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B

C
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×�Ã}Ö9ÍhÔµÌ¸ËHÃ}Æ±æ1ÔµÖ�ÌÅÔµÞHÄ¸Ã}ÆûÓ
ÌÅÃ�ÂI}D×�Î�ËHË�ÂHÃ}Æ
Æ�ÂHÖPÄyÛÜÃ�ËHÆ�Ã�Ó�ÞHÄ¸Ã�ÇHÃ�Æ�ÔµÂRÍ¢ÖÚÃ}Æ#æ1ÔµÖÚÌïÔµÞRÄÅÃ}Æ�¾vºÈÎµÍ�Ö�Ã�ÞRÂRÍ�ÇeÔµËRÆP×}ÃoÇRÎ7×�ÂHÓÕÃ�Ë:Í�Ã}Æ9Í�ÇHÃoÇHÉ�×}ÖÚÌÅÖ�ÃÝÄÅÃ�ÆPÖ�É�Æ�Ã¦Ô1ÂI}
ÞeÔ¦ß�É}ÆÚÌÅÃ�ËHÆ�ÇRÃ � ÔDÚ}Î�ËDÆÚÌÅÓ
ëHÄÅÃ�Ó#Ô1ÌÅÆû×�Ã}ë�Ã}ËHÇeÔ1Ë�Í!ëHÖÚÉ}×�ÌÅÆ�Ã � �PëeÔµÖ9Í¢Ì¸ÖûÇGÛóÃ�}7Ã}Ó
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ë�Ã�Ö�Æ�ÂHÔµÇHÉ}Æ¡Á[Â�ÛÜÌ¸ÄÅÆ.Ö�Ã�ëHÖ�É�Æ�Ã}Ë:Í�Ã}Ë:ÍíÂHËHÃ5×}Ä¸Ã � ÓÕÔqõÚÃ�ÂHÖ�Ã�ÇeÔµËRÆ�ÄÅÔ!Ó
ÌÅÆÚÃ5Ã�Ë#ëHÄÅÔµ×}Ã�Ã�ìÕ×}Ôµ×}ÃÈÇHÃ5ÓÕÎ[ÇHÉ}Ä¸ÌÅÆ�Ô1Í¢Ì¸Î�ËîÇHÃ
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Ã}ÄÅÄ¸Ã³×}Ã5Á�ÂHÃ5ËHÎ�ÂHÆ Ã}Ë:Í¢Ã�ËHÇHÎ�ËRÆ¡ëeÔµÖ.ÖÚÉ}Æ�Ã}ÔµÂI}
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UxOHZµWXm�U1_at�Wq_a`Gb�Y[tÈ�^bÏt���t�W�µ[rsYîm:Wqb^��_�mVj ��ÄRÆ}ÛÜÔµÙ�ÌÀÍ�ÇGÛóÂHËîÃ�ËHÆ�Ã�Ó�ÞHÄÅÃ¡ÇHÃ³æ1ÔµÖ�ÌÅÔµÞHÄÅÃ�ÆãÔ1ÄÅÉ¦ÔxÍ¢Î�Ì¸Ö�Ã}Æ^ÇHÉ�ËHÎ�Ó
ÓÕÉ�Ã}Æ
]^SGY[b^��t
�^b¹Uxm[t}Y�Oeb � Ö�Ã�ÄÅÌ¸É}Ã}Æ¡Ã}Ë:Í¢ÖÚÃ!Ã�ÄÅÄ¸Ã}Æ³ëeÔ1ÖíÇHÃ}Æ�Ö�Ã�ÄïÔ1Í�ÌÅÎ�ËRÆ³ëHÖ�É�×}Ì¸Æ�É}Ã�Æ�ÇHÉ}ËHÎµÓÕÓ
É}Ã�Æ OHUxZ:t
�^bKUqm[t}Y�OebÁ[ÂRÌG×}Î�ËRÆÚÍ¢ÌÀÍ¢ÂHÃ�Ë:ÍíÄÅÃÈÙ�Ö¢ÔµëRØHÃ ÇHÂ�ÖÚÉ}ÆÚÃ¦ÔµÂG¾�®�Ã�ÆíÔµÖ&,�Í¢Ã�Æ³Æ�ÎµË�Í³Î�Ö�Ì¸Ã}Ë:Í¢É�Ã}Æûñ7ÄÅÃ}Æ�ËHÎ[Ã}ÂHÇHÆ³ÔµÂ�ÇHÉ}ëHÔµÖÚÍíÇRÃ}Æ¡ðeô�×hØHÃ}Æ
Æ�Î�Ë:Í�Ä¸Ã}ÆPëeÔ1Ö�Ã}Ë:Í�ÆPÇHÃ}Æ#ËHÎ7Ã�ÂHÇHÆU�ÏÄïÔÏë�Î�Ì¸Ë�Í�Ã�ÇHÃ�ÄïÔ2ðHô}×hØHÃáé�Á[ÂRÌ Æ�ÎµË�ÍPÇHÉ}ËHÎµÓÕÓ
É}ÆÕÄÅÎ�Ù�Ì¸Á�ÂHÃ}Ó
Ã}Ë:ÍÕÄÅÃ}ÂRÖ�Æ
Ã}Ë � ÔµË:Í�Æhì�¾Y®�ÃÕÙµÖ¢ÔµëHØRÃÕËHÃÕÇHÎ�ÌÀÍ�ëHÔµÆ�×�Î�Ó
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ÇHÉ}ËHÎµÓÕÓ
ÉûÙ�Ö�ÔµëHØHÃÐÔµ×�ß[×}ÄÅÌ¸Á�ÂHÃ±Î�Ö�Ì¸Ã}Ë:Í¢Éîé,��Ý�h�$�����,ëü���ÿa��
��%�3�D�6ü���Fcbd@ü-� � Ã�Ë�ÔµËHÙ�ÄÅÔµÌÅÆ¢ì�¾�-�ÎµÂRÍ¢Ã�Æ5Ä¸Ã}Æ³ëHÔµÌÅÖÚÃ}Æ
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A, B, C, D
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Ã}Ë:Í
B, C
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Ã}Ë:Í B ¾feûËîËHÃ³Í¢ÖÚÎ�ÂRæµÃ�ÔµÂH×}ÂRË×�ß[×}Ä¸Ã�Ã�ËÝÆÚÂHÌ¸æ1ÔµË:Í�ÄÅÃ�Æ³ðeô}×hØRÃ}Æ}¾eûË Í�Ö�Î�Â7æ�Ã�ÇHÔµËHÆ#Ä¸ÃÝÄ¸ÌÅÆ9Í¢Ã�Æ�ÂHÌÀæ1ÔµË:Í¢ÃÝÍ�Ö�Î�Ì¸Æ�ËHÎµÍ¢Ì¸Î�ËHÆ
×¦ÔµëRÌ¸ÍhÔ1ÄÅÃ}Æ�Á�ÂHÌ5×}Î�ÖÚÖ�Ã�Æ�ë�Î�ËHÇHÃ�Ë�ÍU�2Í¢ÖÚÎ�ÌÅÆ�É�ÍhÔµë�Ã}Æ
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×}Î�Ë:Í�ÌÅË�ÂHÃ}Æ¢ì�ÇHÂ Æ9ß7Æ9Í¢ô�ÓÕÃPÁ�ÂGÛóÎ�ËêæµÃ}ÂRÍ�Ó
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ÌÅË�ÂHÆ�×�ÂHÄÅÃ±×�Î�Ö�ÖÚÃ}ÆÚë�Î�ËRÇeÔµË:Í¢Ã1¾
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ÄÅÃ}Æ�ÖÚÃ}ÄïÔxÍ¢ÌÅÎµËHÆ�ÇHÌ¸Ö�Ã}×�Í¢Ã�ÆÕÃ	}RÃ�Ö�×�É}Ã}Æ#Ã}Ë:Í¢ÖÚÃÝÄ¸Ã}Æîæ1Ô»
Ö�ÌÅÔµÞHÄÅÃ�Æ�Ã�ÍíÄÅÃ5Æ�Ã�ËHÆíÇeÔµËRÆ³ÄÅÃ�Á[ÂRÃ}Ä�Î�Ë#æ1Ô ÄÅÃ�Æ¡×�Î�ËHÆ�Ì¸ÇHÉ}ÖÚÃ}Öûñ[ÄïÔÐæ1ÔµÖ�ÌÅÔµÞHÄÅÃÈÔ¦æ1ÔµÄ�é�Ã}Ë � Ô1Ë�Íhì.æ1Ô ,�Í¢Ö�Ã ÇHÉ�ÊeËRÌÅÃ
Ã}Ë � Î�ËH×�Í¢ÌÅÎµË�ÇRÃ}Æíæ1ÔµÖ�ÌÅÔµÞHÄÅÃ�Æ�ÔµÓ
Î�Ë:Í!éaëeÔ1Ö�Ã}Ë:Í�Æhì�¾
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åR¾íÄÅÃ rÏS��Sµ[{�Y ñ�×hØeÔµÁ�ÂHÃ�æ1ÔµÖ�ÌÅÔµÞHÄ¸Ã#Î�ÖÚëHØHÃ}Ä¸ÌÅËHÃDéaÆ¢Ô1ËHÆîëeÔµÖÚÃ}Ë:Í�ì Ã�ÆÚÍ�ÇHÉ�ÊeËHÌÅÃ�ëHÔµÖ�ÂHËHÃPæ1ÔµÄ¸Ã}ÂHÖ Î�Â ÂHËHÃ
ÇHÌÅÆ9Í¢ÖÚÌÅÞHÂRÍ�ÌÅÎ�Ë#ÇHÃ±æµÔ1ÄÅÃ}ÂRÖ�ÆR¯HÇRÃ±Óë,�ÓÕÃû×hØHÔµÁ�ÂHÃ±æµÔ1Ö�ÌïÔ1ÞHÄÅÃÈÃ}Ë � ÔµË:Í5Ã}Æ9Í�ÇHÉ�ÊHËHÌÅÃ
éaÔµÄÅÉ}Ô1Í¢Î�Ì¸Ö�ÃÈÎ�Â�Ê;}7ÃXì³Ã}Ë
� Î�ËH×�Í¢ÌÅÎµË�ÇHÃíÆ�Ã�ÆTëeÔµÖÚÃ}Ë:Í¢Æ�¾@� Ãí×}Ã�Í�Í�ÃíÓ#ÔµËRÌÅô}ÖÚÃ � ÂHËHÃ³ÇRÌÅÆÚÍ�Ö�Ì¸ÞHÂRÍ¢Ì¸Î�Ë ×�Î�ËxõÚÎ�Ì¸Ë:Í¢Ã³Ã�ÆÚÍ�ÊeËHÔµÄÅÃ�ÓÕÃ�Ë�Í�ÇHÉ�ÊeËRÌÅÃÆ�ÂHÖ�ÄyÛÜÃ�ËHÆ�Ã�Ó�ÞHÄÅÃÐÇHÃ�ÆíæµÔ1Ö�ÌïÔ1ÞHÄÅÃ�Æ³ÇHÂ�ÆÚß[ÆÚÍ�ô}Ó
ÃÕñe×1ÛÜÃ�ÆÚÍ5ÄïÔîÓ
Î7ÇHÉ�ÄÅÌ¸Æ¢Ô1Í�ÌÅÎ�ËÕëHÖ�Î�ÞHÔµÞHÌÅÄ¸ÌÅÆ9Í¢Ãµ¾

®�ÃÕÖ�É�Æ�Ã¦Ô1ÂêÄÅÃ�ëHÄ¸ÂHÆ�ÆÚÌÅÓ
ëHÄÅÃ�Ã�ÆÚÍ�ÞHÌÅÃ�ËsÃ}Ë:Í�Ã}ËHÇHÂ ×�Ã}Ä¸ÂHÌ.Á[ÂRÌ�ËHÃ
×}ÎµÓÕë�Î�ÖÚÍ�ÃÕÁ�ÂGÛóÂHËêËRÎ7Ã�ÂHÇjiY/¡Ã}ë�Ã}ËHÇeÔ1Ë�Í � Ì¸ÄËGÛÜÃ�ÆÚÍ±ëHÔµÆ Ì¸Ë�Í�É}ÖÚÃ}Æ�Æ�ÔµË:Íû×}ÔµÖûÔµÂR×}ÂHËHÃ�ëHÖ�ÎµëHÖ�Ì¸É�Í¢É!ËHÃ�ë�Ã�ÂRÍ(,�Í¢ÖÚÃ�ÔµÆÚÆ�Î[×}ÌÅÉ�Ã�ÔµÂ�}�ÖÚÃ}ÄÅÔ1Í¢Ì¸Î�ËHÆ�Ã}Ë:Í¢ÖÚÃ Ä¸Ã}Æ5ËHÎ7Ã�ÂHÇHÆ
ëHÂHÌÅÆÚÁ�ÂGÛÜÃ�ÄÅÄ¸Ã}ÆPËGÛóÃ�}7Ì¸ÆÚÍ¢Ã�Ë:Í�ëeÔµÆ_i�ºÈÎ�ÂHÆ#ÇHÉ}×�Ö�ÌÅÖÚÎ�ËHÆPÃ�Ë ÇHÉ�Í¢ÔµÌÅÄ5ÇHÃ�ÆPÙ�Ö¢Ô1ëHØHÃ}Æ#×}Î�Ó
ë�ÎµÖÚÍhÔ1Ë�Í#ÇHÃ}Â�} Î�ÂKÍ�Ö�Î�Ì¸Æ
ËHÎ7Ã�ÂHÇHÆ�¾1ºÈÎ1Í¢Î�ËHÆÕÁ�ÂHÃoÆ�ÌÈÆÚß[ÆÚÍ�ô}Ó
Ã �ÏÓ
Î[ÇHÉ}Ä¸ÌÅÆ�Ã�ÖÕÃ�ÆÚÍ#×}Î�Ó
ëHÄÅÃ	}7Ã�Ã�Í#ËHÉ}×�Ã}ÆÚÆ�Ì¸Í�ÃoÇHÃoËRÎ�Ó�ÞHÖÚÃ}ÂI} ËHÎ[Ã}ÂHÇRÆ �ÌÅÄ.Ã}Æ9Í ÆÚÎ�ÂRæ�Ã�Ë:Í�ÔµÇHÖÚÎ�Ì¸Í!ÇHÃ
ÄÅÃ
ÇHÉ}×�Î�ÂHë�Ã}Ö�Ã}ËsÆÚÎ�ÂHÆ�»�ÆÚß[Æ9Í¢ô}Ó
Ã}ÆîÇRÃÕÆÚÎ�ÖÚÍ�Ã#Á�ÂHÃ#Ä¸Ã}ÆÐÖ�Ã�ÄïÔ1Í�ÌÅÎ�ËRÆ!Ì¸Ë:Í¢Ö¢Ô�Ã�Í�ÌÅË:Í�Ã}Ö
Æ�Î�ÂHÆ�»�Æ9ß7Æ9Í¢ô�ÓÕÃ�Æ³Æ�Î�Ì¸Ã}Ë:Í�ÇHÃ}Æ�Ö�É}ÆÚÃ¦ÔµÂ�}PÞeÔ¦ßµÉ}Æ�Ì¸Ã}ËHÆ�ÌÅËHÇRÉ}ë�Ã}ËHÇeÔ1Ë�Í�Æ}¾I®�Ã Ö�É�Æ�ÂHÄÀÍhÔ1Í Ù�Ä¸Î�ÞeÔµÄeÖÚÃ}Æ9Í¢Ã ×�Ã}ë�Ã}ËHÇHÔµË:Í³ÂHË
Ö�É}ÆÚÃ¦ÔµÂÝÞeÔ¦ß�É�Æ�ÌÅÃ�Ëlkq¾

��Ã}ÓÕÔµÖ�Á�ÂHÎµËHÆîÁ�ÂHÃ�Ä ÛóÌÅË:Í¢Ã�Ö�ÇHÌ¸×�Í�ÌÅÎ�ËêÇRÃ}Æî×�ß[×�ÄÅÃ}Æ�Ã�ÓÕëK,}×hØHÃ�ÂHËRÃ�Ö�Ã}ÄÅÔ1Í¢Ì¸Î�Ë �DÇHÎ�ÂRÞHÄÅÃPÆÚÃ}ËHÆ�Ã�Ë�Í�Ö�Ã�ÇHÃ�ÂI}
ËHÎ7Ã�ÂHÇHÆ � Ó´,}Ó
Ã Æ�Ì�Î�ËPÆÚÃ}Ö�ÔµÌ¸Í�Í¢Ã}Ë:Í�ÉûÇHÃ ÄÅÔ�×�Î�ËHÆ�Ì¸ÇHÉ}ÖÚÃ}Ö�×}Î�Ó
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ËHÎ�Â7æ�Ã}Ä¸ÄÅÃ � Î�Ë�ÖÚÃ}ÆÚÍ�Ö�Ã�ÌÅËHÇÄïÔ�ÇHÌÅÆ9Í¢ÖÚÌÅÞHÂRÍ�ÌÅÎ�Ë�×�Î�ËxõÚÎ�Ì¸Ë:Í¢Ã!ÇHÃ}Æ�æ1ÔµÖ�ÌÅÔµÞHÄÅÃ�Æ�ËHÎ�Ë�ÎµÞHÆ�Ã�ÖÚæ�É�Ã}Æ5��×}Ã�ÄÅÄ¸Ã}Æ5Á[ÂRÌ^ÆÚÎ�Ë:Í ×�Î�ØHÉ�Ö�Ã}Ë:Í�Ã}Æ±Ô¦æ�Ã�× Ä¸Ã}Æ
Î�ÞHÆÚÃ}ÖÚæ1Ô1Í�ÌÅÎ�ËRÆ³ñ�×µÛóÃ}Æ9Í.Ä ÛóÎ�ë�É}Ö¢ÔxÍ¢ÌÅÎµË ÇHÃ³×�Î�ËHÇHÌÀÍ¢Ì¸Î�ËHËHÃ�ÓÕÃ�Ë�Í�ëeÔµÖTÔµëRëHÄÅÌ¸×¦Ô1Í�ÌÅÎ�Ë!ÇHÂîÍ¢ØHÉ�Î�Ö�ô�ÓÕÃ¡ÇHÃ9s³Ô¦ß�Ã�Æ}¾
�ûÔµËHÆ5ÂHËHÃÐÎ�ë7Í¢ÌÅÁ�ÂHÃ±ÇRÃ!Æ9ÍhÔ1Í�ÌÅÆ9Í¢ÌÅÁ�ÂHÃÐÞeÔ¦ßµÉ}Æ�Ì¸Ã}ËHËRÃ � ÌÅÄGÆ�ÛÒÔ1Ù�Ì¸ÍíÇRÂÝ×}ÔµÄÅ×�ÂHÄ�Ù�É}ËRÉ}Ö¢Ô1Ä�ÇHÃÐÄ Û�üj�������q�����%����l¾
÷R¾ ��Oe{yZ:b^{���Y¹Q^UxSVº^OHº�_y{a_�W¦m7tDrÏOHUqÿ�_a]�Oe{aY[t ¾Y��Ä³Æ}ÛÜÔµÙ�ÌÀÍ � ë�Î�ÂRÖ Í¢Ì¸Ö�Ã}Ö ÇHÃ}Æ�×}ÎµËH×}Ä¸ÂHÆ�Ì¸Î�ËHÆ �oëeÔµÖ9Í¢Ì¸Ö�ÇHÃ
×}Ã�ÖÚÍhÔ1ÌÅËHÃ�Æ�æ1ÔµÖÚÌïÔµÞRÄÅÃ}Æ�ËHÎ�ËMÎ�ÞHÆÚÃ}Ö9æ�É}Ã�Æ � ÇHÃ�×¦Ô1ÄÅ×}ÂRÄÅÃ}Ö ÄÅÃ}Æ ÇHÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�ËHÆ ÇGÛÜÂRËüé�Æ�Î�ÂRÆ�»�Ã�ËHÆ�Ã�Ó�ÞHÄ¸Ã�ÇRÃXìËHÎ[Ã}ÂHÇ�é�Æhì � Ã�ËKÎ�ÂRÞHÄÅÌÅÔµË:ÍîÄÅÃ�ÆÕÔ1ÂRÍ¢ÖÚÃ}Æ}¾_�³ÍÚÍ¢Ã}Ë:Í�ÌÅÎ�Ë � ÆÚÌíÎ�ËáÆ}ÛóÌÅË:Í¢É�Ö�Ã}ÆÚÆ�Ã �2ÇHÃ�ÂI}áëeÔµÖ�ÔµÓ
ô�Í¢ÖÚÃ}Æ�Æ�Ì¸Ó�ÂHÄN»
ÍhÔµËRÉ}Ó
Ã}Ë:Í � ×}Î�ËHÆÚÌÅÇHÉ�Ö�Ã�ÖîÄÅÃ}ÂRÖ�Æ Ä¸Î�ÌÅÆ!ÓÕÔµÖ�Ù�Ì¸ËeÔµÄ¸Ã}Æ!ËGÛÜÃ�ÆÚÍîëHÔµÆ�Ö�Ì¸Ù�Î�ÂHÖÚÃ}ÂI}(¯ãÌ¸Ä � Ô1ÂRÍ�ÖÚÃ}Ù:ÔµÖÚÇHÃ}Ö ÄÅÃ}ÂRÖ ÄÅÎµÌ
×}Î�ËqõÚÎ�ÌÅË:Í¢Ã � ×¦ÔµÖíÌ¸ÄÅÆ³ë�Ã}Â7æ�Ã}Ë:Í(,�Í¢ÖÚÃ±Í¢Ö�ô�Æ�ÄÅÌÅÉ�Æ}¾

� � �!������� %í�%�¯ ���î�^�!���ã� �����������}�G���!����� 	�� �D�!��	��
�íÇHÎµëRÍ¢Î�ËRÆ±ÄÅÃ}Æ±É�ÍhÔµë�Ã}ÆÐÇHÃîÄÅÔPÇHÉ}ÓÕÔµÖÚ×hØHÃîÙ�É}ËRÉ}Ö¢Ô1ÄÅÃîÁ�ÂHÌãæ[ÌÅÃ�Ë:Í�Ç�Û�,�Í¢Ö�ÃîëRÖ�É}ÆÚÃ}Ë:Í¢É�ÃÕÃ�Í�ÔµëHëHÄ¸ÌÅÁ�ÂHÎ�ËHÆ ÄïÔ �

ÂHËÝÓÕÔµÌ¸ÄÅÄÅÎµË#É}Ä¸É}Ó
Ã}Ë:ÍhÔ1ÌÅÖ�Ã±×�Î�ËHÆ9Í¢Ì¸Í�ÂHÉ±ÇHÃÐÇHÃ�ÂI}�ËHÎ[Ã}ÂHÇHÆ�Ã�ÍÈÇ�ÛÜÂHËRÃ!ðeô�×hØHÃ!Ã}Ë:Í¢ÖÚÃ!×�Ã}Æ5ËHÎ[Ã}ÂHÇHÆ�élÊeÙ�ÂHÖÚÃ�å�ì�¾

ú



P�Q�R9© å ª ��É}ÆÚÃ¦ÔµÂÝÞeÔ¦ß�É}ÆÚÌÅÃ�Ë�Ö�É�ÇHÂHÌÀÍp��ÂRËÝÓÕÔµÌÅÄ¸ÄÅÎ�ËÕÉ}Ä¸É}Ó
Ã}Ë:ÍhÔµÌ¸Ö�Ã

P

T

�3TVU [2]_^û-È6w4R6�`.-w[È+�8<�ã,TFR69, y Z9+�8
�7ÂRëHë�ÎµËHÆ�Á�ÂHÃÈËHÎ�ÂHÆ ËHÎ�ÂRÆ�Ì¸Ë�Í�É}ÖÚÃ}Æ�ÆÚÌÅÎ�ËRÆ¡ÔµÂ
ë�Î�ÌÅÇHÆv�!ÄïÔ±ËeÔµÌ¸Æ�Æ¢Ô1ËH×}Ã5ÇHÃ5Þ�É�Þ�É�Æ±éaËRÎµÍ¢É�Æ

P
ì�ÇGÛÜÂRËHÃÈÖÚÉ}Ù�Ì¸Î�Ë

Ã�Í�ÇGÛóÂHËHÃ±É�ë�Î[Á�ÂHÃûëHÖÚÉ}×}Ì¸Æ�É�Ã}ÆR¯VÔµÇRÓÕÃ�Í�Í¢ÎµËHÆíÔµÂHÆÚÆ�ÌGÁ�ÂHÃ±ËRÎ�ÂHÆ³×�Î�ËHËeÔµÌ¸Æ�ÆÚÌÅÎ�ËHÆ¡ÄïÔ�Í¢ÔµÌÅÄ¸ÄÅÃ�ÇHÃû×�Ã}Æ�Óë,�ÓÕÃ�Æ¡Þ�É}Þ�É}Æ
éaËHÎµÍ�É}Ã

T
ì�Ã�ÍîÁ�ÂHÃ�ËHÎ�ÂHÆ ËHÎ�ÂHÆîë�Î�Æ�Ì¸Î�ËHÆ�ÄïÔ�Á�ÂHÃ�ÆÚÍ¢Ì¸Î�ËMÇGÛóÌÅË � É�Ö�Ã}Ö ²	� Æ�ÂHÖîÄ¸Ã#ë�Î�ÌÅÇRÆ�×}Î�ËRËeÔµÌÅÆÚÆ¢ÔµË:ÍîÄÅÔÝÍhÔ1ÌÅÄÅÄ¸Ãµ¾

�7ÌT×}Ã�Í�Í¢Ã
Æ�ÌÀÍ¢ÂeÔxÍ¢ÌÅÎµËDËGÛÜÃ�ÆÚÍ�ë�Ã�ÂRÍ&»*,�Í�Ö�Ã�ëeÔµÆ±Í¢ÖÚô}ÆÐÌÅË:Í�É}Ö�Ã�Æ�Æ�ÔµË:Í¢Ã
Ã}Ë2Æ�Î�ÌT×}ÔµÖÐë�Ã�Æ�Ã}Ö!ÂHË2Þ�É�Þ�É�ËGÛóÃ}Æ9Í!ëeÔµÆÐÂHËHÃ
Î�ë�É�Ö¢Ô1Í�ÌÅÎ�ËsÇHÌGì
×}Ì¸ÄÅÃ
Î�Â ÇeÔµËRÙ�Ã}ÖÚÃ}ÂHÆÚÃ � Ã�ÄÅÄÅÃÕÖ�Ã�ëHÖ�É�Æ�Ã}Ë:Í�Ã�×�Ã}ë�Ã}ËHÇHÔµË:Í�ÄÅÃ}Æ ËHÎ�Ó�ÞHÖÚÃ}ÂI}s×¦Ô1Æ�ÇHÃ#ÊeÙµÂHÖ�Ã�ÎÖ÷sÄïÔ
æµÔ1Ö�ÌïÔ1ÞHÄÅÃ5ÇGÛóÌÅË:Í¢É�Ö6,�Í¡Ã}Æ9ÍíÓ#Ô1ÄïÔµÌ¸Æ�É}Ãp� ÎµÞHÆ�Ã�ÖÚæ�Ã�Ö³Ã�Í³Á[Â�ÛÜÎ�Ë#×hØHÃ}ÖÚ×hØHÃ.��ÄÅÂRÌ�ÆÚÂHÞHÆÚÍ�Ì¸Í�ÂHÃ}Ö�ÂHË�ÌÅËHÇRÌÅ×¦ÔxÍ¢Ã}ÂRÖ�Ä¸ÃÈëHÄ¸ÂHÆ
Ã�ì
×¦Ôµ×�Ã�ë�Î�ÆÚÆ�ÌÅÞRÄÅÃµ¾

®�Ã � Î�ËRÇ
ÇRÂîÖ¢ÔµÌ¸Æ�Î�ËHËRÃ}Ó
Ã}Ë:ÍTÃ}Æ9Í.Á�ÂHÃ�ÄÅÃ}ÆãÇHÃ}ÂI} æ1ÔµÖ�ÌÅÔµÞHÄÅÃ�Æ � ë�ÎµÌÅÇHÆ�Ã�Í�ÍhÔ1ÌÅÄÅÄ¸Ã�ÇRÂ
Þ�É}Þ�É � Æ�Î�Ë:ÍT×�Î�Ö�ÖÚÉ}ÄÅÉ�Ã}ÆR¯:ÆÚÌ
ÇHÎ�ËH×5Î�Ë
×}Î�ËHËHÔk�ÅÍ Æ�Ã�ÂHÄÅÃ�ÓÕÃ�Ë:Í¡ÄÅÔ±Í¢ÔµÌÅÄ¸ÄÅÃ³Ç�ÛÜÂHË
Þ�É}Þ�É � Î�Ë#ÇRÌÅÆ�ë�Î�ÆÚÃ5Ç�ÛÜÂHËRÃÈÌ¸Ë � Î�Ö�ÓÕÔ1Í�ÌÅÎ�Ë�Â7Í¢ÌÅÄ¸Ãµ¾@��ÔµÖ Ã�}7Ã}Ó
ëHÄÅÃ �ÄÅÃ}Æ Í¢ÖÚô}Æ³ë�Ã�Í�Ì¸Í¢Æ Þ�É}Þ�É}Æ³ËHÃÈë�ô�Æ�Ã�Ö�Î�Ë:ÍíëeÔ1Æ¡ÄÅÎµÂHÖ�ÇHÆûéaÃ�ËPÙ�É}ËRÉ}Ö¢Ô1Älì � ÔµÂ#×}Î�Ë:Í¢Ö�ÔµÌÅÖÚÃ ÇHÃ�Æ�Í�Ö�ô}Æ¡Ù�Ö¢ÔµËRÇHÆ¡Þ�É}Þ�É}ÆÐé�Ã}ËÙ�É}ËHÉ�Ö¢ÔµÄïì�¾

�3T%S [2]_^û-È6w4R6�`.-w[ X F�]�87+�, X�� sTFH,T3)rÈ+<+�4 FH+KZE,�476�` -È8��
�RÔ1×hØeÔµË:ÍPÁ�ÂHÃÝËHÎ�ÂHÆ
æ�Î�ÂHÄ¸Î�ËHÆÕÂRÍ¢Ì¸ÄÅÌÅÆÚÃ}ÖîÄÅÔ æ1ÔµÖÚÌïÔµÞHÄ¸Ã

T
ë�Î�ÂRÖÕëHÖÚÉ}×�ÌÅÆ�Ã�Ö#ÄÅÔ æ1ÔµÖÚÌïÔµÞHÄ¸Ã

P � ËHÎµÂHÆPÔµÄ¸ÄÅÎ�ËRÆëHÄïÔµ×�Ã}Ö5Ã}Ë:Í¢ÖÚÃ�Ä¸Ã}Æ5ÇHÃ}Â�}�ËRÎ7Ã�ÂHÇHÆ5ÂHËHÃÐðeô}×hØHÃ Á[ÂRÌ^ëHÔµÖÚÍÈÇHÃ
T
ë�ÎµÂHÖ5ÔµÖ�ÖÚÌ¸æ�Ã�ÖÈÆÚÂHÖ

P � ë�Î�ÂHÖ�Í¢Ö�ÔµÇHÂHÌ¸Ö�ÃÐÄÅÃ � ÔµÌÀÍ
Á[ÂRÃÈÄÅÔ æµÔ1Ö�ÌïÔ1ÞHÄÅÃ

T
ÔµëHë�Î�Ö9Í¢ÃíÇHÃ�Ä ÛóÌÅË � Î�Ö�ÓÕÔ1Í¢Ì¸Î�Ë!Æ�ÂHÖ

P
¾�/ � ¾f ãÌ¸ÙH¾�åR¾Ö� Ì¸Í ÔµÂ7Í¢Ö�Ã�ÓÕÃ�Ë:Í � ÄÅÔûÄÅÎ�ÌH×�Î�ËHÇHÌÀÍ¢Ì¸Î�ËHËHÃ�ÄÅÄÅÃÇHÃ

P
Æ¢Ô1×hØeÔµË:Í

T � ËHÎµÍ¢É�Ã [P | T ]
Ã}ÆÚÍ!ÇHÌ?t�É�Ö�Ã�Ë�Í�Ã ²q² ÇHÃîÄïÔPÄ¸Î�ÌãÇHÃ

P
Ã}Ë Ã}Ä¸ÄÅÃ�»wÓë,�ÓÕÃPéaÆ�ÔµËHÆ±×}ÎµËHËeÔµÌ¸Æ�Æ¢Ô1ËH×}Ã

ÔµÂRÍ¢ÖÚÃXì � ÇHÌ¸Í�Ã±ÄÅÎ�ÌGÓÕÔµÖÚÙ�ÌÅËeÔ1ÄÅÃµ¾

�3T	� q�,.8¡[ +u��,TFH6E, y ZE+�8á,�Z�]�,�4�`.6EFR+�8 y 6E- ,.6�FH+�8
��ÔµÖ�æ1ÔµÖÚÌïÔµÞHÄ¸Ã ÔµÄÅÉ}Ô1Í¢Î�Ì¸Ö�ÃTÞHÌ¸ËeÔµÌ¸Ö�Ã � Î�Ë Ã}Ë:Í¢Ã�ËHÇîÂHËHÃ æµÔ1Ö�ÌïÔ1ÞHÄÅÃ ÔµÄ¸É¦Ô1Í�Î�ÌÅÖÚÃ ÇRÎ�Ë:Í�ÄÅÃ�Æ�æ1ÔµÄ¸Ã}ÂHÖÚÆ�ë�Î�Æ�ÆÚÌÅÞHÄ¸Ã}Æ�Æ�Î�Ë:ÍÇHÃ}ÂI}�É�Í¢Ô1Í¢ÆTÇHÌ?t�É�Ö�Ã�Ë�Í�Æ³ñµëHÔµÖ�Ã�}7Ã�ÓÕëHÄ¸Ã2¢

0, 1 £@� ¢ 1, 2 £@� ¢XÃ}ËîÞ�Î�ËHËRÃ³Æ¢ÔµË:Í�É � ÓÕÔµÄïÔ1ÇHÃ £@� ¢XÖÚÎ�ÂHÙ�Ã � æµÃ}ÖÚÍ £@� ¢¦ÊHÄÅÄÅÃ �Ù:ÔµÖ6Ú�Î�Ë £@� ¾À¾¸¾Ï®�ÔîÇHÌÅÆ9Í¢ÖÚÌÅÞHÂRÍ�ÌÅÎ�Ë�Ç�ÛÜÂHËRÃÐæ1ÔµÖÚÌïÔµÞRÄÅÃûÞHÌ¸ËeÔµÌ¸Ö�ÃûÃ�ÆÚÍ5×}Î�Ó
ëHÄ¸ô�Í¢Ã�ÓÕÃ�Ë:Í�Æ�ë�É}×}ÌÀÊeÉ}Ã!ëeÔµÖíÆ�Ô
ëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢É
ÇHÃ�Æ�ÃîÍ¢ÖÚÎ�ÂRæ�Ã�ÖÐÇeÔµËHÆÐÂHË ÇHÃ�Æ�ÇHÃ�ÂI} É�ÍhÔ1Í�Æ#é�Ä ÛÜÔµÂRÍ�Ö�Ã�É�ÍhÔµË:Í!ÞHÌÅÃ�Ë Ã}Ë:Í¢Ã�ËHÇHÂ2ÄÅÃî×}ÎµÓÕëHÄ¸É}Ó
Ã}Ë:ÍhÔ1ÌÅÖ�Ã �D¿qì�¾*eûË
ÌÅËHÇHÌ¸×}Ã�Ö¢Ôî×}Ã�Æ5æ1ÔµÖÚÌïÔµÞHÄ¸Ã}Æ³ëHÔµÖíÄÅÃ

b
ÇRÃ!ÞRÌÅËeÔµÌ¸Ö�Ã�ñ

Pb

Ã�Í
Tb

¾
ß�¤ �����4!�! #&Xk�����!$���"���6%�\��4�&%2� �����%|X! #6���
%2#&�&%&äD��� ����¥N#&! �&����ê%2�$�	� �
%��$��\��4�1X��% % �1X�	!|�
�(o�����#&���
%$��� ����� X4!$��3��34�����
%��$���4�&%

��3% ��!$zh�	� �����%R���
% Xk���4��3���6%��ß$ß ¡Ï�n�4��!$o9�	����o1�����]X4���%]X4!$#&����% ���

¿Xè



¦v§c¨Y© ½.ªU�TÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢ÉÈ×}Î�ËRÇHÌ¸Í�ÌÅÎ�ËHËRÃ}ÄÅÄ¸Ã ÇHÃ
Pb

Æ�Ôµ×hØeÔµË:Í
Tb

P (Pb|Tb) Pb = 1 Pb = 2

Tb = 1 0.95 0.05
Tb = 2 0.56 0.44

��j¸�Gj ´ ��m�Üã]^_�Wq_�S�]K��Y[t��ROHUx_aOHº�{�Y7t
�7ÂRëHë�ÎµÆ�Î�ËHÆ � ë�Î�ÂHÖP×�Î�ÓÕÓ
Ã}ËR×}Ã}Ö#Æ�ÌÅÓ
ëHÄ¸Ã}Ó
Ã}Ë:Í � Á�ÂHÃDÄÅÃ�ÆPÇHÃ�ÂI} æ1ÔµÖ�ÌÅÔµÞHÄ¸Ã}Æ
ÇHÃDËHÎµÍ�Ö�ÃoÓ
Î7ÇRô}ÄÅÃÝÆ�Î�Ì¸Ã}Ë:Í

ÞHÌÅËeÔ1ÌÅÖ�Ã�Æ � ×1ÛÜÃ�ÆÚÍ�»��»wÇHÌÅÖÚÃ±Á[Â�ÛÜÃ�ÄÅÄÅÃ�Æ�ËHÃÐëHÖ�Ã�ËHËHÃ}Ë:ÍÈÁ�ÂHÃÐÇHÃ}ÂI}�æ1ÔµÄ¸Ã}ÂHÖÚÆíÆÚß[Ó�Þ�Î�ÄÅÌ¸Á�ÂHÃ}Æ
1
Ã�Í

2
ñ

ª
Tb = 1 � ÄÅÃ±Þ�É}Þ�ÉÐÃ}ÆÚÍÈÇeÔµËRÆ5ÄÅÔ�×¦Ô1Í�É}Ù�ÎµÖ�ÌÅÃ±ÇRÃ}Æ�ë�Ã�Í¢ÌÀÍ¢Æ�Þ�É�Þ�É�ÆR¯

Tb = 2 � ÌÅÄGËRÃ!ÄyÛÜÃ�ÆÚÍ5ëeÔµÆ�¾ª
Pb = 1 � ÄÅÃ±Þ�É}Þ�É!Ã�ÆÚÍ5ÇeÔµËRÆ5ÄÅÔî×¦Ô1Í�É}Ù�Î�ÖÚÌÅÃ±ÇHÃ�Æ�Þ�É�Þ�É�Æ5Ä¸É}Ù�Ã�Ö�ÆR¯

