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A New Algorithm for Solving Plane Travelling Salesman Problem:
Travelling—around—-the—center Method

YU Deming
College of Civil Engineering and Architecture, Central South University, Changsha 410075, China

Abstract: A new algorithm, called the travelling —around —the —center method, is proposed in this paper. It is a deterministic
algorithm, with its time complexity the same as the nearest neighbor algorithm, that is, O(n?, where n is the number of cities.
Numerical tests for plane travelling salesman problems with various sizes are carried out by using the travelling—around—the—center
method and the nearest neighbor algorithm, and the performances of both algorithms are compared. The following conclusions are
drawn: (1) The relative performances of the solutions of the travelling —around —the —center method and the nearest neighbor
algorithm depend on the number and distribution of the cities in a specific travelling salesman problem. (2) For n=4, the
travelling—around—the—center method can always obtain the best solution, while the nearest neighbor algorithm often cannot do so.
(3) For a small size problem with n<20, the travelling—around—the—center method can generally obtain better solutions than the
nearest neighbor algorithm. (4) For a middle size problem with 20<<n <30, the quality of the solution obtained by the travelling—
around—the—center method is similar to that obtained by the nearest neighbor algorithm. (5) For a large size problem with n>30,
the quality of the solution obtained by the travelling—around—the—center method is generally not as good as that obtained by the
nearest neighbor algorithm.
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Fig. 1 Schematic diagram for determining the angle
of a city with respect to coordinate axis
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Table 2 Results of numerical tests for plane travelling
’ N N salesman problems with 30 cities
s 2(n+1)
noo. N n(n-1/2 1%
, 0.57%+3.5n+2,
i O(nZ) ) 1 5.61 5.26 7
2 5.76 5.33 8
’ 3 5.24 5.23 0
4 4.75 5.03 -6
2 5 5.32 6.10 -13
2.1 6 5.26 6.08 -13
1 n 5 7 5.41 6.05 -11
n , 8 5.77 5.00 15
1 ) , 9 5.36 543 -1
10 . 1~3, 2. 3 10 6.55 6.30 4
5.50 5.58 -1
. 3 :@ (n<20)
1 , n= , 10 s
) o , n=15
, 6 10%, @ (20<n<30) ,
0 , 5 , ,
2.58 2.89, , n=25
11%. 1%.®)
2 :
o , n=30
, 7 , Table 3 Summary results of numerical tests for
11%), plane travelling salesman problems
8 .
15% . n 1%
4 1.98 2.02 -2
; ; 10 2.96 3.13 -5
Table 1 Results of nhumerical tes.ts for _p.Iane travelling 15 359 4.00 _10
salesman problems with 4 cities 16 3.86 419 3
17 3.85 4.14 -7
18 4.27 4.36 -2
19 4.67 4.83 -3
1 1-2-3-4-1 1.98 1-2-3-4-1 1.98 20 4.43 4.45 0
2 1-2-4-3-1 2.49 1-2-4-3-1 2.49 25 5.00 4.98 0
I . N B
5 1-3-2-4-1 2.58 1-3-4-2-1 2.89 ;; Z;? z; ;
6 1-3-2-4-1 1.92 1-2-4-3-1 1.95
7 1-2-4-3-1 133 1-2-4-3-1 133 = 31l S e
8 1-3-4-2-1 110 1-3-2-4-1 1.17 34 6.41 6.04 6
9 1-4-2-3-1 1.69 1-4-2-3-1 1.69 35 6.43 5.87 10
10 1-4-3-2-1 2.38 1-4-3-2-1 2.38 40 7.90 6.41 23
1.98 2.02 50 7.88 7.04 12
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(n>30) ,
4 Hopfield10
=35 Table 4 Results of Hopfield10 problem by the travelling—around-the—center
° ’ ’ method and the nearest neighbor algorithm
10%
29 1-10-9-8-7-6-5-4-3-2—-1* 2.78
2-3-1-10-9-8-7-6-5-4-2% 2.84
3-2-1-10-9-8-7-6-5-4-3* 2.78
51121 131 4-5-7-6-8-9—-10-1-3-2—4#:* 2.90
9 - 5-4-1-10-9-8-7-6-2-3-5 3.41
:10 Hopfield10, 30 6-7-8-9-10—1-3-2-4-5-6%* 2.84
Oliver30,48 att48,51 T—6—8-9—-10—1-3-2—-4-5_7*** 2.90
Eil51,70 st70,76 8-9-10-7-6-5-4-1-3-2-8 2.98 ®
Eil76,100 9-10-8-7-6-5-4-1-3-2-9 2.77 e
KroA100, 130 Ch130 10-9-8-7-6-5-4-1-3-2-10%*** 2.69
225 tsp225 4 1-3-2-10-9—-8—7-6—5—4— sk 2.69
Hopfield10 ,
5 8 5
. 2~4 Table 5 Results for other standard plane travelling salesman problems

Hopfield10,0liver30  Eil51

o

p s Hopfield10 2.69 2.78(2.89) _3(-7)
o Oliver30 492 573(536) _14(-8)
i att48 54 431 40 526(41 718) 34(30)
Hopfield10 ) Eil51 660 514(563) 28(17)
, St70 1131 806(826) 40(37)
2.69 Eil76 935.6 712(665) 31(41)
3.41, 27% ;2 KroA100 50 542 26 856(27 045) 88(87)
Hopfield10 , Ch130 13 319 7 575(7 720) 76(73)
1sp225 12 525.23 4 829(4 919) 159(155)
, 2.69, i |
7% ; .
©) Oliver30 i 1
8% ;@ Eil51 ,
40 R , Eil51 563,
s , 660, 17%
[B] % %
il 1 2-&-43-5-1 3-12-30-
1-3-2-10-9- 232217162829
8-7-6-5-4-1 27-26-25-24-8-15-14
711-1021-19-209
1831
2 Hopfield10 3 Oliver30
Fig. 2 Loop of Hopfield10 problem obtained by the Fig. 3 Loop of Oliver30 problem obtained by the
travelling—around-the—center method travelling—around-the-center method
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