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6.1 :�O

�oN©Ù�/ª®�§�§���½õ�ëê��§/Ïulù�oN¥Ä�

��
��5�Où
��ëê½öÙ¼ê��§ù«¯K¡�ëê�O¯K"

~Xb��oN©ÙFθ(x)�/ª®�§θ���ëê§X1, · · · , Xn�ldoN¥

Ä������§x1, · · · , xn����*	�.�d§�E·��ÚOþθ̂(X1, · · · , Xn)(

¡Ù�θ��Oþ, Estimator)§3k
���*	��§�\�θ̂(X1, · · · , Xn)��θ�

�O�(Estimate) θ̂(x1, · · · , xn)"

~��ëê�O�{k:

(1) Ý�O{

(2) 4�q,{

(3) ��d�{

ùp·�Ì�0�c¡ü«�{.

6.1.1 Ý�O�{

Ý´Äu�«{ü�/O�0g�ïáå5��«�O�{. ÙÄ�g�´^��

Ý�OoNÝ. d�êÆ§XJ��ëêÚoN�,�(
)Ýk'X§·�ég,��

E��ëê��O"

1
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Ó±c�P{µ

��k�Ý: ak =
1

n

n∑
i=1

Xk
i mk =

1

n

n∑
i=1

(Xi − X̄)k

oNk�Ý: αk = EXk µk = E(X − EX)2

Ïd3k�Ý�3��¹e§k

ak
a.s→ αk, mk

a.s→ µk

l·��±¦^ak,mk©O�Oαk, µk"�oNF�¹k���ëêθ1, · · · , θkµF (x; θ1, · · · , θk)§
e�§| 

α1 = f1(θ1, · · · , θk)
...

αk = fk(θ1, · · · , θk)

�±�)�� 
θ1 = g1(α1, · · · , αk)

...

θk = gk(α1, · · · , αk)

d�êÆ§·��±��ëêθ1, · · · , θk����O:
θ̂1 = g1(a1, · · · , ak)

...

θ̂k = gk(a1, · · · , ak)

ùp·�^�Ñ´�:Ýαk§�,��±¦^¥%Ýµk§½öü�Ñ¦^"3ù

«�¹e§�I�r�A�oNÝ�¤��Ý"·�¡ù«�O�{�Ý�O{§�

���Oþ¡�Ý�Oþ"Ý�O�{A^��K´µU^$�Ý?n�ÒØ^p�

Ý"

Ý�O{�`:´{ü´1,¿ØI�¯k��oN´�o©Ù. ":´§�oN

a.®��§vk¿©|^©ÙJø�&E. ��|Üe, Ý�OþØäk��5.

~6.1. �X1, · · · , Xn�loNX ∼ B(n, p)¥Ä����§¦ëêp�Ý�Oþ"

): duEX = np§Ïdp���Ý�Oþ�

p̂ = X̄.

~6.2. �X1, · · · , Xn�loNX ∼ N(a, σ2)¥Ä����§¦ëêa, σ2�Ý�Oþ"
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): du

EX = a, D(X) = σ2

¤±a, σ2���Ý�Oþ�

â = X̄, σ̂2 = m2 =
1

n

n∑
i=1

(Xi − X̄)2

·���ES2 = σ2§Ïd§σ2�,��Ý�Oþ�σ̂2 = S2. �

6.1.2 4�q,�O�{(MLE)

ù«�{´ÄuXe�w{:

½½½ÂÂÂ 6.1.1. ���X(Ø�½´{ü��)kVÇ¼êf(x, θ)§ùpëêθ ∈ Θ§��

½x�rf(x, θ)w¤�θ�¼ê§¡�q,¼ê"

��½ëêθ�§f(x, θ)�±w¤´����*	�x��U5§ù�§�rëêθ

w¤CÄ�§�Ò��
”3ØÓ�θ�eU*	�x��U5��”¶du·�®²*

	�
x§¤±·��Ï¦3=��θ��e§¦�U*	�x��U5��"ù�θ�

�·�¡�4�q,�O�"=

½½½ÂÂÂ 6.1.2. �X1, · · · , Xn�läkVÇ¼êf�oN¥Ä����§x = (x1, · · · , xn)�

���*	�"eθ̂ = θ̂(X1, · · · , Xn)���ÚOþ§÷v

f(x, θ̂) = sup
θ∈Θ

f(x, θ)