Pb = 2 � ÌÅÄ�ËHÃÐÄ ÛóÃ}ÆÚÍ�ëHÔµÆ}¾

��j¸�Gj¸c _a]*¥ãb^Y[]^Z�Yo��Y
Tb

t¦b�U
Pb ¦ Pb | Tb §

�ûÔ1ËHÆ�ÂRËHÃÕÎµëRÍ¢Ì¸Á[ÂRÃ
ëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸ÌÅÆÚÍ�Ã � ÎµËÏë�Ã}ÂRÍ!Í¢Ö�ÔµÇHÂHÌ¸Ö�Ã�Ä ÛóÌÅË7ðeÂHÃ}ËR×}Ã�ÇHÃ Tb

Æ�ÂHÖ
Pb

ëeÔµÖÐÂHËHÃ�ÍhÔµÞRÄÅÃ�ÇHÃ
ëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É}Æ�×�Î�ËHÇHÌÀÍ¢ÌÅÎµËHËHÃ}Ä¸ÄÅÃ�Æ�éa× � ¾�hú7¾Òå:ì#ñãÂHËHÃ�ëHÖ�Îµë�Î�ÆÚÌ¸Í�ÌÅÎ�ËêÃ�ÆÚÍ � ÔµÌÀÍ¢ÃPÇeÔ1ËHÆ�ÄÅÃ#Í¢ÔµÞHÄÅÃ}ÔµÂ ½ê¾|��Ä³Æ}ÛÜÔµÙ�ÌÀÍ
ÇGÛÜÂRËHÃPÍhÔµÞRÄÅÃ#ÇRÃPÇHÃ}Â�} ÄÅÌ¸Ù�ËHÃ�ÆPéaÔµÆ�ÆÚÎ7×�ÌÅÉ}Ã�Æ�ÔµÂI}sÉ�Í¢Ô1Í¢Æ�ë�Î�ÆÚÆ�ÌÅÞRÄÅÃ}Æ�ÇHÃPÄÅÔÝæ1ÔµÖ�ÌÅÔµÞHÄÅÃ

Tb

ì!Ã�ÍîÇHÃ}Â�} ×}ÎµÄÅÎ�ËHËRÃ}Æ
éyÔµÆÚÆ�Î[×}ÌÅÉ�Ã}Æ#ÔµÂI}MÉ�ÍhÔ1Í�ÆÕÇHÃ�ÄïÔDæ1ÔµÖ�ÌÅÔµÞHÄ¸Ã}Æ

Pb

ì�¾ ¬ ÄÅÄ¸Ã�×�Î�Ë:Í¢Ì¸Ã}Ë:Í#ò2ëHÖÚÎ�ÞeÔµÞHÌ¸ÄÅÌÀÍ¢É}Æ Á[ÂRÌ5Æ�ÛÜÌ¸Ë:Í¢Ã}ÖÚëHÖ�ô�Í¢Ã�Ë�Í#ÇHÃ�ÄïÔ
Ó#ÔµËRÌÅô}ÖÚÃ Æ�ÂHÌÀæµÔ1Ë�Í�Ãµ¾

0.56
Ã�ÆÚÍÝÄïÔ ëHÖ�ÎµÞeÔµÞHÌ¸ÄÅÌ¸Í�É ² ³ ÇGÛÜÔXæµÎ�ÌÅÖ�ÂHËAÞ�É�Þ�É2ÄÅÉ�Ù�Ã}Ö�Ô1ÄÅÎ�ÖÚÆ�Á�ÂHÃ2Ä ÛóÎ�Ë>Æ¢Ô1Ì¸Í�Á�ÂHÃÏÄ¸Ã

Þ�É�Þ�ÉoÃ�ÆÚÍ�ÙµÖ¢ÔµËHÇ�¾�-^Ö�ô}Æ#ÄÅÎ�Ù�Ì¸Á�ÂHÃ}Ó
Ã}Ë:Í � ÄyÛÜÉ�æ�É}ËRÃ}Ó
Ã}Ë:Í�×}Î�Ó
ëHÄ¸É}Ó
Ã}Ë:ÍhÔµÌ¸Ö�Ã Pb = 2
Æ¢Ôµ×hØHÔµË:Í

Tb = 2
Ã}ÆÚÍ

1− 0.56 = 0.44
¾�eûË�ËRÎµÍ¢ÃÐ×}Ã�ÆÈÁ�ÂeÔxÍ¢Ö�ÃÐëHÖÚÎ�ÞeÔµÞRÌÅÄÅÌÀÍ¢É�Æ¡ÇHÃÐÄïÔîÓÕÔµËHÌ¸ô}Ö�Ã Æ�ÂHÌÀæµÔ1Ë�Í�Ã�ñ

P (Pb = 1|Tb = 1) = 0.95
P (Pb = 2|Tb = 1) = 0.05
P (Pb = 1|Tb = 2) = 0.56
P (Pb = 2|Tb = 2) = 0.44

/¡Ã}Æ�æ1ÔµÄ¸Ã}ÂHÖÚÆ.Æ�Ã}Ó ÞHÄÅÃ�Ë�Í�Ö¢Ô1ÌÅÆ�ÎµËHËeÔµÞHÄ¸Ã}ÆTÇeÔ1ËHÆ�Ä¸Ã�Æ�Ã}ËRÆ¡ÎÖ÷
Ã}Ä¸ÄÅÃ}Æ�Í�Ö¢ÔµÇRÂHÌÅÆÚÃ}Ë:Í¡ÞRÌÅÃ}Ë
ÄïÔ±ÖÚÃ}ÄïÔxÍ¢ÌÅÎµË
ë�Î�ÆÚÌ¸Í¢ÌÀæ�ÃíÃ�Ë�Í�Ö�Ã
ÄÅÃ}Æ.ÇHÃ�ÂI}îæ1ÔµÖÚÌïÔµÞHÄ¸Ã}Æ³ñµÄïÔûëHÖÚÎ�ë�ÎµÖÚÍ¢Ì¸Î�ËîÇHÃ�ë�Î�ÌÅÇHÆãÉ}ÄÅÃ�æ�É�Æ�Ã�ÆÚÍ Þ�Ã}ÔµÂH×�Î�ÂHë
ëHÄÅÂHÆTÌ¸ÓÕë�Î�Ö9ÍhÔµË:Í¢Ã�ë�ÎµÂHÖTÄÅÃ�Æ ÙµÖ¢ÔµËHÇRÃ}Æ
ÍhÔµÌ¸ÄÅÄÅÃ�Æ³Á�ÂHÃÐë�ÎµÂHÖ�ÄÅÃ}Æíë�Ã�Í�Ì¸Í�Ã}Æ}¾eûËîËHÎµÍ�Ã}Ö�Ô Á�ÂHÃíÄïÔ ÆÚÎ�Ó
ÓÕÃ�ÇHÃ}Æ�×}ÔµÆ�Ã�Æ.ÇGÛÜÂRËHÃ³ÄÅÌ¸Ù�ËHÃ�ÇHÃ³ÄïÔ5ÍhÔµÞHÄ¸Ã�æ1ÔµÂRÍ

1 � ×}Î�ËHÆÚÉ}Á�ÂHÃ�ËH×}Ã5ÇHÂ � ÔµÌÀÍãÁ�ÂGÛóÎ�Ëîß
Ã}Ë:æ[ÌÅÆ¢Ô1Ù�ÃÐÄÅÃ}Æ¡ëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É}Æ¡Ç�ÛÜÉ�æ�É}ËRÃ}Ó
Ã}Ë:Í¢Æ5Ã�}7×}Ä¸ÂHÆ�Ì � ÆíÃ�Í�ÇHÉ�×}ÖÚÌ¸æ1ÔµË:ÍíÄ ÛóÃ}ËRÆ�Ã}Ó ÞHÄÅÃ±ÇHÃ�Æíë�ÎµÆ�Æ�Ì¸ÞHÄÅÃ�ÆÐéa× � ¾Vhú7¾ø½�ì�¾
/¡Ã}×}Ì¡ËGÛÜÃ�ÆÚÍîëHÔµÆ�æ[Ö¢Ô1Ì�ëeÔ1Ö ×}ÎµÄÅÎ�ËHËRÃ#ëHÂHÌ¸Æ�Á�ÂGÛóÌÅÄ.Æ}ÛÜÔµÙ�ÌÀÍ�ÇHÃ�Æ�ëHÖÚÎ�ÞeÔµÞHÌ¸ÄÅÌÀÍ¢É}ÆÐÔ1Æ�Æ�Î[×}Ì¸É}Ã�Æù��ÂHËHÃ#Óë,�ÓÕÃ�æ1ÔµÄÅÃ�ÂHÖ
ÇHÃ

P
ÇeÔµËHÆÐÇHÃ�Æ�×�ÌÅÖÚ×}Î�ËHÆ9ÍhÔµËR×}Ã}ÆÐÇHÌ?t�É�Ö�Ã�Ë�Í�Ã}Æ
ñGÄÅÃ�ÆÐëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É}Æ Ç�ÛÒÔ¦æ�ÎµÌÅÖ±ÂHË2Þ�É�Þ�É�ë�Ã�Í�Ì¸ÍÐÆ�Ã�ÄÅÎ�Ë Á�ÂGÛóÌÅÄ�Ã�ÆÚÍ

ë�Ã�Í¢Ì¸ÍPÎ�Â¹ëeÔµÆ�Ë�ÛÜÎ�Ë:Í�ëHÔµÆ�ÇGÛÜÔµÂRÍ¢ÖÚÃoÖ�Ã�ÄïÔ1Í�ÌÅÎ�Ë Á�ÂGÛÜÂRËHÃDÌÅËHÉ�Ù:ÔµÄ¸Ì¸Í¢É��êÖ�Ã�Æ�ë�Ã}×�Í¢Ã}ÖDñ
P (Pb = 2 | Tb = 1) <

P (Pb = 1 | Tb = 1)
¾¸¾À¾�Ã}ËR×}Î�ÖÚÃ�Ë�ÛÜÃ�ÆÚÍ&»wÃ}Ä¸ÄÅÃPÇHÌ¸×�Í�É}ÃPÁ�ÂHÃ�ëeÔµÖîÄ¸ÃPÞ�Î�Ë Æ�Ã�ËHÆ�Ã�Í�ËGÛóÃ}Æ9ÍÕëHÔµÆîÂHËHÃ�×�Î�Ë:Í¢Ö¢Ô1ÌÅË:Í¢Ã

Ó#Ô1Í�ØHÉ}ÓÕÔ1Í�ÌÅÁ�ÂHÃ � Ã�Í.Ã}Ä¸ÄÅÃíë�Î�ÂHÖÚÖ¢ÔµÌÀÍTËHÃ�ëeÔµÆ_,�Í�Ö�Ãíæ[Ö¢ÔµÌ¸Ãíë�ÎµÂHÖ.×}Ã}Ö9ÍhÔµÌ¸ËHÃ}Æ.ÇHÉ�ÊeËHÌÀÍ¢ÌÅÎµËHÆTÇHÃíæ1ÔµÖ�ÌÅÔµÞHÄÅÃ�Æ�ÞHÌ¸ËeÔµÌÅÖÚÃ}Æ�¾
� ÂRÍ�Ö�Ã}Ó
Ã}Ë:Í.ÇHÌÀÍ � ×hØeÔµÁ�ÂHÃ�ÄÅÌ¸Ù�ËHÃ�ÇHÂ�ÍhÔµÞRÄÅÃ¦Ô1Â�½ ë�ÎµÖÚÍ¢Ã¡Æ�ÂHÖTÇHÃ�ÂI}�é�Æ�Î�ÂRÆ�»9ì^ë�Î�ëRÂHÄïÔ1Í�ÌÅÎ�ËRÆãÇHÌ¸Æ�õÚÎ�Ì¸Ë�Í�Ã}Æ � ×hØeÔµ×�ÂHËHÃë�Î�Â7æµÔ1Ë�Í¡ÇHÎ�ËH×ÈÆ�ÃÈÇHÉ�ÊeËRÌÅÖ¡Ì¸ËHÇHÉ�ë�Ã�ËHÇeÔµÓ
ÓÕÃ�Ë:Í¡ÇHÃÈÄ ÛÜÔµÂRÍ�Ö�Ãµ¾�/ ÛóÃ}Æ9ÍíÄïÔÐÖ¢Ô1ÌÅÆ�ÎµË#ë�Î�ÂHÖ ÄïÔµÁ�ÂHÃ�ÄÅÄÅÃ�ÄÅÔ�Æ�ÎµÓÕÓ
Ã�ÇHÃ}Æ
ëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É}Æ¡ëHÔµÖíÄÅÌ¸Ù�ËHÃ É�Ù:ÔµÄ¸Ã�¿�¯H×}Ã±ÆÚÃ}Ö�ÔµÌ¸Í±¿¦è�è � ÆÚÌ�Î�Ë�Ô¦æ1ÔµÌ¸Íí×hØRÎ�ÌÅÆÚÌGÇHÃ±ÄÅÃ�Æ³Ã�}7ëHÖÚÌÅÓ
Ã}ÖíÃ�Ë�ë�Î�ÂHÖÚ×}Ã�Ë�Í¢ÔµÙ�Ã�Æ}¾e±ËêÔµÂHÖ¢Ô1Ì¸Í�ëHÂêëHÖÚÉ � É}ÖÚÃ}Ö�ÖÚÃ}ëHÖÚÉ}ÆÚÃ}Ë:Í¢Ã�ÖîÄÅÃ�ÍhÔµÞHÄ¸Ã¦ÔµÂ ½�×}ÎµÓÕÓ
ÃÕÄÅÔîõÚÂI}[Í¢Ôµë�ÎµÆ�Ì¸Í�ÌÅÎ�Ë2ÇHÃ�Æ�ÇHÃ}Â�}êëHÖÚÎ�ÞeÔµÞRÌÅÄÅÌÀÍ¢É�Æ
ëHÖ�É�Æ�Ã}Ë:Í�É}Ã}Æ Ã}Ë�ÍhÔµÞHÄ¸Ã¦ÔµÂ�å

ß2âV¨ �´XD�������1�&�	X4���$���P�6%��9���"% �hz�����!v����o�o1�&���1�
�àz��	�����4!
0.56

�à#��$#(�4#�� �&! o1���4#����¢aY���%1����� � �(�4�	�$��ä;�4���k%í��'�4���%
XD��% ���k%RX��%R�
�1\���&%2� �����"���n% �4X4XD��% ���%Ï��� ���������������h+
� !$��©

¿�¿



¦í§Y¨c© å�ª«�TÖ�ÎµÞeÔµÞHÌ¸ÄÅÌ¸Í�É ×�Î�ËHÇHÌÀÍ¢ÌÅÎµËHËHÃ}Ä¸ÄÅÃÈÇHÃ
Pb

Æ¢Ôµ×hØeÔ1Ë�Í
Tb

ÇRÉ}×}ÎµÓÕë�Î�Æ�É�Ã

P (Pb|Tb = 1) Pb = 1 Pb = 2

0.95 0.05

P (Pb|Tb = 2) Pb = 1 Pb = 2

0.56 0.44

¦í§Y¨c© òùª ��Ó
ë�ÎµÖÚÍhÔ1ËH×}Ã±ÇHÃ�ÆÈëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢É�Æ¡ÓÕÔµÖ�ÙµÌÅËeÔµÄ¸Ã}Æ
� Ã}ÂI}!ÖÚÉ}ëeÔ1ÖÚÍ¢ÌÀÍ¢Ì¸Î�ËHÆ�Ç�ÛÜÃ�t�Ã�×�Í¢Ì � Æ�Í¢Ö�ô�Æ�ÇHÌGt�É}ÖÚÃ}Ë:Í¢Æ�ë�Ã}ÂRæµÃ}Ë:Í�Ã}ËHÙ�Ã�ËHÇHÖÚÃ}Ö�ÄïÔ³Ó´,}Ó
Ã�ëHÖÚÎ�ÞeÔµÞHÌ¸ÄÅÌÀÍ¢Éã×�Î�ËHÇHÌÀÍ¢Ì¸Î�ËHËHÃ�ÄÅÄÅÃ
ÇHÃ

P (Pb | Tb)

¬ t�Ã�×�Í¢Ì � Æ
P = 1 P = 2

T = 1 95 5
T = 2 560 440

¬ t�Ã�×�Í�Ì � Æ
P = 1 P = 2

T = 1 950 50
T = 2 56 44

��j¸�Gj¸� _a]���Y[Uxt¦_�S�]K��YD{�O2UqY[{�ORWq_�S�]>âT_a]*¥ãb�Y7]^Z�Yo��Y
Pb

t¦b�U
Tb ¦ Tb | Pb §

� ÃÈÓ#Ô1ËHÌÅô�Ö�Ã�×}Î�Ó
ëHÄ¸ô�Í¢Ã�ÓÕÃ�Ë:Í�ÆÚÌÅÓ
ÌÅÄÅÔµÌÅÖÚÃ � ÎµË#ë�Î�ÂHÖ�Ö�ÔµÌ¸Í.×hØRÃ}Ö�×hØRÃ}Öê�!Í�Ö¢ÔµÇRÂHÌÅÖÚÃ5ÄyÛÜÌ¸ËRðeÂHÃ�ËH×}ÃÈÇHÂ#ë�Î�Ì¸ÇHÆ�ÆÚÂHÖ
ÄïÔ!Í¢ÔµÌÅÄ¸ÄÅÃ1¾�º Ô�ªyæ�Ã}Ó
Ã}Ë:Í � Î�Ë#ë�Î�ÂRÖ�Ö¢Ô1Ì¸Í Ã}Æ9Í¢ÌÅÓ
Ã}Ö�Á�ÂGÛÜÌ¸Ä�ÆÚÂ;ì�Í³ÇHÃ�«EÖ�Ã�Í¢Î�ÂRÖ�ËHÃ�ÖV¬ÈÄïÔÐÖ�Ã�ÄïÔ1Í�ÌÅÎ�Ë
ëHÖ�É�×}É�ÇHÃ}Ë:Í¢Ã1¾K/ ÛÜÃ�ÆÚÍ
æ7Ö�ÔµÌ � ÓÕÔµÌÅÆ.Î�ËPËRÃûë�Ã�ÂRÍ³ëHÔµÆ�ßÕëeÔµÖ9æ�Ã}ËRÌÅÖ³Ô¦æµÃ}×ûÄ¸Ã}Æ¡ÆÚÃ}ÂHÄ¸Ã}Æ³ëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢É�Æ.ÇHÃûÄïÔ±ÍhÔ1ÞHÄÅÃû½�i ¬ Æ�Æ�Ô¦ß�Î�ËHÆíÇRÃ æ�Î�Ì¸Ö
ë�Î�ÂRÖ�Á�ÂHÎ�Ìy¾

��ËHÆÚÌÅÆ9Í¢Î�ËHÆ�ÇHÃ5ËHÎ�ÂRæµÃ¦ÔµÂ � ×}Ã�Í�Í¢Ã5ÍhÔµÞRÄÅÃ P (Pb|Tb)
ÇHÎµËHËHÃ ×�Î�Ó
ÓÕÃ�Æ�Ã�ÂHÄÅÃÈÌÅË � ÎµÖ�ÓÕÔ1Í¢Ì¸Î�ËîÄÅÃ�Æ�ÇHÃ�ÂI}ÕëHÖ�Îµë�Î�Ö�»

Í¢ÌÅÎµËHÆ � ×hØeÔµ×}ÂRËHÃí×}Î�ÖÚÖ�Ã�Æ�ë�Î�ËHÇeÔµË:Í_�ûÂRËHÃ³ÄÅÌ¸Ù�ËHÃ ÇHÂ�ÍhÔ1ÞHÄÅÃ}ÔµÂ�½�ñ1ÄÅÃ}Æ�ëHÖ�Îµë�Î�Ö9Í¢Ì¸Î�ËHÆ^ÇHÃíÞ�É�Þ�É�Æ�ÄÅÉ�Ù�Ã}ÖÚÆãëeÔ1Ö�Ó
Ì7Ä¸Ã}Æ
ë�Ã�Í¢Ì¸Í�Æ±éaú:ö®�ì � Ã�Í³ëHÔµÖ�Ó
Ì�Ä¸Ã}Æ�Ù�Ö¢ÔµËRÇHÆÐé ö1÷f�ì�¾I®�Ã�Æ³ëHÖÚÎ�ë�ÎµÖÚÍ¢Ì¸Î�ËHÆ ÇHÃûÞ�É}Þ�É}Æ³Ä¸Î�ÂHÖÚÇHÆ¡ÆÚÎ�Ë:ÍíÞHÌÅÃ�ËPÃ}Ë:Í�Ã}ËHÇHÂ�Ä¸Ã}Æ
×}Î�Ó
ëHÄÅÉ�ÓÕÃ�Ë:ÍhÔµÌ¸Ö�Ã}Æp��¿Xè�èf � Æ�ÎµÌ¸Íûö®°Ã�ÍÈò�òaP¾K®�Ã}Æ5ëHÖ�Î�ë�Î�Ö9Í¢ÌÅÎµËHÆ�Ö�É}×�ÌÅëHÖÚÎ7Á�ÂHÃ�Æîé�×}Ã}Ä¸ÄÅÃ�ÆÈÇHÃ�Æ Þ�É}Þ�É}ÆÈë�Ã�Í¢Ì¸Í�Æ
ëeÔµÖ�Ó
Ì�Ä¸Ã}ÆûÄ¸É}Ù�Ã�Ö�Æ±Ã�ÍÐëHÔµÖ�Ó
ÌãÄ¸Ã}Æ±ÄÅÎµÂHÖ�ÇHÆ¢ì ÇHÃ}ÓÕÔµËHÇRÃ}Ë:Í � ë�Î�ÂHÖ5,�Í¢ÖÚÃîÉ�ÍhÔ1ÞHÄÅÌ¸Ã}Æ � ÄïÔP×�Î�ËHËeÔµÌ¸Æ�Æ�ÔµËH×}Ã�×�Î�ÓÕëRÄÅô�Í�ÃÇHÃÈÄÅÔûÖ�É�ëeÔµÖÚÍ�ÌÅÎ�Ë�ÇHÃ�Æ�Þ�É}Þ�É}Æ.ÆÚÂHÌ¸æ1ÔµË:Í ÄÅÃ�Æ òÐ×}Ô1Í¢É�Ù�Î�Ö�Ì¸Ã}Æ�¾ ¬ Ë
Ã�t�Ã�Í � ×}Î�Ó
Ó
ÃíÄÅÃíÇHÉ�ÓÕÎ�Ë:Í�Ö�Ã�ÄÅÃ�Æ ÇRÃ}ÂI}
ÖÚÉ}ëeÔµÖ9Í¢ÌN»
Í¢ÌÅÎµËHÆ�Ç�ÛÜÃ�t�Ã�×�Í¢Ì � Æ¡×�Î�ÓÕëHÔ1Í¢Ì¸ÞHÄÅÃ�Æ ëRÖ�É}ÆÚÃ}Ë:Í¢É�Ã}ÆíÃ�Ë#ÍhÔµÞRÄÅÃ5ò � ÄïÔÐÓë,�ÓÕÃ5ëHÖ�ÎµÞeÔµÞHÌ¸ÄÅÌ¸Í�Éí×}Î�ËRÇHÌ¸Í�ÌÅÎ�ËHËRÃ}ÄÅÄ¸Ãíë�Ã�ÂRÍ&»*,�Í�Ö�Ã
Æ}ÛÜÔµëHëHÄ¸ÌÅÁ�ÂHÃ}Öp�îÇHÃ�ÆÈÆÚÌ¸Í¢ÂHÔ1Í¢Ì¸Î�ËHÆ¡Í�Ö�ô}Æ�ÇHÌ?t�É�Ö�Ã�Ë�Í�Ã}Æ�¾

�ÈÂRÍ¢ÖÚÃ}Ó
Ã}Ë:Í!ÇHÌ¸Í � ÌÅÄ�Æ�ÛÒÔ1Ù�Ì¸Í±Ç�ÛÜÃ�t�Ã�×�Í¢Ì � ÆÐÇHÃ�ÇHÃ}ÂI}2ë�Î�ëHÂRÄïÔ1Í�ÌÅÎ�ËHÆÈÍ¢Ö�ô�ÆÐÇHÌÅÆÚÆ�Ã}Ó ÞHÄïÔµÞ�Ã}ÆÐÇeÔ1ËHÆÐÄÅÃ}ÆÐÖÚÉ}ëeÔµÖ9Í¢ÌN»
Í¢ÌÅÎµËHÆ�ÓÕÔµÌ¸Æ±×}Î�ËHÆ9Í¢ÖÚÂHÌ¸Í�Ã}Æ!ÇHÃ
Í�Ã}Ä¸ÄÅÃ�Ó#Ô1ËHÌÅô�Ö�ÃîÁ�ÂGÛóÃ}ÄÅÄ¸Ã}Æ!ÌÅËHÇRÂHÌÅÆÚÃ}Ë:Í ÄÅÔ�Óë,�ÓÕÃ�ÇHÌ¸ÆÚÍ¢ÖÚÌÅÞHÂ7Í¢ÌÅÎµË2×�Î�ËHÇHÌÀÍ¢Ì¸Î�ËHËHÃ�ÄÅÄÅÃ
P (Pb | Tb)

¾À¾À¾�ëHÔµÖÈ×�Î�Ë:Í¢ÖÚÃ � Î�ËÝÃ�ËoÎ�ÞRÍ�ÌÅÃ�Ë�Í5ÇHÃ�Æ ëHÖÚÎ�ÞeÔµÞRÌÅÄÅÌÀÍ¢É�Æí×}Î�ËHÇRÌ¸Í¢Ì¸Î�ËHËHÃ�ÄÅÄ¸Ã}ÆíÌÅË:æµÃ}Ö�ÆÚÃ}Æ � P (Tb|Pb) � Í¢ÖÚô}ÆÇHÌGt�É}ÖÚÃ}Ë:Í¢Ã�Æ}¾í�ûÔµËHÆÕÄÅÃ�ëHÖ�Ã�ÓÕÌ¸Ã}Ö�×¦Ô1Æ � ë�Î�ÂRÖ
Ä¸Ã}Æ
Þ�É�Þ�É�Æ#Ä¸É}Ù�Ã�Ö�Æ � Ì¸Ä³ßáÔÏÓ
Î�ÌÅËHÆîÇRÃ�Þ�É}Þ�É}Æ
ë�Ã�Í¢Ì¸Í�ÆÕÁ�ÂHÃÝÇHÃÞ�É�Þ�É�ÆîÙ�Ö¢ÔµËRÇHÆ � Ó#ÔµÌ¸Æ�×1ÛÜÃ�ÆÚÍîÄyÛÜÌ¸Ë:æ�Ã}ÖÚÆ�Ã�ÇeÔ1ËHÆ�ÄÅÃÕÆ�Ã�×}Î�ËHÇ ×}ÔµÆ � ÔµÄÅÎ�ÖÚÆ�Á�ÂHÃ�Ä¸Ã}Æ�ëHÖ�Î�ë�Î�Ö9Í¢ÌÅÎµËHÆ�ÇRÃPÄïÔÝÍ¢ÔµÞHÄ¸Ã#åÆ�Î�Ë:Í�Ã�}RÔµ×�Í�Ã}Ó
Ã}Ë:Í�Ö�Ã}ÆÚë�Ã�×�Í�É}Ã}Æ�ÇeÔµËHÆ.ÂHË
×¦Ô1Æ ×�Î�Ó
ÓÕÃíÇeÔ1ËHÆ.Ä ÛÜÔµÂRÍ¢ÖÚÃµ¾@®�ÔÐ×}Ä¸Ã � ÇHÃ�×}Ã�Í¡ÔµëHëHÔµÖ�Ã�Ë�Í ëeÔ1Ö¢ÔµÇHÎ=}7Ã ² ¹
Æ�ÃîÍ¢ÖÚÎ�ÂRæ�Ã�ÇeÔ1ËHÆÐÄÅÃ}Æ±ëRÖ�Î�ë�Î�ÖÚÍ�ÌÅÎ�ËRÆûÁ�ÂeÔµÆ�Ì¸ÓÕÃ�Ë:ÍÐÌÅË:æ�Ã�Ö�Æ�Ã�Æ�ÇRÃ}Æ!ë�Ã�Í¢Ì¸Í�ÆûÃ�Í!Ù�Ö�ÔµËHÇHÆ±Þ�É}Þ�É}ÆÐÁ�ÂHÌ.Ôkt�Ã}×�Í¢Ã�Ë�Í!Ä¸Ã}Æ
ëHÖ�Î�ë�Î�Ö9Í¢ÌÅÎµËHÆíÇHÃ}Æ�Þ�É}Þ�É}Æ5ÄÅÉ�Ù�Ã}ÖÚÆíÃ�Í5ÇHÃ}Æ5Þ�É}Þ�É}Æ�ÄÅÎ�ÂRÖ�ÇHÆ�¾¸¾À¾

/¡Ã�×}Ì¡ë�Ã}Â7Í�Æ�ÃÕæ�Î�Ì¸Ö�ëeÔ1Ö�ÔµëHëRÄÅÌÅ×}Ô1Í¢Ì¸Î�Ë2ÇHÌÅÖÚÃ}×�Í�ÃDé�Ö�É}ë�É�Í�É}Ã¦ì�ÇHÂsÍ�ØHÉ}Î�ÖÚô}Ó
Ã#ÇHÃ s³Ô¦ß�Ã�Æ ² Ùoéa× � ¾_hú7¾Üò�ì�¾ ¬ Ë
ß2ã�¯ �I%�� �	Q��d�]���"X�	!*���4�hl=�|���9°=��o1X%2�����
ß æ �¢��!]��l���o1X4���Y�

P (Tb = 1 | Pb = 1) =
P (Tb = 1, Pb = 1)

P (Pb = 1)

=
P (Tb = 1, Pb = 1)

P (Tb = 1, Pb = 1) + P (Tb = 2, Pb = 1)

=
P (Pb = 1 | Tb = 1)P (Tb = 1)

P (Pb = 1 | Tb = 1)P (Tb = 1) + P (Pb = 1 | Tb = 2)P (Tb = 2)

¿q½



P�Q�R9© ò�ª«�7ë�É}×�Ì¸Êe×}Ô1Í¢Ì¸Î�Ë�ÇHÂ�ÓÕÎ[ÇHô}Ä¸Ãµ¾
� Ã}ÂI}DÇHÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�ËHÆÈÇHÃ�ëHÖÚÎ�ÞeÔµÞRÌÅÄÅÌÀÍ¢É!Æ�Î�Ë:Í!ÔµÆÚÆ�Î[×}Ì¸É}Ã}Æ"�PÇHÃ}Æ±ÇHÃ�ÂI} ÆÚÎ�ÂHÆ�»wÃ}ËHÆÚÃ}Ó�ÞRÄÅÃ}Æ±ÇRÂ2ÖÚÉ}ÆÚÃ¦ÔµÂ éaÓ
ÌÅÆÈÃ}Ë
Ù�Ö¢ÔµÆ¢ì�¾

P

T

P

T
P(T)

P(P|T)

¦í§Y¨c© ö.ª«� Ì¸ÆÚÍ�Ö�ÌÅÞRÂRÍ¢Ì¸Î�ËPÓÕÔµÖ�Ù�Ì¸ËeÔµÄ¸Ã ÇHÃ�Æ5Í¢ÔµÌÅÄ¸ÄÅÃ}Æûé�æ1ÔµÖÚÌïÔµÞHÄ¸ÃûÞHÌ¸ËeÔµÌÅÖÚÃXì

P (Tb)

Tb = 1 0.480
Tb = 2 0.420

Æ�ÂHëHëRÄÅÉ}Ó
Ã}Ë:Í5ÔµÂ�}PëHÖÚÎ�ÞeÔµÞRÌÅÄÅÌÀÍ¢É�Æ ×�Î�ËHÇHÌÀÍ¢Ì¸Î�ËHËHÃ�ÄÅÄÅÃ�Æ
P (Pb | Tb) � ÌÅÄ � ÔµÂRÍíÇRÎ�ËH×ûÇHÌ¸Æ�ë�Î�Æ�Ã�Ö¡ÇHÃ±ÄÅÔ�ÇHÌ¸ÆÚÍ�Ö�ÌÅÞRÂRÍ¢Ì¸Î�ËÓ#ÔµÖÚÙ�ÌÅËHÔµÄÅÃÈÇHÃÐÄïÔ�æ1ÔµÖ�ÌÅÔµÞHÄÅÃ ÔµÄÅÉ}Ô1Í¢ÎµÌÅÖ�Ã

Tb

¾

��j¸�Gj ý t}QTm[Z:_ÝÜ�Z�ORWX_aS�]KZ�S�rsQ�{�µ�W¦Y��^b rsS��nµ[{aY
¬ Ë � ÔµÌ¸Í � ÄïÔîÇHÌ¸ÆÚÍ�Ö�ÌÅÞRÂRÍ¢Ì¸Î�Ë�×}Î�ËRÇHÌ¸Í�ÌÅÎ�ËHËRÃ}ÄÅÄ¸Ã P (Pb | Tb)

Ã�Í5ÄïÔîÇHÌ¸ÆÚÍ¢ÖÚÌÅÞHÂ7Í¢ÌÅÎµËPÓ#Ô1Ö�Ù�Ì¸ËeÔµÄÅÃÈÇHÃÐÄïÔ�æ1ÔµÖ�ÌÅÔµÞHÄ¸Ã
×}Î�ËHÇRÌ¸Í¢Ì¸Î�ËHËeÔ1Ë�Í�Ã

P (Tb)
ËHÎ�ÂHÆ � Î�ÂHÖÚËHÌ¸Í.ÄÅÔ±ÇHÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�Ë�×}ÎµËxõÚÎ�ÌÅË:Í�Ã5ÇRÃ}Æ ÇHÃ}ÂI}
æ1ÔµÖÚÌïÔµÞHÄ¸Ã}Æ � ËHÎµÍ�É}Ã P (Pb, Tb)Î�Â

P (Tb, Pb)
¾D�ÈÃ³×}Ã�Í�Í¢Ã�ÇHÌÅÆ9Í¢ÖÚÌÅÞHÂRÍ�ÌÅÎ�Ë!×}ÎµËxõÚÎ�ÌÅË:Í�Ã�ÆÚÃ³ÇHÉ}ÇRÂHÌÅÆÚÃ}Ë:Í�Í¢ÎµÂRÍ¢Ã�ÆãÄÅÃ�Æ�ÔµÂ7Í¢Ö�Ã�Æ � Ã}Ë�ëHÔµÖÚÍ�ÌÅ×}ÂRÄÅÌÅÃ�Ö�Ä ÛÜÔµÂRÍ¢ÖÚÃÇHÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�Ë�×�Î�ËHÇHÌÀÍ¢Ì¸Î�ËHËHÃ�ÄÅÄÅÃ

P (Tb | Pb) � Ã�Í.ÞHÌÅÃ�ËîÃ}Ë:Í¢Ã�ËHÇHÂ
Ä ÛÜÔµÂRÍ¢ÖÚÃ³ÇHÌ¸ÆÚÍ¢ÖÚÌÅÞHÂ7Í¢ÌÅÎµË ÓÕÔµÖ�Ù�Ì¸ËeÔµÄ¸Ã P (Pb)
¾Ö®�Ô

Æ�ë�É}×}ÌÀÊe×¦ÔxÍ¢ÌÅÎµË�×�Î�Ó
ëHÄÅô�Í¢Ã±ÇHÂ�ÓÕÎ[ÇHô�ÄÅÃûë�Ã}ÂRÍ5ÆÚÃ � Ô1ÌÅÖ�Ã±ÇRÃÐÍ�Ö�Î�Ì¸ÆíÓ#Ô1ËHÌÅô�Ö�Ã}Æ¡ÇHÌGt�É}ÖÚÃ}Ë:Í¢Ã�Æ�ñ
ª

P (Pb, Tb) �ª
P (Pb | Tb)

Ã�Í
P (Tb) �ª

P (Tb | Pb)
Ã�Í

P (Pb)
¾

/¡Ã�Í�Í�Ã�Ö�ô�Ù�ÄÅÃ!Ã}Æ9Í±Ù�É�ËHÉ}Ö�ÔµÄÅÃ!Ã�Í Æ}ÛÜÔµëHëHÄ¸ÌÅÁ�ÂHÃ���Í¢Î�ÂRÆ Í�ß[ë�Ã�ÆûÇHÃ�æ1ÔµÖÚÌïÔµÞRÄÅÃ}Æ�ÞHÌ¸ËeÔµÌ¸Ö�Ã}Æ � ÇHÌÅÆÚ×}Ö�ô�Í¢Ã�ÆûÃ�Í ×}Î�Ë:Í¢Ì¸Ë�ÂHÃ}ÆÎ�Â�ÓÕÌN}7Í�Ã}Æ�¾@®�Ã}Æ.Æ�Î�ÂRÆ�»�ëHÔµÖÚÍ�ÌÅÃ}ÆTÇRÂÕÖÚÉ}Æ�Ã}ÔµÂ
×}Î�ÖÚÖ�Ã}ÆÚë�ÎµËHÇeÔµË:Í�ÔµÂ�×hØHÎ�ÌN}îÇHÃ�ÄïÔûÆÚë�É�×}ÌÀÊe×¦Ô1Í�ÌÅÎ�ËîÇRÂÕÓ
Î7ÇRô}ÄÅÃ¡Æ�Î�Ë:Í
ÌÅÄÅÄ¸ÂHÆÚÍ�Ö�É�Ã}ÆíÇeÔµËRÆ5ÄÅÔ ÊeÙ�ÂHÖÚÃÐòH¾

��Ä�ËHÎ�ÂRÆ � ÔµÂRÍÈÇHÎ�ËR×�ÔqõÚÎ�Â7Í¢Ã}Ö5ÄïÔ�ÇHÌ¸ÆÚÍ¢ÖÚÌÅÞHÂ7Í¢ÌÅÎµË�ÓÕÔµÖÚÙ�ÌÅËeÔ1ÄÅÃ±ÇHÃ
Tb

Á[ÂRÌ�Ã�ÆÚÍûÇRÎ�ËHËHÉ�Ã ÇeÔµËRÆ ÄïÔîÍhÔ1ÞHÄÅÃ ö7¾Ï��Ä
Ã}ÆÚÍ!Ô1ÄÅÎ�ÖÚÆÈë�Î�Æ�ÆÚÌÅÞHÄ¸Ã ÇGÛóÃ}ËDÇRÉ}ÇHÂHÌ¸Ö�Ã�ÄïÔÕëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢ÉÐ×�Î�ËxõÚÎ�Ì¸Ë�Í�Ã � ×µÛóÃ}Æ9ÍÐÄïÔ
Í¢ÔµÞHÄ¸Ã#¾K��ÄãÃ}Æ9Í±Æ�Ì¸ÓÕëRÄÅÃ!Ã}ËHÆÚÂHÌ¸Í�Ã�ÇHÃ
Í¢Ö�ÎµÂRæ�Ã�Öí�ûëHÔµÖÚÍ�ÌÅÖ�ÇHÃíÄÅÔ ÇHÃ�ËHÆ�ÌÀÍ¢Éí×}ÎµËxõÚÎ�ÌÅË:Í�ÃíÄïÔ ëHÖÚÎ�ÞeÔµÞRÌÅÄÅÌÀÍ¢É ×}Î�ËRÇHÌ¸Í�ÌÅÎ�ËHËRÃ}ÄÅÄ¸Ã�ÇRÃ

