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Abstract: In order to solve ill-posed constrained optimization efficiently, an artificial immune algorithm ( AIA) imitating
biological immune systems and its approach were presented; several artificial immune operators producing new antibodies were
constituted, and the global convergence of the algorithm was studied. AIA succeeds to the mechanism of the survival of the
fittest, but the methods producing new antibodies are more varied than ones producing new individuals in genetic algorithm
{GA). If the best of all antibodies is made sure into next antibody colony as selecting antibodies, AlA is global convergent. A
simulation text of 100-city TSP was done with AIA, and its computational process is compared with that of genetic algorithm.
The results show that AIA is more efficient than GA in global optimization and computational process of AlA is faster than that

of GA.
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1 5|5 (Introduction)
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2 AT &EE % (Artificial immune algorithm)

HERA T RBEREFK B LRI R, R 2R
SRR RS R e I RILE . — ik
TR MR RRA . AFEMIDR# R UE BT
2 Bl UL B AR B, R HERF 1ok 8 R PI - i 2 (]
AR L .
2.1 AIREEZNEZERDTR(Approach of artifi-

cial immune algorithm)
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4) HWHERM METUARFER R A(B),
f(B) BKUBLEAYLIE B ML ¢ Z A ITACAS 84T .

5) HEHF 1 ML E SR Z BRI HER
¥ f(B,,B,) . f(B,,By) AN B, SHifk
B, ZEIHEBB K HHEAR P IrE LS LT
PLEBE R R AFHLR Z R B HERF 4.

6) FAFMBLE. HWEANTRERE T, bk
it N T8 H91E - A5 bk

7) WEFUER RN REF S EHTUAT
A SPLFEAL AL P, 32 % 2 MEIL &4
L. BWEF T —2.

8) PilAE B B ILHL K"MW A A EREN
#lL ERER N NE PR E RS T A TE
HE R NV A S HLIR UT AR BT B HUER S BURT R B
(REE, 4% 6)  FESHITREBEBRVE RS, W AKIE LI 2Z [H] A4
HERF A Bl E A B i AR B R A [ PR B9 % H L X
RIFFLAEBE R IR SR SRR SR 1),
B I B IS T R R A AR .
2.2 AI%EHEF(Arificial immune operators)

1) FRBALE T, Al N B F R R AL E T A
BN TFHBLIET

EX 1 B FERRARERNE A = (¢,
carczaye) FEAUEBR N IERR i, j(1 < i j< 1,
# J)  A—EHHEE p.(0 < p. < 1) KHBUEKE A
— TR o, ¢ BALE ; BRI TR ARV R TEH

F—TEBH ., UL —TEER (1l <1 <
u) , FEPLE A PREVLEr X FHE TR AL BRAE

2) FHEBMNET W NRNERFPRBLE
THENTHEBMNET.

EX 2 BAFHBBRAUBELNE A =
(crrearessae)), BEPLER N IERER i, /(1 < i,
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WAL (SRR BaF/HF R A, PHSITH &
A(Fdf) ) — RN PR (S A)
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(& A PRV r 7/ TRIET R REAIERE.
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3 AIRBHEZERBEESHT (Convergence
of artificial immune algorithm )

SRR, AT R H E A RS IR R AL
A BRARE T IR /R A K (Markov ) 5% .
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2) a; = 0, FF A RIAEHHRE,ICH A = 0.
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RE i Markov 45238 7 i .

iE HEHE 1 ~6 MU, AT REF LR
BEEERE P > 0.
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TR 8 AR Tk RER R 26t 89
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2 RWE R B TR F ik AR 2 RS .
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RHURRT LUEAT —RBUR B, W E 8 7, FfE—
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O = lim P (3)
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RJEA
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GnARTESEATHUIR B P it BE B OR SR RO BT
ALABEAT — T B, WA T e B p MR 5
B LIFRN

P = 0 0]. (7)

r U

H Q BA MBEEBER, 0 B—FHEE, Q

R—AHWIE, M U RSEE.

MEHR 7 EH, A FREERE L, BETLUAER

R NHEBE A, 0

lim p (BT IRMSUE) = 1,  (8)

FRUELEELIE T 1| MR B & R EU#, B

AT R RERE2RUEL.

4 AIRBEEZERTR R PR
( Application of artificial immune algorithm to
traveling salesman problems (TSP))
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4.1 H&% AR (Denotation of antibodies) JaEEv R g 7N S =R
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4.2 #EmARH = £ 5 AL I (Production and pre-
treatment of initial antibodies)

BEHLAE N DUV R R B, 4 R tE e
KRN THREFEEAEESCE, AR RITE
[N L e 550 e v B — D) IR p iR 4T DAk
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BN AR B B3 T o BRI T B A — . 2 B
AEFREFIIE PR SHUR B R TR, XA PTIK
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w8 VIEPUERR B AR A T ek
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M, AL REE B2 RS Smkitidxx, W
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4.3 FEFHFNHE /R /18971 & (Computation of appe-
tency and repellency )

XF TSP a8, /] & LHitk B 53R ¢ ZH#)
FMAH

app (B) = Ty - Ts. (9)

Hep 1y HEKWIES, HBER Ty, KFIEEDUER
I HIIRATBE R R s Ty TR B X I IRAT B2k
M. Al otk B, 54Uk B, ZIRMHERF 18
rep (B,,B;) = | TBl_TBzI' (10)
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4.4 {HFEILLE(Simulation examples)

St F—~ 100 A SR T WA AT 7 [B) A, A g
BB N = 80, A LAy FRITERIHLER
3N pe=0.2,p, =0.3,p; =0.4,p, = 0.5,p, =
0.5,p, =0.5u, = u, = u; = [1'"*]. [ ]ERRIE
EH, BRI FAT R B 5 S L 1S & 4 HI 3T
7K, E AT 20 I E, SRR YL AL A F 5
BIGE B, I3 80 G B A AT AL 2, 251X 10000

M 1L FTELER Y, A SCHR B BR A7 R Tl L A
THREREREARENERERGE
£ 1100 MR ARAT R F A6 it 4R
Table 1  Simulating results of TSP with 100 cities
HHRERE
HHE AIA

1 2 3 4 5
15842 15840 15716 15769
ZE GAs 15826 15987 15842 15716
X AIA 0.80% 0.24% 0.79% 0% 0.40%
WZ GAs 0.70% 0.50% 1.72% 0.80% 0%
TERE 6 7 8 9 10

& AIA 16106 15826 15716 16225 15987
B GAs 15840 16108 15973 16286 16423

X AIA 2.48% 0.70% 0% 3.24% 1.12%
(R GAs 0.79% 2.49% 1.64% 3.63% 4.50%
WERE I 2 13 14 15

HE AIA 15753 15883 15716 16320 15788
£l GAs 15877 15905 16225 16239 16320

Hixt AIA 0.24% 1.06% 0% 3.84% 0.46%
HE GAs 1.02% 1.20% 3.24% 3.33% 3.84%
TERE 16 17 18 9 20

HHE AIA (5748 15716 16030 15795 15882
2% GAs 15716 15753 15788 15716 16030

Hxf AIA 0.20% 0% 2.00% 0.50% 1.06%
WE GAs 0% 0.24% 0.46% 0% 2.00%

15753
15795

5 #7%i& (Conclusion)

AR T — MR YRR RE R A LR
B A TEEMEASRE, 00 TH IR
(EE = e Re e NI B R7QUE Tk K e sl A L 4
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