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Abstract

Based on the exponential squared loss function, we propose a robust estimation method for the
parametric parts in the partial linear models. By using the kernel approximation and transforma-
tion, we first absorb the nonparametric part. Then by using the exponential squared loss function
to deduce the influence of outliers, we propose robust generalized estimation equations and em-
pirical likelihood ratio function for estimation and inference. Under some regularity conditions,
we show that the resulting estimators are consistent and asymptotic normality. Simulation results
also illustrate the robustness and efficiency advantages of our method.
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1. 3]

AT LR AR S — AR B EAOY SROBTY, Ll RSt R B A 2 RO R A B KRS i
DK BB FCOMRR RS ), R DR SR HH R AU AU 5 IS o TR I 450350 3 P 380 0 — b
FERAONIA AR, BRGSO RS R . BERE o MMEIEER, Hohss i A
A m DRI, =1 n s BEORIECNN =" m, o VY, (X, 1)) S HRRE § ADARE 7 oW
frome A BRI R, BUR X px L eI R, Y R T AR 4R R AR 3 4 AR

Y, =X B+g(Ty)+e;, i=12m j=12.m, (1)

][l

ﬁ¢ﬁ%pﬂ%*ﬂ§ﬁﬁ%,goﬁiﬂm%@@ﬁ,%%%mﬁ%m,ﬁ%EhuﬂﬂL
AQ¢uﬂ=¢,K%*%ﬁ,Kﬁﬁ%gemqo*ﬁﬁ%%@%ﬁ%%%%%%ﬁﬁ@j%WQﬁ
SLIEARSL), TR E R AR B BAT — € B AR DG (PR A AR OG)

Zeger 1 Diggle [1] (1994) i XA (1) #0471 HFSE, FIH 5 78 5% (back-fitting), 25 & 1% Al 1H DA S i
AN RAH S H S FREL g () fithHi>K. Lin Al Carroll [2] (2001)F profile i1+ 77 B2 4l i+ S 4047,
HEELMTT TR S AT 5 AES 3. He 23] (2002)FI 1] B-FEAEILAES 4y, RIFEFESY
(43 2% BB Mk TR TH S5 B LLRRE 2% R %L Fan A1 Li [4] (2004)F)H 5362 W =0E T E 23557
FEARGE TAESSL W 7 2 FE R T, 4 tH PR T 07 v 22505 TH A profile B/ —Ffefli i1 . Xue Al Zhu [5] (2008)
FIARZAG T AR 2 A ZAR M FE MR g () » JERHIZ IR (Owen, 1988) [6]77 7% A4 1T B AL H#EAT
GiiTHEWT. LA b7 2 RE N I B A A o f) 28 A AE DG A B Ak TR AR R, T E T SR ) R A AT
F6 A5 3 BB A AR e W A B S BUE AR, TR TR TR I E .

AR SR Uk TR (Liang, 1986) (7100848, 51N TAEM KRR AL A FE M FE R, SRS FI
FHFRECT 7 8125 2R H(Wang, 2013) [8 AR E AN, HAEMTH 7 RET N W AR LA E 5, 155
R SR TR, JFRAEIIE tHAR @ A S A R AL, SRR B I IR RS T, IFEAT Goit-HERT.

2. RBLEMRNMIE
B () RFLIAE T, FIE&IEE, 4
E[Y 17, ]=E[ ] 1T, ] p+e(1;).
CEVEaE
Yy_E[Yu |TijJ:(Xzf_E[ij |Tsz)T'B+5fj’

X, —E[X,;|T, ], WEAA R

i i

k*
Il
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Y. =X B+e,, i=12m; j=12,,m,
N7 RaE, ARSI NFRECT 7 10K R AL (oy(r):—%exp(—7] Hrhy >0 M 2%, YLyIEE KR

