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Chainlike multi-population multi-agent evolutionary algorithm

WU Ya-lif, JIN Xiao-yi, LIU Ge
(Automation and Information Engineering School, Xi’an University of Technology, Xi’an Shaanxi 710048, China)

Abstract: We propose a novel chainlike multi-population multi-agent evolutionary algorithm which combines the dy-
namic neighborhood environment chainlike structure with the evolutionary framework of multi-population. This algorithm
provides the evolution structure for multi-populations interaction. Agents in the population increase their own energy by
competition, cooperation and self-study with its dynamic neighborhood agents. The chainlike structure improves the effi-
ciency of algorithms and reduces the computational complexity. The interaction of information among various populations
in a regular period of time improves the diversity of the population and decreases the possibility of sticking at local op-
tima. Theoretical analysis and simulation of multiple test functions show that the new algorithm is very good for handling
high-dimension optimization problems.
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A i 2 B RE AR HEAL S A2 R W siRe a, A
SR 2 MR AT FE AL IR AR G TN B 2 8 Be AR 2R L
Ak, RN O T S B R R R BE ) A
SN ] PR PA 7, 0 22 8 REAA 1) 3 A AR 4k 5k i X
Gk, S T Ak 2 BORE 2 R AR BE AL SV
(chainlike multi-population multi-agent evolutionary
algorithm, CMPMA). 575 K H] 2 Fh BEAZ H 1K 35 1k
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W, S B AR B R SE A S A A A A
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2 CMPMA [¥] J2 # (Principle of CMPMA)
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Fig. 1 The evolution structure of CMPMA

2.1 % Fh B 8 3 46 B ] (Evolution rules of each
population)

CMPMA [ N/ FIEAS LA A B ARl
BEA SR 2 2 Re A A ST T AL

5B Re AR (agent)HH o2 e X

EX 1  agentdify K AER. Wagentit 0] B &R
TALS B — ANk i a, HoRgE € SN

a€sS, E(a)=1/f(a), (1

FOrpaE R pR A (a) 26 H br ek B S MY AE. 1T B
B, e EEOR, &N AEERDN, H bR E T .

B ~agentEi i (5 B &5 KR N

a = (body, place, local),

Horp: body Ay — sz il LL A AR A e @ T vk € 1)
1 NAE; place ) B BEARafEF G T HIAZ B local 4y 2
AERalt) 283k, £ Hlocal(a) = (21,22, , Zm),
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[ 55 B e A4, L place(z;) Mitrust (z;) 73 i 7R
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Fig. 2 Chainlike environment of agent
FEX 3 agentdBIH. agentiBd e &5 T H A
S5 R, B A SRR ) B S R, TR A
agent¥B AT e S AR B Ly R AR il
agent, i = 1,2, -+ , Ly, LilI¥I A8k l0cal (L) =
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SR .

[} B 1&1&%@517«'3]% = (h1, ho, - ,hn) (nj‘J
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2.2 FhEEM {5 B A8 B 4K R (Information interac-
tion system of populations)
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HEPHI R EF 230 45 S H A R, P22 H
AT B H AR A

1) & HEAEL e PR RE A 72
84Tk AR, FHRIRE R 4 117 5 1 10 3 N AR A4 K
HRHE P IE AR (1. o

k1 = Apun + k/Gen X B, )
EAeFE A Ens T M AREL Gen A TS OE I 5
REAAREL Apan T B FH T 1548 B AR AE LIRS
B2 58 R, R ) B R A R, e AT
K/NBEA R ES VA A ) 38 22 1T 328 Jik.

2) ACHERAE2. FEMPHE R B E IS R
1BAT ko AR, FH R P P AR RE B = A2 i e A
A A A A 2% i) T I AP R 22 TR A . S

ky = Apun + (Gen — k)/Gen X Byum.  (5)
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15 BAS L, —J7 TH F AR AR A S B e 34
PR B4R 2R 10 T T, B AT 925 B N 38 S AU 1) Ak
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LRI R AE D), AHBRAR T 5288 N ) 0 B A P AR
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3  SZILCMPMA (Implementation of CMPMA)

3.1 CMPMA & #4F i) B A& B (Specific algo-
rithm of each operation for CMPMA)

CMPMASEVE I RARIRAE: 554 XX A7
HUE 2 ) SRR B S Sk an

HBik1 s idE.

Step 1 ¥ 454k (5 5 Bt Py Minew = (ey, e,

cyen), Xk =0;

Step 2 #U(0,1) < Py, WX, N k4 1AL
R EFR, X, A SBRER AR B )RR, U (=1, 1) &R
H AN (=1, 1) 2 A A ISR, Py =rand /2
oI,

X, he xU(=1,1) x (h, — l) < X,
Xy X x U(=1,1) x (X3, — 1) > Xy,
he x U(=1,1) x (hy, — 1y), A,
k=1,2,--- n; Hlle, = ez +ei, Lher = P X
hi, et =1 — Pyye X hy, Tk =k + 1;

Step3  #7k < n, WP, 5 W) Step 4;

Step 4  HUFT R REMAER A ER, HiHinew.

k2 T XARAE.

€ =

R AL SR IEAZAE X J5 12, HARERAE DL
22 CHR[10].

H]Hik3 A REAE

WG(0,1/t) 0 & W7 A I BEHLE ™ A48, 824
HE A AL

Step 1 WU % P, Fid, &k =

Step 2 #U(0,1) < P, (k) = c(k
d(k) =c(k)+G(0,1/t), k =k + 1,

Step3  #ik < n, WD, 45 W) Step 4,

Step 4 HUBT R REAREER K REE, Hithc

Hik 4 HEEEAE

s A2 IERAAERRARL, = (I, 1o, -+, 1)
B, PEAE R B BEAA Anews, WsGenZ s i KAREL,
SRF NI HH 42, sLaze < Lsige, SPu TG
WE 24, energy ()R m 2 e A M RE &, sLy K
TN B RACIT R BEARBE R, slocal, i 5B EACRY BE I BE =
() JR i AE AR NG, sL A T s L Mls Ly Z 18] Y I
W52, sopt, MsLg, sLy, - -+ , sLy i IR REAK,
sbesty W EER s Ly, " B U IR BE A4,

Step 1 R4

0;
),

) Ly, =1,
sby = {newi/, HiAth,

FEAERBREARBERSL) (i = 1,2, -+, 8Lge); HIUHIL)R
B slocaly, I Frsopt,, &k = 0, Hnew, =
(Nei,Neg, -+, Ne,)
X, L, xU(1—-sR,1+sR) < X,
X, Iy xU(1 —sR, 1+ sR) > X,
Iy xU(1—5sR,1+sR), HAh
e, Kbk =1,2,--- ,m

Step2  XfsL, BRI BEARPAT SUTE S 1845,
L

Step 3 XfsLj EREASRREAE, WARU(0,1) <
$Py, WHAAT 2R A5 AE, #3585 L1

Step 4 7Es Ly R F1%77 ) BE e f v OO g
fAsbesty1; #renergy(sbest,, ) > energy(sbesty),

Nek:

W4 sbesty1 — sopt,,, ;; 71 M4 sopt,, — sopt,,
sopt, — sbestyi1;

Step5 #ik=Gen, {5 1EJF4m i sopt, —news
WAk =k + 1, #Step 2
3.2 CMPMA 3£ 3 2% % (Implementing steps of

CMPMA)

CMPMA K H] - 1 i) 1) i £ 07 =X, AR B Ly, %R
AR HI R R BE SR, local, b SRR BEARBER 1)
JREBAEAFINEE, Ly, LYy WA T L F L4 Z )
Il I 5% 2%, opt, W Lo, Ly, - - -, L " S B 14 RE A,
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best, A #ER Ly, T 5 U IR BB, energy (1)K /nFHE energyp, (PR =1,2,--- ,N, HP # R;s,t = 1,2,

IR g . CMPMA SR FAARSE D B0 F

Step 1 MEFYILAN: 2 AN, BEFR K/
Lo, 56 RKIEACIRE Gen, £ 27% [] B4 BE 7K 55 3% Lo,
R AL B BElocaly, B Hiopt, &k = 0;

Step 2 AR¥ () AWK / oy Ky BEHUF, Bifi LG HL
PANFIREREAT A T AR A L

Step 3 NAMPPERL W~ U T S AL

1) RARE AMABEA T SE 4 B0 A, 1981, OB
BRI S AL AF P B localy,;

2) X FPREAMRREAT A AR, #3BI LY, SR e
PR R R A A7 F B localy,;

3) XS FHENREAT AR R ERAE, 19 B Ly, EHTR
REARIR) A A7 M g local s

4)  AELjqq 4K 3] 1% 27 18] B8 B 5 e 1 R RE A
besty,.1, X HAAT B 2% > #i4E

5) Wifenergy(besty 1) > energy(besty), M4
besty1—opt,, ;; 77 Wopt,—opt, ;, opt,—besty1;

Step 4  HRAE () HIWTE / ko 2y BEHUN, BEATAC L
#efE2;

Step 5 H T 2 (b 4, A5 0 A2 U 5F ok 0T
opty, &k =k + 1, #Step 2.
4 Sk r S B 5 9% BE 16 53 it (Convergen-

ce and complexity analysis of the algorithm)

4.1  H kWit 43 #r(Convergence analysis of
the algorithm)

22 PO 2 20 e A A S0 R e Sk vk T
B AN FIRE A A S AR e S, BB 2
REARBEAL SR LS.

SIER 1 2 2 e Ak 500 1 A e o3 Ak LA ME
FRISh, BoA 4 Rt

T 2 2 A e AR kA S0 1 A 1 22 R e AR
HEAG SR R AR AR AN H AT X, Pt X 2
B R A SR R AT 4 RS

1T S0 0 2 PR AL 46 4, TR e e N AN BB
(S5 PlRE I B L BE RN X = (241, @ias
ce ;xiLS;ze)7 energy,; = (En, Ei, -, EiLsm); Horr:
i=1,2,---, N; Ly, AR PRERRIRL. B A
T RE IRy e DA S LR N i) e B Ky, By (5 = 1,2,
co s Lgige), HIGTEAN, BRSO AL S BCEUR,
R ko

klEgo Pr{energy, = E;;} =1, (6)

FCrp |k M R A AR
T B AL T A A PR S5 A AR SO0t 1. 1) R A
Xps, energy p.; MOHERIAR LA N IR BE 54 X Ry,

*+ s Lsize)-

HRREAZ FLALH A0, A8 H U FRE P 55 A 1A )
A, B2 BT R S AM Rl . A H
Ja, #iEpe > Epg, X TR P S PR A2 S X gy,
VRIS 6 3 P PEC(O) AR G731 Rl RIV e A
R ORFFAAL, (OKIRINAL. 45 Ers < Epy, 7] L, 12
SO MAR L. R 2 FREHEAT AL B S, A
BT RS

H B A Al A5, BE 2 Pl 2 B e R L S
174 R st
4.2 B VL HE 2% 5 Hr(Complexity analysis of

the algorithm)

S (R 2R M 0 M 2 DI i) B2 20% B8 R 2 ] &R

1) FEERIS RS 2 8, D88 S0 4R AT I ().
AT LU IR )0 i e, BRIV ) AT CE s LE 31

A G 1R B AR R Bl P B3 v A — A 2 BE AR 110 48
SR H 8, i e 3 A K 1 R A SR IS B 2. R
VA% ¢ 4 A% 25 4 5 5 BT 5 4 e A O 1], B
Lo = 12,0, $Lgize = s2,.. WA EL B 5 55X
SRR AR B kb T AR 2 1 Bl AR AR A A 1Y
A, S T SRR AR TE AN B 2 ) PO IR AL

MPCMA [1] ELE VR #L: comparison = Gen x N X
2 X (Lgize + sGen X $Lge).

W 2% 45 1) 1) 22 ol i 22 280 RE MR kA 550325 1 BR A
X #1(multi-population multi-agent evolutionary algo-
rithm, MPMA): comparison = Genx N x8x (12 .+
sGen x slZ ).

DR a2 2 o 22 28 RE At A ST ) I 1) A2 0%
JEAT T WA Ry et

2) BRI AR RS A, VR A7 A 2 (). A
2% SR EREE SN ET R R RO — MR A 22 1)
WA/ TS 2 YRR B (A A S 1) [ A ki,
—ANMEERR IR SRR S AN 2 R A ) Sk T

gr LR, e 2 e 2 B REVR SA I R 2R W]

' BEA.

5 sERfFE S 4559 F1(Simulation and anal-
ysis)

HHIECMPMA ) PEfE, ASSCE HISCRR (111116
AW bR F K CMPMA T P G HEAT 17 FL 40 #r. A3
LR 44N J7 T AT YR 2 A

1) MPMA J.CMPMA P Ft 5535 180 6 L o B, 8
5643 M K FIMPMA 5 A SCEE 43 6 ke~ il ik
PRECHEAT T B, A SR EN: Q = 3,F = 4,
sGen = 10,F, = 0.5,sP, = 0.08, P. = 0.48,
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Pp = 0.08, Luise = 64, 5Le = 9, lize = 8, 5hise = WFAH BeFEAH VI J5 2 905 2L RIDIEAT IR
3,N = 2. RIGH T K HEIEHPATI0X K H(Suce) LS CPUIN [A) S5V REFRHR.

