Vol. 87 (2017) J. of Math. (PRC)

217 - ATEEAMEEEANE Markov Y% 574

HE, & W
(3 5 TRHAR R H B, I B H 123000)

iy

8 E: AT 7 AL R G R A AT DR N T A SR A R 0 S O 1 1
) AL TR L A S N T R Skl DASE B A EAMK AR, SR s - N TR RS A
% (G-ABCA) , M /R A RBAR N HU S BEAT 1 B M, UE I8 N FE e B 7 41 (B AL i
PERMER B A2 R ELYCSIR), FFA A DU 2 i 1) 22 Wt o BOnr 1A% - N TR R & 500 Sk Pt
P BE LR N TR HEREAT 1 X LSk B0 #T, 5 RRWI: Ak - N TRl & Sk A liesy, M B
FACPERE R T H e PRI
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WAL 5L (Genetic Algorithm, GA) & —FhBEALIE 2 5%, HA 4 R R Ge ) MER 1)
B, (B, RGN REHE BAABIR AR, BoMBN R 020w BEE R gL
ERAE LLASRER

N TIERES (Artificial Bee Colony Algorithm, ABCA) & Karabogal® 7£ 2005 =42 H
(10— 3 T SR A AR B A AL BV, TR 2RO R A DA BB BR BVE Dy A A s
SHE BRI M, RIS AR R AT 2 R AR AR R, RO T R R
AR RINEZE, (2, BRI T 03 B RE.

g - N TIERFRG 5% (Genetic-Artificial Bee Colony Algorithm, G-ABCA) 1E A&
TAE RS N TR LR SR 55, FERT IR FH S5Ok i 10 A SRR AS 3 “ B o0 A, 72 J5 3
RN T Sk TR U, SCI =38 M BN, LIRSV A R4k

2 1B - ATHERMaEE
2.1 & - AT#EmMAEANERE

B - N IR G Sk A SR R Hogtade B 4Rt & AR, A it %
BE I AZ OMAR 52 S Rl BN Tl Sk i s R v, 1o B ek oSt (it A% ikl
REAF 2 “EIR” A7, SRR ARIEAF 2 “ B A, RN T SA AT S Ui R . @i
XA, B R R IR N TR SRR I S
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2.2 Bff - ALEERAEANTE
2.2.1 G-ABCA HiRfEEZIEE

G-ABCA 13845 SR RS i R S8 i, LA IR — gk | Bl P 48 50 5 P o B
T PRy i 8L 16 o B G 0 J P % oo Ao 97 FEE AL, 3 3o 3 o2 B L gy 17 3 I PR A8 SRR 5 4R
NI B AT B AL AR RIR SR S AR A7 SRS, DABH (A R I AMARTE 18 A e b i B %
2R O OB AL SR R (1 8 KIEARIR BN maxgen, WA 1I3E XHER A FAEZ A pe M pm,
TG B 33 B 1 A8 AR S e A
pc— 0.6
maxgen’
0.1 — pm

pcross = Pcross —

(2.1)

pmutation = Pmutation + (2.2)

maxgen
HH peross 1 pmutation o H— AR XAAE RME2, Peross Al Pmutation R 4ARHIAE
XA . AR, pes pm M maxgen 2 [l 7€ (1 8, A OMAE 3 A AT 5, B4
P M R AT 58 X AR 5 A 5 1 158 AR SRR AT oK, T Al A58 SCalAR S 8 DL A g
Z| CRpEARRED ook, Rk BA Markov 4.

2.2.2 G-ABCA P ANITHEBEHEZLNEE

G-ABCA "N TGRSR R I ARUERLRS D01 S50 Ny« N, NE S E . R g R
FAE, 4 R BE I A E A 5 R B AR A, 8 D MR E4E L, S NAMAIE R 2], X(m) N
5 om AR BRI, WIUA R B EREE X (0) Nt BB EIEE RIS R, Bk, HREKRS
R, HRARXN

V7= X! + ol (X] - X]), (2.3)

Heje{1,2,---,D}, ke {1,2,--- ,N.} Hk#7j, ¢ NXIE[-1,1] LRBEENE, V e S.
B, ZH R R 5 UET N EIR AL B A G, W5 w0 R N %) m ek

SRJE, SR DA R 3 B i A RN Ji IR 2 T R T B BRI (3% B DT B
FRAR ) IEOREE, IOME T, 0 S? — S, HMER N4 S5 ZTE%, A

L f(Vi) < f(X0);

(2.4)
0, f(Vi)> f(Xy).

