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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢�ûý¤�Þ�� ýÀ���ÈÖ÷ ý�ûñÀõüØúõ ¢��ú� ,ü��Â½õ �Üó�ÀþüµÈú� À�úª üØª�� ��Üä ù�ÚÈ÷�¢ ,ý��ó��õÀ��� ø üµÆþ¥ ¤�õ� ùøÂðÕ�ì¢ ý�û�ÈÖ÷ ��ú� �� �î ´¨� ý¤�õ� ý�û©ø¤ ¥� ý��ä�Þ¹õ Ûõ�ª ý¤�Þ�� ýÀ���ÈÖ÷À�÷��µ� ö�Â�¤�î �� À÷�ªüõ Â¹�õ Â�õ ø ïÂõ ø á��ª ,¥øÂ� ý�ûö���õ ¥� üþ�û¢¤ø�Â� §�¨�Â�ý��û��È�Ö�÷ Û���Ü�½�� ø Ç�þ��Þ�÷ .À�����î ¢¤ø�Â�� �¤ Â�Ñ�÷¢¤��õ ý¤��Þ���� ü�þ����ê�Â�ç�� â�þ¥��� ö������Þ�Ï� �����µ�êÂ�ð Â�Ñ�÷ ¤¢ ü�õ��Þ�ä ´�ª�À�ú�� ý��ú�Ü���Ü�½�� ¤¢ ü�¨��¨� ¤����� ×�þ ö�����ä��� ö����î� ��ûý¤��Þ�����µê�þ ©ÂµÆð ý��Ñ��õ Û��ì ÛØª �� �ûý¤�Þ�� ýÀ���ÈÖ÷ á�®�õ Â�¡� ö��ó�¨ ¤¢ .¢�ªüõùÀþ¢Âð �ûù¢�¢ Û�Ü½� ¤¢ üþ�Ìê ¤�õ� ý�û¤���� ¥� ÂµÈ�� ù¢�Ôµ¨� �� Â¹�õ ©ÂµÆð ßþ� .´¨�ö���õ ø ö�Øõ ù¤��¤¢ üþ�úÈ¨Â� �� üþ�Ú¿¨�� ý�Â� ¢Âê��ÂÊ½�õ ø �¤�î üªø¤ �û�ÈÖ÷ .´¨�üþ�Ìê ��Â��ç� ¼þÂÈ� :¥� À��¤�±ä ý¤�Þ�� ýÀ���ÈÖ÷ üÜ¬� é�Àû� .À��îüõ �Ôþ� ý¤�Þ��ü���÷ ß��ã� ø ÂÎ¡ ü��þ¥ ¤� ,ü¨��ª´Üä ���®Âê ýÀ��ñ�õÂê ¤�Ñ�õ �� ý¤�Þ�� á��ª ¤¢ÂÎ¡ ¥� üÖ�ì¢ �ÈÖ÷ ��ú� ,À�µÆû �Ü¡�Àõ ñ�Þä� ø ���� °Ü� À�õ¥��÷ �î ��� ÂÎ¡ ý�¤�¢.�ûý¤�Þ�� ÅÜÏ� ´¡�¨ ø â���õ Âµú� «�Êµ¡� ¤�Î�õ �� ü���÷ ¤¢ ý¤�Þ��ýÀ���ÈÖ÷ ý�ûñÀõ ø �û¢Â��î ¥� ö� ¤¢ �î ´¨� �µêÂð ��¹÷� ý¢Àãµõ ý¢¤�õ ��ãó�Îõ ö��î��,¢øÀ½õ �¤�¬ �� ø íÀ÷� �ãó�Îõ À�� ¤¢ �� ¢��ø ßþ� �� .´¨� ùÀþ¢Âð ù¢�Ôµ¨� �ûý¤�Þ��¢¤��õ ��ú�÷� ü�Ü�î Í�þ�Â�ª ø ùÀ�È�÷ ��Æ�þ��Ö�õ Ý�û ��� ��ûý¤��Þ���� ý��û��È�Ö�÷ Û���Ü�½�� ¢À�ã�µ�õ ý��ú�ªø¤ýÀ������È�Ö�÷ ©Â�µ�Æ�ð ��� ø ¤ ¢Â��¤��î ø á��®��õ ´���Þ�û� ��� ������ ��� .´�̈ � ��µ�êÂ�Ú�÷ ¤�Â�ì ü�̈ ¤ Â��,üþ�Þ�µ¨¤¢ Â·î�À� ý�ûñÀõ) ýÀ���ÈÖ÷ ý�ûñÀõ ßþÂµÞúõ Â®�� �ãó�Îõ ¤¢ ,�ûý¤�Þ��ü÷�±õ ø ùÀþ¢Âð üêÂãõ (ü½Î¨À�� ø �µ¿�õ� ,Ûõ�î ��� ,ü�Â¹� ��� ,üÎ¡ ��� ,ý¥�¨¤��ÞûÓÜµ¿õ ý�û�±�� ¥� ø ùÀþ¢Âð ö��� ¤�Êµ¡��� ×þ Âû °þ�ãõ ø ß¨�½õ ,�û¢Â�¤�î ,ý¤�ÿ�.À÷��µêÂð ¤�Âì �Æþ�Öõ ¢¤�õ�õÀÖõ 1Õ�ì¢ ý�û�ÈÖ÷ ��ú� �� �î ´¨� ý¤�õ� ý�û©ø¤ ¥� ý��ä�Þ¹õ Ûõ�ª ý¤�Þ�� ýÀ���ÈÖ÷À�÷��µ� ö�Â�¤�î �� À÷�ªüõ Â¹�õ Â�õ ø ïÂõ ø á��ª ,¥øÂ� ý�ûö���õ ¥� üþ�û¢¤ø�Â� §�¨�Â�.[1,2] À��î ¢¤ø�Â� �¤ ÂÑ÷¢¤�õ ý¤�Þ�� üþ��ê�Âç� âþ¥�� ö���ÞÏ� ��429
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢´ª�Àú� ý�úÜ�Ü½� ¤¢ ü¨�¨� ¤���� ×þ ö���ä�� ö��î� �ûý¤�Þ�� ý�û�ÈÖ÷ Û�Ü½� ø Çþ�Þ÷ö��÷��Âì §¤¢� �ÈÖ÷ ,�ûý¤�Þ�� ýÀ���ÈÖ÷ ñ�·õ ßþÂ�üÞþÀì .¢�ªüõ �µêÂð ÂÑ÷ ¤¢ üõ�ÞäùÀª ���¤� ��¨� ö�� Í¨�� 1854 ñ�¨ ¤¢ �î ´¨� öÀ�ó ¤¢ ü�� â���õ ¥� �Ü¬�ê °Æ�Â� ��ø©ÂµÆð ý��Ñ��õ Û��ì ÛØª �� �ûý¤�Þ�� ýÀ���ÈÖ÷ á�®�õ Â�¡� ö��ó�¨ ¤¢ .[3] ´¨���ûù¢�¢ Û���Ü�½�� ¤¢ ü�þ��Ì�ê ¤��õ� ý��û¤����� ¥� Â�µ�È���� ù¢��Ô�µ�̈ � ���Â�¹���õ ©Â�µ�Æ�ð ß�þ� . �́̈ � ��µ�ê��þ.[2] ´¨� ùÀþ¢Âðö�����õ ø ö��Ø�õ ù¤��� ¤¢ ü�þ��ú�È�̈ Â�� ��� ü�þ��Ú�¿�̈ ��� ý�Â�� ¢Â�ê��� Â�Ê�½���õ ø �¤��î ü�ªø¤ ��û��È�Ö�÷.¢¢Â�ðü�õ ý¤��Þ���� ü�þ����ê�Â�ç�� Û���Ü�½�� ���Â�¹���õ ��ûÇ�̈ Â�� ß�þ� ��� ¾�̈ ��� .À�����îü�õ ��Ô�þ� ý¤��Þ�����û¢Â�¤�î ßþ� .´¨� ý¤��Æ� ý�û¢Â�¤�î ý�¤�¢ �ûý¤�Þ�� ý�ûö���õ üþ��ê�Âç� ��Â��ç� Û�Ü½�«�Êµ¡� ù¥�� ¤¢ �ØÜ� ´Æ�÷ ü¨��ª´Üä ���®Âê ü��þ¥ ¤� ø ýÀ��ñ�õÂê �� ¢øÀ½õ �ú��ý¤�Þ�� ýÀ�� �ÈÖ÷ üÜ¬� é�Àû� .¢¤�¢ ¢Â�¤�î ��÷ üõ�Þä ´ª�Àú� ¤¢ ÂÎ¡ ü��þ¥ ¤� �þ â���õ:¥�À��¤�±ä.ü¨��ª´Üä ���®Âê ýÀ��ñ�õÂê ¤�Ñ�õ�� ý¤�Þ�� á��ª ¤¢ üþ�Ìê ��Â��ç� ¼þÂÈ� �1��Ü�¡�À�õ ñ��Þ�ä� ø ������ °�Ü�� À���õ¥����÷ ��î ���� Â�Î�¡ ý�¤�¢ ü�����÷ ß�����ã�� ø Â�Î�¡ ü����þ¥ ¤� �2.À�µÆû.â���õ Âµú� «�Êµ¡� ¤�Î�õ �� ü���÷ ¤¢ ý¤�Þ�� ÂÎ¡ ¥� üÖ�ì¢ �ÈÖ÷ ��ú� �3.[1,2,4,5] �ûý¤�Þ�� ÅÜÏ� ´¡�¨ �4Ó�þÂ�ã�� ý��������÷ �1 :¢¤�¢ ¢���ø ��ûý¤��Þ���� ü�þ����ê�Â�ç�� â�þ¥��� ���ã�ó��Î�õ ¤¢ ¸�þ�¤ ´�ó��� ø¢´±� ,´��� ü÷�õ¥ ù¤ø¢ ×þ ¤¢ ����÷ ßþ� öø¤¢ ,«�¡ ý¤�Þ�� ×þ ¢¤��õ ö�Øõ ø ¢¢Âðüõß�þ� öÀ�ª É�¿�È�õ ¥� Å�� .À���µ�Æ�û ´�÷��Ø�̈ Û�½�õ ý��ú�̈ ¤¢� f���Þ�ã�õ ��ú�÷��Ø�õ ß�þ� .¢¢Â�ðü�õâþ�ìø Û�Ü½� �¤ ´ó�� ßþ� .´¨� ÂþÁ�ö�Øõ� ¢¤��õ ö�Øõ Ý�ÖµÆõ Û�Ü½� �� ¤�î �õ�¢� ,�ú¨¤¢�ý��óøÀµõ ø ý��ÎÖ÷ À÷ø ¤ ý�ûñÀõ ¥� ù¢�Ôµ¨� À�õ¥��÷ Û�Ü½� ßþ� °Üè�.Ý�õ�÷üõ 1ý¢¤�õ¤¢ Û��Æõ ¥� ü¡Â� ö¢�� �÷�õÂ½õ �ø�ó Û�ó¢ �� ¢¤��õ °Üè� ¤¢ �2 .[6,7,8] ´¨� ¯��Âõ¢À¹õ ýÀ���µ¨¢ Àþ�� ø ¢¤�À÷ ¢��ø ��� ¼Î¨ ø §��Öõ ¤¢ �ûù¢�¢ �� ü���µ¨¢ ö�Øõ� ,üØª��üÖÏ��õ ,×��î ü���÷ ßþ� .¢�ª ��¹÷� �ãó�Îõ ×��î ü���÷ öø¤¢ ¢¤��õ ¢�Àã� Û�Ü½� ý�Â�ø üþ�Â�� é�Àû� ý�Â� f��Þãõ �î À�µÆû �Ü½õ ø ����÷ ,�ÖÎ�õ ,Âúª ,ö�µ¨Âúª À�÷�õ ý¤��µ¡�×����î ü�����÷ ¤¢ ¢¤���õ ¢�À�ã�� Û�õ��ª ��î ��ûù¢�¢ á��÷ ß�þ� Û���Ü�½�� .À�÷��ªü�õ Ó�þÂ�ã�� ü�µ�þÂ�þÀ�õ�Þû â�Þ¹� ¥� ����÷ ×þ öø¤¢ ¢¤��õ ¢�Àã� .Ý�õ�÷üõ 2ü���÷ ¤¢ ¢¤��õ ¢�Àã� Û�Ü½� �¤ À�µÆû
1case-event analysis

2tract count analysis 430
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢�µê¤ ´¨¢ ¥� ¢¤��õ ý�÷�ð�À� ý�ûö�Øõ °��Â� ßþÀ� .Àþ�üõ ´¨¢�� ����÷ ö� öø¤¢ ¢¤��õ,����÷ ü÷��õ �ÎÖ÷ °Üè� .¢Âî ��Â¿µ¨� ����÷ ö�Øõ ¥� ö���üõ �ú�� �¤ ¢¤��õ ¢�Àã� ��ä�Ï� ø
m ,�ãó�Îõ ý�Â� ùÀª ��¿µ÷� ����÷ ×þ ¤¢ .¢�ªüõ �µêÂð ÂÑ÷¤¢ ����÷ ö�Øõ üêÂãõ ý�Â�.Ý�û¢üõ ö�È÷ (i = 1,2, . . . ,m) yi �� �¤ ����÷ m öø¤¢ Âþ¢�Öõ .ÝþÂ�ðüõ ÂÑ÷¤¢ �¤ ����÷ýÀ���ÈÖ÷ ý�ûñÀõ ø �û¢Â��î ¥� ö� ¤¢ �î ´¨� �µêÂð ��¹÷� ý¢Àãµõ ý¢¤�õ ��ãó�Îõ ö��î��âþÂ¨ ïÂõ �ø¤À�¨ ýÀ���ÈÖ÷ �� ö���üõ �÷�Þ÷ ö���ä�� .´¨� ùÀþ¢Âð ù¢�Ôµ¨� �ûý¤�Þ��ö�ÏÂ¨ ø �Æ÷�Âê ¤¢ ö�ÏÂ¨ ,ý¤�Æ�õ ¤¢ ö�î¢�î Â�õ ø ïÂõ ,À�Ü��Ø¨� ¤¢ °ó ö�ÏÂ¨ ,ö�¢�¥�÷,¢øÀ½õ �¤�¬�� ø íÀ÷� �ãó�Îõ À�� ¤¢ �� ¢��ø ßþ� �� .[9−15] ¢Âî ù¤�ª� ö�Þó� ¤¢ �þ¤¢¤��õ ��ú�÷� ü�Ü�î Í�þ�Â�ª ø ùÀ�È�÷ ��Æ�þ��Ö�õ Ý�û ��� ��ûý¤��Þ���� ý��û��È�Ö�÷ Û���Ü�½�� ¢À�ã�µ�õ ý��ú�ªø¤ýÀ������È�Ö�÷ ©Â�µ�Æ�ð ��� ø ¤ ¢Â�� ¤��î ø á��®��õ ´���Þ�û� ��� ������ ��� .´�̈ � ��µ�êÂ�Ú�÷ ¤�Â�ì ü�̈ ¤ Â��,��û¢Â�� ¤��î ,ý¤��ÿ�� ü�÷��±�õ ø ü�êÂ�ã�õ ýÀ������È�Ö�÷ ý��ûñÀ�õ ß�þÂ�µ�Þ�ú�õ ��ó��Ö�õ ß�þ� ¤¢ ,��ûý¤��Þ����.¢¢Âðüõ ö��� ¤�Êµ¡��� ×þ Âû °þ�ãõ ø ß¨�½õ�ûý¤�Þ�� ýÀ���ÈÖ÷ ý�ûñÀõ 2((SMR) ùÀª ¢¤�À÷�µ¨� Â�õ ø ïÂõ ´±Æ÷) üþ�Þ�µ¨¤¢ Â·î�À� ñÀõ 1�2´Æ¿÷ ��ð ö���ä�� ,ý¤�Þ�� ý�µ�� ø ¥øÂ� ý�ú÷���õ ÂÑ÷ ¥� ����÷ ×þ ´�ã®ø ü��þ¥ ¤� ý�Â�¤�Ñµ÷�¢¤�õ ����÷ ö� ¤¢ ý¤�Þ�� ö� ý�Â� ý¥øÂ� ö���õ �� Ý��î ü��þ¥ ¤� �î ´¨� °¨��õÛ�Ü½� ý�Â� ¢ÂØþø ¤ ßþ� .Ý��î �Æþ�Öõ ¤�Ñµ÷�¢¤�õ ¥øÂ� �� �¤ ùÀª ùÀû�Èõ ¢¤��õ Å³¨ ,´¨�.¢�ª üõ ù¢�Ôµ¨� ü���÷ öø¤¢ Âþ¢�Öõ¢¤�À�÷��µ�̈ � Â���õ ø ïÂ�õ �́±�Æ�÷ ,Â���õ ø ïÂ�õ ¤��Ñ�µ�÷�¢¤��õ Â�þ¢��Ö�õ ��� ùÀ�ª ùÀ�û��È�õ Â�þ¢��Ö�õ �́±�Æ�÷Âþ¢�Öõ ´±Æ÷ ¥� ,ý¤�Þ�� ¥øÂ� ø �µ�� �� ¯��Âõ ��ãó�Îõ ¤¢ .¢�ªüõ ùÀ�õ�÷ (SMR) 3ùÀª¢¤�À÷�µ¨� ¥øÂ� ´±Æ÷ �î Ý��îüõ ù¢�Ôµ¨� ý¤�Þ�� ¥øÂ� ¤�Ñµ÷�¢¤�õ Âþ¢�Öõ �� ùÀª ùÀû�Èõ.[1,2] ´¨� ����÷ Âû öø¤¢ ü±Æ÷ ÂÎ¡ ¢¤ø�Â� ´±Æ÷ ßþ� .¢�ªüõ ùÀ�õ�÷ (SIR) 4ùÀª¢���ªü��õ Ý�����Æ��Ö��� Û��¡�À��µ��õ���÷ ¤ø���¹��õ ����������÷ n ���� ���È��Ö��÷ ,©ø¤ ß��þ� ýÂ�����ð¤���î���� ý�Â���.À�û¢ü�õ ö��È�÷ �¤ ��i �������÷ ¤¢ ùÀ�ª ùÀ�û��È�õ Â�Ñ�÷¢¤��õ ¢�À�þø ¤ ¢�À�ã�� Oi .(i = 1,2, . . . , n)

3Standardized Mortality/Morbidity Ratio

4Standardized Incidene Ratio 431
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ø ´��� �ãó�Îõ ù¤ø¢ üÏ �î ¢�ªüõ ù¢�¢ ö�È÷ (Ei) �� ��i ����÷ ¤¢ ¤�Ñµ÷�¢¤�õ ¢�Àþø ¤ ¢�Àã�¢¤���õ Û�î ¤¢ Û�î �́��ã�Þ�� ��� �������÷ Â�û �́��ã�Þ�� �́±�Æ�÷ �Â�®Û�¬��� ¥� ø ùÀ�ª Â�ê ���Ü�ã�õ.¢�ªüõ ù¢�¢ ö�È÷ θi �� ��÷ ��i ����÷ ¤¢ ý¤�Þ�� ü±Æ÷ ÂÎ¡ .Àþ� üõ ´¨¢�� ùÀª ùÀû�Èõ¥� ø ù¢�� Ýû ¥� ÛÖµÆõ ,ü���÷ ß�� ,�û¢�Àþø ¤ ¢�Àã� �î ¢�ªüõ Âê ,ý¤�Þ�� ýÀ���ÈÖ÷ ¤¢´¨¢�� Âþ¥ �Î��¤ ¥� Oi üþ�Þ÷ ´¨¤¢ ßþ�Â���� .À�îüõ ýøÂ�� Eiθi ß�Ú÷��õ �� ö�¨��� âþ¥��:Àþ�üõ
L(θ) =

n∏

i=1 exp(−Eiθi)
Oi!

