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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢´¡���¨ ¥� Û±ì ýÂµõ�¤���÷ ø ýÂµõ�¤�� ý¥�¨���ú� ý��û©ø¤ ß��� ý��Æþ�Öõý¢�Þ½õ �®¤ÀÞ½õ ,ü÷�Þ�¤ °��Êõüþ�±Ï�±Ï �õ�ä ù�ÚÈ÷�¢ ,¤�õ� ùøÂð¥�Â�ª ù�ÚÈ÷�¢ ,¤�õ� Ç¿�ü�µ�ã���¬ ý����÷¢ ¢��Ê�µ�ì� ¤¢ ����þ��û Ç�û��î ø �́��Ô���î Â�Þ�µ�Æ�õ ¢��±�ú�� ýÀ���Ü�î Ç�Ö�÷ ��� ������ �����´���ã�®ø ¥� ù��ð � ý��û ö��õ¥��̈ ¥� ý¤����Æ�� ,´���Ô���î ø ´�Þ���ì ¤¢ ´����ì¤ ��� �����µ��� ø ,¥øÂ�õ�À�÷�ù¢��Þ�÷ é��Î�ã�õ ,��ûÀ���þ�Â�ê ��þ ø ����Ê�½�õ ü���Â�Ï ý¥��̈ ������ú�� Â�� �¤ ¢��¡ ��îÂ�Þ�� , �́���ì¤ý¥�¨���ú� ý�û©ø¤ �� ö���üõ ý¤��õ� ý¥���¨�����ú� ý���û©ø¤ ßþÂµ��Þúõ �ÜÞ� ¥�.ß�þÂ��Â����õ ø ß�þÂ��À�þÀ�� ¥� ü�Ø�þ .¢Â�î ù¤��ª� ýÂ�µ�õ�¤�����÷ ý¥��̈ ������ú�� ý����û©ø¤ ø ýÂ�µ�õ�¤���¤¢ �î ´¨� (DRS)ö�ðø¢ ¾¨�� �þø ¤ ©ø¤ ,���õ¥ ßþ� ¤¢ �µê¤ ¤�î�� ýÂµõ�¤�� ý�û©ø¤�� ,üêÂÏ ¥� .Àþ¢Âð üêÂãõ 1990 ý�û¢ Ûþ�ø� ¤¢ ,�û�÷�õ�¨ ýÂµõ�¤�� ý¥�¨���ú� ý���õ¥¤�Ï�� �¤ ýÂµõ�¤�� ñÀõ ö���üÞ÷ �î ý¢¤��õ ��� ��ú���õ ¤¢ ©ø¤ ß�þ� ý�ûüµ¨�î ñ�±÷¢�î À÷Àª üêÂãõ1990 ý�û¢ Â¡�ø� ¤¢ ýÂµõ�¤���÷ ý¥�¨���ú� ý�û©ø¤ ,¢�¢ ©¥�Â� Õ�ì¢,ÇûøÄ� ßþ� ¤¢ .À÷À÷�¨¤ ��±�� �� ,ýÂ�¨�Â¨ ý����ú� ¯�Ö÷ �� öÀ�¨¤ ¤¢ �¤ ¢�¡ ´�Öê�õ¤��ãõ §�¨� Â� ø ý¢¤�õ �ãó�Îõ ×þ �� ,ýÂµõ�¤�� ©ø¤ �� ´±Æ÷ ýÂµõ�¤���÷ ©ø¤ üþ�¤�î.´�¨� ùÀ�ª ù¢�¢ ö��È÷MSD

