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Novel Compact Genetic Algorithm and Its Performance Analysis
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Abstract : Aiming at the slow convergence speed and weak convergence performance for the compact genetic algorithm,a novel compact
genetic algorithm is proposed in this paper through research of the compact genetic algorithm in distributed evalution algorithm, the proce-
dure and evolution mechanism is also given. Firstly, setting up primary population and secondary population, the algorithm can accelerate
the convergence speed through parallel evolution in multipe population and control the evolution process by various probability vector. In
the first primary population,immune vaccination is used to increase the probability of better individual, the first primary and the second
population can exchange with each other adaptively in order to prevent premature and enhance the diversity. The convergence and conver-
gence speed of the algorithm is analyzed in theory, which proves that the algorithm can converge,and the convergence time is also esti-
mated in this paper. The simulation results of classic function prove the correctness of the algorithm.

Key words: compact genetic algorithm ; probability vector; convergence ; function simulation

B oA AT RL B4R H OR TR SRR B 24
Bl h TR SO0 RE 0 B 0 A7 Ot i ok TR

51 &

HABE AR B AT 2 /IR, i s —

FUALE NP LS A — A D, PRI s o
B R B AROR B BE 8 A W7 I AR A&, (H 4 TR AL
[ R R A AR B L P B4 7 B A Y e (R i ik
B AL R AR AE T R B e (U . PR B 2
TWPFEHE TR B AL S 1 A R A 4 M
oA RS T AU R R R BRIk R
— PR AR B 1k

TG BRI e R IRV RRAE T B JE K S fE
TIAFAE—5E WA, AN R AL 7 22 T 2% B [R)8 Y

Y%E B #3:2015-02-07 &5 H#3:2015-05-07
E£WA . HEKARFAELL %I H (61174031 ,60674090)

Gt AR TR B A TR A (R Y i, R R AR
( Compact Genetic Algorithm, CGA ) & Harik 7£47F]#;
% AL S 0 3 P A B A A T B L ) — A A A
WA SN ST TR N TIZ R
YA — 3B AFERFFE X 7 i ) (0 R B T
I T, X6 L3 43 A S A 2 T B %) 1 3 R X
B

HEA SR R AR S A R 0 B — A TR AR AR E R
FE G HUSE R T — Mk m, BEus L R )

) 2& H R A 18] :2015-11-04

EERT: 2 Z2(1968-) 55 Wit RIS, WF50 7 ) e s A IR B 5 (5 B R
W25 tH KR 3L ; http ://www. enki. net/kems/detail /61. 1450. TP.20151104. 0949. 022. html



11 ¥ S IRV EGR G R AT <121 -

FHBEABRAT R D> T RGN AP T, e —
B ™ A D B B B A B A USRI
A R TR ) B 98 S AR A B9 D7 ) R TR
fie NP XEIR)EE, BA B AR, (H R BUR 251k 2
— BRI AL ALk | 7 HA A i 2 B/
BB AT WA —E R R BR 1,
PR [ N AL A0 4 1 T — S8 BR300 i it
REAS

SCHAE IZ E 5 [ P Ah SCHK A BE Al L £ —
BTG S A R BOR AL Tk IR R AT T s
I 0T B R (5 B

1 CGA REFHER @

BHGRAL TN A Y AR MR 1 i, M
SR (1) gt 943l 2 S R ) UL, 7 ) 2 P 5 | A S AL
il [ — 7 B S R A 3E 4

wIRIHEE L P = {0.5,0.5,---,0.5}
SRIG HEAT AR Z 18] B 5 5, AR P RTHE— /N A
FIAHR N, R P R4 0 81, X I s T I
et

P(k+1)=P(k) +alw(k) - 1(k)) (1)

TR p, WS EE R, — B o R 1/N
N YR, o AEEHIE R P B R )
Y R R

SCHR[ 7 ] X RAE DA IR n 78 o BRBGHEAT T ™45 )
Bep e 45 T T A 4R ok BOAG IR B e A5 ek
[8 T4 HI 33541 CGA it R MBS I 1 248 5 1y
JFH—U e Z MK BT B3 T CCA LR A
JiT 3 CGA VB —Rh L B 43 A0 A 1530305 i e 34t 46 T 3L
B A AR A BRI o 4 A A7 i 2 T e b ok
PATFTFSRRSCR B = 5 SCRR [ 8 ] $2 s — b 1) 5 ok
FEHL S AL A 45 A o R UE L B A
T [ PR A L o AL TR 5 S A A Y AR L
AT T 500 SCER[ 10 ] 32— L F 8% 3 F 35 1 7
ATHBE R[] 5t () B, 30t 8 R 5 A BRI 7 P T = A
FIAR R AR BA Sk, TR BN T R G (A7 T
BYSCHRL 11 328 B TR SR B 19 CGA L 439l A PE -
CGA DL NE-CGA, JF-53 1 T — 2675 25 iy FHIE 45
AR —E B ) A, $2 1 PE-CGA BRI T
WS (0 A7 — e FE T 1 5 Bk 58 i B 36 m , Mg
AR USSR JR A A ; 2 11 ) NE-CGA FFIA Ui 2
B TEAN i & A — 1 30,

2 HBEABEERE
FEXIESE CCA AAAER IR, SO 4 Y — R O JF AT
BEAAZHL CCA B B PRI [R] I 1k Ak, I8 P4l

B2 (A EAT R A2 U, () 338 17 M ek A s Rl 28
NLTE S S A N E Bl A NE X B €2 D B & [ B 7
XA CGA J3# % CGA (Novel CGA,NCGA) , B3 7 72
A RIR N .

(D witate, A PAFHE Pop, & Pop,, 53k
TR BRI, = AR R p, L p, Mopys

(2) WU R 2 A6 FRRE rp ™= A= i Ak B e
ok NI/ ER Y e ST B e o B e NI W R
Z e eIt G R AR TR SR M 3R ] e 7E SRR
TR — A ERAR i p, | LA O R AR AL E
1 PMESRE 75 5l FORE 1 O 46 o B, 4 IR A% 58 PE-CGA
1 Ak W R A T AL 5

(3) YHALICBOR R T = 0.2« T &, i R0 EE
TR R AME n, SR p, 72 AR AR TR
DPA—7E AR T 5 AR o A O RS, LA A
2Rt

FERN TR BEALIEBRARYE p, 1) 577 AR A A rh
(R —(r B LA, 3 ek E A A O LU S i I
(38 L A SR Z AR AR B 5 03k 57

(DHEESH w,y , HH, u < v,y HHEERILH
MAREL, B S8 A R R Y Al d5 A i AR e AR
B, AR SE AR SR AN PR SR DU AR A R o
BN S EOAE PR3 R U, S R R
HEF TR 3 U, A3 Ui A A

a=0.10(1-¢e"m)

FH AR RS 2058 O LU A A%, o T i T 2 R
R, B 1EFE A JRFRE, 76 5 W% 0 B IE A LR,
PR TH 2 B R AR A 58 Bk T A AT A K B A A5
FEB R

(5) HIWT p, A YRS, J& W25 3 i R 45 5%, 5 00
HEEETT,

BB PAFE AN (H RE S B 3 KA =0 24
P RKAR R A 0], 5] Akt ] DA 2 i 3k o R S A 1
AL B R b 0 A BT R 4 )R
(R R PR 48 R, T R v, DR L TORS 48 R 1 O
B, P FHEEFPRE B 10 0 RS B AR R AR N AR 11 R A 25
F TR RASARAE K A D B B SR m , AT B84 )
SRR T

FH TR T ELAT 5 M A0 2 1 4 Fh Sk s, DA i il
FRFPHE AT LR RN 48 T A A5 R AR
R B 0 A FE DR UM BSOS B2 P48, bl 1 ik
A

it NCGA Byt AL i f , v] DAAS 21 A 6 ) &2 1Y
BRI RN .

(k+1)

Pa =



S 122 - HEMBARS R R

05 &

P+ %, wo< A< v HRIOEN 1R ARR

Ph- 5 <A < v ESRIEY 0 BRI

phva, 0 <A <p HYEIER 1R
phoa, 0 < A < p HPYRTRIE R O mAMA S
P, HoAt

3 NCGA s 5 #r

SR Z AR 7 0T LA SRR AR R i R AL
FE—E MR T IR 2 FEE 0 R A 5cm ] 1 5
BIEG, AP CCA £ 02 3k F HAME R 17 20k 43 #r
HMCSE . ST CGA AR HET &, CGA B
oA B AR SRR 6 1) kPR FH BT I 1 M 2 )
PR R B AR A AR R — D H R A R
S ERE AT AR P A o 38 4% B 9 4 b B BT A b
NCGA Flesit:™"

FEFE 1. NCGA BRER M & p, (k) HBL—1 Markov

HERA AE[ 0,1 IX 8], B 1/N A I p, (k) BAR
BABR, 3 p, (k) HRAREAE HFT— B 2R S A ¢,
W p,Ck+ 1) AU T p, (k) , X(k+1) Hp,(k+1)
P, M X (k) Hop,(k) YesE, itk X(k + 1) {UH
X(k) P&, Ik NCGA & Markov 1572 .

