NJ1-5: OnTuMmnsaumja paekcMbmnnaHunx
TEXHOJIOLWKUX npoLleca npyuMeHOM
reHeTMYKMX aaropurama




Cagpxaj

NMpumep #1.:

v Ontummnsauuja dpyHkumje f(X)=x? — “pydna” cumynauuja;

NMpumep #3:

v OnTMmMmnsaumja TEXHONOLLKMX NnpoLueca — nporpaMmmpare
y Matlab codpTBepckom nakery;




NMpumep#1
rnocraBka npobnema

" NOTPeOHO je oapeanTn MakCumMym doyHKUmje
Ha nHTepsany [0,31];

1000

Koa y Matlab-y:

900
clc; clear all; close all;
800
1| % x - argument
x =0:31;

7001

600

1§ %y — vrednost funkcije
y = X2,

X 500f

4001

%crtanje grafika
plot(x,y,-K','LineWidth',2)
%o0znacavanje osa
xlabel('x")

ylabel('f(x)")

3001

2001

1001
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NMpumMmep#1

" npeacTaBrbake OpojeBa y GMHAapHOM U AeLMMarHoOM
HYMEPUYKOM CUCTEMY;

n-1 .
X=> kKN =k N""+k ,N"?+.+KkN®+k N*+. . +k N

m — 6poj umdapa y pasnoMmrbeHoM aeny;

n — 6poj undpapa y uenobpojHom geny;

k — umndppe 6pojHor cuctema

Ha npumep: k=(0,1,2,3,4,5,6,7,8,9) 3a geunmarnHu 6pojHU CUCTEM,
k=(0,1) 3a buHapHu 6pojHn cuctem, k=(1,0,-1) 3a TepHapHN BPOjHU
CUCTEM, UTA.

AN

= 6poj npeacTaBrbEH Y AeunmariHom 6pojHOM CUCTEMY:
3.10'+2-10°+4-10"+5-10° =32.45

= ©Opoj 25 npeacrasrbeH y buHapHom 6pojHom cuctemy (11001):
1.2 +1.-2°4+0-2°4+0-2 +1-2° =25

= Kopuctehu netobutHe undpe, moryhe je nobutn 6pojese
namehy 0 (00000) n 31 (11111); 4




NMpumMmep#1

" KOAMpaH-e XPOMO30oMa: YeTUPU CryvajHO reHepucaHa
CTpUHra ca buHapHuM BpeaHOCTMMa

= [eKkoaMpare XpOMO30oMa: 3a CTPUHI noa
peaHum 6pojem 3 (01000)
0-2*+1.2°+0-2°+0-2'+0-2°=8

"  dpyHKumMja ymrba (fitness)

p A N f(X)=82=64
NnHUUMjanHa XYy geu. f(x)= x? f f pyneTt
nonynauuja cuctemy Z I3 cenekunja
01101 13 169 0,14 0,58 1
11000 24 576 0,49 1,97 2
01000 8 64 0,06 0,22 0
10011 19 361 0,31 1,23 1
1170 1,00 4.00 4.0
cpenra BPeaHoOCT 293 0,25 1,00 1,0
MaKcUMarHa BpefHocCT 576 0,49 1,97 2.0




NMpumMmep#1

» pynet cenekumja (roulette wheel selection) je paHrupajyha
cenekumja ko Koje je seposatHoha ogabupa jeanHke
nponopumMoHanHa yHKumju unrba (fitness);

* 3a npumep 13 Tabene, Hajgehun paHr n BeposatHohy aa
“NpexxnBn” ma jeanHka nod peaHnum dpojem 2, a 3aTUM jenHKe
nog pegHum 6pojem 3 n 4;

= BepoBaTHOha cenekunje cBake of YeTupu

g jeaouHke;
WHUUUWjanHa XYy Aeu. f(x)= X2 f f pynet
nonynauyuvja cucTtemy Zf 3 cenekyuja
01101 13 169 0,14 0,58 1
11000 24 o576 0,49 1,97 2
01000 8 64 0,06 0,22 0
10011 19 361 0,31 1,23 1
cyma Zf 1170 1,00 4,00 4.0
cpefHa BpeaHocT f 293 0,25 1,00 1,0
MaKcumManHa BpegHoCT 576 0,49 1,97 2,0




