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�9°f�×�¼,#�yh��Ýß±�×:,�
Kb,�/{·0

5���t¡Q�Î��êA“AÀÙ�î,�3‘¬ÈÝxù’×h�,ú�

2-ËûOÀÙÝÄnf�Î‘|±¬Èß
Ã�,�x±`�Ýß’�‘�

�×l’ÎÎ¼H�ÀÙÝÄnf�”(88O6`19^Ð) Ï4Ì,Bï¢M

���ò.)��á9°f�,µÎXÛÄ�f��3“u AJ B”h×ú

Þ�,AÎ¸húÞWñÝ�5f�,B ÎÄ�f��ôµÎ1,A� AW

ñÝ,B ×�Wñ��y B Wñ`,A ÎÍÄWñ÷?£��×��&Æ

©á¼A� B �Wñ,J A Ä�Wñ�.h B �Ì
húÞ�Ä�f

��h¼§:«��)§,¬�Îðº�ß¢�z�E�ì�
×MÝ�

Ý\ï,��å?Z*(1999)Ïâa�
¨µïÈ¤X�,	Üè"�|îÝC«�î,¬�0l�/5¿��

©áu^bÜè"�|îÝC«�î,-º�/�5¿�.huÈ¤¾*

�ÝY�§¡,-�TóY�,ÍJ©ºÅ(�T��yÞÿ��,@3Î

çK��Þ`ª�È¤CÞÿ,hë]Äb×]Î�ì�?�
“.”0l“�”,¬�!Ý.Q��0l8!Ý���:Õ�,ÎP°á

¼Íæ.
¢? ��bß5��.�n;,|
�ô0l.,ô��zð.

h®ß��9Ëß��Î��sÝ�&ÆÅ��O�îbB�,?¼Pç

Ù�¬Â×�ì�;,.��5ï,4Í�×�ÎçÙ,©�ÄÇ¸��?

¼,ô�p�î�
ãy.��5,G¡�áb²,ôµ¬&H�ß�#Ý�yÎ�G)¡

�Ä�P,½
&9ßX³E�

3 fff���^̂̂£££

�'ßvß�Ý^£/
1/2�¯:ÕbØ·Í,J�@ºßvÝ^

£
1/2Î)§Ý�Ø^bß¶¯��Ù, 3��G����¶ÙïÎv

TÎ�Ý^£?	QKÎ1/2�E×bËÍ��Ý�1,uÎ×v�C×�

�, ×�-
9Î�ýÝà),â?Î�Z�Ý”?”C�¯��-
�H
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��,.bv�C�vËË��, �Í^£&
 1/2 · 1/2 = 1/4,.hb×

�Ý^£ËÍ��
×vC×��9×6KÎÃy×ÍßºÎvT�Ý

^£&
1/2�ËÎ9ø[?ÍQ{,MÍQ{?

Ø^¯�Bß�´",¯\á�bÞ��,¶�Ù¡b×���¯�

��ð�¡¯5ý®Bß�ÎÍb×v�? ��¯ù�Ý�n�yÎ

¯�'�ú?,×v×�t�Y�ê×/¯¨×�BôbÞ��,Í�b

×v�,¯ê®�ÎÍ¨×Í
��?êÎù�Ý�n�yÎ¯ê9%×

j�¨3�K�1KÎËÍ��,N/u¯á¼Í�×ÍÎv�,-�¨×


��;�uáÍ�×Í
��,-�¨×ÍÎv��Í¼©Î
Ý¯E

]{·, ��ì¼,&Q��Ýf»��,«{Î×�|î�yÎ¯bFû

Ì,��1×v×�Ý�1Î�ó|î
�)§,×��
vT�Ý^£«

{K�Î1/2Ý,9~bÎ§�/¯?

×�1Þ��ÝP½b4Ë��,Çvv�v���v���,N×Ë

���^£/
1/4�u�:Õ×��,-áÄ
vv�²ÝëË���

×,�Í�bËË��ºbv�(v�C�v), .h¨×��
v��^£


2/3�u�:Õ×v���µv«,¨×��
���^£ù
2/3�æ

¼¯|
�
Bð�E,Í@¬�Î»),ÛÎbµAÝ��¼§ôµÎ9

�y��Ä�
��!¯Æÿ�×c9Ëä:X¤Ý�¡Î��Ý��ó×ß
vT

�Ý^£
¢?¯D®�1/2,�n����£
¢h�1¨×��
vT

�Ý^£��Î1/2?¯§à�ó2D®�.
&Æ:ÕÍ�×ÍÝP½

Ý,§ã�Î9�ß3�¯p¼^WÄu=ß10Ív�,ì×hºÎvT�

Ý^£�Î1/2[?¯¿{�å�ÝÝ�
\ï�Õ,9µÎf�^£(conditional probability)��ó×ß


vT�Ý^£,ãÄ�ÝB�, �'
1/2,hÇXÛ¯G^£(prior

probability)�¬u�Ý×°f�,J39°f�ì,Í^£Îb��;

�Ý�h`�^£,-Ì
f�^£,Î×Ë¯¡^£(posterior probabil-

ity)�ÉA1,¯uÕ{.���ó×ß,�ºÆÿÃ�ÝÎvßÝ^£


1/2[?bß¼k¯�,¯WÕ	{«ìÝ�­Î, p¼��h�VÎ�
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ß[?�¯×°f�,T1á¼Ø°£G,E¯�Ý¾\Þ?Þã,Í¼µ�

)§�É«Üú(Holmes)ãn,�µ×'Ah?É«Üúã×°Ñ�yª

��Ñ@Ý.?,¯E��Á���&Æã×�@Ý£G(:Õ×�1�Ý

×��
vT�),E¨×:�ÕÝ¯Î(¨×��ÝP½), ©Îb´Þ@

°Ý.?(^£ã1/2�
2/3),��ìî��,b¢��?&Æð|“¯¡�

h”ãîßb¡�����I5Ýß	Q=¯¡�hK�A,�Æ#�=

¯¡^£KP°§��
Í@×�ßKá¼,Ç¸óA¼�,�ó×20ÏÝvß,Í�¥
602\

|ìÝ^£
0.5, ¬EØ×©�Ý20Ïvß,uáÍ�{
18525,J�

�Gº|�±Ý^£(ÉA10.05), �Í�¥�Õ602\�9Î.&Æá

¼�¥��{¬�“}ñ”(independent)�¬3×�1ÝËÍ���, Ø×

��ÝP½�Í4�ô�}ñ,9µ�Î£���Ý�
9ì&Æ�f�^£C}ñ��L�� P (A) �¯�(event)A �^

£�3h×@��Ø×��Ý��,Ì
×¯���×@��Xb��Ý

���/),Ì
øÍè (sample space),;ð| Ω���

���LLL1.'b A,BÞ¯�,v P (B) > 0�J3�� Bsß�ì,A�f�^

£,|P (A|B)��,v�L


P (A|B) = P (A ∩B)/P (B)�(1)

êu

P (A ∩B) = P (A)P (B),(2)

JÌA�B
}ñ¯�,TÌA�B
8!}ñ(mutually independent)�

u P (B) > 0,ã(1)C(2):�,	 A,B }ñ`,P (A|B) = P (A)�ôµ

Î3��Bsß�ì,Asß���P,¬ÎåÕÅ(��Þï!`sß�

^£,µ©Î
Þï5½sß^£�¶��3^£Ù��Ý9Ë}ñÝÃ

F,êÌ
Ù�}ñ(statistically independent),T�^}ñ(stochastically

independent)�Í�L�×�X1ÝxJ}ñ�Bz}ñ�Ý“}ñ”�

L¬�8!�
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u P (B) = 0,
Ý]-,&Æ�L P (A|B) = P (A)�êã(1)ÿ

P (A ∩B) = P (A|B)P (B)�(3)

îP�¡ P (B)ÎÍ
ÑKWñ�
&Æùb nÍ¯�}ñ��L�

���LLL2.'b¯� A1, A2, · · · , An, n ≥ 3�uE ∀k ≥ 1 C1 ≤ i1 < i2 <

· · · < ik ≤ n,

P (Ai1 ∩Ai2 ∩ · · · ∩Aik) = P (Ai1)P (Ai2) · · ·P (Aik),(4)

JÌ A1, A2, · · · , An
}ñ¯��

�p:�,uk nÍ¯�
}ñ,��J(
n

2

)
+

(
n

3

)
+ · · ·+

(
n

n

)
= (1 + 1)n −

(
n

0

)
−

(
n

1

)
= 2n − n− 1

Íf�,��©Î�J

P (A1 ∩A2 ∩ · · · ∩An) = P (A1)P (A2) · · ·P (An)�

»»»1.EÍ;×��XèÝv���®Þ�� A�Þ��
×v×�,B �

Þ����Kb×���J. P (B) = 3/4,Æ

P (A|B) =
P (A ∩B)

P (B)
=

P (Þ��
×v×�)
P (B)

=
1/2
3/4

=
2
3�

¨²,u� C ���Î���J

P (A|C) =
P (A ∩ C)

P (C)
=

1/4
1/2

=
1
2

= P (A)�

h�àÕ P (A ∩ C) = P (��
��,�Þ
v�) = 1/2 · 1/2 = 1/4�.

h A�C 
}ñ,� A� B J�}ñ�
¯º�ºbFZÉ÷?á¼��Î��,J©b�vC��ËË��,�

Í��v¸h�1���
×v×��Æ P (A|C) = 1/2Î)§Ý�
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A�¯:ÕbËÍ��32h�Ô,Í��×
��,¨×p½Ò,��

���ÒË�,�áÍP½,X|ÎvÎ�Ý^£&Î1/2�9`bÍÍß

�¯3:£ËÍ��,x�×å¯9Î@Ý��,yÎ¯á¼�>�Ý��

Îv��^£;
2/3,Î���^£;
1/3�¬u@��×å¯,:ÿ�

Ý£�Î��,J>�Ý£Í��
vT
��^£ê/W
1/2�Úá

¼�!Ýf�,�b�!Ý�n�
X|ãá¼ØG> B�E¨×G> A.?`,��àXbny BÝ£

G�b°¯|
�8�ÝG>(A�ÕÝ���4�),Í@QÎbàÝ�
|îÝD¡	QKÎÃyßvß�Ý^£/
1/2�A�bÍ�ÝG

>,ÉA1,£]�îv�´�KÕ2h,TÎ´�Ý��´�KpÒ,J.

¡�Qê�!Ý��à£G3�X�`Î�¥�Ý�
�:×Ív«Ý»��

»»»2.×Íß=ß5Ív�,¨ê�·,®ì×h)
v��^£
¢?×�1

b6Í��,�:Õ5Í��, ®^:ÕÝ£×Íù
v��^£
¢?

���.�Kß|
hÞ®ÞÝ�n8!�Í@Ï×®ÞÝ�n


P (Ï6Í
v�|G5Í
v�)

=
(1/2)6

(1/2)5
=

1
2�

ÏÞ®ÞÝ�n


P (6Í�
v�|6Í��K5v�)

=
P (6Í�
v�)

P (5v1�) + P (6v)

=
(1/2)6

6(1/2)6 + (1/2)6
=

1
7�

×�ß??ÞhÞ®Þ�
×��:Õbß=ß5v�,¬���×�

�,½·ú�<@ß,×å@ì×hºÎ��Ý^£��,-Î0Þ��


Ï×®ÞÝ�µ,	�ÏÞ®ÞÝ�µ�

&Æð1£bº�9�?Ý?	Qôðº1£bº�9�ûÝ?ó

×2ÑÝ{�1g,ºÿ1F�^£
1/6�uóËg,Ëg/
1F�^£
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1/36�	Q=ó ng/ÿ1F�^£
 1/6n
��½ nÝ¦�,�¼��

�� ng�ÿ1F�¬u=ó×{� n − 1g/ÿ1F,ì×gºÿ1FÝ

^£,Q)Îî¹1/6,�åG n − 1g��ÝÅ(�ôµÎÏ ngÝº�

�G n− 1gPn�Íg:¨×Ë�µ�ó×{� ng,¬�ËR¼,Q¡

2µÍ� n − 1gÝ��(¬¬Îï½óÝ5�)�u2µÝ n − 1g/


1F,h`$Î2µÝ£g
1F�^£Q�Î1/6Ý,�Î

(1/6)n

(1/6)n + n(1/6)n−1(5/6)
=

1
1 + 5n

,

h^£Â�½ n �¦���3�àÌîÎEÝ,óÝ n g,u�áÍ�

n − 1g
1F,h`ÄºÆÿ£bº�9�ûÝ,�IKÎ1F�à^£Ý

+�¼1,3hË�µ�,Î2µÝ£Í{�ÝFó��2µ� n− 1gÝ

��¬�}ñ�£°�µÎåG«��ÝÅ(,£°�åÅ(,¯ÎÍ�;

Ý?

b×p�Â^�K,½bß�Ôî1,î^`ñÍ��Ä,���
�Â

^�.×Ú²^îºbËÍ|îÝß�Â^Ý^£�±,¿{���,X|

�g¤¶TÎH�Ý��T\ïô�;Í�Ý®ÞÝ�

�� B�¡,v P (B) > 0,A�^£ÎÍº��÷?Ç P (A|B) ≥ P (A)

WñÍ?Í@Î�×�Ý�»A,u B Wñ`,A ÄWñ,Ç B 0l A,J

B ⊂ A,.hA∩B = B,vP (A|B) = P (B)/P (B) = 1 ≥ P (A)�9	QÎ

EÝ,. B Wñ`,AÄWñ,ÄWñÝ¯��^£
1,ÆP (A|B) = 1�u

B Wñ`,A Ä�Wñ,Ç A ∩ B = φ,� P (φ) = 0,Æh` P (A|B) =

0 ≤ P (A)�u A Wñ`,B ÄWñ,Ç A 0l B,h` A ⊂ B, A ∩ B =

A,vP (A|B) = P (A)/P (B) ≥ P (A),. P (B) ≤ 1�tÝhë�µ�²,×

�. P (A ∩B) ≤ P (A) v P (B) ≤ 1,Æ P (A ∩B)/P (B)� P (A)�×�

¢ï´��
4Qf�^£�×�º��,¬��£G B,E A ÝÝ�??º¦

��»A,3 A∩B = φ`, P (A|B) = 0�Çá¼ BsßÝ,&Æ-@� A

�ºsß,E AÝÝ��Î¦�Ý[?�¡P (A|B) > P (A)T P (A|B) <
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P (A),KÎE AÝÝ�¦���¢` P (A|B) = P (A)?ôµÎá¼±Ý£

G B,E A�sß�ÍÝ.?,¬^bQÃ��nÎ°b A� B }ñÝ`

Î�©½2,	 B = Ω,J P (B) = 1, P (A ∩ B) = P (A) = P (A)P (B),v

P (A|B) = P (A)�êB = φ `,P (B) = 0, P (A ∩ B) = P (φ) = 0 =

P (A)P (B),vµ�L P (A|B) = P (A)�Ç�¡ B = ΩT φ,�×¯� A

/� B }ñ�
Øã$b80Íß,�×��Þ��ëC�°Ý.ß&ª1/4,NÍOù

v��ê&b10��¯�0Ø×Íß, ¬Q�Ý�Ý(C,yÎN×Íã

õºÎ¯�0Ýß�^£/
1/80,�ºÎØ×Où�^£/
1/4�¬

u¯�R�Î�Þ.ß, JhßºÎ�×��ëC�°Ý^£-KÎ0,�

Î�ÞÝ^£W
1�u¯�R�0Ýß
30Ï|ì, ãyN×ãõ/


30Ï|ì,Æhf�Eá¼�0Ýß
£×Où¬PQÃ�f�^£b

`��,b`��, b`���¨²,u¯á¼�0Ýß
vß,JEá¼�

Î£×Où¬PQÃ(�|�;[?),ã

P (�×|vß) =
1/8
1/2

=
1
4

= P (�×),

ÿÞ¯�“�×”�“P½
v”8!}ñ�!§

P (�Þ|vß) = P (�ë|vß) = P (�°|vß) =
1
4
,

P (�×|�ß) = P (�Þ|�ß) = P (�ë|�ß) = P (�°|�ß) =
1
4�

[/£GÝêÝÎ
ÝE¾\bQÃ�Å»ßÎYy)¼���

��Bï'�ÆWØ¯� AÎÍºsß, �??|×� A}ñÝ¯� B

/��E A�
×MÝ�,¬PQÃ�
tÝ}ñÝ¯�²,P (A|B)�P (A)Þ^£ÂÎ�8�Ý��P (A|B)

� P (B|A)�L?Î�!���×�ß�¬�Ý�¯G^£ P (A)�¯¡

^£ P (A|B)���8!,?ð5�z P (A|B)� P (B|A)�½�.hèb

±Ý£G,�áA¢¿à,¾\W�£�QÎ�±Ý�
Ü×��Ý»�¼:��¯� A�Øßºý�°oZ,B �ØßÎ�

°oß�ê'óA�îP (A|B) = 0.95,Ç��ØßÎ�°oß,J�ßº
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ý�°oZ�^£
0.95,ÕÎ8	{�¬u��Øßºý�°oZ,JÍ


�°oßÝ^£,Ç P (B|A),Q�±,1���y0.1��átÝ�°o

ß²,t&î�Ë9ßºý�°oZ�
�Ü×»��

»»»3.�'Øp½b×y0&Ó,*bØ×¥��n3�psß,Ê]@�


z©b×ß,
�p&Ó,vbØË�©�Ý~��ê'�p©b10Íßb

hË~��J�O�

P (�ßbh©�~�|ØßP�) =
9

999,999
,(5)

¬

P (�ßP�|Øßbh©�~�) =
9
10�

(6)

