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BREAN {(215, 220) }oy BURSRECH
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KIE R 6 BRI TR

0=(z,, 7)) =z (1.6)
(b) [2 77| W€ H Cramer-Rao THt.
[#%]
AT (1, 20) B ECE LA
T,z
Inf=—-—In6#; —Inby — 9—11 — a—j
_alnf_7i+ﬂ_x1—01 _Olnf x5 —0,
T 90, T e e e 0 T Tee, T 62

BT 2; ~ Exp(0;), # E[z;] =0;, Var(z;) =02, B Fisher 15 B S ICHEN

_ Var(z) 67 1

In =E[si] = Tl T (L.7)
T =E[] = o, (19)
2
Ilg = E[Slsg] = E[Sl]E[SQ] =0 ( T 5 To ZETLE E[Sj] = 0) (19)
WA M) Fisher {5 BAEFE N
) 1 1
Z(0) = d1ag<6%, 9%> .
REN n IFEART Fisher {5 84N 7,,(0) = nZ(0) = diag(n/0%, n/02).
O (AT 5 6 R J7 240 M 2
5w 71 (0103
Cov(0) = Z,°(0) = d1ag<n, n) . (1.10)

Hl Cramer-Rao %A diag(62/n, 62/n).
(c) 2 77] RERIRE] 0 MI— /N7 Z T Al Th &2
[##]
AR E], HAKBURM TR 6 = 2 BINFTR.
RATEGITENFEN: XM LS sz Tz X

Flo1,22;0) =exp( —2 — 22 6, —Inby ),
0, 0,

FRBHN n = —1/0;, RAGIEN T = (50, 21, S was) o HIHIGHO5R 156 % M



H, T RESRSGITE.

B Lehmann-Scheffé FI: z =T /n 2 T MK¥, H E[z;] =6, (KBiwtt, #z 2 0 1)
s/ T EL AR (MVUE).

WiE: Var(z;) = 02/n, WIF%T Cramer-Rao F 7, #—HHNE Lk,

2. BIBEK N, (1, Zo), Hr o 1, B {xi ), RBEZERR AR R EETUEAS.

(a) [2 77| 115 p ) Cramer-Rao R4t
(2]
AT @ ~ N, (12, So) IR EH

P 1 1 _
Inf = =5 m(2r) - 5| - (@~ )25 — p).

KT p BPFr RN

Oln f
S = =

BN Fisher 13 B4 FE N

T(n) = E[ss"] = E[S5 (@ — p)(@ — w)" 55 "]

=5 'El(x—p)(z—p) 'S5 =S Syt =20 (1.11)

RN n RN Fisher (588N Z,(p) = nSg .
Hop MR IRAG TR o e

Cov(jt) = T, (1) = 5% (1.12)

Bl p B Cramer-Rao FF+H %o

(b) [2 /] BRI AT 2 Tt

(%)

LA, BRI 2 = Y @, BDR.
n =1

TiRE: Elz] = po

hAEXEITA: Cov(z) = %, 181745+ Cramer-Rao T 5t

SRS ZUUESHHRTMPIEEGR, Y @ N 2) & p e gt .
i=1

B Lehmann-Scheffé &3, z & p K/ 7ELMmMTHE (MVUE).

3. 'TEE& X ~ Np(p” 2), /EQEP E ﬂ%%u, 1E3321I‘]E,%ﬂ Z = dlag (Ulla 0922y « ooy Upp), ﬁl]% {:1:1-}?21 I%EX
HiZ AR EN n H—A R RBENLFEA
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(a) [2 77] 3R p B BLER A T

[#%]
e = (Tir, .., wp) " o AN = diag(on, ..., 0p) B X[ =T[_, 055, ¥7" = diag(1/ou,...,1/0y)
WO B AR R
np ny Ly~ (@ = )
U, %) = — % In(2m) - 2;1“%‘ — 227_21]%] (1.13)

Xt py R IHLHAE:

a1 S _
:7Z(xij_uj):0:>szﬁzxij:xj-
i=1

Opy 045 =

WL BIARRAURAG 0
== (T, To, ..., Tp)". (1.14)