Tb

Æ¢Ôµ×hØHÔµË:Í
Pb

¾D��ÄRÆ�Â;ì�Í ÇHÃ
ËHÎ�Ö�ÓÕÔµÄ¸ÌÅÆ�Ã�Ö¡Ä¸Ã}Æí×}ÎµÄÅÎ�ËHËRÃ}Æ!éa×hØHÔµÁ�ÂHÃ�×�Î�ÄÅÎµËHËHÃû×�Î�Ö�ÖÚÃ}Æ�ë�Î�ËHÇ��îÂHËHÃûæ1ÔµÄ¸Ã}ÂHÖ¡ÊI}RÉ�Ã�ÇRÃ

Tb

ì�ë�Î�ÂHÖíÃ�Ë � Ô1ÌÅÖ�ÃÈÂHËHÃ
ëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�Éµ¾P®�ÃîÖÚÉ}ÆÚÂHÄ¸Í¢Ô1Í±Ã}Ë2Ã}Æ9ÍÐÇHÎ�ËHËRÉ
ÇHÔµËHÆ±ÄïÔ#Í¢ÔµÞHÄ¸Ã�ÑPÔµëHÖÚô}ÆÐÉ}×hØeÔ1ËHÙ�Ã�ÇHÃ}Æ±Ä¸ÌÅÙ�ËRÃ}ÆûÃ�ÍÐÇHÃ}ÆÐ×}ÎµÄÅÎ�ËHËRÃ}Æ

¿Xå



¦í§Y¨c© ÷�ªU�TÖÚÎ�ÞeÔµÞHÌ¸ÄÅÌÀÍ¢É ×�Î�ËxõÚÎ�Ì¸Ë:Í¢ÃÐÇHÃ
Tb

Ã�Í
Pb

P (Tb, Pb) Pb = 1 Pb = 2

Tb = 1 0.456 0.024
Tb = 2 0.291 0.229

¦v§c¨Y© Ñ.ª �.ÖÚÎ�ÞeÔµÞRÌÅÄÅÌÀÍ¢ÉÈ×}Î�ËHÇRÌ¸Í¢Ì¸Î�ËHËHÃ�ÄÅÄ¸Ã ÇHÃ
Tb

Æ¢Ô1×hØeÔµË:Í
Pb

¾

P (Tb|Pb) Tb = 1 Tb = 2

Pb = 1 0.610 0.390
Pb = 2 0.095 0.0905

ë�Î�ÂRÖ5Á�ÂHÃÐÄÅÔîæ1ÔµÖÚÌïÔµÞRÄÅÃ ×�Î�ËHÇHÌÀÍ¢Ì¸Î�ËHËeÔµË:Í�Ã � Pb � Æ�Ã±Í¢ÖÚÎ�ÂRæµÃ�Ã�ËÝÄ¸ÌÅÙ�ËHÃ�Æ}¾

�3T�± q�,.8¡[ +u��,TFH6E, y ZE+�8á,�Z�]�,�4�`.6EFR+�8¡[ 6E8�q�Fl²�47+�8
®�Ã}Æ5æ1ÔµÖ�ÌÅÔµÞHÄÅÃ�Æ5ÔµÄÅÉ}Ô1Í¢Î�Ì¸Ö�Ã�Æ5ÇRÌÅÆ�×�Ö�ô�Í¢Ã}Æ Ù�É}ËHÉ�Ö¢ÔµÄ¸ÌÅÆÚÃ}Ë:Í Ä¸Ã}Æ5æµÔ1Ö�ÌïÔ1ÞHÄÅÃ�ÆÈÔ1ÄÅÉ¦ÔxÍ¢Î�Ì¸Ö�Ã}Æ�ÞHÌ¸ËeÔµÌ¸Ö�Ã}Æ5Ã}ËoÔµÂRÍ¢ÎµÖ�ÌÅÆ�ÔµË:Í

ëHÄÅÂHÆíÇRÃûÇHÃ}Â�}�É�Í¢Ô1Í¢Æ³ë�Î�ÆÚÆ�ÌÅÞRÄÅÃ}Æ�¾�� Â7Í¢Ö�Ã�ÓÕÃ�Ë:ÍíÇHÌ¸Í � ÂHËRÃûæµÔ1Ö�ÌïÔ1ÞHÄÅÃ5ÞHÌÅËHÔµÌÅÖÚÃ ËGÛóÃ}Æ9Í�Á[Â�ÛÜÂHËRÃÐæ1ÔµÖÚÌïÔµÞRÄÅÃ ÇRÌÅÆ�×�Ö�ô�Í¢ÃëeÔµÖÚÍ�ÌÅ×�ÂHÄÅÌ¸ô}Ö�Ã1¾�eûË�ÌÅËHÇHÌ¸×}Ã�Ö¢Ô�×}Ã�Æ5æ1ÔµÖÚÌïÔµÞRÄÅÃ}Æ¡ëeÔµÖíÄÅÃ
d
ÇHÃÐÇHÌÅÆÚ×}ÖÚô�Í¢Ã�ñ

Pd

Ã�Í
Td

¾

��j ý j ´ ��m�Üã]^_�Wq_�S�]K��Y[t��ROHUx_aOHº�{�Y7tîY:WÕ��b¹Uqm[t}Y�Oeb
eûË
ë�Î�ÂRÖ�Ö¢Ô1Ì¸ÍTëeÔ1Ö Ã	}7Ã}Ó
ëHÄÅÃíÇHÌ¸ÆÚÍ�ÌÅËHÙ�ÂRÃ}Ö.åÐËHÌ¸æµÃ¦ÔµÂI}îÇHÃ5Í¢ÔµÌÅÄ¸ÄÅÃ�ÆãÇHÃ�Æ�Þ�É}Þ�É}Æ5ñ:ë�Ã�Í¢ÌÀÍ¢Æ5é9¿Xì � Ó
ÎqßµÃ}ËHÆ é ½µìãÃ�ÍÙ�Ö¢ÔµËRÇHÆ�éyå:ìP¯RÃ�ÍÈÔµÂHÆÚÆ�Ì�ÇHÌ¸ÆÚÍ¢Ì¸ËHÙ�ÂHÃ�Ö³ò�ËHÌ¸æµÃ¦ÔµÂ�}�ÇHÃÐë�ÎµÌÅÇHÆ³ÇRÃ}Æ5Þ�É�Þ�É�Æ!ñ7Í¢Ö�ô�Æ�ÄÅÉ}ÙµÃ}Ö�Æ!éaÔ:ì � ÄÅÉ}ÙµÃ}Ö�Æ!é�ÞVì � Ä¸Î�ÂHÖÚÇHÆéa×Xì¡Ã�ÍíÍ¢ÖÚô}Æ�ÄÅÎ�ÂRÖ�ÇHÆÐé�ÇVì�¾���Î�ÂHÖíÉ�æ[Ì¸Í¢Ã�ÖíÄÅÃ�Æ³×}Î�Ë � ÂHÆ�Ì¸Î�ËHÆ � Î�Ë�ËHÎµÍ¢Ã�Ö¢Ô�Ä¸Ã}ÆíÇHÃ�ÂI}�æ1ÔµÖ�ÌÅÔµÞHÄ¸Ã}Æ¡ÇHÔµËHÆíÄÅÃ�ÂHÖ³æ�Ã�Ö�ÆÚÌÅÎ�Ë

ÇHÌÅÆÚ×}Ö�ô�Í¢Ã
Td

Ã�Í
Pd

¾;ºÈÎ�ÂRÆí×}Î�ËHÆÚÃ}Ö9æ�Î�ËHÆ � ÞHÌÅÃ�Ë�Æ,³HÖ � Ä¸ÃûÙ�Ö¢Ô1ëHØHÃûÂRÍ�ÌÅÄ¸ÌÅÆ�ÉÈÔ¦æ�Ã�×±ÄÅÃ}Æ�æµÔ1Ö�ÌïÔ1ÞHÄÅÃ�Æ¡ÞHÌ¸ËeÔµÌÅÖÚÃ}Æûé�ÊeÙ�ÂRÖ�Ãå:ì�¾

��j ý j¸c _a]*¥ãb^Y[]^Z�Yo��Y
Td

t¦b�U
Pd ¦ Pd | Td §

/¡Î�Ó
Ó
Ã�ËHÎ�ÂHÆ�ÄyÛÒÔ¦æ�ÎµËHÆ � ÔµÌ¸Í�Ã�Ë´¢åR¾ÜåR¾ø½ � ÇeÔµËHÆ�ÂHËRÃ ÎµëRÍ¢Ì¸Á[ÂRÃ ëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸ÌÅÆÚÍ�Ã � Î�Ë!ë�Ã�ÂRÍ�Í¢Ö�ÔµÇHÂHÌ¸Ö�ÃTÄ ÛóÌÅË7ðeÂHÃ}ËR×}ÃÇHÃ
Td

Æ�ÂHÖ
Pd

ëHÔµÖ ÂHËRÃ!Í¢ÔµÞHÄÅÃ!ÇHÃ�ëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É}Æí×}ÎµËHÇHÌ¸Í�ÌÅÎ�ËRËHÃ}Ä¸ÄÅÃ}Æ!é�× � ¾nhúR¾Üå:ì±ñVÂHËHÃ ëRÖ�Î�ë�Î�Æ�ÌÀÍ¢Ì¸Î�Ë�Ã}ÆÚÍ � ÔµÌ¸Í�Ã
ÇeÔµËHÆ5ÄÅÃ Í¢ÔµÞHÄ¸Ã¦ÔµÂ�à�¾

��ÄíÆ�ÛÒÔµÙµÌ¸Í
ÇGÛóÂHËHÃ�Ù�É}ËHÉ�Ö¢ÔµÄ¸ÌÅÆ�Ô1Í¢Ì¸Î�Ë ÇHÃ�ÄïÔoÍhÔµÞRÄÅÃ�½DÎ�ÞRÍ¢Ã�Ë�ÂHÃ�Ã�ËKÉ}×�ÄïÔ1Í¢ÔµË:Í�ÄïÔoæ1ÔµÖ�ÌÅÔµÞHÄ¸Ã
T
Æ�ÂHÖ
Æ¢Ô ëHÖÚÃ�»

ÓÕÌ¸ô}Ö�Ã#ÓÕÎ[ÇeÔµÄ¸Ì¸Í¢É
(1→ {0, 1}) Ã�Í�ÄÅÃ}ÆîÇRÃ}ÂI}áÓ
Î7ÇHÔµÄÅÌÀÍ¢É}Æ!ÇHÃ�ÄïÔ�æ1ÔµÖÚÌïÔµÞRÄÅÃ

P (1→ {a, b, c} , 2→ {d}) ¾

¦í§Y¨c© à�ªU�TÖÚÎ�ÞeÔµÞHÌ¸ÄÅÌÀÍ¢Éû×�Î�ËHÇHÌÀÍ¢ÌÅÎµËHËHÃ}Ä¸ÄÅÃÈÇHÃ
Pd

Æ�Ôµ×hØeÔµË:Í
Tdéa×¦Ô1Æ5ÇRÃÐæ1ÔµÖÚÌïÔµÞRÄÅÃ}ÆíÇRÌÅÆ�×�Ö�ô�Í¢Ã}Æ¢ì

P (Pd|Td) Pd = a Pd = b Pd = c Pd = d

Td = 0 0.736 0.214 0.044 0.005
Td = 1 0.272 0.399 0.252 0.077
Td = 2 0.027 0.169 0.363 0.440

¿¦ò



¦v§c¨Y© ú�ªU� ÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�ËPÓÕÔµÖÚÙ�ÌÅËeÔ1ÄÅÃ ÇRÃ!ÄÅÔ�æµÔ1Ö�ÌïÔ1ÞHÄÅÃ
Td

¾

P (Td)

Td = 0 0.182
Td = 1 0.298
Td = 2 0.520

¦v§c¨Y© ¿Xè�ª �TÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É ×}ÎµËxõÚÎ�ÌÅË:Í�Ã!ÇRÃ
Pd

Ã�Í
Td®^Ô�Æ�ÎµÓÕÓ
ÃûÇHÃ±Í¢ÎµÂRÍ¢Ã�Æ5×�Ã}Æ5ëHÖ�ÎµÞeÔµÞHÌ¸ÄÅÌ¸Í�É}Æ³Ã�ÆÚÍ5Ä ÛóÂHËHÌÀÍ¢É1¾

P (Pd, Td) Pd = a Pd = b Pd = c Pd = d

Td = 0 0.134 0.039 0.008 0.001
Td = 1 0.081 0.119 0.075 0.023
Td = 2 0.014 0.088 0.189 0.229

�ãÔµÖ�Ã�}7Ã�ÓÕëHÄ¸Ã � Î�Ë�æµÉ}Ö�ÌÀÊeÃ � �îëeÔµÖ9Í¢Ì¸Ö³ÇHÃ}Æ�ÍhÔ1ÞHÄÅÃ}ÔµÂI}�½�Ã�Í à � Á�ÂHÃÕñ

P (Pd = d | Td = 2) = 0.440

= P (Pb = 2 | Tb = 2)

��j ý j¸� Z�Oe{aZ:b�{��^Y�{aO2�^_yt�WXUx_aº�b�WX_aS�]áZ�S�]�·}S�_a]�WXYo��Y
Pd

Y:W
Td

®�ÔÈëRÖ�Î�ÞHÄ¸É}ÓÕÔ1Í¢Ì¸Á�ÂHÃ.Ã}ÆÚÍãÌÅÇHÃ�Ë:Í¢ÌÅÁ�ÂHÃ��È×�Ã}ÄÅÄ¸Ã�Ì¸ÇHÃ}Ë:Í�Ì¸ÊeÉ�Ã�ÇeÔ1ËHÆãÄ¸Ã�×}ÔµÆãÇHÃ�Æãæ1ÔµÖ�ÌÅÔµÞHÄ¸Ã}Æ�ÞHÌÅËHÔµÌÅÖÚÃ}Æ¡éa× � ¾@¢åR¾Òå7¾Òå:ì �ÌÅÄ � ÔµÂ7Í�ÔµÂHÆÚÆ�Ì�ÇHÌÅÆÚë�ÎµÆ�Ã}ÖíÇRÃ±ÄïÔ�ÇHÌ¸ÆÚÍ¢ÖÚÌÅÞHÂ7Í¢ÌÅÎµËPÓ#Ô1Ö�Ù�Ì¸ËeÔµÄÅÃÈÇHÃ±ÄïÔ æ1ÔµÖÚÌïÔµÞRÄÅÃ
Td

¾Ï�7ÂHëRë�Î�ÆÚÎ�ËHÆ5Á�ÂHÃÐ×}Ã}Ä¸ÄÅÃ	»�×}Ì�Æ�Î�ÌÀÍ
ÇHÎ�ËHËHÉ�ÃîëeÔµÖûÄ¸Ã�Í¢ÔµÞHÄÅÃ}ÔµÂDú�¾_eûËoë�Ã�ÂRÍ±Ã�ËDÇHÉ}ÇHÂRÌÅÖ�Ã ëeÔµÖ±ÔµëRëHÄÅÌ¸×¦Ô1Í�ÌÅÎ�Ë�Æ�Ì¸ÓÕÌ¸ÄïÔµÌ¸Ö�Ã±ÇHÂoÍ�ØHÉ}Î�ÖÚô}Ó
Ã ÇHÃ�s³Ô¦ß�Ã}Æ
ÄïÔ�ÍhÔµÞRÄÅÃî¿�¿ÐÇHÃ�Æ5ëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢É�Æ³×}ÎµËHÇHÌ¸Í�ÌÅÎ�ËRËHÃ}Ä¸ÄÅÃ}Æ�ÇHÃ

Td

Æ¢Ôµ×hØHÔµË:Í
Pd

¾
�^Î�ÂHÖ¡×�Ã}ÄÅÔ � ÎµËP×}Î�Ó
Ó
Ã}ËH×�Ã ëeÔµÖ�×¦ÔµÄ¸×}ÂHÄ¸Ã}Ö ÄïÔ!ëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�Éí×}Î�ËxõÚÎµÌÅË:Í¢ÃÈëeÔµÖ¡Ä¸Ã5Í�ØHÉ}ÎµÖ�ô}Ó
Ã ÇRÃ5s³Ô¦ß�Ã�Æ�ÔXæµÃ}×

ÇHÃ}Æ � Î�Ö�Ó�ÂRÄÅÃ}ÆíÇRÂ�Ù�Ã�ËHÖ�Ã
ñ
P (Pd = b, Td = 1) = P (Pd = b, | Td = 1)P (Td = 1) = 0.399× 0.298 =

0.1189
¾¸¾À¾� ãÌ¸ËeÔµÄ¸Ã}Ó
Ã}Ë:Í � Î�Ë�Î�ÞRÍ¢Ì¸Ã}Ë:Í5ÄïÔ Í¢ÔµÞHÄÅÃî¿¦èR¾

��j ý j ý _a]���Y[Uxt¦_�S�]K��YD{�O2UqY[{�ORWq_�S�]>âT_a]*¥ãb�Y7]^Z�Yo��Y
Pd

t¦b�U
Td ¦ Td | Pd §

� ëeÔµÖÚÍ�ÌÅÖ^ÇHÃ³ÄÅÔÈÇHÌ¸ÆÚÍ¢ÖÚÌÅÞHÂ7Í¢ÌÅÎµË�×�Î�ËxõÚÎ�Ì¸Ë�Í�Ã � Î�Ë�ÇHÉ�ÇHÂHÌ¸Í�ÔµÆ�ÆÚÃ'´íÇHÌ¸Ö�Ã�×�Í¢Ã�ÓÕÃ�Ë:Í ² ç ÄïÔ5ÇHÌÅÆ9Í¢ÖÚÌÅÞHÂRÍ�ÌÅÎ�Ë!×}ÎµËHÇHÌ¸Í�ÌÅÎ�Ë�»
ËHÃ}Ä¸ÄÅÃ³ÇHÃ

Td

ëeÔµÖ�Ö�ÔµëHë�Î�ÖÚÍ|�
Pd � ËHÎµÍ¢É�Ã [Td | Pd]

¾Ö/¡Ã}ÄÅÄ¸Ã�»w×}ÌRÃ�ÆÚÍ.ÇHÎµËHËHÉ}ÃíÇHÔµËHÆ�ÄÅÔÈÍhÔµÞRÄÅÃû¿�¿¡ÇHÃ}ÆTëHÖÚÎ�ÞeÔµÞRÌÅÄÅÌÀÍ¢É�Æ
×}Î�ËHÇRÌ¸Í¢Ì¸Î�ËHËHÃ�ÄÅÄ¸Ã}Æ³ÇHÃ

Td

Æ�Ôµ×hØeÔµË:Í
Pd

¾

��j ý j¸f UqY[rsOHUx`Gb�YsâTZ�Oe{aZ:b^{ytît¦b�U#SVUx�^_y]�ORWXY[b�U
-^Î�ÂHÆ±Ä¸Ã}Æû×}ÔµÄÅ×�ÂHÄÅÆÈëHÖ�É�×}É}ÇRÃ}Ë:Í¢Æ!Æ�Î�Ë:ÍÐÃ�ËDÙ�É}ËHÉ�Ö¢ÔµÄãÖ�É¦Ô1ÄÅÌÅÆÚÉ}ÆûÙµÖhÞµ×�Ãù�PÇHÃ}Æ±Ä¸Î�Ù�Ì¸×}ÌÅÃ�ÄÅÆ�Æ�ë�É}×�ÌïÔµÄ¸ÌÅÆÚÉ}Æ�é�× � ¾Y¢à:ì

ÇGÛÒÔ1ÂRÍhÔµË:ÍÐëHÄ¸ÂHÆûËHÉ�×}Ã�Æ�Æ¢Ô1ÌÅÖ�Ã�Æ�Á�ÂHÃîÆÚÂHÌ¸æ1ÔµË:Í±Ä¸Ã}Æ±Ó
Î7ÇRô}ÄÅÃ�Æ ÂRÍ�ÌÅÄ¸ÌÅÆ�É�Æ � ÄÅÃ�Æ±×¦ÔµÄ¸×}ÂHÄ¸Æ ë�Ã}ÂRæµÃ}Ë:Í!ÇHÃ�æµÃ}ËHÌ¸Ö!×�Î�Ó
ëHÄÅô	»Í¢Ã}Ó
Ã}Ë:Í5ÌÅÓ
ë�Ã}ËHÆ�ÔµÞHÄÅÃ�Æê�îÄïÔ�ÓÕÔµÌÅËG¾
ß	N�¯ �c%2��µ��"���.����z=��% ��!'�*)��\��4�àX! ��3�	34�����d�$#5X�	!ê�
� % ��o1o1�.���6%êX4!$��3��34������� #6%ê���.%$�ù����Q��4���P����!ê��l��&o�X���

0.604 =
0.134

0.134+0.039+0.008+0.001

�

¿qö



¦v§c¨Y© ¿�¿(ª �TÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢ÉÈ×}Î�ËRÇHÌ¸Í�ÌÅÎ�ËHËRÃ}ÄÅÄ¸Ã ÇHÃ
T
Æ¢Ôµ×hØeÔ1Ë�Í

P×¦ÔµÆ5ÇHÃ±æ1ÔµÖ�ÌÅÔµÞHÄÅÃ�Æ³ÇHÌ¸Æ�×}ÖÚô�Í�Ã}Æ

P (Td|Pd) Td = 0 Td = 1 Td = 2

Pd = a 0.585 0.354 0.061
Pd = b 0.159 0.484 0.358
Pd = c 0.029 0.276 0.695
Pd = d 0.004 0.091 0.905

�3T%¶ q�,.8¡[ +u��,TFH6E, y ZE+�8á,�Z�]�,�4�`.6EFR+�8¡q�`.-�476E- X +�8
Ø ,�ÓÕÃ Æ�ÌãÄÅÔ#Ö�É}ÔµÄÅÌÀÍ¢É!Î�ÞHÆÚÃ}ÖÚæµÉ}Ã�Ã}Æ9ÍÐëeÔµÖûËHÔ1Í¢ÂHÖÚÃ Í¢ÎµÂxõÚÎ�ÂHÖÚÆûÇHÌÅÆÚ×}ÖÚô�Í¢Ã � ÄÅÔ#ëHÖ�É�×}Ì¸Æ�ÌÅÎµËDÔ¦æ�Ã}×îÄÅÔµÁ�ÂHÃ}Ä¸ÄÅÃ!ÂHËHÃÍhÔµÌ¸ÄÅÄÅÃíÃ�Í¡ÂRËPë�ÎµÌÅÇHÆ.Æ�ÎµË�Í¡ÓÕÃ�Æ�ÂHÖÚÉ}Æ�Ö�Ã}ËRÇPËeÔ1Í�ÂHÖ�Ã�Ä�ÇHÃÈ×}Î�ËRÆ�ÌÅÇRÉ}Ö�Ã�Ö�×�Ã}Æ¡æ1ÔµÖÚÌïÔµÞRÄÅÃ}ÆT×�Î�Ó
ÓÕÃ5ÇHÃ}Æ�Ö�É�Ã}ÄÅÆ ÓÕÔ1Í¢ØHÉ	»

Ó#Ô1Í�ÌÅÁ�ÂHÃ�Æ!éaÆ¢Ô1ËHÆíÇHÎ�ÂRÍ�Ã±ë�ÎµÆ�Ì¸Í�Ì¸æµÃ}Æ_iÒì�¾;ºÈÎ�ÂHÆ�Ä¸Ã}Æ³Á�ÂeÔµÄ¸Ì¸ÊeÃ�Ö�Î�ËRÆ³ÇHÃ±×}ÎµË�Í�ÌÅË�ÂHÃ�Æ5Ã�ÍíÄÅÃ�ÆíÌÅËHÇRÌÅ×}Ã�Ö�Î�ËRÆ³ëeÔµÖ
c
ñ
PcÃ�Í

Tc

¾

��j¸fGj ´ ��m�Üã]^_�Wq_�S�]K��Y[t��ROHUx_aOHº�{�Y7tîY:WÕ��b¹Uqm[t}Y�Oeb
eûËoËHÎ1Í¢Ã}Ö�ÔPÖ�Ã�Æ�ë�Ã}×�Í�Ì¸æµÃ}Ó
Ã}Ë:ÍÐëeÔµÖ

Tc

Ã�Í
Pc � ÄÅÃ}Æ5æ1ÔµÖ�ÌÅÔµÞHÄÅÃ�ÆÈÇRÃ ÍhÔµÌ¸ÄÅÄ¸Ã#é�Ã�}7ëHÖÚÌÅÓ
É}Ã Ã�Ë ÓÕÌ¸ÄÅÄÅÌ¸ÓÕô�Í¢ÖÚÃ}Æhì Ã�ÍÇHÃÐë�Î�Ì¸ÇHÆ!éaÃ	}7ëHÖ�Ì¸ÓÕÉ±Ã�ËÝÙ�Ö�ÔµÓ
ÓÕÃ�Æhì�¾�®�ÃÐÙ�Ö�ÔµëHØHÃ±ÇRÃ!ÄÅÔ�ÊeÙ�ÂHÖÚÃ�åîÃ�ÆÚÍ5×}Î�ËRÆ�Ã}Ö9æ�É1¾

��j¸fGj¸c _a]*¥ãb^Y[]^Z�Yo��Y
Tc

t¦b�U
Pc ¦ Pc | Tc §

®�Ã}Æ ÇHÌ¸ÆÚÍ¢ÖÚÌÅÞHÂ7Í¢ÌÅÎµËHÆTÇHÃ5ëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�ÉíÔµÆ�ÆÚÎ7×�ÌÅÉ�Ã}Æí��ÇHÃ�Æ æ1ÔµÖÚÌïÔµÞHÄ¸Ã}ÆTÇHÃ�Í�ß[ë�ÃÈ×}Î�Ë:Í�ÌÅË�Â#ËHÃ5Æ}ÛóÃ�}7ëHÖÚÌÅÓ
Ã}Ë:Í�ëeÔµÆ
ëeÔµÖ¡ÇRÃ}Æ � ÖÚÉ}Á�ÂHÃ�ËH×}Ã�ÆíÓ#ÔµÌ¸Æ.ëeÔµÖ ÇHÃ}Æ³ÇRÃ}ËHÆÚÌ¸Í¢É�Æ ² øq¾�®TÛÜÉ�Á[ÂRÌ¸æ1ÔµÄÅÃ�Ë:Í¡ÇHÃÈËHÎ�Æ ÍhÔµÞHÄ¸Ã}Æ ×}Î�ËRÇHÌ¸Í�ÌÅÎ�ËHËRÃ}ÄÅÄ¸Ã}Æ.Æ�Ã�Ö¢Ô ÇRÎ�ËH×
ÂHËHÃ�ÇHÃ}ËRÆ�Ì¸Í�Éíë�ÎµÂHÖ

Pc

Á�ÂHÌHÇHÉ�ë�Ã�ËHÇHÖ¢ÔÐÇHÃíÄÅÔ æµÔ1ÄÅÃ}ÂRÖ�ëHÖ�Ì¸Æ�ÃíëeÔ1Ö
Tc � ÇRÃ � ÔµÌ¸ÍT×�Î�ËHÆÚÌÅÇHÉ�Ö�É}Ã�×�Î�ÓÕÓ
Ã¡×�ÎXæµÔ1Ö�ÌïÔ1ÞHÄÅÃ1¾�ãÔµÖ±Ã	}RÃ�ÓÕëRÄÅÃ � Á[Â�ÛÜÃ�ÄÅÄÅÃ Æ�ÂHÌÀæ�ÃîÂHËHÃîÇRÌÅÆÚÍ�Ö�Ì¸ÞHÂRÍ¢Ì¸Î�Ë�ËRÎ�Ö�ÓÕÔµÄÅÃ�ÇHÎ�Ë:ÍÐÄ ÛóÃ}ÆÚë�É�Ö¢ÔµËR×}ÃîÃ}Æ9ÍÐÂHËHÃ � Î�ËR×�Í¢Ì¸Î�ËoÄ¸ÌÅËHÉ}ÔµÌÅÖÚÃ

ÇHÃ
Tc � 20Tc− 7000 � Ã�Í³Ä ÛóÉ}×¦Ô1ÖÚÍ&» Í�ß[ë�Ã±ÂHËRÃ±×}Î�ËHÆ9ÍhÔµË:Í�Ã � 300

¾�®�Ô�ÇHÌ¸ÆÚÍ¢ÖÚÌÅÞHÂ7Í¢ÌÅÎµË#ËHÎ�ÖÚÓ#Ô1ÄÅÃ É�ÍhÔµË:Í�ËHÎ1Í¢É}Ã±ëHÔµÖ
N
Ã�Í5ëeÔµÆ�Æ�Ã�ÆÈÇRÃ}ÂI}�ëeÔ1Ö¢ÔµÓ
ô�Í�Ö�Ã}ÆíÇ�ÛÜÃ�Æ�ë�É}Ö¢Ô1ËH×}Ã!Ã�Í5ÇHÃ±æ1ÔµÖ�ÌÅÔµËH×�Ã ² g � Î�Ë�ë�Ã�ÂRÍ�ÇHÎ�ËR×!É�×}ÖÚÌÅÖ�Ã�ñ

Pc | Tc ∼ N
(

20Tc − 7000, 3002
)

/¡Ã}×}ÌíÖÚÃ�ðeô�Í¢Ã�ÞHÌ¸Ã}ËêÂRËHÃ�ÄÅÌÅÔµÌÅÆÚÎ�ËÏ×�Ö�Î�Ì¸Æ�Æ�ÔµË:Í¢Ã�Ã}Ë:Í�Ö�Ã�ÄÅÃÕë�ÎµÌÅÇHÆ�Ã�ÍîÄÅÔÝÍhÔµÌ¸ÄÅÄ¸Ã�ñ�Ã}ËMÓ
ÎqßµÃ}ËHËRÃ�ÄÅÃ#ë�Î�Ì¸ÇHÆ Ã�Ë
gÔµÂHÙ�Ó
Ã}Ë:Í¢Ã
½1è � Î�ÌÅÆû×�Î�Ó
ÓÕÃ�ÄïÔ#ÍhÔ1ÌÅÄÅÄ¸Ã�Ã�Ë

mm
¾*eûË2ë�Ã}Â7ÍÐÖ�Ã}ëRÖ�É}ÆÚÃ}Ë:Í¢Ã�ÖÐ×}Ã}×�ÌTÙ�Ö¢Ô1ëHØHÌÅÁ�ÂHÃ�ÓÕÃ�Ë:ÍÕé�ÊeÙ�ÂRÖ�Ã�ö�ì�¾

��Ä�ßÏÔ�ÂHËHÃÕÇHÃ}ËRÆ�Ì¸Í�É#ÇHÌ?t�É�Ö�Ã�Ë�Í�ÃPë�Î�ÂHÖ!×hØeÔµÁ�ÂHÃPæ1ÔµÄÅÃ�ÂHÖ!ÇHÃ
Tc � ÄÅÔ�ÊeÙµÂHÖ�ÃÕËGÛÜÃ�Ë ëHÖ�Îµë�Î�ÆÚÃ#Á�ÂHÃ�åÝë�Î�ÂRÖ�Ä¸Ã}ÆæµÔ1ÄÅÃ}ÂRÖ�Æ

Tc = {490, 500, 550} ¾�eûËKÖÚÃ}ÓÕÔµÖ�Á�ÂHÃ�Á�ÂHÃ�ÄÅÔDÇHÃ}ËHÆÚÌ¸Í�ÉÝÆÚÃ�ÇHÉ�ëHÄïÔµ×�ÃÝÆÚÂHÖ
ÄïÔ ÇHÖ�Î�ÌÀÍ¢Ã�ë�Î�ÂHÖ�ÇHÃ}Æ
æµÔ1ÄÅÃ}ÂRÖ�Æ�×}ÖÚÎ�ÌÅÆÚÆ¢ÔµË:Í¢Ã�Æ�ÇHÃ

Tc

Ó#ÔµÌ¸Æ³Ù:ÔµÖÚÇHÃ±ÂHËHÃ � Î�ÖÚÓÕÃûÌ¸ÇHÃ}Ë:Í�ÌÅÁ�ÂHÃµ¾

��j¸fGj¸� _a]���Y[Uxt¦_�S�]K��YD{�O2UqY[{�ORWq_�S�]>âT_a]*¥ãb�Y7]^Z�Yo��Y
Pc

t¦b�U
Tc ¦ Tc | Pc §

®n��Ã�ËH×}ÎµÖ�Ã � ÌÅÄ � Ô1ÂRÍ¡ÇRÎ�ËHËHÃ�Ö¡ÄïÔÐÓÕÔµÖ�Ù�Ì¸ËeÔµÄ¸Ã³ÇHÃ Tc

ë�Î�ÂHÖ ë�ÎµÂRæ�Î�Ì¸Ö.ÌÅË:æ�Ã�Ö�Æ�Ã�Ö³ÄïÔÐÖ�Ã�ÄïÔ1Í�ÌÅÎ�Ë�¾��7Ì�Î�Ë#ÆÚÂHëHë�Î�Æ�Ã
Á[ÂRÃ

T ∼ N (500, 202) � ÔµÄ¸Î�Ö�ÆíÎ�Ë�ë�Ã}ÂRÍÈÔµëRëHÄÅÌ¸Á[ÂRÃ}ÖíÄÅÃûÍ�ØHÉ}ÎµÖ�ô}Ó
Ã±ÇHÃ.s³Ô¦ß�Ã�Æ}¾

[Tc | Pc] =
[Tc, Pc]

[Pc]
=

[Pc | Tc] [Tc]

[Pc]ß	O ZI�������% ��� #
f(x)

�@� ��4�5z��	!$����34���"�	��#&�	� ����!$�
X

������� ������(�6%��9�
��¥N������ ����� Xk��%2��� ��z��(�$�������5\��4�5XD���4!1�$�����
a ≤ b

ä
P (X ∈ [a, b[) =

∫ b

a
f(x)dx

� ¨ �4�.¥?� ·��������.XD��!*���&z�����!'���ë�����% ��� #��@� ��4��z���! �
�	34���.����#6��� ����!$�à�6%��"�����
�´�����% �
��#�!$��!
����o1o1���G� )4�
%��$��Q�!$��o�o1�c���4å�4��o��&���nX4! #6���
%]���&%V¥N!$#&\��4�&����6%R! �&���	� ��z��6%V�4������z��	!$����34���|����#6���$����! ���

ß h ZI��zh��! �
�	�k���c�&%2�n��������! !$#|�����G� #&�&�	! �2 ���g=Xk���

¿X÷



P�Q�R9© ö.ª � ÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�ËHÆí×�Î�ËHÇHÌÀÍ¢Ì¸Î�ËHËHÃ�ÄÅÄÅÃ�Æ¡ÇHÂ���ÎµÌÅÇHÆ
éaë�Î�ÂHÖ5å�æµÔ1ÄÅÃ}ÂRÖ�ÆíÇHÃà-�ÔµÌÅÄ¸ÄÅÃ ÇRÌGt�É}Ö�Ã�Ë:Í¢Ã}Æ5ÇeÔµËRÆ5Ä¸Ã±×¦ÔµÆ�×�Î�Ë:Í¢ÌÅË�ÂVì�¾
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P�Q�R9© ÷ ª � ÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�ËHÆ¡×}Î�ËHÇRÌ¸Í¢Ì¸Î�ËHËHÃ�ÄÅÄ¸Ã}Æ³ÇHÃÐÄÅÔ�-ãÔµÌ¸ÄÅÄ¸Ã
éaë�Î�ÂHÖ�òîæµÔ1ÄÅÃ}ÂRÖ�ÆíÇHÃ.��ÎµÌÅÇHÆ�ÇHÌ?t�É�Ö�Ã}Ë:Í�Æ5ÇHÔµËHÆ�ÄÅÃ±×}ÔµÆ�×}Î�Ë:Í¢Ì¸Ë�ÂVì
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ZK� ��l�X4���
�����$�	� �����(���&%R���&�%2��� #6% ² k ��3k����� ���n�_�4�4�|���
%��$! ��34���$�����p�4��! o9������ä��������R��� �6%2XD#�!*�	����S�6%��R�4�4�|����ov34����	�
% ���9�����4#6�	��! �
�4�

Pc

���n��� #6���	! �2 ���g=Xk�c�&%2�S�����%2�$�	�����
Tc | Pc ∼ N

(

0.032Pc + 404, 122
)

/¡ÃÐÁ�ÂHÌ�Ã}Æ9Í Ì¸ÄÅÄ¸ÂHÆÚÍ�Ö�É ëHÔµÖ�ÄïÔ ÊeÙ�ÂRÖ�Ã!÷�¾
��Ä�Ã�ÆÚÍ5ÌÅË:Í¢É�Ö�Ã�Æ�Æ¢Ô1Ë�ÍÈÇHÃÐËHÎµÍ�Ã}Ö�Á�ÂHÃ!ÄïÔ�ÄÅÎµÌG×}Î�ËqõÚÎ�ÌÅË:Í¢ÃÐÇHÃ

(Pc, Tc) � Á�ÂHÌ�Ë�ÛÒÔ�ëeÔµÆ�É�Í�ÉÐÃ�}7ëHÖ�Ì¸ÓÕÉ�Ã � Ã�ÆÚÍ5ÂHËHÃÞHÌÅËHÎµÖ�ÓÕÔµÄÅÃ1¾
ß	} ¯ �K¥?�	���v����o1o1�������!_Xk�	!v�&�	�
���4����!_�
�5���&�%2��� #ê���������������$�p�������_��� ��� �53D�&% �����ù\���� �"��4�p�����%2�$�	���$��oí�4��� ��X4���
���	� ��z��

X! �6%.�
[Tc, Pc] = [Pc | Tc] [Tc]

= φPc|Tc

(

P, 20T − 7000, 3002
)

φTc

(

T, 500, 202
)

=
1

300
√

2π
exp

(

− (P − (20T − 7000))2

2× 3002

)

1

20
√

2π
exp

(

− (T − 500)2

2× 202

)

= K × exp

(

− (T − (404 + 0.032P ))
2

2× 122

)

¡K�%2��d�$��ä@�����	X4X4���
\���v���v!$#&% �4�d�*���|���vX4!$��XD��! � �������	���d�$#v�������p�����;������4�d�$�����4�4�������v���àå4l4�	���
P

äÖ�
�êz��	!$����34���v���������� ������ 
�k�	��� ���DWY�'!$�&�����4�k�h+
�]������!$%V�4��c�������4��!$o9�	���c���|\��4�I��#�o1�����$! �|����! #6%2�4���$�	�]#��4�����#��
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�3T	¸ FH+*p ,TF WYX +�8
��j¸¼Gj ´ SVUx_aY[]�WXO7Wq_aS�]á��b¹Uqm[t}Y�Oeb

�ûÔ1ËHÆ¡ËHÎ1Í¢Ö�ÃÈëHÖ�É�Æ�Ã�Ë�Í¢Ô1Í¢Ì¸Î�Ë � ÄÅÃ�Æ�ÇHÃ�ÂI}ÕæµÔ1Ö�ÌïÔ1ÞHÄÅÃ�Æ
(T, P )

