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Covariate balancing in propensity score estimation with variable
selection: Based on GMM-LASSO approach
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Xiamen University, Xiamen 361005, China; 3. Department of Economics, University of Kansas, KS 66045, USA; 4. Fujian
Key Laboratory of Statistical Sciences, Xiamen University, Xiamen 361005, China)

Abstract Based on the covariate balancing propensity score method introduced by Imai and Ratkovic
(2014), this paper proposes a new method to combine the GMM-LASSO type estimation method with
covariate balancing approach. The proposed method not only utilizes the property of covariate balancing,
but also solves the problem of how to select covariates based on data. Also, it is shown that the proposed
estimator is consistent and simulations show that under the condition of sparsity, the proposed method
indeed can significantly reduce the median of the absolute errors of the average treatment effect. Finally,
the proposed method is applied to the data from the Tuscany region of Italy in the early 2000s to study
whether temporary work agency mechanism helps workers to find a stable job in the future.
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it e, RAEREALN BRG0 T 0 8 R A B S A, (EURTE LR B A R TRELIR AR 22 B (52
MRy, B RRBLH. A FMETE T, R E NSRS AR (observational data), RI#252 bFRAT4
& HBEBOI T A2 PR B BUGH . A 20 14D 70 AR LG, Rubinl—4 78— R8RS Schig i T8
TEdi B F AT IRAY,  Rubin X ACFRBUVIMBIHHIE M Holland ™ #RE4 Rubin [H A
B (RCM).

TEXILI P PR SR A b o — N LA [ BT IR IS (confounding), BIAMARHETTRE 5 AL/ EL (treatment as-
signment) FIZEFASEARSE. HGHT AT L Hog db B A IR AL U AR A (B T RE X S BU B TR ZE. AT
R — I, Rubinl® SINT IBEM: (unconfoundedness) 1%, KEIEBWETES EIRBH KR40
T, MRS IRLUR N B R T LB S REAL. TERIE R T, EEA BRI T4
PR : —FER T AR A 2 RIS RSB L EIE (outcome regression) F7ik; 5H—FhE
TR RAVE R Z HIOCK, BIBIE55) (propensity score), MIEEZHHHEZRAIAL (inverse probabil-
ity weighting) J7¥%. WIS REUCSHBRIN FR RO T, MIAITEAEIR B AT RE, XFHR IR SR
B L#WZE. Robins % 7 2 H A3 SRR IS A — 2 U R AT LI AR 15 S B0 22, 2
TPy R TR AR W E R B WERETHRE RS T 25 E TR 5
A, (A5 H B AR g — MR BB IR B 8, WA 052 T35 A ALY R Te IR Al T
XPME TR T BT — AL LS, 7ESERR R 4 2 5 Ik

B 1 _EIRAR B R AR AU T HEADN E R @A T, BT H S BT B A ILEL (matching) F1F
432 (subclassification) . W] UL, i IS FEAL BN AT AENEE T BB M. S es
JEH Rosenbaum A1 Rubinl® $#H, BHe SCRTEL & VBRI A& (F T M N B BT HER. (iS5
— KA T LR 2 AR E A R AL oy — M. R LT A W T AR 2 B T !, H2
FESZRR A H A B AR MR AR AR, B 5T T B AR PRI A B X Hatb 741, Kang A1 Schafer'0) %31
S AR A SRR T RE S BB AU A T B R . X —Bhik oS T A5 897 I ok, B 15
5y BT/ B4R, (e Ml T R EEX A B TR, 115 43 B i PT DA R S A B
BB, H I SEEEAIR LY Logistic |13, {HULKAIMMSMERITFAEIRIE R W RE. ARBEHR R
SRT LA S AR R S, (HAE S AER MR TR G “4RBEIOE” Rl RITE A B B m g ol F, B4
T HEE R A S EER B 55y. —FATH IR e BRI — R Logistic B, FREAI AR
PAbTHRASE, RERAE IS 2R M S T HE S S AT R A 5. MR T, DIEHT I
RMER (R E RIS ET), FFEE e, BRI g M. R Mo RE s e 5
IMERRR R IS, (B0 AT AE S S BB A mhiT 12

