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Evolutionary strategy of lexicographic order for combinational problem
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Abstract: In order to construct a fast and effective algorithm to solve large-scale combinational problems in desirable
computational time rather than be trapped in weakness as some existing algorithms, a novel encoding approach is proposed
in this paper which applies an one to one mapping from a discrete space to a continuous integer section. Assembled with
successful exploration and exploitation mechanism of evolutionary strategy, the performances of the algorithm are largely
promoted. Since the one to one mapping between codes and combinational vectors, the new scheme only provides feasible
solutions, which can help to avoid redundant computation existing in some algorithms effectively and the search space is
further reduced. Secondly, a queue of elites is added in evolutionary mechanism combined with some particular learning
strategy. The queue is refreshed frequently in evolution. This can help the algorithm to maintain better gene blocks.
Finally, its convergence to global optimal solution with probability one is proved. The numerical experiments based on the

Benchmarks of traveling salesman problem library(TSPLIB) show the effectiveness of algorithm proposed.
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1 5|3 (Introduction)

Ji€ 4T 7 ) #i(traveling salesman problem, TSP) &
— A~ LR 1) 41 & )L 4k 1) @ (combinatorial optimiza-
tion problem, COP)!!, RIZEn AN v, 53k — 4 i
P BRI — IR HAL — R R0 K il (Hamilton) [H]
BB TR A A DL SR A, DRI — LA b A
SRR AL L BE AR HE. SKARTSPIR) @ LA T 1R
Z AT S, A CH R EU R DY )
FOLAS B R AR AR G 1) J=y i I e XA &R B0, Wi2-Op,
3-OptHILK A BE L2 s 2) AR T~ L s I 85 11 308 1]
Sk, WREUR Kk . WO DL R A S A
— RBVE A T UEE ) A SRR AR, H2 5 BN SR

Wk H 39: 2008 —09—25, W& diokia H : 2009—04—02.

. B T REERA R R R G, A
AR T U [R] ISR 7 B VF 22 0 1 B A
ZeAr 4, Unorder crossover, cycle crossover, partially
matched crossover, edge recombination crossover, ma-
trix crossover, distance preserving crossover edge as-

sembly crossover, natural crossover>~,

B ST 7% (evolutionary algorithms, & F#KEAs) A&
Pl AR A FR IR 4 R Ak 5 7780, H i sE 4
Gt AL 2 T HE B B A A, e A
A AR, AR 22 ) 2 NP ) 8, X P BRI WA
Z N H]. SR ) ) S A AR AT AT 5 R I
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BN BRI, ARSI A SR AR A 1)
L) T 2856, TEE SR e ) BEAT R, AR LR
DUAR IR AN LA RS . U S g0l W 1 5
VR R AT AT .
2 EAJAM K S Hr(Basic ideas and analysis)
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Fig. 1 Evolutionary algorithm of lexicographic order

EX 21 FIHFRAR: WM SRENC =
{er,eape oo sen}, BHATAERM P KRG 01 <

Cy < oo < ocpe KT TAR R WA 3T TS HE
H BT AL 1) Oy, C, WCy = (cF k- k),
C; = (cl,ch, - ), Hrher, el e C,1 <i < n,
1 < k,j <nl. BERC T WPILT Cy, 18 H
Cr = Cj, M HACHAFAERTA KD, 1 < b < n, X TAE
Ml <i<b¥he < < <c, AEDH A
<.

BT 7R R, F—AHES R G5 5 4R
foey <o < < e, AP AR, B Lle;(1<i <
n)FESRHES, 43 50 (n — 1)IAS, IXRE R A 45 1)
I ANHES G ZE 4 B T n AN X ], AN X 0] T3 HE
FUIRISE A 4% 7 P O R HES, Wik &, HE
JG—ANJCEME. Pl A4, #0 = {1,2,3,
4}, A2 LA A i ) E P C R WR TR,

A1 FHEPH LS EH BN = 4)
Table 1 Permutations of lexicographic order and

integer code (n = 4)

G TIPS | B L RS
1 (1,2,3,4) 13 3,1,2,4)
2 (1,2,4,3) 14 3,1,4,2)
3 (1,3,2,4) 15 3,2,1,4)
4 (1,3,4,2) 16 3,2,4,1)
5 (1,4,2,3) 17 3,4, 1,2
6 (1,4,3,2) 18 3,4,2,1)
7 2,1,3,4) 19 4,1,2,3)
8 (2,1,4,3) 20 4,1,3,2)
9 2,3,1,4) 21 4,2,1,3)
10 (2,3,4,1) 22 4,2,3,1)
11 (2,4,1,3) 23 4,3,1,2)
12 2,4,3,1) 24 4,3,2,1)

