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Part I
Pseudocodes of Four MLCC Variants.

Algorithm S-1. MLCC-SI
Algorithm S-2. MLCC-SBi
Algorithm S-3. MLCC-SIBi

Algorithm S-4. MLCC-L-SI



Descriptions of MLCC-SI

As seen from Algorithm S-1, each individual in MLCC-SI has independent layer associated operatioins and parameters. For the
superior individuals, lines 11-19 generate two trial vectors for each individual by simultaneously using SHADE [2] and IDE [1]. As
required by SHADE, if the generated offspring is better than the target vector, its algorithmic configuration is updated. (lines
14-16). Afterward, lines 20-26 are used to select the better one as offspring to compete with the target vector. If the offspring
successfully replaces the target vector, its corresponding layer preference is set as its generation optimizer (line 23). For the inferior
solutions, they are evolved following lines 28-46 based on the individual preference. Lines 49-51 randomly remove some

individuals from the external archive to keep the archive size |A| < NP. Line 52 updates the memory Mg and Mcr based on the
successful parameter archives Sg and Scr respectively, following the original proposal in SHADE [2]. When G > Gr, line 53

changes the setting of SRy to distinguish earlier and later stages and determine the IDM mutation strategy (lines 17-19 and 38-40),
which are the same as those done in IDE [1].

Algorithm S-1. MLCC-SI

1: Initialize a population P, ={X,,,i e{L.2,--NP}},

2: Initialize SHADE layer: Set memory Mg, Mcr, Set history lengeth H, initialize history index k = 1, initialize external
archive A=J;

3: Initialize IDE layer: Set maximum generation number Gnax, Set consecutive generations T = 1000D/NP, generation index
threshold Gt = 5%T, the success ratio threshold SRt = 0, Accumulation = 0, Stage = eariler stage;

4: Initialize the individual preference {”:?,o =ceil(rand, (0,1)x2),i e{L,2,--- NP}} , set generation count G = 0, set N = 0.05, set
SHADE as method 1, IDE as method 2;

5: While the stopping criteria are not satisfied, Do

6: Determine the fitness ranking FR(i), i €{L,2,---NP} of each individual; set top, = ceil(rand (0,1)x NPx N), initialize
success count SC = 0;

7: Set Sp =, S, = ; (For SHADE layer)

8: Classify the population copy of IDE layer into superior (S) and inferior (1) subpopulations based on fitness (See Procedure 1);
(For IDE layer)

9:Fori=1:NP Do

10: If FR(i) <tope

11: For X, generate two trial vectors U, .,me{L 2} by using SHADE and IDE, respectively as follows:

For SHADE Layer
12:  r=randint[LH], F* ; =randc, (Mg ,0.1), CR™ , =randn (Mg, ,0.1), where randc(a,b) and randn(a,b) are

Cauchy distribution and normal distribution with location parameter a and scale parameter b, respectively.
13: Generate trial vector G, . via current-to-pbest/1/bin [2] using F>™, ;and CR*™,

14: |If f(UilG) <f(Xs)
15: S« sha Scr <—CRSHALG ;
16: End If

i,G?

- For IDE Layer
17: Set 0 = i when Stage = eariler stage;
18: F'™ ; =randn(FR(0)/ NP),0.1) , CR"™, ; =randn(FR(i)/ NP),0.1) ;

19: Generate trial vector U, . via IDM mutation strategy (See Procedure 2) and classic crossover operation using F'DEQG and

CRIDEiYG;

20: Choose the better trial vector U, . in terms of fitness from U, ., m e{L 2} ,where b indicates the index of the better method;
21 If f(U, )< f(Xe)
22: Xiga=U, s A< %X, SC=SC+1;

23. IR, =b;

i"G’



24: Else
25: X6 =Xic
26: End If
27: Else If FR(i) > tops
28: For X;
29: If IR, =1
For SHADE Layer
30: r =randint[L,H], F™ ;= randc, (M ,0.1) ,CR¥™, = randn, (Mg, ,0.1);
31: Generate trial vector U, . via current-to-pbest/1/bin [2] using F**, ;and CR*™ .;
32: If f(lig)<f(Xe)
33: Sp « F™™ ¢, S <—CRSHAiG,A<— %o
%cu=Ug:IRgy=1Rs,SC=SC+1;
34:  Else
35: )q(i,GJrl |G ! IPI G+1 2
36: EndIf
37 Elself IR, =2
- For IDE Layer
38: Set o =i when Stage = eariler stage;
39: F'™ s =randn(FR(0)/NP),0.1), CR'™, ; =randn(FR(i)/ NP),0.1) ;
40: Generate trial vector G, , via IDM mutation strategy (See Procedure 2) and classic crossover operation using F'DEQG and
CRIDE .
i,G?
4L If f(Ug) < f(Xe)
42: Xigi=Ug,IPgy,=IPg, Ac=X s, SC=SC+1,
43: Else
44: Xi,G+1 | G ! IPl G+l — l
45: EndIf
46: End If
47: End If
48: End For
49: If |A|> NP
50: randomly delete | A|— NP individuals from A;
51: End If
52: Update Mg and Mcr based on Sr and Scr, respectively (See Procedure 3); (For SHADE layer)

53:
54:
55:

Insert Procedure 4 here. (For IDE layer)
G=G+1;
End While

Procedure 1: Classify the population copy of IDE layer into superior (S) and inferior (1) subpopulations based on fitness [1]

The proportion of superior individuals is set as

ps = 0.1+ 0.9x10%®/Cr D

Where G is the current generation index and Gmax is the maximum genereation number.




Procedure 2: IDM mutation strategy [1]

IDE N N IDE N 1
7. =% +{F 0,G '(Xrl,G_Xo,G)_'_F 0,G '(XrZ,G_dra,G) 0es
i,.G — ™o,G

F' 6 Ropter.s —%oc) +F ™06 (X, s —d, s) 0€l
O #1, # I
Where o, 11, 2 and r3 are selected from the range [1, NP] and are mutually different, better is the index of a individual selected from
the superior subpopulation S, Jw is perturbation vector to avoid local optimal with each dimension j determined by
4 {Lj +rand(0,1)- (U’ —L") if rand)(0,1) < p,
S PO otherwise

Where Ui and Li are upper and lower bound of dimension j, rand, (0,1) is a uniformly distributed random number within (0,1), and
paissetas 0.1x ps.

Procedure 3: Update Mg and Mcr [2]

M mean,, (Sg) if Sp 29
PRI M o otherwise

mean,, (Scz) if Seg # D
MCR kGl — M .
CR k.G otherwise
[Sce| ISk | Q2
Where I’T'Ieal’lwA (SCR) = Zwm 'SCR,m , meanw (S ) _ ‘5—1 m F,m 7
m=1 w s
m=1 m F,m

where Af, =|f (U, )~ f (%, o)

Wm Z‘SCR‘ Af

If Sp #Jand S, =<
k=k+1;
Ifk>H
k=1;
End If
End If

Procedure 4: Detemine earlier or latter stages [1]

1: Success rate SR = SC/NP;

2. IfG<Gr

3 IfSR=0 // SRy =0 for eariler stage
4 Accumulation = Accumulation + 1;
5: Else

6: Accumulation = 0;

7
8

End If
: If Accumulation>T
9: If Stage = eariler stage
10: Set Stage = later stage;
11: End If
12:  EndIf

13: Else



14:  IfSR<0.1 // SRy =0.1 for later stage

15: Accumulation = Accumulation + 1;
16:  Else

17: Accumulation = 0;

18: EndIf

19:  If Accumulation>T

20: If Stage = eariler stage

21: Set Stage = later stage;

22: End If

23: EndIf

24: End If

Procedure 5: Generate F'P; g and CRB'; s for each individual i according to bimodal parameter sample [3].

i,G

5o rand. (0.65,0.1) if rand(0,1) <0.5
rand. (1.0,0.1)  otherwise
{randCi (0.1,0.1) if rand(0,1) <0.5

CR BiDi’G — )
rand. (0.95,0.1) otherwise

Where rand, (a,b) is a random number for indiviudal i, generated by a Cauchy distribution with location parameter a and scale
parameter b.

Descriptions of MLCC-SBi

As seen from Algorithm S-2, the two layers in MLCC-SBi have the same generation strategy but different parameter strategies, i.e
SHA for SHADE layer and BiD for BiDE layer. For the superior individuals, lines 10-21 generate two trial vectors for each
individual by simultaneously using SHADE and BiDE. As required by SHA, if the generated offspring is better than the target
vector, its algorithmic configuration is updated (lines 13-15). As for BiD, its algorithmic configuration is updated according to
comparision result of the offspring vector and the target vector (lines 17-21). Specifically, if the offspring vector is better than the
target vector, the parameters are preserved to the next generation (line 18), otherwise, the parameters are regenerated by the
bimodal parameter sample (line 20). Afterward, lines 22-28 are used to select the better one as offspring to compete with the target
vector. If the offspring successfully replaces the target vector, its corresponding layer preference is set as its generation optimizer
(line 25). For the inferior solutions, they are evolved following lines 30-48 based on the individual preference. Lines 50-52
randomly remove some individuals from the external archive to keep the archive size|A| < NP. Line 53 updates the memory Mg

and Mcr based on the successful parameter archives Sg and Scr respectively, following the original proposal in SHADE [2].

Algorithm S-2. MLCC-SBi

1: Initialize a population P, ={X,,,i e{L.2,---NP}},

2: Initialize SHADE layer: Set memory Mg, Mcg, Set history lengeth H, initialize history index k = 1, initialize external
archive A= ;

3: Initialize BiDE layer: Generate F3P; c and CR®; ¢ i e{L,2,--- NP} according to bimodal parameter sample. (See Procedure
5)

4: Initialize the individual preference {IPW =ceil(rand, (0,1)x2),i e{L,2,--- NP}} , set generation count G = 0, set N = 0.05, set
SHADE as method 1, BiDE as method 2;

5: While the stopping criteria are not satisfied, Do
6: Determine the fitness ranking FR(i), i e{L 2,--- NP} of each individual, set top, = ceil(rand (0,1)x NPx N);

7: Set Sp =, S, = ; (For SHADE layer)



8: Fori=1:NP Do

9: If FR(i) <tope

10: For X, generate two trial vectors U, .,me{L 2} by using SHADE and BiDE, respectively as follows:
For SHADE Layer
11: r=randint[LH], F* ; =randc (M., ,0.1), CR™™ ; =randn (M, ,0.1);

12: Generate trial vector U, . via current-to-pbest/1/bin [2] using F*™, o and CR™,;
13 If £(0, )< f(%)

14: S, « F™ S, «CR™ _;

15: EndIf

i,G?

---- For BiDE Layer
16: Generate trial vector , . via current-to-pbest/1/bin [2] using F®®, . and CR®®, .;
17 1f (@, )< F(%e)

18. I:BiDi'G+1 — FBiDi’G , CRBiDiIG+1 — CRBiDi’G ;

19: Else

20:  Generate FBi; c,4 and CR®P; .4 for individual i according to bimodal parameter sample. (See Procedure 5)
21: End If

22: Choose the better trial vector U, . in terms of fitness from G, ., m e{L 2} ,where b indicates the index of the better method;
230 1f f(U, )< f(Xe)

240 Xign=Us, g A X,

i"G’

25: IR, =b;

26: Else

27: Xi,eu = Xi,e ;

28: End If

29: Else If FR(i) > tops
30: For X;

31 If IR, =

For SHADE Layer
32: r=randint[LH], F™ =randc (M., ,0.1),CR™™ , =randn(Mc,,0.1);

33:  Generate trial vector U; ., via current-to-pbest/1/bin [2] using F*™, ; and CR*™, ;;
1 1(0,6)< F(Xo)

35: Xi,c—;+1 Uig s IP|G+1 IPlG ,A(—XIG,S (_FSHAi,G’SCR <_CRSHAi,G ”
36: Else

37: Xi,G+l |G’ II:)|G+1 2

38: EndIf

39: Elself IR, =2

---- For BiDE Layer
40: Generate trial vector U; ., via current-to-pbest/1/bin [2] using F®°, ; and CR®®, ;
41 If F(Te) < F(Re)

42 % P, =IP,, AcX

i,G+1 |G’ i,G+1 — iG! i,G !
43:  Else
44: Xi,G+1 | G 1 IPl G+l — l

45:  Generate F®P; g,y and CR®D; g4 for individual i according to bimodal parameter sample. (See Procedure 5)
46: EndIf

F BIDI o FBIDI o CRBiDiVGJrl — CRBiDiYG ,

47: End If



48: End If

49: End For

50: If |A| > NP

51: randomly delete |A|— NP individuals from A;

52: End If

53: Update Mg and Mcr based on Sg and Scr, respectively (See Procedure 3); (For SHADE layer)
54: G=G +1;

55: End While

Algorithm S-3. MLCC-SIBI

1: Initialize a population P, ={X,,,i e{L.2,--NP}},

2: Initialize SHADE layer: Set memory Mg, Mcr, Set history lengeth H, initialize history index k = 1, initialize external
archive A=J;

3: Initialize IDE layer: Set maximum generation number Gmax, Set consecutive generations T = 1000D/NP, generation index
threshold Gt = 5%T, the success ratio threshold SRt = 0, Accumulation = 0, Stage = eariler stage;

4: Initialize BiDE layer: Generate F®; g and CR®®;s . i {1, 2,--- NP} according to bimodal parameter sample. (See Procedure
5)

5: Initialize the individual preference {IPL0 =ceil(rand, (0,1)x3),i €{L2,--- NP}} , set generation count G =0, set N = 0.05, set
SHADE as method 1, IDE as method 2, BiDE as method 3;

6: While the stopping criteria are not satisfied, Do

7: Determine the fitness ranking FR(i), i {1 2,---NP} of each individual; set top, = ceil(rand(0,1)x NP xN), initialize
success count SC = 0;

8: Set S; =, Sz = ; (For SHADE layer)

9: Classify the population copy of IDE layer into superior (S) and inferior (1) subpopulations based on fitness (See Procedure 1);
(For IDE layer)

10: For i =1: NP Do

11: If FR(i) < tope

12: For X ., generate three trial vectors U, .,me{l,2,3} by using SHADE, IDE and BiDE, respectively as follows:

i"G’
For SHADE Layer
13: 1 =randint[LH], F*™ ; =randc (M., ,0.1), CR™, , =randn (Mg, ,0.1);

14: Generate trial vector U, . via current-to-pbest/1/bin using F*™ ; and CR*™
15: 1f £(0, )< F(Xe)

16: Sy « F™™ S « CR™™ ¢

17: EndIf

- For IDE Layer

18: Set 0 = i when Stage = eariler stage;
19: F'™ . =randn(FR(0)/ NP),0.1) ; CR™*, ; =randn(FR(i)/ NP),0.1) ;

20: Generate trial vector U, . via IDM mutation strategy (See Procedure 2) and classic crossover operation using F'DEOYG and
CRIDEi’G ;

---- For BiDE Layer
21: Generate trial vector O, . via current-to-pbest/1/bin using F®°, ; and CR®®, ;
22: If £(U, )< F(%e)

23 FBiDi'G-'-1 — I:BiDi’G , CRBiDi_G+1 — CRBiDi,G :

24: Else

25.  Generate F5%;g,; and CRBP; ., for individual i according to bimodal parameter sample. (See Procedure 5)
26: End If




27: Choose the best trial vector ﬁib R in terms of fitness from Ui’“ !
28: If f(U_b )< f(Xie)
290 Xigu=U, s, A< X, SC=SC+1;

m e{1, 2,3} ,where b indicates the index of the best method;

30: IPs,.=b;

31: Else

32: Xi,G+1 = Xi,G ;

33: EndIf

34: Else If FR(i) > tops
35 For X4

36: If IR, =1

For SHADE Layer
37: r=randint[LH], F™ =randc (M ,0.1),CR™™  =randn, (M, ,0.1);

38:  Generate trial vector U, ; via current-to-pbest/1/bin using F** . and CR®™ ;
390 If f(U,.)< (%)

40: SF<—E,G,SCR<—CRiG,A<—>"<iG,
Xi,G+1 =Ui,G' |P| G+ |G ,SC=8C+1;
41: Else
42: X g1 =% g IP g, =ceil(rand(0,1) x3)\1;
43: EndIf

44: Elself IR =2

- For IDE Layer
45: Set o =i when Stage = eariler stage;

46: F'™ ; =randn(FR(0)/NP),0.1), CR"™, ; =randn(FR(i)/ NP),0.1) ;

47: Generate trial vector U, , via IDM mutation strategy (See Procedure 2) and classic crossover operation using F'DEQG and
CRIDEi o

48: If f(U )< f(Xs)

49: Xigi=Ug,IPgy,=IPg, Ac=X s, SC=SC+1;
50: Else

51: Xigu=%gr IPg, =ceil(rand(0,1)x3)\2;

52: EndIf

53: Elself IR, =3

- For BiDE Layer
54: Generate trial vector i, , via current-to-pbest/L/bin using F®°, ; and CR®®,

55: I f(U¢)<f(Xs)

56: Xicu=Ug: IBga=1Rg, AcXg, FBIDu G+l FBIDI G CRBIDu G CRBIDl ¢, SC=38C+1;
57. Else

58: Xigu=%ge IPg, =ceil(rand(0,1) x3)\3;

59: Generate FB'P; g41 and CRBP; g, for individual i according to bimodal parameter sample. (See Procedure 5)
60: EndIf

61: EndIf
62: End If
63: End For

64: If |A|> NP
65: randomly delete | A|— NP individuals from A;



66: End If

67: Update Mr and Mcr based on Sg and Scr, respectively (See Procedure 3); (For SHADE layer)
68: Insert Procedure 4 here. (For IDE layer)

69: G=G+1;

70: End While

linear population size reduction
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(a) At G =0, layer L-SHADE has a population of 20xD individulas while Ilayer M_IDE has a population of 5xD individulas;
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(b) At G >0, when NPg > 5xD (the initial population size of M_IDE), the pépulation size of L-SHADE decreases by following the
liniear population size reduction (LPSR) scheme while the population size of M_IDE remains 5xD.
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(c) At G > 0, when NPg < 5xD (the initial population size of M_IDE), the population sizes of L-SHADE and M_IDE both decrease
following LPSR scheme.
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(d) At the last generation, the population sizes of L-SHADE and M_IDE both decrease to 4, the minimum number of individuals
required by mutation operation.

Fig. S1 Graphic illustration of MLCC-L-SI (Algorithm S-4).
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Algorithm S-4. MLCC-L-SI

1: Initialize a population By = {Z,o,i e{l, 2,---NPi”“}} , set NPy = NPt set NPM-'DE  injtialize external archive A=, initialize

the maximum external archive size MAS, = ceil(2.6xNPy), set NPTy = min(NPo, NPM-IPE), set maximum generation number Gpay;
2: Initialize L-SHADE layer: Set memory M“SHAz, MSSHAz, set history lengeth H-SHA, initialize history index ktSHA =1,
3: Initialize M_IDE layer: Set memory MM-'DE. MM_IDE o - set history lengeth HY-'PE initialize history index kM-'°E = 1, set
consecutive generations T = ceil(0.1xGmax), generation index threshold Gr = 5xT, the success ratio threshold SRt = 0,
Accumulation = 0, Stage = eariler stage;

4: Initialize the individual preference {IF’L0 =lie{l, 2,~-NPO}} , set generation count G = 0, set N = 0.05, set L-SHADE as
method 1, M_IDE as method 2;

5: While the stopping criteria are not satisfied, Do

6: Set S =, S = ; (For L-SHADE layer)

7: Set SM-"F_ =g, SM-°F = ; (For M_IDE layer)

8: Determine the fitness ranking FR(i), i €{1,2,---NPT;}, set top, = ceil(rand(0,1) x NPT x N) ;

9: Fori=1: NPT Do

10: If FR(i) <tops

11: For X 5, generate two trial vectors U, _,me{L,2} by using L-SHADE and M_IDE, respectively as follows:
For L-SHADE Layer
120 r™ = randint[LHS™ ], FY% o = rande, (M ™ . ,0.0), CR™™, ¢ = randn, (M

LSHA 1 01) ,

R,r

13: Generate trial vector G, . via current-to-pbest/1/bin [4] using F*™, ; and CR"™ ;;

14 1f £@T, )< f(%e)

15 SLSHA <« F LSHA
: F

16: EndIf

LSHA LSHA
i,G ’S CR «CR iG

For M_IDE Layer

17: Set o = i when Stage = eariler stage;
18: =" =randint[1,H"-""* ], F"-"%, . =randc, (M M e 0., CRY-E  =randn (MM . ,0.0);

i
M _IDE
F i,G

19: Generate trial vector U & via IDM mutation strategy (See Procedure 2) and classic crossover operation using
and CR"-""% ;

200 I f(U. )< f(Xe)

21; SM-DE_  FM_IDE | GM_IE_ . CRM-DE .

