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Equivalent Kernels of Smoothing Splines in
Nonparametric Regression for
Clustered/Longitudinal Data

Xihong Lin, Naisyin Wang, Alan H. Welsh, and Raymond J. Carroll

Abstract

We compare spline and kernel methods for clustered/longitudinal data. For in-
dependent data, it is well known that kernel methods and spline methods are es-
sentially asymptotically equivalent (Silverman, 1984). However, the recent work
of Welsh, et al. (2002) shows that the same is not true for clustered/longitudinal
data. First, conventional kernel methods fail to account for the within- cluster cor-
relation, while spline methods are able to account for this correlation. Second, ker-
nel methods and spline methods were found to have different local behavior, with
conventional kernels being local and splines being non-local. To resolve these dif-
ferences, we show that a smoothing spline estimator is asymptotically equivalent
to a recently proposed seemingly unrelated kernel estimator of Wang (2003) for
any working covariance matrix. To gain insight into this asymptotic equivalence,
we show that both the seemingly unrelated kernel estimator and the smoothing
spline estimator using any working covariance matrix can be obtained iteratively
by applying conventional kernel or spline smoothing to pseudo-observations. This
result allows us to study the asymptotic properties of the smoothing spline estima-
tor by deriving its asymptotic bias and variance. We show that smoothing splines
are asymptotically consistent for an arbitrary working covariance and have the
smallest variance when assuming the true covariance. We further show that both
the seemingly unrelated kernel estimator and the smoothing spline estimator are
nonlocal (unless working independence is assumed) but have asymptotically neg-
ligible bias. Their finite sample performance is compared through simulations.
Our results justify the use of efficient, non-local estimators such as smoothing
splines for clustered/longitudinal data.
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V`h�]�fj^ÁY\]�bd[�bdce�«Yd_�x ¶¹¸ �d�i�i·�c»bd[/Yd_ap��Gbd[�¤�fv_�x�k�b7o\Y\[&fjYd_;k�V§^CY\]�[&f � �+�SbÁxiYdfj_Afj_;h&fgxiwa]
fj_�]�b�]�w;fjh�Ydh�p�^CW;]�bd]�fjk
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fj_�]�b�]�w�V`fg[�¤dVX[&_�V � V`h�]�fj^CY\]�bd[`��R�fj_ � � Y\[�[�b �j� ¶¹¸ �d�d�a·Ah�w�b7�GV`�Å]�w;Y\]�]�w;V«^�bih�]�VXÉÁkXfgV`_�]Ak�bi_�odV`_a]�fgbi_ZY �
¤dVX[&_�V � V`h�]�fv^CY\]�bd[�fjhGbdz;]�Ydfj_�V`�>z�pÁfgxi_�bd[*fj_�x§]�w�V�k�bd[&[�V � Y\]�fgbi_0���~W � fj_�V/^�VX]�w�b~�;hGc»bd[�k � �Zh�]�VX[�V`�n² � bi_;xifg]��;�;fj_ZY �
�;Y\]�Y>w;Y`odV�z%VXV`_Efj_aodV`h�]�fgxiY\]�V`�Ez�puHG[&�Z^�zZYdk&¤ � ¥�fjk�V ¶ }`�d�d|i·*l��«Yd_�x ¶ }`�d�d|i·*leß%w;Yd_;x�lZVX]PY � � ¶ }`�d�d|i·*l�R�fj_
� ß%w;Yd_�x ¶ }`�d�d�i·*l�àtVX[&z�p � Y~l+VX]�Y � �gl ¶ }`�d�d�i·*lGYd^�bi_�x¦bd]�w�VX[&hX�«subih�]�bdc�]�w�V`h�V�Yd��]�w;bd[&h�fj_;k�bd[�W%bd[&Y\]�V`�³]�w�V
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��V`^�bi_Zh�]�[&Y\]�V`�A]�wZY\]�Yd_uY\]�]�[&Ydk�]�fjodV!c±V`Y\]���[�V#bdcth�W � fj_�VNh�^�b�bd]�w;fj_�xCfv_Ak � �;h�]�VX[&V`�n² � bi_�xifg]��Z�;fj_;Y � �;Y\]�YCfjh�]�w;Y\]
fg]�kXYd_uz3VNbdz;]�Ydfv_�V`��z�prÇ;]�]�fv_�xC^Cf � V`��V�¼3V`k�]�h�^�b~��V � hX�

��bd[�fj_;�;VXW3V`_Z��V`_a]C�ZY\]�Y~l�fg]ÁfjhÁ��V �j� ¤�_�b���_ ¶ ��f � odVX[&^CYd_�l�}`�d|�{�·Á]�w;Y\]r¤dVX[&_�V � Yd_Z�Àh�W � fj_�V�V`h�]�fj^ÁY\]�bd[&h
Y\[�VÁYdh�p�^�WZ]�bd]�fjkXY �j� pEV`µ��Zfgo�Y � V`_a]#Yd_;�´Y\[�V � b~kXY � fj_¦]�w�Vrh�V`_;h�V�]�w;Y\]!]�w�V�V`h�]�fj^ÁY\]�bd[!Y\]!YAW3bifv_a]NxifgodV`h!_�bi_~�
á VX[�b£�GV`fgxiw�]�h�bi_ � p³]�b£bdzZh�VX[�o\Y\]�fgbi_;h���w;bih�VAk�b7o\Y\[&fjY\]�Vufvh§fv_�YEh&w�[&fj_�¤~fj_�xE_�V`fgxiw�z%bd[&w�b�b��³bdc/]�wZY\]�W3bifv_a]X�
L/b7�GVXodVX[`l%]�w�V�[�V � Y\]�fgbi_;h�w;fjW�z3VX]q��VXV`_�¤dVX[&_�V � Yd_;�uh�W � fj_�VNV`h�]�fv^CY\]�bd[&h�fvh�_�bd]�Ydh��GV �j� �;_Z��VX[&h�]�b�b���c±bd[Nk � �;hB�
]�VX[�V`�n² � bi_�xifg]��;�;fv_;Y � �;Y\]�Y~���£V � h�w0leVX]�Y � � ¶¹¸ �d� ¸ ·P[&V`k�V`_a] � p£c±bi�;_;�¦]�wZY\]!k�bi_�odV`_a]�fgbi_ZY � ¤dVX[&_;V � Yd_;�«h�W � fj_�V
V`h�]�fj^ÁY\]�bd[&h�z3V`wZY`odV�k�bi^�W � VX]�V � pA�;f½¼%VX[�V`_a] � p�c»bd[Pk � �;h�]�VX[�V`�n² � bi_�xifj]��;�;fj_;Y � �ZY\]�Y~���:w;f � V�]�w�V�^�bih�]�VXÉÁkXfgV`_�]
k�bi_�odV`_a]�fgbi_ZY � ¤dVX[&_�V � V`h�]�fj^CY\]�bd[�[�V`µ��Zfg[�V`htk�bi^�W � VX]�V � p§fjxi_�bd[&fj_�xN]�w�V���fg]�w;fj_���k � �;h�]�VX[2k�bd[�[�V � Y\]�fjbi_0la]�w�V�h�W � fj_�V
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h�W � fj_�V�V`h�]�fj^CY\]�bd[&h/Y\[�V�_�bd]X�

��w;V`h�V�[�V`h�� � ]�hNh��;xdxdV`h�]N]�w;Y\]!�~f � odVX[*^CYd_0â¢h/[�V`h�� � ]�hNY\z%bi��]N]�w�V�Ydh�p~^�W;]�bd]�fjk§V`µ��;fgo\Y � V`_;k�V�bdc�h�W � fj_�V§Yd_;�
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y W;W%V`_;�;f � H��À Ñ�Ë%Á+ËnÓ7Ø»×�Ø±Ë�Âæþ�Ç:È5ÉÿÊ5Ë�ÌõÍ«È)É9Î�Ï¥ËÑÐvÒ�È5Ó�Ê)É�ÏAÊ5Ë�ÒaÕÿÖ=Ê)×ÔÉaÏ�Ø K ÚXáÑÕrË�È)×�Õ�×�ÛnÕ?Ü�Ö=ÈsÈ)×�Û$Ï�ËÑÐvÜ"å�ÞUÏ¥ËDÕ÷ÕaÜr×ÔÏ¥Ö=Ê)×"È5É ôrÌPü5´ ¶±ÿ ·¦ù(ñ C � � ;ó`_\� � �õa_\� �v´)q ó¢õ ¶±ÿ úBöN·Tônó¢õ Ê5Ë�á ×�ÛSÕâÜsÕ9Õ�Ö¾Ï�ËÑÐ3ÞoÌ�ßSË�ÉkÕrÞÙÊ)×�Õká±Î)Õ�É�ËDÕrÞ³ÕaÜa×ÔÏ�Ö=Ê)×"È5Éxô�Ì Pü W ¶±ÿ ·Eù
ñ C � � ;ó`_\� � �õ�_\� � W q ó¢õ ¶±ÿ úBöN·Tô ó�õ ñàø ÛnÕrË�×�ÛSÕ=Ü�Ö=ÈsÈ)×�ÛÑÏ¥ËÑÐvÜ"å�ÞUÏ�Ë(ÕÿÕaÜa×ÔÏ�Ö=Ê)×"È5ÉGPü ´ ¶±ÿ · Í ÏÔ×�Ûf×�ÛSÕ?Ü�Ö=ÈsÈ3×�Û$Ï¥ËÝÐGåSÊ��ÉêÊ5Ö?Õ�×�ÕrÉ ° ÏðÜ?Ê�ÜaÌ5ÖiåD×"È)×ÔÏÔÒ�Ê5Þ�ÞoÌ-Õ��sßSÏ¥Ó5Ê5ÞÙÕ�Ë%×i×"Èâ×�ÛSÕ=ÜsÕ9ÕrÖOÏ�ËÑÐ)ÞUÌõßSË�ÉkÕrÞÙÊ)×�Õ9áQÎ)ÕrÉaË(Õ�Þ·ÕaÜa×ÔÏ�Ö=Ê)×"È5É Pü W ¶±ÿ · Í ÏÔ×�Ûv×�ÛnÕÎ)Õ�É�ËDÕrÞ3ãaßSË�Òs×ÔÏAÈ5Ë < ¶±ÿ · ÜrÈ5ÞUÓpÏ�ËÑÐÿ×�ÛSÕOá5Ï �/Õ�ÉêÕ�Ë%×ÔÏÔÊ)Þ�Õ��sß�Ê)×ÔÏÔÈ)Ë�Ä���Ï�ÞoÓ)ÕrÉaÖ1Ê)ËnÚ¯Å
	