(1,2,3,4) < (1,2,4,3) < --- < (4,3,2,1). %1
ST n = 4, T - M7 HES 5 A 2 L 1 6]
PR AR T IX P M7 ¢ &R, HEZ 2 8] 1 AN HE A
Bl WL B T — AN AL A 2R ). W AR AN 4
(1) 4 22 1) Ay — B 32 68 ) R 5 T, D)X B X )
b R AN RO A A N B 1R R g i E S
DUSTE

EX 22 WETHHFSHEEC = {a, e,

o e PR IHESI X [0 H = [CY, C), 345K
XN = [1,n). SESENS - H £ N, o5 W51
DX R) 21 FEKL X ] () —— X DG &R f ALf 1R 5
AR

function f A 3T S En FHE S 1) FE K
i A H R K G b B 26 B R Ik T ) HE A, AL
ZHoutput’iy .

output =| |; Symbles=1 : n; temp = Symbles;

g=x;7r=20

fori=1:n

r = mod(q, factorial(n — 7)) /B qFkLA(n — 4)
B TR () 2 2
q = floor(q/factorial(n — 1)) /X qbk LA(n — 1)
By e 1 s
if r == 0 /IR RECHO
output(i) = temp(q) /¥ tempsiq ™ IC % Ak
HAoutputHi4™ 4
temp(q) = [ | /M ERtemp T 2N 3R
q =factorial(n—1) /g MRAE K (n — @)Y
e
else //WIRREA KO
output(i) = temp(q + 1) /ftempZfig + 1>
JGER A output 5 ¢4 i H
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temp(q + 1) = [ ] /Il Ltemp 5g Mo ER
q = r gBIMEREL
end
end
disp(output).
function f—' A TS En AT E — AN HE
H| 21 £ combination; % ti: HE 41 combinationft: # 4 X
(LT, Rl DRE I PR H G .
Symbles = 1 : n //AHYIUE 2 WP n
temp = Symbles; z = 0
fori=1:n
I = find(temp == combination(s)) /4 £
temp ' 2% T combination() i) ¥ 5
x=x+ (I —1)*factorial(n — 7) //factorial(n —
i) M (n — ) HFT I
temp([) = [ ] //{Etemp ¥ S5 IAN T M 2
end
r = x + 1L/ U b5 5
disp(x).
B U7 0 R I E S W DU BILAE B — X [A]
PN AR 2 1R P AN I 21 22 8] A7 AR A AS [F) RS 2 1 AR AL
TETSPIA) @b &EASHES S e EARER T — S5 4%, X
ThAFABL 25 A A5 — 5 Y0 43X L B AR PR FE A7 7
H R AR A, 22 5 T Aud 11484 11
UL HER A A R, BT A R B B TS0 I 2
i AR AR KL R &R,
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Fig. 2 Distance distribution of path corresponding to the

integer codes from 1 to 50 in Att48

2.1 #¥[8]45 F(Space discard)

Xﬁ%@%ﬁa@ﬁﬁi%%%/ﬁ\c — {Cla Coy 7Cn}a
167 Y56 R I BEAE b, TSP R f3 ) f A s 4% m) LA
IAEATA Lhes (1 < 4 < n) I3k (n — 1) NHEZIH
MR,

UE  TSPin) {2 K — 4% 714 Hamilton[9] %, A7
7E— 2k B fiHamilton [Pl #% (cp, ¢p, -+, ey 1), RN
(creaAcy,cy), Fo i AZR 7 [B] 5 v 44 I (4 B 428 70 05
I 4 AE Cheo IF Sk 16 0] %m0 SR A7 AE — 4% [P i
(cxAcnerco), 5T A1 45 AH A (1 BE 25 K% 12 4R,
1 % R FE 55 0 B B2 10 R i e fn gk, e Ay
FEFLhe; (1 <0 < n) RIS 7 27 HE )
DX (A, $4 ] DUIE i 76 3188 A 54 2 ey o Acyey €
[1,(n— 1. {EHE.

