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Consistent Statistical Inferences for
High-dimensional Linear Models and Partially
Linear Models

Yunhui Zeng

School of Mathematics, Shandong University,
Jinan, Shandong, 250100, P. R. China

ABSTRACT

In modeling procedure a large number of predictors usually are introduced at
initial stage as a full model. But when it is applied to real problems, lots of pre-
dictors and large model will need heavy computation load and resource occupation,
which may increase variance and mean squared error of the estimator, and even make
the numerical algorithm unstable or abort abnormally. This will directly influence
estimation of parameter and model prediction. In order to simplify the model and
enhance predictability, some less significant variables arc removed. So a reduced model
(or restricted model) is formed. Under certain regularity conditions, the estimation
of the remaining parameters in the reduced model is consistent. However, when the
consistency of parameter estimation is specially taken into account for modeling with
variable selection, the sparsity and oracle property (e.g. SCAD estimator) hold only in
the pointwise sense, which means that such an estimator does not have a good glob-
al property. Furthermore, for the case of restricted-model (RM) estimation or post-
model-selection estimation, if some significant variables are unfortunately removed,
even if their coefficients are nearly zero, the restricted model (or submodel) is misspec-
ified and the popularly used estimators for remaining parameters converge to pseudo
parameters rather than the true ones. Even if the selected submodel is only locally
misspecified, the commonly used estimators for the parameters in the submodel are
still inconsistent.

On the other hand, in some application cases only part of the variables are inter-
ested, because they can be easily controlled. While for the other variables, maybe they

are not emphasized or cannot be properly controlled, or their influences on the response

- ix -
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variable are not clear. If the full model is applied, the similar problems will be faced
and the model may be misspecified. The submodel is highlv biased if only regressed on
the variables of interest, and so is the corresponding estimator. It is much reasonable
to form a semiparametric model in which the variables of interest are parametric part
and the other variables are nonparametric part, but the nonparametric part will be
faced with the curse of dimensionality. Especially, when the dimension of the other
variables are high the curse of dimensionality will ruin the estimation and prediction.
In application fields more and more semiparametric models are to be faced.

All the above indicate that, it is still a problem to consistently estimate parameters
and construct confidence regions in the modeling process with variable selection or some
variables specified. In this thesis, we shall mainly study some estimation methods for
parameter of interest and the corresponding model prediction in the above cases. For
linear regression model

Y =8"X +477Z +-¢,
suppose that parameter 8 and covariate X arc only interested. In chapter two, a

semiparametric method is firstly proposed to adjust the biased submodel
Y =48TX +1.
By finding a proper direction 7 € 7, a partially unbiased adjusted model
Y =8"X+9(r"Z) +¢

is constructed, where g(r7Z) = E(Y — BT X|77Z) = yTE(Z|rTZ). Such an adjusted

model is partially locally unbiased in the sense that
EE€rTZ2,X)=0, VT e VX, 2)e ¥ C (X, 2).

Applying univariate nonparametric kernel method to estimate the nonparametric term
g(rT2) as following
S (Y = BTX)K{rT(Z; — Z) /1)

SR - D

i(r'z) =

in which K(-) is a kernel function, h is bandwidth depending on the sample size n.

Substituting §(r7Z) into the adjusted model, an estimator of 3 is obtained as



WWFRAFB LT FMILL

S V,K{rT(2,-Z)/h) 3> X;K{rT(Z;-Z:)/h}
X = X, - =

where }71 =Y, — , X
S K(rT(2;-2)/h) % K(r7(Z,~2)/h)
J= J=

. It is proved that

the estimator 34 is v/n-consistent on the subset #. Furthermore, based on the idea
of PT estimation with F-test, another estimator 5 apr Which is also relied on the full
model is obtained. In the third section, a confidence region estimation is constructed
by empirical likelihood method. Upon the method proposed in chapter two, the curse
of dimensionality is avoided by a univariate nonparametric function. Furthermore, the
property of inference is insensible to the direction 7, so the new method is robust. No
matter how large the bias of the submodel, simulation results show that parameter
estimation and confidence region of the new method are better than those of existing
methods.

Although the adjusted method proposed in chapter two can markedly reduce the
estimation bias of the submodel, it only holds on a subset # of the covariates’ support
region. So in chapter three, based on the submodel Y = 87X + n and the parameter

of interest 3, a globally unbiased working model
Y =8"X +g1(ZM) + - + g (Z5)) + (x

is constructed with E(Z) = 0. The main idea is to firstly decompose covariate Z into
independent components ZM), ... | Z@ then make use of the independent components
correlated with covariate X. For each component Z®, a univariate nonparametric
term g(Z0) = E(Y — 8T X|Z®) = +TE(Z|Z®), is added into the submodel to reduce
the bias of the submodel.

(1) When the covariate Z is normally distributed, the principal component regression

(PCR) is applied, g,(Z®) = oy Z® and the adjusted model is really a linear model
Y =B8TX +a"Zk + (x,

where Z® is the I-th principal component of Z;
(2) Otherwise, we adopt independent component analysis (ICA) method and Z® is
the [-th independent component of Z.
Based on this adjusted model, applying univariate nonparamnetric kernel method to
estimate each nonparametric term g,(Z®) as following

S ia(Y; = BTX)E((Z) — Z9) /)

gl(Z(l)): = n > s ,lzl""yK7
S K20 = 20y /)

. Xl -



WHRXFE L FAOL

in which K'(-) is a kernel function, A; is bandwidth depending on the sample size n.

Substituting QI(Z M) into the adjusted model, an estimator of 3 is obtained as

Br = (= ZXX ZXK,

K z] 1) K(Z0-21")/my) ¥ K S XK((20-29)/m) )
whereY Yi— 2o 1\((23“) 2T /h) X=X =D, S h((zj(” 2T /h) tis

proved that the cstlmator B 4 1s globally consistent on the whole space of covariates X

and Z, and it is also asymptotically normal. Because the added nonparametric parts
9.(Z") are independent of each other, large computation load is avoided which is faced
in the backfitting method for general additive model. Furthermore, the computation
error is fairly small if the number K of adjusted parts is not large. When Z is normally
distributed, the corresponding result can be obtained by applying least squares method
to the linear adjusted model.

When the adjusted steps K is large or even close to the original dimension g of
covariate Z, the method proposed in chapter three will result in large cornputation error
and will lose its superiority. In chapter four, more generally, a two-stage remodeling

and estimation method is constructed for sparse partially lincar model
=ATX+4"Z + f(U) +e,

in which parameter § is interested and parameter v is sparse. For simplicity, we assume
that U is univariate and E(Z) = 0. In fact, f(-) can be extended to additive structure
with multidimensional U. In details, in the first stage, making use of the independent
components Z& correlated with covariate (X,U) and by a multi-step adjustment as
that in chapter three, a globally unbiased model

Ko
Y =pTX+> g:(Z9) + f(U) + Cxo

j=1
is reconstructed. In the second stage, we further reduce the adjusted model by a semi-
parametric variable selection method proposed by Zhao and Xue(2009). In details, by
a truncated expansion of orthogonal series method, each nonparametric term _qj(Z ()

and nonparametric termn f(U) are approximated with
9,(Z9) = 07 %,(ZD), f(U) = v 2o(U).

Then we estimate parameters 3, 0; and v with group SCAD method as following

A A

(8,0,0) = argminge v g, e gt e et F1(8,0. v),

- xii -
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where
F(3,0,v) Z{Y BTX,; — 67; — VT‘I’0|}2+”ZPA (116512),

pa(+) is the SCAD penalty function defined as

(X — w)+

pa(w) = MI(w < A) + ey

*I(w > )},

satisfying a > 2, w > 0, py(0) = 0. Let M, ={1<j < K, : ;i #0}, K, = | M,|. For

simplicity, we suppose that M, = {1,2,--- , K,}. Denote g;(Z%)) = E(yTZ|Z®), j =
K, Ci, =Y = BTX — g1(ZD) — - .- — gg (ZER)) — f(U), finally, we get model

ﬂTX+ZgJ ) + F(U) + (k.

After two-stage remodeling the final model is sufficiently simplified and globally con-
ditionally unbiased. In the theoretical results, the convergence rate of parametric
estimator /3 and nonparametric estimators g; and f are proved, and the estimator B
is proved to be asymptotically normal. Because variable selection much relies on the
sparsity of the parameter, if we directly consider the partially linear model, some irrel-
evant variables with X but with nonzero coefficients may be sclected into model. This
may affect the estimation of the parameter [ on its efficiency and stability.

In chapter five, for high dimensional linear model ¥ = BTX 4+ 77Z + ¢ with
normal covariates and error term, we combine the tilted variable method proposed
by Cho and Fryzlewicz(2012) with the relaxed projection method proposed by Zhang
and Zhang(2012) to remodel the biased submodel Y = 87X + n with parameter 3 of
interest. If yTE(Z]X) # 0, then E(n|X = z) is a nonzero function. So we shall firstly
adjust the biased submodel with the method of Cho and Fryzlewicz(2012). After the
components of Z correlated with X, which are denoted as Z.,, are added into the

submodel, an adjusted model

Y =67X + Y wZ® ¢

keCyx

is obtained, where ( = 5+Zke]\cx vZ%) and j = {1,2,--- ,q}. Then we compute the

tilted variables corresponding to design matrix X as
Up = (I, - 11z,)X,

- xiil -



WRKRFE TR

where 11z, is the projection onto space spanned by Zc, .
(1) If all the lengths of the tilted variables are not too short, based on the tilted

variables Uy and the above adjusted model, parameter 8 can be directly estimated as
fr = (UX) U7 Y.

It is proved that BT is consistent under mild conditions.
(2) Otherwise, it need to relax the projection by the method of Zhang and Zhang(2012).

In details, the tilted variables with relaxed projection are defined as

~

U=X- ZCXG,

where d = |Cx/, tr(V') is the trace of matrix V| A is the penalty parameter, § satisfying

« —Ze B)T(X - Ze,
6 = arg minBemde{tr((X Cx B2)n (X Cx B)) + /\”B”l}-

Applying the tilted variables U and based on the adjusted model, we can get a linear
estimator

B = (UTX)"1UTY.
Because the projection is relaxed, so it need to reduce the bias of [31 Suppose that

(A0 4mi0Y g an initial estimator of parameter (8,7) of the full model, satisfying

Y —Xb~Zr|)2 o

{807,540 G} = arg MiNyeRp reRe0eR), oo + 5 + )‘0“7"“1}3

a new unbiased estimmator of parameter £ is constructed as following
A A T~\=- 17 7T 7~ (init
Bu = AL = (UTX)"'0TzZ5 ",

Finally, based on this point estimator, confidence region of 3 can also be estimated.
It is proved that such a point estimator gy of parameter § is consistent and coverage

rate of the confidence region is guaranteed.

Key words: Partially linear model; biased submodel; semiparametric regres-
sion; counsistent estimation; principal component regression; independent component
analysis; nonparametric adjusted method; variable sclection; tilted variable; relaxed

projection; penalized least squares; empirical likelihood; confidence region.
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ABEFENBSBXERMR—BEMAS, TREFEHE ARSI R T
Tk, RAEGTHR R K Al Tk, T 0 e R0 PR v S

§1.1 FAZIMHRERIRMITGE

[E IR R B LR (FEHL) BB (AKX R —MEEM G AL —KH, B3
HAGESHEEER e EEER R SRR %, K, SEEEEEIR
E BB RI R B A O, BREEETINRMNSE; IESEE RN B HER
RS AR E, EARESH, REES — ANEBREEREIE e, HEEER
sy RS O R, AIRAESHEEET. ERJIMEEEREES NS
s, A R &5, T, &R TREARSTEEE ZHRA.

SH BB — R OIFERM FIE B AR B AR o, LR R
ML R, BN AR IR Z —, I #iMontgomery® (2001), Kutner?¥(2004),
Draperf1Smith(1998). ZMEIAEAK—KERXAY = XT8 + ¢, HH, Y AW
T8 XApHEMPEE, sApERMSHRE, cABIIRE, BRHELEE(EX) = 0,
Var(e|X) = o HELEREFEBKSHETERETEY, B hZRELSFIEFE
B, HEXBERSHEONWEENZERITIREY - XT8)T(Y — XT8)i5 F
BN, BB = (XXT)"UXY). BEBRM-RENEANBREBRER THEL
ik Pfeffermann(1984), Harville(1976), Lewis F1Odell(1966). — &k, AN G &AL
M R AR B 5 TN AR 2 (Bl M B RA U, XS R R I S B R AE R . SR
BRI AY = r(X;8) +¢, B, YARMNEERE, X = (XO,- .., XCHT Ap4
FNARER, B = (B, ,Bp) T HpERMSE R, BEEHr(z; 8) DAERKH T X
MBHB, e ABENIRZE. ST IR EEHEAIRE, 20 FE - MIERECCTSHM
FH, ZFHELSKB—NSH KT IERMENVIERAG G 1+ 7% RARRMER, S 1.
ik BatesFl Watts(1988), SeberFIWild(2003). S%([A| I H B E R S R E R EW,
AN TEMBMEERNS, B ATEREMER. S (EIFERFHEE XS BV R B 15
AT ARIEAX LA S8 M, FEAS R REPIEE R GEHMELT, 28
HEELAES BT EE A R, WCEkHardleAIMammen(1993), Hart(1997).

B2, MEHREPNSHEERLEMALR, H2IBERNEL. AT ROEEE R
%, X ATRAES B ERA T EME N ER RSN, ESHERERMN—&
BRAY =r(X) +e, Hb, YAMRNERE, X Ap4EMNEE, r(z) NEW R pYE SR
B, cABENLRE. JESHBIARERIBEA TS R B ST 30, A5 ARES L,
R B S B BRI B IR A BR P e, BRI HES B R A B F R R

1.
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WM, EREEERE S HEFRARY. ESHEEEKER SN, WX
mAHart(1997), Efronmovich(1999).

wRAMIESEE T A EFERAZ TN, ERXRBREREFE IMES b
HEEAR LR —FHM, REELHEBANERNFEARPEAR EREMEER. A
Y AEEHEWE IR AERMIERZRE TS (O PR A PR AERRSR, M
FRE T, ST A4+ EH Nadaraya-Watsonfii i1, Priestly-Chaofiit,
Gasser-Mullerfli it. H# 2 BN 7 E BT B REFAEE B &MY, ik
ZRERRAR D (Y 0E, PR EE RIS B L S #RFan FIGijbels(1996). (2) L2840 %
HiE EXREENFERBRA —EirdE R BN L A& 2 IR R, K
B AR A — AN BRENT I I 2 A (WAR 93840 F0) ZOE A EDHE s 3. % HIYIE
TRBAE A RERE, BRE, Harr R

EF T ERAT IR S B b THISH B S B TR e B, T IR RS RO VR
FIHMT AR, IR AESFR B £ P S ROk R A 246 s
IR, B RIS B0R B R GRS AR B 5, W28 XHIE(Cross- Validation,
Stone (1974)) 1)~ X X BiiF (Generalized Cross-Validation, CravenflWahba(1979)),
A i A% (Plug-in method, Ruppert, SheatherflWand(1995))%.

—HYEIES BT AT MR B R MHE B 2 4EES R, AR, T “4ERRIR
(curse of dimensionality) ]R8, 7 2 4E R BHIRSL N AR R B E G 1H R 2 IRALF. K
B, AN B T B AR SR E 4T 2dk, 4nBuja,HastieFNTibshirani(1989) 42 Hi i ul il
BB FriedmanfStuetzle(1981) 4% H MR 1B BRAE Y, HastieFMTibshirani(1993) 42
PR RBRR . — BRI TE A, W Fan, Hardlef1Maminen(1998), Fanfll
Jiang(2005), Lin,Cuifl1Zhu(2008), LinFfILi(2008)4F.

H-F 2 HHE R S BRI IF LR I A R, A 2 B8R A 2 B TR
SRR NEIN A, SRR IR S HOH I/ XA GRS, B AR H,
A SER B o] ARRME A E S BRI 0 R GG, {ESChR A ISR AERNE. AR S
08 B P EB A ER AR R RN B AR S 2R AR 2.

(1) WAL RTTRINY = XTB+ f(U) +¢, Horh, Y m N, X AU M
KPR, W UBRAR S, R Wi 5 X MU M HINE 07 22 02, BARMNBH
Wt f()ARTAEHT I Speckman(1988) M4 1 43 2R M AR AR It /> —3fefili it
50, JFUEW] T S 8h T 0 /A & P S B IE A, BN 1L 4838 290 %A F F44E
T AR Honfh v RSO, 5 & 45 R WL SR Hard e, Liang M1 Gao(2000).

(2) AT MR AATERY = XT8 + S0, AUD) + &, Hop, Y R
PR, XU = (UD,...  UDYTIR R RPFIRE AR, fi, - fORARTIDG
W, pRp-YERIARINSHA L, RBEHLURZE.  HIXT -8 or 2R PERCRY, X ul gy
20 A Y (R ST BT R . D BRI T T I 2 2 VAR o o 2 el S, ot B

.2
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T A B E I EE (backfitting algorithm) AR E MBS, 577 (backfitting proce-
dures) i Breiman M Friedman(1985), Buja,Hastief1Tibshirani(1989)#& 4, Opsomer#!
Ruppert(1999)#& H 7 —4~/n & 1 S5 1t

FEESHEY A, ANEEXN SO BN, EESHIBEELFTENTRSH
Ft, AR R ENE AN SHh, TREESE TR TEEE RAE
875 v, Li(2000) 38 A —RERETEZ MG T AT INE o SEET, HERNRIRE
M ETER, AZTES SRS HE RS & B TN R R L 2 H T
TP AR 5 A, BT LAFanfILi(2003) %3 6] N4 4R AR RY AR 1 7 1P il
T, BTEESTERP R AR ABIESH NG, T MERsHH#E, 7
A% ik Deng M Liang(2010), Zhou,JiangFQian(2011)%. ,

§1.2 SURIHERILMEITHEA

SRR T S EE R H TS St AN A R 2 . BUE T E SR MAZ R AR
A BRI R R 9 NN BE T o T AR (B R, S5 U SR B RO 4E b B LT R 5
HEERK. EEEHEEABNEMLT ELEEREN, AT E B8 K&t
HIERE 7 B R T ARK IR, (R ATt FEE B R BN AR pTiZ b A%
B/ ER. EHR, —K “BEEHpHANKRTREASTEn” B & 4E83E 5 b a3
R Z U A I, NEWS ERA G K5, BIMZHR,AESRERIRA, X
FHREMIN, 2% %% Bihlmannflvan de Geer(2011).

1. =SSR THER

EEBEHEE S, HiTE ARRKLMERY =0TW +¢, H, hXEWE
BTVHAEURNTNREY AWK E, TEWRMAFEHEEEEW) = 0.
HW R R IR RE, EETGHEEEARBIRENAER. i, TF G4 IR &
Y LMY SR RS, BT R SHARBNKNKRR, MR E
EZEHWM T L

(1) MRS (high dimensional model): 7 = O(n?), H 4§ > 0, BRI HES &
ARBREKEZHAREK. 5, 30 < § < 18, ERrEER AT EIEKT
B, BRBEr < n, ARXMEL TREBEERDNTHEASE.

(2) EER4ERER! (ultra high dimensional model): 7 = O(exp(n®)), HHa > 0, BI#E
MAREERAT B KEREENK.

ARSI S, BERREENHRENNMER RSN, thansyi R4
Bk, HRSBEIEREEN R RAGOEIARELHAER. Fril, EfmgE
B R G HEWT I — R E B BRI R, ESEPRif Fid A2, B aifEEun ™ M
R E X
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(1) FBitEE X1: i8Se = {1 < j < r:6; # 0}, @so = |S| RTEEHITENE,
s <« r. WBIEE XL, WEEWHFLUE /N4 S B xme 548 Y fma, B 5t
REANE, MHR B N RN ™K AE.

(2) MgtEE X2 HMWE R, F—NEaw BN AR KL, MR
SEPRBRNDMERRL AT FREXWD, igs, = 0], Bsi = |62, sy =
> =y min{[6;[/6.1},6 > 0, #Es; = o(n)BIHNHEART R, WHLENE. BR, &
X2 2, R A T 2 M 5E K H E SRR E L.

