Lnapranku ot BatytuHa (http://evatutin.narod.ru)
11.10.12

Hcnoab3oBanue 3BOJTIONMOHHOIO MOAX0AA B 3aJa4e MOMCKA IJI00aJIbHOI0 MAKCHMYMa
riaaakoi GpyHKuumn

ITocTanoBKa 3aga4m.
3anana pynkuums f (X, y) , OHa k€ QYHKIUS IPUCITOCOOIIEHHOCTH.

T'eHOTHII — 3HAYCHHS apryMEHTOB (X, ).

Oco0eHHOCTH 3a1a4H.
1. BoicTpoe BBIpOXkKACHUE MOMYJISIIUN (MOKHO 000MTHCH MONyJIsIMel Manoro o0bema):
2. CunpHas 3aBUCUMOCTb OT MYTallUi:

* 2 o0cobu — [28 000,100 000] _ — [2600,19000] _ ;
e 10 ocobeit — [26 000,100 000] _, , —[5200,18000] _ ..

3. Hanwnuwme y neneBoit pyHKIIMH TOJIBKO OJHOTO SKCTPEMYyMaA.
4. HeB03MOXXHOCTb MOJIy4EHHUSI HEKOPPEKTHOTO PELICHUs (HET OTPaHUYCHU).

a=0,1

Crparterusi pemieHus.
1. Ha xaxmoit utepauuu BbIOMparoTcs 2 HamOojee mpucrnocodneHHsle ocoou A u B mo

KPUTEPHIO f(Xi, yi)ird — min, rae rE[O, 1] — CIy4ailHO€ YHCJIO C PaBHOMEPHBIM

pacnpenenenuem, d — creneHs pazdopoca (ammupudecku Beiopano d =0,1).
2. Memﬂy HUMHU POBOAUTCA CKPCHIUMBAHUEC C LECJIbIO MMOJTYUYCHHA ITOTOMKA C 110 IPpUHOHUITY

(Xas Ya ), r <0,25
(Xa» ¥g),0,25<r <0,5
(XC, yc): — PpaBHOBEpOSATHBIA BBIOOP COYETAHUS TEHOB
(Xg> ¥a),0,5<r<0,75
(Xg, ¥5),0,75<r <1
pOaUTENEH.

3. OHpe,I[eJ'ISIeTCH, H606XOI[I/IMO JIA ITPOBOAUTH MYTALIUIO IO KPUTCPUIO OLri > I’M , IIC @ —

BEPOSITHOCTh MyTaluu. Eciiu MyTarus BBIIOJTHSIETCS, TO CllydaiiHas KoopauHaTa (X HitH Y
¢ BeposITHOCTHIO (),5) 3aMEHSETCsI CITy4ailHbIM 3HAUCHHEM.
4. TloToMOK 3amMeliaeT HauMEHee MPUCIIOCOOICHHYI0 O0COOb TOMYJSIMH TI0 KPUTEPHUIO

f (X, y;)£rd — max.
5. WTepanuy TOBTOPSAIOTCA IO TeX IOp, TOKAa BCA MOMJIAHMA He cobepercs ONH3KO OT
7106aIBHOTO YKCTPEMYMa U ‘ f— f*‘ <1107,

JIMCTHHT porpaMMsel.
program ga_func;

uses

SysUtils;
const
POPULATION_SIZE = 10; { PazMmep momyssnmn }
MUTATION_PROBABILITY = 0.5; { BepoATHOCTEL MyTanmu }
type

TGenotype = record
X, Y: Double;
end;

var
PopulationArr: array [1..POPULATION_SIZE] of TGenotype;

{ CrnyvarHas wuanimanamn3anmus nonynasanmmn (=2; 2) }
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procedure Randomlnit();
var
1: Integer;
begin
for 1 = 1 to POPULATION_SIZE do begin
PopulationArr[1].X := Random*4 - 2;
PopulationArr[1].Y := Random*4 - 2;
end;
end;

{ OyHKIMSA NPUCHIOCOOJEHHOCTM (LjejieBas ONTUMMU3MpyeMas QYHKLMUSI) }
function Fitness(lndex: Integer): Double;
begin

Result := Sgr(PopulationArr[Index].X) + Sqr(PopulationArr[Index].Y);
end;

{ Pacuer cpenHey NPpMUCHIOCOOJEHHOCTM MOMIYJISLMN }
function GetAverageFitness(): Double;
var
1: Integer;
begin
Result := 0.0;

for 1 := 1 to POPULATION_SIZE do
Result := Result + Fitness(l);

Result := Result / POPULATION_SIZE;
end;

{ BelBOO HOMyJsLMM Ha SKPaH }
procedure WritePopulation();
var

1: Integer;
begin

for I := 1 to POPULATION_SIZE do

WriteIn(1:3, " x=", PopulationArr[1]-X:6:3, " y=", PopulationArr[1].Y:6:3, " (-,
Fitness(1):5:3, ")");

WriteIn("Average fitness = ", GetAverageFitness():5:3);
end;

{ CkpemmBaHMEe }
function Crossover(Motherlndex, Fatherlndex: Integer): TGenotype;
begin
if Random > 0.5 then
Result.X := PopulationArr[MotherlIndex].X
else
Result.X := PopulationArr[FatherlIndex].X;

if Random > 0.5 then
Result.Y := PopulationArr[MotherlIndex].Y
else
Result.Y := PopulationArr[Fatherlindex].Y;
end;

{ Myramms }
procedure Mutation(var Son: TGenotype);

var
NewValue: Double;

begin
{ HoBoe 3BHaYeHMEe KOOPAMHATE }
NewValue := Random*4 - 2;

{ OnpeneyseHne KOOPOMHATE, KOTOpPAas HONJIEXUT MYyTAaLuu }

if Random > 0.5 then

Son.X := NewvValue
else
Son.Y := Newvalue;
end;