2.2 7 [a)%# (Space shift)

AR SCRAT B GRS (X 1] [1, ! | R oS LT
SRR 52 ) BRI, 8 R BRI ) AT v R P18 5 LU I
e, PR H R $0E 5 T LR BE 2 BRI, 4
H A 5K T-5000, SR A B EAR. IE—&
IR, v Loy 4, B TR RS . ®AT
EBEBRLE( < k < nl), BRI TSR
G R Cy,. S LAHEZ Cy, 3 v MR S 397 L 46 T
AT 53— PP I I G, T8 D SR R B K ) Kol
MBI o2 2RI . iR, N Einl g 5,
T LRI 1 SRS .

3 FHFS (Lexicographic order algorithm)

AICRH (0 + N AL SRS, Horp, S A H
Hp, FACFEEECE . 2.5 B Al g, e
T TSP i) ] LAY AE 7 315 58 A IR (n — 1)
BRI Lhey FF 3k HES) 4 R B A A . BIaa R iEAE
X IE[1, (n — D)NREAL=2E, MnfROKHT, 38 2 2% [0 4K
SRAR K. EIX 4 K4 2 5 o) v A I i X
15 B, BVEBORA SR, J T P 4648 & 23 1),
HEINAE R I, FEFE PR T — NG E A,
3.1 iG55 K9 (Initialization and elites)

XF TSP, 71 e s A HL A AR A0 5 i HLAEAR
RAEFE ARG 7 A 41830 1T 7] i 2 o Jo (o L) 1)
2. ) TR G R s URH A8 1) g R i =R
fangkElgg, BN cicoAce,ey, caciAlcjeq, -+, EAT]
gl e; (1 < @ < )R E G Rle;. 4 )Rk
PRI PR B — 8 /N T EUH 56 T o0k T 15 1 45 .
P AE— AP A G IR AR ey TF SR 0] % 45
En A Lhey I3k BIHES, s £~ L] DLk — 215
PN HES T E g b, . LL36 5 3T A e
G TR AR R R (36, 44,31,38,9, 1,8,
22,16, 3,23, 11, 12, 15, 33, 46, 40, 20, 47, 21, 13, 25,
14, 34, 41, 29, 5, 48, 39, 32, 24, 10, 42, 26, 4, 35, 45,
2,30, 6,37, 19, 27,43, 17, 28, 7, 18). & J515 (1, 8,
22,16, 3,23, 11, 12, 15, 33, 46, 40, 20, 47, 21, 13, 25,
14,34, 41, 29, 5, 48, 39, 32, 24, 10, 42, 26, 4, 35, 45, 2,
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30, 6,37, 19, 27, 43, 17, 28, 7, 18, 36, 44, 31, 38, 9)%%
15 5] H K g it 35323197226231168789383325
297315096488667585081870454173390. 3k Hy H: i i
BT 10N NI GRS D BA A, 70K 92 BA A (1)
/ST, ST DR P il 57— SR Db ) R X
I, BN T 3R W R R
3.2 A X(Crossover)!!0]

ARSI R B X X, = Xsi +
0% (Xr; — Xs,), 1X B X0 L) TARAE,
TARS FNTHE M SARAN A4 85 K DA A4 vh B L
BEIPANANMA, 0 € [0, 1] 435I BENLIAS &, A SCHR
0.5. WIS SRR RRIR A S 5 28 SOk o] e A 5092
WS B, AT B N R3S e . i BASR T SR s
FFLOUAZ XA LR MRS AR TP s FE LN MR S
S, He B P AR e 8. 2 XH IR -

function crossover( )

W PHE 53 AR A ACHEAR R, S B4

for k = 1 to FACEHAN SN do

if (lip(10%))
MEBEFE—DRFRMEX 5,
else
MPHIEFE— NS X
end if

MPHEFE— AKX 1
Xp =X +0*(Xr; — Xs.i)

end for

end

VLB flip(P) BB AT, W LB R AR RN T
BT PR [ true.

