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Summary

The edge assembly crossover (EAX) is considered the best available crossover for traveling salesman
problems (TSPs). In this paper, a modified EAX algorithm is proposed. The key idea is to maintain
population diversity by eliminating any exchanges of edges by the crossover that does not contribute to an
improved evaluation value. For this, a new evaluation function is designed considering local diversity loss
of the population. The proposed method is applied to several benchmark instances with up to 4461 cities.
Experimental results show that the proposed method works better than other genetic algorithms using other
improvements of the EAX. The proposed method can reach optimal solutions for most benchmark instances
with up to 2392 cities with probabilities higher than 90%. For an instance called fnl4461, this method can
reach an optimal solution with probability 60% when the population size is set to 300 — an extremely small
population compared to that needed in previous studies.
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EAX-Rand EAX-1AB
instance | Npop |Ncross|| opt. err.(%) gen. time(s)|| instance | Npop |Ncross| Opt. err.(%) gen. time(s)
att532 | 300 | 50 | 33 0.0097 14.6 19 att532| 300| 30 |26 0.0152 35.1 12
rat575| 300 | 50 | 17 0.0141 16.6 26 rat575| 300| 30 || 35 0.0047 423 17
u724| 300 | 50 | 45 0.0026 15.3 40 u724| 300| 30 | 45 0.0022 35.7 19
vm1084 | 300 | 50 | 11 0.0099 19.0 67|/ vm1084 | 300| 30 |24 0.0083 49.3 56
pchb1173 | 300 | 50 | 35 0.0033 21.3 72 || pcb1173 | 300| 30 | 37 0.0020 63.3 48
ula32| 300 | 50 || 12 0.0259 20.6 212 ul432| 300| 30 |12 0.0283 81.8 89
vm1748 | 300 | 50 || 23 0.0224 24.3 323| vml748 | 300| 30 | 18 0.0308 88.7 200
pr2392 | 300 | 50 | 29 0.0043 27.3 413 pr2392 | 300| 30 | 40 0.0015 117.1 328
pch3038 | 300 | 50 0 0.0165 38.6 622| pch3038| 300| 30 8 0.0077 182.8 794
1000 | 50 0 0.0095 35.7 1859 1000| 30 || 12 0.0047 177.6 2321
fnl4461 | 300 | 50 0 0.0546 66.0 2637|| fnl4461| 300| 30 2 0.0065 347.3 3095
1000 | 50 0 0.0237 58.8 7064 1000| 30 4 0.0021 313.8 8742
EAX-dMSXF EAX-Dis
instance | Npop |kmax /|| Opt. err.(%) gen. time(s)|| instance | Npop |Ncross| opt. err.(%) gen. time(s)
att532 | 300(4,6 | 31 0.0103 20.1 21 att532 | 300| 30 | 48 0.0010 495 17
rat575| 300| 4,6 || 45 0.0014 252 25| rat575| 300| 30 || 50 0.0000 61.6 24
u724| 300|4,6 | 46 0.0016 20.0 28 u724| 300| 30 | 50 0.0000 54.0 29
vm1084 | 300|4,6 || 23 0.0095 24.4 66 || vm1084 | 300| 30 || 47 0.0011 62.2 77
pch1173 | 300|4,6 | 28 0.0031 35.3 93 || pcb1173 | 300| 30 | 49 0.0000 85.1 70
ul432| 300|5,8| 22 0.0200 45.3 140 ul432| 300| 30 |26 0.0105 110.8 150
vm1748 | 300|5,8 | 36 0.0072 32.3 211| vml1748| 300| 30 || 50 0.0000 96.7 253
pr2392 | 300|5,8 | 42 0.0019 39.8 302 pr2392 | 300 | 30 || 50 0.0000 164.2 464
pch3038 | 300|5,8 4 0.0090 70.2 691 | pcb3038| 300| 30 | 34 0.0013 262.1 1129
1000 | 5,8 | 20 0.0027 72.0 2146 1000 | 30 | 49 0.0000 252.9 3074
fnl4461 | 300|5,8 2 0.0820 217.1 3387 || fnl4461 | 300| 30 | 29 0.0013 535.3 4730
1000 | 5, 8 9 0.0019 194.6 10369 1000 | 30 || 50 0.0000 527.8 11843
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EAX-Rand EAX-1AB EAX-dMSXF EAX-Dis

instance Npop [Ncross|| opt. | | Npop |Ncross|| opt.|| Npop Kmax, 14 opt. || Npop |Ncross|| opt.
att532 288 | 50 || 24 428| 30 || 24 248 14,6 | 36 300| 30 | 48
rat575 272 | 50 9 444| 30 || 35 2941 4,6| 37 300| 30 | 50
u724 298 | 50 || 41 423| 30 | 50 33214,6| 49 300| 30 | 50
vm1084 310 | 50 || 19 398| 30 || 31 3441 4,6 | 27 300| 30 | 47
pch1173 308 | 50 || 37 4241 30 | 40 358 |4,6| 40 300| 30 | 49
ul432 295 | 50 || 17 418| 30 | 20 316 5,8 | 26 300| 30 | 26
vm1748 330 | 50 || 29 400| 30 || 24 350|5,8| 38 300| 30 | 50
pr2392 408 | 50 || 35 388| 30 || 46 404 | 5,8 | 45 300| 30 | 50
pch3038 435 | 50 1 4441 30 2 41415, 8 8 300| 30 | 34
1290 | 50 4 || 1356| 30 | 16 || 1408 |5,8| 25 || 1000| 30 || 49
fnl4461 538 | 50 0 458| 30 2 4185, 8 1 300| 30 | 29
1676 | 50 0 || 1354| 30 || 12 || 1142 5,8 8 || 1000| 30 || 50
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0000 (00 97]000000050000000000CPU DO 1.7GHz Xeon Processor 0000
EAX-HSGA EAX-TDGA
instance | Npop || opt. err.(%) time(s) || instance | Npop | opt. err.(%) time(s)
att532| 532 | 20 0.0000 97 att532 | 100 | 50 0.0000 688
vm1084 | 542| 19 0.0033 955 300 || 50 0.0000 1980
pcb1173 | 587| 18 0.0009 1177 rat575| 100 8 0.0124 616
ul432| 716| 20 0.0000 1875 300 || 43 0.0020 2206
pr2392 | 1196 | 20 0.0000 4968 ||pcb1173 | 100 | 11 0.0100 3012
pchb3038 | 1519| 20 0.0000 11617 300 || 48 0.0004 10641
fnl4461 | 2232 | 16 0.0024 50033
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