F1 FAY SR A 6AR MK R B b et AR R
Table 1 The simulation results of two algorithms with six test functions
PRI TS AHE KZEE FIH T % ¥J)Ji% Succ CPU/s
Gen = 50; Xmax = 10;& = 0.00001; sR = 0.8

Camel MPMA  -1.03163 —1.03163 —1.03163 —3.7E—16 0 30 0.5593
CMPMA -1.03163 —1.03163 —1.03163 —2.5E—16 0 30  0.5255

Gen = 200; Xmax = 10;¢ = 0.0001; sR = 0.8

Shubert ~ MPMA —186.731 —79.4109 —178.943  609.485  24.6878 30  0.2339
CMPMA —186.731 —123.577 —123.577 132.948  11.5303 30 0.2244

dimension = 10; Gen = 150; Xmax = 10;& = 0.00001; sR = 0.8

MPMA 1.02E-71 6.57TE—61 1.1554 1.4E-122 12E-61 30 5.1359
CMPMA 9.72E—-73 2.74E—64 2.54E—62 1.3809 1.1751 30  4.9397

dimension = 20; Gen = 250; Xmax = 10;e = 0.0001; sR = 0.8

Sphere MPMA 4.71E—69 106.5210  9.22804 —11.1864 0 30  15.7560
CMPMA 6.68E—73 81.57964  3.83147  —15.1864 0 30 10.5598

dimension = 30; Gen = 350; Xmax = 10;e = 0.001; sR = 0.8

MPMA 25E-84 4.6E-72 2.04E-73 88E-142 29E-71 30 18.6875
CMPMA 72E-86 1.02E—72 1.67TE-76 T7.1E—145 83E-73 30 18.4538

dimension = 10; Gen = 150; Xmax = 10;e = 0.00001; sR = 0.8

MPMA 2.66E—15 2.66E—15 0.97641 —0.9863 0 30  6.0672
CMPMA 89E-16 266E—-15 255E—-15 4.2E-31 6.5E—-16 30 5.9767

dimension = 20; Gen = 250; Xmax = 10;e = 0.0001; sR = 0.8

Ackley MPMA 2.66E—15 13.81915 2.109879 —4.6051 0 30 13.1931

CMPMA 2.66E—15 2.66E—15 2.66E—15 0 0 30  13.0275
dimension = 30; Gen = 350; Xmax = 10;¢ = 0.001; sR = 0.8

MPMA 2.66E—15 6.22E—15  1.8987 —3.7296 0 30  22.6522

CMPMA 2.66E—15 2.66E—15 2.66E—15 0 0 30 22.3990
dimension = 10; Gen = 300; Xmax = 600;¢ = 0.05; sR = 0.8

MPMA 0 0.236124  0.07048 0.00408 0.06385 22  3.7748

CMPMA 0 0.152988  0.064401 0.00173 0.04164 25  3.6986

dimension = 20; Gen = 250; Xmax = 600;e = 0.01; sR = 0.8

Griewank  MPMA 0 0.156212 0.016026  0.00121  0.03484 21  4.0741
CMPMA 0 0.049405 0.009383  0.00024  0.01536 27  4.0088
dimension = 30; Gen = 250; Xmax = 600;¢ = 0.01;sR = 0.8
MPMA 0 0.192702  0.01257  0.00132  0.03639 19  3.9891
CMPMA 0 0.041382  0.009709  0.00020  0.01428 22  2.9769

dimension = 10; Gen = 500; Xmax = 5.12;e = 0.05;sR =1

MPMA 0 10.76541  0.607754 5.30782 2.30387 27  5.56505
CMPMA 0 7.202518  0.591015 3.52181 1.87665 28  5.41027

dimension = 20; Gen = 500; Xmax = 5.12;e =0.1;sR =1

Rastrigrin - MPMA 0 40.11609  13.55657 159.921 12.646 11 7.2372
CMPMA 0 24.87817  6.20122 67.3089 8.20420 17  7.0529

dimension = 30; Gen = 600; Xmax = 5.12;e =0.1;sR=1

MPMA 0 73.17613  26.79501 687.908 26.228 19  10.7647
CMPMA 0 72.6667  23.46832 367.183 19.1620 22 10.3680
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AT UL, Tove i 4 ok £d e 2 4 pR 5K, 7
MIE S HRE N, SMPMASL A L, CMPMA
S 5 R O 2 P CPUR ) /N T-MPMA,;
I AT UREA s JUSEE T2 4 pR B, B GRS
(R34 i, CMPMAS Y (1) 5 8] 1 G B AL, CMPMA

LSRRI A RE T 0 T MPMA S, FHE.

2 WAP kR MRAK B B et gs R

Table 2 The comparison results of two algorithms in high dimension function

2) MPMA JXCMPMATE 3K fiff i 4 ok 20 AL 1]
FRRE G234, A I CMPM A S92 5K fidt v 4 o 5
(RIPERE, X R4S 22 4t 22 BEAS of B AL ), 75
Z B E AN, 3 0 K Yl £ 1 B 100, 20040
3000, 245 1T T 30U M AL 52 56 J 25 Tk BE 8 b (1)

BRI B WA A A 72 ¥JJ%  Succ CPU/s
dimension = 100; Gen = 500; Xmax = 10;e = 0.1;sR = 0.8
MPMA 7.48E—-54 2.66E—43 9.00E—45 2.36E—87 4.8E—44 30 62.8987
CMPMA 2.55E—54 8.34E—46 3.66E—47 2.35E—92 15E—46 30 62.3793
dimension = 200; Gen = 500; Xmax = 10;e = 0.1;sR = 0.8
Sphere  MPMA 1.85E—55 4.65E—42 1.6E—-43 7.19E—85 84E—43 30 64.3258
CMPMA 9.55E—56 3.19E—46 1.31E—47 3.39E—93 5.8E—47 30 63.9511
dimension = 300; Gen = 500; Xmax = 10;e =0.1;sR = 0.8
MPMA 28E-06 0.198363 0.021702 0.001619 0.0402 29  351.4634
CMPMA 7.46E—27 7.63E—05 8.63E—06 4.64E—10 22E—-05 30 168.1365
dimension = 100; Gen = 500; Xmax = 10;e = 0.1;sR = 0.8
MPMA 6.22E—15 5.366134  0.315967 1.47297 1.21366 28  76.5439
CMPMA 6.22E—15 4.920451  0.274541 1.13600 1.06584 28  75.5762
dimension = 200; Gen = 500; Xmax = 10;¢ = 0.1;sR = 0.8
Ackley  MPMA 2.04E—14 7.168016 4.180882  7.28197  2.69851 19  145.662
CMPMA 1.33E—14 6.528281  4.209059 4.06226 2.01551 22 145.446
dimension = 300; Gen = 500; Xmax = 10;e = 0.1;sR = 0.8
MPMA  0.001794 7.4450 5.9723 0.34293 0.58560 16 329.895
CMPMA 4.39E—12 7.1464 4.9370 0.33365 0.57762 21 214.485
dimension = 100; Gen = 300; Xmax = 600;¢ = 0.01; sR = 0.8;
MPMA 4.77TE—15 0.21088 0.023893 0.00319 0.05644 25 7.2030
CMPMA 0 0.01724 0.000350 4.01E—04 0.02001 27 6.1310
dimension = 200; Gen = 300; Xmax = 600;¢ = 0.01;sR = 0.8
Griewank  MPMA 4.49E—12 0.527848 0.031803  0.01252  0.11188 27  26.3999
CMPMA 2.46E—14 0.114724 0.003825 0.00044 0.02095 29  22.5935
dimension = 300; Gen = 300; X max = 600;¢ = 0.01;sR = 0.8
MPMA 1.11E—16 0.416435 0.017284 0.00603 0.07766 27  129.506
CMPMA 1.11E—16 0.17742 0.009145 0.00121 0.03478 28 118.815
dimension = 100; Gen = 1000; Xnax = 5.12;e = 0.1;sR =1
MPMA 0 297.8157  65.25396 8945.27 94.5795 15 39.7760
CMPMA 0 271.1449  65.25396 8425.6 91.7911 20  39.6060
dimension = 200; Gen = 1000; Xmax = 5.12;e = 0.1;sR =1
Rastrigrin - MPMA 0 934.1465  98.0931  69425.8  263.488 18  71.5440
CMPMA 0 793.7921  84.94364  48507.1 220.243 22 70.3139
dimension = 300; Gen = 1000; Xnax = 5.12;e = 0.1;sR =1
MPMA 0 1572.137  75.21578 81843.5 286.083 19  185.024
CMPMA 0 568.9059  47.62901 20237.4 142.258 21 181.648
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Appended Table 1 The comparison results of two algorithms in functions with 4 population