3.3 A5 (Mutation)

Miihlenbein A1 Schlierkamp-Voosen!'1:121 42 H! T
BGAZZ 5 55 1. A SO Hoak AT — e s, AR #oxt
T RO ATBGARE B 4 13 5B B #0' = (),

oyl ) TR
. {:z:j + rang; i ap27% U(0,1) < 0.97,
L; = k=0
s j=1,---,\
A, £RASO% ML AR “ + 7 5 “— 7, o, BA1/16
(E 2B, 75 U240, U (0, 1) 0511355 4347 bt
PB4, rang 722 5 (TG L, X HL5E SO (Ub—
Lb) - (1 — current_gen/total gen)S, . Ub, Lbsy
AR AR EE R GRS 1) L RIS current_gen, to-
tal_genZ3 il X3 24 /i 09 1 A AR E S 8 )k A AR
B XA A7 RE ] SEMAE [2; — rang;, x; +
rang,] DX [] 7 A2 5 A 4B AN K, I HAR 5 1

s 55 B A A AP HG R k).
3.4 F5EARAL(Elites optimized)

T E SR AT S5 A0 I A2 P SRS A T O 38 4 1 ik
M S W R B I T R — AN AR
R B JUANJ7 TR X 2 B A A T UL AL R 3.

MG 1O i) 1) BENLIE RS SR A 14
45

2) M Ik BCEE B A K I 3, T A B 43 il
jﬁla, b;

3) 3K EE EA 1SR TR - 30% M T AR A 1
HA, B(n i3 S50

4) AN B # o, AR BAIAS AR 2= 520, )22
AT R EAEEA 1 el d,. + da < ab;

5) ¥e 78 B AT T S AL N B, )R B AR ab®E
ach.

B 20 B2 X0) 1) #Arn x n AREEHERE, &
ATHI TG ER kg R 7 R B3k T 285 7 30 PR3k Tl

2) ARG GO I (1) 2% 427 91 - % B A
AN, WAFAE /B EAL - a,b- - c,d - -,
AT 45 AR FR 2 N (Tas Ya)s (T0,Ub)s (Zes Ye)s
(Ta,ya). 45

[min

TeyTq),Max (Te, Tq)]

1

[
[mi
[

=

8
5

=
~—~~ I~ o~

Ye, yd) , max (yca yd)
Yas yb) , max (ycw yb)

(e, za)] N
TayTp) , max (T, )] # 9,
N
min | # o

W idta, b M, d— 2 ZMAZM P&, KR Kz, <
Te < Ty < Tas Ya < Ya < Yo < Yoo MIEFIINY IR
T, 2 F P 20 405 2 I D s 308 B A2 T A TG A8 X
Fy LB 0 e JoL P e B i A, B2 S FE AR I B
5204 FE e, AR AN IR RS A4 b BA Dk
5T HTHAPLAL, AN 2 5 BEAN S R I TR 0% AR
KHERM (1 + N\) — BES EFES. ik~ 7
AN SR G X A FARAR A IE £ A S i (1 Ak
HENT—ACRIEE. W FB — AR R (A A7 L
AR AR TR DA b B 22 AN, 07 DLERAR.
4 HIEWFE(Algorithm procedure)

e I

1) 1 4A (AN FIRS 9% A 1 (1 4] 46 fh(cur-
rent_gen = 0);

2) ¥ AR 2 1SR IE H, AN R 55 3) 20

3) Hh A AR A BRSO BA B AC X AR AR B
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4) X FHARO AT 55

5) R AR BRI A% ) 2 BB B P e g A BA A1,
THE R K

6) K T TE A R SRS BEAT 22 2

7 M+ MR E A AL MRS —
FORPRE, 0 S8 A v B e B A PRI T K e A A
S5 22 [P I DLEUAR

8) current_gen = current_gen + 1 #552)0.

5 5 A 45 B (Experiments and results)

R T IR LG, ARSCE T RAT RS n) A R
(TSPLIB) () 2 AN i ) AT 52 560, 5 -4 & ik
AETOOLL N S5, Briffte Z 8 EW T : u =
100, A = 300, P4t Htotal_gen = 1000. FrEykk
4> FE - ¥ fEMatlab 200627 & - S2E, BT TS 4R
J&{FGenuine Intel 2140@1.60G, A 7£1GHIPCHL 1-5¢
Js, b R R FE v 5K FEMatlab2006 57 518
24 1. HAf (Symbolic Math Toolbox Version 3.1.4)i
AT, SEEG &5 FUF I 1R RE A .