NMpumMmep#1

" pe3yntatu NpUMeHe orepaTtopa YKpLuTaka HaKoOH camMoO jedHe
reHepauwje;
" N cpeawn U MakcumarnHu pesyntar cy noborblaHu y HOBO)
nonynaumiju;
v’ cpeara BpedHocT hyHKUMje umrba ce ca 293 noehana Ha 439;
v/ MakcumanHa BpeaHocCT ce noeehana ca 576 Ha 729;

XPOMO30MMU napoBu nosvuMja  HoBa | X f(x)=x
| HaKOH YKpLITakba yKpLiTarba nonynauvja
011011 2 4 01100 12 144
110010 1 4 11001 25 625
111000 4 2 11011 27 729
101011 3 2 10000 16 256
cyma > f 1754
© cpenmaBpegHocT 439

| MakcumManHa BpegHOCT 729




NMpumMmep#1

pes3ynTaTtn HakKoH NpUMeHe onepartopa MmyTaumje;
cpearun pesynTtaT je nobosbLwaHn y HOBOj nonynaumju;
v’ cpearba BpedHocT hyHKUMje umrba ce ca 439 nosehana Ha 588,5;

v' Hajborbn cTpuHr y 1. reHepaumju (11000) pobuja oBe konwuje y 2.
reHepauuvju; ykpwTtawem ca cTpuHrom (10011) y cnyyajHo
n3abpaHoj Tadkm yKpwTawa 2, jegaH o HacTanux noTomaka
(11011) nokasyje Behy BpeaHocCT pyHKuunje unrba f(x) y ogHocy Ha
oba poguTtera;

6p. MOTOMLM HAKOH NOTOMUM HaKOH « F(x) = X°
CTPUHra yKpLUTaHa MyTauuje

_ 1 01100 11100 26 676
2 11001 11001 25 625
-::3 11011 11011 27 729
4 10000 10100 18 324
cyma > f 2354
cpeata BpeaHocT f 588,5
r' MakcumarHa BpeaHoCT 729

1
g ST




NpuMmep#2

rnocraBka npob6nema

(13

NoTpebHO je oapeanTn MakCuMym

1+ 00S(12 — /(X2 + x2))
f(x)=- 1

06+ x2)

" hyHKUMjE

N3pasnTo TeCT PYHKUMja;

rpaHuue pellera Cy y JOMEHY:
5.12<x,<5.12, -5.12<x,<5.12

rmobanHn MUHUMYM PyHKUWje je:

f(x')=-1
X" =(0,0)



NpuMmep#2
3D npuka3s "Drop wave” pyHKuUuje
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1

o function v = gat (x)

3 - fracl = 1 + cos (lZ2%=sqrt (xz(1l)"24+x(2)"2)):
4 — fracZ = 0.5*% (x(1)"2+x(2)"2) + 2;

5 — y = —fracl./fracZ;

6 — end



NpuMmep#2
Genetic Algorithm toolbo

JL Optimizaton Tod e

File  Help

Problem Setup and Results Options

[ =] Population

Saolver: ga - Genetic Algorithm

Population type: | Double Vector
Problem :

Fitness function: @gat Population size: @ Use default: 20

MNumber of variables: |2 ) Specify:

i Creation function: | Use constraint dependent default
Constraints: :

Linear inequalities: A

Linear equalities: Aeq: : Initial population: @ Use default: []

Bounds: Lower: ] ) Specify:

Monlinear constraint function: Initial scores: @ Use default: []
Run solver and view results ) Specify:

[7] Use random states from previous run Initial range: @ Use default: [0;1]

Start Pause Stop () Specify:
Current iteration: |51 Clear Results = Fitness scaling

Scaling function: Rank

Optimization running.

Optimization kerminated.

Objective function value; -0,984229182788303%

Optimization kerminated: average chanage in the fitness value less than options, TalFun.