E×bh©�~�Ýß,ãyÊ]:ÕÝÎ(5)P,-
P��bh©�~

�Ý^£�±,X|	Q.�	�¥�zÙ�¬Ebh©�~�Ýß,ãy

�:Õ(6)P,ºP�Ý^£��,X|	Q�ºD|-J�

4 ���hhh���§§§

&Æ��Þ¥�Ý�Õ2P�Ï×Í2PÎÞ¯�Ý^£,�W

��øÍè Ω �5v(partition)ìÝf�^£�õ�9Î×ËÀ^

£°J(Law of Total Probability)�3h,u Ω =
⋃∞

i=1 Bi,Í� Bi ∩ Bj =

φ,∀i 6= j,ÇB1, B2, · · ·
!Ê¯�(mutually exclusive event), {Bi, i ≥ 1}

-Ì
 Ω�×�óÝ5v�

���§§§1.' {Bi, i ≥ 1}
 Ω�×�óÝ5v�JE��×¯� A,

P (A) =
∞∑
i=1

P (A|Bi)P (Bi)�(7)

JJJ���.. A =
⋃∞

i=1(A ∩ Bi),� {A ∩ Bi, i ≥ 1}
!Ê¯�,Æã^£?�

ÝP²ÿ

P (A) = P (
∞⋃
i=1

(A ∩Bi)) =
∞∑
i=1

P (A ∩Bi) =
∞∑
i=1

P (A|Bi)P (Bi)�

9



���§§§2.(�h�§, Bayes Theorem).' {Bi, i ≥ 1} 
 Ω �×�óÝ5

v�JE�×¯� A,©� P (A) > 0,

P (Bj |A) =
P (A|Bj)P (Bj)∑∞
i=1 P (A|Bi)P (Bi)�

(8)

JJJ���.ã�L1C(3)Pÿ

P (Bj |A) =
P (Bj ∩A)

P (A)
=

P (A|Bj)P (Bj)
P (A)

=
P (A|Bj)P (Bj)∑∞
i=1 P (A|Bi)P (Bi)

,

Í�t¡×�PWñÎàÕ�§1�

�§2×�h�yz»Í/Thomas Bayes(1702-1761)X´�è�,X

|Ì
�h�§�¬(�Blom et al.(1994)p.57)BayesÍ@¬Î�@2è

�2P(8),©ÎD¡�¸8nÝ®Þ�Laplace(1749-1827)�ÎÏ1��

�2P(8)ï,X|TÌ
Laplace2P(Laplace’s formula)�3h�§�,;

ðÎÚ Bi, i ≥ 1,
×°P°Ì?Ý¯�,¬N×¯G^£ P (Bi) Qá

¼�êE ∀i ≥ 1,3�� Bi�ì,Ø×�Ì?Ý¯� Asß�^£,Çf�

^£ P (A|Bi),ôKá¼�J3�� Asß�ì,¯¡^£ P (Bj |A),�B

ã(8)ÿÕ�AGX�,¯G^£�¯¡^£ÝÂ,b`-²���¬×�

ß??�D,�á¯G¯¡Îb½Ý�

»»»4.Ø^�ß	��
�.¹ðl�Ø»¼,¬�Ìhl���ê�


90%�.ß?�h�ê���L��ß	�Õ:ØßuËb¼,Jb0.9�

^£hl�ÓÑÝDT(�'l�©bÑ�ÞDT);u^b¼,Jb0.9Ý^

£l�Ó�ÝDT�WR¼��ý,l�ÕÎ8	�ê�¬b×}�N/

Ý.ßs¨,Ä�£]�î,¿íN5,000ß�,©b×ß�bh¼�hl�

�>vP�,¬ul�ÓÑÝDT,J“6”�Ào�o×�,|�
×MÝ

lã�®¯ÎÍw�#åhl�?

���.|“Ñ”�ÑÝDT�¿à�h�§,ÿ

P (b¼|Ñ) =
P (Ñ|b¼)P (b¼)

P (Ñ|b¼)P (b¼) + P (Ñ|P¼)P (P¼)

10



=
0.9(1/5,000)

0.9(1/5,000) + 0.1(4,999/5,000)

=
9

5,008
.= 0.0018�

ãî�.0á,Ç¸l�ÓÑÝDT,¬Ëb¼Ý^£Í@&ð�,G

V0.0018�:Õh��¡,�I5Ýß��-�w#ål�Ý�

9Í�bÞ®ÞÂÿD¡�´�,3�Õ�î�^£ P (b¼|Ñ)

�G,ô&&Æº|
h^£Â)T#�0.9,Ç�ß	X�ÌÝ�ê

��¬���Ý,�ß	Î1 P (Ñ|b¼) = 0.9��&ÆXnTÝQÎ

P (b¼|Ñ)�3Í»�,hÞÂ-²���àÌî¼:,.l�b10%Ýý

0,Ç^¼QÓÑDT,.h3N5,000ß�,Vb500Íßl�¡ºÓÑD

T,¬Í��Vb×ßb¼�1/500=0.002,�#�XÕ�Ý0.0018�
ÏÞÍ®ÞÎ,4Ql��&Æ×���êÝ�é,¬3l�G,NÍ

ßÆÿ�ºb¼�^£,V
1/5,000=0.0002(¯G^£),�3l�¡,uÓ

ÑDT,ºÎb¼Ý^£,è�
V0.0018(¯¡^£),-�9Î9¹�Ç¸

��1l��Þã,¬ôÎb°[�,©ÎGf�	Ý(90%Ý�ê�)±�

9�
!ñ×è,!§�O�(º�\ï	êÞ)

P (b¼|�) .= 0.00002223�(9)

