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ABSTRACT

High-dimensional data frequently appear in many areas such as Bioinformatics, Biomedicine,
Econometrics and Machine learning. It makes the classical statistical methods fail in most cases.
So it’s one of the research fields with a lot of difficulties and challenges in the statistical theories
and applications. In theoretical and applied studies of the high-dimensional data, the sparsity
condition is used frequently, that is, the true model lies in a low-dimensional space in which the
number of the covariates is less than the sample sizes. If the sparsity condition does not be satisfied,
the true model can not be indentified, then the variable selection will be meaningless. According
to some criterions, we can do the varible selecion and give an approximation to the true model.
In practice, we often delete the variables which are weakly correlated or uncorrelated with the
response variable, and choose the variables which are highly correlated with the response.

In this thesis, the variable selection in high-dimensional linear model is investigated. We
mainly consider the case that the error distribution is unknown and the dimension p is large than the
sample size n. Our method is a reasonable combination between the SIS (Sure independent screen-
ing) or the ISIS( Iterative sure independent screening) in Fan and Lv(2008) and the AEL(Adjusted
empirical likelihood) in Chen,Variyath and Abraham(2008). The title of Fan and Lv(2008) is “
Sure independence screening for ultra-high dimensional feature space”, which published in “Jour-
nal of the Royal Statistical Society Series B(70:849-911)”. The other paper is “Adjusted empirical
likelihood and its properties” published in the * Journal of Computational and Craphical Statistics
(17,426-443)”. In theoretically, we prove that the asymptotic properties of SIS and ISIS in Fan and
Lv(2008) are still hold without the gaussian assumption about the error distribution. Concretely,

under some conditions, we have
P(M, C M,)=1- O(exp(—Cn'~%"/log(n))),

where M, is the true sparse model; M, is the selected model that includs [n+y] variables, the [n7]
variables are highly correlated with the response variable; v € (0,1),1 — 2x > 0. The property
indicates that the selected model can contain the true model in probability. In algorithmically,
we give the SIS+AEL and Iterative SIS+AEL algorithms. The idea of SIS+AEL algorithm is as
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follows: Firstly, we choose [n] variables which are highly correlated with the response variable;
Next we use the AEL to obtain the corresponding AIC and BIC, finally, the approximated model
are chosen by the minimum of AIC or BIC. The iterative SIS+AEL algorithm is the following.
In the first step,we use SIS+AEL to choose z;i, - - - , Tjp,, from zq,--- , x,, then establish a linear
model with y and 1, - - - , T, . In the second step, we use SIS+AEL again to select variables, in
this case, insteading of Y and x4, - - - , x, the response variable is the residual y — (xa Bil 4+
ximlﬁiml) and the covariates are the remaining p — m; variables except x;1, - , Tim,. We keep
on doing this until some criterions are satisfied. The algorithms not only remain the asymptotic
properties of SIS and ISIS, but also weken the assumption about the error distribution. The idea
is straight and they can make up for each other’s dificiencies. At last, we do some simulations.
Simulation results show that if the error distribution is gaussian, the accuracy of ISIS+AEL in
including the true model is close to that of LASSO(The popular method in variable selection); If
the error distribution is not gaussian, the accuracy of ISIS+AEL in including the true model is
better than that of LASSO.

The deserved results in the thesis are as follows:

1. The SIS, the Iterative SIS and the AEL are combined systematically. The new method can
make up for each other’s dificiencies and reduce the computation cost and widen the application
fields.

2. The restriction about the Gaussian error distribution is removed. Although the computation
of SIS and ISIS from Fan and Lv(2008) is simple, the asymptotic properties will not be hold
without the gaussian error distribution. In theoretically, we prove that the asymptotic properties
of SIS and ISIS in Fan and Lv(2008) are still hold under some weaker conditions. The index
dimension p can reduce to m(m < n) by choosing the AEL method.

3. Using the AEL method to select variables, we can overcome the shortcoming of empirical
likelihood. It is well know that, there is a precondition for empirical likelihood. In the estimate
equation Frg(y, 0) = 0, the estimation of 6 exists if and only if the convex hull of the {¢g(y;, 0),i =
1.

Y

,m} contains zero as an inner point. In order to avoid the systematic bias caused by the
false precondition, we choice the Adjusted empirical likelihood proposed by Chen,Variyath and
Abraham(2008).

Key words: High-dimensional linear model; Variable selection;Sure independent screening

method;Iterative sure independent screening method;Adjusted empirical likelihood
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T A BATT T ELE R R, 3X T T PU AR EE R ) U7 1 2 A8 X% S (Cross-Validation). 7 ML
Shao(1993)1#1, Raggi(2002)"°!. Rao Fl Wu(2005)11 2%,y (i F BB fE A 8K, 1M
AT P g SR 1) 7

N S WIRrS

X — U7 vk & i T Kullback-Leibler 155 B BH 25 8% & /> 1k Bayes J&5 % M 3 Jr &
L BB A AE . S B, e & AT BT B A AIC AT BIC KR E . TE W
Akaike(1973)!" Schwarz(1978)!"21 £& . {5 Bk T ¥AfEGe vt Lok UF, W S5 W5 29 1 ABLAR
£, TABSR pRE0— RO 0 T SEANTE 73 A 2R A, AT — S5 SHOR SN X T BRI A s8R
SIS IE, AT DMEBhIESHALSR, it RIS KIEAT, Sl JUFIXF L i T
2 HWE R . PE W Variyath,Chen A1 Abraham(2010)13). b 75 1550 K AN 2 2 5 45 p B e
I AR RO,

DU, &7

FEAR IR FE P g NI AR B o i 7228 . s b, A =205k —
o> R JE TR 72 . SRAEAL (2008)1M VRGN M 4 TR BARE S T N A, thAd
fa] A — NAEVE AR s BT AR ST AR N o W8 Sre(p) ABLRL (1-1) B (1-2) 115%
ZEFJ7 AL