NCGA #fbn = E LA 1,

x,(k)

Py 52 (R)

i :
\ x,(k)

N x,(k+1)
Plk+1)—"—»|x,(k+1)

‘%\ﬁ :
x,(k+1)

P(k+2)
H1 NCGA#ILTEH
S TR B SR R 4 SOk AT L 3
315 0 05/ 2 PRV BT S E b, B2
WS, T = mindrsp o | €)= 13,38 x° K4
SRR, £ I AFIRE p Ge® 1 g0 MTEHS fU
AR« SROMEER B T S BR  LAS 1 2
2 — 2 P By ok R R T B 2 S
Tor=minlen’ e &, ] o Hi, g, he+ 1 AR
Attt
B 105 AT (R4 A

Viz0,P(r=t)=(1-P)] (1-P)"

Horb, PO AR IR AR AR

E(T) /R ikI A EME, W, P(T > cT,) <
E(T)/cT,,"5 E(T) < T, B, P(T > ¢T,) < T,/cT, =
Ve BB Sr as 780k kIR, 208 —IRFE T, B2
AR B AR /NF 1 - 1/¢ .

W S, (i < n) NFHEOPIRAE, BT CCA By3EAR
PERT, i < j I, S, RRYREEA T RER]IA S, . A
REZW R 1S,,S,, 0,8, |, MR SRl Rk, i .

Py :min%P()},;) ;;( e S,.,Y/ € S|

P(X,Y) BFRDRATFEE | X(n) | HERMER,
Spo= 1= S, (p,) KRR I /RAT e 4

q; =p; t+ ‘:z,ng 39 iv1 = Piin

€ =02<sk<sn-i),q;=0( <)

5N 7B IE Y L SR AT I 1 S5 R EE A, 4 T,
FORM S, B S, BYE AW W RT3 3] NCGA 1y E IARS
] A ¢

E(T) < EE(TL-,M

MTP(T,, =7)=q.,., (1 -q,.)"" ,FIL

E(T,..) = gqi,m (1-q . )" 7=
(—%M>[g<1_%myyz
<—qi,i+,)( ! ),= !

q;in 4ii1

n-1

B <X 2 (2)

PLEXT NCGA HEAT T #1285 438, LA % 3 ik
WSS R B AT A T . BT p, (k) Rl A A IR A
BEY E /R AT R B SO AT DL NCGA B35 W i 3
AT SSOAE 23 %o FL IS S B R A T A 3

TEHL 2 AE NCGA ™, 10,1} B, S = 10,11,
PR — AN

TER . S HER 1A p, (k) )35 0 57 1 B, %R A
0 F11 UL, poy =py, = 1, BONMRISCES  EHEAS 10,11 44
AR AS B S, p, =0, ¢ S AARER XA X
[, Ok B — > B

E X1 BHEALIF SN (X 0= 03 RRZESZE N
{0,1,,n} , H—LEREMER Dy .

l,i=j=08i=j=n

p7j=i_1
P=ipi=1¢,j=i+]1 (3)
r,g=1

0,j<i-18j>i+1



%11 2

FoAF SRR B HORAL AL ML ERE T <123 -

Hi, p=0,g=0p+qg+r=1,

FRAX,,n = 0] A A A RICEE 0 Fl n B BEL

HIFSIAT A& RHLG], TR TR = 1],
TEARGIA H &R ALH Z B R REESE] R 10,0,20, -,

1 NCA rRREE T 10,200,350 1) NeeA

2 b
R AL T8 S R T LA SR

1 0 0 - 0
ponoqg O
0 P, r, q, 0 0

P=|: "0ttt (4)
0 = 0 p rn ¢, 0
0 0 Do r., q,.,

LO - 0 0 1

40 = |q,| FREME P ARG E 1T RIS —
1 IR AR B 55— B 5 — B 5wy D
AT IAERARAS § e S BIMEHCAS 0 A 1 AY Wi
P AR 5

wy = ;qijujo,uil =1 -u, (5)

TR 1.