2. W H BT

S FEgERPR A, — N AR B R IR E A R BR 4V, ARRER
RIATIR TR B RS R S HREE, R5 BRI R4 G or i b ikt 17 & 28
MGt e, — R T &SRR+ WA, R SBEBTF i HEW L 45 R &
ARUA, H—HHEEEIE P NE R R EAS LN UMR4ES ¥ I8 %
BB SITRGERIEN D EEFR. FRRERI 0T, 7850 BRYERT R LB AT HY
AR B AE AR T R 4E 5 vk, MR B 4E 5 15 S 2R AR (R AR AN K i (2012) 11

2.1 E5r 8 (PCA)

F R S HT A VIR BB BRI v, R 2 R LIUR T BE D 1 1E B R 4R
S B BARLER 25 0], {8804 B YE Tk B b BB S M B 1. B, B8k 24
A B LU AT e/ 1915 BARK AR N, #E17 478 WAL B R SAE T fr ik
WX = (X, -, Xo)T = (XD, [ XOYRREAESFABIEN (1, &) F- -DEA, H
Hin > p, £ >0 By > v > -0 > v, > OAXTXHFHIENL, v, v B HXT
REIARHE IE AR M1 B, FRy AXIERP IR A B R J (AR E4R), 5 = 1, ,p;
XTIy, XTRAXGEAER, i =1, ny n DEERLHEE A EABREFIRAI AW U, =
Xv; = (X7, XTv)T AXWE NI, 5 =1, ,p. SRS, HETy; 0
EREAR T B R4y, BEAE IRy Ko in - - et

(1) 853 1a) B A B 4 551 e B R AL, 2 oy [t 2 [T H I3, 5, %t
AL A A s, ) B o3 ) 4 ] A RS T

(2)FRU = XIAXFXM F R4, FRX = ULT AR B 800 e X000 S i 52 4 45,
FAT = (30, ).

(OFR(5- XOTU;)? = vy IO U X B A8 22 TTRR, T 3 U R X1 4 2
TEREG T XM, XOMA TR, XD B A ZEE T 5 FIRS A e A 7 vt
Creil

(4) R A B A o (XTX) RIPFEAXI 22 575 B, Wy 2 E sy U, 6 28 745 B ot
B/, BI er(XTX) = B2, [1XGI1P = ZE UG R = 25,0

KF TR TR R, FEATIN NN, - FIR A I HE,
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¥ Gnanadesikan$® H 1 X £ %57 (generalized principal components), HastiefiStuetzle
2 #0 F B £ (principal curves), Webb# t B #% 3 54> (kernel principal components),
BesseflFerraty £ i # i 28 14 2 5 53 53 ¥ (curvilinear PCA), DauxoisflPousse$ H i
28 M = il 53 (semi-linear PC), Donnel& 2 H 18] 0 = il 43 (additive principal compo-
nents, APC), Salinellif® X F13E£ktE & i 5 (nonlinear principal components, NLPCs),
A A] 2 WL 3C#RSalinelli(2009). 5 —REREH XN EREREENHET HANEEANRBTE
F RS S T HAR B M BT LUK Bl B1ASE, PE4H R 2% SCER Johnstone L u(2009),
Shen,Shenf1Marronx(2011), Barrios#1Lansangan(2010).

2.2 7843 B4 (sufficient dimension reduction)

ZE—AEEER, KhYAmNEE, X ApEilEE BRYMXEHRES
HFY,X), BJAMFEBRRERECDHX = 2BIZ B T I AHBFY|X =2). ZRO%E
FRREABER, FHR—NEMEB € R™*PiHEd < p, FRBF(Y|X =) = F(Y|Bz), B
45 5€ Bol) 5 A TY HSainr. 2 BIAESLL BN, HiRTEE BX AR X 2 3250 ) R AR
BY W EAF AT 4E. 787 P45 1) B AR 2 HCook T 19944F 2 1Y, HA T2 4t
H¥E R R B EE; B 2% CHRCookFINi(2005), AdragniFiCook(2009).

EX—NMEHEIZHES  R? — RY, d < p, FRZIBE AR SH, NRBELWM T =15
2z —:

1) B4R X|(Y, S(X)) ~ X|S(X);

2) IEMBFRERM: VX ~ Y|S(X);

3) BRERAEXRM: X L Y|S(X).

K, LR, ~RRFS . = ARG EHERERETRSX)BETXHRTYH
EFER, NTTAEY|X) = E(Y|S(X)).

ELMERYS, BERBER/NR S BETR), I RoBRETRFIZE, BN
T, RESy x. P OF RN FEEES NESE T BRSO FH
MAESHOT EAFEY) RN E(SIR), V) A5 Z (1t (SAVE), Bl [E a4, §1 3R
FIR TREAM T —B R4 B (XY ) R SLA Sy x BIME T, £ —E %4 T H2IrE T
RR Sy x —AFE; M-8 h 200 R B TR EEX XT)Y), B
RATReb £ AT Sy x, (AR LM T A WY A 3E13. CookMForzani(2009)#
F ESHERRE T RHABARBIREMN TSy x, FREVETEBAFHETHERT
EZ T, I B RE ES TR BT it

Li(2007) B 7T K IRAR 2 BE-T- 53 RO 78 43 B 45 77 5 6] LUV 25 9t 897 SURFAEE 11 7R

A/Invnj = Aann'Unjv VJ = 152) LD

Fort, M, > OR—MRET$55E 47 R0 3 U R IERE, N, > O IE X R4
B, 0y M 5T N, B AL 1R, A, R BER T SURHIEAE. RIS My, NN

5.
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RARXNBLBAEM NN BIEAER. £--EWaRsf&sT, ST idN S
FEAE(E N > - 2> Apa AT B vy, - -+, U PR O F 2 8 — D R M &

fifivt. ARV O] LUREZ0 SCRF ARG R AL D9 — D2 SR /s 3% H b R KO B
MU EREAT RAE. i

4
V = argminy cgpra E N 'my — VVTmG||%, st VIN,V =14,
j=1

He mﬁ*’zﬂ?f\ﬁﬂﬁ'ﬁ%jﬁﬂ,j =1,---,p. AT, span(V)fER LT 22 81— Mt
St F YR FEEA(SIR), MM = Cov[E{X — E(X)|Y}], N = SAXHIHF ZIE,; Xt
FUI R B 2441 (SAVE), M = TV2E[{TL, - Cov(z[Y)}?ZV?3 N = %, H
thy = 512X — E(X)).

IRHIHY I8 o R DT VETE AR THES RN KA A S R B T FrA I i A i, BT LU AR
REMEANEF, MR E B AR, M H v GEs2m 3 PR 4E iR M RBUR . Rtk B it T
FRER I 28 5 B 4 75 12 LA R o3 B4 S RO R I 76 20 B 4E 5 758, I OXARLi(2007),Chen, Zou
F1Cook(2010)%%.

2.3 A HEi%H (variable selection)

ARGE A S GBI M R R HERER. AR EREHTTE, FlinAkaike
(1973) 42 H HIAICTE B HER (Akaike” s information criterion), Mallows(1973)# H#) C, #E
M, Schwarz(1978)#2 Hi ¥IBIC/E &1 N (Bayesian information criterion), A 1% 1 i% £
TR . BN R AR pRy, TR 274, Bt ZpH AR
B T SR 2 A RE O, (RN Al TH RGP AN R 3. T HL, BRI I A
FHEEGHZBEN, LIXEBreiman(1996), FanfILi(2001), Miller(2002).

CTAEN, e AR RE R AN IZ A, INLasso ¥ (Tibshirani(1996)), 4]
U4 (bridge regression, Fu(1998)), Elastic Net (Zouf1Hastic(2005)), SCAD (smoothly
clipped absolute deviation, FanFf1Li(2001), FanfiPeng(2004)), SIS(sure independence
screening, Fanf1Lv(2008)), NIS (nonparametric independence screening, Fan,Feng#l
Song(2011)), DC-SIS A4 (Li,Zhong#Zhu(2012)), Dantzig selector(CandesF1Tao(2007)),
]~ X Dantzig selector i % (JamesFlRadchenko (2009)), i M A Dantzig sclector /7 #:(
Dickerf1Lin(2009)). XL AU LA A2 (DI A AT, H Lasso /i v, BrlalVdJ7
7%, Elastic Net /71, SCADA ¥, LLAMIN Bgroup Lasso /7 £ Mgroup SCAD 4%,
(2) B 73, BLEESIS ik, NISH ¥, DC-SIS 5, (3) &AL ik, B3 Dantzig
selector 7%, I~ X Dantzig sclector 5%, & Miff Dantzig sclector 5 #:8%. K T @4 ht
TR R H I AR, 2 WER I SR FanfLy(2010).

SEARA 48 LR 590 S A SRR REIE B A7, BLHG Lasso 3 SCAD JrikMgroup
SCADJ 55, X TAMMBNY = XT3 + ¢, F 105 e/ ot AR b ide B 2 b 2\

.6 -
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KB

1 «— P

= > (Vi=XT8)?+> pa(lBi),
=1

i=1
Hep, HrpRhZEBXMSHAHILEL, py, ()RET R E, R B RE 7 &5
RN ZHRMEBEFRFENRIN. BT &R/ RN ZEEFETIEGRY RN ST
BIEFENSHMA . LApa(lt]) = A0, RATREALIED. FEHlH, 20 < s < 2/,
LJESTHRMTEE (Fu(1998)); Ly #&5T # e/ —Fefi 115t £ Lasso(Tibshirani(1996)); L,
ESTRI RS AL B3, FanFfILi(2001)32 H TSCADE T, HE XN T:

F(B)

A, 0< )t < A;
Pat) = & (112 = 2aM|t] +2?)/2(a — 1), A< <aX;
(a+ 1)A%/2, It] > aA,

Wia > 2, A > 0. MH, FanfILi(2001)iE B 7 SCADTE {i i v+ & 6 LAk Foracletd i,
W M T EN Y RRE W EERE RS E T H— LT

T B/ IR ST SR AR E T, (0] LA E S B/ R R B
BTN EHER S5&g0ERESNEEEF AL, BhiR/DZRMETVRYE
HEAESN, FRESG EERE. AW, X TARKMET R, HMENETERN
RIMWEAANFE. Hlan, FRRFPERETE2RIEFYN, A EES T —N 5 THRE
FIRERY T Lasso 7% REdG FEE IR/ N REUE 4 E . J[IRITFESIIEACHT, Lasso 7 %R
ZHETHRA B R R

Breese = sign(B9) (183 — A/2)+,

Kb, SONET AR EIERNERENEE)NSHN RN R, ¥kt
BEJEFIEZR RS, I8 @ ARG A ZIREVE KRGS HUN T, IE R H TLasso AR a5
YEFEZEME, RN AT SEH B S AR — LR, HILHILT ERIR ZSATERE,
iNElastic Net (ZouFlHastie(2005)), T #4H &#E Bgroup Lasso (Yuan#1Lin(2006)),
LAD-Lasso(Wang,LiflJiang(2007)), Scaled Lasso(Sunf1Zhang(2012))%4&. %F Lasso
LRI E EMYE R, 2% X #RZhang M Huang(2008) & Bithimannflvan de Geer(2011).

X T-SCADA %, FanHLi(2001) 5 1 EH R4 R T S fht MoracletE . &
WITFESIIEAC BT, SCADFEMNSHGTHRE BARR

sign(B2) (169 — M-+, 189] < 2);
B =4 ((a=1)B) —sign(B)an)/(a = 2), 2 <|BD] < aX;
2 189 > aA.

BT HEE RiForacletE 51, RN E BA MM, T FESM, BILZRZE
k. FanFPeng(2004)4 XL 45 WHET 5| 7 &4 (Blp = o(n'/?)) &, Wang,ChenfILi

.7
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(2007) ¥ SCADFEHE, #2147 group SCAD 5%, Wang, Lifll Tsai(2007)8F 5 ¥ SCAD
TEVRB T EIISHIERS, XPBHE TSCADETI KRB RAGCVAHEEFR L&
BONB R MRS ESIA N EESE, WJif SAEENTRSIE AR
HE, XA R AEANIRE. Kim,ChoifTOh(2008), KimAKwon(2012)#— 4 Hf
R T SCAD kM it . LvFFan(2009), FanflLv(2011)HF R T A # &4 (Wp, =
O(exp(cn))) &M TSCADH % 4 tH M .

3. AN EEHANE

PFHHT R4 F G HER 0 8, FHKZ R RBUR EMBEREE T
FE—EREM&KMT, RAES N Lasso /5 1% FSCADT 55 1T LUF BIH & #2451
flivt. SRT, %A AR B B A BN 7 E S B 1 B AH S RN, R Moracletd:
JBR (ANSCAD )£ 3% 5 SUF AL, LeebfMPéstscher(2008),Leeb 1P éstscher(2005)
R, AR EBT IS MBS & A3 75 1% % (maximal scaled mean squared
error) G T L. XEHREZR TIERYMNSEH A RE 1R RER.
H., X318 AL A B 4t o B3 8 18 B /5 (post-model-selection ) il i, w1 d—— e I 248 1
AN SRR, SR R BOE AR X me S A BT SR AT Fe e, IR 4 TR AL B (TR FR T AR
RO RAF WIS, WX TR R SECF R S A EA BN TSRS TS Ham A 2
HISHE. BMEE A0 OB JR 88 e, SR E R T 75498 W R 2 8ud
WAVRBAMEH). WH, £ TE N R 98 M i M A HERR B M - 1 R E [ 4.

FH--HH, AN ST, AT R H 84 A O RBUE MR, KX
So R R 0] DUE 4. R, SH RIS I ANBIGER, B X LR R AL AN
BB WAG TR ), sE T 428 Bt ) B AR HE K M S5 R E AN R IRTE R X RO R,
WSK A AR A AR s AR a8, 1 H vl e I RGR B R, i L
M) J5%7 28 e 6o X A 3 N R AR BEREAT I 4 BT, Sl SRASEIRY A (a1, X IR 2 B0l o o s
A WP, R RYAGE Kb A OGRS 1 9 SR D 4 e A WA el 2 a4l
PR [T AR IXAEAT B 21 23 () Y- RS Y AR G 43¢ g - B, o A U o2 28 XK T 58 117 s 44
R (curse of dimensionality). F 75 EFo G2 2R B AE RN @SNy, AEBCRA 1) 44 HL K
3 2 BSR4 T 45 RAT T ROR K R R

UL, 468 &4 it (variable selection) 3l & it 45 5 (variable specified)
RO TR PTG AL T AT B ERAE DI IR R — AN AE, 6 TR TR 2% AN 2. Zhang
(1992) %t -1~ 28 MEAL R 9T 1 FE- 1) OB R 22 #HE M (generalized final prediction error
criterion) ) B4 N 2 BN VF PR IR, RIS BE AR Ik B A 2 BV HEM R O A =
FEI & R A vHARAE B ANIRTAS B A& R, 1 HEAE X )24 AL A 32 B e
T, Shen,HuangF1Ye(2004)13 5T 7 %F 28 P4 A58 (1) IR S BOH0 20 4% SCTT i 7 Ak b
AT B 5 3 TR A DGR SR TH MR, &5 AR W 2 B o A il fl
& T 7 22 b B RIRVE P, (R oh T A hE ik £ P FH AE T S B2 C, E IR BIC HE

. 8.
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T EHET, BT CATE i PR AR B 4 S50 K I 7R B Bk 4 b £ 388 31 A B 3 0 [B1 5 A 5% ) 2.
TP EgEREER Leeb(2000) % FHEBIRZTURMBK A ES S AAEL TET
TREIEFE FHRUNTMHT THA, HERRY, mBERENXREKENS, £—€
T BRI X R IEBE . 3 FEEBRMESEN KoLt S iginE
A, Li,Zhuf1Zhu(201) AR S EFESH T MBS HEH —F G, FB87T
R BN EASEE R, BEREIRPTEERR K ZFEEZ 2 S ERE A
E:ap A

AR FEHAAZIHEL TEEAETERREE FEEPHISHETER EHE
R BB ST A E U R R TR. FTFREERY = 6TW + ¢,
BEWRIRIp N B EEX) AN EER, MfEq = r — p M EOEEZ) BT EIE
BEHNE, NS HROEI BN = (8T,47)T, NTiBHEEEFG K LI
NY =TX +n, nBHHNREET. B TFn=-T2 +¢, YR EEMANTEZEXH
K, —fRHHEVTE(Z|X) £ 0, WE@®X =z) B—PEERE. FHik, —MRBERK
BEREEN R ZT S XA S EFINZTETHER, AT zE WL
EFERHTUMm. KM, ST EET S LHEHEE.

RRCRAMFEFES AL, —REBEF - Z NERXANESHE, BEF
RHET, NI —NEREAN—ENESTCRIAB A RTEE. M5, RA&ES
NZRF, BE T BZAMRER S ENSEM AT A EEASHEIEESSE. K
KAZ LR, T B %— R 5 v B R A 5 B 2 (backfitting) # R B Kz
HE EFZFPEANRAT ERS S ITERSLAES S5, URIEEmES R
VI Z FAREMSL. ATHIEARTE S, EENSEFRITRA THEZEIRFEFEXT
TR RHATAN. SABMIIBK A RN HEZN T ERERBN. B—KFE
RERLENMMIE AL, EHTHEERNRZDIRMIES 74 I m g2 PR A
Hrp, B2 FF ChofMFryzlewicz(2012) FIBiFI A B 2%, Kih EBEZFEXHXK S E
Y RIERTFELP, ABE—MEBEE. mEHHEENKEARRN, TTEE
ET R MFBERHTMNESH MM mRFEKERDMMmA R, NiZ
HiZhangf1Zhang(2012) R /7 ¥EXT AT UM J5 BEXT BN B S O AT/, B A
THAE (5 X iafdit
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BLE SHSEMEERENEREFERNFSETTEE

il

§2.1 5|

TEL MR R R RIWIIER By, KEM TN B4 5] AT R AR, (B R MIME
BH 5 SIS 511075 Z (variance) 15 712 2 (MSE), EZ S8 HEE TR
FasE, 2% Xk Wu,HarrisFIMcAuley(2007). AT AL R FI8E 58 o] g i, % — 2R
HEMWMEE NS 5IER, BARRER (FEER). £—EMENEMET, &
AR S BB THR SR, F1In, FanFILi(2001), FanflPeng(2004)$2 H #ISCADAE
1t (smoothly clipped absolute deviation) 2.4 B8 #igi 4 Moracletd R, &4 5 & a0
T BSHMEBEEETHRSEMELAZNSBMATTAZE, MAEFSERM TR
RHER. Y, AEHEMIRPHSBEMER PR REEER DR 81
SRR AR BT

SR, ARAZEERFNEIENFESRATARE W, BRI AR &
A LU R AR, E 58, SCADAE Y LR F gt FloracleE BN FEIR BB U FAAL. XX
Bk LeebFPostscher(2008), LeebfPostscher(2005)& B, A K & T X FH I —AF
HiAS THH B K1 5 1% 2 (maximal scaled mean squared error)ti§#&F L5, XEK
FEXFE—METARE N FHERMRE. K2, ST REER (RM) il v s 2k #%
J& (post-model-selection) fi i+, fnSR —Le H EATB A SER IR, A4 REIER (IFRT1E
R)RARE N, AT FRE PSR E AT R THRRS T h2 8, mA
RALSHUE; WCHkSeverini(1998)+ HallflInoue(2003). Schennach(2007). Bfif#ik
H R R R RERE, ¥ AP RMSEG iHE AR 2 A E B, WICERClaeskensH
Carroll(2007), HjortMClaeskens(2003). .=, PT(preliminary test)ftiit BARA T L
X 5l T RM(restricted model)ffitt, BREKB THIILIE;, 2 N C#EEhsanes Sale-
h(2006), SenflEhsanes Saleh(1987) LA % Sen(1979). REXFEM it IR RAMITTF
R 28 AR - EnE iR, HEEKRB T 2EE NS M, A3
SEMYSHR S LN XEHMATRATERN. B, 2T AT EEEL
RRIEM, BAERHOARSERENRAE.

