AF2#IR ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2011,22(9):1994-2005 [doi: 10.3724/SP.J.1001.2011.03949] http://www.jos.org.cn
O [E Bk Bt F AT 58 T RSB A Tel/Fax: +86-10-62562563

— W LS R R ST hiT T A B AL B
gAY £ &) K &' IFR’

YORER TR AR LT K 116621)
POER T K% WENAE S ARG LT K% 116024)

>

Visual Feedback and Behavior Memory Based Ant Colony Optimization Algorithm

GUO He', CHENG Tong!, CHEN Xin!, WANG Yu-Xin?

!(School of Software, Dalian University of Technology, Dalian 116621, China)
%(School of Computer Science and Technology, Dalian University of Technology, Dalian 116024, China)

+ Corresponding author: E-mail: guohe@dlut.edu.cn

Guo H, Cheng T, Chen X, Wang YX. Visual feedback and behavior memory based ant colony optimization
algorithm. Journal of Software, 2011,22(9):1994-2005. http://www.jos.org.cn/1000-9825/3949.htm

Abstract: Based on the analysis of exist ant colony optimization (ACO) algorithms and the studies in visual
perception and cognitive psychology, this paper proposes a new optimization strategy, the visual feedback and
behavioral memory based Max-Min ant colony optimization algorithm (VM-MMACO). The main idea is to enhance
the ant’s search ability by establishing the learning mechanism of visual feedback and behavioral memory. With
artificial visual memory and learning abilities, the ant can not only see the targets around, using visual perception to
optimize the heuristic information produced by pheromone in order to improve the search quality, but can also
exploit the historical solutions, finding local best segments (called experience) to narrow the searching space
smoothly, so that it can accelerate the convergence process. Comparisons of VM-MMACO and existing
optimization strategies within a given iteration number are performed on the publicly available TSP instances from
TSPLIB. The results demonstrates that VM-MMACO significantly outperforms other optimization strategies.
Finally, according to the accumulative learning theory, the learning mechanism could be studied further to make a
much more intelligent algorithm.

Key words:  ant colony optimization; travelling salesman problem (TSP); visual perception; accumulative

learning theory; behavioral memory
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Table 1 Search quality of the first iteration
F1 ERHEZRIESHER

Algorithm Average SD Max  Min
MMACO 594.44  37.7612 725 506
VM-MMACO  538.585  37.612 632 460

# 2 24 experience-searcher I Z 5. 7] LAF H AR R ACHI I, 22 B0 0 b A A0 1EL A1 BE AR R IR N IX 26 2%
WaK S EEA R RER . e ARBL S 1.2 PR i sh /E B e, Y WA SCHR R AT
227 ST S RE A K Gagne SRR 27 o BRI H BIISURE Sk vh OF R AE H.

Table 2 Experience found by experience-searcher
3 2 experience-searcher 7 KL 416

Experiences
22-6, 42-23, 13-24-12-40, 16-36-43-14-44-32, 29-33-49, 34-35, 25-7
25-7, 47-5, 17-3, 43-14, 44-32-9-48-8, 15-1, 31-0-21, 34-35, 13-24, 40-18, 42-23
36-16, 46-11-45-50-26, 31-0-21, 27-30, 49-33-29, 4-37, 20-28-19-34-35-2, 6-22
7-25, 47-5, 17-3, 31-0-21-1-15, 8-48, 9-38-32-44-14-43-36-16, 41-18, 37-10, 34-35
30-27-2, 35-34-19-28-20, 11-46-17-3, 40-12-24-13-23, 22-6, 26-50-45, 41-18
22-6, 25-7, 34-35, 48-8, 26-50-45-11, 46-17, 44-32, 37-4, 39-41
0-31-10-37-4, 14-43-36-16-3, 13-24-12-40-18-39-41, 48-8,20-28, 25-7, 22-6, 42-23, 34-35-2
22-6, 7-25, 30-27, 37-4, 49-33-29, 9-38-32-44-14-43-36-16-3-17-46-11-45-50-26, 47-5, 13-24-12-40-18, 34-35
22-6, 25-7, 20-49-33-29-8-48-9-38-32-44-14-43-36-16-3-17-46-11-45-50-26, 31-0-21, 13-24-12-40-18
35-34-2, 45-50-26-5-47-22-6-42-23-13-24-12-40, 27-30-25-7
45-50-26-5-47-22-6-42-23-13-24-12-40-39-18-41, 35-34
2-35-34-19-28-20-49-33-29-8, 48-9-38-32-44-14-43-36-16-3-17-46-11-45-50-26-5-47-22-6-42-23-13-24-12-40,
41-4-37-10-31-0, 21-7-25-30-27-2
8-48-9-38-32-44-14-43-36-16-3-17-46-11-45-50-26-5-47-22-6-42-23-13-24-12-40-18-39-41-4-37-10-31-0,
21-7-25-30-27-2-35-34-19, 28-20-49-33-29-8
14 36-16-3-17-46-11-45-50-26-5-47-22-6-42-23-13-24-12-40

