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Abstract To solve the problem of determining the compression variable parameter for sIB algo-
rithm, this paper proposes an AsIB algorithm for automatically determining parameter based on
minimum description length principle. An efficient encoding scheme is designed to estimate the
description length of the solution model of sIB algorithm and the original data given the model re-
spectively, and the minimum description length model is selected as a criterion to find the number
of feature patterns hidden in dataset. Experiment results show that the encoding scheme in AsIB
is efficient to recover the true feature pattern in dataset without the requirement of setting catego-
ry number of feature pattern. AsIB algorithm removes the dependency of empirical knowledge for
sIB algorithm, which widens its applications in areas such as automatic dimension reduction and

pattern extraction, etc.

Keywords 1B theory; sIB algorithm; AsIB algorithm; minimum description length principle;

model selection

i 05 8 1 BE 4 T ik —— 1B Jy ikt
(The Information Bottleneck Method). 1% J5 1538 1
H B A G TR 40 B — A e S RIS v
1999 4F, Tishby,Pereira #1 Bialek JT ] {4 #f1 $& W R M AR 3 5 o — B X 4 0 A S P L A RO &

1 5]

][l

Wk B :2006-03-31 5 18 e B e 2 F . 2007-01-26. A BRI B [F 58 F R4 24 (600332020) FITW B 44 [ SAFE 2% B 4 (0411012300) %
Bh. MEBAZR ., 1962 4R 1 Bl WA R 0L BF 5T AR R R R A BB R 4L B . E-mail: leydye@zzu. edu. en. X LB,
1981 4 A A BFFE 5 1) R ML 2 ) BRI R L 93,1963 4F A i, o8 A 0 WF 8 4R 11530 ik LA B 1 5 B 354k LI Gang,
1973 A A YR B ST 1) LR 2 T B A



970 it "

Bl

e 2007 4E

L
&

BT EE X A B S A AR L IB i 2 & TR
AR FBRERT R R
B Bl R G Ay AT B SRR A
RO B RN A 2 AU A B TR HOBOS
T A NI B R, 2002 4, Slonim #5 1B [ J5HR
L5 I HAE KA e SCh AT T RGBS
9, I8 Hofir 44 o0 1B HEiE 7 (The Information Bot-
tleneck Theory). 1 T IB g 19 B8 Fe it i H v
Y Tz R JLAE SR L B 2 AT N R g | B 90
g, (115 18 BT 2R W 9 9 58 M58 3
M4k & B T IBSIE | CCIBPY , MIBP 1 | GIBH |
SDRM* 85 H 56 1) F 52 2R

sIB Fi: iy Slonim - 2002 4R 42 1 B A
723 BT 1508 X R 4 BROFG 5 53 — 08 o R i R G 1k
HEATBE R 43 A 45 Rl 43 72 — & B R B 58 1R PR
TR AR X B 240 & W9 F SRR AE B L A X T 1999 4F
Tishby 53 4 49 1IBM | dIB™ L) & Slonim $2 & 1
alB" 45 1B 51 3k sIB 3 3k B A SR A i ] A1 25 0]
S 7R B ELORUE AT LA A5 3 [0 R0 Jey 8 000 A 3 ol R 47
MRFIE A 5 T sIB Bk 09 52 bR B . (H 2, sIB B33k
FEAE PR [ A B Bl a5 e (1) Bl BIL 36 B ) 46 i = 3K
FILES AR TR (2) K42 &S 8% ZEh
FURE AR B & T HUE B e B AR X S HO
FEMCH IR ME. X AE— E R EAEAG sIB S & 1
ToAs T2 2 WA BT = SO A N T R BR k. S 1 5
i ke (1) SCHRL12, 20 ]88 1y 7 Z2 R Jy i %) s1B 55
A% B 1 Jm) FR AR AT AL USRI ROCR . (HET
Xof i 85 (2O HEAT I TAE R AR 2. 2004 4, Still 5§ A AR
i 1B 55200 A R BSCHR AR AR 238 4 A1 1) ARS8 HE 3
AR 22 (S B4 2 B SN R RS 8 TRE
A B B4 AR 09 B KRR AE B 20 H B YL Niw 48 M
STB B 78 SCA 2 28 110 552 s 1oy T 1R) it 1 % o SCAR
FREEIR S FHRCA LSRR ERARE R, K
T — AR H bR R PR E bR RO AL B
LRI T SCA B R R AE T8RS SRR
B 2L Sl 5 A AR XS A BR & 48 i 4t 4 AR 5
JSLE 2 B s 4 73 i 2 O RS IO 18 28 31 0 T AR
AL TE 0 I 22 5 Niu 5 i) 75 B A BT X SCAR SR 26