��5Æ

¶ b#}7· ² < R � ²pV ¶±ÿ ·Sýà< ¶±ÿ ·+ù�� ¶±ÿ · ¶ }X�a·

Í�ÛSÕ�ÉêÕ � ¶±ÿ · Ï¥Ü¾×�ÛSÕ¾óýÏ¥ÉêÊ3Ò�á$ÕrÞ�×"Ê³ãaßSË�Òs×ÔÏAÈ5Ë�Ê5Ë�áQ×�ÛSÕGÕ��/ÕkÒp×ÔÏ¥Ó)Õ?ô9Ê5Ë�á5Í ÏAá)×�ÛõB ¶±ÿ ·�ùí£n° E � �õ�_\�S� õTõp� õ ¶±ÿ ·�¤ ��� � ² ÚÏ�Ë�×�ÛnÕýÜ�ÕrË�Ü�Õö×�ÛÝÊ)×¯×�ÛSÕ�Ï¥É³Í·Õ�Ï�Ð)ÛÑ×�ã�ßSË�Òp×ÔÏÔÈ5Ë�Ü �v´ ¶±ÿ úBöN· Ê)Ë�á � W ¶±ÿ úBöN· Ê5ÉkÕ1Ê�ÜaÌ�Ö|å(×"È3×ÔÏÔÒ�Ê5Þ¥ÞUÌõÕ��sßÝÏ�Ó�Ê)ÞÙÕ�Ë%× ñ
¥�V`^CY\[�¤~h��
}\����w�V�Ydh�p�^CW;]�bd]�fjk>V`µ��Zfgo�Y � V`_;k�V>w;VX[�V�fjh�fj_´]�w;V�h�V`_;h�V�bdcN�~f � odVX[&^CYd_ ¶ }`�d|�{�·*����w�V>¤dVX[&_�V � c±�Z_;k�]�fgbi_< ¶±ÿ ·
fj_ ¶ }X�a·�fjh�fj��V`_�]�fjkXY � ]�b>]�w;Y\]�xifgodV`_�z�pu�~f � odVX[&^CYd_ ¶ }`�d|�{�·*�/��bd[�k � �;h�]�VX[�V`���;Y\]�Y~lnYrh�^�b�bd]�w;fj_�x
h�W � fj_�V>fjh!]�w��;h§V�¼%V`k�]�fgodV � p¾Y¦h�VXV`^Cfj_�x � p«�;_�[�V � Y\]�V`��¤dVX[&_;V � V`h�]�fj^CY\]�bd[���fg]�w�YEo�Y\[&p�fj_;x�zZYd_Z����fj��]�w
]�wZY\]@�;VXW3V`_Z�;h�_;bd]�bi_ � pCbi_>]�w�V�^ÁY\[�xifj_;Y � ��V`_;h�fj]�fgV`h�bdcS]�w�V�ö�õ�zZ�;]�Y � h�b§bi_�]�w�V���bd[&¤�fj_;x§k�b�o�Y\[&fvYd_;k�V
^ÁY\]�[&f � K��

ê
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¸ ����w�Vr¤dVX[*_�V � c±�Z_;k�]�fgbi_à< ¶±ÿ ·!fj_ ¶ }X�a·�w;Ydh���bi��[&fjVX[§]�[*Yd_;h�c±bd[&^ ¶ }�ý ÿ � ² · C � ¶ ��f � odVX[&^CYd_�l�}`�d|�{�·�Yd_;�
h&Y\]�fjh�Ç;V`hi�³< ¶±ÿ ·d� ÿ ù�}\lD� ÿ ] < ¶±ÿ ·d� ÿ ù:� ¶ �?� M¾� ¸ ®%·@Yd_;�Q� ÿ � ² < ¶±ÿ ·d� ÿ ù ¶ b#}7· ² C � lnf¹��Vd�gl%< ¶±ÿ ·
fjh�Y
¸ ®n]�wubd[&�;VX[/¤dVX[&_;V � �
��bd[ ®uù } ¶ Y � fj_;V`Y\[�h�W � fv_�V�·*l%< ¶±ÿ ·�fjh�]�w;V!RSY\W � Ydk�V!��V`_Zh�fg]�p«} E\¸ V � W ¶ b¾� ÿ ��·�Yd_;�
fvh
]�w�VP]�[&Yd�;fj]�fgbi_;Y � h�V`k�bi_;�Abd[&��VX[�¤dVX[&_;V � ����bd[«®�ù ¸�¶ YÁkX�;zZfjkNh�W � fv_�V�·*l

< ¶±ÿ ·+ù�} E\¸ V � W ¶ bö� ÿ � E�� ¸ ·Th�fv_ ¶ � ÿ � E�� ¸ ý�� E {�·*ú ¶ }d}7·

�/w;fjk&w�fvh�Y�{d]�w�bd[&�;VX[�¤dVX[&_�V � �

� ÞÆ��<�+�0�Z�3	���<C�*��'®�0$� 5 ���	G�%�&�/���%$��&)�� 2���Ä��� �0$�¬�!)��*�&��9	���< ��+� ½
�*��'/�k¼ Þ9���0���	G�3�<í��+������u�³�Z�%�* "	G�%���0�

y � ]�w�bi��xiw´]�w�VC[�V`h�� � ]�h#fj_³�~V`k�]�fgbi_³�AW;[�b7o~fj��VrYA�;fg[�V`k�]�c»bd[&^§� � Y��ÂznYdh�V`�«[�V � Y\]�fgbi_;h�w;fjW£z3VX]q��VXV`_³]�w�VÁh�W � fj_�V
V`h�]�fj^ÁY\]�bd[�Yd_;��]�w�V
h�VXV`^Cfv_�x � p!�Z_�[�V � Y\]�V`�§¤dVX[&_�V � V`h�]�fj^CY\]�bd[`li]�w;VXp§��bP_�bd]txifjodV��;htYNxdb�b~��fj_;h&fgxiwa]2fj_�]�bN��wap
]�w;fjh�V`µ��Zfgo�Y � V`_;k�VÁw�b � �ZhX�rKB_«]�wZfjh�h�V`k�]�fjbi_0l2��VrW;[�b7o~fj��VrYA]�[&Yd_;h�WZY\[�V`_�]�[�V � Y\]�fjbi_;h�w;fgW£z%VX]q��VXV`_³]�w�Vrh�W � fj_�V
V`h�]�fj^ÁY\]�bd[NYd_Z�u]�w�V�h�VXV`^Cfv_�x � pA�;_�[&V � Y\]�V`�u¤dVX[*_�V � V`h�]�fj^CY\]�bd[`l%��w;fvk&wAWZ[�b7o~fj��V`h��;h/��fg]�wEk � V`Y\[Pfj_;h�fgxiw�]�fj_�]�b
��w�p�]�w�VXpAY\[�V�Ydh�p~^�W;]�bd]�fjkXY �j� p>V`µ��;fgo\Y � V`_�]X����w;fvh
[�V � Y\]�fgbi_Zh�w;fgWuY � h�brY �j� b7��h/�;h�]�b���VX[&fjodV#]�w�V�Ydh�p�^CW;]�bd]�fjk
zZfjYdh
Yd_Z��o�Y\[*fjYd_;k�VPbdc2]�w�V�h�W � fj_�V�V`h�]�fj^CY\]�bd[ � Y\]�VX[/fj_u�~V`k�]�fgbi_ué��

�£V�_�b����;VX[&fgodV�YÁ]�[&Yd_Zh�WZY\[�V`_�]/[&V � Y\]�fgbi_;h�wZfgWAz%VX]��GVXV`_¦]�w�V�h�W � fj_;VPV`h�]�fj^CY\]�bd[#Yd_;��]�w�V�h�VXV`^Cfj_;x � pA�;_~�
[�V � Y\]�V`�¦¤dVX[*_�V � V`h�]�fj^CY\]�bd[7����W%V`kXfgÇZkXY �v� pdln�GVCh�w�b��,]�w;Y\]Nz%bd]�w¦V`h�]�fj^CY\]�bd[&hPkXYd_«z3V§bdz;]�Ydfj_;V`�Efv_�]�w;VCh�Yd^�V
fg]�VX[&Y\]�fjodVrcºYdh�w;fgbi_��;h�fv_�xAWZh�V`�Z��b\�ÂbdzZh�VX[�o\Y\]�fgbi_;h`����w�VXp«�Zf½¼3VX[!bi_ � p«fj_´]�w;Y\]�h�]�Yd_;�;Y\[*� ¶ �GV`fgxiw�]�V`�n·P¤dVX[*_�V �
h�^�b�bd]�w;fj_;xAfjh#�;h�V`�´Y\]#V`Ydk&w�fg]�VX[&Y\]�fgbi_´c»bd[�]�w�VÁh�VXV`^Cfv_�x � p¦�;_�[�V � Y\]�V`�«¤dVX[&_�V � V`h�]�fv^CY\]�bd[`le��w;f � V�h�]�Yd_Z�;Y\[&�
¶ �GV`fgxiwa]�V`�3·@h�W � fv_�VPh�^�b�bd]�w;fj_�x�fjh
�;h�V`�AY\]�V`Ydk&wEfg]�VX[&Y\]�fjbi_�c»bd[�]�w�V#h�^�b�bd]�w;fj_�xCh�W � fj_�V�V`h�]�fj^ÁY\]�bd[`�
�£V£h�]�Y\[�]>��fg]�wÀ]�w�V�h�VXV`^Cfj_�x � p��;_;[�V � Y\]�V`�¿¤dVX[*_�V � V`h�]�fj^CY\]�bd[�Pü W ¶±ÿ ·*����bd[�h�fj^CW � fjkXfg]qpdlGk�bi_Zh�fj��VX[>]�w�V