.ýÂµõ�¤����÷ ý¥�¨���ú� ,ýÂµõ�¤�� ý¥�¨���ú� ,ö�ðø¢ ¾¨�� �þø ¤ :ýÀ�Üî ý�ûù��ø�õÀÖõ 1ø¢ ý�¤�¢ �î ´¨� ñ�Ê½õ Ûî ý��þ�û ���ú� Çû�î ,�û �÷�õ�¨ ý¥�¨ ���ú� üÜ¬� éÀû¥� Àã� ý�û��þ�û ýÂÚþ¢ ø (´¡�¨ ý��þ�û)©øÂê ¥� Û±ì ý�û��þ�û üØþ ,ùÀ�Þä ý ��Ôó�õý�û ´�ó�ãê ö��� üõ ,Ï�±�¤� ßþ� ¤¢ .´¨� (ýÂ�ð¤�î �� ��þ�û)ýÂµÈõ �� ñ�Ê½õ ©øÂêß�� ý�û ´�ó�ãê ,´¡�¨ ¥� Û±ì ý�û ´�ó�ãê ùÀ��Þä Ç��¿� �¨ �� �¤ ñ�Ê½õ ×þ ÕÖ½�ñø� ´�ó�ãê ø¢ ,¤�îÁõ ´�ó�ãê �¨ ¥� .¢�Þ÷ ×�ØÔ� ´¡�¨ ¥� Àã� ý�û ´�ó�ãê ø ´¡�¨Ï��Âõ ý¥��¨ �����ú� ©ø¤ Û��Âõ .À÷¤�¢ ñ�Ê½õ ×þ Ûî ý ��þ�û ¤¢ ý¢�þ¥ ¤��Æ� Â�����üõ ýÂ�ð¤�î �� ø ´¡�¨ À��ø ý�û ��þ�û öÀª ���ú� ¶ä�� ,´¡�¨ ¥� Û±ì ý�û ´�ó�ãê ��186
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢À�ó�� �Ü�Âõ ¤¢ ,´¡�¨ ß�� ý�û ´�ó�ãê �� ¯��Âõ ý¥�¨ ���ú� ý�û ©ø¤ �î üó�� ¤¢ ¢�ªÛÜä üþ�¨��ª �� �î ´¨� ö� Â� ©�� ,´¡�¨ ¥� Û±ì ý¥�¨ ���ú� ¤¢ .¢�ª üõ �µêÂð ¤�î ���î ¢ÂþÁ� �¤�¬ �û ö� ñÂµ�î �þ éÁ� ÕþÂÏ ¥� �û �÷�õ�¨ ¤¢ ýÂþÁ�Â��ç� Çû�î ,©�Èµè���û�÷�õ��¨ ý¥�¨���ú� ¤¢ ùÀÞä ©�� ß��»Þû .´¨� é��ð ý�û ��þ�û ¢�¹þ� ��ÜµÆõ Âõ� ßþ��� ��ãÎì ø ¢��õ ýÂ�ð¤�î �� Íþ�Âª ´½� ü�ãþ ,ßú� ý¤�¢�ø ¤ ¢øÀ� ´½� �î ´¨� ö� Â��ÕþÂÏ ¥� ,Â� ù¢ÂµÆð ��õ�¢ �� ýÂ�ð¤�î �� Í�½õ Íþ�Âª ø Â� ö�¥ ¤� ����ú¹� ,Â� ß�þ�� ý��¤¢¤�î ßþ� ,À÷¤�¢ ´¡�¨ ��þ�û ¤¢ �¤ Â�� ßþÂµÞî �î ýÁê�÷ ñÂµ�î Û��ì Ûõ��ä Âþ¢�Öõ ß��ã�Çû�î)À��þ Çû�î ©�Èµè� Ûõ��ä �� ´±Æ÷ ¢ÂØÜÞä ´�¨�Æ� �ø� �î ¢Â�ð �¤�¬ ý¤�ÏÇû�î) ¢�ª ÂµØþ¢�÷ ü÷�õ¤� ¤�ÀÖõ �� ÂÑ÷ ¢¤�õ ´�Ô�î �Ê¿Èõ ß�Ú÷��õ ��÷�� ø (üðÀ�î�Â��� �Î¡(MSD) 1�Î¡ �ø¢ ö��� ß�Ú÷��õ ö¢Âî ÝÞ���õ ÕþÂÏ ¥� À÷��� üõ ¤�î ßþ� .(ü±þ¤�
:¢�ª üõ ÓþÂã� Âþ¥ �¤�¬ �� MSD .¢Â�ð ��¹÷� üðÀ�î�Â� ø ü±þ¤� ö�õ�Þû Çû�î ¤�Ñ�õ

MSD = E [y(x)− T ]
2
= {E [y(x)]− T }2 + V ar [y(x)]ý¥�¨���ú� ý�Â� .À�ª�� üõ ¾¨�� Â�çµõ y(x) ø ý¢ø¤ø Â�çµõ x ,éÀû ¤�ÀÖõ T ö� ¤¢ �î