{ Pacuer npmcrnocobJIEHHOCTM C OTKJIOHEHMEM }
function FitnessWithDeviation(SourceFitness: Double): Double;
const

DEVIATION = 0.1;
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begin

Result := SourceFitness * (1 + Random*DEVIATION - DEVIATION/2);
end;

{ Brlbop Hambojiee NPpHUCHIOCOOJEHHOI'O POOUTENS }
function GetBest(SkipThis: Integer = -1): Integer;
var
BestFitness, CurrFitness: Double;
Bestindex, I: Integer;
begin
BestFitness := FitnessWithDeviation( Fitness(l) );
Bestlndex := 1;

for 1 = 2 to POPULATION_SIZE do begin
if I = SKipThis then
continue;

CurrFitness := FitnessWithDeviation( Fitness(l) );

if CurrFitness < BestFitness then begin

BestFitness := CurrFitness;
Bestlndex := 1;
end;
end;
Result := Bestlndex;
end;

{ Brlbop HamMeHee IPHUCIOCOBGJIEHHOM ocobmu }
function GetWorst(): Integer;
var
WorstFitness, CurrFitness: Double;
Worstindex, I: Integer;
begin
WorstFitness := FitnessWithDeviation( Fitness(l) );
Worstlndex := 1;

for 1 = 2 to POPULATION_SIZE do begin
CurrFitness := FitnessWithDeviation( Fitness(l) );

if CurrFitness > WorstFitness then begin

WorstFitness := CurrFitness;
Worstlndex := 1;
end;
end;
Result := Worstlndex;
end;
var

Iteration, MotherlIndex, Fatherlndex, Deadlndex: Integer;
S: TGenotype;

begin

RandSeed := 4;

RandomInit();

Iteration := 0;

repeat
WriteIn("lteration = ", Iteration);
WritePopulation();
Writeln;

{ Brlbop ocober njsd CKpEeUMBAaHMUSI }
MotherlIndex := GetBest();
Fatherlindex := GetBest(Motherlindex);

{ CkpemmBaHue }
S = Crossover(Motherindex, Fatherindex);

{ Myranms }
if Random*MUTATION_PROBABILITY > Random then
Mutation(S);

{ Bribop Hambojsiee cjiabor ocobmu }
Deadlndex := GetWorst();
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{ HoBass o0cobb 3aMeHseT HauMeHee IPHUCIOCOOJIEeHHYH }

PopulationArr[Deadlndex] := S;

Inc(lteration);

{ PacueT cpenHen

npucrnocobyIeHHOCTH }

iT (Abs(GetAverageFitness()) < 4e-6) or (lteration > 100000) then

break;
until False;

{ BEIBOI MTOI'OBOM MOIYJISLIMMU }

Writeln("lteration
WritePopulation();
Writeln;

WriteIn("Done");
Readln;
end.

= ", lteration);

IIpumep 1 — pyHKIMSA ¢ OAHUM IKCTPEMYMOM.
f(X, Y):X2+y2—>min, —2<x<2,-2<y<2.

I'no6ansueii MuaumyM: f =0 mpu X =0u y =0.

2

1,5

-2 -15 -1 -05 0 0565 1 1565 2

IIpoToxoJ1 3BOJIIOLMH.

Iteration = 0

; Homep uTtepauum npu MoaenupoBaHum

1 x=-2.000 y=-1.874 (7.514)
2 x= 1.444 y=-1.190 (3.501)
3 x=-0.908 y= 0.687 (1.296)
4 x=-0.725 y=-1.353 (2.356)
5 x=-0.511 y=-0.297 (0.350)
6 x=-1.672 y=-0.101 (2.806)
7 x=-1.718 y= 1.363 (4.809)
8 x=-1.761 y=-0.827 (3.785)
9 x= 1.669 y=-0.528 (3.065)
10 x= 1.099 y=-0.688 (1.681)
Average fitness = 3.116

Iteration = 1
1 x=-0.908 y= 0.687 (1.296)
2 x= 1.444 y=-1.190 (3.501)
3 x=-0.908 y= 0.687 (1.296)
4 x=-0.725 y=-1.353 (2.356)
5 x=-0.511 y=-0.297 (0.350)
6 x=-1.672 y=-0.101 (2.806)
7 x=-1.718 y= 1.363 (4.809)
8 x=-1.761 y=-0.827 (3.785)
9 x= 1.669 y=-0.528 (3.065)
10 x= 1.099 y=-0.688 (1.681)

Average fitness = 2.495

; Homep_oco6u ®eHoTtun(x, y) (Mpucnoco6neHHOCTb)

11.10.12



Iteration = 2
1 x=-0.908 y= 0.687 (1.296)
2 x= 1.444 y=-1.190 (3.501)
3 x=-0.908 y= 0.687 (1.296)
4 x=-0.725 y=-1.353 (2.356)
5 x=-0.511 y=-0.297 (0.350)
6 x=-1.672 y=-0.101 (2.806)
7 x=-0.511 y=-0.297 (0.350)
8 x=-1.761 y=-0.827 (3.785)
9 x= 1.669 y=-0.528 (3.065)
10 x= 1.099 y=-0.688 (1.681)

Average fitness = 2.049

Iteration = 3
1 x=-0.908 y= 0.687 (1.296)
2 x= 1.444 y=-1.190 (3.501)
3 x=-0.908 y= 0.687 (1.296)
4 x=-0.725 y=-1.353 (2.356)
5 x=-0.511 y=-0.297 (0.350)
6 x=-1.672 y=-0.101 (2.806)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
9 x= 1.669 y=-0.528 (3.065)
10 x= 1.099 y=-0.688 (1.681)

