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Abstract: A new double elite coevolutionary genetic algorithm (DECGA) is proposed to avoid the premature
convergence and low speed of convergence, based on the elite strategy and the concept of coevolutionary. In the
DECGA, the two different and high fitness individuals (elite individuals) are selected as the core of the evolutionary
operation, and the team members are selected by the different evaluation functions to form two teams through these
two elite individuals. The two sub-populations can balance the capability of exploration and exploitation by the
different evolutionary strategies. Theoretical analysis proves that the algorithm converges to the global optimization
solution. Tests on the functions show that the algorithm can find the global optimal solution for most test functions,
and it can also maintain the population diversity to a certain range. Compared with the existing algorithms, DECGA
has a higher performance in precision of convergence and search efficiency.
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algorithm, fij fk DECGA). 1% 51 1 JG 14 £ P4 AR S 4, 3 TS SR A 1A $2 JREAN [+ £ 306 6 S R e 1l 2% A 2t
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elite evolution sub-population taking EliteA as the center
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Fig.3 Evolutionary model of sub-population taking EliteB as the center
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Step 1. HILEALFIEE P(0), JE 11 ST R (1438 I BE A, 45 Bl BE P (0) 4438 I3 FE{E B P HE 51

Step 2. IEFEHT M ANIE BB AR AR S LTS A A b K 99 Best(0) B i, 34 t=0;

Step 3. #L#% Best(t) H’Jﬁﬁﬁc/\ﬂwﬁﬁ EliteA, A1 FH A 73 %1 5 i 15 21 43 FU PP HE POPe I POPC.I% £ 48 it
AMAYL R AR BA TeamA(i),i =1,2,..., Z EliteA MA 5 A BN TeamA 1 184S 58 kAL 454

(1) #HIEFEANMAEKET POPe BT UMEAS XA TFH EliteA MA S ZAAN 2 57 % D(EliteA,i), 47

D(EliteA,i) <u, JUEFT B4 A2 XG5 W, BEAT B A8 X
(2) FEBEAMAEK BT POPC, WIHEAT FL i AS S5 28 50 U AL R A5 49 31 T FiOEFE A(t+1);
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1) x% AR IEBEHLAE % T x% A4 EliteB A2 e AR 4 AL AT BA TeamB(j), j=1.2,...,— . 5 EliteB 58

R A A5 B RO B(t+1);

Step 5. K A(t+1)F1 B(t+1)Fif 75 I, 43 2R Temp(t+1), 155 Temp(t+1) A3 ¥ A1
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Iy
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EXT. B A =max{f () i =12,..., A BEPLAS ST AP 50 T A BARR AL )2 R () S i

N AR R TR RS B e>0,H
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AT %A
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P = ZZ p;(t) Pij ®)+p - ZZ p; (t) Pij t)=p,.

icl jel igl jel
piL,
lim p, =0 (12)
imP{ f,— "< c}=1-lim " p,() =1-lim p, (12)

AR AR R (12) T 15 5]
lim P f, - "< c}=1

[5I175, DECGA 553 B AT 4 JR e Sk U
3 AEXW
AT WA EIE R T AT PR ROPE B % S N T L R R e B A ) O e S R LR L

Table 1 Experimental setup of parameters
x1 LRSI BE

WRENMABE M 5
ZErEB{H u 0.1

o 0.1
SHORESK d 0.3

. e p. 1.0
EliteA 1Pt o 0.02
EliteB 7% P 0.85
P, 0.08

FZEAT 14 AN B ek fr~Frg RO B 2% 1 56 R B, 52 S0 T I T B, R A D03 2 R OCR[23]
T bR B CFL (1), CF2(f12), CFA(f1), CF6(fa).
_sin’ X +x; -05
[1+0.001(x7 + x2)]*
f, = cos(5%,) Cos(5x, )e ¢ )y e [-2.048,2.048],

f,=05 x €[-10,10],

f, [4—2.1xf +%xf}xf + %% + (4—-4x2)X¢, % €[-3,3],

5

[T {icos[(j+1x + jI} % €[-10,10],

2
i=1 j=1

f,

-1

fy = 500{0.002+ 224(1+ j+O+ai)®+(x, -b(nNH ™|

i=0

a(j) =16((jmod5) - 2), b(j)=16(| j/5]-2), x, «[-65.536,65.536],

f, :__1203 X, sin(\/m ) x €[-512,512]

f, =100(x, — x7)* + (L — %), %, %, €[-5,5]
fy = (L— x)x?sin(200x) |, x € [0,1]
fg = (=1) x (x* + 2y? — 0.3cos(3x) — 0.4cos(3y)) + 4, X,y e[-11],