22: EndIf

23: Choose the better trial vector U, . in terms of fitness from U oM e{L,2} ,where b indicates the index of the better method;
24: 0f f(U, )< f(Xe)
25. ¥, =U, A%, SC=SC+1;

26: IR, =b;

27: Else

28: Xici1=Xa:

29: End If

30: Else If FR(i) > tope
31 For X4,

32: If IR, =1

For L-SHADE Layer
33 r“"™ =randint[1H"™" ], F*™ o =randc,(M""_ .. ,0.2), CR™™, ¢ =randn (M .. ,0.1);

and CR"™, ;

F LSHA

34: Generate trial vector U; ; via current-to-pbest/1/bin [4] using G
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35 If f(Ue)< f(%e)
36: SLSHAF - FLSHAi . SLSHACR (_CRLSHAi o A Xi,e ,
Xi,G+1=Ui,G' IP|G+1 |G , SC=5C+1;

37: Else

38: )q(i,GJrl |G ' IPI G+1 2
39: EndlIf

40: Else If IPi’G =2

For M_IDE Layer

41: Set 0 = i when Stage = eariler stage;

42: rM-PF = randint[], H“"*'DE] , FY-'°% _ =randc, (M Mf'DEF w e ,0.1), CRY-""5  =randn (M “"*'DECR wooe »0.1)
' T i ' T i
43: Generate trial vector U, ; via IDM mutation strategy (See Procedure 2) and classic crossover operation using F"'-'", ;
and CR"-""%
44 If 10 6)<T(Xs)
45: SM_IDEF I:M_IDEiG ,SM_IDECR <_CRM_IDELG|A(_XL(3;
Xi,G+1=Ui,G’ |P|(5+1 |GvSC SC+1;
46: Else
47: Xi,Gﬂ i, G ! IPI G+1 1
48: EndIf
49: End If
50: End If
51: End For
52: If NPg > NPM-IDE
53:  Fori=NPTg+1l: NPc Do // These individuals only connect to the L-SHADE layer, as shown in Fig. S1.(b).
54: "™ =randint[1,H"*" ], F*™, | =randc, (M H w1 0.0), CRE, o = randn, (MY, ,0.0)
55:  Generate trial vector U, ; via current-to-pbest/1/bin [4] using F=™, ; and CR"™, .
56: If f(Us)<f(Xs)
57 S LSHA F LSHA S LSHA <« CR LSHA A <« Xv
. i,G CR i,G? i,G?
)ﬂ(i,GJrl |G'IP|G+1 IRG’SC:SC+1'
58: Else
59: X =Xg:
60: End If
61: End For
62: End If
63: Update M“S"Ac and M“S"Acr based on S-SHA:- and S-SHAcz, respectively (See Procedure 3); (For L-SHADE layer)

64:
65:
66:
67:
68:
69:
70:
71:

72:
73:

74.
75:

Update MM-'PEc and MM-IPE¢ based on SM-'PE¢ and SM-'PEqg, respectively (See Procedure 3); (For M_IDE layer)
Insert Procedure 4 here. (For M_IDE layer)
Calculate NPg+1 based on the linear population size reduction (LPSR) scheme [4];
If NPg > NPg+1
Delete the worst NP¢ - NPg.+1 individuals in term of fitness from Pg;
Discard the preferences of the deleted individuals;
End If
MAS = ceil(2.6xNPg);
If |Al > MAS; , randomly delete |A|— MAS; individuals from A; End If
G=G+1;
NPT = min(NPg, NPM-'DE);
End While
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TABLE S1 PARAMETER SETTINGS FOR NINE DE VARIANTS

Algorithm Parameter Settings
jDE y1=0.1,v2=0.1, Fi = 0.1, Fu = 0.9 and NP = 100;
SaDE LP =50, NP = 50;
EPSDE FE[0.4,0.5,0.6,0.7, 0.8 0.9], CRE[0.1,0.2,0.3,0.4, 0.5, 0.6, 0.7, 0.8, 0.9] and NP = 50;
JADE p=10.05c=0.1, ur= 0.7, ucr = 0.5 and NP = 100;
CoDE [F=1.0,Cr=0.1]; [F= 1.0, Cr = 0.9]; [F = 0.8, Cr = 0.2] and NP = 30;
CoBIDE pb = 0.4, ps = 0.5 and NP = 60;
MPEDE A =2%2=%h3=0.2, ng =20 and NP = 250;
SHADE NP =100, Me = {0.7}, Mcr = {0.5} and H = NP
IDE NP =100, T = 1000D/NP, Gt = 5T, SRr=0(G < Gr) and SRr = 0.1 (G > Gr)

TABLE S2 PERFORMANCE COMPARISONS OF NINE STATE-OF-THE-ART AND
UP-TO-DATE DE VARIANTS ON 30-DIMENSIONAL CEC2014 BENCHMARK SET OVER 51 INDEPENDENT RUNS

iDE SaDE EPSDE JADE CoDE CoBIDE MPEDE SHADE IDE S;'.AISE

l 5.86E+04 | 6.85E+04 | 1.51E+04 | 1.75E+03 | 2.33E+04 | 1.97E+04 | 0.00E+00 | 2.30E+03 | L.04E+05 N
(4.66E+04) | (5.67E+04) | (3.18E+04) | (2.27E+03) | (L.76E+04) | (1.43E+04) | (0.00E+00) | (3.04E+03) | (9.74E+04)

2 0.00E+00 | 0.00E+00 | 0.00E+00 | O0.00E+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) | (0.00E+00)

3 0.00E+00 | 0.00E+00 | 0.00E+00 | 4.51E-04 | 0.00E+00 | 0.00E+00 | O.00E+00 | 0.00E+00 | 0.00E+00 _
(0.00E+00) | (0.00E+00) | (0.00E+00) | (3.18E-03) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00)

4 519E+00 | 2.03E+00 | 3.45E+00 | 1.24E+00 | 5.06E+00 | 8.64E-02 | 0.00E+00 | 0.00E+00 | 2.97E-03 .
(L.45E+01) | (9.06E+00) | (1.78E+00) | (8.88E+00) | (1.75E+01) | (5.58E-01) | (0.00E+00) | (0.00E+00) | (1.52E-02)

s 2.04E+01 | 209E+01 | 2.03E+01 | 2.03E+0L | 2.00E+01 | 2.02E+01 | 2.04E+0L | 2.02E+01 | 2.02E+01 _
(3.53E-02) | (6.14E-02) | (4.05E-02) | (3.68E-02) | (7.07E-02) | (2.74E-01) | (4.94E-02) | (2.72E-02) | (5.16E-02)

Fo 152E+00 | 2.29E+00 | 1.80E+0L | B8.64E+00 | 2.33E+00 | 1.28E+00 | 4.82E-01 | 481E-01 | 297E-02 _
(2.87E+00) | (1.43E+00) | (1.36E+00) | (2.49E+00) | (1.63E+00) | (L.27E+00) | (6.52E-01) | (L.11E+00) | (2.10E-01)

. 0.00E+00 | 4.77E-03 | 121E-03 | B3.87E-04 | 4.35E-04 | 3.38E-04 | 7.25E-04 | 0.00E+00 | 0.00E+00 _
(0.00E+00) | (9.01E-03) | (4.21E-03) | (1.99E-03) | (2.19E-03) | (L.71E-03) | (2.53E-03) | (0.00E+00) | (0.00E+00)

F8 0.00E+00 | 3.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | O.00E+00 | 0.00E+00 | 5.41E-03 _
(0.00E+00) | (L.71E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (3.86E-02)

Fo 425E+01 | 290E+01 | 4.29E+01 | 2.64E+01 | 4.01E+01 | 4.02E+01 | 2.89E+01 | LB86E+01 | 2.60E+01 R
(6.27E+00) | (8.26E+00) | (6.90E+00) | (4.51E+00) | (L.OGE+01) | (L.06E+01) | (8.20E+00) | (2.88E+00) | (4.92E+00)

F10 163E-03 | 3.71E+01 | 222E01 | 7.76E-03 | 4.75E-01 | 3.23E+01 | 1.13E+00 | 6.12E-03 | 5.25E+00 N

(5.65E-03) | (3.14E+01) | (L.93E-01) | (1.17E-02) | (6.22E-01) | (L.26E+01) | (5.33E-01) | (1.12E-02) | (L.76E+01)

F11 251E+03 | 515E+03 | 3.60E+03 | 1.65E+03 | 1.80E+03 | 1.81E+03 | 2.35E+03 | L59E+03 | 1.96E+03 N
(2.57E+02) | (4.53E+02) | (4.26E+02) | (2.45E+02) | (4.99E+02) | (5.37E+02) | (4.57E+02) | (2.04E+02) | (3.92E+02)
1o 476E-01 | 174E+00 | 513E-01 | 257E-01 | 7.03E-02 | 146E-01 | 4.88E-01 | 202E-01 | 2.68E-0L N
(6.04E-02) | (2.32E-01) | (4.94E-02) | (4.16E-02) | (5.33E-02) | (2.35E-01) | (1.03E-01) | (2.62E-02) | (7.49E-02)

2.89E-01 2.51E-01 2.52E-01 2.08E-01 2.35E-01 2.28E-01 2.16E-01 1.92E-01 1.81E-01

F13 (4.08E-02) | (3.69E-02) | (4.03E-02) | (3.02E-02) | (5.12E-02) | (5.14E-02) | (3.16E-02) | (2.60E-02) | (2.46E-02) }

14 274E-01 | 248E-01 | 272E-01 | 224E-01 | 239E-01 | 231E-01 | 242E-01 | 200E-01 | 191E-01 _
(3.00E-02) | (3.10E-02) | (5.76E-02) | (3.19E-02) | (3.25E-02) | (4.01E-02) | (2.92E-02) | (3.78E-02) | (2.65E-02)

Fis 580E+00 | 5.63E+00 | 545E+00 | 3.21E+00 | 3.00E400 | 3.19E+00 | 3.97E+00 | 2.89E+00 | 2.61E+00 j
(6.09E-01) | (2.63E+00) | (6.87E-01) | (4.09E-01) | (7.92E-01) | (7.73E-01) | (7.66E-01) | (3.49E-01) | (5.29E-01)

F16 9.79E+00 | 1.7E+01 | 112E+01 | 9.47E+00 | 9.08E+00 | 9.41E+00 | 1.01E+01 | 9.53E+00 | 9.82E+00 .
(3.06E-01) | (3.44E-01) | (3.87E-01) | (3.44E-01) | (7.92E-01) | (9.66E-01) | (3.73E-01) | (3.36E-01) | (5.54E-01)

F17 168E+03 | 3.80E+03 | 3.42E+04 | 1.08E+03 | 1.81E+03 | 3.19E+02 | 2.50E+02 | 1.04E+03 | 7.50E+02 _
(2.20E+03) | (2.19E+03) | (3.51E+04) | (3.52E+02) | (2.14E+03) | (1.85E+02) | (L.66E+02) | (3.69E+02) | (2.38E+02)

F18 1.72E+01 | 246E+02 | 3.38E+02 | 1.45E+02 | L23E+01 | 1.33E+01 | 1.24E+01 | 4.00E+01 | L152E+01 j
(7.16E+00) | (3.44E+02) | (8.34E+02) | (3.59E+02) | (4.70E+00) | (5.92E+00) | (4.96E+00) | (1.80E+01) | (4.85E+00)

F1o 44BE+00 | 5.89E+00 | 1.31E+01 | 452E+00 | 2.75E+00 | 2.91E+00 | B3.92E+00 | 4.43E+00 | 3.07E+00 j
(6.07E-01) | (8.30E+00) | (L27E+00) | (6.92E-01) | (8.15E-01) | (3.36E-01) | (6.47E-01) | (5.68E-01) | (5.56E-01)

20 1.08E+01 | 7.25E+01 | L.14E+02 | 3.01E+03 | 125E+01 | 8.61E+00 | 9.43E+00 | L.O06E+01 | 9.88E+00 _
(3.70E+00) | (4.04E+01) | (2.09E+02) | (3.06E+03) | (5.15E+00) | (3.22E+00) | (3.35E+00) | (5.52E+00) | (2.65E+00)

o1 2.65E+02 | 1.07E+03 | 1.00E+04 | 1.39E+03 | 1.96E+02 | 158E+02 | 8.76E+0L | 2.53E+02 | 2.52E+02 _
(1.67E+02) | (9.00E+02) | (L66E+04) | (7.71E+03) | (1.43E+02) | (L.22E+02) | (9.29E+01) | (1.18E+02) | (1.30E+02)

22 1.15E+02 | 9.89E+01 | 2.50E+02 | 1.32E+02 | 1.79E+02 | 1.09E+02 | 5.90E+01 | B8.91E+01 | 5.82E+01 i
(5.38E+01) | (6.66E+01) | (LO2E+02) | (7.40E+01) | (9.78E+01) | (8.74E+01) | (5.14E+01) | (5.86E+01) | (5.30E+01)

F23 3.15E+02 | 3.5E+02 | 3.14E+02 | 3.15E+02 | 3.15E+02 | 3.15E+02 | 3.15E+02 | 3.15E+02 | 3.15E+02 _
(4.02E-13) | (4.02E-13) | (L.03E-12) | (4.02E-13) | (3.73E-13) | (4.02E-13) | (4.02E-13) | (4.02E-13) | (3.46E-13)

24 2.24E+02 | 2.26E+02 | 2.30E+02 | 2.24E+02 | 2.24E+02 | 2.23E+02 | 2.24E+02 | 2.24E+02 | 2.24E+02 j
(2.24E+00) | (3.59E+00) | (5.88E+00) | (1.69E+00) | (3.21E+00) | (9.99E-01) | (8.99E-01) | (9.48E-01) | (7.19E-01)

F25 2.03E+02 | 2.08E+02 | 2.00E+02 | 2.05E+02 | 2.03E+02 | 2.03E+02 | 2.03E+02 | 2.06E+02 | 2.03E+02 j
(5.18E-01) | (2.69E+00) | (3.44E-01) | (2.05E+00) | (6.07E-01) | (4.36E-01) | (3.38E-01) | (1.88E+00) | (1.24E-01)

F26 LOOE+02 | LOOE+02 | LOOE+02 | LOOE+02 | LOOE+02 | LOOE+02 | LOOE+02 | LOOE+02 | LOOE+02 j

(3.75E-02) | (3.31E-02) | (452E-02) | (3.38E-02) | (5.47E-02) | (5.41E-02) | (2.81E-02) | (3.52E-02) | (2.92E-02)

F27 348E+02 | 3.72E+02 | 8.73E+02 | 3.68E+02 | 3.60E+02 | 3.89E+02 | 3.66E+02 | 3.31E+02 | 3.69E+02 N
(5.03E+01) | (3.89E+01) | (3.67E+01) | (4.92E+01) | (4.44E+01) | (3.28E+01) | (4.73E+01) | (4.58E+01) | (4.72E+01)
F28 789E+02 | B8.69E+02 | 3.96E+02 | B.00E+02 | B8.36E+02 | B8.28E+02 | 8.37E+02 | B.03E+02 | B8.08E+02 N
(2.34E+01) | (3.67E+01) | (L34E+01) | (L.89E+01) | (2.62E+01) | (2.82E+01) | (3.53E+01) | (2.38E+01) | (1.32E+02)

7.95E+02 9.13E+02 2.14E+02 7.18E+02 7.68E+02 5.27E+02 6.88E+02 7.22E+02 2.91E+02

F29 (6.99E+01) | (2.04E+02) | (1.46E+00) | (6.90E+01) | (1.43E+02) | (2.62E+02) | (1.24E+02) | (2.67E+01) | (1.49E+02) -
F30 1.20E+03 1.86E+03 5.99E+02 1.56E+03 | 9.35E+02 7.29E+02 6.37E+02 1.24E+03 | 5.22E+02 ~
(4.47E+02) | (5.78E+02) | (1.46E+02) | (5.17E+02) | (4.22E+02) | (2.83E+02) | (L.99E+02) | (3.38E+02) | (7.29E+01)
Ranking 5.76 7.53 6.38 5.15 4.86 4.06 4.21 3.48 3.53
Note: “-”, “="and “+” at last column represent that the performance of SHADE is significantly worse than, similar to or better than that of IDE,

respectively.



TABLE S3 COMPARISON RESULTS OF THE NINE DE VARIANTS WITH EACH OTHER ON 30-DIMENSIONAL
CEC2014 BENCHMARK SET OVER 51 INDEPENDENT RUNS

-I=1+ JDE SaDE EPSDE | JADE CoDE CoBiDE | MPEDE | SHADE IDE
JDE --- 18/6/6 15/5/10 | 8/10/12 | 5/11/14 | 3/10/17 4/11/15 4/13/13 | 3/10/17
SaDE 6/6/18 - 10/6/14 | 3/6/21 2/6/22 1/6/23 0/6/24 0/5/25 1/4/125
EPSDE | 10/5/15 | 14/6/10 - 6/4/20 7/6/17 7/6/17 6/6/18 5/3/22 6/3/21
JADE 12/10/8 | 21/6/3 20/4/6 - 9/9/12 6/12/12 8/10/12 1/15/14 6/6/18
CoDE 14/11/5 | 221612 17/6/7 12/9/9 - 1/21/8 7/10/13 8/8/14 9/9/12
CoBIiDE | 17/10/3 | 23/6/1 17/6/7 12/12/6 | 8/21/1 --- 7/13/10 9/9/12 9/8/13
MPEDE | 15/11/4 | 24/6/0 18/6/6 12/10/8 | 13/10/7 | 10/13/7 --- 9/7/14 7/7/16
SHADE | 13/13/4 | 25/5/0 22/3/5 14/15/1 14/8/8 12/9/9 147719 --- 9/8/13

IDE 17/10/3 | 25/4/1 21/3/6 18/6/6 12/9/9 13/8/9 16/7/7 13/8/9 ---

Note: “-”, “="and “+” represent the number of functions that algorithms in row win, tie and lose to algorithms

in column according to Wilcoxon’s signed-rank test with a significance level of 0.05, respectively.
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TABLE S4 PERFORMANCE COMPARISONS OF MLCC-SI WITH ITS VARIANTS ON 30- AND 50-DIMENSIONAL CEC2014 BENCHMARK SET
OVER 51 INDEPENDENT RUNS

D =30 D =50

Variant-1 Variant-11 Variant-111 Variant-1V MLCC-SI Variant-1 Variant-11 Variant-111 Variant-1V MLCC-SI

F1 6.00E+03 = | 9.15E+02 + | 1.24E+03 + | 3.49E+03 = 4.76E+03 2.97E+05= | 1.07E+05+ | 1.15E+05+ | 2.42E+05 = 2.79E+05
(6.81E+03) | (2.06E+03) | (2.86E+03) | (3.73E+03) | (5.69E+03) | (1.01E+05) | (4.11E+04) | (5.07E+04) | (8.92E+04) | (1.00E+05)

£ 0.00E+00 = | 0.00E+00 = | 0.00E+00= | 0.00E+00 = 0.00E+00 4.49E-04 - | 0.00E+00+ | 0.00E+00+ | 1.07E-04 + 2.67E-04
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (5.00E-04) (0.00E+00) | (0.00E+00) (1.41E-04) (3.59E-04)

F3 0.00E+00= | 0.00E+00 = | 0.00E+00= | 0.00E+00 = 0.00E+00 2.22E-09= | 0.00E+00= | 6.86E-01= 4.25E-01 = 2.10E-10
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (8.73E-09) (0.00E+00) | (4.90E+00) | (3.03E+00) (1.50E-09)

4 2.40E-07 = | 0.00E+00+ | 0.00E+00+ | 6.03E-07 = 1.63E-07 6.60E+01 = | 8.05E+01 - 8.27E+01 - 7.00E+01 - 6.53E+01
(6.38E-07) (0.00E+00) | (0.00E+00) (2.29E-06) (4.37E-07) (2.76E+01) | (1.29E+01) | (6.01E+00) | (2.53E+01) | (2.62E+01)

5 2.04E+01 - | 2.02E+01= | 2.03E+01 - 2.04E+01 - 2.02E+01 2.06E+01- | 2.03E+01= | 2.05E+01 - 2.06E+01 - 2.03E+01
(5.22E-02) (4.90E-02) (5.46E-02) (4.56E-02) (5.40E-02) (4.58E-02) (5.22E-02) (5.56E-02) (4.04E-02) (5.46E-02)

6 1.68E-01 = 9.31E-01 - 1.11E+00 - 2.69E-02 = 8.71E-02 1.47E-01 + 5.57E-01 = 3.76E-01 = 2.06E-01 + 3.96E-01
(6.60E-01) (1.45E+00) | (1.25E+00) (9.09E-02) (2.84E-01) (1.98E-01) (6.31E-01) (5.11E-01) (3.89E-01) (5.61E-01)

7 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) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00)

8 0.00E+00 = | 0.00E+00 = | 0.00E+00= | 0.00E+00 = 0.00E+00 4.55E-07 - 3.97E+00 - 9.25E+00 - 1.33E-07 - 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (2.62E-06) (1.28E+00) | (1.43E+00) (2.57E-07) (0.00E+00)

9 2.01E+01= | 2.17E+01= | 2.13E+01= | 2.03E+01 = 2.14E+01 4.25E+01 = | 5.48E+01 - 5.25E+01 - | 4.36E+01 = 4.47E+01
(3.57E+00) | (4.71E+00) | (4.56E+00) | (4.26E+00) | (4.44E+00) | (8.50E+00) | (1.12E+01) | (1.22E+01) | (8.45E+00) | (8.15E+00)

F10 2.24E+00 - 2.59E+00 - 6.05E+00 - 2.56E+00 - 1.12E+00 1.57E+01 - 2.54E+01 - 6.28E+01 - 1.81E+01 - 9.00E+00
(1.37E+00) | (1.22E+00) | (2.83E+00) | (1.73E+00) | (9.49E-01) (7.26E+00) | (1.44E+01) | (2.43E+01) | (9.40E+00) | (3.38E+00)

F11 1.81E+03- | 1.72E+03= | 1.79E+03- | 1.70E+03 = 1.63E+03 3.93E+03= | 4.77E+03- 5.31E+03 - | 3.92E+03 = 4.03E+03
(3.30E+02) | (2.92E+02) | (3.84E+02) | (3.59E+02) | (3.34E+02) | (6.24E+02) | (3.91E+02) | (5.31E+02) | (6.72E+02) | (5.06E+02)

F12 4.01E-01 - 2.57E-01 = 3.12E-01 - 3.84E-01 - 2.60E-01 5.66E-01 - 3.39E-01 = 4.60E-01 - 5.93E-01 - 3.51E-01
(6.09E-02) (5.68E-02) (5.74E-02) (7.25E-02) (5.31E-02) (8.17E-02) (5.05E-02) (5.81E-02) (6.83E-02) (5.92E-02)

F13 1.98E-01 - 1.91E-01 = 1.83E-01 = 1.98E-01 - 1.83E-01 2.84E-01 = 2.77E-01 = 2.84E-01 = 2.84E-01 = 2.77E-01
(2.46E-02) (2.54E-02) (2.64E-02) (2.03E-02) (2.79E-02) (3.84E-02) (2.97E-02) (2.77E-02) (2.73E-02) (2.58E-02)

F14 2.05E-01 - 1.94E-01 = 1.97E-01 = 2.00E-01 = 1.94E-01 2.71E-01 - 2.51E-01 = 2.60E-01 = 2.63E-01 = 2.56E-01
(2.82E-02) (2.31E-02) (2.49E-02) (2.48E-02) (2.21E-02) (1.90E-02) (2.37E-02) (2.12E-02) (2.32E-02) (2.36E-02)

F15 2.61E+00 = | 3.11E+00 - 3.53E+00 - | 2.63E+00 = 2.47E+00 6.97E+00 = | 9.39E+00 - 1.09E+01 - 7.29E+00 - 6.41E+00
(5.61E-01) (4.82E-01) (4.93E-01) (4.98E-01) (4.20E-01) (2.05E+00) | (1.13E+00) | (1.19E+00) | (1.95E+00) | (1.34E+00)

F16 9.77E+00 - | 9.58E+00= | 9.81E+00 - 9.79E+00 - 9.52E+00 1.89E+01- | 1.84E+01= | 1.89E+01 - 1.89E+01 - 1.85E+01
(4.84E-01) (4.87E-01) (3.51E-01) (3.48E-01) (4.66E-01) (5.07E-01) (4.92E-01) (3.48E-01) (3.95E-01) (4.53E-01)