ARICETER sIB B G A—Fh N AE 1 HL i 5 H
F 30 Hs 45 78 1 2800, 3X — [n) U] DA ol 8 7 3
PERA B Y. /Al iR K (Minimum: Descrip-
tion Length, MDL) 5 58 8 4% ff J 4% 5 25 5
RS LT 5 B g i ek 3ie . AR K
JEAE R e P R A bn o . 48 B /DR K

AR ASE TR O e o A S 5. BEE ERT DAIE B, iR 2
% 22 W B0H o T s /0N A 38 B D B B0 ) 55 T E %
e S50 3 AR B L OE A AR R

ARSCER T —FREDE B I E S E0 AsIB B
2 HAX FEA LAERM AR ZAAET

(D $EH T —Fh B 3 25009 AsIB 553%, A
X T B SIB Bk AR A% IE Al & A AR H

(2) ¥ e /Nl R K B B B 5] A IB B8 (1 A 5%
rh, R A8 3 5% J7 ¥ Al O TR 4 78 B 2 B0 GE 1Y)
] i 5

(3 Bt 17— Tl A &A1 48 0 Y 2 B 7 52
FHICTR 5t A R K 32 i 08 A - el 220 1) A 7 454 1
B RRAE.

B2 WA TR R A A 3 WA
AsIB 5 5 55 4 9 #E AT 5005 09 92 56 0 A s d ) 4a
Z5ie AT —2 1 TAE.

4]

il

2 EHx=AA

pl

2.1 RiEAZE

REFE XY, T R EBEHLL & /NG F
B sy 378 DA B FEALAS 50 2845 IUE XL Y
TFRANBE AL & XY, T MERER; p() %
BT p(X=2) FRBENUE R X B« MR
X~p(x)Fm X MR p(2); (X,Y) ~
Pl y) FoRBENLZ 5 X MY e I & 1 % 0 A
paay) RGN pla) =2, p(x.y)s p(y) =
2.0 (xay)s p(yla) pGlad Bl pCyl o) Fom ZAFHE
RO A5 (X YT 3R XY T s
JC R H 4L
2.2 HEXEX

EX 1. EEEHEE X MY ZEEEE
I(XGY) RN

p(x.y)

ICX;Y) = ; yze;p(x‘,y)log 71)(1”)(3}) .

HAERER THILLRE X 5Y HEAEMWE
JEL AP E AR RN Z D B TR
KRIKBE. Y2 X 5Y MEMH p (2, y) =
p() X p(y) B, HEZHMEER I(X;Y)=0. H
H R FRE  T(XY) =1(Y 5 X).

EX 2. pC)Fl g Z [a] { A 5 B Kull-
back Leibler (KL) i & & X R
p(x)
q(x)

Di.(pll @) = D) p(adlog
reX



6 I MFPHZR S . — B Sl E S8 SIB ik 971

215 0log(0/q) =0, plog(p/0) =co. KL I E
TR TP ME 00 A 0 I B R . 2 p () = q ()
IF P A KL BEES O 0. 2473 A1 22 5728 RN, AH . KL
IR Bt 2 A2 K. KL R ORI X FRPE L B D(p [~
D(q || p) - A 22 = F A4

EX 3. plxo)F q(x) Z[AH Jensen Shannon
S B E LN

]Sﬂl.nz (Pl @ =D (p || M +mDy (gl ).
o, o o B, W R 0<lmy ym,<<l,m +m=1.
BRI i r=m p+m.q.

JS BB I RN T AR5 A p o) Bl q(a) R
JEFE— A i vl g M. TS BB 2 X AR 09 . fHAS
JE =R

EX 4 SHEBHBEHILER XY MZ. 24 Z
A A AT AR T Y Hpl v 7 X B p (2|2 y) =
p(z WL FR X,Y 1 Z FE i, Markov 4%, 184F X —
Y—>Z.

2.3 IBEit

IB BIE I T H A& 4 1R K g, RR R
Mg FRERENL A & X~ p (o) R4 B BB T
(WETICIE SISTRUPNEN: & 8L QA CIDN: & &~ S0
PR A R B A G 5 BT 7 AR I R R BN T
TSGR E E D &0 T B4 5 B T (X ik 3
NZHER B AR R Ry

R(D) = min I(X;D) (D
(p(t]2):E(d(x.0)<D}

KO EW ()P pG ) HZERRE
BE T BRER d (s 0) B I B

B LI AFAE 1 [n) 2 2K PR 8 bR AL d (v t)
(e BB = 2 W0, IB B 3 a2 AR X (A
KA Y e TG B R B R A AL
Hh R T 3R LIS A AR 1) ) B Tishby 78 SCHR
L1 EEg 48 7 1B BOe 9 JEAR . (B 30 B A etk
(Y B ALAS £ X (XL YO0 2 (XL YD) ~p (e, y) s SRS
X WEAFR T A8 TRSBZHAECTY
MR SCMR B XA R AE 48 X 8 T iyt #vh, X
RS R T Y B E BRI F RS T ) &
i TP ICREH N N B4 2S5 h
FEHFLESYIT IWZ FIXIEZPHZ YT
TE T — A A0 A0 ST 24K 0 29— ] 1) K 4k
i 4 320 250 e 1 B A L 2 RS 5 0 — A i A
KA B TR RE B 48 22 b X I S 1B & B9
e, SCHRCLINZ K LR 4 2 i 7 1B 3R (1 5
R AT R = (2) L [/ B SR 1T % B AR R R B
A fi, (3~ (5).

R(D) — min I(X;T) (2)
{(pCt|x): 1(T:Y)=D"}
€3

»(t| ;T>:Z’()x’ﬁ) exp(— BD s (pCy | ) || pCy | )

(3)
0= Sp(y | o) p| o) pla 4

p([) reX
PO =>p]| ) ple) (5)
reX

AOH . Z(x =D pWexp(—fDi, (p(y|x) |

Py ))& — R I — b R . =X () FT AT,
B p(y O p(OFZERT pGlo) Y RREL X R
A 454545 i 1 A8 Sk (RO T 555 2230 19 p (] o).
2O AU — T 2 S 0] Y i 28 SR il 75 2 £ B
iR 3 A SR R AR A

PL B3 AN HESR A A R T 1B B X R 4
W X ST R A B 25 R MERAE p () Fmdg «
FEUR N ¢ HMEARS (B R K RN B« WA TR 3 ¢
(T BEME B K. MERAH pCy [ O O T ¢ FEAH G AS &
Y SRR A, FE IB B R R 1 0
GAR7 pCOFER T ¢ R 2 43 A 1B 15 2] (9 %k
ARG AR T ZH X BRSNS Y K
AR E AR L R AE p (el o) AT A0, 11X ]
HAT A AR AR S H R R R 4y - BUE o A
SR AR TR E T HIUS T — 050, &0
B p Gl o) BUA HAgh 0 5 1.

