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Ã?D+AJF²Ò«O�e(AJKnGhF+Ô�RSD"A«KhO�Ô3ÓrDPI`Ë�I�Qge orÌ+FPC~RSGhO�F,(<GhRjD¡I¨KnGhF+AwI`Q�Ò«O�e(AJK �¢v(Wú_��g^�RjD+A�QjAJÒ�I�GhF+GnF+Ô�GHbSb Ì+A«RjO
�PA¨QjA�bdO�KhafA�e Gcb¾RjD+A§CED"O3GHC~A«O`o�.�W?Î�F�RSD"GHb�bdA�CkRjGhO�F2(�A§e(A�bSC~QSG*�PA§I`F I`KnÔ3O3QjGhRjD+Ò orO3Q¼e(AJRjAJQSÒ¼GhF+GnF+Ô. GnF%I`F²I3e+I�N+RSGnafA�o¢I3bdD"GhO3F W�@�D"GHb=I�KhÔ3O�QSGnRSD+Ò Gcb=I«D(\��+QSGce
O�oG(�AlKhK2t(F+O�(<F²bdRjAJN (<GcbdA�I�e+e(GhRjGhO�F%I`FPe
bdRjAJN�(<GHbdA e(AJKnAJRSGnO3F�N"QSO�CkA�e�Ì+QSA�bBGhF�Ò�Ì+KnRSGhN"KhA2QSAJÔ�QSA�bjbdGhO�F�I`FPe�Ô�AJF+AJQÏI`KnGhËJA�e�KhGnF+A�I`QBÒ¼O�e(AJKHb~^�(<D"AJQSA<A�I�CED
QSAlÔ3QSAwbSbdGnO3F�Ò«O�e(AlK�ClI`F,�PA�a(GnA+(�Awe I�b�I`F�AJKhAlÒ«AJF�RVO�o�I¨KnGhF+A�I�Q�b NPI3CkA»bdNPI�F+F+A�e,��\ RjD+A«NPO3RjAJF(RjGHI�K
N+QjA�e(GHC~RSO3QÏbkWF5ÑQjO3Ò RSD"GHb<a(GnA+(<NPO3GhF�RJ^ (�A (<GhKnK2e(A -PF+A�I�o¢I`Ò¼GhKh\¼O`o�I�KhKhO�( I��+KnA�bdNÑI3CkA�b��:RSDPI�R=Ò�IJ\ �PA
CkO�FPbdGce(AJQSAwe«e(Ì+QjGhF+Ô�Ò«O�e(AJKMbdAlKhA�CkRjGhO�FBW2@�D+GHb8o¢I�Ò«GhKn\��¡O�o/I�KhKhO�( I��+KnA=b NPI3CkAwb8GHb�I3bjbdÌ+Ò«Awe�RSO�DPIJafAVRjD+A
orO3KnKhO�(<GhF"Ô�N+QSO�NÊAlQSRSGnA�bkÉ

� A�I�CED�. 1�� GHb<I�KhGnF+A�I�Q<bdNÑI3CkA�DPIJa�GhF+Ô¼e(GhÒ¼AJFPbdGnO3FP-�� -��	��
fÍ
� RjD+AJQSA�Gcb�O3F+Kn\«O3F+A�. 1��2(<GhRjD§e(GhÒ«AlFPbdGnO3F�-��	��
fÍ
� G�o .b1�� DPI�b�e(GhÒ¼AJFPbdGnO3F�-@N -
�	��
�^�RSD+AJQjA«GHb�I`R�KnA�I3b R�O3F"A�bdÌ��ÑbdNPI�CkA�. � 1�� O�o . (<GhRjD
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bdRjAJN�(<GHbdAÕI3e+e�GhRSGnO3FBW 0VAlQSAI(�AÕbdÌPCJC~A�bSb GhafAJKn\�QjAJN+KHI�CkA�RSD+A � -V�Æ]���Ó¢e(GhÒ¼AJFPbdGnO3FPI�K2I`KnKhO�(<I��+KhA�bdNÑI3CkA,. ���\:I -(Ó¢e(GhÒ«AlFPbdGnO3FPI�K=I�KhKhO�( I��+KnA-bdNÑI3CkA . CkO�F(RÏI`GnF+GhF+Ô . � I�b«I¡bdÌ �PbdNPI�CkAfW Ã?D+AlQSA
orO�Q«Ò�Ì+KhRjGhN+KnA
QSAlÔ3QSAwbSbdGnO3F§GhR<GHb<NPOfbjbdG*�"KhA�RjO�Ala3I�KhÌPI�RSAÕCJI`FPe�GHe+I�RSA�b�orO3QUI¾F"A+( �PI�bdGHb�orÌ+FPC~RSGhO�F ��\«QSAwCkO3Ò«N"Ì+RSGnF+Ô�RjD+A
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�E7 KhO�Ô�C­I�b«GhF?RSD"A%s<Iw\fAwbdGHI�F:GnF(orO3QjÒ�I`RjGhO3F CkQSGnRSAJQjGhO�F ��s<ÎSpG��e�Ì+A-RSO?È�CgD ( I`QjË,�S]lZ uwY&�gW �¢@�D+A
GhF�RSAlQdo¢I3C~A�e(A�bjCkQSG/�ÊAwe»GnF¨ÈfA�C~RSGhO�F-u�I�KhKhO�('b�RjD+A�ÌPbdAJQ<RjO«b NPA�CkGqor\�RSD"A¸NPAJFÑI`KhR \«NÑI`QgI�Ò«AJRjAJQJW �

� � ����
 �����E
 � 

��
��

Î�F¨RjD+GHb'bdA�C~RSGhO�F (�A�e�A�bSCkQjG*�PA�RjD+A¸o¢I�Ò«GhKn\�O�o�I`KnKhO�(<I��+KhA�b NPI3CkAwb�orO3QF0 i L'Á:I�FPe¨RSD+AÕCkO3QjQSA�b NPO3FPe(GnF+Ô
�PI�bdGHbVorÌ+FÑCkRSGnO3FPb~W�@�D"A 0 i LVÁ?Ò«O�e(AJK2GhF�afO3KnafA�b'bdN+KnGhF+A�bUI`FPe%bdAJKnA�CkRjA�e¨RSAJFÑbdO3Q�N+QjO�e(ÌPCkRÏbkW�Î�F O�Qge(AlQ
RSO¼IJafO3Gce
F�Ì+Ò«AJQjO3ÌPb/F(Ì+Ò¼AJQSGcCJI`KMGhF�RSAJÔ�QgI`RjGhO�FPb?(<GnRSD�QSAwbdNPA�CkR'RSOV�'I`FPe§I3e+e�A�e-CkO3Ò¼N+KhGcCJI`RjGhO3FÑb8GhF�RjD+A
CkO�F(RjA+%(R�O`o¾bdRjAJN (<GcbdA§t(F+O�R§I3e+e(GnRSGnO3F���b AJA���X�_ �¼I`FÑe �¢X 9 ��O�o)5+QjGhA�e(Ò»I`F ]lZ3Z�]��g^ (�A-CkO�F -PF+A%O3Ì"Q
I`RjRSAJF�RSGnO3F�RSO%KhGnF+A�I�Q �¥QÏI`RjD+AJQ�RSDPI�F	'fÌPI�e(QgI�RSGHC�O3Q�CkÌ �+GHC���b N+KhGnF+A�b~W¡Î�F�RSD+A�N+QjA�bdAJF�R�CkO�F(RjA+%(Rl^�GhR�Gcb
CkO�F(afAJF"GhAJF�R/RSO¼e(A -PF+A�I�F¨I�KhKnO�( I��+KnA�bdNPI�CkAI�(\«KnGHb RSGhF"Ô�GhRÏb.�PI3b GHb�orÌ+FPCkRjGhO�FPbkW

��AJR�� � �PA�I�F+O3F"F+AJÔfI�RSGnafA�GnF(RjAJÔ3AJQlÍµG�o�� � 7 x�RSD+AJQjA«I�QSA«F"O9�ÑI3bdGcb orÌ+FÑCkRSGnO3FPb�e(AJNPAJFPe(GnF+Ô¨O�F�~Í8G�o�� � � ]3^/KhAlR �
�

orO�Q�]�� 	 ��� � �PA¨e�GHbdRjGhFPC~R¸NPO�bdGhRjGhafA«F�Ì+ÒH�PAJQgb~^�I`FÑe C~O3FPb GHe(AJQ�RSD+A �PI3b GHb
orÌ+FPC~RSGhO�FPb�3 � � ���;�C7 ���

�
� �#� $ orO3Q�]��.	 ��� � ^3(<D+AlQSA/� $ 7 Ò�I�% ��� �gx&�ÏW=TVA:%(Rl^(orO3Q�]���� �E# ^

KhAlR�� " �PA�I�F GnF(RjAJÔ3AJQF(<GhRSD�� " � ��]3Í�G�o�� " 7 ��]�RjD+AJQjA�I`QSA�F+O=�PI3b GHb orÌ"FPCkRSGnO3FPb�e(AlNÊAlFPe(GhF"Ô

u



O3F ( " Í+G�o�� " 7 x(^MCkO�FPbdGce(AJQ<RSD"AD�ÑI3bdGcb orÌ"FPCkRSGnO3F 3 " � �9( " ��7 ( " Í+Gqo	� " � ]�^�CkO�FPbdGce(AJQ<RjD+AI�PI3b GHb
orÌ+FPC~RSGhO�F 3 " � �9( " ��7 ( " ^+KnAJRC( " � orO3Q�] � 	,� � " �PA�e(GcbdRjGhFPCkR�QSA�I�KBF(Ì"Ò��PAJQÏbk^�I`FPe�CkO�FPbdGce(AJQ<RjD+A
I3e"e(GhRjGhO3FÑI`K$�PI�bdGHb�orÌ+FPC~RSGhO�FPb�3 " � � ( " ��7�� ( " � ( " �

� $ orO3Q�] � 	,� � " W
��AJR,. �PA�RSD"A
KnGhF+AwI`Q�b NPI3C~A«DPIJa(GnF+Ô4�PI�bdGHb¸orÌ"FPCkRSGnO3FPb«]�^ 3 � � ���#�'orO3Q�] � 	D��� � ^�3 " � � ( " �

orO3Q�]�� � � # I`FPe%x�� 	 � � " ^2I�FPe NPAJQSDÑI`NPb�CkAJQSRÏI`GnF-RSAJFPb O3Q�N+QjO�e(ÌPCkRÏb¸O`o'R@(�O¨b ÌPCgD4�PI3b GHb
orÌ+FPC~RSGhO�FPbkW/Î�R/GHb/QSA�'fÌ+GnQSA�e�RSDPI�R�G�o%3 " 9 �9( " �
3 � � ���;� �PA�I`Ò«O�F+Ô�RSD+AF�PI3b GHb8orÌ+FPC~RSGhO�FPb±orO�Q<b O3Ò«A ��� ]�^
RSD"AJF 3 " � �9( " ��3 � � ���#��7 ( " 3 � � ���;� �PA�I�Ò«O3F"Ô�RSD"AD�ÑI3bdGcb8orÌ+FPCkRjGhO�FPbkW�ÈfGnÒ«GhKcI`QjKh\f^�GhR<Gcb8QSA ' Ì+GnQSA�e�RSDPI�R
Gqo 3 � 9 � ( � ��3 " � �9( " �I�PA§I`Ò¼O3F+Ô-RjD+A��PI3b GHb�orÌ+FPCkRjGhO3FÑb¸orO3Q¼bdO3Ò¼A �D� ]�^8RjD+AJF 3 � � � ( � �
3 " � � ( " � 7
( � 3 " � � ( " � I`FPe«D+AJFÑCkAD( � ( " �PA�I`Ò¼O3F+Ô�RjD+AI�PI3b GHb�orÌ+FPCkRjGhO3FÑbkW

Î�R¸GcbVA�I�bd\-RSO CED"A�CEt�RjDPI`R�RSD"A«CkO�KhKnA�CkRSGnO3F�� O�oUbdÌPCgD%bdNPI�CkA�b�bSI`RjGHb -PA�b=RSD+A�N"QSO3NPAJQjRSGnA�b=KhGHb RSA�e¨GnF
ÈfA�C~RSGhO�F�_"W/Î�F«NPI`QjRSGcCkÌ+KHI�QJ^fRSD"A=Ò«GhF"GhÒ¼I`K"I`KhKnO�(<I��"KhAUbdNPI�CkA/.��	��
VorO�Q�RjD+AI0 i L'Á Ò«O�e�AJKPGHb�RSD+A bdNPI�CkA
O`o8CkO3FPb RgI�F(R�orÌ+FÑCkRSGnO3FPb~W�@�D�ÌPb�RSD"A¸Ò¼GhF+GnÒ�I`K+Ò¼O�e(AJKÊorO�QI��v�Wú_ ��DPI�b -�7 ]�^Q3 * 7Ä]�I�FPe

S6��� H 6 ��7 S6��� H 5�Í76 ��7 ; * � ��� x �
bdO�RjDPI`R$S%e(OfA�b�F"O3R'e(AJNPAJFÑe�O3F��/O3Q�RSD+A=afAwCkRSO�Q 5¨O�o/C~O`a�I�QSGHI�RSA�b~W/@�D+A�CkO�QSQjA�bdNPO3FÑe(GhF+Ô�C~O3FPe(GnRSGnO3FPI�K
e(GcbdRSQjG*�+Ì"RSGhO�F�O`oK%ÆÔ3GnafAJF�5%GHb�A+%�NPO3F+AJF�RSGcI`K$(<GnRSD�Ò«A�I�F«A+%�N3�_� ; * �Ï^�(<D+GHCgD§e(OfA�b<F+O3R'e(AlNÊAlFPe
O�FT5�W

Î¥o�F+O�F+A�O`o±RSD+AI�PI�bdGHb�orÌ+FPC~RSGhO�FPb<O`o�. e(AJNPAJFPe�O3F=�ÊO�RSD �'I`FPe 5/^+RSD+AJF ��v�Wú_ ��GHb'I�N+QSO�NÊO�QSRjGhO3FÑI`K
DPI�Ë�I`QÏe+b8Ò«O�e�AJK3� p/O�%�]JZ uwv&�ÏW�Î�R/GHb/I=NPI`QjRSGcCkÌ+KHI�Q/GhF�RSAJQjA�bdRjGhF+Ô<orA�I`RjÌ+QSA'O`o RSD+AF0 i L'Á-Ò«O�e(AJK+RjDPI`R/RjD+A
Ò«O�e(AlK/bdAJKnA�CkRjGhO3F-N"QSO�CkA�e�Ì+QSA¼e(A�bjCkQSG/�ÊAwe GnF ÈfAwCkRSGnO3F-_¨Ò»Iw\§O3Q�Ò�IJ\¨F"O3R�QjA�bdÌ"KhR=GnF¡I�N+QSO�NÊO�QSRjGhO3FÑI`K
DPI�Ë�I`QÏe+bVÒ«O�e(AlK�W<Î¥o�I�F(\�O`o�RjD+AA�PI�bdGcb�orÌ+FPCkRjGhO�FPb�GnF¨RjD+AD-PFÑI`K2Ò«O�e(AJK2e(AlNÊAlFPe¨O3F=�ÊO�RSD%RSGnÒ«A�I`FÑe-I
CkO�a�I`QjGHI`RjAf^(RjD+AJF I�N+QSO�NÊO�QSRjGhO3FÑI`K�DPI�Ë�I`QÏe+b<Ò«O�e(AJKMÒ«GhÔ�D(R/F+O�R �PA�I`N+N"QSO3N"QSGHI�RSAfW

�'GhafAJF�RjD+A �ÑI3bdGcb8O�o�I`F¼I`KhKnO�(<I��"KhAUbdNPI�CkA .ÄI�b�e(A -ÑF+A�e�I��PO�afAf^fGhR�Gcb±O �(a�GhO�ÌPb (<D"AJRSD+AlQ�I�F(\�Ô�GhafAJF
�PI�bdGHb�orÌ+FPC~RSGhO�F§CJI`F��PA�e(AlKhAJRjA�e�GhF�O�F+A�bdRSAlNBW
�05�������	�

�)��AJRD# 7 X�W�@�D"AJF-RSD+A�orO�KhKnO�(<GnF+Ô�b G*%��PI3b GHbVorÌ+FPC~RSGhO�FPb=b NPI`F²I`F²I`KnKhO�(<I��+KhAÕbdNPI�CkA,.�É3 * 7 ]3^`3 N 7 �j]R���#� $ ^`3�� 7 ( * ^`3�� 7 � ( * �@� � $ ^ 3��"7 ( NJ^2I`FPe 3 7 7 ( * �S]R���#� $ W�Î�F-RSD+Gcb
A+%"I`Ò«N"KhAf^ 3��J^ 3��VO�Q 3 7 CkO�Ì+KHe��PA�QSAlÒ«O�afA�e«I`FÑe
RSD"A�QSAlÒ�I`GnF+GhF+Ô�b NPI3C~AA(�O�Ì+KHe§bdRjGhKhK$�PAÕI`KhKnO�(<I��"KhAfW
Î¥o<O�F+A�O�o'RSD+AH�PI�bdGHb=orÌ+FPCkRjGhO�FPb 3 N�O3QP3��)(�AJQSA�QjAJÒ«O�afA�e�^PD+O�(�AJafAlQJ^BRSD+A�QSAlÒ�I`GnF+GhF+Ô»bdNPI�CkA�(�O3Ì+Kce
F+O�R.�PA�I`KhKnO�(<I��"KhAUbdGhFÑCkAVGnR6(�O3Ì"KHe«b RSGhKnKMCkO3F�RgI�GhF�3 7 7�3FN43���W/@�D+AUCkO3FPb RgI�F(RG�PI�bdGcb±orÌ+FPC~RSGhO�F�3 * CJI�F
F+AJafAlQ.�PA�QSAJÒ«O�afA�eMW

��AJRR. � �PA�RSD"A�I�KhKnO�( I��+KnA�bdNÑI3CkA�DPIJa�GhF+Ô)�PI�bdGcb8orÌ+FPCkRjGhO3FÑb=]3^Q3 � � ���#�µorO�Q�]/��	 � � � ^ 3 " � � ( " �
orO3Q�]�� � � # I`FPe�]�� 	 � � " ^2I�FPe NPAJQSDÑI`NPb�CkAJQSRÏI`GnF-RSAJFPb O3Q�N+QjO�e(ÌPCkRÏb¸O`o'R@(�O¨b ÌPCgD4�PI3b GHb
orÌ+FPC~RSGhO�FPbkW�@ùO�e(AwCkGHe(A�(<D+GHCgD)�PI�bdGHbµorÌ+FÑCkRSGnO3F�RSO�I�e+e¾RjO=RSD"GHbµÒ«O�e�AJK�^L(�A<CkO�Ò«N+Ì+RjA�RjD+A'LVI�O�bdRgI�RSGcbdRSGcC
I3b'e(A�bjCkQSG/�PA�e«GhF¨ÈfAwCkRSGnO3F�_
����� orO3Q'I�KhK bdNPI�CkA�b�RSDÑI`R'CJI�F �PA¸O �+RgI�GhF+Awe¼orQjO3Ò . � ��\�I3e"e(GhF+Ô�IA�ÑI3bdGcb8orÌ+FPCkRjGhO�F�3 � � � ( � ��7 ( � RjO. � Í
������� orO�Q<I�KhKMI`KnKhO�(<I��+KhAUbdNPI�CkA�b/RSDPI�R<CJI�F �PA=OL�+RÏI`GnF+A�e�orQSO3Ò . � �(\�I�e+e(GnF+Ô�II�PI3b GHb±orÌ"FPCkRSGnO3F«RjO�. �RjDPI`R=Gcb=I�RjAJFPbdO�Q=N+QjO�e(ÌPCkR=O�o�R�(�O �PI�bdGHb<orÌ+FPCkRjGhO3FÑbR3 � 9 �9( � ��I`FPe�3 " � �9( " �Ï^ ���7 �-^�RSDPI�R�I`QjA

GnF . � Í
��������� orO3Q�I-b NPI3C~A«RSDPI�R�CJI`F��PA«O �+RgI�GhF+A�e orQjO3Ò . � ��\²I3e+e(GnF+Ô%I �PI�bdGHb=orÌ+FPCkRjGhO�F,�PI3b A�e¡Ì+NPO3F I

NPO3RjAJF�RSGHI�K�F+A:(?t(F+O�R�GnF«RSGnÒ«Af^3KnO�CJI`RjA�e�ÌPb GhF+Ô�RjD+A�I`KnÔ3O�QSGhRjD+Ò e(A�bSC~QSG*�PA�e�GhF§ÈfA�CkRjGhO3F ]3]3W¯X(Í"I`FPe

Y



����� � orO�Q¨I²bdNPI�CkA-RSDPI�R§CJI`F!�PA%OL�+RÏI`GhF"A�e orQSO�Ò . � ��\9I3e+e(GnF+Ô9I,�PI3b GHb¾orÌ+FÑCkRSGnO3F!�PI�bdA�e?Ì+NPO3F
I-NPO3RSAlF(RjGHI`K<F"A+(ºt�F+O3R�GhF9CkO�a�I`QjGHI`RjA � orO3Q§]'� � � # ^�KnO�CJI`RjA�e ÌPb GhF+Ô%RSD"A¨I�KhÔ�O3QSGnRSD+Ò
e(AwbSCkQjG*�PA�e«GhF-ÈfA�C~RSGhO�F-]3]�W�X�W

i b=RSD"A«F+A+( bdNPI�CkA&. (�A¼CED"OfOfbdA¼RSD+A�O3F+A»CkO3QjQSA�b NÊO�FPe(GnF+Ô¨RjO¨RSD"A«KHI�QSÔ3AwbdR�I��Pb O3KnÌ+RSA«a�I�KhÌ+A�O`o'RjD+A
L'I`O¼bdRgI�RSGcbdRSGcC�I`Ò«O�F+Ô�RSD+O�bdAÕCJI`FPe�GHe+I�RSA�b�KnGHbdRjA�e«I��ÊO�afA�RSDÑI`RUI`QSA�F+O�F(a�I�CkÌ+O3ÌÑbkW
�05�������	�
 �������	� �
��� 
�
 � � p/O�QSQjA�bdNPO3FÑe(GhF+Ô�RjO	�rG �g^�(�A-ClI`F?I�e+e:RSD"A �PI�bdGHb�orÌ+FPC~RSGhO�F@(��«RjO RjD+A
bdNÑI3CkA�GnF¨RSD"A�I��PO�afA�A+%+I�Ò«N+KnAfWVp/O3QjQSA�b NPO3FPe(GnF+Ô¨RjO4�¥GnG �Ï^�(�A�CJI�F%I3e+e�3 N43��47 �j]
� �#� $ �9( * ��� � $ ^3 N43��)7 �j]R���#� $ (�N=O�Q/3��43�� 7 ( * ( N RjO�RSD+A¼bdNPI�CkAfW�@�D"A��PI�bdGcbUorÌ"FPCkRSGnO3F 3�� 3��47 �9( * �@�&� $ ( NCJI�F+F+O3RF�ÊAÕI3e+e�A�e�^Bb GhFPCkA�RSD+A�QSA�b Ì+KhRjGhF+Ô¼bdNÑI3CkA (�O3Ì"KHe
F"O3R�CkO�F(RÏI`GnF�3 � 3 � 7�(+*,( N bdO¼GhR (�O3Ì"KHe¨F+O�R
�PA§I`KhKnO�(<I��"KhAfW-p/O3QjQSA�b NÊO�FPe(GnF+Ô RjO��¥GnGhG �UI�FPe!�¥Gha �g^�I �PI3b GHb¸orÌ+FÑCkRSGnO3F!���

�
� �;� $ (<GhRjD'�

�
Nºx§I`FPe�

�
�7 ]3^B�9(:*���(+*

�
� $ (<GhRjDM(+*

�
�78��^�O3QH� ( N � ( N

�
� $ CkO3Ì"KHe �PA�I3e+e�A�e�W�TVO �PI�bdGHbVorÌ+FÑCkRSGnO3F-O`o�RjD+A

orO3QjÒ � ( � � ( �
�
� $ C~O3Ì+KceO�PA�I3e"e(A�e9�PAkorO�QSAD( � Gcb<I3e+e�A�e�W

� � ����
 ��
�� � � 
���
��

Î�F�RSD+A�I��ÑbdAJFPC~A¸O�o�CkO�a�I`QjGHI`RjA�bk^E��v�Wú_ ��QSAwe(ÌPCkA�b�RjO
S ��� H 6 ��7

589
: * ; 9 3 9 ���;� � ��� x "

