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lasso

lasso (2D T

® |eastabsolute shrinkage and selection operator (lasso) I ET L DR AT L. Z DOHE
EILEDHEEX ETIHIALNENZRIRT 20ICEHONE T,

® lasso ld. ZLDOBENBEZED S LDV ODDT T FHLICEER X 35512
BELERATYT, LT EZS5XLHLEOHRZETIVIIED DL I ENEETT,

SP/N

lasso ICL D7 A VT A4 VT ETFTTILERINDTTIE oottt 1
BIR(CV): 7 T R/N Y T3/ 3 2 ettt ettt ettt 2
CV (ZERNY T =2 32) Bt 5
TRELAD AT ILT £ E BB oottt ettt s e ena 9
lassoselect A< FAME S TF/FET L ZBEIRT Do 12

lasso IC& D74 v T4 v EETIVERDOAE

o lassolt, A EFEL LEBIRAERIMCT S B OREMEERD HREFHETT,
1 14
i & = XBY & = Xg) + AZI/S]-I
£

0 [TEDAICHLTELADBHMNKREY £, ZOR, W DOHDRBB_jlEEOITHS
MHLNFEFFA, T72. A DRELADZIFE, FOEAORWVMREOEILR > TWE

9,
® lasso DEMIE., TAEARSHRWMRE B ICHET 2 A T, FELWEEAFE /-1 D
HRESTHIETTE,

0 EMMITBEIRLI-AITAMERTLET,
& AMIOWTHNEEE., YAERLRWMRE B Oty FEXTRICLTWE I EEE
ZTHENTLImE 0N,
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FHR(v): 7 O0RNY F—3 g v

® Stata DY > I T —& autodta HE->Tor/ORNY FT— 3 CVICDOWTEIRAL *
ER

® /L. TOHUTILT —RIFEHOELY v TILY A THNS VDT, AEIE lasso
ICL BBTEETIEH Y T A, lasso lF—MMICHE., RTEULOEREFOT —
SIS LTHALET,

& YUTNT—RIZNEWT=RTETH, HOHINS CERICERRIZD, 2 2 TIHEX
THALET, TLoaAxv Yy RTHY Y TLT—REZHLAHET,

. Sysuse auto

® lasso OV RAZETIAFICEAHBF—%2XTELET,
o CVIFE#HZAFMBLEFTO T, BREZHERL LT,
. set seed 1234

® mpg(YAIN/AOV)EHWGPREHET 2ETLEHELET,

® lasso DET /L& LT, linear, logit. probit, poisson fAEINTWLWET, &
ZTlE, BEETIABROT linear ZFAL £,

® CVoDA 7> avidselection(cv) TI A, T 74/ hTEITESNET DT, T I TlE
FELLEFHA,

. lasso linear mpg i.foreign i.rep78 headroom weight turn gear_ratio price

trunk length

® lasso Ov Y RDOE[TE, HEFEERE% autolasso & WO AFITCREL XTI, —&H%A
lasso 2~ > FOFBEE TIL. STEBEAY MY 70T HEFRARETL2EE
O THE L EMERYTT,

. estimates store autolasso
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18-fold cross-validation with 188 lambdas ...

Grid value 1: lambda = 4.69114 no. of nonzero coef. = 2]
Folds: 1...5....18 CWF = 33.97832
Grid value 2: lambda = 4.274392 no. of nonzero coef. = 2
Folds: 1...5....18 CWF = 31.62288
Grid value 3 lambda = 3.894667 no. of nonzero coef. = 2
Grid value 44: lambda = .@B5882% no. of nonzero coef. = 1@
Folds: 1...5....18 CVWF = 13.3978%
Grid value 45: lambda = .8782529 no. of nonzero coef. = 11
Folds: 1...5....1@ CVF = 13.45168
«a» Cross-validation complete ... minimum found
Lasso linear model Mo. of obs = 69
Mo. of covariates = 15
Selection: Cross-validation Mo. of CV folds = 16
MNo. of Qut-of- CV mean
nenzers sample  prediction
I Description lambda coef. R-squared error
1 first lambda 4.69114 a -@3.0018 33.97832
41 lambda before .1135316 8 B8.6062 133577
* 42 | selected lambda .1834458 8 8.6066 13.3422
43 lambda after . B942550 9 0.6060 13.236279
45 last lambda .B782529 11 @.60834 13.45168

* lambda selected by cross-validation.