.¢Âî ù¢�Ôµ¨� ýÂµõ�¤���÷ ø ýÂµõ�¤�� ý¥�¨���ú� ý���û©ø¤ ¥� ö����ü�õ �û�÷�õ�¨¥� ø ö�ðø¢ ¾¨�� ý�þø¤ ©ø¤ ,ýÂµõ�¤�� ý¥�¨���ú� ý�û©ø¤ ö��õ ¥� ,�ó�Öõ ßþ� ¤¢üêÂãõ �¤ (LLR) 2üã®�õ üÎ¡ ö��¨Âð¤ ©ø¤ ,ýÂµõ�¤���÷ ý¥�¨����ú� ý���û©ø¤ ö��õø ý¥ÂÚ÷¤ À�þ�Âê ¤¢ ý¢¤�õ ý�ãó�Îõ ×þ �Ü�¨ø�� �¤ ©ø¤ ø¢ ßþ� ü÷�þ�� Ç¿� ¤¢ ø ù¢Âî
.Ý�û¢ü�õ ¤�Â��ì �Æþ�Öõ ¢¤�õ MSD ¤��ãõ §�¨� Â�ö�ðø¢ ¾¨�� �þø ¤ ©ø¤ 2ø Ù���þø �î ´¨� ö�ðø¢ ¾¨�� ý�þø¤ ©ø¤ ,ýÂµõ�¤�� ý¥��¨����ú� ý�û©ø¤ ßþÂµÞúõ ¥����÷�ð�À� Å÷����þ¤�ø ø ß�Ú÷��õ ö� ¤¢ �î À÷¢Âî üêÂãõ �¤ ©ø¤ ßþ� 1990 ñ�¨ ¤¢ 3¥Âþ�õý���ú� ý�ûö���Øõ ©ø¤ ß��þ� ¤¢ ,À÷���ªü��õ É¿Èõ ýÂµõ�¤�� ü÷��¨Âð¤ ý�ûñÀõ Í¨��ý�Â� (2006) 4ö�¤�ØÞû ø ÛØ�� .Àþ�üõ ´¨¢�� ý¥�¨���ú� ý�û©ø¤ Í¨�� ñÂµ�î Ûõ��ä

1Mean Squared Deviations

2Local Linear Regression

3Vining and Myers

4Pickel, et al 187
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ý��ûö��õ¥� ¥� ×�þ Â�û ý�Â�� ©ø¤ ß�þ� ¤¢ ��î À�÷¢Â�î ù¢��Ô�µ�¨� Â�þ¥ ñÀ�õ ¥� ß���Ú�÷����õ ¢¤ø�Â��
:À÷�ªüõ �±�¨�½õ �÷�Þ÷ s2i Å÷�þ¤�ø ø ȳi ß�Ú÷��õ ,¢¤�¢ ¢��ø ¤�ÂØ� ni �î (d)Çþ�õ¥�

ȳi = x
′

iβ + g1/2(x∗′

i ; γ)εi (1)¤¢ ��î À���µ�Æ�û ü�÷����̈ Â�ð¤ ñÀ�õ ß���Ú�÷����õ ý��û¤�¢Â�� ��û x′
i = (1, xi1, xi2, ..., xik) ö� ¤¢ ��îý�û¤�¢Â� �û x∗′

i = (1, x∗
i1, x∗i2, ..., x∗il) ø À�ª��üõ ñÂµ�î Û��ì ý�ûÂ�çµõ Ûõ�ª ´Ö�Ö�ý�¤�¢ ø �µÆ±Þû�÷ �û εi ø À�µÆû ©�Èµè� ý�ûÂ�çµõ Ûõ�ª ø ù¢�� ü÷��¨Âð¤ ñÀõ Å÷�þ¤�ø¢¤ø�Â� ý�Â� À�ª�±÷ ñÂµ�î Û��ì ©�Èµè� ý��ûÂ�çµõ ��î üµó�� ¤¢ .À�ª��üõ 1 Å÷�þ¤�ø

