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Abdtract :Artificial immune system(A1S) are at the forefront of artificial intelligence research. This paper
begins by analyzing commonness and clustering features in solving practical engineering problems with
AIS. The application problems related to A1Sin different engineering fields were then classfied into sever-
al typical categories of engineering problems. On that bass, the concept of engineering immune computing
(EIC) was abstracted and formed. After this definition of EIC was presented, the conceptual meaning of
EIC and the relationship between EIC and A IS were explained. A research framework for EIC was con-
structed, and its constituents were discussed in detail. From two agpects nhamely immune design for prob-
lem solving and immune design for product evolution, the method of product desgn based on EIC was ad-
dressed to take product desgn as an example to further state the engineering application based on EIC. Re
ferring to the present application status of A1Sin engineeringfields and the existing problems, perspectives
in the application of EIC were discussed. In particular , developmental directions of the application of EIC
in thefield of product desgn were prospected. The presentation of the concept of EIC expands the research
scope of AlSand can provide efficient methodological guidance for applying AISto solve complex problems
in engineering practice.

:2007-04-02.
: (50575083) ;
(20030487054) .



. 28 - 2

Keywor ds :artificial immune system; engineering immune computing; engineering problem; product design

[1-2]
(artificial immune system ,A1S) AlIS ,
, ( )
, ( ) (
, ) (
. De Castro , ) (
AlS ) ( )
, “ " 3] , AlS , AIS
[4]
) 4) AlS
1
AILS
» [5] AIS ’ ,
AlIS . AlS )
AIS (
[1- 18] , ) AlS
. AlIS
, AlS ,
, (engineering
1AIS , immune computing , EIC) ,
AlS
, AlS , AlS
, [13] , AlS
, AINE B4 AIRS
[15]
. 21
2) , 1
[16] ,
3) AIlS 2 AlS

AIS '



, 2) EIC
AlS . EIC
EIC , 3 . EIC ,
1) EIC ,
EIC 3 , 113 b N1] ” ’ AIS
[ ” . “, ” EIC , ) ,EIC
EIC |
EIC ;“ ” .
EIC
, EIC
, EIC
; ’ ’ EIC ,
EIC ’ EIC 2
EIC

5 " : "o " ,EIC [ SR T

[T TS ” w“ ” , 2 ElC
, EIC Fig 2 Solving approach to EIC
, EIC= 3) EIC
+ , 1(b) EIC
ﬂ , EIC
Pl , EIC , EIC
(7N
EIC . EIC
(a)EIC=1yE+ T +HT8 EIC :
EIC ;
.1|‘;? <"£\J> LFEM H D ;. EIC
it " 22
,EIC AlS
1 EC ,EIC AIS
Fig 1 Hementsof EIC and their relations
AILS EIC ; ,EIC
AlS , EIC AlS

, © 1994-

09 China Academic Journal Electronic lishing House. All rights reserved. http://ww ki.net



.30 - 2

5 , 3
) . , EIC
AIS EIC , EIC
,EIC AIS .AIS EIC EIC
) , EIC
, AIS “ " 3 , EIC
;  EIC EIC ,
, EIC “ . AIlS
. 6 )
,EIC AlS, . , EIC
, ,EIC
AIS . ,EIC
,EIC AlS 2 ! EIC
, EIC ,
EIC
3 EIC

EIC

(% & K o )
IEEN=ECTRE]
] i
| swensme |
! !

g || wmirmmgn |

i} -
:ﬁ [ xmw o | [/ H
_ T
P summsming |

H ﬂ /’ L #

Ll sl o e ]2 orle mi e o |0 R|
e T i i i

L T T T

H AR I S /0 AN | R 1T B

g[ﬂ!i’e’/}’ﬂ'rj L’ﬂil‘/dﬁif: ]

3 EIC
Fg 3 Research framework of EIC

,

© 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



6 s - 31
31 32
EIC 321
EIC EIC ,
3 1 (
;EIC , ) (
) ( ,
4 5 EIC ).
EIC . EIC ( )
EIC , 2 , (afinity)
- EIC , 4 R
, 322 EIC
EIC , EIC EIC 6
EIC EIC , 3
) ( GA
L
L > = L h = i 1 ! EIC ;
IS
sl lallallallngle]lsx ’
fii (|47 || % (| & || @ [ 16| | || B ;
IR g% #o|| 7
4B 3 L2 EIC

FHg 4 Characteristicsof EIC

EIC {54 4L 323

AIS
"m AIS
&
g
fdt
328
. > R FIC. ) JALS -
Fig 5 Typica bionic principles of EIC
— i G i } .
FEACK i H %
EIC R 5% FHPEERE S . b e s . SRR ik
G INTE  REAR  EAE I R L ) TR
ISR, . RERREE R 17 B
6 EIC
Fig 6 Solving algorithmsfor EIC
(
L ) L

