NTHU STAT 5410, 2022 Solution to Homework 4

Linear Model Assignment 4
Eoep SRR

Problem 1.

BAREHD y =By + 0171 + Baxy + By + Byxy + By +€

dat = read.table("http://www.stat.nthu.edu.tw/~swcheng/Teaching/stat5410/data/wastes.txt",

T, "UTF-8-BOM", 20)
g <- lm(y~x1+x2+x3+x4+x5, dat)
summary (g)
##
## Call:
## 1lm(formula = y ~ x1 + x2 + x3 + x4 + x5, data = dat)
##
## Residuals:
## Min 1Q Median 3Q Max
## -0.39447 -0.11847 0.00053 0.08313 0.56232
#i#
## Coefficients:
#it Estimate Std. Error t value Pr(>lt])
## (Intercept) -2.156e+00 9.135e-01 -2.360 0.0333 *
## x1 -9.012e-06 5.184e-04 -0.017 0.9864
## x2 1.316e-03 1.263e-03 1.041 0.3153
## x3 1.278e-04 7.690e-05 1.662 0.1188
## x4 7.899e-03 1.400e-02 0.564 0.5815
## x5 1.417e-04 7.375e-05 1.921 0.0754 .
## —-—-
## Signif. codes: O '**x' 0.001 'sx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##

## Residual standard error: 0.2618 on 14 degrees of freedom
## Multiple R-squared: 0.8107, Adjusted R-squared: 0.743
## F-statistic: 11.99 on 5 and 14 DF, p-value: 0.0001184

B2 @ B0 5

J=—2.156—9.012 x 10 62, + 1.316 x 10 3z, + 1.278 x 10 4z4 + 7.899 x 1032, + 1.417 x 10 4z,

a.

100(1 — )% confidence region for AS, A: d X p matrix, 8: p x 1 vector
General form: (AB — AB)T(A(XTX) P AT) " (A — AB)/(d&?) < Fy,,_, ()
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Ifd=1, R
(AB— Ap)?
(A(XTX) TAT)5?

|AB — AB|
A ars = el

< Fl,n—p<a) =
100(1 — )% Confidence interval (CI) for Ag:
ABFt, (a/2) x VAXTX)TAT)6 = AB F t,_,(a/2) x s.e.(AD)

A4 n=20>p=06>a=0.05"1t1,00 = 2.145 - ji_summary table ¥ & #j& ¥ AB % s.e.(AB) &% -
95% CI for By (A = (0,0,0,1,0,0), A3 = 3):

By F 114(0.025) x s.e.(By) = 1.728 x 1074 F 2.145 x 7.690 x 1075 = (—3.714 x 1075,2.927 x 1074
95% CI for B (A = (0,0,0,0,0,1), A3 = 3;):

Bs F1,4(0.025) x s.e.(Bs) = 1.417 x 1074 F 2.145 x 7.375 x 1075 = (—1.652 x 1077,2.998 x 104

¥ha vt confint 44 K7 Py 2 By 0 95% CI:

confint(g) [c(4,6),]

it 2.5 Y% 97.5 Y
## x3 -3.713929e-05 0.0002927368
## x5 -1.652198e-05 0.0002998305

b.

K A3 A=(0,0,0,1,0,2), AB =35 +25; -
A <- t(C(0,0,0,l,O,Q))

x <- model.matrix(g)

xtxi <- solve(t(x)%*%x)
c(sqrt (A%x%xtxi%*%t (A)) * summary(g)$sigma)

## [1] 0.0001641751

§ou B @ 5\ /AXTX) TAT = 1.642 x 1074 > 12~ 95% CI for 5 + 285:

B + 25 F1,4(0.025) x 6/ A(XTX)TAT = 1.278 x 107* +2 x 1.417 x 107* F 2.145 x 1.642 x 10~*
3 5 T lig
= (5.899 x 107°,7.632 x 10~%)

C.

