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T AR, 5XTHOCERAT CSA FEAREL, AL
FESRA AR ERARE N T 1 x 10730, IAFR &1
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G EE. XF Lb SCHR AN CSA BV%1E Rastrigin bR % ] &
4 R WSSt e R IMANE, PR s 8O AT R B i
YEAR AR 22 B o BUAE 4 JR) e DG A <08 3 DX AR A
AR SR ROt 50 I 17 J= BB s A O Be i, R
IRGF 4 SR S e

# 4 Rastrigin MY LA R (Gmax = 1500, 2000)

Table 4. The simulation results of Rastrigin function
in high dimension (Gmax = 1500, 2000).

BRIEL $H A CSA Xt LE Sk
20 0 7.53 x 10~ 8.81
Rastrigin
30 0 0.299 1.58 x 10t

3.4 MiEHY Rastrigin R

FE BT =AM R R, oR B A R B AR A
LT TR ) R i, R T T EEAE AR 2 B 1 4
Jaf8 2, SCHk [17] % Rastrigin B8 2047 o0s, 75431
(9) =

min Fy =100 + Y _{[z; (-1)'7'(i — 1)]?

i=1

— 10 cos(2mz;)}, 9)

Hrhg; e [-50,50], &AMz = (—1)1(i — 1)
(i=1,2,,n), ZR&IMEvalue = 0. E10%
TR B O I (v € [-5,5)) R 4 KA
(n = 2). 55 Rastrigin BREAH L, H 4 R &AL MH
(x1 =0, zo = 1) KA T Iw#e, BEELEZRIGM, 5
G R I A AR BB, 380 1 s 4E 1S oL T 14
JRAR R AL

10 (W T % ) B Rastrigin iR 20 = 48 % & B
(n=2)
Fig. 10. (color online) Two dimensional contour map

of transformed Rastrigin function.

18 AR SCEE AN CSA S0 & (Y Rastrigin
PR ECHEAT BEHLIN A 100 G Stk a5 R8T 5. A

SRR A R RN T 1 x 10730, A B R &
FRIRERE; CSA SLVEAE 20 4EfEIAF— 2 IR TR,
18 30 4E (1142 J5) T 25 SR Ak LA NI .
#5  HUE K Rastrigin o 20 4E 07 H 45 R (Gmax =
1500, 2000)

Table 5. The simulation results of transformed Rast-
rigin function in high dimension (Gmax = 1500, 2000).

BRI A AL CSA
Eecaii] 20 0 3.74 x 107°
Rastrigin 30 0 0.673

E3CHR [17] % b, ARSCEERT 10 4EiE ) Ras-
trigin AT IRES, B Gnax = 1000, A SCHIETS
Bz = 0, BCEA17) ML R17.91 0 8 Sk 78
30 4Em, ACEIEEE] 2 = 0, BOCHA[17] M5 R
309.43 HAH M. MWERITHRARKE, 54k
ETGR, AR SCEEM AR BT Ik $CR 36.7, 1
SCHR [17]) 092 1) B A ek BT iR 1000, AU,
SEVEAE T B A O i e ARG P ) R 22 300 B 1 4
JR R RE

3.5 BEREBSHTHHEIRR

N T RE P B UE S TR B AR AR B 11
FA AR R, A SO AR R s B 4t
HUE 4 100 B 354705 35 (n = 100). Kk
RBEUE 5000(Grmax = 5000), & b6 Bk 17 BEAL
MK 50 K 5 15 B B AL AR, FE80HIX 50 I
AR 0P SME S B AR S B b 2, DL
RSP IR B S . (A UL 2, # 8
FI| i Rastrigin of 20K 42 5 S 08 0 4 =) e A A
= (-DHi—1)(i=1,2,---,n), “44EEn =100
B, 2100 = 99, PRIk, 3 P A R 201 A2 5 A 2 1)
BATY &N x; € [-500,500].

RE IS 04 R B R AE S e B e S A
BN T BRI 1 x 1078 I, WA BRI R 3 4
Jr el s, RIAS RSO Ty, hi, Giit sk AR AN
WK R BRI ST B AT 50 YR IF G T Hle st
ROMREERY TR, P IEIEED T BE
1 x 10730, FRyEN 0.

Ak H A5 B A B0 12 A A6 58k 78 910K 100
4E 1 Ackley R 2. Griewank pf £, Rastrigin b8 %{
I 35 Be s B 4 R SUE SR, WS E v 100%, H
Griewank B8 $ . Rastrigin B8 2 1] 4= J& S AL AE #E /N
F1 % 10730, S2BL T AR S
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I e BB = e T B 2R (n = 100, Gmax = 5000)

Table 6. The simulation results of five functions in super high dimension (n = 100, Gmax = 5000).
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Abstract

In order to improve the ability to optimize artificial immune algorithm, the memory mechanism of non-genetic infor-
mation is introduced into optimization algorithm. An immune memory optimization algorithm based on the non-genetic
information is proposed.

Emulating human society education and experiential inheritance mechanism, the algorithm takes, stores and uses
non genetic information in the evolutionary process of the population. By setting up a separate memory base, the
algorithm stores non genetic information, and guides the subsequent search process. The algorithm uses the short-term
memory of the prior knowledge and guides the subsequent evolution, which can increase the intelligence of search and
reduce the blind search and repeat the search.

The immune memory optimization algorithm based on the non-genetic information includes key operators: muta-
tion operator, crossover operator and complement operator. The mutation operator is able to efficiently use non genetic
information of grandparents to search, which can speed up the local search efficiency. In addition, the threshold to
control the search depth of single dimension can avoid falling into local optimal solution making the evolutionary stand-
still. Through calculating comprehensive information about contemporary populations of all antibodies, complementary
operator produces new antibodies containing excellent gene fragment in the global solution space. With small probabil-
ity rules, crossover operator happens in an interval of multi generation, choosing the optimal antibody and a random
antibody to exchange information about a single dimension. Crossover operator and complement operator can both be
conducive to jumping out of optimal location.

In simulation experiment, the immune memory optimization algorithm based on the non-genetic information uses
four standard test functions: Ackley function, Griewank function, Rastrigin function, and transformed Rastrigin func-
tion. In order to better compare with contrast algorithm, in the case of high dimension the values of dimension are 20
and 30, and the experiment tests the four functions to make the statistical analysis of the results. On the other hand, to
further test optimal performance of the algorithm in a more global massive space, multiple random experiment is carried
out in the case of dimension 100.

Compared with other intelligent algorithm, the simulation experiment with standard test functions of high di-
mension indicates that the new algorithms are superior in convergence speed, convergence precision and robustness
comparison algorithm. In addition, the simulation results in the super high dimension show that the new algorithm has

the global searching ability in high-dimensional solution space.

Keywords: optimization algorithm, immune memory, non-genetic information, numerical calculation
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