® CZOFETIEZU Y F1DA=4.691140 157 U v F 45 D A=0.078253 £ Tig ik L
AEZERITLEY,

® T UL ETIEA 7> 3 selection(cv)A 100ED A 2#FABL £,
AMF—ERRD. £/ITHERRAT — LV TERENET, TITETY v MEAT7 TRT
L. ADT Uy RRA v bD&RIME 55 TIIEIDFTEDERITLEE A,

o HhHEROERNLIE, Uy FMEL1DONIIHL T, SFEOORENSEAETHS
EDDMY ET,

& ZOXRICIICVDBERTHELLAEZERRLETS,

e Uy REN100 DD AL, grid( VDY 7H 7> 3> ratio#) THELET, &
DUKRIFBHRORNAN ERPYOEF A DLLE L TRDET, ratio(#)DT 7 4L ME
I¥ 1le-4 TY,

& HANIIHLTHREZEHELET, ITOANEFIRNT H551E lassoknots I~ > F
& alllambdas # 7'~ a > %#FAL £,

. lassoknots, alllambdas
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Mo. of  CV mean
nonzero pred. Variables (A)dded, (R)emoved,
ID lambda coef. error or left (U)nchanged
1 4.69114 @ 33.97832 u
2 4.274392 2 31.62288 | A weight length
3 3.894667 2 2B.65489 u
4 3.548676 2 26.8545 u
5 3.233421 2 23.8774 U
6 2.948173 2 22.8724 u
7 2.684443 2 208.57514 u
8 2.445964 2 19.38795 u
4 2.228672 2 1B.23521 u
1@ 2.930683 2 17.43067 u
11 1.858282 2 16.7BBE4 u
12 1.685908 2 16.32339 u
13 1.536137 2 15.97483 u
14 1.399671 2 15.78143 u
15 1.275328 3 15.48B129 | A S.repis
16 1.162831 3 15.34837 u
17 1.8588 3 15.38879 u
13 . 9647388 3 15.38897 u
19 . 8796341 4 15.3171 | A turn
28 . B009431 5 15.32254 | A gear_ratio
21 . 7297895 6 15.31234 | A price
22 . 664957 6 15.28B881 u
23 . ba58841 6 15.26272 u
24 . 552859 6 15.28981 u
25 . 5830156 & 15.1442 u
26 4583291 6 15.84271 u
27 4176124 6 14.92838 u
28 . 3805129 6 14.877 u
29 . 3467891 6 14.83968 u
38 . 3159885 7 14.77343 | A a.foreign
31 . 287844 8 14.67834 | A S.repis
32 . 2622728 8 14.53728 u
33 . 2389732 8 14.35716 u
34 . 2177434 8 14.15635 u
35 . 1983997 8 13.953@8 u
36 . 1807744 8 13.77844 u
37 . 1647149 8 13.62955 u
38 1500821 8 13.519 U
39 1367492 8 13.438B87 u
48 . 1246008 8 13.39141 u
41 1135316 8 13.3577 u
* 42 . 1834458 8 13.3422 u
43 . 0942559 9 13.36279 | A l.repis
44 .B858825 18 13.39785 | A headroom
45 | .@782529 11 13.45168 | A displacement

* lambda selected by cross-wvalidation.
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O APWNSLKHBIFE, FEEODREBIEBR TS, FLODREAET D E ETILOD
BHMER £T, 7272 L BRICE > TREHEDET L oA SN HZELHY £9,
FELXODHRBA LY NS WATERIZAEEZELHY £,

o ZOPBETIZEBMINIEHNEIBRINTOWETA, LVEZLLOEHENTFET DL
RIBE T, ZHOBMICL > THOZHMEIBREINDZ ZEbHY £9,

o —RMICIEIANERITNSLCARBZICLIEN > T, FEELOORBOEKILIEZ 21ERAICH
WET, BICETILICEFNEIZHOEN DR RDEANNTNSCHREIENHY
ER

o ZHAEBMELIFHBRIND LI RAIE/ v FEFIENES, 7741 T
lassoknots A~ > NiE/ v Ml zakrLxd, /v b THRWAN CVE#HZ =ML
LET, TOLIBRAIFAMNERZLET,

. lassoknots
Mo. of  CV mean
nonzerao pred. Variables (A)dded, (R)emoved,
Io lambda coef. error or left (U)nchanged
2 | 4.274392 2 31.62288 | A weight length
15 1.275328 3 15.48129 | A 5.repia
19 .B798341 4 15.3171 | A turn
28 . 8009431 5 15.32254 | A gear_ratio
21 . 7297895 6 15.31234 | A price
38 . 3159685 7 14.77343 | A @.foreign
31 . 287844 8 14.67034 | A 3.repis
* 42 . 1834458 8 13.3422 )
43 . 8942559 9 13.36279 | A l.repis
44 .OB58825 18 13.39785 | A headroom
45 .8782529 11 13.45168 | A displacement

* lambda selected by cross-walidation.