(b) 12 4] 3K 5 fBAIAft.
[#2]
¥ 0= & ROHMRRR, 3 o), RIFSIHLHHE,

n

ol n 1 < _ . 1 _
= toa D@y —3) =0 = &= - > (@i — ;)%

aajj Qajj Ji =1 i=1

ISUE M im S 02l/8aj2-j = n/(20]2-j — S (wij — xj)% /03, TEME AL, BRRRE. S

Ji’
IR AL SR A Ty
E:dlag<0'11, 0922, «.., Upp>, Ujj = £Z<xij_l‘j)2’ ] = ].,...,p. (115)
=1

BI S OAREA 7 2 RIE (BREA n) X A4

4. [2 77| UEWERE 6.1.

EE6.1: % s=s(X; 0) RIFHEE, MR O=t=tX;0) & X560 ME—RE WEEN
FITAH

o O 1 ot™
E (st )_%E(t )—E(Em). (1.16)
N
O iy _ 9 (1 0 o :
a—eE(t )_80/t (X; 0)-L(Xx; 0)dx
R, HER
vio=—2 .2 x0
s 0) =T g ag LY 0

[iE]
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FEIEN AR, Al AR 55 T (Leibniz ALK, ) ARk U] I Bl B bR -

a T T .
S5 E(E) /ae t (X:6) - (X,@)}dx

T .
/at -L(X;0 dX+/tT(X;0)~aL(X’6) dXx.

00

_A/\ I PAN E
B E(ao

X E AR, HHH%EPE’B%%fQ— s(X;0)- L(X;0), RN

/tT ge dx = /s(x 0)-t"(X;0) - L(X;0)dx =E(st").

HREMAE s A kx 1A, t7 R 1x g TRE, 8 st" A kxq P, 5750

.

A DL P I
0 ot"

a—e]E(tT) _E(89>+E( .

I E #E 6.1
vy _ 0 gy g2
E(st") = aeE(t) El 5g )

5. 1% s(X; 0) RIFSEEL 0=t=t(X) &0 MEE—ATMHE, B E®L =

(a) [2 7] UEM
El[s(X; 0)]=0.

[iE]
BT L(X;0) MRS LR ettt

/L(X;O) dx =1.

FEIEMZEAE T, XF 0 KRG IFZHAT SR WY -

0 ) B OL(X;0) B
%/L(x,e)dx_/ae dx = 0.

(1.17)

d ——
T9]E(tT) Yepz

(1.18)
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oL

B - —g. 2O\ .

bEs 50 = ° L AR
/qxwyuxmmxzm

Bl E[s(X;0)] = 0. 0
(b) [2 73] W]
E (st") = Cov (s, t) = I, . (1.19)
[iE]
$—%: JEBR E(st") = Cov(s, t).
HI% (a) NFKT E(s) = 0, H t Tl E(t) = 0, Mifi

Cov(s,t) =E[(s —E[s])(t — E[t))"] =E[s(t — 6)"] = E(st") —E(s)0" =E(st"). (1.20)

$ % R B(sth) = T, (k B frsafe) .
BT t=tX) ARE 0, i
ott
00

N HEMmE E(t) =0, fF EtY) =67, ik

Ht T Nk MR fifE, HEE (i,5) RN 00;/00; = b;j.

HHEH 6.1:
0 ot*
™ _ Y9 T e R e
LWL, E(sth) = Cov(s,t) = Iio O

6. B X ~ N, (p, ), o

()
¥ = (1.21)
-1 2

1
z=1 (1.22)
2
(a) [2 70] SR B BBLAG I ) .

2 2
Hy: p= 5 — Hy: p# 5 (1.23)
3 3



[#%]
¥ ORI, AT AR RS TR

— _ — Hy
T? =n(& — py) " SN &E — py) ~ X2 (p),

Hop=2, py=1(2,2/3)7%-
F—%: HHE L.

