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Chapter 1

= 7 B{EAM

% 7 AAE LA bR 2026455 H 1 H24:00
% 7 BAE L AR BT A . Thursday 30" April, 2026 18:45

L. N JCIEAS A RS — Al LA, o

1 05
2 0.5 2

S
[
N
I

(1.1)

IR Ho @ 21 — po = 0.2.

(a) [2 7] BYe, B 2 CA.
[#%]
WWFE: Ba=(2 -1, WEESNT Ho: o'p=c, Ko =02 24 3 CHIN,
a'T WHZEN a"Sa/n, KKFRITERN

T _
7=22"% M, N1 (1.2)

vaTXa/n

LI | Z] > 2020
HURZKF o =0.05, 29025 = 1.960
R KEBEEBITER:

I | library (MASS)
2 | set.seed (2024017349)

3 |mu_true <- c(1, 2)

: | Sigma <- matrix(c(1, 0.5, 0.5, 2), 2, 2)
n <- 50
6 | x_sim <- mvrnorm(n, mu_true, Sigma) # simulate sample

% | xbar <- colMeans(x_sim)

o |a <- c(2, -1)

10 | cO <- 0.2
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# (a) Sigma known

aSigma_a <- as.numeric(t(a) %*% Sigma %*% a)

Z_stat <- (sum(a * xbar) - c0) / sqrt(aSigma_a / n)
z_crit <- qnorm (0.975)

p_val <- 2 * pnorm(-abs(Z_stat))

cat ("sample mean xbar =", round(xbar, 4), "\n")
cat("a’Sigma*a =", aSigma_a, "\n")

cat ("Z statistic =", round(Z_stat, 4), "\n")
cat("critical value z_0.025 =", round(z_crit, 4), "\a")
cat("p-value =", round(p_val, 4), "\n")

cat ("Reject HO?", abs(Z_stat) > z_crit, "\n")

HEIIE (n =50, BERED :
KRB FAFFEARIIE SN T = (1.1483, 2.2307) T,
5 a"Sa:

aTEa:(Q _1) 015 Oj _21 :(2 —1) L5 =3+1=14 (1.3)

a'T =2 x 1.1483 — 2.2307 = 0.0659, M

~0.0659—-0.2  —0.1341

V4/50  0.2828
538 |Z] = 0.4740 < 20095 = 1.96, p {H = 0.6355, {EEFE/KT 0.05 TAIELE Hy.
2 7] Fk, R 2 ARAL
[#%]
WIHE: 5 3 ORFN, MR ZERRE S A8 3, mRgGitEN

= —0.4740 (1.4)

T BTG Ho ) (1.5)

SRHEA [ T| > too(n — 1)

# (b) Sigma unknown

S_sim <- cov(x_sim)

aSa <- as.numeric(t(a) %*% S_sim %x*% a)
T_stat <- (sum(a * xbar) - c0) / sqrt(aSa / n)
t_crit <- qt(0.975, n - 1)

p_val2 <- 2 * pt(-abs(T_stat), df = n - 1)

cat ("sample cov S =\n"); print(round(S_sim, 4))
cat("a’Sa =", round(aSa, 4), "\n")

cat ("T statistic =", round(T_stat, 4), "\n")
cat("critical t_0.025(49) =", round(t_crit, 4), "\a")

cat("p-value =", round(p_val2, 4), "\n")




13 | cat("Reject HO?", abs(T_stat) > t_crit, "\n")

itEE:
FCIL RE A H SRS 1 2

1.5546 0.6113
S = (1.6)
0.6113 1.8439
a'Sa =5.6169, a'x = 0.0659, MM

0.0659 — 0.2 —0.1341
T = = = —0.4000 (1.7)

\/5.6169/50 0.3353

Bt AR, 1o.025(49) = 2.0096.
538 |T| = 0.4000 < t.025(49) = 2.0096, p {8 = 0.6909, fEEFE/KT 0.05 FAIELE Hy.
(c) [2 7] thi Bikgh R,
[#%]
R RIS
o ZItEME: X AN Z=-04740, T KA T = —0.4000, P& EITEANTELME,
NEHER SRET =,
o IGEME: 20025 = 1.96 < to.025(49) = 2.0096. 24 X KEINF, Ffbiih Iy 2 RAI A & 1,
PRl A R, FE e delm /), RIVAS B AR X B LR 5
o FEIL—EUME: WROTIIAIEY Hy, 4ik—E
o ERAEKM: T CMN Z KISTENRM; SEhrh X @ ARM, NCRA ¢ KRR, 2 n BOKE,
P2 S AT RN

