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Mutation Strategies of DE

Some widely used mutation strategies of DE are summarized as follows:
e “DE/rand/2”:
o =@l +F (2], —ef) + 1 (2], —2f)

o “DE/best/1:
V) = Tpeg + 1+ (2], — )

o “DE/best/2”:
=@ + F (2, —xl,) + F- (2], —x},)
o “DE/current-to-best/1”:

of =@ + F - (2] — @) + F - (2], —2],)
o “DE/rand-to-best/1”:

of =@l F (@, —af) + F- (2, - af)

e “DE/current-to-rand/1”:
'vzg :$g+F~ (chl 7$g)+F' (mgz 7;87?3)
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where 71, 79,73, T4, and r5 are distinct random integers chosen within [1, N P] and are all different from i; acf) ost 1S the best

individual at generation g.



Algorithm 1: The framework of GLCDE

Set the generation counter g = 0;

Generate the initial population P° = {z9,..., 2% 5};
Calculate the function value of each individual;

while stopping rule is not satisfied do

Set the number of evaluated trial individuals N = 0;

Set the number of accepted trial individuals N A = 0;

/I The global exploration phase;

for i =1 to NP do

Generate three trial vectors using three different mutation strategies;
if g = O then

Calculate the function value of each trial vector;

Choose the best one uf with lowest function value;
Compute the slope control parameter M :7 H

S = f(u?); // S is a temporary variable;

else

Calculate the underestimation value of each trial vector;
Choose the best one uf with lowest underestimation value;
S =U(u?):

end

if S < f(xf) then

if g # 0 then

Compute the function value f(uf) of w?;

Calculate the slope control parameter M;
N=N+1;

end

if f(uf) < f(x]) then
29Tt = u9;
NA=NA+1;
end

end

end
/I The local exploitation phase;
for k =11t NA do
‘ Perform lines 9-25 on each accepted individual in the exploration phase by using the better-based strategies;

end
if g = 0 then
‘ Determine the initial value M° = max M of M;
i<NP
else
| Update M according to M7,i=1,2,...,N;
end
g=g+1
end

Differences Between GLCDE and Our Previous work

Note that the presented GLCDE is based on our previous work in [1] and [2], but it significantly differs from them in the
following aspects:

1y

2)

3)

4)

In [1] and [2], the slope control parameter M of the supporting function which significantly influences the accuracy of
the underestimation is set as a constant for all problems according to the numerical study. However, the value of M
is gradually self-adapted by learning the evaluated trial individuals in the proposed GLCDE. Therefore, GLCDE can
get more accurate underestimation to guide the evolution process compared to [1] and [2]. This will be verified by the
experimental results in Section VI-E.

The underestimation of the objective function is calculated for different purposes. In [1], the underestimation is constructed
for all trial individuals to obtain the error between the underestimation and the real function value, and the underestimation
error is applied to measure the degree of convergence. In [2], the underestimation is utilized to exclude the invalid search
region and guide the local enhancement. However, the underestimation is constructed based on the only two individuals
near the trial individual to filter multiple trial individuals generated in both local and global phases.

Different mutation strategies are used or designed for these three algorithms. In [1], the whole search process is dynamically
divided into three stages to select suitable mutation strategies from the corresponding strategy pools. In [2], only a single
mutation strategy is employed for the trial individual generation in the whole searching process. In the proposed GLCDE,
each individual is performed both the global phase and local phase by using different mutation strategies, and multiple
mutation strategies are utilized to simultaneously create a set of trial individuals in each phase.

In [1], a centroid-based mutation strategy which uses the centroid of multiple superior individuals is proposed to balance
the convergence speed and population diversity in the second stage. In the proposed GLCDE, a different new mutation
strategy named better-based mutation strategy is designed for the local phase. In the new strategy, the information of
individuals better than the target individual is applied to guide the exploitation. The comparison of these two strategies
will be reported in Section VI-E.



5) In [1], the crossover rate C' R and scaling factor F' is adaptively determined according to their weighted mean of the sucess
value in the previous generation. In [2], these two parameters is generated by using the method from other published
papers [3]. However, in our proposed GLCDE, the range of the parameter is divided into multiple intervals with a step,
and a selection probability updated according to the successful rate is allocated to each interval. The parameter has a
higher probability to be generated in the interval with higher selection probability.

Parameter Settings of the Compared Algorithms

o EPSDE: population size NP = 50;

¢ CoDE: population size NP = 30;

o SaDE: population size NP = 50 and learning period LP = 20;

« SHADE: population size NP = 100, p value for current-to-pbest/1 is set to 0.05, and memory size N = 100;

o UMDE: population size NP = 50, number of neighboring individuals N = 2, slope control factor M = 10 000, stage
control parameter ;1 = 0.85, and centroid control parameter N = 10;

o ZEPDE: population size NP = 100, Setp = 0.175, Bset = 0.35, Msp = 0.01, and NZ = 4;

« SinDE: population size NP = 40 and frequency value freq = 0.25;

« IDE: population size NP = 100 for D = 30, and NP = 200 for D = 50;

o STDE-dR: maximum population size N Py,x = 10 % D, minimum population size N P,;, = 4, number of groups s = 2,
and the initial size of each subgroup N PH) = NPpax /8;

¢ MVC_E_S_C: population size of EPSDE N P = 50; for SHADE, population size N P = 100, p value for current-to-pbest/1
is set to 0.05, and memory size N = 100; for CoBiDE, population size NP = 60, pb = 0.4, and ps = 0.5;

« ETI-SHADE: population size NP = 150, and and memory size N = NP;

o« LSHADE-EpSin: maximum population size NP.x = 18 * D, minimum population size NP, = 4, number of
generations for local search Gis = 250, memory size H = 4, frep = 0.5;

e« MC-SHADE: population size NP = 100 and historical memory size H = 100;

o LSHADE-ND: N =18 x D, |A| = 1.4 x N p =0.11, § = 0.01, and FESNp = 2/3FES04;

o L-SHADE: initial population size N = 18 x D, N™" = 4, external archive size |A| = 2.6 x N"* historical memory
size H = 6, and p value for current-to-pbest/1 is set to 0.11;

o iLSHADE: initial population size N = 12 x D, N™" = 4, external archive size |A| = 2.6 x N historical memory
size H = 6, and p value for current-to-pbest/1 linearly decreases from p,,q. = 0.2 t0 ppin = 0.1;

o LSHADE-cnEpSin: maximum population size N P,,x = 18 * D, minimum population size N P,;, = 4, memory size
H =5, frep=0.5, ps = 0.5, and pc = 0.4;

« LSHADE_SPACMA: the initial population size NP = 18x* D, Pbest individuals rate Pbest = 0.11, Memory size H = 5,
and archive rate Arc,ate = 1.4;

o IDEbestNsize: number of generations for change of search stage T' = gmax/10, minimal value of the population size
Nmin = 8, maximal value of the population size Nyax = round(Ni,; x (log10(D) + 1)), the initial value of the
population size N;,; = 50.



TABLE S1

23 CLASSICAL BENCHMARK FUNCTIONS

Name Function Search range Global optimum
Sphere filz) =38 2? [—100, 100] 0
SumSquares fo(z) = D 2 it [—10, 10] 0
Schwefel 2.22 fa(z) = Z, i \z7| + T2 . £ [~10,10] 0
Schwefel 1.2 fa(z) = 27,1(27,1 xj)? [—100, 100] 0
Schwefel 2.21 fs(z) = max; {|z;|,1 < i < D} [—100, 100] 0
Exponential fe(z) = —exp(—O 5 21,1 z; ) [—1,1] -1
Tablet fr(z) = 1027 + 2 [~100, 100] 0
2 4
Zakharov fo(z) =2 a2 + < b, 0.52'951-) + (X, 0.5i;) [—5,10] 0
Step fo(z) = Ef’,l(z +0.5)2 [~100, 100] 0
Rosenbrock fio(z) = 2171 (100(zs41 — 23)% + (z: — 1)) [—30, 30] 0
Griewank fri(e) =1+ g5 2 27 —TI2, cos (%) [—600, 600] 0
Schaffer 2 fia(z) = SR (a2 + xiﬂ)("% (sin®(50(a? + 7, 1)) + 1) [—100, 100] 0
Schwefel 2.26 fia(z) = — Z (zg sin(y/[z1] )) [-500,500] —418.983D
Himmelblau f14(ac) P, (a2} — 1627 + 595 ) [~100,100] —78.3323
Levy and Montalvo 1 fi5(z) = & (1031112(7ry1) + ZL. i Yy — 1)2 (14 10sin®(wy; + 1)) + (yp — 1)2> yi =14 3(xz; +1) [-10,10] 0
Levy and Montalvo 2 flg(a:) =0.1 (51n2(37ra:1) + 3P0 (s — 1)% (1 +sin?(Bnziq1) + (zp — 1)2 (1 + 51n2(27rwp)))) [-5, 5] 0
Ackley 17(x) = —20exp <7O.02\/ D-13°0 22 > — exp (D S P | cos(2mw; )) +20+e [—30, 30] 0
Rastrigin flg(m) 10D + 2 | (27 — 10 cos(27z;)) [=5,5] 0
fro(@) = 5{2:?:11(?{71 = 1?[1 +sin(ryiy1)] + (yp — 1) + (10sin® (ry1))} + 72, u(wi, 10,100, 4),

yi=1+H
Penalized 1 k(z; —a)™, i > a [—50, 50] 0

w(zi,a, k,m) = 0, —a<z;<a

k(—z; —a)™, z; < —a
. D—1 . .

Penalized 2 fao(z) = 0-1{D31n2(3773¢1) + i (@ — 1?1+ sin® (3wzi41)] + (zp — 1)?[1 4 sin®(27zp)]} (=50, 50] 0

+ 202, w(zi, 5,100, 4)
Neumarier3 for(@) = ¥R (2 — 12+ S0, wim g 4 2EFDED [-D2, D?] 0
Salomom fo2(z) = 1 — cos(2x||z|]) + 0.1||z||, ||z|| = 2, =4 [—100, 100] 0
Alpine fes(x) = S0 | |aisina; + 0.1a;) [—10, 10] 0

TABLE S2

RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY EPSDE, CoDE, SADE, SHADE, UMDE, AND GLCDE FOR

THE 23 CLASSICAL BENCHMARK FUNCTIONS AT D = 30

EPSDE
Mean(Std Dev)

CoDE
Mean(Std Dev)

SaDE
Mean(Std Dev)

SHADE
Mean(Std Dev)

UMDE
Mean(Std Dev)

GLCDE
Mean(Std Dev)

f1
f2
f3
fa
fs
fe
fz
fs
fo
fio
fi
fi2
fiz
f1a
fis
fie
fiz
fis
fio
f20
fa1
f22
f23

3.87TE—31(9.46E—31)T
5.52E—31(1.94E—30)"
1.29E—16(2.15E—16)T
3.10E403(5.30E+03) "
2.29E+00(1.26E+00) ™
0.00E+00(0.00E+00)~
8.85E—30(1.75E—29)
1.42E401(2.25E401)*
0.00E-+00(0.00E+00)~
8.61E400(2.09E+00) ™
6.57TE—04(2.50E—03)*
2.35E—01(1.31E—01)t
0.00E-+00(0.00E+00)~
0.00E+00(0.00E+00)~
2.91E—29(1.14E—28) "
1.75E—32(9.04E—33) T
6.04E—15(1.66E—15)"
5.48E—02(1.39E—01)*
6.02E—32(1.48E—31)T
3.66E—04(2.01E—03)"
9.96E+02(5.07E+02) "
8.90E—03(4.01E—03) T
2.20E—01(4.22E—02)*

2.16E—10(1.73E—10)T
2.83E—11(2.61E—11)*
3.86E—06(1.32E—06)1
6.66E—01(4.94E—01)~
3.04E—02(2.14E—02)~
1.30E—14(1.13E—14)T
4.04E—10(3.04E—10)*
5.69E—04(7.53E—04)~
0.00E-+00(0.00E+00)~
1.97E4-01(5.80E—01)*
247E—07(7.34E—07)
1.97E+00(4.24E—01) T
1.66E—02(3.13E—02)
0.00E+00(0.00E+00)~
1.80E—13(3.36E—13)T
1.31E—13(1.51E—13)*
3.75E—06(1.88E—06)
3.30E+01(5.81E+00) "
1.44E—12(1.26E—12)T
2.45E—11(2.36E—11)t
3.15E+02(3.01E+02) "
2.39E+01(1.24E+01)T
2.40E—01(5.16E—02)*

1.29E—23(3.07E—23)T
6.59E—25(8.39E—25)"
8.70E—16(5.17E—16)*
2.89E—02(2.53E—02)~
5.54E—03(7.03E—03)~
0.00E-+00(0.00E+00)~
8.85E—23(4.35E—22)T
9.27E—02(1.30E—01)*
0.00E-+00(0.00E+00)~
5.07E401(3.36E+01)T
2.22E—03(4.73E—03)*
7.51E—04(7.06E—04)*
0.00E-+00(0.00E+00)~
0.00E-+00(0.00E+00)~
2.47E—27(4.90E—27)F
1.46E—03(3.80E—03)*
2.40E—01(4.45E—01)*
4.11E—02(1.82E—01)*
3.46E—03(1.89E—02)F
1.83E—03(4.16E—03) "
2.50E+03(1.02E+03) "
1.10E—03(6.12E—04) T
2.10E—01(3.16E—02)*

2.00E—22(2.54E—22)F
2.40E—23(2.42E—23)*
1.78E—11(5.89E—12)*
2.29E—02(3.62E—02)~
1.80E—05(1.03E—05)~
7.40E—18(2.82E—17)*
5.60E—21(4.23E—21)"
2.01E—03(1.07E—02)~
0.00E+00(0.00E+00)~
1.31E+01(7.07E—01) T
0.00E+00(0.00E+00)~
1.41E—01(1.82E—02)*
1.31E+02(5.56E+01)T
3.14E—02(1.72E—01)*
8.43E—25(8.43E—25)1
1.46E—24(1.71E—24)T
2.30E—12(1.02E—12)*
1.63E+01(2.16E+00) T
8.71E—24(1.19E—23)"
1.55E—22(1.44E—22)"
3.84E+02(3.21E+02) T
2.33E—02(2.68E—03)*
2.00E—01(2.66E—08)*

3.89E—39(4.05E—39)T
431E—35(5.59E—35)"
3.80E—18(1.85E—18)"
4.70E4-02(3.72E4+-02)*
5.23E—07(8.11E—08)~
0.00E+00(0.00E+00)~
1.35E—33(3.81E—33)"
2.32E—07(2.53E—07)~

1.80E—45(3.63E—45)
6.90E—43(2.07E—42)
3.49E—24(2.11E—24)
1.95E+02(1.12E+02)
3.49B—02(4.94E—02)
0.00E-+00(0.00E+00)
3.76E—45(3.96E—45)
7.17E—03(1.15E—02)

0.00E-00(0.00E+00)~ | 0.00E+00(0.00E+00)
2.55E-+01(3.36E—01)T | 3.39E+00(5.32E—01)
0.00E-+00(0.00E+00)~ | 0.00E~+00(0.00E+00)
3.97E—07(3.52E—07)~ | 6.05SE—06(5.23E—06)
0.00E-++00(0.00E--00)~ | 0.00E+00(0.00E-00)
0.00E-++00(0.00E--00)~ | 0.00E+00(0.00E-00)

1.57E—32(2.86E—48)~
1.35E—32(2.86E—48)~
4.47E—15(1.23E—15)~
6.30E—02(4.91E—02)"
1.57E—32(2.86E—48)~
1.35E—32(2.86E—48)~
2.96E+02(9.43E+01)T
2.05E—03(2.24E—03)"
1.90E—01(5.48E—02)~

1.57E—32(2.88E—48)
1.35E—32(2.88E—48)
5.42B—15(1.83E—15)
1.45E—03(2.24E—03)
1.57E—32(2.88E—48)
1.35E—32(2.88E —48)
1.54E+02(2.97E+02)
4.88E—04(6.81E—04)
2.00E—01(3.72E—09)

T/ ~]=

19/4/0

18/2/3

17/4/2

18/2/3

9/10/4




TABLE S3
RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY EPSDE, CoDE, SADE, SHADE, UMDE, AND GLCDE FOR
THE 23 CLASSICAL BENCHMARK FUNCTIONS AT D = 50

EPSDE CoDE SaDE SHADE UMDE GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
f1 2.52E—50(7.95E—50)" | 4.94E—21(5.74E—21)T | 2.40E—40(3.71E—40)T | 2.05E—53(3.33E—53)T | 5.29E—68(4.15E—68)" | 6.82E—77(6.96E—77)
fa 1.80E—51(3.75E—51)" | 446E—22(6.24E—22)" | 2.42E—40(3.65E—40)" | 1.35E—53(3.43E—53)T | 6.25E—69(2.09E—68)T | 1.60E —66(4.36E—66)
f3 5.63E—29(1.68E—28)" | 6.05SE—12(2.77E—12)" | 3.67E—25(2.46E—25)1 | 2.22E—27(1.63E—27)T | 1.09E—35(1.13E—35)T | 1.35E—42(7.91E—43)
fa 3.04E+04(4.49E+03)T | 7.37E—01(5.51E—01) | 1.30E—01(1.13E—01)~ | 4.37E—05(3.29E—05)~ | 5.60E+03(2.44E4+03)" | 1.60E+03(6.91E+02)
fs 1.01E401(2.56E+00)" | 1.11E—02(1.15E—02)~ | 3.79E—02(5.03E—02)~ | 5.77E—06(5.13E—06)~ | 4.62E—02(3.16E—02)~ | 8.86E+00(2.34E+00)
fe 1.33E—16(4.68E—17)" | 0.00E--00(0.00E+00)~ | 0.00E-00(0.00E+00)~ | 9.99E—17(3.51E—17)" | 0.00E+00(0.00E-+00)~ | 0.00E~00(0.00E+00)
fr 3.04E—50(7.79E—50)" | 1.01E—20(1.21E—20)" | 2.03E—39(2.34E—39)" | 1.03E—52(1.07E—52)* | 1.09E—67(3.35E—67)" | 1.46E—76(2.80E—76)
fs 2.22E402(6.11E401)" | 2.80E—04(3.97E—04)~ | 441E—03(4.45E—03)~ | 8.22E—07(1.80E—06) ~ | 2.96E—05(5.33E—05)" | 3.49E—02(4.29E—02)
fo 5.00E—01(7.07E—01)" | 0.00E--00(0.00E-+00)~ | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+-00)~ | 0.00E+00(0.00E--00)~ | 0.00E+00(0.00E-00)
fio 2.72E+01(1.81E4+01)" | 5.16E+01(2.64E+01)" | 4.40E401(3.17E4+01)" | 1.34E401(1.83E400)~ | 1.05E+01(3.58E+00)~ | 3.43E+01(1.38E+00)
fi1 2.46E—03(5.69E—03)" | 0.00E+00(0.00E+00)~ | 3.04E—02(4.14E—02)" | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E-00)
fi2 3.12E—03(4.16E—03)" | 1.11E—01(7.80E—02)" | 1.67E+00(2.96E+00)* | 5.45E—02(3.68E—02)* | 1.51E—03(3.93E—03)" | 5.59E—08(4.32E—08)
fis 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 1.19E+01(3.75E+01)" | 0.00E-+00(0.00E+00)~ | 0.00E-+00(0.00E-+00)
f1a 0.00E+00(0.00E-+00)~ | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 3.39E—01(3.95E—01)" | 0.00E-+00(0.00E+00)~ | 0.00E-00(0.00E+00)
fis 9.46E—33(6.47E—35)" | 4.76E—25(4.46E—25)" | 9.42E—33(1.44E—48)~ | 9.42E—33(1.44E—48)~ | 9.42E—33(1.44E—48)~ | 9.42E—33(0.00E+00)
fie 1.40E—32(8.62E—34)" | 1.06E—24(8.10E—25)" | 2.20E—03(4.63E—03)" | 1.35E—32(2.88E—48)~ | 1.35E—32(2.88E—48)~ | 1.35E—32(2.88E—48)
fir 1.14E—14(4.97E—15)" | 8.59E—12(4.34E—12)" | 8.65E—01(6.24E—01)" | 7.11E—15(0.00E4-00)~ | 5.42E—15(1.95E—15)~ | 7.55E—15(0.00E+00)
f1s 4.42B+00(1.09E+01)" | 427E+01(7.39E+00)" | 8.95E—01(8.71E—01)" | 1.84E—01(5.31E—02)" | 1.66E+01(2.37E4+00)T | 1.72E—01(1.66E—01)
f19 1.00E—32(1.96E—33)" | 9.53E—24(4.52E—24)" | 1.19E—02(3.76E—02)" | 9.42E—33(1.44E—48)~ | 1.57E—32(2.87E—48)T | 9.42E—33(0.00E+00)
f20 1.10E—03(3.47E—03)" | 1.29E—22(1.22E—22)" | 1.35E—32(2.88E—48)~ | 1.36E—32(3.90E—34)~ | 1.35E—32(2.88E—48)~ | 1.35E—32(2.88E—48)
fa1 1.26E+04(1.65E403)" | 1.09E+04(1.44E+03)T | 1.49E+04(2.04E+03)T | 1.04E+03(6.24E+02)~ | 1.12E+04(3.32E+03)" | 2.49E+03(4.98E+02)
faz 3.09E—03(3.55E—03)" | 2.77E400(4.93E+00)T | 1.25E—04(1.40E—04)" | 3.78E—06(1.12E—05)" | 5.99E—10(8.28E—10)~ | 1.60E—06(5.22E—06)
fas 2.80E—01(4.22E—02)" | 3.20E—01(4.22E—02)" | 3.50E—01(5.27E—02)" | 2.60E—01(5.16E—02)T | 2.20E—01(2.65E—02)T | 2.00E—01(1.98E—05)
+/~ /- 20/2/1 15/5/3 14/6/3 11/7/5 10/8/5
TABLE S4

RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY EPSDE, CODE, SADE, SHADE, UMDE, AND GLCDE FOR
THE 23 CLASSICAL BENCHMARK FUNCTIONS AT D = 100

EPSDE CoDE SaDE SHADE UMDE GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
f1 1.19E—45(2.19E—45)" | 2.19E—24(1.17E—24)T | 1.12E—34(1.10E—34)" | 1.95E—51(2.40E—51)" | 7.03E—63(4.47TE—63)" | 7.48E—72(1.63E—71)
f2 7.15E—46(1.23E—45)" | 9.45E—25(1.02E—24)1 | 1.34E—34(2.82E—34)" | 2.32E—51(4.97E—51)" | 1.51E—62(1.44E—62)" | 5.23E—71(1.17E—70)
f3 3.74E—28(8.64E—28)" | 1.83E—14(2.72E—14)T | 1.02E—20(1.89E—20)" | 6.53E—21(1.69E—20)" | 3.33E—30(3.18E—30)T | 1.38E—44(2.91E—44)
fa 1.49E405(8. 41E+04)T | 8.51E401(2.26E401)" | 3.84E+01(1.73E+01)~ | 7.32E—02(3.70E—02)~ | 1.52E405(6.35E+04)" | 1.15E+05(5.99E+04)
fs 1.75E+01(5.28E+00)T | 6.21E400(4.00E+00)~ | 1.31E401(3.84E400)~ | 2.82E4+00(8.98E—01)~ | 6.65E—01(3.24E—01)~ | 1.38E+4-01(1.08E+00)
fe 6.22E—16(1.97E—16)1 | 2.22E—17(4.68E—17) | 0.00E+00(0.00E-+00)~ | 1.89E—16(5.36E—17)" | 0.00E+400(0.00E+00)~ | 0.00E+00(0.00E-00)
fr 5.17E—45(9.61E—45)" | 2.40E—24(9.46E—25)1 | 2.40E—34(3.68E—34)" | 1.29E—50(1.69E—50)" | 3.26E—61(4.96E—61)" | 3.58E—72(7.39E—72)
fs 8 48E-+02(8.22E+01)T | 1.07E4-00(1.51E4+00)~ | 6.12E-+00(3.85E+00)" | 1.92E—03(1.05E—03)~ | 1.55E4+01(1.91E+01)" | 1.45E+01(1.54E+01)
fo 2.50E401(1.96E4+01)" | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 5.40E400(3.78E400)" | 0.00E-+00(0.00E+00)~ | 0.00E--00(0.00E+00)
f1o 1.70E402(5.23E+01) | 1.40E+02(4.62E4+01)" | 1.73E402(5.66E4+01)T | 5.38E+01(1.81E+01)~ | 6.54E+01(5.82E+00)~ | 8.83E+01(4.15E+00)
f11 5.65E—03(1.19E—02)" | 1.33E—02(3.94E—02)" | 1.75E—02(4.40E—02)" | 4.17E—03(1.08E—02)* | 1.05E—17(2.61E—17)T | 9.65SE—18(4.63E—17)
f12 1.74E400(5.51E+00)" | 3.02E+00(3.21E400)" | 1.42E+01(1.00E+01)T | 1.24E401(5.03E+00)" | 4.49E—03(5.90E—03)~ | 3.28E—01(6.41E—02)
f1s 1.21E404(1.06E+04)" | 1.66E+02(1.78E+02) | 1.42E+02(7.49E+01) | 1.19E+01(3.75E+01)~ | 9.81E4+02(5.31E4+01)T | 1.19E+01(3.75E+01)
f1a 3.14E—05(9.37E—14) | 5.37E—01(5.72E—01)* | 1.13E—01(1.46E—01)* | 1.50E4-00(8.33E—01)" | 1.94E—06(8.41E—07)~ | 5.65E—02(1.26E—01)
fis 5.11E—33(1.51E—34)" | 1.64E—28(1.37E—28)" | 3.11E—03(9.83E—03)" | 4.74E—33(2.12E—35)~ | 4.71E—33(7.18E—49)~ | 4.71E—33(7.18E—49)
f1e 5.28E—03(1.01E—02)" | 2.20E—03(4.63E—03)" | 1.63E—02(3.28E—02)* | 1.10E—03(3.47E—03)" | 1.35E—32(2.88E—48)~ | 1.35E—32(2.88E—48)
fi7 9.02E—01(7.84E—01)" | 1.79E—13(1.01E—13)~ | 2.57E+00(3.89E—01)" | 1.05E4+00(4.25E—01)" | 1.04E—14(1.59E—15)" | 1.90E—13(1.52E—13)
fis 2.53E402(2.43E4+01)" | 1.0O1E402(1.69E4+01)t | 9.85E4+00(3.99E400)" | 5.56E—02(4.17E—02)" | 9.35E4-01(5.28E4+00)" | 1.83E—14(2.11E—14)
f10 1.22E—02(2.11E—02)" | 2.17E—02(4.86E—02)" | 4.71E—33(7.21E—49)~ | 3.11E—03(9.83E—03)" | 5.68E—33(2.13E—34)T | 4.71E—33(7.21E—49)
f20 1.23E—01(3.86E—01)" | 2.20E—03(4.63E—03)" | 1.50E+02(1.38E+02)" | 2.20E—03(4.63E—03)" | 1.35E—32(2.88E—48)~ | 1.35E—32(2.88E—48)
f21 1.55E405(7.58E403)" | 1.58E+05(9.99E+03)" | 1.63E4+05(7.18E+03)" | 1.11E405(6.99E+03) ™ | 1.39E+05(5.60E4+03)" | 1.33E4-05(1.94E+03)
faz2 2.45E—02(1.50E—02)" | 3.07E—03(5.81E—03)" | 3.36E—04(9.36E—04)t | 6.31E—07(3.51E—07)" | 5.13E—07(3.52E—07)~ | 2.18E—04(8.08E—05)
fo3 7.10E—01(1.20E—01)" | 6.00E—01(9.43E—02)* | 8.20E—01(1.03E—01)t | 520E—01(4.22E—02)" | 4.60E—01(5.77E—02)" | 3.70E—01(2.64E—02)
+/~ /- 22/0/1 18/1/4 17/3/3 15/2/6 12/5/6




RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY ZEPDE, SHADE, SINDE, IDE, AND GLCDE For CEC 2013

TABLE S5

TEST FUNCTIONS AT D = 30

ZEPDE SHADE SinDE IDE GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
i 0.00E-+00(0.00E+00)~ | 0.00E+00(0.00E-+00)~ | 2.23E—14(6.83E—14)T | 0.00E+00(0.00E+00)~ | 0.00E--00(0.00E-+00)
Fy 3.48E+04(1.99E+04)" | 9.00E+03(7.47E+03)~ | 2.16E+06(6.15E+05)" | 2.42E405(1.40E405)" | 1.23E404 6.52E403
F3 5.12E4+04(2.42E4+05)" | 4.02E++01(2.13E+02)~ | 8.49E+04(2.11E+05)F | 2.08E404(1.46E405)" | 8.80E402 3.43E402
Fy 1.1I9E—01(1.09E—01)" | 1.92E—04(3.01E—04)" | 6.38E+03(2.00E+03)T | 9.75E4+02(3.26E+02)* | 6.49E—07(7.75E—07)
Fs 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E--00)~ | 1.14E—13(7.65E—29)" | 0.00E-+00(0.00E+00)~ | 0.00E--00(0.00E+00)
Fg 3.86E—01(2.53E—01)t | 5.96E—01(3.73E4+00)" | 1.46E+01(2.42E+00)T | 5.00E400(2.82E4+00)" | 4.42E—14(3.35E—14)
F; 2.72E4+00(1.97E4+00)" | 4.60E+00(5.39E+00)T | 1.21E—01(1.57E—01)" | 5.55E—01(5.07E—01)* | 5.12E—01 4.16E—01
Fg 2.09E4+01(1.16E—01)~ | 2.07E+01(1.76E—01)~ | 2.09E+01(4.96E—02)~ | 2.09E+01(4.78E—02)~ | 2.09E+01 8.18E—02
Fy 1.73E401(2.66E400)~ | 2.75E401(1.77E4-00)" | 1.52E+01(3.05E+00)" | 1.76E+01(3.39E+00)* | 1.74E+01 1.86E+00
Fio 7.40E—02(4.32E—02)1 | 7.69E—02(3.58E—02)" | 2.04E—02(1.30E—02)~ | 3.42E—02(1.47E—02)~ | 5.37E—02 2.87E—02
F11 0.00E-+00(0.00E+00)~ | 0.00E+00(0.00E--00)~ | 1.95E—02(1.39E—01)F | 0.00E-+00(0.00E+00)~ | 0.00E--00(0.00E+00)
Fis 3.00E401(9.10E4+00)" | 2.30E+01(2.30E4+01)* | 3.02E4+01(8.65E4+00)" | 2.73E401(4.59E400)" | 2.04E-+01(4.06E-+00)
Fis 5.62E4+-01(1.50E4+-01)T | 5.03E401(1.34E+01)T | 7.33E+01(2.07E+01)T | 5.13E+01(1.14E+01)" | 4.87E+01(7.40E+00)
Fu4 1.15E400(1.65E4+00)" | 3.18E—02(2.33E—02)~ | 5.04E+01(1.92E+01)T | 2.34E+01(3.18E+01)* | 6.76E—02 4.72E—02
Fis 3.28E4+03(6.40E+02)" | 3.22E+03(2.64E+02)* | 2.95E+03(4.86E+02)" | 2.93E4+03(3.88E4+02)" | 2.92E+03(3.62E+02)
Fis 6.76E—01(5.71IE—01)t | 9.13E—01(1.85E—01)" | 1.74E+00(2.52E—01)" | 1.12E4+00(1.67E—01)* | 5.52E—01(1.19E—01)
Fiy 3.06E4+01(2.02E—01)" | 3.04E+01(3.83E—14)~ | 3.37E4+01(7.97E—01)" | 3.13E4-01(3.80E—01)" | 3.04E+01(2.38E—14)
Fig 6.07E+01(7.95E+00)~ | 7.25E401(5.58E4+00)" | 7.86E+01(1.42E+01)T | 6.48E+01(9.65E+00)" | 6.03E-+00(4.58E+00)
Fio 1.83E+00(3.31E—01)" | 1.36E+00(1.20E—01)~ | 2.24E400(3.79E—01)* | 1.14E400(1.63E—01)~ | 1.43E+00 8.96E—02
Fao 1.04E4+01(4.59E—01)t | 1.05E401(6.04E—01)" | 9.99E+00(5.50E—01)" | 9.94E+00(4.97E—01)~ | 1.01E+01 2.20E—01
Foy 3.41E402(9.24E+01)" | 3.09E+02(5.65E+01)~ | 2.87E+02(6.40E+01)" | 3.17E4+02(6.01E+01)" | 3.11E402 7.41E401
Fao 2.12E4+02(1.98E+02)" | 9.81E+01(2.52E+01)* | 1.49E+02(1.76E+01)" | 1.21E402(4.39E4+00)" | 9.36E-+01(3.77E+01)
Fas 3.75E403(6.26E+02)" | 3.51E+03(4.11E4+02)T | 3.14E+03(5.31E+02)~ | 3.28E+03(3.80E4+02)" | 3.23E403 2.59E402
Fay 2.05E4+02(2.66E4+00)T | 2.05E+02(5.29E+00) | 2.00E402(7.16E—03)~ | 2.00E-+02(3.60E—01)~ | 2.00E-02(2.01E—02)
Fas 2.53E+02(8.51E+00)~ | 2.59E+02(1.96E+01)~ | 2.49E402(6.85E4+00)" | 2.14E4+02(2.09E+01)~ | 2.60E-+02 2.27E+00
Fag 2.00E402(5.30E—03)~ | 2.02E+02(1.48E+01)T | 2.02E402(1.40E4+01)* | 2.00E4+02(6.39E—03)~ | 2.00E402(7.71E—03)
Far 3.97E4+02(3.92E+01)" | 3.88E+02(1.09E+02)* | 3.01E+02(2.36E+00)~ | 3.06E4+02(5.37E+00)~ | 3.07E402 5.20E400
Fog 3.00E+02(0.00E+00)~ | 3.00E+02(0.00E--00)~ | 3.00E+02(0.00E+-00)~ | 3.00E-+02(0.00E+00)~ | 3.00E--02(0.00E+00)
+/~ /- 19/6/3 16/5/7 17/3/8 15/7/6
TABLE S6

RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY ZEPDE, SHADE, SINDE, IDE, AND GLCDE For CEC 2013

TEST FUNCTIONS AT D = 50

ZEPDE SHADE SinDE IDE GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
Fy 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E-+00)~ | 2.27E—13(1.53E—28)T | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+00)
Fy 1.97E+05(7.53E+04)~ | 2.66E+04(1.13E+04)~ | 2.66E4+06(8.33E405)T | 1.68E+06(4.23E+05)T | 3.18E+03(1.22E+04)
F3 1.50E-06(2.07E+06)~ | 8.80E405(1.96E4+06)" | 1.01E405(3.77E+05)~ | 1.38E+05(1.85E4+05)" | 8.27E+05(1.69E+06)
Fy 7.66E—01(4.78E—01)~ | 1.61E—03(1.41E—03)" | 8.28E+403(1.54E+03)" | 6.85E+03(1.10E+03)T | 6.01E—06(3.60E—06)
Fs 0.00E-+00(0.00E+00)~ | 0.00E+00(0.00E-00)~ | 1.14E—13(7.65E—29)" | 0.00E--00(0.00E+00)~ | 0.00E--00(0.00E+00)
Fs 4.34E401(3.18E—13)~ | 4.28E4+01(5.52E4+-00)T | 4.34E+01(1.44E—14)" | 434E+01(2.62E—04)" | 4.79E—02(5.40E—02)
Fr 1.37E+01(4.88E+00)~ | 2.33E401(9.32E4+00)T | 6.10E—01(5.97E—01)~ | 3.18E+00(1.55E4+00)" | 2.28E+01(6.27E+00)
Fy 2.11E401(1.17E—01)~ | 2.09E4+01(1.68E—01)~ | 2.11E4+01(3.59E—02)~ | 2.11E4+01(2.44E—02)~ | 2.11E4-01(8.74E—02)
Fy 3.74E4-01(5.85E4-00)~ | 5.54E+01(1.98E4+00)" | 3.48E-4-01(4.34E+00)~ | 3.56E+01(5.54E+00)" | 5.59E+4-01(2.24E4-00)
Fio 1.37E—01(6.96E—02)~ | 7.37TE—02(3.67E—02)1 | 7.93E—02(3.57E—02)" | 4.38E—02(2.17E—02)" | 3.91E—02(2.15E—02)
F11 3.65E—01(6.12E—01)~ | 0.00E--00(0.00E+00)~ | 5.92E+00(2.86E+00)T | 0.00E400(0.00E--00)~ | 0.00E-+00(0.00E+00)
Fio 6.04E4+01(1.76E4+01)~ | 586E+01(1.11E4+01)T | 5.61E+01(1.41E4+01)T | 6.89E+01(8.82E4+00)" | 5.24E+01(7.95E400)
Fi3 1.32E4+02(3.62E+01)~ | 1.45E4+02(1.95E40D)T | 1.39E+02(3.41E+01)T | 1.34E+02(2.28E+01)" | 1.36E-+02(2.50E+01)
Fiy 4.83E4-00(2.70E+00)~ | 3.45E—02(1.93E—02)~ | 2.34E+02(9.23E+01)T | 1.17E+02(8.38E+01)" | 1.14E—01(2.45E—02)
Fis 6.59E403(9.36E403)~ | 6.82E+03(4.41E4+02)~ | 6.80E4-03(1.00E4-03)~ | 6.54E+03(5.91E4+02)" | 6.92E402(1.99E-02)
Fie 7.82E—01(6.74E—01)~ | 1.28E400(2.07E—01)T | 2.08E+00(3.66E—01)" | 1.59E+00(2.36E—01)* | 7.14E—01(3.68E—01)
Fi7 5.11E401(1.60E—01)~ | 5.08E+01(4.27E—14)" | 6.52E+01(3.47E+00)T | 5.92E4+01(1.41E4+00)" | 5.13E+01(3.39E—14)
Fig 1.03E4+02(1.19E+01)~ | 1.37E4+02(1.29E+01)T | 1.41E+02(2.27E4+01)t | 1.68E+02(1.27E4+01)t | 1.30E-402(6.48E+00)
Fig 3.71E400(7.55E—01)~ | 2.64E+00(2.83E—01)" | 4.85E+00(8.82E—01)T | 2.24E400(3.66E—01)~ | 2.46E-+00(2.19E—01)
Fyo 1.97E+01(7.88E—01)~ | 1.93E401(7.70E—01)* | 1.92E401(7.52E—01)~ | 1.93E+01(4.47E—01)T | 1.92E+01(6.14E—01)
Foy 6.33B+02(4.48E+02)~ | 8.45E402(3.63E4+02)1 | 5.84E+02(4.22E4+02)T | 7.32E4+02(3.82E4+02)T | 5.62E+02(3.75E+02)
Fao 4.23E402(5.75E+02)~ | 1.33E401(7.12E+00)~ | 3.51E+02(2.72E+02)" | 6.88E+01(2.03E+01)" | 1.52E+01(8.46E+00)
Fos 7.02E+03(8.73E+02)~ | 7.63E4+03(6.58E+02)" | 6.59E+03(8.47E+02)~ | 7.32E+03(6.92E+02)" | 6.87E+03(4.73E402)
Foy 2.35E+02(1.09E4+01)~ | 2.34E402(1.01E4+01)" | 2.00E4+02(1.34E—01)~ | 2.02E+02(1.14E4+00)" | 2.00E+02(3.89E—01)
Fos 3.23E+02(1.31E4+01)~ | 3.40E402(3.09E4+01)" | 2.97E402(1.33E4+01)~ | 3.03E402(1.09E401)~ | 3.27E+02(1.07E402)
Fag 2.27E402(6.20E4+01)~ | 2.58E4+02(8.08E+01)T | 2.76E+02(5.96E+01)* | 2.23E4+02(4.46E+01)~ | 2.31E-+02(4.55E+00)
Fyr 9.38E+02(1.40E+02)~ | 9.36E4+02(3.07E4+02)" | 4.75E402(1.55E4+02)~ | 3.58E+02(3.30E+01)~ | 7.94E+02(1.97E+02)
Fag 4.00E+02(0.00E+00)~ | 4.58E+02(4.13E4+02)" | 4.00E+02(0.00E400)~ | 4.00E+02(0.00E+00)~ | 4.00E+02(0.00E+00)
+/~ /= 17/5/6 18/3/7 17/4)7 14/5/9