Y`odVX[*Y\xdVG¤dVX[*_�V � ¶ ®�ùÅ�a·*�2m�h�fj_;x
V`µ��;Y\]�fjbi_ ¶¹¸ ·*ldc±bd[�Yd_�p��Gbd[�¤~fj_�x�k�b�o�Y\[*fjYd_;k�V�^ÁY\]�[&f � K�ldh�fv^�W � VtkXY � kX� � Y\]�fgbi_;h
h�w�b�� ]�w;Y\]�]�w;V�h�VXV`^Cfj_;x � pr�;_;[�V � Y\]�V`��¤dVX[&_�V � V`h�]�fj^CY\]�bd[�Y\]�]�w�V ¶ N;ý:}7·q]�w�fg]�VX[&Y\]�fgbi_AkXYd_uz%V�[&VX��[&fg]�]�V`_AYdh

Pü RUTUY � VW ¶±ÿ · ù ñ�C � � ;ó`_\� � �õ�_\� <?> ¶ ö%ó¢õib ÿ · � õTõ ô?RUTUY � Vó¢õ
ñ C � � ;ó`_\� � �õa_\� � õqõ <?> ¶ ö%ó¢õLb ÿ · ¶ } ¸ ·

��w�VX[&V
ô R�ToY � Vó¢õ ù:ôZó¢õGý ¶ � õTõ · C � ^I3¢_�õ � õ9I £~ô óÙI b Pü RUTUVW ¶ ö ó�I ·�¤ ¶ }`�i·

��V`_�bd]�V`h�]�w�V�WZh�V`�;��b\�Âbdznh�VX[�o\Y\]�fgbi_!Y\]�]�w�V ¶ NBýr}7·q]�w§fj]�VX[&Y\]�fgbi_0�2��µ��;Y\]�fgbi_ ¶ } ¸ ·�h�w;b7��h�]�w;Y\]�Y\]eV`Ydk&w�fg]�VX[*Y\]�fgbi_0l
k�bi_�odV`_a]�fgbi_ZY � ¶ �GV`fgxiw�]�V`�n·
O�Yd�;Y\[&Y7piY��Â�«Y\]�h�bi_£¤dVX[&_�V � h�^�b�bd]�w;fj_�xCfvh�Y\W;W � fgV`��]�bC]�w�V!WZh�V`�;��b\�Âbdznh�VX[�o\Y\]�fgbi_;h
ô RUToY � Vó�õ ��fg]�w�]�w�V���V`fgxiw�]�hì6 � õqõ 8i�
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�£V
_�V � ]ek�bi_Zh�fj��VX[e]�w�VGxdV`_�VX[&Y � f á V`� � V`Ydh�]2h�µ��;Y\[�V`heh�^�b�bd]�w;fj_�x�h�W � fv_�VtV`h�]�fj^CY\]�bd[ Pü5´ ¶±ÿ ·0xifgodV`_�fj_ ¶ êi·*�t�£V
h�w�b��¾]�w;Y\] Pü5´ ¶±ÿ ·�kXYd_�Y � h�b�z%V�bdz;]�Ydfv_�V`�!fj]�VX[&Y\]�fgodV � p#z�p#Y\W;W � p�fj_;x�k�bi_aodV`_�]�fgbi_;Y � �GV`fgxiw�]�V`�§h�W � fj_�V�h�^�b�bd]�w;fj_�x
]�bÁ]�w;VPWZh�V`�;��b\�Âbdznh�VX[�o\Y\]�fgbi_;h�ô RUTUY � Vó¢õ ��fj]�w�]�w�V#�GV`fgxiw�]�hì6 � õTõ 8�Y\]�V`Ydk&wEfg]�VX[&Y\]�fgbi_�� � bi_;h&fj��VX[�kXY � kX� � Y\]�fj_�xCY
h�^�b�bd]�w;fj_;x�h�W � fv_�V�V`h�]�fj^ÁY\]�bd[ Pü��´ ¶±ÿ ·+fj_Á]�w�V�c±b �j� b���fj_�x�c±Ydh�wZfgbi_0����VX]�]�w;V�fj_Zfg]�fjY � V`h�]�fj^ÁY\]�bd[ Pü R [ V´ ¶±ÿ ·+bdc�ü ¶±ÿ ·t]�b
z%V#]�w�V§h�]�Yd_;�;Y\[&�1®Z]�wubd[*��VX[/h�^Cb�bd]�w;fv_�xCh�W � fv_�VPV`h�]�fj^CY\]�bd[�bdz;]�Ydfj_;V`��z�pAYdh&h��;^Cfj_;xCfj_;��VXW%V`_;��V`_Zk�VNYd^Cbi_�x
Y �j� bdzZh�VX[�o\Y\]�fgbi_;hX��KTc@]�w�Vrh&^�b�bd]�wZfj_�xuh�W � fj_�V�V`h�]�fv^CY\]�bd[§Y\]§]�w�V�N»]�w³fg]�VX[&Y\]�fgbi_�fjh!��V`_�bd]�V`�³z�p±PüSR�ToV´ ¶±ÿ ·*lt]�w�V
��W0�;Y\]�V`��V`h�]�fv^CY\]�bd[�bdc2ü ¶±ÿ ·GY\]�]�w�V ¶ NZýÄ}7·q]�w�fg]�VX[&Y\]�fgbi_Afvh
bdz;]�Ydfj_�V`�Az�p�^Cfj_;fv^Cf á fj_�x!��fg]�w�[�V`h�W3V`k�]
]�brü ¶ û ·

}
ñ

;^
ó`_\� �^õa_\� � õTõ £�ô?RUTUY � Vó¢õ b«ü ¶ ö%ó¢õ7·�¤ � ý±°/��£�ü R ²pV ¶±ÿ ·�¤ � � ÿ ú

��w�VX[&V/]�w�V#ô=RUTUY � Vó¢õ Y\[�VP]�w�VNWZh�V`�Z��b\�ÂbdzZh�VX[�o\Y\]�fgbi_;h@��VXÇn_�V`�rfv_ ¶ }`�i·@V � k�VXW;]³PüSR�ToVW ¶±ÿ ·�fjhG[�VXW � Ydk�V`�rz�pQPünRUToV´ ¶±ÿ ·*�+KT]
c±b �j� b7�/h+]�w;Y\]G]�w�V�[&V`h�� � ]�fj_;xPV`h�]�fj^CY\]�bd[@Y\]�]�w;V ¶ N�ý³}7·q]�w�fg]�VX[&Y\]�fjbi_rfjh�]�w�V/k�bi_�odV`_�]�fgbi_;Y � ��V`fjxiwa]�V`�ý®Z]�wCbd[*��VX[
h�^�b�bd]�w;fj_;x�h�W � fj_�VNV`h�]�fv^CY\]�bd[

PünRUToY � V´ ¶ öN·tù ¶sµK é ý�ñ\°(¶#· C � µK é ô R�ToY � V ú ¶ }�{�·

��w�VX[&VÁô R�ToY � V ùï67ôGRUTUY � V� � úXûXûXû`ú�ôGRUTUY � V; � 8��Ä��fg]�w«ô?RUTUY � Vó ùï67ôGR�ToY � Vó�� úXûXûXû�ú�ô=R�ToY � Vó�� 8�������w;fjh#^CV`Yd_;h�Y\]§]�w�V
¶ N*ýu}7·q]�w�fg]�VX[&Y\]�fgbi_�ld��V
��W0�;Y\]�VGü ¶±ÿ ·Sz�p�Y\W;W � p�fj_;x�]�w�V
k�bi_�odV`_a]�fgbi_ZY � ��V`fgxiw�]�V`�/®Z]�w§bd[&��VX[+h�W � fj_�V�h�^�b�bd]�w;fj_�x
]�bu]�w;VCWZh�V`�;�;b\�ÂbdzZh�VX[�o\Y\]�fgbi_;h!ô R�ToY � Vó¢õ ��fg]�w£]�w�VÁ��V`fgxiw�]�h � õTõ �>�;b �j� b7�/fj_�xE�~f � odVX[&^CYd_ ¶ }`�d|�{�·�Yd_;�´O/p~k&w�¤\Y
¶ }`�d�déi·*l�bi_�V�kXYd_EV`Ydh�f � p�c±��[&]�w�VX[�h&w�b7��]�w;Y\]�c»bd[PYd_�p ÿ ln]�w;V§V`h�]�fj^CY\]�bd[PY\]N]�w�V ¶ N3ý }7·q]�w£fg]�VX[*Y\]�fgbi_�kXYd_¦z%V
��[&fj]�]�V`_�Ydh�p�^CW;]�bd]�fjkXY �j� p�Ydh

Pü R�ToY � V´ ¶±ÿ ·+ù�� Zñ �^
õ�_\� � õqõ"!# C

� ;^
óÙ_\� �^õa_\�%$'&)( ¶±ÿ úBö3ó¢õ\· � õTõ ô R�ToY � Vó¢õ ý�* ² ¶ }7·*ú ¶ }`éi·

