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Efficient Semiparametric Marginal Estimation
for Longitudinal/Clustered Data

Naisyin Wang, Raymond J. Carroll, and Xihong Lin

Abstract

We consider marginal generalized semiparametric partially linear models for clus-
tered data. Lin and Carroll (2001a) derived the semiparametric efficinet score fun-
tion for this problem in the mulitvariate Gaussian case, but they were unable to
contruct a semiparametric efficient estimator that actually achieved the semipara-
metric information bound. We propose such an estimator here and generalize the
work to marginal generalized partially liner models. Asymptotic relative efficin-
cies of the estimation or throughout are investigated. The finite sample perfor-
mance of these estimators is evaluated through simulations and illustrated using
a longtiudinal CD4 count data set. Both theoretical and numerical results indi-
cate that properly taking into account the within-subject correlation among the
responses can substantially improve efficiency.



��� �����	��
���	� ����������� ��
������ � ��������������� �!
"��� �#
"��$�� %&$��
' $(�����)
"*,+,�������.-�/0��*,�!
1�	���	+ 2�#
1�

3547698�:<;>=7:�6@?A8�6CB�DFE�8G=IHKJ�6ML@N1O�P�8�E�E�J�Q5QSRUTFVIW�:�X,J�6CBQ�:)6 Y

Z\[	]^]`_�aFb
ced7f)g&TFhjikVFd�lnm(RUljoUipTqRUr5o&d�Tsd�ltR.rpipu)d�Vvhjd)m(ikwqRUljRUm(dyxtlzipf{wFRUlzxji|RUrkrk4}rpikTFd�RUl�m(g~VFd�rkh���g&l�f�rk�Fhzxjd�lzd�V

VqR.xtRs����ikT�RUTFV���RUljlzg&rpr����U�U�s��R��GVFd)ljik�Ud�V�xj�Fd�hjd)m(ikwqRUljRUm(dyxtlzipfnd)��f�ikd�T�x�hzf�g&lzd{���FTFfyxtipgUTe��g&l�xt�Fikh
wFlzg&�Frpd)m�ikT�xt�Fdnm��Fr�xti��UR.lji|R�xtd���RU�shjhjipRUT,f�R.hjdUD��F��x�xj�Fd)4M��d)ljdn�FTqRU�srpd�xtg7f)g&TFhzxjlj�Ffyx#R7hzd�m�ipwqR.ltR� 
m�d)xtlzipf�d)��f�ikd�T�x�d)hzxjipm(R.xtg&l�xj�qR.x¡R.f)xt�FRUrpr�4nRUf¢�Fikd)�&d)V�xt�Fd\hjd)m(ikwqRUltR.m(dyxtljikf¡ipTs��gUljm(R.xtikg&Tn�>g&�sTFV£�"c¤d
wFlzg&w>gUhjd¡hj�sf¢��RUTnd�h¥xtikm{R.xjg&l"�Fd)ljd¦RUTsV(o&d)TFd�ljRUrpiku�d�xj�Fd��5g&lj§�xjg�m{RUlzo&ipTFRUr�oUd�TFd)ltRUrkipu�d)VnwqRUlzxji|RUrkrk4�rkipT� 
d�R.l�m�g~VFd�rkh��©¨�hz4~m�wsxtg.xtipf�lzd�r|R�xtik�Ud�d)��f�ikd�TFf)ipd�h�gU�!xt�Fd�d�h¥xtipm(R.xjg&ljh¡xt�FR.x�ipo&TFgUljdGxt�sd��¦i�xt�FikT� ªf)rp�Fh¥xtd�l
f�gUljljd)r|R.xjipg&T«hzxjlj�Ffyxt�FlzdMd)ikxt�sd�l�ipTSTsg&TFwqRUljRUm�d)xtlzipf7f��slz�&dMd�hzxjipm(R.xtikg&T«g&l�xj�FljgU�Fo&�Fg&��x�RUlzd9ikT��&d�h¥xti¬ 
o�R.xjd�V£��¡�Fd�®FTFikxjd�htRUm�wFrkd�w¯d�lz��gUljm(RUTFf�d�gU��xt�Fd)hjdnd�h¥xtikm{R.xjg&ljh\iph\d)�.RUrp�FR.xtd)V�xt�Flzg&�Fo&�,hzipm��FrpR.xtikg&TFh
RUTFVvikrprp�shzxtljR.xtd)V��FhzipTFoCR,rpgUTFo&ikxj�FVFikTqRUr5��°G±,f�g&�sT²x�VqR�x¢R�hjdyx���35gUxt��xt�sd�g&lzd)xtikf�RUr�RUTFV�T²�Fm�d�ljikf�RUr
ljd)hj�Fr�xth�ipTFVsipf�R�xtd	xt�qR�x\wsljg&w¯d�lzrk4�x¢R.§~ikTFo�ipT�xtg(RUf�f)g&�FT�x�xt�Fd��¦ikxj�FipT� ³hj�F�²´zd�f)x\f�gUljljd)r|R.xjipg&TIRUm�g&TFonxt�sd
ljd)hjw¯g&TFhzd�h�f�RUTIhj�F�shzx¢R.T²xji|RUrkrk4{ipm�wFljg��&d	dy��f�ipd)TFf)4U�

;¶µ>·¤¸I¹º¸�»�¼�µº½�¾À¿UÁ©��rp�Fh¥xtd)ljd�V�VFR.x¢RsÂq��d)TFd�ljRUrpiku�d�V{d�hzxjipm(R.xtikTFo�d�Ã²�qR.xjipg&TFh)ÂqÄ	d�lzTFd�r£m�d)xj�Fg~V£ÂF��g&T� 
o&i�xt�FVFikTqRUr!VqR.x¢R�Â1Å9RUljo&ikTqRUr"m�g~VFd�rkh�ÂÀÆ\g&TswqRUltR.m(dyxtljikf�ljd)o&ljd)hjhzipg&T£Â!Ç1R.lzxtipRUrpr�4IrpipTsd�RUlGm�g~VFd�rÈÂ�Ç�lzgU®qrkd
m�d)xt�sg�V£Â!ÉsR.TFVs�¦ipf¢�}d�h¥xtikm{R.xjg&l�Â�É�d�m�ipwqR.ltRUm�d)xjljipf#ipTs��gUljm(R.xtikg&TM�¯g&�FTFV¶Â"É�d)m(ikwqRUljRUm(dyxtlzipf�d)��f�ikd�T�x
hjf)g&ljd.Âº¡ipm�dGVFd�w¯d�TsVFd�T�xGf)g��UR.lji|R�xtdU�
;£ÊÀµº½�ËnË<Ì�Ë�ÍÎ¸ºO5Ï���f)ipd�T�xGÉ�d�m�ipwFRUltRUm�d)xjljikfGÐ¦d�o&lzd�hjhzipg&T7��g&l���rk�Fhzxjd�ljd)VM°	R�x¢R
ÑÓÒÀÔyÕ×ÖÈØ�ÕÚÙnÛ�ÔÜÙ�Ý(Þ¬ßzà¡ÔÜÕ×ákâ¡Ù�ã£ÔÜÙ<Ý�ä1Ö�å³Ô¢åzæ å�Ôyà©ç²æ ßzè<ç.é1Õ×Ö�êºë�ìÜí¬ßjÖÈÖÈìyë©ìÜíÀî�å�ÔÜåÈÕïÖ�å�Õ×ðzÖ�ÔÜÙ�è�ñ�ìtò�Õ×ð¥ìyá×ìyÝyØ�ÔÜÙ�è�ó�ÔtØ�à�ì)Ù�è

ô æºõ¶ÔyëÈë�ìyá×á"Þ¬ß¥à¡ÔyÕÚápâ\ðzÔÜë�ëÈì)áÚá¬ä1Ö�å³Ô¢åjæ å³ÔÜà©ç~æ ßjè�ç.é"ÕïÖ¡öÀÕïÖÎåÈÕ×Ù<Ýyç<ÕïÖÈ÷<ßzè(êºë�ìÜí¬ßzÖ�ÖÈìyë©ìyí1î�å³Ô¢åÈÕïÖÎåÈÕïð¥Özø>ùºú�Õ×è�ßzà�ÕÚì)áÚì)ÝyØ�ÔÜÙ�è(û¶ÕÚìyüÖÎå�Ô¢å�Õ×ÖÎåÈÕïð¥Özø.ÒÀç�åÈë�ÕÚåÈÕ×ìyÙ�ÔyÙ�è	ñ~ìtò�ÕïðÓì)áÚì)ÝyØyø<ñ�ßÓò<Ô)ÖÀýÀþ�ÿ��ÀÙ<Õ��yß¥ë³ÖÈÕ å�Ø)ø����	�
��ñsýÀÿ��©ø�õ>ì)áÚá×ß¥Ý)ß©î�å�ÔÜåÈÕ×ìyÙ�ñ���
�����
�������	�
�<æ�ÀÕ×÷<ì)Ù<Ý��~ÕÚÙMÞ�ù¯à�ÔyÕÚápâ¡ò�á×ÕÚÙUä!ç�à�Õïð³÷²æ ßzè�çUé�ÕïÖ�êºë�ìÜí¬ßzÖ�ÖÈìyë©ìyíÀû¶ÕÚì�Ö�å³Ô¢åÈÕïÖÎåÈÕïð¥Özø¯öÀßzú�ÔÜëÈåÈà�ßzÙ)å�ìÜí1û>Õ×ì)ÖÎå�ÔÜåÈÕïÖ�å�Õ×ðzÖ¥ø¯î<ð³÷<ì�ìyá¶ìÜíêºç��<áÚÕïð���ßjÔÜáÚåÈ÷²ø������! ¦Û�ÔyÖÈ÷<Õ×Ù<ÝÜå�ìyÙ"��ßzÕÚÝ)÷)å³Ö¥øsý�Ù<Ù�ýÀë#�Uìyëjø~ÿ%$&�
���	 �'Üü(�� 
��'<æ�Û�ÔÜÙ<Ý�) Ö"ë�ßzÖÈßzÔyë�ð³÷�ã£ÔyÖ�ÖÈç<ú<úUìyëÈåÈßjè*��ØÔ�Ýyë³ÔÜÙ�å"í¬ëÈì)à åÈ÷�ß¦ÒÀÔ¢å�ÕÚì)Ù�ÔÜá>õ¶ÔyÙ�ðÓßzë+$ Ù�Ö�å�Õ å�ç�åÈß#Þpõ¶ý&���-,
,��yé!ÔÜÙ.è�å�÷<ß¦ñ~ß¥ò<ÔyÖ�ýÀè��tÔyÙ�ðÓßjè�ó�ßzÖÈßzÔyë�ð³÷�êºë�ìyÝyë³ÔÜàGæ¡õ¶ÔÜëÈüë�ìyá×á.) Ö1ëÈßjÖÎßjÔÜë³ð³÷�ã¶Ô)Ö"ÖÎç<ú�ú.ì)ëÎå�ßzè/��Ø#Ô\Ý)ë�ÔyÙ�åÀí¬ë�ìyà å�÷<ß¦ÒÀÔÜåÈÕ×ìyÙ�Ôyáºõ¶ÔyÙ�ðÓßzë+$ Ù�Ö�å�Õ å�ç�åÈß�Þ|õ¶ý0,-�� ��
 )é!ÔÜÙ�è/��Ø	åÈ÷�ß�ñ�ßÓò<Ô)ÖýÀþ�ÿ õ>ß¥Ù�åÈßzë¶í¬ìyë£ùºÙ���ÕÚë�ìyÙ<à�ßzÙ)å³ÔÜáUÔÜÙ�è\ó�ç<ë³ÔÜá1��ßzÔyá å�÷2��ÕïÔ©Ô5Ýyë³ÔÜÙ�å¯í¬ë�ìyàeå�÷<ß�ÒÀÔ¢å�ÕÚì)Ù�ÔÜá3$ Ù�ÖÎåÈÕÚåÈç�å�ß"ìÜí�ù¯Ù-��Õ×ëÈì)Ù<à�ß¥Ù�å�Ôyá��ßjÔÜáÚåÈ÷¦î�ð¥ÕÚßzÙ�ðÓßjÖ�Þ�ê4�� ���ù>î� 
'��5 �6)éÓæ7�²Õ×Ù8) ÖºëÈßjÖÎßjÔÜë³ð³÷©ã£ÔyÖqÖÈç<ú<úUìyëÈåÈßzè9��Ø5Ô"Ý)ë�ÔyÙ�å�í¬ë�ìyà}åÈ÷<ßÀÒ!Ô¢å�ÕÚì)Ù�ÔÜá.õ¶ÔyÙ�ðÓßzë:$ Ù�Ö�å�Õ å�ç�åÈß
Þpõ¶ý ;5;�;�;�; éÓæ5ñ£÷<ß¡Ôyç�åÈ÷<ì)ë�Ö!å�÷�ÔÜÙ�<%=!ÕÚÙ.ðÓß¥Ù�å5õ¶ÔÜë�ß¥ØGí¬ì)ë�ÖÎ÷�ÔyëÈÕ×Ù<Ý\÷<Õ×Ö�î�ú<áÚç.Ö�ðÓì�è�ßyø?>ÈØ)ÔyÝ)ÖA@<ø.í¬ìyë�ú�Ôyë�Ôyà�ß¥åÈë�Õ×ð9B"ù¯ùÀæÛ�ß�ÔÜáïÖÎì5åÈ÷�ÔyÙ�<\ÔyÙ�Ô)ÖÈÖÈì�ðÓÕïÔ¢å�ß!ßjè�Õ å�ìyëÀÔyÙ�èC�5ë�ßÓí¬ßzëÈßzßzÖ¶í¬ì)ë£åÈ÷<ßzÕÚë�è�ß¥å�ÔyÕÚá~ÔyÙ�è\÷<ß¥á×ú�í¬ç<ásðÓìyà�à�ß¥Ù�å³Ö¥æ

