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Abstract:

reference of hierarchical and co-evolutionary idea, a two-floor model based on multiple-population immune evolution as well as Hi-

In order to solve Traveling Salesman Problem( TSP) more efficient using artificial immune algorithm, using for

erarchical Co-evolution Immune Algorithm (HCIA) based on competition-cooperation is put forward. Multiple subpopulations are
operated by bottom floor immune operators : local optimization immunodominance . clonal expansion and other clonal selection opera-
tors ,amelioration of antibody diversity based on improved Particle Swarm Optimization (PSO) algorithm. Multiple subpopulations
are also operated by top floor genetic operators: selection , antibody migration ,mutation. Through those operators, excellent antibody
affinity maturation and diversity of antibody subpopulation distribution was enhanced, the balance between in the depth and breadth

of the search-optimizing was acquired. Experimental results for TSP indicate that HCIA has a remarkable quality of the global con-

vergence reliability and convergence velocity .
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PR Windows XP £4¢,1.66GHZ T 47 1Y INTEL 4 FH #%
760MB P 1, 15 B4 F MATLAB7.0. 52§ 1 J2& 5 Fb Bf
IDIA (Immunodominance Immune Algon'thm) VEAFREE 1LOIC-
SA L ARZ TR 5 s 2 HA e Jikn 2
P MLOICSA 7% (Multi-population LOICSA ) , HCIA Y
R LR XS Tsp225 FEAT 10 Y 7 38, HARKE W%
L. PO AR A QB I T 8 3 4% (675 40) , 28 S+
WILAHESR P, = 0.78. LOICSA 8 3P0 AB0C R 3T #k 225,
MLOICSA \HCIA FHTARFRRERL Ry 40 » 10(FFIHFA 40
AP, 3 10 S FFEE) L IDIA %k B SCik[ 14].
&l 3 25X Tsp225 7] 8 45 35 vk i St B % L 1, AL 3
AIAT, HCIA B3 1) W SSGH B I d t 3 1 T IDIA,
LOICSA \MLOICSA 53 , 5t R e F ip ) £k K 22+ Fil
FERI R

2 1 24 IDIA ., LOICSA . MLOICSA . HCIA VY b 8 vk 4F

4700f T

——LOICSA
——MLOICSA
—e—HCIA

200 500 600 700
Iteration

E3 Tsp225H ot fExt b

0100 200 300



342 H +

EE ' 2011 4F

X TSP S (A IR 25 S . 8 1 5 H T HE 10 TR 25 SR
HIA B AAE AL N B K A2 (H MTL( Maximal value
of Tour Length), % 42 ¥ {8 METL ( Mean value of Tour
Length) , F3# 1F 1220 MEI( Mean End Iteration) , “F-3J 7

D3(Sr - So)
iRZE o = = 105, x 100% (HH Sy &5 i i
RE W) ES R X F R 1P H TSP L6, X F
MLOICSA \HCIA B3 , A7« » " RNPUIRFIBE AR A 30
% 10,45 % "FRIR A 40 * 10. BB A Ik $m

3% BRAR WA R B AR s 4R B B (e Bk
A R A A A a5 A R B8 B Pl 1 AR AKX 1t . IDIA TG
MET %#5 , i = "Fm A 1[5 QT 1oL B FHY
LOICSA By PERE WA WAL T IDIA 52 4%, M58 3IE 1 LOI
A WARE ; @F T ZF0 Y MLOICSA \HCIA 5575 1%
AEN AL T2 T 2R EEAY IDIA . LOICSA B3, MM 56 3iF
T LR BE A B0 ; O HCIA &3 i v Bt W 48 T
MLOICSA, M i 36tk 1 Bip 7] i £k B8 3 i A 50k s @D S 3
o & IR I T R E B, S R AR A T T R,
HXFF Pr1002 Bk ERE R L .

