EATE H 4K
2008 4 7 H

RN (B RBER)
ACTA SCIENTIARUM NATURALIUM UNIVERSITATIS SUNYATSENI Jul. 2008

Vol. 47 No. 4

HET /I e S LB O ey B 51 52

o', mug’
(L. JAZRREBEARFER, & M 510510;
2. P RFRFEEFHAMNFFRE, TR TN 510275)

 OE: S RERRER PR A MR, BRI TR BRSBTSk (PLS) +
ARRIBEAEN] (MMC)” o 785 B PLS SRR BUN Y A 23 2615 B RO AHE, SRJ5 BF) MMC 1 U X 49 A 3k
%o TEANATERZEE SRR 15— WAL E AN 7 R AE A, SR ER TR N BT RE KRB

PERIBE IR A B R

KRB RPN R REREG RSN BOKIRIEEER]

PENHES: TP391.41  CEAIRIREG: A
 EIURME S, SRR R A A S AR
90 g i 2 20 R (RS U AR A, X — 2B TR Y
BT SR AR EEMEH. SRR 3=
A2 R PR R S i AL R B T A AT =K
PRI, SRR b v 7 Ji e - B AR s TE A b 402
FEREA R 2l AL Y S8 Rk i 5 | R e 20
R, BT AR E B AT VA R R AR B SR PR 3R A (R
BT, 20 4D 90 4R A& JE AT S BR ]
(R B R b T AN JR R 3R AT, IR R AR RE
SRR R RIS T, AT R R Ba T
BETER. A XRMEFIRIRE TS0 [1-2],
7RI AR 70 AR T A H 7S TR AR s g e R
LK. FERBERSEY, EAREARE Mg R R
EANEY, FRATHY BHARRF FFTREA I 3R K P
TR 28/, ARk, HTPRARNERERIXH
¥, R TRENI IR, ETEFEALREHN T
" (LDA)“’S] , I+ (Boosting) (4] , logistic [A]
AR HED ) U (Bayesian) J7ik', SR
AEHL (SVM) P14, oK BE N (MMC)™ 2
—ARCRE . BRI, FEAR IR
SR A R RS YT SR
SRR B 7 B A L, MMC AT LA 3 G /N R A 1) B,
TEASSCH, B A MMC e Se BRI i 42
TS B R B AR B D (— R
JLFILEA), MEFRKEEYEZ JLTFEE LR
TIAS), PR B AR = N AR R . X

% mé,aiaﬁ: 2007 - 12 - 01

SCERE: 05296579 (2008) 04-0005-06

B MBS B ST TR S TR Pk, H
B, SR A O vk R TE 40 2 2 BN B HE AT Bk
1 1S EUp R 2 EB Sisb s il e O e bce s
TERR AL B R — NS BRI, LB
WHE B G R R, ERRRE, ¥
FAB R B P e ¢ - Gt BT, Wilcoxon 453t
B LR, R TR
ikt ¢ - G5BT, BSS/WSS W™ A R Ab 2R
e Sr (3] WHEPHEE BT AR T
.,

SBb, o AR (KR AR I e
RGRRE BIEEZ, HRE DB REIEX 42K
AT o R SR ERAT LA 5 2 ) B AR 5
R4z, AT (PCA) A/ 3Rk
(PLS) R/ 38 R AE R By ¥, PCA 1 H b
BRI ARIER Y, T8 B bR 5 7 2 B

Ko PCA B—Fh LM EBRFITE, BEFHBEYN

PRIC, TS FT 38 i) S I T A9 0 KT i — 4
ik, 5 PCA JFik AN, PLS %J8EMIRiC, K&
— AR A BB T k. A 5% PLS M HLEA]
2% [12-13],
COEARICHR, BT RE R RARE, AR
T — AW B MR 20205 . “PLS + MMC”,
VT LR PLS BRI A 2098 fE B
FRAE, KJ56E T MMC e XS REA AT 0 2K R
Ja, 786 N FRRy R RBE e b — 2 TR R

E&WE: BRAAREESEIHIIR (60575004, 10771220) ; J7AR%E BB RHIIE (0510181); #EH
“HHH LT AA SR BEBWE (NCET -04 -0791)

EEE N

BIME (1964 4E4), B, $f; E-mail; cgzhyl63@ 163. com



6 HlREEER (B RBERD

841 %

AFTHAM B, KT ERTERE
1 B |

LA R BRI AR B i, REAEGEN
Gt EA B R T . ERRRBEERET,
REARBE /N T REAN B, R—MEE
A A AR I A T R ERE RN, 1
A, WA PLS AHEHRIR S MMC 533K
TR B R,
L1 EREERE

iR SR U D BB R PR Rk, K
B I TS B P I RIS A RARER, W
AR B 43 By Z B 20T AT SRR %, 3C [3)
Hit Wilcoxon ZiitH&, BSS/WSS #EN, 3K E{E L

 BRAERLPGE RN B RAEAT T A, BSS/WSS

WA ELFMEN. Hik, EAICHEIA BSY/

WSS MEMDRERFEE, XAENZESC [1] A
HitR . WA j AFEE Y BSS/WSS 15504

_ BSS(j) _ 23,10y = k)(é,‘(k) - éj)z

- WSS(j) - 22,00y = k)(xji - :‘;rj(k))z

o Ho g FRE A ERTEITA R R PR R K

F, g(? FRH A SEE SR b IREAP T RE
K, w R ABEETESS | A R REACR,
y, BREARRARD . HRENEENES, AKEH
NIRRT BB, BRI
RABER, FMBEK,
1.2 PLS $5EREN

it BSS/WSS 184y, {BBcA% 43 f = WU HI p 4>
BEWERE. 2 X =[x, %, xy] NERGE
BIERBARIEME, KA p x N, b N AL
B, x 25 i MEATE p MERPRIREKT

FE PCA L, TEAC R AE 455 G 2 il i Ak U o
FACH A BRI A AT B, R b AR
Eite: B

v, = a€$”11=1?xvar(XTv)
FRT

A S, = 3 (= m) (=) m B

WIS, TG i £ H R B PR IR AR
B X R EE AR, BEARBORIRE, AT
MR R (R, RS I RS — 2 Rk
B, Y—sbof AR ARG HEAR /N, FEBEIE R
SRR SN EA R, AR B TR ]
TR

PLS R—F#i B Z gt i i ik, &
F 1983 4R R B B 9 45 1 AR o IEJL 4R

vTS;vj =0, 1<j<Ek,

sk, EEHLS. AN EES R T AU K
J&. PLS RRFIE SCE [ A @i (Lon ik EIe)
BRI (ERAAHT) UAAZRZ[H
HIARSE R B . PLS [B15 A8 A A0 A b PCA Hi 21
AR TR, )R A I S T A B R 4 T —
ANBEAMRL o TR X T AL B X A AL R Y
AT MR s, AR X A Y R R BUS
4 GREFAET), TR FREEIZE
Stk MR BNES . R TIN AR 2 X IR AR Y

#wEghifh, AR X HHRIINE k3081

v, = vg}rglmTaxlcovz (X"v,Y"¢)

ZWRF 'Sy =0, Y¥'¢ =0,1<j<k
RIS R— AW, Wi AR Y
F— AT (0 8 1), FHJ PLS [l HAER
1A A R RE, BTLA, e Y AT RLE R — A
SRR o SR 24 FE P AR — A SR M,
Y REEE — TGN AE =, XFPEOLT, "TIA
FAMETCARAS 7 SOk L. RANERE A E K
R, M ZHKRPAER Y RS — K - 41

AR B - Yy e {O,I}K
{y,“. =1 WRY, =k,
e =0 /M,
Hby, = (s o) FRREE L ADREAI B 5K

o FEBISHMNIIERE Y BN K X N o

YN —AN IO A, PLS [EH 1%
B R B — N PR
Y=BX+E

Hp Y e {011V R 4R, X e RPY EHIE

M, B e R JEEARBUGEME, E RS RIERE,
5y BAHRNSER, EREHELT, ZRXAY
AR S R TIHE, B Ok G R AR T i
%, EERMBM S, HATENRDYEHRLGE
BB, RTEFESRE AR X WET 4 MImALR L
v, (i =1, ,d) ARAIMBERE V . Bk 1
T FEFRATIN P %R PLS Bk

FHIAGERE vV, BT A ST — LS

Vix e R >z = V'x e RY,

SEINEE R BOE MR AE AR B, 4R BUS B BRI RCE 4R fE AR
Ho Z =V'X e R®

ik 1. PLS&RE:

B TR X e R
10,115 PLS g1k d.

i IRBUERE V e R

Wib: Xy = X, Y =Y

Wi NLAERE Y e




LR B 8% BT RE D RS RO BN S 52 7

FORE =1iod
u’ j&l Y(k) %gﬁ_“'/f?
DO

v, = Xu/(u'u) HAE v, Bifk
t = X'v,,c = Yt/ (1't) I8 ¢ Bfufl
u =Y
Until u 8%
s = Xe/ (") ,b = u"t/(8"t)
TERREEREX,,, = X, —st" Y, = ¥, —bet'
END FOR

1.3 #RoKiE BEAE N

2534 PLS HHERTUR W BUIRME Z e R™
— s, d IINT po TEBARGE=E B, REG
TR AT LS B A2, KA H 3 0 (LDA)
KPR 42, R I S KR
2 NRRG . SO 4r265% . B BRI —
W W e R™ , [ HRSER

| WS,W" |

= v
BoRAk, AN XFR K Fisher F, X R S, JE
SUTEBHRIARE Z 1 W28 RIS R , S, 2R AR
FERE, (2, MPEAREURD, B PLS 4 AR
BRI, LDA RS /MEA T, HIt,

PR T L3l S/ INVRE A ) R 43207 iR AR TR L

HE, :

WOCHIBEREN (MMC) T R—A kR, B
VERFR Y2 . B LDA J5f)l, MMC d2#H—1>
WM W e R, 1 WS,W' | &K, H
| WS, W' B/N, MMC ¥ 2 DL 22 i AR
LDA HREE, HENA.

Wyne = argmax Tr(W(S, - S)Wh)

WeRexd, wwl=1,
o Tr(A) R A W, 1, 9 q x g BHRAE
MEo [BISh MMC #E NI AR TEE [ A U SERE S, 19
A5k, B, MMC /AT DA/ NS
TE MMC WU B, B W R AR E A
5, RS, -8, #TRESBE A . TEFRAT
Bk, BEAE g MR (S, - S,) BIETHE
BRI, R (B 2).
Hik2.  WMAEEEAMNEE
WA FERBUR OBRERE Z € R™, 1
RLFERE Y
i B W e R
Sl EHUERERES, 58,
2. SHEMES, - S, WATRIES%: S, - S, =
UAU"

3. MARIE [ B U vh kB 0 FRIEME FY
XN B RHE Rl , M EOREAEE W
W = U(.,diag(A) > 0)

1.4 HEERE

IRIBLLAGR, BAEEMRBRT

S (WAE) HERAALREMHT, &
A2 R BR, FE 4G 3 P B 9E4 7
— AR, Bk A IEE S, A, 4B
SS9 B 60 B AT A 10 R JiE B9 S s H
SRJEHHTARIEAC AL B, AL BJR MR A TP
FREER 1,

B (R AR R,
S 4 — LR Y BSS/WSS #84), H2 B M A H /)
HERF, AT p AN

B4 CRERED) R SRS HEE N
X e R™, FH PLS MR Bk BT d MR
B B RIBUERE V e R, SRSESIBE V:
R” — RY SCHURHAEBREL

$U0% (MMC Mede) R RBUS BBl 5
Z e R™ 7] AR ke 6L L U 22y s o 480 4
W e R™ | MESBHEME B W R — R S5
PHIEREE . ST G ) N ANV GRkE A B 2 et
BB A R 23],

HIE (WW)  AH— A FREAR, ®Pk
BRI p A, SRE AR V R

W REER] R 2] TE g - 4EZE T, BTEAS A

FBCEABENHREN 5 Z SR g, XISk
FEAS B IR BB A T A R4

2 SRS

2.1 WREE

FESLB IR 6 NS EBEEE: (1)
FIMH (Leukemia) , 408 72 FIHMHA, HA
A AT B Ak B E R (ALL), 25 6y 2k
BHEEIMpP (AML); (2) #RER (Lymphoma),
0 62 Bl A, Horp 42 B R KR B 240

JE#kEE (DLBL), 9 fi i@k ey (FL), 11

BB E B ifp (CLL); (3) SEE R
5% (Acute Lymphoblastic Leukemia, ALL); (4) /)
R4 a9 (Small, Round Blue Cell Tumors,
SRBCT); (5) HMiFUMRJE (Prostate), 5 52 AT
H PR NFEZSFN 50 BINEH AHRREAR; (6) N
J%& (Brain),

XA D BE B BRTER 1,



8 HrliRZEFR (B RBERRD

#47 %

k1 ZRPmAALERHEENE

Tab. 1 Summary of the Data Sets Used in the Experiments
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Tab.2 The experimental results on different parametric values
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Tab.3 Comparison of classification accuracy tate for six classifiers on six data sets
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Tumor Classification by Partial Least Squares and Maximal Margin
Criterion Using Gene Expression Data

HU Yu'

,YANG Wen- hui®

(1. Guangdong Vocational College of Industry & Commerce, Guangzhou 510510, Chlna
2. Department of Mathematics,Sun Yat-sen University, Guangzhou 510275, China)

Abstract: In order to deal with the high-dimensional and small sample size problem of gene expression data, a new

two-phrase framework based on PLS and MMC is developed. this procedure involves feature extraction using partial

least squares (PLS) and classification using maximal margin criterion (MMC). The proposed method is applied to

six public microarray data sets. Experimental results demonstrate that this method is an effective and stable discrim-

ination approach for tumor classification with gene expression data.

Key words: microarray data; gene selection; feature extraction; partial least squares; maximal margin criterion
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T1 Theorem for Inhomogeneous Besov and Triebel = Lizorkin Spaces

HAN Yan-chang
( Department of Mathematics, South China Normal University, Guangzhou 510631, China)

Abstract; The T1 theorems for the inhomogeneous Besov and Triebel — Lizorkin spaces are established by the dis-

crete Calderon type reproducing formula and the Plancherel — Polya characterization for the inhomogeneous Besov

and Triebel — Lizorkin spaces on space of homogeneous type. These results are new even for R

Key words: T1 theorem; Besov and Triebel — Lizorkin spaces; Calderon reproducing formula; Plancherel Polya

inequalities





