


tRKFRLXE

£1

il
™I
<
A

Sk

Jb & K 2% H R
it =




HERE

AHHNUBIEAR. F-BrieRMoRRNRTTERRAERERA 3R T
MEA.F_BoeRmASERSEXEIAE T SNEEARMNNERES . RHAE
BGaH EXFHFANTEMANH. BNorREREREFENEL. TESETRAERH
W EARPERENE THEE IRV BERRBEERENELAEHRMNEL. H N
BHREB/EFSHENRAETR. EBETE MR ENRBILM A ENET DR
FHWEGRERSHRAE L %,

2HRFTHF SR B AL BB R A M B3 502 2698 L o] LA X TR
MEES%,

H B ER % B (CIP) ¥ 1§

AFE=XE/AFE. —dux.: db gt K¥ B4, 2001. 6
(b REFERB 30 E)
ISBN 7-301-04109-&

1. = 1., fH- L. -XHE N. TP -« 0446

$ %: Ao E

EEREE: A=

AL W AR

5 M B 5. ISBN 7-301-04109-8/TP - 0446

R F: LR KFEHRM

i Bh: AERTATERE X P RMI R KERRN 100871

B, W HIRFER 62752015 RATHR 62559712 HIEER 62752032
H B A LREHBFEAROAKERASLC

B Rl . JLKEEET

% 17 & bmARELRHE

% B . BEHE

7871092 16 A& 16.75E1FK 282 T=F
2000 4E 6 A 1M 2001 5E 6 HE 1 WEDRY
E #t: 39.00 JG




4 — b ar

B 3 75 9 Al U5 .







W RB SRR 3

b5y R an SRFIEZR T

BAXBRHEERSEES—RAEGRLFAL T FRAE. A REE
HERFFRED. XM S EA R EERETE B, 1 ®E
BF. EER— N HEKE R 36, B o, BRI, 0, RS
B R B R n—n, IR LGS AT 2 UK L
gk WNE P EH. B LSS THAPANS L, XHELEN
X,

}Q
n2(1,2,3] n(2,4,5]
m[],Z:l n5[2.3] nﬁ[234] "7[5]

/\ //\ ,,/\ AN

ng[ 1] ngl 2] mol 2 mi[3] ma[ 2] ms[ 1]

: I

FEM AR T HENELR LSS BHE S EHBR RIS,
i e A2 b &5 2, WA — N S EHXT R 2. — Bk, L& LS
A ER S R ] — 2 BB E R AAER L I 1 ) ngon, H ny.

U A —NEGEAN  EEAHEEIMNR. RE5. 23 —REITH
SR —EZF B, BEREmr KB EINMAERZERT. XHF
ZFE B RRE, EFREEMBHKE. flm, & MEHBREEERE
(1, 51,) (g oms) (g o 1y0) BN 35 28 1E 55 55, CRL B 1), U BT 222 O 9 90 DR IR B A

» AR A TCEBRR ). 234—240 T, B3 . F R 4 R4 1983,




4 B W3S 40 MR B A

3, M A ELILE R nyon, Fon, AR A . — B EBIRR L4503
BHE R T k.

ARTTHRESRBHRA BN ROEF. RELERESE
TEREF I L9500 THE 2 iR R R, B4, Bt — o asa
B — KA HIC TR R DT, R BB N, 25 R E
3 PRI 43 2688, B IR AT — MR IE Rt ok, R 7T LA ik 3 3
R RER.

A S
[1,2]

f<lt,

ty oo (1,2] [1,2]

2 I ' 2 f1<t/\ fi<n l//\

2 [1,2] 1 [1,2]
f1<t/\ fi<1‘1zA
1 2 2 1

2 M 3

TEAL B | 25 RRAE 19 ] BB BT, B 2 KBRS R I 8. ISRk,
AW .