;%-IE-’:JJ}: i—f_ﬁ:%\ﬁo
4\ 13 4 39 4 43
T — Ty—1(x% — = (— o —— _ ]| —= = — _— = — _— = —
(@ = o) 2 (@ = o) = 1)( 18>+< 6> ( 9> 18 5 "5 e T B

FBHEL: HEEESE,
4 4
T? =6 x —3:§3z4.778.

ERP: L. MEZENKT o =0.05, EERS x§5(2) = 5.991.
BLIN W = {T? > x2(2)}-

T 72 =43/9 ~ 4.778 < 5.991, # o =0.05 WEZEMKET, FEE H,.
IR p {E: p= P(x2(2) > 43/9) = e *3/18 = 0.0916 > 0.05, 5 Fid%5ie—5.
2 57 VETEAEIS P AL .

[#%]
LR T2 > x2(2) M TREAIME @ AL, py AT ORIEEZIEE Z b

W={z : n(@— pe)"E71Z — po) > xa(p)} -

PAF R A2 HlHE L0 5 G A N Ao 83238, AR R ZE380) -

# %67 (b) - Sigma B 411EHHIELE AN
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mu0 <- c(2, 2/3)
xbar <- c(1, 0.5)
Sigma <- matrix(c(2, -1, -1, 2), nrow = 2)

n <- 6; p <- 2; alpha <- 0.05

crit <- qchisq(1l - alpha, p) # chi"2_{0.05}(2) = 5.991

# WMESHM: L muo HFL, BREMEH Sigma/n
A <- Sigma / n

eigh <- eigen(A)

th <- seq(0, 2*pi, length.out = 500)

ell <- mu0 + sqgrt(crit) *

eigA$vectors %x% diag(sqrt(eigA$values)) %*% rbind(cos(th), sin(th))

par(mar = c(4, 4, 3, 1))
plot(t(ell), type = "1", col = "blue", lwd = 2,

xlab = expression(bar(x)[1]), ylab = expression(bar(x)[2]),

main = "Rejection Region (known Sigma, alpha = 0.05)")
points(muO[1], muO[2], pch = 16, col = "red", cex = 1.5)
points(xbar[1], xbar[2], pch = 17, col = "darkgreen", cex = 1.5)
abline(h = 0, v = 0, 1ty = 2, col = "gray70")
legend ("topright",

legend = c(expression(mul[0]), expression(bar(x)),
"BEXBUF (REABEZEO "),
c(16, 17, NA), 1ty = c(NA, NA, 1),

pch

col c("red", "darkgreen", "blue"), lwd = c(NA, NA, 2))
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K11 SEEEATAUE (2 2R, o =0.05): WEOMEDVEZEGL R, WEERE, SRS 4
OO py, SOEMAN e CTHEEN, AEL Ho) .

B o (O B A e 2 I SR A ) 7 R 2 e py (LSO ED NERREINE, & (SE=F)D A7
THARNE, SAIES Hy, 558 (a) DRSS

78X ~ Ny (p, X), Hp 2 REL NI T B 0= 6 B DEAR, TR EAREAR T 2

R
1
_ 2 1
T= , §= (1.24)
( 1 ) ( 12 )
2
(a) [2 77 KM T KL A .

2 2
3 3
[#2]

¥ ARFENEF, fHH Hotelling T2 Siit&:

T2 = n(& — po) " S™HE — po)-
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__n-p
£ Hy T, F_(nfl)p

F—%H: HH S L.

T? ~F(p,n—p), EHp=2, n=6.

1 (2 1
S| =4—1=3, St=- :
3\1 2
B EREE —p, = (—1, —1/6)T ([ 6 @),
T HE 6 EHIT LR
_ L 43
(w—,uO)TS 1(513_.U0):a7
i
43 43
T° = — = — =~ 4.778.
6% 0= 778
FBWNL: #ih AN F Git&E.
n—-p ., 6—2 43 4 43 172 86
F= T° = —=—x—=—=—=~191L
(n—1)p G-1)x2 9 10°9 90 45

FHE: FEHEL. B a=0.05 BTEEE Fos(2,4) = 6.944,

FELIEH W = {F > F.(p, n—p)}e

BT F~1.911<6.944, £ o =0.05 NEZEM/KET, EL H).