Pl R, AT BB BRI ST B ESETIAR— M.
SFT LR MR, AZKIR Y — A PSRBT, BEE R TR A LM, M,
S TAEFER DS EE H ORI #H— P TETFRET K SH, £ TH
BT R, RS SR (Owen 1988,1990)841& t—NME MBI B S8, RAAZETT
v, T — AN —4E R 32 iR B0 BT B S Z4E B0 R (curse of dimensionality), T H.i%
HEWT B X FE S R B AR B T M BURE B IR R. FrLAET T A Bk R R
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1. EWFEBGRK/DN, EHEELTHNSEGETREEBR TIRA 7% 1%
Bk, —NEANEAREXAESTEMARSE T EERBELMEEL KR
Wb, WIREATHE, SEATESERR, U ERMASEESY %, AHE2.27
W 23X A 0] BRI AT AR

A% F BT CHRLin, Zeng M Zhu(2008), MW AHLAWMT. EHG.2H L
TR FE BIRE A mE, ARSI BRME T
WERPTM . L ARG, S8 rA &g BT LIS 2] £
#82.371, RAWENMHITREE SRR E THEEFIL. 2.4 H 1L
EREZ R, URFRE RN E AR A 54650 7R 7 EUAR. 5i§2.57 R 45 WiE.
F§2.6 TR M T — e E A IE IR,

522 HMTFRAMEARKT

AR E R X AT TR, RIGH IR AR M. 2 FXMRERR
B, SINT N ABRMA T NMABPTH . LR &N S I, 4
o] BLUE B T AR & TR AT

§2.2.1 IRBIFMMBAITEE

A B IR AT TR R L (R 2R Ak ) R A
Yi=08"X;+~+"Z; +¢e;, i=1,--- ,n, (2.2.1)

Hor, YR W AR Y (93 A, X A0 Z, 50 50 R p- 44 B A8 REX Ag-4E W A Z (3T
W, 5 € BRIy € G Rp-HER-BESBEUNEL, ¢, 6, RBLHAL

E(Sf'Xn Z;) =0, D(eilX:, Zi) = o?

(IS MLR 22 1) B0 ST
T TREAR(2.2.1), Z2HmEH(BT, AT) TR /DN % (least squares, T LS At X

yg |
3 XTX XTZ \ T
Pr ) _ X 2y, (2.2.2)
o ZTX 777 YA

EFX = (X, X)L, Z= (2, ,Z)T, Y = (Y1,---,Y,)T. fE -CH%MNE, X
FE— Mt TR AH A R 0. SR, B 80s) & gy, XM R IGAS RN, 1A
FAEEGERE I T (2.2.2) T AR [0 1N A 5 8 ) A% e (P el A e . RNk i 25
HBIRILHB, My AR g T4 R B R B AT .

.19 .
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B2, XMERWMIRETHREER. BE, ATHEIHEEM T, BIOILFHZE
BZMER. HX i TZEXRZZEMRRZRA, MEAEREZEZUATRmmY —4,
FASHBABEHEEATH. UL RERITRAESHMER TE Ak—
B, AZEFRIE, 2T EERIRE, SENTEZHHEG, XEEEANTH—
A FREBE R TAERERY

Yi=B8TX;+n;, i=1,--,n. (2.2.3)

XBBESEAWERp A RRE. WRNR AR FEEE(2.2.3), TUB R SR/ R
N Fefliit
Bs = (XTX)1XTY. (2.2.4)

LR Lz R — A RMAGE T, FAE @ R FEE(2.2.3) B HBMT. &
BHlu(z) = E(Z|X = o) B— M EZREH,

EMX)=E(Y - 7X|X) = E(vy"Z +¢|X) =+TE(Z|X). (2.2.5)

Flt, 2y £ ORE(Z|X) # O, vo(z) = E(n|X = ) BR—PMIETERH. XRHTFHE
#1(2.2.3) &4 RiG, B, BME|E(n| X) | RN BT S R TAHE .

B—HE, XTEER(2.2.1), REMILRED BIESTAAN. XTFFHEE(2.2.3),
SHAKI— N BPThitE XA

- Bs, i Lo < XP(a);
Prr = { Br, if Ly > x¥(a).
Hrbr, L, R TR Ho - v = Ofiprofilet BULIAR LUAR I BET &, X2 () 2 H HE AgHIX -
Sy L4 R1000%, 0 < o < 1. RAEMHMKEER/DN, BRI ME TR ZH R
T g A BN R TS,
25, FURIA AR S ik LURHE T Bs F Bpr BB AR S, BN AE AL (2.2.1)H0
FHE(2.2.3) 88 K B2 4R B FSH; 2 WHjortFGlad(1995), HjortFlJones(1996),
Naito(2004), Glad (1998), Lin,CuifiZhu(2008)%%%.

§2.2.2 HEIRA

L EXMZAMKR, ZFHhEREZRP OB, BIE(Z) = 0, A(2.2.5)RTEX
RO TFHRN(2.2.3) B4 —REMB. FOMKHER—ANFEEZL, MRZARP ALK TS
UHZ - E(2)REZ. EXMIERT, ¥ L&/ R iH(LS) SR EH, REEH
FHERK CUFRINBE I EREXFZZARE.

STFARAL(2.2.3), @ 30 F R R

(2.2.6)

Y, =8"X;+ 9T Z) + (77 Z:), i =1,--- (2.2.7)

.13 -
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H, FrrgaEmiAr e F ={r € R : ||r|| = 1,%(r) > 0},
(1) = E{(X — E(X|TTZ)}(X ~ E(X|77Z))"},
97T Z2) = E(|tTZ), £(TZ) =n—-g(r7Z), n=Y - FTX.

XEY(r) > 0BT (n)R— AN IEEERE. A7 SEH LdsiR(2.2.7), FERBINF.

(a) BEHY(2.2.7)SEBRRE —NMRFER IR 2 6 14 B fpr iR Y. MRS SCBR Hard1e%(2000), Chen
(1988), Hardle®(1993), ZhufXue(2006), F&M:r € 7 H MR A (2.2.7) & 1T R
TR, fEMFr € I, HHEEIEW T EANER I TS S g icE %, mH
BHE SER T PR RN EUR. BRI BT B A F AR 4E 5. UL
TR (2.2.7) MAE— D R MEAR R, ATRE S fhvhr, MR T ER B Y-
e SEMAE. TERE2.2.31TRIE2.475.

(b) fERERY(2.2.7)H, IREDE(rT Z, X)) BH 5 KA T hwnt, B AL
EErT2D)"2,X)=0, Ve I N(X,Z2) e W C (X, 2), (2.2.8)
Hrp, BARFERW LN
v ={(X.2)e (%, 2): BE(ZIX,772) = E(Z)’"2),7 y}.

XA TG A ] DR GE MR A T AE . (R, XIS R it S 4

1(2.2.1) TR BT, 16 2B HRHTUR AR AR, BE()X, 2) =

0,V X,Z.

R SCRABER(2.2.7))5, R4 AR ZMBHH M-SRy (T 2) %
AR AT LASRE G 4E A MR 7] M (curse of dimensionality), J6rPr ANl E45 700 HE MU
X BT HT A T Y 2 M AN K

XT1-RBRN(2.2.7), s, WRN ST KA T g(7TZ). T KR A,
Xtg(rT Z)y KRR ZAA IR

2= (Ys = BTX) KA (Z; = Z)/h}
S K{77(Z; — Z)]I}

FP K () RAZHREL WK T o %, P, AR (2.2.7) AT BLA R A

9" 2) =

Y= "X+ 9(r"2)+E(TZ), i=1,-- . n.
IR AT DL R R
Vi fTX:+6(:72Z), i=1,-- n, (2.2.9)



WWARRFHTFMIRT

Eq:‘ n n
- X YiK{rT(Z;-Z:)/h}y  _ > X;K{7T(Z;-Z:)/R}
Y=Y - 5 X=X
EIK{TT(Zj—Zi)/h} EIK{TT(ZJ'-ZI')/h}
2 =

MR EE, SR X, Y)Me(rTZ;) BHfTEE(2.2.3)FHEER(X,, Y,) R Z T,
FUATLAS BRI AS (2.2.9). FRIERL(2.2.9) R FIERI(2.2.3)—/MARE, 1 BB HER
—ANAT IR TAERERY.

§2.2.3 iFELIT
WIS REERY(2.2.9) AL RIS HARRE R/ Rt F

- 1 < o~ -
Ba=5.-3 XV, (2.2.10)
i=1

H, S, = 15" X XT. EAMEHITEE—ARME T, BRNE REXKBT(2.2.9)+
RIEHE. (EA— MERRAER S SR MAR R, RO BARRY (2.2.7) 1 2 10 T R IE N %44
(C2.1) sup E(XIP|177Z) < o0.
€7 zex

T

(C2.2) g(-)HI—Br BB ZHr 3 E R —F LipschitziE£E .
W, BRRAZRBCRE WS T %4

(C2.3) [ K(u)du =1, [uK(u)du =0, h=O0(n""?).

AT EB 47 LR AR R A 25 B (L HArdle®% (2000)), BAF @ BERRAL.

EIR2.1 X FAHREY(2.2.1), HiFEFM(C2.1)-(C2.3), [ANRT#HE LT %M

(C2.4) ¢(rTZ)ARREFZEW, M BT ERA ().
N,v(X,Z2)e ¥,

Vn(Ba — B) —4 N (0,6*(1)=7}(r)) ,

Horp, “— " RN K S SR

EAEHERERY, M TFEENX, Z2) € #, BEAMGIT64RVn-H&H, T LR
KISy TR, BT, HE AT A RE RN [ #EE, BIERER
AR HETRETERENG A, 5, AR, ST REEE(2.2.7),
ittt B R WL 2 4 H; Wk Chamberlain(1992). MiAE4#E(2.2.1)F, fiitHI%%
KHT 7 nl T

THE AR A . WS(r)BIZ5M 0] LR B, R X Z 2 6 R HE K55,
S ()X B BUA U, XL, RGBT AT KT o?(r). LRI rift T4 %
. BT yR—ANES4s8nE, Hila0 88 R MR0, XEr— BBk
BUA0. GnRENES 1R v e &R 0l @, 8] 226 SCHRLin, Zhu M1 Gai(2012), b
AEBATHR. F2.5WHERIL R, TSRS FERUABUR. XERE Gt
X B U AR Bk B AR R AR Y.
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Fo, SR RENE EANE, Z4(C2)PMETEARLTEN. X T(TZ)RHA
EWTER, ICE(rTZ)WTT E R0 (r). #T(2.2.10), W& A &/D ZFfbitin T

V) = s S oL gy
Ba(W) = 5 (W)n;(f?mxm, (2.2.11)
Hirs, (W) = L 50, s X X7 1X0F, LU B L.

EH2.2 T AER(2.2.1), HH L KM (C2.1)-(C2.3), [FINi# 2L LT %4
(C2.5) o(r)RERHRE, FTEERC, FC,, #5

i
0<C; <mi <n !
1= igrll a?(r) — 11585( a(T)

SCQ<OO,

1 i A (G — E(X[rT2)) (X~ E(X[r72))T —, B(r), (n = oo).

1
Horlt, B(r)Re—MEZIERE, * —, " R BRI,

Vi (Ba(W) = B) —a N (0, B7H(r)Z(r)B7 (7))

XA E B R G A (W) B /- H B 5y Al T 6. i H, Mo2(r) KA,
62(r) Ro(r)H—MHEMITHER

11 o
ax | — —| = o (n7%), &> 1/4,
mas [z~ ol =t 02

AL TH(2.2.11) Po? HEA S THe 2 (r) B 4, s BE2. 200 45 AR T, 1 R Sk Hirdle
%(2000).

§2.2.4 FAEMPTHEIT
AR (2.2 1) %K, (B, B T AT, STHIRREAS A, % TR (2.2.3)

2B PT THIn F

bt BA: if ACn < )\g(a)z ¢

> = ; 2.2.12

IBAI r { ,BFa lf [:n 2 ,\/3(0{), ( )
Hob, X2 ()2 B HIE AgHI -0 A RI1000% o i ki, L REIXS SR, © v =
Offyprofile Xt BB R LLAS S, Hw LK

sup La(Bv,0)
L, = 2log PE722E7020 (2.2.13)

sup  Ln(B.7,0)
peERB=0,0>0

.16 -
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HPLn (8., o) RANARREL. "] LASGIE

~2
£n=nlog%,
F
Hrp
1 & , R
§=—Z = XTBs), o = =3 (Yi— X{Br — 2] 5r)".

i=1

XTI E EA O /B E0, B R B — /N Uk4E 48 B (shrinking neighbor-
hood), $FBRHE B { K, } 75!, K

Ky:iy=9=n""%, £eR
WGt u, DYA—NMHEME Iu. FEEEASEm-ELZ TIES S, H.(t;6)(t >
O A—ANFER AL B B E A FEFOHSERS > 0240, —2, id
B = {u: Lalw) 2 (0}
o_( Pn De ) _( EXXT) E(XZ7) -
"\ Dy Dy ) \ E(ZXT) E(Z2") ’
Dy12 = Dy — Dy3D;3, Dy,
Dyy1 = Dog — Doy Dii' D2,
6 =072 T Dy €.
R 3R %8 H AL

ETH2.3 A FEEN(2.2.1), R BB 1M E, T HiRETe ] ES 0,
M,V (X,2)e ¥,

lim,,_ 00 P{\/ﬁ(BAPT - B) <t|K,}
— Hy((0); 6)Gy (80, 0(r) (7))
+[E t+D12D22U 00D112)dG (u OUDQZ)

NtF 5 E R, ATUB IR 4 R, TR Lk e BT L B P T it apr M
(2.2.6) %€ X HIWITEP T it Aprdt AT HLEL. AR¥E SCHRSen (1987), Bpridi

limyso0 P{v/(Bpr — B) < t|K,}
= Hy(x3(a);8)Gp(t — (E(XXT)T'E(X Z7)€;0,0*(E(XXT))™)

+ /] t+D12D22’U, 0 g D]lz)dG ('U, 0 0'2D02)

S17 -
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XEE, KE||E|)5 T8 S M Bpr B KETHIE M, /O XEERERIR/N. R, EH2.3%
B, R P T WHE RS T35, T, AT SR Bk R ae 7 i,
BPTHE LGP T B W B Bt #—45, R D,LD;} = 0, HiiE¥PTHT
2 /nAREm, T BS ||| RAN %,

§2.3 ZMFERAMNE S

AN G FHEAN(2.2.3) P SEUAI B AT BIE . BARTT LT @ #2150 2.2
faik, BRMENEAAME, RAFTEE LM AN T 2. Feal, R
FFHERN(2.2.3) R M BHE, WHEYr A ZHEMERA . FRPE R HER R
7% (empirical likelihood) K A4i1& B F 1, RICEAOwen (1988, 1990).

HT B T (2.2.9), BE BRI REZ.(8) = Xi(Y; — 8TX,). B
TE(Zu(B)1X;, 25,5 > 1) = 0,(1), & XX AR IR

n

L(B) = ~28up{ Z log(np;) : p; > 0, ;p,» =1,

i=1

Z": piZni(ﬂ) = O}
i=1
FIHhi 4% B [ 37 (Lagrange multipliers), L& ISALL AT NS A
L(B) =2)_log{1+ A" (8)Zu(5)},
im1

ot R TRTAB) B F s

1 . Zni(/:}) . )
n ; TN (B 2B (2.3.1)

EIE2.4 R E P2 1000 B2 20 A AL, X 1T HE8Y(2.2.3), i
(X, Z2) € #,L(B) —a x*(1)-
R e E12.4, A — A UL E(E BTN MRy iE
{8:L(B) < x5(»)}- (2.3.2)

To 1A% B B 1R T m)r UG, 3X AN B AE IR v SR AT BLIRA . R IR 1
A% BRBUE SURER T r, M STk Kitamura, TripathifIAhn(2004), B 1-#9i&E 250 USRI
O AT BRI, (H A, AL TR Owen(1991), 47
~ 1 " ~ N X -1 =~ _
L(B) = (Ba - B)" (5515 > (Y- 5TX1)2Xit¥fTA91fl) (Ba = 1)+ Op(n71).

1=1

.18 -
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XA, BARE(2.3.2)FIHERMERE T . AT B 5 BT R EUA SR, X—&
ET WG RPIGSEBR0IE. R, SHMNAEB LR TR T B9
BRE, MK ET ; SEHERf L, 2600 TF CHRQinFlLawless(1994), &

Vn(Be — B) —sa N(0.0*(T)S7(r)).
B2, & EHETR, R Z0%(r)S Y (r) % r kB AN EUR.

§2.4 RIS

AATEIT R SR BRI A VE R T BUR, B RMAE 5, SHIZARMAE i B Fi 4
RS Bpit AT ELEL. T E, BB T HR TR (2.2.7). £HRY(2.2.1) MERT
BA(2.2.3) W EBEER. 3T AMET, BHREMTTI AR, FTHENSAS/ME WEE
9, i BB KB X MK EME S X, X g BB bS5 RAM
WA .

§2.4.1 =kt
TE L ALRIEETY (2.2.1) 7, BAN S 0 BR7-4EFN20- 4k e B
B =(1.0,-2.5,1.5,-0.5,1.2,2.0,~1.5)T
v =0T
Fodt, yp My, AR U0 T ERE ) 10-4E A 2

v = (0.2,0.1,0.15,0.01,0.02, 0.1, 0.25,0.16, 0.15, 0.3)7,
vr1 = (0.2,0.1,0.15,0.2,0.16,0.1,0.02,0.3,0.15,0.01)Z.

AR XIRMIEAS 2 FN2(0,1), ZBIHT 104 E(E RN Z) R IER 7346 N1o(2.0, 0.5%1),
ZHIE 10N B OE A Z ) IR IEZ 434 Nyo(1.0, 0.8%1), iRE e ARMIEL /34 N (0, 0.22).
HRBIERK (u) = 3(1 — u?)[_11)(u). BARET IR AR LA TR E %,
HR2 R TR EIAGR. AT HERL, BRI = -5 XEEMHA
) (1 2 56 7 v R e B r LASRAIE VA RE A6 % r R BUR AR MR A AE X (5)FNZ (5)4r A&
IRXFZEE AR, T SR, AREARBENES AT REHRL 45 R
W AR & F AR GBEEA S B = 200, EE LR Em = 50.

R XFZAME Blr = 1/|1], BHFRRFAESEEA NN E.

B2, 1R LI BN S SR B 2. LR B F B A AP i AR, BUAR Br b BatR
B, R, LB RN, BT AT ARE TR, BREE
TH] RS 400 &5 SR A S I S B A e R T R b S i . B — 5, 2.1k



WWARKRFHELFMIEX

i
-2 : i -2 1 -2 ﬁ
i |
-3 : -3 -3
—a -4 -a
o 5 o s o 5

B 2.1 TR A TGS R, 2l R IR B, I EIRIR Ba, 413U IR IR Bp.

WIERMAG T B /2 A A 2. MRS S5 2.27, 4 BR A AL HZrh OB, Be i
A BF AT (R IX L Z AR b, T UL Bs A 2 IR 2.

B2 XMZERERIP &, REREZ0D = X® 450 x 1075 Hr =
1/][1l.

P22/ X S (AL A5 S TEIXAMETE T, VARG A4 VAR R Ry, S —#¥,
BsIEA WA B, SR, T BRI B 03 A0 A 80, et
YOE A VHEE T B2 20 ROR . SLhR b, T AN BN THE, HMaz =
8433.3, Min = —9556.9, Avg = 377.7712, T WS T HIME—2.5. XSS,
R HCH 3 A S, BT AR i i 4 AR IR

T3 XMZELERIP R, RERSEZ02 = 1.01 x X@), 209 = X6) 4
5.0 x 1075, J7nlr 4t 1k .

P23 Xt L RORRALL 45 S S TR T2 —FE, B A AN 40 B, T 54 40 2
RILLLEHF. W35, B 85242 B R S 34N A WA 3R Wl 45 2l b b,
T Bpf AR T, HMaz = 280.4017, Min = —1010.124, Avg = —28.9834,
(i 8 B — 2,588 % ; 3T B 8 =AM RERIAGHHE, M az = 12978.41, Min = —12955.42,

i
2} l 2} ' zr
| |-
1 ‘ ! 1 1 1 1
o{ i . of o
H
i ~ |
-1 ’» £ l {1 -1t i 1
! '] J
-2} ! ! 4 =2 -2
-3 4 -a { -3
N | S (e | S S |
(o] 5 o S (8] S

Bl 2.2: T TE20 S THRAAS B, 2L IR oR Bs, THIIEIRIR B4, 4710 BRTR .
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Avg = 809.7536, LB T HIL{HL.5.

W4 XRZEHER1IPRT, RERAHEZ0D = 1.01 x X®,Z08) = XO) 4
5.0 x 1075, THIRT10N4- TS 104408 43 BIEUCA1//10H10.

B2 4R RIS . 55T —FE, faRIUEHT, (BRAMprRIRE. i
F3MIt, BART 2 RIEER, (HRAM T RBURAE, X7 RIS,

BTS2 W RMAG T A% A5 B 3 . 7 [ 1 100 b A8 B ) (A S e R e
f.