= z
B|o|e|e(~N|o|a| s winie S

=
N

iy
w

Bl 6 vk 2 MW HE, e B O R B 256, AN TE I IS 53 40l h b e i b 42, 30 51 4534,
Forp e AT 44 5005 4 )R S DU BR A AH ), #E B B2 31 83%; 283 22 IR, 1% AH — SBL4E £ 7 80% 4.

80 80
0 . as
704 704 e 2,5%__ .“--\--2'}""--_5.-"'-:3?
60 604 7‘5 a7 2 j}/
R [ s
50 ] 50 5/_ s T,
3 qm "0 15 \'ﬁ@f
40 404 - 30
F'oou s oo, i 33
I —r 4 v
30 30 KA\L Ki-—--.,lj_‘_as// <E 2
20 204 0 o ~ s
Vooa _/_/,__.\@ 2
104 10 3..?4____,_.' e
0 : . : . , 0 . : : . .
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
(@ (b)

Fig.6 Experience found by experience-searcher
¥l 6 experience-searcher &1 & I 1456
2 B0 B WORE T3 W R AR TR B — S R, AT S 0 o S5 o3 A T B E S BOIUE . A S
VM-MMACO T 5IANT 4 NSHE 9 Uy RS 1y M i R BUE o M5E B2 5 DI
PR = 2 S R L B R Y R B R A S b R e T R B A TR S AN 52 BT SR e R A S i, DALt A S A
0 3 b B EE 23 B 2 B 5 1 0 ORI 2 I =3 U, I R & 7 o Jd 2 At ons LE S 56 45t U=25,
7=2.0,y=0.3, XA 2H 5 e AR 4 1R 3 1 22 B s

© HEBEERAET hipd/ www, jos. org. cn



2002

Journal of Software #k#% 3R Vol.22, No.9, September 2011

1fi D (R HUAE AT K 1) 85, A S B Ch150 52481 LAAN ) 1) D BUE 73 7303847 10 7k, 45 Rt P 8 Jir s (Kl il o
F55 N PR E AR AE 22 ). 1T BUR LD 3 K23 B 55 40 58 K i 984 FH B 1 1 M BB 1 ) 2, S SRR e T R
P NAT R N 2 S BT AL D T R BRI 2 R B S R S, AR S R A D U I A g Ak
(Xmax+Ymas)/Z, 5 11 Xinax FH Yimax 73731 A BN AS R 1) S5 KA 2 (12 5 BUE TS Y 16<<2<<20(zeN).
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ACS LK 5 SCHRIISIHE H 1) BB 8 Ay 2 30 (10 i I i R 6 1) S ARE B0 (SC A JEAT 1 BT L.
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PEBEMNR 45 14 0 AR AT 25 WA AT 548 1 000 IR (- R EC g T 55 KIS AT IR R)), B8 IS AT AV 0T 11
IS )4 3008, SVEFE A S 4 (a=5, 4=2,p=0.98,00=0.3) 1 [F]. % 3 JiT7x Ky L3k 5 FhSTVELE 4 FiAS R HUAEL TSP 1)
R P 4 SR o P I TR B et A AR AT — T T R Y B8 I ) (B A o) B DAL A AR R B e v
(SD) 2 Fi& i H B DL I 7)1 S5 3B AR IR B LA B B IEAR R b 22 N6 3 whf LU HH RAS SEAISATHUIR (H
S TLRE ST AL P SKEATE MMAS . AR E ) 858 AE S B 3 A7 250t 1 AR i ACS . 32 2 B M UK AEAN
[7 F4) 1) 01 R AN [+, HLBRAT 38 5 12 VM-MMACO Fil SCA B AL T 2o Aih 3 R 534510 VM-MMACO 15 SCA Hi
LU, 3 AT I ) A oy DI 35 AR AR W SO 32 2SR A E M B BT 5T SCALJGUIRITE T2 BUAR W9 2 183 AU S A e AL
SCA I FJ- 85t A U AU S AL T B ISR I AR B A T B, TS BT SR A R4 S T B 1 30— 20 (1 b 2R, i s
JEAE“BRAT B E ;T VM-MMACO AN I WL A0 548 TEF 845 6L, OF Hoadd 5 4ol 2 AT 4 BEAT 425057 >0, 1
17 B B P,