P{T, (X, Vi) = Vi} = {

P I e R R S0 T A 1) 3 L P AR R 5 — SR B0, R AE LRI 143K (2.3) AT
PHLZOFPAT PR PR 1. 20 FOR B e S B R I HOL B — % BBV R K E i
AL ERS, SEOFRENLPIR I R R AL B, WIaat A 208

Xi(m+1) = Xpin + rand(0, 1) (Xmax — Xmin)- (2.5)

2D PR B INRP A R 2 BEE, BT IR T RN R B R, RN GRIE 1R R IR A AR AR 2t
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3 S EAH Markov YEUE S

W SN ={X = (X1, X0, , Xn), X; € S(i < N)} AFEEAE, 5% = {(X1,X2), X; €
S(i =1,2)} AL, S NAMAEZE, MK X K T BOSEEK, N ONFREEEL. idn N
WAL FIR I R I IE B, m N TIEBEEIA MRS, P o SN LMo fi. Al G =
T OB AR R Stk BRIy e, Horh LRI R BT T, RXE T T.. R
A T, BIRET T, HEARE TR

EN 3.1 MU SERIFERRHECN f S — R, BN [A) 2 5245005 (8] (Wit s 42 =) S
G={X,VY €S, f(X) < f(Y)}; HiEff B={X € B,VY ¢ B, f(X) < f(Y)}.

EX 3.2 M WHEHET T, : SV — S, BIFEMEE A BEHLLSE A MARI BN, BT R
TR N

fX) X))

P{T(X) = (X3, X;)} = N '
k; f(Xk) mZ:?lﬂXm)

(3.1)

EX 3.3M ZXET T, : 5% — 5, RIBRAS [ BIAME A (0] U, i & NAZERR Y 1
SR B AN, R S SR IR

%pcmss, Y # Xy

3.2
(1 — pcross) + %pcmss, Y = X;. (3:2)

P{T.(X1,X5) =Y} = {

EX 3.4M BRET T, S — S, B B4 B BEALRCE, 2 57 507 (K%
%5
P{T,,(X) =Y} = pmutation®™¥) (1 — pmutation) =), (3.3)

HA d(X,Y) N X 5Y ) Hamming FEE.
EX 3.5 BFRET T, : SN — S, AITEEIRALE 7 H P IR PR AR I, HIRE T
Iy
P (X) = X} = LK) (3.4)

ﬁl £(X)

3122 3.1 BULMIESEREIEI (X (n)in > 0} RATIRFFK Markov #, AL 1
WSEIERATEE G* T Gy = (Y = (Y, Ya, - Ya)i Yy € G), B

lim P{X(n) € G/X(0) = Xo} = 1. (3.5)
WE PR R FH S 0 DR AT SR R 8% SR R P 172 512 A BR 55 IR Markov &, FF H D=
1 SR B M EAE I T4E 112 1) ol (oA SR T S AR AR A7 S, o H L ek (22
AR S 2 8 T S WL SO A S2 i, BEfR$F Markov 1, PRI, CScidk (Rt A% LMo 7
ST PRFFIR Markov 4, HUAMEZE 1 WS B S MH#FSE G 114
5138 3.2 FINENERBMN TEHRS)TH {X(m), f*(m);m = 1,2,---} ZAKRF
K Markov %.
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iE PN TR {X (m);m = 1,2, } BARFFIK Markov 4 H LIHER 1 Uk
S 1013 N7 FE R K0P 51 BAT Markov P, DRIk, 28 EGB1ONE S EE o B0 0 R G 41 1101 47
A IRFFR Markov BERT A1, 51N BR300 N LR R G007 412 A R 55 I Markov #E.

EIE 3.1 G-ABCA BIVEMFHEFH {X (n);n > 0} £&HRFIX Markov 4.

