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brèches 
polymictiques
(plusieurs fragments
de roches, 
anciennes brèches, 
verres et minéraux,
consolidés dans une 
matrice)

régolite (poussière
< 1cm altérée par 
µmétéorites et vent 
solaire)

brèches (fragments
de roches choquées 
et consolidées)

roches originelles
des highlands

roches volcaniques
(mers lunaires)

anorthosites
ferreuses

dépôts
pyroclastiques
(cendre volcanique,
verres, DMD)

roches
riches 

roche parente)
en Mg

KREEP
pauvres
en Titane

riches
en Titane
(ilmenite)

basaltes

Roches lunaires

brèches 
monomictiques
(une seule 
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Angles définissant 
une géométrie d’observation
donnée :
i= incidence
e= émergence
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������ ³>" ��� ��� ��� 
 � ! ��� � ���º� 	 ��DÜÐ
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�� ��D ��	 ��Á � ���&D � � 	������������� ! � 
 ��� � ��� ���� ��Z����� ������ " � 	�� � � � ! � � 
�
 � "N! ��� � � "�� � ! �����Ä� ��� Ð
� ��� E � ×ÿ� � � 
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� ��
u� �y������� = 	>��� ���Kâ�âé���� ! � ����� " � 
 ��D������������uD � � 	N!#
�!E��� ��� !#� £ � 	 ��D�� 
 ���u� �� � ����D ��	 � Á � ���
D �E� � 
�! ��� � ���U; � ��� " � â ã�¤�� ����D ���N! ��� � �¶������� " 0 ! ����� 
�
 � ��� ! �E� � $ � 	�� � � â 2�ã�� ³�� ���U; � ���
���F� �C���� â �É¤
� �!y� 0 ��� ����� "�� ���F��� !E	��E� � � â �É��� 
 � " ���@� ! � "N!E
�"J	>����
 D !E� � ��
 � 
�� ��� ��� ��� 
 Ð
� ! ��� � ��� � �� � ����D �E	 � Á � ��� � .10 ���D � ! ����� � � � � " ��� �E� � ! � ��
 � ���E� á�â �����ÂD � ����� "(�� 

��¢D � �¢��� ���� ! ���

 � 	�

���������� ! ��� �*" � � ! ��� � �� 
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 ��D !#� � 
4� ��� ��� ��� 
 Ð
� ! ��� � ����� ��
,� �&� 	 ��D�� 
 � " � �¿!E�>��
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 � " �lD���� ���D � ! ����� � � � � � 3 � � !#
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 ��D � �¢��� 

�� �½�� 
 ����D�� 	>����
 D !#� � ��
 � 
1" ��� ��� ��� 
 � ! ��� � ���1� �� � ����D ��	 � Á � ���
���� ! ��� 	�� � � !#	�	�
��E	�
 � ��uÁ � � � 0 � ��� � � � ! ��� � � " 0 � ��� ���� � � � � " � 

�� �e�� 
 ����D�� " �u� �
	 �Ì� �E�¿! � 
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 �

 ���N��D�� ! ��D�� ������� = ] × ������� =

���F��� = 	������ �µâ � Ú � �� � ����D ��	 � Á � �bÖ × ���D
� ! ����� ��� � �^����� á�â

� !E� � � Ú �¿!#��� ×Þ� � 2 Ú
. � 	�
 ���¢��� 
 ��� 
 ��� 	 � 
 ����� " �¬� 0 ! Ê 
�! ��D � � 
Ì" � � !<�Ö� ��D���� � � " �r� 
�! ��� � � 
 � " � � 0 ���������ZÐ
��� �w� ���@� 
�� �¢������Ü ! ��� � � 	 � �� 
 � � . �Ä� 	 ��D�� 
 � � ��� � ��� �� 	>����
 � 0 ���D � ! ����� � ��� � " � 

�� �e�� 
 ����D�� ����� á8â
"N! ��� � � " � � £ � ����¢�Ï��� 
 �¢�Ò����� � ��� 	 ��D�� 
 �u��� 

����N��D�� ! ��D�� " ��Ê � ��� " � �¿! ÀN� ��
 �É� ��âE� ) ���
D �E� � ��D���� � � " � â �E�®� 	 ��D�� 
 ���:� �� � ����D ��	 ��Á � ���:D �E� � 
�! ��� " ��� ; � ����� " � á �! �E�®¤�� " �
" � ! � ���� 
 �y���@� " ��� 	>� ��� ��� �É� ��
�� �y������� "�� ;*$&� × ; �¿! ����� !E
�� $ ! � ! � � ������� Ú �!<� 0 !E"�
 �������
� ��� 	 ��_0_ Å|Å|Å&�Ñ	��¿! ����� !E
��E� ��
��`Å � � � "�� _ ;*$&� _ "N! � !#�N! ��� � � ��� � × ; � ����� 
 �F� ; 
�! ��� ³ �E����� ÚÜ� ; !#

�¿! � � ����� ³ � 0 � ��� � ����� 
�! �TD����Â� 	 ��D�� 
 ���&� �� � ����D ��	 � Á � ��� 	>����
 
 ��D !#� � 
 ��� !#� � �����u� ��� "�� ��� ������H� �8Ð
�Ö
�!#
���� �E��� " � �¿! � � � " � ' � ���¢������� ����×ÖD ��� D � !E	 ��� 
 � á�ÚÜ�
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�������D�� ! ��D�� " ��Ê � ��� ���w� �����w��� 
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D !#
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. ! ÀN� ��
 �¢� � ��� � ��� 
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	 � Á � ���l����� 
 ��� � á

���Ä� ��� E � � � ��� � � ��� ���D � ! ����� ��� � ���Â� 0 � ��� 	�! � ���� �� 	�

�� 	N!#

���� "N! ��� � ���Â� »���¢���lD � � " �F��� � ��� ³
D�� 
 � ! � ��� ���� ! ��� " ��� 	�����"�
 ���?��� " 0 !E� � 
 ��� " ��� �¿! �����4�¢����D����w× '(� !E
 �������¾� = "N! ��� ³Tâ 2��E� Ú��
. !Ò	�
��E�Ö� � " � ��
l" ��� �N! � " ���l��� � !Ï	 �������µ� 	 ��D�� 
�!E� �¶��� "�� ���E����� "�� ��D 	N! � »��� 
 �¶D � � 	�!E
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" � 
 ��D������¢����� ³ � ! � �tD������ 	 ��D�� 
 ���(� ��� � 
 �������������������CD�� 	 ��� "N! ���C� ��
��¿!?	>� ���F��� � � " ��� !E� � ��
�	 Ð
��� � ���&� �
	 � Á � ��� � . �¢�¢��� �� 
�!E� � ! ÀNÁ � � "�� ��� � ! ���HÁ � � � 0 � � 
 ��� 
���� �E� "N! ��� �¿!�	�� ��	N!E
 � " ���
� 	 ��D�� 
 ��� " �,D � ���������������(���@� � 0 ��
 � � ��	��

�� £ ������Z× 	��

�� £ ������ 	N!E� � 
 �,���µD !E� D�� � � Ú�³ Á � � 	�� ��� �� " �
" � � £ �N! � " ��� "�� ��� !E�ÙØ L ;�Ú ³ D������ 

������&��� 
 �H� � 2�� E ����� âE� 2�� E � � . �E
 ��Á � � � ! ������� ��
 ���
D !#� D�� � � !E� ����������� ³Ë� �wD������ 
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�� � 
 �������F�����¢�����&�E� 
 � � ���?� 
�! � " ���
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 ��� 	�� ! ��� � D �¿! �������@� �� � ��� ����?× = "N! �¢�)�
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	�� ! ��� � D � ! ��� � $ � 	�� � � ³ ��� � � 	�� ! ��� � D � ! ��� ! � ��� � � �ÄD � � DC�
� �E� �����L×EÛ âA� �4¤ �N!#
 � ÚÜ³E� ! ��� 
�� D�� ��
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 � �@� !E� ���@� � ��	 � ! ���¢����� !E� � �� 

���� 	>����
Ï�� � ���¢����� 
�� !¶�N! � " � �!Òâ�� � ��E � × = "N! ���,��� !E�Þ��³
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� ��� ³ Á ��! ��� �! � � � � 	�

������������ � ��� � !E
 �E� �N! � " � " 0 !E� � �E
�	 ��� � � 	�
 ���� " � âE� � ��E � ³
��� � ��� 
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�! � " ��� � � ��� � � ��
 � " 0 � � " �¢× ���D � ! ����� � ��� ���º��� �#áN��Ú��
. !Ì�Ö��
 �¢� "�� � 	 ��D�� 
 � "N! ��� � !Ì	�!E
 ��� ��� � á �ðÐ9� � � E �������¢D � ��� 
ð»�������� 	N!E
Z" ���¢��ÊË����� " �

� 
�! ��� � � 
 ��� " �4D � !E
 �E��� �� � ��D�� 
�� ��� Á � ��� Õ ��Ð � �t× ¡(��
 ���(��� !E�Ù�F³¹â 2���� ³
¡ � � � ��� !E�Ù�F³¹â 2���� ÚÜ� $w0 � ���
� ! ��� �� 
 �1� ���� �� 
�!E� � ³½� �l� ����
 ��D � �����&����� ! ���*���@� 	�� � � ��� � �H"N! ��� � �t�
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 ���
�������F� ! ��� !½��! ��� �¿! � »���¢�?������� ��
 ��� � � 
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ÝU½�
 + i1m�z�h xtxtqux vu�<ÁÆx cIø q�h x | m�o c�Ü j d s k�j i fh0/Ìh z�stj d zºh
o�h k�j xtqui � jwz�h
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���
�� Ý W0ÞH^?RTW?aÎRß�&^à�,`�RT`�_@_@`E�Ê��RÃ& RTW P � R��á�8](_��Ó_@^ W?V*` � R��
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è`Ê&Ë ï Ê�Þ�ÞhË�Ê�ÎPç Ç Î�Ê&î�Þ Ç?z Ê�Ë Æ Ê&Ì ï Ç î{ÍÊ&ËhÈ;ábð Ý=ß Ì?Ê�Ë�äcÍÊ&Ì�âbê,È�è�È=Ë3Þ Ç Ê�1�âº® ïVÝ î�ÞhË�Ê � á�Ê Æ ç Ý îÑä;È�è Ý á�ä Ý Ç Ë
Ì&ç�È 
 ËhÈ=î�ÉNö Ç Ë�Î�Ê�Ì�è�Ë Ýjß�Æ éÊ ï Ê&Ì�Î�Ê�É\È Æ Ç ß Ë?È;Þ Ç Ý îvÎ�Ê Æ È�ä Ý Ç Ê Ç î�÷7Ë?È=Ë Ý á Ï Ê=íbÊ�Þ�Î Ý î�É Æ ç�ábÞ Ç Æ Ç Ì�Ê&Ë�è Ý á�Ë
Î{ÍÊBÞhÊ&ÉBÞhÊ�Ë Æ Ê&ÌÕö{ÍÊ�ÞbÍÊ&Ë Ý Ï ÍÊ&î{ÍÊ Ç ÞbÍÊ&ÌVÎ�Ê Æ È�Ì?á�Ë3÷1È=É&Ê Æ á�î�È Ç Ë�Ê=â # î�ÊÔè�Ë?Ê ï Ç éÊ&Ë�ÊùÊLðbè ÆÐÝ Ç ÞNÈ;Þ Ç Ý î!Ì?á�Ë Æ Ê�Ì
y Ý î�Ê&Ì�Ë?Ê�Ì�Þ?Ë?Ê Ç î�ÞhÊ&ÌtÎ{ÍÊ�É&Ë Ç ÞhÊ�ÌÖéÈ Æ È z îHÎ�á5ÉNö�È=è Ç Þ?Ë?Ê_è�ËpÍÊ&É`ÍÊ&Î�Ê�îôÞÑÈvÎ{ÍÊSà(éÈÔè`Ê&Ë ï Ç Ì�ÎPç Ý=ß ÞhÊ�î Ç Ë�Î�Ê�Ì
ËpÍÊ�Ì?á Æ ÞNÈ;Þ?Ì Ç î�ÞbÍÊ�Ë?Ê&Ì�ÌhÈ=î�Þ?Ì&â�ê,È z�Ï á�Ë�Ê}1�âU­ ïVÝ î�ÞhË?Ê � á�Ê Æ ç Ý î ä=È§è Ý á�ä Ý Ç ËÔÎ Ç Ì�É&Ë Ç ï Ç î�Ê�ËvÊ&î�ÞhË�Ê
è�ëpË Ý ðeéÊ&î�Ê�Ì�Ê�Þ ÝjÆ Ç ä Ç î�Ê=â *ÓÈ Ç Ì�Ê�î � á Ý Ç Ê�Ì�Þ'� Ç Æ Ç ï è Ý Ë3ÞNÈ=î�Þ�Î�ÊVè Ý á�ä Ý Ç Ë Ç Î�Ê&î�Þ Ç?z Ê�Ë�Î�Ê Æ ç ÝjÆ Ç ä Ç î�Ê
Ê&îùÌ?á�Ë�÷1È=É�Ê��

øXÈ=Ë�è Æ á�Ì Ç Ê�á�Ë?Ì�È=Ì?è`Ê&ÉBÞhÌ&í Æ ç Ç Î�Ê�îôÞ Ç?z É&È;Þ Ç Ý î Î�Ê&Ì ï Ç î{ÍÊ&ËhÈ;ábð5è"Ê�á�ÞÖòÊ�Þ?Ë?ÊvÉ Ý î�Ì Ç Î{ÍÊ�ËpÍÊ&Ê�É ÝjïVï Ê
á�î�Ê z îVÊ&î	Ì Ý Ç âx*AÈ Ç Ì�Îeç�á�î	è Ý Ç î�ÞcÎ�Ê�äbá�Ê�è Æ á�Ì Æ È=Ë Ï Ê=í Æ ç Ç Î�Ê�îôÞ Ç?z É&È;Þ Ç Ý î_Ë?Ê�è�ËpÍÊ�Ì?Ê�îôÞ?ÊÓÍÊ Ï È Æ Ê ï Ê�îôÞ
á�îùè�Ë?Ê ï Ç Ê&Ë�è�È;Ì�ä=Ê&Ë�Ì Æ ÈÑÉ Ýjï è�ËpÍÊ�ö�Ê&î�Ì Ç Ý îÓÎ�Ê�Ì�Ë?Ê Æ È;Þ Ç Ý î�Ì�Ê�îôÞ?Ë?Ê Æ Ê ï Ç î{ÍÊ&ËhÈ Æ Ê�Þ Æ Ê&Ì�É Ý î�Î Ç Þ Ç Ý î�Ì
Ï ÍÊ ÝjÆÐÝ Ï=Ç�� á�Ê&ÌÕÈ\ëjÈ=î�Þ�è`Ê&Ë ï Ç Ì_ÌhÈ�÷ Ý Ë ï È;Þ Ç Ý îPâ # î ï Ç î$ÍÊ&Ë?È Æ Ê�Ì�Þ	Ê&î�Ê 
 ÊBÞ Æ ÊÖè�Ë Ý Î�á Ç Þ z î�È Æ Î�Ê
è�Ë Ý É�Ê&Ì?Ì�á�Ì�î�È;Þhá�Ë�Ê Æ Ì�É Ýjï è Æ ÊBðbÊ�Ì Æ Ç ÍÊ&Ì�éÈÕá�îÓÉ&Ê&Ë3ÞNÈ Ç îÓÊ�î�ä Ç Ë Ý î�î�Ê ï Ê&î�Þ Ï ÍÊ ÝjÆ�Ý ÏjÇ�� á�Ê��7É Ý î�Î Ç Þ Ç Ý î�Ì
Î�ÊcÞhÊ ï è{ÍÊ�ËhÈ;Þ?á�Ë?ÊcÊBÞXÎ�Êcè�Ë�Ê&Ì�Ì Ç Ý î�î Ý ÞhÈ ïVï Ê�îôÞc�Bâ��FÎ�Ê&î�Þ ÇZz Ê&Ë/á�î ï Ç î{ÍÊ&ËhÈ Æ í&É;ç�Ê�Ì�Þ-Î Ý î�É_ÍÊ Ï È Æ Ê ï Ê�îôÞ
ÞhË Ý á�ä=Ê&Ë,á�î Ç î�Î Ç É&ÊXè"Ê�Ë ï Ê�Þ?ÞhÈ=î�Þ,Î�ÊcË?ÊBÞhËhÈ;É&Ê&Ëná�î�Êcè�È=Ë�Þ Ç ÊZÎ�Ê Æ ç�ö Ç Ì�Þ Ý Ç Ë�Ê Ï ÍÊ ÝjÆÐÝ ÏjÇ�� á�ÊZÎ�Ê Æ È�ËpÍÊ ÏjÇ Ý î
Î Ý î�Þ Ç Æ Ê&Ì�Þ Ç Ì?Ì?áeâ

Ù�ÊBäjÊ�î Ý î�Ì È;á è�Ë Ýjß�Æ éÊ ï Ê Î�Ê Æ È ÷ Ý Ë ï È;Þ Ç Ý î Î�Ê Æ È É&Ë Ý òábÞhÊ Æ á�î�È Ç Ë�Ê=â�êlçSÍÊ�Þhá�Î�ÊÜÎ�Ê�Ì
ÍÊ&ÉNö�È=î�Þ Ç Æ�ÆÐÝ î�Ì���è Ý=ÆÐÆÐÝ È ïVÝ î�ÞhËpÍÊ � áPçñá�î�ÊqÎ Ç 
 ÍÊ&Ë�Ê&î�É Ç È;Þ Ç Ý îOéÈ Ï ËhÈ=î�Î�ÊHÍÊ�ÉNö�Ê Æ�Æ ÊtÈÕè�Ë Ýjß È ß�Æ Ê ï Ê�î�Þ
Ê&á Æ Ç Ê&áùÞhË&éÊ&Ì�Þ;òÝ Þ�Î�È=î�Ì Æ çñö Ç Ì3Þ Ý Ç Ë?ÊtÎ�Ê Æ Èvêná�î�Ê=â # î�Î�Ê&Ì�Ì�É`ÍÊ&î�È=Ë Ç Ý Ì�è�Ë Ý è Ý ÌpÍÊ&Ì�Ì�á ÏjÏ éÊ�Ë?Ê Æ È	÷ Ý Ë'�
ï È;Þ Ç Ý îÓÎeç�á�î Ø Ý É`ÍÊ\È=îÓÎ�Ê ï È Ï ï È Ú Î�Ê�è Æ á�Ì Ç Ê&á�Ë�Ì�É&Ê�î�ÞNÈ Ç î�Ê&Ì�Î�Ê � Ç Æ�Ýjï éÊBÞhË�Ê&Ì�Î�ÊÑè�Ë Ý ÷ Ý î�Î�Ê�á�Ë&í
Ï ÍÊ�î$ÍÊ&ËpÍÊtè�È=Ë Æ çSÍÊ&î�Ê�Ë ÏjÇ Ê�ËpÍÊ�Ì?á Æ ÞNÈ=î�Þ�Î�Ê Æ ç'È=É�É&ËpÍÊ�Þ Ç Ý î Ç î Ç Þ Ç È Æ Ê�Ê�Þ�Î�Ê Æ È�ä Ç ÝjÆ Ê&î�É�Ê�Î�Ê&Ì Ç ï è�È=ÉBÞhÌ Æ�Ý Ë?Ì
Î�Ê Æ È�è{ÍÊ&Ë Ç Ý Î�Ê�Î�Ê ß`ÝjïÑß È;Ë?Î�Ê ï Ê�îôÞ Ç î�ÞhÊ�î�Ì?Ê;â�ênÊ&Ì ï Ç î{ÍÊ&Ë?È=ábð ï È z�� á�Ê&ÌcÊBÞ Æ Ê$÷7Ê Æ Î�Ì�è�È;Þ?öVè Æ È ÏjÇ Ý �
É Æ È=Ì?Ê Ý î�ÞZÊ&î�Ì?á Ç ÞhÊ�è�Ë Ý Ï Ë�Ê&Ì?Ì Ç ä=Ê ï Ê&î�ÞcÉ&Ë Ç Ì�ÞhÈ ÆÐÆ Ç ÌpÍÊ�è Ý á�Ë-÷ Ý Ë ï Ê&Ë/Ë?Ê�Ì?è`Ê&É�Þ Ç ä=Ê ï Ê&î�Þ Æ Ê ï È=î�Þ?Ê\È=á_ÊBÞ
Æ ÈqÉ&Ë Ý òábÞhÊ Æ á�î�È Ç Ë?Ê=âbøXÈ;Ë ï Ç Æ Ê�Ì ï Ç î{ÍÊ�ËhÈ=ábð ï È z�� á�Ê�Ì&í Æ ç ÝjÆ Ç ä Ç î�Ê�Ì�Ê�÷ Ý Ë ï ÊVéÈÑÎ�Ê�Ì�ÞhÊ ï è{ÍÊ�ËhÈ;Þ?á�Ë?Ê�Ì
Ê�ÞÑè�Ë?Ê�Ì?Ì Ç Ý î�ÌÕè Æ á�Ì5ÍÊ Æ Ê�älÍÊ&Ê�Ì � á�Ê Æ Ê&Ì�èôëpË Ý ð"éÊ�î�Ê&Ì�â�~�á�ËhÈ=î�Þ Æ Êvè�Ë?Ê ï Ç Ê&Ë ï Ç ÆÐÆ Ç È=Ë?ÎHÎPç�È=î�î{ÍÊ&Ê&ÌÕÊBÞ
Î�Ê ï Ç Î�Ê Æ ç�ö Ç Ì�Þ Ý Ç Ë�Ê�Î�Ê Æ ÈVêná�î�Ê=í�è Æ á�Ì Ç Ê&á�Ë�Ì�è�Ë Ý É&Ê�Ì?Ì?á�Ì�è�ö�ëpÌ Ç?� á�Ê&Ì�Ê�Þ�ÉNö Ç ï Ç?� á�Ê&Ì Ý î�ÞÖÍÊ�ÞbÍÊ ï Ç Ì
Ê&î_à�Ê&áÓè Ý á�Ë�÷ Ý Ë ï Ê&Ë Ý áAÈ Æ ÞbÍÊ&Ë?Ê�Ë Æ È_É&Ë Ý òá�ÞhÊ;âX, Ç á�î�Êqè�È=Ë�Þ Ç Ê�Î�ÊtÉ&Ê�Ì�è�Ë Ý É�Ê&Ì�Ì?á�Ì�Ê&Ì�Þ�È=Ì�Ì?ÊDy ß Ç Ê�î
Î Ý É&á ï Ê&î�ÞbÍÊ&ÊO��÷ Ý Ë ï È;Þ Ç Ý î_Î�Ê�Ì Ï ËhÈ=î�Î�Ì ß È;Ì?Ì Ç î�Ì&íô÷ Ý Ë ï È;Þ Ç Ý î_Î�Ê&Ì ï Ê&Ë�Ì�éÈqè�È=Ë3Þ Ç ËlÎ�á ï È=î�ÞhÊ&È=á��Bí
á�î�Ê�È=á�Þ?Ë?ÊVè�È=Ë�Þ Ç ÊÕÎ�Ê	É&Ê&Ìqè�Ë Ý É&Ê�Ì?Ì�á�ÌÑÊ&Ì3ÞÑÊ�î!Ë?ÊBä;È=î�ÉNö�Ê ïVÝ Ç î�Ì ß Ç Ê�î!Î{ÍÊ z î Ç Ê=í ß Ç Ê�î � á�Ê Æ Ê&á�Ë
É Ý î�î�È Ç Ì?ÌhÈ;î�É&Ê�Ì Ý Ç Þ{Þ Ý ábÞ�È=á�ÞhÈ=î�Þ�Ë?Ê � á Ç Ì�Ê�è Ý á�Ë$Ë�Ê&î�Î�Ë�Ê�É Ý=ï è�Þ?Ê�Î�Ê Æ È�î�ÈRÞhá�Ë�Ê�Ê�Þ�Î�Ê Æ ÈtÎ Ç ä=Ê&Ë��
Ì Ç ÞbÍÊqÎ�Ê&Ì ï È;ÞbÍÊ�Ë Ç È=ábðùÉ&Ë�á�Ì�ÞhÈ=ábð"ânø-È=Ë�ÊBðbÊ ï è Æ Ê=í Ý îÒè`Ê&î�Ì�Ê � áeç'È=è�Ë&éÊ&Ì Æ È	Î Ç 
 ÍÊ�Ë?Ê�îôÞ Ç È;Þ Ç Ý îÓÊ&î�ÞhË�Ê
Æ Ê ï È=î�ÞhÊ&È=á	á Æ ÞhË?È ï È z�� á�Ê�Ê�Þ Æ È�É�Ë Ý òá�Þ?Ê�÷7Ê Æ Î�Ì�è�È;Þ?ö Ç�� á�Ê;í�Î�Ê&Ì ï È Ï ï È;ÌlË Ç ÉNö�Ê&Ì�Ê&î ï È Ï î{ÍÊ&Ì Ç á ï
è�Ë Ýjß È ß�Æ Ê ï Ê&î�Þ Ï ÍÊ&î{ÍÊ�ËpÍÊ�ÌÖè�È=ËÕ÷7á�Ì Ç Ý î è�È=Ë3Þ Ç Ê ÆÐÆ ÊÖÎ�á ï È=î�ÞhÊ\È;á � Ý á Î�Ê Æ ç Ç î�ÞbÍÊ&Ë Ç Ê�á�Ë	è Æ á�Ì	è�Ë Ý �
÷ Ý î�Î�� Ý îôÞ{è�Ë Ý Ï Ë?Ê�Ì?Ì Ç äjÊ ï Ê�î�Þ�è{ÍÊ�î$ÍÊ�Þ?ËpÍÊ�Ì Ý Ç Þ Æ ÈtÉ�Ë Ý òá�Þ?Ê Ç î�÷\ÍÊ�Ë Ç Ê�á�Ë?ÊC� è È;Ë?Ë?Ê�îMu è È=Ì?Ì Ý îPí�F)� G æ �Bí
Ì Ý Ç Þ Æ È5Þ Ý ÞhÈ Æ Ç ÞbÍÊÓÎ�Ê Æ ÈOÉ�Ë Ý òá�Þ?Ê �	�jÈ ï Ê&Ì�í@F)� G æ �Bâ�w$Ê&Ì Ç î�Þ?Ë?á�Ì Ç Ý î�Ìv÷ Ý Ë ï Ê&ËhÈ Ç Ê&î�Þ�Î�Ê&ÌÔè Ý ÉNö�Ê�Ì
Î�Ê ï È;ÞbÍÊ&Ë Ç È=ábð ï È z�� á�Ê�Ì�È=è�è"Ê Æ ÍÊ&Ê�Ì Ø è Æ á�Þ Ý î�Ì Ú í ïVÝ Î�Ê Æ È;îôÞ Æ È	É&Ë Ý òá�ÞhÊtÊ&îAá�î�Ê_È Æ ÞhÊ�Ë?î�È=î�É&ÊtÎ�Ê
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É Ý á�ÉNö�Ê&ÌXÎ�Ê$Ë Ý ÉNö�Ê�ÌXî Ý Ë Ç Þ Ç�� á�Ê�Ì-Ì�á�Ë-Î�Ê&ÌXè Ý ÉNö�Ê&ÌZÎ�Ê{Ë Ý ÉNö�Ê�Ì-Þ?Ë Ý É�Þ Ý=Æ Ç Þ Ç�� á�Ê�Ì Ý á ß Ç Ê&î�Î�á�î Ç Þ Ç�� á�Ê�Ì
�7ä Ý Ç Ë Æ Ê�ÉNö�È;è Ç Þ?Ë?Ê@Fjâ54bâ ì �Bâ=ø Ý á�ËZä=È Æ Ç Î�Ê&Ë|� Ý á Ç î z Ë ï Ê&Ë|�nÉ&Ê ïVÝ ÎPéÊ Æ Ê;í Ç Æ Ê&Ì3ÞcÎ Ý î�É�î{ÍÊ&É&Ê�Ì?Ì?È Ç Ë�Ê�Î�Ê
É Ý î�î�È(ò × ÞhË?Ê Æ ÈVÉ Ýjï è Ý Ì Ç Þ Ç Ý îÔÊ�Þ�Ì?á�Ë3Þ Ý ábÞ Æ ÊtÎ�Ê Ï ËpÍÊqÎPçñö{ÍÊBÞbÍÊ&Ë Ý Ï ÍÊ�î$ÍÊ Ç ÞbÍÊqÞhÈ=î�Þ Æ È;ÞbÍÊ�ËhÈ Æ � á�ÊtäjÊ�Ë�Þ Ç É\È Æ
Î�Ê Æ ÈÑÉ�Ë Ý òá�Þ?Ê=â

ênÊ&ÌÕÉ&Ë?È;Þ\éÊ�Ë?Ê&ÌÕÎPç Ç ï è�È=ÉBÞ_Ì Ý îôÞVÎ�ÊÖälÍÊ&Ë Ç ÞhÈ ß�Æ Ê�Ì�÷7Ê&îPòÊ�ÞhË�Ê&ÌVî�È;Þ?á�Ë?Ê ÆÐÆ Ê�ÌÑÌ?á�Ë Æ ç Ç î�ÞbÍÊ&Ë Ç Ê�á�ËÑÎ�Ê Æ È
êná�î�Ê;â�ê Ý Ë�ÌÔÎPç�á�î Ç ï è�È=ÉBÞ\í Æ Ê&Ì ÍÊSà�Ê�É�ÞhÈ=ÌÓÌ Ý î�ÞAË�Ê&Î{ÍÊ�è Ý ÌpÍÊ&ÌÓÎ�Ê ï È=î Ç éÊ&Ë�Ê�ËhÈ=Î Ç È Æ ÊHÈ=á�Þ Ý á�ËÔÎ�á
É&Ë?È;Þ\éÊ�Ë?Ê&��ä Ý Ç Ë z�Ï á�Ë�ÊfFjâ21��Bí Æ Èvè�Ë Ý ÷ Ý î�Î�Ê&á�Ë ï ÈRð Ç ï á ï ÎPç�ÊLðbÉ\È\ä;È;Þ Ç Ý îõÍÊ�ÞNÈ;îôÞ�Ê�Ì�Þ Ç ï ÍÊ&ÊÓéÈvÊ�îôä Ç �
Ë Ý î!á�î5Î Ç y Ç éÊ ï ÊÕÎ�á!Î Ç È ï éÊ�Þ?Ë?ÊÕÎ�á!É�ËhÈ;Þ\éÊ&Ë�Ê���*ùÊ ÆÐÝ Ì?öPí_F)� G ���Bâ,ênÊ ï È;ÞbÍÊ&Ë Ç È=á�÷ Ý Ë ï È=î�Þ Æ ÊÕè Ç É
É&Ê�î�ÞhËhÈ Æ è�Ë Ý ä Ç Ê�îôÞVÎ�Ê Æ ÈÒÉ Ý á�ÉNö�Ê Æ ÈÒè Æ á�ÌÕè�Ë Ý ÷ Ý î�Î�ÊÖÎ�Ê Æ È�y Ý î�ÊÔÎPç Ç ï è�È=ÉBÞ\âlê,È�ËpÍÊ�è�È=Ë3Þ Ç Þ Ç Ý î
Î�Ê�Ì5ö{ÍÊBÞbÍÊ�Ë Ý Ï ÍÊ�î{ÍÊ Ç ÞbÍÊ�Ì ï Ç î{ÍÊ�ËhÈ Æ�Ý ÏjÇ?� á�Ê&ÌAÌ�á�Ë á�î�Ì Ç Þ?ÊIÎPç Ç ï è�È=É�ÞHè`Ê&Ë ï ÊBÞHÎ Ý î�É*Ê&î è�Ë Ç î�É Ç è"Ê
ÎPçSÍÊ&ÉNö�È;îôÞ Ç Æ�ÆÐÝ î�î�Ê&Ë Æ ÈIÌ3ÞhËhÈRÞ ÇÐÏ ËhÈ=è�ö Ç Ê�Î�Ê Æ Èæy Ý î�Ê É Ç ß�Æ Ê�Ì?á�Ëùá�î�Ê5è�Ë Ý ÷ Ý î�Î�Ê&á�ËÔÎ�Ê è Æ á�Ì Ç Ê&á�Ë�Ì
� Ç Æ�Ýjï éÊBÞhË�Ê&Ì&í=Ê�Þ�Î Ý î�É�ÎPç�È=É�É`ÍÊ&Î�Ê&ËtéÈ Æ ç Ç î�÷ Ý Ë ï È;Þ Ç Ý î � á�Ê Æ ç Ý îÕË�Ê&ÉNö�Ê�Ë?ÉNö�Ê;â�êlçñö$ÍÊ�ÞbÍÊ&Ë Ý Ï ÍÊ&î{ÍÊ Ç ÞbÍÊ�Î�Ê Æ È
É&Ë Ý òá�ÞhÊ Æ á�î�È Ç Ë�ÊAÈ5È Ç î�Ì Ç è�á òÊ�Þ?Ë?ÊÒÎ{ÍÊ ïVÝ î�ÞhËpÍÊ�Ê Ï Ë(òÈ=É&Ê§éÈ Æ çFÍÊ�Þ?á�Î�ÊÓÎ�ÊAÌ�è"Ê�É�ÞhË�Ê&ÌvÞbÍÊ Æ Ê�Ì?É Ý è Ç�� á�Ê�Ì
��ø Ç Ê�ÞhÊ�Ë?Ì�ÊBÞ È Æ â ídF)���H1jÈ��Lâhw$Ê&ÌHÌ�è"Ê�É�ÞhË�Ê&ÌHè�ËpÍÊ&Ì?Ê�î�ÞhÊ&î�Þ ï È Æ Ï ËpÍÊ Þ Ý ábÞ Æ ç Ç î�É Ý î�äcÍÊ&î Ç Ê&î�ÞHÎPç�òÊ�ÞhË�Ê
è Ý î�É�Þ?á�Ê Æ Ì&â

Å Ç Ê�î � á�Ê Æ ç ÝjÆ Ç ä Ç î�Ê Ì Ý Ç Þ§è�ËpÍÊ�Ì?Ê�îôÞ?Ê2Î�È;î�Ì Æ Ê&Ì¥ÍÊ�ÉNö�È=î�Þ Ç ÆÐÆÐÝ î�Ì Æ á�î�È Ç Ë�Ê&Ì&í Æ Ê�Ì ÍÊBÞhá�Î�Ê&Ì*Î�Ê
ÞbÍÊ Æ ÍÊ�Î$ÍÊ�Þ?Ê&É�Þ Ç Ý î ï Ê�î{ÍÊ&Ê�Ì�à�á�Ì � áPç7éÈÓè�ËpÍÊ�Ì?Ê&î�Þ_Ì�Ê ïÑß�Æ Ê&î�Þqè Ý á�Ë�ÞhÈ=î�Þ Ç î�Î Ç�� á�Ê�Ë � áPç ��½C��� ��ù�����¿)� ���
�����b���IìH� �¬���"¿)��ú�o���E��� ����
��X�����ï���¿)�o�§�|�����¼�|�X¾¦���t��o�o���|�B�æ½��Z�X½��7� ����� ��ø Ç Ê�ÞhÊ�Ë?Ì%u
è Ç Æ ö�Ê Æ�ï Ì�í�F)� G ­pí Ü/Ýjï è � Ç î�Ì/u ø Ç Ê�ÞhÊ�Ë?Ì�íJF)�H�����Bâbêlç ÝjÆ Ç ä Ç î�ÊÔÍÊBÞNÈ=î�Þ�È;Ì?Ì Ý É Ç ÍÊ&Ê�Ì Ý Ç Þ�È=á ï È=î�ÞhÊ&È=á
Æ á�î�È Ç Ë�Ê=ípÌ Ý Ç Þ�È=ábðÖè Æ á�Þ Ý î�Ì�Ë Ç ÉNö�Ê�Ì�Ê&î ï È Ï î{ÍÊ&Ì Ç á ï í Æ ÈÑÎ{ÍÊBÞhÊ&ÉBÞ Ç Ý îÔÊ&îÔÌ?á�Ë3÷1È=É&Ê�Î�Ê�Þ?Ê Æ�Æ Ê&Ì/y Ý î�Ê�Ì
È=è�è Ý Ë3ÞhÊ�è Ý á�Ë3ÞNÈ=î�Þ$Î�Ê&Ì�É Ý î�ÞhË?È Ç î�ÞhÊ�Ì{÷ Ý Ë3ÞhÊ�Ì�Ì?á�Ë Æ Ê�Ì ïVÝ ÎPéÊ Æ Ê�Ì{Î�Ê ï Ç Ì?Ê�Ê&îvè Æ È=É&Ê�Î�Ê&Ì{ÞhÊ&Ë�ËhÈ Ç î�Ì&í
Ê�Þtè Æ á�Ì Ï ÍÊ&î{ÍÊ&ËhÈ Æ Ê ï Ê&î�ÞtÎ�ÊÕÉ Ý=ï è Ý Ì Ç Þ Ç Ý î�Î�Ê Æ ÈÔêná�î�ÊÕÊ Æ�Æ Ê�� ï òÊ ï Ê=â # î�ÊÕ÷ Ý Ë�Þ?Ê � á�È=î�Þ Ç ÞbÍÊÕÎPç Ý �
Æ Ç ä Ç î�ÊqÎ�È=î�Ì�Î�Ê�Ìhy Ý î�Ê�Ì�Î�ÊÕÉ Ý î�Þ Ç î�Ê&î�Þ Ç ËhÈ Ç Þ�è�È=Ë�ÊBðbÊ ï è Æ ÊAéÈ Æ ç�Ê�î�É Ý î�Þ?Ë?Ê_Î�Ê�Ìtè�ËpÍÊ&Î Ç É�Þ Ç Ý î�Ì�Î�á
ïVÝ ÎPéÊ Æ Ê�Îeç Ý É`ÍÊ&È=îÓÎ�Ê ï È Ï ï È�â â�â

üÒû�� °äþ_·�´�¶�·\þV± ÿ	± ÔD³ Ö �±
×��	ýpÿ	± �/×8·2Ô�·�²��±@±

w ÝjïVï Ê�î Ý á�Ì Æ ç�È\ä Ý î�Ì�äpáÓÈ=áWw$ö�È=è Ç ÞhË?Ê ì â5��í Æ Ê�è�ëpË Ý ðeéÊ&î�Ê�È_è�Ë Ç î�É Ç è�È Æ Ê ï Ê�î�Þ�Î�Ê�ábð ß È=îo�
Î�Ê�Ì�ÎPç�È ß Ì Ý Ë?è�Þ Ç Ý î5éÈ�F�Ê�Þ ì é ï âbêlç ÝjÆ Ç ä Ç î�Ê;í � á�È=î�Þ�éÈ�Ê Æ�Æ Ê;ípè Ý Ì�Ì&éÊ&Î�Ê�á�î�Ê ß È;î�Î�Ê�Îeç'È ß Ì Ý Ë�è�Þ Ç Ý î
Æ È;Ë Ï ÊÕéÈ(F é ï íbÊBÞ�á�î�Ê�ËpÍÊ 
 Ê�É�ÞNÈ;î�É&ÊÒÍÊ Æ Ê�älÍÊ&ÊVéÈ ì é ï â>w$Ê�Þ�ÞhÊ�è�Ë Ý è�Ë Ç ÍÊBÞbÍÊ�ä;ÈÑè`Ê&Ë ï Ê�Þ�ÞhË�Ê=í/éÈ Æ ç�È Ç Î�Ê
î Ý ÞhÈ ïVï Ê�îôÞ�Î�Ê&Ì z Æ Þ?Ë?Ê&ÌC$��¨ÙtínÎ�ÊVÎ Ç Ì?É&Ë Ç ï Ç î�Ê�Ë Æ Ê�Ì�Î�Ê&ábð Ê�Ì?èPéÊ�É&Ê�Ì ï Ç î{ÍÊ�ËhÈ Æ Ê&Ì&âPê/ÈÔÎ{ÍÊBÞhÊ&ÉBÞ Ç Ý î
Î�Ê�Ì$ö{ÍÊBÞbÍÊ&Ë Ý Ï ÍÊ�î$ÍÊ Ç ÞbÍÊ&Ì�Ê�Þ Æ Ê�á�ËcÉ\È=Ë3Þ Ý Ï ËhÈ=è�ö Ç Ê�Ì?è�ÈRÞ Ç È Æ Ê�è`Ê&á�Þ$È Ç î�Ì Ç òÊ�Þ?Ë?Ê�ËpÍÊ\È Æ Ç ÌpÍÊ&Ê Ï Ë(òÈ=É&ÊÑéÈ Æ çSÍÊBÞhá�Î�Ê
É Ý=ï è�È;ËhÈ;Þ Ç äjÊ�Î�Ê&ÌtËhÈ=è�è Ý Ë3ÞhÌ�Î�Ê�Ì z Æ Þ?Ë?Ê&Ì{�H­ æ u 4H­ æ î ï Ê�Þ ì;æjæjæ u F)­ æjæ î ï ânênÊ&Ì�Ë?È=è�è Ý Ë�Þ?Ì�Î�Ê
ß È=î�Î�Ê&ÌVÍÊ Æ Ç ï Ç î�Ê&î�Þ Æ Ê&Ìlä;È=Ë Ç È;Þ Ç Ý î�ÌXÎ�á�Ê&Ì�éÈ Æ ç'È ÆÐß ÍÊ�Î Ý Ê�Þ$È=ábðÕÉ Ý î�Î Ç Þ Ç Ý î�ÌlÎPç Ýjß Ì�Ê&Ë�ä;È;Þ Ç Ý îeí�É&Ê � á Ç
ï Ê�Þ�Ê&î ÍÊBä Ç Î�Ê�î�É&Ê Æ Ê�Ì�ä;È=Ë Ç È;Þ Ç Ý î�Ì$Î�á�Ê&ÌÕéÈ Æ È ï Ç î{ÍÊ&ËhÈ ÆÐÝ ÏjÇ Ê�ÊBÞ u Ý á§éÈ Æ È ï È;Þ?á�Ë Ç ÞbÍÊ=â�ê,Êtè�Ë�Ê ï Ç Ê&Ë
ËhÈ;è�è Ý Ë�Þ�è`Ê&Ë ï ÊBÞ�Î�Ê�Î$ÍÊ�Þ?Ê&É�Þ?Ê&Ë Æ È ß È=î�Î�Ê	éÈ(F é ï Î�Ê&Ì ï Ç î{ÍÊ�ËhÈ=ápð ï È z�� á�Ê�Ì�è Ý á�Ë$Î Ç Ì?É�Ë Ç ï Ç î�Ê&Ë
Ê&î�Þ?Ë?ÊtÎ�Ê&Ì�Ì ÝjÆ Ì�Î�ÊtÞFëpè`ÊqÉ Ý î�Þ Ç î�Ê&î�Þ�Ê�Þ�Î�Ê�ÞFëpè"Ê ï Ê�Ë&â�ø-È=Ë ï Ç Æ Ê�Ì�y Ý î�Ê�Ì�Î{ÍÊBÞhÊ�Ë ï Ç î{ÍÊ�Ê&Ì�É ÝjïVï Ê
ÍÊ�ÞhÈ=î�Þ�Î�Ê�É Ýjï è Ý Ì Ç Þ Ç Ý î ï È zB� á�Ê=í Æ Ê�Î�Ê&ábð Ç éÊ ï ÊtË?È=è�è Ý Ë�Þ3� ì=æjæjæ u Fb­ æjæ î ï �{ä;È_è`Ê&Ë ï Ê�Þ�ÞhË�Ê�Î�Ê
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Î{ÍÊBÞhÊ&Ë ï Ç î�Ê&Ë�Ì Ç Æ Ê�Ì Ý=ÆnÝjß Ì?Ê�Ë�älÍÊtÊ&Ì�Þ�è Æ á�Þ;òÝ Þ�Î Ýjï Ç î{ÍÊ�è�È=Ë�Î�Ê Æ ç ÝjÆ Ç ä Ç î�ÊO�7÷ Ý Ë�ÞhÊ�Ì�ä=È Æ Ê&á�Ë?Ì�Î�áÓËhÈ=è��
è Ý Ë�Þc� Ý á_Î�áÕè�ëpË Ý ðeéÊ&î�Ê3�7÷1È Ç ß�Æ Ê{ä;È Æ Ê�á�Ëc�Lâjø Ý á�Ë � á�Ê Æ ç Ç î�Þ?Ê&Ë?è�ËpÍÊ�ÞhÈ;Þ Ç Ý î�Î�Ê&ÌcËhÈ=è�è Ý Ë3ÞhÌZÎ�Ê ß È=î�Î�Ê�Ì
Ì Ý Ç Þ�É Ý Ë?Ë�Ê&É�Þ?Ê=í Ç Æ Ê�Ì�ÞtÉ&Ê�è"Ê�î�Î�È=î�Þ�î{ÍÊ�É&Ê�Ì?ÌhÈ Ç Ë?ÊÕÎ�ÊÑÞ?Ê&î Ç Ë�É Ý=ï è�Þ?ÊÑÎPçSÍÊ�ä=Ê&î�Þhá�Ê ÆÐÆ Ê&Ì�ä;È=Ë Ç È;Þ Ç Ý î�Ì�Î�Ê
ï È;Þhá�Ë Ç ÞbÍÊVÎ�Ê&ÌÑÌ ÝjÆ ÌtÎ�È=î�Ì Æ ÊVÉNö�È ï è Ýjß Ì�Ê&Ë3äcÍÊ;â0��áOè�Ë?Ê ï Ç Ê&Ë Ý Ë?Î�Ë?Ê=í/É&Ê�Ìqä;È=Ë Ç È;Þ Ç Ý î�Ì�è`Ê&á�ä=Ê&î�Þ
òÊ�Þ?Ë?Ê�Î$ÍÊ&Î�á Ç ÞhÊ�Ì�Ì Ý Ç Þ{Î�Ê Æ È�É Ý î z�Ï á�Ë?È;Þ Ç Ý î�Î�ávÞhÊ&Ë�ËhÈ Ç î��7è"Ê�îôÞ?Ê&Ì�È ß Ë?á�èbÞhÊ&ÌN�BíbÌ Ý Ç Þ$Î�Ê�Ì$ä;È=Ë Ç È;Þ Ç Ý î�Ì
ÎPç�È ÆÐß ÍÊ&Î Ý �7É&Ë?È;Þ\éÊ�Ë?Ê&Ì{÷7ËhÈ Ç Ì$ËhÈ\ë Ý î�î�È=î�Þ?Ìc�Bâ�ê,Èq÷ Ý Ë ï Ê�Î�Ê&Ì�Ì�è"Ê�É�ÞhË�Ê&Ì�ÊLðbÞ?ËhÈ Ç ÞhÌ{Î�Ê&Ì�y Ý î�Ê�Ì Æ Ê&Ì{è Æ á�Ì
Ç î�ÞbÍÊ&Ë?Ê�Ì?Ì?È=î�ÞhÊ&Ì�è"Ê�Ë ï Ê�Þ�ÞhËhÈ_Ê�î�Ì?á Ç ÞhÊ�Î�Ê�É Ý î z Ë ï Ê&Ë Æ ç Ç Î�Ê&î�Þ Ç?z É&È;Þ Ç Ý îÖÎ�Ê&Ì ï Ç î{ÍÊ�ËhÈ=ápð Ýjß Ì�Ê&Ë3äcÍÊ�Ì&â

ê,È z�Ï á�Ë�Ê(®�âZF ï	Ý îôÞ?Ë?Ê	Î�Ê&ÌÑÌ�è"Ê�É�Þ?Ë?Ê&ÌÕÎ�Ê Æ È ß`Ý ËhÈRÞ Ý Ç Ë?Ê_Î�Ê ï ÍÊ Æ È=î Ï Ê�Ì ÝjÆ Ç ä Ç î�Ê%� Ý Ë�Þ?ö Ý è�ë��
Ë Ý ð"éÊ&î�ÊvÉ Ý î�ä ÝjÆ á{ÍÊ�Ì_è�È=Ë Æ Ê&Ì z Æ ÞhË?Ê�Ì�Î�Êfw Æ Ê ï Ê&î�Þ Ç î�Ê;â8e�î!ä Ý Ç Þ � á�ÊvÌ Ç Æ ç Ý î!Ì�ÊvË?Ê�Ì�Þ?Ë?Ê Ç î�ÞÓéÈ Æ È
è�È=Ë3Þ Ç Ê�Î�á Ì?è`Ê&É�Þ?Ë?Ê É Ý ábäjÊ&Ë3Þùè�È=Ë Æ ÈOÉ&È ï ÍÊ�ËhÈ # ã�ã@�',"í Ç Æ Ê�Ì�ÞÔÞhË&éÊ&ÌÔÎ Ç�� É Ç Æ ÊAÎ�ÊHÎ Ç Ì3Þ Ç î Ï á�Ê&Ë
á�î�Ê�É Ýjï è Ý ÌhÈ=î�ÞhÊ�ÎPç Ý=Æ Ç ä Ç î�ÊÕÎ�È=î�ÌÑá�î ï ÍÊ Æ È=î Ï Ê=í�éÈ ï	Ý Ç î�ÌtÎPç�ÈDä Ý Ç Ëqè Æ á�Ì�Î�Êp4�­ � Îeç ÝjÆ Ç ä Ç î�Ê=â
êlç Ç î�ÞbÍÊ Ï ËhÈ;Þ Ç Ý îqÎ�Ê Æ È�è�È=Ë3Þ Ç Ê Ç îb÷7ËhÈ=Ë Ý á Ï Ê�éÈ Æ È�è�È=Ë3Þ Ç Ê # ã�ã@�',�è`Ê&Ë ï Ê�ÞXÎ�Ê ï Ç Ê�ábð Ç î�ÞhÊ�Ë?è�ËpÍÊ�Þ?Ê&Ë Æ È
÷ Ý Ë ï Ê�Î�ávÌ�è"Ê�É�Þ?Ë?Ê=â>w$Ê&É Ç Ê�Ì�Þ$ÎPç'È;á�ÞNÈ=î�Þ{è Æ á�Ì�äpËhÈ ÇQ� á�Ê Æ ç Ý î Ý=ß Ì?Ê�Ë�äjÊ�è�Ë Ç î�É Ç è�È Æ Ê ï Ê�î�ÞcÎ�Ê&Ì{Ì ÝjÆ Ì
Æ á�î�È Ç Ë�Ê&Ì�í�È Æ ÞbÍÊ&ËpÍÊ&Ì�è�È=Ë Æ Ê&Ì�è�Ë Ý É�Ê&Ì?Ì�á�Ì�Î�Ê ï È;Þ?á�ËhÈ;Þ Ç Ý î��1É�÷Sâ ì âU4bâZFb�Lí�Ê�Þ�î Ý îÔè�È;Ì�Î�Ê&Ì ï Ç î$ÍÊ&Ë?È=ábð
è�á�Ë�Ì&â
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UVVIS NIR

~�È=î�Ì Æ È�Ì?á Ç ÞhÊ�Î�Ê�É�Ê�ÉNö�È=è Ç ÞhË�Ê=íjî Ý á�ÌcÈ ÆÐÆ�Ý î�Ì/ä Ý Ç Ë � á�Ê Æ ç�È=î�È Æ ëbÌ�Ê�Î�Ê�Ì�Î Ý î�î{ÍÊ�Ê&Ì Ç î�÷7Ë?È=Ë Ý á Ï Ê&Ì
Î�Ê�w Æ Ê ï Ê&î�Þ Ç î�Êcè`Ê&Ë ï Ê�Þ-Î�Ê{è�Ë Ý Ï Ë?Ê&Ì�Ì?Ê�ËXÎ�È=î�ÌXî Ý Þ?Ë?Ê�É Ýjï è�ËpÍÊ&ö�Ê�î�Ì Ç Ý î�Î�Ê Æ È�É Ýjï è Ý Ì Ç Þ Ç Ý îtÎ�Ê Æ È
É&Ë Ý òá�ÞhÊ Æ á�î�È Ç Ë�Ê=âx� z îvÎ�Ê�Þ?Ê&Ì3ÞhÊ&Ë Æ È�Î$ÍÊ�Þ?Ê&É�Þ Ç Ý î�ÎPç Ý=Æ Ç ä Ç î�ÊÑéÈ�è�È=Ë3Þ Ç Ë�Î�Ê�Ì$Î Ý î�î$ÍÊ&Ê�Ì # ã�ãI�',x��$��¨Ùtí
à�Ê ï ÊÕÌ�á Ç Ì�÷ Ý É&È Æ Ç ÌpÍÊ_Ì�á�Ë Æ çSÍÊBÞhá�Î�ÊVÎ�Ê	è Æ á�Ì Ç Ê&á�Ë�Ì{y Ý î�Ê�Ì Ý éá Æ ÈÖè�ËpÍÊ&Ì�Ê&î�É�ÊvÎPç ÝjÆ Ç ä Ç î�ÊÕÈ\ä;È Ç Þ�Î{ÍÊFà(éÈ
ÍÊ�ÞbÍÊ ï Ê&î�Þ Ç Ý î�î{ÍÊ�ÊqÎeç'È=è�Ë&éÊ&Ì Æ çSÍÊ�Þ?á�Î�ÊtÎ�Ê�Ì�è"Ê�É�ÞhË�Ê&Ì�ÞbÍÊ Æ Ê&Ì�É Ý è Ç?� á�Ê&Ì�íeÊ&îÓÉ ÝjïVï Ê&îXwÉ&È=î�Þ�Ê�îÒè�Ë Ç Ý Ë Ç ÞbÍÊ
è�È=Ë Æ Ê�Ì�Ê&î�Î�Ë Ý Ç Þ?Ì Ý éá Æ çFÍÊ�ÞhÈ ÆÐÝ î�î�È Ï Ê_Î�Ê&Ì Ç ï È Ï Ê&Ì Ç î�÷7ËhÈ=Ë Ý á Ï Ê�Ì�Ê&Ì�Þ Æ Ê ïVÝ Ç î�Ì�è�Ë Ýjß�Æ ÍÊ ï È;Þ Ç?� á�Ê=â
ê,È�è�Ë?Ê ï Ç éÊ&Ë?Ê�y Ý î�Ê � á�ÊZà�ç'È Ç ÍÊ�Þhá�Î Ç ÍÊ�Ê�Ê�Ì�Þ Æ Ê�É�ËhÈ;Þ\éÊ&Ë�Ê���Ë Ç Ì�ÞNÈ;Ë?ÉNöôá�Ì&âo$ Ý á�Ì�È ÆÐÆ�Ý î�ÌXä Ý Ç Ë � á�Ê�Î�È;î�Ì
É&Ê�É\È=Ì�í Æ Ê�ÌÑÎ Ý î�î{ÍÊ&Ê&Ì�w Æ Ê ï Ê&î�Þ Ç î�Ê�è`Ê&Ë ï ÊBÞ?Þ?Ê&î�ÞÕî Ý îIÌ�Ê&á Æ Ê ï Ê&î�Þ_Î�ÊvÉ Ý î z Ë ï Ê�Ë Æ ÈÓè�ËpÍÊ�Ì?Ê&î�É&Ê
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ÎPç ÝjÆ Ç ä Ç î�Ê;í ï È Ç Ì-È;á�Ì?Ì Ç ÎPçñÊ&î_Î{ÍÊBÞhÊ�Ë ï Ç î�Ê�Ë Æ È�ËpÍÊ�è�È=Ë�Þ Ç Þ Ç Ý î Ï ÍÊ Ý Ï ËhÈ=è�ö Ç�� á�Ê=íRÊ�Þ ï Ç Ê&ábðqÎ�Ê ï	Ý îôÞ?Ë?Ê�Ë
� á�Ê Æ Èty Ý î�Ê Æ ÈÑè Æ á�Ì�Ë Ç ÉNö�Ê�Ê�î ÝjÆ Ç ä Ç î�Ê�Ê�Þ Æ ÈÕè Æ á�ÌvÍÊ�Þ?Ê&î�Î�á�ÊqÌ�è�È;Þ Ç È Æ Ê ï Ê&î�Þ�î�Ê�÷1È Ç Þ�è�È=Ì�è�È=Ë3Þ Ç Ê
Î�Ê�Ì�y Ý î�Ê&ÌÖÍÊ&ÉNö�È=î�Þ Ç Æ�ÆÐÝ î�î$ÍÊ&Ê�Ì ÆÐÝ Ë�Ì�Î�Ê&ÌvÍÊ�Þ?á�Î�Ê�Ì�ÞbÍÊ Æ Ê�Ì?É Ý è Ç�� á�Ê�Ì�È;îôÞbÍÊ&Ë Ç Ê&á�Ë?Ê&Ì�â
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��ï·îxïMð ñSò�óqôõ�ö�÷õ óùøDú�û õ ò�óIû�üQýyþ õ õ ó �$z ø õ�ö&%l� óIû � ò�ø � ò�óqôõ�ö û õ þ öIõ ø
��Ë Ç Ì�ÞhÈ=Ë?ÉNöôá�ÌlÊ�Ì�Þlá�î_É&ËhÈRÞ\éÊ&Ë�Ê�Ë?Ê Æ È;Þ Ç äjÊ ï Ê�î�ÞZËpÍÊ�É&Ê�îôÞcÎ�Ê�® ì � ï Î�Ê�Î Ç È ï éÊBÞhË�Ê=í(ä Ç Ì Ç ß�Æ Ê�éÈ Æ ç(' Ç Æ

