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ObobLieHHble NnHeliHbIe MOaeNN

Onpegenerne (IKCnoHeHUMaNbHOE CEMECTBO
pacnpegeneHnii)

F(v160,6) = exp (W +ely, 9))

0 - napameTp cgBura, ¢ - napameTp mMactutaba.

Mpumep (HopmanbHoe pacnpegenetue)

F(1.0) = ——ewp (V1) -
~ oxp (y“;f/z 1 (y2 + /Og(27r02))>

2 \ o2
0=p, ¢ =02 a(¢) =¢, b(0) =0%/2u
c(y,¢) = —(y?/¢ + log(2m¢)) /2
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ObobLieHHble NnHeliHbIe MOaeNN

Mpumep (Pacnpegenenne lNyaccona)

efﬂuy
f(yl0,¢) = - exp(ylogp — p — logy!)
0 =log(n), ¢ =1, a(¢) = 1, b(0) = exp(f) u c(y,¢) = —logy!
Mpumep (BuHomunansHoe pacnpegenerue)
F(16.6) = ()1 - ) =
n
+ nlog(1 — p) + /og<k>)

0 = log(£;), a(¢) =1, b(0) = —nlog(1 — p) u c(y,¢) = log(})

"
= exp(ylog 1
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ObobLieHHble NnHeliHbIe MOaeNN

Onpegenenve (Link function)

n=PBo+Bxi+...+Bpxp=x"p
[lycte EY = p. Torpa
n=g(u)

yHkuns g Haswiaetcs link function.
Link function Ha3bIBaeTCS KaHOHUYECKOMN, eciu

g(p)=120

OcHosHasi uges link function - conoctaButs cpegHee 3HayeHne y un
JINHENHBIA NPEANKTOP.

Mpumep (Kanonnuyeckme link functions)

Hopmanbsroe pacnpegenenne: 1 =
Pacnpenenenne lNlyaccona: n = logu
Bunomuansroe pacnpegenenne: n = log(p/(1 — w))



ObobLieHHble NnHeliHbIe MOaeNN

Vicnonb3osaHue B R

> library(faraway) #pgn1a momydeHms gmaTaceTa

> glmi<-glm(Species™Area+Elevation+Nearest+Scruz+Adjacent,

data=gala,family=gaussian)

Call: glm(formula = Species ~ Area + Elevation + Nearest +
Scruz + Adjacent, family = gaussian, data = gala)

Coefficients:
(Intercept) Area Elevation Nearest
7.068221 -0.023938 0.319465 0.009144
Scruz Adjacent
-0.240524 -0.074805
Degrees of Freedom: 29 Total (i.e. Null); 24 Residual
Null Deviance: 381100

Residual Deviance: 89230 AIC: 339.1



Deviance statistic

Onpegenenne (Deviance)
Ecan I(y, ¢ly) - norapucbm ¢pyrkuyun npasgonosobusi pas

"monnoii"mogenn(kotopasi npesckasbiBaeT 3HayeHns BbIOOPKM
To4HO), a I(fi, |y) - norapucbm chyHkyun npasgonogobus gas

ucnosb3yemoii, To deviance byaem Ha3blBaTh:

D(y, i) = 2(I(y, ¢ly) — I(f1, ¢ly))

Null deviance - deviance gns "Hynesoii"mogenun(kotopas
npeacrTasnseT coboii ToabKo intercept)
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BuHomuansHas(noructnyeckas) perpeccus

Onpepenexne

n; ) ni—v:
P(Y;=vyi) = <y'>P,¥‘(1_Pi) i

Link function:
ni=glp), 0<g'(n)<1

Obbi4HO BeIbUPAIOT 0fHY U3 3:

1) Logit: n = log(p/(1 — p))

2) Probit: n = ®~1(p), rge ® - chynkyus HopmansHoro
pacnpeneneHus

3) Complementary log-log: n = log(—log(1 — p))



BuHomuansHas(noructnyeckas) perpeccus

VcnonbsosaHue B8 R

> (logitmod <- glm(cbind(damage,6-damage) ~ temp,
family=binomial, orings))

