
1391 ö�µÆ��� ø ¤�ú� ,ý¤�õ� ��Üä �Ü¹õ54-39 « ,1 ù¤�Þª ,6 ÀÜ�
�ãõ�� á�Þ¹õ �� �ãõ�� á�Þ¹õ ùÂ±�ó�î Âð¢¤ø�Â� Å÷�þ¤�ø ¢¤ø�Â���Üãõ�÷ üØÞî2ýÂ¨��îüä�¹ª �ó��ø¤À�¨ ,1üþ�À¡ Ý�û�Â��¤�Èî ©¥�õ� Ç¹�¨ ö�õ¥�¨ ,ö�Âú� ù�ÚÈ÷�¢ 1ö�Âþ� üõ�¨� ý¤�úÞ� ý�îÂõ ×÷�� 21391*5*16 :ýÂÚ÷¥�� ßþÂ¡� ¾þ¤�� 1390*10*3 :´ê�þ¤¢ ¾þ¤��ñø�Àµõ üªø¤ �ûÂð¢¤ø�Â � ��¬� ý�Â � üØÞî ý�ûÂ�çµõ ýÂ�ð¤�î � � : ùÀ�Ø�� � ö�� �ü õ ñ� · õ ö�� � ä � � .´¨� ý�� ÷� Þ ÷ ý� ûü¨¤Â � «�Ê¡ � � ø ¤� õ� ¤¢ö¢�� ��Üãõ Âê �� .¢Âî ù¤�ª� ýÂ�ð�÷�Þ÷ ¤¢ ü÷��¨Âð¤ ø üµ±Æ÷ ý�ûÂð¢¤ø�Â�ø ùÂ± � ó�î ý�ûÂð¢¤ø�Â � ,Íþ�Âª ýÂ¨×þ ö¢�� ¤�ÂìÂ � ø üØÞî �ãõ�� á�Þ¹õ´¨¢ �� �µê�þÝ�Þã� ü÷��¨Âð¤ ý�ûÂð¢¤ø�Â� ¥� ù¢�Ôµ¨� �� ö���üõ �¤ �ú÷� Å÷�þ¤�øÂð¢¤ø�Â� ,�ãõ�� ¤¢ üØÞî Â�çµõ á�Þ¹õ ö¢�� ��Üãõ�÷ Âê �� ,�ó�Öõ ßþ� ¤¢ .¢¤ø�ù¢¤ø� ´¨¢ �� �µê�þÝ�Þã� ö��¨Âð¤ ©ø¤ �� éÀû �ãõ�� ¤¢ ö� Å÷�þ¤�ø ø Ûî¥� �ãõ�� Ûî á�Þ¹õ ý�Â� ùÀª ���¤� Âð¢¤ø�Â� ¢�ªüõ ù¢�¢ ö�È÷ Å³¨ .¢�ªüõ�� ùÀõ� ´¨¢ �� �þÂÑ÷ ù�Ú÷� .´¨� ö�Æ³õ�µ��µþø¤�û Âð¢¤ø�Â� ¥� Âµú� üþ�¤�î ÂÑ÷¤�Â ì ü¨¤Â � ¢¤�õ ýÀ� ��Ö ±Ï ýÂ�ð� ÷�Þ ÷ �ÂÏ ¤¢ MCMC ©ø¤ �� ý¥�¨�� ±ª.¢Â�ðüõ,ùÂ ± � ó� î Âð¢¤ø�Â � ,� µ ê� þÝ �Þã � ü ÷� �¨Âð¤ Âð¢¤ø�Â � ,üØÞî ù¤� õ � : ýÀ� Üî ý�ûù��ø.üê�î¤�õ Â�¹÷¥ ý�ó¤�î ´÷�õ ý�û©ø¤ ,ýÀ���Ö±Ï ýÂ�ð�÷�Þ÷0 . khodaie�yahoo.om ,üþ�À¡ Ý�û�Â�� :�ó�Öõ ñ�ÿÆõ ×�÷øÂµØó� §¤¢�0 . 62D05 :(2000) ü®�þ¤ ýÀ��á�®�õ Àî



�ãõ�� á�Þ¹õ ùÂ±�ó�î Âð¢¤ø�Â� Å÷�þ¤�ø ¢¤ø�Â� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 40�õÀÖõ 1¤¢ �ãõ�� ��k �Ìä ñ�Þª .Àª�� üû��µõ ý��ãõ�� ¥� ýÂ�ð�÷�Þ÷ ��¹÷� éÀû À��îÂêÂÚ÷�È÷ üê¢�Ê� Â�çµõ §�¨� Â� �¤ ö� ö���üõ �î ´¨� üê¢�Ê� �ãì�ø ×þ ,S üê¢�Ê� �÷�Þ÷�¤�¬ ��Ik = � 1 k 2 S0 k 62 S�ãõ�� ��k �Ìä Ûõ�ª S üê¢�Ê� �÷�Þ÷ �î ´¨� üê¢�Ê� ý��ãì�ø k 2 S ¥� ¤�Ñ�õ .¢�¢ ö�È÷�¤�¬ � � S üê¢�Ê� � ÷�Þ ÷ ¤¢ �ã õ�� ��k �Ìä 1ñ�Þª ñ�Þ µ�� °� �Â � ß þ� � � .Àª� �ø¢ ��b�� ñ�Þª ñ�Þµ�� °��Â� ß�Þû �� .¢�ªüõ ÓþÂã� �k = P (Ik = 1) = P (k 2 S)ßþ� .¢�ªüõ ù¢�¢ ö�È÷ �k` = Pr(k&` 2 S) �¤�¬ �� �¤ S üê¢�Ê� �÷�Þ÷ ¤¢ k ø ` �Ìäñ�Þµ�� §�Øãõ ß��»Þû .À÷�ªüõ ß��ã� ýÂ�ð�÷�Þ÷ �ÂÏ �� ���� �� ñ�Þª ý�ûñ�Þµ��.¢�ªüõ ùÀ�õ�÷ ý��÷�Þ÷ ö¥ø ,dk = 1�k ,ñ�ÞªùÂ±�ó�î üØÞî �ãõ�� Ûî á�Þ¹õ ßµª�¢ �� ý��÷�Þ÷ ý�ûö¥ø ,ö��¨�Â±�ó�î �þÂÑ÷ §�¨�Â�Í¨�� ö¢Âî ¢¤ø�Â� ©ø¤ ×þ ö���ä �� �ûö¥ø ö¢Âî ùÂ±�ó�î �� ýÀ� ù�Ú÷ ß�óø� .À÷�ªüõùÂ±�ó�î ý�ûÂð¢¤ø�Â� ¥� üã�¨ø §�î À÷¢�¢ ö�È÷ �î ,´êÂð ��¹÷� (1992) ñ�¢ö¤�¨ ø Ûþø¢ñ¢�ãõ ü±÷�¹õ �¤�¬�� üÎþ�Âª ´½� ùø�ä�� .À�µÆû ¤�ð¥�¨ ý��÷�Þ÷ ÓÜµ¿õ ý�û�ÂÏ ��.À�ª��üõ �µê�þÝ�Þã� ö��¨Âð¤ ©ø¤ ý�ûÂð¢¤ø�Â�©ø¤ � � ,(éÀû � ã õ�� Ûî á�Þ¹ õ) � ã õ�� Â µ õ�¤� � ö¢Â î ¢¤ø�Â � ¤¢ ü¨�¨� Â êßþ� Âð� .´¨� üØÞî ý�ûÂ�çµõ �þ Â�çµõ Ûî á�Þ¹õ ö¢�� ��Üãõ ,�µê� þÝ�Þã� ö��¨Âð¤�ãõ�� Âþ¢�Öõ ¥� ü��õÀÖõ �÷�Þ÷ ×þ ¥� ù¢�Ôµ¨� �� �Àµ�� ´¨� ßØÞõ ,À�ª�� ��Üãõ�÷ �ûá�Þ¹õ�î ,ö� ¥� ý��÷�Þ÷ Âþ¥ �� Å³¨ ,ù¢�Þ÷ ¢¤ø�Â� �¤ üØÞî �ãõ�� ��Üãõ�÷ á�Þ¹õ ¤�ÀÖõ üØÞîá�Þ¹õ ��Üãõ�÷ ¤�ÀÖõ ü÷��¨Âð¤ ©ø¤ �þ ,´¨� üØÞî ø éÀû Â�çµõ ���� Âþ¢�Öõ Ûõ�ª,¢¤�¢ �� ÷ ¢À¹õ ýÂ � ð� ÷�Þ ÷ � î ©ø¤ ß þ� � � (1997) Â µ �¨ .