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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢üþ�� ��ã�Âõ Ûì�À� ×�µÆ¹ó ö��¨Âð¤üó��¤ üÜä ,ý¢�ÂÞ�Üä ©øÂ¨ ,ýÀ�Þû�ª ��®Âõö�úÔ¬� üµã�¬ ù�ÚÈ÷�¢ ,¤�õ� ùøÂð��Üä ¥� üã�¨ø ��õ�¢ ¤¢ �µÆ��ø Ýû �� ü½�®�� ý�ûÂ�çµõ �� �÷�ðÀ�� ×�µÆ¹ó ö��¨Âð¤ñÀ�õ ¤¢ .¢¤�¢ ¢Â��¤��î ü�Ø�ª��� ø ý¥¤ø��È�î ,ü�¨À���ú�õ ,ý¢��Ê�µ�ì� ,ü�ä��Þ�µ��� ���Ü�ä ��Ü�Þ�� ¥�¤�Àþ���÷ ñÀõ ù�ðö� ,À�ª�� �µÆ��ø ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ Âð� �÷�ðÀ�� ×�µÆ¹ó ö��¨Âð¤ß�� �Î��¤ Â�ÆÔ� ´¨� ßØÞõ üµ� ø ¢�ªüõ Õ�ì¢�÷ ¤��Æ� ,ñÀõ ý�ûÂµõ�¤�� ¢¤ø�Â� ø ùÀªüêÂÏ ¥� .Àª�� ´¨¤¢�÷ ´¿� ý�û´±Æ÷ ¥� ù¢�Ôµ¨� �� ùÀ�û¢ ¼�®�� Â�çµõ Âû ø ¾¨�� Â�çµõ�Áó ø ¢¢Âðüõ �ûÂ�çµõ ß�� üÚµÆ±Þû ¢��ø °��õ ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ ¢�Àã� Çþ��ê�Ý�Þã� �û©ø¤ ßþ� ¥� üØþ .À�û¢üõ ¢�ú�È�� �¤ üþ�û©ø¤ ��ØÈõ ßþ� âê¤ ý�Â� ß�ÖÖ½õ��� ý�û©ø¤ ×Þî �� �î .´¨� �÷�ðÀ�� ×�µÆ¹ó ö��¨Âð¤ �� üþ�� ��ã�Âõ Ûì�À� ©ø¤ö��¨Âð¤ �Àµ�� �ó�Öõ ßþ� ¤¢ .À÷�ªüõ ü¨¤Â� ö��¨Âð¤ ¥� á�÷ ßþ� °þ�Â® ý¤�¢ ü�ãõ ,�Âµ¨��� ¯��Âõ üãì�ø ù¢�¢ �ä�Þ¹õ ýÂ�ð¤�î�� �� Å³¨ .¢�ªüõ üêÂãõ üþ�� �µê�þ Ý�Þã� üÎ¡ø ¢�ªüõ �µêÂð ¤�î�� üþ�� ��ã�Âõ Ûì�À� ×�µÆ¹ó ö��¨Âð¤ ,ýÀ�ó�� ¢��ê ë¤ø á�÷ ×þ×�µÆ¹ó ö��¨Âð¤ ñÀõ �î ¢�ªüõ �¹�µ÷ ø ¢¢Âðüõ �Æþ�Öõ üó�Þãõ ×�µÆ¹ó ö��¨Âð¤ ��´ú� ¥� ø ´¨� Â�¤�Àþ�� üó�Þãõ ×�µÆ¹ó ö��¨Âð¤ ñÀõ �� ´±Æ÷ üþ�� ��ã�Âõ Ûì�À�.À÷¤�¢ ¤�Ì� ö� ¤¢ ¤�Áð Â���b� ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ üõ�Þ� ø À�îüõ ÛÞä Âµú� üþ�ÚÈ��Û�ì�À�� ö����¨Â�ð¤ ,��÷��ðÀ���� ü�Î�¡Ý�û ,��÷��ðÀ���� ×���µ�Æ�¹�ó ö����¨Â�ð¤ :ýÀ���Ü�î ý��ûù��ø.�Âµ¨� ��� ,üþ�� ��ã�Âõ�õÀÖõ 1ø ý¢Àä ¾¨�� Â�çµõ ×þ ß�� �Î��¤ �ãó�Îõ �� (PLS) 1 üþ�� ��ã�Âõ Ûì�À� ö��¨Âð¤ø ¤�Àþ���÷ �÷�ðÀ�� ö��¨Âð¤ �î üÎþ�Âª ¤¢ ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ ¥� üþ�� k �ä�Þ¹õ ×þ:¢¤�À÷ ¢��ø �÷�ðÀ�� ö��¨Âð¤ ù¢�Ôµ¨� ö�Øõ� �î ý¢¤��õ ¥� .¢¥�¢Â� üõ ,´¨� ü÷ÀÈ÷
1 Partial Least Squares 235