YT IX B BRIAEL, SR IE AR T —2RB Ik —— WA RCTE (covariate balancing) 3. %7
B EE TS FIA M A PR, AR R AR s, $ERIH, Hainmueller™) 21T
P (entropy balancing) 3%, &I e— ML IEREF, TEASTHOEBN Z 8, HEA MR EAR EAE,
(A AU S A 40006 S T 23R, FHEA Rt A TR A A T A RO o A1 AN, Tmai M1 Ratkovicl4 5]
T A BB A 454 (covariate balancing propensity score, CBPS) HIJ7¥s, Z A T m 545 a
AR, HTERER) SUEAG T (GMM) HERLNAG A543 . 2T IRTEA TS 4543 (1Rl B S 3
THVERA T, XA BT AR E S, AR RS TR, BSas LA T
PRI, Yot — R 700 R A S I AR RS G A T e A PR AL I, TR AE, Tmai Al
Ratkovic[ ) #y ¥t P 7 10 1543 i U078 1 HAs R BRAE. T (91 111550 B2 1 P 4 R o) LA T
Hr B R TR S A T AR AMS S AR R TR MERR, Sant’Anna 25 15 FEHMIS T4 (6 15
SYHERY b, R T ZRE IS4 (integrated propensity score) J59k, BT VAE AR M 1543 7T LA AT &
B B R, BT AP VS BRI . SR B HI4E R B8, Sant’Anna 25 15 3 H L& 6015
IR, TS R LT, B0 T Imai A1 Ratkovic™ { AR B P4 0 1500 77 1.

RAE Tmai A1 Ratkovicl 4! $RAL T — B U0 BRI PR B T-H (8 A0 1543 105 1T LA I 25 B s AR R A AR
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FVCEC AR 4R, (R A B PR A5 2 IR B B A, TR I A @ — R A e IR E R &,
FESZRR I A, PR BRI BT 5 LAY FRALRAE KSR ET, R — SRR s A it 4 i
HEUREHN R, DAL NEE. A THUSX NG, Ning % 010 #H T R4S TS G
W, A5 BRI T A5 SRR 4 SR (B A A S A AR () SRR R TR E 48, RIS A B
AR T Bl T

A3, BAMEH T —FrA AT Ning % 16 fy7rpofess B A8 Bk 80 Uhas B Pag il S io Al
. BT Imai f1 Ratkovic' gyHs i TG54 1%, ASCH T GMM-LASSO By fh - 45
4. GMM-LASSO W75 B AE ] SUE AL I HESR P2 AR BV B (W18, X 7 TR SCHR AT LAZ: I Caner17).
AT AT A B, BERIVA T S0 00 B A i PR, [R] A SRR T anfer 3ok ik
BRI 2B I8, XXt Imai 1 Ratkovie™) gy ¥t PAG 7 10 A543 ik B9 AT 0 U s 7
Hrr) GMM-LASSO it oA S 85 | NV RS TRIEE, X—0ria B HR s th A | PR A e T b
S, AL R, 70 R —E M RR BRI ST, AR SCRY 70T LA I 25t A 71 A BN 1A
YRR EE A AL

2 Hik
21 BE

WX & p 4SS, T2BUER 0F 1 W ZJohb A, T = 1 R MASEALLEA, T = 0 FHn Mk
HANA. 4 V(1) M Y (0) 3 A BRA R AR IEZS LT &, MR SR TER Y =TY (1)+
(1 -1)Y(0). &XMEHFS n(x) = P(T = 11X ==). & {(Y:, T;, Xi)}jy BREABK (V. T, X) l—4
MSZE AT, AFRSUY IR R EE MBS PR AL B i T XSG RVT ] Y R0, bR
TR BRSO AT BRSO, . 3 AT A TR, . S AL BN 5, X AT PR BALNY. @ SR
PR A = E[Y (1) — Y(0)]. FEED], X B B 0 W — MARE R B A AL E AR A, Bl
Y (1) A1 Y (0) ANREBEFBFURIMIZ]. IXARLLPERY SEhR bR — N A SR ER B [, B A T3 A BSOS B9 A
AR B 5 L.