3 BXHESHE SIB &k AsIB

AR SORE STB B3 1) s 45 78 12 2 B0 o A g 5 Y
A ] L. AR dic /N AR I E D B L 0 i R 1B SRk
75 3] A B50H 2 B AR TR R N7 %) 5 AR E AT S B A O
FEARF S5 /N R K B 0 5 B A Ay Bk 1 B B 1 L A
T R AE B S E S EUY SIB Bk AsIB.
3.1 sIBHE;*%

Slonim % A7ESCHK L2 ] 45 1B H A5 6 8% 4
HEEM 6D HIBCE- 5 2 8 f= oo, 15 3 sIB Hik
() H AR R F=1CT3Y). BB MER 5 p (s y)
P 5 AR TR 46 728 5 280 kL K B 4 X R AL
R4 0 ke A4 FE Gl B RS X iy T
NICER o WHFTTER ¢ tP I SR 56« T8 73 e
B R 1™ =argmin,ercost({x}, ) {y ™ i, X B
cost({x} O FRW = F8IRE ¢ 5 EM EAF R ICT;Y)
TR /N FEAE AT DA E 28 (D) i3 S ARES 5 . sIB
AR TR EE X R R A TS0 BUE o b




972 L2 I S 1 SR 2007 4f
ZiRT. ARG PR AR K S R T & 1 f
Fowe = ICT5Y) = B ICX5T) (6) IS I B 0 A R A O K T TR W

cost({x},t) = (p(x) 4+ p1)) X
JSa o, (pCy [ )5 pCy | D) (T)
. N - p(x)
KO, m AE H L = ot
S
Cop(@)+po

STB B33 1 B[R] A 45 ) 2 2% B2 43 53l ol OCL | X
[T YDA O XD & — A E % HO
HAXS T B B Bk 3 R B A AR N 23 T B 1 5 12
B A T PR L A AN 0 1 A 2k ARG
IF s S PR IR AT LA 2 5 AR AR A . (H 2 . sIB Bk
it 22 P B A T 4 78 e 50 H A S A AT b B A
SR W T IR RS B A R Y X AE
—ERRE ESECT SIB BN R R
3.2 mMERKERE

X 2 FE BAE REAS LA 0] BE A TE A R X S8 HUHE 7Y
AR, T Bl 3 e ) 2 R Y I
F X018 W “BL-R U 717 (Occam's razor) . )h
TG SR S AR RS P 28 5 A TR B YL /N Al I K B i
FHOE Rk — o AR R AR B, Sk (24 )46 1 45
SE BRI 14 B DG T S A AR B 10l 3R K B 4 5 A
RUTR 04 00 0 K8 22 g /N AR A R

Model™=arg 1’\;1111’11( Deslen(Model) +
DesLen(Data| Model))

Hrip DesLen(Model) AR 53R K &, DesLen(Da-
ta| Model) J& 15 %5 & B RN B4 1 1 38 1K 2

AR A P /I 3R A B it B O 5 T 4 8 e S 4
R (R SBUAEL. o AR /)N AR R L 50 1T B o {FL 3245 B X6 9
BRI A 22, IRk EHE K 1) B B A X 42 4%
BRSPS BAT B 1 405 . AT Y 52 2% A
TR X 8 80 B L B8 2 ) A A — ol O AR AR
B /A AR D B R K R /)N A A Y 3
LA,
3.3 AsIBEEMHBLAE

et ] o /N R B2 B LM o STB B 1 1) A (I K
i o3 AR I 75 B A R g 5 T SR T SR A A
A B 0 40 38 1 B R 45 5 AR T B A il A
3.3. 1 BERI GRS T %

X sTB B89 A BOHE 70 A A B 3k A7 20 8 6 5 < T
A5 TSRk SR AT AR T 1 20 A5 FLAK
(EVES NN

O B2 RS H k it h log™ (k). log” IR

N

log™ (x)==log, (z) +log, log, (x) 4+,

@ g R T, it 4 log S, (nsk) s 1 S, (ns )
FRWE 0 DEARRN 3Rk AR S BB ITH
AT RE A 438, RIS 2 SRl he sk

X TR E B A SRk sIB AT 2 A BOE 2
B R B 1) 41 38 4 B2 Oy
DesLen (k) +DesLen(T,) = log™ (k) +logS, (n, k),
Homp, DesLen (k) Fon i 5 k15 32 19 #f & K B
DesLen(T,) 7R 9y T, 15 B0 R 4K B 5 n RoR
Btk X rhon R0 X X8 log LA 2 W R,
3.3.2  YIZREHE HY 9 8 7 58

AR HOXTY) AT DI fE CRAS B Y 1 4%
R X P — P on Rl =L EL EE
HIREETY (R T W A5 AF T X IR ECHE X HEAT S i 11 46
WHEKSE DesLen (X |k, TR LA T AR E

DesLen(X | k., T))=nX H(X | T))
=nX (H(X) —I(X;T,).,
B ICXGTON X5 T WEAEE HXO R
X B sn FoRBHE AR X thon R0 X
H1 DL E AT AsTB 357 T A5 2 S 45 1) G 10 il
R BE DesLen WI'F .
Deslen =log” (k) + logS, (n.k) 4+
nX (H(X) — I(X;T))
3.4 AsIB &4
B /MR BE RS sIB Bk RS . 32 1

€))

—Fp A S S H sIB Bk AsIB. H AR ik
.
ik 1. HIHESEW AsIB Bk

B A p(a,y)
B o X R0y R Kbest AT R BT 25 R T
R

1. AR RF 43 7 B0HiE 18 % 2 B B L Kmin, Kmax ]

2. WA HA T I VLAE RO B F AN 6l 2 40(E 1) sIB

4. for all K€ [ Kmin,Kmax]

5. T(K)<sIB(K);

6 DesLen (K) <log” (k) 4+ log S, (n, K) +n X
(HXO—I(X;5T)) s

7. if DesLen(K )< DesLen(Kbest) then
8. Kbest=K;
9. end if



6 I MFPHZR S . — B Sl E S8 SIB ik 973

10.  end for
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Background

This work is supported by the National Natural Science
Foundation of China under grant No. 600332020 with title
"Research on Intelligent Synthetical transportation Informa-
tion System of High Railway and its Key Technologies" . and
the Natural Science Foundation of Henan province under
grant No. 0411012300 titled "Research on Application of
Theories of Modeling of Hybrid System based on Distributed
Agent". This paper aims to solve the problem of the analysis
of multi-source and multi-dimension data and focuses on the
methods and technologies for analysis of huge data using 1B
theory. The research has achieved certain results in areas
such as improving the accuracy of 1B algorithms and introdu-
cing IB into image retrieval. By compressing one variable to
the "Bottleneck" variable and maximally preserving its rele-
vance to another variable, IB theory effectively settles the
problems that many other classical feature extracting meth-

ods can't solve. Along with the embedded applications of 1B

theory in many areas, the shortcomings of 1B algorithms in
the case of enlarging and changing of searching spaces have
emerged. One of these problems can be summarized as: De-
termining the parameter of compression variable for IB algo-
rithms. In order to determine the compression variable pa-
rameter, this paper proposes an sIB algorithm for automati-
cally determining parameter based on minimum description
length principle. An efficient encoding scheme is designed to
estimate the description length of the solution model of sIB
algorithm and the original data given the model respectively.
and the minimum description length model is selected as a
criterion to find the number of feature patterns hidden in
dataset. The proposed AsIB algorithm removes the depend-
ency of empirical knowledge for sIB algorithm, and the re-
search results could widen its applications in areas such as

automatic dimension reduction and pattern extraction, etc.