Average fitness = 1.705

Iteration = 4
1 x=-0.908 y= 0.687 (1.296)
2 x=-0.511 y=-0.297 (0.350)
3 x=-0.908 y= 0.687 (1.296)
4 x=-0.725 y=-1.353 (2.356)
5 x=-0.511 y=-0.297 (0.350)
6 x=-1.672 y=-0.101 (2.806)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
9 x= 1.669 y=-0.528 (3.065)
10 x= 1.099 y=-0.688 (1.681)

Average fitness = 1.390

Iteration = 5
1 x=-0.908 y= 0.687 (1.296)
2 x=-0.511 y=-0.297 (0.350)
3 x=-0.908 y= 0.687 (1.296)
4 x=-0.725 y=-1.353 (2.356)
5 x=-0.511 y=-0.297 (0.350)
6 x=-1.672 y=-0.101 (2.806)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
9 x=-0.761 y=-0.297 (0.667)
10 x= 1.099 y=-0.688 (1.681)

Average fitness = 1.150

Iteration = 6
1 x=-0.908 y= 0.687 (1.296)
2 x=-0.511 y=-0.297 (0.350)
3 x=-0.908 y= 0.687 (1.296)
4 x=-0.725 y=-1.353 (2.356)
5 x=-0.511 y=-0.297 (0.350)
6 x=-0.511 y=-0.297 (0.350)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
9 x=-0.761 y=-0.297 (0.667)
10 x= 1.099 y=-0.688 (1.681)

Average fitness = 0.904

Iteration = 7
1 x=-0.908 y= 0.687 (1.296)
2 x=-0.511 y=-0.297 (0.350)
3 x=-0.908 y= 0.687 (1.296)
4 x=-0.511 y=-0.297 (0.350)
5 x=-0.511 y=-0.297 (0.350)
6 x=-0.511 y=-0.297 (0.350)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
9 x=-0.761 y=-0.297 (0.667)
10 x= 1.099 y=-0.688 (1.681)

Average fitness = 0.704

Iteration = 8
1 x=-0.908 y= 0.687 (1.296)
2 x=-0.511 y=-0.297 (0.350)
3 x=-0.908 y= 0.687 (1.296)
4 x=-0.511 y=-0.297 (0.350)
5 x=-0.511 y=-0.297 (0.350)
6 x=-0.511 y=-0.297 (0.350)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
9 x=-0.761 y=-0.297 (0.667)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.571

Iteration = 9
1 x=-0.908 y= 0.687 (1.296)
2 x=-0.511 y=-0.297 (0.350)
3 x=-0.511 y=-0.297 (0.350)
4 x=-0.511 y=-0.297 (0.350)
5 x=-0.511 y=-0.297 (0.350)
6 x=-0.511 y=-0.297 (0.350)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
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9 x=-0.761 y=-0.297 (0.667)
10 x=-0.511 y=-0.297 (0.350)
Average fitness = 0.476

Iteration = 10
1 x=-0.511 y=-0.297 (0.350)
2 x=-0.511 y=-0.297 (0.350)
3 x=-0.511 y=-0.297 (0.350)
4 x=-0.511 y=-0.297 (0.350)
5 x=-0.511 y=-0.297 (0.350)
6 x=-0.511 y=-0.297 (0.350)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
9 x=-0.761 y=-0.297 (0.667)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.381

Iteration = 11
1 x=-0.511 y=-0.297 (0.350)
2 x=-0.511 y=-0.297 (0.350)
3 x=-0.511 y=-0.297 (0.350)
4 x=-0.511 y=-0.297 (0.350)
5 x=-0.511 y=-0.297 (0.350)
6 x=-0.511 y=-0.297 (0.350)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
9 x=-0.511 y=-0.297 (0.350)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.350

BbIpox nonynsiy

[skip]

Iteration = 22
1 x=-0.511 y=-0.297 (0.350)
2 x=-0.511 y=-0.297 (0.350)
3 x=-0.511 y=-0.297 (0.350)
4 x=-0.511 y=-0.297 (0.350)
5 x=-0.511 y=-0.297 (0.350)
6 x= 0.672 y=-0.297 (0.540)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
9 x=-0.511 y=-0.297 (0.350)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.369

Iteration = 23
1 x=-0.511 y=-0.297 (0.350)
2 x=-0.511 y=-0.297 (0.350)
3 x=-0.511 y=-0.297 (0.350)
4 x=-0.511 y=-0.297 (0.350)
5 x=-0.511 y=-0.297 (0.350)
6 x=-0.511 y=-0.297 (0.350)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
9 x=-0.511 y=-0.297 (0.350)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.350

[skip]

; MepBas MyTauus, HeyaauHas
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MNMepBas yaauyHasa MyTaums, Nonyssiuus HaYMHAET nepenonsartb B 60s1ee NpUCcnoco6sieHHbli MaKCUMYM

Iteration = 444
1 x=-0.511 y=-0.297 (0.350)
2 x=0.301 y=-0.297 (0.179)
3 x=-0.511 y=-0.297 (0.350)
4 x=-0.511 y=-0.297 (0.350)
5 x=-0.511 y=-0.297 (0.350)
6 x=-0.511 y=-0.297 (0.350)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
9 x=-0.511 y=-0.297 (0.350)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.332

Iteration = 445
1 x=-0.511 y=-0.297 (0.350)
2 x=0.301 y=-0.297 (0.179)
3 x=-0.511 y=-0.297 (0.350)
4 x=-0.511 y=-0.297 (0.350)
5 x=-0.511 y=-0.297 (0.350)
6 x=-0.511 y=-0.297 (0.350)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
9 x=-0.511 y=-0.297 (0.350)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.332

Iteration = 446
1 x=-0.511 y=-0.297 (0.350)
2 x=0.301 y=-0.297 (0.179)
3 x=-0.511 y=-0.297 (0.350)
4 x=-0.511 y=-0.297 (0.350)
5 x=-0.511 y=-0.297 (0.350)
6 x=-0.511 y=-0.297 (0.350)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
9 x=-0.511 y=-0.297 (0.350)
10 x=-0.511 y=-0.297 (0.350)




