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clear dl;

closedl;

clc;

generation_n = 30; % Number of generations
popuSize = 20; % Population size

xover_rate=1.0; % Crossover rate

mutate_rate = 0.01; % Mutation rate

bit n=8; % Bit number for each input variable

global OPT_METHOD % optimization method.
OPT_METHOD ="'ga; % Thisisused for display in peaksfcn
figure;

blackbg; % ¥R~ blackbg.m

obj_fcn="peaksfcn’; % Objective function: 'peaksfcn’ or ‘wavefcn'

if stremp(obj_fcn, ‘peaksfen’),% objective function is 'peaksfen’

var n=2; % Number of input variables

range=1[-3, 3;-3,3]; % Range of the input variables

% Plot peaks function

peaks; % [T Gkl 4 BIFep iR - ol RYepvpp e o
iy i)
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Peaks

colormap((jet+white)/2);

% Plot contours of peaks function

figure;

blackbg;

[X, Y, Z] = pesks;

pcolor(x,y,z); shading interp; hold on;

contour(X, Y, z, 20, 'r);

hold off; colormap((jet+white)/2);

axis square; xlabel(X); ylabel('Y"); % [t g™

% objective function is ‘wavefcn'
var n=1; % Number of input variables
range=[0 pi]; % Range of the input variables
x = lingpace(range(1), range(2));
y = sin(10*x).*sin(x);
plot(x, sin(10*x).*sin(x));
axig([-inf inf -inf inf]); % gEITH s (iﬁﬂ%% I’[ﬁjiﬁjép@mﬂ@
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end

% Initial random population
popu = rand(popuSize, bit_n*var_n) >0.5; % % (34| rand(20, 8*2)

o M (2 A I=1) - popu (20°16) =

1 0 0 0 0 0 1 O 1 1 1 0 O
0o 0o 01 0 1 1 1 0O 0 1 0 O
0 1. 0 0 1 1 1 O 1 0 1 0 1
11 0 0 1 1 0 1 1 0 0 0 1

upper = zeros(generation_n, 1); % 7 53] zeros(30, 1)
average = zeros(generation n,1); % 7/ (¥]]] zeros(30, 1)
lower = zeros(generation_n, 1); %% % {¥14[] zeros(30, 1)

% Main loop of GA
fori = 1.generation_n; % 4 7= 30 f] [~

% del ete unnecessary objects
delete(findobj (0, 'tag’, 'member"));
delete(findobj (0, 'tag, 'individua"));
delete(findobj (0, 'tag’, ‘count'));

% Evaluate objective function for each individual
fcn_value = eval popu(popu, bit_n, range, obj_fcn);

ﬁj’gujﬁtlz (2 AAI=1) fenvalue (20*1) =
0.3304




-0.2983
* 1) popu SO o S TLEEISIOBT - P R R -

% if (i==1),

% fprintf(‘Initial population.\n’);

% fprintf(‘Press any key to continue...\n");
% pause,

% end

% Fill objective function matrices

upper(i) = max(fcn_value); % upper - average ~ lower 7% mgﬁﬁ
size=30*1 % !

average(i) = mean(fcn_value);

lower(i) = min(fcn_value);

% display current best

[best, index] = max(fcn_value);

fprintf('Generation %i: ', 1);

if stremp(obj_fcn, ‘peaksfen’),% obj. function is ‘peaksfen’

fprintf('f(%f, %f)=%f\n’, ...

bit2num(popu(index, 1:bit_n), range(1,:)), ...
bit2num(popu(index, bit_n+1:2*bit_n), range(2,:)), ...
best);

KB fﬂﬁ'ﬁﬁ‘ﬁﬁjé[% f(-0.223529, 1.000000)=3.628006 ( = #= i=1)
[best, index] = max(fcn_value); % L1 best=3.6280 index= 19 (i=1)
A opopu(19)= 0 11 1 0 1 1 0 10101010
bit2num(O 1 1 1 0 1 1 0],[-3, 3])=-0.2235
bit2num(1 0 1 0 1 0 1 0],[-33)=1

else % obj. function is ‘wavefcn’
fprintf(‘f(%f)=%f\n', bit2num(popu(index, :), range), best);
end
% generate next population via selection, crossover and mutation
popu = nextpopu(popu, fcn_value, xover_rate, mutate rate);
% if (i==5),