Table 3  Performance comparison between VM-MMACO and other ACO algorithms
%3 VM-MMACO 5 Al ACO Sk figxf Lt

. . : Average best Average
Instance | Optimum Algorithms Best Average Worst ~ Hit iterations/SD execution time
RAS 15780 15780.08 15781 23  480.08/769.61 53.17
MMAS 15 780 15 780 15780 25  465.88/367.99 56.25
d198 15780 ACS 15 780 15 780 15780 25  453.28/453.06 73.46
SCA 15 780 15 780 15780 25 309.64/250.92 54.78
VM-MMACO 15780 15 780 15780 25 222.44/214.81 53.93
RAS 42029 42083.88 42163 11 42.84/117.12 112.62
MMAS 42029 42029 42029 25 62.76/17.17 128.57
1in318 42029 ACS 42029 4210192 42170 2 468.88/213.60 165.48
SCA 42029 42029 42029 25 59.08/20.13 126.57
VM-MMACO 42029 42029 42029 25 55.06/15.55 124.13
RAS 50785 50865.56 50916 0 -/-- 198.34
MMAS 50778 50803.15 50912 16 685.36/222.85 238.49
Pch442 50 778 ACS 50897 51123.68 51268 0 == 320.94
SCA 50778 50805.72 50912 20 672.28/254.24 218.18
VM-MMACO 50778 50785.25 50912 23 634.96//154.28 208.69
RAS 27686 27701.12 27708 3 553.96/195.11 384.62
MMAS 27686 27701.16 27706 4 557.20/205.28 485.44
atts32 27 686 ACS 27856 27926.88 27992 0 -/-- 696.28
SCA 27686 27695.44 27706 8 543.76/222.48 476.19
VM-MMACO 27686 27688.28 27705 12 507.8/200.81 467.29
4 B %

RS R WO SRR ) B R T T — AN AR S B LA R (R 3O O B, A A AR B R T K R
B KR LA K 2 ) T R R ATE A 48 R A DA 2 AT A e 2 2% S I R B ION BIORE SVE I U AK ) 8l ik
JE AL DA TR SR R v M SR TR SR YD P SRR T RN S N AT A A A S R AT AT R 68 A A 11 R I AR
T B ) R &5 ok 4R 5 5 B0 3, B P S TSORE G SO0 R O AE MR b ASCAS T SOk U A
%:——VM-MMACO,Jf Al F %5k T TSPLIB (47 551, 25 JAE B VM-MMACO 7& 5L fg 1 B ek
TR b2 0 At e A e R B 4 v b T R D A 2 i AN TR T AR B IS AS BT LA,
[ I AT A d 12 2% S BB H Tt R BEHEAT AT 3 ANB BRI Z IR 2] B AN RESE IR 2 2] . 22 ) S = )2 IR
e o TR G A 2R B A A K IR R T ).

Bt AR, R AR SC ARG TS AN I 5 A S IR () 2% 3R Hh B R A, S E e il AR SO
e RO IR 2740 G B0 2 e AR S B R AR b s T I A5 1, 8 Thomas Stutzle St/E7E Ant
Colony Optimization [ )i (http://iridia.ulb.ac.be/~mobrigo/ACO)_I- 57 fik A TT U5 A QA A K A 3k T WS RE 435 B T
FUTAE.
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