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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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1 5| (Introduction)
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(chainlike multi-population multi-agent evolutionary
algorithm, CMPMA). 5% 5% 1 2 Fife A2 T 1) 3 4L
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2 CMPMA i J& # (Principle of CMPMA)
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Fig. 1 The evolution structure of CMPMA

2.1 & Fi #E 9 3 46 B U (BEvolution rules of each
population)

CMPMA H N AN FBEAS AR R, 2 Bl R
A L 10 2 R Re At A ST A

5 BEAR (agent) A X

FEX 1 agent#i iy L=, WagentiE ] % %R
] S — Mk it a, FRERE N
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FErP I N2 pR A (@) 27 H AR R AR WY AR AT A
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a = (body, place, local),

b body b BIE AR LA R R 0] 38 BT Y sE (1)
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e fRalt) 41 45, K78 Mlocal(a) = (21,22, , Zm),
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agent z; JTAC A7 & DL RAFATSE.
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Fig. 2 Chainlike environment of agent
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2.2 FhEE ) B {5 B A2 B 4K R (Information interac-
tion system of populations)
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3 SZILCMPMA (Implementation of CMPMA)

3.1 CMPMA & #4k i) B AR B ¥ (Specific algo-
rithm of each operation for CMPMA)

CMPMASLIL 1 R AT At 504 A8 XL A& S
AE %2 BB R ARSIk T

Hk 1 EgiE

Step 1 )4tk A7 s L R Py Ainew = (eq, e,

cen), Rk =0;

Step 2 #7U(0,1) < Py, WX, 0SB kYE ()42 5
PR, X N SRR N IR, U (-1, 1) & ™
A AN (=1, 1) Z TS 3 AT 98, Paprie =rand /2
R PR B,

Xy hy xU(—=1,1) x (hy, = ly) < X,
X, X x U(=1,1) x (X — l) > Xy,
By X U(=1,1) x (hy, — 1), Hefth,
k=1,2,-- ,n;flle, = ej+ez, Hrhe) = P X
hi, €2 =1 — Paie X hi, @k =k + 1;

Step 3 #ik < n, WAL IR2, 75 0% Step 4;
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Step 1 WAL R P, Flld, &k =

Step 2 #U(0,1) < P, (k) = c(k
(k) =ck)+G0,1/t), k=k+1;

Step 3 Fik < n, W IPER2, 5|4 Step 4;
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W M 248, energy(-) K /R H BEAR I BE i, sLpk
TN AR R R AR EE SR, slocaly, K B RACET e A BE R
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sbesty, FHERE s Ly, P B U I e,
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X, 1, x U(l—sR,1+sR) < X,
X, xU(l—sR,1+5sR) > X,
I x U (1—sR,1+sR), il
i, bk =1,2,--- \n;

Step 2 XFsLy, bR GEAAAT UTE P #1F,
13%sL,;

Step 3 XfsL FRREA R Ge A, kU (0,1) <
$ Py, WIHATAE 484, 194 3s Lyy1;

Step 4 {rs Ly TR E1Z 2 W] g 5 e v (1) 8 R
{Asbesty1; #renergy(sbesty ;) > energy(sbesty),
M4 sbesty1 — sopt, ;; 14 sopt, — sopt, .,

Nek:

sopt,, — sbestyiq;

Step5 47k =Gen, W{F 1L 4 sopt, — news
T4k =k + 1, #Step 2.