S 1 DATSPLIBOSHTAwd8 49, Ui T 8 &
VRS g AE 2] iR R IS RR. E3(a) Tk

6000 T T T T T T T

5000

4000

3000

Atta 838 T AL Frydh

2000

1000

00 I()I(]ﬂI 2000 3(,';00 40I00 5000 GOIOO 70IOU 8000
Attd8 3 7 A5 frxl
(a) TR Ak Ry S 4

K3

KA ) B e B A, H A E G 1Y 372781085044831
60047173896925400992701832084244808202108386,
B K EL1865, AN IMHES A (1, 8, 38, 31, 22, 16, 3,
34,41, 29, 2,26, 4,35, 45, 10, 24, 42, 5, 48, 39, 32, 21,
47,11, 23, 14, 25, 13, 12, 15, 33, 46, 44, 18, 7, 28, 36,
30, 6, 37, 19, 27, 43, 17, 20, 40, 9). i A5 > |
AR, & Ef R CinE3m)). 4Rk
()R KT i 5 4 37279319749735285213507811329519
563713358680557416718960474, %1% K & 4110481,
(BI10628 — 147, 3 T4 3k 17 117 B 55 4y 147), H1 MY
A2 HES A (1, 8, 38, 31, 44, 18, 7, 28, 6, 37, 19, 27,
17, 43, 30, 36, 46, 33, 20, 47, 21, 32, 39, 48, 5, 42, 24,
10, 45, 35, 4, 26, 2, 29, 34, 41, 16, 22, 3, 23, 14, 25, 13,
11,12, 15,40, 9). 3 T 50104 = L.

SEH 2 B EVE(LO-ES) R4 45 5 etk 1
FIEFIVLAGT) PIEAT LA, 286 45 W32, K24
ANSEBI R IE LSBT 10K I SE it 46 1

SEE 3 {ETSPLIBSH? #k 128 I A — £ ji) gl 1F
AT IR, AFAS ) 551 A 3738 47209K 45 5 i L3 PR
PYRR N I A SEIG v R B B AR I LE 2R gen KR E
R AR AE AT B

6000 T T T T T T T

5000

T
1

4000

T
L

3000

Atta 838 T AL Frydh

2000

1000

00 I()I(]ﬂI 2000 3(,';00 40I00 5000 GOIOO 70IOU 8000
Attd8 3 7 A5 Frxl
(b) IRALJE 4 R e AR 14

SRR AR HUHT 5104 Jm B U 45 SR LA

Fig. 3 Comparison of optimum solutions between greedy method and proposed algorithm

A2 Bty 36k Bk (IGT)BLETSPLIBIS F 34N 19 4 49 2 pb
Table 2 Comparison with IGT!3! algorithms on 3 benchmark problems in TSPLIB95

1GT! LO-ES

best mean best mean

MR TSPLIB #4420
pr136(EUC_2D) 96772
prl44(EUC_2D) 58537
a280(EUC_2D) 2579

96770.924122  96770.924122 96772
58535.221761
2586.769648

96772
58537
2579

58542.129537
2588.568179

58537
2579
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F2HEUC 2D 7 3 11 1) (1) i B 424k
] e B 4. 3 ATT,GEO3I 70 1 B 85 /4
KA AL A v 5 38 7™ b 42 B SCRR[17]100 b
HEHEAT, B — R IW PR B v H 5 00 45 SR AR J2 B R U,
OB B I S5 R e N B g, 3R25 5 B e
SR, HT R IEAE R A 3N S n) @ 45 A T e
TIGTBIE g R 2MIBH U6 45 WL W] Bk
TE300 41 A A b3 DA (1) S 56 i P e ds e, 3 Rgn

%3 TSPLIB95 L)X & &

SER B, L3 IUST4Rgro66 8 B, 76 5
500/ 1l 7 I SEG Hh, A RE A T SEHb R B SR AR,
TIE B 2 () i B ML I vl SE k. S 40, AN TR K3
T T H S SRS AT R AR K, AEAR TR
FFAD AN G i B R] 45 0 R, UST4(BEUC2D) 113
PAT I 0] 496.9 s, gr666(GEO) T~ BI04 IR 7] Ky
8.4 s. X TR T UL MBI 5258, B & o WAL T3¢
R[4, STHEAL IR £ dh.

