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Abstract: This paper proposes a genetic sequential IB algorithm. It takes several seeding solutions of the basic sequential IB
algorithm as initial population, and then integrates this population into a solution using the integration operator. Sequentially, some
certain positions of the obtained solution are selected and mutated iteratively based on the defined instability statistic . After mutation
of several generations, the iterative process terminates and a more optimal solution is obtained. Experimental results on the bench-
mark data sets indicate that the proposed algorithm outperforms the sequential IB algorithm in both the accuracy and the efficiency.
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BELEIEXFER X WHXEREY,ESH
— I EHENRAEERRL:
d(x,t) = Dg(p(ylx) p(yle)) (1)
He Do (plg) BRERSA p M g Z A Kullback
Leibler( KL)FRES .
HF BELFHAER X, TR Y R Markov 819,
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Bt p(x,t,y) =p(x,t)p(ylx,t) =plx,t)p(ylx).
AFAX—X RN (DKWHERE E(d(x, 1)) #1T
HFEH.
E(d(x,t))=I(X;Y) - I(T;Y) (2)
HTFRQ)F 1(X; V) R—1E3, B iG 2 B
BHEAER:
R(D) = I(X;T) (3)

{p(t12): (52D}

ZINRIR 8 AT R FIAAS B B 0%, BN B/ME 1B
Hin R,
Fun(p(212)) = I(X;T) - BI(T; ¥) (4)
ZBrEEE A

,,mx)=%ap<-ﬂnm(yrx)np(ym))
(5)
p(y|t)=ﬁ‘ezxp(y|x)p(tlx)P(x) (6)

p(t) = ;pmx)pm (7)

H Z(x, ) B—BRIA—LEH. X (5),(6),(7)
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3.1 GsIB §i%HiR

GBHEEEE MREEF . EHAT HBEET
MERET.

HEEREFHRBEENENARR 2R
a3 SR EUBRBRAMKE T -4 amLg.
B FEXAH B BEITLUREBHUMEEN SR,
H AT LLER ST R A R R IT R, X AR K245
IEHITHE— . ER—BREZ )G, GIB Bl T E R
B — R ERA R, BEAHHERE N TR
MaE®SEITE. Bl 8 UT =S K EMHEL
f#,

s1=01,1,2,2,2,2,3,3,3]
s2=[2,2,1,3,3,3,1,1,1]
s3=[3,3,3,1,1,1,1,2,2]

S 51, Al LUK X = MR RRIE SR — T -

s1°=[1,1,2,2,2,2,3,3,3]
s2’ =[1,1,3,2,2,2,3,3,3]
s3'=[1,1,1,2,2,2,2,3,3]

G—EhRicZE, EF LI TEME EBFIS3 B
BRI, MEARIT 2 B — K, iR R R R SR B AL
BRIFCICH 3. MEFE =N LEME EHFRC 1.2.3
SHELH XHEATRERBRAEEN. EHET
B E=AMRHATEFER U TASHE:

s=[1,1,7,2,2,2,3,3,3]

Hp  B=ATEVEIZUELEN LR ICAH
ELM 51,2 S UBERE=ANE LM BETE
HRARICHR R ATE R .

BATBIAARHE®ELA T B nstability. T GsIB &
BB X H R Psize MR BB BE R, TR
WEFKEZEITE x,, A Count( xi,cj)iaiﬂf Psize ~45
R TTE » BIRRBIE ¢ M%K%, A Max(Count(x;,:))
FnTeE « BETE A BB R B, MR 2K 4niE
H e WA TIHE « MEAR BTN AR
WEHSITEE.

Solution(x;) = ¢
Instability( ;) = Psize-Max( Count(x;,:))

BHEE L, N ERBOARHREEL T B Instability
10,0,2,0,0,0,1,0,0]. AR H Instability (HA] LAF H,
— AN TCE N R FRARIC A A B 5 PR , F0X R B9 Insta-
bility {E& K .

B T Instability 2 J5 , BB FRFEL R R
Rate RIBUE M F & 0 E Instability 1B B K /NBUF , 1%
# Rate * | X INABE TR FATRALE . TENAH
R, KB TR K. R AT
ETLEHEHHE R Rate WEA T, A CEL LR
FRT - EHENERRRE.
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BFAEHENTEATEGFICNER, -5 Rt
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>4, € X, € T, i€ (1,2, 1XI},jE(1,2,,1 T}

IR L TR B X BT RIS R,
HHBRS R~ ¢ TR BANR 2B P, B
HERAETITIANE EXRFOER L, RITNAE
FETF X 7 7 % Rate, \_E R B R #LE
B Rate * | X | B0, B P B A BE »,—1; BB
BN x>0, kE{1,2,-, | TIHH, BLAE I S 3T —1%, sIB
BUw RERASHBERE R ESLR BRI,
A A oIB Bk @t Tk,

BEIASR EFEETFE5ERBETHEER. &
TERER, EZH TR BB AHFENE, A ET
EATH— , BARBA THENRIRE.

3.2 GsIBE*

GsIB B 3: B Jext A sIB B H#AT Poize IKE 1A
R BB B Psize N EREGRIENWBFE RS
FREBREF 4B — 8, F 23T B MR T E A
EUEHE X TARER T BANTRER, FRAKEE
FHVLEERFE T LR, FEAERE FREHEMN
TLEMEARC, BE A sIB B RAHTRALLL =L
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BABEDH, p(x,y); FEBE, B BEANK, C; P, Psize;
FLARE, n; BERE, Rate.

Wil x BTN IREE, (T Y).

WEHR:

(DARAEA oIB B Psize K, BB WAIEFEHZMH SolutionMatrix,
BAM N B 1(T; YEAR—ER hy _ Vec;

(Qfeori=1:n

(3)E— SolutionMazrix FIZHRIE, HE R F ELIFCH AR E R L H
B Instability;

(4)(F IS B T WFREE SolusionMatrix W74 1 MERME;

(5)or j=1: Psize

(OBEFTAREEATR hstability IR Rae, HEFEE T HVLE
# pos MLE;

(DHAZBRE TR pos MLRHATERBIFR, HAEMHEL IBH
B BRI New _ Solution FIFIR RIS EFFF New _ Iy;

(8)if New_ Ity = Ity _ Vec(j)

(9) Ity _ Vec(j) = New _ Ity;

(10) SolutionMatrix(j, : ) = New _ Solution ;

(11)38 B NewPt_ x Ity _ Vec;

BHE LIS SIB 38 B W AR AR 2 18 AT R
R IEAL B, A A Y TIE R AR o py Bt b 2
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ASCFISCER(2,9]—#  ZEEE BRI BWHRHT,
Wil XA R RLE X GsIB B ikl sIB B L #ATXT .
XtF HAn k% (8) , RE B KA KA5 B b ol LIS 2 v
B Slonim ZEAE SBELEFHEBH P RER «, 1
W Fo=I(T;Y) -8 'I(X;T) = I(T;Y). 5l
R0, LR PRI GsBBEEAHNSEBITE R .
Slonim F ABUE T BAREE I[(T; Y)W ELBE 54
4335 H 51 3 (precision ) F1 A [8] 3. (recall) H B9 F- &
BALEH—B, LA SR e E iR, B
(T; ESK, REEERE . h TR ERFTE
ERSHERAIR, ARRE—-TREFNELEEIE
B THRE MRS, A X445 T GsIB
B sBBERAESMRIEE L 10 KERFHFIK
I(T; V) EFETTH A 89 F 3918
4.2 ¥ig&%

AXEAR 1 PHPEEEHITER, KRZHTE %
R [2 ] P T ST PR EH T RAE. B RE
500 A\ — e TERE BB HLIE B A SO LR X T8
ANEIEE M(x,y) B € XRE—B X EE HE

Y Xt RSO — A BE, M (%, y) BN BGA ¢ FE
X PHIMRE . X BB EENRBR A -5
AHBEERE, 1 X1 =500 17, | Y1 =2000 5.

£1 NES

wx ‘ 5 | SO

HER | Lwc XA k|
Binary_ 1,2,3 ) talk. politics. mideast, talk . pol- 250 500

itics . misc

comp. graphics, rec. motorcy-
cles, rec. sport. baseball, sci. 100 500
space, talk . politics . mideast

Multi5_1,2,3| 5

alt. atheism, comp. sys. mac.
hardware, misc . forsale, rec. au-
tos, rec. sport. hockey, sci. 50 500
crypt, sci. electronics, sci . med,
sci. space, talk . politics. guns

ERBEE BRSBTS REA
BewmeEhRml. T BEEMEA, X
M(x,y)H TR B AT B R4 p(x,y).
4.3 TRX

BREX GBREEMHEFEELW, EMFE—1
FESH HERKBRE A T RAENR, BE®RET
AEBEZ M R, RERRREL D, BEY
BITRRERER HUERARTESE. SENERR
BUE AT AR RO B8 52 17 B (8] 70 SR 280 BE 22 [T i) OF
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Mulil0_1,2,3 10

B 1 R » BERR R R 2 Rate AR
B,y W5 FR R GBEEAES M HEE LNETH
EF (T, Y)E. B LRI LR L EEE R R,
GsIB B ¥k HZ T i RIS, MEFR 1(T; V)RME
FHRMRE BRI B/ . FEAT AR R RN RER
B0 0.2 RIVEALLRPHIRE GBERMERR
$0.2.

4.4 KHETEE

B 2 AR « BN Binary_1,2,3, MultiS _1,
2,3 1 Multil0_1,2,3 % 9 MRS, y IR RBEHNIE
frotE G A& LY 9 AN BHE S 4 HIXT R sIB B kK
GsIBE AN BESE LK EFTrE . A 2 T LUE
WA BIEE b GsIB B #: Mz 47 E B F sIB
B, EHE R BRI, BB 82176 E)H
B A # S0 A, GsIB BIEFE 9 MRS
FHEFTEELE TR oIB B ik 81.40% , X Ui GsIB
BHHBARETRER T sBEE.
4.5 FEETLE

TP EHEE I(T; VO E 1| Z[HERME, Bt
WMt I(T; Y)EX BB B AT 3T e UL B s v A
EZR.BATED AT Y) RN FE R HTHE (A 3),
AICT; Y IRBEEXTRIE I(T; V)53 % sIB BER
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4.5.1 EHEML

B 3 P AtR x BARIR RS O MRS, BT A 2
—By BIRAR AT Y) 1 F AICT; Y) B BB 5 1
B I(T; )32 sBEEER I(T; V)R E|, FHit sIB
BRI AI(T; Y)ER 0,76 3 1 sIB B3k Xt /Y
ZRN—FKFHL NE3TH,EINMREEPH
HP 84 LE,GCBEENBREEMRT BEXEH
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Datascts
B3 KTHNEENH
4.5.2 BExt ¢ Ak ERXSEE

BCxt ¢ W0 LA B P 2 5 A A A L. SR 4 4
# X Ay RAADIAS, M EITEREENLE d= X - Y IR
ESMA, B¥ER 0. BB BRBA Hy:uy=0, Hy:ug#
0. 5548 d W AEMEART ZitlEd s, MHEE

?/;% ‘ =t,n(n-1)
He B#ARE n =10, NEEEGTHEEE LM 10
WER. A BEWKFE «=0.05,1 ¢,,(9) = 15,55(9) =

2.2622, 43 K 1 1) = ‘%_9( >2.2622. ZHECXT ¢ I

R RE L, W A SRR

AT MR EERNMERES I RESE L
10 REHRBIN (L NEESNRE XY HES.
K iiRes R« SIEAEH R 2.2622 FATXTH: (DR
=>2.2622, M X HBRFY; IR 0< £ <2.2622,
B X Y 8 (2) IR - 2.2622 < 1 <0, MIREA Y |2
X B I e < -2.2622, iEH Y B TF X.

2 FE 4 5| THES ¢ IR NFE 2 PATLY
EH, MRE S 0 f2.2622 HEE 3 PRI F: S, >
2.2622, %7 GsIBE X RIAY 1(T; V)EA B ERL 0
<$5,<2.2622, %7~ GsIB B XTRIH 1(T; Y){E I sIB
B, BERERML; - 1< 5, <0,F5 sIB B XTI
B I(T; Y){E L GsIB BiEARR, B45 R duAa 1L

SR 2 FH B AT AL 7 9 IR R
HLOAREHE2AMEMNME S M S, X, RAE11ME S, X.
XL, GsIB B B HEE R (89% )L TF sIB Bk 55
SPNE 4 BT LAE S, HEE BN SR, BEXT ¢ Wi
LERREIHE K, GB B MM EMBE.

el =

8% 2 HEELH  ARER
g Binary_ 1 Binary .2 Binary_3 Multi5 _ 1 Multi5 _2 Multi5_ 3  Mulil0_1  Mulil0_2  Mulil0_3
¢ W E -1.0569 0.6185 0.1374 2.0712 2.1590 1.6077 2.8215 1.1091 2.7537
£3 BHAZHERESTLL
Boig Binary _ 1 Binary_ 2 Binary_3 Multi5 _ 1 Multi5 _2 Multi5_3  Mulil0_1  Mulil0_2  Multl0_3
GsIB 91.9 91.3 93.3 90.2 89.1 94.2 71.4 64.6 68.5
sIB 91.4 89.2 93.0 89.4 9.4 94.2 70.2 63.8 67.0
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4.5.3 HBHEMZEELE

BREMBREREERRENBRREENENE
W EAEMBRER THEGT,BEZ o(c, DERIH
EHIELTNA c WITERE,B(c, ERBERBPA
K cMITERE, y(c, EREARMALR ¢ MiHK
EHRARKITERE . S FREIRCHEIRE  BHE
P(TYAMBEE R(T)MEME, BAXRAE TH
BRI . 2 3050 TRARPE A I MEE L
HOETRRE . h3E 3 T4, GoIB B L FE XA R KKK H E
A EEESEET BREE.
4.6 ERXBHH

WREA IB EEHFERAKE FEWERM L —%
HEPFMHBEENETHEIMEREE. BS(a)BRT
B sIB B3R K E5 3R 10,20.,30.,40 BB 0 B
R A7ATE] . i B R LU, 7E 8 R B0 R 84 &k 1
F, GsIB B K8 T R B/ T sIB B3k

BS(b)BRTHAEEMERESR B HREAK
WA, 1(T; V)AL EE. ERRLEL, Y%
RKECH 208, I(T; V)W EAB N BE; HEERK
BAHFRMEGT,GBEEN I(T;V)HEKXTF sBE
X ULH GeIB BEFEME LT B B, HAEER
WE R 20 B BB SRR A B AR, T 2k 42 ¥ K ARk 3K
SHEERE R AR, XEUE T B B sk .

5 Hik

ASCEEAT SIB BIEA B B R LA R AR A 32
SERE,BE T —F GIBHEY. ZEREREEL
sIB R ABFR, Bl BEERBEERHERTH
RER BEERA - HEERRNEM L, NEAR
sIB 1 7 A BT B A P BE LS B 2 T K FE R L2
RS HTRIER AL, RABR TR KR
KHARKY, 5 BREMI, GIBEEBITHEREK
REBEMRA. A X EEFTRALUEEDT: (DF
BEEFBESIAL BREEKHREF, RET sBE
HIETHR; ()R GsIB BERABE T EMHRE

“10 15 20 25 30 35 40 45 50
Repeating Times
(a) AR BT R AW

% 75 o 25 30 35 40 45 50
0) ERRBEHRERBENEN
Es ERREMEMN
SR EHTEA SBEEMEREE.
GsIB BILAESLPRM AP M AR HEREN T B &
BERRYEZ—.
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