3.2 CMPMA 3Z 3} 20 B8 (Implementing steps of
CMPMA)

CMPMAK HI -1 3 il 1) 2 1 77 20, AR W Ly R 7
SEEACH B B A BE 2, local, N SR EAC Y e A HE £ 1
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Live, 1 NIEARK B Gen, % 25 0] 10 & GEARBE L Ly,
A AEAE R BElocaly, B Hiopt, &k = 0;

Step 2 4 () AWk / Ky Fg BEET, BE ML HL
PRSP EAT A2 HARAE T

Step 3 NAMPIHERL W T R AT 5 Ak

1) SR I AMAREAT S G+ 4, 15 2L, B8
BREAR I SR AL A7 P BElocaly;

2) X PIEEAMAREAT A X HRAE, 15281y, SR he
PRI SRR AE A A B local, ;

3) AR BEAT AR S A, 43 B L, BT
REARTIP) Rl A= A7 M i localy,;

4) AE Ly HE B 1% 23 W) B8 1 A 1R fe A
besty, 1, X HIAT B 22 2 HAE;

5) Uitkenergy(besty, 1) > energy(besty), M4
besty41—0pt,,, ;; 71 Mopt,—opt, |, opt,—besty1;

Step 4 ARIEINS) FIWTE / ko Jy BEEIN, BEATAC H.
B2,

Step 5 Jl W 2 1B 45, A 2 W45 1k I
opt,, 4k =k + 1, ¥Step 2.

4 BRSO K B 2% B 143 BT (Convergen-

ce and complexity analysis of the algorithm)

4.1  H L WBS P 43 BT (Convergence analysis of
the algorithm)
B X 2 PPHE 22 3 B A R A SR AW SOk B e T
B ANPPHE (R A S b A B ) ey e S, RIBE X 22 4
RE AR BE SV IRl Sl
SIEE 1 23 Re Mt 4 SR FloE b 4k DL
FANSEL, HAT 4 R skt
P T o 22 R R AR A SR R T ) 2 A e A
A SR PR AE ARS8 N B B A X, (Rt gE X 2
BRER I B B A SRS .
T 50 10 2 PR A 45 44, R e e N AN Fb B
ISP EI AR LN N I RE R AN X, = (241, Tio,
o ,l‘iLsize), energy, = (Eila Eig, -, EiLme); Horp:
i =1,2, | N; Lo A RPN
b R B e S FERE N R RE B vy, By (5 = 1,2,
ooy Liige), FHGIBRLAN, BEANSPIIE S AL AR 2 W ST,
R =0ar:
Jim Pr{energy, = Ej;} =1, (6)

o ke g e (A A A
TR [ AL ik BB PR b AR P e AT R BN I 1) E = K
Xps, energy p.; PRIV R LL LN B (1) BE 5 8 X Ry

ymy

energyp, (P,R=1,2,--- ,N,HP # R;s,t = 1,2,
- Lyize).

PR AS ERLAI g, A8 B RO AEE TP NMA )
B, R AR — 2 S h A8 B3 S A A . A8 B
JG, # Ery > Epg, M TP S AU AL X gy,
WG I T oA PO AR BT 5 T Fh B R S 0
R FEAAR, (ORISR AT, 7 Ers < Epy, A L, 1K
SO IR BT, TR 2 P RE AT A B 5, A ekAe
AP IS

i Lo M AT 43, B2 Bl 2 R R AR E AL SR A
A4 SRS
42 UL E B 5 Hr(Complexity analysis of

the algorithm)

BRI IR 52 2 M 0 A 2 S DI 1] 52 23 3 A % i) 52

1) ST IR] 52 2% R, B RE 32 S0 (R 4AUA T I [
AT LU IS T A0 e, BT P PAT OB T B 4.

1% G 1) R R A S 0P B8 v A — A BE AR 4R
S A8, T e 3 A P R RE A QR S AN B 24 R
e At 8 W s 45 AL B i T 2 R e AR A HoH [, B
Lase = 12,0, 8Lgine = sI%,.. WNABIEANEL iy 5 4 X
SR AR A B D TR 2 B A AR IR A K 1)
AR, SN T A AR TE A A 2 > ) BB IR

MPCMA ] LA X %: comparison = Gen x N X
2 X (Lgize + sGen x $Lgje).

W 25 25 1y 1) 2 b e 22 R e AR 1AL SR LR A
X #(multi-population multi-agent evolutionary algo-
rithm, MPMA): comparison = Genx N x8x (I .+
sGen x sl2_.).