Average fitness = 0.332

Iteration = 447
1 x=-0.511 y=-0.297 (0.350)
2 x= 0.301 y=-0.297 (0.179)
3 x=-0.511 y=-0.297 (0.350)
4 x=-0.511 y=-0.297 (0.350)
5 x=-0.511 y=-0.297 (0.350)
6 x=-0.511 y=-0.297 (0.350)
7 x=-0.511 y=-0.297 (0.350)
8 x=-0.511 y=-0.297 (0.350)
9 x=-0.511 y=-0.297 (0.350)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.332

Iteration = 448
1 x=-0.511 y=-0.297 (0.350)
2 x=0.301 y=-0.297 (0.179)
3 x=-0.511 y=-0.297 (0.350)
4 x=-0.511 y=-0.297 (0.350)
5 x=-0.511 y=-0.297 (0.350)
6 x=-0.511 y=-0.297 (0.350)
7 x=-0.511 y=-0.297 (0.350)
8 x=0.301 y=-0.297 (0.179)
9 x=-0.511 y=-0.297 (0.350)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.315

Iteration = 449
1 x=-0.511 y=-0.297 (0.350)
2 x= 0.301 y=-0.297 (0.179)
3 x=-0.511 y=-0.297 (0.350)
4 x=-0.511 y=-0.297 (0.350)
5 x=-0.511 y=-0.297 (0.350)
6 x= 0.301 y=-0.297 (0.179)
7 x=-0.511 y=-0.297 (0.350)
8 x=0.301 y=-0.297 (0.179)
9 x=-0.511 y=-0.297 (0.350)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.298

Iteration = 450
1 x=-0.511 y=-0.297 (0.350)
2 x= 0.301 y=-0.297 (0.179)
3 x=-0.511 y=-0.297 (0.350)
4 x=-0.511 y=-0.297 (0.350)
5 x= 0.381 y=-0.297 (0.234)
6 x= 0.301 y=-0.297 (0.179)
7 x=-0.511 y=-0.297 (0.350)
8 x= 0.301 y=-0.297 (0.179)
9 x=-0.511 y=-0.297 (0.350)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.287

Iteration = 451
1 x=-0.511 y=-0.297 (0.350)
2 x=0.301 y=-0.297 (0.179)
3 x=-0.511 y=-0.297 (0.350)
4 x=-0.511 y=-0.297 (0.350)
5 x= 0.381 y=-0.297 (0.234)
6 x=0.301 y=-0.297 (0.179)
7 x=-0.511 y=-0.297 (0.350)
8 x= 0.301 y=-0.297 (0.179)
9 x= 0.301 y=-0.297 (0.179)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.270

Iteration = 452
1 x=-0.511 y=-0.297 (0.350)
2 x= 0.301 y=-0.297 (0.179)
3 x=-0.511 y=-0.297 (0.350)
4 x=-0.511 y=-0.297 (0.350)
5 x= 0.381 y=-0.297 (0.234)
6 x= 0.301 y=-0.297 (0.179)
7 x= 0.301 y=-0.297 (0.179)
8 x=0.301 y=-0.297 (0.179)
9 x= 0.301 y=-0.297 (0.179)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.253

Iteration = 453
1 x=-0.511 y=-0.297 (0.350)
2 x=0.301 y=-0.297 (0.179)
3 x=-0.511 y=-0.297 (0.350)
4 x= 0.301 y=-0.297 (0.179)
5 x= 0.381 y=-0.297 (0.234)
6 x= 0.301 y=-0.297 (0.179)
7 x=0.301 y=-0.297 (0.179)
8 x= 0.301 y=-0.297 (0.179)
9 x= 0.301 y=-0.297 (0.179)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.236

Iteration = 454
1 x=-0.511 y=-0.297 (0.350)
2 x=0.301 y=-0.297 (0.179)
3 x= 0.301 y=-0.297 (0.179)
4 x= 0.301 y=-0.297 (0.179)
5 x= 0.381 y=-0.297 (0.234)
6 x= 0.301 y=-0.297 (0.179)
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7 x=0.301 y=-0.297 (0.179)

8 x=0.301 y=-0.297 (0.179)

9 x= 0.301 y=-0.297 (0.179)
10 x=-0.511 y=-0.297 (0.350)
Average fitness = 0.219

Iteration = 455
1 x=0.301 y=-0.297 (0.179)
2 x=0.301 y=-0.297 (0.179)
3 x=0.301 y=-0.297 (0.179)
4 x=0.301 y=-0.297 (0.179)
5 x= 0.381 y=-0.297 (0.234)
6 x= 0.301 y=-0.297 (0.179)
7 x=0.301 y=-0.297 (0.179)
8 x=0.301 y=-0.297 (0.179)
9 x= 0.301 y=-0.297 (0.179)
10 x=-0.511 y=-0.297 (0.350)

Average fitness = 0.201

Iteration = 456
1 x=0.301 y=-0.297 (0.179)
2 x=0.301 y=-0.297 (0.179)
3 x= 0.301 y=-0.297 (0.179)
4 x= 0.301 y=-0.297 (0.179)
5 x= 0.381 y=-0.297 (0.234)
6 x= 0.301 y=-0.297 (0.179)
7 x=0.301 y=-0.297 (0.179)
8 x= 0.301 y=-0.297 (0.179)
9 x= 0.301 y=-0.297 (0.179)
10 x= 0.301 y=-0.297 (0.179)

