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1 ÛÊê
ü��õÀÖõ Ý�û�Ôõ

�õÀÖõ 1.1üêÂãõ �¤ (GLM) 1�µ ê� þÝ�Þã� üÎ¡ ý�ûñÀõ �î À÷¢� � ü÷�Æî ß� óø� (1972) öÂ�¤¢ø ø ¤ÀÜ ÷¾¨�� ý�ûÂ�çµõ ýÀ��ñÀõ ý�Â� �¤ �µê�þÝ�Þã� üÎ¡ ý�ûñÀõ (1989) ¤ÀÜ÷ ø ��î×õ ø À÷¢�Þ÷ß�� À÷��� â��� ×þ ¥� ù¢�Ôµ¨� �� ,��Àû�Èõ ñ�Öµ¨� ­Âê �� �ûñÀõ ßþ� ¤¢ .À÷¢�¢ ¢�ú�È�� �µÆÆð��Àû�Èõ ß�� �î üµó�� ¤¢ .¢�ªüõ ¤�ÂìÂ� üÎ¡ ¯�±�¤� üØÞî ý�ûÂ�çµõ ø ��Àû�Èõ ß�Ú÷��õ2�µê� þÝ�Þã� üÎ¡ �µ¿�õ� ý�ûñÀõ �� ÷ � � ¤�îÁõ ý�ûñÀõ ¥� üÞ�Þã� ,¢¤�¢ ¢��ø üÚµÆ±Þûø ÛþÀã� üÏÂª ñ�Öµ¨� �� ��Àû�Èõ ñ�Öµ¨� ­Âê �ûñÀõ ßþ� ¤¢ .¢�ªüõ ù¢�Ôµ¨� (GLMM)�µêÂð ÂÑ÷ ¤¢ ñÀõ �� 4ö�ú�� ý�ûÂ�çµõ ÕþÂÏ ¥� 3üê¢�Ê� ��Â�� ö¢Âî �ê�®� �� �ûö� ß�� üÚµÆ±ÞûGeneralized Linear Models1Generalized Linear Mixed Models2Random E�e
ts3Latent Variables41



2 ü��õÀÖõ Ý�û�Ôõ .1 ÛÊê.¢�ªüõ´�ãì�õ °Æ�Â� �î Ýþ�ªüõ ����õ üþ�ûù¢�¢ �� ... ø ×�µ÷� ,üØª�� ,üÎ�½õ ��Üä ¥� ý¤��Æ� ¤¢üþ�Ìê ¤�õ� .À�þ�ð 5üþ�Ìê ý�ûù¢�¢ ��Àû�Èõ �÷�ðßþ� �� ,À÷��µÆ��ø ÂÚþÀØþ �� �ûö� ßµêÂð ¤�Âìö�È÷ ¢�¡ ¥� üþ�Ìê ¤�µ¡�¨ �î ¢¥�¢Â�üõ üþ�ûÂ�çµõ ü¨¤Â� �� �î ´¨� ¤�õ� ÝÜä ¥� ý��¡�ª�ûö� ýÂ�ð¤�Âì ´ú� ø �Ü¬�ê ø Â�çµõ ×þ ÓÜµ¿õ Âþ¢�Öõ ß�� Àª�îüõ ¤�õ� ¥� �¡�ª ßþ� .À�û¢üõý�û¾¨�� �î üµó�� ¤¢ .¢¤�¢ ��÷ üþ�Ìê ¤�µ¡�¨ üþ�Ìê ¯�±�¤� ßþ� ,À�î ¤�ÂìÂ� üÏ�±�¤� Ýû �� ´±Æ÷Âþ¢�Öõ üþ�ÚÈ�� ø üþ�Ìê Û�Ü½� ,6�÷�õ üê¢�Ê� ö�À�õ ×þ ßµêÂð ÂÑ÷ ¤¢ �� ,À�ª�� �µ¨��� üþ�Ìêý�û¾¨�� �î ý¢¤��õ ¤¢ �õ� .´¨� ÂþÁ�ö�Øõ� 7öÀ�ÚþÂî ©ø¤ �� ��Üãõ ý�û´�ãì�õ ¤¢ ��Üãõ�÷�µêÂð ¤�Ø� (SGLMM) 8üþ�Ìê �µê�þÝ�Þã� üÎ¡ �µ¿�õ� ñÀõ �f �Þãõ ,À�µÆû �µÆÆð üþ�ÌêÀì�ê ý�û´�ãì�õ ¤¢ ö�ú� � ý�ûÂ�çµõ üþ�ÚÈ�� SGLM ý�ûñÀõ ¤¢ Ýúõ �ÜÿÆõ ×þ .