2 JURR AT B = Aol

J 42101 A5 E 2216113458

2024 fE5 A 7 H
X (4
2.2
Solution.
1. LA
Y =XB+e

Fol = Fefr 7t )

XTX R
wT
j= Xy  XT(XB+e) _p XTe
- XTx  XTx XTX
M .
N X'e
EB = E|l—— | =
p=b+E () =
B B A B 8 R dE it
2. 4 :
1 XX
A2 Tir _
0= ——YI(I-H)Y, H=l1.
Il
(n — 1)E&? = Etr (YT(I - H)Y) = Etr (sT(I - H)e)
xxT
_ Ty _ 2 _ 2
_]Etr<(I—H)ss ) _Utr(I—XTX> = (n-1)c
M

o1 XTXYTY - (xTY)? 1 ( -1 xf) (Z}Ll yf) - (Z}Ll xjyj>2
n—1 XTX Tn-1 iy X7

o2 W A tE o

=
3. ABEAH
Y=XB+e
_XTXYTY — (XTY)?

E(R) = YI(I - H)Y ,
SSE(R) ( ) XTX

fR:n—l.

AR A
Y=c¢

(=02 =YY, fr=n

M-

SSE(F) =

=1
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4.

5.

2.3

PCE R ROV & ]

o _ (SSE(R) —SSE(F))/1 _  SSE(R) — SSE(F)
- SSE(E)/n T SSE(F)

~ F(1,n).

BT
pon (b (xx)), P

0-2
B B=0o Nt Gt BERESH A :

5 /XT
VXX n=1).
&
BT )
Jo=xB ~ N <xg/3, szg (XTX> xo) Yo = xOTﬁ +e~ N (xgﬁ, 02)
#
1
?O—yO“JA/<Q02<1+xg<XTX) ,m>)

M

Yo — Yo Nt(]’l—l)
\/MSE (1+x0T (XTX) ! x0>

M BAZEA L —a 9 EZR A

90 + tl_“/Q(T’l — p) \/MSE (1 + Xg (XTX)71 XO)

XTy 1 XTXYTY — (XTY)* XTX +a]x
=X oo £ H—ap2(n—p) . .
XTX n—1 XTX XTX

Solution. 2

Xi - (xli/' c /-xni)T/ (1 = 1/2)/ X3 = (\/ X13,° ", vV xn3)T

ARA R A

Y = Bo+ B1X1+ PaXo + B3X1Xp + BaXz +e.

SE A Y EURIZEEFFH A

fr=4,  SSE(R)

- HRARERA

Y = Bo+ P1 X1+ PaXp +¢
AW EARIREFH A A
fr=2, SSE(F)
G EURESTH

(SSE(R) —SSE(F))/(fr — fr) _ SSE(R) —SSE(F)
SSE(F)/ fr B SSE(F)

F(2,2).
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2. HmAER A
Y = Bo+ B1(X1+ X3) + B3 X1 Xo + PaX3 + e

Ay BEARIZEETFTAA
fr=3,  SSE(F)
KRITBARESH A

(SSE(R) — SSE(F))/(fr — fr) _ ., SSE(R)— SSE(F)
SSE(F)/ fr =3 SSE(F) ~ F(L3).

3. YEAER A
Y = Bo+ P11 X1+ B2Xo + B3 X1 X2 + X3 + e

B EARIREF T A=A
fr=3,  SSE(F)
KT BARESH A

(SSE(R) — SSE(F))/(fr — fr) _ . SSE(R) — SSE(F)
SEE/R -0 seEg e

24

Solution. %
Y=( oy, e=(e ), Xi= (v a0, i=1,2

EPn=15, it
ﬁ = (ﬁO/ﬁl,,BZ)T/ X = (]l/XerZ)

AR AHBERL
Y = Bo+ p1X1+ BaXo+e=Xp+e

1. B &9 R = Fbr it A
A -1
B= (XTX) xTy
¥y it £ 615 3 : §
o? = Y(I-H)Y, H=X (XTX> xT.
i NBAL R AT
B =(345496,001)T, &% =474

2. FENMEAH BT p AR, BELBIEXH 1= =0, FAAY 5 X, X WEHREDEXAR

FERE HBE P A F1H p1E

EPER I 53844.72 2692236 5679.466 0
wE(E) 12 56.88 4.74
BT 14 53901.6

Fo A—7@, wHAT
R = 0.9994722.

WY 5 X, Xo A ERERE,
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3. FAE R A A
(4.83,5.09]  [0.007,0.01]

4. 2HEA A
Y =po+p1X1+ PaXo+ p3X1Xo + €
AR A
Y = Bo+ p1 X1+ paXo+ ¢
A AR LA

Ho:ﬁg,:O.

Gt EWAMEL p LA
F = 0.03156013, p=0

M B RARIR, AAR L EFINZILR
5. MAME L BAZ K 7] o ) A
1113.568, [1086.16,1140.975].
6. AL, RELSFAEBKENHA
7 = (161.90,122.67,224.43,131.24,67.70,169.68,79.73,189.67,
119.83,53.29,253.72,228.69, 144.98,100.53, 210.94)T
¢ = (0.10, —2.66, —1.43, —0.24, —0.70, —0.68,1.27,
2.32,-3.83,1.71,—-1.72,3.31, —0.98, 2 .46, 1.06)T
r = (0.05,—1.32,-0.73, —0.11, —0.36, —0.35,0.67,
1.23,-1.92,0.92, —0.93,1.89, —0.47,1.24,0.58)T

QQ K= T

Normal Q-Q Plot

N
o 0
n ] [®)
@
= o
c
g
O o 5 °
Q
= [e)
€
35
0 o
4]
N
! T T T
-1 0 1

Theoretical Quantiles

TR EBAEMEN, A TIUAAELRAESY., FAKGMELARKS

0 = 0.9933947.