K¡θ̂�ëêθ�4�q,�Oþ(MLE)"e��ëê�θ�¼êg(θ)§Kg(θ) �4�q

,�Oþ�g(θ̂)"

¦4�q,�Oþ��u¦q,¼ê�4��"·�¡

L(θ) = f(x1, · · · , xn; θ)

�q,¼ê"3{ü����¹e,

L(θ) =

n∏
i=1

f(xi, θ)

rq,¼ê�éê¡�éêq,¼ê:(3�
�¹e§?néêq,¼ê��B)

l(θ) = logL(θ)

�q,¼ê��üN¼ê�§·��±¦Ùà::

dl(θ)

dθ
= 0 (½ö

dL(θ)

dθ
= 0)
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,��ädà:´Ä´���:"{üo(�

¦4�q,�O(MLE)���Ú½´µ

(1) doN©Ù�Ñ���éÜVÇ¼ê(½éÜ�Ý);

(2) r��éÜVÇ¼ê(½éÜ�Ý)¥gCþw¤®�~ê, rëêw�

gCþ, ��q,¼êL(θ);

(3) ¦q,¼êL(θ)����:(~~=z�¦lnL(θ)���:)§=�MLE;

(4) 3���:�L�ª¥, ^����\Ò�ëê�4�q,�O�.

~6.3. �X1, · · · , Xn�loNX ∼ N(a, σ2)¥Ä����§¦ëêa, σ2�4�q,�

Oþ"

): ´�éêq,¼ê�

l(a, σ2) = c− 1

2σ2

n∑
i=1

(xi − a)2 − n

2
log(σ2)

- {
∂l(a,σ2)
∂a = 0

∂l(a,σ2)
∂σ2 = 0

��  a = x̄ = 1
n

∑n
i=1 xi

σ2 = 1
n

n∑
i=1

(xi − a)2

N´�ydà:´������:§Ïd��a, σ2�4�q,�Oþ: â = X̄

σ̂2 = 1
n

n∑
i=1

(Xi − X̄)2.

�

~6.4. �X1, · · · , Xn�läkXe/ª�Ý�oN¥Ä����:

f(x; a, b) =

{
1
bexp{−

x−a
b } , x > a

0 x ≤ a

¦ëêa, b�4�q,�Oþ.

): ´�q,¼ê�

L(a, b) =

n∏
i=1

f(x1; a, b) =
1

bn
exp{−1

b

n∑
i=1

(xi − a)}Ix(1)>a
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3�½b�§w,q,¼ê�a�üNO¼ê§ÏdL(a)�à:�â = x(1)"2-
∂L(a,b)
∂b =

0§��b = 1
n

n∑
i=1

(xi − x(1))§N´�yd)´���:"l��a, b�4�q,�O

þ:  â = X(1)

b̂ = 1
n

n∑
i=1

(Xi −X(1)).

�

~6.5. �X1, · · · , Xn�lXe©Ù¥Ä��{ü��§¦θ�MLE.

f(x) =
1

x!(2− x)!
[θx(1− θ)2−x + θ2−x(1− θ)x], x = 0, 1, 2; θ ∈ (0,

1

2
)

): dK��f(x)�lÑ.§Ù©ÙÆ�

X 0 1 2

P 1
2 [(1− θ)2 + θ2] 2θ(1− θ) 1

2 [(1− θ)2 + θ2]

e��ld©ÙÑu§KØU��θ�MLE�wªL�"�d§·�#ëêz§

Pη = 2θ(1− θ). KdK��η > 1/2"K

X 0 1 2

P 1
2(1− η) η 1

2(1− η)

