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Abstract: Despite the numerous applications of ACO (ant colony optimization) algorithm in optimization
computation, it remains a computational bottleneck that the ACO algorithm costs too much time in order to find an
optimal solution for large-scaled optimization problems. Therefore, a quickly convergent version of the ACO
algorithm is presented. A novel strategy based on the dynamic pheromone updating is adopted to ensure that every
ant contributes to the search during each search step. Meanwhile, a unique mutation scheme is employed to
optimize the search results of each step. The computer experiments demonstrate that the proposed algorithm makes
the speed of convergence hundreds of times faster than the latest improved ACO algorithm.
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WA L (ant colony optimization, fij #R ACO)S 1k JE AL 17 4R F H I SIZUE 1) B8 5 4T 29 10 T i P — Pl A 441
RGBT, 20 T4 90 4ERE KR ) M. Dorigo %527 3 Hi& iU =152 S FCHUAT T 85 - (10 552 560 45 SR 1 56 i AU
AR T It 23 (W ST T IS T AR 2 0F 50 R0 F ORI 8E 10 4R M oT 45 51 L4 3R W s
ST A A ARSI R IR AR i) e 0, B A Xt 80 5 T 5 HAb T AR 45 5 - BB s A5 It o,
TEBNASIREE T AR I v B 1 235 Pk FHAGOH: P AR T WSCRE VR A A4S R (B G . 2 TS I /.0 T e iR
XA S AR>S F AR T o SR it SeBR[OR T A MMAS(max-min ant system)& 2, LA B
AR B AT A S 2 AT R, DA o i 45 i 10 R, 3 H AN Lk A — AR b g U N R B 1 A AR AR R
R DU R S5 R SBR[ 10] 046 T — o o) ek AR R3S TR SR e — R B R B U R R BB
SO L A R AR IS 3 T I O s S B A R 1 IR i A B A RN, T R ZE IR L R AR AR R
P9 SCHR[TTTEE T — ol o T 0 s b A 0 D (0 500 SR [12] 24 R T — Fofob i B, L A SR AR 7 SR i
TSP [ e, FH Y S (7] 5 Beon) — 4% B A7 A 44 2R, DA 98 28 3 R 4 sy SCIR[13]4@ HE T — A e SR s, LA T b
JR A 2R ARG AN D I SCRAE T ok i, BINAE U T DR S R B A SIS ST AR E A
SRR FERR, 2 RT3 H I 0 B AR B AR B AE S A TR A, LA JUTEE v JIR 452 iy B 5 S5 45 X B RIT SO0 S

- 7 P JRE T St (L 0T 2 v AT ST R T 255 SR AN 2 A o B, T 1 47 K 2 o 24 IO SR AT R AL, ) e 1)
I FH (R STy st FRATT 6 T TSPl ARG R T — Rk T Il AR R B . B A5 L 25 B A F A o S gt
1) e IS SRV, R R NDMACO #¥E(ACO algorithm based on the nearest neighbor node choosing, dynamic
pheromone updating and mutation). % 57 LA 51T 120 J 1 2 326 B A0 B0 24515 5 B 0T SR s >R n 3 4 R Wi 8, BA—
R 1) A% S SR Wk R IR R <3 D00, A5 W et 8 R B2 v 52 0 4 R B AR S %) Bk 5 A o T P S
SRR L, W SR R 4 v B A DA b 5 S DR FE L T At S b SR A B
1 WERLEZ

LTI SR T W WSO S £ AR Hh BRSO & B AR LR T — R RR O AE R I 5, T HA s A B g R
FHRE A8 B IR ) T ) A R R HL R R JT DL ER 5 B 2 RIS B) 07 ), e AT ) T R 1 A R R v R T R A% 3.
D13, El K ) 802 S I SR AR S AT D i R I — A5 B I SR U 5 — R AR, 12 R A e o A S ek
Z BTN IS R 0 S R RO, 5 ke A 106 R 12 B A T AU 3R R b gt e R R A A 2 T S X A B AT T Sk
PR R B B R B B 0 SREA0 A0 SRR R e BRSO X — 58 14T 4 AL .

M. Dorigo & A\ E456 5 32 tH 7 BB IX — B3 & 47 4 1 AS(ant system) 575 F1 ACS(ant colony system) 72,
Ikt AS SLILA ACS 553558 Xy ACO(ant colony optimization)! 5.
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1
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0, otherwise
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L a5 RN T 5 B SCIR IR S0 AT B, FRATTE % 7 U5 SCHR[10, 1A R F TSP (i il ) S 36 45 1A A A
3C. TR S B P A T T BEAR, IR M AN S (K 2 M0l o S A 5 . SCRR[10]8 Y T —Fh 3 2 BOR
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R LR A E R A JE 00 98, T K 522 (K 8 28 B A B (R A SR k55 SRR [T TR R 17— b ik - g s A R (1 B9
3.1 YSHF IR SREE BRI

1 AR AL eil51 TSP
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WS 0, 2 AR S 9 L 3 A 1

01 BARE A K e 1 AT I S
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Fig.1 Comparison of convergent features of the optimized eil51
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Kl 2 ARSI St70 TSP Tour length

i ) SIS P L A 2 eh i 1 7907
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3.2 AL EH M TSPS) 5 AY 4 B EL i
F 14 KRR R 4 HoAth TSP i 5111 45 SR L.

