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ÒORKD þ� ��

Generujte magické štvorce pomocou genetického algoritmu.  “Magický štvorec”
rádu n je n*n PDWLFD REVDKXM~FD YãHWN\ FHOp þtVOD RG � SR n*n� NDåGp ] QLFK SUiYH UD]� WDN� åH

V~þW\ YãHWNêFK ULDGNRY� VW�SFRY D GLDJRQiO V~ WLH LVWp� ,QêPL VORYDPL� MH WR SHUPXWiFLD þtVHO �

po n*n� XVSRULDGDQi GR SUDYRXKOHM PULHåN\� V YODVWQRV"RX åH NDåGê V~þHW ULDGNX� VW�SFD� DOHER

GLDJRQiO\ PDWLFH VD URYQi WRPX LVWpPX FHOpPX þtVOX�

Napríklad, magický štvorec rádu 3 je:

2  7  6
9  5  1
4  3  8

Riešenie:

ÒORKD JHQHURYDQLD PDJLFNêFK ãWYRUFRY VD ]DUD�XMH PHG]L NODVLFNp NRPELQDWRULFNp

RSWLPDOL]DþQp SUREOpP\� PHG]L NWRUp SDWUt QDSUtNODG DM ]QiP\ SUREOpP REFKRGQpKR

FHVWXM~FHKR �KDPLOWRQRYVNi NUXåQLFD Y JUDIH�� ÒORKX VRP ULHãLO JHQHWLFNêP DOJRULWPRP V

þUWDPL FKDUDNWHULVWLFNêPL SUH ULHãHQLH NRPELQDWRULFNêFK RSWLPDOL]DþQêFK SUREOpPRY�

Najprv trocha teórie:

*HQHWLFNp DOJRULWP\ �SR]UL >�@� SDWULD PHG]L VWRFKDVWLFNp RSWLPDOL]DþQp DOJRULWP\�

Y\XåtYDM~FH VLOX D SULQFtS HYRO~FLH Y åLYHM SUtURGH �WDN DNR KR SRStVDO 'DUZLQ� V NWRURX PDM~

PQRKR VSRORþQpKR� 3UDFXM~ QDG SRSXOiFLRX MHGLQFRY �SUL Y\ããHM DEVWUDNFLL VD ]D MHGLQFD EXGH

SRYDåRYD" QLH PQRåLQD DOH LED MHGHQ FKURPR]yP UHSUH]HQWRYDQê ELQiUQ\P DOHER

FHORþtVHOQêP YHNWRURP � �DOHM WHGD EXGHP SRMP\ MHGLQHF� FKURPR]yP D YHNWRU YR�QH

]DPLH�D"�� 3RSXOiFLD VD þDVRP �SRVWXSQRV"RX JHQHUiFLt� PHQt� SULþRP GR �DOãHM JHQHUiFLH

SUHFKiG]DM~ V YlþãRX SUDYGHSRGREQRV"RX Wt MHGLQFL� NWRUt V~ VSRPHG]L RVWDWQêFK QDMOHSãLH

SULVS{VREHQt QD ÄSUHåLWLH³� 9 UHþL JHQHWLFNêFK DOJRULWPRY ± PDM~ QDMYlþãLX )LWQHVV ± þtVOR�

SRSLVXM~FH VLOX MHGLQFD �þtP YlþãLH MH WRWR þtVOR� WêP OHSãLH�� ,QêPL VORYDPL� V~ WR MHGLQFL� NWRUt

VD QDMYLDF SRQiãDM~ QD LGHiO� NWRUê EX� SR]QiPH� DOHER VPH KR QHMDNêP VS{VRERP VFKRSQt

RStVD"� 3UDYLGOR YêEHUX VFKRSQHMãLHKR MHGLQFD VD UHDOL]XMH QDSUtNODG SRPRFRX SULQFtSX

UXOHW\� 7R ]QDPHQi� åH )LWQHVV �UHSUH]HQWRYDQ~ LQWHUYDOPL� MHGQRWOLYêFK MHGLQFRY

XVSRULDGDPH YHG�D VHED QD SULDPNX PHG]L ERG\ $ D % �þDVWR MH YKRGQp SULUDGHQLH $ � D

% ��� 9\JHQHUXMHPH QiKRGQp þtVOR ] LQWHUYDOX �$�%! D �DOHM SUDFXMHPH V MHGLQFRP� NWRUpPX

ERG QD SULDPNH ÄSDGRO³ GR MHKR )LWQHVV� -HGLQHF P{åH GR �DOãHM JHQHUiFLH SUHMV" EH] ]PHQ\�

DYãDN V SUDYGHSRGREQRV"RX 3repro P{åH VSROX V QHMDNêP LQêP MHGLQFRP SUHMV" SURFHVRP

UHSURGXNFLH� NWRUê ]DK��D SURFHV NUtåHQLD D SURFHV PXWiFLH� .UtåHQLH GYRFK FKURPR]yPRY

VSRþtYD YR Y\JHQHURYDQt ERGX NUtåHQLD �LQGH[X ]ORåN\ YHNWRUD�� D QiVOHGQRP VNRStURYDQt

]ORåLHN YHNWRURY GR QRYêFK FKURPR]yPRY� SULþRP ]ORåN\ WêFKWR QRYêFK YHNWRURY V~ SUHG

ERGRP NUtåHQLD LGHQWLFNp VR VYRMLPL ÄURGLþPL³ D SR ERGH NUtåHQLD V~ QDY]iMRP Y\PHQHQp

�QLHNWRUp JHQHWLFNp DOJRULWP\ P{åX RSHURYD" DM V YLDFHUêPL ERGPL NUtåHQLD�� 1DVOHGXMH SURFHV

PXWiFLH QRYêFK FKURPR]yPRY� $OJRULWPXV SR ]ORåNiFK SUHMGH QRYêPL YHNWRUPL D V YH�PL

PDORX SUDYGHSRGREQRV"RX 3mut SUL NDåGHM ]ORåNH W~WR P{åH ]PHQL"� 9 SUtSDGH ELQiUQ\FK

YHNWRURY VD ]ORåND ]DPHQt ]D QRY~ SRG�D Y]RUFD
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1-x
(1)

kde x MH S{YRGQi ]ORåND�

3UL NRPELQDWRULFNêFK RSWLPDOL]DþQêFK SUREOpPRFK �þR MH Qiã SUtSDG�� VD EXGH

SRVWXSRYD" PLHUQH RGOLãQêP VS{VRERP� 9HNWRU\ WRWLå EXG~ QLH ELQiUQH� DOH FHORþtVHOQp� �DOHM
EXGH QXWQp GRGUåD" SRGPLHQNX� åH YR YHNWRUH G�åN\ n VD NDåGp þtVOR ] ��«�n bude
Y\VN\WRYD" SUiYH UD]� ,QêPL VORYDPL� FKURPR]yP\ EXG~ YODVWQH SHUPXWiFLDPL n FHOêFK þtVLHO�

Pri takto konštruovaných chromozómoch samozrejme vzorec (1) zlyháva, preto bude
SRWUHEQp Y\P\VOLH" QHMDN~ LQ~ RSHUiFLX PXWiFLH� 7DNLVWR SURFHV NUtåHQLD SRStVDQê Y\ããLH

QiP QH]DUXþXMH� åH SRWRPNRYLD S{YRGQêFK FKURPR]yPRY EXG~ RSl" SHUPXWiFLH� %XGHPH

WHGD SRVWXSRYD" QDVOHGRYQêP VS{VRERP�

5RYQDNR DNR SUL PXWiFLL ELQiUQHKR YHNWRUD� EXGHPH SR ]ORåNiFK SUHFKiG]D" FHOêP

FKURPR]yPRP� DYãDN V SUDYGHSRGREQRV"RX 3mut Y\PHQtPH GDQ~ ]ORåNX VR ]ORåNRX V

indexom i, kde i EXGH QiKRGQp FHOp þtVOR ] �����n� -H ]UHMPp� åH WDNWR GHILQRYDQê RSHUiWRU

PXWiFLH QiP ]DFKRYiYD QDãX SRåLDGDYNX E\" SHUPXWiFLRX� 2SHUiWRU NUtåHQLD EXGH VSRþLDWNX

]KRGQê V RSHUiWRURP NUtåHQLD GHILQRYDQêP SUH ELQiUQH YHNWRU\� DYãDN EXGH SULGDQê WDN]YDQê

opravný proces, ktorý nám novovzniknuté chromozómy upraví na permutácie. Jeho princíp
Y\VYHWOtP Då QHVN{U�

-H YLGLH"� åH RSHUiFLH NUtåHQLD DM PXWiFLH V~ RSURWL NODVLFNêP RSHUiWRURP WURFKD

XPHOp� 1DPLHVWR PXWiFLH MHGQHM ]ORåN\ YHNWRUD VD QiP Y\PLH�DM~ GYH ]ORåN\� 2NUHP

SURVWpKR NUtåHQLD MH QXWQp YêVOHGQp YHNWRU\ HãWH RSUDYRYD"�

Nasleduje formálny opis:

Nech SHUPXWDþQê FKURPR]yP MH YHNWRU G�åN\ k ± SHUPXWiFLD þtVLHO �����k:

P = (p1,…,pk)

Magický štvorec rádu n EXGH UHSUH]HQWRYDQê SHUPXWDþQêP FKURPR]yPRP G�åN\ k,
kde k=n*n.

%RG NUtåHQLD MH QiKRGQH Y\JHQHURYDQp þtVOR ] LQWHUYDOX ���k!� %XGH R]QDþRYD" LQGH[

]ORåN\ SHUPXWDþQpKR FKURPR]yPX�

Operáciu mutácie definujem nasledovným algoritmom (v pascalovskom pseudokóde):

Algoritmus 1

procedure Mutation(var Ch:TChromosome);
begin
  for i:=1 to k do
    if random<Pmut then
    begin

j:=random(k)+1;
v:=Ch[i];
Ch[i]:=Ch[j];
Ch[j]:=v;

    end;
end;

Operácia random JHQHUXMH QiKRGQp þtVOR Y LQWHUYDOH ����!� 3UHPHQQi k obsahuje
G�åNX SHUPXWDþQpKR FKURPR]yPX Ch. Skúšal som aj nasledovnú verziu operátora mutácie,
DYãDN YêVOHGN\ QHEROL SUHVYHGþLYp� VN{U QDRSDN�
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Algoritmus 2

procedure Mutation2(var Ch:TChromosome);
begin
  for i:=1 to k do
    if random<Pmut then
    begin

v:=Ch[i];
if random<0.5 then
begin
  dec(Ch[i]);
  if Ch[i]=0 then Ch[i]:=2;
  end
  else begin
    inc(Ch[i]);
    if Ch[i]=k+1 then Ch[i]:=k-1;
  end;
for j:=1 to k do
  if (j<>i) and (Ch[i]=Ch[j]) then Ch[j]:=v;

    end;
end;

Idea bola, aby mutácia zloåN\ FKURPR]yPX EROD MHPQHMãLD� W�M� DE\ VD WiWR
QHY\PHQLOD ~SOQH QiKRGQH V QHMDNêP LQêP þtVORP �QDSU� � V ���� DOH DE\ VD ]PHQLOD OHQ R
jednotku (náhodne +1 alebo –1).

Procedúru NUtåHQLD reprezentuje Algoritmus 3� 7X MH QDPLHVWH QLHNR�NR SR]QiPRN N

SURFHVX RSUDY\ VNUtåHQêFK FKURPR]yPRY� 0DMPH SHUPXWDþQp FKURPR]yP\ 3 D 4 D ERG

NUtåHQLD F�

P = (p1,…,pc-1,pc,…,pk)
Q = (q1,…,qc-1,qc,…,qk)

3R NODVLFNHM RSHUiFLL NUtåHQLD GRVWDQHPH QRYp YHNWRU\�

P’ = (p1,…,pc-1,qc,…,qk)
Q’ = (q1,…,qc-1,pc,…,pk)

Je zrejmé, åH WLHWR FKURPR]yP\ Xå QHPXVLD E\" SHUPXWDþQp �QDSU� DN Tc = p2). Je
QXWQp DSOLNRYD" SURFHV RSUDY\ �DOHER WLHå þLDVWRþQp SULUDGHQLH � SDUWLDO PDWFKLQJ�� NWRUê QiP

ÄSHUPXWDþQRV"³ REQRYt� = YLDFHUêFK PRåQRVWt VRP VL Y\EUDO QDVOHGRYQ~ �EOLåãLH SR]UL DM >�@ D

[3]):