2 2
LAY c0s(2x,) cos(2X,), X €[-10,10].

flO =
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3.1 DECGABEERISIINLER
F 24/ T LA 14 DN ERBORSLIZAT 100 RS2 25 A HEIX 100 RS P BRI . RZEE. T

AR A EBSAR L.
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Table 2 Experimental results of DECGA on 14 testing functions over 100 trials
% 2 DECGA Sy 14 A6 eR #1100 K SE50 ) S 56 45 2R

R Sl P ERALE FoARIE! frEie! R LL e G
fi 1.0 0.999 99 1.0 0.999 98 28
f2 1.0 0.999 99 1.0 0.999 84 35
3 -1.03168  -1.031625 -1.031 68 -1.031589 27
fa -186.7309  -186.7307  -186.7309  -186.7302 13
fs 499.002 499.001 9 499.002 499.001 9 15
fe -4189.8289 -4189.7111 -4189.8167 —4189.697 2 205
f7 0 6.148E-8 1.455E-9 1.166E-6 525
fa 0.1481 48 0.1481 47 0.1481 48 0.1481 46 20
fo 4.7 4.699 99 4.7 4.699 98 29
fio -1.0 -0.999 999 -1.0 -0.999 989 39
fu 0 1.5924E-4 2.397E-6 4.7821E+1 682
fio 0 1.204E+1 7.112E-1 8.820E+3 830
fi3 0 3.3016E+0 7.367E-2 2.3087E+3 1739
fiq 0 5.3091E+2  3.2982E+0 1.322E+4 1688
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N T UE SR B T AT R ARG AR ST R R B P 7 1K 7% R Sk ) M SRV R RO P B siAR
B WS S 0 A () CROR A s o e PG A2 457 LM DU BT o 22 (1 B PP A R 3048 o/ NRE B KRB
AR 2 (83X 4 T brf & SLiR S 8. SR R F I BUE 5 TR 1410~ FF— 2L
G, IR AL £, X 3 A BB A R IX 3 A bf B2 20 U bR B A 4 Sy e AR M AT IR 2
Jrd P doe /ML A R SRR AR 25 5 B N ) S B (IR A 9 e 45 R LR 3.

Table 3 Average generations and times of reaching global optimum for three algorithms within 200 generations

F 3 AE 200 fRLLA 3 T SVAWC S F- AR BRI 2R 1) 4 Jay doe 10 1 AR UKL
R A RRCLLEI R IR K
DSGA 53 90
f; LGA 32 98
DECGA 28 99
DSGA 96 94
f, LGA 58 100
DECGA 35 99
DSGA 76 91
fs LGA 43 99
DECGA 27 100

PR ORI RR B £, B8 3K 3 AN BR BRI B ST 1 BORE 3X 3 A bR B 3t A% B0 T AR AR PR 0 1 sy i, L
AR AR AR I 2 e bR KL SR 5 R LK 4.

Table 4 Mean, min, max and time of satisfying termination rule for two algorithms

R4 AT L AE WIS YR T B B A B N RE S R I T AR I I 1]
EiE Sk HIfE RN R N E THFEIN 8] (5)

DSGA 6977 639 9763 0.4
fy LGA 4382 498 7396 0.28
DECGA 1920 430 6 640 0.25

DSGA 2277 640 4195 0.133

fs LGA 1879 453 3809 0.102
DECGA 1258 430 3650 0.098

DSGA 31693 26 340 34 824 30.019

fo LGA 15 694 13240 32509 18.328

DECGA 15 260 12 620 32850 17.843

3. K 4 WL R R NE LR RBERE AERSU T4 /0% L DECGA Lt LGA 4% 7 11—,
RPN 4 R AR L BARYT £, DECGA R B4 /A s B LGA W20 T 1 I B F B %
f1,f, DECGA M4 LT LGA. AWk F , DECGA fE4: Rt St Fe S 8 L3 L DSGA Fl LGA ' T —3E M
etk BTV R oK B, 55 DSGA,LGA #I L, DECGA IS Bt 7 1 B i $d s
3.4 DECGAE £ 5SGAE L. EGAE L. BEGAZ AR LLE:

396 BRSO HR (2] P Ao Ik o B0, 52 96 S 30 R B0 . 3E DY R B AT DS e T L 45 1k v Ut 34 5 SR (1A [ TR
I, DECGA #i% 5 SGA,EGA,BEGA Fikia AT — AT, B 2 PO IR EH 7). S8 TH 48 2R 21 1 42 Je) s A S FL 138

U S 45 R AR 6.

