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An Adaptable Software Architecture for Artificial Immune System
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(Department of Computer Sci. & Tech. , Nanjing University of Science and Technology, Nanjing 210094)

Abstract Adaptability is one of the most significant properties of AIS (Artificial Immune System). However, AIS
software development and application are facing two complex and tangled adaptability problems: the evolution of data
sources and evolution of multiple learning algorisms. We expand and improve on the existing AIS architecture, and
propose an adaptable software architecture for AIS, The architecture is gene computing-centered, with meta-gene ex-
panded to adapt to the evolution of data sources, and with pluggble learning algorism components and algorisms valida-
tion mechanism to adapt to the multiple algorisms revoution. With this architecture, evolution of data sources will be
independent with learning algorisms; on the other hand, learning algorisms reuse for multiple data sources and evolve
independently. This architecturesimplifies complexity of AIS software, and hence improves the efficiency of AIS devel-

opment and application. Further, it is helpful to realize future self-adaptive immune computing.
Keywords Adaptability, Artificial immune system, Software architecture, Meta-gene, Evolution computing

1 38

AT Z 5 (AIS, Artificial Immune System)4E3 AT
HREA— X HZZBRE, AISHFHENL MM g
BEYERERAN T/ERE, SR RERER I ERE
N, RS R E R L] AT GRS N TR
BEet FERE SRS, BNEEEY R
R — N EESEE, HERIXT T AISIRE R RIEFMEIR
BN, BRI BB 00 fa B BT e 5E R B
R (nonselD , (B AISEHEF AN BN MERE. LR
B MR, BRI BT BRNHESE, X
SosE RV R LUK I R M B kg, A U N4 3
(software architcture) {9/ B Rt AIS BRI TR,
XX F AISHAMNAAREEE L AR THELRE
ERGRETE.

ERIVER A RTE FE R B R, BT T
AISHAEE AW TRE . OF M 24 P 0k 4 FH
L, ERIE T AW MEA L BREFENIFERELIEF
AT, AISHERUA: Y % R G HRTE, BUE R 3T F AIS
HWRREE, QiFE X F AIS ¥, AMUEIERAFRE
1, BAE AIS RE 7 (8 i i F F 408, LR R AIS
MERTENEEHER, B ASAREETFIFENMN
K E—FF A T & Cartifact) , 38 ) B 3t 6l @8 A9 ¥R /E Sk 52
RERHED ., AWRBRES AISZRAFEE KER,

X HfE AIS f3E R T 2 221k,

MR EW, AISKENEARE N FE . ORYENE. %
BHBLEH—ENHET, YU AFN RO, EidE N
2 I B B4 A T (detector) , LLIRBIFH R T —IKA
B, BRIEASFEE, e  RREEY HE
RRERENE, £ AISHREREBNEFEIEENE,
MBI EE R DOET AISHE, I ARTIS™? , O¥E
TRIERIYE . ANATIE DA R BHE 1R 69 25 28 46, nfar 4b 28 & F
RE BB, a8 s F 6 oL ek U gE i 2 F2£ )
B, QR EHLERTE. s @b LML R
S ER T A GRS L, T B E B LGE N E T
RBAFEN B MEIBEERHRLRE, X5 F LB M S
1t BRI Z A EEH#L) . OHFERtE. L0907
R R ARSI R S KB & A 20 LAt , & S AE AT
TS R (G F 40 AT A SURD .

BRSNS 2B R B BT F ALS #4418
THROEFROME., InRERZ 3 E %, KRB &4
EHEFEYARRMELIER . fln, Y RBIERERESEH
FLRT, L in T FE M MRS BA N EIERARE
REER,. CLAMEIBE R LLT B, MPFEHFERSHL
HEEENFEAMLTE., in, —METF AIS MPLRE
LW RSP ORIETR B EH USRS, Y¥mEg
AR MR R F B, MW B RIERNEW, 5—Fm,
FIEERGEWAAZRENE. MA— AISHEEELRE

OERETR BRARBERLVIBIME (60273035, RBLR¥FFEXEESEY. B £ BaRBL.MEFOIREIRSER
ZasH B HL.ARFANGLEES:FETFE WA HRATEIMNEUESHFRELWRE HE.BF AR FA KA ESRE

B%e.

+ 263


http://www.cqvip.com

MEEUBREARTR. flm, —MEAREMREH
BOREAHEER, AN X ERERNERE. £ IE
BRI EXENER, ATEENMEIEERE, 81 E®
ReS AL, T BFE LA B R Z B A R L K BRI,
ANRRGRZ X055 R 1, B R LA 3 R AL, BEAR AIS B9
AFRN UEEESBABNES T/ BRT AISHE
D)) & 8

T B DR BB W At 1 2 A B 5 O Y ) A, R
IRV ATS 8- Hy 52 (438 R A i, A UL F IR : O X 2 a)
REAE LUE T A R BT BRI O B A ) AIS MR R
25 ER X B R 1 ) B 5 D1 B M A g — Btk , LR ST 7R 8K A4
WS EAIRERERZ E, BIRANEEHERSRE
ROV RAMBGEE R ALS #1252 @R AliE B B4 H R
AU KB ET R4 TR B0 R GHEAR %
BAERHARS. ASCLES 2 WK —MER R ALS 54 HI %R
BT AR, ZRWRE T AIS EATIE, HAEW X

000 http://www.cqvip.com|

ERPHEER A 3 7 LLBAHE TR I B 5 B4
.

2 ERENE

B 1R~ —ER K AISRAHHR, ZHRAE=
Bof e, UERITERF O, TEREE (Meta-Gene) &
BT X RO R 3 O (0 £, W 6 A J2 (Pluggable) W %t 2
BHEHRER . BEE (Gene) TRABEHERBKOHE
HEE, FFREBAREMF I B, EWE ML e, 2458
TR RS, AR R AR HEIERdt.
I, NEEMS T RAR R RS , a7 LB
FHR S, L E R, AT L B R AT 2R
R WHRAFES B2 GRHZ TR, FET AR S BB
WAL P, BBE N B I k. B 1(b)
WREBFHHEELE, UREENHEORIT. FTEsa 58
REBHBOITRE,

YRR

TEER K BER - TRAR WA TEER 2EHR THEAR

R T T | G+

AISHERM = Z 5

e 20| g
SRR R R ialull
. gtﬂ}%mgm&gwaﬂz e 5] i
- THENRIIL I S LB R —O

Wi B

2.1 ctEBAEEB

FEEBRRITE =T OREEERN LB HE0RE
1 43R I 775 45 18 PR BT X B 4 3 B BB S5 F HLVE BB X
AR Z R TEHE (meta-gene) s @ H 1k (genelization) , BIIE
BEFHBHEEANFRAREEROEE QR EREL
(degenelization) , 2 B4 3] 45 B #60h ] B A9TE BT, Bt
FELEREN A BEEE R EIFFIMIE X,

EREEM AIS fBE N R BB R, XAk
S B JGRKIHEE SRR, b ML R
KRR, & H BA AR EEEW. flin, — 1 MEARR
R RGP EFEEN VAR, NEARHNINARTE
LHEAFRMEER. BRUEAETEEENRT, S EN

R@o, &, =+ a.)  BEFANEHE
B TER BT
G@Eo, g1, = g0 FEImANERABKFTF

B2 BRREJR RSOy R NI BN

PR R R BT BB AT R S B 10— SE B SR 4R
BB — IR, B — MR . — AR ERE S SR
e, AR TSR RCao s a1 s - ram) , o8 R RFBER
R A SRR, WIBE R — 1 LHRER 0%
RAER—METEBEIET (o0 1020y ) s — MEX L —
ANREE. R —A PR RO n R — 4 2

. 264 +

B#MLER
ORI EETE SN

B 1 &N ALS B H5e

R FHH

HFFICLE 2),

BUNENERERNSPR. B—-PRBEYUEN, B
BB T B JR A LT I LA 1R 5 PO R TR A — A e
FEHRH 70 K S 2R » BIA JR A 1 3fe ) b 3 U Ak B BB 6
B, THEZETLRBSHITH, KERFTEANZE, X
ERNANREREMNEFMELEERTEATLSS. E°2£
0 8 B BT (discretir, R A B B M 1 A 18 20408 W ) 32 4l i 4
xR — BE R RN RS . 1R IRIR SR RE R 5
i 52 PEAEL B BB X 18] , 88 YR (5 4R o — il 5B, BN R
FR. XNOIBRBRIOFRABEEML”, —NBHEXR—BEH;
—PMEHERER R R EROEN, I EIERY L6
BRENERIBERNFS. ZHEFIIEEZRNBETLE, Xt
ESEBENEBAL LR 2, TS R[8],

B IR B 1 A B T T 2 D 5 4 FOAT R SRS B
flim, MBEFE—A IR AR, I — TR E, SR E I
B R AR EBXESEE. TRRBm B30 2 MR
B, BAEWERNEIH L. SFELEEZBEERE,
BE S BHETTEN & B, ARIRFFIN X 2. F5E
E,—"MEARRMARS - IRBLH RG22 H X
FIUAE T LR HE R A AR TEN, SRR R T,
BERHLRETRE AIS NI