[EaRA ik T lHE Iz P E ¥ %  Succ CPU/s
Gen = 50; Xmax = 10;e = 0.00001; sR = 0.8
Camel  MipMA  —1.03163 —1.03163 —1.03163 2.5E—16 1.6E—08 30  1.1393
CMPMA —1.03163 —1.03163 —1.03163 1.2E—16 1.1E—08 30  0.8850
Gen = 200; Xmax = 10;& = 0.0001; sR = 0.8

Shubert MPMA —186.731 —186.731 —186.731 6.0E—11 7.8E—06 30  1.7560

CMPMA —186.731 —186.731 —186.731 1.2E—11 3.5E—06 30 1.4033
dimension = 10; Gen = 150; Xmax = 10;e = 0.00001; sR = 0.8

MPMA 9.15E—68 9.01E—54 1.27E—60  1.6886 1.2995 30 9.8164

CMPMA 2.03E—76 4.22E—68 2.54E—70  0.0012 0.0346 30 8.1033
dimension = 20; Gen = 250; Xmax = 10;e = 0.0001; sR = 0.8

Sphere  MPMA 5.69E—69 283.0899 15.95688 —263.402 0 30 38.6395

CMPMA 3.44E—73 1.96E—63 6.59E—65 1.3E—127 3.6E—64 30 37.4448
dimension = 30; Gen = 350; Xmax = 10;e = 0.001;sR = 0.8

MPMA 1.24E—83 1.26E—73 6.26E—75 6.2E—148 25E—74 30 65.9791

CMPMA 22E—86 1.14E—75 11.2803 —131.632 0 30  64.3153
dimension = 10; Gen = 150; Xmax = 10;e = 0.00001; sR = 0.8

MPMA 266E—15 12.1977 1.3313 1.8335 0 30  12.6520

CMPMA B8.90E—16 2.66E—15 2.31E—15 1.18E—30 1.08E—15 30 12.5920
dimension = 20; Gen = 250; Xnax = 10;e = 0.0001; sR = 0.8

Ackley MPMA 2.66E—15 13.1083 2.8641  —8.48615 0 30 27.0210

CMPMA 2.66E—15 2.66E—15 2.66E—15 0 0 30  26.8580
dimension = 30; Gen = 350; Xmax = 10;e = 0.001;sR = 0.8

MPMA 2.66E—15 3.67TE—15 2.66E—15 1.84E—15 0 30  45.7170

CMPMA 2.66E—15 2.66E—15 2.66E—15 0 0 30  44.8200
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dimension = 10; Gen = 300; X max = 600;¢ = 0.05; sR = 0.8
MPMA 0 0.14282  0.03084 0.00127 0.03559 26 7.6350
CMPMA 0 0.09825  0.02321 0.00082 0.02858 27 7.4930

dimension = 20; Gen = 250; Xmax = 600;¢ = 0.01; sR = 0.8
Griewank  MPMA 0 0.05726  0.00476  1.51E—04 0.01225 26  8.8940
CMPMA 0 0.04009  0.00296 8.31E—05 0.00912 27 8.6604

dimension = 30; Gen = 250; Xmax = 600;e = 0.01;sR = 0.8
MPMA 0 0.02917  0.00237 5.42E—05 0.00736 27 6.0360
CMPMA 0 0.02857  0.00095 2.72E—05 0.00522 29 5.7750

dimension = 10; Gen = 500; Xmax = 5.12;e = 0.05;sR =1
MPMA 0 0 0 0 0 30 12.1770
CMPMA 0 0 0 0 0 30 10.7890

dimension = 20; Gen = 500; Xmax = 5.12;e = 0.1;sR =1

Rastrigrin MPMA 0 20.8728  4.996776 46.4089 6.8124 18 15.6250

CMPMA 0 26.8719  2.841445 40.8914 6.3946 24 13.8880

dimension = 30; Gen = 600; Xmax = 5.12;e =0.1;sR =1

MPMA 0 50.8446  16.80369 370.493 19.2481 26 23.9780
CMPMA 0 48.7532  9.63878 204.535 14.3015 28 20.5660

WEA 2 AP EA 68T Py A Sk A2 RS-0 1K 3 B 4 4 HE4E AT
Appended Table 2 The comparison results of two algorithms in functions with 6 population
BRI ik BRUFHH IR FIE ik W7 Suce CPU/s
Gen = 50; Xmax = 10;¢ = 0.00001; sR = 0.8

Camel MPMA —1.03163 —1.03163 —1.03163 —3.7E—16 0 30  1.6895
CMPMA —-1.03163 —1.03163 —1.03163 —2.5E—16 0 30  1.5727

Gen = 200; Xmax = 10;e = 0.0001; sR = 0.8

Shubert MPMA —186.731 —186.731 —186.731 22E—08 0.00015 30  3.6807
CMPMA —-186.731 —186.731 —186.731 7.6E—11 87E—-06 30 1.3019

dimension = 10; Gen = 150; Xmax = 10;e = 0.00001; sR = 0.8

MPMA 4.24E—66 1.61E—44 1.4994 —2.3257 0 30 19.1416
CMPMA 181E—67 4.98E—47 1.66E—48 8.28E—95 9.1E—48 30 18.6106

dimension = 20; Gen = 250; Xmax = 10;e = 0.0001; sR = 0.8

Sphere  MPMA 247E—66 104.8363 5.421801  —30.4096 0 30  44.5851
CMPMA 181E-71 3.38E—60 12E-61 3.8E—-121 6.2E—61 30 43.3406

dimension = 30; Gen = 350; Xmax = 10;e = 0.001; sR = 0.8

MPMA 8.28E—-85 1.19E—-71  28.4233 —897.65 0 30  79.4937
CMPMA 2E-86 6.06E—78 6.07TE—79 3.7TE—156 19E—-78 30 77.3608

dimension = 10; Gen = 150; Xmax = 10;e = 0.00001; sR = 0.8

MPMA 89E-16 2.66E—15 1.3665 1.9318 1.4079 30 33.7294
CMPMA 89E-16 266E—-15 23E-15 12E-30 1.1E-15 30 33.2640

dimension = 20; Gen = 250; Xmax = 10;e = 0.0001; sR = 0.8

Ackley MPMA 2.66E—15 12.8413 2.0355 —4.2861 0 30 103.536
CMPMA 89E-16 2.66E—15 243E—15 8.1E—31 9.0E—16 30 76.3476