SRS(p) = Z(yz - ﬁi)z = YT(I - X(XTX)_lXT)Y>

i=1
Horp g ARG E. ERFEEEN, BT, &% Sps(p) B/NELEF, (HAL
bR e, R KB IE T A AR R AR, KRN Spe(p) KT p £
AN IRRR A X BRI AG R, AU BE p BN N ) Srs(p) TN — AN &
S g8 vl )V 22 AR B R R AR AE Y AT A gl B A T AR R, e IR ZE S T R 62 (p)
bR, 62(p) = Srs(p)/(n —p), EIIHT 1/(n —p); WRZE T 2ZE (n + p)oi(p) =
(n+p)Srs(p)/(n—p), EHHEFHN (n+p)/(n—p); C, GiitE C, = Srs(p)/62—n+2p, H
6?2 B ZES T, 5 p ek, BRI o 2p: AIC = nlog(Sks(p)) + 2ps
TSR 14 2p;s BIC = nlog(Srs(p)) + 2plog(n), FETIIFK 2plog(n) &5, ML T
HEAE 1O BgKZE AL (2008)1
PR AR 22 M 1) AR R R VRSN, I AERVE 2 A AR I Rl AR U T kA
R, WAL AEIRH R B 0 BT 0 AR & I Bt 3K b 05 2w B[R] R A
PE AL v B2 Br B A7 AT e U A BB e, RIS Rl R AT s AR E
UK I B o TR I 2 11 S AR B A5 At 25 13 21 B A 2% HL AR A A Ay o1 MR Y. 1) AR 3k
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BeJ7vk. Bl At . LASSO(Least absolute shrinkage and selection operator ) PL A ‘&A1 T4H
NIHET 45 . 1 W Breiman(1996)131, Tibshirani(1996)!'%1, Fan F1 Li(2001)!'" . Tibshirani
ZE (2005)181 Zou A1 Hastic(2005)!") Turlach %5 (2005)*°!. Yuan #1 Lin(2006)!. Zhao
A Yu2006)?2', Wu %5 (2007)123, Meier A1 Biihlman(2007)*. Fan(2007)*!, Zhang A
Huang (2007)!?61, Hesterberg %5 (2008)!?”!, Van.De.Geer.S.(2008)28!, Zhao 45 (2009)*°!, Fan
1 Lv(2008,2009,2010)130)- (32 2545

MR BR AT LB 2], i 2K im) @, B St TR 2 ik AR, HR
AFERIE T R ECA 2 AF AR ST R 2L ? Fan A1 LiQOOD!M Fi5 i, X — MR sk £, &
A Nz B A N I AN 7 ST oWt (Unbiasedness) Fifii i (Sparsity) Fl1i%
L% (Continuity). JCARPEFRIIZ, MESERISE (EIRFHRERE) AL TN, M
AL T N AZ oS AL TC R ), SXAE AT DAl D AN BB (22 - R i 1 2 [P A 3R 2R Al
TENAZA —ANBRE],  XASBREIRT L E A — 25N (R T 0) iAok R8s, IRIMERXS
IR G, AT RRAIR T AR S e s IR MR B2 TR K S vk ok T Hdls £e 5 —JE
N IEZEIY, DT 3 G AE AT IS H R AN e R o ARHR IX L8P 5T, Fan A1 Li(2001)H7
3G T —AFTBRRTT R 2 pa(0), LT BRAL p\ (0) AL
(aX —0)+
(@a— 1)\
Hh 28 a>2, 0 >0, % RERRRA A0 i 22 16 BT D) (iR A SCAD).

e S MR R A e e, AR S A I . — R i, gt
MHEDGTE . oI T ISR A 511 pR B, FRATT o i A AR AL T — N S0, RS B
HTERR AR RIS 2R, JAAEN KA, HinbE—NgmEEA TR A
TR, Bl LASSO J735T R AT B 522 H Efron 58 A\ B3 S H ) “ de /M [R1H
17 (Least Angle Regression, & it. 4 LARS).

BUTIX TR 0o < p Hop BE RS, 7ERS8HE N~ &M k#A 8 ami, H
Hp>> n GBI, HURSEME R L ORI, AN R W RECVE TS . BRI AL 18]
B, Candes il Tao(2007)¥ $& ! T Dantzig iEF k. X PP T7 12 A0 BT B 2 — EUA
5€ JiLBE (Uniform uncertainty principle, fjic. & UUP) &4, #H Ly e 545 2 1) — A8
EIEFE VR, XM VA SR T . B0 % n) ) SR AR s B ] DU A S — A
AVERE ), SR AA . BRI s 4G 0L, XM OT AR U SR RO, i H 2 YE R
K, UUP KAEAEZ B2, ARl e e £ 2 EMA AL . i o Dantzig %4577
AR ) B, Fan(2007)125) Al Fan Al Lv(2008)P% #2122 4 3 37§ % (Sure independent
screening, 510 4 SIS) Avk, Z LR IR Y%L p PR3] d 143 d < n, FET SIS 7775, Fan
F1 Lv(2008)130 25 H — AN E 2 T =L 18 = 4k (log(p) = O(nf),€ > 0,p > n) PRI AR

=

pA(0) = MI(0 < X) +

10 > N},

554 01
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HIEFET . WISEIE I SIS J5ikAtIRbn4e 8 p B3] d(d < n), ARG R A8 31 B ARBEAT
ZHAh T, B A BN AR B R TT R o AN R4 T SR AR AT DUAS B A [R] () AR Bk R
J7i%, Wi: SIS-SCAD. SIS-Dantzig selector(DS). SIS-Lasso. SIS-adaptive Lasso(AdalLasso)
S o AT I ) DOKE S BB IR S 25 s T AE T B4R, 20 SIS-DS-SCAD 5 # SIS-DS-
AdaLasso 55, X877k 50 R ] B 4k SR )5 F iz I 36 311 U7 VA0 vF S0 R 45 U5 T 92 b BRI
TR & ZEAR 2 o[RBT ) = 4 4 /80 Fan A1 Lv(2008)1%% (B4 H T 56 B4 2% J5 PR H
YT IERMAT A S e R B . R EH T PR Subject related transformation
F statistical transformation. J<T-43 4175 5 & 1] (11 410 N 25 7] ). Yuan 1 Lin(2006)121, DL &%
Kim 55 (2006)P4 . 7ESEhrin @iy, izH SIS Jrikn, Arlaek AL TS AT
A F] g T Ly EE AR R R IR ) UM A D e e B Ay LA PR R T g B R AR
AR R A S, (IR AT BE Y A A B R R, BErg ] SIS gtk A 14t
Ap gt XYL A AT RERRAR SIS JIVERIERZE . At Fan A1 Lv(2008)5 it %) SIS #E47
TP RE, PR TIEA SISASIS) &% e I L)l L Fan M1 Lv(2010)P2 [Z5IE SCHR .