F1 HEpwi

%“ Method | IDIA LOICSA MLOICSA HCIA %1 Method IDIA LOICSA MLOICSA HCIA
NPt 1 6 9 10 NPt 0 0 0 0
MTL | 34076 | 33701.2618 | 33588.3434 | 33523.7085 MTL | 31797.0936 | 31027.1676 | 30946.0536 | 30641.9261
aud8 | MITL | 33524 | 33523.7085 | 33523.7085 | 33523.7085 | x chnld4| MITL | 30824.4895 | 30516.3054 | 30383.0643 | 30382.1477
33524 | METL | 33666 | 33562.7882 | 33530.1720 | 33523.7085 | 30354.3 | METL | 31297.8266 | 30771.0061 | 30604.0768 | 30436.7360
MEI - 192 39.3 37.4 MEI 432 576 467.5 454.2
o(%)| 0.42 0.12 0.019 0 (%) 3.049 1.37 0.82 0.272
NPt 0 0 0 0 Nt 0 0 1 1
MTL |4144.2| 3997.4192 | 3938.9447 | 3941.8159 MTL 2815.2 2668.7999 | 2662.7500 | 2616.7534
* Tep225| MITL |3898.4| 3925.6013 | 3878.3564 | 3870.0629 | x A2go | MITL 2621.6 2592.9980 | 2586.7696 | 2586.7696
3859 | METL |4020.5| 3954.3721 | 3915.6573 | 3904.9706 | 2586.8 | METL 2704.4 2639.7102 | 2609.581 | 2594.8484
MEI - 675.0 515.1 569.0 MEI - 840 781.2 696.3
(%) | 4.18 2.471 1.468 1.191 (%) 4.55 2.05 0.88 0.311
Nbest 0 0 0 0 Nbest 10 10 10 10
MTL |5468.83|  5276.6 5213.9856 | 5180.2181 MTL | 16790.83 | 15638.1011 | 15559.2922 | 15516.5636
x Pobdd2| MITL [5184.49|  5118.0 5115.6345 | 5113.2660 | x pasel| MITL | 15739.69 | 15445.5290 | 15441.8438 | 15319.5058
5078.35 | METL [5278.40| 5193.0 5170.3142 | 5134.4309 |19330.8 | METL | 16146.23 | 15521.4352 | 15485.1120 | 15407.5970
MEI - 1326 688.1 1177.9 MEI - 1683 1420 1679.9
(%) | 3.94 2.26 1.811 1.104 (%) 0 0 0 0
Nbest 10 10 10 10 NPt 0 0 0 0
MTL |3290.6| 3199.6368 | 3168.9853 | 3167.1139 MTL 269499 268082.2268 | 267419.6856 | 267083 .9260
% G666 | MITL |3200.6| 3135.6174 | 3128.6477 | 3126.2800 | x pr002| MITL 269343 266362.6579 | 264658.4849 | 264468 .1456
3952.54 | METL |3275.3| 3176.0864 | 3149.2949 | 3142.8657 | 259068 | METL 269355 267341.6859 | 265884.0714 |265311.9387
MEI - 1998 1881.6 1925.6 MEI - 3006 2484.8 2638.8
(%) 0 0 0 0 (%) 3.97 3.194 2.631 2.410

4.2 FUEANE m XF HCIA EiRMEEESM0
2 N FHBER AL m X HCIA 4 BEFE i 1) 43
.32 EF‘%*E*%}QTE(POpuIaﬁon Size, PS) m = m % NN,
NN FFRBEAEC T R 10 YR 25 5 19 7 2938 17 A
], AN s NFE 2 TAT, TGI8 m BUATEL, HCIA (R34
B RAE T MLOICSA . BVARTH 5, Bl % HT iR A2, &
EVERE U A iy (H SR Rl e g A £,
K, m B 30 B 40 IO AFE 2 Al 51, th FHuik £
FEPERCE DL K R R HE A AL A iz T, HCTA B3k 133
iif ] 22 F MLOICSA & .
4.3 FHEEAE NNV X HCIA BRI

33 T REEANBC NV XF HCIA 7 BE B2 19 3 #r
M 3 A HL, Toie NN BURIE, HCIA (Y fif Y5 B S0 T

MLOICSA. BVATH & , & TR A B, Bk vk Re L
HREEA BT e H T ) e 36 g £, Rk, NV
B 10 B AEARG

5 #ig

SO G B R R AL 43 )2 L PSO SR & R A T
TSP A, $ T HCIA 8503 i ad 5 45 A R e kA7
BT PR 3% (0K 2 LOICSA 25 v 4 DL K 56 T ok ik
THCRE TR BB I B AR 22 R 1 O 45 ol B T O AT
BRI Sz PO O (5 T, 9 5R AR 75 B A S B R R
FE BRI AL 2 5 0 2 3 U R A VR B9 i 2 IR AT L R
DARAEA R F 25 B0 aE Sk =2 3000k 1) SR A i 2
SRR R R B SO Z A T
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5 A 22 W] HCIA 53 51 X BT 511 2% 19 TSP 52 431

