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Cooperative Ant Colony Algorithm Combining Evaluation Reward and Punishment
Mechanism and Neighborhood Dynamic Degradation

Abstract

Abstract: To address the slow convergence and the tendency to fall into local optimality in solving TSP, a
cooperative ant colony algorithm combining evaluation reward and punishment mechanism and
neighborhood dynamic degradation (ENCACO) is proposed. The paths are classified into active and
abandon paths according to the path evaluation value, and with the path evaluation value as the weight,
the different pheromone reward and punishment strategies are adopted for the two types of paths to
accelerate the convergence speed of the algorithm. Through the neighborhood dynamic degradation
strategy, and the neighborhood radius is used to divide the set of cities into exploration and degradation
zones. The search range of ants is adaptively reduced, some cities in the degradation zone are
dynamically refined by retention probability, and the state transfer probability is calculated together with
the population to balance the convergence speed and the population diversity of the algorithm. The
interspecies co-evolution mechanism is adopted to determine the interaction period between populations
according to Tanimoto correlation coefficient, and the appropriate interaction is selected at different
stages of the algorithm to help the algorithm jump out of the local optimum and improve the solution
accuracy to achieve the purpose of effective communication between populations.
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a cooperative ant colony algorithm combining evaluation reward and punishment mechanism and
neighborhood dynamic degradation (ENCACO) is proposed. The paths are classified into active and
abandon paths according to the path evaluation value, and with the path evaluation value as the weight,
the different pheromone reward and punishment strategies are adopted for the two types of paths to
accelerate the convergence speed of the algorithm. Through the neighborhood dynamic degradation
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according to Tanimoto correlation coefficient, and the appropriate interaction is selected at different

stages of the algorithm to help the algorithm jump out of the local optimum and improve the solution

accuracy to achieve the purpose of effective communication between populations.
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Table 4 Results for different combinations of thresholds € for 3 urban concentrations

TSP PR spc L HRI{E 0 2H & L “FRfR IREERY, IEARIKEL
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A 26249 263243 0.46 1634
B 26 193 26342.8 0.24 1151
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C 26 130 26 296.9 0 867
D 26 178 263362 0.18 1074
A 42 425 42 962.0 0.94 1631
, B 42 634 43013.1 1.44 1635
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Table 6 Performance comparison of 3 optimized
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Fig. 6 Convergence diagram of each test set under different schemes
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Table 7 Performance comparison of ENCACO with classical algorithms ACS and MMAS under different test sets

TSP At S LA AT SN T fi WERY% BRI
ACS 426 428.1 0 964
eil51 426 MMAS 426 429.8 0 870
ENCACO 426 426.8 0 60
ACS 538 5433 0 285
cil76 538 MMAS 538 5443 0 1813
ENCACO 538 538.7 0 267
ACS 21282 21476.1 0 1436
kroA100 21282 MMAS 21356 21845.4 0.35 1235
ENCACO 21282 21397.8 0 589
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TSP PRt s AL AT AU T figt WRERS  IEARH
ACS 22 237 22 351.5 0.43 1565
kroB100 22 141 MMAS 22 304 22 381.2 0.74 1393
ENCACO 22 141 22 289.9 0 820
ACS 6156 62185 0.75 1089
ch130 6110 MMAS 6197 6234.0 1.42 1250
ENCACO 6110 6 198.5 0 535
ACS 26 761 27199.9 0.89 1 460
kroA150 26 524 MMAS 26 877 27223.1 1.33 1 665
ENCACO 26 525 26 781.7 0 820
ACS 26 248 26 715.8 0.45 1 892
kroB150 26 130 MMAS 26 289 26 826.4 0.61 1750
ENCACO 26 130 26 296.9 0 867
ACS 6 547 66269 0.29 1 465
ch150 6528 MMAS 6533 6 585.7 0.08 894
ENCACO 6528 6554.5 0 549
ACS 29 528 29901.7 0.54 1516
kroA200 29 368 MMAS 29 450 29 862.1 0.28 1219
ENCACO 29 368 29 673.4 0 1498
ACS 29 751 303333 1.07 1960
kroB200 29 437 MMAS 29 838 30207.4 1.36 1 648
ENCACO 29 437 29 815.9 0 1115
ACS 3934 3998.7 0.46 1 470
tsp225 3916 MMAS 3978 4093.0 1.58 1195
ENCACO 3916 3965.3 0 1235
ACS 2583 2713.8 0.16 1862
a280 2579 MMAS 2590 26322 0.43 570
ENCACO 2579 2 613.1 0 1039
ACS 42 708 43322.2 1.62 1818
lin318 42 029 MMAS 43 111 44 640.5 2.57 1643
ENCACO 42 236 42 793.5 0.49 1 864
ACS 12 005 12 105.4 1.21 1919
1417 11 861 MMAS 12 189 12359.8 2.77 1970
ENCACO 11 963 12 059.2 0.86 1478
ACS 108 711 110 501.8 1.39 1816
pr439 107 217 MMAS 108 857 110 614.5 1.53 1850
ENCACO 107 961 109 329.6 0.69 1233
ACS 7093 7350.4 4.72 1907
rat575 6773 MMAS 7101 7366.3 4.84 1878
ENCACO 6922 7009.8 2.20 1676
ACS 35445 36 564.4 2.32 1924
p654 34 643 MMAS 35912 36 944.5 3.66 1 895
ENCACO 34793 351474 0.43 1692
ACS 43 598 44 200.7 4.03 1945
u724 41910 MMAS 43 654 44 967.2 4.16 1957
ENCACO 42 895 43 377.7 2.35 1900
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Table 8 Comparison of ENCACO with other improved algorithms
TSP PRUERR ENCACO REEE/% DChOA REE/% PBACO RIEH Y%
eil76 538 538 0 538 0 538 0
kroA150 265 24 26 525 0 27231 2.67 26 605 0.30
ch150 6528 6528 0 6715 2.86 6533 0.07
kroA200 29 368 29 368 0 29 565 0.67 29 383 0.05
tsp225 3916 3916 0 3997 2.07 3923 0.17
lin318 42 029 42 236 0.49 44 136 5.01 42 384 0.84
pr439 107 217 107 954 0.69 111 262 3.77 —

T “—7 Rt HESCRRAR I 12390 7 S AT T

#9 ENCACO 5 NBACO L
Table 9 Comparison of ENCACO with NBACO

TSP PR A = EN? ACO NB\ACO
AR RIEE Y YR AR R TEH % YR
eil51 426 426 0 426.8 426 0 428
kroA150 26 524 26525 0 26 781.7 26 528 0.02 26989
tsp225 3916 3916 0 39653 3924 0.20 3992
a280 2579 2579 0 2613.1 2581 0.07 2630
1in318 42 029 42 236 0.49 427935 42370 0.81 43222
1417 11 861 11 963 0.86 12 059.2 11967 0.89 12 097
pra39 107 217 107 961 0.69 109 329.6 107 842 0.58 110 684
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kroA100 21282 21282 0 21397.8 21282 0 21290.1
ch150 6528 6528 0 6554.5 6558 0.46 65712
kroA200 29 368 29 368 0 29 673.4 29413 0.15 29 520.2
lin318 42 029 42 236 0.49 42793.5 42 473 1.05 42 762.7
pr439 107 217 107 961 0.69 109 329.6 107 978 0.71 108 873.8
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