HI AR LA ] LU, RS H AT R MR AR B b B ) AR 2, HEATH
AR TR R S O IR AT, I B R/ ek A fe ) e AR B A R
L, J5REGET] L, D53k (VEIL Wu %5 (2007)123) 8. RIS K p 7 n, BIYERL p K THE
REE n BRI AR IR RS DU S s, HERVER 2, A 2o b 12 3
BRI, 320 S5 RIMA RS —. X4 N IR TR AL, A L83
TSSO EE S, T Peter(2006) ) Boosting /7% Fan 1 Lv(2008)P% [¥] SIS. ISIS
iAo ARIXEE VA AR ZE I EE RO IR, BANT IR T AT SRR A T
IR RIS ARTE P ATARFNN W] B8 & B8 70 A HIREACAS EWE 2 Anfer 4 REAS B e AT AL 1)
GEvHPEE ? AT, LA RAEIE S ELRCRAT I 250 AR 7 2% ] LR L 22 (R A
5B . LR ZE Owen(1988)1%0 RGife th MK ) —FiIESHOE, LA &)
AT BARZ R AL R ik T2 50 DL AR AL 32 (1 BA5 DX W) oA AR 5 1 . AR e AR
PE BAREEEAR B s vE o Bartlett 24 1k DL G 5 M 3 Al SR A0 R TR L S AR
(2004)P7 ) LER PESCHE . B BN A RANR B/ — S8, BRiFE R E RN, EfH
—AATER AT, R B0 MERIAS T TR Epg(y,0) =0, {g(y:,0),i=1,--- ,n}
B g 0 miJF H 0 B — DN Rl ZESEER N MUNREA T, 3K — UK 20
A B NREARSE ESHEE S NIHES —EmEN, W SETWIX it
. Baggerly(1999)38, Owen(2001)P°!, Bartolucci(2007)%!, Otsu(2007)!*!!, Chen, Variyath
A1 Abraham(2008)1*2 £ 23 VE & 23X A ) i, 73 ) 32 T 22 B BLAR t U5 ik (Studentized
empirical likelihood). & i £ % L & (Penalized empirical likelihood). i 3& £ 56 bl 4%
(Adjusted empirical likelihood) 25 /512
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BEXTHTIE SR E LS5, AN B FRARTE IO AT R KRG D0 PR et 4 2k PR AT ) AR 6
PR L, THRPRE AT T St R A, AT AP A5 LUAHE [RIINS SORIHT 4% B AP o
TR 22555, RAT e B SEEORAAEAN . THEERIR HER P SR A R i
FIriko

§1.2 KX EFEMRABSRKR

ANXHEEMRBRAAR

AR S EER U NSO AR SRR FRAR IR SR 2 MR, HL 4K
s(< n) BAK, B EMERTESAT . (RSEBRh IR A p > s, £52 p> no W
WX p MEFRHIE H ELIER s AR bS HLAESS R I FLSL 1R

ARSI 15 e B Fan(2007)) AT Fan Al Lv(2008)P% HH Fr i () SIS JEALUAN
Hk, i S NAR RS PERGGR I m 2 [ny] MR, JEYEE p BB mEL Tt m < n); R
JE B Z AR (AEL) 7738, ST, JRE RIS R Lk 2, i
FHEVAH PN AIC B¢ BIC LI RICA ;s B Ja R AIC(Ek BIC) IIZ I AR IRAS HEAT HoAk
AR B HE, 1SR A NIRE . X AL SIS+AEL J5ik, AR m A Bk B iE iR, 240
T ISIS JEAH, FRATIERH T H1 SIS+AEL Jy il i 164X M £3 21 (115X SIS+AEL J57%. RI%EH
SIS+AEL J5ikM a1, -+ o, TARBIVIE AR R 200, Ty RIEE Yy 5 20, Tim,y
ZIA PR, A AR y — (2080 + -+ + Timy Bimy) RIS p — my AN BT
H SIS+AEL J7ykiE e —8 o0 i, WiEer, AR BIBA TR A & 1.

R EIEL W N 23030 AE: B—%ie, NHIARIPSsCER IS
PR, IR AR SO ST B A SN s 28 TR AR SO AR, SE ol 4
Fan(2007)12% f#) SIS A1 ISIS Jji%, J% Chen,Variyath F1 Abraham(2008)“2 [ 15 %222 06 ALL4R 7
2, SRR AR R — R R S G R a5 5 AR AR SO AR b S A R )
R ATIR AT e G R, NEIE S T RAIE TR BVA M AT AT S IU RS
— IR, IS OIS g BT R E S A SO T R A IR kD

FU i) 7L

§1.3 NIECHIEEMRINEIHF =

ANV S A2 L S RGBT 2 A A2 BRI DL L

L X A2 E T RS, BOAME, FR T UM AR R . BRI ETE
W VML AR P i A RIS R, Bt p = 100,n = 20, FLSERERN s = 3B, AT
PA— VT 5 BN TRV AS 21— A0 b

2. AT 72 2R ZE T IE A M AT I BR ), Fan(2007)25) (1) SIS H ISIS J7 v LA 1]
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B, AEXARZE ISR IS AT, FATIXEEA GBI A2 FLARD R ot AR SO IR b 33 B 3%
FEWA D R ER AT, AEBCHE AT N 1] LIS 2 SIS A ISIS JrvkAH A 4518 . X bs
YR p FEBIREARS B n LUR RS OL, FRATEFAIALIRTT L, TEAO R 22 A EATAT 43 A A
JE o

3. RH LR AR T IEAE AR Bk v I T IR 1) — L8k i, AP s, &%
RAEAT I R4 AR, RIS 400 Wi itk 7 Erg(y,0) = 01, {g(y:,0),i =
1 n} B ALES 0 T H O H— A A St 45 AN 2 I T 5 1 7S 1) 3R S
7, AT T Chen,Variyath A1 Abraham(2008)42! [ H #2250 ALSR J7 7% .

4. BAUEIR B FEREDUR M ES A TGS N, AT 7% Fan 1 Lv(2008)1%
HITVEMZEAR: AERZETARMIES P ATEI T, FATR T Re s 2B AR 2521,
2/ A B IRAT M LASSO J7ik 2% .

5. RWXIMNE RAEGHET o XEZAWADTTHM G L — AT &5 R FAUN A
Ko BHEH: R TRMERE, JAMEE 7L, Fsz b, %) LR
SCH BT SRR IR

&
]
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F-E SHSZMRANTSIRE

AREEEN QLA SR RN H . B5E, A4 SIS MISIS Jiik, &
JEA BRI LR T, B )n RIS R A A AT R YR Y A
TR LKA I AR R T

§2.1 SIS 773570 ISIS 773%

AR HARTI A Tr O KR 8l Aty — 2o, RN
RERIA B EE R8T o BeIN, JRATHT ZERE S R AR, FEAL s ROBAL . AE S T
Tk FITIE, TR TAREORZ , tFEE KRR MERAT . PR 2R, H RTmAT
o $ de /3, 27 VAR AR N BEAT e AR NG T S AT R R R e T SR
(Fan 1 Li(2006)43), )8 ) H 11 5 /s 3 7 v n] DUROR 3 my vk S0 B, (H S A4 5 T
LB, @A B N ARG 07, iy AR 2R oh A — @ G i, DA X 4
Hop i K TREARE B n R e 0L, Fan A1 Lv(2008)B% 41 H T — oy ) Eb 4 17 Bl B 4 7
Wk — AL (SIS) MUEAR 22 AT ik (ISIS) Jiik. T AT B/ 21 SIS ik
ISIS J7¥%,

BY = (y1,- -, yn)t A& 0 YERNSLW N ARG, n R AEARRE . F G MERHA (1-1)
% (1-2)

Y =XB+e¢,

Hh g =B, ,8)T =M pHSH, ¢ = (e1, - ,en), X = (X4, , X)) 22—
nx p MBI, A7, RAOMBOE X Ay hsdEe s, Y Adhofbm . B
X R AR A R HIREAIE A 0, FEAFRUEZN 1, Y HIREARIIME N 0.