D] e 2 20 Y 22 2 R AR A SV 1) I i) 52 2
JEA T U st

2) SR A R S AR, RSV AT A s ). NI
26 Sk BRBE S R IR R — DM BER BOAE A 2 )
WA/ T A 2 AE R R A 23 1) RIS A <3 IR,
—NRER R 3 HE W] A 2 R R () < R

gk LR, e 2 P 2 R e AR ST I S 2% ]
2 AR

5 sEHFE 5 45 34 #r(Simulation and anal-
ysis)

JEGAUECMPMA R g, AR S FH SCHk (11194 16
AR 2R EF CMPMA P g 347 407 B 40 A1, AR SC
MELT 44N 7 T S AT MR A

1) MPMA . CMPMA % it 5530 1) 6 B 20 BT, 8
5893 9 K FIMPMA 5 A SC 843 36 k64N il ik
PRHCEAT I B, ISR E N Q = 3,F = 4,
sGen = 10,P, = 0.5,sP, = 0.08,P, = 0.48,
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Table 1 The simulation results of two algorithms with six test functions
PR Rk B A E FHME Ji 7% ¥ H7% Succ CPU/s
Gen = 50; Xmax = 10;e = 0.00001; sR = 0.8

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

Gen = 200; Xmax = 10;e = 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;e = 0.00001; sR = 0.8

MPMA 1.02E—-71 6.57TE—61 1.1554 14E—-122 1.2E-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 204E-73 88E—-142 29E-71 30 18.6875
CMPMA 7.2E-86 1.02E—-72 1.67E—-76 7.1E—145 83E-73 30 18.4538

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

MPMA 2.66E—15 2.66E—15 0.97641 —0.9863 0 30 6.0672
CMPMA 89E—-16 2.66E—15 2.55E—-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 266E—-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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Table 2 The comparison results of two algorithms in high dimension function
PR Bk UE IRzl M i 7= W%  Succ CPU/s
dimension = 100; Gen = 500; Xmax = 10;e = 0.1;sR = 0.8

MPMA 7.48E—-54 2.66E—43 9.06E—45 236E—-87 48E—-44 30 62.8987
CMPMA 2.55E—-54 8.34E—46 3.66E—47 2.35E—-92 1.5E—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 8.4E—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 T7.46E—-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; Xmmax = 10;e = 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; Xmax = 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; Xmax = 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; Xmmax = 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; Xmax = 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

Bk Hik g SEIER o ZE T I 7 ¥I77%2  Succ CPU/s
Gen = 50; Xmax = 10;¢ = 0.00001; sR = 0.8
Camel  \ippMA  —1.03163  —1.03163 —1.03163 2.5E—16 1.6E—08 30  1.1393
CMPMA —1.03163 —1.03163 —1.03163 12E—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 12E—11 3.5E—06 30 1.4033
dimension = 10; Gen = 150; Xmax = 10;& = 0.00001; sR = 0.8

MPMA 9.15E—68 9.0lE—54 1.27TE—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—69 283.0809 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; X max = 10;e = 0.00001; sR = 0.8

MPMA 2.66E—15 12.1977 1.3313 1.8335 0 30  12.6520

CMPMA 8.90E—16 2.66E—15 2.31E—15 1.18E—30 1.08E—15 30 12.5920
dimension = 20; Gen = 250; Xmax = 10;e = 0.0001; sR = 0.8

Ackley MPMA 266E—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; Xinax = 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;e = 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; = 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

HE A& 2 b2 h O FIAT S ik A2 R ARSI 3K 2L Y 1 A48 AT
Appended Table 2 The comparison results of two algorithms in functions with 6 population
B Hik It fE I 7 fH T {E % WJi%  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 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 2.2E—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; X max = 10;e = 0.00001; sR = 0.8

MPMA 4.24E—-66 1.61E—44 1.4994 —2.3257 0 30  19.1416
CMPMA 1.81E—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 2.47E—66 104.8363  5.421801  —30.4096 0 30 44.5851
CMPMA 181E—-71 3.38E—60 1.2E—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 6.05E—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 2.66E—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 266E—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 2.66E—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;e = 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;e = 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; Xinax = 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