2. X VR I 56 [ 2 7] K £
(a) [2 70 ] Xy & X SNSRI SR, A5 REURAT Wb i PR 17 12 5 136 ol ) B 1 B

7)
s AAIA.
[#%]
HAEWRR:  ABIEESL 15 K AR, WHT 8 KX (T 1-8) AREIEITI (ny =8), J5 7xK UT
9-15) Ml (ny =7), ZEYERE p =6,
ISERE: Hy: py = py < Hy: py # pyo
WIGitE: WHA T ZH S, KA Hotelling BIFEA T2 f56. &7 ZHE N

(n1 — 1)81 + (712 — 1)82
Ny + ng — 2

S, = (1.8)

KIS 8N .
T — (@ %) [(1 + 1) sp} (@1 - T) (1.9)

ny no
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£ Hy T,
ngt+ny—p—1_4,
=0T TP pp ny g —p—1) = F(6, 8 1.10
(n1 + __2)p (p n na p ) ( ) ( )

B oo =0.05, 48y F > F05(6,8)-

I |x <= rbind(

2 c(13621,4848,4572,485,898.9,23.4), c(1117,1038,478,59.7,91.7,3.8),
c(1633,701,679,74.3,135.9,2.8), c(56651,1254,2002,310.7,407.9,6.2),

1 c(5835,4053,1601,-93.8,173.8,10.8) ,c(3494,1653,1442,160.9,320.3,6.4),

5 c(1654,451,779,84.8,130.4,1.6) , c(1679,1354,687,93.8,154.6,4.6) ,

6 c(1257,355,181,167.5,304,0.6) , c(1743,597,717,121.6,172.4,3.5),

7 c(1440,1617,639,81.7,126.4,3.5), «c(14045,15636,2754,418,1462,27.3),

8 c(3010,749,1120,146.3,209.2,3.4), c(3086,1739,1507,202.7,335.2,4.9),

9 c(1995,2662,341,34.7,100.7,2.3))

11 | energy <- x[1:8, 1] # energy sector
12 | manuf <- x[9:15, ] # manufacturing

13 |nl <- nrow(energy); n2 <- nrow(manuf); p <- ncol(x)

15 | xbarl <- colMeans (energy); xbar2 <- colMeans (manuf)
16 |81 <- cov(energy); 82 <- cov(manuf)

17 |8p <= ((n1-1)*S1 + (n2-1)*S2) / (nl+n2-2)

19 | diff <- xbarl - xbar2

20 | T2 <- as.numeric(t(diff) %*% solve((1/n1+1/n2)*Sp) %*% diff)
21 |F_val <- T2 * (nl+n2-p-1) / ((n1+n2-2)*p)

22 |F_crit <- qf(0.95, p, nl+n2-p-1)

23 |p_val <- 1 - pf(F_val, p, nl+n2-p-1)

25 |cat("xbarl =", round(xbarl,3), "\n")

26 | cat("xbar2 =", round(xbar2,3), "\n")

27 |cat("T2 =", round(T2,4), "\n")

25 | cat("F =", round(F_val,4), "\n")

29 |cat("F_crit(6,8,0.05) =", round(F_crit,4), "\n")
30 | cat("p-value =", round(p_val,4), "\n")

31 | cat("Reject HO?", F_val > F_crit, "\n")

HEER:

7, = (4335.500, 1919.000, 1530.000, 146.925, 289.188, 7.450) "

T, = (3796.571, 3336.429, 1037.000, 167.500, 387.129, 6.500)"

T? =7.3933, F =7.3933 x 8/(13 x 6) = 0.7583, Fp.05(6,8) = 3.5806.
£5: F = 0.7583 < Fy05(6,8) = 3.5806, p {4 = 0.6216, {E&E/KT 0.05 FFEL Hy, I
WA 78 IR T W REVEAT ML 5 & ) 3 1) B AR AE 2 2

(b) [2 77| tHEIEZ A B X .

fi#]

]



HKRABEREAR: XN EEMRR a a' (u, — py) K 100(1 — a)% BEEEEXIEN

1 1
a' (T — ) +/T2- \/aTSpa < + > (1.11)
ny Mo
_,2)
Horp 72 = p(nl + na
T ny+nyg—p—1
X a=e; i MeEIERE), 15 puy — pe WS BAS XA

Fb(p77h.+’n2 _'p'_'1)°

N2

(Zyi — Tgs) £ /T2 - \/sp (; + 1) (1.12)