Average fitness = 0.184

Honynnuvm NOJIHOCTbIO Nepenonssa B HOBbI JIOKANIbHbIA MaKCUMMYM U Bbipoaunacb

Iteration = 457
1 x= 0.301 y=-0.297 (0.179)
2 x=0.301 y=-0.297 (0.179)
3 x= 0.301 y=-0.297 (0.179)
4 x= 0.301 y=-0.297 (0.179)
5 x= 0.301 y=-0.297 (0.179)
6 x= 0.301 y=-0.297 (0.179)
7 x=0.301 y=-0.297 (0.179)
8 x= 0.301 y=-0.297 (0.179)
9 x= 0.301 y=-0.297 (0.179)
10 x= 0.301 y=-0.297 (0.179)

Average fitness = 0.179

[skip]

Iteration = 525
1 x=0.301 y=-0.297 (0.179)
2 x=0.301 y=-0.132 (0.108)
3 x=0.301 y=-0.297 (0.179)
4 x= 0.301 y=-0.297 (0.179)
5 x= 0.301 y=-0.297 (0.179)
6 x= 0.301 y=-0.297 (0.179)
7 x=0.301 y=-0.297 (0.179)
8 x= 0.301 y=-0.297 (0.179)
9 x= 0.301 y=-0.297 (0.179)
10 x= 0.301 y=-0.297 (0.179)

Average fitness = 0.172

[skip]

Iteration = 859
1 x=0.301 y=-0.132 (0.108)
2 x=0.301 y=-0.132 (0.108)
3 x= 0.301 y=-0.132 (0.108)
4 x= 0.301 y=-0.132 (0.108)
5 x= 0.301 y=-0.132 (0.108)
6 x= 0.301 y=-0.132 (0.108)
7 x=0.301 y=-0.132 (0.108)
8 x= 0.301 y=-0.132 (0.108)
9 x= 0.301 y= 0.107 (0.102)
10 x= 0.301 y=-0.132 (0.108)

Average fitness = 0.107

[skip]

Iteration = 871
1 x=0.301 y= 0.107 (0.102)
2 x=0.301 y= 0.041 (0.092)
3 x=0.301 y= 0.107 (0.102)
4 x=0.301 y= 0.107 (0.102)
5 x= 0.301 y= 0.107 (0.102)
6 x=0.301 y= 0.107 (0.102)
7 x=0.301 y= 0.107 (0.102)
8 x=0.301 y= 0.107 (0.102)
9 x= 0.301 y= 0.107 (0.102)
10 x= 0.301 y= 0.107 (0.102)

Average fitness = 0.101

[skip]

Iteration = 1112
1 x=0.301 y= 0.041 (0.092)
2 x=0.106 y= 0.041 (0.013)
3 x=0.301 y= 0.041 (0.092)
4 x=0.301 y= 0.041 (0.092)
5 x=0.301 y= 0.041 (0.092)
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6 x= 0.301 y= 0.041 (0.092)
7 x=0.301 y= 0.041 (0.092)
8 x= 0.301 y= 0.041 (0.092)
9 x= 0.301 y= 0.041 (0.092)
10 x= 0.301 y= 0.041 (0.092)
Average fitness = 0.084

[skip]

Iteration = 1457
1 x=0.106 y= 0.041 (0.013)
2 x=0.106 y= 0.041 (0.013)
3 x=0.106 y= 0.041 (0.013)
4 x=0.106 y= 0.041 (0.013)
5 x=0.106 y= 0.041 (0.013)
6 x=0.106 y= 0.041 (0.013)
7 x=0.025 y= 0.041 (0.002)
8 x=0.106 y= 0.041 (0.013)
9 x= 0.106 y= 0.041 (0.013)
10 x= 0.106 y= 0.041 (0.013)

Average fitness = 0.012

[skip]

Iteration = 2701
1 x=0.016 y= 0.041 (0.002)
2 x=0.016 y= 0.041 (0.002)
3 x= 0.016 y= 0.041 (0.002)
4 x=0.016 y= 0.041 (0.002)
5 x= 0.016 y= 0.041 (0.002)
6 x= 0.016 y= 0.041 (0.002)
7 x=0.016 y=-0.032 (0.001)
8 x= 0.016 y= 0.041 (0.002)
9 x= 0.016 y= 0.041 (0.002)
10 x= 0.016 y= 0.041 (0.002)

Average fitness = 0.002

[skip]

Iteration = 2884
1 x= 0.016 y=-0.032 (0.001)
2 x=0.016 y=-0.032 (0.001)
3 x=0.016 y=-0.032 (0.001)
4 x=0.016 y=-0.032 (0.001)
5 x= 0.016 y=-0.032 (0.001)
6 x= 0.016 y=-0.032 (0.001)
7 x= 0.016 y=-0.032 (0.001)
8 x=0.016 y=-0.032 (0.001)
9 x= 0.016 y=-0.032 (0.001)
10 x=-1.497 y=-0.032 (2.242)

Average fitness = 0.225

[skip]

Iteration = 4524
1 x=0.016 y=-0.032 (0.001)
2 x=0.016 y=-0.032 (0.001)
3 x= 0.016 y=-0.032 (0.001)
4 x=0.016 y=-0.032 (0.001)
5 x= 0.016 y=-0.032 (0.001)
6 x=0.016 y= 0.009 (0.000)
7 x=0.016 y=-0.032 (0.001)
8 x= 0.016 y=-0.032 (0.001)
9 x= 0.016 y=-0.032 (0.001)
10 x= 0.016 y=-0.032 (0.001)

Average fitness = 0.001

[skip]

Iteration = 4631
1 x=0.016 y= 0.009 (0.000)
2 x=0.016 y= 0.009 (0.000)
3 x= 0.015 y= 0.009 (0.000)
4 x=0.016 y= 0.009 (0.000)
5 x= 0.016 y= 0.009 (0.000)
6 x= 0.016 y= 0.009 (0.000)
7 x=0.016 y= 0.009 (0.000)
8 x= 0.016 y= 0.009 (0.000)
9 x= 0.016 y= 0.009 (0.000)
10 x= 0.016 y= 0.009 (0.000)