§2.4.2 BEIEHE

St BT, Mo = 0.1, WUREA SR, AT AR R 2.4 1571 &4l
e, RS RO R S 5 m) B AR T-4E Y, X LA TS A BRI A R

B XFZAMR. Br = 1/|[1]].

£ 1MF2.25) 2 T ARMEABRMAR BRIt FE RSN ER
— T B R T TR R AN 2 AR L 1) (S IR 7 1 R 0.9, BEEREAE
FRgRk, Bllnn = 500, XA ZEHIHEA ERK. %2.3K 8, F T AWM B {F 500 2
T PRI BN, BAb, BT AR B AE I S R R NTUAATE.
WA SR H B 2 7 vk S T S b X B AR

B2 XMZIAEMKZA = X® +e, e~ N(0,107°).

0. A2 55128 T HUAR R 71N O 7 2 R 45 . HAE RS XTI ZAM RN AR
oL, T E A U AN UK. #e2.6F1422. 7526 T A F B i B REAE R H5RE
ARSI RIS FEAR ], 245500 FE I 35 T SR 1 (S R L i, r B 6, E
(5 X A1 iz 85 T B S —2.5. {H R HE T A s 2L (1 B S 1xd A B 2 A A e 1 2 AR
fa ). BRI AS SCHRE H O 4 i 7 2 R 50 L (S 3.

3 3 3
' ]
2 H 2 i 2 2
R R x
i ! t
T I o b | 1
! H
of . o oF
I
-1 - -1 -1
y i
-2 i {4 -2 -2
I *
i
-3 -3} -3
-4 -4 —a
o & o 5 o 5

B 2.3: T3 S A THRINGE B, A2 ERIR Bs, IR ERIR B, BN Br.

-1,



LR R F T FAL T

3 3 3
1
2 ) ' 2 . 2
i i ' |
1 l i ’ 1t 1
o . W ot 1 o
i
-1 | 4 -1 L -1
i I ,
-2 : H -2t -2
[ |
-3} : -3 -3
a - -4
o 5 o 5 o s

B 2.4: WETEAR sl TGS R, i IR B, 18] B3R B4, A5 1A BIR B
F+ 2.1: HABE =200, EEMITRE = 2000 8B pE BN EEXEEEER

elements of /3

sub-model

bias-corrected model

full model

B 0.900 0.825 0.555
Bs 0.895 0.825 0.535
B3 0.855 0.825 0.550
B4 0.880 0.835 0.530
Bs 0.925 0.865 0.525

F 2.2: HARE =500, BEEMITAEm = 100 S ENEFEXEEZR

elements of /3

sub-model

bias-corrected model

full model

i 0.87 0.93 0.80
A 0.86 0.86 0.74
B, 0.93 0.89 0.85
Ba 0.86 0.88 0.84
Bs 0.92 0.90 0.79

§2.5 ZHILFNTTIE

FERTIRTS AT Th 9N T —Fh XS B A 24 AR 2R, BRIt =4 7 A5 20 ) (A 49 KR 1%
B AR T, UEWT T iz A 2R S ) 2 8 it /el A . 2t R
ZRALR TR I G AR S R Al T R A, MG T S BUR ERA RCE S B RS
THIR LRI, BEARERACRIIABE Sy o oc, Pt A8 i ik £ 2 AR I B B A o
BARER T AR e Rl AR b 53 BR A ) S AR B 2 R A 4EAEZ B T M. A
717368 4R 5 AR B AR [0 JL, A (1 e AR R 508 43 (g 163, IS (X 1) 25 106k
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3% 2.3: HAREn =200, EER/ITREm = 500 BB ENEEXE)

elements of S sub-model bias-corrected model full model
B1 [0.5148,1.4836) (0.9651,1.0381) [0.9777,1.0164)
Ba [-2.9406,-1.9646) [-2.5309,-2.4588] [-2.5147,-2.4761]
B [1.0074,1.9753] [1.4625,1.5345) [1.4815,1.5195]
B [-0.9538,0.0167] [-0.5357,-0.4633] [-0.5147,-0.4758]
Bs [0.7558,1.7303)] [1.1634,1.2352) [1.1805,1.2186]

#+° 2.4: EAEEn =200, EEMITHREm = 50, Ty =Tg =Tig = Tig = 1/\/41 BEfr o2
AR BHAE T ENERXEIBESE

elements of 4 sub-model bias-corrected model full model

B 0.875 0.855 0.550
B2 0.940 0.865 0.475
Bs 0.875 0.860 0.500
Ba 0.935 0.880 0.525
Bs 0.895 0.830 0.510

+* 2.5 HEBEn = 2000 EEMITAEm = 500 1 = 1/V124,1p = 1y =
0.5/v1.24, 716 = 0.8/v1.2d HRr S E AN EBHLE N ENERXEIBEZE

elements of §  sub-model bias-corrected model full model

A 0.905 0.820 0.540
B 0.845 0.810 0.495
Bs 0.920 0.840 0.520
B4 0.845 0.835 0.525
Bs 0.865 0.855 0.555

Bt Ry, AR G EAMUE FELEER, Er N H TR eER oLt
HER | ARZRVERITISE ) Gaif%(2011) WAL 7 S r E HAME T, SEE MBI R E
PR, A5k, REMHEELRINANTEN N FEXE LKL, XtERFT
2% Lin, Zhuf1Gai(2012) 3t — B AT W 5T
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F+ 2.6: HABEn =200 EEJHITABm =50 n=n=r2=76=1/Vi ERr 78
HOFT BB ENEEXE

elements of sub-model hias-corrected model full model
o [0.4772,1.4105] [0.9431,1.0583] [0.9832,1.0220]
B -2.8286,-1.8909)] [-2.5620,-2.4133] [-5.4867,-5.4142)
B [1.0021,1.9420] [1.4440,1.5585] [1.4838,1.5230)
B -0.9612, -0.0196] [-0.5655,-0.4485] [-0.5216,-0.4824]
Bs [0.7808,1.7143] [1.1402,1.2556] [1.1820,1.2213]

T 2.1 HAREn = 200, BEEMHIHAEm = 500 1 = 1/V1247m = 13 =
0.5/v1.24, 716 = 0.8/v/1.24 HE HEAHONBEESTENEEXE

elements of [ sub-model bias-corrected model full model
o [0.4817,1.4121] [0.9413,1.0566] [0.9839,1.0227]
B2 [-2.8058,-1.8682] [-2.6290,-2.4452) [-6.2070,-6.1344]
B3 [0.9900,1.9337] [1.4430,1.5582] [1.4828,1.5221)
B4 [-0.9731, -0.0341] [-0.5646,-0.4469) [-0.5211,-0.4819]
Bs [0.7903,1.7271] [1.1404,1.2572 [1.1813,1.2208]

§2.6 i

§2.6.1 EIE2.1F01FEIE2.2891ERB

BrTZ = U. ACIXFPHEIL FASRY(2.2.7) 2 - DARAER 3 Lot ol S8 SN a] B
HIEMAHIAE SR RE2 1M5E #2.2, #1n, CRRHardleds: (2000) A £E2. 1147
EF2.12. 0
§2.6.2 EIFE2.3AVIERR

F3HEINAT SCHR, INSendF(1987), H

liny, 00 P{v/n(Bpr — B) < t| Ky}

= limso P{vA(As — ) < ¢, Lo(1) < x2()}
+ 1m0 P{v/R(Br = B) < ¢, Ly (1) > \2()}

= H,(:2(0);0)G,(t — (E(X X)) E(XZT)E;0,0*(B(X XT))™)
+ [z Gp(t + Dy1aD3y' ;0,02 Dy12)dGy(u; 0,02 Dys).
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X, AREBREL,(u) < x2(o)W1ERE. #ifl, BeHE2.10 152
U, = T(1)v/n(Bs — B) —¢ N(0,03(E(XXT))™1),
HAO(r) = oo Y () E-VAXXT)SV2(7). A—HE, & HIEH
Vo = vn(Bs — B) — (E(XXT))'E(XZT)§ — 4 N(0,0*(E(XXT))™).

ERERRAU MV, B3N EE&ULER, B3

limpoeo P{v/R(Ba — B) < t|Kn, La(w) < x2(a)}

= liMy 00 P{Upn < T(7)t | Kn, Ln(u) < x2(a)}

= lim, o0 P{Vy < T(T)t|Kn, Ln(v) < x%(a)}

= limpyo0 P{v/n(Bs — B) < (B(XXT))'E(X ZT)E 4+ T (1)t |Kn, La(w) < x2(2)}

= Hy(x2(a); 0)Gp(T(7)t; 0, 6 (E(X XT))™)

= Hp(x3(a);0)Gp(t; 0,0%(1)E71(7)),
BIHIE. O
§2.6.3 EHE2.489IERA

B R HE2. 1R e B2 20 IE I RE A, 47TZ = U, MEEAY(2.2.7) @ — MR
oy VeI, e 247 DA E R BILE RS R1B 3, Hlin, WangFJing(2003),
Shif1Lau(2000). O
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F=E SHSMREIFRTRENS SBAEREHER

§3.1 5|5

¥ B 53 47 5 R R T S B i) R 7E VTR I R 5l AR B RIAHRR B T
FERREBEY. RELHEEREAR M ABERN KRB N EZLREZECHFEBRAITTE
B, A8 B F AR 2 S BUS AR T R A PR, R B
B SRR R ARE PR ERFRARMN L. M TR SR HIR
Z A BIEFER 5, AT UL Rt G5 R ME T DI AR . 55 T2 B
WARSEH, dniZx s |, Bt FE%RE . AICHIBICIS BHEN 5%, HMiller(2002). VT4
SR ECEAT IR T E T A 7%, B F5Tibshirani(1996) FILASSO 7 . FanfILi(2001)
HISCADJ ¥ J CandesF1Tao(2007) K Dantzig /5 1%, %545 .

TERZ 1B, NI 2 2 M 1B IR BYARE 1) 5 S Bm v A A 5

Y =8TX++7Z + ¢, (3.1.1)

HAy R14em N AR, X A1 Z 5 5l 2 p4E M o4E BUE LM T & XTI S BB,
eRFENURZE. AL, BATEENS ARG, Flin Al AR X BvRI7T ik
A S TRH,ZREFZIRKERMRARFERNEE. 290N TETREXNIYHE
g2, B R FEROGERA. T FRANOTY B LR S AT 2SI 2 R Y (3.1.1)
FIANTWREEZ, WShenE(2004).

RO EE ARG S G, FRER(3.1.1) e SaEEHNEE
MEREMAER, E(EX,Z) =0 #£T ELREER 4LEY, X, Z2)F—HMILH
MY, Xi, Z3), i =1, ,n. SEAEST, D) TR & ZRfb1tE R

A -1
B ol XTX XTZ XT
( : ) = argming, ) (¥~ f X —772)" = ( Z'X 77 zr )

YF =1
(3.1.2)
EPX = (X1, X0, , X)), Z = (21,22, , Z)T,Y = (Y1, Y2, -, Yo)T. BHF&H
HELDRIEWA, FTbifE—E %A T (3. 1.2) R HE M. EEJZEHENSNE
FIERIR BT, 1T (3. 1.2)FFER 21T B A M) &, K FT EEMEE 5. 4
WA PE(X, Z) A& R B8 AT et BUE Bk aT e i B R, flin A&
Z (6] = ARG, ik, B TR eMES Ak AR {E .
YR AN RO R 1) AR Fr X3 AT (R U, BRESAG 3 R AR F A

Y =B8TX +1. (3.1.3)

.27 .
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BB AR AT A TARMERL. 358 X004 BATBORAT 2 5, BEILAR AT M R
e B LA 7R
BT THB(3.1.3), TGS S HOMR A =Rt T

Bs = arg ming zn:(}/, - BTX)? = (XTX)" !XT, (3.1.4)
i=1
fEFHER(3.1.3)F A
E(nX)=EY —BTX|X)=E(e+~72|X) =~vTE(Z|X). (3.1.5)

B, HvTE(Z|X = z) # OEn|X = 2)B—DAEFTRE. X EHE T (3.1.3)2
SR IR, BT LME T As TTRER A HI AR

ERNPREEERX, REXNEEZN A RIEFRNETEIME, BB
Bl— R, RSB RMEN, BRFERDN R RPOEE T LM
HRZFATHIEMAE, INEBERMIHELRTITH. EHRSHEE TR
fe A Mmiy, MMAISE TR, H5 RS EARASTHM A R, BT
R T E T RE e HIE — L. R T — DN R E T SH, S - et/
R — L BB A B AN B BR, R AR IR B TR R A WA, AHRIH, 2
M (X, Z)T(X, Z) AR 3T M B, 36T A 8 i 2 800 2 A IS A9, JLHall #0Inoue
(2003), Schennach (2007). AHf H—S A TEER R A SEH G HIER, HRBER
AL AR mia W AR REAT) SR A 2, X INF 12658 289 0 B 12 (R 1.

LR Z W T IE SR a0 BAHE M vh. Blan, A3 5o 125 M Bl I 4
FERFFRIGIRIMEER ¥ —MHES R . 50BN FEMLE, IANHECRH T -
HEAE Sl vt ERE NS KRt gl /N TR Al T 2. (HDR:, IX AN £S5 AL E ol
B THERXE R, REXADTHOREH K.

AR bR RMIE T E P S H AR A . vt IATE 1 - G
TAERER, HENRHE KA YEAES AN, B0 B BRI 2 45 8 K/ N1 R )
e, FIFAER X MR Z 2 WFIHRE R, 8Pt TR — A —4Ed: %
VT, AR Z IR Ao A A R KSR A3 18 VA K K s 4 Jr TG {10 1780 B A5
B B0, KA M (ICA) Fi k. BRI, 88 7 MIEH
filitt, w7 BRI B R AR LA A, B R, Friuthi R Re e, wHeE T
A T

KRB GEEI AL, FE§3.2705, T TR T AN T R T A A
BORESH T~ NMRABNNSE T BRABE] T XA B R R S P A
IIEAME. SR83.38 7 SIS . BRe3. AT S T RS IR T
JLEATE. 8350 4t T — L BNL 45 B MWF W b S
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IIFRA ST FIe S
§3.2 ZMTREMNESSMHIT

AERBEGRBRERM, p < ¢, E(e|X,Z) = 0, Var(e|X,2) = ¢2. WH,HE
BXMSHA/ENAE. Fik, THEA(3.1.3)R B EHEA.

BATE e FERFERE R FM TR, ABEIEBMNEBSELH— Mt #—
2, BAVHIE XA FRIE TR 2 HMEE T AR AL EAS .

§3.2.1 AP LHIRE

RIE LA, FHEA(3.1.3) AR A R, TEBRAESIANFEMUR TSRS —
MNMRBH T IRIER.

(1) IEASmFRERTEE

MBRZAFP LU IESS AL E, WA LA Z8 S48 F 58T (PCA) 7 1.
WY,z NZHIh T ERE. FE— g x ¢WIEXHEMEQ,FRQE, QT = A, HFPAE
Xt BEdiag( A1, Ao, -+, A)y ZzzMIRFEEH RN > X > - > X, > 0. i2QT =
(Q1,Qay- -+, Qy), HFQRAFIEAEN X P g-BEAFEIAR, i = 1,2, ,q. 22 =QZ,
MEEANDBZO = QTZRZME N TR, HENTFL < i,5 < q,i# 5,29 FaZ0)
R AR

B =Qii=1,,¢, M2 {i . E(ZO|X)#0,1<i < q}, K = |M|EFEE
FHITEMN. BIEULE N EK < ¢ AR—BH BIMREM = {1,--- ,K}.

P iE G R A2 s Al

Y =87X +g:1(ZW) + - + g1 (Z50) + (e, (3.2.1)
Hrh ) )
9g(ZM)y = E(Y - pTX|ZW)
= E(TZ +¢lZW)
= E(T2|12W),
G(2D) = B - BTX — gi(ZW) — ... — g,_1(Z6-1)|2®)
= E(Y - BTX|ZW)
= E(RTZ|Z%), i=2,---,K,
(k=Y —BTX — g1(ZM) — - — gpe(ZU). AY(3.2.1) 5 T Z B B AE ) B IR
FXFZH534.

kbR L, AR ER o AT LAk — A0 TR O

G(29) = B(7Z|29)
BGTQT(TZ 4] Z, - 7T 2T Z)
&GZ® =1, K.

>l

. 99 .



WARAF AL

(A, AR (3.2.1) LR LR — AR EAER
Y = ﬁTX + (YTZK + CK» (322)

ﬁqla = (aly"' aal()Tv Z]\' = (TITZ7' o ’T]7\:Z)T'

. Sxx Sxz
WX F ZHEES EASHN (o( xx Xz ))sz(nmX)=T,TEZXE;SXX-

zx Xzz
MRLIERZTHT 25 Wp N R A R Z W, WAEGETZ)X) = 0. Hi, m
REHn (=1, -, QIERTRERNEMELM, MWEK < g MRIAEL (=1, ,¢9]
RN EET R REE, MEK =q.

(i) JEIEAS 5340 K AL ST 508

WRZ AP O FEIES AR s, RN E RS 8 ASER, R EMS 54T
BAZIMALsr . XM OLT, AT KRS Ir 7381 (ICA) 7 iR Ab 3.

1) RiRZ B—Leih T A FZOMLEHAGER, BZ = AZ, HhA £ DR
HME, Z R— Ao sr B4 a K it

EUEM, A MZa Bt 2 BV RE 20O N4 IEA iR, W Hyvarinen®%(2001).
R W E RS, JZok Sl X RARNZ = QZHPQ = (Q: Q2 -+ Q)T F
P FastICA 5] LSRRI AR ZD ¢ = 1,--- | ¢; RHyvarinenf0ja(1997). Fastl-
CAJ7 iEET B AR B A, — M S sUR, 1 2l ik kAR B s .

WFER IS B =Qii=1,-- ,q K = |[M| 2 #{i . E(-TZ|X) #0,1 <
i < qYRAREAFRITTENE, WICM = {1,--- K} L), RGeS FHIIE %
MBI (3.2.2).

2) R Z e Jd A ZO MR SR, BZ = F(Z), oD F() - RT —
RIZE—ANKFM AL U, Z R 7 o REAL I R MBEHLAE . LAk, k2R
PEICA SR B T A R0k, 50 anali 5 Ab sl R 20 M5Ok ik 5T 1 k4R
HICARE BB ; W.Simas FilhoFlSeixas(2007).

A R ol 2 Tk Pl e A A Z )i T - SR R B, A AR Z O e g 4 2
Hofdi vt S 1A vt AR LR M 3R T a0 190 R B G vHE I R - 577 Simas FilhoFIScixas
(2007). AT HAR LR EAEL, A RAMBEZ = (20, Zz0)T, Z0 =
DI Fy(ZD),1=1, - ,q, HoPF(-) bt s

FHFEFRERL S, ELT(1), BT ARG W R I8/ 2R Y (3.2.1), H

G(ZD) = E(TZ|1Z9) = 54 F(Z9), i=1,- K
(k =Y = pTX = g(Z0) — -+ = gue(Z2U)).

—

ZX LZZ

5 XA Z M0 B0 . AR = ( Zxx Exz ) (I 2 BN RIS
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BIE-2 ( )Z( )B@ﬁﬁ&ﬁfé%?ﬁ&?ﬂﬁﬁ%f&, M HZ i — e R B HE

B, HBE(ZO|X) = E(rTZ|X) = TSx 535 X. FEEXRANA—BHE&HT, )PBEE
BAMEMT AT oMK IR BTRBAL. WKariyaflKurata(2004) 7 i 67 851.19.
EG) (i), ZEZOZ BN, BATER S5 ARREFHE. 77 LSER,

E(Ck|X, 29 i=1,--- | K)=0, VZ,X.

Ei, AR EERE(32.1)RER/FZFMATMAY. HIEPITE N 583.57.

FTLL, BT 7#%(31.3), B3 T — Aiﬁ?&ﬁ%ﬁ:@ﬂ) B EhR ER—REER R
A NER A R, HApsTXRBHE S, 0(2D),1 = - KRS, (ki
BEBLIRE. EZAFOUHEET, BE9(Z9) = 0,i = 1,--- K. EY;, &
Wig(ZW),- -, gi (ZUO) BB HIRT.