2Pni = #{X1, · · · , Xn¥�ui��ê}, i = 0, 1, 2, K��q,¼ê�

L(η) = (
1

2
(1− η))n0ηn1(

1

2
(1− η))n2 = (

1

2
(1− η))n−n1ηn1

¦)¿5¿η�e.=��η�MLE�

η̂ = min{n1

n
,
1

2
}

2dθ = 1−
√

1−2η
2 ��θ�MLE�

θ̂ =
1−
√

1− 2η̂

2

�

6.1.3 �Oþ�µÀIO

·�w�éÓ��ëê§kõ�ØÓ��Oþ§Ïd§µÀØÓ�Oþ�`�5

´I��Ä�"

1. Ã 5
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�ĝ(X1, · · · , Xn)���ëê¼êg(θ)����Oþ§e

Eĝ(X1, · · · , Xn) = g(θ)

K¡ĝ(X1, · · · , Xn)�g(θ)�Ã �Oþ(Unbiased Estimator)"Ã 5´é���Oþ

��Ä���¦"Ã 5U
�ØXÚØ�§Ïd3kõ��Oþ�øÀJ�§·�

`k�ÄÃ �Oþ"

2. k�5(Efficiency)

�ĝ1(X1, · · · , Xn)Úĝ2(X1, · · · , Xn)���ëê¼êg(θ)�ü�ØÓ�Ã �Oþ§

eé?¿�θ ∈ Θ,k

V ar(ĝ1(X1, · · · , Xn)) ≤ V ar(ĝ2(X1, · · · , Xn))

���é,�θ0 ∈ Θ¦�î�Ø�ª¤á"K¡ĝ1�ĝ2k�"

3. �Ü5ÚìC��5

½½½ÂÂÂ 6.1.3. �oN©Ù�6uëêθ1, · · · , θk, g(θ1, · · · , θk)´��ëê¼ê"�X1, · · · , Xn�

gToN¥Ä����§T (X1, · · · , Xn)�g(θ1, · · · , θk)����Oþ§XJé?¿
�ε > 0Úθ1, · · · , θk����U�Ñk

lim
n→∞

Pθ1,··· ,θk(|T (X1, · · · , Xn)− g(θ1, · · · , θk)| ≥ ε) = 0

·�K¡T (X1, · · · , Xn)�g(θ1, · · · , θk)���(f)�Ü�Oþ(Consistent Estimator)"

�Ü5´é���Oþ��Ä���¦§XJ���Oþvk�Ü5§@oÃØ

����õ�§·��ØUr��ëê�O�?¿ý½�°Ý"ù«�Oþw,´Ø

���"

Ý�Oþ´÷v�Ü5�§4�q,�Oþ3é���^�e�´÷v�Ü5

�"

�Oþ´��X1, · · · , Xn�¼ê§Ù(��©Ù��Ø´N´��"�´§Nõ

/ªéE,�ÚOþ(�7´Ú)§�né��§Ù©ÙÑìCu��©Ù§ù�5�¡

�ÚOþ�/ìC��50"

Ã 5Úk�5Ñ´é�½�����nó�§ù«5�¡��Oþ�/���

5�0§�Ü5ÚìC��5Ñ´�Ä3����ªuÃ¡��5�§ù«5�¡�

/���5�0"

~6.6. �loN

X 0 1 2 3

P θ/2 θ 3θ/2 1− 3θ
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Ä����{ü��X1, · · · , X10�*	��(0, 3, 1, 1, 0, 2, 0, 0, 3, 0)§

(1) ¦θ�Ý�Oþθ̂MÚ4�q,�Oþθ̂L§¿¦Ñ�O�"

(2) þã�Oþ´Ä�Ã �ºeØ´§��?�.

(3) '�?���ü��Oþ§�Ñ@��k�.

)µÑ.