(DA —HBRFEMNX P FEREFARBAEERGE - KB
DRB{ETED, B X ERFEN XS HEHRTERE AL AT, 4T
W kA X PR IE N R AR X 2B TR BHEMNERILE A
P it B B4 1) B , B 8 P AR 2k B A M F R4 B9 T B9 R4 , DAk A B4R
BEMHERSLRX-BEXEK.

(2) TEAL B Z IS o) AT , i — KA YL 10 4 26 238 0 18 B B i “de 3 i)
RB”. SRR, B2 PR AE R4 0 IE 0 4 26 38, B 6 700 4 17 b 188 I 4
HEANEE BN, 2EBHK. B FH 028,531 B8R A4 % H
T-EAWGRBPHFRA, R E A BIEE. A R R E X6 7

Y

O f t2 A




Wor XA SRR E 5

AR B H B R IFAE A
(3) B TM T RBRIFXFIRAEI R, RRARHRBEZ T . H
HE-TMHEFFREMNN ST ERA—EW M.
REZEM BB T HE. BRI FEXR = FEMES:
C HEMPEH:;Q MBI EXEER EE - P ARNEETFE:O
B 58T IRL LG AN R RS AT R e = SR B 0L

1. BaE PRI &5 45

WEWNSEBREWTF RN AR ENERSLR HK WE
FEHRRIAZE IR ILES ST EHA R BE, BN
HABEEE A HEFNET - WFEERERN LIRS  THEEY
SMBEBIEFAIW. FHitt, BRI+ S RBGE S KA F 5 . BERNT .

Wn, B—TIEX S S DIBHESAWINGEREEKXH p K. B4
=[a,a, 00, )" RAEBM, HPEF o B 1 RE 1. HKFEREMES
B R=Q()=Q(a,,2,,,0,) AR HIF IR AN (Q MEBKIRITE
T 5E » WAL A R . IR AL TE n, AR B S5 R 1L 00 58, thak B 1 & FE b ) 43
PSRRI, o LAUH S e 5 o 15

Q(a) = Q(a,,a,,***,a,) = min, (1)
A B, b BN A AR SR AF -

= min. (2)

e
A 2 0 PR 0 BT SR04 8 50 228 A 08 L A o A 13
B ST TSRS W RITARES B oA 2] 1

Ap— [ 2|0 —1 I« FEH—AIEH o BB ORBIT. FE
B — H AR

WA BN ER Q)

B o =[a e, " HEEBOMOOKXE.

Fik

(1) A T=Q(L,r+y1,— 1y, —1), 5 1 ;tﬁ[g]/r;—ui:ﬁ




6 FE—EB4r  WorIear S i A0 R A

(2) /% a,—=1,j=1,29"‘,p.
3) 4 I=1MJ=1.

(4) /é\ GJZCYJ—Z.
(5) & I<p— [ﬁ],mu/—? KD =J, UK I=I+1,J=J+1 HEF

2
HaF.
(6) # Qa,,*,a,)<T,, W% T,=Q(a,s a0, LA N o] =a,(j=1,
2,000y p).
(1) % a,=a,+2,RF J=J+1.

@) #JI<I+[ 2| msnE 4 5.

(9 FI>1, M4 I=I-1 URJ=KWIDHERNE 7.

(10) it " =[a) 0, 1", L.

ELRBERZBEUG .« ARBRE DA @OKKNTHBN. T, AL
e =1 Fr Xt R BOAR JLAREA , B K IE BRI 2 B A 3 7R R H
AMFEBEUMAEAIN TR T—FEFE: EEFHUNFIEFENH
B FH L 0 3] P AL , 3 J2 A B M B i SE X — R 43

2. BIEFEMERE

XIS o WS HAFERNHEZE  BEXHASARTRIT—1
W3 2 e B Y 4 2 B% . BT E HEAT 3 FEAHHIE A R BR , A AR 2 B 0 A
P L (ERH F) M B BLZERR AT LIS 2. (BB IE AN B L8380, A
SEBPHBRAL, —BBREA-ITTERASHRFETE. B, &
ERR—-BEFEAMARFIEFRATE.