F17 2.44E+02 = | 4.05E+02 - 4.73E+02 - | 2.56E+02 = 2.31E+02 1.36E+03= | 1.77E+03 - 1.79E+03 - | 1.26E+03 = 1.27E+03
(1.38E+02) | (2.24E+02) | (2.35E+02) | (1.43E+02) | (1.23E+02) | (3.48E+02) | (4.83E+02) | (4.48E+02) | (4.55E+02) | (4.01E+02)

F18 9.13E+00= | 1.34E+01 - 1.25E+01- | 9.36E+00 = 9.79E+00 3.07E+01 = | 4.77E+01- 4.84E+01 - | 2.93E+01 + 3.55E+01
(3.63E+00) | (5.17E+00) | (4.86E+00) | (3.28E+00) | (3.36E+00) | (8.48E+00) | (1.59E+01) | (1.29E+01) | (9.31E+00) | (1.17E+01)

F19 3.05E+00 = | 3.33E+00 - 3.55E+00 - | 3.06E+00 = 3.02E+00 9.92E+00 = | 1.07E+01- 1.11E+01- | 1.00E+01 = 9.87E+00
(4.93E-01) (5.27E-01) (3.97E-01) (4.65E-01) (5.37E-01) (4.59E-01) (3.00E+00) | (3.11E+00) (4.58E-01) (3.98E-01)

F20 5.30E+00 + | 6.86E+00= | 6.05E+00= | 5.72E+00 = 5.91E+00 2.54E+01 = | 4.15E+01- 3.98E+01 - | 2.56E+01= 2.53E+01
(1.96E+00) | (2.74E+00) | (2.00E+00) | (1.76E+00) | (1.42E+00) | (6.27E+00) | (1.47E+01) | (1.35E+01) | (B6.76E+00) | (6.78E+00)

F21 1.03E+02 = | 1.18E+02= | 1.40E+02- | 1.09E+02 = 1.04E+02 6.19E+02 = | 6.43E+02 - 6.57E+02 - | 5.62E+02 = 5.42E+02
(7.42E+01) | (8.81E+01) | (6.83E+01) | (6.86E+01) | (7.65E+01) | (2.05E+02) | (2.25E+02) | (2.10E+02) | (1.86E+02) | (1.92E+02)

F22 5.10E+01 = | 7.30E+01- 5.15E+01 - 5.74E+01 - 3.55E+01 2.94E+02 = | 2.65E+02= | 2.70E+02= | 2.76E+02 = 2.75E+02
(4.81E+01) | (5.79E+01) | (4.37E+01) | (5.13E+01) | (3.45E+01) | (1.17E+02) | (1.09E+02) | (1.03E+02) | (1.08E+02) | (1.13E+02)

F23 3.15E+02 = | 3.15E+02= | 3.15E+02= | 3.15E+02 = 3.15E+02 3.44E+02 = | 3.44E+02 = | 3.44E+02 = | 3.44E+02 = 3.44E+02
(3.59E-13) (4.02E-13) (4.02E-13) (4.02E-13) (4.02E-13) (4.32E-13) (4.39E-13) (4.67E-13) (4.25E-13) (4.18E-13)

F24 2.23E+02 = | 2.23E+02 = | 2.23E+02= | 2.23E+02 = 2.23E+02 2.58E+02 = | 2.58E+02 = | 2.59E+02 = | 2.58E+02 = 2.58E+02
(7.73E-01) (8.31E-01) (7.26E-01) (7.66E-01) (7.91E-01) (1.59E+00) | (2.96E+00) | (3.67E+00) | (1.55E+00) | (2.93E+00)

F25 2.03E+02 = | 2.03E+02 = | 2.03E+02= | 2.03E+02 = 2.03E+02 2.06E+02 = | 2.07E+02 - 2.07E+02 - | 2.06E+02 = 2.06E+02
(2.73E-01) (4.01E-01) (4.66E-01) (2.87E-01) (2.95E-01) (8.37E-01) (1.35E+00) | (1.36E+00) (6.65E-01) (8.22E-01)

F26 1.00E+02 = | 1.00E+02 = | 1.00E+02 = | 1.00E+02 = 1.00E+02 1.02E+02 = | 1.02E+02 = | 1.00E+02= | 1.02E+02 = 1.00E+02
(2.48E-02) (2.17E-02) (2.64E-02) (2.70E-02) (2.41E-02) (1.40E+01) | (1.40E+01) (2.49E-02) (1.40E+01) (2.83E-02)

F27 3.32E+02 = | 3.10E+02 + | 3.30E+02 = | 3.08E+02 + 3.47E+02 3.23E+02 = | 3.16E+02 = | 3.14E+02= | 3.13E+02 = 3.20E+02
(4.71E+01) | (3.01E+01) | (4.62E+01) | (2.72E+01) | (5.07E+01) | (2.65E+01) | (2.46E+01) | (2.39E+01) | (2.17E+01) | (2.65E+01)

F28 7.95E+02 - 8.09E+02 - 8.05E+02 - 7.97E+02 - 7.89E+02 1.13E+03 + | 1.18E+03- | 1.16E+03= | 1.13E+03 + 1.16E+03
(3.07E+01) | (2.06E+01) | (2.83E+01) | (2.09E+01) | (3.09E+01) | (4.90E+01) | (4.54E+01) | (3.82E+01) | (3.19E+01) | (3.60E+01)
F29 6.73E+02 = | 6.75E+02= | 6.36E+02 + | 6.64E+02 + 6.94E+02 6.17E+02 = | 6.01E+02 = | 5.84E+02= | 6.15E+02 = 6.22E+02
(1.54E+02) | (1.49E+02) | (1.92E+02) | (1.69E+02) | (1.27E+02) | (1.36E+02) | (7.52E+01) | (8.30E+01) | (1.09E+02) | (1.41E+02)
F30 4.96E+02 = | 5.01E+02= | 5.36E+02 = | 5.15E+02 = 5.20E+02 8.67E+03 = | 8.73E+03= | 8.82E+03- | 8.67E+03 = 8.61E+03
(8.28E+01) | (8.89E+01) | (1.53E+02) | (1.12E+02) | (1.60E+02) | (4.42E+02) | (5.24E+02) | (4.19E+02) | (4.38E+02) | (3.99E+02)
-I=1+ 8/21/1 8/19/3 13/14/3 712112 712112 13/15/2 16/12/2 7/19/4
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TABLE S5 PERFORMANCE COMPARISONS OF VARIANT-I OF MLCC-SI WITH SHADE AND IDE
ON 30- AND 50-DIMENSIONAL CEC2014 BENCHMARK SET OVER 51 INDEPENDENT RUNS

D =130 D =50

SHADE IDE Variant-1 SHADE IDE Variant-1

F1 2.50E+02 + | 1.18E+05 - 6.00E+03 1.19E+05 + | 1.24E+06 - 2.97E+05
(5.67E+02) (9.41E+04) | (6.81E+03) | (6.14E+04) | (3.41E+05) | (1.01E+05)

2 0.00E+00= | 0.00E+00 = 0.00E+00 0.00E+00 + | 2.28E+00 - 4.49E-04
(0.00E+00) (0.00E+00) | (0.00E+00) | (0.00E+00) | (2.53E+00) | (5.00E-04)

3 0.00E+00= | 0.00E+00 = 0.00E+00 0.00E+00 + | 1.85E+01 - 2.22E-09
(0.00E+00) (0.00E+00) | (0.00E+00) | (0.00E+00) | (1.27E+01) | (8.73E-09)

4 0.00E+00 + 2.08E-02 - 2.40E-07 8.35E+01 = | 7.19E+01- 6.60E+01
(0.00E+00) (4.14E-02) (6.38E-07) (1.16E+01) | (2.97E+01) | (2.76E+01)

s 2.03E+01 + | 2.02E+01 + 2.04E+01 2.05E+01 + | 2.03E+01 + 2.06E+01
(3.54E-02) (5.68E-02) (5.22E-02) (4.03E-02) (5.95E-02) (4.58E-02)

6 6.41E+00 - 6.20E-02 = 1.68E-01 1.18E+00 - | 9.34E-02 + 1.47E-01
(3.86E+00) (2.82E-01) (6.60E-01) (3.45E+00) (3.14E-01) (1.98E-01)

F7 0.00E+00= | 0.00E+00 = 0.00E+00 0.00E+00 = 2.22E-03 - 0.00E+00
(0.00E+00) (0.00E+00) | (0.00E+00) | (0.00E+00) (4.10E-03) (0.00E+00)

8 0.00E+00= | 4.33E-10= 0.00E+00 1.84E-02 - 4.32E-02 - 4.55E-07
(0.00E+00) (3.09E-09) (0.00E+00) | (5.39E-03) (1.97E-01) (2.62E-06)

F9 2.75E+01 - 2.46E+01 - 2.01E+01 8.82E+01 - 5.99E+01 - 4.25E+01
(4.18E+00) (5.33E+00) | (3.57E+00) | (8.25E+00) | (1.01E+01) | (8.50E+00)

F10 1.57E-01 + 5.68E+00 - 2.24E+00 6.06E+01 - | 3.34E+01 + 1.57E+01
(3.94E-02) (1.66E+01) | (1.37E+00) | (6.43E+00) | (4.90E+01) | (7.26E+00)

F11 1.97E+03 - 1.92E+03 = 1.81E+03 6.27E+03 - | 4.20E+03 - 3.93E+03
(2.06E+02) (3.53E+02) | (3.30E+02) | (3.93E+02) | (6.65E+02) | (6.24E+02)

F12 3.08E-01 + 2.91E-01 + 4.01E-01 6.12E-01 - 3.68E-01 + 5.66E-01
(4.82E-02) (5.97E-02) (6.09E-02) (6.73E-02) (7.37E-02) (8.17E-02)

F13 2.15E-01 - 1.87E-01 + 1.98E-01 3.01E-01 - 2.96E-01 = 2.84E-01
(2.58E-02) (2.20E-02) (2.46E-02) (2.99E-02) (3.09E-02) (3.84E-02)

F14 2.14E-01 = 1.82E-01 + 2.05E-01 2.50E-01 + | 2.70E-01= 2.71E-01
(2.24E-02) (3.19E-02) (2.82E-02) (1.82E-02) (2.23E-02) (1.90E-02)

Fi5 3.83E+00 - | 2.69E+00 = 2.61E+00 1.18E+01- | 7.36E+00 = 6.97E+00
(4.70E-01) (5.27E-01) (5.61E-01) (8.02E-01) (1.93E+00) | (2.05E+00)

F16 9.55E+00 + | 1.00E+01 - 9.77E+00 1.88E+01 = | 1.92E+01 - 1.89E+01
(3.49E-01) (3.94E-01) (4.84E-01) (2.77E-01) (4.21E-01) (5.07E-01)

F17 7.62E+02 - 5.97E+02 - 2.44E+02 2.21E+03 - 7.22E+03 - 1.36E+03
(3.58E+02) (2.97E+02) | (1.38E+02) | (5.57E+02) | (2.74E+03) | (3.48E+02)

Fis 1.44E+01 - 1.90E+01 - 9.13E+00 8.03E+01 - 3.93E+01 - 3.07E+01
(7.28E+00) (5.87E+00) | (3.63E+00) | (2.31E+01) | (1.09E+01) | (8.48E+00)

F19 4.01E+00 - | 2.91E+00= 3.05E+00 1.29E+01 - 1.03E+01 - 9.92E+00
(6.47E-01) (4.69E-01) (4.93E-01) (5.85E+00) (7.50E-01) (4.59E-01)

F20 4.96E+00= | 1.08E+01 - 5.30E+00 4.11E+01- | 4.54E+01 - 2.54E+01
(2.19E+00) (3.24E+00) | (1.96E+00) | (1.63E+01) | (1.04E+01) | (6.27E+00)

F21 1.29E+02= | 3.30E+02 - 1.03E+02 9.75E+02 - 1.23E+03 - 6.19E+02
(8.62E+01) (1.54E+02) | (7.42E+01) | (2.81E+02) | (3.77E+02) | (2.05E+02)

F22 1.23E+02 - | 7.30E+01= 5.10E+01 4.85E+02 - | 3.04E+02 = 2.94E+02
(5.85E+01) (5.78E+01) | (4.81E+01) | (1.22E+02) | (1.06E+02) | (1.17E+02)

F23 3.15E+02 = | 3.15E+02 = 3.15E+02 3.44E+02 = | 3.44E+02 = 3.44E+02
(4.02E-13) (3.46E-13) (3.59E-13) (4.60E-13) (4.46E-13) (4.32E-13)

Foa 2.23E+02 = | 2.23E+02 - 2.23E+02 2.69E+02 - | 2.58E+02 + 2.58E+02
(9.22E-01) (7.24E-01) (7.73E-01) (1.90E+00) | (3.39E+00) | (1.59E+00)

F25 2.04E+02 - 2.03E+02 - 2.03E+02 2.11E+02 - 2.07E+02 - 2.06E+02
(7.68E-01) (2.33E-01) (2.73E-01) (2.59E+00) (6.05E-01) (8.37E-01)

F26 1.00E+02 - | 1.00E+02 = 1.00E+02 1.00E+02 - | 1.06E+02 = 1.02E+02
(2.79E-02) (2.60E-02) (2.48E-02) (3.37E-02) (2.37E+01) | (1.40E+01)

F27 3.00E+02 + | 3.30E+02 = 3.32E+02 3.33E+02 = | 3.06E+02 + 3.23E+02
(1.11E-13) (4.63E+01) | (4.71E+01) | (2.79E+01) | (1.65E+01) | (2.65E+01)
F28 7.92E+02 = | 8.26E+02 - 7.95E+02 1.09E+03 + | 1.28E+03 - 1.13E+03
(1.86E+01) (8.10E+01) | (3.07E+01) | (3.20E+01) | (9.49E+01) | (4.90E+01)
F29 7.20E+02 = | 5.75E+02 = 6.73E+02 8.27E+02 - 1.03E+03 - 6.17E+02
(6.01E+00) (2.15E+02) | (1.54E+02) | (5.63E+01) | (1.26E+02) | (1.36E+02)
F30 1.22E+03 - 5.18E+02 - 4.96E+02 8.45E+03 + | 9.90E+03 - 8.67E+03
(4.61E+02) (7.28E+01) | (8.28E+01) | (4.59E+02) | (5.82E+02) | (4.42E+02)
-I=1+ 12/11/7 13/13/4 18/5/7 18/6/6




TABLE S6 PERFORMANCE COMPARISONS OF VARIANT-Il OF MLCC-SI WITH SHADE AND IDE
ON 30- AND 50-DIMENSIONAL CEC2014 BENCHMARK SET OVER 51 INDEPENDENT RUNS

D =130 D =50

SHADE IDE Variant-11 SHADE IDE Variant-11

F1 2.59E+02 + | 1.18E+05 - 9.15E+02 1.19E+05= | 1.24E+06 - 1.07E+05
(5.67E+02) | (9.41E+04) | (2.06E+03) | (6.14E+04) | (3.41E+05) | (4.11E+04)

2 0.00E+00 = | 0.00E+00 = 0.00E+00 0.00E+00 = | 2.28E+00 - 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (2.53E+00) | (0.00E+00)

F3 0.00E+00 = | 0.00E+00 = 0.00E+00 0.00E+00= | 1.85E+01 - 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (1.27E+01) | (0.00E+00)

Fa 0.00E+00= | 2.08E-02 - 0.00E+00 8.35E+01 + | 7.19E+01 = 8.05E+01
(0.00E+00) (4.14E-02) (0.00E+00) | (1.16E+01) | (2.97E+01) | (1.29E+01)

F5 2.03E+01- | 2.02E+01= 2.02E+01 2.05E+01 - 2.03E+01 - 2.03E+01
(3.54E-02) (5.68E-02) (4.90E-02) (4.03E-02) (5.95E-02) (5.22E-02)

6 6.41E+00 - | 6.20E-02 + 9.31E-01 1.18E+00 = | 9.34E-02 + 5.57E-01
(3.86E+00) (2.82E-01) (1.45E+00) | (3.45E+00) (3.14E-01) (6.31E-01)

F7 0.00E+00 = | 0.00E+00 = 0.00E+00 0.00E+00 = 2.22E-03 - 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) (4.10E-03) | (0.00E+00)

F8 0.00E+00= | 4.33E-10= 0.00E+00 1.84E-02 + | 4.32E-02 + 3.97E+00
(0.00E+00) (3.09E-09) (0.00E+00) | (5.39E-03) (1.97E-01) | (1.28E+00)

F9 2.75E+01 - 2.46E+01 - 2.17E+01 8.82E+01 - 5.99E+01 - 5.48E+01
(4.18E+00) | (5.33E+00) | (4.71E+00) | (8.25E+00) | (1.01E+01) | (1.12E+01)

F10 1.57E-01 + | 5.68E+00 - 2.59E+00 6.06E+01 - | 3.34E+01 + 2.54E+01
(3.94E-02) (1.66E+01) | (1.22E+00) | (6.43E+00) | (4.90E+01) | (1.44E+01)

F11 1.97E+03 - 1.92E+03 - 1.72E+03 6.27E+03 - | 4.20E+03 + 4.77E+03
(2.06E+02) | (3.53E+02) | (2.92E+02) | (3.93E+02) | (6.65E+02) | (3.91E+02)

F12 3.08E-01 - 2.91E-01 - 2.57E-01 6.12E-01 - 3.68E-01 = 3.39E-01
(4.82E-02) (5.97E-02) (5.68E-02) (6.73E-02) (7.37E-02) (5.05E-02)

F13 2.15E-01 - 1.87E-01 = 1.91E-01 3.01E-01 - 2.96E-01 - 2.77E-01
(2.58E-02) (2.20E-02) (2.54E-02) (2.99E-02) (3.09E-02) (2.97E-02)

F14 2.14E-01 - 1.82E-01 = 1.94E-01 2.50E-01 = 2.70E-01 - 2.51E-01
(2.24E-02) (3.19E-02) (2.31E-02) (1.82E-02) (2.23E-02) (2.37E-02)

F15 3.83E+00- | 2.69E+00 + 3.11E+00 1.18E+01- | 7.36E+00 + 9.39E+00
(4.70E-01) (5.27E-01) (4.82E-01) (8.02E-01) (1.93E+00) | (1.13E+00)

F16 9.55E+00 = | 1.00E+01 - 9.58E+00 1.88E+01 - 1.92E+01 - 1.84E+01
(3.49E-01) (3.94E-01) (4.87E-01) (2.77E-01) (4.21E-01) (4.92E-01)

F17 7.62E+02 - 5.97E+02 - 4.05E+02 2.21E+03 - 7.22E+03 - 1.77E+03
(3.58E+02) | (2.97E+02) | (2.24E+02) | (5.57E+02) | (2.74E+03) | (4.83E+02)

F18 1.44E+01 = | 1.90E+01 - 1.34E+01 8.03E+01 - | 3.93E+01 + 4.77E+01
(7.28E+00) | (5.87E+00) | (5.17E+00) | (2.31E+01) | (1.09E+01) | (1.59E+01)

F19 4.01E+00 - | 2.91E+00 + 3.33E+00 1.29E+01- | 1.03E+01= 1.07E+01
(6.47E-01) (4.69E-01) (5.27E-01) | (5.85E+00) (7.50E-01) | (3.00E+00)

F20 4.96E+00 + | 1.08E+01 - 6.86E+00 4.11E+01 = | 4.54E+01 - 4.15E+01
(2.19E+00) | (3.24E+00) | (2.74E+00) | (1.63E+01) | (1.04E+01) | (1.47E+01)

21 1.29E+02 = | 3.30E+02 - 1.18E+02 9.75E+02 - 1.23E+03 - 6.43E+02
(8.62E+01) | (1.54E+02) | (8.81E+01) | (2.81E+02) | (3.77E+02) | (2.25E+02)

£22 1.23E+02 - | 7.30E+01= 7.30E+01 4.85E+02 - | 3.04E+02 = 2.65E+02
(5.85E+01) | (5.78E+01) | (5.79E+01) | (1.22E+02) | (1.06E+02) | (1.09E+02)

£23 3.15E+02 = | 3.15E+02 + 3.15E+02 3.44E+02 = | 3.44E+02 = 3.44E+02
(4.02E-13) (3.46E-13) (4.02E-13) (4.60E-13) (4.46E-13) (4.39E-13)

F24 2.23E+02 = | 2.23E+02 = 2.23E+02 2.69E+02 - | 2.58E+02 = 2.58E+02
(9.22E-01) (7.24E-01) (8.31E-01) | (1.90E+00) | (3.39E+00) | (2.96E+00)

25 2.04E+02 - | 2.03E+02 = 2.03E+02 2.11E+02 - | 2.07E+02 = 2.07E+02
(7.68E-01) (2.33E-01) (4.01E-01) | (2.59E+00) (6.05E-01) | (1.35E+00)
26 1.00E+02 - | 1.00E+02 = 1.00E+02 1.00E+02 - | 1.06E+02 = 1.02E+02
(2.79E-02) (2.60E-02) (2.17E-02) (3.37E-02) (2.37E+01) | (1.40E+01)
£27 3.00E+02 = | 3.30E+02 - 3.10E+02 3.33E+02 - | 3.06E+02 + 3.16E+02
(1.11E-13) (4.63E+01) | (3.01E+01) | (2.79E+01) | (1.65E+01) | (2.46E+01)
28 7.92E+02 + | 8.26E+02 - 8.09E+02 1.09E+03 + | 1.28E+03 - 1.18E+03
(1.86E+01) | (8.10E+01) | (2.06E+01) | (3.20E+01) | (9.49E+01) | (4.54E+01)
£29 7.20E+02 - | 5.75E+02 = 6.75E+02 8.27E+02 - 1.03E+03 - 6.01E+02
(6.01E+00) | (2.15E+02) | (1.49E+02) | (5.63E+01) | (1.26E+02) | (7.52E+01)
30 1.22E+03 - | 5.18E+02 = 5.01E+02 8.45E+03 + | 9.90E+03 - 8.73E+03
(4.61E+02) | (7.28E+01) | (8.89E+01) | (4.59E+02) | (5.82E+02) | (5.24E+02)
-I=1+ 15/11/4 13/13/4 18/8/4 15/8/7




TABLE S7 PERFORMANCE COMPARISONS OF VARIANT-III OF MLCC-SI WITH SHADE AND IDE
ON 30- AND 50-DIMENSIONAL CEC2014 BENCHMARK SET OVER 51 INDEPENDENT RUNS

D =30 D =50

SHADE IDE Variant-111 SHADE IDE Variant-111

F1 2.59E+02 + | 1.18E+05 - 1.24E+03 1.19E+05= | 1.24E+06 - 1.15E+05
(5.67E+02) | (9.41E+04) | (2.86E+03) | (6.14E+04) | (3.41E+05) | (5.07E+04)