6.1.4 ����Ã �O(MVUE)∗

dk�5�½Â§·�g,¬¯3�å�U�Ã �Op§UÄé�äk���

��Ã �OþºXJ�3ù���Oþ§·�¡Ù�����Ã �Oþ§=

½½½ÂÂÂ 6.1.4. �ĝ(X1, · · · , Xn)���ëê¼êg(θ)���Ã �Oþ§eég(θ)�?�

Ã �Oþf̂(X1, · · · , Xn), Ñk

V ar(ĝ(X1, · · · , Xn)) ≤ V ar(f̂(X1, · · · , Xn)) ∀ θ ∈ Θ

K¡ĝ�g(θ)�����Ã �O(MVUE)"

ùp·�0��«¦MVUE��{:

Cramer-RaoØ�ª{

���kVÇ¼êf(x, θ)§�(½O§�f(x, θ)�pdf(lÑ��¹aq)"ëêθ�

���§3Θ = (a, b)(a, b��Ã¡)þ��§g(θ)���¼ê"�ĝ(X)�g(θ)���Ã

 �Oþ§Kk(b½±eí�¤I�^�Ñ÷v)

Eĝ(X) =

ˆ
ĝ(x)f(x, θ)dx = g(θ) ∀ θ ∈ Θ

ü>¦�ê§�� ˆ
ĝ(x)

∂f(x, θ)

∂θ
dx = g′(θ)

5¿�
´
f(x, θ)dx = 1§éθ¦���

ˆ
∂f(x, θ)

∂θ
dx = 0

¤±k ˆ
[ĝ(x)− g(θ)]

∂f(x, θ)

∂θ
dx = g′(θ)

⇐⇒ ˆ
[ĝ(x)− g(θ)]

√
f(x, θ)

[ 1√
f(x, θ)

∂f(x, θ)

∂θ

]
dx = g′(θ)

dCauchy-SchwarzØ�ª��

[g′(θ)]2 ≤
ˆ

[ĝ(x)− g(θ)]2f(x, θ)dx ·
ˆ [ 1

f(x, θ)

∂f(x, θ)

∂θ

]2
f(x, θ)dx

= V ar(ĝ(X)) · E[
∂logf(X, θ)

∂θ
]2



8 18Ù ëê�O

=

V ar(ĝ(X)) ≥ [g′(θ)]2
/
E[
∂logf(X, θ)

∂θ
]2

d=�Cramer −RaoØ�ª"

AO§

•�g(θ) = θ�§

V ar(ĝ(X)) ≥ 1
/
E[
∂logf(X, θ)

∂θ
]2

•����{ü���§X1, · · · , Xn ∼ fθ(x)§Kf(x, θ) =
n∏
i=1

fθ(xi)§N´��

E[
∂logf(X, θ)

∂θ
]2 = nE[

∂logfθ(X1)

∂θ
]2

u´

V ar(ĝ(X)) ≥ [g′(θ)]2
/
nI(θ)

Ù¥I(θ) = E[∂logfθ(X1)
∂θ ]2.

3±þ�í�¥§I�÷véõ^�§oOXeµ

½½½nnn 6.1.1. �X1, · · · , Xn�{ü��§oNkVÇ¼êfθ(x)§ëêθ ∈ Θ = (a, b)(a, b�

�Ã¡). g(θ)�(a, b)þ���¼ê"��3¼êG(t, θ)§¦�

1. EG2(X1, θ) <∞, ∀ θ ∈ Θ;

2. é?¿θ ∈ Θ§�3εθ > 0§¦��|ψ − θ| < εθ�§k

|
∂logfψ(t)

∂ψ
| ≤ G(t, θ)

K�ĝ(X)�g(θ)���Ã �O�§k

V ar(ĝ(X)) ≥ [g′(θ)]2
/
nI(θ)

|^C-RØ�ª¦MVUE��{: Äkd�*½öÙ¦å»é���U´�Ð�Ã

 �O§,�O�Ù��§w´Ä��
C-RØ�ª�e.§e��
§Ò´MVUE"

Ó�§��c[�yØ�ªí�¥�¤k^�Ñ�÷v"

4. �O��Ç

eĝ�g(θ)���Ã �O§Ù���V ar(ĝ)§K¡

eĝ(θ) =
[g′(θ)]2

nI(θ)

/
V ar(ĝ)
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�Ã �Oĝ��Ç"��keĝ(θ) ≤ 1"�eĝ(θ) = 1�§¡ĝ�k��O"

eĝ�g(θ)����ÜìC���O§kìC��σ2(θ)§K¡

aeĝ(θ) =
[g′(θ)]2

I(θ)