AW [=] Selection

Final point:

Selection function: | Stochastic uniform

1 -




NpuMmep#2

Genetic Algorithm toolbox

File  Help

N e

Problem Setup and Results Options

[ [=] Population

] -

Solver: | ga - Genetic Algorithm -
; ) Population type:
Problem P typ
Fitness function: @gat Population size:

Mumber of variables: |2

Constraints:
Linear inequalities: A b

Linear equalities: Beq: beq: Initial population:

Bounds: Lower: Upper:
Monlinear constraint function: Initial scores:

Run solver and view results

[7] Use random states from previous run

Pause Stop

Initial range:

i Double Vector
1 Use default: 20

@ Specify: 100

Creation function: | Use constraint dependent default

@ Use default: []
() Specify:

@ Use default: []
) Specify:

@ Use default: [0:1]

() Specify:

m

Current iteration: |51

Clear Results [ Fitness scaling

Qptimization running. e [ ElSislectinn
Optimization terminated. =
Objective function value: -0.9995511442992943 -
Optimization terminated: average change in the fitness value less |~
than options. TolFun. £

-

S 4

Selection function: I Roulette

Final paint:

[ [=] Reproduction

la 2
-0.001 0.002

Elite count:

Crossover fraction: @ Use default: 0.8

@ Use default: 2

) Specify:




NpuMmep#2

Genetic Algorithm toolbox

= | = 24
File  Help
Problem Setup and Results Options

Solver: ga - Genetic Algorithm

Problem

Fitness function: @gat

Number of wvariables: |2

Constraints:

Linear inequalities: A b
Linear equalities: Aeg: beq:
Bounds: Lower: Upper:

Naonlinear canstraint function:

Run solver and view results

[7] Use randorm states from previous run

Pause Stop

Current iteration: |51

Clear Results

m

Optimization running.
Optimization terminated.

Objective function value: -0,9997026758974772
Optimization terminated; average change in the fitness value
lzss than options, TolFun.

-~

-

S,

Final point:

la 2

[ Fopulation

Fitness scaling

[
[ Selection
[

[=l Reproduction

Elite count: () Use default: 2

@ Specify: |6
| Use default: 0.8

Crassover fraction: |

@ Specify: (0.9

==

m

[ =1 Mutation

Mutation function: | Gaussian

Scale: @ Use default: 1.0
) Specify: |10
Shrink: @ Use default: 1.0

() Specify: (1.0

[ = Crossover

Crossover function: | Single paint

[ Migration

[ Algorithm settings

T 5 Hhkrid function




NpuMmep#2
Genetic Algorithm toolbox

oot B T

. File Help
LY
~
‘: || Problem Setup and Results Options
'a r . . | Population ]
Solver: | ga - Genetic Algarithm =| [ ]_
. q ' ) Fitness scaling
‘ Problem
Pt : ; i [ Selection ]
, Fitness function: @gat [ ]
y Repraduction
ey Mumber of variables: |2 [ ]
f Mutation
Constraints: [ Crossover ]
Linear inequalities: £ b: [ Migration |
Linear equalities: Aeq: beq: [ [ Algarithm settings ]
Bounds: Lower: Upper: [ Hybrid function ]
Manlinear constraint function: [ Stopping criteria ]
i [ =1 Plot functions ] _
Run solver and wiew results E
= Plat interval: 1
[T Use random states from previous run
Best fitness Bestindividual [ Distance
Start Pause Stop
- l [ Expectation [7] Genealogy [T Range
c titeration: |51 Clear Result _— .
urrent fteration Ear Results [T Scare diversity Scares [ Selection
[Optimization running. m
Optimization terminated, Stopping [7] Max constraint
Objective function value: -0,9992972915885483 b
Optimization !:erminated: average change in the fitness value |E [7] Custam function:
less than options, TolFun, -
- [ =l Quiput function ]
Final point:
e [T History to new window Interval: |1
1la 2 | &
| Custom function:
| -0.004 -0.002 O
| I 4 A [iom [ El Display to command window ]
.- - —