Î�Ë:Í^õÚÎ�ÂHÉÈÂHË#Öom�ÄÅÃ5ÇHÌ?t�É�Ö�Ã}Ë:Í¡×¦ÔµÖ ËHÎ�ÂHÆ¡Ô¦æ7Ì¸Î�ËHÆ
ëHÖ�Ì¸Æ¡ÄÅÃ5ëeÔµÖ9Í¢Ì�ÇHÃûëHÖÚÉ}ÇHÌ¸Ö�Ã

P
Ã�Ë � Î�ËH×�Í¢ÌÅÎµË#ÇHÃ

T
é�× � ¾ÏhåR¾À¿qì�¾ Ø Ô1ÌÅÆ¡ÎµË�ÔµÂHÖ�ÔµÌ¸Í.Í¢ÎµÂRÍíÔµÂRÆ�Æ�Ì�ÞHÌÅÃ�ËPëHÂPëRÖ�Ã}ËRÇHÖ�Ã

ÄÅÃ5ëeÔµÖÚÍ�ÌVÌÅË:æ�Ã�Ö�Æ�Ã1¾;�ÈÃ � ÔµÌÀÍ � ÄÅÃ�Æ�ÇRÃ}ÂI}ÕÓ
Î7ÇHÉ�ÄÅÌ¸Æ¢Ô1Í�ÌÅÎ�ËHÆãÆ�Î�Ë:Í³É�Á�ÂHÌ¸æ1ÔµÄ¸Ã}Ë:Í¢Ã�Æ}¾���Ë�Í�ÂHÌ¸Í�Ì¸æµÃ}Ó
Ã}Ë:Í � Î�ËÕÓÕÎ[ÇHÉ}Ä¸ÌÅÆÚÃíÄïÔ×}ÎXæ1ÔµÖ�ÌÅÔ1Í¢Ì¸Î�Ë�×}ÎµËxõÚÎ�ÌÅË:Í�ÃíÇHÃ
(T, P ) � ÌÅÄ7Ã}Æ9Í Í�Î�ÂRÍ_� � ÔµÌÀÍ�ÆÚÂHÞ[õÚÃ}×�Í¢Ì � ÇHÃíëHÖÚÉ�Í�Ã}ËHÇHÖÚÃ�Á[Â�ÛÜÂHËRÃ�æ1ÔµÖÚÌïÔµÞRÄÅÃ¡Ì¸ËRðeÂHÃ�ËH×}Ã

Ä ÛÜÔµÂRÍ¢ÖÚÃµ¾K/ ÛóÃ}Æ9Í ÂHË�Î�Þ[õÚÃ�×�Í�Ì � Á[ÂRÃ�ÇHÃ±æµÎ�ÂHÄÅÎµÌÅÖ�«EëRÖ�É}ÇRÌÅÖ�Ã�¬±ÄyÛÜÂHËRÃ±Ã}Ë � ÎµËH×�Í�ÌÅÎ�Ë�ÇHÃÐÄ ÛÜÔµÂRÍ�Ö�Ã1¾¢®�Ô
Ó
Î7ÇRÉ}ÄÅÌ¸Æ¢Ô1Í�ÌÅÎ�Ë
ÇHÃ ÄÅÔ!×�Îqæ1ÔµÖÚÌïÔ1Í�ÌÅÎ�Ë�Ã�ÆÚÍ�ÇHÎ�ËHËHÉ�Ã ëeÔ1Ö�ÄÅÔ!ÇHÌ¸ÆÚÍ�Ö�ÌÅÞRÂRÍ¢Ì¸Î�Ë�×}Î�ËxõÚÎµÌÅË:Í¢Ã|¯�Ã�ÄÅÄÅÃ�ë�Î�ÂHÖÚÖ¢ÔµÌÀÍ � Î�ÖÚÍ�ÞHÌÅÃ�Ë ,�Í¢Ö�Ã5×}ÎµËHÆÚÍ�Ö�ÂHÌÀÍ¢Ã
��ëeÔµÖ9Í¢Ì¸Ö ÇRÃ

[T | P ]
Ã�Í

[P ]
ë�Î�ÂHÖ.ÆÚÃ}ÖÚæ[Ì¸Ö1��ëRÖ�É}ÇRÌÅÖ�Ã

P
��ëHÔµÖÚÍ�ÌÅÖ.ÇHÃ
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��j¸¼Gj¸c Z�S�]�Wq_a]Gb^_�WXm�].·À_yrsQ�{a_y`Gb�Y�Q�OHt#]�S�UxrsOH{y_lWXm
�ûÔ1ËHÆ.ËHÎµÍ¢ÖÚÃ�ëHÖ�É�Æ�Ã}Ë:Í¢Ô1Í¢Ì¸Î�ËÕÄ¸Î�Ö�ÆÚÁ�ÂHÃ�ÄÅÃ}ÆTæ1ÔµÖÚÌïÔµÞHÄ¸Ã}Æ�ÆÚÎ�Ë:Í ×}Î�Ë:Í¢Ì¸Ë�ÂHÃ}Æ � ËRÎ�ÂHÆ.ÂRÍ¢Ì¸ÄÅÌ¸Æ�Î�ËHÆãÇHÃ}Æ ÇHÌÅÆ9Í¢ÖÚÌÅÞHÂRÍ�ÌÅÎ�ËRÆËHÎ�Ö�ÓÕÔµÄ¸Ã}ÆûÓÕÔµÌÅÆÈ×}Ã�ËGÛóÃ}Æ9Í�ëHÔµÆ±Î�ÞHÄ¸ÌÅÙ:Ô1Í�Î�ÌÅÖÚÃµ¾P/ ÛóÃ}ÆÚÍ!ëHÄ¸ÂHÆ � Ôµ×�ÌÅÄ¸Ã�×¦ÔµÖ ÄÅÃ}Æ±ÖÚÉ}ÆÚÂHÄ¸Í¢Ô1Í¢Æ±ÆÚÎ�Ë:Í!ÔµÄÅÎ�ÖÚÆûÆ�Ì¸ÓÕëRÄÅÃ}Æ Ã�Í

� ÔXæµÎ�Ö�Ì¸Æ�Ã�Ë�Í³ÄïÔÐëHÖ�É�Æ�Ã}Ë:Í¢Ô1Í¢Ì¸Î�ËG¾;��Ä�Ã�}7Ì¸ÆÚÍ¢ÃÈÞ�Ã}ÔµÂH×�Î�ÂHëPÇGÛÜÔµÂRÍ�Ö�Ã�Æ³ÇHÃ}ËRÆ�Ì¸Í�É}Æ³ÇRÃ ëHÖÚÎ�ÞeÔµÞHÌ¸ÄÅÌÀÍ¢Éíë�Î�ÂHÖ¡Ä¸Ã}Æ æµÔ1Ö�ÌïÔ1ÞHÄÅÃ�Æ
×}Î�Ë:Í¢Ì¸Ë�ÂHÃ}Æ � ëHÔµÖ�Ã�}7Ã}Ó
ëHÄÅÃÐÄÅÔ�ÇHÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�Ë«s�,�ÍhÔ�Á�ÂHÌ�Ô
ÄÅÔîëeÔµÖÚÍ�ÌÅ×�ÂHÄïÔµÖÚÌ¸Í�É ÇHÃÐËHÃÐ×hØeÔµÖÚÙ�Ã}Ö5Á�ÂGÛóÂHË�ÆÚÃ}Ù�Ó
Ã}Ë:Í
ÇHÃÐÄïÔîÇHÖ�ÎµÌ¸Í¢Ã±ÖÚÉ}Ã�ÄÅÄÅÃ ² n�éaëeÔµÖíÃ	}7Ã}Ó
ëHÄÅÃ
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ì�¾

¹ $&%�������� º � ��������	�� 	���� �³�c�!�����»�A¼µ��¯ �³�&�Õ�����zº �� �����î��%
®�Ô#ÆÚÌ¸Í¢ÂHÔ1Í¢Ì¸Î�Ë�Ã�Ë�æ[Ì¸Æ¢ÔµÙ�É�ÃîÇeÔµËHÆ ×}Ã�ÍÚÍ¢Ã�ÆÚÃ}×�Í¢ÌÅÎµËDÃ}ÆÚÍÐ×�Ã}Ä¸ÄÅÃ!ÇGÛÜÂRË2ÖÚÉ}ÆÚÃ¦ÔµÂDÞeÔ¦ßµÉ}Æ�Ì¸Ã}Ë ÇHÃ Í�Ö�Î�Ì¸Æ ËHÎ[Ã}ÂRÇHÆ±ÇHÃ

Í�ß7ë�ÃíÇHÌÀæ�Ã}ÖÚÙ�Ã}Ë:Í5é�× � ¾xÄïÔ�ÊeÙ�ÂHÖÚÃ�Ñ�ì�¾ ¬ ÄÅÄ¸Ã�×�Î�Ö�ÖÚÃ}Æ�ë�Î�ËHÇ �ÈÄïÔ Ó
Î7ÇRÉ}ÄÅÌ¸Æ¢Ô1Í�ÌÅÎ�ËÐÇGÛóÂHËHÃ¡×¦ÔµÂHÆÚÃ³×}ÎµÓÕÓ�ÂRËHÃ¡ÆÚÂHÖ�ÇHÃ�ÂI}
æµÔ1Ö�ÌïÔ1ÞHÄÅÃ�ÆR¯VÄ ÛóÂHËHÃ!ÇHÃ}Æ5æµÔ1Ö�ÌïÔ1ÞHÄÅÃ�Æ5Ã�ÆÚÍ � Ôµ×}Ì¸ÄÅÃ}Ó
Ã}Ë:Í�Î�ÞRÆ�Ã}Ö9æ1ÔµÞHÄÅÃ � ÓÕÔµÌ¸Æí×µÛóÃ}ÆÚÍûÄ ÛÜÔµÂRÍ¢ÖÚÃÐÁ[ÂRÌ�ËHÃ�Ä ÛóÃ}Æ9Í ëeÔ1Æ�é�ëeÔµÖÃ�}7Ã}Ó
ëHÄÅÃ!ëeÔµÖÚ×}Ã!Á�ÂHÃ!Í�Ö�Î�ë�×}Î�³RÍ¢Ã�ÂHÆ�Ã �
Î�Þ7Í¢Ã}ËRÌÅÖhì³Ã�Í Á�ÂHÌ�Ã}Æ9Í ÄyÛÜÎµÞ[õÚÃ}×�Í¢Ì � ¾�®�Ã!ÞHÂRÍ5Ã�ÆÚÍûÇRÃÐÍ�Ã}Ë:Í¢Ã�Ö ÇGÛóÂRÍ�ÌÅÄÅÌ¸Æ�Ã�Ö
ÄïÔ
æ1ÔµÖÚÌïÔµÞRÄÅÃ!Ôµ×}×�Ã}ÆÚÆ�ÌÅÞRÄÅÃ ×�Î�Ó
ÓÕÃ!ÌÅËHÇRÌÅ×¦ÔxÍ¢Ã}ÂRÖÈÇHÃ�×}Ã�ÄÅÄÅÃ!Á�ÂHÌ^ËHÃ ÄyÛÜÃ�ÆÚÍûëHÔµÆ}¾K��Ä�Æ�ÛÒÔ1Ù�Ì¸ÍÈÇHÎ�ËH×�ÇGÛóÂHËHÃ�ÆÚÌ¸Í¢ÂHÔ1Í¢Ì¸Î�Ë
Í¢Ö�ô�ÆÈ×�Î�Ó
Ó�ÂHËHÃÐÔµÂRÆ�Æ�Ì�ÞRÌÅÃ}Ë�Ã}Ë�Ö�Ã�×hØHÃ}ÖÚ×hØHÃ Á�ÂHÃÐÇeÔ1ËHÆ�ÄïÔ�æ[ÌÅÃ±×}ÎµÂHÖ¢ÔµË:Í�Ãµ¾

�7ÂRëHë�ÎµÆ�Î�ËHÆ.Á�ÂGÛóÎ�Ë�Æ}ÛóÌÅË:Í¢É�Ö�Ã�Æ�Æ�Ã'�±ÄïÔ ×}ÔµëeÔµ×�Ì¸Í�ÉíÖ�Ã}ÆÚëHÌÅÖ�Ô1Í¢ÎµÌÅÖ�Ã¡ÇGÛÜÂRË
Ì¸ËHÇHÌÀæ7Ì¸ÇHÂ5¯µ×�Ã�ÍÚÍ¢Ãí×¦Ô1ëeÔµ×}ÌÀÍ¢ÉíÃ�ÆÚÍ ËHÎµÍ�É}Ã
R � ë�Î�ÂHÖ U Ã�Æ�ëHÌ¸Ö¢Ô1Í�Î�ÌÅÖÚÃµ¾��íÇHÓ
Ã�ÍÚÍ¢Î�ËRÆÈÁ�ÂHÃ!×}Ã�Í�Í¢Ã!×¦Ô1ëeÔµ×}ÌÀÍ¢É±ÖÚÃ}ÆÚëHÌÅÖ�Ô1Í¢Î�Ì¸Ö�Ã±Ã�ÆÚÍÈëHÖ�Ì¸ËH×}Ì¸ëeÔµÄÅÃ�ÓÕÃ�Ë:ÍíÇHÉ�Í�Ã}ÖÚÓÕÌ¸ËHÉ}Ã
ëeÔµÖ³Æ�Ô�×�Î�ËHÆÚÎ�ÓÕÓÕÔ1Í�ÌÅÎ�ËÕÁ[ÂRÎµÍ¢Ì¸ÇHÌÅÃ�ËHËHÃûÃ�Ë�×�ÌÅÙ:Ô1Ö�Ã�ÍÚÍ¢Ã�ÆR¯RËHÎµÂHÆíÄïÔ ËRÎµÍ¢Ã�Ö�Î�ËHÆ

S � ë�Î�ÂRÖ � �E�-½@�=³ � ¾¢�7ÂHëRë�Î�ÆÚÎ�ËHÆ
Ã}ËRÊeË�Á�ÂGÛóÂHË�Ô1ÂRÍ¢ÖÚÃ Ã�t�Ã�Í¡ÇGÛóÂHËHÃ ×�Î�ËHÆÚÎ�ÓÕÓÕÔ1Í�ÌÅÎ�Ë�Ã�}7×�Ã}Æ�ÆÚÌ¸æµÃ±ÇHÃ ×�ÌÅÙ:ÔµÖÚÃ�ÍÚÍ¢Ã}Æ�Æ�Î�ÌÀÍ Ä ÛóÎ7×�×}ÂHÖÚÖ�Ã}ËR×}Ã Ç�ÛÜÂHËRÃ Í¢Î�Â�}
Ó#Ô1Í�ÌÅËeÔ1ÄÅÃ Á�ÂHÃ!ËHÎ�ÂRÆ5ËRÎµÍ¢Ã�Ö�Î�ËHÆ

T � ë�Î�ÂHÖ W Î�Â�} � Á[ÂRÌ^ë�Î�ÂHÖÚÖ¢ÔµÌÀÍ^õÚÎ�ÂRÃ}Ö�ÄÅÃ±Öom�ÄÅÃ±ÇGÛóÌÅËRÇHÌÅ×}Ô1Í¢Ã�ÂHÖ}¾�^Î�ÂHÖ³õÚÂHÙ�Ã}Ö�ÇHÃ
ÄïÔ�×¦ÔµëeÔ1×}Ì¸Í�ÉÕÖÚÃ}ÆÚëHÌÅÖ�Ô1Í¢Î�Ì¸Ö�Ã�ÇGÛóÂHËêÌ¸ËHÇHÌ¸æ[Ì¸ÇHÂ ÇHÎ�ËHËHÉ � Ä¸ÃÕÓ
ÌÅÃ�ÂI} ÆÚÃ}Ö¢Ô1Ì¸Í�ÇHÃ#ËHÎµÂHÆ�Ä¸Ì¸æ[Ö�Ã�Ö
��ÂHËRÃ
Ã	}7ë�É�Ö�ÌÅÃ�ËH×}Ã�ëHØ:ß[Æ�Ì¸Î�ÄÅÎµÙ�ÌÅÁ�ÂHÃîÆÚÌÅÓ
ëHÄÅÃ � ÓÕÔµÌÅÆûÔµÇHÓ
Ã�Í�Í�Î�ËHÆ±Á�ÂHÃ
×}Ã�ËHÃ�Æ�ÎµÌ¸Í±ëeÔ1Æ!ë�Î�ÆÚÆ�ÌÅÞRÄÅÃµ¾ � ËÏÔµÂRÍ�Ö�ÃÖ�Ã}×�Î�ÂHÖÚÆ ÆÚÃ}Ö�ÔµÌ¸ÍTÇRÃ5ÄÅÔ ÇHÉ�ÇHÂHÌÅÖÚÃíÇHÃ�Æ¢Ô±×}ÎµËHÆ�Î�Ó
ÓÕÔ1Í¢Ì¸Î�Ë ÇHÃ�×�ÌÅÙ:ÔµÖÚÃ�ÍÚÍ¢Ã}ÆVõÚÎ�ÂHÖ�ËHÔµÄÅÌ¸ô}Ö�Ã�Æ}¾k�íÇHÓÕÃ�Í�Í�Î�ËHÆ.ÔµÂHÆÚÆ�ÌeÁ�ÂHÃ
×}Ã±ËHÃ±ÆÚÎ�Ì¸Í¡ëeÔµÆíë�Î�Æ�ÆÚÌÅÞHÄ¸Ã ËHÎ�Ë�ëRÄÅÂHÆ³Ã�Í�Á�ÂHÃ±ÄïÔ ÆÚÃ}ÂHÄ¸ÃûÌÅË � Î�Ö�ÓÕÔ1Í¢Ì¸Î�Ë
ÇHÎ�Ë:Í�ËHÎ�ÂHÆ¡ÇHÌÅÆÚë�Î�ÆÚÌÅÎ�ËRÆ³Æ�Î�ÌÀÍ³ÖÚÃ}ÄïÔxÍ¢Ì¸æµÃ"�
Ä ÛóÉ�æ�Ã�Ë:Í¢ÂHÃ�ÄÅÄÅÃ±Í�Î�ÂI}�Á�ÂHÌ�Ä¸Ã±Æ�Ã}×�Î�ÂHÃ�ÔµÂ�Ö�É�æµÃ}Ì¸Ä ¾

®TÛóÌÅË � Î�ÖÚÓ#ÔxÍ¢ÌÅÎµË#Ö�Ã�ÆÚÍ�Ã�Á�ÂeÔµÄ¸Ì¸Í¢Ô1Í¢ÌÀæ�ÃûÓÕÔµÌÅÆ¡Î�Ë�Ô�Ã�Ë:æ7Ì¸Ã�ÇRÃ!ë�Ã}ËRÆ�Ã}Ö�Á�ÂHÃ
ª¹Æ}ÛóÌÅÄ�ËHÃ±Í�Î�ÂHÆ�ÆÚÃÐëeÔµÆ�ÄÅÃ±ÓÕÔ1Í¢Ì¸Ë � ×1ÛÜÃ�ÆÚÍÈÁ�ÂGÛÜÌ¸ÄGËHÃÐÇHÎ�ÌÀÍ�ëeÔµÆ�Þ�Ã¦ÔµÂH×�Î�ÂHë � ÂHÓ
Ã}Ö �ª¹Ã�Í Á[ÂRÃÕÆ�ÛÜÌ¸Ä ËRÃ � ÂHÓ
Ã�ëeÔµÆ!Þ�Ã}ÔµÂH×}ÎµÂHë � ÌÅÄTËGÛóÃ}Æ9Í�ëeÔµÆ!ÌÅÓ
ë�Î�Æ�ÆÚÌÅÞHÄ¸ÃîÇHÃ#ë�Ã}ËHÆÚÃ}Ö�Á[Â�ÛÜÌ¸Ä.ÔµÌ¸Í!ÂHËHÃÕÞ�ÎµËHËHÃ×¦ÔµëHÔµ×}ÌÀÍ¢ÉÐÖ�Ã�Æ�ëHÌ¸Ö¢Ô1Í�Î�ÌÅÖÚÃµ¾e±Â�Ã}ËR×}Î�ÖÚÃ!Á�ÂHÃ
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P�Q�R9© Ñ�ªU��É}Æ�Ã}ÔµÂ�ÞeÔ¦ß�É}ÆÚÌÅÃ�Ë�ÇHÌÀæ�Ã}ÖÚÙ�Ã}Ë:Í}¾
®�Ã � Ô1Ì¸Í³ÇRÃ � ÂHÓÕÃ�ÖÐé$�Rì¡Ô�ÂHËHÃ±Ì¸ËRðeÂHÃ�ËH×}Ã±ÇHÌ¸Ö�Ã�×�Í¢Ã±ÆÚÂHÖ³ÄÅÔ Í¢Î�ÂI}#ÓÕÔ1Í¢Ì¸ËeÔµÄÅÃ é2-5ì¡Ã�ÍíÄïÔ�×¦ÔµëeÔ1×}Ì¸Í�ÉûÖ�Ã�Æ�ëHÌ¸Ö¢Ô1Í�Î�ÌÅÖÚÃ
é �Èì�¾

T R

S

ª¹Æ}ÛóÌÅÄ±Í¢ÎµÂHÆ�ÆÚÃÏæ[ÌÅÎ�Ä¸Ã}Ó
ÓÕÃ�Ë:Í�ÄÅÃ2Ó#Ô1Í�ÌÅË � ÌÅÄ±Ã}Æ9ÍoÃ�Ë�æ[Ì¸Æ¢ÔµÙ�Ã}ÔµÞHÄ¸ÃÏÁ�ÂHÃÏ×}Ã2Æ�Î�ÌÀÍÝÄÅÔá×�Î�ËHÆÚÉ}Á�ÂHÃ}ËR×}Ã ÇGÛóÂHËHÃ×}Î�ËRÆ�Î�Ó
Ó#ÔxÍ¢ÌÅÎµË�Ã�}7×}Ã�Æ�Æ�ÌÀæ�Ã�ÇHÃÐÄ ÛóØHÃ}ÖÚÞ�Ãà� ºÈÌ¸×}ÎµÍ �ª¹Ã�Í5Á�ÂHÃ!Æ}ÛóÌÅÄ � ÂHÓ
Ã±Þ�Ã¦ÔµÂH×�Î�ÂHë � Æ�Ô
×}ÔµëeÔµ×�Ì¸Í�É±Ö�Ã}ÆÚëHÌÅÖ�Ô1Í¢ÎµÌÅÖ�Ã Æ�Î�ÌÀÍ5ÔµÓÕÎµÌÅËHÇHÖÚÌÅÃ1¾/ ÛÜÃ�ÆÚÍ�×}Ã5Ù�Ã}ËHÖÚÃ�ÇHÃ�Ö¢ÔµÌ¸Æ�Î�ËHËRÃ}Ó
Ã}Ë:Í¢Æ.Á�ÂHÃ�ËHÎ�ÂHÆ�ÔµÄ¸ÄÅÎ�ËHÆãÓÕÃ�Í�Í¢ÖÚÃíÆ�Î�ÂRÆ � ÎµÖ�Ó
ÃíÁ[ÂHÔµË:Í¢Ì¸Í¢Ô1Í¢ÌÀæ�Ã�Ã}Ë
×}ÎµËHÆÚÍ�Ö�ÂHÌ¸Æ¢ÔµË:Í
ÂHËÝÖÚÉ}ÆÚÃ¦ÔµÂÝÞeÔ¦ß�É}ÆÚÌÅÃ�Ë�ÇHÃ±Í¢ÖÚÎ�ÌÅÆíËRÎ7Ã�ÂHÇHÆ}¾

±#TVU [2]_^û-È6w4R6�`.-w[È+�8<�ã,TFR69, y Z9+�8
�7ÂRëHë�ÎµÆ�Î�ËHÆ�Á�ÂHÃ!ÄÅÃ�Æ³Í¢Ö�ÎµÌÅÆ³æ1ÔµÖ�ÌÅÔµÞHÄ¸Ã}Æ³ÇHÃÐËHÎ1Í¢Ö�ÃÐÓ
Î7ÇRô}ÄÅÃ Æ�Î�Ì¸Ã}Ë:Í5ÇHÌÅÆÚ×}Ö�ô�Í¢Ã�Æ}¾Ï�TÄÅÂHÆ�ëHÖÚÉ}×�ÌÅÆ�É�ÓÕÃ�Ë:Í�ñ
ª

S ∈ {0, 1− 5, 6− 20, +20} ³ ² � Æ�ÂHÌÀæ1ÔµË:ÍTÄïÔ5×}Î�ËHÆÚÎ�Ó
Ó#Ô1Í�ÌÅÎ�Ë!Á�ÂHÎµÍ�ÌÅÇHÌ¸Ã}ËHËHÃ¡ÓÕÎXß�Ã�ËHËHÃ³ÇRÃ³×}Ì¸Ù:ÔµÖ�Ã�Í�Í�Ã}ÆÇHÃÐÄ ÛóÌÅËHÇRÌ¸æ[ÌÅÇHÂ�ëHÔµÖ�õÚÎ�ÂHÖ�¾
ª

T = 0 � Æ�Ì�Ä ÛóÌÅËRÇHÌ¸æ[ÌÅÇRÂ ËHÃ�Í¢Î�ÂHÆÚÆ�Ã�ëeÔµÆ�ÄÅÃ�ÓÕÔ1Í¢Ì¸Ë Ã�Í T = 1
ÇHÔµËHÆ
ÄÅÃ�×¦Ô1ÆÕ×�Î�Ë:Í¢Ö¢Ô1ÌÅÖ�Ãc¯�×µÛóÃ}Æ9Í#ÂHËRÃ

æ1ÔµÖ�ÌÅÔµÞHÄÅÃ ÞHÌÅËeÔ1ÌÅÖ�Ã1¾
ª

R ∈ {f, m, F} � Æ�ÂRÌ¸æ1ÔµË:Í�Á�ÂHÃ³ÄyÛÜÌ¸ËHÇHÌÀæ7Ì¸ÇHÂ�Ô ÂHËHÃ³×}ÔµëeÔµ×�Ì¸Í�É¡Ö�Ã�Æ�ëHÌ¸Ö¢Ô1Í�Î�ÌÅÖÚÃ � Ô1ÌÅÞHÄ¸Ã � Ó
ÎqßµÃ}ËHËRÃ³Î�ÂL eÎ�ÖÚÍ�Ãµ¾
±#T%S [2]_^û-È6w4R6�`.-w[ X F�]�87+�, X

-^Ã}Ë:ÍhÔ1Ë�Í ÇHÃ � Î�ÖÚÓ#Ô1ÄÅÌÅÆÚÃ}Ö�×}Ã�Á�ÂHÌHæ[ÌÅÃ}Ë:Í ÇGÛd,�Í�Ö�Ã5ÔµÇHÓ
ÌÅÆ � Î�Ë�ë�Ã�ÂRÍ ×}Î�ËRÆ�ÌÅÇRÉ}Ö�Ã�Ö.ÄÅÃ}ÆTÄ¸ÌïÔµÌ¸Æ�Î�ËRÆãÃ}Ë:Í�Ö�Ã5ÄÅÃ}Æ�Í�Ö�Î�Ì¸ÆæµÔ1Ö�ÌïÔ1ÞHÄÅÃ�Æ
R, S, T

Í¢Ö¢Ô1ÇHÂHÌ¸Í�Ã}ÆíëeÔ1ÖíÄÅÃ±Ù�Ö�ÔµëHØHÃÐëHÖÚÉ}Æ�Ã�Ë:Í¢É Ã�Ë�ÊHÙ�ÂHÖ�Ã�Ñ7¾
®�Ã}Æ
ÄÅÌÅÔµÌÅÆÚÎ�ËHÆîÃ�Ë�Í�Ö�ÃÝÄÅÃ}Æîæ1ÔµÖÚÌïÔµÞHÄ¸Ã}Æ�Æ�ÎµË�ÍÕÆÚß[Ó�Þ�Î�Ä¸ÌÅÆ�É�Ã}Æ
ëeÔµÖ
ÇHÃ}Æ�ðeô�×hØHÃ}ÆPë�Î�ÂHÖ
ÌÅËRÇHÌÅÁ�ÂHÃ�Ö
Ä¸Ã�Æ�Ã}ËRÆPÇHÃ

Ä ÛóÌÅËRðeÂRÃ}ËH×�Ã�³q³ ñRÄ ÛóÃ�t�Ã�Ííæ1Ô
ÇRÃ
S
æ�Ã�Ö�Æ

R � Ã�Í5ËHÎ�Ë�ÄyÛÜÌ¸Ë�æµÃ}ÖÚÆ�Ãµ¾/¡ÃûÙµÖ¢ÔµëHØRÃûËHÃ±ÇHÉ�ÊeËHÌ¸Í³ëeÔµÆ³×�Î�ÓÕëRÄÅô�Í�Ã}Ó
Ã}Ë:Í³ÂRË�ÓÕÎ[ÇHô}Ä¸Ã ×}ÔµÖ³ÌÅÄ�ËGÛóÌÅËHÇRÌÅÁ�ÂHÃ Á�ÂHÃ±Ä¸Ã}Æ³ÖÚÃ}ÄÅÔ1Í¢Ì¸Î�ËHÆ¡ÇRÌÅÖ�Ã�×�Í�Ã}Æ
Ã�}7ÌÅÆ9ÍhÔµË:Í5Ã}Ë:Í¢ÖÚÃ�Ä¸Ã}Æ³Í�Ö�Î�Ì¸Æ¡æ1ÔµÖ�ÌÅÔµÞHÄÅÃ�ÆíÆ¢ÔµËRÆ5ëRÖ�É}×�ÌÅÆÚÃ}Ö�ÄÅÃ�ÆíÇHÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�ËHÆ¡ÇHÃÐëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�Éµ¾���ÄGë�Ã�Ö�Ó
Ã�Í5×}Ã�ë�Ã�ËI»
ÇeÔµË:ÍûÇHÃ!Ö¢Ô1ÌÅÆ�ÎµËHËHÃ}Ö�ÂHËÝë�Ã�ÂG¾P�ãÔµÖ5Ã�}7Ã}Ó
ëHÄ¸Ã � ë�ÎµÂHÖ�ëHÖ�É�ÇHÌÅÖÚÃ R � ×�Î�ËHËeÔk�¸Í¢ÖÚÃ (T, S)

É}Á�ÂHÌ¸æ1ÔµÂ7Í"�
×}Î�ËHËHÔk�ÅÍ�Ö�Ã
S
Í�Î�ÂRÍ�Æ�Ã�ÂHÄ ¾ ¬ Ë Ã�t�Ã�Í � ÌÅÄ.ËGÛ ßÏÔ�ëeÔµÆ�ÇHÃÕðHô}×hØHÃ�ÇHÌ¸Ö�Ã�×�Í¢Ã
Ã}Ë:Í�Ö�Ã R

Ã�Í
T
ñ�Í¢Î�Â7Í¢Ã#ÄyÛÜÌ¸Ë � Î�ÖÚÓ#Ô1Í�ÌÅÎ�ËDÁ�ÂHÃ

TÔµëHë�Î�ÖÚÍ�ÃPÆ�ÂHÖ
R � ×1ÛÜÃ�ÆÚÍ
ÔµÂsÍ�Ö¢Ô¦æ�Ã�Ö�ÆîÇHÃ#ÄïÔÝ×�Î�ËHËeÔ1ÌÅÆ�Æ�ÔµËH×�ÃPÁ�ÂGÛóÌÅÄ�ÔµëHë�Î�ÖÚÍ�ÃPÆ�ÂHÖ S

¾Y� ÌÀÍîÔµÂRÍ�Ö�Ã�ÓÕÃ�Ë�Í � ÆÚÌ¡Î�Ë×}Î�ËHËHÔk�ÅÍ
S � R
ËGÛÜÔµëHë�Î�ÖÚÍ�ÃÕÖÚÌÅÃ�ËsÇHÃ
ëHÄÅÂRÆR¯�Î�ËsëeÔ1Ö�ÄÅÃ�ÇGÛóÌÅËRÇHÉ}ë�Ã}ËHÇHÔµËH×}ÃÕ×}Î�ËRÇHÌ¸Í�ÌÅÎ�ËHËRÃ}ÄÅÄ¸Ãµ¾R�ÈÂRÍ¢ÖÚÃÕÃ	}7Ã}Ó
ëHÄÅÃ

ÌÅÆ�ÆÚÂDÇHÂDÓ´,}Ó
Ã�Ù�Ã�ËHÖ�Ã ÇHÃ�Ö¢Ô1ÌÅÆ�ÎµËHËHÃ}Ó
Ã}Ë:Í ñ�ÄÅÔÕëHÖÚÉ}ÇHÌ¸×�Í¢Ì¸Î�Ë�ÇRÃ
R
ëeÔµÖ

T
Ã�ÆÚÍ5�E�����;��þ������V� Á�ÂHÃ�×}Ã�ÄÅÄ¸Ã ÇHÃ

âqß `Y� �&%2�2 Ý�� Ý����! �|\��4�
S

�	X4X��!2�$���&���R�1��� ��4�����&%n\���	� !$�����
��%$%2�6%V�4#�å�4���&%]����o1o1�
{0}

ä
{1− 5}

ä
{6− 20}

���
{+20}

�â$â �&�(¥?�	���&ä4�����2�$��X4! #6%2�&���$���$�����'��� ��!$���&�(���_%2�$�	� �
%��$��\��4�9wG�q¥��a¿ÁÀ4� Â�x

½µè



¦í§Y¨c© ¿X½�ª �TÖ�ÎµÞeÔµÞHÌ¸ÄÅÌ¸Í�É ×�Î�ËHÇHÌÀÍ¢ÌÅÎµËHËHÃ}Ä¸ÄÅÃÈÇHÃ
R
Æ¢Ô1×hØeÔµË:Í

S®�Ã�Æ5æ1ÔµÄ¸Ã}ÂHÖÚÆíÃ}Ë�Ù�Ö¢Ô1Æ5ÆÚÎ�Ë:Í5ÄÅÃ}ÆíÓ
Î[ÇHÃ}ÆíÇHÃÐ×hØeÔ1Á[ÂRÃ�ÇHÌ¸ÆÚÍ�Ö�ÌÅÞRÂRÍ¢Ì¸Î�ËG¾

P (R|S) R = f R = m R = F

S = 0 0.1 0.4 0.5
S = 1− 5 0.2 0.5 0.3
S = 6− 20 0.3 0.5 0.2
S = +20 0.5 0.4 0.1

R
ëeÔµÖ

S
¾Ï®�Ã!Í�Ã}Ö�Ó
ÃL�E�����;� þ������V�!Ã}Æ9Í5��ëHÖ�É�×}ÌÅÆÚÃ}Ö5Ó#Ô1ÌÅÆíÌÅÄ�ÇRÃ�æ[Ö¢ÔµÌÀÍ5Ä Ûd,�Í¢ÖÚÃ�ÇRÃ�ÓÕÔµËHÌ¸ô}Ö�Ã±×�Î�ØHÉ�Ö�Ã}Ë:Í�ÃîÔ¦æ�Ã}×

×}Ã�ÍÚÍ¢Ã!ëHÖ�Îµë�Î�ÆÚÌ¸Í�ÌÅÎ�ËG¾

±#T	� [2]_^û-È6w4R6�`.-w[È+�8êFH+KZE,�476V`.-È8
ý j¸�Gj ´ _a]*¥ãb^Y[]^Z�Yo��Y

S
t}b^U

R ¦ R | S §eûËoë�Ã}ÂRÍûÖ�Ã}ëRÖ�Ã}ËRÇHÖ�Ã�ë�Î�ÂHÖÈ×hØeÔµÁ�ÂHÃîÖÚÃ}ÄïÔxÍ¢ÌÅÎµË � ÄÅÃ�ÆûÖ¢ÔµÌ¸Æ�Î�ËRËHÃ}Ó
Ã}Ë:Í¢Æ5Í¢Ã�Ë[ÂRÆ±ÇeÔµËHÆûÄ¸Ã�×}ÔµÆûÇGÛóÂHËDÓÕÔµÌÅÄ¸ÄÅÎ�ËÆ�ÌÅÓ
ëHÄ¸Ã�Ã�Ë¸håR¾óòH¾V�ûÔµËHÆÈÂHËHÃ�Î�ë7Í¢ÌÅÁ�ÂHÃ�ëHÖ�ÎµÞeÔµÞHÌ¸ÄÅÌÅÆ9Í¢Ã � Ä ÛóÌÅËRðeÂRÃ}ËH×�Ã ÇHÃ S
ÆÚÂHÖ

R
ÆÚÃ Í¢Ö�ÔµÇHÂHÌÀÍ ëHÔµÖ ÂHËRÃ ÍhÔµÞRÄÅÃ

ÇHÃÐëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É}Æ³×�Î�ËHÇHÌÀÍ¢ÌÅÎµËHËHÃ}Ä¸ÄÅÃ�ÆÐéa× � ¾VhúR¾Üå:ìûñHÂHËRÃ!ëRÖ�Î�ë�Î�Æ�ÌÀÍ¢Ì¸Î�Ë�Ã}Æ9Í � Ô1Ì¸Í¢Ã±ÇHÔµËHÆ�ÄÅÃûÍ¢ÔµÞHÄÅÃ}ÔµÂ ¿q½
��ÄÈÆ}ÛÜÔµÙ�Ì¸Í#ÇGÛóÂHËHÃoÍhÔ1ÞHÄÅÃÝÇHÃDÁ�ÂeÔ1Í¢ÖÚÃoÄÅÌ¸Ù�ËHÃ�ÆDéyÔ1Æ�Æ�Î[×}Ì¸É}Ã�Æ�ÔµÂI}KÉ�ÍhÔxÍ¢ÆPë�Î�Æ�ÆÚÌÅÞHÄ¸Ã}ÆPÇRÃoÄïÔÏæ1ÔµÖÚÌïÔµÞRÄÅÃ

S
ì
Ã�Í

Í¢Ö�ÎµÌÅÆ#×�Î�ÄÅÎµËHËHÃ}ÆoéyÔµÆÚÆ�Î[×}Ì¸É}Ã}Æ#ÔµÂI}KÉ�Í¢Ô1Í¢ÆÕÇHÃoÄïÔ æ1ÔµÖ�ÌÅÔµÞHÄÅÃ�Æ
R
ì�¾�/¡ØeÔµÁ�ÂHÃDÄ¸ÌÅÙ�ËHÃ�ëHÖÚÎ�ë�Î�Æ�ÃÝÄïÔÏÇRÌÅÆÚÍ�Ö�Ì¸ÞHÂRÍ¢Ì¸Î�Ë

ÇHÃoÄïÔ æ1ÔµÖ�ÌÅÔµÞHÄÅÃ
R
×}ÎµËHÇHÌ¸Í�ÌÅÎ�ËRËHÃ}Ä¸ÄÅÃ}Ó
Ã}Ë:Íë�sÂHËRÃ�æ1ÔµÄÅÃ�ÂHÖ#ÇHÃ

S
¾���ÔµÖPÃ	}RÃ�ÓÕëRÄÅÃ � ÄïÔÏëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É�ÇGÛÒÔ¦æµÎ�ÌÅÖÂHËHÃD×¦Ô1ëeÔµ×}ÌÀÍ¢ÉÝÖ�Ã}ÆÚëHÌÅÖ�Ô1Í¢ÎµÌÅÖ�Ã � ÔµÌÅÞRÄÅÃ�Æ¢Ôµ×hØeÔ1Ë�Í�Á�ÂGÛóÎ�Ë � ÂHÓ
ÃoëHÄ¸ÂHÆPÇHÃD½µès×}Ì¸Ù:ÔµÖÚÃ�Í�Í�Ã}ÆPëHÔµÖÐõÚÎ�ÂRÖ#æ1ÔµÂRÍ

