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#E . 4 PBIL (population based incremental learning )3 ik o @ #~ 5 B S ok 64 Kay b 32 by — ¥ ds b & ¥
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IRHFEELHER AN TR BES REAAN LI RT3 AW G AREGE LA AM A
AP AL fe i 47 B R D RO T PR LA AR R SEHF 6 4R

E 3 P X AT R R R & LT LR N R
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B, — ST BRI . RS R R B T HEHUuE R % F T A 15 5w s B s
HikZ — HE, RTERERDEARTRLM A RER EEAL R ATHS ARE. RALE XM
EAGE AP R R ERTERAEN SRR RN E PR FE2E 2
L@ YT B EREEHSEHT A EBTHEMNER ST EEN B SR EN £ A+
BEIR R WA RERA M SHEREE. RS- MEMIERACHEHEE R, ARSIk P RS
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¥ PBIL (population based incremental learning )23, Corno 0 B F43E B 5 ik, 825 5] 4058
TEH AL F B (it 1547 GEE R & - R BRI, RARNT BAE IR BH BAORE.
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(2) While (HE1L H B8 £ 50 & M =1alse)

(3) A EFHEE R R A N B
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{6) End

A I R S R RR B RE T MR E R — EF ¥ ) 5 (gene learning
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1.1 SAEREH MERTRVE

&SR BIBRAHBEGRECEPBEN S EEBHVARE AL L. XREE
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R — AL BRSSO N B S AR MR B WA nranr. . oan FRENRBE D
{B, MIFREE ¢ AL B F O (L

T AFEEALGAEENE TR » ASHAEE FERE KRR, REE R A
AMEIRIERE St RFER - MBEBE TR s, =1 MEAR M ERUHRESZERLHSE /1%
r 3 B 1. AR PR S o A7 AR JE I3 R 02 VT LA SR BR S5 (4 P 5 S (B TN ) R4 — ok BB T A
Frivy 3 B (L BE VT LA R R S L o, XU S BN AL, B E AU R R PGB R LT HFA
HEH (L LG TR & 4 HL

TEM 2. TEMRW SR LA EEE L, B E 2 TS R B (R 4 o 2 P A A R oy
KB P'=(P.,,Pu... .POEFR EP B ABECRSZEE R DERCEMER
REHRE Po= (pisbaarer s i VBB ps B AERMBFVEESES (@ a0 .. a0 PH
MMEMBEE, j=1,2,. . on, BHETERAREGERAP MBS 1L NHERRE P.G=1,
PRSI ’D%E%‘D ﬂfa%'

Ep,-,—il, i=1,2,...,0

SHBEERENMGL - RHRRXA SN ERERELNALTE MTFH -~ A SREEAHE
By, B SEEEHNEEER p=1/m. A R FELHE 2R LE RS SE UK
By NP [a] T+ B .
1.2 EEHAREARENMOHRESE

EX 3. EEFESES fEE R P ORISR S €S PO MERA D R R
FOPeRES IS E 253 44 H

6 R B0 B A (1) 01 B 5 40 B R M) TT 8RR AN . 38 F B 1 B JC 2 AR R SR (R ()
B HEF BEEE TSR RRRE R PEREY  THEUENERE R
% L&y n A RRIR S, R KD ERERE. X o RS FHR — SRS O MR
H—AL#D . R RAEH 0~1 H 50 WMEVECREF S Z NS EN. IR #tn T
b HEREH LHREIEHEMEETS).

(1 FEE—A 0~ 1 25 L -

(2) k=1; sum=10

(3) While (sum<Z» H £<n;)

(€] sum=sum-+ pu
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{5) h=k+1
€6 End

HE % A BT At — R R BAEE N BRSE T, E S L EH Y HRER
e 27 mBAEARET . F—RENTERNFBTUEH 3 fr kit BRERE
VLR R e p iR & Hk.
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1.4 WIERZSEEFINENERRE
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M B YR mERE A o i, B AN 0 I A 1 B, LR E AL AR T3 R R k.