(N l—exp(—rz/}/)zr2/7, TR MM 55D Z bt R0 24y BUNY, F8ECF 7k e dRE
FEARIBOR B FR 2200 S H A v IR, RIUGEHUCEL/N p BERS AT R 4% ) S o (B I s2 i), 3 s Ay v i A dg ot
Ay B H A LSS =

S = () o X = (XX X)) a=(Gnaa ) o K (B) =Y -XIB
V,=Var(e)=02R (p)» R (p) NTAMKEHEE, p ARMIOSE, VRGNS OE L E[Z(6,)]=0
W7 E ol T2, ?%KQEE%@%V:R@) Fe 3 5l B B AL 7]

‘hy( B)). i=

e h,?(r,,*(ﬂ))=c{¢,(;;*(ﬁ ﬂ W3 o, WIIERE N T Witk Fisher — P (He [9], 2005).
B S C, = diag (.-, imi)ﬂ%;féé’]ﬁiwf}‘z 7% ] o KT FF 5 (leverage points) (¥ 51, F (4 A 2

Mallows-type ¥ B %1
¢
2

o =c(xj) min- 1,

b,
(x,-,- —mX)T S;l (xl.j —mx)

K &1, m S Rt x, (LB SHRRESBIFAEATT, 02 27 (p) 19 95%5 b L

FIRHBI & Z, (B) W RAE X B T LI R AR EL s B, SR R B e B T4l p DL b AT
GiiHHEWT, BN Z, (B) ThE A AR R L E[Yy \7:7] i E[Xij IYZJ LRI S5 p, HREHSH
PG THE AR X T p iT DU AR RFEAL TH ik, BN, XETRIACHe TARAHOREE 1, p BTN
nHZZ . (m —1);{%( ) (€n)
XFF B B B TARM OGS K, p ST A

(e))e, (€)

mm 1jém
Hrb 12 =E[ ) (e)] -
W E[Y T, | #0E[ X, |T, |ttt ol Al e S 8t ok, At
E[g,m,:z]:iiw Y, FUE[X, (T, =)= 30, (1) X, » b

i=l j=1

W, (t)=K, (T, ~) ZZK (T,-t), K,()=K(/h), K()R—MZELL.

k=1 I=1
I BB Z,(8) Tl p . E[1, 1T, RIE[X,|T,]. %51 z,(p) Wit Z,(8) . Ltk
B IR ISR L 5

L(B) :max{ﬁnp, )2 ZO,iPi :LiPlZAf(ﬁ):O} ’

i=1
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R TR UG, 1) MR ORATE p, = ———
n

m, i=1,--,n SEHLE],

Horbr 298 2

S1+2"Z,(p)

T I E B SR L R K
1(B)=-Ylog(1+27Z,(B))
AR B RO LA SR B A By, » HRHR Xue [ He [9], E— @ EMAMT, #
\/;<IBAMELE _ﬂo)L)N(O’ 25190261) ’
b %
20(B)—> 1 (p),
ot 7 (p) B H R p FIRTT A, FRASIHEA M &1 LUSGHIE A, H B B SN
1, ={]-20(B) < 2t (p)} -
ot o 9 RBHRF
3. H&%
INIEHIEENGE o
Step 1+ FREAbiH it E[, |, | F0 E[ X, |T, |, *¥ugsirass Ty, =y, - E[Y,|1,],
Xu =X; —E[X,.j |7:-,-] :
Step 2: Fl GEE fiiiHfE At iaweatE g°, 4 =1
Step 3: (EMTHEA Y I, SRHASIES R 5, I TAEMSIRER RV, =R (p) . it
St/ det( Cov( BY)) BT 24y Rl 7Yy, 3teh det() FoRATIIRIEH

-1 -1

o) [5{ ()8 8 ()5 [3(u(5).5]]

A n A Oh! (:ui (ﬁ(t)))
M) 5) = Tp-1 ,
Z(,ui(ﬂ )’P)—Z:,XiVi E{ a,ui(ﬁ(t)) X;
)2} 507 i (][ )] 705
Step 4: fe/Mb—21( B, p) BEIFR I THE A4
Step 5: 4 r=1+1, %A Step 2~Step 3 ELESL, 3 BRAMIMETHA By F17,, -
4. &l

