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Cost Relaxation Method to Escape from a Local Optimum of
the Traveling Salesman Problem

Sang-Ho Kwon -

Sung-Min Kim - Maing-Kyu Kang

Department of Industrial Engineering, Hanyang University, Ansan, 425-791

This paper provides a simple but effective method, cost relaxation to escape from a local optimum of the
traveling salesman problem. We would find a better solution if we repeat a local search heuristic at a different
initial solution. To find a different initial solution, we use the cost relaxation method relaxing the cost of arcs.
We used the Lin-Kernighan algorithm as a local search heuristic. In experimental result, we tested large
instances, 30 random instances and 34 real world instances. In real-world instances, we found average 0.17%
better above the optimum solution than the Concorde known as the chained Lin-Kernighan. In clustered random
instances, we found average 0.9% better above the optimum solution than the Concorde.
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Figure 1. Multi-Start.
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Figure 3. A distribution of random initial 6138 tours from an

instance( 2 = 100).
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Figure 4. Perturbation method.
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Procedure Cost-Relaxation(7, C)
C < C
Select randomly a distinct node i
¢y <0, ¢ < 0forallj
Call Local-Search( T,
Return 77
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Procedure Cost-Relaxation-1( 7, C, m)
C < C
Do g times
Select randomly a distinct node i
¢ <0, ¢ < 0forallj
End
Call Local-Search( T,
Return 77

C’) to produce a tour 77
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Figure 6. Escaping from a local optimum by the
cost-relaxation method.
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Procedure Cost-Relaxation-Lin-Kernighan( 7)
Call Lin-Kernighan( 7) to produce a local optimum 7~
Do 4 times
Call Cost-Relaxation-1( 77, C,
C <cC
Call Lin-Kernighan( 77
If 7<7 then 7"« T
End
Return

m) to produce a tour 77°
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Excess over opt. as change of 4, in the uniformly distributed
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3% (Applegate et al., 1995)2 AL-8-3}%Ith. <Table 3, 4, 5>l A
excess(%)= HA A Hold FE %2 FAIF FojaL
difference= Z 3 9] excess(%)S] =Fo|t}. <Table 3> —-—Xﬂ
18] FAES Ade Aoz AAg 8" o] Concorde HTH
Bt 0.128% T F2 & LA 22t AR oF
4~6H) o 25Tk <Figure 9>E FA4] 179 EAE & 2L
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Table 1. Excess over opt. as change of 4, in the uniformly distributed instances

m
n
10 30 50 100 200 300 500
1000 0.988 0.936 0.897 0.921 0.955 0.907 0.952
2000 0.928 0.842 0.811 0.800 0.806 0.824 0.847
3000 1.123 1.034 1.045 1.009 1.001 1.042 1.048
4000 1.172 1.093 1.046 1.023 1.025 1.037 1.095
5000 1.053 0.901 0.909 0.873 0.880 0.904 0.935
average 1.053 0.961 0.942 0.925 0.933 0.943 0.975
Table 2. Excess over opt. as change of 4, in the clustered instances
m
n
10 30 50 100 200 300 500
1000 3.932 3.859 3.620 3.248 3.246 3.256 3.261
2000 1.774 1.564 1.561 1.450 1.427 1.389 1.353
3000 2.242 1.822 1.744 1.633 1.657 1.662 1.685
4000 2.372 1.964 1.927 1.790 1.806 1.838 1.866
5000 2.655 2.082 1.847 1.946 1.971 2.074 1.943
average 2.475 2.258 2.140 2.013 2.021 2.044 2.022
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Figure 8. Excess over opt. as change of 5, in the clustered instances.
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Table 3. Results of instance family 1

Concorde Proposed
Instance Optimum difference
excess(%) run time(sec.) excess(%) run time(sec.)

Elk.0 23360648 0.326 221 0.188 12.36 0.138
Elk.1 22985695 0.266 2.34 0.088 11.65 0.179
Elk.2 23023351 0.462 2.50 0.205 13.18 0.257
Elk3 23143748 0.158 1.92 0.147 11.19 0.011
Elk4 22698717 0.304 2.08 0.135 11.96 0.169
Elk.5 23192391 0.310 225 0.110 12.16 0.200
Elk.6 23349803 0.232 2.14 0.143 12.55 0.089
Elk.7 22879091 0.285 2.11 0.134 11.41 0.152
Elk.8 23025754 0.184 2.02 0.110 11.31 0.074
Elk.9 23356256 0.198 2.03 0.083 10.72 0.115
E3k.0 40634081 0.202 9.78 0.148 46.54 0.054
E3k.1 40315287 0.306 9.56 0.181 43.07 0.126
E3k.2 40303394 0.246 10.02 0.121 46.20 0.125
E3k.3 40589659 0311 10.46 0.193 48.85 0.118
E3k.4 40757209 0.242 9.60 0.126 42.31 0.116

average 0.268 4.73 0.141 23.03 0.128

E3k.1

bound

bound
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Figure 9. Convergency of solutions of the E3k.1.
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Figure 10. Convergency of solutions of the C3k.0.
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A 278 FAE F w7 0] 30007021 C3k.0 FA ol thaf AA]
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3~108) T 229Uk

Table 4. Results of instance family 2
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& 3% Concorde ot th 9] FAA T £2 )& +
gom 55] A 2, 75 o] FH £X3= wA M T €
58] F2 & WA

<Figure 12>+ A|ASH sl 7} Concorde®] -3 A17HS Bl
gt Aol A|A gk 3 o] Concorde BTt OF 3~158) S8 A| 7t
ol f Al Aoz Yehth a8y wA7F AR wel Al
2k zpol 7} AotAl = Ag gt

Concorde Proposed
Instance Optimum Difference
excess(%) run time(sec.) excess(%) run time(sec.)
C1k.0 11387430 0.500 9.20 0.343 131.10 0.157
Clk.1 11376735 0.091 7.55 0.030 92.51 0.061
Clk.2 10855033 1.736 10.71 0.950 162.70 0.786
Clk.3 11886457 0.025 9.97 0.026 109.10 -0.001
Clk.4 11499958 0.058 9.48 0.051 123.01 0.007
Clk.5 11394911 0.263 9.18 0.059 131.29 0.205
Clk.6 10166701 1.818 8.01 0.134 102.56 1.684
Clk.7 10664660 1.297 9.25 0.079 116.22 1.218
C1k.8 11605723 2.385 13.64 0.093 145.84 2.293
Clk.9 10906997 0.743 11.83 0.166 122.88 0.577
C3k.0 19198258 2416 42.44 0.221 409.23 2.195
C3k.1 19017805 1.721 39.94 1.154 485.53 0.567
C3k.2 19547551 1.685 4251 0.942 461.90 0.743
C3k.3 19108508 2.281 41.26 1.080 419.03 1.201
C3k.4 18864046 2.365 39.41 0.554 382.56 1.812
average 1.292 20.29 0.392 226.36 0.900
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Figure 11. Difference of solutions between Concorde and proposed method.
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Table 5. Results of instance family 3

) Concorde Proposed i
Instance Optimum - - Difference
excess(%) run time(sec.) excess(%) run time(sec.)
dsj1000 18659688 0.360 5.55 0.257 56.70 0.103
pr1002 259045 0.388 2.21 0.112 12.17 0.276
si1032 92650 0.094 2.86 0.170 23.94 -0.077
ul060 224094 0.416 3.58 0.074 23.41 0.341
vm1084 239297 0.194 3.21 0.059 17.89 0.136
peb1173 56892 0.420 1.77 0.083 10.25 0.338
d1291 50801 1.028 4.07 0.530 25.31 0.497
11304 252948 0.901 438 0.260 25.63 0.642
11323 270199 0.660 3.75 0.430 28.25 0.230
nrw1379 56638 0.122 2.30 0.101 13.66 0.021
11400 20127 0.715 17.73 0.202 183.74 0.514
ul432 152970 0.515 3.74 0.205 19.52 0.310
11577 22249 3.893 13.24 2.807 132.82 1.086
d1655 62128 1.151 5.46 0.319 40.90 0.832
vm1748 336556 0.156 5.65 0.099 35.77 0.057
ul817 57201 0.827 3.51 0.818 17.45 0.009
11889 316536 0.593 7.21 0.358 49.96 0.235
d2103 80450 0.229 6.80 0.217 63.54 0.011
u2152 64253 0.638 4.67 0.705 19.86 -0.067
u2319 234256 0.161 18.56 0.123 78.56 0.039
pr2392 378032 0.576 5.24 0.432 2471 0.144
pcb3038 137694 0.336 6.31 0.253 2791 0.083
13795 28772 1.233 30.58 1.313 284.33 -0.080
fnl4461 182566 0.167 11.35 0.151 49.45 0.016
15915 565530 0.676 25.07 0.636 136.32 0.040
15934 556045 0.458 24.57 0.452 148.80 0.006
pla7397 23260728 0.421 46.20 0.398 207.18 0.023
111849 923288 0.373 62.83 0.414 237.70 -0.041
usal3509 19982859 0.261 93.18 0.241 314.20 0.020
brd14051 467128 0.670 62.58 0.663 226.85 0.007
dis112 1573084 0.195 80.72 0.172 288.35 0.023
d18512 642117 0.687 79.48 0.670 274.05 0.018
pla33810 65705438 0.856 236.18 0.830 833.96 0.026
pla85900 141806385 0.679 651.79 0.699 2055.71 -0.020
average 0.619 45.19 0.449 176.14 0.170
16
+ F)=Allogi)+B ——
14 T time-fit : A=104.5, B=-6.68803
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Figure 12. Ratio of running times between Concorde and proposed
method.
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