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Abstract

With optimization algorithm test functions as the research object, and the differential evolution
algorithm as the research example, this paper adopts Graphical Observation Method, Model Me-
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thod, Experimental Research Method and Literature Research Method, etc. in order to test the
mathematical principles, function characteristics and usage methods of 5 common optimization
algorithms, namely Ackley Function, Griewank Function, Rastrigin Function, Schaffer Function and
Sphere Function. Through learning the principles of the optimization algorithm test functions and
the simulation experiment designing of the differential evolution algorithm based on MATLAB, the
performance verification function in the improvement of the optimization algorithms is verified.
The experimental results show that the optimization algorithm test functions have important re-
search significance for the performance verification of the algorithm improvement.
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Figure 1. Three dimensional graph of Ackley function
1. Ackley B # =4[

2.2. Griewank R
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Figure 2. Three dimensional graph of Griewank function
2. Griewank BRI =4 [&
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Figure 3. Two dimensional plan of Griewank function
[# 3. Griewank i& [ — 4 FHE &
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Figure 4. Three dimensional graph of Rastrigin function
4. Rastrigin R =% [&]
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Figure 5. Three dimensional graph of Schaffer function
& 5. Schaffer &% =4 &
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Figure 6. Three dimensional graph of Sphere function
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3.1.1. BX
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32. HHSR
3.2.1. WINEH MATLAB 2/

B IEREENIX 5 MEALFENNR 58 0K MATLAB 25, W function b, FH¥X FL ML EEE
W BRI FE P SO 5y 9 i 44 4 ackley.m. griewank.m. rastr.m. schaffer2.m Fl sph.m, T 7E5kEFRE
Ferpif i, WR A 1~5 R

Table 1. Code of Ackley function
% 1. Ackley EREIEF

ackley.m

% Ackley BRI
function [y] = ackley(xx)

DOI: 10.12677/csa.2021.1111267 2638 THENUR 5 N H


https://doi.org/10.12677/csa.2021.1111267

Continued

d = length(xx);

suml = 0;
sum2 = 0;
forii=1:d

xi = xx(ii);

suml = suml + xi"2;
sum2 = sum2 + cos(2*pi*xi);
end

term1 = -20 * exp(-0.2*sqrt(sum1/d));
term2 = -exp(sum2/d);

y =terml + term2 + 22.71282;

end

Table 2. Code of Griewank function
& 2. Griewank R #FEF

griewank.m

% Griewank PR %Y

function [y] = griewank(xx)
d = length(xx);

sum = 0;

prod =1;

forii=1:d
xi = xx(ii);
sum = sum + xi"2/4000;
prod = prod * cos(xi/sqrt(ii));
end

y =sum - prod + 1;

end

Table 3. Code of Rastrigin function
%% 3. Rastrigin BREIEF

rastr.m

% Rastrigr &%
function [y] = rastr(xx)
d = length(xx);
sum = 0;
forii=1:d

xi = xx(ii);

sum = sum + (xi"2 - 10*cos(2*pi*xi));

end
y =10*d + sum;

end
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Table 4. Code of Schaffer function
%% 4. Schaffer iR #FEF

schaffer2.m

% Schaffer function N.2
function [y] = schaffer2(xx)
x1 =xx(1);

x2 = xx(2);

fact] = (sin(x1/2-x22))*2 - 0.5;
fact2 = (1 + 0.001*(x1°2+x2/2))"2;

y=0.5 + factl/fact2;

end

Table 5. Code of Sphere function
%% 5. Sphere ER¥IZFF

sph.m

% Sphere BR %
function value = sph(g)
value = sum(g."2);

end

3.2.2. FREESHNEEE MATLAB 2

TERA R B ABRUE 1 22 23 B B[ 13] A2 7, Kb B BESHO 4R NP = 50, BEM4EE D =
20, HKHAARE G = 1000, 4E/EF F = 0.6, 22 X% CR = 0.9, 245 FARYE A RO I R £ [ 14]
(A8 B EUE VG R B AR s 1 SRR, 6 FR:

Table 6. Differential evolution algorithm

= 6. ENHAER

DE.m

%% %% % %% %% %% % % %% %o % % % %o % % % %% % % % % %% % % % % %% %o Yo
% MATLAB = 5 5L P