ÈfGnFPCkA<A�b RSGhÒ»I`RSGnO3FÕI`FPe�Ò«O�e(AJKÑbdAJKnA�CkRSGnO3FÕI`QSAUCkO�FPbdGce(AJQgI��+Kh\�A�I3b GhAJQ2orO3Q/RSD+Gcb�Ò«O�e(AJK¢^`GnR�GHb�F+O�( orAwI3bdG/�+KhA
RSO�ÌPb A�C~Ì��+GHCUbdN+KnGhF+A�b~W

i KhGnF+A�I�Q�b NPI3C~A&. O`o'orÌ+FPCkRjGhO3FÑb¸O3F �úx � �!�=RSDÑI`R�I�QSA«N"GhA�CkA:(<GHbdA¼CkÌ��"GHC3^BDPIJafA�R�(�O-CkO�F(RjGhF�Ì+O3ÌÑb
e(AJQjGha�I`RjGhafA�bUI`FPe%I`QjA«CkO�FPbdRÏI`F�R�F+AwI`Q�x�I`FPe GnF-RSD+A�QSGnÔ3D�R�RgI`GnK�GHb�e(A -PF+A�e4�(\ I�bdA�'fÌ+AJFPC~A�O`o't�F+O3RÏb
I`RF(<D+GHCgD�RSD+A�RSD+GnQge¨e�AJQSGna3I�RSGnafA¸Ò»Iw\H�PA�e(GHbjCkO3F�RSGnF(Ì"O3ÌPb~WVÎ�F§NPI`QjRSGHC~Ì+KHI�QJ^+Ô3GnafAJF¨RjD+A�GnF(RjAJÔ3AlQ��F� X
I`FÑe
RSD"A�bdA ' Ì+AlFPCkAR� * �+"+":" �7���!(<GnRSD-xV��� * ��? ? ?^� ��� �
� ^+KhAlRR.��ÊA�RSD+A � � ��v&�¢Ó�e(GnÒ«AJFPb GhO�FPI`K
bdNÑI3CkA«O�o'R@(<GHCkAJÓ¢CkO�F(RjGhF�Ì+O3ÌPb Kh\ e(G 	MAJQjAJF(RjGHI��+KhA�orÌ+FPCkRjGhO�FPb��«O3F �úx � �!�=b ÌPCgD¡RSDPI�R��«GHb�CkO3FÑbdRgI�F(R�O�F
�úx��7� * W2I�FPe«O3F�� ��� � �!��I`FPe�RSD+A�QSAwbdRSQjGHCkRjGhO�F«O`o��¸RjO�A�I�CED¼O`o/RjD+A=GhF�RSAlQSa�I`KcbI� � * �7� N�W �+"+":" ��� ��� [ * �_����W�Gcb
I�C~Ì��+GHC�NPO�Kh\�F+O3Ò«GcI`K¢Wµ@�D"A�orÌ+FÑCkRSGnO3FPb�GhF�.ÄI`QjA=CkÌ �+GHC<b N+KhGnF+A�b�DPIJa(GnF+ÔH��b GhÒ«N+KnAL�Mt(F+O�Rgb�I`R�� * �+"+":"+�7���'W
��AJR 3 * �+"+"+" �43�� [ N �PA�I��ÑI3bdGcb=O`o�RSD+Gcb=bdNÑI3CkA�b ÌPCED§RSDPI�RP3�� [ N47 ]�O3F �úx�� �!� I`FPe 3 * �:"+"+"+�43�� [ �
A�'fÌPI`KBËlAJQSO�O�F,� ��� � �!�ÏW�@�D+AÕCkO3KnKhA�CkRjGhO�F�O�o�bdÌPCgD§bdNPI�CkA�b
. orO�QSÒ�b�IÕo¢I�Ò«GhKn\ � O`o±I`KnKhO�(<I��+KhA�b NPI3CkAwb
orO3QURSD+A �PI3b GHC)0=Á65�@ÆÒ¼O�e(AJK�WUÎ�F¨NPI�QSRSGcCkÌ+KcI`QJ^PGqo � 7 X�^�RSD+AlF . GHbVRjD+A�Ò«GnF+GhÒ»I`KMI`KnKhO�(<I��+KhAÕbdNPI�CkA.��	��
f^B(<D"GHCgD Gcb¸RSD"A�O�F+AJÓ¢e(GhÒ«AlFPbdGnO3FPI�K�b NPI3C~A«O`oUCkO�FPbdRÏI`F�R�orÌ+FPCkRjGhO�FPb=O3F �úx�� �!�g^�I`FPe'3 * 7 ]«O�F
�úx�� �!�#"

[¨O�e(AJK/b AJKhAwCkRSGnO3F«orO3Q=RjD+A)�PI�bdGHC�afAlQgbdGnO3F§O`o 0=Á65�@ÆGcb=bdRjQgI`GnÔ3D�RdorO�QJ(<I�Qge�W�@�D+AI-PQgb R=RSD+QjAJA�t�F+O3RÏb
I`QjA N"KHI3C~A�e?I`R�RSD"A�' ÌPI�QSRjGhKhAwb�O`oÕRSD+A-Ì+FÑCkAJFPb O3QSAweÆe+I�RgI�W Ç'Ì+QSGnF+Ô�RSD+A²bdRjAJN (<GcbdA%I�e+e(GhRjGhO�F bdRgI�Ô3A
I3b'e(A�bjCkQSG/�PA�e
GnF È�A�CkRSGnO3F�_+^PF+A+(Ät(F+O�Rgb'I`QjA�bdÌÑCJCkA�bjbdGhafAlKh\�I3e"e(A�e�W<@�D"A�bdAlKhA�CkRjGhO�F
O�o/RSD"A�bdA�t�F+O3RÏb�Gcb
bdGnÒ«GhKcI`QBRjO¸RjD+A'bdAlKhA�CkRjGhO�F�O`oùI=F+A+(�t(F"O3R�orO3Q60 i LVÁ<^�(<D+GHCgD�GHb�e(A�bSC~QSG*�PA�e�GnF«ÈfA�CkRjGhO�F�]3]3W¯X(W�ÈfRjAJN�(<GHbdA
e(AJKnAJRSGnO3F-orO3Q�RSD+A �ÑI3bdGcC 0=Á65�@ Ò«O�e(AJK/GHb�A�'fÌ+Gha�I`KnAJF�R=RSO bdRSAlN (<GcbdA�e(AlKhAJRjGhO3F%O`o't�F+O�RgbkW§@�D+A«Ò»I`GhF
F�Ì+Ò«AJQjGHCJI�K(RÏI3bdt�O�o2RSD+AF0=Á65�@?I�KhÔ3O�QSGnRSD+Ò-^�RSD+AUCkO3Ò¼N+Ì+RgI�RSGnO3F�O`oBRjD+A=KnO3Ô3ÓrKhGntfAJKhGnD+OfO�e � ��6 �g^fRjD+A=bjCkO3QjA
� ��6 �g^"I`FPe�RSD+AI0'A�bSb GHI`F �K��6 ��orO3Q�a3I�QSGnO3ÌPb�Ò«O�e�AJKHb/I`FÑe»a�I�KhÌ+A�b/O`o`6?Gcb�e(A�bjCkQSG/�PA�e¾GnF¨ÈfA�C~RSGhO�F-]3]�W�v�W

Z



i Ò«O�QSA�bdO�N+D+GcbdRSGcCJI`RjA�e�afAJQÏbdGhO�F�O�oPRSD+A 0UÁ 5�@ Ò«O�e(AJKfGcbùO �+RgI�GhF+AweA�(\�RSD"A�GhFÑCkKhÌPb GhO�F�O`oMR@(�O'A+%�RSQÏI
�PI�bdGHb<orÌ+FPCkRjGhO3FÑbk^�(<D+GcCED I3e+e+bUCkO3FPb GHe(AlQgI��"KhA 8PA+%�G*�+GnKhGnRd\�RjO«RSD"A¸RÏI`GnKHb<O`o�RSD+A -PRjRSA�e§e(GHb RSQjG*�+Ì+RjGhO�FBW<Î�F
NPI�QSRSGcCkÌ+KcI`QJ^ I3b=b D+O�(<FK�PAJKnO�(�^MRSD+A�GhFPCkKnÌPbdGnO3F-O�o�RjD+A�b A�R�(�O��ÑI3bdGcbVorÌ+FPCkRjGhO3FÑbVÒ�I`tfAwb�GhR=NPOfbjbdG/�+KhA�orO�Q
0=Á65�@?RSO)-PR<Ã%AJG*�+Ì"KhKBI�FPe¨Ð�I`QSAlRSO�e(GcbdRSQjG*�+Ì"RSGhO�FPb�A+%"I3CkRjKh\fW