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ ß�� �÷�ðÀ�� üÎ¡Ýû ¢��ø � 1ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ ¢�Àã� �� �Æþ�Öõ ¤¢ ��Àû�Èõ ö¢�� ×��î � 2��Àû�Èõ ß�� ¤¢ ùÀÈÞð ù¢�¢ ¢��ø � 3Â�üÜî ¤�Ï�� �þ ×�µÆ¹ó ö��¨Âð¤ ýÂ�ð¤�î�� âì��õ ¤¢ ü��ØÈõ ß��� �� ¢¤�¡Â� ö�Øõ�.Àª üêÂãõ (1984) Àóø Í¨�� PLS ö��¨Âð¤ .¢¤�¢ ¢��ø ��÷ �µê�þ Ý�Þã� üÎ¡ ý�ûñÀõ.À�ª éøÂ�ã�õ ø ´�ê¤ ¤��î��� (1986) ü�Ø�¨���î ø ý¢��ð Í�¨��� ü�Þ���ª Ý�Ü�ä ¤¢ ¤��� ñø� ��õ�ø ���¤�õ ý�û¤�î ¤¢ §��� ü��þ¥ ¤� �� ¯��Âõ ��Üä ¤¢ üþ�� ��ã�Âõ Ûì�À� ö��¨Âð¤ ¢Â�¤�î(1993) ßõÀþÂê ø ×÷�Âê Í¨�� ö��¨Âð¤ ¥� á�÷ ßþ� .´¨� ùÀª ùÀþ¢ ��÷ (1989) Åþ�÷ö����̈ Â�ð¤ (2005) ö�¤��Ø�Þ�û ø ß���µ�̈ ��� .À�ª Â���Æ�Ô�� ¤��õ� ����¤��ú�� ¤¢ (1998) §��ú������ ø�±¨�½õ ´ú� üªø¤ ß��»Þû .À÷¢Âî �ÂÎõ �¤ ö� �� ¯��Âõ Ýµþ¤�Úó� ø üþ�� �µê�þ Ý�Þã�ø Ù÷�û .À÷¢�¢ ���¤� ñÀõ ¤¢ öÀ÷�õ üì�� ý�Â� �û�Ôó�õ ßþ� ¢�Àã� ß��ã� ø PLS ý�û�Ôó�õý�ûÂ�çµõ ß�� üÚµÆ±Þû �Î��¤ �î üãì��õ ý�Â� �¤ üÎ¡ Â�è PLS ©ø¤ ,(2009) ©¤�ØÞûÝ�Þã� ö��¨Âð¤ �ó�Öõ ßþ� ¤¢ .À÷¢Âî ¢�ú�È�� ´¨� üÎ¡ Â�è ¾¨�� ý�ûÂ�çµõ ø ùÀ�û¢ ¼�®���ú�� �õ�¢� ¤¢ .¢�ªüõ ¼þÂÈ� ö� �� Í±�Âõ PLS ý�û�Ôó�õ �±¨�½õ Ýµþ¤�Úó� ø üþ�� �µê�þýÂ���ð¤��î��� ��� Å�³�̈ .¢��ªü�õ ùÀ���Æ�� ,ü�÷����̈ Â�ð¤ §��î ß�þ� ¥� PLS ×���µ�Æ�¹�ó ö����̈ Â�ð¤ ���üó�Þãõ ×�µÆ¹ó ö��¨Âð¤ ,ýÀ�ó�� ¢��ê ë¤ø á�÷ ×þ �� ¯��Âõ üãì�ø ù¢�¢ �ä�Þ¹õ ×þ¤�±µä� ´ú� �Âµ¨� ��� ý�û©ø¤ ß��»Þû .À÷�ªüõ �Æþ�Öõ PLS ×�µÆ¹ó ö��¨Âð¤ ø.¢�ªüõ ö��� ýÂ�ð �¹�µ÷ �úµ÷� ¤¢ ø .À÷ø ¤üõ ¤�î �� PLS ×�µÆ¹ó ö��¨Âð¤ °þ�Â® ü¹�¨
üþ�� �µê�þ Ý�Þã� üÎ¡ ö��¨Âð¤ 2ùÀ�û��È�õ ��Î�¡ öøÀ�� ��î ��µ�¨����� ý��ûÂ���ç�µ�õ ¥� ��ä��Þ�¹�õ ×�þ X1, X2, ..., Xp À�����î Â�êÅ��þÂ������õ ¤¢ ø ���µ��êÂ��ð Â��Ñ��÷ ¤¢ �¤ ���ûÂ�����ç��µ��õ ¥� ��À��î Â��û ¥� ùÀ��û���È��õ n .À��ª���� ,À��÷���ªü��õ�÷�Þ÷ ×þ Y = (y1, y2, ..., yn)′ ¤�¢Â� .Ý�û¢üõ ¤�Âì X = (xij)n×p = {x1,x2, . . . ,xp}ß�þ� ��� .À�����î Â�ê �¤ , �́̈ � X Å�þÂ����õ ��À�û��È�õ ��� Í�±��Â�õ ��î Y ¾�̈ ��� Â���ç�µ�õ ¥� ü�ê¢��Ê��üÎ¡ ö��¨Âð¤ ñÀõ À�µÆû Àõ�ãµõ �û th =

∑p
j=1 w∗

hjxj ,PLS ý�û�Ôó�õ �î ´þ¢øÀ½õÂ�þ¥ �¤��¬��� ��Ô�ó��õ m ��� x1,x2, . . . ,xp ýø¤ Y (PLS − GLR) 2 ü�þ��� ��µ�ê��þ Ý���Þ�ã��
2 PLS Generalised Linear Regression 236
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢(2005 ,ö�¤�ØÞû ø ß�µ¨��) ¢�ªüõ ÓþÂã�
g(Θ) =

m∑

h=1 ch( p∑

j=1w∗
hjxj)ÓþÂã� Û��ì Âþ¢�Öõ ñ�Þµ�� ¤�¢Â� �þ Y �µ¨��� ¾¨�� Â�çµõ ×þ ß�Ú÷��õ À÷���üõ Θ Âµõ�¤�� �îñÀõ ©¥�Â� üþ�Ø÷ ø Y üó�Þµ�� âþ¥�� �� ���� �� g ¯�±�¤� â��� .Àª�� Y �µÆÆð Â�çµõ ×þ.¢�ªüõ ��¿µ÷� �ûù¢�¢ ��

(PLS −GLR) Ýµþ¤�Úó� 1�2.´¨� �Àì 4 Ûõ�ª Ýµþ¤�Úó� ßþ�.h = 1,2, . . . ,m ý�Â� th ,PLS�Ôó�õ m �±¨�½õ : 1 �Àì.ùÀ÷�õ üì�� PLS �Ôó�õ m ýø¤ Y �µê�þ Ý�Þã� üÎ¡ ö��¨Âð¤ : 2 �Àì.üÜ¬� ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ °Æ� Â� (PLS −GLR) ö��� : 3 �Àì.(PLS −GLR) üþ�ú÷ ñÀõ ¤¢ °þ�Â® �Âµ¨� ��� Û��Öµõ ü¹�¨ ¤�±µä� : 4 �Àìñ��·�õ ×�þ °�ó��ì ¤¢ Â�Ú�þ¢ �À�ì 2 ��õ�¢� ¤¢ ø ¢��ªü�õ ù¢�¢ �Â�ª Û�õ��î ¤��Ï��� Â�¡� ø ñø� �À�ì.¢�ªüõ ßªø¤.´¨� ùÀª ¢¤�À÷�µ¨� ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ ÅþÂ��õ X = {x1,x2, . . . ,xp} À��î Âê.´¨� th ,PLS Àõ�ãµõ �Ôó�õ m ö¢Âî �À�� éÀû:t1 ,PLS �Ôó�õ ß�óø� �±¨�½õüÎ¡ ö��¨Âð¤ ¥� ù¢�Ôµ¨� �� xj ùÀ�û¢ ¼�®�� Â�çµõ ,a1j ü÷��¨Âð¤ °þÂ® �±¨�½õ : 1 �Àì.j = 1,2, . . . , p ,xj Â�çµõ Âû ý�Â� xj ýø¤ Y �µê�þ Ý�Þã�. w1 = a1
‖a1‖ ,a1j ý�Ìä� Ûõ�ª a1 ü÷�µ¨ ¤�¢Â� ö¢Âî ñ�õÂ÷ : 2 �Àì.t1 = Xw1

w′1w1 üµìø t1 �Ôó�õ �±¨�½õ : 3 �Àì:t2 ,PLS �Ôó�õ ß�õø¢ �±¨�½õüÎ¡ ö��¨Âð¤ ¥� ù¢�Ôµ¨� �� xj ùÀ�û¢ ¼�®�� Â�çµõ ,a2j ü÷��¨Âð¤ °þÂ® �±¨�½õ : 1 �Àì.j = 1,2, . . . , p ,xj Â�çµõ Âû ý�Â� xj ø t1 ý�ûÂ�çµõ ýø¤ Y �µê�þ Ý�Þã�.w2 = a2
‖a2‖ ,a2j ý�Ìä� �� ,a2 ü÷�µ¨ ¤�¢Â� ö¢Âî ñ�õÂ÷ : 2 �Àì,xh−1,j üµìø t1 �Ôó�õ ýø¤ X üÎ¡ ö��¨Âð¤ ¥� X1 ùÀ÷�õ üì�� ÅþÂ��õ �±¨�½õ : 3 �Àì.´¨� Xh−1 ÅþÂ��õ ö�µ¨ ß�õ� j.t2 = X1w2

w′2w2 üµìø t2 �Ôó�õ �±¨�½õ : 4 �Àì237
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢.t2 = Xw∗2 ,üÜ¬� ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ °Æ� Â� t2 �Ôó�õ ö��� : 5 �Àì
...:th ,PLS �Ôó�õ ß�õ� h �±¨�½õüÎ¡ ö��¨Âð¤ ¥� ù¢�Ôµ¨� �� xj ùÀ�û¢ ¼�®�� Â�çµõ ahj ü÷��¨Âð¤ °þÂ® �±¨�½õ : 1 �Àì.j = 1,2, . . . , p ,xj Â�çµõ Âû ý�Â� xj ø t1, t2, . . . , th−1 ý�ûÂ�çµõ ýø¤ Y �µê�þ Ý�Þã�.wh = ah

‖ah‖ ,ahj ý�Ìä� �� ,ah ü÷�µ¨ ¤�¢Â� ö¢Âî ñ�õÂ÷ : 2 �Àìý���û���Ô��ó���õ ýø¤ X ü��Î��¡ ö������̈ Â��ð¤ ¥� Xh−1 ùÀ��÷���õ ü��ì���� Å��þÂ������õ ���±��̈ ���½��õ : 3 �À��ì.´¨� Xh−1 ÅþÂ��õ ö�µ¨ ß�õ� j ,xh−1,j üµìø t1, t2, . . . , th−1.th =
Xh−1wh

w′
h
wh

üµìø th �Ôó�õ �±¨�½õ : 4 �Àì.th = Xw∗
h ,üÜ¬� ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ °Æ� Â� th �Ôó�õ ö��� : 5 �Àì

PLS ×�µÆ¹ó ö��¨Âð¤ �ó¢�ãõ ßµ¡�¨ 2�2.¢��ªü�õ �Â�Î�õ t1, t2, . . . , th ý��û��Ô�ó��õ ýø¤ Y ×���µ�Æ�¹�ó ö����¨Â�ð¤ ñÀ�õ ×�þ ,��ú�µ�÷� ¤¢¼�®�� ý�ûÂ�çµõ ¥� üã��� ×þ ö���ä �� �ó¢�ãõ ßþ� ö��� �� PLS ×�µÆ¹ó ö��¨Âð¤ �ó¢�ãõ¤¢ (Y = 1) Àõ�È�� ñ�Þµ�� π ø üþ�� ø¢ ¾¨�� Â�çµõ Y Âð� .Àþ�üõ ´¨¢�� üÜ¬� ùÀ�û¢: Ýþ¤�¢ ù�ðö� ,¢�ª �µêÂð ÂÑ÷
̂

ln(
Π1−Π

) = c1t1 + c2t2, . . . , chth
= c1Xw∗1 + c2Xw∗2 + . . .+ chXw∗

h

= X b.Π = (π1, π2, . . . , πn)′ ø b = c1w∗1 + c2w∗2 + . . .+ chw
∗
h �î�û�µØ÷ 3�2ÂÔ¬ ,´Æ�÷ ¤�¢ ü�ãõ �î ahj ü÷��¨Âð¤ °þÂ® ý���� ,(th) PLS �Ôó�õ �±¨�½õ ¤¢ � 1.À÷¤�¢ ´îÂª ¤�¢ ü�ãõ ý�ûÂ�çµõ �ú�� PLS �Ôó�õ �±¨�½õ ¤¢ ü�¤�±ä�� �þ Ý�û¢üõ ¤�Âì,(th+1) �Ôó�õ ß�õ� (h + 1) �±¨�½õ ý�Â� ù�ðÂû À÷�õüõ üì�� ñÀõ ¤¢ �Ôó�õ h �ú�� � 2238
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢.À�ª�� �µª�À÷ ÂÔ¬ ¥� ý¤�¢ ü�ãõ �ø�Ô� ah+1,j °þ�Â® ¥� ×þ º�û.¢¤�¢ ¢Â�¤�î ��÷ ùÀÈÞð ù¢�¢ ¢��ø �¤�¬ ¤¢ ùÀª ö��� Ýµþ¤�Úó� � 3¤¢ «�¡ °�ä ×þ Â� üþ��Þ�ª ø üØ�÷�Øõ «��¡ Â���b� ü¨¤Â� ÂÑ÷ ¢¤�õ éÀû . 1 ñ�·õÛõ�ª ù¢�¢ �ä�Þ¹õ ßþ� .´¨� ¢��ê ë¤ø À�ó�� �÷�¡¤�î ×þ Í¨�� ùÀª À�ó�� ¢��ê ý�ûë¤ø.´¨� ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ ø (Y ) ¾¨�� Â�çµõ «�Ê¡ ¤¢ À�ó�� ��ä�Ï� ¥� ùÀû�Èõ 50���ãõ À�ó�� �� y = 0 ø Ýó�¨ ýÀ�ó�� ¢��ê ë¤ø Âð� y = 1 �î ´¨� üþø¢ø¢ Â�çµõ ×þ : YÂ�µ�õ ü�Ü���õ Â�� ß������÷ °�Æ�� Â��) ¢���ê ë¤ø Ý���Ü�Æ�� ���Ø�½�µ�̈ � : x1 ß�����»�Þ�û ø ¢��ªü�õ ë��Ï��Üê : x3 ,(â�Âõ Âµõ üÜ�õ Â� ß���÷ °Æ� Â�) ¢��ê ë¤ø üþ�ú÷ ÇÈî ��Ø½µ¨� : x2 ,(â�Âõ°Æ� Â�) Ýþ���õ �Üê : x5 ,(À¬¤¢ °Æ� Â�) Ý���õ�ó� �Üê : x4 ,(À¬¤¢ °Æ� Â�) ßØ�Ü�¨.À�µÆû (À¬¤¢üó�Þãõ ×�µÆ¹ó ö��¨Âð¤ ©¥�Â�.¢Â�ðüõ ��¹÷� ùÀª ¢¤�À÷�µ¨� ùÀ�û¢ ¼�®�� Â�çµõ ¸�� ýø¤ ��±¨�½õ ��Þ� �õ�¢� ¤¢¢¤�À÷�µ¨� ùÀ�û¢ ¼�®�� Â�çµõ ¸�� ýø¤ ¾¨�� Â�çµõ üó�Þãõ ×�µÆ¹ó ö��¨Âð¤ ©¥�Â� ¸þ�µ÷ñøÀ� ¤¢ ©¥�Â� ßþ� ¥� Û¬�� ùÀª üþ�ÚÈ�� ø ùÀª ùÀû�Èõ ý�û¾¨�� ø (1) ñøÀ� ¤¢ ùÀª.´¨� ùÀª ©¤��ð (2)
Âµõ�¤�� ý¢�¥� ��¤¢ ¢¤ø�Â� é�Â½÷� ¤�Ø¨� ý�î ¤�ÀÖõ −pÂµõ�¤�� ¢¤�À÷�µ¨� Àó�ø´��� 1 2/416 0/66 13/4010 0/0003
x1 1 −0/4691 0/7329 0/4096 0/5222
x2 1 −1/1908 0/5639 4/4598 0/0347
x3 1 −0/6077 0/5679 1/1451 0/2846
x4 1 0/5454 0/5802 0/8837 0/3472
x5 1 1/1022 0/6492 2/8827 0/0895

.�û¢¤ø�Â� üþ�Þ�µ¨¤¢ Â·î�À� ��ó�÷� .1 ñøÀ�239
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢¾¨�� �Àã� ùÀª üþ�ÚÈ��ùÀª ùÀû�Èõ 0 1 á�Þ¹õ0 2 6 81 2 40 42á�Þ¹õ 4 46 50.üó�Þãõ ×�µÆ¹ó ö��¨Âð¤ ñÀõ §�¨� Â� ¾¨�� üþ�ÚÈ�� .2 ñøÀ�ý�û¾¨�� ¥� %16 �î ´¨� �� 8 ùÀª ýÀ�� §�î ù�±µª� �� ¾¨�� ¢�Àã� �î ¢�ªüõ ùÀû�Èõ.´¨� ùÀª ùÀû�ÈõùÀª ©¤��ð ùÀª ¢¤�À÷�µ¨� ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ ß�� ö�¨Â�� üÚµÆ±Þû ,(3) ñøÀ� ¤¢.Àû¢üõ ö�È÷ �¤ 0/05 ¤�±µä� ¼Î¨ ¤¢ ¤�¢ ü�ãõ ý�ûüÚµÆ±Þû ù¤�µ¨ ´õ�ä �î ´¨�
x1 x2 x3 x4 x5

x1 1
x2 −0/0666 1
x3 −0/3583∗ 0/2956∗ 1
x4 0/3839∗ −0/1048 0/4291∗ 1
x5 0/4365∗ 0/0093 −0/0273 0/1038 1.ùÀª ¢¤�À÷�µ¨� ý�ûÂ�çµõ ß�� ö�¨Â�� ý�ûüÚµÆ±Þû .3 ñøÀ�

PLS ×�µÆ¹ó ö��¨Âð¤ ©¥�Â�ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ ¥� ý¢�Àã� ß�� ¤�¢ ü�ãõ ý�ûüÎ¡Ýû ¢��ø ,¢��ê ë¤ø ý�ûù¢�¢ ¤¢.¢�ªüõ Âþ¥ ��ØÈõ �� Â¹�õü�ãõ �÷ ,0/1 ¤�±µä� ¼Î¨ ¤¢ x1 ø x3 ,x4 ¤�Áð Â���b� ý�ûÂ�çµõ (1) ñøÀ� �� ���� �� � 1.À÷� ùÀª ¤�¢.À÷�ªüõ Ûõ�ª �¤ üþ��� À¬¤¢ ,ùÀª ýÀ�� §�î ù�±µª� �� ý�û¾¨�� � 2���� �� .´¨� PLS ý�û�Ôó�õ �±¨�½õ �� ¥��÷ PLS ×�µÆ¹ó ö��¨Âð¤ ©¥�Â� ý�Â� �õ�¢� ¤¢.À÷�ªüõ �±¨�½õ �û�Ôó�õ ßþ� ý¢�ú�È�� ©ø¤ �������÷�����ð�À����� ×���������µ����Æ����¹����ó ý�����ûö����������¨Â����ð¤ ,t1,ñø� �����Ô����ó�����õ ö¢¤ø� ´����¨¢������ ý�Â�����240
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢������¹����÷� ùÀ����ª ¢¤�À����÷�����µ����̈ � ùÀ���������û¢ ¼���������®������ ý�����ûÂ���������ç����µ����õ ¥� ��À����î Â����û ýø¤ ¾����̈ ������
−0/6575 (0/0884) ø −0/9788 (0/0484) °������Â������� a1j °��þ�Â��® .¢���ªü��õö����� ¤�À�Ö�õ .À���µ�Æ�û −0/6978 (0/099) ø 1/1699 (0/011) ø 0/7 (0/059) ø¤�¢ ü���ã�õ 0/1 ¤��±�µ�ä� ¼�Î�¨ ¤¢ ü�Ú�Þ�û ùÀ�ª Â�î£ °�þ�Â�® .´�¨� 3¤�À�Ö�õ �p ��µ�÷�Â�� ¤¢ ùÀ�ª:¢�ªüõ �±¨�½õ Âþ¥ �Âê�� PLS �Ôó�õ ß�óø� ,°þ�Â® ö¢Âî ñ�õÂ÷ ¥� Àã� .À�µÆû
t1 =

−0/6978x1 + 1/1699x2 + 0/7x3 − 0/6575x4 − 0/9788x5√0/69782 + 1/16992 + 0/72 + 0/65752 + 0/97882
= −0/361x1 + 0/6053x2 + 0/3622x3 − 0/3402x4 − 0/5064x5ý¤�¢ ü�ãõ Ýú¨ �î ý�ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ �Àµ�� ,t2 ,PLS �Ôó�õ ß�õø¢ �±¨�½õ ý�Â�

t1 ýø¤ ¾¨�� ×�µÆ¹ó ý�ûö��¨Âð¤ ¤�î ßþ� ý�Â� .À÷�ªüõ É¿Èõ À÷¤�¢ t2 �±¨�½õ ¤¢.¢�ª üõ ��¹÷� ùÀª ¢¤�À÷�µ¨� ùÀ�û¢ ¼�®�� Â�çµõ Âû ø°����Â����� ùÀ�ª ¢¤�À�÷��µ�̈ � ùÀ���û¢ ¼���®��� ý��ûÂ���ç�µ�õ ß�þ� °�þ�Â�® ��� ¯���Â�õ ¤�À�Ö�õ �p Â�þ¢��Ö�õ¼�Î�¨ ¥� ��À�î º���û ��î ´�¨� 0/1709 ø 0/3899 ø 0/7909 ø 0/6884ø 0/7837ñÀõ ÂÚþ¢ ü�¤�±ä�� �þ ´Æ�÷ ¤�¢ ü�ãõ PLS �Ôó�õ ß�õø¢ ßþ�Â���� .À�µÆ�÷ ÂµÞî 0/1 ¤�±µä�ñÀõ ,ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ °Æ� Â� �Ôó�õ ßþ� ö��� �� .À÷�õüõ üì�� PLS �Ôó�õ ×þ ��:¢�ªüõ Û¬�� Âþ¥ �Âê ��
Pr(Y = 1) =

e2/17+0/4283x1−0/718x2−0/4297x3+0/4036x4+0/6x51+ e2/17+0/4283x1−0/718x2−0/4297x3+0/4036x4+0/6x5ø À÷¤�¢ ¤�Ì� ñÀõ ßþ� ¤¢ ¤�Áð Â���b � ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ üõ�Þ� �î ¢�ªüõ ùÀû�Èõü���ã�þ �́̈ � ��� 7 ñÀ�õ ß�þ� §��̈ � Â�� ùÀ�ª ýÀ���� §��î ù��±�µ�ª� ��� ý��û¾�̈ ��� ¢�À�ã�� ß�����»�Þ�û×�µÆ¹ó ö��¨Âð¤ ñÀõ ¥� Û¬�� ùÀª ýÀ�� §�î ù�±µª� �� ý�û¾¨�� ¢�Àã� ¥� ÂµÞî üØþñÀ�õ ý��ûÂ�µ�õ�¤��� ¢¤ø�Â�� ,ùÀ�ª ýÀ���� §��î ù��±�µ�ª� ��� ý��ûñ��̈ Ç�û��î ��� ������ ��� .ü�ó��Þ�ã�õ.´¨� üó�Þãõ ×�µÆ¹ó ö��¨Âð¤ ¥� Â�°¨��õ PLS ©ø¤ ¥� ×�µÆ¹ó
3P-Value 241
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢
PLS ×�µÆ¹ó ö��¨Âð¤ ý�Â� ü¹�¨ ¤�±µä� 4�2ñ¢�ãµõ ø üê¢�Ê� �Âµ¨� ���á�÷ ×þ ,PLS ×�µÆ¹ó ö��¨Âð¤ ý�ûÂµõ�¤�� ý�Â� ü�Â¹� âþ¥�� ö¢¤ø� ´¨¢�� ¤�Ñ�õ����� ¥� á�÷ ßþ� ùÀþ� .¢�ªüõ �µêÂð ÂÑ÷ ¤¢ üê¢�Ê� �Âµ¨� ��� ��÷ �� �Âµ¨� ��� ¥� ù¢�¨.´¨� ü�Â¹� âþ¥�� â��� ��¬� �Âµ¨�¢�ú�È�� (K = 2) üþ��ø¢ Y �µÆÆð ¾¨�� ´ó�� ý�Â� �¤ �Âµ¨� ��� ßþ� (1983 ,öøÂÔþ�)��� ü�ê¢��Ê�� �Â�µ�̈ � ���� ��ã�̈ ��� ø Ý���Þ�ã�� .À�ª��� (yi, xi) ü��Â�¹�� â�þ¥��� F̂ À�����î Â�ê .¢�¢.´¨� Âþ¥ �Âê �� (´¨� K > 2 �î üµó�� �� Ý�Þã�) PLS ×�µÆ¹ó ö��¨Âð¤ýÂÎ¨ ¤�¢Â� ¯Âª �� yi = k , k = 1,2, . . . ,K ùÀû�Èõ ñ�Þµ�� ,πi(yi = k|xi) À��î Âê:À�µÆû �±¨�½õ Û��ì �ø�Ôµõ ù�¤ ø¢ ¥� ���Þµ�� ßþ� .Àª�� xi ,ùÀ�û¢ ¼�®�� ý�ûÂ�çµõ ¥�.PLS ×�µÆ¹ó ö��¨Âð¤ �þ üó�Þãõ ×�µÆ¹ó ö��¨Âð¤ ¥� üÏÂª ñ�Þµ�� ý�û¢¤ø�Â� � 1.Y ü�Â¹� âþ¥�� ¥� ù¢�Ôµ¨� � 2Ûõ�ª �¤ Âþ¥ ý�û�Àì üê¢�Ê� �Âµ¨� ��� .Àª�� �Âµ¨� ��� ý�û�÷�Þ÷ ¢�Àã� B À��î Âê:¢�ªüõ¥� ü��Â�µ�¨� ���� ��÷��Þ�÷ ß���õ� b ,X (b) À�����î Â�ê ,b = 1,2, . . . , B Â�û ý�Â�� : 1 �À�ì°��̈ ������õ ¤�À��Ö��õ ×��þ ß��������ã��� ý�Â��� .À��ª���� F̂RAND ¥� ùÀ��ª À�����ó���� iid ü��ê¢���Ê��� Â�����ç��µ��õ ný¥�¨ ��±ª ¤�ÀÖõ ×þ ,xi , i = 1,2, . . . , n ¤�¢Â� Âû ý�Â� y(b)i = k , k = 1,2, . . . ,K.ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ πi(yi = k|xi) ¥� ùÀª,PLS ×�µÆ¹ó ö��¨Âð¤ °þ�Â® ¢¤ø�Â� ,(Y(b),X (b)) ü�Âµ¨� ��� �÷�Þ÷ Âû ý�Â� : 2 �Àì.Àþ�üõ ´¨¢�� ,β̂(b)��� âþ¥�� ý�ó¤�î ´÷�õ °þÂÖ� xj , j = 1,2, . . . , p ùÀ�û¢ ¼�®�� Â�çµõ Âû ý�Â� : 3 �Àì.Àþ�üõ ´¨¢�� ,Θ(B)

F̂RAND,β̂j
,β̂j �Âµ¨��µêÂð ¤�î�� ,βj ý�Â� ö���ÞÏ� Û¬��ê ö¢¤ø� ´¨¢�� ´ú� Θ

(B)

F̂RAND,β̂j
ý�ûíÀ¬ ,�úµ÷� ¤¢.¢�ªüõ�þ ñ¢�ãµõ �Âµ¨� ��� Í¨�� ,�Âµ¨� ��� ��±¨�½õ üþ�¤�î �î ¢¤�¢ ´�Þû� �µØ÷ ßþ� Âî£����¬� ×þ �î ,(1993 ,ü÷�Â�ª °�� ø öøÂÔþ�) Â¡�b� ø �ÀÖ� �Âµ¨� ��� ö�Þû ü�¤�±ä��.À��þüõ Çþ��ê� ,´¨� üó�Þãõ �Âµ¨� ��� ýÂ�ð �÷�Þ÷ ¤�µ¡�¨ ¥� ù¢�¨ ÛþÀã� ø:¢�ªüõ ��¹÷� Âþ¥ ý�û�Àì ñ¢�ãµõ �Âµ¨� ��� ��¹÷� ´ú�.À�û¢ ¤�Âì ÂÎ¨ nB �� Υ ÅþÂ��õ ×þ ¤¢ �¤ X ¥� ü³î B � 1.À��î ¢�¹þ� Υ ý�ûÂÎ¨ ß�� üê¢�Ê� Â¡�b� ø �ÀÖ� ×þ � 2242
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢�÷�Þ÷ ß�õø¢ ,Υ ÅþÂ��õ �ø¢ ÂÎ¨ n ,ü�Âµ¨� ��� �÷�Þ÷ ß�óø� ,Υ ÅþÂ��õ ñø� ÂÎ¨ n � 3ÂÑ÷ ¤¢ ü�Âµ¨� ��� �÷�Þ÷ ß�õ� b ,Υ ÅþÂ��õ Â¡� ÂÎ¨ n ,°��Â� ß�Þû �� ø ü�Âµ¨� ���.¢�ªüõ �µêÂð�� �û�ÂÏ á�÷ ßþ� .À�îüõ ÛÞä ñ¢�ãµõ Éì�÷ üî�Ü� �ÂÏ ×þ ���Èõ ñ¢�ãµõ �Âµ¨� ���ý�ûí�õ �� ���� �� ø À�µÆû �¤�î ñ¢�ãµõ ý�û�ÂÏ ,ö�ªÂÒ��µõ á�Ï� ÅþÂ��õ �Âê �� ����.À�þ�üõ ¤�Þª�� ���ú� ý�û�ÂÏ �� ,üÚ��ú�×þ Ûõ�ª PLS ×�µÆ¹ó ö��¨Âð¤ ý�Â� ùÀª ¢�ú�È�� ýÂµõ�¤���÷ ü¹�¨ ¤�±µä� ©ø¤¤¢ ��¹���µ�÷ ø �́̈ � ùÀ�ª ��µ�êÂ�ð ¤��î��� B = 1000 ��� ¢���ê ë¤ø ý��ûù¢�¢ ¥� ù¢��Ô�µ�̈ � ��� ��Ô�ó��õ�Àä ø (1) ÛØª ¤¢ ùÀª ù¢�¢ ö�È÷ ö���ÞÏ� Û¬��ê �� ���� �� .´¨� ùÀª ©¤��ð (1) ÛØª.À�µÆû ¤�¢ ü�ãõ ñÀõ ¤¢ �ûÂ�çµõ �Þû ,Û¬��ê ßþ� ¤¢ ÂÔ¬ ¢��ø

¢��ê ë¤ø ý�ûù¢�¢ ý�Â� ñ¢�ãµõ üê¢�Ê� �Âµ¨� ��� 0/95 ö���ÞÏ� Û¬��ê : (1) ÛØª
ýÂ�ð �¹�µ÷ 3,ùÀ���û¢ ¼���®��� ý��ûÂ���ç�µ�õ ß���� ��÷��ðÀ���� ü�Î�¡Ý�û ¢���ø �¤��¬ ¤¢ ��î ¢��ªü�õ ùÀ�û��È�õý��û¢¤ø�Â�� ü�ó��Þ�ã�õ ×���µ�Æ�¹�ó ö����¨Â�ð¤ ��� ´�±�Æ�÷ PLS ×���µ�Æ�¹�ó ö����¨Â�ð¤ ýÂ���ð¤��î���243
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