dimension = 30; Gen = 350; Xmax = 10;e = 0.001; sR = 0.8

MPMA 2.66E—-15 2.66E—15 2.8337 —8.3069 0 30 148.926
CMPMA 266E—-15 2.66E—15 2.66E—15 0 0 30 132.052
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dimension = 10; Gen = 300; Xmax = 600;& = 0.05; sR = 0.8
MPMA 0 0.2140 0.0512 0.0050 0.0710 27  13.6047
CMPMA 0 0.0893 0.0173 0.0008 0.0286 29  12.9075

dimension = 20; Gen = 250; Xmax = 600;¢ = 0.01; sR = 0.8
Griewank  MPMA 0 0.0413  0.0091 0.0003  0.01641 27  15.2041
CMPMA 0 0.0200 0.0020 4.04E—05 0.0064 29  14.9933

dimension = 30; Gen = 250; Xmax = 600;¢ = 0.01; sR = 0.8
MPMA 0 0.063605 0.008481 0.0004 0.0205 28  11.6461
CMPMA 0 0.010004 0.001 1.0E—05  0.0032 29  11.3481

dimension = 10; Gen = 500; Xmax = 5.12;¢ = 0.05;sR =1
MPMA 0 0 0 0 0 30  30.2815
CMPMA 0 0 0 0 0 30 28.6724

dimension = 20; Gen = 500; Xmax = 5.12;e = 0.1;sR =1
Rastrigrin = MPMA 0 21.89673 5.075773  52.3771  7.2372 26 40.6812
CMPMA 0 17.91757 3.787991 51.1689 7.1533 27 39.2994
dimension = 30; Gen = 600; Xmax = 5.12;e =0.1;sR =1

MPMA 0 47.7627  14.57379  249.655 15.8005 24  63.8608
CMPMA 0 41.8025 6.867199  220.931 14.8638 28  59.3057

W& 3 RE AT BEANST BAY Bk R AR S 4 R AR M AR AR AT

Appended Table 3 The comparison results of two algorithms in high dimension functions

with different population

B ER7R AHE B AEH V- YME Ty % ¥  Succ  CPU/s
dimension = 100; Gen = 500; Xmax = 10;e = 0.1; sR = 0.8
N=4
MPMA 4.35E—64 5.15E—46 1.73E—47 8.83E—93 9.4E—47 30 136.9684
CMPMA 6.30E—75 6.62E—47 3.26E—48 1.63E—94 1.3E—47 30 127.1526
N=6
MPMA 6.93E—86 3.74E—63 3.74E—64 14E—-126 1.2E—63 30 301.6794
CMPMA 1.18E—91 6.17TE—76 6.24E—77 3.8E—152 1.9E—-76 30 290.4099
dimension = 200; Gen = 500; Xmax = 10;e = 0.1; sR = 0.8
N =4
MPMA 2.27E—-65 9.01E—09 5.66E—10 4.62E—18 2.2E—09 30  288.2266
Sphere CMPMA 1.19E—73 1.44E—14 5.93E—16 6.96E—30 2.6E—15 30 235.7977
N=6
MPMA  3.1E-—T79 1.6E—52 32E—-60 24E—-14 1.5E-7 30 327.0201
CMPMA 1.0E-99 2.0E-72 20E-73 4.0E—145 6.3E—-73 30 274.7423
dimension = 300Gen = 500; Xmax = 10;e = 0.1; sR = 0.8
N=4
MPMA 227E—11 2.578779  0.169968  0.229099 0.47864 21 669.8335
CMPMA 6.06E—21 0.114071 0.003829  0.000434 0.02082 29  336.8166
N=6
MPMA  1.7TE—92 0.0033 3.5E—04 2.06E—08 1.4E—-04 30 917.722
CMPMA 2.6E—123 0.0001 1.5E—-05 1.16E—09 34E—-05 30 592.754
dimension = 100; Gen = 500; Xmax = 10;e = 0.1; sR = 0.8
N=4
Ackley
MPMA 2.66E—15 1.34E—13 8.7E—-15 5.64E—28 238E—14 30 152.536
CMPMA 266E—15 6.22E—15 5.27TE—15 2.55E—30 1.60E—15 30 145.127
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dimension = 100; Gen = 500; Xmax = 10;e = 0.1;sR = 0.8
N =6
MPMA 266E—15 6.22E—15 5.51E—15 27E-30 1.7E—15 30 341.531
CMPMA 266E—15 6.22E—15 5.15E—15 2.2E—-30 1.5E—15 30 327.338
dimension = 200; Gen = 500; Xmax = 10;e = 0.1;sR = 0.8
N=4
MPMA 6.22E—15 4.81746 2.19425 4.0253 2.00633 23 297.738
CMPMA 6.22E—15  5.43037 1.89246 5.1333 2.26568 29  275.536
N =6
Ackley
MPMA 1.33E—14 5.4402 3.5593 5.1505 2.2695 22 678.904
CMPMA 6.22E—15 4.7749 2.1371 3.9005 1.9750 25 634.470
dimension = 300; Gen = 500; Xmax = 10;&e = 0.1;sR = 0.8
N=4
MPMA 3.64E—05 6.38458 5.2575 1.2447 1.11568 22 461.682
CMPMA 1.52E—13 5.4142 4.0814 2.8638 1.50228 26 426.415
N =6
MPMA 141E-15 2.0315 1.3009 0.0286 0.1691 26 945.267
CMPMA 2.66E—15 1.24E—8 34E—14 2.0E-20 4.5E—-10 29 857.109
dimension = 100; Gen = 300; Xmax = 600;e = 0.01;sR = 0.8
N=4
MPMA 0 0.04593 0.00153 7.03E—05  0.00839 29  15.7380
CMPMA 0 0.09190 0.00306 2.82E—04 0.01678 29  13.4000
N=6
MPMA 1.11E-16 0.1544 0.017054 0.0024 0.0485 28  29.3318
CMPMA 0 9.55E—10 1.16E—10 8.84E—20 297E—10 30 28.8340
dimension = 200; Gen = 300; Xmax = 600;e = 0.01; sR = 0.8
N=4
MPMA 5.71E—14  0.27355 0.01894 0.00294 0.05419 24 52.7560
Griewank CMPMA 0 1.65E—06 5.51E—08 9.11E—14 3.02E—07 30 49.7220
N=6
MPMA 0 0.0064 0.0006 4.12E—-06 0.0020 30 110.475
CMPMA 0 0 0 0 0 30 108.052
dimension = 300; Gen = 300; Xmax = 600;e = 0.01;sR = 0.8
N=4
MPMA 0 0.045981 0.00153 7.06E—05 0.00839 29  281.763
CMPMA 0 6.856E—07 3.44E—08 1.64E—14 1.28E—-07 30 276.927
N=6
MPMA 0 0 0 0 0 30  544.206
CMPMA 0 0 0 0 0 30 529.441
dimension = 100; Gen = 1000; Xmax = 5.12;¢ = 0.1;sR =1
N =4
MPMA 0 251.4463  28.64123 4279.85 65.4205 22 79.393
CMPMA 0 171.6871  27.11921 3511.09 59.2544 24 70.151
N =6
Rastrigrin - MPMA 0 0 0 0 0 30 171.393
CMPMA 0 0 0 0 0 30 145.270
dimension = 200; Gen = 1000; Xmax = 5.12;e = 0.1;sR =1
N=4
MPMA 5.71E—14 0.273554  0.018941 0.00293 0.0541 24 122.756
CMPMA 0 1.65E—06 5.51E—08 9.11E—14 3.02E—07 30 109.722
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dimension = 200; Gen = 1000; Xmax = 5.12;e = 0.1;sR =1
N=6