Hosted by The Berkeley Electronic Press



D E ��
"��$7+,*,�¦
"��$��

c¤d�f�g&TFhzipVFd)l	d�h¥xtipm(R.xjipg&T9ipT,m(RUljo&ikTqRUr�hjd)m(ikwqRUljRUm(dyxtlzipf�o&d�TFd)ltRUrkipu)d�V,rpikTFd�R.l�m�g�VFd)rph���g&lGf�rk�Fhzxjd�lzd�V
VqR.xtR\�FhzipTFo\d�h¥xtipm(R.xjipTFo�d�Ã²�qR.xjipg&Tsh��1¡�sd�hjd�m(g~VFd�rkhÀRUljd5�>d)f�g&m�ipTFo\RUT#ipTFf)ljd�R.hjipTso&rk4	w¯g&wF�sr|RUl�xtg&wsipf�gU�
ljd)hjd�RUljf¢�£DUhjd�d9F¶d�oUd�l�RUTFV#°GipoUo&rpd¦�Ó��G1GU±��yD�c�iprkV�RUTFV%H©d�d��¥��G1G3I��yD�Ç!d)w>d5RUTFV���g&�Fw¯d�l5�Ó��G1G7J&�ÜD�K\g~g<�Ud�l)D
d)x\RUrÈ�¦�¥��G1G1L��ÜDq��ipT7RUTFVM��RUlzljg&rkr����U�U�s��RU�º�5RUTFV9��ikTIRUTFVMH	ikTFo9���U�&���<�5��g&l¡ljd)f�d)T²x�d!NFR.m(wFrkd�h)�
¡�Fd�hzd�m{R.ljo&ikTqRUr�m�g�VFd)rph)D!xt�sljg&�FoU��o&d�Tsd�ltR.r5rkipTF§²h�D!�qR��&d�wsljd�Vsipf)xjg&l�d�O¶d)f)xjh�xt�qR�x�RUlzdQPSR3T!U#VWR3X(XZY

XZV([�\5R3TÜÁ�xj�Fd)4�f�g&TFhziph¥x�gU�\R�rpikTFd�RUl����FTFfyxtipgUT�gU��g&TFd�hzd)xngU��wFlzd�VFikf)xtgUljhI�Îd.�Úos�kD�d�N�w¯g&hj�sljd��.RUljipRU�Frkd�h¢�
�¦ikxj��RMwqR.ltRUm�d)xjd�l#�Ud�fyxtg&l^] RUTFV�RMf�g&m�wFrkd)xtd)rk4}TFg&TswqRUltR.m(dyxtljikf����sTFf)xjipg&T�g.��RMhjf�RUr|RUl#f�g��.RUljipR.xtd
�Îd.�Úos�kD�xtikm(d��y�&_ºgUl��FTFf�gUljljd)r|R.xjd�V�VqR.xtRsD�É�d)�Ud�ljikTFi¯RUTFV{É~x¢R.TFiph¥��RUrkiph��Ó��G1GU±²�1hz�Fg���d)V��Fg�� xjg#f)g&TFhzxjlj�Ffyx
RChjd�m�ipwFRUltRUm�d)xjljikf{d)��f)ipd�T�x(d�h¥xtipm(R.xjg&l�gU�2] �FhzipTFo}RCwFljgU®Frpd!`²§Ud�lzTFd�r¡m�d)xj�Fg~V£�«��ikT«RUTFVS��RUljlzg&rpr
���.�&�s��R��ÜDU�Fd)ljd�R.� xtd)l�ljd)��d)ljlzd�V�xtg�R.h��À��DUhj�sg<�5d�Vnxt�FR.x"��g&l"f)rp�Fh¥xtd)ljd�V�VFR.x¢RsD.xt�Fd¡f)g&T��&d�T�xjipg&TqR.rFwFljg.®qrpd�`
§Ud)ljTFd)r�m�d)xj�Fg�VeVFg�d)h�TFg.x�4~ipd)rpV¤RUT�d)��f)ipd�T�x�d)hzxjipm(R.xtg&l�gU��]��¦�sd�T�xt�sd{wqRUljRUm�d)xtlzipfnf�g��.RUlzi|R.xjd(ikh
VFd)w>d)TFVFd�T�x,g.��xt�sd¤TFgUTFwqRUljRUm(dyxtlzipfCf�g��.RUljipR.xtd.�baªT �ÎR.f)x�D�hj�Ff¢�ARUT d�h¥xtikm{R.xjd�Vc] f�g&�srpV �>ded fº 
ipTsf�g&TFhziph¥xtd�T�x��sTFrpd)hjh�d�i�xt�Fd)l"Rhg
i9j�T�k�V([ml%V([onm\pP:\�[onm\�[�q�\�r�� csa¥�1RUhjhz�Fm�wsxtikg&T�g&l�R.T��FTFVFd)l¥ ³hjm�g�gUxj�FipTso
hzxjd�w�iph�RUVsg&wsxtd)V£Á1�sd�ljd¡�5g&lj§²ikTFo�ipTFVFd)w>d)TFVFd)TFf�d�m(d�RUTFh"xj�qR.x�g&TFd¦iko&TFg&lzd�h"xt�sd¡f�g&lzljd�rpR.xtikg&T�hzxjlj�Ffyxt�Flzd
d�T�xjipljd)rk4U���À�^VFd)ljik�Ud�Vvxt�Fd7hzd�m�ipwqRUljRUm�d)xtlzipf(d)��f�ikd�T�x�hjf�gUljd7gU�2] ipT�xj�Fd�m��Fr�xtik�.RUlzi|R.xjd���RU�FhzhjipRUT
f�R.hjdUDÀRUTsV}TsgUxtd)VCxj�qR.x�i�xG��R.h#R�hzg&rp�sxjipg&T9xtgIR�f�g&m�wFrkipf�R�xtd�Vt_qlzd�VF�FgUrpm ipT�xtd)o&ltRUr!d�Ã²�qR.xjipg&T¶��¡�Fd)4
�5d�ljd��Fg��5d)�&d)l��FTFRU�FrpdGxjgnf�g&TFh¥xtlz�Ff)x�RUTId�hzxjipm(R.xtgUl�xt�qR�x¡��RUh�hjd)m(ikwqRUljRUm(dyxtlzipf�dy��f�ipd)T�x��
¡�Fd	wF�Flzw>gUhjdGgU��xj�Fiph5wqRUw¯d�l�ikh5xjg�wFljgUw>g&hzd	R�hzd�m�ipwqRUljRUm�d)xtlzipf¦d)��f)ipd�T�x¦d)hzxtikm{R�xtg&l©gU�u]CipT(hj�Ff¢�

m(RUljo&ikTqRUr�wqRUlzxji|RUrkrk4�rpikTFd�R.l"m(g~VFd)rph�RUrkrpg��¦ipTFo\xt�Fd�wqRUljRUm(dyxtlzipf¡RUTsV(TFgUTFwqRUljRUm(dyxtlzipf¡f�g��.RUlzi|R.xjd�h"xtg��¯d
VFd)w>d)TFVFd�T�x!�Fw¯g&T#gUTFd©RUTFgUxj�Fd�l)�Àc��Fd)T�xj�Fd�TFg&TFwFRUltRUm�d)xjljikf"f�g��.RUljipR.xtd�ikh£xtikm(d.D�xt�Fikh�ipm�wFrpikd�h>xj�qR.x�xt�sd
wqRUljRUm�d)xtlzipf	f)g<�.RUlzi|R.xjd�h¦f�gU�FrpV7�¯d�xjipm�dGVFd�w¯d�TsVFd�T�x��5ced�hj�Fg�� xj�qR.x¦xt�sd�d)hzxjipm(R.xtg&l¡f�RUTId
O>d�f)xjik�Ud�rk4
RUf)f�g&�FT�x���gUl��¦i�xt�FikT� ªf)rp�Fh¥xtd�l�f�gUljljd)r|R.xjipg&T¶�va³x�iph#hjd�m�ipwFRUltRUm�d)xjljikf�dy��f�ipd)T�x�ipT}xt�Fd���RU�shjhjipRUT�f�RUhjd.D
RUTFVIiph¡m�g&lzd	d)��f�ikd�T�x¦xt�qRUT7xt�sd�csa5d�h¥xtipm(R.xjg&l�ipT�Tsg&Tm`s��RU�Fhzhji|R.TIf�RUhjd)h��
¡�Fd�g&�sxjrpipTsd�gU��xt�sd	wqRUw¯d�l¡iph�RUh���g&rprkg��¦h��+aªT9É�d)f)xtikg&TI��Ds�5d�VFd�hzf�lzip�¯dGxt�Fd	m�g�Vsd�r£R.TFV�hzxtR.xtd	xt�sd

