
���������
	���	�����
���
�

����������

� 	! #"�#$&%' (

)��+*-,/. �10+243 ./56*7�98:��5 �<;�=)��>8��9.:./���?5

� ��@A	B�
C�%�($�DE	

F HG
	6I���-��J�LK�MONQP�RTS�UVKWRYXHZES\[B]�^LR_U�`']aPcbRYKWRcU�Rd[e[eRf`/]

g:#$a%�DE�
$O�ihj$�kl�
	�m�In%oD4p&@A

� I�	

qsrftWu\vxwzy vx{\r|tW}�~

 �_p&@�D � +����I��#�(@A�D F �����#�L�|�>�����\�������'���x�\���d�_�9���x�x�i�n�
 ���(� F H�A�'��%6�
	�I F ���g/In%��| (m�In%oD4p&@A#"(��hj$�kl�
	�m�In%oD4p&@An���!DEG
$�I F �i� F #�#%6	o�
$�DEp&@AT�%

 �  F  #�(�
m¡m+@A$�DE�¢In%oD4�
$�"

£ �
m � �
"6I�$a%�+¤e$�D¦¥
(	o"oD¦%�InDE	����hj$A"§%�D¦%6@�%��AOkl�
	om�I¨%�DE�
$�"�@ �  #	oDE(@A	o
($�DE$�kl�
	�m�In%oD4p&@AH�%��#�
m¡mT@A$'D4�(In%�DE�
$

 |DE%�	�-�A F I©%6��ª("���

«¬®}_¯O°®±Hu\}�²A°®r|¯´³Ovµ²A~�}x¶!vxuL²Arf°§~�vx·Y¸TrftW~c¬�¹º}�·'·�vx~A»�°§·'·�v½¼¾v¿¯|²Y»�°®·AtWv½¬

�'�
@�%�($&@A F +���¡�e��¥�(m+CA	�©��À
À�Á
���A#¥nI�$a% F I¡�(��m�m9DE"�"§D4�
$:�����Â�I�m¡($

£BÃ g/Ä Ã �'h® Åh Ã ��ÆO¤ÈÇ
¤�É½ÊË�
gsÌ £fF I�@��A Íd�½ÎL��Ï Ä�	! #"oDE�A($a%

g�gsÌÐÄ_�'D F D ���  ÑJ�¿�!Ï\���x��Ï ÉeI �A� �
	o%�(@A	o"
£fF I�@��A ���½ÒW��Ó��

g�gsÌÔgÕD4���� F ��TÑJ�AÏ\Öx�i×!��� ��Â�I�m9D4$AIn%6#@A	�"
Ä_�'D F D ���  �LÓ¿Ø½�i�\�i�
Ùi	�I�$�Ú�#��D4" ÛOÖ\�\ØxÒW��Ï�Ï\�





� m�#" � I�	�#$a%6"





����� �����	�
��� ������

£ 7%6	�I¢¥�I¨D F I  #%'  	! (I F D4"! ?ªI F ��h®Éeh§� � � hj$�"o%�D¦%6@'%/�AsÉ�(���A#	����A #$µhj$�kl�
	om�In%�DEp&@As�%
���!"o%¢ª(m¡(" � F  ¢In%���D4	o("#��h®��Éeh � É�($A$�("��6��I�@�"�#DE$/�� F �® (p&@�D � ��QDE"o%6I�Ì

Ç�z%oD4#$A"7ªI7	�#m¡(	���D4#	 £fF I�@A����xI�C�D¦%¢�_ÆQDE	�#�#%�(@A	��AÕÉe#���A(	o���AJªI F ��h®É�h§� � Ée#$A$A("#�
� ��@A	eI ¥���DE	 � 	! ("§D4�f  F ��®@A	���Ì

Ä���D F D �A�  g:I�	o%oD4$A�%¢�|Ä_	o��kl("o"�#@A	 �A#"z¤�$�D¦¥
#	�"§DE%' ("ªI F ��h®Ù�g � £fF (	om���$&%��®Ù�(	o	6I�$����f�%
£fF In@A�A��I�m¡"��
$L��ÆQDE	�#�#%�(@A	Õ�AsÉe#���A(	o���A?ªI F ��h®�QÉ�h � �'� � ��D4I�� � $a%�D � � F DE"(� � �
@A	ÕI¢¥
��DE	
I��(�# � %' H������%6	o F #"B	6I �A� �
	§%6(@�	�"B�AO�##%�%�W%6��ª#"�nÌ��x#@A	Å	o(GaI�	o���(	oD¦%�DEp&@AO#% F (@�	B$A�
mTC�	�(@!Â
�(�
m¡m¡($a%6InD4	o("�mÕ���
$a% � #	�m9DE"�����I�m   F DE�
	�#	e"§D4G�$�D��A�¢In%oDE¥�(m¡($a% F I9p!@AI F D¦%' -�A@�m�I�$&@A"��#	oD¦%¢Ì

Ç�O	o(m¡(	o�#DE  #GaI F (m¡($a%QgÕDE���A F �A+g/In%��A F D4$L�iÄ_	o��kl("o"�#@A	���("�¤�$�D¦¥
#	�"oD¦%' #"�ªI F � �_�W�'Ä
�A��!%�	6I�"oC���@A	�GA�n#%_Ä���D F D �A� ��'��@A(	o("(� £ ��I�	�G¿ Å�ABÉ�(���A#	����AeI�@ � � � �© x�
@ F �
@A"�n�
����I¢¥
��DE	
�Â�I�m9DE$| TI¢¥�(�-	oDEG
@A(@�	e�#-%�	6I¢¥nInD F �AO%6��ª#"�nÌ

Ç�:"��
@���InD¦%6� Â � 	oDEm�#	 %6�
@'%6�m�IG
	�In%�D¦%6@��AJªI Ù�	6In$�Ú�(��DE" £ �AI�@Am¡#%o%6��|��D4	o(��%6(@�	z�A
	�#���A(	o���A7ªI F ��h®Éeh§� � É�($A$�("(� � �
@�	O"6I ��DE" � �
$�DEC�D F D¦%' ¡�A@A	�I�$a%H�(#"H%�	���DE"OI�$�$| (#"-��©%6��ª#"�
p&@���D F I9($A�(I��A	! +I¢¥
#�+	§D4G
@�(@A	B%6��@�%�($Õm�� I��#�(�
	o��I�$a%�@A$AHG
	6In$A�A F DEC�(	o%' �Ì

Ç��¥
��@A�A	6I¨D4"Å#$!��$ 	o(m¡(	o�#DE(	d%6�
@A"f�(#@'Â p&@�D�m����
$a%Å($a%��
@A	! ��A@A	�I�$a%Å�(#"f%�	���DE"ÅI�$�$| (#"��
F #"|m¡(m+CA	�#"B�A@ � 	��"�®�%#�Wh§�'  � p!@�$�®e$AQ��DE%�(	6I¨D � I�"|�A � (@A	f����#$ �
@AC F DE(	#�'m�I-kºInm¡D F¦F n�
%|	oDEG�D¦%�%����Ç
I��'&n��%¢��Ù�	6I�$�Ú�(��DE"(��É  (m9D Ì

��$!�A$��L@A$ m¡#	��#D � I�	§%�DE�(@ F D4#	�ªIzg/In	oDE�
$�p&@�D_I �#�
$a%6	§D4CA@f  � ��@A	Qm¡��D¦%�D� :ªI m¡�
$�%�	6I¢¥nInD F
� I�	�"6I � 	! ("o($A�#���"6I � In%�DE($��(-#%e"6I9C��
$A$AH�&@Am¡(@A	#Ì





���������
	�������������������� �

� ��� �� !  #" $ �&%('*) ,+- #"

. /10 �2��34	�5�67����3 0 8
Á�ÌEÁ hj$&%�	��!�A@A��%�DE�
$:G¿ ($f #	6I F  ÌHÌ-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì 9
Á�Ì � Ée�
C�@A"o%�("�"oTIn@'Â�(	o	�#@A	�"e�AHm¡�'�f  F DE"6I¨%�DE�
$�Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì �
Á�Ì;: �x#"B%6	6I��®(�#%���DE	�("e��I�$�" F � D4m�I�G
JÌ+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì Á
Á
Á�Ì=< �x#"B%6	6I��®(�#%���DE	�("e��I�$�" F ��(" � I��(-�AO%6	�I ¥nInD F Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì Á��
Á�Ì � �x#"B%6	6I��®(�#%���DE	�("e��I�$�" F ��(" � I��(+I�	o%oD4�#@ F InD4	o Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì Á2:
Á�Ì � £ �
$a%6	oDECA@�%oD4��$A" Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì Á><
Á�Ì?9 Ã 	oGaI�$�DE"6I¨%�DE�
$��A@:m�I�$&@A"o�(	§DE%ËÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì Á><

@ Ac}_¸O¸Tv½¬§·Jv�²Y¼¾r_²A°®»�}�²�°®r|¯W· BDC
E FHG��3I� G���>�J�K�L	NMO5 0 �1PQ�1�������
�R5 0 ��	SMO5 0 �R6T�U� G����� .�V

�!ÌEÁ �_" � I��# � 	o�"�®(��%�D¦k��%e%�	6I�$�"okl�
	om�I¨%�DE�
$��A�
m¡�
GAª#$AsÌ-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì ��À
�!Ì � g:�'�f  F D4"�In%�DE�
$Õ�A F I¡�¢I�m  #	6IÔÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì �
�
�!Ì;: Ée#�(�
$A"§%6	o@A�#%oD4�
$ � 	�� �®(�#%oDE¥�+�%e(@A� F DE��DE($A$A Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì �J<

�'Ì;:'ÌEÁ �\("� Â � 	�("o"oDE�
$A"Wm�In%�	oDE�#DE F¦F #"��� F I¡�(�
$a%6	�InDE$&%�   � D � � F InDE	�+Ì+ÌHÌ-Ì+Ì �
�
�'Ì;:'Ì � ��"o%oD4m�In%oD4��$s�A F I G¿ (��m  �%6	§D4   � D � � F InD4	o¡#%H�A@7�f  � F In�((m¡#$&%T(@ �

� F DE��DE($ Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì ���
�!Ì=< £ �
$A� F @A"§D4�
$Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+ÌW:a�

� XYMZ�U�>�[���2\Q���>�[���� 0 �]\Q���>5Q��� �_^
:'ÌEÁ hj$&%�	��!�A@A��%�DE�
$ Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+ÌW:a�
:'Ì � �½I9�#�
m¡m�In$A�A-($:I�"�"o(	o¥&DE"�"o(m¡($a%W¥&DE"�@A F Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+ÌW:`9

:�Ì �!ÌEÁ ¤e$:CA	o#k�I � #	�Ú�#@ Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+ÌW:`9
:�Ì �!Ì � �xI9�(�
m¡m�I�$A�� � In	Åkl�
$A�#%oD4��$:�AO%��I����AÕÌ-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+ÌW:
�

:�Ì �'Ì �'Ì¦Á Æ:  ��$�D¦%�DE�
$:�� F I©kl�
$A��%�DE�
$:��H%��I����AVÌ-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+ÌW:
�
:�Ì �'Ì �'Ì � Éz ¢I F DE"6In%oD4�
$Õ����@A$AH�(��m�m�I�$��A+#$Õ¥&D¦%6#"�"� Ì-Ì+Ì-Ì+ÌHÌ-Ì+ÌW:Ta

:'Ì;: £ �A��D Â��A F I¡�(��$A"oDEG
$A ÌHÌ-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ìb<&�
:'Ì=< �xH���A�nD¦Â��� F ��#" � In�(-�AH�(�
$a%6	 �� F ÔÌ-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ìb<`:

:�Ì=<�ÌEÁ ����(" � I��(-hjm�I�G
 Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ìb<`:
:�Ì=<�Ì � ����(" � I��( £ I�	o%' ("§D4#$ Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ìb<a�
:�Ì=<�Ì;: ����(" � I��(-hjm�I�G
H#% F ��#" � I��# £ In	o%' #"oDE($ Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ìb<�9



� ���������
	��������������������

:�Ì � £ ��$A� F @A"oDE�
$ Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+ÌW<
�

@�@ «s¬§}_¯O°j±Hu\}�²�°®rf¯ ³Ov ²�~�}½¶!vxuL²�r|°®~�vx· � B
� /10 �2��34	�5�67�2��3 0 �`� G�`�2��� 	Q� � MZ���2� ^ �

<AÌ¦Á hj$a%�	��!�A@A�#%oD4��$ Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì¾�J:
<AÌ � �/ ($f (	6I¨%�DE�
$:��H%�	6I �®#�#%���D4	o("�($Õ	���C���%oD4p&@AËÌ-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì¾�n�

<�Ì �'Ì¦Á �\("�m  #%��A�'��(" F �!�¢I F (" Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì¾�79
<�Ì �'Ì � �\("�m  #%��A�'��("eG F ��C�I F (" Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì¾�n�
<�Ì �'Ì=: �\("�m  #%��A�'��("e�(�
$a%�DE$&@A("�Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì¾�Ja
<�Ì �'Ì < �\("�m  #%��A�'��(" � 	��
CAI�C�D F DE"o%�(" Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì ��À

<AÌ=: �xI � F I�$�D ���¢I¨%�DE�
$:��H%�	6I �®#�#%���D4	o("e��I�$A" F ��DEm�I�G
 Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì �'Á
^ FHG� 0 G��� ������3 0 	Q� �>� ���1��67�>3I�K������� ��� 0 � �R5�� 	SM G� 0 �����I�K� 3_5-	SMZ�U6`6 G�� G���������K3 0�� �

�'Ì¦Á ��%�@A�A-�A@��¢I�"e"6I�$�"e�#�
$a%6	�InD4$a%�+�AO¥&DE"oDEC�D F D¦%' YÌ+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì �7:
�!ÌEÁ
Ì¦Á g:�
@'¥
(m¡#$&%Q�AH	���%6In%�DE�
$ � @A	o�Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì �J<

�'Ì¦Á
Ì¦Á
ÌEÁ 	W@A F p&@A("Õ  F  (m¡($a%�"�"o@A	 F HG
	���@ � O��("e	���%6In%�DE�
$A"VÌHÌ-Ì+Ì �J<
�'Ì¦Á
Ì¦Á
Ì �  x	6I �®#�#%6�nD4	o+� � %�DEm�I F H�A F I¡�#� F D4$f (In%�DE�
$ Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì �
�

�!ÌEÁ
Ì � g:�
@'¥
(m¡#$&%Q�AO%6	�I�$A" F In%oD4�
$ � @A	oÔÌ-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì �7a
�!ÌEÁ
Ì=: g:�
@'¥
(m¡#$&%Q	oDEG�DE�A�Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì 9!Á
�!ÌEÁ
Ì < �\("B%6	�I �®(��%6��DE	�#"��AI�$A" F � DEm�InG
 Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì 9��
�!ÌEÁ
Ì � � F G
��%oDE%��Am¡("e#%�	! ("�@ F %6In%6"e�A � F I�$�D ���¢In%oD4��$ Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì 9n�

�'Ì¦Á
Ì �'ÌEÁ Æ:  � F I��#(m¡($a%�($Õ	���%6In%�DE�
$?Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì 9n�
�'Ì¦Á
Ì �'Ì � Æ:  � F I��#(m¡($a%�($�%6	�I�$A" F In%oD4�
$ Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì 979
�'Ì¦Á
Ì �'Ì;: Æ:  � F I��#(m¡($a%�($Õ	���%6In%�DE�
$�#%�%�	6I�$A" F I¨%�DE�
$ Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì 979
�'Ì¦Á
Ì �'Ì=< É��
CA@A"§%6("o"�-¥!DE"��#ªI�� ¥&DE"��A("e(	o	�(@�	�"��AH�¢I F DECA	6In%oD4��$ ÌHÌ-Ì+Ì ���

�!ÌEÁ
Ì�� � ��� F DE�¢I¨%�DE�
$ËªI F � I�"o"�#	o¥&D4"o"�#m�#$a%W¥&D4"o@A F Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì&a�À
�'Ì¦Á
Ì���ÌEÁ �'@�D¦¥&D½�A("B%6	�I �®(��%6��DE	�#" � I�	�I�"�"o(	§¥!DE"�"o(m¡($a%O¥&DE"�@A F �nÆ Ì&a�À

�!ÌEÁ
Ì;9 Éz ("�@ F %6In%6"e�Â �  #	oDEm�#$a%�I�@'Â Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì&a7:
�'Ì¦Á
Ì;9'ÌEÁ £ DEC F  � F I�$AÐÌ+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì&aJ<
�'Ì¦Á
Ì;9'Ì � £ DEC F -$A�
$�� � F I�$AÕÌ+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì�Á À
�
�'Ì¦Á
Ì;9'Ì;: �'��ª($A-�(�
m � F �Â' Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì�Á À7a

�'Ì � � �A� F D4�(In%�DE�
$ ªI F � D4$a%6#	 � � F In%�DE�
$Õ�A-� D4m�I�G
#"zÌ+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì�Á
Á �
�!Ì �'Ì¦Á �\ � 	��
C F ª#m� Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì�Á
Á �
�!Ì �'Ì �  x	6I �®#�#%6�nD4	o+m9DE$�D4m�I F =Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì�Á
Á>:
�!Ì �'Ì=: Éz ("�@ F %6In%6"e�Â �  #	oDEm�#$a%�I�@'Â Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì�Á
Á[<

�'Ì=: hj$a%�	��!�A@A�#%oD4��$:�A F I��#�
$a%6	�InD4$a%�-��H¥&DE"oDEC�D F D¦%' ?Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì�Á
Á>a
�!Ì;:�Ì¦Á Æ:  �A$�DE%oD4��$:�A@ � 	o�
C F ª(m¡ Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì�Á
Á>a
�!Ì;:�Ì � ��Â'(m � F  Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì�Á��nÀ

�'Ì < £ ��$A� F @A"oDE�
$ Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì�Á�� <



���������
	�������������������� ^

� ����� ��346���� � ��� ��� � G�`���Q34	Q� 	Q��� � 3U�2� 0 ���K�� � .E ^
�'ÌEÁ �½I9m  #%��A�!�AH�A(" � �n%6($a%oD4 F " Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á ���

��ÌEÁ�ÌEÁ ����I �A� 	o�'���AH� F I�"o"oDEp&@A Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á ���
��ÌEÁ�Ì � ����I �A� 	o�'���AH@�%oD F DE"! ( Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á �T9

�'Ì � £ I�"�����@�$A+��D4C F H�(��$A$&@A Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á>:
À
��Ì �!ÌEÁ  x	6I �®#�#%���D4	o+�� F I9�¢I�m  #	6I¡��I�$A"�� Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á>:
À
��Ì �!Ì �  x	6I �®#�#%���D4	o+��(" � 	oDEm9DE%oDE¥�("���I�$A" F ��DEm�I�G
´Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á>:�Á
��Ì �!Ì;:  x	6I �®#�#%���D4	o+�AI�$A" F ��(" � I��#TI�	§%�DE�(@ F InDE	�H�A@Õ	��
C���%+Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á>:�Á
��Ì �!Ì=< £ ��Inm � �A � �n%6($a%oD4 F In%�%�	6I���%�D¦kQÌ-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á>:T:
��Ì �!Ì � £ ��Inm � 	!  � @ F "oD¦k�	� F I¨%�D¦k�I�@'ÂzCA@�%' #("�I�	o%oD4�#@ F InD4	o(" Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á>:T:
��Ì �!Ì � £ ��Inm � 	!  � @ F "oD¦k�	� F I¨%�D¦k�ªI F I9�#�
$a%6	6I¨D4$a%6-�AO¥&D4"§D4C'D F DE%'  Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á>:a�
��Ì �!Ì?9 Éz ("o@Am   Ì-Ì-Ì+ÌHÌ-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á>:`9

�'Ì;: £ I�"�����@�$:�
C �®#%�D4$��(�
$A$&@YÌ-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á>:`9
��Ì;:'ÌEÁ  x	6I �®#�#%���D4	o � I�	o%oD4 FEF H�A F I9�¢Inm  #	6I Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á>:Ta
��Ì;:'Ì �  x	6I �®#�#%���D4	o+��(" � 	oDEm9DE%oDE¥�("���I�$A" F ��DEm�I�G
´Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á[<aÀ
��Ì;:'Ì;: hj$
	A@A($A�#T�A@ � I�	�I�mÕª#%�	����>Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á[<AÁ
��Ì;:'Ì=< hj$
	A@A($A�#T�A F I9�¢I F D4C�	6In%oD4�
$Õ�A F I¡�(I�m  (	�IJÌ-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á[<&�
��Ì;:'Ì � Éz ("o@Am   Ì-Ì-Ì+ÌHÌ-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á[<`:

�'Ì=< hj$&%�(	 � � F In%oD4�
$ � I�	B��("�kl�
$A�#%oD4��$A"	% �j" � F DE$A#"ÔÌ-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á[<`:
�'Ì � �'@�D¦¥!Dx��("�%6	6I��®(�#%���DE	�(" � I�	�In"�"�#	o¥&DE"�"�#m¡($a%O¥&D4"o@A F ��Æ>Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á[<a�
�'Ì � Éz #"�@ F %�In%�"��Â �  (	§D4m¡#$&%6I�@'Â>Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á[<�9

��Ì �'ÌEÁ £ �
$���DE%oD4��$A"� Â �  (	§D4m¡($a%6I F #"¾Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á[<�9
��Ì �'Ì � £ I�"�����@A$A-�#DEC F  � F In$A+�#�
$A$&@AOÌ-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á[<a�
��Ì �'Ì;: £ I�"�����@A$A-�#DEC F  � F In$A-DE$A�#�
$A$&@A Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á �'Á
��Ì �'Ì=< Éz ("o@ F %6In%6" � �
@A	B@A$Õ�
C!�®�%�$��
$ � � F I�$AInD4	oO#%�DE$A�(�
$�$!@ÈÌ-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á ���
��Ì �'Ì � ��¥&DE%�(m¡($a%Q�A("�CA@�%' (#"QI�	§%�DE�(@ F InDE	�#"ÔÌ-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á¢�
À

�'Ì?9 £ �
$A� F @A"§D4�
$Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á¢�a�

� rf¯Wux¬§tW·A°®r|¯ B�� C

� ¯O¯Wv���vx· BDC��
� � ��>6T� � � ���K3 0 	SMO5 0 � � G�`����3 	�� 0 5�� G���J��� 5Q� 	Q� � G��[3_��5Q�2��3 0 	NMO5 0�� � 3 ���������

	Q� 6T3_�-� � 0 	Q�
3 � �������U�K� .�8 �
� ÌEÁ hj$&%�	��!�A@A��%�DE�
$ Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á297:
� Ì � � �A� 	o�'����-¥nI�	§D�In%oD4��$A$A F¦F QÌ-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á297:

� Ì �'ÌEÁ �xI9�(�
m¡m�I�$A��+� � %�DEm�I F  Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á29J<
� Ì �'Ì � �\ � 	���C F ª#m¡+�A %|� F�� I Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á29T9
� Ì �'Ì;: É�#kl�
	omT@ F In%oD4�
$��A@ � 	o�
C F ª(m¡O�A F I9�(�
m¡m�I�$A�AO� � %�DEm�I F O"o�
@A" F I

kl�
	om¡-�� %f� F�� I Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á29��
� Ì �'Ì=< Éz ("o� F @'%�DE�
$:$&@Am  #	oDEp!@�T�A@ � 	���C F ª#m¡+�A %|� F�� I Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì�Á¢�
À



� �������[�67�23_�K����� 3 � �������U�K��� 	Q� �K� 6T�U� G����� .�� �
%QÌ¦Á1Ä�	o�
C F ª(m¡TÄ £ �-Á:Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì�Á �J<
%QÌ � Ä�	o�
C F ª(m¡TÄ £ �Q�7Ì-Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì�Á �
�

� XS����U54�23�� 346`6`5�� �2���2��3 0 � .��I8
£ Ì¦ÁÔÄ½��%6#$a%�DE F 	!  � @ F "oD¦k´Ì+Ì-Ì-Ì-Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì�Á �T9
£ Ì � É  ("o@ F %�In%�"e Â �  (	§D4m¡($a%6I�@'Â´Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+Ì-Ì+ÌHÌ-Ì+Ì-Ì-Ì+Ì-Ì+Ì-Ì-Ì+ÌHÌ-Ì+Ì�Á ���

«t��O¬§°§u\}�²A°®r|¯W· �
	��

�



@&¯|²A~�r�³HtWuL²A°§rf¯ 8

� � ��� '4%�+- �

��� %�+	� ! 
 � %('�� �

��� � � ��������� ������� � ���������������
�
�xI�¥
� F �
$a%' Õ��("¡���A(	o���A(@�	�" �A�	o � 	o�'�A@'D4	o F ("¡�(I � I���DE%' ("¡�&@Am�InD4$�(" �� � #	��( � %�DE�
$

#%+����I��#%oD4�
$ ��I�$�" F ("-"��!"o%¢ª(m¡("T	��
C���%�DE"! #"-IÕ�#�
$A�A@�D¦%�ªI F ��DE$a%' #G
	6In%oD4��$s�A��A�
$�$| (#"-DE"�"o@A("
�A/�(I � %�(@A	o" �Â!%' #	��!�( � %�D¦kl"(�f#% � F @A" � I�	o%oD4�#@ F D�ª#	�(m¡#$&%���/�( FEF ("�D4"o"�@A#" ����@A$A��(I�m  (	6I'Ì
�����
C �®(�#%oDEkÅI! ����f ¡("§%Hp!@� F ("O�(I � %�(@A	o"H¥&DE"�@A F "Hkl�
@A	o$�DE"�"�#$a%T@A$�©D4$�kl��	�m�In%�DE�
$7"�@" �"�I�m �
m¡($a%e	oDE���A � �
@�	 � #	�m¡#%o%6	o+In@'Âz	o�
C��n%6"Å�AO	! ¢I F DE"�(	#���AOm�I�$�D�ª(	o+In@�%6�
$��
m¡��A�A#"Å% �I�����("
��I�$A" �A("z#$&¥&DE	��
$�$A(m¡($a%�" � In	o%�DE F¦F (m¡($a%��(��$A$&@A"(�Å��@ �(�
m � F ª#%�(m¡($a%�DE$A�(�
$�$!@�"(Ì�Æ©��@A$
� �nD4$a%Õ�A7¥'@�sm  #%��A�!�A� F �
G�DEp!@��� F ��I�"o"�(	§¥&D4"o"�(m¡#$&% ¥&DE"�@A F �#�
$A"§D4"§%6cªIËDE$a%' (G�	�(	Õ��DE	�#�#%6 �
m¡($a%Å��In$A" F IHC���@A� F �����#�
m¡m�In$A�AQ��("d	��
C���%6"#�a�A("_DE$�kl�
	�m�In%oD4��$A"f Â!%6	6I¨DE%�("d�A("dD4m�I�G
#"
kl�
@A	o$�D4#" � I�	H�A("+�¢I�m  (	�I�"+I ��$ �A�	! ¢I F DE"�(	 F � I���%�DE�
$"o�
@A��I¨DE%' (�Ì½��$ � 	6In%oD4p&@An�½�# F I � (	 �
m¡#%+@A$   F In	�G�DE"�"o(m¡($a%©DEm � �
	§%�I�$a%-�A@ �A�
m�InDE$A���� I �A� F D4�(In%�DE�
$�� F I�	��
C���%�DEp&@A��x�%+@�$A
I�m   F D4��	6In%oD4�
$Õ�(��$A"oDE�f (	�I�C F +�� F I � 	! #�#DE"oDE�
$/�
C'%6($&@AnÌ

�\#"e%�(���A$�DEp&@A("Q��� In"�"�#	o¥&DE"�"�#m¡($a%H¥!DE"�@� F � F I�"�"§D4p&@A#"W"��
$a%�# ��¢In�((" � ��@A	�@A$A-G
	6I�$��A
� F I�"�"o ����I �A� F D4�(In%�DE�
$A"/m�I¨D4":"� �A#@A	o%�($a% ªI �A("��'D$ ��(@ F %' ("(�Q($ � In	o%�DE�(@ F DE(	 F �
	o"�p&@A F 
�f  � F I��#(m¡($a% ªI:&%L#�#%�@A(	9#"o%©%�	(ª("-D4m � �
	o%6I�$a%¢Ì �x#"9I �A� 	��!���A(" F (" � F @�"9I�$A��D4#$A$A("9"o�
$a%
C�I�"! (("�"�@A	 F I�	! (G
@ F In%oD4�
$ ªI �  (	o� �A F ��#	�	o(@A	�($a%6	o F ("�¥nI F #@A	�"e�(��@A	6I�$a%�+�%��f ("oDE	! #T��� DE$ �
kl�
	�m�In%oD4��$A"B¥!DE"�@� F¦F #"W"!  F #�#%�DE�
$A$f (("#�L"o��DE%���I�$�" F ��DEm�I�G
n��"���D¦%Q�AI�$A" F ��(" � I��# :��jÆ©Ì�ÆW("�D4$��
kl�
	�m�In%oD4��$A"Å�AQ% � � *:��jÆµ#%�� �®Æ � (@�¥�($a%z (GaI F #m�#$a% �#%6	oW�(��mTC�DE$f (#" � �
@�	|�(��$A"o%�	�@�DE	� F 
"oDEG
$�I F ����(	�	o(@A	#Ì £ #%o%6���(	�$'D�ª#	�7I �A� 	��!���A��BI �A�  F  #���I�$�" F I"o@�D¦%6 I ��� 	��!���A � �!CA	oDE�A
�
@È��Æ©Á('��'� � (	om¡#%7����I�m   F D4��	�(	 �� m�In$�D�ª#	� "§D4G
$'D����(In%�D¦¥
 F  �(�
m � �
	o%�(m¡($a% �
C�%�($&@) £ �AI�@Am¡#%o%6+À
À
I!* Ìe ½�
@'%6(":�(#" I �A� 	o�'����("/@'%�D F DE"�#$&%�($µG¿ #$f (	�I F @A$A�#�
$A"§D4G
$� ��Â'�%
� #@�¥
#$a%WI F �
	o"Å�(�
$��A@�DE	� ªI©�A("��#�
m � �
	§%6#m�#$a%6"BD4$AI��f (p&@�I¨%6"(Ìi��$�#%�#%(�A��I�$�"�%��
@A" F ("��(I�"
�A ��G�@A	�#"(�L#$ @�%�D F D4"�I�$a%H@A$A©�#�
$A"oDEG
$A ��Â'��LD F #"o%O�'D$ ��#D F 9����DE$a%6	o�'�A@'D4	o9�A("W�#�
$a%6	�InD4$a%�("
"�@A	 F #"+%�	6I �®#�#%6�nD4	o("T	! ¢I F DE"! (#"©#%+����I�"�"o@A	�#	 F I:�(��$&¥�(	oG
($A�# p&@A F¦F  p&@A "o��DE% F I � �
"oD¦%�DE�
$
D4$'DE%oD�I F ¡�A@7	��
C���%(Ì �\("O��D+ ��(@ F %' #" � ��%6#$a%�DE F¦F #"TI�@!Â�p&@A FEF ("-$A�
@�"-"o�
m¡m¡("-�(�
$�kl	o�
$a%' #"-"o
"oD¦%6@A#$a%e%��
@�%B�L� I�C��
	o��I�@�$�DE¥�¢I�@Õ�A#"Å%6	6I��®(�#%���DE	�("B��@Õ	o�
C���%B��I�$�"B"��
$�(" � I��#-��Q%6	�I ¥nInD F �
m�InD4"¡In@A"�"§DÅ��I�$�" F ��(" � I��(�In	o%�DE�(@ F InDE	�nÌ �\(" � 	oDEm¡D¦%�D¦¥
#"9¥!DE"�@� F¦F #"��AI�$A" F ��DEm�I�G
 � (@�¥�($a%
 (GaI F (m¡#$&%fI¢¥
�nD4	_�A#"_%�	6I �®#�#%���D4	o("_$A�
$�"���@A��InD¦%' #(" F #"|Inm�#$�I�$a%OªIW"��
	§%�DE	_�A@¡����I�m � �AÅ¥&D �



� .�� E�� 3_��5��1�2��>�[� ��5�� ��� ���5Q�J��	Q� ��34	 G�� ���[�����K3 0

"oDE�
$9�A F IQ�¢Inm  #	6I�Ì"�\(" � 	o�
C F ª(m¡("���|"o%6I�C�D F D¦%' |#%��A|	��
CA@�"o%6#"�"oÅ¥!DE"��#ªI�� ¥&DE"��A#"���D+%e #	�($a%�("
(	�	o(@A	o"�"o@A	 F ("¿m��!��ª F #"�@�%oD F D4"! ("���#¥&D4#$A$A#$&%T (GaI F (m¡#$&%¿D4m � �
	o%6I�$a%6"¿p!@AI�$A� F ��#	�	o(@A	½($a%6	o
F I©�#�
$A"oDEG
$AO�% F I©m�#"�@A	oO("§%�G
	6I�$��A�Ì!�_���
C!�®�%B�AO�#W����I � D¦%6	oWD4$a%�	��!�A@A�#%oDEk¿("§%B�AOm¡#%o%6	o
($c #¥&DE�A($A�#����AQm�In$�D�ª#	�Op&@�I F D¦%�In%oDE¥�O#%B#$z�A�
$A$�In$&%�p&@A F p&@A#"��Â'(m � F ("#���#("B��D+ ��(@ F %' #"
� ��%�($a%�DE F¦F ("ep!@'D¿�#�
$A"§%�D¦%6@A#$&% F ("�m¡��%�D¦¥nIn%�DE�
$A" � 	o(m9D�ª#	�#"��AH�#H%�	6I¢¥nInD F �AO%6��ª#"��� F I9�A(" �
�(	oD � %oD4�
$ � 	! (�#DE"�d�A#"½�'D$%e (	o($a%6#"�I ��� 	��!���A("½#%x�� F (@�	�"x��D+ ��#@ F %' ("½	�#" � (��%�D¦¥
("¿kl�
$a% F ���
C!�®�%
�A@s���AI � D¦%6	� :!�6Ìx���
@A" � 	! ("o($a%6#	��
$A"s (GaI F (m¡#$&%-$A��" � 	§D4$��#D � I F ("-�(�
$a%6	§D4C�@�%�DE�
$A"-��I�$A" F I
"�(��%�DE�
$Á�Ì �9#% F ����	�GaI�$'D4"�In%�DE�
$��A@Õm�In$!@�"��(	§DE%���I�$�" F I9"�(��%�DE�
$Á�Ì?9'Ì

 ��� � �	��� � � � � � � ����
 ������� � � � � � � ������ � � � ������� �
�\-"����f #m�I�p!@'D��#�
$A"oDE"o%�ÕªI � F In$�D��A(	 F #"�%6	�I �®(��%6��DE	�#"Q�A@:"��!"o%¢ª(m¡©�%�ªI F #"�"o@�DE¥!	oT($��

"�@�D¦%6n�d#"o%�%6	(ª("¡D4$a%' #	�#"�"6In$&% �A@ � ��DE$a%��AÕ¥!@AÕ�A F I �#�
m¡m�In$A�A�Ì £ �"����f #m�I$f (�#("o"oD¦%6
@A$�DEp!@�(m¡($a%O@A$�T�(��m�m�I�$��A F �!�¢I F (m¡($a%Q"o%�InC F -#%�	���CA@A"o%� � �
@A	��
C�%�($�DE	e�A("e	! #"�@ F %�In%�"
"6In%oD4"§kºInD4"�I�$a%6"#Ì �\("Å�#�
m¡m�In$A�A(" � #@�¥
#$&%(� � I�	|InD FEF (@A	o"(� �#%6	o F D4$f ¢I�	§D4"! (("�In@�%6�
@�	|�A F I-%�	6I��
�®(�#%���DE	�7$A�
m9DE$�I F �Ì���$ &%L�%¢�B#$ @�%oD F DE"6I�$a%Õ@A$A7�(��$A"oDEG
$A ��Â'��B"§D F I m¡�'�f  F D4"�In%�DE�
$?�A@
"��!"o%¢ª(m¡T#"o% � I�	§kºInDE%���A��$ � (@'%��#�
$A"§%6	�@'D4	o-@�$:"o���| (m�I���O�(�
m¡m�I�$A�A � (	�m¡�%�%�In$&%e�����
C �
%6($'D4	 F ��#�
m � �
	§%6#m�#$a%|"o�
@A��InD¦%' nÌ'�!D�I�@¡�(�
$a%�	6InDE	�n� F ("dm¡�'��ª F ("d@�%�D F DE"! #"f"o�
$a%|#	�	o�
$f ("#� F #"
%6	6I��®(�#%���DE	�("��
C'%6($&@A#" � (@'¥
($a%e"(��I¢¥_ (	�#	�"o@A	 � 	�($AI�$a%6("e#% F O"��!"§%¢ª(m¡ � #@�%em �(m¡H��DE¥�(	 �
G
(	O"§D F ("O(	o	�#@A	�"H"���$&%O%�	�� � DEm � ��	o%�In$&%�("¡�l¥
��DE	 ��G
@A	o Á
Ì¦Án��ÌL��$ @'%�D F DE"6I�$a%H@A$�9�(�
$A"§D4G�$A
¥�In	oD4I�C F �� F  �(��m � �
	§%6(m¡#$&%��A@Ë"��'"§%¢ª#m� � (@�% ��%6	o�I�m   F D4�
	!  �Azm�I�$�D ª(	oz"oDEG
$�D ���¢I¨%�D¦¥

�º¥
�nD4	���G
@�	�¡Á
Ì �&��Ì

3

Configuration initiale Configuration désirée

3

2

1 si aucune erreur de modélisation

si erreurs de modélisation

si erreurs de modélisation très importantes

1

2

�e����HÁ
Ì¦Á�� X�����������Z ����������� �"!$#%���'&)(*�����"+,��+-!�./!0� b�1��2,.0����+-�43456���"+7��!��8���9�%:�+;�"�������=<��"�*>%�"��+
��Z 3%> b�"�8�"�'!��?3A@ b����� 3%+;���B�"�C<?� b���1�"�����D@½ZE�"�����"���8�B@��,FC��@ b�"./!0��3%+-!G���



@&¯|²A~�r�³HtWuL²A°§rf¯ V

3

Configuration initiale Configuration désirée

3

2

1 si aucune erreur de modélisation

si erreurs de modélisation

si erreurs de modélisation très importantes

1

2

Configurations planifiées intermédiaires

���� ��Á
Ì � �zR ����+ !�./!0��3%��+ �*���,����� �"!$#%��� >�3%��! 3A:�.0��2 .0�B����F <�����+7�"FC�"��+ @%� � � �"+���"FC� <��"��+���"+-�8�
3%F b�"./!G��� b� @��DF	3%��!���"�8� �"!$#%��! & � 3%+ !�>%�

ÆOI�$A" F ��(�
$a%��Â!%6_�A F � I�"o"�#	o¥&D4"o"�#m�#$a%�¥&D4"o@A F ���(�%�%6dI ��� 	��!���A�("§%\%6	(ª(" � #	o%oD4$A#$a%6 � @�DE"�p&@A
$A�
@A"+��DE" � �
"��
$�"©�A F ��DE"T�A��(�
m¡m�I�$A�� �(�
$�$!@�(" � �
@A	�#%6	o F �'�(I F (m¡($a%T%�	(ª#"T"o%6I�C F ("©�%
	��
C�@A"o%�("(Ì&�e�
@A"�#$ � 	! ("o($a%6��$A"dDE�#DA@A$AÅD FEF @A"o%�	6In%oD4��$�Ì&���
@�"�"��
@A�AInDE%��
$A"��#�
$a%6	��� F #	 F #"dm¡�
@��
¥
#m�#$a%6"��L��@A$-CA	�I�"xm�In$�D � @ F I¨%6(@�	½"o@A	 F #p&@A F ("§%½m���$&%' (_@A$A_�(I�m  (	6I��
CA"o(	§¥�In$&%½@A$-�
C!�®�%
�(�
m � �
"! B��Bp!@AIn%6	oBm�In	�p&@A("_C F I�$A����("(�a��|%6 FEF B"��
	§%6Bp&@���ªI F I ��$9�� F IQ%��I����A�� F � D4m�I�G�B�A
F IH"���ª($A��(�
	o	�#" � �
$A�A¡ªI-@A$�eDEm�I�G
eI �A� 	§D4"o�Ì'ÆOI�$A" F e�(I�" � 	! #"�($a%(� F ("_D4m�I�G�("d�(�
	o	�(" � ��$ �
��I�$a%QI�@'Â � ��"oD¦%�DE�
$A"�D4$�D¦%�D4I F T�%Q�f #"oDE	! #©"��
$a%eD F¦F @A"o%�	! (#"W"�@�	 F ("QÙ¿D4G�@A	�#"+Á
Ì=:A� I!�Å�%TÁ�Ì;:A�ºC���Ì
���� Â �  (	oDE($��(Tm¡�
$a%�	� F I¡�'D$%e (	o($A�#-��W%6	6I��®(�#%���DE	������C�%6#$!@�-�L��@A$� � I�	o%(� F �
	�"op!@� F (" � I �
	6I�m�ª�%6	�#"©�A��¢I F D4C�	6In%oD4�
$�A F I/�¢Inm  #	6I/"o�
$a% � In	okºInD¦%6#m�#$a%9�(�
$�$!@�"©�
@ F �
	o"�p&@A �#(@'Â �j��D
"��
$a%�#$&%6I����f #"e�L��#	�	�#@A	Å�%B����I�@�%6	o � I�	§%¢� F �
	o"�p&@A F I©�(�
$�"oDEG
$AO("§% ��Â'O�
@ ¥nI�	§D�I�C F nÌA����@A"
@�%�D F D4"o�
$A" � ��@A	Q�##%�%�9�Â �  #	oDE($A�#�@A$�¡I �A� 	o�'���A9� �®Æ©Ì�ÆW("O	! ("�@ F %6In%6"O"§D4m9D F InDE	�#"O"��
$a%H�
C��
%6#$!@�"OI¢¥
(�+@A$ATI �A� 	o�'���A :
Æ©Ì � �A$��AH¥_ #	oD ��(	 F I¡	��
C�@A"o%�("�"o©¥&D4" �(ªI���¥!DE"e�A(" � I�	6InmÕª�%6	o("
�AH�¢I F DECA	6In%oD4��$���$A�
@A"eI¢¥
��$A"�	! ¢I F DE"! H%6	��nD4"B Â �  (	oDEm¡($a%�I¨%�DE�
$A"��
Á
ÌeÙ¿DEG
@A	o�Á�Ì=<B� � I�	6I�m�ª�%6	�#"eDE$a%6	§D4$A"(ª(p&@A#"Q�Â�I���%6"e#%e�(��$A"oDEG
$A���Â'��
�'ÌeÙ¿DEG
@A	o9Á
Ì �|� � I�	6InmÕª�%6	o("ÅDE$&%�	oDE$A"(ª#p&@A("�($a%�I����f ("e����@�$AH(	�	o(@A	B�� <
À��¾�%��(�
$�"oDEG
$A
��Â'��

:�ÌeÙ¿DEG
@A	oWÁ
Ì��Å� � I�	�I�mÕª#%6	o("�DE$a%6	oDE$A"(ª(p&@A("d($a%6I����f ("_����@A$A�#	�	�#@A	��A <
À�� Ì �xIW�(�
$�"oDEG
$A
¥nI�	oDE_�(�%�%6_kl��DE"ÅªIe����Inp!@�fD¦%' (	�In%�DE�
$-�A�%6 FEF f"o�
	o%�fp&@A F ("x%6	6I��®(�#%���DE	�("½�f #"oDE	! (#"���In$A"
F ��DEm�I�G
H"���DE($a%��A(" F D4G�$A("e�A	��nDE%�("(Ì

£ �
m¡m¡©In%o%6($��A@�� F I9%6	�I �®(��%6��DE	�-�AH����I�p&@A � �nD4$a%�����DE$a%' #	
�#%���I�$�" F ��DEm�I�G
-("§%Q@A$� F D4G�$A
�A	��nDE%� F ��	�"�p&@A F (" � I�	6I�m�ª�%6	�#" �A �(I F DECA	�In%�DE�
$ "o�
$a% � I�	okºI¨DE%�(m¡($a%z�#�
$A$&@A"7� "o 	! �k  (	�#	
ªI F I Ù¿DEG
@A	�sÁ
Ì <'��ÌfÄ�I�	��(�
$a%�	���f($ � 	! ("o($A�# ����#	�	o(@A	o"z�A�m¡�'�f  F D4"�In%�DE�
$��d$A�
@A" $A��%6��$A"
p&@A F ("Q%�	6I �®#�#%6�nD4	o("Q��C�%6#$!@�("O"���$&%�%6	(ª(":  F ��DEG
$f #("W��T�( FEF (" � 	! �¥'@�("¡�º¥���DE	WÙ¿DEG
@A	o Á
Ì �&��Ì
ÆOI�$A"f�(Q�(I�"(� F Qm¡�
@�¥�(m¡($a%��A#" � �nD4$a%6"f��I�$A" F � DEm�InG
Q#"o%ÅDEm � 	! �¥!DE"oDEC F O#%|@A$A � I�	o%oD4��A
F ���
C!�®�%H��� D4$a%' #	
��% � �
@�	�	6I¨DE%Qm �#m¡9p!@'DE%o%6(	 F � D4m�I�G
nÌ £ �
m¡m¡9$A�
@�" � �
@'¥
�
$A" F ©�#�
$A"o%6In%6#	
"�@A	 F I7Ù¿DEG
@A	� Á�Ì ���¿($Ë@�%oD F D4"�I�$a%�@A$A��(�
$�"oDEG
$A ¥nI�	oD4I�C F �� F ("©%�	6I �®#�#%���D4	o("¡�f #"oDE	! (#"�"o�
$a%
#%�(��%�D¦¥
(m¡#$&%|	! (I F DE"! #("#�!m �#m�e($ � 	! ("o($A�#���� DEm � �
	§%�I�$a%6#"_(	�	o(@A	o"_�A�m��!�f  F DE"6In%oD4��$�Ì £ 
"oDEm � F  � 	o�'�� (�f _$A�
@�"¿I � (	�m9DE"(� ��In$A"x�(_�¢I�"#� ����I�m   F D4�
	o(	½"oDEG
$�D ���¢I¨%�D¦¥
(m¡#$&% F IB	o�
CA@A"§%6("o"�
�A@Õ"��!"o%¢ª(m¡+¥&DE"��(ªI � ¥&D4"��A#"�#	�	o(@A	o"��AHm¡�!�|  F D4"�In%�DE�
$�Ì



.�� .�� E�� 3_��5��1�2��>�[� ��5�� ��� ���5Q�J��	Q� ��34	 G�� ���[�����K3 0

50 100 150 200 250 300 350

50

100

150

200

250

1 

2 

3 

4 

50 100 150 200 250 300

50

100

150

200

250

1 2 

4 3 

��I&�fDEm�I�G
WDE$�D¦%�D4I F  � C��fDEm�I�G
H�f #"oDE	! (
���� �¿Á�Ì;: �z]"F	31#����,@��,.�ZE�%:-56�"+ @½Z !���+ b�"� ��"+

50 100 150 200 250 300 350

50

100

150

200

250

�e����¿Á
Ì < �JP � 3456���"+7��!��8���B@A3%� �D.�Z !�F	31#���� � 3%./! :��43%+ !G��� < 3%��� 3%!�+;� �"+ ����� �"!$#%��� &)(*�

50 100 150 200 250 300 350

50

100

150

200

250

�e�����Á
Ì �,�JP �43456���"+7��!��8���B@A3%� �D.�Z !�F	31#���� F	3%��>�3%!0�1� � 3%./! :��43%+-!G��� �"+ ����� �"!$#%��� &)(*�

50 100 150 200 250 300 350

50

100

150

200

250

���� �¿Á
Ì��B�JP �43456���"+;��!��8���B@A3%� � .�Z !�F	31#���� F	3%�*>�3%!0�1� � 3%./! :��43%+ !G��� �"+ ����� �"!$#%���D>�3%��! 3A:�.0�



@&¯|²A~�r�³HtWuL²A°§rf¯ . .

���� � ��� ������� ��� � � � ����� ��� � � ����� � � � �
�\#"_I �A� 	o�'���A#"_@�%�D F DE"6In$&%d�A#"�D4$�kl��	�m�In%�DE�
$A"S: �®Æ � ��@A	�"��!$a%6�f �%�DE"�#	 F �"oDEG
$�I F �L��#	�	�#@A	WªI

	! #G
@ F (	Å"oO�A(@A	§%6#$&%©ªI+@A$AO��D+ ��(@ F %' Om�I �®#@A	��� F #"Å%6	6I��®(�#%���DE	�("|��I�$A" F ��DEm�I�G
W��(" � 	§D4m9D �
%�D¦¥
#"�¥&DE"�@A FEF ("e@�%oD F D4"! (#" � �
@A	 F O�¢I F �#@ F �A F I9�(�
m¡m�I�$A�AO$�O"��
$a% � I�"B�#�
$a%6	 �� F  #("#Ì � DE$A"oD �
F ���
C!�®�%���� D4$a%' (	
��% � (@�%�"o�
	o%oD4	¿�A@©����Inm � ��|¥&D4"§D4�
$9�� F I��¢I�m  (	�IQ�A@A	�I�$a%�"���$©�f  � F I��#(m¡($a%
#%BkºInDE	�: (���A�
@�(	 F ��I�"o"�(	§¥&D4"o"�(m¡#$&%(ÌL�e�
@A" � 	! ("o($a%6�
$�"e�AI�$A" F �� Â�#m � F -"�@'DE¥nI�$a%�@A$ %� F �(I�"
�A ��G
@�	��Ì �x#"OD4m�I�G
#"O�(�
	o	�#" � �
$A��I�$a%+I�@'Â � ��"oD¦%�DE�
$A"WDE$�DE%oD�I F 9�%H�| ("§D4	! (¡"��
$a%HD FEF @A"o%�	! #("
"�@A	 F #"©Ù¿DEG
@A	o(" Á
Ì;9�� I!�W�% Á
Ì;9��ºC���Ì �\ �f  � F I��(#m�#$a%�ªI/	! (I F DE"�#	©("§%T%�	(ª("+D4m � �
	o%6I�$a%¢Ì �x#"
%6	�I �®(��%6��DE	�#"Tp&@���#%�(�#%�@A(	�InDE($a% F #"Tp&@�In%�	��m�I�	�p&@A#"©C F I�$A���A#"T($@�%�D F DE"6In$&%T@A$ In"�"�#	o¥&DE"��
"�#m�#$a% :��®Æ©����I�$A" F -�¢In"Q�\ª@ F #"Qm¡�!�\ª F ("�"��
$a% � I�	okºI¨DE%�(m¡($a%��(�
$A$&@A"#�L"o�
$a%Q�A��$A$f (#"Q"o@A	
F IÕÙ¿DEG
@A	o:Á
Ì���Ì Ã $ �
CA"�#	o¥� p&@A F (" � 	§D4m9D¦%�D¦¥
("+¥!DE"�@� F¦F #"©"��
	§%6#$&% F I�	�G
#m¡($a%©�A@ ����I�m �
�AT¥&DE"oDE�
$ �A F I �(I�m  (	6I'Ì ��� In"�"�#	o¥&DE"�"�#m¡($a%+¥&DE"�@A F :��jÆ � F I�"o"oDEp!@�  #���A�
@A#	6InD¦%W���
$A�©��In$A"
�(z�(I�"(Ì���� D4$a%6	o�'��@A�#%oD4�
$Ë�A � 	oDEm¡D¦%�D¦¥
#"¡��D4	o(��%6(m¡#$&%��Â!%�	6InD¦%6#"��� F � D4m�I�G�z��I�$A" F ("¡I � �
� 	��!���A#"O� �jÆÈ�%W� �®Æ ��Á�'
�©I�m   F D4��	�-"oDEG
$�D ���¢In%oDE¥�(m¡($a% F I9%6	6I��®(�#%���DE	�-�A F ���
C!�®�%Q��� DE$&%' (	
�#%
��I�$A" F � D4m�I�G��Ì £  � #$A��I�$a%(�A�(#	o%�I¨D4$A#" � I�	§%�DE("Å�AQ�( F @�D �j��D � #@�¥
#$a%z #¥
#$a%6@A FEF (m¡($a%�"��
	§%�DE	
�A@/���AI�m � �AH¥&D4"§D4�
$/�A F I¡�¢I�m  (	�I�"§D F ("e(	o	�#@A	�"��AHm��!�f  F DE"6In%oD4��$�#% F +�f  � F I��(#m�#$a% ªI
	! (I F DE"�#	�"o�
$a%�D4m � �
	o%6I�$a%6"(Ì

50 100 150 200 250 300

50

100

150

200

250
1 

2 

3 
4 

50 100 150 200 250 300

50

100

150

200

250

1 2 

4 3 

� I!�dD4m�I�G
WDE$�D¦%�D4I F  �ºC��dD4m�I�G�-�f ("oDE	! #
���� �½Á
Ì?9B�z]"F	31#����D@��,.�ZE�%:-56�"+�@½Z !���+ b�"� ��"+

−150 −100 −50 0 50 100 150 200 250 300 350 400

0

100

200

300

400

500

600

700

���� �¿Á�Ì �B�JP �43456���"+7��!������,@A3%� �D.�Z !�F	31#���� .0��� <���!���+ �,@½Z !���+ b�"� ��"+ ���*!�+ +;�"��+ .�Z !�F	31#��



.E .�� � XN�� �2�����[�67�23_������ 	�� 0 � � MZ�� � �U6T� 	Q�
�2���`\��U���

 ��� � ��� � ����� � � � � �
��� � ��� � � � ��� ����� � � � � ������� � ���
�\("½%6#���A$�DEp!@�("�����I�"�"o(	§¥!DE"�"o(m¡($a%_¥&D4"o@A F � �®Æ @�%�D F D4"o($a%���DE	�#�#%6#m¡($a%_�A("½D4$'kl�
	�m�In%oD4�
$�"

�Â!%6	�InDE%�("9�A F � D4m�I�G��Ì �\#" F �nD4"©�� �(�
m¡m�I�$A��z�(�
$A"§D4"§%6#$&%�I F �
	o":ªI/�#�
$a%6	��� F #	 F  m���@�¥
 �
m�#$a%f�� F IW�¢Inm  #	6I-I ��$¡p&@A F ("_m¡("�@�	�("d��I�$�" F � D4m�I�G
�I¨%�%6�D4G�$A($a%d@A$AÅ¥nI F (@A	��f ("oDE	! #�#$
@�%�D F DE"6In$&% � I�	Q Â'(m � F 9@A$A©m  #%��A�!�AT�ATm¡DE$�DEm9D4"�In%�DE�
$ �A-% � � ©G
	�I���DE($a%¢Ì�ÆOI�$A"��(©�(I�"(�
F I %�	6I �®#�#%6�nD4	o©�A F I �¢Inm  #	6I $���("§% � I�"Q�A@�%6�
@'%W�(��$&%�	��� F  (nÌ £  F I � (@�% � I�	okl��DE"Q#$a%6	6I � �4$A#	
�A("em¡�
@�¥
#m¡($a%6"W�� F I��(I�m  (	�I¡DE$�I��f #p&@�In%6"T�º%�	(ª("�"o�
@A"�� � � %oD4m�I�@'Âi�6��¥���D4	o-DEm � ��"�"oDEC F ("¡ªI
	! ¢I F DE"�#	(Ì�¤e$ �Â'(m � F 9m�InDE$&%�($�In$&%H� F In"�"oDEp&@A��Lp!@'D�D FEF @A"o%�	�T%�	(ª#"WC�DE($ �( � �f ($��
mÕª($An��("§%
� 	! #"�($a%' T��I�$�" ) £ ��I�@�m��%�%� a
� *�Ì
£ �
$A"oDE�f #	��
$A"T@A$�f  � F I��(#m�#$a%¢��#$a%6	� F #"-DEm�I�G
#"-DE$�D¦%�D4I F �#%+�f ("§D4	! (n�¿�#�
m � �
"!  @A$'D4p&@A �
m�#$a%�����@A$Af	���%6In%�DE�
$-�A�Á¢�
Àe��GQI�@'%6�
@A	½�A F ��I¨Â'd� � %�DEp&@A|�� F Ie�(I�m  (	�I�Ì � ��$T��f�#�
$a%6	��� F #	
F #"fm¡�
@�¥�(m¡($a%�"Å�A@ 	o�
C���%¢�
��$����A�nD4"§DE% F #"f�#�'��	��A�
$�$| (#"|�A#"fp&@�In%�	� � ��D4$a%�"f�#�
m¡m��DE$�kl�
	��
m�I¨%�DE�
$A"W¥&D4"o@A F¦F ("(Ì �xI %�	6I �®#�#%6�nD4	o¡In%�%�($A�A@�©�A(" � ��DE$a%6"O��I�$�" F � DEm�InG
9("§%O@A$A9	o��%�In%oD4��$
I�@�%6��@A	H�A@ � ��DE$a% � 	§D4$��#D � I F �A F I��¢Inm  #	6I�Ì �xIz%6	�I �®(��%6��DE	���
C�%�($&@A � �
@�	-���AI�p&@A � ��DE$a%
����DE$a%' #	
�#% ("§% ($JkºInDE%�@A$� F D4G
$�:�A	o��D¦%6Õ($a%6	o/"�#" � �
"oD¦%�DE�
$A"�D4$'DE%oD�I F Õ#% �f ("oDE	! # � ��G
@A	o
Á
ÌEÁ¢À!���&�(�p&@�D��(�
	o	�(" � ��$A�sªI+@�$ � @A	dm¡�
@�¥
#m¡($a%��A�%6	6In$A" F In%�DE�
$ F  F �
$�GT�A F ��I¨Â'Q� � %�DEp!@�
�A F I/�¢I�m  #	6I F � I�m¡#$�I�$a%�ªI F ��DE$!��$�D��  ��¥&D4�A#m¡m�#$a%¢���
$ #"o%¡C�DE($ F ��DE$ ����@A$A %�	6I �®#�#%6�nD4	o
� � %�DEm�I F  � �
@A	 F I9�¢I�m  (	�I�Ì

50 100 150 200 250 300

50

100

150

200

250

4 3

21

50 100 150 200 250 300

50

100

150

200

250

43

2 1

��I&�_D4m�I�G
ODE$�D¦%�D4I F  � C��_D4m�I�G
H�f #"oDE	! #
���� �¿Á�Ì;a �z]"F	31#����,@��,.�ZE�%:-56�"+ @½Z !���+ b�"� ��"+

50 100 150 200 250 300

50

100

150

200

250

4 3

21

�e����\Á�ÌEÁ À'�ËP �43456���"+7��!��8��� @A3%� �'.�Z !�F	31#���� .0��� <���!���+��'@½Z !���+ b�"� ��"+��1� @%!���!$#��"��+ �"��./!$#%���D@%�8��!�+7�
>%�"���,.0�"���8� <��1�"!�+-!G��� �,@ b���"!�� b�1���



@&¯|²A~�r�³HtWuL²A°§rf¯ . �

���� � ��� ������� ��� � � � ����� ��� � � ����������� � � � � ��� � ��� � �
���
��$ @�%�D F D4"�I�$a%©@A$A��(��$A"oDEG
$A ��Â'�� F  � 	o�
C F ª(m¡��A("+�(�
$a%6	�InDE$&%�("-m  (�¢In$�D4p&@A#"z� C�@�%' #("

I�	o%oD4�#@ F InD4	o(" �|#"o%���D+ ��#D F  ªI©G¿ #	�#	B�\ª(" F �
	�"Bp&@AW%��
@A" F ("��A#G
	! #"B�A F DEC�(	o%' O�A@�	��
C���%B"o�
$a%
@�%�D F D4"! (" � �
@�	B	! ¢I F DE"�#	 F I©% �In���A�Ì��xI©%6	�I �®(��%6��DE	�O�A@�	o�
C��n%���I�$A" F ��#" � In�(+I�	o%oD4�#@ F I¨D4	o � #@�%
�A�
$A�H"#� I¢¥_ (	o(	�D4$�In�| (p&@�In%��Ì
ÆOI�$A" F ���Â'(m � F �"�@�D¦¥nI�$a%¢� F ("©DEm�I�G
#"©�(�
	o	�#" � �
$A��I�$a%�I�@!Â � �
"oD¦%�DE�
$A"+D4$�D¦%�D4I F  #%©�| ("§D4	! (
"��
$a%©D F¦F @A"§%6	! (("9"o@A	 F ("©Ù¿D4G�@A	�#" Á
Ì¦Á
Áa� I!�W�% Á
Ì¦Á
Áa�ºC���Ì �\("+%6	6I��®(�#%���DE	�("T�A("9In	o%�DE�(@ F In%oD4��$A"
��I�$A" F ��(" � I��#zI�	o%oD4�#@ F InD4	o��¿�
C�%6#$&@A("©#$ @�%oD F D4"�I�$a%©@A$ I�"�"o(	o¥&DE"�"o(m¡($a% :��®Æ©�\��In$A" F  �(I�"
�xª@ F ("�m¡�!�\ª F (" "o�
$a% � I�	okºI¨DE%�(m¡($a% �#�
$A$&@A"(�Q"��
$a%7�A�
$�$| (#" � I�	 F IcÙ¿DEG
@A	o Á
Ì¦Á��'Ì �x#"
�(�!�
	����
$A$f #("���In$A" F ��#" � I��# I�	§%�DE�(@ F InDE	�"o�
$a% $A�
	om�I F DE"! #(" #$&%�	� )�� Á��EÁ#*��e�xª@ � Á #%Á
	� � 	! #"�($a%�($a% F ("�CA@'%' (#"zm  (�¢In$�D4p&@A#"(Ì Ã $Y�
CA"�#	o¥� p&@���@A$?�A("�I�Â�#"�In%�%�#DE$a%�"6I F DEm9DE%�
"�@ �  (	oDE(@�	���x�#9p!@'D�D4m � F D4p&@A¡@A$�¡DEm � ��"�"oDEC�D F D¦%' �ªI 	! ¢I F D4"o(	 F Iz%��I����AnÌ\����%��
$A"/ #GaI F (m¡($a%
p&@AO�(W�(I�"Å�A ��G
@A	o � #@�%B"o � 	! #"�($a%�(	Bp&@A F p!@�O"���D¦% F W"����f (m�I���W�(�
m¡m�I�$A��O@�%�D F DE"! nÌ

� I!�_D4m�I�G�HDE$�D¦%�D4I F  � C��fDEm�I�G
H�f #"oDE	! (
���� �¿Á�ÌEÁ
Á �z]"F	31#����,@��D.�ZE�%:-56�"+ @½Z !���+ b�"� ��"+

���� �¡Á�ÌEÁ�� � P � 3456���"+7��!��8��� @A3%� ��.�ZE���7< 3���� 3%��+-!G�"��.$3%!��8��� ��� @���� 36(*��� 3%+-+7�"!���+	��3 ./!�F !�+7�
�"� < b�"��!G�"�����



. � . � � � 3 0 �>�J�K��5Q���K3 0 �

 ��� � � � � � ����������� � �
�����
C!�®(��%�D¦k��AH$A��"�%�	6I¢¥nI�@'ÂÕ#"o%e�AH	!  � �
$��A	�+I�@'Â � 	��
C F ª(m¡#"�p&@A-$A�
@A"eI¢¥
��$A"�m9DE"�#$

 �¥&D4�A#$A�( � 	! (�� #�A(m¡m¡($a%(Ì�����"e�#�
$a%6	§D4CA@'%�DE�
$A"e"��
$a% F #"�"�@�D¦¥nI�$a%6("L�
�c��$/�(Hp&@�D½�(��$A�(#	�$A F H�(I�	6I���%¢ª#	� F �!�¢I F ��("�I�"�"o(	o¥&DE"�"o(m¡($a%6"W¥&DE"�@A F "#��$��
@A" � 	�� � � �
"��
$�"e��O�(�
@ � F #	 F I � F I�$�D ���¢In%oD4��$Õ��H%�	6I �®#�#%���D4	o("©ªI©@A$A F ��D\�AO�#�
m¡m�I�$A�AH�(��$A$&@A
�(�
m¡m¡ F �'�(I F (m¡($a%�"§%�I�C F f#%�	o�
CA@A"§%6d¥!DE"��#ªI�� ¥&DE"��A#"�(	o	�#@A	�"���|m¡�'�f  F D4"�In%�DE�
$�Ìn���
@�"
I¢¥
�
$A"��f #¥
 F � �A�  ��A(@!Â9"����f (m�I�"_�A � F I�$�D ���(In%�DE�
$�Ìa�e�
@A"�I¢¥��
$A"����A��DE"oDA#%_I��AI � %'  F #"
I�"�"o(	§¥!DE"�"o(m¡($a%�"©¥!DE"�@� F "©��Æ<�º�(�
$A$&@A" � �
@A	 ��%6	� F �'�(I F (m¡($a%-"o%6I�C F ("H#%H	o�
CA@A"§%6(" �
I ��$Õ�AH"�@�D¦¥!	� F #"B%6	6I��®(�#%���DE	�(" � F I�$�D �| (#"(Ì

�cÄ¿�
@�	�I�m   F DE�
	�#	:"§D4G
$'D����(In%�D¦¥
#m¡($a% F #":%�	6I �®#�#%6�nD4	o("/��@ 	���C���%Õ��In$A" F ��(" � I��( ��
%6	�I ¥nInD F �!$��
@A"ÅI¢¥��
$A"Å�
C'%6($&@ F ("dkl�
	�m¡#"ÅI�$�I F �&%�DEp&@A("|�A("|%�	6I �®#�#%���D4	o("f��I�$A" F � D4m�I�G�
�(�
	o	�#" � �
$A��I�$a%¡ªI9@A$AO%6	�I �®(��%6��DE	�H� � %oD4m�I F -�A F ��#%�(��%6(@�	��A@Õ	���C���%(Ì

�c���
@�"/I¢¥
��$A"ÕDE$a%' #G
	!  �A("Õ�(��$&%�	6InDE$a%6#"/��I�$�" F I � ��I�"� �A � F I�$�D ���¢I¨%�DE�
$ �A#"Õ%�	6I��
�®(��%6��DE	�#"���I�$A" F � D4m�I�G� I ��$V�L� I�"o"�@A	o(	�#$ � #	�m�I�$A#$A�( F IJ¥&DE"oDEC�D F D¦%'  �A F ���
C!�®�%
��� D4$a%' #	
��%©#%©I ��$s���® �¥&DE%�(	 F ("+CA@�%' (("TI�	o%oD4�#@ F InD4	o("#Ì��e�
@A"©I¢¥��
$A"  #GaI F (m¡($a%©%�	6InD¦%' 
F #" � 	��
C F ª(m¡#" F D� #"eI�@'ÂÕI�@'%6� � �'�#�(@ F %�In%oD4��$A"(Ì

�c��$-��@�%6	o�� F ("xm  #%��A�'��("xp&@A_$A�
@A"xI¢¥
��$A"x�| #¥� F � �A�  #("�$��$| (�#("�"§DE%�($a%�$'D F #"\m¡�'��ª F #"
�A("e�
C!�®�%6"��
CA"o(	§¥_ #"Q$�Dx@�$AH�¢I F D4C�	6In%oD4�
$ � 	! (�#DE"�-�A F I¡�(I�m  (	�I�Ì

 ½�
@�" F ("O	! ("o@ F %6In%6"H�
C'%6($&@A"H�
$a%� �%' ©¥nI F D4�f #" � I�	W�A9$��
mTCA	o(@A"o("+�Â �  (	§D4m¡#$&%6In%�DE�
$A"-"�@�	
F I � F In%6 � kl�
	om�O	o�
C���%�DEp&@AH�A F ��h®Éeh§� � Ì

 ��� � ��� � � � � ������� � ��� � � ��� � �	��� �
£  m  #m��nD4	oÕ�� %6��ª#"��"� ��DE¥&DE"��($Ë�A#@'Â � I�	o%oD4#"(Ì�ÆOI�$�" F I � 	�(m9D�ª(	o � I�	o%oD4n��$A�
@�"

	6I �A�  F �
$A"Q�A("�	! ("o@ F %�In%�"Qkl�
$A��Inm�#$a%�I�@'Â/($/G� (�
m  �%6	oDE � �
@A	 F I¡¥!DE"oDE�
$ �%W($�I�"�"o(	o¥&DE"�"o �
m�#$a%e¥&DE"�@A F Ì £ �%�%6 � I�	§%�DEO("§%��'DE¥&DE"! (-($Õ�A#@'Â�����I � DE%�	�("ep&@�D � �
	o%�($a%¢��	o(" � (��%�D¦¥
#m�#$a%¢�
"�@A	 F (" � ��DE$a%6"�"�@'DE¥nI�$a%6"L�

�cÆOI�$A" F  � 	�(m9DE(	 ����I � DE%�	�n�W$A�
@A"/	6I �A�  F¦F (	���$A" p&@A F p&@A("7	! #"�@ F %�I¨%6"/DE"�"o@A"7�A F I
G¿ (��m  �%6	§D4   � D � � F InDE	�nÌÅ����@A" ��DE"��#@�%6#	��
$�"(�Å#$ � I�	o%oD4�#@ F D4#	(� F ("�kl�
	�m+@ F In%�DE�
$A" m�I��
%6	§D4��D4 FEF ("B�A F IT�#�
$a%6	�InD4$a%��  � D � � F InDE	�nÌ��e�
@A" � 	! ("o($a%6#	��
$�"e#$A"�@'DE%�O@A$ CA	o#k¿I � (	�Ú�#@
�A("Hm  #%��A�!�A("O����("§%�DEm�In%�DE�
$ �A F I G¿ (�
m  #%�	oDE   � D � � F I¨D4	o9#%H�A#"Om  �%6�A�!�A#"-��9	� �
�(�
$�"o%6	o@A�#%oD4��$T�A@-�f  � F I��#(m¡($a% � I�	o%oD4 F �A F IB�(I�m  (	6I�#%½�A F IeG¿ (�
m  #%�	oDE_�A F I�"���ª($An�
�(#�#D_��I�$�" F #"O�¢I�"O�\ª@ F (" � In	6I�m�ª#%�	�#"-�� F I �(I�m  (	6Iz"o�
$a% � 	! #�#DE"! (m¡#$&%T�(�
$�$!@�"-��@
m�I F �(�
$�$!@�"(Ì

�cÆOI�$A" F ©"o(�(��$A�s���AI � D¦%6	�n��$A�
@�"O�A	�#"�"�#	��
$�"-@�$ CA	��k� �%�In%Q�A F ��I�	§%O�A("O�'DE¥�(	�"W%�	6I��
¥nI�@'Â 	� F In%oDEkl"sªI F ��I�"�"o(	§¥!DE"�"o(m¡($a%Õ¥&D4"o@A F ÌB����@A" �f #�(	oDE	���$A" F #" � 	§D4$A��D � I F #"z"o%�	�@A� �
%6@A	o("��A/�#�
m¡m�In$A�A � (	om��%�%6I�$a% F I	! (I F DE"6I¨%�DE�
$ �AÕ% �I�����(" 	o�
C��n%�DEp!@�("sªI � I�	o%oD4	
��� D4$�kl��	�m�In%�DE�
$A"W¥&DE"�@A FEF ("H Â'%�	6InD¦%6#"O��� D4m�I�G
#"Wkl�
@A	o$�D4#" � I�	W@�$ �¢I � %�(@A	O��T¥&D4"§D4�
$LÌ
���
@�"f	�I �A�  F¦F #	��
$A"fCA	oD ª#¥�(m¡($a% F ��I �A� 	o�'���Aekl�
$A��%�DE�
$ �A�% �In���Ae%�	(ª#" F I�	�G
#m¡($a%|#m �
� F � �� #���In$A"H�(¡�A�
m�InDE$A�Ì½�e�
@A" � 	! #"�#$&%�(	o�
$A"T#$A"�@'DE%���x�A¡m�I�$�D�ª(	� � F @A" � 	! #�#DE"�n�



@&¯|²A~�r�³HtWuL²A°§rf¯ . ^

F ("���D+%e #	�($a%�"e"o���f (m�I�"e�AO�#�
m¡m�In$A�A+��Æ©��:�Æ �%���Æ©Á('
�!ÌA����@A"B$A�
@A"eIn%o%�I�����(	���$A"
ªI � 	! #�#DE"�#	 F ("eI¢¥�In$&%6I�G
#"e�% F #"eDE$A�(��$&¥� #$�D4#$a%6"Q��-�#("�%6	o��D4"eI ��� 	��!���A("#Ì

�xI�"o(�#�
$A�A � I�	§%�DE�#"o%-�(��m � �
"! (��A9%6	��nD4"O����I � DE%�	�#"(Ì �\ � 	�(m9DE(	-����I � D¦%6	o9D4$a%6	o�'��@A�#%oDEk
�A	�#"�"oÅ@A$TC�	�#kÅ �%�In%½�A F ��I�	§%¿��@T�A�
m�InDE$Af�A F I � F I�$'D����(In%�DE�
$©��d%�	6I �®#�#%6�nD4	o|($+	��
C���%oD4p&@AnÌ
�\("e�A(@'Âz����I � D¦%6	o("e"�@�D¦¥nI�$a%6"e�| (�#	oD¦¥
($a%Q$A�
"��(�
$a%�	oDECA@�%�DE�
$A"#Ì�Ä F @A" � 	! #�#DE"! #m�#$a%\�

�cÆOI�$A" F  � 	�(m9DE(	9����I � DE%�	�n��$A�
@A"9���
$A$A�
$�"9p!@� F p!@�("¡�f  �A$�DE%oD4��$A"¡@�%�D F #"¡I¢¥�In$&%©�A
� I�	o�(�
@�	oDE	 F �® #%�I¨%+�� F ��I�	o%H�A@ �A�
m�InDE$A¡�A F I � F I�$�D ���(In%�DE�
$ �A9%6	6I��®(�#%���DE	�("-($ 	����
C���%�DEp&@A�Ì

�cÆOI�$A" F T"�(�#�
$A�7����I � DE%�	����$A�
@A"Qm���$&%�	�#	��
$A"Q�(�
m¡m¡($a%¢�dªI � I�	§%�DE	Q�A©��(@'Â/D4m�I�G
#"
����@A$A+"���ª#$A©"§%�In%oD4p&@An� � (@�% �#%�	�+�
C�%6#$&@AT@A$�-%�	6I �®#�#%6�nD4	oT�(��$&%oD4$&@AT��I�$A" F � DEm�InG

�A � 	oDEm9DE%oDE¥�("W¥&DE"�@A FEF ("W�#�
	�	o(" � �
$���I�$a%�ªI�@A$AH%6	6I��®(�#%���DE	�T� � %�DEm�I F -�A F I��¢I�m  #	6I
� �
@A	HI F¦F #	O�A F I � 	�#m¡D ª(	o7ªI F Iz"�#�(�
$A��¡DEm�I�G
nÌ\���
@�"O	! ("o�
@A�A	o�
$A" F (" � 	���C F ª#m¡("
ªI©m9D4$'D4m+@Am ���j ($�(	�GnD4H#%Åm¡DE$�DEmT@Am ����I��(��  F  (	6I¨%�DE�
$��AOm�I�$�D�ª(	�HIn$�I F �!%oD4p&@AnÌ�����@A"
m¡�
$a%6	o(	���$A"+p&@A F ("O%6	�I �®(��%6��DE	�#"TInDE$A"§Df��C�%6#$!@�("-"��
$a%-D4$A�f  � ($A��In$&%�("+�A F I��¢I F D �
CA	�In%�DE�
$/�� F I��(I�m  (	�I�Ì����
@A"e@�%oD F D4"o(	o�
$A"W#$A"�@�D¦%6+@A$/"o���f (m�I ��+�#�
$a%6	��� F -�A+% � � 
��Æ � �
@A	f"�@�D¦¥!	� F ("|%�	6I �®#�#%���D4	o("Å�AI�$A" F � D4m�I�G
nÌA�e�
@A"� �%6@A��DE(	o�
$A"� #GaI F (m¡($a% F W�(I�"
�A F ��DE$a%6(	 � � F In%oD4��$�����@A$�$A�
m+CA	��p&@A F �(��$Ap&@A��L��DEm�I�G
("fI ��$¡�A � I FEF D4#	 F  � 	o�
C F ª(m¡
�Azm9DE"�z($Ë�#�
	�	o(" � �
$A�AI�$A�(��A#" � 	oDEm9DE%oDE¥�("¡¥&D4"o@A F¦F #" F �
	o"�p&@A F #" � 	oDE"�#"¡�A ¥!@A
DE$�DE%oD�I F :#%�A$�I F /"���$&% ��DE"o%�In$&%�("#ÌÅ����@A" @�%oD F DE"�(	o�
$A" #$A"�@'DE%��@A$A:m¡DE"�:($ kl��	�m¡
¥nI�	oD4In%oD4�
$�$A F¦F ��A@ � 	��
C F ª#m���A � F I�$�D ���¢In%oD4��$�A¡%6	�I �®(��%6��DE	�#"T��I�$�" F � D4m�I�G
n�½I ��$
�����
C�%�($�DE	W@A$�"o� F @�%�DE�
$�$&@Am  (	§D4p&@A9p&@�In$A� F I��(�
$a%�	6InDE$a%6©�A-¥&D4"§D4C�D F DE%' 9("o% � 	oDE"�T($
�(��m � %6�Ì����
@�" � 	! #"�#$&%�(	o�
$A"9 (GaI F #m�#$a%��A("�	! ("o@ F %�In%�"��Â �  (	§D4m¡#$&%6I�@'Â9¥nI F DE��I�$a%��#("
m  #%��A�'��("(Ì

�c����@A" � 	! #"�#$&%�(	o�
$A"(�!��I�$�" F Å%�	���DE"oD�ª(m¡�����I � D¦%6	o��a@A$�em  �%6�A�!�AB�A � F I�$�D ���¢I¨%�DE�
$¡�A
� 	§D4m9D¦%�D¦¥
("B¥&DE"�@A FEF ("B��In$A" F ��DEm�I�G
 � (	om��%�%6I�$a% F I � 	oDE"�W#$z�(�
m � %�W�AW�#�
$a%6	�InD4$a%�("
F D� #("ÅIn@�% � � Q�Ae�¢I � %6(@�	f@�%oD F DE"! Q�%fI�@'Â�m  (�(I�$�DE"�m¡("Å��@ 	���C���%(Ì&Ä F @A" � 	! #�#DE"! #m�#$a%¢�
$A�
@�"Å$A�
@A"dD4$a%' (	�#"�"o(	���$A"eI�@'Â �(�
$a%6	�InDE$&%�("Å��Q¥&D4"§D4C�D F DE%' O#%Å�L�® �¥!D¦%6#m¡($a%e�A("ÅC�@�%' #("
I�	§%�DE�(@ F InDE	�("B��@z	��
C���%¢Ì � � 	(ª("B@A$�W�A("o�(	§D � %oD4��$:�A F I©m  #%��A�!�AO� F I�"�"§D4p&@AH�A#"Åkl�
$A� �
%�DE�
$A"Q�A � ��%6#$a%�DE F �L$A�
@�"Q¥
#	�	���$A"W�(��m�m¡#$&%Hm¡�!��D ��(	��(#%o%6©m  �%6�A�!�A��LI ��$���T%6 �
$�DE	��(�
m � %�s�A7�#�
$a%6	6I¨D4$a%6#":	o F In%�D¦¥
#" ªI �A#":#" � I��#(":��D$%� (	o($a%6"� #" � I��#In	o%�DE�(@��
F InD4	o��f(" � I��( �A�%�	6I¢¥nInD F �f(" � I��( �A:% �I����A���Ì��xI"o(�#�
$A�A � I�	§%�DE��A��#�����I � DE%�	�
"�#	6I �#�
$A"6In�(	! #:ªI F �® �%6@A��9�A("W�(I�"Q�\ª@ F Tm��!��ª F ©�� F I �#DEC F 9("o%Q��DE" � �
$�DEC F nÌ\����@A"
 #%�($A��	��
$A"�($A"o@�D¦%6 F Ism  #%��A�!�A � 	o� � �
"! #/I�@ � 	���C F ª#m¡��A � F In$�D��A�¢In%oD4�
$ p!@AI�$A�
F �m¡�'��ª F :�A F I�#DEC F �("§% DE$A�(�
$�$!@LÌÅÆOI�$A"��(��(I�"(�f$A�
@A"�¥
(	o	��
$�" p&@���D F #"o% � �
" �
"oDEC F �������C�%6#$�D4	¡�A#"�	! ("o@ F %6In%6"¡�#�
$A�(#	�$�In$&% F I 	o�
CA@A"§%6#"�"�Õ�A@ � F I�$�D ���¢I¨%6(@�	�¥&DE"��(ªI �
¥&D4"Q���® �¥
#$&%�@A F¦F ("H(	o	�(@�	�"Q��Tm¡�'�f  F D4"�In%�DE�
$�ÌLÆOI�$A" F I�p!@AIn%6	§D�ª#m� � I�	o%oD4n��$��
@A"Q@'%�D �
F D4"o(	���$A"�@A$A�DE$&%�(	 � � F In%oD4�
$ � In	z�A(" kl�
$��#%�DE�
$A" %��j" � F DE$A I ��$Y�A �#�
$A"o%�	�@�DE	� ��("
%6	�I �®(��%6��DE	�#"+�AI�$A" F � DEm�InG
¡�(�
$a%�DE$&@A("+#%-�f #	oD¦¥�InC F #"(Ì½����@A"+@'%�D F DE"�#	��
$A"-($�"�@�D¦%6�@A$
"����f (m�I:����I�"o"�(	§¥&D4"o"�(m¡#$&%9¥&DE"�@A F ��Æ � �
@�	O"�@�D¦¥!	� F #"H%�	6I �®#�#%���D4	o("H�
C�%�($&@A#"(Ì½��$ �
��$�� F I9�A(	o$�D�ª#	� � I�	o%oD4H�A@:����I � D¦%6	o+"o(	�I��#�
$A"6In�(	! #©I�@!Â�	! #"�@ F %�In%�"Q Â �  (	oDEm¡($a%�In@'Â
�
C�%�($&@A"e"�@A	 F I � F In%� ��kl�
	�m¡O	���C���%oD4p&@AH�A F ��h®É�h§� � Ì



. � .�� 8�� ���_� 0 ���[�����K3 0 	�5 ��� 0 5��>6T� �K�



.�8

� +- W$ '*) ,+- � ��+ %('� 

� ��� �  b�D"  % $ � %('����W%('�� � "





���v½rf¼ �v\²�~i°®v ³¡¹ºtO¯ ·��e·!²��v½¼ v�¼ tO¯O°¡³¡¹ºtO¯WvÈu\}_¼ �vx~�} .V

� � ��� '4%�+- �

� 	 � $ 	 %�+ '� ! 
 
 � "�� " % ) b$  $ 
 � '

! 
 
 �  �H� $ 	 ,+(�

�\ � 	���C F ª#m¡�A F I F �!�¢I F DE"6In%oD4�
$?%6	§D4��DEm¡($A"§D4��$A$A F¦F  ����@�$A�(I�m  (	6IJ��I�$A" F I "���ª#$A
p&@��� FEF 7�
CA"o(	o¥� � #@�%z� F I�"o"oDEp!@�(m¡($a% �#%6	o�%6	�InDE%' ��A���(@'Â m�In$�D�ª#	�#"Õ�'D$%e (	o($a%6#"Õ"o F �
$
F H�A#G
	! H�AH�#�
$A$�InDE"�"�I�$A�#TI � 	§D4�
	§Dx"�@A	 F I9�¢I�m  (	�I��%�"�@A	 F I9"���ª#$A-�
CA"�#	o¥� (nÌ �\ � 	o(m9DE(	
% � �  ���m  #%��A�!�A("©@'%�D F DE"� @�$A m9DE"� #$ �(��	�	�#" � �
$A��In$A�( #$a%6	� �A(" � ��DE$a%6"+�A F ��#" � In�(
£ I�	o%' ("§D4#$©#% F #@A	 � 	�� �®(�#%oD4��$©��I�$A" F ��DEm�I�G
_�A F I��¢I�m  #	6I � �
@A	x�
C'%6($'D4	 F I � 3_�[� �A F ���
C!�®�%
��� D4$a%' #	
��%Q��In$A"�@A$:	o � ª#	�H	oDEG�DE�A(m¡#$&% F D�  ªI F I¡�¢Inm  #	6I�ÌiÆOIn$A" F I9"o@�DE%���i�
$��f #"oDEG
$A(	�I � In	
� ��"�O@A$Y  F  (m¡($a%e�A-����� :!��� � � (��D�I F ��@A� F D4��¢I�$ �H	o�
@ � �6������("§%��#ªI��j��DE	� F I9�¢I�	�I��#%' (	§D4"�In%�DE�
$
�A F I�"§DE%�@�In%�DE�
$©�L��@A$9"o� F D4�A � I�	½"6I � �
"oD¦%�DE�
$9�%�"���$©�
	oDE($a%6In%�DE�
$©��In$A"�@A$9	o � ª#	�Å������D4"§D�Ì £ 
% � � B�A|m  �%6�A�!�AÅDEm � F DEp&@A�p&@A F ���
$9�'D4" � �
"oB����@A$¡m��!��ª F B�A F IW"o��ª($�B�
@©%6�
@'%��A@9m¡��DE$A"
����@A$��(#	o%6InD4$:$A�
m+CA	�+�A � 	oDEm¡D¦%�D¦¥
#"W�A-�( FEF  � �#D ) ÆW#m�#$a%6�A�
$
aa�!� �\��| a�Án��ÆW���
m¡+�7a * Ì
�\T�f  � F In�((m¡#$&%H�� F I��¢I�m  #	6I � (@�%W($A"o@�DE%� �#%�	�+�
C�%6#$&@ � I�	e�(�
m � �
"oD¦%�DE�
$ �A+����I�$AG
 �
m¡($a%6"e�AH	� � ª(	o+#$&%�	�-�A(@!Â � ��"�("e"�@��(�(#"�"§DE¥�("(Ì
�\ � 	§D4$A��D � ©�A@/"�(�#�
$A� G
	o�
@ � +��Tm  #%��A�'��("(��p&@A©$A�
@�"Q�f #�(	oDE	���$A" � F @A"W#$��f #%6InD F ��In$A"
F I�"�@'DE%���A��(�����I � DE%�	���x#"o%+�A�	o#%�	��
@�¥�(	#�BªI � I�	§%�DE	H�A F I�m9D4"o ($ �(��	�	�#" � �
$A��In$A�(��A
� 	oDEm9DE%oDE¥�("¡G¿ #�
m  #%6	§D4p&@A#"¡��I�$A" � F @A"§D4#@A	�"9DEm�I�G
("#� F I�G¿ (��m  �%6	§D4 �� F I/"o��ª#$Az�
CA"o(	o¥� #�Ì
ÆOI�$A"9�#Õ�(I�"(� F zm¡�!�\ª F ��A F I�"o��ª($�:$���("§% � I�"9$f #�(("o"6InDE	�nÌf�!D F I��(I F D4CA	�In%�DE�
$Ë�A@ �¢I � �
%6#@A	©("§%9�(��$A$&@A��¿�
$ � I�	 F #	6I/�� 	�#�(�
$A"§%6	o@A�#%oD4�
$ #@A� F DE��D4#$A$A ��"§D4$��
$ F I:	�(�#�
$A"§%6	�@��#%�DE�
$
"�#	6I+�'DE%� � 	o�"�®(��%�D¦¥
nÌAÆOI�$A" F ��(I�"d����@�$A�	o(�#�
$A"o%�	�@A��%�DE�
$ #@A� F D4�'D4#$A$A�� F e�f  � F In�((m¡#$&%Å($
%6	�I�$A" F In%oD4�
$T�A F IQ�¢I�m  #	6IW($a%�	� F (" � 	oDE"�("��A|¥!@AÅ$A � �
@�	�	6I �#%6	o|�
C'%6($&@9p&@���ªIW@A$TkºI���%6#@A	
���® (���A FEF  � 	(ª(" �i�
$ � I�	 F #	6I�I F �
	�"��A ����6T3 0 �1�2� 5�67����3 0 � ���2���K�� �K� 	�5 	 G� � �K�U6T���� 0 � �A
F I¡�¢Inm  #	6I�Ì
ÆOI�$A" F I "�@�D¦%6 �� �(7����I � D¦%6	o��Å$��
@A"z	6I �A�  F ��$A"z%6�
@�% ��� InC��
	o�cp&@A F p&@A("Õ	! #"�@ F %�In%�"��A
G¿ (��m  �%6	§D4 � 	o�"�®(��%�D¦¥
 � #	�m¡#%o%�I�$a% �AË�¢I�	�I��#%' (	§D4"o(	7�AËm�I�$�D�ª(	�Ë"§D4m � F  F #"7%�	6I�$�"okl�
	 �
m�In%�DE�
$A"Õ	oDEG�DE�A(":�A F ��(" � I��( £ In	o%' #"oDE($µ�% F ("�%6	�I�$A"§kl�
	�m�In%oD4�
$�" � 	o�"�®(��%�D¦¥
#" 	! ¢I F DE"! #("
� I�	 F IÕ�¢I�m  (	�I�Ì��e�
@A"+	6I �A�  F �
$A"s (GaI F (m¡#$&%Tp&@A F p&@A("¡	! #"�@ F %�I¨%6"TDE"�"o@A"©�A F I/G¿ (�
m  #%�	oDE
  � D � � F InDE	�nÌ¨�_$ � I�	o%oD4�#@ F D4#	(�¨$A�
@A"¿�A�
$A$A��$A" F ("½kl�
	�m+@ F I¨%�DE�
$A"�m�In%�	oDE�#DE F¦F #"��A F Ie�(�
$a%�	6InDE$a%6
  � D � � F InDE	�nÌA�e�
@A" � 	! ("�#$a%6�
$A"�#$A"�@�D¦%6H@A$zC�	�#k�I � (	nÚ�(@z�A#"Bm  �%6�A�!�A#"e�L��#"o%�DEm�In%�DE�
$��A F I
G¿ (��m  �%6	§D4�  � D � � F InDE	�d#%��A|	o(�(��$A"o%�	�@A��%�DE�
$ � I�	§%�DE F¦F f�A@©�f  � F I��(#m�#$a%_�A F I��(I�m  (	6Ie#%��A



E � E ��.�� � � �U6T� � ��3 �[�67����� �`� �>� � 0 ��� 3_� ��������3 0 ��3_��3 ���� 0 �

F IeG� (�
m  �%6	oDE|�� F I�"o��ª($�����AI�$A" F #"��¢In"¿�\ª@ F #" � In	6I�m�ª#%�	�#"��A F Ie�¢I�m  #	6I�"o�
$a% � 	! (��D4"! (m¡($a%
�
@7m�I F �(��$A$&@A"(Ìx�e�
@A"HI�@A	o�
$A"W	o(�#�
@A	�" ªI �A9$��
mTCA	o(@A"o("-	� � 	oDE"�#"zªI �#("O	! ("�@ F %6In%6"H��I�$�"
%6�
@�%� F I9"�@'DE%�+�A@Õ�A�!�(@Am¡#$&%(Ì

���� � ����� � � � ��� � ��������� � � � ��� � ��� � ��� � ���#� � � � � ���
	��� �
�xIWG¿ #�
m  #%6	§D4 � 	��"�®#�#%�D¦¥
e�(��$A"o%oDE%�@A�@A$¡�
@�%�D F � @'D4"o"6I�$a%d�ABm¡�'�f  F D4"�In%�DE�
$�($9¥&D4"§D4�
$ � I�	

�
	���DE$�In%�(@A	f#%|("o%|�AQ�#�kºInD¦%d%6	(ª#"|@�%oD F DE"! (Q��I�$A"Å�#Q�A��m�I¨D4$AnÌ�� F¦F  � #	�m¡#%Å@A$AQ	! ("o� F @'%�DE�
$
  F  #GaI�$a%6H�A � 	o�
C F ª(m¡(" � 	§D4m¡�
	o��D�In@'ÂÕ($�¥&D4"§D4�
$L���#D¦%6�
$A" � I�	B Â'(m � F ��

� F ��("§%�DEm�In%�DE�
$��A@¡�|  � F I��#(m¡($a% � I�	o%oD4 F �A F IH�(I�m  (	�I-#$&%�	���A#@'Â � 	§D4"o("_�AB¥!@AB#% F I
	�#�(�
$A"§%6	o@A�#%oD4�
$-�A_"���ª($AWªI � In	o%�DE	\�A � F @A"§D4#@A	�"xD4m�I�G�(" ) Ù�In@AG
(	�I�"e�`9(* � ) ÙiI�@AG
#	6I�"e�
�(*��)�� I�	o% F  � aa� * � ) � @�I�$�G��7a!*�� ) �QD� #¥&D F¦F  a
� *��

� F ��("§%�DEm�In%�DE�
$/��(" � I�	�I�mÕª#%6	o("e�A F I9�(I�m  (	6I )� ��I�$AG�a
���&*��
� F � DE$A�A�Â�In%oD4��$/��� D4m�I�G�(" � I�	 F ��@�%oD F DE"6In%oD4�
$Õ��� D4$a¥nI�	§D�I�$a%�" � 	o�"�®(��%�D¦kl" ) �'���Am9DE� a`9(*��
� F  � �
"oD¦%�DE�
$A$�(m¡($a%�����@�$/	���C���%�	o F In%�D¦¥
#m¡($a%�ªI¡@A$AH"o��ª($�-DE$A�(��$A$&@A ) g/I F DE" aTa(*�Ì

�½I��¢I�m  #	6I�#"o%�@A$/�(I � %�(@A	�p!@'D¿	! ¢I F DE"�T@�$A � 	��"�®#�#%�DE�
$:����@�$�($A"o(m+C F T�A � ��DE$a%6"Q�L��@A$�
"���ª#$A+%�	oDE��DEm�#$A"oDE�
$A$� F¦F +��I�$A"e@A$Õ(" � I��(zªI9�A(@'ÂÕ�'D4m¡($�"oDE�
$A"�� F  � F I�$�D4m�I�G
nÌ��\-�(I��A	o
$�In%6@�	� F � �
@A	W �%6@A��DE(	½�A_m�I�$�D�ª(	of"§D4m � F f��_%� F¦F #"½%�	6I�$�"okl�
	om�I¨%�DE�
$A"x("§% F IeG¿ (�
m  #%�	oDE � 	�� �
�®(�#%oDE¥��Ì����
@A"|I F¦F �
$�"d¥���D4	fp&@���D F ("o%� (GaI F #m�#$a%|DE$&%' (	o("�"�I�$a%�����($AG F �
C�(	 F ��(" � I��#W�¢I�	§%' #"oDE($
�A���D4m¡#$A"oDE�
$��¿���������AI�$A" F ��(" � I��# � 	o�"�®(��%�D¦k���� I ��$Ë�A�m�I�$�D � @ F (	¡"§D4m � F (m¡($a% F #"
%6	6In$A"okl�
	om�In%�DE�
$A"9I  �$�("9I�GnD4"o"6I�$a%9"o@A	�����Ì¿��$ #%�#%¢�¿�(�%�%6 � �  (	�In%�DE�
$¥nI � (	om¡#%�%�	� ��
kl�
	�m+@ F #	 F DE$f ¢I¨D4	o(m¡($a%��(z% � � Õ�Az%6	�I�$A"okl��	�m�In%�DE�
$Ëm�InDE"�In@A"�"§D��A�m�In$�D � @ F #	¡�A("¡($��
%�D¦%' ("QG� (�
m  �%6	oDEp&@A(" ªI F � DE$!��$�D Ì\�'�nDE%����� ��� �"!#�%$ &'&'&(� ��)+*-, �.� F T¥
#�#%6#@A	O�A#"�(�!�
	��A��$A$f (#"¡�¢I�	§%' ("§D4#$A$A#" ����@A$ � �nD4$a%%/ �A F ��(" � I��#:#@A� F D4�'D4#$ �Az��DEm¡($A"§D4��$0�¿Ì £ 
m �#m¡ � ��DE$&% � (@�% �#%�	�-�f (�#	oD¦%¢��ªI¡@A$:kºIn�#%6#@A	����® (���A FEF  � 	(ª("#���AI�$A" F ��(" � I��( � 	o�"�®(��%�D¦k1� �
� I�	��2� � �43 �5! 3 �%$ &'&'& 3 � � 3 ) *6, ���'7 ! Ì��!D 3 ("o%e$A��$:$&@ F I F �
	o"e��$Õ	o#%�	��
@�¥�"oDEm � F #m�#$a% F ("H�(�!�
	o�A�
$A$f #("O�A@ � ��DE$&%H�AI�$A" F ��#" � I��#¡(@A� F DE��DE($ ($7��D¦¥!DE"6In$&%H%��
@�%6#" F #"
�(�!�
	��A��$A$f (#" � I�	 F I©�A#	�$�D ª(	oO�(�!�
	����
$A$f # � 	�� �®(�#%oDE¥��Ì��!D 3 #"o%B$&@ F I F ��	�" � � 	o � 	! ("�#$a%6
@A$A���D4	o(��%�DE�
$�A F ��#" � I��# #@A� F D4�'D4#$��¿�#�p&@�Dd�#�
	�	o(" � �
$A�YªIÕ@�$ � ��DE$&%8/ ªI F ��DE$!��$'D�Ì Ã $
$A��%6#	6I:9 � F I �A(	o$�D�ª#	���#�'��	��A�
$�$| (Õ�A � �¾ÌdÄ F ILÚ�(�
$�"��j$��
@A" m�InDE$a%6($AI�$a% ��I�$�" F ��#" � I��#
�_@�� F D4��DE($7�A+��DEm�#$A"oDE�
$R:�Ì��'�nDE%�; � #%�;�<-�A#@'Â:	� � ª(	�#"W�A+�(#%W(" � I��(nÌ �xI�m�In%�	oDE�(T��%6	6In$A"okl�
	om�In%�DE�
$Õ�A�
m¡�
GAª#$AH($a%6	o=; � #%.;><O"(�® (�#	oD¦%\�� 9?<>�A@ � � < �>� <

À ÁCB � �!ÌEÁn�

�xª@ � � <�#% �>� <Å"��
$a%f	�(" � #�#%oDE¥�(m¡($a% F I-m�In%�	oDE�(e�A�	o��%�I¨%�DE�
$��% F B¥
#�#%6#@A	Å�AB%�	6I�$A" F I¨%�DE�
$
($a%6	oD; � #%=;><n� F #"HDE$A��DE�(#"�E?ªIzGaI�@A���A¡�%8FËªIz�A	���D¦%6¡"§D4G
$'D��iIn$&%-p&@A F �	o � ª#	�%;�<T("§%�Â � 	oDEm  Q��In$A" F �	� � ª(	o>; � Ì �xIH%�	6I�$�"okl�
	om�I¨%�DE�
$�DE$a¥
#	�"���A�
m¡�
GAª#$Ae($a%6	o>;><B#% ; � � (@'%I F ��	�"�"(�® (�#	oDE	���

� 9HG !< � @ � � * < � � � * < �[� <À Á B � @ < � � < � �À ÁCB � �!Ì �&�



���v½rf¼ �v\²�~i°®v ³¡¹ºtO¯ ·��e·!²��v½¼ v�¼ tO¯O°¡³¡¹ºtO¯WvÈu\}_¼ �vx~�} E4.

£ ("©m�In%�	oDE�(#"©�A %�	6I�$A"§kl�
	�m�In%oD4��$�A�
m¡�
GAª($A#" � #	�m¡#%o%6#$&%¡�L�� Â � 	oDEm�#	©"oDEm � F (m¡($a% F #"
����I�$AG�(m¡($a%6"O��+	o � ª#	��Ì � DE$A"§D�@A$ � ��DE$a% / �A+�#�'��	��A�
$�$| (#"Q�A�
m¡�
GAª($A#"��2� ��In$A"�; �I�@A	�I � �
@A	��#�'�
	o�A�
$A$f (("��A��m���G�ª($A#" < � ����I�$�">;><¨��I¢¥
(�n�< � � < � � � � ���'Ì;:&�
¤�$ � F In$��¾	� � 	! ("o($a%'  ��I�$A"=; � � I�	 F �¥�(�#%�(@A	���� � � 0 � * � � ) * �x�\ª@ 0 � �f #"oDEG
$A "o�
$¥
#�#%6#@A	¡$A�
	om�I F �Â � 	§D4m  z��In$A" ; � #% � � F I/��DE"o%�In$A�(z�A�� ªI F ���
	§D4G�DE$A�� � �� ; � ��("§%�¢I�	�I��#%' (	§D4"! +��In$A" F H	� � ª(	o�;>< � I�	 F O¥
#�#%�(@A	 <�� � � 0 < * � < ) * I¢¥
#���< � � < � G *� � � ���'Ì=<!�
����@�%oD F DE"6In%oD4�
$¡�A#"�m�In%6	§D4�#("��A��m���G�ª($A#" � #	�m¡#%_���
$A�Å�����
C�%�($�DE	�@A$�Åkl�
	�m+@ F I¨%�DE�
$ F DE$f (InD4	o
�A("B� �  (	�In%�DE�
$A"B�AQ����I�$AG
#m¡($a%e�AO	� � ª(	o�Ì�ÆOI�$�" F I©"o@�D¦%6O�A F �® �%6@A����A�
$z"o@ �A� �
"�#	6I9p&@A
F #"O	��
C���%�"(� F ("O�(I�m  (	6In"O#% F ("O�
C!�®�%6"O��� DE$&%' (	
�#%7 #¥�� F @�($a%-��I�$A"O@A$7#" � I��# � �Lp!@� F ���
$
I �A�  F¦F #	6I�(" � I��(��A9%6	�I ¥nInD F #%-p&@�D_�#�
$A"o%oDE%�@A�@A$s"o�
@A" �j($�"�(m+C F  �A F ��(" � I��(��¢In	o%' #"oDE($�
	 Ì½�e�
@A"T@'%�D F DE"�#	��
$A"T��I�$A" F IÕ"�@�D¦%6��A@ �A�!�(@Am¡#$&%T@A$ �#(	o%6InDE$ $A�
m+CA	���A 	o � ª#	�("Tp!@'D
$A�
@A" � (	�m¡�%�%6	o�
$a%��Ad	� � 	! #"�#$&%�(	 F I�"§DE%�@�In%oD4�
$+����@A$T"o� F DE�Af��I�$A" F ��(" � I��# � �º¥���DE	�Ù¿DEG
@A	o
�'Ì¦Án���

��;����� � � � ����� �������Å	o � 	! ("o($a%6 F T	o � ª#	� F D� �ªI F I �¢Inm  #	6I �AI�$A"Q"�I � �
"oD¦%�DE�
$��#�
@A	6In$&%�
�\ª@O�

��� #"o% F H�#($a%6	o+� � %�DEp!@�+�A F I9�¢I�m  (	�I��
�����f#"o%e�(�
$'kl�
$A�A@:I¢¥
(� F � I¨Â'H� � %oD4p&@A-�A F I¡�(I�m  (	�I��
� � �O#%����H"��
$a%(��	�#" � (��%�D¦¥
(m¡#$&%(� � I�	6I F¦F ª F ("¡I�@'Â F D4G
$�("9#%9I�@'Â �#� F �
$A$A#"9�A
F ��DEm�I�G
�Ì

��;
�j���� � � � ����� �����º�_	� � 	! #"�#$&%� F O	� � ª(	o F D   ªI F I©�(I�m  (	�I F �
	o"�p&@AO�( FEF  � �#Dx#"o%���I�$�"B"6I
� �
"oD¦%�DE�
$�D4$�D¦%�D4I F 

��;  ��  � �  ���  ���  �_("§% F Q	� � ª(	� F D� �ªI F I+�¢I�m  (	�I F ��	�"�p&@AO�# F¦F  �j��D\("§%���I�$A"Å"�I � ��"oD �%�DE�
$Õ�f ("§D4	! (
��; � �� � � � ��� � ��� � ��("§% F 9	o � ª#	�¡��I�$A" F (p&@A F ("o%H�f  ��$�D F 9m¡�'��ª F �G¿ (�
m  #%�	oDEp&@A¡�AF ���
C �®#%e�
CA"o(	o¥�  � I�	 F I¡�(I�m  (	�I�� F ��	�"�p&@A-�(Hm¡�!�\ª F +#"o%e��DE" � �
$�DEC F �Ì

�xIQ"oD¦%6@�I¨%�DE�
$9����@A$9"�� F DE�A���I�@Ap&@A F �
$9IWIn%o%�I����f Å@A$9	� � ª(	o4;>< � (@'% �#%�	�Å	o � 	! ("�#$a%' (���In$A"
@A$z	� � ª(	oH; � � I�	 F I©m�In%6	§D4�#W�A�
m¡�
GAª($A � � <nÌ £  � #$A��I�$a%¢��@�$AQ%6 FEF W	o � 	! ("�#$a%�In%oD4�
$Õ("§%	�#�A�
$A��In$&%�H�¢I�	B"o(@ F (m¡($a%e%6	o��D4"Å¥nI�	§D�InC F #"B"�@  �"o($a% � �
@A	ÅDE�A#$&%oD��A(	�@A$AHm�In%6	§D4�#O�AO	����
%�In%oD4��$Õ�AI�$A" F -G�	��
@ � ���� � :!���A#"�	���%6In%�DE�
$A"#Ì����
@�"B���A��DE"oDE	��
$A" � F @�% ��n% F I9	� � 	! #"�#$&%6In%�DE�
$
�A("B	o��%�I¨%�DE�
$A" � In	 F �¥
(��%6#@A	��AO��DEm�#$A"oDE�
$L:�� � � 5"! �A�xª@ 5 	o � 	! ("o($a%6 F W¥
(��%6#@A	�@A$�D �
%�InDE	� � �
	o%'  � In	 F ��I¨Â'Q�A F I-	���%6In%�DE�
$�#% ! 	o � 	! ("o($a%6 F ��I�$AG F ��� F I-	o��%�In%oD4��$�Ì&Æ©��@�$A � In	o%¢�
�(�%�%6¡	o � 	! ("�#$a%�In%oD4�
$ �A F Iz	���%6In%�DE�
$7I F � I¢¥nI�$a%�I�G�9������%6	o9m¡DE$�DEm�I F ¡�% � #@�%OkºI��#D F (m¡($a%
�#%6	o���C�%6#$!@�sªI � In	o%�DE	-�A F I:m�In%�	oDE�( �� 	��n%�In%oD4�
$I�"�"o�'��D� #�Ì�Æ©� I�@'%6	� � I�	§%¢� F  �§I��#�
C�DE($
F D4I�$a% F #"d¥nI�	§D�I¨%�DE�
$A"�%6#m � �
	o F¦F #"f�Ae�(�%�%� � I�	6I�m  �%6	oDE"6I¨%�DE�
$ �% F B%6�
	o"�#@A	_�#DE$| (m�In%oD4p&@A��A
F I¡�¢Inm  #	6I � 	! #"�#$&%�T@A$�+"§D4$AG�@ F In	oD¦%' -@A$�DEp!@�(m¡($a% � �
@A	 ! �µ�$# � � I ¥�(�%# ,'&)( �6��"oD¦%6@f #("($ �A(���
	�"H�A F ��#" � In�(��A©%6	�I ¥nInD F Ì\Ée#m�I�	�p&@A�
$�"(� � I�	W Â'(m � F �p&@A F ("H	� � 	! #"�($a%6In%�DE�
$A"5 "oDE$x� ! �f#% 5 "oDE$x��* $ � � 	! ("�#$a%6($a%H	o(" � (��%�D¦¥
#m�#$a%H@A$A-"oDE$AG
@ F I�	oD¦%' -�A F #@A	$�§In�(�
C�DE($:($,+ $
#% � Ì



E E E � E � 3 	 G���� �[������3 0 	Q� �K� 6T�U� G�����

���

� �
�

�

�

�	�

��

��


��
��

��

�

���

���
��	

���
���

� ����

� � ���
���

���

� �

���� ���'Ì¦Á �/X����D�8�7< ��"�8���

�����  ������ � � � ������� � � � � � � � � ������
�\Å�(I � %6#@A	��¢Inm  #	6IW#"o%_�f #�(	oD¦% � I�	 F Bm¡�!�\ª F  � 	o�"�®(��%�D¦kL��D¦%�"§%' ($�� �  �Ì&ÆOIn$A"��(Bm¡�!��ª F ��

F I/�(I�m  (	�I�	! ¢I F DE"�z@A$� � 	�� �®(�#%oD4��$ � #	�" � (��%�D¦¥
��A �#($a%6	o��Ð�º�
	oDEG�DE$A ��@ 	� � ª(	�";��W�%
�(($a%�	� � � %oD4p&@A:�A F I�¢Inm  #	6I!�©�A(" � ��DE$a%6"��A�� 	z"�@A	 F  � F In$ D4m�I�G�"!e�f"§DE%�@| JªI@A$�
��D4"§%�I�$��($#7�A@/�#($a%6	oT� � %�DEp!@����($/��(" � ��DE$a%6"e�A�� $ �º"�T	! #k¢ #	�(	9ªI F I ��G
@A	o©�'Ì �&�6Ì £ �%�%�
%6	6In$A"okl�
	om�In%�DE�
$ � #@�% �#%6	oH�| (�#�
m � �
"! (-($�%6	o��D4"  �%�I � ("��

�  #%6I � BÁ��("���D¦% / @A$ � ��DE$a%x�A1� 	 �A��#�'��	��A�
$�$| (#"½���
m¡�
GAª($�(" � � � ) � � � � � � 9 � * *��I�$A"¿@A$9	� � ª(	o ; � �º($9G¿ #$| (	�I F ��$T���A��DE"oD¦%1; � � ; � ���nI F �
	�"½�( � ��DE$a%�("§%�	o � 	! ("�#$a%' 
� I�	>� �f�AI�$A" F H	o � ª#	�=; �6�iI¢¥�(���

� � � � � � ��� � � 9 � ) * � � � � � � � �!Ì �&�

�  #%6I � O�|� F  � �nD4$a%�/  Â � 	oDEm  O�AI�$A" F W	� � ª(	oW�A F IT�¢I�m  #	6I�;���("o% � 	��"�®�%' W#$z@A$
� �nD4$a%d�A F ��(" � I��(eD4m�I�G�%!Ë����#�'�
	o�A�
$A$f ((" � 	o�"�®(��%�D¦¥
(" � � � #	& � #	&"< # )+*I¢¥
(���

���# � � '( Á À À À
À Á À À
À À Á À

)* � � � � � � �,+�� � �- .0/ 1243 � � � �!Ì �!�

�xª@ � + #% � + � � � � � � � �5) "o�
$a%�	�(" � #�#%oDE¥�(m¡($a% F ("¡m�In%6	§D4�#("¡�A � 	o�"�®(��%�DE�
$�Â � 	§D4m  (#"T��In$A" ; �e#%=; � Ì\��$s��@�%6	o��\�
$ � #@�%���Â'(	5# � Á��(I�	 F #"H�(�!�
	��A��$A$f (#"
����@A$ � ��DE$a%��AI�$A"�@A$Õ(" � I��( � 	�� �®(�#%oDEk�"��
$a%��f  �A$�D4#"¡ªI9@A$�kºI���%6(@�	e�L�® #���A F¦F  � 	(ª#"(Ì



���v½rf¼ �v\²�~i°®v ³¡¹ºtO¯ ·��e·!²��v½¼ v�¼ tO¯O°¡³¡¹ºtO¯WvÈu\}_¼ �vx~�} E �

p

��� �
�

�
�

�

�

�

�

�	�



�

� ������������������� � ��
� ���� ��!� "# %$&'�

� � �(�� %� ��

)��

*

���� ���!Ì �B�,+ ��@ b�"./!0��3%+ !G���9@��D.$3 � 3%F b�"�43

�  #%6I �  :Å���½I��(I�m  (	�I &%L#�#%6@�Y #GaI F (m¡($a%�@A$A %�	6I�$A"§kl�
	�m�In%oD4��$ ��("¡�(�!�
	����
$A$f #("
�A�
m¡�
GAª($A#" m  #%�	oDEp!@�(" � � � & � &"< Á )+* #$ �(�!�
	o�A�
$A$f #("��A�
m¡�
GAª#$A("��Â �
� 	§D4m  (#"�#$ � D¦Â' F � �#�.- / Á ) * �

� �10 � ���'Ì?9a�
�\ª@20s� F I m�In%6	§D4�#��A(" � I�	�I�mÕª#%�	�("9DE$a%6	oDE$A"(ª(p&@A("��A F I �(I�m  (	6I #"o%�@A$A�m�In%6	§D4�#:43 :-�A�
$a% F ("f�(�!# ��#DE($a%�" � #@�¥
#$&%���%6	o��f �%6#	�m9D4$f ("B"oD�C�("��nD4$ � I�	f@�$A � 	o�'�� (�A@A	o
�AH�¢I F DECA	6I¨%�DE�
$ ) ÙiI�@AG
#	6I�"����!*�� )  Å"6I¨D½�
�!* Ì�� FEF +"#�® #�(	§DE%\�

0 � '( � # #65 # #65¿�#��%87 -:9
À � <;(=

>�?�@BA /C9
À À Á

)* � '(ED 5 D 5GF -:9
À D F /C9
À À Á

)*
���'Ì �&�

��#65T�% #HFQ"��
$a% F ("�kºI��#%�(@A	o"e�L�® #���A F¦F +�A�
	§D � �
$a%�I F �%e¥�(	§%�DE�¢I F �A#" � D¦Â' F "(�
� -:9 �% /I9 "��
$a% F #"��#�'��	��A�
$�$| (#"��A@ � ��D4$a% � 	§D4$A��D � I F �|  ��$'D¿�#�
m¡m¡7 �%�I�$a% F � D4$��
%6#	�"o(�#%oD4��$/($a%�	� F ��I¨Â'-� � %�DEp&@AH#% F  � F I�$�DEm�InG
�Ì

�J7/("§% F ��I�$AG F H($a%6	o F ("eI¨Â'#"��A@Õ	� � ª(	oOD4m�I�G
nÌ
Ã $ �
C'%�DE($a% F I %6	�I�$A"okl��	�m�In%�DE�
$?	! (I F DE"! # � I�	 F IË�¢Inm  #	6IË����@A$ � ��DE$&%Õ�A
� 	 �Å�A�
$a% F #"
�(�!�
	����
$A$f #("Q"o�
$a%Q Â � 	oDEm  (("Q��I�$A"e@A$/	o � ª#	��; � ��#$/@A$ � �nD4$a%��A@ � F I�$ÕD4m�I�G
 !e�i�A�
$a%F #"��#�'��	��A�
$�$| (#"e"o�
$a%e�Â � 	oDEm  (#"W($ � D Â� F ��ªI � I�	§%�DE	B�A("z (p&@�I¨%�DE�
$A"-� �'Ì��!�f#%-���'Ì;9&�i�

���# � �10 � + � � ���'Ì;a&�
h F  Â'DE"o%�H��I�$A" F I F DE%o%' (	�In%6@�	�O����I�@�%�	�("|m��!��ª F #"B�AO�¢I�m  #	6Iz� � 	��"�®#�#%�DE�
$��
	§%6�A�
G�	6I � �'D4p&@An�
� #	�" � #�#%�D¦¥
�kºInDEC F �� � I�	6I � (	o" � (�#%oDE¥�H� &'&'& �6Ì �\ F (��%6(@�	_DE$a%' #	�("o"!  � �
@A	�	�I � I�	� Â'(m � F e"o
	! �k  (	�#	-ªI ) %|�
@'kºI�m�I�aJ< *�� ) � �
	�I�@A� aT:!* � ) ÙiI�@AG�(	6In" a7: * Ì��e��%6�
$�"� (G
I F #m¡($a%Bp&@A F Qm¡�!�\ª F 
� 	�� �®(�#%oDEkÅ�A F I��¢I�m  #	6I:p&@A�$A�
@�"-@'%�D F DE"�#	��
$A"+("§% F D4$f ¢InDE	���¢I�	 F IÕ�(I�m  (	�IÕ#"o%+"�@ �A� �
"! (
� I�	§kºInDE%�-�ºD Ì��"6In$A"f�'D4"§%6�
	o"oDE�
$���Ì&Ä½�
@A	_�A#"fm¡�!�\ª F ("d�A��¢I�m  #	6I-I ¥�(����D4"§%6�
	o"oDE�
$��a�
$ � �
@A	�	�I
�(�
$�"�@ F %6#	 ) ��D�aa�!�  ��In$AG�a
��C���É  (m �La
�!* Ì



E � E � � � �6T3 0 �1�2� 5�67�2��3 0 � ��3 �1��67�2�K\_�
�`���5�6`����	��K� 0�0 �

����� ����� � � � ����� ������� � � ��� � ������� � � � � � � � �
� � �
��� � �
�xI�G¿ (�
m  #%�	oDE©����@A$�"��'"§%¢ª#m�/ªI��A(@'Â � 	§D4"o("O�A-¥!@A9I����
$A$f  F DE(@JªI @�$A+DEm � �
	§%�I�$a%�

F D¦%�%' (	6I¨%6@A	o�Ì�h F �Â!DE"o%����#$ #%�#%(�¿@A$� �(��$&%�	6InDE$a%6 kl��	o%6n� F D4I�$a% F ("©�A#@'Â � 	��"�®#�#%oD4�
$�"©����@A$
� ��DE$a%/�� F ��#" � In�(�AI�$A" F #":�A#@'ÂYDEm�InG
("#��p&@�D-�(��$A�A@�D¦% ªIË�A#":	! ("�@ F %6In%6"ÕD4m � �
	o%6I�$a%6"(Ì
£ �
$A"oDE�f #	��
$A"e@A$ � �nD4$a% � ! I ��� I�	o%�($�In$&%©ªI F I � 	�#m¡D ª(	oOD4m�I�G
 ! ! �º"�H	! �k  (	�#	©ªI F I¡Ù¿DEG
@A	�
�'Ì;:&��Ì��\ � ��D4$a% / �A F ��(" � I��(Qp!@'DL"#� � � 	�� �®#%�%�WI ��� I�	o%oD4#$a%+ªI F I+��	���D¦%6T�� ! � ! ��Ì �\ � ��DE$a%
�(�
	o	�(" � ��$A��I�$a% � $ ��I�$A" F I��A#@'Â!D�ª#m��D4m�I�G
 ! $ �A��D¦%-�A�
$A��I �A� In	o%6#$�DE	�ªI F I � 	o�"�®(��%�DE�
$
�A F I¡�A	���D¦%6�� � ! � ! �f��In$A" F I¡"�#�(�
$A��+DEm�InG
�Ì £ �%�%6+�A	��nDE%� � 	��"�®�%' (-("§%Q�#�
m¡mT@A$f (m¡($a%
I �A�  F  (©�A	o��D¦%6   � D � � F InDE	�+�A ! $ I�"�"o�'��D� #:ªI � ! Ì �_��($�"�(m+C F ���("Q��	���D¦%6#"/  � D � � F I¨D4	o("Q��! $ "(� D4$a%�(	�"o(��%6-I F �
	�"f($z@A$zm �(m¡ � ��DE$a%Bp&@�DL#"o% F I � 	o�"�®(��%�DE�
$z�A � ! �AI�$A" ! $ Ì £  � ��DE$a%
� I�	o%oD4�#@ F D4#	�"#� I �A�  FEF  F �j  � D � � F Õ�%¡("§%¡$A��%'  � $ Ì�ÆW F I m �(m¡�m�I�$�D�ª(	�n� F ��($�"�(m+C F /�A#"
�A	���D¦%6#"   � D � � F InDE	�("-�A F I � 	o(m9D�ª#	��D4m�I�G
�"(� DE$&%�(	o"�(��%6z#$ F �®  � D � � F ��� ! ! � � ! �xp&@�Dd("§%
F I � 	��"�®#�#%�DE�
$ �A � $ ��I�$A" ! ! Ì £ �%�%�©�(�
$a%�	6InDE$a%6��LI �A�  F  (©�#�
$a%6	�InD4$a%�   � D � � F InDE	�+("§%¢�L#$
G� ($f #	6I F �½�Â � F ��DE%' ( "o�
@A"+"�("-kl�
	�m¡#"Tm�In%6	§D4��D4 FEF ("#Ì�ÆOI�$�" F  � 	o�'���AInD4$ � I�	6InG
	6I � �A��x$A�
@�"
�Â � F D4��DE%��
$A"O�(#"W	� F I¨%�DE�
$A"Qm�In%�	oDE�#DE F¦F #"(Ì\��$A"o@�D¦%6���$A�
@A" � 	! #"�($a%��
$A"OCA	§D�ª�¥
(m¡#$&% F ("�%6(�����
$�D4p&@A#"�����("§%�DEm�In%�DE�
$T�� F IeG¿ (�
m  #%�	oDE¡  � D � � F InDE	�d#%½�A@+�|  � F I��#(m¡($a% � I�	o%oD4 F �A F I��¢I�m  (	�I
($a%6	o F ("��A#@'Â � 	oDE"�#"���H¥!@AnÌ

mouvement rigide

��� � �

���

� �

�

� �
� �

� �
� �

���� ���'Ì=:B�/X 3 # b�1��F b�"+-��!G� b�7<?! <���.$3%!��8�



���v½rf¼ �v\²�~i°®v ³¡¹ºtO¯ ·��e·!²��v½¼ v�¼ tO¯O°¡³¡¹ºtO¯WvÈu\}_¼ �vx~�} E ^

�

���

���

���
	


��

 � �

 � �����  � �

 � �����  � �������


 �

�

��� ����� �! 

"
#

 � �
 � �

 � �

���� ���'Ì < �:X���� ������+ �43%!���+;��� �"��+ �8� @��"�%( !�F	31#����

�%$ �%$�B &�vx·�v��Q¸W~�v½·'·A°®r|¯W·:¼¾}�²A~i°®ux°§v½¬§¬§vx·�³Ov ¬§} u\rf¯|²A~�}_°§¯|²Av �v½¸O°§¸Tr|¬®}_°®~�v
�\ � 	o�
C F ª(m¡|� F I�"o"oDEp&@AÅ�Ad	�#�(�
$A"§%6	o@A�#%oD4�
$T�A@T�f  � F I��(#m�#$a%�����@A$Af�¢I�m  (	�I�#$&%�	�d�A(@!Â

� 	oDE"�#"|�AB¥!@An� F �
	o"�p&@����
$ $A���DE" � �
"o � In"f��� DE$�kl�
	�m�In%oD4��$A" � 	! #�#DE"�("f"�@A	 F I-G¿ #�
m  #%�	oDEe�� F I
"���ª($AÅ#"o%(�¨#$TG¿ #$f (	�I F �n�f #�(�
m � �
"! f($+�A(@'Â7 �%�I � ("#Ì �xI � 	�#m¡D ª(	o|�#�
$A"oDE"o%�|#$ F ��#"o%�DEm�In%�DE�
$
�A F IQG¿ (��m  �%6	§D4   � D � � F InDE	�TªI � In	o%�DE	��A F IQm9DE"�B($¡�#�
	�	o(" � �
$A�AI�$A�(B�L��@A$¡�#(	o%6InDE$9$A�
mTC�	�
�A � 	§D4m9D¦%�D¦¥
("eG¿ #�
m  #%6	§D4p&@A#"��AI�$A" F ("��A(@!ÂzD4m�I�G�("(Ì �½I©"o(�#�
$A�A7 #%6I � O�#�
$A"§D4"§%6H($A"o@�D¦%6
ªI�@�%�D F D4"o(	 F ("¡	� F In%oD4��$A" F D�I�$a% F ("9 Â � 	�("o"oDE�
$A"�m�In%6	§D4��D4 FEF ("¡�A F I��(�
$a%�	6InDE$a%6   � D � � F InD4	o
� ��@A	��#�
$A"§%6	�@'D4	o��A(" m  �%6�A�!�A#" � (	�m¡�%�%�In$&% �A/	o#%6	o�
@�¥�(	 F /�f  � F I��(#m¡($a% � I�	§%�DE F �A
F Iz�(I�m  (	6I�#% F Iz"o%�	�@A��%6@A	o��A F Iz"���ª($AnÌ¿ÆOIn$A"O�( � I�	�I�G
	�I � �An��$A�
@A"-I F¦F �
$A"HCA	oD ª#¥�(m¡($a%
�f (�#	oDE	� F ("H	� F In%oD4��$A"Hm�I¨%6	oDE�#DE F¦F ("-p!@'D�$A�
@A"ODE$a%' (	o("o"�(	o�
$A"+��I�$A" F Iz"�@�D¦%6¡�A@7�A�!�(@Am¡#$&%(Ì
Ä¿�
@�	e@�$A+��("��#	oD � %�DE�
$ � F @�"e�#�
m � F ª#%6n� F  F (�#%�(@A	 � �
@A	�	�I9"�H	� � �
	§%6#	9ªI ) ÙiI�@AG
#	6I�" aT:(*�Ì
ÆOI�$A" F 9�(�
$a%6 Â!%6 �� F ��I�"�"o(	o¥&DE"�"o(m¡($a%©¥&DE"�@A F � F ���
C �®(�#%oDEkÅ("o%-���j #%6I�C F D4	H@A$� F ��D_�A¡�#�
m �
m�I�$A�A I ��$Y�A�kºI¨D4	o �(�
$a¥
#	�G
#	:@�$A�D4m�I�G����I��#p!@'D4"o F �
	o"�p&@A F I �(I�m  (	6IË("§%���I�$A" F I
� ��"oD¦%�DE�
$ �f  ��$�DE � In	 F :	o � ª#	� ; �6��¥�(	�"�@A$AÕD4m�I�G
Õ�AÕ	! �k  (	�#$A�(n�|In�(p&@�DE"� F �
	�"op&@A F I
�¢I�m  #	6I#"o%���I�$A"�"6I � �
"§DE%oD4�
$J�f ("§D4	! ( ;  Ì �\(" � 	��"�®#�#%oD4�
$�" � (	�" � #�#%oDE¥�("z����@A$A:"���ª#$A"o%6In%�DEp&@A�� F �
	�"op&@A F I��(I�m  (	�I7&%L#�#%�@Az@A$Ëm¡�
@�¥
#m¡($a% F ��I�m¡($�In$&%¡��z"6I � �
"oD¦%�DE�
$Ë�(�
@��
	6I�$a%�:ªI "6I � �
"§DE%oD4�
$ �f ("oDE	! #���"o�
$a% F D� #(" � I�	�@A$ ($�"�(m+C F ���©	� F In%oD4��$A"Wp&@A©$A��@A"OI F¦F ��$A"
�Â � F D4��DE%�(	T� �#k�Ù¿DEG
@A	oT�!Ì=<'�6Ì
£ �A��DE"oDE"�"o�
$A"Å@A$ � F I�$ �Y�Ae	! #k¢ #	�#$A�(QIn%�%6I����f �ªI F I-"o��ª($�Wp&@A�$��
@A"|�(I�	6In�#%' #	oDE"��
$�"|��I�$�" F 
	� � ª(	o ;  � In	 F _¥
(��%6#@A	��A_��DEm¡($A"§D4��$ <A���  � ) 0 �' �� * * �#�
m � ��"! d�A("½�(�!�
	����
$A$f #("0  �A@ ¥�(��%6(@�	9$A�
	�m�I F  @A$'DE%6InD4	osªI �-��#%T�A F I/��DE"o%6I�$A�( �  �A@ �#($a%6	oz�A � 	o�"�®(��%�DE�
$
�A F I/�(I�m  (	6I:��I�$A"+"6I � �
"oD¦%�DE�
$ �f ("oDE	! #sªI �-Ì �\ � F In$ � "o(	�I��¢I�	�I��#%' (	oDE"! ��A m�I�$�D ª(	o



E � E � � � �6T3 0 �1�2� 5�67�2��3 0 � ��3 �1��67�2�K\_�
�`���5�6`����	��K� 0�0 �

"oDEm¡D F InD4	o©��I�$�"�;�� � I�	 F -¥
(��%6#@A	 � � ) 0 ' � * * Ì Ã $��f  ��$�D¦% F I ��DE"o%6I�$A�#©"oDEG
$f #©����@A$
� ��DE$a% :
Æ / �A F I:"o��ª($�����A��(�!�
	����
$A$f #("©�A��m���G�ª($A#"��  � � �  �  �  9  )+*��I�$A"�;  #%�� ��� � � � ��� � � 9 � ) ��In$A"�; �6�iIn@ � F I�$ � � I�	��

�i� / ���H�����  ' �  � �'Ì¦Á À!�
�x � ��DE$a%�/ "� � 	��"�®�%�%6 ��I�$A" F ��DEm�I�G
 �#�
@A	�I�$a%6 �%9�f ("§D4	! (�($ ��(@'Â � ��DE$a%6"©�� �(�!�
	��
�A�
$A$f #("¿�A�
m¡�
GAª#$A("¿�Â � 	oDEm  (#"�($-mÕª#%6	o � #% �  � 	o(" � (��%�D¦¥
#m�#$a%¢�
�%��#("½�(�!�
	��A��$A$f (#""��
$a% F D  (#" � I�	 F I9	� F I¨%�DE�
$:"o@�D¦¥�In$&%���

��� � � � �� � ���� � �  � �'Ì¦Á
Án�
�xª@ � #"o%�@A$AÕm�I¨%6	oDE�( : 3 :7$A�
$ "§D4$�G
@ F D�ª#	�/p&@�De#"o%��|  � ($A�AI�$a%6/��@J���A�nD¦ÂJ�A@ � F I�$
�AT	! #k¢ (	o($A�#��+Ì�� FEF ©	! ¢I F D4"o©@A$A-%6	�I�$A"okl��	�m�In%�DE�
$ F DE$f ¢I¨D4	o©�A8� $ ��In$A" � $ �4!�� ����@ � F I�$
D4m�I�G
Õ��I�$�" F  � F I�$ D4m�I�G
�� � �
@A	¡%6��@A" F (" � �nD4$a%�D4"o"�@A"��A F I � 	��"�®#�#%�DE�
$ ��@ � F I�$ ��
	! #k¢ #	�#$A�(nÌLÄ½�
@A	B%6�
@�"B�((" � ��D4$a%�"(� F I�	o F In%�DE�
$s� �'Ì¦Á
Án�_"o+"§D4m � F D ��+#$O�

� � � � � �� �  � �'Ì¦Á��&�
�½IOm�In%�	oDE�( � ("§%f�#�
m¡mT@A$f (m¡($a%BI �A�  F  # �����2� ��6T� 	SM ��3_��3 � ��� � ���K� 	� F I¨%�D¦¥
eI�@ � F I�$� #% �®�
@A�@A$ 	 �� F  � 	§D4m¡�
	o��D�I F ��In$A" F ��#"o%oD4m�In%oD4�
$ �A@ �f  � F In�((m¡#$&%Å�A F I+�(I�m  (	6I+#%Å�� F I
G� (�
m  �%6	oDEW�A F I+"���ª#$A�ÌA� F¦F  � #@�%Å#$z#%�#% �#%6	oW�f #�(�
m � �
"! #W($ F I+"o�
m¡m�O�� F ITm�In%6	§D4�#
�AB	���%6In%�DE�
$©#$a%6	��;��\#%1;  #%�����@A$ABm�In%�	oDE�(B�AB	�I�$AGW@�$��\ª@©I �A� I�	�I � �¦% F f¥
(��%6#@A	_$A�
	�m�I FªI �È�% F +¥�(�#%�(@A	O��+%6	�I�$A" F In%oD4��$�($a%6	o�;��|#%�;  � � ��@A	�"§D4m � F D ��(	 F �� Â � �
"! ����
$�$A��%�(	�I��I�$A" F I�"o@�DE%� � �% � F I¡m�I¨%6	oDE�(H�AH	o��%�In%oD4��$ � �  �% F O¥
#�#%6#@A	e�A-%�	6I�$�" F In%�DE�
$

� �  �i�

� � � � �
� 
0  * � �'Ì¦Á2:!�

Ä�I�	�InD F¦F #@A	�"#� F  "o�¢I F InDE	� � �ÅI ��� I�	6I¨D4"o"6I�$a%Õ��I�$A" F I 	� F I¨%�DE�
$È� �'Ì¦Á
Án�6�|("§%��A�
$A$f  � I�	 F I
	� F In%oD4�
$Õ"�@'DE¥nI�$a%6��

� � � ��� / ���O�
� 

� �'Ì¦Á><'�
É�I ���  F �
$�"�p&@A � #"o%�$!@ F "oD F  � ��DE$&%�/ I �A� I�	o%oD4#$&%�I�@ � F I�$T�Af	! #k¢ #	�($��( �-Ì Ã $T	o#%�	��
@�¥�
�A�
$A�+��I�$A"W�#T�(I�" F I 	� F I¨%�DE�
$ � �!ÌEÁ��a�+ªI � I�	o%oD4	��A F I�	o F In%�DE�
$ ���'Ì¦Á
Án��Ì��e��%6�
$�"Õ (G
I F #m¡($a%
F  	 �� F  � I�	§%�DE�(@ F D4#	 �®�
@f  � I�	 F ���A�
m¡�
G
	�I � ��DE �	� 	o F In%�D¦¥
�In@ � F I�$ "oD¦%6@f  ªI F � DE$!��$�D � ���I�$A" F ��#"o%�DEm�In%�DE�
$Õ�A@�m¡�
@�¥
#m¡($a%Q�%e�A F I9"§%6	�@��#%6@�	��Ìi��$�#%�#%(��"��
$�@�%oD F DE"6In%oD4�
$ � (	�m¡�%
�AW"oDEm � F D���#	��AWm�I�$�D�ª(	oW"oDEG
$�D ���¢I¨%�D¦¥
H�( � 	��!�(("o"�@A"#Ì��!D���$ ���A��DE"oD¦% F  � F In$ªI F � DE$!��$�D � ��(�
m¡m¡ � F I�$Õ�AH	! �k  (	o($A�#TI F �
	o" 0  *�
 �  � À¡�% � ��Á
� F �® (p&@�In%oD4��$ � �!ÌEÁ
Á¨�d"(�® (�(	§DE%�I F �
	o"��

� � � � � ��	� � � � � �'Ì¦Á��&�
#% F I9	o F In%�DE�
$s� �'Ì¦Á2:!�d"o-"§D4m � F D ��T#$O�

�	� � � � �'Ì¦Á �!�



���v½rf¼ �v\²�~i°®v ³¡¹ºtO¯ ·��e·!²��v½¼ v�¼ tO¯O°¡³¡¹ºtO¯WvÈu\}_¼ �vx~�} EI8

�xIem�In%�	oDE�(d�������
m¡�
G
	6I � ��DE � �
@A	x@A$ � F In$+�Ad	! �k  (	o($A�#)� p&@A F �(�
$�p!@�Å"(�® (�#	oD¦%�($Hkl�
$A��%�DE�
$
�A �	� �A F I¡m�I�$�D�ª(	o-"o@�D¦¥�In$&%���

� � �	� � �
� 
0  * � �!ÌEÁ�9a�

Ã $�
C�%oD4#$a%9InDE"! #m�#$a%9@A$A�	� F In%oD4�
$s"oDEm9D F InDE	�sªI F I�	� F In%oD4��$c� �'Ì¦Á
Án����In$A" F �"��!"o%¢ª#m¡z�A
�(�!�
	����
$A$f #("e($ � D¦Â' F #$:@'%�D F DE"6I�$a% F �® #p!@AIn%�DE�
$ ���'Ì;9&�i�

��� � �����  0 � 0 G ! � ��� 0 � � �!ÌEÁ �&�
�xI¡$AIn%6@A	oO�AH�(�%�%6H�A#	�$�D ª(	oH	� F In%oD4�
$�$���("§% � I�"�����I�$AG¿ (H"oDx�
$�m+@ F %oD � F DEH����I��(@�$/�AO�#("
m¡(mTC�	�(" � In	W@A$7"��(I F I¨D4	o D $A�
$ $&@ F Ì\��$ %6#$�I�$a%O�(��m � %69�A F I 	�#m�In	�p&@A � 	! (�� #�A($a%���
�
$Y (�(	§D4	�I��AI�$A" F I9"o@�DE%� F �® (p&@�In%oD4�
$s� �!ÌEÁ �&�d"��
@A" F I9kl��	�m¡ � F @�"e�#�
m � I���%6��3 � � F�� � � � � �!ÌEÁ2a&�
�xª@O�

� F I�m�In%�	oDE�( F ("§%+@�$A¡m�I¨%6	oDE�(¡$A��$ "§D4$�G
@ F D�ª#	���A¡��D4m¡#$A"oDE�
$-:'Ì\� FEF ��f  � ($A� �A@
���A��D Â �A@ � F I�$J��Õ	! #k¢ #	�($��(Õ#%�("§%� Â � 	oDEm  (/�AI�$A" F �"��'"§%¢ª#m�:�A��(�!�
	����
$A$f #("
� D Âd  F D4p&@A#"(Ì�Ä F @A" � 	! #�#DE"�#m�#$a%O�
$ÕIÅ�

F � D 0 � 0 G ! � �!Ì ��À&�
� FEF H("§%¢��($ÕG¿ #$| (	�I F �| #GaI F (m¡($a%QI �A�  F  (Hm�In%6	§D4�#H�������
m¡�
G
	6I � ��DE�ÌiÆOI�$A" F I9"�@�D¦%6n�
�
$ F IÕ$A�
m¡m¡(	6I � F @'% ���% �����2� ��6T�(	Q� 6T3_��� 0 G�������K3 0 I ��$ �� F I:��D+%e (	�#$A�#DE(	T�A F I
m�In%6	§D4�# � �

� F �¥�(�#%�(@A	 � ("§% F I � 	��"�®#�#%�DE�
$s��I�$A" F � DEm�InG
��#�
@A	�I�$a%6 ��@s�#($a%6	o �A@s	� � ª(	�%;  �����("§%��#ªI��j��DE	� F �®  � D � � F -��I�$A" F ��DEm�I�G
H�(�
@�	6I�$a%6��
� �J0 � � �!Ì �'Á¨�

� 3 ("§%e@A$:"o�¢I F InDE	�H$A�
$Õ$&@ F I¢¥
#��� 3 � D � � 
 �  � �!Ì �
�a�
� � ("§%O@A$ "��(I F InD4	o©$&@ F p&@�In$A� F  � ��DE$a% / I �A� I�	o%oD4#$&%OI�@ � F I�$ �A©	! #k¢ #	�($��(����%
("§%e�A�
$A$f -��I�$�" F H�¢I�"�G¿ #$f (	�I F � I�	L�

� � D � 
 �  � �!Ì �7:&�
�\("  #p&@�In%�DE�
$A"��A � 	��"�®#�#%oD4�
$J�A@ � ��DE$&%D/ �AI�$A" F #" �A#@'Â D4m�I�G
#"�"o�
$a% ���
$A$f #(" � In	
F �j (p&@�I¨%�DE�
$ ���'Ì;a&�i�

���

�  �J0  + � � �

���

� �J0 � +

� � �
� �!Ì �J<!�



E � E � � � �6T3 0 �1�2� 5�67�2��3 0 � ��3 �1��67�2�K\_�
�`���5�6`����	��K� 0�0 �

I ¥�(���
� +
� � � � � � � � � ) #%  + � �#�  � �  � ��) � �'Ì �
�&�

�_$  F DEm9D4$AI�$a% � � ��I�$�" F #"��A#@'Â #p&@�In%�DE�
$A" � 	! #�� #�A($a%6#"(�a�
$T�
C�%�DE($a% F I�	o F In%�DE�
$©"o@�D¦¥�In$&%�($a%6	o F ("B¥
#�#%�(@A	o" � #% �  �
� *�� �  � À � �'Ì ���!�

I ¥�(���

� �J0 G * ) � *�� � 0 � ) � *�� F � �'Ì �T9&�
�xª@ ) � *���	� � 	! #"�($a%� F Izm�I¨%6	oDE�(9�� � 	!  � � 	��!�A@�D¦%O¥
#�#%��
	oDE F I�"o"��!�#D� (�I�@ ¥
#�#%�(@A	 � Ì � ("§%
@A$AWm�In%�	oDE�(Q��Q��DEm¡($A"§D4�
$ :43 :T�A�	6I�$AGTI�@ � F @A"B�+I �A�  F  ( �����2� ��6T� � 3 0 	��U� � 0 �2�U�K� Ì
�½I F DE%o%' #	6In%�@A	���(��$A�(#	�$�I�$a% F (" � 	�� � 	oD� #%' ("(� F ��#"o%oD4m�In%oD4�
$ #% F ��@�%�D F DE"6I¨%�DE�
$J�� F I m�In%6	§D4�#
kl�
$A��I�m¡#$&%6I F ��AI�$A" F 9�A�
m�InDE$A9�A F Iz¥&DE"oDE�
$ � I�	O�
	o��DE$�In%6#@A	O("§%O%6	(ª("WDEm � �
	§%�I�$a%6nÌ Ã $
� �
@�	�	6I � I�	��Â'#m � F ©"oT	o � �
	o%�(	9ªI ) �\@A�
$AG a
�'��ÙiI�@AG�(	6In"YaT:�� � �
	�I�@A�LaT:!* � �
@A	 � F @A"Q��
�| #%6InD F "(Ì�ÆOI�$A" F �"��!"o%¢ª(m¡O�A#"Å�(�!�
	����
$A$f #("|DEm�I�G
("fm  #%6	§D4p&@A#"(� F I � ���2� � 6T� ��>�[� 0 ���K�� �K�� D4$a%6	o�'��@�DE%� � I�	 � Ì £ �\�
$AG
@A�%�� � DEG
G�DE$A"(�
�®��@AB@A$¡	��� F B"oDEm9D F InDE	�TªI F IWm�I¨%6	oDE�(Åkl��$A��I�m¡($��
%�I F  ) �\@A�
$�G a������\�
$AG
@A�% � D4G
GnD4$A"e��Án� � I�	§% F  � aT9 *�ÌA� F¦F -¥� (	§D��A F I9	� F In%oD4�
$O�

� * � �  � À � �'Ì ���!�
#%¢���L� I � 	(ª(" F �® #p!@AIn%�DE�
$s� �'Ì �T9&�6�A�
$:IÅ� � � ) � *�� � � �'Ì �7a!�
�x#"T��D+%e (	�#$a%6("9 Â � 	�#"�"oDE�
$A"9m�In%�	oDE�#DE F¦F #"©�Â � 	§D4m�I�$a% F I:�#�
$a%6	�InD4$a%�   � D � � F I¨D4	o F D�I�$a% F #"
� 	��"�®#�#%oD4�
$�"���In$A"¡�A(@'Â D4m�I�G
#"¡����@�$Jm �(m¡ � ��D4$a% :
Æ "���$&%¡%�	(ª("9DEm � �
	§%�I�$a%�("¡#% � (	��
m��%�%�($a%B@A$AQ	! ("o� F @�%�DE�
$   F  (G
I�$a%6Q�� � 	o�
C F ª(m¡("B��D+ ��#D F #"B��I�$A" F ��A�
m�InDE$AQ�� F IH¥&D4"§D4�
$LÌ
���
@A"dI F¦F �
$A"(�&��In$A" F  � I�	�I�G
	�I � �AB"o@�DE¥nI�$a%(�!���
$A$A#	d@�$�CA	o#k�I � #	�Ú�#@��A#"fm  �%6�A�!�A("d����("§%�D �
m�I¨%�DE�
$©�A F IQG¿ (�
m  #%�	oDE�  � D � � F InD4	oW�º����("o%��(ªI�� ��DE	�|��("�m�In%�	oDE�((" F � � � � � � #%���@©¥
(��%6#@A	� ���%T�A�"���$I ��� F DE�¢I¨%�DE�
$��In$A" F ��("o%oD4m�In%oD4��$�A@s�|  � F I��#(m¡($a% � I�	o%oD4 F �� F IÕ�(I�m  (	�IÕ�%
�A F I¡G¿ (��m  �%6	§D4H�A F I�"o��ª($��Ì

�%$ � $ � �:·!²A°o¼¾}�²A°§rf¯È³Ov ¬®}�� �vxrf¼ �v�²�~i°§v �v¿¸O°§¸Trf¬§}_°®~�v v\² ³Ht ³ �v½¸O¬§}�u\v½¼¾v½¯Å²
v½tWux¬§°§³H°®v½¯

�e�
@A"z�(��$A"oDE�f (	o(	o�
$A"/@�$�D4p&@A#m¡($a% F ("��¢In"Õ�\ª@ F I �¢I�m  (	�IËkl��@A	�$�D¦%�@A$A DEm�I�G
7"6I�$�"
��D4"§%6�
	o"oDE�
$�� � %�DEp&@A��
@¡G¿ (��m  �%6	§D4p&@A�#%_#"o%d�f #�(	oD¦%6 � In	 F �m¡�!�\ª F B"o%' ($A� �  �Ì Ã $ � �
@�	�	6IO"o
	� � �
	§%6(	ÅªI )� ��I�$AG�a
��C"* F ��	�"�p&@Ad�(#"x� � � ��%6��ª("�#"�$A_"o�
$a% � I�"\¥nI F DE�A#"(Ì¨���
@�"½$� � 	! #"�($a%��
$A"
D4��D&p!@L��@A$+CA	��k�I � (	nÚ�(@-�A("½m  #%��A�'��("x����("o%oD4m�In%oD4��$T�A F IeG¿ #�
m  #%�	oDE9  � D � � F InDE	�_#%xDE$a¥!D¦%6��$A"
F #" F (��%6#@A	�"½�f ("§D4	�I�$a% � F @A"x�A � 	! (��D4"§D4�
$�"�ªIB"�d	� � ��	o%6#	|ªI ) �\@A�
$�G aT:!�� ½��	�	Ya`9'�  ��I�$AG�a
�
I(*�Ì

� � I�	§%�DE	��� F I�m9DE"�+($/�#�
	�	o(" � �
$���I�$A�#T����@A$/#$A"�#mTC F ©�A�� � ��DE$a%6"e��I�$A" F ("e�A(@'Â
D4m�I�G
#"(��D F #"o% � �
"�"§D4C F H�AO�(I F �#@ F (	 F I©m�I¨%6	oDE�(Wkl��$A��I�m¡($a%6I F  � #% 'n�
@ F I©�(� F DE$| ¢In%oD4��$ F



���v½rf¼ �v\²�~i°®v ³¡¹ºtO¯ ·��e·!²��v½¼ v�¼ tO¯O°¡³¡¹ºtO¯WvÈu\}_¼ �vx~�} E V

	� F In%oDE¥� ªI¡@�$ � F I�$��AO	! #k¢ #	�($��( �+Ì £  F I9$f #�(("o"oD¦%6n����In$A" F O�(I�"�G¿ ($f (	6I F �A@�$Õ$��
mTCA	oH�A
� �nD4$a%6"8��� ���x#%©@�$ $A�
m+CA	� �� � ��D4$a%�"���� <���In$A" F  �(I�" � In	o%�DE�(@ F DE(	©�\ª@ F (" � ��DE$&%�"
�(�
$�"oDE�| (	! ("Q"o�
$a%e�(� � F I�$�I¨D4	o("(Ì
����("§%�DEm�I¨%�DE�
$9�A F IWG¿ (��m  �%6	§D4�  � D � � F InDE	�Å#"o%_@A$ � 	��
C F ª#m�n� � I�	�$�In%6@�	���n$A�
$ F D4$f ¢InDE	�nÌ

�xI�m�In%�	oDE�(+kl��$A��I�m¡($a%6I F -�A��D¦% �#%6	oH�A+	�I�$AG ���% F I�m�In%�	oDE�(-("o"�($a%oD4 FEF ©�A��D¦%�"6In%oD4"§kºInD4	o
F #"��(�
$A�'DE%oD4�
$�"z�A � @�In$AG �®ÙiI�@�G
(	�I�" ) � @�I�$�G �Ta *�Ì#�_��I �A� 	��!���A7� F I�"�"§D4p&@A � ��@A	 ("§%�DEm¡(	
F IÕG¿ (��m  �%6	§D4J  � D � � F InDE	��("§%©($G� ($f #	6I F �#�
m � �
"! ( ����A#@'Â� #%�I � #"(Ì¿ÆOI�$A"-@A$ � 	o(m9DE(	
%6#m � "(�|@�$ I F G
�
	§DE%��Am¡ F D4$f ¢InDE	�Õkl�
@A	�$'DE%�@A$A:"�� F @�%�DE�
$�Ì £ �%�%6/"�� F @�%�DE�
$J("o% ($A"o@�D¦%6�I¨k �
��$f # #$cD4$a%6	o�'��@�D4"�I�$a% F #"��(�
$a%6	�InDE$&%�("�$A�
$�� F D4$f (InDE	�(" � � I�	  Â�#m � F 7DEm � �
"o(	z@A$Y	6In$AG
�A�µªI F IËm�In%6	§D4�# kl��$A��I�m¡($a%6I F �� ¥&D4I @A$ I F G
�
	oD¦%6��m�7�A m9D4$'D4m9DE"6In%oD4�
$ ) Ç�#	oD4I�$
a'Á#* Ì
�xI�"o� F @�%�DE�
$7�
C�%�($&@A�($7@�%�D F D4"�I�$a% F ��I F G��
	oD¦%6�Am¡ F D4$f ¢InDE	�¡�A#"-�&@�D¦% � �nD4$a%6" � 	o� � �
"! 9��In$A") �\�
$�G
@A#% � DEG
G�DE$A"���Á����\�
$AG
@�#% � D4G�G�D4$�"��J<A� � I�	§% F  �La`9�* � #@�%¢� � I�	d�Â'#m � F n� �#%�	�e@�%�D F D4"! (
� ��@A	\D4$�D¦%�D4I F D4"o(	 F ("¿I F G��
	oD¦%6�Am¡#"½$��
$ F DE$| ¢InDE	�#"¿�f (�(	§DE%�"¿�AI�$A" ) ÆW#	oDE���A a7<�� �\@A�
$�G a
�(*�Ì � ��$
�AH"oDEm � F D ��#	 F ��#"o%oD4m�In%oD4�
$Õ�A F I¡m�In%�	oDE�(Okl�
$A�AI�m¡($a%�I F ��i�# F¦F  �j�#D � (@'% ��%6	o-�f (�(��m � �
"! (
($z@�%oD F DE"6I�$a% F IT	� F I¨%�DE�
$ � �!Ì �T9a��Ì�����#"o%�DEm�In%�DE�
$z�A F I+m�I¨%6	oDE�(�kl�
$A��I�m¡#$&%6I F W	��¥!DE($a%�I F �
	o"
ªI #"o%oD4m¡(	 F �j  � D � � F :�% F I m�In%�	oDE�(Õ�AÕ�(� F D4$f ¢In%oD4�
$LÌf��$J#%�(�#%�@�I�$a% @�$ ����I�$�G
(m¡($a% �A
C�I�"o��®@���D4��D4#@'Â�� %|�
@�kºI�m�I �% 3%. �x�
$a% � 	o� � �
"! 9����("§%�DEm¡(	-"oDEmT@ F %�I�$f (m¡($a% F I m�In%6	§D4�#¡�A
�(� F DE$| ¢In%oD4��$ #% F �®  � D � � F n���#Qp&@�D � #	�m¡#%|������C�%6#$�D4	f��DE	�(��%6#m�#$a%�@A$AQm�In%�	oDE�(ekl�
$A��I�m¡#$ �
%�I F /���	6I�$�GË� ) %|�
@�kºInm�I�aa��*�ÌÅ��I�"��&@�Is#%�I F Ì � 	�� � �
"o($a%z����("§%�DEm�#	 ��I�$�" @A$ � 	o(m9DE(	
%6#m � " F �®  � D � � F 7#%�#$A"�@'DE%� F I m�I¨%6	oDE�( �L���A��m���G
	6I � ��D4 ) �'��I�"o�&@�I aJ< *�ÌB�!DO�
$Y���A#	����A
ªI ("o%oD4m¡#	:@A$'D4p&@A#m�#$a% F �B��$ � �
@A	o	6I � I�	z Â'(m � F s@�%oD F DE"�(	 F ("ÕI F G
�
	oD¦%6��m�#"��| (�#	oD¦%6"
��I�$A" ) £ �
@�I �  F a
�'�Hg/I F DE"�À�À!*�Ì �x��	�"�p&@����
$È��DE" � �
"�Ë�AËp&@�In%�	� � ��D4$a%�" �#� � F I�$�InDE	�#"(� F 
� 	���C F ª#m¡ ("§% � F @A"T"§D4m � F  � @'D4"op!@L��D F "o 	! #"�@Am¡sªI F IÕ	! #"�� F @�%�DE�
$ �L��@A$"��!"o%¢ª(m¡ F DE$f (InD4	o) £ 	§D4m9DE$�DE"oD a
� * ÌL�e�
@A"W@'%�D F DE"�#	��
$A"Q��I�$A"W$��
"Q Â �  (	oDEm¡($a%�I¨%�DE�
$A" F ��I F G
�
	§DE%��Am¡T�f #�(	oD¦%O��In$A") g:I F DE"�À
À * Ì

£ #	o%6InD4$�("©�#�
$!��G
@�	6In%oD4�
$�"T($a%�	6I � �E$A($a%9@�$A �f #G� ($f #	�#"��(#$A�( �º	! (��@A�#%oD4�
$ �� 	6In$AG'�Q�A
F I�m�I¨%6	oDE�(-kl�
$A��Inm�#$a%�I F �Ì £ ("W�#�
$!��G
@�	6In%oD4�
$�"W"��
$a%Q�| (�#	oD¦%6("O�AI�$A" )  x�
	�	 a
�!* � � I�	�m9D F #"
� F @A"ekl	! (p&@A#$&%�("#��$A�n%6�
$A" F ("B%6	o��DE"e"o@�D¦¥�In$&%�("��

� F �
	�"op!@� F H�|  � F I��#(m¡($a%W�� F I9�¢I�m  #	6I¡("o%�@A$AH	o��%�In%oD4��$ � @A	�n�
� F �
	�"op!@� F I9"���ª#$AT#"o%e�(��m � �
"! (-����@�$ � F I�$Õ@A$�DEp&@A��
� F �
	�"op!@�-%��
@A" F #" � ��DE$a%6" :
Æ "� � 	�� �®#%�%�($a%e"�@A	�@A$�+�A	o��D¦%6O@A$�DEp&@A�Ì

ÆOI�$A" F :�(�
$a%��Â!%6��� F � I�"o"�#	o¥&D4"o"�#m�#$a%:¥&DE"�@A F �f�(("��(�
$ ��G
@A	�In%�DE�
$A"�$A/"o�
$a% � I�"�	6I�	o("#Ì
����%��
$A"�#$ � I�	§%�DE�(@ F D4#	�p&@���I�@9¥
��DE"oDE$�I�G
|�A F I � �
"§DE%oD4��$©�f ("§D4	! (n� F f�|  � F I��#(m¡($a%OªIQ	! (I F D4"o(	
�A��D¦% ��%6	o+$&@ F Ì����
@A"e$A�
@�"e%�	��
@�¥��
$A"QI F ��	�"���I�$A" F I¡�(��$!��G
@A	�In%�DE�
$:�A@ � 	�(m9DE(	 � ��DE$a%Q��DE%' 
� 	! #�� #�A(m¡m¡($a%¢Ì��e�
@A" � 	! #k¢ #	�#	��
$A" �A�
$A� F ��@�%�D F D4"�In%�DE�
$c�A F I�#� F D4$f (In%�DE�
$ ªI �( F¦F ��A F I
m�In%6	§D4�#Åkl�
$A��I�m¡#$&%6I F �� F IW�(� F DE$f ¢I¨%�DE�
$9	� F In%oDE¥�TªIQ@A$ � F I�$¡I �aIn$&% F ��I ¥nI�$a%6I�G
Å�A|$A �§I�m�InDE"
�#%6	o��f (G¿ #$| (	! (�Ì �xI:m�In%�	oDE�( F � (@�% �#%�	��("o%oD4m  # ªI � I�	o%oD4	-����@A$#$A"�#mTC F  �A��A	���D¦%6#") ÙiI�@�G
(	�I�"e�`9(*xm9DE"�("e($Õ�(��	�	�#" � �
$A��In$A�(+��I�$A" F ("e�A(@'Â D4m�I�G
#"(�i�
@Õ($A�#�
	�H#$:@�%oD F DE"6I�$a%
�A("e�(��$&%��
@A	o"em¡�!�f  F DE"! (" � I�	B�A#"ekl��$A�#%oD4�
$�" � � F �!$ ��
m9D�I F #" ) £ �A("§D¿À
À * Ì

Ä½�
@A	f("o%oD4m¡#	 F IT�#� F D4$f (In%�DE�
$z	o F In%�D¦¥
HI�@ � F In$ªI F � DE$!��$�D �'D F kºI�@'%Å��DE" � �
"�#	Å����I�@zm¡��DE$A"
p&@�In%6	odDEm�I�G
#"¿�A F Ie"o��ª#$A|�
@-�Ad�(�
$�$�InDE"�"6In$A�(#"�"�@ �A� F  (m¡($a%�I¨D4	o("�"�@�	 F I�"���ª#$A���%6 FEF ("½p&@A
%6	o��D4" � ��DE$a%6"Å"§DE%�@f ("TªI F � D4$ ��$�D �A�
@z($��(�
	oW@�%�D F D4"o(	B@A$ � F I�$ ��W	! �k  (	�#$A�( � In	6I F¦F ª F WI�@ � F I�$
D4m�I�G��Ì�Ä¿�
@�	 � F @A"e�A � 	! (��D4"§D4�
$�"W"�@A	 F ��#"o%�DEm�In%�DE�
$���+�##%�%�T�#� F DE$f (In%�DE�
$ � I�	o%oD4�#@ F D ª(	o����
$



� � E � � � �6T3 0 �1�2� 5�67�2��3 0 � ��3 �1��67�2�K\_�
�`���5�6`����	��K� 0�0 �

� �
@�	�	6I�"�B	� � ��	o%6#	eªI ) Ée��C�#	o% aa�&� �QD  #¥&D FEF  a
�!* Ì �\�
	�"op&@A F Åm¡�
@�¥
#m¡($a%d�A F IW�¢I�m  (	�IW("§%
@A$A � @A	o�	o��%�I¨%�DE�
$ �xª@ @A$A � @A	o©%6	�I�$A" F In%oD4�
$ I F �
	o" F Izm�In%6	§D4�#¡�A9�(� F DE$| ¢In%oD4��$YªI F ��DE$!��$�D
F � #"o% kºIn�#D F #m�#$a% �
C�%�($&@AnÌÅ��$ &%L�%¢�d��I�$A" F  F  � 	o(m9D4#	 �¢In"� FEF /�#�
	�	o(" � �
$A�ÈªI F I
m�I¨%6	oDE�(e�Ae�(� F DE$| ¢In%oD4��$ F 	� F In%oDE¥��ªIH@A$ � F I�$�p&@A F �(��$Ap&@AW�A F IH"���ª($A�#%f��I�$A" F �"o(�#�
$A�
�¢I�"� F¦F +#"o% � 	�� � �
	§%�DE�
$A FEF  ªI F I¡m�I¨%6	oDE�(ODE�A($a%oDE%'  � F � D / ��Ì¤e$A�kl��D4" F IBG� (�
m  �%6	oDE¡  � D � � F InDE	�_�
C'%6($&@An� D F #"o% � �
"o"oDEC F f�A_	o(m¡�
$a%6#	�ªI F IeG¿ #�
m  #%�	oDE
(@A� F DE��DE($A$AnÌ £ ��("o% F  � 	o�
C F ª(m¡ C�DE($�(�
$A$&@ ������"+ ��� �"+ ����� ���8��F FC��+-!G������Ì Ã $ � ��@A	�	�I
�A�
$A�:�
C�%6#$�DE	�@A$�/	�#�(�
$�"o%6	o@A�#%oD4��$cG� (�
m  �%6	oDEp&@A��A F Is"���ª($A/�
CA"�#	o¥� ( � I�	 F I �¢I�m  (	�I
�����"+ ��� �"+ �*�8���'�6�'�% F Q�f  � F I��(#m¡($a% � I�	§%�DE F �A F I+�(I�m  (	�I+($a%�	�W�A#@'Â � 	oDE"�#"Å�A�¥!@A©��� FC� �+-!G�����'�6Ì
Ä F @A" � 	! #�#DE"! (m¡#$&%(�&�(�
$A$AInD4"o"6I�$a% F IWG� (�
m  �%6	oDEz  � D � � F I¨D4	oÅ($a%6	o��A(@'ÂTD4m�I�G�("	� �x�%�  � ����("§%��#ªI��j��DE	� F I©m�In%6	§D4�#Wkl�
$A��Inm�#$a%�I F  � ��@ F I©m�In%6	§D4�#O�AO�(� F DE$f ¢I¨%�DE�
$ F 	� F In%oDE¥� ªI
@A$ � F In$���B	! #k¢ #	�#$A�(����&�
$ � (@�%_#"o%�DEm¡(	 F IH	o��%�I¨%�DE�
$9�A F IW�¢I�m  (	�IO#%_"6IW%�	6I�$A" F I¨%�DE�
$�ªIW@A$
kºI��#%�(@A	_���® (���A FEF  � 	(ª("#Ì��½I � 	o(m9D�ª#	�� #%6I � ��#�
$A"oDE"o%��#$ F ��#"o%oD4m�In%oD4�
$��A#"fm�In%�	oDE�(("d("o"�#$ �
%�DE F¦F W�% 'n��@ �����A�
m¡�
G
	�I � ��DE�ªI � In	o%�DE	|��("Åm�In%�	oDE�(("Åkl��$A��I�m¡($a%6I F Q#% '¨�
@ �AW�#� F D4$f (In%�DE�
$�Ì
£ ("em�I¨%6	oDE�(#" � (@'¥
($a% �#%6	oO("§%�DEm  #("��A F I¡m�I�$�D�ª(	�H"o@�DE¥nI�$a%���
� �10 * � 0 � �'Ì=:
À!�


� �J0 G ! F 0 � �'Ì=:�Án�
¤�$A7�(��$A$�InDE"�"�I�$A�(s�A(" � In	6I�m�ª#%�	�#"ÕDE$a%6	oDE$A"(ª(p&@A(":�A F I �(I�m  (	6IË("§%Õ�A�
$A�7$f #�(("o"6InDE	�nÌ
�x��	�"�p&@A F (" � I�	6InmÕª�%6	o("ÅDE$&%�	oDE$A"(ª#p&@A("e"��
$a%B#$a%�I����f #"B����(	�	o(@A	o"(� F ��#"o%oD4m�In%oD4�
$z��@z�|  � F I�� �
(m¡($a%B�A F I+�¢I�m  (	�IT#%|�A F I+"§%6	o@A�#%�@A	�W�� F IT"���ª($AW"o(	�I (GaI F (m¡#$&%|($a%�In���| (O����(	o	�#@A	�"#Ì
£  � ($A��In$&%(�\$A�
@A"W¥�(	o	��
$A"H��In$A" F I "o@�D¦%69p&@A9�(��$A$�InDE"�"�I�$a% F I m�In%6	§D4�#9�A9�(� F DE$f ¢I¨%�DE�
$ ªI
F � D4$ ��$�D\�#(	o%6InDE$A" � I�	6InmÕª�%6	o("B�AOm¡�
@�¥�(m¡($a%�#%B��O"o%6	o@A�#%�@A	� � (@'¥
($a% �#%�	�O�Â � 	§D4m  #"e#$
kl�
$A�#%oD4��$ �A("W¥nI F (@A	o"W	! # F¦F #"H#%O�A#"O(	o	�(@�	�"O�A©�(I F D4CA	�In%�DE�
$�Ì £ �
m¡m¡9$A�
@A" F ��I ¥��
$A"O�f ��§I
¥'@:� #piÌi� �'Ì¦Á2:!�o��� F IOm�I¨%6	oDE�(������A�
m¡�
G�	6I � �'D4B	! ( F¦F  � (@�%_"#�® #�(	§D4	o��#�
m¡m� F IO"��
m¡m¡��L��@A$�
m�I¨%6	oDE�(Õ�AÕ	���%6In%�DE�
$Ë#%�����@A$AÕm�In%6	§D4�#Õ��:	�I�$AG Á
���(Õp&@�D�"��%6	�I��A@�D¦% � I�	 F I7	� F I¨%�DE�
$
"�@�D¦¥nI�$a%6��


� � D � � D�� � � �
� 
0  *� � �'Ì=:a�&�

� � I�	o%oD4	B�� F I9m�In%6	§D4�# 
� �A�
$ � (@�%�#"o%oD4m¡(	 F I¡	o��%�I¨%�DE�
$ � � F I©%6	�I�$A" F In%oD4�
$ ªI9@A$zkºI���%6(@�	
���® #���A F¦F  � 	(ª("#���� � #% F I:$A�
	�m�I F  0  I�@ � F I�$ � ($ @�%oD F D4"�I�$a% F I/m  #%6���'�A �| (�#	oD¦%6 � I�	� I�	§% F  � ��In$A" )�� I�	o% F  �Laa�(*ÅC�I�"! #�"�@A	 F I �| (�#�
m � �
"§DE%oD4��$ ���WÆ=�� F I m�In%6	§D4�# 
� Ì � ��$
����#"o%oD4m¡(	O�#(" � I�	6I�m�ª�%6	�#"(���
$ � (@�%/ #GaI F (m¡($a%O@'%�D F DE"�#	 F #"WI F G
�
	§DE%��Am¡(" � 	�� � �
"! #"W��I�$�") ÙiI�@AG�(	6In"���� *e�
@ )  ��In$AG a
�nC"*eC�I�"! ("�"�@A	 F I7�f #�(�
m � �
"oD¦%�DE�
$V���'Ì;:
�&�+�A F Ism�In%�	oDE�( 
� ÌÆOI�$A" �# �A(	o$�D4#	z�¢I�" �A���G
@�	���|�
$c�
C�%oD4#$&%(�|#$?G¿ ($f #	6I F �|�A#@'Âc"o� F @�%�DE�
$A"z��D+%e (	�#$a%6("#Ì
£ #%�%�-DE$A�f �%6#	�m9D4$AIn%�DE�
$ � (@'%��# � ($A�AI�$a% ��%6	� F #¥� (��

� ��I�$A" F +�¢I�"�����@�$A©�#DEC F  � F I�$An��"§D F ���
$/��D4" � ��"�©��� DE$�kl�
	�m�In%oD4��$A"QG¿ #�
m  #%�	oDEp!@�("HI�� �
��D¦%�DE�
$A$A FEF ("#� � In	��Â'(m � F  F I-�#�
$A$�I¨D4"o"6I�$A�#QI �A� 	��¢Â!DEm�I¨%�D¦¥
Q�� F IH$A�
	�m�I F eI�@ � F I�$
�AH	! �k  (	�#$A�(n�



���v½rf¼ �v\²�~i°®v ³¡¹ºtO¯ ·��e·!²��v½¼ v�¼ tO¯O°¡³¡¹ºtO¯WvÈu\}_¼ �vx~�} � .

� ��I�$�" F T�¢I�"�����@�$A9�#DEC F ©$A�
$ � F I�$�©($ �#�
$A"oDE�f #	6I�$a%H@A$�"o(�#�
$A� � F I�$��A©	! #k¢ #	�($��(
#%e#$:���A�nD4"§D4"o"6I�$a% F I9"�� F @�%oD4�
$Õ�(��m�m+@A$A ) ÙiI�@AG�(	6In"��
�!* Ì

� � 	(ª("OI¢¥���D4	�("§%�DEm   F +�|  � F I��#(m¡($a% � I�	§%�DE F �A F I��(I�m  (	�I���D F ("o% � ��"�"oDEC F ©�A+	�(m¡�
$a%�(	
ªI �A("ODE$�kl�
	om�I¨%�DE�
$A"W"o@A	 F I G¿ (�
m  #%�	oDE¡�A F I�"o��ª#$A�Ì Ã $ � (@�%(� � I�	W Â'(m � F ��x�
C�%�($�DE	 F #"
� I�	�I�mÕª#%6	o("�"�@�D¦¥nI�$a%6"Wp&@A+$A�
@A"�@�%�D F DE"�#	��
$�"�ªI��A-$A�
m+CA	�#@A"�#"O	� � 	oDE"�#"W��I�$A" F I�"�@�D¦%6+�A@
�A�!�(@Am¡($a%\�

� F W	6In%oD4���-($a%�	� F ("B��DE"o%6I�$A�(#" �¡�%��  �A("B�#($a%6	o("��A � 	o�"�®(��%�DE�
$ �È�% �  I�@ � F I�$�AH	! �k  (	o($A�#%��
�=� �

� 
�Y�A#%�� � ��� Á � 0  * � �

� 
� �!Ì;:T:&�

� F e	�I �A� �
	o%��¡#$a%6	� F (" � 	��nkl�
$A�A#@A	�"_�(��@A	6I�$a%� ���½#%_�f #"oDE	! ( �  ����@A$ � ��DE$a%N:
Æ / �
������ �����
� � ���

� 
� 0  * � 0 * � � "oD / , �

� � ���
� 

�	� ) � * � � �  �� ) � *�� � � "oD / 
, �
� �!Ì;:7<!�

� F -	�I �A� �
	o%�
�($a%6	o F I � 	��nkl�
$A�A#@A	��(�
@A	�I�$a%6 ���f�% F I9��DE"o%�In$A�( �  �
����� ����

 � � �

� 
� �
0 * � "§D / , �


 � � �
� 

��� � � 
 �  �� � 
 �  � "§D / 
, �
� �!Ì;:a�a�

I¢¥
#���
�
� 

�� � � � � � �!Ì;:
�&�

ÆOI�$A" ) g/I F DE"eÀ
À!* �¿@A$�  #%�@A�A �#�
m � I�	�In%�D¦¥
 #$a%6	� ��D$%� (	o($a%6#"9m  #%6���'�A#"©�A�	�(�#�
$A"§%6	�@�� �
%�DE�
$ �A(" � In	6I�m�ª#%�	�#" �AËm���@�¥
#m�#$a% I �#�
$A� F @È"�@A	 F I � F @�" G�	6I�$A�� 	��
CA@�"o%6#"�"o ��("
m  #%6���'�A#"9@�%�D F D4"�I�$a%¡@A$Az("§%�DEm�In%�DE�
$Ë�A F I�m�In%6	§D4�#z�������
m¡�
G
	6I � ��DE�Ì £ �%�%6zm�In%�	oDE�( �%
F #" � I�	�I�mÕª#%6	o("©p&@��� F¦F  � (	om¡#%9�A 	�(�#�
$A"§%6	�@'D4	oÕ"o(	o�
$a%9@�%�D F D4"! ("¡��I�$A" F I/"o@�D¦%6 � �
@A	 F I
� F I�$�D ���¢In%oD4��$ �A�%�	6I �®#�#%���D4	o F �
	�"op&@�����$ $AQ�'D4" � �
"o � I�"d�A�m��!��ª F ��A F I+��D4C F �Ì'��$ �
@�%�	�n�
p&@�I�$A� F IB�(I F DECA	�In%�DE�
$-�A F I��¢Inm  #	6IB("§%½m�I F �(�
$�$!@��� D F #"o% � �
"�"§D4C F d�����
C�%6#$�DE	 F ���Â � 	�#"�"§D4�
$
I�$�I F �&%�DEp&@A���(" � I�	6InmÕª�%6	o("d("o%oD4m  #"|($¡kl�
$A��%�DE�
$��A(" � I�	�I�mÕª#%6	o("_	! # F "f�%d�A("d(	o	�(@�	�"d�A
�¢I F DECA	6In%oD4��$ ) g/I F D4" aTa *�Ì £ #�#D½$A�
@�" � (	om¡#%�%�	6I¡���® #%6@���D4#	 F I9"�#$A"oDEC�D F D¦%' +�AO$A�
"�m  #%��A�'��("
�A � F I�$�D ���¢In%oD4��$:�AH%6	�I �®(��%6��DE	�#"B¥!DE"��#ªI�� ¥&DE"��L�® �¥
($a%�@A F¦F #"W(	o	�#@A	�"e�AHm¡�'�f  F DE"6I¨%�DE�
$�Ì
£ �
$A"§D4�f #	��
$�" F I m�In%�	oDE�(©�#�
$a%6($AI�$a% F #" � I�	�I�mÕª#%6	o("QDE$a%6	§D4$A"(ª(p&@A#"+�A F I �(I�m  (	�I �(�
m¡m¡
(	o	��
$f #9#%O���
$A$f # � I�	 
0 �L�%O"�@ ��� �
"o�
$A"Op&@A F I m�In%6	§D4�#9�A©�#� F DE$f (In%�DE�
$ ªI F ��DE$!��$�D F �
� @�DE"�"o ��%6	�¡#"o%�DEm  (nÌ � F ��	�" F Izm�In%�	oDE�(¡�����A�
m¡�
G
	�I � ��DE�ªI F � D4$ ��$�D � #@�% �#%�	�¡("§%�DEm  (��A
F I¡m�I�$�D�ª(	o-"o@�D¦¥�In$&%���
�	� � 
0 G ! F � 
0 � D 
0 G ! 0 � 0 G ! 
0 � D�� 0 � � 0 G ! � D 
� � �!Ì;:`9a�



� E E � � � 3 0 6`��5��>��3 0

�xª@ � 0 � 
0 G ! 0>#% D ("§%e�A�
$A$f  � I�	L�
D � �º�A#%¢� 
�	� �o���� � �'Ì=:
�!�

�½IÕm�In%6	§D4�# �����A�
m¡�
G
	�I � ��DE #"o%�DEm  ( #$ � 	! ("�#$A�( ����#	�	o(@A	o"©�A �(I F D4CA	�In%�DE�
$ � (@'%©I F �
	o"
"(�® (�(	§D4	o�� 
� � 
�	� � 
 � �  
0  * � �'Ì=:Ta!�
I ¥�(���


0  * � 0  * � 0� 0  * � 0 G ! � � �'Ì <aÀ!�

#%\�

 � �  � D � 0  * � 0 G ! � � 0 � �  � �'Ì <AÁn�

Ä¿�
@A	 � F @�"O�A � 	! (��D4"§D4�
$�"-"o@A	W�#©�A(	o$�DE(	 � ��DE$&%(� F  F (�#%�(@A	�D4$a%' #	�#"�"!  � �
@A	o	6I "o©	� � �
	§%6#	
ªI ) g/I F D4" a
�(*�Ì½���n%6�
$A"H%6��@�%6�kl��D4"Hp&@A F I�m�In%6	§D4�#�#"o%�DEm  ( 
� � !

�


�	� #"o%+"oDEm9D F InDE	� ªI F I
m�I¨%6	oDE�(|�AÅ	��n%�In%oD4�
$T	! ( FEF �Ì £  F IQD4m � F D4p&@ABp&@A F #"��A(@'ÂTm�In%6	§D4�#("��
$a% F #"�m �#m¡("�¥nI F (@A	o"
� 	�� � 	�("O�%Op&@A F ("W¥
#�#%�(@A	o" � 	�� � 	o("O�A 
� "��
$a% F ("W¥�(�#%�(@A	o" � 	�� � 	�("O�� � mT@ F %oD � F D� ("
� I�	 � 0sÌ'ÆOI�$A"f�(W�(I�" F � I�$�G F Q�AW	��n%�In%oD4�
$ 
! #% F ��I¨Â'W�AW	o��%�In%oD4��$ 
5 �'�
C�%�($&@A"+ªI � In	o%�DE	|��
� � � #@�¥
#$&% ��%6	of Â � 	oDEm  #"�($Tkl��$A�#%oD4�
$+�A("¿¥�I F #@A	�"¿	! ( FEF ("�#%¿�A("�#	�	o(@A	o"��Af�¢I F D4C�	6In%oD4�
$O�

���� ���

! � !


5 � � 0 5
� � 0 5 �

� �'Ì <&�&�

�_$ � 	�In%�DEp&@A�� F I�m�In%�	oDE�(d�A_�(� F DE$| ¢In%oD4��$�ªI F � DE$!��$�D&$���("§% � I�"\%6�
@"�®��@A	�"\��DE" � �
$�DEC F �Ì Ã $ � (@'%
�( � ($���I�$a% F ��("§%�DEm�#	�#$Ë@�%�D F DE"6In$&% F � I F G
��	oD¦%6�Am¡ � 	o� � ��"! z��I�$�" ) ÙiI�@AG�(	6In"���� * Ì�ÆOI�$A"9�#
�¢I�"#� F ("f	� F In%oD4�
$�"W� �!Ì=<aÀ&���i� �!Ì=<AÁ¨���%O���'Ì=<a�&�¿$AQ"o�
$a% � In"|�Â�I���%6#"(Ì £ ��m�m¡�$A�
@A" F �¥
#	�	���$A"
��I�$A" F I�"o@�DE%����$A��"em¡�%6�A�!�A("e	�#"o%�($a%WI F �
	o"B%6	(ª#"�	��
CA@�"o%6#"QIn@'Â�(	o	�#@A	�"e�AH�¢I F DECA	6In%oD4��$�Ì

����� � � � � � � � �#� �
ÆOI�$�"e�#T����I � DE%�	�n��$A��@A"QI¢¥��
$A"Wm¡�!�|  F D4"!  F ��#$a¥!DE	���$A$A(m¡#$&%H�% F -�¢I � %�(@A	��¢I�m  #	6I�#$

� F ��$AG
¢In$&% F ("O#" � In�(("-�A©%�	6I¢¥nInD F ��I�$A"O��("H(" � I��(#" � 	��"�®#�#%oDEkl"#Ìx���
@A"WI ¥��
$A"� (G
I F #m¡($a%
¥'@/p!@L��D F #"o% � �
"o"oDEC F T�AT	o(m¡�
$a%6#	�ªI F I G¿ #�
m  #%6	§D4s  � D � � F InDE	� F D�I�$a%Q�A(@'Â:DEm�InG
("W�L��@A$�
"���ª#$Ae"o%�I¨%�DEp!@��Ì��\("�D4$'kl�
	�m�In%oD4�
$�"�$| (�#("�"�InDE	�("-ªI F ��("o%oD4m�In%oD4��$��A F IOG� (�
m  �%6	oDEz  � D � � F I¨D4	o
"��
$a%e��DE	�(��%6#m�#$a%W�Â!%�	6InD¦%6#"e�� F � D4m�I�G
H�%�$AH�A(m�I�$A��($a% � I�"��AO�(�
$�$�InDE"�"6In$A�(TI � 	oDE�
	oD
"�@A	 F IH"���ª($AnÌ £  � #$A��I�$a%¢�!"���$�#"o%�DEm�In%�DE�
$ � (@'%f"#� I¢¥� (	o(	f�|  F D4�(In%6n�'#$ � In	o%�DE�(@ F DE(	d��I�$A" F 
�¢I�"-�A F I�m�In%6	§D4�#�kl�
$���I�m¡($a%�I F  � ��@A	H�A("-�(�
$ ��G
@A	�In%�DE�
$A"-G¿ (��m  �%6	§D4p&@A#" � I�	§%�DE�(@ F D�ª(	�#"
� m¡�
@�¥�(m¡($a%6"O��+	o��%�In%oD4��$A" � @A	�#"Q�A F I��¢Inm  #	6I��i"o��ª($� � F I�$A &'&'& �6Ì £ #"Q�#�
$!��G
@�	6In%oD4�
$�"



���v½rf¼ �v\²�~i°®v ³¡¹ºtO¯ ·��e·!²��v½¼ v�¼ tO¯O°¡³¡¹ºtO¯WvÈu\}_¼ �vx~�} � �

 #%�In$&% %6	(ª#"��(�
@A	�I�$a%6#"Õ�AI�$A" F  �(�
$a%6 Â!%6 �A F ��I�"o"�(	§¥&D4"o"�(m¡#$&%/¥!DE"�@� F �e$��
@A"z@�%oD F D4"o(	o�
$A"
� F @�% ���% F I�m�In%6	§D4�#f��|�(� F DE$f ¢I¨%�DE�
$����( FEF  � �#D�I �
I�$a% F � I¢¥nI�$a%�InG
f"o@A	 F Iem�I¨%6	oDE�(_kl�
$A�AI�m¡($a%�I F 
�A_$A �§I�m�InDE" ��%6	od�f (G¿ #$| (	! (�Ì ����#"o%oD4m�In%oD4�
$-�A F Iem�In%�	oDE�(_�A_�(� F DE$| ¢In%oD4��$ � (@�%O #GaI F (m¡($a%
�#%6	o � 	��
C F  #m�I¨%�DEp!@� ��I�$�" F ��(I�"-�xª@ F (" � 	oDE"�#"T�A¡¥!@A "o�
$a%+%�	(ª#"+	�I �A� 	o�'���f #(" F #"+@A$�("
�A("�I�@�%�	�#"/�º($ 	6InDE"��
$ �A F ��DE$
	�@A#$A�(:�A("�CA	o@�DE%�"���Õm¡#"�@A	o¨��Ì £ ��A(	o$�DE(	 � ��DE$a% � #@�%
"(��I¢¥_ #	�#	:%6	(ª(" �  ($�I F DE"6I�$a%(�QI�@Y¥
�nD4"§D4$�InG
�A F I � �
"oD¦%�DE�
$?�| ("§D4	! (�� � ��@A	 F #":%6#���A$�DEp&@A("
����I�"�"o(	o¥&DE"�"o(m¡($a%d¥!DE"�@� F �\ª@+@A$©�(I F �#@ F �A F �����
m¡�
G
	6I � ��DE-ªIQ����Inp!@�|DE%' (	�In%�DE�
$T�� F IQC���@A� F 
�A��(�
m¡m�I�$A�A�("§%T$f #�(#"�"6I¨D4	o�Ì�Ä½�
@A	-$A��%�	� � I�	o%(�\$A�
@A"-#%�(��%6@A#	��
$�" F ��#"o%�DEm�In%�DE�
$ �� F I
G¿ (��m  �%6	§D4:  � D � � F InDE	��@A$�DEp!@�(m¡($a%�($a%�	� F ("fD4m�I�G
#"fDE$�D¦%�D4I F �#%|�| ("§D4	! (��'����("§%��(ªI �j��DE	� F ��DE$
�A F I��#�
$a¥
#	�G
#$A�(nÌx���
"�m  �%6�A�!�A#"Q$A+"�(	o�
$a%O�A�
$�� � I�" �  #$�I F D4"! ((" � I�	Q�##%�%�T��D+ ��(@ F %' nÌ
£ �
$A$�I¨D4"o"6I�$a% F I�G� (�
m  �%6	oDE  � D � � F InD4	o���$A�
@A"HI¢¥
��$A"� (GaI F #m�#$a%O¥'@7p&@�� D F ("§% � �
"o"oDEC F 9�A
	�#m���$&%�(	ÕI�@c�f  � F I��(#m�#$a% � In	o%�DE F �A F I �¢I�m  (	�I #%������
C�%�($�DE	z�A(" DE$�kl�
	om�In%�DE�
$A"z"o@A	
F I G¿ #�
m  #%�	oDEz�A F I "o��ª($��Ì��\z�¢I�"9�\ª@ F I��¢I F DECA	6I¨%�DE�
$Ë�A F I �(I�m  (	6I #"o%¡m�I F �#�
$A$&@AÕI
 (GaI F (m¡#$&%z �%' H��DE"��(@'%' �Ì



� � E � � � 3 0 6`��5��>��3 0



&Õ¹º}�·'·�vx~A»�°§·'·�v½¼ v½¯|²Y»�°§·�tWv½¬ � ^

� � ��� '4%�+- �

� 
U� " "R ,+ � 'D" "  b$  � % � 'D" 
  b�

ÆOIn$A"_�(e����I � D¦%6	o��!$A�
@A" � 	! #"�#$&%��
$A"Å@�$ CA	o#kQ �%�In%d�A F ��I�	§%|�A#"d%�(���A$'D4p&@A#"B��� In"�"�#	o¥&DE"��
"�#m�#$a%f¥&DE"�@A F Ì'���
@�"d�f (�(	§DE¥��
$A" F #" � 	oDE$A�#D � I F ("d"o%�	�@A��%6@A	o("d�A��(�
m¡m�I�$A�A � (	om��%�%6I�$a% F I
	! (I F DE"6I¨%�DE�
$9�Af%��I����A#"�	��
C���%oD4p&@A#"�ªI � I�	§%�DE	��A#"¿DE$�kl�
	om�I¨%�DE�
$A"�¥&DE"�@A FEF ("� Â'%�	6InD¦%6#"���� D4m�I�G�("
kl�
@A	o$�D4#" � I�	_@A$��(I � %�(@A	d�A�¥!DE"oDE�
$�Ì!�e�
@A"d�| (�#	oD¦¥
�
$A"fCA	oD ª#¥�(m¡($a% F ��I �A� 	o�'���A�kl�
$A��%�DE�
$��A
% �I�����Å%6	(ª#" F In	�G
#m�#$a%_(m � F � �� #���In$A"��(B�A��m�I¨D4$AnÌa����@A" � 	! #"�#$&%��
$A"_($�"�@�D¦%6��ABm�I�$�D ª(	o
� F @A" � 	! #�#DE"� F #"e�'D$%e (	o($a%6"e"����f #m�I�"���O�(�
m¡m�I�$A�AT��Æ©��:
ÆV#%Q��Æ©Á('
�!Ì��e�
@A"�$A�
@A"eIn%o%�I��
���A(	o�
$A"9ªI � 	! (��D4"o(	 F #"eI ¥nI�$a%6I�G
("e#% F ("�DE$A�(�
$a¥� ($'D4#$&%�"W�AH�(#"B%6	��nD4"eI �A� 	��!���A("#Ì

���� � � ��������� ������� �
��� D4$a%' (G
	�In%�DE�
$¡�A("_�A��$A$f (#"_�¢I � %�(@A	o"f�% � F @A" � I�	o%oD4�#@ F D�ª#	�(m¡#$&%f�A��( FEF ("�DE"�"o@A("d����@A$A

�¢I�m  #	6I©��I�$�" F I+C��
@�� F W�AQ�#�
m¡m�I�$A�AO�A#"Å	���C���%�" � (	om��%B@A$   F I�	oG�DE"�"�#m¡($a%BD4m � �
	o%6I�$a%
�A@ �A��m�I¨D4$A:����I �A� F D4�(In%�DE�
$ �� F Is	o�
C��n%�DEp!@�/#% @A$A/I�m   F D4�
	�In%�DE�
$J�(�
$A"§D4�f (	6InC F /�A F I
� 	! #�#DE"oDE�
$/��(" � ��"oD¦%�DE�
$A"��
C�%�($&@A("#Ì�ÆWO$A�
mTC�	�(@!Â�%6	6I¢¥nI�@'Âz�
$a%��A�
$A�� #%' Hm�#$f ("e��I�$�"e�#
"�#$A"f�%_�
$a%d�A�
$A$f  F D4#@7ªIO@A$� F D¦%�%' #	6In%�@A	��InC��
$���I�$a%6nÌ&���
@A"�DE$a¥!D¦%6��$A" F  F (�#%�(@A	OªIO�(�
$�"�@ F �
%6#	 ) � @�%�����DE$A"��
$ a
�'� � In"���DEm¡��%6� aT:
I!� £ ��	 &� aT:!* � � �
@A	d@A$A � 	! #"�($a%6In%�DE�
$z�Â'��In@A"o%oDE¥�W�A@
�A�
m�InDE$A��®@A"�p&@���($Á2aTa
��Ì
�����
C �®(�#%oDEk��A F ��I�"�"o(	§¥!DE"�"o(m¡($a%f¥!DE"�@� F #"o% F ��DE$a%' #G
	6In%oD4��$9($©%6#m � "�	! # F ����DE$�kl�
	om�In%�DE�
$A"�¥&D �
"�@A FEF ("ÅDE"�"o@A("|����@�$AW�
@ � F @A"§D4#@A	�"|�¢I�m  (	�I�"Å��In$A" F I+C��
@A� F W��Q�(��m�m�I�$��AW�A@�	��
C���%|I ��$
����($7�(�
$a%�	��� F (	 F ("Om¡�
@�¥�(m¡($a%�"(Ì �\(" � 	o(m9D4#	�"W%�	6I¢¥nI�@'Â7I �
I�$a% � �
	§%' ©"o@A	O�A#"O"��!"o%¢ª(m¡("
�AO�(��m�m�I�$��AH($ÕC��
@�� F O�
@�¥
#	o%�-"o�
$a%��f (�#	oD¦%6"���I�$�" ) É��
"�#$ 9��!�� ½I�$�D�9T9 * Ì �xI � 	! (�#DE"oDE�
$
�
C�%�($&@AW�f  � #$A��InD¦%BI F �
	o"f�'D4	o(�#%�(m¡($a%��A F I	�®@A"§%6("o"�O�A#"|m¡�!�\ª F ("f@�%�D F DE"! #"Å#%|�A F ITp&@�I �
F D¦%' H�A F I��(I F D4CA	�In%�DE�
$��A F I��(I�m  (	6I¡#%e�A@Õ	���C���%(Ì

�\ � 	oDE$A�#D �  �� F I C��
@A� F �kl(	om  ( I  #%'  F I�	oG
(m¡($a%:I��A� � %' 7I �A$?�L� I�m   F DE�
	�#	 F I � (	 �
kl�
	�m�I�$��(e�A("d"��!"o%¢ª(m¡("#Ì �\(" � 	o(m9D4#	�"d%6	6I¢¥nI�@'Â��AI�$A"d�(e"�($�"|"���$&%f�A@A"OªI+�'��DE	6InDi�%|hj$A��@A
p&@�D��f #�(	§DE¥�($a%-#%O	! ¢I F D4"o($a%H@A$A+% �I����AT��� In"�"�#mTC F I�G
¡��In$A" ) �'��DE	6InD�97:(*�Ì �\("W"��'"§%¢ª#m�#"H�A
�(�
m¡m�I�$A�� � I�	d¥!DE"oDE�
$ � (@�¥�($a%��#%�	�W� F In"�"oD �| #"(�A�A�m�I�$�D�ª(	�Q"o%�In$A��I�	o����#$ @�%�D F D4"�I�$a%B�A(@!Â



� � � ��.
/10 �2��34	�5�67�2��3 0

�(	oD¦%¢ª#	�#" ) ��I�$A��(	�"o�
$���À *
�
Á
Ì F ��@�%oD F D4"�In%�DE�
$:�
@�$A�
$Õ����@�$AHC��
@�� F HDE$a%6#	�$An�
�'Ì F ��(" � I��#+�AH�#�
$a%6	��� F nÌ

ÆOI�$A" F Å�¢In"��xª@ F Å"��!"o%¢ª(m¡�$A � �
"�"(ª(�A � I�"��AÅC��
@A� F fD4$a%6#	�$An� F Å"��!"o%¢ª(m¡��AÅ¥&D4"§D4��$©kl�
@A	��
$�DE%f��DE	�#�#%6#m¡($a%B@A$Ae("§%�DEm�In%�DE�
$ �A F �® �%�In%f�A@ 	o�
C���%fI�@'Â�I�	§%�DE�(@ F In%�DE�
$A"#�&"�e"�@ACA"§%�D¦%6@�In$&%+ªI
"�("e�(��$&%�	��� F (@�	�"(Ì �xI9"o%�InC�D F DE"6In%oD4�
$:("§%�@�$�D4p&@A#m¡($a%O	! (I F D4"! (-($/@'%�D F DE"6I�$a% F +	o#%6��@A	�"�@A	 F 
"��!"o%¢ª(m¡+��W¥!DE"oDE�
$ ) ��I�$A�A#	�"o�
$��T: *�Ì�ÆOI�$A"B�(O�(I�"B�A ��G�@A	�n� F Q"��!"o%¢ª(m¡+����DE%|kl�
@A	�$'D4	B@A$�
("o%oD4m�In%oD4��$�A F �j #%6In%�ªIÕ@A$���(I��A($��(   F �¥_ (�Ì¿��$	�InD4"o�
$�� F � D4$
	A@A($A�# DEm � �
	§%�I�$a%6��A#"
� #	o%6@�	�C�In%oD4��$A"T"o@A	 F ��("o%oD4m�In%oD4��$%6#m � "©	! # F �A F �® #%�I¨% ) %fDE"��A� � a7< * �x�(¡% � � ��A "o���| (m�I
IV �%'  � #@ @�%oD F DE"! �Ì��s#DE"�"��Â � F ��D¦%6/�##%o%6�"o%�	�@A��%6@A	o � �
@A	¡�(��$&%�	��� F (	�@A$ 	��
C���% � F I�$�I¨D4	o
ªI %6	��nD4"W��(G
	! ("O�A F DEC�#	o%' 9���
$a% F #"HI�	o%oD4�#@ F In%�DE�
$A"W"o�
$a%H�
CA"o(	o¥� #(" � I�	W@�$A9�¢I�m  #	6I ��I�$�") �s#DE"�"��`9 * Ì Ã $s	��%6	���@�¥
#	6I F  m �(m¡�% � �  �� "o%�	�@A��%6@A	o ��In$A" ) �cD �®#"��
m�I aT: * � �
@A	-@A$
	��
C���%9ªI���(@'Â:I¨Â'#"(Ì�ÆW("B%6	�I ¥nI�@!ÂÕ��I�$A"e�(-"�#$A"Q�
$a%Õ (GaI F #m�#$a% � �
	o%' H"�@A	 F I¡�(��m�m�I�$��A
�AH	��
C���%©ªI9"oD ÂÕ�A(G�	! ("e�A F D4C�(	§%'  )�� I�"��'D4m¡��%�� aT:nC�� �HI�$AG F � %7À
À(*�Ì
ÆOI�$A" F z�¢I�"9�\ª@ F z"����f (m�Is�Az�#�
m¡m�I�$A�Az@�%oD F DE"! �("§%��'D� #	6I�	o����D4p&@A �º@�%�D F DE"6I¨%�DE�
$J�L��@A$�
C��
@�� F  D4$a%6#	�$A���� F  "��'"§%¢ª#m���A�¥!DE"oDE�
$ kl�
@�	�$�D¦%9@A$A �(�
$A"§D4G�$A�I�@ �(��$&%�	��� F (@�	©�A@ 	���C���%
p!@'Df�(I F �(@ F  F ("-�f  � F I��#(m¡($a%�"/ªIÕ	! ¢I F D4"o(	-��I�$A" F ��#" � I��# I�	§%�DE�(@ F InDE	� � I�	 F ��DE$a%6(	om  (��D4InDE	�
����@�$AQC��
@A� F �kl(	om  #eDE$a%6#	�$A�p!@'D�"§%�I�C'D F D4"o F �"��!"o%¢ª#m¡�ÌA��$�@�%�D F DE"6In$&%|@A$A�%6 FEF �"§%6	o@A�#%�@A	�n�
F I9�¢In�A($A�#H�A@ � 	��!�(#"�"�@�" � (@�% ��%6	�HInm�#$f (-I�@z%�(m � "�	! # F ¥&DE�| (���A*<aÀ©m¡"(Ì��\ � 	o�'�#(" �
"�@A"W��T¥&D4"§D4�
$ �% F ©"��!"§%¢ª(m¡9	o�
C��n%�DEp!@�©"��
$a%WI F ��	�"Q� F I¨D4	o(m¡($a%H��DE" �®��DE$a%6"#�L�(Tp!@'D � (	�m¡�%
@A$A � F @A"ÅG�	6I�$A�� � �
	o%6I�C�D F D¦%' W�%Å"§D4m � F D4��DE%' O�A(" � 	��!�(#"�"�@�"B�AW�(��m�m�I�$��A � I�	d¥&D4"§D4�
$LÌ Ã $
� �
@�	�	6I+"�W	o � �
	o%�(	-ªI ) £ �
	�&� a
�!* � ��@A	|@A$�/ #%�@A�AW"o@A	 F (" � (	§kl�
	�m�I�$A�#("Å� �'$AI�m9D4p&@A#"e��
�(#%o%6-"o%�	�@A��%6@A	o�Ì

�xe"�#�(�
$�� � �nD4$a%f�¢I�	�I��#%' (	oDE"6In$&% F #"f"o���f (m�I�"|�A��#�
m¡m�I�$A�A��(�
$A�#(	o$A F e% � � Q��� DE$�kl�
	�m�I��
%�DE�
$A"_¥!DE"�@� F¦F #"B@�%�D F DE"!  � ��@A	_�|  ��$'D4	 F e"oDEG
$�I F ����(	o	�(@�	HªI-	! (G�@ F #	(Ì!ÆOI�$A"d�(�%�%�Q� � %oD4p&@An�'��$
� #@�%e��D4"§%�DE$AG
@A#	e%�	���DE"�G
	6In$A�A("�� F I�"o"�#"��AHm  #%��A�!�A("��

� F #"¡I�"�"o(	§¥!DE"�"o(m¡($a%�"�¥&D4"o@A F "¡($Ë"oD¦%6@AIn%�DE�
$��¿�
@ËI�"�"o(	§¥!DE"�"o(m¡($a%�" ¥&D4"o@A F "�:
Æ©�¿�\ª@?ªI
� I�	§%�DE	+�A � 	§D4m9D¦%�D¦¥
("T�Â!%6	�InDE%�("+�A F � D4m�I�G
n�¿�%+¥&D4I:@A$sm¡�'��ª F ��A F IÕ�#DEC F ��
@s@A$
($A"o(m+C F 9�L��DEm�I�G
("��A F I�"o��ª#$A����
$��f �%6(	om9D4$A F I � �
"§DE%oD4��$/#% F ���
	§D4#$&%6In%�DE�
$��� F I
�¢I�m  #	6I��AI�$A"Q@�$/	� � ª(	o+��T	! �k  (	o($A�#�Ì �_��(	o	�#@A	Q#$&%�	� F I��(�
$ ��G
@A	�In%�DE�
$/�f ("oDE	! #T�%
F I¡�(��$!��G
@A	�In%�DE�
$��(��@A	6I�$a%�+#"o%e�Â � 	§D4m  (-��I�$�" F ��#" � In�(-�AO%6	6I¢¥nInD F �A@Õ	��
C���% �

� F #" I�"o"�#	o¥&D4"o"�#m�#$a%6"ÕC�I�"! #" DEm�InG
��d�
@ In"�"�#	o¥&DE"�"�#m¡($a%6"�¥&D4"o@A F "���Æ �\ª@ F I F �nD���
�(�
m¡m�I�$A��+#"o%e��DE	�(��%6#m�#$a%W�Â � 	§D4m  #T��I�$�" F ��(" � I��(-�A@Õ�¢I � %�(@A	 �

� F #"�In"�"�#	o¥&DE"�"�#m¡($a%6"_� �!CA	oDE�A("¿�
@+I�"�"o(	o¥&DE"�"o(m¡($a%6"�¥&DE"�@A F "���Æ©Á('
�fDE"�"o@A"��A#"½%�	6I¢¥nI�@'Â
m¡($f #"ËªI F ��h®É�h§� � ) g:I F DE" a
����g:I F DE" aTa!* � @�D4"�	o � 	§D4"�($�"�@�D¦%6 � I�	z Â�#m � F  ��I�$�") gÕ�
	� F À
À�� £ I�m9D F¦F � À
À *�ÌdÆOI�$A"��(:�¢I�"#� F ��#	�	o(@A	7ªIs	! #G
@ F (	�"�/�#�
m � ��"� ªI F I7kl��DE"
��� D4$�kl��	�m�In%�DE�
$A" :
Æ #%Q��Æ©Ì

���
@A"B	o#¥&DE($A�A	o�
$A" � F @A"B#$z�| #%6InD F "�@A	Å�#("Å%�	���DE"BI �A� 	��!���A("B��In$A" F I©"�@�D¦%6O�AQ�(W����I � DE%�	�nÌ



&Õ¹º}�·'·�vx~A»�°§·'·�v½¼ v½¯|²Y»�°§·�tWv½¬ � 8

�\("H"��!"o%¢ª(m¡("+	��
C���%oD4"! ("HmT@A$'D4"-����@A$A¡�¢I�m  #	6I � #@�¥
#$&%7 (G
I F #m¡($a%��%6	o��'D4"§%�DE$AG
@f #" � In	
F  � �
"oD¦%�DE�
$A$�(m¡($a%W��("��¢I�m  #	6I�"��

� F �
	�"op!@� F IÕ�¢I�m  #	6I/$���I � I�"T�A F D4InDE"��
$m  #�¢I�$'D4p&@AzI¢¥�(� F  	o�
C��n%TIn"�"�#	o¥&D � I�	-¥&D �
"oDE�
$��'�
$ � In	 F (	6I+��� In"�"�#	o¥&DE"�"�#m¡($a%�¥&DE"�@A F �f  � �
	§%' nÌ!�xIT�(I�m  (	6I+("o% � �
"§DE%oD4��$A$f (Q�A
m�I�$�D�ª(	o�ªI+�#Qp&@��� F¦F W��CA"�#	o¥
 F ���
	�GaIn$Ae%�(	om¡DE$�I F ) Ù F In$A��DE$/À
À *���@ F I-�(�
$ ��G
@A	�In%�DE�
$
I�	§%�DE�(@ F InDE	�e�A@ 	o�
C��n% ) É�@�k�À
À(*��
@ #$A�(�
	o¡ªI F IOkl��DE"f��("|��C!�®#%�"|��� D4$a%' (	
��%Å�% F ����	�GaI�$�
%6#	�m9DE$�I F �A@�	���C���%���I�$�" F ��#" � I��#©�A-%6	6I¢¥nInD F ) � ��	6I�@A�La
� *�Ì�� FEF  � (@�% �#%�	� �'Â�T�
@
m¡�
$a%' #+"o@A	�@A$/In@�%6	o-"��!"o%¢ª#m¡+m  (�(I�$�DEp&@A ) g/I�	o����I�$A�/À�Á#* Ì

� F �
	�"op!@� F I��¢Inm  #	6Ie("o%�m¡�
$a%' (f"�@A	 F ���
	oGaI�$A_%6#	�m9D4$AI F ���
$ � I�	 F #	6I��L� I�"o"�#	o¥&D4"o"�#m�#$a%
¥&D4"o@A F #mTC�I�	op&@| �Ì £ #%o%67�(��$!��G
@A	�In%�DE�
$Y("§% F I � F @A"�	!  � I�$A�A@� ) � In"���DEm¡��%6� aT:
I!�� @'%6����DE$A"���$ a
�!* Ì����
@�"Õ #%�@A��DE(	o�
$A"W��In$A" F I�"o@�DE%�T�A@:�A�!�(@Am¡($a%O�#+% � � T�A-�(�
$ �!�
G
@A	�In%�DE�
$+C�D4#$©p&@A F I � F @ � In	o%¿�A("�	! ("o@ F %6In%6" � @�DE"�"o��#%6	o¡ �%6#$A�A@A+ªI F Ie�(�
$ ��G
@A	�In%�DE�
$
�f  � �
	§%' #�Ì

����� � � � � � � � ��� � ��� � � � � � � �
� � ��� ��� � � �
� � � �
� $ � $�B �µ¯ �W~�vxw�}_¸Tvx~��uxt

ÆW�$A�
mTC�	�(@!ÂO% � � #"¿�A��#�
m¡m�I�$A�A � (@�¥�($a%½"(��I �A� F D4p&@A#	¿& ��¢I��#(m¡($a%�ªI���("\"��!"§%¢ª(m¡#"
mT@A$'D4"H�A¡�¢Inm  #	6I�"#Ì £ (	§%�InDE$A#"+�#�
m¡m�In$A�A("O%oD4#$A$A($a%-�(��m � %6¡�A F I�� �'$AI�m9D4p&@A¡�A@7	����
C��n% ) ÉBD¦¥
(" a`9'���O��DE¥�� a'Á
���O F¦F �La
�'� £ �&@�In$AG aT9'�� ½I�	�C��
@A	§D4#����À
À(*�Ì�ÆOI�$A" ) �-In$AG F � %RaTa!�
�-In$AG F � %7À
À(*��d@A$A:�(�
m¡m�I�$A�A:�A:% � �  �HÄ £ ("o% I �A� F DEp!@f ( I�@ "�@�D¦¥&DQ	�I � DE�A/�A � 	����
� F ��In$A" F ��(" � I��#��A@7�(I � %6#@A	O��I�$�" F 9�(I��A	�9�L��@A$��In	�����D¦%6#�#%6@�	�¡�A9�(��m�m�I�$��A¡��D4	o(��%6
� "�I�$A"�C���@A� F WD4$a%�(	�$�-��-	! (G
@ F In%oD4��$Õ��(" � ��"oD¦%�DE�
$A"�I�	§%�DE�(@ F InDE	�("��A@�	o�
C��n%#��Ì�ÆOI�$A"B�#W%6	6I �
¥nInD F � F � I�@'%6(@�	H%oD4#$a%+�#�
m � %6 ªI F I kl��DE"H�A F Iz�!�!$�Inm¡DEp&@A ��@s	o�
C��n%O#%-�A F I�� �'$AI�m9D4p&@A
�A@Õ�¢I � %�(@A	#Ì

¤�$AdG
	�I�$A�A � I�	§%�DE_�A("x%6	�I ¥nI�@!ÂH"�d�(�
$a%�($a%6d���®  F I�C���	�(	x�A#"¿�#�
m¡m�I�$A�A#"��#DE$f #m�I¨%�DEp!@�("��%
�(�
$�"oDE�\ª(	o F ¡	��
C���%O�#�
m¡m�¡@A$ DE$a%' (G�	6In%�(@A	 � I�	§kºInD¦%¢Ì\ÆOI�$�" )  I�$�$A-À
À * �\@A$A9�#�
m¡m�In$A�A
� I�	¡m¡�'��ÕG F DE"�"�I�$a% #"o% I �A� F D4p&@f #/In@J"o@�DE¥&De�A�%6	�I �®(��%6��DE	���¢In	o%' #"oDE($A$�/�A F I �(I�m  (	6I'Ì
ÆOI�$A"¡�(��(I�"(� F I7%�	6I �®#�#%6�nD4	oÕ�� F I7�¢I�m  (	�I #"o%�"oDEm � F #m¡($a% �f  ��$�DE/�#�
m¡m��@A$� F D4G�$A
�A	��nDE%��($a%6	o "6I � �
"oD¦%�DE�
$ DE$�D¦%�D4I F  #%z"�I � ��"oD¦%�DE�
$ ��$�I F �ÌÅÆW(" �#�
m¡m�In$A�A(" � I�	 	o#%6��@A	
���® #%�I¨%Q$A��$ F D4$f (InDE	�("�#% � I�	 � F I��(#m¡($a%W�A � �� F ("�"��
$a% � 	�� � �
"! (#"Q��I�$�" ) g/I�	§%�DE$A#% aTa!*x�%) Ä¿I � I�$'D &n� F � � �
@ F �
" a�Á�* ��	�#" � (��%�D¦¥
(m¡#$&%(ÌxÆW("��(��m�m�I�$��A("QI���I � %6In%�D¦¥
#"Q"o�
$a% � 	o� � �
"! #("
��I�$A" ) ��D4"o"W�`9�*�Ì�ÆW#"x�(�
m¡m�I�$A�A#"¿��_% � � #� 	Ë�
@ � 	 �JCAI�"! #("½"�@A	 F IBm9DE$�D4m9DE"6In%oD4��$T����@A$
�(	§DE%¢ª(	��p&@�I��A	�In%�DEp&@Ae%�(m � " �� ($�(	�GnD4�"��
$a%f�| (�#	oD¦%6("|��I�$A" ) � I�"o��D4m¡��%�� a
�!�'�'m9DE%��
a`9�*�Ì!¤e$A
�(�
m¡m�I�$A�� � I�	x	o#%6��@A	¿�L�® �%�In%½�(��$&%oD4$&@©$��
$+"§%�In%oD4��$A$�InDE	� � ��@A	¿��("½	��
C���%6"x$A��$T�A� F ��
$A��m�#"
("§% � 	o� � �
"! #-�AI�$A" )  Å"�I"&aD4	§D4" a
�!* Ì
�\("9I ��� 	��!���A("T@�%�D F DE"6In$&%¡@�$A �#�
m¡m�In$A�Az�A�% � �  � 	o� � �
	o%oD4�
$�$A F � � (	om��%�%6I�$a%9����I�"�"o@ �
	�#	e@�$A+�f (�(	o��DE"�"6In$A�(+�Â � ��$A($a%�DE F¦F ©����@A$AH(	o	�(@�	�C�DE($:�f  �A$�D4n�i"��
$a% F #" � F @A"e�(��@A	6I�$a%�("



� � � � E XN� 6T3_�-��� 0 	�� � 0 �U�>�[���2\Q���>�[���� 0 ��\Q� �[5���

��I�$A" F e�A�
m�InDE$Ae�A F ��I�"o"�(	§¥&D4"o"�(m¡#$&%�¥&DE"�@A F ) £ ��I�@Am¡�%�%6 a
À!� � I�G
#	Ya`9'� � In"���DEm¡��%6� a`9!�
g/I�	o%oD4$�#% a
��� � @�%6����DE$A"o�
$ a
�(*�Ì
�x_kl�
	om�I F DE"�m¡|�� F I�kl��$A�#%oD4�
$+�A_% �I����A � #	�m¡#%¿�Af�(�
$A"§%6	o@�D4	of��|m�I�$�D�ª(	of"§D4m � F |�A#" F ��DE"
�A¡�(�
m¡m�I�$A�A¡��DE	�#�#%�(m¡($a%©�AI�$A" F ��#" � I��#���("H�¢I � %6(@�	�"(Ì £ 9kl�
	om�I F DE"�m¡�I  #%' ¡In��I � %' 
I�@'Â � 	o�
C F ª(m¡("��A F ��I�"�"o(	o¥&DE"�"o(m¡($a%z¥&D4"o@A F �A@A	�I�$a% F ("¡%6	�I¢¥�In@'Â �A�%6��ª#"�/�f (�(	§DE%���I�$�") £ ��In@Am¡#%�%� a�À!*�Ì £ �%�%�Õ%�(���A$�DEp&@A/��Õ�#�
m¡m�I�$A�A � #@�% � 	�#$A�A	o:#$J�#�
m � %6 F I �!�!$�I �
m¡DEp&@AÕ�A@J"��!"o%¢ª#m¡�ÌfÆOI�$A" F I "o(�#%oD4��$ "�@'DE¥nI�$a%6n�_$A�
@A"�I F¦F ��$A"9¥
��DE	¡�(�
m¡m¡($a% I �A� F D4p&@A#	
�(#%o%6¡I ��� 	��!���A � �
@A	: �%�I�C F DE	W@A$A9�#�
m¡m�In$A�A9($ ¥&D¦%6("o"�n�\($7$f (G F DEG
¢In$&% F I �!�!$�Inm¡DEp&@A
�A@	o�
C��n%¢� � (	�m¡�%�%�In$&%+D4�f ¢I F (m¡($a%T@A$A �f (�(	o��DE"�"6In$A�(  Â � �
$�($a%�DE F¦F  ����@�$A�#	�	o(@A	+C�D4#$
���A��DE"oDE�Ì

� $ �%$ � &¡} u\rf¼ ¼¾}_¯W³OvÈ¸W}�~cw r|¯WuL²A°§rf¯´³Ovµ²��}�u��Wv
�����	���	��
 �����������������������! #"$���&%'�������(�)�*��+ �%-,.�

ÆOI�$�" F dkl��	�m�I F D4"om�f�f #¥� F � �A�  |��I�$A" ) ��Inm�"o�
$ a�Á�* �¨��$T�(��$A"oDE��ª(	o F ("��(I�"½�xª@ F ("½% �I����A#"
	��
C���%�DEp&@A("WªIW	! ¢I F D4"o(	 � (@�¥�($a%|"#�� Â � 	oDEm¡(	d"��
@A" F IQkl�
	�m¡B����@A$A�	! (G
@ F In%oD4�
$�ªI �  #	��H"�@�	�@A$
�A�
	oD � ��$:%6#m � �
	o F ��$�D½����@A$AHkl�
$A��%�DE�
$/�AH% �In���A � $ � � � � �0/6���ip&@�D¿�Â � 	oDEm¡ F ��#	�	o(@A	e($a%6	o
F I¡�(�
$ ��G
@A	�In%�DE�
$�"��
@���InD¦%' (-#% F I9�(�
$!�AG
@A	6I¨%�DE�
$:�#�
@A	�I�$a%6��

� � � �0/6��� � � � � � �1/6� � � ( ��/6��� � :'ÌEÁn�
�xª@O�

� � 	o � 	! ("o($a%6 F O¥
#�#%�(@A	e�(�
$a%�($�I�$a% F #"��(�!�
	��A��$A$f (#"QIn	o%�DE�(@ F InDE	�#"���@Õ	o�
C���%¢�
� � ("§%|@�$A�m�In%�	oDE�(e�Ae��D4m¡#$A"oDE�
$"� 3 & �!�xª@D��#"o% F e$A�
m+CA	�e�Ae�A(G
	! ("d�A F DEC�#	o%' 
p&@A F ����$�f #"oDE	� �#�
$a%6	��� F #	T#%5&1#"o% F I:�'D4m¡($�"oDE�
$ �A@s¥�(��%6(@�	©�A m¡#"�@A	o�Ì £ �%�%�
m�In%6	§D4�#©("§%HI �A�  F  ( �����2� ��6T�R	�� 6T3_�R��� 0 �U���[3 0 #% � #	�m¡#% F I � 	oDE"�©#$ �(�
m � %�
����@A$A7 #¥
#$a%6@A FEF T	o(�A�
$���I�$A�#+��� DE$�kl�
	�m�In%oD4��$A"(Ì

� � ("o% F  \_��67�>��5Q� 	��
����>5���� �
C�%6#$&@ËªI � I�	§%�DE	Å�A#"e���
$A$f #("�¥!DE"�@� F¦F #"��#�
@A	6In$&%�("#Ì
� � ( ��/6��("o% F IT%6	�I �®(��%6��DE	�Q�| ("§D4	! (H�A � �2/6�e� � In	 F I©"o@�D¦%6����
$z(m � F ��DE(	6I #GaI F (m¡($a% F %6#	�m¡ 6T3 0 �>� � 0 � � �
@A	B�f ("oDEG
$A#	 � ( ��/6���6Ì

�x � 	��
C F ª#m� �� F I 	! (G�@ F I¨%�DE�
$ �A F Iskl�
$��#%�DE�
$c�A:% �I����A/("o% C�D4#$ � �
"! �"oD � � �
"o"(ª#�A
�((	§%�InDE$A#" � 	o� � 	§D� �%' ("#Ìi��$ � In	o%�DE�(@ F DE(	#�AD F �A�nDE%� Â'DE"o%�(	e����@A$A � I�	§%¢�A@A$�H%�	6I �®#�#%���D4	oOD4�f (I F 
#%f@A$�DEp!@�Q�A � %� F¦F �p!@� F IHkl�
$��#%�DE�
$��Ae%��I����A�"���D¦%|$&@ F¦F ¡ªI-����I�p&@A�DE$A"§%�I�$a%Å"o@A	 F ���A�
	§D � �
$
%6(m � �
	� F �i�%���� In@�%6	o � I�	o%(� F ��§I��#�
C�DE($Õ�A F I©% �In���A��

354 �76 �
6 �

� :'Ì �&�

�A��D¦% �#%6	oW	! #G
@ F D4#	�I�@�%��
@A	Å�AO�##%o%6W%6	�I �®(��%6��DE	�nÌ £ ��("o% F I � 	o� � 	oD  #%' O����I��Am9D4"o"oDEC�D F D¦%' -�A F I
kl�
$A�#%oD4��$:�AO%��I����A�Ì



&Õ¹º}�·'·�vx~A»�°§·'·�v½¼ v½¯|²Y»�°§·�tWv½¬ � V

ÆOI�$A" F H�¢I��A	oH�A F I9�#�
m¡m�In$A�A � I�	Å¥&D4"§D4��$��AD F ("o%z #GaI F (m¡($a%�$| (�#("�"�InDE	�-p!@� F (" � 	§D4m9D �
%�D¦¥
#"H¥&DE"�@A FEF ("-	�#"o%�($a%H�
CA"o(	o¥nI�C F #"-"o@A	 F ���A��	oD � �
$ %6#m � �
	o F Ì\ÆOI�$A" F ©�(I�"O�A F � In"�"�#	o¥&DE"��
"�#m�#$a%���Æ©�x�( F I/DEm � F DEp&@A p&@���@A$Ë$A�
mTC�	� "o@  �"6I�$a%¡�A � 	oDEm9DE%oDE¥�("¡��I�$�" F ��DEm�I�G
 	o("§%6
��I�$A" F �����I�m � ���¥&D4"§D4��$ �A F I:�(I�m  (	�I��x����("o% F IÕ�(�
$���DE%oD4��$ �A¡¥!DE"oDEC�D F D¦%' nÌ�ÆOI�$A" F  �(I�"
�A("�In"�"�#	o¥&DE"�"�#m¡($a%6"Q¥&DE"�@A F "���Æ Á('��+#%Y:�Æ©�'D F kºI�@�%+ªI F ITkl��DE"Åp&@A F I©�(�
$���DE%oD4��$Õ��W¥!DE"oDEC�D �
F D¦%' +"���D¦%�	�(" � #�#%' (©�%Qp&@A F ��("§%�DEm�I¨%�DE�
$��A#" � 	§D4m9D¦%�D¦¥
(" :�Æ�"��nDE%�	! (I F DE"6InC F +"�@A	 F ���A�
	§D � �
$
%6#m � �
	o F Ì £ ("B�#�
$A��D¦%�DE�
$A"B$AQ"��
$a%B#$ÕG¿ ($f #	6I F � I�"Å Â � F DE�#D¦%6#m�#$a% � 	§D4"o("B#$Õ�#�
m � %6 F �
	o"
�A F �j  F I�C��
	6I¨%�DE�
$7�A(" F ��D4"O����#�
m¡m�I�$A�AnÌ\h F ($7	! #"�@ F %6�p&@A F 9���A�nD¦Â7�� F I kl�
$A��%�DE�
$7�A
% �I�����+�#�
$A��D¦%�DE�
$A$A#	6I¡"oDEG
$�D ���¢I¨%�D¦¥
(m¡#$&% F ���
CA"o(	o¥nI�C'D F DE%' �Ì

�\�kl��	�m�I F D4"om���A F I7kl��$A�#%oD4�
$Ë�Az%��I����A � #	�m¡#%��A�G¿ #	�(	�InDE"! #m¡($a% F ("¡�A#G
	! #"��� F D �
C�#	o%' /$A�
$J�(�
$a%�	6InDE$a%6" � I�	 F I %��I����A:�|  ��$'D4 � I�	 F I 	� F In%oD4�
$ � :�Ì¦Án�TI ��$ �A:	! ¢I F DE"�(	�@A$
�
C!�®#�#%�D¦kÅ"o(�#�
$A��InDE	�nÌ½�_$7&%L�%¢�\	! (I F D4"o(	 F I %��I����A � �l% �I����A � 	§D4$��#D � I F ¨�Q$A9$f (�#("o"oD¦%6 � I�"
%6�
@ �®�
@A	�" F ��@�%�D F D4"�In%�DE�
$ �A©%��
@A" F ("W��(G
	! ("O�A F DEC�#	o%' T�A@ 	��
C���%(ÌLÄ½�
@A	O@�%oD F D4"o(	HI�@/m¡DE(@!Â
F #"Wkl�
$A��%�DE�
$A$�I F D¦%' ("Q�A©�(9��(	�$'D4#	(��D F #"o% � �
"o"oDEC F 9��©�f  �A$�D4	O@�$A©"�#�(�
$��A©% �I�������º% �In���A
"�#�(�
$A�AInD4	o¨�Hp&@�D|("§% � 	!  �jm+@ F %�D � F D  ( � I�	 F ��� �  (	�In%6#@A	T�� � 	o�"�®(��%�DE�
$ �
	o%��A�
G
��$�I F �"o@A	 F 
$A� �aI�@9��&3�4d��I���$©p&@A F IQ"�#�(�
$��A|% �In���AÅ$���I!%�(�#%� � I�" F I � 	�#m¡D ª(	o¨�6Ì �xIe% �In���AÅ"�#�(�
$���InDE	�
� #@�%H�(��$A"oDE"o%�(	 ªI $�I¢¥&D4G
@�(	-I�@�%��
@A	W����@A$7�
C!�®�% ) %f(	�	���À
À!* �dªI  �¥!D¦%6#	 F #"O"oDE$AG
@ F I�	§DE%' ("H�A@
	��
C���% ) g/I�	o����I�$A� a
�!* � F ("_CA@�%' (("dI�	§%�DE�(@ F InDE	�#" ) g/I�	o����I�$A�
a
��� £ �AI�@Am¡#%o%6+À
À�C"* � F ("_�
CA" �
%�I�� F #"�#% F ("��!�(�(@ F %6In%�DE�
$A" ) g/I�	o����I�$A� a
�!*L�
@�($A�#�
	�O�A#"B�
CA"§%�I�� F #" ) £ I��A#$�In% aTa!* Ì�ÆOI�$�"
) Ù F I�$���D4$:À
À!* ��@A$��%��I����AÕ"�#�(�
$A�AInD4	o�("o%�@�%oD F D4"! ( � ��@A	9�(�
$a%�	��� F (	 F I %�	6I�$�" F In%�DE�
$Ë����@A$A
�¢I�m  #	6I m¡�
$a%' #©"�@�	Q@A$:CA	6I�"�m�I�$�D � @ F In%6#@A	W�
CA"o(	§¥_  � I�	e@A$AT"o(�#�
$A�A©�(I�m  (	�I�ÌL�e��%6��$A"
�( � #$A��I�$a%-p&@A F ��@�%oD F D4"�In%�DE�
$7����@A$A9% �In���A9"�#�(�
$A�AInD4	o¡("o% � �
"o"oDEC F 9@�$�D4p&@A#m¡($a% F �
	o"�p&@A
%6�
@�" F ("T��(G
	! ("©�A F DEC�(	o%'  $A�"��
$a% � I�"T@'%�D F DE"! #" � ��@A	 F I:	! ¢I F DE"6In%oD4�
$�A F IÕ%��I����A � 	§D4$��
�#D � I F �Ì�ÆOI�$A"B�#+���'�#@Am¡($a%¢��$A��@A"eDE$a%6	o�'�A@'D4	o�
$A"��A("e�(��$&%�	6InDE$a%6#"���DE	�#�#%�(m¡($a%OIn@Õ$'DE¥�¢I�@
�A F I©�(�
$A"§D4G�$A�Ì � D4$A"§D���$A�
@A" � �
@A	o	��
$A"f%6	6I¨DE%�(	 F ("B�¢In"B�xª@ F IT%��I����A ªI©	! (G
@ F (	B$f (�(#"�"§DE%� F 
�(�
$a%�	��� F H�A-%��
@A" F ("e�A(G�	! ("��A F D4C�(	§%' H��DE" � �
$�DEC F #"(Ì

£ �
m¡m¡s$A��@A" F ��I¢¥
�
$�":�f ��¢ªIËDE$A��DEp&@f �� F ("Õm  #%��A�'��("�����I�"�"o(	o¥&DE"�"o(m¡($a% ¥&D4"o@A F � (@�¥�($a%
�#%6	oO��DE"o%�DE$AG
@f ((" � I�	 F ��(" � I��(-�AO�#�
$a%6	��� F O�A#"�m���@�¥
#m�#$a%6"Q�� F I9�¢Inm  #	6I�Ì £  F I�"oW%6	6I �
�A@�D¦% � I�	 F 9���A��D Â7�A@ ¥�(�#%�(@A	 � ��In$A" F I kl�
$��#%�DE�
$ �A©%��I����AnÌ � � 	(ª("-I¢¥
��DE	W¥!@7�(�
m¡m¡($a%
@A$A9�#�
m¡m�In$A�A©kl�
@A	o$�DE"�"6In$&% F ©%6��	�"�#@A	W��D4$f #m�In%�DEp&@A¡�A F I �(I�m  (	�I � #@�% �#%�	�©�
C'%6($&@An�
$A�
@A"���DE"��#@�%6#	��
$�"Q�( � ��DE$&% � F @A"�($Õ�f �%�InD F Ì

�����	���	��� � �$ � ���  ������� �������&� % ���	�  ��&��� �-��
$��� ���� �
�xIQ¥nI�	§D�In%oD4��$9�A@9¥
(��%6#@A	f�L�® �%�In% � ($9kl�
$��#%�DE�
$¡�A@9%6��	�"�#@A	��#DE$f #m�I¨%�DEp!@���A F IO�¢I�m  #	6I

� �#�®�
@A�@A$ 	 �� F ��(#$&%�	6I F ��I�$�" F �®  F I�C��
	�In%�DE�
$�� F ��D4"+�A �#�
m¡m�I�$A�A #$ I�"o"�(	§¥&D4"o"�(m¡#$&%
¥&D4"o@A F Ì £ �
$A"§D4�f (	���$A" F �¥
#�#%�(@A	B���j #%6In% � �(�
m¡m¡W@A$��kl�
$A��%�DE�
$ ��D+%e (	�#$a%�D4I�C F O�A � � � �
"o
�A F I¡�¢Inm  #	6I!�6��"6I9�f #	oD¦¥_ # � (@�%�I F �
	o"B"(�® (�(	§D4	o+��-m�I�$'D�ª#	�-G� ($f #	6I F ��

�� � 6 �
6 �

� �
� � � 6 �

6 �
� X � � � � 6 �

6 �
� :�Ì;:&�



� � � � E XN� 6T3_�-��� 0 	�� � 0 �U�>�[���2\Q���>�[���� 0 ��\Q� �[5���

�xª@ X � �Â � 	oDEm¡ F  � I�"�"�I�G
©#$a%6	� F I�¥&D¦%6#"�"�¡�A F I �(I�m  (	�I #% F ("W¥nI�	§D�I¨%�DE�
$A"Q��@�¥
(��%6#@A	���® �%�In% � Ì�ÆOI�$A" F ©�(I�"O�\ª@ � #"o%H�f  ��$�DQªI � I�	o%oD4	W�� � 	oDEm9DE%oDE¥�("+��Æ©� X � #"o% � F @A"O�(��$A$&@A"��
@A" F  $A��m �� m�In%6	§D4�#z����DE$a%6#	6I���%�DE�
$�Ì�Ä½�
@A	©"§D4m � F D ��(	 F �� Â � �
"! ����
$	� � 	�($��A	6I �(�%�%�
%6(	om9D4$A� F �
GnD4���I�$A" F e�¢In"fG¿ #$f (	�I F Ì'ÆW F I-m �(m¡�m�In$�D�ª#	�n�'�
$ � (@�%f�f  �A$�D4	 F ��§I��#�
C�DE($ ��
F I9% �I������3��®� F D�I�$a% F ("�¥�In	oD4In%�DE�
$A"��A F I9kl��$A�#%oD4�
$Õ�AO% �In���ATIn@'Âz¥nI�	oD4In%oD4�
$�"e�� F I � ��"oD¦%�DE�
$
�A F I¡�¢I�m  #	6IÅ�

6 �
6 �

� 3�� � :'Ì=<'�

�!D F I m�In%�	oDE�(©�A+�(�
m+C�DE$�InDE"��
$ � $AT�f  � ($A� � In"W�Â � F D4��DE%�(m¡($a%-�A � � F I m�In%6	§D4�#T��� D4$��
%6(	�I��#%oD4��$:�% F ��§I��(��C�D4#$:��H%��I����AH"���$&% F D� #" � I�	 F I9	� F I¨%�DE�
$:"o@�D¦¥�In$&%���

3�� � � X � � :'Ì �&�
£ �
$A"oDE�f #	��
$A"�m�InD4$a%�($�I�$a% F I9kl�
$A��%�DE�
$Õ�A-%��I����A � "���@A" F I9kl�
	�m¡H�A�
$A$f ( � I�	 F �j (p&@�I¨%�DE�
$
� :�Ì¦Án��Ì��!Dx�
$��f ("§D4	o+@�$:�#�
m � �
	§%6#m�#$a%Q Â � �
$A#$a%�DE F �f (�#	���DE"�"�I�$a%W�AH�#�
$A"o%6I�$a%6H�AO%6#m � "3 �A F I:kl�
$A��%�DE�
$Ë�A %��I����A � ��#$ �#�
$A"§D4�f #	6I�$a%¡@A$'D4p&@A#m�#$a% F I��#DE$f (m�In%oD4p&@A��A@ 	o�
C���%¢�
�( F I¡"�H%6	6In�A@�D¦% � I�	 F �j (p&@�I¨%�DE�
$:�'D$%e (	o($a%�DE F¦F +�����
	��A	o¡Á-"o@�D¦¥�In$&%���

�� � � 3 � � :'Ì �!�
Ä�I�	eInD FEF (@�	�"(� F I9�| (	§DE¥� (H%6#m � �
	o F¦F -�A F I¡kl�
$��#%�DE�
$��AO% �In���A+#"o%e�A�
$�$| ( � I�	��

�� � � �1/6�1� 6 �
6 �

�� � 6 �
6 /

� :'Ì?9&�

p!@�+$A��@A" � �
@'¥
�
$A"z (�#	oDE	���

�� � � �1/6�1� 6 �
6 �

6 �
6 �

�� � 6 �
6 /

� :'Ì �!�

�_$Õ�
@�%�	�n� F O%6#	�m¡����
��� � (@'% ��%6	o-�f (�(��m � �
"! +#$:@A$ � 	o�'�A@'DE%e�AH�A#@'Â �§I��#�
C�DE($A"��

� F  �§I��#�
C�DE($ F D4I�$a% F _%��
	�"o(@A	x��D4$f #m�In%�DEp&@Af�� F IB�¢I�m  #	6I � �_ªI F IÅ¥&D¦%6("o"�d�A F ��#%�(��%6#@A	
�A@�	o�
C��n%¢���( F @�D �j��D � (@�% �#%6	o©�
C�%�($&@ F �
	�"Q����@�$A � ��In"�T��©�¢I F DECA	6In%oD4��$ ) É  (m �La
�'�
� $A��	�#% À'Á�*��

� F  �§In�(�
C�DE($7 Â � 	oDEm�In$&% F  � I�"�"�I�G
9#$&%�	� F I ¥!D¦%6#"�"o��A F ��#%�(�#%�(@A	-�A@7	���C���%W#% F I
¥&DE%�("�"o©I�	§%�DE�(@ F InDE	�H�A@Õ	��
C���%(�A����("§% F I¡m�I¨%6	oDE�(��§I��#�
C�DE($A$�+�A@Õ	���C���%(Ì

Ã $�"�@ �A� ��"�(	�I � In	 F IH"�@�D¦%6ep&@A��#("d�A(@!Â m�In%�	oDE�(#"f"o�
$a% � I�	okºInD¦%6#m¡($a%|�#�
$A$&@A#"|#%_DE$a¥
(	 �
"oDEC F #"(Ì¿����%��
$A"O�# � ($A��In$&%+p&@A�$A�
"H"����f #m�I�"T�A¡�#�
m¡m�In$A�A¡�(�
@ � F In$&% � F I�$�D ���¢I¨%�DE�
$s��
%6	6I��®(�#%���DE	�("��AI�$A" F ��#" � I��#��A@9�¢I � %6(@�	�#%_I�"o"�#	o¥&D4"o"�#m�#$a%|¥&D4"o@A F �nÆY"o�
$a%�	���CA@A"o%�("�¥&D4" �(ªI��
¥!DE"|��("|#	�	o(@A	o"|�A��¢I F D4C�	6In%oD4�
$ � @�DE"�p&@A F #"ÅI�"o"�(	§¥&D4"o"�(m¡#$&%�"e¥&DE"�@A F "|��I�$A" F � DEm�InG
 �¡"o�
$a%
� #@ "�#$A"oDEC F ("¡p&@�I�$A� F ("T�(�
$!�AG
@A	6I¨%�DE�
$A"+DE$�D¦%�D4I F  #%T�f ("§D4	! (z"o�
$a% � 	o�'���A#" ) �_" � D4I�@ aa��*�Ì
�x��§I��#�
C�DE($ ���

���
"�#	6IÕ$A��%'  3Ë#%TI �A�  F  �� � I�	-I�C�@A"+�� F I�$AGaInG
¡#%+"��
@A��D4"+�A¡"oDEm � F DE�#D¦%' n�



&Õ¹º}�·'·�vx~A»�°§·'·�v½¼ v½¯|²Y»�°§·�tWv½¬ ��.

m�In%6	§D4�#$�§I��#�
C�DE($A$A��A@ 	o�
C��n%¢Ì £ #%o%6�m�I¨%6	oDE�(��¢I�	�I��#%' (	§D4"o F  � I�"o"6I�G�Q($a%�	� F I-¥&D¦%6#"�"�Q�A
F I¡�¢Inm  #	6I¡#% F I¡¥&D¦%6#"�"�TI�	o%oD4�#@ F InD4	oH�A@�	��
C���%\�

� ��� 3 �� � :�Ì;a&�
���
@�"¿�#�
$A"oDE�f #	�(	o�
$A"¿p!@� 39#"o%¿"�@  �"6Inm�m¡#$&%�C�DE($T�#�
$A$&@T�%½�
$ � �
@A	o	6I�I F �
	�"x"of�#�
$a%6($a%�(	
����@A$A|�#�
m¡m�I�$A�Af�|  ��$'D4"o"6I�$a% F f%��
	�"o(@A	½�#DE$f (m�In%oD4p&@A|�A F I��(I�m  (	�I � �6Ì��xI�	� F I¨%�DE�
$ � :�Ì �&�
� #@�%e"�Hm¡#%o%6	�-"���@A" F I9kl�
	�m¡ � F @A"e�(�
m � In�#%6H"o@�DE¥nI�$a%���

�� � 3�� � � � 6 �
6 /

� :'ÌEÁ À&�
Æ©� I � 	(ª#" F #"  (p&@�In%oD4��$A"7� :�Ì �'Án�©#%7� :�Ì¦Á À!��� F /%6�
	o"�#@A	 �#DE$f #m�I¨%�DEp!@� �� F I �(I�m  (	�I � #@�%
"(�® (�#	oDE	���

� ��� � 3 G !� � 3 � � 6 �
6 /  � :'ÌEÁ
Á¨�

��$ � 	�In%�DEp&@A��&"o(@ F ("d�A("dI ��� 	��¢Â!D4m�In%oD4��$A"Q�º�
$ F #"f�'D4"§%�DE$AG
@A#	6IH�A("_¥nI F #@A	�"_	! ( F¦F ("d($ F #@A	
�®��DEG
$�I�$a%+@A$s���AI � (I�@��W�A@ �§I��#�
C�DE($s�A�%��I����A�#%+�A � �

�
� � (@'¥
($a% ��%6	o�@�%oD F DE"! (#"©��I�$�" F I

	� F In%oD4��$ � 	! (�� (�A#$&%��� F I9�#�
m¡m�In$A�A-#%�(�#%oDE¥�(m¡($a%O�(I F �(@ F  (-"�#	6I¡�A�
$A���

��� � � 
 3 G !� � 3 � ���6 �6 /�� � :'ÌEÁ��a�

��$ÕDE$a%6	��!�A@�DE"6In$&%��(�%�%�-��(	�$'D�ª#	�-	� F In%oD4�
$Õ��I�$�"+� :�Ì��!���A��$/I�C��
@�%oDE%©ªIÅ�

�� � � 3�� 
 3 G !� � 3 � � �6 �6 / � � 6 �
6 /

� :'ÌEÁ2:&�

£ +p&@�D � (	om¡#%e�����
C�%6#$�DE	 F I¡�(�
$A�'DE%oD4�
$Õ"�@" �"�I�$a%6-�A-�| (�#	���DE"�"�I�$A�(-�A � � � "o@�DE¥nI�$a%���
3�� 
 3 G !� 	 À�
 � X � � � 
X � � G ! 	 À � :'ÌEÁ><!�

Ã $:"o@ �A� �
"�#	6I��i��I�$�" F I9"�@�D¦%6n�ip!@� F ���
C!�®#%e�#�
$A"oDE�f #	! T#"o%�DEm�m¡�
C'D F ��i�(Hp&@�D\DEm � F DEp&@A��

6 �
6 /

� � 6 � (
6 / � 6 �

6 /
� � � � ( � � :'ÌEÁ��a�

�xª@ F Q%6#	�m¡ ����
�
� 	� � 	! #"�($a%� F IT¥nI�	oD4In%oD4�
$�%6(m � �
	� FEF O�A F I+%�	6I �®#�#%6�nD4	oO�| ("§D4	! (�Ì �xQ���A��D Â

�A F I %�	6I �®#�#%���D4	o/�f #"oDE	! # Is@A$�:DEm � �
	§%�I�$A�# � 	oDEm���	���D4I F /��I�$�" F /�(��m � �
	§%6(m¡#$&% �A@
"��!"o%¢ª(m¡H#%fkºInDE% F ���
C!�®�%Å����@A$AO�'D4"o�(@A"o"oDE�
$�G� ($f #	6I F W��In$A" F  � I�	�I�G
	�I � �A�"�@�D¦¥nI�$a%¢ÌA�e��%6��$A"
 (GaI F (m¡#$&%ep&@AH"oD F I9m�In%6	§D4�#H�AH�(�
m+C�D4$AInD4"o�
$Õ���A��DE"oDE+$AO�f  � ($A� � I�"B�Â � F DE�#D¦%6(m¡#$&%Q�A@
%6#m � "(� F I9	o F In%�DE�
$s� :�Ì¦Á��&�d�A�¥&D4#$&% ) %|(	o	��LaTa(*
�

6 �
6 /

� � 6 � (
6 /

� :'ÌEÁ �&�



�IE � � � � �Q3_� � 	Q� �K� 6T3 0 �>� � 0 �

� ��� � � � ��
 � � ��� � � � � ��� � �
�xI��f  ��$�D¦%�DE�
$ �A F I��(�
$A"§D4G�$A � ( �2/6�B("§%W@A$ � 	��
C F ª#m� � 	oDEm¡�
	���D4I F � �
@�	 F I �(��$A"o%�	�@A� �%�DE�
$�A F I�kl�
$��#%�DE�
$s�A�%��I����AnÌ �\("-m  #%��A�'��("Tp&@A F ���
$s	��%6	���@�¥
 F  � F @A"+"o�
@�¥�($a%9��I�$�"

F I F DE%o%' #	6In%�@A	�W�#�
$A"§D4��ª#	�#$&%e@A$�W�(�
$�"oDEG
$A ��Â'���"���D¦% � ( �2/6�1� � ( Ì £ O���A��D Â $f #�(#"�"oD¦%6 F ��@�%oD �F DE"6In%oD4��$ �A F ��D4"��AÕ�(�
m¡m�I�$A��:"§%�I�C�D F D4"�I�$a% G F �
C�I F (m¡#$&% F Õ"��!"o%¢ª#m¡ I ��$ ����I�"�"o@A	�#	 F I
�(�
$a¥
#	�G
#$A�(-�A F ITkl�
$A��%�DE�
$z�AQ%��I����AnÌ���$Õ��@�%6	o���#$ � 	! #"�#$A�(H����(	o	�(@�	B�AOm¡�'�f  F DE"6I¨%�DE�
$
#% F �
	�"op&@A F |�|  � F I��#(m¡($a%OªIQ#%�(��%6@A#	�("§%�D4m � �
	o%6I�$a%¢� F #"�%6	6I��®(�#%���DE	�("��
C�%6#$&@A(" � (@�¥�($a%
��%6	o "�@�	 � 	o($�I�$a%�("¡#%9C'D4#$   F ��D4G�$| (#"9�A �# F¦F #"�I¨%�%6#$A�A@A#"(Ì�Ä�I�	©�#�
$A"! (p&@A($a%(��D F ("o%©��DEk �
���#D F Õ�Az�#�
$a%6	��� F #	 F ("9%�	6I �®#�#%6�nD4	o("�	! ¢I F DE"! #("�#%¡��� � DE$&%' (G
	o(	¡�A#"��#�
$a%6	�InD4$a%�("(Ìd�e��%6�
$�"
 #GaI F (m¡($a%�p!@� F #" � 	o� � 	§D� �%' ("��A|"§%�I�C�D F DE%' ÅG F �
C�I F f#$ � 	! ("�#$A�(B�L��#	�	�#@A	��Afm¡�'�f  F DE"6I¨%�DE�
$
$�����$&%z �%'   #%6I�C F D4#"(��ªI9$A��%�	�O�(��$A$�InDE"�"�I�$A�(n�ip!@� � �
@A	B��("�"����f #m�I�"���-�#�
m¡m�I�$A�A :�� �%
���/Á 
 �©"o�
@A"��(#	o%�I¨D4$A#"Q� � � �n%6��ª#"�("#ÌLÄ½�
@A	 F  :��/�A��I�$�" )� I�$A$AHÀ�À!*x("§%Õ �%6@A��D   F ��#%�#%��A#"(	�	o(@A	o"¡�A��¢I F D4C�	6In%oD4�
$Ë"o@A	¡@A$ I F G��
	oD¦%6�Am¡ � In	o%�DE�(@ F DE(	¡����("§%�DEm�I¨%�DE�
$J�� F I � ��"�z�A F I
�¢I�m  (	�I )  Å"6InD½���!*�Ì��!�
@A" F ��� � � ��%��\ª("o+kl�
	§%6Hp&@A F ("e(	o	�#@A	�"��AH�¢I F D4C�	6In%oD4�
$:�(�
$��A@�DE"�($a%�ªI
@A$Ad(	�	o(@A	xC��
	�$f (_"�@A	 F I � �
"o�� @A$�f�#�
m¡m�In$A�A � I�	xm¡�'��dG F DE"�"�I�$a%¿"§%�I�C'D F D4"�I�$a% F _"��!"o%¢ª(m¡
("o%+�
C�%�($&@AnÌ¿ÆOIn$A" ) £ I�m9D FEF ��À
À!* �\�A("H	! #"�@ F %�I¨%6"-�(�
$A�#(	o$�I�$a% F ("HC��
	�$A#"+���"§%�I�C'D F DE%' �#$
� 	! #"�($��(9����(	o	�(@�	�"O�A+�¢I F D4C�	6In%oD4�
$/�A F I �¢I�m  #	6I �%W�A@ � In"�"6InG
©#%�(��%6#@A	�� �¢I�m  (	�I ����@A$
I�"�"o(	o¥&DE"�"o(m¡($a%d¥!DE"�@� F :����
$a%+ �%' f�
C�%6#$&@A"�"���@A" F ��� � � �n%6��ª#"�Bp&@A F IQm�In%�	oDE�(|�L���A��m���G
	6I��
� ��DEHªI F � DE$!��$�D'"���D¦%½m¡("�@�	6I�C F |��@A	6I�$a%½%6�
@'%6 F I � ��In"�|�L� I�"o"�#	o¥&D4"o"�#m�#$a%¢ÌaÆOI�$�" ) g/I F DE" a
�(*��
F IÕm �#m¡ � � � ��%��\ª("o ("§%©@�%oD F D4"! ( � �
@A	-�
C�%�($�DE	 F #"TC��
	�$A#"T�A�"o%6I�C�D F D¦%' ��A("TI�"�"o(	o¥&DE"�"o �
m�#$a%6"�¥!DE"�@� F "O���/Á 
 �'Ì
�xI/�#�
$A"oDEG
$A7� ��Â'¨�H#"o%9G¿ ($f #	6I F (m¡($a%��
C�%�($&@An��"���D¦%©#$ ��Â�I�$a%�I � 	§D4�
	§D F I � �
"� ��

F I9�¢Inm  #	6I���"���D¦% � I�	BI �A� 	�#$a%�DE"�"6InG
�Ì�ÆOI�$A" F  � 	o(m9D4#	B�¢I�"#� F ��	�"�p&@AH�A#"ÅD4$'kl�
	�m�In%oD4�
$�"e��Æ
"��
$a%W$f (�(#"�"�InD4	o("#�� F¦F #"W"���$&%Q�
C�%�($&@A("Q($/@'%�D F DE"6I�$a%O@�$/m¡�'�f  F  � 	! (�#DE"W�A F I�"���ª($A©�%Q��
F IÕ�¢I�m  (	�I:#$ I �A� F DEp&@�I�$a% F ("  #p&@�In%�DE�
$A"-�A � 	��"�®#�#%oD4�
$ � #	�" � #�#%�D¦¥
nÌ��\("HD4$'kl�
	�m�In%oD4�
$�":
Æ "���$&%(�'p&@�In$&%-ªI+ FEF ("#� ��Â_ (#" � I�	 F ��@�%oD F D4"�In%6#@A	|�%Å�
C'%6($&@A#"Å��I�$�"|��D¦¥
#	�"Å	o � ª#	�("|($ @�%oD �
F DE"6I�$a%+�A("Hm�In%�	oDE�(("-�A � I�"o"6I�G���#�
$A$&@A("#Ì £ #%�%��m  �%6�A�!�A¡$f (�#("o"oD¦%6 @�$A��#�
$A$�I¨D4"o"6I�$A�#
� I�	okºI¨DE%�©�A@7"��!"o%¢ª(m¡��AT¥&D4"§D4��$s�%O�A F ���
C �®#%H��� D4$a%' (	
��% � �
@�	W�
C�%�($�DE	W@A$A9�#�
$A"§D4G
$��p&@�D
"���D¦% � � �'"§D4p&@A#m¡($a%O	! (I F D4"�I�C F +�% � �
@A	Bp&@A-�( FEF  � �#D½�(��	�	�#" � �
$A�AHC�DE($ËªI F ���
C!�®#�#%�D¦k �'Âd nÌ

ÆOI�$A" F Å"�#�(�
$����(I�"(� F IWm  �%6�A�!�AÅ�#�
$A"oDE"o%�©ªIQ#%�(��%6@A#	�@A$¡I �A� 	o($a%�DE"�"�I�G
��Â �  #	oDEm¡($a%�I F ��
F IH�(�
$�"oDEG
$A�Ì��\e	��
C���%_("§%|�L� I�C��
	o� I�m¡#$| ��AI�$A" F IH�(��$!��G
@A	�In%�DE�
$��f ("§D4	! (�#% F � DEm�InG
��#�
	��
	�(" � ��$A��I�$a%6B#"o%�I��(p&@�DE"�nÌa��$A"�@�D¦%6 F f¥�(��%6(@�	 � ( ("§%��
C�%�($&@9($©I �A� F D4p&@�In$&% F #"�m  #%6���'�A#"@�%�D F DE"! #(" � �
@�	 F _�¢I F �(@ F �A F �® #%6In%½�(�
@A	�I�$a% � Ì £ #%o%6dm  �%6�A�!�AfI F ��I¢¥�In$&%6I�G
_"�@�	 F I � 	�#m¡D ª(	o
�A kl��@A	�$�DE	�@A$A �(�
$�"oDEG
$A p!@'D+�#�
	�	o(" � �
$��As&%L#�#%oDE¥�(m¡($a% ªI F ���
C!�®#�#%oDEk �'Âd sm �(m¡s#$
� 	! #"�($��(����® #¥
#$a%6@A FEF ("�(	o	�(@�	�"9�A m¡�!�f  F DE"6In%oD4�
$LÌ�ÆW �(�kºInDE%(�¿�##%o%6zm  #%��A�'�� ("§% � F @�"
I���I � %' (-I�@'Â � 	��
C F ª#m�#" � �
"! #"�($:I�"�"o(	o¥&DE"�"o(m¡($a%O¥&D4"o@A F Ì

���
@A"H@�%oD F DE"�(	o�
$A" F I�"o(�#�
$A�A�m  #%6���'�A�I �A$ �L���
C'%6($'D4	 F �® �%�In%H�f #"oDE	! ��A@7"��!"o%¢ª(m¡�Ì½�e��%6	o
�
C!�®(��%�D¦kQ"o(	�I7�� kl�
@A	o$�D4	T@A$A %6	�I �®(��%6��DE	��In�| (p&@�In%� � ( ��/6�O($a%6	o F �® #%6In%9D4$'DE%oD�I F #% F �® #%�I¨%��$�I F Ì Ã $ � �
@A	�	�I I F �
	�"©"o �(��$&%�($a%6#	¡����@�$Az�(�
m¡m�I�$A�� F �!�¢I F (m¡#$&%¡"§%�I�C F z�%9	��
C�@A"o%�



&Õ¹º}�·'·�vx~A»�°§·'·�v½¼ v½¯|²Y»�°§·�tWv½¬ � �

� @�DE"�p&@A F �® #%6In%H�(�
@�	6I�$a%-#% F �® �%�In%-�f #"oDE	! �	�#"o%6#$a%-¥���DE"oDE$A" F �
	�"O�L��@A$ "�@'DE¥&Dd�A9%6	�I �®(��%6��DE	�nÌ
��$ �
@�%6	o��¿$A�
@A"©¥�(	�	o�
$A"9p&@���($Ë@�%oD F D4"�I�$a%9�(�%�%��I �A� 	o�'���An�¿D F #"o% � �
"�"§D4C F z�A �#�
$a%6	 �� F #	
# ��¢In�((m¡#$&% F #"B%6	6I��®(�#%���DE	�("�I ��$�����I�"o"�@A	o(	 F I9�(��$&¥�(	oG
($A�#T�A@Õ"��!"§%¢ª(m¡+m �#m¡ F �
	o"�p&@A
F #"��#�
$!��G�@A	6In%oD4��$A"BD4$�D¦%�D4I F H#%e�f ("§D4	! (-"��
$a%�%6	(ª("�  F ��DEG
$f (#"(Ì

���
@�"�I FEF �
$A"em�InD4$a%�($�I�$a%���DE"o%�DE$AG
@�(	 F #"e�'D$%e (	o($a%6"�"����f #m�In"Q�AH�(��m�m�I�$��A+#$/In"�"�#	o¥&DE"��
"�#m�#$a%d¥&DE"�@A F "� F ��$ F ��(" � I��(B�AI�$A" F (p&@A F "(��#%�(�#%�@A F IQ	! #G
@ F In%�DE�
$9�A F I�%��I����A�Ì
���
@A"¿¥
(	 �
	��
$�"fp&@A F #"f�#�
m¡m�I�$A�A#"|�\ª@ F IWkl�
$��#%�DE�
$��AB% �I����Ae("§%|�'D4	o(�#%�(m¡($a%|�
C�%6#$&@AQ#$�@�%oD F DE"6I�$a%
�A("�DE$�kl�
	om�In%�DE�
$A"� Â'%�	6InD¦%6#"��A F ��DEm�I�G
B"o�
$a% F #"�m9D4#@'Â�I���I � %' #("QªIW$A��%�	� � 	��
C F  (m�In%oD4p&@AnÌ

����� � � � � � �"
 � � � ��������� �	� � � � � � ������ �
�
� $�� $�B &:¹lvx·A¸W}�u\v,@&¼ } �dv

Ã $ � In	 F (	6Iz����I�"o"�(	§¥&D4"o"�(m¡#$&%T¥!DE"�@� F ��Æ F �
	�"op!@� F 9¥
#�#%6#@A	H�A9m¡("o@A	�#" � ("§%-@A$�D �
p&@A(m¡($a%e�(��m � �
"! O����DE$�kl�
	om�In%�DE�
$A"Å Â!%6	6I¨DE%�("B�A F � D4m�I�G
nÌ�ÆOI�$A"f�(O�(I�" F Q¥
#�#%6#@A	 � "�#	6I
$A��%'  � I �A$?�L��@�%oD F DE"�(	�@A$� $���%�In%oD4��$ �§"o%�In$A��I�	o� �AÌ Ã $Y�(�
$�"oDE�| (	o(	6I¾ (GaI F #m�#$a%:p&@A F I
�(�
$ ��G
@A	�In%�DE�
$Õ�A("BDE$�kl�
	�m�In%oD4��$A"Å¥&D4"o@A F¦F #"Q$AH�f  � #$A�Õp!@�+�A F I¡"oD¦%6@�In%oD4��$Õ�� F I9�¢I�m  #	6I
ªI F � DE$A"o%6I�$a% / �L	o �  #	! ( � I�	W@A$   F  #m�#$a% � �2/6���A������ :!�6Ì �xI�kl�
$��#%�DE�
$ �A+% �I����A/ªI�	! (G�@ F #	
"(�® (�#	oD¦%WI F �
	o"��

� � � �1/6�1� � � � � � ��/6�o� � � ( �2/6��� � :'ÌEÁ�9a�
ÆQD$%� (	o($a%6"_% � � #"|��� DE$�kl�
	�m�In%oD4��$A"_�Â!%6	�InDE%�("f�A F � D4m�I�G� � (@�¥�($a% ��%6	o�@�%oD F DE"! ("#Ì��½I � F @ � I�	§%
�A("x%6	�I¢¥�In@'Â-($+I�"�"o(	§¥!DE"�"o(m¡($a%�¥&DE"�@A F ��ÆË"���$&%¿C�I�"! ("½"�@A	 F ��@�%oD F DE"6In%oD4�
$-�Ad�(�!�
	����
$A$f #("½�A
� �nD4$a%6"½��I�$�" F ("xDEm�InG
(" ) Ùi#�A�A#m�I��Ta�� £ �AI�@Am¡#%o%6 a
À'��Ä¿I � I�$�D�&�� F � � �
@ F �
" aT:'� � I�G
#	 aT9(* Ì
h F "(��I¢¥_ (	�-p&@A F ��@�%oD F D4"�In%�DE�
$Õ�AW%6 FEF (" � 	§D4m9D¦%�D¦¥
#" � (@�%���In$A"B�(#	o%�I¨D4$A"��(I�" �#%6	o � 	���C F ª#m�I��
%�DEp&@A ) £ ��I�@Am¡#%o%6 a
�!* Ì¨Æ©� I�@'%6	�#" � 	§D4m9D¦%�D¦¥
#"�G� (�
m  �%6	oDEp&@A(" � (@'¥
($a%© �¥
($a%�@A F¦F #m¡($a% �#%6	o
���A��DE"oDE("9�#�
m¡m� �A("+�A	���D¦%6#"©��I�$�" ) £ ��I�@Am¡#%o%6 a
À'� � $��A	�&% À
À!* �¿�A#"T� � F DE$A�A	�#"9�
@��("
 F¦F D � "o("H��I�$A" ) £ ��I�@�m��%�%� a
À(*�Ì�Ä¿�
@A	WI �A� 	! (�A#$A�A(	H�A#"O�
C!�®�%6" � F @A"W�#�
m � F  Â'("(�x�A#"WD4$��
kl�
	�m�In%oD4��$A" ¥&D4"o@A F¦F #":%� F¦F #"Õp&@A F ("�m¡�
m¡($a%6"��#($a%6	�I�@'Â?�A#"Õ"o@A	okºIn�(("���In$A" ) %fDE($ aT:!�
� FEF " a
� * � F ("Q�A("o�(	oD � %�(@A	o"O�A©Ù��
@A	§D4#	Q��In$A" ) � FEF " a
�'� £ � F¦F  |�% aTa *�� F I "oDEG
$�In%�@A	� � ���
F I¨D4	oW��I�$A" ) £ � F¦F  f#% aTa!* � F ("|DE$a¥nI�	oD4I�$a%6" � 	o�"�®(��%�D¦kl"Å��I�$�" )�� I�G
#	 aJ<!* � (@'¥
($a%  #GaI F (m¡($a%
�#%6	oQ@�%oD F DE"! (#"(ÌiÆOI�$�" ) £ � F ��mTC�� aTa'��ÆW	o@Am¡m���$A�
a7a * � F ("Å"o��ª($�("��(�
m � F �Â'#"e"o�
$a%Å%6	�InD¦%' (#"
($ "o@ �A� �
"6In$&%|p&@A F (" � D¦Â' F "Å�� F ��DEm�I�G
e"�@AC�DE"�"o($a%�@A$Ae%6	�I�$A"okl��	�m�In%�DE�
$ I! �$A F �
	�"op&@A F 
	��
C���%_"oe�f  � F I��(-�º�(�p&@�Di("§%f@�$A�� � � ��%6��ª("��I�"o"� � kl�
	§%6���ÌaÆOI�$�" F B�¢In"d�\ª@9��(" � 	oDEm9DE%oDE¥�("
G¿ (��m  �%6	§D4p&@A#" � (@�¥�($a%��'D$ ��#D F (m¡($a% ��%6	o��Â!%6	�InDE%�("½�A F ��DEm�I�G
�� ��("\D4$'kl�
	�m�In%oD4�
$�"½��_% � � 
m¡�
@�¥
#m¡($a% � #@�¥
#$a% �#%6	oQ���A�nD4"§D4#" ) �'@�$A��I�	o(" |I�	�I�$ a7<'�A��In$&%��
"���D4��%6�
	 a`9!� £ 	! #%6@AI F a
�
I!�
£ 	! �%6@�I F a���C�� £ 	! �%6@�I F À
À!* Ì
ÆOI�$A"e%6�
@A" F #"W�¢I�"Q�A ��G
@�	��� F ©�(�
m � �
	o%�(m¡($a%H�A@/"��!"o%¢ª(m¡¡�(�
m¡m�I�$A�f T�|  � ($A��	6I kl�
	 �
%6#m�#$a% �A#"�DE$�kl�
	�m�In%oD4��$A"�¥&DE"�@A FEF ("z������D4"§D4#" ) � I�"o��D4m¡��%�� a��'� £ ��I�@Am¡�%�%6 a
�!* �_�A F #@A	
$A�
m+CA	��#%_�� F #@A	��(�
$ ��G
@A	�In%�DE�
$ ) g�D4���A F aT:�� � I�"���DEm¡��%6� a
�(*��
m�InDE"9 (GaI F #m�#$a%_�A@ � ��DE$a%
�AO¥!@A�ªI � In	o%�DE	��A@Ap&@A F  FEF ("�"o�
$a%Q�
C�"�(	§¥_ ((" ) �!��I�	�m�I]aa�'�i�e F "��
$ a
�!* Ì



� � � � � XS� 6 �Q3_� � 	Q� � MZ��� � �U6T� 	�� 6T3 0 �>���3_�K�

¤�$ABkl��DE" F #"�D4$�kl��	�m�In%�DE�
$A"�¥&DE"�@A FEF (" � ���A��DE"oDE("#� F B�¢I F �(@ F �A F IO�#�
m¡m�In$A�ABkºInD¦%�D4$a%�(	o¥�($�DE	
@A$A+I �A� 	o� Â!DEm�In%�DE�
$Õ�A@ �§In�(�
C�DE($Õ�AO% �In���A����A��$A$f (HDE�#D � I�	L�
 3�� � � 
X �
�xª@ � #"o% F I©m�In%6	§D4�#W�AO�(��mTC�DE$�InDE"��
$��%eI ¥�(� X � � ���

���
Ì £ #%�%�O�A(	o$�D�ª(	�Hm�In%�	oDE�(W�f  � #$A�

�A � �!m�InD4"|I�@A"o"oD ��($ G� ($f #	6I F ����(" � I�	6I�m�ª�%6	�#"|DE$&%�	oDE$A"(ª#p&@A("��A F IT�(I�m  (	�IT#%|�AQ�#(	o%6InDE$A"
� I�	6InmÕª�%6	o("-G� (�
m  �%6	oDEp&@A("+�A F Iz"���ª($A��
CA"o(	o¥� #�Ì Ã $7%6	o�
@�¥�(	6I�@A$A�m  #%��A�'���G¿ #$f (	�I F 
�A+�(I F �(@ F �A-�(�%�%6+m�In%6	§D4�#+�%�"o�
$/ Â � 	�#"�"oDE�
$ � �
@A	��(#	o%6InD4$�(" � 	oDEm¡D¦%�D¦¥
#"WG¿ #�
m  #%6	§D4p&@A#"
��I�$A" ) £ ��I�@Am¡#%o%6 a
À * Ì
ÆOI�$A" F I9"o@�DE%�+��@:�A�!�(@�m�#$a%¢�i$A�
@A"�$A��@A"BD4$a%' #	�#"�"�#	��
$�"�ªI9�A(" � 	oDEm9DE%oDE¥�("��AO% � �  � �nD4$a%¢Ì
Ä¿�
@A	_@A$ � ��D4$a%_�A��#�'�
	o�A�
$A$f (("d($ � D Â' F � � ) - / Á#*��
DE"�"o@��A F I � 	��"�®#�#%oD4�
$���I�$A" F  � F I�$
D4m�I�G
9�L��@A$ � ��DE$&%*:
Æ©� / ���A9�(�!�
	����
$A$f #("=� � � � � ��� � � ) * �AI�$A" F 9	� � ª(	�9��F I¡�¢I�m  #	6I�; �6� F I9m�In%6	§D4�#-�L��DE$a%6(	�I��#%oD4��$/("§%e�A�
$A$f # � I�	��

X � � ������� �
'( � Á� � À E��� E?F � �§Á � E $ � F

À � Á���
F
��� �oÁ � F $ � � E?F � E

)*
� :�Ì¦Á �!�

I ¥�(���º¥���D4	-���'Ì �&���i�

� � @ D 5 D 5GF
À D F B �% � � ) E�FQÁ�* * � 0 G ! �

	O@AI�$A� � ("§%B�(��m � �
"! W�A("B�#�'��	��A�
$�$| (#"Å�AH� � ��DE$a%6" ��� �� F � DEm�InG
�� F I©m�In%�	oDE�(W��� DE$&%�(	 �
I��#%oD4�
$Õ�(��	�	�#" � �
$A��In$&%�+#"o%e�A�
$�$| ( � I�	��

X � �	� ���1� � X *� � �� !� � &'&'&�X *��
 � � �� � ) * � :�Ì¦Á2a!�
�xª@�� ��� ) � !� &'&'& �>�� * * Ì
�½I F ��D��A��(�
m¡m�I�$A�AO�%Å"�IT�(�
$���DE%oD4��$z�AQ"§%�I�C�D F DE%' Qkl�
$a%|DE$a%6(	§¥
#$�D4	 F ITm�In%�	oDE�(W�A��(�
m+C�D �
$�InDE"��
$��%Q@�$ATI �A� 	��¢Â!DEm�I¨%�DE�
$��A F I�m�In%6	§D4�#+��� DE$&%�(	�I��#%oD4�
$LÌL��$�G¿ #$f (	�I F � F -���A��D Â/�� �
("o% F D� -I�@����A��D ÂÕ�A F I¡m�In%�	oDE�(-��� D4$a%6#	6I���%�DE�
$ Ì
�x����A��D Â F  � F @A" F I�	�G�(m¡($a%9In�A� � %' ��#�
$A"oDE"o%� ªI � 	�#$A�A	��@A$A�m�I¨%6	oDE�(��A��(�
m+C�D4$AInD4"o�
$
 #GaI F  ªI F � D4��($a%�D¦%' n��"o��DE% � � /� ÌiÆOI�$�"B�(H�¢I�"#� F I¡�(��$A��D¦%�DE�
$:��-"§%�I�C'D F DE%' +"#�® #�(	§DE%\�

� � X � 
X 7� 	 À � :�Ì ��À!�
�!D��
$ #"o%H�¢I � I�C F 9����("o%oD4m¡#	-"o@  �"6I�m¡m¡($a% � 	! #�#DE"! #m�#$a% F I ¥nI F #@A	O�(��@A	6I�$a%�9�A F I m�I��
%6	oDE�(���� DE$&%�(	�I��#%oD4�
$L�fI F �
	o"9�
$Ë"�Õ	6I ��� 	��!���A(	�I �A@J�#�
m � ��	o%6#m¡($a% "o�
@A��I¨DE%' Õ���
$A$f  � I�	
F I 	o F In%�DE�
$È� :�Ì �'Án�6ÌÅÆOI�$�" �( �(I�"(� � �
@A	 p!@� F I%��I����A "��nDE%ÕI���m¡DE"�"§D4C F n�ÅD F kºIn@�%zp&@A F 
¥
(��%6#@A	 � "o��D¦%©�A���DEm�#$A"oDE�
$Ë��Ì¿g/I F �A#@A	�#@A"�#m¡($a%¢� F  ������D¦Âs�A�"oD Â D4$�kl��	�m�In%�DE�
$A"T��Æ©�



&Õ¹º}�·'·�vx~A»�°§·'·�v½¼ v½¯|²Y»�°§·�tWv½¬ � ^

%6 FEF ("Wp&@AT�((	§%�InDE$A#"W�(�
$ ��G
@A	�In%�DE�
$A"��A F I��(I�m  (	6I�$���#$a%6	6I � �4$A#$a% � I�"Q@�$A � (	§%6T��T	6In$AG
�A F I©m�In%�	oDE�(H��� D4$a%�(	6In�#%�DE�
$Õ#% 'n�
@z$AH�(��$A�A@�DE"�#$&%9ªI9@A$�m9D4$'D4m+@Am G F �
C�I F $A�
$��f ("§D4	! H�A
F I�kl�
$A��%�DE�
$s���%��I����A��½	�#"o%��@A$ � 	���C F ª#m¡ �
@�¥�(	§%¢Ì½ÆOI�$A" F ��(I�"+�\ª@ F �¥�(�#%�(@A	 � #"o%+�A
��DEm�#$A"oDE�
$�"�@ �  #	oDE(@A	o�ªI-��� F IHkl��$A�#%oD4�
$¡�AB%��I����Ae$���#"o% � F @A"dI��Am9D4"o"oDEC F �Ì £ ep&@�DiDEm � F DEp&@A
p&@AB�(#	o%�I¨D4$A#"�%6	�I �®(��%6��DE	�#"��A(" � 	oDEm¡D¦%�D¦¥
#"���I�$A" F � D4m�I�G���nDEm � ��"! (#" � I�	 F IQ�#�
m¡m�In$A�A���$A
�(�
	o	�#" � �
$A�A#$&% � I�"+ªIT@A$ �|  � F I��#(m¡($a%e	! (I F DE"6InC F Q�A@ 	���C���%(Ì!����("§%�DEm�I¨%�DE�
$z�A F ITm�In%6	§D4�#
��� D4$a%6#	6I���%�DE�
$���ªI � I�	§%�DE	e��-�#H���A��D Â � �
@�	 � � � (@'% ��%6	o-��C�%6#$!@�-��+��D¦¥
#	�"o("Qm�I�$'D�ª#	�("L�

� ($ @�%oD F DE"6I�$a%7@A$Askl�
	�m+@ F I¨%�DE�
$ � I�	��'D$%e (	o($A�#(" ��$�DE("7�A F I m�In%6	§D4�# ��� D4$a%6#	6I�� �
%�DE�
$c�%�($ F ��("§%�DEm�I�$a%: Â �  (	§D4m¡($a%6I F #m¡($a%�#$?&%L#�#%�@�I�$a%Õ@A$A "! #	oDE7�A m¡�
@�¥
 �
m¡($a%6"fD4$A�#	! #m�#$a%�I�@'Â �(��$A$&@A"Å�A�
$a% F #"|	!  � (	��#@A"�"§D4��$A"B��I�$A" F � DEm�InG
�"o�
$a%Åm¡("o@A	! #(") � �
"o�'��I�a7<'�eÇ��I�G
(	o"6I�$��
a`9&�e�'@A� aT:'��ÆW��m¡DE$AG
��a
�!� �@La`9(*�Ì £ �%�%�sm  #%��A�!�A7$A
$f #�(("o"oD¦%6 � I�"��AOm¡�!�\ª F O�A F I¡��D4C F Hm�InDE"ÅD F #"o%BDEm � �
"o"oDEC F +���j #%�@A��DE(	 F I¡"§%�I�C'D F DE%' 
�A F I��#�
m¡m�In$A�A�Ì

� ($9�(I F �(@ F I�$a% F IQm�In%6	§D4�#Å��� D4$a%6#	6I���%�DE�
$��
���
$A$f # � I�	¿"6IQkl�
	om�|I�$�I F �&%�DEp&@A���ªI�����I�p&@A
D¦%' (	�In%�DE�
$:�A F I�C��
@A� F +�A-�(�
m¡m�I�$A�AnÌ £  FEF  � �#D¿�|  � ($A�AI�$a%W�A@Õ% � � T�� � 	§D4m9D¦%�D¦¥

���A��DE"oDE � �
@A	½#%�(��%6@A#	 F ��I�"o"�(	§¥&D4"o"�(m¡#$&%d�%�kºInD¦%�I �A� I�	�I � �E%�	�d�A(" � I�	6InmÕª�%6	o("D:�ÆJp&@A
F ���
$ � (@�%½("§%�DEm¡(	½"oD F dm¡�!��ª F d�A F I��#DEC F  ) � In"���DEm¡��%6� a�Á�*&�
@ F _�|  � F I��#(m¡($a%��� F I
�¢Inm  #	6I ) Ù�(�A��(m�I a�À��LÄ¿I � I�$'D &n� F � � �
@ F �
" a7<!*�"o�
$a%W�(��$A$&@A"(ÌL����%��
$A"Qp&@A+�(+���A��D Â
� (@�%TI�m¡($A#	 F �"��!"o%¢ª#m¡sªI:I¨%�%6�D4$��A	��@A$m9DE$�D4m+@Am F �!�¢I F $A�
$�f ("oDE	! �#% 'n�
@@�$A
"oDE$AG
@ F I�	§DE%' +�� F I9m�In%6	§D4�#-�L��DE$a%6(	�I��#%oD4��$ ) £ ��I�@Am¡#%o%6 a
�!* Ì

� ��$ ���%6#$�DE	©�(�
m � %� �A F I/	o(�A��$A��I�$A�# ��� D4$'kl�
	�m�In%oD4�
$�"(� F I/m�In%�	oDE�( �� �(�
m+C�DE$�InDE"��
$
� #@�% ��%6	o � 	§D4"os (G
I F zªI�@�$AT#"o%�DEm�In%�DE�
$��� F I � "o(@A�A��� DE$&¥�(	o"�9�A F I�m�I¨%6	oDE�(+��� D4$a%6#	6I�� �
%�DE�
$ ªI F I��#�
$a¥
#	�G
#$A�( 
X 7� � ) ��" � D�In@ aa��*�Ì�ÆOI�$A"��#+�(I�"(� F I¡%��I����A-("§%WI���m¡DE"�"§D4C F nÌ £ �
m¡m¡� 	! #�� #�A(m¡m¡($a%¢����D$%� (	o($a%6"f���A��D Â � �
@�	 F I-m�In%�	oDE�(�����DE$a%6#	6I���%�DE�
$ #"o%�DEm  (W"o�
$a%ÅI F �
	o" � �
" �
"oDEC F ("��

�  F¦F  � #@�%��#%�	�Å#"o%oD4m  (©ªIW����Inp!@�ÅDE%' (	6I¨%�DE�
$9�A F IQC���@A� F B�AÅ�#�
m¡m�In$A�AB�A F IQm �(m¡
m�I�$�D�ª(	o+p&@A � �
@A	B@A$A-m�In%6	§D4�#H�AH�(�
m+C�D4$AInD4"o�
$/������D4"§D4  (GaI F  ªI F ��DE�A($a%oDE%' ��

�  F¦F  � #@�% �#%�	� � 	oDE"�9�(��$A"o%6I�$a%69#%Q%6 F¦F ©p&@A 
X � � 
X � � Ì �xI�%6	�I �®(��%6��DE	�9��(" � 	§D4m9D �%�D¦¥
#"W��I�$�" F ��DEm�I�G
-("o%WI F �
	�"�m��nD4$A"��(�
$a%�	6InDE$a%6Tp&@A+��I�$A" F +�¢I�" � 	! (�� #�A($a%H�%Q�#("
� 	§D4m9D¦%�D¦¥
(" � (@�¥�($a%� #¥�($a%6@A FEF (m¡#$&%�"���	o%�DE	Å�A@z���AI�m � ��Q¥&D4"§D4�
$��A F I©�(I�m  (	6I'Ì �\
�§I��#�
C�DE($9�A|%��I����AÅ#"o%oD4m   
 3���¥�In@�%�I F �
	o" F ��DE�A($a%oDE%' B#% F �® �%6@A��Å�A F IQ"o%6I�C�D F D¦%' |	�#¥&DE($a%
ªI F �® #%�@A�A��A F I � �
"oD¦%�D¦¥&DE%' ��A@��§I��#�
C�DE($��Ae%��I����A�	! # F �A�
$�$|  � I�	 3�� � 
X 7� � X � Ì&ÆOI�$�"F z�¢I�"9DE�| ¢I F �xª@ 
X � � � X � � ���#z% � � ��Az�(��m�m�I�$��A�("o%�"§%�I�C F �I�@ ¥
�nD4"§D4$�InG
��AF I � �
"§DE%oD4�
$7�f #"oDE	! #��%H	! (I F DE"�¡@A$7�f #�(�
@ � F InG
¡�A F IzC��
@A� F ©kl#	�m  (nÌ�� 3_5�� 0 3I5��
� ���U6T����3 0 � 	�� 0 �]6T�L6T�U	���� p&@�D�"o(mTC F  F Wm9D4#@'Â�I��AI � %' WI�@z"�@�D¦¥&D\�AQ%�	6I �®#�#%���D4	o
($ � 	o($�In$&% 
X � � � X � ��� ���oÌ	��

@	����� I F D�� � �
��	��I F 
���|@	� � ��
�m�m�I���� � ����InC F � In@ ¥�
�D��oD ���I�G � � � ���AI�p&@ ��� 
�D������ � F I �!�I � � �"�!
�D� �#� F I���D �$����#� ��@��%�&�� ��

@ � F InG � � � F I9C'
�@A� F �
k � om(���� Ì

ÆOI��	� ) � I��o��D4m)
���
 a7:��#* � F I¡m�I*�!§D4� � � � �+

mTC'D���I¨D���
�� � ��� � oD�� � �� GaI F � ªI F I �!�I��	� � 
������� � �
F I9m�I*��oDE� � �-, D���� � 6In�+��D�
�� ªI F I©�+
��a¥ � �G � �A� � Ì �xI©m�I*�!§D4� � �-, D���� � 6I��"��D�
�� �'� @�� �� �� � ���	
�D��oD �
� � FEF � p&@ � 
X � � X * 7� � Ì � � �§In��

C�D � �%� � � �I���� �.� �/��DEm(�� 
 3��½¥nI�@���@	� � �	

@'¥ � F¦F � k0
�D�� F , D�� � ����D��1��



� � � � � XS� 6 �Q3_� � 	Q� � MZ��� � �U6T� 	�� 6T3 0 �>���3_�K�

� � F , �� �6@	� � � � F I ���6I�C�D F D��1��  � ¥&D � ��� ªI F , �� �6@	� � � � F I � 
��oD���D¦¥!D��1�� �A@ �§I���
�C�D � � � � ���I���� � ����� F
�	
��	�&�� � I��3���� 
X * � � X � Ì½ÆOI��	� F � �¢I��-D��&�� I F 
xª@ 
X � � � X � � �½� � � � � � � � ��

m¡m�I��	� � � �/�
����InC F � In@ ¥�
�D��oD���I�G � � � F I � 
��oD���D�
�� �&�� �§D������ �(I� 3�� � 
X * � � X � 	 À'��m�InD�� � � ��� I F D�� � � I��|@	��$�� �+

@ � F I�G � � � F I9C 

@A� F � k � om(���� Ì

� , �� ��@	� � I���I F � ��DEp!@ � �A@%�	

m�InD�� � � � �+
��a¥ � oG � ��� � � ��� � F I)�
�CA@	��� � ��� � � � � F 
�D�� � � ��
�m �
m�I*�	� � � Æ  � ��� ��� �
����"�� m��*�	�4p�
 ��� �)������
��)� � ���W�+

m � � � Â����1�� � � � �� p�
��*�	��
����dm���� � � � ��� � 

�����	��������
��������	��
�� � � ���������������1�� Ì £ �+�'� �	�������¢� � 
�
	H� � /�������	�+�����.�	�Em � � � �(� � � �.��� ��
������*���

���� �� �1�� 
���� � ��
�� ������� ) � � � ����
 a���*�Ì Ã � � � 
1� ���� ��� � m � ��� 
���� � §¥ �  � Â � �� 	�Em � ������� � m � ���
���-��
��a¥ �  ��� �A� � � � � � � � �'� � � �+

m¡m����	� � m �� m � � � � ��� � � �A� � �-,��4m � 
��������� � � � � � 
���$� �
m 
��&�� �������*�	��
�� ��
����p�
 � � � �&��+� ���n� � m � � �©ª� � % � �+��
 � �� , � ��� � �*�$�!(ª� �!�Em � 
�/�������(ÌAÆ � � � k"�����¢�
� � � � �'� � � ��

m¡m����	� ��� �����!(ª� �#����� � �1�� ��
 ��
��¦¥���� � �!���� � �+��
��� � �����	�$� , � � � ��� � �Em�� ��� Ì

� $���$ � &Õ¹lvx·A¸W}�u\v � }�~�² �vx·A°®v¿¯
� 
����p�
 � � � ¥ � �+� � 
	 � � m � �	
	 � � � ��� �+

m � 
����� 
	���Ep�
 � m � � � �-,����'k0
��m��*�	��
����������

����"�1�� %���������&���%�%����
��*����
�� � � ���:����m(�� �� �����	��� , � � � ��� � � � �!��¢¥������ �'
 �
��'
*�¢��
�� � ��	� � ��
�-,(�*��� � o¥������ � m � ���Q¥�����
 � �Q:
Æ©Ì � � ��
����! �
�� � � � ���T���nm(�� �� � ���)����
��� � % � �"��
&�� ���*�	�!� , � � � ��� �
����/�1�� �%� � ��Ì �*�  � ���*����
�� � :�Ì¦Án� �+, �� ��	���,+

� � � �0/6��� � � � � � � � � �0/6� � � ( �2/6��� � :�Ì � Án�
� � , � Â'� ��� �	��
��)� � � �!��¢¥���
'Â �&�� ��%����� �����	� ) g-�*������ � � a�.!*�� 
\ª
&� � ¥ � �+� � 
	 � � �����+

m � 
����� � � �
��
�
���	
��	�&���� �&� � � 
���� ���N:
Æ � Â � 	�Em(��+� �&�����	�/
	�  ��� ª�  � ���"�� ª�0���H����m �� ������ � �1���'k0
��m��*�	��
����
� �&�� ��%�E¥ � ���!��� � 
�� � � � ���H����m �� �� ) �2������
�� a�.��&g-�*������ � � a�.��!g-��/����� � � a`9&�!g-����	��� � � aTa'�
Æ0��
A��� �  aT9'�|É$� � � ��a�.��dÙ3� ���  �  a7<!* Ì$� � ¥ � �+� � 
	 � � ���4���
���5
	� � � �����m(�� �!%�����*����
�� � �
� ,6�*���	����
	� � � � � ���©����m �� ���Ì � � ��� � � � ���! � � � �Å¥���%��� ����
��	� � � � � ��� � � �����m(�� ��	�����*�	��
�� � �$� � �
¥��*	���*����
��	��� � � � ��� �	
��	�&��.� ��7���¡m��*�!%�4� � �-,8����� � ����"����
�� X � � ��

���
�¢¥ � � �� � X � � ��Ì

���¦Â9����k0
��m��*����
��	� �	
  � � � � � 
�
	O��������"�1�� 	��� � #� � m����:��ª�  � 
	���¦¥�
!p�
 � ��� �%����
��*����
�� � � ���
����m �� �� ���*�	� ��
�� � �a¥����
��	� � m � ���¢Ì �*�¡m��*�!%�4� � � � ��
�m&������������
�� �'� 
�� �	
��A� �� �� � ���	
����	� �
��;� ��� � ª��� ,���� � �������1�� Ì � , �� ��
	� � � � ��� �/�������������1�� � � ��� �+

m¡m<�*�	� �  � ¥�� � ��������
���9ª�<� , �� ��
	� � � �
��� � 
��	�����¦¥����1�� � � ����m��*��	�E� � X � 
X 7� Ì
����
�� � � � ����� � ������� � � ���+
��	��������
��	�����&�� ��� � �(�&
�� 
������ � ��� �������� m � ���<� � � ��
��	��������
��	� � �
���������������1�� � � ���-�+

m¡m����	� � � � �������
�� � � ���-k0
��m � � ����	�4�;
���� ª�  � m � �����%�4m � � � � � �dm<� �!	�E� � �
�-,8����� � ����"����
���Ì £ �+�'� �	������� � � � ��� � � �A� � �-, � � � 
	�� ��
	1� � �Åm)
��\ª� � � �Q� �;����� � �!����m �� �� Ì¦ÌEÌ � 
�

� � �		
����!�$� � m � �	
	 � �(�:���+m)
��&�� �������*�	��
�� � � ���=� 
�
A�>� � k � om(��+� � ���$��(ª� �$���+ ��;��� � Ì £ � ��� � ���Ek �
����
����1�� m�� � � 
	 � � �	� ���� � ���e�;������ � m � � �?��
����p�
-, 
�� � Â � 	�Em � � Â � ���4�>��� � m � ���0��� �&��+�'� �	�����A� �
� � ���+m��*��	�E� � �-,������ � ����"����
�� ¥������(ª� � ¥����&� � � � 	�Em����	�E¥ � � � Â��!������ � �&� � � ,8�Em�� ��� � � � om � ���������
� �  � m)
���� � @��
z¥ � �"� � 
	 � +

X � � 6 �
6 �

6 �
6 �

� 3 � � X � � :�Ì ��� �



&Õ¹º}�·'·�vx~A»�°§·'·�v½¼ v½¯|²Y»�°§·�tWv½¬ � 8

� � � � ��
��	� � � om � � � � � ��� � � Â �  � ���%��
�� � , � ��� %� � � �-,(��
��! � p�
 � ����m��*�!%�4� � �-,������ � ��n�+����
��
��� ���� ª� � � � � � 
�� � � � �� �&�� ���� �� �� � 
���� � ��
 � � m������ ª�  � ���'����� �	�4p�
 � ÌAÄ �*|��
�� �� � ��� � �  � m�� � 
� � �m � � �/� � � � �� �&�� ���:���A��
��	��
 � � �:�� � �+� � m � ��� ���"�� ª�@����m(�� ���	
1� � 
��������������� � 
�
	 � , 
���� � ������
��
� � � , �� ���*� � +

� �	� � 
�
	� � m)
���� �  ��
'Â ����k0
��m��*����
��	����	�����4m � �	�	��
��	� � ��� � �#�-
�� 
���������� � 
	� � m �� ���	
�� �
��
Am(�� %�4p�
 � ���1�� ��*�	�E¥ � ) Ê/
���� � a'� � 
  � a�Á
��Æ � m � � ���	
��
a��!��  ����� � . *¿��

m¡m � ���*�	�) g-����	��� � � a�.!* �����
���/��� � ��� �4m � 
����%���:� � �-, � Â � %�4m � &3 � � � �$�	
��A� �-, �� ��
���� � !��� ��������� �
�����1�� �'
 �������¢ª� m � � � � ��� � � �A� � �-, �� ¥ � ����
 � ��� � � � � � 
���#� � m)
��$�� �������*����
�� ������� � � �����
� �� �$�� ���� ) £ �'��
Am � ��� � a � * Ì�Ä 
�
	�
���� � ����e� � /�������	����� ��
������*���(�'����k"��
��#���
����� �#� ����� � 
��
�
	��� � �B� � � 
��6��ª� � � ��k0
��� � � )� ���	� � À
À(*�Ì £ � ���  � �/� � ¥���� � 
�
	!� � �Bm �� ���	
�� � �$
��	����� �
���*� �(� � 
�
�  � m)
���� �  ��
'Â ����k0
��m��*�	��
��	� �!	�����Em � �	�%��
���� � ��� � �(�� � �'���!�� ��� � � � ���4m����L�
�� � � �	��
 � ��
�
 �	
�� ) �2������
�� a�.!� � 
	�	�o��� a`9(*�Ì1� 
���
��	� ���� ��� � m � � �Åp�
 � � � �Åm(�� ���	
1� � �
�&�� � � ���	��� � � � 
	�:m)
���ª� � � :
Æ � � � , 
��!� � � � ,8�����1�� 
�� �(Ì

� �	� � 
�
	� � m)
���� � ?��
'Â ����k0
�om<� ����
��	���!	�����Em � �	�%��
���� � ��� � �(�-
�� 
��	������� � � � �em(�� ���	
1� � �
������
 � � � � ��� � �� 

m �� �!	� � ���� � � 
������� � ) Ù ��
 ��� ���� ��� * ����
���(�&�-,8
	� � � ��/�¢�/� � m)
��\ª� � �
� � � , 
��!� � � �-, � �/� � ��
	� �&�� � � �������� � ) %7����	��a � * � �¢� �-,6��
��� � � ����(� � � � ��� ��
������*��� �	
	
��� �/�����:�������1�� �'
 �������¢ª� m � � � � ��� � � �A� � �-, � � � 
��� � � m 
��&�� �������*�	��
�� � � 
�¥ � ��� �� �! �

���� � ��
	� ) £ �nm ������
�À
À *Åm<����)��
�
	��� ,�� � � 
����\ª� � � p�
 � ���7m��*��	�E� � �-,��	

m)
 � �� � ��� � ª�
� ,8���!����� ��
�����m � ��
	������ � ª�9������p�
 � ���1�� ��*����
�� � � ����� 
�
A�;� � � � ��

m¡m����	� � Ì

� � � �� ���Ep�
 � � � , �� ��� �'� � �  � �+
��	�/�!�
��+����
�� � � �@����k0
�om��*����
��	���!%�����Em � �	�%��
��	� � ��� � � � ������ � ��� �

	� � k0
��� � � � �	�%�����������1�� � � � � � � � � �-,6����� � §¥������ � m � � � ��
!Â ���
����!� � � m � ��
	 � �(Ì £ � ��� � �/�
� ��/���E��
�����ª�  � m � ���e¥�����Lp�
��*�	� ���� � �+
��	�/�!�
��+����
�� � ����
��1� � ��
 � ª� � ��/����$� � �Åm��*�!%�4� � �|k0
����
����m � ������� � 
�
 �-,���

m)
 � �� � ��� � � � 
�����p�
 � � � 
� � �����Em��*����
�� � ��� �!(ª� � � � �	�	����� � ��
'Â��		
����!� � �
m � ��
� � Ì £ � ��� � � 
1��� �! � �!(ª� � � �� �'���������*� � � (ª� � � � ���:�+
��a¥ �  ��� �A� � Ì £ � � � � � � � �o���&�� m��
� � m&��� � �	
��A� �� �! � m����!����� � �1�� ª� � � � ��
:�E¥���� � � �!�� � � �"�!
��� � ������(� �����	�T� � �+
���� � Â�� � � ���
m � ��
� � ��
�
	������ �  � ��� � ¥�
����%��� � � � ���)�%����
��*�	��
�� �&�� �	������� ª�¡������p�
 � ���	�/�������(Ì

� �!������� � ��
�������
�� � � � �|m)
�
�¥ � m � �������'
 �
��'
��&�������&��
�� � � � ��� � � � ����¢¥������ � � om � � � , 
����
� � ���� � � � ���� � � �+��
��� � � � � � , � % � �"� � 
� �!(ª� � ��� �����ok"����������� � �(Ì�� � �+
����! ��� ��/��� � ��� � � � �'� � �
��

m¡m����	� � � �.� � om � � � ���7� � ��
�������
�� � � � ���!�� � � �"�!
��� � ��� � � � %�4m������¦¥ � ���������)� ,��4m�� ��� � �
�	
��A��� � ��� � � �j�;� �'� 
�¥ � � �$�!(ª� �!��� � � ��
���	��&�'
 ���'��m � � � ¥����	��
�� � � ���+����m(�� �� � �!�������	�Lk"��� �
�� ���	
�
 � $� ,6����� � §¥������ � m � � �(Ì

� $�� $ � &:¹lvx·A¸W}�u\v,@&¼ } �dvÈv\² ¬�¹ºvx·A¸W}�u\v � }�~�² �vx·A°®v½¯
� 
����p�
 � � � ¥ � �"� � 
� � � m � �	
	 � � � �/����

m � 
����� ª�#����k0
���� �-,����'k0
��m��*�	��
���� �!%���:�4m � ���	��
�� �

� � ��� � � � � � � � %�4m������¦¥ � � � Â��!����� � � � � � ,��4m�� ��� � 
�� � ��	� � �� �-,6����� � §¥������ � m � ���T� ���	%��� � 
�

�-,6����� � o¥������ � m � ��� � Æ Á(' � ÌLÆ0������� � �����#�3� � �@����k0
��m��*����
��	���!%�����Em � �	�%��
��	� � ��� � � �'� 
�¥ � ���¢�
��

m¡m � � 
�
	&� � ������� � §¥������ � m � ����� :
Æ©�#�� �! � 
���� � ��
 � � � � 
��	�������������¢� ��
����&� � m)
1��ª� � � � �
���¡�;����� � �'���	�)
	� � m(�� �6��
1� � ���1�� ��*�	�E¥ � ) £ � §¥ � �� aTa'� £ 
� & � À
À!��g%
� � �½À
À!* �	��
���� � ��
	�	� � 
���
�4m�� ��� � � � ��� �o��ª� � � �"� � ���4m�� ��� � �+
�
	������ � � � �$�� �%������� � ) g-������ aTa!* Ìf¤�� � � �������&�� m�� � �
��

m¡m����	� � �����¢ª�;�  � �	
��A�¡ª�=���-k0
����!
	� ��
�� ����
�� � � � �������� � � �+��
��� � � � ���T����m(�� ��������	� ��
��



� � � � ^ � 3 0 6`��5��>��3 0

� � � ��� � � � ����¢¥������ � �1
��9��
����! �
�� � � � ��� �!���� � �+��
��� � � � � � �������� � � � %�4m������¦¥ � � �'���	� � ,8�Em�� ��� Ì
Æ � � � ��� � m����:��ª�  � �,� , 
��!� � ���-,������1�� 
�� � � 
	� � � ��
�� � ����	� �)� �
������:�������1�� � �  � ��� � .�����	� � �
������m � � � ¥����	��
�� � � ���-����m(�� ��'Ì�� � 
�
1�! � �&��

m¡m � ���*�	� � � �����$� � �7�*��� � o¥������ � m � ���!� :
Æ©�
�	� Â ����k0
��m��*����
��	�.��
" � � ��� � 
�
	H�+
����!��
�� � �� � �.�	� Â � ��� ��� �.� � ����� � ��1�� � � ��������m �� ���Ì �*�
m<� �!	�E� � � � ��

m=�����'������
�� �'� 
�� �� �� � ����
����%� � ��;� ��� � ª�?� ,���� � �������1���� � ���W�+
��	��������
��)� � �/�������������1��
��, �� ��%��� X � 
X 7� 	 À�Ì��*�9m��*�!%�4� � � ,8����� � ����+�	��
�� � � ��
��A�0���¡��
��	��������
��%� � �/�����:�������1�� 
�� �#
	� �k0
��m � �	�Em � � � Ì
Æ � � ��� ��
������*���dk0
��m � ���&�	
	 ��� �/�������������1�� � �&�	
	 ���#�
��'
	��� � ��� � ��
'Â � � � 
	�� � � m)
1�&�� ������� ����
��

���� � 
 �� �! � 
���� � ��
�� �����	�)� � ���*� 
\ª
 � � �@����k0
�om<� ����
��	� :
Æ ��
�� � � �/���Em(���� � ª� � ��/���� � � ���
m<� �!	�E� � �-,��	

m)
 � �� � ��� �  � ���*�	�E¥ � ª��
	� � ����� � � ��� k ��  � �A� � ) g ������� a � * Ì
� 
���
��	�Q� ��� � �	�'�����Op�
 � � � � � �'� � � �o���$�� m�� �&�� � � ���	��� � � , � ���	�4m��*�	��
�� �'
 �&��+� ���n� � m � � �#� �
��������m �� �� ª�¡������p�
 � ���1�� ��*�	��
��%� � ���<� 
�
A�>� � � � ��

m¡m����	� � Ì £ � ��� � � ���*� � � � 
1� ��,6�¢¥ ��  � 
�$�� ���4���*� � � 
�
	©� � /������� � �¡�+
��!� � 
���*�	��
����(Ì £ � ��� � �� ��� � � � �/�¢� � � � ����	�4�;
���� � #� � �� �'���������*� � �
� (ª� � � � ������
��a¥ �  ��� �A� � � � � ������
�� � � ��� � � �	�	�����������1�� ��
'Â �		
������ � � m � �	
	 � ��Ì�� �%
�
��� � �
m �� m � �%� �¢¥ � ��� � ��� � m(�� �6��
1� � ��
�� � � 
��/������
	 � _p�
-,8
	��� � /�������)�	

m&�� � � ��� %�4m������¦¥ � ��� � �
� �� �&�� ���� ��
	� � � � 
�� � � 	�Em����	�E¥ � ¥�����
 � ��� � �  � �/� � �����	�1� ,��Em<� ��� ����� � ���/�Em � 
����	����� � � �#� ����*� �	��
� , 
��	� � o¥����:�������1�� � � ���%�������� � �'
	��*� ���!
�
1�&� ,(����� � o¥������ � m � �����º��, � �����(ª��� ���� � p�
-,8
	�(�	
�m&�	 �
��
  ���*� ��� � � 	�Em �����¦¥ � �e¥�����
 � ��� � �� � ��� � �����	�7� ,8�Em�� ��� � 
�
	 � ���	�4m � $� � � � �*���m�ª� �� � �Y:
Æ+��Ì

� ��� � � � � � � � �#� �
Æ0�����O� � ����� � ���! � ���	
�
	�=�¢¥�
���� � ��� � � ���1�� � � � � 	���A�;� � ��� � �.� � �������4p�
 � � � � �m � �����*� �����

��� ��������*�	��
��%� � �������� � ���
��'
��	�4p�
 � �¡ª� � �*�������-,����'k0
��m��*�	��
����e¥�����
 � ��� � �#Ì