0.5é
P (R = f | S = +20)

ì�¾®eûË�Î�ÞRÆ�Ã}Ö9æ�Ã�Ö¢Ô±Á�ÂHÃ³ÄÅÃ�ÆãëHÖÚÎ�ÞeÔµÞRÌÅÄÅÌÀÍ¢É�Æ^Ä¸Ã}Æ�ëRÄÅÂHÆ�É}ÄÅÃ�æ�É�Ã}ÆTÇHÃ�×hØeÔµÁ�ÂHÃíÇHÌ¸ÆÚÍ¢ÖÚÌÅÞHÂ7Í¢ÌÅÎµË
Æ�Î�Ë:Í5ëHÄïÔ1×}É}Ã�ÆíÙ�Ö�ÎµÆ�Æ�Ì¸ô}ÖÚÃ}Ó
Ã}Ë:Í�Æ�Ã�ÄÅÎ�Ë�ÂHËRÃ±ÇHÌïÔµÙµÎ�ËeÔµÄ¸Ã ÇHÂ�ÍhÔ1ÞHÄÅÃ}ÔµÂD¿q½�¯RÃ�ÄÅÄ¸Ã}Æ³ÇHÃ�Æ�ÆÚÌÅËHÃ�Ë�Í5ÞHÌ¸Ã}Ë�ÂHËHÃ±ÖÚÃ}ÄÅÔ1Í¢Ì¸Î�Ë
ÌÅË:æ�Ã�Ö�Æ�ÃÈÃ}Ë:Í¢ÖÚÃÈÄ¸Ã}Æ.ÇHÃ�ÂI}
æµÔ1Ö�ÌïÔ1ÞHÄÅÃ�Æ � ×�Ã5Á�ÂHÌVÃ�ÆÚÍ�Ö¢ÔµÌ¸Æ�Î�ËHËHÔµÞHÄÅÃíÇHÔµËHÆ ÄïÔ±ÓÕÃ�Æ�ÂHÖÚÃÈÎD÷ÕÆÚÌeÎ�Ë � ÂHÓ
Ã � ÄïÔ±×¦ÔµëHÔµ×}ÌÀÍ¢ÉÖ�Ã}ÆÚëHÌÅÖ�Ô1Í¢ÎµÌÅÖ�Ã±ÖÚÌÅÆÚÁ[ÂRÃ!Ç�Û�,�Í¢Ö�ÃÐÇHÌ¸ÓÕÌ¸Ë�ÂHÉ}Ã1¾eûËîËHÎµÍ�Ã}Ö�Ô Á�ÂHÃíÄïÔ ÆÚÎ�Ó
ÓÕÃ�ÇHÃ}Æ�×}ÔµÆ�Ã�Æ.ÇGÛÜÂRËHÃ³ÄÅÌ¸Ù�ËHÃ�ÇHÃ³ÄïÔ5ÍhÔµÞHÄ¸Ã�æ1ÔµÂRÍ

1 � ×}Î�ËHÆÚÉ}Á�ÂHÃ�ËH×}Ã5ÇHÂ � ÔµÌÀÍãÁ�ÂGÛóÎ�Ëîß
Ã}Ë:æ[ÌÅÆ¢Ô1Ù�ÃÐÄÅÃ}Æ¡ëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É}Æ¡Ç�ÛÜÉ�æ�É}ËRÃ}Ó
Ã}Ë:Í¢Æ5Ã�}7×}Ä¸ÂHÆ�Ì � ÆíÃ�Í�ÇHÉ�×}ÖÚÌ¸æ1ÔµË:ÍíÄ ÛóÃ}ËRÆ�Ã}Ó ÞHÄÅÃ±ÇHÃ�Æíë�ÎµÆ�Æ�Ì¸ÞHÄÅÃ�ÆÐéa× � ¾Vhú7¾ø½�ì�¾
/¡Ã}×}Ì�ËGÛÜÃ�ÆÚÍ�ëeÔ1Æ¡æ[Ö¢ÔµÌGëHÔµÖ¡×�Î�ÄÅÎ�ËRËHÃûëHÂHÌ¸Æ�Á�ÂGÛóÌÅÄ�Æ}ÛÜÔµÙ�ÌÀÍ³ÇHÃ�ÆíëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É}Æ�ÔµÆ�ÆÚÎ7×�ÌÅÉ}Ã�Æ9��ÂHËHÃ Óë,�ÓÕÃ æ1ÔµÄ¸Ã}ÂHÖ�ÇHÃ
R
ÇeÔµËHÆ�ÇRÃ}Æ�×�ÌÅÖ�×�Î�ËHÆ9ÍhÔµËH×�Ã}Æ�ÇRÌGt�É}Ö�Ã�Ë:Í¢Ã}Æ#ñ�Ä¸Ã}Æ ëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í�É}ÆÐÇGÛÜÔXæµÎ�ÌÅÖ�ÂHËHÃÕ×¦ÔµëeÔ1×}Ì¸Í�É#ÖÚÃ}Æ�ëRÌÅÖ¢ÔxÍ¢Î�Ì¸Ö�Ã � ÔµÌÅÞHÄ¸Ã
Æ�Ã}Ä¸Î�ËîÁ�ÂGÛóÎ�ËîÃ}Æ9Í.ëHÄÅÂHÆ�Î�ÂîÓ
Î�ÌÅËHÆ � ÂHÓ
Ã}ÂHÖ�ËGÛÜÎµË�Í�ëeÔµÆ�ÇHÃ¡Ö�Ã}ÄÅÔ1Í¢Ì¸Î�Ë ÎµÞHÄÅÌ¸Ù:Ô1Í¢ÎµÌÅÖ�Ãv� ÖÚÃ}ÆÚë�Ã�×�Í¢Ã�Ö}¾ Ø ,}Ó
Ã³Æ�ÌHÇHÔµËHÆ
ÄÅÃ±×¦Ô1ÆíëHÖ�É�Æ�Ã}Ë:Í � ÄïÔ�ËeÔ1Í�ÂHÖ�Ã±ÇRÂ�ëRØHÉ}ËHÎµÓÕô�ËHÃ±Ã}Ë:Í¢Ö�Ôk�ïËRÃ±×}Ã}ë�Ã}ËRÇeÔµË:Í5ÂHËHÃÐÆ�É�Ö�ÌÅÃ±×�Ö�Î�Ì¸Æ�Æ�ÔµË:Í¢Ã±ÇHÃ±ëHÖÚÎ�ÞeÔµÞRÌÅÄÅÌÀÍ¢É�Æë�Î�ÂRÖ5ÄÅÔ�ëHÖ�Ã�ÓÕÌ¸ô}ÖÚÃ±×}Î�Ä¸Î�ËHËHÃ � Ã�Í5ÇHÉ�×}Ö�ÎµÌÅÆ�Æ�ÔµË:Í¢Ã!ë�ÎµÂHÖíÄïÔ�ÇHÃ�Ö�ËHÌ¸ô}ÖÚÃ!×�Î�ÄÅÎµËHËHÃµ¾

ý j¸�Gj¸c _a]*¥ãb^Y[]^Z�Yo��Y
S
t}b^U

T ¦ T | S §
� Ã#Ó#ÔµËRÌÅô}ÖÚÃÕ×�Î�Ó
ëHÄÅô�Í¢Ã}Ó
Ã}Ë:Í�Æ�Ì¸ÓÕÌ¸ÄïÔµÌ¸Ö�Ã � Î�Ëêë�Ã}ÂRÍ Í¢Ö¢Ô1ÇHÂHÌÅÖÚÃÕÄyÛÜÌ¸ËRðeÂHÃ�ËH×}Ã#ÇHÃ#ÄÅÔ � ÂHÓ
É}ÃÕÆ�ÂHÖ�ÄÅÔ�Í�Î�ÂI}�¾� ËHÃ!ëHÖ�Îµë�Î�ÆÚÌ¸Í�ÌÅÎ�ËPÃ�ÆÚÍ � ÔµÌÀÍ¢Ã±ÇeÔµËRÆ5Ä¸ÃûÍhÔµÞRÄÅÃ¦Ô1Â2¿¦å�¾�®�Ã�ÆÈÓ´,}Ó
Ã}ÆíÖÚÃ}ÓÕÔµÖ�Á�ÂHÃ�Æ�Æ}ÛÜÔµëHëHÄ¸ÌÅÁ�ÂHÃ}Ë:Í}¾

ý j¸�Gj¸� Q^UxSVº^OHº�_y{a_�W¦mÝrÏOHUqÿ�_a]�Oe{aYÝ��Y
S

�^Î�ÂHÖPÇHÉ�ÊeËHÌ¸ÖP×}Î�Ó
ëHÄ¸É�Í¢Ã�ÓÕÃ�Ë:ÍPÄÅÃ�Ö�É}ÆÚÃ¦ÔµÂ � ÌÅÄ � ÔµÂRÍ�Ô1ÂHÆ�ÆÚÌûÇHÎ�ËHËRÃ}ÖPÄÅÔsÇHÌÅÆ9Í¢ÖÚÌÅÞHÂRÍ�ÌÅÎ�Ë ÇHÃ S
¾9/ ÛóÃ}Æ9Í�×}Ã

Á[Â�ÛÜÌ¸ÄÅÄÅÂRÆÚÍ¢ÖÚÃûÄïÔ!ÊeÙ�ÂHÖÚÃÐàR¾�º5Î�ÂHÆ�ÔµÄ¸ÄÅÎ�ËHÆ ÇHÎ�ËR×±Æ�ÂHëHë�Î�ÆÚÃ}Ö5ÔµÂHÆÚÆ�ÌG×�Î�ËHËeÔk�¸Í¢ÖÚÃûÄïÔ ëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢É5ÓÕÔµÖ�Ù�Ì¸ËeÔµÄ¸Ã5ÇRÃ±ÄïÔ
æµÔ1Ö�ÌïÔ1ÞHÄÅÃ

S � ×�Î�ËHÆ�ÎµÓÕÓÕÔ1Í¢Ì¸Î�ËPÇHÃ±Í¢ÔµÞeÔµ×
élÍhÔµÞHÄ¸Ã¦ÔµÂ ¿¦ò:ì�¾

½7¿



¦v§c¨Y© ¿Xå�ª �TÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢ÉÈ×}Î�ËRÇHÌ¸Í�ÌÅÎ�ËHËRÃ}ÄÅÄ¸Ã ÇHÃ
T
Æ�Ôµ×hØeÔµË:Í

S®�Ã�Æ5æ1ÔµÄ¸Ã}ÂHÖÚÆíÃ}Ë�Ù�Ö¢Ô1Æ5ÆÚÎ�Ë:Í5ÄÅÃ}ÆíÓ
Î[ÇHÃ}ÆíÇHÃÐ×hØeÔ1Á[ÂRÃ�ÇHÌ¸ÆÚÍ�Ö�ÌÅÞRÂRÍ¢Ì¸Î�ËG¾

P (T |S) T = 0 T = 1

S = 0 0.80 0.20
S = 1− 5 0.70 0.30
S = 6− 20 0.50 0.50
S = +20 0.10 0.90

P�Q�R9© à�ª � Æ�ÆÚÎ7×�ÌïÔ1Í�ÌÅÎ�Ë�ÇRÃ}Æ�ÇHÌÅÆ9Í¢ÖÚÌÅÞHÂRÍ�ÌÅÎ�ËRÆ³ÇHÃÐëHÖ�ÎµÞeÔµÞHÌ¸ÄÅÌ¸Í�ÉûÇGÛóÂHË�Ö�É}ÆÚÃ¦ÔµÂ�ÇHÌÀæ�Ã}ÖÚÙ�Ã}Ë:Í
éyÔµÂI}�ÇHÌGt�É}ÖÚÃ}Ë:Í¢Æ�ëeÔµÖ9Í¢Ì¸Ã}Æ�ÇHÂ�Ù�Ö¢ÔµëRØHÃîñeÃ}Ë�Ù�Ö¢Ô1Æhì

T R

S

T R T R

SS

P(T|S) P(R|S) P(S)

¦í§Y¨c© ¿¦ò ª«�ÈÌÅÆÚÍ�Ö�Ì¸ÞHÂRÍ¢Ì¸Î�ËPÓÕÔµÖ�ÙµÌÅËeÔµÄ¸Ã ÇHÃ
S

P (S)

S = 0 0.40
S = 1− 5 0.20
S = 6− 20 0.20
S = +20 0.20

½�½



¦í§Y¨c© ¿qö.ªU� ÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�Ë�×�Î�ËxõÚÎ�Ì¸Ë�Í�Ã±ÇHÃ
S
Ã�Í

T
¾

P (T, S) S = 0 S = 1− 5 S = 6− 20 S = +20

T = 0 0.32 0.14 0.10 0.02
T = 1 0.08 0.06 0.10 0.18

±#T�± q�,9Z�q X ZL[È+tZE, 3 Fl` y , y 6�Z96w4�]Ãq�`.-=Äa` 6E-�47+
�ûÔ1ËHÆíÄÅÃû×}ÔµÆíëHÖÚÉ}Æ�Ã�Ë:Í � ËHÎ�ÂRÆíËGÛÒÔ1ÄÅÄÅÎµËHÆ¡ëeÔ1ÆíÃ�}7ëHÄÅÌ¸×}ÌÀÍ¢Ã}Ö�ÄïÔ ëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢É5×}ÎµËxõÚÎ�ÌÅË:Í�Ã � ÓÕÔµÌ¸Æ¡×}Ã�ÄïÔ�ë�Î�ÂHÖÚÖ¢ÔµÌÀÍÆ�Ã � ÔµÌÅÖÚÃ � ×}ÔµÖ±ÌÅÄ�Ã�ÆÚÍ!ëHÄ¸ÂHÆ!ÔµÌÅÆÚÉîÇHÃ�×¦ÔµÄ¸×}ÂHÄ¸Ã}Ö±ÇHÌ¸Ö�Ã}×�Í¢Ã�ÓÕÃ�Ë�Í!ÄÅÔPëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É�Ö�É�ë�Î�ËRÇeÔµË:Í���ËRÎµÍ¢ÖÚÃ
Á�ÂHÃ�ÆÚÍ�ÌÅÎ�Ë

Æ�ÂHÖ5ÄïÔ�×}ÔµëeÔµ×�Ì¸Í¢É±ÖÚÃ}ÆÚëHÌÅÖ�Ô1Í¢Î�Ì¸Ö�Ã1¾

±#T%¶ q�,9Z�q X ZL[È+tZE, 3 Fl` y , y 6�Z96w4�]Ãq�`.-#[ 6w476V`.-È- +KZ�ZE+
ý j¸fGj ´ {�YÝQ^UqS�º�{�µ7rÏY�QTS�t}m

º5Î�ÂHÆ#æµÃ}ËHÎ�ËRÆ�Ç�ÛÜÉ�ÍhÔµÞHÄ¸ÌÅÖ
ëeÔµÖP×�Î�ËHÆ9Í¢Ö�ÂR×�Í¢Ì¸Î�Ë ÄïÔ2Ö�Ã�ÄïÔ1Í�ÌÅÎ�Ë
S → T

Ã�Í�ÄïÔsÖÚÃ}ÄÅÔ1Í¢Ì¸Î�Ë
S → R

¾���Î�ÂHÖ
Ö�É}ë�Î�ËHÇRÖ�Ãê�ûÄïÔûÁ�ÂHÃ�ÆÚÍ�ÌÅÎ�ËÅ«����B=�1��ü�����Æ��9+ ���D���Ç��Ý�-�	D�5�0��������$4ÈÆ��¢�.�K������ÉÊB=�#��Ý�h�3��1��ü��K�$�Dþ�ü@þ'��
����qû3=+ üD�����Ý�
���V�Å�6ü��;ü�������û'�h���0�Ç�Ý�&ü������Ý�h�ÈË�ü��2þ'
�� ¬ � Ì¸Ä � ÔµÂHÇHÖ�ÔµÌ¸Í Á�ÂHÃûËHÎµÂHÆ¡ÇHÌ¸Æ�ë�Î�Æ�Ì¸Î�ËHÆ�ÇHÃ T → S

Ã�Í³ÄïÔ!Ö�Ã�ÄïÔ1Í�ÌÅÎ�Ë
S → Të�Î�ÂRÖãë�Î�ÂRæ�ÎµÌÅÖ^ÌÅÓÕÔµÙ�ÌÅËRÃ}Ö�ÄÅÃ�Æ�Ã�ËH×hØeÔk�ÅËHÃ}Ö�¾D��Ä � ÔµÂRÍ�ÇRÎ�ËH×¡×�Î�Ó
ÓÕÃ�ËH×}Ã�ÖãëeÔµÖ^ëHÖ�Ô1Í¢Ì¸Á[ÂRÃ}ÖãÄyÛÜÌ¸Ë:æ�Ã}ÖÚÆ�Ì¸Î�Ë ÇHÃ
S → TÃ}Ë

T → S
¯�×µÛóÃ}Æ9ÍûÄ ÛóÎ�ë�É}Ö�Ô1Í¢Ì¸Î�ËÝÇRÉEõ6�#ëHÖ�Ô1Í¢Ì¸Á�ÂHÉ}Ã�Ã}Ë¸¢åR¾ÜòR¾ÜòH¾P®n�ÕÃ�ËH×}Î�ÖÚÃ � Ã}ÄÅÄ¸ÃÐËHÃ ë�Ã}ÂRÍ ëeÔµÆûÆÚÃ � ÔµÌ¸Ö�Ã�Ô¦æ�Ã}×

ÄïÔÕÆÚÃ}ÂHÄ¸Ã!Í¢ÔµÞHÄ¸Ã�ÇHÃ
P (T | S)

¾ ¬ ËoÃ�t�Ã�Í � ÄÅÔ�Í¢ÔµÞHÄ¸Ã P (S|T )
ÇRÉ}ë�Ã}ËHÇDÇHÃ

P (T | S)
Ã�Í�ÇHÃ

P (S)
ëHÂHÌ¸Æ�Á�ÂHÃ

ÄÅÃûÍ¢ØRÉ}Î�ÖÚô}Ó
Ã!ÇRÃ�s¡ÔXßµÃ}Æ éa× � ¾RhúR¾óò�ì¡ÌÅËRÇHÌÅÁ�ÂHÃ±Á�ÂHÃ

P (S = i | T = j) =
P (T = j | S = i) P (S = i)

P (T = j)

¾ éE¿qì

��Î�ÂHÖÈÆ}ÛóÃ}Ëo×�Î�Ë:æ1ÔµÌÅËH×�Ö�Ã!ÇHÃ ËRÎ�ÂRæ�Ã}ÔµÂ � Î�Ë�ë�Ã}Â7ÍûÔµÂRÆ�Æ�Ì^Ö�Ã�æ�Ã�ËHÌÅÖÈÔµÂ�ë�Ã�Í�Ì¸Í5×}ÎµË�Í�Ö�Ã	»�Ã�}7Ã�ÓÕëHÄ¸Ã ëHÖÚÉ}ÆÚÃ}Ë:Í¢É�ÇHÔµËHÆÄÅÃûÍhÔ1ÞHÄÅÃ}ÔµÂ�ò
Ã�Ë ¢åR¾ÜåR¾ø½[¾

ý j¸fGj¸c _a]^vwSVUxrsORWX_aS�]á�^Y
T
t¦b�U

S
i ¦ S | T §

s¡Ì¸Ã}Ë Á�ÂHÃ ÇGÛóÂHË>ë�ÎµÌÅË:Í�ÇHÃoæ[ÂHÃ Ó
Î7ÇHÉ�ÄÅÌ¸Æ¢Ô1Í�ÌÅÎ�Ëá×}ÃDÆÚÎ�Ì¸Í�×�Î�Ó
ëHÄÅô�Í¢Ã}Ó
Ã}Ë:Í�Æ9ß[ÓÕÉ�Í¢Ö�Ì¸Á�ÂHÃ � Ì¸Ä ËGÛóÃ}Æ9Í�ëeÔµÆÎ�ëHë�Î�ÖÚÍ�ÂHË�ÇHÃ±ÄÅÌ¸Þ�Ã�ÄÅÄÅÃ�Ö.ÄÅÃ Í�Ì¸Í¢ÖÚÃ ÇHÃ±×�Ã�ÍÚÍ¢ÃÐÆ�Î�ÂRÆ�»�ÆÚÃ}×�Í¢ÌÅÎµË:���8Ìí�¢�������?��
T

�����
S
ëHÂHÌÅÆÚÁ�ÂHÃÐËHÎ�ÂHÆíÄÅÔµÌÅÆÚÆ�Ã}ÖÚÌÅÎ�ËRÆ

Æ�ÂHëHë�Î�ÆÚÃ}Ö³Á�ÂHÃÈÄïÔ!Í�Î�ÂI}
Ã	}RÃ�Ö�×�ÃûÂHËHÃÈÌÅËRðeÂRÃ}ËH×�ÃûÆ�ÂHÖ�ÄïÔ±Í¢Ã�ËHÇeÔµËH×�Ã"� � ÂHÓÕÃ�Ö � ×}ÃÈÁ�ÂHÃûËHÎ�ÂRÆ¡ËHÃÈ×}Ö�ÎXßµÎ�ËHÆ¡ëHÔµÆ_i�ãÔµÖÈ×}Î�Ë:Í¢ÖÚÃ � Î�Ë�ë�Ã}Â7Í � Ôµ×�ÌÅÄÅÃ�ÓÕÃ�Ë:Í5ÔµÇHÓ
Ã�Í�Í�Ö�Ã!Á�ÂHÃ ÄÅÔ
×�Î�ËHËeÔµÌ¸Æ�Æ�ÔµËH×}Ã�ÇHÃ ÄÅÔ�æ1ÔµÖÚÌïÔµÞRÄÅÃL����kýDËHÎ�ÂHÆÈëHÖ�Î[×}ÂRÖ�Ã
ÂHËHÃ!ÌÅË � Î�ÖÚÓ#ÔxÍ¢ÌÅÎµË#Æ�ÂRÖ5ÄÅÔ æ1ÔµÖ�ÌÅÔµÞHÄÅÃ�Ë	��� ����¾Ï/¡Ã!Á�ÂHÌ7õÚÂHÆÚÍ�Ì¸ÊeÃÐÄ¸Ã Í¢ÌÀÍ¢Ö�Ã±×hØRÎ�ÌÅÆÚÌ ¾

�^Î�ÂHÖGÍ¢ÖÚÎ�ÂRæµÃ}Ö�ÄÅÃ�Æ�ëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É}Æ
P (S|T ) � Ì¸Ä�×}Î�Ë:æ[ÌÅÃ�Ë:Í�ÇRÃT×¦ÔµÄ¸×}ÂHÄ¸Ã}ÖGÄÅÔ³ëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�Éã×}ÎµËxõÚÎ�ÌÅË:Í�Ã P (S, T )

¾
��Î�ÂHÖ!×}Ã�ÄïÔ � ÎµËsÔµëRëHÄÅÌ¸Á[ÂRÃîÄïÔ � Î�Ö�Ó ÂHÄÅÃîÇHÂ2Í¢ØHÉ�Î�Ö�ô�ÓÕÃ�ÇHÃës³Ô¦ß�Ã�Æ�éqhúR¾óò�ì�¾n��ÔµÖÐÃ�}7Ã}Ó
ëHÄ¸Ã � Ã}ËÏÂRÍ¢Ì¸ÄÅÌ¸Æ¢ÔµË:Í±Ä¸Ã}ÆæµÔ1ÄÅÃ}ÂRÖ�ÆãÇRÃ}ÆãÍ¢ÔµÞHÄÅÃ}ÔµÂI}
¿Xå5Ã�Í¡¿¦ò � P (S = 0, T = 0) = P (S = 0)P (T = 0|S = 0) = 0.4×0.8 = 0.32

¾e±Ë�Î�ÞRÍ�ÌÅÃ�Ë�ÍíÊHËeÔµÄÅÃ�ÓÕÃ�Ë:Í�ÄÅÃûÍhÔ1ÞHÄÅÃ}ÔµÂ ¿qö7¾�eûË�Î�ÞHÆÚÃ}ÖÚæµÃ}Ö�ÔÕÁ�ÂHÃÐ×}Ã�Í�Í¢Ã � Î�Ì¸Æ�»�×�Ì � ×µÛóÃ}Æ9Í ÄÅÔ�Æ�Î�Ó
ÓÕÃ±ÇRÃÐÍ�Î�ÂRÍ�Ã±ÄïÔÍhÔµÞHÄ¸Ã±Á�ÂHÌ � ÔµÌ¸ÍíÄyÛÜÂRËHÌ¸Í�Éµ¾
� ëHÔµÖÚÍ�ÌÅÖ ÇRÃîÄïÔ#ëHÖÚÎ�ÞeÔµÞRÌÅÄÅÌÀÍ¢ÉÐ×}ÎµËxõÚÎ�ÌÅË:Í�Ã � P (S, T ) = P (T |S)P (S) � Ö�Ì¸Ã}ËDËGÛóÃ}Ó
ëK,}×hØHÃîÇHÃîÖÚÃ}ëeÔ1Æ�Æ�Ã�Ö

ÔµÂI} Ä¸Î�ÌÅÆ!×}ÎµËHÇHÌ¸Í�ÌÅÎ�ËRËHÃ}Ä¸ÄÅÃ}Æ!Á�ÂHÌ³ËHÎµÂHÆîÌÅË:Í¢É�Ö�Ã�Æ�Æ�Ã�Ë:Í¦¾_�ãÔ1Ö�Ã�}7Ã}Ó
ëHÄ¸ÃPÆ�Ì
T = 0 � ÔµÄ¸Î�Ö�Æ S

ëRÖ�Ã}ËRÇáÄÅÔÝæ1ÔµÄÅÃ�ÂHÖ
0
ÇeÔµËHÆÕÄïÔsëRÖ�Î�ë�Î�ÖÚÍ�ÌÅÎ�Ë

0.32/ (0.32 + 0.14 + 0.10 + 0.02) = 0.552
¾�/ ÛÜÃ�ÆÚÍ�ÔµëRëHÄÅÌ¸Á[ÂRÃ}Ö#ÇHÔµËHÆPÄyÛÒÔµÂ7Í¢Ö�Ã

Æ�Ã}ËRÆ � P (S, T ) = P (S|T )P (T ) � Ä¸Ã!Í�ØHÉ}ÎµÖ�ô}Ó
Ã!ÇHÃ�s³Ô¦ßµÃ}Æ}¾V��Ä^Ã�ËoÖ�É�Æ�ÂHÄÀÍ¢Ã�ÄÅÃÐÍhÔµÞHÄ¸Ã¦ÔµÂÏ¿X÷ÕÇRÃ
P (S | T )

¾
/¡Ã�Í�Í�Ã � Î�ÌÅÆ�»�×}Ì � ëeÔµÖû×�Î�ËHÆÚÍ�Ö�ÂH×�Í¢Ì¸Î�Ë � Ä¸Ã}ÆûÆÚÎ�Ó
ÓÕÃ�ÆûëeÔµÖûÄ¸ÌÅÙ�ËRÃ � Î�Ë:Í±ÞRÌÅÃ}ËDÄyÛÜÂRËHÌ¸Í�É � Æ�ÌÅÙµËeÔµË:Í±ÂHËHÃîëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢É×}Î�ËHÇRÌ¸Í¢Ì¸Î�ËHËHÃ�ÄÅÄ¸Ãµ¾

½µå



¦v§c¨Y© ¿¦÷ ª � Ì¸ÆÚÍ�Ö�ÌÅÞRÂRÍ¢Ì¸Î�Ë�ÇHÃ
S
Æ¢Ô1×hØeÔµË:Í

T

P (S | T ) S = 0 S = 1− 5 S = 6− 20 S = +20

T = 0 0.552 0.241 0.172 0.034
T = 1 0.190 0.143 0.238 0.429

¦v§c¨Y© ¿qÑ.ª � ÌÅÆ9Í¢ÖÚÌÅÞHÂRÍ�ÌÅÎ�Ë�ÇRÃ
R
Æ¢Ôµ×hØHÔµË:Í

T
¾

P (R | T ) R = f R = m R = F

T = 0 0.172 0.441 0.386
T = 1 0.333 0.438 0.229

eûËDë�Î�ÂRæ1ÔµÌ¸Í ÞHÌÅÃ�ËDÃ}Ë:Í¢Ã�ËHÇHÂ � Ô1ëHëHÄÅÌ¸Á�ÂHÃ}ÖûÇRÌÅÖ�Ã�×�Í�Ã}Ó
Ã}Ë:ÍÐÄïÔ � ÎµÖ�Ó�ÂHÄ¸Ã Ã	}RëRÖ�ÌÅÓ
É}Ã ÇeÔµËHÆ±ÄyÛÜÉ�Á[ÂHÔ1Í¢Ì¸Î�Ë ¿îÇHÃ
¢òH¾Òö7¾À¿�¯eÃ}ÄÅÄ¸Ãû×}ÎµËHÇHÂHÌÀÍ Ô1ÂI}�Ó´,}Ó
Ã}ÆíÖ�É�Æ�ÂHÄÀÍhÔ1Í�Æ}¾

ý j¸fGj¸� _a]^vwSVUxrsORWX_aS�]á�^Y
T
t¦b�U

R
i ¦ R | T §

�^Î�ÂHÖ!Ô1Í�Í�Ã}Ì¸ËHÇHÖ�ÃîËRÎµÍ¢ÖÚÃ
ÞRÂRÍ � ×1ÛÜÃ�ÆÚÍ&»q�»�ÇRÌÅÖ�Ã�Í�Ö�Î�Â7æ�Ã}ÖÐÄÅÔ#ÍhÔµÞHÄ¸ÃîÇHÃ}Æ!ëHÖÚÎ�ÞeÔµÞHÌ¸ÄÅÌÀÍ¢É}Æ P (R | T ) � Ä¸Ã}Æ±ÇHÃ�ÂI}
ÍhÔµÞHÄ¸Ã}Æ

P (R | S)
Ã�Í

P (S | T ) � ÇHÎ�Ë:Í¡ËHÎ�ÂHÆ³ÇRÌÅÆ�ë�Î�ÆÚÎ�ËHÆ¡ÓÕÔµÌ¸Ë�Í�Ã}ËeÔ1Ë�Í � ÆÚÂ;ì
Æ�Ã�Ë�Í}¾ ¬ ËPÃ�t�Ã�Í � ëeÔ1Ö¡Ã�}7Ã�ÓÕëHÄ¸Ã �Ä ÛóÉ�æ�É�ËHÃ}Ó
Ã}Ë:Í
(R = f | T = 0)

ë�Ã}ÂRÍ5Æ�ÃÐÇHÉ�×}Î�Ó
ë�Î�Æ�Ã�Ö5Ã�ËÝÁ�ÂeÔxÍ¢Ö�ÃÐÉ�æ�É}ËRÃ}Ó
Ã}Ë:Í¢ÆÈÇHÌÅÆlõÚÎ�ÌÅË:Í¢Æ±ñ

(R = f, S = 0 | T = 0)

(R = f, S = 1− 5 | T = 0)

(R = f, S = 6− 20 | T = 0)

(R = f, S = +20 | T = 0)

¡Ï�"��� ������%$�	���n���Y�$)4#�!$�=��o1�����_OR�hg��6%�ä=���(XD�����S#6��!$��!$��ä=X��!]��l���o1X4����ä4\��4�

P (R = f, S = 0 | T = 0) = P (R = f | S = 0, T = 0)P (S = 0 | T = 0)

= P (R = f | S = 0)P (S = 0 | T = 0)

��� X��%$% ��Q��.�4���
�´X! �&o�����!$���ë�
�´���&��l����&o�� ����Q��4���6%��"�4�4�������% #&\��4���k�����4��o1����������XD��% #E�R% �|���������4�k�	���
S
äR���&%

����¥N��! o9���$�����%c%2�4!
T

��� �������	�k���4�4�í����~�4���k�����@aY����í���Ï%2�-µ1���@� ���4����� ������4��!c���6%cX4! ��3�	3�����d�$#&%c%2���z��	���$�&%�w?�q¥��Ö�*�	34���&����lÍ@Î ��� Í Â�xÈ�
P (R = f | T = 0) = P (R = f | S = 0) P (S = 0 | T = 0)

+ P (R = f | S = 1− 5) P (S = 1− 5 | T = 0)

+ P (R = f | S = 6− 20)P (S = 6− 20 | T = 0)

+ P (R = f | S = +20)P (S = +20 | T = 0)

= 0.1× 0.552 + 0.2× 0.241 + 0.3× 0.172 + 0.5× 0.034

= 0.172

Ï ÄÅÎ�ÞHÔµÄÅÃ�ÓÕÃ�Ë�Í � Ì¸ÄeÆ}ÛÜÔµÙ�Ì¸Í ÇGÛóÂHËHÃÈÓ�ÂHÄÀÍ¢ÌÅëRÄÅÌÅ×}Ô1Í¢Ì¸Î�Ë ÓÕÔ1Í�Ö�ÌÅ×�ÌÅÃ�ÄÅÄÅÃûéa×�Î�ÄÅÎ�ËRËHÃ}Æ ÇHÂÕÍ¢ÔµÞHÄ¸Ã¦ÔµÂ�¿q½±ëeÔµÖ ÄÅÃ}Æ.Ä¸ÌÅÙ�ËHÃ�ÆÇHÂ�Í¢ÔµÞHÄ¸Ã¦ÔµÂ ¿X÷:ì�¾¢®�ÃÐÖ�É}ÆÚÂHÄ¸Í¢Ô1Í�×}ÎµÓÕëHÄ¸Ã�ÍíÃ�ÆÚÍÈÇHÎ�ËHËRÉ!ëHÔµÖíÄÅÃûÍ¢ÔµÞHÄÅÃ}ÔµÂ ¿qÑ7¾

½1ò



¦í§Y¨c© ¿Xà�ªU� ÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�ËPÓÕÔµÖÚÙ�ÌÅËeÔ1ÄÅÃ ÇRÃ
T
¾

P (T )

T = 0 0.58
T = 1 0.42

¦v§c¨Y© ¿¦ú ª � Ì¸ÆÚÍ�Ö�ÌÅÞRÂRÍ¢Ì¸Î�Ë�Ó#Ô1Ö�Ù�Ì¸ËeÔµÄÅÃÈÇHÃ
R
¾

P (R) R = f R = m R = F

0.240 0.440 0.320

±#T	¸ q�,9Z�q X ZL[È+�8M3ÈFl` y , y 6VZE6w4�]�8Ðp ,TF�s 6E-È,�ZE+�8
®�Ã�×¦ÔµÄ¸×}ÂHÄ�ÇHÃ�ÆPëHÖ�ÎµÞeÔµÞHÌ¸ÄÅÌ¸Í�É}ÆîÓÕÔµÖ�ÙµÌÅËeÔµÄ¸Ã}Æ � P (R)

Ã�Í
P (T ) � Ã�ÆÚÍPÄÅÔ2ÇRÃ}Ö�ËRÌÅô}ÖÚÃÝÉ�ÍhÔµë�Ã�ëRÖ�Î�ë�Î�Æ�É�Ã�Ã�Ë�½7¾Ò½ ³q¹ ¾

P (T )
ë�Ã�ÂRÍ#ÆÚÃoÇHÉ�ÇHÂHÌÅÖÚÃÝÇRÌÅÖ�Ã�×�Í�Ã}Ó
Ã}Ë:ÍPÇHÃÝÄïÔ ëHÖ�ÎµÞeÔµÞHÌ¸ÄÅÌ¸Í�É�×}Î�ËqõÚÎ�ÌÅË:Í¢Ã�ÇHÃ

(T, S)
×¦ÔµÄ¸×}ÂHÄ¸É}Ã�ÇeÔµËHÆÕÄÅÃ

ÍhÔµÞHÄ¸Ã¦ÔµÂ ¿qö�ÆÚÌÅÓ
ëHÄÅÃ�ÓÕÃ�Ë�Í³Ã}Ë�Æ�Î�Ó
Ó#Ô1Ë�Í�Ä¸Ã}ÆíëHÖÚÎ�ÞeÔµÞRÌÅÄÅÌÀÍ¢É�Æ³ëeÔµÖíÄ¸ÌÅÙ�ËHÃ � ×�Ã!Á�ÂHÌ�ëHÖÚÎ7ÇRÂHÌ¸ÍíÄ¸ÃûÍhÔµÞRÄÅÃ¦Ô1Â2¿¦àR¾�^Î�ÂHÖ
P (R) � ÌÅÄ[Æ�ÂIì
Í.ÇRÃíÖ�Ã}ëRÖ�Ã}ËRÇHÖ�ÃíÄÅÔ ÄÅÎ�Ì[×}ÎµËHÇHÌ¸Í�ÌÅÎ�ËRËHÃ}Ä¸ÄÅÃ.ÇHÃ

R | T Ã�Í.ÄïÔ5Ó#ÔµÖÚÙ�ÌÅËHÔµÄÅÃ ÇHÃ T Á�ÂHÃíËHÎ�ÂHÆæ�Ã}ËRÎ�ËHÆÐÇHÃî×¦Ô1ÄÅ×}ÂRÄÅÃ}ÖÈë�ÎµÂHÖ Ä¸Ã}ÂHÖ±Ô1ëHëHÄÅÌ¸Á�ÂHÃ}ÖÈÄÅÃ Í�ØHÉ}Î�ÖÚô}Ó
Ã�ÇHÃùs¡ÔXßµÃ}ÆÐÆ�ÂRÖûÄÅÃ�ÆûÉ�æµÉ}ËHÃ�ÓÕÃ�Ë�Í�Æ�É�ÄÅÉ�ÓÕÃ�Ë�Í¢ÔµÌÅÖÚÃ}Æ�¾
�¢��!]��l���o1X4���

P (R = f) = P (R = f, T = 0) + P (R = f, T = 1)

= P (R = f | T = 0) P (T = 0) + P (R = f | T = 1) P (T = 1)

= 0.172× 0.58 + 0.333× 0.42

= 0.2396

eûË�Î�ÞRÍ�ÌÅÃ}Ë:ÍÈÔµÌ¸ËHÆ�ÌGÄÅÔ ÍhÔµÞRÄÅÃî¿XúR¾
±#TÁÑ ,=�.+Kqu[ +�8<��,.FR6E, y ZE+�8\qv` - 4R6E- X +�8

