
29 ñø� ù¤�Þª ,Ýû¢�÷�� ñ�¨ Â�çµõ ��¿µ÷� ø ü��þ¢¤ø�Â� ý�û ©ø¤ �Æþ�Öõü÷��¨Âð¤ ý�û ñÀõ ¤¢ Â�çµõ ��¿µ÷� ø ü��þ¢¤ø�Â� ý�û ©ø¤ �Æþ�Öõý¥�¨ ��±ª ý�ûù¢�¢ ¥� ù¢�Ôµ¨� ��2 ü±ó�Ï Ù�ª�û , 1 ýÀÞ�� üÜä:ùÀ�Ø��ÂÎõ ü÷��¨Âð¤ ý�û ñÀõ ¤¢ Â�çµõ ��¿µ÷� ø ü��þ¢¤ø�Â� ���õ¥ ¤¢ �î ýÀþÀ� ý�û ©ø¤ üêÂãõ ßÞ® �ó�Öõ ßþ� ¤¢ß��»Þû ø �û ©ø¤ ßþ� ¢ÂØÜÞä ü¨¤Â� �� ,ÓÜµ¿õ ý�û ñÀõ ¥� ý¥�¨ ��±ª Â� ü�µ±õ ü¨¤Â� ×þ §�¨�Â� ,À÷�ùÀª.´¡�¢Â� Ý�û��¡ ý¥Âõ ö��¨Âð¤ ©ø¤ ø øÂÈ�� ��¿µ÷� ©ø¤ Û·õ ñ�Þãõ ý�û ©ø¤ �� �ú÷� �Æþ�Öõ.¤�Ø¨� ,´÷ ×�µ¨�� ,§¤� ,�¨� ,üÔ�õ�÷ �¤�ð ,Â�çµõ ��¿µ÷� ,ü��þ¢¤ø�Â� ,ý¥�¨��±ª :ýÀ�Üî ý�ûù��ø�õÀÖõ 1©ø¤ ,�Î¡ â�Âõ ö�þ¥ â��� ý�Â� ,À÷¢�¢ ö�È÷ ℄4[ß�µ¨�¤¢ .À�û¢ üõ Çþ��ê� �¤ Âð¢¤ø�Â� üþ�¤�î ü®�±Ö÷� ý�û´þ¢øÀ½õ ñ�Þä� � � �¤ ü÷��¨Âð¤ °þ�Â® �û ©ø¤ ßþ�¢� �ø .À � � î ü õ ¢¤ø�Â � � ú ÷� ��Â � � ç � � � õ�¢ ýø¤üóø ù¢�¢ Çû�î �¤ Âð¢¤ø�Â� Å÷�þ¤�ø üµþ¢øÀ½õ ß���Àµ¨ø¢�¢)¢�� Àû��¡Âð¢¤ø�Â� ý�Â� ü±þ¤� ¢�¹þ� �� ù�ÂÞû¤¢ ¢� � ¤�øÀ�õ� ö�� � üõ �Øþ¤�Î� ,(5 ü±þ¤�-Å÷� þ¤�øñÀõ .Àª�� �µê�þ Çû�î �Î¡ ��ã�Âõ ß�Ú÷��õ ´þ�ú÷:ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ Âþ¥ üÎ¡y = X� + � (1)Â � ç µ õ ùÀ ª ý� îÂ õ ��À û� È õ ¤�¢Â � y(n�1) ö� ¤¢ � îý�ûÂ�çµõ ùÀª ¢¤�À÷�µ¨� Âþ¢�Öõ ÅþÂ��õ X(n�P ),�µÆ��ø¤�¢Â� �(n�1) ø ü÷��¨Âð¤ °þ�Â® ¤�¢Â� �(P�1) ,ß�±È��

ñÀ õ ¤¢ ° þ�Â ® ö¢Â î ¢¤ø�Â � ø Â � ç µ õ �� ¿ µ ÷�.´¨� ý¥� ¨ ñÀ õ ¤¢ Ç¿ � ß þÂ � ü ¨� ¨� ü ÷� � ¨Â ð¤Â�çµõ ��¿µ÷� ©ø¤ ,��ã�Âõ Ûì�À� ü��þ¢¤ø�Â� ©ø¤¤¢ 3 ý¥Âõ ö��¨Âð¤ ©ø¤ üµ� �þ ø øÂÈ�� �¤�¬ ��¤�¢¤�¡Â� ü�ø�Ôµõ ý�û üðÄþø ¥� �î üþ�û ù¢�¢ �� ����õ.À�û¢ üÞ÷ ö�È÷ ¢�¡ ¥� ü÷���ÞÏ� Û��ì ¢ÂØÜÞä ,À�ª��´¨¤¢� ÷ ��¿ µ ÷� ø Ý î ü � � ± È � � ´ ì¢ ,ý¤�À þ� � �Àäù¢�Ôµ¨� ��Ú�û ¤¢ ñÀõ ý�û °�¨� ¥� üþ�û �÷�Þ÷ �ûÂ�çµõ�î ü÷�õ¥ �û °�¨� ßþ� ùø�ã� .À�µÆû �û ©ø¤ ßþ� ¥�üõ � � ÷ À þÀÈ� Àª� � ¢� þ¥ �û ß� ±È� � ß� � üÚµÆ±Þû´ú� ¤¢ ý¤�Øû�¤ ö���ã� 4 ü®�±Ö÷� ý�û ©ø¤ .À÷�ªß�� üÚµÆ±Þû �î ü÷�õ¥ «�Ê¿� �û °�¨� ßþ� Çû�îø �Þ�� .´¨� �µêÂð ¤�Âì ���� ¢¤�õ Àª�� ¢�þ¥ �û ß�±È��¤�õ� Àª¤� §��ª¤�î1ö�úÔ¬� ù�ÚÈ÷�¢ üÞÜä ���û �Ìä2Ridge Regression 3Shrinkage Methods 4Bias-Variane Tradeo� 5



30 ý¤�õ� �ÈþÀ÷� �ø¢ ù¤�Þª ,Ýû¢�÷�� ñ�¨´þ�îÂõ �� �û ùÀ÷�õ �ø¢ ö��� á�Þ¹õ ,ý�Ì�� ü���÷ ø¢¤ø�Â�

P = 2´ó�� ¤¢ ý¥Âõ ö��¨Âð¤ ©ø¤ ¢ÂØÜÞä .1 ÛØª� Î ��¤ ¤¢ (OLS)ü ó� Þ ã õ �� ã �Â õ Û ì�À �k y �X� k2= nb�2 + (� � b�OLS)0X 0X(� � b�OLS)©ø¤ ü ÷�� �� ÷ ��®ø � � ÛØª ß þ� .À û¢ ü õ ö�È ÷ �¤,Àû¢ üõ ö�È÷ �¤ °þ�Â® ö¢Âî ¢¤ø�Â � ÂÔ¬ ¤¢ ý¥Âõ¤¢ �î Àª�� ý� �ÎÖ÷ ¤¢ À÷��� üÞ÷ ����÷ ø¢ ¢¤�¡Â� �Âþ¥ü®�±Ö÷� ÀþÀ� ý�û ©ø¤ .´¨� ÂÔ¬ °þ�Â® ¥� üØþ ö�üõ ��¹÷� ý� �÷�ð �� �¤ ÂÔ¬ ´Þ¨ �� °þ�Â® ö¢�¢ Û�õ,Â�� ü� ý�ûÂ�çµõ �� ¯��Âõ ,°þ�Â® ¥� üÌã� �î À�û¢¯� �Âõ Â � ç µ õ °� �Â � ßþ� � � ø ùÀª ¢¤ø�Â � ÂÔ¬ �Ö � ì¢ßþ� ¤¢ ßþ�Â���� .Àª Àû��¡ �¤�¡ ñÀõ ¥� °þ�Â® ö� ��üõ �¤�¬ �õ�� � Â �ç µõ ��¿µ ÷� ø ü�� þ¢¤ø�Â � �û ©ø¤ü®�±Ö÷� ý�û ©ø¤ ��Þ� ¤¢ �î ´ª�¢ ���� Àþ�� .¢ÂþÁ�°þ�Â® ¢¤ø�Â� ñÂµ�î Âµõ�¤�� ÓÜµ¿õ Âþ¢�Öõ Ǒ�¥� �� �Àµ��ü �� þ¥ ¤� ý�û¤� � ã õ ¥� ù¢� Ô µ¨� � � Å³¨ ø ùÀª �±¨�½õ,AIC;BIC;CP ; Cross � V alidation; ::: Û· õ ,ñÀ õùÀõ� ´¨À� ý�û¢¤ø�Â� �ä�Þ¹õ ö��õ ¥� ���ú� ¢¤ø�Â�

ý�û ö�µ¨ ñÀõ ßþ� ¤¢ .´¨�Î¡ üê¢�Ê� ý�ûÂ�ç µõ.Ý�û¢ üõ Çþ�Þ÷ xij �� �¤ ö� Â¬��ä ø xj �¤ X ÅþÂ��õ¢¤ø�Â� ý�Â� üÔÜµ¿õ ü®�±Ö÷� ý�û ©ø¤ Â�¡� �û¢ ø¢ ¤¢ü¡Â� �ø¢ Ç¿� ¤¢ .´¨� ùÀª ���¤� ü÷��¨Âð¤ °þ�Â®.¢Âî Ý�û��¡ ¤øÂõ �¤ �ú÷� ý�û üðÄþø ø �û ©ø¤ ßþ� ¥�Ç¿� ¤¢ ,ÓÜµ¿õ Íþ�Âª ¤¢�û ©ø¤ ßþ� �Æþ�Öõ ý�Â�°þ�Â® ø ù¢Âî ý¥�¨ �� ±ª �¤ üä�� µ õ ý�û ñÀõ ��¨Ç¿� ¤¢ ùÀª Âî£ ý�û ©ø¤ ¥� ù¢�Ôµ¨� �� �¤ ü÷��¨Âð¤ùÀõ� ´¨À� ¸þ�µ÷ �¤�ú� Ç¿� ¤¢ .Ý��î üõ ¢¤ø�Â� �ø¢¤¢ �û ©ø¤ ßþ� ý� þ�� õ ø �û °�¨� ù¤� �¤¢ ø Û� Ü½� �¤.Ý��î üõ ¶½� ÓÜµ¿õ Íþ�Âªü®�±Ö÷� ý�û ©ø¤ 2Âõ� ¤¢ À þÀ� ý�û ©ø¤ �ÜÞ� ¥� ü®�±Ö ÷� ý�û ©ø¤ü ÷� � ¨Â ð¤ ý� û ñÀ õ ¤¢ Â � ç µ õ ��¿ µ ÷� ø ü �� þ¢¤ø�Â �ý�û ©ø¤ ß�óø� ¥� üØþ ý¥Âõ ö��¨Âð¤ ©ø¤ .À�µÆû�¤�Ê� �¤ ü÷��¨Âð¤ °þ�Â® ©ø¤ ßþ� .´¨� ü®�±Ö÷�:À�î üõ ¢¤ø�Â� Âþ¥b�Ridge = argmin� k y �X� k2 s:t PXj=1 �2j � t (2)�±Ö ÷� ö�� �õ ø ù¢� � 6 ñÂµ�î Âµõ�¤� � t � 0 ö� ¤¢ �î©ø¤ ßþ� ¢�Âþ� .À�î üõ ñÂµ�î �¤ °þ�Â® �� ùÀª Û�Þ½�ü÷��¨Âð¤ °þ�Â® ¥� �ø¢ ö��� 7 ö�ø�� â��� ×þ ¥� ù¢�Ôµ¨��¹�µ ÷ ¤¢ ø °þ�Â® öÀª ¢¤ø�Â � ÂÔ¬ ¥� â÷�õ �î ´¨�.(℄5[)¢�ª üõ ñÀõ ¥� Â�çµõ éÁ� �Àä(�21 + �22 � t)ö�ø�� ����÷ ,ý� ùÂþ�¢ ����÷ (1) ÛØª ¤¢Tuning Parameter 6Penalty Funtion 7



31 ñø� ù¤�Þª ,Ýû¢�÷�� ñ�¨ Â�çµõ ��¿µ÷� ø ü��þ¢¤ø�Â� ý�û ©ø¤ �Æþ�Öõ:À�î üõ ù¢�Ôµ¨� °þ�Â® ÕÜÎõ¤Àì á�Þ¹õ ö�ø�� â���b�Lasso = argmin� k y �X� k2 (4)s:t PPj=1 j�j j � tü¡Â� öÀª ¢¤ø�Â� ÂÔ¬ ö�Øõ� ö�ø�� â��� á�÷ ¤¢ Â��ç� ßþ�.¢¤ø� üõ ÀþÀ� �¤ °þ�Â® ¥�

P = 2´ó�� ¤¢ �¨� ©ø¤ ¢ÂØÜÞä .2 ÛØª� � �� ÷ Û Ø ª ý¥� ó � � �� ÷ 2 Û Ø ª ¤¢á� Þ ¹ õ ý� Ì � � ü ��� ÷ ø (j�1j + j�2j � t)ö�ø� ��¤ ��ã�Âõ Ûì�À� ¢¤ø�Â� ´þ�îÂõ �� �û ùÀ÷�õ �ø¢ ö���¤¢ �¨� ©ø¤ üþ�÷��� ��®ø �� ÛØª ßþ� .Àû¢ üõ ö�È÷¢¤�¡Â� �Âþ¥ ,Àû¢ üõ ö�È÷ �¤ °þ�Â® ö¢Âî ¢¤ø�Â� ÂÔ¬ö� ¤¢ �î ¢Â�ð �¤�¬ ý� �ÎÖ÷ ¤¢ À÷�� � üõ ���� ÷ ø¢à�½ó �� �¨� ©ø¤ .¢¤�¢ �¤ ÂÔ¬ ¤�ÀÖõ °þ�Â® ¥� üØþüó�±ì Û��ì ¢ÂØÜÞä �ûÂð¢¤ø�Â� ü��±È�� ´ì¢ ø ý¤�Àþ��ö�� � ã � ß� �»Þû ©ø¤ ßþ� .´¨� ù¢�¢ ö�È ÷ ¢�¡ ¥� �¤¢¤�õ ��÷ Â� ùÀ�»�� ý�û ©ø¤ ´¡�¨ ¤¢ ý� �þ�� üªø¤.´¨� �µêÂð ¤�Âì ù¢�Ôµ¨�

ÓÜµ¿õ ý�û ©ø¤ Ç¿� ßþ� �õ�¢� ¤¢ .¢�ª üõ ��¿µ÷�.Ý��î üõ ¤øÂõ ÂÊµ¿õ �¤�¬ �� �¤üÔ�õ�÷ �¤�ð ©ø¤ 1.2�� ℄2[8 üÔ�õ�÷ �¤�ð ©ø¤ ¤¢ ü÷��¨Âð¤ °þ�Â® ¢¤ø�Â�:À÷�ª üõ �±¨�½õ Âþ¥ �¤�¬b = ( b1; :::;P )0 = argmin nXi=1(yi � PXj=1 j b�jxij)2 (3)s:t PPj=1 j � s and j � 0�î ù¢�� �j ��ã�Âõ Ûì�À� ¢¤ø�Â� b�j ø s � 0 ö� ¤¢ �î©ø¤ ßþ� ¤¢ .´¨� ùÀª ù¢�Ôµ¨� �� óø� ¢¤ø�Â� ö���ä ��bj °þ�Â® .¢�� Àû��¡ b�jG = bj b�j�Âê �� üþ�ú÷ ¢¤ø�Â��ú÷� ÂÔ¬ �þ ×��î Âþ¢�Öõ �î À�µÆû�±Ö÷� ý�û Ûõ�ä.Àª Àû��¡ ñÀõ ¤¢ �û b�j öÀª ÂÔ¬ �þ ×��î ¶ä��©ø¤ ü��¡ �� ý¤�Àþ�� ø ü��±È�� ´ì¢ ÂÑ÷ ¥� ©ø¤ ßþ�¥� üÌã� ö¢Âî ¢¤ø�Â � ÂÔ¬ � � ßÞ® ¤¢ ø ù¢� � ý¥Âõ¢�Âþ� .Àû¢ üõ ��¹÷� ��÷ �¤ Â�çµõ ��¿µ÷� ÛÞä °þ�Â®ö���ã� ��ã�Âõ Ûì�À� ¢¤ø�Â� ¥� ù¢�Ôµ¨� ©ø¤ ßþ� üÜ¬���ã�Âõ Ûì�À� Âð¢¤ø�Â� °þ�ãõ �Âþ¥ .´¨� ��óø� ¢¤ø�Â�ßþ� Àû¢ ¤�Âì Â���� ´½� ��÷ �¤ üþ�ú÷ ¢¤ø�Â� ´¨� ßØÞõ�� �ûÂð¢¤ø�Â� ÂÚþ¢ ¥� ù¢�Ôµ¨� �� ö��� üõ ��Þãõ �¤ °�ä.¢Âî éÂÏÂ� ��óø� ¢¤ø�Â� ö���ä�¨� ©ø¤ 2.2,´¨� ý¥Âõ ö��¨Âð¤ ©ø¤ ���Èõ �¨�¨� ℄5[9�¨� ©ø¤¥� ø¢ ��¤¢ ö�ø�� â��� ¥� ù¢�Ôµ¨� ý�¹� �î �ø�Ô� ßþ� ��Nonnegative Garrote 8(Least Absolute Shrinkage and Seletion Operator)Lasso 9



32 ý¤�õ� �ÈþÀ÷� �ø¢ ù¤�Þª ,Ýû¢�÷�� ñ�¨:Ý��î üõ ¼þÂÈ� 3 ÛØª ×Þî �� P = 3´ó����ã�Âõ Ûì�À� ¢¤ø�Â� ey2 ø X = (x1; x2) 3 ÛØª ¤¢.X 0(y � b�) = X 0(ey2 � b�) ßþ�Â���� .´¨� y ¤�¢Â�

p = 2´ó�� ¤¢ §¤� ©ø¤ ¢ÂØÜÞä .3 ÛØªÛØª �� ���� �� .¢�ª üõ ¥�è� b�0 = 0�� §¤� Ýµþ¤�Úó�üõ x2 �� ´±Æ÷ x1Â�ç µõ � � ýÂµÞî �þø�¥ ey2 � b�0 3x1 ßþ�Â���� ,´¨� ÂµÈ�� y �� x1 üÚµÆ±Þû ü�ãþ ,¢¥�¨üõ ¼�½Ê� x1 ´ú� ¤¢ b�0 Å³¨ .¢�ª üõ ñÀõ ¢¤�øb�1 = b�0 + b1x1:´ª�¢ Ý�û��¡ ��ð ß�óø� ¤¢ ü�ãþ ¢�ª:ö� Ǒ�¥� � � � î ¢� ª ü õ �� ¿ µ ÷� ý¤� Ï b1ö� ¤¢ � îu2 Âð� .Àª�� x2 ø x1 � b�1 ß�� �þø�¥ ¥�ÆÞ�÷ ey2 � b�1ù�Ú ÷� ¢Â�ð ¤�Â ì ¥�ÆÞ� ÷ ñ�Ï ¤¢ �î Àª� � ý� �Øþ ¤�¢Â �b�2 = b�1 + b2u2 �Âê �� �ø¢ ��ð ¤¢ §¤� ýÀã� ¤ø�Â��î ¢�ª üõ ��¿µ÷� ý¤�Ï b2�Î��¤ ßþ� ¤¢ .¢�� Àû��¡.ey2 = b�2 ü�ãþ ,¢�ª ÂÔ¬ �û ùÀ÷�õ �� x2 ø x1 üÚµÆ±Þûý¢�þ¥ ¢øÀ� �� §¤� ©ø¤ ¤¢ ùÀõ� ´¨À� ý�û¢¤ø�Â�¤¢ ,� ¨� ©ø¤ é�¡Â � ø ´¨� × þ¢� ÷ � ¨� ©ø¤ � �Ýµþ¤�Úó� ¥� ù¢�Ôµ¨� �� ý¥��÷ °þ�Â® ¢¤ø�Â� §¤� ©ø¤.¢¤�À÷ ü®�þ¤ ùÀ�»�� ý�û

§¤� ©ø¤ 3.2øÂÈ�� ��¿µ÷� ©ø¤ ��±ª ý¢ÂØþø ¤ �� ℄3[10§¤� ©ø¤ßþÀ � .À �î üõ ÛÞä ñÀõ � � �ûÂ � ç µ õ ¢ø¤ø � � ´±Æ÷¢¤�ø Âþ¥ �¤�¬ �� ß�±È�� Â�çµõ ×þ ��ð Âû ¤¢ �î °��Â�:¢�ª üõ ñÀõ,À ÷�ª üõ � µ êÂ ð ÂÑ ÷ ¤¢ Â Ô¬ °þ�Â® �Þû �À µ �� -1�¤ üÚµÆ±Þû ßþÂµÈ�� �î ¢�ª üõ ��¿µ÷� ýÂ�çµõ Å³¨.Ý�õ�÷ üõ x1 �Â÷� ,Àª�� �µª�¢ �µÆ��ø Â�çµõ ����)Â�çµõ ßþ� ´ú� ¤¢ ßØÞõ ��ð ßþÂµð¤�� Å³¨ -2üÚµÆ±Þû �î üþ�� � � ,(ö� � � ¯� �Â õ °þÂ® Â � � ç �üÚµÆ ±Þû � � Â ��Â � � ûùÀ ÷� õ � � x2 Û·õ ÂÚ þ¢ ýÂ � ç µ õé�¡Â� ßþ�)¢�ª üõ �µª�¢Â� ¢�ª �ûùÀ÷�õ � � x1Â�çµõ�î Ýþø ¤ üõ Ç�� üþ�� �� ö� ¤¢ �î ´¨� øÂÈ�� ©ø¤.(¢�ª ÂÔ¬ �û ùÀ÷�õ �� x1Â�çµõ üÚµÆ±Þûx2 ø x1 ß�� �þø��ó� ýø�Æµõ Â�Æõ ¤¢ Àã� �Ü�Âõ ¤¢ -3Û·õ ÂÚþ¢ ýÂ�çµõ üÚµÆ±Þû �î üþ�� �� ,Ýþø ¤ üõ Ç���û ùÀ÷�õ �� üÜ±ì Â�çµõ ø¢ üÚµÆ±Þû �� Â��Â� ùÀ÷�õ �� x3¤¢ ´îÂ� �� �î À��î ����)¢�ª ñÀõ ¢¤�ø À÷��µ� ø ùÀª�� x2 ø x1 Â�çµõ ø¢ üÚµÆ±Þû ,�þø�� ó� ýø�Æµõ Â�Æõ.(À��þ üõ Çû�î ö���õ ×þ �� �û ùÀ÷�õß�� �þø��ó� ýø�Æµõ Â�Æõ ¤¢ �Ü�Âõ Âû ¤¢ °��Â� ß�Þû ��üÚµÆ±Þû �Ø�þ� � � ù¢Âî ´îÂ� ñÀõ Û¡�¢ ý�ûÂ�çµõÛ¡�¢ ý�ûÂ�çµõ üÚµÆ±Þû �� Â��Â� ùÀ÷�õ �� ÂÚþ¢ ýÂ�çµõ¢ø¤ø � � À ÷ø ¤ ß þ� .¢�ª ñÀõ ¢¤�ø ø ùÀª ùÀ ÷� õ � � ñÀõÕÜÎõ¤Àì ÝÞþ�î�õ öÀª ÂÔ¬ ø ñÀõ �� �ûÂ�ç µõ �Þû¤¢ �¤ §¤� Ýµþ¤�Úó� Û��Âõ .À��þ üõ �õ�¢� �û üÚµÆ±Þû(Least Angle Regression)LARS 10



33 ñø� ù¤�Þª ,Ýû¢�÷�� ñ�¨ Â�çµõ ��¿µ÷� ø ü��þ¢¤ø�Â� ý�û ©ø¤ �Æþ�Öõ¤�Ø¨� ©ø¤ 5.2�¤�Ê� �¤ ü÷��¨Âð¤ °þ�Â® ¢¤ø�Â� ℄1[13¤�Ø¨� ©ø¤:Àû¢ üõ ��¹÷� Âþ¥b�OSCAR = argmin� k y �X� k2 (7)s:t PPj=1 j�j j+ Pj<kmax(j�j j; j�kj) � tü¨À�û à�½ó � � ©ø¤ ßþ� ¤¢ � µ ê¤ ¤� î � � ö�ø� � â �� �,´÷ ×�µ¨�� ©ø¤ À�÷�Þû ©ø¤ ßþ� ø ´¨� �ª�ð ´Èûø �µÆ±Þû �Àª �� ý�û ß�±È�� ö¢Âî ¢¤ø�Â� Â��Â� üþ�÷���.¢¤�¢ �¤ À÷¤�¢ ¾¨�� Â�çµõ ýø¤ ö�ÆØþ ýÂ�� �î üþ�ú÷� �þùøÂð ´�Ü��ì Â�çµõ ��¿µ÷� ø ü��þ¢¤ø�Â� Â� ùø�ä ü�ãþ.¢¤�¢ ¢��ø ©ø¤ ßþ� ¤¢ ��÷ �ú÷� ýÀ��

p = 2´ó�� ¤¢ ¤�Ø¨� ©ø¤ ¤¢ ö�ø�� ����÷ .4 ÛØªüõ ö�È÷ ÓÜµ¿õ Âþ¢�Öõ Ǒ�¥� �� �¤ ö�ø�� ü���÷ 4 ÛØª¤¢ ,Àª ù¢�¢ ö�È÷ Ýû 2 ø 1 ñ�Øª� ¤¢ �î ¤�Î÷�Þû .Àû¢,Àª�� ¢�þ¥ ß�±È�� ø¢ ß�� üÚµÆ±Þû �î ü�¤�¬ ¤¢ �¹�þ��ª�ð ¤¢ À÷��� üõ ö�ø�� ����÷ �� ý�Ì�� ü���÷ ¢¤�¡Â�ý¤�ÀÖõ �� °þ�Â® ,ö� ¤¢ �î Àû¢  ¤ ö�ø�� ����÷ ¥� ý�

´÷ ×�µ¨�� ©ø¤ 4.2Âþ¥ �¤�¬ �� ℄7[11´÷ ×�µ¨�� ©ø¤ ¤¢ ��óø� ¢¤ø�Â�:¢�ª üõ �±¨�½õb�NEN = argmin� (k y �X� k2 +�2 k � k2 +�1 k � k1) (5)ø ü Ô � õ� ÷ ýÂ þ¢� Ö õ �2 ø �1 ö� ¤¢ � îß µ êÂ ð Â Ñ ÷ ¤¢ � � .´ ¨� k � k1= PPj=1 j�j j��óø� ´÷ ×�µ¨�� ¢¤ø�Â� ö��� üõ � = �2=(�1 + �2):´ª�÷ Âþ¥ ü÷�ø�� �Âê �� �¤b�NEN = argmin� k y �X� k2 (6)s:t � k � k2 +(1� �) k � k1� t and t � 0ü���÷ ¥� �À½õ �À�î� ü±�îÂ� ©ø¤ ßþ� ¤¢ ö�ø�� �±��÷â��� ¥� �Âê ßþ� .´¨� ý¥Âõ ø �¨� ý�û ©ø¤ ¤¢ ö�ø��,°þ�Â® ¥� ü¡Â� ö¢Âî ¢¤ø�Â� ÂÔ¬ ´�Ü��ì Â� ùø�ä ö�ø��Â �� � î ü þ� ûÂ � ç µ õ ° þ�Â® ö¢Â î ¢¤ø�Â � Â ��Â � ü þ� ÷�� �� µÆ±Þû �Àª �� � þ ø À ÷¤�¢ ¾¨� � Â � ç µ õ ýø¤ ö�ÆØþö��� üõ ©ø¤ ßþ� ¥� °��Â � ßþ� �� .¢¤�¢ �� ÷ �¤ À�µÆû¢�Àã� �î ü÷�õ¥ «�Ê¡ �� �û ß�±È�� ýÀ�±ûøÂð ý�Â�×�µ¨�� ùÀª ��¬� ¢¤ø�Â� .¢Âî ù¢�Ôµ¨� Àª�� ¢�þ¥ �ú÷�¢¤ø�Â � � � ´±Æ÷ ýÂ��� � ü�� ±È� � ´ì¢ ý�¤�¢ �î ´÷üõ ÓþÂã� b�EN = (1+ �2)b�NEN �¤�Ê� ´¨� ��óø�×�µ¨��Âð¢¤ø�Â� °��Â� �� b�NEN ø b�EN ö� ¤¢ �î ¢�ª©ø¤ .À�µÆû 12(��¡)��óø� ´÷ ×�µ¨�� Âð¢¤ø�Â� ø ´÷,üÔ�õ�÷ �¤�ð ý�û ©ø¤ ¥� âì��õ Â·î� ¤¢ ´÷ ×�µ¨��.¢¤�¢ ýÂ���� ü��±È�� ´ì¢ ý¥Âõ ø §¤� ,�¨�Elasti Net 11Naive Elasti Net 12(Otagonal Shrinkage and Clustering Algorithm for Regression)OSCAR 13



34 ý¤�õ� �ÈþÀ÷� �ø¢ ù¤�Þª ,Ýû¢�÷�� ñ�¨,� � Nn(0;52I) ,n = 100 ö� ¤¢ � î Ý � � î ü õø V ar(xi) = 1 ø ov(xi; xj) = 0:5 ; i 6= jñÀõ ßþ� ¤¢ .� = (0; :::;0| {z }10 ;2; :::;2| {z }10 ;0; :::;0| {z }10 ;2; :::;2| {z }10 )0�î ¢¤�¢ ¢��ø Â ��õÂ �è ø Â �� õ ý�ûÂ �ç µõ ¥� üþ�û ùøÂð.´¨� ö�ÆØþ ø Í¨�µõ �ú÷� ß�� üÚµÆ±Þûù¢�¢ � ä� Þ ¹ õ 100 :�¤� ú � ý¥� ¨ ��±ªö� ¤¢ � î Ý � � î ü õ À � ó� � 1 ñÀ õ ¥�ø ov(xi; xj) = 0:5ji�jj ,� � tn(0; I;5) ,n = 40�¤ üþ�û ù¢�¢ ,ñÀõ ßþ� .� = (3;1:5;0;0;0;2;0;0)0,�Â� ��Àû�Èõ ¢��ø ßÞ® �ú÷� ¤¢ �î Àû¢ üõ ö�È÷ø Í¨�µõ üÚµÆ±Þû ÂÚþÀÞû �� �ø¢ ø ñø� Â��õ ý�ûÂ�çµõ.À÷¤�¢ üÞî üÚµÆ±Þû ÝÈª Â��õ Â�çµõ ��1 ñÀ õ ¥� ù¢�¢ � ä� Þ ¹ õ 100 :Ý ¹ � � ý¥� ¨ ��±ª,�0 = 0 ,�i = ��i�1 + ui ö� ¤¢ � î Ý � � î ü õ À � ó� �,� = (3;1:5;0;0;0;2;0;0)0 ,ui � Nn(0;0:5)ñÀõ ßþ� ov(xi; xj) = 0:5ji�jj ø n = 40 ,� = 0:4ý�¤�¢ � û �i� ú ÷� ¤¢ � î À û¢ ü õ ö� È ÷ �¤ ü þ� û ù¢�¢.À�µÆû üÚµÆ±Þû¢�¡1 ñÀ õ ¥� ù¢�¢ � ä� Þ ¹ õ 100 :Ý È ª ý¥� ¨ ��±ª� � Nn(0;32I) ,n = 30 ö� ¤¢ � î Ý � � î ü õ À � ó� �¤�µ¡�¨ ñÀõ ßþ� ¤¢ .� = (3;1:5;2;0;0;0;2;0)0 ø:´¨� Âþ¥ �Âê �� X Å÷�þ¤��î ÅþÂ��õXÅ÷�þ¤��î ÅþÂ��õ ¤�µ¡�¨ .1 ñøÀ�1 0.9 0.85 0.7 0.4 0.4 0.4 0.40.9 1 0.9 0.8 0.4 0.4 0.4 0.40.85 0.9 1 0.8 0.4 0.4 0.4 0.40.7 0.8 0.8 1 0.4 0.4 0.4 0.40.4 0.4 0.4 0.4 1 0.4 0.4 0.40.4 0.4 0.4 0.4 0.4 1 0.4 0.40.4 0.4 0.4 0.4 0.4 0.4 1 0.80.4 0.4 0.4 0.4 0.4 0.4 0.8 1

��� ü��±È�� ´ì¢ ý�¤�¢ ¤�Ø¨� ©ø¤ .À÷�ª ¢¤ø�Â� Â��Â�.Àª�� üõ ý�ì üûøÂð ´�¬�¡ øý¥�¨ ��±ª 3¢ÂØÜÞä ü��þ¥ ¤� �� ý¥�¨ ��±ª ¥� ù¢�Ôµ¨� �� Ç¿� ßþ� ¤¢üþ�¹÷� ¥� .Ýþ¥�¢Â� üõ �µÔð Ç�� ý�û ©ø¤ �Æþ�Öõ øý�û ©ø¤ °þ�ãõ Â� �±Üè ý�Â� ü®�±Ö÷� ý�û ©ø¤ �î�û ß�±È�� ß�� üÚµÆ±Þû �î ü÷�õ¥ «�Ê¿� ,üÞþÀì�¤ ùÀª ý¥�¨ ��±ª ý�û ñÀõ À÷� ùÀª ü��ÂÏ ,Àª�� ¢�þ¥X Å÷�þ¤��î ÅþÂ��õ ÓÜµ¿õ ý�û¤�µ¡�¨ §�¨�Â� ÂµÈ��ý�û ù¢�¢ ý�û üðÄþø �Àµ�� .Ý�û¢ üõ ¤�Âì �ãó�Îõ ¢¤�õ�¤ �û ©ø¤ ¢Â�¤�î ¸þ�µ÷ Å³¨ ø ö��� �¤ ùÀª ý¥�¨ ��±ª.Ý�û¢ üõ ���¤�1 ñÀ õ ¥� ù¢�¢ � ä� Þ ¹ õ 100 :ñø� ý¥� ¨ � � ± ª,P = 8 ,n = 30 ö� ¤¢ � î Ý � � î ü õ À � ó� �ø ov(xi; xj) = 0:7ji�jj ,� � Nn(0;32I)ý�ûÂ�çµõ ,ñÀõ ßþ� ¤¢ .� = (3;2;1:5;0;0;0;0;0)0ý�ûÂ�çµõ .À÷¤�¢ üþ��� �µ±Æ÷ üÚµÆ±Þû ÂÚþÀÞû �� Â��õ�Ø�þ� ßÞ® ù¢�� �µÆ±Þû ý¢øÀ� �� ÂÚþÀÞû �� ��÷ Â�� ü�ÂÚ þÀÞû � � � � ÷ �¤�ú� Â �� ü� Â � ç µ õ ø ��¨ Â ��õ Â � ç µ õ.À÷¤�¢ üþ��� �µ±Æ÷ üÚµÆ±Þû�ø¢ ñÀ õ ý¥� ¨ � � ± ª :�ø¢ ý¥� ¨ � � ± ªö� ¤¢ � î �ø� Ô � ß þ� � � ´ ¨� ñø� ñÀ õ � �� È õñÀõ ßþ� ¤¢ �¹�µ÷ ¤¢ .� = (3;0;0;1:5;0;0;0;2)0üóø �µª�¢ ÂÚþÀØþ�� ý����÷ üÚµÆ±Þû Â��õ ý�ûÂ�çµõ ,.À÷¤�¢ üþ��� �µ±Æ÷ üÚµÆ±Þû Â�� ü� ý�ûÂ�çµõ ��À � ó� � 1 ñÀõ ¥� ù¢�¢ �ä�Þ¹õ 100 :��¨ ý¥�¨ ��±ª



35 ñø� ù¤�Þª ,Ýû¢�÷�� ñ�¨ Â�çµõ ��¿µ÷� ø ü��þ¢¤ø�Â� ý�û ©ø¤ �Æþ�Öõ¥� ùø�ã� .Ý��î üõ ¤�ÂØ� �¤ ´÷ ×�µ¨�� ø §¤� ,ý¥ÂõÅþÂ��õ V ö� ¤¢ �î ,ME = (b� � �)0V (b� � �)¤��ãõß�� ¤¢ ���ú� ¢¤ø�Â� ��¿µ÷� ý�Â� ,´¨� X Å÷�þ¤��î©ø¤ Â û ý�Â � ¤�Â Ø � Â û ¤¢ � î ü þ� û¢¤ø�Â � � ä� Þ¹ õÂµÈ�� ������ ý�Â�)´¨� ùÀª ù¢�Ôµ¨� À÷�ª üõ �±¨�½õ¥� Û¬�� ¸þ�µ÷ .(À��î �ã��Âõ ℄5[�� ME ¤��ãõ ¢¤�õ ¤¢ßþ� ¤¢)À÷� ùÀª ���¤� 3 ø 2,1 ñø�À� ¤¢ �û ý¥�¨ ��±ªñÀõ ��¿µ÷� À¬¤¢ ùÀ�û¢ ö�È÷ "¢.�.�.¢' �¤�±ä ñø�À�� ÷� � õ ùÀ �û¢ ö�È ÷ "«.å..�.�' �¤� ±ä ø ´¨¤¢¤¢ ©ø¤ Âû Í¨�� ùÀª ¢¤ø�Â� ÂÔ¬ Â�è °þ�Â® ¢�Àã�.(´¨� ñÀõ Âû ÓÜµ¿õ ý�û¤�ÂØ�

üþ�û ù¢�¢ ���Èõ ñÀõ ßþ� ¤¢ ùÀª ý¥�¨ ��±ª ý�û ù¢�¢�Àª � � ý�ûÂ � ç µ õ ¥� ü þ� û ùøÂ ð � ú ÷� ¤¢ � î À � µÆû�� ñø� ß�±È�� ý�ûÂ�çµõ ñÀõ ßþ� ¤¢ .À÷¤�¢ ¢��ø �µÆ±ÞûùøÂð ×þ Û�ØÈ� �¤�ú� Â�� ü� Â�çµõ �� ø ù¢�� Â��õ ��¨ø ù¢�� Â��õ ��÷ ÝµÔû Â�çµõ .À�û¢ üõ �¤ �µÆ±Þû �Àª ���µÆ±Þû �Àª �� ùøÂð ×þ Û�ØÈ� ÝµÈû Â�� ü� Â�çµõ ��.À�û¢ üõ �¤°��Â� �� �û ý¥�¨ ��±ª ßþ� ¤¢ ùÀª À�ó�� ý�û ù¢�¢ ý�Â�,ü ó� Þ ã õ �� ã �Â õ Û ì�À � ü �� þ¢¤ø�Â � ý� û ©ø¤ ¥�,�¨� ©ø¤ ,üÔ�õ�÷ �¤�ð ,ý¥Âõ ©ø¤ ,øÂÈ�� ��¿µ÷�¢¤ø�Â� �¤ ü÷��¨Âð¤ °þ�Â® ¤�Ø¨� ø ´÷ ×�µ¨�� ,§¤�� � óø� ý� û¢¤ø�Â � � � ü Ô � õ� ÷ �¤� ð ©ø¤ ß � � » Þ û ø
�ø¢ ø ñø� ý�ûý¥�¨��±ª �� Ï��Âõ ¸þ�µ÷ .1 ñøÀ�2ñÀõ 1 ñÀõ.�.� ¢.�.�.¢ ME �÷��õ .�.� ¢.�.�.¢ ME �÷��õ ü��þ¢¤ø�Â� ©ø¤«.å. (¤��ãõ é�Â½÷�) «.å. (¤��ãõ é�Â½÷�)8 0 3:2968 (0:2514) 8 0 3:3409 (0:3418) OLS Estimation3 47 1:6669 (0:1983) 3 15 2:0618 (0:1480) Forward Method8 0 1:8047 (0:0993) 8 0 1:5701(0:1972) Ridge Regression4 11 1:5407 (0:1855) 4 8 1:8923 (0:1543) N �Garrote(OSL)5 3 1:4670 (0:1257) 5 13 1:3538 (0:1482) Lasso5 5 1:6092 (0:1346) 4 23 1:4247 (0:1462) Lars5 9 1:3264 (0:1238) 3 44 0:9704 (0:1187) Elasti Net4 7 1:5569 (0:1006) 6 12 1:0447 (0:1379) Osar4 14 1:3851 (0:1279) 4 18 1:2420 (0:1272) N �Garrote(Ridge)4 19 1:3254 (0:1605) 3 29 1:3895 (0:1426) N �Garrote(Lars)4 22 1:2945 (0:1202) 3 51 1:1379 (0:0899) N �Garrote(EN)



36 ý¤�õ� �ÈþÀ÷� �ø¢ ù¤�Þª ,Ýû¢�÷�� ñ�¨
�¤�ú� ø ��¨ ý�ûý¥�¨��±ª �� Ï��Âõ ¸þ�µ÷ .2 ñøÀ�4ñÀõ 3 ñÀõ.�.� ¢.�.�.¢ ME �÷��õ .�.� ¢.�.�.¢ ME �÷��õ ü��þ¢¤ø�Â� ©ø¤«.å. (¤��ãõ é�Â½÷�) «.å. (¤��ãõ é�Â½÷�)8 0 0:5395 (0:0261) 40 0 152:20 (5:718) OLS Estimation3 60 0:3012 (0:0273) 9 0 83:68 (2:319) Forward Method8 0 0:4237 (0:0266) 40 0 20:86 (0:995) Ridge Regression4 25 0:2488 (0:0299) 15 0 70:62 (1:905) N �Garrote(OSL)6 9 0:3225 (0:0227) 20 0 42:67 (1:375) Lasso5 13 0:3413 (0:0256) 21 0 44:59 (1:486) Lars4 37 0:1801 (0:0233) 20 0 41:91 (1:472) Elasti Net6 12 0:2948 (0:0344) 31 0 21:77 (1:757) Osar4 24 0:2454 (0:3010) 19 0 51:29 (1:773) N �Garrote(Ridge)4 35 0:2363 (0:0339) 17 0 45:02 (1:569) N �Garrote(Lars)3 54 0:2239 (0:0308) 17 0 42:07 (1:49) N �Garrote(EN)
ÝÈª ø Ý¹�� ý�ûý¥�¨��±ª �� Ï��Âõ ¸þ�µ÷ .3 ñøÀ�6 ñÀõ 5 ñÀõ.�.� ¢.�.�.¢ ME �÷��õ .�.� ¢.�.�.¢ ME �÷��õ ü��þ¢¤ø�Â� ©ø¤«.å. (¤��ãõ é�Â½÷�) «.å. (¤��ãõ é�Â½÷�)8 0 3:751 (0:246) 8 0 0:3017 (0:0292) OLS Estimation4 1 2:403 (0:214) 3 57 0:2331 (0:0299) Forward Method8 0 1:686 (0:124) 8 0 0:2338 (0:0231) Ridge Regression5 1 2:279 (0:201) 4 27 0:2075 (0:0305) N �Garrote(OSL)5 5 1:889 (0:170) 6 20 0:1977 (0:0252) Lasso5 6 1:917 (0:178) 6 22 0:2214 (0:0240) Lars5 17 1:326 (0:133) 4 44 0:1117 (0:0181) Elasti Net7 1 1:351 (0:114) 7 9 0:1952 (0:0318) Osar5 4 2:053 (0:181) 4 32 0:2042 (0:0301) N �Garrote(Ridge)5 8 1:815 (0:181) 4 36 0:2046 (0:0318) N �Garrote(Lars)4 17 1:798 (0:182) 3 51 0:2038 (0:0300) N �Garrote(EN)¥� ü¨¤Â� ßþ� ¤¢ �î ´¨� Âî£ �� �¥� .´¡�¢Â� Ý�û��¡ ¸þ�µ÷ Û�Ü½� 4´¨À� ¸þ�µ÷ Û�Ü½� �� ÂÊµ¿õ �¤�Ê� Ç¿� ßþ� ¤¢� û ©ø¤ ß þ� ¥� ×þ Âû ß¨�½õ ø °þ� ã õ Â î£ ø ùÀ õ�



37 ñø� ù¤�Þª ,Ýû¢�÷�� ñ�¨ Â�çµõ ��¿µ÷� ø ü��þ¢¤ø�Â� ý�û ©ø¤ �Æþ�Öõ°�ä �î ¢�ª üõ ùÀû�Èõ ñø�À� ßþ� ¤¢ .´¨� �û ©ø¤¤¢ ø °þ�Â® ö¢Âî ¢¤ø�Â� ÂÔ¬Â�è ü�ãþ ©ø¤ ßþ� üÜ¬�.¢¤�¡ üõ ÝÈ� �� �� �Þû ¤¢ Â�çµõ ��¿µ÷� �Àä �¹�µ÷©ø¤ ¤¢ ��óø� ¢¤ø�Â� ��¿µ÷� ý�Â� ©ø¤ ßþ� ¥� ö��� üõ.¢Âî ù¢�Ôµ¨� üÔ�õ�÷ �¤�ð¥� ��ã �Â õ Ûì�À� � � óø� ¢¤ø�Â � � � üÔ � õ� ÷ �¤� ð ©ø¤Û�ó¢ �� �õ� ´¨� Âµú� øÂÈ�� ©ø¤ ¥� ü��±È�� ´ì¢ ÂÑ÷¥� ��óø� ¢¤ø�Â� ö���ã� ��ã�Âõ Ûì�À� ¢¤ø�Â� ¥� ù¢�Ôµ¨��î ¤�Î÷�Þû �µ±ó� .´Æ�÷ ü�·µÆõ Âð¢¤ø�Â� ßþ� °þ�ãõö�� � ã � �ûÂð¢¤ø�Â � ÂÚ þ¢ ¥� ö�� � üõ Àª ù¤�ª� Ýû �± ì¢¤�õ �¹�þ� ¤¢ ×��Ø� ßþ� �î ¢Âî ù¢�Ôµ¨� ��óø� ¢¤ø�Â�ù¢�Ôµ¨� �î Àû¢ üõ ö�È÷ ¸þ�µ÷ .´¨� �µêÂð ¤�Âì ù¢�Ôµ¨�Âµú� ��ã�Âõ Ûì�À� ¢¤ø�Â� �� ´±Æ÷ �î üþ�ûÂð¢¤ø�Â� ¥�¢¤ø�Â � ö�� �ã � (ý¥Âõ ö��¨Âð¤ Âð¢¤ø�Â � Û·õ)À�µÆû�õ� .¢�ª üõ ©ø¤ ßþ� ¤¢ ¸þ�µ÷ öÀª Âµú� ¶ä�� ,��óø�Àã� üÔ�õ�÷ �¤�ð ©ø¤ ¥� ù¢�Ôµ¨� �î ´ª�¢ ���� Àþ��Âµú� ý�Â� ü��ÞÌ� ,ýÂÚþ¢ ü®�±Ö÷� ©ø¤ ¥� ù¢�Ôµ¨�¥�¥� üª� ÷ � Ü ³Æ õ ß þ� .Àû¢ üÞ ÷ ü � � ±È � � ´ì¢ ö¢Â îÀ� ¥� Ç�� ü±þ¤� ÛÞä� ü�ãþ)´¨� 15Óä�Ìõ�±Ö÷�ù¥�À÷� �� Å÷�þ¤�ø Çû�î ¶ä�� �î üó�� ¤¢ Âð¢¤ø�Â� ��.(¢�È÷ üê�î¤¢ �¨� ©ø¤ Àû¢ üõ ö�È÷ ùÀõ� ´¨À� ¸þ�µ÷ ü¨¤Â�Ûì�À� �� óø� ¢¤ø�Â � � �)üÔ�õ� ÷ �¤�ð ©ø¤ � � �Æ þ� Öõ´ì¢ â ì�� õ Â · î� ¤¢ ý¥Â õ ö� �¨Â ð¤ ©ø¤ ø (�� ã �Â õøÂÈ � � ©ø¤ � � �Æ þ� Ö õ ¤¢ ø � µª�¢ ýÂ ��� � ü � � ±È � �ý�Â� ùÀõ� ´¨À� ý�û¢¤ø�Â� ùÀû�Èõ .´¨� ¤�¡Â� ÂµÞî

ßþ� �±¨�½õ ¥� Û¬�� �î ùÀõ� ´¨À�ME Âþ¢�Öõ �÷��õ©ø¤ Âû ¤¢ ø ñÀõ Âû ¥� ù¢�¢ �ä�Þ¹õ 100 ý�Â� ¤��ãõùÀª ù¢�Ôµ¨� �û ©ø¤ ü��±È�� ý�Î¡ �Æþ�Öõ ý�Â� ,´¨��¤ ´¨¤¢ ñÀõ ©ø¤ Âû �î ü��ãê¢ ¢�Àã� À¬¤¢ ¥� .´¨�ÂÔ¬ Â�è °þ�Â® ¢�Àã� �÷��õ ß��»Þû ø ù¢Âî ��¿µ÷��Æ þ� Ö õ ý�Â � ñÀ õ Â û ¤¢ ©ø¤ Â û Í¨� � ùÀª ¢¤ø�Â �ùÀª ù¢�Ôµ¨� ¼�½¬ ñÀõ ��¿µ ÷� ¤¢ �û ©ø¤ üþ� ÷�� �.´¨�´ ì¢ ß µ ê¤ �� � ¶ä� � �� Þ ã õ ñÀ õ ¤¢ Â � ç µ õ ��¿µ÷�OLS ¢¤ø�Â� �ú÷� ¤¢ �î üþ�û ñÀõ .¢�ª üõ ü��±È����¿µ÷� �Þä ø ùÀª �±¨�½õ �ûÂ�çµõ °þ�Â® �Þû ý�Â�ö���õ ßþÂµÞî ý�¤�¢ ´¨� �µêÂÚ÷ �¤�¬ �ú÷� ¤¢ ýÂ�çµõøÂÈ� � ��¿µ ÷� ©ø¤ ¢¤�õ ¤¢ .À� µÆû ü�� ±È� � ´ì¢¢�Àã � � ÷� �õ ,´¨� 14¤�¡Â � ©ø¤ ßþ� �î ´¨� éøÂãõý�þ�ð ��÷ 3 �� 1 ñø�À� ¤¢ ùÀª ¢¤ø�Â� ÂÔ¬Â�è °þ�Â®3 ñÀõ ¤¢ «�Ê¿� �ÜÿÆõ ßþ� .´¨� ´�ãì�ø ß�Þûüõ ö�È÷ ùÀõ� ´¨À� °þ�Â® ùÀû�Èõ .´¨� Â�¢�úÈõÂ��õ ý�ûÂ�çµõ ß�� �þ�Þ� ø ��¿µ÷� ¤¢ ©ø¤ ßþ� �î Àû¢¢�þ¥ �� ß��»Þû .¢¤�À÷ �¤ üê�î üþ�÷��� �µÆ±Þû Â��õÂ�è ø´ì¢ ¥� ,�ú÷� ß�� üÚµÆ±Þû �þ ø �û ß�±È�� ¢�Àã� öÀª�µ¨�î ©ø¤ ßþ� ¤¢ ´¨¤¢ ñÀõ ��¿µ÷� üþ�÷��� ø ü��±È��.¢�ª üõö�È÷ ý¥Âõ ö��¨Âð¤ ©ø¤ ý�Â� 3 �� 1 ñø�À� �Æþ�Öõ��¿µ÷� ©ø¤ �� ´±Æ÷ ��Þãõ ,©ø¤ ßþ� �î Àû¢ üõ«�Ê¿� ©ø¤ ßþ� .¢¤�¢ ýÂ���� ü��±È�� ´ì¢ øÂÈ��Â þ�¨ ß� � ¤¢ ü� � ±È� � ´ì¢ ßþÂ µú � ý�¤�¢ ,3 ñÀõ ¤¢Greedy 14Double Shrinkage 15



38 ý¤�õ� �ÈþÀ÷� �ø¢ ù¤�Þª ,Ýû¢�÷�� ñ�¨ö¢ÂîÉ¿Èõ �î ´ª�¢ ���� Àþ�� .Ý�û¢ üõ ���¤� Â�çµõ��¿µ÷� ý�Â� ß�±È�� ý�ûÂ�çµõÅ÷�þ¤��î ÅþÂ��õ ¤�µ¡�¨À÷��� üõ Â�çµõ ��¿µ÷� ø ü��þ¢¤ø�Â� ©ø¤ ×þ ´¨¤¢.Àª�� À�Ôõ�·õ)Ýî �þ Í¨�µõ ý�ûÂ�çµõ ¢�Àã� �� üþ�û ñÀõ ý�Â�üÚµÆ±Þû �î üµó�� ¤¢ Ýû ´÷ ×�µ¨�� ©ø¤ (P � 10ß þ� � î ü µ ó� � ¤¢ Ý û ø À ª� � ¢� þ¥ � û ß � ± È � � ß � �¥� üó�±ì Û��ì ¢ÂØÜÞä Àª�±÷ ���� Û��ì ö�À�� üÚµÆ±Þûß�� üÚµÆ±Þû �î üµó�� ¤¢ �µ±ó� .´¨� ù¢�¢ ö�È÷ ¢�¡Û·õ ýÂÚþ¢ ý�û ©ø¤ ¥� ö��� üõ Àª�±÷ ¢�þ¥ �û ß�±È��§¤� ©ø¤ ¥� «�Ê¿� .¢Âî ù¢�Ôµ¨� ��÷ �¨� ø §¤��¨� ©ø¤ � ��Èõ � ± þÂ Ö � ü� � ±È� � ´ì¢ ÂÑ÷ ¥� Ýû �îøÂÈ�� ©ø¤ üð¢�¨ �� ��±¨�½õ ù��ª ÂÑ÷ ¥� Ýû ø ù¢��ö��� üõ Àª�� ¢�þ¥ �û �÷�Þ÷ ¢�Àã� Âð� ´ó�� ßþ� ¤¢ .´¨�«��¡ Û�ó¢ ��)¢Âî ù¢�Ôµ¨� ��÷ üÔ�õ�÷ �¤�ð ©ø¤ ¥�ý¥Âõ ¢¤ø�Â� ¥� ¢�ª üõ ¢�ú�È�� �µ±ó� .(℄6[ö� ü±÷�¹õ.¢�ª ù¢�Ôµ¨� üÔ�õ�÷ �¤�ð ©ø¤ ¤¢ ��óø� ¢¤ø�Â� ö���ã�´ì¢ ¤¢ ý¥Âõ ©ø¤ ��¡ «��¡ ¥� Ýû �¤�¬ ßþ� ¤¢©ø¤ ö¢�� ×�� ´�¬�¡ Ýû ø Ýþ� ù¢Â� ùÂú� ü��±È��ý¤ø¢ Óä�Ìõ�±Ö÷� ¥� ö�Øõ� À� �� ßÞ® ¤¢ ø �¤�ðß�±È�� ß�� üÚµÆ±Þû �î üµó�� ý�Â� �õ� .Ýþ� �µÆ�ø ´÷ ×�µ¨�� ý�û ©ø¤ ¥� ù¢�Ôµ¨� �ú�� Àª�� ¢�þ¥ �ûý�ûÂ�çµõ ¢�Àã� Âð� ´ó�� ßþ� ¤¢ .¢�ª üõ ��¬�� ¤�Ø¨��ì�ä ¢¤�õ �ú÷� ýÀ�±ûøÂð ø ù¢�� ¢�þ¥ üÜ�¡ ß�±È��©ø¤ ßþ� �Âþ¥ ,¢Âî ù¢�Ôµ¨� ¤�Ø¨� ©ø¤ ¥� ö��� üõ Àª��×�µ¨�� ©ø¤ �� ´±Æ÷ ýÂµþ�ì ýÀ�� ùøÂð ´�¬�¡¢� þ¥ ß� ±È� � ý�ûÂ �ç µ õ ¢�Àã � �î üµ ó�� ¤¢ .¢¤�¢ ´÷

©ø¤ ßþ� ��¢�Â þ� ¥� üØþ �î Àû¢ üõ ö�È÷ �¨� ©ø¤ù¢�¢ �î ü÷�õ¥ ,Â��õ ý�ûÂ�çµõ ��¿µ÷� ¤¢ üê�î ��±� �Àä�µÆ±Þû �Àª �� ß�±È�� ý�ûÂ�çµõ ¥� üþ�û ùøÂð Ûõ�ª �û.´¨� ,À�ª���±ì �î ¤�Î÷�Þû ,§¤� ©ø¤ ¢¤�õ ¤¢ ùÀõ� ´¨À� ¸þ�µ÷×þ .´¨� ×þ¢� ÷ �¨� ©ø¤ � � ¤� �Æ � ,Àª ù¤�ª� Ýû¢��ø ©ø¤ ø¢ ßþ� ß�� Ýû ý¤�ÿ� ÂÑ÷ ¥� üÏ�±�¤� ß���.(℄1[ �� ¢�ª á��¤)¢¤�¢ýÂ �Â � ÂÚ þ¢ ý�û ©ø¤ � � ´±Æ÷ ÂÑ ÷ Âû ¥� �î üªø¤ñÀõ ¤¢ �¹� ©ø¤ ßþ� .´¨� ´÷ ×�µ¨�� ©ø¤ �µª�¢�û ñÀõ Âþ�¨ ¤¢ ,´¨� üûøÂð ý�ûÂ�çµõ �� ¯��Âõ �î ,3×�µ¨�� ©ø¤ .´¨� ù¢Âî ÛÞä Âµú� �û ©ø¤ ÂÚþ¢ ¥�ñÀõ ��¿µ÷� ÂÑ÷ ¥� Ýû ø ü��±È�� ´ì¢ ÂÑ÷ ¥� Ýû ´÷©ø¤ ßþ� .´¨� ù¢Âî ÛÞä Âµú� �û ©ø¤ ÂÚþ¢ ¥� ¼�½¬Ýû �µÆ±Þû Â��õÂ�è ø Â��õ ý�ûÂ�çµõ ß�� �þ�Þ� ÂÑ÷ ¥�¤¢ ��÷ ¤�Ø¨� ©ø¤ .´¨� ù¢Âî ÛÞä �û ©ø¤ Âþ�¨ ¥� Âµú�×�µ¨�� ©ø¤ ü��¡ �� ü��±È�� ´ì¢ ÂÑ÷ ¥� âì��õ Â·î�ÛÞä Â µú � � � ÷ ©ø¤ ßþ� ¥� 3 ñÀõ ¤¢ üµ� ø ù¢� � ´÷ñÀõ ¤¢ ùÀ õ� ´¨À � ý�û¢¤ø�Â � ùÀû�È õ .´¨� ù¢Â îÂ �� ý�¤�¢ ¤�Ø¨� ©ø¤ �î Àû¢ üõ ö�È÷ ÓÜµ¿õ ý�û.´¨� ù¢�� ´÷ ×�µ¨�� ©ø¤ �� ´±Æ÷ ýÂµþ�ì üûøÂð�� ý�ûÂ�çµõ ö¢Âî ¢¤ø�Â� Â��Â� �� ©ø¤ ßþ� Ûþ�Þ� �µ±ó�ñÀõ ��¿µ÷� ¤¢ ©ø¤ ßþ� Óã® ¶ä�� �µÆ±Þû �Àª��� Â��õ Â�è ø Â��õ Â�çµõ ß�� üÚµÆ±Þû üµìø ,´¨¤¢.´¨� ùÀª ,Àª��:¢�ú�È�� À�� ���¤� ø ýÀ�� âÞ�üþ�û¢�ú�È�� ùÀª ��¹÷� ý�û ý¥�¨ ��±ª ¸þ�µ÷ §�¨�Â���¿µ ÷� ø ü�� þ¢¤ø�Â � ý�û ©ø¤ ¥� ù¢�Ô µ¨� ¢¤�õ ¤¢ �¤



39 ñø� ù¤�Þª ,Ýû¢�÷�� ñ�¨ Â�çµõ ��¿µ÷� ø ü��þ¢¤ø�Â� ý�û ©ø¤ �Æþ�Öõ.¢�ª ù¢�Ôµ¨� Ýî �þ ¢�þ¥ üÚµÆ±Þû ´ó�� ø¢ ¤¢ ,(p � 10 �·õ)Àª��¤�Ø¨� �þ ø ´÷ ×�µ¨�� ©ø¤ ¥� �ú�� ¢�ª üõ ¢�ú�È��â��Âõ
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