Uy = Uy = L,uyy =uy =0,u, =1 —uy,

(g sl sz ) = (L= @) 7' (pyyapay s
Ponn)

Hr 1 iR

A C=(1-0Q)" M NFEARE BB WIS 1Y £
R
T=(t,t,, ) =(T-0)" (1,1,-,1)"
(6)

4 EFHESH

T 9 IE T 42 A9 50k, BT Schaffer pR KL K
Camel BREONT T £12 4 119 7 20 5% 3003t 4% B0k E A7 0
I

(1) Schaffer PR,

sin’( ix?)
f(x) = S NOEN SN
1.0 +107 & (X a)

0.994,
(2) Camel EE%L,

4
foulw,y) = (4 - 2. 1x* + %)xz +xy + (-4 +

4y*)y*, - 100 < x,y < 100, RECH 6 AR EB /N
B Ho R/ ME -1, 031 628,

BEEFREMUAL Pop, H1 Pop, 433114 100, AR Y%k
T.. =100, 51 FHEEA M EBOREH L (CGA) S0k
[11]48 9 NE-CGA B ST &t 1 NCGA #4715 B
A3, BURE — YRR L R ) [ B H 5 5 An & 2
JiR .

Tl i e e e el el e B o o]
| eI e P s ===
B 7 i
& ¥ /

e |/ S
L =
= el ’
s ;
05k %, /
. !
N /
\‘f —& —NCGA

— = —NE-CGA
—+—CGA

. . . . . . . | .
10 20 30 40 50 &0 70 B0 90 10
IEARUEL

(a)Schaffer pRHT EL45 P

—S—NCGA
— = —NE-CGA
—+—CGA

10 i: D :1 70 a0 an 100
AR VHL
(b)Camel pRELT FL4E L

B2 fAZR
EL2 BT LLE H FHISCH 42 0 A NCGA BB &K
P& R T AR T B A 1 2 ARG R UK ER0k fig
TSR BB ARAER T, 8 i SR 25 R ke . [H]
I vE 2, T 2EA CGA & — Fh G B M R A 1k 53
B EZ AR R EIE TN, A i s s a2
FLLCRE R TOvk TR BN R AR
SIS 15 17 B I B s T 1D L = M7
FIAST BT R K 3B AT 45 5 1 S bR o 22 AT
XFH AT, g 4 R 1 fiR .,

A1 HAZRMILE
PRI (=R7R ¥ifE FRifE2E
CGA 3.74x107! 6.71x107!
/. NE-CGA 7.85%x1072 5.37x1073
NCGA 5.59x1072 2.96x1073
CGA -0.929 4.02x107!
fea NE-CGA -0.992 8.45x1072
NCGA -1.021 3.35x1072

MGETHEE R AT LUE SO 3 9 NCGA fE4 K



<124 - HEMBARS R R

05 &

FRIPERERE bR A o5 A L s i R A R
FIHI NCGA #EAT pR L A T 15 21 1) R X {EL, AR 3
P R B B AR, s ) RO ARE T

5 H#RiF

F T s v AL AL 0 PR | 2 3
BB L 19561, SCrh ZERTSY [ P9 4 5 BO8 15 5 1k 1
LR L BRI T — R R Y B G | LA A
FOTRAA TR 0 B A 0 e i B T Wi e o 45
Jr TGS A8, SCrh 4 il T — e H i SV O T
GBI IR R AR £ 0 2 S 8 Bk
13T BB 0T BB TEB T B IR

B L T S — R B AL TR TR
AR 2R A A B | R R — 25 10 T A T
% 15 i A AR A A 8 AT BL I 9 58 L A
A AR AR T,

B3k

[1] Harik G R,Lobo F G,Goldberg D E. The compact genetic al-
gorithm[ J]. IEEE Transactions on Evolutionary Computation,
19993 (4) ;287-297.

[2] Amr B, Ibtehal M, Basma M, et al. Solving protein folding
problem using elitism—based compact genetic algorithm[ J].
Journal of Computer Science,2008,4(7) :525-529.

[3] Soheil R,Hadi A,Guy V. A simple real-coded compact genet-
ic algorithm and its application to antenna optimization[ C]//
Proceedings of Asia-Pacific microwave conference. [s. 1. ]:
[s.n. ],2007.

(4] X ¥k, #in%, % Z BREAY RESE FHELE R
[1]. ¥l 5 P36 2014 ,29(2) :320-326.

(5] ®F T, PR/, ROt B0 SR BB AR B R R R AT g 1)
MELT]. S A 5L, 2013,30(8) . 7-12.

(6] R b BT EBORMAR LA N YL R4 ()]
FEPHLITE 7 BE 4l . A SRR, 2012,20(3) :6-7.

[7] Droste S. A rigorous analysis of the compact genetic algorithm
for linear functions[ J]. Natural Computing,2006,5(3) :257-
283.

(8] X di, s, mbeot. REGRA R A HAE R &% B AR >
LA R[], P 3 0L TR 5 10, 2008 , 44 (30) :229 -
231.

(9] WAk, mbot. BEGR AR i AL 3 HT [ T].
PR 5N ,2003,20(3) :415-418.