] AL H K B gk R

Table 3 Results of some others in TSPLIB95[?) benchmark library

Wk o %5 ) TSPLIBH 4t i i i 4219 best mean p%  gen
att48(ATT) 10628 10628 10628 100 85
st70(EUC_2D) 675 675 675 100 156
berlin5S2(EUC_2D) 7542 7452 7452 100 105
lin105(EUC_2D) 14379 14379 14379 100 180
Line318(EUC_2D) 42029 42029 42029 100 364
U574(EUC_2D) 36905 36905 37028.2 95 392
gr666(GEO) 294358 294358 294436.8 90 399

6 4518 (Conclusion)

JE T R W S AR &5 S L VR SR iR 4L &
DA S 7 ) FH 3% S35 1) 5 1R il e 150 )
() I] . SEa 2o 1 HAR YA S Ak ) R PG .
WA R BV s EOE F L R, AR
IR T Z A B Agent$ AE4E b SN 15, 5 51
SEAE ZHLER N LT 550 1, 2 PLas N SE R 2% 4%
TN 5 B FH Ak 72 A 5 IR 9T o 4k 24 v
VA T e

£ % ik (References):

(1] JRSC, 2. BRI SEITIEMI. st R AR,
1999.
(XING Wenxun, XIE Jinxing. Modern Methods of Optimal Computa-
tion[M]. Beijing: Tsinghua University Press, 1999.)

2] BRET fRosA. SN — SRR SNPC. NP ]
BRRARIMI. bRt BRaE AL, 2001.
(CHEN Zhingping, XU Zongben. Computer Mathematics—Theory of
Computational Complexity and Problem Solving for NPC, NP Puz-
zle[M]. Beijing: Science Press, 2001.)

[3] TAO Guo, MICHALEWICZ Z. Evolutionary algorithms for the TSP[C]
//Proceedings of the 5th Parallel Problem Solving from Nature Confer-
ence, Lecture Notes in Computer Science 1498. Berlin: Springer, 1998,
803 — 812.

[4] 2, AR, mfh, 55 — b ek i SRAFTSP a8 IR AL 5% ).
THEHLEAAR, 2005, 28(5): 823 — 828.
(CAI Zhihua, PENG Jinguo, GAO Wei, et al. An improved evolutionary

algorithm for traveling salesman problem[J]. Chinese Journal of Com-
puters, 2005, 28(5): 823 — 828.)

(5] MM, ez, BRGR DT, — ik e gtk DR] P SR AR TSP i) 5 )t % 55
VAN THEAHLAAR, 2003, 26(12): 1753 - 1758.

(YANG Hui, KANG Lishan, CHEN Yuping. A gene-based gentic algo-
rithm for TSP[J]. Chinese Journal of Computers, 2003, 26(12): 1753 —

1758.)

—

(6 51, ZE4EE. SKARTSPH b1 34 A% STIL[]. 75T HL K, 2007,
30(5): 748 —755.
(WANG Yuping, LI Huaying. A novel quantum genetic algorithm for
TSP[J]. Chinese Journal of Computers, 2007, 30(5): 748 — 755)

[7

—

MICHALEWICZ Z, SCHOENAUER M. Evolutionary algorithm for
constrained parameter optimization problems[J]. Evolutionary Compu-
tation, 1996, 4(1): 1 - 32.

[8] F 5, 8B, MEA, 5 LAk (L HAD. B2 41, 2009
20(1): 11 -29.
(WANG Yong, CAI Zixing, ZHOU Yuren, et al. Constrained optimiza-
tion evolutionary algorithms[J]. Journal of Software, 2009 20(1): 11 —
29.)

(91 i 6] i 4 € K 5 AL A D AR o) RELAF S 4. TSP ) 8 A v 00 38 i 44 12
TSP95[DB/OLY]. http://elib.zib.de/pub/mptestdata/tsp/tsplib/tsplib.html.

[10] BRI R, FMak, FERUR, 55, SRS N I M. Jbat: ARG
HRAL, 1996.
(CHEN Guoliang, WANG Xufa, ZHUANG Zhenquan, et al. Genetic
Algorithms and Their Applications[M]. Beijing: Posts & Telecom Press,
1996.)

[11] MHLENBEIN H, SCHLIERKAMP-VOOSEN D. Predictive models for
the breeder genetic algorithm I: Continuous parameter optimization[J].
Evolutionary Computation, 1993, 1(1): 25 — 49.

[12] WANG Yong, CAI Zi-xing, GUO Guangi et al. Multi-objective opti-
mization and hybrid evolutionary algorithm to solve constrained op-
timization problems[J]. IEEE Transactions on Systems, Man, And
Cybernetics-Part B: Cybernetics, 2007, 37(3): 560 — 575.