MPMA 0 0 0 0 0 30 325.477
CMPMA 0 0 0 0 0 30  285.113

dimension = 300; Gen = 1000; Xmax = 5.12;e = 0.1;sR =1

Rastrigrin N =4

MPMA 0 0.045981 0.00153 7.06E—05 0.00839 29  281.763
CMPMA 0 6.856E—-07 3.44E-08 1.64E—14 1.28E-07 30 276.927

N=6

MPMA 0 0 0 0 0 30  682.598
CMPMA 0 0 0 0 0 30 665.436

W& 4 Y Hik 2t CamelFo Shubert i 2% 89 L 25 R
Appended Table 4 The optimization results of two algorithms for Camel and Shubert functions
PR %K Bk mgrE WeEfd CPHE T % ¥J5%  Suce CPU/s
Gen = 50; Xmax = 10;¢ = 0.00001; sR = 0.8

Lgize = 36
MPMA —1.03163 —-1.03163 —1.03163 —1.2E—16 0 30  0.2906
CMPMA —-1.03163 -—1.03163 -—1.03163 1.2E—15 3.5E—08 30 0.2767
Lgize = 64
Camel
MPMA —-1.03163 -—1.03163 —1.03163 2.5E—16 1.6E—08 30 1.1393
CMPMA —-1.03163 —1.03163 -—1.03163 1.2E—16 1.1E—08 30 0.8850
Lgize = 100
MPMA —1.03163 —1.03163 —1.03163 6.1IE—16 24E—-08 30 1.4633
CMPMA —-1.03163 —1.03163 —1.03163 0 0 30  1.3609
Gen = 200; Xmax = 10;e = 0.0001; sR = 0.8
Lgize = 36
MPMA  —186.731 —169.587 —186.141 9.78509 3.12811 30 0.4675
CMPMA —186.731 —186.728 —186.731 2.6E—07  0.00052 30  0.4469
Lgize = 64
Shubert

MPMA —186.731 —186.731 —-186.731 6.0E—11 7.8E—-06 30 1.7560
CMPMA —186.731 —186.731 —186.731 1.2E—11 3.5E—-06 30 1.4033

Lgize = 100

MPMA —186.731 —186.731 —-186.731 4.4E—-11 4.0E-12 30 2.8392
CMPMA —186.731 —186.731 —186.731 6.7E—06 2.0E—06 30 2.1572

M ES REVAPBEIALST R ) 4E 4L 89 Sphere S S a9 AL 25 R
Appended Table 5 The optimization results of different population size for Sphere function
with different dimensions
4k ik AT B SE % ¥J7%  Succ CPU/s
Gen = 150; Xmax = 10;¢ = 0.00001; sR = 0.8

Lsize = 36
MPMA 1.59E—64 5.11E—55 1.611365 —2.68603 0 30 7.0173
CMPMA 6.46E—-73 9.56E—56 3.29E—57 3.0E—112 1.7E—-56 30 6.6950
10 Lgize = 64
MPMA 9.15E—68 9.01E—54 1.27E—60 1.6886 1.2995 30 9.8164
CMPMA 2.03E—-76 4.22E—68 2.54E—70 0.0012 0.0346 30 8.1033
Lsize =100
MPMA 5.65E—68 1.12E—49 1.550901 —2.48823 0 30 32.6059

CMPMA 348E—-68 3.6E—56 141E—-57 44E—-113 6.6E—57 30 32.4832
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Gen = 250; Xmax = 10;e = 0.0001; sR = 0.8

Lsize = 36
MPMA 1.57TE—63 54.14182 2.853024 —8.42043 0 30 23.7501
CMPMA 3.98E—-73 246E—65 1.59E—66 2.7E—131 5.2E—66 30 22.0294
20 Lsize =64
MPMA 5.69E—69 283.0899 15.95688 —263.402 0 30 38.6395
CMPMA 3.44E-73 1.96E—63 6.59E—65 1.3E—127 3.6E—64 30 37.4448
Lsize = 100
MPMA 2.33E—-69 104.3296 6.433757 —42.8206 0 30 74.8285

CMPMA 24E-76 6.97TE—65 4.35E—66 1.8E—130 13E—-65 30 67.9848

Gen = 350; Xmax = 10;e = 0.001;sR = 0.8

Lgize = 36
MPMA 6.18E—83 1.87TE—73 12.35291 —157.856 0 30 38.62182
CMPMA 1.57E—-84 141E-74 5.74E-76 6.6E—150 26E-75 30 38.22658
30 Lgize = 64
MPMA 1.24E—83 1.26E—73 6.26E—75 6.2E—148 25E—-T74 30 65.9791
CMPMA 22E-86 1.14E—-75 11.2803 —131.632 0 30 64.3153
Lgize = 100
MPMA 23E-84 14E-72 10.29419 —109.625 0 30 57.64844

CMPMA 3.77TE—88 5.68E—74 8.73E—-74 1.1E—-145 3.2E-73 30 57.30487

Gen = 500; Xmax = 10;e =0.1;sR =0.8

Lgize = 36

MPMA 287E—-75 147E—-49 4.92E-51 7.2E—100 2.7E—-50 30 122.5775
CMPMA 8.69E—-96 1.75E—51 8.08E—53 1.1E—10 3.3E—-52 30 117.9484

Lsize = 64

100
MPMA 4.35E—64 5.15E—46 1.73E—47 8.83E—93 9.4E—47 30 136.9684
CMPMA 6.30E—75 6.62E—47 3.26E—48 1.63E—94 1.3E—47 30 127.1526
Lgize = 100
MPMA 1.12E—78 1.56E—45 7.43E—47 9.38E—92 3.06E—46 30 203.9249
CMPMA 2.69E—81 1.69E—48 1.28E—49 1.54E—97 3.92E—49 30 130.4855
Gen = 500; Xmax = 10;e =0.1;sR =0.8
Lgize = 36
MPMA 9.13E—-79 1.96E—45 6.68E—47 1.28E—91 3.6E—46 30 143.4301
CMPMA 7.23E—90 6.14E—48 2.1TE—49 1.26E—96 1.1E—48 30 140.1902
200 Lgize = 64
MPMA 227E—65 9.01E—09 5.66E—10 4.62E—18 2.2E—09 30 288.2266
CMPMA 1.19E—73 1.44E—14 5.93E—16 6.96E—30 2.6E—15 30 235.7977
Lsize = 100
MPMA 1.12E—-78 1.56E—45 7.43E—47 9.38E—92 3.06E—46 30 202.7920
CMPMA 2.69E—81 1.69E—48 1.28E—49 1.54E—97 3.92E—49 30 130.9253
Gen = 500; Xmax = 10;e =0.1;sR =0.8
Lgize = 36
MPMA 7.54E—20 1.738528 0.102594 0.106389 0.32617 24 539.0687
CMPMA 4.01E—25 0.018899 0.00064 1.19E—-05 0.00345 30 441.0779
Lgize = 64
300