& X={f1,Fors S RN ATEHBEREES FHREREFKE
M HES. WRE -—EERR Q=Q@E X HE—THE x LHWARE
X3 H QAR LIE NSRRI F RN IR A, AT LAE FHAT
RAEBEH T . (I 2B HEN R 30, — MK IRIHE T, AL A k. B
MBI EE . TBEHH KR

HTAX Rl r M EEHWEBFHRETE  RALKPER:




W7 K 2% 5 RFE 2L F 7

W= {fi)(k=1,2,-,N), &
Qxy) K Qxe) <+ K Q(x ) < +or Qx,,)
WIEBAEIEFE X. = (fi o fo o0 i ).

ERTENHBRAR.: BRESEHMEZ T EEEHLYE. it
MAXENEET, i, AT REFNBFTHSER. R—SEFH,
WEMASPHREE. AR M RANRERZ — RRAFBREASFK
HAB RS SHNEERE, TEMEX RN — T

(1) BUIR>0,8 r R 1—k BBERE, S X, bk,

(D FHSE€X—X, R/ QXU D = min QX,ULSD U4 X,

=X,U{f:}.

B EBEREF2H# K.

) #F f€X, fE15 QUX,— {fiH=minQ(X,— {f,1), M4 X,=X,~
{f:}.

GYOBEBES4¥ LK

(6) F X FH r MU E WS X, HEY,EN 288 2 4.

X TERTERBHEA, A, REER D KA FE RS
BEAXHPEEEH T OENSEFEEENBEBR /M RESR

B | T BMRES A, N R AR R R A Y.

R, EHNRBAE LA LA, WA XA EE. CRER

FWFHITER, LERE ERAE B RSITEFE FTERERAEXA
k.

BOE-BRUHER BB RS T AR, H581EFE X,.CX,CSX), 0

QX)) = Q(X). (3)

HRK . ZRFERBNBETENAS TR HETHE—RER. LB

—IMEARPF. RAERES(1.2,3.4,5)  REENK P ERFE AT

FABTIR I ALA | ] =10 A AR, T1H 2T 44 4R 4

HARER B B BT A &AL 45 AR
ﬂﬁﬁﬂﬂé%g X= {fl’fz"" 9fN} 932117E—F§U7fitfﬁfk*@iﬁﬁﬁ
T£:




8 F—-Wa WoRESEMAERINSNA

“—‘g&: leZX_{fjl} (j1=].929"'9r+1)§
:gﬁ: lejzzxj]_{sz} (j2:j1+1,°"9r+2);

N'—r gﬁ : Xj1f2"'fN—r=‘¥f1'“j1v7r~1 — {ffo,} (jN—r—_-jN—r*I_F]- s ’N)-
—& -~ 11.2348)
/I
-~
= ,7 {2,34.5) {1,3.4,5} {12,4,5}
//
/

-.

/{345}: {245} {2,3,5} {145} {1,350 {125}

ZANAN AN

=8 {4,5} {3 5} {3 4}{2,5} {2,4} {2,3} {1,5} {1,4} {1,3}  {1,2}
m 4

WLRBEL: FHUX ARBFC HFEKKULRTEABTRE S
iR R E 4 RIRAEsR. WA, IE N—r G RIRIERAH
W T8, BB TE5H AR ERRINERRIARL TR AR, A
“HIERERE, BAUMNFAIETFER-——MUBRE XZH
K. EBRWA B=QX ), Kb X.={f,foo [}, HE 4 PREHR
HBEFEER BEEVNRER QMARER G, REXNT L RS
AN RIAEIE TR X WE QXY =B 4 U X AR TRPRES
SR FEMR R Q=B TRALKS: EXIMTHP.&
HERMNEERENEGF XL TERTUERT. 5—FE,. EEER
STBRPEREAN—r REAFTNNMFETRE X, BB
QX .;, V<B,MTTLINH X, ., RBARNEFREZAABETR, T
EER BAX. 04 X, =X,.,, MB=QX.) . REHEHAZHE. THE
B %R R BB RELL.

