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CNF Encodings for the Min-Max Multiple Traveling Salesmen Problem

Aorong Zual® Itsuxi Nopal:P)

Abstract: In this study, we consider the multiple traveling salesmen problem (mTSP) with the min-max
objective that minimizes the longest tour length. We start by reviewing an existing integer programming (IP)
formulation of this problem. Then we novelly present several conjunctive normal formal (CNF) encodings
and an approach that is based on modifying a maximum satisfiability (MaxSAT) algorithm for the min-max
mTSP. The correctness and the space complexity of each encoding are analyzed. In our experiments, we
compare the performance of solving the TSP benchmark instances via an existing encoding and our new
encodings by the proposed extended MaxSAT solver to that by IP method. The results show that for the
same problem, the new encodings significantly reduces the number of generated clauses over the existing
CNF encoding. Compared to IP method, one of the proposals is more effective on relatively large-scale
problems, and it also has an obvious advantage over IP method in solving the instances with a small ratio of
the number of cities to the number of salesmen.
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01 0D00oooooooo
Instance arithmetic ‘ guide ‘ acyclic ‘ relative ‘ ip
burmal4_2 | 2.5E% 353s (342s) | 1.5E° 355s (220s) | 1.6E° 334s (249s) | 5.4E% t.o.} (t.0.}) | 18s
5 5

burmal4_3 | 2.8E® 46s (44s) 1.6E° 13s (13s) | 1.7TE® 22s (25s) 6.4E°% t.0.! (t.0.2) | 5s

ulysses16.2 | 6.0E° 1509s(12265s) | 3.1E° 270s (245s) | 3.2E° 131s (117s) | 8.1E® t.0.? (t.0.%) | 910s

ulysses16_3 | 6.5FE° 1866s(1853s) | 3.3E° 396s (392s) | 3.4E° 129s (136s) | 9.4E® t.o.b (t.0.') | t.0.!

(1) t.o.}: 00000000000 OOOOOOOOOOOOO
(2) t.0.2: 0000000000000 OOOOO0DOOOODOO
02 000000000000000
Instance | arithmetic | guide | acyclic | relative | ip
gr24.2 7.6E7 1098 (1008) 2.8E6 862 (824) 2.9E6 840 (831) 2.784 2609 (1797) 770
gr24.3 8.1E7 909 (861) 2.8E6 767 (787) 2.9E6 766 (749) 3.08% 814 (827) 648
gr24._4 8.6E7 757 (803) 2.9ES 660 (668) 3.0E6 674 (676) 3.3p% 750 (744) 629
gr24.5 9.1E7 697 (670) 3.0E6 642 (640) 3.1E0 632 (629) 3.6E% 676 (673) 594
bays29.2 2588 n.ay  (3186*%) | 7.6E® 1495 (1453) 7.8E6 1597 (1436) 4.884 2393 (2903) 1122
bays29_4 2.7E8 1543 (1614%) 7.8E6 1018 (1041) 8.1E6 1008 (975) 5.78% 1671 (1174) 762
bays29_6 3.0E8 1114 (1116) 8.3E6 807 (821) 8.5E6 795 (793) 6.6E4 948 (887) 705
bays29_8 3.2E8 958 (845) 8.9E6 731 (714) 9.1E6 697 (702) 7.65% 779 (766) 684
dantzigd2_2 - 5.3E7 2247* (549%) 5.4E87  1702* (549%) 1.5 856 (624%) 482
dantzigd2_4 - 5.4E7 1438 (487*) 5.5E7 614 (487*) 1.7E5 568 (488*) 473
dantzigd2_6 - 5.5E7 769 (429%) 5.6E7 479 (429*) 1.8E5 490 (471) 395
dantzigd2_8 - 5.7E7 506 (391%) 5.8E7 435 (391%) 2.0E5 427 (440) 373
berlin52_3 . 1.6E8 n.a.y. (8706%) 1.6E8 n.a.y (8706%) 2.9E5 6719 (7974) 3754
berlin52-6 - 1.6E8 6879 (5379) 1.7E8 7359 (5418*) | 3.4EP 4758 (a721) 3265
berlin52_9 - 1.7E8  18864* (3949) 1.768 3842 (3956*) | 3.8E° 3915 (3967) 2628
berlin52_12 - 1.8E8 4795 (3828) 1.8E8 3812 (3184) 4.3E5 2936 (3242) 2668
il76-4 - - - 9.3E5 438 (514)
€il76-8 - - - 1.1E6 345 (348)
il76_12 - - - 1.266 255 (290)
©il76.16 - - - 1.386 226 (229)
rat99_5 - - - 2.1E6 1864 (1182%)
rat99-10 - - - 2.366 1005 (568*)
rat99-15 - - - 2.6E6 862 (621%)
rat99.20 - - - 296 826 (527%)
bier127.6 - - - 4.4E6 139764 (128779%)
bier127.12 - - - 4.9E6 98107 (71474*)
bier127-18 - - - 5.5E0 75242 (50742*)
bier127.24 - - - 6.0E6 70310 (48294*) n.a.y.
prl52.8 - . - 7.7E6 953386* (106741%) 105874*
pri52_16 - - - 8.7E6 152925 (69218%) n.a.y.
pri52.24 - - - 9.866 129144 (50343*) n.a.y.
pr152.32 - - - 1.1E7 211209* (52308*) n.a.y.
tsp225_11 - - - 2587 1068331  (314578%) n.a.y.
tsp225.22/ 2.8E7
- - - . . m.o. n.a.y.
_33/-44 /3.1E°/3.5E
(1) m.o.: 000D0O00 (2) noa.y.: 000000000 (3) value*: 000000000000000000
03 00 eel76 0000000000

eil76 || -17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | =26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36 | 37 | .38
relative 221 | 214 | 206 | 184 | 201 | 201 | 186 | 196 | 187 | 182 | 168 | 184 | 170 | 173 | 156 | 151 164 | 138 | 152 | 168 | 171 176
ip 211 | 247 | 190 | 215 | 335 | 175 | 269 | 246 | 155 | 225 | 179 | 265 | 310 | 223 | 356 | 170 | 169 | 210 | 147 | 141 | 162 | 179
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