57 A (3.1.3) ML, BRI (3.2.)MIESH S We,(ZD),i = 1,--- , KATEIE
BEDMAR. EAHR—ENIESEHZO. EXFERT, FRE/D I (LS)Fix
ARER, TUEIBOMRERIMET. AT, FEIRIFTEEMERNES LR
e

§3.2.2 ftHEMHAENAM R
— s, T CUE R — 4R dES AR IES T AR, AES S, BAME
A — b AR g (ZO) I T
(Y, ﬁTX) <<z<“ ZO)/hi)
" K20 - Z0) /1)

HAp K ()RR, h KT AR/ FIEARBIE 5. HE4(3.2.1) T A FH AR A
M

G5(Z29) = =1 K, (3.2.3)

Y =8"X+5(ZM) +-- - + (29 + (3.2.4)
7R TR R R R SRS i R
Vi=8TXi+ Cxiy i=1,--+ ,m, (3.2.5)
Hop
_ i i K((Z §> i’il))/h’)’ xS z;?jlijq(Z*l;‘-” —ff”)/m)_
= S K(ZP - Z20) /) = 2= K27 = Z;7) )
BRI (3.2.5), TS HAM— MEE RN Reflit

1= v orml o= oo
= (EZXIX,.T) lngin’ (3.2.6)
i=1 =1

.31 -
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KO BRREBERG2)REFEN, WVar((kilXi, Zxi) =0} i=1,-- ,n. MHEA
WEMERTERN, FER LR IHESTF

n

N 1 .. v
BA‘:(EZO_CAXX Z | XY,

Ho? = Var((gilXi, Zri). XB, BEG—of HRDMM. WHEKM, KHM
Bt K AH, R Hirdle% (2000).

TR (3.2.1) B — MNMEFRR I ] IR 4 2R AR RY S I U R %A

(C31) EZ =0,(XT, ZE)VRH BRI HE, E(CLX, Zi) BRAH K.

(C3.2) ZHIE R f (Z2)ERTHE L THERTMNENER, E(Y|Z0), E(X|Z1),
l=1,--- | KLARf(Z)RZK Al

(C3.3) K(YNE R SMRE MR EL

(C3.4) BHh,l=1,---,Kifif&n — oo, nh? = oo, nh} — 0.

TR R YRE T84 £ /n-HE BT E IR MBHE EA M .

EIE3.1 MTHEK <« ofFABHEAI(3.2.1), H%KM(C3.1)-(C3.4)F, /M
HE((X — T, B(X|Z0)(X - T, E(X|Z0)T) EsE, 0

n? (B4 — B) —4 N(0, %), (3.2.7)

Hhg BRZHRIAEMNEE, “— O RRKIHEREE, © = 0710071, & = E(DDT),
Q= FE(ADDT), D=X - K, E(X|ZY).

SE3.1 BEEAL BRI LRI, bR L, blas(B4) = E(B4)~ B = K*(O(h2,,.)+
O(n™ 1)), Ehpe, = maxjcjcrchy. EFRM(C34)F, bias(84) #171°0. MK = O, f
HEOARTRA. MK < g, SARIRA. KK, fhibias(8,)#A.

$E3.2 it bk AT DA IR A 1A A RIS, AR B8y Tk,
mHEX AR (=1, -, KAGUR.

3.3 wHAI AT éH’I Xﬂ’*i(321)'4’ R I W5 2EBRA L. T Dl 247 B

W TR ZE I e 7 5 BRI, SR T BNy 22 S T G AT $ 4.

¥3.4 YIREBUAS 2, BV arCxi Xi, Z;) = o, WL PN T ZE R

S = B((X = 3" BXIZON(X - 3 ECOIZ0)T/ o

=1

IXfifi & Chamberlain (1992)H1 & H =S5 AL
e, M XFIZ G LRSI, B UL R 2 MR Y (3.2.2). X FE AT L
133 Sl — A1) dt /N - Fefili T

. . -1 T
XTX X7, X

Ay 2 ot i Y (3.2.8)

(@1/ Z?;;X Z}I;ZK ZK
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ﬁqj, ﬁﬁ*ﬁﬁ(?)QQ)%%ﬁ%E@, EDVQT(CKiIX?', ZKi) = UEK’ 1 = 1’ R 2
3.2 M THEK < M RBEHEER(3.2.2), MR-

XTX XTZ

ZEX ZLZy
B, M
n%(( ?L ) — < b )) —q N(0, 0?,(221), (3.2.9)
ap, &

Hep, pHloRZEABIEE, “— )RR mi sl
LB (3.2.2) R TT Z 0, & REL.

§3.2.3 HEERIFHSCIN

7 E B3 I 4R (C3.1), R R ZAF M. BREHRIIER MR/
e, XANFKMFTHEIE. LR L, MBRZARP LW, 18z = EZ, BXZ* = Z ~ g,
ERAY = TX +~vTZ + e UHRFT R

Y =6+85X ++72* +¢, (3.2.10)

Hgy = Tz XA BANAR RS (3.2.10) 5 F iR B 5 1.

EEEHEC2D)MNIEST(ZN)KRBT —HERZO i =1, K. BREER
ERSHK. LI, WETEZO(1=1,--- ) 5EXHg ML EMXRE, 456 >
OEEXLR = {Z® : |mcorr(Z®, X)| > 6, l = 1,--- ,q}, EPFmcorr(u, V)R RuEVHIZ
HEMKRRPIREAR. WK = |R|, WESRYTHTEN. SESHS, I %~
1t g:(ZO) et g, (ZD) B, B BEh AR IR LR BK (R BREEE. ATLCRA—
SeIRAT B & IR ERIE R, BN/ MEMISE. leave-one-out CVELGCV A .

ERBERNAMERG22), AT, =1, K. ANEBZHSMREN,
T EEE AT AGELEER. 1) BZALESTAE, RN ITEED, FREEN, ¢ =
1, qEAHIE, 20 — oot 8y — 1(u—7) $FE T EAHEN(0, Vi), HHV,; =

i fjﬁijTf, w S = L3 (Zi—Z2) (2~ Z)THEMHERE, Z = 257 | Z;

M. Anderson(2003). X, BT LA w; KRBT, 2) B ZRIEIESZ AT, 7 AR Samarov
M Tsybakov(2004)3 3 ChenF1Bickel (2005,2006) 32 i I H LKA, i = 1,--- KK
— S . X R ANRRESY (3.2.1), BREE K IR IR AR AR 22 BT AR T
ANCREMITERENEE R . KT ML FMG T, BRTCR — SR AR EES RN
ML, W #ERSimas FilhoFflSeixas(2007),AcharyafiPanda(2008).
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§3.3 HUEIEHL

AR BUE AL R B R PE RS, AT B BT T4 1B
T ARV B BEAT HL, 346 L R F AR R R TR 22 . 10 THERY(3.1.3)
RRERI(D), ARAER(3.2.1)80(3.2.5) AERI(IT), £ERY(3.1.1) AERI(11T).

B2 RERY(3.1.1) M 4E 80930, TR (3.1.3) K94k B a5, A 1 Hh Xt i1
7 iR ZE (MSEs) R3¢ B4 2Y (1) £ 7 Bl R 2 (MSPEs).

AR (3.1.1)d, AFIy4 RIR A

B =(05,-3525-15407T. 7= (Y0,

Frp

Ye = (0.1,0.1,0.15,0.1,0.1,0.1,0.15,0.25,0.2, 0.5, 0.1,0.1,0.25, 0.1, 0.3),
v = (0.1,0.25,0.1,0.1,0.3,0.1,0.1,0.25, 0.3, 0.5).

WEWeRMIESTMN(0,0.3%). E&HEpanechnikoviZ K (u) = 3/4(1 — u?)I_1 1y(u)
%R, ESE REEGCOV T EE. ATR A [ 77 ki ry, LA Rt
Xt R Fatgm).

BSE AR X Z 43 )% W Case I Case ITHI3%. fECase I}, ZG*) = X 4 4 =
1,--,p, HHPw ~ N(0,1071°). {ECase 11, X FIZHIHh 5 24 A

Exz = {7y). 7y = { 0, otherwise.
FEAR BN = 500, BEE R X Em = 1000. D KD p, WS XO3G =1, p)A
KIZD(G =1, -, q)IERADH

¥ B N

1) T SRR E R b, AU A

BX ~ N(ux,Is), Z ~ N(pg, Ios) My = (1,3,-2,5, -7, 1z = 2(115,0,0)" +
3(045, 110)7, 1R 3 BRI r-E1T IR, O RITA 70 1t 901K) s-4E4T I ik, T, 8
NPT XT TR AL x kXA BT Var(Z) = Ly, niURHEIE

7_1(]'): 1.0, =5« l=1,---,p;
0, otherwise.

B, nRFRAE, B = 1. BELES I &3

.34 .
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% 3.1: BUAENSRAETIINGREMRRNING TUMIRE.
No. MSEs MSPEs

3 Bs Ba Br model (I) model (II) model (III)
Case I  B3; 0.0806 0.0198 1.7842x10'?
n=500 B, 1.0746 0.2642 3.9904x10*3
m=1000 5 0.0066 0.0980 2.4380x10% 1.9109 0.6099 2.1980x10°
B4 1.4170 0.1047 2.3286x 10'3
Bs 0.1062 0.2554 9.0173x 10!
Case II 3, 0.1162 0.0198 1.3660x 10°¢
n=500 [, 1.4334 0.2607 1.7027x10°
m=1000 5 0.0318 0.0959 1.7989x 10° 3.0619 0.7303 6.9606x10°
B4 2.1305 0.1060 1.0980x 10°
Bs 0.0783 0.2586 2.3062x 104

2) FTREARERS 5, nBUETHE.

BRX ~ N(ux,0.2515), Z ~ N(uz,4.00) FEbux = (1,3,-2,5,-1)7, pz =
2(115,010)T + 3(015, 110)7.

(Y, X, Z:),a = 1, ,n R, X, Z)H—DMMSLWMEEAR, AN FERES =
LS (Zi—2) (2 - 2)T, BhZ = L3 Z, Selln ASHEINSER Byl =
1, - ,q BETHATETZEX PN ZEMXERE, REREI»p MR AKNZEHXR
AN, t =1,---,p}. R3I25IZ T EHMEILL R

F+ 3.2: A HER S EGE TN A REFERNY S ALRE.
No. MSEs MSPEs

8 Bs  Ba  Br model(I) model(II) model(III)
Casel f; 0.0714 0.0277 2.6798x10°
n=500 [, 1.1603 0.3564 2.2090x 10'°
m=1000 S5 0.0292 0.1664 4.2535x10°0 2.8768 2.1755 5.7280x10°
B4 1.4788 0.1213 7.7148x101°
Bs 0.1319 0.3031 7.0836x 100
Case II 3, 0.1972 0.1191 2.4895x10°
n=500 [ 5.1409 4.1299 3.8820x 10°
m=1000 S5 1.1076 1.5663 5.7254x10° 2.2671 1.5255 2.2547x10°
By 2.7417 1.3899 2.3762x10°
fs 3.7741 3.9448 1.6863x10°




IR AT F AR

3) T BEHLIEER.

RiZX ~ N(ux,0.2515), Z ~ N(uz,4.0Iy) Hbuxy = (1,3,-2,5,-1)7, uy =
2(115,010)T + 3(045,110)7.

SR 2MME HRBP{r) =1} =02, j=1,---,q =1, pbli
By, SRIG X r dE T RRAEAL. HE R AR L 48 S L3 3.3,

LRI IFIR3 2P, MBEn PR T SRR AN £ Ry M FiEEER. NR31E
33T LUK, X TF#HifliitBa, EHZALESBIIMSEs/N Tt Gs, T HEA>
B 5 KBIMSEHAs /MR . (i34 M As FIMSEsIE /N Ffii it Br. 2 T8 44 014
B FIMSPEN T FHERFIMSPE, it/ T 2EE FIMSPE. Eit, #ti75R 2 Y
TR ZET S, BHR R R E SRR, T B X B EEUR R ).

§3.4 4£5FRIE

AKBRET RS e TREE @t 2 D RAB A EME 7 — N R oM R,
HAEBRURMN FHRAMBRAT, FH T HEREZBHIHXER. B8Ry
B MEENS > ML N —HRES TS, XM RE L, frein
AR AT A R WHE T ARAIR A 80, 0 ELIR BT IEA 4345

MK < gift, BT RBER KM RN T IA . Byt 1) 4181
W(EXXT)VE(XZT)y —ANEH. FELAMRK x(O(h2,,,.)+O(n~ " #r10. FTLd,
MR THEYRREZNTHAKAKBINEK < q), Fihitoa 0wtk . I
Fo, 0TI RAMAR ST AL R TR, 2) MK < q, BB (3.2.5)u8(3.2.2) 84

+ 3.3: nFEHLERRTSHE TR IREFIERNSHFHMNRE.
No. MSEs MSPEs
Jé) Bs Ba B model(I) model(II) model(I1I)
Case I 3, 0.0935 0.0256 1.9104x 10"
n=500 [, 1.0938 0.2326 5.2779x 10'2
m=1000 33 0.0226 0.0927 3.9372x 10" 2.838¢ 1.5971 8.3777x10"
B4 1.4791 0.0937 2.5891x10'?
B35 0.1227 0.2326 3.5851x 10!
Case II A, 0.2616 0.2244 3.4396x 10°
n=500 [, 5.1239 3.8396 2.2277x 107
m=1000 /5 1.0540 1.3376 1.1387x10°  2.2965 1.8749 7.5368x10°
B4 2.6669 1.3812 4.9274x10°
fs 3.6827 3.8761 9.8622x10°




WWARKFELF ML

BAEATH, B, HibiAamia R W REN, BRIFXMZZ AR RE Mo
A3 1. 1) M 4ES L R B R R MR (3.2.2) KR Z 0, ISR XFIZARSE, SRR R iH4E
MEET RS R A RIEE T LA B, EIL, @05/ SR EE TR AR R ER
1 BB AR B R AT (S

W AR B 2 K 2B R S B XA, BESRRBERTEES
F 204 R, XA R HAR T AT Ak B H A M. XFMEREE—
(BAR kR AL TR, AG4E T — & TR

§3.5 M

§3.5.1 1HEE(3.2.1) mMAYIERR

WERR. FEVREAET(3.2.1) B BEHLIRZE T« T2
E(CK|X72(1)aZ = 1’ ,K)

=EY - pTX - qi(ZD) — - — g (ZUN)| X, Z2D,i=1,--- | K)

=ENTZ +€X,Z9,i=1,--- | K)~SK E(E(YTZ|Z")|X,29,i=1,--- ,K)
=En"Z|X,29,i=1,--- ,K) - 2K E(yTZ|Z)

= EEL S Fy(Z20)X, 29,i =1, | K) = K, B(SL 3y Fy (29)|29)

= Z?=1712§i-1Flj(Z~(j)) - 2§€——-12?=1’71Ej(2(j))

=0, VZ,X

Hhz = (zW,... ZzanT, z0 = E;’-:lej(Z(j)),l =1,---,q {i: B(ZW|X) #£0,1 <
i<q}={1,--,K}. FTCLBEHEA(3.21)REREZMELME. O

§3.5.2 EIE3.1RYIEER

IERR. WL IEZS /AR 45 5 £ 25k H Fan A1Li(2003) H 5E B2, 18R & S 4R AR AN 4RI (1992)
FOEHEIMIES. XERIMMUA B Y ABERG2)ASHFERBEMN LB, B
Z2 18 T e (K 3IE BE R LU

TR (3.2.6) 1 BB 2D)HLTX: + 1 (Z) + - + g (Z5)) + ¢t
BY;, K153

3
>
3
3

N 1 v _ . o
BA_B:SJ]E( -Xi gli‘*‘ZXiC[(?‘—ZXiCKi)’ (351)
HohS, = L, XX, gu = B(Y: - A7X:|121),

AU 10
v K 23 XiK((Z7-Z7")/h) A K v
X; =X¢—Z¢:1 = % =030 =X, _21:1 X,
Zj:l ((Zj =Z;7) /)

. 37.
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I T0)
~ K n 9 Kn (2,7°-2,7") K 4
gn = 91 — = =1 wn E S, — Gl — —1 Gkli
gii = G Zk 123 1Ej=1th(Z](-k)—Zf”) i Zk 1 Gklis
Dy I S R LOIG e SR
Ko™ s=1 Lg=t gn e, (2D 2D) T 4=

HoE, MIBXAE XL S AT ISR A CE S, RSEH

K K
Su 5 E((X = Y E(X|Z0)(X = Y E(X|Z0)T) = @
=1

=P, n— o0
=1
fFIL S XS0 iy ATLMIEAE R0, (n™ 2.
SERR
1

n K K K
- > (E+Vi+ Z(U(Zi(l)) — Xii)) Z(gli =
=1 "=l =1 =

S|

M=

1=1

FHop

K
V=X-EX|Z), n(2Y) = E(X|ZY), ¢=EX|2)-) n(Z")
=1

pUIFVIS < eI Z 2L

1 n n K
" Zfz Z Gii — Zjuz (n™17%), %Z Vi (g = Y gus) = op(n™'7?),
i=1 =1 d

=1 =1 k=1

K KN
- SNz - X)) STl =3 gui) = 0p(n7V?),
=1 U=1 =1 k=1

ZHFanFILi(2003) 15 BB 1.(1), 51 LB 4, 51 BB, 1. (i1). 5 BLB.5H0 542 BE2. 11| (1D 11 1Y)
B_i]l}:t! %Z X Z[ ]Jh - 0])( ]/2)

T 405, A

E X Cl\z Z C“)
n i i((V, + &) i

N K

n-? 2(‘/1 + 61')((’(1' - [_Zl ([1') + 01;(1)
~ & Z <li.> + 0,(1), Hh

=1
" Zl(lzl( n(Z) = X)) (Cres ~ Zch)—o,,( ), n” ’LIVZQ = 0p(1),
Z2E FanFILi(2003) 11 5] BEB.5, 7lfiB 3.(i) A B2, v (A0 (e,
RO, Z = (20, Z)THahizO = 51 (20,1
q, #4ivan der Vaart (20()())'l'['l‘JH('z,j(*A"jﬁﬁ Z9lHLE(X|Z) = 30, E(X

HTZ0 =1 ...

. 38 .
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(¢ - DEX. BAEZVX) =0,K <1 < q FIMEX|ZV) = EX,K < 1 < q,
E(X|Z) =K, E(X|Z0) + (1 — K)EX. HR¥EFanfILi(2003)+ 31 #B.3.(ii),

n K K
nTEY &Y i Sn 1= FOEX Y cllGll = op(1).
i=1 =1 =1
TR, BRRIRIE T2 500 (Vi + &) Cki + 0p(1).
H i, (3.5.1)8] 1L

n

V(Ba—B) =272 (Vi + €)Cki + 0p(1), (3.5.2)
i=1
AREE MR PR R EE (AT 1B 3 T R AHHE A Hin'/?(Ba~B) —q N(0,871E((3DDT)®Y),
HFD=x - F E(X|Z0). ]

. 39 .
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FNE  BRBHLMEIIRROFEN R EFR R

It

§4.1 35l
2 RN H 3 e [ 3 A 2

Y =8T"X +47Z + f(U) +e¢, (4.1.1)

Heh, YRI-EmPASE, XMZ5 5 &p-gfg-4hTE, pRERNTAEH S < g,
SRS EC ALy, f(ORBRES(U) = OFRMBEE, REILRED #E4.1.1)8
ET EMAERNEE NTTREZMTRE, EEX,Z,U) = 0. AEFRITHZ AL
AR, CAFGEL, RBURL-ETE. Lhrl, fO)TH#E BURZ AL ERN KT ING
. ABW(Y;, Xi, Z,Ud),i = 1,- -, n@REEEBN(Y, X, Z, U)RIHALF 2 A0 SIU-E.

Ry RN, BITISHBENMNE, AENEE BRE&HTHSHs. FENER
AT DT TR AT B A

Y =8TX + f(U)+n. (4.1.2)

W CF%&M, MBRAYTE(Z|X,U) # 0, ME®X = 2,U = ) 2—1MHEXERE, BEK
BTRES, B—RE(Z|X,U), BERATEZEXMERZZ MFHEIXM, HZ&SHy,
THHIBRT PSS ENBRERE. X, 2T FEE 12 MSHE T e A
EH.

