SUDFRYD"�
WêP Pi YlþãLX ãDQFX GRVWD" VD GR JOREiOQHKR PLQLPD� 9lþãLQH SRNXVRY� NWRUp VRP XVNXWRþQLO� VWDþLOR tV" SR VW~
JHQHUiFLX� 9 VWHM JHQHUiFLL VD YlþãLQRX QDãOR JOREiOQH PLQLPXP D ]RVWDOR ÄNYi]LÄ VWDELOQp� þR ]QDPHQi� åH REþDV VD
P{åX REMDYL" DM LQp KRGQRW\� DOH þDVRP VD SRSXOiFLD YUiWL N VYRMPX QDMOHSãLHPX MHGLQFRYL�
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$N E\ VRP PDO SRURYQD" ãWDQGDUGQp NyGRYDQLH D *UD\RYR NyGRYDQLH� WDN G{MGHP N QDVOHGXM~FLP ]iYHURP� 3UL
*UD\RYRP NyGRYDQt VD YlþãLQRX YêVOHGN\ MHGQRWOLYêFK JHQHUiFLt OtãLD R MHGHQ ELW� þR ]QDPHQi� åH WLHWR MHGLQFH V~
ÄEOt]NR SUL VHEHÄ� 'REUH WR GRNXPHQWXMH WDEX�ND �� 1HYêKRGRX YãDN MH� DN VD SURJUDP GRVWDQH GR QHMDNpKR
ORNiOQHKR PD[LPD� WX VD ]GUåt GOK~ FKYt�X� NêP VD SRGDUt RGWLD� GRVWD"� 1DRSDN SUL ãWDQGDUGQRP NyGRYDQt Pi
DOJRULWPXV VFKRSQRV" YLDF ÄVNiND"Ä D WDN VD YêVOHGN\ MHGQRWOLYêFK JHQHUiFLt QLHNHG\ Då GUDPDWLFN\ OtãLD�
2GSRU~þDQp QDVWDYHQLH�

3RXåL" *UD\RYR NyGRYDQLH
9H�NRVW SRSXOiFLH� ���
.DUGLQDOLWD ELQiUQHKR þtVOD� ��
Pcross: 0.30
Pmut: 0.10
Stop_criterion: 200. generácia
3RXåLWLH HOLWL]PX ]DUXþt PRQRWyQQRV" DOJRULWPX D OHSãLH YêVOHGN\ DNR DOJRULWPXV EH] SRXåLWLD WHMWR PHWyG\�
(OLWL]PXV ]QDPHQi� åH GR �DOãHM JHQHUiFLH VD XUþLWH GRVWDQH QDMOHSãt MHGLQFH ] SUHGFKiG]DM~FHM JHQHUiFLH�


