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A Method of Flexible Confidence Rules Extraction Based on Niching Immune Algorithm

ZHANG Li-Ping YAN De-Qin
(Department of Computer Science, Liaoning Normal University, Dalian 116029)

Abstract In this paper, a method of extracting rules from information system used niche immunity algorithm based on
sharing mechanism is proposed. The principle of sharing and competing resource in the sharing mechanism is consistent
with the relation of complementing and contending among rules. Ordinary methods of confidence measure have some
shortcomings. New conception of flexible confidence is introduced in this article. The experiment proved, the new
method obtains the good result not only in processing the data without conflict or noise, but also in processing the noise

data and the data with the imbalance of the class distribution.

Keywords Immune algorithm, Niche method, Rule extraction, Flexibility confidence, Rule measure

1 5|8

SAFNRBUESUR S H T W EE R, B REXH
ABUEHEAT T WA b, RAFEM Ty A R
R A S B B 77 vk B BRI O s M e R 4 05
EAREE LS. HE, W7 BT BRI E AR B
AR RS R RS B MR R T vk A LI XL
METHE ., REREHERARERI LR RS, HE2
FEREAL I AT AR AR LB PR Z M RF RS S K AR
HIEER RHCICRERAE T 2R, X SRR Z M H A
FAEEA R RS, B3 b, H 2 (A A R 2 7] B 2
oA, OREANY . TEMREARS ) AR BN B, AR 2 6]
RIEF R RPN LU R B REAR BRI ks WX €. 28
REUHRHN], EMNZHREAXR, HAHEERAERER
AREARAE ] I AL R R A 45 S/ MER AR
LIS 3R T — iR 60 5 T 5 4 T 43 B R AU R R
T s —J7 EE L E LM R A B Z MR AR R
HE T3 g HLI B2 ) BB B 7 5 55 — 77 TG A 4R h SRR T 3 B
BRI SRIRT B ML B B A pR R, R X AL B AT
AT, TSR B S A B AL

2 RMMRTHFENEREER

FU (227 07 1 RGAAT MU SRR B SR . MUY BER Ty
BB HBER W MRS R . AR E SN FANKE
AT REEEANEEERWILEER, R FETE

BERRBSMEMEEE R R

2.1 BMMPHRERSE

A A=>B KR —&HN, Kb A RUCRERF &R
PERE A B BV FU B R 4 5 B R o 5B M8 B O ML
W, HREAGRYEXUCEREE, I JCIE & 4R B
EEA SR PR, MR “0"FR .

2.2 MUMEEEER

FESATHNR B , e — R ar N By K+ &
B, BAKSCRPIRE TN BN ik, Sc[1]
I EEEAET MR, FREANH AR N (JA&B|/|A
D2 AEA R REE R, KA | | AR A WY 4
YERIFERZ N T I8, FE#EAT R 4R R B, {038 85X —
FHESREANEN. XL2]FH#THANRROERARXN
str(r) 8" cer(r)+ 7" co(r) , HH str(r) cer(r) Fl co(r) 4351
FoRMNGH L TRERMEEE. o foy 2 3 AHE
BH FERES AR K LMERHET AT RAE. EIFHM
M A=>B I EBEWEE, A X FEFEUTIILIMHEE.

2.2.1 REE

EX 1 HNHEEE:

x=|A&B|/|B|

FEPRREA AR EHRIE LT BB E S R
BAE FER BN AT 2% B 20 . 584 B R R AR/
AR RE SR AL, o0 K, LB BN XT B BB
HE, »

2.2.2 BER

»)ERARBEREE (6037207 R I THHF T REFERREWRES (2004CO3D BB T TIMERERES Y. KWF HWLHR

45 Bl 1, 2R, FEFRSEVER N BB EE S,
+ 188 -


http://www.cqvip.com

EX2 HNAEEE:

z=|A|/M
He, M gBAM . BREARTANERERES it
FHAMMREST . = B, VLB A T 4 BE 0 a8,
.

2.2.3 AR

BN 3 MUK N=IAI'"(AI'ZIAD  FHEBIHE
AZS B ORMULRFEAS) o, W BT A I MERIEE ., X
—EEEAEAN GBSy . ERBGIN B, FEABE N
ROTHERAIFN . N 8K, S AN R aE ) Mg, 7
A SCR SRR, BB T ARS8 HLI A R 75 7 vkl i 17 0
HEAL , FATERIEMEAZN.

2.2.4 TRE

{5 BEHE AL I HERR TR .

EX A4 BMEFIRTEE zs=|A&B|/|Al. z3 8
R B R A BE R R MR . E AT AL SR B, 5E
PERBAFEEREOAN. E2, IR EEER, —FE
A /ML R B BRI I, R B R0 1 B 5
A—HE XA E DB NEEE, ARSI ARRE S, B
e, TEXT R A AT {5 B R AR R R O T 7T LATE 2%
AL 9 RT {5 BE , DASRER H B AT S8 e 48 R Ay I

— i, TEAL TR (5 B B AP O v . — R H R R R
AT {5 B AR B ) B B — A B RO, SRR 5 T M B A
HANIR S SBHMNKES S, BRENZEF NEHS,
HEAT2HE. XEATFEMNRBROTE. Rl
BEBRHE Tro<Tr<D, REMUATEE, I EERT Tr
IR SE A BATHRES , BB B R 4

.l zs=Tr

wmp= 0 z:<<Tr
{E R R O 1 F AL AL B T4 . A AERN 71 F0 2,
BB RD Na >N BHEEANZEEALET. REAMH
AfEEN 2 D=Tr—k,zs (r2) =Tr+k, X B k H—R
/NE, BB RECE BB impa =0,imp, =1 MLERL.
X BN r LSRR TS . KRR B, MRBUELI M A
BEVE, SN r1 AL r2 2, BRSNS (8], fE T4
B{E Tr M5, B 2Z 6] R 2R 7T 15 B = 8+ 44830, R A B
B — 191 I E B AR B S H.

Hit, W fEENERREE, — T EERALTFEE
HAHNEEE, 5 AR ERE A B {5, X AR ]
15 BB AR A AL BE S M R EE M, NEAFEIRE—
BTSN BEEANERNHEERHETHEER.

H AR AT {5 BE R %

EXS HMREREATEE.

imp=(tanh((x3—Tr) Xa)+1)/2
He,a BRABEEREF,a 8K, imp H7E Tr MHEBABRAE,
AL,

1 i rule(i, k) =rule(j,k)

D000 http://www.cqvip.com|

WY o KELHBILIBIME Tr R0 Bl o AT
/NIERIBIX ], R X (I B SRk B B X . %o VA A TR X (AT Y
O, 72 —AN 0, DX W] E R D EFHEETERE, X
JESRRI A BEAR S C>Tr) B HL, 37 9 SR T 5 AR R
BEF 1. MR AR BEARME (< Tr) BRI, B a0 R T {5
BB #IET 0. XIEBEFEFEBEE Tr BEas
W, HH R R FE B TE O, DXL L, 7ERBOH 2 B
HEERMATR T BT FEEREREF - EHERENER,
B R A SCHLI B B B A A — 4

1

= imp=x3

—— 7=08 8=15
08b = T=08 =25
~ Jr=0.8 #=50

06

imp
N

D4

02} i

Bl AEBERT FRREAREEREK

ZHULLHEE A RN ETEEEEHARN
F@)=(x;tx:) XNXimp [@))

3 MEFEHAENHBLIRATTE

INEBEARB TGS R/NMESESS IS A ARE
AR, XEIHBRERE T, O LEFHRER,
YR Z IR PR B FF L H 8, X EHE RS T
FREGHEIR , S 4y — R S M TERE . FUNZ Mt
WRFHEERR, BB MRS MEFARYITR, BB
IR (ELE BRI YR . PR B R KA SR, B
BARWBESEHEASN, RSP HEEME, N ZRE
AT RS AL, AR AT NSRS . A 30E S 6 AH
{RLPE R B L AR R SR A R AR B AL

FAMUBERE L] A=>B 553 4t 5 0 o9 A8 00 72 B, 76 4 303
WHFET SEANS RZR IR EPHANHURE.
HEAT LSRR , #E LB KR FRI, L R & i N E %
B,

EX 6 FLN i AAHCUE RBOh

sim; =max(s(Z,5))

Forft, sCio DFRHM § SRIGEILRGE TN j M DR
BE B0 S TR AR H T Gio ) = (S f0 /e ST rule

GRRAAN B ERIBUE, £ AN SN 7
Rtk e bR,

0 rule(i, k) Frule(j k) and rule(i, k) Xrule(j,k)7#0

fk: —1/ak

XH 0 HEME BUERAE RPN ER R
fir_EBAEARIR], REA D B IFE R B A b SE 2 AR R
AL EBEARE, HESAR R 000 RATTBAERE , MIAKE
IFEZR R b SRR, AN R EBUEY 0,

rule(i, k) =0 and rule(j,k)#0
1/a: rule(i, k) #0 and rule(j,k)=0

TR j 2B EBUER % 0, BB ABATH 1a, HIER
HL. XN ATBAE A AR A 7, B AR A b R
FHN A, BAR U E R R, iAE. RZMBUEME.
B AR BE sk 2 A TR A B AR B 3 1E .
. 189 -


http://www.cqvip.com

T — AN 5 S 1042 R G RIAR LB LR 2 5 SgEiciz
REP RN B E .

Bl HRERFHE 1 MRREME.3 MR BE
AMEEBMETBERAE 1R 2 B, 0 #RWBUEEE.
ERBICIZEGE P EIN isr1.010—1,i572;111—1,i5r3: 201
=1, BN ra: 110~ 1 # rb: 2201 F AL sim.
simyg ,

sCra,isr1)=(1/2+1+1)/3=5/6

s(ra,isr2)=14+1-1/2)/3=3/6

s(ra,isr3)=041/2—1/2)/3=0/6

sim,, =max(5/6,3/6,0/6)=5/6

s(rb,isr1)=(1/2-+0+1)/3=3/6

s(rb,isr2)=(0+0—1/2)/3=—1/6
s(rb,isr3)=(1+1/2—1/2)/3=2/6

sim, =max(3/6,—1/6,2/6),3/6

sim, #K, WHARN ~ 5 Gt fZ R AL, XA
NHEHAEE., HFTH, MU sim, >sim, , 3L 76 L
W ra SHNAERBEREE, FL LM ra gihZiciz
REFRHN isr] AF XHERMFNNR L EFHIRECH K.

2 3 FAR U XL A B 3 1 AT B, (A8 e
RGARRIA RIS S, BER AR K RAEEE
WEM.

4 BTRBHEHANRNG %

SR E IR R Y G RGNS AT IEU RIS 4 it
FER—MERERTE. EXXREAESHTEIN,EE
MERBE— YR, SR R G 4 MR DU R BT
o NSRRI of f B B IR T2 40 M, FE R B2 iC
LR, HTFICZMBE AR EiCIZAEAR ) R E
BoRug , FFRA N BN R A RRICILRE PR ME.
G RE Y] GRB SR B R E R EE T, BRI
BT 5 2N (B, S B o RS SR BB R AL
L b, XN 2 R AERERR AR R R A =
B, A R REEA AR . Bl EEFLRE
BRI b G T /ANES AR T AU AT AR B
HEYIH A EREREERMAKEE L, RN
KO VARTRRIFRA T 15 52T REARBIHHLA R
AT, SRBCREZERERNTUEFENS LI, &
TR )G » PUATE BT R A SE 40 BE N BT, BE T 4
RERERMPEZRMEIERR,

aff=aff* (1—sim) )
BEWEIT

IRAL {5 R Tr FOBERE
whlle(ﬂiﬂﬁﬂé%#zijiﬂiﬁﬁ% 3 wEO

{
f{Ol‘ BAEREMESR.
HCEEAS B R 91D continue;

else
{
WAL R A PT IR FhRE 5
BRI
AR (DR
HERAR BT ES LM, ﬂ%ﬁﬁ%fﬂﬁ
?vhﬂe(ﬂ&:i@mﬁ:&k{wz

EEEWTHATERFER,
ﬁgﬁﬁ%ﬁ&%ﬁmr&?ﬁ*&ﬂﬁ%&ﬁ% z1 o

If(aff(zl)>aff(12))ﬁﬁ xl B 22;
:&ﬂ:%%,%ﬁzféﬂaki{ﬂ 123 B BRI FiC 42 4
« 190 -

D000 http://www.cqvip.com|

K
}
}
}

5 XBERRKGH

SRR T MR R WS P SRS AN IR
BARHAT THIKER,

5.1 MONKI1 i

MONKI1 $#E 2 T rh R TR R . % b m il ghge
MONKJI. train, I IECN M=124, ZEB IR C
=6, BN D=1, LEFHMUIRE, BIRELR
S BRIAYH . WRPEE AN P=20,3042 A/ N=MH B
T BB LR E M A/ Q=100, it LB KR
¥ GG=50,

BRI A5 B RO

imp(x) = (tanh((z—0. 85) X25)+1)/2
i, AT LA BIRHE AR BB T B8 A T T R MR Y
g

5.2 MONK3 ¥ii8

24 —

—a=25
- bi-value function

&8 8 8 8

accuracy on test set (%) .
2

3

28
L

085 %] 095 1

~-a=25
— bi-value function

accuracy on test set (%)
2 8 8 8

8 8 £ B B

F

08 08 0.5 7
Tr

(b)
B 2

MONKI B RH 5% B 8. HPA g5
MONKS3. train, EAFIE N M=122, &{&BHEAN R C
=6, RO D=1, WRFEK/AN P=20,i0iZ K/
N=MBEMBHITIZ} 2 4% K, YL B M K/ R Q=100,
SEH LR R GG=20,

BRI AT E B R Tr FIBEBE B F o B9 VT {518 SR 3K
508 F BB R AT X UL 56 SR A 2 FoR ., B
4 B e AR PR SR R SRR A BN 4 A e IR 4R B K IE


http://www.cqvip.com

BB, AT, AT AR ERE RS SRR )
N 5, B YU R E R T BB s B ROR

5.3 lenses #[#E 5

lenses BB RZEE PR LEFH, KA 24 M
A, GMEEALE 4 MEGBEM I ARERE. REEE
A 3RS, HiX 3 MRIFARRAFERNH, 25 i B A
MY 16.67%,20. 83% 1 62. 5%, FERI{EE A Tr=0.
95 FIBERE T a=25 W& T, 158 9 MM, fBFEAK
WHIFN 1002, SR RN . XYL, A SCH N E &
BREURT LATR AT M AL B PR SR AR F B R A B R

Bt AR EERS RN BTN TR, 4
B/MEBEAR, B T T E B SR 3 BN
FERF B AR E R PR ERN S8 ERA R
THEXE., TREREFN, LISELEIERS HERE, -2
AR S PR AN I R, A SCHY T TR ER AT DA BB B AT
IR .

D000 http://www.cqvip.com|

£ X Wk

1 Khoo L P, Zhai L Y. A prototype genetic algorithm-enhanced
rough set-based rule induction system, Computers in Industry,
2001, 46(1). 95~106

2 HeM, etal. Genetic algorithm based multi-knowledge extraction
method for rough set. Mini-Micro System,2005,26(4):651~654

3 Freitas A A, On rule interestingness measure. Knowledge-Based
System, 1999,12(4) :309~315

4 HEWR, % IR REEE RANA. U R D R, 2005

5 Ghosh A, Nath B, Multi-objective rule mining using genetic algo-
rithms. Information Sciences, 2004,163(1-3):123~133

6 WuZ]J, etal. A Chromosome-based Evaluation Model for Com-
puter Defense Immune Systems. In: Proceedings of 2003 IEEE
Congress on Evolutionary Computation, 2003. 1363~1369

7 Zheng ] G, Wang L, Jiao L C. An immune algorithm for general-
ized rule induction, In; Proceedings of CIE International Confer-
ence of Radar Proceedings, 2001. 1023~1026

8 Goldberg D E, Richardson J J. Genetic algorithms with sharing
for multimodal function optimization. Genetic algorithms and
their application. In: Proceedings of the Second International
Conference of Genetic Algorithms, 1987, 41~49

(E#% 184 7D

HEIIAEHRREEREAERR R MR THI
NP BN, v LB B R T R M PSR HE U P
FAEEGREREET RZ M) AR EE S AN TE R
T, HEHXER RY BEMBMKT L RFHN 5 h %R
RZ B BRI BT RS H T OCER o

git EFRINFTFLENFEERPREENERE KT
HREBEHN, HiX AR —REERES. EZbFELT, RITT
BRRBIEH AR — AR, W BEELR IR B, T B8
REWEN—NTE. AXHEMRE R RS EEHEAT
LHERRE. EEGERREEALEAREAFEREREN —F
Fik. AN EEBAFERRELEXTHARXR MHEXRERN
HERR, R AU TEAFEREEXFHRXATHE
TIERS E LR HER., EXRA R TRTRMEB W TIE
IR ESERUR FFEXR R RY TR FRMEEB W TFELM LT
Bl e TEMBARKFEEREETRAMARXRN LK
L1874 T T R SRS 00 ) A e B R PR I , T A2

PRI B RS FHR IR T B SORSAN .
% X W

1 Pawlak Z. Rough Sets; Theoretical Aspects of Reasoning About
Data. Kluwer Academic Publishers, Boston, 1991

2  Stefanowski J, Tsoukias A, On the Extension of Rough sets un-
der Incomplete Information. In: Zhong N, et al. eds. RSFDGrC
1999, LNAI 1711,1999. 73~82

3 Kryszkiewicz M. Rule in incomplete information systems. Infor-
mation Science, 1999, 113, 271~292

4 Grzymala-Busse ] W. Incomplete Data and Generalization of In-
discernibility Relation, Definability, and Approximations. In:
Slezak, et al. eds. RSFDGrC 2005, LNAI 3641, 2005. 244~253

5 Slowinski R, Vanderpooten D. A Generalized Definition of Rough
Approximations Based on Similarity, IEEE Transactions on
Knowledge and Data Engineering, 2000, 12(2). 331~336

6 ke, B, 2K FERESHMIALA. Jbat-BEHmi,
2003

7  EHJL. Rough Bt HHIRKM. R AEZEKEH KA,
2001

(E#F 187 3

NG ARSCRT THURE S EIE P /N USRIV B SR By
% PSRRI B0 7E L, IR B AR R & PR
BUS AT B PSRN . R B K M P SR AL To i 58 £
BHEFAREARR, 4 2% BRI WK B, B F &4
BYERFTAHARARIERERE AR T 3 fMEd
HHEERERTR DI ABBRRE A B HEER O AMR
PR A BRRAKBIE B AR BN 0, W R ZR A A # BT
A TEYABEE MR AN 0, ¥ B LMK T4
PEATIE . WU BRERSK T3, 76 R MR B IR B0 T AT BARR
WA TR R et . TR B S AE U A LB Sp RSN 28 S T ik &
HoBENRSE RMBERERAHR., 2 EHES R
BAMHFRRENER R T EM R0, XL B 4L 2
BT X EA R FIRFERNFMRB TR . 3 Bt Re
main £4, R§T % Remain FHERETENR KR 2. B
% Remain PHEAKH WA ITHELS KB TR, SHRERH,
7 ST $ 1 B T DR SRR B 1) B R X e SR U SR B 7 9k T
DEBEMATAREFEERE, B R RFHEHME.

& £ X W

1 E4EE,REEFRE PLEEE . U MU Tl & kiR 2003

2 XWH.FTHEE.BES F ETRENNATERERNEE
B MEH. H BRI, 2003,23(11): 17~22 »

3 HKE EFE,KE. —DETREE IR R R K
MG RE . W /RE LB K R#],2002,23(5):87~01

4  Yang Jing, Wang Hao, Hu Xue-Gang, et al. A new classification
algorithm based on rough set and entropy. International Confer-
ence on Machine Learning and Cybernetics, 2003,1:364~367

5 Quinlan J R. C4. 5: Programs for machine learning. San Mateo,
CA :Morgan Kaufmann

6 Witten I H, MacDonald B A. Using concept learning for knowl-
edge acquisition. International Journal of Man-Machine Studies,
1988,27.349~370

7  Mitchell T M, Utgoff P E, Banerji R. Learning by experimenta-
tion: acquiring and modifying problem-solving heuristics. Ma-
chine Learning,1:163~190

8 EREBE ATELPERTHREAN KL HEIRE,
2001,28(5. 7)) :83~85

9 EHL.THE.BES.F ETREMNATERRRNKE
SRR, HE LA, 2003,23(11):17~22

+ 191 -


http://www.cqvip.com