F2 0.00E+00 = | 0.00E+00= 0.00E+00 0.00E+00 = | 2.28E+00 - 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (2.53E+00) | (0.00E+00)

F3 0.00E+00 = | 0.00E+00 = 0.00E+00 0.00E+00= | 1.85E+01 - 6.86E-01
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (1.27E+01) | (4.90E+00)

Fa 0.00E+00= | 2.08E-02 - 0.00E+00 8.35E+01 + | 7.19E+01= 8.27E+01
(0.00E+00) (4.14E-02) | (0.00E+00) | (1.16E+01) | (2.97E+01) | (6.01E+00)

F5 2.03E+01 = | 2.02E+01 + 2.03E+01 2.05E+01- | 2.03E+01 + 2.05E+01
(3.54E-02) (5.68E-02) (5.46E-02) (4.03E-02) (5.95E-02) (5.56E-02)

6 6.41E+00 - 6.20E-02 + 1.11E+00 1.18E+00 = | 9.34E-02 + 3.76E-01
(3.86E+00) (2.82E-01) | (1.25E+00) | (3.45E+00) (3.14E-01) (5.11E-01)

F7 0.00E+00 = | 0.00E+00= 0.00E+00 0.00E+00 = 2.22E-03 - 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) (4.10E-03) | (0.00E+00)

F8 0.00E+00= | 4.33E-10= 0.00E+00 1.84E-02 + | 4.32E-02 + 9.25E+00
(0.00E+00) (3.09E-09) | (0.00E+00) | (5.39E-03) (1.97E-01) | (1.43E+00)

F9 2.75E+01 - 2.46E+01 - 2.13E+01 8.82E+01 - 5.99E+01 - 5.25E+01
(4.18E+00) | (5.33E+00) | (4.56E+00) | (8.25E+00) | (1.01E+01) | (1.22E+01)

F10 1.57E-01 + | 5.68E+00 + 6.05E+00 6.06E+01 = | 3.34E+01 + 6.28E+01
(3.94E-02) (1.66E+01) | (2.83E+00) | (6.43E+00) | (4.90E+01) | (2.43E+01)

F11 1.97E+03 - | 1.92E+03 = 1.79E+03 6.27E+03 - | 4.20E+03 + 5.31E+03
(2.06E+02) | (3.53E+02) | (3.84E+02) | (3.93E+02) | (6.65E+02) | (5.31E+02)

F12 3.08E-01 = 2.91E-01 = 3.12E-01 6.12E-01 - 3.68E-01 + 4.60E-01
(4.82E-02) (5.97E-02) (5.74E-02) (6.73E-02) (7.37E-02) (5.81E-02)

F13 2.15E-01 - 1.87E-01 = 1.83E-01 3.01E-01 - 2.96E-01 - 2.84E-01
(2.58E-02) (2.20E-02) (2.64E-02) (2.99E-02) (3.09E-02) (2.77E-02)

F14 2.14E-01 - 1.82E-01 = 1.97E-01 2.50E-01 + 2.70E-01 - 2.60E-01
(2.24E-02) (3.19E-02) (2.49E-02) (1.82E-02) (2.23E-02) (2.12E-02)

F15 3.83E+00 - | 2.69E+00 + 3.53E+00 1.18E+01- | 7.36E+00 + 1.09E+01
(4.70E-01) (5.27E-01) (4.93E-01) (8.02E-01) (1.93E+00) | (1.19E+00)

F16 9.55E+00 + | 1.00E+01 - 9.81E+00 1.88E+01 = | 1.92E+01- 1.89E+01
(3.49E-01) (3.94E-01) (3.51E-01) (2.77E-01) (4.21E-01) (3.48E-01)

F17 7.62E+02 - 5.97E+02 - 4.73E+02 2.21E+03 - 7.22E+03 - 1.79E+03
(3.58E+02) | (2.97E+02) | (2.35E+02) | (5.57E+02) | (2.74E+03) | (4.48E+02)

F18 1.44E+01= | 1.90E+01- 1.25E+01 8.03E+01 - | 3.93E+01 + 4.84E+01
(7.28E+00) | (5.87E+00) | (4.86E+00) | (2.31E+01) | (1.09E+01) | (1.29E+01)

F19 4.01E+00 - | 2.91E+00 + 3.55E+00 1.29E+01- | 1.03E+01 + 1.11E+01
(6.47E-01) (4.69E-01) (3.97E-01) | (5.85E+00) (7.50E-01) | (3.11E+00)

F20 4.96E+00 + | 1.08E+01 - 6.05E+00 4.11E+01 = | 4.54E+01 - 3.98E+01
(2.19E+00) | (3.24E+00) | (2.00E+00) | (1.63E+01) | (1.04E+01) | (1.35E+01)

21 1.20E+02 = | 3.30E+02 - 1.40E+02 9.75E+02 - 1.23E+03 - 6.57E+02
(8.62E+01) | (1.54E+02) | (6.83E+01) | (2.81E+02) | (3.77E+02) | (2.10E+02)

£22 1.23E+02 - | 7.30E+01 = 5.15E+01 4.85E+02 - | 3.04E+02 = 2.70E+02
(5.85E+01) | (5.78E+01) | (4.37E+01) | (1.22E+02) | (1.06E+02) | (1.03E+02)

F23 3.15E+02 = | 3.15E+02 + 3.15E+02 3.44E+02 = | 3.44E+02 = 3.44E+02
(4.02E-13) (3.46E-13) (4.02E-13) (4.60E-13) (4.46E-13) (4.67E-13)

F2a 2.23E+02 = | 2.23E+02 = 2.23E+02 2.69E+02 - | 2.58E+02 + 2.59E+02
(9.22E-01) (7.24E-01) (7.26E-01) | (1.90E+00) | (3.39E+00) | (3.67E+00)

25 2.04E+02 - | 2.03E+02 = 2.03E+02 2.11E+02 - 2.07E+02 - 2.07E+02
(7.68E-01) (2.33E-01) (4.66E-01) | (2.59E+00) (6.05E-01) | (1.36E+00)

26 1.00E+02 - | 1.00E+02 = 1.00E+02 1.00E+02 - | 1.06E+02 = 1.00E+02
(2.79E-02) (2.60E-02) (2.64E-02) (3.37E-02) (2.37E+01) (2.49E-02)

£27 3.00E+02 + | 3.30E+02 = 3.30E+02 3.33E+02 - | 3.06E+02 + 3.14E+02
(1.11E-13) (4.63E+01) | (4.62E+01) | (2.79E+01) | (1.65E+01) | (2.39E+01)

F28 7.92E+02 + | 8.26E+02 - 8.05E+02 1.09E+03 + | 1.28E+03 - 1.16E+03
(1.86E+01) | (8.10E+01) | (2.83E+01) | (3.20E+01) | (9.49E+01) | (3.82E+01)
£29 7.20E+02 - | 5.75E+02 = 6.36E+02 8.27E+02 - 1.03E+03 - 5.84E+02
(6.01E+00) | (2.15E+02) | (1.92E+02) | (5.63E+01) | (1.26E+02) | (8.30E+01)
30 1.22E+03 - | 5.18E+02 = 5.36E+02 8.45E+03 + | 9.90E+03 - 8.82E+03
(4.61E+02) | (7.28E+01) | (1.53E+02) | (4.59E+02) | (5.82E+02) | (4.19E+02)
-I=1+ 13/11/6 9/15/6 16/9/5 15/4/11




TABLE S8 PERFORMANCE COMPARISONS OF VARIANT-IV OF MLCC-SI WITH SHADE AND IDE
ON 30- AND 50-DIMENSIONAL CEC2014 BENCHMARK SET OVER 51 INDEPENDENT RUNS

D =30 D =50

SHADE IDE Variant-1V SHADE IDE Variant-1vV

F1 2.59E+02 + | 1.18E+05 - 3.49E+03 1.19E+05 + | 1.24E+06 - 2.42E+05
(5.67E+02) (9.41E+04) | (3.73E+03) | (6.14E+04) (3.41E+05) | (8.92E+04)

2 0.00E+00 = | 0.00E+00 = 0.00E+00 0.00E+00 + | 2.28E+00 - 1.07E-04
(0.00E+00) (0.00E+00) [ (0.00E+00) | (0.00E+00) (2.53E+00) | (1.41E-04)

F3 0.00E+00 = | 0.00E+00 = 0.00E+00 0.00E+00= | 1.85E+01 - 4.25E-01
(0.00E+00) (0.00E+00) | (0.00E+00) | (0.00E+00) (1.27E+01) | (3.03E+00)

Fa 0.00E+00 + 2.08E-02 - 6.03E-07 8.35E+01 = | 7.19E+01 - 7.00E+01
(0.00E+00) (4.14E-02) (2.29E-06) | (1.16E+01) (2.97E+01) | (2.53E+01)

F5 2.03E+01 + | 2.02E+01 + 2.04E+01 2.05E+01 + | 2.03E+01 + 2.06E+01
(3.54E-02) (5.68E-02) (4.56E-02) (4.03E-02) (5.95E-02) (4.04E-02)

6 6.41E+00 - 6.20E-02 - 2.69E-02 1.18E+00 - 9.34E-02 + 2.06E-01
(3.86E+00) (2.82E-01) (9.09E-02) | (3.45E+00) (3.14E-01) (3.89E-01)

F7 0.00E+00 = | 0.00E+00 = 0.00E+00 0.00E+00 = 2.22E-03 - 0.00E+00
(0.00E+00) (0.00E+00) [ (0.00E+00) | (0.00E+00) (4.10E-03) (0.00E+00)

F8 0.00E+00= | 4.33E-10= 0.00E+00 1.84E-02 - 4.32E-02 - 1.33E-07
(0.00E+00) (3.09E-09) [ (0.00E+00) (5.39E-03) (1.97E-01) (2.57E-07)

F9 2.75E+01 - 2.46E+01 - 2.03E+01 8.82E+01 - 5.99E+01 - 4.36E+01
(4.18E+00) (5.33E+00) | (4.26E+00) | (8.25E+00) (1.01E+01) | (8.45E+00)

F10 1.57E-01 + | 5.68E+00 - 2.56E+00 6.06E+01 - | 3.34E+01 + 1.81E+01
(3.94E-02) (1.66E+01) | (1.73E+00) | (6.43E+00) (4.90E+01) | (9.40E+00)

F11 1.97E+03 - 1.92E+03 - 1.70E+03 6.27E+03 - 4.20E+03 - 3.92E+03
(2.06E+02) (3.53E+02) | (3.59E+02) | (3.93E+02) (6.65E+02) | (6.72E+02)

F12 3.08E-01 + 2.91E-01 + 3.84E-01 6.12E-01 = 3.68E-01 + 5.93E-01
(4.82E-02) (5.97E-02) (7.25E-02) (6.73E-02) (7.37E-02) (6.83E-02)

F13 2.15E-01 - 1.87E-01 + 1.98E-01 3.01E-01 - 2.96E-01 = 2.84E-01
(2.58E-02) (2.20E-02) (2.03E-02) (2.99E-02) (3.09E-02) (2.73E-02)

F14 2.14E-01 - 1.82E-01 + 2.00E-01 2.50E-01 + 2.70E-01 = 2.63E-01
(2.24E-02) (3.19E-02) (2.48E-02) (1.82E-02) (2.23E-02) (2.32E-02)

F15 3.83E+00- | 2.69E+00 = 2.63E+00 1.18E+01- | 7.36E+00 = 7.29E+00
(4.70E-01) (5.27E-01) (4.98E-01) (8.02E-01) (1.93E+00) | (1.95E+00)

F16 9.55E+00 + | 1.00E+01 - 9.79E+00 1.88E+01 = | 1.92E+01 - 1.89E+01
(3.49E-01) (3.94E-01) (3.48E-01) (2.77E-01) (4.21E-01) (3.95E-01)

F17 7.62E+02 - 5.97E+02 - 2.56E+02 2.21E+03 - 7.22E+03 - 1.26E+03
(3.58E+02) (2.97E+02) | (1.43E+02) | (5.57E+02) (2.74E+03) | (4.55E+02)

F18 1.44E+01 - 1.90E+01 - 9.36E+00 8.03E+01 - 3.93E+01 - 2.93E+01
(7.28E+00) (5.87E+00) | (3.28E+00) | (2.31E+01) (1.09E+01) | (9.31E+00)

F19 4.01E+00 - | 2.91E+00 = 3.06E+00 1.29E+01 - 1.03E+01 - 1.00E+01
(6.47E-01) (4.69E-01) (4.65E-01) | (5.85E+00) (7.50E-01) (4.58E-01)

£20 4.96E+00 + | 1.08E+01 - 5.72E+00 4.11E+01 - 4.54E+01 - 2.56E+01
(2.19E+00) (3.24E+00) | (1.76E+00) | (1.63E+01) (1.04E+01) | (6.76E+00)

21 1.29E+02 = | 3.30E+02 - 1.09E+02 9.75E+02 - 1.23E+03 - 5.62E+02
(8.62E+01) (1.54E+02) | (6.86E+01) | (2.81E+02) (3.77E+02) | (1.86E+02)

£22 1.23E+02 - | 7.30E+01 = 5.74E+01 4.85E+02 - | 3.04E+02 = 2.76E+02
(5.85E+01) (5.78E+01) | (5.13E+01) | (1.22E+02) (1.06E+02) | (1.08E+02)

£23 3.156E+02 = | 3.15E+02 + 3.15E+02 3.44E+02 = | 3.44E+02 = 3.44E+02
(4.02E-13) (3.46E-13) (4.02E-13) (4.60E-13) (4.46E-13) (4.25E-13)

F24 2.23E+02 = | 2.23E+02 - 2.23E+02 2.69E+02 - | 2.58E+02 + 2.58E+02
(9.22E-01) (7.24E-01) (7.66E-01) | (1.90E+00) (3.39E+00) | (1.55E+00)

25 2.04E+02 - | 2.03E+02 = 2.03E+02 2.11E+02 - 2.07E+02 - 2.06E+02
(7.68E-01) (2.33E-01) (2.87E-01) | (2.59E+00) (6.05E-01) (6.65E-01)

26 1.00E+02 - | 1.00E+02 = 1.00E+02 1.00E+02 - | 1.06E+02 = 1.02E+02
(2.79E-02) (2.60E-02) (2.70E-02) (3.37E-02) (2.37E+01) | (1.40E+01)

£27 3.00E+02 = | 3.30E+02 - 3.08E+02 3.33E+02 - | 3.06E+02 = 3.13E+02
(1.11E-13) (4.63E+01) | (2.72E+01) | (2.79E+01) (1.65E+01) | (2.17E+01)
28 7.92E+02 = | 8.26E+02 - 7.97E+02 1.09E+03 + | 1.28E+03 - 1.13E+03
(1.86E+01) (8.10E+01) | (2.09E+01) | (3.20E+01) (9.49E+01) | (3.19E+01)
£29 7.20E+02 - | 5.75E+02 = 6.64E+02 8.27E+02 - 1.03E+03 - 6.15E+02
(6.01E+00) (2.15E+02) | (1.69E+02) | (5.63E+01) (1.26E+02) | (1.09E+02)
F30 1.22E+03 - | 5.18E+02 = 5.15E+02 8.45E+03 + | 9.90E+03 - 8.67E+03
(4.61E+02) (7.28E+01) | (1.12E+02) | (4.59E+02) (5.82E+02) | (4.38E+02)
-I=1+ 14/9/7 14/11/5 18/6/6 18/7/5




TABLE S9 PERFORMANCE COMPARISONS OF MLCC-SI WITH ITS VARIANTS WITH DIFFERENT N SETTINGS

ON 30-DIMENSIONAL CEC2014 BENCHMARK SET OVER 51 INDEPENDENT RUNS

Setting-I Setting-11 Setting-111 Setting-1V Setting-V Setting-VI MLCC-SI

F1 4.37E+03= | 3.06E+03= | 2.77E+03+ | 2.54E+03+ | 6.58E+03 = | 2.42E+03+ | 4.76E+03
(4.52E+03) | (3.89E+03) | (3.01E+03) | (3.80E+03) | (6.94E+03) | (3.14E+03) | (5.69E+03)

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) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00)

3 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)

4 6.55E-08 = | 6.05E-08= | 9.48E-08 = 1.20E-05 - 8.44E-07 = | 1.47E+00 - 1.63E-07
(1.72E-07) (1.74E-07) (3.44E-07) (4.80E-05) (4.16E-06) (9.24E+00) | (4.37E-07)

s 2.02E+01 = | 2.02E+01= | 2.02E+01= | 2.02E+01= | 2.02E+01- | 2.02E+01 - 2.02E+01
(4.40E-02) (3.39E-02) (4.66E-02) (5.22E-02) (5.80E-02) (5.91E-02) (5.40E-02)

6 8.51E-02= | 5.29E-01= 2.60E-01- | 2.16E+00= | 2.05E-01= | 2.05E+00 = 8.71E-02
(2.59E-01) (1.36E+00) (7.68E-01) (3.11E+00) (6.71E-01) (3.77E+00) | (2.84E-01)

F7 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)

8 0.00E+00= | 0.00E+00= | 2.18E-09= | 2.75E-10= | 0.00E+00= | 1.01E-06 - 0.00E+00
(0.00E+00) | (0.00E+00) (1.08E-08) (1.96E-09) (0.00E+00) (2.37E-06) | (0.00E+00)

F9 2.13E+01 = | 2.20E+01= | 2.10E+01= | 2.17E+01= | 2.12E+01= | 2.37E+01- 2.14E+01
(3.69E+00) | (3.77E+00) | (3.77E+00) | (3.47E+00) | (5.05E+00) | (3.40E+00) | (4.44E+00)

F10 9.84E-01= | 7.44E-01= | 2.72E+00- | 9.15E+00- | 2.22E+00- | 1.35E+01 - 1.12E+00
(8.83E-01) (5.15E-01) (1.13E+00) | (2.85E+00) | (1.69E+00) | (3.45E+00) | (9.49E-01)

F11 1.66E+03= | 1.70E+03= | 1.62E+03= | 1.80E+03- | 1.74E+03= | 1.91E+03- 1.63E+03
(3.36E+02) | (2.63E+02) | (3.47E+02) | (2.43E+02) | (3.05E+02) | (2.87E+02) | (3.34E+02)

F12 2.50E-01= | 2.30E-01+ | 2.29E-01+ | 2.41E-01= 2.82E-01= | 2.68E-01= 2.60E-01
(5.18E-02) (5.63E-02) (5.18E-02) (4.97E-02) (7.75E-02) (5.76E-02) (5.31E-02)

F13 1.80E-01= | 1.83E-01= 1.84E-01 = 1.85E-01 = 1.91E-01= | 1.89E-01= 1.83E-01
(2.96E-02) (2.21E-02) (2.17E-02) (2.46E-02) (2.57E-02) (2.78E-02) (2.79E-02)

F14 192E-01= | 1.91E-01= | 1.99E-01= 1.92E-01 = 2.00E-01 = | 1.92E-01= 1.94E-01
(2.36E-02) (3.01E-02) (2.11E-02) (2.16E-02) (2.68E-02) (2.75E-02) (2.21E-02)

Fi5 2.56E+00 = | 2.48E+00= | 3.06E+00- | 3.14E+00- | 2.68E+00- | 3.43E+00 - 2.47TE+00
(5.17E-01) (5.71E-01) (5.16E-01) (4.10E-01) (5.12E-01) (4.84E-01) (4.20E-01)

F16 9.53E+00 = | 9.55E+00= | 9.60E+00= | 9.56E+00= | 9.66E+00= | 9.65E+00= | 9.52E+00
(4.72E-01) (4.89E-01) (4.20E-01) (4.43E-01) (4.65E-01) (4.32E-01) (4.66E-01)

F17 2.51E+02 = | 2.41E+02= | 2.87E+02= | 3.23E+02- | 2.61E+02= | 2.93E+02 - 2.31E+02
(1.33E+02) | (1.26E+02) | (1.52E+02) | (1.66E+02) | (1.52E+02) | (1.46E+02) | (1.23E+02)

F18 1.01E+01 = | 1.02E+01= | 8.76E+00= | 9.91E+00= | 9.67E+00= | 1.11E+01= 9.79E+00
(3.49E+00) | (3.76E+00) | (3.17E+00) | (4.73E+00) | (3.64E+00) | (4.15E+00) | (3.36E+00)

F19 2.99E+00= | 3.13E+00= | 3.33E+00- | 3.45E+00- | 3.01E+00= | 3.48E+00 - 3.02E+00
(5.33E-01) (5.12E-01) (5.66E-01) (4.47E-01) (5.26E-01) (5.39E-01) (5.37E-01)

F20 5.73E+00= | 6.12E+00= | 6.56E+00= | 577E+00= | 5.69E+00= | 5.95E+00 = 5.91E+00
(1.54E+00) | (1.55E+00) | (2.03E+00) | (2.10E+00) | (1.96E+00) | (1.68E+00) | (1.42E+00)

F21 1.02E+02= | 9.17E+01= | 8.88E+01= | 9.88E+01= | 1.01E+02= | 1.12E+02 = 1.04E+02
(7.67E+01) | (7.73E+01) | (7.67E+01) | (8.09E+01) | (8.98E+01) | (7.94E+01) | (7.65E+01)

F22 4.79E+01 - | 6.05E+01- | 7.10E+01- | 6.42E+01- | 6.25E+01- | 7.57E+01- 3.55E+01
(4.73E+01) | (5.51E+01) | (5.74E+01) | (5.25E+01) | (5.49E+01) | (5.66E+01) | (3.45E+01)

F23 3.15E+02 = | 3.15E+02 = | 3.15E+02= | 3.15E+02= | 3.15E+02= | 3.15E+02= | 3.15E+02
(4.02E-13) (4.02E-13) (4.02E-13) (4.02E-13) (4.02E-13) (4.02E-13) (4.02E-13)

Fo4 2.23E+02 = | 2.23E+02 = | 2.23E+02 = | 2.23E+02- | 2.23E+02= | 2.23E+02= | 2.23E+02
(8.77E-01) (7.48E-01) (8.60E-01) (6.70E-01) (7.54E-01) (6.99E-01) (7.91E-01)

F25 2.03E+02 = | 2.03E+02 = | 2.03E+02 = | 2.03E+02 = | 2.03E+02= | 2.03E+02= | 2.03E+02
(3.36E-01) (3.37E-01) (2.54E-01) (3.33E-01) (3.25E-01) (3.37E-01) (2.95E-01)