% fprintf(‘Popul ation after the Sth generation.\n’);

% fprintf(‘Press any key to continue...\n");
% pause,

% end

% if (i==10),

% fprintf(‘Population after the 10th generation.\n');
% fprintf(‘Press any key to continue...\n");
% pause,

% end

end

figure;

blackbg;

X = (1l:generation_n)’;

plot(x, upper, '0', X, average, ‘X', X, lower, *");
hold on;

plot(x, [upper average lower]);

hold off;

legend('Best’, 'Average’, 'Poorest’);

xlabel ('Generations); ylabel ('Fitness);
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Generation 1: (0.317647, 2.270588)=3.144607
Generation 2: f(1.470588, -0.152941)=3.279510
Generation 3: f(1.376471, -0.152941)=3.456410

Generation 30: f(0.058824, 1.494118)=7.941152

(1) B Fﬁfﬁ‘%ﬂﬁﬂ%@?ﬂ
function blackbg
% Change figure background to black
% Issuethisto change the background to black (V4 default)
% Roger Jang, 981210
tmp = version,

Footmp= 70019920 R147 % I| Matlab 5345
tmp(1)= ‘7’ tmp(2)= *." tmp(3)= ‘0’ ....

if str2znum(tmp(1))==>5, clf; colordef(gcf, 'black’); end

irodf % R colordef(gcf, ‘black’) %7 T LK &

function fitness = evalpopu(population, bit_n, range, fcn)
%EVALPOPU Evauation of the population's fithess values.
% population: 0-1 matrix of popu_n by string_leng
% bit_n: number of bits used to represent an input variable
% range: range of input variables, avar_b by 2 matrix
% fcn: objective function (a MATLAB string)
global count
pop_n = size(population, 1);
fitness = zeros(pop_n, 1);
for count = 1:pop_n,

fitness(count) = evaleach(population(count, :), bit_n, range, fcn);
end

function out = evaleach(string, bit_n, range, fcn)

% EVALEACH Evaluation of each individua's fitness value.
% bit_n: number of bits for each input variable

% string: bit string representation of an individual

% range: range of input variables, aver_n by 2 matrix



%

fcn: objective function (a MATLAB string)

var_n =length(string)/bit_n;
input = zeros(1, var_n);
fori=Llvar n,

end

input(i) = bit2num(string((i-1)* bit_n+1:i*bit_n), range(i, :));

out = feval(fcn, input);

function num = bit2num(bit, range)
% BIT2NUM Conversion from bit string representations to decimal numbers.

%
%
%
%
%
%
%
%

%

BIT2NUM(BIT, RANGE) converts abit string representation BIT (a0-1
vector) to adecimal number, where RANGE is a two-element vector
specifying the range of the converted decimal number.

For example:

bit2num([1 1 0 1], [0, 15])
bit2num([0 11000 1], [0, 127])

Roger Jang, 12-24-94

integer = polyval (bit, 2);
num = integer* ((range(2)-range(1))/(2"length(bit)-1)) + range(1);

function ver = matlabv

% MATLAB major version
tmp = version,

ver = str2num(tmp(1));

function z = peaksfcn(input)
%PEAKSFCN The PEAKS function.

%
%
%

%

PEAKSFCN(INPUT) returns the value of the PEAKS function at the INPUT.

See also PEAKS.

Roger Jang, 12-24-94.



global OPT_METHOD % optimization method
global PREV_PT % previous data point, used by simplex

X = input(1); y = input(2);
% The following function should be the same as the onein PEAKS.M.
z= 3(1-x)"2xexp(-(x."2) - (y+1).72) ...
- 10* (X/5 - X3 - y.15). *exp(-x."2-y.2) ...
- 1/3*exp(-(x+1)./2 - y./2);

if matlabv==4,
property="linestyle';
%el seif matlabv==5,
else
property="marker",
%else
% error('Unknown MATLAB version!");
end

% Plotting ...
if stremp(OPT_METHOD, 'ga), % plot each member; for GA
ling(x, y, property, 'o', 'markersize’, 15, ...
‘clipping’, 'off', 'erase’, 'xor’, ‘color', 'w', ...
'tag’, 'member’, 'linewidth', 2);
else % plot input point for simplex method
line(x, y, property, ", 'markersize, 10, ...
‘clipping’, 'off', 'erase’, 'none, ‘color’, 'k, ...
'tag’, 'member");
if ~isempty(PREV_PT), % plotting tra
ling([PREV_PT(1) ], [PREV_PT(2) y], 'linewidth’, 1, ...
'clipping’, 'off', 'erase, 'none, ...
‘color', 'k', 'tag, 'trg");
else % plotting starting point

% line(x, y, property, '0', 'markersize’, 10, ...