�'GhafAJF�I�NPO�bdGhRjGhafA=F�Ì+ÒH�PAJQ��A� (<D+GcCED (<GhKhK �PA�e(A -PF"A�e �ÊAlKhO�(?GhF�RSAlQSÒ�b�O`o�RSD"A=OL�Pb AJQSafAwe
e"I`RgI�GnF
I�bdGnÒ«N+KhA�Ò�I�F+F+AJQ �g^MbdAJR 3 [ * ���#�$7 KhO�Ô ��� � ��� ���+�J�'I�FPe 3 � ���#�$7 KhO3Ô ��� ��� �<orO�QR�)N x(W ��AlR/. � �PA
RSD"A«b NPI3CkA . e(A -PF"A�e I��PO`afA»I`FPe¡b AJR�- 7 � �?v�W�@�D+AJF23 [ * �43 � �43 * �:"+"+"+�43�5�GHb�I��PI3b GHb¸O�o<RjD+A
KhGnF+A�I�Q<bdNÑI3CkA�b NPI`F"F+A�e �(\�. ��� d 3 [ * �]3 � e ""@�D+A�CkO3KnKhA�CkRjGhO�F � O�o/b ÌPCgD�bdNPI�CkA�b
. orO3QSÒ»b±RjD+AVo¢I�Ò«GhKn\
O`o8I`KhKnO�(<I��"KhA�b NPI3CkAwb8orO3Q'RSD+A�A+%�RSAJFÑe(A�e 0=Á65�@?Ò«O�e(AlK�W

@�D+A�R@(�OVKnO3Ô=RjAJQSÒ�bPGhF�RSD+A�Ò«O�e(AJK3orO�QµRjD+A�KnO3Ô3ÓrDPI�Ë�I`QÏeÕorÌ+FÑCkRSGnO3F�I�QSA�A�I3b GhKh\UÒ«O3RjGha�I`RjA�e�W�p/O3FPb GHe(AlQ
I<NÊO�bdGnRSGhafA±e(AJFPb GhR \VorÌ+FPC~RSGhO�FDF¾O�F ��x�� �!�g^�I`FÑe¸KhAlR P�^���I�FPe S�e(AlF+O3RjAf^JQSA�b NPA�CkRSGnafAJKh\�^kRSD"A�I�bSb O�CkGHI�RSA�e
e(GcbdRSQjG*�+Ì"RSGhO�F�orÌ+FPCkRjGhO�FB^3DPI�Ë�I`QÏe¸orÌ+FPCkRjGhO3F�I�FPe�KhO3Ô�Ó¥DÑI`Ë�I�Qge�orÌ+FPCkRjGhO3F W8ÈfÌ+N"NÊO�bdAG-PQgb R/RSDPI�R�F ���;�	������

orO3QS��� x�^ (<D"AJQSA � N x�I�FPe�
'N(��]�W�@�D+AJF-KnO3ÔJF ���;����
VKnO3Ô ��orO�Q ��� x(W�ÈfGnFPCkA¼]R��PH���#��� ]
orO3Q����Äx(^�(�A�CkO�FPCkKnÌPe(A'RSDPI�R$S ���;�	��
'KhO�Ô ��orO3Q���� x�W/@�D+GHb�Ò«O�RSGna3I�RSA�b�RjD+A=GhFÑCkKhÌPb GhO�F�O�o�RjD+A=RSAlQSÒ
; [ * 3 [ * ���#�6(<GhRSD ; [ * N@��]¸GnF«RSD+A�Ò«O�e�AJKÊorO�QVRjD+A�KhO3Ô�Ó¥DÑI`Ë�I�Qge»orÌ"FPCkRSGnO3FBW

ÈfÌ+N+NPO�bdA�F"A+%(R<RjDPI`R F ���#��� �8A+%�N$�7���7��
 ��orO3Q���� ]3^�(<D+AlQSA�� N?x�^��$N?x�I`FÑe�
�N?x�W/@�D+AJF
]�� PH���#��� �

��
I� 
 [ * A+%�NE�7���_� 
 � � ��� ]L�
bdO

QE���#�	����
Q� 
 [ * � ��� ]L�
I`FÑe D+AlFPCkA S6���#��� ��
�� ]��fKnO3Ô���orO3QR��� ]3W�@�D+GHb'Ò«O3RjGha�I`RjA�b�RjD+A�GnFPCkKnÌPbdGnO3F¨O�o<RjD+A�RjAJQSÒ ; � 3 � ���#�(<GhRjD ; � N@��]=GhF�RSD"A¸Ò¼O�e(AJKÊorO�QVRjD+A�KhO�Ô3ÓrDPI`Ë�I�Qge«orÌ+FPCkRjGhO3F W

ÈfÌ+N+NPO�bdA�GhFÑbdRSAwI3e¨RSDÑI`R F ���#��� � � [! �[ * orO3Q��"� ]�^3(<D+AJQjA�� �#�$N x�W'@�D+AJF¡]�� P����#�	� �$� [ * � [! 
orO3QS��� ]3^2bdO�QE���#���%�7� [ * orO�Q ��� ]�I`FPe-D+AJFÑCkA S6���#��� �_��]���KhO3Ô���orO3Q ��� ]3W�@�D+GcbVÒ«O�RSGha�I�RSA�b
I`KnKhO�(<GhF"Ô�RSD+A�NPOfbjbdG*�"GhKhGnR \�RjDPI`R ; � 7 ��]=GhF�RjD+A�Ò«O�e(AJKPorO3Q'RSD+A�KhO�Ô3ÓrDPI`ËwI`Qge«orÌ+FPCkRjGhO�FBW

ÈfÌ+N+NPO�bdA�F"O�(ÄRSDPI�R � 7?X�W�@�D+AlF�- 7 ]�I`FÑe&3 * 7 ]�^�b O

S ���~Í76 ��7 ; [ * KnO3Ô �� �&� � ; � KhO�Ô ��� �'�+�	� ; * � �CN?x "

@�D+Gcb�RjD+QSAJAlÓ¥NPI�QgI�Ò«AJRSAlQ�Ò«O�e(AlK�^ (<D+GHCgD�GHb<RSD+A�Ò«GnF+GhÒ¼I`KMI�KhKhO�( I��+KnA�bdNPI�CkA¸orO�QVRjD+A�A+%�RSAJFPe�A�e«afAJQgb GhO3F
O`o 0=Á65�@=^�GhFPCkKnÌPe(A�b2Ã AJG/�+Ì+KnK�I`FPe�Ð�I`QjAJRSO�e(GcbdRjQSG*�"Ì+RSGnO3FPb�I�b/bdNPA�CkGcI`KPCJI�bdA�b~W i b2RSD+A'e(A~o¢I`Ì+KnRB(�A'CgD+Ofb A
RSD"A�b D+GqorR<NÑI`QgI�Ò«AJRjAJQ��VRjO��PA�RSD"A¸Ì"N+NPAJQ 'fÌPI�QSRSGnKhA=O�o/RSD"A¸Ì"FPCkAJFPb O3QjA�e�e+I`RÏI(W

p/O3FPb GHe(AlQ?-PQÏbdR<RjD+A�Ã AJG/�+Ì+KnKBe(AJFÑbdGhR \�orÌ+FPCkRjGhO�FTF-Ô3GnafAJF ��\
F ���;� 7��(
Q� 
 [ * A+%�N$�7���7� 
 �#� �CN:x��

(<D+AJQjA)�CN?x�I`FPe*
�N9x(^ (<D+Ofb A�e�GHbdRjQSG/�+Ì+RSGnO3F«orÌ+FPC~RSGhO�F�GHb�Ô3GnafAJF��(\
P����#� 7 ]��¡A+%(N �7���_� 
 � � �CN x " � ��"h]��

]Jx



@�D+A�C~O3QSQjA�bdNPO�FPe(GhF"Ô-KhO3Ô�Ó¥DÑI`Ë�I�Qge orÌ+FPCkRjGhO�F¡GHb�Ô3GhafAlFK��\ S6���#�D7 � 
&� ]��fKhO�Ô � �?KhO�Ô"��
¡orO3QP� N x�W
@�D�ÌPbCS �L? ��7 S6�G?nÍ76 �Ï^�(<D+AJQSA ; [ * 7 ; � 7 
V�9]�I`FPe ; * 79KhO�Ô���
 "E� i KnRSAJQjFPI`RjGhafAJKn\f^�(�A�CJI`F¼Ô3AJR<RjD+A
Ã%AJG*�+Ì"KhK�Ò¼O�e(AJK3��\�b AJRSRjGhF+Ô �07 x(^ ; [ * 7 x(^ ; � 7�
,�?]�I�FPe ; * 7?KnO3Ô��(
2W �

p/O3FPb GHe(AlQVF+A:%(R�RSD+A�Ð�I�QSAJRjO«e(AlFPbdGnRd\�orÌ+FPC~RSGhO�F�F Ô�GhafAJF ��\

F ���#��7 � �  

���	�'�+�  $ * � �JN?x��

(<D+AJQjA)�CN?x�I`FPe � N:x�^�(<D"OfbdA�e(GcbdRjQSG*�"Ì+RSGnO3F«orÌ+FPCkRjGhO�F
Gcb�Ô3GnafAJF��(\

P����#� 7 ]�� � �� �&� �
 
� �&N:x�" � ��"�v �

@�D+AÕCkO3QjQSA�b NÊO�FPe(GnF+Ô«KhO�Ô3ÓrDPI`ËwI`Qge
orÌ"FPCkRSGnO3F§GHb<Ô3GhafAlF9��\�S ���#� 7 KhO�Ô"� � KnO3Ô ��� ��� �/orO3Q��$N x(W'@�D(ÌÑb
S6�G? ��7<S6�G?hÍ_6 �g^G(<D+AJQjA ; [ * 7 x�^ ; � 7 ��]-I�FPe ; * 7 KhO�Ô��JW�� 0VAJQjA (�A¨DPIJafA-I�bSb Ì+Ò«A�e�RSDPI�R
RSD"A¸NÑI`QgI�Ò«AJRjAJQ��=O`o�RSD"A�RSD"QSAJAJÓrNPI�QgI`Ò¼AJRSAJQ/Ò«O�e�AJK2CkO3GnFPCkGce(A�b (<GnRSD�RSD"A¸NÑI`QgI�Ò«AJRjAJQ��VO`o±RSD+A�Ð�I�QSAJRjO
e(GcbdRSQjG*�+Ì"RSGhO�FBÍµO�RSD+AlQJ(<GHb Af^µRjD+A�RSD+QjAJAJÓrNPI`QÏI`Ò«AJRjAJQ'Ò«O�e(AJK�N"QSO�a(Gce(A�b=O3F"Kh\%I`F I`N+N+QjO�%(GnÒ�I`RjGhO3F%RSO�RjD+A
Ð�I�QSAJRjO�e(GHb RSQSG/�+Ì+RjGhO3F W �

� � �8� 
4� ������
4�E�J� ��


Ð�QSO�Ô3QgI�Ò�b�orO3Q'GhÒ«N+KnAJÒ�AJF(RjG�F+Ô�DPI�Ë�I`QÏe 0 i LVÁ9I`FPe40=Á65�@ I3bUe(A�bSC~QSG*�PA�e«GnF¨RSD"GHb<NPI`NPAJQ'DPIJafAI�ÊAlAJF
(<QSGnRSRjAJF�GhF�p'^�I`FPe�GhF�RSAJQ o¢I3CkAwb��PI�bdA�e�O3F�È �¢bdAJA�s�A�CgtfAJQJ^�p/DPI`ÒH�PAJQgbBI�FPe¸Ã?GnKht"bµ]lZ3Y3Y�^�I`FPe�p/DPI`ÒH�PAJQgb
I`FÑe�0=I�bdRjGhA�]JZ�Z3v ��DPIJafA'I`KcbdOI�PAJAJF¼e(AJafAJKnO3NPA�e�W2@�D+AUbdO�orR@(<I`QjAVGcb�IJa�I`GhKcI��+KnA�orQSO�Ò bdRÏI`RjKhG*�H��\�bdAlFPe(GhF"Ô
I`F§AJÒ�I�GhK (<GhRjD
RjD+AI�PO�e(\��
�������	��
 �
��
���!���O3Q ��������� ��� ����
��"!���RjO�bdRÏI`RSKnG*���Ub RgI`RlW�CkÒ�ÌBW A�e(ÌBW

@�D+A%CkÌ+QjQSAJF�R�GhF�RSAJQ o¢I3CkA§RSO 0 i L'Á CkO3FÑbdGHb Rgb�O�o�AJGnÔ3D�R
È¡orÌ"FPCkRSGnO3FPb~É�������
$�+^����	��
$��� ���	��
 �"^
� ����
 �"^�
��	��
$�+^ ����
$� �!��"��M^�����
$� � �$#�! !���
�%9I`FPe&�	��
$� ��� �����PWº@�D+A-orÌ+FPC~RSGhO�FPb'���	��
$�+^ ���	��
 �"^
� ����
 �"^�
(�	��
$�UI`QjA=I�FPI`KnO3Ô3O�ÌPb�RSO�RjD+A¸È�orÌ+FPC~RSGhO�FPb)�(�	��
 ! ^"���	��
 !B^ � ����
 !ÕI�FPe*
�����
 ! ^�QSA�b NÊAwCkRSGnafAJKh\f^
I`FÑe¨RSO§bdGnÒ«GhKcI`Q�orO3Ì"QSÓrRSÌ+N+KnA�bVO�oVÈ«orÌ"FPCkRSGnO3FPb<orO3QR�'e(GcbdRjQSG*�"Ì+RSGnO3FPb~^ P e�GHbdRjQSG/�+Ì+RSGnO3FPb~^�ÔfI�Ò«Ò�I�e(GcbdRjQSGhÓ
�+Ì+RjGhO�FPbk^"I`FPe«b O�orO3QjRSDBW/@�D�ÌPb����	��
$�=Ô�GhafA�b�RSD"AA�rA�bdRjGhÒ�I�RSA�e��ùCkO3FPe�GhRSGnO3FPI�KBe(AlFPbdGnRd\�orÌ+FPCkRjGhO�FB^ ������
$�
Ô3GnafA�b�RSD"A<CkO�FPe(GhRjGhO�FPI`K�e(GcbdRjQSG*�"Ì+RSGnO3F¸orÌ"FPCkRSGnO3FB^ � ����
 ��Ô3GnafA�b�RSD"A<CkO�FPe(GhRjGhO�FPI`K ' ÌÑI`F�RSGhKnAµorÌ+FPC~RSGhO�FB^�I`FPe

�����
 �ÕÔ3GhafAwb=I«QgI`FÑe(O3Ò bjI`Ò«N+KnA¸orQjO3Ò RjD+A�CkO�FPe(GhRjGhO�FPI`K/e�GHbdRjQSG/�+Ì+RSGnO3FBW�@�D+A�orÌ+FÑCkRSGnO3F+������
 ��Ô�GhafA�b
RSD"A�CkO3FPe�GhRSGnO3FPI�K/DPI`Ë�I�Qge¨orÌ+FPCkRjGhO�FB^,����
 � �!��"��«NPAJQdorO�QSÒ�b'RSD+A�Ò«O�e�AJK -PRjRSGhF"Ô�I`FPe%Ò«O�e(AJK�bdAJKnA�CkRjGhO3F
RgI�bdt"b�I`FPe¡b Ì+N+N+KnGhA�b'RSD+A�Ò«O�e(A�b R=O3Ì"RSN+Ì+R�RSDPI�R�GHb=ÌPbdAwe I�b GnF+N+Ì+R�RjO'���	��
$�+^	������
 �¼I�FPe¡bdO«orO�QSRSD W
@�D+A�orÌ+FPCkRjGhO3F-�	��
$� � �.#
! !/��
(%P^fÌPb A�b�RSD+A�O3Ì+RjN+Ì+R'O`o)�	��
 � �0�/"���RSO�N+QjO`a�GHe�A�b Ì+Ò«Ò�I�QS\�GnF(orO3QjÒ�I`RjGhO3F
I��PO�Ì+R=RSD"AD-PRUI`FPe§I��PO3Ì"R¸RjD+A�O3RjD+AJQG-PRgb<RSDPI�R�CkO�Ì+KHe �PA�O �+RgI�GhF+A�e ��\«ÌPb GhF+Ô¼I`KnRSAJQjFPI`RjGhafA�a�I`KnÌ+A�b<O`o
RSD"A=NPAJFPI`KnR \�NPI`QÏI`Ò«AJRjAJQJW 5µGhFÑI`KhKn\f^��	��
$� � � ������ÌPbdAwb8RSD"A=O3Ì+RjN+Ì+R<O�o1����
 � �!��"���e(GhQjA�CkRSKn\�RjO�N+QSO�e(ÌÑCkA
I�N+KhO�R<O`o�RSD+A�CkO�FPe(GhRjGhO�FPI`K2e(AlFPbdGnRd\�^+e(GcbdRSQjG*�+Ì"RSGhO�FB^PbdÌ"QSa�Gha�I`KMO3Q'DPI`Ë�I�Qge«orÌ+FPCkRjGhO3F W