AIEN SR RIS, BRSO S Xue S A RR @ E . B BUE N

V= xijﬂ+g(t[}.)+gij, i=12,--,mj=12,---,m,
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%o’ =1, R(p) 2 AIAT AL HEEH(Exch)F—Fi HASCEEHI(AR-1), S5 p £ 0.3 A1 0.7 FE/NEUE, HL
n=>50, 100; m=3, 10 fvhfpr A E AR 5GP AR 23 i 1 BOMOAZ 2544 (Ind) - P A8 #2514 (Exch) fl—
B A CZE R (AR-1) e A HR SR 6 ZBIK A0 17 (5) -5 M54, %18 5 =0.05,0.1F1 0.2 =FA[H]
S AFREEE . B ony my p A1 S WA TEIIUE DL R B SEAR AR FE AR R S5 M L 43 31 24 MRS, &Fh
T4 AT 1000 VAL, TH 5 H 6 B2 (Bias) #2177 1% 22 (MSE)  # 1 % (CP) LA K B A5 [X 1] %8 J& (Width) ,
SERBIIE R X RAE R

e 1 AR YR T R (Bias) 5 34 77 1% 2 (MSE) IS 50ME,  Forh 5 (Xue) FoFH Xue (977435

Table 1. The bias and mean squared error of estimators

# 1. {5 A9R(Bias) 51975 1R (MSE)

Exch AR-1

S B p=03 p=0.7 p=03 p=0.7

Bias MSE Bias MSE Bias MSE Bias MSE

B (Xue) —0.0515 0.0439 —0.0596 0.0430 —0.0749 0.0554 —0.0391 0.0484

B(Exch)  —0.0422  0.0242  —0.0470  0.0215  —0.0680  0.0395  —0.0402  0.0250

005 B(AR-1)  —0.0415  0.0244  —0.0448  0.0221  —0.0680  0.0395  —0.0372  0.0242

A(Ind)  —0.0443  0.0258  —0.0463  0.0290  —0.0681  0.0408  —0.0326  0.0311

B(Xue)  —0.0691  0.0596  —0.0559  0.0595  —0.0553  0.0574  —0.0458  0.0566

— o B(Exch)  —0.0566 00322  —0.0428  0.0296  —0.0427  0.0357  —0.0362  0.0225
m=3 ‘ B(AR-1)  —0.0576 0.0323 -0.0415 0.0298 —-0.0416 0.0352 —-0.0339 0.0216
A(Ind)  —0.0575  0.0331  —0.0428  0.0360  —0.0478  0.0370  —0.0436  0.0291

A(Xue)  —0.1047  0.0820  —0.0329  0.0746  —0.0640  0.0759  —0.0655  0.0707

B(Exch)  —0.0694  0.0335  —0.0359  0.0314  —0.0457 00313  —0.0396  0.0225

02 B(AR-1)  —0.0677  0.0328  —0.0396  0.0329  —0.0440  0.0296  —0.0362  0.0223

A(Ind)  —0.0697  0.0339  -0.0354  0.0396  —0.0490  0.0317  —0.0396  0.0276

A(Xue)  —0.0291  0.0103  -0.0239  0.0093  —0.0102  0.0103  —0.0197  0.0102

B(Exch)  —0.0203  0.0053  —0.0192  0.0029  —0.0095  0.0059  —0.0143  0.0046

005 A(AR-1)  —0.0196  0.0057  —0.0191  0.0035  —0.0104  0.0056  —0.0189  0.0033

A(Ind)  —0.0209  0.0064  —0.0191  0.0057  —0.0102  0.0061  —0.0143  0.0060

B(Xue)  —0.0328 00149  —0.0173  0.0120  —0.0278 00127  —0.0196  0.0139

n =50, o B(Exch)  —0.0255  0.0065  —0.0190  0.0044  —0.0180  0.0063  —0.0136  0.0052
m=10 ‘ B(AR-I)  —0.0242 00068  —0.0177  0.0053  —0.0180  0.0056  —0.0160  0.0041
A(Ind)  —0.0236  0.0074  —0.0160  0.0068  —0.0189 00064  —0.0132  0.0062