WA BIEES X={f, [ [ REVNRE Q;

Bl S8 PIUEMFETSR X, F QX.)=min.

Hik:




W o 28 5 R 1IE 2 #% 9

(1) 2 X.={f\s[or o /) F B=Q(X.).

(2) & X.=X,k=1% j=1.

(34 X=X—1{f).

(1) ZEQX)=B, MERE 7 4.

(5) A& J(k)=}.

(6) HAN—7 W& k=k+1,j=j+1 H%BE 3% TN, 5 B=
QXM X, =X..

(DL X=XU{f} .G j=j+1.

(8) & j<<k+r, WL 3 4.

(D EHr>1, WA k=k—1 UK j=JRFEBNE 7 4.

(10) Wi X. . 541

DXEREREEARTHEGARR. SRS S B AN R,
MULZHBERM TFHETER. A BANEE .G 2 %4 £ 30#k.

FEYFIEEREZ IS, I B E A A, Baf L EC L e i
XERAHEET. . HERE SFESPELR LSS BEZR LR =TT
% A REL IR W A B BB

Befa » WB 26 55 m nf DL S M 2% 0k &5 5 R 73X A ) B 6 ABTAR 5 1R 4y K A
B o ol i




10 B84 WoRBESEARRAIMA

A Method for the Design of

Binary Tree Classifiers’

Abstract: A method based on multivariate stepwise regressionis pro-
posed for the design of binary tree classifiers. Experimental results of
cell classification aregivento illustrate the efficiency of the proposed
method.

Keywords: Pattern classification, Tree classifier, Feature selection,
Branch and bound search,Discriminant function, Multivariate step-

wise regression

I. INTRODUCTION

9=" o be more ef-

Tree classifiers have been shown by many authors
ficient than single stage classifiers for pattern classification. However,
the existing approaches to the design of binary tree classifier often re-
quire a large amount of computing time and storage. In this paper. a
method based on the multivariate stepwise regression is suggested. For
the proposed criterion ,this method can be used to optimize the structure
of a binary tree classifier and to select an optimal or suboptimal feature
subset at each nonterminal node. For each nonterminal node,a linear dis-
criminant function is produced at the same time that the feature selection
is completed. The computation time and memory space required appear to
" be quite reasonable.

An experimental comparison between the proposed method and the

method proposed by Lin and Fu for cell classification is given to illus-

* Published in PATTERN RECOGNITION, Vol. 16,No. 6,pp. 593—603,1983.
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trate the effectiveness of this method.

I. REVIEW OF MULTIVARIATE
STEPWISE REGRESSION

Detailed results of multivariate stepwise regression can be found in

Albert™, A brief review is given in the following.
1. Notations

The (i,7) transform of a matrix A=/[aq, ... is defined as A, =

Ly 1nxm Where

a,'?l lfk:lgl:i,
a;'a, if b =17,0 #1,
: = X 2.1)
u — a,a,’ if ki, =1, ¢

ay — aga;'a, fk#:i,0l41.
Let
X =[zz,2,] = [2,]ixmand Y = [y,],.,
be the observed data. If we introduce the following notations

1 . o1
r=—=XU, y "

< YU,
n
L,=XX—-nzx, L,=YY—nyy

and
L,=XY —nxvy =L

v ?

then the regression relation between Y and X can be expressed as

Y = [UX][%’]JF e, (2.2)

where U=[11 ++ 1]is an n X 1 vector, 3,=% —#f and ,(;’ZL;ILU are
the regression coefficients’ matrices and Q = L, — L.L. L, is the

residual.
2. Multivariéte stepwise regression

Suppose that X={[x,],«.,Y={[y,],.,and the regression relation be-
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tween [x,x,°*z,_,] and Y has been established as
B,
B

It is desired to insert a new variable z, in the right-hand side of (2. 3).1In

Y = [Ux,x, >z, ] |: }-l— €. (2.3)

this case,two questions need to be answered: (D how will the regression
coefficients’ matrix and residual change ;@ how can we evaluate the new
variable?