ùÇl�uÓ�ÝDT,¬Í@b¼Ý^£�±,Ë^¼Ý^£�{1�ô

µÎ	hl�Ó�DT`,E¾\P¼Î��êÝ�	Q,A�¯~Þf´

×ì,æ�b¼�^£Í¼µ��,V
0.0002,l�¡,ªWV1/9¹�\

ï�÷�Þl���ê�è{
99%,T99.9%,:h` P (b¼|Ñ) C

P (b¼|�)��;�

ãyî»,Ey£Ësß£Á±Ý»¼,&9ß??²¶Íl�Ýb[

P�À.îFb�¸sßÎ��
�Ý�ÀßÎ�Uÿ�59Ý^£§

¡,LÍÎf�^£�ÍJE��Æ�µ
��»�½Ý¼ß,¡¼QDþ

Ý,-©�âW2h�yÀ.îÝ�¸�¨(3Í»�,Ç¸;
¿í50ß
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�,b×ß�bh¼,J P (b¼|Ñ) .= 0.1552,)Q�Õ{)�4�ºb¼ß

DE9Ë�¸�¨,¬9Ý�f�^£Ý�L,E¼�@¾�Ñ@P,QÃ

�QÎ���

ÛÛÛ1.Ó»88O7`10^�»` Ï5Ìbì� 0:

Y»�H¦×(·Í\�ÑÓ×�Z�×Í`,3�ßwa¬�Í/


@Ü�Ûâ�P`,@Q[�¬D�Ý×ì,ëF¡@høÝ,5¿®ì

×E�ôÝÔih�G�@êGÏµ¹�;�,t"èÞ^-�É?Æ�

¼V,¬vb�T��ôÆ,À/Ehs"ôàñÎ�¸�

ÀßA��1�¸ê�1%�÷?

À.h���Î×å&ÆØË¼b£°��Ý½Ï��!Ý¼,	

Q��b8!Ý½Ï�¬	¯ß¼`,ÀßÎã½Ï¼.?~bÎ£Ë

¼�)§Ý®°TÎÕ×ìf�^£(	Q£Gµ��È,ÍJôP°�

Õ),Q¡×å¼ß,��b»¼ AÝ^£
 a,»¼ B Ý^£
 b, · · · �¬

£×ÍÀßºAh�÷?¯%�`Î:ÄÀß3�Õ÷?ß¼�:Àß

`,Àß«{ÀÎ^b\TW�¯W�¼�-�<Ý�u_®Õ9ß%�

¼,�ÀÎ��A�,�w9�,b`��ÿ�¯�,DÄ�ÿ»×�«{:

�¼°×�áÝ,©Î9�i9�>,|CJÕÝ<Î9G�Î9¡*��

	¯J×¼®Þ��>ó.TÙ�.Ý�/,�??���K` ,��

U¯�®Ý®Þ(;ð.ß×���×��Þ®Þýz½,µ	¼ß�H

�|1zÍ¼�),Q¡ê��×ð�G,���¯��,#�b`����

¼�£Àß
¢�K3�,ô«{�Kb�ºÝ`Î?

�¬3À.îÝ¾\�àÕf�^£,¥°îX6¢Ãf�^£Ýô

�K�

»»»5.�ç(confession)Î°o¾X×�¥�ÝµA,9ì&Æ1�,b`Hµ

ä�ç,EP�ïXCW�J�,QG�yEbJï�
� A�zÙbJÝ¯�,Ac(A�õ/)�zÙPJÝ¯�,C �zÙ�

çÝ¯��&ÆnTÝÎ P (A|C)�Â,ôµÎ3×zÙ�ç�ì,�Ý@

12



bJÝ^£��.0�(J�º�\ï	êÞ)

P (A|C) =
p

p + r(1− p)
,(10)

Í� p = P (A), r = P (C|Ac)/P (C|A),Ì
�ç£(confession ratio)�h

� P (C|Ac) 
×PJïQ�çÝ^£,� P (C|A) 
×bJï�çÝ^

£�
�:�u×PJï´×bJï?�º�ç,J rÂ�y1,h` P (A|C)

> p�ùÇ�çÝ@º¦�bJÝ^£�¬u×PJï´×bJï?º�

ç,J r > 1,h` P (A|C) < p�¨²,ur = 1,J P (A|C) = p�h��×

å&Æ,�çb`ºª±zÙbJ�^£�b°ß´|3�Gì�ç,#�

b`×P�ï,ãy�G�Î��GÄ,´×áÙ?å�Ý�GÝDæ,.

h´|�ç�9OGÝA/I«n�Ýr��ún,�á&��BÿÍ?

ì»ã�Hille(1978/79),Îbn¥°ÎÍ2ÑÝ®Þ�&ÆÜÝÎY

»Ý»�,h.¬ÈÝ¥°,A��¥°oo��õ)�ßX1Ý,ÛA0

+Ý�E,Î���¶Ý�

»»»6.�K:éÅÝ\ï��\µ¥�Õ,Y»ðbny°1��Ýé

Å�3°1îlD ��×�/Ë�û�,&�SàE
]b¿ÝJA,F

GJß,×ÍêÝµÎ'°1�Uµ$8*�
9]ÎEÝ,° JÎ6�

½�ñÝ�����Kº?�,×�×u�Uµ$-�bJ,¬@jî�Î

PJÝ^ºÎ9K?P�ïQ�SbJ@3Î��¥Ýý0,&Æ	Q�

T9Ë^º���?�¨×]«,�Uµ$¾�PJ�Õ,¬@jîQÎb

JÝ^ºêÎ9K?h�µô�T���3K�
ÝD¡Ý]-,&ÆS


ì�Ðr��

G+ :��×@jbJ�¯�,

G− :��×@jPJ�¯�,

J+ :�Uµ$¾��×bJ�¯�,

J− :�Uµ$¾��×PJ�¯��

13



&Æb·¶ÝÎ P (G−|J+)C P (G+|J−)�
ã�h�§ÿ

P (G−|J+) =
P (G− ∩ J+)

P (J+)
=

P (J+|G−)P (G−)
P (J+|G−)P (G−) + P (J+|G+)P (G+)

,(11)

Í�

P (J+|G−) = 1− P (J−|G−), P (J+|G+) = 1− P (J−|G+)�

(11)P��£°�5½Î9K	Q�á¼,¬&Æ�×°)§Ý�

',¢h¼: P (G−|J+)ºb9��
P (J−|G−) �PJï�Uµ$�ÕÝ^£,&ÆÀ�Th^£�È

�,�'Î0.99�P (J−|G+)�bJQ�Uµ$�Õ�^£,h^£T��

��E,'
0.05�t¡ P (G+)��×@@bJ�^£,¬h�Ê]�ð

n[£bn,&Æ8*ÊD?Ý,�' P (G+) = 0.9�&ÆÝêÝÎ¯��

E°1¾XÝ2ÑP~bA¢b°Ý��ã9°�'ÝóA,�:�&Æ

¬ÎHÃ;Uµ$CÊ],ÃÍî&ÆÎ8*�ÆÝ,©Îý0±bP°�

¹�¨. P (J+|G−) = 0.01, P (J+|G+) = 0.95,v P (G−) = 0.1,Æ

P (G−|J+) =
0.01 · 0.1

0.01 · 0.1 + 0.95 · 0.9
=

1
856

.= 0.001168�

!§,.