Average fitness = 0.000

[skip]

Iteration = 5316
1 x= 0.015 y= 0.009 (0.000)
2 x=-0.006 y= 0.009 (0.000)
3 x=0.015 y= 0.009 (0.000)
4 x=0.015 y= 0.009 (0.000)
5 x= 0.015 y= 0.009 (0.000)
6 x=0.015 y= 0.009 (0.000)
7 x= 0.015 y= 0.009 (0.000)
8 x=0.015 y= 0.009 (0.000)
9 x= 0.015 y= 0.009 (0.000)
10 x= 0.015 y= 0.009 (0.000)

Average fitness = 0.000

[skip]

Iteration = 11597
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1 x=-0.006 y= 0.009 (0.000)
2 x=-0.006 y= 0.009 (0.000)
3 x=-0.006 y= 0.009 (0.000)
4 x=-0.006 y= 0.009 (0.000)
5 x=-0.006 y= 0.009 (0.000)
6 x=-0.006 y= 0.009 (0.000)
7 x=-0.006 y=-0.001 (0.000) ;m
8 x=-0.006 y= 0.009 (0.000)
9 x=-0.006 y= 0.009 (0.000)
10 x=-0.006 y= 0.009 (0.000)
Average fitness = 0.000

[skip]

Iteration = 18896
1 x=-0.006 y=-0.001 (0.000)
2 x=-0.006 y=-0.001 (0.000)
3 x=-0.006 y=-0.001 (0.000)
4 x=0.003 y=-0.001 (0.000) ;m
5 x=-0.006 y=-0.001 (0.000)
6 x=-0.006 y=-0.001 (0.000)
7 x=-0.006 y=-0.001 (0.000)
8 x=-0.006 y=-0.001 (0.000)
9 x=-0.006 y=-0.001 (0.000)
10 x=-0.006 y=-0.001 (0.000)

Average fitness = 0.000

[skip]

Iteration = 27468
1 x=0.003 y=-0.001 (0.000)
2 x=0.003 y=-0.001 (0.000)
3 x= 0.003 y=-0.001 (0.000)
4 x=0.003 y=-0.001 (0.000)
5 x=-0.001 y=-0.001 (0.000) ;m
6 x=0.003 y=-0.001 (0.000)
7 x=0.003 y=-0.001 (0.000)
8 x=0.003 y=-0.001 (0.000)
9 x= 0.003 y=-0.001 (0.000)
10 x= 0.003 y=-0.001 (0.000)

Average fitness = 0.000
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Aanee no 100000 uTepauumii ynyylueHMs Npucnoco6/1eHHOCTU NONYJISILMK He MPOMCXOAUT: ydluee pelueHme x=-0.001, y=-0.001

IIpumep 2 — pyHKUMSA ¢ IBYyMS IKCTPEMyMaMM.
f(%y)=(x=1) (x+1) +y* - min, —2<x<2,-2<y<2.

I'noGanersii MuanMyM: f =0nmpu X =—1luy =0uwm X =+1lnuy =0.

2
15

1

-2 -15 -1 05 0 05

HpOTOKOJ'[ IBOJIIOIIU M.

Iteration = 0
1 x=-2.000 y=-1.874 (12.514)
2 x=1.444 y=-1.190 (2.594)
3 x=-0.908 y= 0.687 (0.502)
4 x=-0.725 y=-1.353 (2.055)
5 x=-0.511 y=-0.297 (0.634)
6 x=-1.672 y=-0.101 (3.234)

1 15 2



7 x=-1.718 y= 1.363 (5.664)

8 x=-1.761 y=-0.827 (5.100)

9 x= 1.669 y=-0.528 (3.469)
10 x= 1.099 y=-0.688 (0.517)
Average fitness = 3.628

Iteration = 1
1 x=-0.908 y= 0.687 (0.502)
2 x= 1.444 y=-1.190 (2.594)
3 x=-0.908 y= 0.687 (0.502)
4 x=-0.725 y=-1.353 (2.055)
5 x=-0.511 y=-0.297 (0.634)
6 x=-1.672 y=-0.101 (3.234)
7 x=-1.718 y= 1.363 (5.664)
8 x=-1.761 y=-0.827 (5.100)
9 x= 1.669 y=-0.528 (3.469)
10 x= 1.099 y=-0.688 (0.517)

Average fitness = 2.427

Iteration = 2
1 x=-0.908 y= 0.687 (0.502)
2 x= 1.444 y=-1.190 (2.594)
3 x=-0.908 y= 0.687 (0.502)
4 x=-0.725 y=-1.353 (2.055)
5 x=-0.511 y=-0.297 (0.634)
6 x=-1.672 y=-0.101 (3.234)
7 x=-0.908 y= 0.687 (0.502)
8 x=-1.761 y=-0.827 (5.100)
9 x= 1.669 y=-0.528 (3.469)
10 x= 1.099 y=-0.688 (0.517)

Average fitness = 1.911

Iteration = 3
1 x=-0.908 y= 0.687 (0.502)
2 x= 1.444 y=-1.190 (2.594)
3 x=-0.908 y= 0.687 (0.502)
4 x=-0.725 y=-1.353 (2.055)
5 x=-0.511 y=-0.297 (0.634)
6 x=-1.672 y=-0.101 (3.234)
7 x=-0.908 y= 0.687 (0.502)
8 x=-0.908 y= 0.687 (0.502)
9 x= 1.669 y=-0.528 (3.469)
10 x= 1.099 y=-0.688 (0.517)

Average fitness = 1.451

Iteration = 4
1 x=-0.908 y= 0.687 (0.502)
2 x=1.444 y=-1.190 (2.594)
3 x=-0.908 y= 0.687 (0.502)
4 x=-0.725 y=-1.353 (2.055)
5 x=-0.511 y=-0.297 (0.634)
6 x=-1.672 y=-0.101 (3.234)
7 x=-0.908 y= 0.687 (0.502)
8 x=-0.908 y= 0.687 (0.502)
9 x=-0.908 y= 0.687 (0.502)
10 x= 1.099 y=-0.688 (0.517)