F26 1.00E+02 = | 1.00E+02= | 1.00E+02= | 1.00E+02= | 1.00E+02 = | 1.00E+02= | 1.00E+02
(2.69E-02) (2.57E-02) (2.55E-02) (2.49E-02) (2.87E-02) (2.75E-02) (2.41E-02)

F27 3.10E+02 + | 3.20E+02 + | 3.06E+02 + | 3.20E+02 + | 3.10E+02 + | 3.22E+02 + 3.47E+02
(3.02E+01) | (4.03E+01) | (2.38E+01) | (4.02E+01) | (3.02E+01) | (4.17E+01) | (5.07E+01)

F28 8.00E+02 - | 8.06E+02- | 8.07E+02- | 8.06E+02- | 7.93E+02= | 8.14E+02 - 7.89E+02
(2.39E+01) | (2.84E+01) | (2.93E+01) | (2.52E+01) | (2.98E+01) | (2.40E+01) | (3.09E+01)
F29 6.78E+02 = | 6.39E+02= | 6.64E+02= | 6.56E+02 + | 6.52E+02 = | 6.55E+02 + 6.94E+02
(1.49E+02) | (1.97E+02) | (L.71E+02) | (1.74E+02) | (1.82E+02) | (1.72E+02) | (1.27E+02)
F30 491E+02 = | 5.10E+02= | 5.24E+02= | 5.10E+02= | 5.15E+02 = | 4.60E+02 + 5.20E+02
(7.94E+01) | (1.10E+02) | (1.12E+02) | (1.03E+02) | (1.23E+02) | (8.15E+01) | (1.60E+02)
-/=l+ 21271 2/26/2 6/21/3 9/18/3 4/25/1 11/15/4
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ON 30- AND 50-DIMENSIONAL CEC2014 BENCHMARK SET OVER 51 INDEPENDENT RUNS

TABLE S10 PERFORMANCE COMPARISONS OF MLCC-SBI WITH SHADE AND BIDE

D=30 D =50

SHADE BiDE MLCC-SBi | SHADE BIiDE MLCC-SBi

£ | 289E+02= | 300E+02= | 108E+03 | 1.19E+05- | 155E+05- | B.14E+04
(5.67E+02) | (6.19E+02) | (2.59E+03) | (6.14E+04) | (8.27E+04) | (4.33E+04)

F, | QO0E+00= | 0.00E+00= | Q00E+00 | 0.00E+00= | 506E-04- | 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (5.12E-04) | (0.00E+00)

F3 | QOOE+00= | 0.00E+00= | Q.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)

F4 | QO0E+00= [ 257E-08- | 249E+00 | 835E+0l- | 332E+0L= | 415E+01
(0.00E+00) | (4.92E-08) | (1.24E+01) | (L.16E+01) | (3.64E+01) | (4.26E+01)

Fs | 208E+01- | 201E+01= | 202E+01 | 205E+01= | 207E+01- | 205E+0L
(354E-02) | (1L.22E-01) | (L05E-01) | (4.03E-02) | (8.52E-02) | (6.14E-02)

Fo | 641E*00- | 574E-01= | 337E-01 | LIBE+00= | 635E+00- | 201E+00
(3.86E+00) | (8.99E-01) | (6.95E-01) | (3.45E+00) | (1.O1E+01) | (4.58E+00)

r7 | Q00E+00= | 0.00E+00= | QOOE+00 | Q.00E+00= | 0.00E+Q0= | 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00)

Fg | QOOE+00= | 214E-03- | QO0E+00 | LB4E-02+ | 59BE+01- | 111E+01
(0.00E+00) | (3.25E-03) | (0.00E+00) | (5.39E-03) | (4.25E+00) | (1.86E+00)

Fo | 2I5E+0L= | B18E+01= | 292E+01 | 8.82E+0L- | 199E+02- | 56BE+0L
(4.18E+00) | (7.22E+00) | (7.00E+00) | (8.25E+00) | (3.82E+01) | (L.11E+01)

F10 | LBIE-OL+ | 120E+02- | B.92E+00 | 6.0BE+OL+ | 2.36E+03- | 289E+02
(3.94E-02) | (2.69E+01) | (3.15E+00) | (6.43E+00) | (3.27E+02) | (8.55E+01)

F1p | L97E+03- | LBOE+03= | 166E+03 | 6.27E+03- | 7.96E+03- | 4.72E+03
(2.06E+02) | (4.02E+02) | (4.45E+02) | (3.93E+02) | (1.40E+03) | (6.92E+02)

F1p | 308E01- [ 161E-01= | L3IE-0L | 612E-01- | LO2E+00- | B.69E-0L
(4.82E-02) | (8.44E-02) | (5.88E-02) | (6.73E-02) | (2.76E-01) | (1.15E-01)

F13 | 215E01- | 208E-0L- | LB6E-OL | 3.0IE-01= | 2.05E-01= | 3.02E-01
(2.58E-02) | (4.34E-02) | (3.02E-02) | (2.99E-02) | (5.23E-02) | (3.96E-02)

Flq | 214E01= | 214E-01= | 211E-01 | 250E-01= | 252E-01= | 2.49E-01
(2.24E-02) | (2.89E-02) | (2.92E-02) | (1.82E-02) | (3.45E-02) | (2.50E-02)

F15 | 383E+00- | 318E+00= | 288E+00 | LIBE+01- | 1.07E+0L- | 8.11E+00
(4.70E-01) | (8.94E-01) | (7.18E-01) | (8.02E-01) | (3.82E+00) | (2.19E+00)

F16 | 955E+00- | O36E+00- | 9.01E+00 | 188E+01= | 2.02E+0L- | LEIE+01
(3.49E-01) | (5.31E-01) | (5.27E-01) | (2.77E-01) | (6.30E-01) | (5.37E-01)

F17 | 7:62E+02- | 2.02E+02= | 235E+02 | 221E+03- | 1.38E+03- | LO7E+03
(3.58E+02) | (1.38E+02) | (1.52E+02) | (5.57E+02) | (5.57E+02) | (4.18E+02)

F1g | LA4E+0L- | BSTE+00= | OB5E+00 | B.03E+01- | 525E+01- | 29BE+0L
(7.28E+00) | (3.34E+00) | (3.67E+00) | (2.31E+01) | (2.42E+01) | (1.0BE+01)

F1o | 401E+00- | 262E+00= | 271E+00 | L29E+01- | L.14E+0L- | LOOE+01
(6.47E-01) | (6.55E-01) | (7.03E-01) | (5.85E+00) | (7.45E-01) | (6.03E-01)

F20 | 496E+00= | 837E+00- | 5.32E+00 | 411E+01- | 3.31E+0L- | 2.38E+01
(2.19E+00) | (2.35E+00) | (1.85E+00) | (1.63E+01) | (9.20E+00) | (6.17E+00)

1 | L29E+02= | 128E+02= | LIL4E+02 | 9.75E+02- | 862E+02- | 4.83E+02
(8.62E+01) | (L.16E+02) | (8.33E+01) | (2.81E+02) | (2.94E+02) | (1.92E+02)

Fop | L23E+02- | 9.45E+01= | 750E+0L | 4.85E+02- | 3.86E+02- | 3.10E+02
(5.85E+01) | (8.43E+01) | (5.97E+01) | (1.22E+02) | (L51E+02) | (L47E+02)

Fp3 | 315E+02= | 3.ABE+02= | 315E+02 | 344E+02= | 3A4E+02- | 3ME+Q2
(4.02E-13) | (4.02E-13) | (4.02E-13) | (4.60E-13) | (4.12E-13) | (4.18E-13)

Foq | 223E+02= | 2.20E402 + | 223E+02 | 269E+02= | 2.68E+02+ | 268E+02
(9.22E-01) | (6.75E+00) | (9.03E-01) | (1.90E+00) | (1.76E+00) | (1.86E+00)

Fos | 204E+02- [ 208E+02+ | 208E+02 | 2.11E+02- | 2.0BE+02+ | 206E+02
(7.68E-01) | (2.16E-01) | (2.15E-01) | (2.59E+00) | (3.66E-01) | (4.68E-01)

F26 | LOOE+02- | LOOE+02= | LO0E+02 | LO0E+02= | LOOE+02= | LOOE+02
(2.79E-02) | (4.89E-02) | (2.70E-02) | (3.37E-02) | (5.58E-02) | (4.07E-02)

F7 | B00E+02+ | 319E+02= | 347E+02 | 338E+02= | 3.38E+02= | 3.39E+02
(L11E-13) | (3.86E+01) | (5.07E+01) | (2.79E+01) | (2.77E+01) | (3.23E+01)

Fog | 792E+02= | 7.88E+02= | 7.07E+02 | LOSE+03= | 1.16E+03- | LOOE+03
(1.86E+01) | (3.63E+01) | (2.41E+01) | (3.20E+01) | (7.13E+01) | (3.91E+01)
Foo | 7:20E+02- | Z1GE*02+ | 7.A7E+02 | 827E+02- | 1.64E+02+ | B.0BE+02
(6.01E+00) | (1.54E+00) | (3.38E+00) | (5.63E+01) | (4.63E+01) | (4.03E+01)
Fao | L22E+03- | 7.30E+02= | B27E+02 | 845E+03- | 8.21E+03= | 8.33E+03
(4.61E+02) | (3.02E+02) | (3.25E+02) | (4.59E+02) | (2.49E+02) | (3.81E+02)
=+ | 151312 6/21/3 15/13/2 19/8/3
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TABLE S11 PERFORMANCE COMPARISONS OF BIDE WITH SHADE
ON 30- AND 50-DIMENSIONAL CEC2014 BENCHMARK SET OVER 51
INDEPENDENT RUNS

D =130 D =50
SHADE BiDE SHADE BiDE
F1 2.59E+02 = 3.00E+02 1.19E+05 + 1.55E+05
(5.67E+02) | (6.19E+02) | (6.14E+04) | (8.27E+04)
£ 0.00E+00 = 0.00E+00 0.00E+00 + 5.06E-04
(0.00E+00) | (0.00E+00) | (0.00E+00) | (5.12E-04)
3 0.00E+00 = 0.00E+00 0.00E+00 = 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00)
4 0.00E+00 + 2.57E-08 8.35E+01 - 3.32E+01
(0.00E+00) | (4.92E-08) | (1.16E+01) | (3.64E+01)
F5 2.03E+01 - 2.01E+01 2.05E+01 + 2.07E+01
(3.54E-02) (1.22E-01) (4.03E-02) (8.52E-02)
6 6.41E+00 - 5.74E-01 1.18E+00 + 6.35E+00
(3.86E+00) | (8.99E-01) | (3.45E+00) | (1.01E+01)
£7 0.00E+00 = 0.00E+00 0.00E+00 = 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00)
F8 0.00E+00 + 2.14E-03 1.84E-02 + 5.98E+01
(0.00E+00) | (3.25E-03) (5.39E-03) | (4.25E+00)
9 2.75E+01 + 3.18E+01 8.82E+01 + 1.99E+02
(4.18E+00) | (7.22E+00) | (8.25E+00) | (3.82E+01)
F10 1.57E-01 + 1.20E+02 6.06E+01 + 2.36E+03
(3.94E-02) | (2.69E+01) | (6.43E+00) | (3.27E+02)
F11 1.97E+03 - 1.59E+03 6.27E+03 + 7.96E+03
(2.06E+02) | (4.02E+02) | (3.93E+02) | (1.40E+03)
F12 3.08E-01 - 1.61E-01 6.12E-01 + 1.02E+00
(4.82E-02) (8.44E-02) (6.73E-02) (2.76E-01)
F13 2.15E-01 = 2.08E-01 3.01E-01 = 2.95E-01
(2.58E-02) (4.34E-02) (2.99E-02) (5.23E-02)
F14 2.14E-01 = 2.14E-01 2.50E-01 = 2.52E-01
(2.24E-02) (2.89E-02) (1.82E-02) (3.45E-02)
F15 3.83E+00 - 3.18E+00 1.18E+01 + 1.97E+01
(4.70E-01) (8.94E-01) (8.02E-01) | (3.82E+00)
F16 9.55E+00 = 9.36E+00 1.88E+01 + 2.02E+01
(3.49E-01) (5.31E-01) (2.77E-01) (6.30E-01)
F17 7.62E+02 - 2.12E+02 2.21E+03 - 1.38E+03
(3.58E+02) | (1.38E+02) | (5.57E+02) | (5.57E+02)
Fi8 1.44E+01 - 8.57E+00 8.03E+01 - 5.25E+01
(7.28E+00) | (3.34E+00) | (2.31E+01) | (2.42E+01)
F19 4.01E+00 - 2.62E+00 1.29E+01 = 1.14E+01
(6.47E-01) (6.55E-01) | (5.85E+00) | (7.45E-01)
F20 4.96E+00 + 8.37E+00 4.11E+01 - 3.31E+01
(2.19E+00) | (2.35E+00) | (1.63E+01) | (9.20E+00)
F21 1.29E+02 = 1.28E+02 9.75E+02 - 8.62E+02
(8.62E+01) | (1.16E+02) | (2.81E+02) | (2.94E+02)
F22 1.23E+02 - 9.45E+01 4.85E+02 - 3.86E+02
(5.85E+01) | (8.43E+01) | (1.22E+02) | (1.51E+02)
F23 3.15E+02 = 3.15E+02 3.44E+02 + 3.44E+02
(4.02E-13) (4.02E-13) (4.60E-13) (4.12E-13)
F2a 2.23E+02 - 2.20E+02 2.69E+02 - 2.68E+02
(9.22E-01) | (6.75E+00) | (1.90E+00) | (1.76E+00)
F25 2.04E+02 - 2.03E+02 2.11E+02 - 2.05E+02
(7.68E-01) (2.16E-01) | (2.59E+00) | (3.66E-01)
F26 1.00E+02 - 1.00E+02 1.00E+02 = 1.00E+02
(2.79E-02) (4.89E-02) (3.37E-02) (5.58E-02)
F27 3.00E+02 + 3.19E+02 3.33E+02 = 3.38E+02
(1.11E-13) | (3.86E+01) | (2.79E+01) | (2.77E+01)
F28 7.92E+02 = 7.88E+02 1.09E+03 + 1.16E+03
(1.86E+01) | (3.63E+01) | (3.20E+01) | (7.13E+01)
F29 7.20E+02 - 7.16E+02 8.27E+02 - 7.64E+02
(6.01E+00) | (1.54E+00) | (5.63E+01) | (4.63E+01)
F30 1.22E+03 - 7.30E+02 8.45E+03 - 8.21E+03
(4.61E+02) | (3.02E+02) | (4.59E+02) | (2.49E+02)
-/=1+ 14/10/6 10/7/13




TABLE S12 PERFORMANCE COMPARISONS OF MLCC-SI AND MLCC-SBI WITH H-SI AND H-SBI RESPECTIVELY

ON 30- AND 50-DIMENSIONAL CEC2014 BENCHMARK SET OVER 51 INDEPENDENT RUNS

D=30 D =50 D=30 D =50
H-Sl MLCC-SI H-Sl MLCC-SI H-SBi MLCC-SBi H-SBi MLCC-SBi

F1 | 208E+03+ | 476E+03 | 200E+05+ | 279E+05 | 1.82E+02= | 108E+03 | 843E+04= | B.14E+04
(3.50E+03) | (5.69E+03) | (9.24E+04) | (L.OOE+05) | (1.44E+03) | (2.59E+03) | (3.70E+04) | (4.33E+04)

F, | QOOE+00= | 000E+00 | O.00E+00+ | 267E-04 | Q.00E+00= | 0.00E+00 | Q.00E+00= | 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (3.59E-04) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00)

F3 | QOOE+00= | 000E+00 | 0.00E+00= | 210E-10 | Q.00E+00= | 0.00E+00 | Q.00E+00= | 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (1.50E-09) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00)

4 | ASTE0B+ | L63E-07 | 691E+01- | 658E+0L | Q.00E+00= | 249E+00 | 34LE+O0L= | 415E+01
(2.37E-07) | (4.37E-07) | (2.78E+01) | (2.62E+01) | (0.00E+00) | (1.24E+01) | (3.72E+01) | (4.26E+01)

Fo | 203E+01- | 202E+01 | 205E+0L- | 203E+01 | 204E+01- | 202E+01 | 206E+01- | 2.05E+01
(4.71E-02) | (5.40E-02) | (6.29E-02) | (5.46E-02) | (4.75E-02) | (1.05E-01) | (3.14E-02) | (6.14E-02)

Fg | LO3E-0L= | B7IE-02 | 849E-02+ | 396E-01 | L63E+00= | 3.37E-01 | 341E+00- | 201E+00
(7.82E-01) | (2.84E-01) | (2.56E-01) | (5.61E-01) | (3.17E+00) | (6.95E-01) | (7.42E+00) | (4.58E+00)

F7 | QO0E+00="| Q.00E+00 | 0.00E+00= | Q.00E+00 | 0.00E+00= | Q.00E+00 | Q.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)

Fg | QOOE+00= | 0Q00E+00 | 125E-01- | 0.00E+00 | Q.00E+00= | O0.Q0E+00 | 146E+01- | L11E+01
(0.00E+00) | (0.00E+00) | (1.13E-01) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (2.20E+00) | (L.86E+00)

Fo | 228E+01= | 214E+01 | G.66E+01- | 447E+0L | 345E+0L- | 292E+01 | 144E+02- | 563E+0L
(4.05E+00) | (4.44E+00) | (1.50E+01) | (8.15E+00) | (9.19E+00) | (7.00E+00) | (1.43E+01) | (L11E+01)

Flo | 7-29E+00- | LI2E+00 | 135E+02- | 9.00E+00 | 937E+00= | B.O2E+00 | 4.04E+02- | 289E+02
(2.40E+00) | (9.49E-01) | (4.19E+01) | (3.38E+00) | (1.79E+00) | (3.15E+00) | (7.78E+01) | (8.55E+01)

F1y | 202E+03- | LG3E+03 | 569E+03- | 403E+03 | 254E+03- | LG6E+03 | 7.44E+03- | 4.72E+03
(2.98E+02) | (3.34E+02) | (4.29E+02) | (5.06E+02) | (4.69E+02) | (4.45E+02) | (4.29E+02) | (6.92E+02)

Flp | 334E01- | 260E-01 | 454E-01- | 35LE-0L | 456E-01- | L3IE0L | 80BE-01- | 5.69E-01
(7.30E-02) | (5.31E-02) | (7.42E-02) | (5.92E-02) | (1.04E-01) | (5.88E-02) | (7.58E-02) | (1.15E-01)

F13 | 184E01= | 1B3E-01 | 267E01= | 277E01 | 209E01- | LBGE-0L | 307E01= | 3.02E-01
(2.40E-02) | (2.79E-02) | (2.46E-02) | (2.58E-02) | (3.53E-02) | (3.02E-02) | (3.40E-02) | (3.96E-02)

Fl4 | 201E01= | 104E-01 | 271E-01- | 256E-01 | 199E-0L+ | 211E-0L | 256E-01= | 249E-01
(2.79E-02) | (2.21E-02) | (2.44E-02) | (2.36E-02) | (3.03E-02) | (2.92E-02) | (2.31E-02) | (2.50E-02)

F15 | 395E+00- | 247E+00 | LIBE+01- | GA4LE+00 | 4.85E+00- | 288E+00 | 159E+01- | SILE+00
(4.69E-01) | (4.20E-01) | (1.226+00) | (1.34E+00) | (6.56E-01) | (7.18E-01) | (1.07E+00) | (2.19E+00)

F16 | 985E*00- | 952E+00 | L89E+01- | LESE+0L | 9.93E+00- | 9.01E+00 | 1.95E+0L- | LB7E+0L
(3.53E-01) | (4.66E-01) | (3.89E-01) | (4.53E-01) | (4.04E-01) | (5.27E-01) | (2.97E-01) | (5.37E-01)

F17 | 43%E+02- | 231E+02 | 180E+03- | 127E+03 | 296E+02= | 235E+02 | 138E+03- | LOTE+03
(2.08E+02) | (1.23E+02) | (4.71E+02) | (4.01E+02) | (1.85E+02) | (1.52E+02) | (3.71E+02) | (4.18E+02)

F1g | LO6E+01= | 9.79E+00 | 395E+01= | 35BE+01 | 869E+00= | 9.55E+00 | 3.00E+01= | 298E+0L
(4.68E+00) | (3.36E+00) | (1.23E+01) | (L.17E+01) | (4.03E+00) | (3.67E+00) | (1.02E+01) | (L.08E+01)

Flo | 353E+00- | 3.02E+00 | LOBE+01- | 9.B7E+00 | 3.54E+00- | 271E+00 | L.1SE+0- | LOSE+0L
(5.35E-01) | (5.37E-01) | (2.98E-01) | (3.98E-01) | (6.75E-01) | (7.03E-01) | (6.96E-01) | (6.03E-01)

F20 | B:38E*00+ | 591E+00 | 3I7E+01- | 253E+01 | 5.82E+00= | 532E+00 | 2.60E+01= | 2.38E+01
(1.64E+00) | (1.42E+00) | (9.21E+00) | (6.78E+00) | (1.74E+00) | (1.85E+00) | (9.78E+00) | (6.17E+00)

1 | LOBE+02= | LO4E+02 | 690E+02- | 542E+02 | 135E+02= | L1E+02 | ABIE+02= | 4.83E+02
(7.73E+01) | (7.65E+01) | (2.57E+02) | (1.92E+02) | (1.05E+02) | (8.33E+01) | (1.67E+02) | (L.92E+02)

Fop | G13E+0L- | 3B5E+0L | 244E+02= | 275E+02 | 821E+01= | Z50E+0L | 2.60E+02= | 3.10E+02
(5.16E+01) | (3.45E+01) | (L.20E+02) | (L.13E+02) | (6.15E+01) | (5.97E+01) | (1.34E+02) | (L.47E+02)

F23 | BA5E+02+ | 3.ABE+02 | 344E+02+ | 3.44E+02 | 315E+02= | 3.A5E+02 | 344E+02+ | 344E+02
(2.83E-13) | (4.02E-13) | (2.87E-13) | (4.18E-13) | (4.29E-13) | (4.02E-13) | (2.87E-13) | (4.18E-13)

Fo4 | 228E402= | 223E+02 | 260E+02= | 258E+02 | 228E+02= | 223E+02 | 269E+02- | 268E+Q2
(8.27E-01) | (7.91E-01) | (4.63E+00) | (2.93E+00) | (7.78E-01) | (9.03E-01) | (1.96E+00) | (1.86E+00)

Fos | 208E+02= | 203E+02 | 207E+02= | 206E+02 | 208E+02= | 203E+02 | 206E+02- | 206E+02
(3.09E-01) | (2.95E-01) | (1.02E+00) | (8.22E-01) | (3.62E-01) | (2.15E-01) | (5.74E-01) | (4.68E-01)