.¢�ªüõ ù¢�Ôµ¨� x′
i = (1, xi1, xi2, ..., xik) ñÂµ�î Û��ì ý�ûÂ�çµõ ö�Þû ¥� Å÷�þ¤�ø ý�þø¤Å�÷��þ ¤�ø ø ß���Ú�÷����õ 1 × (l + 1) ø 1 × (k + 1) °����Â�� ��� ý��û¤�¢Â�� ý��ûÂ�µ�õ�¤��� γ øβÀ�þÀ�ª ��Â�����ç�� ��� ������ ��� .´�¨� ü�÷����¨Â�ð¤ ñÀ�õ Å�÷��þ ¤�ø â����� gø ù¢��� ü�÷����¨Â�ð¤ ñÀ�õý���÷�Þ÷ ý�ûÅ÷�þ¤�ø ýø¤ Â� �î ´¨� Âµú� ,�þø ¤ ×þ ©¥�Â� ý�Â� ñÀ��õ ý���ûÅ÷���þ¤�ø��û��Î�¡ Â�ð� À�÷¢�¢ ö��È�÷ 5ñ�À���î ø �́Ü��¤��� 1946 ñ��̈ ¤¢ .¢��ª ¤����µ�¡� °�̈ ����õ Û�þÀ�±�� ×�þý�Â�� �¤ ü�Î�¡ Ý�µ�þ ¤��Ú�ó ñÀ�õ ö����ü�õ ,À�ª��� ¤�Â�Ø�� ý�¤�¢ ¾�̈ ��� ø À���ª��� ñ��õÂ�÷ â�þ¥��� ý�¤�¢

:¢Âî ù¢�Ôµ¨� Â��þ¥ �¤�¬ �� Å÷�þ¤�ø
ln(s2i ) = g∗(x∗i ) = x∗

′

i γ + ηi (2)¢¤ø�Â� ý�Â� ö�¤�ØÞû ø ÛØ�� .À�ª�� üõ Å÷�þ¤�ø ñÀõ ý�Â� üê¢��Ê� ý�û�Î¡ �û ηi �î¥� ø Å�÷��þ ¤�ø ñÀ�õ ý�Â�� (OLS) 6ü�ó��Þ�ã�õ �ø¢ ö���� Û�ì�À�� ©ø¤ ¥� ñÀ�õ ß�þ� ý��ûÂ�µ�õ�¤����î À÷¢Âî ù¢�Ôµ¨� ß�Ú÷��õ ñÀõ ý�Â� (EWLS) 7öø¥�õ �ø¢ ö��� Ûì�À� ¢¤ø�Â� Ýµþ¤�Úó�
:Àª��üõ Âþ¥ ý�û ��ð ý�¤�¢ ýÂ¡�ñÀõ °þ�Â®)�ûÂµõ�¤�� ,Å÷�þ¤�ø ñÀõ ¤¢ üó�Þãõ �ø¢ ö��� Ûì�À� ©ø¤ �� :ñø� ��ð

.¢�ªüõ ¢¤ø�Â� (ü÷��¨Âð¤
γ̂(OLS) = (x∗

′
x∗)−1x∗y∗

.´¨� ñÀ�õ Å÷�þ¤�ø Ýµþ¤�Úó �µê�þ ÛþÀ±� ¤�¢Â� , y∗
d×1 ö� ¤¢ �î

5Bartlet and Kendal

6Ordinary Least Square

7Estimated Weighted Least Square 188
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢
V̂ÅþÂ���õ ý �±��¨�½õ ý�Â� ö� ¥� ø ù¢�Þ÷ �±¨�½õ Âþ¥ �¤�¬ �� �¤ σ̂2i :�ø¢ ��ð.¢�ªüõ ù¢�Ôµ¨�

σ̂2i = exp(x∗
′

i γ̂
(ols)) V̂ = diag(σ̂21 , σ̂22 , ..., σ̂2d )

.¢�ªüõ ù¢�Ôµ¨� ñÀ��õ ß�Ú÷���õ ÅþÂ���õ ¢¤ø�Â� ý�Â� V̂ −1 ¥� :��¨ ��ð
β̂ = (x′V̂ −1x)−1x′V̂ −1ȳ x = (x1, x2, ..., xd)′β̂ = (x′V̂ −1x)−1x′V̂ −1ȳ

x = (x1, x2, ..., xd)′
:À�þ� üõ ´¨¢ �� Âþ¥ �¤�¬ �� ñÀõ Å÷�þ¤�ø ø ß�Ú÷��õ ¢¤ø�Â� ¤�ÀÖõ �¹�µ÷ ¤¢ �î

Ê(yi)
EWLS = x

′
iβ̂

V̂ (yi)
(ols) = exp(x∗

′

i γ̂
(ols))

(3)
Å÷�þ¤�ø ø ß�Ú÷��õ ý�û �þø ¤ ���� ý¥�¨ ����ú� 1�2ß�Ú÷��õ ùÀõ� ´¨¢�� ¤�ÀÖõ ö¢Âî ×þ¢�÷ ý¥�¨���ú� üÜ¬� éÀ�û Àª Âî£ �±ì �î �÷�Ú÷�Þû

