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Chaotic random Ant Colony Algorithm based on spatial focusing mechanism
YU Bowen, YOU Xiaoming, LIU Sheng

(College of Electronic and Electrical Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract: In order to improve the performance of Ant Colony Algorithm in large—scale traveling salesman problems, this paper
proposes a chaotic random Ant Colony Algorithm based on spatial focusing mechanism ( CRACS). Firstly, the spatial focusing
mechanism is used to divide the traveling salesman problem into several subcategories. Secondly, an improved chaotic random Ant
Colony Algorithm is proposed to solve the subcategories. Finally, the routes of each subcategory are focused, and the optimal
connecting route is dynamically connected to each subcategory to form the optimal solution to the traveling salesman problem. This
article selects typical traveling salesman problems of different scales for simulation experiments, and the experimental results show
that the algorithm proposed in this paper has excellent performance, especially in large —scale problems. Compared with other
intelligent algorithms, the algorithm proposed in this paper has better solutions and faster search speed.
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Eil76 538 CRACS 538 541 3.28 5.80
MMAS 543 549 2.66 27.20
ACS 538 544 11.36 3.05
Rat99 1211 CRACS 1211 1214 18.08 9.24
MMAS 1212 1235 13.44 36. 40
ACS 1213 1219 17.04 4.92
KroA100 21 282 CRACS 21282 21 326 30.26 9.47
MMAS 21292 21 475 31.84 33.63
ACS 21 282 23 441 179. 36 9.84
Eil101 629 CRACS 630 635 3.44 3.49
MMAS 631 640 4.69 25.23
ACS 631 639 7.84 1.68
Pri07 44 303 CRACS 44 303 44 494 173. 50 14.08
MMAS 44 387 44 547 115.52 43.70
ACS 44 555 44 623 107. 84 4.86
Ch130 6110 CRACS 6 144 6 154 40.54 25.20
MMAS 6 145 6219 17.50 39.91
ACS 6 153 6 220 25.40 15.77
KroA200 29 368 CRACS 29 394 29 501 51.62 36.96
MMAS 29 803 30 359 176. 28 100. 44
ACS 29 498 29 501 130. 96 37.05
Tsp225 3916 CRACS 3940 3953 22.88 39.06
MMAS 4104 4192 30. 54 79.92
ACS 3 963 3997 24. 64 41.39
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MMAS 15 870 16 206 144. 44 311.08
ACS 16 709 16 799 99.12 122.31
F1417 11 861 CRACS 11 946 11 991 15. 60 55.48
MMAS 12 010 12 183 47. 41 117.25
ACS 12 057 12 213 33.44 102.2
Pr439 107 217 CRACS 108 605 109 279 980. 04 55.62
MMAS 117 104 122 830 2758.75 296. 46
ACS 109 037 110 788 1573.02 101.78
U1 060 224 094 CRACS 230 331 238 060 1 052.30 133.58
MMAS 313 876 334 780 3321.95 270. 83
ACS 251 784 261 384 2175.28 511.18
U2 319 234 256 CRACS 236 322 237 590 570. 45 312.95
MMAS 311 308 332 480 4501.12 2 247.50
ACS 269 928 276 427 1157.98 1 784.70




59 1

AL, A TR REYLUR R IR LB R 7

CRACS 1 ACS B3 e st Ze Xt b an 1 4 i
N L E 4 FTRLE TR, CRACS REAS
PR IS, 7R RIS T 4 T e S50ek B 3 8 T A%
GroAk, TR, WO SRE B TR BE ) TR

560 820

FBE N JR B BT s 26 55 R R LA B 4488 1h 0 R i
T CRACS AR 1 BE AL MR , i CRACS 7 1%
U5 I RE AR RS = B8 RACE ANk R e e i
RETT,

7800

— CRACS — CRACS — CRACS
540 - ACS s ACS 7600 =
e 7400 |\
520 760 |
= 500 5 740 = 720
£ g 720~ 2 7000
@ ! NN
5 480 L = 700/ = 63800 !
4601 630 T 6 600 “L
-||‘-i 660 T\
440F T . 640 L 6 400 B
420 ! 620 6200
0 200 400 600 800 1000 0 200 600 800 1000 0 200 400 600 800 1000
Iterations Tterations ITterations
(a) Eil51 (b) Eil101 (¢) Ch130
" : x10°
42510 1757710 160 Chacs
CRACS . ACS L
4.0 =ACS 170 = EFS 155 ACS
1.65 ACS
1.50
3.8 1.60 -
< £ 155 5 1.45 y
£ 36 £ 150 E 140 L:__L'
T 14 i S
341 Y i 4(5). 135 o i S _
Y "R 35| i 1.30 LL1
] R . 130 | — — 1.25 e
3_0 - ——— —..,—__ S - - 1'25 L e e e - — 1'20
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Tterations Tterations Iterations
(d) KroA200 (e) Ts225 (f) FL417