I | T2_alpha <- p*(n1+n2-2)/(ni+n2-p-1) * qf (0.95, p, nl+n2-p-1)

)

factor <- sqrt(T2_alpha)
cat("T2_alpha =", round(T2_alpha,4), ", sqrt(T2_alpha) =", round(factor ,4), "\n\n")

varnames <- c("X1(A)","X2(S)","X3(MV)","X4(P)","X5(CF)","X6(E)")
6 |for(i in 1:p){

7 se <- sqrt(diag(Sp)[i]l * (1/n1 + 1/n2))

8 1b <- diff[i] - factor * se

9 ub <- diff[i] + factor * se

10 cat (varnames[i], ": [", round(1b,3), ",", round(ub,3), "J\n")
11|}
HEER:
s 6x13
T2 = % Fo05(6,8) = 9.75 x 3.5806 = 34.9107, /T2 = 5.9085.

BEEACT 95% W&y B BAS X R AT

=y T — To; \/sp7ii(1/n1 +1/ns) T b5t
i — pop CAD 538.929 2262.50 —12829.09 13906.95
f12 — poz (S) —1417.429 2023.44 —13372.98 10538.12
1z — oz (MV) 493.000 596.15 —3029.39  4015.39
p1g — pog (P —20.575 79.97 —493.07 451.92
15 — pos (CF) —97.941 197.79 —1266.60 1070.71
g — pog (ED 0.950 4.21 —23.93 25.83

Zit: AN TENREEGXEBIEEE, 5% (a) MEAEL Hy KR %. BEX
AEE, FEFERZEARBD (ng =8, ny =T7),

3. % X ~ Ny (p, X), Hr X 250

Y= (1.13)
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M T FE n =6 B— A RREENEA, 55

N

s fo s N 7 7
(a) {2 6%} ﬂzﬁ¢1Ezt%1§i%&|ﬁ]%E ]yb [y 51 4‘/L2 = é’ — ]yi : ﬂq'+‘ﬂ2 7é 5.

V)

[##]
D La=1,10T, ¢g=7/2, MEXRENT Hy: a™p = coo
HT X OH, RsitrEn

T —
Z:MEN(O,D

vaTXa/n

HE o Za:
. 2 -1\ (1 1
a,Ea:(l 1) :(1 1) —9
-1 2 1 1
HERESITE:
1 3
TZ2=1+-=2
a T + 5 5
3 7
9 9 -2
Z7=2_2__ "% _ _9/3~ 34641
2/6 1/3

EX a = 0.05, 20.025 — 1.96.

(1.14)

(1.15)

(1.16)

(1.17)

(1.18)

Sigma3 <- matrix(c(2,-1,-1,2), 2, 2)
xbar3 <- c(1, 1/2)

a3 <- c(1, 1)
c0 <- 7/2
n3 <- 6

aSigma_a <- as.numeric(t(a3) %x*) Sigma3 %x} a3)
abar <- sum(a3 * xbar3)

Z_stat <- (abar - c0) / sqrt(aSigma_a / n3)

p_val <- 2 * pnorm(-abs(Z_stat))
cat("a’Sigma*a =", aSigma_a, "\n")

cat("a’xbar =", abar, "\n")

cat("Z =", round(Z_stat, 4), "\n")
cat("z_0.025 =", round(qnorm(0.975), 4), "\n")
cat("p-value =", round(p_val, 6), "\n")

cat ("Reject HO?", abs(Z_stat) > qnorm(0.975), "\n")

£ 7] = 23 ~ 3.4641 > 29005 = 1.96, p {H = 0.000532, fEE#E/KT 0.05 FIELE Hy, B

N py 4 p2 # 7/20

(b) [2 77| YEAELEI AT AL .

(721




© [ ~ (=} o - w N -

NOONNNN NN NN R R R R s e H R s e
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7

BN {Z 2 |Z] > 1.96}, BIARHEIES AU R, LU R AR5 TH RS R
oS
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Rejection region: HO: mu1+mu2=7/2

T T
~ | | | rejection region
° ! ! - -+ critical value +/-1.96
' ) — Z statistic
| |
| |
| |
| |
| |
| |
o _| | |
o ] ]
| |
| |
| |
| |
| |
| |
| |
z\ I I
7 o | |
o © | |
T [ l
| |
| |
| |
| |
| |
| |
| |
- 1 |
= | |
| |
| |
o
o
1 1
T I T I T
4 2 0 2 4
z

1.1: fEZ A

EIHR: Ml IESIL T, Z < —1.96 & Z > 1.96 PRI N a4l (&5 2.5%),
W OB bR R If FE £1.96, IR ARELARABTEIE Z ~ —3.46, LT AMEFELIE A,
IR Hy .