/¡Î�Ó
Ó
Ã ËRÎ�ÂHÆãÄyÛÒÔ¦æ[ÌÅÎµËHÆ � ÔµÌ¸Í^ÇeÔµËRÆãÄÅÃ ×¦Ô1ÆãÇHÂ�Ö�É}ÆÚÃ¦ÔµÂîÆÚÌÅÓ
ëHÄÅÃTÓÕÔµÌ¸ÄÅÄÅÎµË
é�hå�ì � ÌÅÄ�Æ�Ã�Ö¢ÔµÌÀÍ^ë�Î�ÆÚÆ�Ì¸ÞHÄÅÃ ÇHÃ¡ë�Î�ÆÚÃ}ÖÂHËHÃ5ÓÕÎ[ÇHÉ}Ä¸ÌÅÆ�Ô1Í¢Ì¸Î�Ë ÆÚÌÅÓ
ÌÅÄïÔ1ÌÅÖ�Ã Ô¦æ�Ã�× å±æ1ÔµÖ�ÌÅÔµÞHÄ¸Ã}Æ�×�Î�Ë:Í¢ÌÅË�ÂHÃ�Æ.ëHÄÅÂRÍ,mµÍ.Á�ÂHÃ5åÐæ1ÔµÖÚÌïÔµÞRÄÅÃ}ÆãÇHÌÅÆÚ×}Ö�ô�Í¢Ã�ÆR¯�Î�Â�Ã}ËH×�Î�Ö�Ã
ÇHÃ}ÂI}PæµÔ1Ö�ÌïÔ1ÞHÄÅÃ�Æ�×�Î�Ë:Í¢ÌÅË�ÂHÃ�Æ�Ã�ÍíÂHËRÃûæµÔ1Ö�ÌïÔ1ÞHÄÅÃ5ÇHÌÅÆÚ×}ÖÚô�Í¢Ã1¾¸¾À¾ Ø Ô1ÌÅÆ³ËHÎµÂHÆ³×}ÎµËHÆ�Ì¸ÇHÉ}ÖÚÎ�ËHÆíÁ�ÂHÃ±ÄïÔ�ÇHÌÅÆÚ×}ÂHÆÚÆ�ÌÅÎµË�ÆÚÂHÖ
ÄÅÃí×hØHÎ�ÌN}îÇHÃíÄÅÔ ËeÔ1Í�ÂHÖ�ÃíÇRÃ}ÆTæ1ÔµÖ�ÌÅÔµÞHÄÅÃ�ÆTÔµÄ¸É¦Ô1Í�Î�ÌÅÖÚÃ}ÆãÃ�ÆÚÍ.ÖÚÃ}ë�Î�ÖÚÍ�É}Ã�Ã}ËU¦¿¦èR¾ÒåûÃ�Í.ËHÎ�ÂHÆ.ËHÃíËRÎ�ÂHÆT×}ÎµËH×}Ã�Ë�Í�Ö�Ã�Ö�Î�ËHÆ
Ó#ÔµÌ¸Ë:Í¢Ã}ËHÔµË:Í�Á�ÂHÃ
Æ�ÂRÖ�Ä¸Ã � Î�ËH×�Í�ÌÅÎ�ËRËHÃ}Ó
Ã}Ë:Í!ÇHÃ}Æ!Ö�É�Æ�Ã}ÔµÂI}ÏÞeÔ¦ß�É�Æ�ÌÅÃ�ËHÆ}¾Y®�Ã}Æ!Ö�É�Æ�Ã¦Ô1ÂI}2Æ�ÂHÌÀæ1ÔµË:Í¢Æ!ÂRÍ¢Ì¸ÄÅÌÅÆÚÃ}ÖÚÎ�Ë:Í
ÇHÃ}Æ�æ1ÔµÖ�ÌÅÔµÞHÄÅÃ�Æ³×}ÎµË�Í�ÌÅË�ÂHÃ�Æ}¾

Ò $&%�������� º � ��������	�� ��� ����)ÓX��� �Ý��ã�!���^���!��¡� 	�� ����!�����
®�ÔsÆÚÌ¸Í¢ÂHÔ1Í¢Ì¸Î�Ë¹Ã}Ë:æ[ÌÅÆ�ÔµÙ�É�ÃoÇeÔµËHÆ�×�Ã�ÍÚÍ¢ÃDÆ�Ã�×�Í�ÌÅÎ�Ë Ã�ÆÚÍ�×�Ã}ÄÅÄ¸Ã�ÇGÛóÂHË>Ö�É�Æ�Ã}ÔµÂ>ÞeÔ¦ß�É}ÆÚÌÅÃ�Ë ÇRÃ�Í¢ÖÚÎ�ÌÅÆÕËHÎ7Ã�ÂHÇHÆ

Ã}ËH×hØeÔ�ïËHÉ�Æîéa× � ¾VÄïÔ�ÊeÙ�ÂHÖÚÃ ú�ì�¾ ¬ ÄÅÄ¸Ã±×}Î�ÖÚÖ�Ã}ÆÚë�ÎµËHÇé��ÄïÔîÓ
Î7ÇHÉ�ÄÅÌ¸Æ¢Ô1Í�ÌÅÎ�ËPÇ�ÛÜÂHËÝëHÖ�Î[×}Ã�Æ�ÆÚÂHÆûÆ�É�Á�ÂHÃ}Ë:Í¢Ì¸Ã}Äy¾K� ëeÔ1ÖÚÍ
ÄïÔûëHÖÚÃ}Ó
ÌÅô}ÖÚÃ � ×hØeÔµÁ�ÂHÃíæ1ÔµÖ�ÌÅÔµÞHÄÅÃ�Ã}Æ9Í.ÇHÉ�Í�Ã}Ö�Ó
ÌÅËRÉ}ÃíëeÔµÖãÂHËHÃ³æ1ÔµÖ�ÌÅÔµÞHÄ¸Ã¡ëHÖÚÉ}×}É�ÇHÃ}Ë:Í�Ãµ¾I/¡Ã}Ö9ÍhÔµÌ¸ËHÃ}ÆTÇHÃ�ÆTæµÔ1Ö�ÌïÔ1ÞHÄÅÃ�Æ
ÇHÃÐÄïÔî×hØeÔk�ÅËHÃÐÆ�Ã}ÖÚÎ�Ë:Í5Î�ÞHÆ�Ã�ÖÚæµÉ}Ã}Æ � Ç�ÛÒÔµÂ7Í¢Ö�Ã�ÆÈëHÔµÆ}¾¢��ÄGÆ�ÛÒÔ1Ù�Ì¸Í5ÔµÂRÆ�Æ�Ì�Ç�ÛÜÂHËRÃ�ÆÚÌ¸Í¢ÂHÔ1Í¢Ì¸Î�ËPÍ¢ÖÚô}Æ�×}Î�Ó
Ó�ÂHËRÃµ¾

â$ã ZI�í� !$���
%2����o1�|X4!$��3��34������� #co1��! Q����k�	����ä
P (S)
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P�Q�R9© ú�ªU�5É�Æ�Ã}ÔµÂÝÞHÔXßµÉ}ÆÚÌÅÃ}ËÝÃ}Ë�×hØeÔk�ÅËHÃ
®�Ã�Æ5æ1ÔµÖÚÌïÔµÞRÄÅÃ}Æ¡Æ}ÛóÌÅËRðeÂRÃ}ËH×�Ã}Ë:Í Ã�ËÝ×}ÔµÆ�×}ÔµÇHÃ1¾

C

B

A

¶�TVU [2]_^û-È6w4R6�`.-w[È+�8<�ã,TFR69, y Z9+�8
�7ÂRëHë�ÎµÆ�Î�ËHÆ±Á�ÂGÛóÎ�Ë2Æ}ÛóÌÅË:Í¢É�Ö�Ã�Æ�Æ�Ã´�PÄÅÔPÞHÌÅÎ�ÓÕÔµÆÚÆ�Ã�ëHÖÚÎ7ÇRÂHÌ¸Í�Ã�ëeÔµÖûÂRËHÃîëHÄïÔ1Ë�Í�Ãù�PÍ¢ÖÚÎ�ÌÅÆÈÆÚÍhÔ1ÇHÃ}ÆÐëHØHÉ�ËHÎ�Ä¸Îk»

Ù�ÌÅÁ�ÂHÃ�ÆãÞHÌ¸Ã}Ë!×¦ÔµÖ�Ôµ×�Í�É}Ö�Ì¸Æ�É�ÆãÃ�Í�Æ�ÂR×}×}Ã�Æ�ÆÚÌ � Æ}¾DºÈÎ�ÂRÆ�Ä¸Ã}Æ^ÇHÉ}ËHÎ1Í¢Ã}ÖÚÎ�ËHÆ�Ö�Ã}ÆÚë�Ã�×�Í�Ì¸æ�Ã�ÓÕÃ�Ë:Í
A � B Ã�Í C ¾�eûË ÆÚÂHëHë�Î�Æ�ÃÁ[ÂRÃ�×hØeÔµ×}ÂRË Ã}ÆÚÍ�ÂHËHÃ#æ1ÔµÖÚÌïÔµÞHÄ¸Ã#Ô1ÄÅÉ¦ÔxÍ¢Î�Ì¸Ö�Ã � ÓÕÔµÌ¸Æ�Á�ÂGÛóÌÅÄ Ã�}7ÌÅÆ9Í¢ÃPÂRËHÃPÖ�Ã�ÄïÔ1Í�ÌÅÎ�Ë2ë�Î�Æ�ÌÀÍ¢Ì¸æµÃ#Ã�Ë�Í�Ö�ÃPÄ¸Ã}Æ�ÆÚÍhÔ1ÇHÃ}ÆÆ�ÂH×�×}Ã}ÆÚÆ�Ì � ÆíÇeÔµËHÆ ÄïÔÐÓÕÃ�Æ�ÂHÖÚÃ ÎÖ÷ÕÆ�Ì

A
Ã�ÆÚÍ � Î�ÖÚÍ � Ô1ÄÅÎ�ÖÚÆ B Ô!ëRÄÅÂHÆ�ÇHÃÈ×hØHÔµËH×}Ã ÇHÃ ÄyÛ�,�Í¢Ö�ÃÈÔµÂHÆÚÆ�Ìy¾�eûË#ÔµÇHÓ
Ã�Í�Í�Ö¢ÔÇHÃÕËRÃ
ë�Î�ÂRæµÎ�ÌÅÖÐÓ
Ã}ÆÚÂHÖ�Ã�Ö!Á�ÂHÃ
ÄïÔ�ÞHÌ¸Î�ÓÕÔµÆ�ÆÚÃ�ÊeËeÔµÄ¸Ã � ×µÛóÃ}Æ9Í&»q�»�ÇHÌ¸Ö�Ã C

Ã�Í�ÎµËÏÆÚÂHÞ�Î[ÇHÎ�ÖÚÃ�Á[ÂRÃÕ×�Î�ËHËeÔk�¸Í¢ÖÚÃîÄïÔ
æµÔ1ÄÅÃ}ÂRÖÈëHÖÚÌÅÆÚÃ�ëeÔ1ÖÈ×�Ã�Í�Í�Ã�æ1ÔµÖÚÌïÔµÞHÄ¸Ã±ë�ÎµÂHÖ�Ö�ÔµÌ¸Í5ËHÎ�ÂRÆ ÔµÌ¸ÇHÃ}Ö'��ëHÖ�É�×}ÌÅÆÚÃ}ÖÈËHÎµÍ¢ÖÚÃ�Ó
Î[ÇHÉ}Ä¸ÌÅÆ¢ÔxÍ¢ÌÅÎµË ü6�K���%����¡ÇRÃ

AÁ[ÂRÌ�Ã�ÆÚÍ�ËHÎµÍ�Ö�Ã�æµÔ1Ö�ÌïÔ1ÞHÄÅÃ³Ç�ÛÜÌ¸Ë�Í�É}Ö&,�Í�ëHÖ�Ì¸ËH×}Ì¸ëeÔµÄ ¾
B
ËGÛóÃ}Æ9Í¡ÇRÎ�ËH×5Á�ÂGÛÜÂRËHÃ5æ1ÔµÖÚÌïÔµÞRÄÅÃíÌÅË:Í�Ã}Ö�Ó
É}ÇRÌïÔµÌ¸Ö�Ã³ë�Î�ÂHÖ.ËHÎµÍ�Ö�Ã

ÓÕÎ[ÇHÉ}Ä¸ÌÅÆ�Ô1Í¢Ì¸Î�ËG¾
®TÛóÌÅÇHÉ�Ã!ÇRÃ�ÞeÔ1Æ�Ã!Ã}ÆÚÍÈÁ�ÂHÃ!Æ�Ì

C
Ã}Æ9Í Î�ÞRÆ�Ã}Ö9æ�É � Î�ÖÚÍ � ÔµÄÅÎ�ÖÚÆ A ÇHÃ�æ[Ö�ÔµÌ¸Í5Ä Ûd,�Í�Ö�Ã!ÔµÂHÆÚÆ�Ìy¾ Ø ÔµÌÅÆ�ÇHÃÐ×}ÎµÓ�ÞHÌÅÃ�Ëpr

/ ÛÜÃ�ÆÚÍ��s×�Ã�Í�Í�Ã�Á�ÂHÃ�ÆÚÍ¢Ì¸Î�Ë Á�ÂHÃoËHÎµÂHÆ�ÔµÄ¸ÄÅÎ�ËHÆ�Ã�Æ�Æ¢Ô¦ßµÃ}Ö�ÇHÃoÖÚÉ}ë�Î�ËHÇHÖÚÃoëeÔµÖ
ÄïÔ2×}Î�ËRÆÚÍ¢ÖÚÂH×�Í�ÌÅÎ�ËKÇGÛÜÂRË Ö�É}ÆÚÃ¦ÔµÂ
ÞeÔ¦ß�É}ÆÚÌÅÃ�ËG¾

º5Î�ÂHÆ Æ�ÂHëHë�Î�ÆÚÃ}Ö�ÎµËHÆ³ë�Î�ÂHÖ.×}Ã�Í¡Ã	}RÃ�ÓÕëRÄÅÃ5Á[ÂRÃ ÄÅÃ�Æ Í�Ö�Î�Ì¸ÆTæµÔ1Ö�ÌïÔ1ÞHÄÅÃ�ÆTÆ�Î�Ë:Í³×�Î�Ë:Í¢Ì¸Ë[ÂRÃ}Æ}¾;/¡Î�Ó
ÓÕÃíÃ�ÄÅÄ¸Ã}Æ Æ�Î�Ë:Í
ÇHÃ�Óë,�ÓÕÃÕËeÔ1Í�ÂHÖ�Ã é�ÞHÌÅÎµÓ#ÔµÆÚÆ�Ã¦ì � ÌÅÄ Ã}ÆÚÍ�Ö�ÔµÌÅÆÚÎ�ËHËeÔ1ÞHÄÅÃ
ÇHÃPÄ¸Ã}Æ�×hØHÎµÌÅÆ�Ì¸Ö ÇHÃ#Óë,�ÓÕÃ#Í�ß[ë�Ã � Ó#ÔµÌ¸Æ Ì¸Ä�ë�Î�ÂHÖÚÖ¢ÔµÌÀÍß>Ô¦æ�Î�Ì¸ÖPÇHÃ}Æ�ÆÚÌ¸Í¢ÂHÔ1Í¢Ì¸Î�ËHÆPÎÖ÷>ÂHË Í�ß[ë�Ã2ÇRÌGt�É}Ö�Ã�Ë:Í�ÇGÛÜÎµÞHÆ�Ã�ÖÚæ1Ô1Í¢Ì¸Î�ËHÆ�×�Î�ËHÇHÂHÌ¸Ö¢ÔµÌÀÍU� ÂHË>×hØHÎ�ÌN}>ÔµÂ7Í¢Ö�Ã1¾1��×}Ì �Î�ËsÆÚÂHëHë�Î�Æ�Ã�Ö¢Ô�Á�ÂHÃ

A, B, C ∈ R
¾"eûËÏÔµÂHÖ�ÔµÌ¸Í!ëHÂÏÖ�Ã}Æ9Í¢ÖÚÃ}ÌÅËRÇHÖ�Ãë�

R
+
Ó#ÔµÌ¸Æ±×}Ã�×}Ì ËHÎ�ÂHÆ!×}Î�Ó
ëHÄ¸ÌÅÁ�ÂHÃ}Ö�ÔµÌ¸Í

ÄïÔDÆ�ë�É}×�Ì¸Êe×}Ô1Í¢Ì¸Î�ËMÇHÃ}Æ
ÇHÌÅÆ9Í¢ÖÚÌÅÞHÂRÍ�ÌÅÎ�ËRÆ�ÇHÃ�ëHÖ�ÎµÞeÔµÞHÌ¸ÄÅÌ¸Í�Éµ¾cºÈÎ�ÂHÆ
ÔµÄ¸ÄÅÎ�ËRÆ�Æ�ÂHëRë�Î�ÆÚÃ}Ö
Á�ÂHÃÝ×hØHÔµ×}ÂHËRÃÝÇHÃ�Æ
Í�Ö�Î�Ì¸Æ
æµÔ1Ö�ÌïÔ1ÞHÄÅÃ�ÆíÆ�ÂHÌÀÍ�ÂHËHÃÐÇHÌÅÆ9Í¢ÖÚÌÅÞHÂRÍ�ÌÅÎ�Ë�ËRÎ�Ö�ÓÕÔµÄÅÃ1¾

¶�T%S [2]_^û-È6w4R6�`.-w[ X sTFR,.32r +
�^Î�ÂHÖ³Í¢Ã�Ë:Í¢Ã}Ö�ÇHÃ � ÎµÖ�ÓÕÔµÄÅÌ¸Æ�Ã}Ö�×}Ã±Á�ÂHÌGæ[ÌÅÃ�Ë:Í�ÇGÛ�,�Í¢ÖÚÃ�Ô1ÇHÓÕÌ¸Æ � Î�Ë�ë�Ã�ÂRÍ�×}ÎµËHÆ�Ì¸ÇHÉ}ÖÚÃ}Ö�ÄÅÃ�ÆíÄÅÌïÔ1ÌÅÆ�ÎµËHÆ�Ã�Ë:Í¢Ö�ÃÐÄ¸Ã}ÆÍ¢Ö�ÎµÌÅÆ³æ1ÔµÖ�ÌÅÔµÞHÄ¸Ã}Æ

A, B, C
Í¢Ö¢Ô1ÇHÂHÌ¸Í�Ã}Æ�ëeÔµÖíÄ¸Ã±Ù�Ö¢Ô1ëHØHÃÐëHÖ�É�Æ�Ã�Ë�Í�É�Ã�Ë�ÊHÙ�ÂHÖ�Ã!úR¾

®�Ã}Æ
ÄÅÌÅÔµÌÅÆÚÎ�ËHÆîÃ�Ë�Í�Ö�ÃÝÄÅÃ}Æîæ1ÔµÖÚÌïÔµÞHÄ¸Ã}Æ�Æ�ÎµË�ÍÕÆÚß[Ó�Þ�Î�Ä¸ÌÅÆ�É�Ã}Æ
ëeÔµÖ
ÇHÃ}Æ�ðeô�×hØHÃ}ÆPë�Î�ÂHÖ
ÌÅËRÇHÌÅÁ�ÂHÃ�Ö
Ä¸Ã�Æ�Ã}ËRÆPÇHÃ
Ä ÛóÌÅËRðeÂRÃ}ËH×�Ã ³*Ù ñVÄ ÛóÃ�t�Ã�ÍÈæµÔ
ÇHÃ

A
æ�Ã�Ö�Æ

B
ëHÂHÌÅÆ5ÇHÃ

B
æ�Ã�Ö�Æ

C
¾P®�Ã�Ù�Ö¢Ô1ëHØHÃ ËRÃ ëHÖÚÉ}×}Ì¸Æ�Ã�Ö�ÌÅÃ�Ë�ÆÚÂHÖ ÄÅÔÕËeÔ1Í�ÂHÖ�Ã

ÇHÃ}Æ�ÖÚÃ}ÄÅÔ1Í¢Ì¸Î�ËHÆ}¾À¾À¾S��Ä ë�Ã}Ö�Ó
Ã�Í Á�ÂeÔµËHÇêÓ´,}Ó
Ã
ÇHÃPÖ¢Ô1ÌÅÆ�ÎµËHËHÃ}Ö�¾S�ãÔµÖ�Ã	}7Ã}Ó
ëHÄÅÃ � ÆÚÌ�ËHÎµÂHÆ�×}ÎµËHËeÔµÌ¸Æ�Æ�Ì¸Î�ËHÆ B � ÄïÔ×}Î�ËHËHÔµÌÅÆÚÆ¢ÔµËH×�Ã�ÇRÃ
C
ËHÃÐËHÎ�ÂHÆ�Æ�Ã�ÖÚæ[ÌÅÖ�ÔµÌ¸Í�ÇRÃ!ÖÚÌÅÃ�Ë�ë�Î�ÂHÖíÓ
ÌÅÃ�ÂI}�×}ÔµÖ¢Ô1×�Í¢É�Ö�Ì¸Æ�Ã}Ö

A
¾

¶�T	� [2]_^û-È6w4R6�`.-w[È+�8êFH+KZE,�476V`.-È8
Ø Ô1ÌÅË:Í¢Ã�ËeÔµË:Í�Á�ÂHÃ�ËHÎµÂHÆîÔ¦æ�Î�ËRÆ�ÂHË ë�Ã�Í¢ÌÀÍ�ÖÚÉ � É}ÖÚÃ}ËH×�ÌÅÃ�Ä¡ÇHÃPÄÅÔÝÆÚë�É�×}Ì¸ÊH×¦Ô1Í�ÌÅÎ�ËêÇRÃ}Æ�ÖÚÉ}Æ�Ã}ÔµÂI}êÞeÔ¦ß�É}ÆÚÌÅÃ�ËHÆ �ËHÎ�ÂHÆ.ë�Î�ÂRæ�ÎµËHÆTËHÎ�ÂHÆTÆÚÃ}Ö9æ7Ì¸ÖTÇHÂ�Ù�Ö¢Ô1ëHØHÃíë�Î�ÂHÖ�ÇHÉ�Í¢Ã�Ö�Ó
ÌÅËHÃ�Ö�Á�ÂHÃ}Ä¸ÄÅÃ}ÆTÆÚÎ�Ë:Í.ÄÅÃ�ÆTÇHÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�ËHÆc�ûëHÖ�Îµë�Î�ÆÚÃ}Ö�¾Ö��Ä
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%��$��\��4�9wG�q¥��a¿ÁÀ4� Â�x
½µ÷



ßîÃ}Ë
Ô Í¢ÖÚÎ�ÌÅÆ¡ñ�ÄïÔÈæ1ÔµÖÚÌïÔµÞRÄÅÃ¡Ã�ËîÍh,�Í�ÃíÇHÃ�ë�ÎµË�Í � A � ÇHÎ�Ë:Í.ÌÅÄ � ÔµÂRÍTÇRÎ�ËHËHÃ�Ö ÄÅÔ ÓÕÔµÖ�Ù�Ì¸ËeÔµÄ¸Ã � ëHÂHÌ¸ÆTÄïÔ ÇRÌÅÆÚÍ�Ö�Ì¸ÞHÂRÍ¢Ì¸Î�Ë×}Î�ËHÇRÌ¸Í¢Ì¸Î�ËHËHÃ�ÄÅÄ¸Ã
ÇRÃ
B
ëeÔ1Ö�Ö�ÔµëHë�Î�ÖÚÍ �

A � Ã�ËRÊeË ×�Ã}ÄÅÄ¸ÃÕÇRÃ C
ëeÔµÖ�Ö¢ÔµëHë�Î�Ö9Í��

B
¾Y�ãÔµÖ�Æ�ÌÅÓ
ëHÄ¸ÌÅ×}ÌÀÍ¢É � ËHÎ�ÂHÆÖ�Ã}Æ9Í¢Ã�Ö�Î�ËHÆ5ÇeÔµËRÆ5Ä¸Ã±×¦ÔµÇRÖ�ÃÐÇHÃ}Æ5ÇHÌ¸ÆÚÍ¢ÖÚÌÅÞHÂ7Í¢ÌÅÎµËHÆ³ËHÎ�ÖÚÓ#Ô1ÄÅÃ}Æ¡ë�Î�ÂRÖ�Í�Î�ÂRÍ�Ã}Æ�×}Ã�Æ5ÇRÌÅÆÚÍ�Ö�Ì¸ÞHÂRÍ¢Ì¸Î�ËHÆ�¾

f�j¸�Gj ´ Q^UxSVº^OHº�_y{a_�W¦mÝrÏOHUqÿ�_a]�Oe{aYÝ��Y
A
â
[A]

A ∼ N
(

µA, σ2

A

)

f�j¸�Gj¸c _a]*¥ãb^Y[]^Z�Yo��Y
A
t¦b�U

B
â
[B | A]

B | A ∼ N
(

µB + βB.A (A− µA) , σ2

B.A

)

B
Æ¢Ô1×hØeÔµË:Í³ÄÅÔ±æ1ÔµÄ¸Ã}ÂHÖ.ëHÖÚÌÅÆÚÃÈëeÔ1Ö

A
ÆÚÂHÌ¸Í ÂHËHÃ5ÄÅÎµÌHËHÎ�ÖÚÓ#ÔµÄ¸ÃíÇHÎ�Ë:Í�Ä ÛóÃ}Æ�ë�É}Ö�ÔµËH×�ÃÈÇHÉ�ë�Ã�ËHÇPÄ¸ÌÅËHÉ}ÔµÌÅÖÚÃ}Ó
Ã}Ë:ÍTÇHÃ5ÄïÔ

æµÔ1ÄÅÃ}ÂRÖíÇHÃ
A
Ã�Í5ÇHÎ�Ë:Í�ÄÅÔ æµÔ1Ö�ÌïÔ1ËH×}ÃûÃ�ÆÚÍ5×}ÎµËHÆÚÍ¢ÔµË:Í¢Ãµ¾ÇeûË�ÔîÌÅË:Í¢ÖÚÎ7ÇRÂHÌ¸Í

A− µA � Ã�Í�ËRÎ�Ë�ëeÔµÆ�Æ�Ã�ÂHÄÅÃ�ÓÕÃ�Ë�Í A �ÇeÔµËHÆÈÄÅÃ±Í¢Ã�Ö�Ó
Ã!Ä¸ÌÅËHÉ}ÔµÌÅÖÚÃûÃ}Ë�Í¢Î�Â7Í¢Ã!Ù�É}ËHÉ�Ö¢ÔµÄ¸Ì¸Í�É±ëHÂHÌÅÆÚÁ�ÂHÃ
µA

Ã�ÆÚÍÈÂHËHÃ!×}Î�ËRÆÚÍhÔ1Ë�Í�Ã|¯�ÔµÌÅËHÆÚÌ�Î�Ë�Í�ÌÅÃ�Ë�Í5×�Î�ÓÕë7Í¢Ã
ÇHÂ�×¦ÔµÖ�Ôµ×�Í�ô}ÖÚÃûëHÄÅÂ7Í@mµÍ�É}Ä¸Ã�æ�É Î�ÂPëHÄ¸ÂRÍ@mµÍ�ÞeÔµÆ¡ÇHÃ

A
ëHÔµÖ¡Ö�ÔµëHë�Î�ÖÚÍ�� Æ¢Ô!æµÔ1ÄÅÃ}ÂRÖ¡×}Ã�Ë:Í¢Ö¢Ô1ÄÅÃ1¾�/¡Ã�Í�Í¢Ã ëHÖ�É�×¦ÔµÂRÍ�ÌÅÎ�Ë

ÔµÂHÖ¢ÔÝë�Î�ÂRÖ�Ã�t�Ã�Í�ÇHÃÕÇHÎ�ËHËHÃ�Öù�
µB

ÂHËHÃ#Ì¸Ë:Í¢Ã}ÖÚëHÖ�É�ÍhÔ1Í�ÌÅÎ�ËÏÆ�Ì¸ÓÕëHÄ¸Ã�×}Î�Ó
ÓÕÃ
Î�ËÏÄÅÃ�æ�Ã}ÖÚÖ¢ÔDÔµÂÏÓÕÎµÓÕÃ�Ë�Í�ÇHÂ
×¦ÔµÄ¸×}ÂHÄ�ÇHÃÐÄÅÔ�ëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É ×}ÎµËxõÚÎ�ÌÅË:Í�Ãµ¾

f�j¸�Gj¸� _a]*¥ãb^Y[]^Z�Yo��Y
B
t¦b^U

C
â
[C | B]eûË�ÇHÉ�æµÃ}Ä¸Î�ëHë�Ã�Ä¸Ã±Óë,�ÓÕÃ Í�ß[ë�Ã�Ç�ÛÒÔµÖÚÙ�ÂHÓ
Ã}Ë:Í¢Æ�Á�ÂHÃÐë�Î�ÂHÖ

C | B ñ

C | B ∼ N
(

µC + βC.B (B − µB) , σ2

C.B

)

¶�T�± 3 Fl` y , y 6�Z96w4�]Ãq�`.-=Äa` 6E-�47+
��Ä�ÆÚÂ;ì�ÍÈÆÚÌÅÓ
ëHÄÅÃ�ÓÕÃ�Ë:ÍíÇHÃ � ÔµÌÅÖÚÃûÄÅÃ±ëRÖ�Î[ÇHÂHÌ¸Í�ÇRÃ}ÆíÍ¢ÖÚÎ�ÌÅÆíÇHÃ�ËHÆ�ÌÀÍ¢É�Æ!ñ

[A = a, B = b, C = c] = [A = a] [B = b | A = a] [C = c | B = b]

[A = a] [B = b | A = a] [C = c | B = b] =
1

σA

√
2π

exp

(

− (a− µA)
2

2σ2
A

)

× 1

σB.A

√
2π

exp

(

− (b− (µB + βB.A (a− µA)))
2

2σ2
B.A

)

× 1

σC.B

√
2π

exp

(

− (c− (µC + βC.B (b− µB)))
2

2σ2
C.B

)

èûÂHÃ�ÄÅÁ�ÂHÃ}Æ!ÇHÉ�æ�Ã}Ä¸Î�ëHë�Ã}Ó
Ã}Ë:Í¢Æ � ÔµÆ9Í¢ÌÅÇRÌÅÃ}Â�} ÇHÃ
×}Ã�ÍÚÍ¢Ã
Ã�}7ëHÖÚÃ}Æ�ÆÚÌÅÎ�ËÏ×}Î�ËRÇHÂHÌÅÆÚÃ}Ë:Í ��ÄÅÔ�×�Î�ËH×�ÄÅÂHÆÚÌÅÎ�Ë2Á�ÂHÃÕÄ¸Ã
æ�Ã}×�Í¢Ã�ÂHÖ ÇHÃ�ÆíÍ¢Ö�ÎµÌÅÆ³æ1ÔµÖ�ÌÅÔµÞHÄ¸Ã}ÆíÔµÄ¸É¦Ô1Í�Î�ÌÅÖÚÃ}Æ

(A, B, C)
Ã}Æ9ÍÈÓ ÂHÄ¸Í�ÌÅËHÎ�ÖÚÓ#Ô1Ä ¾

¡¢�n�����4!*%RX�	!*�	o1��� !$�&%R%2�����]�4���4�4#6%RX�	!��

E





A

B

C



 =





µA

µB

µC





V





A

B

C



 =





σ2
A βB.Aσ2

A βB.AβC.Bσ2
A

βB.Aσ2
A σ2

B.A + β2
B.Aσ2

A βC.B

(

σ2
B.A + β2

B.Aσ2
A

)

βB.AβC.Bσ2
A βC.B

(

σ2
B.A + β2

B.Aσ2
A

)

σ2
C.B + β2

C.B

(

σ2
B.A + β2

B.Aσ2
A

)





½�Ñ



®�Ã}Æíæ1ÔµÖÚÌïÔµËH×�Ã}ÆíÖÚÃ}Æ�ë�Ã}×�Í¢ÌÀæ�Ã}ÆÈÇHÃ}ÆíÍ�Ö�Î�Ì¸Æ³æµÔ1Ö�ÌïÔ1ÞHÄÅÃ�Æ³Æ�Î�Ë:Í5ÇHÎ�ËR×
ñ






V (A)
V (B)
V (C)





 =







σ2
A

σ2
B.A

+ βB.Aσ2
A

σ2
C.B

+ β2
C.B

(σ2
B.A

+ β2
B.A

σ2
A
)







×}Ã
Á[ÂRÌTë�Ã�ÂRÍ!ÔµëHëeÔ1Ö¢Ôk�¸Í¢Ö�Ã�Í�Ö�ô�Æ!×�Î�Ó
ëHÄÅÃ	}RÃ � Ã}Ë � ÔµÌÀÍ±Î�Ë ë�Ã�ÂRÍ!Ã}Ë � ÔµÌÅÖÚÃ�ÂHËHÃ�Ì¸Ë�Í�Ã}ÖÚëHÖ�É�ÍhÔ1Í�ÌÅÎ�ËDÞeÔ1Æ�É}Ã
Æ�ÂRÖ!Ä¸Ã
Ö�É}ÆÚÃ¦ÔµÂÝÞeÔ¦ß�É�Æ�ÌÅÃ�Ë�ÖÚÃ}ëHÖÚÉ}Æ�Ã�Ë:Í¢É Ã�Ë�ÊHÙ�ÂHÖ�Ã!úR¾

ª
A
×}ÎµËHÆ�Ã�ÖÚæ�ÃîÆ�Ô#æ1ÔµÖ�ÌÅÔµËH×}Ã�ÇHÃ ÇRÉ}ëeÔµÖ9Í � ×µÛóÃ}ÆÚÍÐÄÅÔÕÓ
Î�ÌÅËRÇHÖ�Ã!ÇHÃ}Æ ×hØHÎ�Æ�Ã�Æ±ëHÂHÌ¸Æ�Á�ÂGÛóÎ�ËDÄÅÂHÌ�Ô#ÆÚë�É�×}ÌÀÊeÉ�Æ¢ÔÇHÌÅÆ9Í¢ÖÚÌÅÞHÂRÍ�ÌÅÎ�Ë�ÓÕÔµÖÚÙ�ÌÅËeÔ1ÄÅÃµ¾

ª
B
Ô�×}Î�Ó
Ó
Ã�æµÔ1Ö�ÌïÔ1ËH×}Ã

σ2
B.A + β2

B.Aσ2
A � ×1ÛÜÃ�ÆÚÍ�»��»wÇHÌÅÖÚÃ
Æ�Ô�æ1ÔµÖÚÌïÔµËR×}Ã�×}Î�ËRÇHÌ¸Í�ÌÅÎ�ËHËRÃ}ÄÅÄ¸Ã�ëHÄ¸ÂHÆ β2

B.Aσ2
AÁ�ÂHÃÏÄyÛÜÎµË ë�Ã�ÂRÍ�ÌÅË:Í¢Ã�Ö�ëHÖÚÉ�Í¢Ã�Ö�×}Î�Ó
ÓÕÃ�ÄïÔ ëeÔµÖ9Í�Æ�ÂHëHëRÄÅÉ}Ó
Ã}Ë:Í¢ÔµÌÅÖÚÃDÇHÃDæµÔ1Ö�ÌïÔxÍ¢ÌÅÎµË ÔµëHë�Î�ÖÚÍ�É}ÃDëeÔ1Ö�Ä¸Ã

ÇHÉ}×�Î�ËHÇHÌÀÍ¢Ì¸Î�ËHËHÃ�ÓÕÃ�Ë�Í�ÇRÃ
A
¾4/¡Ã}×�Ì�Ã}ÆÚÍ^ÇGÛÜÔµÂRÍ¢ÔµË:Í�ëHÄÅÂRÆ^×�ÄïÔµÌ¸Ö�Á�ÂHÃ

σ2
A

� ÄïÔ¡æ1ÔµÖ�ÌÅÔµËH×�ÃTÇHÃ A � Ã�ÆÚÍ^ë�ÎµËHÇHÉ}ÖÚÉ}ÃëeÔµÖ
β2

B.A � Ä¸Ãû×}Î[Ã�ì
×}Ì¸Ã}Ë:ÍíÇHÃ±ÖÚÉ}Ù�ÖÚÃ}ÆÚÆ�ÌÅÎµË�ÇHÃ A ë�Î�ÂHÖ B ÔµÂ�ËHÌ¸æµÃ¦ÔµÂ�ÇHÃ Ä ÛóÃ}Æ�ë�É}Ö�ÔµËH×�ÃûÍ¢Ã}Ä¸ÄÅÃÈÁ[ÂRÃ±ËHÎ�ÂHÆÄ ÛÜÔ¦æ�Î�ËHÆ�ÇHÉ�ÊeËHÌ¸Ãµ¾
ª ¬ Í�ÄïÔ³Ó´,}Ó
Ã�ÌÅË:Í¢Ã�Ö�ëHÖÚÉ�Í¢Ô1Í¢Ì¸Î�ËûÆ�Ã.ÖÚÃ�Í¢ÖÚÎ�ÂRæµÃ ë�Î�ÂHÖ

C
ÇHÎ�Ë:Í�ÄïÔ æµÔ1Ö�ÌïÔ1ËH×}Ã�Ã�ÆÚÍ

σ2
C.B

+β2
C.B

(σ2
B.A

+ β2
B.A

σ2
A
)
¾eûË
ßîÖÚÃ�Í�Ö�Î�ÂRæµÃ�ÄïÔûæ1ÔµÖ�ÌÅÔµËH×}Ãí×�Î�ËHÇHÌÀÍ¢Ì¸Î�ËHËHÃ�ÄÅÄÅÃ

σ2
C.B

Æ�ÎµÓÕÓ
É}Ãê�±ÄïÔ±ëeÔ1ÖÚÍ.ØHÉ�Ö�Ì¸Í�É}Ã�ÇHÃ�ÄïÔ æ1ÔµÖÚÌïÔµÞRÌÅÄÅÌÀÍ¢É ÇHÃ
B ¦ β2

C.B
(σ2

B.A
+ β2

B.A
σ2

A
))
Á�ÂHÌã×�Î�ÓÕëRÖ�Ã}ËRÇDÄïÔÕëHÔµÖÚÍ±ØRÉ}Ö�ÌÀÍ¢É�Ã�ÇHÃ�ÄÅÔ
æ1ÔµÖ�ÌÅÔµÞHÌ¸ÄÅÌ¸Í�É±ÇHÃ

A
Ô1ÂoÍ¢Ö¢Ô¦æµÃ}Ö�Æ

ÇHÃ
B
¾e±ËÝÆ�ÂHÌÀÍ5ÞHÌÅÃ�ËÝÄÅÔ�ëRÖ�Î�Ù�ÖÚÃ}ÆÚÆ�ÌÅÎµË�ëeÔµÖ�Ä¸Ã!ÙµÖ¢ÔµëHØRÃµ¾Ï®�Ã�Ó´,}Ó
ÃÐÙ�Ã}ËRÖ�Ã!ÇHÃÐÖ¢ÔµÌ¸Æ�Î�ËHËRÃ}Ó
Ã}Ë:Í ë�Ã}Â7ÍÈÆ�ÛÜÎµë�É�Ö�Ã}Ö5ë�Î�ÂHÖ

ÄÅÃ}Æ¡×}Î�ÖÚÖ�É}ÄÅÔ1Í¢Ì¸Î�ËHÆ�¾;/¡Ã�Í�Í�ÃûÌÅË:Í¢Ã�Ö�ëHÖÚÉ�Í¢Ô1Í¢Ì¸Î�Ë#Ã�ÆÚÍê��ÄÅÔ�ÞeÔµÆÚÃûÇHÃûÄÅÔ�ÇHÉ�ÓÕÎµËHÆÚÍ�Ö¢Ô1Í�ÌÅÎ�ËÕÇHÃû×}Ã�Í�Í�Ã � Î�Ö�Ó ÂHÄÅÃ5ÇeÔµËHÆ¡ÄïÔ
Æ�Ã}×�Í¢Ì¸Î�ËÝÆÚÂHÌ¸æ1ÔµË:Í�Ã#éq�ö7¾Òö�ì�¾

¶�T%¶ F Ô4<?F�8I<RH;:à<ÕÔ�<?BDEPF�BkL8Ö6BkEGL®×&:àH;8EØ$Ù�A6:8Ô48U:=LUF@Ú�Ô8Û0LI:
¯ �D%&� �	Q����V��� �4��c��#&o1���%2� !*���$�����p���ê!$#&% �&���p���$! ����%P�4�=����%P�*)��+
�#&%cw åQ��4! �"À�xK�������P���c! #6%2�4���$�	�P�6%��R#��4�����#Y���j¿0Ü�� Ý�

�����4!]\���S���&%R�*)4��% �&%V% ���������K¥?���������6%�ä��G� ��%2� �k���|�����k%2�
%��$�Y�v����� !$�����4��! � Î ����4z��������6%Kz��	!$�
�	34���&%P�	�4�4��l��&%V\���Y�4���%V�4�	�$��!$���%
B̃

���
C̃ Þ ���n%�� �	Q��d�1���ë¥?�	���ê���&%�!$#&% ���4�4�������6%1���&%�!$#�Q�!$�&%$% �����%_X��!1!$��X4Xk��!2�9�	�4l zh��! �
�	3���6%vX��! �&��� �&%&�

A
ä
B̃

���
C̃

%2�����
�����#&Xk�&��4�����$�&%]���n���6%]�����4l'!$#&% ������������6%]%2�����n��#�å�4���&%RX��!