A(Xue)  —0.0237  0.0175  —0.0243  0.0190  —0.0195  0.0184  —0.0203  0.0188

B(Exch)  —0.0188  0.0063  —0.0189  0.0042  —0.0145  0.0075  —0.0144  0.0061

02 B(AR-1)  —0.0187  0.0068  —0.0164  0.0049  —0.0140 00074  —0.0142  0.0051

A(Ind)  —0.0183  0.0073  —0.0200  0.0060  —0.0134  0.0074  —0.0165  0.0070
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Continued
[?(Xue) —0.0388 0.0162 —0.0425 0.0188 —0.0271 0.0170 —0.0395 0.0196
ﬁ(Exch) —0.0294 0.0101 —0.0265 0.0071 —0.0225 0.0098 —0.0300 0.0073
0.05 ,B(AR-]) —0.0319 0.0103 —0.0269 0.0076 —0.0241 0.0098 —-0.0279 0.0070
ﬁ(lnd) —0.0318 0.0110 —-0.0279 0.0106 —0.0242 0.0107 —0.0311 0.0114
ﬁ(Xue) —0.0378 0.0224 —0.0326 0.0199 —0.0240 0.0221 —0.0408 0.0267
=100, ol ﬁ(Exch) —0.0238 0.0112 —0.0202 0.0064 —0.0250 0.0117 —-0.0313 0.0120
m= ,B(AR-]) —0.0221 0.0111 —-0.0213 0.0062 —0.0243 0.0115 —0.0328 0.0117
ﬁ(lnd) —0.0230 0.0115 —0.0260 0.0093 —0.0255 0.0118 —0.0296 0.0151
ﬁ(Xue) —0.0572 0.0356 —0.0358 0.0274 —0.0198 0.0290 —0.0323 0.0345
ﬁ(Exch) —0.0244 0.0121 —0.0243 0.0100 —-0.0197 0.0109 —0.0261 0.0121
02 ,B(AR-]) —0.0249 0.0122 —-0.0219 0.0099 —0.0198 0.0108 —0.0240 0.0123
ﬁ(lnd) —0.0261 0.0128 —0.0261 0.0137 —0.0208 0.0111 —0.0228 0.0143
ﬁ(Xue) —0.0138 0.0050 —-0.0143 0.0054 —-0.0167 0.0050 —0.0055 0.0053
ﬁ(Exch) —0.0108 0.0022 —0.0074 0.0012 —0.0140 0.0028 —-0.0116 0.0024
0.05 ,B(AR-]) —0.0105 0.0026 —0.0067 0.0014 —0.0148 0.0027 —0.0099 0.0017
ﬁ(lnd) —0.0106 0.0029 —0.0100 0.0027 —0.0136 0.0029 —0.0080 0.0032
ﬁ(Xue) —-0.0177 0.0068 —0.0148 0.0063 —-0.0136 0.0058 —-0.0173 0.0059
n =100, ol ﬁ(Exch) —0.0096 0.0026 —-0.0112 0.0014 —0.0111 0.0026 —-0.0118 0.0024
m=10 . ,B(AR-]) —0.0101 0.0027 —-0.0114 0.0017 —-0.0119 0.0025 —0.0100 0.0018
ﬁ(lnd) —-0.0110 0.0030 —0.0145 0.0028 —-0.0114 0.0027 —-0.0130 0.0030
ﬁ(Xue) —0.0145 0.0092 —0.0131 0.0111 —0.0168 0.0098 —0.0142 0.0087
o2 ﬁ(Exch) —0.0095 0.0025 —-0.0103 0.0027 —-0.0135 0.0041 —0.0092 0.0025