�

http://biostats.bepress.com/umichbiostat/paper11



m(R<´zg&lÀRUhjhz�Fm�wsxtikg&TFh��+w��qwqRUl¥xtipf)�Fr|R.l�TFgUxtd5iph�xt�qR�x!�5d�RUlzdC[�j�U��5g&lj§²ipTso�ipT�xt�Fd5f�g&T�xjd�N~x"gU�sxtipm�d�hjd)ljipd)h
VqR.xtRsÁ¡g&�Fl�RUhz4~m�wsxtg.xtipf)hGRUhzhj�Fm�d#xj�qR.x\xt�Fd#T~�sm��>d)lGgU��f)rp�Fh¥xtd)ljh�x�ipTFVFi��~ipVF�qR.rph��>d)f�g&m�d�h\r|RUlzo&d��¦�siprpd
xt�sd�T²�Fm��¯d�l1g.�ºg&�Fhjd)lz�.R.xjipg&TFh!w>d)l"f�rk�Fhzxjd�l�x.ipTFVsik�~ipVF�FRUr�ljd)m{RUikTFh1�¯g&�FTsVFd�V£�0aªT�É�d�fyxtikg&T^y\�5d�VFd)hjf�lzip�¯d
xt�sd�wFljg&w¯g&hzd�V«d�hzxjipm(R.xtgUl��eÉ�d�fyxtipgUT«±,h¥x¢R.xjd�h�xt�sd�m{RUikT�xt�Fd)g&ljdyxtikf�RUr5ljd�hz�Frkxjh���Æ��Fm�d�ljikf�RUr5hzxj�FVFipd)h
ipTsf�rp�sVFipTFo(RUT9ipT��&d)hzxtiko�R.xjipg&TIgU�"xj�Fd�RUh¥4~m(wsxjgUxtikf�ljd�rpR.xti��&d�d)��f�ikd�TFf)ipd)h�gU�"xª�5g�wFlzd)�~ipgU�Fhjr�47wFljg&w¯g&hzd�V
d�h¥xtikm{R.xjg&ljhGRUTFV}R�hjm(RUrpr!hjikm��Fr|R�xtipgUTMhzxj�FVs4CR.ljd�wFlzg<�~ikVFd�VCipT¤É�d)f)xjipg&TFh*z�R.TFV{IsD�ljd)hjw¯d�f)xjik�Ud�rk4U�^aªT
É�d)f)xtikg&T|J�DF�5d#R.TqRUrk4~u)d#R�rkg&TFo&i�xt�FVFikTqRUr¯VqR.xtRnhzd)x�gU�"��°G±nf�g&�FT�xjh\gU�&K2a~} hzd�ljg~f�gUT²�Ud�l¥xtd�lzh��9_1ipTqR.rprk4UD
É�d)f)xtikg&TvL�oUik�&d)h¦f�g&TFf)rp�FVsipTFo�lzd�m(RUlj§²h��

� ��� � � $7+��	�

É��Fwsw>g&hzd�xt�qR�x�xt�Fd�VFR.x¢RMf)g&TFhziphzxng.��f f�rp�shzxtd)ljh��¦i�xt�exj�Fd��Èxj� �W�/��1�-�����
��f£�#f�rk�Fhzxjd�l��qR��~ipTso��M�
g&�Fhzd�l¥�UR�xtipgUTFh��`��d)x|�:����RUTsVK�(�������	�4���y���¯d�xt�FdCljd)hjw¯g&TFhzd}�.RUlzi|RU�Frkd,RUTFV f�g��.RUlzi|R.xjd�h���g&l�xj�Fdv��xj�
�.�Q�K�1�-�����-���M� �¦g&�shjd�l¥�.R.xtikg&T9ikTIxj�Fd*�Èxt�Mf�rp�shzxtd)l���K�d�lzd/�����Giph\R%�������&d�fyxtg&l�RUTFVv�4���	ikh\R�hjf�RUr|RUl
xt�FR.x��.RUljikd�h��¦i�xt�FikT�d�RUf¢�7f)rp�Fh¥xtd�l)�©��dyx�� � � �W��� Y �����.�����:���&�Î�p�!RUTFV7VFd)®FTFd�� � RUTFVM� � hzipm�ipr|R.ljrk4U�0w	�sl
�qRUhzipf	R.hjhj�sm(wsxjipg&T{iph�xj�qR.x�xj�FdG�FTFVsd�ljr�4~ipTFo�VFikhzxjljip�s�sxtikg&T{gU��xj�Fd	ljd)hjw¯g&TFhzd�RUTFV7f�g��.RUljipR.xtd\wFljg~f�d)hjhzd�h
RUlzd�xt�Fd	hjRUm�d���g&l¡RUrkr>hz�F�~´zd)f)xth)Dqxt�qR.x��#� � �5� � �5� � ��RUlzdGg&�Fhzd�l¥�UR�xtipgUTFh¡gU��xt�sd%�Èxt�7ljRUTFVFg&m�rk4�hzd�rpd)f)xjd�V
hj�s�~´zd�fyx\�¦i�xt�FikTIhjR�47Rn®�Nsd)V9ljRUTFo&d�gU��� hz�Ff¢�9xj�qR.x �M�!RUljd	�¯g&�FTsVFd�V£D¯RUTsV7xj�qR.x

¡{�#�:���1¢ �������5�4�£���	� � �5� � �¤�¥¡��W���£�8¢ �Q�£���	�4���y�¤�c¦4����� �¥���

hjd)d7Ç!d)w>dIRUTFV«��gU�Fw>d)l7�¥��G1G7J&�	��g&l�R�VFikhjf��shjhjikg&T�gU�¦xt�siph�RUhzhj�Fm�wsxjipg&T£�,¡�sd�m{RUlzo&ipTFRUr�m(d�RUTe¦����
VFd)w>d)TFVFh�g&Tv������RUTFV��4�£��xt�Flzg&�Fo&�IR�§²TFg��¦TMm�g&TFgUxjg&TFipfGRUTFVIVFi.O>d�lzd�T�xtipRU�Frpd�rpipTs§(���FTFfyxtikg&T�§£�¨� �ÜÁ

§¶�©¦����y�ª�c� ���� ]�«¬F�©�o���)��� ���U�

�¦�Fd)ljd�]7iph!R®� �����&d)f)xtgUl�RUTFV^¬s���ï�Àiph!RUT��sTF§²TFg��¦T�hzm(g~gUxj�#���FTFfyxtikg&T£��ced©xt�²�Fh"m�g�Vsd�r�xt�Fd�d
O>d�f)x1gU�
� �¯�*���<�!wqRUljRUm�d)xtlzipf�RUrpr�4�RUTFV�xt�Fd¡d�O¶d)f)x©gU�o�STsg&TFwqRUljRUm�d)xtlzipf�RUrpr�4&�uaªTnm{R.xjlji¯N�TFg.x¢R.xjipg&T£D.VFd�TsgUxtikTFo
¦ � �K�©¦�� Y �-�����-��¦����&�Î� � RUTsVv§ �©¦ � �¤�±°�§¶�©¦�� Y �!�������-�	§£�©¦����0���!² � D���d��qR��&d�§ �W¦ � �¤�s� � ]�«³¬ �©� � �Ü�

�

Hosted by The Berkeley Electronic Press



¨�h5ipTFVFikf�R.xjd�V�ipT{É�d�fyxtikg&TM�&D²�5dGRUrkrpg��³� RUTFVQ� xtg��¯d�VFd�w¯d�TFVsd�T�x���¡�Fikh5ikh5ikT(o&d)TFd�ljRUrºxt�Fd�f�RUhzd
��g&l�rpgUTFo&ikxj�FVFikTqRUr(x�f�rp�shzxtd)ljd)V,VqR.x¢R��{¨`ljdy��d�ljd)d{�qR.h#w¯g&ipT�xjd�V}g&�sx�xt�Fdn��g&rkrpg��¦ipTFo�wsljg&�Frkd�m ikTC�¦�sipf¢�
xt�sd	g&ljiko&ipTqR.r��R.TFVM� R.ljdGikTFVFd�w¯d�TsVFd�T�x�Dq�s�sx¡4&dyx¦f�RUT7�¯dGljd)wqRUltR.m(dyxtd�lzipu)d�V7RUTFV7hzg&rk�Ud�V7�FhjikTFo�xt�sd
wFlzg&w>gUhjd�V7m�d)xj�Fg�V¶��É�w¯d�f�i�®qf�R.rprk4UDshz�FwFw¯g&hjd	g&Tsd	gU��xt�Fd%]¤´ h�DshjR�4�] Y DFikTC���&�©iph�§²TFg��¦T7xtg��¯d	R�rpipTsd�RUl
���FTFfyxtikg&T¤g.�9� xt�sljg&�FoU�µ] Y �(�4���y�*�¶] YW· «¶] YªY �o���<�¸a³x#iph�d�R.hjipr�4,hjd)d�Texj�qR.x*] Y �©�o���)�¨� Y �����¶] YW· � Y ���
«¹] YªY �»ºY ��� Dq�¦�Fd)ljd/�»ºY ��� �±� Y �£�!�o���<��¡�²�Fh�D¯m�g�VFd)r©���&��h¥xtiprkr��Fg&rkVFh¡�¦ikxt�7xt�sd�RUVsVFd�V9f�g��.RUljipR.xtd%�tºY D
�F�sx�xt�sd/�tºY iph��AVFd�w¯d�TFVsd�T�x	d)�Ud�T,i��1xt�sd#g&lzipo&ikTqRUr�� Y iph�TFgUx��¡¡�siph�ljd�wFRUltRUm�d)xjljiku�R.xjipg&TIRUrkrpg��¦h¦�Fh
xtgn�Fhzd�xj�Fd�wFljgUw>g&hzd�VIm(dyxt�Fg~V��¦ikxj�Fg&�sx¦m�g�Vsik®qf�R.xtikg&T{xtgng&��x¢RUikTIikTs��d�lzd�TFf)d�g&Th] YW· RUTFVh] YªY �
Å9g~VFd�r5���U��VFi.O>d�lzh¦��lzg&m RnhzxtRUTFVqR.ljVIm{RUlzo&ipTFRUr���Ï�ÏSm(g~VFd)r��È��i|R.TFonRUTFV¼F¶d�o&d)l�D���G3L1I���m(RUipTFr�4

��4�xt�FdITFg&TswqRUltR.m(dyxtljikf�f�g&m�w¯g&TFd�T�x¸¬F�¨� �y�³a³x�iphnm(g.xtik�.R.xjd�Vv��4�xt�Fd7�ÎRUfyx�xj�qR.xnxt�sd9d�O¶d)f)x�g.��xt�sd
f�g��.RUlzi|R.xjd½� �Îd.�ÚoF��D&xtikm(d���m(R�4��¯d�f)g&m(wsrpipf�R.xtd)V�RUTsV���gU�FrpV��¯d��¯d)xjxjd�l"m�g~VFd�rkd�V�TFgUTFwqRUljRUm(dyxtlzipf�R.rprk4U�
¨�wswFrpikf�R.xjipg&TFhÀgU�¯m(RUljo&ikTqRUr²m�g�VFd)rph1RUljd¦RUm�wFrkdUÂ&hzd�d¦°GipoUo&rpd.DU��i|R.TFo	RUTFVQF¶d)o&d�l��Ó��G1GU±��!RUTFV�K�d�RUoUd�lzxª4
RUTFV¼F¶d�oUd�l����.�&�&���ÜDqRUm�g&TFo�gUxj�Fd�lzh��
��d)x2¾½��¿¾½�¥�(� � �5� � ��RUTFV|ÀÁ��¥À:�ª�©� � �5� � �5�¯dGxt�sd�xjlj�Fd�R.TFVIRUhjhz�Fm(d)V³g¥��gUlj§²ipTFo3r�f)g��UR.lji|R.TFf�d)h

gU��� � D��¦�Fd�lzd�¾½���^�.RUl��W� � ¢ � � �5� � �	RUTFV�À:���ÃÂ Y#Ä~Å�ÇÆ �©Â Y#Ä~Å� Â¤Â4�5VFd)TFgUxtd)h�R7VFi|R.o&g&TqRUr�m(R.xjlji�NMxt�qR�x
f�gUT²xtRUipTsh�xt�Fd�m(RUljo&ikTqRUrº�.RUljipRUTFf�d)h¡gU��xt�Fd*�:����´Úh)DºRUTFV Æ ��ikh¦RUT7ipT��&d)lzxtik�Frpd\��g&lz§²ipTFonf�gUljljd)r|R.xjipg&T{m{R� 
xtlzi�N>�1¡�sljg&�FoU�Fg&�sx�D~�5dGRUhzhj�Fm�d¡xt�qR�x�ÀÁ�¯f�RUT�VFd�w¯d�TsV�g&T(R�T²�FikhtRUTFf)d\®qTsikxtd¦VFikm(d)TFhjikg&TqRUr�wqRUljRUm(dyxtd)l
�&d)f)xjg&l È¶DF�¦�Fd�lzd*ÈIikh¡VFiph¥xtipTsf)x���lzg&mÃ]��

É ��� � � �!
���� ��
���$�� ÊK��$7�¦�	+,*,���

wG�FlId�hzxjipm(R.xtikg&T wFlzg�f)d�VF�FlzdeikhI�FRUhjd)V g&T wsljgU®qrkdC§Ud�lzTFd�r#d�h¥xtipm(R.xjipTFo�d)Ã~�FR.xtikg&TFh�DG�¦�sd�ljdË¬F�(Ìz�7ikh
d�h¥xtikm{R.xjd�V��FhjikTFo\R�§.d�ljTsd�rq��Ï�ÏMd�h¥xtikm{R.xjg&l�RUf)f�g&�FT�xjipTFo���g&l�f�g&lzljd�rpR.xtikg&TFh�wFlzg&w¯g&hjd)V���4�c�RUTso��È�U�&�1y��
RUTFV{] ikh�d)hzxjipm(R.xtd)V}�shjipTsoMR7wFljg.®qrpdÜ ³xª4~w>dnd)hzxtikm{R�xtipTso�d�Ã²�qR.xjipg&T£��¡�Fd�wFljgUw>g&hzd�V¤m(dyxt�Fg~VCVFi.O>d�lzh
��ljgUm xt�Fg&hzd(wsljg&w¯g&hjd)Ve��4eÉ�d)�Ud�lzipTFi5RUTFV�É~x¢RUTsiphz��RUrkiph(�¥��G3GU±²�GRUTFVe��ipT¤RUTFV���R.ljljgUrpr����.�&�s��R���gUTFrk4
ipT9xt�Fd���R�4�xt�qR�xQÍ¬F�(Ì!��]!�yD>xj�Fd�d�h¥xtikm{R.xjd�V»¬s�©Ìz�\��g&lGR�o&ik�Ud�T»]�D£iph\f�g&Tshzxtlz�Ff)xjd�V£�#¡�Fiph	ikhGm�gUxti��UR�xtd�V

y
http://biostats.bepress.com/umichbiostat/paper11



��4�RI�ÎRUf)x�hj�Fg��¦TvipTe�!�Kxj�qR.x�ikT�g&lzVFd�l�xtg�lzd�RUf¢��xj�Fd�hjd)m(ikwqRUljRUm(dyxtlzipfnipTs��gUljm(R.xtikg&TC�>g&�sTFV£D"xt�sd
�¦ikxj�FipT~ ªf�rk�Fhzxjd�l�f)g&ljlzd�rpR.xtikg&T�TFd)d�VFhnxtgC�¯dIwsljg&w¯d�lzrk4eRUf�f)g&�FT�xtd)V ��g&l�ikT��>gUxj��xt�Fd7wqRUljRUm�d)xtlzipf�R.TFV
TFg&TswqRUltR.m(dyxtljikf#d)hzxjipm(R.xtikg&T9wsljg~f�d�Vs�Fljd)h��	¡�Fd�f)g&T��&d�T�xjipg&TqR.r1§Ud)ljTFd)r���Ï©Ï�d�h¥xtikm{R.xjg&l¦gU�®¬F�(Ìz���È��ikT
RUTFV���RUljlzg&rprÈD1�.�&�&���G�ÎRUiprkh	xtgMVsg�hjgFDÀ�¦�Fiprkd(Tsd)�^ikxjd�ltR�xtik�Udn§Ud�lzTFd�r¡��Ï�Ï d�h¥xtipm(R.xjg&l(��ceRUTFoFD"�U�&�1y��
d
O>d�fyxti��&d�r�47RUf)f�g&�FT�xjh���g&l¡f)g&ljlzd�rpR.xtikg&T£�
c��Fd�T�xj�Fd�rpikTF§G���FTFfyxtikg&T�§�iph!rpipTsd�RUl)D.�¯gUxt� Í]9R.TFV Í¬F�(Ì!��]!�!RUlzd�hjikm(wFr�4�rpikTFd�RUl�d)hzxtikm{R�xtg&lzh�����rkg&hjd)V

��g&lzmd!N�wFljd)hjhjikg&TFh�gU�¡xj�Fd{wsljg&w¯g&hjd)V�d�h¥xtipm(R.xjg&ljh�f�RUT��¯d{hz�Fg��¦T�xtgMd!N�iphzx7�È��ipT£D!d)xnR.r�D��.�&�1y��Ü�9Àg
�¯d)xjxjd�l\RUwFwFlzd�f)i|R.xjd�xj�Fd#TFR.xt�Flzd#g.�1xt�sd�d�h¥xtikm{R.xjg&ljh)DF��d#wFljd)hjd)T²x\xt�Fd)m ipT9RUT9i�xtd)ltR.xjik�&d	��g&lzm{R�x���_qg&l
RUT�4�oUik�&d)T�]�DshzxtRUlzx��¦ikxt�7R.T�d�hzxjipm(R.xtgUl%Î¬F�(Ì!��]!�©gU�0¬s�©Ìz��RUTsV9R.T�ipTFi�xti|R.rqd�hzxjipm(R.xtgUl�Î]}gU�u]¤hjR.xtikhz� 4~ipTso
fÀY#Ä~Å�� Î]ÐÏ¥]!���ÒÑ�Ó��¥�<�Ü� É��Ff¢� ikTFikxji|RUr5d�hzxjipm(R.xtgUljhnf�RUT �>dId�R.hjipr�4vg&�sxtRUipTFd)V£D�d.�Úos�kD��shjipTso¤xt�sd9csa
d�h¥xtikm{R.xjg&l�xj�qR.x¦ipoUTFg&ljd)h¡xt�Fd�f�gUljljd)r|R.xjipg&T{hzxtlz�Ff)xj�Fljd�d�T�xjipljd)rk4U�
ced�f�gUTFf�d)T²xjltR.xjd(�sd�ljd�g&T¤R�rpg~f�RUr"rkipTFd�RUlGd)hzxtikm{R�xtg&l	gU�9¬F�(Ìz�GwFljg&w¯g&hzd�Ve��4,ceRUTFo¤���.�&�1y��Ü�(��dyx

ÔÖÕ~�#×<���ÙØ4Ú Y Ôv�#×�Û3Ø¯�ÜD>�¦�Fd)ljd^Ô ikh�R(m(d�RUTMu)d�ljg�h¥4~m(m�d)xjljipf�VFd)TFhji�xª4I���sTFf)xjipg&T£�\°Gd)®FTFd^Ü%�����©Ìz�¦xjg
�¯d�RUTµ�M�®���Im(R.xtlzi�N,�¦i�xt�}xt�Fd�Ý)xj�ef)g&rp�Fm�T�Þ��/�³°��©Ì½Ïß�o���)�5Û1Ø�²-à Ú Yn�(Ý¸���1�Ü�U�yD!�¦�sd�ljd¸Þ���iph#RUT
�M�&���#�&d)f)xjg&l�gU���(d�N�f)d�wsxGxj�Fd2��xj�Md)T²xjlz4I�¯d�ipTsoM�&� wG�Fl�m(dyxt�Fg~VIhzx¢R.lzxth��¦ikxj�Ixj�Fd#csa�d)hzxjipm(R.xtg&l
RUTFV{ikxtd)ltR.xjd�h5�>dyxª��d)d�T7hzxjd�wFh�a�RUTsVMa5a��¯d�rkg<���sT²xjipr¯f�g&T��Ud�ljoUd�TFf)dU�©¡�Fd��5g&lj§²ipTso�f�g��.RUljipRUTFf)d�m(R.xtlzi�N
ÀÁ�!Vsd�w¯d�TFVFh�g&T9R�wFRUltRUm�d)xjd�l��Ud�f)xjg&l�È£DF�¦�Fikf¢�Miph¦R.hjhj�sm(d)V9xtgn�¯d�VFiph¥xtipTsf)x¡��ljgUmÃ]�RUTsVI�¦�Fikf¢�Mf�RUT
�¯d�d)hzxjipm(R.xtd)V7�~ipR�xj�Fd�m(dyxt�Fg~V7gU�!m(g&m�d�T�xjh¡�FhjikTFonÃ~�FRUVFltR�xtipfG���sTFf)xjipg&TFh¦gU�Àxt�sd�lzd�hzw>g&Tshjd�h)�

á ;>Ë�¸8â :�ã ��d)xÎ¬s���ï�I�¯d�xt�Fd�f)�Fljlzd�T�xCd�h¥xtikm{R.xjg&lMg.�¸¬s���ï�y��	ik�&d)T�]�D�rpdyx Íä � Íä �(Ì!��]!� �
° Íä · �©Ì!�5]1�!� Íä Y �©Ì!��]!��²��!�¯d	xt�Fd�hzg&rp�sxjipg&T�xjg�xt�Fd�§Ud)ljTFd)r�d�Ã²�qR.xjipg&T

åæ�¯ç Y
�0�æ�5ç Y
ÔÖÕ~�(Ì&Ï��o���)��¦0è Y#é�£� �W]¤� Íä �	Ü ���� �©Ìz�5À Ú Y�ëê � � Ï�¦ º °�Ì!�5� � �5� � �5]®� Íä � Î¬F�©� � Â�]!�!²�ìo� �S� �#y&�

�¦�Fd)ljd�xt�Fd�Ýyxt�7d)rpd�m�d�T�x�gU�0¦?º
°�Ì!�5� � �5� � ��]¤� Íä ��Î¬F�©� � ��]!�!²�iph

¦tíî� �� à ]�«Ðï¶�ðÝ �ß�~��° Íä · « Íä Y �©Ì0ÏË�o���)�5Û1Ø�²�«ï>�(Ý^ñ�ß�~�-Î¬F�(�4� à ��]!�pò��

±

Hosted by The Berkeley Electronic Press



RUTsV�¦0è Y#é��� �©]®� Íä �¡iph¦xt�Fd�®qljh¥xGVFd)lji��UR�xtik�Ud#g.��xt�Fd����FTFf)xjipg&T|¦����ï�9�ó§ Ú Y)���ï�¦dy�UR.rp�qR.xjd�VMR.x2�¼���� ]h«
Íä · « Íä Y �©Ì0Ï��4���)�5Û3Ø���¡�sd��sw>VqR�xtd�V9d�h¥xtipm(R.xjg&l�gU�&¬F�(Ìz�¡ikh Í¬F�(Ì!��]!�ª� Íä · �©Ì!��]!�y�

á ;>Ë�¸8â :�:�ã _1ipTsV Í]extgnhjgUrk�&d	xj�Fd	��g&rprkg<�¦ikTFo�wFlzgU®qrkdy ³xª4~w¯d	d�h¥xtipm(R.xjipTFo�d)Ã~�FR.xtikg&T
åæ�Zç Y
ô ¦0°�� � ]M«¿Í¬F�(� � ��]!�!²��

ô ] À Ú Y� í¯� � Ïe¦&°�� � ]M«¿Í¬F�(� � ��]!�!²�ò�� �S� �Î±��

°Gd�TFg.xtd���4"° Í¬F�(Ìz��� Í]ª²©xt�Fd�d�h¥xtikm{R.xjd�h�R.x�f)g&T��&d)ljo&d)TFf�d©�¦ikxt� Í¬F�(Ìz�¤� Í¬F�(Ì!� Í]!�y�À¨�h�m�d�T�xtikg&TFd�V�RU�¯g��&d.D
g&�Fl"RUrpo&gUljikxj�Fm VFi�O¶d)ljh1��lzg&m xj�Fg&hzd�wFljdy�~ipg&�Fhzrk4#wFljgUw>g&hzd�VnipT�hzxtd)w�aÀ��4�ljd�wsr|RUf)ipTFo�xj�Fd¡g&lzipo&ikTqRUr�§Ud)ljTFd)r
��Ï©Ï d)hzxtikm{R�xtg&l���4}g&TFd(xj�qR.x#�sxtikrpiku�d�h�xt�sd{f�gUljljd)r|R.xjipg&Tsh�D��¦�Fiprkd{É²xtd�wËa5a	gU��xj�Fd�R.rpo&g&lzikxj�Fm�ikh#xt�sd
htR.m(d.��¡�Fikh�m�g�VFi�®qf�R�xtipgUTIxj�FljTFh�g&�sx�xjg��¯d#xt�sd�§Udy4Mxjg�f�g&Tshzxtlz�Ff)xjipTFo�R{hjd)m(ikwqRUltR.m(dyxtljikf�d)��f�ikd�T�x
d�h¥xtikm{R.xjg&l�gU�0]��
¨�h"hz�Fg��¦TnipTnÉ�d)f)xjipg&T�±GRUTFV�r|R�xtd�l!iprkrp�Fh¥xtltR�xtd�V�ipT#xt�Fd�hzipm��sr|R.xjipg&T£D�xj�Fd�wFlzg&w>gUhjd�V Í]7ikh1ipTshjd�Tshjikxjik�Ud

xtg�xj�Fdnf¢�Fg&ipf)dngU���FRUTFVs�¦ikVsxt�£�n¡�Fdn�qR.TFVs�¦ipV�xt�ËØ}f�R.T¤�¯dnd�hzxjipm(R.xtd)VC�FhjikTFo7ljd�oU�Fr|RUl�VqR.x¢R�VFlzik�Ud�T
m�d)xt�sg�VFh1hj�Ff¢�(RUh�rpd�R���ikTFo. ³g&TFdy ³hj�F�²´zd�f)x"g&�sx�f�lzg&hjhÓ ³�.RUrkipVqR.xjipg&T���É�ikrk�Ud�ljm(RUT�R.TFVnÐ�ikf�d.Dq��G1Gs�&Â1K\g~g<�Ud�l)D
d)xGRUr�����G1G1L��Ü�\Ð¦d�hz�Frkxjh\��g&l��Fiko&�Fd�l�g&lzVFd�l\rpg~f�RUr�w¯g&rk4~TFgUm(ipRUrph¡f�RUTM�¯d�d�RUhjikrk47g&�sxtRUipTsd�VM��4I��g&rprkg��¦ipTFo
xt�sd�Vsd�lji��.R.xtikg&TFh�o&i��&d)T9ikT9Ð¦�FwFw¯d�l¥x\RUTFV�c�R.TFV��Ó��G1GU±��y�

õ ��� �G$�����
"�������÷ö �	�1*,�)
��

c¤d\d)m(wF�FRUhjiku�d¡xt�qR�x©�5d\RUhjhz�Fm(d�ipTng&�sl�RUh¥4~m(wsxjgUxtikf�xt�Fd)g&lz4�xj�qR.x�xt�sd\T²�Fm��¯d�l�gU�¶f�rk�Fhzxjd�ljh®f|ø ù D
�¦�Fikrpd(xj�Fd�f�rk�Fhzxjd�l�hzipu)d�h^�M�¡lzd�m(RUipTFh��>g&�sTFVFd�V¶�{a³� �M��RUrkhjgMxjd�TFVsh�xtg{ù D"xt�sd�wFljgU�Frpd)m ikh�Ã²�Fikxjd
VFi�O¶d)ljd�T�x�D¶RUh�w¯g&ipT�xtd)VMg&��xG��49�!���ºc¤d�RUhzhj�Fm�d#xj�qR.x�xt�Fd#ljd)o&�Fr|R.ljikxª4�f�g&TFVsikxtikg&TFh¦ipTIxt�Fd�¨�wsw>d)TFVFi�N
�Fg&rkV£��°Gd�TsgUxtd���4�] · RUTFV|¬ · �©Ìz�5xt�sd�xjlj�Fd	�.RUrk�Fd�h¦gU�0]�RUTsV¼¬s�©Ìz�y�©��d)x2ú èîû é ��� ���¯d	xt�Fd�ü<xt�7VFd)ljik�.R.xjik�Ud
gU�1RUT�4����FTFfyxtipgUT¼ú¯���ï�yD ä à �óØmà�¬ è à#éj�©Ìz�	Û�Ý�ýkDÁþ � à� �>d�xt�Fd(���1�	Ý��Óxt�Id�rkd�m�d�T�x�gU�1R�m(R.xtlzi�N�À Ú Y� DºRUTsV�ÿ��U�(Ìz�
�¯d�xj�Fd�m{R.ljo&ikTqRUr¯VFd�TFhzikxª47gU�Àxt�sd��o���<�

wG�Fl�lzd�hj�srkxth�f�g&TFf)d�lzTFipTFo�Í¬F�©Ìz�©RUljd\hjikm(wFrkdUÁ�xt�Fdy4{f)g&ipTsf�ipVsd\d!NFR.f)xtr�4(�¦i�xt��xt�Fg&hzdGgU�£ceRUTFo����U�&�3y��yD
�¦�Fg�hj�Fg��¦h¦xt�qR�x Í¬F�©Ìz��f�RUT9d�O¶d)f)xjik�&d)rk47R.f�f�gU�FT�x���gUl�xt�Fd	�¦ikxj�FipT~ ªf�rk�Fhzxjd�l�f)g&ljlzd�rpR.xtikg&T7RUTFV7iph¦R.hz4~m(w~ 

z
http://biostats.bepress.com/umichbiostat/paper11



xtg.xtipf�RUrpr�4vm(gUljd�dy�(f)ipd)T²x7xj�qRUT xt�sd�csa{d�h¥xtikm{R.xjg&l��A¡�Fd,m(RUikTS��g�f)�Fh�gU��xt�Fikh�wqRUw¯d�l�ikh�g&T xt�sd
wFlzg&w>d)lzxjipd�h¡g.�*Í]��
�À� o&i��&d)h�xt�Fd,hzd�m�ipwqRUljRUm�d)xtlzipf9d)��f�ikd�T�x7hjf)g&ljd,��g&l�R�m��Frkxjik�.RUljipR.xtdITFg&lzm{R.r�wqRUl¥xtipRUrpr�4vrpipTsd�RUl

m�g�VFd)rs�¦ikxj�{R	§²TFg��¦Th¾���g&l�RUrprS�j�1c¤d\�shjd¡xt�Fd�htR.m(d¦hjdyxt�Fw(�F�sx5RUrkrpg��vxt�Fd¦f�gUTFVFikxjipg&TFRUrFm�d�RUT�xtg��¯d
RUh¦o&i��&d�TIipT¤�È�&��RUTFVIf�g&TsVFikxjipg&TqR.r>�.RUljipRUTFf)dGxtgn�>d/¾½�¥�(� � �	� � ���¦ikxj�I§²TFg��¦TvÈ£�©¡�Fd�ljd�hz�Frkxjh¦ljd�m(RUikT
xt�sd�hjRUm�dG�¦ikxt�Id�h¥xtikm{R.xjd�V�È£��¨AVFikhjf)�Fhjhzipg&TIgU�Àxt�Fikh¡w>g&ikT�x¦iph¡o&i��&d�TIipTIÐ¦d�m(RUlj§Mz��
¨0lzd)��d)ljd�d)h#�FRUh�R.rphjg7hz�Fo&o&d)hzxtd)Vext�FR.x���d�wFljg��~ipVsd(R7rpikTF§Mg.��g&�Fl	�5g&lj§�xjgIxj�Fdnrpd�RUhzx��ÎR��&g&ljRU�Frkd

VFikljd�fyxtikg&T�wFlzipTFf)ipwFrkd\ikT�3�ipf¢§.d�rÈDFd)x¦R.r��¶�¥��G1G3y��y�"¡�siph�rkipTF§ºD~VFd�hzf�ljik�>d)V7ipT�¨\wFw>d)TFVFi¯N�¨#�k�&DswFljg��~ipVFdGRUT
RUr�xtd�lzTqR.xjik�&d\VFd�lzik�.R.xjipg&T(gU��xt�FdGdy��f�ipd)T�x¡hjf)g&ljdGxj�qRUT�xt�FR.x¡o&i��&d�T���4{�À��DqRUTFV7RUrkhjg�RUrprkg<�¦h5d�N~xtd)TFhjikg&T
xtg�xj�Fd��FTFd�Ã²�qR.r��M�Àf�RUhjd.��\TFVsd�l�xt�Fd\RUhjhz�Fm�d�V{m��Frkxjik�.RUljipR.xtd5TFg&lzm{RUrshzxtlz�Ff)xj�Fljd.D~�5d�hj�Fg�� xt�FR.x"Í]Miph�hzd�m�ipwqRUljRUm�d)xtlzipf�dy�� 
f�ikd�T�x\�ÈÇ�lzg&w>gUhjikxjipg&T{�¦RUTFV���g&lzg&rprpRUlz4��<�Ü�1¡�Fd¦ljd)hj�Fr�xth�RUlzd�xt�sd�T�d�N~xtd)TFVFd�Vnxtg	m�g~VFd�r£���&�À��gUl�o&d�TFd)ltRUr
g&�sxjf�g&m�d�h��¦i�xt� R���gUlj§²ipTFovf)g<�.RUlzi|RUTsf�d{À RUTFV �¦ikxj�Fg&�sx7Vsiphzxjljik�F�sxtikg&TqRUr\RUhzhj�Fm�wsxtikg&T �ÈÇ�lzg&w>gUhji� 
xtikg&T9�&�y�

K\d)ljd�R�� xtd�l)DU�5d¡RUhjhz�Fm�d5xt�FR.x&�M���¿�`RUTsV#xt�FR.x¦�W� � �	� � �5� � �!RUlzd5iÈ�ÚiÈ�ÚV¶�À¡�siph"R.rprpg��¦h��FhÀxtgGlzd�VF�Ff)d
xt�sd�f�g&m�wFrkd�N�ikxª4CgU�¦TsgUx¢R.xjipg&T¤TFd�d)VFd�V���g&l#wFljd)hjd)T²xtR.xtikg&T�RUTsV�f�g&TFf)d�T�xtljR.xtd{g&Text�sd�m{R.ipTef)g&TFf)d�wsx��
��d)x�� ���I�©� �	� ���¯d�R�VFipRUo&g&TFRUr£m(R.xtlzi�N��¦i�xt�7xt�Fd�VFipRUo&g&TFRUr£d�rkd�m�d�T�x��>d)ipTFonxt�sd�®qlzhzx�VFd)ljik�.R.xjik�Ud
gU�?¦1�"ced\hj�Fg�� ipT(¨�wFw¯d�TFVsi�N{¨����\xt�FR.x�xj�Fd�hzd�m�ipwqRUljRUm�d)xtlzipf¦ipT���g&ljm(R.xtikg&Tn�>gU�FTFV{��g&l®]C�FTFVFd)l�xt�sd
m��Fr�xti��UR.lji|R�xtd�TFg&ljm(RUr�R.hjhj�sm(wsxjipg&T7ikh

¡ í.°�� Ï��	��
�
~�©� ��² � �Ö¾ Ú Y �M°�� Ï�	��
�
��(� �!²�ò0�
�¦�Fd)ljd��	��
�
~�©� �"iph©RUTQ� �C�{m{R�xtlji¯N��¦�FgUhjd½��xj�(lzg�� iph��	��
�
²�(�Á�y�ÜD�R.TFV��	��
�
²�©�S���ª� °�����
�
�� Y �©�S�)�!�������-��	��
�
�� Ó²�(�Á�)�!²��À��¡�Fd����FTFfyxtikg&T��	��
�
²�©Ìz��hzg&rk�Ud�h

