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Psbenko Esrennii MC-9. Opyrue suger perpeccun.
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Perpeccus HaTypanbHOro npusHaka
o

[TocTaHoBKa

1,...,n — 0bbeKThI;
T1,...,Tk — NPEQUKTOPLI;
Yy — OTKAMnK, y; € N.

E(yley,...,xn) =E(ylz) =7

BasoBblii MeToa — nyacCOHOBCKasl perpeccus:
e Y
y!
T
B8
p=E(ylz)=e" ",

:ETB

flylr) =

)

w=D(ylz)=e

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus HaTypanbHOro npusHaka
L]

Hactpoiika napameTpoB

OueHka METOAOM MaKCUMaJIbHOrO NpaBaonoaodbus:

n

L) =l (B) =3 (vial - " —in ().

B =argmax L (8) &
B

i (yi —eziTﬁ) z; = 0.

i=1

@ CyWecTBYeT 1 eANHCTBEHHA,
@ HaxoguTcsi meTogom HbtoToHa-Padcona,
@ SABNSETCA COCTOSITENIbHOW N aCMMNTOTUHECKN 3hPeKTUBHON oueHKol [,

9 aCMMNTOTNHECKN HOPMANbHa.

Psbenko Esrennii Opyrve suge perpeccun.



Perpeccus HaTypanbHOro npusHaka
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Huncnepcus ouegHok

[nsi oueHkun gucnepcun B CHOBa MCNOMBL3YETCSl MAaTPULLA BTOPbIX MPOU3BOAHbIX

L(B):
1) = o == 2Tl

N3 Teopun oueHok makcumyma npaegonogobus:

o (3) =173,
z”: ezzﬁxixiT

n
o
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Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus HaTypanbHOro npusHaka
oe

[loBepunTenbHble NHTEPBabI

[ns otpenbHoro KoadbdunymneHta F;:
Byt 21 apy [ (17 (B))jj.
Ons InE (y| . = x0) = 23 B:
ot B+ Z1—ajoifad Tt (B) xo.
Ona E(y| x = o) = %0 B,
e

' B—21_0/2 Ing_l(ﬁ)wo7eIoTﬁ+z1_a/2 151_1(3)10].

MpubnunxénHblii npeackasaTensHblil nHTepsan ans y (To) — OTKANKA HA HOBOM

obbekTe Xo:
T h
e"0 P £ 2V e 8.

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus HaTypanbHOro npusHaka

[ Je]

Kputepuii Banbga

Hynesasi runotesa: Hop: 55 = 0;
anbTepHaTuea: Hi: fBj <#> 0;
B;
(1=1(8)),,
T ~ N(0,1) npn Ho;

ctatuctuka: 1T = ;

[OCTUraemMblii YpoOBEHb 3HAYNMOCTU:

1 — ncdf(t,0,1), H.:B; >0,
p(t) = § nedf(¢,0,1), Hy: B <0,
2(1_n0df(|t|707 1))7 Hy: /BJ #O

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus HaTypanbHOro npusHaka
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KpuTepuii oTHOLWEHNSI npaBaonogobus

T
T T T
X = ( X1 , Xo ) ; B = B1 , B2 ;
nx(k+1) nx(k+1—ky) nxki (k+1)x1 (k+1—ky1)x1 kipx1
Hynesasi runotesa: Ho: f2 = 0;
anbTepHaTmea:  Hi: Ho HeBepHa;
cratuctuka: G =2 (L, — Lyr);
2 .
G ~ X, npu Ho;
0.
0.14f 7
0.12— -
0.1 -
“g:o.osf i

0.061~ -

0.04~ -

0.021~ -

,EI,OCTI/IFaeMbIﬁ YPOBE€Hb 3HAYNMOCTN:

p(g) =1 — chi2cedf (g, k1).

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus HaTypanbHOro npusHaka
(]

Mepbl kKadecTBa mMogenu

OTHOCMTENbHbIE:

@ aHOMaJIbHOCTb:

D= -2L,
= Yi ~
Dp = Z (yilnt — (s —ui)) ,
i=1 Hi
_ = Yi —1 yi+a! .
P =2 (- o ) B0s),
@ AIC:
AIC=-2L+2(k+1).
AbcontotHas:
@ ncespo-R%:
D
Rppy =1-— Do

Dy — aHOMaNbHOCTb MOZENN C OAHOW KOHCTAHTOM.