M E{1< i< p: B # 0} HIRAVESGR ) E LM 1 Fabr g, s = | M| AR
R M, TIURMANE, W2 BB R R REA D 0 AL 4w 2 (wr, - w,) T =
XTY o MERSEM v € (0,1), & X1

M, = {1< i< p:|wNATHEKB YA,

Hdr [nry] o ny BEEE Y.
KPR A DAAE AR FR bR AR {1, | p} BRI —/ T RAREE M, oo s MmN
[ny] < n, XA Fan F1 Lv(2008)R% [ SIS ik, HAHEE AN O(np)-.
SIS U7k MW NIRRTV, B E R v, = ilxjiyj, FASHE || R
iz
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HEFE, ARG AT [ny] DMK |ws| . Fan Fl Lv(2008)B% fE—35@ 444 F, WEBH T4
PER: Mn— oo, XWHE—ve(0,1)FH

P(M, C M) —1. 2-1)

EAGERAS v =7, — 0 I, 7B LEBIEM ST N2 AL . £ 1. Fan F1 Lv(2008)1% %
FTHE R 1o DIAERE LS AT T, BRATAT DU i 4R PER TN p HEFE S [ny] < n 4
N XAEBATE AT CURFH — A 45 1) 7 0 sl A ) AR T AR R IR HE

TESERR I, d Ttk . AR R A8 B FH AR D R s, Haliff i SIS JriEnT
REAS SR B M, RS n B/, p ORI, IR YRR (2-1) /&%t n, p #7240 K, H
log(p) = O(n®)(€ A& E HIERD) L, RAIERZAN IR AR DAL Ky TAE SIS T5ikAE
FEAFIAR 52 S A AS AL 15 4% 0] LU A, Fan AT Lv(2008)30 f i Y T — Rl AR )y ik —
ISIS J7V%, %7 AF AR Sk R an 1

H—b: AR M 2 {1, p} PRI SIS HHEET ik (A AR R
2 MG Ikt — AR MO = {iy, - iy, )

oA Y 5 X, X ZHMRMERNABEE Y = X, 6, + - + X, 05, + &

SEb s AR B OB T R (=1, n) Ly =y — Xi By —
= X By R B By AR VEFTR S

FIUS: o By, B8 M - MO HAESRI M,

WA EEATAID TAE 1K, 7T LS E1fatrdk

l
A= M,
=1

o MO MO SRR RS {1, - p} ITEE, AT ICERNEBUNT n.

N AT ISIS J57%, Fan A1 Lv(2008)B0 /F T —epifl, Bifilgh R L IR, XPprika]
LR A e B0 IE AR, RIAELEREAR 2 i n IR/NEIIS I, HA 2 BU SRR TR A LU R0
kT 1.

§2.2 TEIEFEHWZEINASE

R ZGEE TP AR BA ) — Rl o7k, RSP, WHVFZ F KR,
40 Fan A1 Lv(2009)P1 ({48 SR T8 1T CAUAR K AIC, BIC 5577k, (HIX L7744k
AHJE T ZHANIR TV, EA e SN TE R ZE T Jr AT B A 2RI o An SRR ZE TR 73 A1 58 42
R, MZEARSR I VLo R I ALERIE ST AR TN, a1 FABUSA () AR RN 5 vk
PEASREIEFENE ? BRI AUIRNG & — D HEEHI A TR TN

#
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2 50 BUAR 7 B Owen(1988)10 4 28 ¢ $4 H M & (1) — PP AE S LR U7 ik, 15 i
I HEANRE TR R KRS EREN, RN T AE
2T RRH K RE, A K2 K LR B TE 40 WE 5T 05 &0 7] 2 W Owen(2001)P7), £ )5 4F
(2004)B71, Kitamura(2007)4, Chen 1 Keilegom(2009)"*3 Z5 £ A P STk

A R AN AT B 20 55 UK U5 YA T IR B SCHRB B2, 41 Owen(1991)*°), Chen A1l
Keilegom(2009)!*! 2%, HAK WX L6 HR A G 22 S0k . BRI n] DUE B 2 50 AR T7 2Kk
VES AR IR AR B 4%

AN RAT F DS MR I S I AR T VE A ke, FATTI AU 7 v 2 2
2 I, Chen, Variyath FlI Abraham(2008)#?'. Chen F1 Keilegom(2009)*°! P\ & Variyath,Chen F/I
Abraham(2010)" (30T o IRIHATT AR ABUAAR W ) R ARFI SR8 e

§2.2.1 L MIRBI R ZIG AR {1t
W RSB (1-1) B8R (1-2), BJ
=X B+e, di=1,---,n.

'fﬁil—\? & *HFL@E, E<51|Xz) = O,V(LT(&}"X?;) = O'Q(Xi) < 00y ﬁﬁ%gEéﬁ b, 1&%?%‘
leil < bya.s W B HEN ARG R I R

Z Xi(y; — XIB3) = 0. (2-2)

Bk SEEA B IHTFE B(X;(ys — XTI B)|X:) = 0 [ME— . 2 pi= Fly},(i=1,---,n)
R EOAE HORE R SR, 4% Owen(1988)01, Owen(1991)140) (F AR, 55 5 L5 LLAR
(EL) A

max{sz pi >0, sz—l sz ; —0} (2-3)

A T B AN AR A BISR (profile likelihood). Al FH Lagrange 3 1% (2-3) 7] LL#: 4L,
TG AR ) BRAgE, e H bRk R

T = Zlogpl + Ao Zp@—l +)\T2pz Wy — XT3). (2-4)

IR ERSCT p SKEIFMH CH AR KR, BHEL

1
Ai - ) ) = 17 R
P Xy - XTe)) "

10 7L
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Forpr X 2

~  X(yi—X'B)
; TN X (i — X73) @

R SR R o AR A AT L2 L Owen(1991)401 5% Qin A Lawless(1994)47!,  £¥ 5 — &% SCHk
H, Q(szﬁ) = Xz'(yi - XiT@)» IXHEE ] LA 2

n 1
L) =11 s <oy

i=1

Hoep L (2-5) 30, LA A A S USR
In(B) =log Ln(8) = = log[l + \"X;(y; — X{'3)] — nlog n. (2-6)
i=1
WHETEI B, (2-6) LA BN, KIS VL TR Owen(1990)148) (5 JAR, 45k
(2-3) FAHR A 0 R AR 40 SR G R 0, B 0 4

L+ N X(y — XTB) > — XHg—i=1,-,n (2-7)

S|

I/ M E AR A )
Q) = = log[l + X" Xi(y; — X[B)].