{Eiθi}Oi =
n∏

i=1 pois(Oi;Eiθi) ∝ n∏

i=1 θOi

i · exp
{
−

n∑
Eiθi

}:¥� ´¨� �¤�±ä ��÷ üþ�Þ÷´¨¤¢ â��� Ýµþ¤�Úó
l(θ) = lnL(θ) ∝

n∑

i=1Oi ln θi − n∑

i=1Ei · θi:¥�´¨� ��±ä üþ�Þ�µ¨¤¢ Â·î�À� ¢¤ø�Â� °��Â� ßþÀ�
θ̂ = SMRi =

Oi
Ei¤¢ üÔã® ¯�Ö÷ �õ� ´¨� ¸þ�¤ ¤��Æ� �ûý¤�Þ�� ýÀ���ÈÖ÷ ¤¢ �ûSIR ø SMR ¥� ù¢�Ôµ¨� ��Âð.¢¤�¢ ¢��ø �ûÉ¡�ª ßþ� ¥� ù¢�Ôµ¨�Â�þ¢��Ö�õ ¤¢ ü���Â�����ç�� íÀ�÷� ß�þ�Â������� ø À���µ�Æ�û ü�µ�±�Æ�÷ ¢¤ø�Â�� Â�� ü���µ�±�õ ��ûSIR ø SMR �1.¢¢Âð ¢¤ø�Â� ¤¢ üð¤�� ��Â��ç� ��Â¹�õ À�÷���üõ ¤�Ñµ÷�¢¤�õÂ�û ý�Â�� SIR ø SMR ,À�ª��� (Â�Ô�¬ ��� ×�þ¢��÷ ��þ) Â�Ô�¬ ¤��Ñ�µ�÷�¢¤��õ ¤�À�Ö�õ ��î ü�õ��Ú���û �2.¢�� Àû��¡ ï¤�� ¤��Æ� �þ �µª�À÷ ¢��ø ,´±·õ ùÀª ùÀû�Èõ ¤�ÀÖõ.À��îüÞ÷ ÅØã�õ �¤ ¤�Ñµ÷�¢¤�õ Âþ¢�Öõ ¤¢ ¢���õ ý�ú�ø�Ô� ÂÔ¬ ý�ûSIR ø SMR �3�� ü���÷ ¤¢ ø ù¢�� ¤�Ñµ÷�¢¤�õ ¤�ÀÖõ ÅØä �� °¨��µõ ø θi

Ei
Â��Â� SIR ø SMR Å÷�þ¤�ø �4.´¨� ï¤�� ¤�ÀÖõ ý�¤�¢ ,Ýî ´�ãÞ� �� ü���÷ ¤¢ ø ×��î Âþ¢�Öõ ý�¤�¢ ,ï¤�� ´�ãÞ�.À�îüõ ÛØÈõ �¤ ö� §�¨�Â� ýÂ�ðÝ�ÞÊ� �ÜÿÆõ ßþ�×þ f�Ö�ì¢ ø Àû¢üÞ÷ ��¹÷� �ûù¢�¢ ý��þ�� ¤�µ¡�¨ ö¢�¢ ö�È÷ ý�Â� üª�� SIR ø SMR �5.´Æ�÷ �êÂ¬ �� öøÂÖõ ö� ¥� ù¢�Ôµ¨� ßþ�Â���� ø ´¨� ü±Æ÷ ÂÑ¡ ¥� á�±ª� ¢¤ø�Â�Â� �±Üè ý�Â� ÂÚþ¢ ý�ûñÀõ ¥� ö���üõ ´¨� ¤�îÁõ ���ä ý�¤�¢ Âð¢¤ø�Â� ßþ� �îüþ�¹÷�¥�.¢Âî ù¢�Ôµ¨� ��ØÈõ ßþ�432
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ý¥�¨¤��Þû ý�ûñÀõ 2�2¤¢ ø ¢ø¤üõ ¤�î �� ùÂ�çµõ ×� Û��Æõ ¤¢ °Üè� �î �ûù¢�¢ üê�Èµî� Û�Ü½� ý�Â� ý¢ÂØþø ¤,§�î ßþ� ¤¢ ©ø¤ ßþÂ�¸þ�¤ .[16] À�îüõ ©�� ���µ¡� ø ��÷�¨�÷ ý¥�¨¤��Þû ´ú�ü÷¥ø ß�Ú÷��õ ,SMR ý�Â� ù¢�Ôµ¨� ��Ú�û �î ´¨� ö�Æ��ø � �þ�¤�¢�÷ Û÷Âî ý¥�¨¤��Þû ©ø¤
θ̂ =

∑

j 6=i
wjϕ :´¨� (�ûϕ) �ûSMR ¥�Â�þ¢��Ö�õ ¥� ü�ã������ ø ùÀ�õ� ´�¨¢��� wj =

k((ϕi − ϕj)/h)∑

i

k((ϕi − ϕj)/h)
��Î���¤ ¥� ��ûö¥ø ö� ¤¢ ��îÝÞ���õ ý�Â� h ø ´¨� ÂÔ¬ ß�Ú÷��õ �� ö¤�Öµõ ñ�Þµ�� üó�Ú� â��� K ø À�µÆû �ûüÚþ�ÆÞû��÷ ýÂÚþ¢ üû¢ö¥ø ý�û¢ÂØþø ¤ .¢�ªüõ ��¿µ÷� ©¥�Â� üþ�Ø÷ ý�û¤��ãõ ¥� ü¡Â� ö¢Âî�� ö���üõ �¤ h ý¥�¨¤��Þû ´��� .À÷¤�À÷ �¤ Âð¢¤ø�Â� ßþ� ý¤�õ� ý�ûüðÄþø �õ� À÷¤�¢ ¢��ø.¢Âî ��¿µ÷� cross-validation ¥� ù¢�Ôµ¨�©ø¤ ×þ .´¨� ÂÆî SMR �Â¿õ ø �¤�¬ �÷�ð�À� ý¥�¨¤��Þû ,ý¥�¨¤��Þû ÂÚþ¢ ¢ÂØþø ¤´¨� ùÀª ¢�ú�È�� �û¢�Àþø ¤ §¤¢� ø ö�Øõ ü±Æ÷ ÂÎ¡ ¢¤ø�Â� ý�Â� ÛÚþ¢ ø ñ�ÆÜî Í¨��ö�Øõ �î ¢ø¤üõ ¤�î �� Àû�ª ø ¢¤�õ ý�û¢�Àþø ¤ ö�Øõ ý�ûù¢�¢ ý�Â� ©ø¤ ßþ� .[17,18]´¨¢�� ý�Â� ��ã�Âõ Ûì�À� cross-validation ¥� ø À÷�ùÀÈ÷ ¤�� ö�Øõ §�¨�Â� ��Àû�Èõ.¢�ªüõ ù¢�Ôµ¨� ùÀõ� ´¨¢ �� Âð¢¤ø�Â� ý�Â� íÂµÈõ ý¥�¨¤��Þû ´��� ö¢¤ø�üÎ¡ ��� ý�ûñÀõ 3�2,��ûý¤��Þ���� ýÀ������È�Ö�÷ ¤¢ ��û©ø¤ ß�þ� ýÂ���ð¤��Ø�� .À���µ�Æ�û SMR ¥� ü�Î�¡ â������ Â�� ü���µ�±�õüÎ¡ ��� ¢¤ø�Â� �î ´¨� ùÀª ´��� .[11,19] ´¨� ùÀª ö��� ñ�ª¤�õ Í¨�� ¤�� ß�µÆ¿÷:¥� ´¨� �¤�±ä (ϕi) SMR §�¨�Â� {θi}

θ̂ = EΘ{θi}+
cov(θi, ϕi)

varΘ(ϕi)
[ϕi − EΘ{θi}]�Â�ê ��� Â�ð¢¤ø�Â�� ß�þÂ�µ�ú�� Â�ð¢¤ø�Â�� ß�þ� . �́̈ � ß���È���� â�þ¥��� ¤¢ θi À���õ� EΘ{θi} ö� ¤¢ ��î�Âê �� Âð¢¤ø�Â� ��Â¹�õ �ó¢�ãõ ßþ�.´¨� θ̂i = αi + βϕi

θ̂i = mi +
vi

mi

vi
+ vi

{ϕi −mi}433
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ö��µ� Âð� ßþ�Â���� .À÷�ü±Æ÷ ÂÎ¡ ß�È�� Å÷�þ¤�ø ø ß�Ú÷��õ °��Â��� vi ø mi �î ¢�ªüõ´¨¢�� �¤ ö� ß�Æ� ¢¤ø�Â� ö���üõ üð¢�¨ �� ,¢Âî ¢¤ø�Â� �¤ θi ß�È�� Å÷�þ¤�ø ø ß�Ú÷��õ.¢¤ø�:¥�À��¤�±ä ©ø¤ ßþ� ý�ú�ðÄþø ¥� ü¡Â�Àª�� ×��î Ei Âð� �õ� À�îüõ Û�õ SMR ´Þ¨ �� ¢¤ø�Â� ù�ðö� Àª�� ï¤�� Ei Âð� �1.À�îüõ Û�õ ß�È�� ß�Ú÷��õ ´Þ¨ �� ¢¤ø�Â�ñ��b �̈ ý¤��ÿ�� Â�Ñ���õ ¥� Û���ó¢ ß���Þ�û��� ø ù¢Â�î Ë�Ö�÷ �¤ ü�þ��Þ���µ�̈ ¤¢ Û�¬� ��ûÂ�ð¢¤ø�Â�� ß�þ� �2´��� ø ù¢�� Ýû �� °¨��µõ üþ�Þ�µ¨¤¢ ø¢ Âð� �î À�îüõ É¿Èõ ý�Þ�µ¨¤¢ Û¬� .À÷��Ú÷�Â�.Àª�� ���Èõ Àþ�� ùÀõ� ´¨¢�� ¸þ�µ÷ ù�ðö� ,Àª�±÷ ÂÑ÷ ¢¤�õ Âµõ�¤�� �� �µÆ��ø °¨�����Ü�¬��ê ��±�̈ ��½�õ ´�ú�� ¤¢ ü�õ�À�ì� ø À�û¢ü�õ ����¤� �¤ ��û¢¤ø�Â�� Â�þ¢��Ö�õ ��ú���� ¢Â�Ø�þø ¤ ß�þ� �3.¢ÂþÁ�üÞ÷ �¤�¬ Âê ö�õ¥� ��¹÷� ø ö���ÞÏ�:´¨� ù¢Âî ¢�ú�È�� �¤ Âð¢¤ø�Â� ßþ� ¥� á�÷ ø¢ ñ�ª¤�õ.À�þ�üõ ´¨¢ �� ý¤ø�µÈð ©ø¤ ¥� ø ùÀª Âê ´��� Å÷�þ¤�ø ø ß�Ú÷��õ :üÜî ¢¤ø�Â�
v̂ =

1∑
Ei

∑
Ei · {ϕi − m̂}2 − m̂∑

Ei
, m̂ =

∑
Oi

∑
EiÂÑ÷¤¢ θ̂ = m̂ ,Àª�� v̂ < 0 Âð� ,Àª�� üÔ�õ v ¢¤ø�Â� ¤�ÀÖõ ´¨� ßØÞõ �î �Ø�þ� �� ���� ��.¢�ªüõ �µêÂð´¨¢�� ¤ø�¹õ ü���÷ ¥� ù¢�Ôµ¨� �� f�êÂ¬ ß�È�� Å÷�þ¤�ø ø ß�Ú÷��õ ¢¤ø�Â� :üã®�õ ¢¤ø�Â�

v̂i =
1∑

j∼i
Ei

∑

j∼i
Ej · {ϕj − m̂j}2 − m̂j∑

j∼i
Ei

ø m̂ =

∑

j∼i
Oi

∑

j∼i
Ei

.Àþ�üõÂÑ÷ ¤¢ .´¨� ù¢¤ø� ´¨¢�� �µó¢ ©ø¤ ¥� ù¢�Ô¨� �� �¤ �ûÂð¢¤ø�Â� ßþ� ¤��ãõ é�Â½÷� ñ�ª¤�õ
(var(θ̂i)) ùÀª ¢¤ø�Â� Âþ¢�Öõ Å÷�þ¤�ø �� ´±Æ÷ (var(θi|Oi)) ß�Æ� âþ¥�� Å÷�þ¤�ø ßµêÂð.´¨� ¼�¤�ü�Â¹� ��� ý�ûñÀõ 4�2¢¤ø�Â� ùÀª ùÀû�Èõ ý�ûù¢�¢ ¥� ü±Æ÷ ��ÂÎ¡ ß�È�� âþ¥�� �õ� ù¢�� ý��� ý�úªø¤ ���ÈõýøÂ���� g(θ) À���÷��õ ü�¬��¡ â�þ¥��� ¥� {θi} ��î À�����îü�õ Â�ê ��ú�ªø¤ ß�þ� .[20,21] ¢��ªü�õö����ü�õ �¤ ��ûÂ�µ�õ�¤��� ß�þ� .(Ω) À�÷��ªü�õ É�¿�È�õ ��ûÂ�µ�õ�¤��� ¥� ý���ä��Þ�¹�õ ��� ��î À�����îü�õ434
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢¢Âî ¢¤ø�Â� l(Ω) = ∫ f(x|θ)g(θ|Ω)dθ ý���ª�� üþ�Þ�µ¨¤¢ ö¢�Þ÷ Â·î�À� �� ø �ûù¢�¢ ¥�Õ�þÂ�Ï ¥� ö����ü�õ �¤ ö¢��Þ�÷ Â�·�î�À�� . �́̈ � ùÀ�ª ùÀ�û��È�õ ¢¤���õ ��b��� â�þ¥��� f(x|θ) ö� ¤¢ ��î¥� ñ�ÂÚµ÷� ý�Â� üÜ�Ü½� ��±þÂÖ� ÕþÂÏ ¥� �þ ´¨� ýÂ�ðñ�ÂÚµ÷� ¥� ¥��÷ü� �î EM Ýµþ¤�Úó�ü��Â�¹�� ����� ý��ûñÀ�õ ����¤��� ¤¢ ��î ü�þ��ûñÀ�õ ß�þÂ��Ý�ú�õ .¢�¢ ���¹�÷� §���� °�þÂ�Ö�� Û���±�ìüêÂãõ ¤øÀó�î ø ö�µþ�î Í¨�� �î À�µÆû ñ�õÂ÷ Ùó ø ö�¨��� � �õ�ð ý�ûñÀõ À÷¤�¢ ¤�Âì.[10] À÷�ûÀþ¢Âðö�¨��� � �õ�ð ñÀõø ù¢��� Û�Ö�µ�Æ�õ ø¢ ��� ø¢ ü�����÷ ¤¢ ��ûïÂ�õ ¢�À�ã�� ��î ´�¨� ß�þ� Â�� Â�ê ,ñÀ�õ ß�þ� ¤¢��Â�Î�¡ ý�Â�� ß���È���� â�þ¥��� .(Oi ∼ poisson(Eiθi)) À�����îü�õ ýøÂ���� ö��¨���� â�þ¥��� ¥�,��õ��ð ß���Æ�� â�þ¥��� ö¢¤ø� ´�¨¢��� ý�Â�� .¢��ªü�õ ��µ�êÂ�ð Â�Ñ�÷¤¢ gamma(a, b) ����÷ ü�±�Æ�÷.¢���ªü��õ °�����îÂ��� ö���¨����� ü��þ���Þ�����µ��¨¤¢ ���� ,ü��±��Æ��÷ ��Â��Î��¡ ý�Â��� ���õ���ð ß�����È������ â��þ¥����ß�����Ú��÷������õ ���� Gamma(a + Oi, b + Ei) ß�����Æ��� â��þ¥���� ý�¤�¢ ü��±��Æ��÷ Â��Î��¡ °������Â��� ß��þÀ���ßþ�Â���� .wi = Ei
b+ Ei

ö� ¤¢ �î ´¨� E [θi|Oi, a, b] =
a+Oi
b+ Ei

= wiSMRi+(1−wi)
a

bü�±�Æ�÷ Â�Î�¡ ø �������÷ ß���õ�i ý�Â�� SMR ü�÷¥ø ß���Ú�÷����õ ,�������÷ ß���õ�i ý�Â�� ß���Æ�� ß���Ú�÷����õÂð� .´¨� ¯�±�¤� ¤¢ SMR Å÷�þ¤�ø �� §�Øãõ ¤�Ï�� ö¥ø �î ´¨� üÜî �ÈÖ÷ ¤¢ ý¤�Þ��
SMR ´Þ¨ �� Âð¢¤ø�Â� ù�Ú÷� À�ª�� ï¤�� ø¢ Âû ¤�Ñµ÷�¢¤�õ Âþ¢�Öõ ø ùÀª ùÀû�Èõ Âþ¢�Öõ�� ù�Ú÷� À�ª�� ×��î ø¢ Âû ¤�Ñµ÷�¢¤�õ Âþ¢�Öõ ø ùÀª ùÀû�Èõ Âþ¢�Öõ Âð� �õ� .À�îüõ Û�õùÀª ¢¤ø�Â� Âþ¢�Öõ �î ßþ� ¢��ø �� .[10,20,21] À�îüõ Û�õ (Oi

Ei
) ß�È�� ß�Ú÷��õ ´Þ¨ßÆ� À�� ý�¤�¢ ö�¨��� ��õ�ð ñÀõ ,¢¤ø� ´¨¢�� Ûõ�î üÎ¡ ��� Âð¢¤ø�Â� ¥� ö���üõ �¤:´¨���¹÷� ø ö���ÞÏ� Û¬��ê �±¨�½õ ý�Â� À÷���üõ �î À�îüõ ¢¤ø�Â� �¤ Ûõ�î ß�Æ� ñÀõ ßþ� �1.¢¤�À÷ �¤ üµ�Ü��ì ß��� üÎ¡ ��� ©ø¤ �îüó��¤¢ ¢�ª ù¢�Ôµ¨� Âê ý�ûö�õ¥�ßþ� Å÷�þ¤�ø ø ß�Ú÷��õ ö�¨��� � �õ�ð ñÀõ Àª�� �õ�ð ü±Æ÷ ÂÎ¡ üãì�ø âþ¥�� Âð� üµ� �2ùÀª ù¢�Ôµ¨� ý¤ø�µÈð ©ø¤ �� ´±Æ÷ �î À�îüõ ¢¤ø�Â� üþ�Þ�µ¨¤¢ Â·î�À� ÕþÂÏ ¥� �¤ âþ¥��.[10,20,21] ´¨� ¼�¤� ø Â�Â� üÎ¡ ��� ý�ûñÀõ ¤¢´Æ�÷ üþ�Ìê üÚµÆ±Þû ßµêÂðÂÑ÷¤¢ �� ¤¢�ì ñÀõ ßþ� :�î ´¨� ßþ� ©ø¤ ßþ� ü¨�¨� °�ä.[20]435
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ñ�õÂ÷ Ùó ñÀõ¢øÀ½õ À÷���üõ ,´¨� °¨��õ ü���®�þ¤ ÂÑ�õ ¥� ��Âð ü±Æ÷ ÂÎ¡ ý�Â� �õ�ð ß�È�� âþ¥��¤¢ üþ�Ìê üÚµÆ±Þû ßµêÂð ÂÑ÷¤¢ ö�Øõ� ø ù¢�� ÛØÈõ ö� �� ´þ¤ø�î ¢ø¤ø �Âþ¥ Àª�� ùÀ��î¥� Â�ÂþÁ� é�Îã÷� ý¤�Þ�� ü±Æ÷ ��ÂÎ¡ ý�Â� ñ�õÂ÷ Ùó ñÀõ .[1] ¢¤�À÷ ¢��ø ÂµØþ¢�÷ ü���÷:´¨� ö�¨��� � �õ�ð ñÀõ
yi ∼ poisson(Eiθi)

log θi = α+ vi

vi ∼ N(0, τ2v )
(BYM) Ûõ�î ��� ñÀõ 5�2âþ¥�� ¥� ø ù¢�� ÛÖµÆõ ø¢��ø¢ �ÖÎ�õ Âû ¤¢ �ûï Âõ ¢�Àã� �î ´¨� ßþ�Â� Âê ñÀõ ßþ� ¤¢í¤�þ ,ÙÆ�� Í¨�� ø ùÀª �ÂÎõ ¤øÀó�î ø ö�µþ�î Í¨�� ñÀõ ßþ� .À��îüõ ýøÂ�� ö�¨���:´¨� Âþ¥ �Âª �� ñÀõ ßþ� ýÀ��ñ�õÂê .[10,22] Àª ù¢�¢ ÍÆ� üó�õ ø

yi ∼ Poisson(Eiθi)

log θi = α+ ui + vi:¢�ªüõ �þ�¹� �Ôó�bõ �¨ �� ý¤�Þ�� ü±Æ÷ ÂÎ¡ Âµõ�¤�� ñÀõ ßþ� ¤¢.´¨� ü±Æ÷ ÂÎ¡ üÜî ¼Î¨ �î À÷ø ¤ �Ôó�bõ :α �1×þ¢�÷ ü���÷ �î ´¨� üÖÎ�õ :((üþ�Ìê �µÆ±Þû ü�ÚÞû�÷) üþ�Ìê üðÀ�î�Â� Ç��) ui �2
ui üê¢�Ê� Â�çµõ ,ö�Øõ� ßþ� ßµêÂð ÂÑ÷¤¢ ý�Â� .À�ª�� �µª�¢ Ýû ���Èõ ü±Æ÷ ��ÂÎ¡ ,ÝûüÚµÆ±Þû ¤�µ¡�¨ ,�Ôó�b õ ßþ� ý�Â� .¢�ªüõ ¢¤�ø ñÀõ ¤¢ ´¨� �µÆ±Þû �û{ui} ÂÚþ¢ �� �î.´¨� �þ�ÆÞû ü���÷ �� �µÆ��ø ����÷ Âû ¤¢ ü±Æ÷ ÂÎ¡ ¢¤ø�Â� �î ¢�ªüõ ù¢�Ôµ¨� üþ�Ìê:¥� ´¨� �¤�±ä ö�¤�ØÞû ø ÙÆ�� Í¨�� ùÀª ¢�ú�È�� üÏÂª üµÈð¥��¢�¡ ñÀõ

[
ui|uj , i 6= j, τ2u ] ∼ N(ui, τ

2
i )436
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢.τ2i =
τ2u∑

j

wij
ø ui = 1∑

j

wij

∑

j

ujwij :ö� ¤¢ �î.´¨� wij = 0 �¤�¬ßþ� Â�è ¤¢ ø wij = 1 ,À�ª�� ¤ø�¹õ j ø i Âð�ý�Â� ñÀõ ýÀ��ñ�õÂê �� :((üþ�Ìê �µÆ±Þû�÷ ü�ÚÞû�÷) üþ�ÌêÂ�è üðÀ�î�Â� Ç��) vi �3��� ñ��Ö�µ�̈ � ø �́̈ ��ûü�Ú�þ��Æ�Þ�û ¢�À�ã�� ��� ��µ�Æ���ø Å�÷��þ ¤�ø ,ü�þ��Ì�ê ��µ�Æ�±�Þ�û ü�ðÀ���î�Â�� Ç�����î ¢Âî üêÂãõ �¤ (vi) ýÂÚþ¢ �¤�±ä ö���üõ ,ÛØÈõ ßþ� Û� ý�Â� .¢�ªüÞ÷ ÓþÂã� ü��¡´¨� �¤�±ä Âµõ�¤�� ßþ� ý�Â� ß�È�� âþ¥�� .´¨� ¢¤�À÷�µ¨� �µÆ±Þû�÷ üðÀ�î�Â� Ç�� Âµõ�¤��
vi ∼ N(0, τ2v ) :¥�ßþ� ý�Â� Àþ�� Ûõ�î ��� Û�Ü½� ¤¢ .À��îüõ ñÂµ�î �¤ v ø u ýÂþÁ�Â��ç� τ2v ø τ2u ý�ûÂµõ�¤���ûÂµõ�¤�� ßþ� ý�Â� �¤ �õ�ð ß�È±� ý�ûâþ¥�� ü��ó¢¤�÷Â� .¢¢Âð ß��ã� ß�È�� ý�ûâþ¥�� �ûÂµõ�¤��.[22,23] ´¨� ù¢�¢ ¢�ú�È���µ¿�õ� ý�ûñÀõ 6�2¥� ý��ä�Þ¹õ Ûõ�ª �µ¿�õ� üãþ¥�� ,Âþ¢�Öõ ý���ª�� âþ¥�� �î ´¡�¨ ñÀõ ×þ ö���üõø üðÀ�î�Â� ö� ¤¢ �î �� üÜ±ì ý�ûñÀõ ¥� f�õ�î ¢ÂØþø ¤ ßþ� .¢�ª �µêÂð ÂÑ÷¤¢ �µÆÆð Ǒ����

K ñÀõ ßþ� .´¨� �ø�Ôµõ �� ¢�ªüõ ýÀ��ñÀõ Ǒ�� À�� ¥� üÏ�Ü¿õ �� ÂÎ¡ ¤¢ ��Â��ç�ý�����÷ ¥� �¤ ùÀª ùÀû�Èõ Âþ¢�Öõ ø {θ1, θ2, . . . , θk} ¢Â�ðüõ ÂÑ÷¤¢ �¤ ÂÎ¡ ¥� �ø�Ôµõ ¼Î¨:¥� ´�̈ � �¤��±�ä ö� ü�þ��Þ���µ�̈ ¤¢ â����� °����Â�� ß�þÀ�� .À���îü�õ Â�ê pj ñ��Þ�µ��� ø θj Â�Î�¡ ���
L =

n∏

i=1 k∑

j=1 pjpois(Oi, Ei, θI)Û����ì ý��ú�Þ�µ�þ ¤��Ú�ó� ��õ� ¢¤�À�÷ ¢���ø ü�±�Æ�÷ ��Â�Î�¡ ý�Â�� ��µ�Æ�� �Â�ê ��� ����� ´�ó��� ß�þ� ¤¢Â·î�À� ý�û¢¤ø�Â� �ûÝµþ¤�Úó� ßþ� .[24] À÷¤�¢ ¢��ø éÀû ßþ� ý�Â� VEM À�÷�õ ý¢�Þµä�ýÀ������Ö�±�Ï ý�Â�� À���÷����ü�õ ß�����»�Þ�û ø À���û¢ü�õ ����¤� �¤ {pj} ø {θi} ý�Â�� ü�þ��Þ���µ�¨¤¢ß�����Æ��� ü��®���þ ¤ À�����õ� ¥� ù¢���Ô��µ��̈ � Â��Ú��þ¢ ù�¤ ×��þ .À��÷���ª ù¢���Ô��µ��̈ � Â��Î��¡ ×��þ ���� ����������÷ Â��ûø ö��¨ø� Í�¨��� ùÀ�ª ¢��ú���È���� ý��µ�¿���õ� ñÀ�õ ¤¢ .´�¨� θ̂i = k∑

j=1 θ̂ip̂jPois(Oi, Ei, θ̂i)
k∑

j=1 p̂jPois(Oi, Ei, θ̂i)Â�þÁ��â�Þ�� ��Ô�ó�b �õ ��¨ ��� À�÷����ü�õ ü�±�Æ�÷ Â�Î�¡ Ý�µ�þ ¤��Ú�ó ��î ¢��ªü�õ Â�ê (2002) í¤��î437
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢×þ ¤¢ üðÀ�î�Â�Ç�� �î (v) �µÆ±Þû�÷ ü�ÚÞû�÷ ýùÀ�û¢ö�È÷ ´��� �Ôó�bõ ×þ .¢�ª ×�ØÔ�ý��û��±���� ýùÀ���û¢ö��È�÷ ��î (u, ϕ) ��µ�¿���õ� ��Ô�ó�b �õ ø¢ ø À���îü�õ ýÂ���ðù¥�À�÷� �¤ «��¡ �������÷×þ ø üþ�Ìê üÚµÆ±Þû �Ôó�bõ ×þ ¥� ü±�îÂ� �Ôó�bõ ø¢ ßþ� .À�µÆû üþ�Ìê üÚµÆ±Þû �ø�Ôµõ.[25] À�ª��üõ À�îüõ ýÀ��ñÀõ �¤ �µÆÆð ý�úõ�ð �î �Ôó�bõ
log θi = α+ vi + piui + (1− pi)ϕi :¥� ´¨� �¤�±ä �µ¿�õ� ñÀõñÀ�õ �����È�õ ñÀ�õ ß�þ� pi = 1 Â�ð� . �́̈ � pi Â�þ¢��Ö�õ °�Æ��Â�� ü�¬��¡ ����� ý�¤�¢ ñÀ�õ ß�þ�ý�ûÂµõ�¤�� ý�Â� .¢�ªüõ Éó�¡ ��ð ñÀõ �� ÛþÀ±� ñÀõ ßþ� Àª�� pi = 0 Âð� ø ´¨� BYM.¢¢Âðüõ ß��ã� ß�È�� ý�ûâþ¥�� ,ñÀõ ßþ�ü½Î¨À�� ý�ûñÀõ 7�2

θi = exp{β0 + vi} .¢Â�ðüõ ¤�î�� �¤ üÎ¡ Ùó �Âê �ûý¤�Þ�� ýÀ���ÈÖ÷ ÂÚþ¢ ©ø¤Å÷�þ¤�ø σ2v ø vi ∼ N(0, σ2v ) ´¨� ÂÔ¬ ß�Ú÷��õ �� ñ�õÂ÷ âþ¥�� ý�¤�¢ üê¢�Ê� �¤�±ä �î:(�ú÷���õ ý����) ´ª�÷ ��÷ ¢¤��õ ¢�Àã� °Æ�Â� ö���üõ �¤ ñÀõ ßþ� .´¨� v üê¢�Ê� ��Â��
yi ∼ Poisson(µi) , log(µi) = log(Ei) + β0 + vi���Î�¨ ý�¤�¢ ��î À�����ýü�õ ©¥�Â�� ü�þ��ûù¢�¢ ��� ü�½�Î�¨À���� ý��ûñÀ�õ ü�Ü�î ´�ó��� ¤¢ßþ� ,üþ��ê�Âç� ý�û¢Â�¤�î ø �ûý¤�Þ�� ýÀ���ÈÖ÷ ¤¢ .À�µÆû ¢�¡ ¤�µ¡�¨ ¤¢ ýÀ���ª�¡,��ûö��µ�¨Â�ú�ª ý��ûÇ�¿�� ñ��·�õ ö�����ä��� .[26] À���µ�Æ�û ü�þ����ê�Â�ç�� �ø��Ô�µ�õ ���Î�¨ ,���Î�¨��Â��� ö����ü�õ ü�þ����ê�Â�ç�� ¼�Î�̈ Â�û ý�Â�� Å�³�̈ .¤��È�î ý��ûö��µ�̈ � ø ��ûö��µ�̈ � ý��ûö��µ�̈ Â�ú�ªö���üõ ,�ûö�µ¨� ý�ûö�µ¨Âúª ý�Â� ñ�·õ ö���ä�� .¢�¢ ©¥�Â� �¤ ñ�õÂ÷ âþ¥�� ý�¤�¢ üê¢�Ê�:´ª�¢ �¤ Âþ¥ ©¥�Â�

yij ∼ Poisson(µij) , log(µij) = log(Eij) + β0 + vij + uijø vj ∼ N(0, σ2v ) À���µ�Æ�û ñ��õÂ�÷ â�þ¥��� ý�¤�¢ ��ûö��µ�¨� ø ��ûö��µ�¨Â�ú�ª ü�ê¢��Ê�� ��Â��� ��î.uij ∼ N(0, σ2u)�� Ýû ø �÷�þ�Âðü÷�ø�Âê ý�û¢ÂØþø ¤ �� Ýû ö���üõ �¤ ö�¨��� ¾¨�� �� ü½Î¨À�� ý�ûñÀõ°þÂÖ� ¥� ù¢�Ôµ¨� À�õ¥��÷ f��Þãõ �÷�þ�Âðü÷�ø�Âê ý�û¢ÂØþø ¤ .¢�¢ ©¥�Â� ý��� ý�û¢ÂØþø ¤À�õ¥��÷ �î À�îüõ ù¢�Ôµ¨� üþ�Þ�µ¨¤¢�±ª ý�úªø¤ ¥� MLwiN ¤��ê��Â÷ ñ�·õ ö���ä�� .À�µÆû��� ö���µ�� ��î ´�¨� ü�µ�ó��� ��� ��Ü�ÿ�Æ�õ Û�þÀ�±�� ý�Â�� ¤��Ü���� ý��ûýÂ�¨ ý��û°�þÂ�Ö�� ¥� ù¢��Ô�µ�¨�.[27,28,29,30] ¢�¢ ���¹�÷� �¤ ©¥�Â�� ü�õ��Þ�ä ¤Â�Ø�õ ���ã��Â�õ Û�ì�À�� Ý�µ�þ ¤��Ú�ó� ¥� ù¢��Ô�µ�̈ �438

www.SID.ir


www.SID.ir

Arc
hive

 of
 S

ID

1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢¢¤ø�Â�� .´�̈ � ñ��õÂ�÷ â��Â�õ ø §���� ���±�þÂ�Ö�� Û�õ��ª ��÷��þ�Â�ðü�÷�ø�Â�ê ¸�þ�¤ ý��û¢Â�Ø�þø ¤ Â�Ú�þ¢ý�û¢¤ø�Â� ¥� ø ù¢�� ß�È�� ��ä�Ï� Ûõ�ª �î ´¨� üþ�ûñÀõ �� �ûñÀõ ÍÆ� Ûõ�ª ý���.[31,32] À��îüõ ù¢�Ôµ¨� ©¥�Â� ý�Â� MCMC�ûñÀõ �Æþ�Öõ 3���� ,�ûý¤�Þ�� ýÀ���ÈÖ÷ ý�ûñÀõ ü��ÂÏ «�Ê¡¤¢ ö�ø�Âê ���Öõ ø °ó�Îõ ¢��ø ��é�Îãõ �ûñÀõ ©¥�Â� üþ�Ø÷ ý�û¤��ãõ ¥� ù¢�Ôµ¨� �� ùÄþø�� �ûñÀõ �Æþ�Öõ ø ü��þ¥ ¤� Â� üîÀ÷�ü¡Â� ¥� �ûù¢�¢ ý¥�¨��±ª ¥� ù¢�Ôµ¨� �� ý��ãó�Îõ ¤¢ (2000)ö�¤�ØÞû ø ö�¨ø� .´¨� ùÀªø �ûñÀõ ¥� ��Àî Âû Í¨�� üþ�Ìê üðÀ�î�Â� Çª�� üÚ÷�Ú� ü��þ¥ ¤� �� ,ßØÞõ ý�ûñÀõ ¥�üþ�Ø÷ ¤��ãõ ßþÀ�� ¥� ù¢�Ôµ¨� �� �µê�þ©¥�Â� ý�ûñÀõ ¥� ��Àî Âû ü±Æ÷ üÚµÆþ�ª ü¨¤Â�ß�ªø¤ ý�Â�� �¤ â�õ��� ý¥��̈ ����±�ª ��ã�ó��Î�õ ×�þ (2004) ö��̈ ¢¤��»�þ¤ .[2] À���µ�¡�¢Â�� ©¥�Â��ü��þ¥ ¤� ¤�Ñ�õ�� �ûý¤�Þ�� ýÀ���ÈÖ÷ ý��� ý�ûñÀõ ¤¢ ��ÂÎ¡ ý¥�¨¤��Þû ö���õ ö¢�Þ÷(1991) ñ��ª¤��õ .[33] ¢�¢ ���¹�÷� ü�ã�ì�ø ý���� Â�Î�¡ ��� ü�����÷ É���¿�È�� ¤¢ ��ú�÷� ¢Â�Ø�Ü�Þ�äø ¤øÂõ �¤ �ûý¤�Þ�� ýÀ���ÈÖ÷ ¤¢ Ûõ�î ��� üþ�Àµ�� ý�û ©ø¤ ü¡Â� ø ü�Â¹� ��� ý�úªø¤Â� ü�µ±õ ø ýÂµõ�¤���÷ ý�û¢ÂØþø ¤ «�Ê¡¤¢ (2000) Ûµ�� .(43)¢�¢ ¤�Âì �Æþ�Öõ ¢¤�õüþ�Ìê ý�ûñÀõ ýù¢�Ôµ¨� (2003) ö�¨¢¤�»þ¤ ø (1999) ö�¨ø� .[35] ¢�Þ÷ ¶½� ñÀõ(2007) À�÷����ó ø �À�÷��õ .[14,36] À�÷¢�¢ ¤�Â�ì ¶�½�� ¢¤��õ �¤ ×�þ���ó����õÀ����� ý��û¢Â�� ¤��î ¤¢À÷�ù¢Âî �Æþ�Öõ ý��� üþ�Ìê ý�ûñÀõ �� �¤ (üþ�Þ�µ¨¤¢ Â·î�À�) �÷�þ�Âðü÷�ø�Âê ý�û©ø¤�î üþ�ûñÀõ ø ü�Â¹� ��� ø Ûõ�î ��� ý�ûñÀõ ß�� ý��Æþ�Öõ üó�õ�µ÷�õ ø ü��ó¢¤�÷Â� .[37]ý�ûñÀõ ßþÂ�ÀþÀ� (2005) ´Æ� .[38] À÷�ù¢�¢ ��¹÷� À÷¤�¢ ¤�îøÂ¨ �ûý¤�Þ�� üðÀ�î�Â� ��´¨� ù¢Âî �¬�¡ �¤ À��îüõ ù¢�Ôµ¨� Ûõ�î ��� ý�ûñÀõ ¥� �ûý¤�Þ�� ýÀ���ÈÖ÷ ¤¢ �î ý���À�÷�ù¢�¢ ���¹�÷� Û�õ��î ����� ø ü��Â�¹�� ����� ý��ûñÀ�õ ù¤��� ¤¢ ü����Æ�þ��Ö�õ ¤øÀ�ó��î ø ö��µ�þ��î .[39]ßþ� �î ´¨� ùÀª ��¹÷� ��÷ Ûõ�î ��� ñÀõ ´�¨�Æ� ü��þ¥ ¤� ý�Â� ýÂÚþ¢ ý�û©�� .[10]ßþ� §�¨�Â� .[26,40] ´¨� ý��� ý�ûñÀõ ¥� ý¢øÀ½õ ��õ�¢ �� ¢øÀ½õ �ú�� ��÷ �ûü��þ¥ ¤�.´¨� ùÀª Û¬�� Âþ¥ ¸þ�µ÷ ��ãó�Îõ¢¤ø�Â� ,ñÀõ ø¢ ¤¢ �ûÂµõ�¤�� ¢¤ø�Â� ���È� ¢��ø �� :ý���Â�è ø ý��� ý�ûñÀõ �Æþ�Öõ (Óó�ß��»Þû .´¨� ý��� ©ø¤ ¥� ÂµÞî f�õ�Þä �÷�þ�Âðü÷�ø�Âê ¢ÂØþø ¤ ¤¢ üê¢�Ê� ��Â�� Å÷�þ¤�øý��ûö�����õ À���û¢ü�õ ����¤� ýÂ��ö������Þ�Ï� Û����ì ý��û¢¤ø�Â�� ø �́̈ � Â��ö��̈ � ý����� ©ø¤ ý�Â���ö���ÞÏ� �Ü¬�ê ý�¤�¢)Â�Õ�ì¢ À�þ�üõ ´¨¢�� ý��� ©ø¤ ¥� ù¢�Ôµ¨� �� �î �ûý¤�Þ�� ¥øÂ�439
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢Çû�î ø ü±þ¤� ß�� ý��ó¢�±õ ý��� ý�úªø¤ �î ´¨� ùÀª ´��� .[41,42] À�µÆû (Â�ù���îÝ�î ��÷��Þ�÷ Ý�¹�� ��î ü�õ��Ú���û ùÄ�þø��� ��î �́̈ � ùÀ�ª �́���� .À�����îü�õ ¢��¹�þ� ��û¢¤ø�Â�� Å�÷��þ ¤�øÇû�î .[14] À÷¤�¢ �Î¡ â�Âõ ö�þ¥ ö¢Âî���Þî °Æ�Â� ü��¡ ý�ûüðÄþø �úªø¤ ßþ� ´¨�´¨¢�� ,ùÀª �µêÂðÂÑ÷¤¢ ü±��Âõ �ÜÆÜ¨ ¤�µ¡�¨ ¥� ¸µ�õ ��ä�Ï� §�±µì� ÕþÂÏ ¥� Å÷�þ¤�ø�î Ýþ¤�¢ ¤�Ñµ÷� �¹�µ÷¤¢ .´¨� øÂÔõ ß�È�� ¤�µ¡�¨ �� �µÆ��ø ��÷ 5�±Ö÷� Â�� .Àþ�üõý��ûü�ðÄ�þø °����Â�� ß�þÀ�� ø À�÷¢Â�ð �ø��Ô�µ�õ ý��û��±�Ö�÷� ��� Â�¹���õ �ø��Ô�µ�õ ü�þ��Ì�ê ý��ú���È����.[14] ´¨� ¢¤ø�Â� üþ�è éÀû �� �µÆ��ø �û¢¤ø�Â� ý�Â� ÂÑ÷¢¤�õ ø ��ÜÎõø ü���£ ý��û��Ú�ó� ùÀ�û��È�õ ö��Ø�õ� ,���÷��̈ ��÷ éÁ�� ��� ý¥��̈ ¤���Þ�û :ý¥��̈ ¤���Þ�û ý��ûñÀ�õ (���� �́±�Æ�÷ ýÂ�µ�û�����î ö������Þ�Ï� Û�¬���ê ø Â��Õ���ì¢ ý�ù¢ø�Â�� ø À���îü�õ Ý�û�Â�ê �¤ ü�þ��Ì�ê ü�ã�ì�ø�ûÀ��ø ¢�Àã� Çû�î ý¥�¨¤��Þû Â�� ,üÜî ´ó�� ¤¢ .Àû¢üõ �¹�µ÷ �¤ ý¥�¨¤��Þû �Àä ´ó��ü�÷����õ ý��ú�ûøÂ�ð ¤¢ ��ûÀ���ø ¢�À�ã�� Ç�þ���ê� °����Â�� ß�þÀ�� ø ��ú�ûøÂ�ð ß�þÂ��ß���þ��� ø ß�þÂ������ ¤¢��¬�� Û÷Âî ¥�¨¤��Þû ¥� ù¢�Ôµ¨� ø �µª�À÷ ü��ÜÎõ ¢ÂØÜÞä �ûñÀõ ßþ� üÜî ´ó�� ¤¢ .´¨��¤�¬ ¤¢ .[2] ¢¤�¢ ýÂµú� ¢ÂØÜÞä ü±Æ÷ ÂÎ¡ Ýµþ¤�Úó ¢¤ø�Â� ¤¢ ©ø¤ ßþ� �õ� ¢�ªüÞ÷.[43] ¢¤�¢ Ó�ã® ý¢ÂØÜÞä Û÷Âî ¥�¨¤��Þû üÚµÆ±Þû¢�¡ ¢��ø���¤� �¤ ýÂµú� ¸þ�µ÷ ñ�ª¤�õ üÜî ñÀõ ,üÎ¡ ��� ý�û©ø¤ ß�� ¤¢ :üÎ¡ ��� ý�ûñÀõ (�ý¤�µê¤ �ûñÀõ ßþ� ß��»Þû .¢¤�Áðüõ ���� �¤ �ûùÀ÷�Þ�ì�� ¤¢ üÚµÆ±Þû¢�¡ ��Âð Àû¢üõ.[2] À�û¢üõ ö�È÷ ¢�¡ ¥� ö�¨��� � �õ�ð ñÀõ ���Èõ,ü�Â¹� ��� ñÀõ Í¨�� ùÀª ���¤� ý�û¢¤ø�Â� :Ûõ�î ��� ø ü�Â¹� ��� ý�ûñÀõ �Æþ�Öõ (¢à�½ó ßþ� ¥� ü�Â¹� ��� ñÀõ .[43] À�µÆû Ûõ�î ��� ø SMR ý�ûñÀõ ý�û¢¤ø�Â� ß������ßþ� .À÷�Ë±Ö�õ üÜî ß�Ú÷��õ ´Þ¨ �� ¢�þ¥ ¤��Æ� ùÀª À�ó�� ý�û¢¤ø�Â� �î ´¨� ¢�Öµ÷� ¢¤�õ�û¢¤ø�Â� âþ¥�� ¤¢ ýÂµÞî üðÀ�î�Â� ø ´¨� ÅØã�õ �û¢¤ø�Â� ý�ä�Þ¹õ âþ¥�� ¤¢ �ÜÿÆõüêÂãõ 6À�Öõ ü�Â¹� ��� ý�û¢¤ø�Â� Û�ó¢ ß�Þû�� .¢¤�¢ ¢��ø SMR ý�û¢¤ø�Â� �� ´±Æ÷�́̈ � ���¡ ý��ûù¢�¢ �����È�õ ö��È�õ�b��� ü�ðÀ���î�Â�� ��î À�����îü�õ À���ó��� ü�þ��û¢¤ø�Â�� ��î À�÷�ùÀ�þ¢Â�ðñÀ�õ ý��ûÂ�µ�õ�¤��� ¤¢ ´���ã�Î�ì �À�ä �Â�þ¥ ´�̈ � ü��Â�¹�� ����� ñÀ�õ ¥� Â��Â�� Û�õ��î ����� ñÀ�õ .[44]ý�û¤ø�Â� �� ´±Æ÷ �¤ �û¢¤ø�Â� ,ü�Â¹� ��� ñÀõ ý�û¢¤ø�Â� �îüó��¤¢ ¢Â�ðüõ ÂÑ÷¤¢ �¤ü�Â¹� ��� ñÀõ ý�û¢¤ø�Â� ´¨� ßØÞõ ßþ�Â���� .À�îüõ üÏÂª ñÀõ ý�ûÂµõ�¤�� ý��ÎÖ÷ý�ú÷�þ�¤ ý�û�õ�÷Â� À�õ¥��÷ Ûõ�î ��� ©ø¤ ÂÚþ¢ ý�¨ ¥� �õ� .À�ª�� �µª�¢ ýÂµÞî ´½¬ü��þ¥ ¤� ý�Â� ü�Â¹� ��� ñÀõ ¢��ø ßþ� �� .[39] ´¨� Â�ÛØÈõ ö� ý�Â�� ø ù¢�� Â�ùÀ�»��
5shrinkage
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ù¢�¢ ý¢�þ¥ ¢�Àã� �î �� 7üþ��ê�Âç� ��ä�Ï� ý�ûÝµÆ�¨ ¤¢ ý¤�Þ�� ÂÎ¡ ü��õÀÖõ ø ��óø�Âð� Å³¨ .´¨� À�Ôõ �� Àª�� ö�¨� ø âþÂ¨ Àþ�� ù¢�Ôµ¨� ¢¤�õ Ýµþ¤�Úó� ø À÷�ªüõ ´þÂþÀõ��� ¢¤ø�Â� ,Àû¢ ö�È÷ �¤ ü���÷ ��ÂÎ¡ ¤¢ üú���Û��ì ��Â��ç� ø üðÀ�î�Â� üê�Èµî� Û�Ü½�ÂÎ¡ ¢¤ø�Â� �ø�Ô� ¢��ø �� ��÷ ü±Æ÷ ÂÎ¡ ¢¤ø�Â� ¤¢ .[45] ¢�Þ÷ ù¢�Ôµ¨� ö���üõ �¤ Ûõ�îü¨¤Â� .[10] ´¨� ���Èõ ýÀ���ÈÖ÷ ����÷ Ûî ¤¢ ü±Æ÷ ÂÎ¡ �±�¤ ,©ø¤ ø¢ ´½� ü±Æ÷ñÀ�õ ��ú���� BYM ñÀ�õ ��î ¢�¢ ö��È�÷ 1990�2000 ��û¢ ¤¢ ×�þ���ó����õÀ����� Ý�ú�õ ���¹�õ.´¨� ù¢�� �ûý¤�Þ�� ýÀ���ÈÖ÷ ýùÀªÂÈµ�õ ý�û¢Â�¤�î ¤¢ ù¢�Ôµ¨� ¢¤�õ Ûõ�î ��� üþ�Ìê×þ Ýû ¥��û ñÀõ ßþ� �î Àû¢üõ ö�È÷ ÂÚþ¢ ��ãó�Îõ ø Â�¡� �ãó�Îõ ¤¢ ùÀª ��¹÷� ��Æþ�ÖõÂÚþ¢ ý��� üþ�Ìê ý�ûñÀõ �õ� ´¨� ×��î ü���÷ ý�ûý¤�Þ�� ýÀ���ÈÖ÷ ¤¢ °¨��õ ñÀõ.[39] À÷¤�¢ �¤ �û¢¤ø�Â� ¢�±ú� üþ�÷��� �û¢Â�¤�î ü¡Â� ¤¢ ,À÷�ùÀª ¢�ú�È�� Â�¡� ö��ó�¨ ¤¢ �î�µ¿�õ� ý�ûñÀõ ø ö�¨��� � �õ�ð ,BYM ý�ûñÀõ ß�� ¤¢ �¤ ∆BIC ßþÂ���� BYM ñÀõ.[2] Àû¢üõ �¹�µ÷¤¢ ü����Ü�Î�õ ø ���¡ ý��ú���ðÄ�þø ý�¤�¢ ��µ�¿���õ� ñÀ�õ ø BYM ñÀ�õ :��µ�¿���õ� ý��ûñÀ�õ (ùÝû ��ä�Ï� §�±µì� üþ�÷��� ,�µ¿�õ� ñÀõ ü¬�Êµ¡� üðÄþø .À�µÆû ý¤�Þ�� ×þ ýÀ��ñÀõý�û¢¤ø�Â� ÂµÞî ü±þ¤� �� Â¹�õ üðÄþø ßþ� .´¨� ¤ø�¹õÂ�è ü���÷ ¥� Ýû ø ¤ø�¹õ ü���÷ ¥�Çþ�Âð BYM ñÀõ .¢¢Âðüõ ��� ��ÂÎ¡ ý�Â� ÂÚþ¢ ý�ûñÀõ �� ´±Æ÷ ,��ÂÎ¡ ý��ÎÖ÷¥� Âµú� üîÀ÷� ,ü���÷ üÜî ýÀ���Ö±Ï ¤¢ �õ� ¢¤�¢ ý��ÎÖ÷ ý�û¢¤ø�Â� ý¥�¨¤��ÞûÇ�� ��,À�ª�� �µ¿�õ� üãì�ø ü±Æ÷ ��ÂÎ¡ �î üõ�Ú�û üµ� �µ¿�õ� ý�ûñÀõ .´¨� �µ¿�õ� ñÀõ��� ���¡ Â�þ¢��Ö�õ Û���Ü�½�� ¤¢��ûñÀ�õ ß�þ� .[39] À���û¢ü�Þ�÷ Ç�ª��� ü����¡ ��� �¤ ü�±�Æ�÷ ��Â�Î�¡À÷�ªüõ ��¹÷� Âµú� �õ�ð ø BYM ý�ûñÀõ �� f��Þãõ �ûÛ�Ü½� ßþ� �õ� À��îüõ ÛÞä ü��¡ý�ûñÀõ ,�ûñÀõ ßþ� .À÷�ùÀª üêÂãõ �ûö���õ üþ�Ìê âþ¥�� ¼þÂÈ� ý�Â� ñÀõ ßþÀ�� .[2]��Â�� ßþ� .À��îüõ ñÀõ ¢¤�ø �¤ ü���÷ ü¬�Êµ¡� üþ�Ìê ��Â�� �î ù¢�� 8�µ¿�õ� ö�¨���À�û¢ ö�È÷ ��÷ �¤ üþ�Ìê üÚµÆ±Þû ��ìø� ü¡Â� ø À�ª�� üÎ�½õ Ûõ��ä éÂãõ À�÷���üõùÀª ¢�ú�È�� (2002) í¤�î ø ö�¨ø� Í¨�� ö�¨��� ñÀõ ¥� üÎÆ� .[10,24,38,46]ñ�õÂ÷Â�è Ǒ�� �î ´¨� ñ�õÂ÷Â�è ø ñ�õÂ÷ üÏÂª üµÈð¥��¢�¡ Ǒ���� ¥� üÏ�Ü¿õ Ûõ�ª �î ´¨�10ý¥�¨¤��ÞûÇ�� ¥� ���µ�� ý�Â� ÂÎ¡ ¤�µ¡�¨ ¤¢ 9�µÆÆð ý�û��ð ö¢Âî ¤�ÂìÂ� ¤�Ñ�õ ��.[23] ´¨� ùÀª �µêÂð ÂÑ÷¤¢ ,��ÂÎ¡
7Geographical Information Systems

8Mixed Poisson Models

9discrete jumps

10over smoothing 441
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ü�þ����ê�Â�ç�� ý��û��Ú�ó� ��î ü�µ�ª�À�ú�� ¢�À�þø ¤ ��þ ý¤��Þ���� À���� ý��ûù¢�¢ Â�ð� :��b��� ýÀ����ñÀ�õ (ø´±Æ÷ �û¢¤ø�Â� ¢�±ú� ��Â¹�õ À÷���üõ ��ÂÎ¡ ��b�� ýÀ��ñÀõ Àª�� §Âµ¨¢ ¤¢ À÷¤�¢ üîÂµÈõéÀû ¢�Àþø ¤ ö���ä�� ¢�Àþø ¤ ×þ �îü�¤�¬¤¢ üµ� .¢¢Âð ¢�Àþø ¤ Âû ý�÷�ð�À� Û�Ü½� ��¤¢ . �́̈ � À���Ô�õ Û���Ü�½�� ¤¢ §Â�µ�̈ ¢¤¢ Í�±��Â�õ ý��û¢�À�þø ¤ Â�Ú�þ¢ ý��ûù¢�¢ ¢ø¤ø ,À�ª��� Â�Î�÷À�õÛÞä ùÂ�çµõÀ�� BYM ñÀõ ¥� Âµú� üîÀ÷� ,11SC íÂµÈõ Ǒ�� ñÀõ ,¢�Àþø ¤ ø¢ ¢��ø ´ó���Þû ¤¢ �¤ ¢�Àþø ¤ ø¢ ß�� üÚµÆ±Þû MVBYM ñÀõ �î ´¨� ö� ¥� üª�÷ �ÜÿÆõ ßþ� .À�îüõ¤¢ íÂµÈõ â��� ö¢�� �ø�Ôµõ ø Â��ç� ö�Øõ� SC ñÀõ �îüó�� ¤¢ ¢Â�ðüõ ÂÑ÷ ¤¢ ´��� ü���÷ýÀ��ñÀõ «�Ê¡¤¢ ü÷�ø�Âê ��ãó�Îõ Â�¡� ö��ó�¨ ¤¢ .[39] À�Ø�õ Ýû�Âê �¤ ÓÜµ¿õ ü���÷��î ùÀ�ª ���¹�÷� ��ûý¤��Þ���� ýÀ������È�Ö�÷ ¤¢ ¶����±�õ ß�þÂ��Ý�ú�õ ¥� ü�Ø�þ ö�����ä��� ��ûý¤��Þ���� ��b���.[42,47,48,49,50] ´¨� ùÀª «�Ê¡ ßþ� ¤¢ ñÀõ ßþÀ�� ÍÆ� ø üêÂãõ ��Â¹�õ
ýÂ�ð�¹�µ÷ 4ü�÷��±�õ ý�¤�¢ ��À�î Â�û ��î ´�̈ � ùÀ�ª �Â�Î�õ ��ûý¤��Þ���� ýÀ������È�Ö�÷ ý�Â�� ý¢À�ã�µ�õ ý��ûñÀ�õ�� ´±Æ÷ «�¡ ý¢¤��õ ¤¢ ø ù¢�� ¢�¡ «�¡ Óã® ø ��ì ¯�Ö÷ ø °þ�ãõ ø �þ��õ ,ý¤�ÿ��ûý¤�Þ�� ýÀ���ÈÖ÷ ý�úóÀõ ßþÂ�Ýúõ ¥� ý��ä�Þ¹õ �ó�Öõ ßþ� ¤¢ .À÷�¼�¤� �úóÀõ ÂÚþ¢�õ� ´êÂð ¤�Âì ü¨¤Â� ¢¤�õ �ú÷� ý�û´û�±ª ø �ú�ø�Ô� ø �µêÂð ¤�Âì �Æþ�Öõ ¢¤�õ ø ¼þÂÈ�ø ¢���õ ý�ûñÀõ Óã® ¯�Ö÷ âê¤ ´ú� ¤¢ ü÷�ø�Âê ý�úª�� Â�¡� ö��ó�¨ ¤¢ �î �¹÷� ¥�ý��Æ�þ��Ö�õ �ø��ó , �́̈ � ùÀ�õ� Û�Þ�ä��� ��ûñÀ�õ ß�þ� öø��ê�¥ø ¤ ø Ç���� ¥� Ç���� Í�Æ�� ø ©Â�µ�Æ�ð��ã�ó��Î�õ ×�þ ¤¢ ¸�þ��µ�÷ Â�Ñ���õ ¥� Ý�û ø ý¤��ÿ�� Â�Ñ���õ ¥� Ý�û ,��ûñÀ�õ ¥� ýÂ��ù¢Â�µ�Æ�ð ý����õ�¢«��Ê�¡ ¤¢ ��ú���� ��ó��Ö�õ ß�þ� ¤¢ ��Ø�÷� ß�Þ�® .À�¨¤ü�õ Â�Ñ�÷��� ý¤øÂ�® â�õ��� ý¥��¨����±�ªýÀ���ÈÖ÷ ý�ûñÀõ ö�ø�Âê ¢Â�¤�î ø ´�Þû� �� ���� �� ø ùÀþ¢Âð ¶½� ý¤�Þ�� ×þ ýÀ���ÈÖ÷´�Þû� ���� À�Ôõ À÷���üõ ��÷ �ûñÀõ ßþ� ý�Æþ�Öõ ø �ãó�Îõ ,�ûý¤�Þ�� ýùÂ�çµõ À�� ø ��b��.Àª��

11shared component model 442
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