/
σ2(θ)

�ĝ(3θ?)�ìC�Ç"4�q,�O�ìC�Ç�1§Ý�OØ
A�~��~f

	§ìC�Ç��Ñ�-u1"Ï~<�¤`�Ý�OØXq,�O§�-þÒ´�ù

�"

~6.7. �X1, · · · , Xn�loNN(θ, 1)pÄ��{ü��§KX̄�θ�MVUE"

): Ï�

I(θ) = E[
∂logfθ(X1)

∂θ
]2 = 1

¤±dC-RØ�ª�θ�?�Ã �O���ÑØ�u1/n§V ar(X̄) = 1/n§Ï

dX̄�θ���MVUE"�

�kÙ¦�
¦MVUE��{§�[/�±ë��FW�5ênÚO�§6"

6.2 «m�O

6.2.1 �&«m

«m�O´^��«m��O���ëê"ÙÐ?´r�U�Ø�^²w�/ª

L�Ñ5"ØJwÑ§ùp�÷vü�^�µ

• �O���5§=θ�±é��VÇá3«m[θ, θ̄]p§i.e.§

Pθ(θ ≤ θ ≤ θ̄) = 1− α

• �O�°Ý�¦�Up§=�¦«m[θ, θ̄]�¦�U�á"

�ùü��¦´�pgñ�§Ïd«m�O��K´3®k���]��e§

éÑ�Ð��O�{±¦þJp��5Ú°Ý"Neyman JÑ
2��É�OKµk

�y��5§3dcJe¦�UJp°Ý"�d§Ú\Xe½Â:

½½½ÂÂÂ 6.2.5. �oN©ÙF (x, θ)¹k��½õ����ëêθ§θ ∈ Θ§é�½�

�α, (0 < α < a)§ed��X1, · · · , Xn(½�ü�ÚOþθ̄ = θ̄(X1, · · · , Xn) Úθ =

θ(X1, · · · , Xn)§÷v

Pθ(θ ≤ θ ≤ θ̄) = [51]1− α ∀ θ ∈ Θ

[51]k�ÿ§ØUy²é��θ�ª¤á§���Ø¬�u1 − α. d�1 − α¡��&Y²(Confidence

level)"ùü�â�¿Øî�«©"
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¡1− α��&Xê(Confidence coefficient)§¡[θ, θ̄]�θ��&Y²�1− α��&«
m(Confidence Interval)"

«m�OÒ´3�½��&Y²�e§�Ïék`û°Ý�«m"

��§·�ÄkÏ¦ëêθ����O(õê´ÄuÙ¿©ÚOþ�E�)§,�Ä

ud�Oþ�Eëêθ��&«m§0�Xe:

1. Í¶Cþ{ ���ëê�g(θ)§

1. é�����ëêg(θ)k'�ÚOþT§��´Ù��ûÐ�:�O(õê´Äu

¿©ÚOþ�E½ö´ÏLMLE�E)¶

2. �{éÑT�g(θ)�,�¼êS(T, g(θ))�©Ù§Ù©ÙF��ëêθÃ'(S=�Í

¶Cþ);

3. é?Û~êa < b§Ø�ªa ≤ S(T, g(θ)) ≤ b�UL«¤�d�/ªA ≤ g(θ) ≤
B§Ù¥A,B��T, a, bk'�ëêÃ'¶

4. �©ÙF�þα/2© êωα/2Úþ(1−α/2)© êω1−α/2§kF (ωα/2)−F (ω1−α/2) =

1− α. Ïd

P (ω1−α/2 ≤ S(T, g(θ)) ≤ ωα/2) = 1− α

d3·�Ò�±��¤¦��&«m.