CV (/7 mzANYF—5y) B

& [ANIIHLTHREAHEL/-0b, CVBEHAZHEL XY, EFRNICIFEHZE->TT
7AILRTIUEDO 7+ FERICT —REDEILET,

@ HLHUAFNFEERL ZNEEYVDIDOT7 LA FICABLET, ZORFOH L ULVR
BAafE-> TEIRLIZT7 AL FOFREZKRD, MSE 2518 LFd, LI &K D
9DDT7HIIFIZHLTHEITLET,

& FREIZINHD MSE OFHE & -T, CV E#HOES LT, MSE OfElIX CV mean
predictionerror & L CERICHA L EF, 7 7 4 /L b T selection(cv)d CV B DR/
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BxRRL, TEZRTLET,

& \DEELTEMICVEFBLAZIOLY D CVOFHEBEINRELLADZHDH 3D7F
HLEFT, A BETIERLS, ZOCV OEGHARNEBRD DT A*ERFLET,

o CVEMAETOY FTDHEIE cvplot X RAEFIALET, cvEROEIZOWLWTE
VZ Db DEFET 585513 selection(cv,alllabdas) & Z#IFL 9,

. cvplot

Cross-validation plot
Acv

25 30 35
|

Cross-validation function
20

15

T I T
10 1 A
A

)‘CV Cross-validation minimum lambda. A=.1, # Coefficients=8.

® CVEIHMODERH > &FIrd 51214, selection(cv, alllambdas)# 7' 3 > %fFE-
THE lasso &7 L £,
. set seed 1234

. lasso linear mpg i.foreign i.rep78 headroom weight turn gear_ratio price

trunk length displacement, selection(cv, alllambdas)
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Evaluating up to 180 lambdas in grid ...

Grid wvalue 1: lambda = 4.69114 no. of nonzero coef. = a
Grid wvalue 2: lambda = 4.274392 no. of nonzero coef. = 2
mrtd wwaTia 2= JamhAds — 2 @OAEET - AF PR ars mee r — e ]
Girdid Vddildo 4. Ldiibdd = Uoodla Mg QT MNanagia i . = L
Grid wvalue 76: lambda = .884375 no. of nonzero coef. = 13
Grid wvalue 77: lambda = .8839863 no. of nonzero coef. = 13
... change in deviance stopping tolerance reached
18-fold cross-validation with 77 lambdas ...
Fold 1 of 18: 16....28....38....48....58....60....78...
Fold 2 of 18: 16....26....38....48....58....68....78..
Fold 16 of 18: 16....28....38....48....58....68....76...
... cross-validation complete
Lassao linear model Mo. of obs = 69
Mo. of covariates = 15
selection: Cross-validation Mo. of CV folds = 18
MNo. of Out-of- WV mean
nonzerao sample  prediction
I Description lambda coef. R-squared error
1 first lambda 4.69114 a -@.0018 33.97832
41 lambda before .1135316 B B.6062 13.3577
* 42 selected lambda . 1834458 g8 @.6066 13.3422
43 lambda after . 89425509 9 B.6060 13.36279
77 last lambda .BA39863 13 B.5765 14.36306

* lambda selected by cross-validation.

o BYURLAEDOIZ/OARIE, BHYD lasso A7 FEITHFLIFER->TWET, &
Bl BT ARTDT ) v FEARREIN RICCV D7+ )L KA HDENTOET,
giEloav>y FTlE. 77Uy MEE 7+ )L DR BICHNDESNE LT,

® 723 alllambdas ZHMHT 5L, TRTD A ST LHEANT FILEHETE L,
RICCVZatBELET, 2DEHIC. RIMETEEZKRT LAaWLWAD, COTELEIL
B £,

o EEHT—FEMALILEGE, EBRINIAME CVEHROE, £ LTR2IEFE<ALS
DITHY £95,

& AICWLTCVEEHE DY bLEYS,

cvplot
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Cross-validation plot
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)‘C\, Cross-validation minimum lambda. A=.1, # Coefficients=8.