=1

ZPRGEAE 2-T) KT 0 < py < THIIRT, —Q'(N) WIRFHRE (2-5) I Aid i or .

7 _ . Xz(i% — X1T6>2X’T
N = Xy = XTI

i=1

ED={k1+V&@—Xﬂ%z%Js¢gn}tﬁmﬁﬁomuﬁmpﬁ&m%%o
RIEAE D F Q(N) A3 M PR IMEL, 40T LA B 708 138 07 11 (9 2 Wi AR VR EAT 51

WO, AP, BTSSR RS L,(6) FERLA RGN, b= 1/n,i =
1o, n NOE B KA o, IR A = 0. RN B 5 FE (2-2) fE4E T —ANM# 5,
TEB =3kt L,(B) =n". BIILWTLLE U HUBISR LL

ra(B) = —2log(Ln(B)/La(B)) = 2 Z log[1 + A X;(y; — X7 B)]. (2-8)

i (2-8) s WA LA/ IME 7, (8) 135 8 HBCRZ R ASR AT 5, 1O

f = argmin r,(3),

RET AT LLAE B 5, B 1,(8)s EH T ULAR GG T RIS S8 8 4% — 5, FT Ll
B =B, BN JTFE 22) WM, W RAN I AR ROR TS5 5, WAT LY Qin A
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Lawless(1994)47 {5kt 5. BARTHE R v 1) F Nelder F1 Mead(1965)1%1 [ 5.¥2:

§2.2.2 ABBZIGIIIAR A E

FEER B RATE WL, b NI K DR T VA AR AL AT — S AT SR A A,
A {X(ys — XTB),i =1, ,n} MIMEEAE 0 e XL EEANMEATH

A EEANIHE A2, 2 WL Bartolucci(2007)14%1, Otsu(2007)*!, Chen,Variyath FI Abraham(2008)4?
S SCEE R AULR A9 Bl B o AR SC AN FEAR TSR SEPE S 8, 16 T Chen, Variyath 1
Abraham(2008)"? [{)7J7 %

2 9= gy ) = Xily; — X['B), 9 = Zgz IEX gn1 = —anGn, L an =4 n
ARIEH R, T2 B2 500 H PR HS iﬁlm)&ﬁ

n+1 n+1 n+1
W*(B) = inf {—QZlog[(nJr Dpd ipi >0 =1, ,n+ 1> pi=1> pig(y: 8) = 0}
=1 =1 =1
n+1

= 2 log{1l+ M g(y:: 9)}, (29)

i=1
K a=XB) N

n+1
9y B8)
; T\ g(yi )

(I o

Fe T wHB) LR WrB) m sk 5z W E— /N5 . Chen, Variyath F
Abraham(2008)4?) NP BRI T X P oy vk rniE tE T, JFHAH T a, Y50 R
g5, Wl a, = max{1,logn/2} %,

§2.2.3 LIRS RILRE

AP ET m A A Xy, X, B AN B R g, A LU TN 7 v
FW(B)e X FABRIEE M = {1,--- ,p}, EEILTMH m MERIEA ¢ £ Cr Fh
WRERIAL S, Wk MY, MY . WAL A MY, BT LA S A ) 8
ILZE B 0 KRR AL W (B(MY)), 5 = 1, t = Cmo BIBLIRATAE m A 542 FEHG 52 10
WW(M#»j:L~wt:%?*,ﬁ%m$%*¢¢%m¢ﬁﬁ*%ﬁ%ﬁ@%o
I e X
W (m) = min {W*(BMP)), j =1, .t =C},
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FETTIRATIOTLLSE X AIC F1 BIC [ HE L B AL SR A

EAIC(m)=W*(m) + 2m

(2-10)
EBIC(m) = W*(m) + mlog(n) (2-11)
FAEEFXS AR m,  FeATT AT CLAS BAS [R] (1 26 P A5 78 5 40 W 1) EAIC B¢ EBIC, EAIC

8¢ EBIC ik 3 d5 /)N I8 T 568 Y. 1) 4 1 B 28 B O FRATT 2 - SR B A B Y, XA ARE
Variyath,Chen 1 Abraham!"?! j&—%{([1] .

§2.3 ML SIREFEMEZL
Zi B ik

CATIIHEST, AEA SR B AT ZHE 12 M S BN AL p I8 K TFHEA R & n

G oL, EEXE p > n BIEDL, FRATSE KA Fan (1) SIS AR R ZMCE] m, HH m <n

SRJE M I AR TG PR AT AR B, B 20 Y B S B AR
HARGLOP RN

—. HWAEE:

WAAGE Y, X, JHE X FrifEtl, v Rl SRR R

n X Xig - le XIT
Y = y.2 ,X = X21 X22 ‘ XQp 2 . £ (3}1’ . ,mp)
................... T
Un an Xn2 an
wY—lf ﬂ)X—liX—w ! iXLﬂ
_ni_lyl_ ’ Z_’]’Lj:]_ Jv — 7n_1j:1 ji T+
Z. SIS A& (¥lif)

1. c=10"3%, m

2. W w; = XTY (i =

I

W

o on) E R RTER w = XTY
oA | Fe BN K BN HEE, R om AN R K |wl
lwly, -5 0]

s AL
4 TR wlmy > 04/~ 1Zy, U ZREE T Wm =m—1, 2R8I, Agid
5 BB BT w; M |w| )y, huknn), my < ms
5. 3B |w|a W]y BTN ) AR R, A ] FE N BRIy
210 2y TEE 21, 2y Ny, @y AT, HAREANECH my .
=, IFRZWUATERE
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zZ{
ia Z = (21, T 7Zm1)n>< mip — 7Z1T = (Zﬂa e 'Lml) —[J:[:Hj‘*;.cﬂ:ujj
ZT

n

Y =70+c¢,

BEAL 6 4 my dm s, Al O TSR ZT(Y — Z6) = 0 i, RN

5O = (7T 7)1 7Ty = (Z Z ZT> - En: Ziys. (2-12)
i=1
Fid
n+1
= Zlog(l + M g:(8)),
=1

RS AC) CE w(@ 0
= Z T ATg(d) T 2 T+ N Tg(B)

=1

1. WRWME: Ao =0,71 = 1,6, = 1078;

2. #&as (2-12) W O IME:

3. W g 2 9:(B0) = Ziyi = 27 8) yi= 1, 0, o= =3 gis

4o Uy B, VLN OMH :

() k= 0;

) T R(A), Ry Raoas A) = =Ry Rays

(3)s 47 |A) || < &1, ¥ (6), WIGREL T —2;

4~ 6k = 1A(M)s %Xﬁﬁﬁ/l\i 1+ (M +06)70i(8) < 1/n 80RO + ;) < R(A\g), T
Ve = /2 B (4), HWGREE

(5)v Abrr = M+ 0k = b+ 1y = (k4 1)7V2 EE (2)-(5);

©). W W(BO) = %1 log{1 + A\Tg;(3)}.