% ‘clipping’, 'off', 'erase’, 'none, ...

% ‘color’, 'w', 'tag’, 'member’, 'linewidth', 3);
end
PREV_PT =[x V];

end



drawnow;

function new_popu = nextpopu(popu, fithess, xover _rate, mut_rate)
% generate next population viaselection (:##) , crossover (¢ fil) and mutation
(@)
% PP A ﬁ'ﬁ}%?“ {7 © popu = nextpopu(popu, fcn_value, xover rate, mutate rate);
New_popu = popu;
popu_s = size(popu, 1);
string_leng = size(popu, 2);
7+ [l -
>> size(popu)
ans = 20 16
>> popu_s = size(popu, 1)

popu_s=20
>> string_leng = size(popu, 2)
string_leng = 16
% ====== ELITISM: find the best two and keep them
tmp_fitness = fitness; % fitness [kl fcn_value
[junk, index1] = max(tmp_fitness); % findthebest 7 {515~ : junk = 3.6280

index1=19 (= #="i=1)

tmp_fitness(index1) = min(tmp_fitness); %7/ (5|5 -~ : tmp_fitness(19) = -3.0034

(A= i=1)

[junk, index2] = max(tmp_fitness); % find the second best 74 55 -~ :  junk =

28788 index2= 3 (=#="i=1)

new_popu([1 2], :) = popu([index1 index2], 3);

e s A S popu([index1index2], ) Ik popu([19 3,:)

as=0 1 1 1 0 1 1 0 1 0 1 O 1010
o0 1 1 o0 1 1 0 1 1 1 1 O OOOTDO

PRI R -

% rescaling the fitness

fitness = fitness - min(fitness); % keep it positive ¥ - fitness (20*1 = | )
total = sum(fitness); %7 5~ : total = 68.7807 (= AN i=1)

if total == 0,

fprintf('=== Warning: converge to a single point ===\n');



fitness = ones(popu_s, 1)/popu_s; % sumisl
else
fitness = fitness/sum(fitness); % sumisl
e AFEY (2 AN I=1) - after fitness scaling
fitness =
0.0429
0.0429
0.0855

end
cum_prob = cumsum(fitness);
Al R (2 AEFN =)
cum_prob =
0.0429
0.0858
0.1713

% ====== SELECTION and CROSSOVER
for i = 2:popu_s/2, % 4fF i=2:202=210 (H 9% 5
[RS8 it - p b R PRI 20 )
% === Select two parents based on their scaled fitness values
tmp = find(cum_prob - rand > 0);
el s RS (A =L R P I=D)
tmp =
16
17
18
19
20

parent1 = popu(tmp(1), :);
B AR (2RI it,ﬁﬁ%?“ i=1)
Parent1=01001000 11000101




tmp = find(cum_prob - rand > 0);
wi] s A FIRY (A= R RPER 1)
tmp (19*1) =

parent2 = popu(tmp(1), :);
S AR (2= ’¢’E§'J%E?“i:1)
Parent2=00001110 10101011

% === Do crossover

if rand < xover_rate, % 74 5] xover_rate=1.0;
% Perform crossover operation
xover_point = ceil(rand* (string_leng-1)); % 7 7] string_leng = 16

el s RS (A= R PR =)
>> rand* (string_leng-1)
ans= 1.7225
>> cell(ans)
ans= 2 (FL[’SF Xover_point =2)
=k CEIL(X) rounds the elements of X to the nearest integers towards infinity.

new_popu(i*2-1,:) = ...
[parentl(1l:xover_point) parent2(xover_point+1:string_leng)];

new_popu(i*2,:) = ...
[parent2(1:xover_point) parentl(xover_point+1:string_leng)];