Average fitness = 1.154

Iteration = 5
1 x=-0.908 y= 0.687 (0.502)
2 x= 1.444 y=-1.190 (2.594)
3 x=-0.908 y= 0.687 (0.502)
4 x=-0.725 y=-1.353 (2.055)
5 x=-0.511 y=-0.297 (0.634)
6 x=-0.908 y= 0.687 (0.502)
7 x=-0.908 y= 0.687 (0.502)
8 x=-0.908 y= 0.687 (0.502)
9 x=-0.908 y= 0.687 (0.502)
10 x= 1.099 y=-0.688 (0.517)

Average fitness = 0.881

Iteration = 6
1 x=-0.908 y= 0.687 (0.502)
2 x=-0.908 y= 0.687 (0.502)
3 x=-0.908 y= 0.687 (0.502)
4 x=-0.725 y=-1.353 (2.055)
5 x=-0.511 y=-0.297 (0.634)
6 x=-0.908 y= 0.687 (0.502)
7 x=-0.908 y= 0.687 (0.502)
8 x=-0.908 y= 0.687 (0.502)
9 x=-0.908 y= 0.687 (0.502)
10 x= 1.099 y=-0.688 (0.517)

Average fitness = 0.672

Iteration = 7
1 x=-0.908 y= 0.687 (0.502)
2 x=-0.908 y= 0.687 (0.502)
3 x=-0.908 y= 0.687 (0.502)
4 x=-0.908 y= 0.687 (0.502)
5 x=-0.511 y=-0.297 (0.634)
6 x=-0.908 y= 0.687 (0.502)
7 x=-0.908 y= 0.687 (0.502)
8 x=-0.908 y= 0.687 (0.502)
9 x=-0.908 y= 0.687 (0.502)
10 x= 1.099 y=-0.688 (0.517)

Average fitness = 0.517

Iteration = 8
1 x=-0.908 y= 0.687 (0.502)
2 x=-0.908 y= 0.687 (0.502)
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3 x=-0.908 y= 0.687 (0.502)
4 x=-0.908 y= 0.687 (0.502)
5 x=-0.908 y= 0.687 (0.502)
6 x=-0.908 y= 0.687 (0.502)
7 x=-0.908 y= 0.687 (0.502)
8 x=-0.908 y= 0.687 (0.502)
9 x=-0.908 y= 0.687 (0.502)
10 x= 1.099 y=-0.688 (0.517)
Average fitness = 0.504

Iteration = 9
1 x=-0.908 y= 0.687 (0.502)
2 x=-0.908 y= 0.687 (0.502)
3 x=-0.908 y= 0.687 (0.502)
4 x=-0.908 y= 0.687 (0.502)
5 x=-0.908 y= 0.687 (0.502)
6 x=-0.908 y= 0.687 (0.502)
7 x=-0.908 y= 0.687 (0.502)
8 x=-0.908 y= 0.687 (0.502)
9 x=-0.908 y= 0.687 (0.502)
10 x= 1.099 y=-0.688 (0.517)

Average fitness = 0.504

Iteration = 10
1 x=-0.908 y= 0.687 (0.502)
2 x=-0.908 y= 0.687 (0.502)
3 x=-0.908 y= 0.687 (0.502)
4 x=-0.908 y= 0.687 (0.502)
5 x=-0.908 y= 0.687 (0.502)
6 x=-0.908 y= 0.687 (0.502)
7 x=-0.908 y= 0.687 (0.502)
8 x=-0.908 y= 0.687 (0.502)
9 x=-0.908 y= 0.687 (0.502)
10 x= 1.099 y=-0.688 (0.517)

Average fitness = 0.504

Iteration = 11
1 x=-0.908 y= 0.687 (0.502)
2 x=-0.908 y= 0.687 (0.502)
3 x=-0.908 y= 0.687 (0.502)
4 x=-0.908 y= 0.687 (0.502)
5 x=-0.908 y= 0.687 (0.502)
6 x=-0.908 y= 0.687 (0.502)
7 x=-0.908 y= 0.687 (0.502)
8 x=-0.908 y= 0.687 (0.502)
9 x=-0.908 y= 0.687 (0.502)
10 x=-0.908 y= 0.687 (0.502)

Average fitness = 0.502

Bb! nor

P ynsul

[skip]

Iteration = 37
1 x=-0.908 y= 0.687 (0.502)
2 x=-0.908 y= 0.687 (0.502)
3 x=-0.908 y= 0.687 (0.502)
4 x=-0.908 y= 0.687 (0.502)
5 x=-0.908 y= 0.687 (0.502)
6 x=-0.908 y= 0.687 (0.502)
7 x=-0.908 y= 0.687 (0.502)
8 x=-0.908 y=-0.416 (0.204)
9 x=-0.908 y= 0.687 (0.502)
10 x=-0.908 y= 0.687 (0.502)

Average fitness = 0.472

[skip]

Iteration = 73
1 x=-0.908 y=-0.416 (0.204)
2 x=-0.908 y=-0.416 (0.204)
3 x=-0.908 y=-0.416 (0.204)
4 x=-0.908 y=-0.416 (0.204)
5 x=-0.914 y=-0.416 (0.201)
6 x=-0.908 y=-0.416 (0.204)
7 x=-0.908 y=-0.416 (0.204)
8 x=-0.908 y=-0.416 (0.204)
9 x=-0.908 y=-0.416 (0.204)
10 x=-0.908 y=-0.416 (0.204)

Average fitness = 0.204

[skip]