4. B X ~ Ny (p, ), Hi 2 RAL NFHICTRE n =6 KNP, 1HERS

1 2 -1
T = . S= (1.19)
1 -1 2
2
S o N 1 1
(a) [2 77| RAFBEATIS R Ho g — po = 5 — Hi:pn—pe # 9
[#%]
Pt La=(1,-1)", co=1/2, BEEFENT Hy: a" = cpo
BT 3 oRE, fRkRgitaEl
aTE—CO Ho
T=—ux—xn S5tn—-1)=t(5) (1.20)

valSa/n



HE a'Sa:
aTSaz(l _1) S ! =(1 —1> ’ =3+3=6 (1.21)

-1 2 —1

HERESITHE:

Boa=0.05, & t534%K, to.025(5) =2.5706.

sS4 <- matrix(c(2,-1,-1,2), 2, 2)
xbar4 <- c(1, 1/2)

a4 <- c(1, -1)

c0 <- 1/2

n4 <- 6

aSa <- as.numeric(t(ad) %x*% S4 %x%) a4)
abar <- sum(a4 * xbar4)

T_stat <- (abar - c0) / sqrt(aSa / n4)
t_crit <- qt(0.975, n4 - 1)
p_val <- 2 * pt(-abs(T_stat), df = n4 - 1)

cat("a’Sa =", aSa, "\n")

cat("a’xbar =", abar, "\n")

cat("T =", T_stat, "\n")

cat("t_0.025(5) =", round(t_crit, 4), "\a")
cat("p-value =", p_val, "\n")

cat ("Reject HO?", abs(T_stat) > t_crit, "\n")

0 |T| =0 < toos(5) = 2.5706, pfH =1, fEEZEKT 0.05 NRIEL Hyo FEARBEZENE
T R BEE 1/2, St BRAE.

2 53] VEAE L3 T AAL I .

[#%]

LIEN {T 2 |T| > to.025(5) = 2.5706}, B ¢(5) 4345 AU HE -

t_crit <- qt(0.975, df = 5) # 2.5706
t_stat <- 0 # T = 0 here

curve (dt(x, df = 5), from = -5, to = 5,
xlab = "T", ylab = "demnsity",
main = "Rejection region: HO: mul-mu2=1/2 (t(5) dist.)",
lwd = 2)

# left rejection region
x_left <- seq(-5, -t_crit, length.out = 200)

polygon(c(x_left, rev(x_left)),
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c(dt(x_left, 5), rep(0, 200)), col = "red", border
# right rejection region
x_right <- seq(t_crit, 5, length.out = 200)
polygon(c(x_right, rev(x_right)),

c(dt(x_right, 5), rep(0, 200)), col = "red", border
abline(v = c(-t_crit, t_crit), 1lty = 2, col = "blue", lwd =
abline(v = t_stat, col = "darkgreen", lwd = 2)
text (t_stat + 0.15, 0.05, "T=0", pos = 4, col = "darkgreen"
text(-t_crit - 0.3, 0.1, paste0("-", round(t_crit,2)),

col = "blue", cex = 0.9)

text(t_crit + 0.3, 0.1, round(t_crit, 2), col = "blue", cex

legend ("topright",

c("rejection region",

"critical value +/

£fill = c("red", NA, NA), 1ty = c(NA, 2, 1),
col = c("red", "blue", "darkgreen"), lwd = c(NA, 1.5
border = c("red", NA, NA), cex = 0.85)
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= NA)

= NA)
1.5)

, cex = 0.9)

= 0.9)

-2.57", "T statistic

(=0)"),

, 2),

Rejection region: HO: mu1-mu2=1/2 (t(5) dist.)

0.3
|

density
0.2

0.1

0.0
|

| rejection region
critical value +/-2.57
—— T statistic (=0)

-4

-2

1.2: fE48I5

KRR : t(5) o ATIHE T, |T| > 2.5706 KIPII AT VL IR, i R Zebron I FHE

£2.5706,

HOBUIORABR T =0, T2k, MAEL Hy.
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5. OF1 X ~ N (p, X). N T8  n =10 B—MEREIEA, F5