~6.8. �X1, · · · , Xn�l��oNN(µ, σ2)¥Ä����§¦ëêµ, σ2�1− α�&«
m"

)µduµ, σ2��OX̄, S2�÷v[52]

T1 =
√
n(X̄ − µ)/S ∼ tn−1

T2 = (n− 1)S2/σ2 ∼ χ2
n−1

¤±T1, T2Ò´·�¤�Ï¦�Í¶Cþ§l´�ëêµ, σ
2�1− α�&«m©O�

µ :

[
X̄ − 1√

n
Stα/2(n− 1), X̄ +

1√
n
Stα/2(n− 1)

]
[53],

σ2 :

[
(n− 1)S2

χ2
α/2(n− 1)

,
(n− 1)S2

χ2
1−α/2(n− 1)

]
[54].

[52]ë�½n??
[53]dut©Ùé¡§ÏdØJy²d«mÒ´�á�«m"
[54]duχ2©ÙØé¡§Ïdd«m�´S.����{",	§�µ®��§I�?U����S2�

S2 =
1

n

n∑
i=1

(Xi − µ)2

d�§nS2/σ2 ∼ χ2
n"
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�

~6.9. �X1, · · · , Xn�l��oNN(µ1, σ
2
1)¥Ä����§Y1, · · · , Ym�l��o

NN(µ2, σ
2
2)¥Ä����§ü|���pÕá"¦ëêµ1 − µ2, σ

2
1/σ

2
2�1 − α�&«

m"

)µ�{��aquc¡�~f§Ì�|^½n??"d?Ñ. �

~6.10. X1, · · · , Xn�lþ!oNU(0, θ)¥Ä����§¦ëêθ�1− α�&«m"

): duëêθ�¿©ÚOþ�X(n) = max
1≤i≤n

Xi�ÙVÇ�Ý�

f(t) =
n

θn
tn−1I0<t<θ

ddá�X(n)/θkVÇ�Ý

p(t) = ntn−1I0<t<1

�ëêθÃ'"�¢ê0 < a < b < 1§¦�

P (a ≤
X(n)

θ
≤ b) = 1− α

=⇒
bn − an = 1− α

l3¦�UJp°Ý�Jce§�±¦^ê�){ÒÑ�á�«m[a0, b0]§?�

�ëêθ�1− α�&«mµ [
X(n)

b0
,
X(n)

a0

]
.

�

2. ���{

���{Ò´|^4�©Ù§Ì�´¥%4�½n§±ïáÍ¶Cþ"ÏL±e

~f`²:

~6.11. ,¯�A3zg¢�¥u)�VÇÑ´p§�ngÕá�¢�§±YnPAu)�

gê"¦p�1− α�&«m"

)µ�n'��§Kd¥%4�½n�§(Yn − np)/
√
npq ∼ AN(0, 1)§l(Yn −

np)/
√
npq�±��Í¶Cþ"d

P (−uα/2 ≤ (Yn − np)/
√
npq ≤ uα/2) ≈ 1− α (∗)

�±�dL«¤

P (A ≤ p ≤ B) ≈ 1− α
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Ù¥A,B��§

(Yn − np)/
√
npq = uα/2

�), =

A,B =
n

n+ u2
α/2

p̂+
u2
α/2

2n
± uα/2

√
p̂(1− p̂)

n
+
u2
α/2

4n2


A�KÒ§B��Ò§p̂ = Yn/n"�

du(*)ª�´Cq¤á§�«m�O��´Cq¤á§�n���â��Ø�"

�[�`²ë���p203"

ù«�{����&«m¡�/Score”/Approximate Interval, ·���±À��

´”®�”�§��2òÙ�O§���Wald Confidence Intervalµ

p̂± uα/2
√
p̂(1− p̂)/n

,	�kAdjusted Wald Confidence Interval, Exact/Clopper-Pearson Interval �[55].

6.2.2 �&.

3¢S¥§k�·��éëêθ��à�.�a,�"

½½½ÂÂÂ 6.2.6. �oN©ÙF (x, θ)¹k�����ëêθ§θ ∈ Θ§é�½��α, (0 < α <

a)§ed��X1, · · · , Xn(½�ü�ÚOþθ̄ = θ̄(X1, · · · , Xn) Úθ = θ(X1, · · · , Xn)§

1.e

Pθ(θ ≤ θ̄) = 1− α ∀ θ ∈ Θ

K¡θ̄�θ����&Xê�1− α��&þ.(upper confidence bound)"

2.e

Pθ(θ ≥ θ) = 1− α ∀ θ ∈ Θ

K¡θ�θ����&Y²�1− α��&e.(lower confidence bound)"

(−∞, θ̄] Ú[θ,+∞)Ñ¡�´ü>��&«m(One-Sided Confidence Interval).