Fal

MRS IS T AL S A ) 479

[13] i [ g 4 48 K 2% 20 & DR 4K 1) AT 5T 4. TSPIa) 8 A i I 38 44 4l
FETSPOSAl il i WI[EB/OL]. http://www.informatik.uni-heidelberg.de
/groups/comopt/software/TSP LIB95/DOC.PS

[14] GUNTER Rudolph. Convergence analysis of canonical genetic algo-
rithms[J]. IEEE Transactions on Neural Networks, 1994, 5(1): 96 — 101.

[15] VLI, B0, $IAR B, 55— R R B R A 18 A% S5 Wesiotk
JLPERESHHTIN. VESEHLAEAR, 2001, 24(12): 1233 — 1241.
(JIANG Rui, LUO Yuping, HU Dongcheng, et al. A genetic algorithm
by coordinating exploration and exploitation-convergence properties and
performance analyses[J]. Chinese Journal of Computers, 2001, 24(12):
1233 — 1241.)

[16] XU, Bh A, X157, 55, 49Ut 00 B L A6 55 VE ]
2004, 27(2): 157 -167.
(LIU Jing, ZHONG Weicai, LIU Fang, et al. An organizational evolu-
tionary algorithm for constrained and unconstrained optimization prob-
lems[J]. Chinese Journal of Computers, 2004, 27(2): 157 — 167.)

S SERLEAAR,

[17] SUZUKI J. A Markov chain analysis on simple genetic algorithm[J].
IEEE Transactions on System, Man and Cybernetics, 1995, 25(4): 655
- 659.

[18] IOSIFESCU M. Finite Markov Processes and Their Applications[M].
Chichester: Wiley, 1980

Bt % l&ﬁj{’ﬁm”w](Appendix Convergence
proof))

ﬁ‘/’fﬁiﬁ%ﬁﬁﬁqj AR R kI R R OR, T A SR
FH g () B 2. A AE En N IR T 75 2k [, T4 48 &
A S — AN B A &R A% a), FOR /N hnl. AR S
H PP WIS, K B A 2R A ) AT e B B ST ) A A R X
()1, m!], B2, 1/N35 R S B B X )6 1 ) B A Hamilton =]
PRIOTAE(L, (n — 1)) 3EE G i X (8] 3R A, s DX JB] HIS" 8.
AR i (2 € )Tt B (1) 3% N AE £ 7R A Fitness(z),
4 F = {Fitness(z)|x € §'}, BARIF| < |9, TEWTLER
F = {F1,F,F3,-- Fip|}, RRF > Fy > F3 > -+ >
Fy oy AR SV B2 PR AN ) S S K 2 5 X [.S7 1A f) 2
EERH NE TS THES), KHS; = {z|]z € S’ and

F

JFL?%FE*&M—%

|F|
|Si| # @,Vi={1,2,--- ,|F|}; S;NS; = @, Vi # j; US =

S. AR Py R A R s AR E;%A&@/\TF)'M%
E%?Fl A K 2 .

FEASCHR Y ST, B KSR, R 1A ) R
2 i it o AL AN W A2 Ak, (ELR A A AN 1 K 2 [
SEAAZH, WD = (21,22, xp). 2 PRISIATFIEE
(g fr, DA AN SE VAT IR, BT DUBIEE Al e H

. ((n—l)!—&-u—l).
I

AT AR AL, T SORPE I8 Y . X TRl Ep
3@ W 8 X M: Fitness(p) = max{Fitness(z;)|i =

Fitness(z) = F;,i=1,2,3,---

op}. BB F g < Fitness(p) < Fi, Vp € P.
B e ARG PRI N AR T4 {p;}, pi = {plp € P and

|F|
Fitness(p) = Fj,i = 1,2,---,|F[}. B8, > |p| =

i=1
|F|
|Pllpi| # @,Vi={1,2,--- ,|Fl}p;Np; = B,Vi # j U pi =
P W Gp W& T IE N B AR, 4 p”ZEPZ':Pﬂ%
GANFNEE = 1,2, |F), § = 1,2,---,|P;]. fEULE

THHERN, Mpi; Blpg FFEPIR SR 7T AR R Ap; —
Pkl E%*%Vﬁ%%@ﬂi@?ﬂmr(m]’ — pkl)@i?ﬁfpri]’ ki
WA Bp, T 45 2 SR EAE Arptft Ko — O B fpy, —
RN, HORE R MR LR APr(pi; — pr) Bprj g,
AR, IFPHEAR 55 p; HE R R BRI S p Hps — prei