�æ�5ç Y
�æ
à ç Y

¡ í ���A��� � à � àðà °�� à Ï��	��
�
²�(� à �!²�¢ �S���cÌ ò ÿ
���(Ìz�®���S� �AzU�
�¦�Fd)ljd�� � à ikh�xt�Fd ���1�	Ý��Óxt� d�rkd�m�d�T�x7gU�"¾ Ú Y R.TFV��*�#�Miph�xj�Fd����1�p�~�Óxj��d)rpd�m�d�T�x7gU�����`Ï�Ã~�FR.xtikg&T
�AzU��f�gUljljd)hjw¯g&TFVFh	xjg�R�_qljd�Vs�Fg&rpm ikT²xjd�o&ljRUrÀd�Ã²�qR.xjipg&T,gU��xj�Fd�hjd)f�g&TsV}§²ikTFV«�ÈÄ	ljd)hjh)D���G1L1GsD¯f¢�qRUw¶�"�<�yD

I
Hosted by The Berkeley Electronic Press



TqRUm�d�r�4
����
�
²�©Ìz�&Ï� "!F�(Ìz�&Ï�#%$��©Ì!��×��&�	��
�
��#×<�	úm×('¸���S� �#I&�

�¦�Fd)ljdUDºVFd)TFgUxjipTFoQÿ à ����� �-� �©xj�Fd�´zg&ipT�x¡VFd)TFhji�xª4����FTFfyxtikg&T7gU���©� à �5�S���ÜD)$��(Ì!�!×<��RUTFV*!s�©Ìz��RUlzd	VFd)®qTsd�V�R.h$��©Ì!�!×<� � + � + à-,ç7� ¡{�.���A��� � à � àðà ¢ � à �¿×7�	�Á���÷Ìz�5ÿ à �U�#×1�5Ìz�+ ��	ç Y ¡��/� �A� � Å�A� ¢ �S���sÌz�	ÿ
�.�©Ìz� � �AJU�
!s�©Ìz� � + ��5ç Y + �à ç Y ¡��.���#��� � à0� àðà � à ¢ �S���÷Ìz�5ÿ
�.�©Ìz�+ ��5ç Y ¡��/� �A� � Å�A� ¢ �Á���sÌz�5ÿ
�.�©Ìz� � �#L&�

ljd)hjw¯d�fyxtik�Ud�r�4&�5É�ipm�iprpRUl©f�RUrkf��FrpR.xtikg&TFh��5d�lzd#o&i��&d)T9ikT9�À���
ced�TFd�N~x	h¥xt�FVs49xt�Fd�RUhz4~m�wsxtg.xtipf#VFiph¥xtlzip�F�sxjipg&TIgU��g&�sl�d�h¥xtikm{R.xjg&lMÍ]vRUTFV,hj�sg<�Axj�qR.xGi�x�lzd�RUf¢�sd�h

xt�sd\R.�>g��&d�hjd)m(ikwqRUljRUm(dyxtlzipf�ikTs��g&ljm(R.xjipg&T#�>g&�sTFV£��°Gdy®qTFd Í���©Ì!��]!�ª�±Ï ô Í¬º�©Ì!�5]1�	Û ô ]?�p�&ced¡®qlzhzx5hj�Fg��
xt�FR.x Í���©Ì!��]!�"f�g&T��Ud�ljoUd�h�xjg1�	��
�
²�(Ìz�yD²�¦�Fipf¢�(iph©R#f)lj�Ff)i|RUrqxj�Fd�g&lzd)xjipf�R.rqljd�hz�Frkx5gU�£xj�Fiph�wqR.w>d)l�RUTsV{iph�xt�sd
§Udy4nxtg#xj�Fd�ipT��&d)hzxtiko�R.xjipg&T�gU�¶xj�Fd\RUhz4~m�wsxtgUxjipf¦wFlzg&w>d)lzxjipd�h©gU�2Í]��&a³x�ikh�RUrkhjg��Fhjd)V�r|R�xtd�l"xjg¦´z�Fh¥xti�� 4��¦�²4
xt�sd	wFljg&w¯g&hzd�VId�hzxjipm(R.xtgUl�VFg~d�h¦TFgUx�ljd�Ã²�Fikljd��FTFVsd�l¥ ³hjm�g�g.xt�FikTFo�gU�&¬F�(Ìz�5xtg�g&�sxtRUipT7R¸d f�`~f)g&TFhjikhzxjd�T�x
d�h¥xtikm{R.xjg&l Í]��
2�½�µ�â�µ¯¿�Ì Ë<Ì�µ4365�7u\�U Í��8�\�U/9:\½PSR3T!U#VWR3Xnm\�T�V;:�R3UWV;:3\*j=<CU;9:\?>¤[oR3Xu\�@�U#V;AQR3Upj�T*j=<�¬hiCB TDB U�B½]sRE@%nm\/>¤[�\5n
RF8�jE:3\�G½R3[onH��8�\*V(U/@*XZV;A^V(U½RE@ f|ø ùIBKJ�\L9SRM:3\��N@-R3U#VO@/>�\�@QP&R�STG®U;9SR3U®VO@�G	���©Ìz�¤�U����
�
²�©Ìz�DB
P#µº½�µ¯ÍÎÍWVs½<»�5YXu[onm\�T%U;9:\/RE@�@�Z(A¸\5n[A1Z�XZUWV;:�R3T!VWR3U¨\�[�j�T�AQR3X\@�UWT�Z:q�UWZ�T�\�G½iªV(U/9�ØMø ����fvø ù�G®R3U®U;9:\
T	R3U¨\*U;9SR3U�f?Ø^]�ø �_G9R3[on/fØoÛmX j5l��¥��Û1Øº�ªø ù�G®i9\`9SRM:3\

f Y#Ä~Å ��Í]|Ïe] · �¤ø a*j�T�AQR3X�bt�S��¡Ùí °�� Ï��	��
�
²�©� �!² � �Q¾ Ú Y �M°�� Ï��	��
�
²�(� ��²�ò�c��
V([{n3VO@�UWT�VW8dZmUWVAj�["G¤VWBW\dBeG�Í]sT�\5Rmq�9:\�@�U/9:\L@�\�A^V�PSR3T	RMA¸\�UWT!VAq%V([�<�j�T�AQR3U#VAj�[f8�jEZ�[onFB
¡�Fd�wFlzg�g.��h	gU�5Ç�lzg&w¯g&hji�xtipgUTe��RUTFV}��g&lzg&rprpRUlz4}�nRUlzd�o&ik�Ud�T,ikT,¨�wFw¯d�TFVsipf�d)h�¨��îy�RUTFVC¨�� ±FD£lzd�hjw¯d�fÜ 
xti��&d)rk4&�`c¤d¤TFg�� f)g&TFhzipVFd)lIxj�FdCwFljg&w¯d�l¥xtikd�hIgU�{Í]KipT m(g~VFd�r����&�{��g&l7o&d)TFd�ljRUr�g&�sxtf)g&m�d�hIRUhjhz�Fm� 
ipTsoeRC��g&lz§²ipTFo¤f�g��.RUljipRUTFf�dIm(R.xtlzi�N³À@RUTFVS�¦i�xt�FgU�sxnxt�Fd9TFg&ljm(RUrkikxª4�R.hjhj�sm(wsxjipg&T¶� ¡�Fd�R.hz4~m(w~ 
xtg.xtipfvwFlzg&w¯d�lzxjipd)h¤gU� Í] RUljd«wFlzd�hjd)T�xtd�V ikTKÇ�lzg&w>gUhjikxjipg&T ��� Ð�d)f�RUrkr�xt�qR.xg�"�Ð� �I�(� � �5� � �¥�
VFipRUoS°�¦ è Y#é��� ²8��RUTFVIVFd)®qTsd h� � �s� � Ï����©� � ��] · ���

J
http://biostats.bepress.com/umichbiostat/paper11



2�½�µ�â�µ¯¿�Ì Ë<Ì�µ43jik7u\�U Îl �#À��¤�¿¡�� h� � �QÀ Ú Y0� h� �%R3[on Îm��#À¤�!¾¡�¤�¿¡{� h� � �QÀ Ú Y�¾�À Ú Y&� h� �DBnJhV(U;9
ØMø �S��f|ø ù�G½R3U½U;9:\*T	R3U¨\*U;9SR3U�f?Ø^]�ø �_G9R3[on/fØoÛmX j5l��¥��Û1Øº�ªø ù�G®i9\`9SRM:3\

f Y#Ä~Å � Í]|Ïe] · �¤ø a*j�T�AQR3X�°��S��o��AÀª�!¾¡��²9�
ip9:\�T�\ o��AÀª�!¾¡�½�rq Îl �AÀ#�ds Ú Y Îm��#À¤�!¾¡�tq Îl �AÀ��Ds Ú Y � �#G&�

uv9:\/RE@�YEACPoU¨j�UWVAq"q�jE:�R3T!VWR3[�q�\wo��#À¤��¾¡�*VO@xA^V([:V;A^Vey�\5nz8-Y�À±�ó¾{G9R3[on�V([�U;9mVO@^q5RE@�\�\-|dZSR3X}@ Îl Ú Y �#¾¡�dB
¡�Fd\wFljg~gU��gU���#G���iph©hj§.d)xjf¢�Fd�V7ipT�¨�wsw>d)TFVFi�N^¨#�Ú±s�©É�d)�Ud�ltR.r>lzd�m(RUlj§²h�R.�>g&��x5gU�Fl5xj�Fd�g&lzd)xjipf�R.r¯lzd�hz�Frkxjh
RUlzd�ikT�g&ljVsd�l��~�\�AQR3T�k��&Á �!�Ahj�Fg��5d�V}xt�qR.x	�¦�sd�T¤xj�Fdnf�g&T��Ud�T�xtikg&TqRUr�wFlzgU®qrkdy ª§.d�lzTFd�r�m�d)xj�Fg�VCikh	�Fhjd)V£D!d!N�f�d�w�x�ikT
xt�sd�hzw>d)f�ipRUr�f�RUhzd	�¦�Fd�lzd�csa5iph¦RUhzhj�Fm�d�V£D¯R d fCf)g&TFhjikhzxjd�T�x�d�hzxjipm(R.xtgUl�gU�+]¤f�RUTI�¯d	g&�sx¢R.ipTFd)VIgUTFrk4
ik�£g&TFdGR.lzxti�®qf�ipRUrpr�4��sTFVFd�lÓ ªhzm(g~gUxt�sh5xt�sd�TFg&TswqRUltR.m(dyxtljikf¦d�hzxjipm(R.xtgUl©xjg�d�rkipm�ipTqR�xtd¦RUT��sT²��RUT�xtd)V��Fi|R.h
xtd)ljmI��¡�qR.x#iph)D�d�ikxj�Fd�l	xj�Fdn�qRUTFVs�¦ikVsxt�}m��Fh¥x��>dnf¢�Fg&hzd�T¤hjg7xt�qR.x�fØ"�^ø ��g&l�R�TFg&TFwqR.ltRUm�d)xjljipf
ljd)o&ljd)hjhzipg&T�R.rpo&g&lzikxj�Fm �¦ikxj��hjm(RUrkrpd�l��FipRUh!xj�qRUT�h¥x¢RUTsVqRUljV�§.d�lzTFd�rFlzd�o&lzd�hzhjipgUT�m��Fh¥x"�¯d��Fhjd)V£D�dU� oF��DUxt�sd
xª�¦ipf)ipTFo	m�d)xj�Fg~V£��Ï"�&d)T(�¦�Fd)T¸¬s�©Ìz�"iph"�sTFVFd�lzhjm�g�g.xt�Fd)V£D�xt�Fd¦f�gUT²�Ud�T�xtikg&TqRUrºwFlzgU®qrkd�§Ud)ljTFd)r¯d)hzxjipm(R.xtg&l
RUhzhj�Fm�ipTFo,xj�FdIxjlj�Fd7f)g&ljlzd�r|R�xtipgUT«ikh�hzxjiprpr�ipTFdy�(f)ipd)T²x��ßK�g���dy�&d�l)D¡�FhjikTFo}g&�Flnm(dyxt�Fg~V£D©TFgUx�g&TFr�4�ikh
hj�sf¢�e�FTFVsd�l¥ ³hjm�g�g.xt�FikTFo7�FTFTFd)f�d�hzhtRUl¥4}�F�sx#RUrphzg�xt�Fdnljd)hj�Fr�xtikTFo7d�hzxjipm(R.xtgUlGgU��] iph	hzd�m�ipwqRUljRUm�d)xtlzipf
d)��f)ipd�T�x��~�\�AQR3T�k���Á �\TFVsd�l�rpg~f�RUr~rpikTFd�R.l1hjm�g~gUxt�FikTFoFD&��g&ljg&rkr|RUl¥4��\R.TFV�Ç�lzg&w¯g&hji�xtipgUT��G�Fg&rkV���g&l�R��¦ipVsd¡ltRUTFoUd
gU�!�qRUTFV��¦ipVsxj�Fh���¡�qR.x¦ikh�D Í]¤iph¡Ã²�Fi�xtd	ipTshjd�Tshjikxjik�UdGxtg�xt�Fd�f¢�FgUipf�d�gU�À�qR.TFVs�¦ipV�xt�£�®_qg&l�d!NFR.m(wFrkdUDqR.T²4
VqR.xtR	VFlji��&d�T�m�d)xt�sg�VFh�g.�¶g&lzVFd�l¤Ñ`���Wf Ú Y#Ä��y�!���srk®qrkr�xt�sd¡ljd�Ã²�Fikljd)m(d)T²xjh��"c�i�xt���M�º�>d)ipTFo	®qTsikxtd.D&c�R.TFo
���.�&�1y���iprkrp�Fh¥xtltR�xtd�h�xt�sd\��g&rkrpg��¦ipTFo#RUh¥4�m�wsxjgUxtikf\wF�sd�TFg&m�d�Tsg&T£DsTFRUm(d)rk4nxt�FR.x5xj�FdGwFlzg&w¯g&hjd)V�d�hzxjipm(R.xtd
gU�2¬Mikh�d�hzhjd�T�xji|RUrkrk4eR�rpg~f�RUrkrk4��5d�iko&��xtd�V«d�h¥xtikm{R.xjd{gU��f)rp�Fh¥xtd�lÓ ³�¦ikhjd�wFhzd��FVsg¤lzd�hjw¯g&TFhzd�h)D©�¦�Fd)ljd�xt�sd
�Èxj��wFhzd��FVFg{ljd�hzw>gUTFhjd#iph¦��g&ljm�d�VI��4�RnrpikTFd�RUl¦f)g&m��FikTqR.xtikg&T7gU��lzd�hjw¯g&TFhzd�hGikTIxj�Fd��Îxt�9f�rp�shzxtd)l��¦¡�Fikh
ipm�wFrkipd�h5xt�qR.x¦xj�Fd#Vsd�lji��.R.xtikg&TFh��¦�Fikf¢��´z�Fh¥xti�� 4�xt�Fd��Fhzd#gU�1f�lzg&hjhÓ ³�.RUrpikVqR.xjipg&T��FTsVFd�l¦xt�Fd�ipTsVFd�w¯d�TFVsd�T�x
VqR.xtR�hjf)d�TqR.ljipg�f�RUT��¯d�d�Ã²�Fi��.RUrpd)T²xjrk4�f�R.ljljikd�V�gU�sx"�Fd)ljd.D²RUTFV�xj�qR.x1xj�Fd¡RUh¥4~m(wsxjgUxtikf��FipRUh"R.TFV��.RUljipRUTFf)d
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o&i��&d�TIipT�ceRUTFonf�R.T9�¯d��Fhjd)V9xtgnhz�Fg�� xt�qR�x�xj�Fd�ljd)hj�Fr�xtipTso�f¢�sg&ipf)d�g.�ªØ9ikh¡gU�!g&ljVFd)l�f�Ú Y#Ä�� DF�¦�Fd)ljd*f
iph�xj�Fd�T²�Fm��¯d�l¦gU�!hj�F�~´zd)f)x��

wGT�xt�Fd�g.xt�Fd)lG�qRUTFV¶D£hjikTFf�d Í]vikhGipTFhzd�TFhzikxjik�&d�xtg�xj�Fd�f¢�Fg&ikf�d�g.���qRUTFVs�¦ikVsxt�¶D¶xt�Fd�wFrp�Fo� ªipT9�qRUTFV~ 
�¦ipV�xt�,VFikhjf��shjhjd)VCipT�ceRUTFoC�È�U�&�1y��ÜD>xj�Fd�rpd�R���ikTFo. ³g&TFdy ³hj�F�²´zd�f)xGg&�sx	f)ljg&hzh¥ ³�.RUrkipVqR�xtipgUTM�FhzipTFo{xj�Fd�csa
d�h¥xtikm{R.xjd�V|¬�ljR.xt�sd�l¦xt�qRUT7xt�sd�wFlzg&w>gUhjd�V�Í¬n�5g&�FrkVMR.rpr�hjd)lz�Ud�xt�Fd�wF�Flzw>gUhjdU��¡�qR.x\iph�Dq�¦i�xt�7xt�Fd#wFljg. 
w¯g&hjd)V�d�hzxjipm(R.xtikTFo¦wFljg~f�d)VF�FlzdUD&�¦�Fikf¢��VqR.xtR� ªVFlzik�Ud�T��qR.TFVs�¦ipV�xt��xjg��Fhzd�iph!TFgUx!gU�ºwqRUl¥xtipf)�Fr|R.lÀf)g&TFf)d�ljT¶D
R.x�rkd�RUh¥x�R.hz4~m(w�xtgUxjipf�R.rprk4U��¨�T�iprprk�FhzxjltR.xjipg&T�gU�>xj�Fiph�wF�sd�TFg&m�d�Tsg&T(ikh�wFljg��~ipVsd�Vnxt�Flzg&�Fo&�(R�hzipm��sr|R.xjipg&T
hzxj�FVs47ikTMÉ~d�f)xjipg&TvIs�~�\�AQR3T�k%ysÁ ��ipT�RUTsVI��RUljlzg&rpr1���U�U�s��R��©RUrprkg<�5d�V{VFi.O>d�lzd�T�x¡��gUlj§²ipTFo�f)g��UR.lji|R.TFf�d)h�ipT�xj�Fd�ikl�d�h¥xtikm{R.xjipTFo
d�Ã²�qR�xtipgUTFhGgU�®¬s�©Ìz��RUTsV»]©�	¡�siphGikh�m�gUxti��UR�xtd�VM�²4Ixt�sd��ÎRUf)x\xt�qR.x�xt�Fd�m�g&h¥xGd)��f)ipd�T�x�f)g&T��&d�T�xjipg&TqR.r
§Ud)ljTFd)r!d)hzxjipm(R.xtg&l�ljd�Ã²�Fikljd)h\iko&TFg&lzipTFo�f)g&ljlzd�r|R�xtipgUT£D��¦�Fikrpd�R�m(gUljd�d)��f�ikd�T�x�d�h¥xtipm(R.xjg&l¡gU�+]¤ljd)Ã~�sipljd)h
RUf)f�g&�FT�xjipTFo���g&l!f)g&ljlzd�rpR.xtikg&T£��¨Shzipm�ipr|R.l�RUwFwFlzg�RUf¢�#f�RUT��¯d�R.VFg&wsxjd�V�ikT�g&�sl!m�d)xj�Fg�V#��4#hzipm�wFrk4G�FhjikTFo
À Y �"RUTsV»À Å �!xjg{ljd)wFr|R.f�d�À:�!ipTe�#y��¡RUTsV��Î±��yDºljd)hjw¯d�f)xjik�Ud�rk4U�¦¡�Fd�VFd)w>d)TFVFd)TFf�d�g.�1xt�sd�ljd)hj�Fr�x�g&T»À Y ikh
ipm�wFrkipf�i�xtr�4	d�m��¯d�VsVFd�V�ipT�h��D��¦�Fikrpd�o��#À¤��¾¡��Tsd�d�Vsh©xjg	�>d¦ljd)wFr|R.f�d�Vn��4[o��#À Å �!¾¡�Ü�ªK\g��5d)�Ud�l�D~xt�Fd)ljd¡ikh
TFg�R.Vs�.RUT�x¢RUo&d�gU��VFgUipTFo�xt�Fikh�ikT{g&�Fl���ltR.m(dy��g&lz§ºD�hzipTFf)dGg&�Fl©ljd)hj�Fr�xth�hz�Fg���xt�qR.x5�¦�Fd�T�À Y �óÀ Å �¥¾�D
g&�Fl	m�d)xj�Fg~V,o&ik�Ud�hGxt�sd�m(g&h¥x	d)��f)ipd�T�x�d�h¥xtikm{R.xjg&ljh�gU�©�>gUxj�{¬F�©Ìz�GR.TFV»]��"_q�Flzxj�Fd�l)D�ik���5dnRUrprkg<�ÙÀ Y
RUTFV¼À Å xjg��¯d�VFi.O>d�lzd�T�x¦ipT7g&�sl�m�d)xj�Fg~V£DqR�f�g&Tshjiph¥xtd)T²x�d)hzxtikm{R�xtg&l¡gU�0]elzd�Ã²�Fikljd�h¦�FTsVFd�lzhjm�g�gUxj�FipTsoF�
¡�Fd	d�h¥xtikm{R.xjipg&Tn��ltR.m(dy��g&lz§(f)g&TFhzipVFd)ljd�V���4�F¶d�o&d)l¡RUTFV�°Giko&o&rkd��Ó��G1GU±��©iph�R�hjw¯d�f)i|RUr>f�RUhzdGgU��xt�sd

f�gUT²�Ud�T�xtikg&TqRUr�wFljgU®Frpdy ³§Ud)ljTFd)r�d�h¥xtipm(R.xjipTFo9hzxtlz�Ff)xj�Fljd�g.���À���"É�w>d)f�i�®qf�RUrkrk4UD1xt�Fdy4�RUhzhj�Fm�d�V��5g&lj§²ikTFo
ipTsVFd�w¯d�TFVsd�TFf)d�À Y ��g&l	d)hzxjipm(R.xtikTFoh¬F�(Ìz��R.TFV�R�TFg&T~ ªVFipRUo&g&TqR.r¤À Å �¦�Fikf¢�eRUf)f�g&�sT²xjh#��g&lGxj�Fdn�¦ikxt�sipT� 
f�rk�Fhzxjd�l�f�g&lzljd)r|R.xjipg&T,��g&l�d�h¥xtikm{R.xjipTFo�]��{�!� ljd)��d)ljlzd�V¤xjg�RUT}d�N~xjd�TFhzipg&T�g.��xt�sd�ipl�d)hzxtikm{R�xtg&l�RUh�xt�sd
gz�FTsVFd�lÓ ªhjm�g~gUxt�Fd)V�wFljg.®qrpdÜ ª§Ud)ljTFd)r�d)hzxtikm{R�xtg&l)Dîr,�¦�Fd)ljdh¬F�(Ìz�#iph��FTFVFd)ljhjm�g~gUxt�Fd)V�xtg,o&�FRUltRUT�xjd�d�xt�sd
d�h¥xtikm{R.xjg&l�gU�:]�xjg��¯d d fº ªf)g&TFhjikhzxjd�T�x��1Ï��Ud�T�xt�sg&�Fo&�"F¶d�o&d)l"RUTFV�°Gipo&oUrpd�f�R.ljlz4�g&��x!xj�Fd�ikl!f�RUrpf)�Fr|R.xjipg&T
�¦ikxj��R{�FRUf¢§�®FxjxjipTFo�m�d)xj�Fg~V�RUTFV9��d�lzd�RUrkrk4�f)g&TFf)d�T�xtljR.xtd�g&T9§Ud)ljTFd)r"wFljg.®qrpd�d�h¥xtipm(R.xjipg&T£Dq�sd�ljd�R.� xtd)l
�5d\lzd)��d�l�xtg�xt�sd\d)hzxtikm{R�xtg&l�gU��]M�FhzipTFo��5g&lj§²ipTso�ipTsVFd�w¯d�TFVsd�TFf)d%À Y RUTsV{d�h¥xtikm{R.xjd�V¸À Å RUh�xt�Fd2F¶d)o&d�lÓ 
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°GipoUo&rpd��AF£°���d�h¥xtikm{R.xjg&l�xjg�f)ljd)VFikx¡xj�Fd�m ��g&l�xj�Fd�ikl¡g&ljiko&ipTFRUr>ikVFd�R�gU�!f¢�Fg~g&hjikTFo�xt�Fd�wqR.ipl��AÀ Y �!À Å �Ü�
Æ\gUxjd�xt�qR�xnipT�xt�sd�g&l¥4�xt�Fikh��FTFVFd)ljhzm(g~gUxt�sd�Vvd�h¥xtipm(R.xjg&l�ikh�hzxtikrpr5TFgUx�hzd�m�ipwqRUljRUm�d)xtlzipf(d)��f�ikd�T�x

