
Harvard University
Harvard University Biostatistics Working Paper Series

Year  Paper 

Statistical Inference for Infinite Dimensional
Parameters Via Asymptotically Pivotal

Estimating Functions

Meredith A. Goldwasser∗ Lu Tian†

L. J. Wei‡

∗Harvard School of Public Health, mgoldwas@hsph.harvard.edu
†Harvard School of Public Health, ltian@hsph.harvard.edu
‡Harvard School of Public Health, wei@hsph.harvard.edu

This working paper is hosted by The Berkeley Electronic Press (bepress) and may not be commer-
cially reproduced without the permission of the copyright holder.

http://biostats.bepress.com/harvardbiostat/paper7

Copyright c©2003 by the authors.



���������	�
���	������	������������������������� �!���"��� #��	$ ��������������&%��'����$ �(�)�*���
+ ��� ���-,.$ % �)�/���	����	", %�� + �0�)��1�*�
���	$ �����	��2 ��3��������������

46587:9<;'9>=�?A@CBED�;*FGFIHKJ�LM@�9ONEPQ;(RTSCUCVW@�9YXO9GDZH�P
B�["\<]_^a`cb�[�de`�f_g)4ihjf�ka`l]m`nhjka`chjo"k

p(]_^aqm]_^nrsFIoltOfuf�vwf_g-x�yOzOv{hjoAp|[�]_v{`nt
}�~�~ p|yOde`ch{dO�_`nf�d8;|q�["d�yO[
4if�k�`nf�d�LM7 ;��e�u��� ~

b���f_vjrG�i]_kl��tOk�\Ot�9�t<]_^aq_]m^nr�9�[�rOy v�`ch�]mdM��tOkn\Ot�9�t<]m^�qm]_^nr�9�["rOy��i["h���knrO]_o_9�t<]_^aq_]m^nr�9�[�rOy

���
��� S
���

FIyO\O\>f�k�[(`ct<]�`E]'o"f�dOknh{k�`n[�de`E[�ka`ch{b�]m`nf�^�g�f�^6]_d�hjdI�<dOh{`n[���rOhjb�[�dOk�hjf�dO]_vO\<]_^n]_b�["`c["^io�]_d�z>[(^n[�]_rOh{v{5
f�zG`c]_hjdG[�r�quhj]:]!kn["`�f_g�["k�`nhjb�]m`ch{dO��g�yOdOo"`nhjf�dGk���tOh{olt1t<]_k�]�����fufIr� �v{fIo�]_vEvjh{dO[	]m^/]_\O\O^�f¢¡Ih{b�]m`nhjf�d
]_^�f�yOdOr�`ntO[£`c^�yO[£qm]_vjyO[if_gM`ctO[E\<]m^c]_b�["`n[�^�9)p|f¢�6["q�["^�Luh{`)b�]	5�z>[£rOh�¤�o�yOv�`�`cf*["k�`ch{b�]�`c[i`ntO[iqm]_^nhj]_dOo"[
g�yOdOo�`ch{f�d¥f_g6`ctOh{k¦["k�`nhjb�]m`cf�^��6[�v{v§9�D:[�k�tOf¢�¨`ct<]�`'h�gi`ctG[�k�["`�fmg£[�ka`ch{b�]m`nhjdO�©g�yOdGo"`ch{f�dOk�["qm]_v{y<]m`c["r
]m`/`ctG[.`n^nyO[8\<]_^n]_b�["`c["^0q_]mvjyO[8hjk©�Y]_k�5ub�\G`cfm`chjo�]_vjv�5¥\Gh{q�fm`l]_vª {L�`ctO["d�`ntO[!���<rOyGo�h�]mv§ �rOh{k�`n^nhjzGyG`ch{f�dWf_g
`ctG[*\<]_^c]mb�[�`c[�^io	]_d8z>[�yOkn["r.`nf/]_\O\O^�f	¡Gh{b�]�`c[(`ntO[*rOhjka`c^�hjzOyG`nhjf�d�f_gC`ctOh{k£o�f_dOknh{k�`c["de`|["k�`nhjb�]m`cf�^"9)D:[
\O^�[�kn["de`(`ctG^n[�[¦[�¡G]_b�\Ovj["k�`nf�h{vjv{yOk�`n^c]m`n[�`ct<]m`�`ctG[¦o"f�^n^�[�kn\>f�dOrGhjdO��hjdGg�["^n["dOo�[�g�f�^E`ctO[�\<]_^n]_b�[�`c["^|o�]_d
z>[�b�]mrO[ quh�]&]&k�hjb�\Ovj[.knh{b�yOvj]m`ch{f�d�`n[�oltOdGhj«�yO[���h{`ntOf�yG`�hjdeq�f�v�quhjdO�&o"f�b�\Ovj[¬¡�L�tOh{��tI��rOhjb�[�dOk�hjf�dO]_v
dOf�dG\<]_^c]mb�[�`c^nh{o�rO["dOknh�`Q58[�k�`nhjb�]m`c["k�9

¯®m°�±�²m±"³A´6®mµ�¶m·�¸�¹ f�dG�OrO[�dOo"[�z<]_dOr�º�H�k�`nhjb�]m`ch{dO�(["«�y<]m`ch{f�d�ºu=A]_yOk�knh�]md0\O^nfuo�["knk�º�x�h{q_f_`l]mvG«�y<]_de`ch�`Q5>º
» y<]_de`ch{vj[�^�[���^�[�k�knhjf_d�º>FIyO^aqIh�qm]_vC]_d<]_v�5uknhjk"9

Hosted by The Berkeley Electronic Press



����� U������
V �
	 ����-U

FIyO\O\>f�k�[�`ct<]�`'�6[©]_^n[�hjde`c["^n[�ka`c["rWhjd¥b�]���hjdG� hjdIg�[�^n["dOo�["k0]_z>f�yG`']_d&h{dG�<dOh�`c[���rOhjb�[�dGknhjf_d<]_v�\<]��
^c]mb�[�`c[�^������������������! #"%$�z<]mkn[�r/f�d�](k�5uk�`n[�bTf_g>]_k�5ub�\G`cfm`chjo�]_vjv�5*yOd�zOhj]_kn["r0[�k�`nhjb�]m`ch{dO��g�yOdOo"`nhjf�dGk
&(' �)�*�+���-, ' �)��º����.���/ #"%$0�G��tO["^n[!"�hjkE]md©hjde`c["^�qm]_v�h{d213�4�������K]mknknyGb�["k£q_]mvjyO["k£hjd2165�LO]_dOr27 h{k
`ctG[�f�zOk�[�^�qm]_zGvj['^n]_dOrOf_b «�y<]_de`nh{`Q5�9*?�g�`n[�d ]�o"f�dOk�hjk�`n[�de`*["k�`ch{b�]�`cf�^38� ' �9�;:� ' ����.���< ="%$/g�f�^>�@?A�
`ctG[A`n^nyO[*qm]_v{yO[*f_g��B�<o�]_d8z¯[A^�[	]_rOh{v{5�f�zG`l]mhjdO["r.ze5©k�f�v{quh{dO�0`ctO[A[�«�y<]�`chjf_d

&(' �)�C�+D ��E �a�FE{���

P�g &(' �)�*��t<]mkE]�����fIfur� �vjfuo	]mv>v{hjdO[�]_^K]_\O\O^�f	¡Gh{b�]�`chjf_d�]_^�f�yOdOr2�>?G�u`ntO[�k�`c]_dOr<]m^nrOh{kn[�r 8� ' o�f�deq_[�^n�_[�k
�6[	]���v{5Z`nf1]1=�]_yGknknhj]_d \O^nfuo�["knkH��qm]_d rO["^JIK]_]_^�`�L0�LKFK ~ �c9 p�f �6["q_[�^"L¦`ctG[!qm]_^�h�]_dOo"[���o�f¢qm]_^nhj]_dOo�[
g�yOdOo�`ch{f�d:fmgi`ctGhjk�vjhjb�h{`nhjdO��\O^nfuo�["knk¦o	]_d:z¯[/\O^�f�tOhjzGh{`ch�q�["v{5�o"f�b�\Ovj[¬¡�9�P�`¦h{kA^c]m`ntO[�^�rOh{¤�o"yOv{`�L-h�gidOfm`
hjb�\>f�knk�hjzOv{[_L¢`cf�ka`cyOrI5¦`ntO[£v�]m^n��[�kc]mb�\Ov{[i\O^�f�\>[�^�`nhj["k-f_g+8� ' ]_d<]_v�5�`chjo�]_vjv�5(quh�]�`ctOh{k�=A]_yOk�knh�]md�\O^nfuo�["knk"9

PQd0]�^n[�o"[�de`�`n[�oltOdOh{o	]_vu^n["\¯f_^�`Cg�^nf�b `ntO[!M�dOh{q_[�^�knh{`Q5AfmgOD&]mkntOh{dO�_`cf_d�L_XO9�;'9¢D:[�v{vjdO["^-]mdOrON�9�P�tO]_d
\O^�f quh{rO[�r ]�g�f_^nb�]_vRQ�yOk�`nh{�<o�]m`ch{f�d f_g�H�g�^�f�d� �k�z¯fuf_`nk�`c^n]_\ b�["`ntOfurS�ªH�g�^nf_dUT NEh{zOkntGhj^c]mdOh§LC�LKFK�VW�ig�f_^
b�]���hjdO��h{dGg�[�^�[�dOo"[�k�]_z>f�yG`X�@?0quh�] ]�kn\>[�o"h{�<o�`Q5u\>[8f_g�[�k�`nhjb�]m`ch{dO� g�yOdGo"`ch{f�d�L���tOh{olt�h{k0]�knyOb�f_g
hjdGrO[�\>[�dOrG[�de`	L<h{rO[�de`ch{o	]_v{v{5/rOh{k�`n^nhjzGyG`c["r©^c]_dOrGf�b «�y<]md�`nh{`nhj[�k"9�PQd©`ctOh{kE]_^�`nhjo"vj[_L��6[*rO[	]_v¯��h{`ct�]�b�yOolt
��hjrG[�^�o"v�]_k�k�fmg*[�ka`chjb�]m`nhjdO� g�yOdOo�`chjf_dOk�]mdOr rO["^nh{q_[�]!^n[�vj]m`ch�q�["v{5�knh{b�\Gvj[8^n["kc]_b�\Ovjh{dO�!b�[�`ctOfur�g�f_^
k�`nyOrG5uhjdG��`ntO[A\O^nf�\>[�^a`ch{[�kEf_g 8� ' E

FIyO\O\>f�k�[(`ct<]�`<�-, ' �Y�@?	º��������! Z"[$Ao"f�deq�["^n��["ki�i[�]���v{5�`cf']�=A]_yOknk�h�]_d�\O^nfuo�["knk!\ �]�-^_���������! 
"%$0����tOf�k�[�rGhjk�`n^nh{zOyG`ch{f�d�b�]	5�rO[�\>[�dGr:f�d`�@?AEwNEtO[/\O^�fIo"[�k�k &(' �Y�@?a��h{k�� ]_ka5ub�\G`nf_`ch{o	]_v{v{5.\Oh�q�f_`c]_v§ 
h{g-g�f�^|]_de5sf_zOkn["^�q�["rcb�f_gd7�f_dO[¦o�]_d���["dO[�^n]m`c[mL>��h�`ctOf_yG`e��dOf¢��h{dO�f�@?A�¯]�^c]mdOrOf�b \O^�fIo"[�k�k@\hg*�
�-^ig0���������6 j"%$*��tOh{olt�o�f_d�q_[�^���[�k£�6[	]���v�5�`nf'`ctO[|kc]_b�[(v{hjb�h{`nhjdO��\G^nfuo�[�k�k!\9EO@w["`k�>lg �]����lg ���������! 
"%$�z>[�]/^n]_dOrOf_b g�yOdOo�`chjf_d8��tGhjolt.hjk�]0knf�v{yG`ch{f�d�`cf/`ctG[�ka5uk�`c["b f_g-k�`cfuolt<]_ka`ch{o�["«�y<]m`ch{f�dOk