Table 5 Mean number of evolutionary generation (MNEG) and success rate on five functions

=5 SR T I RAACE B L Th R
f; fa fo f fio
Bk Pt TN IR L PR L IR L
e R (%) AR KL L 2. (%) AR PR (%) AR KL R 2.(%) WA KL AR (%)
SGA — 1.6 6.4 90.8 30.7 99.9 245 94.2 204.0 375
EGA — 2.1 6.1 94.2 19.5 100 20.6 99.6 173.3 50.1
BEGA 559.8 914 2.3 100 6.9 100 4.2 100 125.4 100
DECGA 442 94 1.6 100 2.9 100 3.3 100 20.2 100
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5 P AR BRI 243 7 R 7R 1 000 YR 37 52 56 I 4503 ol 3 S 6 #1738 300 AR AR B0ORD & 21335 7 it
FIAE N2 B (15236 45 ST LG HY 6T BR 5 £, SGA,EGA Sk AE A B A P 4R Mk it A2 152 11 E ) BEGA 5791 °F
B ACHh 559.8,T AL DECGA Sk M- Pk L ARE R 442 44, DECGA FEN T BREL fa,fo,f2.F10 T 5,
S HEAACEOII T AT 3 AUk N T B £, SGA EGA Sy iz ) ie S50k ) B R Th U B0 B AR, 38 R AN 1
A, BEGA S 1M B #3453 91.4%, 1l DECGA BV ML) U235 B 94%; %) 1R 5L fo,fo,fo, Fro 1T 55, TN IR ELIK
Gerh &5 3N 100%, LIk B AR RO %A Tk — S0 B TT BTk (K itk DECGA  SVENT % bR HU I T35 MEALAR
B /bF SGAEGA il BEGA.£i [ ik, [Al % 414~ , DECGA M4k 45 i B4 T SGA,EGA I BEGA. 55 45
BRI 6.

Table 6 Mean optimal solution when the running time is 0.4s and the running times is 1 000
F 6 IZATHIAIY 0.4s HEEIEATIRECA 1000 I, & R H5 ) 1 380 d5 K ad W

Bk fz fg fy fa fio

SGA 0.737 557 0.146 702 4.698 624 0.992 972 0.847 256

EGA 0.769 190 0.147 868 4.699 996 0.999 852 0.885 756
BEGA 0.997 381 0.148 137 4.700 000 1.000 000 0.998 723
DECGA 0.998 144" 0.148 147" 4.700 000 1.000 000 0.999 999"

MF 6 I sEas e v LUE B E e 1M B IR TR] Py, DECGA FL b 3 5 15 He. DECGA X} B %8 f,,fo 4L
45 R 5 BEGA IR R R e A3 2 4648 R 31 4 R S A, W0 22 20 80 7 ek 1 ml R i et T 7, fg, Fg 31X 3 4
B A1 R 5 DECGA FUL AL 45 Al T/ 3 MLk,

4 %

AR SLA O A 8 358 A S5 DR TR 22 A AR SR 88 T ol )% S AL S T L, 4 8 OUR 9E P [) A 38 4% B35,
P I TN 5 SR A E [ 08 4SS AR AT R DR KR TR 1K) 2 RE R 8 o T SR SO B 1 A i
MUK B By [R) BEACAIL AR, AT 280 T 1 A 430 A% B ik 4 R WG SICRIMA I8 48 2 1) 19 JE . B2 23 A ik I, S0 A
B LWSIT A R iR il 5 O A SVA K B R W], DECGA HATHRU I S e I, P e A T A 0%,

A% 3% 8 B (R BE AL A 7 55005 A S0 2 IS 36 SR MG o F T S AN R A B A T 0t o g4 T A S
SE T SR H BRAEACHUR] . B9 SR K T SRR A 5% 2 BE ) it 2D T BT k) L

Buft ARt FRAT DA A ST ARG T SRR B R AT s i
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