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus HaTypanbHOro npusHaka
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Overdispersion /underdispersion

MyaccoHosckas mopens npeanonaraet, 4o w = i (equidispersion).

@ MI-oueHkn 3 0CTalOTCs COCTOATENBLHBIMU, AAXE ECAN PACNpeaeneHune y|x
He SIBNISIETCS MYaCCOHOBCKUM — JOCTAaTOYHO TOro, 4To mogens E (y |x)
ONpeneneHa KOPPEKTHO.

9 OueHkn gucnepcun B W COOTBETCTBYIOLME KPUTEPNUMN TPEDYIOT BEPHOrO
onpegenenuns n D (y |z ), no3TOMYy OHN JAIOT HEKOPPEKTHbIE PE3yNbTaThl,
€CNM MaToOXugaHme n Ancnepcusi He paBHbI.

] |_|pep,n0n0)KeH|/|e O PaBEHCTBE MATOXUAAHUA N ANCNEPCUN MOXKHO
MPOBEPUTb; EC/IN OHO HE BbINOJIHAETCS, MOXKHO U3MEHUTb MOAESb. ITO
MO3BOJINT NOCTPONTL KOPPEKTHbIE KpuTepuu 1 bosee acbpekTuBHbIE
oueHku .

Psbenko Esrennii Opyrve suge perpeccun.



Perpeccus HaTypanbHOro npusHaka
®0

Overdispersion /underdispersion

Overdispersion — oTpuuatensHasi BiHoMunanbHas MOAENb:

w (@) = p+ ap?,

—1

flma) = L) (0‘71 ) (L)

Fy+1)T(a) \at+u ot 4 p

Underdispersion — noporosasi mogens (hurdle model):

. f1(0), j=0,
Ply=7)=191 L
LS (), i>0.

MoxxHo noctponts MIl-ouenkn gna o n 3, a 3aTeM NPOBEPUTH FMNOTEIY
a =0 Cc NOMOLbIO KPUTEPUSI OTHOLLEHUSI NPaBAONOAObUS.

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus HaTypanbHOro npusHaka
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VcToliunBas oueHKa gucnepcum

Ll,mcnepcvm OLEHKN MaKCNMaJIbHOro KBaBVII'IpaBAOI'IOAO6I/I$IZ

-1

n

n 1 n
Do (ﬂ) = Z LTy Zwlxzx? Z wiziry
=1

=1 =1

YcToiiunBasi COCTOSITENbHAS OLEHKA AMCMEPCAN, NOAXOAsIWAs ANs ntoboro
BNAA W:

—1 n -1

Dr (B) = z”: iy > (i — i) wiai zn: Wiz
=1 =1

=1

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus HaTypanbHOro npusHaka
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Yucno BM3MTOB K AOKTOP

Cameron, Trivedi, Regression Analysis of Count Data: n3y4aercsi (pyHKLMOHNpPOBaAHME
cuctembl 3apaBooxpaHedns Asctpanuu. Jns 5190 ognHOKMX COBEPLUEHHONETHUX rpakaaH
N3BECTHbl 3HAYEHNA Caeayrowmnx nokasaresei:

COLNO3KOHOMMUNYECKNME:

@ BoO3pacT, ner;
@ rogosoin goxom, 10 Teic. gonn.;

] WHONKATOPbl HA/IMYNA CTPAXOBKN PaA3aNYHbIX TUNOB: l‘IaCTHOI‘/’I, FOCyHapCTBeHHOﬁ ana
ManonmMyumnx, FOCyHapCTBeHHOﬁ ANA NOXUNbIX, UHBANINA0B U BETEPAHOB;

KPaTKOCPOYHbIE XapaKTEPUCTUKNA 340POBbs:
& 4MCNO BM3MTOB K AOKTOPY 33 NOCNEAHWE ABE Heaenu;
@ uncno 3abonesaHuii 3a nocneagHue ABe Hejenu;

@ HUCNO AHER CHUXKEHHOW aKTUBHOCTW B CBA3M C 3aboseBaHuemM mnm Tpasmoi 3a
nocnegHue ABe HeAenu;