ERFNEEVRLEFG -REBEEEAE TEBRXEIGHEDORE. IERTREERERER
M. HE, e — B TR, BB RS E B G AU RSP T R
FAREHATHEE. SERY—TMFEAZEGEEMESTREEE2IREHEHRTHRENFFN
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Seteopy = — ;P;lnﬁi-
pifE B E LT LUE &, S B E 2 I i S R AR BT ER R B A,
BYWATE. BEUERNEEEENER I ARNGREFRLET S TN MEFKER
LS R RER A n B S5 (o7 3 B 10, AR CHE 24 Sinia = dinm (R UG AL B A9 SF RS ARTE S, T B /)
B 0T Siet, A A EB AR 1L, RAS BN RE Y 0. MEE SN RS
BRTES  a R A A AL 5L BB S B S R AR PR DA H Mg X 1E 24 B
ANFZ BN, WA A A S k.

2 ARARINEEASRLEREFHNLTARN

2.1 {0,1) AHEARE R

W A& A R B 0 R LA B R (0, 1 B B AR R R R HOy AR 0,1 E
0, SR . PR3 o E A R AR TR L 7 o 6 A R R O ) A R AR G (V, ED B T i 4R
V=_{22t. ..,z ) R AFATEV, S5V, FHE EMFEAILALERC-FRV, 5V, S0
B fMER BHE XEEH o MEEC. S EECHER0, HEN RS EFAMNE ZH,
VERRBFV..1ERBTV.

FIRMAHSHH »=50,100,200 B XEMHH-BERCEEEER T 0.005). fF
FRIBIER E RO R A NRPHEHE U R EL, REEREE THZ 2R
RALEE ST F EE R NEE. WA, EF ¥ ARG TR Z RS TS
AIZAR. FFA RN 50 A TAE. FITFHEES o KPR AHE BN RBRREF
5 #AGE K7 B AR B 4RI A+ 1 L SCHR (5 ] 1R & el BB BG4, L) R R B9 7 A0k
H#T.

Table | The results ¢f some maximum cut problems (MCP)

1 [EHRARRENTHEER

N Lacal search® Simulated annealing@®  GL (population)¥ GL, (local search)® GL Chybrid)®
50 1 057. 0C1106) 1103511060  1100.3(1106) 1105.6(1106) 1 103. 8(1106)
100 1 $63. 6(2064) 2 053, TC2064) 2 026. 0 (2054) 2 058.1(2064) 2 057. 2(2084)
200 4 086. 8(4214> 4 259.0¢4282) 4173.504236) 4 260.8(4290) 4 253.1(4284»

DR #HERE. QB K, QEF 2 TR Rt OEHL TR BREED OB T TR
22 FmASaERANSEAGRERE

F e A S [ W B 5 (R R A LY B (R e (] 3R A2 HE ] L [ iy 3 4, (R A
B T — ASIR) R A S L A LT R B R R Sk A SAm . 2 BE M AT LU R I TR e AN
EMA T T T M RRIFENE S Y . . o206 m UL MM, ..,
M, BHIE—aRS S8ENE KB TR 4715 EX - PB/MEE BRRX » MEEH
—A-YH B {5 58 W T AT 1L 95 0 B ) i 4.

FF n A TAEm GULES W IEE 8. R EE ST LI . G4 T4 M RE .
Mg THATESMTIES S SR BER. XRE—F » MEEN BMEEEE = 1
(i HE (B AT SR A R[N S M IR A SO T SRS ) 30 A 10 GHLEMIER . HS
BT AT s 5 SR L L R R A B bR eR 8Ok T SCERLA 5 TR R R 8 BN AL L B
WS HiER R REMN S Xl PR SR E R HTHEE.
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Table 2 The results of scheduling problem (data from Ref, [5])
F2 ENHATEARCSNTEESGEERE XRED
Method GL (population}® GL (local search)® GL (hybrid»® Simulated annealirg™'® Evolutivnary progamming™®
Average results@ 41. 50 41.75 40. 55 45 42,5
Optimal results® 49 40 a9 44 41
DRI Z.QZEF TEEEN .OREF IR (RERRS .OEEF YR (E LS,
EEAR IR, @EP #Y . OTHE L. @R LG R,

RIHBEERE . RBERL BSRGEREER. EREN BN SHOT  HENRNE
£100 N AR R ECHER 100 ROERBEEF R 0. 01 i FEEREN, ARFEE JELR
BB B A 45 R0 BT S0t U5 [ RLGR X 5 EP B p) g 7.