A TR RO ARG fh TR, BFRE ER BE ANAL FEA AT R A IR B L] 58 22 T UL
WIREAE, H ELBTA AR A BRI B AG FTRE, St g s m] 2Rk O, Bk, 3Rl 2
B teiZ: (a) 5 X BT, (Y(1),Y(0)) MAFARE T #h7; (b) fFfE e > 0, i e < m(x) <1-—e.
Rosenbaum!™®! SEBIFEIZIRE T, T FRN /] IR R

2= |00~ 1))

RS (X)) 2T A, WIFA T LUE A A RS T SRR R AT T B A AR & A6

iy I~ (Y. (1-T)Y

Alm) =2 ; (W(XZ-) Tz W(XZ-)> '
SR, TEXRIMAERFFE A, M5 (X)) EE ARG, FFREIARRSEEEAR SR BN 115 5 i3
et Ui X M4EEERERT, AT #e “4EEO, THFRE — ek S BB T, B S
BRI 2P Logistic [BIJFARAL:

_exp(X'B)
W,G(X) - 1+€Xp(X/,8)’

Hrr, Be© CRJE p ERMBH @EH, HIFEERMBRURESHHRASEL

BuLe = argmaXZTi logma(X;) + (1 —T;) log{1l — m3(X;)}.
peO i

FERMERFFE . LR Logistic [BIIARIAFAER I AT RENE:, AL Al X [ AR R 1 152
BHAEUR. N TSRS AREE, JARA B R R AL U S B TR R A - 154
Rosenbaum Fl Rubin® UEH T 1155+ BA TGS A P

T 1 X|n(X), 2)

(1)
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RPTESS RE MR 260 T, AEAS T RN b A i X SR Sn iy, — D UFR B i i AT HE R b
T (2) 3 BRSO BT 52> BEAS AR A B AT R AE X A bR i 1 B ARy A, S2bm
R, BFFEE — ol AT PR AR IR TV i X HY AR mI I s B R e X — MRS

<[9] -+ AL e

HAr, f(o) : R — R™. (3) AT LA 10755089 O Z T B ARG E]. Ry e S SC2, X
AERAERE REL, Lol S R AN —Br e, M2 i r S AR AR —HrE, DR R
Hy—BE, = Z RSN, S5 2, — D E SR B AS0  B AT A B A FRE 2 B A B AR R A
HIHEST.

—ABEAERY Logistic [BIIHIRINY 24 /M S AFEAS B TN TR, (A AR AT E LI (E AT EL S (R TR] By
ZSRE RN EIEMTHE RS EME, — DR Logistic [B]JIARRL R R PR AL BN R,
FEPIXPRAIER, Tmai Al Ratkovicl') S8 T VBB PHAT 75431, 207 AN BTSSR Y W] %
ST WA RCTAR 25 0, NIRRT SBAGHIREE. M (3) X, Imai M1 Ratkoviel") ZEAfHEFI /- IT
ABH T AL PRELFN XS B ZH 2 [B] B B3 B P O A%

Tf(X) (1-T)f(X)] _
(4) AR RS R
1 n T’7 ) _Ti N
EZ(%(XZ-) B 1—7r5(XZ-)>f(X1)—0- )

i=1
BTSN, (5) AARUE T AFAMI AR T REL f(X) FHHEEHASE 4 (5) N R 8EF TR
SR AR, BHEIFPRBIRTE L, BIANEL £(X:) = X, WA LA @ R T 5 AR H 5o
B HRERINZEL B:

1 n
= g8(Ti, X;) =0,
n =1

H,

T; 1-1T;
% (5) KPR MR TARMSE N Eo, B BRI HERL, MM f(X,;) = (X[, (X7)"), Wt (5)
RAPRSEAI IR —. H T RRPSXAFIE, FAT0 AR SGEAS 7R 1) SRk m S5 6:

Banm = afg fgin <n‘1/2 ZQﬁ(Ti, XJ) W,.(8) <n‘1/2 Zgﬁ(Tu Xi)) ; (6)
c

i=1 i=1
KT REIE G HRAEAYER, Tmai A Ratkovicl'! 7EMETH R AESEHH T LAt PO, BIFE (6)
AR

W, (8) = Sp(T, X) = - Blgs(Ti, X)gs(Ti, X' |X.}.
=1

Tmai A1 Ratkovicl 1) ¢y b0 B T-HE0GTI14 -4 B A S o PR R BV G LRI
WAL T TR R0, SRR 7RIS L °, BRI AT — B AL TRALRIX I
2 R U (R R TR ST 0t
2.2 THETEWHERTEHE

