TABLE I: Description of unimodal benchmark functions.

Function V_no Range Sfmin
Fi(z) =" 22 30 [—100,100] 0
Fo(x) = 300 Jaal+ TT7y Jail 30 [—10,10] 0
Fa(z) =Y, (2;’.71 xj)z 30 [—100,100] 0
Fy (x) = max; {|z;],1 < i < n} 30 [—100,100] 0
Fi(z) =) [100 (zip1 —22)% + (2; — 1)2] 30 [—30.30] 0
Fo(z) = X1, ([os +0.5])° 30 [—100,100] 0
Fr(z) = Y1 iz} + random|0, 1) 30 [—128,128] 0
TABLE II: Description of multimodal benchmark functions.
Function V_no Range Sfmin
Fy(z) = X1, —a;sin (\/W) 30 [—500.500] —418.9829 x 5
Fo(z)=>""_; [¢2 — 10 cos (2mrz;) + 10] 30 [-5.12,5.12] 0
Fio(z) = —20exp(—0.24/ 2 377 | 22) —exp (£ 37, cos (2mz;)) + 20+ € 30 [—32,32] 0
Fii(z) = go55 S0 22 — [T7, cos (%) 11 30 [—600.600]
Fia(z) = = {10sin (ry1) + 05 (i — 1) [1+ 10sin2 (myig1)] + (yn — 1)2} + 37 u(x, 10,100, 4) 30 [—50.50] 0
k(z; —a)™ T, >a
yi:1+%u(zi,a,k,m): 0—a <z <a
k(—z; —a)™ x; < —a
Fi3(z) = 30 [—50,50] 0
0.1 {sin2(37m;1) + 37 (2 — 1)? [14sin?(3ma; +1)] + (zn — 1)2 [1+ sin2(27racn)}} + >, u(xz,5,100,4)
TABLE III: Description of fixed-dimenstion multimodal benchmark functions.
Function V_no Range Sfmin
—T1
Fu(z) = (Wlo +352, m) 2 [-65,65] 1
Fis(z) =304, [‘li - Zféf;im} 4 [-5,5] 0.00030
Fig(z) = 422 — 2.1z} + %x‘f + w20 — 422 + 4ad 2 [—5,5] —1.0316
Fir () = (m — 5la24 5y 6)2 +10(1— &) cosar 410 2 [~5, 5] 0.398
Fis(z) = [1 + (@1 + 22+ 1) (19 — 1421 + 322 — 1420 + 67122 + 3x§)] 2 [~2,2] 3
x [30 + (201 — 822)? x (18 = 3201 + 1203 + 4822 — 360122 + 27a3)
Fio(z) = — Xi_; ciexp (* Sy aij (25— Pij)Q) 3 (L, 3] —3.86
Fy(x) = — Z?zl c; exp (— Z?:1 aij (x; — pij)2> 6 [0,1] —3.32
For(z) = — 3%, [(X —a) (X —a)T + ci] - 4 [0, 10] ~10.1532
Fog(z) = -7, [(X —ai) (X —a)T + ci] ! 4 [0, 10] ~10.4028
Pas(z) = — 310, [(X —a) (X —a)T + ci] - 4 [0.10] —10.5363




TABLE IV: Description of composite benchmark functions.

Function V_no Range Sfmin
Fay (CF1)

f1,, f2, f3, ..., fio = Sphere Function 30 [-5,5] 0
[0—17 02,03, .-+ 0-10} = [17 17 17 L) 1]

[A1, A2, A3, ..., Ad10] = [5/100,5/100, 5/100, ..,5/100]

Fy5 (CF2)

f1,, f2, f3, -, f10 = Griewank’s Function 30 [-5,5] 0
[01,02,03,...,010] = [1,1,1,..,1]

[A1, A2, Az, ..., A10] = [5/100,5/100,5/100, ..,5/100]

Fy (CF3)

f1,, f2, f3, ..., fio = Griewank’s Function 30 [-5,5] 0
[01,02,03,...,010] = [1,1,1,..,1]

[AMs A2, A3, .5 A10] = [1, 1,1, .., 1]

Fy7 (CF4)

f1, f2 = Ackley’s Function, f3, fa4 = Rastrigin’s Function, f5, f¢ =Weierstrass 30 [-5, 5] 0
Function, f7, fs = Griewank’s Function, fg, fiop = Sphere Function

[01,02,08,...,010] = [1,1,1,.., 1]

A1, A2, As, ..., A1o] = [5/32,5/32,1,1,5/0.5,5/0.5,5/100, 5/100, 5/100, 5,/100]

F»g (CF5)

f1, fo = Rastrigin’s Function, f3, f4 = Weierstrass Function, f5, f¢ = Griewank’s 30 [—5,5] 0
Function, f7, fs = Ackley’s Function, fg, fio = Sphere Function

[01,02,03,...,010] = [1,1,1,..,1]

[AMs A2, A3, .y A1) =

1/5,1/5,5/0.5,5/0.5,5/100,5/100,5/32,5/32,5/100,5/100]

Fyg (CF6)

f1, fo = Rastrigin’s Function, f3, f4 = Weierstrass Function, f5, f¢ = Griewank’s 30 [-5, 5] 0

Function, f7, fs = Ackley’s Function, fg, fio = Sphere Function
[01,02,03,...,010] = [0.1,0.2,0.3,0.4,0.5,0.6,0.7,0.8,0.9, 1]
[A1,A2,A3,...,A10] = [0.1%1/5,0.2%1/5,0.3%5/0.5,0.4 % 5/0.5,0.5 * 5/100,
0.6 % 5/100,0.7 % 5/32,0.8 * 5/32,0.9 % 5/100, 1 * 5/100]