2.3 NEUREGE

TSP (travelling salesman problem )& » MR AT# B/ NFIT R AR AR (T30, B 2R K

. A M B RS AN A R B AT AHE . AR B — 455, it 1 LU T MR B 2.
n ARATER » 4HE A ENEECOSRERER —1 AOGE 5 U AR 808
IR] 43 0 7 ] B B P 4 7 [ 84 S5 407 35 R O 23R4T & 1) 7R 3% SO 8 199 »=230,50,75 1% 3
FHIFHECOR.BITEIFEHEROEI LB L. B J #4218 TSP MG
(CHN144) [ ¥ 4R W4T i E (20 1), % TSP [MBA BN R MR 30 380 & 2 BLEN
30 340 XE R AHEERE RELERWESE, g E Lin 19 2opt (&7 HHERBR,#
AZEEAMBRERT METHERLERT. XREZFEEREE ERBE.

Table 3 The results of some TSP examples

W3 JLA TSP SRR E 2 S BN TR A R

Name of TSP examples't Fogel-30 Fogel-50 Fogel-75 CHN144
Optimal results from Ref. [5]@ 423,74 427, 86 549. 18 30 380
Optimal results of this papex® 123,74 127. 86 5432. 31 30 346

Probabilities updating factor® 6.02 .02 0.02 0.003 5
Sampling aceelerating probability (a=2)8 0 0.1 0.2 1
Average results of this paper (20 times)»® 424, 05 129. 52 544. 97 26 580.5

DM 88 ¥, D 30wkT 5 00 R @ R T RS B DR R T BRI R (o= 2) W E U T AR R 2080

k0 37 = 35 =+ 36— 39 — 34 — 38 — 28 — 1§ = 20 — 2| —
17 ~16 =19 — 12 14 -1 —5—9 — 3 — 4 —
8~ 14 — 1l = 6 — 06 — 97 — 101 — 98 — 15 — {3 —
0 43 — 44 ~ 51 — 50 — 46 - 54 — 40 — 48 — 52 — §3 —

45 — 57 = 61 ~» 56 — 60 = 55 — 59 — 58 — 142 — 141 —
140 — 137 — 129 — 131 — 135 — 139 — 138 — 124 — 123 — 120 —
136 — 125 — 118 — 119 — 114 — 144 = 143 — 117 = 11§ = 92 —
n 93 -~ 05 ~ D4 — 80 — §] — 00 — 83 — 116 — 10 — 111 —
8 —~ 109 — 113 — 103 — 107 ~ 108 —~ 112 ~ 121 — 122 — 133 ~
134 — 1356 — 128 — 132 - 127 — 30 — 4] — 47 — 40 — 42 —
104 — 106 — 9 — 100 — 105 — 102 —~ 85 — 86 — 38 —= 84 —

20 78 = 81 ~ IS =TT = T4 =~ 76— 13 =2~ 70+ T2+
6 — 82 ~ B0 — 79 — 68 —~ Tl —~ 63 —~ 62 — 66 — 64 —
65 — 67 = 23 =~ 7 — 25 — 27 =~ 22 — 26 —~ 24 = 3l —~
0 30 — 20 = 33 - 32 —
0 20 40 60 80

Fig.1 The optimal results of two examples. left is Fogel-75, right is CHN144

Pl 1 TSP 75 0% 5[ . 70 Fogel 75 858 . 410 CHN144 BY 4

3 HWiE
RGBT BEEI AR, R TE TR A E. 0 TEEES
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R R TREHRSRMRRBENORL ARTREEEHRTEREN S RUR R
WREEN 2 REARREQR L EXEERARBRAE N R, 2E 2 JHRE MR
e RBERE & E-BHERNR LS TR AL BRE ISR S A EME BT ET & —
# BAERIEBR2RBE, UL EEMRECR,
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Ahstraet . In this paper, 2 new gene learning algorithm for optimum search problem is proposed, which extend-
ed the binary population-based incremental learning (PBIL) and selfish algorithm {(SA) by allowing a gene's allele
to be multi-valued. In this new algorithm, the entropy of probability distribution as used as the criterion of termi-
nation, and the evolution process is combined with local heuristic search. Three typical combinatorial optimization
problems (maximum cut problem;, scheduling problem and travelling salesman problem) are solved and some re-
sults are better than the hest result of existing algorithm.

Key words: evolutionary computations genetic algorithm local search; probabilistic modeling) gene learning

algorithm (GL)

+ Received May 17, 1999 accepted January 13, 2000
Supported by the Scienfic Foudation of Education Commission of Zhejiang Province of China under Grant No. 561100

© HIEERES AT hip:/ www. jos. org. cn