ﬁ(AR-l) —0.0094 0.0026 —0.0104 0.0035 —0.0130 0.0037 —0.0072 0.0022

E(Ind) —0.0096 0.0029 —0.0091 0.0042 —0.0127 0.0041 —0.0109 0.0031

fofliit, B(Exch). B(AR-1) Al f3(Ind) Fom A SCO7 R AR R TAEAR e A R 45 MR Bt it 5547
[ Exch Il AR-1 75 B SER A S MEAE MEAO 5 M o I ELESRT AR L, fEL2HEL T, AU ECRIRF
PR TAEA AR RSS2 B N T 05 MAERTATEIE T, A2 RS R 2 BN T
Xue WM, KREABF—F, KRR SCHEMMG T EARERIFREN . 275 Qe ime, PR
(34175 1R 25 BB 2 360, 3 2 R 75 Bt 10 L 38 0 S B0 TF 45 B s o, A T Xue 1897572
A AR R Z TS TRARMIK T o 24 n 80m 8K, DU A3 5 R Z AN, X2 T Ff
B FEUS T Z

B 1 RN LRI PERBESE # Exch B ISR T T DUARG v 0038 e 22, Jr [ Bl 755 AR R
Xue MIflith, = ABARRA SR MG TE, BARTERTA B N ARSI IE N 7 R 2 7/ T Xue 7577
BT AFIET 3 N AR R =50, m=3, p=03, {54F N 0.05 K43 HFH Exch. AR-1 fl Ind =Ff
TAERERE IR R, TR IR TAEAERE F Exch S5 M3 25 TH A0 TR 2 5N, H AR-1 5415
MRS Z AT, F Ind S5HI(RIAZE FE 20 A AH DGR A3 B0l T3S T iR ZE oK o BT 3 N[ B 3R 6] B
BT Xue HfliTh, BT Xue BIMGTHEA 2 TAEFCHRE, PG B THAE R, TRax =/ kb
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THIFR . MR P 0 AT rT A 3 NS —ANBE, 585 1~3 DSBS T2 1 XA 75 e
A8 0.05. 0.1 102, TRHTTRZERIETHES 11 3 MRS EE G 1 3 ABrER T AR K X 5
FETHRMES AR, I BB BRI AR L /T 6 AMBrBR-SRE)E I 6 DR RTAL TSI X
BIET m 23 I3 A1 10, m B 10 IFEASRIGIN 7 RAPIfE, MSTHB R Z AN, TR 7~12 Mks
LHRART AT 6 AR X =M IESIATFFEI A thRERS AR Z2R, T HAE RS = MBI
Bhrh, RS 1 AN=AIBRIG, 53 A=A, X RIS A7 AR AL A G TE IT A I 2 i AR
KAIE(H Ind TARFERE)S BV FIAG TR A, 1038 B T ARHE R S5 4 9 B 25 R I A T B R fe o
2 B n =50, m=3 WA FEETE T DA77 K H B BAS K 95% I BLAS X 8] (4 o % (CP)

0.08
|
3

—————

P o8

! ‘
| ! !