Table 1 Comparison between the different improved algorithms

R A

Optimal results ~ Optimal results of the =~ Optimal results of Convergence number of Convergence number

of TSPLIB proposed algorithm the improved ACS the proposed algorithm of the improved ACS
Berlin52 7 542 7 542 7558 11 2 800
Pr107 44303 44 283 44 385 330 6 700
DI1198 15 780 15796 16 197 800 10 000

PR 1 IR ACS AR 45 SR G2 8 SCHR[9~ 111+ A Sk It e 45 R MR B i IR 2R 1 &R
I, G S JT 93 Q80 DA S 6 X L T AL A A9 g 5] 3 A B A B M0 i, 2 B ROA B T e LA

AT SR AN R JEE 2 7 F e A K, T L 5 80 5l Y J i PR IF TRt A 2 B I e A SR T 8
A8 Ji 3B U R U A AE m/w AT PP B PN T 5 2 TSk i R/ 1A w i, T A O w
AT AR A, s 0 CR i A 2 3R 2 4 T R SR AR S 3 B 5 S s JRL ARO[ 85 O[] i
AFSHER I TR L AR 2 0, Totaco.tintis 20 A ACS SCHR[10, 11T ST 7).

Table 2 The comparison of convergent time between the different improved algorithms

R2 AP EEWCSI B EL R

w T/tacs T/t T/t13
Eil51 10 6 6 6
St70 10 5.5 5.5 5.5
Pr107 10 5 5 5
DI1198 15 8 8 8

ASCISERS m SISO ST HCE T m AT T SR o3 40 e 47 s 8 S, £ SRR b b AT B2 R
3R B, O A S S ok ) i 000 A WA S P i v 1 B Ay DAL, HLRERS B R LA

B T AT AN B S50 AR, AT 003 JLAFE A AR R H At SR o 13 F) SR AT T S xT b g5 SRR
A 25 S 1R vk M St iy T A B0 R ) R AR DR RS TSP 2R A I Y I A S 1 v A 2 s 1) S 1
DU AR AL SR T T R 1 A 7T AR S ELAR LTS i) 72y 48] (5 3 SE AR 3kl T3 A DAL ) i

SR SR S0 — BB B AL VL B WA B GA S SR ISRE T 1 AR 8 53 1T 1) 7 3k R 1 5 iy 4 2
filh, % ol 52 56 2 K0 s B VAT SR LR 3, T T B b 22 E S BOR B L T S8 43 A 38 AT VF 2 G 1) e
A RFRE— D BIE T AR AT LA T AR i B F 9 PR VR N IBURE DI A R0t e By A B 4UL0E A 55005 — o RE 6 SR A5
P UEA IV

References:

[1] Colorni A, Dorigo M, Maniezzo V. Distributed optimization by ant colonies. In: Varela F, Bourgine P, eds. Proc. of the ECAL’91
European Conf. of Artificial Life. Paris: Elsevier, 1991. 134~144.

[2] Dortgo M, Maniezzo V, Colorni A. Ant system: Optimization by a colony cooperating Agents. IEEE Trans. on Systems, Man, and
Cybernetics—Part B: Cybernetics, 1996,26(1):29~41.

[3] Dortgo M, Gambardella LM. Ant colony system: A cooperative learning approach to the traveling salesman problem. IEEE Trans.
on Evolutionary Computation, 1997,1(1):53~66.

[4] Hoshyar R, Jamali SH, Locus C. Ant colony algorithm for finding good interleaving pattern in turbo codes. IEE
Proceedings—Communications, 2000,147(5):257~262.

[5] Merkle D, Mdiddendorf M, Schmeck H. Ant colony optimization for resource-constrained project scheduling. IEEE Trans. on
Evolutionary Computation, 2002,6(4):333~339.

[6] Parpinelli RS, Lopes HS, Freitas AA. Data mining with an ant colony optimization algorithm. IEEE Trans. on Evolutionary
Computation, 2002,6(4):321~328.