THEBFIRXFEEBSE L. FEth, EE B, A7 X -FEE®ITAmR, FIAE
BEXMAEZZ AR ER, MBEZENFERITEE EHIE— DL HEE
B AAFREZPEXMRB GBI RN s m, U ES B 7
B I — AN — 4320, BB NERLIWE TEER. R, X249 5XH
KA BEANFIR KN, TAEB R 3 S R B IR N R SRR KRN A I EK
BRRAGER. Wik, £ M, FAXSSCADZEERF T EE—EX LikiE
BERHTEN. N T XL R KRR, EREFMT, ZITIEREB RN &
BEEMSHOTAMAES I, 7R SCHEZhaofXue(2009). AH5<HI SCHR W FanFILi(2001),
Wang,ChenF1Li(2007), Wang,LiflHuang(2008), %%&. Lt BEHEME, m4HE
FIRIE R R R TO AT R 78 0 1B, BT X AMER, 1 04 Y T () B R B
% W B 15 2 it

AERESHMSHLAMT. £84.277, BAET FEUERER T — 2R THEE
B RGBT SSCADE Bk F T R W BRI — Pt TiE. BTl
BN BT EMEBSHAN N, EE R T XA E v WSO AT B
PEULZHES U T IAE &, SE84.3 4 T IE M AHE IR 4040 T 0 — B sl 45
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R 44NN T AR R E KB ENE T 75 T — B R E M. 584.59751 %
T IR N, IR T — IR IR AR,

542 BOUESHEFIGT

AEPREPRARN, p < ¢, E(Z) =0, E(e]X, 2,U) =0, Var(e] X, Z,U) = o*.
BW = (X7, 27T, BEEMB = E(W — E(W|U))(W — E(W|U)T)IER, Mifi 4
B(4.1L1)RTRA. T H WERX UL SRS E. Ei, THE(4.12)R
i .

§4.2.1 FETHXMME S HE

FEA/NAT P IRATT 8 Sl i 2 40 AR VoK TR B IR D A A T

MR ZAERSAAZE, WX ZH D08 E 4T (PCA) % WL 9 Z110)
FERE, WAFLE g x qIERIEREQ, FRQY QT = A, AR diag(A1, A, -+, Ag),
Fiay > A >0 2 A > ORZ MASAEE. 12QT = (11,72, ,7p), 29 = 1T Z.

R Z A AR AR IE RS S A A B, T ] DARI B SRSB4 90 ICA) ik, Bk Z 1
AR ZOWAER RS AR, BZ = F(Z), P F()R--ARI — RIMAK
(MARLRMERRGT, ZR —A KA e M s 43 B R B AL IR dt. o (2R AR R PR .
IR ZO RN~ 5T %A, BN ZOBESEROE AT, ST TEMO RO 1 -2
WA R A, WERIA Y SC#RSimas FilhoMSeixas(2007),AcharyafliPanda(2008).
ABAL R, A pREZ = (20, , 20T, 20 = ¥ Fi(Z9),1 =1,--- ¢, }
TR ()RR R L

£ FSR W RS R, ZDZ A HE MM, R KREEM, = {j : E(ZV|X,U) #
0,1 <7 < qIRA. AR, BM = {1, -, Ko}.

FIIE LN I i EE A2

Ko

Y =BTX +) g;(Z9) + fF(U) + (o, (4.2.1)

=1

Ferlt, gi(Z29) = BY = BTX = fU)IZV) = 4TB(2|29),5 = 1,--- Ko, Cky =

Y - BTX = gi(Z0D) =+ — g, (ZEY — f(U). BERI(4.2.1) 3 T Ph & Z () B M i 1K
WX, UMZIM A, RBE SRR (4.2.1) R %1 TMAY, BIE(Cx X, U, 291 < j <
Ko) = 0.

PRRER Y (4.2.1) - MEERI T B /- 2RV Joy ) gT X R BHBSY, f(U)
gi(ZD), 5 =1, | Ko PIEHR B IRr, Cuo REBAPLIR 2S00 15 THERY (4. 1.2) BILL, I
B g(Z9)),5 = 1, , Kol B RN T HOM R in M assi. st Frioe ez,

.42 .
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E(g;(Z9) = 0,5 = 1,--- , Ko, FTAIEBE0:1(ZD), -+ | gro (ZK0)) BEBS BT 241
it SERRL, ORI Z AT R E R KT E(Z) = 0.

HZ AR OUIESS A, EBHYg,(29) = ;772 = ;29,5 =1,- -+, K.
FTLAZ 2 R R (4.2.1) PR LB — MBS AR R

Y =8TX +a”Zk, + f(U) + Ck, (4.2.2)

Hd, o= (ar, -, aK)T, Zrgy = (ZV, -, ZENT R ZHR BB TREKA EASS
R, AFS > g, FTRER MR IR ERY, XA T UPRE TSR, W ERFan®E (2011).

§4.2.2 HBRMLT

AR P 2 B IE R G AN, MKEEEREZFE T EXHE
M, 2 ABEMEAESELRPER. ATH—-BEAER4.2.1), TRIIXK
Fd Wang,ChenF1Li(2007) 2 H fI2HSCAD[E] 3757 « ZhaoF1Xue(2009)# H #1342 SCAD
ARG

AM, ={1 <j<Ky: E(gi(ZD))? > 0}, s = |M.|, BIEER(4.2.1)—FHT,
BlsR/E. B CESETIRDZTRMOT

Ko Ko
= ST (2 FUNF Y, (s 2O, (4239

o, |lg;(ZD)|| = (B(g;(Z9))V2, N, R MBS, p,\(-)—SCADE T R #, & X
A —
Ph(w) = A{I(w < A) + £((La—_—lu%l(w > AN},
Bila > 2, w > 0, pa(0) = 0. FEU23)F, g()VRF{g;(Z29),5 = 1,...,Ks}. H
Fo;MfRABHRE, FTURGEE N (4.2.3) BT R/ ML, X BT f()Flg(-) R 3
HHATIERL 31 < 5 < Ko, 2{ U,k =1, -, L}H R T RMHHIERSE K
0, kI

E(T ;1P ;1) E/ Vi (ZD)0u(ZD)r;(Z29)dZ = 61 ={ L b
supp » =t

Ho, rj(ZUYRZOMHE R, A, 4 {Vo, k = 1,--- , L}l 2 LR KR EE
B, FAEF R RIEMOAU RSB ERNEE RS, 100,(Z9) = (1;1(29),---, ¥, (Z0))7,
Uo(U) = (T (U), -+, Tor(U))T. XK, g;(ZONVAf(U) AT I F LIRS

g;(Z29) = 070 ,(ZD), f(U) =~ v o (U).
2105012 = (676;)172, t1FE(@,(ZD)9T(ZD)) = 1, A6 1E, T LA

F(B,6,v) Z{Y BTX, - 0T®; — I/T\IIO,}2+an,\ (11651l2), (4.2.4)

Jj=1

. 43 .
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Hep, 0 = (67, 6%)7, ¥ = W(Z) = Vee(®1(Z),- - | Wi (ZF5)), 0o =
o (U;).
SREB, 6= (07, 0% )T FMoid T @50 (4.2.4) B T Rfik i, B

(8,0,0) = argmingepr g cprvert F(8,0.v).

24 = §(Z9) = 6T%,;(Z9) , f = f(U) = 07%o(U), Mg;Rg,(ZD)H—Miliit,
fR U)K~ Mt

SM, = {1 < j< Ky:80;, # 0}, K, = |[M,|. ARBKER REM, =
{1,2,--,8}, M, ={1,2,- -, K, }. W32 LA T 4L 00 T /ERE R

K72
Y =5TX+ZQJ'(ZU))+f(U)+C1\',,, (4.2.5)
j=1

Hr g]-(Z(j)) — E(VTZ|Z(j)),j =1, K, ¢, = Y - pTX — gl(Z(”) — .
g, (ZER)) — FU). ERBMEMRE TN, SR 2588 THHEENAES RS, mH %
SERIAY 93 B2 R A SR M (S BN R T i AR B Z AR R R i

SR Z RO . P 2 A LR R ) EAS S A AR &, WIS, = 1, WA, =
ejj =1, ,q, FPe, RARFE;NDRAL. KRS RAOW LA AR, XKo@
BRI, T Hoy = ATr; = ;. B (4.2.2) R, 5 T MM 2SR5 akt
BLR, AT LA 3R A Fan LI (2001) 41 ) SCADAE S 47 ¥k [ 25 648 Z e, H OB L | fi5 i
BHa B, KRR LK R B 5000 T Z ), Rlage, o, ML S8 i+43 7l
Fév, AT, T2, BATAT LUK A I T A4 A 20

Y =8TX + ok Zn, + (k. (4.2.6)

WATHLB T, FERREME SN, XML R e o b1 2 8 R AR (4.2.2) A
SRR (4.1 1) MR
§4.2.3 RfETRVAIAMERR

é}ﬂ()a 807 L, gjO(')a fO(') 5})}”7‘%*&&2(421)1{1/31 Ha v, g]()a f()ng“gi‘ﬁ:{é{ /Fji o
bk, Wik g0(Z0) = 0,5 =s+1,---, Ko, Migio(Z9),j =1, -, sRAEEH.

ﬂ’iiﬁg](z(])) = 20:1 ij\Iljk(Z(j)), _] = 1,’ o ,[\’(), f(U) = Z:o:] l/k\Il()k(U), }?\
B9, FlvJ&-1-SoboleviER S (r, M) = {6 : D7 | 0Rk* < M, M > 0,7 > 0}.

THREHAE 7 ENSCADM MG P45 .

EE4.1 B4 PR IEME 2 A1 C4.1-C4.5007., FEpA B FI AN L =
Op(nl/(QTH)). mu;ﬁ’

.44 -
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(i) 18 = Boll = Op(n=7/®*1) + a,),

(ii) H.%() - gjO(’)“ = Op(n—r/(2r+l) + an)7j = ]-a Tt »KO,

(i) 1/() = fo()ll = Op(n=/@*D + ),

KH, a, = max;{|p}, (1650ll2)] : 650 # 0}

eI, X T RMARR HZRIERSME, ABER(4.2.1)%HF LR —MELMEE
(4.2.6). WBITETEE R, FINERE, Br = oo, W||B - Go|| = Op(n~Y2 +a,), K&
bR B b1t SR A S5FanfILi(2001) $ ISCADME i+ H R B S0E .

EI4.2 BIREHS4.5. 175 4 1 IE N K4 C4.1-C4.6 R 3L, EREFIEMNHL =
Op(nV/@ 1y S\ e = max;{\;}, Amin = min;{\;}. WRn — cofid, Az — 0,
n/ G\ i — oo, WA, BEBTIFME, §,()=0,j=s+1,--- , K.

3¥4.1 #FanMLi(2001)F #I7EL, Hn — coff FH ez — 0, Ma, — 0. Ek, R
SEFR4 A E 4.2, BT E JHERIRE S, XNERERTERMEER, T HRE
REONORI FEDM—EE, JES MG TR I BRI SUE R, W C#ERStone(1982).

20" =07, 0T)TROP LIS, MM AR, i=1,--- ,n JEH,
%

1

2
UKO

R, X TETEEF ok, = Var(Cke), Uy =Wy — E(P 0 TE- (8T,
EH4.3 BB A5 1P IE NI KA CL.1-C4.6 5807, ERFHIEWN L =
0,(nV/Cr+V) tnRSATH, WA

L= —{EBXXD-EXETE (& NEWW X" -EXID)E (G I EW¥XT)},

V(B — Bs) —a N(0,T71),

Hrp s — " BRI AU
F4.2 BHAIFEH4IRHFTREIT G B foraclethE 1. 3t BME&ES
AR EE S ESC A EAH BRI ETIE 7 /0.

§4.2.4 FEERIAYSCI

HERBHER(4.22) R, H T, =1, K. ARESARNN, &FEETMHE
THRATIEARL. HZIRANIES SN, RH T EES R Er,,; = 1,--- ,¢&
AR, W/ — ) B FIEE AN, V), KRV, = 3, ], RS =
LS (Zi—2)(Z;— Z)T B ARHER R, Z = 1577 | Z;; WOCHER Anderson (2003).
Mo AR AR AEBUR KT BLS FEAR A BAH I, iR ih 77 256 R R FEi ), W aT LURH
X #kRiitimann F1 Bithlmann(2009) 8%# Cai flLiu(2011) "R i /5 2 b vHih 7 Z 588, 1X
BERT DA BBy, ST (4.2.2) P 7 R EMA G TR E RN, 8688 &K ILIELLIR
7= A4 B BET AN BB T K MR
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FEEEPHEST g (ZO)VRBT —HEBZD i =1, -, Ko. B, TE %R
ERES K. EEGHEIER D, BITEBZO (=1, .o 5XFUMATH A
FHRAE. AT ANIES > 0, RIFEBFEER = {Z0 : Jmcorr(ZV, (X, 1)) >
8,0l=1,---,q}, Hfmcorr(u, V)ERRE RSV Z AR X EZ$. MBHEC#EK Anderson
(2003), AT LARA S X REAIPE AT L ATIERL BUK, = |R|BIH].

NTEHAMREFEELRE, L RESHFERN. XEFanfILi(2001)%
HERZ N T HHa = 3.7HISCADENI RIMVIREF. Ht, EAFEHIRITEHZAZ
W A5, & T e B iR S AR B LANAE D R AU R B . AL T Zou(2006)
K& R Lasso ik, WAL = 0/)|607 ]2, F0® R0, MRTHARE T, B AT LA x#
R (4.2.4) PR — 05 MR /D ZRTES B KRR KA LA S HE E R %
HY, 0] LA Hleave-one-out CVERGCV AVEMATIEHY; 7 W IR ZhaoF1Xue(2009).

§4.3 HUEFEHL
A% A A KA 2% T 5 VA

§4.3.1 ESSHHTBTHEMRR
T (4.1.1) I 4EBORN AR RS (4.1.2) FO4EES BIEUCA100A05. i85

B =(0.5,35,25154.0)7,7 = (m,7,0%)",

H,
Yo ~ Unif[—0.5,0.5]%, }9[-0.5,0.5]% 15— 30-4E341 219 Hi;
1 R WA T AR E
tEH(1): m ~ Unif[0.5,1.0)'°;
FH(1): v = (1.0,1.0,1.0,1.5,1.5,1.5,2.0,2.0,2.0, 2.0).
BE(XT, 27T ~ N (11,07, 15)T, =27, Ho

107 ]217 721177)—*—(17
Y=(0y5), oGij=05=94 ¢ J=i+p, i=13- ¢

0, otherwise,

ZHcL0.5880.8. R ZETie iR A IE 4304 N(0,0.3%).

XH, TR (4.1.2) AERUT), T0 AL VAR (4.2.2) ARRI(IT), W BUA
IR (4.2.6) AREBY(TID), DRI (4.1 1) BRI (IV). 345 5 T BE2Y (LI 1) 37 3 B B A
B rs B 7 1% 2 (mean square errors, fi¢ IMSEs) L1361 THOU (D kB BT
BRI ISCADA 1t Bscap M Z B WBEAL 1 8h, « 3 BRIV di e dli i3
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BT R ZATELR. B E 7 X T Bl AR BY B B T A8 B2 Ak 1 B9 45 75 FU iR 2 (mean
square prediction errors, i€ IMSPEs).

PEA SR T SR (4.1 1) A R, REA A B = 100, EHE M HREm = 1000.
TATVRAET AR E RS 2 th 7TEREUMCE ;. SCADIEIT R BT KIS $haik 3.7,
Z BB L leave-one-out CV I IEEEN.

R4 T RARRAEB NS EMA T A RZENER B FNNRZ#IT T
. BitEE, TURIRMT: 1) frRERKNEFIRE, fsikZ, BT S HE
Hors BERNIIFTIRE. 2) Ye = 0.5, it BscapWIF RENT At Brr; Ye =
0.8, it BscapMIITTRERF it by, KERH, MBHBRZ FRIMHRIERTE, 4
W BscapfI¥I T IRZE KT By, ZHREHIERVER, FrUlET Ry BT A HH
Tl 25 RSB H B EE. 3) IR MERAD)H, SR LFHEUORU. 4) £
ARG AR ES AN SRR RERF KU RS, W B AR
R 377 Bl R 2 18 DA _EAR R 2 B/

B2z, RAIRHEBHEIRBER (4.26) LT FHAE., SCADETIS ML LR
A, BB T A

§4.3.2 FESTHINEETHESEMER

AR (4.1.1) P LRMEER S (BRI T AR RY (4.1.2) 2Rt 38 43 I 4E 55053 U EB 950805,
WES = (0.5,3.5,2.5,1.5,4.0)T, v = (71, 72, 05)7T, f(u) = u * sin(2u), FHH
v = (0.5,0.1,0.8,0.2,0.5,0.2,0.6,0.5,0.1, 0.9),
Yo ~ Unif[~0.3,0.3]'°, BI[X[8][-0.3,0.3] L#I— 1044551 53 A0

BRI LR AR AT R

BRI (XT,27,U)T ~ t5 (08}, %), Bl—A~ 8 HEdf = 589514kt 040, Hrb

E:(U‘ij)v Oi5 = 05 = 093 J:Z+pa 121,3,,q+1,

0, otherwise.

B X = = Wi+ V), Z2 = (27,21, 2], Z))T, Z1 = =(Wa + ¢V), 2, =
Wi, Zy = 7 (Wy + V), Zy = Ws, U = W), HHWy, W, Ws, Wy ~ Unif[-1.0,1.0,
Ws ~ Unif[-1.0,1.01%, V ~ Unif[~1.0,1.0]%, BI[—1.0, 1.0 LRS54, ¥ 8 =
0.1. FTEW,, Wy, Wy, Wy, Ws FIV 2 IR KY.

REWeRMIEL 34N (0,0.3%).

T TR (4.1.2) 9 RI(T), £ AR £ E R (4.2.1) BERY (1), IR ERAH
7(4.2.5) 0 (111), SHH(4.1.1)9(IV)". B X065 (TIT) 5T BN B A& i Brs RO
W2 (mean square errors, {810 AMSEs) 53 T FHA (1) M1t 8s . TR (1) K%
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* 4.1: MBS IRE (MSEs) IR RIA 1975 FUlliRZ (MSPES).

No. item 55 BSCAD ﬁM 13Ts BF

0.3079 0.0457 0.0660 0.0571 1.6105x103

0.1763 0.0206 0.0346 0.0176 1.0940x103

W) MSEs 0.1396 0.0481 0.0631 0.0461 4.2049x10°
c=0.5 0.1870 0.0196 0.0349 0.0186 5.0183x103
0.1131 0.0517 0.0609 0.0430 6.2615% 103

MSPEs 3.4780 1.1896 1.6512 1.0679 3.0499x 102

0.1568 0.6191 0.0934 0.0826 1.2494x103

0.6239 0.1060 0.0090 0.0083 1.0456x 102

7)) MSEs 0.8829 0.8173 0.0895 0.1039 2.6368x10°
c=0.8 0.5882 0.0919 0.0107 0.0100 7.6452x 10"
1.0799 0.9829 0.0961 0.0929 1.1610x10°

MSPEs 4.7930 2.6700 0.8354 0.7771 1.3223x10?

0.4272 0.0660 0.0849 0.0557 4.3002x 102

0.6371 0.0318 0.0499 0.0295 3.7893x10°

I) MSEs 0.4560 0.0715 0.0927 0.0588 1.2784x10°
c=0.5 0.5926 0.0306 0.0491 0.0287 6.7354x10°
0.9052 0.0734 0.0874 0.0583 2.5047x 102

MSPEs 6.8634 1.5096 2.0780 1.2077 5.0464x10*

0.6764 0.4263 0.1212 0.0960 1.3904x10°

0.9721 0.1060 0.0107 0.0102 4.0743x10?

B (1) MSEs  0.6242 0.4756 0.1146  0.1003 1.0498x10°
c=0.8 1.0282 0.0954 0.0112 0.0098 5.6031x 102
1.3420 0.5474 0.1341 0.1124 9.9632x 107

MSPEs 7.9928 2.1165 0.9514 0.8469 2.3110x10?

SERRAH By « TR V) RN T 3RAE T B IR 5 IR ZEHEAT L. JB LR T ()
e T 112 5 F 33 2% (inean average square crrors, 610 MASEs) FIxy-1- i
YR 3L 1M A 1 A 22 5 AR 22 (inean square prediction errors, it AMSPESs).
FEAKHGE L A (4. 1) BIBUE B, #EA R n = 100, TSN THIXE o = 500.
AR ET-REA RIS 343 00T Frid K il VEAH 2 MR Hy varinen M10ja(1997).
SCADESIREU T A 2 8aif 73.7, N ELFA S FHOM GOV 7 ikiE UL, HE ek BER Hbx
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fHE ()18 37t (Fourier) IE A 2.