MSDö¢Âî ÝÞ���õ �� �î ,´�¨� À��þ�Âê Å÷�þ¤�ø Â�Ç�� �� Âû Çû�î ø éÀû ¤�ÀÖõ ��Âþ¥ �¤�¬ �� À÷���üõ MSD ¤�ÀÖõ ,ßþ� Â���� .Ý�����þ ü��õ ´¨¢ ö� �� ö�õ¥Ýû ¤�Ï ��:¢�ªüõ �±¨�½õ
MSD = E [y(x)− T ]

2
= {E [y(x)]− T }2 + V ar [y(x)]ý�ûÝµþ¤�Úó� ¥� ù¢�Ôµ¨� �� ñ�� .´¨� ß�Ú÷��õ ý�Â� éÀû ¤�ÀÖõ ùÀ��îÉ¿�Èõ T ö� ¤¢ ��î�¤�¢ �¤ MSD ¤�À�Ö�õ ß�þÂ��Ý�î ��î ,��÷��õ��̈ ������ú�� �́ó��� ×���µ�÷� Ý�µ�þ ¤��Ú�ó� À���÷��õ ý¥��̈ ������ú��.¢�ªüõ �À�� ,Àª��üõýÂµõ�¤����÷ ©ø¤ 3¸þ�µ÷ ,Ý��î ¤�ÂìÂ� ¾¨�� ø ý¢ø¤ø ý���ûÂ�çµõ ß�� ü±¨��õ üã��� ý�Î��¤ ö��µ÷ �î üãì��õ ¤¢ÛØÈõ ßþ� ¥� ýÂ�ð�Ü� ý�Â� .´¨� °þ¤� ýÀ� ÛØª �� ýÂµõ�¤�� ©ø¤ ¥� ùÀõ� ´¨¢��189
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢©ø¤ ¥� ù¢�Ôµ¨� Å÷�þ¤�ø ø ß�Ú÷��õ ý�û�þø ¤ ý¥�¨���ú� ý�Â� ,(1998) 8ßû�� ø Ù��þøÓÜµ¿õ ý�û©ø¤ (2005) 9´þøÂ� ø í�î ö�¨¤À÷� ß��»Þû .À÷¢�¢ ¢�ú�È�� �¤ ýÂµõ�¤���÷ø ß�Ú÷��õ ¢¤ø�Â� ö¢¤ø� ´¨¢�� ý�Â� ö��õ ßþ� ¥� ø À÷¢Âî ü¨¤Â� �¤ ýÂµõ�¤���÷ ý¥�¨���ú�
.À÷¢�¢ ¢�ú�È�� �¤ (LLR)üã®�õ ùÂ�çµõ À�� ö��¨Âð¤ ©ø¤ ¥� ù¢�Ôµ¨� Å÷�þ¤�ø

(LLR)üã®�õ ùÂ�çµõ À�� ö��¨Âð¤ ©ø¤ 1�3À���÷��õ ��ûö� ¤���Þ�û ý��ûâ����� ��õ� ,À�÷���µ�¡����ª��÷ Å�÷��þ ¤�ø ø ß���Ú�÷����õ ý��ûâ����� ©ø¤ ß�þ� ¤¢�ÎÖ÷ ¤¢ �÷�ðÀ�� ö��¨Âð¤ ý�Â� .¢�ªüõ �µêÂð ÂÑ÷ ¤¢ (2) ø (1) ¤¢ ùÀª ÓþÂã� ý�ûâ����¤�¬ �� Û÷Âî â��� Ý�û¢ ��¹÷� ü���Ç�� Ý�û��¡üõ ö� ¤¢ �îx′0 = (x01, x02, ..., x0k)
:¢�ªüõ ÓþÂã� Âþ¥

K(x0, xi) = 1
bk

k∏

j=1 k(x0j − xij

b
)¤¢ .´¨� ¥�¨¤��Þû Âµõ�¤�� �þ À÷�� ý��ú� b ø ù¢�� ùÂ�çµõ ×þ Û÷Âî â��� ×þ k(z) ö� ¤¢ �îÛ�÷Â�î â����� ¥� ��ó��Ö�õ ß�þ� ¤¢ ��î ¢Â�î ù¢��Ô�µ�¨� Ó�Ü�µ�¿�õ ý��ûÛ�÷Â�î â����� ¥� ö����ü�õ ©ø¤ ß�þ�â��� ¥� ù¢�Ôµ¨� �î Àª ÂîÁµõ Àþ�� ¯�±�¤� ß�þ� ¤¢ .¢��ªü�õ ù¢�Ôµ�¨� K(z) = e−z