�-,mgn�Y��º����+Do^ig0���������! #"%$0E �a�FE �n�

�

http://biostats.bepress.com/harvardbiostat/paper7



M|dGrO[�^K]Akn["`Kf_g¯^n["��yOvj]_^nh�`Q5�o�f_dOrOh{`nhjf�dGk�f�d &(' �Y�*�
��h�q�["d�h{d��£�IL�`ntO[�rOhjka`c^nh{zOyG`nhjf�d0f_g+�.8� '�� �>?G�-o�]_d
z>[*]_\O\O^�f	¡Gh{b�]�`c[�r©ze5�`ctO[*o"f�dOrOh�`chjf_d<]_vMrOhjka`c^�hjzOyG`nhjf�d�f_g �Y�>lg � 8�eg��.EIP�`Ehjkihjde`c["^n[�ka`ch{dO��`cf0dOfm`c[(`nt<]m`	L
h{g��Th{k|]0�<dOh�`c[¬�QrOh{b�["dOknh{f�d<]_v¯\<]_^c]mb�[�`c[�^�]_dGr.`ntO[¦rGhjk�`n^nh{zOyG`ch{f�d©f_g+\ hjkEg�^n["[�fmg �@?L� �>lg ��["dO[�^n]m`c["k
`ctG[�k�fm�Qo�]_vjv{[�r��<rGyOo�hj]_vwrOhjka`c^�hjzOyG`nhjf�d�f_gd�3E

D¥[iyOkn[i](knh{b�\Ov{[�[�¡G]_b�\Ovj[�`cf�h{vjv{yOk�`n^c]m`n[�`ntO[io"f�dOo"[�\G`�fmgM]_d0]_ka5ub�\G`nf_`ch{o6\Gh{q�fm`	9-@C[�`�7 z>[£]|^c]_dI�
rOf�bTkc]_b�\Ov{[<�����a�	�
�
������0$|g�^�f�bT]�rOhjka`c^nh{zOyG`nhjf�d�g�yOdOo"`nhjf�dj���A? ����.� ��� � � ��� $0��vj[�`X:� ' ��� �Cz>[£`ctG[
[�b�\Oh{^nhjo�]_v�rOh{k�`n^nhjzGyG`ch{f�d©g�yOdOo"`nhjf�d�L¯]mdOr v{["`e, ' �)�0º ��� ��� ����� � :� ' ����� � �R�����$*����� ������� ��

� � ��� ���
�! 

��� � ��������$0����tO[�^�["� �#� ��hjk*`ctO[�hjdGrOhjo�]m`cf�^�g�yGdOo"`nhjf�d�9�NEtO["dh�-, ' �Y�@?¢º����.� �C "%$©o"f�deq�["^n��["k¦�6[	]���v{5
`cf�]%$�["^nfm��b�[�]_ds=�]_yGknknhj]_d8\O^nfuo�["knk[\9EMR|f_`n[A`nt<]m`�`ctG[�o"f¢q_]m^nh�]mdOo�[*g�yOdOo�`ch{f�d8f_g-`ntOhjkEv{hjb�h{`nhjdO�¦\O^nfm�
o�["knk8k�`nhjv{v|rO["\¯["dOrOk8f�d �@?AEE@w["`f^Ug0����=� � � ����� � ��

� � ��� �'&
�( ��� � :�Gg0�����$�) � �6��tO["^n[*&�hjk�`ctG[

f�zOk�[�^aq�[�r qm]_v{yO[.f_g+� �6]mdOr���) � ��,Z� ���	�
�
�����
$�hjk�]:^n]_dOrOf�b kn]_b�\Ovj[8g�^nf�b�`ntO[ ka`l]_dGr<]_^nr1dOf�^a�
b�]_v-rGhjk�`n^nh{zOyG`ch{f�d�L>��tOhjolt hjk(hjdOrO["\¯["dOrO["d�`AfmgK`ntO[0r<]m`c]G9¦465s`ntO[0yOdOh�g�f�^nb�o�f_dOknh{k�`c["dOo"5�f_g@8�@g�]mdOr
`ctG[.o"f�dOrOh�`ch{f�d<]_v6b�yOv{`nhj\Ov{hj["^¦o"[�de`c^n]_vEvjh{b�h�`¦`ntO[�f�^�[�b ��q_]md�rG[�^BIK]�]_^a`XT�D:[�vjv{dO[�^"L��LKFK } LK@w[�b�b�]
�I9 KG9 ~ �lL�\ g�o�f�deq�["^n��["k��6[	]-�uv�5�`cf2\9E�NEtG[�rGhjk�`n^nh{zOyG`ch{f�d�f_g \ g�h{k(g�^n["[0f_gi]_de5�yOd4��dOf¢��d:\<]_^c]mb/�
["`n[�^�k�º�`ctGhjk�h{b�\Ov{hj["k/`nt<]m`i�-, ' �Y�@?	º ����$!hjk�]_k�5ub�\G`cf_`nhjo�]_vjv�5W\Oh{q_f_`l]mv§9 P�`�g�f_vjvjf¢��k/g�^nf�b ���_9 �0�'`ct<]�`
��lg ����d� :�Gg0����� � � � �-� ��

� � ��� ��&
�. ��� � :�Gg�������$�) � EOFuhjdOo"[�`ntO[�\O^�fIo"[�knk�[�k>��8� '/� �@?G��]mdOri�)��lg � 8�egF�

]_^�[�`nhj��te`']_dOrW]_ka5ub�\G`nf_`ch{o	]_v{v{5 t<]	q�[�`ntO[�kn]_b�[�b�[	]_d¥]_dOr¥o"f¢q_]m^nh�]mdOo�[�g�yOdOo"`nhjf�d�L)h{`Ag�f�v{vjf¢��k*`ct<]�`
`ctG["5©t<]	q_[�`ntO[Akc]_b�[Avjhjb�h{`nhjdO��rOh{k�`c^�hjzOyI`chjf_d�9

PQd \G^c]_o�`chjo"[_L|f�dO[ b�]	51��[�dO["^c]m`n[!]�vj]_^n�_[�d�yOb�z>[�^�L+0 kn]¢5_L�f_g¦^n[�]_vjh{kc]m`nhjf�dOk�g�^nf�b \hgn��]mdOr
g�f�^0[�]_olt�^�[	]_v{hjkn]m`ch{f�d&f�zG`c]_hjd�] �>lg quh�]S���_9 �0�c9&P�g|h{`/hjk'^n[�vj]m`ch�q�["v{5&[�]_k�5¥`cf knf�v�q�[©["«uyO]m`ch{f�d ����9Y�0�lL
hjdIg�[�^n["dOo�["k£]_z>f�yG`6�@?io�]_d�z>[�b�]_rG[�zO]_kn["r�f�d�`ntO[�[�b�\Ohj^�hjo	]mvOrOhjka`c^�hjzOyG`nhjf�d/o"f�dOk�`n^nyOo�`c["r�g�^nf�b `ntO[�k�[
^n[�]_vjh{kc]m`nhjf�dGk�9

PQd1���IL��6[©rO[�b�f�dOka`c^c]�`c[�`nt<]m`'`ntO[�o"f�dOrOh�`chjf_d<]_v�rOhjka`c^�hjzOyG`nhjf�d:f_g*�Y� lg � 8�eg��*o�]_dWz¯[�yOkn["r�`nf
]_\O\G^nf	¡Ihjb�]m`c[�`ctO[(rOhjka`c^nh{zOyG`nhjf�d�f_g �.8� '/� �>?G��yOdOrO["^£o�["^�`c]_hjd�^n[��_yOv�]_^�h{`Q5/o"f�dOrOh�`chjf_dOk�9�PQd2�[VGLu`ntO^n["[

V

Hosted by The Berkeley Electronic Press



[�¡u`n[�dOk�h{q�[([�¡G]_b�\Ovj["k6]m^n[���h{q_[�d�`nf'h{vjvjyGk�`c^n]m`c[6`ctO[�dO["�Z\G^nf�\>f�kc]mv§9��<f�^�`ntO[��O^nk�`i[�¡G]_b�\Ovj[mLe�i[|^n["quh{knh{`
`ctG[¦f�dG[��Qkn]_b�\Ovj[mL<dOf�dO\<]m^c]_b�["`n^nhjo*["k�`nhjb�]m`ch{f�d8f_g)`ntO[¦o"yOb�yOvj]m`ch�q�[*t<] $	]_^�rsg�yOdOo�`ch{f�d.��h�`ct.o�["dOknf�^�[�r
r<]m`c]GL�]mdOr&kntGf � ["b�\Oh{^nh{o	]_v{v{5.`ct<]m`¦`ctO[�o�f�dI�<rO[�dGo�[©hjde`n[�^�qm]_v{k�]_dOr&z<]mdOrOk�o"f�dOk�`n^nyOo�`c["rWyOknh{dO� `ctG[
]_z>f¢q�[©]_\G\O^nfe]molt�]m^n[�\G^c]_o�`chjo�]_vjv�5 hjrO["de`chjo�]_v�`cf `ntOf�kn[©rG[�^nh�q�["r�]_d<]_v�5u`nhjo�]_vjv�5�g�^nf�b ka`l]_dOrO]_^nrWb�]_^a�
`ch{dO�e]_v{[�`ntO[�f_^�5 ���)v{[�b�hjdO�#T p|]_^n^�hjdO�m`cf�d�L-�LKFKG�_L ¹ t�9 } �c9*PQd�`ctO[�k�[�o"f�dOr [�¡G]_b�\Ovj[mL¯�6[0rO[	]mv-��h{`nt
]©zO^c]mdOr:dG["�¨\O^�f�zOv{[�b h{d \O^n["rOhjo�`chjdG�8`ntO[/\¯["^no"[�de`ch{vj[�kAf_gK`ctG[�k�yOzWQ�["o"`���kn\>[�o"h{�<o�knyO^aqIh�qm]_v)g�yOdOo�`ch{f�d
z<]_k�[�r�f�d¥`ntO[ ¹ f	¡&^�[���^�[�k�knhjf_d�b�furO[�v<� ¹ f	¡¯L��LK����IºK@whjd¥["`/]_vª9{Li�LKFK����c9��<f�^¦`ntO[�`ntOhj^�r&\O^nf_zOvj["bsL
�6[*rO[�^�h{q�[*o"f�dG�<rG[�dOo"[�zO]_dOrOk£g�f�^6`ctO[�^�[���^�[�k�knhjf_d.o"fI[�¤�o�hj["de`ckEyOdOrG[�^�]�«�y<]_de`ch{vj[�^�[���^�[�k�knhjf_d©kn["`�`ch{dO�
��h{`ntOf�yG`|b�]���hjdO��]_de5.\<]_^n]_b�[�`c^�hjo�]_knk�yOb�\G`ch{f�dOk|]_z¯f_yG`|`ntO[�[�^n^�f�^�rOhjka`c^nh{zOyG`nhjf�d.f�^�hjdeq�f_v{quhjdO��dOf�du�
\<]_^n]_b�["`c^�hjo�rO[�dGknh{`Q5:[�ka`ch{b�]m`n[�k"L)hjd¥o�f�de`c^n]_k�`¦`cf `ntO[�[¬¡Gh{k�`nhjdO�shjdGg�["^n[�dGo�[�\O^�fIo"[�rOyG^n[�k¦g�f�^'«�y<]_de`nhjvj[
^n["��^n["knk�hjf�d.hjd©`ctG[�v{h{`n[�^c]�`cyO^�[B���*fu[�d4�m[�^[T 7�]_oltO]_rOfOLw�LK�KFKW�l9