d)�Ud�T��¦�Fd�T{RUhjhz�Fm(ikTFo*À Å �ó¾��ªw	�sl�T~�sm(d)ljipf�RUrqRUh¥4~m(wsxjgUxtikf¡ljd)r|R.xjik�&d¡dy��f�ipd)TFf)4nh¥xt�FV�4�ipT(É�d)f)xtikg&TÖz
hj�so&o&d�h¥xth�xt�FR.x1xj�Fiph"d)hzxjipm(R.xtg&l!�qRUh�RG�sipo&��lzd�r|R�xtik�Ud�dy�(f)ipd)TFf)4U�¤K\g���dy�&d)l�D~RUh�w¯g&ipT�xtd)V�g&�sx�ikT��À��DUxt�sd
f�gUTFhjikhzxtd)TFf)4IgU�1xt�Fd�F£° d)hzxtikm{R�xtg&l¡gU�&]�ljd)Ã²�Fiplzd�h��sTFVFd�lÓ ªhzm(g~gUxt�sipTFonipTId�h¥xtikm{R.xjipTFoQ¬s�©Ìz�y��_º�slzxt�sd�l�D
RUh�R.rphjg�w>g&ikT�xtd�V�gU�sx"ikTn�!��DUR�wFljRUf)xjipf�R.rsVFljR��¦�FRUf¢§�gU�ºxj�Fiph!d�hzxjipm(R.xtgUl1iphÀxt�qR�x�Rhgzljd)o&�FrpRUl5r\htRUTFV��¦ipf¢�
�.RUljipRUTFf)d\d)hzxtikm{R�xtg&l�f�R.TFTFgUx5�>d\�sxtikrpiku�d�V¶�1¨��UR.lji|R.TFf�d�d�h¥xtipm(R.xjg&l���g&�srpV{d)ikxj�Fd�l5ipT��&g&r��&d�d�m�wFiplzipf�RUrpr�4
d�h¥xtikm{R.xjipTFo�xt�Fd	f)g&m�wFrpikf�R.xjd�V*� Y RUTFV�� Å xtd�lzm(h�o&ik�Ud�T�ipT�¨\wFw¯d�TFVFi¯N�¨#��z�g&l�R��>g~gUxth¥xtljRUw�m�d)xt�sg�V£�~�\�AQR3T�kG±FÁ É~ipTFf)d�o��#À¤��¾¡�¦ikh�m�ipTsipm�ipu�d)V{�¦�Fd)TtÀ¹��¾�DqiÈ�Úd.�kDq�¦�Fd)T9xj�Fd#f)g&ljlzd�fyx\f)g��UR.lji|R.TFf�d�hzxjlj�FfÜ 
xt�sljd�iph�hjw¯d�f)ik®qd)V£DsÇ�lzg&w>gUhjikxjipg&T(�	ipm�wFrpikd�h1xj�qR.x©xt�Fd�wFlzg&w>gUhjd�V(d�h¥xtipm(R.xjg&l�iph�m�g&ljd¦d)��f)ipd�T�x©xt�qR.T(xt�sd
csa�d)hzxjipm(R.xtg&l5xt�qR.x¦�shjd�hCÀ �cïºDFxt�Fd�ikVFd�T�xti�xª4�m(R.xtlzi�N>�~�\�AQR3T�k�z�Á Ç1RUljRUrprkd�r�xtg,h¥x¢RUTFVFRUljV ��Ï©Ï�hI�Î��ipRUTFo,R.TFVF¶d�o&d)l�D¦��G1L3I��yD�i�x�f�R.T«�¯d�hz�Fg��¦T«xj�qR.x�g&�sl
d�h¥xtikm{R.xjg&l�iphnh¥xtiprkr�f�gUTFhjikhzxtd)T�x(�¦�Fd)T xj�FdI�5g&lz§~ikTFo}f�g��.RUljipRUTFf�dIm(R.xtlzi�NeÀ@ikh�m�iphzhjw¯d�f)ik®qd)VSRUTsV ikh
m�g&hzx�dy��f�ipd)T�x��¦�Fd�TßÀ�iph�f)g&ljlzd�fyxtrk4ehjw¯d�f)ik®qd)V£�ewG���~ipg&�Fhzrk4UD©m�g&lzd�d)��f�ikd�TFfy4�f�R.T��>d�o�R.ipTFd)V��²4
RUVFgUwsxtikTFoMR7m�g&ljdnf�gUm(wFrkipf�R.xtd)V}d)hzxjipm(R.xtikTFo7d�Ã²�qR.xjipg&TC��g&l�] �FTFVsd�l�f)d�l¥x¢RUikT¤hzw>d)f�i|R.r©m�g~VFd�rkh	hj�Ff¢�
RUhnxt�FgUhjd7�¦ikxt�«wqRUl¥x�gU��È �>d)ipTFot]�D�iÈ�Úd.�kD©xt�Fd)ljdMikhnipTs��g&lzm{R�xtipgUTe��g&l�] �¯d)4&gUTFVSxt�sd9m�d�RUT¶�S¡�Fikh
�qRUh��>d)d�T,VFg&Tsd�ipT9wqRUltR.m(dyxtljikf#f�RUhjd)h��Îhzd�dUD¶dU� oF�kD¶Ç�ljd�T�xjipf�dnR.TFVtF¶�qRUgsD!��G3Gs�&Â���lzg��¦VFd�l)DÀ�U�&�s�<�Ü�\¨\h
w¯g&ipT�xtd)V�g&�sx¡ikT{xt�sd	rpikxjd�ljR.xt�FlzdUD�RUrphzg�hj�FRUljd)VI��4{g&�Fl�g��¦T7d�N�w¯d�ljikd�TFf)dUDFrkikxzxtrpd�ipT���g&ljm(R.xtikg&T�iph�o�R.ipTFd)V
��ljgUm^xj�Fd�RUVFVFd)V7f�g&m�wFrpd!N�ikxª4&�1¨ ljd�rkd)�.RUT�x¡VFikhjf)�Fhjhzipg&T7iph5o&ik�Ud�T7ipTI��lzg��¦VFd�l��È�U�&�s�<����g&l�wqR.ltRUm�d)xjljipf
f�R.hjd�h)�2aªTIxt�Fikh\lzd�hzw>d)f)x�D>iphzhj�Fd)h\xtg(�>d�f�gUTFhjikVFd�lzd�VM��g&l¦wFlzg&w¯g&hjd)V�d�h¥xtipm(R.xjg&l�RUljd�xt�Fd#htRUm�d	xtg�xt�Fg&hzd
ipT7wqR.ltRUm�d)xjljipf�m(g~VFd�rkh��

_qg&l�hjikm(wFrkipf)ikxª4&D<�5d�RUhzhj�Fm�d¦ipT�g&�sl�RUhz4~m�wsxtgUxjipf��5g&lj§#xt�qR.x�xj�Fd¡��gUlj§²ipTFo�f)g&ljlzd�r|R�xtipgUT�wqRUljRUm(dyxtd)l
�&d)f)xjg&lCÈ�ikT»À`iph�§~Tsg<�¦T¶�Ca³xGf�RUT��¯d�d)hzxtikm{R�xtd�VI�~i|R�xj�Fd�m�d)xj�Fg~VMgU��m�g&m�d�T�xth��FhzipTFo�R�Ã²�qRUVFljR.xtikf
���FTFfyxtikg&TSgU�*�Q´Úh)�ó_qg&rkrpg��¦ipTFo}��ipTSRUTFV ��RUlzljg&rkr����U�U�s���º�ÜD¡ikx(f�RUT �¯dMhz�Fg��¦T xt�qR�x�g&TFf)d�hj�sf¢��RUT
d�h¥xtikm{R.xjg&l�gU�È�f)g&T��&d)ljo&d)h�ipT(wFljg&�FRU�Fiprkikxª4�xjg�hzg&m(d È º R�x¡R�d f¯ ³ltR.xjdUD²xt�Fd)T{xt�Fd)ljdGikh5Tsg�RUhz4~m�wsxtg.xtipf
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O>d�fyx	g&T�gU�Fl�d)hzxtikm{R�xtg&lzh�gU�¤]vRUTsVt¬F���ï��VF�sd�xtg�d)hzxjipm(R.xtikg&T9g.�ªÈ£D¶iÈ�Úd.�kD¶Ç�ljg&w¯g&hji�xtikg&T���hzxtikrpr��Fg&rkVFh��
aªT�R.VFVFikxjipg&T¶D£�¦ikxt�tÈ¤�>d)ipTFoIgU��®FTFikxjd�Vsipm�d�TFhzipg&T£D���g&rkrpg��¦ipTso�ljd�m(RUlz§»ys�×�7gU��3�d�oU�FT£D+K\RUrprÈDuK\�qR.TFo
RUTFV�c¤d�rkrpTFd)l¦�¥��G3L1y��yDUikx�f�RUTn�>d¡hz�Fg��¦T�xj�qR.x�xt�sd¡hjd�m�ipwFRUltRUm�d)xjljikf5ikTs��g&ljm(R.xjipg&T#�>g&�sTFVno&ik�Ud�T�RU�¯g<�Ud
ljd)m{R.ipTFh¡xt�sd�htR.m(d��¦�Fd)xj�Fd�l È�ikh�§²TFg��¦T,g&l¦d)hzxtikm{R�xtd�V¶����g&TFhjd)Ã²�Fd�T�xtr�4&D£ikTIxj�Fd�f�RUhzd#�5d�f�g&TshjipVsd�l�D
g&�Fl�d)hzxtikm{R�xtg&l�gU�S]�iph�hzd�m�ipwqRUljRUm�d)xtlzipf"dy��f�ipd)T�x!�¦�Fd)T ÍÈ#iph d fnf)g&TFhjikhzxjd�T�x1xjg\f)d�lzxtRUipT�È:º��0_qg&rprkg��¦ipTFo
��RUlzljg&rkr�D²ce�IRUTFVIÐ¦�FwFw¯d�l¥x#�¥��G1L3L��yD�g&TFd	f�gU�FrpV�i�xtd�ljR.xti��&d)rk4(�Fw>VFR.xtdGxj�Fd	d�h¥xtipm(R.xjd�VMÈIRUTFV7TFgnm�g&ljd
xt�FRUT¼y�`~±�ikxjd�ltR�xtipgUTFh¡gU�Àxt�Fikh¡wFljg~f�d)hjh�hj�Fg&�srpV7hj�s��f)d#dy�&d�T9��g&l¡hjd)f�g&TFV8`~g&ljVsd�l¦wF�Flzw>g&hzd�h)�
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