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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢Í¨�µõ ¢¤ø�Â� ¤¢ ö� ¢Â�¤�î ø ×��î ����÷ ¢¤ø�Â� ý�Â� ©ø¤ À�� �Æþ�Öõ¤�Èî ý�ûö�µ¨� ¤¢ ¤��÷�¡ ��þ�ûüú�Öê �®¤ÀÞ½õ ,üÜ�Ü� ßþøÂ�ö�Âþ� üõ�¨� ý¤�úÞ� ý�îÂõ ×÷��üµÈú� À�úª ù�ÚÈ÷�¢ ,¤�õ� ùøÂðÀ���÷��õ ü�þ��û�Â�Ï ¤¢ ,×����î ý��û�������÷ ý�Â�� ��ûÂ�µ�õ�¤��� ü�¡Â�� ¢¤ø�Â�� ü�ð¢Â�µ�Æ�ð ø ´���Þ�û�ý��±õ �ú÷� ¥� Û¬�� ¸þ�µ÷ �î ý¤�Ø�� ø ñ�çµª� �ÂÏ ø ¤��÷�¡ Àõ�¤¢ ø ��þ�û ü¨¤Â� �ÂÏ×��î ý�û����÷ ý�Â� °Üè� ø À÷Â�ðüõ ¤�Âì ´óø¢ ý¢�Êµì� ø üó�õ ý�û´¨��¨ ¥� ý¤��Æ���� ×����î �������÷ ¢¤ø�Â�� ý��û©ø¤ �́̈ � ùÀ�ª °�±�̈ ,À���µ�Æ���÷ ü�ê��î ��÷��Þ�÷ ¢�À�ã�� ùÀ�÷¤�¢Â��¤¢�ÜÆÜ¨ ��� ©ø¤ ýÂ�Â� ¢¤��õ ¥� ý¤��Æ� ¤¢ ßþ� ¥� Ç�� ��ãó�Îõ ¤¢ .À���þ ©ÂµÆð ´äÂ¨¼Î¨ ý�ûñÀõ ¥� ù¢�Ôµ¨� �� �ó�Öõ ßþ� ¤¢ .´¨� ùÀ�¨¤ ��±� � �� ,�û©ø¤ ü¡Â� Â� ü±��Âõ�ÜÆÜ¨ ��� ø ü�Â¹� üÎ¡ °þ¤��÷ ý�ÚÈ�� ßþÂµú� ,ý��Ü�Âõ ø¢ ýÂµõ�¤���÷ ,©ø¤ �¨ ,����÷í��õ ��� ������ ��� ø ù¢Â�î ��Æ�þ��Ö�õ Â�Ú�þÀ�Ø�þ ��� �¤ ü�Î�¡��÷ ø ü�Î�¡ ¤��µ�¡��¨ ø¢ ´�½�� ,ü�±���Â�õ©ø¤ ýÂ��Â�� ��Æ�þ��Ö�õ ¥� Û�¬��� �̧þ��µ�÷ . �́̈ � ùÀ�ª ���¿�µ�÷� ©ø¤ ß�þÂ�µ�ú�� °�̈ ����õ ý���Æ�þ��Ö�õ�ÜÆÜ¨ ��� ©ø¤ ¥� ß��»Þû .À�û¢üõ ö�È÷ ÂÚþ¢ ©ø¤ ø¢ �� �Æþ�Öõ ¤¢ ü±��Âõ �ÜÆÜ¨ �����ä�Ï� §�¨� Â� ,85 ñ�¨ ¤¢ ¤�Èî ý�ûö�µ¨� ¤¢ ¤��÷�¡ ��þ�û Í¨�µõ ¢¤ø�Â� ý�Â� ü±��Âõ.´¨� ùÀª ù¢�Ôµ¨� ö�Âþ� üõ�¨� ý¤�úÞ� ý�îÂõ ×÷�� Í¨�� ùÀª ý¤ø�âÞ�Âð¢¤ø�Â� ,ýÂµõ�¤���÷ ö��¨Âð¤ ,����÷ ¼Î¨ ñÀõ ,×��î ����÷ ¢¤ø�Â� :ýÀ�Üî ý�ûù��ø�ÜÆÜ¨ ��� ,ü�Â¹� üÎ¡ °þ¤��÷ ý�ÚÈ�� ßþÂµú� ,Û��Öµõ ü¹�¨¤�±µä� ,ö�Æ��ø ��þ ¤�¢�÷.Å±�ð ýÂ�ð�÷�Þ÷ ,ü±��Âõ
�õÀÖõ 1,¤�Èî À�÷�õ (ï¤�� ù¥��) ï¤�� ����÷ ý�Â� �÷�Þ÷ ù¥�À÷� ,üÈþ�Þ�� ý��÷�Þ÷ ý�û�ÂÏ ¤¢ù¥�� ¢¤�õ ¤¢ ¯�±�µ¨� ý�Â� ùÀª ý¤ø�âÞ� ��ä�Ï� ßþ�Â���� .¢¢Âðüõ ß��ã� ùÂ�è ø ö�µ¨�Ûõ�ª ï¤�� ù¥�� ¢¤��õ Â·î� ¤¢ �Ø÷� ñ�� .´¨� ¤�¢¤�¡Â� �¥� ´ì¢ ¥� ø ù¢�� °¨��õ ï¤��135
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢��ÜÎõ �õ ý�Â� �û�ãõ��Âþ¥ ßþ� ý�ûüðÄþø ¢¤�õ ¤¢ á�Ï� °Æî �î ´¨� üþ�û�ãõ��Âþ¥¥� Â�µ�Þ�î Â�Ñ�÷ ¢¤��õ ý��û��ã�õ���Â�þ¥ ¥� ùÀ�ª Á�¡� ��÷��Þ�÷ ¢�À�ã�� ¢¤���õ Â�·�î� ¤¢ ��÷��Ô�̈ ��µ�õ ü�óø ù¢�����Î¬� ¤¢ �û�ãõ��Âþ¥ ßþ� �� .´¨� °¨��õ ´ì¢ �� ¢¤ø�Â� ×þ ��¹÷� ý�Â� ¥��÷ ¢¤�õ À�ý��û�������÷ ¼�Î�̈ ¤¢ ��÷��Þ�÷ ù¥�À�÷� ö¢Â�î ������ú�� ��î ��¹�÷� ¥� .¢��ªü�õ ��µ�Ô�ð ×����î ý��û�������÷ý�û©ø¤ ¥� ù¢�Ôµ¨� ß��»Þû ø ¢�ªüõ ýÂ�ð¤�õ� ��þ�û ���� Û��ì Çþ��ê� ¶ä�� ×��îö�¨��ª¤�õ� ,¢�� À�û��¿÷ ¤�¢¤�¡Â� �¥� ´ì¢ ¥� ×��î ý�û����÷ ¢¤�õ ¤¢ ¢¤ø�Â� Ý�ÖµÆõ×��î ý�û����÷ ý�Â� ü±¨��õ ý�ûÂð¢¤ø�Â� üØÞî ��ä�Ï� ¥� ù¢�Ôµ¨� �� À÷�ù¢Âî üã¨.À�û¢ ���¤�ñÀõ¤¢ .(2003 ���¤) ¢¤�¢ ¢��ø À��ø ¼Î¨ ñÀõ ø ����÷ ¼Î¨ ñÀõ ¢ÂØþø ¤ ø¢ �µ¨�¤ ßþ� ¤¢ÂÑ÷ ¢¤�õ Âµõ�¤�� ¢¤ø�Â� ý�Â� ��÷ ����÷ ý�ûÂ�� ¥� °Üè� üØÞî ��ä�Ï� Â� ùø�ä ����÷ ¼Î¨.¢�ªüõ ù¢�Ôµ¨�(1979 ,��þÂû�üê) ��þÂû�üê ñÀõ .¢�ªüõ ù¢�Ôµ¨� ����÷ ¼Î¨ ñÀõ ¥� �ó�Öõ ßþ� ¤¢¥� ü�±�̈ ����õ â����� ýù¤��� ¤¢ ¯��±���µ�̈ � ,éÀ�û . �́̈ � �������÷ ¼�Î�̈ ý��ûñÀ�õ ß�þÂ��éøÂ�ã�õ ¥� ü�Ø�þü�ãþ ,(.´¨� ×��î ü���÷ ¢�Àã� m �î ,i = 1,2, · · · ,m ) ��i ×��î ����÷ ý�ûß�Ú÷��õ¯�±�¤� ¤¢ Âþ¥ �¤�¬ �� xi üØÞî ý�ûÂ�çµõ ¤�¢Â� �� θi �î ´¨� θi = g(Ȳi) �¤�¬ �� ,Ȳi.´¨�
θi = x