15 Logistic EBVBARLL, JRAF Imai A1 Ratkoviclld G5HVE SET-BBUTH4 JrkN T TR AR
R SRR R, (IR S AR TS B, QLIRS 2
BFEA B A B S i, RTITHE TS0 U R oK 6 EL A TR S AL 3. HLJ2
HECHU R R T, PR SR LTI S BN, T2, FF% MRSy o]
AR I T ANE B 45,
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AT, BA15 R AS BRI ThAS B P A5 T . FRATHE Imai 1 Ratkovicl fy P8 5745
RS R 3R |, 254 T Canerl™ 5 GMM-LASSO fyEAE =1 T H BP0 GMM-LASSO 14
Y AT B THEUAE M B, BERR T HS s e i B P i, R T R R
TS, X —TJ7 32X Imai 1 Ratkovicl'*! i HpAE BV A5 T a0 ), B B TR R AR B Pk
SERRHE Y Y. XE, AMIRFZIEA (1) AL Logistic BIFBAIXH BTS2 #4178 R (4) Ny
A, AT LIMRE (6) Xy SCEft R 7E (6) KZEERIE, MARMSE B L L, JERET, T2%
1153 T B 2 8y GMM-LASSO fhitH#

BaMM-LASSO = afgeﬂel)in (n‘1/2 Z%(Ti, XJ) W..(B) <n‘1/2 Z 98(Ts, Xi)) +A Z 1Bil (7)
=1 =1 =1
Hodr, N BT RE AERHM
W, H(8) = % > E{gs(Ti, Xi)ga(Ti, Xo)' | Xi} = %Z ([ma(Xi){1 — (X} (X f(X0)') -

i=1 =1

KT R (7) A GMM-LASSO fhi+#, X ERATRA Tarms ik 2, Feaniying W B. {4
R, (7) AP BB A B A, Hodn Fan Al Lil22) ) SCAD (smoothly clipped absolute
deviation) FETIREL. FAN, BT RE N B93ESE, BATRA T Fan A1 Lil22 g AR 2R ATLURA Canerl!?
W7,
2.3 fHITENEHEER

AN, BATTRET GMM-LASSO ki T BRI SRR BRI E LM
SRR (X'80)

exX
a0 (X) = 1 —I—(fxp(X’Oﬁo)’
MR TR A A = E[Y(1) - Y(0)], HH, Bo 3R 8 WEHSME. AfLFFs, id (1) wy
GMM-LASSO 44 B = Bann-rasso. W BN mg, MGF] # = 75, T2, ET GMM-LASSO J7i%
B P14 L PSS B At T A
1 ( Y,  (1-T)Y )

A=am =02 | o Xy T (8)

e (1) Sop, #i 7
Zy(B) = <n1 Zgﬁ(TiaXz‘)> W.(8) <n1 Zgﬁ(Tz‘,Xz‘)> + % Z 1Bil,

=1 =1

A B = argmingZ,(8). KT HFEIELE, RATHEM TR

1) MEEW 1<i<n, BE|f(X;)]<oc.

2) W W, (B) BRT B IELN IERE R, W,L.(8) RIS T W (8) 2&F B —FulaL, Hit w(B) &
XFRIEFENLIE EHFEH ST B B#EL

3) TIREEE A = o(n).

4) BUAASBALE BRI e R, BRI SRS 581H Logistic [IITHIAIZE HI.

5) BRV] BEESAOL, Bl (a) 578 X WIS T, (Y(1),Y(0)) FIALEEAS &L T 57; (b) A#7E € > 0, 75
e<mg(x)<l-—e.

6) E|Y(1)| < 0o H E[Y(0)] < cc.

TR ATMRRA S F 2 e 8, IR R LR AL

T 1 FHEB 1) ~6) Mo, W () B B B (i) A D A

3 ERZHE

AT, WATEL R T R A SR A GMM-LASSO . #ATHE T HALSRE: (MLE),
Imai il Ratkovic'¥) {yHpAs B VA543 (CBPS) JFRRIASCH GMM-LASSO J7ik7e kTR R AT
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T IO fHRER R, RN p AR (X0, Xia o, Xip) ~ N(0,Lp),i = 1,0+, 3%
BT, S p x p AR, BUSLE RS

(X' N exp(O.S—Xﬂ +05XZ2)
m(Xs) = 1+exp(0.3 — X1 +0.5X2)
WFEAS R T; ~ B(1,m(X5)), HA B(1,7(X;)) Z2RMEERA n(X;) B 0-1 2040, [RBGETER SRR Yi(0) #I