1 3 2 1
z=| 0|, S=]| 2 3 1 (1.24)
2 11 4

(a) [2 7] ©F1 S BIRFILE N ERL 4 p WEFEN 95% I EFEE.
(387 ik SRS AnAE, wT AR T 3K

3 3
SI=T] N, 28 =>_ X (1.25)
j=1 j=1
[##]
E—®: R S HIHIE.
THHEATH 575

S| =3(3x4—-1x1)—22x4—-1x1)+1(2x1-3x1)
=3x11—-2x7+1x(-1)=33—-14—1=18 (1.26)

tr(S) =34+3+4=10 (1.27)

BEBEBRFEEN A, Ao, Ass B AL 4+ Ao+ A3 =10, A\ Aods = 18,
EHRF 2% 2 ETFRZA E Y, ()

My + Moy + Mgy = (12 —1) + (12— 1)+ (9—4) = 11 + 11 + 5 = 27 (1.28)

R4S AE 2 T L A3 — 1002 + 27T\ — 18 = 0, KiE A = 1,3, 6:
e 14+34+6=10V
e 1 x3x6=18V
e 1 xX3+1x6+3x6=3+6+18=27V

M S HIFFEMEAN M\ =6, Ao =3, A = Lo

BTH: BUEREE.

w1 95% BT Hotelling T2 Git&:

7= (@)@ < =R ) (1.29)

Hhn=10, p=3, a=0.050 & F K, Fyo5(3,7) = 4.3468, ImFHEN

—1 9x3 27
= Lp g, "2 % 4.3468 = - % 4.3468 = 16.7663 (1.30)
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HE S S| =18, &TFREEN

11 -7 -1
s= 2 7 011 -1 (1.31)
18| B '
-1 -1 5
n5 <- 10; pb5 <- 3
xbar5 <- c(1, 0, 2)
S5 <- matrix(c(3,2,1,2,3,1,1,1,4), 3, 3, byrow = TRUE)
cat("eigenvalues:", sort(eigen(S5)$values, decreasing=TRUE), "\n")
cat("|S| =", det(S5), " tr(S) =", sum(diag(S5)), "\n")
S5_inv <- solve(S5)
F_critb <- qf(0.95, p5, n5-pb5)
T2_crit <- (n5-1)#*p5/(n5-p5) * F_crith
cat("S"{-1} =\n"); print(round(S5_inv, 6))
cat ("F_crit (3,7,0.05) =", round(F_crit5, 4), "\n")
cat ("T2_crit =", round(T2_crit, 4), "\a")
38 p M 95% BN
{[,L €R® ’ 10@E — p) 8@ — p) < 16.7663} (1.32)
BPLL Z = (1,0,2)7 ey B S @ AR IR 4
2 0] T s pes BASL pg WOBRE ELAS X W]
[#]
wi WA (AR BEXEANX (R a=e):
S.,
Tk T2 ()22 (1.33)
n
Ho /T2 = /16.7663 = 4.0947.
factorb <- sqrt(T2_crit)
cat ("sqrt (T2_crit) =", round(factor5, 4), "\n\n")
for(i in 1:p5){
se <- sqrt(S85[i,i] / nb)
1b <- xbar5[i] - factorb5 * se
ub <- xbar5[i] + factorb5 * se
cat (pasteO("mu_", i, ": [", round(lb,4), ", ", round(ub,4), "I\n"))

VRS
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pr s 14+4.0947 x 1/3/10 = 1 £4.0947 x 0.5477 = 1 £+ 2.2427 = [—1.2427, 3.2427]
po s 0+£4.0947 x /3/10 = 0 £ 2.2427 = [—2.2427, 2.2427]

w3 s 2+4.0947 x /4/10 = 2 +4.0947 x 0.6325 = 2 + 2.5898 = [—0.5898, 4.5898|

R =AMAESER 95% BEBEXED AN wm € [—1.2427, 3.2427], ps € [—2.2427, 2.2427),
ps € [—0.5898, 4.5898].

(c) 2 7] AT 1 T o 5 ps HFE?
[#%])

=+ -
ol = BB B0 o -y — s = 0, BRI
Hy:a'p=0, a=(2, -1,-1)" (1.34)

BT X RA, RKRgiHEN

7= 2Z=0 1) =) (1.35)

va'Sa/n

R a 2=2x1-0-2=0, MIli T =0.