T
i β + biνi i = 1,2, · · · ,m. (1),��i �������÷ ü�Ø�Þ�î ý��ûÂ���ç�µ�õ ¥� ùÂ���ç�µ�õ�p ¤�¢Â�� ×�þ xi = (xi1, · · · , xip)T ��Î���¤ ß�þ� ¤¢����÷ Â�� üê¢�Ê� Â�çµõ ,νi ,´¨� ��Üãõ�÷ �î ü÷��¨Âð¤ °þ�Â® ¤�¢Â� β = (β1, · · · , βp)T¢��ªü�õ Â�ê f���Þ�ã�õ) ´�¨� σ2ν ,Å�÷��þ ¤�ø ø Â�Ô�¬ ß���Ú�÷����õ ý�¤�¢ ,¢��ªü�õ Â�ê ��î ,��i�µêÂð ÂÑ÷ ¤¢ 1 f��Þãõ �î À�µÆû üõ�Üãõ ø ´±·õ ,´��� Âþ¢�Öõ ��÷ �ûbi ,(.νi ∼ N(0, σ2ν )¢¤��õ ¤¢ ¯��±���µ�¨� ý�Â�� .À���µ�Æ�û ü�¨¤Â�� ¢¤��õ ×����î ý��û�������÷ ¢�À�ã�� ����÷ m ø .À�÷��ªü�õ����÷ ß�Ú÷��õ Ý�ÖµÆõ Âð¢¤ø�Â� ˆ̄Y i Âð� ,(1) ñÀõ §�¨� Â� (Ȳi) ,��i ×��î ����÷ ß�Ú÷��õ:Ý��îüõ Âê ,Àª�� ��i

θ̂i = g( ˆ̄Y i) = θi + ei, i = 1,2, · · · ,m. (2)ý�¤�¢ ø Ý�û ¥� Û�Ö�µ�Æ�õ ¢��ªü�õ Â�ê ��î .À���µ�Æ�û ýÂ���ð��÷��Þ�÷ ý��û��Î�¡ ��ûei ��Î���¤ ß�þ� ¤¢.À�ª�� Âþ¥ �¤�¬ �� Å÷�þ¤�ø ø ß�Ú÷��õ
E(ei|θi) = 0, V ar(ei|θi) = ψi136
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢.À�µÆû ��Üãõ (�ûψi) ý��÷�Þ÷ ý�ûÅ÷�þ¤�ø ¢�ªüõ Âê f��Þãõ:Ýþ¤�¢ ,(2) ø (1) ý�Î��¤ ø¢ °�îÂ� ¥�
θ̂i = x

T
i β + biνi + ei , i = 1,2, · · · ,m. (3).À�µÆû ÛÖµÆõ Ýû ¥� �ûei ø �ûνi ¢�ªüõ Âê ¢¤��õ Â·î� ¤¢ø¢ ýÂ�µ�õ�¤�����÷ ,©ø¤ ��¨ ¥� ×����î ý��û�������÷ ý��ûß���Ú�÷����õ ¢¤ø�Â�� ý�Â�� ��ó��Ö�õ ß�þ� ¤¢(HB) ü±��Âõ �ÜÆÜ¨ ��� ø (EBLUP ) ü�Â¹� üÎ¡ °þ¤��÷ ý�ÚÈ�� ßþÂµú� ,ý��Ü�Âõ.¢�ªüõ ù¢�Ôµ¨�¢¤�õ ¤¢ �î .À÷�ªüõ üêÂãõ ý��Ü�Âõø¢ ýÂµõ�¤���÷ ø HB ,EBLUP ©ø¤ �¨ 2 Ç¿� ¤¢ø Àª�� �µª�¢ ¤�Ì� ñÀõ ¤¢ üØÞî Â�çµõ ×þ �î üµó�� ¤¢ ý��Ü�Âõø¢ ýÂµõ�¤���÷ ©ø¤.¢�ªüõ ¶½� ,Àª�� ñÀõ ¤¢ üØÞî Â�çµõ ×þ ¥� Ç�� �î üµó��ø θ̂i ß�� üÎ¡ ¯�±�¤� ¢��ø ´ó�� ø¢ ¤¢ ý¥�¨��±ª ¥� ù¢�Ôµ¨��� ¤�îÁõ ©ø¤ �¨ 3 Ç¿� ¤¢�¨ ,°¨��õ �Æþ�Öõ ¤��ãõ ×þ ¥� ù¢�Ôµ¨� �� ø .¢�ªüõ ¶½� üÎ¡�÷ ¯�±�¤� ¢��ø ´ó�� ø xi.¢�ªüõ ��¿µ÷� ©ø¤ ßþÂµú� ø ùÀª �Æþ�Öõ ©ø¤�́ú�� ùÀ�ª ü�êÂ�ã�õ ©ø¤ ��̈ ß���� ¥� ©ø¤ ß�þÂ�µ�ú�� 3 Ç�¿�� �̧þ��µ�÷ ��� ¢����µ�̈ � ��� 4 Ç�¿�� ¤¢Í�̈ ��� ùÀ�ª ý¤ø�â�Þ�� ���ä��Ï� §��̈ �Â�� ¤��È�î ý��ûö��µ�̈ � ¤¢ ¤���÷��¡ ����þ��û Í�̈ ��µ�õ ¢¤ø�Â��.¢Â�ðüõ ¤�Âì ù¢�Ôµ¨� ¢¤�õ ,85 ñ�¨ ¤¢ ö�Âþ� üõ�¨� ý¤�úÞ� ý�îÂõ ×÷��

ý��Ü�Âõ ø¢ ýÂµõ�¤���÷ ø HB ,EBLUP ©ø¤ �¨ üêÂãõ 2©ø¤ �î .À÷�ªüõ üêÂãõ ý��Ü�Âõø¢ ýÂµõ�¤���÷ ø HB ,EBLUP ©ø¤ �¨ Ç¿� ßþ� ¤¢�î üµó�� ø Àª�� �µª�¢ ¤�Ì� ñÀõ ¤¢ üØÞî Â�çµõ ×þ �î üµó�� ¤¢ ý��Ü�Âõø¢ ýÂµõ�¤���÷.¢Â�ðüõ ¤�Âì ü¨¤Â� ¢¤�õ ,Àª�� ñÀõ ¤¢ üØÞî Â�çµõ ×þ ¥� Ç��ü�Â¹� üÎ¡ °þ¤��÷ ý�ÚÈ�� ßþÂµú� ©ø¤ 1�2��Üãõ Âê �� ,(1975) ö�¨¤À�û .´¨� üÎ¡ �µ¿�õ� ñÀõ ×þ (3) ñÀõ �Ø÷� �� ���� ��¢�ú�È�� θi ý�Â� �¤ Âþ¥ Âð¢¤ø�Â� ,ýÂ�ð�÷�Þ÷ ý�Î¡ Å÷�þ¤�ø ø ����÷ ý�ûÂ�� Å÷�þ¤�ø ö¢��137
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢.¢Âî
θ̃i = xTi β̃ + γi(θ̂i − xTi β̃)

= γiθ̂i + (1− γi)x
T
i β̃ ö� ¤¢ �î

β̃ =

(∑m
i=1 xixTi

σ2ν b2i + ψi

)−1(∑m
i=1 xiθ̂i

σ2ν b2i + ψi

)
.Â�ê ��� ø ��û¤ø��µ�È�ð ¥� ù¢��Ô�µ�̈ � ��� (1994) ����¤ ø ©��ð , �́̈ � ñ��ú�¹�õ σ2ν ë��ê Í���ø ¤ ¤¢.À÷�ù¢Âî ���¤� �¤ Âþ¥ Âð¢¤ø�Â� ,����÷Â�� ø �Î¡ ö¢�� ñ�õÂ÷

σ̂2ν =
1

m− p

(
m∑

i=1(θ̂i − xTi β∗)2 −
m∑

i=1 ψi(1− xTi (
m∑

i=1 xixTi )−1xi))
mø �Î¡ �ø¢ ý�ûö��� ßþÂµÞî Âð¢¤ø�Â� β∗ ,´¨� ü÷��¨Âð¤ °þ�Â®¤�¢Â� Àã� p ö� ¤¢ �î.´¨� ×��î ý�û����÷ ¢�Àã�ü±��Âõ �ÜÆÜ¨ ��� ©ø¤ 2�2ýÂ�ð�÷�Þ÷ ©ø¤ ¥� ù¢�Ôµ¨� �� ü±��Âõ �ÜÆÜ¨ ��� ©ø¤ ¥� ,�ûθi ¢¤ø�Â� ¤�Ñ�õ �� ´ÞÆì ßþ� ¤¢�µêÂð ÂÑ÷ ¤¢ bi = 1 f��Þãõ Àª Âî£ �î ¤�Î÷�Þû .(2003 ,���¤) Ý��îüõ ù¢�Ôµ¨� Å±�ð.¢�ªüõÂê �� ø β ý�Â� ¼ÎÆõ âþ¥�� ×þ ßµêÂð ÂÑ÷ ¤¢ �� �¤ (3) ñÀõ ���®Âê ´ó�� ßþ� ¤¢.ÝþÂ�ðüõ ÂÑ÷ ¤¢ Âþ¥ �¤�¬ �� ei ∼ N(0, ψi) ø νi ∼ N(0, σ2ν )

(i) θ̂i|θi,β, σ2
ν ∼ N(θi, ψi)

(ii) θi|β, σ2
ν ∼ N(xTi β, σ

2
ν)

(iii) π(β) ∝ 1

(iv) π(β, σ2
ν) = π(β)π(σ2

ν) ∝ π(σ2
ν )

(v) π(σ2
ν) ∝ IG(a, b) 138
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢â�þ¥��� ,öÀ�ª ùÂ�¨��÷ ¥� �����µ��� ý�Â�� ��î ,´�¨� σ2ν ß���È���� â�þ¥��� π(σν)2 ���� Í���ø ¤ ¤¢ø ��Üãõ ý¢�Àä� b ø a ý�ûÂµõ�¤��Â�� �î ,ÝþÂ�ðüõ ÂÑ÷ ¤¢ (IG) §�Øãõ ý�õ�ð �¤ ö� ß�È��Âê Û±ì À�÷�õ .¢�ªüõ �µêÂð ÂÑ÷ ¤¢ a = b = 0/001 ¢¤��õ °Üè� ¤¢ �î À�µÆû üµ±·õö�¤�ØÞû ø üä¤�¥ Í¨�� À�µÆû ��Üãõ�÷ �ûψi ö� ¤¢ �î üµó�� ,À�µÆû ��Üãõ �ûψi ¢�ªüõ.´¨� ùÀª ¶½� (1386)ý�ûüó�Ú� Àþ�� À�õ� ý�±¨�½õ ý�Â� .´¨� E(θi|θ̂) ,HB ©ø¤ ¤¢ θi ý��ÎÖ÷ Âð¢¤ø�Â��ûö� Û� �î À¨¤üõ ¢�þ¥ Àã� ý�¤�¢ ý�ûñ�ÂÚµ÷� �� °Üè� ¤�î ßþ� .¢¤ø� ´¨¢ �� �¤ ß�Æ�Â�¹÷¥ ý�ó¤�î ´÷�õ ý¥�¨��±ª ©ø¤ ¥� �û���� ö¢¤ø� ´¨¢ �� ý�Â� ßþ�Â���� .´¨� ÛØÈõ.(1990 ,´�Þ¨� ø À�ÔÜð) À��îüõ ù¢�Ôµ¨� Å±�ð ýÂ�ð �÷�Þ÷ À�÷�õ üê�î¤�õ.À÷�ªüõ �±¨�½õ Ûõ�î üÏÂª ý�ûâþ¥�� (v) �� (i) ���®Âê ¥� ù¢�Ôµ¨� �� ¤�Ñ�õ ßþ� ý�Â�:´ª�¢ Ý�û��¡ �¥� ��±¨�½õ ��¹÷� ¥� Å�
(θi|β, σ2ν , θ̂) ∼ N(γiθ̂i + (1− γi)x

T
i β, γiψi),

(β|θ, σ2ν , θ̂) ∼ Np

(( m∑

i=1 xixTi )−1( m∑

i=1 xiθi), σ2ν( m∑

i=1 xixTi )−1)
,

(σ2ν |β, θ, θ̂) ∼ IG

(
m2 + a, b+

12 m∑

i=1(θi − xTi β)2) .¼þÂÈ� Âþ¥ �¤�¬ �� ö���üõ �¤ Å±�ð ýÂ�ð�÷�Þ÷ Û��Âõ ,η = (β, θ, σν) ßµêÂð ÂÑ÷ ¤¢ ��.¢Âî.η(0) ��óø� Âþ¢�Öõ ��¿µ÷� :ñø� ��ð •