Bl 4 CRACS 5 ACS Wéiah g3t tb B
Fig. 4 Convergence comparison of CRACS and ACS

3.2 S5HMBUHEEENIEER

T A CRACS AYPERE , 20 7E K /i
3 P[RR A I A B R AT IO 5 2 T OREA
L 3 - OPT 533k W 3F A7 B [ 1R & 5375 (Parallel
hybrid method based on Ant Colony
Optimization and 3—OPT algorithm, PACO—-30PT) #l
T & XAF B A B HOR U b Bk 5 15 (Discrete
Shuffled Frog — Leaping algorithm based on heuristic
information ,DSFL) " HEAT %5 F S8 o /N FASE I 3

operative

MR TR/ T 200 (O EHE L , KA 4L A
W LA R T 500 7Y s 48, CRACS 5 PACO -
30PT B AE /N AR A7 1 0] R S 450 1 L 3% 3,
CRACS 5 PACO-30PT 3% 7 KM Jifg 47 7 [n) 1
SR E W 4, o N OISR RS m N AT
K rh i i R, PACO - 30PT Hp i I8l — 3 8%
CRACS i s 5 5 5 — 2 R/ &5 1 PACO-
30PT Y FhBEH 40, Q B PACO-30PT By FpRELT
BlbE, =" RN ERAEISLE

&3 CRACS 5 PACO-30PT HiiFEfU/MNRIRITR AR S HIL E
Table 3 Initialization of CRACS and PACO-30OPT parameters for middle—scale TSP and small-scale TSP

(=R7R N m 1 P Q Max—iteration
PACO-30PT 2 5 5 0.1 1 1 000
CRACS 1 round ( size( nodes) /10) - 0.1 - 1 000

%4 CRACS 5 PACO-30PT &t TEAMERITH ABSHILE
Table 4 Initialization of CRACS and PACO-30PT parameters for large—scale TSP

Hk N m a B p 0 Max—iteration
PACO-30PT 4 5 3 2 0.1 30 1 000
CRACS 1 round ( size( nodes) /10) 3 2 0.1 - 1 000

Hodr ) N OISR EERL, m MRS 2R S
1%, PACO-30PT Him s 45— % %%, CRACS Hriig
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Table 5 Results of CRACS PACO-30PT and DSFL for middle—scale and small-scale TSP

CRACS PACO-30PT DSFL
TSP BrifEf
i P RER AL PR RER it PRI REXR
Eil51 426 426 427 0.00 427 0.00 426 426 0.00
Eil76 538 538 541 0.00 538 0.00 538 539 0.00
Rat99 1211 1211 1214 0. 00 1213 1217 0.50 1211 1216 0. 00
KroA100 21 282 21 282 21 326 0. 00 21 282 21 326 0.21 21282 21312 0.00
Eil101 629 630 635 0.01 630 0.25 629 632 0.00
KroA200 29 368 29394 29501 0.01 29 533 29 644 0.94 29 499 29 671 1.03
Rd400 15 281 15 610 15 750 2.10 15 578 15 614 1.91 - - -
FL417 11 861 11 946 11 991 0.71 11 972 11 987 0.94 - - -
Pr439 107217 108 605 109 279 1.29 108 482 108 702 1.18 - - -

F 5 FUH CRACS TR by 2 v 1 i A0 ME R
4 TSP FUBTHE /NG A SCHVE AR B T TSP (19K E8 4
AR IF B e e, th Ptz %
FENLT TR Jo Pt AL IR A, Sk vl i 34 n 39 v 4
FUBL (200 -500) B, A SCH) 595 7T LUAE FLALT A
Prd39 | & F 5 4 ) A, 15 B AR SCHRVE AT DL sl
PR R A 8] I 4R B W 4F 0 g o Jr 22, )
KroA200, B T F T 25 (] R £ AL, 5 22 B I 3
0.01%,
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SR FEAL R, MU IRA T 7 1] 5 3t Fl oy~ TR AL
REAER F b [ S22 BE I X 28 A1 IR RE 0 ik 2 15 2R
i BRI R e T AT Sl AR, PRIIEAS 126
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