5 a’Sa:
3 21 2 6-—2—1 3
Sa=12 3 1||-1|l=1]4-3-1|=]0 (1.36)
11 4/ \-1 2-1-4 -3
3
aTsa:(g 1 _1) 0 |=6+0+3=09 (1.37)
-3

1 |abc <- c(2, -1, -1)

2> | abar <- sum(abc * xbarb)

3 |aSa <- as.numeric(t(abc) %x*% S5 %x% abc)
1 [T6c <- abar / sqrt(aSa / n5)

t_critbc <- qt(0.975, nb-1)

6 |p_valbc <- 2 * pt(-abs(Tbc), df = n5-1)

8 | cat("a’xbar =", abar, "\n")

9 |cat("a’Sa =", aSa, "\n")

10 | cat("T =", Tsc, "\n")

11 | cat("t_0.025(9) =", round(t_critbc,4), "\n")
12 |cat("p-value =", p_valbc, "\n")

13 | cat("Reject HO?", abs(T5c) > t_critbc, "\n")
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Zi: T =0, pfH =1, toes(9) = 2.2622, ERFEKF 0.05 FAEE Hyo FEARIES
pr = (o + ps)/2 BEME (T =1=(0+2)/2), WKALUAAR w1 T w5 pus KT,

6. XTECE P IS A SR BRI 10 KPR, THEAS
El = ) Sl — 5 EQ — 3 82 - (138)

SRAAE AT (BB AGL 36 ]
(a) [277] Ho: py = py < Hi: py # po.
[#%]
Tk WERRAREN T EMMEASE, RA Hotelling BiFEA T2 #1536 . & IFHh 7 ZHE N

5= Mm-S +m-15 _&+85 _( 3 32 (1.39)
ny+ny — 2 2 _3/2 3
IS,| =9 —9/4=27/4,
o 4 (3 3/2) _ [4/9 2/9 (1.40)
27 \3/2 3 2/9 4/9
T - =(2,0)", RIRGITEN
11 !
2= (m —Ty)" Klo + 10) S,,} (T —T2)
2 4/9 4
=(2,0)-55,"- =(2,0)-5 / 2=bx axd= 158880 (1.41)
0 2/9 9 9
AN F itt®E (p=2, ni+nya—p—1=17):

= X
(ny + ny — 2)p 18x2° 9 324

1 n6_1 <- n6_2 <- 10; p6 <- 2

2> | xbar6_1 <- c(3,1); xbar6_2 <- c(1,1)
S6_1 <- matrix(c(4,-1,-1,2), 2, 2)

1 |S6_2 <- matrix(c(2,-2,-2,4), 2, 2)

6 |8p6 <= ((n6_1-1)#S6_1 + (n6_2-1)*S6_2) / (n6_1+n6_2-2)

7 | diff6 <- xbar6_1 - xbar6_2

8 |T2_6 <- as.numeric(t(diff6) %x*% solve((1/n6_1+1/n6_2)*Sp6) %x*), diff6)
o | F6 <- T2_6 * (n6_1+n6_2-p6-1) / ((n6_1+n6_2-2)*p6)

10 |F_c6 <- qf(0.95, p6, n6_1+n6_2-p6-1)

11 | p6a <- 1 - pf(F6, p6, n6_1+n6_2-p6-1)
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cat ("Sp =\n"); print (Sp6)

cat ("T2 =", round(T2_6,4), "\n")

cat ("F =", round(F6,4), "\n")

cat ("F_crit(2,17,0.05) =", round(F_c6,4), "\n")
cat ("p-value =", round(p6a,4), "\n")

cat ("Reject HO?", F6 > F_c6, "\n")

R F =4.1975 > Fyo5(2,17) = 3.5915, p {H = 0.0330, fERE/KF 0.05 TEL H,, EIH
SRYIE IR B A R 7

2 97| Ho : pan = por <— Hiy @ pgn # pos.

[#%]

FiE: W EHATRAARWREA ¢ L. BT EN

2 (n1—1)81711+(n2—1)32y11 . 9X4+9X2_ 54_

Sp n1—|—n2—2 N 18 _E_

3 (1.43)

K gt it

T4 — 7 -1 2 2
T11 — Ta1 3 V5 = /20/3 ~ 2.5820 (1.44)

L o Um Tt Um  Bx V2o V35 V3

sp2_b <- ((n6_1-1)*S6_1[1,1] + (n6_2-1)*S6_2[1,1]) / (n6_1+n6_2-2)
T6b <- (xbar6_1[1]-xbar6_2[1]) / sqrt(sp2_b*x(1/n6_1+1/n6_2))
t_c6b <- qt(0.975, n6_1+n6_2-2)

p6b <- 2xpt(-abs(T6b), df=n6_1+n6_2-2)

cat("sp~2 =", sp2_b, ", sp =", round(sqrt(sp2_b),4), "\n")
cat("T =", round(T6b,4), "\n")

cat("t_0.025(18) =", round(t_c6b,4), "\n")

cat ("p-value =", round(p6b,4), "\n")

cat ("Reject HO?", abs(T6b) > t_c6b, "\n")

50 |T| = 2.5820 > tg.025(18) = 2.1009, p A = 0.0188, fERFH/KF 0.05 TN4ELH H), EIZH
— o EMEAEREER.