Yi(1) H

Yl(l) =2104+274X;1 +13.7X,;0+13.7X ;3 + 13.7X ;4 + 51’(1)7
Y;(O) =274X;1 +13.7X,0 +13.7X,;3 + 13.7X;4 + 51’(0)7

Hrfr, ei(1) A i (0) MAL[FAAG T N(0,1). RBMBI S RAE Y = T,Yi(1) + (1 - T3)Y:(0). B8, HIW
AP, A = 210. XEBA1HE (8) RMEMERIULH T AU A, TEBRAPEA =R
[l 77 Al s oy, FEATHR BT A AN (8) ST, =Forkasly: 1) s
SR Logistic Bl EAAH: AR BBRIEMETTRAISE (MLE); 2) Imai f1 Ratkovicl™ #y b8 & P45 7]
35375 (CBPS); 3) ASSCH A B 11 AL BVl ni #5005 GMM-LASSO 773 (gmmlso).

Xt LRI =Rk, FAERA R n F 200, 500 A1 1000 BEE T, S-AIXHEELERE p %5 10, 30
i1 50 BYIBBLHEAT T 1000 KSR B, IR T BRI BT A TR BN fh i A pgantiRss
HIFRAZET (median of absolute error) FIZEXTiRZEHFRHEZE (standard deviation of absolute error). H T
1 (two-step) #y GMM G HRHESET Fr GMM fEHHRERFEITEEERGZ, B MESEry S4E
EsrEy CBPS fl GMM-LASSO J7i4 R FIW A GMM #1715 BB ZE Rz 1 B,

MZE 1 MERFTUER]: B, BEFRARNIER, =MorEifliias REE2 T ias HIK, 1E/MEAR

EHEE T, A3CH GMM-LASSO J7ik BAH BRIty /5, BT LASSO BRI ikafGiia 2
Bhwfhit, Brid, TEreA R K BV RAEERRWER T, ITMEFIAT CBPS fhitE. HRE—
ENTREAR T, BB A B4R S, 4301 GMM-LASSO JrikMIt#HSZ i B2, TEHE—Em
MBI ETIE T, 25T GMM-LASSO J7 By SEAAAUS T AT U RO P AL BRSOV B fh 52

A, FAMEH CR (coverage rate) BB GMM-LASSO J7 /B HIABIAEHE. CR FRAE RS, 18
AR RBCAF RIS B OERR R ORI ). CR MR ZHUEN 1000 RAEUDTHAIEL, BIIEE R
R 2 fR. B R, BT, 4<3CH GMM-LASSO VAN T RECHF 8 U E B IEFIR AR

® 1 ETAEEMEMEITAEN ATE GitEHFRN
p=10 p=30 p=50

MLE CBPS gmmlso MLE CBPS gmmlso MLE CBPS gmmlso
n=200 MAE 5.223 3.521 2.962 9.508  21.169 4.679 15.554  49.300 4.635
sd 9.382  3.804 2.406 43.229  13.689 3.827 95.028 13.921 4.784
n=500 MAE 2992 1.383 2.003 3.799 4.113 3.099 4.350 9.335 3.776
sd 3.865  1.292 1.544 4.677 2.450 1.599 6.009 4.219 2.120
n=1000 MAE 2.075 0.777 1.551 2.312 1.794 2.517 2.778 3.224 3.105
sd 2.224  0.743 1.221 2.526 1.149 1.261 3.835 1.547 1.174

x 2 AEIZET CR #BE
p=10 p=30 p=>50
n =200 0.500 0.750 0.771
n=>500 0.625 0.786 0.854
n=1000 0.625 0.857 0.917

4 SO
AT, BN PRAS SCHR B 7 B SERR ) b, X L% T Ichino 25 231 Seep MRS, BN
F 2000 FARARIHAE R FFCHT R Ak X R RIFIT 57 55 JRiE (temporary work agency, TWA) #Lfilj&EH
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FIF LAFEAS G —h i LI

FESF 5 URIEALE A, 25 5 IR AR M TAIHEX S T AVRERIFE R THAR. SERHTER
M, A% R AR BB 57 S IREIMZEITERE, ARG S A, T LR LRFEFN 255
IRENA 7 TE. FIATF SRR A B2 B f 2z — &8 T 8 B stk R i TATES RS — 0 faE i
TAE. NHES b, A AR T LSR5 5 URE B 208 —Fra RIBALER]: —&, TARTRAGER 35 5 IRiE i
7RI H O LAERE 7, R, F 45 IRIE T A D AR RSN A ST 9 A, SRR 22 B B
L2