MPMA 227E—-11 2.578779  0.169968  0.229099 0.47864 21 669.8335
CMPMA 6.06E—21 0.114071  0.003829  0.000434 0.02082 29  336.8166

Lsize = 100

MPMA 2.17TE—-08 0.911426 0.056726  0.031879 0.17855 27 784.793
CMPMA 1.22E—18 0.001095 6.36E—05 4.48E—08  0.00021 30 518.5459
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Appended Table 6 The optimization results of different population size for Ackley function
with different dimensions

d¥ Ik S 3EEIE] w%EHE TfE Ji % ®)Jj%  Succ CPU/s
Gen = 150; Xmax = 10;& = 0.00001; sR = 0.8

Lsize = 36
MPMA 8.9E—16 2.66E—15 1.132675 —1.3272 0 30  12.1312
CMPMA 8.9E-16 2.66E—15 231E—-15 12E-30 1.1E-15 30 11.4839
Lsijze = 64
10
MPMA  2.66E—15 12.1977 1.3313 1.8335 0 30  12.6520
CMPMA 8.90E—16 2.66E—15 231E—15 1.18E—30 1.08E—15 30 12.5920
Lsize = 100
MPMA 2.665E—15 2.665E—15 0.9254149  0.88592 0 30  19.3011
CMPMA 8.9E—16 2.99E—-15 2.99E—-15 0 0 30 18.1703
Gen = 250; Xmax = 10;e = 0.0001; sR = 0.8
Lyize = 36
MPMA  2.66E—15 14.2605 1.82923 —3.4615 0 30 18.7744
CMPMA 266E—15 2.66E—15 2.66E—15 0 0 30 16.7039
20 Lgize = 64
MPMA  2.66E—15 13.1083 2.8641 —8.48615 0 30 27.0210
CMPMA 266E—15 2.66E—15 2.66E—15 0 0 30  26.8580
Lsize = 100
MPMA  2.66E—15 12.78738 1.652394 —2.8246 0 30  30.2687
CMPMA 266E—15 2.66E—15 2.66E—15 0 0 30 30.1101
Gen = 350; Xmax = 10;e = 0.001;sR = 0.8
Lsize = 36
MPMA  2.66E—15 2.66E—15 2.47427 —6.3331 0 30 37.6024
CMPMA 266E—15 2.66E—15 2.66E—15 0 0 30  32.3696
30 Lsize = 64
MPMA 266E—15 3.67TE—15 2.66E—15 1.84E—15 0 30 45.7170
CMPMA 266E—15 2.66E—15 2.66E—15 0 0 30  44.8200
Lgize = 100
MPMA  2.66E—15 6.22E—15 2.65498 —7.2920 0 30  55.0722
CMPMA 2.66E—15 6.22E—15 2.78E—15 4.2E—31 6.5E—16 30 54.6926
Gen = 500; Xmax = 10;e =0.1;sR = 0.8
Lgize = 36
MPMA  2.66E—15 2.404153 0.080138 0.19267 0.43895 29  146.238
CMPMA 266E—15 6.22E—15 4.8E-15 3.1E-30 1.8E—15 30  144.797
Lgize = 64
100

MPMA 2.66E—-15 1.34E—13 8.7TE—15 5.64E—28 2.38E—14 30 152.536
CMPMA 266E—-15 6.22E—15 5.27TE—15 2.55E—-30 1.60E—15 30 145.127

Lsize = 100

MPMA 2.66E—15 1.33E—14 4.56E—-15 59E-30 24E—-15 30 233.855
CMPMA 2.66E—-15 6.22E—15 5.27TE—-15 26E-30 16E-15 30 229.810

Gen = 500; Xmax = 10;e = 0.1;sR = 0.8

Lgize = 36

MPMA  6.22E—15 5.886163 1.981127 5.03829 2.24461 19  159.205
200 CMPMA 2.66E—15 5.450582 1.633357 5.06203 2.24988 25 112.586

Lgize = 64

MPMA  6.22E—15 4.81746 2.19425 4.0253 2.00633 23 297.738
CMPMA 6.22E—15 5.43037 1.89246 5.1333 2.26568 29  275.536
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Gen = 500; Xmax = 10;e = 0.1;sR = 0.8

Lgize = 100

200
MPMA 6.22E—15 5.45368 1.645546 3.86868 1.96689 22 461.213
CMPMA 2.66E—15 4.636408 2.348008 4.27216 2.06692 27  456.669
Gen = 500; Xmax = 10;e = 0.1;sR = 0.8
Lgize = 36
MPMA 1.69E—14 6.051794 5.139738 1.16962 1.08149 16  334.853
CMPMA 6.69E—15 5.751865 5.09629 0.14889 0.38586 18  312.558
Lygize = 64
300
MPMA 3.64E—05 6.38458 5.2575 1.2447 1.11568 22 461.682
CMPMA 1.52E—13 5.4142 4.0814 2.8638 1.50228 26 426.415
Lgize = 100

MPMA 1.32E—-14 5.603522 4.713897 0.83933 0.91615 17 1385.54
CMPMA 3.37E—-15 5.157194 4.299704 0.25178 0.50177 25  692.646

MRT R AP BRHLARRS T R 424049 Griewank & 4L 49 £ AL 25 R
Appended Table 7 The optimization results of different population size for Griewank function
with different dimensions
4l Wik BOHE RBeEM T % ¥J%E Suce CPU/s
Gen = 300; Xmax = 600;¢ = 0.05; sR = 0.8
Lgize = 36

MPMA 0.132263 0.026066  0.00096 0.0311 25  4.2715
CMPMA 0 0.078797 0.018497  0.00053 0.0231 26 3.9302

Lsize = 64

[e=]

10
MPMA 0 0.14282  0.03084 0.00127  0.03559 26 7.6350
CMPMA 0 0.09825  0.02321 0.00082  0.02858 27 7.4930
Lgize = 100
MPMA 0 0.072225 0.024315 0.0005 0.0229 24 36.7880
CMPMA 0 0.066427 0.018871 0.0004 0.0191 26  36.3184
Gen = 250; Xmax = 600;e = 0.01;sR = 0.8
Lsize = 36
MPMA 0 0.029559 0.002552 5.2E—-05 0.00723 27 5.5022
CMPMA 0 0.019701 0.00115 1.9E—-05 0.00442 28 5.2148
Lgize = 64
20
MPMA 0 0.05726  0.00476 1.51E—04 0.01225 26 8.8940
CMPMA 0 0.04009 0.00296 8.31E—05 0.00912 27 8.6604
Lgize = 100
MPMA 0 0.0418 0.0032 79E—-05 0.0089 26 40.1938
CMPMA 0 0.0221 0.0021 2.9E—-05 0.0054 28 39.6486
Gen = 250; Xmax = 600;e = 0.01;sR =0.8
Lsize = 36
MPMA 0 0.016329 0.00109 1.3E—05 0.00359 28 4.4998
CMPMA 0 0.013811 0.00046 6.4E—06 0.00252 29 4.4022
Lsize = 64
30