B = βB.AA + B̃

C = βC.BB + C̃

= βB.AβC.BA + βC.BB̃ + C̃

�����4!n\��4�����1% Xk#6����åk���	� �����"���"o1�=�4�����_%2���d�]34�����"�
������� �
\��4���9���&���������&%R�����
%n���������� �����4��������6%�ä����Ö¥?�	���S�4����|XD��% ��!

B̃ ∼ N (µB , σB.A)

C̃ ∼ N (µC , σC.B)

á X�	! � ��!n���_�����2�$�_�4���z��������Y¥N��! oí�4�
��� ������ä����"! ��� !$���4z��Y3���&�5���1% Xk#6����åk���	� �����"X4!$��XD��% #��|���6¿ÁÜ4� ß����n���I�&%2�]� !$�&%V¥?���������_���
�&�	�
���4����!]�
����������������������� �����'� !$��X�����

(A, B, C)
X�4��%$\���� ���"�í�
�1!$���
��� �����





A

B

C



 =





1 0 0
βB.A 1 0

βB.AβC.B βB.C 1









A

B̃

C̃





WY�"!$���$! ���4z��|��%$%2�oàc�4��!$�&��� ��o1�&���]���&%]!$#&% �4���$�	�$%RX4!$��XD��% #&%V���Å¿ÁÜ4� Ýk�
¶�T	¸ 3 Fl` y , y 6�Z96w4�]Ãq�`.-#[ 6w476V`.-È- +KZ�ZE+á[È+âZE,ã�ã,TFR69, y Z9+â[äx�69- 4�]GF�å�4

®�ÔoëHÖÚÎ�ÞeÔµÞHÌ¸ÄÅÌÀÍ¢É#×�Î�ËxõÚÎ�Ì¸Ë:Í¢Ã�Á�ÂHÌ¡æ[ÌÅÃ�Ë:ÍÕÇ�Û�,�Í¢Ö�Ã�×}ÔµÄÅ×�ÂHÄÅÉ�Ã�ËHÎ�ÂHÆîë�Ã}ÖÚÓÕÃ�Í�ÇHÃ�Ö�É�ë�Î�ËRÇHÖ�Ã«�DÄïÔoÁ�ÂHÃ�ÆÚÍ�ÌÅÎ�Ë
ÌÅËHÌÀÍ¢ÌïÔ1ÄÅÃ � ×}Ã�ÄÅÄ¸ÃûÇHÃÐÄïÔîÇHÌ¸ÆÚÍ¢ÖÚÌÅÞHÂ7Í¢ÌÅÎµËPÇHÃ A

×}Î�ËHÇRÌ¸Í¢Ì¸Î�ËHËHÃ�ÄÅÄ¸Ã}Ó
Ã}Ë:Í9�îÄïÔ�æ1ÔµÖÚÌïÔµÞHÄ¸Ã Î�ÞRÆ�Ã}Ö9æ�É�Ã
C
¾

½µà



¯ ��%2��µ��S��� ��X4X4����\��4�&!]�����$)4#���! ����%��*�	��4��!$�'�����
���4��%2� !$��3��� �����"ov��d�$���4��! o9�������

A | C ∼ N

(

µA +
βB.AβC.Bσ2

A

σ2
C.B + β2

C.B (σ2
B.A + β2

B.Aσ2
A)

(C − µC) ,
σ2

C.B + β2
C.Bσ2

B.A

σ2
C.B + β2

C.Bσ2
B.A + β2

B.Aβ2
C.Bσ2

A

σ2
A

)

s¡Ì¸Ã}ËÐÁ�ÂHÃ ÄÅÃTËHÎ[Ã}ÂHÇ
B
ËGÛóÌÅË:Í¢Ã�ÖÚæ[ÌÅÃ�ËHËHÃ Á[Â�ÛÜÌ¸ÓÕëHÄ¸ÌÅ×�Ì¸Í¢Ã�ÓÕÃ�Ë:Í � Æ�Î�Ë!ÌÅË7ðeÂHÃ}ËR×}Ã.Ã}Æ9ÍãÇHÉ�Í¢Ã�Ö�Ó
ÌÅËeÔµË:Í�Ã.ÔµÂI}ÐÇHÃ�ÂI}

ËHÌ¸æµÃ¦ÔµÂI}
ÇRÃ5ÄyÛÜÃ�Æ�ë�É}Ö�ÔµËH×}Ã5Ã�Í ÇHÃ5ÄïÔ æ1ÔµÖÚÌïÔµËR×}Ã�ÇeÔµËHÆ.×�Ã�Í�Í�ÃÈÇRÌÅÆÚÍ�Ö�Ì¸ÞHÂRÍ¢Ì¸Î�ËG¾Ö/¡Ã5Á�ÂHÌVÃ�ÆÚÍ ËHÎ�ÖÚÓ#ÔµÄRëHÂHÌÅÆÚÁ�ÂHÃÈ×1ÛÜÃ�ÆÚÍ
ÄÅÂHÌ ÄÅÃÕë�Î�Ì¸Ë:Í�ÇHÃPëHÔµÆ�Æ�ÔµÙ�ÃPÎ�ÞRÄÅÌÅÙµÉÕÃ�Ë�Í�Ö�Ã

A
Ã�Í

C
¾ ¬ Ë ëeÔ1ÖÚÍ¢Ì¸×}ÂHÄ¸ÌÅÃ�Ö � ÌÅÄ Æ�ÂIì
Í�Á[Â�ÛÜÂHËRÃ�ÇHÃ}ÆîÇHÃ�ÂI}sÄÅÌïÔ1ÌÅÆ�ÎµËHÆ

Æ�Î�ÌÀÍ�Ö�Î�Ó
ëHÂHÃ2é
βB.A = 0

Î�Â
βC.B = 0

ì ë�Î�ÂHÖîÁ�ÂHÃ�ÄÅÔoÇHÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�Ëê×�Î�ËHÇHÌÀÍ¢Ì¸Î�ËHËHÃ�ÄÅÄÅÃÕÆ�Ã�Ö�É�ÇHÂHÌ¸Æ�Ã«�DÄïÔ
ÇHÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�Ë�ÓÕÔµÖ�ÙµÌÅËeÔµÄ¸Ã ÇHÉ�ÊeËHÌ¸Ã!ëHÔµÖ

N (µA, σ2
A
)
¾

æ $&%��������çº � ��������	��M¡� �î���³�Y�!�����t�³��¡¡�}	����î�^� ¡�Ð�ã	����5òR�û����³����!�������

�^Î�ÂHÖûÍ¢Ã�Ö�Ó
ÌÅËHÃ�Ö ÄÅÔ#Æ�É�Ö�ÌÅÃîÇRÃ}Æ±Ö�É�Æ�Ã}ÔµÂI} ÇHÃ�Í�Ö�Î�Ì¸Æ ËHÎ[Ã}ÂRÇHÆ±×}Î�Ó
ë�Î�ÖÚÍ¢ÔµË:ÍûÇHÃ�ÂI} Ö�Ã�ÄïÔ1Í�ÌÅÎ�ËRÆ � ËHÎ�ÂHÆÐÔµÄ¸ÄÅÎ�ËRÆÍ¢Ö¢Ô1Ì¸Í¢Ã�Ö�ÇHÂ!Ö�É}ÆÚÃ¦ÔµÂ�×}Î�Ë:æµÃ}Ö�ÙµÃ}Ë:Í�Á�ÂHÌ�×}ÎµÖ�Ö�Ã�Æ�ë�Î�ËHÇ�ÔµÂHÆÚÆ�Ì��íÂHËHÃ Æ�Ì¸Í�ÂeÔ1Í�ÌÅÎ�Ë±×�ÄïÔµÆÚÆ�ÌÅÁ�ÂHÃ � ×}Ã�ÄÅÄÅÃTÇRÃ ÇRÃ}ÂI} � Ôµ×�Í¢Ã�ÂHÖ�Æ
ÌÅËRðeÂRÃ}Ë�Ú}ÔµË:Í ÂHËRÃ!Ó´,}Ó
Ãûæ1ÔµÖ�ÌÅÔµÞHÄ¸Ãµ¾�®TÛóÃ�}7Ã}Ó
ëHÄ¸Ã±ëHÖ�Î�ë�Î�ÆÚÉ!Ã�ÆÚÍ5×}Ã�ÄÅÂHÌ�ÇRÃ!ÄyÛÜÌ¸ËRðeÂHÃ�ËH×}ÃÐÆÚÌÅÓ�ÂHÄÀÍhÔµËRÉ}ÃûÇHÂ�ÍhÔ1ÞeÔµ×
Ã�Í5ÇHÃÐÄ ÛÜÔµÄÅ×�Î7ÎµÄ�ÆÚÂHÖÈÄ¸Ã}Æ�Ôµ×�×}Ì¸ÇHÃ}Ë:Í¢Æ�×}ÔµÖ�ÇHÌ¸Îk»wæ1ÔµÆÚ×}ÂHÄÅÔµÌÅÖÚÃ}Æ�¾

¸3TVU [2]_^û-È6w4R6�`.-w[È+�8<�ã,TFR69, y Z9+�8
�^Î�ÂHÖTÓ
Ã�Í�Í�Ö�Ã³ÂRËîë�Ã�Â
ÇRÃíÇHÌ¸æµÃ}Ö�ÆÚÌ¸Í�É³ÇeÔµËHÆTÄ¸Ã}ÆTÃ	}RÃ�ÓÕëRÄÅÃ}Æ � ËHÎµÂHÆ.ÔµÄÅÄ¸Î�ËHÆ�×}Î�ËHÆÚÌÅÇHÉ�Ö�Ã�ÖTÇHÌGt�É}ÖÚÃ}Ë:Í¢Æ�Í�ß[ë�Ã}Æ.ÇHÃæµÔ1Ö�ÌïÔ1ÞHÄÅÃûñ:ÞRÌÅËeÔµÌ¸Ö�Ã³ë�Î�ÂHÖ.ÄÅÔûÖ�É}ë�Î�ËHÆÚÃ�é

A ∈ {0, 1} ì�ÆÚÂHÌ¸æ1ÔµË:Í Á�ÂHÃ�Ä ÛÜÔµ×}×�ÌÅÇHÃ�Ë�Í ×}ÔµÖ�ÇHÌ¸Îk»wæ1ÔµÆÚ×}ÂHÄÅÔµÌÅÖÚÃ¡Æ�ÛÜÃ�ÆÚÍ�ëHÖ�Îk»ÇHÂHÌ¸Í�ÎµÂ!ëHÔµÆ � ×�Î�Ë:Í¢ÌÅË�ÂHÃ.ë�Î�ÂHÖ�ÄÅÔ³×}Î�ËHÆÚÎ�Ó
Ó#Ô1Í�ÌÅÎ�Ë ÇGÛÒÔ1ÄÅ×}Î[Î�ÄHé C ∈ R
+
ì�Ã�Í^ÇHÌ¸Æ�×}ÖÚô�Í�ÃTë�Î�ÂRÖ�ÄïÔ³×}ÎµËHÆ�Î�Ó
ÓÕÔ1Í¢Ì¸Î�Ë

ÇHÃ�Í¢ÔµÞeÔµ×Pé
T ∈ {0, 1− 5, 6− 20, +20} ì�¾KºÈÎ�ÂRÆûÔµÄ¸ÄÅÎ�ËHÆ5ÔµÂRÆ�Æ�Ì^ÌÅË:Í�Ö�Î[ÇHÂHÌÅÖÚÃÐÂHËHÃ�æ1ÔµÖÚÌïÔµÞRÄÅÃ±ÌÅË:Í�Ã}Ö�Ó
É}ÇRÌïÔµÌ¸Ö�Ã

ÂRÍ¢Ì¸ÄÅÃà�îËHÎµÍ�Ö�ÃÐÓÕÎ[ÇHÉ�ÄÅÌÅÆ�Ô1Í¢Ì¸Î�Ë�ñ
p ∈ [0, 1]

ÄÅÔ�ëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É ÇHÃÐÇHÉ�×}ÄÅÃ�ËH×hØHÃ�ÖÈÂHËÝÔµ×�×}ÌÅÇRÃ}Ë:Í5Î�ÂÝÆÚÎ�Ë�ÄÅÎ�Ù�ÌÀÍ¦¾
Z�������Q��d�n% �_��#�å��d�SXk�	!

l = log p

1−p

�D`P��� � �|�$!$���%�¥N��! o9�	� �����(�&%2�S�����!$��o�o1�&���]���$�����
%2#&��Xk���4!no1����#�����% ��!]���&%nX4! ��3�� 
3�����d�$#&%&��¡Ï�ê¥?�	���&ä����g��_����o1X4����� �]#6\����z��	�����k���]�����$! �n���&%K������l1z��	!$����34���&%

p
���

l
���
�c� !*�	�%2¥N��!$o9��� ����������Q����Ï�&%2�K34���4�4��z���\��4�

���
p = exp(l)

1+exp(l)

�

¸3T%S [2]_^û-È6w4R6�`.-w[ X sTFR,.32r +u[ X Fl]�8[+�, X
®�ÔûÊeÙ�ÂHÖÚÃ±¿Xè±ëHÖ�Îµë�Î�ÆÚÃp�ÐÙ�ÔµÂH×hØHÃ�ÄïÔ æµÃ}ÖÚÆ�ÌÅÎµËÕÇHÌ¸Ö�Ã�×�Í¢ÃíÇRÂÕÖÚÉ}Æ�Ã}ÔµÂ
Ã�Íí�±ÇHÖ�Î�ÌÀÍ¢Ã³×�Ã}Ä¸ÄÅÃ � ÔµÌ¸Æ¢ÔµË:Í.ÔµëRëeÔµÖ¢Ô�ÅÍ¢ÖÚÃ

ÄïÔÕæ1ÔµÖÚÌïÔµÞHÄ¸Ã ×}Ôµ×hØHÉ}ÃÝé�×}Î�Ó
ÓÕÃ
p
Ã�Í

l
ÆÚÎ�Ë:ÍÐÆÚÍ¢ÖÚÌÅ×�Í¢Ã}Ó
Ã}Ë:Í±É�Á�ÂHÌ¸æ1ÔµÄ¸Ã}Ë:Í¢Ã�Æ � Î�ËDë�Ã}Â7ÍÐ×}Î�ËHÆÚÌÅÇHÉ�Ö�Ã�ÖûÁ�ÂGÛÜÃ�ÄÅÄ¸Ã}Æ±ËHÃ� Î�Ö�Ó
Ã}Ë:Í�Á[Â�ÛÜÂHËÕËHÎ[Ã}ÂHÇVì�¾�ºÈÎ�ÂHÆ¡ÔµÄÅÄ¸Î�ËHÆTÞHÌ¸Ã}Ë
Ã}Ë:Í¢Ã�ËHÇHÂ#Í�Ö¢Ô¦æ1ÔµÌÅÄ¸ÄÅÃ�ÖTÔ¦æ�Ã}×ÈÄÅÃ5Ö�É�Æ�Ã¦Ô1Â#×}ÎµÓÕë�Î�ÖÚÍ¢ÔµË:Í ÄÅÃ}Æ Á�ÂeÔ1Í�Ö�Ã

ËHÎ7Ã�ÂHÇHÆ�¾1��ÄÈÆ�ÛÒÔ1Ù�Ì¸Í#ÇGÛÜÂRË Ö�É}ÆÚÃ¦ÔµÂ ÇRÌ¸æ�Ã�Ö�Ù�Ã�Ë:Í�ëHÖ�ÎµÄÅÎ�ËHÙµÉ � Ó#ÔµÌ¸ÆÕÌ¸Ä�ËGÛóßKÔêëeÔµÆ
æ[Ö¢ÔµÌ¸ÓÕÃ�Ë�Í#ÇHÃoÆ9Í¢Ö�ÂR×�Í¢ÂRÖ�Ã �
ÄïÔ�ëHÖ�Î�Ä¸Î�ËHÙ:ÔxÍ¢ÌÅÎµËDÃ�Í �ÝÄïÔ�ÄÅÌ¸ÓÕÌÀÍ¢Ã � ËHÎµÂHÆ ë�Î�ÂHÖÚÖ�ÌÅÎµËHÆÐËHÃÕëHÔµÆ�Ã	}7ëHÄÅÌ¸×}Ì¸Í�Ã}Ö p

ÇeÔµËHÆ!ÄïÔ�ÓÕÎ[ÇHô�ÄÅÌÅÆ�Ô1Í¢Ì¸Î�ËMé�× � ¾�ÄïÔ
Ö�Ã}ÓÕÔµÖÚÁ[ÂRÃ!Ã�Ë ¢÷R¾ÜåR¾Üò:ì � ÌÅË:Í�Ö�ÌÅËRÆ�ô}Á�ÂHÃ�ÓÕÃ�Ë:ÍÈÌ¸Ä�Æ�ÛÒÔµÙµÌ¸Í�ÞHÌ¸Ã}Ë�ÇGÛóÂHËÝÖÚÉ}ÆÚÃ¦ÔµÂ �îÍ�Ö�Î�Ì¸ÆíËHÎ[Ã}ÂHÇHÆ�¾

¸3T	� [2]_^û-È6w4R6�`.-w[È+�8êFH+KZE,�476V`.-È8
/¡Î�Ó
Ó
Ã!ËRÎ�ÂHÆ ÄyÛÒÔ¦æµÎ�ËHÆÈæ[ÂDÔ1Ë�Í�É}ÖÚÌÅÃ}ÂRÖ�Ã}Ó
Ã}Ë:Í � Ì¸Ä^Æ�ÛÒÔ1Ù�Ì¸Í5ÇHÃ�ëHÖ�É�×}ÌÅÆÚÃ}ÖÈÄÅÃ}ÆÈÖ�Ã�ÄïÔ1Í�ÌÅÎ�ËHÆ�Æ9Í¢Î[×hØeÔµÆÚÍ�ÌÅÁ�ÂHÃ�Æ Á�ÂHÌÃ�}7ÌÅÆ9Í¢Ã}Ë:ÍíÃ�Ë:Í¢Ö�ÃÈ×hØeÔµÁ�ÂHÃÈËHÎ7Ã�ÂHÇPÃ�Í¡ÆÚÃ}Æ³ëeÔ1Ö�Ã}Ë:Í�Æ}¾IºÈÎ�ÂHÆ�×}Î�Ó
Ó
Ã}ËH×�Ã}Ö�ÎµËHÆ6³ ç ëHÔµÖ�Ä¸Ã}Æ ËHÎ[Ã}ÂHÇHÆ�Æ¢ÔµËRÆ¡ëeÔµÖÚÃ}Ë:Í¢ÆÈñ

T
Ã�Í

C
¾

¼�j¸�Gj ´ �^_yt�W¦U1_�º�b�Wq_�S�] rÏOHUqÿ�_a]�Oe{aYÝ��Y
T ¦ Z�S�]^t}S�rêrsORWX_aS�]á�^Yéè�OHº�OHZ §

/ ÛóÃ}Æ9ÍûÂHËHÃÐæ1ÔµÖ�ÌÅÔµÞHÄ¸Ã±Á[ÂRÃ�ËHÎµÂHÆ Ô¦æ[ÌÅÎµËHÆÈÇRÉEõ6�ÕÖÚÃ}ËH×�Î�Ë:Í¢ÖÚÉ}Ã Ã�Í ËRÎ�ÂHÆÈÔµÄÅÄ¸Î�ËHÆíÖ�Ã�ëHÖ�Ã�ËHÇHÖÚÃ ÄïÔîÇHÌ¸ÆÚÍ�Ö�ÌÅÞRÂRÍ¢Ì¸Î�Ë
ëHÖ�Î�ë�Î�ÆÚÉ}Ã!ëeÔµÖíÄÅÃûÍ¢ÔµÞHÄ¸Ã¦ÔµÂ ¿¦ò � Ã}Ë�×hØeÔµËHÙ�Ã}ÔµË:Í5ÄïÔîËHÎµÍ¢Ô1Í¢Ì¸Î�ËDñ P (S)

ÇHÃ�æ[ÌÅÃ�Ë:Í
P (T )
¾

â%N ¡K�'¥?���d�n��� ��!*��! �c��� �9�	����4�4�|��o�XD��! �$��������

½µú



P�Q�R9© ¿¦è ªU��É}Æ�Ã}ÔµÂ�×}Î�Ë:æ�Ã�Ö�Ù�Ã�Ë:Í±ÔµÂHÙµÓÕÃ�Ë�Í�É
��Î�ÂHÖ.Ã	}RëRÄÅÌÅÁ�ÂHÃ�ÖTÄÅÃ�ÆTÔµ×}×�ÌÅÇHÃ�Ë:Í¢Æ.×¦ÔµÖÚÇHÌÅÎ»wæ1ÔµÆ�×�ÂHÄïÔ1ÌÅÖ�Ã�ÆãÇHÃíÓÕÔµËHÌ¸ô}ÖÚÃ³ëHÄÅÂRÆ�ÆÚß[Ë:Í¢ØHÉ�Í¢Ì¸Á[ÂRÃ � ÂHËHÃíæ1ÔµÖ�ÌÅÔµÞHÄ¸Ã¡×¦Ô1×hØHÉ}Ãë�Ã�ÂRÍp,�Í¢ÖÚÃÐÌÅË:Í¢ÖÚÎ7ÇHÂRÌ¸Í¢Ã1¾

T C

A

(1) initial

C

A

p (ou l)

T

(2) transformé

¼�j¸�Gj¸c �^_yt�W¦U1_�º�b�Wq_�S�] rÏOHUqÿ�_a]�Oe{aYÝ��Y
C ¦ Z�S�]^t}S�rêrsORWq_�S�] �.·�Oe{w� S�S�{ §

®n�#Ã�ËH×}Î�ÖÚÃ � ËRÎ�ÂHÆ±ÔµÄ¸ÄÅÎ�ËRÆ � ÔµÌ¸Ö�Ã�ÂHËHÃ�ë�Ã�Í�Ì¸Í¢Ã�ÌÅËHËRÎqæ1Ô1Í�ÌÅÎ�ËÝÃ�Í±×�Î�ËHÆÚÌÅÇHÉ�Ö�Ã}Ö±ÂRËHÃ æ1ÔµÖ�ÌÅÔµÞHÄ¸Ã�Ø:ß[ÞHÖ�Ì¸ÇHÃ�Ã�Ë�Í�Ö�ÃÞHÌÅËeÔ1ÌÅÖ�ÃÈÃ�Íí×�Î�Ë:Í¢Ì¸Ë[ÂRÃµ¾�º5Î�ÂHÆ�ÔµÄ¸ÄÅÎ�ËRÆ�ÆÚÂHëHë�Î�Æ�Ã�ÖíÁ[Â�ÛÜÂHËRÃ±ëHÖ�Î�ë�Î�Ö9Í¢ÌÅÎµËDé ö1èf�ì�ÇHÃûÄÅÔ ë�ÎµëHÂHÄïÔxÍ¢ÌÅÎµËÕ×�Î�ËHÆ�Ì¸ÇHÉ}ÖÚÉ}Ã
ËHÃ�Þ�Î�Ì¸Í õ�Ô1Ó#ÔµÌ¸ÆîÇGÛÜÔµÄÅ×�Î7Î�Ä � Ã�ÍÕÁ�ÂHÃ�ÄyÛÒÔ1ÂRÍ¢ÖÚÃ�ëHÔµÖÚÍ�ÌÅÃ�×}Î�ËRÆ�Î�Ó
ÓÕÃ�ÇHÃ�Ä ÛÜÔµÄÅ×�Î7ÎµÄ³Æ�ÂHÌÀæ1ÔµË:Í#ÂHËRÃÝÇHÌ¸ÆÚÍ�Ö�ÌÅÞRÂRÍ¢Ì¸Î�ËÇHÃ}Ó
Ì?»wËHÎ�Ö�ÓÕÔµÄ¸Ã ³qø ×�Ã}Ë:Í¢ÖÚÉ}Ãµ¾P®�Ô�ÊeÙ�ÂHÖÚÃ
¿µ¿!Ì¸ÄÅÄ¸ÂHÆÚÍ�Ö�Ã ×�Ã�ÍÚÍ¢Ã!ÇHÌÅÆ9Í¢Ö�Ì¸ÞHÂRÍ�ÌÅÎ�ËG¾

¼�j¸�Gj¸� �^_yt�W¦U1_�º�b�Wq_�S�] Z�S�]^��_lWq_�S�]�]�Y[{y{�Y��^Y
l
t}OeZx\^OH]�W

T
Y:W

C
/¡Î�Ë:Í�Ö¢ÔµÌ¸Ö�Ã}Ó
Ã}Ë:Í«�

p � Ä¸ÌÅÓ
Ì¸Í¢É�ÔµÂ ÆÚÃ}Ù�Ó
Ã}Ë:Í [0, 1] � ÄïÔÏæ1ÔµÖÚÌïÔµÞHÄ¸Ã l = logit (p)
ë�Ã}ÂRÍ�ÇHÉ�×}ÖÚÌÅÖ�ÃÝÍ¢Î�ÂRÍ�Ã

ÄïÔÏÇRÖ�Î�ÌÀÍ¢Ã�ÖÚÉ}Ã�ÄÅÄÅÃ � ×µÛóÃ}ÆÚÍPë�Î�ÂRÖ�Á�ÂHÎ�Ì5ËHÎ�ÂHÆ#ËGÛÒÔ¦æµÎ�ËHÆ�ÔµÂH×�ÂHËHÃoÇRÌGì
×}ÂHÄÀÍ¢É��sÄÅÂRÌÈÔ1ëHëHÄÅÌ¸Á�ÂHÃ}ÖÕÂHË¹Ó
Î7ÇHô�ÄÅÃ�ÇHÃ
Ö�É}ÙµÖ�Ã}ÆÚÆ�Ì¸Î�ËÝÄ¸ÌÅËHÉ}ÔµÌÅÖÚÃûÃ}Ë � Î�ËH×�Í¢Ì¸Î�Ë�ÇHÃ}Æ5ÇHÃ�ÂI} � Ôµ×�Í¢Ã}ÂRÖ�Æ5Ã�}7ëHÄÅÌ¸×¦Ô1Í�Ì � Æ³Á�ÂHÃÐÆÚÎ�Ë:ÍÈÄ¸Ã}Æ�ËHÎ[Ã}ÂHÇRÆ

T
Ã�Í

C
ñ

l | T, C = µT + βC + E
é ½�ì

��Ä^ßÝÔ#òÕëeÔµÖ¢Ô1ÓÕô�Í¢Ö�Ã�Æ
µT � ÂHË�ëeÔµÖ5×}ÄïÔ1Æ�Æ�Ã�ÇHÃ ÄÅÔ
æ1ÔµÖÚÌïÔµÞHÄ¸Ã T

¾ ¬ ËoÖÚÃ�æ1ÔµËH×hØHÃ ÄïÔ
æ1ÔµÖÚÌïÔµÞRÄÅÃ±×}ÎµËHÆ�Î�Ó
ÓÕÔ1Í¢Ì¸Î�Ë
ÇGÛÒÔ1ÄÅ×}Î[Î�Ä Ã}Æ9Í�Æ�ÂHëHë�Î�ÆÚÉ}Ã�ÌÅË:Í¢Ã�ÖÚæµÃ}ËHÌ¸Ö�ÄÅÌ¸ËHÉ¦ÔµÌ¸Ö�Ã�ÓÕÃ�Ë�Í ÔµÂêÍ�Ö¢Ô¦æ�Ã�Ö�ÆîÇHÂ ×�Î7Ã�ìÕ×�ÌÅÃ�Ë�Í�ÇRÃPÖ�É�Ù�Ö�Ã�Æ�Æ�Ì¸Î�Ë

β
¾
E
Ã}ÆÚÍ

ÂHËHÃPæ1ÔµÖ�ÌÅÔµÞHÄ¸ÃÕÖÚÉ}Æ�Ì¸ÇHÂHÃ�ÄÅÄÅÃ � Ì¸ËHÇHÉ�ë�Ã�ËHÇeÔµË:Í¢Ã#ÇHÃ T
×}Î�Ó
ÓÕÃÕÇHÃ

C � Í�Ö¢ÔµÇHÂRÌÅÆ�ÔµË:Í�ÄÅÃ � ÔµÌ¸Í Á�ÂHÃPÄïÔ�æµÔ1Ö�ÌïÔ1ÞHÌÅÄ¸Ì¸Í¢É
ÇHÃ

l
ËGÛóÃ}Æ9Í ëeÔ1Æ±×}Î�Ó
ëHÄÅÉ�Í¢Ã�ÓÕÃ�Ë�ÍûÇHÉ}×�Ö�Ì¸Í�Ã�ëeÔµÖ±ÄÅÃ�Æ � Ôµ×�Í�Ã}ÂHÖÚÆ±Ã�}7ëHÄ¸ÌÅ×¦ÔxÍ¢Ì � ÆV¯�ËHÎ�ÂRÆ!ÄÅÔPÆ�ÂHëRë�Î�ÆÚÃ}ÖÚÎ�ËHÆ!ËHÎ�Ö�ÓÕÔµÄ¸Ã

×}Ã}Ë:Í�Ö�É}Ã�ÇGÛóÉ}×¦Ô1ÖÚÍ&» Í�ß[ë�Ã
σE

¾°=XD#&����å�&!
l
ä4�	� �&%2�n34�����5�	�k% % ��%2XD#&���dåk��!

p
X4�4�
% \��4�

p =
exp (l)

1 + exp (l)

=
exp (µT + βC + E)

1 + exp (µT + βC + E)/¡Ã�Æ^ëHÔµÖ¢ÔµÓ
ô�Í�Ö�Ã�ÆGÆ}ÛóÌÅË:Í¢Ã�Ö�ëHÖÚô�Í�Ã}Ë:Í�ÔµÆ�ÆÚÃ'´.ËeÔ1Í�ÂHÖ�Ã�ÄÅÄÅÃ�ÓÕÃ�Ë:Í¦¾
µ1

×�Î�Ö�ÖÚÃ}ÆÚë�Î�ËRÇ�Ô1Â!ÖÚÌÅÆÚÁ[ÂRÃTÇGÛÒÔ1×}×}Ì¸ÇHÃ}Ë:Í^×¦Ô1Ö�ÇHÌ¸Îk»
æµÔ1Æ�×}ÂRÄïÔµÌ¸Ö�Ã±ë�Î�ÂHÖ³ÂHË�ËHÌÀæ�Ã¦Ô1Â�ÇRÃ!×�Î�ËHÆÚÎ�ÓÕÓÕÔ1Í�ÌÅÎ�ËPÇRÃÐÍ¢ÔµÞeÔµ×

T = 1 � ×µÛóÃ}ÆÚÍ'�îÇHÌ¸Ö�Ã±ÔµÂR×}ÂHËHÃ!ÔµÆÚÆ�Î[×}Ì¸É}Ã.��ÔµÂI»
×}ÂHËHÃ ×}Î�ËHÆÚÎ�Ó
Ó#Ô1Í�ÌÅÎ�Ë�ÇGÛÜÔµÄÅ×�Î7ÎµÄ éaëHÂHÌ¸Æ�Á�ÂGÛóÎ�ËDÇHÎ�ÌÀÍ5ÓÕÃ�Í�Í¢ÖÚÃ

C = 0
ë�Î�ÂRÖ ÄÅÃ � ÔµÌ¸Ö�Ã�ÔµëHëeÔµÖ�Ôk�ÅÍ�Ö�ÃÐÍ¢Î�Â7Í ÆÚÃ}ÂHÄïì�¾

β
ËGÛóÃ}Æ9Í�ÖÚÌÅÃ�ËDÇGÛÒÔ1ÂRÍ¢ÖÚÃîÁ[ÂRÃ
ÄyÛÒÔ1ÂHÙ�Ó
Ã}Ë:ÍhÔ1Í�ÌÅÎ�ËÝÇHÂ Ö�Ì¸Æ�Á�ÂHÃ�ëeÔµÖûÂRËHÌ¸Í�ÉîÇHÃî×}Î�ËRÆ�Î�Ó
Ó#ÔxÍ¢ÌÅÎµË�ÇGÛÜÔµÄÅ×�Î7ÎµÄ�ÔqõÚÎ�Â7Í¢É

��×�Ã}Ä¸ÂHÌGÇHÂ�ÍhÔµÞHÔµ×µ¾�eûË�Ö�Ã�Ó#Ô1Ö�Á�ÂHÃ}Ö�ÔîÄ ÛÜÔµÇHÇHÌÀÍ¢Ì¸æ[ÌÀÍ¢É5Æ�ÂHëHë�Î�ÆÚÉ}Ã!ëeÔµÖí×}Ã±Ó
Î[ÇHô}Ä¸ÃûÃ}Ë:Í¢ÖÚÃÐÄÅÃ}ÆíÇRÃ}ÂI}�ÆÚÎ�ÂHÖÚ×}Ã}Æ5ÇHÂ
Ö�ÌÅÆÚÁ�ÂHÃ|¯^×}Ã}ë�Ã}ËRÇeÔµË:Í�Ì¸Ä � ÔµÂRÍ � ÔµÌÅÖÚÃîÖ�Ã}ÓÕÔµÖÚÁ[ÂRÃ}Ö!Á[ÂRÃ#Ä ÛÜÔµÇHÇRÌ¸Í¢ÌÀæ[Ì¸Í¢É Ã}ÆÚÍ�ÔµÂ2ËHÌ¸æµÃ¦ÔµÂêÇRÂsÄÅÎµÙ�Ì¸Í � ×}ÃÕÁ�ÂHÌ.ËGÛÜÃ�ÆÚÍëeÔµÆíæ[Ö¢ÔµÌ�ÔµÂ�ËHÌÀæ�Ã¦Ô1Â�ÇRÃ!ÄÅÔîëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�Éîéa× � ¾eÄïÔ�ë�Ã�Í�Ì¸Í¢ÃÐÔ1ëHëHÄÅÌ¸×¦Ô1Í�ÌÅÎ�Ë#Ë[ÂRÓÕÉ�Ö�ÌÅÁ�ÂHÃÐÇHÂ�ÍhÔ1ÞHÄÅÃ}ÔµÂ�½µè:ì�¾

â%O ��� �6%��  0�	 0�4��!$�c\���� ���(�4�_�����% ���4��!$�c\��4���
��X�	! � ����%2�4XD#�!$�����4!$���í��� �&% Xk#&!$������|�����
���4��%2� !$��3��� �����"�4��! o9�	�����

å�è



P�Q�R9© ¿µ¿"ª � Ì¸ÆÚÍ�Ö�ÌÅÞRÂRÍ¢Ì¸Î�Ë�Ó#Ô1Ö�Ù�Ì¸ËeÔµÄÅÃÈÇHÃÐÄïÔ�×�Î�ËHÆ�ÎµÓÕÓÕÔ1Í¢Ì¸Î�ËPÇGÛÜÔµÄ¸×}Î[Î�Ä ¾
®^ÔîÞeÔ1Ö�Ö�ÃûæµÃ}Ö9Í¢ÌÅ×}ÔµÄÅÃ Ã}Ë1´}É�Ö�ÎîÊeÙ�ÂHÖÚÃ±ÄïÔ ëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢ÉÈÇHÃÐèR¾Òö ÇHÃ±ËHÃ±ëeÔ1ÆíÞ�Î�Ì¸Ö�ÃûÇ�ÛÒÔµÄ¸×}Î[Î�Ä�ëeÔµÖ�×�ÃÐÁ[Â�ÛÜÌ¸Ä�Æ}ÛÜÔµÙ�ÌÀÍ
ÇGÛÜÂRËHÃ�ë�Ã}ÖÚÆ�Î�ËRËHÃ Ô1ÞHÆÚÍ�ÌÅËHÃ�Ë�Í�Ãµ¾Ï®�Ôî×}Î�ÂRÖ�Þ�Ã��îÆ�Ô
ÇHÖÚÎ�Ì¸Í�Ã±Ã}Æ9ÍÈ×�Ã}Ä¸ÄÅÃ±ÇGÛóÂHËHÃÐÇHÃ�ÓÕÌN»�ËHÎ�ÖÚÓ#Ô1ÄÅÃ

(µ = 0, σ = 1)
¾
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¦í§Y¨c© ½µè�ªU�ÈëHëHÄ¸ÌÅ×¦ÔxÍ¢ÌÅÎµËPÇHÂ�ÓÕÎ[ÇHô}Ä¸Ã�é ½µì
®.ÛÜÔµÇHÇRÌ¸Í¢ÌÀæ[Ì¸Í¢É�ë�Î�ÆÚÍ�ÂHÄÅÉ�ÃÈÆÚÂHÖ¡Ä¸Ã�ÄÅÎ�Ù�ÌÀÍ.ËHÃ ÆÚÃ ÖÚÃ�Í¢ÖÚÎ�ÂRæµÃûëeÔµÆ�ÔµÂ#ËRÌ¸æ�Ã}ÔµÂPÇHÃ�Æ¡ëHÖÚÎ�ÞeÔµÞRÌÅÄÅÌÀÍ¢É�ÆT×}Î�ÖÚÖ�Ã}ÆÚë�ÎµËHÇeÔµË:Í¢Ã�Æ}¾
®�Ã�Æ5æ1ÔµÄ¸Ã}ÂHÖÚÆíÇHÃ}Æ5ëeÔµÖ�ÔµÓ
ô�Í¢ÖÚÃ}ÆíÆÚÎ�Ë:Í�ñ

µ1 = −3 � µ2 = −2
Ã�Í

β = 1

C = 0 C = 1

T = 1
l = −3

p = 0.05

l = −2

p = 0.12

T = 2
l = −2

p = 0.12

l = −1

p = 0.27

åR¿



¼�j¸�Gj ý �^_yt�W¦U1_�º�b�Wq_�S�] Z�S�]^��_lWq_�S�]�]�Y[{y{�Y��^Y
A
t}OeZx\^Oe]�W

p
/¡Î�ËRËeÔµÌÅÆÚÆ¢ÔµË:ÍÐÄÅÔPëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É ÇGÛóÂHËÏÔµ×}×�ÌÅÇHÃ�Ë�Í � ËHÎ�ÂRÆ�Ô1ÄÅÄÅÎµËHÆûÇHÉ�×}Ö�Ì¸Ö�ÃîÆÚÎ�Ë Î7×�×}ÂHÖÚÖ�Ã}ËR×}Ã
×}Î�Ó
ÓÕÃ ÄÅÃ�ÖÚÉ�»Æ�ÂHÄÀÍhÔ1Í�ÇGÛóÂHËHÃ!ÞHÌ¸ËHÎ�Ó
ÌïÔµÄ¸ÃÈÇHÃ±Í¢ÔµÌÅÄ¸ÄÅÃ ¿ ³�g Ã�ÍÈÇRÃ!ëHÔµÖ¢ÔµÓ
ô�Í�Ö�Ã

p
ñ

A | p ∼ Bino (1, p)