AT HCIA Boa R 2 R s S bk . 20R i

A%, 5 IDIALOICSA \MLOICSA #HLL, & Jm 8 &R e KHUEL TSP [a] B 4nfaf &k 2 HCIA 217 B [ K, 2
DY SR HCIA S PR A S O B I PR B WS R MR A
R2 THEERREEIS HCIA HERERIFIE
%ﬂ ﬁw m' =20%10{m =30 10| m" =40+10{ m" =50 *10| MLOICSA P“’Tb;"m ﬁm m’ =20 %10{m =30 *10| m" =40 +10{ m" =50 10| MLOICSA
Nbest 5 8 8 9 2 NPest 8 8 9 9 7
MIL 548.3569 | 549.7780 | 548.3569 | 546.8864 | 550.7486 MIL 7944.3219 | 7911.3049 | 7911.3049 | 7911.3049 | 7959.0996
. MITL 544.3601 | 544.3691 | 544.3691 | 544.3691 | 544.3691 MITL | 7910.3962 | 7910.3962 | 7910.3962 | 7910.3962 | 7910.3962
5531722 METL | 545.8034 | 545.4305 | 544.8697 | 544.6208 | 547.3938 % METL | 7917.1814 | 79105780 | 7910.4871 | 7910.4871 | 7922.0517
MEB 270.9 210.4 24.6 2.5 256.2 MEB 180.9 157.9 128.4 158.1 165.9
T(s) 275.5 200.8 307.5 362.8 274.4 T(s) 2.4 286.5 253.8 337.1 267.1
(%) 0.105 0.022 0 0 0.415 (%) 0.086 0.002 0.001 0.001 0.147
NPt 3 5 6 7 2 Nbest 10 10 10 10 10
MIL 6148.9047 | 6125.0712 | 6125.1932 | 6125.0712 | 6153.3945 MIL 492.2027 | 490.2243 | 490.3873 | 489.3853 | 492.3238
MITL | 6110.7219 | 6110.7219 | 6110.7219 | 6110.7219 | 6110.7219 MITL 487.3794 | 487.2567 | 487.1769 | 487.8589 | 488.4269
% VETL | 6123.9958 | 6115.4313 | 6115.2412 | 6115.0267 | 6127.5864 5?92%29 METL | 489.3760 | 488.9684 | 488.6827 | 488.5814 | 489.8160
MEB 380.8 365.0 269.1 277.4 304.7 MEB 597.9 603.3 516.6 566.7 47.5
T(s) 508.2 658.3 589.4 51.7 499.4 T(s) 1652.9 | 2006.8 | 1769.9 | 2441.1 | 1163.5
(%) 0.214 0.074 0.071 0.068 0.274 a(%) 0 0 0 0 0
R3 FHEET HCIA HEERRM
%‘ 7,",:2*[“’, m =40%6 | m =40%10 | m =40+*14 | MLOICSA %}:’m 7”1,:2*]%, m =40%6 | m =40%10 | m =40+ 14 | MLOICSA
NPt 0 0 0 0 NPt 0 0 1 0
MIL 30625.1014 | 30641.9261 | 30492.2396 | 30946.0536 ML 6594.8395 | 6581.5312 | 6573.1734 | 6619.6180
MITL, 30383.0643 | 30382.1477 | 30382.1477 | 30383.0643 MITL 6548.7568 | 6548.7568 | 6530.9025 | 6549.8940
3%2';% METL 30464.5380 | 30436.7360 | 30416.3047 | 30604.0768 621;12503 METL 6563.7353 | 6559.7852 | 6556.2890 | 6566.4061
MEB 486.9 454.2 521.2 467.5 MEB 514.9 464.7 445.2 434.2
T(s) 727.0 1281.5 1730.1 967 T(s) 819.1 1170.2 1702.6 1119.4
o(%) 0.363 0.272 0.204 0.82 o(%) 0.481 0.421 0.369 0.522
Nbet 0 0 0 0 NPt 1 1 1 1
MIL 15866.1757 | 15843.4044 | 15850.0408 | 15883.9919 MIL 2621.2202 | 2616.7534 | 2604.4792 | 2662.7500
MITL, 15818.6977 | 15818.4734 | 15809.4258 | 15809.4258 MITL 2586.7696 | 2586.7696 | 2586.7696 | 2586.7696
152(;;865 METL 15841.8382 | 15827.8256 | 15827.7800 | 15842.4325 %6808 METL 2603.2841 | 2594.8484 | 2594.3436 | 2609.581
MEB 573.4 572.3 570.1 565.5 MEB 640.6 696.3 686.6 781.2
T(s) 1278.1 2110.3 2900.9 1362.7 T(s) 2421.1 3654.9 5927.5 3856.8
o(%) 0.210 0.121 0.121 0.214 (%) 0.637 0.311 0.292 0.88
36(8) :1552 — 1557. (in Chinese)
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