¢Â î ¢¤ø�Â � �¤ éÀû �ã õ��¥�� ùbÀþ� ¥� ù¢�Ôµ¨� �� .¢�¢ ö�È÷ �¤�¬ À�� �� ��÷ �¤ ö� Å÷�þ¤�ø ø ¢�¢ ���¤� �¤ ýÂð¢¤ø�Â�ø (2006) ö�¤�ØÞû ø ¤À��� ,(1997) Âµ�¨ ,(1995) Âµ�¨ ø ���¤ ö�� ü÷�ÖÖ½õ ýÂ�ð�÷�Þ÷ü÷��¨Âð¤ ý�û¢¤ø�Â� üØÞî ��ä�Ï� ¥� ù¢�Ôµ¨� �� �¤ �ãõ�� Âµõ�¤�� (2006) ö�¤�ØÞû ø Ý�î´¨� ßþ� Â� Âê �ó�Öõ ßþ� ¤¢ .À÷�ù¢�¢ ���¤� �ú÷� ý�Â� üþ�ûÅ÷�þ¤�ø ø ù¢�Þ÷ ¢¤ø�Â� üµ±Æ÷ øÂþ¢�Öõ Ûõ�ª ÍÖê S1 �î À�µÆû ´¨¢ ¤¢ n ø n1 Ý¹� �� ,°��Â� �� ,S ø S1 ý�û�÷�Þ÷ �î1 Inlusion Probability



41 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ýÂ¨��îüä�¹ª �ó��ø¤À�¨ ,üþ�À¡ Ý�û�Â��ý�Â� .À�µÆû üØÞî ý�ûÂ�çµõ ø éÀû Â�çµõ ¥� üõ�b�� Âþ¢�Öõ Ûõ�ª S ø üØÞî ý�ûÂ�çµõßþÂµÞî üØÞî �ãõ�� ��Üãõ�÷ á�Þ¹õ ¢¤ø�Â� ¤¢ S �÷�Þ÷ ý�� �� S1 �÷�Þ÷ ¥� ù¢�Ôµ¨� �����,ÂÑ ÷�ÎÖ ÷ ß þ� � � .n1 > n ü�ã þ ,´¨� Â µð¤� � S Ý¹� ¥� S1 Ý¹� �î ´¨� ßþ� ÂêÂþ�¨ �� ø ���¤� ö� ü±÷�¹õ Å÷�þ¤�ø ý�Â� üó�õÂê ø éÀû �ãõ�� Ûî á�Þ¹õ ý�Â� ýÂð¢¤ø�Â�ý�ûÂð¢¤ø�Â� �� ´±Æ÷ �ó�Öõ ßþ� ¤¢ ùÀõ� ´¨¢�� ý�ûÂð¢¤ø�Â� .¢�ªüõ �Æþ�Öõ �û©ø¤�� ´±Æ÷ üóø ù¢�� �¤�î ÂµÞî üØÞî �ãõ�� ö¢�� ��Üãõ Âê � � � µ ê� þÝ�Þã� ö��¨Âð¤.¢�� À�û��¡ ¤�¢¤�¡Â� ýÂµú� üþ�¤�î ¥� 2ö�Æ³õ����µþø¤�û Âð¢¤ø�Â�¤¢ .¢�ªüõ �ÂÎõ �µê�þÝ�Þã� ö��¨Âð¤ ©ø¤ ø ö��¨�Â±� ó�î �þÂÑ÷ �ó�Öõ 2 Ç¿� ¤¢ý�ûÂ�çµõ �þ Â�çµõ á�Þ¹õ ö¢�� ��Üãõ�÷ Âê �� éÀû �ãõ�� Ûî á�Þ¹õ Âð¢¤ø�Â� 3 Ç¿�� � ùÀª � ��¤� ý� û� þÂÑ ÷ ´½¬ 4 Ç¿� ¤¢ .¢�ªüõ � ��¤� ö� Å÷� þ¤�ø ù�ÂÞû � � üØÞî.Àª Àû��¡ ���¤� ýÂ�ð�¹�µ÷ ø ¶½� ü÷�þ�� Ç¿� ¤¢ .¢Â�ðüõ ¤�Âì ü¨¤Â� ¢¤�õ ý¥�¨��±ª�µê�þÝ�Þã� ö��¨Âð¤ ¢¤ø�Â� ø ùÂ±�ó�î 2ßþ� ¤¢ .´¨� ùÀª ���¤� (1992) ñ�¢ö¤�¨ ø Ûþø¢ Í¨�� ùÂ±� ó�î ý�ûÂð¢¤ø�Â� Ûõ�î �Âª,ty =PU yk,�ãõ�� Ûî á�Þ¹õ ¢¤ø�Â � ý�Â � t̂yw =PS wkyk ùÂ ± � ó� î Âð¢¤ø�Â � ©ø¤À�ì �� ���� �� wk ý�û ö¥ø �î ¢�ªüõ ���¤� ý¤�ÏXS wkxk =XU xk�ãõ�� U À��î Âê .À�ª�� ×þ¢�÷ ßØÞõ À� �� ,dk = 1�k ,ý��÷�Þ÷ �ÂÏ ý�ûö¥ø ���k ø U �ã õ�� ¥� n Ý¹� � � ü ê¢�Ê � ý�� ÷�Þ ÷ S ø f(xk; yk); k = 1; : : : ; Ng üû� � µ õù��¿ ó¢ � Ü¬� ê â �� � ×þ ©ø¤ ß þ� ¤¢ .´¨� � ÷�Þ ÷ ¤¢ � ã õ�� ��k �Ìä ñ�Þª ñ�Þ µ���ÂÏ ý�ûö¥ø � � wk ý�û ö¥ø � Ü¬� ê ö¢Â î Û ì�À� ¤�Ñ � õ � � ,Í þ�Âª ´½� ,Gk(w; d).¢�ªüõ ÓþÂã� ,dk ý��÷�Þ÷�fÀ�î� ,ÂþÁ�ÕµÈõ w �� ´±Æ÷ ,üÔ�õ�÷ Gk(w; d) â��� ,d > 0´��� ¤�ÀÖõ Âû ý�Â� :1 ¯Âª.Gk(d; d) = 0 Ý�ª�� �µª�¢ ø Àª�� ùÀª ÓþÂã� ,´¨� d Ûõ�ª �î ,Dk(d) ù¥�� ýø¤ ,�À½õ2 Horitz-Thompson Estimator



�ãõ�� á�Þ¹õ ùÂ±�ó�î Âð¢¤ø�Â� Å÷�þ¤�ø ¢¤ø�Â� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 42ùb¥�� ýø¤ �¤ Dk(d) ø Àª�� �µ¨��� gk(w; d) = �Gk(w; d)=�w ü��� ÕµÈõ :2 ¯Âªw �� ´±Æ÷ ý¢�ã¬ �fÀ�î� üã��� gk(w; d) ü�ãþ ,À�î Âþ�Ê� ×þ �� ×þ �¤�¬ �� Imk(d).gk(d; d) = 0 ø ´¨�ëÀ¬ 2 ø 1 ¯Âª ø¢ ¤¢ �î ,Gk(w; d) ý��Ü¬� ê â ��� � ù¢�� ÷�¡ ý�Â � �î ´¨� üúþÀ �ÂÒ��µõ ùÂ±�ó�î Âð¢¤ø�Â� ,ö� �Ìä Âû �î Àþ�üõ ÀþÀ� ùÂ±�ó�î ý�ûÂð¢¤ø�Â� ¥� ý�ù¢��÷�¡ ,À��î�î ý�ùÂ±�ó�î Âð¢¤ø�Â� ö��õ ßþ� ¤¢ .´¨� Gk(w; d) �Ü¬�ê â���� ù¢��÷�¡ ¥� �Ü¬�ê â��� ×þ ���Ü¬�ê â��� Í¨��Gk(w; d) =XS (wk � dk)2dkqk.