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Abstract: Ant colony algorithm (ACO) is a metaheuristic search method, which can solve efficiently NP-
complete problems such as the famous traveling salesman problem (TSP). To alleviate, to some extent,
ACQO’s drawback of getting stuck in a local optimum, a TSP algorithm based on clustering ensemble ACO
and restricted solution space is proposed in this paper. The main idea is as follows: Firstly, a triangle
algorithm is presented to generate initial TSPs, which are used to construct the primitive transfer
probability matrix so that the randomness of trip of ants is reduced; Secondly, to avoid premature
convergence, the k-means clustering method is employed repeatedly to produce co-association matrix
(CM), which can be viewed as a perturbation factor and improve the selection of the next city for each ant,

namely, city pairs with high values in CM are connected closely, or vice versa; Finally, a restricted
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solution space, namely, the restricted connections, is reconsidered to improve the solutions produced by

ACQO. The experiments on 9 benchmarks from TSPLIB demonstrate that the proposed method outperforms

some of the state-of-art TSP algorithms,

Key words: ant colony optimization; traveling salesman problem; co-association matrix; restricted

solution space
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Tab. 1 Initial matrix

b 1 2 3 4 5
1 0 1 1 1 1
2 1 0 1 1 1
3 1 1 0 1 1
4 1 1 1 0 1
5 1 1 1 1 0
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Tab.2 Improved matrix

i 1 2 3 4 5

1 0 0.9 0. 05 0.4 0.01

2 0.9 0 0.02 0. 001 0.8

3 0.05 0.02 0 0.7 0.6

4 0.4 0. 001 0.7 0 0.01

5 0.01 0.8 0.6 0.01 0
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Fig. 5 The function of restricted solution space
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R RS B A LS st L B R A BdE4E EilS1.Berlin52 Eil76 \ Linl05 (RR 2l f 5
SCEETE 5 N EEE St70.Rat99 ., Kroal00, Eil101 . AR AR 22 (R 0. 4.0. 00,0, 5.0. 00.
Ch150 &, SR A 25 5 L A AL TG, ikt HoAth 4 4
R3 HIEENRER
Tab.3 Result of test data

BissE 2 s Best Worst Average SD Error( %)
Eil51 426 426 432 427. 74 1.74 0.4
Berlin52 7 542 7 542 7 570 7 542. 56 0. 56 0. 00
St70 675 675 679 675. 86 0. 86 0.12
Eil76 538 538 043 540. 74 2.74 0.5
Rat99 1211 1211 1229 1 215. 66 4. 66 0. 38
Kroal00 21 282 21 282 21 379 21 293.45 11. 45 0. 00
Eil101 629 629 638 631. 3 2.3 0. 37
Linl05 14 379 14 379 14 401 14 380. 69 1. 69 0. 00
Ch150 6 528 6 554 6 589 6 561. 2 33.2 0.5

R4 MXBEEFRASE

Tab. 4 The parameters for solving test data

il de a B y n/N Time NumEdge Tter
Eil51 7.4 6 0. 057 3/50 120 7 500
Berlin52 6.4 6 0. 057 3/50 100 4 500
St70 9 7 0. 08 3/50 200 10 1 000
Eil76 9. 65 7.6 0.08 3/80 160 6 1 000
Rat99 15 15 0.01 3/100 200 10 1000
Kroal00 15 15 0.01 3/100 200 6 1000
Eil101 15 15 0.01 3/100 200 4 1 000
Linl05 15 15 0. 06 3/100 200 5 1000
Ch150 12 12 0.01 4/150 300 9 1 000

x5 MATERAELELL X (Average)

Tab.5 The process of optimizing comparison (Average)

ek Eil51 Berlin52 St70 Eil76 Rat99  Kroal00  Eillol Linl05 Ch150
TeHIHE FMLel 432.4 76114 684 553.0 1229 21757.85 662 14 535 6 673.5
# FM . CM 430.2  7567.9  682.4 546.2  1224.4 21361.21 640 14 495.38 6 662.3
#H FM A CM 429.8  7564.1  680.9 544.0  1221.5 21358.22 638.44 14 475.67 6 659.5

A FM.CM, Z[Rf#zs[m]  427.7 7542.5 675.9 540.7 1215.6 21293.45 631.3 14 380.69 6 561.2
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Tab. 6 Effects of CM

£t CM Eil51 Berlin52 St70 Eil76 Rat99  Kroal00 Eill01 Lin105 Ch150
Jo CM(best) 426 7 542 677 543 1216 21 308 632 14 456 6 657
% CM(best) 426 7 542 676 540 1212 21 282 630 14 379 6628
x7 BEHEELEIT (Average)
Tab.7 Compare with different algorithms (Average)
=R Eil51 Berlin52 St70 FEil76 Rat99  Kroal00 Eill01 Linl05 Ch150
ACO™! 432.4  7611.4 684 553.0 1229 21757.85 662 14 535 6 673.5
SA ACO PSOH 427.27 7 542,00 - 540. 20 — 21370.30 635.23 14 406.37 6 563. 70
PSO-ACO-30PTHH 426.45 7 543.20 678.20 538.30 1227.40 21 445.10 632.70 14 379.15 6 563. 95
ACO with ABCH 443.39 7 544,37 700.58  557.98 — 22 435.31 683.39 — 6 677.12
ACO with 2-opt™®] 439.25 7 556.58 — — — 23 441. 80 672.37 — —
ARICHEH B 427.74 7 542.56  675.86  540.74 1 215.66 21 293.45 631.30 14 380.69 6 561. 20
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