Definujme zobrazenie fPQ WDN� åH�

fPQ(pi) = 0 (pre i<c)
fPQ(pi) = qi (pre i>=c)

a zobrazenie fQP inverzné ku fPQ. Algoritmus 3 SUH WHQWR ~þHO SUDFXMH V SR�DPL Fi a Fi1.
Externá procedúra Clear SRXåLWi Y WRPWR DOJRULWPH WLHWR SROLD Y\QXOXMH� 3RPRFRX

GHILQRYDQêFK ]REUD]HQt EXGHPH QRYp YHNWRU\ RSUDYRYD" QDVOHGRYQêP LWHUDþQêP SULQFtSRP�

2SUDYPH QDMSUY YHNWRU 3¶� $N ]ORåND Si (pre 0 < i � F� QHSDWUt GR GHILQLþQpKR RERUX

zobrazenia fQP WDN WiWR ]RVWiYD QH]PHQHQi� 9 RSDþQRP SUtSDGH MH KRGQRWD Si zhodná s
niektorou z hodnôt qc,…,qk� %XGH SUHWR PXVLH" E\" QDKUDGHQi ]D SUY~ KRGQRWX LWHUDþQHM

schémy xk+1 = fQP(xk�� NWRUi VD Xå QHQDFKiG]D Y GHILQLþQRP RERUH ]REUD]HQLD IQP. Iterácia sa
inicializuje priradením x0 = pi� 2EGREQH RSUDYtPH DM YHNWRU 4¶� DYãDN Y\XåLMHPH SULWRP

zobrazenie fPQ� 1DVOHGXMH DOJRULWPXV ULHãLDFL GDQê SUREOpP� )UDJPHQW þ� � ]DEH]SHþXMH
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NODVLFNp NUtåHQLH FKURPR]yPRY� IUDJPHQW þ� � ]DEH]SHþXMH LFK RSUDYX KRUHXYHGHQêP

spôsobom.

Algoritmus 3

procedure TChromosome.CrossOver(Ch:TChromosome;var
Child1,Child2:TChromosome);

begin
  Clear(Fi);
  Clear(Fi1);

  //fragment c.1

  CrossPoint:=Random(k)+1;

  if CrossPoint>1 then
  begin
    for i:=1 to CrossPoint-1 do
    begin
      Child1.Value[i]:=Value[i];
      Child2.Value[i]:=Ch.Value[i];
    end;
  end;

  for i:=CrossPoint to k do
  begin
    Child1.Value[i]:=Ch.Value[i];
    Fi[Value[i]]:=Ch.Value[i];
    Child2.Value[i]:=Value[i];
    Fi1[Ch.Value[i]]:=Value[i];
  end;

  //fragment c.2

  if CrossPoint>1 then
  begin
    for i:=1 to CrossPoint-1 do
    begin
      j:=Child1.Value[i];
      while Fi1[j]<>0 do j:=Fi1[j];
      Child1.Value[i]:=j;

      j:=Child2.Value[i];
      while Fi[j]<>0 do j:=Fi[j];
      Child2.Value[i]:=j;
    end;
  end;
end;

3UL HYROXþQêFK DOJRULWPRFK �REY]Oiã" SUL NRPELQDWRULFNêFK RSWLPDOL]DþQêFK

SUREOpPRFK� MH QDMG{OHåLWHMãtP HOHPHQWRP QiYUK SURFHG~U\� NWRUi RKRGQRWt GDQê FKURPR]yP

MHKR VLORX ± W]Y� )LWQHVV IXQNFLD� 3R�PH VD EOLåãLH SR]ULH" QD ]DGDQ~ ~ORKX� 0DJLFNê ãWYRUHF
rádu n MH UHSUH]HQWRYDQê FKURPR]yPRP G�åN\ Q
Q� 1DMMHGQRGXFKãt DOJRULPXV K�DGDM~FL
PDJLFNê ãWYRUHF UiGX Q E\ Y\JHQHURYDO YãHWN\ PRåQp YHNWRU\ G�åN\ n*n �MH LFK Då �n*n)!) a
SRVWXSQêP SUHK�DGiYDQtP E\ QDãLHO Y\KRYXM~FL� =ORåLWRV" WRKWR DOJRULWPX E\ EROD IDNWRULiOQD�

þR SUL YlþãtFK KRGQRWiFK n ]QDPHQi SUDNWLFN~ QHULHãLWH�QRV"�

0{M JHQHWLFNê DOJRULWPXV �WDN DNR NDåGê LQê JHQHWLFNê DOJRULWPXV� EXGH SUDFRYD" V

REPHG]HQRX YH�NRV"RX SRSXOiFLH� QDSUtNODG ����� 3RþHW FKURPR]yPRY WHGD QH]iYLVt RG Q�

$N K�DGiPH QDSUtNODG PDJLFNê ãWYRUHF UiGX �� MH SRþHW YãHWNêFK U{]Q\FK SHUPXWDþQêFK
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FKURPR]yPRY Då ���  ����������� 
 ��
25
� þR MH FHONRP VOXãQp þtVOR� -H SUHWR SRWUHEQp

]DEH]SHþL"� DE\ VD GR SRSXOiFLH YH�NRVWL ���� GRVWDOL OHQ QDR]DM VFKRSQt MHGLQFL� 3UiYH QD WR

VO~åL )LWQHVV IXQNFLD� 0{M QiSDG� DNR RKRGQRWL" VLOX FKURPR]yPRY Y SUtSDGH PDJLFNêFK

ãWYRUFRY ERO QDVOHGRYQê� $OJRULWPXV ]LVWt SRþW\ MHGQRWOLYêFK ULDGNRY� VW�SFRY D GLDJRQiO� Y

NWRUêFK VD V~þW\ URYQDM~ QHMDNpPX SHYQpPX þtVOX� 1DMYlþãt ] WêFKWR SRþWRY� EXGH XUþRYD"
silu daného chromozómu. Uvedené realizuje Algoritmus 4� 6][ XUþXMH YH�NRV" VWUDQ\

magického štvorca (rád).

Algoritmus 4

function TChromosome.Fitness:integer;
begin
  Clear(Counts);
  Clear(XSums);
  Clear(YSums);
  DSums[1]:=0;
  DSums[2]:=0;

  for y:=1 to szx do
  begin
    for x:=1 to szx do
    begin
      YSums[x]:=YSums[x]+Value[(y-1)*szx+x];
      XSums[y]:=XSums[y]+Value[(y-1)*szx+x];
      if x=y then DSums[1]:=DSums[1]+Value[(y-1)*szx+x];
      if y=szx-x+1 then DSums[2]:=DSums[2]+Value[(y-1)*szx+x];
    end;
  end;

  for x:=1 to szx do
  begin
    inc(Counts[XSums[x]]);
    inc(Counts[YSums[x]]);
  end;
  inc(Counts[DSums[1]]);
  inc(Counts[DSums[2]]);

  result:=1;
  for x:=1 to CountsMax do
  begin
    if Counts[x]>result then result:=Counts[x];
  end;
end;

$NR Xå EROR SRYHGDQp� Algoritmus 4 Y\SRþtWD VXP\ MHGQRWOLYêFK ULDGNRY� VW�SFRY D

GLDJRQiO PDJLFNpKR ãWYRUFD� 7LHWR XORåt GR SROt XSums, YSums a DSums. Pole Counts
QD]DþLDWNX LQLFLDOL]RYDQp QD VDPp QXO\� EXGH REVDKRYD" NR�NR ULDGNRY� VW�SFRY D GLDJRQiO Pi

V~þHW URYQê MHGQRWOLYêP LQGH[RP SR�D �Y\XåLO VRP SULQFtS &RXQWLQJ6RUWX ± SR]UL >�@�� 7R

]QDPHQi� åH QDSUtNODG &RXQWV>��@ REVDKXMH SRþHW ULDGNRY� VW�SFRY D GLDJRQiO �VSROX� NWRUêFK

V~þHW GiYD þtVOR ��� 9R ILQiOQHM Ii]H DOJRULWPXV XORåt QDMYlþãt HOHPHQW SR�D &RXQWV GR

výsledkovej premennej result. Toto je vlastne Fitness daného chromozómu. Pri
H[SHULPHQWRYDQt VRP VN~ãDO YêVOHGQ~ KRGQRWX XPRFQL" QD GUXK~ UHVS� WUHWLX� DYãDN

popisovacia sila algoritmu sa strácala.