/¡Ã�Í�ß[ë�Ã�ÇHÃ�Ó
Î7ÇRÉ}ÄÅÌ¸Æ¢Ô1Í�ÌÅÎ�Ë2Ã}Æ9Í
Æ�Î�ÂRæµÃ}Ë:ÍPÃ�ÓÕëRÄÅÎXß�É�ë�Î�ÂHÖîëHÖÚÃ}ËHÇRÖ�Ã�Ã}Ëá×}Î�Ó
ëRÍ�Ã�Ä ÛóÃ�t�Ã�Í�ÇHÃ � Ôµ×�Í¢Ã�ÂHÖ�Æ
×}Î�Ë:Í¢Ì¸Ë�ÂHÆoé�ÌÅ×�Ì³ÄïÔD×}ÎµËHÆ�Î�Ó
ÓÕÔ1Í¢Ì¸Î�ËêÇGÛÜÔµÄÅ×�Î7ÎµÄlì�ÆÚÂHÖ�ÂHËHÃ�æµÔ1Ö�ÌïÔ1ÞHÄÅÃPÇ�ÛÜÌ¸Ë�Í�É}Ö&,�Í
ÞHÌÅËHÔµÌÅÖÚÃ éaÄyÛÜÎ[×}×�ÂHÖ�ÖÚÃ}ËH×�ÃÝÇGÛóÂHË
Ôµ×}×�ÌÅÇHÃ�Ë�Íhì�¾le±ËÕæ�Î�ÌÀÍ¡ÓÕÔµÄV×}Î�Ó
Ó
Ã}Ë:Í³Î�Ë#ë�Î�ÂRÖ�Ö¢Ô1Ì¸Í ëHÖ�Î[×}É�ÇHÃ}Ö¡Æ�Ì�Î�ËPÆ�Ã ÄÅÌ¸æ[Ö�ÔµÌ¸Ív� ÂRËHÃ Ó
Î7ÇRÉ}ÄÅÌ¸Æ¢Ô1Í�ÌÅÎ�Ë�ÇHÉ�Í¢Ã�Ö�»
ÓÕÌ¸ËHÌÅÆ9Í¢Ã�³ k i°=���4���%R��� �hz=�����%VX��%]z����4���'¥?�	��! ���	XX�	!*�h+
� !$�

p
ä��4���k%n�	�4!$�����%VX4�5����! �6�q�$��o1�����n���c!$��o1X4�
������!]X��!n%2���'����Q��d�]oí�4�4�
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®�Ã�Í¢ØRÉ}Î�ÖÚô}Ó
Ã�ÇHÃ s³Ô¦ß�Ã�Æ � Î�ÂoÍ�ØHÉ}Î�ÖÚô}Ó
ÃîÇHÃ}Æ±ëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢É�Æ ×�Î�ËHÇHÌÀÍ¢ÌÅÎµËHËHÃ}Ä¸ÄÅÃ�Æ � ÔPëHÖ6,�Í¢ÉîÆ�ÎµË2ËRÎ�Ó ÔµÂ�}
Ö�É}ÆÚÃ¦ÔµÂ�}�ÞHÔXßµÉ}ÆÚÌÅÃ}ËRÆÈ×}ÔµÖ�ÄïÔ�ÇHÌ¸ÆÚÍ¢ÖÚÌÅÞHÂ7Í¢ÌÅÎµË�×}Î�ËxõÚÎµÌÅË:Í¢Ã±ÇHÃ�Æ5æ1ÔµÖÚÌïÔµÞRÄÅÃ}Æ³ÔµÄÅÉ}Ô1Í¢Î�Ì¸Ö�Ã�ÆíÃ}ÆÚÍ5ÇHÉ�×}ÖÚÌ¸Í¢Ã!ÔµÂ�Ó
ÎXß�Ã}ËÝÇHÃ
ëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�É}Æ¡×�Î�ËHÇHÌÀÍ¢Ì¸Î�ËHËHÃ�ÄÅÄÅÃ�Æ¡Ã�ËH×hØeÔk�ÅËHÉ}Ã�Æ}¾veûË�ë�Ã}Â7Í�Ä ÛóÃ�}7ëHÖ�Ì¸ÓÕÃ�Ö¡ÆÚÎ�ÂHÆ�ëHÄÅÂRÆ�ÌÅÃ�ÂHÖ�Æ � ÎµÖ�Ó
Ãµ¾�º5Î�ÂHÆíëHÖÚÉ}ÆÚÃ}ËI»
Í¢Î�ËHÆ�ÂHËRÃ�ÇHÃ�Æ�ëHÄÅÂHÆíÆÚÌÅÓ
ëHÄÅÃ�Æ}¾

è \�m[SVU4µ[rsYD��YMB�O:��Y[t

P (A | B) =
P (A ∩B)

P (B)

é�ò�ì

Z�Y�`Gb^_ tµ·�m7]�S�]�Z�YA��� �È�������v�f�0� �ONQPSR��
A

�����6R��ONV�,���"�9�®�0�	�®�|�®�TNVU
B

����NAP�W����/� �YX��'�f�Ç�K�l��NZR_����"�-�����Ç�a�0�>�ON�P��[R��
A ∩ B

�\NAR_�
B
j

®TÛóÌÅÄÅÄ¸ÂHÆÚÍ�Ö¢Ô1Í�ÌÅÎ�ËÕ×}ÄÅÔµÆ�ÆÚÌÅÁ�ÂHÃÐÃ}Æ9ÍÈ×�Ã}Ä¸ÄÅÃ±ÇHÂ�ÇHÌÅÔµÙ�Ö¢Ô1ÓÕÓ
Ã ÇHÃ5�.Ã�ËHË é / � ¾� ãÌÅÙµÂHÖ�Ãî¿q½µì�¾� ËHÃ!ÔµëHëHÄ¸ÌÅ×¦ÔxÍ¢ÌÅÎµËPÆÚß[Ó
É�Í¢ÖÚÌÅÁ�ÂHÃÐÇHÂ�Í¢É�Î�Ö�ô�ÓÕÃ±ë�Ã}ÖÚÓÕÃ�Í�ÇHÃ � Î�Ö�Ó�ÂRÄÅÃ}Ö¡Á[ÂRÃ

P (A | B) =
P (B | A) P (A)

P (B)eûË�æ�ÎµÌ¸ÍTÌ¸ÓÕÓ
É}ÇHÌÅÔ1Í¢Ã�ÓÕÃ�Ë:ÍãÁ�ÂHÃ�Æ�Ì
A
Ã�Í

B
ÆÚÎ�Ë:Í.ÇHÃ}Æ.É�æµÉ}ËHÃ�ÓÕÃ�Ë:Í¢Æ Ã�}7×}Ä¸ÂHÆ�Ì � Æ � A∩B = ∅ Ã�Í.ÄïÔ�«�ëHÖ�ÎµÞeÔ�¬

×}Î�ËHÇRÌ¸Í¢Ì¸Î�ËHËHÃ�ÄÅÄ¸Ã³Ã}Æ9Í�Ë�ÂHÄ¸ÄÅÃ1¾�/¡Ã5Á�ÂHÌVÃ�ÆÚÍ ÄÅÎ�ÙµÌÅÁ�ÂHÃíëHÂHÌ¸Æ�Á�ÂHÃ5ÇeÔµËHÆ.×�ÃÈ×}ÔµÆ.Æ¢Ô¦æ�Î�Ì¸Ö.Á[ÂRÃ
B
Ã}Æ9Í¡ÖÚÉ¦ÔµÄ¸ÌÅÆÚÉ³ÌÅÓ
ëHÄÅÌ¸Á�ÂHÃ

ÞHÌÅÃ�ËÝÁ�ÂHÃ
A
ËHÃÐë�Ã�ÂRÍ5ëeÔµÆ�Ä Ûd,�Í�Ö�Ã1¾

� Ãí×�ÃíÍ¢ØHÉ�Î�Ö�ô�ÓÕÃ � Î�Ë�ë�Ã�ÂRÍ ÔµÂHÆÚÆ�ÌHÖÚÃ�Í�Ö�Î�ÂRæµÃ}Ö.ÄïÔûÖÚÃ}ÄÅÔ1Í¢Ì¸Î�Ë�Á�ÂHÌHÄ¸ÌÅÃ³ÄÅÔ ëHÖ�ÎµÞeÔµÞHÌ¸ÄÅÌ¸Í�É�ÇRÃ5ÇRÃ}ÂI}�É�æ�É�ËHÃ}Ó
Ã}Ë:Í¢Æ
ÌÅËHÇHÉ�ë�Ã�ËHÇeÔµË:Í�Æ}¾ ¬ ËDÃ�t�Ã�Í � ÆÚÌ P (A | B)

ËRÃ�ÇHÉ}ë�Ã}ËRÇDëeÔµÆûÇHÃ
B � Î�Ë�ë�Ã�ÂRÍ±Ä ÛóÉ}×�Ö�Ì¸Ö�Ã P (A)

Ã�Í±Î�ËoÎ�Þ7Í¢ÌÅÃ�Ë:Í

å�à



¦í§Y¨c© ½7¿(ªU�ÈÌÅÆÚÍ�Ö�Ì¸ÞHÂRÍ¢Ì¸Î�Ë�×}ÎµËxõÚÎ�ÌÅË:Í�Ã±Æ�Î�ÂHÆ � Î�ÖÚÓÕÃûÇRÃ!ëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢É

P (S, T ) T = 0 T = 1

S = 0 0.70 0.05
S = 1 0.05 0.20

¦í§Y¨c© ½�½.ªU�ÈÌÅÆÚÍ�Ö�Ì¸ÞHÂRÍ¢Ì¸Î�Ë�×}ÎµËxõÚÎ�ÌÅË:Í�Ã±Æ�Î�ÂHÆ � Î�ÖÚÓÕÃ±Ç�ÛÜÃ�t�Ã�×�Í¢Ì � Æ
¬ t�Ã}×�Í¢Ì � Æ

T = 0 T = 1

S = 0 700 50
S = 1 50 200

Á[ÂRÃ
P (A ∩B) = P (A)P (B)

ñ�ÆÚÌ.ÇHÃ}ÂI}ÏÉ�æ�É}ËRÃ}Ó
Ã}Ë:Í¢ÆîÆÚÎ�Ë:Í Ì¸ËHÇHÉ}ë�Ã}ËRÇeÔµË:Í¢Æ � ÄïÔ�ëHÖÚÎ�ÞeÔµÞHÌ¸ÄÅÌÀÍ¢É�ÇHÃÕÄÅÃ�ÂHÖÌÅË:Í¢Ã�Ö�Æ�Ã�×�Í�ÌÅÎ�Ë�Ã}Æ9ÍÈÉ�Ù:ÔµÄ¸ÃÐÔµÂ�ëHÖ�Î[ÇHÂHÌÀÍ�ÇHÃÐÄÅÃ}ÂRÖ�ÆíëHÖÚÎ�ÞeÔµÞHÌ¸ÄÅÌÀÍ¢É}Æ�¾
aY���%Ï���Y�&��%P���Sz��	!$�
�	34���&%P�	��#&���$����! �6%Ï������� ������&%

X, Y
�&�ê��� ������%$�	���P�
���4���$�	� �����

[]
XD���!K���&%V�����% ��� #&%P���S!$#�Xk�	! � ��� ������ä

�
��¥N��!$ov��������(� )#���!$��o1�|���_OR�hg��6%V%&� #&��!$���

[X | Y ] =
[X, Y ]

[Y ]
��4�|¥N��!$ov�4�
���$�����'X���%]% g=o1#�� !$�
\���c�6%��

[X | Y ] [Y ] = [X, Y ] = [Y | X ] [X ]

� ÃÐ×�ÃÐÍ�ØHÉ}ÎµÖ�ô}Ó
Ã � ÎµË�ë�Ã}Â7Í Ô1ÂHÆ�ÆÚÌ^ÖÚÃ�Í�Ö�Î�ÂRæµÃ}Ö�ÄïÔîÖÚÃ}ÄïÔ
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ëHÄ¸ÎqßµÉÐÄïÔ�ËHÎµÍ¢Ì¸Î�Ë�ÇHÃ!ëHÖ�Î�ÞHÔµÞHÌÅÄ¸Ì¸Í�Éµ¾¢/¡Ã!ËGÛóÃ}Æ9ÍûëeÔµÆ � Î�ÖÚ×}É}Ó
Ã}Ë:Í5ÄïÔ�ëHÄ¸ÂHÆ5ÔµÌÅÆÚÉ}Ã

ë�Î�ÂRÖ¡Ä ÛóÌÅË:Í�ÂHÌ¸Í�ÌÅÎ�Ë5¯�×�Ã}Ö9ÍhÔµÌ¸ËHÆ¡ëHÖÚÉ � É�Ö�Ã}Ö�ÔµÌÅÃ�Ë:Í³Ö¢Ô1ÌÅÆ�ÎµËHËHÃ}Ö�� ëeÔµÖ9Í¢Ì¸Ö ÇRÃ}Æ³Ã�t�Ã�×�Í¢Ì � Æ¡ÇGÛóÂHËHÃ ë�Î�ëRÂHÄïÔ1Í�ÌÅÎ�Ë�¾Ö�.ÎqßµÎ�ËHÆ
×}Î�Ó
ÓÕÃ�Ë:Í�Æ�Ã � ÔµÌ¸ÍíÄÅÔ�×}Î�ÖÚÖ�Ã�Æ�ë�Î�ËHÇeÔµËR×}Ã!Ã}Ë:Í¢ÖÚÃ�Ä¸Ã}ÆíÇHÃ�ÂI}�¾

�7ÎµÌÅÃ}Ë:ÍÐÇHÃ�ÂI}Dæ1ÔµÖÚÌïÔµÞHÄ¸Ã}Æ±ÞHÌ¸ËeÔµÌ¸Ö�Ã}Æ
T
Ã�Í

S
¾n�7ÂRëHë�ÎµÆ�Î�ËHÆÐÁ�ÂHÃ
ËHÎ�ÂHÆ±ß Ô1Æ�Æ�Î[×}Ì¸ÌÅÎ�ËRÆûÄïÔPÇHÌ¸ÆÚÍ�Ö�ÌÅÞRÂRÍ¢Ì¸Î�ËDÇHÃ
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ÓÕÃ�ÇHÃ�Í�Î�ÂRÍ¢Ã�Æ�ÄÅÃ}ÆîëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢É�Æ � ÔµÌÀÍ
ÞHÌÅÃ�ËAÄyÛÜÂHËRÌ¸Í¢É1¾�eûËAÔµÂHÖ¢Ô1Ì¸Í�ëHÂ>Í¢ÎµÂRÍ�ÔµÂHÆÚÆ�ÌÐÞHÌÅÃ�Ë>Î�ÞRÍ¢Ã�ËHÌÅÖ�×�Ã�ÍÚÍ¢Ã ÇHÌÅÆ9Í¢ÖÚÌÅÞHÂRÍ�ÌÅÎ�Ë ëHÔµÖ�ÄïÔ Ö�É�ëeÔµÖ9Í¢Ì¸Í�ÌÅÎ�ËKÇHÃ}Æ
ÌÅËHÇHÌÀæ[ÌÅÇHÂHÆíÇ�ÛÜÂHËRÃ�ë�Î�ëHÂHÄÅÔ1Í¢Ì¸Î�ËPÇHÃ
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ÄïÔÝÆÚÎ�Ó
ÓÕÃ�É}Ù�ÔµÄÅÃ
ÄïÔ�ÍhÔµÌ¸ÄÅÄ¸ÃîÇHÃÕÄÅÔÝë�Î�ëHÂHÄÅÔ1Í¢Ì¸Î�Ë � ×1ÛÜÃ�ÆÚÍ�»��»wÇHÌÅÖÚÃÝ¿Xèµè�èR¾ns¡Ì¸Ã}ËsÃ�Ë:Í¢Ã}ËRÇHÂ � ¿¦è�è�èÝËRÎ�ÂHÆ!ë�Ã�Ö�Ó
Ã�ÍÇHÃ�Ö�Ã�Í¢ÖÚÎ�ÂRæ�Ã�Ö±ÌÅÓ
ÓÕÉ�ÇHÌïÔxÍ¢Ã}Ó
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ÇRÉ}×}ÖÚÌ¸Í�Ã5ëHÔµÖ�Ä¸ÃíÍhÔµÞHÄ¸Ã¦ÔµÂÕ½�½ � ÔµÄÅÎ�ÖÚÆ.ÄÅÃ�Ö�É�Æ�ÂHÄÀÍhÔ1Í Ã}Æ9Í¡ÂRËHÃ5æ1ÔµÖÚÌïÔµÞRÄÅÃ�ÔµÄ¸É¦Ô1Í�Î�ÌÅÖÚÃÁ[ÂRÌ^ÆÚÂHÌ¸Í�ÄÅÔ�ÇHÌÅÆ9Í¢ÖÚÌÅÞHÂRÍ�ÌÅÎ�Ë�ÇRÃ!ëRÖ�Î�ÞeÔ1ÞHÌÅÄ¸Ì¸Í¢ÉÈëHÖ�Îµë�Î�ÆÚÉ}ÃÐÇeÔµËRÆ5Ä¸ÃûÍhÔµÞRÄÅÃ¦Ô1Â�½[¿�¾eûË
ÂRÍ¢Ì¸ÄÅÌÅÆÚÃíëeÔµÖ � Î�ÌÅÆ.ÄïÔ±ËHÎ1Í¢ÌÅÎµË
ÇRÃ � ÖÚÉ}Á�ÂHÃ}ËR×}ÃûÖÚÃ}ÄïÔxÍ¢Ì¸æµÃ�Á[ÂRÌ�×�Î�ËHÆÚÌÅÆÚÍ�Ã(�ÐÇHÌÀæ7Ì¸Æ�Ã�Ö Ä¸Ã}Æ Ã�t�Ã}×�Í¢Ì � Æ ÇHÃ5×hØeÔµÁ�ÂHÃ
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Î�ÌÅËHÆ � ËHÎµÂHÆ�ËGÛÒÔ¦æµÎ�ËHÆ5ëeÔµÆØHÉ}ÆÚÌ¸Í¢Éê�ÈÃ}Ó
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,+ ���0�¢û��&ü�������¾À¾¸¾Ï�ûÔ1ËHÆ Ä¸Ã�×}ÔµÇHÖ�Ã�ÇHÃ}ÆÈÖ�É�Æ�Ã¦Ô1ÂI}oÞHÔXßµÉ}ÆÚÌÅÃ}ËRÆ � ×1ÛÜÃ�ÆÚÍ×}Î�ËHÆÚÌÅÇHÉ�Ö�Ã�Ö±Á[ÂRÃ
Ä¸Ã}Æ ðHô}×hØHÃ�Æ!ÇRÂ2ÖÚÉ}ÆÚÃ¦ÔµÂ Ó
Î7ÇHÉ�ÄÅÌ¸Æ�Ã}Ë:Í ÇHÃ}Æ±ÖÚÃ}ÄïÔxÍ¢ÌÅÎµËHÆ ÇHÃî×}ÔµÂHÆÚÃ �PÃ�t�Ã�Í¢Æ�¾n/¡Ã�Á�ÂHÌ�Ã}Æ9Í±Í¢ÖÚô}Æ

ëeÔµÖ�ÄÅÔµË:Í�ë�ÎµÂHÖíÄÅÃ � Â7Í¢ÂHÖ�×}Ä¸ÌÅÃ�Ë�Í³ÇGÛÜÂRËÝÉ�ÇHÌ¸Í�Ã}ÂHÖíÇHÃÐÄ¸Î�Ù�ÌÅ×�ÌÅÃ�Ä�ÇRÃÐÍ�Ö¢ÔµÌÀÍ¢Ã�ÓÕÃ�Ë�Í³ÇHÃ}Æ5Ö�É�Æ�Ã¦Ô1ÂI}�ÞeÔ¦ß�É�Æ�Ì¸Ã}ËHÆ�¾¸¾À¾�ÓÕÔµÌ¸Æ
ËGÛÜÃ�ÆÚÍ!ëeÔµÆ±×�Î�Ö�ÖÚÃ}×�Í±Æ¢ÔµÂ � ÆÚÌ�ÂHËHÃîØ:ß[ë�Î1Í¢ØHô�Æ�Ã � ÆÚÂHëHëHÄ¸É}Ó
Ã}Ë:ÍhÔ1ÌÅÖ�Ã�ÔµÂDÖ�É�Æ�Ã¦Ô1ÂÏÞeÔ¦ßµÉ}Æ�Ì¸Ã}Ë � Ã�ÆÚÍ!ÔqõÚÎµÂRÍ¢É�Ãµ¾]º5Î�ÂHÆ
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×�ÌÅÃ}Ë:Í�ÇHÃD×�Î�Ö�ÖÚÉ}ÄÅÔ1Í¢Ì¸Î�Ë
É}ÄÅÃ�æ�É
Ã}Ë:Í¢ÖÚÃ#ÇHÃ�ÂI} æ1ÔµÖ�ÌÅÔµÞHÄ¸Ã}Æîñ�Æ}ÛóÌÅÄTÃ�ÆÚÍ�Ö�É�Ã}ÄÅÄ¸Ã}Ó
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ª¹ÄïÔîëHÖÚÃ}Ó
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���$������ä Í �í��4�|! �&���	� ������ä-Ý9��������l(! �&���	� �����%&ä-Àí�í�$! ����%V!$���
��� �����k%�ä
"���\�����$! �(!$���
��� �����k%�ä Íoð � �����\ù!$���
��� �����k%í����ß ��% �dl !$���
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Ö�É}ÆÚÃ¦ÔµÂ�}�ë�Î�ÆÚÆ�Ì¸ÞHÄÅÃ�Æ é
A→ B

ì¡Ã�Í é
A← B

ì�¾
�ûÔ1ËHÆ�ÄÅÃ�×¦Ô1ÆÕÎÖ÷MÄ¸Ã}Æ�ÇHÃ}Â�}MæµÔ1Ö�ÌïÔ1ÞHÄÅÃ�Æ�Æ�Î�Ë:Í
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É}Ö¢Ô1Ë�Í
Ä¸Ã}ÆËHÎ�Ó�ÞHÖÚÃ}ÆûÇRÃ�ëeÔµÖ�ÔµÓÕô�Í¢ÖÚÃ}Æ Ä¸ÌÅÞHÖÚÃ}ÆÈÇHÃ�ÄïÔ
ÓÕÎ[ÇHÉ�ÄÅÌÅÆ�Ô1Í¢Ì¸Î�ËG¾¢º5ÎµÍ¢ÎµËHÆ

NA

Ã�Í
NB

ÄÅÃ�Æ ËHÎ�Ó ÞHÖ�Ã�ÆûÇHÃ�Ó
Î7ÇHÔµÄÅÌÀÍ¢É}Æ
ÇHÃ}Æ5ÇHÃ}Â�}�æµÔ1Ö�ÌïÔ1ÞHÄÅÃ�Æ}¾;�ÈÄÅÎ�ÖÚÆ±ñ

ª
[A, B]

×�Î�Ó
ë�Î�Ö9Í¢Ã
NANB − 1

ëeÔµÖ�ÔµÓÕô�Í¢ÖÚÃ}ÆíÄÅÌ¸ÞHÖ�Ã�Æíë�ÎµÂHÖíÄÅÃ±Ó
Î7ÇRô}ÄÅÃ ÄÅÃ±ëHÄ¸ÂHÆ�Ù�É}ËHÉ�Ö¢ÔµÄ �ª
[B]
×}Î�Ó
ë�ÎµÖÚÍ¢Ã

NB − 1
ëeÔµÖ¢Ô1ÓÕô�Í¢Ö�Ã�ÆíÄÅÌ¸ÞHÖ�Ã�Æ³Ã�Í

[A | B]
Ã}Ë�×}ÎµÓÕë�Î�ÖÚÍ�Ã

NB (NA − 1) � Ä¸ÃûÍ¢ÎµÍ¢ÔµÄ � ÔµÌÀÍÞHÌÅÃ�Ë
NANB − 1

¾
ª

[A]
×}Î�Ó
ë�ÎµÖÚÍ¢Ã

NA − 1
ëeÔµÖ�ÔµÓÕô�Í¢ÖÚÃ}Æ�ÄÅÌ¸ÞHÖ�Ã�ÆíÃ�Í

[B | A]
Ã}Ë�×�Î�Ó
ë�Î�Ö9Í¢Ã

NA (NB − 1) � ÄÅÃûÍ¢Î1ÍhÔµÄ � ÔµÌÀÍÍ¢Î�ÂqõÚÎ�ÂHÖ�Æ
NANB − 1

¾
�ûÔµËHÆ5ÄÅÃ±×}ÔµÆ�ÎÖ÷�ÄÅÃ}Æ�ÇHÃ�ÂI}�æ1ÔµÖÚÌïÔµÞHÄ¸Ã}ÆíÆÚÎ�Ë:ÍÈ×�Î�Ë:Í¢Ì¸Ë[ÂRÃ}Æ�ÞHÌÅËRÎ�Ö�ÓÕÔµÄÅÃ�ÆÐéa× � ¾R�ì � Î�Ë�ë�Ã�ÂRÍ5ÓÕÎ�Ë:Í�Ö�Ã}ÖíÁ�ÂHÃ

A ∼ Normale
Ã�Í

B | A ∼ Normale
Ç�ÛÜÃ�Æ�ë�É}Ö�ÔµËH×}Ã!ÄÅÌ¸ËHÉ¦Ô1ÌÅÖ�ÃÈÃ}Ë

A

⇔
(

A
B

)

∼ BiNormale

⇔
B ∼ Normale

Ã�Í
A | B ∼ Normale

ÇGÛÜÃ�Æ�ë�É}Ö�ÔµËH×}Ã!ÄÅÌ¸ËHÉ¦Ô1ÌÅÖ�ÃÈÃ}Ë
B

/¡Ã�Á�ÂHÌ�Ó
Î�Ë:Í¢ÖÚÃ±Ä ÛóÉ}Á�ÂHÌ¸æ1ÔµÄ¸Ã}ËH×�Ã±ÇHÃ}Æ5ÇHÃ�ÂI}�Ö�É�Æ�Ã}ÔµÂI}�¾
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�1�*)�h+ �4�
A→ B → C

xqä4���_����z��&! Q������|w
A← B → C

xV���
���_�����=z���!$Q��&���cw

A→ B ← C
xqä��(�&�	�
���4���4�|�4��o1���k%2�����"X��!$��o�#�� !$��\��4�c�4���%R���(Xk�&!$% ������|!$��X4���4��o1�����&�

H�Ô4L;A9<?:5F Ô4AêH;E?A6F�Ø�:'×
ª��*)��+
��K�

[A] , [B | A] , [C | B]
�����4������

NA−1+NA (NB − 1)+NB (NC − 1)
���Ï\��4�	X! �����4���

NB (NA + NC − 1)−
1
�

ª�����z��&! Q��������
[B] , [A | B] , [C | B]

������4�����
NB−1+NB (NA − 1)+NB (NC − 1)

���Ï\��4��X! �����4���
NB (NA + NC − 1)−

1
�

ª������=z��&! Q������=�
[A] , [C] , [B | A, C]

�����4�4�����
NA− 1 + NC − 1 + NANC (NB − 1)

���Y\��4�ÖX4!$�����4���
NANBNC −

(NA − 1) (NC − 1)− 1
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|M}�~(�8�:�������o�����l�8�o�8�8��~(���/�Q�:�(�8���(�M�o���\�I���(�8�p�����0���o�/�Q���o���:�����o�:��~(���V�/~(�8�
NA = 2, NB =

3, NC = 4 �����
H�Ô4L;A9<?:5F Ô4AêF�BDL®×&EGL@8UC�Ô8IA6A&EG:=L
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Pb = 1 Pb = 2

Tb = 1 456 24 480

Tb = 2 291 229 520

747 253 1000
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µ
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Σ
��������o1���% ����� Î × Î �`P�_\���� ���(Xk�&���n�4��� ��!]Xk�	!��

(

Pc

Tc

)

∼ N

(

µ =

(

3000
500

)

, Σ =

(

2502 0.8× 250× 20
0.8× 250× 20 202

))
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���
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(Pc, Tc)
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Pc

���
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Pd = a Pd = b Pd = c Pd = d

Td = 0 134 39 8 1 (182)

Td = 1 81 119 75 23 (298)

Td = 2 14 88 189 229 (520)

(229) (246) (272) (253) (1000)
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´ d�j¸�Gj¸c O:�HOe]�W¦OHÿVY7t�Y:WP_a]^Z�S�]���m[]^_aY[]�WXtî�^Y[t
��_l��Y[Uxt�W���QTY[t��^Y��ROHUx_aORºã{�Y[t
� ËHÃ�Á�ÂHÃ�ÆÚÍ�ÌÅÎ�ËoÌ¸ÓÕë�Î�Ö9ÍhÔµË:Í¢Ã±Ã�ÆÚÍ ÞHÌÅÃ�Ë�Ã}Ë:Í�Ã}ËHÇHÂDÇRÃ�Æ�ÔXæµÎ�ÌÅÖÈÆ}ÛóÌÅÄGæ1ÔµÂRÍÈÓ
ÌÅÃ}Â�}�ÓÕÎ[ÇHÉ}Ä¸ÌÅÆÚÃ}Ö�Ô¦æ�Ã�×�ÇHÃ}Æ5æ1Ô»

Ö�ÌïÔ1ÞHÄÅÃ�Æ ÇRÌÅÆ�×�Ö�ô�Í¢Ã}ÆûéaÉ�æ�Ã}Ë:Í�ÂHÃ}Ä¸ÄÅÃ}Ó
Ã}Ë:Í¡ÞHÌÅËeÔ1ÌÅÖ�Ã�Æ.Æ�Ì�Ã}ÄÅÄ¸Ã}Æ.ËHÃÈ×}Î�Ó
ë�ÎµÖÚÍ¢Ã�Ë:Í�Á�ÂHÃÈÇHÃ}Â�}#×�ÄïÔµÆÚÆ�Ã�Æhì ÎµÂ#×}ÎµË�Í�ÌÅË�ÂHÃ�Æ}¾
��Ä¡ËGÛ ßêÔÝëeÔµÆ�ÇHÃ#Ö�É}ë�Î�ËHÆÚÃ�ÂHËHÌÀæ�Ã}ÖÚÆ�Ã�ÄÅÄÅÃ1¾cº5ÎµÍ¢ÎµËHÆ�ËHÉ}ÔµËHÓ
Î�ÌÅËHÆ!Á�ÂHÃ}Ä¸Á�ÂHÃ}Æ�ÔµÖÚÙ�ÂHÓ
Ã}Ë:Í¢Æ Á[ÂRÌ¡ë�Ã}ÂRæµÃ}Ë:Í � ÔµÌÅÖÚÃ
ë�Ã�ËH×hØHÃ}Ö5ÄïÔîÖÚÉ}ë�Î�ËHÆ�ÃÐÇGÛóÂHË�×'mµÍ�ÉÐÎ�ÂÝÇRÃ!ÄyÛÒÔ1ÂRÍ¢ÖÚÃµ¾

ªÛ®�Ô
ËeÔxÍ¢ÂHÖÚÃ�ÇHÃ�ÆÈæ1ÔµÖÚÌïÔµÞHÄ¸Ã}Æ�¾Ï�7Ì�ÂHËHÃÐæ1ÔµÖ�ÌÅÔµÞHÄÅÃ±Ã�ÆÚÍÈÄïÔî×}ÎµÂHÄÅÃ�ÂHÖ�ÇHÃ�ÄÅÔ�ðHÃ}ÂHÖ � ÎµÂÝÄ¸ÃÐÍ�ß[ë�Ã ÇHÃ!ëeÔµÖ�ÔµÆ�ÌÀÍ¢Ã �Æ¢Ô�×�Î�Ë:æ�Ã}ÖÚÆ�Ì¸Î�ËÝÃ�ËPæ1ÔµÖ�ÌÅÔµÞHÄÅÃ5×}ÎµË�Í�ÌÅË�ÂHÃ±Ã�ÆÚÍíÆ�ÔµËHÆíÇHÎ�Â7Í¢Ã±ÔµÆÚÆ�Ã ´!Ì¸ËH×}ÎµËHÙ�Ö�ÂRÃµ¾�®�Ô Á�ÂHÃ�ÆÚÍ�ÌÅÎ�Ë�ËHÃûÆÚÃ±ë�ÎµÆ�Ã
æ[Ö¢ÔµÌ¸ÓÕÃ�Ë�Í�Á�ÂHÃ!ë�Î�ÂHÖíÄÅÃ�Æ³æ1ÔµÖ�ÌÅÔµÞHÄÅÃ ÇHÃÐËeÔ1Í¢ÂRÖ�ÃÐÆ�Î�ÂRÆ�»¸õ�Ô1×}Ã}Ë:Í�Ã�×�Î�Ë:Í¢ÌÅË�ÂHÃÐÎ�Â�ÔµÂ�Ó
Î�ÌÅËHÆ¡Î�Ö�ÇHÎµËHËHÉ}Ã1¾

ªÛ®�Ô ËeÔ1Í�ÂHÖ�Ã2ÇHÃ�ÆÝÇHÎµËHËHÉ}Ã�Æ�ÇHÎµË�ÍÝÎ�ËAë�Ã�ÂRÍ�ÇRÌÅÆ�ë�Î�ÆÚÃ}ÖÏéaÆÚÌ!ÇHÔµËHÆ�×�ÃÏÇRÎ7×�ÂHÓÕÃ�Ë:Í � Ä ÛóÂRÍ¢Ì¸ÄÅÌ¸Æ¢Ô1Í�ÌÅÎ�Ë ÇHÃ}ÆÇHÎ�ËHËRÉ}Ã}Æ�ËGÛóÃ}Æ9Í
ëeÔµÆîÇHÂ Í¢ÎµÂRÍ�ÔµÞ�Î�Ö�ÇRÉ}Ã � ÄÅÃPëHÄ¸ÂHÆîÆ�ÎµÂRæ�Ã�Ë�Í
ÄyÛÜÂRÍ�ÌÅÄ¸ÌÅÆ¢ÔxÍ¢ÌÅÎµËÏÇGÛóÂHËMÓ
Î7ÇHô�ÄÅÃÕÆ�Ã � ÔµÌÀÍîÃ}Ë
×}Î�ËqõÚÎ�ËH×�Í�ÌÅÎ�Ë�Ô¦æ�Ã�×�ÇRÃ}Æ5ÇHÎ�ËHËHÉ�Ã}Æ¢ì �ªÛ®�Ã�ËHÎ�Ó�ÞHÖÚÃ�ÇHÃ�ÇHÎ�ËRËHÉ}Ã�Æ
ÇRÎ�Ë:Í�Î�Ë ÇHÌÅÆÚë�ÎµÆ�Ã�ë�Ã}ÂRÍ
ÔµÂRÆ�Æ�Ì¡Ù�ÂHÌÅÇRÃ}Ö�Ä¸ÃPËHÎ�Ó�ÞRÖ�Ã�ÇHÃ�×�ÄïÔµÆÚÆ�Ã}ÆîÇRÃ}Æîæ1Ô»
Ö�ÌÅÔµÞHÄÅÃ�Æ�ÇHÌÅÆÚ×}ÖÚô�Í¢Ã�Æ}¾'�7ÌÐÎ�Ë>æ�Ã�ÂRÍ�ÇRÌÅÆÚÍ�ÌÅËHÙµÂHÃ}Ö�Þ�Ã¦ÔµÂR×}Î�ÂHëAÇHÃ2Ù�Ö¢ÔµÇRÂeÔ1Í¢Ì¸Î�ËHÆ � ÄïÔ Ó
Î7ÇHÉ�ÄÅÌ¸Æ¢Ô1Í�ÌÅÎ�Ë ëeÔµÖæ1ÔµÖ�ÌÅÔµÞHÄÅÃ�×�Î�Ë:Í¢ÌÅË�ÂHÃÕÃ}Æ9ÍîÃ}ËêÙµÉ}ËHÉ�Ö¢ÔµÄ ëHÄÅÂRÆ�ëeÔ1Ö�×}Ì¸ÓÕÎµËHÌÅÃ�ÂHÆ�Ã1¾¸¾À¾�Ó#ÔµÌ¸Æ Ô1ÂsëHÖÚÌ?}2ÇHÃPÄyÛÒÔ1ÇHÎ�ëRÍ�ÌÅÎ�Ë ÇGÛóÂHËHÃ
É}×hØHÃ�ÄÅÄ¸Ã � ×1ÛÜÃ�ÆÚÍ&»q�»�ÇRÌÅÖ�Ã±Á�ÂHÃ±×hØHÔµÁ�ÂHÃ�Î[×}×�ÂHÖ�ÖÚÃ}ËH×�ÃÐë�Ã�ÂRÍê,�Í�Ö�ÃÐëHÄïÔ1×}É}Ã Æ�ÂHÖ�ÂHËHÃ±ÇRÖ�Î�ÌÀÍ¢ÃûÖÚÃ}ÄïÔxÍ¢Ì¸æµÃ}Ó
Ã}Ë:Íê�
ÄïÔîë�Î�Æ�ÌÀÍ¢ÌÅÎµËPÇHÃ}ÆÈÔµÂRÍ�Ö�Ã�Æ}¾

ª �7Ì¡ÄyÛÜÉ�×hØHÃ}Ä¸ÄÅÃÕËHÃPÆ�Ã#ÇHÌÅÆÚ×}ÂRÍ�ÃPëeÔµÆ�é�×}Î�Ó
Ó
ÃÕÇeÔ1ËHÆ�ÄÅÃÕ×¦ÔµÆ ÇHÃPËHÎµÍ�Ö�ÃPÃ	}7Ã}Ó
ëHÄÅÃ¦ì � ×1ÛÜÃ�ÆÚÍ�Ô1Â ×}Î�Ë:Í¢Ö�ÔµÌÅÖÚÃÄïÔêÁ�ÂHÃ�ÆÚÍ¢Ì¸Î�Ë ÇHÃ}Æ�ÄÅÌ¸ÓÕÌÀÍ¢Ã�Æ#ÇHÃD×�ÄïÔµÆÚÆ�Ã}Æ�Á�ÂHÌ±ë�Ã}ÂRÍ�,�Í¢Ö�ÃDÇRÌGì
×}Ì¸ÄÅÃ � Ã�Í�Î�Ë>ëHÖÚÉ � É}ÖÚÃ}Ö�ÔMÇRÃ}Æ�æµÔ1Ö�ÌïÔ1ÞHÄÅÃ�Æ×}Î�Ë:Í�ÌÅË�ÂHÃ}Æ�¾
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∏
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2πσ
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− (yi − (α + βxi))
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2σ2
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