β(k+1) À�ó�� ý�Â� �î ü�¤�¬ �� η(k+1) = (β(k+1), θ(k+1), σ(k+1)
ν ) À�ó�� :�ø¢ ��ð •üÏÂª âþ¥�� ¥�

(β|θ(k), σ2,(k)ν , θ̂) ∼ Np

(( m∑

i=1 xixTi )−1( m∑

i=1 xiθ(k)i

)
, σ2,(k)ν

( m∑

i=1 xixTi )−1)
,üÏÂª âþ¥�� ¥� θ(k+1) À�ó�� ý�Â�

(θi|β(k+1), σ2,(k)ν , θ̂) ∼ N(γ
(k)
i θ̂i + (1− γ

(k)
i )xTi β

(k+1), γ(k)i ψi),üÏÂª âþ¥�� ¥� σ2,(k+1)ν À�ó�� ý�Â� ø
(σ2ν |β(k+1), θ(k+1), θ̂) ∼ IG

(
m2 + a, b+

12 m∑

i=1(θ(k+1)i − xTi β(k+1))2) .139
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢.¢�ªüõ ù¢�Ôµ¨�ß��ã� Ç�� ¥� ¤�ÀÖõ ¥� |η(k+1) − η(k)| �î ü÷�õ¥ �� ,2 ø 1 ý�û��ð ¤�ÂØ� :��¨ ��ð •.¢�ª ÂµÞî δ ùÀªÀ���ó��� ý��û��÷��Þ�÷ {(β(k), θ(k), σ
2,(K)
ν ), k = d + 1, · · · , d +D} ��Ø���þ� Â�ê ��� �́þ��ú�÷ ¤¢,À���ª��� ýÂ���ð��÷��Þ�÷ ý��û¤�Â�Ø�� ¢�À�ã�� D ø d ��Ü��Â�õ ¥� À�ã�� Å�±���ð ©ø¤ ¥� ù¢��Ô�µ�¨� ��� ùÀ�ª.¢�ªüõ ö��� Âþ¥ �¤�¬ �� HB Âð¢¤ø�Â�

θ̂HBi =
1
D

d+D∑

k=d+1(γ(k)i θ̂i + (1− γ
(k)
i )xTi β

(k)
)

ý��Ü�Âõ ø¢ ýÂµõ�¤���÷ ©ø¤ 3�2¢¤ø�Â� ,xi ø θ̂i ý�Î��¤ ö¢�� üÎ¡ Âê �� ùÀª ö��� ©ø¤ ø¢ ¤¢ Àª �Ñ��õ �î ¤�Î÷�Þû©ø¤ ×þ ¥� ù¢�Ôµ¨� �� �� ´¨� ö�Â� üã¨ Ç¿� Âþ¥ ßþ� ¤¢ .Àþ¢Âð Û¬�� ×��î ����÷ý�Â� ,¢Â�ðüõ ¤�Âì xi ø θ̂i ¯�±�¤� á�÷ Â���� ´½� ÂµÞî ö� ¥� Û¬�� ¢¤ø�Â� �î ýÂµõ�¤���÷ñÀõ ¤¢ Â�çµõ ×þ �î �¤ üµó�� �Àµ�� ¤�Ñ�õ ßþ� ý�Â� .Ý��î ���¤� ×��î ý�û����÷ ¢¤ø�Â�.Ý��îüõ ü¨¤Â� �¤ ¢¤�¢ ¤�Ì�¥�¨¤��Þû ¥� ù¢�Ôµ¨� �� �¤ ý��Ü�Âõ ø¢ ýÂµõ�¤���÷ ©ø¤ ×þ ,(2004) üµþ�õ ø ý��û¢�³¡�õ.¢�ªüõ ¼þÂÈ� Âþ¥ �¤�¬ �� �î À÷�ù¢Âî ���¤� ö�Æ��ø ��þ¤�¢�÷ ý�µÆû�¤�¬ �� (1) ý�Î��¤ ©ø¤ ßþ� ¤¢
θi = f(xi) + νi (4).´¨� (�ø¢ �±�Âõ ¥� �µ¨��� ÕµÈõ ý�¤�¢) ¤��Þû ø ��Üãõ�÷ üã��� f �îö�Æ��ø��þ¤�¢�÷ �µÆû Âð¢¤ø�Â� ,(2004) üµþ�õ ø ý��û¢�³¡�õ ,f(xi) â��� ¢¤ø�Â� ¤�Ñ�õ ��.¢�ªüõ �±¨�½õ Âþ¥ �¤�¬ �� �î À÷�ù¢Âî ¢�ú�È�� �¤

f̂h(x) =

∑m
i=1Kh(x− xi)θ̂i∑m
i=1Kh(x− xi)

(5)ø ´¨� h ¤��÷ ý��ú� �� �µÆû â��� ×þ Kh(.) �î
Kh(u) =

1
h
K(

u

h
).140
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢´¨� Âþ¥ ý�ûüðÄþø ý�¤�¢ K(.) �î.´¨� ö¤�Öµõ K(.) .1.´¨� ö¤�Öµõø ¤�À÷�Âî x ��õ�¢ ýø¤ .2
∫
xK(u)du = 1 .3�î ¢Âî üÆþ�÷¥�� f̂h(x) = 1

m

∑m
i=1Whi(x)θ̂i �¤�¬ �� ö���üõ �¤ (5) Âð¢¤ø�Â�

Whi =
Kh(x− xi)1/m∑m
i=1Kh(x− xi)

.�� ö���üõ ,σ2ν ö¢�� ��Üãõ Âê �� ,θi ß�Ú÷��õ ý�Â� ×��î ����÷ ¢¤ø�Â� ßþÂµú� §�¨� Â�.´ª�÷ Âþ¥ �¤�¬
E(θi|θ̂i) = θ̃i = γiθ̂i + (1− γi)f̂h(xi) .:Ýþ¤�¢ σ2ν ¢¤ø�Â� �� �ø¢ �Ü�Âõ ¤¢ ñ�� .γi = σ2

ν

σ2
ν+ψi

Û±ì À�÷�õ �î
θ̂Noni = γ̂iθ̂i + (1− γ̂i)f̂h(xi) . (6).´¨� σ2ν ý�Â� ¤�ð¥�¨ Âð¢¤ø�Â� ×þ σ̂2ν ø .γ̂i = σ̂2

ν

σ̂2
ν+ψi

�îüÚµ¨��� ý�ÎÖ÷ Âû ¤¢ f̂h(x) À÷�ù¢�¢ ö�È÷ (4) ñÀõ ´½� ,(2004) üµþ�õ ø ý��û¢�³¡�õ.À÷�ù¢Âî ¢�ú�È�� �¤ Âþ¥ Âð¢¤ø�Â� ,σ̂2ν ý�Â� ø À�îüõ Û�õ f(x) �� ñ�Þµ�� ¤¢ ,f â���
σ̂2ν = max

{0, 1
m− 1 m∑

i=1Whi

(
θ̂i − f̂h(xi)

)2
− ψ

}
. (7)Âð¢¤ø�Â� .´¨� ùÀª Âê ψ Â��Â� ø ´��� �û����÷ ý�û�Î¡ Å÷�þ¤�ø Âð¢¤ø�Â� ßþ� ¤¢ �î.P (σ2ν < 0) → 0 ,m→ ∞ �î ü÷�õ¥ ¢�ªüõ ´��� üóø ¢�ª üÔ�õ ´¨� ßØÞõ ý¢�ú�È��¤¢ .¢�ª ¢¤ø�Â� Àþ�� ø ù¢�� ¥�¨¤��Þû ßþ� Âµõ�¤�� ,¤��÷ ý��ú� ö���ä ´½� ,h ,(5)Âð¢¤ø�Â� ¤¢ö��¨Âð¤ â��� �� À÷���üõ ×��î ¤��÷ ý��ú� �î ´ª�¢ ���� �µØ÷ ßþ� �� Àþ�� ,h ��¿µ÷� ¢¤�õöÀª ¤��Þû °±¨ À÷���üõ ï¤�� ¤��÷ ý��ú� �î üó�� ¤¢ .¢¢Âð Â¹�õ ý¤��Þû�÷ ùbÀª¢¤ø�Â�ü�óø Ç�û��î ü�±�þ ¤� ñø� ´�ó��� ¤¢ .¢¢Â�ð ü�ã�®��õ ��Â�����ç�� ¥� ü�Ì�ã�� éÁ�� ø À�� ¥� Ç����ßþ�Â���� .À��þüõ Çû�î Å÷�þ¤�ø üóø Çþ��ê� ü±þ¤� �ø¢ ´ó�� ¤¢ ø À��þüõ Çþ��ê� Å÷�þ¤�øüþ�û¤��ãõ ¥� f��Þãõ ¤�Ñ�õ ßþ� ý�Â� .¢¢Âð ¤�ÂìÂ� ´ó�� ø¢ ßþ� ß�� üó¢�ã� Àþ�� h ��¿µ÷� ¤¢141
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢.1CV Û��Öµõ ü¹�¨ ¤�±µä� ¤��ãõ À�÷�õ ,À÷¤�¢ ñ¢�ã� ßþ� ý¤�ÂìÂ� ¤¢ üã¨ �î ¢�ªüõ ù¢�Ôµ¨�¤����î ¥� Å�� ùÀ�ª©¥�Â�� ñÀ�õ , i = 1,2, ...,m ø f̂ [−i](x) À�����î Â�ê ,CV ��±�¨��½�õ ¤¢.¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� Û��Öµõ ü¹�¨¤�±µä� ¤��ãõ ,Àª�� ��i ùÀû�Èõ ßµª�Áð
CV =

1
m

m∑

i=1 (f̂ [−i](xi)− θ̂i

)2 (8)¥� Û¬�� ÀþÀ� ùÀû�Èõ ö���ä �� ��i ùÀû�Èõ ü���Ç�� ý�Î¡ ÂÚ÷��� f̂ [−i](xi)− θ̂i âì�ø ¤¢ö��� ß�Ú÷��õ CV ø ´¨� ��i ùÀû�Èõ ßµª�Áð ¤��î ¥� Àã� ��Àû�Èõ ��Üî �� ùÀª©¥�Â� ñÀõ.¢Â�ðüõ ù¥�À÷� ��Àû�Èõ �bä�Þ¹õ ¤¢ �¤ �Î¡ ßþ� �ø¢¢�ªüõ Û¬�� CV �b ±¨�½õ ý�Â� Âþ¥ ñ¢�ãõ ñ�õÂê ýÂ±� ��±¨�½õ üÞî ��
CV (h) =

1
m

m∑

i=1( θ̂i − f̂(xi)1− sii

)2ÅþÂ��õ ö�Þû Sh ¥�¨¤��Þû ÅþÂ��õ .À�µÆû Sh ¥�¨¤��Þû ÅþÂ��õ ýÂÎì Â¬��ä �ûsii �î,Ý�þ¤�¢ ��î ý¤��Ï ��� ´�¨� f̂ = (f̂(x1), ..., f̂(xm))T ��� θ̂ = (θ̂1, ..., θ̂m)′ ¤�¢Â�� Û�þÀ�±��ý�Â�� ý¤����ã�õ ��î ¢��ªü�õ ��µ�¡����ª ¥��̈ ¤���Þ�û ý¢�¥� �b ��¤¢ ö�����ä ´�½�� tr(Sh) .f̂ = Shθ̂.´¨� ¥�¨¤��Þû ý¤��Þû ýÂ�ðù¥�À÷�ö��� Âþ¥ �¤�¬ �� (4) ñÀõ ,¢¤�¢ ¤�Ì� ñÀõ ¤¢ üØÞî Â�çµõ ×þ ¥� Ç�� �î üµó�� ¤¢.¢�ªüõ
θi = f(xi) + νiÂ�ó��õ ø ñ¢Â�û .´�̈ � ñÀ�õ ¤¢ ¢�����õ ü�Ø�Þ�î ý��ûÂ���ç�µ�õ ¢�À�ã�� p ø ,xi = (xi1, · · ·xip)T ��î.À÷�ù¢Âî ¢�ú�È�� f(.) ý�Â� �¤ Âþ¥ Âð¢¤ø�Â� ,(2000)

f̂H(x) =

∑m
i=1 KH(xi − x)θ̂i∑m
i=1KH(xi − x)

(9)��� ¯���Â�õ ¤���÷ ý����ú�� hi ��î ,H = diag(h1, · · · , hp) ø ¤���÷ ý����ú�� ö�����ä ��� H ö� ¤¢ øÓþÂã� Âþ¥ �¤�¬ �� ,KH(u) ,u = (u1, · · · , uq)T �î ü�¤�¬ ¤¢ ø ,´¨� ��i üØÞî Â�çµõ.¢�ªüõ
KH(u) = Kh1(u1). · · · .Khq(uq)

1Cross Validation 142
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢.´¨� hi ¤��÷ ý��ú� �� �µÆû â��� ,Khi(.) �îßþ� ý�Â� �î ´¨� ùÀª ù¢�Ôµ¨� CV ¤��ãõ ¥� Û±ì À�÷�õ ��÷ ,(H) ¤��÷ ý��ú� ��¿µ÷� ý�Â�.¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� ý�ûÂð¢¤ø�Â�
CV (H) =

1
m

m∑

i=1(θ̂i − f̂
[−i]
H (xi)

)2
=

1
m

m∑

i=1(θ̂i − f̂H(xi)
)2(1− KH(0)∑m

i=1 KH(xi − xj)

)
.ø f̂H(.) ,f̂h(.) ý�� �� (7) ø (6) Í��ø ¤ ¤¢ ´¨� üê�î ´ó�� ßþ� ¤¢ θ̂Noni �±¨�½õ ý�Â��î Ý�û¢ ¤�Âì �¤ WHi ,Whi ý�� ��

WHi =
KH(xi − x)1/m∑m
i=1 KH(xi − x)

..Ý��îüõ �Æþ�Öõ ý¥�¨��±ª ¥� ù¢�Ôµ¨� �� �¤ ùÀª üêÂãõ ©ø¤ �¨ Àã� Ç¿� ¤¢ý¥�¨��±ª 3ùÀª �µêÂð ÂÑ÷ ¤¢ Âþ¥ �¤�¬ �� ß�Ú÷��õ â��� �¨ ,ùÀª üêÂãõ ý�û©ø¤ �Æþ�Öõ ¤�Ñ�õ ��.´¨�
(i) f1(x1) = 5 + 2x1

(ii) f2(x1) = 0/01 + 0/2x1 − 0/005x
3
1

(iii) f3(x) = x2exp(−0/5x1).×������î ����������÷ 100 ý�Â��� ,(0,10) ´��¡�������Ø��þ â��þ¥���� ý�¤�¢ ���ûx2i ø ���ûx1i ���î¢�Àã� �� âõ��� ßþ� ¥� .ǫi ∼ N(0,0/1) ø νi ∼ N(0,0/25) ,À�µÆû i = 1,2, · · · ,100ý�Â� ø R = 500 ,f2 ø f1 â���� ý�Â� ý¥�¨��±ª ßþ� ¤¢ �î .´¨� ùÀª ý¥�¨ ��±ª ¤�� R.´¨� ùÀª �µêÂð ÂÑ÷ ¤¢ R = 200 ,f3 â���ùÀª ý¥�¨��±ª �÷�Þ÷ ×þ ý�Â� θ̂ Û��Öõ ¤¢ x Ç�î�Â� ¤�¢�Þ÷ ,(1) ÛØª (a) ¤�¢�Þ÷ ¤¢¤¢ ø �́̈ � ùÀ�ª Ý�̈ ¤ f1 â����� ý�Â�� h = 2 ý�Â�� ö��Æ���ø���þ ¤�¢��÷ Â�ð¢¤ø�Â�� ü���½���õ ù�Â�Þ�û ����� ùÀª ý¥�¨��±ª �÷�Þ÷ ×þ ý�Â� θ̂ Û��Öõ ¤¢ x Ç�î�Â� ¤�¢�Þ÷ ��÷ ,(1) ÛØª (b) ¤�¢�Þ÷143
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ü�½�õ ù�ÂÞû �� ùÀª ý¥�¨��±ª �÷�Þ÷ ×þ ý�Â� θ̂ Û��Öõ ¤¢ x Ç�î�Â� ¤�¢�Þ÷ (a) :1 Û Øªý�Â� θ̂ Û��Öõ ¤¢ xÇ�î�Â� ¤�¢�Þ÷ (b) ø m1 â��� ý�Â� h = 2 ý�Â� ö�Æ��ø��þ¤�¢�÷ Âð¢¤ø�Â�ý�Â� h = 0/9 ý�Â� ö�Æ��ø��þ¤�¢�÷ Âð¢¤ø�Â� ü�½�õ ù�ÂÞû �� ùÀª ý¥�¨��±ª �÷�Þ÷ ×þ
m2 â���¤¢ ø ,´¨� ùÀª Ý¨¤ f2 â��� ý�Â� h = 0/9 ý�Â� ö�Æ��ø��þ¤�¢�÷ Âð¢¤ø�Â� ü�½�õ ù�ÂÞûùÀª Ý¨¤ üä�÷ �÷�Þ÷ ×þ ý�Â� ø f3 â��� ý�Â� ùÀª ý¥�¨��±ª ¼Î¨ ¤�¢�Þ÷ ,��÷ (2) ÛØª¤��ãõ ¥� .´¨�

ASE(â) =
1
m

1
R

m∑

i=1 R∑

r=1(âir − ai)
2¤�¢Â�� â = (â1, · · · , âm)T ë��ê ý��Î���¤ ¤¢ ��î ´�¨� ùÀ�ª ù¢��Ô�µ�¨� ©ø¤ ��¨ ��Æ�þ��Ö�õ ý�Â��.´¨� ×��î ����÷ m ý�Â� ùÀª üêÂãõ ý�û©ø¤ ¥� ×þÂû ý�Â� Û¬�� ý�û¢¤ø�Â�

EBLUP ,ýÂµõ�¤���÷ ,Ý�ÖµÆõ ©ø¤ ¤�ú� ý�û¢¤ø�Â� ¥� Û¬�� ASE Âþ¢�Öõ ,(1) ñøÀ� ¤¢.¢�ªüõ ùÀþ¢ f3 ø f2 ,f1 â��� �¨ §�¨�Â� ùÀª ý¥�¨��±ª ��Àû�Èõ ý�Â� HB ø©ø¤ Ý�ÖµÆõ ýÂµõ�¤���÷ EBLUP HB

ASEf1 0/822 0/711 0/502 0/253
ASEf2 7/630 7/14 7/173 6/959
ASEf3 4/172 3/049 3/130 2/158144
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y

�÷�Þ÷ ×þ ý�Â� ùÀª ý¥�¨��±ª ¼Î¨ ¤�¢�Þ÷ :2 Û Øª
ý�Â� HB ø EBLUP ,ýÂµõ�¤���÷ ,Ý�ÖµÆõ ©ø¤ ¤�ú� ý�û¢¤ø�Â� ¥� Û¬�� ,ASE Âþ¢�Öõ:1 ñøÀ�.f3 ø f2 ,f1 ý�ûâ��� §�¨�Â� ùÀª ý¥�¨��±ª ��Àû�Èõ
EBLUP ,ýÂµõ�¤���÷ ,Ý�ÖµÆõ ©ø¤ ¤�ú� ý�û¢¤ø�Â� ¥� Û¬�� ,ASE Âþ¢�Öõ (1) ñøÀ� ¤¢¤�Î÷�Þû .¢�ªüõ ùÀþ¢ f3 ø f2 ,f1 ý�ûâ��� §�¨�Â� ùÀª ý¥�¨��±ª ��Àû�Èõ ý�Â� HB øø¢ ýÂµõ�¤���÷ ©ø¤ ¥� Û¬�� Âð¢¤ø�Â� ,f1 â��� ö¢�� üÎ¡ �� ���� �� ¢�ªüõ �Ñ��õ �î
ASE ¤��ãõ ÂÑ÷ ¥� ¤�ÀÖõ ßþÂµð¤�� ý�¤�¢ Ý�ÖµÆõ ©ø¤ ¥� Û¬�� Âð¢¤ø�Â� ¥� Àã� ý��Ü�Âõ.´¨� ¤��ãõ ßþ� ÂÑ÷ ¥� ¤�ÀÖõ ßþÂµÞî ý�¤�¢ ,HB ©ø¤ ¥� Û¬�� Âð¢¤ø�Â� ø ´¨�ùÀª Âµú� ýÂµõ�¤���÷ ©ø¤ ¥� Û¬�� Âð¢¤ø�Â� ,(f2) üÎ¡ ´ó�� ¥� â��� �Âê öÀª �¤�¡ ��ö����»�Þ�û ü�óø .´�¨� ùÀ�ª Â�µ�Þ�î EBLUP ©ø¤ ASE ¤����ã�õ ¤�À�Ö�õ ¥� ö� ASE Â�þ¢��Ö�õ øýùÂ�çµõø¢ â��� ¢¤�õ ¤¢ .´¨� ASE ¤�ÀÖõ ßþÂµÞî ý�¤�¢ HB ©ø¤ ¥� Û¬�� Âð¢¤ø�Â�üóø ´¨� EBLUP ©ø¤ ¥� Âµú� ýÂµõ�¤���÷ ©ø¤ ü�ãþ ´¨� °��Â� ß�Þû �� â®ø ��÷ f3¥� ´îÂ� �� üÜî ¤�Ï �� .´¨� ASE ¤�ÀÖõ ßþÂµÞî ý�¤�¢ HB ©ø¤ ¥� Û¬�� Âð¢¤ø�Â�¥� Û¬�� Âð¢¤ø�Â� Â� ýÂµõ�¤���÷ ©ø¤ ¥� Û¬�� Âð¢¤ø�Â� üÎ¡�÷ ´ó�� �� üÎ¡ ´ó��Âð¢¤ø�Â� ùÀª ü¨¤Â� ���� ��Þ� ¤¢ üóø ¢Â�ðüõ üÈ�� ASE ¤��ãõ ÂÑ÷ ¥� EBLUP ©ø¤
EBLUP ø ýÂµõ�¤���÷ ,Ý�ÖµÆõ ©ø¤ �¨ �� �Æþ�Öõ ¤¢ Âð¢¤ø�Â� ßþÂµú� HB ©ø¤ ¥� Û¬��.¢��145
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢¢Â�¤�î 4��� ©ø¤ ý¥�¨��±ª ¥� Û¬�� ¸þ�µ÷ �� ¢��µ¨� �� ,Àª �Ñ��õ Û±ì Ç¿� ¤¢ �î ¤�Î÷�Þûý��Ü�Âõ ø¢ ýÂµõ�¤���÷ ,Ý�ÖµÆõ ©ø¤ �¨ �� �Æþ�Öõ ¤¢ ©ø¤ ßþÂµú� ö���ä �� ü±��Âõ �ÜÆÜ¨�ÜÆÜ¨ ��� ©ø¤ ¥� ù¢�Ôµ¨� �� �� ´¨� ö� Â� üã¨ ´ÞÆì ßþ� ¤¢ .Àª �µ¡��ª EBLUP øÍ¨�� ùÀª ý¤ø�âÞ� ��ä�Ï� §�¨� Â� ¤�Èî ý�ûö�µ¨� ¤¢ �¤ ¤��÷�¡ ��þ�û Í¨�µõ ü±��Âõ.Ý��î ¢¤ø�Â� ,85 ñ�¨ ¤¢ ö�Âþ� üõ�¨� ý¤�úÞ� ý�îÂõ ×÷��ø ý¢�Êµì� ÓÜµ¿õ é�Àû� �� Û�÷ ¤�Ñ�õ �� �î ý¤�õ� ��ãó�Îõ ßþÂ�ü¨�¨� ¥� üØþ f��¬�ÕþÂÏ ¥� .´¨� ¤��÷�¡ ��¢�� ü¨¤Â� ,¢Â�ðüõ �¤�¬ ö�ú� ý�û¤�Èî °Üè� ¤¢ ,üä�Þµ����÷ ø �ú÷� ��Â��ç� À÷ø ¤ ø �û¤��÷�¡ ý�ûÀõ�¤¢ ø �û��þ�û üÚ÷�Ú� �� ö���üõ ü¨¤Â� ßþ�.¢Â� ü� ýÂÚþ¢ ö�ð�÷�ð ��ä�Ï� ø ¤�õ�ý¤�õ� ý�ûü¨¤Â� ßþÂ�ü¨�¨� ¥� üØþ ��÷ ö�Âþ� ýÂúª ÕÏ��õ ¤��÷�¡ Àõ�¤¢ ø ��þ�û ü¨¤Â�ø ý¢��Ê�µ�ì� ���Ö���Ö�½�� ø ���±�¨��½�õ ¥� ý¤����Æ�� ��þ��� ö� ¸�þ��µ�÷ ��î ��¹�÷� ¥� ø ´�¨� ö�Â�þ� ¤¢.´¨� ´�Þû� ñ�Þî ���� ,¢Â�ðüõ ¤�Âì üä�Þµ��ÂÑ÷ ¥� ùÀª ù¢�Ôµ¨� �÷�Þ÷ ,�ûö�µ¨� ¥� ü¡Â� ¤¢ �»÷��� ø ´¨� ýÂ�ð�÷�Þ÷ �ÂÏ ×þ �ÂÏ ßþ�ÛÞä Ý�ÖµÆõ ¢¤ø�Â� ©ø¤ ¥� Âµú� ü±��Âõ �ÜÆÜ¨ ��� ©ø¤ Àª�� �ûö�µ¨� Âþ�¨ ¥� ÂµÞî ¢�Àã�ø ¢���õ üØÞî ��ä�Ï� ¥� ù¢�Ôµ¨� �� �� ´¨� ö� Â� üã¨ Ç¿� ßþ� ¤¢ ø¤ ßþ� ¥� .À�îüõüó�±ì Û��ì ´ì¢ �� �¤ ö�µ¨� Âû ý�Â� ¤��÷�¡ ��þ�û Í¨�µõ ¢¤ø�Â� ,ü±��Âõ �ÜÆÜ¨ ��� ©ø¤.Ý��î ���¤�¤��÷�¡ ý�û��þ�û ��Üî Ûõ�ª �î ´¨� ¤��÷�¡ Éó�¡�÷ ��þ�û Í¨�µõ ù¢�Ôµ¨� ¢¤�õ ¾¨�� Â�çµõ.´¨� ý¤�Áð�þ�õÂ¨ ø üÜçª ý�û��þ�û ý��·µ¨� ���� Âþ¥ ý�ûÂ�çµõ ü÷��¨Âð¤ ý�û©ø¤ ¥� ù¢�Ôµ¨� �� ø üÚµÆ±Þû �� ¯��Âõ ý�ûü¨¤Â� ¥� Àã�.À÷Àª ��¿µ÷� üØÞî ý�ûÂ�çµõ ö���ä��¹÷� ¤�î Û��Öõ ¤¢ �î üþ�û��î üó�� ©¥¤� ø ù��ø ��Üî Ûõ�ª) ¤��÷�¡ Éó�¡�÷ Àõ�¤¢ •ý¤�Áð�ø ,üÚµÆÈ÷¥�� ë�Ö� À�÷�õ â���õ Âþ�¨ Û½õ ¥� �þ ø ù¢�µê�� ¤�î �� �þ�õÂ¨ ,ùÀª(.¢Â�ðüõ ÕÜã� ¤��÷�¡ �� ü¨¤Â� ¢¤�õ ù¤ø¢ ¤¢ �ûö� À�÷�õ ø (ù¤���) í�õ�¤��÷�¡ Ûè�ª ý�Ìä� ¢�Àã� •¤��÷�¡ ¢��¨�� ý�Ìä� ¢�Àã� •146
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢Í¨�µõ ø ��þ�û Í¨�µõ ý�Â� üÞµþ¤�Úó ÛþÀ±� ,ü÷��¨Âð¤ ñÀõ ý�ûùÀ÷�Þ�ì�� ýø¤ ü¨¤Â� ��.Àª ù¢�¢ É�¿È� °¨��õ ö�µ¨� Âû Àõ�¤¢¤�Ñ�õ ßþ� �� Àª ö��� ýÂ�ð�÷�Þ÷ ý�Î¡ Å÷�þ¤�ø ö¢�� ��Üãõ Âê �� ùÀª üêÂãõ ��� ©ø¤�¤�¬ �� �î ù¢�¨ üê¢�Ê� ýÂ�ð�÷�Þ÷ Å÷�þ¤�ø ¢¤ø�Â� ¥�
V̂ ar(Ȳi) =

S2i
ni��i ×��î ����÷ �÷�Þ÷ ¢�Àã� ni ø ��i ×��î ����÷ ý��÷�Þ÷ Å÷�þ¤�ø S2i �î .Àª ù¢�Ôµ¨�ý�ûÂµõ�¤��Â�� ý�Â� ,σν ∼ IG(a, b) ¢�ªüõ Âê Àª ö��� 2.2 Ç¿� ¤¢ �î ¤�Î÷�Þû .´¨�5000 Â��Â� Å±�ð ýÂ�ð�÷�Þ÷ ¤�ÂØ� ¢�Àã� ø ´¨� ùÀª �µêÂð ÂÑ÷ ¤¢ 0/001 ¤�ÀÖõ ��÷ b ø a.Àª ��¿µ÷�¥� ù¢�Ôµ¨� �� 85 ñ�¨ ý�Â� ö�µ¨� Âû ¤��÷�¡ Í¨�µõ ¢¤ø�Â� ý�Â� Âþ¥ ¸þ�µ÷ ��±¨�½õ ��¹÷� ��.Àª Û¬�� ü±��Âõ �ÜÆÜ¨ ��� ø Ý�ÖµÆõ ©ø¤ö�µ¨� ��÷ Ý�ÖµÆõ ©ø¤ HB ©ø¤ ö�µ¨� ��÷ Ý�ÖµÆõ ©ø¤ HB ©ø¤üìÂª ö�¹þ��¤£� 57522914 60691271 §¤�ê 8535737 83321286ü�Âè ö�¹þ��¤£� 59617418 63523236 ßþø�ì 80857181 82140200Û��¢¤� 79190131 71759266 Ýì 53085696 53617363ö�úÔ¬� 78323778 76327654 ö�µ¨¢Âî 65030782 62581434��þ� 85195904 83306904 ö�õÂî 75098569 73093996Âúª�� 88887371 85279228 ù�È÷�õÂî 67143515 66849326ö�Âú� 104310759 103696701 ÀÞ��Âþ�� ø �þ�Ü�Øúî 96215357 97086686ý¤��µ¿�ø ñ�½õ¤�ú� 87467714 85926264 ö�µÆÜð 68017747 74651976ý�®¤ ö�¨�Â¡ 54763747 56183518 ö��ð 76166568 76726461üó�Þª ö�¨�Â¡ 55808981 55652571 ö�µ¨Âó 63736857 64556296ü���� ö�¨�Â¡ 65981778 64423857 ö�¤À÷¥�õ 85470660 83710679ö�µ¨¥�¡ 90618158 92579680 ý�îÂõ 72492234 70361715ö�¹÷¥ 6867256 69961443 ö�ð�õÂû 5635755 61164580ö��Þ¨ 69595922 66268771 ö�ÀÞû 70307342 71910886ö�µÆ��Ü�ø ö�µÆ�¨ 52543233 54731536 ¢�þ 78338131 76583501�ÜÆÜ¨ ��� ©ø¤ ø Ý�ÖµÆõ ©ø¤ ¥� ù¢�Ôµ¨� �� �ûö�µ¨� ¤��÷�¡ ��þ�û Í¨�µõ ¢¤ø�Â�Âþ¢�Öõ:2 ñøÀ�.ü±��Âõø Ý���Ö�µ�Æ�õ ©ø¤ ¥� ù¢��Ô�µ�̈ � ��� ��ûö��µ�̈ � ¤���÷��¡ ����þ��û Í�̈ ��µ�õ ¢¤ø�Â�� Â�þ¢��Ö�õ ,(2) ñøÀ�� ¤¢¥� �ûö�µ¨� ´�ã®ø �ø�Ô� ¢�ªüõ �Ñ��õ �î ¤�Î÷�Þû ,¢�ªüõ ùÀþ¢ ü±��Âõ �ÜÆÜ¨ ��� ©ø¤.´¨� É¿Èõ f�õ�î ü±��Âõ �ÜÆÜ¨ ��� ©ø¤ �� Ý�ÖµÆõ ©ø¤ ¤¢ ¤��÷�¡ ��þ�û Í¨�µõ ÂÑ÷¢¤ø�Â� Âþ¢�Öõ �� ´±Æ÷ Ý�ÖµÆõ ©ø¤ ¢¤ø�Â� Âþ¢�Öõ üð¤�� §�¨�Â� �¤ ¤�Èî ý�ûö�µ¨� Âð�©ø¤ ¢¤ø�Â� ¤�ÀÖõ �î �ûö�µ¨� ¥� ý��µ¨¢ ,Ý��î Ý�ÆÖ� �µ¨¢ �¨ �� ü±��Âõ �ÜÆÜ¨ ��� ©ø¤é�µ¡� üð¤�� °��Â� �� ,´¨� HB ©ø¤ ¥� Û¬�� ¢¤ø�Â� ¤�ÀÖõ ¥� Âµð¤�� �ú÷� Ý�ÖµÆõ147
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ýÂ�ð�¹�µ÷ 5ßþÂµú� ,ý��Ü�Âõ ø¢ ýÂµõ�¤���÷ ,©ø¤ �¨ ,����÷ ¼Î¨ ý�ûñÀõ ¥� ù¢�Ôµ¨� �� �ó�Öõ ßþ� ¤¢�� �¤ üÎ¡�÷ ø üÎ¡ ¤�µ¡�¨ ø¢ ´½� ,ü±��Âõ �ÜÆÜ¨ ��� ø ü�Â¹� üÎ¡ °þ¤��÷ ý�ÚÈ��¤�Ï �� .Àª ��¿µ÷� ©ø¤ ßþÂµú� ,ASE ý��Æþ�Öõ í�õ �� ���� �� ø ùÀª �Æþ�Öõ ÂÚþÀØþÂ�� ýÂ�µ�õ�¤�����÷ ©ø¤ ¥� Û�¬��� Â�ð¢¤ø�Â�� ü�Î�¡��÷ ´�ó��� ��� ü�Î�¡ ´�ó��� ¥� ´�îÂ�� ��� ü�Ü�î���� ��Þ� ¤¢ üóø ¢Â�ðüõ üÈ�� ASE ¤��ãõ ÂÑ÷ ¥� EBLUP ©ø¤ ¥� Û¬�� Âð¢¤ø�Â�,Ý�ÖµÆõ ©ø¤ �¨ �� �Æþ�Öõ ¤¢ Âð¢¤ø�Â� ßþÂµú� HB ©ø¤ ¥� Û¬�� Âð¢¤ø�Â� ùÀª ü¨¤Â�.¢�� EBLUP ø ýÂµõ�¤���÷
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