P (G+|J−) =
P (J−|G+)P (G+)

P (J−|G+)P (G+) + P (J−|G−)P (G−)�
(12)

Æ

P (G+|J−) =
0.05 · 0.9

0.05 · 0.9 + 0.99 · 0.1
=

45
144

= 0.3125�

Ç3&Æ)§Ý�'ì,b31.25%Ýn�,Uµ$�ÕÝ¯@î
bJÝ�

×,hf»��Û�{,G�y&ÆàÆÝÂ�b°Å»ßÎ�Rå`ý

ýÎÎ1Î“Å»��”,¬u¡¼°1�¾PJ�Õ�`,Qê���2

1“¥°�&zç”�&Æ¨3T�z½Ý,Í@¥°©Î�¾��Õw,�

yzç�Í,¥°µ^1Ý�
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��ÕÝ4b��Ý^£
bJ,¬��¾bJÝ,Q©bV0.1%ÎP

J,ôµÎN1,000��Råï�,Vb×�ÎP���0¾bJ�4Q9

)�Î&ÆXw�ÕÝ,¬ÍÂG�y31.25%,hÛDÌ3°�î“3�J

�bJ�G/ÎzçÝ”(innocent until proved guilty)�æJ(&»�¯

å(°Ï154f!�“ÙJ¯@TµJA-��,PJA�ÿ.�ÍÙJ¯

@”,XÛ“PJ.�”)�
9ì� P (G+) = p,� P (J+|G−)C P (J+|G+)î¹��,&Æ:h`

P (G−|J+)CP (G+|J−)ºb%��;?AG,�ÿ

P (G−|J+) =
0.01(1− p)

0.01(1− p) + 0.95p
=

1− p

1 + 94p
=

95
94

· 1
1 + 94p

− 1
94

,

v

P (G+|J−) =
0.05p

0.05p + 0.99(1− p)
=

5p

99− 94p
=

495
94

· 1
99− 94p

− 5
94�

�:� P (G−|J+) E p �3,� P (G+|J−) E p �¦�v	 p → 1 `,

P (G−|J+) → 0,v P (G+|J−) → 1�Ç	Ê]�ã�b[£`,P�ï�

0¾bJÝ^£��,��ÕwïQ¿{KÎbJ(9F¯��;[?)�¡

ïÎ×b¶Ý¨é,�îÊ]Ý[£�{,�ÕwïQ??ÎbJ�
b·¶Ý\ï�÷�½;� P (J+|G−)T P (J+|G+)ÝÂ,:ºb%

��;�

:Ýî»,¯ÎÍE°1Ý¾X����28*Ý?Ó»85O10`16^

Ð) Ï2Ì�r×J±ö,9Î
ÝG��¨��g-òV/Í° �

¶��Î¥�Ý0y0,��¨°6Èõ³�x�Õ�[2]°o,'µ§

�nÝ)È1µ¾�C° 1�òV/0y0-Ý¼6����[2]

°oÝ)È1¼�“JßÝJÞ©ÎJA�×,JÞ�ÂÝ{±Ä6á)

�nÝ&Ë�µ,¬µ°J�¯§�B���ì¼¾\”�
¯@î,JA(TJÞ)tÝµ°J�¯J�B���ì¼¾\,��µ

^£§¡,LÍÎf�^£�
b°�µ&Æ´|5z½,Aã“��RÝ9ßú”,9�ß�Ý�h¬

�0l“ßúï9RÝ”�&Æ;ðôá¼�È[º��î(�ìÛ)�¬
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us¨“ú?ï9��”,�KßQ��Q2|
“��ïô9ú?”��T

\ï¨��r@Õ9��ÎË/¯�

ÛÛÛ2.��FºS“�È¼TæÍ¦,Í¦��ß��Y�,hù%T�æ

Í¦�Í¦�°ß��,¾T����,2ß��,I������Báæ

Y,��áæ�X|Y�”¶:“æ”!“º”�
Í;t¡��×b¶Ý»��

»»»7.ØgóY,t¡�� A,B, C ëß�Ã×��Ï×(�ëßf�8

	,'�Ã�Ï×(Ý^º×ø/
1/3�32¾��G,A??2®Ø�

×'�@ÝÝµ:@Î�ÎÏ×(?Ýµ§y1ÛÝ!�,�w×å@�y

Î A ;®:B�C Þß� �ºÏ×(?�ÝµT�,B�C �Äb×ß

�ÎÏ×(,9Î��Ká¼Ý,×å A ôP÷,yÎ×åA“C �ºÏ×

(”�9` AÆÿ@ºÎÏ×(Ý^º¦�
1/2��®E�E?uA;


®Ýµ:C ÎÏ×([?vÝµô×å@�n,9` AºÎÏ×(Ý^ºÎ

Íº;�?