RA2DNR T MBS HANAR S MR E . RS RES (ORI
TR % UMM A FESER A5 BRE, @R, TURRIM T4 E: 1) frR
HBRWBFRE, K IRET KT HEMGTHENRE, FHRP AR A
HRANANETTIRE. 2) RSRESONGTHRIETFRERT 5SS 56T
REMEUNES, BRESMEHTNENISRRAE. 3) XUTSH M TR
%, RN T R BOR B AR R R S 07 TR E R /M. 4) RN, BT
ARMMREN, RERS RO Er—&.

BZ, RA2ZEHIFMNBRABER (4.25)WRIMN T THEY, MEMTEENL

SRR A,

® 4.2: MBSHITEIYFEIRE (MSEs), JESRBS TR FIIRE(MASEs)
RR S FUMIRE (MSPEs).

No. item Bs Bm Brs Br
0.4352 5.0403 0.3267 2.9753x10!
0.6859 1.2820x10' 0.3328 1.4593x10!
case(I) MSEs 1.1152 8.1542 0.3723 1.4391x10!
1.8489 7.2055 1.3194 2.4036x 10!
3.3079 1.6144x10' 1.9989 4.8575x10!
MASEs 3.0887 5.9814 3.0175 3.0633
MSPEs 4.6047 7.0331x10' 3.5536 3.9648
0.0377 0.6144 0.0191 -1
0.0449 1.0876 0.0305 -
case(I) MSEs 0.0332 37510  0.0246 ;
0.0396 0.4324 0.0238 -
0.0512 1.1995 0.0335 -
MASEs 0.4722 0.5220 0.4126 0.4380
MSPEs 0.9221 9.3068 0.8053
§4.4 BHFE

AEH EEHIRRAS A THEMBO SIS, EETSHeN, TR 2R
RT H5HMXAE HERBITHELXMTTI7 2/ LR, B3 8 e 1 BRI

Do RN S R b B 8 2R aHE.
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TLYRMHENE, 2 EEX 0 R MAR R AR R IES s, — SR HEFEE XA
MR ZBATRESPIENRE, XA RERMM SR THIA AR E M. i
TG RN THEE, AZRHN T — MW RERETE N EREL R,
FOFA TR R(X, Z,U)Z [ SRR B S5 F M . M) f 28 A R 0 4
FeorLE, [FEER KM M. TS, ZH AR B REE T
PEHE. KNS, LB -HrEREBINHBEERE N ulmit oL EsR. o
DA, A B AR B AR T I TN A TR 00 LAY SRR T LR — N4 1.

ME BT R AT LUE ), %7 VA AT 4 BT B AT a0 4R A B o b AR 2 0
fFOYEAZEAMOEN. ZTISBALHELES B - B o LR, 3Rl
BT B4R ARS M A, R RRUR SN, WLl “AEBmiR” (4.

ERBRLR SRR, R T IER R H 7k, XA TR 518, B
RSN BN T (4.2.3) WU ERE NSO T I/ T (4.2.4), WEER S
ERHIR SR, RERERARSEANE T, GlantIr e 5 5k, W LLRAE A E
PR s S, ER e AT LR IR EXA B 0. SR EATEL, 61 IR 80 14
&, L R HELURRHE S 0 f (U) i i (B S PSR,

§4.5 PMIS

§4.5.1 IEM|ZMH(C4.1)-(C4.6)

(C4.1) (Z, ) HAH MM ARB LM B 84, it Asupp(Z, U).

(C4.2) FERHLL T Ly, 200 (0 REBR Mo, (4) FOU SV B B (1) FE TS |-
RO < Ly <ri(t) <Ly < oo (0<j< Ky), i) L% ERBOREL 0TI,

(C4.3) G(Z,U) = E(XXT|Z,U)RE((E, | Z, U)RESM. 6 TR A, G2, w)
Ay TR s AU ST R PR SR (6

(C4.4) sup(s,“)esupp(z‘u)E(||X||:‘|Z = z,U = u) < oo, Ef(U) = 0, 1fi H f(-){E77
WA A3 B B Lipschitzi&E 8L 1.

(C4.5) by, = max; {p_ (lI6j0ll2) : jo # 0} = 0, #in — ocoltf.

(C4.6) liminf,, 00 lim infyg 1, 50 /\]."pﬁ\](|]()j0||2) >0, =541, K.

KAFCA1-CAZR R T AR - WML, SR ARCAR R T A5 kT
W, W CHRHArdle(2000).  25FFC4.5-C4.602 5% T 18 51 bR BTy - -2, BT
BRFanFALi(2001), Wang, LifIHuang(2008).

§4.5.2 EYE4.14YERA

ﬁEBH /3(\(5 = n—r/(2r+l)+a”’ﬁ = /30+(5']w1, 0= ()0+(S’]1-2, V= l/0+(5,[:';, T = (YVIT,TZT, 7‘;,1)7
"5, BiEWIVe > 0,3C > 0. P{infyrjc F(3,0.v) > F(8y,00,10)} > 1 — €.
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1ED(ﬁ,() l/) = I{F(ﬁ 9 l/) (50,60.1/0)}, E‘
D(B,8,v) = LZ (TTX: + TS ®(Z;) + T ®o(Ui))(—26Y7)

1=1
+26(B3 Xi + 63 0 (Z;) + vg Ro(U))(TF X, + T5 B (Z;) + T %o ()
Ko
+O2(TT X + T3 W (Z:) + T3 ®o(U))*] + LZ(p/\j(Hejl|2)_p/\j(||€j0||2))
Jj=1
2 N
-5 (me + R(Z;, UNWWTE X; + TTW(Z;) + TTW o (U5))
7=1
52 -
+7 2 1(TTX + T (Z;) + T4 Wo(U, LZ P, ([165112) — pa; (150ll2))
= 11 +]2+]3,

HH, R(Z,Uy) = SoI9 Ri(Z:)+ Ro(Us), Rj(Z:) = ¢;(Z)—67%;(Z7),5 =1, , Ko,
Ro(Us) = f(U;) = vT@o(U3).
B K AECA.1F1C4.2, g,(Z)\HIB KT RN

|R;(ZU))))? = Z 0%, < Z 0%.( 2"<ML“2T

k=L+1 k=L+1

A || R;(Z9)]| = O(L™"). 28hity, || Ro(U)|| = O(L™7). i%#¥,

f: R(Zi, U)TTX; + TF®(Z,) + TEWo(Uy)) = O,(nKo L™ T|)).

i=1

ERBBE(Ck|X, Z,U) = 0, 1R4EZhaoFIXue(2009), H
1 o .
NG D ko (TE X + T R(Z:) + T§ ®o(Us)) = Op(||T)).-
i=1

AT EA 05
L = =7 [Op(nEo LT (IT) + Op(VRIITIN] = Op(1 + n 7+ Tan)||T|.

KA, A
0 < I = 0,(nL™18%|[T||?) = Op(1 + 2nFF a, + n¥1a2)|| T2

W& B IR E NS KO, 78| T)| = C &, METF L, L—80 & £ S
K H TaylorfE IF,
o= {78, (Bsolla)(1650l2) 672
=1
+§%{Plﬁj(||910Ilz)[(||9jo|lz)'5T2j]2 + i, (180l12) [0° T2 (11650112) " Tas] (1 + (1))}
= Iz + Is.
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n . u n
il < Foanks ; 17351l < Vs 7 8anbi |Tl = Op(n+3 Fa, + 70 )|,

I < ——52{b"l22 ”T21||2 + anls Z ”T2J“ } < —‘52(1) la + anls )”T”Z

Jj=1
qu, l],lg*ulgm_‘%?gﬁ bTu&fm, {E”T” = C_I:., *Htt;]"lgl, IQ&?E"“ﬁiLFL]_,]‘E‘Y‘
AL, EHRMFCL4AT, B

0 < I3 < Op(1 + 2nF+1q, + rﬂz—i—lai)HTH2

.ltt 18T E Mk B N8 KHIC, P{illf”T”:C F(B,6,v) > F(Bo,60,v0)} > 1 —k,
XEWRE, BOH - BIEER, £BR{B + 011 : ||T1]| < CYHNF(B, 0, v)TFAE -~ i
N AR AN R RN 098, WA

18 = Boll = 0p(8) = Op(n™7/*V) 1 ay).

FBE, 7EER{0y + 0T : | To|| < C}N, F(B,0, v)TFIE—N a0 &, i HiX AN
R f /N 0T 2
16 — bol = Op(n~"/+1) 4 q,).

TS (), ERE

“Qj - gjoﬂz = E{ﬁj(ZU ) (}Jo( )}2

E{¥;(Z9)0; — ®,(Z9)050 + Rjo(Z)}?
2E{W;(Z9)0; - 0;(ZD)00}* + 2E{R;o(ZV)}
26; — 0,0)T(0; — 6,0) + 2E{R;o(Z9)}?,

IA

BT R (ZO)| = O(L ), ATk
E{Rjo(ZD)}? = O, (n~2/0+D),

o, T Ll
”(}I - (170” = 0])(77'_T/(2T+]) + (L,l).
HA, FEE A AN DAL 5 — voll = Oyl 274D ). WI|F — foll =

O, (/@ +1) 4 q,).
O
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§4.5.3 EIH4.2893ERA

HERR. AR, ()BT, B e — OB, BT KHInFa, = 0. WIFEH4.1, RFEILE
B X TFAETIHEZ]B — Boll = Op(n /P tNRIB, B0, — bjoll = Op(n~7/Cr+D)HI6;,
j=1,--,5 HBE|lv - vl = O,(n T NHy, SFTFHER /DR, = Cn~r/2r+D),
Hn — oofif, LLEFIHHER, &

aF(ﬁ,G,V) >O,5(TJ'5[: 0<9j<bn7j=5+1a"' , Ky
36,

aF(géG,l/) <0,XTJ'JJ:—Ln<9j<O,j=3+1a"' ,KO-
J

HULF(B,0,v)TE0; =0,j = s+ 1, , Ko Jbik B B/ MA.
Lhr Lk,

R = 2N W (ZONY; ~ BT X - 0T (Z:) — v Wo(U5)) + nph, (116;112)(16512)
i=1

23 W (29 s+ R(Z,UY) — 23 (29X (50— )

n

~23 "W (ZPYWT(Z,)(6, - 0) — 2}fj (2T (Vi) (v — v)

+np, (1165112)(1165112) )

= nA{0,(A7In /DY £ AP (116, Hﬁm}-
J

MRAE & AR lim inf,, o lim infje,0 1,0 )\j“lpf\j(HOjng) = C > 0FIM\nFH > Apnn 1 —
oo, H LI — O, (n); i) Bk, SHHIFFS o, e
Bk, L TIOEER, F0, = 0,j = s+ 1, , Ko. MITiTEsup, [|[¥;(ZD)]| =
OFKMT Hg(ZD)=0T0;(ZV)=0,j=s+1,-- , K.
O

§4.5.4 EIE4.30YIERA

JERR. HRIEEERA.1M4.2, ¥n — cofft, LT 1R, HF(B,0.v)TE (0°T,0)TF1p
WIS B BB NME. 4 Fan(B.0,v) = OF(B,0,v)/0B, Fon(B,0,v) = 0F(B,6.v)/06",
F3,(8,0,v) = 8F(B,0,v)/ov, W&

LR80T, 007, 9) = 2 3 X,(¥i - ATX - 6T - 5T, =0, (45.)
n g2 i1
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6,

_an(ﬂ 6T, 0)T Z\I; CBTX -G T — Ty, +ZPA (115112 )”(} || =0,
j=1 2

(4.5.2)

1 5 T T 1 AT Ty * T . r -

~Fy (8, (077,007, ;Z\IJO, = ATX, - 0Tw: — 5TW,,) = 0. (4.5.3)

M (4.5.1), ATLATS ]
% S Xil(Bo — BYT X+ (6 — )T + (v — 5) Wi + R (Zi, U) + Cieoi) = 0 (4.5.4)

HAR(Z:,U) =35 R(Z:) + Ro(Us). NiH Taylor/®JIF, H

N ) ’ N 9 ) *
Py, (103112) = Py, (1050ll2) + {p3, (1050l )|| P + 0p(1) }0" - 65).
72

=25, sAFCA. G'E“lﬂi%p;’j(l!éjollz) = 0,(1), FEREID, (10j0]l2) = 041 Annar — OM, 1
#p, (16;112) = 0,(6" — 65). Bk, MK(4.5.2)fi5 13 2]

- Z\If‘“((ﬁo—. BYT X4 (0 — 0 T W+ (vg— 0) T Woi+ R*(Zi, Uy +Creyi ) +0p (05 —67) =
(4.5.5)
2P, =n 12;;1 \IJ;‘I':T’ I, =n" dimi ‘I’:X?v M, =mn' Zz O lI’()rza RS
0" — 65 = [®, + 0, ()] " H{TwlBo — B) + (o — 9) Z W (R (Z:) + Cipi)}- (4.5.6)
¥ :0(4.5.6) KA (4.5.4),
%Z Xi{(®o; — TR 1N T(B — By) + (X = TTR;10)T(0 = )} + 0,(8 — o)

1 n N .
top(0 — o) = ~ > XilCroi + BY(Z:,Un) = 0T (9," + 0,(1)) A0},
" =1

;‘:t‘ll']An =n"! 21”::1 ‘I,;(R*(Zh Ul) + Cl\'(ﬂ)'
MX(4.5.3), n] AZE

1 n ' ) R . .
~ Z Wi, ((Bo = B)T X+ (05 — )W + (vy — )W + R (Z:,Us) + Crpi) = 0 (4.5.8)

#10(4.5.6)1AAN(4.5.8), fi
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= Z o { (X — TTONU)T (8 — Bo) + (®o; — N0 T (0 — 19) } + 0,(8 — Bo)

. 1< .5 T
+op (¥ — o) = EZ‘I’Oi{CKoi + R (Z;, Up) — 9T (0, + 0,(1))An},
i=1

(4.5.9)
TR i
n Y O (g - T ML) =0
i=1
Fn
TN TR (G + RY(Z3, Us) — BT ALY = 0,

i=1
K (4.5.9) 0T I E H

£ Z U XT (8 — Bo) + 0p(B — Bo) + Z U0, OT (0 — o) + 0,(0 — 1)
= Z o {Croi + R*(Z:, Us) — B;T(2; + 0,(1))An},
i=1
Hp X, = X, - TTo.1 0, Uoy = Uo, — 170107 42, = n7' 30, U, U, WA

p—vo=E;"= > W, X[ (Bo—H)+E;" Z Wi (Crpit R (Z:, Un) =07 A,)) +0,(B—Bo)-
(4.5.10)
K (4.5. 100N R (4.5.7), R3]

n_l ZFT(P lq,*{X ‘I/*Tq) 1P } — O
1S O TTO {Ce + R(Z5) — WITD; AL} = 0,

’I’L_l Z ‘i’o,’X;r = n_l Z ‘I’OzXzT
i=1 i=1
w5k
(‘1’ —YTE7100 + 0, (1))VR(B — Bo)
= 7—72 Z (X: — YT=100:) (Coi + RY(Z3,Us) — T [0, + 0,(1)]An)

= 7 Z?:l XiCkor = o 2oy X (@7 + 0p(1)]An + 2 S0, XKiRY (25, Us)
L+ I, + I,

Il

(4.5.11)
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}(AFF'(T)" = n‘l Z?:l X{X,,—T, Tn = TL_l Z:;l ‘i’oq‘XiT, X,' = Xi - TIE;l‘i’o,‘.
FH A0 # B 8 2 (Central Limit Theorem), HEi%73 E|

]] —d N(O, 0':‘,2\,020),
Hp, s O RN K AU,
o= E(XXT) - EXUTE N (O TEW XT) - E(XUD)E (U0 ET,XT).

S4h, EBRBYL, XU =0, 50 Vo =0, WHIL =0. #—5, B3

I = —I—Z{Xi ~ E(CT)E™ ()8} R (2, U)
ﬁZ{E ®,) - TTO YW R (Z;, U;) — ,ZTT”"]\PO,R* Z;, Up)

Iy 4 I3g + I3,

If

1 E{[X; — E(TT)E~1(®,)¥:]¥:T} =0, RHEZhaof1Xue(2009), NE
f Z (X; — ECTYE~Y(@,)®)®:T = 0,(1).

0,2 = ORR(Z, D) = o), BEIL, = 0,(1). FlLh, Iy, = 0p(1). i
iféifé'J% S, TT= 1w T = Q, Wﬂ’ﬁf@ﬂlﬂ = o,(1). I, I3 = 0,(1).
R KFGEFE (the law of large numbers), Z X, XT —p Bo, Holr, = R

AR EL. P A Slutsky i€ R, Dl'Jf-ﬁ‘-fJ\/—(ﬁ Bo) —a N(0,05,551).
O
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FHhE SHLMEVAIRB PETRIRFASBIETT

§5.1 S|§
AT RN T R TR LR 1 [ A AR Y
Y =BTX +47Z +e, (5.1.1)

Hi, YRI-EmMNZE, pREEAREN, A8 T, XMZaalRRMNESDR
Hip-ERfg-E T &, FRBMEBSH, cRESTHMBILREI. REZPNE—/D
oy B MNARY B, BIS, = {1 <j < q:v # 0}, ¥so = |So|R"AEAN
MTLENE, Fso < ¢ BEGLBETEHEXNEE, NTIRZMELIRY, A%
BRI NEER, (Y, X, Zi),i = 1, , nRRESEMK(Y, X, Z)KIRLF S5
AAIAE, IEndERNEERY = (Y1,--, YT, n x pIIHEREX = (XO,... | XE) =
(Xq,-, X )T, n x g®IHEEZ = (2O, |29 = (Z,,---,Z,)". ZEHNEEBFR
=G S H8.

EEEHES, YhAEAE 8)E E MK (highly correlated ), 4n5R % Fri %
(marginal correlation){F A B &AL EX N A BN TTE, HEREB/AAGE. £
ChofllFryzlewicz (2012)H) &, "RH T —MEEE— M ES EXST WM EK T
BREHT 7. B BB RETMRENREARMERMEC, X TE— M EiR), Mk 5%
B X U) IR ANB] 288 (non-negligible) FI 38R EEC;. DX NB{X®, k € C;HENFIH
RIHERE, 33T X O 154 2 & (tilted variable, 1E1EX ) AXDEIX; ) IE 22 4025 8]
MR, X RF X ORY i 6 T AEE R T s, A A K (tilted correlation) & X Ac =
s;y P XGTY. G = O, XPRET XY AR O R A BRAE R, R X Ok B &
KA PR R, MXOIRETRES Y AHE, 2C; #£ O, XD 5Y 2 (61§ & B brAE AT fE
RHXY 5X0 ke C; ZMPAMHFAESE, X6, @ HHEEEX® ke Cu {jxt
AR AR 5%, IR BRI AR S XHE B B IR KRB BAE RV RE S Y MR &, BE,
BEANTERBT JLA M, FeA R KB &M4:3. KoMk the. EH, KMH3EK
T —RBEFE NS AN ZERNRERE; FM5E R X O£ FHXT R 6538
BX; ERREKEAERD, BEAGRAE, FAFCERIME—HLS, C C;Ta1R;, W
RIERY S EIAXT, Bs, BIX;HIERANZ BRI KBEARGER N, BR, UhERE
FRFEFEMAEX Aot LIER T ER BN B BIFFEL AR, BB KM RIE S
FAVEA G 2.