MPMA 0 0.02917  0.00237 5.42E—05 0.00736 27  6.0360
CMPMA 0 0.02857  0.00095 2.72E—05 0.00522 29  5.7750

Lygize = 100

MPMA 0.0345 0.0027 5.73E—05 0.0076 26  31.3586
CMPMA 0 0 0 0 0 30  12.2145

[e=]
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Gen = 300; Xmax = 600;e = 0.01;sR = 0.8
Lgize = 36
MPMA 8.63E—14 0.1278 0.0043 0.0006 0.0233 29  12.7904
CMPMA 0 0.1091 0.0036 0.0004 0.0199 29 12.4408
Lsize = 64
100
MPMA 0 0.04593 0.00153 7.03E—05  0.00839 29  15.7380
CMPMA 0 0.09190 0.00306 2.82E—04 0.01678 29 13.4000
Lsize = 100
MPMA 2.78E—12 0.2470 0.0125 0.0025 0.0499 28  80.9986
CMPMA 2.11E-15 0.0662 0.0022 0.0002 0.0121 29 75.3931
Gen = 300; Xmax = 600;e = 0.01;sR = 0.8
Lsize = 36
MPMA 5.09E—11 0.317197 0.025132 0.00620 0.07875 27 41.641
CMPMA 0 0.051335 0.001747 8.8E—05 0.00937 29 40.667
Lsize =64
200
MPMA 5.71E—14 0.27355 0.01894 0.00294 0.05419 24 52.7560
CMPMA 0 1.65E—06 5.51E—-08 9.11E—14 3.02E—07 30 49.7220
Lsize =100
MPMA 3.82E—12 0.184946 0.01205 0.00149 0.03864 24 301.820
CMPMA 0 0.133168  0.014415 0.00119 0.03451 26 299.149
Gen = 300; Xmax = 600;e = 0.01;sR = 0.8
Lsize = 36
MPMA 2.22E-16 0.0376 0.0019 5.3E—05 0.0073 28 99.740
CMPMA 0 3.34E—-09 3.32E—10 7.4E-19 8.6E—10 30 96.037
Lgize = 64
300
MPMA 0 0.045981 0.00153 7.05E—05 0.00839 29 281.763
CMPMA 0 6.85E—07 3.44E—08 1.64dE—14 1.28E—07 30 276.927
Lgize = 100
MPMA 9.66E—15 0.192635 0.006434 0.00124 0.03517 29 466.65
CMPMA 0 0.180855  0.006293 0.00109 0.03299 29 454.51
W& 8 R A BEAMALAT TR ) 4E 4% 69 Rastrigrin o 4% 69 AL 48 &

Appended Table 8 The optimization results of different population size for Rastrigrin function

with different dimensions

A AT Rl s P iE BITE Suce CPU/s
Gen = 500; Xmax = 5.12;e = 0.05;sR =1

Lgize = 36
MPMA 0 0 0 0 0 30 10.5890
CMPMA 0 0 0 0 0 30 9.2640

Lgize = 64

10

MPMA 0 0 0 0 0 30 12.1770
CMPMA 0 0 0 0 0 30 10.7890

Lsize = 100
MPMA 0 0 0 0 0 30 112.020
CMPMA 0 0 0 0 0 30 108.951
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Gen = 500; Xmax = 5.12;e =0.1;sR =1
Lygize = 36
MPMA 0 18.9042 4.2936 32.5263 5.7032 17 10.748
CMPMA 0 13.9296 1.9934 15.2605 3.9065 23 9.483
2 Lgize = 64
MPMA 0 20.8728 4.996776 46.4089 6.8124 18 15.6250
CMPMA 0 26.8719 2.841445 40.8914 6.3946 24 13.8880
Lsize = 100
MPMA 0 10.9445 2.3547 12.1854 3.4908 20 142.499
CMPMA 0 10.9446 1.0613 8.1881 2.8615 26 141.264
Gen = 600; Xmax = 5.12;e =0.1;sR=1
Lsize = 36
MPMA 0 35.8185 14.69361 167.241 12.9322 21 18.4000
CMPMA 0 30.8440 8.421624 71.9191 8.48052 23 17.2053
30 Lgize = 64
MPMA 0 50.8446 16.80369 370.493 19.2481 26 23.9780
CMPMA 0 48.7532 9.63878 204.535 14.3015 28 20.5660
Lgize = 100
MPMA 0 18.90421 6.08224 39.4192 6.2785 14 220.120
CMPMA 0 17.90925  4.519752 37.3571 6.1120 18 213.133
Gen = 1000; Xmax = 5.12;e =0.1;sR =1
Lyize = 36
MPMA 0 207.2757 51.2518 4253.75 65.2208 17 69.613
CMPMA 0 176.0411 22.5364 3638.49 60.3199 26 58.824
100 Lgize = 64
MPMA 0 251.4463  28.64123 4279.85 65.4205 22 79.393
CMPMA 0 171.6871 27.11921 3511.09 59.2544 24 70.151
Lgize = 100
MPMA 0 163.6368 48.2142 2681.29 51.7811 22 471.079
CMPMA 0 116.4104 47.6378 2309.36 48.0558 26 457.886
Gen = 1000; Xmax = 5.12;e =0.1;sR=1
Lsize = 36
MPMA 0 464.5793 19.8561 7286.30 85.3598  2697.549
CMPMA 0 24.77633  1.716227 33.8671 5.81955 27 88.340
Lgize = 64
200
MPMA 5.71E—14 0.2736 0.0189 0.0029 0.0541 24 122.756
CMPMA 0 1.65E—-06 5.5E—-08 9.1E—14 3.0E—-07 30 109.722
Lgize = 100
MPMA 0 0.0554 0.0411 0.0003 0.0273 21 860.412
CMPMA 0 1.07TE—08 3.1IE—-10 6.8E—16 2.6E—08 30 834.674
Gen = 1000; Xmax = 5.12;e =0.1;sR =1
Lsize = 36
MPMA 0 630.5808  57.16358 26521.4 162.854 20 238.19
CMPMA 0 482.9236  23.19314 7961.33 89.2263 23 232.78
Lsize = 64
300
MPMA 0 0.045981 0.00153 7.056E—05 0.00839 29 281.763
CMPMA 0 6.85bE—07 3.44E—-08 1.64E—14 1.28E—-07 30 276.927
Lgize = 100
MPMA 0 1.20772 1.33905 4.11E—-06  0.00233 20 541.210
CMPMA 0 2.14E—-06 1.50E—09 2.51E—12 1.40E—-06 26 430.660