Coefficients:
(Intercept) temp
11.6630 -0.2162
Degrees of Freedom: 22 Total (i.e. Null); 21 Residual
Null Deviance: 38.9

Residual Deviance: 16.91 AIC: 33.67

> (logitmod<-glm(damage/6~temp,family=binomial, orings))

Coefficients:
(Intercept) temp
11.6630 -0.2162
Degrees of Freedom: 22 Total (i.e. Null); 21 Residual
Null Deviance: 6.483

Residual Deviance: 2.819 AIC: 8.058
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BuHomuansHas(noructnyeckas) perpeccus

Vicnonb3osaHue B R

> (probitmod <- glm(cbind(damage,6-damage) ~ temp,
family=binomial (1ink=probit), orings))

Coefficients:
(Intercept) temp
5.5915 -0.1058
Degrees of Freedom: 22 Total (i.e. Null); 21 Residual
Null Deviance: 38.9

Residual Deviance: 18.13 AIC: 34.89

> plot (damage/6 ~ temp, orings, xlim=c(25,85),1lwd=4
ylim=c(0,1) ,xlab="Temperature", ylab="Prob of damage'")
> x <- seq(25,85,1)

> lines(x,ilogit(11.6630-0.2162*x),lwd=2)

> lines(x, pnorm(5.5915-0.1058%*x), lty=2,lwd=2)
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BuHomuansHas(noructnyeckas) perpeccus
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OueHrka kavyecTBa bUHOMMANBLHOW perpeccun

Onpegenexne

D~ x*(n—1)
r4e n - KoMYeCcTBO HabmogeHuii, | - KoaM4eCTBO NPeauKTOPOB

VcnonbsoeaHue B8 R

# mna Momenu OMHOMMANBLHON perpecCcHuu

> pchisq(deviance(logitmod) ,df.residual(logitmod) ,lower=F)
[1] 0.7164099

# gna "Hyneson" mMomennm

> pchisq(38.9,22,lower=F)

[1] 0.01448877
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OueHrka kavyecTBa bUHOMMANBLHOW perpeccun

Onpepaenenne (Ananor ctatuctukn R?)

_1- exp((D — Dnun)/n)
1 — exp(—Dpun/n)

n - obiyee KosndecTso HabaoneHuni

R2

Ncnons3osanne 8 R
> modl<-glm(cbind(dead,alive) conc,family=binomial,bliss)

> (1-exp((modl$dev-modl$null)/150))/(1-exp(-modl$null/150))
[1] 0.9953178
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Cpasgnerne link function briHomnanbHoli perpeccu

Vicnonb3osaHue B R

> modl<glm(cbind(dead,alive)“conc,family=binomial,
data=bliss)

> modp<glm(cbind(dead,alive) ~conc,

family=binomial (link=probit) ,data=bliss)

> modc<-glm(cbind(dead,alive) “conc,
family=binomial (link=cloglog) ,data=bliss)

> x<-seq(-2,8,0.2)

pl<-ilogit(modl$coef [1]+modl$coef [2] *x)
pp<-pnorm(modl$coef [1]+mod1$coef [2] *x)
pc<-1-exp(-exp(modl$coef [1]+modl$coef [2]*x))
plot (x,pl,type="1",ylab="Probability",xlab="Dose",lwd=2)
lines(x,pp,lty=2,1lwd=2)

lines(x,pc,lty=6,1lwd=2)

V V.V V V V
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Cpagnerue link function briHomnanbHoli perpeccun

Probability
06 08 10
1 !
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|




[Mpobnema cxogumMocTn B BUHOMUANBHON perpeccun

Vicnonb3osaHue B R

> modl<-glm(orientation~estrogentandrogen,hormone,
family=binomial)

Warning messages:

1: glm.fit: algorithm did not converge

2: glm.fit: fitted probabilities numerically O or 1
occurred
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[Mpobnema cxogumMocTn B BUHOMUANBHON perpeccun

Vcnonb3soeaHue B8 R

> summary(modl)
Deviance Residuals:

Min 1Q Median 3Q Max
-2.759e-05 -2.100e-08 -2.100e-08 2.100e-08 3.380e-05
Coefficients:

Estimate Std. Error z value Pr(>|zl|)
(Intercept) -84.49 136095.03 -0.001 1.000
estrogen -90.22 75910.98 -0.001 0.999
androgen 100.91 92755.62 0.001 0.999

(Dispersion parameter for binomial family taken to be 1)
Null deviance: 3.5426e+01 on 25 degrees of freedom

Residual deviance: 2.3229e-09 on 23 degrees of freedom

AIC: 6

Number of Fisher Scoring iteratiomns: 25
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[Mpobnema cxogumMocTn B BUHOMUANBHON perpeccun

VcnonbsosaHue B8 R

> plot(estrogen~androgen,data=hormone,
pch=as.character(orientation))
> abline(-84.5/90.2,100.9/90.2)

esfrogen

15 20 25 3.0 35 4.0 45

androgen
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[lyaccoHoBcKas perpeccus

Onpegenexne

P(Y =y) = o

lNpuynnbr nosisnenns pacnpegenenuns llyaccona:

1) BeposiTHOCTb ycriexa Mana, a 4ucno Cy4aes JOCTaTOYHO
bosbLuoe. Hanpumep, Hanmume peakoii popmbl paka.

2) BeposTHOCTb CObbITUSI HA HEKOTOPOM UHTEPBANE BPEMEHU
NPONOPLUMNOHAJIEHA €M0 Pa3MEPY U HE 3aBUCUT OT MOSIBJICHUS
Apyrux cobbitnii. Hanpumep, konn4ecTso TenepoHHbIX 3BOHKOB.
3) Bpemena Mexay cobbITUSMU HE3ABUCUMBI U IKCIIOHEHLNANBHO
pacnpegenensl. [nasHoe otaunyne ot bUHOMUaNLHOro
pacnpesneneHus - YUCa0 yCreXOB HE OrpaHUH€eHo.
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[lyaccoHoBcKas perpeccus

VcnonbsosaHue B8 R

> modp<-glm(Species™Area+ElevationtNearest+Scruz+
Adjacent,family=poisson,gala)
> summary (modp)
Coefficients:

Estimate Std. Error z value Pr(>|z|)
(Intercept) 3.155e+00 5.175e-02 60.963 < 2e-16 #xx*

Area -5.799e-04 2.627e-05 -22.074 < 2e-16 **x*
Elevation 3.541e-03 8.741e-05 40.507 < 2e-16 *x**
Nearest 8.826e-03 1.821e-03 4.846 1.26e-06 ***
Scruz -5.709e-03 6.256e-04 -9.126 < 2e-16 **x*

Adjacent -6.630e-04 2.933e-05 -22.608 < 2e-16 *x*x
Signif.codes:0**x20.001‘**°0.01¢%°0.05¢.70.1¢ °1
(Dispersion parameter for poisson family taken to be 1)

Null deviance: 3510.73 on 29 degrees of freedom
Residual deviance: 716.85 on 24 degrees of freedom
AIC: 889.68
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HenapameTpuyeckas perpeccus

Onpegenexne
?(x)—if K(XZ=29)y, 1§njw-v-
AT o A I n I

rae wj = K (X;\Xj> /A n [ K(x)dx = 1. ®ynkyus K HassiBaeTcs
aapom perpeccuu.

Onpegenerne (Ouenka Nadaraya-Watson)

Zf:l w; Y]

B = 21w
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HenapameTpuyeckas perpeccus

Ncnons3osanne B R

> plot(waiting~eruptions,faithful,main="bandwidth=0.1")
> lines(ksmooth(faithful$eruptions,faithful$waiting,
"normal",0.1),lwd=2)

bandwidth=0.1

waiting
60 70 80 90
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eruptions
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HenapameTpuyeckas perpeccus

Ncnons3osanne B R

> plot(waiting~eruptions,faithful,main="bandwidth=0.5")
> lines(ksmooth(faithful$eruptions,faithful$waiting,
"normal",0.5),1lwd=2)

bandwidth=0.5

waiting
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HenapameTpuyeckas perpeccus

Ncnons3osanne B R

> plot(waiting~eruptions,faithful,main="bandwidth=2")
> lines(ksmooth(faithful$eruptions,faithful$waiting,
"normal",2),lwd=2)

bandwidth=2

waiting
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! 1
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eruptions
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AAANTUBHBLIE MOLENN

Onpepenexne

(X)) + €
1

y = Bo+

p
J:

rae fj - crnaxusarouyne PyHKUNN.

