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lJwm x�L�v ��Q� ����OQw�Q� QO �vRw ���tvDUQO VwQ

�OyWt O�Sv T��a xL�rt

OyWt �UwOQi x�oWv�O �	�� Q swra xOmWv�O �Q�t� xwQo

�CU� xDiQoQ�Qk �O�� R xHwD OQwt Q�N� ��yr�U QO �lJwm x�L�v ��Q� ����OQw�Q� �xO�mJ
w �DrwO ��yVN� �v�H R� sy lJwm �L�wv Q�Dat ��yQoOQw�Q� ��Q� ���kD xm u�� p�rO x�
��yOQw�Q� u�wD�t ��xvwtv ��y�UQQ� R� �CU� xDi�� V��Ri� �YwYN ��yVN� �v�H R� sy
x�L�v Qy ��Q� s�kDUt ��yQoOQw�Q� �t� OQw� CUO x� xat�H pm ��yQDt�Q�B ��Q� �Q�Dat s�kDUt
p�rO x� Ov���t CUO x� x�L�v QO OwHwt ��yxO�O ��v�t Q� �yvD xm ���yQoOQw�Q� �va� lJwm
x� �QwQ� u��Q��v� �OvwW�t QHvt �oQR� OQ�Ov�DU� ��y��N x� x�L�v Qy QO xvwtv sHL �mJwm
�x�L�v OwN QO OwHwt C�aq�� Q� xwqa xm OvwW u� Ro��H Qw�vt u�� ��Q� ���yWwQ OUQ�t Q�v
�OD�� xr�kt u�� QO �OvyO Q�Qk xO�iDU� OQwt R�v �Q ��Q�tWQU C�aq�� ��� �L�wv Q��U C�aq��
�X �va� �u�tRty ����OQw�Q� QO p�tQv u�ov��t st� Rm �t ���tvDUQO QoOQw�Q� uOw� R�Ht Q�e x�
xOQm u��� �rm Qw� x� ���tv xO�wv�N QO �Q ��vRw ���tvDUQO VwQ �CW�O s�y�wN x�Dwm ��xQ�W�

�s�yO�t Q�Qk EL� OQwt lJwm x�L�v ��Q� ����OQw�Q� xr��Ut QO �Q u� TBU w

�u��DU� Rt�H QoOQw�Q� ��vRw ���tvDUQO �lJwm x�L�v ��O�rm ��yxS�w

xtOkt �
l� �� QyW �u�DU� l� Ovv�t lJwm ����i�QeH x�L�v l� x� ��rLt x�L�v ��� lJwm x�L�v
R� xwQo l� Ovv�ty lJwm xat�HQ� R l� u�wD�t u�vJty �OOQo�t jq�� �Q�tWQU VN�
l� u�wva x� OvDUy �v�at O�Sv w TvH w uU R� xm �Q nQR� ����i�QeH x�L�v l� uwQO sOQt

�CiQo Q�v QO lJwm x�L�v
u� x� �O�� R xHwD Q�N� ��yr�U QO xm CU� ��xr��Ut lJwm x�L�v ��Q� ����OQw�Q� xr��Ut
�v�H R� xJ lJwm �L�wv ��yxQ�t� ��Q� ���kD xm CU� Cra u�� x� Qt� u�� �CU� xOW
p�Ft u�wva x� �CU� xDW�O �O�� R OWQ �YwYN ��yWN� �v�H R� xJ w �DrwO ��yWN�
�UwDt ��Q�m�� MQv p��k R� ���yxQ�t� x� R��v QwWm K�U QO uqm �R� Qxt�vQ� ��Q� �DrwO VN�
��a� xm O�vm ZQi p�Ft u�wva x� �OQ�O hrDNt ��yQyW w �yv�DU� QO � � � w �yQ�wv�N Ot�QO
�� Small Area �� Simulataneous Estimation �� Weighted Likelihood �� James�
stein Estimator
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R� O�Qi� R� �Y�N QWk �� w �yv�DU� ��a� p��k R� xat�H R� ���yywQoQ� R �� ����i�QeH �L�wv R�
p�k xm CU� K��w �OvW�� Q��Dv� OL QO w pw�k p��k u�ov��t l� R� QDv���B Ot�QO K�U Q�v
�OvwW XNWt ���yywQoQ� R �� �L�wv u�vJ xm CU� sRq �R� Qxt�vQ� �wv Qy w �Q�m Qy s�Hv� R�
s�kDUt ��yOQw�Q� G�QNDU� ��Q� u�wD�t �Q ��xvwtv ��y�UQQ� R� xOt� CUO x� ��yxO�O
��yOQw�Q� �t� �Owtv xO�iDU� �nQR� ��yxvwtv �� �L�wv� nQR� ��ywQtrk �� nQR� �L�wv ��Q� Q�Dat
G�QNDU� x�L�v u� R� xOW PN� xvwtv R� xm ���yxO�O ��v�t Q� �yvD xm ���yOQw�Q� �va� s�kDUt
xR�Ov� R� V�� uOw� lJwm R� �W�v xm Ow� Ovy�wN �oQR� Q��U� ���N ��Q�O OvQ�O Q�Qk OvwW�t
OQw�Q� ��Q� Q�v OQwt CkO �OD�� QO xm CU� u�� Qt� u�� p�rO �CU� �L�wv u� QO xvwtv sHL
�va� �CU� xO�OQo u��aD u� ��v�t Q� �rY� xvwtv sHL w xOW xDiQo Q�v QO xat�H pm QDt�Q�B
��a�� w CU� xOW x�U�Lt R��v OQwt pm xvwtv sHL �ki xvwtv sHL u��aD w �R� Qxt�vQ� s�ovy QO
�yOQw�Q� u�� lJwm �L�wv ��Q� xH�Dv QO �CU� R�J�v xvwtv sHL pm R� lJwm x�L�v Qy syU

�CW�O Ovy�wNv �Q �i�m CkO
�y�Q p��vO x� O��� Q�J�v �Pr �OQm Q��DN� nQR� ��xvwtv u�wD�tv R�v x�L�v Qy R� xm CU� K��w
�L�wv ��yxO�O R� u�wD�t Qw�vt u�� ��Q� �OQ� q�� CU� umtt xm �Hv� �D �Q �yOQw�Q� CkO xm Ow�
x� uO�WN� Ow�y� CyH QO CU� xOt� CUO x� xvwtv T�U�Q� �L�wv u� QO xm �D�aq�� w Qo�O
xDi�� V��Ri� QF�wt xvwtv sHL j� Q� u�� x� �Owtv xO�iDU� lJwm �L�wv ��yQDt�Q�B ��yOQw�Q�
OQwt Qw�vt u�� x� �Q �vRw ���tvDUQO VwQ Q��L xr�kt QO �O����t V��Ri� �yOQw�Q� CkO w

�s�yO�t Q�Qk EL�

�vRw ���tvDUQO VwQ �

ZQi uwtR� w ����OQw�Q� p��Ut QO �yQ�R�� u� QDOvtDQOk R� �m� lW uwO� ���tvDUQO VwQ
VwQ s�DUy wQ� wQ C�aq�� ��mQD xr��Ut �� u�tRty ����OQw�Q� QO xm �v�tR �t� (OW���t
�OW xO�O �	���� u��DU� xr�kt QO xr��Ut u�� C�ty� �Ow� Oy�wNv Ot�Q�m l�Uqm ���tvDUQO
���tvDUQO QoOQw�Q� p�tQv 	t�wH ��yu�ov��t u�tRty ����OQw�Q� QO xm O�O u�Wv w� xr�kt 	k�w QO
	t�wH ��yu�ov��t OQw�Q� ��Q� xm O�O u�Wv w� �OW���t R�Ht Q�e xvwtv u�ov��t �va� st� Rm �t
�QDW�� CkO xm �QoOQw�Q� uOQw� CUO x� ��Q� u�wD�t OvQo�Om� x��W CyH l� R� xm �r�tQv

�CiQo ltm ��DQt ��yxvwtv Q��U R� OQ�O xvwtv ��yu�ov��t R�
�v�tR �D Ow� xDiQo Q�Qk ���tvDUQO VwQ R� GQ�N uwo �vwo 	��vt R� C�aq�� ��mQD xr��Ut
x��Q� �QDt�Q�B�v uw�UQoQ xOwOLt QO �Q ��rLt ���tvDUQO VwQ �	���� �DU�y w �v�Q�W��D xm
xm O�O Q�Qk �UQQ� OQwt �QDt�Q�B�v uw�UQoQ xRwL R� GQ�N �Q �rLt ���tvDUQO VwQ wy �OvOwtv
������ lO� R w wy u�� Q� xwqa �OW xO�t�v �REWL� ���DQt �vRw ���tvDUQO VwQ u��
�� Local Likelihood �� Relevance Weighted Likelihood
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��mQD ��Q� �Q ���tvDUQO VwQ u�wD�t u��Q��v� �OvwW OQw�Q� xvwtv R� �yvRw xm u�� Q� �wQWt Owtv

�O�O xaUwD hrDNt 	t�wH ��yxvwtv C�aq��
l�Uqm VwQ QO �CU� Cw�iDt l�Uqm ���tvDUQO VwQ �� �vRw ���tvDUQO VwQ
���tvDUQO Zwa QO �Ov�xOW GQ�N u�Uty xat�H l� R� C�Oy�Wt xm CU� u�� Q� ZQi
xar��t OQwt xat�H R� Q�v OQwt xvwtv Q� xwqa xm O���t V�B �v�tR �QDt�Q�B ���vDU� QO �vRw
�wr�t xr��Ut u�ty u�� xm OvDUy TQDUO QO R�v Qo�O 	t�wH R� pkDUt �t� ��DQt ��yxvwtv
u�� x� ���yvRw X�YDN� �� �vRw ���tvDUQO VwQ �OW���t lJwm x�L�v ��Q� ����OQw�Q� QO