N T P75 IRE LR LA BN, Ichino 45 31 7E 2000 4EACAIHANER T B RFFTHT 4
PG P LXK A H X B, X BRAE U 2030 MR, A4l E 511 4, mixtRAA 1519 4~ HA,
WFBAMFETE 2001 FHIET 6 A NS 555 FIRE S FLAT A T IRA N EEFRRAE 18 2 40 FZRIKA
B, X EEARR T9730 77, H 2001 42 1 ARARREN AR, FEHAE 2001 FFRTEFERAE S 5555 IRIE L.
XPE, WANAERBHARYSR B R —75 8 1. e, EURERA N EBHERES, B A IFE, KE
B, EHM %%,

A, BATE ST R BT A (B8 339 MEA) IR, RITBOGRERTREETA
FE 2002 FSEEH I RREH TA/E (LUEEZIT M RIAG Rk ). AN TARES M 5 IKE.
P Ichino % B3 S BSRIAIM IS H A B —3K, 4% Ichino & 3 U 1 23R, BEEM
AL (Fk 29 NHERE). B M TR TS A fh TSR PEAE PR AL BEAY,. X R T
=PRI Al BRI THE (MLE), MR M5 % (CBPS) KARASSCR 1
GMM-LASSO 77 (gmmlso). 3 3 45t T ZE T AR BIASMETH 75089 ATE 89 sifliHirmes. X B, #
{IRH Bootstrap JYAHSARAMER: B5E, WEIEFEATE R EE M 339 AR, MRIER RT3
ATE fliit; EE BB 500 1K, 5% 500 4~ ATE pifliita, ot LB edsiii .

AH, GMM-LASSO BiE3EEI T 24 AMESRAR R, Ak, 3R 3 nfLIEH, 24 E(F/KT o = 0.05 B,
T MLE, CBPS fil GMM-LASSO J7i2:f V- A8V iy 5 X [E] 43518 (—0.0932,0.381), (0.0812,0.375)
1 (0.114,0.480). J&T MLE Jiked BAEXAAHE 0, 2T CBPS fl GMM-LASSO Fikf BEfE X IAARE
0, HEBYE 0 P M. SXULHITE 0.05 I EAEAT T, BT MLE J7ikp TR B8N R % (HET CBPS il
GMM-LASSO M 4 2 PN 5535 4 1E.

x 3 ETAEM=EMEITHEN ATE {#it

MLE CBPS gmmlso
0.144 0.228 0.297
(0.121) (0.0749) (0.0932)

5 i

—MMFRE AR, RS R ITTRRRE: —J5, SRS RS A E A A AT
P EIRBIAE R B A, BV T8, 53 —0rTH, IERREEE LS R A . B RIAE T
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Zn(B) = argmin <n 1295 (T;, X; )) W,.(8) <n1 Zg,g(Ti,Xi)> + % Z |3
i=1

Beo i=1 i=1

- m(B) W (B)m(B) = Z(8B).
E:J5, B Van Der Vaart fil Wellner24 $hpgHEif 3.2.3, #1153
B =arg mﬁin Zn(B) L arg mﬁin Z(B) = Bo.
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A=E[EY1)X)-E(Y(0)X)]+0,(1) = E(Y(1) = Y(0)) + 0,(1) = A+ 0,(1).
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minF(z) = G(x) + h(x), (9)
Hr, G(x) M EBE AR, M) MR BUEAR AR SN pREC h(z) BB T
proxy (z) := argmin {%Hz — 0|5+ h(6 )} . (10)
OcRP
N TR (9) KPR MIER, EB AT @ BBk AFOY:
' = prox ., (' — s 7 G(x!)).

R ATBGR h(w) 2 L F5C B h(6) = N6, SR (10) .
1 1

prox(2) = argmin { o2 = 613 + A6l } = angmin { 5112 — 618 + Aslo]1
OcRp 28 0cRr 2

Zp:{%(zj —0,)° +As|aj|}},

M BERTRR LR
[S-(2)]; = sign(z;)(|zj] = 7))+, =1,2,---,p,
HAo RE 7= s\, (v)4 38 max{x,0}.

K, 24 1(0) = N6]|y B, JEaish B AT SF @R DU T 2P BRR 2B 1) 7658 ¢ AR, @6
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B+ 1 D0 ' = Sen(z). AREERERELK o ENT: HE «F, " 3% 5 € (0,1).
S s=s"1 HE

1. z = proxy(z' — s G(z"))
2. break if G(z) < Gy(z, )
3. update s = fs
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