���.&Æ�1�Ï×Í�µ�Ä6�Ý�ÝÎ,u B�C /&Ï×(,Ýµ

Í@Î� B�C ��Ã×ß×å A�ÎÏ×(��u B ÎÏ×(,Ýµ

-©�×å A“C �ÎÏ×(”�ã�h�§,´�

P (×åA“C&Ï×”)

= P (×åA“C&Ï×”|A
Ï×)P (A
Ï×)

+P (×åA“C&Ï×”|B
Ï×)P (B
Ï×)

+P (×åA“C&Ï×”|C
Ï×)P (C
Ï×)

=
1
2
· 1
3

+ 1 · 1
3

+ 0 · 1
3

=
1
2
,

h�.Ýµ
�@2/�,Æ C 
Ï×`,�º×å A“C �ÎÏ×(”Ý

^£
0�Æ

P (A
Ï×|×åA“C&Ï×”) =
1/2 · 1/3

1/2
=

1
3�

Çÿ3Ýµ×å A“C �ÎÏ×(”¡,AºÎÏ×(Ý^£)
1/3�!
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§,uÝµ×å A“B �ÎÏ×(”,AºÎÏ×(Ý^£ô�Î1/3�
g:ÏÞÍ�µ,h` AºÎÏ×(Ý^£;�Ý�A�Ýµ1“C Î

Ï×(”,J AÎÏ×(Ý^£
0;�. C &Ï×Ý^£
2/3(hù
Ý

µ×å A“C &Ï×(”Ý^£),vAÎÏ×(`,ÝµÄ×å A“C &Ï×

(”�Æÿ

P (A
Ï×|×åA“C&Ï×”) =
1/3
2/3

=
1
2�

5 ���+++

�'Ø�¥��1�hî¼�,Í0-�øÄ1%,Í�¤Û¼×Ë

Ñ702\Ýß,�?¡¼j�îÝÂ+y69.3�70.72\ �¬&Æ�á

¼ÝÍ@Î,uØßìî�¥�,v¼j�î702\`,hß@j�¥Î9

K?0-µ�×�Î1%Ý,b`��f&Æ|
Ý��9(A»4)��¬Î

� ,E°o¾XÝ2ÑP,Àßæ\Ý�êP,Õúï:8�ã@P,&Æ

X�nTÝÎ¯¡^£�9b`-6�á¼?9Ýf�,A»4��b¼

Ýf»,C»6�×�×Ý@
bJ�^£�hÄ6��äÄ�Ý£],T

xÌÝ���êAb°ßEÏ2��·¶, üÓ*îôð��xxÏ2

ÝÍP
¢?¬A�Î�ã:ÕØßb£°ÍP,|¾\�Îòy£×Ï

2,£µ�àÕf�^£Ý��Ý�¯¡^£Ý¥�P,Gã×°ÿWÝ

ÿé(ÉA1_�ÝÝ��ÎÍº~�,T²r§�ë),Í.?ÝÑ@P,Î

��ßD¶Ý�£GÝ�\Î×.®�ã“:Õ×��”,�»;
h£G

×å&Æ“�Kb×��”,9�Gµ�&|¯��yE“h��
��”,�

Kß����áh£Gb¢àH�3�^t&�,��Î©�Uó.µ

?�Ý�X�£G�âL¡,�Þ£G»;
X�,£?Î×�.®,¬t

ÃÍÝ�OÎ:�X�`,�Ä��G)¡�

êêê ÞÞÞ
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1. ' A ⊂ B,�®¢` A� B }ñ?

2. '¯� A� A}ñ,�®h`E P (A)b¢.¡?

3. ' A,B 
Þ}ñ¯�,�J Ac� Bc}ñ�

4. �Ü»1� P (A|B) + P (A|Bc) = 1�×�Wñ�

5. 'A,B
Þ!Ê¯�,�JA�B}ñ,uv°uP (A) = 0TP (B) =

0�ÍÞ�î!Ê¯�;ðÎ�}ñÝ(á¼Í×sß,-á¨×�s

ß,X|ÎèºÝ×°£G),t&Í��×sß�^£
0(ÇÍ@�

ºsß)�

6. ×��b6Í¦,Í�b4ç¦2R¦�µ�ã�2¦,Ngã�¡w

/��¯�A �Í�ªb1ç¦,B �2¦/
ç¦��® A � B

ÎÍ}ñ?

7. �×�ýãÝà¸T��^2ã×ùT��¯� A�hT
R~,B

�hT
8F��® A� B ÎÍ}ñ?

8. �'ßvß��^£/
1/2�'×�1�b3Í����¯� A��

1�bv�C��,B �t9×����® A� B ÎÍ}ñ?u;


�1�b2Í��÷?4Í��÷?

9. '»I�b5Íç¦C7ÍA¦,»II�b3Íç¦C12ÍA¦�7V×2

ÑÝY�,uÿÕÑ«,J�»I��ã×¦,uÿÕD«,J�»II�

�ã×¦�¨ÿÕÝÎç¦,OY�7V
D«�^£�

10. 'b A,B,C ëÍ»�,5½�b4R¦,1ç¦C3R¦,2ç¦C2R

¦�»�²�¬P-½��^2ó×»,¬�Í��^2Ã×

¦�'ó�R¦,5½Oh¦Î¼� A,B,C »�^£�

11. 7V×2ÑÝY�10g,vÿÕ5ÍÑ«�Oì�Þf�^£�
(i)Ï×gÿÕÑ«;

(ii)´5g�ªÿ3ÍÑ«�
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12. 7V×{�×g,�¯� A�ÿÕFó1T6,B �ÿÕ�ó�
(i)uh
×2ÑÝ{�,�J A� B }ñ;

(ii)uh{��¨ iF�^£� iWÑf,i = 1, · · · , 6,�J A� B �

}ñ�

13. 7V×2ÑÝ{�×g,�¯� A �ÿÕ�ó,B �ÿÕ�ó,C �

ÿÕ7F��J P (A ∩B ∩C) = P (A)P (B)P (C),¬ A,B, C �
}

ñ�

14. Ø×$��b4��×vß,6��×�ß,6��Þvß,C x��Þ�

ß�u�h$���ã×�.ß,�'ÍP½�Où}ñ,®h` x

�Â
¢?