�<f�^i`ctG[�o	]_k�[*f_g-]¦�<dOh�`c[¬�QrOh{b�["dOknh{f�d<]_vM\<]_^n]_b�["`c["^%�@?A�Iqm]_^�hjf�yGki^n["kc]_b�\Ov{hjdO��b�["`ntOfurOk6`nt<]m`E\>[�^ �
`cyG^nz:]_d [�k�`nhjb�]m`ch{dO��g�yOdGo"`ch{f�d f�^*h{`nk*[�«�yOh�q_]mvj[�de`At<]	q_[�z>[�["d:\O^�f�\>f�kn["r¥]_dGr2Q�yOka`ch��<[�r ze5 ;(^�o�f�dO["k
T�=Ah{dO[i�a�LKFKe�n�lL�x)]_^ $"[�dW["`0]_v§9 ���LKFK	���lL�p�yST
��]mvjz��<["hjk�olt ���_�_���W�lL�X�hjd&[�`0]_vª9H���m���G�-�*]_dOr&`ctG[
]mg�f�^�[�b�[�de`ch{f�dO["r8`n[�oltOdGhjo	]mvw^n[�\>f�^a`�z�5©D:[�v{vjdO["^�]_dOr P�t<]_d�9

���� �-UCV
� ����-UCS�� V;���L���(��� � ����-U ���`�>lg

R|f_`n[©`ct<]m`#� ]mdOr &(' �Y�*�¦]_^�[.b�]_\O\GhjdO��k�g�^�f�b " `nf 165FE��Mf_^�]���["dO[�^�hjo©g�yOdOo�`ch{f�d��f�)�*� �
���3�)��º����.���/ #"%$0�_��tOf_kn[£qm]_vjyG[£hjk)]�b�]_\G\OhjdO��g�^nf�b "¥`nf�165n�_v{["`���� �f�)�C��� �"z¯[iknyO\"!�#%$'&)()� � �3�)�0º ���*� � +),��
��tO["^n[-� � �.� � + , h{k�`ctO[/k�`c]_dOr<]m^nr!HKyGo�vjh{rO[	]md:dOf_^nb g�f�^�1650Ew;|knk�yOb�[/`ctO]m`*`ctO[/rOh{k�`n^nhjzGyG`ch{f�d�f_g!\ g
hjkA��["dO[�^n]m`c["r¥ze5:].^n]_dOrOf_b [�v{[�b�[�de`0/ ��tOf�k�[�rOh{k�`c^�hjzOyI`chjf_d�hjk*g�^n["[�f_g6b(ECNEtOhjkAhjb�\Ov{hj[�k|`ct<]m`�`ctG[
yOdOo"f�dOrOh�`ch{f�d<]_vCrOh{k�`c^�hjzOyI`chjf_d f_g \ ' hjk|rO["�OdO[�r yOdOrG[�^A]�\O^�fIrGyOo"`*\G^nf�z<]mzOhjv{h{`Q5©b�[	]_k�yO^n[�1 f_g�`Q�6f
b�[	]_k�yO^n["k�1 ' ]_dOr2143��C��tO[�^�[51 ' ]_dOr2143�]_^�[���["dO[�^n]m`c["r&ze5 7 ]_dOr6/!�
^n["kn\>[�o�`ch{q_[�v�5�97�<f�^A`ctG[
knh{b�\Gvj[�[¬¡O]mb�\Ov{[�f_g�`ctO[©["b�\Ghj^nh{o	]_v6rOhjka`c^�hjzOyG`nhjf�d:g�yOdOo"`nhjf�d�b�[�de`ch{f�dO["rWhjd �.��L8/Thjk¦`ctO[8^c]mdOrOf�b
kc]mb�\Ov{[2��) � ��,@���F�	�
�
�����
$�g�^nf_b `ctO[�k�`c]_dOr<]_^�r&dOf�^�b�]mv�rOhjka`c^nh{zOyG`nhjf�d�9�PQd:`ntOhjk�kn["o"`ch{f�d�L
�i[�]_vjk�f

�

http://biostats.bepress.com/harvardbiostat/paper7



]_k�knyOb�[s`nt<]m`�z¯f_`nt]8� ' ]_dOr �>l' ]_^�[syOdGh{g�f�^�b�v�5&o�f_dOknh{k�`c["de`©[�ka`chjb�]m`nf�^nk0g�f�^#�@?AE8�Mf_^�`ntO[.`ntO^n["[
o	]mkn[�kArOh{kno"yOknk�[�r!hjd �*VGL��6[/kntOf¢� `nt<]m`*h�`*hjk(^n[�vj]m`ch�q�["v{5.[	]_ka5�`cf*Q�yGk�`ch�g�5s`ntO[0o�f_dOknh{k�`c["dOo"5 fmgK`ntO[�k�[
[�ka`ch{b�]m`nf�^nk"9�N
f!k�`cyGrG5�`ctO[8v�]m^n��[©kn]_b�\Gvj[8\O^nf_\¯["^�`ch{[�k/f_g 8� ' ]mdOr �>l' ���i[.g�yO^�`ntO[�^/hjb�\>f�kn[©`ctG[
g�f�v{vjf¢��hjdO�'o�f�dOrGh{`ch{f�dOk"9

��®��>¶������ª®����	��
 9�� � &(' ��8� ' �*���-������!�a�-�.E

��®��>¶������ª®����	��� 9iNEtO["^n['[¬¡Ihjk�`nk�]/o�f�de`nhjd�yOf�yOk�v{58h{d�q_[�^a`chjzGvj[_LMz>f�yOdOrG[�r v{hjdO[�]_^�f�\>[�^c]�`cf�^��=�O��tOh{olt h{k
]0b�]m\O\OhjdG��g�^nf�b `ntO[Akn[�`|fmg)z>f�yOdOrG[�r8g�yOdOo"`nhjf�dGk�h{de`cf/h{`nkn[�v�g LGk�yOolts`nt<]m`	LOg�f_^������F�l�IL

knyG\
����� � ��� �"!$#&%

' &(' �Y� �a� �H&(' �)� � � � � ��� ����� �Y� � � � � ��$ '
�)( � ����� ' � � � � � ' �*�+���6�����.�

��tO["^n[`�-,(hjk8]WdOf_dI�Qka`cfuolt<]_k�`nhjo�["vj[�b�[�de`�L � hjk�`ctO[ kc]mb�\Ov{[�knh $�[ ]_dGr]�+.���$:hjk8]_de5 k�[�«�yO["dOo�[!f_g
o�f_dOk�`c]_de`ck���tOhjolt.o�f�deq_[�^n�_[�k|`nf��G9

��®��>¶������ª®����	�&/ 9 ' &(' �)�>l' � � \ ' ' �0�+�+���-��E

¹ f�dOrOh�`ch{f�dOk ¹ 9{��]_dOr ¹ 9 Vs\G^nf¢quhjrO[�].g�f�^�b�]mv�hjde`c["^n\O^�["`c]m`ch{f�d:fmg£`ctO[�^nfuf_`nk¦f_gi[�«�y<]m`nhjf�dGk#�a��9{���
]_dOr �a��9Y�0�l9�;|dW[�ka`chjb�]m`nf�^¦kn]m`ch{k�g�5uhjdG� ¹ 9��©hjk'o�]_vjv{[�rW]mdW]_k�5ub�\G`cfm`chjomL���["dO[�^n]_vjh{kn[�r:g�yOdOo"`nhjf�dO]_vi78�
[�ka`ch{b�]m`nf�^/ze5�4ihjo.�m[�v�["`©]mv§9 �a�LKFKFV0�l9 �<yO^a`ctO["^nb�f�^n[mL ¹ f�dOrGh{`ch{f�d ¹ 9 � hjdOrOh{o	]m`n[�k/`ct<]�`�`ntO[ k�["`�f_g
[�ka`ch{b�]m`nhjdO�¦g�yOdOo"`nhjf�dGk�tO]_k�]/�_fIfur8vjhjdG[	]_^E]m\O\O^nf	¡Ihjb�]m`nhjf�d�dG[	]_^E`ctG[A`n^nyO[A\<]m^c]_b�["`n[�^£qm]_vjyG[_9

DZh{`nt�`ntO[©o�f_dOknh{k�`c["dOo"5&f_g 8� ' � ¹ 9��s]mdOr ¹ 9 �uL6h�`�g�f�vjv{f¢��k¦g�^nf_b�qm]_dWrO["^ IK]_]_^�`� �k��_[�dO["^c]_v{hjkn["r
q�["^nk�hjf�d.f_g)p|yOz>[�^" �k�`ctO["f�^n["b � qm]_d.rO["^%IK]_]_^�`�L��LKFK ~ ��`ct<]�`

� ����� �.8� ' � �@?G�+� � � � � � &(' �Y�@?a��$1(2�����6���)( � ����� ' 8� ' � �>? ' �.E

465�`ntO[Eo�f�de`nhjd�yOf�yOk�b�]_\O\Oh{dO��`ctG[�f�^�[�b.L�`ctO[E^�hj��te`���t<]_dOr/k�hjrO[Ef_gM`ntO[�]_z¯f¢q_[�["«�y<]m`ch{f�d/o�f�deq_[�^n�_[�k
�6[	]���v{5 `cf � ��� � � \ �.E��<yO^a`ctO["^nb�f�^n[mL�g�f�^4365 �8]_dGr:]©k�[�«�yO[�dGo�[�f_gio"f�dOka`l]_de`ckB�+.#��$�o�f�deq�["^n��h{dO�

~

Hosted by The Berkeley Electronic Press



`cf��GL<k�yOolts`nt<]m` � ����� .#��� � �OyGdOrO[�^ ¹ 9��

\O^
� ' &(' �Y�>l' � � � ��� ����� �)�>l' � :� ' ��$ '

� ( � ����� ' � l' � :� ' ' 5 3��  \O^�� ' :� ' � �@? ' 5 .#��� ' � l' � �@? ' 5 .#��� (

\O^
�

knyO\
��� � � ��� �"!$#&%
	 , � � 	 � ' &(' �)�+� � �H&(' �)� � � � � ��� ����� �)�+� � � � ��$ '

� ( � ����� ' � � � � � ' 5 3�� E

FIh{dOo�[ :� ' ]_dOrJ�>l' ]_^�[�o�f_dOknh{k�`c["de`	LOyOdGrO[�^ ¹ 9Y�¦`ctO[(^nhj�_t�`it<]_dOr©k�hjrO[(f_gw`ctO[A]mz¯f¢q�[(hjdO["«uyO]_vjh�`Q5��_fI["k
`cf��GLM]mk ��� � EONEtOh{k�h{b�\Gvjhj["k6`nt<]m`

� ����� ��8� '�� � l' ��� � � � � � &(' �Y� l' ��$�( �����a��( � ����� ' 8� ' � � l' ' �d� � � � � � \ ' � (4������� (+� ����� ' 8� '�� � l' ' �.E

NEtO[E^�hj��te`���t<]_dOr0k�hjrO[if_gM`ctO[�]_z>f¢q�[E["«uyO]m`ch{f�d0o�f�deq_[�^n�_[�k��i[�]���v{5'`nf � � � � � \ �Chjd0\G^nf�z<]mzOhjv{h{`Q5*��h{`nt
^n["kn\>[�o�`|`nf/`ntO[A\O^nfurOyOo�`�\O^nf�zO]_zOhjv{h{`Q5�b�[	]_k�yO^n[ 1kE<P�`Eg�f�vjv{f¢��k£`ct<]m`

k�yO\�������� ��� ����� �Y� l' � 8� ' ��$ �A7�� � ����� ��� ����� ��8� ' � �>? ��$
�  �*�+���6�����.�

��tO["^n[ � �#� �*hjk/]_de5&yGdOh{g�f�^�b�v�5!z¯f�yGdOrO[�r�]_dGr�@wh{\OknoltOh�`�$©o"f�de`chjd�yOf_yOk0b�]m\O\OhjdG��]_dOrW`ctG[��<^nka`�[¬¡��\>[�o"`c]m`ch{f�d � hjdOk�hjrO[�`ntO[s]_z¯f¢q_[s]mzOknf�v{yG`c[�qm]_v{yO[©hjk/o"f�dOrOh�`chjf_d<]_vif_d�`ntO[8r<]m`c]c7 E�;(v�`ctOf�yG��tW`ctOh{k
`Q5u\¯[/f_gi]_\O\G^nf	¡Ihjb�]m`ch{f�d�hjk��6[	]��m[�^A`ct<]md!`ntO[�]_vjb�f�k�`�knyO^�[/q_[�^�knhjf_d�LCh{`At<]_kAz>[�["d:yOk�[�r!g�^n[�«�yO["de`cv{5
`cf>Q�yOk�`nh{g�5©`ntO[¦qm]_v{hjrOh�`Q5�f_g�^�[�kn]_b�\GvjhjdG��b�["`ntOfurOk|h{d.`ntO['v{h{`n[�^c]�`cyO^�[Z�ªp(]_v{v§Lw�LK����W�l9 �Mf_^�`ntO[¦\G^n[�k�[�de`
o	]mkn[_L6`ctOh{k0b�[�]_dOk0`ct<]�`	L6g�f_^0v�]_^���[��+��`ntO[�^�[sh{k�]�^�[	]_k�f�d<]_zOv�5WtOh{��t�\O^nf�zO]_zOhjv{h{`Q5!��h{`nt�^�[�kn\>[�o�`�`nf
1 ' `nt<]m`*`ntO[/rOhjka`c^nh{zOyG`nhjf�d�f_ge�Y� l' � 8� ' ����o�f_dOrOh{`nhjf�dO]_v)f�dc7 �w\O^nf¢quhjrO["k']©��fufur ]_\O\O^�f¢¡Ih{b�]m`nhjf�d
`cf!`ctO[ yOdOo�f_dOrOh{`nhjf�dO]_vErOhjka`c^�hjzOyG`nhjf�d�f_gX��8� ' � �@?G��E67sf�^n[��_[�dO["^c]_v{v{5�L6h{g��m��� �'hjk�]¥o�f�de`nhjd�yOf�yOk�v{5
rOh���["^n[�de`nh�]_zOv{[�g�yGdOo"`nhjf�d�L-`ctO[�rGhjk�`n^nh{zOyG`ch{f�d¥fmg>��� ' ������� � �;:� ' ������$ � � ���A?L������$
!�� �Z "%$.o	]_dWz>[©]_\I�
\O^�f¢¡Ih{b�]m`n[�r¦z�5�`ctG[io�f_dOrOh{`nhjf�dO]_verOhjka`c^�hjzOyG`nhjf�d�f_g���� g0���� � � ���-lg ������$ � � �;:�GgW������$ ! ���6 #"%$0����tG[�^n["� ' �#� �
hjk�] ��dOf¢��d�L¯\>f�k�h{`ch�q�[*�6[�hj�_t�`�g�yOdGo"`ch{f�d8��tOhjoltso�f�deq�["^n��["k�yOdOh�g�f�^nb�v{5�`cf�]/rO["`n[�^nb�hjdGhjk�`nhjo(g�yGdOo"`nhjf�d�L
]_k �#� � EOPQdIg�[�^n["dOo�["k�]_z>f�yG`$� ���A?L�����$¦o	]_d8`ctO["d z>[Ab�]_rG[*z<]_kn["r f�d8`ctG[�["b�\Ghj^nh{o	]_v¯rOhjka`c^�hjzOyG`nhjf�d
f_g ����gn�����%�&� ����lg �����$ � � �
:�GgF������$
!����/ #"%$0E('

�*),+ S �,- ��. �

}

http://biostats.bepress.com/harvardbiostat/paper7



VG9���9�� · ����°�� ���ª®��!®�� ���I±	��
I°	
��� �����m±��������_µ�¶���
 ��� ���ª®��
@w["`	��� ?�� z¯[8]�g ]_h{vjyO^�[�`ch{b�[���h{`nt&`ctO[8o�yGb�yOv�]�`ch{q_[�t<] $�]_^nrWg�yOdGo"`ch{f�d �@?2� ���A? ����.�4�2 "�� �R� � ��$0EK?�dO[.o	]md1f�dOv�5�f�zOk�[�^�q_[!� � b�hjd���� � ?�� ��"3��]mdOr$# � � �%� � ?��  "3�.����tO[�^�[&" hjk/`ctG[

o�["dOknf_^nhjdG� qm]_^nhj]_zOvj[m9sNEtG[�r<]m`c] o�f�dGknhjka`0f_g �1hjdOrO["\¯["dOrO["d�`�L�hjrO["de`chjo�]_vKo�f�\Oh{[�k¦f_gO�%�%��##�cº�`nt<]m`'hjk�L
7 � �W��� � ��# � �.� ,J� �F� �
�
�����;$0EiN-f�[�ka`ch{b�]m`n[ ���A? ���������  " �  �#�G� � �(' $0�6��tO[�^�[c�#�8]_dOr � �.]_^�[
\O^�[�rO[�`c[�^�b�h{dO[�r�o�f_dOk�`c]_de`ckik�yOolt�`nt<]m`Kz>f_`ct�\O^A��� � �#� �)]_dGr�\O^G�%�05 � �G�)]_^n[�\>f�knh�`ch{q_[_Leo"f�dOknh{rO[�^�`ctG[
k�5uka`c[�b f_g-[�ka`ch{b�]m`nhjdO�¦g�yOdOo"`nhjf�dGk

, ' �)�0º ���d��� � �����
�) �
� �
�+* � ����� �-, #

? � �%� �/.10 �32W�R� 0 ��$0�
��tO["^n[4* � ������1# � � �%� �� ���.E<NEtO["d

:� ' �������
�) �
� �
, #

?
2�* � � 0 �� �5 � � � ��� 5 .60 � �

��tOh{olt:h{kA`ntO[0�i["vjv � ��dOf¢��d¥R�[�v{knf�dI��;�]_v{[�d [�ka`ch{b�]m`nf�^�9/4K5�`ctO[/b�]_^�`nhjdO��]_vj[¦o�[�de`n^c]_v�vjh{b�h�`|`ntO[�f_^n[�b
���-vj[�b�hjdG� T¨p(]_^�^nhjdG�_`cf�d�Lw�LKFKG��L ¹ t�9 ~ ºM;|dOrO[�^�kn["d�["`(]_v§9�LC�LKFKFVW�cL &(' �)�>? �£o"f�deq�[�^���[�k|�i[�]���v{58`cf�]
$�["^nfm��b�[�]_d!=A]_yOknk�h�]_d \O^nfuo�["knk�\9E�R|fm`c[�`ctO]m`�`ctG[�rOhjka`c^�hjzOyG`nhjf�dsf_g \ rO["\¯["dOrOkAf�d�`ntO[�yOd4��dOf¢��d
o�yGb�yOv�]�`ch{q_[0t<] $�]_^nr g�yOdOo�`chjf_d�9�@C[�`O\ ' ����<� � � ����� � ��

� � * � ���� ) � ����tO["^n[f��) � ��,[� ���	�
�
�����
$�h{k
]/^c]_dOrGf�b kc]_b�\Ov{[Ag�^�f�b `ntO['ka`l]_dOrO]_^nrsdOf�^nb�]_v�rGhjk�`n^nh{zOyG`ch{f�d�LO��tOh{olt h{k�h{dOrO["\¯["dOrO[�de`(f_g)`ntO[¦rO]m`l]G9
R|fm`c[�`ctO]m`£`ctG[�q_]m^nh�]mdOo�[*f_g+^ig0�����Kh{k � � � � ��

� � * � �������G��tOh{olt.o"f�deq�["^n��["k�`nf/`ntO[�qm]_^nhj]_dOo"[�f_g+^_�����.E
�<yO^�`ntO[�^�b�f_^n[_Luh{`�g�f�v{vjf¢��k�g�^nf�b @whjd�["`£]_v§96���LKFK�VW�
`ct<]m`�LIo"f�dOrOh�`ch{f�d<]_v<f�d�`ctO[|r<]m`l]ObwLR\ g*o�f�deq_[�^n�_[�k
�6[	]���v{5:`cf�`ntO[�kc]mb�[�v{hjb�h{`nhjdO�©\O^�fIo"[�k�kX\9�)]_dOrWo	]md�z>[���["dO[�^n]m`c["rW��h{`ctGf�yG`3��dOf¢��h{dO� �@?LE)NEtOh{k
hjb�\Ov{hj[�kK`ct<]�` &(' �Y�@?a�6h{k�]_k�5ub�\G`cf_`nhjo�]_vjv�5�\Gh{q�fm`l]_vª9

NEtO[�^nfuf_`Ef_g)[�«�y<]m`nhjf�d ���_9 �0�Kh{k

� l' �������
�) �
� �

# � � ��� �� ��� �a� � ) � �� �5 � � � �%� 5 . � � � E

M|k�hjdO�*`ntO[|b�]_^a`chjdG�e]_vj[6o�["d�`n^c]_v<v{hjb�h{`-`ctO["f�^n["b¨]_�e]_h{d�Lef�dO[�o�]_d�[�]_knh{v{5'kntOf¢� `nt<]m`�z>f_`cti8� ' ]_dOr#� l'
]_^�[(yOdOh�g�f�^nb�v{5'o�f�dGknhjka`c["d�`ig�f�^[���A? ����.���/ #"%$�9KFIh{dOo�[@,mg0�.8�egeº�����]_dOr2,mg0�Y�>lg º ��� � ^igW������]_^n[|[�¡G]_o"`nv{5

�

Hosted by The Berkeley Electronic Press



$�["^nf'g�f_^ �6 #"�L ¹ f�dGrOh{`nhjf�dOk ¹ 9���]_dGr ¹ 9 V¦]_^n[�kc]�`chjka�<[�r�9��MyG^�`ctG[�^nb�f�^�[_Luh{`�g�f�vjv{f¢��k�g�^�f�b¨H�¡G]_b�\Gvj[A�
f_g�� ~ h{d0`ctO[E`c["oltOdOh{o	]_v<^�[�\>f�^�`�ze5�D:[�v{vjdO["^�]_dOr#P�t<]_d0`ctO]m` ¹ f�dOrOh�`ch{f�d ¹ 9 �*hjk�kn]m`ch{k��<["r�9�NEtO["^n[�g�f�^n[mL
`ctG[*o�f�dOrGh{`ch{f�d<]_v>rOh{k�`c^�hjzOyI`chjf_d�f_g �
�m�Y�>lg � � �m�.8�eg���$�hjk�]���fufur©]_\O\O^�f	¡Gh{b�]�`chjf_d�`cf�`ntO[*rOhjka`c^�hjzOyG`nhjf�d
f_g �
�m� 8� ' � � ���)�@?a��$0E
NEtO[�]_z¯f¢q_[�]m\O\O^nf	¡Ihjb�]m`nhjf�d�o�]_d z¯[0yGkn[�r!`cf8rO["^nh{q_[/o�f�dG�OrO[�dOo"[�zO]_dOrOk*g�f�^��m�Y�@? �.E�; ��� ��� �

o�f_dG�<rO["dOo�[�z<]_dOr8g�f�^ � ���A?L�����$�h{k � � :� ' �����$�������� � �' �����.� � VRE{���

��tO["^n[�����hjk�]0o�yI`��Qf ��\¯f_hjde`�knyOolt.`ct<]�`
\O^ '

	 knyG\#%$'& � � ' �����  � � :� ' ������$ � � ���A?L������$  �  ����
 �T� ��� E � VRE �n�

NEtO[�����o�]_dsz>[�]_\O\O^�f	¡Gh{b�]�`c[�r8ze5� l� �G��tOh{olt hjkEf_zG`l]_h{dO[�r©g�^�f�b
\O^ 3

	 knyO\#%$'& � � g0����  � ��� lg ������$ � � �;:�Gg0������$  �  � l� 
 �T� ��� E � VRE V0�

NEtO[�� l� o�]_d z>[s["k�`ch{b�]�`c[�r�[�b�\Ohj^�hjo�]_vjv�5¥g�^nf_b 0 ^n[�]_vjh{kc]m`nhjf�dOk0g�^�f�b �m�Y� lg ��E6N
f&f�zG`c]_hjd�`ctG[ knf��
o	]mvjvj["r ["«�y<]_v���\O^n["o�h{knhjf_d o"f�dG�<rG[�dOo"[&z<]_dOr g�f�^ � ���A?L������$0���6[¥v{["` � � �g ������z>[¥]_d [�ka`ch{b�]m`n[ f_g�`ctG[
k�`c]_dOr<]m^nr8[�^�^nf�^Ef_g � � :� ' ������$0EI; ��fufIr�o�]_dOrOh{r<]m`n[�g�f�^i`ctGhjk£["k�`ch{b�]�`c[�h{ki`ctO[*kn]_b�\Ovj[�ka`l]_dGr<]_^nr8["^n^nf_^
[�ka`ch{b�]m`n[szO]_kn["r f�d1`ctGf�kn[*0 h{dOrO["\¯["dOrO[�de`©^�[	]_v{hjkn]m`ch{f�dOk/f_gB�
� ����lg �����$0���U o"%$0E6R|f_`n[ `ct<]�`�`ctG[
\>f�hjde`Q��hjk�[Ao�f�dG�OrO[�dOo"[�hjde`n[�^�qm]_v{k£g�f�^�� ���A?L������$0o	]_d ]_vjk�f/z¯[�f�zG`c]_hjdO["rsyGknhjdG��`ntOhjk�kn\>[�o"h{�<o¦k�`c]_dOr<]_^�r
[�^�^nf�^¦[�ka`chjb�]m`n[���h{`nt���� hjd � VG9{���*^n["\Ov�]mo�[�rWze5!`ctO[ �¢���4�a� ����� �0�§`ct&\>[�^�o�["d�`nhjv{[�f_gE`ctG[�k�`c]_dOr<]_^�r
dOf�^�b�]mv�rOhjka`c^�hjzOyG`nhjf�d�9

D¥[Ah{vjvjyGk�`c^n]m`c[|`ctO[�]_z>f¢q�[Aknh{b�yOv{`c]_dO["f�yOkEo�f_dG�<rO["dOo�[¦hjde`c["^�qm]_v�["k�`ch{b�]�`chjf_d©\O^nfuo�["rOyO^n[AyOk�hjdO�/`ctG[
�6[�vjv � ��dOf¢��d87�]	5�f ¹ v{hjdOh{o|r<]�`l]_k�["`Ef_g
\<]�`chj["de`cki��h�`ct�\O^�hjb�]_^�5�zOh{vjhj]_^�5/o"hj^n^�tOf�k�hjkirGhjkn[�]_kn[m9�NEtO[*r<]m`c]
]_^�[���h{q_[�dWh{d¥;(\G\¯["dOrOh�¡WB f_g �)v{[�b�hjdO� T p|]_^n^�hjdO�m`cf�d ���LKFKI�-�l9�;|v{`ntOf�yO��t:`ctOh{k¦�i]_k/] \Ovj]_o�["z¯fm�
o�f_d�`n^nf�v{vj["r!`n^nh�]mv)`cf.["qm]_v{y<]m`c[0`ntO[�rG^nyO� B|�Q\>[�dOh{o�hjv{v�]_b�hjdG[_LM`ctO[�rO^nyG�.�i]_k'dGf_`Ag�f�yOdOr!`cf.t<]	q�[�]md�5
knh{��dOh��<o	]_de`¦z¯["dO["�G`0f�d&\<]�`chj["de`'k�yO^�quh{qm]_vª9sNEtG[�^n[�g�f�^n[mL�hjd:f�yO^�]md<]_v{5uk�hjkA�i[�yGkn[�`ntO[�g ]_h{vjyO^�[0`chjb�[�k�

http://biostats.bepress.com/harvardbiostat/paper7



g�^nf_b ]_vjv �O�
� \<]m`ch{[�de`ck0��tOf:b�[�`0`ctO[.[�v{hj��h{zOhjv{h{`Q5 o"^nh{`n[�^�h�]�f_g�`ctO[.k�`nyOrG5�L£]_k�yGkn[�r�hjd �)v{[�b�hjdO�cT
p(]m^n^nh{dO�_`nf�dH�a�LKFKG��L ¹ t�9 } �l9�N
f�o�f_dOk�`n^nyOo�`Ahjde`c["^�qm]_v
[�k�`nhjb�]m`c["k|g�f�^�`ctO['knyO^aqIh�qm]_v-g�yOdGo"`ch{f�d�f_g � � ?�� L
�6[sv{["` �m� b�� � [¬¡I\�� � b��'h{d �)VG9��-�§�.�)VG9 VW�c9WPQd�f�^�rO[�^0`nf!o"f�b�\<]_^n[8f�yG^0^n[�k�yOv{`nk���h�`ctW`ctGf�kn[8hjd�`ctG[
vjh�`c["^c]m`nyO^n[mLG�i[�vj[�`E`ctO[A�6[�hj�_t�`�g�yOdGo"`ch{f�d � � �g �����6z¯[A[¬¡G\(� � :�Gg0������$n���)( � :� �g �����$0�O��tO["^n[ :� ' ����ih{k�]_d
[�ka`ch{b�]m`n[�r!k�`c]_dOr<]_^�r¥["^n^nf_^�fmgf:� ' ����.����tOh{olt¥o"f�^n^�[�kn\>f�dOrGk¦`cf8`ctG[�p|]_vjv ��D:[�vjv{dO[�^|o�f�dI�<rO[�dGo�[�z<]mdOr
���-vj[�b�hjdG�<TZp|]_^n^�hjdO�_`nf�d�LI�LKFKG�-�c9)R�f_`c[K`ct<]�`)`ctG[£p(]mvjv��§D¥["vjv{dO[�^wz<]mdOr�hjk-f�dO[6f_g<q�["^�5�g�["��o�f�dI�<rO[�dGo�[
z<]_dGrOk�g�f�^(`ntO[0knyO^aquh{qm]_v)g�yOdGo"`ch{f�d���tOh{olt!o�]_d�z>[0o�f�dOka`c^�yOo"`n[�r:]_d<]_v�5u`nhjo�]_vjv�5�9�?�d�`ctO[0fm`ctO["^*t<]_dOr�L
f�yO^|`c[�oltGdOhj«�yO[/hjk�]_\O\Ov{hjo	]mzOvj[A`cf�`ntO[0o	]_k�[���h{`nt ]_de5 �6[�hj�_t�`(g�yOdOo"`nhjf�d � ' ��� ��E �)h{��yO^�[��0kntOf¢��k*`ctG[
[�ka`ch{b�]m`n[/[�¡I\�� � :�GgW�����$�g�f_^�`ntO[�k�yO^�quh�q_]mvKg�yOdGo"`ch{f�d�L
��h{q_[�d&ze5 `ctG[�k�f�vjh{r:v{hjdO[mL
`ntO[��G9 K ~ \¯f_hjde`Q��hjk�[
o�f_dG�<rO["dOo�[�hjde`c["^�qm]_vjk"LC��h{q_[�d!z�5 `ntO[/rOf_`n`n[�r:vjhjdG[�k�L
]_dGr¥].�G9 K ~ o"f�dG�<rG[�dOo"[�z<]_dGr � VG9{���lL
��h{q_[�d!z�5
`ctG[�r<]_k�tO[�r�vjh{dO[�k"9 ?�yO^�z<]_dGr�h{k'\O^n]_o"`nhjo�]_vjv�5 hjrO["d�`nhjo�]_vK`nf�`ctO[�p(]_v{v���D:[�v{vjdO["^Az<]_dOrWrOh{kn\Ovj]	5�[�r�h{d
�)h{�O9 } 9 VG9 ~ ]!fmg �)v{[�b�hjdO�cT p|]_^n^�hjdO�_`nf�d ���LK�KG�-�l9��<f�^0`ctOh{k�[¬¡G]_b�\Gvj[_L
" �  �#�G� � �('O�  �RE��F�	�_�FE ~ ')�
��tOf�k�['z>f�yOdOrGk(o�f_^n^n["kn\>f�dOr.`cf�`ntO[A�<^nka`�]_dGr v�]mk�`�f�zOk�[�^�q_[�r�rO[�]m`ct.`ch{b�["k�h{d.5_[	]_^�k�9�NEtO[¦hjde`c["^�qm]_vjk
]_dOr.z<]_dGr ]_^�[*o�f�dGk�`c^�yOo"`n[�r.��h{`ct 0 �T�¢������^�[	]_v{hjkn]m`ch{f�dOk£f_g��>lg E

VG9Y�I9�� µn±c¶�� � ������� �%�I±��G±"µ(�l± � ������±��Mµn® �l±�·l·¦®�� �%�I±�· 
	��
"±�� ��§·��G±�� ��� � � ����� 
uµc± ����°�±'¶���· ��µ ����
����ª®��
PQds`ntOhjk�kn["o"`ch{f�ds�6['o"f�dOk�hjrO["^(]/b�f_^n[Ao�f�b�\Ov{[�¡.o	]mkn[�yOknh{dO��o"[�dOk�f�^n["r g ]_hjv{yO^n[�`nhjb�[*r<]m`c]G9Ep|["^n[mL

g�f�^K[	]_olt�g ]mhjvjyG^n[E`ch{b�[ � � ?�� ��`ctO["^n[(h{ki]¦o�f¢qm]_^nhj]m`c[�q�["o"`cf_^��<E�;(k�knyOb�[|`nt<]m`i`ntO[(rO]m`l]O7 o�f�dGknhjka`£f_g �
hjdGrO[�\>[�dOrG[�de`	L
hjrO["de`chjo�]_v)o"f�\Oh{[�kB�W�%� � ��# � ��� � �.��,!� ���	�
�
�����
$�f_g<���%��#2�����.E��<yO^a`ctO["^nb�f�^n[mLw]_k�knyOb�[
`ctO]m` � � ?�� hjkC^n["v�]m`n[�r¦`nf��WqIhj]�`ntO[ ¹ f¢¡¦\O^�f�\>f�^�`nhjf�d<]mvet<] $	]m^nrOk-b�furO[�vªL¢��h{`ctA`ctG[6q�["o"`nf�^)f_gO^n[��_^n[�k�knh{f�d
o�fu["¤�o"hj[�de`nk�� ?Z� ¹ f	¡¯L��LK����n��]_dOr:]�o�f�de`nhjd�yOf�yOk�]_dGr:\>f�knh�`ch�q�[�d�yOh{kc]_dOo"[/t<] $	]m^nr�g�yOdOo�`chjf_d�90@w["` :�
z>[�`ctO[*b�]�¡Ihjb�yGb \O]_^�`nh�]_v>vjh �_[�v{hjtOfufur�["k�`ch{b�]�`cf�^Kg�f�^�� ?LE<R�f �ALGknyO\O\>f�k�[A`nt<]m`£�6[�]_^n[(hjde`c["^n[�ka`c["rsh{d
\O^�[�rOh{o"`ch{dO��k�hjb�yOv�`l]_dG[�f�yOk�v{5A`ctG[!�Q`ct/\¯["^no"[�de`ch{vj[�k"L0�A? ���������6 Z"h�  �#�G��� �('/�  �R�	� ' �_f_gM`ntO[£g ]_hjv{yO^n[�`ch{b�[
rOh{k�`c^�hjzOyI`chjf_dsg�f�^�k�yOzWQ�["o"`ck*��h�`ct ]�k�\¯["o�h{�Oo0o�f¢qm]_^nhj]m`c['q_[�o�`cf�^��R�¯��tO[�^�[0z¯f_`nt�\O^a� � � �A?L���#� ��$�]mdOr
\O^ � � 5_�A? �� �a��$8]m^n[/\¯f_knh{`nh{q_[_95�-hj^nka`	LCvj[�`��@� 0 �|z>[/`ntO[�yOdOrO["^nv{5uh{dO�so"yOb�yOvj]m`ch�q�[/t<] $�]_^nr g�yOdOo�`ch{f�d

K

Hosted by The Berkeley Electronic Press



g�f�^£`ntO[A\O^nf�\>f�^a`chjf_d<]_v�tO] $	]_^�rOk�b�furO["vw]m`E`ch{b�[*\>f�h{d�` 0 E<NEtG[¦46^n[�k�vjf¢� ["k�`nhjb�]m`cf�^6g�f�^ �@� 0 �Kh{k
:�@� 0 �+� �) �

� �
� �%� �� 60 ��# �� �5 � � � ��� 5 . � � � ��������
	 �ª4i^n["knv{f �ALw�AK����0�c9

N
f�["k�`ch{b�]�`c[��@?6�����A? ���������6 Z"[$0�<o"f�dOk�hjrO["^�`ntO[A[�ka`chjb�]m`nhjdO��g�yOdGo"`ch{f�d

, ' �)��º����+� � �����  :�<����������$ � �[���A?L������$ 'm� � �����  :�[����������$�(�vjf����a� � ���3' E
FIh{dOo�[�`ntO[/4i^n["knv{f �T[�ka`ch{b�]m`n[�hjk�]�k�`c["\!g�yGdOo"`nhjf�d�L¯`ctO[0["k�`ch{b�]�`chjdG��g�yOdOo�`ch{f�d &(' �)�0º ����hjk�dOfm`*o�f�du�
`ch{d�yOf�yOk0h{d �R������E�N-f f�zI`l]_h{dW]��i["vjv���rO["�OdO[�r�^nfuf_` :� ' ������f_g�`ctG[©[�k�`nhjb�]m`ch{dO��["«uyO]m`ch{f�d ����9��-�lL�f�dG[
b�]¢5�^n["\Ov�]mo�[|`ntO[A4i^�[�knv{f¢� ["k�`nhjb�]m`c[���h{`ct�]�o�f�de`ch{d�yOf�yOk£\G^nfuo�[�k�kEze5�o�f_dOdO[�o�`ch{dO��`ctO[(b�h{rO\¯f_hjde`ckKf_g
["q_[�^a50`Q�if�o�f�dGkn[�o"yG`ch�q�[|k�`c["\Ok���h{`nt�]Ak�`n^c]_h{��te`�vjh{dO[_9-NEtOhjk�k�hjb�\Ovj[ib�furOh{�Oo	]m`nhjf�d�tO]_k�`ctO[�kc]mb�[Evj]_^n��[
kc]mb�\Ov{[E\O^nf_\¯["^�`ch{[�k6]_k�`ctO[|4i^�[�knv{f¢� [�ka`chjb�]m`nf�^�9
PQd�`ntO[|;|\O\>[�dOrOh ¡¯Lu�6[|k�tOf¢� `ct<]�`>8� ' h{kKyGdOh{g�f�^�b�v�5
o�f_dOknh{k�`c["de`|g�f�^@���A?A�����.� �! #"%$�9

P�`Cg�f�vjv{f ��k>g�^nf�b ;(dOrG[�^nk�[�dCT =*hjvjv����AK��e�0�>]mdOr'@wh{d*["`-]_v§9 �a�LKFK��W�M`ct<]m` &(' �Y�@?a�¯h{kw]_k�5ub�\G`cfm`chjo�]_vjv�5
\Oh�q�f_`c]_v�� , ' �Y�@?L�����Kh{k�]_k�5ub�\G`cfm`chjo�]_vjv�5�[�«�yOh{qm]_v{[�de`�`cf0`ctG[�\G^nfuo�[�k�k
^ ���A?L������$�� � � �����

�) �
� �

� ,�� � � # �?
2 0 � ������ � ?�� �� ?A����� (���� ���A?L�����$�� � � ,��? � � � � � � �3� � � ?A������ � ?�� � � ?A������� 2 0 � ������ X�

��tO["^n[
0 � �����+�1* � ����� � ,�!? � �%� � .60 � � � �� �#" 2 �@� 0 �.�

� �%$ � �� �����;� � � �
�) �
� �
� �%� � . ��� � � � �#" �'& $� �)(>� �R�	�F�l���

�*& ?� ���F� �'& �� � �
� � �'& �� � �

�
�+��

�H�����;� � ,�!? � � �3� �� ?A� 0 �� � ?�� �� ?A� 0 � 2 �@� 0 ���
�]� , �? � �	� ��� � � ?L������ � ?�� � � ?L����� � � � � �3� � � ?L������ � ?�� � � ?L����� � &

�  � � ?�� � � ?L����� 2 �@�,�(��E
P�`Ao	]md:z>[0kntOf¢��d!qIhj]�`ctO[0ka`l]_dOrO]_^nr!b�]m^�`ch{dO�e]_v{['o"[�de`c^n]_v�vjh{b�h�`|`ntO[�f�^�[�b `nt<]m`*`ntO[�]_z¯f¢q_[�\G^nfuo�[�k�k
o�f_d�q_[�^���[�k��i[�]���v{5�`nf�]%$�["^nfm��b�[�]_ds=�]myOknk�h�]_d8\O^�fIo"[�knk[\9E

�¢�

http://biostats.bepress.com/harvardbiostat/paper7



D¥[!dOf¢� ^�[�\Ovj]_o�[ � 0 � �,���.��,=� �F�	�
�
�����
$&h{d ^ ���A?L�����$&��h�`ct]�+* � �,��� ) � $0�E��tO["^n[ ��) � ��,U�
�F�	�
�
�����;$0h{k�]�^c]mdOrOf�b kn]_b�\Gvj[Ag�^nf�b `ntO[¦ka`l]_dGr<]_^nr dOf�^nb�]_vwrOh{k�`n^nhjzGyG`ch{f�d�LG��tOh{olt�hjk�hjdGrO[�\>[�dOrG[�de`
f_gE`ntO[©r<]m`c]GL�]_dOr�]mvjknf ^n[�\Gv�]_o"[�f_`ctG[�^�yOdR�udGf ��d�«�y<]_de`ch�`ch{[�k'h{d ^ ���A? ������$.��h�`ct¥`ntO[�h{^'^�[�kn\>[�o�`ch�q�[
[�ka`ch{b�]m`nf�^nk"9�NEtOhjkE^�[�k�yOv{`nk�h{d©`ctO[A\O^�fIo"[�knk

^ ' �����+� � � �����
�) �
� � � � :� � ?��� � � � �4� � �� :� ' ������$+# � ( :� � ����� :� � � # � � � � � ��

� $ � ) � � � VRE �W�

:� �%$ �� � � � �
�) 5 � � � �%� 5

. � � � � �� � � 	 �*& $5 �+(�� �R���F�¬���
��
� � � :� � ?��� � � � :� � �3�� � :�H������ � � � �

�) �
� �
��� � �� :� ' �����$+# � ��

� � :� � ?��� � � � �
:�]� � � �

�) �
� �
# � � :� � ���� � :� � ?��� � � � � ��

�
��+�� $0E

P�`�g�f�v{vjf¢��k|g�^�f�b `ctO[�kn]_b�[0]_^n�_yOb�["de`A]_k�h{d�@whjd�[�`�]_v§9B�a�LKFK��W�£`ctO]m`	L�o"f�dOrOh�`ch{f�d<]_vCf�dU7 � b(��`ctG[
rOh{k�`c^�hjzOyI`chjf_d©f_g+\ g'o"f�deq�["^n��["k��6[	]���v�5©`cf \9E

PQd�`ctO[*;|\O\>[�dOrOh ¡¯LI�6[*kntOf¢� `ct<]m`k� l' hjkio�f�dOk�hjka`c[�de`�]mdOr ¹ f�dOrOh�`ch{f�dOk ¹ 9��"� ¹ 9 V0]_^�[�kc]�`chjka�<[�r�9�P�`
g�f�v{vjf¢��k*`ct<]m`�`ctG[�rOh{k�`c^�hjzOyI`chjf_d!fmg£`ctO[�\O^nfuo�["knk#�Y�>lg � 8�eg-�*h{k�]s��fufIr:]_\O\G^nf	¡Ihjb�]m`ch{f�d�`cfs`nt<]m`¦f_g
�.8� ' � �@?a��E�; ��� � � ��o"f�dG�<rG[�dOo"[�z<]mdOr�g�f�^��@?Ao	]_d `ctO["d z¯[0f�zI`l]_h{dO[�r�quh�]U� VG9{���§� � VG9 VW�l9'FIhjdGo�[_L
g�f�^6]_de5/�G¡I[�rj� ��, ' �)�0º ���+� � �����  :�<����������$ (�vjf��R��� � ���3'>hjk6]_d�h{dOo�^�[	]_k�hjdO�Ag�yOdOo�`chjf_d�f_g����������Ik�f�v{quhjdG�
���_9{�-�(]_dGr ���_9 �0�(d�yOb�[�^nh{o	]_v{v{5 hjk�].`n^nh{quhj]_v)`l]mk��M9©N-fs\O^n["rOhjo�`¦`ntO[�\¯["^no�["de`chjv{[�k�f_g£`ntO[�g ]mhjvjyG^n[�`ch{b�[
rOh{k�`c^�hjzOyI`chjf_d.g�f�^(]�k�\¯["o�h{�Oo�o�f¢qm]_^nhj]m`c[Aq�["o"`nf�^��R�>�i[�k�hjb�\Ov{58^�[�\Ovj]_o�[X� � � ��, �¨�F�	�
�
�����
$/ze5`� � � �
�R��,;�T���	�
�
�����
$�]_dGrsyOk�[*`ctOh{k�b�furOh{�<["r©r<]m`c]_kn[�`�`nf/f�zG`l]mhjd 8� ' ]_dOr=�>l' E

D¥[�o"f�de`chjd�yO[�`cf�yOk�[K`ntO[K7�]	5�f ¹ vjhjdGhjo�r<]�`l]£g�^nf�b ��VI9{��L�zOyG`
h{dOo�v{yOrO[�o�f¢qm]_^�h�]m`n[�q_]mvjyO["kCg�^�f�b [�]_olt
\<]m`nhj["d�`(`cf©hjv{vjyOka`c^n]m`c[¦f�yO^�k�hjb�yOv�`l]_dG[�f�yOk(hjde`c["^�qm]_v)["k�`nhjb�]m`ch{f�d \O^�fIo"[�rOyG^n[_9�B�hjo.��knf�d�[�`�]_v§9X�a�LK��FKW�
]_dOr �)v{[�b�hjdO�#T p|]_^n^�hjdO�_`nf�dS�a�LKFKG�-��]_d<]_v�5Ik�[�r�`ctGhjk�r<]�`l]_k�["`A[�¡u`n[�dOk�h{q�["v{5!]_dGr!["k�`c]_zOvjh{kntO["r!] ¹ f¢¡
b�fIrO["v¯��h�`ct��Oq_[�zO]_kn["vjhjdG[*o�f¢qm]_^nhj]m`c["ki`cf/\O^�[�rOh{o"`E\<]�`chj["de`�knyO^aqIh�qm]_v���h{`nt©\O^nh{b�]m^�5�zOhjv{h�]_^a5�o�hj^�^ntOf_knhjk
rOh{kn[	]mkn[_9iNEtO[��Gq�[�o�f¢qm]_^nhj]m`c["k(]_^�[�]_��[_L<v{f����ª]_vjzOyGb�h{dm�lLuvjf��4�ªzOh{vjhj^�yOzOh{dm�lLufI["rO[�b�]/]_dOrsvjf���� \O^nfm`chjb�[��c9

���

Hosted by The Berkeley Electronic Press



4£]_k�[�r.f�d�`ctGhjk£b�fIrG[�v§LG@whjd©["`�]mv§9k�a�LKFK�����o�f�dGk�`c^�yOo"`n[�rso�f�dG�OrO[�dOo"[Az<]_dOrOkEg�f�^6`ctO[*k�yOzWQ�[�o�`���kn\>[�o�h��<o
o�yGb�yOv�]�`ch{q_[�t<] $�]_^nrZg�yOdOo�`ch{f�d ze5 ��[�dG[�^c]�`chjdG��]Wvj]_^n��[ duyGb�z¯["^©f_g¦^n[	]mvjhjkn]m`ch{f�dOk�g�^nf�b ]�\G^nfuo�[�k�k
knh{b�h{v�]_^
`cfB�-^ig0������$�rO[��<dO[�r�hjdJ�)VG9 ���c9��<f�^K]*t�5u\>f_`ctG["`ch{o	]_vM\<]�`chj["de`i]m��[�r ~ �E5�[�]_^nk"LI��h{`ntXVG9 ����b � rOv
kn["^nyOb ]mvjzOyOb�hjd�L¯��9 �0b�� � \Ov�k�[�^nyGb zOhjv{hj^nyGzOhjd�L�dOf�fu[�rO["b�]/]_dOr!�¢�G9 �	�0k�[�o�f_dOrOk(fmg)\O^�f_`ch{b�[mLO@whjd8[�`
]_vª9j���AKFK����£\O^n["kn[�de`n[�rW]©�G9 K ~ o�f_dG�<rO["dOo�[�z<]_dOr�g�f�^|`ctOh{k*\<]m`ch{[�de`	 �k*knyG^�quh{qm]_v)g�yGdOo"`nhjf�d �§@wh{d�["`�]_vª9{L
�LKFK	�OL"�)h{�O9��-�c9

R|f¢�W�6[io�f_dOk�`n^nyOo�`�o�f_dG�<rO["dOo�[£zO]_dOrOk
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��h{`nt�`ctO[*v{hjdO[�]_^£\O^�f���^n]_b�b�hjdG��`n[�oltOdOh{«�yO[_L<��tO["^n[�� ����£hjkE]_d8[¬¡I`n^n["b�["v{5�v�]_^���[_LG]_^�`nh{�<o"h�]_v{v{5/��["dO[�^ �
]m`n[�r�d�yOb�z>[�^£]_dOr �!����G������ � ����� ^ig0����� � � EuNEtOhjk6b�h{dOhjb�hjkn]m`ch{f�d0\O^nfuo�["rOyO^�[�t<]_k£z>[�["d©knyOo"o�["knk�g�yGvjv{5
yOk�[�r ze5�x�]m^ $�["d:[�`A]_vª9 ���LKFK	���Eg�f�^(]��<dOh{`n[���rOhjb�[�dOk�hjf�dO]_vC\<]_^c]mb�[�`c[�^(yOdOrO["^A]�b�["rOh�]_d ^n[��_^n[�k�knh{f�d
b�fIrO["v§9 FIyO\O\>f�k�[�`ct<]�`'�6[©]_^n[�hjde`c["^n["k�`c["r�hjd¥o"f�dOka`c^nyGo"`ch{dO��o�f_dG�<rO["dOo�[©z<]mdOrOk'g�f�^¦] k�\¯["o�h{�Oo�^n[¬�
��^�[�knk�hjf�d:o�fu["¤�o�h{[�de`�fmg@���A?L���������B H"%$0E)FIyOolt&z<]mdOrOk'o�]_d¥z>[�f_zG`l]_h{dO[�r quh�]8g�f�^nb�yGv�]_[f� VG9{���§� � VG9 VW�l9
7 f�^�[�f¢q�["^�Lug�f�^6\G^n[�rGhjo"`nhjdO�A`ctG[(\>[�^no"[�de`ch{vj[�\O^nfuo�["knk[���A? ����� � �R���k Z"[$�f_g � g�f�^K]�g�yI`cyO^�[(knyGzWQ�[�o�`i��h{`nt
`ctG[0o�f¢qm]_^nhj]m`c['q_[�o�`cf�^��GLw`ntOhjk�\G^nfuo�[�k�k*o	]_d z>[0o�f�dGknhjka`c["d�`nv{5 [�k�`nhjb�]m`c["r�ze5 � :� ' ���� � ��$0E�NEtO[/rOh{k�`c^�h��
zOyG`nhjf�d�f_g��
:� ' ����� � � � �A? ����� � �R���6 j"[$Ao�]_d�z>[�]_\G\O^nf	¡Ihjb�]m`c["r�ze5�`ct<]m`6f_gd���-lg ���� � � � :�GgW����� � �R���6 #"%$0�
]_dOr/]C��� � � ��o�f�dG�OrO[�dOo"[�z<]_dOr�g�f�^+�A?L����� � ��o	]md�`ctO["d0z¯[£f_zG`l]_h{dO[�r'z�5¦^n["\Ov�]mo�hjdG�([	]moltZ��������«uyO]_de`ch{`Q5
hjd � VG9{���§� � VG9 VW����h{`nt8h{`ckEo"f�^n^�[�k�\¯f�dGrOhjdO�Z�R���� � ��o"f�yOde`c["^n\<]_^a`	9
D¥[ihjvjv{yOk�`n^c]m`n[K`ntO[E]_z>f¢q�[Eb�["`ntOfIr'yOknh{dO�*]�r<]m`c]_kn[�`�g�^nf_bT]�^�[�o"[�de`Kp|PYI o"vjh{dOhjo�]_ve`c^nhj]_v�o�f�dGrOyOo"`n[�r

ze5�`ctO[/;|P BAF ¹ v{hjdOh{o	]_v-N-^�h�]_v{kA=*^nf�yO\ �ªp(]_b�b�["^*["`�]_vª9{L��AKFK��0�c90NEtOhjkA^c]mdOrOf�b�hjk�[�r�LwrOf_yOzOvj[¬�QzOv{hjdOr
`c^�h�]_v-o�f�b�\<]_^�[�r!]©`ctO^�[�[���rO^nyG�.o"f�b�zOh{d<]m`nhjf�d�`ntO[�^n]_\e5�f_g6hjdOrOh{d<]	quhj^�L�$�hjrGf quyOrGhjdO[�]_dOr vj]_b�h�quyOrOhjdG[_L
� � ���-VGL�`cf�](`Q�6fm�QrO^�yO��o�f�b�zGhjd<]m`nhjf�d'f_g-$�hjrGf quyOrGhjdO[�]_dOr/vj]_b�h�quyOrOhjdG[_L � � ����KG9 �Mf_^�hjv{vjyOka`c^c]�`chjf_d�L
�6[�o�f�dGknhjrG[�^0]_d&]_rOrOh�`ch{q_[_L�tG["`c["^nf�k�o�["r<]_k�`nhjo©«�y<]_de`nhjvj[�^n["��^n["knk�hjf�dWb�fIrG[�v���h{`nt¥�i["[G�&�	� ¹ B���o"[�vjv
o�f_yOde`�]_k£`ctO[(^n[�k�\¯f_dOkn[���L<]_dOr�`ntO[*o�f¢qm]_^�h�]m`n[(q�["o"`cf_^�� o�f�dOk�hjka`chjdG�0f_gC`ctO[*z<]mkn[�v{hjdO[ ¹ B��0o�f�yOde`�L<]
`c^�[	]m`nb�["de`AhjdOrOh{o	]m`nf�^(["«�y<]_v�`cf �0g�f�^(`ntO[0`ctO^�[�[¬�QrO^�yO�8��^nf�yG\�LCb�f�de`ntOk*f_gK\O^nh{f�^ $"hjrOf¢quyOrOh{dO[0`c^n[�]m`��
b�[�de`	LG]_��[_LG]'��["dOrO[�^Eh{dOrOh{o	]m`nf�^6["«�y<]_v¯`nf��(g�f�^ib�]_v{[_Lu]_dOr�`Q�6f0^c]mo�[�h{dOrOhjo�]m`cf_^nk�Lu[�«�y<]mv¯`cfj����L��W��g�f_^
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��zOv�]_o.�M G]_dOr�["«uyO]_v¯`nf2�§�GL��-�)g�f�^|�Yp|h{kn\<]_dGhjo_ �9�PQd©f�yG^£]_d<]mv{5uknh{k�Lu[	]_olt©o"f qm]_^�h�]m`n[|�i]_k£ka`l]_dOrO]_^nrOh{kn["r©z�5
knyGzG`c^n]_o"`nhjdO�/h{`nkE[�b�\Ohj^�hjo�]_v�b�[	]_d.]_dGrsrOh�quhjrOh{dO�0ze5©h{`nkEkc]_b�\Ovj[*ka`l]_dGr<]_^nr.rO[�qIhj]m`ch{f�d�9

�)hj�_yO^n[ V©��h�q�[�kA`ctG[�\>f�h{d�`A["k�`nhjb�]m`c["k�LwrO["dOf_`c["r¥ze5�`ctG[�k�f�vjh{r�vjh{dO[�k"LC]_dOr:�G9 K ~ ["«�y<]_v���\O^n["o�h{knhjf_d
o�f_dG�<rO["dOo�[Ez<]mdOrOk�Le^�[�\O^�[�k�[�de`c["r�ze5�`ctO[6r<]_kntG[�r/vjh{dO[�k"Lmg�f�^-[	]_olt0^�[���^�[�knk�hjf�d'o�fu["¤�o�h{[�de`�f_g<`ntO[iq�["o"`nf�^
�A? �����6g�f�^k�k  �RE{���l�RE K ')E<NEtG[�kn[¦z<]_dOrGk��6[�^�['o�f_dOk�`n^nyOo�`c[�r�g�^�f�b 7U���¢�_����^�[	]_v{hjkn]m`ch{f�dOk£f_gd� lg E>R|f_`n[
`ctO]m`S:�GgW����A]_dOr �-lg �����*�6[�^�[©]_\O\O^�f	¡Gh{b�]�`c[�r¥duyGb�["^nhjo�]_vjv�5 ze5¥rOh{kno"^n["`nhjk�hjdO�J�¦z>["`Q�6[�["d1�I9{�©]mdOrW�G9 K
��h{`nt hjdGo�^n["b�["de`ck�f_g*�G9Y�I��9 �<^nf_b �-hj�O9 V¥h�`�]_\G\¯[�]_^nk�`nt<]m`�`ctO[�ka`l]_dGr<]_^nr1vjfuo	]m`nhjf�dI��kntOh�g�`	L6vjhjdG[	]_^
^n["��^n["knk�hjf�dsb�furO[�vwrGfI["k(dOf_`��O`�`ctG[¦r<]�`l]��6[�v{v§96NEtO['o"fI[�¤�o"hj["d�`nk(f_g-`ctO[¦z<]_k�[�vjh{dO[ ¹ B���o"f�yOde`*]mdOr
`ctG[A`n^n[�]m`cb�[�de`�hjdOrGhjo	]�`cf�^6hjdOo"^n[	]mkn[Aknh{��dOh{�Oo	]_de`cv�5�f¢q�["^(��E{�  �  ��E KRE

D¥[�]_vjk�f yOk�[�r¥`ntOhjkA�O`�`c[�r¥«uyO]_de`chjv{[�^�[���^�[�k�knhjf_d¥b�fIrO["v�`cf \G^n[�rGhjo"`¦`ctO[ �Q`ct¥\¯["^no�["de`chjv{[�k¦f_g£`ctG[
rOh{k�`c^�hjzOyI`chjf_d�fmg(�6[�[G�1�	� ¹ B��¥o"f�yOde`�g�f�^�] V����§5�[	]m^a�Qf_vjr�LK��tOh{`n[.b�]_v{[.\O]m`ch{[�de`/��h{`ct1]!zO]_kn["vjhjdG[
¹ B��©o�f_yOde`Af_g �I�0]_dOr�`Q�6[�de`Q5e��`Q�6fsb�f�de`ctGk*f_gK\O^nh{f�^�$"hjrOf¢quyOrOh{dO[�yOkn]_��[_90�)h{��yO^n[0���§]0��kntOf¢��k*`ctG[
\>f�hjde`|[�k�`nhjb�]m`c["k�L>��h{q_[�d�ze5.`ctO[¦knf�v{hjrsvjhjdG[_L>]_dOr���E K ~ [�«�y<]_v �Q\O^�[�o"hjknh{f�d o"f�dG�<rG[�dOo"[�z<]_dOr�L���h�q�[�d z�5
`ctG[ r<]_k�tO[�r v{hjdO["k�Lig�f_^J���A? ���� � �W$!��tG[�d `ctG[ \<]m`nhj["d�`�hjk�`c^�[	]m`n[�r1��h�`ct�`ntO[s`ntO^n["[���rO^nyO�Wo"f�b�zOh{d<]��
`ch{f�d�9�PQd �-hj�O9 ��� zm�lL��i[*\G^n[�k�[�de`E`ctG[�o�f�^�^n["kn\>f�dOrOh{dO��[�ka`ch{b�]m`n[�kK��tO[�d©`ctO]m`£\<]�`chj["de`£hjkK`c^�[	]m`n[�r���h{`nt
`ctG[/`Q�6fm��rO^nyO�.o�f_b�zOhjdO]m`ch{f�d�9'N
f���[�`ctO["^�L��)h{��k�9 �4�§]W�|]_dGrh� zm�|hjdOrGhjo	]�`c[�k�yOzOk�`c]_de`chj]_v�tO["`n[�^�f���[�dG[�h{`Q5
f_g|`c^n[�]m`cb�[�de`�[ �¯[�o�`ck�z>["`Q�6[�["d knyOz0Q�[�o"`nk���h{`nt�`ntO[�]mz¯f¢q�[.o�f¢qm]_^�h�]m`n[8qm]_v{yO[�k"9 �<f�^/[�¡G]_b�\Ovj[mLi`ctG[
[�ka`ch{b�]m`n[�r.�_��`ct©\>[�^no"[�de`ch{vj[�fmg
�6[�[a�8�	� ¹ B��0o"f�yOde`Eg�f�^i`ntO[A]_z>f q_[*knyOz0Q�[�o"`�h{d�`ctO[(`Q�6fm��rO^nyO�/o"f�b/�
zOh{d<]m`ch{f�d��_^nf�yO\©h{k ~ KILI��h{`nt8�G9 K ~ o�f_dG�<rO["dOo�[Az<]_dGrc� � �GL } KW�cLO]_dOr©h{d�`ctG[�`ctO^�[�[���rO^nyG�0o�f�b�zGhjd<]m`nhjf�d
��^�f�yO\ `ctO[/[�ka`ch{b�]m`n[0hjk �FKGLw��h�`ct:�G9 K ~ o"f�dG�<rG[�dOo"[�z<]_dGr �����IL��¢� } �cLChjdOrOh{o	]m`nhjdO�8]©k�hj��dOh��<o	]md�`�zOyI`
^n["v�]m`nh{q_[�v{5�knb�]_vjv�`n^n[	]�`cb�[�de`([ ��["o"`�9�PQdso�f�b�\<]_^�hjk�f�d�L<`ctO[�[�ka`ch{b�]m`n[�rsb�["rOh�]_d8�6[�[G� �	� ¹ B���o"f�yOde`
hjd�`ntO[�`Q�6fm��rO^nyO�.o�f_b�zOhjdO]m`ch{f�d���^nf_yO\:h{k0��KGLw��h{`nt:�I9 K ~ o�f_dG�<rO["dOo�[�z<]_dOrh� �_�IL ���W�lLw��tO["^n[	]mk¦`ctG[
[�ka`ch{b�]m`n[�rWb�[�rOhj]_d&h{d&`ctO[�`ntO^n["[���rO^nyO� o"f�b�zOh{d<]m`ch{f�d¥�_^nf�yO\�h{k��*�)�OL���h�`ct��G9 K ~ o"f�dG�<rG[�dOo"[sz<]mdOr
���¢��VGL�� }�~ �l9
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DZtO[�d f�dO[�hjk�hjde`c["^n["k�`c["r�hjd.rO^n]¢��h{dO��hjdGg�["^n[�dGo�[�k(]_z>f�yG`e�@?(z<]_k�[�r�f_d�]/dOf�dI��knb�fIf_`nts["k�`nhjb�]m`��
hjdG� g�yGdOo"`nhjf�d &(' �)�C����]!o"f�b�b�f�d�]_\G\O^nfe]molt1hjk�`nf���\>[�^�`nyO^nz�  & gn�Y�*�¦rOhj^�[�o"`nv{5&quhj]GL6g�f�^0[¬¡G]_b�\Gvj[_L
`ctG[0k�`l]mdOr<]_^�r:z>fIfm`ck�`n^c]_\�b�["`ntOfur�LC]_dOr�`cf8k�f�v{q_[�`ctO[/^n["knyOv�`ch{dO�©[�ka`chjb�]m`nhjdO��["«�y<]m`ch{f�d & lg �)�*�[�¨�
^n["\¯[�]m`c["rOv{5_L-`ntO[�^�[�ze5¥f_zG`l]_h{dOhjdG�s].v�]_^���[0d�yOb�z>[�^¦f_g%� ��tOh{olt&o	]md¥z>[�yOk�[�r&`nf ]_\G\O^nf	¡Ihjb�]m`c[/`ctG[
yOdOo"f�dOrOh�`ch{f�d<]_v�rGhjk�`n^nh{zOyG`ch{f�d�f_g!�.8� � �@?G�<�ªH�g�^nf�d TTNEh{zOkntGhj^c]mdOh§L��AKFKFVGº<p�y=T �A]_vjz��O[�hjk�olt�L>�_���_�W�l9
PQd©`ctO["hj^E^�[�o�["de`�`n[�oltOdGhjo	]mvw^n[�\>f�^a`	LGD:[�v{vjdO["^E]_dOr P�t<]_d©["vj["�e]_de`cv�5OQ�yOka`ch{�O[�r©`ctO[�qm]_v{hjrOh�`Q5�f_g)k�yOolts]_d
]_\O\G^nf	¡Ihjb�]m`ch{f�d.��tG[�d &(' �)�*�Ehjk|]�k�yOb fmg�hjdOrO["\¯["dOrO["d�`*]_dOr�h{rO[�de`ch{o	]_v{v{5©rGhjk�`n^nh{zOyG`c["r�«�y<]_de`ch�`ch{[�k�9
?�yO^i^�[�kn]_b�\GvjhjdG�¦\O^�fIo"[�rOyG^n[_LI��tOhjolt�rGfI["k£dOf_`£]_v{`n[�^ & g0�Y�*�.�u^c]�`ctO["^i\>[�^�`nyO^nzGk!\hgeLu��tOf�k�[�rOhjka`c^�hjzOyI�
`ch{f�d/hjkK]_d�]_\O\O^�f	¡Gh{b�]�`chjf_d�`cf*`ct<]�`6fmg &(' �)�@?a�lLu]_dOr�knf_v{q�["kK`ntO[�[�«�y<]m`nhjf�d & gW�Y�*�+� ^ig|^n[�\>[	]�`c[�rGv{5�9
�<f�^i`ntO[Ao	]_k�[�k�hjd©��tOh{olt8`ntO[Az¯fuf_`nk�`c^n]_\©hjk�]m\O\Ovjh{o	]_zGvj[_L��6[��<dGr.["b�\Ghj^nh{o	]_v{v{50`nt<]m`E`ctG[�^�[�k�yOv{`nk£g�^nf�b
z>f_`ct.]_\O\G^nfe]_oltG[�k|]_^n[A\O^n]_o"`nhjo	]mvjv{5�h{rO[�de`ch{o	]_vª9

P�`�hjk-hjb�\¯f_^�`l]md�`
`cf(dOf_`c[6`ct<]m`)`ctO[£dG["��^n["kc]_b�\Ovjh{dO�(b�["`ntOfur'�if_^���k��i["vjvIhjd�\O^n]_o"`nhjo"[6��tO["d/`ntO[�^�[
]_^�[�[�¤�o�hj["de`|d�yOb�[�^�hjo�]_vw]_v{��f�^nh�`ctOb�k£]	qm]_h{v�]_zOv{[|g�f�^Ek�f�v{quh{dO�f����9��-�6]_dGr �a��9 �n�l9
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NEtO[©]_yI`ctOf�^�k�]_^�[��_^c]m`n["g�yOv�`cf.`ctO[�^n["g�["^n["[_L�`ctG[�]_k�knfuo�h�]�`c[�[�rOh�`cf�^¦]_dOr¥`ntO[�["rOh{`nf�^Ag�f�^�`ntO[�[¬¡��

`c^�[�b�[�v�58yOkn[�g�yOv�]_dGr rO[�`l]_h{vj[�rso�f�b�b�[�de`ck�f�ds`ntO['\O]_\¯["^�9�NEtOhjk|^n["kn[	]m^nolt��i]_k(\<]m^�`chj]_vjv�5�k�yO\O\>f�^�`n[�r
ze5©��^n]_de`ckEg�^nf�b `ctO[OM¦9YF¯9MR|]m`ch{f�d<]_v¯PQdOk�`nh{`cyI`c[�k�f_g)p|[�]_v{`nt�9

� - - .>UCV
� +
X�yOka`ch{�Oo	]m`nhjf�d8f_g-o�f�dGrOh{`nhjf�dOk


 
u· ����� � � ���ª®��Z®�� �l®��>¶������ª®��O·��"®mµ � / ��� � FIhjdGo�[��6[.f_zG`l]_h{dO[�r&`ntO[8[�ka`chjb�]m`nf�^'yOk�hjdO�!]�o"f�de`chjd�yOf_yOk
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hjkEdGf_`�yOdOh{g�f_^nb�v{5�o�f�dOk�hjka`c[�de`�LM�6[�kntOf¢� `nt<]m` ' &(' ��8� ' � ' � � E<N
f/`ctOh{kE[�dOr�LMk�yO\O\>f�kn[�`ct<]m`E`ntO[�^�[
hjkk� k�yOolt.`nt<]m` ' � � �@? ' 5 3 5 �REGNEtG[�d8�i[*o�]_d©�<dOr.]C�! #"1knyOolt8`ctO]m`�� ������� � �A? ����*�

. 3 5 �RE
P�`�g�f�vjv{f¢��ki`ct<]�`

� , ' �)�3�����*���  � �����  :�[���R�����$ � �<����������$ ' ( � �����  �<����������$ � �[���A?L������$ ' . �  � �����  :�<����������$ � �[���R������$ '  ( � ����� � 3����-���6��� ����� �.�

��tO["^n[ � 5¨�.]_dOr!`ctO[�t<] $�]_^nr!g�yOdOo"`nhjf�d��������(hjk�]_knk�yOb�[�r¥`nf z>[�z>f�yOdOrG[�r&]	�i]	5!g�^�f�b �G9�NEt�yOk"L
' &(' �)�*� ' .

�-���/��� ����� � � � E|FIhjdGo�[ ' &(' ��8� ' � ' � ���£`ctOh{k.h{b�\Gvjhj["k�`ctO]m` 8� ' h{k.yGdOh{g�f�^�b�v�5
o�f_dOknh{k�`c["de`*��h{`ct ^n[�k�\¯["o"`*`nf©\O^nf�zO]_zOhjv{h{`Q58b�[	]_k�yO^n[�1 ' E�M|k�hjdO��knhjb�hjvj]_^�]_^n�_yOb�["de`ck�L�f�dO[�o�]_d�kntOf¢�
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