@�D+A�GhF�RSAJQ o¢I3CkAURSO 0=Á65�@ Gcb<bdGnÒ«GhKcI`Q/RSO�RSDPI�R�orO3QF0 i L'Á<W

]3]



� � ����� �)� �'���2� 

� � 
�� ��
�� �

� � �.� �������
	���
�������
���� ����� �����
���
	 ����� � ��
! #"�$�$%�#
!&'�
��
! #"(��
!	)� *�
+���
��
�� � ��	(����$!&

Î�F�ÈfAwCkRSGnO3F � (�A'e(GcbSCkÌPbjbdA�e�D+O�(9Ð�I`QjAJRSO�I�FPe�Ã%AJG*�+Ì"KhK�e(GcbdRSQjG*�+Ì"RSGhO�FPb�CJI�F)�PA<Ò«O�e(AJKnA�e=ÌPbdGnF+ÔI0=Á65�@=W
@BO¨GhKnKhÌPb RSQÏI`RSA�RjD+A�ÌPbdA�O`oF0=Á65�@ GhF%A�bdRjGhÒ�I�RSGnF+Ô«RSD"A�bdA¼e(GHb RSQjG*�+Ì+RjGhO�FPb �PI3b A�e O�F�bSI�Ò«N+KnA�e+I`RÏI(^ (�A
Ô3AlF+AJQgI�RSA�e§I�bjI`Ò«N"KhA�O`o�b GhËJA�v�x3x¾orQjO3Ò I«Ð�I`QSAlRSO¼e(GHb RSQSG/�+Ì+RjGhO3F�(<GnRSD¨NÑI`QgI�Ò«AJRjAJQgb��C7 _¼I`FPe � 7 ]
GhF=� ��W�v �gW/Î�F«RSD"A=KhAkorR±bdGHe�A=O`o 5µGnÔ3Ì+QjA�]�^ (�A�bdD+O�(?RjD+A=RSQjÌ+AUe(AJFPb GhR \�orÌ+FPCkRjGhO�F �¢bdO3KnGHe��±CkO3QjQSA�b NPO3FPe(GnF+Ô
RSO%RSD"GHb�e(GHb RSQSG/�+Ì+RjGhO3F9RSO�Ô3AJRjD+AJQH(<GhRSD9a�I`QSGnO3ÌPb�A�b RSGhÒ»I`RSAwb�O`o�RjD+A-e(AlFPbdGnRd\%orÌ+FPCkRjGhO3F��PI�bdA�e:O�F:RjD+A
bSI�Ò«N+KnAfW=@�D+A�KhGnF+AA(<GnRSD-KnO3F+Ô�e"I3bdD"A�b�CkO3QjQSA�b NÊO�FPe+b=RSO�RjD+A�A�bdRjGhÒ�I�RSA�e�e(AlFPbdGnRd\«orÌ+FÑCkRSGnO3F-RSDÑI`RI(<I�b
OL�"RgI`GnF+A�e orQjO3Ò 0=Á65�@ ÌPbdGnF+Ô¨RjD+A�e(A~o¢I`Ì+KnR¸NÑI`QgI�Ò«AJRjAJQgb~W i b (�A�F+O�RSA�e GnF RjD+A�ÈfA�CkRjGhO3F �(^ 0=Á65�@
CJI�F
A:%+I�CkRSKn\ -PRUI�Ð�I�QSAJRjO«e(GcbdRjQSG*�"Ì+RSGnO3F�Gqo2RjD+A�bdD+G�orR<NPI`QÏI`Ò«AJRjAJQ��'GhF=0=Á65�@?A�' ÌÑI`KHb�RjD+A�NPI`QÏI`Ò«AlRSAJQ
�¸GnF¨RjD+A�Ð�I`QjAJRSO»e(GHb RSQSG/�+Ì+RjGhO3F W=@�D+A�e(A~o¢I`Ì+KnRVa�I`KnÌ+A�orO3Q �¸GhF<0=Á65�@ GHb<RSD+A«u 9 RjD-NÊAlQgCkAJF�RSGnKhA�O`o�RjD+A
e+I�RgI(^B(<D"GHCgD,(<I�b�x(W _
orO�Q�RSD+Gcb�bSI�Ò«N+KnAfW�@�D+A�orÌ+FÑCkRSGnO3F ����� � �!��"���DPI3b�I�F O�N+RSGnO3F �.�/"$� ��^$(<D+GcCED
I`KnKhO�('b=RSD+A�ÌPb AJQ�RSO-b NPA�CkGqor\ �`W¼Î�F NPI�QSRjGHCkÌ+KcI`Ql^ (�A�ÌÑbdA�e+����� ���!��"�� (<GnRSD%RSD+A�O3N+RjGhO�F �$�/".� �-,�.�RjO
Ò�I�tfA¸GnRVNPO�bSbdG/�+KhA�orO�QI0=Á65�@ÆRjO�-PR=RjD+A�A:%+I�CkR=Ð�I`QSAlRSO�e(GcbdRjQSG*�"Ì+RSGnO3FBWU@�D+A�RSD+GnQge§CkÌ+QSafA�GnF-RSD+A�KhAkorR
bdGce(A�O`o�52GhÔ3Ì"QSA«]�CkO�QSQSAwbdNPO3FPe"bVRSO�RSD+A�a�I`KnÌ+A¸orO�QVRjD+A�bdD+G�orRVNÑI`QgI�Ò«AJRjAJQ��=RSDÑI`R'Ò«GhF+GnÒ«G�ËJA�b/s<ÎSp'W(Ã%A
e(AJRjAJQSÒ¼GhF+A�e�RSDÑI`R<RSD"GHbG(<I3b<v�"qu�W

Î�F¨RSD"A�QSGhÔ�D(RUbdGce(A�O�o 5µGhÔ�Ì+QSA¼]A(�A�b D+O�(­RjD+A�QjA�bdÌ"KhRgb<O`o I«b GhÒ«GnKHI�Q'bdAJR'O`o CkO�Ò«N+Ì+RÏI`RSGnO3FPb �PI3b A�e
O3F¼I¸QÏI`FPe�O3Ò bSI�Ò«N+KnA�O`o�b GhËJA�]lx3x�x orQSO�Ò I�Ð�I`QjAJRSO�e(GcbdRSQjG*�+Ì"RSGhO�F)(<GhRjD�NPI�QgI�Ò«AJRSAlQgb��C7Ä]=I�FPe �07 ]
GhF��9�(W�v �gW i ÔfI�GhF�(�A§bdD"O�( RSD"A
AwbdRSGnÒ�I`RjA��ÑI3bdAwe O3F 0=Á65�@ (<GhRjD�RSD+A�e�Ako¢I`Ì+KnR�CED"O3GHC~A�orO3Q �.��".� �
� (<D"GHCgD4(<I3b�v�W�Z&�Ï^µRjD+A�RSD+AlO3QSAlRSGHClI`K�O�N+RSGnÒ�I`K/CgD+O�GHCkA�orO3Q �$�/".� ����� 7 ]��UI�FPe RjD+A�a3I�KhÌ+A�orO3Q �.��".� �
RSDÑI`R=Ò«GnF+GhÒ¼GqËlA�b�s<ÎSp�� �47 x "¯Y&�gW i bVGhF§RSD+A�KnAkorRVDÑI`FPe-b GHe(Af^PRSD"A�QSAJÒ�I�GhF+GnF+Ô�CkÌ+QjafA�Gcb�RjD+A�e(AJFPb GhR \
orÌ+FPC~RSGhO�F§CkO3QjQSA�b NÊO�FPe(GnF+Ô�RjO�RjD+A�RSD+A�RjQSÌ+A�e(AJFÑbdGhR \�orÌ+FPCkRjGhO�FBW