��w�VX[&V $'&)( ¶±ÿ ú @ ·rfjhC]�w�V«Q�[�VXV`_�â¢h�c±�;_Zk�]�fgbi_À��VXÇn_�V`�çfv_ ¶ y �j}X�a·r��fg]�wæ°+�«ù ° E 6�� �õa_\�S� õqõ 8¦Yd_;� � ¶±ÿ ·Aù6 � �õ�_\� � õTõ � õ ¶±ÿ ·98 E 6 � �õa_\� � õqõ 8i�+U/V`_;bd]�V#z�põPü �´ ¶±ÿ ·�]�w�VPfg]�VX[&Y\]�fgodVN�GV`fgxiw�]�V`�Ah�^�b�bd]�w;fj_�x§h�W � fv_�V�V`h�]�fv^CY\]�bd[�Y\]
k�bi_�odVX[�xdV`_;k�Vd�¸¹+[�bdW%bih�fj]�fgbi_A��h�w�b���h
]�w;Y\] Pü �´ ¶±ÿ ·GV`µ��;Y � h
]�w;V#xdV`_�VX[&Y � f á V`� � V`Ydh�]�h&µ��;Y\[&V`h�h�^�b�bd]�w;fj_�xCh�W � fj_�V
V`h�]�fj^ÁY\]�bd[ýPü5´ ¶±ÿ ·@fv_ ¶ êi·*����w�VPWZ[�b�bdcefjh
xifgodV`_ufj_ y WZW3V`_Z�;f � � �
À Ñ�Ë%Á+ËnÓ7Ø»×�Ø±Ë�Â-, ø ÛSÕ¸ÏÔ×�ÕrÉêÊ)×ÔÏ�Ó5ÕiÍ·ÕrÏÙÐ5ÛÝ×�Õká³Ü�Ö=ÈsÈ)×�Û$Ï�ËÑÐöÜ�å�ÞoÏ�Ë(Õ/ÕaÜr×ÔÏ¥Ö=Ê)×"È5É/Ê)× Ò9È)Ë�Ó5Õ�ÉÔÐÝÕrË�ÒaÕ Pü.�´ ¶±ÿ · ÛÝÊ�ÜLÊ¾Ò�ÞÙÈ�Ü�Õ9áã�È5É�ÖùÕkØrå�ÉkÕaÜ9ÜaÏÔÈ)Ë-Ê5Ë�á Õ��sßnÊ)Þ Üö×�ÛnÕ0/213�âÜ�Ö=ÈsÈ)×�ÛÑÏ¥ËÑÐÿÜ"å�ÞUÏ¥ËDÕ=ÕaÜr×ÔÏ¥Ö=Ê)×"È5ÉöPü�´ ¶±ÿ · Ï¥Ë�Ä54aÆ ñ
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xdV`_�VX[*Y � f á V`� � V`Ydh�]+h�µ��ZY\[�V`h+h�W � fj_�VGV`h�]�fj^CY\]�bd[&h+o�fjY ¶ }`éi·*��L/VX[�V
�GV�h�VXV�k � V`Y\[ � p�]�wZY\]tz3bd]�wÁ^�VX]�w~�
b~�;hPY\[�V � b~kXY � fj_E]�w�V�WZh�V`�;��b>bdzZh�VX[&o�Y\]�fgbi_Zh ¶ }`�i·��P]�w�VCh�VXV`^Cfj_;x � pu�;_�[&V � Y\]�V`�E¤dVX[&_�V � WZh�V`�Z��brbdznh�VX[�o\Y\]�fgbi_
Y\]#k�bi_�odVX[�xdV`_;k�VrfvhPô �ó¢õ ù ônó¢õ@ý ¶ � õqõ ·9C � � �õa_\� � I3¢_�õ � õ�I 67ô óÙI b�Pü W ¶ ö ó�I ·98ilSYd_;�£Y�h&fj^Cf � Y\[�c±bd[&^Ãw�b � �;h�c±bd[
]�w�V!xdV`_�VX[&Y � f á V`� � V`Ydh�]�h�µ��ZY\[�V`h�h�W � fj_�Vd� � � V`Y\[ � p>]�w;fjh�]�VX[&^ �;VXW3V`_Z�;h@bi_�Y �v� ]�w�V�[&V`h�W%bi_;h�V`h�fj_u]�w�V�k � �Zh�]�VX[`l
_�bd]�È��;h�]+ôZó¢õd�t��w;V`h�V��;fjh&kX�;h�h�fgbi_Zheh&��xdxdV`h�]G]�w;Y\]�fgc0Yd_�p bdznh�VX[�o\Y\]�fgbi_Áfj_ÁY�k � �;h�]�VX[�w;Ydh�Yd_�ö%ó�õ/_�V`Y\[�]�w�V�o\Y � ��V
Y\]���wZfjk&w�]�w�VPcº�;_;k�]�fjbi_�fjh@]�bCz%VNÇ;]Xl;]�w�V`_AY �v� ]�w�VPbdzZh�VX[�o\Y\]�fgbi_;h�fj_>]�w�V�k � �;h�]�VX[�k�bi_a]�[&fjzZ��]�VP]�bC]�w�VPÇZ]XlZf¹��Vd�gl
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^�b~��V � ¶ }7·§�/fg]�w¿ü ¶±ÿ ·Áù�h�fj_ ¶¹¸�ÿ ·�Yd_;�ÀYd_¿V � k&w;Yd_�xdV`Y\z � V�k�b�o�Y\[&fvYd_;k�V � ùÃ{ ¶ � u ¸ è�ýÅ� u |.u�·*l���w;VX[�Vvu fjh
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bi_�V`hXltf¹��Vd��]�w�VrWZYdfg[��Â�/fjh�V���fg]�wZfj_~��k � �;h�]�VX[#k�bd[�[�V � Y\]�fgbi_³fjh��~� |���H�bd]�w³]�w�V>h�VXV`^Cfj_�x � p
�;_�[&V � Y\]�V`�¦¤dVX[&_�V � V`h�]�fj^CY\]�bd[GPü W ¶±ÿ ·NYd_Z�£]�w�VÁh�^Cb�bd]�w;fv_�x�h�W � fj_;V!V`h�]�fv^CY\]�bd[GPü5´ ¶±ÿ ·NkXYd_£z%V���[&fg]�]�V`_´fj_¦]�w�V
c±bd[&^îPü ¶±ÿ ·>ùm� ;ó`_\� � �õ�_\� �Eó¢õ ¶±ÿ úBöN·Tônó¢õdlG��w�VX[�VA]�w;VAV � WZ[�V`h�h�fgbi_¾c±bd[Á]�w;VA��V`fjxiwa]�h0�Eó¢õ ¶±ÿ úBöP·�fjh�xifgodV`_Àz�p
V`µ��;Y\]�fgbi_ ¶ �d·/c±bd[�]�w;VCh�VXV`^Cfj_�x � pA�;_�[�V � Y\]�V`�E¤dVX[&_;V � V`h�]�fj^CY\]�bd[ Pü W ¶±ÿ ·/Yd_;�¦z�puV`µ��;Y\]�fgbi_ ¶ �d·/bdc��£V � h&w0l0VX]
Y � �gl ¶¹¸ �d� ¸ ·�c±bd[N]�w�V�h�^�b�bd]�w;fj_�x�h�W � fj_�V�V`h�]�fj^CY\]�bd[ Pü5´ ¶±ÿ ·*�§m/h�fv_�xr]�w;V`h�V���V`fgxiw�]Nc±�Z_;k�]�fgbi_;hXl%�GV�fj_aodV`h�]�fgxiY\]�V
w�b�� ]�w�V#bdzZh�VX[�o�Y\]�fjbi_AY\] ÿ fjh
�GV`fgxiwa]�V`�A��w�V`_��GV#V`h�]�fj^ÁY\]�V�ü ¶A@ ·�c»bd[�YÁh�VX[&fgV`h@bdc2o\Y � ��V`h@bdc @ �

�2fgxi��[&VA} ¶ Ya·NW � bd]�hN]�w;VC��V`fjxiwa]�hPc±bd[#]�w�V��~m/¥ ¤dVX[&_�V � V`h�]�fv^CY\]�bd[ Pü W ¶±ÿ ·NY\] ÿ ù � u ¸ éA��fg]�w¦]�w�V�¤dVX[*_�V �
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cº�;_;k�]�fgbi_ ¶ }d}7·�Yd_;�¾znYd_;����fj�;]�w B ù � u {«c±bd[�z%bd]�w¾��bd[�¤~fj_�x£fj_Z��VXW%V`_;��V`_;k�V ¶ ��w;fjk*w�fjh�fj��V`_�]�fjkXY � ]�b«]�w�V
k � Ydh�h&fjkXY � ¤dVX[&_;V � V`h�]�fv^CY\]�V�·�Yd_;�ÁYdh�h&�;^Cfj_�x�]�w�V�]�[&�;V/k�b7o\Y\[&fjYd_Zk�Vd� y h�fj^Áf � Y\[tW � bd]�c»bd[G]�w�VNkX��zZfjk�h�^�b�bd]�w;fj_�x
h�W � fj_�V§V`h�]�fj^CY\]�bd[ Pü ´ ¶±ÿ ·���fg]�w-°´ù9� u }CfjhNxifgodV`_³fj_£�2fgxi��[�V�} ¶ z3·*�>MP_�VCkXYd_«V`Ydh�f � p�h�VXVÁ]�w;Y\]#]�w�VC�Gbd[�¤~fj_�x
fj_;�;VXW3V`_Z��V`_;k�VP¤dVX[&_�V � Yd_;�Eh�W � fv_�VPV`h�]�fj^CY\]�V`hNY\[�V � b~kXY � l3��w;f � VP]�w;V§h�VXV`^Áfj_�x � p��;_�[&V � Y\]�V`�A¤dVX[&_;V � V`h�]�fv^CY\]�V
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h�VXV`^Cfv_�x � p��;_�[�V � Y\]�V`�C¤dVX[&_�V � V`h�]�fv^CY\]�V`h�wZY`odV/h&fj^Cf � Y\[tz%V`w;Y7o�fjbd[�fj_�ÇZ_Zfg]�V�h�Yd^�W � V`hX�e��w�V`h�V�[�V`h&� � ]�h+Y\[�V/k�bi_~�
h�fjh�]�V`_a]
��fj]�wrbi�;[
]�w�VXbd[�VX]�fjkXY � ÇZ_;�;fj_;xih�]�w;Y\]
xdV`_;VX[&Y � f á V`� � V`Ydh�]�h�µ��;Y\[�V`h
h�W � fj_�V`hGYd_;��h�VXV`^Cfj_;x � pr�;_;[�V � Y\]�V`�
¤dVX[&_�V � h�Y\[�V�Ydh�p~^�W;]�bd]�fvkXY �j� pÁV`µ��;fgo\Y � V`_�]X�
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�£V � h�w�l;VX]/Y � � ¶¹¸ �d� ¸ ·�h�w;b7�GV`�A]�w;Y\]�h�^�b�bd]�w;fj_�xCh�W � fj_�V`hG]�w;Y\]�fj_;k�bd[�W%bd[&Y\]�VP]�w�V���fg]�w;fj_���k � �;h�]�VX[
k�bd[�[�V � Y\]�fgbi_
Y\[�V>_�bd]!Ydh�p~^�W;]�bd]�fvkXY �j� p¦V`µ��Zfgo�Y � V`_a]!]�b�k�bi_�odV`_a]�fgbi_ZY � ¤dVX[*_�V � xdV`_�VX[*Y � f á V`�³V`h�]�fj^CY\]�fj_;xAV`µ��ZY\]�fgbi_´V`h�]�fj^CY��
]�bd[&h
c±bd[�k � �Zh�]�VX[�V`�n² � bi_;xifg]��;�;fj_ZY � �;Y\]�YÁYd_;��]�w;Y\]�]�w�VXp�w;Y7odV!h�^CY �v� VX[@o�Y\[&fvYd_;k�V`h
]�w;Yd_Ak�bi_�odV`_�]�fgbi_;Y � ¤dVX[*_�V �
V`h�]�fj^ÁY\]�bd[&h§c»bd[�k � �;h�]�VX[�V`�³�ZY\]�Y~�£�£V�wZY`odV�h�w�b���_0l+w�b���VXodVX[`l�]�w;Y\]§]�w�V`h�V�h�^�b�bd]�w;fj_�xEh�W � fv_�VCV`h�]�fj^ÁY\]�bd[&h
Y\[�V>Ydh�p�^CW;]�bd]�fjkXY �j� pEV`µ��;fgo\Y � V`_a]�]�b�h�VXV`^Cfv_�x � p¦�;_�[�V � Y\]�V`�«¤dVX[&_�V � V`h�]�fj^CY\]�bd[&hX���;��[&]�w�VX[`lez3bd]�w´h�VXV`^Cfj_�x � p
�;_�[&V � Y\]�V`�C¤dVX[&_;V � h�Yd_;�rh�^�b�bd]�w;fj_�x!h�W � fj_;V`htkXYd_Áz%V�bdzZ]�Ydfj_�V`�Áfj]�VX[&Y\]�fgodV � p�z�pCY\W;W � p~fj_�x#h�]�Yd_Z�;Y\[&�C�GV`fgxiw�]�V`�
h�W � fj_�V�bd[
¤dVX[&_;V � h�^�b�bd]�w;fj_�x!]�b�WZh�V`�;��b\�Âbdznh�VX[�o\Y\]�fgbi_;hX�t��w;fvh�]�[&Yd_Zh�WZY\[�V`_�]
k�bi_;_�V`k�]�fgbi_�Y �j� b7��h@�;hG]�bCh�]��;�;p
]�w�VÁYdh�p�^�WZ]�bd]�fjk�W;[�bdW%VX[�]�fgV`h ¶ znfjYdh�V`h#Yd_;�«o�Y\[&fvYd_;k�V`h*·/bdc
h�^�b�bd]�w;fj_�x�h�W � fj_�V`hXl%��w;VX[�VC�;fg[�V`k�]#fv_aodV`h�]�fjxiY\]�fgbi_
fjh��;fjÉÁkX� � ]X�´��w;fjh§[�V`h�� � ]�È��;h�]�fgÇZV`h!]�w;VA�;h�V�bdc/h&^�b�bd]�wZfj_�x£h�W � fv_�V`h!fv_�k � �;h�]�VX[�V`�n² � bi_�xifg]��;�;fv_;Y � �ZY\]�Y~��KB_
Yd�;�;fj]�fgbi_0l;]�w�V!WZh�V`�;�;bCbdzZh�VX[�o\Y\]�fgbi_Efj_;h�fjxiwa]�h&w�b7��h/]�w;Y\]�Y �j� ]�w�V!bdzZh�VX[�o\Y\]�fgbi_;h�fj_�YÁk � �;h�]�VX[/k�bi_�]�[&fgzZ��]�V!]�b
]�w�VNÇ;]
fgcSYd_�pÁbdc�]�w�VNbdzZh�VX[�o\Y\]�fgbi_;h
fv_Á]�w�VPk � �Zh�]�VX[�w;Y`odV#Y§o\Y � ��V�bdc�ö%ó¢õP_�V`Y\[
]�w�VNW%bifj_�]GY\]@��w;fvk&w>]�w�VNÇ;]
fjh
]�bCz%VPVXo\Y � �;Y\]�V`�0�

�£V�w;Y7odVCYdh�h��;^�V`�Efj_u]�w;fjh/WZY\W%VX[/]�w;Y\]N]�w�V�_��;^�z%VX[�bdc+bdzZh�VX[&o�Y\]�fgbi_Zh�W%VX[Nk � �;h�]�VX[Pfjh/ÇZ_;fg]�V!��w�V`_�]�w�V
_��;^�z%VX[�bdc�k � �Zh�]�VX[&h0xdb�V`hS]�b�fj_�ÇZ_Zfg]�pd�S��w;fjh0Ydh�h��Z^�W;]�fgbi_#w;b � �;h%c±bd[�^�bih�]ek�bi^C^�bi_ � bi_�xifg]��;�Zfj_;Y � h�]��;�;fjV`h�Yd_;�
h�]��;�ZfgV`h#fj_�odb � o~fj_�xAk � �;h�]�VX[�V`�´�;Y\]�YEh��;k*w´Ydh!c±Yd^Áf � fjY � h�]��Z�;fgV`h#Yd_;�³^!� � ]�f½��k�V`_�]�VX[§k � fv_;fjkXY � ]�[&fjY � hX��KT_³h�bi^�V
h�fg]��ZY\]�fgbi_;hXl�w;b7�GVXodVX[`l�z%bd]�w¾]�w�V�_��;^!z3VX[�bdc�bdzZh�VX[�o\Y\]�fgbi_;h�Yd_Z�³]�w;VA_��;^!z%VX[�bdc�k � �Zh�]�VX[&h§xdb£]�b«fj_�ÇZ_Zfg]�pdl
Vd��x��gl����GQ [�V`k�bd[*�;fj_�xEfjh���bi_�V>VXodVX[�p¾�\�¦h�V`k�bi_Z�;h§b7odVX[Á_;fjxiwa]§c»bd[�WnY\]�fgV`_a]�h�fj_¾_�V`�;[�b � bdxifjkXY � [�V`h�V`Y\[&k*w¾]�b
h�]��;�;p�z;[&Ydfj_�Ydk�]�fgo�fj]�fgV`h ¶ suY � b��#l0VX]NY � �glt}`�d�dêi·*�#� � Yd^Cfj_;Y\]�fgbi_�bdc+]�w�V§W;[�b�bdc�fj_ y WZW3V`_Z�;f � y h�w�b���h/]�w;Y\]
]�w�V>Ydh�p�^CW;]�bd]�fjkCV`µ��;fgo\Y � V`_;k�Vrbdc�h�^�b�bd]�w;fj_�x�h�W � fj_;V`hPYd_;�´h�VXV`^Áfj_�x � p£�;_�[&V � Y\]�V`�«¤dVX[&_;V � h�fj_´]�w�Vrh�V`_;h�VÁbdc
�~f � odVX[&^CYd_ ¶ }`�d|�{�·�h�]�f �j� w�b � �;htVXodV`_r��w�V`_Cz3bd]�wÁ]�w�V/_��;^!z%VX[+bdc0bdzZh�VX[�o\Y\]�fgbi_;h�Yd_;��]�w�V�_��Z^�z%VX[+bdc�k � �Zh�]�VX[&h
xdbu]�bEfj_�ÇZ_Zfg]�pd�>L�b���VXodVX[`lt]�w;VrYdh�p~^�W;]�bd]�fjkCW;[�bdW%VX[�]�fgV`h ¶ znfjYdh�V`h�Yd_Z�«o\Y\[&fjYd_;k�V`h*·Nbdc�h�VXV`^Cfj_�x � pE�;_;[�V � Y\]�V`�
¤dVX[&_�V � V`h�]�fj^ÁY\]�bd[&h�Yd_Z�rh�^Cb�bd]�w;fv_�x�h�W � fj_�V`h+fj_C]�w;fjh�h&fg]��;Y\]�fgbi_>Y\[�V/_;bd]��GV �j� �Z_;��VX[&h�]�b�b~�CYd_;�ÁY\[&V�kX��[&[�V`_a] � p
�;_;�;VX[�fj_aodV`h�]�fgxiY\]�fgbi_0�
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��w;fvh/�Gbd[�¤E�GYdh�h���W;W%bd[�]�V`�¦fj_EWZY\[�]Pz�puxd[*Yd_a]�h�c»[�bi^ ]�w;VCO/Y\]�fgbi_ZY � � Yd_;k�VX[#KB_;h�]�fg]��;]�V�Yd_Z�¦]�w�VCO/Y\]�fjbi_;Y �
KB_;h�]�fg]���]�VPbdc2��_�o~fg[�bi_;^�V`_�]�Y � L/V`Y � ]�wE�~kXfjV`_;k�V`hX�
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� bi_;h&fj��VX[
]�w�V�Y7odVX[&Y\xdV§¤dVX[&_�V � V`h�]�fj^CY\]�bd[ ¶ M�ù �a·*�GU�V`_�bd]�V!z�p PüSR�ToVW ¶ öP·+ù�6 PüSR�ToVW ¶ ö\�ê�æ·*úXûXûXû�ú PüSRUTUVW ¶ ö(;��N·98���]�w�V
h�VXV`^Cfv_�x � pA�;_�[&V � Y\]�V`�u¤dVX[*_�V � V`h�]�fj^CY\]�bd[#Y\]�]�w�V1N±]�wEfj]�VX[&Y\]�fgbi_EVXo�Y � �;Y\]�V`�¦Y\]�]�w;V!odV`k�]�bd[#bdcGY �j� ]�w�V§�;V`h�fgxi_
W%bifj_�]�hGö:ù ¶ ö�ê�`úXûXûXû7úBöD;2�P· � ��m/h&fj_�x�V`µ��;Y\]�fgbi_ ¶¹¸ ·*lZh�bi^�V�kXY � kX� � Y\]�fgbi_;h
xifgodVPü RUTUY � VW ¶±ÿ ·+ù ¶ } � < é > µK é }7· C � ` } � < é > µK é5Pü RUTUVW ¶ öN·�ýÅ} � < é > µK C � £�ô�b Pü RUTUVW ¶ öN·�¤ b ú ¶ y �j}7·