AONTOCPOYHbIE XapaKTEPUCTUKN 340POBbs:
@ OueHKa COCTOsiHUA 340POBbs MO onpocHuky longbepra;

@ VHAMKATOPbI HaNM4nMs XPOHM4Yeckux 3abonesaHunii, orpaHM4YMBaOWNX U HE
OrpaHM4MBalOWMNX aKTUBHOCTb.

nOCTpOVITb MOAEeJ/ib HMCNa BU3NTOB K AOKTOPY B 3aBUCUMOCTWN OT OCTAJIbHbIX MPU3HAKOB.

Psbenko Esrennii Opyrve suge perpeccun.



Perpeccus HaTypanbHOro npusHaka
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[JaHHble
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HIHH : ’ | -

o oL uness o .
H : EI ACTDAYS [

I : HSCORE
. HEH H

e e
2 002 4 & 8 10 1214

Psabenko Esrenuii Opyrve suge perpeccun



Perpeccus HaTypanbHOro npusHaka
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Mogenb 1

CranpapTHasi nyacCOHOBCKAst MOAEJIb:
1ml <- glm(y~., family=poisson(), data=X)

summary (1m1)
Estimate | Std. Error  z value Pr(>z])
(Intercept) —2.09782 0.10155 —20.66 <2x 10 '°
SEX 0.15649 0.05614 2.79 0.0053
AGE 0.00279 0.00166 1.68 0.0926
INCOME —0.18742 0.08548 —2.19 0.0283
LEVYPLUS 0.12650 0.07155 1.77 0.0771

FREEPOOR | —0.43846 0.17980 —2.44 0.0147
FREEREPA 0.08364 0.09207 0.91 0.3636

ILLNESS 0.18616 0.01826 10.19 < 2x 10716
ACTDAYS 0.12669 0.00503 25.18 < 2x10716
HSCORE 0.03068 0.01007 3.05 0.0023
CHCOND1 0.11730 0.06655 1.76 0.0780
CHCOND?2 0.15072 0.08226 1.83 0.0669

D =4380.1, AIC = 6736, R%py = 0.223.

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus HaTypanbHOro npusHaka
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Mogenb 1

[Mposepum runoTesy pasBeHCTBA CPeAHEro U AMCMNEPCUMN MPOTUB aNbTEPHATUBSI
YBEJIMHEHHON Amcnepcuu:

library (AER)
dispersiontest(lml)

p=3.1x1075.

Psbenko Esrennii Opyrve suge perpeccun.



Perpeccus HaTypanbHOro npusHaka
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Mogenb 2

OTpuuaTtensHas buHommansHas mogens NB2:

library (MASS)

1m2 <-glm.nb(y~., data=X)

summary (1m2)

Estimate | Std. Error z value Pr(>|z])

(Intercept) —2.276279 | 0.122946 —18.515 <2x 10 '°
SEX 0.216367 | 0.069374 3.119 0.0018
AGE 0.003314 | 0.002088 1.587 0.1125
INCOME —0.156203 | 0.103176  —1.514 0.1301

LEVYPLUS 0.116382 0.085417 1.363 0.1731
FREEPOOR | —0.497302 0.206882 —2.404 0.0163

FREEREPA 0.145755 | 0.116852 1.247 0.2123
ILLNESS 0.214960 | 0.024182 8.880 < 2x10716
ACTDAYS 0.143753 | 0.007809 18.408 < 2x 10716
HSCORE 0.037541 | 0.013742 2.732 0.0063
CHCOND1 0.097890 | 0.078601 1.245 0.2130
CHCOND?2 0.183505 | 0.103180 1.778 0.0754

a&=1.08, D =23029.8, AIC =6424, R%p, = 0.229.



Perpeccus HaTypanbHOro npusHaka
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Mogens 3

CokpalwgéHHasi oTpuuaTtensHas buHoMmunansHasi mogens NB2:

Estimate | Std. Error  z value Pr(>z])
(Intercept) —2.18241 0.06311 —34.58 <2x10°'°
SEX 0.32114 0.06505 494 79x1077
FREEPOOR | —0.60120 0.20070  —3.00 0.0027
ILLNESS 0.24790 0.02204 11.25 < 2x1071¢
ACTDAYS 0.14697 0.00712 20.65 < 2x10716
HSCORE 0.03938 0.01338 2.94 0.0032

&=1.08, D =3051.5, AIC =6436, R%p, = 0.223.
Kputepus oTHoweHus npasgonopobus: mogens 3 3Ha4MMo xyxxe mogenu 2
(p = 0.0006).