Bl A B (2 AN IR A R 1) T AR SR (Xover_point =2)
Parentl =01001000 11000101
Parent2 =00001110 10101011
kT
new popul=01001110 10101011
new_popu2=00001000 11000101

end
% fprintf('xover_point = %d\n', xover_point);
% disp(parentl);
% disp(parent2);
% disp(hew_popu(i*2-1, :));




% disp(new_popu(i*2, 3));

% keyboard;

end

% ====== MUTATION (elites are not subject to this.)

mask = rand(popu_s, string_leng) < mut_rate; % 4 {¥] popu_s=20

string_leng=16 mutate rate = 0.01

R R R (2R =L A R i=1) AR

mask (20*16) =
0O0010O0O0OO0OOOOOOOOOO
0O 0O0OOOOOOOOOOOOOO
0O 0O0OOOOOOOOOOOOOO

0O 0O0OOOOOOOOOOOODO0OTI12

new_popu = xor(new_popu, mask); % it mask A1 F R T H o Fer
T;”E\E[fjﬁij/f,};\u; [ B’?/”@* (rlJ => FOJ FOJ => FlJ)
% restore the elites

new_popu([1 2], :) = popu([index1 index2], :); % f EIHJPIF’?]J;\ R EL
P 20 e FEp

X
LR A o PR TR T Ef@fw%fmw LS
new_popu.m AU FI1ffs TR ) SR > RIS PRLEVE B - I e
() Bl EL ]
Paentl =01001000 11000101
Parent2 =00001110 10101011
P PR Parentd 1 ] 8 i bits 701001000 [’*‘%E@ﬂ— |EkE
B % 81 bits"11000101 ) (YARAYRLE )~ [A@ge > i = iR Ff'” FERL T A
ZORT P BRTE TR “Ji%ﬁ}n F'EJ[’E?F[EE' ° ﬁ?ﬁgﬂﬁigﬂfﬂm*ﬂﬂ
{/[[T :
new_popu.m (F=4fi5ds)
.......... (B oo
string_leng = size(popu, 2);
string_leng_hf = string_leng/2; % Frigf fF'[—‘?J
.......... (B oo
% ====== SELECTION and CROSSOVER
fori = 2:popu_g/2,

_”ru_“




% === Select two parents based on their scaled fitness values
tmp = find(cum_prob - rand > 0);
parentl = popu(tmp(1), :);
parentl hl = popu(tmp(1), 1:string_leng_hf); parentl hr = popu(tmp(1),
string_leng_hf+1:end); % ¥rigf ?F"&J
tmp = find(cum_prob - rand > 0);
parent2_hl = popu(tmp(1), 1:string_leng_hf); parent2_hr = popu(tmp(1),
string_leng_hf+1:end); % ¥rigf ?F"&J
parent2 = popu(tmp(1), :);
% === Do crossover
if rand < xover_rate,
% Perform crossover operation
% xover_point = ceil(rand* (string_leng-1)); r}%’{?ﬁ—ﬁ
xover_point = ceil(rand* (string_leng_hf-1)); % ???F“[ ?J
%new_popu(i*2-1,:) = ... r}%’{?ﬁ—ﬁ
% [parentl(1:xover_point) parent2(xover_point+1:string_leng) |;
% i
new_popu(i*2-1,:) = ...
[parentl _hl(1:xover point)
parent2_hl(xover_point+1:string_leng_hf)
parentl hr(1:xover_point)
parent2_hr(xover_point+1:string_leng_hf)];
%new_popu(i*2,:) = ... ’Fl?ﬁfﬁ
% [parent2(1:xover_point) parentl(xover_point+1:string_leng)];
%
new_popu(i*2,:) =...
[parent2_hl(1:xover_point)
parentl hl(xover_point+1:string_leng hf)
parent2_hr(1:xover_point)
parentl hr(xover_point+1:string _leng_hf)];
end

R E G (CIEA =L PR i=1) | e R (xover_point
:2>
Parent1 :01001000(h|’4ﬁ[§7’}) 11000101 Chr ’ﬁf‘[ﬂi})
Parent2 200001110(h|’4ﬁ[§7’}) 10101011 Chr ’ﬁf‘[ﬂi})
B g
new_popul=01001110 11101011
new_popu2=00001000 10000101
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