��w�VX[&V³< é >�ù:�ZfjY\xS6p<?> ¶ ö�ê�«b ÿ ·*úXûXûXû�<G> ¶ ö(;���b ÿ ·98i��U�V`_�bd]�V!z�p
< ç >�ù�6 ;^ó`_\� �^õ�_\� <G> ¶ ö\�ê�«b ÿ · � õTõ 8 C � 6p<G> ¶ ö\�ê�«b ÿ ·*úXûXûXû�úk<?> ¶ öD;2��b ÿ ·98 �

]�w�V£odV`k�]�bd[�bdc§h�]�Yd_Z�;Y\[&�;f á V`�Ä¤dVX[&_;V � ��V`fgxiw�]�hAY\] ÿ �F�£[*fg]�V PüSRUTUVW ¶ öN·¦ù~< RUTUV ôÁ�Æ�£V«_�VXV`� ]�b�ÇZ_;�Ä]�w�V
[�V � Y\]�fjbi_;h�w;fgW�z%VX]��GVXV`_õ< R�ToY � V Yd_Z�÷< RUToV ��m/h&fj_�x ¶ y �j}7·*l%h�fj^CW � VNkXY � kX� � Y\]�fgbi_Zh@xifgodVPü R�ToY � VW ¶±ÿ ·+ù < ç > ¶±ÿ · � 6 µK é < RUToV ý µK C � ¶ è¾bf< RUTUV ·987ô u ¶ y � ¸ ·

KT]
c»b �j� b7��h
]�wZY\] PüSRUTUY � VW ¶ öN·+ùæ< ç 6 µK é < RUTUV ý µK C � ¶ èöb-< R�ToV ·987ô�ú ¶ y � �i·
Yd_;�÷< R�ToY � V ùæ< ç 6 µK é < RUTUV ý µK=C � ¶ èöb-< R�ToV ·98ilZ��w�VX[�V³< ç ùú6p< ç > ¶ ö�ê�æ·*úXûXûXû�< ç > ¶ öD;2�P·98����

y ]�k�bi_�odVX[�xdV`_;k�VdlD< RUTUY � V ù�< RUTUV ù < � ��L/V`_;k�Vý< � h�b � odV`hL< � ùæ< ç 6 µK é < � ý µKOC � ¶ è¾bf< � ·98ilnf¹��Vdl< � ù¡6pèPý�< ç ¶ µK C � b µK é ·98 C � < ç µK C � u ¶ y ��{�·

�~��znh�]�fg]���]�fj_;x ¶ y ��{�·
fj_�]�b ¶ y � ¸ ·
Yd_;� ¶ y � �i·*lnh�bi^�V�h�fj^CW � VNY � xdVXz;[&Y�xifgodV ¶ �d·
Yd_;� ¶ |i·*�
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m�h�fj_�x�]�w�Vr[&V`h�� � ]�h!h�]�Y\]�V`��fj_«]�w;VrWZY\[*Y\xd[&Y\WZw³z3VXc±bd[�V�¹+[�bdW%bih�fg]�fjbi_ ¸ l+fg]§h���ÉÁk�V`h§]�b¦h�w�b7� < ç ù ¶ µK é ý
ñ\°(¶#· C � Ydh�p~^�W;]�bd]�fjkXY �v� pd���~fj_;k�V µK é fvh+Y!�ZfjY\xdbi_;Y � ^CY\]�[*f � l���VNh�fj^CW � p!_;VXV`�C]�b�h�w�b7�ç]�w;Y\]��Z_;��VX[��Gbd[�¤~fj_�x
fj_;�;VXW3V`_Z��V`_;k�Vdld]�w�V
�GV`fgxiw�]�V`�Áh�W � fj_�V@V`h�]�fj^CY\]�bd[�fjh+Ydh�p~^�W;]�bd]�fjkXY �v� p!V`µ��;fgo\Y � V`_�]t]�b#]�w�V�k�bi_�odV`_�]�fgbi_;Y � ¤dVX[*_�V �
V`h�]�fj^ÁY\]�bd[`����w;fvh
kXYd_�z%VPV`Ydh�f � p�h�w�b���_��;h�fj_;x§]�w;V#[�V`h�� � ]�h
fj_Eè*ê�bdc��~f � odVX[*^CYd_ ¶ }`�d|�{�·*�
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��W%V`kXfgÇnkXY �j� pdl�c±bd[�Yd_�p���V`fjxiwa]�h��
ó¢õdlZ]�w;V��GV`fgxiwa]�V`��¤dVX[&_�V � V`h�]�fj^CY\]�bd[N�;_;�;VX[���bd[&¤�fj_;xÁfj_;��VXW%V`_;�;V`_;k�V#fjhPü�� W ¶±ÿ ·�ù 6�� ç ¶±ÿ ·98 C � � ;ó`_\� � �õa_\� �
ó�õs<?> ¶ ö%ó�õXb ÿ ·TôZó¢õil���w�VX[�V?� ç ¶±ÿ ·�ù�� ;ó`_\� � �õa_\� �
ó¢õp<?> ¶ ö%ó�õXb ÿ ·�Yd_;�
]�w�VAh��;zZh�k�[&fgWZ]��ú< ��V`_�bd]�V`h�]�w;V���V`fgxiw�]�V`�¿¤dVX[*_�V � �;_;�;VX[§�Gbd[�¤~fj_�x«fj_Z��VXW%V`_;��V`_;k�Vd�¾U�V`_�bd]�VAz�p�� ç ù
�;fjY\xS6�� ç ¶ ö �ê� ·*úXûXûXû�ú�� ç ¶ ö ;2� ·98i����w�V`_ Pü � W ¶±ÿ ·GVXo�Y � �;Y\]�V`�AY\]�]�w�V�odV`k�]�bd[/bdctY �j� ��V`h&fgxi_�W%bifj_a]�hGöïfjhPü�� W ¶ öN·+ùú6$Pü�� W ¶ ö�ê�æ·*úXûXûXû7úpPü�� W ¶ ö(;��N·98 � ùæ< ç ��ô�ú ¶ y � éi·

��w�VX[&V�� ùÅ�;fjY\x ¶ �X�ê�`úXûXûXû`ú��¸;��N·*l5< ç ù��¾C �ç <?>~l5<?>�fjh0Y�ñ0ò g�ñ0òï^ÁY\]�[&f � ��fg]�wPV � V`^CV`_a]�h\<?> ¶ ö%ó�õÑb
ö ó�� õP� ·
¶ ø�ú�ø��nù,}\úXûXûXû7ú�ñtla÷dú�÷
�3ù�}\úXûXûXû�ú�ò�·*�
��w;VE�GV`fgxiw�]�V`� h�^�b�bd]�w;fj_;x�h�W � fj_�V�V`h�]�fj^CY\]�bd[u�Z_;��VX[>��bd[�¤~fj_�x�fj_Z��VXW%V`_;��V`_;k�V�VXo�Y � �ZY\]�V`� Y\]AY �j� ]�w�V

��V`h�fjxi_�W3bifv_a]�h@öïfjh Püx�G´ ¶ öN·+ù ¶ �.ý³ñ\°(¶#· C � ��ô�ú ¶ y � êi·
��w�VX[&V#]�w�V!h&��zZh�k�[&fjW;]X���¿��V`_�bd]�V`h/]�w�V��GV`fgxiw�]�V`��h�W � fj_�VNV`h�]�fv^CY\]�bd[��Z_;��VX[��Gbd[�¤~fj_�xÁfj_Z��VXW%V`_;��V`_;k�Vd�G��w�V
[�V`h�� � ]�h�fj_ïè*ê�bdcC�~f � odVX[&^CYd_ ¶ }`�d|�{�·uh�w�b7�1]�w;Y\]A]�w�V«�GV`fgxiw�]�hAbdc Püx� W ¶ öP·>Yd_;�Å]�w�bih�V´bdc Pü��?´ ¶ öP·�Y\[�V
Ydh�p~^�W;]�bd]�fjkXY �v� pçV`µ��;fgo\Y � V`_�]X�¬O�b�� � VX]c� ù µK é � y k�bi^�WZY\[&fvh�bi_Åz%VX]��GVXV`_ ¶ y � éi·���fj]�w ¶ y � êi·�xifgodV`h< ç ù ¶ µK é ý�ñ\°(¶#·9C � Ydh�p�^CW;]�bd]�fjkXY �j� p>��fg]�w�]�w;V#¤dVX[&_�V � cº�;_;k�]�fjbi_���VXÇZ_�V`��fj_ ¶ }X�a·*�

�£VP_�b��:h�]��;��p�w�b7�:]�w�V�zZYd_;�;��fj��]�w B fjh�[�V � Y\]�V`�>]�b§]�w�VNh�^�b�bd]�w;fj_�x#WnY\[&Yd^�VX]�VX[i°0�+�;b �j� b7�/fj_�x���f � odVX[��
^CYd_ ¶ }`�d|�{�·*l;�GV�Ç;[&h�]�h�]�Yd_;�ZY\[&�;f á V�]�w;V/�GV`fgxiw�]�h�Ydh��
ó¢õ/ù � õqõ E ñö� �õa_\� � õTõ h��Zk&wr]�w;Y\]¸� ;ó`_\� � �õa_\� �
ó¢õ�ù�}\l
Yd_;�AkXY � kX� � Y\]�V#]�w�VP�GV`fgxiw�]�V`�ukX�;^§� � Y\]�fjodV#�;fjh�]�[&fjzZ��]�fgbi_rc±�Z_;k�]�fgbi_�Yd_;�Afj]�h � fj^Cfg]
Ydh� ç; ¶±ÿ ·+ù ;^