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus HaTypanbHOro npusHaka
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Mogens 4

Monpobyem BepHyTb yaanéuHbie npusHaku. Jlyqiweidn nonyyaercs mMogensb,
B KOTOPYO BO3BpaLLEH BO3PaCT:

Estimate | Std. Error  z value Pr(>z])
(Intercept) —2.39129 0.08374 —2856 <2x10°'°
SEX 0.26141 0.06715 3.80 9.9x107°
AGE 0.00626 0.00161 3.88 0.0001
FREEPOOR | —0.49241 0.20183  —2.44 0.0147
ILLNESS 0.22999 0.02244 10.25 < 2x 10716
ACTDAYS 0.14499 0.00716 20.26 <2x10716
HSCORE 0.04169 0.01345 3.10 0.0019

a4 =108, D =064064, AIC =6422, R%py, = 0.227.
KpuTepuns oTHoweHus npasgonogobusi: Moaens 4 CyLeCTBEHHO nydlue
mogenu 3 (p = 9.9 x 107°) u e xyxe mogenu 2 (p = 0.1207).

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus HaTypanbHOro npusHaka
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Mogens 4

‘D'J'Iﬂ CpaBHEHNA — MOAENb C yCTOﬁ‘-H/IBbIMVI OUEHKaMn gncnepcun:
library(sandwich)
cov.robust <- vcovHC (1m3, type="HCO")
se.robust <- sqrt(diag(cov.robust))
coeffs <- coef(1m3)
t.robust <- coeffs / se.robust
summary.robust <- cbind(coeffs, se.robust, t.robust,
pvalue=2% (1-pnorm(abs(coeffs/se.robust))))
print (summary.robust)

Estimate | Std. Error  z value Pr(>z])
(Intercept) —2.39129 0.08533 —28.02 <2x10'°
SEX 0.26141 0.07180 3.64 0.00027
AGE 0.00626 0.00174 3.60 0.00032
FREEPOOR | —0.49241 0.26232  —1.88 0.06050
ILLNESS 0.22999 0.02076 11.08 <2x 10716
ACTDAYS 0.14499 0.00734  19.74 <2x107'°
HSCORE 0.04169 0.01356 3.07 0.00211

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus HaTypanbHOro npusHaka
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Pesynbrat

Ntoroeasi mogens noctpoera no 5190 HabntogeHnam n obbACHSIET OKOMO
23% Bapuauum OTKAMKA.

Estimated number of visits

Number of visits

E(y|z) = exp(—2.3+0.26 x SEX + 0.006 * AGE — 0.49 * FREEPOOR+
4+0.23 %« ILLNESS 4+ 0.14 « ACTDAY S 4+ 0.04 «x HSCORE) .

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus HaTypanbHOro npusHaka
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Pesynbrat

‘D'ﬂﬂ CpaBHEHNA — NNHenHasn MOA€ENb, HE YHUTbIBatOWaA AUCKPETHOCTb
OTKNUKa Yy:

Estimated number of visits

T T T T T
0 2 4 6 8

Number of visits

E (y|z) = exp (0.007 +0.03 * SEX 4 0.001 * AGE — 0.07 *x FREEPOOR+
4+0.04 * ILLNESS 4 0.04 «x ACTDAY S 4+ 0.01 «x HSCORE) — 1.

