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Abstract Genetic algorithm has the ability of quickly and stochastically global search-
ing, however, it can not make good use of enough output information for systems. Ant
system is a parallel-process and distributive-forward system with a relatively slow veloc-
ity for providing the solution. Combining genetic and ant algorithms can increase the
merits each other. Based on the 1dea above, the model and method from the combination
of genetic and ant algorithms are proposed, and the convergence of the method based on
the Markov theory is analysed. Moreover, the conclusion can be drawn that the solution
sequence 1s monotonically decreasing and convergent. The experiment and analysis are

carried out for the cases of TSP30 and CHN144 on an NP-hard problem. The results of

simulation show that not only the mixed algorithm is a step-by-step convergent process,

1) EXRBARB RS (60174021,60374037) FiR BE R EE LT H (0124140141) ¥E Bh
Supported by National Natural Science Foundation of P. R. China (60174021,60374037), Key Technology Project
of Henan (0124140141)

W BB 2002-12-27 SR B 2003-06-23
Received December 27, 2002; in revised form June 23, 2003




630 E )| {F. F i 30 %

but also its velocity and effect of solving are quite satisfactory.

Key words Genetic algorithm, ant algorithm, combination, Markov process, conver-

gence

1 BERESBUREENEBEERESHEE

1.1 BERZSENEZINMSER

R 1% B & (genetic algorithm, GA) R A KTEERE L2 RIEREET,HYRBE —EEHE
I EEERBENRITRER XN TFREETHRGESF A, Ko HASCRME. BN E
B (ant algorithm, AA) FE R BB AZ BAHNEEENERNERXANRELKRST
REKE L ARER—FMERBGIH,.BEVMBEGFEERZ  RBEERE. AR SBINE
B i Rl 45 (genetic algorithm-ant algorithm, GAAA) FREFHAEBENHRELE B EREE
73 85 R B 8 1 IR BRI SOUL ] B SR A Bk S R A UG R R A, 5 SR S
O BB KRS 0 i L2 B 4D
1.2 BEEEZSBEBNEZENMETRE
1.2.1 GAAATBREREMNEXSRE

GAAAFTHIBREBRERETHRASERAREENFEESE . HE AR ERE.
B ERNIBPEE T MEREMBFERENER/ DM NME, EMAE THEFFIHE
& N AR B R A0 R AR B T AW L. Bk, R A+ ik Hl SE 3 4R 10 -
AR N B AR B 18 DL E B85 AR 48 18 N {H R PR B & AT 3C Bl A — X e 4R S & 5 R A Da-
vis PR X T RAS R AR LY NEYEEENEARERE, BN I,
1.2.2 GAAA X148 R AR B i B 5 B

GAAA 5t 458 4 3 B o % 2 T 30 dy B 4 5 il MMAS(MAX-MIN ant system) 8 317,
RO & B0 R BB R b 317 Bt

FEERENRLY . RABNEREAATFEEREN, —B+F RA RS K2R #
T B R B UUE N, K30k 3R B 09 B 37 5 B A8 sy B B M = w] @ L oK

t;(t+1) = per; () + D ATk () (1)
f [Tf'(f)]a[ﬁi'jﬁ ,.
J J . ] 6 U
ph () = < ;U[r”(t)jﬂ[v“jﬁ (2)
0, J ¢ U

ERENVERE. ¥ TEMR S H#TIH MMASEEBEELEMERIRKX
Ht ATHEEEIRRAEL2RERLBR MMAS B EREKNEE R WM ERHE
[ Tmin » Tonax | Z 1), SR RATERT L BT REH R BB S HREB TREFMEEY. XER
MBI BRERERE T —ENBREEEAE  TULEGERENMEREN ts=tc+, Kb =
R—TREABRBRBARGEN - MFERFEE HET MMASBEFH tnr o i
BIEEBERBERFRNEREME.
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2 MR ESBER LRGSR RWCEE

W SY={x=(x;sXy5yxn) X, ESGN) AT B (GALB )8, S = {(x;,x2) 5 X1 »
x: € SR A EEF RS FRAMNMEZ B BN R HKE I RV EERK, N oA EE (L1
O n AL EFEREFEEMNERRE.m» VEBYBEEENBIEAY,P A S EH#
Eofm. AXE, RIMNATULEREFESBENEEM SN GA A AR BEEREN AR RE
BENYT B, CHUNIEBWR . EBEF T 287 T, ERET T.:EREE T T,.
HEAHSE W,

ENX 1P, BENEHRE SR . NMETE B IELH T H MRS N2 RENBREN
M={x;VyES, f(O<f(y) };WEBEMEN B={(xecB; Yy&B, f(X)<f(y)}.

