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Heterogeneous Multi-ant Colony Algorithm Combining Competitive Interaction
Strategy and Eliminatingreconstructing Mechanism

Abstract

Abstract: The traditional ant colony algorithm has many problems in convergence and diversity when
solving the traveling salesman problem (TSP). Therefore, this paper proposes a heterogeneous multi-ant
colony algorithm that combines the competitive interaction strategy and the eliminating-reconstructing
mechanism (CEACO) to overcome these shortcomings. Firstly, the algorithm uses a competitive
interaction strategy, which adjusts the interaction period adaptively according to the Hamming distance of
different groups in different periods. Competition coefficients are adopted to differentiate matching
interaction objects for interaction. The matched objects interact with each other through the optimal
solution and pheromone matrix. This mechanism achieves a balance between algorithm convergence
speed and diversity. Secondly, the algorithm uses the eliminating-reconstructing mechanism, which
periodically eliminates and reconstructs the poor-searching populations to improve the solution accuracy
of the algorithm.Finally, several groups of simulation experiments prove that the algorithm outperforms
other methods in improving the solution accuracy and convergence speed.
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CEACO Algorithm for TSP

-Ph, (15)

Algorithm 1:

1 Initialize the pheromone and the parameters

2 Calculate the distance between cities

3 While termination condition is not satisfied do

4 Update pheromone for MMAS, ACS with Eq.
(3), Eq.(4), Eq.(5), Eq.(6)

5 Calculate Hamming distance with Eq.(7)

6 Calculate competition coefficient with Eq.(8)

7 Calculate interaction period and eliminate
period with Eq.(10), Eq.(14)

8 If NC = = eliminate period

9 Implement  the  elimination  and
reorganization strategy

10 End-If

11 If NC = = interaction period

12 Implement a population interact strategy
with Eq.(11), Eq.(12)

13 End-If

14 NC=NC+1

15 End-While
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Table 1 Time complexity of each step
Frs WA I 1) 32 4%
1 I O(n’ +m)
2 WA A B A O(m-n)
3 SERTW on*)
4 TN O(n)
5 THR S R O(m-n)
6 AT T8 54 A8 HL IR o(n*)
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8 it AR A o()
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Table 2 Basic parameter setting in CEACO algorithm

ZH ACS 4l MMAS Z {8
a 1

B 4 4

p 0.3 0.2

¢ 0.1

9 0.8

T, 2000 2000

m 30 30

D 50 50

H 2 2

®3OMEEN U E SRCH

Table 3 Determination and matching of population number

ACS 5 MMAS Fi A [\] L3 1) e I

Tl A

1:1 1:2 2:1
2 29 583
4 29 459
6 29 482 29 631 29 529
9 29 660 29 586

3.1.2 LZEHRREy BFhE

FERYSC B I 58 5 R A RHE M BFRI 2R G
PEfE, @) AIAL, ZRE A R Ey KK E
T 2R B B A e R EP A B,
1113 FUAEL AR R/ 5 22 2 5 ) 1 B0 PR WAT S0 FEE AR SR
PR FRIRG JEE o DRT AP AR e Ul vl A AR R £ 3 4>
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Table 4 Optimization plan

ES SRS A A
A EZiD
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Table 5 Performance comparison of optimization schemes

TSP PRUEmALME S AL RN P13 wER IEIRE
A 426 428 426.8 0 220
eil51 426 B 426 427 426.5 0 125
C 426 427 426.3 0 60
A 538 543 539.6 0 642
eil76 538 B 538 543 538.7 0 519
C 538 542 539.2 0 210
A 21282 21379 213109 0 1210
kroA100 21282 B 21282 21379 21306.8 0 679
C 21282 21379 21302.8 0 523
A 29401 30 005 29 547.2 0.11 1450
kroA200 29 368 B 29382 29 777 29518.9 0.05 834
C 29368 29722 29 489.5 0 520
A 2597 2 668 2624.6 0.69 1 540
a280 2579 B 2584 2 650 2610 0.19 1220
C 2579 2634 2 604.4 0 1134
A 42 608 43 577 43 180 1.38 1409
1lin318 42 029 B 42 475 43 464 43 053.4 1.06 1091
C 42297 43 524 42 803.8 0.64 775
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Table 6 Performance comparison with traditional algorithms
TSP brdE R ik AL R g REE% IEAREL
i ACS 427 436 428.0 0 306
eil51 426
MMAS 426 432 428.0 0 139
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gk