Samotný genetický algoritmus realizuje nasledujúca procedúra:

Algoritmus 5

procedure Evolution(var AOpt:TChromosome);
begin
  StopCriterion:=false;



6

  GenerateRandomPopulationOfChromosomes;

  t:=0;
  while (t<NumberOfCycles) and (not StopCriterion) do
  begin
    t:=t+1;

    ComputeFitnessesForAllChromosomesInPopulation;

    TestStopCriterion;

    NextPopulationSize:=0;
    NextPopulation:={};
    while NextPopulationSize<PopulationSize do
    begin
      ChooseTwoChromsomesByRoulette(Ch1,Ch2);

      if Random<PRepro then
      begin
        Reproduction(Ch1,Ch2,NewCh1,NewCh2);
      end
      else begin NewCh1:=Ch1; NewCh2:=Ch2; end;
      NextPopulation:=NextPopulation ∪  {NewCh1,NewCh2};
      inc(NextPopulationSize,2);
    end;
    Population:=NextPopulation;
  end;
  AOpt:=BestChromosomeFromPopulation;
end;

Implementácia:

6~þDV"RX WRKWR GRNXPHQWX MH DSOLNiFLD QD]YDQi 0DJLF� QDSURJUDPRYDQi Y SURVWUHGt

%RUODQG 'HOSKL � �SODWIRUPD :LQGRZV �[�� 3ULORåHQp V~ DM ]GURMRYp NyG\� $SOLNiFLD Y\XåtYD
prostriedky objektového programovania. Trieda TVector ]DSX]GUXMH FHORþtVHOQê YHNWRU V

YH�NRV"RX Size D KRGQRWDPL MHKR ]ORåLHN Y SROL Value, VSRORþQH VR ãWDQGDUGQêPL SURFHG~UDPL

na prácu s vektormi. Trieda TChromosome, potomok triedy TVector� ]DSX]GUXMH SHUPXWDþQê

FKURPR]yP GHILQRYDQê Y\ããLH VSROX V SURFHG~UDPL NUtåHQLD �CrossOver), mutácie
(Mutation) a ohodnotenia jeho sily (Fitness). Trieda TPopulation zapuzdruje populáciu
FKURPR]yPRY� -HGQRWOLYp FKURPR]yP\ V~ XORåHQp Y SROL Chromosomes. Procedúra
ComputeFitnesses Y\SRþtWD VLO\ YãHWNêFK FKURPR]yPRY D XSUDYHQp LFK XORåt GR SR�D

Fitnesses. Procedúra RouletteWheel YUDFLD LQGH[ GR SR�D Chromosomes� SULþRP V YlþãRX

SUDYGHSRGREQRV"RX YUDFLD LQGH[\ FKURPR]yPRY V YlþãRX VLORX� 3URFHG~UD Reproduction
implementuje operátor reprodukcie a procedúra Evolution samotný genetický algoritmus nad
danou populáciou.

$SOLNiFLD SUDFXMH V NRQãWDQWDPL� NWRUp MH SRWUHEQp QDVWDYL" SUHG VDPRWQêP

spustením. Tu je ich zoznam:

PopulationSize ± SRþHW FKURPR]yPRY Y SRSXOiFLL� âWDQGDUGQH VRP SUDFRYDO V YH�NRV"RX

1500.

NumberOfCycles ± PD[LPiOQ\ SRþHW JHQHUiFLt� FH] NWRUp Pi SRSXOiFLD SUHMV"�

PRepro ± SUDYGHSRGREQRV" UHSURGXNFLH FKURPR]yPRY� (PSLULFN\ VD PL SRGDULOR ]LVWL"� åH

RSWLPiOQH Y\]HUi E\" þtVOR ����

PMut ± SUDYGHSRGREQRV" PXWiFLH� 7X MH QDR]DM SRWUHEQp YH�Np PQRåVWYR H[SHULPHQWRYDQLD�

$YãDN Y ]iVDGH SODWt� þtP YlþãLH MH WRWR þtVOR� WêP VD DOJRULWPXV VWiYD QiKRGQHMãt D VWUiFD
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þUW\ FKDUDNWHULVWLFNp SUH JHQHWLFNp DOJRULWP\� âWDQGDUGQH VRP SUDFRYDO Y LQWHUYDOH ���� ±
0.15.