24 © 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.ne



33

331

EIC

Tabe 1 Appication fiddsand typical application prodlems o EIC

,EIC

, EIC

EIC
Farmer!*

. EIC
, EIC
EIC

,EIC

1 EIC

AIS

2 EIC
Table 2 Kinds of engineering problems of EIC and their
typical application problems

,EIC
EIC

332

EIC

EIC

EIC
. EIC
, EIC
EIC ’
EIC
EIC [4,9,11- 12,18- 23]
34
EIC EIC
EIC ,
_EIC
EIC ,
EIC EIC
EIC
_EIC
EIC
4
EIC ,
, : EIC
; EIC

EIC



6 ) . 33 .
, .EIC ,
, EIC , EIC , EIC
EIC . ,
, AlS .
2) H
EIC , , EIC
EIC ,
EIC ) [3.24]
, EIC .
3) 3 ,
, : — © 3
EIC . EIC
[14- 15,25 - 27] EIC
EIC
, EIC 4)
2 1
[28- 29]
4.1 , EIC
5)
, [29- 30]
EIC . EIC
AlS . 3 . , EIC
AlS , -
6 y H
, EIC
1 1 (
6 . , ) (
EIC )
6 , .
6) 1

1) | ,



.34 .

,

.EIC
[6-8,31]
( EIC
7(a) ;
2
, 7(b) ,

, 7(c) ,

BT ) SR i

1l

AN TR N ) SR fig

Ca) X —Fofo LAY T 52 o] S ) R i ot

BT ] RIS i

1l

R0 1 AR A

l

LRI 2 () sRofigt

!
l

LR Iu) 8 N Al R A

(b) BN &5+

4 2

Vi R SR A

I[

AN TR ) SR g

L REI A 1 AR A

i

AR 2 (5K i

.‘
3

Rl N B SR A

(o) g A5
7

Fg 7 Solving framework of design problems

EIC

© 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved.

, EIC

http://www.cnki.net

,EIC
EIC

,EIC

AlS



[1-2,6-8] , EIC
1) 1
( 7
), EIC
2)
, Web
3)
EIC
, EIC EIC
EIC
EIC

4) ;

EIC

EIC

[32]

,EIC

EIC

EIC

EIC

EIC

EIC

,EIC

Agent



[1]de CASTRO L N, TIMMISJ. Artificial immune sys
tem: a new computationa intelligence approach [ M ].
Berlin: Spinger-Verlag, 2002.

[2] , . :

[J]. ,2002 ,25(12) :1281 - 1293.

XIAO Renbin, WANG Lei. Artificiad immune system:
principle, models, analyss and perspectives[J]. Chinese
Journal of Computers, 2002, 25(12) :1281 - 1293.

[3]JDECASTROL N, VON ZUBEN FJ. Artificial immune
system (part 1) : basc theory and agpplication [ R].
[S.1.7,1999.

[4] , , .

[M]. : ,2005.

[5] FORREST S, HOFMEYR S A, SOMA YAJI A. Conr
puter immunology [J]. Communications of the ACM ,
1997 ,40(10) :88 - 96.

[6] DASGUPTA D,ATTOH - OKINE N. Immunity based
systems: a survey[ A]. Proceedingsof IEEE Internation-
al Conference on Systems, Man, and Cybernetics,Com-
putational Cybernetics and Smulation [ C]. Orlando:
|IEEE Press, 1997.

[7] , \ : [31.

,2000,13(1) :52 - 59.
DIN G Yongsheng, REN Lihong. Artificid immune sys
tems: theory and applications[J]. Pattern Recognition
and Artificial Intelligence, 2000, 13(1) : 52 - 59.

(8] , : [J].

,2003 ,31(10) :1540 - 1548.
JIAO Licheng, DU Haifeng. Development and prospect
of the artificial immune system[J]. Acta Electronica Sn-
ica, 2003, 31(10) : 1540 - 1548.

[9JCHUNJ S, LIMJ P,JUNG H K. Optimal design of
synchronous motor with parameter correction usng inr
mune algorithm[J]. |IEEE Transactions on Energy Con-
verson, 1999, 14(3) : 610 - 615.

[10]LIU Y, XIAO R B. Optima synthess of mechanisms
for path generation usng refined numerica representa
tion based model and A IS based searching method[J].
ASME Journa of Mechanica Design, 2005, 127 (4) :
688 - 691.

[11] , , .

[J]. ,2003,39(6) :79 -

85.

L | Guanggiang, TEN G Hongfei , HUO Junzhou. Para-

lel hybrid immune algoritm and its applications to layout

design[J]. Chinese Journal of Mechanical Engineering,

2003, 39(6) : 79 - 85.

[12] , , .-

[3]. ,2000,26 (3) :1

- 10.
CAO Xianbin, ZHEN G Zhen, L IU Kesheng, et a. Re-
search on quadratic assgnment problem usng an im-
mune evolution strategy [J]. Computer Engineering,
2000, 26(3) : 1- 10.

[13] . [3].

,2004 ,16(6) :812 - 818.
XIAO Renbin. Mechanism path synthes's based on im-
mune computing[J]. Journal of Computer-Aided Design
& Computer Graphics, 2004, 16(6) : 812 - 818.