TSP PRk AL R7S AL 7R PR PR FEH Yo HAREL
CEACO 426 427 426.3 0 60
ACS 538 549 543.5 0.00 410
eil76 538 MMAS 541 552 546.6 0.56 580
CEACO 538 542 539.2 0 210
ACS 21282 21 673 21392.6 0 656
korA100 21282 MMAS 21292 21 841 21 467.6 0.04 1226
CEACO 21282 21379 21302.8 0 523
ACS 22199 22 885 22 315.5 0.26 500
kroB100 22 141 MMAS 22220 22 649 22 420.8 0.36 638
CEACO 22 141 22320 22 235.6 0 355
ACS 6150 6 364 6220.6 0.65 1190
ch130 6110 MMAS 6173 6313 6221.5 1.03 1162
CEACO 6110 6173 6148.8 0 517
ACS 6553 6 650 6 586.6 0.38 233
ch150 6528 MMAS 6 548 6 620 6 580.0 0.31 607
CEACO 6528 6 580 6558.9 0 756
ACS 26 640 27 853 27179.8 0.44 1252
kroA150 26 524 MMAS 26 677 27130 26 962.1 0.58 1 878
CEACO 26 524 27 066 26 843.5 0 1643
ACS 26 141 27 104 26 578.7 0.04 1 654
kroB150 26 130 MMAS 26 135 26 691 26 404.0 0.02 1744
CEACO 26 130 26 502 26 234.4 0.00 310
ACS 29503 30 275 29 848.0 0.46 1942
kroA200 29 368 MMAS 29 401 29920 29 634.9 0.11 1714
CEACO 29 368 29722 29 489.5 0 520
ACS 29 660 30 466 30 106.9 0.75 1597
kroB200 29 437 MMAS 29 586 30 559 30204.4 0.51 1920
CEACO 29 459 30 052 29 811.7 0.07 634
ACS 3929 4038 3984.5 0.33 653
tsp225 3916 MMAS 3935 4078 3996.4 0.49 1058
CEACO 3920 4017 3958.5 0.10 845
ACS 2584 2727 2634.2 0.19 1297
a280 2579 MMAS 2601 2 699 26313 0.85 1581
CEACO 2579 2634 2 604.4 0.00 1134
ACS 42 741 44 851 43 385.3 1.69 1817
lin318 42 029 MMAS 43 074 44 695 43 611.5 2.49 1 887
CEACO 42 297 43 524 42 803.8 0.64 775
ACS 12 039 12 346 12 153.4 1.50 1910
417 11 861 MMAS 12 050 12 506 12 259.5 1.60 1990
CEACO 11971 12 238 12 078.0 0.93 959
ACS 108 625 114 208 110 774.5 1.31 1831
pr439 107 217 MMAS 108 322 118 864 110 815.9 1.03 1 896
CEACO 107 818 113 112 110 112.3 0.56 1 045
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SOS-ACO 5. 7E 1in318 Fl pr439 I 4 1 1 °F 1
fRER T AR, (HARBEIELE RN ISR P 15 2
AT . 28 LATR, CEACO Bk MR M)
Jo B R AR TN E

(PBACO)K H T 3CHR[19]. HHFR 7 ity sz 3 Hdfs vT
®T HHABSGERIEN
Table 7 Comparison with other improved algorithms
TSP HE R PR REE% TSP AT R PRI REER%
CEACO 426 426.3 0 CEACO 29368  29489.5 0
GA-SAC 426 427.4 0 GA-SAC — — —
eil51 kroA200
SOS-ACO 426 428.1 0 SOS-ACO 29413 29 520.2 0.15
PBACO 426 427 0 PBACO 29 383 29 768 0.05
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9536 B4 1 ) Vol. 36 No. 1
2024 4F 1 /1 R, A G55 T8GR H RS AR UK AL A 4 22 U B0 Jan. 2024
R

TSP RS IR PR RERY% TSP CER7S IR TR RERE%
CEACO 538 539.2 0 CEACO 2579 2 604.4 0
. GA-SAC 538 539.3 0 GA-SAC 2 609 2 640.8 1.16
eil76 a280
SOS-ACO 538 541.7 0 SOS-ACO — — —
PBACO 538 540 0 PBACO 2 590 2617 0.42
CEACO 21282 213028 0 CEACO 42297 42 803.8 0.64
GA-SAC 21282 21300.1 0 ) GA-SAC 42 329 42 902.4 0.71
kroA100 lin318
SOS-ACO 21282 21290.1 0 SOS-ACO 42 473 42 762.7 1.05
PBACO 21282 21345 0 PBACO 42 384 42 432 0.84
CEACO 6528 6558.9 0 CEACO 107818 110112.3 0.56
GA-SAC — — — GA-SAC — — —
ch150 pr439
SOS-ACO 6558 6571.2 0.46 SOS-ACO 107978 108 873.8 0.71
PBACO 6533 6 551 0.07 PBACO — — —
4 Q:lg i{@ Optimization by a Colony of Cooperating Agents[J].

AR SCE S A 5 SO SV AE SR il TSP I 25 5 B
N, WS AR A 1), B M T — s
5 S A2 L A M UK AL A ) S A 2 R B
% (CEACO). i id 1y & % A 5 4 R AU Z i
XA B AMREEATILRS, Mz MEE R EE R R
o M e 10 AR SR S B AR FD S5 B R 22 A A ) ST
IR, H T2 A 0 E ARG, R T X
T AN TR AR ATAN [ A 1 8 3 B . SRS
IR IR E LA, 7T AR 3 2 b £ e UK 9
Ja B 5 4 0 1) 2 S AR AT 5 H R R UK O AR 5
) H 2 AL AL 1 o 3 S — AN AR R SR Z4E 45 R ¢
IPERE . ML SR e 1 IR KR RS
B ViR SRR E RAEY], Bl Sk IO L
SRAAHRE FE LR e V55 7 T 249 A W R iR T &t
Xt NS G TSP I, St B3l RAAE B/ 1) ik
AR S A AT SRR B DU s 3 KRR 1]
R BERE R 22 R P AR BARAOVE Y, O AR
1 250 i 1) ot B AR AT BT s s (LT R B K A )
TSP, SRR BEEA FF 5L
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