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus HaTypanbHOro npusHaka
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Pesynbrat

Mogenb no3BonseT caenaTb CneayrolUme BbIBOAbI:

o

XKEHLWMHbI nocewwatoT Bpada B 1.3 pasa vawe Myx4uH (B0oBepnuTeNnbHbIN
nHtepean (1.14, 1.48));

obnapaTenn rocyfapCTBEHHON CTPAXOBKMA A1 MAsIOMMYLLMX MOCELLAOT
Bpaya 8 1.6 pa3s pexe (poseputenshbiii nuntepsan (1.1,2.4));

Kaxaast DonesHb yBeNMHMBaET HMCNO noceweHnii Bpada B 1.3 pasa
(moBeputenbHblii nutepsan (1.2,1.3));

KaXKAblA AeHb CHUXKEHHOW aKTUBHOCTW yBENNYUBAET HYUNCNO MOCELEHNNA
Bpaya 8 1.16 pasa (goseputensHbiii nntepean (1.13,1.17));

kaxpabie 10 net 4ncno nocewennii Bpada B Bo3pacrtaer B 1.06 pasa
(moBeputenshbiii nntepsan (1.03,1.10));

Kaxabli 6ann oueHkn 380poBbsi No onpocHuky lonpbepra ysennunsaer
4mcno noceweHnii Bpava B 1.04 pasa (foBepuTenbHbIl MHTEpBaAn
(1.02,1.07)).

Psbenko Esrennii Opyrve suge perpeccun.



Perpeccus c perynspusauvei
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Variance-bias tradeoff

Mogensb:
y=f(zx)+e Ee=0, De=o"

Ownbka npeackasanusi yo NO BEKTOPY Lo C NOMOLWbIO Mogenu f:

PE (f(20)) =E (0 - f (xo))Q = 0* + MSE (f (x0)).

CpeaHekBagpaTuyHas ownbka oueHKm f:
MSE (f(xo)) =E (f (z0) — f(mo))2 =
= B/ (w0)) — f @0)* +E (f (w0) ~Bf (20)) " =
= bias® (f (xo)) + variance (f (xo)) .

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus c perynspusauvei
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Variance-bias tradeoff

B nuneiinoii perpeccuu:

zfp + ¢,
MSE (1’03) = bias® (IOTB) + variance (IOTB) .
MHK-oueHka
FOLS _ (XTX)’l X7y

apnsieTcst HecmewwgrHol (bias = 0) n NMeeT HaMMEHbLUYIO AUCMEPCUIO CPeam
" . —1
BCex HecMelwdHHbIX oueHok (variance = o (XTX) ).

Ecnn matpuuya XT X nnoxo obycnoenewa, To:
o MHK-oueHka umeer bonbLuyto gucnepcuto;

@ MOXET BO3HWKATb YWC/IEHHAS HEYCTON4YNBOCTL npu obpawexnn X7 X,

Psbenko Esrennii Opyrve suge perpeccun.



Perpeccus c perynspusauvei
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['pebHeBas perpeccus

[nst ymeHblweHNst 4ncnepcnn OLEHKM 1 MOBbILLEHNS] BbIYNCINTENbHON
ycToiiumsoct aobasum Kk X7 X AnaroHanbHylo MaTpuLy:

n . —1
/Brzdge — (XTX + >\In) XTy.

Takas OUEHKA ABNAETCA pELUEHNEM perynﬂpmaoBaHHoﬁ 3a4a41M HaNMEHbLUINX

KBaJpaToB: »
priec = argmin (lly = XBII5 + A1B13) -

A\ — nmapameTp perynspusauun:
@ npu A =0 799 = BOLS cmewenms HeT;

ridge

@ npu A =0 B = 0, ancnepcun Her;

9 B npoMexyTke — DanaHc MexAy CMeLLeHNEM 1 JUCnepCreil.

Psbenko Esrennii Opyrve suge perpeccun.



Perpeccus c perynspusauvei
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BaxxHble getanu

o KoadppuuneHt By He BXOQMT B perysnsipusatop:

(Bo, o) = argmin (Ily = BoLu = XBII3 + A[8113)

Bo €R,BERF

Ecnu nepen npumMeHeHnemM MeTOAA LEHTPUPOBaTb BCE MpusHakn X
(BbluecTb BEIBOPOUHOE CpeaHee), TO MOXHO NONOXUTL By = 7

U UCKYNTL o N3 33Ja4M MUHUMU3ALUNA.

Ecnn uentpuposats ewé n y, 10 Bo = 0.

k
2 _ 2
e LWrpadb ||B]]; = '21 Bj HepaBHOMEpHO pacnpefiensieTcs Mexay
i=
npu3Hakamun, €Cam OHU N3MEPEHbI B PA3HbIX LWKanax. rIO3TONIy nepen
MPUMEHEHNEM MeToAa Npu3Hakn X AONOJHUTENLHO CTaHAAPTU3NPYIOT,

4TObbI BLIBOpPOYHAs ANCNEPCUs KAXXAOMO PaBHANACH EANHUALE.

@ [locne noctpoeHunsi Mogenu HeOBXO[MMO NPUBECTN €& K 3anucu
B TEPMMHAX NCXOAHbIX MPU3HAKOB.

Psbenko Esrennii Opyrve suge perpeccun.



Perpeccus c perynspusauvei
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[Mpumep 1

Mycte n =50, k=30, X;j ~N(0,1), o*=1.
Crenepupyem y cornacHo nuxeiinoii mogenun ¢ 10 6onbwmnmn
koacppuymneHtamu (Mexgy 0.5 u 1) n 20 manenokumu (mexay 0 n 0.3).

< |
I

0.4

-~ Linear MSE
— Ridge MSE
_ —— Ridge Bias"2
o] — — Ridge Var
g
T T T T T
0 5 10 15 20 25

Nuneiinas perpeccusi:
PE =1+ MSE =~ 1+ 0.006 4+ 0.627 = 1.633.
Jlydwas rpebHeBas perpeccus:

PE =14+ MSE ~ 14 0.077 + 0.403 = 1.48.



Perpeccus c perynspusauvei
[e]e]e]e] lele]

Crenepupyem y cornacHo nuxeiinoii mogenn ¢ 30 6onbwmnmn
koacppuymneHtamu (mexgy 0.5 u 1).

---- Linear MSE
— Ridge MSE
o _| — Ridge Bias*2
o Ridge Var
v
e |
o [ e
g
o ]
o
T T T T T T T
0 5 10 15 20 25 30
A

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus c perynspusauvei
0000080

Crenepupyem y cornacHo nuxeiinoii mogenun ¢ 10 6onbwmnmn
koacppuymneHtamu (Mexgy 0.5 u 1) n 20 HynesbiMU.

---- Linear MSE
© — Ridge MSE
o - — Ridge Bias"2
Ridge Var
@ [
o
<
(=
N
o
(=)
=
T T T T T T
0 5 10 15 20 25
A

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus c perynspusauvei
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—— True nonzero
True zero

Coefficients

A

OueHkn HynesbIX KOI(PPULNEHTOB HE CTAHOBATCS PaBHbI HY/O, @ TONBKO
YMEHbLUIAOTCS.

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus c perynspusauvei
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Beibop A

AmMnupuyecknii cnocob: sribrnpaercs Takoe A, Ha4MHas C KOTOPOro
KO3 PNLMEHTBI MOLENN MEHSFOTCSA HE3HAYUTESBLHO.

Kpocc-sanupauus: BbibupaeTtca A, JOCTaBASAOWEE MUHUMYM CPpeaHelt owmnbke
Ha KOHTPONE; MOAE/b 3aTEM HACTPANBAETCS MO MOSHBLIM AAHHBIM.

Psbenko Esrennii Opyrve suge perpeccun.



Perpeccus c perynspusauvei
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Lasso (Least Absolute Selection and Shrinkage Operator):

Alasso . 2
B = argmin (|ly — X85 + X 181],) -
B

BbipaxkeHusi B 3aMKHYTOM BUAE HE CyLLECTBYET.
l1-perynsipusauns no3sonsietT obHynsATb KO3 DULMEHTHI.
Bcé octanbHble getanu Te xe, 4TO y rpebHEBON perpeccumn: A onpeaensier
6anaHc MexXay CMeLleHnem n gucnepcueid, So He BXOAUT B Perynsipusartop,
MPU3HAKN HY>XXHO CTaHAAPTU3MPOBAThL, NTOrOBYK MOAEb HEODXOANMO

NMPUBOAUTL K 3aMNCN B NCXOAHbIX BENMYMHAX, A BbibMpaetcs no
KpoCC-Bannaaumnm.

Psbenko Esrennii Opyrve suge perpeccun.