B2, RBERBELESE AT TEEEAR MR B, 18
SMRBEE IR H N RN B R R N F S, i B BB5E v 8 I
5 A

2.2 RAE

ENENTEIMER : ORBuTERME, RN 2
HEFINFEERRR, — R AR QR X TEHK



http://www.cqvip.com

FEAR) A ILARAE, INFAYLAE B VD BD SR BE B R ) LR AE
TRE,

HARFTEITCERAME D HE W, Rt I Gk
BefEE D . EEZEWEITACHNEREH, mEEFEY) A&
BT\ Self 4 ;T HEH BB A SR, Flin, &
TR ET XML EFEIEXH%. ETFREARMRIT
A& Rx1~4],

HEARPBREEN—FEAFIIESERDNT. TER
FYRERES, BRI RINENER, BT RANGERF
PIFATIRA AW, —MBERBEEEXE - RN TFES
MM EHEEIMRAUFES LEHAEESE). R K5
HEFF 5 ZEEPE— R F K4 TCE, Rk R ZF
BE—TRY, FEd— M ENHERNERLE 1), —
MRYBMERTANE—NERES  HIEBBHERSR,
WHER R ARG . A — M A FEE A4
FIERM RS, XA aEREEREER.

HARD S —MBEENEAFIIES R Slf (8 F)#
#l., REREEZE:IBEEENEYEBERA PN xS
negative selection”"341 | W__ AR F 55 Self f{E—2EH
Fr 3 UL REA , gh A 1 KR ) T, HA RS AL R I 74 T R
7. RIOEZFERPIFiT Self HLH A EE, HHERL
EIE I,

2.3 AIBAE

ATEABRKBITIHREMT . O — I E LR —
MATBEARWE U EEAFNEI WG, KH#CHEE;
QOBMEIFEEHBEREZ RN TIEE, & R R R
FEALCE W T QR E B IEVH , R RAE R
REAGENEL,

BEIERERTEANG AU TR .QEERE ST
BEHHN . FHEERKHI, BEA B BNRSRUT s, Bl
BENZESSHLN ., OFEZHFBIERIRMN RS, U E
REEBH NN T, B ATELIEE, BRIEEAER
¥3., ORRYA, BRI M AFHE—F ¥ I E RN EA
HEH i, B (BB E I 0HE) BB IERR(ER
# TP, True Positive) . 5 7 ¥ #t& (TP-FP, . f FP 4y if i%
# False Positive) , S5 8 fll #4: B (BN & A #  7) , T H ¥k
WAKEHIAXHENERE, Kt— 1 AISHhEEHE
BHE. RREZERNETSHAREN —FHTIRE, R
RESEETINTEANNY, SRBRAEREESE
I8 B (2 T IER K True Positive fllIF iR # False Positive, i&
Z2RX(1,4]). OMEAt. §—FEIEEN TR E SR
) ALS SRULER IR 5 B I, B0, FERE 2 B B iy RE R et

HRATREARRN5ILARE2N.
R
S
#0
-
)
3 ﬂ&/\%matg

T A RS R D A, R
B SR BIA0E OB TTTER S Sk, R

000 http://www.cqvip.com|

B B R R BB R SR s W B Sy 2 T A R SR it
R AR, = S MR A R N TR R REE,
FIAREIMERESE —REAZE DM, XS
SE RS EHERHEACLE 3, RE¥EIFEEZE
AIREFF A A B R . (B A BB A M 2 () Rk T B9, 53X
BRI ST . BERTEA BRI T — MEO Rk
BEREANEIBACLE 1), B— 12 IHEEE R
TRt — R,

BTHEEORITZA . BBE—EERIENH, LRRRE
HREERN R R TR R, ERERES
SHREEENTRT,.MENEIBEH#HTRIE. BEEn
HMEEENEIEE R AR THE. I nE, EA R
TP.IEIR#E FP 4§, X b R FoAR Iy #9171 4 38 o 1 ik
BRacHE . Mg ES AV ESAT, 1T A 3T,
BEMBIEESR AR GBS, 10 10 B3 X BFE
Bz (tenfold cross-validation)t ,

BZ A BABRGERATEORMERTEARAMERE
BAEEA I E BT E MBI A R B B
HITBRIEMLE, AR ITERERSENESE. 5—
MFEREEFITELE L. X ERAE R EAESE—#D
9, T H AER B R H E M e .

Hesh, — e B R S0 B B th T AT AR Rk, lan
SO A BREE 2 R M AR, e
F BRI AR, IR T2 AT, 6 by
ZR NIEAER—REARER. EXESWERRRAT
HENEX . AFECEREN R EEAHEE,

3 HXMRRITE

Steven A. Hofmey 212 i —1~ AIS#Z8 ARTIS!Y , 338
HERN MR B AT AIS B /R B Z — (B4 F A R
A EM . ZWEEERTFYAGE N S MRS R,
ARTIS o R 4= iy B8 . Self 220 50 MR 2005
WMERMAWKEHEEFRSFEL. REZLALETFRIIIE 3T
FE N RIEE A REZ . BT ROE Mt oh, BB EE N
HHEZEEHAMBENERBREE, RIMWBAEEN T
ARTIS B—FiE it Y B 5ok, R T Jo M 2 LUITE BE
BB, BEE T AR I B3R, X3
F AIS SIS S A EEME.

Steve Cayzer 2515 ) B B2 (H BE £ R[] T R 4LDS0, &
BEEFESWHAEZ B RE, B —F“TT%E T meta
learning” (i 42 S M X Mk th . X TP E B E AR
HRHITEEBRMTSEZHT L. #—% . RI1HA RS
TR AIS R AZE X P EE R RAETTEE LK AR
B, SR G AN SR ES I, ok E Tk
L@ N A R, T B SRS R AR v H AR
fE, WA EHELBMNEI B,

Jungwon Kim %8F37 AIS 3 F R4 A @& M, &
FrRAMBEET L B R M 10 A XNBIEE
M FRIOHBEITTRERE SR, ARZAETRIES
BFS5cEEMES . BR—FMEEEH BRERREES
W, M ERL., 3P RIEEHEEAE, IR
HEIJE BT, BV E R BUL 2 S X R Y # T
B, AR S TR ERERTRN, X E RS, &
FERXANETEEEHIEH, RITHHWRPIEEIERIR
THRMSI I TTHEAMG, WRERE S REERE YR
IEERAXER . HFRAEENEZFRNITK.

* 265


http://www.cqvip.com

BN RARICRATE ARG SHEER EFHEX.
RAFIE R SR T S . RITRATHABAR
KRBHTEABRNEMHEIRE, DELEER I ME &
LB B Ze e, T LR WX F ARG AIS AR
AIE At LIRE AISF AN AN EMRERE. 1, R
HIR R BB E X RSN RETE, , X RH—F T IE.

H & W (self-adaptive) R A REB AT KA LB
THREHEHRT N, EREATEE, AISHNEZE—#MA
BENARSA,BEHGAE 2 mELH, BAFEEETHE &
. AU A T ALS B3 N R
2, BRHEPREENHTEFTEATSS BXFHRTHZE
Fg X TH XN SN REHTERE R RIER.

21 ENHR ASH—IEENNY.BRTEIBER
&3 RYE N Z S0, 7E AIS BSR4 FF & B 7 T R FTE
BUBRE A S Bk S E Nt A, I RATY Rk
HTEAM AISHE, BE—PFHH AIS RAHE, LIHE
XEE MR, ZWEUERTBE L, BT TR
SE3E B BRI AL, R T T AW B BRI
KRB R RE N, FEEWEIEFT,BEBE
B AL SRR AN R 2 S B A i, Ra 2 S Bk aEE
HATEHEERE. ZWERNLT AISREFERNE 24,17
BEFENHONE S TFERT WA ERITER

000 http://www.cqvip.com|

WROAENSETRERAHESEL.
2% XM

1  Hofmeyr S,Forrest S. Architecture for an Artificial Immune Sys-
tem. Evolutionary Computation. Morgan-Kaufmann, San Fran-
cisco, CA, 2000,7(1).:1289~1296

2 ]i Z,Dasgupta D. Artificial Immune System (AIS) Research in the
Last Five Years. Published in the proceedings of the Congress on
Evolutionary Computation Conference (CEC) Canberra, Austral-
ia, 2003

3 Cayzer S, Smith J, Marshall A R J,Kovacs T. What have Gene
Libraries done for AIS? Digital Media Systems Laboratory, HP
Laboratories Bristol, HPL-2005-116, 2005. www. hpl. hp. com/
techreports/2005/HPL-2005-116. pdf

4 Kim J,Bentley P J. Towards an Artificial Immune System for Net-
work Intrusion Detection; An Investigation of Clonal Selection
with a Negative Selection Operator, the Congress on Evolutionary
Computation (CEC-2001), Seoul, Korea,2001. 1244~1252

5 Kim ], Bentley P J. A Model of Gene Library Evolution in the
Dynamic Clonal Selection Algorithm. In: Proceedings of the First
International Conference on Artificial Immune Systems
(ICARIS2002) Canterbury, 2002, 175~182