F26 | LOOE+02= | LOOE+02 | LOOE+02= | LO0E+02 | LOOE+02= | LOOE+02 | LOOE+02= | LOOE+02
(2.34E-02) | (2.41E-02) | (2.41E-02) | (2.83E-02) | (3.12E-02) | (2.70E-02) | (3.88E-02) | (4.07E-02)

Fp7 | 30BE*02+ | 347E+02 | 3.20E+02= | 320E+02 | 3.LE*02+ | 347E+02 | 328E+02= | 339E+02
(2.73E+01) | (5.07E+01) | (2.47E+01) | (2.65E+01) | (3.05E+01) | (5.07E+01) | (2.38E+01) | (3.23E+01)

Fog | 802E+02- | 7.80E+02 | LI6E+03= | LIGE+03 | L84E+02+ | 797E+02 | 1.14E+03- | LOOE+03
(2.37E+01) | (3.09E+01) | (4.35E+01) | (3.60E+01) | (1.83E+01) | (2.41E+01) | (8.02E+01) | (3.91E+01)
Fo | 6.86E+02+ | 6.94E+02 | 6I7E+02= | 6.22E+02 | 7.18E+02= | L17E+02 | B.O2E+02= | B.0BE+02
(L27E+02) | (1.27E+02) | (9.07E+01) | (1.41E+02) | (3.78E+00) | (3.38E+00) | (3.53E+01) | (4.03E+01)
F30 | B/E+02= | 520E+02 | 858E+03= | B61E+03 | Z30E+02= | 827E+02 | 8.43E+03= | 833E+03
(1.26E+02) | (1.60E+02) | (4.57E+02) | (3.99E+02) | (3.17E+02) | (3.25E+02) | (4.65E+02) | (3.81E+02)
=+ | 10/14/6 1411274 8/19/3 14/15/1

24



UP-TO-DATE DE VARIANTS ON 30-DIMENSIONAL CEC2014 BENCHMARK SET OVER 51 INDEPENDENT RUNS

TABLE S13 PERFORMANCE COMPARISONS OF MLCCDE WITH STATE-OF-THE-ART AND

jDE SaDE EPSDE JADE CoDE CoBIiDE SinDE MPEDE MLCCDE

F1 5.86E+04 - 6.85E+04 - | 1.51E+04= | 1.75E+03 + | 2.33E+04 - 1.97E+04 - 1.05E+06 - | 0.00E+00 + 7.47E+03
(4.66E+04) | (5.67E+04) | (3.18E+04) | (2.27E+03) | (1.76E+04) | (1.43E+04) (4.82E+05) | (0.00E+00) | (5.58E+03)

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 = 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)

3 0.00E+00= | 0.00E+00= | 0.00E+00= | 4.51E-04= | 0.00E+00= | 0.00E+00= | 0.00E+00= | 0.00E+00 = 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) (3.18E-03) (0.00E+00) | (0.00E+00) (0.00E+00) | (0.00E+00) | (0.00E+00)

4 5.19E+00 - 2.03E+00 - 3.45E+00 - | 1.24E+00= | 5.06E+00 - 8.64E-02 - 5.37E+00 - | 0.00E+00 = 0.00E+00
(1.45E+01) | (9.06E+00) | (1.78E+00) | (8.88E+00) | (1.75E+01) (5.58E-01) (1.53E+01) | (0.00E+00) | (0.00E+00)

s 2.04E+01 - 2.09E+01 - 2.03E+01 - 2.03E+01- | 2.00E+01+ | 2.02E+01= | 2.05E+01 - 2.04E+01 - 2.02E+01
(3.53E-02) (6.14E-02) (4.05E-02) (3.68E-02) (7.07E-02) (2.74E-01) (5.79E-02) (4.94E-02) (4.60E-02)

6 1.52E+00 - 2.29E+00 - 1.89E+01 - 8.64E+00 - 2.33E+00 - 1.28E+00 - 2.16E-02 = 4.82E-01 - 8.01E-02
(2.87E+00) | (1.43E+00) | (1.36E+00) | (2.49E+00) | (1.63E+00) | (1.27E+00) (1.02E-01) (6.52E-01) (3.94E-01)

F7 0.00E+00= | 4.77E-03 - 1.21E-03 - 3.87E-04 = 4.35E-04 = 3.38E-04 = | 0.00E+00 = 7.25E-04 - 0.00E+00
(0.00E+00) (9.01E-03) (4.21E-03) (1.99E-03) (2.19E-03) (1.71E-03) (0.00E+00) (2.53E-03) (0.00E+00)

8 0.00E+00= | 3.00E+00- | 0.00E+00= | 0.00E+00= | 0.00E+00= | 0.00E+00 = 2.04E-02 - | 0.00E+00 = 0.00E+00
(0.00E+00) | (1.71E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) (1.39E-01) (0.00E+00) | (0.00E+00)

F9 4.25E+01 - 2.90E+01 - 4.29E+01 - 2.64E+01 - 4,01E+01 - 4,02E+01 - 3.04E+01 - 2.89E+01 - 2.12E+01
(6.27E+00) | (8.26E+00) | (6.90E+00) | (4.51E+00) | (1.06E+01) | (1.06E+01) (8.08E+00) | (8.20E+00) | (3.87E+00)

F10 1.63E-03 + 3.71E+01 - 2.22E-01 + 7.76E-03 + 4.75E-01 = 3.23E+01 - 6.06E+00 - 1.13E+00 - 5.01E-01
(5.65E-03) (3.14E+01) (1.93E-01) (1.17E-02) (6.22E-01) (1.26E+01) (2.71E+00) (5.33E-01) (5.72E-01)

F11 2.51E+03 - 5.15E+03 - 3.60E+03 - | 1.65E+03= | 1.80E+03 = | 1.81E+03= | 1.68E+03= | 2.35E+03- 1.72E+03
(2.57E+02) | (4.53E+02) | (4.26E+02) | (2.45E+02) | (4.99E+02) | (5.37E+02) (4.18E+02) | (4.57E+02) | (3.31E+02)

F12 4.76E-01 - 1.74E+00 - 5.13E-01 - 2.57E-01 - 7.03E-02 + 1.46E-01 + 4.93E-01 - 4.88E-01 - 2.09E-01
(6.04E-02) (2.32E-01) (4.94E-02) (4.16E-02) (5.33E-02) (2.35E-01) (1.37E-01) (1.03E-01) (5.46E-02)

F13 2.89E-01 - 2.51E-01 - 2.52E-01 - 2.08E-01 - 2.35E-01 - 2.28E-01 - 1.50E-01 + 2.16E-01 - 1.75E-01
(4.08E-02) (3.69E-02) (4.03E-02) (3.02E-02) (5.12E-02) (5.14E-02) (3.74E-02) (3.16E-02) (2.43E-02)

F14 2.74E-01 - 2.48E-01 - 2.72E-01 - 2.24E-01 - 2.39E-01 - 2.31E-01 - 2.22E-01 - 2.42E-01 - 1.98E-01
(3.00E-02) (3.10E-02) (5.76E-02) (3.19E-02) (3.25E-02) (4.01E-02) (3.01E-02) (2.92E-02) (2.55E-02)

Fi5 5.80E+00 - 5.63E+00 - 5.45E+00 - 3.21E+00 - 3.00E+00 - 3.19E+00 - 3.33E+00 - 3.97E+00 - 2.35E+00
(6.09E-01) (2.63E+00) (6.87E-01) (4.09E-01) (7.92E-01) (7.73E-01) (7.44E-01) (7.66E-01) (4.79E-01)

F16 9.79E+00 - 1.17E+01 - 1.12E+01- | 9.47E+00= | 9.08E+00+ | 9.41E+00= | 9.26E+00= | 1.01E+01 - 9.51E+00
(3.06E-01) (3.44E-01) (3.87E-01) (3.44E-01) (7.92E-01) (9.66E-01) (6.90E-01) (3.73E-01) (5.46E-01)

F17 1.68E+03 - 3.89E+03 - 3.42E+04 - 1.08E+03 - 1.81E+03 - | 3.19E+02= | 1.14E+05- | 2.50E+02 + 3.59E+02
(2.20E+03) | (2.19E+03) | (3.51E+04) | (3.52E+02) | (2.14E+03) | (1.85E+02) (7.74E+04) | (1.66E+02) | (2.03E+02)

Fis 1.72E+01= | 2.46E+02 - 3.38E+02 - 1.45E+02 - | 1.23E+01+ | 1.33E+01+ | 5.25E+02- | 1.24E+01 + 1.78E+01
(7.16E+00) | (3.44E+02) | (8.34E+02) | (3.59E+02) | (4.70E+00) | (5.92E+00) (6.91E+02) | (4.96E+00) | (7.43E+00)

F19 4.46E+00 - 5.89E+00 - 1.31E+01 - 4.52E+00 - | 2.75E+00= | 2.91E+00 - 3.32E+00 - 3.92E+00 - 2.59E+00
(6.07E-01) (8.30E+00) | (1.27E+00) (6.92E-01) (8.15E-01) (3.36E-01) (6.17E-01) (6.47E-01) (6.49E-01)

F20 1.08E+01 - 7.25E+01 - 1.14E+02 - 3.01E+03 - 1.25E+01- | 8.61E+00= | 1.17E+01= | 9.43E+00 = 9.41E+00
(3.70E+00) | (4.04E+01) | (2.09E+02) | (3.06E+03) | (5.15E+00) | (3.22E+00) (7.25E+00) | (3.35E+00) | (3.56E+00)

F21 2.65E+02 - 1.07E+03 - 1.00E+04 - 1.39E+03- | 1.96E+02= | 1.58E+02= | 8.13E+03- | 8.76E+01 + 1.67E+02
(1.67E+02) | (9.00E+02) | (1.66E+04) | (7.71E+03) | (1.43E+02) | (1.22E+02) (7.85E+03) | (9.29E+01) | (9.55E+01)

F22 1.15E+02 - 9.89E+01 - 2.50E+02 - 1.32E+02 - 1.79E+02 - 1.09E+02 - | 5.21E+01= | 5.90E+01 - 4.06E+01
(5.38E+01) | (6.66E+01) | (1.02E+02) | (7.40E+01) | (9.78E+01) | (8.74E+01) (5.85E+01) | (5.14E+01) | (4.25E+01)

F23 3.15E+02 = | 3.15E+02= | 3.14E+02 + | 3.15E+02 = | 3.15E+02 = | 3.15E+02= | 3.15E+02 = | 3.15E+02 = 3.15E+02
(4.02E-13) (4.02E-13) (1.03E-12) (4.02E-13) (3.73E-13) (4.02E-13) (4.02E-13) (4.02E-13) (4.02E-13)

Foa 2.24E+02 - 2.26E+02 - 2.30E+02 - 2.24E+02 - | 2.24E+02= | 2.23E+02= | 2.23E+02 + | 2.24E+02 - 2.24E+02
(2.24E+00) | (3.59E+00) | (5.88E+00) | (1.69E+00) | (3.21E+00) (9.99E-01) (1.44E+00) (8.99E-01) (8.57E-01)

F25 2.03E+02= | 2.08E+02- | 2.00E+02+ | 2.05E+02- | 2.03E+02= | 2.03E+02= | 2.04E+02- | 2.03E+02 + 2.03E+02
(5.18E-01) (2.69E+00) (3.44E-01) (2.05E+00) (6.07E-01) (4.36E-01) (5.38E-01) (3.38E-01) (4.08E-01)

F26 1.00E+02 - 1.00E+02 - | 1.00E+02- | 1.00E+02- | 1.00E+02- | 1.00E+02- | 1.00E+02 + | 1.00E+02 - 1.00E+02
(3.75E-02) (3.31E-02) (4.52E-02) (3.38E-02) (5.47E-02) (5.41E-02) (3.62E-02) (2.81E-02) (2.51E-02)

F27 3.48E+02 = | 3.72E+02 - 8.73E+02 - 3.68E+02 - 3.69E+02 - 3.89E+02 - | 3.03E+02 + | 3.66E+02 = 3.44E+02
(5.03E+01) | (3.89E+01) | (3.67E+01) | (4.92E+01) | (4.44E+01) | (3.28E+01) (1.11E+01) | (4.73E+01) | (5.00E+01)

F28 7.89E+02 + | 8.69E+02- | 3.96E+02 + | 8.00E+02= | 8.36E+02 - 8.28E+02 - | 7.86E+02+ | 8.37E+02 - 8.02E+02
(2.34E+01) | (3.67E+01) | (1.34E+01) | (1.89E+01) | (2.62E+01) | (2.82E+01) (2.08E+01) | (3.53E+01) | (2.45E+01)
F29 7.95E+02 - 9.13E+02 - | 2.14E+02+ | 7.18E+02= | 7.68E+02- | 5.27E+02+ | 1.41E+03- | 6.88E+02 + 6.19E+02
(6.99E+01) | (2.04E+02) | (1.46E+00) | (6.90E+01) | (1.43E+02) | (2.62E+02) (2.05E+02) | (1.24E+02) | (2.11E+02)
F30 1.20E+03 - 1.86E+03 - | 5.99E+02= | 1.56E+03 - 9.35E+02 - | 7.29E+02= | 1.25E+03- | 6.37E+02 = 6.38E+02
(4.47E+02) | (5.78E+02) | (1.46E+02) | (5.17E+02) | (4.22E+02) | (2.83E+02) (4.95E+02) | (1.99E+02) | (2.36E+02)
-I=1+ 20/8/2 27/3/0 20/5/5 18/10/2 15/11/4 13/14/3 16/9/5 16/8/6
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UP-TO-DATE DE VARIANTS ON 50-DIMENSIONAL CEC2014 BENCHMARK SET OVER 51 INDEPENDENT RUNS

TABLE S14 PERFORMANCE COMPARISONS OF MLCCDE WITH STATE-OF-THE-ART AND

JjDE SaDE EPSDE JADE CoDE CoBiDE SinDE MPEDE MLCCDE

Fi | 411E+05- | 373E+05- | 436E+06+ | LBOE+04+ | 219E+05- | 3.13E+05- | LO9E+06- | 58OE+04+ | L74E+05
(L45E+05) | (1.33E+05) | (L.13E+07) | (8.93E+03) | (9.60E+04) | (L10E+05) | (7.96E+05) | (3.87E+04) | (5.63E+04)

Fy | 530E-09- | 254E+03- | LG5E-08- | QO0E+00= | 35IE+0L- | 425E+03- | 4.28E+03- | Q.00E+00= | 0.00E+00
(1.17E-08) | (3.25E+03) | (2.51E-08) | (0.00E+00) | (7.36E+01) | (3.98E+03) | (4.12E+03) | (0.00E+00) | (0.00E+00)

r3 | QOOE+00= | LO4E+00- | L73E-04- | 374E+03- | 3.23E+01- | 233E-02- | 4.14E+02- | 8.34E-05- | 4.49E-04
(0.00E+00) | (L.91E+00) | (5.77E-04) | (2.50E+03) | (6.70E+01) | (5.13E-02) | (2.71E+02) | (2.75E-04) | (3.20E-03)

Fs | B1BE*01- | 541E+01- | 323E+01- | 202E+0L+ | 2.86E+01- | 5A7E+0l- | 9.25E+01- | 3.77E+01= | 233E+01
(L.74E+01) | (3.39E+01) | (2.40E+01) | (4.05E+01) | (3.55E+01) | (3.38E+01) | (5.65E+00) | (4.17E+01) | (3.16E+01)

F5 | 204E+01- | 2I1E+01- | 206E+01- | 203E+01- | 200E+0L+ | 2.01E+01+ | 2.07E+01- | 205E+01- | 2.03E+01
(3.27E-02) | (3.25E-02) | (4.77E-02) | (3.04E-02) | (454E-02) | (2.75E-01) | (5.80E-02) | (4.96E-02) | (4.31E-02)

Fo | 4BGE00- | 125E+01- | 455E+01- | 162E+01- | B.93E+00- | 7.08E+00- | 2.02E-01+ | 6.35E+00- | LI5E+00
(5.39E+00) | (2.48E+00) | (3.64E+00) | (5.06E+00) | (3.26E+00) | (3.71E+00) | (4.48E-01) | (2.27E+00) | (9.91E-01)

7 | QQOE+00= [ 7.72E-03- | 7.63E-03- | 217E-03- | 285E-03- | 7.25E-04- | Q.00E+00= | 2.32E-03- | 0.00E+00
(0.00E+00) | (9.20E-03) | (8.90E-03) | (4.77E-03) | (4.79E-03) | (2.53E-03) | (0.00E+00) | (4.81E-03) | (0.00E+00)

Fg | QOOE+00= [ 123E+01- | 215E-01= | 0.00E+00= | 585E-0L- | 351E-01- | 4.28E+00- | Q.00E+00= | 0.00E+00
(0.00E+00) | (3.97E+00) | (1.26E+00) | (0.00E+00) | (7.49E-01) | (1.12E+00) | (2.52E+00) | (0.00E+00) | (0.00E+00)

Fo | OOSE+01- | 6.83E+01- | 145E+02- | 5ALE+O01- | 7.76E+01- | 869E+0L- | 6.36E+01- | 540E+01- | 4.25E+01
(L.O9E+01) | (1.34E+01) | (L92E+01) | (7.45E+00) | (1.98E+01) | (2.41E+01) | (1.15E+01) | (L.29E+01) | (6.97E+00)

F1o | L9GE-03+ | 103E+02- | 6.08E+02- | 857E-03+ | 4.97E+00= | 1I5E+02- | LG67E+0L- | 5OE-01+ | 384E+00
(5.22E-03) | (9.78E+01) | (5.90E+02) | (8.83E-03) | (3.21E+00) | (5.29E+01) | (7.00E+00) | (2.26E-01) | (L.71E+00)

F1p | S11E+03- | B.O2E+03- | 9.09E+03- | 37BE+03+ | 4.39E+03- | 440E+03- | 4.14E+03= | 5.I8E+03- | 3.98E+03
(4.90E+02) | (2.07E+03) | (8.51E+02) | (3.00E+02) | (7.64E+02) | (7.40E+02) | (7.00E+02) | (6.71E+02) | (5.01E+02)

F1p | SO9E0L- | 258E+00- | 842E-01- | 253E-01= | 953E-02+ | 6.77E-02+ | 556E-01- | 548E-0L- | 253E-01
(5.86E-02) | (2.43E-01) | (9.48E-02) | (3.27E-02) | (4.75E-02) | (6.64E-02) | (1.81E-01) | (9.88E-02) | (5.82E-02)

F13 | 3O0E-01- | 382E0L- | 375E-01- | 329E01- | 339E-0L- | 3.23E-01- | 2.22E-01+ | 270E01= | 274E-0L
(4.35E-02) | (5.98E-02) | (5.81E-02) | (4.47E-02) | (5.43E-02) | (5.94E-02) | (3.96E-02) | (4.16E-02) | (3.56E-02)

F1q | 310E-01- | 304E-01- | 332E-01- | 293E-01- | 278E-01- | 276E-01- | 264E-01+ | 310E-0L- | 2.64E-01
(2.98E-02) | (2.96E-02) | (849E-02) | (3.20E-02) | (3.48E-02) | (346E-02) | (LO1E-01) | (3.16E-02) | (2.84E-02)

F1s | L18E+0L- | 9.03E+00- | LB7E+01- | 745E+00- | 7.02E+00- | 7.I1E+00- | 656E+00- | 6.3LE+00- | 5.16E+00
(1.32E+00) | (1.93E+00) | (2.51E+00) | (9.96E-01) | (1.44E+00) | (1.64E+00) | (1.11E+00) | (L.50E+00) | (8.50E-01)

F1o | LBIE*O1= | 212E+01- | 209E+01- | L78E+01+ | 182E+01= | 1.85E+01= | 182E+01= | L8SE+01- | LBIE+01
(3.98E-01) | (3.24E-01) | (4.49E-01) | (4.71E-01) | (1.0SE+00) | (LOGE+00) | (6.64E-01) | (4.69E-01) | (5.78E-01)

F17 | L89E+04- | 35BE+04- | 217E#05- | 251E+03- | 162E+04- | 115E+04- | 3.31E+05- | LI0E+03+ | 2.16E+03
(L20E+04) | (2.22E+04) | (L37E+05) | (8.70E+02) | (9.33E+03) | (9.74E+03) | (1L.74E+05) | (4.64E+02) | (9.57E+02)

F1g | 3A7E*02- | 5.A2E+02- | 251E+03- | 1.63E+02- | 323E+02- | LB6E+02- | 2.37E+02- | 126E+02- | 6I7E+0L
(3.75E+02) | (3.41E+02) | (3.26E+03) | (3.42E+01) | (4.03E+02) | (2.47E+02) | (3.20E+02) | (3.08E+01) | (3.24E+01)

Flo | LBIE*01- | 173E+01- | 245E+01- | L44E+0L- | G.0BE+00+ | 655E+00+ | Q.08E+00= | 7.05E+00+ | 931E+00
(5.08E+00) | (1.24E+01) | (L47E+00) | (5.91E+00) | (L23E+00) | (9.05E-01) | (8.10E-01) | (L.10E+00) | (5.96E-01)

F20 | SL6E+0L- | 3.00E+02- | 297E+02- | 588E+03- | 2.80E+02- | 327E+0L+ | 457E+02- | 6.10E+01- | 4.08E+01
(2.12E+01) | (L.OBE+02) | (3.24E+02) | (6.90E+03) | (3.44E+02) | (L28E+01) | (L.19E+03) | (3.05E+01) | (L.23E+01)

Fpp | LOTE+04- | 200E+04- | LOSE+05- | 4.89E+04- | 9.62E+03- | 374E+03- | 236E+05- | 7.37E+02= | 6.42E+02
(1.O9E+04) | (1.45E+04) | (8.12E+04) | (3.40E+05) | (1.18E+04) | (3.40E+03) | (1.55E+05) | (2.16E+02) | (2.04E+02)

Fop | B20E+02- | 3.38E+02= | BIIE+02- | 492E+02- | G.09E+02- | 521E+02- | 2.86E+02= | 5.66E+02- | 3.05E+02
(L.73E+02) | (1.34E+02) | (L.85E+02) | (1.64E+02) | (2.20E+02) | (1.94E+02) | (L.55E+02) | (2.10E+02) | (1.20E+02)

Fo3 | 344E+02- | 344E+02- | 3.3TE+02+ | 344E+02- | 344E+02+ | 344E+02= | 344E+02- | 344E+02= | 3.44E+02
(3.91E-13) | (4.65E-13) | (352E-12) | (4.35E-13) | (2.87E-13) | (3.91E-13) | (4.27E-13) | (4.53E-13) | (4.43E-13)