© HHEREBAAIGUT http:/ www. jos. org. cn



192 Journal of Software #RAFFIR  2004,15(2)

[71 Dorigo M, Caro GD. Ant colony optimization: A new meta-heuristic. In: Proc. of the 1999 Congress on Evolutionary Computation,
Vol 2. Washington: IEEE Press, 1999. 1470~1477.
[8] Dorigo M. Special section on ant colony optimization. IEEE Trans. on Evolutionary Computation, 2002,6(4):317~319.
[9] Stutzle T, Hoos HH. MAX-MIN ant xystem and local search for the traveling salesman problem. In: IEEE Int’l Conf. on
Evolutionary Computation. Indianapolis: IEEE Press, 1997. 309~314.
[10] Lee SG, Jung TU, Chung TC. An effective dynamic weighted rule for ant colony system optimization. In: Proc. of the 2001
Congress on Evolutionary Computation, Vol 2. IEEE Press, 2001.
[11] Tsai CF, Tsai CW. A new approach for solving large traveling salesman problem using evolution ant rules. In: Neural Networks,
IJCNN 2002, Proc. of the 2002 Int’l Joint Conf. on, Vol 2. Honolulu: IEEE Press, 2002. 1540~1545.
[12] Wu B, Shi ZZ, An ant colony algorithm based partition algorithm for TSP. Chinese Journal of Computers, 2001,24(12):1328~1333
(in Chinese with English abstract).
[13] Wu QH, Zhang JH, Xu XH. An ant colony algorithm with mutation features. Journal of Computer Research and Development,
1999,36(10):1240~1245 (in Chinese with English abstract).

Bt A 325 2 3L
[12] Sk, 0 S0 —Fh 3 TSR STVE 10 TSP i) 8y B SR A SLvE 1 S HLA441,2001,24(12):1328~1333
[13]  RP&ut, ok 20 & 0o FH HAG 248 SR fiE PR ISCRE S ST ALT 78 5 K, 1999,36(10):1240~1245.

WwEEE

CRRAF AR BRI LR, SR P A2 RS IS 52 W 3B/ 22 vt R R AR A1 e AN A A R T e e 1R A
A A TUGREE T B I 2 AR KA AR AT — SERG 1 DRANRF 15 A1 1R SR TR BB L o R D 7 3 B KA Lk
HBIEARATT B0 PIE 75 09F 58 R e A ] R A7) 2% — S R o R 2 O B ) [, T A A e IR R L
G, AR AR 1 AR

L BT A BT A3, B0 0 S, AR 7 RV AR B A 5 A PR A I R () R AR L AN 5 RS Ll A
SR SCHR A B R SR 4550 A 1L 22 58 42 AN 81 2 2% SR,

2. T ANBAE R G, VIR % AR G0 AN T L I AR (ER A SR B AR R 5
AR AR G LU, BEAT 9 % R AL SR L)Ll B N S ik, D 4 SE k. — RBOR U, BOR B BAT G138 (1 Bk Ak
ARG IEBAT KRNI

3. R ANH K SR A i S OB (R R R Ko B Y L BRAT 10 S A Sk 4 (1 o I B2 2 ), e e
A TS50 B A AT X0 b, HE LA A5 .

4. B A KRB 2RG8R0 S A B AR AEARUCRLRES 10 L3 W A (R AP 2 08 23 1) S B AR AR B 1% e AELR B S
(M1 WIATI . SEHER.

5. I ANBU IR BRAETT A 5, B AN BUAT B 7 i (K 5 CIEAR 8 A TR AR AE 2 512 1, B0 7] 7
it ), £L 2 BB (K A T VA A TUAS B B RIS SO AN SR AE R SO 5 1) i R

6. B2 PR IT e AT 7 M ) 5 Foft A A 32 32 T 1, B 5 /> A H i AN T I0 B AF i i, U R 2
ARICEE ARG A R SR BE VS B AR A T 5 A A R R LA 05— s ) 3 S

7. S GAEF BT A BRI T RS0 0 AR (B B BOR 5 8 Kb, S B A AL 38, K 2 Y
2 FLA NI AT 1 B A 1Y I IS B AR L T .

8. H SN S AR HAb IE s AR TIY) b sAE 15 5 R b R R 1 S5, — i 22 B S0 20 B A Jim R
VEA G Bt 44 B R S

AT B WA [ A SRS O CRRPE2AR0D) B ER R D T RS2 I AR e B DA b 45 s it 4
i JF HXI) AR 2 AN 2 06 AT ) 48 A 7 L JE 2 X8 SR TR 22 2 3 PP il

© HHEREBAAIGUT http:/ www. jos. org. cn



	蚁群优化算法
	基本蚁群系统模型\(AS算法\)
	ACS算法

	NDMACO算法
	NDMACO算法的基本原理
	最近节点选择策略
	信息素动态更新策略
	最优个体变异策略

	NDMACO算法步骤

	实验比较
	收敛特性的实验比较
	优化其他TSP问题的结果比较

	结  语