´¨� �µê�þÝ�Þã� ü÷��¨Âð¤ Âð¢¤ø�Â� ö�Þû ,Àþ�üõ ÀþÀ��µê�þÝ�Þã� ü÷��¨Âð¤ Âð¢¤ø�Â� 1.2�î ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ x üØÞî ý�ûÂ�çµõ ¤�¢Â� ,(1992) ö�¤�ØÞû ø ñ�¢ ö¤�¨ ÓþÂã� Â������Üãõ�÷ ¤�ÀÖõ ¢¤ø�Â� éÀû .´¨� xk = (x1k; : : : ; xjk)0 �ãõ�� À��ø ß�õ�k ý�Â� ö� ¤�ÀÖõ�î ö� Âê �� .´¨� x üØÞî Â�çµõ ¤�¢Â� ��ä�Ï� ¥� ù¢�Ôµ¨� �� ,ty =PU yk ,�ãõ�� ÛîýÂ�ð�÷�Þ÷ �ÂÏ �� S�÷�Þ÷ ,´¨� ��Üãõ ,tx =PU Xk ¤�¢Â� ü�ãþ ,üØÞî �ãõ�� Ûî ¤�ÀÖõ¥� ýÂ�ð�÷�Þ÷ ¤¢ S�÷�Þ÷ Àõ�Â� ñ�Þµ�� p(S) ö� ¤¢ �î ,¢�ªüõ ��Â¿µ¨� U �ãõ�� ¥� p(�)�î ´¨� ÂÑ ÷ ¢¤�õ Â þÁ �ù¥�À ÷� ýÂ�ð� ÷�Þ ÷ ý�û�ÂÏ �f êÂ¬ � ó� Ö õ ßþ� ¤¢ .´¨� U �ãõ���� .À�µÆû ÂÔ¬ ¥� Âµð¤�� �fÀ�î� ,�k` = P (k&` 2 S) ø �k = P (k 2 S) ñ�Þª ý�ûñ�Þµ��¥� ´¨� �¤�±ä ty Ûî ¤�ÀÖõ ý�Â� �µê�þÝ�Þã� ü÷��¨Âð¤ Âð¢¤ø�Â� °��Â� ßþ�t̂yr = t̂y� + JXj=1 B̂j(txj � t̂xj�) (1)ö� ¤¢ �ît̂y� =XS yk�k =XS dkyk =XS �ykø ty =PU yk ö�Æ³õ�µ��µþø¤�û Âð¢¤ø�Â�t̂xj�XS xjk�k =XS dkxjk =XS �xjk



43 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ýÂ¨��îüä�¹ª �ó��ø¤À�¨ ,üþ�À¡ Ý�û�Â��,Xj � ã õ� � (�� Ü ã õ) á� Þ¹ õ ö�Æ ³ õ� µ �� µ þø¤� û Â ð¢¤ø�Â � ø j = 1; : : : ; J Â û ý�¥�� �¤�¢Â� ý�û�Ôó�b õ �ûB̂j ø ,tsj =PU xjkB̂ = (B̂1; : : : ; B̂J )0 = (XS xkx0k�2k�k )�1XS xkyk�2k�k (2)ü÷��¨Âð¤ Âð¢¤ø�Â� .´¨� yk Àõ�Â� � � Yk üê¢�Ê� Â�çµõ Å÷�þ¤�ø �2k ö� ¤¢ �î ,À�µÆûÝ¹� �î üµ�ã®ø ¤¢ ,´¨� ùÂ±� ó�î ý�ûÂð¢¤ø�Â� ù¢��÷�¡ ¥� ý�Ìä ¢�¡ �î �µê�þÝ�Þã�üä�÷ �� ,Àª Àû��¡ Âî£ �õ�¢� ¤¢ �î ,«�¡ üÎþ�Âª ´½� ø À�ª�� ï¤�� �÷�Þ÷ ø �ãõ��.(1992 ,ñ�¢ö¤�¨ ø Ûþø¢) ´¨� ùÂ±�ó�î ý�ûÂð¢¤ø�Â� ù¢��÷�¡ ý�Ìä� �Þû üþ�ÂÚÞû �ÎÖ÷ý�Â� ø À÷�ª ï¤�� ¸þ¤À� �� n �÷�Þ÷ Ý¹� ö� ù�ÂÞû �� ø N �ãõ�� Ý¹� À��îÂê.À�ª�� ¤�ÂêÂ� Âþ¥ Íþ�Âª x üØÞî Â�çµõ Âþ¢�Öõ ¥� ¤�¢Â� Âû.Àª�� ¢���õ N�1tx À� (1.À�î Û�õ ÂÔ¬ �� ñ�Þµ�� ¤¢ N�1(t̂x � tx) (2.À�î Û�õ N (o;A) ùÂ�çµõ À�� ñ�õÂ÷ �� âþ¥�� ¤¢ n 12N�1(t̂x � tx) (3�bÎ��¤ ¤¢ �î t̂yr ü÷��¨Âð¤ Âð¢¤ø�Â� �� ü±÷�¹õ ¤�Ï �� ,t̂yw ùÂ±�ó�î Âð¢¤ø�Â� �¤�¬ ßþ� ¤¢ö�� � ä � � .( N�1(t̂yw � t̂yr) = Op(n�1) :�� ú Ô õ ß þ� � �) ´¨� ¥¤�Ýû ,Àª üêÂã õ (1)�Â ê � õa� .´ª�¢ À � û��¡ ö�ÆØ þ (AV)3ü± ÷�¹ õ ý�ûÅ÷� þ¤�ø ,Â ð¢¤ø�Â � ø¢ ,�¹ � µ ÷ ×þ¥� ´¨� �¤�±ä ùÂ±�ó�î Âð¢¤ø�Â� ×þ ö���ä �� �µê�þÝ�Þã� ü÷��¨Âð¤ Âð¢¤ø�Â� üð¢��÷�¡ø T̂ =PS xkx0k�2k�k ö� ¤¢ �î ,t̂yr =PS gks�k ykgks = 1+ (tx � t̂x�)0T̂�1xk=�2k (3)
�ãõ�� á�Þ¹õ ùÂ±�ó�î ø �µê�þÝ�Þã� ü÷��¨Âð¤ Âð¢¤ø�Â� 3á�Þ¹õ Âµú� ¢¤ø�Â� ý�Â� ü±¨��õ üØÞî ù¤�õ� �î ¢�ªüõ ü¨¤Â� üµ�ã®ø Ç¿� ßþ� ¤¢�¤�Ê�þ� ¤¢ .´¨� ��Üãõ�÷ ,tx ,�ãõ�� ßþ� á�Þ¹õ �õa� ,´¨� ´¨¢ ¤¢ ,ty ,Y üÜ¬� �ãõ��üÜþ�Æõ �� �¹�þ� ¤¢ .¢�ªüõ ��¹÷� ¢À¹õ ýÂ�ð�÷�Þ÷ ©ø¤ �� �f �Þãõ ,éÀû Âµõ�¤�� ¢¤ø�Â�ý�Â� �î ´¨� ´¨¢ ¤¢ üØÞî ý�ûÂ�çµõ ý�Â� °¨��õ ý��÷�Þ÷ �f Þä �î ¢�ªüõ �µ¡�¢Â�3 Asymptoti Variane