6 Aniort P, A Distributed Adaptable Software Architecture Derived
From a Component Model. ACM, Computer Standards & Inter-
faces, Special issue: Adaptable Software Architectures, ISSN;
0920-5489. 2003,25(3) ;275~282

7  Qreizy P, Gorlick M, Taylor R N, et al. An Architecture-Based
Approach to Self-Adaptive Software, IEEE Intelligent Systems,
1999,14(3);54~62

8 Fayyad UM, Irani K B, Multi-Interval Discretization of Continu-
ous-Valued Attributes for Classification Learning, Proceeding of
The Thirteenth International Joint Conference on Atificial Inelli-
gence, 1993, 1022~1027

(k3% 259 )
BRI Fn BT A g, BB, F BN AE P
BEHRAERDUER , A

4.2 EHRR

—HAFRBERRER, REBEIEHZER, TR
EATHEEREZ build, F7E 417 B XMW AIEIE X RRG,
FESEBRE A LA A X R A R R B 1RE R R AT R
FRHFES . EAHNAEH ., REZHES, L build HE3I
KAl rEg Rl B “WiiEE B ER SRS
REREFEEFTEICES, FEE S RIESIUEM T
I B Fy 358 RGBT, ] 1A B LG EIER RS, LU
T A [ R P S B AN T o (B 5 160 08 X5 L A B AW 25, BR FE T
XIERIFES N AR —B0D .. FEXELHF, FIEIM
182 [ ERAFLE gol X R (AR A =4 FERE RixH—
TR, TRERIR S NERAESD,

(1) gol (build (gol >> abstract thing), theory (icl > ab-
stract thing))

(2) gol(build(gol >>relation), will(icl>>relation))

(3) gol(build(gol >>building) , house(ic|>>building))

build FiE XISEHTRIIHR, U LR ELHS,
theory, will (9iF X R FI R “WMBY M XR”, MG FH
house iE XX B FERY . SAWHFABHN“E"HE LRHER
%, AR E GO BT R M AR SE” M9 BIE S Wi
2 build(gol>building) . TiZESLHIEH » (3)ERBLAY PLE T KL
AR BEFRE”.

4.3 MR

WIEE 2 B ERICACAL B, R4 Bl BE g7, 3 L
WGEEARBARF. BRI LURA, N R 8
AL B EE Local BASE 1, 345 iy B R 32 &k i%
AR EETFENEHAIVRFH BANBRHNEEETERH
SERTEMBRLE T S HRINE GlobalBASE, fE £ Rt =
B,

» 266 -

WRAPAHRERERBOGSR, TUELEKXEEH
EFERTIEG. RAMTFEREFLEEFRGROAE 2
R. RAEFSHHAN AR, W RAGERBOERAM
FREGEE — R TR A TE B 04 2600 2 AR A R Ky
5 BHR R A AL AR, /5 B8R IR 55 i gk 2 R
.

& F XMW

1 Boitet C. Advantages of the UNL language and format for web-o-
riented cross-lingual applications. Seminar on linguistic meaning
representation and their applications over the World Wide Web,
2000

2 WEE.EIER HER.E RS TENSBFEAIGEXFIE
BEMGEERR. WL H ARESHEEAREEDT
S LR K%, 2002

3 Deéjean H. Learning Syntactic Structures with XML. Proceedings
of CoLL-2000 and LLL-2000, Lisbon,Portugal, 2000

4  Schiitz J. One web, One Language: The universal networking
language. 2003

5 Mitamura T, Nyberg E. the KANTOO Machine Translation En-
vironment. In; Proceedings of the 4th Conference of the Associa-
tion for Machine Translation in the Americas on Envisioning Ma-
chine Translation in the Information Future, Cuernavaca,
Mexico, Oct. 2000

6 Sabaris M F, Alonso J L R,Dafonte C, et al. Multilingual Autho-~
ring through an Artificial Language. EAMT Summit VIII, San-
tiago, Spain. Sep. 2001

7  Senellart J, Boitet C, Romary L. SYSTRAN New Generation:
The XML Translation Workflow, In: Proceedings of MT Summit
IX, New Orleans, USA. Sep. 2003

8 Uchida H, Zhu M. The Universal Networking Language beyond
Machine Translation. International Symposium on Language in

rea. Sept. 2001

NI A AL B, I - 1998 w3 fE B AL
REHRAE, 1998, 515~523
WML BN TR S,

Cyberspace, Seoul,

9 RE3CH. BT T
HERSDLI

10 RESCE. HEIER.
2005(9): 171~1737 ~



http://www.cqvip.com