WITiR%E
0.04 0.06
| |

0.02
|

(312
Figure 1. Mean squared error of four estimators under different conditions

1. FRIMER T MG IRE

Table 2. Coverage probabilities and width of the confidence interval

2. EEXEAEEZR(CP)FTEE (Width)

Exch AR-1
S B p=03 p=0.7 p=03 p=0.7
CP Width CP Width CpP Width Cp Width
,B(Xue) 91.6% 0.6858 89.5% 0.7033 90.7% 0.6940 90.9% 0.6895
ﬁ(Exch) 91.8% 0.6086 90.0% 0.5140 92.2% 0.6280 91.0% 0.5294
0.05
B(AR-1) 92.1% 0.6157 89.1% 0.5372 92.3% 0.6232 91.2% 0.5217
ﬁ(lnd) 91.9% 0.6279 91.1% 0.6438 91.6% 0.6413 92.4% 0.6361
,B(Xue) 90.9% 0.7808 89.4% 0.7872 88.6% 0.7810 91.0% 0.7944
ﬁ(Exch) 91.9% 0.6524 91.7% 0.5729 88.7% 0.6553 91.1% 0.5949
0.1 )
B(AR-1) 91.3% 0.6586 91.3% 0.5929 89.2% 0.6527 91.8% 0.5919
ﬁ’(Ind) 91.5% 0.6710 90.4% 0.6727 89.3% 0.6649 91.7% 0.6704
,é(Xue) 90.7% 0.9642 89.7% 0.9621 91.3% 0.9636 90.8% 0.9579
ﬁ(Exch) 91.9% 0.7466 91.9% 0.6930 91.5% 0.7878 90.4% 0.7080
02 )
B(AR-1) 91.5% 0.7517 91.8% 0.7100 91.4% 0.7871 90.9% 0.7106
[‘T(Ind) 92.0% 0.7577 92.0% 0.7565 91.3% 0.7861 90.5% 0.7578
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ANFERL(Width), 51T HJ Exch Al AR-1 FoRFSEHIMVEAERE OS54 o Il I EUALRT LUREL, fEJLF Tl
EIET, S5H Xue M7 3R MEE X RIFLE, AT R AR AR AR SRR S5 44) 75 2 BAE X
IR F) 7 2 5 SN FSE I BAG KT 95%, 1 HLSERETE /DN, ISR IA SO AT GE it HEWT RENS 75 2 5
AR RS R L LE BN =R R B0 TARAR SR A5 A5 B S R B, A R e 7 AR 2 AR S T £
GEitHEWTI 2 NE (T Ind TARRERE) A 2RO 45 Rt 22, TR B0 AR FERE S50 O USRI 25 M i e it 4fE
Wii g Famelr . INFE 2 IR AT AR HY, V553 0.05 35 K% 0.2 iF, B 45 X 18] ) 58 BE Al 23, a2
S Gl ™, A TR AEAIOR, AR R ELAE R P R R B X R K.

5. &hig

AR HFRECF TR s B, 0 A 8 7 MR R I S G 4R T — AR Al T
B A T DU AR S B i 2 SRR R S THIT FE(GEE) 9 AR, Sl B e A DR S MR
AWK IEE A B S H A TS RE T ROy TR MM TR YE,  SINIRECT 7 5k ol B 4
fsni, JFAH W R BARATATE RORE, A AR R UM THT RS, RE&HE T MR 2 B AR EL
PR, JEN RO EUR B BT S B SRR A T, AR g IR A N A TR A A R DL A IE
A&k, AR LE s EUR TR T7 04, B ST REAT R RO e Tt HEMT .

ASCHEAE BRI € LI5S, B8 T A FREARR R ANFMSHESS A UL ARG SR,
Xt 24 RS MEAT SR RIS, IPRASCRIN A Xue IEHHMTHEL. ZPRRY], ZHEET
AT RNV TARAR SR ) i 22 I T 0, HAERTAETE R BT R ZIZ /N T Xue flith
M8 J5 R 22, IR AR A A T A BOm IR R I A 1R A5 2 25 RBE — 5K I8 B mT AR A
AL P ASCIET A THIE 2, Al TE AR s T LARAR SRR F mT S8 85 R (Exch) A— B E AR SR 45
FI(AR-DAF BRI THHIZERIRIXT R 0 BOE K ARG RE R (25 ) 5 SR R ], AT IO RCR Bl
5 Xue JHdoRAGHEGEXIAFIEL, AR TARASCIRERE S S e, AONERRINEEXEEEE
NI TEPE DL RN SR BAR AT B d %, X R A SONERHAT Go TR W 15 2 S NS (e 10 45

e HE

AT H %2 E K B RRE IS (11231005; 7167317 1) F11L R4 BRE I 4 (ZR2017BA002) % B«

SE3CH
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