EX 2V, EBEEF T,.S"—>S, B E— TR B P& — KR BE L8R 5T, W] B 4K 2
FETHBER

P(T.(x) = (x,,x,)) = L X2 _J%) (3)

Zf(x; Zf(x.f

EX 3., RXBF T..5° S, k7 Ifﬂiﬂ/"ﬂi IETJEl‘JHﬁQﬁT ko] LIAE Ry B9 5H

{ir B -8, 0] B Ak A8 T B R BE L AR SX B 2R 1 31|

| k
p. == P{T.{(x,,x;) = y}= T

(4)

rk )
""ZP_E y7’J—-x1
P{T (x,,x;) =y}=+< (9)

(I—Pc)-kkpfa y = x,

ENX 49, BRETF T,..:S—>S, Bp~ 1423 8] B 14 25 8] 1 AL BR 57 .
P{Tm(X) — y}: Pﬁf y}(l__ pm)i —d{x,y) (6)

J -
d(x,y>=2|af—bi FR X 5 Y ZE#K Hamming 88, p,, #7828 7 K.

Exs EEBEEF T,.S" S, BE—TBYEFNTRE—TBILTEEERESH
K. (F R ZFE RN

PIT,(x) = x, )= —L % (7)

Zf(xk)

k=1

5|18 177, LR BREEEMBEFES (x(0);n=0) BH RFIK SRR,

2138 21, MW ELFN (t(m),x(m), " (m)} (m=1,2,- ) RAMRF KL IR K.

EE 1. GAAA BB FI (x(n);n=0 ) BRA RFFIK IR A K.

{FRR. e HE 1 AR REEE xFDONE x(m A X, HSERKRE » LK. B
2l 2 &, B ELE (t(m+1),x(m+1), f* (m+1) LG {(t(m) ,x(m) , f* (m) } X, M
B m L. R, R BEERAD, 5 - KERRNEHFRMNEYE, ERHE KT
FEREE BT A B FEIE. B, FATE
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x(n+1) = (x;(n+1D =T, e T, o T, e Ti(x(m)); G N—-—D; xn(n+1 =x;, (n))

(8)
X B i, =arg min{ f(x;(m)) } /WA f(x; () BB/MEBNMER x; (), BEBBRE
f
P{x,y}=P{x(n+1) = y/x(n) = x}=
;HP{ﬂx(n))k =y}, Fio € M) fE yv = x; %)
0, else
K M(x)={i; f(x)=min{ f(x;)}}, W]
T(x(n)) = Ti(T,(T:(Ti(x(n))))) =T, « T, o T o Ti(x(n)) (10)
EXFZH,x(+DHE x(n)F X, 5 n LXK GAAABBERRLBEI (x(0);n>
0} RHF B IK L /RA] KEE. F 5E.

EE 2. -GAAARBRHYRAIREBEFFIINMABHEEERFTIBRLEAE, B T4F
BH n=0,8 Fx(m)=F(x(n+1)).

WER. B8, T GAAA PRAMNBRMRBEEFRER L, i, =arg min{ fCx; (n)) ), A

xy(n+1) =x;, (n),F(x(n)) = Flxyn(n+1)) = F(x(n+ 1)) (11)
HWK GAAA 3R TS E i, —arg min{f(x;(m)) )}, FIHEA
xxim+1) =x, (m), F(x(m)) = Flxy(m+1)) = Fx(m+1)) (12)

S BRE LR UMEEFEREBERER G 6, RERES%AE, AW THE

W n=0,8 F(x(n)) =F(x(n+1)),B) GAAA B5: 1) 5 /R 0] Rk FE 5| R AL B 3% B E K7

REBEFEAEK. IEEE.

SIF 3. RMEBEREBEEMBEL /R REFI (x(n) ;20 DS 1 WP X
FEEE M T8 M M) = {y=(y1,,y8); ynEM}, B

11rn P{x(n) € My /x(0) = x,}=1 (13)

EHE 3. GAAA ﬁ?ﬁﬁ‘]ﬁﬁ’ﬁbﬁ GRAIRFIILUBE 1 KRB EMRE B FE£ B,
Bg *—{y——(yli in)ryNEB} Ep
hm P{x(n) € B; /x(0) = x,}=1 (14)

UERR. & x %f(x)ﬂ@“ﬁ—-ﬁd\{ﬁﬁ e 1 M5 |3 3 M P{x,y} AR

1) 4 x, y& By H_J‘EP{-’C&.Y}>O P{y,x};>0,R[ Xe<>rys; 2) % x&< By rJ’QBU H‘I,P{x,y}
=0,  x—y.