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

W& 3 TR APEEAS LT B AT Bk R AR & 4 B 2000 M AR AT

with different population

PREL (TRTR B3R S5 E ] FRME Ji % ¥Ji%  Suce  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 1.4E—126 1.2E—63 30 301.6794
CMPMA 1.18E—91 6.17TE—-76 6.24dE—77 3.8E—152 1.9E-76 30 290.4099
dimension = 200; Gen = 500; Xmax = 10;¢ = 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-79 1.6E-52 3.2E—-60 24E-14 1.5E-7 30  327.0201
CMPMA 1.0E—-99 2.0E-72 2.0E-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 1.7E—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 3.4E—-05 30 592.754
dimension = 100; Gen = 500; Xmax = 10;e = 0.1;sR = 0.8
N =4
Ackley
MPMA 266E—15 1.34E—13 &8.7E—15 5.64E—28 2.38E—14 30 152.536
CMPMA 2.66E—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 2.66E—-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 =14
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 3.4E—-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 2.97E—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; X1,ax = 600;¢ = 0.01; sR = 0.8
N=4
MPMA 0 0.045981 0.00153  7.06E—05 0.00839 29  281.763
CMPMA 0 6.85E—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;e =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; = 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 7.05E—05 0.00839 29  281.763
CMPMA 0 6.85E—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 #FRE k3T CamelA=Shubert & 2% 49454 45 &
Appended Table 4 The optimization results of two algorithms for Camel and Shubert functions
PR RS RIHE  BEE CPHME i 7 ®JJ5%  Succ CPU/s
Gen = 50; Xmax = 10;e = 0.00001; sR = 0.8

Lsize = 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
Lsize: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 12E—-16 1.1E—08 30 0.8850

Lgize = 100
MPMA —-1.03163 —1.03163 —1.03163 6.1E—16 24E—-08 30 1.4633
CMPMA -1.03163 —1.03163 —1.03163 0 0 30 1.3609

Gen = 200; Xmax = 10;& = 0.0001; sR = 0.8
Lsize =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

Lsize = 64

MPMA —186.731 —186.731 —186.731 6.0E—-11 7.8E—-06 30 1.7560
CMPMA -186.731 -186.731 —186.731 12E-11 3.5E—-06 30 1.4033

Lygize = 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

Shubert
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Appended Table 5 The optimization results of different population size for Sphere function
with different dimensions
deH Hik IRAFH M SR 5 2% W7 Suce  CPU/s
Gen = 150; Xmax = 10;& = 0.00001; sR = 0.8

Lgize = 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 Lsize =64
MPMA 9.15E—-68 9.01E—54 1.27TE—-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

Lgize = 36
MPMA 1.57TE—63 54.14182  2.853024 —8.42043 0 30  23.7501
CMPMA 3.98E—-73 246E—65 159E—-66 27E—131 b52E-66 30 22.0294

00 Lgize = 64
MPMA 5.69E—69 283.0899 15.95688 —263.402 0 30  38.6395
CMPMA 3.44E-73 196E—-63 6.59E—65 13E—-127 3.6E—64 30  37.4448

Lgize = 100
MPMA 233E—-69 104.3296 6.433757 —42.8206 0 30  74.8285

CMPMA 24E-76 6.97TE—65 4.35E—66 1.8E—130 1.3E—65 30 67.9848

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

Lsize = 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 2.6E—75 30  38.22658
Lsize = 64

30

MPMA 1.24E—-83 1.26E—-73 6.26E—75 6.2E—148 2.5E—-74 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
Lsize = 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 2.17TE—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
Lgize = 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; X1hax = 10;e =0.1;sR = 0.8
Lsize = 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
Lsize = 64
300

MPMA 227E—11 2578779  0.169968  0.229099 0.47864 21 669.8335
CMPMA 6.06E—21 0.114071  0.003829  0.000434 0.02082 29  336.8166