¢�ªüõý�¤�¢ ý�û´�ãì�õ ¤¢ ö�ú�� ý�ûÂ�çµõ ø ñÀõ ý�ûÂµõ�¤�� ¢¤ø�Â� ��ÜµÆõ �î ,Àª��üõ ùÀû�Èõ.Àª��üõ ¾¨�� ùÀû�ÈõÛ� ó¢ �� üÎ¡ ý�ûñÀõ é�¡Â� üþ�Þ�µ¨¤¢ â�� � ,�µê� þÝ�Þã� üÎ¡ �µ¿�õ� ý�ûñÀõ ¤¢ ö��üµ��¤ �� �ûÂµõ�¤�� ¢¤ø�Â� ,¢¤�À÷ ý��µÆ� �Âê ö�ú�� ý�ûÂ�çµõ ¢��ø ø ¾¨�� Â�çµõ ö¢�� ü¨ø�ð�÷ù�¤ ���¤� �� ö�ú�� ý�ûÂ�çµõ ö¢�� ñ�õÂ÷ ­Âê ©ÂþÁ� �� ���Öõ Â·î� ¤¢ �Áó .Àª��üÞ÷ ÂþÁ�ö�Øõ�,ü þ� Þ � µ¨¤¢ â ��� � ö¢Â î ÝÞ �Æî� õ � � ö� ú � � ý�ûÂ � ç µ õ ø ñÀõ ý�ûÂ µ õ�¤� � ¢¤ø�Â � ý�Â � ü Ü�Spatial Data5Stationary Random Field6Kriging7Spatial Generalized Linear Mixed Model8



3 ü��õÀÖõ Ý�û�Ôõ .1 ÛÊêùÀª � µ¡�¢Â � ý¢Àä ý�û©ø¤ � � 10ü± ��Â õ � ÜÆÜ¨ üþ�Þ � µ¨¤¢ � þ 9ùÀ � ÷�ø� � ü þ�Þ � µ¨¤¢ � ±ªü®�þ¤ À�õ� ý¥�¨ÝÞ�Æî�õ Û·õ ý¢Àä ý�û©ø¤ ö¢Â� ¤�Ø� �� (1997) ��î×õ �ÜÞ� ¥� .´¨�üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ø (MCNR) 12üþ�ó¤�î ´÷�õ ö�Æê�¤ ß���÷ ,(MCEM) 11üþ�ó¤�î ´÷�õ�� GLM ý�ûñÀõ ¤¢ �¤ �ûÂµõ�¤�� (ML) 14üþ�Þ�µ¨¤¢ Ý�Æî�õ ¢¤ø�Â� ,(SML) 13ùÀª ý¥�¨��±ªö�Æ³õ�� ø ß� ,GLM üþ�ÌêÂ�è ý�ûñÀõ ¤¢ ß��»Þû .¢¤ø� ´¨¢ �� üþ�ÌêÂ�è üê¢�Ê� ��Â��� � �¤ ü �¨�� � GLM ñÀõ ý�ûÂ µ õ�¤� � ¢¤ø�Â � (2007) ß� ó ø 15� ó¤� î ´÷�õ � ±ª ¢¤ø�Â � (2007)Åîd ø ö��¤��� ÷ .À÷¢�¢ ¤�Âì �ãó�Îõ ¢¤�õ ùÀ� ÷�ø� � üþ�Þ�µ¨¤¢ �±ª ø 16�Þ÷ üþ�Þ�µ¨¤¢ °�îÂ��¤ �ûñÀõ ßþ� ¤¢ ß�È�� ��¿µ÷� ù�½÷ ,GLM ý�ûñÀõ Û�Ü½� ¤¢ ý��� ý�û©ø¤ ÍÆ� �� ,(2000).À÷¢Âî �ãó�Îõø ÛÚþ¢ .À÷¢Âî ù¢�Ôµ¨� üØª�� ��ãó�Îõ ¤¢ ,SGLM ñÀõ ¥� (1993) ö�µ�Üî ø �ÜÆþÂ� ¤�� ß�óø�¤�î �� �µ¨��� ����÷ ×þ ¤¢ �µÆÆð üþ�Ìê ý�ûÂ�çµõ Û�Ü½� ý�Â� �¤ �ûñÀõ ßþ� (1998) ö�¤�ØÞûý�Â� �¤ ���ú� ý�ÚÈ�� ,�û�Î¡ �ø¢ ö��� ß�Ú÷��õ ö¢Âî ÝÞ���õ � � ý��� ´ê��û¤ ´½� ø À÷¢Â�ø �ó¤�î ´÷�õ ©ø¤ °�îÂ� � � (2002) Ù÷�¥ .À÷¢¤ø� ´¨¢ �� ÀþÀ� ¯�Ö÷ ¤¢ ö�ú� � ý�ûÂ�çµõý¥�¨ÝÞ�Æî�õ ´÷�þ¢�Âð ÀþÀ� Ýµþ¤�Úó� ,(EMG) ü®�þ¤ À�õ� ý¥�¨ÝÞ�Æî�õ ´÷�þ¢�Âð Ýµþ¤�Úó�Penalized Quasi Likelihood9Hierar
hi
al Likelihood10Monte Carlo Expe
tation Maximization11Monte Carlo Newton Raphson12Simulated Maximum Likelihood13Maximum Likelihood14Quasi-Monte Carlo15Pseudo-Likelihood16



4 ü��õÀÖõ Ý�û�Ôõ .1 ÛÊêüþ�ÚÈ�� ø üÚµÆ±Þû ý�ûÂµõ�¤�� ML ¢¤ø�Â� ý�Â� �¤ (MCEMG)17üþ�ó¤�î ´÷�õ ü®�þ¤ À�õ�ø ßÆ�µÆþÂî ø (2000) ö�¤�ØÞû ø ßÆ�µÆþÂî .¢�Þ÷ ö��� SGLM ñÀõ ¤¢ ñ�õÂ÷ ö�ú�� ý�ûÂ�çµõSGLM ý�ûñÀõ Û�Ü½� �� MCMC ý�û©ø¤ ø ý��� ´ê��û¤ ¥� ù¢�Ôµ¨� � � (2002) ö�¨Âµ³ðø¥� ý¥�¨��±ª ý�Â� ,(LH) 18ÅÚ��µÆû-ßþ�¹÷� Ýµþ¤�Úó� ¥� ù¢�Ôµ¨� �î À÷¢�¢ ö�È÷ ø À�µ¡�¢Â�ÝÞ �Æî� õ ©ø¤ � � (2004) ßÆ� µÆ þÂî .Àª� �üõ À � Ô õ ü¨ø�ð ö�ú � � ý�ûÂ �ç µ õ ß�Æ � â þ¥� �ñ�õÂ÷ ­Âê �� SGLM ý�ûñÀõ ¤¢ �¤ ���ú� ý�ÚÈ�� ø �ûÂµõ�¤�� ,�ó¤�î ´÷�õ Ýµþ¤�Úó� ø üþ�Þ�µ¨¤¢MCMC ý�û©ø¤ üêÂãõ �� (2006) ö�¤�ØÞû ø ßÆ�µÆþÂî .¢¤ø� ´¨¢ �� ö�ú�� ý�ûÂ�çµõ ö¢��(2006) ßþ¢ ø �¤�Æ�þ� ø À�µ¡�¢Â� ñ�õÂ÷ ö�ú�� ý�ûÂ�çµõ �� SGLM ý�ûñÀõ Û�Ü½� �� ¤��µ¨�ø ø¥ .À÷¢Âî �Æþ�Öõ SGLM ý�ûñÀõ ¤¢ ùÀ�÷�ø�� üþ�Þ�µ¨¤¢�±ª ý�û¢¤ø�Â� �� �¤ ý��� ý�û¢¤ø�Â�Û�Ü½� ý�Â� �¤ ,(SAEM) 19üê¢�Ê� ü±þÂÖ� ü®�þ¤ À�õ� ý¥�¨ÝÞ�Æî�õ Ýµþ¤�Úó� (2007) ö�¨Âµ��µÆÆð ý�û¾¨�� �� üþ�Ìê ý�ûý¤�ÿ� ¤¢ �Áó .À÷¢Âî üêÂãõ SGLM ý�ûñÀõ ¤¢ üþ�Þ�µ¨¤¢ â���Û��ì Â�è Û�ó¢ �� ÛÞä ¤¢ �õ� .´¨� ùÀª �ÜÿÆõ Û� �� ��Àì� ö�ú�� ý�ûÂ�çµõ ö¢�� ñ�õÂ÷ ­Âê �� ��÷ø ´Æ� ÷ ¤øÀÖõ �ûö� ö¢� � ñ� õÂ ÷ ü¨¤Â � ,SGLM ý�ûñÀõ ¤¢ ö�ú � � ý�ûÂ�ç µ õ ö¢� � ùÀû�Èõ.Àª�� �µª�¢ Ǒ�¨ Â���b� �û�ÚÈ�� ø �ûÂµõ¤�� ¢¤ø�Â� ´ì¢ ýø¤Â� À÷���üõ ­Âê ßþ� ¼�½¬�÷ ©ÂþÁ�ý�ûÂ�çµõ ý�Â� 20ùÀ�÷�ø�� �µ¿�õ� ü¨ø�ð âþ¥�� ßµêÂð ÂÑ÷ ¤¢ �� (2008) ýÂê�Æó ø í¤�Þî �fÂ�¡�,À � µÆû �µ¨�� � üþ�Ìê ý�û¾¨� � �î üµ ó�� ¤¢ .À ÷�� µ¡�¢Â � GLM ý�ûñÀõ �ã ó�Îõ � � ö�ú � �� ó�� üê¢�Ê� ö�À�õ ×þ ý�Â� �¤ üþ�Ìê ý�ûù¢�¢ Û�Ü½� (2004) ×�ó�õ ø Ý�î ¤� � ß� óø� ý�Â�Monte Carlo Expe
tation Maximization Gradiant17Langevin-Hastings18Sto
hasti
 Approximation EM19Penalized Gaussian Mixture20



5 ü��õÀÖõ Ý�û�Ôõ .1 ÛÊê¤�î �� ý¢Â�¤�î ñ�·õ ×þ ¤¢ �¤ ý��� üþ�Ìê üþ�ÚÈ�� ø À÷¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ (SGR)21ü¨ø�ðý�ûù¢�¢ Û�Ü½� (2010) ö�¤�ØÞû ø üÞþÂî ø (2010 ,2009 ,2007) ù¢�¥ÀÞ½õ ø üÞþÂî .À�µêÂð�ãó�Îõ ¢¤�õ ý¢Â�¤�î Û��Æõ ¤¢ (CSG) 22�µÆ� ü¨ø�ð �ó�� üê¢�Ê� ö�À�õ ×þ ý�Â� �¤ üþ�Ìê.À÷¢�¢ ¤�Âìñ� õÂ ÷ � ó�� â þ¥� � ø (1985 ,ü � � ó�¥�) ,23ñ� õÂ ÷ � ó�� ý�ûâ þ¥� � ù¢�� ÷�¡ � î ß þ� � � ��� � � �¥� ø Â µ ð¤� � ñ� õÂ ÷ ý� ûâ þ¥� � ù¢�� ÷� ¡ ¥� (2003 ,ö�¤� Ø Þ û ø §� Ú � � õ�¢) ,(CSN)24� µ Æ �­Âê ©ÂþÁ� ¢ø¤üõ ¤�Ñµ÷� ,À�ª��üõ ù¢��÷�¡ ßþ� Ûõ�ª ø À÷¤�¢¤�¡Â� ýÂµÈ�� ýÂþÁ�é�Îã÷�­Âê ©ÂþÁ� ¥� Â�×þ¢�÷ ´�ãì�ø �� SGLM ý�ûñÀõ ¤¢ ö�ú�� ý�ûÂ�çµõ âþ¥�� ö¢�� ñ�õÂ÷ �ó��ö�ú�� ý�ûÂ�çµõ âþ¥�� ¢��ø ö�� ,�µê�þÝ�Þã� üÎ¡ �µ¿�õ� ý�ûñÀõ ¤¢ �Áó .Àª�� �ûö� ö¢�� ñ�õÂ÷¼�¤� ö¢�� ñ�õÂ÷ ­Âê Â� ö�ú�� ý�ûÂ�çµõ âþ¥�� ö¢�� ñ�õÂ÷ �ó�� ­Âê ©ÂþÁ� ,´¨� ý¤øÂ®ù¢��÷�¡ ¥� ù¢�Ôµ¨� ,ö¢�� ñ�õÂ÷ ­Âê ©ÂþÁ� ¥� ���µ�� ý�Â� �ó�¨¤ ßþ� ¤¢ ßþ�Â���� .À¨¤üõ ÂÑ÷ ��.¢�ªüõ ¢�ú�È�� üþ�Ìê ö�ú�� ý�ûÂ�çµõ ýÀ��ñÀõ ý�Â� �µÆ� ñ�õÂ÷ �ó�� ø ñ�õÂ÷ �ó�� ý�ûâþ¥��´¨¢ �� ý��� ø üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ´ê��û¤ �� ö�ú�� ý�ûÂ�çµõ üþ�ÚÈ�� ø �ûÂµõ�¤�� ¢¤ø�Â� Å³¨.À÷�ªüõ ù¢¤ø��ó�� âþ¥�� ,üþ�Ìê �µê�þÝ�Þã� üÎ¡ �µ¿�õ� ý�ûñÀõ ,üþ�Ìê ý�ûù¢�¢ ��óø� Ý�û�Ôõ ,�ó�¨¤ ßþ� ¤¢�µê�þ Ý�Þã� üÎ¡ �µ¿�õ� ý�ûñÀõ ,2 ÛÊê ¤¢ .À÷�ùÀª ���¤� 1 ÛÊê ¤¢ �µÆ� ñ�õÂ÷ �ó�� ø ñ�õÂ÷25�Î¡ �ø¢ ö��� ß�Ú÷��õ ÝÞ���õ ý�ÚÈ�� ø üêÂãõ �µÆ� ñ�õÂ÷ �ó�� ö�ú�� ý�ûÂ�çµõ �� üþ�ÌêSkew Gaussian Random Field21Closed Skew Gaussian Random Field22Skew Normal23Closed Skew Normal24Mean-Squared Error25



6 ü��õÀÖõ Ý�û�Ôõ .1 ÛÊê�� üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ©ø¤ �ûÂµõ�¤�� ¢¤ø�Â� ý�Â� .À÷�ªüõ ���¤� ö�ú�� ý�ûÂ�çµõ ý�Â� (MSE)¢¤�¢ ý�ùÀ�»�� �Âê üþ�Þ�µ¨¤¢ â��� ,ö�ú�� ý�ûÂ�çµõ ¢��ø Û�ó¢ �� �ûñÀõ ßþ� ¤¢ .¢�ªüõ �µêÂð ¤�îÀ�� ý�ûñ�ÂÚµ÷� ý¢Àä Û� �� ¥��÷ ø ´Æ�÷ ÂÆ�õ üµ��¤ �� üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ©ø¤ ¥� ù¢�Ôµ¨� ø¢¤ø�Â � ö¢¤ø� ´¨¢ � � ý�Â � (2002) Ù÷�¥ Í¨� � � î MCEMG Ýµ þ¤�Ú ó� �Á ó .Àª� �ü õ ýÀã �ý�ûÂµõ�¤�� ø ¢�ªüõ ù¢�¢ Ý�Þã� ý¢�ú�È�� ñÀõ �� ,´¨� ùÀª üêÂãõ �ûÂµõ�¤�� üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ�ó�� ö�ú�� ý�ûÂ�çµõ �� SGLM ý�ûñÀõ ý��� ¢¤ø�Â� ø üþ�ÚÈ�� ,3 ÛÊê ¤¢ .¢¢Âðüõ ¢¤ø�Â� ö��ø¢ ö��� ß�Ú÷��õ ¤��ãõ §�¨�Â� �ûñÀõ ü��þ¥¤� ¤�Ñ�õ �� ý¥�¨��±ª �ãó�Îõ ø¢ ø ���¤� �µÆ� ñ�õÂ÷ö�ú�� ý�ûÂ�çµõ �� �µê�þ Ý�Þã� üÎ¡ �µ¿�õ� ñÀõ ýÂ�ð¤�î �� ùø�ä �� .¢ÂþÁ�üõ �¤�¬ �û�Î¡¤��ãõ ¥� ù¢�Ôµ¨� �� ö�Âþ� ü�Âèñ�Þª ø ü�Âè ý�ûö�µ¨� ¤¢ ��û ý�õ¢ ý�ûù¢�¢ ýÀ��ñÀõ ý�Â� �ó��ü¹�¨ ¤�±µä� ý�û�Î¡ �ø¢ ö��� ß�Ú÷��õ Çû�î ø �µêÂð ¤�Âì ü��þ¥¤� ¢¤�õ Û��Öµõ ü¹�¨¤�±µä�ù¢�¢ ö�È÷ ñ�õÂ÷ �� ´±Æ÷ ñ�õÂ÷ �ó�� ö�ú�� ý�ûÂ�çµõ �� SGLM ñÀõ ý�Â� (CVMSE) 26Û��Öµõ©ø¤ 4 ÛÊê ¤¢ ,�ûñÀõ ßþ� ý�Â� ý��� ý�û©ø¤ �±¨�½õ ö�õ¥ ö¢�� ü÷��Ï Û�ó¢ �� .´¨� ùÀª´÷�õ ý�ûýÂ�ð�÷�Þ÷ À�õ¥��÷ �î ¢�ªüõ üêÂãõ üþ�Ìê üþ�ÚÈ�� ø ¯�±�µ¨� ý�Â� 27ü±þÂÖ� ���ø¢ ø ý¥�¨��±ª �ãó�Îõ ×þ ¤¢ ùÀª ���¤� ü±þÂÖ� ��� Û�Ü½� .´¨� âþÂ¨ ¤��Æ� ø ´Æ�÷ üþ�ó¤�îüþ�ÚÈ�� ´ì¢ ø ùÀª �µêÂð ¤�Ø� ���þ¤¢ �� üð¢�ó� ø üðÀ÷¤�� �� ¯��Âõ üãì�ø ù¢�¢ �ä�Þ¹õý�û©ø¤ �� ü±þÂÖ� ��� ©ø¤ ø ü¨¤Â� ö�ú�� ý�ûÂ�çµõ ö¢�� ñ�õÂ÷ �ó�� ø ñ�õÂ÷ ­Âê ø¢ �� ñÀõùÀª �µ¡�¢Â� ýÂ�ð�¹�µ÷ ø ¶½� �� �úµ÷� ¤¢ .´¨� �µêÂð ¤�Âì ü��þ¥¤� ø �Æþ�Öõ ¢¤�õ üó�Þãõ ���.´¨�Cross Validation Mean Squared Errors26Approximate Bayesian Method27



7 ü��õÀÖõ Ý�û�Ôõ .1 ÛÊê�µê�þ Ý�Þã� üÎ¡ �µ¿�õ� ý�ûñÀõ 2.1Â�çµõ �î ý¢¤��õ �� üó�Þãõ ö��¨Âð¤ �î À÷¤ø�üõ Ýû�Âê �¤ ö�Øõ� ßþ� �µê�þÝ�Þã� üÎ¡ ý�ûñÀõ�ÜÞ� �î ´¨� ßþ� Â� ­Âê ×�¨�î üÎ¡ ý�ûñÀõ ¤¢ .¢�ª ù¢�¢ â�¨�� ,Àª�� ü¨ø�ðÂ�è ¾¨���� �µê�þÝ�Þã� üÎ¡ ý�ûñÀõ ¤¢ �îüó�� ¤¢ ,À�µÆû ñ�õÂ÷ âþ¥�� �� ÛÖµÆõ üê¢�Ê� ý�ûÂ�çµõ �Î¡.Àª��üõ ¤�ÂìÂ� üÎ¡ ¯�±�¤� üØÞî ý�ûÂ�çµõ ø �û¾¨�� ß�Ú÷��õ ß�� 28À÷��� â��� ×þ ¥� ù¢�Ôµ¨��î ¢¤ø�üõ Ýû�Âê ý¤�õ� ý�ûñÀõ ¥� ýÀ½µõ §�î �µê�þÝ�Þã� üÎ¡ ý�ûñÀõ �î ´¨� ¼®�øüÎ¡ ý�ûñÀõ ö�õ�Â�� ü��õÀÖõ ��½�®�� ý�Â� .´¨� ù¢�¢ Ý�Þã� �¤ ×�¨�î üÎ¡ ý�ûñÀõ(2001) ñÂ�¨ ø ��î×õ ,(1991) ���� ø Â�õ¤�ê ,(1989) ¤ÀÜ÷ ø ��î×õ �� ö���üõ �µê�þÝ�Þã��¤�¬ �� üþ�Þ÷ ù¢��÷�¡ �� ÕÜãµõ Y ¾¨�� ��Àû�Èõ ¤�¢Â� âþ¥�� À��î ­Âê .¢Âî ù¤�ª�f(yj�; �) = expf[y� � b(�)℄=a(�) + 
(y; �)g.À � µÆû �� Üã õ â ��� � 
(�) ø a(�) ,b(�) ,üðÀ � î�Â � Â µ õ�¤� � � ,ü ÷� ÷� î Â µ õ�¤� � � ö� ¤¢ �î ,Àª� �.V ar[Y ℄ = a(�)�2b(�)��2 ø � = E[Y ℄ = �b(�)�� �Øþ¤�Î� ,´¨� 29´÷��õ�î â��� ×þ b(�) ß��»Þû¤¢ �î ,g(�) = z0� Ýþ¤�¢ ,g ��Üãõ À÷��� â��� ×þ ¥� ù¢�Ôµ¨� �� ,��Àû�Èõ ñ�Öµ¨� ­Âê �� ö��î�.´¨� ü÷��¨Âð¤ ý�ûÂµõ�¤�� ¤�¢Â� � ø üØÞî ý�ûÂ�çµõ ¤�¢Â� z ö�ý�ûñÀõ ¥� üã�¨�� �î ,�µê�þÝ�Þã� üÎ¡ �µ¿�õ� ý�ûñÀõ ¥� À�ª�±÷ ÛÖµÆõ Y ¾¨�� ¤�¢Â� üµìøüê¢�Ê� ��Â�� ö�� � ý�Â� ö�ú� � ý�ûÂ�çµõ Ûõ�ª �î ¢�ªüõ ù¢�Ôµ¨� ,À�µÆû �µê� þÝ�Þã� üÎ¡ø ßÞÜð �� ö���üõ �µê�þÝ�Þã� üÎ¡ �µ¿�õ� ý�ûñÀõ ö�õ�Â�� ü��õÀÖõ ��½�®�� ý�Â� .À�ª��üõLink Fun
tion28Cumulant29



8 ü��õÀÖõ Ý�û�Ôõ .1 ÛÊê°��Â� �� H ø Z ,¾¨�� Â�çµõ ��Àû�Èõ n� 1 ¤�¢Â� Y À��î ­Âê .¢Âî ù¤�ª� (2004) ö�¤�ØÞû�� .À�ª�� ö�ú�� ý�ûÂ�çµõ ø ´��� ��Â�� �� ¯��Âõ üØÞî ý�ûÂ�çµõ ¥� n� q ø n� p ý�ûÅþÂ��õø ÛÖµÆõ ¯øÂÈõ ¤�Ï �� yi ��Àû�Èõ ¢�ªüõ ­Âê ,x ö�ú�� ý�ûÂ�çµõ ýÀã� q ¤�¢Â� ýø¤ ¯Âª�¤�¬ �� üþ�Þ÷ ù¢��÷�¡ ×þ ¥�f(yijx) = expf[yi�i � b(�i)℄=a(�) + 
(�; yi)g; i = 1; : : : ; n;­Âê �� ö��î� .V ar[Yijx℄ = a(�)�2b(�i)��2i ø �i = E[Yijx℄ = �b(�i)��i �î ý¤�Ï �� ,À÷�ùÀª ��Â¿µ¨�¾¨�� ��Àû�Èõ üÏÂª ß�Ú÷��õ ß�� g À÷��� â��� ×þ ¥� ù¢�Ôµ¨� �� ,¾¨�� ��Àû�Èõ üÏÂª ñ�Öµ¨�¤¢ ö�ú�� ý�ûÂ�çµõ .¢�ªüõ ¤�ÂìÂ� g(�i) = Z� +Hx�¤�¬ �� üÎ¡ ¯�±�¤� üØÞî ý�ûÂ�çµõ ø�ûÀõ�È�� ß�� üÚµÆ��ø ¥� ÂÚþ¢ ý�û�Âê �þ ýÀ���ª�¡ ,üþ�Ìê üÚµÆ±Þû ÂÚ÷��� À÷���üõ �ûñÀõ ßþ��� Å÷�þ¤��î ø ÂÔ¬ ß�Ú÷��õ �� ñ�õÂ÷ ùÂ�çµõ À�� âþ¥�� ×þ ý�¤�¢ ¢�ªüõ ­Âê °Üè� ø Àª��¢¤ø�Â� ý�Â� ñ�Þãõ ©ø¤ ×þ .Àª��üõ üÚµÆ±Þû �� ¯��Âõ ý�ûÂµõ�¤�� ¤�¢Â� � ö� ¤¢ �î ,´¨��� �ûñÀõ ßþ� ý�Â� üþ�Þ�µ¨¤¢ â��� .´¨� üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ©ø¤ �ûñÀõ ßþ� ¤¢ �ûÂµõ�¤���¤�¬L(�; �;�jy) = Z nYi=1 f(yijx;�; �)f(xj�)dx; (1.2.1).Àª��üõ ñÀõ ö�ú�� ý�ûÂ�çµõ ¢�Àã� �� Â��Â� ñ�ÂÚµ÷� Àã� ø Àª��üÞ÷ ý��µÆ� �Âê ý�¤�¢ �î ,¢�ªüõ´¨� ùÀª ���¤� üÔÜµ¿õ ý�û©ø¤ �ûñÀõ ßþ� üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ¢¤ø�Â� ö¢¤ø� ´¨¢ �� ý�Â� �Áó´÷�õ ö�Æê�¤ ß���÷ Ýµþ¤�Úó� ,üþ�ó¤�î ´÷�õ ü®�þ¤ À�õ� ý¥�¨ÝÞ�Æî�õ Ýµþ¤�Úó� �� ö���üõ �î.¢Âî ù¤�ª� ... ø ùÀª ý¥�¨��±ª üþ�Þ�µ¨¤¢ ÝÞ�Æî�õ ,üþ�ó¤�î



9 ü��õÀÖõ Ý�û�Ôõ .1 ÛÊêüþ�Ìê �µê�þ Ý�Þã� üÎ¡ �µ¿�õ� ý�ûñÀõ 3.1ý�û¾¨�� �î üµó�� ¤¢ .Àª�� �µ¨��� �þ �µÆÆð ´¨� ßØÞõ ýÂ�ðù¥�À÷� ¢¤�õ Â�çµõ üþ�Ìê ¤�õ� ¤¢Âþ¢�Öõ üþ�ÚÈ�� ø üþ�Ìê Û�Ü½� ,�÷�õ üê¢�Ê� ö�À�õ ×þ ßµêÂð ÂÑ÷ ¤¢ �� ,À�ª�� �µ¨��� üþ�Ìêý�û¾¨�� �î ý¢¤��õ ¤¢ �õ� .´¨� ÂþÁ�ö�Øõ� öÀ�ÚþÂî ©ø¤ �� ��Üãõ ý�û´�ãì�õ ¤¢ ��Üãõ�÷ÂþÁ�ö�Øõ� �µê�þÝ�Þã� üÎ¡ �µ¿�õ� ý�ûñÀõ ¥� ù¢�Ôµ¨� �� üþ�Ìê ý�ûÛ�Ü½� ,À�µÆû �µÆÆð üþ�Ìê×þ ýø¤ �µÆÆð üþ�Ìê ý�û¾¨�� ý�Â� �¤ GLM ý�ûñÀõ ,(1998) ö�¤�ØÞû ø ÛÚþ¢ .¢�ªüõ­Âê s üþ�Ìê ´�ãì�õ Âû ¤¢ .À÷¢Âî ÓþÂã� �¤ SGLM ý�ûñÀõ ø Ý�Þã� üþ�Ìê �µ¨��� ����÷Û��ì üØÞî ý�ûÂ�çµõ Z1(s); : : : ; Zp(s) ø (�µÆÆð) ü¨ø�ð Â�è ¾¨�� üþ�Ìê Â�çµõ Y (s) À��îX(s) �î ý¤�Ï �� Àª�� ùÀû�Èõ Û��ì Â�è üþ�Ìê üê¢�Ê� ö�À�õ ×þ fX(s); s 2 IR2g ø ùÀû�Èõ� � �¤ SGLM ý�ûñÀõ (1998) ö�¤�ØÞû ø ÛÚþ¢ .´¨� s´�ãì�õ ¤¢ üê¢�Ê� Â �� ùÀ �û¢ö�È÷.À÷¢�Þ÷ ÓþÂã� Âþ¥ �¤�¬Â û ý�Â � � î ý¤� Ï � � ,´ ¨� ü ¨ø� ð ý� ÷� õ ü ê¢� Ê � ö�À � õ × þ fX(s); s 2 IR2g �¤�¢Â � � 2 IRk ö� ¤¢ � î ,Cov(X(s + h);X(s)) = C(h;�) ,h 2 IR Âû ý�Â � ø E[X(s)℄ = 0 ,s.Àª��üõ Å÷�þ¤��î â��� Âµõ�¤��ø ´¨� ÛÖµÆõ üê¢�Ê� ý�ûÂ�çµõ ¥� ý��ä�Þ¹õ ,fX(s); s 2 IR2g ¯Âª �� fY (s); s 2 IR2g �.¢�ªüõ É¿Èõ E[Y (s)jX(s)℄ üÏÂª ß�Ú÷��õ �� Y (s) âþ¥��Ýþ¤�¢ ,�1; : : : ; �p ü÷��¨Âð¤ ý�ûÂµõ�¤�� ø g ��Üãõ À÷��� â��� Âû ý�Â� �gfE[Y (s)jX(s)℄g = pXj=1Zj(s)�j +X(s):.¢�ªüõ �µêÂð ÂÑ÷ ¤¢ üþ�Þ÷ ù¢��÷�¡ �� ÕÜãµõ Y (s)jX(s) üÏÂª âþ¥�� ��÷ SGLM ý�ûñÀõ ¤¢