Foq | 268E+02- | 275E+02- | 274E+02- | 275E+02- | 271E+02- | 269E+02- | 265E+02- | 275E+02- | 260E+02
(2.05E+00) | (3.39E+00) | (4.92E+00) | (2.12E+00) | (2.71E+00) | (2.60E+00) | (3.60E+00) | (L.99E+00) | (4.70E+00)

Fps | 207E+02= | 206E+02- | 2.01E+02 + | 2.22E+02- | 2.00E+02= | 2.07E+02= | 208E+02- | 208E+02= | 2.07E+02
(1.38E+00) | (9.85E+00) | (2.41E+00) | (4.70E+00) | (4.91E+00) | (3.26E+00) | (1.65E+00) | (7.37E+00) | (2.20E+00)
F26 | LOOE+02- | 169E+02- | LOOE+02- | LOOE+02- | 112E+02- | 104E+02- | L02E+02= | LOOE+02= | 1.02E+02
(4.27E-02) | (4.67E+01) | (4.26E-02) | (L21E-01) | (3.24E+01) | (L96E+01) | (L.40E+01) | (2.96E-02) | (L.40E+01)
Fp7 | 375E+02- | 645E+02- | L57E+03- | 4.38E+02- | 554E+02- | 443E+02- | 3.45E+02= | 4.72E+02- | 3.35E+02
(5.11E+01) | (7.53E+01) | (4.19E+01) | (5.36E+01) | (7.53E+01) | (6.80E+01) | (1.92E+01) | (5.74E+01) | (3.35E+01)
Fog | LIBE+03= | L127E+03- | 3.87E+02+ | LISE+03= | LIOE+03- | 118E+03- | LOGE+03+ | 114E+03= | LI14E+03
(5.00E+01) | (1.38E+02) | (L36E+01) | (4.03E+01) | (5.40E+01) | (5.85E+01) | (3.80E+01) | (6.61E+01) | (3.80E+01)
Fog | 997E+02- | LOOE+03- | 2.26E+02 + | 886E+02- | 9.40E+02- | 107E+03- | 2.20E+03- | 8.33E+02- | 6.76E+02
(145E+02) | (1.78E+02) | (8.88E+00) | (5.90E+01) | (L.10E+02) | (2.04E+02) | (3.81E+02) | (8.62E+01) | (1.52E+02)
F30 | 863E+03+ | LOBE+04- | LITE+03+ | 9.69E+03- | 8.97E+03= | 8.92E+03= | 8.35E+03+ | 9.40E+03- | 8.95E+03
(4.02E+02) | (9.79E+02) | (L.85E+02) | (8.05E+02) | (4.93E+02) | (4.72E+02) | (4.81E+02) | (6.93E+02) | (5.68E+02)
= 220612 29/1/0 23/1/6 21/4/5 22/4/4 22/4]4 18/7/5 17/9/4
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UP-TO-DATE DE VARIANTS ON 30-DIMENSIONAL CEC2017 BENCHMARK SET OVER 51 INDEPENDENT RUNS

TABLE S15 PERFORMANCE COMPARISONS OF MLCCDE WITH STATE-OF-THE-ART AND

jDE SaDE EPSDE JADE CoDE CoBiDE SinDE MPEDE MLCCDE

F1 0.00E+00= | 0.00E+00= | 0.00E+00= | 0.00E+00= | 0.00E+00= | 0.00E+00= | 1.16E+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) | (7.99E+00) (0.00E+00) | (0.00E+00)

2 2.46E-04 - 3.86E-04 - 2.83E-05 + 1.68E-05 + 1.33E-04 - 9.96E-05 - 2.49E-01 - 1.02E-07 + 5.25E-05
(8.84E-05) (1.67E-04) (1.37E-05) (8.66E-06) (4.03E-05) (3.78E-05) (1.39E+00) (1.96E-07) (2.12E-05)

3 4.32E-04 - 0.00E+00 = | 8.32E+03 - 9.73E+03 - | 0.00E+00= | 0.00E+00= | 8.62E+02- | 0.00E+00 = 4.49E-03
(1.35E-03) (0.00E+00) | (3.66E+04) | (1.75E+04) | (0.00E+00) | (0.00E+00) | (7.15E+02) (0.00E+00) | (3.21E-02)

4 5.22E+01 - 1.82E+01- | 1.17E+00= | 3.76E+01 - 3.66E+01 - 3.36E+01 - 8.46E+01 - 5.64E+01 - 2.31E+01
(2.10E+01) | (2.80E+01) | (1.70E+00) | (2.84E+01) | (2.88E+01) | (2.96E+01) | (4.38E+00) (1.41E+01) | (2.87E+01)

s 4.04E+01 - 2.73E+01 - 3.94E+01 - 2.63E+01 - 3.75E+01 - 4.11E+01 - 2.61E+01 - 2.83E+01 - 2.09E+01
(5.53E+00) | (B.60E+00) | (6.98E+00) | (4.36E+00) | (1.16E+01) | (9.24E+00) | (6.21E+00) (6.40E+00) | (4.98E+00)

6 0.00E+00= | 7.51E-07 - 0.00E+00 = | 0.00E+00= | 0.00E+00= | 0.00E+00= | 0.00E+00= | 0.00E+00 = 0.00E+00
(0.00E+00) (3.31E-06) (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) (0.00E+00) | (0.00E+00)

F7 7.69E+01 - 5.76E+01 - 7.52E+01 - 5.39E+01 - 6.61E+01 - 7.06E+01 - 6.23E+01 - 5.49E+01 - 5.06E+01
(6.24E+00) | (7.45E+00) | (6.13E+00) | (4.68E+00) | (9.94E+00) | (1.23E+01) | (7.45E+00) (5.59E+00) | (3.43E+00)

8 4.34E+01 - 2.97E+01 - 4.32E+01 - 2.50E+01 - 3.79E+01 - 4.27E+01 - 2.99E+01 - 2.81E+01 - 2.27E+01
(5.50E+00) | (9.19E+00) | (6.02E+00) | (2.97E+00) | (1.05E+01) | (1.23E+01) | (7.82E+00) (7.40E+00) | (5.25E+00)

F9 0.00E+00= | 5.24E-01 - 1.45E-01 - 2.83E-02- | 0.00E+00= | 0.00E+00= | 0.00E+00= | 1.24E-02 = 0.00E+00
(0.00E+00) (6.99E-01) (5.27E-01) (9.16E-02) (0.00E+00) | (0.00E+00) | (0.00E+00) (6.55E-02) (0.00E+00)

F10 2.76E+03 - 5.28E+03 - 3.68E+03- | 1.92E+03= | 2.05E+03= | 1.97E+03= | 1.92E+03= | 2.66E+03 - 1.93E+03
(2.86E+02) | (3.49E+02) | (3.33E+02) | (2.56E+02) | (5.24E+02) | (5.40E+02) | (5.09E+02) (3.64E+02) | (3.75E+02)

F11 2.53E+01 - 5.21E+01 - 2.50E+01 - 3.04E+01 - 2.00E+01 - 2.13E+01 - 2.58E+01 - 2.48E+01 - 8.61E+00
(2.43E+01) | (2.62E+01) | (1.40E+01) | (2.40E+01) | (1.59E+01) | (1.91E+01) | (2.70E+01) (1.42E+01) | (1.19E+01)

F12 8.71E+03 - 8.69E+03 - 2.63E+04 - | 2.23E+03+ | 6.37E+03 - 6.83E+03 - 6.41E+04 - | 1.05E+03 + 2.87E+03
(4.86E+03) | (5.06E+03) | (3.45E+04) | (2.02E+03) | (5.57E+03) | (7.33E+03) | (8.27E+04) (4.66E+02) | (2.46E+03)

F13 2.66E+01 = | 4.94E+03 - 1.88E+03- | 4.64E+01- | 3.18E+01= | 2.62E+01= | 3.39E+03- | 2.22E+01 + 2.76E+01
(9.10E+00) | (5.30E+03) | (6.34E+03) | (3.49E+01) | (1.81E+01) | (1.10E+01) | (3.00E+03) (8.67E+00) | (8.70E+00)

F14 2.46E+01= | 9.81E+01- 7.19E+01 - 2.08E+03- | 1.57E+01+ | 1.27E+01+ | 2.52E+01= | 1.61E+01 + 2.33E+01
(9.82E+00) | (3.30E+01) | (4.34E+01) | (6.38E+03) | (8.45E+00) | (7.80E+00) | (9.03E+00) (9.86E+00) | (9.90E+00)

Fi5 1.10E+01 - 1.21E+02 - 1.39E+02 - 3.85E+02 - 1.12E+01- | 8.34E+00= | 3.98E+01- | 7.54E+00 = 8.82E+00
(5.25E+00) | (5.84E+01) | (2.01E+02) | (1.79E+03) | (4.53E+00) | (3.80E+00) | (1.85E+02) (2.59E+00) | (5.13E+00)

F16 4.44E+02 - | 2.56E+02 = | 6.15E+02- | 4.29E+02 - 5.26E+02 - 4.00E+02 - | 1.53E+02+ | 3.84E+02 - 2.25E+02
(1.35E+02) | (1.79E+02) | (1.60E+02) | (1.37E+02) | (2.06E+02) | (1.81E+02) | (1.33E+02) (1.91E+02) | (1.18E+02)

F17 8.88E+01 - 5.85E+01 - 1.82E+02 - 7.99E+01- | 7.38E+01= | 4.90E+01- | 3.01E+01= | 5.60E+01 - 2.78E+01
(2.30E+01) | (3.27E+01) | (7.32E+01) | (3.06E+01) | (7.70E+01) | (4.68E+01) | (2.08E+01) (2.86E+01) | (1.28E+01)

F18 5.06E+01 - 1.33E+03 - 1.58E+03 - 1.98E+04 - 9.09E+01 - | 1.87E+01+ | 3.73E+04 - | 2.44E+01 + 2.75E+01
(4.19E+01) | (2.83E+03) | (1.61E+03) | (4.81E+04) | (1.08E+02) | (9.55E+00) | (2.16E+04) (5.38E+00) | (5.99E+00)

F19 1.09E+01 - 7.21E+01 - 3.14E+01 - 5.38E+02 - | 6.23E+00+ | 4.90E+00+ | 7.78E+00= | 7.54E+00 = 8.15E+00
(3.13E+00) | (3.49E+01) | (3.00E+01) | (2.40E+03) | (2.22E+00) | (1.70E+00) | (3.50E+00) (2.48E+00) | (3.18E+00)

F20 7.52E+01- | 4.97E+01= | 1.36E+02 - 9.54E+01 - 9.74E+01 - | 5.64E+01= | 3.43E+01= | 5.65E+01 - 2.60E+01
(3.26E+01) | (5.31E+01) | (5.50E+01) | (5.53E+01) | (8.32E+01) | (7.02E+01) | (4.51E+01) (4.28E+01) | (2.86E+01)

F21 2.43E+02 - 2.31E+02 - 2.48E+02 - 2.27E+02 - 2.39E+02 - 2.42E+02 - 2.31E+02 - 2.29E+02 - 2.22E+02
(6.46E+00) | (8.81E+00) | (7.62E+00) | (4.18E+00) | (9.58E+00) | (1.18E+01) | (8.10E+00) (8.29E+00) | (4.42E+00)

F22 1.00E+02 = | 1.00E+02 - 1.86E+03 - | 1.00E+02= | 1.28E+02= | 1.00E+02- | 1.00E+02= | 1.00E+02 = 1.00E+02
(9.20E-14) (3.44E-01) (1.95E+03) (1.00E-13) (1.98E+02) (2.34E-13) (1.37E-13) (1.00E-13) (1.00E-13)

F23 3.88E+02 - 3.76E+02 - 3.96E+02 - 3.73E+02 - 3.87E+02 - 3.88E+02 - 3.76E+02 - 3.80E+02 - 3.66E+02
(6.14E+00) | (1.13E+01) | (8.61E+00) | (5.13E+00) | (1.33E+01) | (1.15E+01) | (7.85E+00) (9.09E+00) | (6.93E+00)

Fo4 4.57E+02 - 4.47E+02 - 4.67E+02 - | 4.39E+02 = | 4.59E+02 - 4.62E+02 - 4.46E+02 - 4.46E+02 - 4.39E+02
(6.80E+00) | (7.92E+00) | (7.63E+00) | (5.42E+00) | (1.22E+01) | (1.19E+01) | (7.19E+00) (7.92E+00) | (5.41E+00)

F25 3.87E+02 = | 3.87E+02- | 3.79E+02 + | 3.87E+02- | 3.87E+02= | 3.87E+02+ | 3.87E+02= | 3.87E+02 + 3.87E+02
(1.62E-01) (1.81E+00) (7.39E-01) (2.08E-01) (1.24E-01) (6.72E-01) (1.19E-01) (7.77E-02) (1.41E-01)

F26 1.32E+03 - 1.26E+03 - 1.22E+03 - 1.18E+03 - 1.35E+03 - 1.38E+03 - 1.17E+03 - 1.21E+03 - 1.12E+03
(8.19E+01) | (1.84E+02) | (1.39E+02) | (7.41E+01) | (2.17E+02) | (2.66E+02) | (7.44E+01) (8.82E+01) | (6.94E+01)

F27 5.02E+02 = | 5.08E+02- | 5.00E+02= | 5.03E+02- | 5.01E+02= | 4.99E+02= | 4.99E+02= | 5.02E+02 = 5.00E+02
(5.73E+00) | (8.38E+00) (8.07E-05) (6.09E+00) | (7.34E+00) | (1.01E+01) | (6.13E+00) (7.31E+00) | (6.73E+00)
F28 3.34E+02 - 3.32E+02 - 4.99E+02 - 3.29E+02 - | 3.23E+02= | 3.19E+02 - 3.52E+02 - 3.38E+02 - 3.13E+02
(5.28E+01) | (5.11E+01) | (3.03E+00) | (5.00E+01) | (4.50E+01) | (4.17E+01) | (5.37E+01) (5.56E+01) | (3.48E+01)
F29 4.90E+02 - 4.76E+02 - 5.02E+02 - | 4.74E+02- | 4.47E+02= | 4.32E+02 + | 4.32E+02 + | 4.53E+02 - 4.42E+02
(3.60E+01) | (4.55E+01) | (8.32E+01) | (2.50E+01) | (5.63E+01) | (3.79E+01) | (2.26E+01) (3.07E+01) | (2.17E+01)
F30 2.14E+03 = | 3.21E+03- | 2.23E+02 + | 2.12E+03= | 2.14E+03 = | 2.07E+03= | 4.23E+03- | 2.02E+03 + 2.10E+03
(1.38E+02) | (1.92E+03) | (1.14E+01) | (1.21E+02) | (1.53E+02) | (1.10E+02) | (1.27E+03) (9.14E+01) | (1.07E+02)
-I=1+ 21/9/0 26/4/0 23/4/3 22/6/2 15/13/2 15/10/5 18/10/2 15/8/7
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UP-TO-DATE DE VARIANTS ON 50-DIMENSIONAL CEC2017 BENCHMARK SET OVER 51 INDEPENDENT RUNS

TABLE S16 PERFORMANCE COMPARISONS OF MLCCDE WITH STATE-OF-THE-ART AND

jDE SaDE EPSDE JADE CoDE CoBIiDE SinDE MPEDE MLCCDE

1 | 316E-08- | 146E+03- | 250E-08- | 0.00E+00= | 4.68E+0L- | 2.61E+03- | 3.78E+03- | 0.00E+00= | 0.00E+00
(4.72E-08) | (1.74E+03) | (1.11E-07) | (0.00E+00) | (L.02E+02) | (3.83E+03) | (4.72E+03) | (0.00E+00) | (0.00E+00)

Fy | 7-76E-04- | O7IE-04- | B23E-05+ | 450E-05+ | 4.B1E-04- | 462E-04- | 202E+00- | 6.68E-05+ | 266E-04
(2.03E-04) | (2.86E-04) | (5.93E-05) | (L35E-05) | (L.20E-04) | (1.18E-04) | (8.18E+00) | (3.42E-05) | (9.34E-05)

F3 | 207E#02- | LI7E-03- | 6.72E+04- | LGGE+04+ | LOIE-09+ | 220E-08+ | L63E+04- | B.20E-05+ | 7.31E-06
(3.61E+02) | (3.86E-03) | (1.35E+05) | (3.65E+04) | (5.39E-09) | (5.74E-08) | (3.86E+03) | (3.16E-04) | (1.12E-05)

F4 | 7ATEXOL- | OI6E+01- | 3.0IE+01= | 323E+01= | 5.08E+01= | 6.93E+01- | 58IE+01- | 5.62E+01= | 5.056+01
(4.29E+01) | (4.33E+01) | (1.85E+01) | (4.18E+01) | (4.53E+01) | (4.72E+01) | (4.97E+01) | (4.82E+01) | (4.62E+01)

Fs | 9OIE*OL- | 739E+01- | 1BIE+02- | 552E+01- | 7.79E+0l- | 8B54E+01- | 6.22E+01- | 552E+01- | A4.45E+0L
(L.11E+01) | (L54E+01) | (1.59E+01) | (6.99E+00) | (L71E+01) | (L92E+01) | (1.40E+01) | (L.39E+01) | (8.54E+00)

Fo | QOOE+00+ | 8.29E-03- | Q.OOE+00+ | 0.00E+00+ | 111E-06= | 750E-09+ | Q.00E+00+ | 214E-03- | 7.43E-08
(0.00E+00) | (1.47E-02) | (0.00E+00) | (0.00E+00) | (7.44E-06) | (5.35E-08) | (0.00E+00) | (5.23E-03) | (3.21E-07)

7 | L50E+02- [ 123E+02- | 207E+02- | LO2E+02- | 1.30E+02- | 1.34E+02- | 118E+02- | LO9E+02- | 9.19E+01
(1.04E+01) | (L.68E+01) | (1.66E+01) | (7.31E+00) | (L52E+01) | (L.8B8E+01) | (1.44E+01) | (1.48E+01) | (8.55E+00)

Fg | 9OBE+OL- | 7.48E+01- | 152E+02- | 553E+01- | 7.63E+0L- | 8.83E+01- | 6.28E+01- | 5.24E+01= | 4.79E+01
(LO3E+01) | (L46E+01) | (L76E+01) | (7.91E+00) | (1.92E+01) | (L57E+01) | (L26E+01) | (1.36E+01) | (6.52E+00)

Fo | 336E-02+ [ 2.11E+01- | 3.65E+00= | LO7E+00- | 5.37E+00- | LISE-01= | Q.00E+00+ | L17E+00- | 108E-01
(9.59E-02) | (1.52E+01) | (L.51E+01) | (L49E+00) | (7.12E+00) | (1.93E-01) | (0.00E+00) | (1.24E+00) | (1.92E-01)

F10 | 513E+03- | B65E+03- | 882E+03- | S7IE+03 + | 444E+03- | 43LE+03- | 4.13E+03- | 4.84E+03- | 386E+03
(3.43E+02) | (2.15E+03) | (5.24E+02) | (2.97E+02) | (7.89E+02) | (9.00E+02) | (6.49E+02) | (6.98E+02) | (5.44E+02)

F1y | BOSE*OL- | L31E+02- | 7.79E+01- | 140E+02- | 5.7IE+01- | 579E+01- | 3.85E+01= | LOE+02- | 3.80E+0L
(1.06E+01) | (4.81E+01) | (5.20E+01) | (3.40E+01) | (1.39E+01) | (L58E+01) | (3.60E+00) | (2.24E+01) | (6.29E+00)

F1p | BOLE+04- | 304E+04- | L77E+05- | 5.95E+03+ | 3.76E+04- | 6.54E+04- | 864E+05- | 048E+03+ | 193E+04
(3.12E+04) | (L79E+04) | (1.17E+05) | (3.37E+03) | (1.85E+04) | (3.09E+04) | (6.01E+05) | (6.65E+03) | (1.62E+04)

F13 | 207E+03- | 216E+03- | 873E+03- | 2.88E+02- | 3.74E+03- | 344E+03- | 1.96E+03- | Q05E+01= | 1.16E+02
(2.07E+03) | (2.97E+03) | (1.72E+04) | (1.BOE+02) | (4.44E+03) | (4.60E+03) | (2.07E+03) | (4.07E+01) | (1L.17E+02)

F1q | G:00E+01=| 7.90E+02- | 157E+03- | 7.88E+03- | 7.52E+01- | 5.O7E+01= | O.87E+03- | 6.21E+01- | 5.42E+0L
(1.78E+01) | (6.90E+02) | (3.01E+03) | (3.98E+04) | (7.11E+01) | (L20E+01) | (1.74E+04) | (1.40E+01) | (1.01E+01)

Fi5 | 991E+01= | 240E+03- | 3.08E+03- | 2.80E+02- | L47E+02- | 7.44E+01- | 125E+03- | 7.98E+01- | 4.97E+0L
(1.68E+02) | (2.10E+03) | (6.89E+03) | (1.22E+02) | (1.48E+02) | (5.57E+01) | (1.26E+03) | (4.38E+01) | (1.26E+01)

Flo | 996E+02- | 7.39E+02= | 121E+03- | 7.81E+02- | LI0E+03- | LOOE+03- | 7.33E+02= | 9.04E+02- | 6.44E+02
(L54E+02) | (251E+02) | (2.85E+02) | (L61E+02) | (2.71E+02) | (3.17E+02) | (2.79E+02) | (2.92E+02) | (2.10E+02)

F17 | 709E+02- | 443E+02= | 863E+02- | 6.A45E+02- | 7.29E+02- | 60LE+02- | 341E+02+ | 5.78E+02- | 424E+02
(1.37E+02) | (L77E+02) | (1.85E+02) | (L31E+02) | (2.28E+02) | (2.21E+02) | (L.77E+02) | (L.93E+02) | (1.09E+02)

F1g | 226E+03- | 177E+04- | 67IE+03- | L70E+02- | 352E+03- | LOIE+03- | 2.68E+05- | 1.38E+02= | L.7BE+01
(2.76E+03) | (L69E+04) | (6.14E+03) | (7.33E+01) | (2.95E+03) | (L.37E+03) | (2.53E+05) | (L.O9E+02) | (7.43E+01)

Flg | 293E+01= | 9.06E+03- | 268E+02- | 3.81E+02- | 387E+01= | 290E+0L= | 7.65E+03- | 4.87E+01- | 268E+0L
(1.29E+01) | (5.89E+03) | (5.40E+02) | (1.67E+03) | (7.19E+01) | (2.12E+01) | (5.67E+03) | (L.75E+01) | (5.42E+00)