îôá Ï ËRòÈ=É�Ê5éÈÒÌ Ý î*Ì3ëpÌ�Þ\éÊ ï ÊÔÎPçFÍÊSà�Ê�É�ÞhÈ=Ì ß Ë Ç ÆÐÆ È=î�ÞhÌ&í,ÊBÞÕÌ Ç Þ?á{ÍÊ5éÈ ì 1 � ®R$qí§®x4 � ì=æ/è âZêlç Ç ï è�È=É�Þ
È§É&ËpÍÊ`ÍÊHá�î�Ê É\È\ä Ç ÞbÍÊHè�Ë Ý ÷ Ý î�Î�Ê Î�Ê è Æ á�ÌÔÎ�Ê¼1 � ï â�ênÊHÉ&ËhÈRÞ\éÊ&Ë�Ê=í�Ê�Þùè Æ á�Ì Ï ÍÊ�î$ÍÊ&Ë?È Æ Ê ï Ê�îôÞ Æ È
y Ý î�Ê�Ê�îôä Ç Ë Ý î�î�È=î�ÞhÊO� Æ Ê�è Æ ÈRÞhÊ\È;á���Ë Ç Ì3ÞNÈ=Ë�ÉNöôá�Ìc� Ý îôÞ�÷1È Ç Þ Æ ç Ý=ß à�Ê�Þ{Î�Ê�î ÝjïÑß Ë�Ê&á�Ì�Ê&Ì	ÍÊBÞhá�Î�Ê&Ì$ÞhÈ=î�Þ
Ï ÍÊ Ýjï	Ý Ë?è�ö Ý=ÆÐÝ ÏjÇ?� á�Ê&Ì � á�Ê�Ë?È=Î�È=Ë�Ì Ý áÕè Æ á�ÌlËpÍÊ&É�Ê ïVï Ê�îôÞcÌ�è"Ê�É�Þ?ËhÈ Æ Ê&Ì���A�á�Ê&Ì3Þ\í�F)�H4�1�í*) Ç Ì � Ê�Þ�È Æ â�í
F)��4�4bío~�ÈDä Ç Ê&Ì$ÊBÞ�È Æ â�í�F)�H4���ípêná�É&ÊBë�ÊBÞ�È Æ â�í�F)� G ��ípø Ç î�Ê�Þ$Ê�Þ�È Æ â í�F)�H�H��í�*ÓÉD��Û$Ê�îÓÊBÞ�È Æ â�í�F)�H�`®x�Bâ
Ü/Ý á�ÞhÊ�Ì Ý î�Þ�ËpÍÊBäcÍÊ Æ ÍÊÑá�î�Ê_ËpÍÊ ÏjÇ Ý î�Îeç�á�î�Ê_ÊBðpÞhË&òÊ ï Ê_Ë Ç ÉNö�Ê&Ì?Ì�Ê_ÞNÈ=î�Þ�Ì�á�Ë Æ ÊÑè Æ È=î Ï ÍÊ ÝjÆ�Ý ÏjÇ�� á�Ê � á�Ê
ï Ç î{ÍÊ�ËhÈ Æ�Ý ÏjÇ�� á�Ê;âjêlçSÍÊ�Þhá�Î�Ê�Î�á	è Æ ÈRÞhÊ\È;á���Ë Ç Ì3ÞNÈ=Ë�ÉNöôá�Ì{Ì�Ê&Ë3ä Ç ËhÈtÎ�Ê ß È=Ì?Ê�È=á�ÉNö�È=è Ç Þ?Ë?ÊI­véÈ Æ È ï Ç Ì?Ê
Ê&îHè Æ È=É&Ê_Îeç�á�î�Ê_î Ý á�ä=Ê ÆÐÆ Ê ï ÍÊBÞhö Ý Î�Ê_Î�Ê_É&È=Ë�Þ Ý Ï Ë?È=è�ö Ç ÊÑÎ�á�÷7Ê&Ë�â+�=Ê ï Ê�É Ý î�ÞhÊ�î�ÞhÊ&Ë?È Ç Î Ý î�É Ç É Ç
ÎPç�È ß`Ý Ë?Î�Ê�Ë Æ çSÍÊ�Þhá�Î�Ê�Î�áùÉ&ËhÈRÞ\éÊ&Ë�Êqè�Ë Ý è�Ë�Ê ï Ê&î�Þ�Î Ç Þ\â
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ê,È z�Ï á�Ë?Êf®�â51 ïVÝ î�ÞhË�ÊÖá�î�ÊÖÉ Ý á�è"ÊÔÌ�ÉNö$ÍÊ ï È;Þ Ç?� á�ÊÖÎ�á§É&Ë?È;Þ\éÊ�Ë?ÊÔËpÍÊ&È Æ Ç ÌpÍÊ&Ê�ÎPç'È;è�Ë&éÊ�Ì Æ çSÍÊBÞhá�Î�Ê
è�ö Ý Þ Ý Ï ÍÊ ÝjÆÐÝ ÏjÇ�� á�Ê�ÎPç Ç ï È Ï Ê�Ì�éÈtö�È=á�ÞhÊ�ËpÍÊ�Ì ÝjÆ á�Þ Ç Ý îÕÌ?è�ÈRÞ Ç È Æ ÊC��A�á�Ê�Ì�Þ\í�F���4�1��Lâôêcç Ç ï è�È=ÉBÞcÈ�è�Ë Ýjß �
È ß�Æ Ê ï Ê&î�ÞtÊ&á Æ Ç Ê�á éÈ Æ ÈÖ÷7Ë Ý îôÞ Ç éÊ�Ë?ÊÕÊ&î�ÞhË�Ê�á�î�Ê(y Ý î�Ê	Î�Ê	É Ý î�Þ Ç î�Ê&î�ÞÑÊBÞ�á�î�Ê�y Ý î�ÊVÎ�Ê ï Ê&Ë�í,È=á
î Ç äjÊ\È;á5ÎPçñá�î�ÊÕ÷1È Ç ÆÐÆ Ê;íkÎ�È=î�Ìtá�î�ÊÕËpÍÊ ÏjÇ Ý î è�ËpÍÊ&Ì�Ê&î�ÞNÈ;îôÞqÎ�ÊÕî Ýjï�ß Ë?Ê�á�Ì?Ê�ÌqÞhË?È=É&Ê�Ì�ÎPç'È;É�Þ Ç ä Ç ÞbÍÊÑä ÝjÆ �
É\È;î Ç�� á�Ê;â$êná�É�Ê�ë Ê�Þ�È Æ â��'F�� G ��� Ý î�ÞvËpÍÊ\È Æ Ç ÌpÍÊùá�î�Ê ÍÊ�Þ?á�Î�ÊÓÎ�á É&Ë?È;Þ\éÊ�Ë?Ê§éÈ5è�È=Ë3Þ Ç ËVÎ�ÊAÌ?è`Ê&ÉBÞhË�Ê&Ì
ÞbÍÊ Æ Ê�Ì?É Ý è Ç�� á�Ê�Ì ïVÝ ë=Ê&î�î{ÍÊ&ÌÑÌ�á�Ë�Î�Ê�Ìty Ý î�Ê&ÌqÎ�Êf­OéÈ+1 æ � ï ° â04ùÌ�è"Ê�É�ÞhË�Ê&Ì Ý îôÞHÍÊ�ÞbÍÊ�Ê�î�Ë?Ê ÏjÇ Ì3ÞhËpÍÊ�Ì
Î�È=î�Ì Æ Ê�É�ËhÈ;Þ\éÊ&Ë?Ê�Ê�Þ$Î�È=î�Ì Æ Ê�ÌVÍÊSà�Ê�É�ÞhÈ=Ì$è�Ë Ý ÉNö�Ê&Ì&â>w$Ê&Ì$Ì?è`Ê&É�Þ?Ë?Ê�Ì Ç î�Î Ç�� á�Ê&î�Þ Æ È�è�ËpÍÊ�Ì?Ê�î�É&Ê�Î�Ê�ÞhË Ý Ç Ì
ÞFëpè"Ê�ÌÕÎPç�á�î Ç ÞbÍÊvÎ�ÊÖÉ Ý îôÞ Ç î�Ê�î�ÞhÌ&íZÈDä=Ê&ÉÔÎ�Ê�ÌÑÞhÊ&î�Ê&á�Ë�ÌÕä;È=Ë Ç È ß�Æ Ê&ÌqÊ&î§É Æ Ç î Ý èôëpË Ý ð"éÊ�î�Ê=í Ý=Æ Ç ä Ç î�Ê�ÊBÞ
÷7Ê Æ Î�Ì?è�È;ÞhöV� z�Ï á�Ë?ÊC®�â21 ß �Bâ��lî z îPí`êcç�È=î�È Æ ëpÌ?ÊtÎ�Ê&Ì Ç ï È Ï Ê�Ì # ã�ã@�',ùÎ�Êtw Æ Ê ï Ê&î�Þ Ç î�Ê�è�ËpÍÊ�Ì?Ê&î�ÞbÍÊ&Ê
è�È=Ë�*ÓÉD��Û$Ê�îÒÊ�Þ�È Æ â��'F��H��®x��È_è`Ê&Ë ï Ç Ì�Î�ÊtÎ Ç Ì?É�Ë Ç ï Ç î�Ê&Ë{Ê&î�ÞhË�Ê Æ Ê&Ì ï ÈRÞbÍÊ&Ë Ç È=ápðvÎ�Ê�ÞFëpè`ÊqÉ Ý î�Þ Ç �
î�Ê�îôÞ��1È=è�è�È;ËhÈ Ç Ì?ÌhÈ;îôÞZÊ&î ß�Æ Ê�á_Ì?á�Ë Æ È z�Ï á�Ë?Ê�®�â21=É)�/Ê�Þ Æ Ê�Ì ï È;ÞbÍÊ�Ë Ç È;ábð ß È=ÌhÈ Æ Þ Ç?� á�Ê&ÌÆ�'à?È=á�î�Ê��Mä=Ê&Ë�Þc�
Ì?á�Ë Æ Ê 
 È=î�É	Ê�Ì�ÞÑÎ�áOÉ&Ë?È;Þ\éÊ�Ë?Ê=â # î�ÊvÈ=î�È Æ ëpÌ?ÊVè�ËpÍÊ Æ Ç ï Ç î�È Ç Ë�ÊÑÎ�Ê�Ì�Î Ý î�î$ÍÊ&Ê�ÌO$��¨ÙåÌ?á�Ë Æ ÈÔè�È=Ë3Þ Ç Ê
Ý á�Ê�Ì�Þ�Î�áAÉ�ËhÈ;Þ\éÊ&Ë�ÊÑÈIÍÊ Ï È Æ Ê ï Ê&î�ÞùÍÊ�ÞbÍÊtËpÍÊ&È Æ Ç ÌpÍÊ�Êtè�È=Ë�*ÓÉ���Û{Ê&î�Ê�Þ�È Æ â|�'F)�H�`®x�Bí ïVÝ î�ÞhË?È=î�Þ Æ ç�ÊLð Ç Ì'�
ÞhÊ�î�É&ÊtÎPçñá�î�Ê�è`Ê�Þ Ç ÞhÊhy Ý î�Êtè Ý ábä=È;îôÞ Ç î�Î Ç?� á�Ê&Ë Æ È_è�ËpÍÊ&Ì�Ê&î�É�ÊqÎPç ÝjÆ Ç ä Ç î�Ê;â
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~�È=î�Ì Æ ç�È=Ë3Þ Ç É Æ Ê�Î{ÍÊ&É&Ë Ç ÞÑéÈ Æ È z îÓÎ�áùÉNö�È=è Ç ÞhË?ÊC1&�1ÊBÞ�÷ Ý á�Ë?î Ç Ê&îÓÈ=î�î�ÊLð�Ê��Bíjà�ç'È Ç è�ËpÍÊ�Ì?Ê�îôÞbÍÊ�Î�Ê�Ì
ËhÈ;è�è Ý Ë�ÞhÌ�Î�Ê ß È=î�Î�Ê&Ì�É Ý î�É�Ê&Ë�î�È=î�Þ Æ ÈÕè�È=Ë�Þ Ç Ê Ý á�Ê�Ì�Þ�Î�áAÉ�ËhÈ;Þ\éÊ&Ë?Ê(� Ý Ë ß Ç ÞhÊOF G �H�Bí�è Ý á�Ë ï	Ý îôÞ?Ë?Ê�Ë
� á�Ê Æ ç Ý îvË�Ê�Þ?Ë Ý á�ä;È Ç Þ Æ Ê&Ì�ËpÍÊ&Ì?á Æ ÞNÈRÞhÌ�Î�Ê Æ ç�È=î�È Æ ëbÌ�Ê�è�ËpÍÊ Æ Ç ï Ç î�È Ç Ë?Ê�Î�Ê{*ùÉ���Û$Ê�îAÊBÞ�È Æ âJ�'F��H��®x�LíbÊBÞ
É&Ê�Î�È=î�Ì Æ Ê ß á�Þ�è�Ë Ç î�É Ç è�È Æ Î�Êtä;È Æ Ç Î�Ê&Ë Æ È ï ÍÊBÞhö Ý Î�Ê�Î�Ê�ËpÍÊ�Î�á�ÉBÞ Ç Ý îPâJ� z îÒÎPçSÍÊ�Þ?á�Î Ç Ê�Ë Æ ÈVè�È=Ë3Þ Ç Ê
�lÌ�Þ�Î�áÖÉ&ËhÈRÞ\éÊ&Ë�Ê=í�ÊBÞ�Î�Ê�älÍÊ�Ë Ç?z Ê&Ë Æ È�É Ý ö{ÍÊ&Ë?Ê�î�É&Ê�Î�Ê&Ì�ËpÍÊ�Ì?á Æ ÞNÈ;Þ?Ì Ýjß Þ?Ê&îôá�Ì�è�ËpÍÊ&É`ÍÊ&Î�Ê ï	ï Ê&î�Þ\í(à�Ê ï Ê
Ì?á Ç ÌÑÊ�î�Ì?á Ç ÞhÊ�÷ Ý É\È Æ Ç ÌpÍÊ	Ì�á�Ë Æ ÈÓËpÍÊ�Î�á�ÉBÞ Ç Ý îOÎ�Ê&Ì Ç ï È Ï Ê&ÌtÎ�Ê Æ ç Ý Ë ß Ç Þ?ÊM­`1�â # î�Ê ïVÝ ÌhÈDL × � á�Ê�Î�Êf1
Ç ï È Ï Ê�ÌÑÉ Ý á�äpËhÈ=î�Þ Æ Ê�Ì ì u 1ÒÎ�á*É&Ë?È;Þ\éÊ�Ë?ÊÔÈ ÍÊ�ÞbÍÊùè�Ë Ý Î�á Ç Þ?Ê=íXÈDä=Ê&Éùá�î�ÊÔËpÍÊ�Ì ÝjÆ á�Þ Ç Ý îIÌ?è�È;Þ Ç È Æ Ê	Î�Ê
stì 4 ævï u è Ç ðbÊ Æ Ì&â`ø-È=Ë�É Ý=ï è�È;ËhÈ Ç Ì Ý îPí Æ Ê�Ì ï Ê Ç Æ�Æ Ê�á�Ë?Ê�Ì Ç ï È Ï Ê&Ì�Î�Ê Æ È ï òÊ ï ÊqËpÍÊ Ï=Ç Ý î Ý=ß ÞhÊ�îpá�Ê&Ì
è�ËpÍÊ&É`ÍÊ�Î�Ê ïVï Ê&î�Þ�È\ä;È Ç Ê&î�Þ�á�î�Ê�ËpÍÊ�Ì ÝjÆ á�Þ Ç Ý îÔÌ?è�ÈRÞ Ç È Æ Ê�Î�Ê Æ ç Ý Ë�Î�Ë?Ê�Î�Ê ì � ï u è Ç ðbÊ Æ Ì&â

$qç�È\ë�È=î�Þtè�È=Ì�Þ?Ë Ý á�älÍÊÕÎPç Ç ï È Ï ÊqÎ�ÊÑ÷ Ý î�ÎHÎ�Ê_É Ç Ê Æ È\ë�È=î�Þ Æ Ê�Ì ß"Ý î�î�Ê&Ì�É Ý î�Î Ç Þ Ç Ý î�Ì�Î�Ê Ï È Ç îPí
ÞhÊ ï è{ÍÊ&ËhÈRÞhá�Ë�Ê�Ê�Þ�ÞhÊ ï è�Ì�ÎPçñÊBðbè Ý Ì Ç Þ Ç Ý îÓè Ý á�Ë Æ Ê z Æ Þ?Ë?Ê�Fb­ æjæ î ï í=à�ç'È Ç á�Þ Ç Æ Ç ÌpÍÊ�á�îA÷ Ý î�ÎÓÎ�Ê�É Ç Ê Æ
È\ë�È=î�Þqá�î ïVÝ Î�ÊÕÎ�Ê Ï È Ç îHÎ Ç 
 ÍÊ�Ë?Ê&î�Þ&í/è�á Ç Ì$à�Ê Æ ç�È Ç ï á Æ Þ Ç è Æ Ç ÍÊ�è�È=Ë Æ ÊÑ÷1È;É�ÞhÊ�á�Ëtè"Ê�Ë ï Ê�Þ?ÞhÈ=î�ÞtÎ�Ê
ï Ç î Ç ï Ç Ì?Ê&Ë Æ È�É Ýjï è Ý Ì?È=î�ÞhÊlö�È=ábÞhÊl÷7ËpÍÊ � á�Ê&î�É�Ê$Î�È=î�Ì Æ ç Ç ï È Ï Ê ß Ë�á�ÞhÊ���ÞhËhÈ ï ÊZä=Ê&Ë�Þ Ç É&È Æ Ê��BâDênÊ Ï È Ç î
ÍÊ�ÞhÈ=î�Þ�á�îÓ÷1È=É�Þ?Ê&á�Ë ï á Æ Þ Ç è Æ Ç É&È;Þ Ç ÷,Î�Ê Æ ç�Ê�î�Ì?Ê ïÑß�Æ ÊqÎ�Ê�Ì�É Ý=ï è Ý ÌhÈ;îôÞ?Ê&Ì�ä=È;Ë Ç È ß�Æ Ê�Ì�Î�Ê Æ ç Ç ï È Ï Ê�Î�Ê
÷ Ý î�ÎAÎ�ÊÑÉ Ç Ê Æ í"É�Ê�Þ?Þ?Ê ï È=î Ç è�á Æ È;Þ Ç Ý îùÊ&Ì3Þ�È�è�Ë Ç Ý Ë Ç Æ ÍÊ ÏjÇ Þ Ç ï Ê;â�ênÊÑËpÍÊ�Ì?á Æ ÞNÈ;Þ Ýjß ÞhÊ�îôá Ì�ç�Ê�Ì�Þ�ËpÍÊ�älÍÊ Æ ÍÊ
ÌhÈRÞ Ç Ì3÷1È Ç Ì?È=î�Þ\í�Î�È=î�Ì Æ È ï Ê�Ì?á�Ë�Ê Ý éáÖÞ Ý á�ÞhÊ�Ì Æ Ê&Ì�Ì3ÞhË?á�É�Þhá�Ë?Ê&Ì Ç î�Ì3ÞhË�á ï Ê�î�ÞNÈ Æ Ê&Ì Ý î�ÞÔÍÊ�ÞbÍÊ�ÍÊ Æ Ç ï Ç î{ÍÊ�Ê&Ì
Î�Ê�Ì�Ë?È=è�è Ý Ë�Þ?Ì Ç î�É Æ á�È=î�Þ Æ Ê z Æ Þ?Ë?ÊOFb­ æ=æ î ï â

~�È=î�Ìcá�îÕè�Ë�Ê ï Ç Ê&ËZÞ?Ê ï è�Ì&í Æ È ïVÝ ÌhÈDL × � á�Ê�ÈÒÍÊ�ÞbÍÊ�Ë�Ê&É\È Æ ÍÊ&Ê�Ì�á�Ë Æ Ê�Ì�è"Ê�É�ÞhË�Ê�ÞbÍÊ Æ Ê&Ì?É Ý è Ç?� á�Ê ì È�Î�Ê
êná�É&ÊBëAÊBÞ�È Æ â|�'F)� G ���BíkÉ Ý Ë?Ë?Ê�Ì?è Ý î�Î�È;îôÞtÈ;áÓ÷ Ý î�ÎAË?Ê Æ È;Þ Ç äjÊ ï Ê�îôÞ�ö ÝjïVÝ Ï éÊ�î�ÊqÎ�á�É&ËhÈRÞ\éÊ&Ë�Ê=âX��ä=Ê&É
É&Ê�Ë?Ê�É\È Æ È Ï Ê;í Æ ç�È=É&É Ý Ë?Î	È\äjÊ&É Æ Ê�Ì ì È=á�Þ?Ë?Ê�Ì{Ì�è"Ê�É�ÞhË�Ê&Ì$ÞbÍÊ Æ Ê&Ì?É Ý è Ç?� á�Ê&Ì�Î�Ê�êná�É�Ê�ëVÊ�Þ$È Æ â��'F)� G ���XÊ&Ì3Þ
Î�Ê Æ ç Ý Ë?Î�Ë�Ê{Î�Ê�­ � âjø Ç î�Ê�Þ-Ê�ÞcÈ Æ â��'F)�H����� Ý îôÞXè�Ë Ý Î�á Ç ÞXá�î�Ê{ä=Ê&Ë?Ì Ç Ý î Ý è�Þ Ç ï Ç ÌpÍÊ&Ê�Î�áÑË�Ê&É&È Æ È Ï Ê{Ì�á�Ë
Æ Ê�Ì�Ì?è`Ê&ÉBÞhË?Ê�Ì�ÞbÍÊ Æ Ê&Ì�É Ý è Ç?� á�Ê&Ì�è Ý á�Ë�ÞhÊ�Ì�Þ?Ê&Ë Æ çñö{ÍÊ�ÞbÍÊ&Ë Ý Ï ÍÊ&î{ÍÊ Ç ÞbÍÊ�Î�áùÉ&Ë?È;Þ\éÊ�Ë?Ê�éÈ_è�È=Ë3Þ Ç Ë{Î�Ê ï ÍÊBÞhö Ý Î�Ê�Ì
ÎPç�È=î�È Æ ëpÌ?Ê�Ê&îùÉ Ýjï è Ý ÌhÈ=î�Þ?Ê&Ì�è�Ë Ç î�É Ç è�È Æ Ê&Ì�ÊBÞ�Î�ÊtÉ Æ È=Ì�Ì ÇZz É\È;Þ Ç Ý îÔÈ;á�Þ Ýjï È;Þ Ç�� á�Ê=â�êcç�È=É�É Ý Ë�ÎÓÈ\ä=Ê&É
Æ È�÷ Ý Ë ï Ê�Î�Ê�Ì�Ì�è"Ê�É�Þ?Ë?Ê&ÌcÎ�Ê�êná�É�Ê�ë_ÊBÞ�È Æ âB�'F)� G ���/Ê�Ì�Þ�Î�Ê Æ ç Ý Ë�Î�Ë?Ê$Î�Ê æ â54 � Î�È=î�Ì Æ Ê&á�Ë ï	Ý Ì?È�L × � á�Ê
È=è�Ë&éÊ&Ì�É&ÊBÞ?Þ?Ê Ý èbÞ Ç ï Ç Ì?È;Þ Ç Ý îPâ

��ï·îxï·î � ôõ ø�þ | ó � ó!ø . ÿ ôõ ú � þ %Fõ�ö ó õ ÿ%\ þqò õ /n� ò õ ú �$~ ! |&}õ ó õ/~�õ ò�ó
ÿ��$~ û<ò4ôõ�õ ! �oö |�\1�{| û % ûMò õ

êlç Ç ï È Ï ÊÖÉ Ýjï è Ý Ì Ç Þ?ÊÔÉ Ý á Æ Ê&á�ËÕËpÍÊ\È Æ Ç ÌpÍÊ�Ê§éÈHè�È=Ë3Þ Ç Ë_Î�Ê&Ì z Æ Þ?Ë?Ê&Ì Ç îb÷7ËhÈ=Ë Ý á Ï Ê�Ì ïVÝ î�ÞhË�ÊÔè Ý á�Ë
Æ ÈÕè�Ë�Ê ï Ç éÊ&Ë�Êt÷ Ý Ç Ì Æ ÈÕÎ Ç Ì3ÞhË Ç ß á�Þ Ç Ý îùÌ?è�ÈRÞ Ç È Æ Ê�Î�Ê Æ ç Ý=Æ Ç ä Ç î�Ê�È=áAî Ç äjÊ&È=áÒÎ�áAÉ&ËhÈRÞ\éÊ&Ë�Êd��Ë Ç Ì3ÞNÈ=Ë�ÉNöôá�Ì
� z�Ï á�Ë?Ê�®�âº®x�Bâ/ênÊ&ÌqÉ Ý á Æ Ê&á�Ë�Ìqä=Ê&Ë�Þ&íXË Ý á Ï ÊVÊ�Þ ß�Æ Ê�á!Ì Ý îôÞÑÉ Ý î�ÞhË(òÝjÆ ÍÊ�Ê&ÌqË?Ê&Ì�è"Ê�É�Þ Ç äjÊ ï Ê�î�Þ_è�È=Ë Æ Ê�Ì
ËhÈ;è�è Ý Ë�ÞhÌpFHF æjæ u Fb­ æjæ î ï í�F ì ­ æ u F)­ æjæ î ï ÊBÞ ì=æ=æjæ u Fb­ æjæ î ï âcê,È�÷ Ý Ë ï ÊÔÎ�á�Ì�è"Ê�É�Þ?Ë?ÊùÎ�Ê
Æ È ß"Ý Ë?È;Þ Ý Ç Ë?Ê�Î�Ê Æ ç ÝjÆ Ç ä Ç î�Êp�1ÉB÷Sâ z�Ï á�Ë?Ê�®�âZFb� ï	Ý î�Þ?Ë?Ê � áeç�á�î�Ê(y Ý î�Ê�Î Ý=ï Ç î$ÍÊ&ÊÕè�È=ËtÎ�Ê Æ ç ÝjÆ Ç ä Ç î�Ê
È=á�Ë?Èqá�îÖÎ{ÍÊ z É Ç Þ�Î�Ê�äjÊ�Ë�Þ�ÊBÞ�Î�Ê�Ë Ý á Ï Ê=ípÊ�Þ$á�îvÌ?á�Ë?è Æ á�Ì$Î�Ê ß�Æ Ê�á�Î�È=î�Ì Æ È ï	Ý ÌhÈ�L × � á�Ê=â # î�Ê�÷ Ý Ë�Þ?Ê
ÞhÊ�î�Ê&á�Ë�Ê�îÕèôëpË Ý ð"éÊ�î�Ê�Ì�Ê&Ë?È�É&È=ËhÈ;É�ÞbÍÊ�Ë Ç ÌpÍÊ&Ê�è�È=ËZá�î�Ê�É Ý á Æ Ê�á�ËZè Æ á�Ì"à?È=á�î/òÈ;ÞhË�Ê{�7÷1È Ç ß�Æ Ê{É Ýjï è Ý ÌhÈ=î�Þ?Ê
ß�Æ Ê&á�Ê��Bâjêlçñö{ÍÊ�ÞbÍÊ&Ë Ý Ï ÍÊ&î{ÍÊ Ç ÞbÍÊ ï Ç î{ÍÊ&Ë?È ÆÐÝ ÏjÇ�� á�Ê�Î�á_É&Ë?È;Þ\éÊ�Ë?Ê�Ê�Ì�Þ�È Ç î�Ì Ç É Æ È Ç Ë?Ê ï Ê�î�Þ ï Ç Ì?Ê{Ê&îOÍÊ�ä Ç Î�Ê&î�É�Ê
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è�È=Ë Æ Ê&Ì�ä;È=Ë Ç È;Þ Ç Ý î�Ì�Î�ÊtÉ Ý á Æ Ê&á�Ë�Ì�á�Ë Æ È z�Ï á�Ë�Ê{®�â2®�â�ê,È z�Ï á�Ë?Ê{®�â5­ ï	Ý î�Þ?Ë?Ê�Ê&î Ý á�Þ?Ë?Ê Æ ÈÑ÷ Ý Ë ï Ê
Î�Ê�Ì�Ì�è"Ê�É�ÞhË�Ê&Ì�ÊBðpÞhË?È Ç Þ?Ì�Î�Ê&Ì�y Ý î�Ê&Ì Æ Ê�Ì�è Æ á�Ì Ç îôÞbÍÊ&Ë�Ê&Ì?Ì?È=î�ÞhÊ�Ì&â

ø Æ á�Ì Ç Ê&á�Ë?Ìdy Ý î�Ê�ÌÑÎ Ýjï Ç î{ÍÊ�Ê&Ìtè�È=Ë Æ ç ÝjÆ Ç ä Ç î�ÊÑÌ Ý î�Þ_è�ËpÍÊ�Ì?Ê�îôÞ?Ê&Ì_Ì�á�Ë Æ Ê	Ë�Ê ï è�È=Ë�ÞqÌ?á�Î��FÊ�Ì�Þ\âXênÊ
Ì?è`Ê&ÉBÞhË�Êt�7É)�ZÎ�Ê Æ È z�Ï á�Ë�ÊÆ®�âU­�É Ý î z Ë ï Ê Æ È�è�ËpÍÊ&Ì�Ê&î�É�Ê�Î�Ê Æ È�è`Ê�Þ Ç ÞhÊ�y Ý î�Ê�ÎPç Ý=Æ Ç ä Ç î�Ê ï Ê&î�Þ Ç Ý î�î{ÍÊ�Ê
è�È=Ëh*ÓÉ���Û{Ê&î Ê�Þ�È Æ â8��F)�H��®��Bâ"ê,Ê�ËpÍÊ&Ì�á Æ ÞhÈ;Þ Æ Ê�è Æ á�Ì�Ì?á�Ë?è�Ë�Ê&î�È=î�ÞtÊ&Ì3Þ Æ È	è�ËpÍÊ�Ì?Ê&î�É&ÊÕÎPçñá�î�ÊOy Ý î�Ê
ß Ê\È=á�É Ý á�è è Æ á�Ì Æ È=Ë Ï Ê;ícÌ&çSÍÊ�ÞhÊ�î�Î�È=î�ÞÔÌ�á�ËÖè�Ë&éÊ�ÌvÎ�Ê	® ¤ F æ � ï ° í{Ê�ÞÖÉ Ýjï è Æ éÊ�Þ?Ê ï Ê&î�ÞvÎ Ýjï Ç î{ÍÊ&Ê
è�È=Ë Æ ç Ý=Æ Ç ä Ç î�Ê=â{ê,È!÷ Ý Ë ï Ê�Î�á Ì?è`Ê&ÉBÞhË?ÊS� ß � Ç î�Î Ç?� á�Ê�á�î ÞhÊ�Ë?ËhÈ Ç î Æ ÍÊ Ï éÊ&Ë�Ê ï Ê&î�ÞÔè Æ á�Ì ï È;Þ?á�Ë?Ê
� á�Êf�1È��Bâ"ê,È�y Ý î�Êf�1È���Ì?ÊqÞ?Ë Ý ábäjÊ_È=áÓî Ç ä=Ê\È=áAÎ�á ß`Ý Ë?Î Ç î�ÞbÍÊ�Ë Ç Ê�á�Ë�Î�áÒË?Ê ï è�È=Ë�Þ&í Ý éá Æ Ê�Ì�÷ Ý Ë3ÞhÊ�Ì
è`Ê&î�ÞhÊ�Ì ÆÐÝ É\È Æ Ê&Ì,è`Ê&á�ä=Ê&î�Þ Ç î�Î�á Ç Ë?Êcá�î�Ë?È;÷7ËhÈDò ×ÐÉNö Ç Ì?Ì?Ê ï Ê�î�ÞXÎ�Ê Æ È�Ì?á�Ë�÷1È=É�Ê ÆÐÝ Ë?Ì/Î�Ê{è�ö$ÍÊ&î Ý=ï éÊ�î�Ê&Ì-Î�Ê
ÞhË?È=î�Ì�è Ý Ë3Þ$ä=Ê&Ë?Ì Æ Ê ß È=Ì&â�ê/Èt÷1È Ç ß�Æ Ê�É Ý Ë�ËpÍÊ Æ È;Þ Ç Ý îVÊ&î�ÞhË�Ê Æ ç Ç ï È Ï Ê�É Ý=ï è Ý Ì Ç ÞhÊ�É Ý á Æ Ê&á�Ë$Ê�Þ Æ ç Ç ï È Ï Ê
ÎPç�È ÆÐß ÍÊ&Î Ý éÈÒÎ�Ë Ý Ç Þ?Ê�Ë�Ê&î�÷ Ý Ë�É&Ê Æ ç Ç îôÞ?Ê&Ë�è�ËpÍÊBÞNÈ;Þ Ç Ý î5Î�Ê&Ì_Ì3ÞhË?á�É�Þhá�Ë?Ê&ÌÕÊ�î§Þ?Ê&Ë ï ÊvÎ�Ê�ä;È=Ë Ç È;Þ Ç Ý î�ÌtÎ�Ê
É Ý=ï è Ý Ì Ç Þ Ç Ý îÔÊ�Þ�î Ý îAÎ�Ê ï È;Þ?á�Ë Ç ÞbÍÊ=âkê,È�É Ýjï è�È=ËhÈ Ç Ì Ý îÓÎ�áAÌ?è`Ê&É�Þ?Ë?Êp�1È���È\ä=Ê&É Æ Ê&Ì�Ì�è"Ê�É�Þ?Ë?Ê&Ì�Î�Ê
ï ÍÊ Æ È;î Ï Ê&ÌlÎeç ÝjÆ Ç ä Ç î�Ê�Ê�ÞcÎ�Ê�è�ëpË Ý ðeéÊ&î�Ê�ÞhÊ Æ Ì � á�Ê�É&Ê&ápðVÎ�Ê Æ È z�Ï á�Ë?ÊÆ®�âZF�Ì�Ê ïÑß�Æ Ê Ç î�Î Ç�� á�Ê&Ë � á�Ê Æ È
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����%(�39R���3%v<B�'��[\�'%(�BT,��GR��E3<B�����?�1:=<B%RGÓi@Ñ9(%(�>:3<�%(��GD<B#��'%e>�3��:R@B������:\g\��<hC�i��%(�B]��S�t� �?��E3<B�����?�1:=<B%RG	@L9�:(�JE
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ÞhÊ�î�Ê&á�Ë�Ê&îÔè�ëbË Ý ðeéÊ�î�ÊtÊ&Ì�Þ$ÞhË&éÊ�Ì�÷1È Ç ß�Æ Ê=ípÌ Ç î Ý îÖîôá Æ�Æ Ê=íbÉ&Ê � á Ç É Ý Ë�Ë?Ê&Ì�è Ý î�Î§éÈqá�î�Ê�Ë Ý ÉNö�Ê�Î�Ê�ÞFëpè`Ê
ÞhË Ý ÉBÞ ÝjÆ Ç Þ Ç�� á�Ê Ý áIÎ�á�î Ç Þ Ç?� á�Ê=â-ênÊvÌ?è`Ê&ÉBÞhË?Ê}�7Î��Bí-ÊBðpÞhË?È Ç Þ�Î�Ê Æ ÈÓè�È=Ë3Þ Ç Ê�î Ý Ë�ÎIÊ&Ì3Þ_Î�áIÉ&Ë?È;Þ\éÊ�Ë?Ê;í
É Ý Ë?Ë?Ê�Ì?è Ý î�ÎIéÈVá�î�Ê�ÞhÊ&î�Ê&á�Ë�è Æ á�Ì�÷ Ý Ë�Þ?Ê�Ê&îùèôëpË Ý ð"éÊ�î�Ê=â

ênÊ�Ì�è"Ê�É�Þ?Ë?ÊI�1Ê)�eÊLðpÞhËhÈ Ç Þ,Î�átè Ç ÉlÉ�Ê&î�ÞhË?È Æ Ì?Ê ïÑß�Æ Ê Ç î�Î Ç?� á�Ê&Ëná�î�Êl÷ Ý Ë3ÞhÊZÞ?Ê&î�Ê�á�Ë-Ê�î�È;î Ý Ë�Þ?ö Ý Ì Ç ÞhÊ
��È ß Ì?Ê�î�É&Ê�ÎPç'È ß Ì Ý Ë�è�Þ Ç Ý î ï È zB� á�Ê)�Bí Ç îôÞ?Ê&Ë�è�ËpÍÊBÞNÈ;Þ Ç Ý î � á Ç Ê&Ì�Þ$Ë?Ê�î�÷ Ý Ë?É`ÍÊ&Ê�è�È=Ë Æ È�÷ Ý Ë3ÞhÊ�ä;È Æ Ê�á�ËcÎ�Ê
Æ ç�È Æ�ß ÍÊ&Î Ý Î�Ê Æ È�y Ý î�ÊùÉ Ý Ë�Ë?Ê&Ì�è Ý î�Î�È=î�ÞhÊ;â�w$ÊùËpÍÊ�Ì?á Æ ÞNÈ;ÞVÊ�Ì�Þ	É Ý ö{ÍÊ�Ë?Ê�îôÞvÈ\äjÊ&É Æ ÈHÉ Ý î�É Æ á�Ì Ç Ý î§Î�Ê
*ÓÉD�oÛ{Ê&î Ê�Þ�È Æ â0�'F)����®x�Bí ß Ç Ê&î � á�Ê Æ È�É Ý î�É Æ á�Ì Ç Ý îÒÎ�Ê%*ÓÉD��Û$Ê�î!Ê�Þ�È Æ âkÌ Ý Ç Þ�Ê�îHè�È=Ë�Þ Ç Ê ß È=ÌpÍÊ�Ê
Ì?á�Ë�á�î5ËhÈ=è�è Ý Ë3ÞqÎ�Ê ß È=î�Î�Ê	Ê�Ë?Ë Ý î{ÍÊ=â§�lî!Ê 
 ÊBÞ\í Æ ÊÕè Ç ÉVÉ&Ê�î�ÞhËhÈ Æ Ê�Ì�ÞÑÌ?È;Þhá�ËpÍÊVÌ?á�Ë Æ Ê&Ì Ç ï È Ï Ê�Ì�éÈ
F ì ­ æ î ï Î�Ê Æ ç Ý Ë ß Ç Þ?ÊtF G �_á�Þ Ç Æ Ç ÌpÍÊ�Ê�è�È=Ë�*ÓÉD��Û$Ê�îÒÊ�Þ�È Æ â�íbÉ&Ê � á Ç Ì Ç ï á Æ Ê�á�î�ÊtÈ ß Ì Ý Ë?è�Þ Ç Ý îÖÌ�á�Ë
Æ Ê�Ë?È=è�è Ý Ë�Þ�Î�Ê ß È=î�Î�Ê&ÌCF ì ­ æ u Fb­ æjæ î ï â�ênÊ ï òÊ ï Ê�Ë?È=è�è Ý Ë�Þ�Î�Ê ß È=î�Î�Ê=íkËpÍÊ&È Æ Ç ÌpÍÊ�éÈÕè�È=Ë�Þ Ç Ë�Î�Ê�Ì
Ç ï È Ï Ê�ÌnÎ�Ê Æ ç Ý Ë ß Ç ÞhÊ_­`1�í(È=É � á Ç Ì?Ê�ÌZÈ\äjÊ�É$Î�Ê�Ì ïVÝ Î�Ê&Ì,Î�Ê Ï È Ç î�ÊBÞ-Îeç Ý�
 Ì?ÊBÞXÎ Ç 
 ÍÊ&Ë?Ê�î�ÞhÌ&í(î�Ê�è�ËpÍÊ&Ì?Ê�î�ÞhÊ
è Æ á�Ì�ÎPçñö$ÍÊ�ÞbÍÊ&Ë Ý Ï ÍÊ&î{ÍÊ Ç ÞbÍÊ�éÈ Æ ç�Ê ï è Æ È=É�Ê ï Ê&î�Þ�Î�áHè Ç É_É&Ê&î�Þ?ËhÈ Æ � z�Ï á�Ë�ÊO®�â5�H�Bânê,ÈvÎ Ç 
 ÍÊ�Ë?Ê&î�É&ÊÕÊ&î�ÞhË�Ê
Æ Ê�ÌqÎ�Ê&ábð!ËhÈ=è�è Ý Ë3ÞhÌtÎ�Ê ß È;î�Î�Ê&Ìqî�Ê�è`Ê&ábÞÑè�È=ÌqÌ&çñÊBðbè Æ Ç�� á�Ê&Ëqè�È=Ë Æ ÈÔÎ Ç 
 ÍÊ&Ë�Ê&î�É�Ê�Î�Ê	ËpÍÊ&Ì ÝjÆ ábÞ Ç Ý î
Î�Ê�Ì Ç ï È Ï Ê&Ì+�'F�� æ!ï u è Ç ðbÊ Æ Ì�è Ý á�Ë Æ ç Ý Ë ß Ç ÞhÊ¼F G �!ÊBÞ ì 4 æ5ï u è Ç ðbÊ Æ Ì	è Ý á�Ë Æ ç Ý Ë ß Ç ÞhÊ+­�1�í$Ì Ý Ç Þ
Ë?Ê�Ì?è`Ê&ÉBÞ Ç ä=Ê ï Ê&î�Þ ì;æ ÊBÞWF ì è Ç ðbÊ Æ ÌÕÌ�á�Ë Æ ÊÔè Ç ÉÔÉ�Ê&î�ÞhË?È Æ �Lâ_~�Ê ï òÊ ï Ê=í Æ ÊÖËhÈ=è�è Ý Ë3ÞVÌ ÇÐÏ î�È Æ Ì�á�Ë
ß Ë�á Ç ÞÖÎ�Ê&Ì Ç ï È Ï Ê�Ì�ä;È=á�Þ s � æ Î�È=î�Ì Æ Ê&ÌÖÎ�Ê�ábð É\È;Ì&í�ÊBÞÔîPç�Ê�Ì�ÞùÎ Ý î�É è�È=Ì!éÈ Æ ç Ý Ë Ç�ÏjÇ î�ÊAÎ�Ê Æ È
Î Ç 
 ÍÊ�Ë?Ê&î�É&Ê Ýjß Ì�Ê&Ë3äcÍÊ�Ê=ânø-È=Ë�É Ý î�ÞhË?Ê;í Æ Ê�Ì�è Ç ð�Ê Æ Ì�Î$ÍÊ�÷7Ê�É�Þhá�Ê&ábðHÎ�Ê Æ ç Ç ï È Ï Ê%F ì ­ æ î ï Î�Ê Æ ç Ý Ë ß Ç ÞhÊ
F G �R�7è Ç ðbÊ Æ Ì�ÉNö�È;á�Î�Ì�Ê�Þ�Ë?È\ë Ý î�Ì�É Ý Ì ï Ç�� á�Ê�Ìc� Ý î�Þ�Î�Ê�Ì�ä;È Æ Ê�á�Ë?Ì�Ì Ç Þhá{ÍÊ&Ê&Ì�Ê�î�ÞhË?Ê ì ®H®ÖÊ�Þ ì ® G í"É�Ê
� á Ç Ê&Ì�Þ$È=á�Ì�Ì Ç Æ È�ä;È Æ Ê�á�Ë{È;Þ?Þ?Ê Ç î�Þ?Ê�è�È=Ë Æ Ê�è Ç É�É&Ê�î�ÞhËhÈ Æ � ì ® G �Lí � á Ç Ê�Ì�Þ{Î Ý î�É�Ì Ç Þ?á{ÍÊ�Î�È=î�Ì Æ Èhy Ý î�Ê
Î�Ê�ÌhÈ;Þ?á�ËhÈ;Þ Ç Ý îeâôê/È�ä;È Æ Ê�á�Ë{Î�Ê�ÌhÈRÞhá�Ë?È;Þ Ç Ý î	î�Ê�ä;È=á�Þ$è�È=Ì ì ­H­ÖéÈtÉ\È=á�Ì?Ê�Î�Ê�Ì Ý�
 Ì?ÊBÞhÌ{îpá ï ÍÊ�Ë Ç�� á�Ê�Ì
á�Þ Ç Æ Ç ÌpÍÊ�Ì&â;ê,Ê�Ìcè Ç ðbÊ Æ ÌZÎ{ÍÊB÷7Ê&É�Þ?á�Ê&ápðVÎ�Ê Æ ç Ç ï È Ï Ê�F ì ­ æ î ï Î�Ê Æ ç Ý Ë ß Ç Þ?Ê�­�1�È;Þ�ÞhÊ ÇÐÏ î�Ê�î�ÞlÎ�Ê&Ìlä;È Æ Ê&á�Ë�Ì
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Î�Ê ì ­ æ í;È ÆÐÝ Ë�Ì � á�Ê Æ Ê$è Ç É�É&Ê�î�ÞhËhÈ Æ É&á ÆÐï Ç î�Ê�éÈ ì ®���â�e�îÑÊ&Ì3ÞcÎ Ý î�É$Î�È=î�ÌZÉ�Ê�É\È;Ì"à�á�Ì�Þ?Ê�Ê&î_Î�Ê�Ì?Ì Ý á�Ì
Î�áùÌ?Ê�á Ç Æ Î�Ê�Ì?È;Þhá�Ë?È;Þ Ç Ý îPâ

w ÝjïVï Ê	î Ý á�ÌÑä=Ê&î Ý î�Ì_Î�Ê Æ ÊVä Ý Ç Ë&íXÎ�È=î�Ì Æ Ê�É\È;Ì_Î�áIÉ&Ë?È;Þ\éÊ�Ë?Êf��Ë Ç Ì3ÞNÈ=Ë�ÉNöpá�Ì&í Æ Ê&Ì�Î Ý î�î{ÍÊ�Ê&Ì
# ã�ã@�',x�r$��¨Ù Î�Êéw Æ Ê ï Ê&î�Þ Ç î�Ê è`Ê&Ë ï ÊBÞ?ÞhÊ�î�ÞåÎ�Ê ï ÊBÞ?ÞhË�Ê Ê&î ÍÊ�ä Ç Î�Ê&î�É�Ê Æ çñö$ÍÊ�ÞbÍÊ&Ë Ý Ï ÍÊ&î{ÍÊ Ç ÞbÍÊ
ï Ç î{ÍÊ�ËhÈ Æ�Ý ÏjÇ�� á�Ê	Î�á*É&ËhÈRÞ\éÊ&Ë�Ê=ílÊBÞ	Î�ÊùÎ{ÍÊ�ÞhÊ�É�Þ?Ê&ËÕá�î�Êùî Ý á�ä=Ê Æ�Æ Êfy Ý î�ÊÔÉ Ýjï è Æ éÊBÞhÊ ï Ê�îôÞÕÎ Ýjï Ç î{ÍÊ&Ê
è�È=Ë Æ ç ÝjÆ Ç ä Ç î�Ê=â�w$ÊtÞhË?ÈDä;È Ç Æ ÎPç�È=î�È Æ ëpÌ?ÊtÎ�áAÉ�ËhÈ;Þ\éÊ&Ë?ÊC��Ë Ç Ì3ÞNÈ=Ë�ÉNöpá�Ì�ÈÕÎ Ý î�î{ÍÊ Æ Ç Ê&áOéÈVá�î�Ê�è�á ß�Æ Ç É\È��
Þ Ç Ý îVÎ�È=î�Ì�A�Ê Ý è�ö�ëpÌ Ç É&È Æ Ù�Ê�Ì?Ê&È=Ë?ÉNöÔênÊ�Þ�ÞhÊ�Ë?Ì&í Ç î�É Æ á�Ì?Ê�Ê&îÖÈ;î�î�ÊBðbÊ;â�ê,ÈqÌ�Ê&á Æ ÊIy Ý î�Ê�É Ýjï è�È=Ë?È ß�Æ Ê
Ê&îAÊBðpÞhÊ�î�Ì Ç Ý îÒÊ�Þ�Ê&îAÉ Ýjï è Ý Ì Ç Þ Ç Ý î � á Ç È Ç ÞÖÍÊBÞbÍÊ�Î{ÍÊ�ÞhÊ�É�ÞbÍÊ&Ê�à�á�Ì � áPç7éÈ	è�ËpÍÊ�Ì?Ê&î�Þ�Ê�Ì�Þ Æ Ê�è Ç ÉtÉ&Ê�î�ÞhËhÈ Æ
Î�áÓÉ&ËhÈRÞ\éÊ&Ë�ÊOw Ý è`Ê&Ë�î Ç É�á�ÌO�1ø Ç Ê�Þ?Ê&Ë�Ì&í|F)� G ì íkø Ç Ê�ÞhÊ�Ë?Ì�u Ü-Ý=ï è � Ç î�Ì&í�F)�H�����Bí � á Ç ÷1È Ç Þ Æ ç Ýjß à�Ê�Þ�Î�á
è�È=Ë?È Ï Ë?È=è�ö�Ê�Ì�á Ç ä;È=î�Þ\â
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��ï���ïMð C z ø õ�ö&%l� ó�û � ò�ø � ò�óqôõ�ö û õ þ öIõ ø
w Ý è`Ê&Ë?î Ç É&á�Ì�Ê�Ì�Þ�á�îÔÉ�ËhÈ;Þ\éÊ&Ë?Ê�Î�ÊOF æjæ � ï Î�Ê�Î Ç È ï éÊ�Þ?Ë?Ê�ä Ç Ì Ç ß�Æ Ê	éÈ Æ çD' Ç Æ îôáPâ�, Ý îIòÈ Ï Ê�ÈOÍÊ�ÞbÍÊ

Ê&Ì3Þ Ç ï ÍÊ�éÈ s G æjæ�ï Ç ÆÐÆ Ç Ý î�ÌeÎPç'È;î�î{ÍÊ&Ê�Ì Ï ËRòÈ=É�ÊtéÈ Æ È�Î�È;ÞhÈ;Þ Ç Ý î�Îeç�á�îOÍÊ�ÉNö�È=î�Þ Ç ÆÐÆÐÝ î�è�ËpÍÊ Æ ÊBäcÍÊ�Ì?á�Ë Æ Ê$Ì Ç Þ?Ê
��è ÝjÆ�ÆÐÝ F ì âbø Ç Ê�Þ?Ê&Ë�Ìh�'F�� G ì �lÈ ïVÝ î�ÞhËpÍÊÕéÈ�è�È=Ë�Þ Ç ËcÎ�Ê�Ì�è"Ê�É�Þ?Ë?Ê&Ì�ÞbÍÊ Æ Ê&Ì?É Ý è Ç?� á�Ê&Ì � á�Ê Æ Ê�É Ýjï è Æ ÊLðbÊ
Î�Ê�è Ç É�É&Ê�î�ÞhËhÈ;ábðqÎ�Ê�w Ý è`Ê&Ë�î Ç É�á�ÌXÊ�Ì�Þ-á�îÑÉ&È=Ì-á�î Ç�� á�Ê{Î�á�è Ý Ç î�Þ/Î�Ê�äbá�Ê{Î�Ê Æ È�É Ýjï è Ý Ì Ç Þ Ç Ý îPâ��lî
Ê 
 Ê�Þ&í Æ È�÷ Ý Ë ï Ê�Î�Ê&Ì{Ì?è`Ê&ÉBÞhË?Ê�Ì{ÞbÍÊ Æ Ê�Ì?É Ý è Ç�� á�Ê�Ì$Ì�á ÏjÏ éÊ�Ë?Ê � á�Ê Æ Ê�Ìcè Ç É�Ì{É�Ê&î�ÞhË?È=ábð	Ì Ý î�Þ{É Ý î�Ì�Þ Ç Þhá{ÍÊ�Ì
ÎPçñá�îÕÈ=Ì�Ì?Ê ï�ß�Æ È Ï Ê{Î�Ê ï Ç î$ÍÊ&Ë?È=ábðtÎ Ý î�Þ Æ Ê{Ì�Ê&á Æ É Ýjï è Ý ÌhÈ=î�Þ ï È zB� á�Ê$Ê&Ì3Þ Æ ç ÝjÆ Ç ä Ç î�Ê;âbw Ý è`Ê&Ë�î Ç É�á�Ì
Ë?Ê�è�ËpÍÊ�Ì?Ê�îôÞ?Ê�Î Ý î�ÉAá�î�ÊAÞ?Ë&éÊ&Ì ß"Ý î�î�Ê	y Ý î�ÊÒè Ý á�ËÕÞhÊ�Ì�ÞhÊ�Ë Æ È Î{ÍÊ�Þ?Ê&ÉBÞ Ç Ý î Î�Ê Æ ç ÝjÆ Ç ä Ç î�Ê!éÈ!è�È=Ë3Þ Ç Ë
Î�Ê�Ì�Î Ý î�î$ÍÊ&Ê�Ì Ç îb÷7ËhÈ=Ë Ý á Ï Ê�ÌtÎ�Êfw Æ Ê ï Ê�î�Þ Ç î�Ê=â,ênÊ&Ìtä=È;Ë Ç ÈRÞ Ç Ý î�Ì�ÎPç�È ß`Ý î�Î�È=î�É&Ê�Ê�î�ÞhË?Ê ÝjÆ Ç ä Ç î�Ê_ÊBÞ
è Æ È ÏjÇ Ý É Æ È=Ì?Ê�Ì?Ê ïÑß�Æ Ê&î�Þ Ç î�Î Ç�� á�Ê&Ë � á�Ê�w Ý è`Ê&Ë�î Ç É�á�ÌcÈ�ÊBðbÉ\È\älÍÊ�á�î�Ê Ç î�Þ?Ë?á�Ì Ç Ý î_Î�Ê�è Æ á�Þ Ý î�Ì&í=Ë Ç ÉNö�Ê
Ê&î ÝjÆ Ç ä Ç î�Ê;í�ÊBÞ-ÈDëjÈ=î�Þ/á�î�Ê � á�È=î�Þ Ç ÞbÍÊZä;È=Ë Ç È ß�Æ ÊXÎ�Êcè Æ È Ï=Ç Ý É Æ È;Ì?Ê��7É�÷Sâ z�Ï á�Ë?Ê_®�â G �Lâ)~�Ê&Ì,è�Ë Ý Î�á Ç ÞhÌeÎ�Ê
÷7á�Ì Ç Ý î�Ë Ç ÉNö�Ê�Ì/Ê�î�äjÊ&Ë�Ë?Ê�Ì&íD÷ Ý Ë ï ÍÊ&ÌPäpË?È Ç Ì�Ê ïÑß�Æ È ß�Æ Ê ï Ê&î�Þ Æ�Ý Ë?ÌPÎ�Ê Æ ç Ç ï è�È=É�Þ&í Ý î�Þ�ÍÊBÞbÍÊ Ç Î�Ê&î�Þ ÇZz ÍÊ&ÌnÌ�á�Ë
Æ Ê�÷ Ý î�ÎÖî Ý Ë?Î Ý á�Ê�Ì�Þ�Î�áÔÉ�ËhÈ;Þ\éÊ&Ë?Ê;í�È Ç î�Ì ÇX� á�Ê�Î�Ê Æ Èqî Ý Ë Ç ÞhÊ�È=î Ý Ë3Þhö Ý Ì Ç Þ Ç�� á�Ê�Î�È=î�Ì Æ Ê�Ì�Ë?Ê ï è�È=Ë�Þ?Ì
î Ý Ë�Î	��, ï Ë?Ê � È=Ë_u2ø Ç Ê�Þ?Ê&Ë?Ì�í�F)� G ­H�Lâxe�á�ÞhË�Ê Æ Ê&Ì Ýjß Ì?Ê&Ë3ä;È;Þ Ç Ý î�ÌcÌ?è`Ê&ÉBÞhË Ý Ì?É Ý è Ç�� á�Ê�Ì&íbê,á�É&Ê�ëÕÊBÞ{È Æ â
�'F��H�>Fb� Ý î�Þ	ËpÍÊ\È Æ Ç ÌpÍÊÔÎ�Ê&Ì Ç ï È Ï Ê&Ì ï á Æ Þ Ç Ì?è`Ê&ÉBÞhË?È Æ Ê�ÌVÎ�á�É&Ë?È;Þ\éÊ�Ë?ÊÓÎ�Ê&è�á Ç Ì Æ È Ü Ê�Ë?Ë?Ê;í$È\ä=Ê&ÉAá�î�Ê
ËpÍÊ�Ì ÝjÆ á�Þ Ç Ý îtÎ�Ê Æ ç Ý Ë�Î�Ë?ÊcÎ�Ê�® � ï â;ê,È�É Ýjï è Ý Ì Ç Þ Ç Ý î�Î�áqè Ç É�É&Ê�î�ÞhËhÈ Æ ÈÔÍÊ�ÞbÍÊ{É Ý î z Ë ï ÍÊ&Ê�éÈ�è�È;Ë�Þ Ç Ë,Î�Ê
Æ ç�È=î�È Æ ëpÌ?Ê�Î�Ê�Ì Ç ï È Ï Ê�Ì�éÈ æ â54�1�í æ â2�H��í�Fjâº®x­�Ê�Þ�Fjâ2�H� é ï â Ü Ë Ý Ç Ì�î Ý á�äjÊ ÆÐÆ Ê&Ìvy Ý î�Ê�Ì$Î Ý=ï Ç î$ÍÊ&Ê�Ì{è�È;Ë
Î�Ê Æ ç ÝjÆ Ç ä Ç î�Ê{Î�È=î�Ì Æ Ê�Ë�Ê ï è�È=Ë�Þcî Ý Ë?Î Ý î�ÞVÍÊBÞbÍÊ�Ì?á ÏjÏ ÍÊ&ËpÍÊ&Ê�ÌtéÈ�è�È=Ë�Þ Ç ËZÎ�Ê Æ çSÍÊBÞhá�Î�Ê�Î�Ê�Ì{è�Ë Ý ÷ Ý î�Î�Ê&á�Ë�Ì
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Î�Ê ß È=î�Î�Ê�Ì�éÈ(F�Ê�Þ ì é ï âbø Ç î�ÊBÞ�ÊBÞ�È Æ âJ�'F��H�H1�� Ý î�Þ�á�Þ Ç Æ Ç ÌpÍÊ�Î�Ê&Ì Ç ï È Ï Ê&Ì/w�w�~QÈ=É � á Ç Ì?Ê&Ì�Ì�á�Ë Æ Ê
Ü�ì;ï Î�áÓè Ç É�Î�á ï Ç Î Ç Î�È=î�ÌCF æ z Æ ÞhË�Ê&Ì�Ê&î�Þ?Ë?Ê æ âº®	ÊBÞ{Fjâ æ ­ é ï è Ý á�ËÖÍÊ�Þhá�Î Ç Ê�Ë Æ çñö$ÍÊ�ÞbÍÊ&Ë Ý Ï ÍÊ&î{ÍÊ Ç ÞbÍÊ
Î�áÖÉ�ËhÈ;Þ\éÊ&Ë?Ê�ÈDä=Ê&É�á�î�Ê�ËpÍÊ�Ì ÝjÆ á�Þ Ç Ý î�Ì�è�È;Þ Ç È Æ Ê�Î�Ê Æ ç Ý Ë?Î�Ë�Ê�Î�á � Ç ÆÐÝjï éÊ�Þ?Ë?Ê;â # î�Ê ïVÝ Î{ÍÊ Æ Ç ÌhÈ;Þ Ç Ý îÕè�È;Ë
ï ÍÊ Æ È;î Ï Ê&ÌnÌ�è"Ê�É�Þ?ËhÈ=ábð�È�è"Ê�Ë ï Ç ÌnÎPçFÍÊ�ä;È Æ á�Ê&Ë Æ Ê�Î�Ê Ï ËpÍÊ{Î�Ê ï ÍÊ Æ È=î Ï ÊlÎ�Ê�Ì-Þ?Ê&Ë?Ë?È Ç î�ÌnÊ�Þ-Î�Ê ï Ê�Þ�ÞhË�ÊlÊ&î
ÍÊ�ä Ç Î�Ê&î�É�Ê Æ È�ËpÍÊ&è�È=Ë3Þ Ç Þ Ç Ý î�Î�Ê�Ì�è-òÝjÆ Ê�Ì�ÊBðpÞ?Ë&òÊ ï Ê&Ì3�7è�Ë Ý Î�á Ç ÞhÌ$Î�Ê�÷7á�Ì Ç Ý îPí ï È;ÞbÍÊ&Ë Ç È=ábð ß È=Ì?È Æ Þ Ç�� á�Ê�Ì
Ì?á�Ë Æ Ê 
 È=î�É�Ì?á�Î Ý á�Ê&Ì3Þ\í ÝjÆ Ç ä Ç î�Ê�Î�È=î�Ì Æ Ê�Ì{è Ç É&Ì{É&Ê&î�Þ?ËhÈ=ábð�Ê�Þ$è�Ë Ý=ß È ß�Æ Ê ï Ê&î�Þ$Î�È=î�Ì Æ Ê�Ë�Ê ï è�È=Ë�Þ
î Ý Ë�ÎPí�Ê&îÓÈ=É�É Ý Ë�ÎAÈ\äjÊ�É Æ Ê&Ì Ýjß Ì?Ê&Ë3ä;È;Þ Ç Ý î�Ì�Î�Êtêná�É&ÊBëÔÊ�Þ�È Æ â¬�'F)���>Fb�£��â

�lî z îPí Æ ç'È=î�È Æ ëpÌ?ÊÖÎ�Ê&Ì Ç ï È Ï Ê�ÌÑÎ�Ê Æ ÈAä Ý Ç Êvä Ç Ì Ç ß�Æ ÊvÎ�ÊWw Æ Ê ï Ê&î�Þ Ç î�ÊÖÉ Ý ábäbË?È=î�Þ Æ È ïVÝ Ç Þ Ç ÍÊ
Ê&Ì3Þ�Î�á�É&Ë?È;Þ\éÊ�Ë?ÊAÈ è`Ê&Ë ï Ç Ì_ÎPç�á�î�ÊAè�È;Ë�Þ	Î�ÊÓÉ Ý î z Ë ï Ê�Ë Æ çñö$ÍÊ�ÞbÍÊ&Ë Ý Ï ÍÊ&î{ÍÊ Ç ÞbÍÊÓÎ�Ê�Ì ï È;ÞbÍÊ&Ë Ç È=ábð§ÊLðx�
É\È\älÍÊ&Ì�íkÎPç'È;á�ÞhË�Ê�è�È=Ë�Þ�Î�Ê ï	Ý î�Þ?Ë?Ê&Ë Æ È�ËpÍÊ�è�È=Ë3Þ Ç Þ Ç Ý î�Î�Ê&Ì�è�Ë Ý Î�á Ç ÞhÌ�Î�Ê�÷7á�Ì Ç Ý îÔÊ�Þ Æ Èqè�ËpÍÊ�Ì?Ê&î�É&ÊtÎ�Ê
ï È;ÞbÍÊ�Ë Ç È;ábð ß È=Ì?È Æ Þ Ç�� á�Ê�Ì�Ì�á�Ë Æ Ê�Ë?Ê ï è�È;Ë�Þ�Ì?á�Î¦��ø Ç ÊBÞhÊ&Ë�Ì�ÊBÞ�È Æ â í F)�H��®x�Lâ��lîAË?ÊBä;È=î�ÉNö�Ê;í"Î�áù÷1È Ç Þ
Î�Ê Æ çñá�Þ Ç Æ Ç ÌhÈ;Þ Ç Ý îqÎ�Ê&Ì�É\È;î�È=ábð # ã�ãI�',VÌ?Ê�á Æ Ì�í Æ Ê�Ì�Î�Ê&ábðVè Ç É&ÌlÉ�Ê&î�ÞhË?È=ábð	Î�áVÉ&ËhÈRÞ\éÊ&Ë�Ê Ç î�É Æ á�ÌlÎ�È;î�Ì
Æ È ïVÝ Ì?È�L × � á�ÊÖî�ÊÔÌ�ÊùÎ Ç Ì�Þ Ç î Ï á�Ê&î�ÞÕè�È=ÌÕÌ�è"Ê�É�ÞhË?È Æ Ê ï Ê�î�Þ	Î�Ê&Ì%y Ý î�Ê&Ì ï È zB� á�Ê&ÌÕÎ�È=î�Ì Æ Ê&Ì_Ë?Ê ï �
è�È=Ë3ÞhÌ�âB~�È=î�Ì$É&Ê&Ì�Î�Ê&ábðvÎ�Ê&Ë�î Ç éÊ�Ë?Ê&Ì�ÍÊBÞhá�Î�Ê&Ì&í Æ È�Ë�Ê&Ì�Þ?Ë Ç É�Þ Ç Ý îvÎ�áÖÌ�è"Ê�É�Þ?Ë?Ê�È=ábð ÆÐÝ î Ï á�Ê�á�Ë?Ì�Îeç Ý î�Î�Ê
Ç îb÷DÍÊ&Ë Ç Ê&á�Ë�Ê&ÌÑéÈWF é ï Ê�Ì�Þ�á�îù÷1È;É�ÞhÊ�á�Ë Æ Ç ï Ç ÞhÈ=î�Þ�è Ý á�Ë�Ê&Ì3Þ Ç ï Ê&Ë Æ Ê&Ì�É Ý î�Þ?Ë Ç ß á�Þ Ç Ý î�Ì�Ë?Ê Æ È;Þ Ç äjÊ�Ì�Î�Ê
Æ ç ÝjÆ Ç ä Ç î�Ê�Ê�Þ�Î�áùè�ëbË Ý ðeéÊ�î�Ê=â

��ï���ïFx � ôõ�ÿ þ�úgóIû � ò ÿqõ ø ÿ�� òqò ôõ�õ ø

orbite 43
orbite 176

 ms
ms

filtre        gain  offset    pose

1250 nm    52     22      11
1500 nm    46     49      33

2000 nm    61     50      57 ms

2000 nm    44     46      33 ms
 ms
ms

1100 nm    52     15      11 ms

filtre        gain  offset    pose

 ms
ms

filtre        gain  offset    pose

 ms
ms

filtre        gain  offset    pose

1100 nm    30     11      11 ms
1250 nm    30     14      11
1500 nm    52     17      11
2000 nm    45     37      33 ms

1100 nm    45     18      11 ms
1250 nm    45     20      11
1500 nm    44     23      11
2000 nm    61     62      57 ms

1100 nm    61     50      33 ms
1250 nm    61     54      33
1500 nm    61     54      33

��
���� ®�â2�>6 o�<DGD�?�P��%R�1����9(#��3%&�M@L9DC�GD���P�'#�@LdB�?�n4,.76Ò��9(�n���lE3��@L��i�����c "<B:=�3��%(�JES9R��T

w ÝjïVï Ê�î Ý á�Ì$ä=Ê&î Ý î�Ì�Î�Ê Æ Ê�ä Ý Ç Ë�í�w Ý è`Ê&Ë�î Ç É�á�Ì�Ë?Ê�è�ËpÍÊ�Ì?Ê�îôÞ?Ê�á�î�Ê�ÊBðbÉ�Ê ÆÐÆ Ê&î�ÞhÊhy Ý î�Ê�Î�Ê�ÞhÊ&Ì3Þ
è Ý á�Ë Æ ç Ç Î�Ê&î�Þ ÇZz É\È;Þ Ç Ý î	Î�Ê Æ ç ÝjÆ Ç ä Ç î�Ê_éÈÑè�È=Ë3Þ Ç Ë$Î�Ê&Ì�Î Ý î�î$ÍÊ&Ê�Ì # ã�ãI�',x��$��¨Ù2Î�Ê3w Æ Ê ï Ê�îôÞ Ç î�Ê;âB�lî
Ë?ÊBä;È=î�ÉNö�Ê;í/Ì Ç Æ çFÍÊ�Þ?á�Î�Ê_Î�Ê�Ì�Î Ý î�î{ÍÊ�Ê&Ì3$��¨Ù Ì�á�Ë3w Ý è`Ê&Ë?î Ç É&á�Ìtè�ËpÍÊ&Ì�Ê&î�ÞhÊVá�î Ç î�ÞbÍÊ&Ë&òÊBÞ�ÍÊ�ä Ç Î�Ê&î�Þ\í Æ È



j�j ø ���2ìH����¾¦���|�>¿)���X�¦�o�Q¿)�b�	�X½��7�������&��¿��J¨ �b�oùvú�o�|�o�
ËpÍÊ&È Æ Ç ÌhÈ;Þ Ç Ý îÖÎ�Ê Æ È ï	Ý Ì?È�L × � á�Ê�Ê�Ì�Þ�Ë?Ê�î�Î�á�ÊtÎ Ç�� É Ç Æ Ê�è�È=Ë Æ È ÆÐÝ É\È Æ Ç Ì?È;Þ Ç Ý î�Î�áùÉ&Ë?È;Þ\éÊ�Ë?Ê;âQ�lîùÊ 
 Ê�Þ&í
w Ý è`Ê&Ë�î Ç É�á�ÌZÊ&Ì3ÞlÌ Ç Þhá{ÍÊ�éÈdF æ � $�Ê�Þ81�® æ � ��í;Î Ý î�ÉqéÈ�á�î�Ê$÷7Ë Ý î�Þ Ç éÊ&Ë�Ê$Ê�îôÞ?Ë?Ê � á�È;Þ?Ë?Ê�ÉNö�È=î Ï Ê ï Ê�îôÞ?Ì
Î�Ê ï	Ý Î�Ê&Ì Ç î�Ì�ÞhË�á ï Ê&î�ÞNÈ=ápðtÎ�Ê Æ È�É&È ï Ê�ËhÈ�$��¨Ù�â=ê,È z�Ï á�Ë�Ê/®�â2� ïVÝ î�ÞhË�Ê{á�î�Ì?ÉNö{ÍÊ ï È�Î�Ê&Ì ï	Ý Î�Ê�Ì
ÎPç Ýjß Ì�Ê&Ë�ä;È;Þ Ç Ý î�Ì�Î�Ê Æ È�ä Ý Ç Ê Ç î�÷7Ë?È=Ë Ý á Ï Ê�Ì?á�Ë Æ ÈOy Ý î�Ê�É Ý á�äpËhÈ=î�Þ Æ Ê�É�ËhÈ;Þ\éÊ&Ë�Ê=â

ê,È*Î Ç äjÊ�Ë?Ì Ç ÞbÍÊ Î�Ê&Ì ïVÝ Î�Ê�Ì Ç î�Ì3ÞhË?á ï Ê�îôÞhÈ=ábð ábÞ Ç Æ Ç ÌpÍÊ&ÌÖÊ&î£ÞhÊ�Ë ï Ê Î�Ê Ï È Ç î�ÌÔÊ�ÞùÎ�ÊHÞhÊ ï è�Ì
ÎPçñÊBðbè Ý Ì Ç Þ Ç Ý î Ç ï è Æ Ç�� á�Ê Æ ç�ábÞ Ç Æ Ç Ì?È;Þ Ç Ý î�Î�Ê è Æ á�Ì Ç Ê&á�Ë�Ì_à�Ê�ábð£Î�ÊH÷ Ý î�Î�ÌùÎ�Ê É Ç Ê Æ è Ý á�ËÔÉNö�È � á�Ê
z Æ ÞhË?Ê;í�È Ç î�Ì ÇÆ� áeç�á�î ÈDà�á�Ì�Þ?Ê ï Ê&î�ÞÖÎ�Ê�Ì�É Ý Ë?Ë?Ê�É�Þ Ç Ý î�Ì	Î�Ê Ï È Ç î�ÌVÊ�Þ�ÎPç Ý�
 Ì�Ê�Þ�è Ý á�Ë	ÉNö�È;É&á�î Î�Ê�Ì
� á�È;Þ?Ë?Ê�É\È=Î�Ë?È=î�Ì{Î�Ê Æ È ïVÝ Ì?È�L × � á�Ê;âx~�È=î�Ì�á�î�è�Ë�Ê ï Ç Ê�ËcÞ?Ê ï è�Ì&í&à�ç�È Ç á�Þ Ç Æ Ç ÌpÍÊ Æ Ê�É&È=Î�ËhÈ;î Ç îb÷DÍÊ&Ë Ç Ê&á�Ë
Î�Ë Ý Ç Þ�É ÝjïVï ÊAËpÍÊ�÷\ÍÊ�Ë?Ê�î�É&ÊHè Ý á�ËvË�Ê&É\È Æ Ê&Ë Æ Ê&Ì	ÞhË Ý Ç ÌÖÈ=ábÞhË?Ê�ÌÖÉ\È=Î�ËhÈ=î�Ì�â�êlç�ábÞ Ç Æ Ç Ì?È;Þ Ç Ý î Î�Ê�Î�Ê&ábð
y Ý î�Ê&Ì�í"á�î�Ê ß Ë Ç ÆÐÆ È=î�ÞhÊ�ÊBÞ Æ ç'È;á�ÞhË�ÊqÌ ÝjïÑß Ë�Ê=íZéÈ Æ ç Ç î�ÞbÍÊ&Ë Ç Ê�á�Ë�Î�Ê Æ È�y Ý î�ÊtÎ�Ê�Ë�Ê&É Ý á�äpË?Ê ï Ê�îôÞ�Ê&î�ÞhË�Ê
Î�Ê�ábð Ç ï È Ï Ê�Ì�÷ Ý Ë ï È=î�ÞÔá�î�Ê�÷7Ë Ý î�Þ Ç éÊ�Ë?ÊHè`Ê&Ë ï Ê�ÞÔÎeç Ý èbÞ Ç ï Ç Ì�Ê&Ë Æ Ê�Ë?Ê�É\È Æ È Ï Ê�Ê&î Ý�
 Ì?ÊBÞAÊBÞÔÊ&î
Ï È Ç îÖË?Ê Æ È;Þ Ç ÷7Ìh� ì ÍÊ � á�È;Þ Ç Ý î�Ì�éÈ ì Ç î�É Ý î�îôá�Ê�Ìc�Lâ"ênÊ�Ë�Ê&É\È Æ È Ï Ê z î�È Æ Ê�îÓÈ ß Ì ÝjÆ á¼��È(à�á�Ì3ÞhÊ ï Ê�îôÞ�Î�Ê�Ì
Ý�
 Ì?ÊBÞhÌ�ÊBÞAÍÊ�ä;È Æ á�È;Þ Ç Ý îÔÎ�Ê�Ì Ï È Ç î�Ìc��È§ÍÊBÞbÍÊ�ËpÍÊ\È Æ Ç ÌpÍÊÔéÈ Æ ç�È Ç Î�Ê�Î�Ê � á�È;ÞhË�Ê�Ì�è"Ê�É�ÞhË�Ê&Ì�ÞbÍÊ Æ Ê�Ì?É Ý è Ç�� á�Ê�Ì
ÊBðpÞ?ËhÈ Ç ÞhÌ�Î�Ê Æ È ß È=Ì?Ê_Î�Ê�Î Ý î�î{ÍÊ�Ê&Ì�Î�áHø_~{,æ�1ø Ç Ê�Þ?Ê&Ë?Ì@u è Ç Æ ö�Ê ÆÐï Ì&í�F)� G ­bí`ø Ç Ê�Þ?Ê&Ë?Ì@uÛølËhÈRÞ?Þ\í
ì=æjæ=æ �BâcênÊ&ÌVÌ?è`Ê&ÉBÞhË�Ê&Ì �lì Ê�Þ�ø ì Ý î�Þ*ÍÊ�ÞbÍÊÓá�Þ Ç Æ Ç ÌpÍÊ�ÌÕÉ ÝjïVï ÊÔËpÍÊ�÷\ÍÊ&Ë�Ê&î�É�Ê=í�Ê�Þ Æ ÈHÉ Ý ö{ÍÊ&Ë?Ê�î�É&ÊAÎ�á
è�Ë Ý É�Ê&Ì?Ì�á�ÌvÎ�ÊÓËpÍÊ�Î�á�É�Þ Ç Ý î�ÈQÍÊBÞbÍÊÔÞhÊ&Ì3ÞbÍÊ�ÊÒÌ?á�Ë Æ Ê�Ì	Ì�è"Ê�É�ÞhË�Ê&Ì�øÆFAÊ�Þ�øv1bí�Î Ý î�Þ Æ È ÆÐÝ É\È Æ Ç Ì?È;Þ Ç Ý î
Ê&Ì3Þ Ç î�Î Ç�� á{ÍÊ�ÊvÌ?á�Ë Æ È z�Ï á�Ë?ÊM®�â?F æ È�â �Zì í-Ì Ç Þ?á$ÍÊvÌ?á�Ë Æ ÊV÷ Ý î�ÎIÎ�áIÉ�ËhÈ;Þ\éÊ&Ë?Ê;íXÉ Ý Ë?Ë�Ê&Ì?è Ý î�Î éÈAá�î�Ê
y Ý î�Ê�Ë�Ê Æ È;Þ Ç äjÊ ï Ê&î�Þcö Ý=ï	Ý Ï éÊ&î�Ê;âôøXÈ=Ë�É Ý î�Þ?Ë?Ê=í Æ Ê&ÌcÌ?è`Ê&ÉBÞhË?Ê�Ì�ø�Fjípø ì ÊBÞ{øv1tÉ Ý Ë�Ë?Ê�Ì?è Ý î�Î�Ê�îôÞ�È=ábð
è Ç É&Ì�É�Ê&î�ÞhË?È=ábð"âPênÊ�Ì�Ì?è`Ê&ÉBÞhË?Ê�Ì{w Æ Ê ï Ê�î�Þ Ç î�ÊqÉ Ý Ë?Ë�Ê&Ì?è Ý î�Î�È=î�Þ�éÈ�É&Ê�Ì@y Ý î�Ê&Ì�ÞbÍÊ Æ Ê&Ì�É Ý è Ç?� á�Ê&Ì�Ì Ý î�Þ
Î Ý î�É	ÞhË&éÊ&ÌqÌ?Ê&î�Ì Ç ß�Æ Ê&ÌÔéÈÓá�î�Ê�Ê&Ë�Ë?Ê�á�ËqÎ�Ê�è Ý Ì Ç Þ Ç Ý î�î�Ê ï Ê&î�Þ&âH��ç'È Ç Ý è�Þ Ç ï Ç ÌpÍÊ Æ È ÆÐÝ É\È Æ Ç ÌhÈRÞ Ç Ý î�Î�á
Ì?è`Ê&ÉBÞhË�ÊÖø ì Ê&îOÉNö�Ê&Ë?ÉNö�È=î�Þ Æ Èùè Ý Ì Ç Þ Ç Ý î � á Ç ï Ç î Ç ï Ç Ì?Ê Æ Ê&ÌtÉ Ý Ë�Ë?Ê�É�Þ Ç Ý î�ÌqÎ�Ê Ï È Ç î Ê�ÞÑÎeç Ý�
 Ì?ÊBÞ
Î�Ê Æ Èqè�È;Ë�Þ Ç Ê # ã�ãI�',"í�Ì�á�è�è Ý ÌpÍÊ�Ê ß Ç Ê�îvÉ\È Æ Ç ß ËpÍÊ&Ê;â>w$ÊBÞ?Þ?Ê�è Ý Ì Ç Þ Ç Ý î	È�Ê&î�Ì?á Ç ÞhÊÓÍÊBÞbÍÊ�ábÞ Ç Æ Ç ÌpÍÊ&Ê�è Ý á�Ë
É\È Æ É&á Æ Ê&Ë Æ Ê�Ì	ä;È Æ Ê�á�Ë?Ì	Î�Ê&Ì Ï È Ç î�ÌVÊ�ÞvÎ�Ê&Ì Ý�
 Ì?ÊBÞhÌvÎ�Ê Æ È è�È=Ë�Þ Ç Ê Ç î�÷7Ë?È=Ë Ý á Ï Ê=â�ê,È5ä;È Æ Ç Î Ç ÞbÍÊÔÎ�Ê
É&ÊBÞ?Þ?Êvè�Ë Ý É`ÍÊ�Î�á�Ë�ÊÖÈ£ÍÊ�ÞbÍÊ	Þ?Ê&Ì�ÞbÍÊ&ÊvÊ�îIÉ Ýjï è�È=Ë?È=î�Þ Æ Ê&ÌqÌ?è`Ê&É�Þ?Ë?Ê�Ì_ÊBðpÞhË?È Ç Þ?Ì�Î�Ê�Ìty Ý î�Ê&Ì_ø�FvÊBÞ_ø_1
È=ábðÖÌ?è`Ê&É�Þ?Ë?Ê�Ì�ÞbÍÊ Æ Ê�Ì?É Ý è Ç�� á�Ê�Ì&â"ê,Ê�Ì�Î�Ê&ábðÓÌ�è"Ê�É�ÞhË�Ê&Ì�î Ý Ë ï È Æ Ç ÌpÍÊ&Ì Ý î�ÞÔÍÊ�ÞbÍÊqË�Ê&è�Ë Ý Î�á Ç ÞhÌ�È\äjÊ�Éqá�î�Ê
Ê&Ë�Ë?Ê�á�ËcË?Ê Æ È;Þ Ç äjÊ Ç î�÷\ÍÊ&Ë Ç Ê�á�Ë?Ê�éÈOFjâ21 � è Ý á�Ëcø�F�ÊBÞv1�â21 � è Ý á�Ëcøv1bâ�êlç�Ê�Ë?Ë?Ê�á�ËcÊ&Ì3Þ ï ÈRð Ç ï È Æ Ê{Ì�á�Ë
Æ Ê z Æ ÞhË?Ê�FHF æjæ î ï â # î�Ê�ä;È Æ Ç Î�È;Þ Ç Ý î Ç î�Î{ÍÊ&è`Ê&î�Î�È=î�ÞhÊqÎ�Ê Æ ÈVËpÍÊ�Î�á�É�Þ Ç Ý îAÎ�Ê&Ì Ç ï È Ï Ê&Ì_éÈ+Fb­ æjæ ÊBÞ
ì=æjæ=æ î ï Ê&Ì�ÞXÎ Ý î�î{ÍÊ&Ê�è�È=Ë Æ ç�È=É&É Ý Ë?Î Ï Æ�Ýjß È ÆjÝ=ß Ì?Ê�Ë�äcÍÊ$Ê�îôÞ?Ë?Ê Æ ÊcËhÈ=è�è Ý Ë3Þ,ÎPç Ç ï È Ï Ê&ÌnÞbÍÊ Æ Ê�Ì?É Ý è Ç�� á�Ê�Ì
F�®x­ æ u F)�H� æ î ï è�ËpÍÊ&Ì?Ê�î�ÞbÍÊ�è�È=Ë�ê,á�É&Ê�ëVÊBÞ$È Æ â���F)�H�>Fb�XÊBÞ Æ Ê�ËhÈ;è�è Ý Ë�Þ�ÎPç Ç ï È Ï Ê&Ì_$��¨Ù-Fb­ æjæ u ì=æjæjæ
î ï ËpÍÊ`ÍÊ&ÉNö�È=î�Þ Ç Æ�ÆÐÝ î�î$ÍÊAéÈ Æ È ï òÊ ï Ê_ËpÍÊ�Ì ÝjÆ á�Þ Ç Ý îHÌ?è�ÈRÞ Ç È Æ Ê=âPêcçñÊ&Ë�Ë?Ê�á�ËqËpÍÊ&Ì Ç Î�á�Ê ÆÐÆ ÊVË�Ê Æ È;Þ Ç äjÊ_Ì?á�Ë Æ È
ïVÝ ÌhÈDL × � á�Ê ï á Æ Þ Ç Ì�è"Ê�É�Þ?ËhÈ Æ Ê�è�Ë Ý Î�á Ç ÞhÊ�Ê�Ì�Þ�Ê&Ì3Þ Ç ï ÍÊ&Ê�éÈ s ® � �7ä Ý Ç Ë�È=Ë3Þ Ç É Æ Ê�Ê�îAÈ;î�î�ÊBðbÊ��Bâ

��ï���ï·î � ôõ ø�þ | ó � ó!ø

w ÝjïVï Ê5Î�È=î�Ì Æ Ê!É\È;ÌÒÎPçº��Ë Ç Ì�ÞhÈ=Ë?ÉNöôá�Ì�í Æ Ê&ÌÓö{ÍÊ�ÞbÍÊ&Ë Ý Ï ÍÊ&î{ÍÊ Ç ÞbÍÊ&Ì�Ì�è"Ê�É�ÞhË?È Æ Ê�Ì�Ì Ý î�Þ ï Ç Ì�Ê&ÌÓÊ&î
ÍÊ�ä Ç Î�Ê&î�É�Ê�è�È=Ë-Î�Ê&ÌXËhÈ=è�è Ý Ë3ÞhÌXÎ�Ê ß È=î�Î�Ê&ÌlÊBÞZè�È=Ë Æ çñÊBðpÞhË?È=É�Þ Ç Ý îqÎ�Ê$Ì�è"Ê�É�Þ?Ë?Ê&ÌlÎ�Ê&ÌZËpÍÊ ÏjÇ Ý î�Ì Æ Ê&Ì-è Æ á�Ì
Ç î�ÞbÍÊ&Ë?Ê�Ì?Ì?È=î�ÞhÊ&Ì�â�ê,È z�Ï á�Ë?Ê�®�â?F æ È ï	Ý îôÞ?Ë?Ê Æ È ïVÝ Ì?È�L × � á�ÊÑéÈOFb­ æjæ î ï íjÌ�á�Ë Æ È � á�Ê ÆÐÆ Ê�Ê�Ì�Þ Ç î�Î Ç�� á{ÍÊ�Ê
Æ ÈHè Ý Ì Ç Þ Ç Ý î*Î�Ê&ÌVÌ?è`Ê&É�Þ?Ë?Ê�Ì�ÞbÍÊ Æ Ê&Ì�É Ý è Ç�� á�Ê&Ì�ø�Fjí�ø ì í{ø_1 Ê�Þ �lì ábÞ Ç Æ Ç ÌpÍÊ&ÌÕè Ý á�Ë Æ ÈHËpÍÊ&Î�á�É�Þ Ç Ý îPâ
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ênÊ&ÌtËhÈ=è�è Ý Ë3ÞhÌ�Î�Ê ß È=î�Î�Ê&Ì3��­ æ u 4H­ æ î ï í ì=æjæjæ u Fb­ æjæ î ï Ê�Þ�Fb­ æ=æ u 4H­ æ î ï Ì Ý î�Þtè�ËpÍÊ�Ì?Ê�îôÞbÍÊ&Ì
z�Ï á�Ë?Ê%®�âZF æ=ß ínÉÕÊ�ÞtÎPâPêcç�È ß Ì�Ê&î�É�Ê�Î�ÊÕÌ3ÞhË?á�É�Þhá�Ë?ÊVÎPç Ý Ë ÇÐÏ=Ç î�Ê Ç î�Ì�Þ?Ë?á ï Ê&î�ÞhÈ Æ Ê_Ì�á�Ë Æ Ê&Ì�Ë?È=è�è Ý Ë�Þ?Ì
$��¨Ù u $��¨Ù Ê�Þ�è Æ á�Ì$è�È=Ë�Þ Ç É�á Æ Ç éÊ&Ë?Ê ï Ê�î�Þ�$��¨Ù u # ã�ã@�',�Ê�Ì�Þ�á�îÖÞ?Ê&Ì�Þ$ÞhË&éÊ�Ì�É&Ë Ç Þ Ç?� á�Ê�Î�Ê Æ È � á�È Æ Ç ÞbÍÊ
Î�Ê Æ ÈVËpÍÊ&Î�á�É�Þ Ç Ý îPâeê/È z�Ï á�Ë�Êt®�âZFHF ïVÝ î�ÞhË�Ê Æ Ê&Ì�Ì�è"Ê�É�Þ?Ë?Ê&Ì�ÊLðpÞhËhÈ Ç ÞhÌ�Î�Ê�ËpÍÊ ÏjÇ Ý î�Ì�è�ËpÍÊ�Ì?Ê&î�ÞhÈ=î�Þ�á�î
Ç î�ÞbÍÊ&Ë&òÊBÞ�è�È=Ë3Þ Ç É�á Æ Ç Ê&Ë�â>� z îùÎ�Ê ï Ç î Ç ï Ç Ì?Ê�Ë Æ ç Ç î 
 á�Ê�î�É&Ê�Î�á ß Ë�á Ç Þ Ç î�ÞhË Ç î�Ì&éÊ � á�Ê�Ê�Þ�ÎPçSÍÊ�ä=Ê&î�Þhá�Ê ÆÐÆ Ê&Ì
Ê&Ë�Ë?Ê�á�Ë?Ì�Î�Ê�Ë?Ê ÏjÇ Ì3ÞhËhÈRÞ Ç Ý îPí Æ Ê&Ì�Ì?è`Ê&ÉBÞhË�Ê&Ì�Ì Ý î�Þ�ÊBðpÞhË?È Ç Þ?Ì�Î�Ê{y Ý î�Ê�Ì�Îeç'È=á ïVÝ Ç î�Ì�­�ð&­Õè Ç ðbÊ Æ Ì�â

ênÊ�ËhÈ=è�è Ý Ë3Þ_��­ æ u 4H­ æ î ï�ïVÝ î�ÞhË�Ê Æ È�Î Ç Ì3ÞhË Ç ß á�Þ Ç Ý îqÎ�Ê&Ì ï È;ÞbÍÊ&Ë Ç È=ábðt÷7ËhÈ Ç ÌXÊBÞlÎ�Ê�Ì ï Ç î$ÍÊ&Ë?È=ábð
ï È z�� á�Ê&Ì�â��õÊ�Þ�Å É Ý Ë�Ë?Ê�Ì?è Ý î�Î�Ê�îôÞ�È=ábð ï Ç î$ÍÊ&Ë?È=ábð ï È zB� á�Ê&Ì�è�ËpÍÊ�Ì?Ê�îôÞ?Ì�Î�È=î�Ì�Î�Ê&ápðùÎ�Ê&Ì�ÞhË Ý Ç Ì
è Ç É&Ì�É�Ê&î�ÞhË?È=ábðY�1É&Ê Æ á Ç Î�áOÉ�Ê&î�ÞhË�ÊÖÊ�Þ�É&Ê Æ á Ç Î�ÊvÎ�Ë Ý Ç Þ?Ê)�Bâ/ênÊ&Ì 
 éÊ&ÉNö�Ê�Ì�w¥Ê�ÞO~ Ç î�Î Ç?� á�Ê&î�ÞÑÎ�Ê�Ì
ï È;ÞbÍÊ�Ë Ç È;ábð!÷7Ë?È Ç Ì�ÊBðbÉ\È\äcÍÊ&Ì ÆÐÝ Ë�Ì_ÎPç Ç ï è�È=É�Þ?ÌÑè Æ á�ÌVËpÍÊ&É�Ê&î�ÞhÌ�â{ênÊ�Ì�y Ý î�Ê�ÌVÉ Ý Ë?Ë�Ê&Ì�è Ý î�Î�È=î�ÞhÊ�Ì	Ì�á�Ë
Æ ç Ç ï È Ï ÊÆFb­ æjæ î ï ï	Ý îôÞ?Ë?Ê�îôÞZá�îÕÈ ÆÐß ÍÊ&Î Ý ÍÊ Æ Ê�älÍÊ;í=É&Ê � á Ç Ê&Ì3ÞlÉ Ý ö{ÍÊ&Ë?Ê�î�Þ�ÈDä=Ê&É�á�î�Ê Ç î�ÞhÊ�Ë?è�ËpÍÊ�ÞNÈRÞ Ç Ý î
Ê&îHÞhÊ�Ë ï Ê_Î�Ê_ä;È=Ë Ç È;Þ Ç Ý î�Ì�Î�Ê ï È;Þ?á�Ë Ç ÞbÍÊ=â"ê,È 
 éÊ&ÉNö�Ê�� Ç î�Î Ç�� á�Ê_á�î�Ê%y Ý î�Ê_Ë Ç ÉNö�ÊÕÊ�îQÍÊ Æ ÍÊ ï Ê&î�Þ?Ì
ï È z�� á�Ê&Ì ï Ê&î�Þ Ç Ý î�î{ÍÊ�Ê�Î�È=î�Ì�ø Ç Ê�ÞhÊ�Ë?Ì�Ê�Þ�È Æ â ��F)�H��®��Bâ � É Ý Ë?Ë�Ê&Ì?è Ý î�ÎùÈ=áÖ÷ Ý î�ÎùÎ�áÓÉ�ËhÈ;Þ\éÊ&Ë?Ê;â�ê,È
É Ý=ï è�È;ËhÈ Ç Ì Ý îÔÈ\äjÊ�É Æ Ê�ËhÈ=è�è Ý Ë3Þ�Î�Ê ß È=î�Î�Ê�Ì ì;æjæjæ u F)­ æjæ î ï è`Ê&Ë ï ÊBÞ�Ê&î�Ì�á Ç Þ?ÊqÎ�ÊtÎ Ç Ì?É�Ë Ç ï Ç î�Ê&Ë
Ê&î�Þ?Ë?Êvè�ëpË Ý ðeéÊ&î�ÊÖÊBÞ ÝjÆ Ç ä Ç î�ÊVÎ�È=î�Ì Æ Ê&Ì3y Ý î�Ê�ÌÑè�ËpÍÊ\È Æ È ß�Æ Ê ï Ê�î�Þ Ç Î�Ê&î�Þ Ç?z ÍÊ�Ê&Ì�É ÝjïVï Ê ï È z�� á�Ê&Ì�â
� Ç î�Ì Ç í Æ Ê&Ì�è Ç É&Ì�É&Ê&î�Þ?ËhÈ=ábðAË Ç ÉNö�Ê&Ì�Ê&î Ý=Æ Ç ä Ç î�ÊtÈ=è�è�È=Ë?È Ç Ì�Ì?Ê�îôÞ�Ê&î ß�Æ È=î�É;íkÉ&Ê � á Ç Ê&Ì3ÞAÍÊ Ï È Æ Ê ï Ê�îôÞ
Ê&î È=É�É Ý Ë�Î È\ä=Ê&É Æ ÈA÷ Ý Ë ï ÊvÎ�Ê&ÌVÌ?è`Ê&É�Þ?Ë?Ê�Ì	Î�Ê Æ È z�Ï á�Ë�Êp®�â?F�FjâlênÊÖè Ç ÉÖÉ�Ê&î�ÞhË?È Æ Ì Ç Þhá{ÍÊ Æ ÊÖè Æ á�Ì
éÈ Æ çñÊ&Ì3ÞqÌ�Ê ïÑß�Æ ÊùòÊ�Þ?Ë?Ê Æ Ê_è Æ á�Ì�Ë Ç ÉNö�ÊÕÊ&î ÝjÆ Ç ä Ç î�Ê;íeÉ&Ê � á Ç Ê&Ì3ÞtÉ Ý ö{ÍÊ�Ë?Ê�îôÞ�È\äjÊ�É Æ Ê&Ì Ýjß Ì�Ê&Ë�ä;È;Þ Ç Ý î�Ì
ÞbÍÊ Æ Ê�Ì?É Ý è Ç�� á�Ê�Ì$ËpÍÊ&È Æ Ç ÌpÍÊ�Ê&Ì�éÈ ïVÝ ëjÊ&î�î�Ê�ËpÍÊ&Ì Ý=Æ á�Þ Ç Ý îÕÌ?è`Ê&ÉBÞhË?È Æ Ê;âbê,È�÷1È Ç ß�Æ Ê�É Ý Ë�ËpÍÊ Æ È;Þ Ç Ý îVÈ\äjÊ�É Æ ç Ç ï �
È Ï Ê�ÎPç�È ÆÐß ÍÊ&Î Ý Ë�Ê&î�÷ Ý Ë?É&Ê Æ ç Ç î�ÞhÊ�Ë?è�ËpÍÊ�ÞhÈ;Þ Ç Ý î	Ê�î�ÞhÊ�Ë ï Ê&Ì{Î�Ê�Î Ç 
 ÍÊ�Ë?Ê�î�É&Ê�Î�Ê�É Ýjï è Ý Ì Ç Þ Ç Ý î ï È zB� á�Ê
è Æ á�Þ;òÝ Þ � á�Ê�Î�Ê ï È;Þhá�Ë Ç ÞbÍÊ%� � Ç Ì?ÉNö�Ê&Ë�u¥ø Ç ÊBÞhÊ&Ë�Ì&í F)����®x�Bâ

�lî2Ë?ÊBä;È=î�ÉNö�Ê;í Æ Ê&ÌÔÌ?è`Ê&ÉBÞhË?Ê�Ì�w�í�~ ÊBÞ	�ÛÉ Ý Ë�Ë?Ê&Ì�è Ý î�Î�Ê&î�Þ*éÈ*Î�Ê�Ì+y Ý î�Ê&ÌùÎ Ýjï Ç î{ÍÊ&Ê&ÌÔè�È;Ë
Î�áHè�ëpË Ý ðeéÊ&î�Ê;í-Ê�î5È;É&É Ý Ë?Î5ÈDä=Ê&ÉÕá�î�ÊÕÉ Ýjï è Ý Ì Ç Þ Ç Ý îÒÎ�ÊÑÞFëpè`ÊÕî Ý Ë Ç Þ Ç?� á�Ê=â Ü Ë Ý Ç Ì�è`Ê�Þ Ç ÞhÊ�Ìhy Ý î�Ê�Ì
� 
 éÊ&ÉNö�Ê�Ì$Ì?á�Ë Æ È z�Ï á�Ë�ÊÆ®�â?F æ É)��éÈ Æ ç Ç î�ÞbÍÊ�Ë Ç Ê&á�ËZÎ�á	Ë�Ê ï è�È=Ë�Þcî Ý Ë?ÎÕÌ?Ê ïÑß�Æ Ê&î�ÞVÍÊ Ï È Æ Ê ï Ê&î�Þ Ç î�Î Ç�� á�Ê�Ë
Æ È�è�ËpÍÊ&Ì�Ê&î�É�Ê�Î�Ê ï ÈRÞbÍÊ&Ë Ç È=ápð_Ë Ç ÉNö�Ê&Ì�Ê&î ÝjÆ Ç ä Ç î�Ê;í=É�Ê � á Ç É Ý î�É Ý Ë�Î�Ê�ÈDä=Ê&É Æ Ê&ÌcËpÍÊ&Ì?á Æ ÞNÈRÞhÌcÎ�Ê�ê,á�É&Ê�ë
Ê�Þ�È Æ âQ�'F��H�>Fb�lÊ�Þ Æ ç Ç ï È Ï Ê�Î�Ê Æ È�ËpÍÊ�è�È=Ë�Þ Ç Þ Ç Ý îVÎ�áÖè-òÝjÆ Ê ÝjÆ Ç ä Ç î�Ê�Î�Ê&Ì z�Ï á�Ë?Ê�Ì�®H�2ÊBÞ�® � Î�Ê�ø Ç î�ÊBÞ
Ê�Þ�È Æ â§��F)�H�H1��Lâkê,È	÷ Ý Ë ï ÊtÎ�áÒÌ?è`Ê&ÉBÞhË�Ê �lì Ç î�Î Ç?� á�ÊqÊ�î�Ë?Ê�ä;È=î�ÉNö�ÊÑá�î ï È;ÞbÍÊ&Ë Ç È=áùÎ�ÊqÞFëpè`ÊÑè Æ á�Ì
÷7Ê Æ Î�Ì?è�È;Þhö Ç?� á�Ê�è Ý á�Ë Æ Ê�÷ Ý î�ÎVÎ�áVÉ&Ë?È;Þ\éÊ�Ë?Ê=âow Ý=ï	ï Ê�î Ý á�Ì Æ Ê�äjÊ&Ë�Ë Ý î�Ì$è�È=Ë Æ È�Ì?á Ç ÞhÊ�È=áVÉNö�È=è Ç ÞhË�Ê
­bí Æ ÊùË?È=è�è Ý Ë�ÞpF)­ æjæ u 4�­ æ î ï íXÎ Ç Ë�Ê&É�Þ?Ê ï Ê&î�Þ Æ Ç ÍÊ éÈ Æ ÈHè`Ê&î�Þ?ÊÓÎ�á É Ý î�Þ Ç îôá�á ï Î�Ê�Ì	Ì�è"Ê�É�Þ?Ë?Ê&Ì�í
Ê&Ì3ÞÔá�î ß"Ý î Ç î�Î Ç É\È;Þ?Ê&á�Ë	Î�Ê Æ ç�È Æ ÞbÍÊ&Ë?È;Þ Ç Ý î�Î�Ê&ÌÖÌ?è`Ê&ÉBÞhË�Ê&ÌÔÎ�á�ÊHÈ=ápð Ê 
 Ê�Þ?ÌÖÎ�ÊÒä Ç Ê Ç ÆÐÆ Ç Ì�Ì?Ê ï Ê&î�Þ
Î�Ê Æ ÈÖÌ?á�Ë�÷1È=É�Ê	� Æ Ê&Ì ï È;ÞbÍÊ�Ë Ç È=ábð Æ Ê&Ì�è Æ á�Ì ï òá�Ë�Ì�è�ËpÍÊ�Ì?Ê&î�Þ?Ê&î�Þ Æ ÈÖè Æ á�Ì�÷ Ý Ë�Þ?ÊÕè"Ê�îôÞ?Ê	Ì�è"Ê�É�Þ?ËhÈ Æ Ê)�Bâ
w$Ê�Þ�ÞhÊ Ç î�Þ?Ê&Ë?è�ËpÍÊ�ÞhÈ;Þ Ç Ý îÔî�Ê�Ì&ç�È=è�è Æ Ç�� á�Ê�è�È;Ì�È;ábðÖÌ ÝjÆ Ì�Î Ýjï Ç î{ÍÊ&Ì�è�È;Ë Æ ç Ý=Æ Ç ä Ç î�Ê�è Ý á�Ë Æ Ê&Ì � á�Ê Æ Ì Æ È
ß È=î�Î�Ê	Îeç'È ß Ì Ý Ë�è�Þ Ç Ý î éÈ}F é ï è`Ê&ábÞ�Ì�çSÍÊBÞhÊ&î�Î�Ë?Ê	È=á��MÎ�Ê Æ éÈÔÎ�Ê&F=âU­ é ï â�e�î ä Ý Ç Þ�Ì�á�Ë Æ È z�Ï á�Ë�Ê
®�âZF æ Î � á�Ê Æ Ê&Ì�è`Ê�Þ Ç ÞhÌ�É�ËhÈ;Þ\éÊ&Ë?Ê�Ìt÷7Ë?È Ç Ì���w ÊBÞ è ì ��È;è�è�È=Ë?È Ç Ì�Ì?Ê&î�ÞqÊ&î Ì Ýjï�ß Ë?ÊVÌ?á�Ë Æ ÊVË?È=è�è Ý Ë�Þ
Fb­ æ=æ u 4H­ æ î ï � ï È;ÞbÍÊ&Ë Ç È=ábðÑ÷7ËhÈ Ç Ì�ÊLðbÉ\È\äcÍÊ&Ì Æ�Ý Ë?Ì�Î�Ê&Ì Ç ï è�È=ÉBÞhÌc�LíôÈ Ç î�Ì Ç�� á�Ê Æ Ê&Ìvy Ý î�Ê�Ì$Ê�Ì?É\È;Ë?è{ÍÊ�Ê&Ì
Î�Ê�Ì�Ë?Ê ï è�È;Ë�ÞhÌ�Î�áÒÉ�ËhÈ;Þ\éÊ&Ë?Êf�1ËhÈR÷7ËhÈ(ò ×�ÉNö Ç Ì�Ì?Ê ï Ê&î�Þ�Î�Ê Æ ÈVÌ�á�Ë�÷1È=É�ÊÑè�È=Ë Ï Æ Ç Ì?Ì�Ê ï Ê&î�ÞhÌ�Î�ÊqÞ?Ê&Ë?Ë?È Ç î�Ìc�Bâ
w$Ê�Þ�ÞhÊ Ýjß Ì?Ê�Ë�ä;È;Þ Ç Ý î Ê&Ì�Þ�É Ý ö{ÍÊ&Ë?Ê�î�ÞhÊÒÈ\ä=Ê&ÉÒá�î�Ê Ç î�Þ?Ê&Ë?è�ËpÍÊ�ÞhÈ;Þ Ç Ý î*Ê&î�Þ?Ê&Ë ï ÊùÎ�Êùä;È=Ë Ç È;Þ Ç Ý î�Ì_Î�Ê
ï È;Þhá�Ë Ç ÞbÍÊ=âPênÊ�Ìqè Ç É&Ì�É&Ê�î�ÞhËhÈ;ábð5È=è�è�È;ËhÈ Ç Ì?Ì?Ê�î�ÞqÊ�î5Ì ÝjïÑß Ë�ÊÕÌ?á�Ë�É&ÊVËhÈ;è�è Ý Ë�Þ\íeÉ&Ê � á Ç É Ý î z Ë ï Ê



��ë?
 »3�X��ì�½��|���ª�Q�K��¿(��¾V�§½���ìH�>¿b�ª�X�§� s$í

0.5K 1.0K 1.5K 2.0K
wavelength (µm)

0.
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.2
1.4
1.6
1.8

re
fle

ct
an

ce

L

E
D
C
F
G
B
A

0.5K 1.0K 1.5K 2.0K
Wavelength (µm)

0.8
0.9
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.1
1.2
1.3

co
nt

in
uu

m
 r

at
io

M

E
D
C
F
G
B
A

a b

NPORQTS ®VU?FHF�6VWYX[Z1\^]	_`ZbaIZ�cY]`_ed�fD]	aIghZ1a :1i�j Zbakf j ghf [mlJnZ1Z1a 7�o�l _	Z <qpDrbs�tmj�i _	uvd�wxfxa nZba;yd r0Ï uzyd o d l \e{�ZHZ|]}g�fD~Yf�a nZba
X�d�_ l�j \ i,j ]`f jml�l u�yd s�p���¢ Z�] r�p ¢CÏ u�yd�gh_ i fD]`Z pV� Z1aTa`XqZb\^]`_	Z1a�k�Z�]v�Ga l�o�o yZ|_	Z j ] l�j Z À�i _`]`Z!]`Z j Z l _#Z ji wxfx~mf j Z t d�f j a`f [,l Z���g�d j a l�j Z�u i f j gh_	Z4uTZ1a l _	Z p+�;t¬l Z|]@��\ i _	_	Z1a`X i,j ghZ j ]�yd�ghZ1a :|i,j Z1a!_	fx\e{�ZbaBZ j
XY�Y_ i c*yZ j Z=� j�i _	f(]	Z1ae� p�� \ i _	_	Z1a`X i,j gBd l uvd�] nZ|_	f�d l X�w l a À Z|w�a�X�d�]`{�f [ml Z�\ i,j a�]`fD] l d j ]}wxZ À�i�j g�g l \�_ed�]1yZ|_	Z p

�b�[���;���!�V����m�1�m &¡,�P¢J£D�[�¤��¥��� &�[¦h�1�§�������!�V����m�1�m &¡,�v¢&�T�1�§�¤�;�¤¨©¨ª�q�b«&�b�,�mU�¬�  z  J¦q���P­®�§�1�b�#¡m�[�b����,���q�b�¤�§ 
�m *�b�b�#���m� z°¯ «&�1�m�|®&U²±h³[´����0®VU�±h³q¢�¨©�§ *�µ�1�=¶·«&�=�¤�m�H�,¸k�,�b��¢&�¹¨��q�µ«&�b�q�µ���§ º¢&�m�;�b�§���+¡m�§ *�µ�1�¤´&«V�m *�
¢&�»­��k¼¡,�§ $¨ª��½1�,«&�b�¿¾�À���À�&�1�[­®�§ &¢V�m«&�P¢&�º����´&�[ &¢&�¿¾�$±�Ák¨ÂU

Ã�Ä�¯ A ý�´�¶!Åm��²8·Dý�´ ±!Æá·YÇ È�ÅD·�¶�³4ÆE·Dý�´�²

É £�����µ«&¢&�$¢&�,�À¡m�b�q�Y¾�,�b�m�O�!�b���1���q�b¡�Ê·«&�À�,�ÌË#�§�k�,�b &��¡m«&�Ì���Í�m�1¨�����¢&�Î¨©�,�1�µ�1�¿�m Ï��,¥���¢&�m &¡,�
�	£(Ê=����Ð��m�1� ¯ ��, #��m�²�Ð��>¢&�»�¤��¡m�1�+Ñ«V�µ���¤«& °�q�¤�b�!�b«&�v���m�T�V�b�m¨©�¤�,�b�TÒ·���¤�§¨Â¾�,�b�b�m�=¢J£���m�°�[���b�1�m«&�P¢°�[ V�v¢&�m«ÐÓ
�b�²�µ�,�Â¢&�Ô���Õ���� ¯ �¤�[ Ö¢J£x×>¡m�m�[ ·«&��Ø��b��¡m�,�¤���q�b«&¨ÙUv×> Ú���[¡m¡[¾�m�Â�k�§«V�Â�¤�Õ�V�b�m¨©�	¾�,�b�Û­®�§�¤�$�Y¥[�m¡
¡m���b�b�Ü����m�b�[�¤«V�b�¤�§ Ý�b�&�q�µ�¤�[�¤���, Þ¨ÂÑ�m¨©���µ�m¨©�&�G¾�ß�`£D��¨ª� ¯ �m�1�¤�à���ß¾�Õ�	£(�¤ Ð­®�§�b¨��q�µ���§ á�1�k�,¡,�b�µ�[���
�m *�b�b�ÕU2®V±b­â�,�àãÐUD³ßÁk¨ÂU#ä»�[ &�Î�¤��¡m�[�$¢&�ÜË#�§�Í�m�b V�¤¡m«V�m¦v�¤�,�Î¢&�§ & =��m�m�ÂåBæ!æ>ç|èé�,�Âê!ç�ëì¢&�
Ë#�¤�,¨��, *�µ�¤ V�Â�q¨Õ��,�¤�¤�[�b�m *�Ì¡,�§ &�b��¢=��m�b�[´&���m¨©�m *�ª�¤�Ô����m�1�§�¤«V�b�¤�§ Õ�1�°�q�µ�¤�[�¤�$¢&�,�ª�§´V�b�m�|¥q�q�µ���§ &�m¦����
�Í�m�b¨©�,�1�µ�, ·���&�1�¤ &¡,�¤�°�[���m¨©�m *�º¢&�©¡m�§ Ðí°�b¨©�m�º���Î�µ�, &�m«V���, î�§����¥��¤ &�À¢V�m�4�&�¤¡Ì¡m�, *�µ�µ�q«ÐÓk¦��[�� &�b�
¶·«&���¤���&����m�b�, &¡m�À�b�m¾�m���&�b�§´&�[´&�¤��¢J£(�§�¤�²¥Ð�� &�º¢°�[ &��¢&���Í�,�µ�²�µ�,��ïm�[ &�m�»¢&«à�b�m¨©�°�[�|�> &�[�b¢JUQÅ#�¤�, 
¶·«J£(«& &�>¡,�§¨��Í�§�b�[ *�µ��¢I£D�§����¥��¤ V�B�V«&�¤�1�b��Ñ���µ�b�!�&����,�b�, ·�b�º�[�¤���¤�,«&�b��¢°�[ V�T�¤�B¡m�b�q�Y¾�,�b�[¦��¤�,�#�b�[�&�Í�§�1�b�
¢&��´°�[ &¢&�,�� &���b�m¨�´&�¤�, ·��¡m�m�Í�m V¢°�[ *�À�°�[���¤ &¢V�¤¶·«&�m�4�	£(��ÓÐ���1�µ�, &¡m�ª¢&���b�m�¤���m�4ïm�§ V�m�Ü����µ�m V¢&«&�m�,U
å! V������µ«&¢V�»�&�¤«&�#�k�§«V�b����,��¢V«Î¢&� ¯ ����º¢&�»¨Õ��,���[  ¯ ��¢&�,�P¨ª�q�Ð��m�1���[«ÐÓ� =��,¡m�,�b�b�²�µ�,�µ�[�²�P�	£(«V�µ���¤�¤�b�q�µ���§ 
¢&�Ù¨Õ����µÊ&��¢&�,��¢&�Î�^ð��Í�à¨Õ��m���q  ¯ �m�À�1�k�,¡,�b�µ�[«ÐÓk¦��µ�,�¤�¤�,�Ì¶�«V�Â¡,�m�¤���m�Ì�&����m�b�, *�Ð��m�,�Î¢°�[ &�ªñà�[�|�µ�� 
ò ±Yó§ó§ô*õ�¦°Ø��¤ &���P�,�!�[�	U ò ±hó[ó§ó*õ�U

¬� ��1�,¥q�[ &¡�Ê&�q¦Ð¢&�[ &���¤�v¡m�[��¢J£Dö!�b���1���q�b¡�Ê·«&�m¦·���T­��[�¤´&���T¢&� ¯ ����P¢&�P¨Õ��m���q  ¯ �T¢&�,�=¨©�¤ =��m�µ�q«ÐÓÀ���
���4�b��¡�Ê&�m�1�b�»¢&«Î¡,�µ�q�Y¾�m�b���b«&�T���!�V���[ ¿¨©�¤ =��m�µ�q�¤� ¯ ��¶·«&�P�§ *�T�Í�m�b¨©�¤�¹¢&�>¨©�,�1�µ�1���m ����¥Ð��¢&�m V¡m�>¢&�,�
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ïm�[ &�m�!´&�¤�, à¢&���1�µ�� &¡,�b�m�!�b�°�q�b���[���m¨©�m *�P�,���b�Í�m¡��µ�µ�q�¤�m¨©�m *�mUIË#�[ ·�b�µ�[���b�,¨��, ·�Ì¾�¿Ë#�[�k�,�b &��¡m«&�,¦k�¤�
ïm�[ &�P¢&�§¨©�¤ =��,�T�°�[���`£D�§����¥��¤ V�=¶·«&�@�à��,�Ð��v¢=��m¡,�§«V¥[�m�1�b�!�1�v�µ�b�[«V¥§�P�b«V���¤�v´Í�§�b¢Ì¢&«Ì¡m�b�q�Y¾�,�b�P�,�� V�§ 
�[«¿ V��¥§�m�[«Î¢&«Î�&��¡�¡,�m *�µ�b�[�	¦Ð¡m�>¶·«&�k�b� ¯  &��í°�!¶·«J£D�,�¤�����&�1��¥����m *�v¢J£(«& &�>¡,�§«&¡�Ê&�»¨©�§�� &�#�&�1�[­®�§ &¢V�
¶·«&�B�¤�v�&��¡B¡,�m *�µ�b�[�	U§ä»�[ &��¡m�B¡Y�[�,¦*�	£(�¤¨©�°�[¡����4¢V�§ &¡P��ÓÐ¡Y�Y¥����«V &�P�¤ *�µ�1«&�b���§ �¢V�B�V�¤«V�b�§ &���b�²�µ«=��,�
�µ�m¾�m���V�m¾�m��¢&�#�¤�!�b«V�1­��[¡,�[¦§�q«
�^¢&�,�b�1«&��¢J£(«& �Ê&�§�1�¤ï,�§ �¡m�[¨��Í�§����=¢J£D�[ &�§�|�µÊ&�§�1���b� ò ����,¥���,����T�°�q���¤�¹�&��¡
¡m�, *�µ�µ�q�Rõ�U�Ë#���b�b�#�§´&�1�m�|¥[���µ�¤�[ ��Í�m«V�;�m£(��ÓÐ�&���¤¶·«&�,�;¢&���µ�1�§�¤�}¨��[ &�	¾�m�1�m�+¢&��¸P��m�1�m *�µ�,���*±��k�1�§���H�°�[�+�¤�
�&����m�b�, &¡m�º¢J£(«& &��¡�Ê°�[¨�´&�1�>¨�� ¯ ¨��q�µ��¶�«V�B�V�b��¡�Ê&� ò ¶·«&�k�k�[«&�b�b�[���>Ñ�,�µ�1�©¾���`£D�[�b� ¯ �¤ &�P¢&�>�¤�4¥q�[������m�
¢&�BèÐ¡�ÊV����§���µ�m�¹�b�²�µ«=��,�v�&�¤«V��¾�º�`£D�[«&�m�|��õ�U§ã���èÐ�§�²���°�[��¢&�m���¤ *�b�b«&�1�¤�§ &��¢V�v�&�¤«V�b�§ &��¢°�q &������¡,�b�}Ñ«V�b�
�b«V�#��m�1�¤�m«V�b�[U����JèÐ�§�²�;�&�[��¢&�,���� ·�b�b«&�1�¤�§ V�;¢&�=�&�¤«Ð�µ�§ &�H�b�²�µ«=��,�m�;¢°�[ &�;���!¡,�b�}Ñ«V�b���¤ V­Y��,�b�¤�,«&�b�q¦�¡[£(�m�1���
¾���e¢&�¤�1�4�V�b��¡�Ê&��¢&«Â¨ª�q ·�b�Y�[«I¦k�¤�©¡,�b�}Ñ«V�b�4�1«&�=��,�b�¤�,«&�b���Yð*�[ *�à����Ð��4�¤��¡Y�[���m¨©�m *�!�[¨��� &¡m���»�¤�§�1�P¢&�
����­®�[�b¨��q�µ���§ ¿¢&�,� ¯ �b�[ &¢&�P´°�q�b�b�� &�P¢&�º¡m���b�µ�4���� ¯ �¤�[ î¾�©�`£���,�k��¶·«&�»�&������^ &�,¡,�µ�[�b���m & &�qU

Ë#�,�1�µ�T�&�1�m¨©�	¾�,�b�¹�[ °�[�²ð��b�#¢V�m��¢V�§ & =��,�m���� V­®�µ�[�1�§« ¯ �,�+¢&�vË#���m¨©�m *�µ�� &�=�1�m¨�´V�¤���µ�m¾�,���&�1�§¨©�,���
�µ�,«&�b�º�Í�§«&�T�¤���b«&�²�µ�q¦&�¤�§�1�b¶·«J£(�m���¤���Í�§«&�1�µ�ÎÑ�,�b�b�»¡,�§ &¢&«&�²�µ�»�1«&�v�	£(�m &�1�m¨�´V�¤�>¢&�,�P¢&�§ & =��,�m�,¦°�k�§«V�
¨©�,�b�b�b�º�m é��,¥���¢&�m &¡,���¤�À�&����,�b�m V¡m� ò �§«Ù�	£D�[´&�b�, &¡m�YõT¢J£D�[�¤��¥��� &�»�m Ù�b«&�|­��[¡m�qUÍê!�§«&�B�Y¥§�[ &�!¥�«Â�[«
¡m�[«&�b�©¢&�$¡m�Ù¡�Ê°�[�&�²�µ�1�Ù¶·«&�Ù����¢V�¤�1�b�¤ &¡��µ���§ Õ�m *�µ�1�Â���m�À�,¸k�,�b��¢V�Â¡,�§¨��Í�§�1���µ���§ â����¢V�Ù¥q�[�1�����
�µ���§ Û¢&�©¨ª�q�b«&�b�²�Ð����,�1���°�[�|­®�§�¤�»¢=��,�¤��¡Y�q�b�[U+ä»�[ &�º���À¡�Ê°�[�&�²�µ�b�©�b«V��¥q�[ *�Y¦} &�[«&���q�¤�¤�[ &��¥§�[�¤�º¶·«&�
�	£(�¤ *�Ð�� ¯ �b�q�µ���§ »¢&�����v�°�[�|�µ�����¤ V­®�b�[�b�§« ¯ ��¢&�=Ë#�¤�,¨��, ·�b�¤ &�>¾�P���v�°�[�|�µ����¥Ð���b��´&�¤��¢&«4�b�Í�m¡��µ�1�=�Í�m�1¨����
�� ¯ �[�¤�,¨��, ·��¢&���&�1� ¯ �1�m�b�1�m�»¢°�q &�»���©¢&�¤�1¡m�b��¨��� °�q�b�¤�§ $�m *�b�b�À¡m�,�»¢&�m«�Ó��,¸k�,�b�mU}¬� ��°�q�1�µ��¡m«&���¤�,�m¦
 &�§«V�ª�[���¤�§ V��¥§�§���©¶·«&�q¦ ¯ ��Ñ�[¡,�G¾�Û�	£^��,�b«&¢&�Ù�1ð��1�Ð��m¨��q�µ��¶·«&�Â¢V�m��¥q�[�1���q�b�¤�§ V��¢&�Ù���Û�&�b�[­®�[ &¢&�m«V�
¢&�À�¤��´°�[ V¢&�à¾��±ÌÁI¨ �,�»¢&�À�¤�ª�Í�m *�µ�À¢&«�¡,�§ *�µ�� �«V«&¨Â¦k�§´V�b�m ·«&�m� ¯ ��Ñ�[¡m���[«ÐÓ�í&���µ�1�m�»êBç�ë4¦k�¤�
�m�|���Í�§�b�1�¤´&����¢V�ª�b�,¨��[ ·�b�m�$¾�Â���Î�µ�, &�m«V���m î­®�,��¢V�m���1�§�¤�4�§´&�1�m�1¥���,�m¦����À�[�� &�b��¢J£(�§´V�b�m &����¢&�,�
�¤ Ð­®�§�b¨��q�µ���§ &�P¡�Ê&��¨���¶�«V�m���,�b�1�m *�µ���m�¤���m�>�Í�§«&���[�&�&����mÊ&�, &¢&�,�»�¤���V�b�§´&�	¾�m¨©��¢V�����©¡m�§¨©�k�[�b���b�¤�§ 
¢&�º��� É «& V�[U
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É �z¢=����µ�,�b¨©�¤ °�q�b�¤�§  ¢&�ß���é¡,�§ &¡m�, *�µ�µ���µ�¤�[  �,  ¨��q�Ð��,�b���q«ÐÓ�¨��qí°¶·«&�,�m¦º�,�Ü�&�¤«V�Ô�&�[�1�b�¤¡i�

«&���	¾�m�1�m¨©�m *�T�, $¨ª�q�Ð��m�1���[«ÐÓ��1�¤¡�Ê&�,�v�m ¿­®�m�#�m�1�P�`£D«V Î¢&�m�v�°�q�µ�[¨Â¾�,�b�b�m�=­®�§ &¢°�[¨©�m *�µ�[«ÐÓÎ¶·«&�»�`£D�[ 
¡�Ê&�,�b¡�Ê&�¿¾�À�[�&�V����mÊV�m &¢&�,�P�¤�§�1�#¢&�>�`£�����µ«&¢V�>¢&�m�v�1«&�1­��q¡m�m�P�&�¤�[ =������[���b�m�,U É ��­®�,�m¦Ð¶�«V�J�m�|�P«& Î¡m�§ g�
�1�b���b«°�[ *�v¡�Ê&��¨���¶�«V���¤¨©�Í�§�1�µ�[ *�#¢&�»�¤���&��«&�°�[�|�T¢&�,�v�b�¤���¤¡m�q�µ�,�m¦��m�1�T«& é��m����,¨��, *�v¡m������Í�§«&�T¡,�§¨j�
�&�1�m &¢&�1�>���º¡m�[¨��Í�§�b�²�µ���§ Ì¢&���¤� É «& &�q¦Ð¢&�[ &�#�¤�4¨©�m�1«&�b�!�+¾«ª�1�§ ¿�[´Í�§ &¢&�[ &¡m�!�m�|�T�¤ *¥[�m�b�1�m¨©�m *�
�&�1�§�k�[�1�µ���§ & &�,�¤���à¾�Â¡m�,�¤���©¢V�ª�	£D�[��«&¨��� &�¤«V¨Â¦Í�,�Ü��,�µ�1�§���b�m¨©�m *�4�¤����m��¾�Â¡,�m�¤���Ì¢J£x�q«V�µ�1�m�Ü��,����m¨©�m *�b�
�����­®�µ�[¡����[���b�,� ò í ¯ «&�1�lkÐU²±�õ�Uk¬� �¡,���1�m &�,¦I�	£D�[´Í�§ &¢°�q &¡m�º¢&�,�>¨ª���Ð��m�1���[«�Ó$�b��¡�Ê&�m�!�m Â­®�,�!�1«&��«V &�
�b«V�1­��[¡,�!�&�¤�[ =������[���b�P�[�&�Í�§�|�µ�P¢&�m�¹�¤ Ð­®�§�b¨��q�µ���§ &�H�µ�m¾�,�=��¨��Í�§�|���[ *�µ�,���b«&�����B�V���[ Ì�=����µ�b�[�¤� ¯ ��¶·«&�[U
É �ª¶·«°�[ *�µ�²�Ð��4�µ�[�µ�[�¤�º¢&��­®�,�m¦k�[�¤ V�b�+¶·«&���b�[ Ú��,������¢J£(�YÓ�ðÐ¢&�q�µ���§ J¦@­®�§«&�b V���!¢&�m�>¡,�§ *�µ�b�[�¤ *�µ�,���1«&�
�����b�m¨©�=��m�b�q�µ«V�b�º¶·«&�}���� ¯  °�[�²�B�[«Â¨©�§¨©�m *�v�}¾«$�¤�,�v¨ª���Ð��m�1���[«�Ó¿�1���1�§ *�!¡,�§ &¢&�, &����,�mU
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¢&�Û­®�m�$¨Õ��,���q�¤�¤��¶·«&���,�Â¢&�Û­®�m�$­®�m�1�b�m«�Ó��@������U É �ß�&����m�1�m &¡,�î¢&�3�°�_��� �1�Ô�b�µ�[¢V«&���Ù�°�[�$¢&�,�
�[´&�1�§�b�Ð�µ�¤�[ &�}¡Y�[�b�[¡,�Ð��m�1�¤�1�b�¤¶·«&�,�}¢°�[ &�+�	£(«&�²�µ�µ�Y¥��¤�[�¤�,�k�,�H¢°�q &�}�¤���&�1�Ð¡�ÊV�¹�� V­®�µ�q�b�§« ¯ � ò ¡�­�UY¡�Ê°�[�&�²�µ�1�
ãÐUDô*õ�¦H &�[�µ�[¨©¨��, ·��¥§�,�b�Î±¿���©ãàÁI¨ �Í�§«&�����m���*ð��b�YÓk¾�m V�m�mU É £(�¤ *�µ�, &�b�²�Ð��¿¢V�¿¡m�,�À�[´&�1�§�b�V�b�¤�§ V�
¥q�[�b���¿�Y¥§�,¡Î���Â�b�m &�,«&���, â­®�m��¢&�,�À¡m�§¨©�Í�§����,���§´&�1�m�1¥���,�mU É £x�q« ¯ ¨©�m *���q�b�¤�§ Ü¢&�¿�¤�Â�µ�, &�m«&���m �°� ��� ¢°�[ V�v�¤�m�v�Í�§«&¢V�b�m�P¢&�»¨©�¤ =��m�µ�q«ÐÓk¦V¡Y�q�µ�[¡��Ð��m�1�¤�|�µ�¤¶·«&�,�P¢&�»����¶·«°�[�1���	�µ�[�µ�[�¤�²�Ð��B¢&�»�����1«&�1­��[¡,�
�¤«V °�[�¤�1�[¦Ð�m  ¯ �, &¢&�1�4«V &�»¢&�¤¨©�¤ ·«V�b�¤�§ ª¢&�»����������°�,¡,���q &¡m�º�,�B«& V�º�[« ¯ ¨©�m *�����µ�¤�[ Î¢&«$¡m�§ *�µ�b�[�1�b�
�b�Í�m¡��µ�b�[�	U�¬� ¿�b��¥q�[ &¡�Ê&�q¦V¡m�[¨�¨©�! V�§«&�#�`£x�Y¥[�§ &�=¥�«Î�q«ª¡�Ê°�[�V���µ�1�»ãÐ¦·�¤�º�µ�[�¤���¤�v¢&�,� ¯ �µ�q�¤ &���,�#�¤�,�
�,¸k�,�b�T¢&�>¨G��m�¤�[  ¯ �B�Í�m«V¥[�m *�$�� ¯ �[���m¨©�m *�=¨���¢&��í&�m�¹¡m�m�v¡,�b�²�Y¾�m�1�m�T�1�k�,¡,�b�µ�[«ÐÓ ò Ë#�¤�[�bÒ�� ëP�§«&�bÊI¦
±hóm���·õ�¦§¡,�P¶�«V�Í�1�m &¢�¢&���©¡,�¤�¤�#���»¢=��,�b�m�1¨��� °�q�µ���§ À¢&���b�m¡��µ�P¢&�,�=�q´k�§ V¢°�[ &¡,�m�¹¨��� #��m�b�[�¤� ¯ �¤¶·«&�m���§«
��m����m¨©�m *���q�¤�b�,�mU É �m��¨©��¢&��í°¡m�q�µ���§ &�}���m���V�¤«&�H�¤¨©�k�[�1���q ·�b�m�H�b«&�;��� É «& &�#�V�b�h¥��¤�m V &�m *��¢&�,���,¸k�,�b�
¢&�T¨��q�b«&�µ�q�b�¤�§  ò ¡�­�U[¡�Ê°�q�&���b�b�vã�U��ÐU²±�õ�¦q¶·«&�Ð�¤ &¢&«V�¤�b�, *��«& &�#¢&�¤¨©�¤ ·«V�b�¤�§ 4¢&�T�¤�!����i�°�m¡����[ V¡m�v�,��¢&«
¡m�[ ·�b�µ�[�|�µ���1�k�,¡,�b�µ�[�`¦I�[�� &�b�H¶·«J£(«& &�À�[« ¯ ¨��, *���q�b�¤�§ Â¢&���¤���Í�m *�µ��¢V«�¡m�§ *�b�¤ ·«&«&¨ ò ¥[�§�¤�Bí ¯ «&�1�
ãÐU�k��[«Î¡�Ê°�[�V���µ�1�4ã§õ�UÐö��� &�b�`¦Ð«& $�1�§�J�&����m�b�, *���[ *�B«& &�»´°�q &¢&�»¢J£D�[´&�1�§�b�V�b�¤�§ Î�Í�m«$�&�1�[­®�§ &¢V��¾�¿±
ÁI¨��k�,«V�ºÑ�,�b�b�»�� ·�b�m�1�&������Ð��>¡,�§¨�¨©�»�Yð*�q ·�P«V &�>­��[�¤´V�¤�P�µ�m V�m«&�v�, $­®�,�m¦&�[«Î´&�¤�, Î¡m�§¨©¨��!«& $�b�§�
�b��¡�Ê&�À�m �­®�,�º�hð§�[ *�Û��,�Ð��À���§  ¯ «V�m¨©�m *�»��ÓÐ�Í�§����Ì�, Ü�1«&�1­��[¡,�[U+Ë#�Ì¡,�§«&�&�¤� ¯ ���, ·�b�b�Ì�¤�,�»�,¸k�,�b�»¢&�
¡m�[¨��Í�§�b�²�µ���§ ����T¢&�!¨ª���µ«&�1���Ð��P�1«&�T���4����i�°�m¡����[ &¡,�>�,�#���4�&�b�[­®�[ &¢&�m«V�#¢&�>�¤��´°�q &¢&�©¾��±>ÁI¨ �m�|�
«& Ù�§´&�|���[¡,�¤�º¨ª�h½1�m«&�v�Í�§«&�P����¨©�¤�1�»�m Ù�&���q¡m�º¢&�º¨Õ����µÊ&��¢&�,�P¥����µ�[ *�À¾�À¢#��,�b�m�b¨©�¤ V�m�v�����b�m &�,«&�
�[´&�1�§�¤«V�Ù�, ß­®�,��¾�Û�&�[�1�b�¤�À¢&�,�©¢V�§ & =��,�m�ª¢I£D��¨ª� ¯ �m�b���ª¨�«V���µ���b�Í�m¡��µ�µ�q�¤�¿�§«ß´&���m Õ¢&�m�©�b�Í�m¡��µ�1�m�
¢J£���m¡�Ê°�q ·�b�¤���¤�§ &�v��«& °�[���b�,� ò �����b¡�Ê&�,���ÏØ��¤�,�b�m�1�m¦}±hó§ó��·õ�U

Ø��¤«&�1�¤�m«V�b���b�m *���q�b��¥[�m���§ *�Ü��,�Ð��ª�&�¤«&���§«â¨©�§�¤ V��¡,�§«&�b�[ & =��m�,��¢&�¿�1«&¡m¡[¾�m�À�Í�§«&�4�µ�¤�1�m���°�[���
�µ����¢V�¿���$�b�,���q�b��¥§���b��¨��&���¤¡,���Ð���¢&�¿���$¨©�¤ =��,�µ�[��� ¯ �¤�À��«& °�[���b�©�,��¢&�ª�`£D�� Q�°«&�, &¡m��¢&�ª�1�m«&���m¨©�m *�
¶·«&�m��¶·«&�m�z��m����,¨��, *�µ�$�b«&�$���m�$�&�b�[�&�b����,�Ð��,�Â�1�k�,¡,�b�µ�[���m�$¢&�m�Ù�b�[�¤�m¦v¢&�[ &�Ù�¤��´&«V�Ù¢&�Ô�b���µ�1�§«V¥§�,�
¢&�,���¤ Ð­®�§�b¨��q�µ���§ &� ¯ ��m��¡�Ê&�¤¨©�¤¶·«&�,�4¶·«°�q ·�b���µ�q�µ�²¥§�m�Î¾�Â�&�[�1�b�¤�»¢&�,���§´&�1�m�|¥[���µ�¤�[ &���1�k�,¡,�b�µ�[���m�4¢&�
��� É «V &�[U�Ë#Ê&�[�b���b�µ�Î���Ì�[�`U ò ±hóX���·õ4�Þ��,�µ�[´&�¤�=«& &�¿�1�m�¤�q�µ���§ â�m¨©�&���b�¤¶·«&���k�,�b¨©�,�1���[ *�À¢&�ª¡Y�[���
�µ� ¯ �µ�[�VÊ&�¤�,�������b�m &�,«&�Û�m  �µ�²���[ &�î¢°�[ &�����m���b�[�¤��¢&�Õ¨©�m��¨��q�b«&�b�,�m¦�¾���°�q�1�µ����¢J£(«&  �µ�[�
�
�Í�§�1�4�b�Í�m¡��µ�b�[�¹åBæ���¥Ð���b��´&�¤�qU+Ë#�,�1�µ�©¨Õ����µÊ&��¢&�©�é����Ð��©�[�&�V�¤�¤¶·«=��,�Ì�,���[¨Õ��,�¤���§����,���°�[�º�&��«&�b���m«&�1�
�[«V�b�m«&�1� òO� �§Ê& &�1�§ Þ�����[�`U�¦»±YóX�m�Ð¦PØ��¤���µ�,�b�m¦º±hóm���V¦ � �§Ê& V�b�§ Ö�,�à�[�	U²¦»±hó§óV±[¦PØ����,�b�m�b�Ù�,�à�[�`U�¦
±hó§ó��[´J¦@ñÂ�,�¤�, &¢&�b�,ï����!�[�	U²¦J±hó§ó��·õ�U@Ë#Ê&�[�b���b�µ��� ö!¢°�[¨©� ò ±hóX���§õ#�§ *�B�&����,�b�m *�Ð���«& &�º¨Õ��,�bÊ&�Ð¢V�
�Í�§«&��¢=��m¢&«&���b�¿�¤�Ù�b�m &�,«&���m â­®�,��¢&�,���b�§����¨��q�µ«V�b�m��¢&�¿¡m�[ ·�b�¤ &�, *�µ�Â¾�à�&�[�1�b�¤�4¢J£D«V ß�b�[�&�Í�§�1�
�&�1�Ð¡�Ê&���^�� V­®�µ�[�1�§« ¯ � ��¥��¤�1�¤´&���[U � �[«&¨��[ &  ò ±hó[óV±�õª�G«V�b�¤�¤������Â«& &�Û¡m�§¨�´&�¤ °�q�¤�b�[ é¢J£x�q °�[��ð��1���m 
¡m�[¨��Í�§�µ�q ·�b�m�P�&�1�¤ &¡,�¤�°�[���m�T���P¢&�º���� ¯ �b�,�b�b���§ $�¤�� #��Y�[���b�!¨�«&���b�¤�&�����Í�§«&�v¢=��,¢&«&���b�»����¡,�§ &¡,�m *�µ�b���
�µ���§ ¿¢&�»�V�¤«&�1�¤�m«V�b����,����m¨©�m *�b��¾���°�[�|�µ�¤�=¢&�m�v�1�k�,¡,�b�b�m�v��«& °�[���b�,�mU&Ø���«&�T����,¡m�,¨�¨©�m *�Y¦¡���¤�1¡�Ê&�m�v���
Ø��¤���µ�m�1� ò ±hó§ó��&¦°±Yó§ó§ô*õ��§ *�#¢V�¤�b¡,«V�Ð��!¢&�!�b�m¡�Ê& V�¤¶·«&�m�#�k�,�b¨©�,�b�µ�[ *�T¢J£(�§´V�b�m &���=�¤�º�b�m &�,«&�#�, ¢�°�h×
�Í�§«&�v¢&�,�!�1�§�¤�v¢&�º¡,�§ *�µ�¤ V�m *�µ�,U

É £x�[�1�b�²¥���,�>¢&�,�B¢V�§ & =��,�m�v¨�«&�²�µ���b�Í�m¡,�b�µ�[���m�=¢&�4Ë#�¤�,¨��, ·�b�¤ &�!�,�P¢°�q &�v«& &�>¨©�§�� &¢&�b�!¨��,�b«&�1�
¢&�¤£º�[�¤���¤�,�&¦��[�&�Í�§�1�b�m *��«& Ì�1� ¯ �[�1¢À &�§«V¥[�Y�[«Ì�1«&��¡m�,���µ�m¡�ÊV &�¤¶·«&�,�mU·¬��¤���m���Í�m�1¨����b�µ�, *��¢J£(��ÓV�[¨¥�
�¤ V�m���m �¢=��,�µ�[�¤�V�¤�v¡m�[¨��Í�§�1�b�m¨©�m *���b�Í�m¡��µ�b�[�@¢&�P��� É «& &�B�,�¹¢&�P�¤�v¡,�§�b����m���m�¹�[«ÐÓÌ�V�b�§�&�1������Ð��m��¢&�,�



÷J¦ M$ù�úYû§ü�ùONîù`ý+þQP�ù®ÿÍýR��ýSPYü��TNîþQP�U+ü�ù�P'V�W�XP�û§ÿ>N � ÿÍúYù�Phù�ÿÍý
��m¡�Ê&�[ *�µ�¤���¤�§ V�¹��«& °�[���b�,�mU É «&¡m��ðª���T�q�	U ò ±Yó§óXkÐ¦@±hó§ó[ô*õ��§ *�#�&�1�§�Í�§����!«& &��¨G��,�bÊ&��¢&�!�Í�m�1¨����b�µ�[ *�
¢&�>¢=��m¢&«&���b�!���4�b�m &�,«&�v¢&�,�T�b�§���#��«& °�[���b�m�¹�m §�°�Y×����T�, ¢¨v�R× � ¾���°�q�1�µ���=¢V�m�T¢&�[ & =��m�,�PåBæ!æ>ç|è¢&�>Ë#�¤�m¨©�m *�b�¤ &�qUQ©#����ª=�,�1�v�,�T�[�	U ò ±Yó§óX�[�*õ���� É «&¡m��ð¿���v�[�`U ò ±hó§óm�[�*õ��§ *�v¢J£(«& &�>�°�q�1�#�[¨Õ��,�¤���§����
���>¡m�[�¤��´&�µ���µ�¤�[ �¢&�P¡m���b�b�B¨G��,�bÊ&��¢&�[¦§¢I£x�[«Ð�µ�b�v�&�[�1��¢&���b¡,«V�Ð��P�m Ì¢=������[���&�¤�,���Y¥[�q ·�µ� ¯ �,�¹�����¤�,���¤�¤¨¥�
���µ�q�µ���§ &�B¢&��¡,� ¯ �, &�b��¢V���µ�,¡�Ê& &�¤¶·«&�qU+èÐÊ&Ò·«&�b�q�µ�h¥Â�,�º�q�	U ò ±hó[ó§ó§�*õv�§ *�>�&����m�1�m *�Ð��À«& V��¥§�,�b�b���§ 
¨©�Ð¢&�²í#��m��¢&�Î¡m���b�b�¿�µ�m¡�ÊV &�¤¶·«&�$�Í�§«&�À�[ &�[��ð��b�,�À¢&�m�À��¨ª� ¯ �m��¨�«&���b�¤�1�k�,¡,�µ�b�[�¤�,���Ð��m�¤�,�b¡,�§�&�¤¶·«&�,�
�[¡,¶�«V�¤�b�,�!¢&�[ &�P¢&�m�P���§  ¯ «&�,«&�b�P¢J£(�§ &¢V�m�B¢&��¸B��m�1�m *�µ�,�B¢V��Ë#���m¨©�m *�µ�� &�[U

ä»�[ &�$«& Ý�&�1�m¨©�¤�m�¿�b�m¨©�&�m¦;½1��¥q�[���Î¡m�§¨©¨©�m &¡,�m�$�°�[�Î¢=��,¡m�1�¤�b���¤�G¨Õ����µÊ&��¢&���m¨©�&���b�¤¶·«&�
�&�1�§�k�[����m�Î�&�[� É «&¡m��ðâ���Ì�[�	U ò ±Yó§óXkÐ¦¹±hó§óm�[�*õ�U�Ë#�,�1�µ�Î¨Õ��,�µÊV�Ð¢&�q¦�¶·«&�T�,�1�À�¤�à�&��«&�����q� ¯ �,¨��, ·�
«V�b�¤�¤������,�©�&�[���¤�Î¡m�§¨©¨�«& °�q«V�Ð��q¦H�1�m�|¥Ð���µ�Ù¢&�ª�Í�§�¤ *�4¢&��¡m�§¨©�°�[�b�[�¤�1�§ JU}êB�§«&��¥[�m�1�b�§ &���m &�1«&���b�
¶·«&�Ô�	£(�¤ *�Ð�� ¯ �µ�q�b�¤�§ á¢&�m�$¢&�§ V #��m�,��åBæ!æ>ç|èé�,�Âê!ç�ë �Í�m�1¨����$�	£���m�¤�[´k�[�µ�q�b�¤�§ �¢J£D«V &�Ü V�§«V¥§�,�¤���
¨Õ��,�µÊV�Ð¢&��¢&�»¡Y�[�|�µ� ¯ �µ�[�&ÊV�¤��¢V«$­®�,�v¶·«&�J�m£D�q¸k�µ�[ V¡�Ê&���v¢V�»�������¤¨©���µ�P�&�1�¤ &¡,�¤�°�q�¤��¢V�»����¨Õ��,�bÊ&�Ð¢V�
¢&� É «&¡m��ðÕ�,�©�[�`U�¦B¾�Û�b�Y¥§�§���À«& &�Î­®�§�1�b�$¢#��m�Í�m &¢&�[ &¡m�Â�Y¥§�,¡Â���m�À�Í�m *�µ�,�����Ð¡m�[�¤�,��¢&�m�À�b�m�b�b�[�¤ V�
�§´&�1�m�|¥���,�mU
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NPORQTS kÐUxã
��Ñ o d l \e{�Z�Ò�ghf�d o _ed�q·qTZ@ghZ �·l \|Z|��X i,l _&ghZ1aV\�_ed�]1yZ|_	Z1a@�²f j ] nZ|_	fDZ l _ t[nZ�r®Zb\^]ed�a·Z|]VZ j ~mfx_ i�j ae�*a`f(] lInZ1aÐa l _- a`f(]	Z1a@gÓn d�]�]`Z1_`_	f�a`a	d o Z p�� Zba@X i f j ]	a@\ i�j ~�Z1_ o Z j ]°~�Z|_ea l�j Z i _	f o f j Z+\ i q·q l�j Z p,� n d j�o wDZ�Ô�Zba®]kX�_ i X i _�]	f i,j�j Z1w�yd
w�d�]`Z j Z l _kZ j t�Z1_ t Z�]Íw�d�ghf�a�]	d j \�Z=yd�wÕn i _	f o f j Z+g nZ|X[Z j gvg l ghZ o _ nZ+g�Z�qvd�] l _`fD] nZ+g�Z1aÍa i w�a p Ñ$gh_ i fD]`ZÀÒ,X�d�_	diq�yZ�]	_`ZÔ�\|d�wx\ l w nZIa l _°wxZ1a@g i,j�jJnZ1Z1a � wxZ�qTZ j ]`f j Z�Ö�×�×�Ø�W#Z j t i,j \^]	f i,j ghZ}wxd;]	Z j Z l _Jq i ��Z j�j ZIZ j t�Z|_Íg�Z1a nZb\e{�d j ]`fxwxw i,j a
ghZ�a i w*X�_ nZ1wDZ1~ nZ1aÍa l _}wxZ1a+a`fD]`Z1a}\ i _	_`Zba�X i�j g�d j ]	a p w n d�X�_1yZba �·l \|Z|�PZ|]Hd�w p � r����iÙ d,� p

É �î¨Õ����µÊ&��¢&�Â¢&��¡Y�q�1�µ� ¯ �µ�[�VÊ&�¤�Ù¢&«á­®�,�ª�&�1�§�k�[����m�à�°�[� É «&¡,�,ð��,�$�q�	U��m�|�Î´°�[����m���1«&�¿�¤�
¢=��,¡m�§«&�V��� ¯ �Ì¢&�,�4¥q�[�1���q�b�¤�§ V�>¢&�Ì���¿�µ�, &�m«V���, Ü­®�m�º����¢V�©�¤�Î¨ª�q�b«&�b�²�Ð��À¢°�q &�º«& î¢&�¤� ¯ �b�[¨�¨©�



�y��ø ÚÛV�XP�Ü+ÿ-���Ðú����6ÝÁUHûm� 	 �XP©þÂ��� ÷SÞ
�µ�b�k¼¡Y�q ·�P���»�µ�[�V�k�§�|�PóXk[³m�m�mk[³� V¨ �m Î­®�§ &¡��µ���§ $¢&�»����������°�,¡,���q &¡m�Î¾���mk[³� &¨ÙU É ��í ¯ «&�1��kÐU�ãq�
¨©�§ *�µ�b�©�¤�©¢&�¤� ¯ �µ�q¨�¨©�À�k�[«&��«& î�m &�1�m¨�´&���ª¢&���k�[�¤ *�µ�4��Ó��µ�b�[���b��¢&�,��¢&�[ & =��m�,�ÌË#�¤�,¨��, *�µ�¤ V�
åBæ!æ>ç|èÔ¾��Ê&�[«V�µ�!����,�b�§��«V�µ���§ ª�1�°�q�µ�¤�[�¤�B¢&�»ô��b���b�m�=¢J£x���b�µ�,�b�1�¤�b�b� ¯ �qU É �m�T�Í�§�� ·�b�=¡,�§�b�1�m�1�k�§ V¢&�m *�
¾��¢V�m�T¡,�µ�q�Y¾�m�b�,�#­®�µ�q�¤���,�4¾���¤�,«&�b�#�[�¤�, *�µ�§«&�1�m¦}¾���&�1�YÓV��¨��²�Ð��P¢&�,�T�b�²�µ�m�=¢&���1�,�b�§«&�¹¢J£���,¡�Ê°�[ *�µ���¤���§ &�mU
Ø;�[«&��¡�Ê&�[¶·«&�ª�1���µ� ò �k�§�� *�µ�º�[��� ¯  =��,��õ�¦J���$¡m�§¨©�Í�§�b�²�µ�¤�[ ��m�|���[�V�&�b�YÓÐ�¤¨��q�µ�²¥§�,¨��, ·�4¡,�§ &�1�µ�[ *�µ�q¦
�¤�,�¹¥q�[�1���q�b�¤�§ V�À������[ *�#�&�b�� &¡m���°�[�¤�,¨��, *�=¢V«&�m��¾�4���º¨ª���µ«&�1���Ð��qU É �m�T ·«°� ¯ �m�#¢V���Í�§�¤ *�µ�=�b�,¨�´&�¤�, *�
¡m�[ ·¥[�m� ¯ �m��¥[�m�1��«& &�=�§�b� ¯ �¤ V��¡m�§¨©¨�«& &�q¦��b���b«=��m�¹�m lßÐàâá¹ãHäz³Qåx³����,�:ßuæ¹á¹ãiç�ßuàâá¹ãHä ±måxã§ãÐU�è�«&�;¡,�
¢&�¤� ¯ �µ�q¨�¨©�[¦§�`£x�q  ¯ �¤�¤è éÂê��m�|�v¢&���b�m¡��µ�,¨��, ·�#�¤����À¾�4���º�µ�m V�m«&�=�m ª­®�,�m¦��,�T�¤�4¢V�¤�1�µ�[ &¡,�©¾���`£D�§�1� ¯ �� &�
�§�V�b�¤¨©�¤����m�©¡m�§�1�b�m�1�k�[ &¢Õ�[«â¢&� ¯ ����ª¢&�¿¨��q�µ«&�1���Ð�� ò �°�[�b�[¨Â¾���µ�1�Î×ºñÂö!¨Bõ�U�Ø��¤«&���¤�Â¢&���1�µ�[ &¡m�Û¾�
�	£(�§�1� ¯ �� &�º�m�1�º�Í�,�b���b�[¦Í�&�¤«&���¤���1�§���§´V�b�m�|¥���À�m�1�º¨��q�b«&�b�q¦k¡,�À¶�«V��¡m�[�b�b�,�b�Í�§ &¢Û´&���m Û�[«ÐÓà�,¸k�,�b�
�b�Í�m¡��µ�b�[«ÐÓ$¢&�º�¤��¨ª���µ«&�1���Ð�� ò ¢&��¨��� �«Ð�µ�¤�[ ª¢&�»�¤��������&�m¡,�µ�[ &¡,�����P¢&«$¡m�§ *�µ�b�[�1�b�º�b�Í�m¡,�b�µ�[�`¦V¢&�[ &¡
�[« ¯ ¨��, ·�µ�q�µ���§ ©¢&«¿�µ�q�&�k�[�1�#óXk[³X�m��k[³4 V¨¿õ�U É �4�b� ¯  &��í°¡m�q�µ���§ Ì�&����,¡m���b��¢V«¿�°�[�b�[¨Â¾���µ�1�>×ºñÂö!¨
�m�|�P¢&�¤�1¡m«V�Ð��m�>¢&�[ &� É «&¡m��ð¿���P�[�	U ò ±Yó§óm�[¡Yõ�U É ������m�°�q�1�µ�²�µ���§ ª¢&�,�v�k�[�¤ *�µ�=�b«&�v����¢&�¤� ¯ �µ�q¨�¨©�P¢&�
���ºí ¯ «&�1��kÐUxã[��¨©�§ *�µ�1��¶·«&�»���4¨ª���µ«&�b�q�µ���§ J¦·�µ�[ V�T�k�[«&�T�[«Ð���[ *�v¡,�§¨��V�	¾�,�b�m¨©�m *�T�[´&�¤�²�Ð��m�1�m�¹�¤�,�
¡Y�q�µ�[¡��Ð��m�1�¤�|�µ�¤¶·«&�,�=�1�k�,¡,�b�µ�[���m��¢&�B¨ª�q�Ð��m�1���[«ÐÓk¦*�º�Í�§«&���,¸k�,�¹¢J£(«& &�²­®�§�b¨©�¤�1�m���b�Í�m¡��µ�b�[�¤�,¨��, ·�¹¢&�,�
�µ�,�b�b�[�¤ &�v¢V��¸B��m�b�, *�µ�mU

Ø;�§«V�ª�¤�,�ª¨©�¤�1�b�¤�[ &�Ìö��Í�§�¤���ß±�kÐ¦!±YôÜ�,�Â±��Ð¦¹�	£(«V�b�¤�¤���µ�q�b�¤�§ î¢&�à�¤�¿½1�,�m�é�¤«V °�[�¤�1�Ù�Ü�Í�m�b¨©�¤�
¢J£(��ÓÐ�&���§�b�,�©¢V�m�Ì¢&�¤�|���[ V¡m�m�Ì¡,�§ &�b��¢=��m�b�[´&���m�m¦����b�µ�,� ¯  &�[ *���Xk�Ò�¨ �k�§«V�Àö��Í�§�¤���â±��ÐU�ØH�§«&�Ì¡m�,�
�µ�1�§�¤�¹¨©�¤�b�1�¤�§ V�m¦·�¤�,�=��¨ª� ¯ �m�#Ë#�¤�m¨©�m *�b�¤ &�B�§ *�T¢&�[ &¡�«& V�>����,�b�§��«V�µ���§ ��1�°�q�b���[���!�1«Q�©�µ�[ *�µ���k�§«V�
¢&���1�µ��  ¯ «&�,�#¡,���[���b�m¨©�m *�=�¤�,�T¢&��¸P��m�1�m *�µ�#�b���b�m�T¢V�>�&����,�	¾��¥§�m¨©�m *�P¢J£^��m¡�Ê&�[ *�µ�¤���¤�§ V�mU É �4í ¯ «&�1��kÐUxãq´
¨©�§ *�µ�b�Î�¤��¡m�§�1����,���q�b�¤�§ â�, *�µ�b�$���¿�°�[�b�[¨Â¾���µ�1�§è éÂê��¤�1�b«Õ¢&�m�Ì¢&�[ & =��m�,�©åBæ�æ�ç|èÕ���Ì���à�b�m &�,«&�
�m ��°�h× ¢V�m�é��m¡�Ê°�q ·�b�¤���¤�§ &�Î�V����m���,¥���m�Ù�b«V�Ù���m�$�b�²�µ�,�Î¡m�§�1�b�m�1�k�[ &¢°�[ *�µ�,U>Ë#���b�b�Ô¡,�§�b����m�¤�q�µ���§ Ý�
�Í�m�b¨©�¤�B¢J£���,�µ�[�¤�§ V &�m�!����¨G��,�bÊ&��¢&���Í�§«&�B�§´V�b�m &���m¦�¾�ª�°�[�|�µ�¤�B¢&�,�>¢&�§ & =��m�m�>åBæ�æ�ç|èk¦I�¤�©�b�m &�,«&�
�m ¡�@�Y×Þ¢&�� I£D��¨��Í�§�1�b�P¶�«V�m�Í�b���b�[U É ���&����m¡,�¤�b���§ ª¢V�����º¨Õ��,�µÊV�Ð¢&�B�m�|�T�,�1�µ��¨Õ��,�Ì¾�lëÌ±���ãmì �b«V�#�¤�
�Í�§«&�b¡,�m *��� ¯ �º�m Ù¨ª�[�1�b� ò É «&¡,�,ð$�����q�	U²¦J±hó§óm�[�*õ�U&Ë#�4�Í�§�� ·�P�1�m�b�©¢&���b¡,«V�Ð��º«& Ù�k�,«Â�V�¤«&�P�¤�[�¤ JU

É �Â¨Õ��,�µÊV�Ð¢&�ß��,�µ�[ *��´°�q����m���&�b�� &¡m���°�[���m¨©�m *�4�b«&�����$�&�b�[­®�[ &¢&�m«V��¢&��´°�[ &¢V�Ô¾�Ü±ªÁI¨Ù¦}�§ 
�Í�§«&�b�b�[�����k�, &�b�,�¹¶·«J£(�m���¤�v &�P�&�1�m &¢©�°�[���, �¡,�§¨©�V�µ�v���#­®�m��¡m�[ ·�b�m ·«©¢°�[ &���¤�,���&Ê°�[�1�m�¹�§�°�[¶·«&�,�
�µ�,�¤���m��¶·«&�Ì�`£D���¤¨Õ��m &�²�µ�[¦°¢&�[ &�>�¤�ª¨��,�b«&�1�À�+¾«�¡m�À¨©�¤ =��m�µ�q�; &�À¡,�§ *�µ�1�¤´&«&���°�[�ª¾�¿�����&�b�[­®�[ &¢&�m«V�
¢&���¤�Ü´°�q &¢&��¾��±�Ák¨ÂU¹¬� �­��[���m¦=�`£x�q¢&¢&���b�¤�§ ß¢J£(«& &��¡,�§¨©�k�§�b�[ *�µ��¢I£D���¤¨Õ��m &�²�µ�$¢°�[ &�ª«& é�b�§�
�	£D�[�1�b�§¨�´V�b��� ò ßuàâá¹ã¹¢V�¤¨©�¤ ·«&�hõ}�,��­��[���H�µ�, &¢&�b�v���#�b�[�&�Í�§�1��óXk[³X�m��k[³! &¨ ¥§�,�b�P±§U É £D��¸I����¢J£(«& À�µ�m�
¡m�[¨��Í�§������§�°�[¶·«&�»�,�1�B¢&�§ &¡»¢I£x�[« ¯ ¨��, *�µ�m�#�����µ�, &�m«V�v�m Î­®�m�v�q�&�°�[�1�m *�µ�º¢°�[ V�v�¤�>¢&�¤� ¯ �b�[¨�¨©�
¢&�!���»í ¯ «&�1�ÐkÐUxã[�VUÐ×>�m¦·�`£D���¤¨Õ��m &�²�µ��������[ *�=�b�¤¡�ÊV�!�, ª­®�m�,¦��¤�º�b�m &�,«&�#�, �­®�,�#����,�m���¤�B�[« ¯ ¨©�m *�b�!�,�¤�¤�
�[«&�1�b�`U É �P¡m�§�1����,���q�b�¤�§ º�m *�b�b�=�b�m &�,«&�H�m �­®�,�;¢=��m¢&«&�²�µ�¹¢&«�¢V��� ¯ �b�[¨©¨��������¤�T�µ�m V�m«&�;�m �­®�,�;����m�,�¤�¤�
�m�|�P¢&�§ &¡»�Í�m«$��¸I�,¡,�Ð��,�[¦&¢V«Ù¨©�§�� &�4¾���¤���&����,¡m���b�¤�[ ¿¢&�»����¨Õ����µÊ&��¢&�>�&�m¾�m�,U É �>�k�[«&�b¡,�m *��� ¯ �»�m 
¨��[�b�1�4¢V«Ù­®�,�v¡m�§ *�µ�, ·«�¢°�[ &�P«& Ù�b�[�J�m�|���§´Ð�µ�m ·«Ù�°�[���

è éÂêÀäîí��q�b¡,�µ�[  ò ò ßuæ¹á¹ã�ç�ßÐàâá¹ã�õ:íá±må�ã[ãßÐàâá¹ãÁíÕ³
åx³�� õ ò kÐU�±hõïvð�ñ ò�òôó ìÌõ�ä ò è éÂêHõ�ã§ãgåxó*ã��*õ'íÕôQåD³X�mk ò kÐU�ã[õ
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ëB�,¨ª�q�b¶·«&�u��¢°�[ V��¡m�,����m¶·«°�q�b�¤�§ V�m¦��¤�m�;����i�°�m¡����[ &¡,�m��¡,�§�b�1�m�b�Í�§ &¢V�m *�¹�[«ÐÓ�¢&�§ V #��m�,��åBæ!æ>ç|è
Ë#�¤�,¨��, *�µ�¤ V���b�,¡Y�[����m�m�$�1«&�Î�¤���1�k�,¡,�b�b�Û�m z����i�°�m¡����[ &¡,�Û¢&��¸k«&�b��¢V�Ô�`£���,¡�Ê°�[ *�µ���¤���§ �ô*ã[ã��V±§U=ö
�	£(�¤�1�b«&��¢&���¤�ª����,¢&«&¡,�b�¤�§ à¢&�m�»¢&�[ & =��m�,�»�°�[�!�¤����� ¯ ��¡m�¤�,�}ç|èÐç|èk¦k�¤���1�m¡m�[��� ¯ ���m�|�º�,¸k�m¡��µ«=����1«&�»�¤�
�b�Í�m¡��µ�1�Î�m G����i�°�m¡����[ V¡m�$´&�¤¢V�¤�b�,¡,�b�¤�§ & V�m�¤���À¢&«G¨ÂÑ�m¨©�á��m¡�Ê°�q ·�b�¤���¤�§ îô*ã§ã��V±[U;ØH�§«&��¡m�[�¤¡,«&�¤�,���¤�
�µ�, &�m«V�H�, 4­®�,�#¾�v�°�[�1�b�¤�J¢V���	£D�[� ¯ �[�b���bÊ&¨©�;¢&� É «&¡,�,ð»���H�[�	U²¦Y�¤�q�m�|�;¢V�§ &¡� =��,¡m�m�1�µ�[���b�¹¢&��¨�«&�²�µ���&�¤���m�
�¤�,�v¢&�§ & =��m�m�P����m¢&«&�²�µ�,�B�&�[�vç|èÐç|è¿�°�[�v���m�v¡m�����©¡,�¤�m *�b�B�1«&��¥q�[ *���L�V±�k� &¨Fý ±§UD³m�X�mk�þL�mk[³À &¨ý ±§U�±hã��·ã�þ°óXkq³ÿý ±§U²±�kÐ± � ò ¡,­�U&í ¯ «&�b��ãÐU²±�õ�U
µ·¶¹¸·¶¹¸ »�¼!½!óQ¾À¿Á½Â¼dÃÅÄÅÆ�Ç*È�É óLÆ·óL¼��ÐÇ

Ë#�§¨©¨��© &�§«&���	£D�h¥[�§ &�4¥Ð«â�[«â¡�Ê°�[�V���µ�1�ÎãÐ¦+�¤�Ù�µ�, &�m«V���m â�b���µ�[ &�©¡m�§ *�µ��Ñ�§�¤�©���$­®�§�b¨©�©¢&«
�b�Í�m¡��µ�1�©�, *�µ�b�©³��p�Î�,�4³��Dô$ÁI¨��}Ë#�,�1�µ�Ì�&�1�§�&�b����,�Ð����k�,«V��Ñ�,�b�b�À¨©�¤�b�Ù¾�$�V�b�[í&�º�Í�§«&�»¢=��m¢&«&���b�À�¤�
�µ�, &�m«V�B�, Ù�b���µ�[ &�»¢&�,�B�1�§�¤��� É ��í ¯ «&�1� k����À¨©�§ *�µ�b�»���>�µ�q�&�k�[�1���&±�k��m�mk[³� &¨ �m $­®�§ &¡��µ�¤�[ Î¢&�
���¿������°�,¡,�µ�[ &¡m��¾���mk[³¿ &¨ �b«&�»���m�»¨ÂÑ�m¨©�m�»¡m�b�q�Y¾�,�b�,�º­®�b�[�¤��¶�«V�©¡,�m«ÐÓÔ«Ð�µ�¤���¤����m�>�Í�§«&�»�¤�ªí ¯ «&�1�k��xã��kË#�§¨©¨��4¢°�[ &�!�¤�4¡Y�[�!¢&«à­®�,�m¦@�k�[«&��¡�Ê°�q¶�«V���b�²�µ�[¦@���m���Í�§�� ·�b�!�1�§ *�»�[�V�&�b�YÓÐ�¤¨��q�µ�²¥§�,¨��, ·�
�[��� ¯  =��,���m ©¢&���b�m¡��µ���§ À¢J£(«& &�P�§�b� ¯ �¤ V�T¡m�§¨©¨�«& V�[¦§¡,�§�b�1�m�b�Í�§ &¢&�[ *�º¾�º«& ÌÊ*ð��k�[�bÊ=��,�b�¤¶·«&�B�b�§�Ð�µ�m¾�,�
¨��q�µ«&�1� ò �b�[¨�´&�b�Ù�,���b�[« ¯ �hõ��=Ë#�,�b�b�Â�[�b� ¯ �¤ &�Î�1�m�1�Û¾�Ü¢=��,í° &���Ì«& á�°�q�µ�[¨Â¾�,�b�b�Â�[  ¯ «&�¤�[�¤�1�¢è�	�

¡m�[�b����,�����¾�º�	£D�[´k�[ &¢°�[ &¡,�P¢&�!¨©�¤ =��m�µ�q«ÐÓÀ�§�&�[¶·«&�m�=�b�Í�m¡,�b�µ�[���m¨©�m *�¹ &�m«Ð�µ�b�,�m¦�¢&�§ &¡!�[«Ì�µ�²���[ &��� É �
¢&���1���q &¡m�Ì¾�4�`£D�§�1� ¯ �� &�v�m�|�T¡,�§ *�µ��Ñ�[����m�B�°�[�¹�¤�B¢&� ¯ ����!¢&�!¨��q�b«&�b�²�Ð��P¢&�m�=�b�§�����ÐèÐ«&�=¡m�B¢&��� ¯ �µ�[¨©¨©�[¦
�	£(�¤��¨Õ��, &���b���q�&�°�[�b��Ñ ���v�, ÂÊ&�[«V�À¾� ¯ �[«&¡�Ê&���

Ë#�§¨©¨��º¢°�[ V���¤�º¡m�[�!¢V«Â­®�m�,¦@¡m�,���[� ¯ �§�b�²�µÊ&¨©�»�Õ��,�Ð�����,�µ�[�¤�[ & =��º�m ��q´&�b�§��«Õ¾�Ì�°�[�|�µ���B¢V���¤�
¡m�[¨��Í�§�b�²�µ���§ �¢V�m�T�1�§�¤�=�&����,�¤�,¥���,�v�b«&�T���m�=�b���b�m�=¢&�m�v¨©�¤�1�b�¤�[ &�=ö!�k�[�¤�¤�©±�kÐ¦Í±hô����>±���� É ���b�m &�,«&�
�m $�µ�²���[ V�»�m�1�B¢&�[ & =��m�Î¾��ëÌ±i�|ãmì �&�m¾�,�!�°�q�Å�
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èÐ�Í����¨G��,�bÊ&��¢&�!¢V��¡Y�q�1�µ� ¯ �µ�[�VÊ&�¤�B¢&«ª­®�,�#�,�=¢&«ª�b���µ�[ &�B¶�«V�> &�§«&�¹¥§�, &�§ &�v¢&�B¥§�§���=�,�1�=�µ�m¾�,�
���q� ¯ �,¨��, ·���m¨©�&�¤�hð���m�$¢°�[ V�©�¤��¡m�§¨©¨�«& °�q«V�Ð��q¦��m���¤�¿ J£(�m ß�&����m�b�, *�µ�à�&�[�Ì¨��§�� &��¢&�,�����¤¨©���b�m�
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ò ±Yó§óm�§�*õ�¦ � �§���¤��¸ ò ±hó§ó§ó*õ�¦�è��µ�[�¤¢ � Ø��¤���µ�,�b� ò ã[³[³§³*õ���Ë#�§¨�¨©�Î�¤�Î¨©�§ *�µ�1�$���àí ¯ «V�b�Tk���ã�¦��¤�,�
�Í�§�¤ *�µ�»¡,�§�b�1�m�1�k�§ V¢°�[ *���q«Ô�1���b�©ö!�k�[�¤�¤�à±hô ò �b�,«&���b�²�µ�Ì¢&�Ì¡m�[ ·�b�¤ &�, *�µ��õ>�1�m¨�´&���m *�4¡m�§ *¥[�m� ¯ �m�
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zOoQr � rnqO~�m�{OoÁä � í ßuæ¹á¹ã
Ç ã å ã ç,à`É�ßuàâá¹ã ü Ç/­Qåp�Xç,ànÉ�ß��{á¹ã¹ã�� ÇOk����,É

r��{ ßÐàâá¹ãD¬-ßôæ¹á¹ã�m�y ß��{á¹ã¹ã�pQrnq`y�uim�p�o�vm��Ym�}�yR|�qO}�m�p¸�|��mk,­�¬8áXk,­�m�y � k,­n­�qOw�¬Fm�yªÇ ã å ã ç,à`É�ßÐàâá¹ã ü
Ç/­
å��Xç�à`É�ß��{á¹ã¹ã!m�pQy�u¯|���|,uim�{OoVm�pQy3stw�vm�m�~O{¸}�rnq`y�stqk{O{�w ÇZuistq�vm�|,stoQmDÉ��|�áXk,­�qOw��YµVm�y3y�m�~�vm�ÚYqOs�y�str,q
zdm�o3w�m�y�~ � |��xq�m�o�u � m�p;y�siwª|�y3strnqæ~Om:ut|�zOo3r � rnqO~Om�{Oo�~Om:ut|��Y|,qO~�m:~Om � ­Xì zY|,o�o3|,zOzdrnoQy±�|
u � m�p;y�siwª|�y3strnq:�O|,p�vm�m�p3{Oo�u � Ý�Þ�Þ�Ë;ß�p3m�{�u�� ¨ |¸ÚY�n{OoQm¡k��AÜ,�£wxr,qky3o3m�u¯|¸zOo3r � rnqO~Om�{Oo�~Om��Y|,q�~Om
vm���|,ui{�vm�mVzY|,ocu � vm���{O|�y�sirnqjk�����p3{�ocÆfoQstpQy�|,o3}R�k{Op��kµVrnw�wxm�rnq�zdrn{���|,siyMp � È�|�yQy�m�qO~Oo3m�¬,uim�pM��|,uim�{OoQp
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y�m�{Oo3p)stq�~Vvm�zdm�qO~O|,q`y�p)��{�s�siqQ�Y{Om�qO}�m�q`yc{Oq%ÅQm�{�~Om�w�m�pQ{Oo3m�pL}�rno3o�vm�u�vm�m�p�¬'m�y)~ � vm���|,ut{�m�o�u¯|%��|,o3st|,qO}�m
|,pQp3r�}�s�vm�m��|�}R�O|,}�{Oq�~Om!}�m�p � |,}�y3m�{OoQp�� ¨e� mi�x}�|,}�s�y�vmg~Om!u � Æ�µ%Û�zdrn{Ooe~�vm�}�r,o3o�vm�utm�oC{�q�ÅQm�{x~�m!��|,oQs��
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zOo�vm�}dvm�~Om�w�w�m�q`y�¬��|�p�|��nrnsioVut|�zOoQr � rnqO~Om�{Oo%~Omfu¯|��O|,qO~Omx�| � �Fw�¬�ut|�zdm�q`y�m�~�{�}�rnq`y�siqk{O{Ow�¬�m�y
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}�oQsiy��m�o3m�pgÇarn�Op3m�oQ��|,�Ouim�p�É�¬>m�yc~ � |,{�y�o3m�zY|,o;y��|�}�|,oQy3rn�no3|,zO�Osim�o)utm�pLzOo3r�}�m�p3pQ{Ope|,pQp3r�}�s�vm�p�� ¨ |�}�rnq`y3o3s��
�O{�y3strnq�y�r,y�|,utm�~Om�pMy�oQrnstpL|>·�m�pLst~Om�q`y�siÚVvm�pMzO|,oMu � Æ�µ%Ûü�|�ut|!��|,oQs¯|,q�}�m�y3r,yR|�utm�m�p;yco3m�p3zdm�}�y�si�,m�w�m�q`y
~Om·�,Ü��UáXì�¬ � ���AáXì m�ydk�� ã ì�� ¨ |�ÚY�n{OoQmHk�����w�rnq`y�oQmVu¯|!o3m�zOo3r'ÅQm�}�y3strnq�~Om�pc~�rnqOq�vm�m�pcpQ{Ooc}�m�pMy�oQrnstp
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|>·�m�utm�p�stwx|,�nm�p�~Om�}�rnw�zdrnp3s�y�str,q³m�y�~Om�wx|�y�{�o3siy�vm�}�|,ut}�{Ou�vm�m�p�zY|,o�ut|�w�vm�y��Or�~Om�~Om ¨ {O}�m�È�m�y
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u¯|�p3{Os�y�m%~�m%qOr,y3m�oc�k{Omg}�m�y�|>·�m%m�pQy�vm��`|,utm�wxm�q`yLy3o��m�pe}�rno3o�vm�u�vm��|fut|fzbm�q`y�m%~O{�}�rnq`y�siq�{�{Ow Ç#ÚY�n{OoQmk��UÜn|`É���µVrnw�wxm�uim�wxr,qky3o3m�uim�p�ÚY�n{�o3m�p k�������m�yÿk������ � ¬cu¯|³~Om�{�·�s��m�wxm¸p3r,{Oo3}�m�~�m¸��|,oQs¯|�y3strnq
��stm�qky�~Om�ut|�y�m�q�m�{Oo!m�q � m�o��X«eq�ÚYq8¬Yut|�o3m�pQp3m�w��Ou¯|�qO}�m�~Om�pgÚY�,{Oo3m�pÐk�����}�m�yÐk�����} � stqO~Osi�k{Om��k{Om
utmCy�oQrnstpQs��m�w�m � |,}�y3m�{OoMstqQ�Y{�m�q! }�|,q`yeutm�pMw�m�p3{�o3m�pMp3zdm�}�y3o�|,uim�pcm�pQye��stm�q�uts�vm��|fut|�y�m�qOm�{�ocm�q�y3siyR|�qOm,�
µVm�yQy�mª|,qY|,u�È�pQmxm�pQy�~OrnqO}x}�rn��vm�o3m�qky3m�|��nm�}�utm�w�r�~8�m�utm�~Om"�f|,z���mªm�y�|,u/�CÇ � áX��knÉ�m�y�Ì�|���|T�
�f|�z��,mªÇ � á��X�nÉ�}�rnqO}�m�o3qY|�qky�u � rnoQst�nsiqOmf~Om�p���|,oQs¯|�y3strnq�pVp3zdm�}�y�o3|,utm�p�pQ{Oo�u¯| ¨ {OqOm��
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p3zdm�}�y�o3|,utm�p�~Om�p�pQrnutp�ui{OqY|,sio3m�p�~�sto3m�}�y3m�w�m�q`y�pQ{Oo�utm�p�~Or,qOq�vm�m�p�r,o3�Os�yR|,uim�p��8ÛLrn{Oo�}�m � |,sio3m,¬kÅ � |,s
m�·�y3o�|,s�yf{Oq�m�p�vm���{�m�qO}�m�~�m�p3zdm�}�y�oQm�p�~ � {Oq:zdm�y�s�yf}�o�|�y��m�oQm � o�|�stp�p3siy3{�vm�~O|,qOp�{Oq�mGF�r,qOm�~Om�wxm�o
ÇaÚO�n{Oo3muk��p�`É��n«ey�|,q`yV~�rnqOq�vm�m�ut|�y�|,stuiutm%o�vm�~O{�siy�m!~O{x}�o3|�y��m�o3m,¬`m�yVp3|�uir�}�|,utsip�|�y3strnq�~Y|,qOp�{OqOmHF�r,qOm
~Om�wxm�of�Ornw�rn�O�m�qOm�Ç/â©}�«�ª�m�q�m�y�|,u���¬ � áná��`É�¬Xrnq³zdm�{�yfo�|,sip3rnq�qY|,�Ouim�w�m�q`y � |�sto3m�u � �`È�zbr,y3�8�m�pQm
�k{Om�utm�p���|,o3st|�y�sirnqOp�p3zdm�}�y�o�|�utm�p�rn�Op3m�oQ�evm�m�pxpQrnq`y�~O{Om�p�{OqOsi��{�m�w�m�q`y�|,{²~Om��no�vm�~�m�wª|>y�{OoQsiy�vm
~Om�p%p3rnuip�m�y%qOr,q£�|�{Oq�m�~Osi�!vm�oQm�qO}�mf~Omf}�rnw�zbr,p3siy3strnq©Ç#y�m�q�m�{Oo�m�q � m�oCrn{�m�qªy�s�yR|,q�mDÉ�� ¨e� stw�zY|,}�y
|�m�·�}�|���vmå~Om�p©wx|�y�vm�o3st|,{�· � o3|,stp±Çastw�wª|>y�{OoQm�pRÉ�¬%�k{Os�p3m±w�vm�u¯|,q��nm�q`y�zOo3r,�no3m�p3p3s��nm�wxm�qky³|,{�·
wx|�y�vm�o3s¯|�{�·æzOut{�p�|,qO}�stm�qOpªuirno3pQ��{�m³u � rnqüp � vm�utrnsi�nqOm�~O{Ð}�o�|�y��m�o3m�¬V~O{ÿw�rnsiqOp³�|�u¯|±o�vm�pQrnut{�y�str,q
p3zO|�y�st|,utmx{�y�siutstp�vm�m³Ç ë ã ­n­³w¡�>zOs�·�m�uipRÉ�� ¨ m�pQzbm�}�y�oQm � m�pQy�m�·�y�o�|�siy�~Omªu � stq`y�vm�o3stm�{Oo�siwxwx|�y3{Oo3m
~O{²}�o�|�y��m�o3m�¬Mm�y�utmxp3zdm�}�y3o3m�k©m�pQy�m�·�y�o�|�siy�~�m�u¯|�wxm�o�wx|�y�{OoQmªm�qk��sio3rnqOqO|,q`y�m,� ¨ m�p�p3zdm�}�y�oQm�p
ã ¬Là³m�y¥��}�rnoQo3m�pQzbr,qO~Om�q`y�|,{�·IF�rnqOm�p�siq`y�m�oQw�vm�~Os¯|�sto3m�p�� é qåo3m�y�oQrn{��nm�}�u¯|,sio3m�wxm�qky�utm�p�m��bm�y3p
rnz�y3st�k{Om�p�sip3pQ{Op�~Om�p�zOoQr�}�m�p3pQ{Op�~ � |,u�y�vm�o�|�y3strnq³pQzY|�y3s¯|,uim�÷�~Ostw�stqk{�y3strnq�~Om�u¯|�o�vmi�Ym�}�yR|,q�}�m�ÇaÚY�O�k��p�n|`É�¬L~Osiwxsiqk{�y�sirnq£~�m�u¯|�z�o3r � rnq�~Om�{Oo�~Om�p��Y|�qO~Om�p�~ � |,��p3rnoQz�y�sirnqÓ�| � m�y ã �Fw Ç k��p�,�XÉ�¬Mm�y
|,{O�,wxm�qky�|�y�sirnq�~Om�u¯|:zbm�q`y�m�~�{ü}�r,qky3stqk{O{Ow ÇOk��p�,}DÉ��CµVm�}�r,wxzdrnoQy3m�w�m�q`y�m�p;y�~Osio3m�}�y�m�wxm�q`y
}�r,wxzY|�o�|,�Ouimx�|�}�m�ui{Os8w�stpgm�qÖvm���si~Om�q�}�m�p3{Oo!utm�p�vm�}R�Y|�qky3stuiutrnqOpgui{OqY|,sio3m�p%~Om�u¯|�ÚY�n{�o3m ã ��k��

¨ |�ÚY�n{OoQm§k��p�,~åzdm�o3w�m�y�~Omª��stpQ{Y|,uistp3m�o�uim�p���|,oQs¯|�y3strnq�p�oQm�p3zdm�}�y�s��nm�p�~�m�p�zY|,o3|,w©�m�y�oQm�p�~Om
zdm�q`y�m¸~O{�}�r,qky3stqk{O{Ow m�y�~Om¸zOoQr � rnqO~Om�{Oo�~Om¸�Y|,q�~Om�zbr,{Oo�utm�p�zbrnsiq`y�p�}�r,o3o3m�p3zdrnqO~Y|�qky3p�|,{
}�o3|�y��m�o3m � o�|�stpcm�y��|�pQm�p�|,utm�qky3rn{OoQp�� é q��nrns�y���{ � siuOm�·�stp;y�m!{OqOm!oQm�u¯|>y�str,q�utstq�vm�|,sio3mVm�q`y�o3m!}�m�pC~Om�{�·
zY|,o3|,w©�m�y�oQm�p�uirno3pQ��{�m�utm�~Om��no�vm¸~ � |,uiy�vm�o3|�y�sirnqå~Om�p�pQrnutp���|,oQstm�� Ä |,qOp�ut|³p3{Os�y�m�¬crnq²��|:y3m�q`y�m�o
~Om�w�m�yQy�o3m��|³z�o3r,ÚOy�}�m�p�o3m�u¯|�y3strnq�p�pQÈ�p;y�vm�wx|�y3st�k{Om�p�zdrn{Oo�|,z�zOo�vm��Om�qO~�m�o�utm�z�o3rn�Ou��m�w�m�~Om�ut|
~�vm�}�rnoQo�vm�ut|�y�sirnq�m�q`y�oQmVutm�pLm��Fm�y�pL~O{���stm�stutuistpQp3m�w�m�q`y�~Om�u¯|!p3{Oo � |,}�m�m�yLutm�pLm��Fm�y�pc~OmC}�r,wxzdrnp3s�y�sirnq8�
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Æ�ÚYq×~ � vm�y�{O~Osim�o©utm±utstm�q m�qky3o3måuim�p©}�o3s�y��m�o3m�p©p3zdm�}�y�o�|�{�· ~�vm�ÚYqOsip³zOo�vm�}dvm�~Om�w�w�m�q`y:m�y�utm�p
zOoQrnzOo3s�vm�y�vm�p�}R�Osiwxsi��{�m�p�~Om�p�pQrnutpªrn�Op3m�oQ�evm�p�¬!m�y�p3{Oo;y�rn{�y¸~Om:wxm�y3y3o3mü�|²zOo3r�ÚOy¸utm�p�o3m�u¯|�y3strnqOp
pQÈ�p;y�vm�wx|�y3st�k{Om�p�w�stpQm�p:m�q vm���si~Om�qO}�mæ|,{ÍzO|,o�|,�,o�|,zO��m²zOo�vm�}dvm�~�m�q`y�¬VÅ � |,s�o�vm�|,utsip�vmå{�qOm vm�y�{�~Om
zOo�vm�|,ut|,�Outmfp3{Oo!utm�p!zOo3rnz�o3s�vm�y�vm�p�~ � vm�}R�Y|,q`y�siututr,qOpgut{OqO|,stoQm�p%�Osim�q�}�|,o3|,}�y�vm�oQstp�vm�p��
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¨ | ¨ {OqOm�m�p;yªuim¸p3m�{�u�}�rno3z�pxzOut|,q�vm�yR|,sio3m�zdrn{Oo�utm���{�m�u!rnqæ~OstpQzbrnpQm©~ � vm�}R�Y|,q`y�siututr,qOp��Ostm�q

~Or�}�{Ow�m�q`y�vm�pÖÇam�y£}�mü~�m�zO{Osip��Osim�q`y�¶r�yåàn­Ó|,qOpWVAÉ�� Ä müq�rnw��OoQm�{OpQm�pÍvm�y�{O~Om�pårnq`y°vm�y�vm }�rnqX�
~O{Os�y�m�p�p3{�o³utm�p©zOoQrnzOoQs�vm�y�vm�p³~�m�pÓvm�}R�Y|,q`y�siututr,qOp©ui{OqY|,sio3m�p�y�|,q`y³p3{�o�utm±zOut|,q }R�Osiwxsi��{�m,¬!�k{Om
w�stq�vm�o�|,uirn�nst�k{Om�¬'zVvm�y3o3rnuirn�nst�k{OmVrn{�m�qO}�rno3m!p3zdm�}�y�o3|,u��,Ý�qOm!}�r,ututm�}�y3strnq�~�mgzOut{Ope~�m!àn­n­�p3zdm�}�y�oQm�p
m�q±o�vmi�Ym�}�yR|,q�}�m�~Osi�b{Op3m�~ � vm�}R�Y|,q`y�siututr,qOp�~Om�p3rnuem�y�~Om�o3r�}R�Om�p�m�p;y�~OstpQzbrnq�st�Ouim�p3{�o�uim�p3m�oQ�nm�{Oo
~O{æÛ Ä ßÓ�|³u � |,~Oo3m�p3pQm��kyQy�zÖ÷��m��ªHªHª��WzOu¯|,q�m�yR|�oQÈn�W�OoQr�ª!qF�Um�~O{J��zd~Ops�>rnut~O~O|�yR|��W�`y�w�u�ÇZ}�rnutuim�}�y3strnq
~Om � ��©f�MÆ�~Y|,w�pRÉ�� ¨e� |,qO|,uiÈ�p3mª}R�Ostw�st�k{Om³Çay�m�qOm�{�o3p�m�q �Ym é ¬'¨gs é � m�y�siqO~Osi}�mª~�m�wª|>y�{OoQsiy�vmËJps���Xm é É�~ � {OqOmxzY|,o;y�stm�~Omx}�m�p±vm�}R�O|,q`y�stuiutrnq�p�m�·�stpQy3mª~Y|�qOp�ut|�uisiyQy�vm�o3|�y�{�o3m©Ça�,rnsto�qOr,y�|,w�wxm�qky
â©rnoQo3sip�¬ � áX��Ü�¬kâ©rnoQo3sip�¬ � ám���`É�� � � |,sY{�y�stuistp�vm%}�m�p�pQzbm�}�y�oQm�p�zbrn{�o�vm�y�{O~�stm�oeuim!utstm�q�m�q`y�oQm�ut|�zbm�qky3m
p3zdm�}�y�o3|,utm�m�y�uim�~Om��,o�vm�~ � |�uiy�vm�o�|�y3strnqª~Om�p�p3rnuip��
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¨ |ºzdm�q`y3m ~Om�p×pQzbm�}�y�oQm�pÍ|,{O�nw�m�q`y3m |��nm�}®uim y�m�wxzOp×~ � m�·�zdrnpQsiy�sirnq ~Om�p×p3rnuip�� Ä m�p
m�·�z�vm�o3sim�qO}�m�pg~Om�ut|,�drno�|�y3rnstoQm!wxrnq`y3o3m�q`yg�k{Omfu¯|�~�stw�stqk{�y�sirnq�~Om�u¯|�o�vmi�Ym�}�yR|,qO}�m,¬O~�{�}�rnq`y�o3|,pQy3m
p3zdm�}�y�o3|,u�¬`m�y�u � |�{O�nw�m�q`yR|�y3strnq�~�m�ut|�zdm�q`y3m�pQzbm�}�y�o3|,utm!zdm�{��,m�q`y�¶m�y�o3m�|�yQy�oQst�O{�vm�p��|�u � |,{��nwxm�q`yR|��
y�sirnq�~O{�qOrnw���o3mg~OmgzY|�oQy�si}�{Ouim�pe~Om � m�o�w�vm�yR|,uiutst�k{OmCqY|,q�rnzO�Y|,pQm,¬kzOoQr�~O{�siy�m�pczY|,oeo�vm�~O{�}�y�sirnq�~O{
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��{á k*� àâá¹ã k*� æ¹á¹ã k*� �{á¹ã¹ã k���{ã¹ãr��
 �%v����������v�g�h*v�� �{á�� � à�� á àl� ã�� ã�
�á ã�� ã�àQ� ã�� ãr�¹ã ã�� � �r�� � ã�
 � �%v�� �{á�� 
 � � � �3� ã�� ãr�¹ã ã�� �J� � ã�� � � ã ã�� �Oàl�� � ã�àâã �%v�� �{á�� 
 � � � 
�à ã�� ã¹á�
 ã�� ã¹æ¹æ ã�� �{ãr� ã�� �3�r��a
�ã¹ã � g�qrk�min
k*v�k�m �{ã�� 
 �r� à �r� ã�� ãr�3� ã�� � � æ ã�� �{á � ã�� �r�¹��a
��a
�� g�qrk�min
k*v�k�m �{ã�� 
 �r� à � ã�� �{æ�à ã�� � à¹à ã�� � � � ã�� � á¹á�a
��a
�� g�qrk�min
k*v�k�m �{ã�� 
 �r� à à�
 ã�� ãr��
 ã�� � � æ ã�� �{á � ã�� �¹� æ�a
 � á¹æ g�qrk�min
k*v�k�m �{ã�� 
 �r� à �¹á ã�� ãr�r� ã�� � � 
 ã�� � � � ã�� � ãr��{á¹ãr�3� g�qrk�min
k*v�k�m �3��� � �r� � �r� ã�� ãr� � ã�� �J�a
 ã�� � � � ã�� �{ær��{á¹ãr�3� g�qrk�min
k*v�k�m��|���oqrk/mon��v��iv�� �3��� � �r� � �r� ã�� ã¹á�à ã�� �J� � ã�� � � ã ã�� �{æ ��{á3�{ã3� g�qrk�min
k*v�k�m��|���oqrk/mon��v��iv�� �J�r� á �r� � àâã ã�� ãr�¹á ã�� � � 
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~O{�}�rnq`y�siq�{�{Ow®m�y%ut|�zOoQr � rnqO~�m�{Oo�~Omfut|��Y|,q�~Om��| � �Fw zdrn{OoVuim�pCzbr,stq`y�p�}�rnoQo3m�pQzbr,qO~Y|,q`y�p%|,{
}�o3|�y��m�o3m � o3|,stpLm�yf�|�pQm�pC|,utm�q`y�rn{OoQp�¬�~OrnqO}gzdrn{Ooc~�m�pep3r,utpc~Omgw�¶m�w�mV}�rnw�zbrnpQsiy3strnq�wª|,sipM~OmV~Om��no�vm
~ � |,uiy�vm�o3|�y�sirnq�~�si��vm�o3m�q`y���ÛLrn{OoLutm�pLwx|�y�vm�o3st|,{�·�~Om�wxm�o�¬'stukm�p;ye~Ornq�}Vzdrnp3pQst�Ouim�~Om�p � |��bo�|,qO}R��sto)~Om
u � |,u�y�vm�o3|�y�sirnq�p3zdm�}�y�o�|�utm�m�q�p3rn{Op;y�o3|DÈn|,q`y!u¯|�zbm�qky3m�~O{�}�rnq`y�stqk{O{�w �|�ut|�zOoQr � rnqO~�m�{Oo�~Om��Y|,q�~Om
�| � �Fw�¬)m�qå{�y3stutsip�|,q`y�uimx}�r�mi�x}�stm�qky�~Omª}�rno3o�vm�ut|�y�sirnq£uistq�vm�|,stoQm�Ç/­�� ã �nÜnÉ�~�vm�~O{Os�y�~Omxu¯|¸ÚY�n{OoQmk��p�,~8� Ä |,qOp�{Oq�z�o3m�w�stm�o�y3m�w�zOp�¬�ÅQmxp3{OzOzdrnpQm�o�|�s��k{Om�}�mª}�r�mi�x}�stm�qky�m�p;y�|,{OpQp3s���|,utsi~Om�zbrn{�o
utm�pV}�rnq`y�stq�m�q`y�p��OµVm�y3y�mf�kÈ�zdr,y��8�m�p3m�¬O�k{Osdp3m�w��Outm�o�|,sip3rnqOqO|,�Outmg��{�utm�}�r,wxzdrnoQy3m�w�m�q`y�p3stw�stut|,stoQm
~Om�p�wx|�y�vm�o3st|,{�·ª~Om�}�rnq`y�siqOm�q`y�m�y�~Om�w�m�ogpQ{Oo!u¯|�ÚY�n{OoQm�k��Aá,|�¬Op3m�o�|���|,utsi~Vvm�m�zO|,o!u¯|�p3{�siy�m��
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¨ |©ÚY�n{OoQm§k�� � ­©w�rnq`y�oQmªut|©zOoQr � rnqO~Om�{Oo�~Omx�Y|,qO~�m�}�rnoQo3si�Mvm�mx~Om�u � |,u�y�vm�o3|�y�sirnq�p3zdm�}�y�o�|�utm,¬
vm���|,ui{�vm�mgpQ{Oo�utmgzOut|�y�m�|,{�ÆfoQstpQy�|,o3}R�k{Op�zY|�oeu¯| � rnoQw�{Outm¸·�¹�º¬»�º½¼W¾ ð�¿ ¹ ü ­Qå ã �nÜHõH· ð ¼ ó ð ��µVrnw�wxm
rnq zbrn{��,|�siy�p � È |�y3y3m�qO~�o3m,¬�uim�zdm�y3siy�}�o3|�y��m�o3m � o�|,sip�wxrnq`y3o3m¸wª|�stq`y�m�qY|,q`y�{OqOm�}�rnw�zbr,p3siy3strnq
�Ornw�rn�O�m�qOm,� Ä mCw�¶m�w�m,¬�utm�py�Y|,qO}�p)~Om�u¯|V��|,uiu�vm�me~Om�ß�}R�Oo3r�y�m�o�¬'p3{Oo�utm�p3�k{Om�utp�~Om�p�wx|�y�vm�o3st|,{�· � o3|,stp
p3r,qkyfo�vm��n{Outs��m�oQm�w�m�q`y�o�vm�m�·�zbrnp�vm�p�~�{ � |,s�y�~�m�p�zbm�qky3m�p�|��Oo3{Oz�y�m�p�¬br,qky�zOo3|�y�si��{�m�w�m�q`yf~�stp3zO|,o3{8�
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é q©�,rnsiy��k{ � |,{³zOoQm�w�stm�o!rnoQ~Oo3m�¬Xu¯|�zOo3r � r,qO~Om�{�o�~Om��Y|,q�~Om��| � �Fw }�rno3oQst�Lvm�m�~�m�u � |,u�y�vm�o�|�y3strnq
p3zdm�}�y�o3|,utm�m�pQy�y3o��m�p�}�rnoQo�vm�u�vm�m¸�|ªu¯|�}�|,o;y�m�~�m � m�o�zOo3r�~O{Os�y�m�zO|,ofu � |,ui�nrnoQsiy���wxm�~Om ¨ {�}�m�È©m�y�|,u��
ÇaÚO�n{Oo3m¤k������ � É�� ¨e� |,pQÈ�w�vm�y3o3stmV~Om�p�vm?ÅQm�}�y�|,p�~O{�}�o�|>y��m�oQmgÆfoQstpQy�|,o3}R�k{OpC|,z�zY|,o�|D¶ �iycy3o��m�pe}�u¯|,sio3m�wxm�qky
p3{�o�u¯|xÚO�n{Oo3m¥k�� � ­�¬buim�p�wª|�y�vm�oQs¯|,{�·©zY|�{���o3m�pfm�q � m�o©vm�yR|,q`yfzOo3siqO}�sizY|,utm�wxm�q`yfo�vm�zY|,o;y�sip��nm�o3p�utm
p3{�~8� Ä m�w�¶m�w�m,¬�~Om�p�wª|>y�vm�oQs¯|,{�·�~Om�}�r,qky3stqOm�q`yfzY|�{���o3m�p�m�q � m�o�|,zOzO|,o�|,sip3pQm�q`y�|,{©q�si�nm�|,{�~Om
u � m�·�y3o�vm�w�siy�vm�m�pQyM~OmVut|���|,utu�vm�m�~Om%ß�}R�Oo3r�y�m�ogÇ����m�}R�Omg|`É�¬�|�stqOpQs��k{Om�p3{Oo���m�oQr�~Or�y�{Op¸Á±ÇZw�rnq`yR|,�nq�m
~Om � �kw ~Om��Y|,{�y�¬Q���m�}R��m��XÉ��

¨ |�zOo3r � rnqO~Om�{Oo�~�mf�Y|,q�~Omx�| � �Fw�¬�}�rno3oQst�Lvm�m�~�mfu � |,u�y�vm�o3|�y�sirnq�p3zdm�}�y�o3|,utm��no>¶|,}�m��|�u¯|�zbm�qky3m
~O{�}�rnq`y�stqk{O{�w©¬�m�p;yg~OstoQm�}�y�m�w�m�q`yguis�vm�m��|�ut|�y3m�qOm�{Oo%m�q � m�o%~Y|,q�pVutm�p%p3siutsi}�|�y3m�p�|D��|,q`yVu � |,zOzY|,oQs��
y�sirnq�~Om�p%z�o3r�}�m�pQp3{OpV~ � |�uiy�vm�o�|�y3strnqF�kÛM|,oCu¯|�p3{Os�y�m�¬DÅ � |,zOzdm�uiutm�o3|,sY}�m�y3y3mf�k{Y|,q`y�s�y�vmÃÂ � m�oCwª|>ÚY�k{Om�ÄO�
¨ m � m�oVwx|�ÚY�k{Om�siqO}�ui{�yV~�rnqO}�vm��`|,uim�w�m�q`y%uim � m�oV}�r,qky3m�qk{¸~Y|,qOp�utm�p%|,�n�,ut{�y3stqY|�y3p�m�yguim � m�oVp3r,{Op
� rnoQwxmxw�vm�yR|,uiutst�k{Om���ÛM|,o�}�rnq`y3o3m,¬M}�m�zY|�o�|,w©�m�y3o3mªq � siqO}�ui{�y�zO|,p�utm � m�o�m�qO}�rno3m�}�rnq`y�m�q�{�~Y|�qOp
utm�p�r�·�È�~�m�pªÇZzOoQstqO}�stzY|,uim�w�m�q`y�u � siutw�vm�qOs�y�mv�Ym_¨gs é � pQ{Oo�u¯| ¨ {�qOmDÉ�¬8�k{OscqOm�}�rnq`y�o3si�O{Om�qky�zO|,pª�|u¯|�zOoQr � rnqO~�m�{Oo�~Om�u¯|��Y|,qO~�m��| � �bw©� é o�¬�u � vm���|,ut{Y|>y�str,q:~Om�u¯|�y�m�q�m�{Oo�m�q � m�o�~Om ¨ {�}�m�È±m�y
|,u/�Om�p;y�{�qOm�vm���|,ut{Y|>y�str,q�~O{ � m�ogy�r,y�|,u�¬��k{Os�zOo3m�qO~�siqO~Osio3m�}�y�m�wxm�qky!m�q©}�rnw�z�y�m�u � stuiw�vm�qOsiy3m,� é q
p � |�yQy�m�q�~�~Ornq�}��|�y�oQrn{��,m�o!{OqOm�~Osi�!vm�oQm�qO}�m�pQÈ�pQy�vm�wx|�y�si��{�m�m�qky3o3m�}�m�y3y�m�qOr,{��nm�ututm�w�vm�y3�Or�~�m�~Om
}�|�oQy�r,�no�|,z��Ostm�~O{ � m�o�wx|�ÚY�k{Omªm�y�ut|©w�vm�y���r�~Om�~Om ¨ {O}�m�È£m�y�|,u����k{OsCp3rns�y�uis�vm�m:�|©ut|�y3m�qOm�{Oo
m�q�stutw²vm�q�siy�m�¬Y~OrnqO}¸�|ªu¯|�y�m�qOm�{Oo�m�q³y3siyR|�qOm,� ¨ |xÚY�n{�o3m¥k�� �n� |xw�rnq`y�o3m�u¯|�~Osi��vm�oQm�qO}�m�m�q`y3o3m�ut|
}�|�oQy�m�~Om � m�o�~Vvm�~O{�siy�m�~Omxu � |,ut�nr,o3siy3�Ow�m�~Om ¨ {O}�m�È�m�y�|,u/��m�y�u¯|¸}�|,o;y�m�~Om � m�o�wx|�ÚY�k{Om�w�stp3m
�|�u � vm�}R�Om�ututm��dµVrnw�wxm�|�yQy�m�qO~O{8¬Xutm�p�~�si��vm�o3m�qO}�m�p�r,�Op3m�oQ��vm�m�p�p3rnq`yf|,{�zOo3m�wxsim�o!rno3~�o3m�}�rnoQo�vm�u�vm�m�p
|��nm�}xut|¸}�|,oQy3m�~Om�u¯|�y�m�qOm�{Oo�m�q�y�s�yR|,q�m�~Vvm�~O{�siy�m�~Om�u¯|�w²vm�y3�Or�~Om�~Om ¨ {�}�m�È�m�y�|,u���Ç � ánám�,|`É��
Ý�q�m�|,{�y3o3m�~Os���vm�o3m�qO}�mª��sim�q`y�~Om�pÅF�rnq�m�p�|�È`|,q`y�~�m�p�zdm�q`y�m�p�utr�}�|,uim�p�|,�Oo3{�z�y�m�p¸ÇZoQm��drno3~Op�~Om
u¯|���|,uiu�vm�m�~Om�ß�}R�OoQr,y�m�o�m�y!o3m�w�zY|,o;y�p!~Om�p�}�o�|�y��m�oQm�pRÉ��d«�q�m��bm�y�¬Yu¯|�w�vm�y3�Or�~�m�~Om�}�rnoQo3m�}�y�sirnq¸~Om
u � |,u�y�vm�o3|�y�sirnq�p3zdm�}�y�o�|�utmVq � m�pQyc�O|,p�vm�m%�k{Om%p3{�oM~Om�pco�|,z�zbrno;y�p)~OmV�O|,qO~Om�p�¬,}�m%�k{Os�¬'}�rnq`y�o�|�sto3m�wxm�q`y
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Æ�ÚYq£~Om���|,utsi~Om�o�u � |,z�zOo3r�}R�Om�zOo�vm�}dvm�~Om�q`y�mªp3{Oo�utm�p:vm�}R�Y|,q`y3stutuirnqOp�ui{OqY|,sio3m�p�¬�zbr,{Oo�utm�p3�k{Om�uip
rnq²~Osip3zdrnp3mx~ � {OqOm�w�m�p3{�o3m�~Osio3m�}�y�mªm�q²u¯|��brno3|�y�r,sto3m�~Om�p�y�m�qOm�{OoQp�m�q � m�o�m�y�m�qåy�s�yR|,q�m,¬OÅ � |,s
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{�y3stutsip�vm¸utm�ÅQm�{ÿ~Om Ï ­°vm�}R�Y|,q`y�siututr,qOpx~�m³p3rnuipª~�vm�}�oQsiy�~O|,qOp�ut|±yR|��Outm Ï�ç|è�ç � çV¨ |£ÚY�,{Oo3m ÏXç �'ã |
w�rnq`y�o3m�uim�utsim�q:m�q`y3o3m�utm�zY|�o�|,w©�m�y3o3m�~Om � m�o�wx|�ÚY�k{Om�}�|,ut}�{Ou�vm�pQ{Oo�utm�p�pQzbm�}�y3o3m�p��|�zY|,o;y�stof~Om
·�¹¬º�»©º�¼�¾Xé ¿ ¹&ê³­
å ã�ë ÜÀì(·Mé�¼©í/é�m�yCu¯|���{O|,q`y�siy�vm�y3r,yR|�utmg~Om � m�oC~Y|,qOpCutm�p�vm�}R�Y|,q`y�siutuirnqOp�ÇZw�m�pQ{Oo�vm�m
m�qÖut|,�br,o�|�y3rnstoQmDÉ ç�Ä�� |,zOo��m�p�}�m:��{�m:qOrn{Op¸|��nr,qOp���{Ó|�{ÿzY|,o�|��no�|,z��Om³zOo�vm�}dvm�~Om�q`y�¬�ut| � |,si�Outm
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óiòo÷ïþð�ý¬òiû�ð ð�ô�õEóiý+�JLð/�úðA�{ü�ðHø�ð�óoóið�ÿïþð,ÿ�ü�ò�õ*ð-ÿ�üúø�û*ý�õDEð�û�ðA��û*ý�òoô�ÿ�ðë�úð�ûGþð�õ*ü�ÿ�ò�þð-ô�ü�ûµóiý�����ü�û�ð Ï�ç ë ÿ ç
I ð ûXþð,ô�ü�ó�õ1ý¬õ@�úö�÷�õ*û�ðõ�Xü�ð óiýÌ� þð�õ6-�öXÿ�ð ÿ�ð ø�ö�û�û�ð,ø,õ�òiö�÷�ÿ�ð ó��Öý�ó�õ�þð�û�ý¬õ*òoö�÷àô�ù©ð,ø,õ�û*ý�óoð ÿïþð�ø�û�òoõ�ð
ù�ûXþð�ø�þð,ÿ�ð/�0�úð�÷�õHð�ô�õ-ÿ�òiû�ð,ø,õ�ð/�úð�÷�õ�õ*û�ý�÷�ô�ù�ö�ô�ý�'�óið�ý¬ü3;�ûXþð/��òoö�÷�ô®ÿ�ðdø,ö�÷�õ*òo÷�ð�÷�õ*ô çR& ð�ô�ù�ö�òi÷�õ*ô ÿ�ð
ó�ý�����ü�û�ð ÏXç���è ÿ ô�ö�÷�õ õ*û�ý�÷�ô�ó�ý¬õ�þð�ôP��ð�û�ô®ó�ý+��ý�ü�ø.-�ðÀù�ý¬ûïû�ý�ù�ù�ö�û�õ ý�ü3; ù�ö�òi÷�õ*ôEÿ�ðHó�ý�����ü�û�ð Ï�ç ë ÿ ç
I ð�ø,ò®ð�ô/õ�ô�ò�� ù�óoð/�úð�÷�õÅÿMLü ý¬üÌ�3ý�òoõ
�Xü�ð�óið�ôGø�ö�÷�õ*òo÷�ð�÷�õ�ô�ô�ö�÷�õ�ù�óoü�ôÅù�ý�ü3��û�ð�ô�ð�÷ó��ð,û��{ü�ð�óið,ô
�úð�û�ô çM& ý ù�û�ö ��ö�÷�ÿ�ð,ü�ûÅÿ�ð4'�ý¬÷�ÿ�ð�Eý �@� � ÿ�ð�ô,� ý¬õ�þð,û�ò�ý¬ü3; ø�ö�÷�õ*òo÷�ð�÷�õ*ý�ü3; ÷�ö�÷ ý�óoõ�þð�ûXþð,ôÅð�ô/õ
ÿ�ö�÷�ø£ù�óiü�ôA�3ý�ò�'�óiðë�Xü�ð ÿ�ý¬÷�ô-óiðdø�ý¬ôHÿ�ð�ôQ� ð,û�ô���� ! ç���
 ø,ö�÷�õ*û�ð�� ! ç É è � ç

÷ ò{óið�ø,ö�� ù�ö�û/õ*ð/�úð�÷�õ$ô�ù�ð�ø�õ*û�ý�ó{ÿ�ð�ô$ô�ö�óoô&ø�ö�÷�õ*òo÷�ð�÷�õ*ý�ü3;£óiö�û�ô%ÿ�ð,ô¸ù�û�ö�ø,ð�ô�ô�ü�ô¸ÿ�ð:� ý¬õ�ü�û*ý¬õ�òiö�÷
ð�ô/õÀô�ò��úòióiý�òiû�ð,Eý�ø�ð,óiü�ò%ÿ�ð,ôë� ý¬õ�þð�û�òiý�ü3;Ãÿ�ð��úð�û�5�ý�óoö�û�ô�ö�÷@�¬ýúù�ö�üB��ö�òiûHý�ù�ù�óiò��Xü�ð�û�ó�ý2� þð,õ?-�ö�ÿ�ð
ÿ�ð ø�ý�û�õ�ö���û�ý�ù�-�òoðQÿ�ü ��ð,û�� ý ���{ü�ð ÿïþð,ø�û�òoõ*ðQù�ûXþð,ø�þð�ÿ�ð/�0� ð,÷{õ çN& ýH����ü�û�ð ÏXç��½Ï ý ø�ö�û�û�ð,ô�ù�ö�÷�ÿ
Eý ó��rþð��¬ý�óoü�ý¬õ�òiö�÷ ÿ�ð�ó�ýQõ�ð�÷�ð,ü�û�ð�÷ó��ð�û�ö�'�õ*ð,÷Xü�ð ù�ý�ûÅó�ý<� þð�õ6-�öXÿ�ð�ÿ�ð & ü�ø,ð�� ð�õ�ý�ó ç�� ÷Ì��ö�ò�õ
ø�óiý�òiû�ð/�úð�÷�õT�{ü�ð ø,ð,õ�õ*ðEò�� ý���ð�ð�ô/õ
ù�ð�û/õ*ü�û�' þð�ðEù�ý�û$óið,ôT�¬ý�û�ò�ý¬õ�òiö�÷�ô%ÿ1��þð,ø�óiý�òiû�ð/�úð�÷�õ$ô�ü�û$óið,ô$ù�ð�÷�õ�ð�ô
óiöXø�ý¬óið�ô ç¾& ý£õ*ð,÷�ð�ü�û ð�÷>��ð�û/5¾�úö=��ð�÷�÷ þð�ð(ô�ü�ûïõ�ö�ü�õ�ð×ó*�Öò��"ý���ð�5�ð,ô�õ®ô�ü�û�ð,ô�õ�ò�� þð�ðÀÿ�ð ��� ð,÷�� ý�ô�ô�ð
ù�ý�û£û*ý¬ù�ù©ö�û�õ@Eý6ó�ý õ*ð,÷�ð�ü�û ÿ1�|ü�÷�ð	Ë,ö�÷�ðÃô�ý�÷�ô û�ð�óoòið�� õ*ð,óióoð0�{ü�ð"óið,��ö�÷�ÿ ÿ7�Öü�÷���û*ý�÷�ÿ ø�û�ý¬õDEð,û�ð ç
& ý�����ü�û�ð ÏXç��½Ï '4� ö�÷�õ�û�ðdó��rþð��¬ý�óoü�ý¬õ�òiö�÷Ãÿ�ð£óiýGõ*ð,÷�ð�ü�û-ð,÷J��ð,û�ÿ�ð�ôHô�ö�óoô�ûXþð�ý�óiòoôXþð�ð0Eý�ù�ý�û�õ�òiû®ÿ�ð�óiý
÷�ö�ü3��ð�óoóið�� þð,õ?-�öXÿ�ðÅù�û�ö�ù©ö�ôXþð�ð4�0þð/�{ü�ý�õ*òiö�÷ Ï�ç ë�� ç1& ý õ�ð�÷�ð,ü�ûdð�÷ õ�òoõ1ý¬÷�ðGÿ�ð,ôdô�ö�óoô/5Hþð��¬ý�óiüïþð�ðÅù�ý¬û
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²Xª¯�Z§, 5ª¸²Õ®�¢R£¤¢M��§Â¢M£åµ¶¢M§Q¥¤¢Íª¨²Ï ��¤§�µ�²·±M¢Í§�¢R� É¢�®�¢F±R¢Mª¯ª¨¢Ð¥¤¢Íª*�W¦¯£C®7«¢M§�¦¨¢R�¤§}¥¤¢Íª¨²ë°�ª¸²X£ É¢�®�¢ �RF ¦¨£¤ �¦�¼
ª¨¢5¬�²X£C®�¢M²X�s¥�¢MLÔ¢R§,±R�¤§,¢�±M�Z£C®�¦¯¢M£¤¥�§�²X¦�®Î¬��Z¦¯£¤ #¥¤¢ 
 è ¥¤¢�ÖU¢ � ¼A±M�X£�®,§,¢ È è3°
�Z�¤§Îª¸²Æ×)¢M§,§�¢
¢R® N «¢M£��¤ R¼ �Z� N �D� è °
�Z�¤§�ª¸² » �¤£¤¢·¼�¢R® ��È è °
�Z�¤§­ª¯¢Ê¬�²X£C®�¢�²·�Ú¬�²X§6®�¦¨¢R£ I ¢R �®,¦¨¬ã«¢ É²F°U²X§6®�¦¨§
¥¤¢R �¬ã«¢R®7«¢R�Z§,¦�®�¢R  ÷ ñ\³HK � ³�¢�®,®�¢��Zº¤ �¢M§�¡·²·®,¦¨�Z£ë§,¢R£�µ¶�Z§�±M¢Qª��Ó¦¨¥H«¢R¢Q©��¤¢SLÔ¢R§,±M��§,¢Ê¢R �®G®�§ É¢R ¹§�«¢M¥¤��¦¯®�¼
¢R®Î©��¤¢Qª¸²Ê¬�²¤���Z§�¦¯®7«¢�¥¤�Ïµ¶¢M§#¢R �®G±M�Z£C®,¢M£���¥U²·£¤ #ª¨¢}£¤�QPZ²X� ��» � F ËZ¢M£�±M¢ ÷ °U²·®,¦¸²Xª¯¢/T��¤§,�X°�«¢M¢R£¤£¤¢
¢M£C¡�¦¨ ,²XËZ¢G¥1�Ó¢M£C¡Z�QPZ¢R§\ª¸²} ��Z£¤¥¤¢Fú,Ì�¢R°¤¦¨±R�Zª¨�Z¬�º"��û­¡X¢M§� �LÔ¢R§,±M��§,¢�¢R£eÉ ÜZÜZ� ¼E²7PC²·£�®I£¤�X®�²X¬Q¬�¢R£�®
É²Ê ,�X£ëº
�Z§�¥Õ�¤£¤¢}±�²·¬ã«¢R§�²Â¬­��ª¯®�¦¯ ,°
¢M±�®�§�²·ª¨¢­²·¦¨£¤ �¦K©��1�Ó�¤£Ï ,°
¢M±R®,§,�Z¬ É¢R®,§,¢}¦¯£�µ¶§�²X§��Z�¤ËZ¢¹±M�Z�7¡7§,²X£C®
ª¨¢Í¥¤�Z¬�²X¦¨£¤¢ Ü�� ì É²%É �WÈVU ¬ �&» ²f£¤�Z�7¡Z¢Mª¯ª¨¢Ï²X°�°¤§,��±%Ù¤¢Ï¥H«¢R¡X¢Mª¯�Z°¤°H«¢R¢s²·�k±%Ù¤²X°¤¦¯®,§,¢ Û ¥¤¢�¡�§�²X¦�®
°
¢M§,¬Q¢R®�®�§�¢O¥7��«¢�®��¤¥¤¦¯¢M§'¢M£Q¥H«¢�®%²X¦¯ª¤ª¨¢R .°�§,��±M¢M � ,�¤ H¬�¦¯ �¢M£
W�¢M� É²Îª¸²\ ,��§�µ�²X±R¢I¥¤¢XLÔ¢R§,±R�¤§,¢·¼7ª¯�Z§, �©���¢
ª¨¢R �¥¤�Z£¤£H«¢M¢M I ,¢R§,�Z£C®O¥¤¦¨ �°"�X£¤¦¨º¤ª¯¢M  �

~ÐñZY [ ÷��ÕþFý þFý\ÿ ö�ÿ>÷Õüý���øX\ ]�þFý#ÿ
» ¢M Î°¤§,�X°¤§,¦�«¢R®7«¢R # ,°
¢M±�®�§�²·ª¨¢M Î¥¤¢5ª¨²Ê ,�¤§6µ�²X±M¢5ª¨��£U²X¦¨§�¢� ��Z£C®¹°�§,¦¨£�±M¦¨°¤²Xª¨¢R¬�¢R£�®-¥¤�Z¬Q¦¨£H«¢R¢M #°U²·§

ª¨¢R �¢�â�¢�®� ��Z°�®,¦¨©��¤¢R &¥¤¢\ª*��²Xª�®7«¢R§�²·®,¦¨�Z£Q ,°U²Þ®�¦¸²·ª¨¢X¼�± �W¢R �® É²�¥¤¦¯§,¢Iª¨¢-º
�Z¬­º¤²X§,¥¤¢R¬�¢R£C®&¦¨£�±M¢M � �²X£C®´°U²·§
ª¨¢R ­°U²X§6®�¦¯±M�¤ª¯¢M �¥��f¡Z¢M£C®5 ��Zª¸²X¦¯§,¢Q¢R®}ª¯¢M ­¬Q¦¨±R§,�Z¬l«¢R®7«¢M�Z§�¦¯®,¢M  � LÍ²·¦¨ �¢ Ý ¦¨ �®,¢4N�®^N0¦¯ªH��£¤¢Ê°¤§�¢M��¡X¢Æ¥¤¢
°¤§��7±R¢M , ��¤ -±R�Z¬Q°U²X§�²·º¤ª¨¢R � ,�¤§´ª¨¢R O²X��®�§�¢M O±M�Z§�°¤ ´ �²X£� -²·®,¬��X ,°¤Ù É¢R§,¢Î¥¤�Ô ^P� �® É¢M¬Q¢¹ ��Zª¸²X¦¯§,¢·¼�¢R®O �¦
�Z�¤¦z¼X©��¤¢Rª¨ª¨¢�¢R �®.ª��W²X¬Q°¤ª¨¦�®��¤¥�¢�¥¤¢R .°�Ù�«¢M£¤�X¬ É¢R£¤¢M .�Zº¤ �¢M§�¡�«¢R �_ » ²Î©��¤¢R �®,¦¨�Z£Q§,¢R �®�¢�®,§ É¢M '¥H«¢RºU²·®�®��¤¢ �

» ¢M Ð¬ã«¢�®7«¢R�Z§,¦�®�¢M Æ¢�®Ñª¨¢M Ð²· �®7«¢R§,�DÇ È¯¥¤¢M R¼�ª¨¢R�¤§, Æ±R�Z§,°¤ Ð°U²·§,¢M£C®, Ñ°�§�«¢M ��¤¬ã«¢M M¼´�Z£C®Ò«¢R®7«¢ «¢R®���¥¤¦�«¢R 
¥¤¢R°¤�¤¦¨ #ª¯¢M #²·£¤£H«¢M¢R  ��� ì Ü ËX§Þá²X±R¢}²X� Ý ®�¢M±%Ù�£¤¦¨©��¤¢R G¥�¢} ,°
¢M±R®,§,�Z �±M�Z°�¦¨¢ � LÔ±�³��Z§�¥Ï¢R®G²Xª �`I���� ì Ü K
�Z£C®}¬Q�Z£C®�§�«¢Â©��¤¢Æª¨¢� ,°
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¢�®\ª¯¢¹�U� Ý ¥¤¢¹°U²X§�®,¦¨±R�¤ª¨¢R -¥¤�Í¡X¢M£C®
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µ¶¢M±�®��H«¢R¢M f¥�¢M°¤�¤¦¯ M¼G¥¤�Z£¤£¤²X£C®f¥¤¢R �¦¨£7µ¶�Z§,¬�²·®�¦¯�Z£¤ Õ±R�Z¬�°�ª�«¢M¬Q¢M£C®�²X¦¨§�¢M Ï ,�¤§ëª¨¢R�¤§ë±M�Z¬Q°"�X ,¦¯®,¦¨�Z£
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�Z , �¦¨º¤ª¯¢X¼"¥¤¢5±M�Z¬Q°U²X§�¢M§#¥¤¦¯§,¢M±�®�¢R¬�¢R£�®¹ª¨¢R #°¤§,�X°¤§,¦�«¢R®7«¢R ¹ �°"¢R±R®,§�²Xª¯¢M Î¥¤¢M ¹²X 6®7«¢M§��=Ç È¨¥�¢M  É²
±M¢Rª¨ª¯¢�¥¤¢R ­¬ã«¢R®7«¢R�Z§,¦�®�¢R  I Ì�§,¦�®,®¹¢R®}²·ª � ¼ ���Z� É7¼>³�ª¸²·§?üÏ¢R®­²Xª � ¼ ���Z� É7¼)ÖE²X£U²·ª¨¢5¢R®­²Xª � ¼ ���Z� ÉeK �)» ¢R 
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¢M��¡X¢M£C®Âá¢R®�§�¢}¥¤�¤¢R G ��Z¦¯®#²X� Ý ¬Q��¥¤¢M \¥7�W�Zº� ,¢M§6¡·²·®�¦¯�Z£ I ¢M 6®^Nä¦¨ª>¡�§,²X¦¨¬Q¢M£C®#ª�«¢MËZ¦�®�¦¨¬Q¢
¥¤¢#±R�Z¬�°¤²X§,¢R§�¥¤¦¯§,¢M±�®�¢R¬�¢R£�®´��£¤¢#°"�X�¤¥¤§,¢-¥¤¢#¬ã«¢�®7«¢R�Z§,¦�®�¢- �P�£�®,ÙH«¢R®,¦¨ �«¢M¢Î¢M£Ðª¸²·º"�Z§,²·®��X¦¨§,¢O²�¡Z¢R±Î�¤£
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¢M±�®�§�¢H¦¯£�®7«¢MËZ§�«¢�¥1�Ó�¤£�²· �®7«¢R§,�DÇ È¯¥¤¢'¥¤¢'°¤ª¨�� ,¦¨¢R�¤§, Äü�¦¯ª¨�Z¬ É¢R®,§,¢M <_
K�¼� ,�X¦¯®�²X� Ý °¤§,��±M¢R , ��¤ K¥1�0«¢R¡X�Zª¨�7®�¦¨�X£
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¬ã«¢R®7«¢R�Z§,¦�®�¢R H²·� Ý ²X �®7«¢M§��=Ç È¨¥¤¢R H§�¢R¡�¦¨¢R£C®&¢M£�©��¤¢Mª¯©���¢- ,�X§�®�¢ É²Î±M�Z¬Q°U²X§�¢M§.�¤£Â �°"¢R±R®�§�¢-¥¤¢O§,��±%Ù¤¢Oª¨��N
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÷ ¦�ª¨²�©��¤¢M 6®�¦¯�Z£Æ¥¤¢\ª¨²�°¤§�«¢R ,¢R£¤±M¢Î�Z�Ê£��Z£Æ¥¤¢\°¤§��7±R¢M � ,�¤ ´¥1�W²Xª¯®7«¢M§,²·®�¦¯�Z£Â§�¢M �®,¢\®�§ É¢M &¥H«¢RºU²·®�®��¤¢·¼
ª¨¢R ��Zº� ,¢M§6¡·²·®�¦¯�Z£¤ &§�«¢M±M¢R£C®�¢M �¥�¢M ´²X 6®7«¢M§��=Ç È¨¥�¢M �¥�¢-®�P�°"¢ ÷Ê�ZÛ7� ðÎ²X ,°¤§,² I G¤ËZ�¤§,¢ 
�� 	 É²­ËC²X�¤±%Ù�¢QKH¢�®
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¢M±�®�§,¢Â±M�Z¬Q°¤ª¨¢�® � T�®%²·£�®�¥¤�Z£¤£H«¢Êª¸²Æ¡�¦¯®�¢R , �¢Ê¥¤¢Âª¨²Ô ��Z£¤¥¤¢ I � ��

ü�¬M�Þ ZK�¼>¦¨ª.£1�W²Í¥¤�Z£¤±Æ°¤²X s«¢R®7«¢Ê°
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¢R®,¦¯®� I±M§,²·® É¢R§,¢M \µ¶§,²X¦¨ -¢R®#¥¤¢�ª¨¢M��§, \¢R£�¡�¦¯§,�Z£¤ R¼Y¢R®\¥¤¢
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°
�Z ,¢R§#¥1�W¦¯£¤ �®,§,�¤¬Q¢M£C®, #°"¢R§,¬Q¢R®,®�²X£C®Î¥¤¢}§�«¢M²Xª¨¦¯ ,¢R§\¦¨£Õ �¦¯®��Õª¯¢­ ,°
¢M±�®�§�¢Q¥7�W�¤£ «¢M±%Ù¤²X£C®�¦¨ª¯ª¨�Z£Ô¥¤¢5 ,�Zª
§,¢R°¤§�«¢R ,¢R£�®�²·®�¦�µ-¥7�W�¤£�¢Æ§�«¢MËX¦¨�Z£f¥��Z£¤£H«¢R¢X¼�²>G¤£l¥¤¢Êµ¶�Z�¤§�£¤¦¨§G�¤£¤¢Ê¡�«¢M§�¦¯®7«¢Â®�¢R§,§�²·¦¨£l°
¢M§,¬Q¢R®�®%²X£C®�¥¤¢
¡·²Xª¨¦¯¥¤¢M§´ª*�W¦¯£�®,¢M§�°¤§�«¢�®%²·®,¦¨�Z£Ñ¥¤¢M I ,°
¢M±�®�§,¢R Î²X±M©��¤¦¯ -¢R£F�Z§,º�¦¯®�¢Î¥U²·£¤ \�¤£¤¢¹ËC²X¬Q¬�¢Î �°"¢R±R®�§,²Xª¨¢¹ ,¦¯¬'N
¦¨ª¨²X¦¨§�¢ �'» �W²·®,®,¢M§,§�¦¨ � ,¢M��§Ê¥¤¢Fª¨²� ,�Z£�¥¤¢ ò �X ,¢R®�®%²� �¢M§,² «¢R©��¤¦¨°H«¢Í¥1�W��£v®�¢MªI¦¨£¤ 6®�§��¤¬�¢R£C® I ³ ÊäN�F K �
ô ¢M å«¢R®���¥¤¢M Ê ��Z£C®Æ²X±�®��¤¢Rª¨ª¯¢M¬Q¢M£C®Ê¢R£v±M�Z��§,  É²�ª*� Ê�F�÷ °
�Z�¤§Â²X¥U²X°�®,¢M§�ª��Ó¦¨£¤ 6®�§,��¬�¢R£�®Ê³ ÊäN�F É²
ª��Ó¢M£C¡�¦¨§��Z£¤£¤¢R¬�¢R£C®I¬�²X§6®�¦¨¢R£ �

» ��²X£¤²XªfP� ,¢�¥¤¢M �¥¤�X£¤£H«¢M¢R '¥¤�} ,°
¢M±�®�§,�
N0¦¨¬�²XËZ¢R�¤§ � L�T.ð F  ,¢R§�²#�¤£�«¢Rª�«¢M¬Q¢M£C®�¢R , �¢M£C®�¦¯¢Mª¤¥U²·£¤ 
ª¨¢¹°¤§,��±M¢R , ��¤ Î¥¤¢­ �«¢Rª¨¢R±R®�¦¯�Z£F¥¤¢� ,¦¯®,¢M \¥7��²·®�®�¢R§,§,¦¯ , ,²XËZ¢M -°"¢R§�®�¦¯£¤¢M£C®, #°"�Z��§-ª¨¢R \¬Q¦¨ , �¦¨�Z£� Oµ¶��®,�¤§,¢R 
®�¢Rª¨ª¯¢M #©��¤¢SLÍ²X§,  ÷ ²X¬Q°¤ª¯¢ ò ¢�®��¤§�£��Z�HñI¢�®�ª¨²X£¤¥¤¢R§ ��» ²Æ°¤ÙU²X �¢�¥1�0«¢R®�²Xª¨�X£¤£U²XËZ¢5²·�s ��Zª'¥¤¢5ª��Ó¦¨£�N
 �®,§,�¤¬Q¢M£C® I ±R�Z�¤§,²X£C®4É ÜXÜ��fÉ²Ïª*� Ê�F�÷ K­°"¢R§,¬Q¢R®�®�§�²Õ¥1�W²X°¤°�§,�Xµ¶�Z£�¥¤¦¨§}ª¯¢Æª¨¦¨¢R£ã¢M£C®�§�¢Ñª¯¢M 5 ,°
¢M±�®�§�¢M 
� L�T.ð F ¢�®Îª¨¢M Î°¤§��Z°¤§�¦�«¢R®7«¢M # �°"¢R±R®�§,²Xª¨¢R Î¢R®G±%Ù¤¦¨¬Q¦¨©��¤¢R #¥¤¢M G ,�Xª¨ #�Zº¤ �¢M§6¡'«¢R  � ³�¢R®�®�¢5°¤ÙU²X �¢5¥¤¢
±�²·ª¨¦¨º�§�²·®,¦¨�Z£f�·â�§�¢Ñª*�W��±M±M²X ,¦¯�Z£l�¤£¤¦¯©��¤¢Ô¥�¢Ð®,§�²�¡·²X¦¨ª¯ª¨¢R§� ,��§�ª*�W¦¯£¤ �®,§,�¤¬Q¢M£C®5²�¡·²X£C®Â©��1�Ó¦¨ª�£¤¢Ô ��Z¦¯®
ª¸²·£¤±
«¢ I ±R¢Í©��¤¦O²X�¤§,²X¦¯®f«¢�®7«¢Ñ��®�¦¯ª¨¢Ð¥U²X£� �ª¯¢Ñ±M²X Q¥¤¢Ôª¨²ë±M²X¬ã«¢M§�² ñ ÊSò ¥�¢F³�ª¯¢M¬Q¢M£C®�¦¯£¤¢`�cK � T�ª¨ª¨¢
¥¤¢�¡7§,²X¦¯®�°"¢R§,¬Q¢R®�®�§,¢Q¥1�Ó�Zº�®,¢M£¤¦¯§�ª¨¢R ¹°�§,¢M¬Q¦ É¢R§,¢R �¥¤�Z£�£�«¢M¢R  � L�T.ð F  ,�¤§­¥�¢M s«¢R±%ÙU²X£C®�¦¯ª¨ª¨�X£¤ Î¥¤¢
¬Q¦¨£H«¢R§�²X� Ý º�¦¨¢M£Í±�²X§,²X±R®7«¢M§,¦¯ �«¢R  I ²·£U²Xª¨�XËZ�¤¢M O ^P�£C®�ÙH«¢R®�¦¯©��¤¢M #¥¤¢¹ ,�Zª¯ -¬�²X§�®,¦¨¢R£¤  É²Q¥H«¢�G¤£¤¦¨§�K�¼Eµ¶�Z�¤§�N
£¤¦¯ , �²·£�®Ñ²·¦¨£¤ �¦-�¤£¤¢Õ°�§,¢M¬Q¦ É¢R§,¢ìú6¡�«¢R§,¦¯®7«¢Í®�¢R§,§,²X¦¨£Ò¥¤¢Õª¨²Xº
�Z§�²·®,�Z¦¨§�¢/û¤¼'¢�®Ð§�«¢M°
�Z£¤¥¤²X£C®Ð¢M£æ¬Ôá¢R¬�¢
®�¢R¬�°�  É²Ê�¤£Ïº"¢R ,�Z¦¯£Õ¥¤¢}ª¨¦¯º¤§�²X¦¯§,¦¯¢G �°"¢R±R®,§�²Xª¯¢­±M�Z�7¡7§,²X£C®#®��Z�7®Îª¨¢�¥��Z¬Â²·¦¨£¤¢¹¥1� � L�T.ð F�I ²X¦¯£¤ ,¦
©��¤¢G¥¤¢ N�ÊSò × Ê�÷ ¢R®O¥¤¢ N�Ê L ÷ K �
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³�¢¹®,§�²�¡·²X¦¨ªY¥�¢¹®�Ù É¢M ,¢·¼" ��W¦¯£¤ ,±R§,¦�¡X²·£�®O¥U²·£¤ Iª¯¢¹±M²X¥¤§�¢¹Ë>«¢R£H«¢M§,²Xª�¥¤¢Gª¸²}®7«¢Mª�«¢M¥H«¢�®�¢R±R®�¦¯�Z£Ñ¥¤¢M I ,�¤§xN

µ�²X±R¢M }°¤ª¨²X£H«¢R®�²X¦¨§�¢M  É²Fª*��²·¦¨¥¤¢Q¥¤¢Ê®�¢R±%Ù¤£¤¦¯©���¢M 5¥¤¢Æ ,°
¢M±�®�§��>N0¦¯¬Â²XËX¢M§,¦¯¢X¼>²Õ²Xº
�Z��®�¦�²X� Ý °¤§,¢R¬�¦¯¢M§� 
§�«¢R ,�¤ª�®%²·®, � �±M¦¯¢M£C®�¦�GU©��¤¢M ���®�¦¯ª¨¦¨ ,²X£C®5ª¨¢R �¥¤�X£¤£H«¢M¢R Â¦¯£�µ¶§�²X§��Z�¤ËZ¢R 5¥¤¢Ôª¨²ë ��Z£¤¥¤¢Í³�ª¨¢R¬�¢R£C®�¦¨£�¢ �.» ¢
±%Ù¤�Z¦ Ý ¥¤¢�ª¨² » �¤£¤¢­±R�Z¬Q¬�¢G ,�
W�¢�®\¥1�0«¢R®,�¤¥¤¢­¥H«¢M±M�X�¤ª¨¢¹¥¤�Õ±M�Z£C®,¢ Ý ®�¢­ �±M¦¯¢M£C®�¦�GU©��¤¢M�
ª¸² » �¤£�¢�¢M 6®
ª¨¢� ,¢M��ª�±M�Z§�°¤ Î¥¤�Õ ^P� 6® É¢M¬Q¢5 ,�Zª¨²X¦¨§�¢�°
�Z�¤§#ª¯¢M©��¤¢MªK�Z£Õ¥¤¦¨ �°"�X ,¢ É²Êª¸²Qµ¶�Z¦¨ \¥7��«¢R±%ÙU²X£C®�¦¯ª¨ª¨�X£¤ \¢R®\¥¤¢
¥¤�Z£�£�«¢M¢R KËZª¯�ZºU²Xª¯¢M �²X±R©���¦¨ ,¢R K¢R£��Z§�º¤¦¯®,¢X¼�¥U²X£¤ )�¤£¹±�²X )� É�¹¦¯ªC£1�gPG²O°U²· K¥1�W²·®�¬Q�Z �°¤Ù É¢M§�¢H°
�Z�¤§�°
¢M§xN
®���§,º
¢M§.ª¨¢M .�Zº¤ �¢M§6¡X²Þ®�¦¨�X£¤  � ³�¢R®�®�¢O ,¦�®��U²·®,¦¨�Z£Q°U²X§6®�¦¯±M�¤ª¯¦ É¢M§�¢�°"¢R§,¬Q¢R®.¥¤¢O®�¢M 6®�¢R§H¢�®�¥¤¢O¡·²Xª¨¦¯¥¤¢M§�¥¤¢R 
¬ã«¢R®�Ù��7¥¤¢R &¥1�W²X£U²Xª�P� ,¢#¥¤¢#¥¤�X£¤£H«¢M¢R ´¥¤¢\ ,°
¢M±�®�§��>N0¦¯¬Â²XËX¢M§,¦¯¢-¥U²·£¤ &�¤£Ð±�²· �§,¢Mª¨²·®�¦�¡Z¢R¬�¢R£�®� ,¦¯¬�°¤ª¯¢X¼
¢R®\£¤�X®%²·¬�¬Q¢M£C®#¥¤¢¹µ�²X¦¨§�¢��¤£Ïª¨¦¯¢M£F¥�¦¨§,¢R±R®#¢R£C®�§,¢}ª*�W¦¯£�µ¶�Z§�¬Â²·®,¦¨�Z£Æµ¶�Z��§,£¤¦¯¢­°U²X§\ª¯¢M \¦¯£¤ �®,§,�¤¬Q¢M£C®, 
¢M£ë�Z§�º¤¦¯®,¢}¢R®Îª¨¢R Î°¤§,�Z°�§,¦�«¢�®7«¢R # ,°
¢M±R®,§�²Xª¯¢M Î¢R®G±%Ù¤¦¯¬�¦¯©��¤¢M #¥¤¢R ¹ ��Zª¨ #�Xº¤ ,¢R§�¡'«¢M  I ¡�«¢M§�¦¯®7«¢5®,¢M§�§�²X¦¯£�K �
ÿ �W²X¦Y¢M£Ð°U²·§�®�¦¯±M�¤ª¯¦¨¢R§Â«¢R®,�¤¥¤¦�«¢-ª¨¢#°¤§��Zº¤ª É¢R¬�¢-¥¤¢#ª¸²­¥H«¢�®�¢R§,¬Q¦¨£U²·®,¦¨�Z£Â¥¤¢#ª¸²�®,¢M£¤¢R�¤§´¢M£Æµ¶¢M§�¥¤¢R ´ ,�Zª¯ 
�Zº¤ �¢M§6¡'«¢R  �7» �W¢R �®�¦¯¬Â²Þ®�¦¨�X£}¥¤¢Iª¨²-®�¢R£¤¢M�¤§.¢M£Qµ¶¢M§'¢M 6®���£�°U²·§�²X¬ É¢R®,§,¢´¢M � ,¢M£C®,¦¨¢MªE°
�Z�¤§'±M�X£�®,§�²X¦¯£¤¥¤§�¢
ª¨¢R �¬Q�7¥ É¢Rª¨¢R �¥¤¢&µ¶�Z§�¬Â²·®,¦¨�Z£�¼Þ¥¤²X£¤ �ª¸²\¬Q¢M ��¤§,¢�� É��ª��W²Xº"�X£¤¥U²X£¤±R¢&¥¤�}µ¶¢M§K¢M �®H²X£C®,¦¨±M�X§,§�«¢Rª�«¢R¢ É²\±M¢Rª¨ª¨¢
¥¤¢Iª��W²Xª¨�¤¬Q¦¨£�¦¨�¤¬t¢R®�«¢�®�§��Z¦¯®,¢M¬Q¢M£C®�ª¯¦�«¢R¢ É²�ª*��²·º"�Z£�¥U²X£¤±R¢I¥1�W²X��®,§,¢R Â«¢Mª�«¢M¬Q¢M£C®� H§�«¢Rµ¶§,²X±R®�²X¦¨§�¢M  �Bô ²X£� 
ª¨¢I±�²X �¥¤¢\ª¸² » �¤£¤¢X¼�ª¸²G®,¢M£¤¢R�¤§&¢R£Êµ¶¢M§&¬Q�QPZ¢M£�£¤¢# ,¢R¬­º¤ª¨¢I±M�Z£�GU§,¬Q¢M§&©��¤¢-ª¸² » �¤£¤¢-¢M �®&¢M£¤§�¦¨±%Ù¤¦¯¢
¢M£s«¢Mª�«¢R¬�¢R£C®� K§�«¢Rµ¶§,²X±R®�²X¦¨§�¢M )°U²X§K§,²X°¤°
�Z§�® É²-ª¨²O×)¢M§�§,¢·¼X±M¢H©��¤¦7¢ Ý ±Mª¨�7®�ª¨¢R > �±
«¢R£U²X§,¦¯�Z K¥�¢Hµ¶�Z§�¬Â²·®,¦¨�Z£
ºU²X �«¢M \ ��¤§\�¤£�¢��Z§�¦¨ËZ¦¯£¤¢Î±M�Z¬Q¬­�¤£¤¢ I GU � ,¦¯�Z£F�Z�Ô±M�>N0²X±M±R§�«¢R®,¦¨�Z£<K�¼
¬Â²X¦¯ ´§,¢M 6®�¢­±R�ZÙH«¢R§,¢M£C®Î²�¡X¢M±}ª¨¢
 ,±
«¢M£U²·§,¦¨�5¥1�Ó¦¨¬Q°U²X±�®´Ë>«¢�²·£�® I�» ��±M¢�PÐ¢�®O²Xª � ¼ ���X�CÛ K �

» �W�Z§�¦¨ËZ¦¯£U²Xª¯¦¯®7«¢Â¥¤¢Ô±R¢Ô®,§�²�¡·²X¦¨ª�§�¢M°
�Z ,¢Ô ,�¤§�ª��Ó��®�¦¯ª¨¦¨ ,²·®�¦¯�Z£�¥�¢M Ê¥¤�X£¤£H«¢M¢R Â¦¯£�µ¶§�²X§��Z�¤ËZ¢R �¥�¢Ôª¨²
 ,�X£¤¥¤¢�³�ª¨¢M¬Q¢M£C®,¦¨£¤¢ I ±�²X¬ã«¢M§,²>ñ ÊSò K�¼U©���¦A£1�W�X£�®I°U²X ´¥1�0«¢M©��¤¦�¡·²Xª¨¢R£�®O¢R£Ô®�¢R§,¬Q¢M ´¥¤¢Î±M�X��¡Z¢R§�®���§,¢
¢R®H¥¤¢O§�«¢R ,�Zª¯��®�¦¯�Z£5 ,°U²·®,¦¸²Xª¯¢X¼C¥U²·£¤ H��£Â¥¤�Z¬�²X¦¯£¤¢� ,°
¢M±�®�§�²·ª
¥��Z£¤£U²X£C®�²X±M± É¢M �²X� Ý °¤§�¦¨£¤±R¦¨°U²Xª¯¢M .²Xº�N
 ,�X§,°�®,¦¨�Z£¤ �±M²X§�²X±�®7«¢R§,¦¨ 6®�¦¯©���¢M �¥¤¢M >¬�¦¯£H«¢M§,²X� Ý ª¨�¤£U²·¦¨§,¢R  I6�Z��� NSÉ � ì ÈJU ¬MK ��» ²´ �¦¯®,�U²·®�¦¯�Z£Î¥¤¢.¥�«¢M°U²·§�®�¼
¢M£Q ,¢R°�®�¢R¬­º¤§�¢ ���Z� ì7¼>«¢�®%²X¦�®� ,¦¯¬�°�ª¨¢"�Cª¯¢M �¥¤�X£¤£H«¢M¢R 5«¢�®%²X¦¯¢M£C®�¢R£Â²X±R± É¢R Hª¯¦¨º¤§�¢� ,��§.¦¯£C®�¢M§�£¤¢R®'¥�¢M°¤�¤¦¯ 
���Z�ZÛ7� LÍ²Xª¨ËX§�«¢�±R¢Mª¨²�¼ É²�ª��Ó¢ Ý ±M¢R°�®�¦¯�Z£F¥1�Ó�¤£Õ°U²X§,²XËZ§,²X°¤Ù¤¢¹¥U²X£¤ �LÑ±7T`��¢R£Ï¢R®Î²Xª ��I6���Z� 	kK�¼
²X�¤±R�¤£
§�«¢R ,�¤ª�®%²·®´ �±M¦¯¢M£C®�¦�GU©��¤¢¹£7��²�¡·²X¦¯®Æ«¢�®7«¢Î°¤�¤º¤ª¯¦�«¢# ��¤§´±M¢M O¥¤�Z£�£�«¢M¢R M¼E¥¤�Ôµ�²·¦¯®�¥¤¢Î°¤§��Zº¤ª É¢M¬Q¢M ´¬Â²QW�¢M�¤§� 
¥1��«¢R®�²Xª¨�Z£�£U²XËZ¢ �Cô ¢R°¤�¤¦¯  ���Z� 	¤¼�ª��Ó¢ Ý °¤ª¯�Z¦¯®�²·®�¦¯�Z£F¥¤¢R ­¥¤�Z£�£�«¢M¢R �¥¤¢�ª¸²Ê¡Z�Z¦¯¢Q¡�¦¯ ,¦¨º�ª¨¢5¥¤¢Æ³�ª¯¢M¬Q¢M£�N
®�¦¯£¤¢ I ±�²X¬l«¢M§,² =´N-N�Ê�÷ K.µ¶�Z�¤§�£¤¦¨ � �²X¦�®H°
�Z�¤§6®%²X£C®�¥¤¢M &§�«¢M ��¤ª¯®�²·®� H ,°
¢M±R®�²X±M��ª¸²X¦¯§,¢M  I ö�¦¨¢�®�¢R§, &¢�®�²Xª � ¼
���Z� 	¤¼>LÔ±7T`�H¢M£5¢R®K²Xª � ¼ ���Z� 	�¼ » �¤±R¢�P¹¢R®K²Xª � ¼ ���Z�CÛ K � ÿ ��²·¦�¬Q�Z£C®�§�«¢H¥¤²X£¤ ��¤£�°¤§,¢R¬�¦¯¢M§A®�¢R¬�°¤ >©��¤¢
ª��Ó�Z£Ô°"�Z�7¡X²·¦¯®�¼E¬�²Xª¨ËX§�«¢Îª¨¢R -°¤§��Zº¤ª É¢R¬�¢R -¦¯£¤ �®,§,�¤¬Q¢M£C®%²·� Ý ¼O«¢R®�²Xª¨�X£¤£¤¢M§Oª¨¢R -¥¤�X£¤£H«¢M¢R #¦¨£�µ¶§,²X§,�X�¤ËZ¢M 
¥U²X£� ­¥¤¢M 
ËM�Z£¤¢R ­°¤§�«¢M ,¢R£C®%²X£C®Q�¤£f¦¯£�®7«¢M§Má¢R®­¬�²�W�¢R�¤§ �K» �W²X°¤°�§,��±%Ù¤¢Ê©��¤¦&²k«¢R®7«¢�¥H«¢R¡X¢Mª¯�Z°¤°H«¢R¢Æ ,¢M§6®
¬�²X¦¨£C®�¢R£U²X£C®&¥�¢\°"�X¦¨£C®&¥¤¢-±M�Z¬Q°U²X§,²X¦¨ ��Z£ É²�ª*��«¢R©��¤¦¨°
¢-¢R£Æ±%ÙU²X§,ËX¢#¥¤¢\ª��0«¢R®�²Xª¨�X£¤£U²XËZ¢O¥¤¢\ª*�W¢R£¤ ,¢R¬'N
º¤ª¯¢}¥¤� W�¢R�s¥¤¢5¥¤�X£¤£H«¢M¢R  �)» ¢Q®,§�²�¡·²X¦¨ª>°¤§�«¢Rª¨¦¯¬�¦¯£U²X¦¨§�¢¹¥�¢�§�«¢M¥¤�¤±�®�¦¯�Z£s¥�¢M Î¥¤�Z£¤£H«¢M¢M ¹¦¨£�µ¶§,²X§,�X�¤ËZ¢M 
²Â¢R£¤ ,�¤¦�®�¢­°
¢M§�¬�¦¯ -¥1�Ó�Z��¡�§�¦¨§-��£Õ±%ÙU²X¬Q°Õ¥1�W¦¯£C¡Z¢M 6®�¦¯ËC²·®�¦¯�Z£Ô®,§ É¢R \ª¸²X§�ËZ¢ �"» ¢M \¥��Z£¤£H«¢R¢M +ñ ÊSò ¼� �¦ Ý
²X£¤ Î²·°¤§ É¢R Gª¨²�GU£ë¥¤¢}ª¸²�¬�¦¯ , ,¦¯�Z£Y¼"°"¢R��¡Z¢R£�®¹¢M£Ï¢�â�¢�®Qá¢R®�§�¢}±M�Z£� ,¦¨¥H«¢M§�«¢R¢M G±M�Z¬Q¬Q¢­¥¤¢M #¥��Z£¤£H«¢R¢M 
ú6µ¶§,²�á È¨±%Ù¤¢R ?û¤¼�¥U²·£¤ Kª¨²´¬Q¢M ��¤§,¢H� É�¹ª¨²O°�ÙU²X ,¢H¥1��«¢R®%²·ª¨�Z£¤£¤²XËZ¢ I ®,�Z�
W��Z�¤§� >¢R£­±M�X�¤§, )°"�X�¤§>ª*�W¢R£¤ ,¢R¬­º¤ª¯¢
¥¤�"W�¢M�Q¥¤¢�¥¤�X£¤£H«¢M¢R ZK�ª¨¢R '²Î°�§,¦¯¡�«¢R¢M '¥¤¢&®��X��®�¢´¢ Ý °¤ª¯�Z¦¯®�²·®�¦¯�Z£�°¤²X§�ª¸²\±R�Z¬�¬��¤£U²X��®7«¢� ,±R¦¨¢M£C®,¦fGU©��¤¢ �
= £�¢Îµ¶�X¦¨ �ª¸²}ºU²·§,§,¦ É¢M§�¢#¥¤¢Îª���«¢R®%²·ª¨�Z£¤£¤²XËZ¢-µ¶§,²X£¤±%Ù¤¦¯¢X¼>W��W²X¦A¢M£¤ ��¤¦¯®,¢Î°¤�Ô¬Q�Z£C®�§�¢M§´©��¤¢X¼UËX§Þá²X±R¢ É²5±M¢R 
¥¤�Z£�£�«¢M¢R M¼E�Z£Ô²Xª¨ª¨²X¦¯®&²�¡X�Z¦¨§´²·±M± É¢R  É²5¥¤¢R I¦¯£�µ¶�Z§,¬�²·®,¦¨�Z£¤ H ,±R¦¨¢M£C®,¦fGU©��¤¢R I¦¯£�«¢M¥¤¦�®�¢R O°
¢M§�¬�¢�®,®�²X£C®´¥¤¢
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�Z�Y» ¢�LÔ�Z�H«¢Mª¨¦¯± ÷"� ¼ » ²X£¤ËZ¢�¡�¦¨£ÍP � ²X£¤¥ ÷"� T�§�²X§�¥Y¼ F £¤¢4� ¥U²·®%²Ê§�¢M¥¤��±R®�¦¯�Z£Ï²X°¤°�§,�C²X±%ÙFµ¶�X§
®�Ù�¢Æ³�ª¨¢R¬�¢R£C®�¦¨£�¢�ñ ÊSò ¥U²Þ®%²Í �¢R® �.F °�°¤ª¨¦¯±�²·®,¦¨�Z£Ï®�� F §,¦¯ �®,¦¨ª¨ª¯�¤ M¼ F §,¦¯ �®%²·§,±%Ù��¤ ­²·£¤¥lØ#¢M°¤ª¯¢M§R¼RÂ�Ã
ÄXÅZÆZÇ<ÈCÉQÊ Ã.Ë ÅZÊ Ã¨¼ w�TUï ¼ bZÈeb@b N bZÈ 	 b ¼ ���Z�Z���

Ì �.» ¢�LÑ�Z�H«¢Mª¯¦¨± ÷"� ¼ » ²X£¤ËZ¢�¡7¦¯£ãP � ²X£¤¥ ÷
� T�§,²X§,¥Y¼'×�Ù¤¢Ô¥¤¦¨ 6®�§�¦¨º¤��®,¦¨�Z£ã�Xµ\�Zª¨¦�¡7¦¯£¤¢Ê¦¯£å®�Ù�¢
±M§,²·®�¢R§ F §,¦¯ �®%²·§,±%Ù��¤ Â¦¯£�µ¶¢M§�§,¢R¥Úµ¶§��Z¬ ±Mª¯¢M¬Q¢M£C®�¦¯£¤¢Jñ ÊSò ¥U²·®�²�¼ ÄXÅZÆZÇ<ÈCÉ�Ê ÃJË ÅZÊ ÃoÍ Å4Î2Î Ã¨¼ SE� ¼'° �
�Z���ZÛ N �Z���ZÈ ¼ ���Z�Z���

b���» ¢�LÔ�Z�H«¢Rª¨¦¨± ÷
� ¼ » ²X£¤ËX¢R¡�¦¨£­P � ¼kT�§�²X§�¥ ÷
� ¼¾ö�¦¨£�¢R®:ö � ¼�³�Ù¤¢R¡�§�¢Mª ÷"� ²X£¤¥­P �¾ô ²7P�¥¤�Z��¼ ô ¦¨ �N
±M§�¦¨¬Q¦¨£U²Þ®�¦¨�X£¹º
¢R®��H¢M¢R£�¬�²·®���§,¦¯®�P�²X£¤¥}±R�Z¬Q°"�Z �¦¯®,¦¨�Z£¹�Xµ
ª¨�¤£U²·§K ,�X¦¨ª¨ >µ¶§,�Z¬ ¦¨£C®�¢RËZ§�²Þ®�¢M¥Q³�ª¯¢M¬Q¢M£�N
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�Z�'» ¢�LÔ�Z�H«¢Rª¨¦¨± ÷
� ¼ » ²X£¤ËX¢R¡�¦¨£lP}¼ØT�§�²·§,¥ ÷"� ¼�Ü0£C®,¢MËZ§,²·®�¦¯�Z£ã�XµÎ³�ª¯¢M¬Q¢M£C®�¦¯£¤¢ =ONIN Ü ÷ ²·£¤¥
ñXÜ ò ¥¤²·®%²}�Z£Ô³��Z°
¢M§�£¤¦¨±R�¤ I±R§�²·®,¢M§R¼9Í�Ý�Ò�Ñ@Þ
Ï#Ð�Ñ@Ò Å4Î Ó:Ô4Õ�ßJßJß"à�¼RýI�Z�¤ 6®��Z£�¼ Ì ÜZÜZÜ���I °
�Z �®,¢M§ZK

Ì �·» ¢�LÔ�X��«¢Mª¯¦¨± ÷"� ¼ » ²X£¤ËX¢R¡�¦¨£ÎP}¼eT�§,²X§,¥ ÷
� ¼eLÍ²X°¤°¤¦¯£¤Ë#ÖU¢ � ±R�Z£C®�¢R£�®'�X£�®�Ù¤¢�ª¨�¤£U²·§> ��¤§�µ�²X±R¢
�´¦¯®,ÙÐ¦¨£C®�¢RËZ§�²·®,¢M¥Í³�ª¨¢R¬�¢R£�®,¦¨£¤¢ =´N-N Ü ÷ ²X£�¥FñJÜ ò ¥U²·®�²�¼Bá Ä Ó�ßXß¢â�¼�ñO¦¨±M¢·¼ Ì ÜZÜXÜ���I °
�Z 6®�¢M§�K
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� ¼CñI¢M²X§�¦¯£�µ¶§�²X§�¢M¥s�Zº¤ ,¢R§�¡·²·®,¦¨�Z£¤ ¹�Xµ ÿ �¤°¤¦�®�¢R§�²X£�¥ ÷ ²·®,�¤§,£l²Þ®
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£¤¦¯±�²·®,¦¨�Z£Æ�Z§,²Xª¨¢7K
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¢M±�®�§�²·ª
��£¤¦¯®, 
¦¨£Æ®,Ù¤¢ F §,¦¯ �®�²X§,±%Ù��¤ ´°¤ª¨²·®�¢M²X�Y¼9ì
ÏRÓE¼U²·º¤ �®,§�²X±�®I£¹V bZÈ��WÜ Ì ¼ ���Z�Z���

È�� ö�¦¯£¤¢R®eö � ¼#³�Ù¤¢�¡7§�¢Mªz¼ ÷"�9ô ²QP�¥¤�X�Y¼OP � ¼ » ¢�LÑ�Z�H«¢Mª¯¦¨±·¼ ÷"� ¼ » ²X£¤ËZ¢�¡�¦¨£Y¼�P � ¼
T�§�²·§,¥Y¼ ÷"� ¼
F §�¦¨ 6®%²X§�±%Ù��� }±M§�²Þ®�¢M§� ,°
¢M±R®,§,�Z �±M�Z°�¦¨±ÆÙ¤¢�®�¢M§��ZËZ¢R£¤¢M¦�®�P�µ¶§,�X¬ ³�ª¯¢M¬Q¢M£C®�¦¯£¤¢ =´N N N Ü ÷ NSñJÜ ò ¥¤²·®%²�¼
Í�Ý�Ò�Ñ@Þ
Ï#Ð�Ñ@Ò Å4Î Ã�Ó:Ô4Õ2ÃBßXßJßÎ¼"²·º¤ �®,§�²X±�®I£¹V ��ÛZÛZÛ ¼ ���Z�X���

���7» ¢�LÔ�X��«¢Mª¯¦¨± ÷"� ¼ » ²X£�ËZ¢R¡�¦¨£5P}¼�T'§,²X§,¥ ÷"� ¼ F £¤²XªfP� ,¦¯ H�·µ�±Mª¨¢R¬�¢R£C®�¦¨£�¢9ñJÜ ò ¥U²Þ®%²¹ �¢R® ��F °CN
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 ,�X£¤¥¤¢-³�ª¨¢M¬Q¢M£C®,¦¨£¤¢ �Cí Ô Î�ÅZÊ
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F ¥¤²X¬� R¼ ÿ�� Ì � øøLÔ±�³��Z§�¥Y¼�× � Ì � Þ Å4ñSÆ
Î�ÅMÊQÅ Ò Ê ÕqÒ ôVÆxê ÐùÝ�Ò�Ñ@Þ Ê ÝCÞ ê ÑCÔ Å ñ ÕqÒ Å Þ^Ñ@Ð Ævô@É�ú Õ ñ-û

Ç ÐùÕ ÔvÑ Î Õ Æ Ò Ê1ê Þ Æ
ñ ü Õ Ê Õ2ý%Ð Å Ñ@Ò î Ò Å Ñ@Þ û ÕqÒ ê Þ^Ñ@Þ Åvî Þ ÅÿþoÅ Ô Î Õ ü Õ Î2É§Æxê í Ç<Æ ÐqÐ Æ äaä Ê Ñ ñ"Ç Ð ÅZÊ ¼ ��� ì Ü ¼
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F ¥¤²X¬� R¼ ÿ�� Ì � ø LÔ±�³��Z§,¥Y¼>× � Ì � á#Ð Å Ô Î Þ Æ Ò<Õ Ô Ê�Ç<Å Ô Î Þ^Ñ Æxê�Ç�É Þ Æ � Å Ò ÅZÊ Ñ@Ò î ÕqÒ ÎxÅ Þ Ç Þ Å4Î Ñ Î Õ Æ Ò
Æxê"ÎxÅ Ð ÅZÊ Ô ÆZÇ Õ Ô Ê�Ç<Å Ô Î ÞvÑ@ÐBÞ ÅÿþoÅ Ô Î Õ ü Õ Î|É Ô4ÝCÞ ü@ÅZÊ�Æxê
ÎqÈ<Å
ë�ÆQÆ ÒU¼ ��� ì Ì ¼Bö�§��7± �¤» �¤£U²X§ �R÷ ±R¦ � ³��X£�µ � ¼
Ç��Þ| ¼ bZÜ Ì 	�� bZÜeb 	 �

F ¥¤²X¬� R¼ ÿ�� Ì � ¼�ýI�X§��X¼"Ö � ø ð#¦¨º¤º
�Z£¤ R¼ òG�¤N�� á	� Å Ô ÎqÊ'Æxê�ÊZÈ<Æ ÔZç û Ð Æ Ñ î ÕqÒ ô Æ Ò ÎÿÈ<Å Þ ÅÿþJÅ Ô Î Ñ@ÒBÔ Å
Ê�Ç<Å Ô Î Þ^Ñ ÆxêRÇ Ð�Ñ ô Õ Æ Ô4Ð�Ñ ÊQÅ�
�Ç�É Þ Æ � Å Ò Å�
 Ñ@Ò î1ô Ð�Ñ ÊZÊ ¼ ��� ì � ¼ » �¤£U²·§Nö�ª¸²X£�¢R® �3÷ ±R¦ � ³��Z£�µ � ¼ w�T ¼ � � b��

F ¥¤²X¬� R¼ ÿ�� Ì � â�Õ Ê Õ2ý%Ð Å Ñ@Ò î Ò Å Ñ@Þ û ÕqÒ ê Þ^Ñ@Þ Åvî�î Õ �oÝ ÊQÅ Þ ÅÿþJÅ Ô Î Ñ@ÒBÔ Å�Ê�Ç<Å Ô Î ÞvÑ Æxê/Ç�É Þ Æ � Å Ò ÅZÊ Ñ Ê
Ñ ÇaÇ ÐùÕ Åvî�Î�Æ Þ Å4ñSÆ
ÎxÅ�ÊQÅ Ò Ê ÕqÒ ô�Æxê'ÊQÆ ÐùÕ îVÆ ý
� Å Ô ÎqÊ ÕqÒ ÎqÈ<ÅSÊQÆ Ð�Ñ@Þ Ê4ÉQÊ4ÎxÅ4ñ ¼ ��� ì>	�¼ ÿ�� ð#¢M�Z°�ÙkP�  �
ò ¢M  � ¼ �¤? ¼<	 È Ì � �C	 ÈebX
��

F ª¯ª¨¢R£Y¼
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¼ ô­��÷"� ë Õ Ô4Þ ÆQÊ Ô ÆZÇ Õ Ô1ÕqÞ Æ Ò ñSÅ4Î Ñ@Ð
Æ Ò ô Ð�Ñ ÊZÊ Ñ@Ò î�ñ ÕqÒ Å Þ^Ñ@Ð Ê û Ñ ÎxÆQÆ Ð ê7Æ Þ Ê4Î Ý î@É ÕqÒ ô Þ Å ôCÆ ÐùÕ ÎÿÈVñ Ñ Î ÝCÞdÕ Î|É ¼ ���Z�eb ¼�Ü0±�²X§��¤ M¼ w�TUï ¼
Ì ��� � bZÜXÜ��

Ì&²Xª¯¥��´¦¨£�¼ òG� Ì �����Z
eb ¼�ã È<Å�ñSÅ Ñ Ê ÝCÞ Å-Æxê
ÎÿÈ<Å�ë�ÆQÆ Ò�Ã = £¤¦¯¡X¢M§, �¦¯®�PÆ�·µ�³�Ù¤¦¯±�²XËX� �
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ñSÅ4ñ ý Å Þ�Þ Å Ô Æ
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Ì�¢Rª¨ª�¼Nö � L � ¼
LÍ²·�¤¼)ý � Ø � ø þ�¢R¢/ü� M¼ òG�oF¹��� Ç�Î Õ ÔvÑ@Ð Ê�Ç<Å Ô Î Þ^Ñ Ñ@Ò î£Å Ð Å Ô Î Þ Æ Ò Ç Ñ@Þ^Ñ ñ Ñ ô@û
Ò Å4Î Õ Ô1Þ ÅZÊQÆ Ò�Ñ@ÒBÔ Å-Æxê ÐùÝ�Ò�Ñ@Þ�Ñ@Ò î�Ê4É Ò ÎÿÈ<Å4Î Õ Ô ô Ð�Ñ ÊZÊQÅZÊ1û Ñ Ê4Î Ý î@É Æxê1ÎÿÈ<Å'Å��
Å Ô ÎqÊ-Æxê Ô Æ Ò Î Þ Æ ÐqÐ Åvî
Ñ Î2ñSÆQÊ�Ç<È<Å Þ Å�
 Ô Æ
ñ"Ç<ÆQÊ Õ Î Õ Æ Ò 
 Ñ@Ò î�ÎxÅ4ñ"Ç<Å Þ^Ñ Î Ý�Þ Å ¼ ��� ì���¼ » �¤£¤²X§���ª¸²·£¤¢R® ��� ±M¦ � ³��Z£7µ � ¼�� {�� ¼
Ì Û 	 b � Ì ÛZÛ����

Ì�¢Rª¨ª�¼�� � Ö � ¼��
�H¢M£� ,ºaP
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¼RL � � � ã È<Å)( ï û Ô Æ Ð Æ Þ�Ñ Ê4ÎxÅ Þ Æ Õ î
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Ñaý%ÝCÒ î Ñ@ÒBÔ Å�
 Ô Æ
ñ"Ç<ÆQÊ Õ Î Õ Æ Ò 
 Ñ@Ò î�Ç Ñ@Þ Î Õ Ô4Ð Å�Ê ÕDC Å�î Õ Ê4Î ÞdÕ2ý%Ý Î Õ Æ Ò ê7Æ Þ Æ ÐùÕ ü ÕqÒ Å4ûvÆ Þ ÎÿÈ<ÆZÇ�É Þ Æ � Å Ò Å
ñ Õ � Î ÝCÞ ÅZÊ`ê Þ Æ
ñ Þ ÅÿþoÅ Ô Î Ñ@ÒBÔ Å"Ê�Ç<Å Ô Î Þ^ÑX¼ ���XÈ ��¼3� � ð#¢M�Z°�ÙkP�  �	& ¢M  � ¼ .Aw ¼ �Z� �>	 � � �Z� � Û@b��

³�ª¨�X��®�¦¯ M¼
T �@F�� ¼ � ¬�¦�®�ÙY¼  ­� ð � A � ¼ » ²X¬­º
¢M§6®�¼ &G���"� � �0' ðG²Þâ�¢4P"¼@L � � � Ë ÅÿþJÅ Ô Î Ñ@ÒBÔ ÅRÊ�Ç<Å Ô Î Þ^Ñ
Æxê�ô Ð�Ñ ÊZÊ4û ý Å Ñ@ÞdÕqÒ ô/ñ Ñ 8 Ô Ê ÕqÐùÕ ÔvÑ ÎxÅXñ Õ � Î Ý�Þ ÅZÊ Ñ@Ò î�Ê�Ç<Å Ô Î Þ^Ñ@Ð îCÅ Ô Æ Ò ü@Æ ÐùÝ Î Õ Æ Ò Ç Þ Æ Ô Åvî ÝCÞ ÅZÊ ¼ �,�0�ZÜ ¼
Ü0±M²X§,�� M¼+23JY¼ bZÈeb �C	 Ü��Z�

³�§,�Q�´£Y¼  ­�%F���' ��¦¯¢R®�¢R§, R¼�³ � L � Ó Ç<Å Ô Î Þ^Ñ@Ð Ç Þ ÆZÇ<Å Þ Î Õ ÅZÊHÆxê:Ç Ð�Ñ ô Õ Æ Ô4Ð�Ñ ÊQÅ Ñ@Ò î�Ç�É Þ Æ � Å Ò ÅRñ Õ � Î Ý�Þ ÅZÊ
Ñ@Ò î�ÎÿÈ<Å ÕqÒ Î�Å Þ Ç Þ Å4Î Ñ Î Õ Æ Ò Æxê ÐùÝ�Ò�Ñ@Þ ÊQÆ ÕqÐ Ê�Ç<Å Ô Î Þ^ÑX¼ ���ZÈ ì7¼~Ü0±�²·§,�¤ R¼X��1Y¼~	 � Ì � ÛXÜ � �

 ²�¡�¦¨¢M R¼  ­� A � ¼3�X�ZÙ�£¤ ,�Z£�¼U× �5_­�4' LÍ²·®, ,�Z£Y¼  ­��»�� Í�ÝCÒ�Ñ@Þ ñ ÝCÐ Î Õ Ê�Ç<Å Ô Î Þ^Ñ@Ð:Õ ñ Ñ ô ÕqÒ ô Ñ Î ïCÃ ï5d
ñ Õ Ô4Þ Æ Ò Ê
ûW8 Þ Ê4Î Þ ÅZÊ Ý�Ð ÎqÊ ¼ ��� ì � ¼ » �¤£U²X§%��ª¨²X£¤¢R® �+� ±M¦ � ³��Z£�µ � ¼ w;: {�� ¼ ��È���� � ��È Ì È��

 ²�¡�¦¨ M¼4� � ³ �O�,� ì b ¼�Ó Î Ñ Î Õ Ê4Î Õ Ô Ê Ñ@Ò î�î Ñ Î ÑMÑ@Ò�Ñ@Ð ÉQÊ Õ Ê ÕqÒ ôCÅZÆ Ð Ævô@É � ]I¢��e>.�Z§�$ �
 ¢M£�±M¢X¼9L �+&Î� ã È<Å Ô Æ Ò Î ÞdÕ2ý%Ý Î Õ Æ Ò Æxê�ñ ÑE� Æ Þ�Õ ñ"Ç ÑCÔ Î:Ç Þ Æ Ô ÅZÊZÊQÅZÊ1Î�Æ ÐùÝCÒ�Ñ@Þ'Ô4ÞdÝ Ê4Î Ñ@Ð Å4ü@Æ ÐùÝ Î Õ Æ ÒU¼
�,� ìZì7¼5�'Ù�¦¨ª � ×>§,²X£¤  �3& �QPC²Xª � �7± �E» �X£¤¥¤�Z£Y¼ x 1+2 � ¼ Ì Û�� � Ì � Û7�

 �Z§�¢M , ��Z�¤£¤¥�¦¨§�²·¬Ô¼ F¹�f� ÞdÕ ô ÕqÒ Å Ô Æ ÐqÐùÕ Ê Õ Æ Ò<Ò Å ÐqÐ Å-îCÅZÊoê Ñ ñ ÕqÐqÐ ÅZÊ�î õ Ñ Ê4Î óÅ Þ Æ4gh îCÅZÊSÅ4Î"îCÅZÊ/Ê4É�Ê4Î ðÅ4ñSÅZÊ
ý%ÕqÒ�Ñ@ÕqÞ ÅZÊXú óÅ4Î Ý îCÅHÊ�Ç<Å Ô Î Þ ÆQÊ Ô ÆZÇ Õ ò Ý Å�Å4Î.ñSÆ%î óÅ ÐùÕ Ê Ñ Î Õ Æ Ò�Ò<Ý ñ óÅ ÞdÕ ò Ý Å Ã>®�Ù É¢R ,¢O¥¤¢I¥��7±�®��Z§,²·®�¼?PO£¤¦�N
¡X¢M§� ,¦¯®7«¢\�'¦¯¢M§�§,¢Î¢R®XLÍ²·§,¦¨¢G³���§,¦¨¢·¼+�\º¤ ,¢R§�¡·²·®��X¦¨§,¢#¥�¢�LÑ¢M�¤¥¤�X£Y¼ ���0� ì �

T�ª¨°¤Ù�¦¨±X¼ &Î� ³ � ¼ » ²7�´§,¢R£¤±M¢·¼  ­� � � ¼.ÖU¢Mª¨¥�¬Â²X£�¼iA � ³ � ¼.Ì&²X§�§�²X±Rª¨�Z��ËZÙY¼�Ì �.»�� ¼RLÍ²X�¤§�¦¨±M¢·¼ �"� ¼
ÌH¦¨£¤¥¤¢R§M¼ F�� Ì �-' » �¤±M¢4P
¼�� � ð � Í�Ý�Ò�Ñ@Þ *�Å Ñ@Ò î ã�Õ`Ñaý%ÝCÒ î Ñ@ÒBÔ ÅZÊ
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T�§�²X§�¥Y¼ �"� ë ÕqÒ�óÅ Þ^Ñ@Ð Ævô Õ ÅSîCÅZÊ�Ê ÝCÞ ê ÑCÔ ÅZÊMîCÅ�ë Ñ@Þ Ê¢Å4Î Ï È<Æ ý ÆQÊ�ú óÅ4Î Ý îCÅ�Ç Ñ@Þ Ê�Ç<Å Ô Î Þ Æ
û Õ ñ Ñ ôCÅ ÞdÕ Å
ÕqÒ ê Þ^Ñ@Þ Æ Ý ôCÅ/Å Ò Æ Þ�ý%Õ ÎxÅ � ®,Ù É¢M �¢¹¥�¢G¥��7±�®��Z§,²·®�¼4PO£¤¦¯¡X¢M§� ,¦¯®7«¢\�K²X§�¦¨  _ Ü^Ü%¼3�K²X§�¦¨ M¼ ���0���Z�

wCïB�



ÖE²X£U²Xª¯¢X¼"Ö � � � ¼A³�ª¸²X§E$
¼YÌ � T �X' Ì�¢Mª¯ª�¼W� � Ö ��í Ê�Ç<Å Ô Î Þ^Ñ@Ð�Ñ@Ò�Ñ@Ð ÉQÊ Õ ÊSÆxê�Æ Þ î ÕqÒ�Ñ@Þ É Ô È<Æ Ò î ÞdÕ Î�ÅZÊ�

Ó û�Î2ÉZÇ<Å Ñ Ê4Î�Å Þ Æ Õ î
Ê�
 Ñ@Ò î�ÎqÈ<Å ÕqÞ"Ô Æ
ñ"Ç<Æ Ò Å Ò Î:ñ ÕqÒ Å Þ^Ñ@Ð ÊHû�ôCÅ Ò Å4Î Õ ÔHÕ ñ"Ç ÐùÕ ÔvÑ Î Õ Æ Ò Ê ¼ �,�0� Ì ¼�� � ð#¢M�>N
°�ÙkP�  �	& ¢M  � ¼ . �"¼ Ì ÜZÈ � b � Ì ÜXÈ ì>	 �

ÖU¢Mª¯¥¤¬Â²·£Y¼iA � ³ � ¼�LÍ²X��§,¦¨±R¢X¼ �"� ¼.Ì�¦¨£�¥¤¢M§R¼ F¹� Ì � ¼.Ì&²·§,§�²·±Mª¨�X�¤ËZÙY¼'Ì �'»�� ¼RT'ª¯°¤Ù¤¦¯±X¼ &Î� ³ ��'
» ²7�´§,¢R£¤±M¢·¼  ­� � � * ÐùÝ � ÅZÊ�ÆxêHê Ñ Ê4Î Ñ@Ò î�Å�Ç Õ ÎqÈ<Å Þ ñ Ñ@Ð`Ò Å Ý Î Þ Æ Ò Êoê Þ Æ
ñ Í�Ý�Ò�Ñ@Þ/Ï#Þ ÆQÊ�Ç<Å Ô ÎxÆ Þ ú
á ü Õ îCÅ ÒBÔ Å�ê7Æ Þ é Ñ Î�Å Þ�Õ Ô Å Ñ ÎRÎÿÈ<Å ÐùÝCÒ�Ñ@Þ Ç<Æ Ð ÅZÊ ¼ ���0�ZÈ ¼ � ±M¦¯¢M£¤±R¢X¼+132 w ¼ � 	 � ��� ��ÛXÜZÜ��

ÖK¦¯ ,±%Ù¤¢R§M¼�T � L �X' �'¦¯¢R®,¢M§, R¼)³ � L � Ë Å4ñSÆ
ÎxÅ�îCÅ4ÎxÅ Þ ñ ÕqÒ�Ñ Î Õ Æ Ò ÆxêSÅ � Ç<ÆQÊ ÝCÞ Å�îCÅ ô Þ ÅZÅ Ñ@Ò î ÕqÞ Æ Ò
Ô Æ ÒBÔ Å Ò Î Þ^Ñ Î Õ Æ Ò Æxê ÐùÝCÒ�Ñ@Þ ÊQÆ ÕqÐ Ê Ý Ê ÕqÒ ô�ü Õ Ê4û Ò<ÕqÞ Ê�Ç<Å Ô Î Þ ÆQÊ Ô ÆZÇ Õ Ô ñSÅ4ÎqÈ<Æ%î
Ê ¼ ����� 	¤¼�Ü0±M²X§,�� M¼ wEwEw ¼
	Cì Û �C	 ÈXÈ��

ÖK¦¯ ,±%Ù¤¢R§M¼>T � L �=' ��¦¨¢�®�¢M§� M¼X³ � L �j6 Æ
ñ"Ç<ÆQÊ Õ Î Õ Æ Ò�Ñ@Ò î�Å � Ç<ÆQÊ ÝCÞ Å Ñ ôCÅoÆxê#ÎÿÈ<Å í Ç<Æ ÐqÐ Æ ä-d 6 Ñ É Ð Å4É
Ñ@Ò î"îCÅZÊ ÔvÑ@Þ Î�ÅZÊ Þ Å ô Õ Æ Ò Ê<ê Þ Æ
ñ 6 Ð Å4ñSÅ Ò Î ÕqÒ ÅØî Ñ Î Ñ ú è Æ Þ ñ Ñ@ÐùÕDC%ÕqÒ ô"ÎÿÈ<ÅHÆZÇ�Î Õ ÔvÑ@Ð Å��
Å Ô ÎqÊHÆxê`Ê�Ç ÑCÔ Å
é�Å Ñ ÎqÈ<Å ÞdÕqÒ ô ¼ ����� ��¼3� � ð#¢M�Z°�ÙkP�  �	& ¢M  � ¼ w;:�w ¼ ÌeÌeÌ Û � ÌeÌ b 	 �

ð � "O¢M¦k$X¢M£�¼  ­�X_­�V' ¢R¥¤ M¼>Ö � Ì � Ls¼�¢M¥¤¦�®�¢M��§,  �Ï������� ¼
ã È<Å Í�Ý�Ò�Ñ@Þ'Ó Æ Ý�Þ�Ô Å ý ÆQÆ ç@Ã í Ý ÊQÅ Þ~õ Ê
ô ÝCÕ îCÅ�Î�Æ�ÎÿÈ<Å�ë�ÆQÆ Ò�Ã�³&²·¬­º¤§,¦¯¥¤ËZ¢7PO£¤¦¯¡X¢M§, �¦¯®�Pc��§�¢M ,  �

ÖK¦¯ ,±%Ù¤¢R§M¼`T � L �i' ��¦¨¢�®�¢R§, M¼�³ � L �l6 Æ
ñ"Ç<ÆQÊ Õ Î Õ Æ Ò�Ñ@ÐRÑ@Ò�Ñ@Ð ÉQÊQÅZÊ¢Æxê-Ê4ñ Ñ@ÐqÐØÐùÝCÒ�Ñ@Þ Ç�É Þ Æ Ô4Ð�Ñ Ê4Î Õ Ô
îCÅ�Ç<ÆQÊ Õ ÎqÊ Ý Ê ÕqÒ ô 6 Ð Å4ñSÅ Ò Î ÕqÒ Å-ñ Ý�Ð Î Õ Ê�Ç<Å Ô Î Þ^Ñ@Ð î Ñ Î ÑX¼ Ì ÜZÜZÜ ¼[� � ðÎ¢R�Z°¤ÙaP�  �U& ¢R  � ¼ w;:�� ¼�	 Ì 	 Û �
	 Ì � Ì �

ðÎ²·â�¢4P
¼BL � � � ¼
Ì�¢Mª¯ª�¼+� � Ö �3' ³�§��¤¦S$� ,Ù¤²X£�$E¼  ­� � � Ë ÅÿþJÅ Ô Î Ñ@ÒBÔ Å�Ê�Ç<Å Ô Î Þ ÆQÊ Ô ÆZÇ�É Ñ@Ò î Ñ Ê4ÎxÅ Þ Æ Õ î
Ê ÝCÞ ê ÑCÔ ÅØñ ÕqÒ Å Þ^Ñ@Ð Ævô@É ¼  ²X£¤ �Ì�¦¯£��M¢Rª�¼ &G� ¼�ð#¢MÙ¤§�¢Mª¨ R¼�× ��' LÍ²·®,®,Ù¤¢��´ R¼
Ls¼�¢M¥�¦¯®�¢R�¤§, R¼ í Ê4ÎxÅ Þ Æ Õ î
Ê
à^à�¼7°U²XËZ¢R  �XÈ � � Ì ì�¼¤×>��±M ,�X£Y¼ ���ZÈ0��� PI£¤¦�¡Z¢R§, ,¦�®�PÐ�Xµ F §,¦k�M�Z£¤²T�'§�¢M �  �

ðÎ²·â�¢4P
¼RL � � � Ó Ç<Å Ô Î Þ^Ñ@ÐsÞ ÅÿþoÅ Ô Î Ñ@ÒBÔ Å Ô È Ñ@Þ^ÑCÔ ÎxÅ ÞdÕ Ê4Î Õ Ô Ê{ÆxêMÎqÈ<Å�ñSÅ4ÎxÅZÆ ÞdÕ Î�Å Ô4Ð�Ñ ÊZÊQÅZÊ ¼ �,� ì���¼!� �
ð#¢M�X°¤ÙaP7  �3& ¢R  � ¼	2 w ¼ �ZÜZÛ � � Ì Ü7�

ðÎ²·â�¢4P
¼�L � � � ã È<Å Ñ Ê4Î�Å Þ Æ Õ î Lnm N â ÅZÊ4Î Ñ ú Þ Æ
Î Ñ Î Õ Æ Ò�Ñ@Ð Ê�Ç<Å Ô Î ÞvÑ@Ð ü Ñ@ÞdÕ2Ñ Î Õ Æ Ò Ê�
sÊ ÝCÞ ê ÑCÔ Å�ñ Ñ Î�Å4û
ÞdÕ2Ñ@Ð È<Å4ÎxÅ Þ ÆvôCÅ Ò Å Õ Î2É�
 Ñ@Ò î Õ ñ"Ç ÐùÕ ÔvÑ Î Õ Æ Ò Ê.ê7Æ Þ ÎqÈ<Å�Æ ÞdÕ ô ÕqÒ Æxê
ÎqÈ<Å ýZÑ Ê Ñ@Ð Î Õ Ô1ÑCÔ È<Æ Ò î ÞdÕ Î�ÅZÊ ¼ �,�ZÈeb ¼
» �¤£¤²X§%��ª¸²X£¤¢�® �3� ±M¦ � ³��X£�µ � ¼ wCï ¼ Ì b7� � Ì b Ì �

ð#§�²X¥¤¦¯¢X¼+� � ¼ _ ¢R¡Z¢R§�$Þ²�¼H� �3' Ì��¤§,²·®,®,¦�¼EÌ � ã È<Å-Å��
Å Ô ÎqÊ-Æxê�Ê ÔvÑ Î|Î�Å ÞdÕqÒ ô'ôCÅZÆ
ñSÅ4Î Þ É�Æ Ò ÎqÈ<Å�Ê�Ç<Å Ô û
Î Þ ÆZÇ<È<Æ
ÎxÆ
ñSÅ4Î ÞdÕ Ô Ç Þ ÆZÇ<Å Þ Î Õ ÅZÊ�Æxê�Ç<Æ
éRîCÅ Þ Åvî»ñ Ñ Î�Å ÞdÕ2Ñ@Ð ¼ ���ZÈZÜ ¼ » �¤£U²X§)��ª¸²X£�¢R® �o� ±M¦ � ³��X£�µ � ¼
wEw {�� ¼Eì �0� � È���Û7�

ð#§,¢M¢Rª¨¢4P"¼ &Î� ¼�ØÎ²X¥¤¢Mªz¼ �"�! ­� ¼iAæ¦¨ª¯ª¨¦¨²X¬� R¼  ­�`F�� ¼.ðÎ²X¥¤¥¤¦¯ M¼ »��!&Î� ¼#"O¢�²X¥�¼�� � A � ¼ØLÑ±7T`��¢R£Y¼
F¹� ¼`LÔ�¤§�±%Ù¤¦¨¢·¼ �"�K»'� ¼`T�£¤ËX¢Mª¨º
¢M§6®�¼U] � ¼�]O¢M��$��¤¬Ñ¼'ð � ¼U��¦¨¢R®,¢M§� M¼�³ � L � ¼ � �¤£¤ �Ù¤¦¨£�¢X¼!� � L � ¼
A�²XËZ£�¢M§M¼ &Î�;' Ì�¢Rª¯®��X£Y¼kL � Ä Ñ@ÐùÕqÐ ÅZÆ Õ ñ Ñ ô ÕqÒ ô�Æ ý ÊQÅ Þ ü Ñ Î Õ Æ Ò Ê�Æxê Í�ÝCÒ�Ñ@Þ ë Ñ@ÞdÕ2Ñ'Ñ@Ò î Þ Å Ð�Ñ Î�Åvî
îCÅ�Ç<ÆQÊ Õ ÎqÊ ¼ �,�0�eb ¼3� � ð#¢M�X°¤ÙaP7  �+& ¢R  � ¼ . 2Y¼ � ì ��Èeb � � ì Ì Ü � �

ð#§,¦¨¢�¡Z¢·¼ &Î��F�� Ö �+' "I¢M²X¥Y¼H� � A � ã È<Å�ë Ñ@Ò<Õ Ô Æ Ý~Ñ ô Ñ@Ò Õ ñ"Ç ÑCÔ ÎRÊ4Î ÞdÝ�Ô Î ÝCÞ Å-ú Ñ@Ò�Ñ@Ò�Ñ@Ð ÉQÊ Õ Ê-Æxê
Õ ÎqÊ�Æ ÞdÕ ô ÕqÒ�Ñ@Ð î Õ ñSÅ Ò Ê Õ Æ Ò Ê Ñ@Ò î#ê7Æ Þ ñ ¼ �,�ZÈeb ¼;� � ðÎ¢R�Z°¤ÙaP�  �-& ¢R  �-� ��°¤°¤ª¨¢R¬�¢R£C®�¼-232Y¼ ÈZÜ ì�� È���È��

ð#§,¦¨¢�¡Z¢·¼ &Î��F�� Ö � ¼ & �Zº
¢M§6®� ,�X£Y¼H� � Ì �H'p ¢R£¤±M¢·¼:L �H&Î�96 Æ Ò Ê4Î Þ^Ñ@ÕqÒ ÎqÊ'Æ Ò ÎqÈ<Å#ê7Æ Þ ñ Ñ Î Õ Æ Ò Æxê
ÞdÕqÒ ô Õ ñ"Ç ÑCÔ ÎXÊ4Î Þ4Ý<Ô Î Ý�Þ ÅZÊ�
 ýZÑ ÊQÅvî�Æ Ò Î�Å ÞdÞ ÅZÊ4Î ÞdÕ2Ñ@Ð î Ñ Î ÑX¼ �,�ZÈ�� ¼ » ��£U²X§T��ª¸²·£¤¢R® �#� ±R¦ � ³��X£�µ � ¼
w 1 {�� ¼ b ì�� Û ì �

wCï J



ð#�¤¢M 6®�¼-� � T � Ó Î Þ^Ñ Î Õ ô Þ^Ñ Ç<ÈCÉ-Æxê
Å � Å Ô Î Ñ ê Þ Æ
ñ ÎqÈ<Å ÐùÝ�Ò�Ñ@Þ
Ô4Þ^Ñ ÎxÅ Þ í ÞdÕ Ê4Î Ñ@ÞZÔ È Ý Ê ¼ ��� ì b ¼�ð#¢M�Zª �?� ��± �
F ¬ � Ì��¤ª¨ª � ¼�2 ï ¼ Ì È ì b � Ì È0� 	 �

"-²·°�$X¢·¼KÌ � ¼K³&²X , �¦¨¥�P
¼[A �U' As¢Mª¯ª¨ R¼�T � á �
Å Ô ÎqÊ Æxê�ü Ñ Ç<Æ Þ û Ç<È Ñ ÊQÅ�îCÅ�Ç<ÆQÊ Õ Î Õ Æ Ò Ç Þ Æ Ô ÅZÊZÊQÅZÊMÆ Ò
ÎqÈ<Å�ÆZÇ�Î Õ ÔvÑ@Ð 
 Ô È<Å4ñ Õ ÔvÑ@Ð 
 Ñ@Ò î ñ Ñ ô Ò Å4Î Õ Ô Ç Þ ÆZÇ<Å Þ Î Õ ÅZÊ�ÆxêMÎqÈ<Å ÐùÝCÒ�Ñ@ÞMÞ Å ôCÆ ÐùÕ ÎÿÈ ¼ ��� ì Û ¼`LÔ���Z£Y¼
w�Ç ¼ beb�� � bCÛ@b7�

"-²·°�$X¢·¼'Ì � àdÒ ÎxÅ Þ Ç Þ Å4Î Ñ Î Õ Æ Ò Ê¢Æxê¢ÆZÇ�Î Õ ÔvÑ@Ð Æ ý ÊQÅ Þ ü Ñ Î Õ Æ Ò Ê¢Æxê�ë�Å Þ�Ô4ÝCÞ É Ñ@Ò î ÎÿÈ<Å�ë�ÆQÆ ÒU¼ �,� ìZì7¼
��ÙaP�  � T'²X§�®,Ù � ��ª¸²X£�¢R® � Ü0£�®,¢M§ � ¼ wC� ¼ Ì �@	<� Ì ì>	 �

"-²·°�$X¢·¼�Ì �9q Õ î ÕqÞ Å Ô Î Õ Æ Ò�Ñ@Ð�Þ ÅÿþJÅ Ô Î Ñ@ÒBÔ Å�Ê�Ç<Å Ô Î Þ ÆQÊ Ô ÆZÇ�É ÃØÕ û
ÎqÈ<ÅZÆ Þ É ¼ ���ZÈ�� ¼W� � ð#¢M�Z°�ÙkP�  �[& ¢R  � ¼
23JY¼ bZÜ@b0� � bZÜZÛ 	 �

"-²·°�$X¢·¼�Ì �fq Õ î ÕqÞ Å Ô Î Õ Æ Ò�Ñ@ÐRÞ ÅÿþoÅ Ô Î Ñ@ÒBÔ Å�Ê�Ç<Å Ô Î Þ ÆQÊ Ô ÆZÇ�É ÃsÕ ü�û1ÎÿÈ<Å�Å � Î ÕqÒBÔ Î Õ Æ Ò Ô ÆQÅ�r Ô4Õ Å Ò Î Ñ@Ò î
ÎqÈ<Å/ÆZÇaÇ<ÆQÊ Õ Î Õ Æ Ò Å��
Å Ô Î ¼ ���ZÈ �7¼~Ü0±�²X§��¤ M¼	J	�"¼ Ì �@	�� Ì ÈZÜ��

"-²·°�$X¢·¼7Ì �j6 Æ
ñ ý%ÕqÒ Åvî�ÎqÈ<ÅZÆ Þ É'Æxê Þ ÅÿþoÅ Ô Î Ñ@ÒBÔ Å Ñ@Ò î'Å4ñ Õ Î2Î Ñ@ÒBÔ ÅHÊ�Ç<Å Ô Î Þ ÆQÊ Ô ÆZÇ�É ¼  ²X£¤ RL � ¼;� � ³ �
' � ��F¹� � � ¼�T�¼Y¢M¥�¦¯®�¢R�¤§, R¼.Ë Å4ñSÆ
Î�Å1ôCÅZÆ Ô È<Å4ñ Õ ÔvÑ@Ð�Ñ@Ò�Ñ@Ð É�Ê Õ Ê-ú á#Ð Å4ñSÅ Ò Î Ñ@Ð`Ñ@Ò î ñ ÕqÒ Å Þ^Ñ@Ð Ævô Õ ÔvÑ@Ð
Ô Æ
ñ"Ç<ÆQÊ Õ Î Õ Æ Ò � ³&²·¬­º¤§,¦¯¥¤ËZ¢7PO£¤¦¯¡X¢M§, �¦¯®�Pc��§�¢M , R¼ ���0�eb��

"-²·°�$X¢·¼>Ì �ts Æ
é�ÎxÆ Î ÝCÞ4Ò �u6 õ Ê ÕqÒ ÎxÆ Ósõ Ê'ú Ó Ç ÑCÔ Å'é�Å Ñ ÎqÈ<Å ÞdÕqÒ ô ÕqÒ ÎqÈ<Å Ñ Ê4Î�Å Þ Æ Õ î ý Å Ð Î ¼ Ì ÜZÜZÜ ¼
» �¤£¤²X§%��ª¸²X£¤¢�® �3� ±M¦ � ³��X£�µ � ¼ ÇAw ¼ ��ÜXÈ ì �

"-²·§�®�¬�²X£¤£�¼=A � Ø �0'v ²�¡7¦¯ M¼  ­�0&Î� Ó9Ñ Î�Å ÐqÐùÕ ÎxÅ4û Ê ÕDC ÅvîoÇ Ð�Ñ@Ò Å4Î�ÅZÊ Õ ñ Ñ@Ð Ê Ñ@Ò î ÐùÝ�Ò�Ñ@Þ Æ ÞdÕ ô ÕqÒU¼ �,� ì Û ¼
Ü0±M²X§,�� M¼+1 ï ¼ ÛXÜ 	 �

"-²· �$�¦¨£Y¼ »'�W' A�²X§,§�¢M£Y¼X� � Í�Ý�Ò�Ñ@ÞSÔ È<Å4ñ Õ Ê4Î Þ É ¼  ²X£¤ Gð � "I¢R¦S$·¢M£Y¼  ­�H_��X' ¢R¥¤ M¼�Ö � Ì � Ls¼
¢R¥¤¦¯®,¢M�¤§� M¼.ã È<Å Í�Ý�Ò�Ñ@ÞsÓ Æ ÝCÞ�Ô Å ý ÆQÆ ç@Ã í Ý ÊQÅ Þ~õ Ê#ô ÝCÕ îCÅoÎ�Æ�ÎqÈ<Åsë�ÆQÆ Ò�Ã�³&²X¬�º¤§,¦¯¥¤ËZ¢wPO£¤¦¯¡X¢M§� ,¦¯®�P
��§�¢M , R¼ ���0���Z�

"I¢M²X¥Y¼W� � A � Í�Ý�Ò�Ñ@Þ ü@Æ Ð ÔvÑ@Ò<Õ Ê4ñ ÕqÒ Ê�Ç ÑCÔ Å Ñ@Ò î�Î Õ ñSÅ ¼ ��� ì���¼ & ¢�¡ � ðÎ¢R�Z°¤ÙaP�  �[� °U²X±M¢9��ÙaP�  � ¼
wCï ¼ Ì � Û � bZÜZÜ7�

"I¢M²X¥Y¼+� � A �3' Aæ¦¯ª¨ ,�X£Y¼ »�� Í�ÝCÒ�Ñ@Þ ñ Ñ@Þ Å�ü@Æ Ð ÔvÑ@Ò<Õ Ê4ñ-û Ó Î Þ^Ñ Î Õ ô Þ^Ñ Ç<ÈCÉ�
HÅ ÞdÝ Ç�Î Õ Æ Ò�Ô Æ Ò î Õ Î Õ Æ Ò Ê�

Ñ@Ò î ÎÿÈ<Å�Å4ü@Æ ÐùÝ Î Õ Æ Ò ÆxêSÊQÅ Ô Æ Ò î Ñ@Þ É Ô4ÞdÝ Ê4ÎÿÊ ¼ �,�0� Ì ¼'ð#¢M��±%Ù¤¦¯¬ � ¢R®�³��Z �¬���±%Ù¤¦¨¬ ��F ±R®�²�¼ � JA¼
Ì � 	e	<� Ì � ì Û7�

"I¢M²X¥Y¼+� � A � ¼9LÔ�¤§,±%Ù�¦¨¢X¼ �
� ¼9LÔ�¤ 6®%²X§�¥Y¼+� � Ö � ¼3��¦¨¢R®,¢M§� M¼
³ � L � ¼3]I¢M�5$���¬Ô¼"ð � ¼�LÑ±7T`��¢R£Y¼ F¹� ¼
ð#§,¢R¢Mª¯¢�P
¼ &Î� ¼:T'£�ËZ¢Mª¯º"¢R§�®�¼W] �X' Ì�¢Mª�®��Z£�¼�L � Í�ÝCÒ�Ñ@Þ-Õ ñ"Ç ÑCÔ Î ýZÑ Ê ÕqÒ Ê�ú è Å4éÛî Ñ Î Ñ ê7Æ Þ ÎqÈ<Å
é�ÅZÊ4Î�Å ÞdÒ ÐùÕ ñ ý�Ñ@Ò î/ê Ñ@Þ Ê Õ îCÅ L Æ ÞdÕ Å Ò Î Ñ@Ð Å Ñ@Ò î Ó Æ Ý ÎÿÈ Ï Æ Ð Å4û í Õ Î ç Å Ò·ýZÑ Ê ÕqÒ N�ê Þ Æ
ñ ÎÿÈ<Åx8 Þ Ê4Î
Ä Ñ@ÐùÕqÐ ÅZÆsþ�É ý É ¼ �,�0�eb ¼3� � ð#¢M�X°¤ÙaP7  �+& ¢R  � ¼ . 2Y¼ � ì � 	 � � � ì ��È Ì �

"I¢R¦S$·¢M£Y¼�ð � " � ¼9LÔ±MØÎ²QP
¼  ­�	�"�+' Ì�§,�Q�´£Y¼ &Î� A � Í�ÝCÒ�Ñ@Þ îCÅ�Ç<ÆQÊ Õ ÎÿÊ'ÆxêHÇ<ÆQÊZÊ Õ2ý%Ð ÅsÇ�É Þ Æ Ô4Ð�Ñ Ê4Î Õ Ô
Æ ÞdÕ ô ÕqÒU¼ ��� ì>	¤¼UðÎ¢R�7±%Ù¤¦¯¬ � ³��Z ,¬Q��±%Ù¤¦¨¬ �~F ±�®%² � ¼ Ç 2Y¼ � ì Üeb � � ì ��È7�

"I¢Rª¯µ¶¢R£¤ �®,¢M¦¨£�¼X� �['y_ ¢R¡Z¢R§�$Þ²�¼V� � Ï È<Æ
Î�Æ
ñSÅ4Î ÞdÕ Ô Ç Þ ÆZÇ<Å Þ Î Õ ÅZÊ�Æxê ÐùÝCÒ�Ñ@Þ ÎxÅ ÞdÞ^Ñ@ÕqÒ Ê�îCÅ ÞdÕ ü@Åvî�ê Þ Æ
ñ
s Ñ Ç ç Å õ Ê/Åvò Ý�Ñ Î Õ Æ ÒU¼ ���ZÈ ì7¼�Ü0±�²X§��¤ M¼H��1Y¼ b 	 Ì � bCÛ ì �

wCï �



"I¦¯§,�Z¦z¼A× � ¼i��¦¨¢R®,¢M§� M¼K³ � L �U' LÔ�Z§,§�¦¨ R¼ &Î�[_­� è Å4é Ô Æ Ò Ê Õ îCÅ Þ^Ñ Î Õ Æ Ò ÊJê7Æ Þ ÅZÊ4Î Õ ñ Ñ Î ÕqÒ ô ÐùÝ�Ò�Ñ@Þ
ÊQÆ ÕqÐ ñ Ñ Î ÝCÞ4Õ Î2ÉXê Þ Æ
ñ ü Õ Ê4û Ò<ÕqÞ�Þ ÅÿþJÅ Ô Î Ñ@ÒBÔ Å�Ê�Ç<Å Ô Î Þ ÆQÊ Ô ÆZÇ�É ¼ ���0� ì7¼ » �¤£U²X§o��ª¸²·£¤¢R® �H� ±M¦ � ³��X£�µ � ¼
132Y¼ Û ì Û � Û ì�� �

"I�X§��X¼KÖ � ¼�ð#§,¦¨¢�¡Z¢·¼ &Î� ¼i"I¢M¦k$X¢R£Y¼'ð � ¼ � °¤�¤¥¤¦¯ M¼i� ��' Ì�¦¯£¤¥¤¢M§R¼ F¹� ÐùÝ�Ò�Ñ@Þ Ê ÝCÞ ê ÑCÔ Å�Ç Þ Æ Ô ÅZÊZÊQÅZÊ ¼
 ²·£¤ \ð � "I¢R¦S$X¢R£Y¼  ­�4_��H' ¢R¥¤ M¼�Ö � Ì � Lë¼"¢R¥¤¦¯®,¢M�¤§� M¼oã È<Å Í�ÝCÒ�Ñ@Þ�Ó Æ ÝCÞ�Ô Å ý ÆQÆ ç@Ã í Ý ÊQÅ Þ~õ Ê
ô ÝCÕ îCÅ�Î�Æ�ÎÿÈ<Å�ë�ÆQÆ Ò�Ã
³&²X¬­º¤§�¦¨¥¤ËZ¢7PO£¤¦¯¡X¢M§� ,¦¯®�Pz�'§�¢M � M¼ ���0���Z�

"I�X�¤ ,ª¯¢�P
¼ &G� L � ¼H³�¦¨§�ª¨¦¨£�¼�T � " �!' ðÎ§,²X£C®�¼ &Î� A �B6 È Ñ@Þ^ÑCÔ Î�Å Þ4ÕDCQÑ Î Õ Æ Ò Æxêj8 Ò ÅZÊ�ê Þ Æ
ñ ÎqÈ<Å
í Ç<Æ ÐqÐ Æ ä-d Ê Õ Î�Å ¼ ��� ì b ¼ » �¤£U²X§%��ª¨²X£¤¢R® �+� ±M¦ � ³��Z£�µ � ¼ ï {�� ¼ bZÈ��Z�

Ü0§�¡�¦¯£¤¢X¼�A � L � ¼ � ¦¨¬Q�Z£Y¼'× � ¼sLÔ¢M£5�M¢Mªz¼  ­� " � ¼���¦k$X���Z M¼�³ �w' >.�Z�¤£�Ë¤¼ F¹� × � ë ÝCÐ Î Õ Ô Æ Ð Æ Þ
Ç<È<Æ
Î�ÆQÅ Ð Å Ô Î Þ4Õ Ô Ç<È<Æ
Î�Æ
ñSÅ4Î Þ É�Æxê/ÎqÈ<Å ý%ÞdÕ ô
ÈCÎ�Å Þ Ç Ð�Ñ@Ò Å4ÎqÊ ÃRÕqÕqÕ2Ã Æ ý ÊQÅ Þ ü Ñ Î Õ Æ Ò Ê#ê Þ Æ
ñ ý Æ
ÉeîCÅ Ò Æ ý û
ÊQÅ Þ ü Ñ Î�Æ Þ É ¼ �,� � È ¼ F ��¼H� Ç ¼ ÈZÜ ì�� È Ì È��

Ü0 ,º
¢Mª¯ª�¼>³ � T � ¼`T�ª¯¦¸²X ��Z£Y¼�T � L � ¼KÌ�¢M±�$·¢M§M¼K× � ¼ » ¢M¢X¼�T � L � ¼�LÔ±7T`�H¢M£Y¼ F¹�i'{& �Zº¤¦¯£¤ ,�Z£�¼`L �
ã È<Å 6 Ð Å4ñSÅ Ò Î ÕqÒ Å1ñ Õ ÊZÊ Õ Æ Ò ú í Ò�Ñ@Þ�Ô È Õ ü@Å-Æxê Ñ î Õ ô Õ Î Ñ@Ð�Õ ñ Ñ ôCÅ1ñSÆ%îCÅ Ð Æxê1ÎÿÈ<Å�ë�ÆQÆ ÒU¼ �,�0� ì7¼
» �¤£¤²X§%��ª¸²X£¤¢�® �3� ±M¦ � ³��X£�µ � ¼+132Y¼4� Ì b �/� Ì 	 �

�Z²X¬Q¢M R¼V� � Ì � Ë Æ ÔZç ÊMÆxê'ÎqÈ<Å�Å Ñ@ÞdÐ É ÐùÝCÒ�Ñ@ÞMÔ4Þ4Ý Ê4Î ¼ �,�ZÈZÜ ¼ » �¤£¤²X§\�'ª¨²X£¤¢�® �V� ±R¦ � ³��Z£�µ � ¼ wEw {�� ¼
b � Û � b0�@b��

�Z²X�¤¬�²X£¤£�¼ &G� Ó Ç<Å Ô Î Þ^Ñ@Ð û Ô È<Å4ñ Õ ÔvÑ@Ð�Ñ@Ò�Ñ@Ð ÉQÊ Õ Ê�Æxê ÐùÝ�Ò�Ñ@Þ Ê Ý�Þ ê ÑCÔ ÅXñ Ñ Î�Å Þ4Õ2Ñ@Ð Ê ¼ �,�0��� ¼;� � ð#¢M�Z°�ÙkP�  �
& ¢M  � ¼ . JY¼ ÌeÌ ¼�ì �eb � ÌeÌ ¼ ÈZÜ ì �

�X¢�²·£¤ª¨�0�·¼ &Î� ¼�LÑ¦¯®�±%Ù�¢Mª¨ªz¼  ­�U»�� ¼ � °¤§,²XËZ�¤¢·¼ F��E»��4'| ¢7�K²·®,¢M§M¼<Ü � á ü Õ îCÅ ÒBÔ Å�ê7Æ Þ1Ñ�ýZÑ Ê Ñ@Ð Î2ûzê Þ ÅZÅ
Ê ÝCÞ ê ÑCÔ ÅMÆ Ò ë�Å ÞZÔ4ÝCÞ É Ñ@Ò î Õ ñ"Ç ÐùÕ ÔvÑ Î Õ Æ Ò Êsê7Æ Þ'ÕqÒ Î�Å ÞdÒ�Ñ@Ð È<Å Ñ Î ¼ �����CÛ ¼ � ±R¦¨¢R£¤±M¢·¼i13J32Y¼ � 	 ÛZÛ �
� 	 Û ì �

�X�ZÙ¤£� ,�Z£Y¼
× �4_­� ¼ � ²X�¤£¤¥�¢M§, R¼ &Î�+�"� ¼:LÍ²Þ®� ,�X£Y¼  ­�E»'�+' LÔ�X ,Ù¤¢R§M¼H� ��F¹�Jí ã�Õ �g� Ñaý%ÝCÒ î Ñ@ÒBÔ Å
ñ Ñ Ç/ê7Æ Þ ÎÿÈ<Å Ò Æ Þ ÎqÈ<Å Þ4Ò ñ Ñ@ÞdÕ2ÑX¼ �,� ìZì7¼ » ��£U²X§o��ª¸²X£¤¢�® �3� ±M¦ � ³��X£�µ � ¼ w;: {�� ¼ ��Ü Ì � � ��Üeb � �

�X�ZÙ¤£� ,�Z£Y¼R� � T � ¼ � ¬�¦�®�ÙY¼RL � � �!' F ¥¤²X¬� R¼R� � Ì �p} Ý~Ñ@Ò Î Õ Î Ñ Î Õ ü@Å Ñ@Ò�Ñ@Ð ÉQÊ Õ Ê{Æxê/Ç Ð�Ñ@Ò Å4Î Ñ@Þ É
Þ ÅÿþoÅ Ô Î Ñ@ÒBÔ ÅoÊ�Ç<Å Ô Î Þ^Ñ é Õ ÎqÈ�Ç ÞdÕqÒBÔ4Õ Ç Ñ@Ð�Ô Æ
ñ"Ç<Æ Ò Å Ò ÎqÊ Ñ@Ò�Ñ@Ð ÉQÊ Õ Ê ¼ �,�ZÈCÛ ¼-� � ð#¢M�Z°¤ÙaP�  �/& ¢M  �5� �¤°CN
°�ª¨¢M¬Q¢M£C®M¼ .4: ¼ ÈXÜCÛ � È���Ü��

�X�ZÙ¤£� ,�Z£Y¼U� �V&Î� ¼ » ²X§, ��Z£Y¼ �"� L �V'`� ¦¯£¤ËZ¢R§M¼ &Î� Ì ��í Þ ÅZÅ4ü Ñ@ÐùÝ�Ñ Î Õ Æ Ò Æxê/Ê�Ç<Å Ô Î Þ^Ñ@Ð�Þ^Ñ Î Õ ÆQÊoê7Æ Þ
ÐùÝCÒ�Ñ@Þ ñ Ñ@Þ Å ã�Õ �g� ñ Ñ ÇaÇ ÕqÒ ô ¼ �,�0��� ¼¤ðÎ¢R�Z°¤ÙaP�  �+& ¢R  �E» ¢R®�® � ¼ w 2A¼ Ì ��Û@b � Ì ��Û � �

�X�Zª¯ª¨¦¯â>¼¤Ì �"»�� ¼"ðÎ¦¯ª¨ª¨¦¯ M¼�� � ð � ¼3"-²X E$�¦¯£Y¼ »���F¹� ¼"Ø#�Z§,�·®�¢R¡
¼ &Î�E»'�+' Aæ¦¯¢M±~�R�Z§,¢G$E¼:L ��F¹� ë ÑE� Æ Þ
ÐùÝCÒ�Ñ@Þ Î�Å ÞdÞ^Ñ@Ò ÅZÊ�ú Ó�ÝCÞ ê ÑCÔ Å¢Å � Ç Þ ÅZÊZÊ Õ Æ Ò Ê Ñ@Ò î Ô4ÞdÝ Ê4Î|û�ñ Ñ@Ò Î Ð Å�Æ ÞdÕ ô ÕqÒ Ê ¼ Ì ÜZÜZÜ ¼i� � ð#¢M�Z°�ÙkP�  �
& ¢M  � ¼ w;:�� ¼<	 ��� ì,�C	 Ì � � �

�X�Zª¯ª¨¦¯â>¼EÌ �A»��)6 Ð Å4ñSÅ Ò Î ÕqÒ Å öXâXâ�àdÓ ñ Ý�Ð Î Õ Ê�Ç<Å Ô Î Þ^Ñ@Ð î Ñ Î Ñ¢Ñ@Ò î�ÎqÈ<Å í Ç<Æ ÐqÐ Æ ä�Q�Ð�Ñ@Ò î ÕqÒ ôSÊ Õ Î�Å�ú
æ È Ñ Î ÔvÑ@Ò é�Å1ÎxÅ ÐqÐ�Ñ@Ò î�È<Æ
é§é�Å ÐqÐ-��¼ ���0�0� ¼3� � ðÎ¢R�Z°¤ÙaP�  �+& ¢M  � ¼ w;:Uï ¼ � 	 � Ì b � � 	 � 	 È7�

Ø#¢Mª¯ª¨¢M§R¼ »�� � �4' LÔ±MØÎ²QP
¼  ­�4�
� ì�Õ Ê Ô Æ
ü@Å Þ ÉSÆxê
ü Ñ Ç<Æ Þ îCÅ�Ç<ÆQÊ Õ ÎÿÊ ÕqÒ ÎÿÈ<Å ÐùÝCÒ�Ñ@Þ�Þ Å ôCÆ ÐùÕ ÎÿÈ ¼ �,�0�eb ¼
� ±M¦¨¢R£¤±M¢·¼+13J w ¼ �QbXÜCÛ � ��Ü@b ì �
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Ø#¦¨§E$�ª¨²X£¤¥Y¼ »'� ¼C×)§,¢M¦¯¬Â²·£Y¼ F��;' LÑ�¤§,±%Ù¤¦¯¢X¼ �"� Ï È<Æ
Î�Æ
ñSÅ4Î Þ É'Æxê ý%ÞdÕ ô
ÈCÎ Þ Å ô Õ Æ Ò Ê�Æ Ò ñ Ñ@Þ ÊXû àdÓ ë
Þ ÅZÊ ÝCÐ ÎÿÊ ¼ ���0� ì7¼ » ��£U²X§o��ª¸²X£¤¢�® �3� ±M¦ � ³��Z£�µ � ¼+1+2Y¼
ì Ì � ��ì bZÜ7�

» ²X£¤ËZ¢�¡�¦¨£Y¼4> �H'ÙF §,£¤�Xª¨¥Y¼H� �H&Î� ã È<Å'Å4ü@Æ ÐùÝ Î Õ Æ Ò Æxê/ÎqÈ<Å ÐùÝCÒ�Ñ@Þ�Þ Å ôCÆ ÐùÕ ÎqÈ ¼ �,� ìZì7¼ F £¤£�� �H& ¢�¡ �
T'²X§6®�Ù)��ª¸²X£�¢R® �+� ±M¦ � ¼ � ¼<	e	 � �C	 È0���

» ²X£¤ËZ¢�¡�¦¨£Y¼W> � ã È<Å Þ Å ôCÆ ÐùÕ ÎqÈVÆxê-ë�Å Þ�Ô4ÝCÞ É{ú�Ç Þ ÅZÊQÅ Ò Î ç
Ò Æ
é Ð ÅvîQôCÅ Ñ@Ò î Õ ñ"Ç ÐùÕ ÔvÑ Î Õ Æ Ò ÊHê7Æ Þ ÎqÈ<Å
ë�Å Þ�Ô4Ý�Þ É � Þ�ý%Õ ÎxÅ Þ ñ Õ ÊZÊ Õ Æ ÒU¼ �,�0� ì7¼4��ª¨²X£¤¢R® �3� °U²·±M¢ � ±M¦ � ¼ ï9� ¼ b�� � b ì �

» ²X �$Þ²X§R¼�� �!'�& �Zº¤��®,¢Mª�¼�� � ã È<Å Ô È Ñ Æ
Î Õ Ô Æ ý%ÐùÕ ò Ý�Õ Î2É�Æxê�ÎÿÈ<Å-Ç Ð�Ñ@Ò Å4ÎqÊ ¼ �����eb ¼#]I²·®��¤§�¢X¼ Ç J w ¼
� ÜZÈ �/� � Ì �

» ²X �$Þ²X§R¼;� � ¼?�X�Z��®,¢Mªz¼ZÖ ��'�& �Zº¤��®,¢Mª�¼�� � Ó Î Ñaý%ÕqÐùÕDCQÑ Î Õ Æ Ò ÆxêHÎqÈ<Å ásÑ@Þ ÎÿÈ õ Ê
Æ ý%ÐùÕ ò ÝCÕ Î2É ý É1ÎqÈ<Åsë�ÆQÆ ÒU¼
�,�0�eb ¼5]-²·®,�¤§,¢·¼ Ç J w ¼3� ��Û �/� � ì �

» ²7�´ ,�Z£Y¼ �"�U»�� ¼��Z²�$X�X �$aP
¼EÌ � L � ¼4�K²·§�$E¼4" ���"�4' LÔ¢Mª¯ª¨�Z£�¼~L � × ��q ÞdÕ ô
ÈCÎ Ò ÅZÊZÊ
ÎxÅ4ñ"Ç<Å Þ^Ñ Î Ý�Þ ÅZÊ
Æxê�ÎqÈ<Å ÐùÝCÒ�Ñ@Þ Ê ÝCÞ ê ÑCÔ Å'ú 6 Ñ@ÐùÕ2ý%Þ^Ñ Î Õ Æ Ò�Ñ@Ò î'ô Ð Æ ýZÑ@Ð`Ñ@Ò�Ñ@Ð ÉQÊ Õ Ê'Æxê�ÎqÈ<Å 6 Ð Å4ñSÅ Ò Î ÕqÒ Å Ð Æ Ò ô@û�é Ñ ü@Å
ÕqÒ ê Þ^Ñ@Þ Åvî ÔvÑ ñSÅ Þ^Ñ î Ñ Î ÑX¼ Ì ÜZÜXÜ ¼3� � ð#¢M�Z°¤ÙaP�  �3& ¢M  � ¼ w;:�� ¼<	 Ì ì b �k	 Ì �ZÜ��

» �¤±M¢4P
¼3� � ð � ¼4"-²7�%$X¢·¼EÌ ��&Î� ¼�LÔ±�³��X§,¥Y¼¤× � Ì � ¼��'¦¯¢R®,¢M§, R¼U³ � L �4' "O¢�²X¥�¼3� � A �Rí Ô Æ
ñ"Ç<Æ
û
Ê Õ Î Õ Æ Ò�Ñ@Ð Ê4Î Ý î@ÉMÆxê
ÎqÈ<Å í ÞdÕ Ê4Î Ñ@Þ�Ô È Ý Ê Þ Å ô Õ Æ Ò ÆxêXÎqÈ<Å
ë�ÆQÆ Ò¢Ý Ê ÕqÒ ô Ò Å Ñ@Þ û ÕqÒ ê ÞvÑ@Þ Åvî Þ ÅÿþJÅ Ô Î Ñ@ÒBÔ Å
Ê�Ç<Å Ô Î Þ ÆQÊ Ô ÆZÇ�É ¼ ���ZÈ �7¼3� � ðÎ¢R�Z°¤ÙaP�  �+& ¢M  � ¼ .Aw ¼ b 	e	 �

» �¤±M¢4P
¼�� � ð � ¼V"I²Q�%$·¢X¼KÌ �V&G�V' "I�X§�®��X£Y¼)Ø � ã È<ÅMî Õ Ê4Î ÞdÕ2ý%Ý Î Õ Æ Ò ÆxêMÆ ÐùÕ ü ÕqÒ Å ÕqÒ ÎqÈ<Å Ô4Þ^Ñ ÎxÅ Þ
6 ÆZÇ<Å ÞdÒ<Õ Ô4Ý Ê ¼ ������� ¼Eð#¢M�Z°�ÙkP�  �	& ¢M  �E» ¢R®,® � ¼ w 2Y¼ Ì �Qb@b � Ì �Qb � �

» �¤±M¢4P
¼	� � ð � ¼¤×>²7P�ª¨�Z§R¼Eð � � �4' LÍ²·ª¸²X§�¢R®�¼~T �Rí ý%ÝCÒ î Ñ@ÒBÔ Å Ñ@Ò îMî Õ Ê4Î ÞdÕ2ý%Ý Î Õ Æ Ò Æxê ÕqÞ Æ Ò Æ Ò ÎqÈ<Å
ë�ÆQÆ ÒU¼ �����CÛ ¼ � ±R¦¨¢R£¤±M¢·¼+1+J32Y¼ �Z��Û·Ü��

» �¤±M¢4P
¼i� � ð � ¼�Ì�ª¨¢4��¢�®,®M¼  ­� × � ¼U�X�ZÙ¤£¤ ��Z£Y¼U� �)»�� ¼A×>²7P7ª¯�Z§M¼)ð � � �V' "-²7�%$·¢X¼>Ì �V&G� Í�Ý�Ò�Ñ@Þ
Î Õ Î Ñ@Ò<ÕqÝ ñ Ô Æ Ò Î�Å Ò ÎØê Þ Æ
ñ Ý üQû�ü Õ Ê ñSÅ Ñ Ê ÝCÞ Å4ñSÅ Ò ÎÿÊ ¼ �,�0� ��¼ » �¤£¤²X§��'ª¨²X£¤¢�® ��� ±R¦ � ³��Z£�µ � ¼R1	��¼
ì È�� ��ì È Ì �

» �¤±M¢4P
¼	� � ð � ¼UÌ�ª¯¢��H¢R®�®�¼  ­� × �3' "I²7�%$X¢X¼
Ì �3&Î� ë Ñ ÇaÇ ÕqÒ ô�ÎÿÈ<Åu*.Å � Ñ@Ò î ã�Õ �g� Ô Æ Ò ÎxÅ Ò ÎsÆxê
ÎqÈ<Å ÐùÝCÒ�Ñ@Þ Ê Ý�Þ ê ÑCÔ Å1é Õ ÎqÈ ñ Ý�Ð Î Õ Ê�Ç<Å Ô Î ÞvÑ@Ð�Õ ñ Ñ ôCÅ Þ É ¼ ���0�XÈ ²�¼3� � ð#¢M�X°¤ÙaP7  �+& ¢R  � ¼ w;:
Ç ¼ b �Cì ���

» �¤±M¢4P
¼%� � ð � ¼H×K²7P�ª¨�X§M¼�ð � � ��' "I²Q�%$·¢X¼´Ì ��&G� *.Å � Ñ@Ò îVÎ Õ Æ � Ô Æ ÒBÔ Å Ò Î Þ^Ñ Î Õ Æ Ò Ê ÕqÒ ÎqÈ<Å
Ó Æ Ý ÎqÈ Ï Æ Ð Å í Õ Î ç Å Ò�ýZÑ ÊZÊ ÕqÒ ú à ñ"Ç ÐùÕ ÔvÑ Î Õ Æ Ò Ê<ê7Æ Þ ñ Ñ@Ò Î Ð Å Ô Æ
ñ"Ç<ÆQÊ Õ Î Õ Æ Ò-Ñ@Ò î ýZÑ Ê ÕqÒ ê7Æ Þ ñ Ñ Î Õ Æ ÒU¼
�,�0�ZÈ ºY¼�� � ðÎ¢R�Z°¤ÙaP�  �+& ¢M  � ¼ w;:
Ç ¼ b ì Ü�� � b ì ÜZÈ��

» �¤±M¢4P
¼/� � ð � ¼C×>²QP�ª¯�Z§M¼�ð � � �;' "I²7�%$X¢X¼�Ì �;&Î� Ä Ð Æ ýZÑ@Ð<Õ ñ Ñ ô ÕqÒ ô'Æxêoñ Ñ Î ÝCÞ4Õ Î2É-ú Ë ÅZÊ ÝCÐ ÎÿÊ�ê Þ Æ
ñ
6 Ð Å4ñSÅ Ò Î ÕqÒ Å Ñ@Ò î ÐùÝ�Ò�Ñ@Þ Ê Ñ ñ"Ç Ð Å
Ê4Î Ý î Õ ÅZÊ ¼ �,�0�ZÈ ±·¼ » �¤£U²X§%��ª¸²·£¤¢R® �+� ±M¦ � ³��Z£�µ � ¼+1 . ¼ �QbCÛ � �

» �¤±M¢4P
¼X� � ð � ¼�ÌHª¨¢��H¢R®�®�¼  ­� × � ¼:T�ª¨¦¨²X ,�X£Y¼�T � L � ¼	As¢Mª¨ª¯¢M§R¼ »��9F�� ¼ � ��±%ÙU²X§, E$�¦�¼ &Î� ¼	"I¦¯£¤§,¦¯±%Ù¤ M¼
T � L � � �
»��	' �"�H¢M£¤ �ºaP"¼H� �	 ­�@� Ç�Î Õ ñ ÕDC Åvî ÔvÑ@ÐùÕ2ý%Þ^Ñ Î Õ Æ Ò�Ô Æ Ò Ê4Î Ñ@Ò ÎÿÊØê7Æ Þ ÎÿÈ<Å 6 Ð Å4ñSÅ Ò Î ÕqÒ Å
èHàZË ÔvÑ ñSÅ Þ^ÑX¼ Ì ÜZÜZÜ ¼ » �¤£¤²X§%��ª¸²X£¤¢�® �+� ±R¦ � ³��X£�µ � ¼ ÇAw ¼ � Ì ì b��

LÍ²Xª¯¦¨£Y¼Y³ � L �[' T�¥¤ËZ¢�®,®M¼ �"� T � á ü Õ îCÅ ÒBÔ Å�ê7Æ Þ�Þ Å Ô Å Ò Î#ô Þ Æ Ý�Ò î@é Ñ Î�Å Þ ÊQÅZÅ�Ç Ñ ôCÅ Ñ@Ò î�Ê Ý�Þ ê ÑCÔ Å
ÞdÝCÒ Æ��sÊ/Æ Ò ë Ñ@Þ Ê ¼ Ì ÜZÜZÜ ¼ � ±M¦¯¢M£¤±R¢X¼	132+2Y¼ Ì bebZÜ N Ì bebCÛ7�

wCïH.



LÍ²X§6®�¦¯£Y¼3� �Ys óÅ4Î óÅ Þ Ævô óÅ Ò�óÅ Õ Î óÅ�ÆZÇ�Î Õ ò Ý Å'Å4Î�ñ ÕqÒ�óÅ Þ^Ñ@Ð Ævô Õ ò Ý Å1îCÅZÊ1Ê ÝCÞ ê ÑCÔ ÅZÊHÇ Ð�Ñ@Ò�óÅ4Î Ñ@ÕqÞ ÅZÊsÇ Ñ@Þ§óÅ4Î Ý îCÅ
Ê�Ç<Å Ô Î Þ^Ñ@Ð Å"ú Þ`óÅvô Õ Æ Ò îCÅ ã È Ñ@Þ Ê Õ Ê L ë Ñ@Þ ÊON'Å4Î ýZÑ ÊZÊ ÕqÒ î õ Õ ñ"Ç ÑCÔ Î s Ý ñSÆ ÞdÝ ñ L|Í�Ý�Ò ÅON � ®�Ù É¢R ,¢O¥¤¢
¥��7±�®��Z§,²·®�¼4PO£¤¦¯¡X¢M§� ,¦¯®7«¢7�K²X��ª � ²XºU²·®,¦¨¢M§R¼¤×)�Z�¤ª¨�X�¤ ,¢·¼ ���0� � �

LÍ²·®, ,�Z£�¼  ­�U»�� ¼3�X�XÙ¤£¤ ,�X£Y¼E× �5_­�3'�_ ¢M¢M¥�¢M§M¼"ð � � � Ó Æ ÕqÐ ñ Ñ Î Ý�ÞdÕ Î2É Ñ@Ò î�Ç Ð�Ñ@Ò Å4Î Ñ@Þ É Þ Å ôCÆ ÐùÕ ÎqÈaÊ
û�ÎqÈ<Åoë�ÆQÆ Ò 
�ë�Å Þ�Ô4Ý�Þ É�
 Ñ@Ò î�ÎqÈ<Å Ñ Ê4ÎxÅ Þ Æ Õ î
Ê ¼ ��� ìXì7¼ » �¤£U²X§���ª¸²X£�¢R® �-� ±M¦ � ³��X£�µ � ¼/2 {�� ¼ ��ÜZÜ�� �
��Ü��Z�Z�
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The distribution of olivine in the crater Aristarchus 

inferred from Clement inc NIR data 

St6phne Le Mou61ic, Yves Lngevin, St6phne Errd 
Institut d'Astrophysique Spatiale, Orsay, France 

Abstract. Clementine imaged the Moon entirely at eleven 
wavelengths. This paper presents new results obtained on 
the crater Aristarchus using a heuristic method for the cal- 
ibration of the near infrared (NIR) data set. We computed 
band ratios and we extracted spectra using a telescopic spec- 
trum as reference. A new -•4x 10 km olivine rich area has 

been identified on the southeastern rim of the crater, in ad- 
dition to a smaller olivine rich area previously reported. The 
olivine to pyroxene ratio exceeds 6 in this new zone. This 
demonstrates the uniqueness of the Clementine NIR data set 
in discriminating olivine from pyroxene on the lunar surface, 
with implications for magmatic processes in the lunar man- 
tle and crust. 

Introduction 

The Clementine spacecraft has acquired an almost global 
coverage of the lunar surface in eleven bandpasses with an 
average spatial resolution of about 250 m [Nozette et al., 
1994]. The UVVIS Camera had filters at 0.415, 0.75, 0.90, 
0.95, 1.0 /•m and the NIR camera had filters at 1.1, 1.25, 
1.50, 2.0, 2.6, 2.78/•m. The analysis of the UVVIS data set 
has significantly improved our knowledge of the lunar min- 
eralogy. A comprehensive analysis of the NIR data set has 
been delayed due to calibration problems. Independently 
of the calibration effort for the full NIR data set, which is 
the responsibility of the PI team, we developed a heuristic 
method to reduce NIR data in selected regions of the Moon. 

The Aristarchus crater and more generally the Aristar- 
chus plateau have been intensively studied in the past us- 
ing earth-based remote sensing techniques and Clementine 
UVVIS data [Lucey et al., 1986; Hawke et al., 1995; McEwen 
et al., 1994]. These previous studies revealed a global miner- 
alogical heterogeneity, which makes the Aristarchus plateau 
one of the most interesting and also one of the most com- 
plex areas of the Moon. The impact event creating the crater 
Aristarchus, located at (23.7øN 313 øE) between Mare Im- 
brium and Oceanus Procellarum, has excavated highland 
and mare type material. The Clementine UVVIS bands al- 
lowed the discrimination between highland type materials 
and mare basalts on the Aristarchus plateau [McEwen et 
al., 1994], their relative distribution and their preliminary 
stratigraphy [Pinet et al., 1996]. Feldspar, clinopyroxene, 
olivine and Fe-bearing glass have been detected from tele- 
scopic spectra Lucey et al. [1986]. Olivine probably mixed 
with anorthite had previously been identified in a small area 
on the south rim of the crater [Lucey et al., 1986; Hawke et 
al., 1995]. A preliminary analysis of NIR images from or- 
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bit 186 confirmed the presence of a small zone dominated 
by olivine [McEwen et al., 1994]. Our analysis of 3 con- 
secutive NIR flames provides a comprehensive mapping of 
mafic minerals in the eastern part of the Aristarchus region. 
This is complemented by comparisons of spectra combining 
the UVVIS and the NIR data sets with laboratory measure- 
ments. 

Data Selection 

The UVVIS data were calibrated using the algorithm 
developed by Brown university (C. M. Pieters et al., Clemen- 
tine UVVIS data, calibration and processing, 1997, avail- 
able at http ://www'planetary'brøwn'edu/clementine/ 
calibration.html). Bands at 900, 950, and 1000 nm, com- 
pared to the 750 nm continuum band, are indicative of the 
Fe 9'+ absorption of mafic minerals such as pyroxene and 
olivine. Absolute residual errors, partly due to scattered 
light, are estimated to be lower than -•4% on UVVIS data. 

We have processed four bands in the NIR domain. The 
1100 nm and 2000 nm bands discriminate olivine from py- 
roxene. Pyroxene has an absorption at 0.95/•m which de- 
pends on its Ca content, and another absorption at 2 /•m. 
Olivine has a broad composite absorption from 1.0/•m to 1.3 
/•m. The 1250 nm band can be linked with a weak absorp- 
tion feature of anorthite. The 1500 nm band is considered 

to be representative of the continuum. 

Reduction Process for NIR Images 
The reduction of the Clementine NIR data set is ham- 

pered by instrumental problems, in particular a large dark 
frame signal [Lucey et al., 1998]. In addition, the actual 
gains and offsets cannot be reliably derived using only their 
respective values in the header. From the beginning to the 
end of a mapping orbit, the temperature of the optics in- 
creases by 25 degrees and the temperature of the cryocooler 
increases by 15 degrees. The dark frame signal is strongly 
dependent on these temperatures. All the NIR images used 
in this study have been obtained at midlatitudes (from 22 øN 
to 40 ø N), which reduces the impact of temperature changes. 
The reduction method is described in Le Moudlic et al. 

[1998]. We use for the correction of each image a dark 
frame which has been acquired with the same filter, gain 
mode and exposure time, and the nearest instrument tem- 
peratures. When such a dark frame was not available (1500 
nm band), we used a dark frame with the same conditions of 
time exposure and temperatures, but a different gain mode, 
and applied a multiplying factor which minimizes the instru- 
mental high frequency pattern. We evaluated the offset of 
each NIR filter using the high correlation between NIR and 
UVVIS images. A set of fiat fields has been derived from the 
data using a median filter on 40 homogeneous mare images 
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Figure 1. Right: mosaic of 3 gamma corrected images at 1500 nm. Left' Color ratio composite, where the 1100/1500 
nm, 1250/1500 nm and 2000/1500 nm ratios are represented by the green, red and blue respectively on a scale from 0.8 to 
1.2. Olivine rich units appear in blue (arrow a, b and c). A high pyroxene content appears in yellowish (arrow d). e is the 
anorthositic central peak. "ref" is the reference area for spectra. 

of Oceanus Procellarum, following the approach described 
in Le Mou•lic et al. [1998]. After subtracting the offset and 
dividing by the fiat field, we corrected for viewing geometry 
effects using the phase function of Shkuratov and Kreslavsky 
[1998]. The 3 parameters of this model were derived from 
10000 UVVIS images at 950 nm, which provide a first order 
photometric correction for our NIR filters. Only the spec- 
tral variation of the photometric function is not corrected. 
The overlap between two adjacent frames covers more than 
a third of each image. The consistency within overlapping 
regions has been used to check the validity of the reduction 
process. From this comparison, the conservative estimates 
of residual errors is -•4%. 

Results 

We obtained a mosaic of three adjacent frames from a 
north-south strip from orbit number 53, which covers the 
eastern part of Aristarchus crater. The spatial resolution is 

•0270 m/pixel. Before Clementine, the best previous digi- 
tal images of Aristarchus had a resolution of •02000 m/pixel 
[Belton et al., 1994]. Band ratios are used to cancel out the 
effects of albedo and observation conditions, therefore high- 
lighting variations due to mineralogy and maturity. Band 
ratios are normalized to unity. A color ratio composite is 
displayed in Figure 1, where the 1100/1500 nm, 1250/1500 
nm, and 2000/1500 nm ratios are represented by the green, 
red and blue respectively. The consistency within overlap- 
ping areas and the low correlation with albedo (Figure 1) 
validate our reduction approach. 

In order to extract spectra for the most interesting zones, 
we scaled our data using as a reference a telescopic spectrum 
obtained on the rather homogeneous crater floor by Lucey 
et al. [1986] ("ref" zone in Figure 1 and Figure 2). With 
this approach, we obtain an agreement better than 5• for 
the two other regions observed by Lucey et al. within the 
crater. 
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Figure 2. Reflectance spectra extracted from Aristarchus (see locations in Figure 1). Left: reflectance spectra scaled 
to unity at 1.0 •m. Right: spectra divided by a straight line fitting the spectrum at 0.75 and 1.5 •m, considered to be 
representative of the continuum. a, b and c: olivine rich units. d: pyroxene dominated areas. e: anorthositic central peak. 
ref: spectrum 2a from Lucey et al. [1986]. 

Olivine-rich Units in the Aristarchus Region 

Since olivine is thought to be associated with the lunar 
mantle or with Mg-rich plutons, the finding of olivine in 
extensive surface areas provides valuable clues about the 
subsurface composition [Pieters and Tompkins, 1999]. The 
color ratio composite (Figure 1) provides for the first time in 
the Aristarchus region the spatial distribution of the olivine 
dominated zones, which appear in blue (high absorption at 
1100 and 1250 nm, no absorption at 2000 nm). We con- 
firm the presence of the small olivine rich region extend- 
ing over a few km 2 previously identified by McEwen et al. 
[1994] (arrow c Figure 1 and spectrum c in Figure 2). The 
most striking result is a much larger olivine rich area (see a 
and b) which extends over 4x 10 km 2. Other small olivine 
rich units can also be identified. There is no strong cor- 
relation between the color ratios and albedo, which favors 
an interpretation of these features in terms of mineralogi- 
cal content as opposed to maturity variations [Fischers and 
Pieters, 1996]. However, spectrum (b) is clearly more ma- 
ture than spectrum (a) (25% shallower olivine absorption 
feature and steeper continuum). Spectrum (a) corresponds 
to the inner edge of the rim, where downslope transporta- 
tion is likely to expose fresh material. The comparison of 
spectrum (a) with laboratory spectra of olivine mixed with 
pyroxene [Singer, 1981] suggests that the pyroxene content 
is extremely low compared to olivine. This is consistent with 
a troctolitic or dunitic composition. The pyroxene content 
in area (c) is markedly higher (-• 25%) from the comparison 
with laboratory spectra. 

Distribution of Pyroxene 

The northern inner part of the crater rim shows spec- 
tral characteristics of pyroxene (see spectrum (d) on Figure 

2 and arrow (d) on the color composite). A composition 
dominated by high-calcium clinopyroxene augite mixed with 
plagioclase was proposed by Lucey et al., [1986] from previ- 
ous telescopic observations of the crater. The pyroxene-rich 
regions appear yellowish to brownish on the color ratio com- 
posite. 

The Central Peak 

The central peak of Aristarchus has been previously re- 
ported by McEwen et al. [1994] as mainly dominated by 
anorthosite. This conclusion was partly based on very low 
values of the central peak on the 1250/1500 nm ratio from 
orbit 186. However, very high raw values (of the same or- 
der as the fixed pattern of hot pixels) were obtained at 1250 
nm, suggesting that the camera was saturated in this area. 
Saturation seems to have produced an artefact in the band 
ratio similar to a plagioclase feature. Indeed, the central 
peak complex can no longer be identified on the 1250/1500 
nm ratio from orbit 53, acquired with different gain and off- 
set settings for the 1250 nm image (Figure 3). However, the 
spectrum extracted from the central peak (spectrum (e) Fig- 
ure 2) still exhibits weak mafic absorption features, which 
is consistent with a dominant anorthositic component. The 
high albedo of the peak and its immediate surroundings are 
also consistent with a major feldspatic content. 

Conclusion 

Our analysis of the Aristarchus area shows that the 
Clementine NIR data set provides essential complementary 
information to the UVVIS data set in discriminating be- 
tween major mineral species on the lunar surface at a res- 
olution of a few 100 m. In particular, the NIR data set is 
essential for discriminating between olivine and pyroxene. 
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250/1500 nm 
orbit 53 

125011500 nm 
orbit 1 ;6 

Figure 3. 1250/1500nm ratios from orbit 186 [McEwen at 
al., 1994] and orbit 53. North is on the left. The low values 
in the central peak for orbit 186 result from saturation of 
the 1250 nm image. 

Using this data set, we have characterized the distribution 
of marie minerals in the Aristarchus region, confirming the 
presence of small olivine rich areas on the south outer slope. 
The most striking result is the identification of a •4x10 
km •' region close to the southeastern rim of the crater, which 
exhibits a very strong signature of olivine without any sig- 
nificant admixture of clinopyroxene (troctolite or dunite). 
Telescopic observations of this relatively large area with a 
much improved spectral resolution should provide additional 
constraints on its actual mineralogical composition. The 
central peaks of Copernicus present similar characteristics 
[Pieters, 1982; Lucey et al., 1991; Pinet et al., 1993]. The 
outer rim of Aristarchus is expected to be composed of ma- 
terial from shallow depths, contrarily to the central peak. 
Our results support a wide vertical distribution of plutons 
or other types of magmatic intrusions in the lunar crust in 
the Oceanus Procellarum region. The NIR data set is also 
useful for identifying anorthositic regions from the low level 
of absorption of marie minerals. 
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Abstract

We have reduced Clementine near infrared (NIR) data in order to investigate the distribution of olivine in the crater Copernicus.
Copernicus represents a good test area for the detection of olivine-rich areas with Clementine data as olivine was unambiguously detected
in the central peaks from previous Earth-based spectroscopic observations. Clementine provides a better spatial resolution (∼ 200 m=pixel)
than Earth-based telescopic observations, which are limited by the atmospheric turbulence. This resolution is helpful to clarify the
relationship between di�erent lithologies and to detect heterogeneities at small scales. NIR �lters at 1100, 1250, 1500, and 2000 nm are
particularly useful to discriminate between olivine and pyroxene within the ma�c minerals identi�ed with Clementine UVVIS channels.
Band ratios are presented to show the distribution of olivine-rich areas, which are detected mostly in the central peak complex. Three small
areas in the northern walls are also consistent with olivine-rich materials, in agreement with previous studies. Nine-channels Clementine
spectra con�rm the overall heterogeneity of the crater site. This demonstrates the great potential of Clementine NIR data when integrated
with UVVIS data for the detection of olivine dominated areas on the Moon. c© 2001 Elsevier Science Ltd. All rights reserved.

1. Introduction

The compositional information about the mineralogy of
the lunar surface derived from the near-infrared spectral
measurement conducted so far indicate that olivine domi-
nated areas are extremely rare on the Moon (see Pieters,
1986 for a review). Olivine was unambiguously identi�ed
from telescopic spectra as the only ma�c mineral in the cen-
tral peaks of Copernicus crater by Pieters (1982). Speci�c
areas on the Aristarchus Plateau also exhibit olivine signa-
tures (Hawke et al., 1983; Lucey et al., 1986; Le Mou�elic
et al., 1999a). Tompkins and Pieters (1999) mentioned �ve
other possible areas associated with the craters Theophilus,
Langrenus, Tsiolkovsky, Keeler, and Crookes. As olivine is
associated with the lunar mantle or with Mg-rich plutons,
�nding olivine-rich units on the surface provides impor-
tant clues to derive the geological history of a speci�c area.
More generally, assessing the mineralogical composition of
an impact crater gives information about the lithology of
the pre-impact target site. Olivine indicates mantle materials
and thus gives information on the Moon’s interior.

∗ Corresponding author. Tel.: 33-1-69-85-86-30; fax:
33-(0)1-69-85-86-75.
E-mail address: lemoueli@ias.fr (S.L. Mou�elic).

Althougth telescopic spectra have a high spectral reso-
lution, the spatial resolution is limited to areas of
2–10 km in diameter. Multispectral imaging techniques
provide the opportunity to widen the information given
by telescopic spectra. These techniques are particularly
useful to map mineralogical heterogeneities. The Clemen-
tine spacecraft, launched in January 1994, acquired im-
ages of the whole Moon in eleven wavelengths (Nozette
et al., 1994). Clementine multispectral images provide an
increased spatial resolution (∼ 200 m=pixel on Coperni-
cus) compared to earth-based telescopic observations. The
higher spatial resolution is useful to clarify small-scale
mineralogical heterogeneities within the crater area.
Whereas images of the Clementine UVVIS camera (5 �l-
ters from 0:415 to 1:0 �m) have been calibrated very early
at a satisfactory level of accuracy (Pieters et al., 1994;
McEwen et al., 1998), the scienti�c study of NIR images
(6 �lters from 1:1 to 2:78 �m) has been delayed because
of calibration problems. The di�culties arise mainly from
uncertainties on gain and o�set values, so as the existence
of a large varying dark frame signal (Priest et al., 1995;
Lucey et al., 1997, 1998). This makes the calibration of
the full NIR data set very hard to achieve. On the other
hand, we showed recently that the reduction of NIR data
is possible when the analysis is restricted to speci�c areas

0032-0633/01/$ - see front matter c© 2001 Elsevier Science Ltd. All rights reserved.
PII: S 0032 -0633(00)00091 -X
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for which telescopic spectra and accurate dark frames are
available (Le Mou�elic et al., 1999b).
We have studied Copernicus crater as a reference area

for testing the identi�cation of olivine on the lunar surface
with integrated Clementine UVVIS and NIR data. In a �rst
step, we present previous studies of Copernicus. Then we
present the reduction of Clementine UVVIS and NIR data
on Copernicus. Finally, we use band ratios and spectra ex-
tracted from selected areas to investigate the mineralogical
heterogeneities within the crater. We show in particular that
the integration of Clementine UVVIS and NIR channels al-
lows the unambiguous discrimination between olivine and
pyroxene-rich areas within Copernicus.

2. Previous studies of Copernicus

Previous Earth-based high resolution spectra have re-
vealed the olivine composition of the central peaks of
Copernicus (Pieters, 1982). Smrekar and Pieters (1985)
have also identi�ed anorthositic pyroxene-rich areas
(norite) within the northern walls and glass-bearing im-
pact melts on the northwestern crater 
oor. Lucey et al.
(1991) acquired images of Copernicus at 0.73, 0.96, 1.45
and 1:99 �m at Mauna Kea Observatory, with a spatial
resolution of ∼ 4 km per pixel. They con�rmed the olivine
composition of the central peaks and they detected three
other olivine-rich units on the inner northern rim of the
crater. Pinet et al. (1993) have used Earth-based CCD im-
ages in 10 narrow spectral bands comprised between 0.4
to 1:05 �m to produce a multispectral imaging survey of
Copernicus at the kilometer scale resolution. By means
of spectral mixture analyses, they showed the regional
distribution of impact melts within the crater and in its
immediate surroundings, the presence of basaltic mare-like
materials in the south western part of the crater, and the
spatial heterogeneity among the three central peaks and
possibly in the crater walls, in relation with a variable
proportion of olivine as previously proposed (Lucey et al.,
1991; Sprague et al., 1992). The analysis of Clementine
UVVIS images (5 bands, 200 m resolution) of the east-
ern half of the crater presented by Pieters et al. (1994)
con�rmed the extensive heterogeneity of the excavated
materials at both large and small scales. They also showed
the distribution of impact melts and they detected localized
abundance of iron-bearing minerals (basaltic materials)
along the southern walls. However, the two central peaks
included in their mosaic were not easily distinguished
spectrally from areas within the walls. In both studies, the
use of UVVIS spectral channels only is a limiting fac-
tor for estimating the relative contribution of olivine and
pyroxene.
The UVVIS part of the spectrum is particularly useful

to discriminate between highland type materials and mare
basalts (McEwen et al., 1994). The unambiguous discrimi-
nation between olivine and pyroxene within identi�ed mare

Fig. 1. Spectra of olivine (OLV) and orthopyroxene (OPX) mixtures
(from Singer, 1981) convolved through Clementine �lters. The integration
of Clementine NIR bands to UVVIS bands allows a better discrimination
between olivine and pyroxene than with UVVIS data alone.

basalts is very di�cult without the use of NIR channels. In-
deed, pyroxene has two absorptions at 1 and 2 �m whereas
olivine has a single broad composite absorption centered
at 1 �m (Adams, 1974). Fig. 1 displays laboratory spectra
of olivine and orthopyroxene mixtures convolved through
Clementine �lters. These spectra show that the admixture of
olivine with orthopyroxene only produces slight changes in
the UVVIS domain whereas the changes are quiet signi�cant
when investigated on the integrated UVVIS=NIR domain.
Lunar soils have shallow absorption features compared to
pure minerals due to space weathering e�ects (Fischer and
Pieters, 1994). For such weak absorption features, the dis-
crimination between olivine and pyroxene requires the use
of the full spectral range of Clementine.

3. Data reduction

We selected images from orbits 43 and 176 to con-
struct a 9-channels multispectral mosaic covering the
Copernicus crater. UVVIS images at 415, 750, 900, 950
and 1000 nm were radiometrically calibrated using the ISIS
software (McEwen et al., 1998). NIR images were reduced
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using the method described in Le Mou�elic et al. (1999b).
The scienti�c modes of the NIR camera implemented 32
levels of gain, 256 levels of an analog o�set and four in-
tegration times so as to adjust the signal to the 256 levels
dynamic range of the analog to digital camera output (Priest
et al., 1995). During a mapping phase, the observations
were separated into 10◦ latitude and longitude segments,
during which the gain, o�set mode, and integration time
for each �lter remained constant. Copernicus, which is
centered on a frontier between four segments, has there-
fore been mapped with four di�erent sets of instrumental
modes. In particular, di�erent integration times were used
for the same wavelength (11 and 33 ms, 33 and 57 ms). The
Copernicus data set is, therefore, the most challenging case
in terms of instrumental modes. Our previous results were
obtained with a single integration time for each wavelength
(Le Mou�elic et al., 1999a, b).
We applied the photometric correction proposed by

Shkuratov and Kreslavsky (1998) for both UVVIS and
NIR images. This correction is controlled by three sets
of di�erent parameters for the 415, the 750 and the 950
nm channels. No color-phase observations of the Moon
are available beyond 1:06 �m. For this reason, no wave-
length dependent photometric function has been proposed
in the literature in the spectral range 1–2.5 �m. Therefore,
we used the set of parameters corresponding to the 950
nm channel to correct the NIR channels. This provides a
good �rst-order photometric correction of NIR channels.
The maximum change in phase angle along a single strip
is only 3◦. The possible remaining e�ect, which could re-
sult from variations of these parameters toward 2000 nm
due to particle size=light interactions are second-order ef-
fects. In order to estimate the possible error, we evaluated
the 950=450 nm ratio �rst with the respective photomet-
ric parameters of the two bands, and second by using for
the two bands the photometric parameters of the 950 nm
band. The relative error with the second procedure was
less than 1.5%. This value of 1.5% is an overestimate for
the NIR channels as the variation of photometric para-
meters is smaller at longer wavelengths than between 415
and 950 nm (Shkuratov and Kreslavsky, 1998).
The �nal step of the reduction process included the

re�nement of NIR o�sets and the determination of NIR
gains by using 4 telescopic spectra from the PDS database
(Pieters and Pratt, 2000) as references. We used spectra
labeled P1, P3 and F2 in Pieters and Wilhelms (1985),
and spectrum P2 corresponding to the easternmost central
peak. A minimum of two di�erent telescopic spectra is re-
quired to �nd the gain and o�set values for NIR channels
(two equations for two unknown parameters). We selected
spectra F2 and P2 as references as they had been acquired
during the same night. Spectra P1 and P3 were used as
a check of the consistency of the reduction process. F2,
which is on the 
oor of the crater, corresponds to a rel-
atively homogeneous region. P1, P2, and P3 correspond
to the central peaks, so that the Clementine spectrum

Fig. 2. Left: telescopic 1450=1990 nm ratio from Lucey et al. (1991).
Right: 1500=2000 nm ratio from Clementine data resampled at the same
spatial resolution. There is a good qualitative agreement between the ratio
image produced from Earth-based telescope and that obtained from lunar
orbit.

averaged over an area corresponding to the telescopic
resolution is highly sensitive to the location of the spot
center. We optimized the spot center of P2 by minimiz-
ing the corrections of o�set and gain needed to match the
well-calibrated UVVIS part of the spectra. This optimized
position was used to derive the gain and o�set values for the
NIR channels. The reliability of this procedure was tested
by comparing spectra extracted from the P1 and P3 regions
with the corresponding telescopic observations. With this
calibration test, we were able to reproduce the 2 normalized
telescopic spectra with a maximum relative error for a given
wavelength less than 1.3% for P1 and 3.3% for P3. The
maximal deviation was obtained for the 1100 nm channel.
An independent validation of the reduction of the 1500 and
2000 nm images is the good qualitative agreement between
the 1450=1990 nm ratio image obtained by Lucey et al.
(1991) and our 1500=2000 nm ratio image resampled at the
same spatial resolution (Fig. 2). A conservative estimate
for the residual uncertainty on the �nal multispectral cube
is 4% in relative terms.

4. Results

Band ratios provide a very powerful way to detect
mineralogical heterogeneities. Variations due to the local
topography are cancelled out by the ratio, which makes
possible the detection of spectral variations ranging typi-
cally from few percent up to 10–15%. Fig. 3a shows the
mosaic at 1500 nm, which is linked to albedo variations
and illumination conditions. Arrows indicate the location
of the telescopic spectra used for calibration. Fig. 3b cor-
responds to the 950=750 nm ratio. This ratio discriminates
mainly between fresh exposure of ma�c minerals (with low
values compared to the surroundings) and more feldspathic
or more mature materials. Arrows correspond to the loca-
tion of spectra discussed in the next section. A and B show
the ma�c absorption detected on the two easternmost cen-
tral peaks. Arrows C and D correspond to fresh materials
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Fig. 3. Spectral ratios on Copernicus from Clementine data. (a) mosaic at 1500 nm. Arrows P1, P2, P3, and F2 correspond to the location of
telescopic spectra used for calibration. (b) 950=750 nm ratio. Fresh exposure of ma�c-rich areas appear in low values in this ratio. Arrows A
through F indicate the location of spectra displayed in Fig. 4. (c) 2000=1500 nm ratio. This ratio discriminates between olivine and pyroxene
within the ma�c-rich areas identi�ed by the 950=750 nm ratio. The central peak complex appears in high values (olivine). Arrows indicate pos-
sible olivine-rich areas which are consistent with those mentioned in Lucey et al. (1991). G indicate the location of the spectrum displayed in
Fig. 4. (d) 1500=750 nm ratio. This ratio corresponds to maturity variations, with immature materials appearing in dark. Band ratio are normalized and
displayed from 0.85 (black) to 1.15 (white).

excavated by small impact events. The two small dots on
the upper left crater 
oor also correspond to fresh craters.
Arrow E points to a ma�c-rich area mentioned in Pieters
et al. (1994). F corresponds to the crater 
oor.
The comparison of the 950=750 nm ratio with the 2000=

1500 nm ratio displayed in Fig. 3c allows the discrimina-
tion between olivine and pyroxene within identi�ed ma�c-
rich areas. Olivine dominated areas appear in high values
in the 2000=1500 nm ratio whereas pyroxene dominated
areas appear in low values. Fig. 3c shows that the three
central peaks of Copernicus have di�erent olivine content,

with the easternmost central peak (B) being the richest
in olivine. This is in good agreement with previous tele-
scopic observations acquired at high spectral resolution.
The low correlation with the albedo image supports the
interpretation in terms of di�erent ma�c mineral content
rather than maturity e�ects (Fischer and Pieters, 1994).
Conversely, areas labeled C, D and E appear in low
values, which suggests that they are dominated by
pyroxene. Three small areas in the northern walls (arrows
in Fig. 3c) are also consistent with olivine-rich materials.
These areas are in good agreement with the areas detected
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Fig. 4. Re
ectance spectra extracted from Copernicus (see locations in Fig. 3b). (a) Re
ectance spectra have been scaled to unity at 1:0 �m. (b) Spectra
divided by a continuum as described in the text. Spectra A and B suggest a very high content in olivine. G is also consistent with olivine, whereas less
pure than A and B at the spatial resolution used for spectra extraction. C, D, and E correspond to pyroxene-rich areas (norite). F corresponds to the
more feldspathic crater 
oor.

by Lucey et al. (1991) and with the fraction image cor-
responding to the olivine end-member picked up in the
central peak P3 in Figs. 4A and 4F of Pinet et al. (1993).
The 2000=1500 nm ratio seems to indicate that no other
large area is completely dominated by olivine, even if sub-
tle variations suggests that a mixed olivine component may
be present within the walls.
Fig. 3d shows the 1500=750 nm ratio. This ratio is directly

linked to the continuum slope of the spectra. Therefore it
provides an evaluation of the maturity of the observed soils.
This interpretation does not apply to olivine dominated ar-
eas because the broad 1 �m olivine absorption feature ex-
tends beyond 1500 nm. No obvious instrumental e�ects are
observed in this ratio image, which is a stringent test for
the reduction process of NIR images. The crater walls ap-
pear symmetrical in this image. Small impact craters have
excavated immature materials which appear in low values
(areas corresponding to arrows C, D and small dots on the
upper left crater 
oor). Similarly, the inner rim appears in
low values in this ratio. This could be the result of expo-
sure of immature soils due to slumping on steep slopes. The
central peak complex also appears in low values, which is
consistent with either olivine or immature soils. Both e�ects
presumably play a role in this speci�c case. The correlation
between Figs. 3d and 3b shows that maturity e�ects have
a major contribution to the depth of the 1 �m absorption
band, which is evaluated by the 950=750 nm ratio.

5. Spectra extracted from the Copernicus area

The information provided by telescopic spectra can be
extrapolated by extracting 9-Channel Clementine spectra
of the most interesting areas detected on band ratios. Fig.
4 displays the spectra extracted from areas labeled A, B,
C, D, E, and F in Fig. 3b and area G in Fig. 3c. In order
to minimize registration and intrinsic noise errors, spectra
are extracted from areas larger than 5 × 5 pixels. Fig. 4a

corresponds to spectra scaled at 1 �m. In order to empha-
size weak absorption features, Fig. 4b displays the same
spectra divided by a straight line �tting the spectrum at
0.75 and 1:5 �m and considered to be representative of
the continuum. As was previously mentioned by Pinet
et al. (1993) and Pieters et al. (1994), the crater area ap-
pears heterogeneous in terms of spectral characteristics.
Spectra A and B are extracted from the central peaks. They
are consistent with a dominant olivine component, and
show almost no contribution of pyroxene. This exposure of
troctolitic or dunitic materials could be the result of the ex-
cavation of either the upper part of the mantle, or a layer of
pluton from a depth of ∼10 km (Dence et al., 1977; Pieters
and Wilhelms, 1985). The shape of spectrum G is also con-
sistent with an olivine component, whereas it appears less
pure than for the central peaks at the spatial resolution used
for spectra extraction. Spectrum F is representative of the
more feldspathic 
oor of the crater. This type of spectrum
is similar to the telescopic spectrum F2 acquired on the
southern 
oor of the crater (Pieters and Wilhelms, 1985).
Spectra labeled C, D and E have similar shapes and are
consistent with signi�cant contribution of pyroxene as was
inferred from band ratios. This type of spectra corresponds
to exposure of noritic crustal material.

6. Conclusion

This study of the Copernicus crater shows that the
Clementine near-infrared data set has a great potential
for the detection and the spatial mapping of olivine-rich
units on the Moon. Copernicus crater represents a good
test area, as olivine was unambiguously identi�ed in the
central peaks from the previous Earth-based spectroscopic
observations. The analysis of band ratios con�rms the
olivine composition of the central peaks. Our results pro-
vide the �ne structure of the olivine distribution within
the central peaks complex, with the largest content in the
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easternmost peak. Three small areas in the northern walls
are also consistent with olivine-rich materials, in agree-
ment with previous studies (Lucey et al., 1991; Pinet et al.,
1993). The 9-channels spectra extracted from the Coper-
nicus area reveal the mineralogical heterogeneity of the
crater. Typical spectra of olivine-dominated areas (cen-
tral peaks), pyroxene-dominated areas (southern rim), and
feldspathic materials (crater walls and 
oor) are found
within the crater. This heterogeneity re
ects the hetero-
geneity of the pre-impact target site at scales of ∼10 km in
depth and ∼100 km at the surface. Once the calibration of
the global NIR data set will be �nalized, the integration of
both UVVIS and NIR data sets should provide signi�cant
breakthroughs for lunar mineralogy.
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[1] Optical properties of lunar surface materials are modified by exposure to the space
environment, including bombardment by solar wind particles and micrometeorites. One of
the main problems in the interpretation of lunar spectral observations is to separate the
effects of exposure (‘‘space weathering’’) and those due to the composition of the soils
(mainly iron and titanium content). Here we use Clementine near-infrared (NIR) data to
investigate this problem for highland-type soils in the Tycho crater area. Our approach is
based on the methods developed for an analysis of a mare region near Aristarchus Plateau
[Le Mouélic et al., 2000]. We show that the systematic relationships between spectral
parameters (1-mm band depth and continuum slope), which were previously observed in a
mare area with varying maturity degree, are also valid for highland-type soils. This
technique aimed at evaluating the iron content of the surface materials from Clementine
UV-visible (UVVIS) and near-infrared data can therefore be applied globally. This
approach complements the widely used method of Lucey and coworkers, which relies on
the UV-visible bands only. The proposed method relies mostly on band ratios. The iron
map produced from this method is therefore less dependent on topography than the iron
estimates obtained with UV-visible data alone, where brightness is one of the controlling
parameters. Therefore the proposed approach should be particularly useful at middle to
high latitudes, where local topography generates large variations in brightness and
therefore hampers the interpretation of iron maps produced from UV-visible bands
only. INDEX TERMS: 6250 Planetology: Solar System Objects: Moon (1221); 5464 Planetology: Solid

Surface Planets: Remote sensing; 5410 Planetology: Solid Surface Planets: Composition; 5415 Planetology:

Solid Surface Planets: Erosion and weathering; KEYWORDS: Moon, iron, Clementine, remote sensing, near-

infrared, composition
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1. Introduction

[2] For studies of the origin and evolution of the Moon,
iron is both geochemically useful and measurable remotely.
For example, an element commonly used for fundamental
studies of the nature and origin of the Moon is aluminum
[Taylor, 1982, 1987]. The abundance of iron can be used to
infer the abundance of aluminum, because there is an
extremely high inverse correlation between aluminum and
iron in lunar samples [Haskin and Warren, 1991; Fischer
and Pieters, 1995]. The first global map of lunar iron was

produced by Lucey et al. [1995], and they used the relation-
ship presented by Fischer and Pieters [1995] to infer the
crustal and bulk aluminum content of the Moon. A series of
papers by Lucey and coworkers relied upon a technique
based on spectra of lunar samples to invert multispectral
images of the Moon to iron abundance [Lucey et al., 1995,
1998a, 2000; Blewett et al., 1997]. Since then, the global
abundance of iron has also been derived from gamma ray
spectroscopy from data returned by Lunar Prospector [Law-
rence et al., 1998]. Neutron spectroscopy can also contrib-
ute to understanding of iron abundance [Elphic et al., 1998];
so the abundance of iron is accessible using a large number
of methods.
[3] The advantage of multispectral imaging methods of

iron derivation is their ability to make geochemical meas-
urements at the resolution of optical and infrared imagers,
100 m in the case of Clementine ultraviolet-visible (UVVIS)
data and 200 m in the case of near-infrared (NIR) data. This
enables both localized studies and direct calibration of iron
algorithms to Apollo and Luna sampling stations [Blewett et
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al., 1997; Jolliff, 1999]. The method employed by Lucey
and coworkers depends upon an empirical relation between
reflectance and FeO content of soils and Apollo and Luna
sampling stations [Lucey et al., 2000]; thus the technique
suffers from errors owing to topographically induced shad-
ing. This is relatively unimportant at low latitudes, where
Clementine data have low phase angles, but becomes
increasingly important at high latitudes [Lucey et al.,
1998a].
[4] Recently, we developed an iron mapping technique

exploiting spectral ratios which show little detectable influ-
ence of topography [Le Mouélic et al., 2000]. This method
includes data from the Clementine near-infrared camera at 1.5
mm, data which are little used owing to a serious calibration
problem [Priest et al., 1995; Lucey et al., 1998b]. We have
solved this problem for localized areas for which ground-
based spectra are available for calibration [Le Mouélic et al.,
1999; Y. Daydou et al., A systematic intercalibration tool
between multiband imaging and spot spectra data sets, sub-
mitted to Planetary and Space Sciences, 2001 (hereinafter
referred to as Daydou et al., submitted manuscript, 2001)].
The Clementine near-infrared calibration team is currently
implementing a variation of this method to produce global
calibrated mosaics of the Moon at near-infrared wavelengths
(E. Eliason, personnal communication, 2001).
[5] In this paper we apply the new iron mapping algo-

rithm to a relatively high latitude site (Tycho crater and
surroundings, latitude 43.3�S and longitude 11.1�W) to
show that the method is applicable both to highland sites
(the method was first developed by using multispectral
imaging of a mare region, though it was extended through
lunar soil studies) and to regions where topographic shading
dominates error in iron using the methods of Lucey and
coworkers.

2. Background: Review of the New Iron
Mapping Algorithm

[6] Clementine UV-visible and near-infrared data allow
the use of spectral parameters which are linked to both
composition and maturity of the soils. In particular, we use
the infrared continuum slope of the spectrum and the depth
of the 1-mm absorption band [Le Mouélic et al., 2000]. The
continuum slope is defined by the slope of a line fitting the
spectra at 0.75 and 1.5 mm, scaled to the 0.75 point of
tangency (equation (1)). The depth of the 1-mm absorption
feature is defined by equation (2):

slope ¼ 1=R750ð Þ R1500 � R750

1:5� 0:75ð Þ mm
�1 ð1Þ

depth ¼ 1� R950

2:2=3ð ÞR750 þ 0:8=3ð ÞR1500

; ð2Þ

where R750, R950, and R1500 are the reflectances at 750, 950,
and 1500 nm.
[7] The overall reflectance, the continuum slope, and the

depth of the 1-mm feature are controlled by both composi-
tion (mainly ferrous iron and opaque mineral, highly corre-
lated with titanium content) and the degree of exposure of
the soils to space weathering processes [Hapke et al., 1975;
McKay et al., 1991; Fischer and Pieters, 1994, 1996].

Taken individually, each of these parameters is sensitive
to composition and maturity and so cannot be used for
reliable iron or maturity mapping without special constraints
(e.g., Fischer and Pieters [1996] showed that FeO could be
derived for mature soil). However, these parameters do not
respond to composition and maturity in the same manner.
Band depth increases with increasing iron but decreases
with increasing maturity [Fischer and Pieters, 1994, 1996;
Lucey, 1998]. In contrast, as was shown by Hiroi et al.
[1997] and Le Mouélic et al. [2000] on a set of representa-
tive lunar samples, the continuum slope is directly corre-
lated with the amount of metallic nanophase iron particles
(Is) in a soil and therefore increases with both iron content
and exposure time to the space weathering processes
[Hapke et al., 1975]. Because of the opposing senses of
correlation in the continuum slope and band depth param-
eters, iron and maturity can be decoupled. This is the same
relationship exploited in the Lucey et al. approach to
mapping iron.
[8] The near-infrared method originated from a systematic

study of a small fresh mare crater area located near Aris-
tarchus Plateau (see Le Mouélic et al. [2000] for more
details). We observed a linear relationship between the
continuum slope and the 1-mm absorption band depth with
varying spectral alteration (Figure 1). This suggested that the
maturation effects could be normalized by using a correction
to the band depth employing the continuum slope. We then
used a set of 50 spectra of lunar soils obtained by John
Adams and for which Fe contents are available to interpret
this relationship in terms of iron content (the spectrochem-
ical characteristics of the 50 soils used are summarized in
Table 1 of Le Mouélic et al. [2000]). We also recognized that
opaque minerals (largely ilmenite) lower the spectral effects
of iron in mafic silicates; so derivation of total iron requires
an estimate of titanium. The spectrally neutral contribution
from ilmenite to the total iron budget was derived from the Ti
content evaluated by the method of Lucey et al. [1998a]. The
total iron was finally evaluated by the following equation [Le
Mouélic et al., 2000]:

FeOtotal wt %ð Þ ¼ FeOmafic þ FeOilmenite

¼ 45:6� depthþ 0:286� slopeð Þ � 3:8

þ 0:9� TiO2; ð3Þ

where depth and slope are derived from equations (1) and
(2) and 0.9 � TiO2 is the contribution of ilmenite. This
dependence of our parameter on both iron and titanium is
analogous to that of thermal neutron measurements. By
using approaches developed by Elphic et al. [1998], it
should be possible to use our parameter to derive a new and
independent measurement of titanium not relying upon UV
measurements. Our approach is conceptually similar to that
of Elphic et al. [1998], who used a parameter (the neutron
flux) which is due to a combination of iron, titanium, and
rare earths and derived titanium by removing the influences
of iron and rare earths using independent data sets and an
explicit understanding of the contribution of each element to
the neutron signal.
[9] Figure 1 shows the systematic relationships which

were observed in the fresh mare crater area. For the lack of
similar small fresh highland crater in the area studied, the
validity of the procedure could not be tested on highland-
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Figure 1. Effects of spectral alteration due to space weathering processes on a small fresh mare crater
located near Aristarchus Plateau (adapted from Le Mouélic et al. [2000]). (a) Reflectance, (b) reflectance/
continuum, (c) reflectance normalized at 0.75 mm, and (d) continuum slope versus band depth. Spectrum
1 is extracted from the immature crater interior, and spectrum 5 is extracted from the surrounding mature
mare. The overall reflectance and the 1-mm band depth decrease with increasing maturity (Figures 1a and
1b), whereas the continuum slope increases (Figure 1c). There is a linear relationship between the
continuum slope and the 1-mm absorption band depth with varying spectral alteration (Figure 1d).
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type soils. The Tycho area will now be used to check the
validity of the procedure on such highland soils.

3. Data Reduction

[10] We selected 333 images of Clementine orbits 172 to
178 to produce a nine-channel multispectral cube of the
Tycho crater area. This region has been selected both for its
scientific interest and for the homogeneity of the instru-
mental modes of the near-infrared channels, which simpli-
fies the reduction of the data. UV-visible images have been
calibrated by using the ISIS software [McEwen et al., 1998].
The reduction of Clementine near-infrared data, which is
hampered by instrumental problems [Priest et al., 1995;
Lucey et al., 1998b], can be achieved in restricted areas by
using telescopic spectra as references [Le Mouélic et al.,
1999; Daydou et al., submitted manuscript, 2001]. Near-
infrared images at 1.10, 1.25, 1.50, and 2.00 mm have been
reduced by using the method described in Le Mouélic et al.
[1999]. The global offset (additive and pixel-independent
constant) of each near-infrared filter has been computed
from the correlation with the well-calibrated UV-visible
0.75-mm filter, as was shown in Figure 2 of Le Mouélic et
al. [1999]. This method assumes that spectral variations of
the reflectance are negligible in comparison with variations
induced by the topographic shading. Highland areas at
middle to high latitudes should meet this assumption. Some
care should be taken in flat mare areas at low phase angles,
where maturity effects can dominate the signal variations
instead of topographic shading. Indeed, on flat areas of a
single type of soil, darker materials correspond to more
mature soils, which also are ‘‘redder’’ (steeper continuum
slope). Brighter materials correspond to younger materials
and therefore have a bluer continuum slope. To avoid any
confusion between such variations, we restricted the offset
calculation to the lower left corner of the mosaic shown in
Figure 3, where significant local slopes exist in an area
which appears homogeneous in terms of maturity. We
finally scaled our data cube by using a telescopic spectrum
of Tycho floor from the Planetary Data System (PDS)
database [Pieters and Pratt, 2000; Pieters, 1986; Hawke
et al., 1986] as a reference. This spectrum has been acquired
in a relatively homogeneous region, which reduces the
possible effects of a small localization error. Boxes of 7
by 7 pixels were averaged to take into account the differ-
ence in spatial resolution between Clementine and tele-
scopic observations. Then we tested the reduction process
by extracting three spectra from the western wall of Tycho,
its central peak, and the western dark halo region from our
data and compared them with the telescopic spectra of the
corresponding locations. The results of this comparison are
shown in Figure 2. With this reduction process, maximum
relative errors defined by 100 � (Clementine � Ground)/
Ground are 4% for the 2.0-mm near-infrared filter and
decrease to 2.5% for the 1.5-mm near-infrared filter, which
is the most relevant for the following discussion.
[11] Figure 3 shows the reflectance at 750 nm in a

cylindrical cartographic projection. The largest crater on
the right is Tycho (diameter of 85 km). There is a gap
corresponding to missing data in orbit 177. We extended the
mosaic to orbit 178 in order to include the small fresh
highland crater shown in the white square. The young age

of this small crater is inferred from the brightness of its
ejecta pattern.

4. Systematic Relationships in Tycho Area

[12] Figure 4 shows the continuum slope computed from
equation (1). The continuum slope ranges from 0.20 to 0.80
mm�1. As was mentioned by Hiroi et al. [1997] and Le
Mouélic et al. [2000], the continuum slope is correlated with
the amount of nanophase metallic iron particles in a soil.
Laboratory studies suggest that these nanophase iron par-
ticles are mainly responsible for the optical effects of space
weathering processes [Hapke et al., 1975; Hapke, 1977;
Allen et al., 1993, 1996; Pieters et al., 1993, 2000; Hapke,
2001]. The continuum therefore provides an evaluation of
the spectral alteration of the soils due to space weathering
processes. For lunar soils which have similar initial FeO
content (which means a similar amount of Fe2+ available for
reduction), low values of the continuum slope correspond to
freshly exposed soils, and high values of the continuum
slope correspond to mature soils.
[13] In Figure 4, materials within Tycho appear in low

values of the continuum, which indicates fresh soils. This is
consistent with the absolute age of the crater, which is �110
million years [Arvidson et al., 1976]. Similarly, fresh
materials are found in steep slopes, where fresh regolith is
exposed by downslope movement. The small bright crater
ray pattern emphasized in Figure 3 also appears as low
values, which was expected for immature materials. It is
important to notice that the continuum slope image is
produced from band ratios only. Band ratios serve to cancel
out the dominant brightness variations caused by albedo
variations and topographic shading, thus enhancing and
isolating color differences due to mineralogy and soil

Figure 2. The multispectral cube has been scaled on a
telescopic spectrum from the Planetary Data System
database acquired on the floor of Tycho (ref ). Clementine
spectra extracted from areas 1, 2, and 3 are consistent with
the telescopic spectra of the same locations. The telescopic
spectra used correspond to files HA0348, HB0732,
HA0346, and HB0730 in the PDS database [Pieters and
Pratt, 2000].
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maturity. It is therefore at first order not sensitive to
illuminating conditions. Crater walls appear symmetrical
in this image.
[14] Figure 5 shows the depth of the 1-mm absorption

band displayed in gray values between 0.0 and 0.20.
Fresher materials have deeper absorption features than
mature soils and thus have higher values in Figure 5. The
maximum absorption band depth is 20% for materials
within Tycho and in the vicinity of the small fresh crater.
The strong absorption is due to the immaturity of these
materials, preserving their high contrast. Other variations in
the 1-mm band depth image are controlled by second-order

photometric effects and residual registration errors, which
are enhanced by the dynamical range used. As was the case
for the continuum slope, the 1-mm absorption band depth is
computed from band ratios only. It is therefore relatively
insensitive to illuminating conditions.
[15] In order to investigate the systematic relationships

between the continuum slope and the 1-mm band depth with
varying spectral alteration degree, we focused our analysis
on the small fresh crater shown in Figure 3. The small size
of the crater (1.2 km in diameter) and its location in a
homogeneous highland area suggest that the impact has
induced variation in maturity of the soils by excavating

Figure 4. Continuum slope displayed in gray values between 0.20 (white) and 0.8 (black) mm�1. The
continuum slope is sensitive to space weathering processes. Low values of the continuum slope (in white)
are found on fresh materials within Tycho and its ejecta system. The small fresh crater emphasized in
Figure 3 also appears in low values.

Figure 3. Reflectance at 750 nm in the Tycho area. Data from orbit 177 are missing. This image is
representative of albedo variations (immature materials are brighter than mature materials) and
illuminating conditions (Sun-facing slopes are brighter than shaded areas). The white square on the left
shows a small fresh crater which will be used for spectra extraction. The rectangle over the Tycho eastern
wall is an area which is also discussed later.
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fresh materials without changing the composition in FeO
and TiO2 (i.e., materials of differing composition have not
been excavated). Spectra extracted from intermediate dis-
tances between the center of the crater and the mature

surroundings are therefore expected to show various
degrees of spectral alteration due to the mixing of immature
ejecta with mature regolith. This is shown in Figures 6a, 6b
and 6c, which display absolute reflectance spectra, contin-

Figure 6. Sequence of spectra extracted from the small fresh highland crater area shown in Figure 3. (a)
Absolute reflectance spectra, (b) continuum removed spectra, and (c) reflectance spectra scaled at 0.75
mm. Spectrum 1 corresponds to fresh unweathered materials within the crater. Spectrum 5 corresponds to
the mature highland surroundings. The overall reflectance and the 1-mm band depth decrease with
increasing maturity (Figures 6a and 6b), whereas the continuum slope increases (Figure 6c).

Figure 5. Depth of the 1-mm absorption feature as defined by equation (2) and displayed in gray values
between 0.0 (white) and 0.2 (black) mm�1. The deepest band depth is found within Tycho crater (dark
areas) and within the small fresh crater shown in Figure 3. Other variations are due to residual registration
errors.
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uum removed spectra, and reflectance spectra scaled at 0.75
mm, respectively. Spectrum 1 is extracted from the imma-
ture crater interior. Spectrum 5 is extracted from the
surrounding mature highland area, and spectra 2, 3, and 4
are extracted from intermediate locations. This sequence of
spectra shows the spectral effects of space weathering
processes, which are the decrease of the overall reflectance
(Figure 6a), the decrease of absorption band depth (Figure
6b), and the increase of the continuum slope (Figure 6c).
These effects are consistent with those observed in the
laboratory on Apollo 16 highland soil samples studied by
Fischer and Pieters [1994]. These effects are also qualita-
tively comparable to those observed on the small fresh mare
crater studied by Le Mouélic et al. [2000] and shown in
Figure 1.
[16] In order to evaluate quantitatively the difference

between highland and mare regions, Figure 7 shows the
continuum slope of the spectra plotted versus the 1-mm
absorption band depth. The blue points correspond to the
points included in the white square around the small fresh
highland crater in Figure 3. A part of the observed scatter to
this points can be attributed to residual registration errors.
The black points, which are shown for comparison, corre-
spond to the small fresh mare crater area studied by Le
Mouélic et al. [2000] and also shown in Figure 1. The red
points correspond to the points included in the rectangle in
the eastern wall and rim of Tycho in Figure 3. Soils in this
latter area also contain mainly variations of spectral alter-
ation, with fresh materials on steep slopes of the crater walls
and more mature materials in flat areas.
[17] The relationship between the continuum slope and

the 1-mm absorption band depth with varying maturity
degree appears linear and consistent both for mare and
highland soils. It is important to notice that the linear
relationship which was observed in mare regions (black
points) is also valid for the highland materials discussed
here (same slope of the points clouds, from which the 0.286
coefficient in equation (3) was derived). This means that the
spectral alteration correction method, which was developed
in mare regions, should provide reliable results in highland
regions, too, as indicated by the soils studies.
[18] Mare materials are shifted to the upper right of the

diagram in Figure 7 compared with highland materials.
This is consistent with the fact that mare materials are
more iron rich and therefore have a deeper Fe2+ 1-mm
absorption feature compared with highland soils. The
continuum slope is also greater for mature mare materials
than for mature highland materials because mare materials
have more Fe2+ available for reduction into nanophase Fe0

particles during space weathering processes [Morris,
1978]. Initially fresh mare soils, exposed during the same
period of time as initially fresh highland soils, will there-
fore reach higher Is values with ongoing maturation and
thus will reach a steeper continuum slope than highland
soils.

5. Iron Maps of Tycho Area

[19] Figure 8a shows the iron map produced from our
multispectral cube by applying the algorithm of Lucey et
al. [1998a, 2000]. This algorithm, which uses Clementine
UV-visible bands only, is based on the decorrelated effects

of composition (iron content) and maturity on a plot of the
950/750-nm ratio versus the 750-nm reflectance. Local
slopes play a major role in the variation of the reflectance
at 750 nm in highland areas at middle to high latitudes.
Sun-facing slopes, which have a high reflectance at 750
nm, appear artificially depleted in iron in Figure 8a
compared with shaded areas, which are artificially enriched
in iron. However, the iron content evaluated in flat areas
(such as crater floors) is still representative of the mean
iron abundance of the soils. When averaged over large
areas, the effects of shaded slopes and Sun-facing slopes
tends to compensate. However, these effects are not com-
pletely symmetrical, which could result in an overestima-
tion of the mean iron value.
[20] Figure 8b shows the iron map produced by applying

equation (3). The titanium content of the soils, which
appears in the 0.9 � TiO2 factor, was derived from Clem-
entine bands at 415 and 750 nm by applying the algorithm
of Lucey et al. [1998a]. This evaluation showed that the
titanium content is extremely low in the Tycho area (<0.5 wt
%). The 0.9 � TiO2 factor in equation (3), which accounts
for the iron contained in ilmenite, is therefore negligible
within our mosaic. It should be noticed that the titanium
correction could introduce a second-order dependence on
topography in the most unfavorable case (high titanium
content on a topographically rough scene seen at high phase
angle). However, such areas are not common owing to the
fact that high titanium areas are found mostly in low to
middle latitudes in mare basalts, which were observed by
Clementine at usually low phase angles.
[21] When no significant titanium is present (which is

the case for most of the highlands), the proposed iron-
mapping technique uses band ratios only. It is therefore
less sensitive to illumination conditions on local slopes
than the technique based on UV-visible channels only.

Figure 7. Plot of the continuum slope versus the 1-mm
absorption band depth. There is a linear relationship
between these two parameters with varying alteration
degree. The same slope is found for mare-type soils (black
points) and highland-type soils (blue and red points). The
mare-type soil is shifted to the right owing to a higher
content in Fe2+ than highland-type soils.
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Indeed, the dependence on the topography has been
completely removed in the iron map of Figure 8b. Tycho
and its surroundings appear very homogeneous in terms of
FeO content, with a mean value of 6–7 wt % (instead of
7–8 wt % for Figure 8a). This is consistent with the in
situ measurement made in the north rim of Tycho by the
alpha-proton spectrometer on board Surveyor VII, which
measured a soil FeO composition of 6.5 wt % [Jackson
and Wilshire, 1968]. Most of the residual variations in
Figure 8b are due to registration errors and possible
second-order effects which we attribute to photometry.
As was noted by Lucey et al. [1998a], Tycho crater is
surrounded by a glassy dark halo. This halo does not
appear in the iron maps, which indicates that the iron-
mapping techniques can be applied on such type of
materials without producing major artifact. It should be
noted that this is probably not true for regional pyroclastic
deposits, for a number of reasons. Chief among them is

the fact that some pyroclastic deposits contain debris that
do not exhibit a well-developed 1-mm band (e.g., Apollo
17 black spheres).

6. Summary and Conclusions

[22] Systematic relationships between spectral parame-
ters linked to composition and maturity have been observed
for two different regions in mare and highland areas. From
the similarity of the spectral behavior of the mare and
highland regions studied, we conclude that the analysis
presented by Le Mouélic et al. [2000] can be extended to
highland areas. This provides a means to develop iron maps
with less dependence on topography than was previously
done with Clementine UV-visible data alone, which should
be useful for investigating high-resolution mosaics at mid-
dle to high latitudes. This demonstrates the utility of the
Clementine near-infrared data set when integrated with

Figure 8. (a) Iron map produced from the algorithm of Lucey et al. [1998a, 2000]. (b) Iron map
produced by applying equation (3). Maturity effects have been corrected in both cases. The proposed
method using both Clementine UV-visible and near-infrared data (Figure 8b) is less sensitive to the
topography than the method based on Clementine UV-visible bands only (Figure 8a).
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already available UV-visible data. This work also shows the
importance of the near-future release of the calibrated near-
infrared data set for a comprehensive application of such
iron-mapping techniques.
[23] The near-infrared data reduced so far represent only

a very few percent of the global near-infrared data set. A
wider set of near-infrared images should be reduced to
further analyze the systematic relationships described in
these first studies. If the systematics observed in the
Aristarchus Plateau and Tycho areas prove to be present
on the whole Moon, as the lunar soil analyses suggest, then
it would validate a new method for estimating the iron
content of the soils and their maturity degree from Clem-
entine multispectral UV-visible and near-infrared images. In
particular, images of the sample return sites, once calibrated,
will be used to refine the iron calibration [e.g., Blewett et
al., 1997; Jolliff, 1999]. Areas such as the moderately high
TiO2 Eratosthenian flows in the Imbrium-Procellarum
region could also be a good candidate for further studies
related to composition. New spectral data sets such as those
planned for the European Space Agency Smart One mis-
sion, or the Japanese SELENE mission will benefit from the
experience gained with Clementine data and should provide
new insights on lunar mineralogy. Such spectroscopic data
analysis techniques could also be useful for investigating
the mineralogy of other airless planetary bodies such as
Mercury or the asteroids, which are also submitted at
different degrees to space weathering processes.

[24] Acknowledgments. The authors are very grateful to J. Gillis and
an anonymous reviewer for their thorough reviews.
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