207 Hot pnz = poa <> Hit paa # fioa.

[#%]

Bk W EBHTRAEWIEA ¢ . SIFTEN

82 _ (TLl — 1)81722 + (TLQ — 1)82,22 _ I9%x2+9x4 _ % —3 (145)
p ny + ng — 2 18 18
Rs i

r= o it Une  Bx 20

(1.46)

sp2_c <- ((n6_1-1)*S6_1[2,2] + (n6_2-1)*S6_2[2,2]) / (n6_1+n6_2-2)
T6c <- (xbar6_1[2]-xbar6_2[2]) / sqrt(sp2_c*(1/n6_1+1/n6_2))
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3 |t_cbc <- qt(0.975, n6_1+n6_2-2)
1 | p6c <- 2*pt(-abs(T6c), df=n6_1+n6_2-2)

6 [cat("sp~2 =", sp2_c, "\n")

7 |cat("T =", T6c, "\n")

8 |cat("t_0.025(18) =", round(t_c6c,4), "\n")
o | cat("p-value =", p6c, "\n")

10 | cat("Reject HO?", abs(T6c) > t_c6c, "\n")

Gig: T—0. pli—1. EEEKT 0.05 FIES Hy B HENEEREER.
() [2 4] BB L B IFERI B4 47

[#2]

SRR L I R s

6 06 Guit &= pf 4k (a=0.05
(a) Hotelling 72 (u, = p,) F =4.1975 0.0330 4 H,
(b) =7t t Cuyy = figr) T =2.5820 0.0188 4 H,
(c) —JC t Cpig = pio) T=0 1.0000 ANE4 H,

S

o MM ERTEREE—DE (T1 — T =2#0), FNEEEMA (T =Ty =
Do

o AL (a) IEFIHAGINE] T SAMEMENZES, 558185 (b) 4it—.

o T HBHTHIKHEASE + L% CAINAE), T BRI, Hotelling T? K36 78 (54
AR R E AP IR, Hem AR B R AR DL (S, M AN EDD, ok E
TR o

o Afirh, KGR (a) B p{H (0.033) KTHRAERRK (b) B pE (0.019), KB 23
BRI TE (R R A AL AR BT ) £

7012 7] TR RS R E A R EESE, P X) ~ Xe MM ZERINEGE, i aelE
A7 VAR5 I PR B 7 25 0 B 75 A
[#2]
WIGER: Hy: X, =% +— H : % # oo

Bk KH Box B M #&%. X g=22, Box M Giit&=N

9 9
M = (Z VZ-> In|S,| — ZVZ- In |S,], v,=mn;—1 (1.47)
i=1

i=1
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BB w = (1 e))M UM A2 (W) Sip

e N RN
C1—<Zyi Zim) 6(p+1)(g—1) (1.48)

i=1

HEE df =pp+1)(g—1)/2=6xT7x1/2=21.

# data from Q2 (energy, manuf, nl=8, n2=7, p=6)
S1 <- cov(energy); S2 <- cov(manuf)

Sp <- ((n1-1)*S1 + (n2-1)*S2) / (nl+n2-2)

g <- 2

M <- (n1+n2-2)*log(det(Sp)) - ((n1-1)*log(det(S1)) + (n2-1)*log(det(S2)))

cat ("1In|Sp| =", round(log(det(Sp)),4), "\n")
cat("In|S1| =", round(log(det(S1)),4), "\n")
cat("1In|S2| =", round(log(det(S2)),4), "\n")

cat ("M =", round(M,4), "\n")

cl <- (1/(n1-1) + 1/(n2-1) - 1/(n1+n2-2)) x*
(2*xp~2 + 3*%p - 1) / (6x(p+1)*(g-1))

u <- (1 - c1) *x M

df _box <- px(p+1)*(g-1)/2

chi2_c <- qchisq(0.95, df_box)

p_-val7 <- 1 - pchisq(u, df_box)

cat("c1 =", round(cl1,6), "\n")

cat("u = (1-c1)*M =", round(u,4), "\n")

cat("df =", df_box, "\n")

cat ("chi2_crit (0.05,21) =", round(chi2_c,4), "\n")
cat ("p-value =", round(p_val7,6), "\n")

cat ("Reject HO?", u > chi2_c, "\a")

HHEER:

In|S,| = 59.1867, In|S;|=50.0977, In|S,| = 44.9488

M =13 x 59.1867 — (7 x 50.0977 + 6 x 44.9488) = 149.0500

(1 1 1) 2x36+18—1
01: - _—

- =0.23261 x 2.11 = 0.492
X7 <1 0.23261 x 905 = 0.4929

776 13
u = (1 —0.4929) x 149.05 = 75.5845

B2 AR, x2s(21) = 32.6706.

38 u="7558> x2,5(21) = 32.67, p{H ~ 0, fERFE/KTF 0.05 3B Hy, HIREIEIT I S5
W77 ZR AR . XEWATW AR A A IR ZE R B2 (BRIEAT IR A 7 5/ A 5] Z 8] B
FEFE R TGk B ESEAHRT. e KRR, 1E58 2 R A& I 7 Z /R Hotelling T &
6 AT 4R 2 A S Bs L AN A2
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8. XF T LHRAT IR HIE A (melust B banknote ZHRER) i I OHELEAE, FRA TR AEEPEEXT A
LMK X RERTBIH X, ~ X5 BN EAEARE DRI,
(a) [2 7] UALMERA, HlialasiR.
[#2]
BENGE: WA T (n=100) #hGLAERIHHA

Xe = Bo+ 51Xy + BoXo + B3 X3 + By Xy + B X5+, e~ N(0,02) (1.49)

I |library(mclust)

2> | data(banknote)

1 |# extract counterfeit subset

fake <- banknote[banknote$Status == "counterfeit", ]
6 | cat("counterfeit n =", nrow(fake), "\n")
7 | cat("variables:", names(fake), "\n\n")

9 |# fit linear model
10 |fit <- 1lm(Diagonal ~ Length + Left + Right + Bottom + Top, data = fake)

11 | summary (fit)

A7 EIRACHS,  sumnaryceivy oy ELEE:
o EVARKE (Coefficients): % ;. WRHER: se(B;) t FitE& p H;
o KEMEZE 6 (Residual standard error);
o REZRH R? iM% R? (Multiple R-squared / Adjusted R-squared);
o B{K F TG (F-statistic) NI p .
A LIRS R SRR Xo WRMMRELLE: & R? B\ (L 1, WM X; ~ X5
XS0 R A R AR ) S P T
(b) [2 7] I FH R TR EAETE (EEKF o =0.05).

[#%]

BAEAREMRLE:

Hy: Bi=Pa=P3=01=05=0 +— Hy: 2b—"1p3; #0,
F SGit&EAR

R?/p

LT 3y ey

~F(p,n—p—1)=F(594) ({f£ Hy F) (1.50)

Fo05(5,94) = 2.3113. # F > 2.3113 J# k3%
ERYHN AN
A B (j=1,...,5): Hy: ;=0 <— Hy: j3; #0.

t; = é)mﬁm p—1)=t(94) (#£ Hy F) (1.51)




to.025(94) = 1.9855. # |t;| > 1.9855 (H p fH < 0.05), M| B; BEARETE,
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# overall F test

summary _fit <- summary (fit)

cat ("F-statistic:", summary_fit$fstatistic, "\n")

cat("F_crit (5, 94, 0.05) =", round(qf(0.95, 5, 94), 4), "\n")

cat("overall p-value:", pf(summary_fit$fstatisticl[1],
summary_fit$fstatistic[2],

summary_fit$fstatistic[3], lower.tail=FALSE), "\n\n")

# individual coefficient tests
cat("regression coefficients:\n")
print (summary_fit$coefficients)

cat("\nt_crit (0.025, 94) =", round(qt(0.975, 94), 4), "\n")

# check significance of each coefficient
coef _table <- summary_fit$coefficients

sig <- abs(coef_table[,3]) > qt(0.975, 94)
cat("significant (lt|>t_crit):\n")

print (sig)

FIREN (BT o =0.05):

[ ] % summary (fit) ':F' F-statistic XHLF_\?E‘J p ’fﬁ < 0.05, JQU*%TZMEEE%, X1 ~ X5 Xj‘ X6 ﬁf’k

FEANETTNAE 5

o XMEANTAZE, prot—)— < 0.05 WHIZRBEZAETE, B RS E AR H] HAR AR

BaX Xe A RE vk

o prOt—)— >0.05 MARERBIEZEZ /KT FALRE, WTHRBIER PRI,