ZhangF1Zhang(2012) AN BRI A KB FHE SR X MR &/ ZFefl
. 3T EE R RS, BN TR S NG = YT X /X2, xR
XOEF)F XD = {X® k£ jHAIEZAEEFRE. X FE4E8dEdin(X) > n,

.57 .
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E—AE T Frank(X(9) = n. EHXF = 0, Mififlits,REBEE M. HTH
XA R AR R LA R, ZhangMZhang(2012)38 5 — A 42 (relaxed
projection, i z) EBHNRXGHMEM. Shrl, HXH = on, XU SXEDZ Jaj 2 vk
K, BIXY) = Xa_;. B, 2| X RN, aTERX 55X 2 i AL L
kR, B

X0) = XD + e, (5.1.2)

Horh e SX DR, Bz, J b R A i) oA v BT MATI 1 AU 45 S MR
(5.1.2)H B Mo, K. Ba_, Fo —AMEMWTF, Tz = X0 - X(Da.,
A8 B BRI T LT THER,

Y =8TX +n, (5.1.3)

¥4 ChoflFryzlewicz(2012) . ZhangfZhang(2012)4 HI 7 LB WL &, MTTREAT A F i
. MRATE(Z|X) # 0, WEM|X = z)B— M HEEREL XFE, Paif1-782%(5.1.3)
FUSEIGER S BT RERAMEH. L, X% THE A, RAHChofl Fryzlewicz
(2012)10 5, iR ZTP 5 X B BT A2 83— MARER. 45,
THELXOM R A B, R TR A B AR, W E R TR S R AR
YEAT B EBIA 1 IR K IR/ R AR B, )T B4 Zhang M Zhang (2012) 17
JIEN L REAT IO, I fa, 5T T80RA JS B A ot #8252 AN YR B R QP ] e 2 i st A7 Aot
BLFEG Al T AT E S X Al

KBEFEEFHLU N, £A285.2797, FET TR H T — AR AT ME (1) 1 8 45
B RESHT - ADETHREROMSEAG T, JFEH T HHAIS SR, 5565370
W7 =N E TR A SO i, JEE T XA T 23 A SR B ER L T AR
XIAME I B i R4 . S AT H 1~ LA 45 SR 25§55 1 P fit /- dealip 4t I
I IF B ek 7.

§5.2 ETIRENMHTEMITEE

BEPEAMRM, p << q, EZ =0, e ~ N(0,0?/n). 1M H, W& XFSH BN
AT R S HA NI

XIngRitu € R, idsupp(u) = {j : w; # 0}, Hlol.(0 < 7 < 00)Fll 70
ﬁﬁ(’ﬁ‘ﬂu%ﬁ)\(jﬂlluflo = [supp(u)| = #{j : u; # 0}, [jull, = (Z;Lzl |“j|r)l/ra lulls =
maxi<j<n 1| BREX, ZHIRE DI LIEEIY L. WC TR = {1, ¢}
—NFEE, WZe KR BEIHPEZ 11 n x |C)T-HBE, FAMHZY, 5 e CHIN.

X TE(0, 1) L= NN, A RE, e, = |XTZP)|| . 2 THCx = {1 <k <
q:c>ma}, W{ZW k € Cx}YAZH L XM, Wtk Ze, (ORI Zy ). Fidln

. 58 .
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THIABEAY

Y =8TX+ > wZ® +(¢=8"X + 7% Zex +¢, (5.2.1)
keCx

Hp =+ D keNCx WALS

LZx R EITIEREZE — A n x |Cx | THERE, BEIHZ, (B1Z9), 5 e Cx) ARk
Mz, NEIRZY), § € Cx ERMZ AR, B, = Zx(Z5Zx)'2%. hBEX
TRZMMRERE LU = (I, — Hz,)X. A, BREREUSZx B <M R
#90.

HEFREARMM A (Y, X, Z),i = 1,---,n, FIRBAHEEU, SHER(5.2.1)FHiAFE
e, AIBEIUTY = UGXB + Y e, UG ZFy + UTC. IRFEBIRZEUMER, AT
LB UTY ~ UTXB. Hit, #p x pEUTX TSR, BB 256 M T

Br = (UTX)~1UTY. (5.2.2)

597 VAT Ar ORI MR, SRR R A B R R L -

B15.1. SEPIEZS BN BsoiF Bso = O(n®),FHH6 € 0,1/2).

B1%5.2. thEEEZII4E g Rlog(q) = O(nf), HH0 € [0,1 - 20),0€ (6,1/2).

Bi%5.3. WA, EB AT, = Cin~¢, B EHC, > 0. FEEHRC, > 0 F#18Cx F
FITCE MR |Cx| < Cont, g € [0,2(0 - 9)).

Bi5.4. FEEEM € (0,00)Flu € [0,0—0-£/2), MBBEBWH Emax, <<, 8] <
MAn* min <<, |B;] = oo, ZEEYHIFEE D B L maxjes, [1;] < M.

BRi%5.5. %ML, — XTI, XBHFEE IS vy, ve, - -+, v, TREE Ha € (0,1), £
FBmini<j<p{v;} > a.

TERES. 1IFERIRS.29, AT SHHBB s MEHPGEER AT BEK. &
WHIMRE T RERNNE, FERDEFEZFEXHXNITERRKE. ASH8PH
B0 AER 4 B FE B oA i 3 LR A, RIS 4% T S5 R B0/ T R ia E M
TEXR, BNARARVBEE RIS KL E RS EAT L TO0; FE X S8 r4axtE
LT TR, HORATHREEENB K S AT EN R RKESR/MEIZ LA
BRI, BRIRS.58N T HERR B2 ARt R 15, 81T (5.2.2)F 8 L.
KT IX B R T ) T A e LA B R AR R B 481 -1 7 I SCER Cho M Fry zlewicz(2012).

5.1, FEEEC; > 0, SHTEEME € So\ Cx, H|(2, X)TZH| < Cyn~e,

EHE5.1 FEREWS.1 - RiI5.5F, WURKLES. L, M LT 108E, B T4k
J§OL:

(a) Br — 8, B8RS0 .

(b) %1 < j < p, Hn#Br; — co.
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S At5.1% B, Y B EXHBEIHZ, 5 REY R AR, FTZ20 ke
SoBXAPMEIEN (TEk ¢ CxBXT), MEASRKER T HHETI,, X

SFHC ={1<k<q:|ZPTZY| > r,}, IEK = Sy UCx U (Ujes,C;) g B -
ANTFHE EBZE ke KHEMRBY = TX + SiesnZW +ee3 Wk e Sy, WELHHA
BRI > — MR, Bk € Cx U (Ujes,C;)-

5.2, XE—k e K\ Cx, WMC.NCx = 0.

EIE5.2 5.1 - 5.5, WA MEs.20007, UGB T1EEE, A VT RER
IRy

(a) Br — B, HH B RBEIN .

(b) X1 < j < p, Hn#fr; — oo.

528, SHE-—ZR k€ K, WRZEARLGX wEHK, MARTFEEZD | #£ k,
18 K5 Z0 FX IR A A & R EE N KT B{ER,.

FF50(5.2.2) 0] AXT IO SR 2 B AHEAT il 1, 1 5.1 FlE #i5.2 v BL 1 g fdh
'H‘BT FItERL. R T2 PHEE SRS, 53X ChofFryzlewicz(2012) 111 %
I, AN TR,

§5.3 FEHTMIRFASuEBE

{28529 Il i kb, BEREMFUTX = XT(L, — T, )X ®3¥, SEBRe AR
W55, H2, HEER X 5 Z2Z A VIR R IR SR Rk BT BRaR 1k, 0% ik
KRR, HAAR TSR, oR A RRUT XA % BT e R R 758 k. Rk, N
HE BT BT IR 91 RUR T, A iy Je 2 LR B 4 XM Z 2 [0 e Bt o'
%, BEBALIR 2 e ~ N(0,02).
it U = X — Ze, 0, flitH 07 0L
tr((X ~ Ze, B)" (X — Z¢, B))
2n

0 = arg minnémdx,,{ + /\||B||1}, (5.3.1)

Holr d = |Cx|, w(V) RV I, A i, FatiZLASSO Fkidtirfhit, iz
B = /(2/n)log(p * d).

PR st FE R Ja A U, SRR (5.2.1) M3, I RIUTY = UTXS +
>okecy UTZWy + UTC MAMIRASHURYER, ALt UTY ~ UTXA. M
FEOMIE, WAl x pFAMUTXTRE. Kk, 8802500 - ANLYE K.

A, = (UTX)"'UTY. (5.3.2)
BTSRRI T AR, AT 5 Bl i By AT 20 . B (B0, 4 0min ) R (5.1.1)
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FEH(B. ) —VHE, HAE

Y — Xb — Zr||2
2no

Hr, BB H0 = +/(2/n)log(g). #ET, MES LRI — MRG0T

{Blni) 36mt) 51 — argminbew,remq,oém{l +35 +>\0H7"Hl} (5.3:3)

By = B — (UTX)~1UuTZ4 0, (5.3.4)
B TGy IR Z
Bu — B = (UTX)7'UT (e + Z(y — 39)). (5.3.5)
Ko REDR G ZIEL T
V= Vi)p x p= (UTX)"H(UTU)XTU)! = 0 2Var((UTX)"1(UTe)).  (5.3.6)

sHFRE AR, Bli)|all = 23 F A EEREEHTHE, —MEUAI( - a)100% &
fEX1EAN
laTBy ~ aTB] < 68711 — a/2)(aTVa)'/?, (5.3.7)
Hrp, 68(5.3.3)FoHifdith, © RFrdEIEDR 745 R EL
B Auniv = /(2/n) log(q). BIRSEAE TRE — B LT RWHIERH

i min{jy;l/(0Auniv), 1} < s. (5.3.8)

LS ={1<j<q:|yl > crnw} BISIREESSHBTTEANE, MWEHE|S| <s <
S0l = so.

PAF I8 X AN B B 2t i1 Gy BB R, B Eslog(q) < n'/2, o* = ||ell2/v/7,
WG T 3

P{IF™ — 4|y > Crso*\/(2/n)log(q/8)} <6, (5.3.9)
B, COABEREE, a/d* <6< 1, ap € (0, ) RIBFTLE EM—NEE fhithoik 2
P{|6/c" — 1] > Cys(2/n)log(q/d)} < 6, (5.3.10)

Hrh, CoNEREEE, ao/* <6< 1.
Ar > 1, & X CFHF(Compatibility Factor)diF

CF(r,S) = inf{(IS|-uTZT(In——X(XTX)_1X)Z1L)1/2/(n1/2|lus||1) cu # 0, |luge|lr < 7l|us|l1}-

EE5.3BW{A o} FEEFER, WEr> 1, MHA > (r+1)/(r—1). £4™0Hs
I (5.3.3) B RIFIWME, H X = 4/ (2/n)log(g/d). RECF?(r,S) > ¢oF(5.3.8)

. 61 -
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oL, T RAFE— A B, > OR{ER(s v 1)(2/n)loglq/d) < u.. WEH, IR K
Fin. 3(5.3.9) M3 (5.3.10) K37, HECIRC2KII T {A.r,¢o}. WA = (UTU)V/2, 7 =
ATIUTX, € = max;e, |ATTUTZY)|. 4max(6],.07) — 0y, HHE > 0 L€ < €,
R/ R v

(a) e Cis/(2/n)log(q/6) < o, M

P{|r(By — B) — AUl > 0*6,1} < 6. (5.3.11)
(b)Y C,s(2/n) log(q/0) < &, MVt € RPIH AL > (1+4,)/(1— 61,
P{r(By — B)| > 6t} < 28,,,(—(1 — 62)t + 8,1) + 20, (5.3.12)

o, @, ()R B BEE Anipdie 5346 B8
(e)XHE—EEWEm < p, H
lim  inf )P{laTBU —aTB] <6971 — a/2)(aTVa)?} =1 —q, (5.3.13)

n—oo0 acA(p,m

Hfr, @) R—JCIEABENA RN (0, 1) 3L, mHEA(p, m) = {a : |laflo < m,
maxi<j<p |a;é; < €}

SE5.1 EHI5.345 T By I HISCRE AR 65 SR 45 L. 76 S bR A FA L #2422
i Zhang N Zhang(2012) 7 (%A 7 i F A B BB LA e M7, LS8, HoA /N
(K35 R 2. FEMHb, X190k € 5\ Cx N HUE 8.

RS 300 A R s(log(q))/n — OB CF2(r,S) > co. X T 2RIEA A (58
DU TR, XA R AR 2, VLT e BE.

EIB5.4 BB RXMZPMIETIAN(0, D), Holbh s 7aps & ( Pxx ;‘” )

ZX YA

WE2z1x £ L22—Lrx S Sz, WX AIGdiag(E,x) = Lyxq, HARFHE M eigenvalues(X ) x)
C en, ], 10 <oy < ¢ < coRMAR, W HI,| AT RIS T [ R DB (5, Aynin) =
{b e R : 1 min(|b;|/Xniv, 1) < s} A0 Mo ML (5.3.3) sV B YIE, F
g = A/(2/n)log(q/d), A > 1. *s(log(q))/n — OIRF, MLLE FUMBER A CF?(r, S) >
co > 0. AN, BB T~ TROME A BIL5. 311 (a) (b)), () 45 18 15T

§5.4 HEIRH

24 0 A AR S I 5 R (A TR JRATIRE SRR By 3K TR st S
Lot TG B4 WA T Brs  FE T SCADIKI i Bscap ~ 3 T T-HEBMA 3455
AT OB K ERBOHIR S VRO, B Ahxt T3 65 B I K Tl 4 i 28 sl 4T 7 e
7.

.62 -
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A% 2% Zhang M Zhang(2012) #HAT BEAERL A IR, SR (5.1.1) 4, B
HAKEn = 100, HEERRHm = 100, #8p = 5Fqg = 300, HBINSH ) wniv =
v (2/n)log(q), BB ZHpFIy 5 HIELA

B =(0.5,-3.5,2.5 —1.5,4.0)7;

. 3Aunivs j =150, 180, 210, - - - , 300;

7= (i = { 3Auniv/(mod(j, 100) + 1)*, otherwise.
SHFHERXTZ, HRIEBRE ESSAN(0, ) EREEIINMIBEREIEW,  piq), T
Y = (pV=F), . iEHES = {50,100, 150,200,250}, ELEHWHI . FUH BAEAREX, K
SINEBPEAFEZ. RETBRMAESDAAN(0,0.3%), Y HER(5.1.1) LK. WK%
FE(A),(B),(C),(D)UFET, 43 BIXTRi(a, p) = (2,1/5),(1,1/5),(2,4/5),(1,4/5). TEH
R BRI REF, A5 % T Sunf1Zhang(2012), Yuan,EkicifILu%s(2007)F )&
I

5. 15 H T WFMER TR ST A A ENEB S8 MASHER/ DN 86,1 A
e R, R5.250H T XS A ER KBS MRS R, BIERE (bias),
FRAEZE (std) FIH 75 1R 2 (MSE). BT &, Fl ity S THERMERHER T HE)
Fpiih, VEBEX PRI T H MR B RN K51 SR 20 IR
B BHZER, ST, WS HitArs. SCADM it Bscap ZIABREHEER, H
FEERSM 8T L BRI RREE RN TR T TR MG Es. B TFoX S8y MMmRtE
i, FE(B) (D) K & T br o ik L HABE T (A)FI(C) S DB RIVEE; T X 28
B MIRISHRYM, XT it Bscap MBs BB KR, T LLE H X BT X B M i,
&I (C)F(D) I & e bR 2k LU (A)FI(B) HI& TifetrR LB ZE.

REEKFa = 0.05, BEEMI0R, FXRM1H1000k, Wil E &0 BXE T
B HEMFHERE. K535 T HMER T RAHG IWHF TR B ES S
P BT FSEEEER, FoBMNKEMGETESRERLES. 1. TTUE
i, R (A)R(B) T &2 BRI X (844 1178 35 R M1 8 o5 R AL T0.95, 15 (A)
(B4 RIEEEKENN, EHE(C)FD) T RE22MBIE & E 1L T0.95, F
RIS BRIE FFLE0.75F10.852 1], T HAEM(C) AR THHED)MER. X
FEE R THR(A)MB)K AR REM MRS, - (C)M(D)KMERER S, R H
T oI (D) TR R BRI M EVER 35 2L
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& 5.1: N THGEASAEMEN AR T 86 MSEITER.

No. Items Bu 31 Brs Bscap Bs
bias -0.0772  -0.1164 -0.0069 0.0349 0.0268
(A) std 0.1740 0.3109 0.2574 0.2587 0.2588
MSE 0.0362 0.1102 0.0663 0.0681 0.0677
bias 0.0834 0.0487 0.0215 0.0399 0.0412
(B) std 0.2335 0.3306 0.3809 0.3684 0.3630
MSE 0.0614 0.1116 0.1455 0.1373 0.1334
bias -0.0194 -0.1083 -0.0115 0.0045 0.0036
(©) std 0.1208 02548 0.2976  0.3243  0.3188
MSE 0.0149 0.0766 0.0887 0.1052 0.1016
hias 0.0145 -0.2074  -0.0099 0.2577 0.2254
(D) std 0.1896  0.4010 0.3694  0.3532  0.3082

MSE 0.0361 0.2841 (.1365 0.1911 0.1458

% 5.2: R THAAS TG ART 5 Bo M AR

No. Items Bu BL Brs - Bscap Bs
bias -0.0071 0.1826 0.1619 0.1188 0.1266
(A)  std 0.1808  0.3206 0.2178 02577  0.2504
MSE 0.0327 0.1362 0.0736 0.0805 0.0833
bias -0.0522 0.0035 (.0945 (.1300 (0.1255
(B)  std 0.2167 03637  0.4105 03934  0.3923
MSE (0.0497 0.1322 0.1774 0.1717 0.1697
bias (0.0647 0.2037 (0.3029 0.3982 0.4071
(C) std (0.1389 0.2554 0.2963 0.3790 0.3872
MSE (0.0234 0.1067 0.1796 0.3022 0.31567
bias 0.1088 -0.0547 0.1522 0.4319 0.4776
(D) std 0.1418 0.2746 (.3369 0.4175 0.4415

MSE 0.0319 0.0784 0.1367 (0.3608 (0.4231

§5.5 BlIsR

§5.5.1 E¥E5.189IEAR

SERR. M AT, A1 = B+ (UTX) ™ [UF e + UL (S geoien w20 Mt
B 1A E B AT AR A T, Fhoh, (E3 LB D s R b U L 95 e (0
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% 5.3 BEMTHAENT2EsmESBXEMEITHIFESRER.
(A) (B) (©€) (D)
coverage  0.9404 0.9484 0.8722 0.8496

1 1 1 1
0.95r - . o= o) SRR W0 = (] - ) 10.95¢
0.9r 1 0.9f 1 o.9t {1 0.9}
0.85 40.85¢ 410.85F " {osst
0.8+ {1 o.8¢ Slski=)] ek 1 0.8}
0.75¢} 410.75} 10.75} 10.75¢
0.7 pmt 17 8 R PR e -

B 5.1 FivERT T 2% B X 5178 s R 4R, NAEEIA 23X RL(A),(B),(C),
(D) YR TE.

W, BB BB I = Sy g, WUTZ®, MITiH B ERES R,

185 tte ~ No(0,n 1021, VAT 1HIRER, X T RAasinm iz, . .. |29 ¢
R", Amaxicj<q| < 629 > | < o+/2log(q)/n. RS2, Ho/2log(q)/n <
Cn-o HRIEMEWS5, AUyl > va > 0. Mifl, &Xp = max; |Ufe| < Cn¢,
AP(p) — 1.

Hosp: MG, \Cx = O, BART = 0. 245,\Cx # O, XF5 € So\Cx, HUFZY) =
XT(L, — 15, )29 = XTZO) — XTI, Z6), WA 818 &5 3M % #4514 |UF 29)| <
Cin~21,+Csn =01, = Cyn 1y, #HM, SHERBLS.1, | 2 espex 1 U 29| < Cun= 1,
KEE, || < MCun~ o — 0. G5&18i5.5,8 Br = B+ O0(n )1, — B, BIfliTHAr At
Sl P15, HEEBES4, nt|Br| > nt|B] — C'nétr—el, > nk|B| — C'n~¢%1, — oo

O

§5.5.2 EIE5.2HYIERA

JERR. ST EBE5. 1 M0IE R, RFEM HE R — e MR R T0. MRIEHKAF5.2, 55\
Cx + O, XTj € S\ Cx, HC; NCx = 0. RIBBES.3, H|Tz, 29|, < Con~ (=42,
HTFUTZO = XT(L,—1l4, )29 = XTZY) — (I, X) 11z, Z9), T EXFZEI 31 Al 2T H

[B5 -
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AL H, [UTZO| < Cin~?1, + C'nm ¥ 21, BEBIRS.1H, | 2 e e, 1UTZY | =
O(n~e+o+8/2y1  3XFE, |1 < Cun~0t48/21, 5 0. 58 RIRG.5, 8 fr = A+0(n~0to+¢/2)
1, — 8, Bl sr—RMEN. B35, w48 > n#|8] - Cun=etore/24uy > ni|3]
Cy — o0.

O

§5.5.3 EIE5.30V3ERA

MERA. POBIERA: 4(5.3.9)F1(5.3.10)W AT, (5.3.11). (5.3.12). (5.3.13)1k .. RS
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