TABLE S7

RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY sTDE-dR, UMDE, MVC_E_S_C, ETI-SHADE,
UMS-SHADE, AND GLCDE FOR CEC 2014 TEST FUNCTIONS AT D = 30

STDE-dR UMDE MVC_E_S_C ETI-SHADE UMS-SHADE GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
Fy 0.00E+00(0.00E-+00)~ | 0.00E+00(0.00E--00)~ | 6.62E+03(5.93E4+03)T | 4.55E4-00(1.40E4-01)T | 0.00E--00(0.00E+00)~ | 0.00E+00(0.00E-00)
Fy 0.00E+00(0.00E--00)~ | 0.00E+00(0.00E--00)~ | 0.00E+00(0.00E+00)~ | 0.00E-+00(0.00E+00)~ | 0.00E--00(0.00E+00)~ | 0.00E~+00(0.00E-00)
F3 0.00E+00(0.00E--00)~ | 0.00E+00(0.00E--00)~ | 0.00E400(0.00E+00)~ | 0.00E-00(0.00E+00)~ | 0.00E--00(0.00E+00)~ | 0.00E+00(0.00E-00)
Fy 0.00E+00(0.00E--00)~ | 0.00E+00(0.00E--00)~ | 4.95E+00(6.93E400)" | 0.00E-+00(0.00E+00)~ | 0.00E--00(0.00E+00)~ | 0.00E-+00(0.00E-00)
Fs 2.01E401(2.37E—02)% | 2.01E401(5.57E—02)~ | 2.00E+01(7.78E—05)" | 2.03E+01(6.34E—02)T | 2.01E4+01(3.85E—02)~ | 2.01E+01(4.87E—02)
Fe 0.00E+00(0.00E--00)~ | 0.00E+00(0.00E--00)~ | 1.30E+00(1.53E4-00)" | 9.01E—03(6.43E—02)" | 0.00E--00(0.00E+00)~ | 0.00E+00(0.00E-00)
Fy 0.00E+00(0.00E--00)~ | 0.00E+00(0.00E--00)~ | 0.00E+00(0.00E+00)~ | 0.00E-+00(0.00E+00)~ | 0.00E--00(0.00E+00)~ | 0.00E~+00(0.00E-00)
Fy 0.00E+00(0.00E-00)~ | 0.00E+00(0.00E--00)~ | 0.00E+00(0.00E+00)~ | 0.00E-+00(0.00E+00)~ | 0.00E--00(0.00E+00)~ | 0.00E+00(0.00E-00)
Fy 7.58E400(1.81E400)" | 8.33E4+00(2.13E+00)" | 2.53E+01(6.83E+00)T | 1.99E4+01(6.88E+00)" | 6.83E400(1.32E400)" | 6.79E-00(2.28E+00)
Fio 531E—03(9.97E—03)~ | 1.24E—02(1.43E—02)~ | 3.20E—01(747E—01)T | 7.32E4+00(2.47E+00)t | 1.05E—02(1.32E—02)" | 1.77E—02(1.67E—02)
Fip 1.13E4+-03(1.83E4+02)T | 1.09E-+03(1.81E+02)1 | 1.61E4+03(5.76E4+02)T | 2.03E+03(3.68E+02)" | 1.06E+02(1.99E+02)~ | 1.06E+03(1.39E-+02)
Fio 1.59E—01(2.37E—02)t | 1.31E—01(3.68E—02)" | 4.24E—02(1.78E—02)~ | 3.22E—01(8.64E—02)" | 1.27E—01(229E—02)* | 1.95E—01(4.42E—02)
Fis 1.17E—01(1.58E—02)~ | 8.78E—02(1.30E—02)~ | 1.66E—01(3.83E—02)" | 1.I2E—01(2.81E—02)~ | 1.35E—01(1.71E—02)~ | 1.93E—01(3.42E—02)
Fi4 2.11E—01(2.74E—02)~ | 2.34E—01(2.66E—02)~ | 2.20E—01(2.84E—02)~ | 2.29E—01(4.38E—02)~ | 2.12E—01(2.76E—02)~ | 2.35E—01(3.73E—02)
Fis 2.16E4+002.10E—01)" | 1.83E+00(2.88E—01)" | 2.40E+00(6.63E—01)T | 3.56E+00(1.31E4+00)* | 1.74E400(1.95E—01)" | 1.71E-00(2.27E—01)
Fig 8.37E4+00(4.32E—01)" | 8.04E+00(3.99E—01) | 8.62E+00(6.65E—01)T | 9.35E4+00(8.58E—01)* | 7.96E+00(2.74E—01)~ | 8.17E+00(4.17E—01)
Fir 2.14E402(1.21E402)" | 1.22E+02(5.12E+01)~ | 6.49E+02(3.49E+02)*T | 3.99E+02(2.29E+02)" | 1.19E4+02(1.78E+02)~ | 1.25E+02(2.52E+01)
Fig 7.13E4-00(3.04E4+00)* | 5.66E4+00(2.85E+00)T | 2.64E+01(1.55E+01)* | 1.20E4+01(5.58E+00)" | 3.93E400(2.35E4-00)" | 3.49E-00(2.14E+00)
Fio 3.53E+00(6.55E—01)" | 2.70E4+00(3.60E—01)* | 2.58E400(5.68E—01)* | 3.53E4+00(1.01E4+00)T | 2.52E4+00(7.82E—01)" | 2.38E+00(3.44E—01)
Fao 2.92E4-00(1.08E400)" | 1.90E4+00(1.03E+00)" | 8.19E+00(3.18E+00)" | 6.57E4+00(2.18E4+00)" | 1.80E+00(4.11E—01)~ | 1.84E-00(1.14E-+00)
Fay 1.08E402(7.37E401)" | 6.09E4+01(5.13E4+01)" | 1.76E+02(1.14E+02)T | 1.53E4+02(9.00E+01)* | 5.35E401(6.14E4+01)" | 5.23E+01(3.91E+01)
Fao 3.26E401(2.85E4+01)" | 2.19E4+01(4.39E+00)T | 1.47E+02(9.46E+01)* | 1.10E4+02(5.97E+01)t | 2.12E401(3.67E400)" | 2.12E+01(3.57E+00)
Fas 3.15E402(3.98E—13)" | 3.15E402(0.00E+00)T | 3.14E4+02(0.00E-+00)~ | 3.15E4+02(4.02E—13)* | 3.15E402(0.00E4-00)" | 3.14E-02(0.00E-+00)
Fay 2.22E402(4.46E400)" | 2.20E-02(1.21E400)~ | 2.24E+02(1.28E+00)T | 2.24E+02(1.82E4+00)" | 2.20E4+02(4.31E+00)~ | 2.20E-02(1.46E+00)
Fas 2.03E4+02(4.65E—02)" | 2.03E+02(7.78E—02)" | 2.01E+02(7.13E—01)T | 2.03E4+02(3.07E—01)* | 2.03E402(3.81E—02)" | 2.00E+02(3.96E—03)
Fag 1.00E+02(1.25E—02)~ | 1.00E+02(1.51E—02)~ | 1.00E+02(3.27E—02)~ | 1.00E-+02(2.52E—02)~ | 1.00E+02(1.67E—02)~ | 1.00E-+02(1.65E—02)
Far 3.00E-+02(0.00E+00)~ | 3.00E+02(1.94E—13)~ | 3.41E+02(4.65E+01)1 | 3.06E4+02(2.19E+01)" | 3.00E+02(2.61E—15)~ | 3.00E-02(1.59E—13)
Fog 841E+02(1.51E+01)T | 7.93E+02(2.02E+01)T | 3.75E4+02(6.42E+00)~ | 8.05E4+02(3.08E4+01)" | 8.13E+02(1.72E+01)T | 3.92E+02(8.74E+00)
Fao 7.16E+02(3.33E+00)" | 7.15E402(1.33E400)T | 2.11E+02(1.71E+00)~ | 7.18E--02(4.53E+00)" | 7.15E402(4.21E400)T | 2.26E+02(9.00E—01)
Fsp 1.45E403(7.41E402)" | 1.03E403(2.65E+02)" | 5.25E+02(1.91E+02)T | 1.16E4+03(3.63E4+02)* | 1.18E4+03(4.69E4+02)" | 2.72E+02(4.71E+02)
+/~ /- 17/10/3 13/11/6 18/6/6 22/6/2 12/11/7
TABLE S8

RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY sTDE-dR, UMDE, MVC_E_S_C, ETI-SHADE,
UMS-SHADE, AND GLCDE FOR CEC 2014 TEST FUNCTIONS AT D = 50

STDE-dR UMDE MVC_E_S_C ETI-SHADE UMS-SHADE GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
F 0.00E+00(0.00E+00)~ | 1.08E+03(1.67E4+03)~ | 7.15E4+04(3.02E4+04)T | 5.17E+04(2.65E+04)T | 1.09E4+03(1.69E+03)~ | 1.15E4+03(1.34E+03)
Fy 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 0.00E--00(0.00E-+00)~ | 0.00E--00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E-+00)
F3 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E--00)~ | 7.56E—02(2.01E—01)" | 0.00E--00(0.00E4-00)~ | 0.00E400(0.00E4+00)~ | 0.00E400(0.00E-00)
Fy 3.49E+01(4.67E+01)T | 2.30E+01(3.88E+01)T | 3.19E+01(220E4+01)t | 1.83E4+01(3.73E+01)T | 3.17E+01(4.92E4+01)* | 1.20E+00(1.86E-00)
Fs 2.01E4+01(1.98E—02)~ | 2.01E4+01(2.14E—02)~ | 2.00E+01(4.85E—06)" | 2.03E+01(9.09E—02)* | 2.01E4+01(1.94E—02)~ | 2.01E+01(2.44E—02)
Fg 4.32E—02(2.30E—01)~ | 4.89E—01(7.84E—01)T | 4.91E4+00(2.34E4+00)* | 8.50E—01(8.32E—01)* | 2.09E—01(5.22E—01)" | 2.07E—01(1.11E—01)
Fy 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+-00)~ | 7.25E—04(2.57E—03)" | 1.45E—04(1.04E—03)" | 0.00E400(0.00E+00)~ | 0.00E+00(0.00E-00)
Fg 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 0.00E--00(0.00E+00)~ | 0.00E-+00(0.00E-00)~ | 0.00E+400(0.00E+00)
Fo 1.50E401(2.48E+00)" | 1.78E+01(2.77E+00)T | 4.45E4+01(9.85E4+00) | 3.81E4+01(9.81E400)" | 1.56E+01(2.65E+00)T | 1.42E+01(2.98E+00)
Fio 1.22E—03(3.71E—03)~ | 2.27E—02(2.15E—02)" | 1.32E—01(1.62E—01)" | 5.74E—01(3.36E—01)* | 2.19E—02(1.99E—02)" | 3.96E—02(2.91E—02)
Fi1 2.91E4+03(2.96E+02)~ | 2.97E+03(2.78E4+02)~ | 3.29E+03(5.28E+02)" | 3.85E+03(5.44E+02)" | 2.92E+03(3.15E+02)~ | 3.02E403(3.00E+02)
Fia 1.54E—01(1.90E—02)~ | 1.98E—01(4.71E—02)T | 5.44E—02(1.55E—02)~ | 2.47E—01(7.07E—02)" | 1.98E—01(4.72E—02)" | 1.90E—01(2.05E—02)
Fi3 1.89E—01(2.14E—02)* | 1.38E—01(1.42E—02)" | 2.73E—01(3.67E—02)" | 1.44E—01(3.14E—02)~ | 1.35E—01(2.11E—02)~ | 1.82E—01(2.13E—02)
Fiy 2.63E—01(2.37E—02)" | 2.98E—01(4.04E—02)* | 2.82E—01(5.83E—02)T | 2.93E—01(4.00E—02)T | 2.68E—01(2.56E—02)" | 2.30E—01(2.08E—02)
Fis 4.51E4+00(4.61E—01)~ | 4.17E400(4.53E—01)" | 4.87E+00(1.04E+00)" | 5.65E+00(1.22E4+00)* | 4.10E+00(4.61E—01)~ | 5.04E--00(4.10E—01)
Fi6 1.64E4+01(5.35E—01)" | L64E+01(3.73E—01)~ | 1.69E+01(7.60E—01)T | 1.70E401(7.36E—01)* | 1.67E+01(3.79E—01)" | 1.64E+01(4.14E—01)
Fi7 1.27E+03(3.94E4+02)~ | 1.39E403(2.95E4+02)~ | 4.13E4+03(2.05E4+03)T | 1.93E+03(5.52E402)" | 1.53E+03(4.70E4+02)~ | 1.60E-03(5.04E+02)
Fig 9.60E+01(1.58E+01)" | 2.36E4+01(1.36E+01)" | 1.26E4-02(3.21E4+01)T | 8.10E401(4.43E4+01)T | 1.89E+01(9.28E+00)~ | 2.21E+01(1.16E401)
Fio 8.21E4+00(1.93E+00)T | 7.65E+00(1.28E+00)~ | 9.07E+00(2.54E400)" | 8.47E-+00(4.59E+00)T | 8.29E+00(2.02E4+00)* | 8.14E400(1.86E+00)
Fso 1.15E401(3.63E+00)" | 5.66E4+00(2.10E+00)~ | 1.95E4+02(6.68E4+01)T | 5.90E+01(2.95E4+01)T | 5.46E+00(1.80E-00)~ | 5.82E-00(2.05E+00)
Foy 4.59E+02(1.29E+02)" | 3.13E+02(7.27E4+01)~ | 1.65E403(8.74E4+02)1 | 7.73E402(2.41E402)T | 3.14E4+02(8.89E4+01)~ | 3.15E402(6.21E+01)
Fao 1.06E+02(6.43E4+01)" | 7.69E4+01(6.17E4+01)" | 4.45E+02(1.83E+02)T | 2.72E+02(1.54E402)" | 8.95E+01(7.19E+01)T | 7.31E+01(5.28E+01)
Fos 3.44E+02(3.56E—13)" | 3.44E+402(0.00E+00)" | 3.37E4+02(1.39E—13)~ | 3.44E4+02(3.03E—13)T | 3.44E4+02(0.00E400)T | 3.37E+02(0.00E-00)
Foy 2.74E+02(1.38E+02)" | 2.76E4+02(4.12E—01)t | 2.73E402(1.91E400)T | 2.73E402(1.98E400)T | 2.75E4+02(4.32E—01)T | 2.72E+02(5.19E+00)
Fos 2.05E4+02(2.61E—01)" | 2.04E+02(2.23E—01)" | 2.11E402(9.90E4+00)* | 2.08E402(3.37E400)" | 2.05E+02(1.93E—01)" | 2.00E+02(1.02E—02)
Fog 1.00E+02(0.00E+00)~ | 1.00E+02(1.96E—02)~ | 1.00E402(1.07E—01)~ | 1.02E+02(1.40E4+01)" | 1.00E4+02(2.05E—02)~ | 1.00E-+02(1.46E—02)
For 3.17E402(2.28E+01)~ | 3.45E4+02(2.93E4+01)" | 4.23E+02(5.56E+01)" | 3.57E+02(4.29E+01)" | 3.19E+02(2.84E+01)~ | 9.53E402(4.43E401)
Fos 1.11E403(2.73E4+01)" | 1.12E+03(2.96E+01)T | 3.67E+02(9.11E+00)~ | 1.11E403(4.82E4+01)" | 1.11E403(2.76E+01)T | 3.82E+02(6.31E400)
Fag 8.02E+02(4.49E+01)T | 7.84E+02(3.74E+01)* | 2.21E+02(3.49E4+00)T | 842E+02(5.91E+01)" | 8.08E+02(3.54E+01)1 | 2.11E402(5.07E-00)
Fsg 8.68E+03(3.82E4+02)T | 7.97E+03(4.68E+02)T | 1.10E+03(2.79E+02)" | 8.92E4+03(5.62E+02)1 | 8.09E4+02(4.31E4+02)1 | 6.93E402(1.24E+02)
+/~ /- 15/6/9 13/7/10 21/4/5 25/3/2 13/6/11




TABLE S9

RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY LSHADE-EPSIN, UMOEAII, MC-SHADE, LSHADE-ND,
L-SHADE, ILSHADE, AND GLCDE FOR CEC 2014 TEST FUNCTIONS AT D = 30