N, FORS MR RN A Pr(p; — pi) spr; . 8 g L TIR,

[Pk |F|
nJ U‘{?@Jpru k= Z PTij kil Z Prij k = PTij k-

EU%ETLJL?]‘W‘E’J Timﬁ 15N17]H’Jﬁﬁuﬂ£ Koy HB A
G JR OB 1) — Rk e SCOF x4 R WAe S At HE I B

=1, prlk

X1 — AT T 4 R AR, 24 ALY
tlirglo pr {Fitness (pt) = F*} = 1, X BEpr&/m %, p KR
AR,

108 Lop Aol T AL BN AR, 1A

co

[F] PRI AT AZ 3 AN 51 A2 Hik i m] LA Blp” = , ok

—Am AR BENUERE BR, T # 0,

/00 . 1k . o 0 c> 0
PSP = M N i k| T (ROO 0)
i=0
N RE BN BE, Hp'™ = € - p/>®, X Hle =
(11,0, 1), /% =0 Tim p™ = p0pf/ My H A
WG Aip O Jo 2, I H M1 <
n W, p;oo =0.
EH 2 FEWSEIER, Vi ke {1,2,---
>0, k<1,
Prik {_ 0, k>i.
UE fTu + XSRS, Tﬂiﬂﬁﬁﬁ?ﬁiﬁ’\]%ﬁ/\
M, g AR B, EEPENLEIAE R R, R A E N
£ (R A0 T 24 w0 SSARH B (0 AN AR A R gk N S AU
T, ACACHE A TT DU A2 7 AR A4 1 A0 75 A A4 O B T
AR (R o A Ao 0 AR B 8 A SCARBE AR . BT DL
BAL A AR HE A LR B Vpsj € pi = Jz € pyj,
Fitness(z) = Fy,j = 1,2,---,|P;|. WAEHWHE 7 1I1/EH
N, B, AL R B © € piy HIENAE—E AN T3
BAMAE, FISCER14128 A0 7 7L T 5. Wi € pyy, W

<m I, pi™ >0 m<i<

7|F|}’ﬁ

Fitness(py;) > Fitness(p;;) = k < iVk > 4,



480 Bow o5 N M 27 %
o R = (prg ,pr3 1, 7PF\F|,1)T > 0.

Prij ki = 0= Prijk = Z:l Prij ki = 0= Pr g = 0.
1=
ey — MR € iy,
Fitness(z') = Fj,, k <'i

Ha # o', o™ A2’ R 2 K 10, Hh e w0 78 3k 6 5
TAER G, Mpi; Blpeh AF — T B 108 % 2 28 K T70,
Blpr;; = 0, Xpr; . = pry; g, FTEhpr; > 0,VE < i

IFEE,

12 BRG], & I E AR ) AR vl LG B 35 . 2 AR [
BRI VP T PR, AN fie AN I I B v TR o A RS B
I FEAIG AR, BRI — ER S e N BB Brpy sl AN HT e

EF 3 HEERAT A RS

i A Ppii= 1,2, |F| ATULEE R LU
A P MarkoviE b —AMIRER, M & #H2, ZMarkov/#E )
MR ]R8 A

prg 0 - 0

, prap  prgg oo 0 C 0
p = . . . . = )
: : : : R T

PT|F|,1 PrF|1
T#O,C: (prl)l) =1 # 07

PIiF|1

R B 1A

ck 0
/00 _ 1: T _ c™o
p o =lim p"= lim | k=1 . ) = ,
k—o0 k—oo | S TPRCFITF R®0
i=0

Hrho™ =1, R® = (1,1,---, )T . XFp/ i —

SE M BE ML 4 HL
10 0
/ 10 0
P> =
10 0

(ES 1 R8T BT TR = 8 R S o il € i R T ==
Ve A

B (1973—), 53, YHIm, 1 L0504, ST ST A ok A v
L Z R HARTE S AL FE, E-mail: chixinxiao@hotmail.com;
AN (1938—), B, #i%, W4 I, F TGN A T
N RN i e
F B
S AR 2 AR,

pusiy
or

(1980—), 3, YR, M AP 528, 32 B0 5T U 2t AL vt