Perpeccus c perynspusauvei
O®000

10 6onbmx koapduumentos (mexay 0.5 n 1) u 20 manenbkux (mexgy 0 un

0.3).
@
g
© [
<
<
o
N
N
Linear MSE
—— Lasso MSE
—— Lasso Bias"2
e — Lasso Var
o
T T T T T T
0 2 4 6 8 10

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus c perynspusauvei
[e]e] le]e]

30 bonbwmx koadpuymnentos (mexagy 0.5 n 1).

. ---- Linear MSE
~ | — Lasso MSE
—— Lasso Bias*2
—— Lasso Var
|
e |
v |
o
o
2
T T T T T T
0 2 4 6 8 10
A

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus c perynspusauvei
[e]e]e] Te]

10 Bonblunx koapduunertos (mexgy 0.5 n 1) n 20 Hynesbix.

)
o
R A
o
<
I
N
N
Linear MSE
—— Lasso MSE
—— Lasso Bias*2
o | —— Lasso Var
o
T T T T T T T
0 2 4 6 8 10 12

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus c perynspusauvei
[e]e]ole] ]

OcobennocTn

@ Anroputm LARS nossonsiet nonyunts 3HaveHust ko3pduLneHToB npu
BCEX .

9 Jlacco MOXHO NPUMEHSTL gaxke npu k > n, HO NOAy4NTCA He Bonblie
7 HeHyneBbIX KO3(PPNLNEHTOB.

9 [lpn n > k n Hann4un BbICOKO KOPPENMPOBAHHBIX MPEANKTOPOB J1ACCO
npourpbiBaeT no owunbke npeackasaHust rpebHeBoii perpeccuu.

@ Ecnn cpean nprsHakoB eCcTb rpynna BbICOKO KOppenMpOBaHHbIX, 1acco,
KakK npaBuio, OTOMPAET TONBKO OAUH N3 HUX.

Psbenko Esrennii Opyrve suge perpeccun.



Perpeccus c perynspusauvei
@00

JnacTu4Has ceTb

Elastic net:

hen A .
5 = (1422 ) argmin Iy = X815 + A0 151, -+ e [615)

Opyras dopma 3anucu:

A~ <ﬂT (XTX-i-AQIn

B = argmin Ty ) B—2y"XB+\ ||5H1) .

Jlacco B aHanorn4Hom Buae:

/Blasso _ arggnin (/BTXTX/B — 2yTX/B + )\1 H/BHl) .

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus c perynspusauvei
oeo

Ponb napameTpoB perynspusauun

o
o
]
]

Mpu A1 = 0 nony4aem rpebHeByO perpeccuto ¢ NapaMeTpom As.
Mpu A2 = 0 nony4aem nacco ¢ NnapameTpom Aj.
Mpn A1 = oo nonyvaem ,3]5" =0.

Mpu A2 = co nonyvaem univariate soft thresholding:

o A . .
7= (- g) s ) =1
2 +

3HayeHns napamMeTpoB BbIbMpPatOTCA KPOCC-Banuzaumei, Az no Hebonbwol
cetke (Hanpumep, (0.0,0.01,0.1,1,10,100)), a A1 — no HenpepbIBHOW KPNBOIA,
nony4aemoii anroputmom LARS-EN.

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Perpeccus c perynspusauvei
ooe

Mycts Z1, Z ~ N(0,1), y~ N (Z1 +0.122,1),

X1 =21 +e¢n, Xo=—-Z1+ e, X3 =21 +e¢€3,
Xy =Z>+¢a, X5 = —22 +e¢s, Xe = Z2 +¢s,

; ~ N(0,1/16).

00 02 04 08 08 10 00 02 04 06 08 10

s = [betal /max|betal s = [betal /max|beta]

Cnesa nacco, cnpasa anactudHas cetb ¢ A2 = 0.5.

Psbenko Esrennii

Apyruve suge perpeccun.