VectorSize ± UiG PDJLFNpKR ãWYRUFD NWRUê K�DGiPH� XPRFQHQê QD GUXK~�

Po spustení programX VD REMDYt RNQR� 7ODþLGOR Start VSXVWt HYROXþQê SURFHV� 1D

IRUPXOiU VD SRVWXSQH Y\NUHV�XMH JUDI� =HOHQRX IDUERX MH Y\]QDþHQi VLOD RSWLPiOQHKR MHGLQFD�

ýHUYHQRX IDUERX ± PLQLPiOQD VLOD �URYQi MHGQHM�� ýLHUQRX IDUERX MH R]QDþHQi VLOD

QDMVLOQHMãLHKR MHGLQFD Y SRSXOiFLL DNê ERO ]DWLD� QiMGHQê �MHKR KRGQRWD VD V~þDVQH Y\NUHV�XMH

GR RNQD Y SRGREH PDJLFNpKR ãWYRUFD� ± DOJRULWPXV SUDFXMH V HOLWL]PRP �YL� >�@�� 2OLYRYRX

IDUERX VD Y\NUHV�XMH PRPHQWiOQH QDMVLOQHMãt MHGLQHF Y SRSXOiFLL� 3UL YlþãtFK KRGQRWiFK

PopulationSize VD WLHWR GYH IDUE\ ]YlþãD SUHNUêYDM~� 7ODþLGOR Stop VO~åL QD SUHGþDVQp

zastavenie evolúcie. Algoritmus po nájdení magického štvorca zadaného rádu automaticky
zastaví a upozorní zvukovým signálom.

Výsledky:

Tu sú jednotlivé magické štvorce, ktoré sD PL SRGDULOR QiMV"�

Magický štvorec rádu 4

4 14  3 13
6 12  5 11
9  1 16  8
15 7 10  2

6~þW\ YãHWNêFK ULDGNRY� VW�SFRY D GLDJRQiO V~ URYQp þtVOX ��� -H ]DXMtPDYp� åH VD PL

SRGDULOR QiMV" YH�D U{]Q\FK PDJLFNêFK ãWYRUFRY UiGX �� DOH NDåGpKR V~þHW ERO YåG\ ���

�3UHNORSHQp D WUDQVSRQRYDQp ãWYRUFH SRYDåXMHPH ]D URYQDNp� 7DNåH PDJLFNê ãWYRUHF UiGX �

H[LVWXMH SUiYH MHGHQ� DOH PDJLFNêFK ãWYRUFRY UiGX � Xå H[LVWXMH YLDF��

Magický štvorec rádu 5

 3  6 23 25  8
 4 22 11 21  7
20  9 12  5 19
24 10  2 13 16
14 18 17  1 15

6~þW\ V~ URYQp þtVOX ���

0DJLFNê ãWYRUHF UiGX � VD PL Xå ERKXåLD� QHSRGDULOR QiMV"� $YãDN QDãLHO VRP MHKR

EOt]NHKR ÄNROHJX³� NWRUê PDO RNUHP MHGQpKR ULDGNX D MHGQpKR VW�SFD YãDGH URYQDNp V~þW\� D WR

���� 9 WUH"RP VW�SFL D ãWYUWRP ULDGNX EROL YãDN V~þW\ URYQp þtVOX ���� 7X MH�

19  9 21 22 19 17
25  6 32  8 16 14
 1 30 34 11  7 18

  31  2 24 35 33 36 •
20 28 23 15  3 12
 5 26 27 10 29  4

   •

%RGNRX V~ R]QDþHQp QHY\KRYXM~FH V~þW\�

Záver:

*HQHWLFNê DOJRULWPXV� NWRUê K�DGi PDJLFNp ãWYRUFH VD PL SRGDULOR QDSURJUDPRYD"� MH

YãDN RWi]QH� þL E\ VD QHGDOD QDYUKQ~" OHSãLD )LWQHVV IXQNFLD� NWRUi E\ SRPRKOD Y URYQDNRP
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þDVH QiMV" YlþãLH PDJLFNp ãWYRUFH� %RKXåLD� VD PL QHSRGDULOR QD LQWHUQHWH QiMV" GRWHUD]
QDMYlþãLH QiMGHQp PDJLFNp ãWYRUFH�
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