B4 By 2 By e 95% confidence region 4= :

library(ellipse)
plot(ellipse(g, c(4,6)), 3, "y, expression(x[3]), expression(x[5]))
points(0, O, 1.5, 15)

text (2e-5,1e-5,"(0,0)")
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(0,0)

X
0e+00 1e-04 2e-04 3e-04

0e+00 le-04 2e-04 3e-04

X3

d confidence region {v hypothesis test ¥4t B % > ¥ &5 itk LA 4™  Hy: B3 = 85 =0, H; : not H »
KR T R BT AR R 0 Tt RAEARIES Hy: By =P =0

d.

AEF ENH TR Hy: 8y =0y, =05 =08, =0; =0, H : at least one 8; # 0,9 = 1,2,3,4,5 (overall
F-test) - ¢ % — F ¢ summary report ¥ 4v F-statistics = 11.99+ g 4 & % 5 4r 14 » p-value=0.0001184 - 7 %
Fhk#Ea=0057 > F ALBHTIES Hy o 77 95% i confidence region # € ¢ & R & (81, By, B3, B4, 05) =
(0,0,0,0,0) &p -

K # 4k ¥ 40> ¥ 4 non-volatile solids 3 zg =23 — 2, > R4HA 7B 5
Y = B + 8171 + Bomy + B34 + ) + By + Bws + €
= By + Brzy + Baxy + (B + By)xy + Byzg + Bsrs + €
# ¥_non-volatile solids # response #_% 7 linear effect & % "% % Hy: B3 =0vs. Hy: f3#0
Q:y=By+ B2y + Bazg + (85 + Ba)xy + Bag + P55 + €
w:y =Py + 812y + Boy + By + Bsws + €
A Rt % Hy: B3 =0vs. Hy: B3 #0
Qo 1y =By + 171 + Baxo + B3xs + Byzs + Bszs + €

Wy 1y = Py + By + Baxg + Byxy + Byxs + €
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d 3wy s xy o mg 2 B RSP %o span{as, 2y} = span{ay, a6} P Q=00 F wy=w FP T E
BB a [ ALEE 0 408 By o 95% CT(—3.714x 107°,2.027 x 10°) ¢ § 00 T 44258 Hy:fy =0 4 3

A F EHE PRI P non-volatile solids ¥+ response 7 linear effect o

Problem 2.
o FAL

library(dplyr)

library(knitr)

data2 = read.table("http://www.stat.nthu.edu.tw/~swcheng/Teaching/stat5410/data/houseprices.txt",
T)

data2$NE = as.factor(data2$NE)

data2$Corner = as.factor(data2$Corner)

dim(data?2)

## [1] 117 7

summary (data?2)

## Price SQFT Age Features NE Corner
## Min. : 540 Min. . 837 Min. :1.00 Min. :0.00 0:39 0:95
## 1st Qu.: 780 1st Qu.:1280 1st Qu.: 5.75 1st Qu.:3.00 1:78 1:22
## Median : 960 Median :1549 Median :13.00 Median :4.00

## Mean 11063 Mean 11654 Mean :14.97 Mean :3.53

## 3rd Qu.:1200 3rd Qu.:1894 3rd Qu.:19.25 3rd Qu.:4.00

## Max. 12150 Max. :3750 Max. :563.00 Max. :8.00

## NA's 149

## Tax

## Min. 1 223.0

## 1st Qu.: 600.0

## Median : 731.0

## Mean : 793.5

## 3rd Qu.: 919.0

## Max. :1765.0

## NA's 110
o JLEFRE 117 LEipIE > 7 B % ¥k (1 response : Price, 6 predictors)
e NE, Corner ‘% % nominal variables » 2 #£pF Z $ * dummy variable = ;%

o Age, Taz %¥* %3 NA &> Age » 21 53¢ 49

a.
Strategy (1) #-#73 Age § # 2 Eflfnd e

data2.1 = data2 %> filter(!is.na(Age))
dim(data2.1)

## [1] 68 7
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summary (data2.1)

H# Price SQFT Age Features NE Corner
## Min. : 580.0 Min. : 970 Min. :1.00 Min. :1.000 0:26 0:52
## 1st Qu.: 893.8 1st Qu.:1400 1st Qu.: 5.75 1st Qu.:3.000 1:42 1:16
## Median :1049.5 Median :1690 Median :13.00 Median :4.000

## Mean :1163.9 Mean 11746 Mean :14.97 Mean :3.971

## 3rd Qu.:1277.2 3rd Qu.:1922 3rd Qu.:19.25 3rd Qu.:4.000

## Max. :2150.0 Max. 12931 Max. :53.00 Max. :8.000

##

## Tax

## Min. : 398.0

## 1st Qu.: 673.5

## Median : 810.0

## Mean . 872.7

## 3rd Qu.:1003.5

## Max. :1765.0

## NA's 12

FOREFT 68 £ T g FL FAEE S 3 2 $8k 3 standard error ¥+ 0w BRI R a0k F
j£4

summary (lm(Price~.,data2.1))

##

## Call:

## 1lm(formula = Price ~ ., data = data2.1)

##

## Residuals:

#i Min 1Q Median 3Q Max

## -411.40 -71.20 -6.15 65.79 581.73

##

## Coefficients:

it Estimate Std. Error t value Pr(>|tl)

## (Intercept) -33.3945 101.2900 -0.330 0.742801

## SQFT 0.3965 0.1022  3.880 0.000266 *xx
## Age 0.2137 2.1439 0.100 0.920924

## Features 16.9495 19.5711 0.866 0.389972

## NE1 -34.1625 50.6735 -0.674 0.502836

## Cormnerl -68.7001 52.9532 -1.297 0.199553

## Tax 0.5430 0.1703  3.189 0.002286 *x*
## ——-

## Signif. codes: O '**xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##

## Residual standard error: 171.3 on 59 degrees of freedom
# (23 Hh o2 BREERIE )

## Multiple R-squared: 0.8371, Adjusted R-squared: 0.8205
## F-statistic: 50.52 on 6 and 59 DF, p-value: < 2.2e-16

o T HRH Age b0 WY L XA HF

o i Corner T 73 B ¥
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Strategy (2) & #&#-%#k Age 4 %

data2.2 = data2 %>/, select(-Age)
dim(data2.2)

## [1] 117 6

summary (data2.2)

## Price SQFT Features NE Corner Tax

## Min. : 540 Min. . 837 Min. :0.00 0:39 0:95 Min. : 223.0
## 1st Qu.: 780 1st Qu.:1280 1st Qu.:3.00 1:78 1:22 1st Qu.: 600.0
## Median : 960 Median :1549 Median :4.00 Median : 731.0
## Mean 11063 Mean 11654 Mean :3.53 Mean 1 793.5
## 3rd Qu.:1200 3rd Qu.:1894 3rd Qu.:4.00 3rd Qu.: 919.0
## Max. 12150 Max. :3750 Max. :8.00 Max. :1765.0
## NA's :10

TR 117 SpplE o A%k Tor @ 325 10 £ 4 @ R0 FLFHROBHRTE LG A EF > &
AATRET L L

summary (lm(Price~.,data2.2))

##

## Call:

## Im(formula = Price ~ ., data = data2.2)

##

## Residuals:

## Min 1Q Median 3Q Max

## -544.22 -74.05 -15.03 68.34 615.26

##

## Coefficients:

#i# Estimate Std. Error t value Pr(>ltl)

## (Intercept) 77.6954 62.1231 1.251 0.2139

## SQFT 0.2666 0.0620 4.301 3.93e-05 **x
## Features 13.8581 13.5727 1.021 0.3097

## NE1 -3.3995 36.4875 -0.093 0.9260

## Cornerl -89.1245 42.4246 -2.101 0.0382 =
## Tax 0.6627 0.1097 6.042 2.57e-08 *x**
## ——-

## Signif. codes: O '**xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##

## Residual standard error: 171.9 on 101 degrees of freedom
# (F15 725 h 10 BREEZRME )

## Multiple R-squared: 0.8091, Adjusted R-squared: 0.7996
## F-statistic: 85.6 on 5 and 101 DF, p-value: < 2.2e-16

= M ERE Corner R LEF
Tl bk FALE R Strategy (2) - BB S L3 LEHE] TR RS S B RG -
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b.

T
Price = By+ By SQFT + B, Features + B3 NE + 8, Corner + 35 Taxes + €

data2.2 = na.omit(data2.2)
fit2.2 = 1m(Price ~ ., data2.2)
summary (£it2.2)

##

## Call:

## 1m(formula = Price ~ ., data = data2.2)

##

## Residuals:

## Min 1Q Median 3Q Max

## -544.22 -74.05 -15.03 68.34 615.26

##

## Coefficients:

#t Estimate Std. Error t value Pr(>ltl)

## (Intercept) 77.6954 62.1231 1.251 0.2139

## SQFT 0.2666 0.0620 4.301 3.93e-05 *x*x
## Features 13.8581 13.5727 1.021 0.3097

## NE1 -3.3995 36.4875 -0.093 0.9260

## Cornerl -89.1245 42.4246 -2.101 0.0382 *
## Tax 0.6627 0.1097 6.042 2.57e-08 *xxx
## ——-

## Signif. codes: O '**xx' 0.001 'xx' 0.01 'x' 0.05 '.' 0.1 ' ' 1
##

## Residual standard error: 171.9 on 101 degrees of freedom
## Multiple R-squared: 0.8091, Adjusted R-squared: 0.7996
## F-statistic: 85.6 on 5 and 101 DF, p-value: < 2.2e-16

38 (1 — )100% confidence interval for each coefficient 3, :
3 3 5 ~ -1
Bi £ t,,(a/2) x s.e. (ﬁ» , where s.e. <Bi> = o\/(XTX),

% 4 e 95% & 99% confidence interval & 4™

kable(confint (fit2.2) [-1,], 3)
25% 975 %
SQFT 0.144 0.390
Features -13.067  40.783
NE1 -75.781  68.982
Cornerl -173.284 -4.965
Tax 0.445 0.880
kable(confint (fit2.2, 0.99)[-1,], 3)
7
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05% 995 %
SQFT 0.104 0.429
Features -21.776  49.492
NE1 -99.193  92.394
Cornerl  -200.505 22.257
Tax 0.375 0.951

pvalue(Bege,) = 0.0382 = 0.01 < 0.0382 < 0.05: %% & 0.05 EFKET fo, 4004 HFLE -
e G A FORE 0.0 FFRILG 5 R T UBRE Bogpne, = 95% fr 99% T 0 confidence intervals : # ¥ % £ ¢ 7
00 %G ¢ 5 o @B IR PSE pvalue 18 - K -

C.

L P A P24 future observation HFERIE 2 SR B 0 945 b, TR A {oR S % 0 TP HAERIE

g = xOTﬂA = Bo + Bl SQFT + ﬂ; Features + Bg NE + 34 Corner + 35 Tazes,
el 4 % B
708 troy(@/2) x 3/xF (XTX)Lag + 1.
x0 <- data.frame( 2500, 5, L WL 1200)

new.pred2.2 <- t(as.numeric(c(1,x0)))%*%fit2.2%coefficients
d.m <- as.matrix(cbind(1,data2.2[,2:3],as.numeric(data2.2[,4])-1,

as.numeric(data2.2[,5])-1, data2.2[,6]))
cat("Prediction value: ",new.pred2.2,"\n")

## Prediction value: 1516.361

cat("Confidense interval: (",
new.pred2.2+qt (0.025,101)*
summary (£it2.2) $sigmax

sqrt (t(as.numeric(c(1,x0)))%*x%solve (t(d.m)%*%d.m)%*%as.numeric(c(1,x0))+1),", "
new.pred2.2+qt(0.975,101) *
summary (£it2.2) $sigmax*

sqrt (t (as.numeric(c(1,x0)))%*%solve (t(d.m)%*%d.m)%*%as . numeric(c(1,x0))+1),")"
’ll\nﬂ’ n ll)

## Confidense interval: (1162.761, 1869.961)
7w % predict() 3+ 5 H ZHEF o

predict(fit2.2, x0, "predict")

#it fit lwr upr
## 1 1516.361 1162.761 1869.961

¥oebo -4 & SQFT=2500, Features=5, NE=1, Corner=1, Taxes=1200 #f ¢ ch# 5+ 2 T35 7~ 7 3+

E(y) = asgé = Bo + 51 SQFT + 52 Features + 53 NE + 54 Corner + 55 Tazes,
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forisy & AR T
xo/éi t101<a/2> X &\/$(,1)1<XTX)71$0.

x0 <- data.frame( 2500, B ", ", 1200)

new.pred2.2 <- t(as.numeric(c(1,x0)))%*%fit2.28coefficients

d.m <- as.matrix(cbind(1,data2.2[,2:3],as.numeric(data2.2[,4])-1,
as.numeric(data2.2[,5])-1, data2.2[,6]))

cat("Prediction value: ",new.pred2.2,"\n")

## Prediction value: 1516.361

cat("Confidense interval: (",

new.pred2.2+qt(0.025,101) *

summary (fit2.2) $sigmax

sqrt (t (as.numeric(c(1,x0)))%*%solve (t(d.m)%*%d.m) %*%as . numeric (c(1,x0))),", ",
new.pred2.2+qt(0.975,101)*

summary (fit2.2) $sigmax

sqrt (t (as.numeric(c(1,x0)))%*%solve (t(d.m)%*%d.m)%*%as . numeric(c(1,x0))),")"
,"\n", "

## Confidense interval: (1422.713, 1610.009)

predict(fit2.2, x0, "confidence")

## fit lwr upr
## 1 1516.361 1422.713 1610.009

d.

BRRF IR R SQFT=2500 «hg 3 pF > 234 SQFT=2500 #7175 %+ % + - B sub-population 12t 3¢ i

H mean response 2 # #7 & # & future observation » 2 3% % 7= 7 ¥ 4R 5 conditional expectation » % 7

E(y|SQFT = 2500) =0, + 8, (SQFT = 2500) + By E(Features|SQFT = 2500) + 3 E(NE|SQFT = 2500)
+ B,E(Corner|SQFT = 2500) + B;E(Tazes|SQFT = 2500),

MR RS MR

L $0% SQFT 11 ot g % B(z,) 5 & E(r,|SQFT = 2500) it » %5 % # # Rheenfit » & T
fRR R ~ BB TR S F i T ok~ ¢ ik Rk (Feature $#c7 ¢ i 7w i Faik > Tax %k

Friod) A ERYS 0 A FEINARY b I ERF ~ o HHIERE R R

x1 <- data.frame( 2500, median(data2.2$Features),
c("0","1") [which.max(table(data2.2$NE))],
c("0","1") [which.max(table(data2.2$Corner))],
mean (data2.2$Tax))
predict(fit2.2, x1, "predict")

## fit lwr upr
## 1 1322.22 962.7517 1681.688
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PR BT AR 4 correlation R Mg 7 7, LR R ERE PG E e

2. £&mE 2 w3 SQFT %82 #°73)

ok

Price = By + B, SQFT + ¢,

B AR )Y G P A B (2, |[SQFT = 2500) s % » i d Lecture note p.5-14 &2 547 4> g+ fitted model
Lot 3“’\” ja 4 A%g‘i T AR E o G SQFT § A R Fletds 2 1 { &4 - B0 2
FEHpRIEE FRER

fit2.3 = Im(Price ~ SQFT, data2.2)
predict(fit2.3, data.frame( 2500), "predict")

## fit lwr upr
## 1 1584.563 1166.205 2002.921

F¥E I UE TR 2. B S 0 BEZR T ¢ AT R ¢ sub-populations # oo #7020 dm E v RIEIRE 0 R N H SRR E R
RO EHFPELc FRFFLRRE Fle #R* T s > FHREF R Fmals o
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