IE FSIE 3.0 0, MOREAESE X(n+1) 5 X(n) A%, SiER0E n L%, B
H 3.2 41, NTIRERG (X (m+ 1), f*(m+ 1)} R5 {X(m), f*(m)} B3, M-5ERKE m
Took. [EIS, BN DR R 1 B aT A, BRI R R SR AL, B O s A
SR I A RRAE. PRI EL

T=Ty,0T,0T.0T,, (3.6)
X(n+1)=(X;n+1) =T oT: oT o TH(X(n));i < N —1;
Xn(n+1)=X;,(n)), (3.7)

Hr, g = arg min { f(X;(n))} TRt £(X;(n)) BURAMERAMERN X;(n), PR
28
P{X,Y} P{X(n+1)=Y|X(n) = X}

{ Jrv[ P{T(X(n+ 1)) =Y}, Fip € {i|f(Xi) = min f(X;) MEYN = X,

- - 0, He.

(3.8)

FEREP X(n+1) A5 X(n) AKX, MHERKE n oK. Bk, G-ABCA FikMF#
JF5) {X (n);n > 0} &2 A MRF5X Markov .

EHE 3.2 G-ABCA 5%k Markov # i B bR B0 1H 7 51 2 B A 1S 1, B v >
0,f(X(n+1)) < f(X(n)).

IE BT G-ABCA "R B2 e L 5%, ig = arg Irljin{f(Xj(n))}, FIt A

f(X(n+1)) < f(Xn(n+1)) < f(X(n).

[F3, BT G-ABCA R 7 N TR ip = arg mjin{f(Xj(m))}, [W&E]

XN(m—i—l) :Xio(m),
f(X(m+1)) < f(Xn(m+1)) < f(X(m)).

SCHI T N T B B0k DA SOt A i SRk 45 SR NI o 05 oA, A IRAE 4k A& 1, PRI Vi > 0,
f(X(n+1)) < f(X(n)), Bl G-ABCA 532 Markov % 13 b 5 bR B 5 512 B N3 ).

EH 3.3 G-ABCA k) Markov P41 LU 1 WEEW S M B T4 By = {Y =
(Y1,Yy, -+, YN); Yy € B}, BJ

lim P{X(n) € B;/X(0) = Xo} = 1. (3.9)

n—oo
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WE WX f(X) BIME— SR /MEMR, I 3.1, 3.1 DL TR B DR 1
WS 51 P{X, Y} BA W FHER:

(1) ¥ X,Y € By i, P{IX,Y} >0, P{Y, X} >0, Bl X < Y;

(2) X eB,Y¢&B I, P{X,)Y}=0,l X - Y.
Bl By NIEHIR . AEFHIRIA LML, SN\ By JARH IR FPIRESLE, B

n(Y), Y € Bg;

3.10
0, Y¢B (8.10)

lim P{X(n) =Y/X(0) = Xo} = {
[i1¢
lim P{X(n) € B;/X(0) = X} = 1.

#3£ 3.1 G-ABCA FILMMBEES] {X (n);n > 0} WISRXTFAE 2R RS, WL
KB4 )= B AR AR AE.
WE BEAXFAERER e > 0, HilEmE

B(e) ={Y; f(Y) < f(X7) + ¢},

Horp X+ Form i, B X+ e M, Bl RRMEE M ZITaHEMERNE, M N/
WM. FTLL, #7 {X (n);n > 0} X TAE ST S MRS, WS s 4 )R U 4E.

4 HESKW I

IR A 22 g B50AE R B0 SR AR 1) /880 5 LR AR A e A, B W S A SRy ik &, B
PLIX HL 48 B Matlab 4w 2, ) FH P42 i i 2 060038 8 5 '7): Sphere B %, Griewank B
4. Rosenbrock pA%{. Rastrigin BECRINIR G-ABCA FiEH S ERE, 3550 GA 1
ABCA #AT FREREXT EE. X PYAS 22 31 59003 R B0 ) 42 R Al ME I 8 0, A R S (R348
(—100,100)%, FHIH 4R E N d = 50. G-ABCA 5% 84 5095 0 e RIEAR IR EE N
100, FRbRE BN 1075, FIAHEIAE X\ 2 M350 0.9 A10.005, G-ABCA HiLH AT
W RE B LI B e S B0 20, R EHR N 10, Fe R R IREBEN 100, Fe RIERIREHRE N
800; M) GA A1 ABCA H KIEARIREIY N 800, KRSk EE G-ABCA Fyk—3. 5L
WAERNFE 1 B2LR 4 B 1 2E 4

K 1: Sphere i & £ 1) 5L 50 45
RS A WEER AR SEAE TE R (1))

G-ABCA 0.0 335 0.667612
MHE GA 1.2 x 10° 5 0.393152
ABCA 0.0 380 0.685536

#* 2: Griewank R 28 1) 52U 45
Hyk it WS BRI ARE TR (FD)
G-ABCA 0.0 680 0.909315

Mgk GA 25.2 20 0.465856
ABCA 0.0 680 0.944131
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% 3: Rosenbrock MR B& H i sz o6 45 R

TS AU SRR B TR TR (BD)

G-ABCA 0.0 220 0.832529
k) GA 3.8 x 1010 10 0.422421
ABCA 0.0 245 0.767868

* 4: Rastrigin I bR £ 1) S50 25 5

AP AL SRR AU T (BD)

G-ABCA 0.0 400 0.929299
MR GA 9.6 x 10* 15 0.416955
ABCA 0.0 470 0.786789

R BR 4 M= R IEEXT T2 D0 bR SO/ IMELAR 1 — AR R AT EUE Y, 1Y
AR BR A, O GA WS R AL A R BEAL AR AR /N, 45 21 A doe D0 g 5 00 1 R 0 1 4
JRAR/IME R ZE AR, BEIASS I “ B3 s ABCA BAMYAE Griewank BRI 13 211 i
DU I 4 R ME A BN R 22, (B s B i e A i AL R 2 5 T G-ABCA 5
%, AT, G-ABCA SEHA S RO e 1 84 A “ R, JF HIE Ntk ABCA 1
WIGGHE R L, e 1 AR BRI SOR 2. Sy oh, Mt St (a] AT UE H, B4R G-ABCA
FEAUHER GA 5 ABCA &, HEHIFRA L ABCA Fik2 S iR%, HEHAE
Sphere PRI FITHEI [AIISAR T ABCA 5034, it i) GA di “ R34 SEOL I H

(AR, DA BAT w] Le Pt

K 1: Sphere Wl R EL 0T LE 25 5

K 2: Griewank I8 25T Lb 45 5

K1 R 4 S = Ff R0 4% 00 K bR B IMEL AR 1 — I SRR RE X LE 45 2R W UL E
WHE 1, G-ABCA HiE 2B P Usm, st st B350 T GARI St 1y GA) HkAn

ABCA 5%, T H GA SEW R Flsl, KRB “ R,
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3: Rosenbrock i B # AT XS L 4%

4: Rastrigin Ml b& £ 1% b 25

450 SRS SA S N TR SA N A &, SEIL 1 IR ELE I AN, A DU S 18

FRBE R A “HB T HAR S TN Tt S n 1% 2R 18 1 ) L. K S e 45 R AR W,
G-ABCA Bk BUR B L A 2 “ B i )5, ABCA Sk DI BRI g 1L
SRR, BAE T G-ABCA S0 BAT WS U REFI S IERE.
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COMBINATION ALGORITHM OF GENETIC-ARTIFICIAL BEE
COLONY AND ITS MARKOV CONVERGENCE ANALYSIS

GAO Lei-fu, TONG Pan
(C’ollege of Science, Liaoning Technical University, Fuzin 123000, C’hina)

Abstract: In this paper, we study the problems that genetic algorithm’s prematurity and
artificial bee colony algorithm is slow at the beginning of the search. Based on the idea that
combining genetic algorithm and artificial bee colony algorithm to achieve complementary, this
paper proposes Genetic-Artificial Bee Colony Algorithm (G-ABCA), and analyses the convergence
of G-ABCA by Markov theory. And it proves that the sequence of fitness function, which is
also called the solution sequence, is monotonous and convergent. Meanwhile, it carries out the
contrasting experiment and analysis of G-ABCA, improves genetic algorithm and artificial bee
colony algorithm based on four classical multi-modal test functions, the results show that not only
G-ABCA is convergent, but also its optimal capability is better than other two algorithms.

Keywords: genetic algorithm; artificial bee colony algorithm; combination; Markov
process; convergence
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