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Abstract: The TSP (traveling salesman problem) is one of the typical NP-hard problems in combinatorial
optimization problem. The fast and effective approximate algorithms are needed to solve the large-scale problem in
reasonable computing time. The known approximate algorithm can not give a good enough tour for the larger
instance in reasonable time. So an algorithm called multilevel reduction algorithm is proposed, which is based on
the analysis of the relation of local optimal tour and global optimal tour of the TSP. The partial tour of the global
optimal tour is obtained by a very high probability through simply intersecting the local optimal tours. Using these
partial tours it could contract the searching space of the original problem, at the same time it did not cut the
searching capability down, this is the so-called reduction theory. And then the scale of the instance could be reduced
small enough by multi-reduction. Finally it could solve the small-scaled instance using the known best algorithm
and get a good enough tour by putting the partial tours together. The experimental results on TSPLIB (traveling
salesman problem library) show that the algorithm could almost get optimal tour every time for instance in
reasonable time and thus outperformed the known best ones in the quality of solutions and the running time.
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Fig.1 FDC analysis figure of typical TSP instances att532 and pr2392 in TSPLIB
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&%, Multilevel Reduction Algorithm.
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BE, R OEN KSR RO A UGS 21 A 10 5T BB (EAR IR — DRI TR BB > R > 3 I SV A iE
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Table 1 Experiment results of multilevel reduction and iterated LK on small TSP instances over 20 runs

*1

2 PR L) FEANE A LKA AE /N SL ] 384720 R 56 45

TSP instance

Quality of the tour

(Distance to optimal)/

Running time (s)

(mean) optimal (mean)
Name Global optimal tour | Multilevel reduction (MR)  Tterated LK (ILK) MR 1LK MR ILK
D493 35002 35002 35004 0.000 0 0.000 0 7.43 171.10
U574 36 905 36 905 36 905 0.000 0 0.000 0 7.67 9.30
Pcb442 50778 50778 50778 0.000 0 0.000 0 2.65 8.47
Rat575 6773 6774 6777 0.000 0 0.000 0 10.48 91.13
Ali535 202 310 202 339 202 339 0.000 1 0.000 1 21.14 30.53

Table 2 Experiment results of multilevel reduction and iterated LK on middle TSP instances over 20 runs

R ZYPNALNFEIEIALK AL T A5 RS 1324720 i S 45 2R
TSP instance Quality of the tour (Distance t‘o optimal)/ Running time(s)
(mean) optimal (mean)

Name Global optimal tour | Multilevel reduction (MR)  Iterated LK (ILK) MR 1ILK MR ILK
Pr1002 259 045 259 045 259 045 0.000 0 0.000 0 56.68 60.01
F11400 20 127 20 127 20 127 0.000 0 0.000 0 38.37 41.05
F11577 22249 22 249 22 249 0.000 0 0.000 0 84.59  433.70
Vm1084 239297 239 311 239 320 0.000 1 0.000 1 48.47 112.15
Vm1748 336 556 336 556 336 556 0.000 0 0.000 0 470.72  991.79
R11304 252 948 252948 252 948 0.000 0 0.000 0 22.14 52.21
R11323 270 199 270 199 270 199 0.000 0 0.000 0 137.01  313.90
Pcb1173 56 892 56 893 56 892 0.000 0 0.000 0 115.79  120.44

Table 3 Experiment results of multilevel reduction and iterated LK on large TSP instances over 20 runs

F3  ZYIALTVERE ALK VLA KBS BTz AT 200 1) 956 45 1
TSP instance Quality of the tour (Distance t_o optimal)/ Running time (s)
(mean) optimal (mean)

Name Global optimal tour | Multilevel reduction (MR)  TIterated LK (ILK) MR ILK MR ILK
R111849 923 368 925 421.7 926 076.7 0.002 2 0.002 9 906.05 950.78
RI5915 565 530 565 896.2 566 408.8 0.000 6 0.001 6 40.54 41.15
F13795 28 772 28 779.4 28 808.6 0.000 2 0.001 3 85.356 85.36
D2103 80 450 80498.4 80 664.0 0.000 6 0.002 7 238.84 284.35
U2319 234 256 234 420.6 234 519.0 0.000 7 0.001 1 1216.33  1217.15
U2152 64 253 64 281.0 64 305.6 0.000 4 0.000 8 173.98 173.98

TN RSB (LR 1 AR 2), 2 PN A L TC R R AR s AT I (R 2 AR M i b A8 TR LK
B 0 T R RS 1) S 49, B AR SR A 4 S e D 88, s 10 BT TR AR X P A7 1 SR AR AR w5 el S 30 BRI T B, AT
X 2 PUIH L SFIEAEIA LK SIEAEIZAT I AR ] HLARIA LK S5 SRAERS BE R 1 00T LU E AT AR ol LU
L2 AL NI RN AT IR LK HE.

4 % g

ARSCAEXS TSP ) AT 73 A7 (10 J it 300 5508 4 Jag e D00 Ak A0 S 348 e DIE A P (140320 22 18] 5 2R 1K) 2 A A B, T it
] L PRI 0T Jwg 38 d A0 A JOEAT AR AZ $ A17, BE LA AR 2 4 81 4 Joy e D10 08 v 140 30 3 3 ) 440 3K 28 300, ) AR Kt e A1
J5U TSP fi PR RIS, I AN AR 28 (1 P R v I 72 S 36 rp R B, 20 0 90 A 24 5 BOR 1 TSP ST AR AR K, FL 4%
FHE EN PRI 1R It i e B 00 G SRR AT AR AN B A 650 e PR i) 1 45 280 v Jo o PO e IR0 e, R AV D 25t T — o i 22
YA FNE IR SVENAR T TSPLIB ) 8 S5 45 R 7, AT 5000 10 A8 SRR IR T b 30 o2 7 SK At 5t
b5 TR AR TSP ) () f5 I 1) ol 545 2R S0 A LA o et
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