LSHADE-EpSin UMOEAII MC-SHADE LSHADE-ND L-SHADE iLSHADE GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
F 0.00E+00(0.00E-+00)~ | 0.00E+00(0.00E+00)~ | 2.92E+03(2.72E+03)T | 0.00E--00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E-+00)~ | 0.00E-+00(0.00E+00)
Fy 0.00E+00(0.00E-+00)™ | 0.00E+00(0.00E+00)~ | 0.00E~+00(0.00E--00)~ | 0.00E--00(0.00E4-00)~ | 0.00E+-00(0.00E~+00)~ | 0.00E~+00(0.00E-+00)~ | 0.00E-00(0.00E+00)
F3 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 0.00E-00(0.00E-+00)~ | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 0.00E~+00(0.00E-+00)~ | 0.00E+00(0.00E-00)
Fy 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 7.82E—02(5.58E—01)" | 0.00E4-00(0.00E+00)~ | 0.00E-00(0.00E+00)~ | 0.00E~+00(0.00E+00)~ | 0.00E+00(0.00E—00)
Fy 2.01E+01(2.37E—02)~ | 2.00E+01(7.57E—04)~ | 2.02E401(2.39E—02) T | 2.02E+01(4.75E—02)" | 2.01E4+01(3.72E—02)~ | 2.01E4-01(1.00E—01)~ | 2.01E+01(4.87E—02)
Fs 0.00E+00(0.00E-+00)~ | 4.56E—03(3.23E—02)" | 1.23E4+00(2.37E400)" | 0.00E--00(0.00E+00)~ | 1.38E—07(9.98E—07)" | 0.00E+00(0.00E-+00)~ | 0.00E-+00(0.00E+00)
F; 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 2.90E—04(2.07E—03)" | 0.00E4-00(0.00E+00)~ | 0.00E-00(0.00E+00)~ | 0.00E~+00(0.00E-+00)~ | 0.00E-+00(0.00E—00)
Fg 0.00E+00(0.00E-+00)~ | 0.00E-+00(0.00E+00)™ | 0.00E-00(0.00E-+00)~ | 0.00E400(0.00E+00)~ | 0.00E-00(0.00E-+00)~ | 0.00E-+00(0.00E-+00)~ | 0.00E+00(0.00E-00)
Fo 1.36E4+01(1.91E400)" [9.91E—01(1.13E400)~ | 1.95E401(2.95E4-00)" | 7.71E400(1.47E+00)* | 6.78E+00(1.50E+00)~ | 6.91E+00(2.00E+00)* | 6.79E-00(2.28E+00)
Fio  |245E—03(6.77E—03) |4.08E—04(2.92E—03)~ | 1.10E—02(1.46E—02)~ | 2.08E—02(1.78E—02)" | 1.63E—02(1.59E—02)~ | 1.10E—02(1.27E—02)~ | 1.77E—02(1.67E—02)
F11 1.10E403(2.01E402)" | 1.33E403(2.40E+02) T | 1.57E403(1.91E402)" | 1.21E403(2.44E+02)" | 1.23E4+03(1.81E+02)T | 1.17E403(2.80E+02)" | 1.06E+03(1.39E+02)
Fio 1.54E—01(2.36E—02)~ | 8.43E—02(4.90E—02)~ | 2.10E—01(2.98E—02)~ | 2.59E—01(7.71E—02)T | 1.61E—01(2.31E—02)~ | 1.48E—01(5.14E—02)~ | 1.95E—01(4.42E—02)
Fis 1.34E—01(1.94E—02)~ | 9.66E—02(2.92E—02)~ | 2.06E—01(3.00E—02)T | 1.24E—01(1.67E—02)~ | 1.24E—01(1.76E—02) " | 9.50E—02(2.12E—02)~ | 1.93E—01(3.42E—02)
Fiy  |1.95E—01(2.35E—02) [2.32E—01(2.72E—02)~ | 2.19E—01(3.59E—02)~ | 2.35E—01(2.51E—02)~ | 2.42E—01(3.00E—02)" | 1.98E—01(3.46E—02)~ |2.35E—01(3.73E—02)
Fis 2.32E400(2.62E—01)" | 1.89E+00(4.26E—01)" | 3.00E4+00(3.91E—01)" | 2.02E400(2.88E—01)" | 2.15E+00(2.50E—01)" | 1.84E400(2.72E—01)" | 1.71E+00(2.27E—01)
Fig 8.27E+00(4.84E—01)T | 8.86E4+00(5.01E—01)T | 9.42E+00(4.43E—01)" | 8.70E+00(4.13E—01)F | 8.50E400(4.62E—01)T | 8.02E+00(9.81E—01)~ | 8.17E+00(4.17E—01)
Fiy 1.66E+02(1.01E402) | 1.74E4+02(8.09E4+01)" | 1.24E+03(3.93E+02)T | 1.87E402(9.82E401)" | 1.88E+02(7.55E+01)" | 1.31E402(6.52E+01)" | 1.25E+02(2.52E+01)
Fig 6.25E400(2.80E+00)" | 5.50E+00(2.05E+00)* | 7.81E4+01(3.68E+01)" | 5.74E+00(2.74E4-00)" | 5.91E+00(2.92E+00)* | 3.78E400(1.45E400)" | 3.49E+00(2.14E+00)
Fio 2.66E+00(7.53E—01)" | 2.87E+00(8.94E—01)T | 4.50E4-00(8.29E—01)T | 3.56E+00(5.57E—01)* | 3.68E+00(6.87E—01)T | 2.29E+400(7.55E—01) ~ | 2.38E+00(3.44E—01)
Fao 1.97E+00(8.86E—01)" | 3.53E4-00(1.41E4+00)* | 1.99E-+01(1.27E+01)T | 2.72E400(1.08E4-00)" | 3.08E+00(1.48E+00)* | 2.41E400(1.09E+00)" | 1.84E+00(1.14E-+00)
Foy 7.31E401(7.61E4+01)" | 6.70E+01(7.90E+01)* | 3.15E4+02(1.58E+02)" | 9.00E+01(7.66E401)" | 8.68E+01(9.02E+01)* |5.07E-+01(6.12E+01)~ | 5.23E+01(3.91E401)
Fao 5.67E+01(5.12E+01) | 2.67E4+01(6.33E4-00) | 1.37E402(6.64E+01)" | 2.52E+01(3.30E+00) | 2.76E+01(1.80E4+01)T | 2.90E4+01(2.42E4+01)" | 2.12E+01(3.57E+00)
Fa3  |2.00E402(0.00E+00)~ |2.00E+02(0.00E+00)~ | 3.15E402(0.00E+00)~ | 3.15E402(1.16E—13)™ | 3.15E+02(1.72E—13)~ | 3.15E402(0.00E400)~ | 3.14E+-02(0.00E+00)
Fay  |2.00E402(5.55E—10)" | 2.00E+02(0.00E+00)~ | 2.25E+02(2.02E400)" | 2.24E+02(1.07E+00)* | 2.24E+02(1.07E+00) | 2.20E402(6.09E+00)~ | 2.20E+02(1.46E+00)
Fbs | 2.00E+02(0.00E-+00)~ |2.00E+02(0.00E+00)~ | 2.05E402(1.80E4-00)" | 2.03E+02(8.99E—02)" | 2.03E+02(4.98E—02)T | 2.03E4-02(4.17E—02)" | 2.00E+02(3.96E—03)
Fos | 1.00E+02(1.72E—02)~ [ 1.00E+02(2.90E—02)~ | 1.02E4-02(1.40E4-01)" | 1.00E+02(2.51E—02)~ | 1.00E402(1.57E—02)~ | 1.00E-02(2.06E—02)~ | 1.00E+02(1.65E—02)
Fa7 | 2.06E402(2.38E401)" | 2.00E+02(0.00E+00)~ | 3.40E402(4.76E401)" | 3.06E+02(2.50E+01)* | 3.00E-02(0.00E+00)™ | 3.01E4+02(5.21E4+00)* | 3.00E+02(1.59E—13)
Fbg | 2.00E+02(0.00E+00)~ |2.00E+02(0.00E+00)~ | 8.00E+02(3.02E401)" | 8.34E+02(1.77E+01)" | 8.40E+02(1.42E4+01)T | 8.44E+02(1.48E4+01)T | 3.92E+02(8.74E+00)
Fag  |2.00E402(0.00E+00)~ | 7.16E-+02(2.70E+00)T | 7.35E402(3.86E4-01)" | 7.17E402(3.89E+00)* | 7.17E+02(5.17E+00) " | 7.16E4+02(3.31E4+00)* | 2.26E+02(9.00E—01)
Fs0  |2.00E402(0.00E+00)~ |9.18E+02(3.46E+02)T | 1.56E4+03(6.43E4-02)" | 1.36E+03(7.25E+02)" | 1.25E+03(6.18E+02)T | 1.20E4+03(5.55E4+02)" | 2.72E++02(4.71E+02)
+/~ /- 10/10/10 12/8/10 23/4/3 19/10/1 16/10/4 12/11/7
TABLE S10

RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY LSHADE-EPSIN, UMOEAII, MC-SHADE, LSHADE-ND,
L-SHADE, ILSHADE, AND GLCDE FOR CEC 2014 TEST FUNCTIONS AT D = 50

LSHADE-EpSin
Mean(Std Dev)

UMOEAII
Mean(Std Dev)

MC-SHADE
Mean(Std Dev)

LSHADE-ND
Mean(Std Dev)

L-SHADE
Mean(Std Dev)

iLSHADE
Mean(Std Dev)

GLCDE
Mean(Std Dev)

I 1.67E—05(8.42E—05)~ | 1.83E—03(1.15E—03)~ | 2.33E+04(1.38E+04)T | 1.12E-03(1.98E+03)~ | 1.24E403(1.53E+03)T | 1.91E4+03(2.06E+03) T | 1.15E+03(1.34E+03)
Fy 0.00E+-00(0.00E-+00)~ | 0.00E+00(0.00E-+00)~ | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E400)~ | 0.00E-+00(0.00E+00)~ | 0.00E-00(0.00E-+00)
F3 0.00E+00(0.00E-+00)~ | 0.00E+00(0.00E+00)~ | 1.03E—03(4.05E—03)" | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E+400)~ | 0.00E+00(0.00E+00)~ | 0.00E-00(0.00E+00)
Fy 5.59E401(4.76E401)T | 3.85E+01(4.84E+01)" | 1.27E401(2.76E+01)" | 4.80E+01(4.90E4+01)" | 5.89E+01(4.53E+01)T | 6.17E401(4.78E401)T | 1.20E400(1.86E-00)
Fs 2.03E4-01(3.06E—02)" | 2.00E+01(1.98E—04) ~ | 2.02E+01(2.16E—02)" | 2.02E4+01(9.73E—02)" | 2.02E+01(4.63E—02)T | 2.01E+01(2.02E—01)~ | 2.01E4+01(2.44E—02)
Fg 1.79E—04(1.67E—04)~ | 2.03E—01(4.50E—01)~ | 3.87E+00(1.84E+00)* | 2.10E—01(5.55E—01)" | 2.64E—01(5.27E—01)t | 6.27E—02(2.57E—01)~ | 2.07E—01(1.11E—01)
Fr 0.00E-00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 3.96E—03(5.89E—03)" | 0.00E+00(0.00E+00)~ |0.00E-00(0.00E-+00)~ | 0.00E-+00(0.00E+00)~ | 0.00E+00(0.00E-00)
Fy 0.00E-++00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 0.00E--00(0.00E+00)~ | 5.46E—08(9.37E—08)" | 2.58E—09(7.55E—09)T | 0.00E-+00(0.00E+00)~ | 0.00E~+00(0.00E-00)
Fy 3.02E+01(5.37E+00) " | 4.10E4+00(1.95E+00) ~ | 4.53E4+01(6.96E4+00)T | 1.39E+01(2.77E+00)~ | 1.14E+01(2.12E4+00) ~ | 1.14E4+01(2.60E400)~ | 1.42E+01(2.98E+00)
Fio  |4.99E—02(2.73E—02)1 | 5.43E—01(6.35E—01)" | 1.30E—02(1.34E—02)~ | 2.79E—01(1.56E—01)T | 1.22E—01(4.17E—02)" | 8.04E—02(3.12E—02)T | 3.96E—02(2.91E—02)
Fi1 3.03E403(3.14E4+02) " | 3.47E+03(4.82E+02)" | 3.60E+03(3.89E+02)" | 3.31E4+03(4.17E4+02)" | 3.22E+03(3.32E+02) T | 2.96E+03(4.04E+02) ™ | 3.02E+03(3.00E+02)
Fi» | 2.10E—01(3.20E—02)* [ 1.30E—01(7.15E—02)~ | 2.11E—01(2.24E—02)* | 3.17E—01(6.17E—02)" | 2.19E—01(2.82E—02)* | 1.77E—01(5.18E—02)~ | 1.90E—01(2.05E—02)
Fis | 2.06E—01(2.70E—02)1 | 1.47E—01(3.84E—02)~ | 3.25E—01(5.30E—02)* | 1.45E—01(2.16E—02)~ | 1.60E—01(1.85E—02)~ | 1.42E—01(2.78E—02)~ | 1.82E—01(2.13E—02)
Fiy  |1.91E—01(2.28E—02) | 3.04E—01(2.28E—02)" | 2.94E—01(4.28E—02)" | 2.94E—01(2.30E—02)T | 2.97E—01(2.48E—02)" | 2.61E—01(3.33E—02)* | 2.30E—01(2.08E—02)
Fis5 | 5.57E400(5.00E—01)" | 5.29E4+00(8.17E—01)" | 6.96E+00(1.01E+00)* | 4.99E+00(5.93E—01)~ | 5.15E4+00(5.12E—01)t | 4.12E+00(4.82E—01)~ | 5.04E+00(4.10E—01)
Fig 1.66E+01(5.22E—01)* | 1.83E+01(7.39E—01)* | 1.78E401(3.57E—01)T | 1.71E4-01(4.55E—01)* | 1.69E+01(4.47E—01)" | 1.64E401(9.02E—01)~ | 1.64E+01(4.14E—01)
Fi7  |3.34E402(1.58E402) | 1.09E+03(3.45E+02)~ | 2.74E+03(7.89E402)" | 1.35E+03(2.85E+02)~ | 1.40E-+03(5.16E+02)~ | 7.16E+02(2.27E402)~ | 1.60E+03(5.04E+02)
Fig | 1.93E+01(5.93E+00) | 7.28E4+01(1.74E4+01)" | 1.73E+02(4.41E+01)* | 9.85E401(1.63E4+01)" | 9.73E+01(1.36E+01)t | 2.94E+01(1.03E+01)T | 2.21E401(1.16E+01)
Fio | 9.68E+00(1.12E400)" | 8.79E400(1.98E400)T | 1.41E+01(5.57E+00)" | 8.01E+00(1.87E400)~ | 8.30E+00(1.81E400)* | 8.16E-+00(1.32E+00)T | 8.14E4-00(1.86E+00)
Fao | 6.07E4+00(2.02E400)" | 1.36E+01(3.96E+00)T | 2.39E+02(7.43E4+01)" | 1.42E+01(4.19E+00)T | 1.39E4+01(4.61E400)T | 9.45E4+00(2.68E+00)" | 5.82E+00(2.05E+00)
Foy 3.16E402(9.99E4+01)1 | 4.52E+02(1.33E4+02)1 | 1.58E4+03(5.66E+02)" | 4.14E+02(1.25E+02) " | 5.15E+02(1.49E+02) T | 3.73E402(1.13E4-02)" | 3.15E+02(6.21E+01)
Fao 1.02E+02(5.92E+01)" | 1.98E+02(9.63E+01)T | 4.18E+02(1.33E4-02) T | 9.33E4-01(7.50E4-01)" | 1.14E+02(7.50E+01)" | 1.20E4+02(9.02E+01)T | 7.31E+401(5.28E+01)
Fa3  |2.00E402(0.00E+00)~ | 2.00E+02(0.00E+00)~ | 3.44E+02(0.00E400)" | 3.44E+02(2.15E—13)T | 3.44E4+02(1.15E—13)" | 3.44E+02(0.00E+00)* | 3.37E+02(0.00E+00)
Faoy | 2.00E+02(8.16E—09) | 2.00E-+02(2.55E—13)~ | 2.75E+02(2.29E+00)* | 2.75E402(6.35E—01)" | 2.75E4+02(6.68E—01)t | 2.74E+02(1.57E+00) T | 2.72E402(5.19E+00)
Fos  |2.00E-+02(0.00E400)~ | 2.00E+02(0.00E+00)~ | 2.17E+02(5.59E4+00) | 2.05E4-02(2.75E—01)T | 2.05E+02(3.68E—01) | 2.05E4+02(3.05E—01)T | 2.00E+02(1.02E—02)
Fos | 1.00E+02(3.49E—02)~ | 1.00E402(3.56E—02)~ | 1.04E402(1.95E4-01)T | 1.00E-+02(1.94E—02)~ | 1.02E+02(1.41E+01)T | 1.04E4-02(1.96E4-01)" | 1.00E+02(1.46E—02)
For  |2.02E+02(1.40E+401)~ | 2.00E+02(0.00E+00)~ | 4.49E+02(5.02E4+01)~ | 3.30E4+02(3.28E+01)~ | 3.33E+02(2.97E+01)~ | 3.23E402(2.26E401)~ | 9.53E402(4.43E+01)
Fos | 2.00E-+02(0.00E+00)~ |2.00E+02(0.00E+00)~ | 1.15E+03(5.71E4+01)T | 1.12E4+03(2.24E4-01)* | 1.11E4+03(2.91E+01)" | 1.13E403(3.66E+01)T | 3.82E402(6.31E+00)
Fag  |2.00E402(0.00E+00)~ | 8.08E+02(4.64E+01)T | 8.84E+02(6.52E4+01)" | 8.20E+02(5.07E+01)T | 7.95E4+02(2.43E4+01)T | 8.13E402(4.92E4+01)t | 2.11E+02(5.07E+00)
F3o  |2.00E402(0.00E+00)~ | 8.62E+03(4.65E+02)T | 9.87E+03(7.70E402)" | 8.77E+03(4.51E+02)" | 8.66E+03(4.02E4+02)" | 8.59E+03(3.76E+02)" | 6.93E++02(1.24E+02)
+/~ /- 13/6/11 13/6/11 26/2/2 19/4/7 23/3/4 16/6/8




RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY LSHADE-CNEPSIN, LSHADE_SPACMA, IDEBESTNSIZE,

TABLE S11

AND GLCDE FOR CEC 2017 TEST FUNCTIONS AT D = 30

LSHADE-cnEpSin LSHADE_SPACMA IDEbestNsize GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
I3 0.00E—+00(0.00E+00)~ 0.00E—+00(0.00E+00)~ 0.00E+00(0.00E+00)~ 0.00E-+00(0.00E+00)
F3 0.00E+00(0.00E+00)~ 0.00E+00(0.00E+00)~ 4.05E+00(3.07E4-00) 0.00E-+00(0.00E+00)
Fy 4.23E401(3.07E4-00)* 0.00E+00(0.00E+00)~ 2.42E+00(3.62E+00) " 0.00E-00(0.00E+00)
Fs 1.23E+01(2.34E4-00) " 3.69E+00(2.48E+00)~ 2.27E401(5.03E+00) " 1.20E+01(2.04E+00)
Fg 0.00E+00(0.00E+00)~ 0.00E+00(0.00E+00)~ 0.00E+00(0.00E—+00)~ 0.00E-+00(0.00E+00)
F; 4.33E401(2.17E4-00)* 3.38E+01(8.24E—01)* 5.15E401(4.81E400) " 3.23E4-01(6.81E—01)
Fy 1.29E+401(2.86E+00)~ 3.59E4-00(1.62E+00)~ 2.36E+401(4.79E+00) " 1.89E401(2.55E+400)
Fy 0.00E+00(0.00E+00)~ 0.00E+00(0.00E+00)~ 0.00E+00(0.00E+00)~ 0.00E-+00(0.00E+00)
Fio 1.39E+03(2.10E+02) ™ 1.44E+03(3.18E+02) 2.02E+03(3.85E+02) 1.34E403(2.14E+02)
F11 1.35E401(1.94E401)* 3.79E400(2.49E+00)~ 6.44E+00(2.78E+00)~ 1.26E+401(5.79E+00)
Fio 3.72E402(2.01E+02)~ 5.54B+02(2.53E+02) 3.45E+03(2.40E+03) " 4.80E+02(2.19E+02)
Fis 1.73E+01(1.02E+01)~ 1.52E+01(4.71E400) 3.09E+01(1.12E4+01)~ 3.66E401(1.77E401)
Fiy 2.16E4-01(2.26E+00) " 2.28E401(1.78E+00) " 2.33E4-01(9.69E+00) ™ 1.35E401(8.78E+00)
Fis 3.24E+00(1.98E+00) " 5.37E+00(2.80E+00) " 7.58E+00(2.19E+00) " 3.18E+00(2.51E+00)
Fig 2.29E+01(3.07E+01)~ 3.77E+01(5.54E+01)T 1.79E+02(1.23E4-02) T 2.75E+01(2.89E+01)
Fiy 2.86E+01(5.56E+00)~ 3.17E+01(8.68E+00) ~ 4.14E401(1.21E401) 3.23E4-01(7.50E+400)
Fig 2.11E401(7.52E—01)~ 2.34E+01(2.00E+00) ~ 3.21E+01(6.75E+00) ~ 5.25E4-01(4.45E401)
Fio 5.83E4-00(1.92E+00) " 9.45E4-00(2.01E+00) " 9.18E400(2.29E+00) © 4.08E-+00(1.54E+00)
Fao 3.03E4-01(7.35E+00)~ 8.16E+01(5.86E+01)" 4.05E+01(2.24E+01)~ 5.34E401(2.46E+401)
Fay 2.12E+02(2.56E+00) ~ 2.09E+02(4.19E+00)~ 2.25E+02(4.59E+00) " 2.17E4-02(2.58E+00)
Fao 1.00E+402(1.00E—13)™ 1.00E+02(0.00E+00)~ 1.00E+402(0.00E+00)™~ 1.00E+02(0.00E+00)
Fas 3.56E402(3.73E+00) " 3.57E402(4.07E+00) " 3.68E+402(6.74E+00) ™ 3.55E+02(3.35E+00)
Foy 4.28E+02(2.95E+00) 4.29E+02(2.38E+00)~ 4.37E+02(5.33E+00)~ 4.76E+02(5.53E400)
Fas 3.87E402(8.90E—03) 3.78E+02(1.22E—02)~ 3.87E402(1.23E—01)* 3.82E4-02(7.77E—02)
Fag 9.49E+02(4.60E+01)~ 9.43E402(3.56E+01) 1.05E+03(2.95E+02)~ 1.09E403(6.90E+01)
Far 5.04E+02(6.70E+00)* 4.97E402(1.41E4+01) T 4.96E+02(8.85E+00)~ 4.96E+02(1.32E+01)
Fag 3.15E+02(3.86E+01)~ 3.34E4-02(5.12E+01) " 3.17E402(3.90E+01) 3.15E+02(2.89E+01)
Fag 4.35E+02(7.36E400) " 3.95E402(4.06E+01) " 4.55E+02(2.28E4+01) 3.61E+02(8.68E+01)
F3o 1.98E+03(4.17E+01) T 4.01E402(9.06E4+-01)* 2.30E+03(1.84E+02) " 2.12E+02(6.20E+00)
+/~ /- 13/6/10 13/6/10 18/5/6
TABLE S12

RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY LSHADE-CNEPSIN, LSHADE_SPACMA, IDEBESTNSIZE,

AND GLCDE FOR CEC 2017 TEST FUNCTIONS AT D = 50

LSHADE-cnEpSin LSHADE_SPACMA IDEbestNsize GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
Fy 0.00E-+00(0.00E-+00)~ 0.00E-+00(0.00E-+00)~ 2.63E—02(3.60E—02)T 0.00E+00(0.00E+00)
Fy 0.00E-+00(0.00E+00)~ 0.00E-+00(0.00E+00)~ 2.20E+02(1.47E+02) 0.00E+-00(0.00E+-00)
Fy 5.14E4-01(4.43E401)* 5.68E—01(1.45E400) 4.11E401(4.35E401)* 1.74E—07(4.96E—07)
Fs 2.52E+01(6.44E+00) " 6.22E+00(2.10E+4-00) 5.90E+01(1.00E+01)* 2.24E+401(4.88E+-00)
Fg 9.16E—07(1.08E—06)* 0.00E-+-00(0.00E-+00)~ 9.61E—08(2.66E—07)" 0.00E+00(0.00E+00)
Fr 7.66E+01(6.06E400) " 5.71E401(1.07E400) " 1.02E+402(8.86E+00) " 5.56E+01(1.48E+-00)
Fg 2.63E4-01(6.59E4-00) 5.85E+00(2.29E+4-00) 6.01E+01(9.26E+00)* 4.68E+01(5.84E+4-00)
Fo 0.00E-+00(0.00E+00)~ 0.00E+00(0.00E+00)~ 7.78E—02(1.39E—01)* 0.00E+00(0.00E+00)
Fio 3.20E+03(3.40E402)* 3.61E403(6.70E+02) 4.22E403(6.08E402) T 3.38E+4-02(3.95E+02)
F11 2.14E4-01(2.09E4-00) 9.17E+00(3.37E+4-00) ~ 3.77E4-01(5.64E+4-00) ™ 8.13E4-01(2.66E+01)
Fio 1.48E+03(3.65E+02) 1.58E+03(4.43E402) 1.58E+04(8.37E+03) 1.45E+03(2.77E+02)
Fi3 6.94E401(3.45E+01)~ 3.53E+01(1.52E4-01)— 1.62E+02(6.19E+01)T 7.72E4-01(3.92E4-01)
Fi4 2.65E+01(2.49E+00) " 2.89E401(3.92E+00) " 6.27E+01(1.12E+01) T 2.63E+-01(2.46E+00)
Fi5 2.56E4-01(4.06E+4-00) ™ 1.57E+4-01(6.71E+00) 4.10E4-01(7.03E4-00) ~ 2.17E+-02(1.08E+4-02)
Fig 2.75E402(9.97E401)* 4.09E+02(1.68E+02) T 6.32E+02(1.53E+02) 2.71E+02(7.37E+4-01)
Fi7 2.07E+02(7.31E4-01)~ 2.94E4-02(1.19E+4-02)~ 4.63E4-02(1.47E4-02)~ 4.93E4-02(1.45E+4-02)
Fig 2.43E+01(2.12E4+00) " 3.32E+01(7.23E4-00) " 2.03E+03(2.20E+03)* 2.32E+-01(2.18E+-00)
Fig 1.74E4-01(2.47E+00)~ 2.18E+01(4.83E+00) " 2.33E+01(4.44E+00) T 2.12E4-01(3.84E4-00)
Fao 1.14E4-02(3.55E+01) ™ 1.63E4-02(1.08E4-02) 2.18E4-02(1.24E4-02)~ 3.79E+4-02(7.58E+01)
Fo 2.27E+02(7.06E+00)* 2.15E+02(9.22E+00)* 2.55E+02(9.03E+00) " 2.10E+-02(3.94E+-00)
Fyo 1.60E+03(1.67E4-03)™ 8.17E+02(1.49E+03)™ 2.84E4-03(2.43E+4-03) ™ 4.19E4-03(2.12E4-02)
Fa3 4.39E+02(6.90E+00)~ 4.39E+02(7.25E+00)~ 4.79E402(1.32E401)* 4.39E+-02(6.62E+-00)
Foy 5.13E+02(5.59E+00)~ 5.13E4+02(5.80E+00)~ 5.41E4+02(1.07B+01)* 5.13E+-02(5.68E+00)
Fys 4.80E402(1.08E4-00) " 4.63E+02(8.49E+00) T 5.41E4+02(3.22E+01) T 4.51E+02(1.50E+4-01)
Fag 1.20E4-03(1.19E4-02) ™ 1.14E4-03(6.99E+01) 1.65E4-03(1.12E4-02) ™ 1.74E+4-03(1.13E4-02)
Far 5.25E+02(9.21E+00) " 5.00E-4-02(8.98E—05)~ 5.26E+02(1.34E+01)* 5.00E+02(2.13E—04)
Fag 4.59E+02(1.19E+01)* 4.40E+02(8.51E+00) 4.87E+02(2.31E+01) T 4.25E+-02(3.69E+-00)
Fag 3.53E4-02(9.78E4-00) 2.75E+02(5.95E4-01)~ 4.11E4-02(5.22E4-01)~ 5.12E+4-02(1.80E+-02)
Fso 6.58E+05(7.24E+04) 6.50E+02(4.06E+02)* 6.20E+05(1.69E+04)* 4.78E+02(2.31E+-02)
+/~ /- 14/5/10 12/7/10 22/0/7




TABLE S13

RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY CSM-SHADE, GPEME, ESMDE, LLUDE, UMS-SHADE,

AND GLCDE FOR CEC 2013 TEST FUNCTIONS AT D = 30

CSM-SHADE GPEME ESMDE LLUDE UMS-SHADE GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
I3 0.00E400(0.00E4+00)~ | 9.21E—01(4.55E—01)T | 6.89E—01(7.55E—01)T | 0.00E+00(0.00E+00)~ | 0.00E400(0.00E+00)~ | 0.00E--00(0.00E+00)
Fy 1.87E4+03(1.52E+03)~ | 3.15E+05(6.35E+05)1 | 1.25E405(2.46E+05)" | 1.35E+05(1.56E+05)T | 6.74E+03(5.28E+03)" | 1.23E404(6.52E+03)
Fs 5.76E—08(1.05E—08)~ | 2.05E+04(5.35E4+04)T | 8.09E406(1.93E4+06)" | 3.21E4+00(8.21E+00)~ | 6.55E—01(1.05E400)~ | 8.80E+02(3.43E+402)
Fy 6.28E404(8.58E+04)T | 2.69E4+03(1.31E4+03)" | 1.73E+04(3.92E4+04)* | 2.42E4+00(1.91E4-00)" | 6.10E—06(9.11E—06)" | 6.49E—07(7.75E—07)
Fs 1.14E—13(2.34E—13)t | 547E—03(2.53E—03)T | 2.80E—02(4.97E—02)" | 0.00E--00(0.00E+00)~ | 0.00E+00(0.00E400)~ | 0.00E+00(0.00E~00)
Fg 0.00E+00(0.00E+00)~ | 5.18E—03(6.42E—03)T | 1.42E402(3.12E4+02)" | 4.78E—03(2.01E—03)T | 1.14E—13(2.92E—13)T | 4.42E—14(3.35E—14)
Fr 1.95E+00(1.11E+00)T | 1.54E4+00(2.50E+00)T | 2.25E401(1.42E4+01)T | 9.21E—01(7.53E—01)" | 1.93E+00(2.50E+00)* | 5.12E—01(4.16E—01)
Fy 2.07E4+01(9.56E—02)~ | 2.08E4+01(3.89E—01)~ | 2.08E+01(8.74E—02)~ | 2.08E+01(2.12E—02)~ | 2.08E4+01(5.61E—01)~ | 2.09E401(8.18E—02)
Fo 3.35E+01(1.66E+00)" | 1.16E4+02(1.85E4+01)T | 2.73E401(1.32E4+00)* | 1.93E401(2.36E4+00)T | 1.66E+01(1.39E+00)" | 1.74E+01(1.86E+00)
Fio 5.17E—02(2.90E—02)~ | 4.25E—02(3.53E—02)~ | 1.02E401(1.39E4+01)T | 3.78E—01(8.24E—02)T | 4.24E—02(4.39E—02)" | 5.37E—02(2.87E—02)
F11 0.00E4-00(0.00E4+00)~ | 9.55E—05(4.93E—05)" | 1.40E—03(5.61E—03)" | 0.00E400(0.00E400)~ | 0.00E400(0.00E+00)~ | 0.00E--00(0.00E+00)
Fia 2.19E+01(2.86E4+00)T | 1.80E4+02(1.06E4+02)T | 9.82E4+01(1.15E4+01)* | 2.68E4+01(3.05E4-00)" | 2.16E4+01(2.44E4+00)T | 2.04E+01(4.06E-+00)
Fi3 4.62E4+02(1.59E+01)" | 7.86E+02(2.64E+02)T | 1.13E402(3.59E4+02)T | 5.26E+01(1.91E4+01)T | 7.21E+01(1.61E401)" | 4.87E+01(7.40E+00)
Fig 3.84E—02(2.32E—02)" | 8.52E+01(3.65E+01)T | 2.70E4+02(2.70E+02)" | 6.21E—01(4.72E—01)T | 1.86E—02(3.13E—02)" | 6.76E—02(4.72E—02)
Fis 6.91E+03(6.04E+02)T | 3.55E4+03(2.24E+03)T | 2.74E4+03(2.50E+02)~ | 7.12E4+03(3.20E4+03)T | 3.31E+03(5.06E4+02)" | 2.92E+03(3.62E+02)
Fig 4.01E4+002.66E—01)t | 8.39E+01(7.33E+01)" | 4.56E—01(6.33E—01)~ | 1.38E+00(1.27E+01)" | 9.91E—01(4.53E—01)* | 5.52E—01(1.19E—01)
Fiy 3.04E+01(3.69E—12)~ | 4.02E4+02(9.65E4+01)" | 2.10E402(1.07E4+02)* | 3.04E+01(6.62E—06)~ | 3.04E+01(3.23E—14)~ | 3.04E+01(2.38E—14)
Fig 7.92E400(6.90E+00)" | 6.65E+02(3.32E402)T | 3.14E4+02(2.22E4+02)T | 5.93E+01(1.33E4+01)" | 6.23E+01(1.22E+01)" | 6.03E-+00(4.58E+00)
Fig 2.28E+00(1.77E—01)t | 1.81E+02(1.44E+02)" | 2.78E+02(1.56E+02)T | 9.92E+00(2.40E+00)" | 1.37E+00(1.63E—01)" | 1.43E400(8.96E—02)
Fao 1.03E401(4.29E—01)t | 2.79E+02(3.63E+02)" | 1.50E+01(1.36E+01)T | 1.03E+01(2.30E—01)" | 1.02E4+01(2.93E—01)t | 1.01E+01(2.20E—01)
Fo1 3.00E+02(0.00E+00)~ | 7.29E+02(3.75E4+02)" | 2.74E4+03(2.85E4+02)" | 3.02E4+02(2.16E+01)~ | 3.03E402(7.78E4+01)~ | 3.11E402(7.41E401)
Fao 1.12E+02(4.10E+00)T | 4.28E+03(3.65E4+02)T | 9.63E4+03(2.39E4+02)T | 1.18E+02(1.23E4+01)T | 1.11E+02(7.46E+00)* | 9.36E+01(3.77E+01)
Fas 3.61E4+03(3.23E4+02)" | 7.71E4+03(2.23E4+02)" | 9.46E+03(3.12E4+02)* | 3.65E4+03(3.09E4+02)" | 3.82E+03(3.47E+02)T | 3.23E+03(2.59E+02)
Foy 2.06E4+02(1.07E4+01)" | 5.79E+03(8.84E4+02)" | 4.34E+02(4.31E+01)* | 3.18E4+02(1.20E4+-01)t | 2.06E+02(3.92E+00)T | 2.00E+02(2.01E—02)
Fos 2.57B+02(1.45E+01)~ | 5.03E+03(4.94E+03)" | 4.01E402(7.94E4+01)T | 2.58E+02(2.55E4+01)" | 2.46E+02(3.25E400)" | 2.60E402(2.27E+00)
Fag 2.02E+02(1.42E4+01)T | 2.98E4+02(6.91E+01)T | 3.58E4+02(4.41E4+01)T | 2.00E402(9.73E—01)~ | 2.00E402(6.31E—01)~ | 2.00E+02(7.71E—03)
For 3.32E402(2.52E4+01)" | 2.18E4+04(3.63E4+04)" | 1.62E+03(1.04E+02)* | 6.00E402(1.32E4+01)" | 3.98E+02(2.48E+01)T | 3.07E+02(5.20E-+00)
Fog 3.00E+02(0.00E+00)~ | 9.17E4+03(1.11E403)T | 6.72E403(6.31E4+02)" | 3.00E402(0.00E+00)~ | 3.00E402(0.00E+00)~ | 3.00E+02(0.00E-00)
+/~ /- 16/3/9 26,/0/2 25/0/3 18/6/4 12/7/9
TABLE S14

GLCDE(M=15000), AND GLCDE FOR THE CLASSICAL BENCHMARK FUNCTIONS AT D = 30

GLCDE(M =5000)
Mean(Std Dev)

GLCDE(M=10000)
Mean(Std Dev)

GLCDE(M=15000)
Mean(Std Dev)

GLCDE
Mean(Std Dev)

f1
f2
f3
Ja

id
fs
fio
fi
fi2
f13
f1a
fis
fie
fir
fis
f1o
f20
f21
f22
fa3

2.97E—25(5.39E—25)"
5.07E—41(9.84E—41)T
1.53E—14(7.18E—15)T
1.16E+04(5.13E403) "
7.93E+00(1.87E+00) "
0.00E-+00(0.00E+00)~
5.78E—25(1.05E—24)*
1.56E+01(8.12E4-00) "
0.00E—+00(0.00E+00)~
1.30E+01(3.22E+00) ™
0.00E+00(0.00E+00)~
1.66E—02(4.47E—02)*
0.00E—+00(0.00E+00)™~
0.00E—+00(0.00E+00)™~
5.02E—28(3.55E—28) "
1.02E—28(8.64E—29)*
1.58E—13(8.50E—14)*
7.19E+01(5.72E+00) "
1.04E—02(3.28E—02)"
1.14E—25(2.96E—25)"
2.13E4-02(1.32E+02) "
1.03E—02(3.36E—03) "
2.13E—01(3.13E—02)

2.18E—35(2.23E—35)T
1.79E—41(3.06E—41)*
1.84E—20(5.79E—20) T
1.41E+02(4.39E402)
5.95E4-00(2.37E400) "
0.00E-00(0.00E-+00)~
8.06E—35(1.37E—35)"
1.71E—02(1.83E—02) "
0.00E-+00(0.00E+00)™~
1.60E+01(9.41E+00) T
0.00E+00(0.00E+00)™~
1.82E—03(4.75E—03)"
0.00E-00(0.00E+00)™~
0.00E-+00(0.00E+00)~
1.57E—32(2.88E—48)~
1.35E—32(2.88E—48)~
1.32E—13(8.40E—14)"
7.11E—01(1.25E—01)+
1.57E—32(2.88E—48)~
1.35E—32(2.88E—48)~
1.91E4+02(2.42E402)
8.86E—03(3.70E—03) T
2.40E—01(5.16E—02)"

3.75E—31(4.19E—31)F
1.86E—45(4.86E—45)
5.92E—18(3.38E—18)*
9.16E+403(4.50E+03)
8.72E400(3.17E+00) ™
0.00E+00(0.00E+00)~
1.67E—31(1.93E—31)*
3.49E+00(2.49E+00) "
1.00E—01(3.16E—01)*
1.81E4+01(2.05E4+-01)T
0.00E-+00(0.00E+00)~
2.45E—02(1.79E—02)1
0.00E+00(0.00E—+00)~
0.00E+00(0.00E+00)~
1.57E—32(2.88E—48)~
1.37E—32(7.80E—34)~
7.90E—15(1.12E—15)1
6.36E401(5.34E+00) "
1.64E—32(1.64E—33)T
9.74E—03(3.08E—02)*
2.08E+03(1.25E+03) "
2.98E—03(1.95E—03)*
2.11E—01(3.14E—02)*

1.80E—45(3.63E—45)
6.90E—43(2.07E—42)
349E—24(2.11E—24)
1.95E+02(1.12E+02)
3.49E—02(4.94E—02)
0.00E-+00(0.00E-+00)
3.76E—45(3.96E—45)
7.17E—03(1.15E—02)
0.00E-+00(0.00E—+00)
3.39E+00(5.32E—01)
0.00E-00(0.00E—+00)
6.05E—06(5.23E—06)
0.00E-+00(0.00E-+00)
0.00E-+00(0.00E+00)
1.57E—32(2.88E—48)
1.35E—32(2.88E—48)
5.42E—15(1.83E—15)
1.45E—03(2.24E—03)
1.57E—32(2.88E —48)
1.35E—32(2.88E —48)
1.54E+02(2.97E+02)
4.88E—04(6.81E—04)
2.00E—01(3.72E—09)
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RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY GLCDE(M=5000), GLCDE(M=10000),



TABLE S15
RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY GLCDE-RAND, GLCDE-FES, AND GLCDE FOR THE

CLASSICAL BENCHMARK FUNCTIONS AT D = 30

GLCDE-rand GLCDE-FES GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
fi 472E—45(5.07E—45)" 9.68E—31(8.23E—31)* 1.80E—45(3.63E—45)
f2 1.18E—40(2.70E—40) " 2.25E—32(3.17E—32)* 6.90E—43(2.07TE—42)
f3 1.06E—23(7.99E—24)* 1.61E—16(7.88E—17)* 3.49E—24(2.11E—24)
fa 1.54E403(5.45E+02)* 1.89E+03(3.58E+02) " 1.95E+02(1.12E+02)
fs 2.31E+400(1.75E+00) " 1.59E+00(1.23E+00) " 3.49E—02(4.94E—02)
fe 0.00E+00(0.00E+00)~ 0.00E+00(0.00E+00)~ 0.00E+00(0.00E-+00)
Vid 4.82E—44(1.26E—43)t 4.23E—30(6.17E—30)*" 3.76E—45(3.96E—45)
fs 7.05E—03(6.03E—03) 7.21E—03(1.00E—02)~ 7.17E—03(1.15E—02)
fo 1.00E—01(3.16E—01)* 0.00E-00(0.00E+-00)~ 0.00E+00(0.00E-+00)
f1o 1.91E+01(1.43E400) " 1.90E+01(1.76E+00) " 3.39E+00(5.32E—01)
f11 0.00E+00(0.00E+00)~ 0.00E+00(0.00E+00)~ 0.00E+00(0.00E-+00)
fi2 9.47E—05(8.04E—05)* 1.44E—02(3.22E—03)" 6.05E—06(5.23E—06)
fi3 0.00E+00(0.00E+00)~ 1.18E401(3.74E401) 0.00E+00(0.00E-+00)
f1a 0.00E+400(0.00E+00)~ 0.00E+00(0.00E-+00)~ 0.00E+00(0.00E-+00)
fis 1.57E—32(2.88E—48)~ 1.78E—32(5.31E—33)* 1.57E—32(2.88E—48)
fie 1.36E—32(3.90E—34)~ 1.10E—03(3.47E—03)* 1.35E—32(2.88E—48)
fiz 6.84E—15(1.50E—15)" 7.55E—15(0.00E400)* 5.42E—15(1.83E—15)
fis 4.90E+01(4.46E+00)T 3.73E+01(5.29E+00) " 1.45E—03(2.24E—03)
f1o 1.57E—32(2.88E—48)~ 3.82E—32(2.57E—32)" 1.57E—32(2.88E—48)
F20 1.35E—32(2.88E—48)~ 1.62E—30(1.49E—30)" 1.35E—32(2.88E—48)
f1 1.30E+03(5.96E+02)* 1.89E403(9.76E4-02) 1.54E+02(2.97E+02)
fa2 4.26E—03(2.34E—03)" 4.59E—03(1.70E—03)* 4.88E—04(6.81E—04)
fo3 1.90E—01(3.16E—02)~ 1.89E—01(3.14E—02)~ 2.00E—01(3.72E—09)
+/~ /- 13/8/2 17/5/1
TABLE S16

RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY GLCDE-GLOBAL, GLCDE-LOCAL, AND GLCDE FOR THE

CLASSICAL BENCHMARK FUNCTIONS AT D = 30

GLCDE-global GLCDE-local GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
fi 1.89E—21(2.23E—21)* 1.57E—33(3.17E—33)T 1.80E—45(3.63E—45)
f2 6.19E—36(1.89E—35)" 6.56E—48(1.63E—47)~ 6.90E—43(2.07E—42)
fa 1.01E—25(7.28E—26) " 1.72E—31(1.32E—31)~ 3.49E—24(2.11E—24)
fa 5.31E404(8.02E403) " 8.75E-03(2.40E+03) " 1.95E+02(1.12E+02)
fs 2.76E+4-00(1.38E4-00) " 2.22E+00(5.94E—01)* 3.49E—02(4.94E—02)
fe 0.00E+00(0.00E+00)~ 0.00E-+00(0.00E+00)~ 0.00E+00(0.00E-+00)
fr 2.06E—21(2.13E—21)* 1.78E—57(3.24E—57)~ 3.76E—45(3.96E—45)
fs 6.65E4+01(2.27E401) " 1.25E4-00(1.06E+4-00)* 7.17E—03(1.15E—02)
fo 0.00E+400(0.00E+00)~ 0.00E-+00(0.00E+00)~ 0.00E+00(0.00E-+00)
fio 1.90E+01(1.24E+00) ™ 1.30E-+01(2.34E+00)© 3.39E+00(5.32E—01)
fi1 0.00E+00(0.00E+00)~ 1.97E—03(4.32E—03)* 0.00E+00(0.00E-00)
fi2 2.79E—04(3.80E—04)* 1.25E—02(2.49E—02)* 6.05E—06(5.23E—06)
f1s 4.27E+03(4.82B+02)* 3.07E+03(1.91E+02) " 0.00E+00(0.00E+00)
f1a 0.00E+00(0.00E+00)~ 0.00E-+00(0.00E+00)~ 0.00E+00(0.00E-+00)
fis 1.57E—32(2.88E—48)~ 1.57E—32(2.88E—48)~ 1.57E—32(2.88E—48)
f1e 1.39E—32(5.95E—34)~ 1.36E—32(3.90E—34)~ 1.35E—32(2.88E—48)
fiz 6.84E—15(1.50E—15)" 6.84E—15(1.50E—15)" 5.42E—15(1.83E—15)
fis 9.41E+01(8.47E+00)* 5.78E+01(7.10E+00) " 1.45E—03(2.24E—03)
f19 8.42E—22(6.23E—22)* 1.83E—32(6.55E—33) T 1.57E—32(2.88E—48)
F20 3.56E—19(7.82E—19)* 2.07E—31(4.26E—31)* 1.35E—32(2.88E—48)
fo1 5.86E+03(2.58E+03)* 1.64E403(1.27E4-03) 1.54E+02(2.97E+02)
faz2 2.28E—03(1.15E—03)* 2.13E—03(2.47E—03)* 4.88E—04(6.81E—04)
f23 1.90E—01(3.09E—02)~ 1.90E—01(5.67E—02) 2.00E—01(3.72E—09)
+/~ /- 15/6/2 14/5/4




RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY GLCDE-RND, GLCDE-BEST, GLCDE-BETTER3, AND

RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY DE WITH DIFFERENT MUTATION STRATEGIES FOR THE

TABLE S17

GLCDE FOR THE CLASSICAL BENCHMARK FUNCTIONS AT D=30

GLCDE-RND
Mean(Std Dev)

GLCDE-best
Mean(Std Dev)

GLCDE-better3
Mean(Std Dev)

GLCDE
Mean(Std Dev)

f1 1.87E—18(1.58E—18)T 1.87E—38(2.82E—38)" | 2.89E—32(4.23E—32)" | 1.80E—45(3.63E—45)
fa2 2.95E—34(3.38E—34)1T | 1.76E—54(2.51E—54)~ | 5.08E—49(1.30E—48) | 6.90E—43(2.07E—42)
fa 147TE—10(4.83E—11)t | 6.23E—23(5.80E—23)T | 7.23E—21(5.32E—21)T | 3.49E—24(2.11E—24)
fa 4.29E+04(1.23E4+04)1 | 5.10E4+03(1.52E4+03) | 5.50E+03(1.47E+03)T | 1.95E-+02(1.12E+02)
fs 5.68E4+00(1.64E4+00)" | 9.67E4+00(2.83E4+00)" | 1.29E+01(3.10E4-00)" | 3.49E—02(4.94E—02)
fs 0.00E-00(0.00E+00)~ | 0.00E--00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E-00)
fr 4.00E—18(4.36E—18)1 | 2.68E—39(3.29E—39)" | 5.61E—33(1.14E—32)T | 3.76E—45(3.96E—45)
fs 8.66E+01(2.60E+01)T 1.21E—01(7.22B—02)t | 7.65E—01(4.27E—01)" | 7.17E—03(1.15E—02)
fo 0.00E+00(0.00E+00)~ | 4.00E—01(6.99E—01)T | 4.00E—01(5.16E—01)* | 0.00E-00(0.00E+00)
fio 3.23E401(3.23E4+01)" | 5.90E400(5.38E4+00)" | 1.97E+01(1.76E4+01)t | 3.39E+00(5.32E—01)
fi1 9.44E—03(1.75E—02)1t | 4.19E—03(5.81E—03)T | 0.00E+00(0.00E--00)~ | 0.00E--00(0.00E+00)
fiz2 1.43E4003.27E—0D)t | 1.25E—01(2.19E—0D)1 | 3.25E—02(3.69E—02)T | 6.05E—06(5.23E—06)
f13 3.85E—02(1.25E—01)" | 0.00E-+00(0.00E+00)~ | 0.00E+00(0.00E+00)~ | 0.00E+00(0.00E-00)
fia 0.00E+00(0.00E+00)~ | 6.60E—01(1.26E4+00)T | 9.42E—02(2.98E—01)F | 0.00E-00(0.00E+00)
fis 2.20E—20(2.24E—20)t | 2.55E—32(1.36E—32)" | 1.57E—32(2.88E—48)~ | 1.57E—32(2.88E—48)
fie 9.26E—22(1.06E—21)t | 439E—03(1.39E—02)" | 1.35E—32(2.88E—48)~ | 1.35E—32(2.88E—48)
fi7 3.87E—10(1.32E—10)" | 9.31E—02(2.95E—01)" | 1.16E—01(3.65E—01)" | 5.42E—15(1.83E—15)
fis 7.66E4+01(5.41E4+00)" | 5.98E401(9.37E4+00)" | 6.03E+01(5.18E400)" | 1.45E—03(2.24E—03)
f1o 1.86E—20(1.83E—20)" | 9.33E—02(1.24E—01)t | 1.57E—32(2.88E—48)~ | 1.57E—32(2.88E—48)
f20 221E—19(1.58E—19)t | 4.18E—02(1.25E—01)" | 1.35E—32(2.88E—48)~ | 1.35E—32(2.88E—48)
fo1 4.04E403(1.92E+03)" 1.14E+03(9.86E+02) ™ 1.45E+03(9.78E+02)7 | 1.54E+02(2.97E+02)
fa2 1.68E+00(1.55E+00)" | 5.89E—04(5.95E—04)" | 3.98E—04(2.05E—04)~ | 4.88E—04(6.81E—04)
fas 2.86E—01(3.33E—02)1 | 2.70E—01(8.23E—02)* | 2.10E—01(3.16E—02)T | 2.00E—01(3.72E—09)
+/~ /- 20/3/0 20/2/1 14/7/2
TABLE S18

CLASSICAL BENCHMARK FUNCTIONS AT D=30

DE/better/1
Mean(Std Dev)

DE/current-to-better/1
Mean(Std Dev)

DE/rand-to-better/1
Mean(Std Dev)

DE/current-to-pbest/1
Mean(Std Dev)

DE/centroid/2
Mean(Std Dev)

DE/lbest/1
Mean(Std Dev)

2.32E—22(1.94E—22)
1.86E—24(2.87E—24)
2.61E—13(1.12E—13)
3.73E+03(1.28E+03)
5.05E—03(1.10E—03)
0.00E+00(0.00E—+00)
3.54E—22(2.19E—22)
2.74E+00(6.67E—01)
0.00E+00(0.00E-+00)
1.66E+01(2.40E—01)
0.00E+00(0.00E—+00)
9.25E—02(3.08E—02)
3.30E-++03(1.16E+03)
0.00E+00(0.00E—+00)
1.10E—25(6.65E—26)
1.51E—25(2.02E—25)
3.39B—12(1.88E—12)
1.17E+02(4.73E-00)
1.40E—23(1.04E—23)
4.58E—22(5.13E—22)
7.79E+02(6.89E+02)
1.62E—02(2.38E—03)
2.01E—01(2.24E—03)

4.78E—21(1.26E—20)
6.14E—25(1.94E—25)
2.90B—25(1.46E—25)
7.89E+02(4.02E-+02)
2.57E+00(8.66E—01)
0.00E+00(0.00E—+00)
5.15E—22(1.57E—21)
1.35E—04(7.70E—05)
0.00E+00(0.00E-+00)
2.66E+01(4.58E—01)
0.00E+00(0.00E-+00)
6.25E—04(9.85E—04)
2.34E+03(1.28E+03)
0.00E+00(0.00E—+00)
1.57E—32(2.86E—48)
1.35E—32(2.86E—48)
6.13B—15(1.83E—15)
9.39E+01(9.99E-00)
1.57E—32(2.86E—48)
1.35E—32(2.86E—48)
4.86E+03(1.29E+03)
5.85E—03(6.00E—03)

1.90E—01(3.14E—02)

1.59E—03(5.02E—03)
1.38E—03(4.37E—03)
2.14E—33(1.18E—33)
1.24E+03(7.45E+02)
5.87E+00(2.53E+00)
0.00E-+00(0.00E—+00)
1.13E—08(3.21E—08)
4.63E—03(7.31E—03)
0.00E-+00(0.00E+00)
2.77E+01(6.29E—01)
2.95E—03(9.33E—03)
1.08E—02(1.83E—02)
4.79E+03(9.68E+02)
4.71E—01(4.97E—01)
3.22E—10(1.00E—09)
7.38E—09(1.59E—08)
1.56E—04(4.94E—04)
8.35E-+01(5.03E+00)
5.89E—07(1.56E—06)
2.95E—01(8.85E—01)
5.84E+03(2.62E+03)
1.75E—15(5.54E—15)
1.90E—01(3.16E—02)

3.34E—23(1.86E—23)
5.02E—24(1.54E—24)
7.62E—12(1.86E—12)
2.04E+00(7.11E—01)
2.49E—03(2.29E—03)
1.11E—17(3.51E—17)
1.56E—22(3.74E—23)
5.29E+00(1.12E+00)
0.00E-+00(0.00E—+00)
2.24E+01(4.05E—01)
0.00E-+00(0.00E—+00)
8.91E—02(1.26E—02)
2.52E+03(1.38E+03)
1.89E—01(5.96E—01)
5.26E—26(2.25E—26)
1.12E—25(6.36E—26)
1.64E—12(5.12E—13)
1.10E+02(1.20E+01)
6.61E—25(2.32E—25)
7.92E—24(3.13E—24)
2.67E+03(1.63E+03)
1.81E—02(4.23E—03)
2.00E—01(1.82E—04)

6.33E—45(4.45E—45)
2.93E—38(2.19E—38)
7.61E—22(5.77TE—22)
3.07E+04(6.18E+03)
9.94E—03(1.62E—02)
0.00E-+00(0.00E—+00)
2.59E—40(1.82E—40)
6.33E—03(3.93E—03)
0.00E-+00(0.00E+00)
2.78E+01(3.61E+00)
0.00E-+00(0.00E—+00)
8.94E—04(3.10E—03)
5.72E+03(2.65E+02)
1.57E—01(3.67E—01)
1.57E—32(2.86E —48)
1.35E—32(2.86E —48)
6.37E—15(1.75E—15)
9.86E+01(6.94E+00)
1.57E—32(2.86E—48)
1.35E—32(2.86E—48)
4.18E+03(1.16E+03)
6.44E—03(7.68E—03)
1.78E—01(3.95E—02)

1.10E—40(9.67E—41)
5.63E—43(3.50E—43)
7.25E—21(4.11E—21)
3.43B+04(7.84E+03)
1.80E—03(1.71E—03)
0.00E-+00(0.00E—+00)
6.38E—40(1.48E—39)
1.22E+00(5.45E—01)
0.00E-+00(0.00E-+00)
1.67E+01(1.40E-+00)
2.59E—16(7.40E—16)
8.66E—02(3.30E—02)
2.62E+03(5.41E-+02)
4.21E—01(1.42E4+00)
1.23E—24(4.26E—24)
7.02E—23(2.43E—22)
5.48E—15(1.83E—15)
1.10E+02(7.70E-+00)
4.69E—20(1.63E—19)
1.70E—25(4.36E—25)
1.15E+03(6.75E-+02)
2.40E—02(1.36E—02)
2.00E—01(4.73E—08)




RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY GLCDE(CR=0.1), GLCDE(C R=0.5), GLCDE(C R=0.9),

TABLE S19

AND GLCDE FOR THE CLASSICAL BENCHMARK FUNCTIONS AT D = 30

GLCDE(C R=0.1) GLCDE(C R=0.5) GLCDE(C R=0.9) GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
f1 1.89E—45(1.29E—45)T 9.76E—64(2.34E—63)~ 6.76E—16(1.99E—15)T 1.80E—45(3.63E—45)
fa2 9.57E—41(9.15E—41)* 1.83E—54(3.81E—54)~ 3.19E—15(6.43E—15)" 6.90E—43(2.07E—42)
f3 1.26E—23(9.73E—24)* 6.45E—35(2.87E—35)~ 1.93E—01(2.44E—01)+ 3.49E—24(2.11E—24)
fa 1.55E4-03(7.89E402) 1.56E+04(5.75E4-03) 1.20E4+03(5.68E4-02) 1.95E+02(1.12E+02)
fs 3.47E4-00(1.61E4-00)* 1.72E400(1.13E4-00) " 1.68E+01(2.94E4-00)" 3.49E—02(4.94E—02)
fe 0.00E-+00(0.00E+00)~ 0.00E—+00(0.00E+00)~ 0.00E—+00(0.00E+00)™~ 0.00E-00(0.00E+00)
fr 1.73E—44(1.24E—44)* 1.61E—63(2.50E—63) 5.12E—16(1.59E—15)" 3.76E—45(3.96E—45)
fs 4.64E—02(3.47E—02)1 3.21E+00(1.99E+00) " 2.15E—02(4.13E—02)" 7.17E—03(1.15E—02)
fo 0.00E-+00(0.00E+00)~ 0.00E+00(0.00E+00)™~ 1.64E4+02(1.35E+02) " 0.00E-00(0.00E+00)
f1o 2.54E+01(1.50E+00) " 2.29E+01(9.42E—01)* 2.67E+01(2.16E+00) 3.39E+00(5.32E—01)
fi1 1.97E—03(4.31E—03)~ 1.97E—03(4.16E—03)* 1.17E—01(1.33E—01)* 0.00E-00(0.00E+00)
fi2 6.92E—05(5.06E—05)* 9.73E—03(1.49E—02) 2.63E4-01(9.26E+00) " 6.05E—06(5.23E—06)
fis 0.00E-+00(0.00E+00)~ 6.08E4-03(1.86E+02) 7.92E403(2.55E+02) 0.00E-00(0.00E+00)
f1a 9.42E—02(2.98E—01)* 2.83E—01(6.36E—01)* 5.18E400(1.79E+00) " 0.00E-00(0.00E+00)
fis 1.57E—32(2.88E—48)~ 1.57E—32(2.88E—48)~ 2.19E—16(6.92E—16)" 1.57E—32(2.88E—48)
fie 1.35E—32(2.88E—48)~ 1.40E—32(1.56E—33)" 2.04E—02(2.50E—02)" 1.35E—32(2.88E—48)
fiz 8.26E—15(2.25E—15)* 6.84E—15(1.50E—15)* 3.77E+00(6.50E—01)* 5.42E—15(1.83E—15)
fis 478E—12(8.39E—12)~ 1.08E402(9.66E4-00) 9.63E4-01(6.03E+01) " 1.45E—03(2.24E—03)
fio 1.57E—32(2.88E—48)~ 1.74E—32(4.04E—33)T 1.86E—01(1.94E—01)T 1.57E—32(2.88E—48)
f20 1.73E—32(8.63E—33)" 1.35E—32(2.88E—48)~ 8.46E-+01(2.57E+02)" 1.35E—32(2.88E—48)
fa1 7.95E4+02(1.14E+03) T 1.65E4+02(3.41E+02) " 9.82E+02(7.09E+02) " 1.54E+02(2.97E+02)
fa2 1.87E—04(1.35E—04) 7.91E—04(2.50E—03) 1.60E—03(1.88E—03)" 4.88E—04(6.81E—04)
fa3 2.10E—01(3.16E—02)* 1.93E—01(2.18E—02)~ 1.26E+00(4.12E—01)~ 2.00E—01(3.72E—09)
+/~ /- 14/6/3 14/4/5 21/1/1
TABLE S20

RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY GLCDE-SADE, GLCDE-JDE, GLCDE-SHADE,