[10] Seok J H,Lee J J. A novel compact genetic algorithm using
offspring survival evolutionary strategy [ J]. Artificial Life and
Robotics,2009,14 (4 ) :489-493.

[11] Ahn C,Ramakrishna R. Elitism—based compact genetic algo-
rithms[ J ]. IEEE Transactions on Evolutionary Computation,
2003,7(4) :367-385.

[12] k3cie, 2% G, sfE R B Ll [ M. P94, PU 45
8K R, 2003.

[13] Rastegar R, Hariri A. A step forward in studying the compact

N

genetic algorithm [ J ]. Evolutionary Computation, 2006, 14
(3):277-289.

[14] Liu Z,Hu Y A. Estimation of distribution immune genetic algo-
rithm and its convergence analysis[ J]. TELKOMNIKA ; Jour-
nal of Electrical Engineering,2013,11(1) :123-129.

[15] Chen T S,He J,Sun G,et al. A new approach for analyzing av-
erage time complexity of population—based evolutionary algo-
rithms on unimodal problems[ J]. IEEE Transactions on Sys-
tems, Man, Cybernetics, Part B: Cybernetics, 2009, 39 (5) :
1092-1106.

e se e ee e se e so oo se e ea e sn e sa e so e so e so e se—se o an a0 a0 s0 a0 s0 e se s an ——ar —— s0—— s0 10— so——s0——se——ss—p—ss o s0——s0—f—s0—p—s0——so s

(E#&% 119 W)

(5] FBehl, Wik AR, % XS AT R[],
ML 23011 ,2005,7(2) :38-51.

[6] Bk5fh, HEH#. R BT BRI IMSHE R[] W
B S AR ,2009,5(12) :3262-3264.

(7] EFB, 50 R B, 4. BT Wi = R m st 55
BT HEHL WS, 2007,24(9) :214-216.

[8] EWET, 4%, %A%, BitTorrent M5 14 1 S AL AR 7Y
BEFE[J]. 224, 2013 ,42(2) :225-232.

[9] Cohen B. Incentives build robustness in BitTorrent[ C ]//Proc
of workshop on economics of peer—to—peer systems. [s. 1. ]
[s.n. ],2003:68-72.

[10] Wang H,Liu J,Xu K. Measurement and enhancement of BitT-

orrent—based video file swarming[ J]. Peer—to—Peer Networ-
king and Applications,2010,3(3) :237-253.

[11] Qiu D,Srikant R. Modeling and performance analysis of BitT-
orrent— like peer — to — peer networks [ J ]. ACM SIGCOMM
Computer Communication Review,2004,34(4) .367-378.

[12] Xu D,Hefeeda M,Hambrusch S, et al. On peer—to—peer media
streaming[ C ]//Proceedings of 22nd international conference
on distributed computing systems. [ s. 1. ]:IEEE,2002 ;363 -
371.

(13] B Cle  AHERE. T 1) ARASRE Y BT DMSLTT 480050 Ay it
[J]. AL S5 R ,2010,46 (18) :68-70.

[14] XUZ:22. BitTorrent BB IEMF SR [ D). dbat . Jbmi3g
R ,2008.



BB R B AT [HGREE ..

{E#: 4, X, R4, PENG Jun, LIU Zhen, XU Xue-wen
(=R WA TR SR oRBA, ILZR M, 264001

BEE AR S & RlSTIC]

LN 44 Computer Technology and Development

50 - 2015, 25(11)

SURASCH R S5 XU, #R%% 3C. PENG Jun. LIU Zhen. XU Xue-wen i % SEUS AR 574 R ALPERE A 0T LI 16 3] -
VST AR R 2015 (11)



http://d.wanfangdata.com.cn/Periodical_wjfz201511024.aspx
http://www.wanfangdata.com.cn/
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bd%ad%e5%86%9b%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%8c%af%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e5%ad%a6%e6%96%87%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22PENG+Jun%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Zhen%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU+Xue-wen%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e6%b5%b7%e5%86%9b%e8%88%aa%e7%a9%ba%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2+%e6%8e%a5%e6%94%b9%e8%a3%85%e8%ae%ad%e7%bb%83%e5%a4%a7%e9%98%9f%2c%e5%b1%b1%e4%b8%9c+%e7%83%9f%e5%8f%b0%2c264001%22+DBID%3aWF_QK
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bd%ad%e5%86%9b%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%8c%af%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e5%ad%a6%e6%96%87%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22PENG+Jun%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Zhen%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU+Xue-wen%22+DBID%3aWF_QK
http://d.wanfangdata.com.cn/Periodical_wjfz201511024.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx

