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Proposal of new evaluation value for combinatorial optimization problem using
deep learning
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i __In this research, | propose approximate solution methods that apply deep
learning and deep reinforcement learning to the traveling salesman problem, which is one of the

combinatorial optimization problems. The deep learning is trained to learn the optimum solution or
the near-optimal solution as an image for a large number of randomly generated problem instances,

and an evaluation value is calculated from the image data obtained as an output. The evaluation
value obtained by learning is adopted to the heuristic solution method instead of the conventional

evaluation value based on distance, in order to obtain a solution. Computational experiments have
shown that the evaluation values obtained by learning are valid.
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rand2()-A 1.389 0.000 0.000
rand2(-B 0.000 0.000 0.000
rand5(-A 5.207 0.220 0.170
randi(-B 2.449 0.405 0.405
randTi-A 2.196 14.779 2.369
rand75-B 7.034 4.115 0.685
rand9()-A 2.925 1.090 0.419
rand9(-B 7.680 6.633 0.993
rand 100-A 5.485 T.584 2.727
rand100-B 7.149 0.022 0.022
rand 100-C 5.118 4.732 1.965
rand150-A 5.708 3.861 0.604
rand200- A 5.015 0.216 2.620
rand300- A 4.630 15.269 4.449
rand4(0-A 4.857 13.631 4.635
rand500-A 5.277 15.470 5.261
BT 4.508 6.064 1.708
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2 TSPLIB %
1) Jopt  S2V-DQN  EV-Zopt EV-Zopt+2Zopt
ell51 3.462 3.052 11.162 2.958
berlin52 0.382 0.000 0.350 0. 000
st70 3.003 3.111 1.450 0.452
eilT6 4088 4.833 0.372 0.037
pr7G 4.293 0.265 6648 2,188
rat9 4.013 5,608 5.925 1.036
kraA 100 2.407 2 %00 1.415 0.477
kraB 100 2 238 2 480 3.426 0. 660
kraC 100 3.162 1.566 4.170 0.104
kraD 100 5.071 3.794 4.013 0. 086
kraE100 2.696 3.820 8.440 2,708
rd 100 4.148 3.148 2 996 1.320
eil101 6065 4,760 5.460 1.932
lin105 3.418 4.479 5.700 0.807
priog 1.943 1.528 8.474 1.750
pri24 2608 4.393 7.042 2.506
bler127 6.416 2 785 8.553 2.681
ch130 4865 2,619 0.814 3,205
prid 0426 2,792 10,905 2221
pridd 1.507 1.536 20,047 1.198
ch150 7.027 7.001 7.354 2.500
kroA 150 3.570 5.143 10,163 2.672
kroB150 5087 4.129 5.678 2.577
pri52 3.036 2173 8800 1.254
ul59 5.617 7.968 0.291 0.107
rat195 5.390 11.106 15.180 5.568
d198 5.445 4.265 17.931 2.817
kroA 200 4.803 5.438 7.388 2.747
kroB200 5682 7 660 14.944 3.326
15225 2.099 7.627 6.448 3,742
tap225 3.807 6078 10,400 3.300
pra2 4.753 1.871 9276 1601
il262 5.200 6686 7.881 2.006
praGd 7.277 6.572 28 &20) 1.551
A28 5.7T37 11167 13.722 5.572
pragg 6.8TT 7.686 24,754 4.663
lin318& 5.565 7.961 16,362 4.186
rddii 3.866 — 12.274 3,023
A417 5.370 — 13.318 3.526
prd3a 6.431 — 28604 7.120
pchdd2 5.630 — 11.380 4.241
d403 4.514 — 20,373 4017
BT (in318 £7) | 4683 4,606 89460 2.230
TR (SMEF) 4.740 — 0.947 2.520
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