GLCDE-JADE, AND GLCDE FOR THE CLASSICAL BENCHMARK FUNCTIONS AT D = 30

GLC-SaDE GLC-jDE GLC-SHADE GLC-JADE GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
f1 9.15E—49(1.56E—48)~ | 1.95E—38(5.19E—38)" | 7.30E—58(1.39E—57)~ | 1.20E—52(3.74E—52)~ | 1.80E—45(3.63E—45)
f2 5.64E—45(1.34E—44)" | 1.94E—29(3.69E—29)" | 3.23E—51(1.00E—50)" | 7.08E—50(2.24E—49)~ | 6.90E—43(2.07E—42)
f3 2.16E—27(6.84E—27)" | 2.34E—26(2.73E—26)" | 1.52E—36(2.79E—36)" | 5.38E—31(1.50E—30)" | 3.49E—24(2.11E—24)
fa 9.60E402(4.79E4+02)" | 3.38E+03(2.02E+03)T | 1.36E+03(5.92E4+02)" | 4.28E4+03(3.95E4+03)" | 1.95E+02(1.12E+02)
fs 8.87E4+00(3.44E4+00)" | 9.12E+00(2.85E+00)" | 8.10E400(3.20E400)" | 8.97E400(3.14E400)" | 3.49E—02(4.94E—02)
fe 0.00E+00(0.00E+00)~ | 0.00E--00(0.00E-+00)~ | 0.00E+00(0.00E+00)~ | 0.00E-+00(0.00E+00)~ | 0.00E+00(0.00E—00)
fr 6.22E—49(1.86E—48)~ | 5.10E—19(1.61E—18)" | 1.34E—27(4.23E—27)T | 1.89E—52(4.26E—52)~ | 3.76E—45(3.96E—45)
fs 1.10E—01(2.46E—01)* | 1.74E400(1.90E4+00)* | 9.77E—03(7.08E—03)T | 1.94E—01(2.97E—01)* | 7.17E—03(1.15E—02)
fo 0.00E-+00(0.00E4-00)~ | 0.00E+00(0.00E--00)~ | 0.00E-+00(0.00E+00)~ | 2.00E4+00(5.29E+00)" | 0.00E--00(0.00E+00)
f1o 2.39E4+01(4.47E—01)" | 2.09E+01(3.12E4+00)T | 1.94E4+01(1.38E4+00)" | 1.93E4+01(2.60E4+00)" | 3.39E+00(5.32E—01)
fi1 5.67TE—03(6.26E—03)1 | 8.83E—03(1.57E—02)" | 2.46E—03(5.19E—03)T | 5.91E—03(1.06E—02)* | 0.00E-400(0.00E+00)
fi2 8.51E—01(1.59E+00)" | 1.30E-00(1.63E+00)" | 4.76E—01(6.34E—01)t | 2.29E—01(1.46E—01)T | 6.05E—06(5.23E—06)
fis 0.00E+00(0.00E+00)~ | 0.00E--00(0.00E-+00)~ | 0.00E+00(0.00E+00)~ | 0.00E-+00(0.00E+00)~ | 0.00E-+00(0.00E—00)
f1a 0.00E+00(0.00E+00)~ | 0.00E--00(0.00E+00)~ | 0.00E+-00(0.00E+00)~ | 0.00E-+00(0.00E+00)~ | 0.00E-+00(0.00E—00)
fis 1.57E—32(2.88E—48)~ | 1.69E—32(3.67E—33)" | 1.57E—32(2.88E—48)~ | 1.57E—32(2.88E—48)~ | 1.57E—32(2.88E—48)
fie 1.56E—32(1.84E—33)" | 1.10E—03(3.47E—03)" | 1.44E—32(1.31E—33)T | 3.55E—32(6.08E—32)" | 1.35E—32(2.88E—48)
fi7 1.16E—01(3.65E—01)" | 7.71E—01(8.58E—01)" | 6.84E—15(1.50E—15)T | 9.31E—02(2.95E—01)* | 5.42E—15(1.83E—15)
fis 2.49E400(2.36E4+00)" | 4.01E+01(4.40E+00)T | 1.31E401(4.87E400)" | 8.26E400(4.71E400)" | 1.45E—03(2.24E—03)
fio 1.04E—02(3.28E—02)" | 1.04E—02(3.28E—02)" | 6.20E—02(1.63E—01)t | 6.22E—02(1.31E—01)T | 1.57E—32(2.88E—48)
f20 3.60E—01(1.14E+00)" | 1.60E—01(5.05E—01)" | 1.10E—03(3.47E—03)T | 1.60E—01(5.05E—01)T | 1.35E—32(2.88E—48)
f21 1.07E+02(1.44E+02)~ | 3.30E402(2.85E4+02)" | 7.61E4+01(7.73E4+01)~ | 8.45E4+01(7.68E4+01)" | 1.54E+02(2.97E+02)
f22 1.83E—16(2.95E—16)~ | 2.50E—16(3.63E—16)" | 4.64E—17(9.28E—17)~ | 9.21E—07(2.91E—06)~ | 4.88E—04(6.81E—04)
f23 3.10E—01(7.38E—02)" | 3.60E—01(1.26E—01)T | 3.10E—01(8.76E—02)* | 3.30E—01(8.23E—02)" | 2.00E—01(3.72E—09)
+/~ /- 12/5/6 17/4/2 13/5/5 13/4/6




TABLE S21
RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY GLCDE1, GLCDE2, GLCDE3, GLCDE12, GLCDE13,
GLCDE23, AND GLCDE FOR THE 23 CLASSICAL BENCHMARK FUNCTIONS AT D = 30

GLCDEI GLCDE2 GLCDE3 GLCDEI2 GLCDEI3 GLCDE2 GLCDE
Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev) Mean(Std Dev)
1 89SE—21(8.17E—21) 1 — | 439E—36(5.58E—36)7 — | 135E—24(530E—25)" — | 1.22B—38(9.13E—38) 1.26E—29(1.25E —29) 9.98E—41(6.61E—41) L80E—d5(3.63E—45) T +
fa 147E—33(4.64E—33) 5 — | 3.88E—383.93E—38) € — | 2.608—262.538— 26— | 299E—402.54E—40) € — | 65353501376 — 30— | 434E—a14.24E— 41’ — | 6.90E —432.07E—42) <+
i3 171E—11(104E— 1) = | 212820646820/ — | 4185 132.326—13)F = | 456E— 2202835 —22) — | 3928 1401 926— 17— | 323E—240.52E— 24K+ | 3.40E—242.11E—20) K~
fa 5.19E-+04(1.74E+04 K — | 2.80E+02727E+00 = | 181E+03(7.14E4+02 K — | 1.50E+025.96E+01 T+ | 198E+02(1.19E+00) K~ | 1.99E-+02(1 21E+02) 5 — | 1.95E+0201.12B+02) 5 —
s 471E+0002. 16E+00)K 279E+00234E+00) K — | 1.77E40001.936+00) " = | 1.46E+000134E+00) K — | 139E40001 926400 = | 7.45E—01(5.568—0n T — | 3.49E— 0204945 —02) T+
fe 0.00E-00(0.00E+00) <+ | 0.00E+00(0.00E-+00) %+ | 0.00E+-00(0.00E+00)" + | 0.00E-00(0.00E+00) "+ | 0.00E+-00(0.00E+00)" + | 0.00E+00(0.00E+-00) "<+ | 0.00E-+00(0.00E+00) < +
fr 1.20E—20(1.05E— 20 — | 2226 353.01E—35) 2.00E—24(1.18E—24) 2,08F—36(1.99E — 36) 1.35E—29(9.79F —29) 1.54F —39(1.34F — 39) 376E—45(3.96E —45)7 +
s 7.45E4012.44E4+00 K — | 1.58E4000.45E—01 K — | 1.538—0101.07E—0n T — | 1.07E—036.03E— 04T+ | 8536—01240E—01 K — | 1.45E—018.55E—02 — | 7.17E—03(1.15E—02) ¥ —
o 0.00E--000.00E+00) "<+ | 0.00E+0000.00E+00)+ | 0.00E-+00(0.00E+00) <+ | 0.00E+00(0.00E-+00) "+ | 0.00E+000.00E+00) 7+ | 0.00E+00(0.00E+00) "+ | 0.00E+00(0.00E+00) +
f10 207E+018.49E+00) 7 — | 254E+014.89E—0n " = | 2.16E+01(143E+00 = | 207B+012.248+00) = | 3.53E+006.02E— 01K~ | 2.02E+01(1.98E+00) " = | 3.39E-+00(5.328— 01y +
f11 3.44E—023.72E— 027 — | 0.00E+00(0.00E+00) "+ | 0.00E+00(0.00E+00) 2+ | 0.00E+00(0.00E+00) "+ | 0.00E-+00(0.00E-+00) <+ | 0.00E+00(0.00E+00) "+ | 0.00E-+00(0.00E-+00) E€
f12 148E+002.82E—01) ' = | 5,348 —064.77E —06) <+ | 2.60E—01(6.84E—02)" = | 2.50E—047.41E— 04 = | 1.325-+0001.87E— 0 = | 2.18E—04(6.96E— 04K — | 6.05E—06(5.238—06) T —
f13 235E-+03(5.58E+02) " — | 0.00E+000.00E+00) 5+ | 5.64E—03(2.57E—02) "< = | 0.00E+00(0.00E 4005+ | 0.00E-+00(0.00E+00) <+ | 0.00E+00(0.00E+00) %+ | 0.00E+00(0.00E+00) "+
f14 7.52E--00(3.12E4-00) " — | 0.00E4-00(0.00E+00) + | 0.00E-+00(0.00E+00) €+ | 0.00E+-0000.00E 400"+ | 0.00E+00(0.00E+00) <+ | 0.00E+0000.00E+00) %+ | 0.00E+00(0.00E+00) "+
f1s 6.44E—23(8.69E—23) " — | 1.46E—28(1.88E—28)C — | 1.14E—26(285E— 26 — | 1.57E—3202.88E—a8) K+ | 1.57E— 3202888 —48) X+ | 1.57E—322.88E—48) <+ | 1.57E—3202.88E —48) <+
f16 775E—246.226— 2y — | 135832288 —a8) K+ | 1.02E—278.028—28) — | 135E— 322888 —48) K+ | 1358322888 —48) "+ | 135E 3202886 —48) K+ | 135E— 3202885 —a8) T+
f17 389E—11(1.54E— 1) — | 684E—1501.50E— 15K~ | 2.11E—130.07E— 13 — | 2418 140368— 14— | 125E— 140.84E— 195 = | 4.35—132378— 13K — | 54261501 83E— 15K +
f1s 1ATE-+029.90E-+00) K = | 117640266 8564007 = | 5.538-+015.068-+00) K = | 5.44E+013.61E+00 = | 9.80B-+01(118B+00 = | 4.02E+016.01E+00)K — | 1.45E—032.24E—03) "+
f19 1.04E—02(3.28E—02) K — | 1.04E—023.28E—02) € — | 4.96E—26(4.698— 26/ — | 1.57E—3202.88E— 48+ | 1376 —2001.15E— 29K — | 1.57E—3202.88E — 48+ | 1.57E— 3202888 —48) "<+
20 868E—21(1.26E—20) " — | 135E—322.88E—48) "+ | 231E— 242608 —24) " — | 135E— 32288 —48) "+ | 135E—3202.88E—48) K+ | 135E— 322885 —a8) K+ | 135E—3202.88E—48) "+
fo1 448E+03(191E-+03) 5 — | 224E403(7.636 4005 — | 1.59E+03(1.43E4+03) 5 — | 139E+037.558+00 K — | 3.025-+03(1.676+03) K — | 1.67E4+0301.01E+039 K — | 1.54E+022.97E+02) K +
fao 257640001 88E+00) 7 — | 1.28E—022.508—03)" — | 1.53E—0204.63E—03 >K 1198 —022.02E— 03y — | 5.96B-+00(1.508-+00) "< = | 9.90E—03(1.56E—03) " — | 4.88E —0a(6.81E—04) "+
f23 224E—014.15E—02) K= | 2.00E—015.66E— 08K~ | 1.90E—013.16E— 027+ | 2008010413607 K~ | 276E—014.138—02) " = | 200E—013.12E— 07K~ | 2.00E—013.728—09) 7 —
K /Kn/K_ 2/1/20 8/2/13 5/10/18 T1/1/11 3/2/13 T0/1/12 18/1/4
TABLE S22
WILCOXON SIGNED-RANK TEST RESULTS BETWEEN GLCDE AND GLCDE USING DIFFERENT COMBINATIONS OF THE COMPONENTS
GLCDE v.s. GLCDEI1 GLCDE2 GLCDE3 GLCDEI2 GLCDEI3 GLCDE23
T 21 14 18 1 14 2
~ 2 9 4 10 9 1
— 0 1 2 0 0
TABLE S23

RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY GLCDE WITH DIFFERENT POPULATION SIZE (/N P) FOR THE 23
CLASSICAL BENCHMARK FUNCTIONS AT D = 30

NP =30
Mean(Std Dev)

NP = 40
Mean(Std Dev)

NP =50
Mean(Std Dev)

NP =60
Mean(Std Dev)

NP =80
Mean(Std Dev)

NP =100
Mean(Std Dev)

fi 1.57E—48(1.36E—48) X+ | 1.98E—46(1.85E—46)— | 1.80E—45(3.63E—45)%— | 1.87E—43(1.12E—43)K— | 5.56E—39(2.27E—39)%— | 1.70E—35(5.31E—35)%—
fa2 5.74E—46(5.74E—46)5+ | 4.05E—45(5.72E—45)— | 6.90E—43(2.07E—42)— | 1.50E—40(6.23E—40)% — | 3.69E—35(1.34E—35)X~ | 5.01E—32(4.93E—32)%—
fa 3.81E—26(1.82E—26)X+ | 6.76E—24(4.26E—24)X— | 3.49E—24(2.11E—24)K— | 3.71E—24(1.55E—24)%= | 6.57E—20(2.85E—20)%— | 5.70E—18(1.44E—18)% —
fa 4.80E-+02(1.65E+02)%— | 1.25E-+02(1.20E+02)+ | 1.95E+02(1.12E4+02) — | 6.99E+02(2.26E+02)"— | 8.06E+02(2.55E+02)— | 1.28E++02(1.25E+02)K~
fs 1.48E—01(4.27E—01)%— | 1.03E—01(3.68E—01)X— | 3.49E—02(4.94E—02) "+ | 3.82E+00(2.49E+00)"— | 1.42E+00(9.06E—01)— | 2.68E-+00(1.72E+00)* —
fs 0.00E+00(0.00E+00)+ | 0.00E--00(0.00E+00) "+ | 0.00E+00(0.00E--00)+ | 0.00E+00(0.00E-+00)"+ | 0.00E+00(0.00E+00)+ | 0.00E+00(0.00E~+00)"+
fr 5.35E—38(5.73E—38)% — | 3.06E—42(1.40E—42)% — | 3.76E—45(3.96E—45)"+ | 3.32E—37(1.19E—37)X~ | 1.07E—31(3.29E—31)— | 2.10E—28(1.25E—28) —
fs 2.93E—03(1.74E—03)%— | 1.07TE—03(3.52E—03)5+ | 7.17E—03(1.15E—02) % — | 1.56E—01(2.72E—01) = | 2.18B+00(5.61E+00)* — | 2.41E—01(4.13E—01)* —
fo 1.67E—01(4.08E—01)X — | 0.00E+00(0.00E+00)+ | 0.00E+00(0.00E+00)“+ | 0.00E+00(0.00E+00)*+ | 0.00E-+00(0.00E+00)*+ | 0.00E--00(0.00E+00) "+
f10 1.19B+01(7.19B+00)X = | 9.71E+00(4.88E+00)C— | 3.39E+00(5.32E—01)~ | 3.36E-+00(4.7SE—01)+ | 2.76E+01(2.31E+01)— | 2.37E+01(9.05E—01)" -
fi1 9.85E—03(1.53E—02)X— | 0.00E-+00(0.00E+00) "+ | 0.00E+00(0.00E--00)"+ | 0.00E+00(0.00E+00)+ | 0.00E+00(0.00E+00)+ | 8.93E—05(2.16E—04)% -
fiz 1.48E—02(1.36E—02)— | 3.92E—04(6.43E—04)— | 6.05SE—06(5.23E—06)~ | 5.45E—06(5.91E—06)+ | 5.46E—06(7.53E—06)~ | 1.35E—01(9.59E—02)X
fi3 0.00E+00(0.00E+00)’+ | 0.00E--00(0.00E+00)“+ | 0.00E+00(0.00E--00)+ | 0.00E+00(0.00E+00)*+ | 0.00E+00(0.00E+00)+ | 0.00E+00(0.00E~+00)"+
fia 1.88E+00(1.33E+00) = | 0.00E+00(0.00E+00)"+ | 0.00E-+00(0.00E+00)*+ | 0.00E--00(0.00E+00)"“+ | 0.00E--00(0.00E+00)+ | 0.00E+00(0.00E-00)*+
f1s 2.00E—32(8.27E—33)X~ | 506E—32(3.82E—32)KX~ | 1.57E—32(2.88E—48)+ | 1.57E—32(2.88E—48)+ | 1.57E—32(2.88E—48)+ | 1.57E—32(2.88E—48) "+
fie 1.49E—32(2.39E—33)%~ | 1.83E—03(4.49E—03)X— | 1.35E—32(2.88E—48)X+ | 1.35E—32(2.88E—48)X+ | 1.35E—32(2.88E—48) X+ | 1.35E—32(2.88E—48) +
fir 7.55E—15(0.00E+00)~ | 1.11E—14(3.89E—15)— | 5.42E—15(1.83E—15)%+ | 1.00E—09(4.62E—10)— | 4.94E—07(1.70E—07)— | 2.79E—05(3.85E—06)" —
fis 8.95E+00(3.72E4-00) — | 6.80E—01(2.84E—01)"— | 1.45E—03(2.24E—03)+ | 5.55E—02(1.19E—02)%— | 1.57E+01(6.33E+00) — | 2.62E4+01(4.61E+00) "<~
f1o 8.64E—02(1.66E—01)— | 4.82E—30(8.60E—30)— | 1.57E—32(2.88E—48)+ | 1.57E—32(2.88E—48)+ | 1.57E—32(2.88E—48)+ | 1.57E—32(2.88E—48) "+
f20 1.45B+00(3.25E+00)% = | 1.50E—01(3.66E—01) — | 1.35E—32(2.88E—48)X+ | 1.35E—32(2.88E—48)+ | 1.35E—32(2.88E—48)+ | 1.35E—32(2.88E—48) "+
fo1 5.65E+02(9.42E+02)% = | 1.59E+02(2.73E+02) X~ | 1.54E402(2.97E+02)%+ | 4.80E++02(2.94E+02)% — | 7.36E+02(7.16E+02)% — | 1.58E+02(1.60E+02)%~
fa2 3.13E—052.17E—05)5+ | 1.66E—04(4.05E—05)*— | 4.88E—04(6.81E—04)— | 148E—03(4.74E—04)% — | 4.89E—03(1.54E—03)%~ | 1.04E—02(3.34E—03)%—
fo3 2.17E—01(4.08E—02)%— | 2.17E—01(4.08E—02)%X — | 2.00E—01(3.72E—09)X+ | 2.00E—01(3.38E—02)%+ | 2.18E—01(3.96E—02)¥ — | 3.69E—01(4.86E—02) -
K. /K~/K_ 6/3/14 7/2/14 15/2/6 12/1/10 9/1/13 8/2/13




TABLE S24

RESULTS OF MEAN AND STANDARD DEVIATION OF THE FUNCTION ERROR OBTAINED BY GLCDE WITH DIFFERENT LEARNING GENERATION (LG) FOR
THE 23 CLASSICAL BENCHMARK FUNCTIONS AT D = 30

LG=20
Mean(Std Dev)

LG=30
Mean(Std Dev)

LG=40
Mean(Std Dev)

LG=50
Mean(Std Dev)