�ãõ�� á�Þ¹õ ùÂ±�ó�î Âð¢¤ø�Â� Å÷�þ¤�ø ¢¤ø�Â� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 44,éÀû �ãõ�� á�Þ¹õ ¢¤ø�Â� ý�Â� ÕÖ½õ �î ý��÷�Þ÷ �� ´±Æ÷ ,üØÞî �ãõ�� á�Þ¹õ ¢¤ø�Â��� S ø S1 ý�û�÷�Þ÷ �î ´¨� ßþ� Â� Âê .´¨� Âµú� À�îüõ ��ú� éÀû ø üØÞî �ãõ�� ¥�Âþ¢�Öõ Ûõ�ª S ø üØÞî ý�ûÂ�çµõ Âþ¢�Öõ Ûõ�ª �ú�� S1 �î À÷¤��µ¡� ¤¢ n ø n1 ý�ûÝ¹�ý�� �� S1 �÷�Þ÷ ¥� ù¢�Ôµ¨� ����� ý�Â� �f�Þ® .À�µÆû üØÞî ø éÀû ý�ûÂ�çµõ ¥� üõ�b��.n1 > n �î ´¨� ßþ� Âê ßþÂµÞî ,üØÞî �ãõ�� á�Þ¹õ ¢¤ø�Â� ¤¢ S �÷�Þ÷�î üµìø ,ty ,Y üÜ¬� �ãõ�� á�Þ¹õ ý�Â� �µê�þÝ�Þã� ü÷��¨Âð¤ Âð¢¤ø�Â� : 1 ÓþÂã��¤�¬ �� ´¨� ��Üãõ�÷ ,tx ,X üØÞî �ãõ�� á�Þ¹õt̂y�1 = t̂y� + (t̂x�1 � t̂x�)0B̂ (4)¥� üØÞî �ãõ�� á�Þ¹õ ö�Æ³õ�� -�µþø¤�û Âð¢¤ø�Â� t̂x�1 =PS1 xk=�1k ö� ¤¢ �î ,´¨�.�1k = P (k 2 S1) ø ´¨� S1 �÷�Þ÷ ýø¤,Àª üêÂãõ (1) �Î��¤ ¤¢ �î t̂yr ü÷��¨Âð¤ Âð¢¤ø�Â� :(1992 ,ö�¤�ØÞû ø ñ�¢ö¤�¨) 1 Ýó�¤�¬ �� 4¤�Ü�� ý¥�¨üÎ¡ Í¨��t̂yr0 = t̂y� + (t̂x�1 � t̂x�)0B =XU y0k +XS �Ekø y0k = x0kB ø Ek = yk � y0k ø �Ek = Ek=�k ö� ¤¢ � î ,¢� ªü õ ° þÂ Ö �� � °þ¤�� ÷ � ± þÂÖ� t =PU yk ý�Â� t̂yr Âð¢¤ø�Â� .B = (PU xkx0k=�2k)�1PU xkyk=�2k�¤�¬ �� ö� Âð¢¤ø�Â� �î ,´¨� AV (t̂yr) =PPU �k` �Ek �E` ü±þÂÖ� Å÷�þ¤�øV̂ (t̂yr) =XXS ��k`(gks�eks)(g`s�e`s).´¨� ùÀª ù¢�¢ (3) �Î��¤ ¤¢ eks = yk = ŷk ø �eks = eks=�k ö� ¤¢ �î ,Àª��üõ�¤�¬ �� (4) �µê�þÝ�Þã� ü÷��¨Âð¤ Âð¢¤ø�Â� ü±÷�¹õ Å÷�þ¤�ø : 1 ��ÌìAV (t̂yr1) =XXU �k`�k�`EkE` +B0(XXU �1k`�1k�1`xkx0̀ )B (5)�¤�¬ �� ��÷ ö� Âð¢¤ø�Â� ø ´¨�Â(t̂yr1) =XXS �k`�k`�k�` (gkseks)(g`se`s) + B̂0(XXs` �1k`�1k`�1k�1` xkx0̀ )B̂ (6)4 Taylor linerrization



45 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ýÂ¨��îüä�¹ª �ó��ø¤À�¨ ,üþ�À¡ Ý�û�Â��t̂x�1 =PS1 xk=�1k ø �1k` = P (k&` 2 S1) ,�1k = P (k 2 S1) ö� ¤¢ �î ,¢�� Àû��¡,S1 � ÷� Þ ÷ ýø¤ ¥� ü Ø Þ î � ã õ� � á� Þ ¹ õ ö� Æ ³ õ� �-� µ þø¤� û Â ð¢¤ø�Â �ß��»Þû .´¨� ùÀª ÓþÂã� (2) �Î��¤ ¤¢ ��÷ B̂ ø B = (PU xkx0k=�2k)�1PU fxkyk=�2keks = yk � x0kB̂ ø Ek = yk � x0kB ��÷ ø �1k` = �1k` � �1k�1` ø �k` = �k` � �k�`.´¨� ùÀª ÓþÂã� (3) �Î��¤ ¤¢ �î ��÷ gks ø�¤�¬ �� ü±þÂÖ� ¤�Ï �� ö���üõ �¤ (4) Âð¢¤ø�Â� ,1 Ýó Â� ��� : ö�ûÂ�t̂yr1 ' t̂y� + (t̂x�1 � t̂x�)0B�¤�¬ �� �¤ ö� ü±÷�¹õ Å÷�þ¤�ø ø ´ª�÷AV (t̂yr1) = V ar[t̂y� + (t̂x�1 � t̂x�)0B℄= V ar[t̂y� + (tx � t̂x�)0B + t̂0x�1B℄= V ar[t̂yr0 + t̂0x�1B℄.´¨� (1) �Î��¤ ¤¢ ùÀª üêÂãõ ,t̂yr ¤�Ü�� ý¥�¨üÎ¡ °þÂÖ� ,t̂yr0 ö� ¤¢ �î ,¢Âî �±¨�½õö�ªÂÒ��µõ ý�ûù¤�õ� ñ�Öµ¨� �¹�µ÷ ¤¢ ø S ø S1 ý�û�÷�Þ÷ ö¢�� ��¹õ Âê �� ���� �� �õ�´ª�÷ ö���üõAV (t̂yr1) = V ar( ^tyr0) + V ar(t̂0x�1B) = AV (t̂yr) +B0V ar(t̂0x�1)B (7)1 Ýó Â����AV (t̂yr) =XXU �k`�k�`EkE`�¤�¬ �� ö���üõ �¤ (7) �Î��¤ ,´¨� ö�Æ³õ��-�µþø¤�û Âð¢¤ø�Â� t̂x�1 ö�� øAV (t̂yr1) =XXU �k`�k�`EkE` + B̂0(XXU �1k`�1k�1` xkx0̀ )B:Ýþ¤�¢ 1 Ýó ¥� ù¢�Ôµ¨� �� ö� ¢¤ø�Â� ¤�Ñ�õ �� ß��»Þû .¢�¢ �õ�¢�V̂ (t̂yr1) =XXS �k`�k`�k�` (gkseks)(g`se`s) + B̂0(XXS1 �1k`�1k`�1k�1`xkx0̀ )B̂