5+QSO3Ò RjD+A�bdA�R@(�O�A+%+I�Ò«N+KnA�b ��I�FPe
Ò�I�F(\¼Ò«O3QjA¸RjDPI`RF(�A�DÑIwafA�A+%"I`Ò¼GhF+A�e �B(�AI-PFPe¨RjDPI`RF0=Á65�@
I`N"N+QSO�%�GhÒ�I�RSA�bMÐ�I`QjAJRSO'e(GcbdRjQSG*�"Ì+RSGnO3FPb�A+%�RSQjAJÒ«AJKn\.(�AJKhK�orO3Q2bSI�Ò«N+KnA/bdGnËJA�bÊO�o 9 x�xVI�FPe¸KcI`QjÔ3AJQl^`A�b NPA�CkGHI�KhKn\
Gqo �$�/".� �§GHb=O3N+RjGhÒ«GnËJA�e�^E�+Ì+R�AJafAJF�(<GhRjD RjD+A�e(Ako¢I�Ì+KhR�CgD+O3GcCkAfW¼Î�R�b D+O3Ì+KceK�PA�F"O3RSAwe�^�RSD+O�Ì+Ô3D ^�RSDPI�R
RSD"A)0=Á65�@?A�bdRjGhÒ�I�RSAVorQjA�'fÌ+AJF�RSKh\¼e(OfA�b<F+O�R�CkO3GnFPCkGce(A (<GhRjD¨RjD+A�RSD+QjAJA�NPI`QÏI`Ò«AJRjAJQ<Ò«O�e(AlK2e(A�bSC~QSG*�PA�e
GhF¡È�A�CkRSGnO3F �(W«Å<orRSAJF²I�orA+( t(F"O3Rgb~^�CkKnOfb A�RSO¨RjD+A�O3QjGhÔ�GhFB^BQSAlÒ�I`GnFBW�Î¥o RSD+A�bjI`Ò«N+KnA�bdGnËJA�GHb=b Ò�I`KnKhAJQl^
RSD"AI0=Á65�@?A�bdRjGhÒ�I�RSA<O`o�RSD"A�Ð�I`QjAJRSO�e�GHbdRjQSG/�+Ì+RSGnO3F«R \�N+GHClI`KhKn\�DPI�b�RjD+AVorO�QSÒ O`o�RSD+A=RjD+QSAlA=NPI`QÏI`Ò«AlRSAJQ
Ò«O�e(AlK�GhF-ÈfAwCkRSGnO3F��(W

5µGhÔ�Ì+QSA vVGHb2bdGnÒ«GhKcI`QMRSOI5µGnÔ3Ì+QjA=]�^L�+Ì+R2RSD+A�Ì+FPe(AlQSKh\�GhF"Ô=e(GcbdRjQSG*�"Ì+RSGnO3FPb�orO3Q�RjD+GHb3-PÔ�Ì+QSA'I�QSA�Ã%AJG/�+Ì+KhK¢W
@�D+AUe+I`RÏI orO�Q�RSD"AVKnAkorR/bdGce(A'O`o 5µGnÔ3Ì+QjA'v¸GHb/I�bSI`Ò¼N+KhA�O`o�bdGnËJA'v3x�x¸orQSO�Ò I¸Ã%AJG*�+Ì"KhK"e(GHb RSQSG/�+Ì+RjGhO3FH(<GhRjD
NPI�QgI`Ò¼AJRSAJQÏb � 7 ]«I�FPe 
@7ºx�"�v 9 GhF � �(Wn]��ÏW¨Î�F¡RjD+A�-PÔ�Ì+QSA (�A«b D+O�( RjD+A«RjQSÌ+A¼e(AJFPb GhR \¨orÌ+FPC~RSGhO�F
CkO�QSQSAwbdNPO3FPe�GhF+Ô'RSO'RSD+Gcb�Ã AlG*�+Ì+KnKfe(GcbdRjQSG*�"Ì+RSGnO3F�RSO�Ô3AJRjD+AJQ (<GhRSD�RjD+A/A�bdRjGhÒ�I�RSAµorO�QµRjD+GHbBe(AlFPbdGnRd\<orÌ+FPC~RSGhO�F
�PI�bdA�e¨Ì+NPO�F�0=Á65�@ÆÌPb GhF+Ô«RjD+A�e�Ako¢I`Ì+KnRVNÑI`QgI�Ò«AJRjAJQgb~WVÎ�F§RSD+A�QSGhÔ�D(RUbdGce(A�O�o 5µGhÔ�Ì+QSAÕv (�A�bdD"O�( RjD+A
QSAwbdÌ+KnRgb�O`o8bdGhÒ¼GhKHI�Q<CJI�KHCkÌ"KHI`RjGhO�FPb.�PI3b A�e
Ì"NÊO�F%I�bjI`Ò«N"KhA=O�o�bdGnËJA�]Jx3x�x¾orQSO�Ò I�Ã AJG/�+Ì+KnKBe(GcbdRSQjG*�+Ì"RSGhO�F
(<GhRjD�NPI`QÏI`Ò«AJRjAJQgb��C7 ]�I`FÑe�
T7?_�GnF�� �(Wn]��ÏW

@�D+A 0=Á65�@	-PRgb�RjO�Ã%AJG*�"Ì+KhKMe(GcbdRSQjG*�+Ì"RSGhO�FPb�RSDÑI`R'I`QjA�GhKhKnÌPbdRjQgI�RSA�e�GnF=5µGhÔ�Ì+QSA�v�DPIJafA=RjD+A=orO3QSÒ O`o
RSD"A�RSD+QjAJA�NPI`QÏI`Ò«AlRSAJQ=Ò¼O�e(AJK�e(A�bSC~QSG*�PA�e¨GnF¡ÈfA�CkRjGhO�FM�(W�@�D+A�NPI�QgI`Ò¼AJRSAJQÏb �; [ *J^ �; � I`FPe �; *�orO3Q�RjD+A

]Jv



de
ns

ity
 fu

nc
tio

n

0.0 0.5 1.0 1.5 2.0 2.5 3.0

0.
00

1
0.

01
0

0.
10

0
1.

00
0

true
HEFT, shift=0.4
HEFT, shift=1
HEFT, shift=2.7

de
ns

ity
 fu

nc
tio

n

0 50 100 150 2000.
00

00
1

0.
00

10
0

0.
10

00
0

0.
00

01
0.

01
00

true
HEFT, shift=2.9
HEFT, shift=1
HEFT, shift=0.8

Fig. 1. Estimated density functions for Pareto distributions;
 left side: n=200, b=4, c=1; right side: n=1000, b=1, c=1.
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Fig. 2. Estimated density functions for Weibull distributions;  left side: n=200,
gamma=0.25; right side: n=1000, gamma=4;  solid = truth, dashed = HEFT.
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Fig. 3. Three estimates of the unconditional hazard function and the corresponding
 transformation of time using HEFT with various options for the lung cancer data.
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Fig. 4. Fitted coefficient of performance status as a function of time
and  fitted hazard function for a person with cell type squamous and
performance  status 40. Solid=transformed, dashed=untransformed.
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Fig. 5. Estimated unconditional hazard function and the corresponding
 transformation of time using HEFT for the breast cancer data.
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Fig. 6. Fitted hazard and survival functions for a premenopausal  woman of age
50 with negative estrogen receptor status, 4  nodes, body mass index 25 and

tumor size 3 cm. Solid=transformed  using HEFT, dashed=untransformed.
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Fig. 7. Estimated unconditional density function for
the censoring  distribution for the breast cancer data.
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Fig. 8. Conditional hazard and survival functions for
 the fit of Table 8 (solid) and five random samples from
 this model (dashed). Same covariates as in Figure 6.
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Fig. 9. Conditional hazard and survival functions for the fit of Table 8 and
 95% bootstrap bands from that model. Same covariates as in Figure 6.
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Fig. 10. Log of the hazard ratio for the fit of Table 8 and 95% bootstrap bands for that fit;
 left side: as a function of time for the ratio ER positive/ER negative; right side: as a

 function of nodes, relative to nodes = 4 after 2 years; other covariates as in Figure 6.
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