Onpepenenve (Backfitting algorithm)
1)Bo=yufi=0

[loBTOpsiTH O CXOQUMOCTHN:
2) fi = S(x,y — B(0) — Zk;ﬁj i)

rae S - Kakas-Hubyab Craa)kKuBaroLyas byHKUMs.
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AAANTUBHBLIE MOLENN

VcnonbsosaHue B8 R

> amgam<-gam(03~lo(temp)+lo(ibh)+lo(ibt) ,data=ozone)
> summary(amgam)
Deviance Residuals:
Min 1Q Median 3Q Max
-13.1146 -2.3624 -0.2092 2.1732 12.4447
(Dispersion Parameter for gaussian family taken to be 18.66:
Null Deviance: 21115.41 on 329 degrees of freedom
Residual Deviance: 5935.096 on 318.0005 degrees of freedom
AIC: 1916.049
Number of Local Scoring Iterations: 2
DF for Terms and F-values for Nonparametric Effects

Df Npar Df Npar F Pr(F)
(Intercept) 1
lo(temp) 1 2.5 7.4550 0.0002456 =xx*
lo(ibh) 1 2.9 7.6205 8.243e-05 *xxx
lo(ibt) 1 2.7 7.8434 9.917e-0b *xxx*
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AAANTUBHBLIE MOLENN

Vicnonb3osaHue B R

> plot(amgam,residuals=T,se=T,pch="*")
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Perynspnsauyus

Onpegenerne (Pugx perpeccus)
1 . A
J0) = Sy — FXO)T(y — FX0)) + 11611
Onpegenenue (Jlacco perpeccus)

JO) = 2y~ FXO)T(y — FXO) + 5101
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Perynspnsauyus

VcnonbsoeaHue B8 R

library(penalized)

data(nki70)

lmrl <- penalized(ER"DIAPH3+NUSAP1,data=nki70,lambdal=1)
nonzero coefficients: 2

lmr2 <- penalized (ER"DIAPH3+NUSAP1,data=nki70,lambda2=1)
coefficients(lmr1l)
Intercept) DIAPH3

1.457045 -1.587166

> coefficients(lmr2)

(Intercept) DIAPH3 NUSAP1
1.4475712 -1.2150576 -0.2340205

~V V & V Vv V
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1ameHenne koadprLneHTOB B N1aCCO perpeccuy

VcnonbsosaHue B8 R

lmrl <- penalized(ER"DIAPH3+NUSAP1, data=nki70,
lambdal=0,step=50)
plotpath(lmrl,lwd=2)

coefficient

|- DiapHz

T T T T T T
25 2.0 1.5 1.0 0.5 0.0

lambda1



[Mogbop onTumanbHOro napameTpa Ag

VcnonbsosaHue B8 R

> profLl (ER"DIAPH3+NUSAP1, data=nki70,plot=T,trace=F)
> optL1(ER"DIAPH3+NUSAP1, data=nki70,trace=F)$lambda
[1] 0.5486795

-68.0
1
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-70.0
|

-71.0
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0.05 0.10 0.20 0.50 1.00 2.00
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[Mogbop onTumanbHOro napamerpa Ap

VcnonbsosaHue B8 R

> profL2(ER~DIAPH3+NUSAP1,data=nki70,min1ambda=0.01,
maxlambda=5,plot=T,trace=F)

> optL2(ER"DIAPH3+NUSAP1, data=nki70,trace=F)$lambda
[1] 0.6114319
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