�Ovm�t ��mQD �Q �yv� C�aq�� u�W���DQ� u�R�t T�U� Q� �yxvwtv
l� Qy xm s� R�OQB�t 	� RwD u�OvJ ��yu�ov��t u�tRty ��yQoOQw�Q� O�rwD x� xr�kt u�� QO
��NEF�QVF� swO xHQO Tv�� Q�w 	��wD �� �a��� ���tv xO�wv�N l� x� jraDt �ya� RwD u�� R�

�OvDUy

���tv xO�wv�N QO �vRw ���tvDUQO VwQ 	

�yi�� ���� yini�
� � � p k D U t �� yx vw t v �� yQ�OQ � �s � Q�O x a t� H m O � v m ZQ i

R� xm OQ�O OwHw u�mt� u�� xW�ty pta QO � ni � � xm OvwW�t xO�O u�Wv i � 	� ����m
Qo �CU� � QDt�Q�B �����tv 	� RwD ��Q�O Y s�v�O�t �OwWv xDiQo ��xOy�Wt I�y�rLt x�L�vl�

f�y� �� � exp��y � ���� � h�y��

s�i QDt�Q�B OQw�Q� QO s�j xvwtv x� xDi�� X�YDN� uRw ��ij w � � ���� � � �m�� Qo � u��Q��v�
�OwW�t h� QaD Q� R CQwY x� ���tvDUQO 	��D OW��

WL��� � WL���� ���� �m�

�

mY
i��

mY
j��

njY
l��

exp���iyjl�� ���i� � h�yjl��
��ijn

��
j

ZQi ��

�yj �
	
nj

njX
l��

yjl j � 	� ����m

�� Natural Exponential Family with Quadratic Variance Function
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mX
j��

��ij � �

�i � ����i� �va� xat�H ��yv�ov��t ��Q� �MWLE,s� �vRw st� Rm �t ���tvDUQO ��yQoOQw�Q�
�R� OvDQ��a

��iWL
�

Pm
j�� �

�
ij �yjPm

j�� �
�
ij

�

mX
j��

�ij �yj ���

xm
�ij �

��ijPm
j�� �

�
ij

�OvwW OQw�Q� �yxO�O �wQ R� O��� OvDU�v swrat �yvRw uwJ pta QO �t�

Q�PB Z�waD pOt QO �vRw ���tvDUQO VwQ ��

O�vm ZQi Cr�L u�� QO

�ii � � i � 	� ����m �ij � �� j �� i � 	� ����m

OQwt QO xm �D�aq�� x� C�Uv 	t�wH Q��U ��yxvwtv xm OQ�OQ� QO �Q xO�� u�� ��Qi u�vJ
u �� DU� Rt�H QoOQw�Q � x � ��L � QY ZQi u �� �OvDUy �Q �P B Z � wa D O vQ�O Q Dt�Q� B u�t�i
ZQi u��CLD �OwW�t QHvt OvwW�t OQw�Q� �yxO�O R� xO�iDU� �� �yvRw xm �v�tR p�tQvCr�L QO

��iWL
� � �yi � ��

X
j ��i

�yj

�� Exchangable
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j��

�nj � ���
��Q��yj�� � u

O�vm ZQi
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m

mX
j��

�nj � ���
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�R� CUDQ��a xm s�vm�t OQw�Q� � xr�Uw x� �Q opt u��Q��v�

� � minf ��u� 	�m
s�y � 	�m�	g ���

�OwW�t OQw�Q� Q� R CQwY x� �i uwvm �
��iWL

� �	� �� �yi � ��y i � 	� ����m ���
R� pkDUt Qw� x� n �w�Ut sHL �� ���yxvwtv xm O� Q�o� Q�v QO �Q �Y�N Cr�L �QmPD
u�� QO �CU� swrat �� � � w �Ov�xOW G�QNDU� N��i� �

�� i � 	� ����m ��ya� RwD
���u � ��

n TB �	 � ��� �� � �� � � CQwY
�s� Q�O ��� QO �Q�Po��H �� u��Q��v�
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� �	� ���n
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�rLt Q�PB Z�waD pOt QO �vRw ���tvDUQO VwQ ��

Z� waD ZQi �va� �ii � �i � �ij � �i� j �� i � 	� ����m O�vm ZQi
x�ov� �Ov�t�t �k�� �rLt x�L�v Qy uwQO �Q�PB Z� waD ZQi �t� xOW xDW�O Q� �QU�QU �Q�PB

��iWL
� �i�yi � �i�
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j ��i
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m
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