AR AR A de T
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3

2

D <- read.table('exercise2_4.txt')
colnames(D) <- c(C'y', 'X1', "X2")

3| Im.obj <— 1Im(y~., data = D)

summary(1lm.obj)

sse <— sum (( fitted (lm.obj) - D$y)A2)

ssr <— sum (( fitted (lm.obj) - mean (D$y))A2)
Sst = sse + ssr

msr = ssr / 2

mse = sse / 12

f_value = msr / mse

| p_value <- 1 - pf(f_value, 2, 12)
5| R_value <- sqrt(ssr/sst)

ssr

5| sse
6| sst

msr
mse

f_value
p_value
R_value

5| A <— summary(lm.obj)$coefficients

alpha <- 0.05

»|df <— 1m.obj$df.residual

AL, 1]
left <- A[,1] - A[,2] * qt(1l - alpha / 2, df)
right <- A[,1] + A[,2] * qt(1 - alpha / 2, df)
left
right

new.data <- D

| new.datal[,4] <- D[,2] * D[,3]

fit <- ImCy~., data = new.data)

55| F_@_num <~ (sum(lm.obj$residualsAr2) - sum(fit$residualsr2)) / (lm.obj$df.residual - fit$df.

residual)
f_0_den <- sum(fit$residualsA2) / fit$df.residual
f_0 <- f_0_num / f_0_den
p.value <- 1 — pf(f_0, 1m.obj$df.residual - fit$df.residual, fit$df.residual)
f_0
p_value

o[ predict(lm.obj, data.frame(X1l = 220, X2 = 2055), interval = 'prediction', type = 'response')

stand.residuals <- rstandard(lm.obj)

5| ggnorm(stand.residuals)
| x <-= seq(from = -2.5, to = 2.5, by = 0.1)
71y <- sd(stand.residuals) * x + mean(stand.residuals)

abline(x, y, coef = c(mean(stand.residuals), sd(stand.residuals)), col = 'red')

correlation <- cor(ggnorm(stand.residuals)$x, ggnorm(stand.residuals)$y)
fitted_value <- 1m.obj$fitted.values
residual_value <- 1m.obj$residuals

53| fitted_value

residual_value

5| stand.residuals
»| correlation
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2.6

Solution.

1. E5QQ HAeF AR L -7 BT

Normal Q—-Q Plot

~ o
o
<
=R
€
<
>
o4
o
a ° 7
£
<
2]
-
|

AR ARKA

BT REBEMEN, BLTAAEA R &2

Theoretical Quantiles

2. HHAFRBARNEA A = 0.66

p

stand.residuals
0
1

-1

450
1

rss
350
1

250
1

150
1

EAQQ HFeF ALK E -] HAe T

Normal Q-Q Plot

-

@

<

<

S
o 4

(o4

@

o

&

o T A
o )
I

Theoretical Quantiles

o ] o
o T T T T
50 100 150 200 250
Im.obj$fitted.values
% o
T T T
0.0 0.2 0.4
lambda
o °o
o °o
- - OO
o
©
g o
3 o°
2 2 80 o o oo
=] o ©
g %0 o © o
R °
o
o
o
o |
) o
T T T T T
5 6 7 8 9

fit1$fitted.values
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LR &
0 = 0.9889423.

BLEA IS AZ BB B A R o

AP AR A% T

o

D <- read.table('exercise2_6.txt"')
colnames(D) <- c('X1', "X2', 'y")

3| Im.obj <— Im(y~., data = D)

summary(1lm.obj)

;| stand.residuals <- rstandard(lm.obj)

qgnorm(stand.residuals)

correlation <- cor(gqgnorm(stand.residuals)$x, ggnorm(stand.residuals)$y)

x <— seq(from = -2.5, to = 2.5, by = 0.1)

y <- sd(stand.residuals) * x + mean(stand.residuals)

abline(x, y, coef = c(mean(stand.residuals), sd(stand.residuals)), col = 'red')

»| correlation

plot(lm.obj$fitted.values, stand.residuals)

n <— dim(D)[1]

X <- D[,1:2]

y <= D[,3]

X <- as.matrix(cbind(matrix(1,n,1), X))
H <= X %*% solve(t(X) %*% X) %% t(X)

lambda <~ seq(from = -0.5, to = 0.5, by = 0.01)
K <- length(lambda)

»| rss <— rep(0, K)

for (k in 1:K) {
if (lambda[k] '= @) {
Z <- (1 / lambda[k]) * (yAClambda[k]) - 1) / (prod(y)) A ((lambda[k] - 1) / n)
} else {
Z <= log(y) * (prod(y>dA(1l / n)
}
rssfk] <- t(Z) %% (diag(n) - H) %*% Z

1
opt.lamb <- lambda[which.min(rss)]

| opt.lamb

5| new.y <— Cy A opt.lamb — 1) / (opt.lamb)
;| new.data <- D

new.datal,3] <- new.y
fitl <- Im(y~., data = new.data)
summary(fitl)

stand.residuals <- rstandard(fitl)

»| qghorm(stand. residuals)
;| correlation <— cor(gqgnorm(stand.residuals)$x, gqgnorm(stand.residuals)$y)

x <— seq(from = -2.5, to = 2.5, by = 0.1)

5|y <— sd(stand.residuals) * x + mean(stand.residuals)
;| abline(x, y, coef = c(mean(stand.residuals), sd(stand.residuals)), col = 'red')

correlation

)| plot(fitl$fitted.values, stand.residuals)
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Solution.

1. EAQQARFANEE -) BT

Normal Q—-Q Plot

2216113458

n o n o
< S o °
S 4 ° e ° o
“ - ° o
(%] o
s 9 o 2 % °
= ]
g 3 o
s 9 S o o ®
o © 8 o o
o = o
- °
g b 5 @ o
S o » o S}
n 54 o o ©
I 1 o
o o
.| o o
=} o o
N T Q¥ T T T T T T T
2 10 20 30 40 50 60 70

Theoretical Quantiles Im.obj$fitted.values

0 = 0.9791288.
HTFHEBRZEMER, BHLTAAEE L R,

2. R R BAHAEA A = 0.66

800
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400
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EEQQEAFAMNKEZ - BT

Normal Q-Q Plot
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o
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o
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o
T T T T T
5 10 15 20 25

Theoretical Quantiles fit1$fitted.values

QQ HEMEM M, 48X R4A
p = 0.9889423.
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B AR Ay %o

D_r <- read.table('exerciseZ_6.txt")
D <- D_r

5| D[,1] <- D_r[,1] * D_r[,1]

colnames(D) <— c('X1', 'X2", 'y")

5| Ilm.obj <- Im(y~., data = D)
;| summary(1lm.obj)

stand.residuals <- rstandard(lm.obj)

ggnorm(stand.residuals)

correlation <- cor(gqgnorm(stand.residuals)$x, ggnorm(stand.residuals)$y)
x <- seq(from = -2.5, to = 2.5, by = 0.1)

y <- sd(stand.residuals) * x + mean(stand.residuals)

;| abline(x, y, coef = c(mean(stand.residuals), sd(stand.residuals)), col = 'red')

correlation
plot(lm.obj$fitted.values, stand.residuals)

n <- dim(D)[1]

X <- D[,1:2]

y <= D[,3]

X <— as.matrix(cbind(matrix(1,n,1), X))
H <= X %*% solve(t(X) %*% X) %x% t(X)

5| lambda <- seq(from = -0.5, to = 1.5, by = 0.01)

K <- length(lambda)

| rss <— rep(0, K)
% for (k in 1:K) {

if (lambda[k] '= @) {
Z <- (1 / lambda[k]) * (yAClambda[k]) - 1) / (prod(y)) A ((lambda[k] - 1) / n)

} else {
Z <= log(y) * (prod(y>dA(l / n)
}

rssfk] <- t(Z2) %% (diag(n) - H) %*% Z

5|}

plot(lambda,rss)

55| opt.lamb <— lambda[which.min(rss)]
»| opt.lamb

new.y <— (y A opt.lamb — 1) / (opt.lamb)
new.data <- D

new.datal,3] <- new.y

fitl <- Im(y~., data = new.data)

>| summary(fitl)

stand.residuals <- rstandard(fitl)

s| ggnorm(stand.residuals)

correlation <- cor(qgnorm(stand.residuals)$x, ggnorm(stand.residuals)$y)
x <— seq(from = -2.5, to = 2.5, by = 0.1)

s|y <— sd(stand.residuals) * x + mean(stand.residuals)

abline(x, y, coef = c(mean(stand.residuals), sd(stand.residuals)), col = 'red')
correlation

»| plot(fitl$fitted.values, stand.residuals)
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2.9

Solution.

1. ESQQ BHAeF AR £ - B T

2.

3.

4 EAQQAEAfFAMNKE -) BT

Normal Q-Q Plot

0 = 0.9816644.

W TSR LMEN, B TANER R AR,

(@) R%(p) AN AR
X, < 0.5794702,

BHIR X, Xo EAEZ.
(b) Cp A HHAT
Xy ¢ 4299472,

HHIBR X, Xo EAEZ.
(c) PRESS, £ +##47

X1 +» 0.5985851,
HER X FALE.

B

Normal Q-Q Plot

X1, X, < 0.6305423

X1, X ¢ 2.495063

X1, Xy <+ 0.6641294

B X, Xo EAT R, ARE2PLEER—
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Theoretical Quantiles Im.obj$fitted.values
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Theoretical Quantiles
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LR &
= 0.982029.

%
HTFHEBAMEN, BHITAAEA L LT,

By AR A4 T

o

)
5

)

3

3

3

41

D <- read.table('exercise2_9.txt')
colnames(D) <- c('X1', 'X2', 'X3', 'y")

3| Im.obj <— Im(y~., data = D)

summary(1lm.obj)

;| stand.residuals <- rstandard(lm.obj)

qgnorm(stand.residuals)

correlation <- cor(gqgnorm(stand.residuals)$x, ggnorm(stand.residuals)$y)

x <— seq(from = -2.5, to = 2.5, by = 0.1)

y <- sd(stand.residuals) * x + mean(stand.residuals)

abline(x, y, coef = c(mean(stand.residuals), sd(stand.residuals)), col = 'red')

»| correlation

plot(lm.obj$fitted.values, stand.residuals)

;| Library(leaps)

regfit.full = regsubsets(y~., data = D)
summary(regfit.full)

)| summary(regfit.full)$adjr2

summary(regfit.full)$cp
summary(regfit.full)$rsq

| model <- ImCy ~ ., data = D)

step_model <- step(model, direction = "both")

5| summary(step_model)

new.data <- D[,1:2]

new.datal,3] <- D[,4]

colnames(new.data) <- c('X1', 'X2', 'y')
new.data

Im.obj <- lm(y~., data = new.data)
summary(lm.obj)

stand.residuals <- rstandard(lm.obj)

55| ggnorm(stand. residuals)
;| correlation <- cor(ggnorm(stand.residuals)$x, gqgnorm(stand.residuals)$y)

x <—- seq(from = -2.5, to = 2.5, by = 0.1)

y <- sd(stand.residuals) * x + mean(stand.residuals)

abline(x, y, coef = c(mean(stand.residuals), sd(stand.residuals)), col = 'red')
correlation

ol plot(1lm.obj$fitted.values, stand.residuals)

2.10

Solution.

L. A NBAE R AT
B = (—20.00,0.61,0.18, 8.98)T

11
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Bl p AEHH A
0.542, 0.526 0.153 0.510

e
Py —1) = exp(—20.00 + 0.61X; + 0.18X; + 8.98X3)

1+ exp(—20.00 + 0.61X; + 0.18X, + 8.98X3
p
;’ ,EL/\;% X2 X‘j i%d'z);‘k) ;ﬁ ﬁ%ffju@o

2. B IBABIRA
Ho : ﬁg, = 0.

T HA4Z p {57 0510 > 0.05, TTiAA LR EHH,
TG Xy, Xo $9HEA A

P(Y=1)— exp(—0.55037 + 0.15737X; + 0.19475X;)
7 14 exp(—0.55037 + 0.15737X; + 0.19475X>)

pAES R A
0.5628  0.0357  0.1117

TRA Xy A P(Y =1) A ZEHwm. ML T:
7.930776e-13 3.290103e-01 2.220446e-16 1.224829¢-04 1.665939¢-05 6.684758e-10
7.972692e-04 2.220446e-16 8.682391e-01 3.739876e-10 1.118967e-06 1.118674e-13
2.220446e-16 2.148712¢-02 6.072085e-12 2.220446e-16 5.694457e-05 2.379878e-02
1.100124e-03 8.784556e-06 2.211979¢-05 9.335252¢-03 2.013984e-09 5.541148e-11
1.396926e-02 1.247900e-04 4.289639¢-06 2.377275¢-03 1.987758e-03 7.295078e-05
2.395350e-02 2.019661e-05 1.963000e-01 9.999181e-01 9.999528e-01 4.278330e-01
9.998776e-01 9.999041e-01 9.942752e-01 9.999028e-01 9.962502¢-01 9.999976e-01
9.999927e-01 9.999982e-01 9.999931e-01 9.415830e-01 9.999936e-01 9.970490e-01
9.999937e-01 9.928044e-01 9.994180e-01 5.071745¢-01 8.717798e-01 9.990596e-01
9.999562e-01 9.995826e-01 9.904502e-01 9.999816e-01 9.999931e-01 9.999643e-01
9.999907e-01 9.998978e-01 9.997753e-01 9.999619¢-01 9.974965¢-01 7.933926e-01
T KBRS TR P AR

3. A EL A A

P(Y=1) =1, P(Y =1)=0.9938452

TIAREAR £ K

B AR A e T

D <- read.table('exercise2_10.txt")

2| colnames(D) <- c('X1', 'X2', 'X3', 'y")
5| log.obj <- glm(y~., family = binomial(link = 'logit'), data = D)

model_summary <— summary(log.obj)

s|wald_values <- model_summary$coefficients[, "Pr(>1zl)"]
s| p_values <- model_summary$coefficients[, "Pr(>1zI1)"]

wald_values
p_values

new.obj <- glmCy~ X1 + X2, family = binomial(link = 'logit'), data = D)
summary(new.ob3j)

12
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;5| predict.glm(new.obj, newdata = D[,c(1,2)], type = 'response')
new_data <- data.frame(X1l = 48.8, X2 = -10.5, X3 = 1.8)
5| predict(log.obj, newdata = new_data, type = "response™)
;| predict(new.obj, newdata = new_data[,c(1,2)], type = "response™)
O

=AM

3.1
Proof. W T
a b 1 b
=i — = bZVz]—abZZsz—bz<ﬂz] ZW)
i=1j=1 j=1
%
a a1 b 1 b
Po-£i (m-tEm) =i (Smo ) -
i=1 i=1" j=1 1 j=1
] #
n
Y Bi=0
j=1
H—FW, BT
1 a
vij = (=) = (i+Bj), Bi=pj—w =) pi
i=1
%
Z'YZJ Zl’ll] ap — E“z_aﬁj Zl’ll] a;t—a ZVI] aV‘jZO'
6] 32
b
Y7 =0
j=1
O
3.2
Proof. W T
SSA:ch(ai—i-Ei £ —cha +2bc2al i —i—ch( . —8)?
—-bc§:a 4—2bc§2a, #—ch:e —72bc2:e,€4kb62:e
= chzxi +2bc2¢xi &.. —€) +chEi,, — abcg?
Ho AT .
Z‘C’l b ZSZ]k—E
i i,jk
i}

13
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ij

. ESSp = bc)_a? +bc ) Ee2. — abcEe® = be ) a? + abcVar g;.. — abcVar &
i i i
=bc) o+ (a—1)0?
i
I 2 A
ESSp = (b — 1)(72+aciﬁ]2«.
=1
SSap = CZ (’)/i]‘ +é&j. — €. — & —I—E)z
L]
- cnyjJcm%-j (. —&.—2j.+8) +c)_ (8. —¢
L] L]
i

Yij ~ N(0, 0'2) iid =

MRFEITE SSyp WG — T, FLE
Y (e —&. - +8) =Y. (é%'] 2
¥ 7

it}

L =

1
Zgij‘ = - Zei]'k = bEg;..,
J ik

_ 1 _ _
ZSZ'.. = E Z:Sijk = ae 28]
i ijk ]

1 Z _
— 8,‘]']( = LZSA]Z
€k

2 4 B) 421 (8 —EEy FEETEE) —§.E—EF)
ij

2 €jjx = abe

ijk

ZEZ‘]'.
ij
Z &ijk = be

/]r]

=) & — )&,
! ]

=2} % ) e
ik

ijk ijk

&
Y (—&jE. — &) +EE+E.Ej —E.E—ELE)
i
=-) &. Zs + abe® 4 abe® — abe® — abe® =
i
H
ESSap =Y 7} —I—CZ (B}, — B, — B, + Be?) — 2 (Z]Eei.. —i—Z]Es_j.)
i i j
1 1 1
— CZ'yl]—l—ubco ( T me +ubc) +0
= CZ'Vij +02(a—1)(b—-1).
ij
&
_ 2 2 = =2
SSp =Y (e — &) = Lehe —2 1 ety + L e
ijk ijk ik ijk
ifk ijk ij
Nl

2 2 2
[ESSg = abc(L + abc(L — 2abc - 7
1 c c
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3.5

Solution.
1. BANHIEFH I p A 433 x 107° =it F a = 0.05. MM ELRBIIAHH LEHho
2. BAZR A 5] A
[6.25239,7.503166], [7.652239,8.614427]  [8.289951,10.11005]
Fl Bf E AZ X 18 55 A
[—3.793829,1.282718]  [—4.431541, —0.2129032], [—3.031692,0.8983584]
TR BBANZRAS, LRI BEEARF.

i AR e T

groupl <- c(7.6, 8.2, 6.8, 5.8, 6.9, 6.6, 6.3, 7.7, 6.0)
group?2 <- c(6.7, 8.1, 9.4, 8.6, 7.8, 7.7, 8.9, 7.9, 8.3, 8.7, 7.1, 8.4)

;| group3 <- c(8.5, 9.7, 10.1, 7.8, 9.6, 9.5)

s|# #AT T E SN
»| model <- aov(c(groupl, group2, group3) ~ rep(c("L", "M", "H"), c(length(groupl), length(group2

), length(group3))))

#ERFEFZESNER
summary(model)

# % EEAEKFEHIS%
alpha <- 0.05

# AAEHEAAEAHBEGELRR

5| mean_groupl <— mean(groupl)
;| mean_group2 <- mean(group2)

mean_group3 <- mean(group3)

se_groupl <- sd(groupl) / sqgrt(length(groupl))
se_group2 <- sd(group2) / sqrt(length(group2))
se_group3 <- sd(group3) / sqrt(length(group3))

x| ci_groupl <- c(mean_groupl - qt(l - alpha / 2, df = length(groupl) - 1) #* se_groupl,

mean_groupl + gqt(1l - alpha / 2, df = length(groupl) - 1) * se_groupl)

5| ci_group2 <— c(mean_group2 - qt(1l - alpha / 2, df = length(group2) - 1) * se_group2,

mean_group2 + qt(1l - alpha / 2, df = length(group2) - 1) * se_group2)
ci_group3 <- c(mean_group3 - qt(l - alpha / 2, df = length(group3) - 1) #* se_group3,
mean_group3 + qt(1l - alpha / 2, df = length(group3) - 1) * se_group3)

o|# 4 £ 44 49Bonferroniik £ & 42 K i

diff_ci_groupl_group2 <- ci_groupl - ci_group?2
diff_ci_groupl_group3 <- ci_groupl - ci_group3

3| diff_ci_group2_group3 <- ci_group2 - ci_group3

| # # 47Bonferroni % &

alpha_bonferroni <— alpha / 3 # st& A E 42 K 19 347 A %

ci_diff_groupl_group2_bonferroni <- diff_ci_groupl_group2 + c(-1, 1) * qt(1l - alpha_bonferroni
/ 2, df = Inf)

ci_diff_groupl_group3_bonferroni <- diff_ci_groupl_group3 + c(-1, 1) * qt(1l - alpha_bonferroni
/ 2, df = Inf)
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ci_diff_group2_group3_bonferroni <- diff_ci_group2_group3 + c(-1, 1) * qt(1 - alpha_bonferroni

/ 2, df = Inf)

IR S
5| cat("Group 1 mean CI (95%):", ci_groupl, "\n")

cat("Group 2 mean CI (95%):", ci_group2, "\n")

5| cat("Group 3 mean CI (95%):", ci_group3, "\n")
| cat("Group 1 — Group 2 difference CI (Bonferroni adjusted, 95%):",

ci_diff_groupl_group2_bonferroni, "\n")

cat("Group 1 - Group 3 difference CI (Bonferroni adjusted, 95%):",

ci_diff_groupl_group3_bonferroni, "\n")

ci_diff_group2_group3_bonferroni, "\n")

;| cat("Group 2 — Group 3 difference CI (Bonferroni adjusted, 95%):",

3.6

Solution.

1. AR EAATMR £ 40 T

F62+ F62+ F62+ Feer
EFIE 3.698889  5.936667 EFE 2.030870 2.806778
i 8.203889  9.632222 I 5447386 6.691215
EFE 11.750000  12.639444 EHE 7.028150  6.082089
* 1 BEARYEShREE
AFREEBANE, TUBIRELGFLENRRAE
. BRRE EERYEAATE Ehe T
FEZJr F€2+ FeZJr FeZJr
EFE 1160924 1.680129 EFE 0.5854773  0.4645464
hFE 1.901225  2.090045 i 0.6585116  0.5736511
EFE 2279981  2.403389 fEF & 0.6563113  0.5693701

2 AWURHIRE ARSI E SR

SR AT R 2 AL T —

3. FEAMH AL T

SumSq MeanSq Fvalue Pr(>F)
Fet 15.59 7.794 22.524  7.91e-09 ***
Fedt 2.07 2.074 5993  0.0161*
Fe?t : Fe3t  0.81 0.405 1.171 0.3143

* 3 T ESTER

BT 03143 >, TARAMKEAREH, mEAFARATE,

16
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4 XTHENERLREERNERFRE AN A ORFA: &+ F, & +14K, F+1%)
[—0.7996574, —0.3505595] [0.4978426,0.9469405] [1.0729510, 1.5220490)]
[—0.8506702, —0.2995467] [0.4468298,0.9979533] [1.0219382,1.5730618]

X THH TAF 69 B3 K1) 5 B of B4 X 8] 54 A
[—0.5521593, —0.002128917], [—0.592573,0.03828476
A BN EG EN Y £ FILEREE, MkBTHETEE ENYm L2 7T K

B AR e T

Pre_data <- data.frame(X=c
(0.71,1.066,2.01,2.16,2.42,2.42,2.56,2.60,3.31,3.64,3.74,3.74,4.39,4.50,5.07,5.26,8.15,
8.24,2.20,2.93,3.08,3.49,4.11,4.95,5.16,5.54,5.68,6.25,7.25,7.90,8.85,11.96,15.54,15.89,
18.30,18.59,2.25,3.93,5.08,5.82,5.84,6.89,8.50,8.56,9.44,10.52,13.46,13.57,14.76,16.41,
16.96,17.56,22.82,29.13,2.20,2.69,3.54,3.75,3.83,4.08,4.27,4.53,5.32,6.18,6.22,6.33,6.97,
6.97,7.52,8.36,11.65,12.45,4.04,4.16,4.42,4.93,5.49,5.77,5.86,6.28,6.97,7.06,7.78,
9.23,9.34,9.91,13.46,18.40,23.89,26.39,2.71,5.43,6.38,6.38,8.32,9.04,9.56,10.01,10.08,

)
=

3

2| <—
slb <=

10.62,13.80,15.99,17.90,18.25,19.32,19.87,21.60,22.25),
A = gl(3,18,108),
B = gl(2,54,108))

model <- aov(X ~ A + B + A:B, data = Pre_data)

»| summary(model)
;| means <- aggregate(X ~ A + B, data = Pre_data, FUN = mean)

std_devs <- aggregate(X ~ A + B, data = Pre_data, FUN = sd)

;| print(means)

print(std_devs)

o| Pre_data$X <- log(Pre_data$x)

means <- dggregate(X ~ A + B, data = Pre_data, FUN = mean)
std_devs <- aggregate(X ~ A + B, data = Pre_data, FUN = sd)

| print(means)

print(std_devs)

2| model <- aov(X ~ A + B + A:B, data = Pre_data)

summary(model)

2| attach(Pre_data)
so|mu.A = c(mean(X[A == 1]), mean(X[A == 2]), mean(X[A = 3]))

mu.B = c(mean(X[B == 1]), mean(X[B == 2]))

Now ol

c <— 18

35 alpha = 0.05
;| mse <— sum(model$residualsr2) / (a * b * (c - 1))

index.martix <- matrix(c(1,1,2,2,3,3), nrow = 3, ncol = 2)
mean.diff.cfi <- matrix(0,3,2)

mean.diff.cfi

adj.alpha <- alpha / 3

> index.martix[1,]
s|# A ERERR

t_quan <- qt(1 - 0.5 * alpha, a * b * (c - 1))

5| for (1 in 1:3) {

17
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;|ind <- index.martix[1i,]

mean.diff <— mu.A[ind[1]] - mu.A[ind[2]]
fac <- t_quan * sqrt(2 * mse / a / c)
mean.diff.cfi[i,1] <- mean.diff - fac

wfmean.diff.cfi[i,2] <- mean.diff + fac

}

52| mean.diff.cfi

S #A AHERER

t_quan <- qt(1 - 0.5 * adj.alpha, a *# b * (c - 1))

55| for (1 in 1:3) {
6| ind <— index.martix[i,]
s7imean.diff <— mu.A[ind[1]] - mu.A[ind[2]]

fac <- t_quan * sqrt(2 * mse / a / c)

s|mean.diff.cfi[1,1] <- mean.diff - fac

mean.diff.cfi[i1,2] <- mean.diff + fac

}

ol mean.diff.cfi

#B B RN

s|t_quan <- qt(1l - 0.5 * alpha, a * b * (c - 1))
o\mu.B[1] — mu.B[2] - t_quan * sqrt(2 * mse / b / ¢)

mu.B[1] - mu.B[2] + t_quan * sqrt(2 * mse / b / c)
# B R EAE RN

9| t_quan <- qt(1l - 0.5 * alpha / 2, a * b * (c - 1))

mu.B[1] - mu.B[2] - t_quan * sqrt(2 * mse / b / ¢)

7ilmu.B[1] - mu.B[2] + t_quan * sqrt(2 * mse / b / c)

3.7

Solution.

1. fF s B de T

M B1
— A2 — B2
A3 83

2. FES N AT

SumSq MeanSq Fvalue Pr(>F)
A 22002 110.01 18279  <2e-16***
B 123.66  61.83 1027.3  <2e-16 ***
A:B 2943 7.36 122.2 <2e-16 ***

TR E R

18
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3. B&Riade T
[,1] [,2] [ [2] (1 2]
[1,] -3.2806901 -2.6693099 [1,] -4.63069 -4.01931 [1,] -4.85569 -4.24431
[2,] -3.8056901 -3.1943099 [2,] -5.98069 -5.36931 [2,] -8.98069 -8.36931
[3,] -0.8306901 -0.2193099 [3,] -1.65569 -1.04431 [3)] -4.43069 -3.81931
[ 1: B 7K FE(F XA
L , [,1] [,2] [,1] [,2]
[1,1 -3 ZSQgéﬁjl 2 6695693 [1,] -4.63069 -4.01931 [1,] -4.85569 -4.24431
[2.] -3.8056901 -3.1943099 L[2,] -5.98069 -5.36931 [2,] -8.98069 -8.36931
[3,] -0.8306901 -0.2193099 [3,] -1.65569 -1.04431 [3,] -4.43069 -3.81931
[ 2: B K[ A5 DXTA]
A B R4 T
[.1] C.2] £ . [,1] [,2]
[1,] -2.4306901 -1.8193099 [1,] -3.7806901 -3.1603009 |11 ~4-60569 -3.99431
[2,] -2.4056901 -1.7943099 [2,] -3.9806901 -3.3693099 L2,] -7.58069 -6.96931
[3,] -0.2806901 0.3306901 [3,] -0.5056901 0.1056%901 [3,] -3.28069 -2.66931
K 3: A &K EEIXE -
[,1] [,2]
[,1] [,2] [,1] [,2]
[1,] -2.4306901 -1.8193099 [1,] -3.7806901 -3.1693099 L1,] -4.60569 -3.99431
[2,] -2.4056901 -1.7943099 [2,] -3.9806901 -3.3693099 [2,] -7.58069 -6.96931
[3,] -0.2806901 ©0.3306901 [3,] -0.5056901 0.1056901 [3,] -3.28069 -2.66931
Bl 4 A KV R EAE DA
B B AR Ay e T

o =

w|B = c("B1",

datal <- data.frame(X_data = c(2.4,2.7,2.3,2.5,
5.8,5.2,5.5,5.3,
6.1,5.7,5.9,6.2,

4.6,4.2,4.9,4.7, 4.8,4.5,4.4,4.6,
8.9,9.1,8.7,9.0, 9.1,9.3,8.7,9.4,
9.9,10.5,10.6,10.1, 13.5,13.0,13.3,13.2),

A_con = g1(3,12,36),
B_con = gl1(3,4,36))
7| attach(datal)

s|mu = matrix(0,3,3)

for (i in 1:3) {

for (3 in 1:3){

muli,j] = mean(X_data[A_con == i & B_con == j])
2| }

| 3

mu
s| 1ibrary(ggplot2)
s|# 4] 1& T B) HKAE

s| data <— data.frame(
"g2", "B3"),

2| ALl = ¢(2.475, 5.450, 5.975),

19
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»|A2 = c(4.600, 8.925, 10.275),
A3 = c(4.575, 9.125, 13.250)
)

Nn T Q9 H*

| # ORI X4 B A KE X

data_long <- tidyr::gather(data, key = "A", value = "value", -B)

# LR FER

ggplot(data_long, aes(x = B, y = value, color = A, group = A)) +
geom_line() +

labs(title = "# £ A", x = "B", y = "@")

5| data <- data.frame(

A = c("AL", "A2", "A3"M),

Bl = c(2.475, 4.600, 4.575),
B2 = c(5.450, 8.925, 9.125),
B3 = c(5.975, 10.275, 13.250)
D

2| BB BN R XA KK
;| data_long <- tidyr::gather(data, key = "B", value = "value", -A)

s\ # R L&A
o| ggplot(data_long, aes(x = A, y = value, color = B, group = B)) +

geom_line() +

;| Llabs(title = "# & A", x = "A", y = "@&")

0| model <- aov(X_data ~ A_con + B_con + A_con:B_con, data = datal)

summary(model)

<-3

<=3

<=5

mse <— sum(model$residuals A 2) /a /b / (c - 1)

m<-3

adj.alpha = 0.05 / m

t_tuan <- gqt (1 - 0.5 * adj.alpha, a * b * (c - 1))
index.martix <- matrix(c(l1, 1, 2, 2, 3, 3), nrow = 3, ncol = 2)

»| confi.int.B1l <- matrix(@, 3, 2)
s|lmu.B <— mu[,1]

os| for (1 in 1:3) {

ind <- index.martix[1i,]

7lmean.diff <— mu.B[ind[1]] - mu.B[ind[2]]

fac <- t_quan * sqrt(2 * mse / c)
confi.int.B1[i,1] <- mean.diff - fac
confi.int.B1[i,2] <- mean.diff + fac

}

;| confi.int.B1

sla <= 3
s|b <= 3
71c <= 5

mse <— sum(model$residuals A 2) / a/ b/ (c - 1)
m<-3
adj.alpha = 0.05 / m

20
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t_tuan <- gt (1 - 0.5 * adj.alpha, a * b * (c - 1))

index.martix <- matrix(c(l, 1, 2, 2, 3, 3), nrow = 3, ncol = 2)
;| confi.int.B1l <- matrix(@, 3, 2)

mu.B <- mu[,2]

o for (1 in 1:3) {

ind <- index.martix[1i,]

sl mean.diff <— mu.B[ind[1]] - mu.B[ind[2]]

fac <— t_quan * sqrt(2 * mse / c)
confi.int.B1[i,1] <- mean.diff - fac
confi.int.B1[i,2] <- mean.diff + fac

confi.int.B1
la <— 3

b <- 3

c<-5

ol mse <— sum(model$residuals A 2) /a/ b/ (c -1)

m<-3

i|adj.alpha = .05 / m
| t_tuan <- qt (1 - 0.5 * adj.alpha, a * b *x (c - 1))
3| index.martix <— matrix(c(1, 1, 2, 2, 3, 3), nrow = 3, ncol = 2)

confi.int.Bl <- matrix(@, 3, 2)

simu.B <= mul,3]

for (i in 1:3) {

;| ind <- index.martix[i,]

mean.diff <— mu.B[ind[1]] - mu.B[ind[2]]
fac <- t_quan * sqrt(2 * mse / c)
confi.int.B1[i,1] <- mean.diff - fac
confi.int.B1[i,2] <- mean.diff + fac

}

5| confi.int.B1

# inter————————————
a<-3
b <- 3
c <5

»|mse <— sum(model$residuals A 2) /a/ b/ (c - 1)

m<-3

5| adj.alpha = 0.05
| t_tuan <- gt (1 - 0.5 * adj.alpha, a * b * (c - 1))
7| index.martix <- matrix(c(l, 1, 2, 2, 3, 3), nrow = 3, ncol = 2)

confi.int.Bl <- matrix(@, 3, 2)

olmu.B <— mu[,1]

for (i in 1:3) {
ind <- index.martix[1i,]

3| mean.diff <— mu.B[ind[1]] - mu.B[ind[2]]

fac <- t_quan * sqrt(2 * mse / c)

5| confi.int.B1[1i,1] <- mean.diff - fac

confi.int.B1[i,2] <- mean.diff + fac

}

confi.int.B1

21




2216113458

a<- 3
b < 3
slc <—= 5

mse <- sum(model$residuals A 2) / a/ b / (c - 1)

s5lm <= 3

adj.alpha = 0.05
t_tuan <- qt (1 - 0.5 * adj.alpha, a * b * (c - 1))

5| index.martix <— matrix(c(l, 1, 2, 2, 3, 3), nrow = 3, ncol = 2)

confi.int.Bl <- matrix(@, 3, 2)
mu.B <- mu[,2]

for (i in 1:3) {

53 ind <— index.martix[1i,]

il mean.diff <— mu.B[ind[1]] - mu.B[ind[2]]
55| fac <= t_quan * sqrt(2 * mse / c)

5| confi.int.B1[i,1] <- mean.diff - fac

57| confi.int.B1[1,2] <- mean.diff + fac

|}

wo| confi.int.B1
161

ela <= 3

b <= 3

i € <= 5

5| mse <— sum(model$residuals A 2) /a/ b/ (c -1
olm <— 3
7 adj.alpha = 0.05

t_tuan <- qt (1 - 0.5 * adj.alpha, a * b * (c - 1))

o| index.martix <- matrix(c(1, 1, 2, 2, 3, 3), nrow = 3, ncol = 2)

confi.int.Bl <- matrix(@, 3, 2)
mu.B <— mul[,3]

7| for (1 in 1:3) {

ind <- index.martix[i,]

75| mean.diff <— mu.B[ind[1]] - mu.B[ind[2]]

fac <- t_quan * sqrt(2 * mse / c)
confi.int.B1[i,1] <- mean.diff - fac
confi.int.B1[i,2] <- mean.diff + fac

}

confi.int.B1

mu <- t(mu)

# adj—————————
a<-3
b <-3

slc <= 5

mse <- sum(model$residuals A 2) / a/ b / (c - 1)
m<-3
adj.alpha = 0.05 / m

ol t_tuan <- gt (1 - 0.5 * adj.alpha, a * b * (¢ - 1))
| index.martix <- matrix(Cc(l, 1, 2, 2, 3, 3), nrow = 3, ncol = 2)

confi.int.Bl <- matrix(@, 3, 2)

simu.B <— mul[,1]

7l for (1 in 1:3) {

ind <- index.martix[1i,]
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mean.diff <— mu.B[ind[1]] - mu.B[ind[2]]
fac <- t_quan * sqrt(2 * mse / c)
confi.int.B1[i,1] <- mean.diff - fac
confi.int.B1[1,2] <- mean.diff + fac

}
confi.int.B1
a<-3

b <- 3
c<-5

mse <— sum(model$residuals A 2) / a/ b/ (c - 1)
m<-3
adj.alpha = 0.05 / m

;| t_tuan <- qt (1 - 0.5 * adj.alpha, a * b * (c - 1))
index.martix <- matrix(Cc(l, 1, 2, 2, 3, 3), nrow = 3, ncol = 2)
15| confi.int.Bl <- matrix(@, 3, 2)

mu.B <— mu[,2]

aus| for (1 in 1:3) {

ind <- index.martix[i,]

mean.diff <— mu.B[ind[1]] - mu.B[ind[2]]
fac <- t_quan * sqrt(2 * mse / c)
confi.int.B1[i,1] <- mean.diff - fac

o5 confi.int.B1[i,2] <- mean.diff + fac

225 }

26| confi.int.B1
»sla <— 3

b <= 3

| C <= 5

»

;1| mse <— sum(model$residuals A 2) /a/ b/ (c -1

m<-3

sl adj.alpha = 0.05 / m

t_tuan <- gt (1 - 0.5 * adj.alpha, a * b * (c - 1))

5| index.martix <- matrix(c(l, 1, 2, 2, 3, 3), nrow = 3, ncol = 2)
5| confi.int.Bl <— matrix(@, 3, 2)

mu.B <— mu[,3]

for (i in 1:3) {

ind <- index.martix[i,]

mean.diff <— mu.B[ind[1]] - mu.B[ind[2]]
fac <- t_quan * sqrt(2 * mse / c)

;| confi.int.B1[i,1] <- mean.diff - fac

confi.int.B1[i,2] <- mean.diff + fac

3

confi.int.B1

# inter-——-———Hm—Hm—H—————
a<- 3
b < 3

s|c <= 5

»ilmse <— sum(model$residuals A 2) /a/ b/ (c - 1)
s(m <= 3
ss| adj.alpha = 0.05

t_tuan <- qt (1 - 0.5 * adj.alpha, a * b * (c - 1))
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index.martix <- matrix(Cc(l, 1, 2, 2, 3, 3), nrow = 3, ncol = 2)
confi.int.Bl <- matrix(@, 3, 2)
mu.B <— mu[,1]
of for (1 in 1:3) {
x| ind <— index.martix[i,]
mean.diff <— mu.B[ind[1]] - mu.B[ind[2]]
fac <- t_quan * sqrt(2 * mse / c)
| confi.int.B1[i,1] <— mean.diff - fac
confi.int.B1[i,2] <- mean.diff + fac
confi.int.B1
a<- 3
b <=3
c <5
s|mse <— sum(model$residuals A 2) /a/ b/ (c -1
76lm <— 3
2771 adj.alpha = 0.05
t_tuan <- gt (1 - 0.5 * adj.alpha, a * b * (c - 1))
index.martix <- matrix(c(1, 1, 2, 2, 3, 3), nrow = 3, ncol = 2)
confi.int.Bl <- matrix(@, 3, 2)
mu.B <— mul[,2]
s| for (1 in 1:3) {
ind <- index.martix[i,]
simean.diff <— mu.B[ind[1]] - mu.B[ind[2]]
fac <- t_quan * sqrt(2 * mse / c)
confi.int.B1[i,1] <- mean.diff - fac
confi.int.B1[i,2] <- mean.diff + fac
1
confi.int.Bl1
|la <— 3
b <3
ws|C <= 5
s| mse <— sum(model$residuals A 2) /a/ b/ (c - 1)
m<-3
28| adj.alpha = 0.05
t_tuan <- qt (1 - 0.5 * adj.alpha, a * b * (c - 1))
index.martix <- matrix(Cc(l, 1, 2, 2, 3, 3), nrow = 3, ncol = 2)
confi.int.Bl <- matrix(@, 3, 2)
|mu.B <— mu[,3]
for (i in 1:3) {
5| ind <— index.martix[1i,]
mean.diff <— mu.B[ind[1]] - mu.B[ind[2]]
7| fac <— t_quan * sqrt(2 * mse / c¢)
confi.int.B1[i,1] <- mean.diff - fac
confi.int.B1[i,2] <- mean.diff + fac
}
confi.int.B1
L]