NpuMmep#2
Genetic Algorithm toolbox

File Edit View Insert Tools Desktop Window Help
Best: -0.9933 Mean: -0.89074 %10~ Current Best Individual
-0.2 0
* Best fitness
+  llean fitness =
04 =
= ] =
= | 2
= . £
w (1§ m
kS 5
E |- E
08 - ., 5
W0+ .+ o
1 £ N it ":{"
] Iy ' - ; : '
0 20 40 60 80 100 1 2
Generation Mumber of variables (2)
Fitness of Each Indimdual Stopping Crteria
0
-0.2 Stall (T)
-0.4 Stall {G}-
-0.6 Time |
-0.8 1 Generation
-1 . s . .
0 20 40 60 a0 100 0 20 40 60 a0 100
% of criteria met
Stop




NMpumep#3
WHULM]AJIHaA nonynaumja

"  reHepucawe nHUumMjanHe nonynaumje

clc; clear all; close all;

n = 4; %job number
pl = [1 3233 388; 12233388; 1523338 8];%deol
p2 = [1 5536 389, 16536 389; 15530638 8];%deo?
p3 = [1 326 3585; 13263 685; 14214356 8 5];%deo3
pd = [1 92586 00; 192618¢600; 5462738 2];%deod
p = [pl; p2; p3; p4dl;
g = 4;% g maksimalan broj operacija za sve tehnoloske procese
sp = [4 4 4; 4 4 4; 4 4 4; 3 3 4];%broj operacija za sve tehn. procese
job = []; ini = [];
N = 10; %N - broj hromozoma tj. velicin populacije;
for h=1 : N
r = [randnumber (1, 3) randnumber (1,3) randnumber (l,3) randnumber (l,3)];
initalPPstring(h,:) = r;
for 1 =1 : n
j = sp(i, (r(l,1)));
ini = [ini ones(1,7)*1i];
if 1 ==
diff = g*n-size(ini,2);
ini = [ini zeros(1l,diff)];
end
end
INI = ini(:,randperm(size(ini,2)));
initalPopulation(h,:) = INI;
ini = []; 17

end



NMpumep#3

MyTauuja

NpBK onepaTtop MyTauuvje - 4BONo3nLUnoHa ,swapping“ mytaumja

function [population] = mutationlScheduling (population)

population = ...
[41326051260453250460152351306¢620];
% 1043560435214 0216530102%603¢61520 0]

rl = randnumber (1l,size (population,?2));
r2 randnumber (1, size (population,2));

while population(l,rl) == population(l,r2);
rl = randnumber (l,size (population,?2));
r2 = randnumber (1, size (population,?2));
end

tl = population(l,rl);
t2 = population(l,r2);
population(l,r2) = tl;
population(l,rl) = t2;

18



NMpumep#3

MyTauuja

OpYyru onepartop MyTauuje — NpoMeHa anT. TEXH. npoueca

function [population,ppstring mutation2] =
mutation2Scheduling (population, ppstring, sp)
population = ...
(41 326051260453 250460152351306060;

104356043521 40216530102%603¢6250 0]
ppstring = [1 2 2 3]; sp = 1[4 4 4; 4 4 4; 4 4 4; 3 3 4];
r = randnumber (1,size(ppstring,2));
if ppstring(l,r) == 1;

index = 1; g = [2 3]; rr = randnumber(l,2); gg = g(l,rr);
elseif ppstring(l,r) == 2;

index = 2; g = [1 3]; rr = randnumber(l,2); gg = g(l,rr);
else

index = 3; g = [1 2]; rr = randnumber(l,2); gg = g(l,rr);
end
ppstring(l,r) = gg; ppstring mutation2 = ppstring;
if sp(r,gg) > sp(r,index);

f = find(population(l,:) == 0);

rrr = randnumber (1,size(f,2));

population(l,f(1,rrr)) = r;
else sp(r,gg) < sp(r,index);

f = find(population(l,:) == r);

rrr = randnumber (1,size(f,2));

population(l,f(l,rrr)) = 0;

end 19



NMutawa?
Bana Ha naxwmu
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