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Abstract: As a new kind of intelligence optimization method, genetic algorithm, with the features of simple
structure and strong adaptability, achieves great success in many real fields, but still there are some short-
comings such as greater computation complexity and more chance of being trapped into local states. This
paper analyzes the deficiency of the existing genetic operation and the essential characteristics of creature
evolution to improve evolution efficiency, and proposes a composite genetic algorithm based on multi — re-
serving strategy (MRS — CGA for short) . Moreover, it analyzes the performances of MRS — CGA by the
theory of Markov chains and simulation technology. All the results indicate that, MRS — CGA is essentially
the extension of ordinary GA, and obviously better than ordinary GA in computation efficiency and conver-
gence performance.
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ov chain

Vol.27 No.1
Mar.2010

BEEEEZEERITENRE FERNER
ALEBERE— I REAFRNE Y RHXE
TR Holland™ 32 1 49 —Fh B F A Wi 1618
BREAREFRBREEEHERBURCER, R
B HBEIT ATHENE S TEYEN
HARESETEBRA T M, RIEHERE
WF LB, KBTI R RS TR EER,
BT RIB ) ERBEFHE  HDAT R : A~

K B 3 : 2009 ~ 10 - 07
EEWHE M4tE AR 209 B (F2009000857)

BALH

AVIREFFEET 4, R (FRZ 18 B B 2R
O 7T R BTG, 2 A XA
TREREERFHHF MEREEARER
F&GHRIE, £ ERERIRP, EEBHRUT
BARBEFER B, T 3 U AN3E 57 0 43 51 % i
TEYRKEN XERERREAR, EHRIEN
EHRRERMBE R 0, TXREOERR
VREEHEREE, ERRENERREER

R AL R (1981 - ), B, WAL AFA, B, Bi¥, ANFFREIIE, HRRERITTE,



104 ot I8 XK ¥ ¥ 8K BRBER

20104E

EREREEREN.

REBEELEHREN BIEME, BHEY
FAERRAWBEURKEEERBEHIHHR
R, JeHxE AT B 0 B A AR 4k 1) B A R BB M
IR ENE. HER, AR FBEGHEM
MEEDE BREREPARE EXAEREE
B BLRE R B IR EB7 , B B A BR A 0
H,BEEMRELBRIBRBEENAR. &
HTILA B IS RAE R B A4 Yy ot 1k A9 2 A AR 1E
Hub L MNREHURBENAFER BRETET
ERBERNEEUBEEE (HFK MRS -
CGA), | F Markov S5 BiE M EHEARNE B
[ g B7 0] g i

1 MRS - CGA HI&5#3

1.1 ZRBREE

BGRB8 s mk (B £ — B R 3
CHREBAT-REBPRITRRH#LEE
TR — R B 15, RE AL REMBRIE,
BB A B4R B O =K A 3R 5 B vk A e SR R o
B, FE T E YRR MR b, R T
ZAREKuE , FAF R A B P SRR AME R 2
Bt B S SR AR S, bR SR B, FE R A TR
W

DREFHFIR, RE - HBEHRFA
(A AAERT 5% )5

2)ARE IR IR AE , X BUAR B B A& L BE
TR, Rl 2 08 B BEAR S B Mg M 5

3) BB RRE, X H T WA TR
B3, TS ERARE B TR MM,

B1ERTZREREOER. RRBRE—
MEZHZERE, 2RBRRERE -1, BEW
MRBRER. NEPALUEH, BR », #5EMN
Bz, BEMED, B 2, BEEESRRLE, E
TRt e, BEHBERMNR, B -
W« BEHAH. EREENPTIES HFRBER
B, MR E R »,, T x, HIETREBLIRIR, 3
ZRUIBHEERKEER, AREZBART
Bfl; FRBERE R, BT 2,2, MBREAH
EAK, BTN EEEXRK, B 2, x, BETT
PRI B4R 8 R 3R, SUAT LMRAE T M BF ) B AL,
EHAT &AL,

4

XX X

4 5

Bl SRERENEREXE

Fig.1 Visual interpretation graph of
multi-reserved strategy

¥ BB EAIAT , X F L uk iR B AR AL R,
Y LSRR 2 1 B SR e LA R R S AR R R
RS HITh B ; T X T 2 2 B 50 o oR B A DAL 1)
B, 213 B R AR AR B R R EAARF

FRRA) TS U BE AT LA AR 25 1] b BE B oR MOk BE
B XTEERSRMNBESHT:

EX 1R XR—ANESEE, D: X x X~
[0,0), 3 EE x,y,2E X, ZEZDHR:1)D(x,
y)=0x=y; 2)D(%,y) < D(x,z) + D(z,5) ,
W DN X EMBEB R, FHR(X, D) NERS
ff]; Z% EEA DBECH: 1)%x =y 6,D(x,y)
=0,UFR DA X ERIFE R R, HFR(X, D) A
PEEZE,

1.2 MRS - CGA HI4&#4

BT ERERBESERIEREAWHLL
et , AR A BE BB BE (R AME R
B ) FiERIhaE (iR M s A ), BT AT A
RS, RIFROBBNE RS,
AUEBMTSRREASRBRE(E XL
PiEERS R T XUR B g, B+ D HAEKJLER
BB,

BB EERREEE e SANHE
BB T —RABEPRRRMEEE M;

FW2 BREAEN: B E 4 [ L MIE
BHEH D URRBFENEEERNBE « HEH
BEKBIE B;

PR3 EETRE K R
WHEH M ANE R B KA X, X, , o, Xy, BD
f(Xl)Zf(Xz)Z"'Zf(XM);



F18

Xy R%E BT S REFENE S ERIEH % RIS 105

BE4HEREER:1) X, TRGHEED
T—R#ES;2) M 2<is M, RRIETEAFER
WE X, RERE:H (X)) - f(X) za, WRE
B X;&AX)-f(X)<a,M% D(X,,X,)=p
oL, RE X, 4 D(X,,X,) <, FMRE X0

1.3 MRS - CGA R s iE AR

DEZRBFED, BRALGRHBFRED
T—-REHPH BRI REN, BEPLA—
MR E T —AME D, LAKERIK
BTFURHBHHNEERBEANSHEM, o 8 WEE,
—BME, ERESTHINNERENEE S
R—& TR BEORERE /N,

DM, a, B RARE 3 4L B 0 280, FBUE R
SEFMBAE RFE BT E M BIRRK
B RORTRE

2 MRS - CGA ¥ &t 4

i MRS - CGA M5 HI T A1, MRS - CGA A9t
R ()L, TUBEEERRESH LK
Markov 4, Fi§ § %77 MRS - CCA HIfEZS[H), N %
AREABE (RS RMERE), SY #RME
M), K R S BB 8" FTEAR), S
= (Sq)&xnc = (Cﬁ)ut*ﬂM = (m,:')l;xkﬁ'sljfli%
EEETF XXETFHERAFHRERBER,
W SsEINAAN,C REIM,MEEN,HT=
CMSEPRIX( L W ERBEK. TEMA
Markov #Hi3R 34T MRS - CGA A,

EX 2P X () =X, (1), X, (£), -, Xy
OV AREREENE ¢« RFEE, . =max|{A(X)1X
ESIER F(X)WEREMM, Z, = 1‘;‘."3‘/("'
(1))e HlmPIZ =" | =1, MRt FF X
(e) b R,

3138 1974 P 3k Markov 851 X(¢) | =, S B4E
Be, 2 P RA—MER 1 M A, M X))},
T A BTl AL R B, H 59 8RRE LXK,

SEF 1 MRS - CCA WEBERF T= CMS 1
FESERE,

B 38 A=CM= (a;) xx, T=AS= () kx>
W CHEMYERTH,C NE—TF)ELHE
E—TELE MNTHEEN 1<i,j<K, B a; =
Siicatmy>0,B0 A>0, [, HSEFITEHN
HRL,MEEN 1<i,j<K, B t;= 2 045>

0,80 T>0, AT T BRAAFAERF

5 1 MEHE 2 A TENER.

#i8 1 MRS - CGA fY Markov 8 { X (£) 15,
W, A EA IR 50 I, RSB AWK
FIHENRTRE, EREBRZESTHE
GIE-: S

SETE 2 MRS ~ CGA 9 Markov 85 { X (2) 10 B
Wi o

R TSGR EHE, T SCIUXE SR B s
HITHA, B p” HHBERE i 2320 355
REj HEBHR, HHRWE  R)FFHHR
AR j,MEATFRAT IR K, IR ERS j
R — MK (N kA ME) R E—R (B ¢ -
1 R)MBP BN E, RERE j FREAS
RS &, Ak, MR R E—R(EP ¢ - 14R)
HRPOREMREEME, XERE NP8
FHBREMRETRETE: - 1 I HBRPRORKL
ME, HRIR i RE KPR IHE—R (IS
CROMBEMRE, BNE r REBEDE R
MEOHLIRPEETERENME, WX
BERKRBHETH p» > 0(BMRE i BIRE;
RAAHN), HERBRENRREFETH p»
=0(BPARE j BIRE i BRREM), T LR
SHTRES i My HRATERY, BT MRS - CGA #IR
FEBER—TREH SR, A REL 1T
1 MRS - CCA BOBIERFFH X (¢) ) ¥R AT 1
WAL RBE,

3 LB E

AT ELE N HEE LEABIER R
BARALEE, B ELBE MRS - CGA % I 2845 B2 5wk
i) BsGA FIEA BRI BGA RBIERE.

B 1 % AR IE T RO,

[l ,2,)=(4-2.143 +—;—x:)xf + 2%, +( =

4+4x2) %, ~100<x,,x,<100.

ZERERXEBEATRBBEDA HF
(-0.089 8,0.712 6) #1(0.089 8, - 0.712 6) K4
R/ g B/MAK - 1.031 6,

T4 5% MRS - CGA.BsGA 1 BGA kit
TREEE (B 2.3.4 9, BRAGRERERKE,
YPAetR R RECERIHE) o

1) MRS - CGA: B BT, M B MBE N
80, B KRB 100, XX R HE R EELH



106 WM T B K ¥ % &K (BARABEZ KR

20104

B4 p, =1, p, =0.001, W B #5 REH 1 g2k 0
B 2, 5/MEN -1.031 6,

2) BCA: BHIRBMT S H R BMT, #af
BEh 80, B AL ECY 100, X X R AR
4 5H p. =1, p, =0.001, W B 5 & B35 1k
L aniE 3, \/MEN -1.025 L,

60 T - v

\

s0f, . BAETLHSE

i W FHEELHE |
40 y Tek: BAMEZAEILE
30} 1; 4
20} i:

10 i:"-.‘-

0 "‘.I_"‘ 3 i\ : A
-10 " "

0 10 20 30 40 50 60 70 8 90 100

B2 MRS-CGARYG100 KL 1E 2%
Fig.2 100 iterations results of MRS-CGA

60
50 Ee: MAETME

f g, PHETHBE
“‘ Tk BAMETHME
30'11 1

¥y
20

n L“Al
100 J
0._‘\..\ A /\

-10

0 10 20 30 40 50 60 70 80 90 100

13 BsGART100% kR th 2%
Fig.3 100 iterations results of BsGA

20

L2 BAMEELHR

15 P FHEBMBE ]
T&: BMETAHME

10F 1

\F .
0 10 20 30 40 50 60 70 80

B4 BGARI100%K & AR 2%
Fig.4 100 iterations results of BGA

(=] wn
——

-5 30 100

3) BCA: BEUR BT, HEEHE N 80, &K
HALRECH 100, 38 B RMERERSHH p, =
1,p. =0.001, W B r B EE LR 0 3, B/
6% -0.532 4,

KT #—E 0 ER=FE B, AT
HMW ERBEBENSERE, S50 1 #TT
10 Y S B E A SRR, SR K 1 ik,

ME L TTLUE S 1) RS0 & iz e
77 T , MRS -~ CGA ¥J{EF BsGA 1 BGA;2) 7E UK
PBUREH I, MRS - CGA ¥J/vF BsGA 1 BGA;3)
B BCE (WS [E]) 7 T, BsGA & MRS - CGA
B 1.5 4%, BGA & MRS - CGA 1 1.2 f%, BT,
MRS - CGA & F E I REXIHFF BsGA il BGA,
sit /%2 + 22 -0.5

toa] . -
B 25 minf (2) = - o A T D T

+0.5—1005x,,x251m.

R1SHIEMM 11 10 ARKLER
Tab.1 10 experiments results of example 1 for three algorithms

MRS - CGA BsGA BGA
Wl SR Rl s dEE SRR e s O U S /s
1 -1.0316 10 1.1340 -1.0311 2 2.3120 -0.5324 23 1.965 0
2 -1.0316 10 1.5430 -1.0212 21 2020 -~0.4129 2 1.084 0
3 -1.0313 14 1.430 -1.0251 12 1.740 -0.5356 19 1.1870
4 -1.0316 11 1.4560 -1.0321 1 2.040 -0.7125 20 1.2980
5 -1.0316 13 1.2530 -1.0316 10 2.1410 -0.3269 20 1.364 0
6 -1.0316 10 1.4320 -0.9985 14 2.2450 -0.5124 18 1.156 0
7 -1.0315 17 1.1130 -1.0301 15 22140 -0.6386 20 1.8450
8§ -~1.0316 15 1.320 -1.0313 14 2.0130 -0.3469 17 1.754 0
9 -1.0316 15 1.2750 -0.9897 13 2.040 -0.4897 18 1.9250
10 -1.0316 11 1.3240 -1.0313 10 1.8150 -0.6532 14 1.9130
T -1.0316 12.6 1.3300 1.0222 14.2 2.0524 -0.5161 19.1 1.549 1
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Tab.2 10 experiments results of example 2 for three algorithms

MRS - CGA BsGA BGA
W SURB et Rls WUSUE RAUREL e s  MRRE OSBRI et iE)s

1 1 15 1.2410 0.9813 19 2.1420 0.4589 20 1.941 0
2 1 14 1.4120 0.9632 15 2,120 0.5324 2 1.408 0
3 1 17 1.4310 0.9856 18 1.6430 0.3659 24 1.178 0
4 0.998 5 10 1.4210 0.9627 19 1.98%40 0.6312 21 1.653 0
5 1 11 1.3150 1 15 2.7450 0.4125 18 1.654 0
6 1 15 1.1190 0.9786 16 2.2470 0.4405 18 1.8610
7 0.997 1 18 1.120 0.9903 16 2.2410 0.4632 17 1.8320
8 1 1 1.2650 0.980 3 16 2.1120  0.5012 21 1.8710
9 1 10 1.2340 0.9956 14 2.1420 0.7131 23 1.6930
10 1 13 1.3480 0.9903 15 1.8750 0.5329 20 1.867 0

FIE 1 13.4 1.2928 0.9838 16.3 2.1233  0.5052 20.4  1.6958
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