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Heuristic Methods for Traveling Salesman Problem

Takahiro Hoshino, Yoshio Hamamatsu (Nihon University)

In this study, we propose an algorithm based on convex hull insertion (CHI) method for the traveling salesman

problem (TSP). CHI method and proposed algorithm construct solutions by inserting city to a partial tour. Proposed

algorithm is an improvement of insertion procedure in CHI method. This algorithm sets a threshold of the angle

between the route from the inserted city to next city and the route from the inserted city to previous city. The city

of the maximum angle is inserted, if there are angles being greater than a threshold. Insertion procedure is changed,

if there is no angle being greater than a threshold. In order to evaluate the accuracy of solutions obtained using the

algorithm, the proposed algorithm and CHI method are applied to 19 benchmark problems: 51-783 city problem in
TSPLIB 95. As a result, proposed algorithm finds shorter tours than CHI in 16 problems.

F—7J—F : KEtE— A~ l#E, Convex Hull Insertion 3%, L &V ME

(traveling salesman problem, convex hull insertion method, threshold )

1. [FL®IZ

AKBFZETIE, $&EE—1 2= [ (Traveling Salesman
Problem, LA, TSP) O EREIC SV THETT 5, TSP
L, WS OoHT EZN b OMOEREN S 2 iz &
X, TRTCOHETZ2—FET 280 TTOE T £ TR 5 KER
DHIL, KEELRLIKERERDHHETHSD, TSP I,
Bkt i 7 U > MR KUV RZE T RIRER E %<
O TEHS ABIDTEET 2 BEELBETH 5,

TSP Oifif 15 5121%, T ToOKMEE L Z okK(E
BEZIIZEL, TOHNLEE LD KER ML 3L
v, #T e nD § OEREEHHT § 205 ¢ ORREERE LW
KR TSP 231 2 K[EE ofEix, #ifie N &35 &
(N=1D1/2 725, L7=Ao>T, WMl N OHINC & 1K
[l ORI, FBEEEIBIEINT 2720, Rl U7 5E
TIHHRERN 2R NI REREZ 55 Z L IXRETH 2,

ZOX D TR D, EEREL EOBLFERN RN
YRR 215 D FIENMRRE SN TE = W@, TSP Oir{Ulfig
HEITIE, H L 722 B KA O MY REEDS B KA 2 AR T D
WEHE LML 2OKEENBEICE LN TS & X, Zk
KEIE R OMOKERS ISR LTV B @ REifohn
5, iz, BEBHTNLVITVZXLREDAXE 2—Y AT 4
7 A% TSP KT 2 ENRERREE L TETF oD @,

LD 1> Th 5 Convex Hull Insertion ¥4 (LLT, CHI
) 1E, BiiorE ® 2eoRER E L, LS oHRH
Z BT ANIELT &0 WK RN 2 7228 & 3K [E] 1K 2 A 45
THHETHD, "Maldld, 52onzmoEEIZx LT,
ETNOETRTCELR/NEEOMEAEOZ L THD, K
BFJECIE, CHIEICEI T 28 OB ke & B L figik

1-8-[2]-[5]-10-3-[7]-6-4-[9]
[i] : City in the boundary

1-8-10-3-6-4

(a) City on the boundary of the

convex hull (b) Optimal tour

1 el & R

Fig.1. Convex hull and optimal tour
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Fig.2. Algorithm of convex hull insertion
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Fig.3. Algorithm of proposed method
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2 error rate 3.64%
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(d) Optimal tour
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Fig.4. Solutions of each method
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£ 1 KFHEOBRER (1)[%]
Table 1. Error rate of each method (1) [%]

Method || €il51 | berlin52 | st70 | €il76 | rat99
CHI 3.36 1.10 | 4.39 | 5.74| 3.96
LCI 5.34 2,43 15.35| 6.64 | 5.37

HCHI || 2.24 2.36 | 3.86 | 2.11 | 3.28

# 2 BTIHROBRERE (2)[%]
Table 2. Error rate of each method (2) [%]

Method || kroA100 | €il101 | lin105 | bier127 | ch130 | kroA150
CHI 3.64| 5.73| 5.76 7.08| 10.17 7.69
LCI 1.84| 4.33| 2.40 5.33| 6.74 4.16

HCHI 1.04| 3.69| 2.40 1.43] 5.90 4.16

# 3 HTIEOMER (3)[%)
Table 3. Error rate of each method (3) [%]

Method || rat195 | kroA200 | gil262 | 1in318 | rd400
CHI 10.04 5.37 | 12.24 | 11.16 | 10.18
LCI 7.38 4.12| 8.13| 8.57| 8.10

HCHI 7.38 3.64| 4.92| 8.16| 6.86

# 4 BTIHROBRER (4)]%)
Table 4. Error rate of each method (4) [%]

Method || att532 | rat575 | rat783
CHI 5.44 9.66 | 12.33
LCI 5.60 | 10.05| 11.87

HCHI 5.57| 10.05| 11.87
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# 5 FHAEFFHEOLILE [ms]
Table 5. Comparison in the calculation time [ms]

Method || kroA150 | gil262 | 1in318 | rd400 | att532

CHI 47 141 250 438 1063
HCHI 3360 | 15359 | 29031 | 51766 | 143531
5. L3 U
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