% AR Ackley PR 5 4 JRf AR i N 91

% x A TR 95, 5]

% ZUEREL

% ¥ 8E: MATLAB R2018a

%% %% % %% %% %% % % %% % % % % % % % % %% % % % % %% % % % % %% % Yo

NP = 50; % FEFEE

D =20; % LR
G=1000; % fmANILAE
F=0.6; % BRETF
CR=0.9; % XXHET

Xs=35; % AP IR

Xx =-5; % AR TR

k=20;

x = zeros(D,NP); % WIGAFHEE
v = zeros(D,NP); % AL SRR
u = zeros(D,NP); % PN
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Continued

q = zeros(1,k);

aa = zeros(1,k);

p = zeros(1,k);

bb = zeros(2,k);
tt0 = zeros(1,k);
minx = zeros(k,G);

forl=1:k
t0 = cputime;

x = rand(D,NP)*(Xs-Xx)+Xx; % THHI{E

for m = 1:NP
Ob(m) = ackley(x(:,m));
end

trace(1) = min(Ob);
minx(1,1) = trace(1);

% ZEoriAE

for gen = 1:G

% 11,12,r3 A1 m EAHIE
for m = 1:NP

rl =randi([1,NP],1,1);
while(rl == m)

rl =randi([1,NP],1,1);
end

r2 =randi([1,NP],1,1);
while(r2 == m)|(12 ==rl)
r2 =randi([1,NP],1,1);
end

r3 = randi([1,NP],1,1);
while((r3 == m)|(r3 ==r1)|(r3 ==12))
r3 =randi([ 1,NP],1,1);
end

v(:,m) = x(:,r +F*(x(:,r2)-x(:,r3));
end

r =randi([1,NP],1,1);
forn=1:D

cr =rand(1);

if(cr<CR)|(n ==1)

u(n,:) = v(n,:);

else

u(n,:) = x(n,:);
end

end

% TR
forn=1:D
for m = 1:NP
if u(n,m)<Xx
u(n,m) = Xx;
end

if u(n,m)>Xs
u(n,m) = Xs;
end

end

end

for m = 1:NP
Ob1(m) = ackley(u(:,m));
end
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Continued

for m = 1:NP

if Ob1(m)<Ob(m) % /NTSERT i E bR{E
x(:,m) =u(:,m);

end

end

for m= 1:NP

Ob(m) = ackley(x(:,m));

end

trace(gen+1) = min(Ob);
minx(l,gen+1) = trace(gen+1);
end

[SortOb,Index] = sort(Ob);

x = x(:,Index);

X =x(,1); % miLEE
q(LD=X(1,1);

aa(1,1)=X(2,1);

bb(1,D)=q(1,1);

bb(2,l)=aa(1,]);

Y = min(Ob); % wAE
p(D=Y;

disp(‘ LT E:");

disp(X);

disp("BAAE:");

disp(Y);

fprintf('DE FT#ERT [H24: %f\n',cputime - t0);
tt0(1,1)=cputime - t0;

end

figure
plot(1:1:k,tt0);

figure
plot(1:1:G+1,mean(minx))
xlabel(TEALHL);
ylabel(' H #7 & UH);
title(DE H Fr B8,

3.2.3. FREE L E AT EN R

5 P o 10 22 43 BEAG S0 PR BR BORE R 151, BI85 MR B %, SR G R 2
1720 K, BUHFRME, i Ebx s Sl 2 sl 7 Bios

5 AL I B8 B S e P (VS O 2R 7 TR

3.3. WHEERSH

FEEL T, BT 7(0)fh, Hiik 4 MALSEE IR BRSO AR A PRI IR B sk 22 4 R B A
TG I BR 5 Rastrigin AR REWSUE 2R LM, 2PN Rastrigin MEA 2 — MR L HRENAA L
AR AME R 2 W R KL, JF BARHEZE o B SRAE TR e O, B AR YR Oy 20 4k, fE—ERRE
B T AR, KL Rastrigin BREOR BEAEA FRKIZEAL B A e A Ry de LA . 7 e SE 36
HEARKE T, WMEBESIAT AT, 5 10 48, SIS, M5 Rastrigin
PREL, 45 Rastrigin RIS 2 4] 8 PR
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Table 7. Application direction of 5 test functions
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Figure 8. Convergence curves of Rastrigin functions
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