Henuxeiinan perpeccus
[ Je]elele}

Henuneiinas perpeccus

Mpumep: (Smith, Some reliability problems in the chemical industry, 1964)
nccnegosanme komnanum Procter & Gamble. Viccneayetca npogykt A,

B MOMEHT MPOU3BOACTBA A0St CBODOAHOrO x0pa B HEM JO/KHA

coctasnsite 0.5. I3BecTHO, 4TO CO BpemeHem CopepxaHme xnopa B NPoAyKTe
cHmKaetcs. 3a nepeble 8 Hegenb cogepxxaHune xnopa cHusutes go 0.49, Ho

B 60f|ee no3aHne Cpokn n3-3a BIANAHNA 6OJ'IbLI.IOrO KOJIN4HECTBa
HEKOHTPONpPYEMbIX (PaKTOPOB hr3MHECKNE MOAENN HE MOTYT JOCTAaTOHHO
TOYHO NpeAcKasaTb cogepxaHue ceobogHoro xiopa. [ns onpegeneHnsi 3akoHa
ybbIBaHMS KOHUEHTpauum ceobogHoro xiopa (y) oHa bbina namepera

B 44 obpa3suax Ha pasHbix Cpokax xpaHeHus ().

Bbina BbIgBMHYTA rMnoTesa, YTO COAEPXKAHME XNIOpa B NPOAyKTE npu = > 8
OMUCLIBAETCA YPAaBHEHNEM BUAA

y=a+ 049 —a)e P L o= f(z) +e.

Tpebyercs oueHnts napamerpsl o u 8 no Habmogenuam (zi,y:),t =1,...,n.

Psbenko Esrennii Opyrve suge perpeccun.



Henuxeiinan perpeccus
[e] Jelele}

[JaHHble
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Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Henuxeiinan perpeccus
[e]e] lele}

0
i
o i
048 o : -
o :
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041355 o |
044 o i -
+ I
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I
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222727
X1

& =0.3901, B =0.1016, RSS = 0.00500168.

Yr1o panbwe?

Psbenko Esrennii 9. Opyrve sugel perpeccun.



Henuxeiinan perpeccus
[e]e]e] lo}

CpasHenune RSS ¢ uucToii owmnbkoii

Yucras ownbka o — Anucnepcus €, MOXKET BbITb OLEHEHA MO MOBTOPSIIOLMMCS

HabnoaeHnsaMm.
Y11, .-, Yln, — M1 NOBTOPSAIOWMXCS HADAIOAEHNA Npn & = 1,
Ymls« -« s Ymnam, — Mm NOBTOPSIOWMXCA HABNIOQEHUE NPU T = Xy,
m Ny 2
> > (Wi —75)
.2 Spe j=1u=1
o= — = —
e d>mj—m
j=1
B npumepe Spe = 0.0024, n. =26 =
RSS — Spe
—————— =0.00016
44 — 2 — ne ’
—2° — 0.000009.

Te

Ncnonbsyem kputepuin ®uwepa: F(16,26,0.95) = 2.8, gogose = 1.8 —

MOXHO HaZEsATbCsA, 4TO MOAENb NogobpaHa xopoLwo.

Psbenko Esrennii MC-9. Opyrue suger perpeccun.




Henuxeiinan perpeccus
[e]e]ele] }

[oseputensHele obnactu

Mpubnusutensheie 100 (1 — q) % poseputenbHble obnactTn ans 3HaveHuin
napameTpos a un f3:

zn: (yi — f (a, B,x:))? = RSS (aﬁ) X (1 + - ﬁ 7 Fimq (k,n = k)) .

=1

0.405

0.4

0.395

0.39

Cunuii kontyp — g = 0.005, kpacHbii — ¢ = 0.01, 3enénbii — g = 0.05,
YépHbli — q = 0.25.

Psbenko Esrennii MC-9. Opyrue suger perpeccun.



Jlntepatypa

@ perpeccus HaTypanbHoro npusHaka — Cameron, rnasel 2, 3, 5, 6;
@ rpebHeBasi perpeccusi, nacco, anacruyHasi cetb — Hastie, 3.4;

@ HenuHeliHas perpeccus — [peiinep, rnasa 24,

Apeiinep H.P., Cmut T. lNMpuknagHoii perpeccuonubivi anaan3. — M.: sgaTtenscknii
nom «Bunbsimcy, 2007.

Cameron C.A., Trivedi P.K. Regression Analysis of Count Data. — Cambridge
University Press, 2013.

Hastie T., Tibshirani R., Friedman J. The Elements of Statistical Learning. —
Springer, 2009.

Psbenko Esrennii MC-9. Opyrue suger perpeccun.
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