[14] TIMMISJ, KNIGHT T. Data mining:a heuristic ap-
proach[ M]. Hershey:ldea Publishing Group ,2001.
[I5]WATKINS A ,BOGGESSL. A new classfier based on
resource limited artificia immune systems[A]. Pro-
ceedings of Congresson Evolutionary Computation[ C].

Washington, 2002.

[16]XIAORB, TAO ZW, LIU Y. Isomorphismidentificar
tion of kinematic chains using novel evolutionary ap-
proaches[J]. ASME Journa of Computing and Infor-
mation Science, 2005, 5(1) : 18- 24.

[17] : :

[J1. ,2006 ,12
(9) :1421 - 1430.
XIAO Renbin, KU Qiong, CAO Pengbing. Coupling
function planning & practical example based on immune
clustering recognition approach[J]. Computer Integrat-
ed Manufacturing Systems, 2006, 12(9) : 1421 - 1430.

[18]CAO PB, XIAO R B. Assembly planning optimization
using a novel immune approach[J]. International Jour-
nal of Advanced Manufacturing Technology , 2007, 31
(7-8):770- 782.

[19] FARMER J D, PACKARD N H, PERELSON A S.
The immune system, adaptation, and machine learning
[J]. Physica D,1986,22(1) : 187 - 204.

[20] :

[3]. ,2002 ,15(4) :385 -
391.
WANG Lei, XIAO Renbin. Artificial immune algo-
rithm model based onimmune memory[J]. Pattern Rec
ognition and Artificial Intelligence, 2002, 15(4) : 385 -
391.

[21] : ,

J1 :
2005,18(1) :17 - 24.
XIAO Renbin, LIU Yong, DOU Gang. Analyssof the
artificial immune network for multimodal function opti-
mization[J]. Pattern Recognition and Artificia Intelli-
gence, 2005, 18(1) : 17 - 24.



[22] , , : [J1. :
2000,28(7) :74 - 79.

WANGLe, PAN Jin, JIAO Licheng. Immune ago-
rithm[J]. Acta Electronica Snica, 2000, 28(7) : 74 -
79.

[23] ,
[J]. ,2003 ,31(1) :59 - 62.

LUO Xiaoping, WEI Wel. A new optimization method
on immunogenetics[J]. Acta Electronica Snica, 2003,
31(1) : 59- 62.

[24] HAESEL EER P, FORREST S, HELMAN P. Anim
munological approach to change detection algorithms: a
nalyss and implications[ A]. Proceedingsof IEEE Sym-
posum on Security and Privacy [ C]. Oakland: |IEEE
Computer Society Press, 1996.

[25]COOKE D E, HUNT J E. Recognisng promoter se-
quences using an artificial immune system[ A]. Proceed-
ings of Inteligent Systems in Molecular Biology
(ISMB’ 95) [C]. Cambridge: AAAI Press, 1995.

[26]HUNTJ E, COOKE D E. Learning usng an artificial
immune system[J]. Journal of Network and Computer
Applications, Secia Issue on Intelligent Systems: De-
sign and Application, 1996, 19(1) : 189 - 212.

[27]de CASTROL N, VON ZUBEN FJ. An evolutionary
immune network for data clustering[ A]. Proceedings of
Sxth Brazilian Symposum on Neural Networks[ C].
Piscataway : IEEE Press, 2000.

[28] DASGUPTA D. An artificial immune system as a
multi-agent decison support system[ A]. Proceedings of
1998 |EEE International Conference on Systems, Man,
and Cybernetics[ C]. San Diego: |EEE Press, 1998.

[29]LEED W,JUN HB ,SIM KB. Artificia immune sys
tem for realization of co-operative strategies and group
behavior in collective autonomous mobile robots[ A].
Proceedings of Fourth International Symposiumon Arti-
ficial Life and Robots[ C]. Haime: Tokyo Press, 1999.

[30]JLEED W, SIM K B. Artificial immune network based
cooperative control in collective autonomous mobile ro-
bots[ A]. Proceedings of 6th |IEEE International Work-
shop on Robot and human communication[ C]. Sendai :
IEEE Press 1997.

[31]ISHIDA Y, ADACHI N. Active noise control by inm-
mune algorithm: adaptation in immune system as an e
volution[ A]. Proceedingsof ICEC 96[C]. Piscateway:
IEEE Press, 1996.

[32]SATHYANATH S, SAHIN F. AISIMAM-An artifi-
cial immune system based intelligent multi agent model

and its application to a mine detection problem[A].
Proceedings of 1st International Conference on Artificia
Immune Systems[ C]. Canterbury, UK: Spinger-Ver-
lag, 2002.

, 1965 , :

, 100 , 10
SCI ,60 El .
Emal : rbxiao @mdl. hust. edu. cn.

, 1974 , ; ,

E-mail : caopengbin @263. net.

, 1975 , , ,

) 10 .
Email : yongliu @ctgu. edu. cn.