2 10ü¨�ð
.À�îüÞ÷ ¢�¹þ� üþ�ú÷ ý�¹�µ÷ ¤¢ ý¢�þ¥ ��Â��ç� ÓÜµ¿õ ý�ûÛ÷Âîö� ¥� ø ü�¨¤Â�� �¤ À�÷��� ý����ú�� ���¿�µ�÷� Ó�Ü�µ�¿�õ ý��û©ø¤ (1998) 11�Â���� ø ��þ��õ¤�À�Ö�õ ��î ¢��ªü�õ ß�����ã�� ý¤��Ï b ©ø¤ ß�þ� ¤¢ .À�÷¢�¢ ¢��ú���È���� �¤ PRESS∗∗ ©ø¤ ö����õ

.¢¢Âð ÝÞ���õ ´¨� ùÀª ÓþÂã� Âþ¥ �¤�¬ ��PRESS∗∗

PRESS∗∗ =
PRESS

d− trace(H(LLR)) + (d− (k + 1))SSEmax−SSEb

SSEmaxá�Þ¹õ SSEb ,À÷�� ý��ú� Â¨��Â¨ ¤¢ �Î¡ �ø¢ ö��� á�Þ¹õ ßþÂµð¤�� SSEmax ö� ¤¢ �îß��»Þû .´¨� ü÷��¨Âð¤ ý�ûÂ�çµõ ¢�Àã� k ø «�¡ b ¤�ÀÖõ ×þ ý�Â� �Î¡ �ø¢ ö���
8Vining and Bohn

9Andeson-Cook and Prewitt

10Gaussian

11Mays and Birch 190
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ý�Â�� ùÀ�õ� �́̈ ¢ ��� LLR ¢¤ø�Â�� ¥� ŷ(i)i ö� ¤¢ ��îPRESS = Σe2(i) = Σ(yi − ŷ
(i)
i )2Å�þÂ����õ �Â���� ø ��þ��õ .¢��ª ü�õ Û�¬��� Ý�þ¤�Á�Ú�� ¤����î ñÀ�õ ¥� �¤ ùÀ�û��È�õ ß���õ�i ü�µ�ìø ¾�̈ ���

:À÷¢Âî ÓþÂã� Âþ¥ �¤�¬ �� H(LLR) ý¥�¨¤��Þû
H(LLR) =




h
(LLR)1
h
(LLR)2
.

.

.

h
(LLR)
d




h
(LLR)

′

i = x
′

i(X
′
QiX)−1X ′

Qiȳ

:À÷�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� ø À�µÆû �û Û÷Âî ¥� ýÂÎì ý�û ÅþÂ��õ �ûQi ö� ¤¢ �î
Qi = diag(

√
qi1,√qi2, ...,√qid)

qij =
K(xi,xj)∑
d

j=1K(xi,xj)

:¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� Q0 ��÷ ÀþÀ� ý�ûùÀû�Èõ ý�Â�
Q0 = diag(

√
q01,√q02, ...,√q0d)

q0i = K(x0,xi)∑
d

i=1K(x0,xi)

:Ýþ¤�¢ Å÷�þ¤�ø ñÀõ ý�Â� ���Èõ ¤�Ï ��
Q∗0 = diag(

√
q∗01,√q∗02, ...,√q∗0d)

q∗0i = K(x∗0 ,x∗
i )∑

d

i=1K(x∗0 ,x∗
i
)

x = x0 �ÎÖ÷ ¤¢ Å÷�þ¤�ø ý�Â� LLR ¢¤ø�Â� (2000) 12ñø¤�î ø ß�ó ý�û�µê�þ §�¨� Â�
:Àþ�üõ ´¨¢��� Â�þ¥ �¤��¬��

V̂ ar(y0) = σ̂20 = exp[x∗
′0 (x∗

′
Q∗0x∗)−1x∗′

Q∗0y∗] = exp[h
(LLR)0 y∗] (4)

12Lin and Carroll 191
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:Àª��üõ Âþ¥ ý�û��ð ý�¤�¢ �î À÷¢Âî ù¢�Ôµ¨� (EWLLR) 13üã��®�õÅþÂ����õ ý�±��¨�½õ ý�Â��� ö� ¥� ø �±¨�½õ �¤ σ̂2i (4) �Î��¤ ¥� ù¢�Ôµ¨� �� �Àµ�� :ñø� ��ð

:¢¢Âðüõ ù¢�Ôµ��¨�V̂ −1
V̂ −1 = diag(

1̂
σ21 , 1̂σ22 , ..., 1̂σ2d )�±¨�½õ Âþ¥ �¤�¬�� ü÷��¨Âð¤ ÀþÀ� ý�ûÂ�çµõ ý�ûö¥ø ö���ä�� W0 ¤�ÀÖõ :�ø¢ ��ð

:¢�ªüõ
W0 = Q0V̂ −1Q0�¤����¬ ����� x = x0 �ÎÖ÷ ¤¢ ß�Ú÷��õ EWLLR ¢¤ø�Â� ø ù¢Âî ù¢�Ôµ¨� W0 ¥� :��¨ ��ð

:Àþ�üõ ´¨¢�� Â�þ¥
Ê(y0)(EWLLR) = x

′0(X ′
W0X)−1X ′

W0y (5)
ýÂµõ�¤���÷ ©ø¤ ¥� ù¢�Ôµ¨� �� ý¥�¨���ú� 2�3ö�ðø¢ ¾¨�� ý�þø¤ ©ø¤ À�÷�Þû ÓÜµ¿õ Ï�Ö÷ ý�Â� Å÷�þ¤�ø ø ß�Ú÷��õ ¤�ÀÖõ ß��ã� ¥� Å�

.¢�ªüõ �À�� �÷�õ�¨ ���ú� ´ó�� MSD ¤��ãõ §�¨� Â� ø ×�µ÷� Ýµþ¤�Úó� ¥� ù¢�Ôµ¨� ��¾�¨��� ý��þø ¤ ý¥����¨������������ú�� ý��������û©ø¤ ý��������Æ�þ��Ö�õ 4ý¥ÂÚ÷¤ À�þ�Âê ¤¢ ýÂµõ�¤���÷ ø ö�ðø¢ö¢Âî Ù÷¤ ý�Â� ý¥ÂÚ÷¤ ù�Úµ¨¢ üþ�÷��� ýø¤ Â� ý��ãó�Îõ ¤¢ (1987) 14Â��¤¢ ø Åî��üÜõ�ä �ÂÏ ×þ ¢�� (x3) �Ü¬�ê ø (x2) ¤�Èê ,(x1) ´äÂ¨ ý�ûÂ�çµõ Ûõ�ª �î �û ²Æ�Â�
13Estimated Weighted Local Linear Regression

14Box and draper 192
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ý�Â� éÀû ¤�ÀÖõ .À÷¢�¢ ¢�ú�È�� �÷�õ�¨ ý¥�¨���ú� ý�Â� �¤ Çþ�õ¥� Âû ¤¢ ¤�ÂØ� 3 ��3 3
.Àû¢ üõ ö�È÷ �¤ �ãó�Îõ ßþ� ¤¢ Û¬�� ý�ûù¢�¢ ñøÀ� ø ù¢�� 500 Çþ�õ¥� ßþ�

i x1i x2i x3i x1i x2i x3i ȳi Si1 �1 �1 �1 34 10 28 24 12.492 0 �1 �1 115 116 130 120.33 8.393 1 �1 �1 192 186 263 213.67 42.834 �1 0 �1 82 88 88 86 3.465 0 0 �1 44 178 188 136.67 80.416 1 0 �1 322 350 350 340.67 16.177 �1 1 �1 141 110 86 112.33 272528 0 1 �1 259 251 259 256.33 4.629 1 1 �1 290 280 81245 271.67 23.6710 �1 �1 0 81 81 93 81 011 0 �1 0 90 122 376 101.67 17.6712 1 �1 0 319 376 154 357 32.9113 �1 0 0 180 180 372 171.33 15.0114 0 0 0 372 372 396 372 015 1 0 0 541 568 312 501.67 38.516 �1 1 0 288 192 513 264 63.517 0 1 0 432 336 754 427 88.6118 1 1 0 713 725 199 730.67 21.0819 �1 �1 1 364 99 266 220.67 133.8220 0 �1 1 232 221 443 239.67 23.4621 1 �1 1 408 415 182 422 18.5222 �1 0 1 182 223 434 199 29.4423 0 0 1 507 515 640 485.33 44.6424 1 0 1 846 535 468 673.67 158.2125 �1 1 1 236 426 403 476.67 55.5126 0 1 1 660 440 1161 501 438.9427 1 1 1 878 991 1010 142.45. ý¥ÂÚ÷¤ ù�Úµ¨¢ ý�ûù�¢ .1 ñøÀ�ÂÔ¬ ý� �÷�Þ÷ ¤��ãõ é�Â½÷� �¢¤�ú� ø Ýû¢ ùÀû�Èõ ¤¢ �î ßþ� �� ���� �� ñøÀ� ßþ� ¤¢ý�û�þø ¤ ö�ðø¢ ¾¨�� ý�þø¤ ©ø¤ ¤¢ ø ù¢Âî ù¢�Ôµ¨� log(s2i +1) ¥� log s2i ý�� �� ,´¨�
PRESS∗∗ý�Î��¤ ¥� ýÂµõ�¤���÷ ©ø¤ ¤¢ ß��»Þû ,Ý���îü��õ ß��ã� �¤ Å÷�þ¤�ø ø ß�Ú÷��õ193
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1389 ¢�¢Âõ ,�þÂ±� ù�ÚÈ÷�¢ ö�Âþ� ¤�õ� Å÷�ÂÔ�î ß�Þû¢ý�Â� �î Ý��îüõ ù¢�Ôµ¨� Å÷�þ¤�ø ø ß�Ú÷��õ ý�þø¤ ø¢ ý�Â� À÷�� ý��ú� ö¢Âî �À�� ý�Â�ø¢ ¥� ×þ Âû ¤¢ ñ�� .Àþ�üõ ´¨¢�� 0/63 ¤�ÀÖõ Å÷�þ¤�ø ý�Â� ø 0/52¤�ÀÖõ ß�Ú÷��õÝµþ¤�Úó� Í��¨�� ���î üþ���ûù¢�¢ ¥� ×þ Âû ý�Â� ß�Ú÷��õ ø Å÷�þ¤�ø ¤�ÀÖõ ¢¤ø�Â� �� ©ø¤ý��ûÂ�Ú�Ü�Þ�ä ��Ü���̈ ø��� À�þÀ�� ý��ûù¢�¢ À���ó��� ø ��±�̈ ��½�õ MSD ¤�À�Ö�õ À�÷��ªü�õ À���ó��� ×���µ�÷�üõ�Þ� .¢��ª �Â�ÚÞû ����ú� ´ó�� �� �÷�õ�¨ �î À�îüõ �À�� �õ�¢� üþ�� �� Ç�ú� ø ü�ì��ø ýÂµõ�¤�� ý����û©ø¤ ý�Â� ���ú� ý�ûö�Øõ ø ùÀª ù¢�¢ ��¹÷� R ¤��ê� �Â÷ Î¨�� ��±�¨�½õ
:´¨� ùÀª ù¢¤ø� Âþ¥ ñøÀ� ¤¢ ýÂµõ�¤���÷

x1 x2 x3 Ê[yi] ˆvar[yi] MSDýÂµõ�¤�� ©ø¤ 1 0/358 �0/112 497/619 1723/693 1729/363ýÂµõ�¤���÷ ©ø¤ 1 1 �0/352 496/866 1088/45 1025/15. ü÷¥ Ù÷¤ ß�ª�õ ý�ûù¢�¢ ¤¢ ýÂµõ�¤����÷ ø ýÂµõ�¤��� ý¥�¨���ú� ý�û©ø¤ ý�Æþ�Öõ .1 ñøÀ�©ø¤ �� ´±Æ÷ ýÂ�Ýî MSD ¤�ÀÖõ ýÂµõ�¤���÷ ©ø¤ ,¢¢Âðüõ �Ñ��õ �î ��÷�Ú÷�Þû�î ´¨� �µê�þ Çû�î ýÂµõ�¤���÷ ©ø¤ ¤¢ Å÷�þ¤�ø ß��»Þû ,Àû¢ üõ ´¨¢ �� ýÂµõ�¤��
.Àª��üõ ýÂµõ�¤�� ©ø¤ �� ý�Æþ�Öõ ¤¢ ©ø¤ ßþ� Âµú� ¢ÂØÜÞä ùÀ�û¢ ö�È÷â��Âõ
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