Ï¦�&þ!e.��{ÚÏ¦�&«m��{��aq"

~6.12. �X1, · · · , Xn�lÏ"�λ−1��êoN¥Ä����§¦ëêλ�1 − α�&
þ!e."

[55]Jeff Sauro, James R. Lewis, 2005, Estimating completion rates from small samples using Bino-

mial confidence intervals: comparisons and recommendations, proceedings of the human factors and

ergonomics society 49th annual meeting.
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)µdu
n∑
i=1

Xi�ëêλ�¿©ÚOþ§�

2λ
n∑
i=1

Xi ∼ χ2
2n

Ïd´�λ�1− α�&þ!e.©Ù�

λ̄ =
χ2
α(2n)

2
n∑
i=1

Xi

, λ =
χ2

1−α(2n)

2
n∑
i=1

Xi

.

�

~6.13. �Y1, · · · , Yn i.i.d ∼ B(1, p)§n®��'��"¦ëêp�1− α�&e."

)µd¥%4�½n9�êÆ�

Y − np
√
npq

∼ AN(0, 1), S
a.s.→ √pq

Ù¥Y =
n∑
i=1

Yi§S���IO�§{üO���S
2 = Y (n−Y )

n(n−1)"´�k

Y − np√
nS

∼ AN(0, 1)

Ïdk

P (
Y − np√

nS
≤ uα) ≈ 1− α

l��p�ìC1− α�&e.

p =
1

n
[Y −

√
nSuα].

�

6.2.3 (½����

�&«m�ÄÒ�Ð§��oQº��������K§·�®²���õ�ÿ

þ�±���°(�íä"k�ÿ§é°Ý´k�¦�§$�u´3ÿþ�cÒJÑ

d�¦§Ïd�A�����Ò�¯k(½e5"·�±Xe�~f`²XÛ(½�

���§����{aq"

~6.14. b�,«¤©�¹þÑl��©ÙN(µ, σ2)§σ2®�"�¦²þ¹þµ�(1 −
α)%�&«m��ÝØU�uω"Á(½ÿþ����"
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): duσ2®�§·�®²���±�âX̄ ∼ N(µ, σ2/n)5�Eµ�95% �&«

m"Ïd´�«m�Ý�2uα/2
σ√
n

. ld

2uα/2
σ√
n
≤ ω

��

n ≥
(

2uα/2σ

ω

)2

.

'X�σ = 0.1, ω = 0.05, α = 0.05, �±��n ≥
(

2∗1.96∗0.1
0.05

)2
= 61.4656. =����¦

��I�ÿþ62g"

6.3 o(

3ëê:�OnØp, Ý�O´�«����O�{, �duÙ�Ç��'�$§

3¢S¥^�Ø´éõ"�é/§du4�q,�O�ìC�Ç�1§���äkû

Ð�5�§3¢S¥��2��A^"

Ã 5´é���Oþ�Ä��¦"Ïd§3¢S¥§o´`k�ÄÃ �Oþ"

Cramer − Rao¦+´^CramerÚRaoü�Í¶ÚOÆ[�¶i·¶§�´%´�@
dFisher31922cJÑ�"¢Sþ§ëê�O��Ü©�{Ú�Oþ�`û5OK§

Ñ´Fisherïá�"

«m�O��´ÏLëê�4�q,�Oþ5�E"¦Ñ4�q,�Oþ�Úë

ê�,«C��©ÙuëêÃ'§K��
Í¶Cþ",�2�E�&«m"élÑ

.oN§��MLEÚëê�,«C�vk(��ÚëêÃ'�©Ù§���Nþé

��§�±|^����{?1�E"

ë�©z
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