ó`_\� �^õa_\� �
ó¢õpè ¶ ö%ó�õG� ÿ ·�w�� ¶±ÿ ·+ù �^
õa_\� � õTõ �%õ ¶±ÿ · E �^

õ�_\� � õqõ u ¶ y � �d·

m�h�fj_�x�]�w�V�[�V`h&� � ]�hPfj_£��w;VXbd[�V`^ y bdc��~f � odVX[&^CYd_ ¶ }`�d|�{�·PYd_Z�¦[�VXW � YdkXfj_;x÷°«z�pv° E � �õa_\�n� õTõ Yd_;� � ¶±ÿ ·/z�p� �õ�_\� � õTõ � õ ¶±ÿ · E � �õ�_\� � õTõ l�]�w;V#zZYd_;���/fj��]�w B ¶±ÿ ·@fjh
[�V � Y\]�V`��]�b�°uz�p
B ¶±ÿ ·+ù¡  °� �õa_\� � õTõ�¢ ��� � ²   � �õ�_\� � õqõ � õ ¶±ÿ ·� �õa_\� � õTõ ¢ C ��� � ² ù Q °� �õ�_\� � õTõ � õ ¶±ÿ · S ��� � ² u
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]�w;Y\]r]�w�V�Ydh�p~^�W;]�bd]�fvkAV � WZYd_;h�fgbi_¿bdc1Pü�´ ¶±ÿ ·�xifjodV`_Àfj_ÀWZY\[�] ¶ {�·Áw�b � �;h`�çKT]rh�w;bi� � �¾z%Vu_�bd]�V`�ç]�w;Y\]Á]�w;V`h�V
Ydh�p~^�W;]�bd]�fjkuV � WnYd_;h�fgbi_¿Yd_Z�¿Ydh�p~^�W;]�bd]�fjkuo�Y\[&fvYd_;k�VuYd_;�ÀzZfjYdhC��b³_�bd]r��VXW%V`_;�¾bi_Äk&w;bifjk�VubdcN]�w�VEfj_;fg]�fjY �
k�bi_;h�fvh�]�V`_a]�V`h�]�fj^CY\]�bd[ Pü R [ V´ ¶±ÿ ·*�

5 �ÀÑ£� 5 ��-å8Ä�À�

HG[&�;^!zZYdk�¤3l;H�� � ¥/fjk�VdlZ �� y � ¶ }`�d�d|i·��~^�b�bd]�w;fj_�x�h�W � fv_�V�^�b~��V � hGc±bd[G]�w;VNYd_ZY � p�h&fjh�bdce_�V`h�]�V`��Yd_;��k�[�bih&h�V`�
h�Yd^CW � V`h@bdctkX��[�odV`h ¶ ��fg]�w��;fjh&kX�;h�h�fgbi_Zh*·*��ÒnñIA Ö?ÕrÉ ñ �%×"Ê)×ÔÏ¥Üa× ñ�A Ü�ÜrÈsÒ ñjln�d��l3�dê~}æ�&}X�d�iê��

Q�[�VXV`_�l$¹e�a �� � �~f � odVX[*^CYd_0ldH��d��� ¶ }`�d��{�·*� DöÈ5Ë5ånÊ5É Ê)Ö=Õs×ÔÉ�ÏAÒ�ÓiÕ"Ð)ÉkÕaÜ�Ü�ÏAÈ5ËõÊ5Ë�á0/LÕ�Ë(ÕrÉêÊ5ÞUÏ^=2ÕkáE1�Ï�Ë(Õ9Ê5É�ÔfÈpá$ÕrÞoÜ?ÕA Ó¸È)ß)Ð)Û$Ë(ÕrÜ9Ü'e|ÕrË�Ê5Þ�×ÔÌ A å3å�ÉêÈsÊ3Ò�Û � � w;Y\WZ^ÁYd_�Yd_;�AL�Y �j� l�R�bi_;�;bi_0�
L/b�b�odVX[`l0U!�%¥#�gl%¥�fvk�Vdl3 �� y �gl3�«�0l � �%M�� � I�Yd_;x�lnI�� ¶ }`�d�d|i·*�NO/bi_�WZY\[&Yd^�VX]�[*fjk�h�^Cb�bd]�w;fv_�xCV`h�]�fj^ÁY\]�V`h/bdc

]�fj^CVæëao�Y\[�p~fj_�xCk�b�VXÉÁkXfgV`_�]�^�b~��V � h@�/fg]�w � bi_�xifg]��Z�;fj_;Y � �;Y\]�Y~��Ö ÏAÈ5Ö?Õ�×ÔÉaÏðÎ)Ê ln|dé�l%|\�i�7ë�| ¸d¸ �
�;Yd_0l2 �� � ß%w;Yd_;x�l� ��¢�P� ¶¹¸ �d�d�a·*�Á����b\��h�]�VXW´V`h�]�fj^CY\]�fgbi_¦bdcGcº�;_;k�]�fgbi_;Y �2� fv_�V`Y\[P^�b��;V � h���fg]�w£Y\W;W � fjkXY\]�fgbi_;h

]�b � bi_�xifg]��;�;fv_;Y � �ZY\]�Y~�XÒnñ Ó¸È5Ì3Ê5Þ���×"Ê)×ÔÏðÜr× ñ ��ÈsÒ ñ Ú��(ÕrÉaÏAÕrÜ Ö�lZê ¸ l3�\�i���q� ¸d¸ �
RSfvYd_�x�lt¡���I�� � ß3VXxdVX[`l��3�eR+� ¶ }`�d|dêi·*�¦RSbi_�xifg]��;�Zfj_;Y � �;Y\]�YEYd_;Y � p~h�fjh!�;h�fj_�xuxdV`_�VX[&Y � f á V`� � fj_�V`Y\[§^�b~��V � hX�Ö ÏAÈ5Ö?Õ�×ÔÉaÏðÎ)Ê l%�\��lS}`��� ¸d¸ �
RSfv_0lSU§� � INfj_;x�l2ße� ¶¹¸ �d��}7·���V`^CfjWZY\[&Yd^�VX]�[&fvk§Yd_Z�´_�bi_�WnY\[&Yd^�VX]�[&fjk�[&VXxd[�V`h�h�fgbi_´Yd_;Y � p~h�fjhPbdc � bi_�xifj]��;�;fj_;Y �

�;Y\]�Y~�XÒSñ�A Ö=Õ�É ñ �%×"Ê3×ÔÏðÜr× ñXA Ü�ÜrÈsÒ ñjl3�dê�lS}X�i�7ën} ¸ ê��
RSfv_0l�J§� � � Y\[&[�b �j� l�¥��� �� ¶¹¸ �d�d�a·*�AO/bi_�WZY\[*Yd^�VX]�[&fjk�cº�;_;k�]�fjbi_¦V`h�]�fj^CY\]�fgbi_´c»bd[!k � �;h�]�VX[�V`�´�;Y\]�YA��w;V`_£]�w�V

W;[&V`�;fjk�]�bd[�fjh�^CV`Ydh���[�V`���/fg]�w�bi��]*²���fj]�wrVX[&[�bd[`�OÒnñIA Ö?ÕrÉ ñ �%×"Ê)×ÔÏ¥Üa× ñXA Ü9Ü�ÈsÒ ñvln�dé�l3é ¸ ���qéd��{��
RSfv_0ltJ!� � � Y\[�[&b �j� lt¥#�+ �� ¶¹¸ �d��}7·*�¿��V`^CfgWnY\[&Yd^�VX]�[&fjkÁ[�VXxd[�V`h�h&fgbi_�c»bd[Ck � �Zh�]�VX[�V`�¾�;Y\]�Y¦�;h�fj_;xuxdV`_�VX[&Y � f á V`�

V`h�]�fv^CY\]�fj_�x�V`µ��;Y\]�fgbi_;h`l×ÒSñIA Ö?Õ�É ñ �%×"Ê3×ÔÏðÜr× ñXA Ü�ÜrÈsÒ ñjl3�dê�lS}X�\{aé��&}X�iédê��
¸ {
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RSfv_0l\J!� � ß%w;Yd_;x�liU!� ¶ }`�d�d�i·*��KT_�c±VX[�V`_;k�V@fj_§xdV`_�VX[&Y � f á V`��Yd�;�;fg]�fjodVG^Cf � V`��^�b~��V � �;h�fj_;x/h�^�b�bd]�w;fj_;x�h�W � fj_�V`hX�Ònñ Ó¸È5Ì3Ê5Þs�%×"Ê)×ÔÏ¥Üa× ñ �(ÈsÒ ñ Úz�(Õ�É�Ï"ÕaÜ Ö�lnê~}\ln�d|~}æ�Â{i�d�~�
s�Y � b7�#l/H/� y �gl�¡#�;h&wa�@Ydw;Y~l�¥#�gl/RSfj_0l
J§�gl/subd[�]�bi_0l�¡���R��gl y � ��[&fjk*w0l�s«���3� ¶ }`�d�i�d·*� ¥�V � Y\]�fgbi_Zh�w;fgW¿bdc

fj_�]�VX[&fjk�]�Y � VXWZf � VXWZ]�fgc»bd[*^��;fjh�k*w;Y\[�xdV`h�]�b�h � VXVXWE��VXW;]�w�fj_�]�V`^�W%bd[&Y ��� bdz%VPVXWZf � VXWZh�pd�BN�N /ªØÞoÏ�Ë ñ DöÕ�ßSÉ È��å%ÛÑÌ2ÜaÏÔÈ)Þ�ÈkÐ3Ì le}X� ¸ l ¸ ��� ¸ ê��
O/p�k*w�¤�Y~lnU!� ¶ }`�d�déi·/��W � fj_�V`h@Ydh � b�kXY � h�^Cb�bd]�w�VX[*hX��A Ë�Ë ñ ��×"Ê)×ÔÏðÜr× ñjl ¸ ��l�}d}7�\é��&}d}`�i���
¥��Zk�¤~h�]��;w � l y �gl��£V � h&w0l y �¢L!� � � Y\[�[�b �j� l@¥#�  ;� ¶¹¸ �d�d�a·*� O/bi_�WZY\[*Yd^�VX]�[&fjkuc±�;_Zk�]�fgbi_¿V`h�]�fv^CY\]�fgbi_çbdc#]�w�V

[�V � Y\]�fgbi_;h�w;fjW>z%VX]q��VXV`_u]��GbC[�VXW%V`Y\]�V`� � p�^�V`Ydh���[&V`��o�Y\[*fjY\z � V`hX� �%×"Ê3×ÔÏðÜr× ñ ��Ï�Ë�ÏÔÒ�Ê lS}X�~l%é~}*ë~��}\�
��VXodVX[&fv_;f¹l0�P� y � � ��]�Yd_Zfjh��@Y � fjhXl� ��SQ§� ¶ }`�d��{�·GÙN�;Ydh�f � fg¤dV � fjw�b�b~��V`h�]�fj^CY\]�fjbi_£fj_¦h�V`^CfgWZY\[*Yd^�VX]�[&fjk§^�b~��V � hX�ÒnñIA Ö?ÕrÉ ñ �%×"Ê)×ÔÏ¥Üa× ñXA Ü9Ü�ÈsÒ ñvln|d��lné\��}*ë�é~}d}\�
�~f � odVX[&^CYd_0l�H�� ¶ }`�d|�{�·*����W � fj_�VNh�^�b�bd]�w;fj_�xn�+]�w;V#V`µ��Zfgo�Y � V`_a]
o\Y\[&fjY\z � VP¤dVX[&_�V � ^�VX]�w;b��0��A Ë�Ë ñ ��×"Ê)×ÔÏðÜr× ñjle} ¸ l

|d�d|��q�~}`ê��
�«Yd_;�0l3s«�%¹e�ZYd_Z�A dbi_�V`hXl3s«� � � ¶ }`�d�déi·�Ú Õ�É�Ë(Õ�ÞI��Ö=ÈsÈ)×�ÛÑÏ¥ËÑÐ � � wZY\WZ^CYd_AYd_;��L�Y �j� �
�«Yd_�x�laI§� ¶ }`�d�d|i·*�Gsuf � V`��V�¼%V`k�]�h�h�^�b�bd]�w;fj_;xNh�W � fj_�V@Yd_;Y � p~h�fjhebdc3o�Y\[*fjYd_;k�Vd��ÒSñ ÓLÈ5Ì3Ê5Þ]��×"Ê)×ÔÏðÜr× ñ ��ÈsÒ ñ ÚÛ�DÕrÉaÏAÕrÜÖ�lnê\�~lS}`éd���&}7��{��
�«Yd_�x�l3O�� ¶¹¸ �d�i�i·*�
s�Y\[�xifj_;Y � _�bi_;WZY\[&Yd^�VX]�[&fvkN¤dVX[&_�V � [�VXxd[&V`h�h�fgbi_�YdkXk�bi�;_�]�fj_�xÁc»bd[/��fg]�w;fj_���h���z~È�V`k�]Gk�bd[&[�V � Y��

]�fgbi_���c!ø�*�òÝÜ ÿ ±\ø�JSHnl;]�bÁY\WZW3V`Y\[7�
àtVX[�z�p � Y~l y �3¹e�gl � � �j� fjh`l�H��i¥#�gli¡#V`_a�@Y\[&�0l�s´��Q§�gl � �£V � w;Yd^�l��3�i ;� ¶ }`�d�d�i·*����w�V
Yd_;Y � p~h�fjhebdc3��V`h�fgxi_�V`�§V � �

W%VX[&fj^CV`_a]�h�Yd_;� � bi_;xifg]��;�;fj_ZY � �;Y\]�Y�z�p��;h�fj_;x�h�^�b�bd]�w;fj_�x!h�W � fj_;V`h ¶ ��fg]�wr�;fjh�kX�;h&h�fgbi_;h*·5Þ~�pA å$å ñ �%×"Ê)×ÔÏ¥Üa× ñvl
{a|�l ¸ êd���q�~}d}\�

�£V � h�w�l y �2L!�gl�RSfv_0l2J!� � � Y\[�[�b �v� lt¥#�+ �� ¶¹¸ �d� ¸ ·*�¾s�Y\[�xifj_ZY ��� bi_;xifg]��;�;fj_ZY � _�bi_�WnY\[&Yd^�VX]�[&fjkÁ[�VXxd[�V`h�h&fgbi_�
RSb�kXY � fj]�p�Yd_;��VXÉÁkXfgV`_Zk�prbdcth�W � fj_�VNYd_;��¤dVX[&_�V � ^�VX]�w�b~�;hX�BÒnñIA Ö?ÕrÉ ñ ��×"Ê)×ÔÏðÜr× ñXA Ü9ÜrÈpÒ ñvln�i��lZ{a| ¸ ëa{a�d���

ß3VXxdVX[`l0�3�ZR�� � UNfgxdx � Vdl(¹e�3 �� ¶ }`�d��{�·*����V`^CfgWnY\[&Yd^�VX]�[&fjkP^Cb���V � h
c»bd[ � bi_�xifg]��Z�;fj_;Y � �;Y\]�YÁ��fg]�wAY\W;W � fjkXY\]�fgbi_
]�b � U/{rk�V �j� _��;^�z%VX[&h
fv_�L�KTàïh�VX[�b�k�bi_�odVX[�]�VX[&h`��Ö ÏÔÈ)Ö=Õs×ÔÉ�ÏAÒrÜ l3é\�~lnêd|d���qêd�d���

ß%w;Yd_;x�l�U§�glGR�fj_0l+J§�gl�¥/Y á l@ ;� � �~b7�GVX[&hXl
s«� ¶ }`�d�d|i·*�ç��V`^ÁfgWZY\[&Yd^�VX]�[*fjkrh�]�b�k*w;Ydh�]�fjkA^Áf � V`�¾^�b~��V � h§c±bd[
� bi_;xifg]��;�;fj_ZY � �;Y\]�Y~��ÒSñIA Ö=Õ�É ñ �%×"Ê3×ÔÏðÜr× ñXA Ü�ÜrÈsÒ ñjl3�d��l3��}X���T��}`���

¸ é
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sE���À�+ÉrkXfgV`_;k�p>bdc+�~W � fj_�V`h¥�V � Y\]�fjodV#]�b>�~m�¥ ¡PVX[*_�V � h
sub���V � � bd[�[ ñ�ùÅé\� ñuù�}X�d�
} } }\�j}`é }\� ¸d¸
} ¸ }\�j}`ê }\� ¸ }
} � �~� �d� }\�¢�a�
¸ } �~� �d� }\�¢�i�
¸ ¸ �~� �d| }\�¢��}
¸ � �~� ��{ �~� �d�
� } �~� �d| }\�¢�d�
� ¸ �~� �d| }\�¢�d�
� � �~� � ¸ �~� �d|
{ } }\�¢�i� }\�¢�a�
{ ¸ }\�¢�i| }\�¢�iê
{ � }\� ¸ é }\�j}`�

�eY\z � Vu}5���eY\z � Vu}��~fj^§� � Y\]�V`�£[�V � Y\]�fgodVÁVXÉÁkXfjV`_;kXfgV`h�k�bi^CWZY\[&fj_�x�h�^�b�bd]�w;fj_�xuh�W � fj_�V`hN�/fg]�w«h�VXV`^Cfv_�x � p£�;_~�[�V � Y\]�V`� ¶ �~m�¥�·C¤dVX[&_�V � h>Ydh&h��;^Cfj_;x«]�w�VE]�[&��V¦k�b7o\Y\[&fjYd_;k�Vd� ��w;V�c±bi��[�^�b��;V � hrk�bd[&[�V`h�W%bi_;�ç]�b�^�b~��V � }5�ü ¶±ÿ ·¿ùäh&fj_ ¶¹¸�ÿ ·*Õ#^Cb���V � ¸ ��ü ¶±ÿ ·¿ù | ~ ¶ }Lb�~�·Bh�fj_�6 ¸ � ¶ }Áý ¸ C+� �@� · E~¶ ~uý ¸ C+� �@� ·98iÕ#^Cb���V � �Ý��ü ¶±ÿ ·¿ù| ~ ¶ }Lb�~�·�h�fj_�6 ¸ � ¶ }!ý ¸ C]� �@� · E~¶ ~rý ¸ C]� �@� ·98iÕ
^�b~��V � {n�´ü ¶±ÿ ·Aù(h&fj_ ¶ |�~÷bÄ{�·
ý ¸ V � W:6$b ¸ édê ¶ ~÷b u éi· � 8i�
��w�V
]�w;[�VXV�k�bd[�[�V � Y\]�fgbi_Ch�]�[&�Zk�]���[�V`h+k�bd[�[&V`h�W%bi_;��]�b � bd[�[@ù�}5��]�w;V�Yd��]�bd[�VXxd[�V`h&h�fgodV�kXYdh�V/��fg]�wa��ù:� u ê�Õ � bd[�[ù ¸ �#]�w�V�V � k&w;Yd_�xdV`Y\z � VÁkXYdh�VC�/fg]�w¯��ù � u ê�Õ � bd[�[!ùF�Ý�P]�w�VÁ�Z_;h�]�[&�;k�]��;[�V`��kXYdh�VC��fg]�wv� � � ùß� � � ùF� u |Yd_;���%� � ù:� u é��

http://biostats.bepress.com/umichbiostat/paper12



Ñ Û 9FÞ 5 �

à ØUáKâSÑ�Í,ÃZã ��w�V���V`fjxiwa]�h�c±bd[�]�w�VAfg]�VX[*Y\]�fgodV�¤dVX[&_�V � V`h�]�fj^CY\]�VAYd_;�¾]�w�VAh&^�b�bd]�wZfj_�x£h�W � fv_�VÁV`h�]�fv^CY\]�V
��w�V`_¦ñ�ù é\�uYd_;�¦ò ùF��fj_¦]�w�V�V � k&w;Yd_;xdV`Y\z � VÁkXYdh�VÁ��fg]�wv�uùF� u |��C��w�V�h�b � fj� � fv_�V§Ydh&h��;^�V`hP�Gbd[�¤~fj_�x
fj_;�;VXW3V`_Z��V`_;k�VuYd_;�Ä��bd]�]�V`� � fv_�VuYdh�h��Z^�V`h>]�w�V�]�[*��VEk�b�o�Y\[*fjYd_;k�V)� ¶ Ya·Á]�w�V£h�VXV`^Áfj_�x � p��;_�[&V � Y\]�V`�À¤dVX[*_�V �
V`h�]�fj^ÁY\]�VdÕ ¶ z3·G]�w�V#h&^�b�bd]�wZfj_�xCh�W � fj_�V�V`h�]�fj^CY\]�Vd�

Hosted by The Berkeley Electronic Press



-2 -1 0 1 2

-0
.0

2
0.

0
0.

02
0.

04

-2 -1 0 1 2

-0
.0

2
0.

0
0.

02
0.

04

http://biostats.bepress.com/umichbiostat/paper12


	text.pdf.1064864827.titlepage.pdf.Nb3wA
	tmp.1064864827.pdf.7T8HW