® alllambdas # 7> a v ZFALTH, ERICHDO TRy MMIFBT 2 A 13 100 @E(S
U R)TIEi < 77T ETE,

@ OFTTarvEEoTH, ADFBICIEMDOIL - ERINET, stop(#)F 7
3 VORI REFENRESNE T, HEEOREA AN EDL->THIZITEL LA,
TZa. RYBRLAEEZRT LET, BEEMNICCYVEHENFIBICA->TEY ., LY/NhEH
AL TEHEAERT L TCHLEMRASBRWEEZINDE ZENZFDOERTT,

& \DB/NMEZARDIGEIL stop(@)F T a v ERODLSICFIBLET,

. lasso linear mpg i.foreign i.rep78 headroom weight turn gear_ratio price

trunk length displacement, selection(cv, alllambdas) stop(®)

O APWNSLHBIFE, FTEFENRL ANV ET, 2D/, ADFELXZTELRYE
CPRESEZH T a v HPHEESNTVWET,

o FAELZHAZLWMILE B RLAEORRILEALREDIZRY £9, RO/-R/IME
N a—NILRm/IMBETH 2 & xHEZRT 2% A cvtolerance(#) = A LT,
alllambdas £ W HEVEIFEZHRELET, 09 5 EAUEBREIFEARY £,
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REANDRFILT 4 ESER

2 ZTlE mpg DF BT TIILDIERIC lasso Z#FIFET 2 EAZHRBL 9,
lasso A7 ¥ FOETRICFEEZ KD 2554 predict A~ > FEFIBLET, 7
7L, FIMEDEEICHI-> TE, XTI T A DO D > 7R BE=FBT2HEE £D
s, B CTERLI-FBHEFNRT25ED2 D20 HY £,

=FRICIE lasso HE{TT 5 &, 1Z24E{p(standardized). 181t (penalized). iR
(postselection) ® 3FEFHDRE A5 £ 9,
&/IMbd 2 BMBE#HERICRLE S,

14

1

(= XBY (v = XB) +AZI/JJ-|
j=

X CReEHEFELL, FH0 2L LET,

p

>l

j=1

standardized 7' 3 » &, BB Z RIVMLT 2 EELEIFREEZHEE L £,
lasso A~V NICL 2 FRZETT 256, REOXRFHFEIHEYVEETIEIHY £
HAN, ZECEOER < N lassocoef #FF L £, ZEL LML D%
HIEODEDLHITHRY T,

. lassocoef, display(coef, standardized)

active

@.foreign 1.352764
rep7ad

3 -.2941186

5 1.25592

weight -.3125537

turn -.6939711

gear_ratic 1.286896

price | -.30839596

length -2.918227

_cons a

Legend:

e - =
pri R eees
n

b - base lewel
e - empty cell
o - amitted
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o FE( LIRBOHEBIZTOZHMDEREBOHEEBE LTI CKRE ST,
penalize 7> 3 v d, EEAEEITL TWAWRETHNEHAR/IMLT 224 T
HREAEHTE LT, BEICE D &, standardized & 73 3 »IFIEE(L L -2 D EH|
{LFRE0TT, penalized # 7> =3 » ILIFEE(Z RO E BRI T,

® IOVURZERTLTHNTAHET,

. lassocoef, display(coef, penalized)

active

@.foreign 2.939956

repda
3 -.5933059
5 3.430842
weight | -.0803971
turn -. 1574876
gear_ratic 2.801762
price | -.8001051

length -.1292282
_cons 42.99934

Legend:
b - base lewvel
e - empty cell
o - omitted
® postselection # 7 = VIGER LAZHEFAL TREABEZEITL. £ OFRE%E
MALEY,

. lassocoef, display(coef, postselection)
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active

@.foreign 4.769344
repia

3 -1.816493

5 4.837817

weight - . 800157

turn -. 2159788

gear_ratio 3.973684

price - . BDBASE2

length -.1355416

_cans 48.79938

Legend:

b - base level
e - empty cell

o - omitted

® regress IV Y FaE-THEREZHRELET,

_afBRBRRREE

SsTata

regress mpg @bn.foreign 3bn.rep78 5bn.rep78 weight turn gear_ratio price

length
Source 55 df Ms Number of obs = 69
F(8, 6@) = 22.14
Model 1748.84019 8 218.505024 Prob > F = 9.0000
Residual 592.162704 60 9.86937839 R-squared = 8.7470
Adj R-squared = 8.7132
Total 2348.2029 68 34.4147485 Root MSE = 3.1416
mpg Coef.  5td. Err. t P>|t| [95% Conf. Interwval]
foreign
Domestic 4.769344 1.596469 2.99 o.004 1.575931 7.962757
repia
3 -1.818493 .B7757B3 -1.15% @8.254 -2.765911 . 7449251
5 4.837817 1.262631 3.286 o.002 1.512178 6.563455
weight - . 008157 821651 -9.87 8.542 - . 0044878 .Be41739
turn -. 2159788 . 1886946 -1.14  9.257 -.2934242 . 1614665
gear_ratio 3.9736084 1.683916 2.48 0.916 . 7653732 7.181994
price - . 0000582 . 8091996 -8.29 0.772 - . 0004574 .B003411
length -.1355416 . 8595304 -2.28 0.926 -.2546281 -. 0164632
_cons 40.79938 9.206714 4.43 09.000 22.38321 59.21555
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® pHEICFELTAHAEL LD, BETHWREBMEENBILD £, lasso &5 F &L
HEEICHIc>T p EIFERLETA, TANZRALESEZ ZEICERESVTLDHE
R ZDLO L plEDEAHTRERTT,

0 T UXL/AREEZONDIHAMEDI EHLEBLTENT =714y FEFKIBT 20N
CVE#iTd, 7 v XL/ A RTAREICKRIG L TLE S IRREILEESEER (overselecting)
ERENTVWET,

0 HTERELNONN DL, rep78 (I b DDATITUNBHY I A lasso lZZ DD
© rep78=3 & rep78=5 72T AETIILTIALTWET,

lassoselect I~ R&(FE-> TFIEET A 2FIRT 5

0 EHFBIRINIAMEZEBTH2HEEZBNLET, I, BENEIRICL S lasso DfE
BArxoavw >y FTAEY —HIEEFELET,

. estimates store name

@ MNEMDIlasso AT FOEREELFT, 77 ML ELTRETZHEITRD L
SICLEd

. estimates save filename

& REBRZWOHIHEFIRDLIICLET,

. estimates restore autolasso

® lassoknots AY Y RICA Ty ava{FEoC2BEORN 2#F L £33, 2 Tliout-
of-sample 7 ~LHFoRL & L7,

. lassoknots, display(cvmpe r2 osr2)
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gB BN nnnnnun RO,

CV mean Out-of-
pred. sample In-sample
I lambda error  R-squared R-squared
2 | 4.274392 31.62288 a.8676 @.1116
15 1.275328 15.48129 a.5435 @.6194
19 .B798341 15.3171 a.5484 @.6567
28 .B809431 15.32254 a.5482 a.6627
21 . 7297895 15.31234 a.5485 a.6684
38 . 3159485 14.77343 a.5644 a.703a
31 . 287844 14.67034 a.5675 @.7100
* 42 . 1834458 13.3422 a.6866 a.7422
43 . 8942559 13.36279 a.6060 @8.7431
44 .BB58825 13.39785 a.60850 @.7439
45 .B782529 13.45168 a.60834 a.7449

_afBRBRRREE

SsTata

* lambda selected by cross-wvalidation.
® D=15D A ACVICLYBEBREINILDERBEICRVWI EADAN Y ET DT, 1
TfESTHEL & D,

lassoselect id = 15

ID = 15 lambda = 1.275328 selected

® /CITEIRLIAMZE(E> Tovplot a~v > FEETLET,

cvplot
Cross-validation plot
As Acv
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A, Cross-validation minimum lambda. A=.1, # Coefficients=8.
A lassoselect specified lambda. A=1.3, # Coefficients=3.
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® fREzFRRL, EOMBRILNET,

. lassocoef autolasso ., display(coef, postselection)

autolasso active

@.foreign 4.769344

repyad
3 -1.818493
5 4.937817 2.782347
weight -. 808157 -.8024845
turn -.2159788
gear_ratic 3.973684
price - . BPRE5E2
length -.1355416 -.1128782

_cons 48.79938  49.23984

Legend:
b - base lewvel
e - empty cell
o - omitted
® J(lFEITL /- lasso A7 FOfER% autolasso ICRFEL CWE L7, T2 Tld.
lassoselect O~ > FAFAL TH-ICHOTEETL, ER2HTHERAEE L7,
e L UAKR, WTOWTEEREERL £9,
° 0)53\71‘)?%%&@%%&7&\3: AT 55 E L. estimates store I R CTH/-A %
BT TREFELTEEET,
0 ZHiEMITTRELIZEREOANA % LEEKRT H65(L lassocoef I~v > FEFIAL F

ER
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