Lgize = 100

MPMA 2.17E—-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




50 ok OE s N A %30 %

Mk 6 TEAPAEAALRT ) 4 49 Ackley o £ b9 A28 R
Appended Table 6 The optimization results of different population size for Ackley function
with different dimensions
qid Sk IR Izl THMH JiZE ¥J)i%  Succ CPU/s
Gen = 150; Xmax = 10;e = 0.00001; sR = 0.8

Lgize = 36
MPMA 8.9E—16 2.66E—15 1.132675 —1.3272 0 30 12.1312
CMPMA 8.9E—16 2.66E—15 2.31E—15 1.2E—30 1.1E—15 30 11.4839
10 Lygize = 64
MPMA  2.66E—15 12.1977 1.3313 1.8335 0 30 12.6520
CMPMA 8.90E—16 2.66E—15 2.31E—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; = 0.0001; sR = 0.8
Lsize =36
MPMA  2.66E—15 14.2605 1.82923 —3.4615 0 30 18.7744
CMPMA 2.66E—15 2.66E—15 2.66E—15 0 0 30 16.7039
20 Lygize = 64
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
Lsize = 100
MPMA 2.66E—15 12.78738 1.652394 —2.8246 0 30 30.2687
CMPMA 2.66E—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 2.66E—15 2.66E—15 2.66E—15 0 0 30  32.3696
30 Lygize = 64
MPMA 266E—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
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
Lsize = 36
MPMA 2.66E—15 2.404153 0.080138 0.19267 0.43895 29 146.238
CMPMA 2.66E—15 6.22E—15 4.8E—-15 3.1E—-30 1.8E—15 30 144.797
Lygize = 64
100

MPMA 2.66E—15 1.34E—13 8.7E—-15 5.6dE—28 238E—-14 30 152.536
CMPMA 2.66E—15 6.22E—15 5.27E—15 2.55E—-30 1.60E—15 30 145.127

Lgize = 100

MPMA 2.66E—15 1.33E—14 4.56E—15 59E-30 24E-15 30 233.855
CMPMA 266E—-15 6.22E—15 5.27TE—15 26E—-30 1.6E—15 30 229.810

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

Lsize = 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=10.8
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=10.8
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
Lsize = 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

M ART ARIATBEIALRT R 4 389 Griewank & £ a9 b 25 R
Appended Table 7 The optimization results of different population size for Griewank function
with different dimensions

dede Bk RUME mEME THE Ji e B)J;%  Succ CPU/s
Gen = 300; Xmax = 600;e = 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

e=]

Lsize = 64

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

Lgize = 36
MPMA 0 0.029559 0.002552 5.2E—05 0.00723 27 5.5022
CMPMA 0 0.019701 0.00115 19E—-05 0.00442 28 5.2148

2 Lgize = 64
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

Lsize =100
MPMA 0 0.0418 0.0032 7.9E—-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

Lgize = 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

Lgize = 100

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

o
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Gen = 300; Xmax = 600;e = 0.01;sR = 0.8
Lsize = 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
Lygize = 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
Lsgize = 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
Lygize = 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
Lygize = 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
Lsgize = 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 3.34dE—-09 3.32E—10 7.4E-19 8.6E—10 30 96.037
Lgize = 64
300
MPMA 0 0.045981 0.00153 7.056E—05  0.00839 29  281.763
CMPMA 0 6.85bE—07 3.44E—08 1.64dE—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
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Appended Table 8 The optimization results of different population size for Rastrigrin function

with different dimensions

Y ERTR oM Rz P xS BUiE 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

Lsize = 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
Lsize = 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
Lgize = 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
Lsize = 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
Lsgize = 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
200 Lsize = 64
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
Lsgize = 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
Lgize = 64
300
MPMA 0 0.045981 0.00153 7.06E—05  0.00839 29 281.763
CMPMA 0 6.85E—07 3.44E—-08 1.64E—14 1.28E—-07 30 276.927
Lsize = 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