S, T MIGFUEN T2, = WFO_OE,(p,n —p) = > Z 2 6.944 = 17.36, HT 72 ~
4.778 < 17.36, 51 .

E: 5% 6 WAL, ¥ RE SR AEM 5.991 KIEFRTFE 17.36, KT © B ki
AHMAHE T CHBEBRKD .

(b) [2 70| YEAELEIH P AL .

[#]
TEAI S T
W= {j : n(j - #'O)T‘S‘_l(i - HO) > Tczrit} )

crit

AT R AR [FIN 224025 6 REANEE 7 REAIIE 4830 S EAT 0T B

n—1
TR Glnt) SOl
n—p

# FTH (o) - Sigma RAEHNELBANM GF 5 LM Sigma EXFHD
mu0 <- c(2, 2/3)

xbar <- c(1, 0.5)

S <- matrix(c(2, -1, -1, 2), nrow = 2)

n <- 6; p <- 2; alpha <- 0.05

# F7H (Sigma K#&): T2 Ilaf1
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F_crit <- qf(1 - alpha, p, n - p) # F_{0.05}(2,4) = 6.944
T2_crit <- (m - 1) * p / (n - p) * F_crit # = 17.36

# %68 (Sigma E.47): chi~2 IEHE
chi2_crit <- qchisq(l - alpha, p) # = 5.991

# MRS &K
make_ellipse <- function(center, A, radius) {
eigh <- eigen(A)
th <- seq(0, 2*pi, length.out = 500)
pts <- center + sqrt(radius) *
eigh$vectors Yx*¥% diag(sqrt(eigh$values)) %*% rbind(cos(th), sin(th))
t(pts)

A<K-S/n
ell_unknown <- make_ellipse(muO, A, T2_crit) # Sigma KA (L&, BAWE)
ell_known <- make_ellipse(muO, A, chi2_crit) # Sigma B4 (&, B/MHED

par(mar = c(4, 4, 3, 1))
plot(ell_unknown, type = "1", col = "red", lwd = 2,
xlab = expression(bar(x)[1]), ylab = expression(bar(x)[2]),

main = "Rejection Regions Comparison (alpha = 0.05)",

xlim = range(c(ell_unknown[,1], ell_known[,1])),

ylim = range(c(ell_unknown[,2], ell_known[,2])))

lines(ell_known, col = "blue", lwd = 2, 1ty = 2)

points(muO[1], muO[2], pch 16, col = "black", cex = 1.5)

points(xbar[1], xbar[2], pch 17, col = "darkgreen", cex = 1.5)
abline(h = 0, v = 0, 1ty = 2, col = "gray70")
legend ("topright",
legend = c(expression(mul[0]), expression(bar(x)),
"Sigma KA (T2 IgfHMHE = 17.36) ",

"Sigma E.47 (chi~2 IFFME = 5.991) "),

pch = c(16, 17, NA, NA), 1ty = c(NA, NA, 1, 2),

col c("black", "darkgreen", "red", "blue"), lwd = c(NA, NA, 2, 2))
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Rejection Regions Comparison (alpha = 0.05)

[ Eo

o - /"_ . .

Sigma K1 (T2 s 7H1E = 17.36)

———- Sigma 4 (chi*2 IFF{E = 5.991)

B 1.2 E4ETE (o = 0.05): LESEEMEDN S KRR FEZBIAR (T2, = 17.36), WG HELZIH
BN S OR300 R (2 05(2) = 5.991); & (SR =) MFHE N, WAER T A
Hy.

B 2L SRR Dy S R AN 3230 5 (T2, = 17.36), TEEMBAME Dy X SR
SIAT (xG05(2) = 5.99D). BT S =3, MHEERMA, E X REEFEELR, #5%2
BOEOR, #OEMEIRA R, @ (=S AT MR AT, ARSI N EIAEL Hoo