KT, Bo & IE W R 89 3E B A AT 29146, SY\Bs BIEEBHIRSE.

w(y), Bg
limP {x(n) = y/x(0) = x, } = { d ) € (15)
=0 Og Yy % B{}*
11582

L L X GAAABRE MR (x();;n=0 ) W FIEEHERER KRS W, ML kEE 42
RmLEE.
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RAXTF e>0 AWMEREE BO={y; f(N<f(x" ) te} , KPP x" RABNE B x” €
M, Flle2RENHEE MEERFHEREZIRZE M AUB/NEERE. LhmEP LER
BB B SR B(e) B,
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BATR A GAAA B4 5% 1R 4 NP-hard [6) B 30 31 TSP [o) & #1 5 § CHN144
ST [ R AT T35, GAAA PEEREREMCREUr HIZERE N 30 CH 144 14, BB LS
F AR RYME cerHlith 60 M 600, BIERERKBEREENFERERZLHREM
2,80k B 5 B 0=0.8,Q=1000 Fl p=0.9,Q=100000. & 1. & 2./ 1 MK 2 BIFHEL
WER.

x 1 GAAABELMMAHEHEEEGE
Table 1 An approach process of GAAA optimization-solution

1 TSP30 {4k ## & CHN144 fRALM(H

CAAA MR Bl RME FHE  RAE  BAE YA
¥ Y BB AE R A AL 1R 1500 1209 1318. 8 88763 65739 76316
EBEFVEHRILEHE 1198 1101 1139, 1 65564 61278 63211
»AUAETFERBILEE 1095 1005 1050, 3 56405 54329 55323
TRrETERAMNALHEHE 987 817 912. 3 51994 51344 51508
5 il W B VE A AL B E 452 424 433, 7 31153 30354 30612

% 2 GAAARILHEVUOKRER 30 UL E 2 1

Table 2 A distribution ot GAAA 30 optimization-solution value

TSP30 AL {E 56 CHN144 1L {7+
(a=1,P=2,p=0.8,Q=1000) (a=2,8=2,p=0.3,0=100000)
436 430 431 439 426 437 433 42¢ 30355 30585 30643 30730 30807 30928 31153 30810
434 439 426 438 424 420 425 446 30748 30617 30507 30358 30379 30357 30595 30501
449 426 424 443 434 427 452 436 30676 30760 30736 30788 30563 30354 30360 30431
426 425 448 431 440 439 30566 30739 30792 30743 30380 30356

f(x(n))/100
f(x(n))/10000

0 20 4 60 0

n
B 1 GAAA —XBEHLR @8 (TSP30)
A stochastic GAAA solving processes('TSP30)

100

[{
B 2 GAAA —REEPIR#d & (CHN144)
Fig.2 A stochastic GAAA solving processes(CHN144)

200 300

Fig. 1

# 1 B GAAA BB EEEE 38, KKV = £ i AR~ &R’ T~
XA F-TREF BB EHNL EENRKE /ML FIEPHRE,FXEE
B— 2L W R SR, SR Ry E— 2.

%2R GAAABEFRBN 30 MU BELS A NPATUFERBFOFEERE K. H
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GAAABBEAR{BRHRALAR 30 MNEA TSP M@ RTFH(d" =423. TH RFH
CHN144 iR BEH BT M (d=30354. 3), MEBBA T - KM ERFHBIEFZEENHTE
X ELR FIEFEFREX.

K 1AE 2 & GAAA B4 5% TSP30 (8] 8 F1 CHN144 [8) 88 B — K BEVL K 3 2
MR EFEHERFEBEE, MAECEMNZE TS BRENKESENE M. P
T,V BRI ERBEN, CIEL TELS THEEE X ERBER . BB EAMAHAREAE
BiEEEXAEELHEMLE SRR TIENELEANGERRREZ M) 5K EEE S ¥
W MINERPIBEBERE, TSPIOFELZ IO REANERZE A BHBERERST,
CHN144 F23 200 RELANEREE . NABHEBRARES, BER THRERKBERE.

4

BERESEBNFEENMES, KL T, BE 7TEF SR Ed BT, GAAA
BEMBERFI N1 ARBEN SR RERE, FH—-EREWH. TR 2T ERY,
GAAARREZA MR HFREREEE G ERME , BUH K 95 5B B 3 DI R & E
BRLRNE AXBRERNTETERATENBSRERARBRAARE R NP 15
BREFEZ—.
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