�ãõ�� á�Þ¹õ ùÂ±�ó�î Âð¢¤ø�Â� Å÷�þ¤�ø ¢¤ø�Â� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 46ü ÷� � ¨Â ð¤ Â ð¢¤ø�Â � ,ý¤�Á Ú þ� � öøÀ � ù¢� ¨ ü ê¢�Ê � ýÂ � ð� ÷� Þ ÷ �Â Ï � � : 1 ñ�·õ�Âê �� ñ¢�ãõ ¤�Ï �� �þ t̂yr1SI = t̂y�SI + (t̂x�1SI � t̂x�SI)0B̂ �¤�¬ �� �µê�þÝ�Þã�t̂yr1SI = N(�yn + (�xn1 � �xn)B̂)�¤�¬ �� °��Â��� (6) ø (5) Í��ø¤ �� ���� �� ö� ¢¤ø�Â� ø ü±÷�¹õ Å÷�þ¤�ø .´¨�V (t̂yr1SI) = N2S2y ((1n � 1N ) + �2( 1n1 � 1n ))V̂ (t̂yr1SI) = N2S2y ((1n � 1N ) + r2( 1n1 � 1n )) (8).À÷�ùÀª ���¤� Óó� ´¨��� ¤¢ (8) ��±�� ø �û¢�Þ÷ �î ,À�µÆû,À��ø Nh Ûõ�ª �Ö ±Ï Âû �î ÀþÂ �Ú � ÂÑ ÷ ¤¢ �¤ �Ö ±Ï H ¥� ÛØÈµõ ý��ãõ�� : 2 ñ�·õyk ø üØÞî ýÀã�×� Â�çµõ ¤�ÀÖõ xk ö� ¤¢ �î ,´¨� (yk; xk) �¤�¬ �� ,h = 1; : : : ; H��Üãõ�÷ Y éÀû ø X üØÞî �ãõ�� ø¢ Âû á�Þ¹õ �î ö� Âê �� .À�µÆû éÀû Â�çµõ ¤�ÀÖõ��ð ß�óø� ¤¢ .Ý��î üõ ¢¤ø�Â� �¤ éÀû �ãõ�� á�Þ¹õ ,(4) Âð¢¤ø�Â� ¥� ù¢�Ôµ¨� �� À�µÆûù¢�¨ üê¢�Ê� ©ø¤ �� ýÀ���Ö±Ï ýÂ�ð�÷�Þ÷ �ÂÏ ,ñ�Þª ý�ûñ�Þµ�� öÀªÉ¿Èõ ý�Â��¤�¬ ßþ� ¤¢ .¢�ªüõ �µêÂð ÂÑ÷ ¤¢ ý¤�ÁÚþ�� öøÀ�t̂x�1 = HXh=1 Nhn1h XS1h xk; t̂x� = HXh=1 Nhnh XSh xk; t̂y� = HXh=1 Nhnh XSh ykø ñ�¢ö¤�¨ .´¨� ��h �Ö±Ï �� ÂÑ÷ ¢¤�õ ¢�Þ÷ ö¢Âî °Æµ�õ ¤�Ñ�õ �� ,hÅþÀ÷� �ûö� ¤¢ �îÀ÷¢�¢ ö�È÷ (1992) ö�¤�ØÞûB̂ = PHh=1 Nhnh PSh xkyk � t̂x� t̂y�PHh=1 Nhnh PSh x2k � (t̂x�)2¢¤ø�Â � ý�Â � ø ´¨� � ±¨�½õ Û �� ì (4) � µ ê� þÝ �Þã � ü ÷� �¨Âð¤ Âð¢¤ø�Â � °� �Â � ß þ� � �Í��ø¤ ¥� ö� ü±÷�¹õ Å÷�þ¤�øV ar(t̂y�) = V ar( HXh�1 Nhnh XSh yk) = HXh=1N2h ( 1nh � 1Nh )S2yhö� ¤¢ �î ,¢�ªüõ �µêÂð ×ÞîS2yh = 1Nh � 1fXUh y2k � (XUh yk)2=Nhg



47 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ýÂ¨��îüä�¹ª �ó��ø¤À�¨ ,üþ�À¡ Ý�û�Â���� V ar(t̂y�) °þ¤��÷ Âð¢¤ø�Â� .¢�ªüõ V ar(t̂y�) ö¢�� ��Üãõ�÷ �� Â¹�õ ø ´¨� ��Üãõ�÷°þ¤��÷ Âð¢¤ø�Â� ö¢�¢ ¤�ÂìS2yh = 1nh � 1fXSh y2k � (XSh yk)2=nhgV ar(t̂x�1) ø V ar(t̂x�) ���Èõ ¤�Ï �� .Àþ�üõ ´¨¢ �� V ar(t̂y�) ñ�õÂê ¤¢ S2yh ý�� ��ùø�ä �� .À÷�ªüõ ¢¤ø�Â� ø ���¤� ��÷Cov(t̂y�; t̂x�) = HXh=1N2h ( 1nh � 1Nh )Sxyh ö� ¤¢ �îSxyh = 1Nh � 1fXUh xkyk � (XUh yk)(XUh xk)=Nhgü�ãþ ,ö� ý��÷�Þ÷ °þ¤��÷ Âð¢¤ø�Â� Í¨�� ,ö¢�� ��Üãõ�÷ Û�ó¢ �� øSxyh = 1nh � 1fXSh xkyk � (XSh yk)(XSh xk)=nhg�Î��¤ ý��±õ Â� (4) �µê�þÝ�Þã� ü÷��¨Âð¤ Âð¢¤ø�Â� 1 Ýó �� ���� �� üêÂÏ ¥� .¢�ªüõ ¢¤ø�Â��¤�¬ �� (5)t̂yr1 = t̂y� + (t̂x�1 � t̂x�)BÂ�çµõ ø¢ ¥� t̂x�1 üê¢�Ê� Â�çµõ ñ�Öµ¨� ,S ø S1 �÷�Þ÷ ø¢ ö¢�� ��¹õ ß��»Þû .¢�� Àû��¡Å� .¢�ªüõ �¹�µ÷ t̂y� ø t̂x� üê¢�Ê�AV (t̂yr1) = V ar(t̂y�) +B2(V ar(t̂x�) + V ar(t̂x�1))� 2BCov(t̂y�; t̂x�).¢�ªüõ ù¢¤ø� ´¨¢�� ý�ûÂð¢¤ø�Â� ¥� ù¢�Ôµ¨� �� ö� Âð¢¤ø�Â� �î�ãõ�� á�Þ¹õ �î üµìø ,ty ,Y üÜ¬� �ãõ�� á�Þ¹õ ý�Â� ùÂ±�ó�î Âð¢¤ø�Â� : 2 ÓþÂã�¥� ´¨� �¤�±ä ´¨� ��Üãõ�÷ ,tx ,X üØÞît̂yw1 =XS w1kyk�ÂÏ ý�ûö¥ø �� �ú÷� ö��õ �Ü¬�ê ßµ¡�¨ ÝÞ���õ �� ,k = 1; : : : ; N ,w1k ý�ûö¥ø ö� ¤¢ �î2 Ç¿� ¤¢ ùÀª ö��� 2 ø 1 Íþ�Âª ¤¢ �î Gk(w; d)ù��¿ó¢ �Ü¬�ê â��� ×þ Í¨�� dk = 1�k.´¨� ùÀª üêÂãõ 1 ÓþÂã� ¤¢ ,t̂x�1 ö� ¤¢ �îPS w1kxk = t̂x�1 À�ì ù�ÂÞû �� À�î ëÀ¬