According to the properties of (i,7) Transform,if the “original ma-

trix L” is equal to
L, L, - L,

Lix Lu s Lk

L, L, - L

LA~y

then applying (i,7) Transform £—1 times (corresponding to x,,x;, "
.., will result in the “current matrix L”

- Ly L)L, LJL, -

- Lk:L;l ka - Lb:L;lLIk °ee ka - Li.rL;:ley

-L,L) L,—L.,L'L, - L,—L,L L]

Again by applying (k,2) Transform once (corresponding to z,),we ob-

(2.4)

tain the “next matrix L”
L;.‘!‘lL.ry _I-';%LIFU_I(L&J _L‘IL.:II'LI_'H)
v vV (Lay — La L3 L)

— (L =Ly LALg)v™ o (Lyy =Ly L73L;) —(Ly —~ L L3 L)v W Ly — L L2} L1y)
(2.5)
where v=L, — L, L.-'L,is the (k,k) element of the“current matrix L.”
If we denote the (i y j)element of the“current matrix L” by [..,then the
new residual will be
Q. =L, — Lylu'L,. (2. 6)

For the evaluation of a new variable. the following measurement
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may be used:

T =10,L,.L,. (2.7)
The new variable x, with the maximum value of T is considered as the
best candidate for insertion.

Now consider another question. If it is desired to delete a variable
from the right-hand side of a regression relation,what should be done?
Without loss of generality,suppose that the regression relation between
(z.2,***x,] and Y has been established ,and the variable x, will be delet-
ed. In this case,we only need to consider (2. 5) as the “current matrix

L”,whereas (2.4) is the “next matrix L",s0

Q. =Q— LuuLi (2.8)
and the corresponding measurement is
T =— 4L, L,,. (2.9

Then the variable z, with the minimum value of T is considered as the

first candidate for deletion.

. DESIGN OF BINARY TREE CLASSIFIER

There are three tasks to be completed for the design of a binary tree
classifier.

(1) Determine the structure of the binary tree classifier.

(2) Select a feature subset at each nonterminal node.

(3) Choose a decjsion rule used at each nonterminal node.

In order to explain the proposed method ,consider the root of the bi-
nary tree as an example. At the root node all n samples are from p class-

es. The number of samples,which belong to the jth class,is equal to n,,

I3

‘n, = n. If the feature set preselected consists of m features et
i=1

X = [xlxz...xm]u)(m
and Y be a nX p diagonal matrix with diagonal elements u;.,j = 1,-=*, 2,

where u, is the n,-dimensional unit column-vector. The column vector z,
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consists of the values of the /th feature. Then form the mtrix

[L“ L”J (3. 1)
I I 3.1

yx Yy

as defined in Section II. When this is completed ,perform the three tasks

as follows.
1. Determining the structure of the binary tree classifier

Set a=[a,a,**a, . where a,=1 or —1.and y=Ya. It is easy to see

that

L, - X‘(I ~ %J)y — X‘(I — %J)Ya —L.a (3. 2)
where J=UU",
Similarly,

L, = y'(l _ %—J)X — a‘Y‘(I — %J)X — oL, (3.3)
and

1

l,, = yr(z _ %—J)y _ a’Y'(I — —J|Ye=dLa (3.0

Therefore,selecting the ith feature will result in the residual
Q=1{,—LJl;'L,=1,,—I]'"dL,La,
where /, denotes the (¢,7) element of L..,L. denotes the ith row of L_,,
and L, denotes the ith column of L. Obviously sL,.=L.,,thus
T(,a) Alj'dL,La=1;'(dL,)>

Now let

T(a) = m:cth(i,a).
It is desired to choose a=[a,a,---a, ] such that

T (a) = max
and (3.5)

' ZP:“;‘

=

The second condition in (3. 5) will make the designed binary tree classi-

= min.