15. 7V×2ÑÝ{�Þg,�¯� A�Ï×gÿÕ�ó,B �ÏÞgÿ

Õ�ó,C �ËgFóõ
�ó��®hë¯�ÎÍ}ñ�

16. �J(5)PC(6)P�

17. �'ßvß��^£/
 1/2�'×�1�b nÍ��,n ≥ 2�
(i)u�:Õ kÍ��,1 ≤ k ≤ n− 1,O nÍ���
���^£�
(ii)u�:Õ×��,¨b×Í�V Ñ��¼,Oh��
���^

£�
(iii)� A�h�1�v�C��/b�¯�,B �t9©b×���

¯�,OP (A|B)C P (B|A)�
(iv)3(iii)�u A� B }ñ,O n�Â�

18. 'b×Àß,NÍ¼ßº��Ài�^£
9/10 �
(i)u�ÀiÝ9Í,®ì×Í¼ßôº��Ài�^£
¢?

(ii)u»Ý10Í¼ß,�áÍ�b9ÍiÝ,®10Í¼ß���Ài�

^£
¢?

19. ó×2ÑÝ{� ng,�ËR¼,Q¡µïóÝ5�2µ���u2µ

Ý´ n− 1g/
1F,®$Î2µÝ£gù
1F�^£
¢?
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20. �áË����Kb×ß
Ï�Þ�ß,OËß/
Ï�Þ�ß�^

£�

21. ��J(9)PWñ�

22. 3»4�,�5½Ol��ê�è{
99%C99.9%`� P (b¼|Ñ)C

P (b¼|�)�

23. 3»4�,5½;
¿íN500C50ß�,b×ß�¼�O P (b¼|Ñ)�

24. kl�Ø»¼�'ub¼,Jb0.9�^£,l�ÓÑDT,uP¼,J

b0.05�^£,l�ºÓÑDT�ê'å�ï�,b1%b¼�*�^

2ã1ß,vl�ÓÑDT,�®Íb¼�^£�

25. �J(10)PWñ�

26. 'b A,B, C ëa�,NÍa�&bÞhà�AaÝÞhà�&w×

��J; B aÝÞhà�&w×�XJ; C aÝÞhà�×Íw×

��J,×Íw×�XJ��^2ã×a�v��a�^2ã×h

à��'JÕ�J,®�a¨×hàùw�J�^£
¢?

27. �'b A,B, C ëÍ»�,Í�ªb×»�b'`�ØÕ�ó×»,¬

�µ�ÝóC,ÉA1ó A »�Q¡x¹ßÆ�¨Ë»�ÝØ×

»,ÉA1 C »,¬s¨
×è»�9`x¹ß®�ÕÎÍw�;ó

$ÎÆ�Ý B »��®;ó B »ÎÍºE�Õ´b¿÷?5½Ex

¹ß¯�á¼T�á¼'`3£×»�D¡�

28. �'b°Í»�,Í�ªb×»�b'`,v'x¹ßá¼'`3£×

»�ØÕ�ó×»,Q¡x¹ßÆ�Íõë»��×»,¬s¨Í�

¬P'`�h`u¯�;�óC,J�'�^£
¢? u¯;�Íõ

Ë»��ó×»,J�'�^£
¢?

29. ' A,B Þß3®},A7VÞY�v�¯ B :Õ���h` C �^

�Ä, ��1�:Õb×Y�Ñ«�î�A ö�E C 1:¯Óû
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Ý&ÆÝ®	,&Ý�B B Ñ��ËÍY��îÝ«Î8!Tï8

²�Í¼hÞ¯�Ý^£&
 1/2,¬Î¯èº B Ü²Ý£G, ×å

�b×ÍÎÑ«,9øE�Ý�?ÎbQÃÝ�C /�1:��,�à

HT�B ©á¼b×ÍY�ÎÑ«,�¨×Y�÷,&b 1/2Ý^º

ÎÑ«TD«�X|Ë«8!TË«8²Ý^£õæ�×ø)


1/2,¬�.&èº�£G�;����zÍ®Þ�

30. �Êì�®	��� A')�Æ"îëùT,J ,Q,K &×ù�ýT

¡,Þ×ùTw3×»�/,¨Ëù«�ìw3wî�b×Ã§ B,�

ÝwîËùT,Q¡JR×ù,¬"î�)�Æ:,�'Î Q�h`

)��|��®3»/ÝTÎÍ
 K�®°Aì:®»/ÝT


K Ý,�óù8-ÝÇ,uEÝ,�ÿ18-;®»/ÝT�
 K Ý,ÇN

ù11-,uEÝ,ù�ÿ18-�b°)��,»/ÝTºÎ K Ý^£


1/3,.h�Æó& K ÝÇ,T�b 2/3Ý^£ºÿÕ18-,¿í�

ÿ12-,fÇ�11-�91-�¨b×°)��,©yËùT, K õ J

&b 1/2Ý^£,.h�Æó K ÝÇ,T�b 1/2Ý^£ºÿÕ18-

,¿í�ÿ9-,fÇ�8-�91-�¨×)� C,���2�O B D

'×°/K�B ×å�: A ÝýT�P®Þ�� B X#åÝ¼î

Î,�:wîÝËùT,uK�Î K,J�-J×ù�)�:�¬uw

îÝËùT�b×ùÎ K,J B Ä6J& K Ý£ù�)�:�h

.ÇÎ¯��%Ý,u¯)�á¼ K ��3»/,Jh®	-P�L

Ý�¨3�®¯:C �A¢®?

31. 3d�ªóû(Meryl streep)x�Ý÷;vhß(The Deer Hunter,

1978Owú��	't·Ån)£IéÅ�,b×à���;4Ý

]°�3×��6s�ÄÝ¼ÆW�(revolver)�,©w×9�Ä,�

^2×»¡,�Þ;4ÆøàW�'�
Ý�Is ,àÕ×(;

4��,¨×(;4�^Ä×Â�9µÎXÛ:1úÆ8(Russian

roulette)Ý»Y�
(i)�s ïÎÍ´�¿?
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(ii)u;
wË9�Ä,��b¢�!?

(iii)u;
Ngs G,í6ÞÄô�^2×»,J��b¢�!?
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