
65 ñø� ù¤�Þª ,Ýû¢�÷�� ñ�¨ ö�ø�� â��� ¥� ù¢�Ôµ¨� �� Â�çµõ ��¿µ÷�ö�ø�� â��� ¥� ù¢�Ôµ¨� �� Â�çµõ ��¿µ÷�2°Æ÷ü��Æ� Ý�û�Â��ÀÞ½õÀ�¨ ,1ýÂì�õ ý¢�û:ùÀ�Ø�ü��±�ü� °±¨ �ú÷� ¥� ýù¢�Ôµ¨� ,Â�çµõ ��¿µ÷� ý���õ¥ ¤¢ BIC ø AIC Â�Ñ÷ üþ�û¤��ãõ ýù¢ÂµÆð ¢Â�¤�î Ýè¤üÜä�î üþ�û©ø¤ ¥� .Àû¢ Â��ç� üÈ��ê ¤�Ï �� �¤ Â�çµõ ��¿µ÷� ý�¹�µ÷ ´¨� ßØÞõ �ûù¢�¢ ¤¢ íÀ÷� ��Â��ç� ü�ãþ ;¢�ªüõ�� ,SCAD ö�ø�� â��� .Àª��üõ ö�ø�� â���� ¥� ù¢�Ôµ¨� ,´¨� �µêÂð ¤�Âì ���� ¢¤�õ ¤��Æ� Â�çµõ ��¿µ÷� ý���õ¥ ¤¢ �fÂ�¡�ßþ� ¤¢ .Àª��üõ Â�çµõ ��¿µ÷� ý���õ¥ ¤¢ ö�ø�� â���� ßþÂ�ñ�±Öõ ¥� üØþ ,Û¬�� Âð¢¤ø�Â� ý���ú� ý�ûüðÄþø Û�ó¢ö� ¢ÂØÜÞä ø SCAD ö�ø�� â��� ,�ú÷� �� Í±�Âõ ý¤��ê��Â÷ ý�û�µÆ� ø ö�ø�� â���� ¥� ü¡Â� üó�Þ�� üêÂãõ Â� ùø�ä �ó�Öõ�¤ ¸þ�µ÷ ø �µ¡�¢Â� üãì�ø ýù¢�¢ �ä�Þ¹õ×þ Û�Ü½� �� ��÷ �úµ÷� ¤¢ .Ý�û¢üõ ¤�Âì ü��þ¥ ¤� ¢¤�õ �¤ Â�çµõ ��¿µ÷� ý�Â�.Ý��îüõ ©¤��ð.LASSO ,BIC ,AIC ,SCAD ö�ø�� â��� ,Â�çµõ ��¿µ÷� :ýÀ�Üî ý�ûù��ø�õÀÖõ 1ý¢�þ¥ ¢�Àã� � � ÂðÛ�Ü½� ,üÜÞä Ûþ�Æõ ¥� ý¤��Æ� ¤¢�¤øÂ® �� � � � �î ´¨� ����õ ü½�®�� ý�ûÂ�ç µõ ¥�¤¢ ¤�Ì� ´ú� �¤ � ú ÷� ¥� ý¢øÀ½õ ¢�À ã � � ú � � À þ� �ø Àþ�¥ ý�ûÂ�çµõ ýø�� ñÀõ Âð� �Âþ¥ .À�î ��¿µ÷� ñÀõ,¢¢Âð 4ý¢¤ø�Â�Ç�� ¤��¢ ��Î¬� �� �þ Àª�� ´�Þû�ü�Àû��¡ ÛØÈõ üóÀõ ß��� Â�ÆÔ� ø Â�±ã� �Ø÷� Â� ùø�ä�� Ü µÆ õ ü óÀ õ ß � �� ý�Â � ��Àû�È õ ý¤ø�âÞ� ÀªñÀõ Âð� ÅØäÂ� .Àª��üõ ¢�þ¥ ý��þ�û ø ´ìø éÂ¬,Û¬�� ñÀ õ �¤�¬ ß þ� ¤¢ ¢¢Â ð 5ý¢¤ø�Â �Ý î ¤� �¢À�Ø÷ Ó�¬�� ü��¡ �� �¤ ¢���õ ý�ûù¢�¢ ´¨� ßØÞõ

öÀ õ� ¢� �ø � � ø Ó Ü µ ¿ õ �� Ü ä öø� ê�¥ø ¤ ´ êÂ È � �ö��µ� �� ´¨� ù¢Âî Ýû�Âê �¤ ö�Øõ� ßþ� ÀþÀ� ý�û×��Ø��¤ ÓÜµ¿õ ý�ûÂ �ç µ õ ¢¤�õ ¤¢ �ûù¢�¢ ¥� üã�¨ø Ý¹��û�¡�ª Â·î� ¤¢ Ý�¹� ý�ûù¢�¢ ßþ� ¢��ø .¢¤ø� ´¨À�ÂØÔ � ×Æþ¤ ´þÂ þÀõ � � � µ êÂð üµª�Àú � ��ã ó�Îõ ¥��÷�ð ßþ� ¤¢ .´¨� ù¢Âî ö�ðÂð¢ üÜî ¤�Ï �� �¤ ý¤�õ�¤��Æ� ¤�� �� ×þ ö���ä �� �¤ ¢�¡ ,3Â�çµõ ��¿µ÷� ¢¤��õÓÜµ¿õ ��Üä ¤¢ üê�Èµî� ý�û���õ¥ ý�Â� ü���� ø À�Þ÷���ü¨¤Â� �� ÛÊÔõ ¤�Ï �� ℄9[ üó ø ßê .´¨� ù¢Âî �ÂÎõüÞÜä ý�û���õ¥ ¥� ý¤��Æ� ¤¢ Â�ç µõ ��¿µ ÷� ´�Þû�.À�µ¡�¢Â�§¤Àõ ´��Â� ù�ÚÈ÷�¢ ,ü®�þ¤ ��Üä ùÀØÈ÷�¢1üµÈú� À�úª ù�ÚÈ÷�¢ ,ü®�þ¤ ��Üä ùÀØÈ÷�¢2Variable Sele
tion3Overestimation4Underestimation5



66 ý¤�õ� �ÈþÀ÷� �ø¢ ù¤�Þª ,Ýû¢�÷�� ñ�¨.À�î Â��ç� üÈ��ê ¥ÂÏ �� ñÀõ ��¿µ÷� ý�¹�µ÷ ,¢�ªüõý�Â� 8ö�ø�� â��� ¥� ù¢�Ôµ¨� ÛØÈõ ßþ� Â� �±Üè ù�¤ ×þý�û¤��ãõ �î ´¨� Âî£ �� �¥� .Àª��üõ Â�çµõ ��¿µ÷�À�µÆû ¯�±�¤� ¤¢ öÀ�÷�ø�� ��úÔõ �� üä�÷ �� ��÷ á�Ï���¿µ÷� À�þ�Âê ø¢ ö�ø�� â���� ¥� ù¢�Ôµ¨� �¤�¬ ¤¢ .℄12[�¤�¬ ö�õ�Þû ¤�Ï �� ü÷��¨Âð¤ °þ�Â® ¢¤ø�Â� ø ñÀõÂ�Ñ÷ üþ�û¤��ãõ ¢¤�õ ¤¢ �µØ÷ ßþ� �î üó�� ¤¢ ¢ÂþÁ�üõý�ûñÀõ ý�Â� ¢�ªüõ ¶ä�� ßþ� ø ´Æ�÷ ë¢�¬ AICÂ�ð´ìø ¤��Æ� Â�çµõ ��¿µ÷� À�þ�Âê ,ï¤�� �f µ±Æ÷ Àã� ��.Àª��ø á�Ï� ý�û¤��ãõ ß�� ý�Î��¤ �� �ó�Öõ ßþ� �ø¢ Ç¿�á��÷� üêÂãõ �� ��¨ Ç¿� .¢¥�¢Â�üõ öÀ�÷�ø� � ��úÔõ¥� ù¢�Ôµ¨� ý�Â� ¢���õ ý¤��ê� �Â÷ ��÷�Øõ� ø ö�ø�� â�����¤�ú� Ç¿� ¤¢ 9SCAD ö�ø�� â��� .¢¤�¢ «�Êµ¡� �ú÷�Âµõ�¤�� ��¿µ÷� ý�û©ø¤ ��÷ �õ�¢� ¤¢ ø ¢�ªüõ üêÂãõ��ãó�Îõ ß��»Þû .À÷�ªüõ ö��� Ý¹�� Ç¿� ¤¢ ÝÑ÷��¿µ÷� ý�û©ø¤ á��÷� ß�� ý�Æþ�Öõ Ûõ�ª ,ý¥�¨��±ªö�ø�� â��� ¢ÂØÜÞä Â� ÝÑ÷ Âµõ�¤�� Â���� ü¨¤Â� ��÷ ø Â�çµõÝµÔû Ç¿� ¤¢ ��¹÷�Â¨ .¢�ªüõ ù¢¤ø� ÝÈª Ç¿� ¤¢ýù¢�¢ �ä�Þ¹õ ×þ ýø¤ Â � �¤ ùÀª üêÂãõ ý�û©ø¤.Ý��îüõ �Â�� üãì�øöÀ�÷�ø�� ��úçõ ø á�Ï� ¤��ãõ 2ý�þÂÑ÷ §�¨� Â� ñÀõ ��¿µ÷� ý�û¤��ãõ ¥� ý¢�þ¥ ¢�Àã�,�û¤��ãõ ßþ� ßþÂ�¢Â�¤�îÂ� ¥� üØþ .À÷�ùÀõ� ÀþÀ� á�Ï�

ø Â»÷¤ �� ´¨¤¢�÷ ñÀõÉ�Ê¿� ��Â�� �� üþ��ª� ý�Â�)�À�� .(¢�ª �ã��Âõ 178-169 ��½Ô¬ ,℄17[ ¸ó�ªý¢¤ø�Â�Ýî ø ý¢¤ø�Â�Ç�� Ûþ�Æõ ¤�µêÂð �î üóÀõ ö¢Âî.¢Â�ðüõ ¤�Âì Â�çµõ ��¿µ÷� �� ¯��Âõ ý�Î�� ¤¢ Àª�±÷:ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ Âþ¥ üÎ¡ ö��¨Âð¤ ñÀõyi = �1xi1 + : : :+ �dxid + �i; i = 1; : : : ; n; (1)d ø ¾¨� � Â �ç µõ °��Â � � � xid; : : : ; xi1; yi �Øþ¤�Ï ��.À�ª��üõ ��i ý�÷�Þ÷ ¤¢ ö� �� Í±�Âõ ü½�®�� Â�çµõ� � ÷ �û�i ø ü÷� �¨Âð¤ °þ�Â® �1; : : : ; �d ,ö� Â � ùø�äß�Ú÷� �õ � � ÂÚþÀØþ ¥� ÛÖµÆõ ø ñÀõ üê¢�Ê� ý�Î¡,Â�çµõ ��¿µ÷� ¥� éÀû .À�ª��üõ �2 Å÷�þ¤�ø ø ÂÔ¬x1; : : : ; xd ü½�®�� ý�ûÂ�çµõ ¥� ý��ä�Þ¹õ Âþ¥ ß��ã�ßþÂµú � y ¾¨�� Â �ç µõ Ó�¬�� ¤¢ �î ý��÷�ð � � ´¨��µª�¢ �ä�Þ¹õ Âþ¥ ý�ûñÀõ Âþ�¨ Û��Öõ ¤¢ �¤ ¢ÂØÜÞä��¿µ÷� ý�Â� üä��µõ ý�û©ø¤ ø �û¤��ãõ ö��î �� .Àª��á�Ï� ¤� � ã õ � ú ÷� ß þÂ µ êøÂ ã õ � î À ÷�ùÀª � þ�¤� Â � ç µ õ�î ´¨� (7BIC) ý��� á�Ï� ¤��ãõ ø (6AIC) ×���î �.À÷Àª üêÂãõ ℄18[ ��¤��ª ø ℄2[ ×���î � Í¨�� °��Â� ��ý���õ¥ ¤¢ �û¤��ãõ ßþ� �î ý�ù¢ÂµÆð ¢Â�¤�î Ýè¤üÜä¤¢ ü��±�ü� ¶ä�� �ú÷� ¥� ýù¢�Ôµ¨� À÷¤�¢ Â�çµõ ��¿µ÷�¥� ù¢� Ô µ¨� �¤�¬ ¤¢ �Â þ¥ .℄3[ ¢�ªüõ Â � ç µ õ ��¿µ ÷��� ¤¢�ì �ú�� ü÷��¨Âð¤ °þÂ® Âû ¢¤�õ ¤¢ �û¤��ãõ ßþ�°þÂ® ö� �� Í±�Âõ Â�çµõ �þ ;Ý�µÆû Ý�ÞÊ� ø¢ £�¿��¢�ªüõ ¶ä� � ßþ� ø � ÷ � þ À �îüõ �À� � ¤�Ì� ñÀõ ¤¢íÀ÷� ��Â� �ç � ©�¿µ¨¢ �ûù¢�¢ ý�ä�Þ¹õ �î ü÷�õ¥Akaike Information Criterion6Bayesian Information Criterion7Penalty Fun
tion8Smoothly Clipped Absolute Deviation9



67 ñø� ù¤�Þª ,Ýû¢�÷�� ñ�¨ ö�ø�� â��� ¥� ù¢�Ôµ¨� �� Â�çµõ ��¿µ÷�ö�ø�� â��� À�� üêÂãõ 3ñÀõ ¤¢ ü ÷� � ¨Â ð¤ ° þ�Â® ¢¤ø�Â � ý�Â � ñ�Þ ã õ ©ø¤Â¹�õ �î Àª��üõ ùÀ÷�Þ�ì�� �ø¢ ý�ûö��� ¥� ù¢�Ôµ¨� ,(1)�� y ø X ö� ¤¢ �î ¢¢Âðüõ �̂ols = (X 0X)�1X 0y ���õ� .À�µÆû ¾¨�� Â�çµõ ¤�¢Â� ø ��Àû�Èõ ÅþÂ��õ °��Â�¢��ø üÚµÆ±Þû ü½�®� � ý�ûÂ � ç µ õ ß� � � î ü ÷� õ¥�î Àª Àû��¡ ù�ÂÞû üÊþ�Ö÷ �� Âð¢¤ø�Â� ßþ� ,Àª�� �µª�¢¤¢ ø � üãì�ø ¤�ÀÖõ ¥� �̂ols ßµêÂð �Ü¬�ê �ú÷� ßþÂµÞúõâê¤ ý�Â� .℄13[ ´¨� �̂ols ¤�¢Â� ñ�Ï öÀª ï¤�� �¹�µ÷Âþ¥ éÀû â��� ¥� ù¢�Ôµ¨� ℄13[ ¢¤��î ø ñ¤�û ÛØÈõ ßþ�:À÷¢�¢ ¢�ú�È�� ü÷��¨Âð¤ °þ�Â® ¢¤ø�Â� ´ú� �¤min� f(y �X�)0(y �X�)g s:t dXj=1 �2j < 
: (5)¯Âª .´¨� ü÷��¨Âð¤ °þ�Â® ¤�¢Â� � ë�ê ý�Î��¤ ¤¢� � ü ÷� � ¨Â ð¤ ° þ�Â® ö¢Â î ×��î � �Pdj=1 �2j < 
ýÂ�ð�Ü� ¢¤ø�Â� ¤�¢Â� ñ�Ï öÀª ï¤�� ¥� ,�À±õ ´Þ¨�� ñ¢�ãõ ,ë�ê ¯øÂÈõ ý¥�¨ ÝÞ�÷üõ ý�ó�Æõ .À�îüõ:Àª��üõ Âþ¥ üÏÂª Â�è â��� ö¢Âî ÝÞ�÷üõmin� f(y �X�)0(y �X�) + � dXj=1 �2j g: (6)ù¢� Ô µ ¨� � � ø 
 � � Â Ò� � µ õ � î �¤ � ,ë� ê �¤� ± ä ¤¢,℄16[ ýÂ Þ ð´ ÷� õ) À þ�ü õ ´ ¨À � ��À û� È õ ¥�� � .À � õ� ÷ü õ 10ÝÑ ÷ Â µ õ�¤� � ,(339-343 ��½Ô¬�¤� ¬ � � 11ü ç � µ ¨ Â ð¢¤ø�Â � (6) â �� � ¥� ù¢� Ô µ ¨�¤¢ � î ¢�ªüõ Û¬�� �̂ridge = (X 0X + �I)�1X 0y℄10[ ßõÀþÂê ø ×÷�Âê .´¨� À��ø ÅþÂ��õ ×þ I ö�

:℄2[ ¢�ªüõ üêÂãõ Âþ¥ �¤�¬ �� �î ´¨� AICAIC = �2`+ 2p: (2)¢�Àã � p ø üþ�Þ� µ¨¤¢ â�� � Ýµ þ¤�Ú ó ` ,ë�ê ý�Î��¤ ¤¢Âþ¥ ñÀõ Âû .À�ª��üõ ñÀõ ¤¢ ¢���õ ü÷��¨Âð¤ °þ�Â®�ä�Þ¹õ Âþ¥ ý�ûñÀõ Âþ�¨ Â� ,ÂµÞî AIC � � �ä�Þ¹õ¢À ã µ õ ý� û¤� � ã õ AIC üêÂ ã õ ñ� ± ÷¢ � � .¢¤�¢ ýÂ �Â �á�Ï� ¤� � ã õ �ú ÷� ßþÂ µ êøÂãõ �î À ÷Àõ� À þÀ � ýÂÚþ¢� � ø ´¨� (BIC) ý� � � á�Ï� ¤� � ã õ � þ (SIC) � �¤�� ª:℄18[ ¢�ªüõ ÓþÂã� Âþ¥ �¤�¬BIC = �2`+ p lnn: (3)Âþ�¨ �� üþ��ª� ý�Â� .´¨� �÷�Þ÷ Ý¹� n ë�ê �¤�±ä ¤¢�� �ú÷� üêÂãõ ¤¢ á�Ï� ý�þÂÑ÷ ÇÖ÷ ø á�Ï� ý�û¤��ãõ¤¢ �Î¡ ��Þ� Âð� .À��î �ã��Âõ ℄4[ ö�¨¤À÷� ø ��ú÷¤��,(3) ø (2) ý�û¤��ãõ À�ª�� ñ�õÂ÷ âþ¥�� ý�¤�¢ (1) ñÀõýùÀ�÷�ø�� ýùÀ÷�Þ�ì�� �ø¢ ý�ûö��� á�Þ¹õ �¤�¬ ��:(�2 ö¢�� ��Üãõ ­Âê ��) À÷�ªüõ Û¬�� Âþ¥RSSp�2 + pF; (4)ñÀõ ýùÀ÷�Þ�ì�� �ø¢ ý�ûö��� á�Þ¹õ RSSp ö� ¤¢ �îß��ã� Ç�� ¥� ¤�ÀÖõ ×þ �î F .℄12[ Àª��üõ p Àã� ��ÂÑ÷ ¤¢ ñÀõ Àã� ý�Â� �î ´¨� ü÷�ø�� ö���õ ,´¨� ùÀªø ×���î � á�Ï� ¤��ãõ �î ´¨� ¼®�ø .¢�ªüõ �µêÂðö¢�¢ ¤�Â ì � � °� �Â � � � (4) ý�Î��¤ ¥� ö�� �üõ �¤ ý�� �.¢¤ø� ´¨¢ �� F = lnn ø F = 2tuning parametr10Ridge11



68 ý¤�õ� �ÈþÀ÷� �ø¢ ù¤�Þª ,Ýû¢�÷�� ñ�¨ý�Ü�¨ø �� ÛØÈõ ßþ� .Àû¢üõ üþ�ú÷ ñÀõ ¤¢ �¤ Â�çµõÂð¢¤ø�Â� ÂÚþ¢ ÛØÈõ .´¨� ùÀª âê¤ ℄22[ üµÆû ø ø¥ý�Â� �¥� ¯Âª ℄21[ ø¥ .´¨� ö� ý¤�ð¥�¨�÷ LASSO¥� ý�ùÀª ��¬� �Â ê ø ö� � � �¤ Â ð¢¤ø�Â � ßþ� ý¤�ð¥�¨´¨¢ ý¤�ð¥�¨�÷ ÛØÈõ �� ÂÚþ¢ �î �¤ LASSO Âð¢¤ø�Â�.¢�Þ÷ �þ�¤� ,Àª�±÷ ö�±þÂð ��ø � ûÝ µ þ¤� Ú ó� ,ö�ø� � â ��� � á�� ÷� ü êÂ ã õ ��¥�� õ � �ë�ê ý�ûÂð¢¤ø�Â� ý�±¨�½õ ý�Â� üÔÜµ¿õ ý�û©ø¤ø ℄11[ 13Ýµþ¤�Úó� Ù����ª ñ�·õ ö���ä �� .À÷Àª �þ�¤�Âð¢¤ø�Â� ý�±¨�½õ ´ú� ℄7[ 14 �þø�¥ ßþÂµÞî ö��¨Âð¤�ø¢ ý��¤¢ ° þÂ Ö � Ý µ þ¤� Ú ó� .À ÷Àª �ÂÎ õ LASSO,SCAD ö�ø� � â �� � � � �Î ��¤ ¤¢ � � ÷ (15LQA) üã®�õ�� ��÷ ý¤�õ� ý�û¤��ê� �Â÷ .Àª �þ�¤� ℄8[ üó ø ßê Í¨���ûÝµþ¤�Úó� ßþ� Â·î� ý�Â�� ö�Øõ� ÓÜµ¿õ ý�û�µÆ� ¢�¹þ�lasso ø brdgrun ý�µÆ� ,ñ�·õ ý�Â� .À÷�ù¢Âî Ýû�Âê �¤Ù � � �� ª ¥� ù¢� Ô µ ¨� � � ° � �Â � � � S-Plus ¤�� ê��Â ÷ ¤¢ý�Â� ,℄19[ ü÷�Â�ª°�� ý¢�ú�È�� Ýµþ¤�Úó� ø Ýµþ¤�Úó�lars ý�µÆ� .À÷Àª ¢�¹þ� LASSO Âð¢¤ø�Â� ý�±¨�½õßþÂµÞî ö��¨Âð¤ ©
 ø¤ ¥� ù¢�Ô µ¨� ý�Â � ,R ¤�� ê��Â ÷ ¤¢¤��ê� �Â÷ ¤¢ ��÷ PROC SCADLS ©ø¤ .Àª ¢�¹þ� �þø�¥ö�ø� � â �� � ý�Â � �¤ LQA Ý µ þ¤� Ú ó� ý�Â�� ö� Ø õ� SAS.℄6[ ´¨� ù¢Âî Ýû�Âê SCAD

,üç � µ ¨ ö� �¨Â ð¤ ¤¢ � µ ê¤ ¤� î � � ýùÀ þ� ¥� ù¢� Ô µ ¨� � �¤¢ � ¢¤ø�Â� ´ú� �¤ L
 =Pdj=1 j�j j
 â���� ýù¢��÷�¡Âð¢¤ø�Â� �î ´¨� ¼®�ø .À÷¢Âî üêÂãõ (6) éÀû â����ú�� L
 â���� �õ� .¢�ªüõ Û¬�� 
 = 2 ý�¥� �� üç�µ¨ø ℄8[) À÷¤�¢ �¤ Â�çµõ ��¿µ÷� üþ�÷��� 0 < 
 � 1 ý�¥� ��´�Þû� Ýî °þ�Â® ö¢�¢ ¤�Âì ÂÔ¬ Â��Â� � � ü�ãþ (℄19[ßþ�Â���� .À÷�ªüõ ñÀõ ¥� �ú÷� éÁ� °±¨ ´�Þû�ü� ø��¿µ÷� ©ø¤ ×þ ö���ä �� À÷���üÞ÷ üç�µ¨ ö��¨Âð¤´ú� �¤ L1 â��� ℄19[ ü÷�Â�ª°�� .Àª�� �ÂÎõ Â�çµõÂð¢¤ø�Â� ø ¢Â� ¤�î �� (6) éÀû â��� ¤¢ Â�çµõ ��¿µ÷�.¢�Þ÷ üêÂãõ 12LASSO ö���ä ´½� �¤ ö� ¥� Û¬��¶ ½ ± õ ýø¤ � � �¤ ýÀ þÀ � ýùÂ ¹ � � LASSO ©ø¤ý�û©ø¤ ¥� ý¤��Æ� �î ý¤�Ï �� ¢�Èð Â�çµõ ��¿µ÷�üä�÷ �� À÷Àª �þ�¤� 1996 ñ�¨ ¥� Àã� �î Â�çµõ ��¿µ÷���¬� éÀû �� ×þ Âû ø À�µÆû ¯�±�¤� ¤¢ LASSO � �ö�� � ä � � .À ÷Àª ¢�¹ þ� LASSO Óã® ¯� Ö ÷ ¥� üØ þ��÷ ï¤�� °þ�Â® LASSO ©ø¤ ¤¢ �Ø�þ� Û�ó¢ �� ,ñ�·õ,(À ÷�ªüõ Ë±Ö � õ �À ± õ ´Þ¨ � �) À ÷�ªüõ ùÀ � ÷�ø� �À��îüõ �À�� �¤ ñÀõ ¤¢ ¤�Ì� ´¬Âê ÂµØ��î °þ�Â®ý�Â� ℄8[ üó ø ßê .¢¢Âðüõ ý¢¤ø�Â�Ç�� °±¨ ßþ� øßþ�) À÷¢Âî üêÂãõ �¤ SCAD ö�ø�� â��� �Ê�Ö÷ ßþ� âê¤ÂÚþ¢ ýùÀÞä ÛØÈõ .(¢�ªüõ üêÂãõ Àã� Ç¿� ¤¢ â���¢�À ã � � ú ÷� ¤¢ � î ´¨� ü Ü þ�Æ õ � � ¯� ± �¤� ¤¢ LASSO(n) �÷�Þ÷ Ý¹� ¥� Âµð¤�� ¤��Æ� (d) ü½�®�� ý�ûÂ�çµõn Â·î�À� ¤�Ì� ýù¥��� LASSO ´ó�� ßþ� ¤¢ .´¨�Least Absolute Shrikage and Sele
tion Opertor12Shooting Algorithm13Least Angle Regression14Lo
al Quadrati
 Approximation15



69 ñø� ù¤�Þª ,Ýû¢�÷�� ñ�¨ ö�ø�� â��� ¥� ù¢�Ôµ¨� �� Â�çµõ ��¿µ÷�.¢¤�¢ ¢��ø � ø a Âµõ�¤�� ø¢ (7) â��� ¤¢ . (.À���±� �¤ 1¤�ÀÖõ �î À÷¢�¢ ö�È÷ ý��� ý�ãó�Îõ ×þ �� ℄8[ üó ø ßêÛ�ó¢ ß�Þû �� .´¨� °¨��õ ��¿µ÷� ×þ a ý�Â� 3/7.À��îüõ ý¤�Áðö�È÷ �ÅþÀ÷� �� �ú�� �¤ SCAD â���

.ÓÜµ¿õ ö�ø�� â���� Í¨�� ,°þ�Â® öÀ�÷ø�� ýù�½÷ .1 ÛØª�ø¢ ý� ûö�� � á� Þ¹ õ ¥� � ¢¤ø�Â � ý�Â � ℄8[ ü ó ø ß ê:Âþ¥ ýùÀ�÷�ø�� ýùÀ÷�Þ�ì��1n (y �X�)0(y �X�) + dXj=1P�(j�j j); (8)ñ¢�ãõ ¤�Ï �� �þ(y �X�)0(y �X�) + n dXj=1P�(j�j j); (9)ùÀª ÓþÂã� (7) ¤¢ P�(j�j j) �ú÷� ¤¢ �î .À÷¢Âî ù¢�Ôµ¨�.´¨�ö� ýÂþÁ�ÕµÈõ �Àä SCAD ö�ø�� â��� ¥� ù¢�Ôµ¨� ÛØÈõ℄8[ üó ø ßê ¤�Ñ�õ ß�Þû �� .Àª��üõ ��Êµ¿õ �À±õ ¤¢°þÂÖ� �ø¢ ý��¤¢ â��� ×þ �� �¤ SCAD ö�ø�� â��� �Àµ��-ß���÷ ý¤�ÂØ� Ýµþ¤�Úó� ¥� ù¢�Ôµ¨� �� ö� ñ�±÷¢ �� ø ù¢¥

SCAD ö�ø�� â��� 4� � �¤ �� ¡ ö�ø� � â �� � × þ ý� ûü ðÄ þø ℄8[ ü ó ø ß êö��� üÚµ¨��� (iii) ø 16üØ��e (ii) ,ü±þ¤��÷ (i) �¤�¬¥� üØ þ � � ¯� ± �¤� ¤¢ � ûüðÄ þø ß þ� ¥� ��À î Â û .À ÷¢Â î¤¢ �î ¤�Î÷�Þû .À�ª��üõ üÜ±ì ýùÀª üêÂãõ ý�û©ø¤°þ�Â® öÀ�÷�ø�� �� LASSO ©ø¤ ,Àª ù¤�ª� ��¨ Ç¿�LASSO �¹�µ÷ ¤¢ ø ¢¢Âðüõ ý¢¤ø�Â�Ç�� °±¨ ï¤��¥� ü ç � µ ¨ ö� � ¨Â ð¤ .´¨� ùÂ ú �ü � ü ± þ¤�� ÷ ü ðÄ þø ¥�°þ�Â® öÂî �¤�¡ üþ�÷��� �Âþ¥ ´¨� ùÂú�ü� üØ�� üðÄþøüþ�û¤��ãõ �� ��÷ ��¨ üðÄþø .¢¤�À÷ �¤ ñÀõ ¥� ´�Þû�ü�ü��±�ü� °��õ �ú÷� ¥� ýù¢�Ôµ¨� �î ¢¤�¢ ù¤�ª� AIC Â�Ñ÷�Àä ��÷ ü��±�ü� ßþ� Û�ó¢ .℄3[ ¢�ªüõ Â�çµõ ��¿µ÷� ¤¢.℄8[ ´¨� �µ¨��� ö�ø�� â��� ×þ ¥� ù¢�Ôµ¨�SCAD ö�ø�� â��� ℄8[ üó ø ßê ,üðÄþø �¨ ßþ� �� ���� ��:À÷¢Âî üêÂãõ Âþ¥ �¤�¬ �� �¤P�(j�j j) =8><>: �j�j j 0 � j�j j < �(a2�1)�2�(j�jj�a�)22(a�1) � � j�j j < a�(a+1)�22 j�j j � a� ;(7)ö�ø�� â��� ÛØª a Âµõ�¤�� .a > 2 ø � > 0 �Øþ¤�Ï ��a ! 1 �� Âû �î ý¤�Ï � � À�îüõ ñÂµ � î �¤ SCAD¢ÂØÜÞä ø À�îüõ Û�õ L1 ÛØª �� SCAD â�� � ÛØª.Àª Àû��¡ LASSO ¢ÂØÜÞä ���Èõ SCAD ö�ø� � â�� �¤¢ L2 ø L0=5 ,L1 â���� ¤�¢�Þ÷ ù�ÂÞû �� SCAD ¤�¢�Þ÷é�¡Â� SCAD ö�ø�� â��� .´¨� ùÀª ù¢�¢ ö�È÷ 1 ÛØª«�Ê¡ � � ¤�À Ö õ ×þ ¥� � î ü ± þ�Â® ý�Â � ,LASSOÛØª) ¢Â�ðüõ ÂÑ÷ ¤¢ �¤ üµ��� ö�ø�� À�ª�� Âµð¤�� (a�)Sparsity16



70 ý¤�õ� �ÈþÀ÷� �ø¢ ù¤�Þª ,Ýû¢�÷�� ñ�¨Û��Öµõ ü¹�¨¤�±µä� 1.5� � ��Àû�Èõ (17CV ) Û��Ö µ õ ü¹�¨ ¤� ± µä� ©ø¤ ¤¢�¤ ñÀõ ,ñø� ùøÂ ð ×Þî � � .À ÷�ªüõ Ý �ÆÖ � ùøÂ ð ø¢ü��þ¥ ¤� ,ùÀª ©¥�Â� ñÀõ ,�ø¢ ùøÂð Í¨�� ø ù¢�¢ ©¥�Â�(xi; yi) �¤�¬ �� ùÀû�Èõ n Âð� ñ�·õ ö���ä �� .¢�ªüõ,��Àû�Èõ ßþ� ¥� �� (n� 1) ¥� ù¢�Ôµ¨� �� ø À�ª�� ¢���õßþ� ¥� üØþ �ú�� ÂÚþ¢ �¤�±ä �� �þ Ý�û¢ ©¥�Â� ñÀõ ×þ�� CV ¤��ãõ �¤�¬ ßþ� ¤¢ ,Ýþ¤�ÁÚ� ¤��î �¤ ��Àû�Èõ:¢�ªüõ ÓþÂã� Âþ¥ �¤�¬CV (�) = 1n nXi=1(yi � ŷ�i� )2;¤� � î ¥� Å � ùÀ ª ©¥�Â � ¤�À Ö õ Â Ú ÷� � � ŷ�i� ö� ¤¢ � î¢¤�õ ý� �¤�¬ ßþ� ¤¢ .´¨� ùÀû�Èõ ß�õ�i ßµª�ÁðÝÞ�÷üõ �¤ ¤��ãõ ßþ� �î ¢�� Àû��¡ üþ� �� ÂÒ��µõ ÂÑ÷.À�îÛ�ó¢ ß�Þû �� .´¨� Â�ð´ìø ¤��Æ� CV (�) ý�±¨�½õÝ �Þã � Û �� Ö µ õ ü¹�¨ ¤� ± µ ä� ¤� � ã õ ℄5[ � ± û�ø ø öø�Â î�� CV (�) ý�Â� ü�þ�Úþ�� ö���ä �� �¤ (18GCV ) �µê�þ:À÷¢Âî üêÂãõ Âþ¥ �¤�¬GCV (�) = (y � ŷ�)0(y � ŷ�)n(1� tr(A(�))n )2 ; (11)ÅþÂ �� õ ´½ � ùÀª ©¥�Â � Â þ¢� Ö õ ¤�¢Â � ŷ� ö� ¤¢ � îÂþ¥ �¤�¬ �� SCAD Âð¢¤ø�Â� ���� �� �î ´¨� A(�):Àþ�üõ ´¨À�ŷ = X�̂= X(X 0X + n��)�1X 0y� A(�)y: (12)

¤�Ï � � � þ ø (8) éÀû â �� � ö¢Â î ÝÞ � ÷üõ � � ö�Æê�¤ý�ûüðÄþø ¢¤�õ ¤¢ .À� µ¡�¢Â � (9) éÀû â�� � ÂÒ� � µõ�ø¢ ý��¤¢ °þÂÖ� ö���ä �� �î Ýµþ¤�Úó� ßþ� üþ�ÂÚÞû℄14[ üó ø Âµ ÷�û � � ,¢�ªüõ �µ¡��ª (LQA) üã®�õSCAD Âð¢¤ø�Â� Ýµþ¤�Úó� ßþ� ¥� ù¢�Ôµ¨� �� .À��î �ã��Âõ:¢�ªüõ Û¬�� Âþ¥ �¤�¬ �� ��(k + 1) ¤�ÂØ� ¤¢�(k+1) = (X 0X + n��(�k))�1X 0y; (10)��(�(k)) = diagfP 0�(j�(k)1 j)j�(k)1 j ; : : : ; P 0�(j�(k)d j)j�(k)d j g ö� ¤¢ �î�(k) ý�ÎÖ÷ ¤¢ SCAD ö�ø� � â�� � ÕµÈõ P 0�(j�(k)j) øý¢�þ¥ ´û�±ª üç�µ¨ Âð¢¤ø�Â� �� Âð¢¤ø�Â� ßþ� .Àª��üõ.¢¤�¢
ÝÑ÷ Âµõ�¤�� ��¿µ÷� 5¤�ÀÖõ ��¿µ ÷� ü ÷�ø� � â �� � Âû ¥� ù¢� Ô µ¨� ¤¢ �Àì ß� óø�Â µ õ�¤� � ¤�À Ö õ Â ð� .´ ¨� Ý Ñ ÷ Â µ õ�¤� � ý�Â � ° ¨� � õñÀ õ ¥� ýÂ µ È � � ý� ûÂ � ç µ õ À ª� � ï¤� � ü Ü � ¡ ÝÑ ÷.¢�ªüõ ñÀõ ý¢¤ø�Â� Ýî °±¨ ,ßþ� �î À÷�ªüõ éÁ�¶ä�� ,Àª�� ×��î üÜ�¡ ÝÑ÷ Âµõ�¤�� ¤�ÀÖõ Âð� ,ÅØäÂ�.(À��î �Ñ��õ �¤ 1 ñøÀ�) Àª Àû��¡ ý¢¤ø�Â� Ç��¤¢ F ) À ã �e ö�ø� � ö� ¤¢ � î á�Ï� ý� û¤� � ã õ é�¡Â �,´¨� ùÀª ß��ã� Ç�� ¥� ø ´��� ¤�ÀÖõ ×þ ,(4 ý�Î��¤ù¢�Ôµ¨� �� LASSO À�÷�õ üþ�û©ø¤ ¤¢ ÝÑ÷ Âµõ�¤�� ¤�ÀÖõ�¤ ©ø¤ ø¢ Ç¿� ßþ� ¤¢ .¢�ªüõ �±¨�½õ ��Àû�Èõ ¥�.Ý��îüõ üêÂãõ ,À÷¤�¢ ¤�Ñ�õ ßþ� ý�Â� ü÷�ø�Âê ¢Â�¤�î �îCross Validation17Generalized Cross Validation18



71 ñø� ù¤�Þª ,Ýû¢�÷�� ñ�¨ ö�ø�� â��� ¥� ù¢�Ôµ¨� �� Â�çµõ ��¿µ÷�ý¥�¨ ��±ª ��ãó�Îõ 6ü¡Â� ý�Æþ�Öõ �� ý¥�¨ ��±ª ¥� ù¢�Ôµ¨� �� Ç¿� ßþ� ¤¢¥��÷ ¢¤�õ ý�ûù¢�¢ .Ýþ¥�¢Â�üõ ñÀõ ��¿µ÷� ý�û©ø¤ ¥�:Ýþ¢Âî À�ó�� Âþ¥ ñÀõ ¥� �¤ �ûý¥�¨��±ª ��¹÷� ý�Â�y =X�0 + ��; (14)Â¬��ä ø �0 = (3;1:5;0;0;2;0;0;0)0 �Øþ¤�Ï ��À � ó� � ¢¤�À ÷� µ ¨� ñ� õÂ ÷ â þ¥� � ¥� � ¤�¢Â � ø X ÅþÂ �� õüÚµÆ±Þû ,Íþ�Âª ö¢Âî Â�¢�� ý�Â� �Ø�þ� ßÞ® .À÷�ùÀª0=5ji�jj Â ��Â � �¤ Xj ø Xi ü½�®� � ý�ûÂ � ç µ õ ß� �ø ß ê ø ℄19[ ü ÷�Â � ª° � � �¤ Í þ�Â ª ß þ� .Ý þ�ù¢�¢ ¤�Â ì.À÷¢Â� ¤�î �� ¢�¡ ý�ûý¥�¨ ��±ª ��¹÷� ý�Â� ℄8[ üóø In
orr ,Corr É¡�ª �¨ ¥� ¸ þ� µ ÷ ý�Æ þ� Ö õ ´ú�ü±þ�Â® ¢�Àã� Í¨�µõ Corr .Ýþ¢�Þ÷ ù¢�Ôµ¨� 20MRMEüþ�¹÷� ¥� .À÷Â�ðüõ ¤�Âì ÂÔ¬ Â��Â� üµ¨¤¢ �� �î ´¨�Âû �Áó ,À�µÆû ÂÔ¬ Â��Â� �fãì�ø °þÂ® 5 ,�0 ¤�¢Â� ¤¢ �î�� .¢�� Àû��¡ Âµú� Àª�� ÂµØþ¢�÷ 5 �� É¡�ª ßþ� ���� �î ´¨� ü±þ�Â® ¢�Àã� Í¨�µõ In
orr ÕþÂÏ ß�Þû�� É¡�ª ßþ� üØþ¢�÷ .À÷Â�ðüõ ¤�Âì ÂÔ¬ Â��Â� ÍÜèÂÑ÷ ¥� ö� �� ÂÒ��µõ ©ø¤ ö¢�� ��¡ ý�ó��õ �� ,ÂÔ¬´Æ�¤�±ä ��÷ MRMEÉ¡�ª .Àª��üõ In
orrÉ¡�ªÀ�ó�� ýù¢�¢ �ä�Þ¹õ Âû ý�¥� �� �î Âþ¥ Âþ¢�Öõ ý�÷��õ ¥�:À÷¢Âðüõ �±¨�½õ ,ùÀªRME = (�̂SCAD � �0)0�(�̂SCAD � �0)(�̂OLS � �0)0�(�̂OLS � �0) ;ü½�®�� ý�ûÂ�çµõ Å÷�þ¤�ø�î ÅþÂ��õ � �Øþ¤�Ï ��´¨À� (10) ý�Î��¤ ¥� ù¢�Ô µ¨� � � � � ÷ �̂SCAD .´¨�

.À�þ�ðüõ y 19ýÂþ�Ê� ÅþÂ��õ �¤ A(�) ÅþÂ��õ
BIC ¤��ãõ 2.5©ø¤ ¤¢ Â ð� � î À ÷¢�¢ ö� È ÷ ℄15[ ö�¤� Ø Þ û ø Ù � óCV Â�Ñ÷ üþ�û¤��ãõ ¥� ù¢�Ôµ¨� �� ÝÑ÷ Âµõ�¤�� LASSOÀû��¡ ¤�ð¥�¨�÷ Û¬�� Âð¢¤ø�Â� ,¢�ª ��¿µ÷� GCV ø¤¢ ℄20[ ö�¤�ØÞû ø Ù÷ø �¤ ö� � � � ��Èõ ý��µØ÷ .¢� �� î À ÷¢�¢ ö�È ÷ ø À ÷¢�Þ ÷ ö� � � SCAD ö�ø� � â �� � ¢¤� õ�� �ú÷� .¢�ªüõ ý¢¤ø�Â� Ç�� ¤��¢ Û¬�� Âð¢¤ø�Â��� �¤ BIC ¤��ãõ ¥� ù¢�Ôµ¨� ,GCV ¤��ãõ ýÂ�ð¤�Ø� ý��:À÷¢�¢ ¢�ú�È�� Âþ¥ �¤�¬BIC(�) = �2`+DF� lnn: (13)�î ¢�� Àû��¡ üþ� ¥� �¤�±ä ÂÑ÷ ¢¤�õ ý� ��÷ �¹�þ� ¤¢� þ�� ý�µØ ÷ .¢�ªüõ ÝÞ� ÷üõ ë�ê ¤� � ã õ ö� ý�¥� � �DF� ÓþÂã � üÚ ÷�Ú� ,(13) ¤� � ã õ ¢¤� õ ¤¢ ´�Þû�� � �¤ DF� ,℄20[ ö�¤� Ø Þ û ø Ù ÷ø � � Â ð� .À ª� �ü õÝ�û��¿� Âð� ñ�� ßþ� �� ,À÷¢Âî ÓþÂã� tr(A(�)) �¤�¬Â��Â� DF� ,Ý�þ�Þ÷ ù¢�Ôµ¨� BIC ¤��ãõ ñ�Þãõ ÓþÂã� ¥�Àª� �üõ SCAD Â ð¢¤ø�Â � ¤¢ Â Ô¬ Â �è °þ�Â® ¢�Àã �.´¨� ���Èõ �f ± þÂÖ � � ¢¤ø�Â� ¤¢ ,ø¢ ßþ� ¢ÂØÜÞä .℄6[PROC©ø¤ ¤¢ ��þ�ð ø¢ ßþ� ¥� ×þ Âû ¥� ù¢�Ôµ¨� ö�Øõ�.´¨� ùÀª Ýû�Âê SAS ¤��ê��Â÷ ¥� SCADLSProje
tion Matrix19Median of Relative Model Error20



72 ý¤�õ� �ÈþÀ÷� �ø¢ ù¤�Þª ,Ýû¢�÷�� ñ�¨.´¨� ùÀª ù¢¤ø� 2 ñøÀ� ¤¢ Û¬�� ¸þ�µ÷� � � î ´¨� ß þ� SCAD Â ð¢¤ø�Â � ��� � ° ó� � üðÄ þø,�÷�Þ÷ Ý¹� Çþ��ê� ��÷ ø ÝÑ÷ Âµõ�¤�� °¨��õ ��¿µ÷�ü ± þ�Â® ,À � îü õ Û � õ × þ ´Þ¨ � � � î ü ó� Þ µ �� � �℄8[ À÷�ªüõ �¤�¡ ñÀõ ¥� À� µÆû ÂÔ¬ Â��Â � �f ã ì�ø �îßþ� ý�¤�¢ ��÷ ℄21[ ø¥ Í¨�� ùÀª �ÂÎõ Âð¢¤ø�Â� �µ±ó�Âð¢¤ø�Â� üðÄþø ßþ� ö¢�¢ ö�È÷ ý�Â� .Àª��üõ üðÄþøÇ���È� � À ÷¢� � ÂÔ¬ Â��Â � �0 ¤¢ �î ü± þ�Â® ,SCADßþÂ µ Þ î � Ü � ¨ø � � ° þ�Â® Â þ� ¨ ø ùÀª �¤�¡ ñÀ õ ¥��� ¯��Âõ ¸þ�µ÷ .À÷�ùÀª ¢¤ø�Â� ùÀ÷�Þ�ì�� �ø¢ ý�ûö���.À ÷�ùÀªÉ¿Èõ Ora
le � � 2 ñøÀ� ¤¢ Âð¢¤ø�Â � ßþ�ø �÷�Þ÷ Ý¹� öÀª ¢�þ¥ �� ¢�ªüõ �Ñ��õ �î ¤�Î÷�ÞûBIC ø AIC ,SCAD ¢ÂØÜÞä ,�Î¡ Å÷�þ¤�ø Çû�î �� ��÷À��þüõ Çþ��ê� Corr É¡�ª �Øþ¤�Ï �� ;¢�ªüõ Âµú�.À÷�ªüõ Ýî ¸þ¤À� �� MRME ø In
orrÉ¡�ª ø¢ ø� � .´Æ� ÷ ¤�Â ìÂ � �f õø� ó LASSO ¢¤�õ ¤¢ � µØ ÷ ßþ� � õ�Â ð¢¤ø�Â � ß þ� � � ¯� �Â õ MRME É¡�ª ñ� · õ ö�� �ä� ÷� Þ ÷ Ý¹� Ç þ�� ê� � � ,� Â þ¢� Ö õ ¥� × þ Â û ý�¥� � ��� À÷¤�¢ üú��Èõ ¢ÂØÜÞä BIC ø SCAD .À��þüõ Çþ��ê�Ý¹� öÀª ¢�þ¥ �� ,� Âþ¢�Öõ ¥� ×þ Âû ý�¥� �� �Øþ¤�ÏùÀõ� ´¨À � ¸ þ� µ ÷ � � ,ø¢ ß þ� � � ¯� �Â õ ¸ þ� µ ÷ � ÷�Þ ÷Corr É¡�ª .À ÷� ªü õ × þ¢� ÷ Ora
le Â ð¢¤ø�Â � ¥�É¡�ª ¥� Â µ ð¤� � ù¤�� Þ û SCAD Â ð¢¤ø�Â � � � ¯� �Â õýÂ�Â� ßþ� ø Àª��üõ LASSO Âð¢¤ø�Â� �� ¯��Âõ Corr�� ¯��Âõ CorrÉ¡�ª .¢¢Âðüõ Â�¥ ¤�� n öÀª ¢�þ¥ ��� � ¯��Âõ Corr É¡�ª ¥� Â µØ��î ù¤��Þû AIC ¤� �ãõ¤¢ AIC ¤��ãõ �î Àû¢üõ ö�È÷ ßþ� ø Àª��üõ BIC ¤��ãõ

Âð¢¤ø�Â� ñÀõ ý�Î¡ ´±Æ÷ ´Ö�Ö� ¤¢ RME .Àþ�üõÝè¤ üÜä .´¨� OLS Âð¢¤ø�Â� ñÀõ ý�Î¡ �� SCADÝÑ÷ Âµõ�¤�� �� ñø� ý��¤¢ ¤¢ ö�ø�� â���� ¢ÂØÜÞä �Ø�þ�§�¨� Â� ý��ãó�Îõ �÷�ð º�û ö��î �� �õ� ´¨� �µÆ��øß�Þû � � .´¨� ùÀÈ÷ ��¹÷� � � � õ¥ ßþ� ¤¢ ý¥�¨�� ±ªÂ� ÝÑ÷ Âµõ�¤�� ¤�ÀÖõ Â��� � ü¨¤Â� ´ú� �Àµ�� ¤¢ ,Û�ó¢ý�ä�Þ¹õ 500 ,LASSO ø SCAD ö�ø�� â���� ¢ÂØÜÞäý�¥� �� ø ù¢Âî À�ó�� � = 3 ý�¥� �� (14) ñÀõ ¥� ù¢�¢¤¢ ÝÑ÷ Âµõ�¤� � ý�Â� �ø�Ôµõ ¤�ÀÖõ �¨ �ú÷� ¥� ×þ Âûø � 2 (0=5;1) :ii ,� 2 (1;1=5) :i :Àª �µêÂð ÂÑ÷ù¢�Ôµ¨� �� ���� ßþ� ¥� ×þ Âû ¤¢ ø � 2 (0;0=5) :iii.À÷Àª ��¿µ÷� �ûÂ�çµõ SCAD ø LASSO ö�ø�� â���� ¥�.´¨� ùÀõ� 1 ñøÀ� ¤¢ Û¬�� ¸þ�µ÷ï¤�� �� ,¢�ªüõ ùÀû�Èõ ¤�îÁõ ñøÀ� ¤¢ �î ¤�Î÷�ÞûÉ¡�ª ,CorrÉ¡�ª Çþ��ê� �� ÂÒ��µõ ,� ¤�ÀÖõ öÀªö� ý� � ã õ � � �¹� µ ÷ ß þ� .À �� þüõ Çþ�� ê� � � ÷ In
orrÂ Ô¬ �f ã ì�ø ° þ�Â® �ú � � � ÷ � öÀª ï¤� � � � � î ´¨��Ø Ü � ,À ÷Â � ðü õ ¤�Â ì Â Ô¬ Â ��Â � ,(�3; �4; �6; �7; �8)Â��Â� ÍÜè �� ��÷ (�1; �2; �5) ÂÔ¬ Óó�¿õ �fãì�ø °þ�Â®.¢¢Âðüõ ý¢¤ø�Â� Ýî °±¨ ßþ� ø À÷Â�ðüõ ¤�Âì ÂÔ¬.À÷�ªüõ �Æþ�Öõ Â�çµõ ��¿µ÷� ÓÜµ¿õ ý�û©ø¤ ×�þ�¢øÀ½õ ¤�Ï �� �f ±ì ý¥�¨��±ª ¥� ´ÞÆì ßþ� �î À��Âû,� ¹ � þ� ¤¢ ü óø ´ ¨� ùÀ ª �� ¹ ÷� ℄8[ ü ó ø ß ê Í ¨� �ÂÚ þÀØ þ � � Â �Ûõ�î ø Â �âõ�� ¤�Ï � � ¤�îÁõ ý�û©ø¤ý�ä�Þ¹õ 500 ¤�Ñ� õ ß þ� ý�Â � .À ÷�ªüõ �Æ þ� Ö õý�÷�Þ÷ Ý¹� ø � = 6;3;1 ý�¥� �� (14) ñÀõ ¥� ù¢�¢ý�ä� Þ¹õ Â û ý�Â � ø À ÷Àª À � ó� � n = 20;40;60.À ÷Àª ñ�Þä� Â � ç µ õ ��¿µ ÷� ÓÜ µ¿õ ý�û©ø¤ ,ù¢�¢



73 ñø� ù¤�Þª ,Ýû¢�÷�� ñ�¨ ö�ø�� â��� ¥� ù¢�Ôµ¨� �� Â�çµõ ��¿µ÷�.℄12[ ¢¤�¢ ý¢¤ø�Â�Ç�� �� Ûþ�Þ� BIC ¤��ãõ �� �Æþ�Öõ.ö�ø�� â��� ¥� ù¢�Ôµ¨� �� Â�çµõ ��¿µ÷� Â� ÝÑ÷ Âµõ�¤�� Â���� .1 ñøÀ�� 2 (0;0=5) � 2 (0=5;1) � 2 (1;1=5)Corr In
orr Corr In
orr Corr In
orrn = 20 SCAD 3/162 0/49 3/962 0/682 4/382 0/886LASSO 2/718 0/23 3/71 0/346 4/186 0/594n = 40 SCAD 3/88 0/184 4/426 0/372 4/588 0/528LASSO 3/352 0/054 4 0/11 4/416 0/258n = 60 SCAD 4/132 0/088 4/58 0/206 4/672 0/376LASSO 3/608 0/01 4/158 0/026 4/528 0/112.üÎ¡ ö��¨Âð¤ ý�ûñÀõ ¤¢ Â�çµõ ��¿µ÷� ý�û©ø¤ ý�Æþ�Öõ .2 ñøÀ�� = 6 � = 3 � = 1Corr In
orr MRME�100 Corr In
orr MRME�100 Corr In
orr MRME�100n = 20 SCAD 2/992 1/128 82/30 3/666 0/694 84/82 4/094 0/012 61/83LASSO 2/884 0/79 48/44 3/16 0/344 66/45 3/01 0/002 71/91AIC 3/326 1/332 87/42 3/332 0/626 91/88 3/49 0/006 80/33BIC 3/9 1/61 77/37 3/93 0/818 88/19 3/984 0/01 69/52Ora
le 5 0 24/69 5 0 26/18 5 0 24/56n = 40 SCAD 3/678 0/818 82/22 4/15 0/282 73/57 4/736 0 39/69LASSO 3/402 0/538 61/53 3/612 0/078 68/26 3/586 0 71/27AIC 3/818 0/99 91/70 3/832 0/204 80/39 3/956 0 74/41BIC 4/47 1/356 89/59 4/498 0/352 69/59 4/628 0 47/79Ora
le 5 0 32/78 5 0 30/35 5 0 28/83n = 60 SCAD 3/894 0/574 83/22 4/388 0/164 63/38 4/82 0 38/59LASSO 3/6 0/306 65/59 3/702 0/018 72/85 3/84 0 72/89AIC 3/928 0/696 89/04 3/982 0/074 74/46 4/066 0 73/13BIC 4/584 1/101 91/55 4/678 0/184 52/93 4/69 0 47/08Ora
le 5 0 32/93 5 0 31/89 5 0 31/79ý¢Â�¤�î ñ�·õ 7,üõ�Þä :X1) ÅÔ ÷ ��ä á�� ÷� ¥� ö�� � õ �� � � ¥� õ�:X5 ø üä�Þµ�� :X4 ,üð¢��÷�¡ :X3 ,üÜ�Ê½� :X2ý�û×±¨ á��÷� ¥� ö���õ �� �� �ú÷� ßþÀó�ø ø (ü÷�ÞÆ�:X8 ø �÷�À±µÆõ :X7 ,�÷�Â�ð ö�¨� :X6) ý¤øÂ� À÷¥ÂêÂ � �� � ü ¨¤Â � ¤� Ñ � õ � � .À ÷¢� � ¤�¢¤� ¡Â � (� ÷�¤À µ Ö õÇ÷�¢ üÜ�Ê½� ¢ÂØÜÞä Â � ë�ê ü½�®�� ý�ûÂ�ç µõÂ�çµõ ö���ä �� �ú÷� üÜ�Ê½� ñ�ÆÞ�÷ ñÀãõ ,ö�¥�õ�.Àª �µêÂð ÂÑ÷ ¤¢ ¾¨��,X6X7 Û��Öµõ ��Â�� ,X8 ø ... ,X1 ý�ûÂ�çµõ Â� ùø�ä¤¢ ü½�®�� ý�ûÂ �ç µ õ ö�� �ä � � � � ÷ X7X8 ø X6X8��¿µ ÷� ¸ þ� µ ÷ .À ÷Àª ñÀõ ¢¤�ø Â � ç µ õ ��¿µ ÷� À � þ�Â ê

ýÂ�ð¤�Ø� ýù�½÷ ,üãì�ø ýù¢�¢ �ä�Þ¹õ×þ �� �¹�þ� ¤¢ö� È ÷ Û Þ ä ¤¢ �¤ Â � ç µ õ �� ¿ µ ÷� Ó Ü µ ¿ õ ý� û©ø¤Âµ¡¢ ¥�õ� Ç÷�¢ 180 ¥� ñ�·õ ßþ� ý�ûù¢�¢ .Ý�û¢üõü Ü � Ê ½ � ñ� ¨ ¤¢ ö� � Þ ¨ Â ú ª ü þ� Þ � û�¤ ýù¤ø¢ß þ� ¥� éÀû .℄1[ À ÷�ùÀª ý¤ø�âÞ� 1386-1387á�� ÷� ø ý¤øÂ � À ÷¥Â ê ý�û×±¨ Â� �� � ü¨¤Â � �ã ó�Îõ.Àª��üõ ö�¥�õ� Ç÷�¢ üÜ�Ê½� ¢ÂØÜÞä Â� ÅÔ÷ ��äÅ � ó� Å Ô ÷ �� ä ý� õ� � È ¨Â � ø¢ ¤� Ñ � õ ß þ� ý�Â �°��Â � �� À� þÂõ� �� ÷� þ¢ ý¤øÂ� À÷¥Âê ý�û×±¨ ø ���� � ø À ª Û � Þ Ø � � ú ÷� ß þÀ ó�ø ø ö�¥� õ� Ç ÷�¢ Í ¨� �Ç÷�¢ Âû �î Àþ¢Âð ��Üãõ �µê¤ ¤�î �� ý�ûýÀ�� §��Öõ



74 ý¤�õ� �ÈþÀ÷� �ø¢ ù¤�Þª ,Ýû¢�÷�� ñ�¨��Â��ç� Û��Öõ ¤¢ á�Ï� ý�û¤��ãõ ,´¨� ù¢�¢ ö�È÷ ℄3[¤¢ ý¢¤�õ ýùÀû�Èõ ý�Â� .À�µÆû ��±�ü� �ûù¢�¢ ����÷ý�½Ô¬ ,℄20[ ö�¤�ØÞû ø Ù÷ø �� ,ö���üõ �Î��¤ ßþ�.¢�Þ÷ �ã��Âõ ,564üþ�ûÂ�çµõ ß��ã� ,Â�çµõ ��¿µ÷� ¥� éÀû �Ø�þ� �� ���� ��üêÂÏ ¥� ø À��îüõ �À�� ¤�Ì� üþ�ú÷ ñÀõ ¤¢ �î ´¨�ÂÑ÷ ¤¢ ü½�®�� Â�çµõ ×þ ö���ä �� �f Þä �À±õ ¥� ­ÂäPROC ø PROC SCADLS ©ø¤ ø¢ ,¢� ªüÞ ÷ � µ êÂ ð¢¤�À÷�µ¨� �¤ ü½�®�� ý�ûÂ�çµõ �Àµ �� GLMSELECTüÜ¬� §��Öõ �� �¤ °þ�Â® ,Â�çµõ ��¿µ÷� ¥� Å� ø ù¢Âî.À�÷�¢ÂðüõÂ�

¢¤ø�Â� �µ÷�Â� Û¡�¢ ¢�Àä� .´¨� ùÀõ� 3 ñøÀ� ¤¢ Â�çµõü�øÂ¡ .À û¢üõ ö�È ÷ �¤ ° þ�Â® ¢¤�À ÷� µ ¨� é�Â½ ÷�©ø¤ ¥� ù¢� Ô µ ¨� � � BIC ø AIC ¤� � ã õ ø¢ � � ¯� �Â õö�ø�� â��� �� ¯��Âõ ü�øÂ¡ ø PROC GLMSELECT¥� ø¢ Âû) PROC SCADLS ©ø¤ ýÂ�ð¤�Ø� �� SCADOLS �� ¯��Âõ ü�øÂ¡ .À÷�ùÀõ� ´¨À� (SAS ¤��ê� �Â÷.´¨� ùÀª Û¬�� PROC REG©ø¤ ¥� ù¢�Ôµ¨� �� ��÷AIC ¤� � ã õ ,¢�ªüõ ùÀû�Èõ 3 ñøÀ� ¤¢ �î ¤�Î ÷�Þûù¢Âî ��¿µ÷� BIC ¤��ãõ �� ´±Æ÷ �¤ ýÂ�ùÀ�»�� ñÀõ,ý¢¤ø�Â�Ç�� �� AIC Ûþ�Þ� üðÄþø �� �µØ÷ ßþ� �î ´¨�ø SCAD ¥� Û¬�� ý�¹�µ÷ ß��»Þû .¢¤�¢ ü÷��¿ÞûßÞþÂ� �î ¤�Î÷�Þû ñ�� Âû �� �õ� Àª��üõ ö�ÆØþ BIC.ý¤øÂ� À÷¥Âê ý�û×±¨ ø ÅÔ÷ ��ä ý�ûù¢�¢ ¤¢ �ú÷� ¢¤�À÷�µ¨� é�Â½÷� ø °þ�Â® ¢¤ø�Â� .3 ñøÀ�OLS AIC BIC SCADInter
ept 14/895 (1/475) 14/677 (0/776) 13/430 (0/247) 13/430 (0/246)X1 0/027 (0/034) 0 (-) 0 (-) 0 (-)X2 0/092 (0/029) 0/113 (0/021) 0/121 (0/020) 0/121 (0/020)X3 0/096 (0/027) 0/114 (0/021) 0/121 (0/021) 0/121 (0/021)X4 0/020 (0/031) 0 (-) 0 (-) 0 (-)X5 0/003 (0/024) 0 (-) 0 (-) 0 (-)X6 -0/053 (0/076) -0/059 (0/032) 0 (-) 0 (-)X7 -0/069 (0/043) -0/059 (0/032) 0 (-) 0 (-)X8 0/029 (0/049) 0/051 (0/012) 0/054 (0/009) 0/054 (0/009)X6X7 0/003 (0/002) 0/004 (0/002) 0 (-) 0 (-)X6X8 0/000 (0/002) 0 (-) 0 (-) 0 (-)X7X8 0/001 (0/001) 0 (-) 0 (-) 0 (-)ýÂ�ð�¹�µ÷ ø ¶½� 8«�¡ ¤�Ï � � ,¢¤�¢ ö�ø� � â ��� � Â þ� ¨ � � �Æ þ� Ö õ ¤¢ � î¥� ùÀõ� ´¨À� ¸þ�µ÷ §�¨� Â� .Ýþ¢�¢ ¤�Âì ü¨¤Â� ¢¤�õ� � �Æ þ� Öõ ¤¢ SCAD ö�ø� � â �� � ,ý¥�¨�� ±ª ��ã ó�ÎõñøÀ�) ´¨� ¤�¢¤�¡Â� ý����� Û��ì ýÂ�Â� ¥� LASSOñøÀ� ¤¢ �¤À�õ ¸þ�µ÷ §�¨� Â� ß��»Þû (À���±� �¤ 2¤�Âì ÝÑ÷ Âµõ�¤�� ¤�ÀÖõ Â���� ´½� ö�ø�� â���� ¢ÂØÜÞä ,1
¤¢ Â�ç µõ ��¿µ ÷� ¶½±õ öø�ê�¥ø ¤ ´�Þû� � � ���� � �¤�Ñ�õ ßþ� ý�Â� ýÀþÀ� ý�û©ø¤ ù¤��Þû ,ÓÜµ¿õ ��Üä¤��Æ� ,ö�ø� � â�� � ¥� ù¢�Ôµ¨� ß�� ßþ� ¤¢ .¢¢Âðüõ �þ�¤�üêÂãõ Â� ùø�ä �ó�Öõ ßþ� ¤¢ .´¨� �µêÂð ¤�Âì ���� ¢¤�õÍ±�Âõ ý¤��ê��Â÷ ý�û�µÆ� ø ö�ø�� â���� ¥� ü¡Â� üó�Þ��ý����ú� ý�ûüðÄþø Û�ó¢ �� ,�¤ SCAD ö�ø�� â��� ,�ú÷� ��
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