Iteration = 96
1 x=-0.908 y=-0.416 (0.204)
2 x=-0.914 y=-0.416 (0.201)
3 x=-0.914 y=-0.416 (0.201)
4 x=-0.914 y=-0.416 (0.201)
5 x=-0.914 y=-0.416 (0.201)
6 x=-0.908 y=-0.416 (0.204)
7 x=-0.914 y= 0.314 (0.126)
8 x=-0.914 y=-0.416 (0.201)
9 x=-0.914 y=-0.416 (0.201)
10 x=-0.914 y=-0.416 (0.201)

Average fitness = 0.194

[skip]

Iteration = 106
1 x=-0.914 y= 0.314 (0.126)

; B nonynsiumMmn NnpucyTCTBYIOT pa3Hble 0co6um

; Monynsiuus cHoBa BbipoAWach
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2 x=-0.914 y= 0.314 (0.126)
3 x=-0.914 y= 0.314 (0.126)
4 x=-0.914 y= 0.314 (0.126)
5 x=-0.914 y= 0.314 (0.126)
6 x=-0.914 y= 0.314 (0.126)
7 x=-0.914 y= 0.314 (0.126)
8 x=-0.914 y= 0.314 (0.126)
9 x=-0.914 y= 0.314 (0.126)
10 x=-0.914 y= 0.314 (0.126)
Average fitness = 0.126

[skip]

Iteration = 220
1 x=-0.914 y= 0.314 (0.126)
2 x=-0.914 y= 0.314 (0.126)
3 x=-0.914 y= 0.314 (0.126)
4 x=-0.914 y= 0.314 (0.126)
5 x=-0.914 y= 0.314 (0.126)
6 x=-0.914 y= 0.314 (0.126)
7 x=0.999 y= 0.314 (0.098)
8 x=-0.914 y= 0.314 (0.126)
9 x=-0.914 y= 0.314 (0.126)
10 x=-0.914 y= 0.314 (0.126)

Average fitness = 0.123

[skip]

Iteration = 859
1 x= 0.999 y= 0.314 (0.098)
2 x=0.999 y= 0.314 (0.098)
3 x=0.999 y= 0.314 (0.098)
4 x=0.999 y= 0.314 (0.098)
5 x=0.999 y= 0.314 (0.098)
6 x= 0.999 y= 0.314 (0.098)
7 x=0.999 y= 0.314 (0.098)
8 x=0.999 y= 0.314 (0.098)
9 x=0.999 y= 0.107 (0.011)
10 x= 0.999 y= 0.314 (0.098)

Average fitness = 0.090

[skip]

Iteration = 871
1 x=0.999 y= 0.107 (0.011)
2 x=0.999 y= 0.107 (0.011)
3 x=0.999 y= 0.107 (0.011)
4 x=0.999 y= 0.107 (0.011)
5 x=0.999 y= 0.107 (0.011)
6 x=0.999 y= 0.107 (0.011)
7 x=0.999 y= 0.107 (0.011)
8 x=0.999 y= 0.107 (0.011)
9 x= 0.999 y= 0.041 (0.002)
10 x=0.999 y= 0.107 (0.011)

Average fitness = 0.010

[skip]

Iteration = 2701
1 x=0.999 y= 0.041 (0.002)
2 x=0.999 y= 0.041 (0.002)
3 x= 0.999 y= 0.041 (0.002)
4 x=0.999 y= 0.041 (0.002)
5 x= 0.999 y= 0.041 (0.002)
6 x= 0.999 y= 0.041 (0.002)
7 x=0.999 y=-0.032 (0.001)
8 x= 0.999 y= 0.041 (0.002)
9 x= 0.999 y= 0.041 (0.002)
10 x= 0.999 y= 0.041 (0.002)

Average fitness = 0.002

[skip]

Iteration = 4524
1 x=0.999 y=-0.032 (0.001)
2 x= 0.999 y=-0.032 (0.001)
3 x= 0.999 y=-0.032 (0.001)
4 x=0.999 y=-0.032 (0.001)
5 x= 0.999 y=-0.032 (0.001)
6 x=0.999 y= 0.009 (0.000)
7 x= 0.999 y=-0.032 (0.001)
8 x= 0.999 y=-0.032 (0.001)
9 x= 0.999 y=-0.032 (0.001)
10 x= 0.999 y=-0.032 (0.001)

Average fitness = 0.001

[skip]

Iteration = 11597
1 x=0.999 y= 0.009 (0.000)
2 x=0.999 y= 0.009 (0.000)
3 x= 0.999 y= 0.009 (0.000)
4 x=0.999 y= 0.009 (0.000)
5 x= 0.999 y= 0.009 (0.000)
6 x=0.999 y= 0.009 (0.000)
7 x=0.999 y=-0.001 (0.000)
8 x= 0.999 y= 0.009 (0.000)
9 x= 0.999 y= 0.009 (0.000)
10 x= 0.999 y= 0.009 (0.000)

Average fitness = 0.000
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IIpumep 3 — pyHKIHUSA ¢ MHOKECTBOM IKCTPEMYMOB.
f (X, y) =sin5X+sin 7X+sin10x> — min, —2<x<2,-2<y<2,

MHOXeCTBO JTOKaJTbHBIX MUHUMYMOB
2
1,5

1

-2 -1,5 -1 -05 0 05 1 156 2
Pe3yabTaThl 3BOJIIOIMH (CTAPT € Pa3HbIX HAYAJIbHBIX YCJI0BHI).
rn=0x=-1,537y=1,564 f =—2,982
rnh=1x=—-1537y=1564f =-2,982
rh=2x=-1,539y=0,676 f =—2,980
rh=3x=-1537y=0,671f=—2,983
rh=4x=-1,538y=-0,229 f =—2,981

DBOMIOLUS. TIPUXOJUT B pa3HbIE JIOKATBHBIE MaKCHUMYyMBbI, OJHM3KHE IO 3HAYEHUSM IIETICBOU
byHKIIUN