LG=60
Mean(Std Dev)

i 1.80E—45(3.63E—45)%K— | 9.90E—46(7.40E—46)%+ | 5.78E—42(1.20E—42)K— | 1.93E—39(1.92E—39)%— | 1.20E—33(1.35E—33)%—
f2 6.90E—43(2.07E—42)K— | 1.54E—44(1.69E—44)+ | 1.59E—36(2.54E—36)— | 1.76E—33(1.56E—33)%— | 3.26E—33(1.40E—33)K~
f3 3.49E—242.11E—24)5+ | 1.12E—23(4.38E—23)X~ | 1.06E—17(5.91E—17)%— | 1.06E—19(4.27E—19)X~ | 1.02E—18(4.64E—18)*—
fa 1.95B+02(1.12E+02)X~ | 1.85E+02(1.21E+02)%+ | 6.31E+02(3.40E+02)X— | 7.19E+02(3.34E+02)X— | 8.20E+02(1.50E+02) —
fs 349E—02(4.94E—02)~ | 5.78E—01(1.95B—01)X— | 3.29E—02(1.98E—02)%+ | 4.20E-+00(1.59E+00)— | 5.77E+00(3.24E+00)" -
fe 0.00E+00(0.00E+00)+ | 0.00E+00(0.00E-+00)+ | 0.00E+00(0.00E-+00)“+ | 0.00E+00(0.00E-+00)+ | 0.00E+00(0.00E-+00)"+
fr 3.76E—45(3.96E—45)X+ | 3.83E—45(5.16E—45)~ | 8.98E—37(4.95E—37)%— | 1.40E—31(1.67E—31)X— | 8.94E—22(5.32E—22)
fs 7.17E—03(1.15E—02)X— | 1.56E—03(5.71E—03)%X— | 1.11IE—03(2.53E—03)X+ | 144E—02(4.30E—02)%— | 1.48E—02(2.87E—02)%~
fo 0.00E+00(0.00E+00)+ | 0.00E+00(0.00E+00)+ | 0.00E--00(0.00E+00)+ | 0.00E+00(0.00E+00)"+ | 1.67E—01(4.08E—01)*—
fio 3.39E+00(5.32E—01) %+ | 3.76E+00(2.75E+00)X— | 2.05E4+01(8.25E—01)%— | 1.60E+01(7.88E+00)5— | 2.64E+01(2.19E+01)%—
fi1 0.00E+00(0.00E+00)+ | 0.00E+00(0.00E+00)"+ | 2.47E—03(3.82E—03)— | 0.00E+00(0.00E+00)"*+ | 2.05E—03(5.03E—03)"—
fiz 6.05E—06(5.23E—06)X— | 1.17E—06(1.53E—06)“+ | 1.44E—03(2.96E—03)— | 2.59E—02(3.05E—02)— | 1.51E—02(2.19E—02)* -
fis 0.00E+00(0.00E+00)+ | 0.00E+00(0.00E-+00)+ | 0.00E+00(0.00E-+00)+ | 0.00E+00(0.00E-00)“+ | 0.00E+00(0.00E-+00)"+
f1a 0.00E+00(0.00E++00)+ | 0.00E+00(0.00E+00)“+ | 1.57E—01(3.85E—01)— | 1.57E—01(3.85E—01)— | 3.14E—01(7.69E—01)* -
fis 1.57E—32(2.88E—48)5+ | 1.57E—32(2.88E—48)"“+ | 1.57E—32(2.88E—48)X+ | 3.98E—25(2.27E—25)%— | 7.81E—25(1.08E—24)%—
fie 1.35E—32(2.88E—48)X+ | 1.35E—32(2.88E—48)“+ | 1.49E—32(2.39E—33)%~ | 6.77E—25(8.57E—25)%— | 2.92E—25(2.63E—25)K~
fi7 5.42E—15(1.83E—15)X+ | 6.84E—15(1.50E—15)%~ | 6.84E—15(1.50E—15)*~ | 6.06E—12(1.85E—12)%— | 4.94E—12(2.09E—12)—
fis 1.45E—03(2.24E—03)%+ | 4.81E4+00(2.30E4+00)— | 7.31E400(3.17E400)"C— | 5.48E+00(2.41E4+00)"— | 6.80E-00(4.06E—01)*—
f1o 1.57E—32(2.88E—48)%+ | 1.48E—23(1.26E—23)— | 1.57E—32(2.88E—48)+ | 7.50E—24(6.55E—24)— | 5.90E—24(4.63E—24)" -
f20 1.35E—32(2.88E—48)+ | 1.35E—32(2.88E—48)X+ | 6.62E—02(1.62E—01)X— | 1.23B—22(7.79E—23)X~ | 6.93E—22(9.07E—22)K -
f21 1.54E+02(2.97E4+02)%X+ | 1.53E4+02(2.85E+02)~ | 6.89E+02(9.24E+02)X— | 1.26E+03(1.02E+03)*— | 1.52E+02(1.91E+02)"+
foo 4.88E—04(6.81E—04)— | 4.08E—04(2.57E—04)%+ | 449E—04(3.31E—04)5~ | 4.24E—04(1.60E—04)~ | 429E—04(1.14E—04)K~
f23 2.00E—01(3.72E—09)5+ | 2.00E—01(4.07E—02)%+ | 2.02E—01(4.08E—02)%X~ | 2.18E—01(4.03E—02)X~ | 2.17E—01(4.08E—02)* -
Ky /Kx~/K_ 16/2/4 14/3/6 7/3/12 4/1/17 3/1/18
TABLE S25
THE RMSD OBTAINED BY ROSETTA, SAEA, COEA, UMEA, UMS-COEA, AND GLCEA WITHIN THE MAXFES
PDB ID Len Rosetta SaEA CoEA UMEA UMS-CoEA GLCEA

1ENH 54 5.64 751 5.60 4.02 5.14 4.09

1BBO 57 11.99 9.25 13.86 12.00 10.44 8.15

1AIL 73 9.59 11.19 8.39 8.44 10.52 10.43

1CC5 83 9.27 1033 13.54 10.91 11.09 10.81

1GB1 56 3.38 9.17 9.95 10.17 6.56 2.12

116C 39 10.08 11.80 9.33 9.74 8.18 7.69

1DI2A 69 6.92 7.39 8.84 9.03 6.66 3.55

1THX 108 6.20 13.74 15.71 5.14 6.15 3.67

11IBA 103 11.63 13.96 13.10 16.04 12.25 9.72

IMKYA 81 5.46 9.47 8.66 10.50 7.82 5.25

Average 8.02 10.38 10.70 9.60 8.48 6.55

TABLE S26
THE TM-SCORE OBTAINED BY ROSETTA, SAEA, COEA, UMEA, UMS-COEA, AND GLCEA WITHIN THE MAXFES
PDB ID Len Rosetta SaEA CoEA UMEA UMS-CoEA GLCEA

1ENH 54 0.52 0.39 036 0.61 0.49 0.67

1BBO 57 0.23 0.20 0.26 0.28 0.25 0.30

1AIL 73 0.39 0.31 0.24 0.25 0.33 0.35

1CC5 83 0.23 0.26 0.24 0.24 0.22 0.26

1GB1 56 0.48 0.43 0.37 0.35 0.38 0.65

116C 39 0.37 0.16 0.43 0.34 0.37 0.44

1DI2A 69 0.49 0.43 0.44 0.45 0.43 0.54

ITHX 108 0.5 0.28 0.34 0.5 0.44 0.68

1IIBA 103 0.45 0.33 0.31 0.29 0.46 0.52

IMKYA 81 0.38 0.34 0.34 0.28 0.27 0.43

Average 0.40 0.31 0.33 0.36 0.36 0.48




TABLE S27
THE ROSETTA SCORE3 OBTAINED BY ROSETTA, SAEA, COEA, UMEA, UMS-COEA, AND GLCEA WITHIN THE MAXFES

PDB ID Len Rosetta SaEA CoEA UMEA UMS-CoEA GLCEA
1ENH 54 2.44 6.89 —1.77 —8.29 —5.49 —8.88
1BBO 57 —1.52 —5.61 7.86 —1.99 —1.44 —12.53

1AIL 73 —1.78 3.83 -3.99 —3.46 3.24 3.44
1CC5 83 5.85 6.95 10.21 7.87 8.69 6.73
1GBI 56 —72.49 1.80 3.64 3.06 —38.93 —83.69
116C 39 —17.38 —10.18 —25.07 —20.73 —20.28 —35.89
IDI2A 69 —20.13 —15.07 —10.00 —9.58 —28.33 —60.69
1ITHX 108 —0.83 1.21 8.31 —10.21 —1.75 —16.61
ITIBA 103 —30.39 —11.14 —15.23 —1.95 —8.27 —59.09
IMKYA 81 —19.62 1.05 —2.15 1.30 —15.86 —20.43
Average —15.59 —2.03 —2.82 —4.40 —10.84 —28.76

TABLE S28

THE RMSD OBTAINED BY ROSETTA, SAEA, COEA, UMEA, UMS-COEA, AND GLCEA WITHIN THE GIVEN RUNTIME

PDB ID Len Rosetta SaEA CoEA UMEA UMS-CoEA GLCEA
1ENH 54 4.46 8.36 5.45 4.11 3.92 3.88
1BBO 57 11.38 10.64 11.26 9.90 9.21 7.63
1AIL 73 11.68 10.04 10.58 10.47 9.71 11.56
1CC5 83 11.58 12.29 10.90 9.84 11.28 10.97
1GB1 56 3.67 12.08 6.70 7.32 6.67 2.78
116C 39 8.68 9.89 9.77 8.59 7.42 7.33
1DI2A 69 4.07 18.25 10.68 3.96 3.84 3.68
ITHX 108 4.78 4.88 7.32 11.68 6.67 3.98
1TIBA 103 8.85 15.01 14.69 13.15 9.40 9.00

IMKYA 81 11.22 13.99 7.36 5.91 9.79 5.95

Average 8.04 11.54 9.47 8.49 7.79 6.68
TABLE S29
THE TM-SCORE OBTAINED BY ROSETTA, SAEA, COEA, UMEA, UMS-COEA, AND GLCEA WITHIN THE GIVEN RUNTIME

PDB ID Len Rosetta SaEA CoEA UMEA UMS-CoEA GLCEA
1ENH 54 0.52 0.45 0.47 0.59 0.68 0.70
1BBO 57 0.28 0.27 0.29 0.24 0.26 0.27
1AIL 73 0.3 0.36 0.3 0.33 0.36 0.40
1CC5 83 0.28 0.21 0.2 0.27 0.22 0.23
1GB1 56 0.48 0.3 0.39 0.39 0.32 0.60

116C 39 0.41 0.17 0.41 0.35 0.35 0.34

IDI2A 69 0.51 0.38 0.34 0.57 0.56 0.53

ITHX 108 0.7 0.54 0.36 0.37 0.44 0.70

11IBA 103 0.51 0.3 0.41 0.42 0.36 0.55

IMKYA 81 0.27 0.26 0.34 0.38 0.28 0.32

Average 0.43 0.32 0.35 0.39 0.38 0.46

TABLE S30
THE ROSETTA SCORE3 OBTAINED BY ROSETTA, SAEA, COEA, UMEA, UMS-COEA, AND GLCEA WITHIN THE GIVEN RUNTIME
PDB ID Len Rosetta SaEA CoEA UMEA UMS-CoEA GLCEA

1ENH 54 —1.65 16.43 6.74 —10.33 —18.76 —20.51

1BBO 57 —1.99 —1.65 —2.49 —4.65 —5.06 —9.99

1AIL 73 —1.47 —3.22 —2.71 —3.09 —2.12 -1.77

1CC5 83 —4.52 3.81 —4.90 —522 —3.98 —5.39

1GB1 56 —70.09 7.95 —32.44 —21.56 —30.08 —81.78

116C 39 —31.77 —25.65 —26.43 —29.80 —38.76 —33.55

IDI2A 69 —65.69 8.80 1.76 —63.40 —70.06 —73.70

1THX 108 —9.53 —9.79 —-3.97 0.55 —3.20 —18.66

1TIBA 103 —55.24 —3.54 —3.77 —5.98 —52.39 —57.27

IMKYA 81 —10.83 —4.10 —7.98 —34.76 —23.52 —32.87
Average —25.28 —1.10 —7.62 —17.82 —24.79 —33.55




TABLE S31
THE RMSD OBTAINED BY CSM-SHAEA, GPEME, ESMEA, LLUEA, UMS-SHAEA, AND GLCEA WITHIN THE MAXFES

PDB ID Len CSM-SHAEA GPEME ESMEA LLUEA UMS-SHAEA GLCEA
1ENH 54 4.18 6.26 8.32 6.39 4.22 4.09
1BBO 57 8.09 10.03 11.38 9.31 8.28 8.15
1AIL 73 10.52 10.78 10.95 10.53 10.22 10.43
1CC5 83 11.14 11.49 12.15 11.21 10.95 10.81
1GB1 56 3.28 4.32 6.21 7.23 3.45 2.12
116C 39 9.75 9.48 9.32 8.32 8.03 7.69
1DI2A 69 5.78 5.95 6.34 7.12 5.49 3.55
ITHX 108 7.98 7.87 8.92 8.31 3.55 3.67
11IBA 103 10.21 10.89 13.13 12.55 10.06 9.72

IMKYA 81 6.22 6.51 7.32 11.43 6.32 5.25

Average 7.72 8.36 9.40 9.24 7.06 6.55
TABLE S32
THE TM-SCORE OBTAINED BY CSM-SHAEA, GPEME, ESMEA, LLUEA, UMS-SHAEA, AND GLCEA WITHIN THE MAXFES

PDB ID Len CSM-SHAEA GPEME ESMEA LLUEA UMS-SHAEA GLCEA
1ENH 54 0.62 0.42 0.35 0.46 0.68 0.67
1BBO 57 0.29 0.24 0.21 0.26 0.29 0.30
1AIL 73 0.37 0.39 0.33 0.34 0.39 0.35
1CC5 83 0.25 0.22 0.21 0.24 0.26 0.26
1GB1 56 0.63 0.55 0.29 0.22 0.55 0.65
116C 39 0.37 0.33 0.29 0.38 0.42 0.44
IDI2A 69 0.40 0.42 0.33 0.25 0.35 0.54
ITHX 108 0.33 0.32 0.30 0.30 0.63 0.68
ITIBA 103 0.45 0.43 0.38 0.36 0.45 0.52

IMKYA 81 0.37 0.36 0.31 0.20 0.35 0.43

Average 0.41 0.37 0.30 0.30 0.44 0.48
TABLE S33
THE ROSETTA SCORE3 OBTAINED BY CSM-SHAEA, GPEME, ESMEA, LLUEA, UMS-SHAEA, AND GLCEA WITHIN THE MAXFES

PDB ID Len CSM-SHAEA GPEME ESMEA LLUEA UMS-SHAEA GLCEA
1ENH 54 —2.43 5.32 15.66 3.77 —10.12 —8.88
1BBO 57 —5.33 7.99 10.20 —6.16 —10.34 —12.53
1AIL 73 —1.06 —7.26 3.90 2.98 —1.22 3.44
1CC5 83 11.95 8.21 11.73 11.54 7.95 6.73
1GB1 56 —80.21 —69.38 —1.65 10.81 —72.88 —83.69

116C 39 —22.06 —13.07 2.19 —27.46 —39.71 —35.89

IDI2A 69 —29.17 —31.85 —6.05 2.67 —8.86 —60.69
1THX 108 5.36 4.97 8.44 7.37 —14.69 —16.61

1IIBA 103 —33.42 —36.59 —20.35 —20.05 —39.09 —59.09

IMKYA 81 —8.55 —7.11 3.87 15.68 —10.23 —20.43
Average —16.49 —13.88 2.79 0.12 —19.92 —28.76

TABLE S34
THE RMSD OBTAINED BY CSM-SHAEA, GPEME, ESMEA, LLUEA, UMS-SHAEA, AND GLCEA WITHIN THE GIVEN RUNTIME

PDB ID Len CSM-SHAEA GPEME ESMEA LLUEA UMS-SHAEA GLCEA
1ENH 54 3.81 6.25 8.21 6.50 4.32 3.88
1BBO 57 8.46 10.26 11.04 9.55 7.93 7.63

1AIL 73 10.07 11.13 11.36 10.10 10.95 11.56
1CC5 83 11.33 11.71 12.28 11.24 10.50 10.97
1GB1 56 2.79 4.39 6.59 6.92 3.78 2.78
116C 39 9.31 9.73 9.52 8.63 8.43 7.33
IDI2A 69 5.95 5.75 6.70 7.46 5.45 3.68
ITHX 108 7.64 7.64 8.51 7.90 3.69 3.98
ITIBA 103 10.40 11.32 12.97 12.73 10.06 9.00
IMKYA 81 6.09 6.24 7.30 11.88 6.20 5.95
Average 7.58 8.44 9.45 9.29 7.13 6.68




TABLE S35
THE TM-SCORE OBTAINED BY CSM-SHAEA, GPEME, ESMEA, LLUEA, UMS-SHAEA, AND GLCEA WITHIN THE GIVEN RUNTIME

PDB ID Len CSM-SHAEA GPEME ESMEA LLUEA UMS-SHAEA GLCEA
1ENH 54 0.68 0.44 0.33 0.41 0.65 0.70
1BBO 57 0.23 0.20 0.20 0.24 0.26 0.27
1AIL 73 0.43 0.40 0.41 0.45 0.41 0.40
1CC5 83 0.22 0.22 0.20 0.21 0.24 0.23
1GB1 56 0.60 0.52 0.39 0.40 0.55 0.60
116C 39 0.27 0.26 0.26 0.30 0.30 0.34
IDI2A 69 0.38 0.34 0.29 0.26 0.36 0.53
ITHX 108 0.37 0.36 0.33 0.36 0.75 0.70
ITIBA 103 0.45 0.41 0.35 0.33 0.42 0.55

IMKYA 81 0.34 0.32 0.27 0.22 0.33 0.32

Average 0.40 0.35 0.30 0.32 0.43 0.46
TABLE S36
THE ROSETTA SCORE3 OBTAINED BY CSM-SHAEA, GPEME, ESMEA, LLUEA, UMS-SHAEA, AND GLCEA WITHIN THE GIVEN RUNTIME

PDB ID Len CSM-SHAEA GPEME ESMEA LLUEA UMS-SHAEA GLCEA
1IENH 54 —18.65 —8.89 2.67 —12.00 —19.11 —20.51
1BBO 57 —3.49 2.09 —1.40 —6.88 —11.62 —9.99
1AIL 73 —0.57 —1.76 —2.09 —3.65 —1.01 -1.77
1CC5 83 —5.00 —4.65 —4.47 —3.99 —5.18 —5.39
1GB1 56 —85.08 —52.87 —33.54 —37.63 —64.79 —81.78
116C 39 —15.66 —14.61 —23.76 —29.12 —26.17 —33.55
IDI2A 69 —52.34 —43.17 —35.47 —36.63 —50.67 —73.70
ITHX 108 —2.63 —2.05 —3.41 —2.67 —21.45 —18.66
ITIBA 103 —46.51 —41.53 —41.77 —34.56 —40.38 —57.27

IMKYA 81 —30.48 —29.40 —16.45 —8.53 —27.39 —32.87

Average —26.04 —19.68 —15.97 —17.57 —26.78 —33.55
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Fig. S1. Examples to show the changes of the underestimation along with the evolutionary process. (A) The variation of the underestimation along with
the population convergence for 1-D Ackley’s function after 0, 5, 10, and 20 generations. (B) The curves of the normalized underestimation error versus the
evolutionary generation for six 30-D classical benchmark functions

10 T

>

—O— EPSDE
-30[|—— saDE
—— SHADE
| |—— CoDE
—— UMDE
—— GLCDE

Function error(log)

0 2.0

4.0
FES

v}
N

—>— EPSDE
-4[|—o— SaDE
—— SHADE
| |—— CoDE
—— UMDE
—+— GLCDE

Function error(log)

0 2.0

Fig. S2. Convergence curves of the six representative 30-D functions, where (A), (B), (C), (D), (E), and (F) are f1, fi0, fi1, f12, fi7,

4.0
FES

6.0
x10*

o)

Function error(log)

les!

Function error(log)

4 T T C 10° T T
—O— EPSDE —O— EPSDE —+— CoDE
—— SaDE ——SaDE —0— UMDE
—/— SHADE —v— SHADE —i— GLCDE
3 —— CoDE 10°
—o— UMDE 5
—+— GLCDE E
2 § 10°
5
=}
=
|59
1 1010
0 . : 10"
0 2.0 4.0 6.0 0
FES x10*
4 T T F 4 T T
o 2
2
E
g0
=}
g —O0— EPSDE
g —— SaDE
—v— SHADE = -2r|—v— SHADE
[|—#=— CoDE —%— CoDE
—O— UMDE —>— UMDE
—i— GLCDE ) " |—+— GLCDE )
0 2.0 4.0 6.0 0 2.0 4.0 6.0
FES x10* FES x10*

and f1g, respectively.
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Fig. S3. Distribution of RMSD to the native structure on all proteins, where (A), (B), (C), (D), (E), and (F) are for proteins 1ENH, 1BBO, 1AIL, 1CCS5,
1GB1, and 116C, respectively. As shown in the figure, the highest peak of the distribution achieved by GLCEA corresponds to the lower RMSD for proteins
1BBO, 1GB1, and 116C compared to the competitors. For protein 1ENH, the peaks of GLCEA, CoEA, and UMS-CoEA almost obtain the same RMSD. For
proteins 1AIL and 1CCS, although the RMSD corresponding to the peaks of GLCEA is not the lowest one, but it still lower than some other competitors.
According to the analysis, we can conclude that the GLCEA can sample decoys with lower RMSD, and it has the stronger near-native sampling ability

compared to other algorithms.



Fig. S4. Comparison between the predicted final models and the native structures (green) on two representative proteins. The subfigures (Al), (B1), (C1),
(D1), (E1), and (F1) are the 1ENH models predicted by Rosetta, SaEA, CoEA, UMEA, UMS-CoEA, and GLCEA, respectively. The subfigures (A2), (B2),

(C2), (D2), (E2), and (F2) are the 1GB1 models predicted by Rosetta, SaEA, CoEA, UMEA, UMS-CoEA, and GLCEA, respectively. As seen, the structure
predicted by GLCEA is more like the native structure.
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