�ãõ�� á�Þ¹õ ùÂ±�ó�î Âð¢¤ø�Â� Å÷�þ¤�ø ¢¤ø�Â� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 48ý¥�¨��±ª 4Í�½õ ¤¢ ,MATLAB ý¤��ê��Â÷ �µÆ� ¥� ù¢�Ôµ¨� �� ,ùÀª ���¤� �þÂÑ÷ ´½¬ ü¨¤Â� ý�Â�×þ ¥� ö� �Ö±Ï Âû �î �Ö±Ï ¸�� ¥� ÛØÈµõ ý��ãõ��MCMC ©ø¤ ,M-�leüÆþ�÷�õ� ÷Â�À � ó� � �ø� Ô µ õ ý�ûÝ¹� � � (ý¥�¨É¿Èõ Û �� ì) «�Ê¡ � � ùÂ � ç µ õ ø¢ ñ� õÂ ÷ â þ¥� ��÷�Þ÷ ý�Â� .´¨� ý¤�ÁÚþ�� öøÀ� ù¢�¨ üê¢�Ê� �û�Ö±Ï öø¤¢ ýÂ�ð�÷�Þ÷ ù��ª .Ýþ�ù¢�Þ÷üÜî ¤�Ï �� �Àµ�� ,S1 �÷�Þ÷ ý�Â� �õa� ,´¨� ùÀª É¿Èõ �Ö±Ï Âû ¤¢ �÷�Þ÷ Ý¹� S üÜ¬��Î��¤ ¥� ù¢�Ôµ¨� �� Å³¨ ø ùÀª É¿Èõ n1 > n ¯Âª �� n1 Ý¹�n1h = [[nh + NhN (n1 � n)℄℄�î ´¨� ýÂÚÜÞä [[�℄℄ ¥� ¤�Ñ�õ .´¨� ùÀõ� ´¨¢ �� �û�Ö±Ï ¥� S1h ý�û�÷�Þ÷Âþ¥ Ý¹�ö�� � ä � � �¤ ö� � � ¼ �½¬ ¢Àä ß þÂ µ Ø þ¢� ÷ ø � µ êÂ ð ý¢ø¤ø ö�� � ä � � �¤ ü Ö � Ö� ý¢Àä,éÀ û � ã õ� � Û î á� Þ ¹ õ ,ý¥� ¨� � ± ª � õ� ÷Â � ¤�Â Ø � Â û ¤¢ .À ÷�¢Â ðü õ ¥� � ü �øÂ ¡,éÀû �ãõ�� ü�Â¹� Å÷�þ¤�ø ,T =PU yk =PhPUh ykV (T ) = N2N � 1(XU y2k � (XU yk)2=N)�ãõ�� á�Þ¹õ ö¢�� ��Üãõ Âê �� �µê�þÝ�Þã� ö��¨Âð¤ ,ö�Æ³õ��-�µþø¤�û ý�ûÂð¢¤ø�Â�(4) �Î��¤ ¤¢ �î üØÞî �ãõ�� á�Þ¹õ ö¢�� ��Üãõ�÷Âê �� �µê�þÝ�Þã� ü÷��¨Âð¤ ø üØÞîø �ã õ�� À � ó� � À � þ�Â ê .´¨� ùÀª � ±¨�½ õ °� �Â � � � � ú ÷� Å÷� þ¤�ø ¢¤ø�Â � ø ùÀª � ��¤�Âþ¢�Öõ ß�Ú÷��õ ø ùÀª ¤�ÂØ� ¤� � 10000 ,ÂÑ÷ ¢¤�õ ý�ûÂð¢¤ø�Â� �±¨�½õ ø ýÂ�ð�÷�Þ÷ùÂÏ�¿õ ü�øÂ¡ ¤¢ .´¨� ùÀª �±¨�½õ �ú÷� ü®�þ¤ À�õ� ¥� ý¢¤ø�Â� ö���ä �� �ûÂð¢¤ø�Â�,ö�Æ³õ�µ��µþø¤�û ý�ûÂð¢¤ø�Â� ü�ãþ éÀû �ãõ�� Ûî á�Þ¹õ Âð¢¤ø�Â� �¨ ý�Â� 5ü±Æ÷�� �µê�þÝ�Þã� ü÷��¨Âð¤ ø üØÞî �ãõ�� á�Þ¹õ ö¢�� ��Üãõ Âê �� �µê�þ Ý�Þã� ü÷��¨Âð¤.À÷�ùÀª ���¤� éÀû �ãõ�� üãì�ø á�Þ¹õ �� ´±Æ÷ üØÞî �ãõ�� á�Þ¹õ ö¢�� ��Üãõ�÷ Âêü÷��¨Âð¤ ø ö�Æ³õ�µ��µþø¤�û Âð¢¤ø�Â� ø¢ Å÷�þ¤�ø ý�û¢¤ø�Â� ü±Æ÷ ý�ûùÂÏ�¿î ùø�ä ���� ´±Æ÷ ùÀª ���¤� (4) �Î��¤ ¤¢ �î üØÞî �ãõ�� á�Þ¹õ ö¢�� ��Üãõ�÷ Âê �� �µê�þÝ�Þã�üØÞî �ãõ�� á�Þ¹õ ö¢�� ��Üãõ Âê �� �µê�þÝ�Þã� ü÷��¨Âð¤ Âð¢¤ø�Â� Å÷�þ¤�ø ¢¤ø�Â�.À÷�ùÀª ���¤�5 Relative Risk



49 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ýÂ¨��îüä�¹ª �ó��ø¤À�¨ ,üþ�À¡ Ý�û�Â��ø Óó� ý¢ø¤ø ��ä�Ï� ¥� ùøÂð ø¢ ´½�¤�� ø¢ �¤ �õ�÷Â� ßþ� �þÂÑ÷ üþ�¤�î ü¨¤Â� ý�Â�ö�ÆØþ ��ä�Ï� üÖ��õ ¤¢ éÀû ø üØÞî Â�çµõ ø¢ üÚµÆ±Þû °þÂ® ¤�ÀÖõ ¤¢ �� �� �î �.À÷�ùÀª ���¤� n1 = 300 ¥� �õ�÷Â� ý¢ø¤ø ü��ä�Ï� 2 ø 1 ñø�À� ¤¢ .´¨� ùÀª �Â�� À�µÆû.´¨� ùÀª ù¢�¢ ö�È÷ � ø Óó� ��ä�Ï� ùøÂð ø¢ Âû ý�Â� 3 ñøÀ� ¤¢ ��÷ ü�øÂ¡ ¸þ�µ÷Óó� ýÂ¨ ý¢ø¤ø ��ä�Ï� 1 ñøÀ�Âµõ�¤��Nh n�1h nh �x �y �2x �2y �xy �Ö±Ï400 58 50 5 10 2 4 0*75 ñø�600 68 55 10 15 4 3 0*68 �ø¢300 48 42 8 30 6 6 0*72 ��¨360 55 47 15 25 8 5 0*63 �¤�ú�520 71 60 20 18 10 2 0*79 Ý¹��� ýÂ¨ ý¢ø¤ø ��ä�Ï� 2 ñøÀ�Âµõ�¤��Nh n�1h nh �x �y �2x �2y �xy �Ö±Ï400 58 50 5 10 2 4 0*2 ñø�600 68 55 10 15 4 3 0*05 �ø¢300 48 42 8 30 6 6 0*1 ��¨360 55 47 15 25 8 5 0*14 �¤�ú�520 71 60 20 18 10 2 0*09 Ý¹��� ø Óó� ùøÂð ø¢ ¥� üµê�þ¤¢ ��ä�Ï� ý�Â� �õ�÷Â� ü�øÂ¡ 3 ñøÀ�ü��ä�Ï� ùøÂð� Óó� �û´�Þî4=036003e+ 4 4=036025e+ 4 ty4=035956e+ 4 4=036038e+ 4 t̂y�4=035979e+ 4 4=036053e+ 4 t̂yr4=036003e+ 4 4=036077e+ 4 t̂yr12=16525e+ 12 2=16533e+ 12 ü�Â¹� Ûî Å÷�þ¤�ø6=003089e+ 4 6=010640e+ 4 V ar(t̂y�)6=307679e+ 4 3=654277e+ 4 AV̂ (t̂yr)6=889741e+ 4 4=607240e+ 4 ü±Æ÷ ùÂÏ�¿õ�0=00117e+ 0 3=326145e� 4 ü±Æ÷ ùÂÏ�¿õ t̂y� : ty�6=01664e� 4 7=144844e� 4 ü±Æ÷ ùÂÏ�¿õ t̂yr : ty5=604501e� 6 13=02818e� 4 ü±Æ÷ ùÂÏ�¿õ t̂yr : ty�4=82887e+ 0 64=48232e+ 0 ü±Æ÷ ùÂÏ�¿õ V̂ (t̂y�) : V̂ (t̂y�)9=227839e+ 0 26=07801e+ 0 ü±Æ÷ ùÂÏ�¿õ AV̂ (t̂yr1 : AV̂ (t̂yr)



