Benchmark Functions

In this Section we are presenting the benchmark functions that are used in this work.

Table 1 Unimodal and multimodal Benchmark functions

Function Range fimin
filx) = XL, x? [-100,100] O
fo () = Ziilegl + [T 12 [-100,100] O
P 2
fs(0) = ¥, (Xho1 %) [-100,100] O
fa(x) = max; {|x,,1<i<n} [-100,100] 0
fo() = TH100(x41 — 2% + (x; — 1)?] [-100, 100] O
2
fo(x) = X, ([x-, +05]) [-100,100] O
1
f,(0) = S T (xf — 16x] + 5x) [-100, 100]  -39.17
£.00) = 2{1/4[ (X4i-3 + 10x4;_2)% + 5(x45-1 — X4;)? [-100,100] O
U (aimg = 2x45-10)* + 100x45-3 — x49)*
2 . \4 )

fo) = T x? + (TE,05ix) + (T, 0.5ix;) [-100, 100] O
fro(x) = X, [x;2 — 10 cos(2mx;) + 10] [-100,100] O

1% v [-100,100] O
fi1(x) = 20 exp (—0.2\/;2 xi2> — exp (7—12 cos(2rtxi)> +20+e

i=1 i=1
fiz(x) = g {10sin(my;) + Tt — D? [1+ 10sin?(my,40)] + [-100,100] O
Om — D2} + I, u(x;, 10,100, 4)
y1=1+ xl:l
u(xq,a,k,m) = 0, —a<x;<a
k(—x;—a)™, ;< —a
1 i -

fiz(x) = 7000 ?zl x12 — H?zl coS (%) +1 [-100, 100] 0



Table 2 Fixed-dimension multimodal benchmark functions

Function Dim Range fnin
-1 2 [-65,65] 1
_(Lpyes 1 '
fra(x) = (500 + ]=1J'+Z?=2(Xi—aij)6)
oo [ xalibix)) 4 [-5, 5] 0.00030
fls(x) - i=1 [al b%+ bi.X'3+X4
fie(x) = 4x? — 2.1x} + %xf + x1x, — 4x2 + 4x5 2 [-5, 5] -1.0316
f17(x) == [1 + (xl + xZ + 1)2 (19 - 14x1 + 3X12 - 2 [‘2, 2] 3
14x, + 6x,x, + 3x3)] X [30 + (2x; — 3x,)? X (18 —
32x; +12x% +48x, — 36x;x, + 27x2)]
2
fis(x) = —Z?=1 €1 €xp (— 213'=1 aij (xj - Pij) ) 3 [1,3] -3.86
2 -
fio(x) = — iy 1 exp (— 216'=1 aij (xj - Pij) ) 6 [0, 1] 3.32
fao@) = =T, [(X — a)(X —a)" +¢; 17 4 [010]  -10.1532
fu () = =3 (X —a)X —a)" +¢ ] 4 [0, 10] -10.4028

far(0) = =22 [(X—a)X —a)" +¢ 17 4 [0, 10] -10.5363
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Fig. 1 Examples of the unimodal and multimodal benchmark functions in their 3D versions
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Fig. 2 Examples of the fixed-dimension multimodal benchmark functions in their 3D versions