5. VB I;:(B)(Eﬁ?i%‘ﬁ& i, Nelder Fi Mead(1965)14%))

W g MRS T 5O M4E%, W6 = O, WRaR g MYAERKT 8O 4L,
- a Vi S =

(1) HHME R oz—% ;,1,u—2 3,4; ,,_Z_ll

2) 1E B8O MHE Tk s i 9, i =1,2,- -,
Mg (BD) > 1/, BEM A HITHE H W (8D);

3 EX: BW K Wy, = max{W(BO)} XIS, BO K W, = min{W (8D)} Xf R
R,i=0,1,--- s W B = s%li;hﬁu B =14 a)B—aBP, a> 0. WHEH W(5).

l\DI»—t

1
'3’
s, ﬁﬂ%ﬁﬁﬁzﬁﬂ’]ﬁ s 1+
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(@)

() W(B*) < Wi, WIHEHT 5 = pf* + (1 — p)B, o> 135 W(5). 35 W(B™) < Wi,
W W), = W(8) ; # W(8) > Wi, W W), = W(8%).

(b) & W(B*) > W(BY), i # h, WHH 5 =vpW +(1-v)B, 0 <v < 1, iIH W(B™).
%WWﬂ>W%Wﬁwzawuﬁ%ﬂmmwzwww.
S W - W < e W = —— S W
o= s+1:3
W*(5) £ min{W;} BAR 5, HWEL (3)-(4);

6. 35| 3 M W*(F) 5, O =G, TIPAT 35, WH |5 - O] < 1074, WHATF

5. 5E Kk = 1077, 4

\F

7. % (2-10) Al (2-11) #5 EAIC. EBIC;

8v WMAFM t =1, -+ ,my, EEPELWARNLRIEPEM TS, THE AR
EAIC. EBIC;

9. 7% minEAIC Al minEBIC, {H45 FIAH N (1) e vH A8 & (8 3 22 &) HAE] I 2R 30004k
1t
M. ISIS AAS5RBEWINAR T EZNES

H1 7K H] SIS+AEL 75 ik 1 A8 F b 60 15 B0 SEABE AR 1) IR A A BLAIC, A £ s A 5 L S A
RERIS, ST 1SIS JEAR, FRATIER Y T 344X SIS+AEL J5vk. BARSVLU T

W WRBR M 2 {1,-- p} TAIH SIS 5 AEL 414 JiEk th— A 74
By MO = {iy, - i, )

Hb LY 5 X X, KPR Y = X5, 8, + - + X, 85, + €

BB N LR S T R 2 (G =1, n) =y — Xy B —
v = X B Ho By By A BT S H T

SV H o By, 0 M — MO BIESER M;

WAL EEATAID TAE 1k, nT A4S bt

l
A=JM®,
=1
Horr MO o MO AR TR {1, -+ p} T, APTERIINDEBUNT n.

§2.4 T SRFF LD TERY O]

§2.3 IMNHIRR BB AR B SR, HESTHEIFARIRE 2%, D ) B e s S A
BAT I ZE vt A R Matlab H AT BLUSRITEA) . RSN, RAZER LA N LA
1, J2H 2-12) WHHEAME 8O W, Wk Y Z,2T MBS, i RS A R AR
i=1
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I AEE my . Ber) UGt LI e I SIS 8 my — 1 N, WRIE TWEEZZT%E

A, TGk EE AL, ﬁml2,m%ﬁﬁ,5§$WMHFmZZZTT@ﬁ%¢
2. {EH S B B RIMER, &mmmﬁﬁﬁ%mﬁﬁ%%ﬁ%ﬁmmﬂm HOF %
AHE) g WK TS HAER RIS, ABAESEbRvH RN, A7 AT B8 IS v 5 B i 4E 2R
TSHAERIE I, AN — DB E O RS IR e . AR A B F AR ik A 2 R
NAE B ANTETE R FAEBIE AT M, B LU BEH Nelder Rl Mead(1965)149) [ 40 ) Jy

e
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=& FESEEFEFENMER

g4 SIS J7 ik 5B 2 B0 AR T VR AT AR Sk BEAT AR R B A5 LR SIS T ARk
Y S R R 250 AR T i T AR Y ) — e g i B M.
AR (1-2) W[ LI
Y =XG+e¢.

WM, ={1< i< p: G # 0} HEAVEBHFESLARABA, s = [M.| 4 M, PRICET
ANE BOE LT BE X S —AS p dE AR © 1) n OB TR I R, B o BR38{E A
0, MTZEMA Y, L HRMEL R aen 1. EX:

="V Z=X¥2TV2

H BB Z D B[R] o3 A AR S

HrEE e, Fdlldegs an N AR

£H 1:p>n HXHEA € > 0, A log(p) = O(nf).

A 20 2 TR BRI AT ST C
P © BV IE] O 1PE BT (Concentration Property) ) & X (JL Fan 1 Lv(2008)B%):  f7 7F Kt />
c,er > 1} Cy >0, i AN

P()\max(jTIZZT) > clﬁAmin(ﬁ*IZZT) < 1/01) < 670171

WAL, M RATUEHBE Z B FOMER. X Zh Z 10— nxp i Z BTFHER
en <P < po HH Ao (1) 5 Amin (+) 209 FEFE 1) f5 K5 die IVEFIEAR
1 3: var(Y) = O(1) BXHEA k <0,¢0,c5 >0,

. Cy . .

FH4 AT >0 Koy > 01115
Amax (2) < eyn’.