�ãõ�� á�Þ¹õ ùÂ±�ó�î Âð¢¤ø�Â� Å÷�þ¤�ø ¢¤ø�Â� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 50ýÂ�ð�¹�µ÷ ø ¶½� 5ö� á�Þ¹õ �î ,X üØÞî �ãõ�� ��ä�Ï� ¥� ù¢�Ôµ¨� �� Y éÀû �ãõ�� á�Þ¹õ Âð¢¤ø�Â�¢¤�õ ���Èõ ´�ã®ø ¤¢ ý¤��Æ� ö�ÖÖ½õ Í¨�� ¢À¹õ ýÂ�ð�÷�Þ÷ .Àª ���¤� ,´¨� ��Üãõ�÷��ä�Ï� Ûõ�ª °¨��õ üþ�û�÷�Þ÷ üû�ð ÛÞä ¤¢ �õ� .´¨� �µêÂð ¤�Âì ü¨¤Â� ø Û�Ü½���þ�û éÂ¬ ý�Â� üÜ�ó¢ ø ´¨� ´¨¢ ¤¢ À÷�ùÀª ý¤ø�¢Âð Û±ì ¥� üÜ�ó¢ Âû �� �î ,üØÞîÀþÀ� ý��÷�Þ÷ ´¨� üê�î �ú�� .¢¤�À÷ ¢��ø ¢À¹õ ýÂ�ð�÷�Þ÷ ©ø¤ ¥� ù¢�Ôµ¨� ý�Â� üê�®�üØÞî �ãõ�� ��Üãõ�÷ á�Þ¹õ ý�Â� �î ý¢¤ø�Â� ¥� ù¢�Ôµ¨� �� ø �µêÂð (X;Y ) ���� �ãõ�� ¥�ùÀª ¢¤ø�Â� Y Ûî á�Þ¹õ ,ü÷��¨Âð¤ ¢¤ø�Â� ©ø¤ �� ,¢ÂþÁ� �¤�¬ �µªÁð �÷�Þ÷ ýø¤ ¥�¤¢ Âð¢¤ø�Â� ßþ� üþ�¤�î .Àª ���¤� ��÷ ö� Å÷�þ¤�ø ¢¤ø�Â� ø ü±÷�¹õ Å÷�þ¤�ø ùø�ä �� .´¨�Âê �� ü÷��¨Âð¤ Âð¢¤ø�Â� ø ö�Æ³õ�µ��µþø¤�û ý�ûÂð¢¤ø�Â� �� ý¥�¨��±ª ý��ãó�Îõ.´êÂð ¤�Âì �Æþ�Öõ ¢¤�õ ,X Ûî á�Þ¹õ ö¢�� ��ÜãõÂþ¢�Öõ ¤¢ �� �î Àª �µêÂð ÂÑ÷ ¤¢ �ãõ�� ý�Â� ��ä�Ï� ùøÂð ø¢ �Æþ�Öõ ßþ� ��¹÷� ý�Â�üÚµÆ±Þû °þÂ® �î Óó� ü��ä�Ï� ùøÂð ¸þ�µ÷ ¤¢ .À÷�ù¢�� ö�ÆØþ �õ�î üÚµÆ±Þû °þÂ®AV̂ (t̂yr) < AV̂ (t̂yr1) < V̂ (t̂y�) °��Â � ,¢� � ùÀª � µ êÂð ÂÑ ÷ ¤¢ 0*7 ¥� Â µÈ � � ,Y ø X� � ´ ± Æ ÷ ýÂ µ Þ î ü þ�¤� î ¤� Ñ µ ÷� Õ �� Î õ ý¢� ú � È � � Â ð¢¤ø�Â � ü � ã þ .À ª � Ñ �� õÂð¢¤ø�Â � � � ´±Æ ÷ � õ� ,¢¤�¢ ´¨� �� Üã õ X Ûî á�Þ¹õ �î üµ ìø ü ÷� �¨Âð¤ Âð¢¤ø�Â �.¢¤�¢ ýÂµÈ�� üþ�¤�î À�îüÞ÷ ù¢�Ôµ¨� üØÞî ��ä�Ï� ¥� �î ö�Æ³õ�µ��µþø¤�ûùÀª �µêÂð ÂÑ÷ ¤¢ 0/2 ¥� ÂµÞî ,Y ø X üÚµÆ±Þû °þÂ® �î � ü��ä�Ï� ùøÂð ¸þ�µ÷ ¤¢ö���õ �î ´¨� ö� Û�ó¢ �� �î ,Àª �Ñ��õ V̂ (t̂y�) < AV̂ (t̂yr) < AV̂ (t̂yr1) °��Â� ,¢���� X ��ä�Ï� ¥� ö���üÞ÷ ø Àª��üõ Ýî Y éÀû �ãõ�� �� X üØÞî ��ä�Ï� üÚµÆ±Þû.¢�Þ÷ ù¢�Ôµ¨� üØÞî Â�çµõ ö���ä:Óó� ´¨���ý�û¢�Þ÷ ÓþÂã� �� ,(8) �Î��¤ ��±�� ý�Â��xn1 = PS1 xkn1 ; �xn = PS xkn ; �yn = PS ykn ; S2x = PU(xk � �x)2(N � 1)S2y = PU(yk � �y)2(N � 1) ; Sxy = PU(xk � �x)(yk � �y)(N � 1)



51 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ýÂ¨��îüä�¹ª �ó��ø¤À�¨ ,üþ�À¡ Ý�û�Â��sxy = PS(xk � �xn)(yk � �yn)(n� 1) ; s2y = PS(yk � �yn)2(n� 1) ; s2x = PS(xk � �xn)2(n� 1)� = Sxy(S2xS2y ) 12 ; B̂ = sxys2x �¤�¬ �� �ãõ�� ß�Ú÷��õ Âð¢¤ø�Â� ßµêÂð ÂÑ÷¤¢ ø�yr1SI = �yn + (�xn1 � �xn)B̂ (9)Ýþ¤�¢t̂yr1SI = N(�yn + (�xn1 � �xn)B̂) = N �yr1SI (10)ß þ�Â �� � � ,´¨� ° þ¤� B ý�Â � B̂ = SxyS2x ö�� V ar(t̂yr1SI) = N2V ar(�yr1SI) ßþ�Â �� � �ö¢�¢ ¤�Âì �� .´¨� °þ¤� ��÷ (9) Âð¢¤ø�Â��xn1 = �x + "1; �xn = �x + "2; s2x = S2x + "3; sxy = Sxy + "4 (11)Ýþ¤�¢ ,´¨� ´��� ý¤�ÀÖõ B = SxyS2x �Ø�þ� ø�yr1SI = �yn + ("1 � "2)Sxy(1+ "4=Sxy)S2x(1+ "3=S2x)= �yn +B("1 � "2)(1+ "4Sxy )(1� "3S2x )�1j "3S2x j < 1 �î �¹÷� ¥��yr1SI ' �yn +B("1 � "2)(1+ "4Sxy )(1� "3S2x + : : :)' �yn +B("1 � "2 + "1"4Sxy � "2"4Sxy � "1"3S2x + "2"3S2x � : : :)Ýþ¤�¢ ,E("1) = E("2) = 0 ö��E(�yr1SI) ' (�yn) +B(E("1"4)Sxy � E("2"4)Sxy � E("1"3)S2x + E("2"3)S2x � : : :) (12)Ýþ¤�¢ ,À�µÆû À��ø ý��ãõ�� ¥� ÛÖµÆõ ù¢�¨ üê¢�Ê� S ø S1 ý�û�÷�Þ÷ �Ø�þ� �� ���� �� �õa�Ýþ¤�¢ (11) Í��ø¤ �� ���� �� .E(�yn) = �yE("1"4) = E[(�xn1 � �x)(sxy � Sxy)℄ = Cov(�xn1 ; sxy)