F20 | 496E+02- | 2.26E+02= | 655E+02- | 4.78E+02- | 5.03E+02- | 392E+02- | 2.29E+02= | 3.92E+02- | 238E+02
(1.25E+02) | (L71E+02) | (1.58E+02) | (1.44E+02) | (2.03E+02) | (L71E+02) | (1.64E+02) | (1.98E+02) | (1.06E+02)

Fp1 | 293E+02- | 264E+02- | 34TE+02- | 2B54E+02- | 276E+02- | 287E+02- | 264E+02- | 248E+02= | 244E+02
(9.17E+00) | (L41E+01) | (1.47E+01) | (7.47E+00) | (L61E+01) | (2.47E+01) | (1.25E+01) | (L.22E+01) | (7.32E+00)

Fop | 329E+03- | 5.60E+03- | 048E+03- | 3.26E+03= | 48LE+03- | 419E+03- | 3.72E+03= | LOTE+03= | 256E+03
(2.70E+03) | (3.92E+03) | (5.22E+02) | (1.86E+03) | (1.26E+03) | (L.33E+03) | (1.68E+03) | (2.48E+03) | (2.28E+03)

F3 | BLIE+02- | 4.93E+02- | 560E+02- | 479E+02- | 5.03E+02- | 521E+02- | 475E+02- | 4.73E+02- | 4.65E+02
(1.39E+01) | (L82E+01) | (3.10E+01) | (L12E+01) | (2.19E+01) | (2.25E+01) | (1.45E+01) | (L.39E+01) | (8.39E+00)

Fo4 | BTSE*02- | 5GIE+02- | 642E+02- | 5A2E+02- | 5.72E+02- | 582E+02- | 551E+02- | 542E+02- | 5.33E+02
(1.35E+01) | (L73E+01) | (2.23E+01) | (9.56E+00) | (1.88E+01) | (2.03E+01) | (1.15E+01) | (L.37E+01) | (7.30E+00)

Fos | 5-11E+02= | 552E+02- | 451E+02+ | 5.25E+02= | 5.16E+02= | 5.13E+02= | 4.91E+02+ | 5.17E+02= | 528E+02
(3.70E+01) | (4.00E+01) | (2.05E+01) | (3.58E+01) | (3.64E+01) | (2.90E+01) | (2.70E+01) | (3.26E+01) | (3.71E+01)

F26 | LO4E+03- | LOTE+03- | 260E+03- | L.60E+03- | LOSE+03- | 204E+03- | 167E+03- | L5SE+03- | LA7E+03
(LOSE+02) | (2.08E+02) | (4.40E+02) | (9.98E+01) | (2.07E+02) | (2.70E+02) | (L.34E+02) | (1.48E+02) | (LO4E+02)

Fp7 | 5-33E+02= | 6.04E+02- | BOOE+02 + | 5.62E+02- | 5.38E+02- | 543E+02- | 5.12E+02+ | 55LE+02- | 530E+02
(L81E+01) | (4.65E+01) | (9.74E-05) | (2.55E+01) | (1.91E+01) | (2.60E+01) | (7.70E+00) | (2.73E+01) | (L.OSE+01)

Fog | 485E+02- | 5.00E+02- | 5.0OE+02= | 4.96E+02- | 488E+02= | 480E+02- | A.65E+02= | 4.88E+02= | 4.85E+02
(2.43E+01) | (L87E+01) | (1.03E-04) | (L79E+01) | (2.76E+01) | (2.36E+01) | (1.59E+01) | (2.27E+01) | (2.40E+01)

Foo | 492E+02- | 5O7E*02- | O70E+02- | 475E+02- | 5.74E+02- | 58lE+02- | 347E+02+ | 440E+02= | 395E+02
(7.63E+01) | (L34E+02) | (1.81E+02) | (7.31E+01) | (L.73E+02) | (L.82E+02) | (1.86E+01) | (L.16E+02) | (4.31E+01)

F3o | 605E+05- | G.35E+05- | LBOE+03+ | 644E+05- | 5.97E+05= | 6.08E+05- | G.65E+05- | G.85E+05- | 5.95E+05
(2.73E+04) | (7.54E+04) | (2.07E+03) | (5.66E+04) | (2.28E+04) | (2.71E+04) | (5.26E+04) | (L.OSE+05) | (2.57E+04)

=1+ 23/512 27/3/0 22/3/5 21/4/5 23/6/1 241412 19/5/6 17/10/3
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TABLE S17 PERFORMANCE COMPARISONS OF MLCC-SIBI WITH SHADE, IDE AND BIDE

ON 30- AND 50-DIMENSIONAL CEC2014 BENCHMARK SET OVER 51 INDEPENDENT RUNS

D=30 D=50
SHADE IDE BiDE MLCC-SIBi | SHADE IDE BIiDE MLCC-SIBi

F1 | 289E+02+ | L1BE+05- | 3.00E+02+ | L11E+03 | L1OE+05= | L24E+06- | L55E+05= | L39E+05
(5.67E+02) | (9.41E+04) | (6.19+02) | (2.29E+03) | (6.14E+04) | (3.41E+05) | (8.27E+04) | (7.09E+04)

r» | Q00E+00= | Q.00E+00= | Q.0CE+00= | O.00E+00 | 0.00E+00= | 228E+00- | 506E-04- | O0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (2.53E+00) | (5.12E-04) | (0.00E+00)

r3 | QO0E+00= | Q.00E+00= | Q.OCE+00= | O.00E+00 | 0.00E+00= | L185E+01- | Q.00E+00= | 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (1.27E+01) | (0.00E+00) | (0.00E+00)

F4 | QOOE+00= | 208E-02- | 257E-08- | 0Q0E+00 | 8.35E+01- | 7.19E+01- | 3.32E+01= | 229E+01
(0.00E+00) | (4.14E-02) | (4.92E-08) | (0.00E+00) | (1.16E+01) | (2.97E+01) | (3.64E+01) | (2.95E+01)

Fs | 208E+01- | 202E+01- | 201E+01= | 201E+01 | 205E+01- | 208E+01= | 207E+0L- | 2.03E+01
(3.54E-02) | (5.68E-02) | (1.22E-01) | (6.26E-02) | (4.03E-02) | (5.95E-02) | (8.52E-02) | (5.74E-02)

Fo | 641E*00- | 6.20E-02+ | 5.74E-01= | 589E01 | 1.18E+00= | 9.34E-02+ | 6.35E+00- | 5.23E-01
(3.86E+00) | (2.82E-01) | (8.99E-01) | (1.30E+00) | (3.45E+00) | (3.14E-01) | (LO1E+01) | (6.94E-01)

F7 | Q00E+00="| Q.00E+00= | Q.00E+00= | O.00E+00 | 0.00E+00= | 222E-03- | Q.0OOE*00= | 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (4.10E-03) | (0.00E+00) | (0.00E+00)

Fg | QQOE+00= | 433E-10= | 214E03- | O.00E+00 | L1B4E-02- | 4.32E-02- | 5.98E+0L- | I1.17E-06
(0.00E+00) | (3.09E-09) | (3.25E-03) | (0.00E+00) | (5.39E-03) | (1.97E-01) | (4.25E+00) | (2.34E-05)

Fo | 275E+01= | 246E+01+ | 31BE+01= | 296E+0L | 8.82E+0L- | 5.9OE+01= | LO9E+02- | 6.08E+01
(4.18E+00) | (5.33E+00) | (7.22E+00) | (8.33E+00) | (8.25E+00) | (1.O1E+01) | (3.82E+01) | (1.25E+01)

Flo | LS/E-OL+ | 5.68E+00- | 120E+02- | 110E+00 | 6.06E+01- | 3.34E+01+ | 236E+03- | LT7E+0L
(3.94E-02) | (1.66E+01) | (2.69E+01) | (8.50E-01) | (6.43E+00) | (4.90E+01) | (3.27E+02) | (5.89E+00)

F1p | LO7E+03- | LO2E+03- | L50E+03= | L77E+03 | 627E+03- | 420E+03= | 7.96E+03- | 4.13E+03
(2.06E+02) | (3.53E+02) | (4.02E+02) | (4.09E+02) | (3.93E+02) | (6.65E+02) | (1.40E+03) | (6.75E+02)

Flp | 3OBE-0I- | 281E-01- | 161E-01= | LB4E01 | 6.12E-01- | 368E-01- | 102E+00- | 3.24E-0
(4.82E-02) | (5.97E-02) | (8.44E-02) | (7.49E-02) | (6.73E-02) | (7.37E-02) | (2.76E-01) | (6.51E-02)

F13 | 215E01- | L87E-01= | 208E-01- | LB7E-01 | 301E-01= | 296E-01= | 295E-01= | 2.93E-01
(2.58E-02) | (220E-02) | (4.34E-02) | (3.31E-02) | (2.99E-02) | (3.09E-02) | (5.23E-02) | (3.13E-02)

Fl4 | 214E01- | 1.82E-01= | 214E-01- | L1O2E-0L | 250E-01+ | 270E-01= | 252E-01= | 264E-0L
(2.24E-02) | (319E-02) | (2.89E-02) | (2.40E-02) | (1.82E-02) | (2.23E-02) | (3.45E-02) | (2.49E-02)

Fi5 | 383E+00- | 269E+00= | 318E+00- | 265E+00 | LIBE+01- | 7.36E+00= | 197E+01- | 672E+00
(4.70E-01) | (5.27E-01) | (8.94E-01) | (6.60E-01) | (8.02E-01) | (1.93E+00) | (3.82E+00) | (1.66E+00)

F16 | 955E*00= | 100E+0L- | 936E+00= | 942E+00 | L8BE+01- | 1.92E+0L- | 202E+01- | L86E+0L
(349E-01) | (3.94E-01) | (5.31E-01) | (5.25E-01) | (2.77E-01) | (4.21E-01) | (6.30E-01) | (5.34E-01)

F17 | 1‘62E+02- | B.OTE+02- | 2.12E+02= | LBAE+02 | 221E+03- | 7.22E+03- | 138E+03- | O64E+2
(3.58E+02) | (2.97E+02) | (1.38E+02) | (1.15E+02) | (5.57E+02) | (2.74E+03) | (5.57E+02) | (2.70E+02)

Fig | LA4E+01- | 1.00E+0L- | 857E+00+ | 10OE+01 | B.O3E+01- | 3.93E+0L- | 525E+01- | 346E+0L
(7.28E+00) | (5.87E+00) | (3.34E+00) | (5.33E+00) | (2.31E+01) | (1.09E+01) | (2.42E+01) | (9.37E+00)

Flg | 401E+00- | 291E+00- [ 262E+00= | 248E+00 | 129E+01- | L0BE+01= | LI4E+01- | LOZE+0L
(6.47E-01) | (4.69E-01) | (6.55E-01) | (4.62E-01) | (5.85E+00) | (7.50E-01) | (7.45E-01) | (4.92E-01)

F20 | 496E+00+ | LOBE+01- | 837E+00- | 635E+00 | 411E+01- | 454E+01- | 33LE+0l- | 249E+01
(2.19E+00) | (3.24E+00) | (2.35E+00) | (2.17E+00) | (1.63E+01) | (L.O4E+01) | (9.20E+00) | (5.62E+00)

Fy1 | L29E+02- | 330E+02- | 1.28E+02= | LOLE+02 | 9.75E+02- | 123E+03- | 862E+02- | 48BE+02
(8.62E+01) | (1.54E+02) | (1.16E+02) | (7.61E+01) | (2.81E+02) | (3.77E+02) | (2.94E+02) | (1.82E+02)

Fop | L23E+02- | 730E+01= | O45E+01- | GOE+OL | 485E+02- | 3.04E+02= | 386E+02- | 3.03E+02
(5.85E+01) | (5.78E+01) | (8.43E+01) | (5.41E+01) | (1.22E+02) | (L.0BE+02) | (L51E+02) | (1.41E+02)

Fp3 | 315E+02= | 3.ABE+02+ | 3.1BE+02= | 315E+02 | 344E+02= | 3.44E+02= | 344E+02- | 344E+02
(4.02E-13) | (3.46E-13) | (4.02E-13) | (4.02E-13) | (4.60E-13) | (4.46E-13) | (4.12E-13) | (4.43E-13)

P4 | 223E+02= | 223E+02- | 220E+02+ | 223E+02 | 269E+02- | 2.58E+02+ | 268E+02- | 259E+02
(9.22E-01) | (7.24E-01) | (6.75E+00) | (7.64E-01) | (1.90E+00) | (3.39E+00) | (L.76E+00) | (2.86E+00)

Fos | 204E+02- | 208E+02- | 208E+02+ | 208E+02 | 211E+02- | 207E+02- | 20BE+02+ | 2.06E+02
(7.68E-01) | (2.33E-01) | (2.16E-01) | (2.67E-01) | (2.59E+00) | (6.05E-01) | (3.66E-01) | (5.00E-01)

F26 | LOOE+02- | LOOE+02= | 100E+02= | LOOE+02 | LOOE+02- | 106E+02= | LOOE+02- | LOOE+02
(2.79E-02) | (2.60E-02) | (4.89E-02) | (2.87E-02) | (3.37E-02) | (2.37E+01) | (5.58E-02) | (3.28E-02)

r7 | B00E+02 + | 330E+02+ | 3.19E+02+ | 3.75E+02 | 333E+02= | 3.0BE+02 + | 3.38E+02= | 3.28E+02
(L11E-13) | (4.63E+01) | (3.86E+01) | (4.42E+01) | (2.79E+01) | (L65E+01) | (2.77E+01) | (3.26E+01)

Fog | 792E+02+ | B.26E+02- | 1.88E+02+ | B8.04E+02 | LOSE+03+ | L128E+03- | LI1GE+03= | 1.14E+03
(1.86E+01) | (8.10E+01) | (3.63E+01) | (4.08E+01) | (3.20E+01) | (9.49E+01) | (7.13E+01) | (4.97E+01)

Fo | 7-20E+02- | 5IBE*02= | 7.16E+02= | 7.07E+02 | 8.27E+02- | 1.03E+03- | 7.64E+02- | 542E+02
(6.01E+00) | (2.15E+02) | (1.54E+00) | (7.88E+01) | (5.63E+01) | (1.26E+02) | (4.63E+01) | (9.93E+01)

F30 | L22E+03- | 5.1BE+02= | 730E+02- | 530E+02 | 845E+03- | 9.90E+03- | 821E+03= | B8.30E+03
(4.61E+02) | (7.28E+01) | (3.02E+02) | (1.44E+02) | (4.59E+02) | (5.82E+02) | (2.49E+02) | (3.19E+02)

=1+ 16/9/5 15/11/4 9/15/6 20/8/2 16/10/4 20/9/1
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TABLE S18 PERFORMANCE COMPARISONS OF MLCC-L-SI WITH L-SHADE AND M_IDE

ON 30- AND 50-DIMENSIONAL CEC2014 BENCHMARK SET OVER 51 INDEPENDENT RUNS

D=30 D=50
L-SHADE M_IDE Mll‘glc L-SHADE M_IDE ML"gIC
F1 | QOOE+00= [ 3.04E+03- | 0.00E+00 [ 8.72E+02+ | L75E+05- | 2.32E+03
(0.00E+00) | (3.66E+03) | (0.00E+00) | (1.04E+03) | (7.85E+04) | (2.68E+03)
o | O.00E+00= [ 0.00E+00= | 0.00E+00 | Q.00E+00= [ 6.99E-07- | 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (1.24E-06) | (0.00E+00)
F3 | O.00E+00= [ 0.00E+00= | 0.00E+00 | Q.00E+00= [ 2.61E-06- | 0.00E+00
(0.00E+00) | (0.00E+00) | (0.00E+00) | (0.00E+00) | (9.25E-06) | (0.00E+00)
F4 | Q00E+00= [ 0.00E+00= | 0.00E+00 [ 5.90E+01= | 2.12E+01+ | 6.73E+0L
(0.00E+00) | (0.00E+00) | (0.00E+00) | (4.53E+01) | (2.97E+01) | (4.41E+01)
F5 | 201E+01= [ 203E+01- | 201E+0L | 2.03E+01= [ 205E+0l- | 2.03E+01
(2.45E-02) | (8.07E-02) | (4.58E-02) | (2.94E-02) | (3.81E-02) | (7.23E-02)
Fe | L193E-02= [ 9.12E-0L- | 0.00E+00 | 178E-0L+ | 4.12E+00- | L20E-01
(1.38E-01) | (7.51E-01) | (0.00E+00) | (4.74E-01) | (1.73E+00) | (3.69E-01)
F7 | QOOE+00= [ 5.35E-03- | 0.00E+00 | 0.00E+00= [ 6.08E-03- | 0.00E+00
(0.00E+00) | (1.02E-02) | (0.00E+00) | (0.00E+00) | (7.58E-03) | (0.00E+00)
Fg | O.00E+00= [ 0.00E+00= | 0.00E+00 | 3.38E-08- | 3.78E+00- | 3.05E-10
(0.00E+00) | (0.00E+00) | (0.00E+00) | (3.93E-08) | (1.01E+00) | (2.18E-09)
Fg | 7:82E+00= [ L1BIE+01- | 7.46E+00 | 126E+01= | 4.93E+01- | L20E+01
(1.65E+00) | (2.73E+00) | (1.58E+00) | (2.55E+00) | (5.35E+00) | (2.21E+00)
Fio | 6:12E:03- | 119E-05- | 000E+00 | 180E-01- | 9.5E+00- [ LI13E-01
(9.58E-03) | (4.53E-05) | (0.00E+00) | (5.96E-02) | (5.96E+00) | (3.36E-02)
Fr1 | L2LE+03= | 196E+03- | L21E+03 | 3.34E+03= | 559E+03- | 3.25E+03
(2.47E+02) | (255E+02) | (2.34E+02) | (2.97E+02) | (3.06E+02) | (3.51E+02)
Fip | LIOE-01= | 3.42E-01- [ 177E-01 | 245E-01= | 519E-01- [ 2.34E-01
(3.15E-02) | (4.39E-02) | (2.76E-02) | (3.31E-02) | (4.42E-02) | (3.58E-02)
F13 | L18E-01= | 175E-01- | 121E-01 [ LGOE-01+ | 3.04E-01- | 171E-01
(1.68E-02) | (2.87E-02) | (1.68E-02) | (1.69E-02) | (3.52E-02) | (1.83E-02)
F1q | 221E01= | L99E-01+ | 221E-01 | 3.20E-01- | 284E-0L= | 286E-0L
(3.326-02) | (2.71E-02) | (3.15E-02) | (5.12E-02) | (2.39E-02) | (2.69E-02)
Fi5 | 222E+00= | 3.43E+00- | 215E+00 | 5.38E+00- | 9.86E+00- | 4.95E+00
(2.31E-01) | (348E-01) | (2.29E-01) | (4.31E-01) | (8.76E-01) | (4.76E-01)
Fig | 8:52E+00+ | 9.62E+00- | B8.68E+00 | L6BE+01= | 1.83E+01- | 1.69E+01
(414E-01) | (3.22E-01) | (4.53E-01) | (5.06E-01) | (3.45E-01) | (5.18E-01)
Fi7 | 247E+02- | L30E+02+ | 167E+02 | 1.69E+03- | 8.00E+02+ | 151E+03
(1.22E+02) | (9.60E+01) | (9.03E+01) | (4.27E+02) | (3.66E+02) | (4.29E+02)
Fig | 7-73E+00- | L10E+01- | 5.08E+00 | 9.75E+01- | 4.11E+01+ [ 9.03E+01
(4.33E+00) | (3.88E+00) | (1.80E+00) | (1.40E+01) | (2.13E+01) | (1.83E+01)
Flg | 385E+00- | 379E+00= | 3.58E+00 | B.05E+00+ | L65E+01- | 9.97E+00
(5.69E-01) | (5.23E-01) | (6.17E-01) | (1.68E+00) | (1.01E+01) | (1.33E+00)
Fo0 | 3:00E+00= | 6.69E+00- | 201E+00 | L.39E+01= | 228E+01- | L39E+01
(1.26E+00) | (1.94E+00) | (1.12E+00) | (4.15E+00) | (6.37E+00) | (3.82E+00)
Fp1 | L10E+02= | LO8E+02= | 934E+01 | 5.59E+02- | 4.16E+02= | 4.62E+02
(7.05E+01) | (8.67E+01) | (7.87E+01) | (1.55E+02) | (1.25E+02) | (1.32E+02)
oo | 240E+01= | 158E+02- | 2.86E+0L | O.54E+01+ | 4.60E+02- | L36E+02
(3.95E+00) | (4.18E+01) | (1.81E+01) | (8.11E+01) | (1.10E+02) | (7.05E+01)
Fog | 315E+02= | 315E+02= | 3.15E+02 | 344E+02+ | 3.44E+02- | 3.44E+02
(4.02E-13) | (4.02E-13) | (4.02E-13) | (3.32E-13) | (3.97E-13) | (4.41E-13)
Foq | 225E+02- | 2.24E402- | 223E+02 | 2.75E+02- | 2.60E+02+ | 2.69E+02
(2.16E+00) | (1.02E+00) | (1.19E+00) | (7.97E-01) | (6.34E+00) | (5.26E+00)
Fos | 203E+02= | 2.04E+02- | 203E+02 | 2.05E+02- | 213E+02- [ 205E+02
(4.10E-02) | (1.75E+00) | (1.19E-01) | (3.03E-01) | (8.42E+00) | (2.79E-01)
Fog | LOOE+02+ | 100E+02- | 100E+02 | LOOE+02= | 137E+02- | LOOE+02
(1.48E-02) | (2.71E-02) | (1.87E-02) | (1.66E-02) | (4.87E+01) | (1.76E-02)
Fp7 | B00E+02+ [ 3.27E+02- | 3.00E+02 | 3.44E+02- | 4.14E+02- | 3.25E+02
(1.29E-13) | (3.51E+01) | (3.32E-13) | (2.84E+01) | (3.90E+01) | (3.06E+01)
Fog | 8:52E+02- | 826E+02- | 8.33E+02 | LI2E+03= | 143E+03- | 1.13E+03
(1.05E+01) | (1.13E+02) | (1.24E+01) | (3.90E+01) | (2.00E+02) | (3.39E+01)
Fog | 7-16E+02- | 2.95E+02+ | 7.16E+02 | 8.01E+02- | 5.69E+02= [ 513E+02
(2.84E+00) | (2.17E+02) | (5.86E+00) | (2.62E+01) | (1.93E+02) | (8.26E+01)
F30 | 203E+03= | 476E+02+ | 190E+03 | 8.72E+03= | 100E+04- [ 8.58E+03
(T.46E+02) | (1.01E+02) | (8.31E+02) | (3.68E+02) | (5.36E+02) | (3.44E+02)
-I=1+ 7/20/3 19/7/4 11/13/6 23/3/4
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