5 B e AHEIMSL, E(g]X;) = 0,0 < Var(g|X;) = 0%(X;), fAER—IEHE
bir 115 |ei] < bs a.s.0

ZA 5 A AR ZE T K H Fan A1 Lv(2008)PY [ IE &SRS T2, 1 HAESZRs
BN P A i . F5 E, WU AHE b, PRSI E AL . VR N TR
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SIHE 3.1 Ui

PER C 92bs X EIEE Z B— AR HR L, EUW n x p BEE Z AR
LA R IR R . Fs by BF 24 p — co N, 571227 — I, FTLLYp i
Ky p1ZZ7 AT T 1, MR C B R AR AR, PRGN K B iR 1 W AT 2 WL bai A
Silverstein(2006)1, g 4R A ERMEfRRR UL Fan FI1 Lv(2008)1),

SIE3.1 W&, -, & An MHOLBENE &, FE =0, 07 = BE |4 < by as.(Vi>
1),b= max b;,0?= %iéa?, WXt Ve >0,

1<j<n

Py 612 e) <o (- gto ) =2
- il>e)<exp| ————=) =2 ",
n P 2bne + 4no?
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Hp = —"F—.
2be + 4b?
513 3.1 52Fr B2 Bernstein AN, HARB LA L, 136 0L —SORNGECH bl — 1

SCHR, Wl Bernett(1962)BM 25, 53 3.1 A7 S S mT DL et PEMLRERHT . EHE W
(2001)B521, AR ANF4HIA
i
M, 2{1< i< p:|w HETERKI )4}

Hrp w2 (wy, - cwp) = XTY | v €(0,1), [ny] B v n BIEEHGE 77

EIE 3.1 ELREM 15T, W2k4+7< L, HFAEHEAN0 <1 —26—7, 524y ~ en?
He>0m, fFEEC>0,H

P(M, C M,)=1-O(exp(—Cn'~%/log n)).

MEBR 584K T Fan AT LvBY,  HUZBHEAEA IR Wl A2 v W H Lemma 3 1R 7 46 4 51
3.0 RIA . @ T UE A AR LA B, AR 2 BAR AT

HHIG AT, R 7R 70 KIFEAR S n, PR AR A& LA i (MR a1 1.

THBAFE B DIR I PE T R R AR 5 LKA R, b RAH IR
Wi T, b R B A S5 A A R BUAR LR AR AL AR FR 231

EIE32 Wy, Yo,y tid T q QERFDAT F, S WBEEAL, WL E{g(Y,0) :
F}=0.9(Y,08) = XT(Y = XB) A= m 4EkH. & Var{g(Y,0) : F} AR H m > ¢.
5K A4 (0L 28 6 B ALK L s K

n+1 n+1 n+1

W*(B3) = sup {Zlog[(n +0pipi 2 0i =1, n+ 15> pi=1> pigi= 0}

=1 =1

i=1
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A E R EER A R EVEIATRHUR S, BAREIY KA B A A R
—. LI

1. B A

(1) ESEAEAY: y = By + Bag + b + €.

(2) WET e 04T 5 e ~ N(0,1), e ~ U(=1,1), e ~ CN(0,1) =FFH50L.
Hrp N(p,2) Rom¥BME R p, T 2RI WIESIIAT, U(-1,1) £7x (-1,1) EWE5 5
i, CN(0,1) RRFrAEIES A N(0,1) 45 [—-2,2] LA, RN

/

X, Xe€(-22),

X~ N01),e=¢-2 X<-2

2, X >2

GB) Bk BEE K (2, 1,) ~ NOE) HT S = (04)pxp 0u = 1,(0 =
L ,p),o = p, (i # 5)s p 43 HEL 100,1000 FIFPE 3L p 43 5 EX 0,0.1,0.5,0.9 %5 JLFH
(LR

(4) FEARZE B BIIEH n = 20,n = 50,

(5) FAUH KL 200 K.

2. A R

BE R R AUL 5 AF T ) 5 RS G, FRATTE S T © AT B SIS, ISIS. LASSO. i i ik
SIS+AEL 1% 4% SIS+AEL(I+(SIS+AEL)) Jr f & B S AR H (1) Lh 3 0 r 43 B 40011 L AR &5
RR 1 —3K 3 Pion:

K1 MREDe ~ N(0,1) I

p | n WAReS p=0 p=01 p=05 p=0.9
SIS 0.755 0.855 0.690 0.670
ISIS 1.000  1.000 1.000 1.000

100 | 20 LASSO 0970 0.990  0.985 0.870
SIS+AEL 0.355 0.440  0.200  0.230
[+(SIS+AEL) | 0.920 0.875 0.850  0.835
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p | n WARES p=0 p=01 p=05 p=0.9
SIS 1.000  1.000  1.000  1.000
ISIS 1.000  1.000  1.000  1.000
100 | 50| LASSO 1.000  1.000  1.000  1.000
SIS+AEL | 0.950 0.935 0920 0915
I+(SIS+AEL) | 1.000 1.000  1.000  1.000
SIS 0205 0255 0.145  0.085
ISIS 1.000  1.000  1.000  1.000
1000 | 20 | LASSO 0.340 0.555  0.556  0.220
SIS+AEL | 0.060 0.080  0.040  0.020
I+(SIS+AEL) | 0.385 0420  0.400  0.210
SIS 0.990 0960 0.870  0.860
ISIS 1.000  1.000  1.000  1.000
1000 | 50 | LASSO 1.000  1.000  1.000  1.000
SIS+AEL | 0.950 0.935  0.750  0.700
I+(SIS+AEL) | 0.965 0.930 0915  0.920

F2 MR E e~ U(-1,1) B
p | n WiRES p=0 p=01 p=05 p=09
SIS 0.655 0.755  0.650  0.620
ISIS 1.000  1.000  1.000  1.000
100 |20 | LASSO 0.870 0.830  0.840  0.810
SIS+AEL | 0.440 0420 0290  0.260
I+(SIS+AEL) | 0.880 0.845  0.850  0.835
SIS 0.975 0935 0950  0.925
ISIS 1.000  1.000  1.000  1.000
100 | 50 | LASSO 0935 0940 0920 0915
SIS+AEL | 0.900 0915 0.895  0.880
I+(SIS+AEL) | 0.940 0945 0925 0915
SIS 0200 0215 0.125  0.065
ISIS 0985 0960 0910  0.895
1000 | 20 | LASSO 0285 0.410  0.395  0.200
SIS+AEL | 0.030 0.070  0.020  0.030
I+(SIS+AEL) | 0.325 0420 0430  0.215
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p | n WARES p=0 p=01 p=05 p=0.9
SIS 0960 0935 0.825  0.820
ISIS 0.995 0.980 0935 0.920
1000 | 50 | LASSO 0915 0920 0900  0.895
SIS+AEL | 0.925 0.930 0.895  0.885
I+(SIS+AEL) | 0.950 0.935  0.920  0.915