�ãõ�� á�Þ¹õ ùÂ±�ó�î Âð¢¤ø�Â� Å÷�þ¤�ø ¢¤ø�Â� : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 52Ýþ¤�¢ °��Â� ß�Þû ��E("1"4) = Cov(�xn; sxy); E("1"3) = Cov(�xn1 ; s2x); E("2"3) = Cov(�xn; s2x)ßþ�Â����E(�yr1SI) ' �y +BfCov(�xn1 ; sxy)� Cov(�xn; sxy)Sxy + Cov(�xn1 ; s2x)� Cov(�xn; s2x)S2x g´¨¢ �� S �÷�Þ÷ ¥� s2x ø sxy ö�� .´¨� �yr1SI ü±þÂÖ� ü±þ¤� éÂãõ ��� �Î��¤ ¤¢ �ø¢ �bÜÞ��÷�Þ÷ ¤¢ üêÂÏ ¥� .À�µÆû ÛÖµÆõ ,´¨� ùÀª �±¨�½õ S1 ÛÖµÆõ �÷�Þ÷ ¥� �î �xn1 ,À÷�ùÀõ�Â��Â� �ûÅ÷�þ¤�ø�î �Þû ��� �¤�±ä ¤¢ ßþ�Â���� .À�µÆû ÛÖµÆõ �xn ¥� s2x ø sxy ,S üê¢�Ê�� ±¨�½õ ý�Â � .´¨� Y �ãõ�� ß�Ú ÷� � õ °þ¤�� ÷ Âð¢¤ø�Â � �yr1SI �¹� µ ÷ ¤¢ .À � µÆû ÂÔ¬�¤�¬ �� ö���üõ (11) Í��ø¤ �� ���� �� �¤ (9) �Î��¤ �yr1SI Å÷�þ¤�ø�yr1SI = �yn + ("1 � "2)B̂Ýþ¤�¢ �yr1SI ü±þ¤��÷ �� ���� �� .´ª�÷V (�yr1SI) = E[(�yr1sI � �y)2℄ = E[(�yn + B̂("1"2)� �y)2℄ßþ�Â���� .B̂ ' B ¢�¢ ¤�Âì ö���üõ ,Àª�� ï¤�� N �î ü�¤�¬ ¤¢AV (�yr1SI)= E[(�yn +B("1 � "2)� �y)2℄= E(�yn � �y)2 +B2E("1 � "2)2 + 2BE[(�yn � �y)("1 � "2)℄� � üêÂÏ ¥� .E(�yn � �y)2 = V (�yn) = ( 1n � 1N )S2y Ýþ¤�¢ ù¢�¨ üê¢�Ê� ýÂ�ð� ÷�Þ ÷ ¤¢"2 ø "1 Âþ¢�Öõ �� ����E("1 � "2)2= E(�xn1 � �x)2 +E(�xn � �x)2 � 2E(�xn1 � �x)(�xn � �x)= ( 1n1 � 1N )S2x + (1n � 1N )S2x � 2E(�xn1 � �x)(�xn � �x)ßþ�Â���� ,À�µÆû ÛÖµÆõ ��÷ �xn ø �xn1 �¹�µ÷ ¤¢ À�ÜÖµÆõ S ø S1 ý�û�÷�Þ÷ ö��E(�xn1 � �x)(�xn � �x) = 0 (13)Å�E("1 � "2)2 = ( 1n1 � 1N )S2x + (1n � 1N )S2x = ( 1n1 + 1n � 2N )S2x



53 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ýÂ¨��îüä�¹ª �ó��ø¤À�¨ ,üþ�À¡ Ý�û�Â����¨ �ÜÞ� ¢¤�õ ¤¢ .´¨� B2( 1n1 + 1n � 2N )S2x Â��Â� (13) ´¨�¤ éÂÏ �ø¢ �ÜÞ� ßþ�Â����Ýþ¤�¢ (13) ´¨�¤ éÂÏE[(�yn � �y)("1 � "2)℄=E[(�yn � �y)(�xn1 � �x)℄�E[(�yn � �y)(�xn � �x)℄ (14)éÂÏ ñø� �ÜÞ� ø Àû¢üõ �¹�µ ÷ �¤ �yn ø �xn1 ñ�Öµ¨� S ø S1 �÷�Þ÷ ø¢ ñ�Öµ¨� ¤� � ßþ�Ýþ¤�¢ (14) ´¨�¤ éÂÏ �ø¢ �ÜÞ� ý�Â� .¢�ªüõ ÂÔ¬ Â��Â� (14) ´¨�¤E[(�yn � �y)(�xn � �x)℄ = Cov(�xn; �yn) = (1n � 1N )Sxy¥� Àª Àû��¡ �¤�±ä (14) ´¨�¤ éÂÏ ��¨ �ÜÞ� ßþ�Â����2BE[(�yn � �y)("1 � "2)℄ = �2B(1n � 1N )Sxy¢�ªüõ �¹�µ÷ ,(12) ¤¢ ùÀª �±¨�½õ Âþ¢�Öõ ö¢Âî ¤�Ñ�õ ��AV (�yr1SI) = (1n � 1N )S2y +B2( 1n1 + 1n � 2N )S2x � 2B(1n � 1N )Sxy= (1n � 1N )S2y + SxyS2x ( 1n1 � 1n )= S2y [(1n � 1N ) + �2( 1n1 � 1n )℄´ª�÷ ö���üõ (10) ¥� ù¢�Ôµ¨� �� ßþ�Â���� .� = Sxy(S2xS2y) 12 ö� ¤¢ �îAV (t̂yr1SI) = N2Syy[(1n � 1N ) + �2( 1n1 � 1n )℄�¤�¬� � ° � �Â � � � S � ÷� Þ ÷ ��À û�È õ ýø¤ ¥� ø À � õ� Ü ã õ� ÷ � ø Syy Â þ¢� Ö õ ��Þ ã õ.À÷�ªüõ ¢¤ø�Â� r = sxy(s2xs2y) 12 ø sxy = 1n�1PS(xk � �xn)(yk � �yn)ÂØÈ� ø ÂþÀÖ�ÂØÈ� ùÀ÷¥¤� ý�û¢�ú�È�� ���¤� ÂÏ�¡ �� �Ü¹õ �Âµ½õ Â��¢Â¨ ø ö�¤ø�¢ ¥� �ó�Öõ ßþ� ö�ðÀ�Æþ�÷.À÷¤�¢ �¤ ü÷�¢¤Àì ø
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