®3 HRE e~ CN(0,1) I
P n Jii#: p=0 p=01 p=0>5 p=0.9
SIS 0.765 0.850  0.675  0.650
ISIS 1.000  1.000  1.000  1.000
100 |20 | LASSO 0975 0985 0975 0.845
SIS+AEL | 0.390 0.410 0310  0.250
I+(SIS+AEL) | 0.900 0.855  0.835  0.820
SIS 1.000  1.000  1.000  1.000
ISIS 1.000  1.000  1.000  1.000
100 | 50| LASSO 1.000  1.000  1.000  1.000
SIS+AEL | 0.935 0.920 0.900  0.910
I+(SIS+AEL) | 1.000  1.000  1.000  1.000
SIS 0.195 0220 0.125  0.070
ISIS 1.000  1.000  1.000  1.000
1000 | 20 | LASSO 0.345 0.565  0.536  0.205
SIS+AEL | 0.060 0.060  0.020  0.010
I+(SIS+AEL) | 0.375 0410 0435  0.210
SIS 0985 0945 0.860  0.845
ISIS 1.000  1.000  1.000  1.000
1000 | 50 | LASSO 1.000  1.000  1.000  1.000
SIS+AEL | 0.925 0910 0.735  0.695
I+(SIS+AEL) | 0.945 0.935  0.900  0.905

3. G HT

MR 1 —3R 3 W LIS 210 F 45 g
(D) p> n, HpWE, n BN, G5 AR L5
) #H p> n, HnWE, pBPns, A8 EAERRLR TR S
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(3) BT 2z, - -,z TR BB ST (o BOK), A0 35 IE MRS ZRY 1) LG BRI

(4) TEARZETURMAER AT, A3 IR AR B A< 5 LASSOELBY B EE B it AT B 7
) AHZEEAKR: AHRRZETANR M IER 7 A, Bk ERfEFT LASSO.

—. EHa

1. B A1

(1) FLSERIM: y = By + bag + bag — 15,/pry + €3

(2) W% e WA WHLe ~ N(0,1), e ~ U(=1,1), e ~ CN(0,1) =Ff5.

(3) W BEEEK: (21, 20, 23,25, -+ ,xp) ~ N(0,2) , KT S = (04)px p, 0 = 1,(0 =
Lo ,p),o5 = p, (i # j)s za~ N(0,1), FHFHEHRMK p— 1 MRV R /o p
43 H 100,1000 PIAPEHL; p HL 0.5,

(4) FEARZE B HIER n = 20,n = 50,n = 70,

(5) BAUH L IAEL: 200 K.

2. UG R

BERF B 5 AF i) & A s e, AN T 2 A Y SIS, ISIS. LASSO. T Ji ik
SIS+AEL 13k 48 SIS+AEL(I+(SIS+AEL)) Fir fi & FLSEAR () LL 8 0 T 493 B 400 10 HL AR &5
Rk 4 —3% 6 Pion:

Fa4 YiREI e~ N(0,1)

p | p=05 WARES n=20 n=>50 n="70
SIS 0.025 0.490 0.740
ISIS 1.000  1.000  1.000
100 LASSO 0.000 0360 0915

SIS+AEL 0.000  0.400  0.570
[+(SIS+AEL) 0.560  0.720  0.865

SIS 0.000  0.000  0.000
ISIS 1.000  1.000  1.000
1000 LASSO 0.000  0.000  0.000

SIS+AEL 0.000  0.000  0.000
[+(SIS+AEL) 0.325 0415 0.530
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p | p=05 J7i%: n=20 n=>50 n="70
SIS 0.020 0435 0.650
ISIS 1.000  1.000  1.000
100 LASSO 0.000 0.280  0.735

SIS+AEL 0.000 0.385  0.685
I+(SIS+AEL) 0.525 0.715  0.830

SIS 0.000  0.000  0.000
ISIS 1.000  1.000  1.000
1000 LASSO 0.000  0.000  0.000

SIS+AEL 0.000  0.000  0.000
I+(SIS+AEL) 0375 0450  0.565

#6 MinZEIle ~ CN(0,1)

p | p=05 WARES n=20 n=>50 n="70
SIS 0.030  0.495  0.730
ISIS 1.000  1.000  1.000
100 LASSO 0.000 0.375 0.910

SIS+AEL  0.000 0395  0.555
I+(SIS+AEL)  0.545  0.745  0.885

SIS 0.000  0.000  0.000
ISIS 1.000  1.000  1.000
1000 LASSO 0.000  0.000  0.000

SIS+AEL 0.000  0.000  0.000
[+(SIS+AEL) 0.320 0.425  0.555

3. gi Rt

EPII %*%?llazﬁl:w?“ﬂ‘%ﬂ I PSR B & oy 53R p — 1 AR E
A TEAN R R Al SEEBEl, FAT TR LA 2 A3 (T4 45 Jb & S T 451K
L B p>> n, Hop e, n N, @4‘ﬂ56%$ﬁiﬂﬁﬁtt$iﬁn; ip> n, Hnld
S, p WINE, A EMBEE LR PG EREDRMNES AR, A& ERR R L
# 5 LASSOIY Bt LEACRAT I J738) AHZEA K AR IR ZE AN IR IEZS 70 Al inF, - 24k |
Hi4fT LASSO.
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AV SCAEXR TN AT R BEAT 25 5 0 e B Al L, 32 S LR 22 T 70 A1 A S
IS ) vt A e P A R P AR e 5 ) e iR 0 7 2 A S AR 2 22 2 Fan A Lv 19 SIS J5 VA
ISIS 757, 4 Chen,Variyath Fl1 Abraham(2008) i3 BGAUR VLA WLEE & WS I
HE— 251t B Fan A1 Lv(2008) [¥) SIS J5 {51 ISIS J5 ¥E7E 15 22 TS IR M 1F 285 43 A I 3 S Bl o7
(1, I HRA B I & A0 s vt . WA Lr il ge th T SIS J5ik. B4R SIS ik Y
WL R IRATHLES & () SIS+AEL 595 5i%AR SIS+AEL 517k . XANSVEREIRE T Ay
PRI R 5T, SCRRAR T SEBR R ZE IR o A 22Kk, KA TR BT ARV
B S IR R Y], TAT BEAE X s e L PE R R AR AR B £, A IR Z IR A IR 2 IS
A, HAE B AR LASSO AHZEA K, M43 Z A RMIES /i, g5 R
HeAk I LF T LASSO.

AR SCAT LARE— P F ST ) AT -

1. KRR AN 4% . Owen(1988). Qin Fl Lawless(1994) [Ji& L #R$5 1, &
KRR ISR 55 250X FAT AR TR R M o, (H 2850 R ERALAR TH SRR fif B e i AL AL A
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