� � �/����� � o¥������ � m � ���!�Å¥�����
 � ��� :
Æ �&�� � � ���	��� � ���(� � � � �� �&�� ���� �����O�+
��	�������������A� � � � � , 
��!� � � 
�� �
� � §¥ �� Ì � , �� ��� �'� �-, � ���	�4m��*�	��
�� � � � � �����m�ª� �! � �*:
Æ �'� 
�� �+,(�¢¥ ��  �  �&�� ���E���*� � � � � ����	�4�;
���� � 
��
����p�
 � � � � � �����m�ª� �! � � � � ��������m(�� �� 
�
 � � m)
���ª� � � � � � , 
��!� � � ��
���� � ��
��$�� �#Ì�� � 
�
��� � �
���¡��
������������� � � � ¥����	�����������1�� � ��� ���+ ��>��� � ª� �����1����  � 9ª�����)�����
A�"��
	 � � � ��

m¡m����	� � Ì�� � � k �
k � �¢��� � �&���� � � �+��
��� � � � � �!����k0
�om<� ����
��	�f¥�����
 � ��� � ���'���	� � ,��4m�� ��� �'� 
�¥ � ��� �� �! � �������&�� p�
��*� � �
������ � �¡m)
�
�¥ � m � ���!� �'
 �
�� 
��)��
�� ���+
����!��
��"�� � �:�� � �+� � m � ��� �����	��� , � � � ��� � � � �!��¢¥�������Ì
� 
 ��
�� ������� � � � � ��
�������
�� � ���� � �"�#� � � �&���� ����� � m � ���!�#�'
 �
��'
�� �����	�@� , � � � ��� � £ ��/�1�� �	� � �
�'� �m � � �-, 
���� � ������ � ���!�� � � �"�!
��� � � � � � , � % � �+� � 
	��!(ª� �����*�	���§k"����������� � �(Ì
� � �&�*��� � o¥������ � m � ���!�©¥�����
 � ���+� ���	%��� � � �&�� � � ���%��� � ��� ���� ��� � m � ���&
�� � � ����� � �-, � �/���Em��*����
��
� � �&���� ����� � m � ���¢Ì £ � ��� � �j�;� � �/� � � � �� �&�� ���� ��� ����������+� � � 
��	������������� � ��
	�%� � 
	����4m�� ��� � � � ���
����ª� � � Ì½Æ0�����O� � ���*�(� � � m 
���ª� � � � � ��� �;����� � �-, � �/� � ���#�&�� � � �������� � Ì £ 
�m�m �)� 
�
	 � � �������
� � §¥������ � m � � ��� :�Æ©��� � ��� � �� ��� � ��� � 
1� ��,6�¢¥ ��  �  �&�� ���E���*� � ��
���op�
 � � � � � 
��	������
��	�#������������� � � �
�$�� �%������� ��
���� �!(ª� � � �
!��� � �e� � � �������
�� � � �1���&�� ¥���������� � �!�		
����!� � � m � ��
� � � � � �	
��A� � (ª� � � �
������
��a¥ �  ��� �A� � Ì�Æ0�����e� � ��� � � � �������4p�
 � � 
	� ��� �*���� � �'
 �%� � �'��� �-, � � � 
	 � �/� ���� � �+� � m � ���

���� � ��
 � �'���	� � ,8�Em�� ��� � � p�
�� � � om � �.�-,(�nm(�� ����
� � 0� , 
��	� � §¥������������1�� � � ��� �������� � � �����	�0���
� ����*� �	��#Ì



&Õ¹º}�·'·�vx~A»�°§·'·�v½¼ v½¯|²Y»�°§·�tWv½¬ �IV

� � � � � �������4p�
 � � �-,6����� � o¥������ � m � ���7¥����	
 � � � Æ �'� �m � ��� � ���-
	� � � 	��� � � � �+

m � � � � ��
	�
���� � �"� � � � ������
������������� � � � ¥����	�����������1�� ����#� � �%� � ����� �-, � � � 
	�ª� ���;� 
�� �  � ��� �:�� � �+� � m � ���
��
������!	
����Õª� � ��/����#�-,8����k0
�om��*����
��	� � Â��������� � ��� � � ,8�Em�� ��� Ì £ ��� � �	���*� �(� � , 
��!� � �.�-,���� �1�� 
�� �
�'� 
�� �!
�
��)� � m �� m � p�
������ � �� ,8�Em�� ��� �'
	������<� ,6����� � o¥������ � m � ���4��
���op�
 � � � � � � � 
��� � �
m)
1�&�� ������� ����
�� 
�
 � � �&���� ����� � m � ���9ª� � % � �+��
 � ���
�� �!�4m � 
���������!�(Ì�� � 
�
��! � ���������� � � �+��
��� �
� � � , � % � �+� � 
	 �'
 �
��'
�� ������� ��
�� � � � ��� � � � ����¢¥��������-, � �/� � ��� �'
 ��
�
�� ��
����! �
��"���� � �
� � ��� � � �;� � ��� ����
�����Em � ��� ¥����	����� � � 
�
 �!
�
1� �'
Jm)
������ ��
�
	��� 
 � �	�4m���� � � � ����
��	��
��� � ª� 
	�
�� ��� � � � � � ,6����� � §¥������ � m � ���(Ì � 
����p�
 � � � �Å��
�� � � 
	��*����
��	�/������������� � � �$�&�� �	�����+� ��
���� � �
!��� � �#�
� � � � � � � � m(�� �6��
1� � � ��,6�¢¥�ª�  � �!(ª� � �  ������ � Ì Ã � �	
�� � �� � � � ����	�4�;
���� �  � � 
	 ���������������1�� � �
�
���
	��� � ��� � ¥���� �(ª����¥���� � � � � � � 
��� � � m)
��$�� �������*����
�� �'���	�e� � �����	 � Ì�Æ0���	�)� � ��
�� � � Â�� � �'

��
��¦¥���� � �!���� � �+��
��� � �#�
� �$� 
������ � ��� � %�4m)
�����������n���� � , 
��!� � �+�	�Ek � �/��p�
 � ���Qm � �	
	 � �+
�
	��*� � �
 � ��� � �������
��	������� � m � � � � �
!��� � � � ���Õ��
��	�%� � � � �+
�
	������ � Ì � ,(�*� � � �+�.�!(ª� � ��
!����&� � � � ��� �
m(�� �6��
1� �.� � 
����	
��A� �� �! �.� � � ��� � m � ��� � Â � ��
����1�� ��
�����-,8
	� ��
��¦¥�� � � �!���� � �+��
��� � Ì

� 
�
��&
��	������� � �
��	� �	
��A��� � �.� � ���	���Ep�
 � � �-,6����� � §¥������ � m � ����¥����	
 � � � Æ � �	� � � ��
��¦¥� � � � �
�!�� � � �"�!
��� � � � ������� �$���� � ���*�	� � ,��4m�� ��� Ì � 
�
��½¥ � ��
��	�#�*� � � ��
	�(��p�
-,���� � �/� � 
����	����� � � ��
��� � � ���
� ����� � � � � ������� �����*����
�� � � ���� � � �+��
��� � �*� � ��� ��
�
��	 � � � � � �
���� ª� m � � � � ��
�
���� 
 � ���Em��������1�� � �
��� ���� � � �+��
��� � �'
 �
�� 
��$�����	�7� , � � � �n� � � � �!��¢¥����� � � ���-,8�����!�
1�'
:�� � � � /������� � �e�+
����!�������� � �
�º¥����	�����������1�� � �� ¥���� � m � ���.� � � �'
��1���� �=�*����E��
:������ � � � �#� � � ��
���
 � 
!�(�;
������*����
��	� ��Ì � 
�
	� � � �
��	�
����
��� � ��m � �	
	 � � � ��� ������� � (� � � 
1���������������?
	� ����� � §¥������ � m � � ���������@� ,8�Em�� ��� � � � � � ������ � �
� � � 
��%���	��
��	� � m � � ����
���op�
 � � � �&���� ����� � m � ���sª� � % � �"��
 �  � ���)�!(ª� � �4m � 
���������¢� � � �	
��A�
�-, �� ���� � ��$� ,6��� �'� �+���!(ª� �$��
!�����-� � ��� � ���	���Ep�
 � � �n�+��
 � ��� � �(Ì



^ � � � ^ � 3 0 6`��5��>��3 0



^ .

� ����� �����	 � 
 ��������

� ����� ��� ����������� � � �����! "�#�$�%�����&�#'





���������
	�������������������������	������ �!�"� #%$

& ' � 
 � ���&� (

) � ���&��� � �$������� � � *� ����� � � �,+ ����

-/.10 24365!7!8:9<;<=>5!?@8A3
B4C6DFECFGIH�JLK"JLM�CFNOJAJ@PRQOSTMUSVDOWYX�Z�JAG@STP�N�W[N�D\J^]C_CF`AJ�P�J@QaZ�PbQOSTMUSVD�K�cdZ�P�JAG@STPfe�gTZ�QOCFDOWYSTP

W[PfWYDhWiCFjYJ
K�STP�P�kJ@Jl]C�Z"P�J
G@STP"e�gTZ�Q\CmDOWYSTPAe�P�CFjYJnK�kJ@NhWYQokJ�JVpoq!PLgrkJ@P�kJ�Q\CFjtsTWYj%JvuoW[N�D\JnZ�P�J>W[Pfe�P"WwDfkJnK�J
D\QOCFxyJ@GzD\SVWYQOJ�N�{|J�QO`}J�DhDICVP~D,K�J�QokJ�CFjwW[NhJ@Q�G@J�DhD\JaDFECVGIH�JFp�B�STQhNOX�Z�J�j[CADmECVGIH�J�J@NhD,{"jYZ�N�G@SV`A{fj[Jvu"JFs
J@P�QOCFW[NhSTP�K�c�WYP�DOQOSoK�Z�GzDOWYSTP�K�J/G�STP~D\Q\CmW[P~D\J�N@s�jYJ/P�SV`�M�QhJ/K�J�GIH"J@`lW[P"N_{USTNhNhWYM"j[J�N�QOJ�NhD\J�J@P
grkJ@P�kJ@Q\Cmj�W[`}{USTQhD\CVP~D�p4B!cdSTM"xyJ@GzDOWw��K"J�jiC�{"j[CVP"Wwe�G�CmDOWYSTPbJ�NhD�K�JlNokJ�jYJ@GzDOWYSTP�P�J�Q�Z�P"J}DOQ\CFxyJ�G�DOSVW[QhJ
{�CVQh`}W|j�cdJ@P"NOJ@`�M"jYJaK"J@N�D\QOCFxyJ@GzD\SVWYQOJ�N�{USTNON�W[M"jYJ@N
X�Z"W�CVNONhZ�QOJ�X�Z�J�G�J@Q�DICFWYP�J@N>G�STP~D\QOCFW[P~DOJ@N�jwWzkJ�J@N
]C}jtcdJ@P~��W[QhSTP�P�J�`AJ�P~D�s|CVZ�`�kJ�G�CVP"WYNO`}JaSTZ�CVZfu:G@CV{"D\J�Z�QONnZ"DhWYjwW[NokJ@NnNOJ�QOSTP~DnN\CFDhW[N���CFWwD\J@N�p
B4C�QOJzjiCmDOWYSTP�J@P~DOQOJbj[C�DOQ\CFxyJ�G�DOSVW[QhJ���G�WYP�kJ@`ACFDhW[X�Z�J��_K�Z�N��fN�D�]J�`AJ�{"H��oN�W[X�Z�J�JzD�jYJ@N�� SVQOG@J�N
� STZ�QhP"W[J�NL{�CVQlj[J�N�CVGzDOWYSTP�P�J�Z�QONAgrkJ�P�kJ@QOCVP~DLjYJ@NA`}STZ"�TJ�`}J@P~D\N�jYJ�j[SVP�gbK"J�G�J�DODOJ_DOQ\CFxyJ�G�DOSVW[QhJ
J@N�DlK�STP�P�kJ@J�{�CVQaj[J�N�kJ@X�Z�CFDhW[SVP�N�K"�oP�CV`lWYX�Z�J@N}K�Z�N��fN�D�]J�`AJFp�q!P�g�kJ@P�kJ�Q\CFjtsrj[C�{"j[CVP"Wwe�G@CFDOWYSTP
G@STP"NhWYNhD\J�K�STP�G�]C<jiC/� SVWYN/]CRG�STP�N�D\QOZfW[QhJ_j[C^DOQ\CFxyJ�G�DOSVW[QhJ:G�WYP�kJ@`ACFDhW[X�Z�J�{|STZ"Q}jYJ:Nh�oNhD�]J@`}J�JzD
]C�{fjiCVPfWYe�J�Q_jYJ@N_� STQOG�J@N�]C�� SVZ�QOP"WYQ:{�CVQ�jYJ@N/CFG�DOWYSTP�P"J@Z�QhN_jYJRjYSTP�g�K�J^jiC�D\QOCFxyJ@GzD\SVWYQOJFp���J@N
� STQOG�J@Nn{|J�Z"�TJ�P~D�K�CVP"N�G�J@QhD\CFWYP�N�G@CVN�EJ�D\QhJ�STM"D\J�P�Z�J@N�K"W[QhJ@GzD\J@`}J�P�DA]CA{�CVQhDhW[Q
K�J�NnDOQ\CFxyJ�G�D\SFW[QhJ@N
G�WYP�kJ@`ACFDhW[X�Z�J�N@p���CVP�NnK�c�CFZ"D\QhJ@NnG�CVN�s%j[CLK"J@NOG�QhWY{"DOWYSTP/GzW[P�kJ@`ACFDOWYX�Z�J�K"Z�Nh�oN�D�]J@`}J�J�NhD�Z"DOWwjwW[NokJ@J
G�CVQ}jYJ@N�kJ�X�Z�CFDOWYSTP�NLQokJ�gVW[NhN\CVP~DLjiC^K"�oP�CV`lWYXoZ"J/NOSTP~DLD\Q@]J�NLKfWY AG�WwjYJ@Nb]C^STM"DOJ@P"WYQ@p�B�J�`}SoK�]J�jYJ
G�WYP�kJ@`ACFDhW[X�Z�J�{|J�Z"D�kJ@g~CFjYJ@`}J�P�D�EJ�DOQOJ¡Z"DOWwjYWYNokJ�jYSTQONhXoZ�c¢STP�G@STP"NhWYK�]J@QhJ�j[CnK"�oP�CF`}WYX�Z�J�K�ZaNh�oN�D�]J@`}J
G@ST`}`}J�£o¤�¥
¦z§"¨©«ª ¥�¤�§m¬«I¥zpF��JzjYjYJz®¯G�W�J�NhD�Cmj[STQhNrNhJ@P�NokJ@J>{UJ@Qh`AJzDODOQOJ�Z"P�Jzu�kJ@G�Z"DOWYSTPl{�CFQh��CFWwD\J�K�J�j[C
D\QOCFxyJ@GzD\SVWYQOJ�GzW[P�kJ@`ACFDOWYX�Z�J�{"j[CVP"Wwe�kJ@JFp�°nSTZ�N�P�SVZ�N�{"j[CVG�J@QOSVP�N>K�CVP�N�G@J�K"J@QOPfW[J�Q�G�CVN�K�J,e�gVZ�QOJFp
B�J@N�`}STZ"�VJ@`}J@P~DON¡K"Z�Nh�oNhD�]J@`}J
{�H~�oNhWYXoZ"J>{|J�Z"�TJ�P�DnEJzD\QOJ�STM�NhJ@Qh�!kJ�N!J�D�G�STP~D\Q�ESVjzkJ�N�K�CVP"N�X�Z�CFD\QhJ
J@Nh{�CVG@J�N,K"Ww±nkJ@QOJ�P~D\N����TSFW[Q>e�gTZ"QOJ�²�pw³F�%´

³Tpnµ
¶w·o¸@¹»º�¼T·¾½4·À¿�Áº�¼mÂ»·n´!STP�CV{�{UJ�jwjYJ@Q\C<J�NO{�CVG�J�K"J6DFECVGIH�JFs�j�cdJ@Nh{�CVG�J�K�CFP�N�j[J�X�Z�J�jnJ@N�D
NO{�kJ@G�Wwe�kJ�j[C�DFECVGIH"J�]C�QokJ@CFjwW[NhJ@Q�JzD�STP�jYJ�P�SVDOJ@QOC6Ã�p���JzD�J@Nh{�CVG�JlJ@NhD�J@P/grkJ�P�kJ@QOCFj�GIH"SVW[N�W
K�Jl`ACVP"Wt]J@QhJ/]C6NhWY`A{fjYWwe�J@Q�jYJ@N�J�±|STQ�D\N�K�J�jtc¢ZfDOWwjYWYN\CFDOJ@Z�Q�jYSTQON,K�J�jiC�{�H�CVNOJlK�JlK"J@NOG�QhWY{f®
DOWYSTP�K"J�jiC_DFECVGIH�JFp���JLG@JL��CmWYD@srK�CFP�N�j[C�{"jYZ�{�CVQ�D�K�J�NlCV{�{"jwWYG�CFDhW[STP"N@s�GFc¢J�NhD}Z�PÄNOSTZ�Ny®
J@P"NOJ@`�M"jYJ�K�J�j�cdJ@Nh{�CVG@J�G�CVQ�DfkJ@N�W[J�P�X�Z"WoJ@N�D�Z"DhWYjwW[NokJVpFB�J@N»G@SoSTQOK�SVP�P�kJ@J�N�G@CVQhDfkJ@NhWYJ@P"P�J@N�NhSTP~D
CFjYSTQON�Z"DhWYjwWYNokJ@J�N�{USTZ�Q�NO{�kJ@G�Wwe�J�Q�j[C_{USTNhWwDOWYSTPRK�CVP�N�jtc¢J�NO{�CFG@J�JzDaZ�P�JA{�CVQ\CF`�kJzD\Q�W[NOCFDOWYSTP
jYSfG@CFj[JFs~G@ST`}`}Jn{�CVQ!JzufJ�`A{fj[Jnj[J�N�CVP"gVj[J�N�K�c�q!Z"jYJ@Q�s�J@NhD¡GIH�SFW[N�W[Jn{|SVZ�Q�NO{�kJ�G�Wwe�J@Q�j�cdSTQ�W[J�Pf®
DICmDOWYSTP�pT��J�`ACVP"W�]J@QOJ>grkJ@P�kJ�Q\CFjYJVsFSTPlP�SVDOJ@Q\CnÅ�Æ4Z�P��TJ�G�D\J�Z�Q!X�Z"W�QhJ@{�QokJ@NhJ@P~D\J
K�J>`ACVP"Wt]J@QhJ



#�� �������	� ¿�
��½��r¼V¿���� �

Z�P"Ww�TSoX�Z�J�jiC<{USTNhWwDOWYSTP�J�DljtcdSTQhWYJ@P~DICmDOWYSTP�K�Z�QOSTMUSVD�K�CVP�N�jtc¢J�NO{�CVG�J:K�J6DFECVGIH"J_X�Z�CFP�K
G@Jzj[Z"W ® GzWnJ@NhD�GIH�SVWYNhWnG@SV`A`}J¾kJ�DICFP�D}jtc¢J�NO{�CFG@J�G@CVQhDfkJ@N�W[J�P�p�°nSTZ�NAGIH�SVWYNhWYQOSTP"N�K�CVP"NLP�SVN
CV{�{"jwWYG�CFDhW[STP"N,j�cdJ@Nh{�CVG�J�K�J�DmECVGIH�J�K�J�`ACVP"Wt]J@QhJ�D\Q@]J@N�K"WY±
kJ@QhJ@P~D\J�G�CVQ�P�STZ�N�NO{�kJ�G�Wwe�J@QhSTP�N
j[J�NaDmECVGIH�J�N_]C:QokJ�CmjYWYNOJ�Q�K"WYQOJ�G�DOJ@`}J@P~D�K�CVP�N�j�cdJ@Nh{�CVG@JLK�ZRG�CV{"DOJ@Z�Q�p��!jYZ�N�{�QokJ�G�WYNokJ@`}J�P�D@s
P�STZ�N�G�STP�NhWYK�kJ�QOJ@QhSTP�N�X�Z�J>j�cdJ@Nh{�CVG�J�K�J�DmECVGIH�J
J@N�D!j[J
{"j[CVPlWY`LCFgTJ���NhZ�Q!j[J�XoZ"J�j�j[C�NhGV]J�P�J
STM�NhJ@Qh�!kJ�J�{�CVQ�j[ClG�CV`�kJ�Q\C}J@NhD�{�QhSVxyJ�DfkJ@JVp

� pnµn¶ ·o¸@¹»º�¼T· ½»·�¿�
�º���º�������� ·o¸@¹rº�¼T·��%¹��·�
�º"¿���� ��� ·��f´rj�cdJ@Nh{�CVG@J�K�J�D\QOC1�FCFWwj
J@N�DAZ�P
NOSTZ"N�® J�P�NOJ�`�M"jYJ�K�J�jtcdJ@NO{�CVG@J�G@CVQhDfkJ@NhWYJ@P�K�CVP�N�jYJ@X�Z�Jzj�jYJ,QOSVM|SVD}kJ��VSVjYZ�JVs"Wwj|NOJ@QOC�P�SVDfkJ �
K�CVP�NnjiCLNOZ"WwD\JFp�B!c¢J�NO{�CFG@J�K�JaDFECVGIH"JVs�X�Z�CFP�K�Wwj�J�NhD�GIH�SFW[N�W�G@SV`A`}J�Z�P/NOSVZ�N�®¯J@P�NhJ@`�Mfj[J
K�J�jtc¢J�NO{�CFG@J_��CVQ�DfkJ@N�W[J�P�s�J�NhD�WYK�J�P�DhW[X�Z�J�]C:j�cdJ@Nh{�CVG@J�K"J�D\QOC1�FCFWwjtsr`ACFWYN�{UJ@Z"D�EJzD\QhJ�{�Cm®
Q\CV`�kJzD\QhWYNokJaK�J�`ACVP"W�]J@QhJaKfWY±nkJ@QhJ@P~D\JFp

! pnµn¶ ·o¸@¹»º�¼T·<º�
1¿��¼��"� º#�$
�·�´"B�cdJ@Nh{�CVG�J�CVQ�DOWYG@Z"j[CFWYQOJ�J@N�D�jtc¢J�NO{�CFG@JaK�CVP�N
j[J�X�Z�J�j4jtc�CFDhDOWwD\Z�K"J
K�J�GIH�CVG�Z�P�J�K�J�N^CVQhDhW[G�Z"j[CFDOWYSTP�N/K"Z�`�kJ�G�CVP"WYNO`}J�J@N�D<NO{�kJ@G�Wwe�kJ�JVp%�rSTZ"Q/QOJ�{�QokJ�NOJ@P~DOJ@Q
{�QOSV{�QOJ�`AJ�P~D�j[J�K�kJ@{"j[CVG�J@`}J@P~DaK�cdZ�P<Nh�oNhD�]J@`}Jl{USTNONokJ@K�CVP~D�Z�P�P�ST`�M"QOJ�WY`A{USTQ�DICVP~D�K"J
K�J@gVQokJ@NnK�J�jwW[MUJ@Q�DfkJVs�Wwj4J@N�DnNOSTZ"�VJ@P~D�{"Q\CFDhW[X�Z�J�K�cdZ"DOWwjwW[NhJ@QnG@J�DnJ�NO{�CVG�JVp

²�pnµn¶ ·o¸@¹»º�¼T·�½»·o¸�º�¼V¿�$� �"� ·���
m¸�´�jtc¢J�NO{�CFG@J^K�J@N:CFG�DOWYSTP�P"J@Z�QhN_J�NhD�jtc¢J�NO{�CFG@J^K�CVP�N6jYJz®
X�Z�J�j!NhSTP~D�NO{�kJ�G�Wwe�kJ@J�NajYJ@N�G�ST`}`ACVP�K�J�N�]C�CF{�{"jwW[X�Z�J�Q�CFZfu<CFG�DOWYSTP�P"J@Z�QhNa{USTZ�Q,g�kJ@P�kJ�QOJ�Q
Z�P/`}STZ"�VJ@`}J@P~D�K"Z/`�kJ@G�CFP"W[Nh`}JVp'&nP/CVGzDOWYSTP�P�J�Z�Q,J�NhD,J@P/grkJ�P�kJ@QOCFj»G@STP~DOQmESVjzkJ�{�CFQ�Z�P"J
J@P~D\QokJ@JaZ�P"WYX�Z�J���{�CVQ>Jvu"J�`}{"j[JaZ�P_G@STZ"Q\CVP~DnSTZ:Z�P�J�D\J�P�NhWYSTP_K�CVP�N>jYJ�G�CVN
K�J�N�CFG�DOWYSTPf®
P�J@Z"QON}kJ�jYJ@G�DOQOST`�kJ�G�CVP"WYX�Z�J@Nv�Ip)(��o{"WYX�Z�J@`}J@P~D@sfjtc¢J�NO{�CVG�J�K"J@N�CVG�DhW[STP"P�J@Z�QhN�NhJ@QOCaK�SVP�G
Z�P
NOSTZ"N�J�P�NOJ�`�M"jYJ�K�J+* � s�S4]Z-, QOJ�{�QokJ�NOJ�P�DOJ�jYJ�P�ST`�M"QOJaK�c�CFG�DOWYSTP�P"J@Z�QhN@p

Espace de travail Espace articulaire

Espace de tâche Espace des actionneurs

  inverse

   inverse

Interaction Interaction
inverse

Cinématique

Cinématique

Dynamique Dynamique

.0/2143»²�pw³6587:9<;)=�>I¥?9A@�=V¤)9�B[¥?9DC@£%¥EBF90;�¥z£HGV¥z¤ ª ¨¥ ª \¥�§V¦E91¥zIG4J¥?9KB[¥?9�L�§m£HGV¥EL�¥z¤ ª 9�@V£<I§V¦z§ ª ¥ ª
B[¥?9K=E;�;�B ¬M>N= ª ¬�§m¤)9OC@£f¬PB[¥?9a\¥EB ¬�¥z¤ ª



���������
	�������������������������	������ �!�"� #%#

B�J�N�CF{�{"jwW[G@CFDOWYSTP�N�J@P~DOQOJ}j�cdJ@Nh{�CVG@JAK�JlDFECFGIH�JVs�jtc¢J�NO{�CFG@JAK�JlD\Q\C��FCFWwj�s�jtcdJ@NO{�CVG@JLCVQhDhW[G�Z"j[CFW[QhJ
J�Dljtc¢J�NO{�CFG@J:K�J@N}CFG�DOWYSTP�P"J@Z�QhNlP�J�NOSTP~D}{�CFN�D\STZFxySTZ�QON�WYP~�TJ�QONhWYM"jYJ@N�p �rCVQlJzufJ�`A{fj[JFs!K�CVP�N�jYJ
G�CVN�K�c¢Z�P QhSTM|SFD6K�STP~D�j[C�G�WYP�kJ@`ACFDhW[X�Z�J^J�NhD:QOJ�K�STP�K�CVP~D\JVs�WYj��ÀC�Z�P�J^CF{�{"jwW[G@CFDOWYSTP�J@P~DOQOJ
j�cdJ@Nh{�CVG�J}CVQhDhW[G�Z"jiCmW[QhJ�J�D�j�cdJ@Nh{�CVG�J�K�J�DOQ\C��FCFWwj�sU`ACFW[N,Z�P�J�DOQ\CFxyJ�G�DOSVW[QhJ�K�CFP�N,jtc¢J�NO{�CVG�J�K�JaD\Q\C�®
�FCFWYj�P�J�NO{�kJ�G�Wwe�J_{�CVNlK�J�`ACVP"Wt]J@QhJ�Z�P"Ww�TSoX�Z�J�Z"P�J6D\QOCFxyJ@GzD\SVWYQOJ�K�CFP�Nlj�cdJ@Nh{�CVG@J_CVQ�DOWYG@Z"j[CFWYQOJFp
q!P�g�kJ@P�kJ�Q\CFjts¡Z�P�J/G�STZ�QOMUJ�K�CVP�N�jtc¢J�NO{�CFG@J/K�J�N�CVGzDOWYSTP�P�J�Z�QON�CFNONOSoG�WvkJ@JÀ]CRZ�P�J�P�NOJ�`�M"jYJ^K�J
G@STP"K"WYDhW[SVP�N�CFZfu<jwW[`lWwD\J@NaJ@N�D�QhJ@{�QokJ@NhJ@P~DfkJ�J6K�J}`ACVP"W�]J@QOJAZ�P"WYX�Z�JAK�CVP�N�jtc¢J�NO{�CVG�J6CVQ�DOWYG@Z"j[CFWYQOJFs
K�CVP�Naj�cdJ@Nh{�CVG�J�K�JAD\Q\C��FCFWwj�J�D�K�CVP�Naj�cdJ@Nh{�CVG�J�K�JADFECVGIH�JFp�B!c¢CV{�{"jwWYG�CFDhW[STPbJ@P~D\QhJLjtc¢J�NO{�CFG@J�K"J@N
CVG�DhW[SVP�P�J@Z"QON�JzD�jtc¢J�NO{�CVG�J�CVQ�DOWYG@Z"j[CFWYQOJ�J�NhDlK"STP�P�kJ�J�{�CVQaj[J�NbkJ@X�Z�CmDOWYSTP�N�K"Z�`}STZ"�TJ�`}J@P~D}K�Z
`�kJ@G�CFP"W[Nh`}J,J�D�J�P~D\Q\C1E � P�J
j[C�`ACVPfW[{�ZfjiCFDhW[SVPLK�cdZ�PAJ@P�NhJ@`�M"j[J�K�cykJ@X�Z�CFDhW[STP"N�K"Ww±nkJ@QOJ�P~DOWYJ�jwj[J�N@p��,Z
G@STP~DOQ\CFWYQOJFs�jtc¢CV{�{"jwW[G@CFDOWYSTPLJ@P~D\QhJnjtc¢J�NO{�CFG@J�CFQhDOWYG@ZfjiCFWYQOJnJ�D�jtc¢J�NO{�CFG@J,K"JnDOQ\C��FCFWYj%J�NhD�CFjYg�kJ@M�Q�W[X�Z�JFp
B!c�CV{"{"jYWYG�CmDOWYSTP<J@P~D\QhJ�j�cdJ@Nh{�CVG�JlK�J�D\QOC��VCmWYj�J�D�jtc¢J�NO{�CFG@JlK�J�DmECVGIH�JlJ�NhD�kJ�g~CFjYJ@`}J@P~D�K�J�P�CFD\Z�QhJ
CFjYg�kJ@M�Q�W[X�Z�J�´
5�K�CVP"N}jYJ_G�CVN}S�]Z�j�cdJ@Nh{�CVG�J�K�J�DmECVGIH�J_G@STQhQOJ@Nh{|SVP�K ]C<jtc¢J�NO{�CVG�J�K"J_DOQ\C��FCFWYjts>� W�pdJVp�]C<Z�P

NOSVZ�N�®¯J@P�NhJ@`�Mfj[J�K�J�j�cdJ@Nh{�CVG�JaG@CVQhDfkJ@N�W[J�P|��CFj[SVQON�Wwj�P�J�N@c¢CVgVWwD>X�Z�J�K�cdZ�P:GIH�CVP�gVJ@`}J@P~D�K�J
{�CVQOCV`�kJ�DOQhWYN\CFDhW[STP��

5�K�CVP"N¡jYJ
G�CVN¡S4]Zlj�cdJ@Nh{�CVG@JnK�J
DFECVGIH"JnG�STQOQhJ@Nh{|STP"KR]C�j�cdJ@Nh{�CVG@JnW[`ACVgVJVs�CFjYSTQON!jYJ@N¡QOJzjiCFDhW[SVP�N
`lW[NhJ@NnJ@PlxyJ@Z:QhJ�j�]J��TJ�P~D,K�J�j[C�grkJ@SV`�kJzD\Q�W[J�{�QhSVxyJ@GzDOWw�TJaJ�D
{"jYZ�N
{�CVQ�DOWYG@Z"jwW�]J�QOJ�`AJ�P~D,K�J�j[C
grkJ�ST`�kJ�D\Q�W[J<kJ@{fW[{USVj[CFW[QhJVp

��J�j[CaWY`}{"jYWYX�Z�J,X�Z�cdZ�P�JnD\QOCFxyJ@GzD\SVWYQOJnK�CVP�N�jtc¢J�NO{�CVG�J�K"J@N�CFG�DOWYSTP�P"J@Z�QhN�G@CVQ\CVGzDfkJ�QhWYNOJ,G�ST`}{"j�]J�D\Jv®
`}J@P~D6jYJ@N6`}STZ"�VJ@`}J@P~DON�K�Z�QOSVM|SVDLK�CVP"N�D\STZ"NLjYJ@N�CVZfD\QOJ�N�J�NO{�CVG�J@N�p
��J@{UJ@P�K�CVP~D�{|SVZ�QLj[C
`ACFxyJ@Z�QhJ�{�CVQhDhW[J¡K�J@NrCV{�{fjYWYG�CFDhW[SVP�N@s1jtc¢STMfD\J@P~DhW[STP�K�J�jiC>D\QOCFxyJ@GzD\SVWYQOJ�K�CVP"N»jtc¢J�NO{�CFG@J�K"J@NrCVG�DhW[STPo®
P�J@Z"QON�J@N�D�K"Ww LGzWYjYJ}J�D�P�kJ@G@J�NON�WYDOJLZ�P"Jl`ASoK�kJzjYWYN\CFDhW[SVPR{�CVQh��CFWwD\J�K�Z^`�kJ@G�CFP"W[Nh`}JVs�K�Z^G�CF{"D\J�Z�Q
J�D�K�J�j�cdJ@P~��W[QhSTP�P�J�`}J@P~D�p���P�{�QokJz��]J@QOJa{"jYZ"DFESFD,grkJ�P�kJ@QhJ@QnZ�P�JaD\Q\CmxyJ@G�DOSVWYQOJaK�CVP�N
j�cdJ@Nh{�CVG�J�CVQ�DOW ®
G@Z"j[CFWYQOJ�JzD	�FSVZ6K�CVP�N�j�cdJ@Nh{�CVG@J,K�J,D\QOC��VCmWYj|J�D
�FSTZ6K�CFP�N�jtc¢J�NO{�CVG�J�K�J,DmECVGIH�JFp���J�DhD\J,DOQ\CFxyJ�G�DOSVW[QhJ
{|J�Z"D�Cmj[STQhN�EJzD\QOJ�NOZ"Ww��W[J�{�QokJ�G�WYNokJ@`}J�P�DaJ�P/Z"DOWwjwW[NOCVP~D�Z�P�J�j[SVW»K�J�G@ST`}`ACVP�K"JlCVK�CV{fDfkJ@JFp���CVP"N
P�STNlCF{�{"jwW[G@CFDOWYSTP�N�s�P�STZ"N�GIH�J�QOGIH�J�QOSTP�N/]C_{"jiCFP"WYe�J@Q�jYJ@N�`}STZf�TJ@`}J�P�DON}K�Z�QOSVM|SVD�K�CVP"N�j�cdJ@Ny®
{�CVG�J,K�JnDFECVGIH�J�GIH�SVWYNhW|G@ST`}`}J,jtc¢J�NO{�CFG@J,WY`ACVgTJVpoB4CaDOQ\CFxyJ�G�DOSVW[QhJ,K�CFP�N�jtc¢J�NO{�CFG@J�K�JnDFECVGIH"J,J@N�D
K�kJ@K"Z"WYDOJ�K�cdZ�P�J�D\QOCFxyJ@GzD\SVWYQOJaK�CVP"Nnjtc¢J�NO{�CFG@J�K"JaDOQ\C��FCFWYjts%{�QokJ@CFj[CVM"jYJ@`}J@P~D�{fjiCVPfWYe�kJ�JVp ��jiCVPfWYe�J�Q
K"WYQOJ@GzD\J�`AJ�P~D�K�CVP�Nrjtc�W[`ACVgTJ�P�kJ@G�J@NON�WYDOJ@QOCFWYD�K�cdWYP~D\QOSoK�Z"WYQOJ�j[C�G�STP~D\QOCFW[P~DOJ>XoZ"J�j[J�N�WY`LCFgTJ@N�SVM"D\Jv®
P�Z�J@N�G@STQhQOJ@Nh{|SVP�K�J@P~Da]C�K�J�N�{USTNhWwDOWYSTP�N�CFDhD\J�WYgTP�CFM"j[J�N�K�J
j[CaG@CV`�kJ@Q\Cfp���kJ@NhSTZ�K�QhJ�G�J�{�QhSTM"j�]J@`}J
W[P~�VJ@QONhJ6J@N�D�Z"P�JADmECVGIH�JAJzuoD\Q@EJ@`}J@`}J�P�D�G@ST`}{"jYJzufJVp��,c¢J�NhD�{|SVZ�QOX�Z�SVW¡P�SVZ�N�C��VSTP�NaGIH�SVWYNhW�K�J
{"j[CVP"Wwe�J@Qlj[C�D\Q\CmxyJ@G�DOSVWYQOJ:K�J6j[C/G�CV`�kJ@QOC<J@P ! � {�Z"WYN}K�J�G�CFjYG@Zfj[J�QA{�CVQlNhWY`}{"j[J:{�QhSVxyJ@GzDOWYSTP
j[J�NL{USTN�WYDhW[STP"N�CVNhNOSoG�WzkJ@J�N�K�CVP"N}jYJ_{"jiCFP�WY`ACVgTJVp�B4C<D\QOCFxyJ@GzD\SVWYQOJ_K�CVP�Nljtc¢J�NO{�CFG@J�K"J_DOQ\C��FCFWYj
{|J�QO`}J�DhD\QOC�kJ�g~CFjYJ@`}J@P~D�K�c¢STMfD\J@PfW[Q�Z�P"J�D\QOCFxyJ@GzD\SVWYQOJlK�CFP�N,jtc¢J�NO{�CVG�J}CVQhDhW[G�Z"j[CFW[QhJVp �!Z"WYNOX�Z�Jlj[C
D\QOCVP�Nh� SVQO`ACFDOWYSTP�J@P~DOQOJ�j�cdJ@Nh{�CVG�J_K"J6D\Q\C��FCFWwj>J�DljtcdJ@NO{�CVG@J�CVQhDhW[G�Z"j[CFW[QhJ6� STZ�QhP"WYD@s�J@P�grkJ�P�kJ@QOCFjts
Z�P^J@P�NhJ@`�M"j[JLK�JlNOSFj[Z"DhW[SVP�N@s�P�SVZ�N�GIH�SVWYNhWYQOSTP"N�j[C�NOSVjYZ"DhW[STP^STMfD\J@P�Z�J}J�PRZfDOWwjYWYN\CVP~D�jtcdWYP~�TJ@QhNOJ
grkJ@P�kJ@Q\CmjYWYNokJ�JaK"J��SoSTQOJv® �rJ�P�QOSVNOJ�K�J,G@J�DhD\J�DOQ\CVP�N�� STQO`ACFDhW[SVP�p�q!P"e�P�s"P�STZ"N�P�J�G�STP�NhWYK�kJ�QOJ@QhSTP�N
{�CVN¡j[J�N�kJ��VJ@P~D\Z�Jzj[N
{�QhSTM"j�]J@`}J@N�jYWzkJ@N>CFZ6{�CVNhN\CVgTJ,K�J�jtc¢J�NO{�CFG@J�CVQ�DOWYG@Z"j[CFWYQOJL]CaG@Jzj[Z"W�K�J@N�CVG�DhW[STPo®
P�J@Z"QON@p
��CVP�N�jYJ�G�CFK�QOJ�K"J�j�c¢CVNONhJ@Q��oWYNONhJ@`}J@P~Db�oWYNOZ"J�jts�Z�P�JÄDOJ�jwj[J�CV{"{�QOSoGIH�J�G@SV`A{USTQ�D\J�K�J�P"ST`�®
M�QOJ�Zfu¾C��FCVP~DICVgVJ@N@p
q!P {�QhJ@`lW[J�Q�jYWYJ@Z�s�jiC�NO{�kJ@G�Wwe�G@CFDOWYSTP¾G@ST`}{"j�]J�DOJRK"J^DOQ\CFxyJ�G�DOSVW[QhJ@N�K�J<j[C



#�� ������� �· � �·�
�º"¿���� � ½4·�¿�
�º��@·o¼V¿����$
m·o¸�· � 
���P�%¿��
	'�4·

G�CV`�kJ@QOC/K�CVP�Naj�cdJ@Nh{�CVG�J�K�J�D\QOC��VCmWYj�CVNONhZ�QOJ�XoZ"J�j[J�N�D\QOCFxyJ@GzD\SVWYQOJ�NlK�J@N�{�QhWY`lWYDhWY�VJ@N���W[NhZ�J�jwjYJ@N
K�CVP�N6jtcdWY`ACVgTJ<NhSTP~D:{�H~�fN�W[X�Z�J�`}J@P~D<QokJ@CFjwW[NOCVM"jYJ@N@s>G�J<X�Z"W�{UJ@QO`}JzD_j[C�G@SVP�NhDOQOZ�GzDOWYSTP K�c¢Z�P"J
� STP�G�DhW[SVP�K�J�DFECFGIH�J�CVK"`}WYNON�W[Mfj[JFp��oW4jYJ@N
D\QOCFxyJ@GzD\SVWYQOJ�N�K�CFP�Nnjtc�W[`ACVgTJaNOSVP�D�STM"DOJ@P�Z�J�NA]C}{�CVQhDhW[Q
K�c¢Z"P�J�D\Q\CmxyJ@G�DOSVWYQOJ�K"WYNOG@Q@]J�DOJ�K�J�j[ClG�CV`�kJ�Q\C"s�Z�P"J�{�H�CVNhJaK�cdWYP~D\J@Qh{|SFjiCFDhW[SVP�K�CFP�N>j�c�W[`ACVgVJ�NOJ@QOC
`}WYNOJLJ@P��Z"�oQOJLCFe�PRK�c¢SVM"D\J�P"W[QaK�J�NaDOQ\CFxyJ�G�D\SFW[QhJ@N�G�STP~DOWYP�Z�J@N�J�DaK�kJ@Q�WY�FCVMfj[J�N@p���J�j[C�{UJ@QO`}JzD
K�c�CF`�kJzjYWYSTQhJ@Q�jYJ/G@SV`A{USTQ�D\J@`}J�P�D:K"J�j[CÄG@ST`}`ACVP�K"J<J�D6K"J/grkJ@QhJ@Q�CmW[NokJ@`}J@P~D�jYJ�G�Cmj[G�Z"j�K�J�N
G@STP�N�W[gVP�J@N�p"q!P�SVZ"D\QhJVs~G@SV`A`}JnP�STZ�N�jYJ
�VJ@QhQOSTP�N�K�CVP�N!j[CaNhZ"WwD\JVs~Wwj%J@N�D�{USTNON�W[Mfj[J�K�cdWYP~D\QhSfK�ZfW[QhJ
j[STQhN�K"JAj[C_{"H�CVNOJAK�JA{"j[CVP"Wwe�G�CFDhW[SVPbK�J�N�G�STP~D\Q\CmW[P~D\J�N�jwWzkJ�J@N�CVZ^D �f{UJAK�JLG@CV{"DOJ@Z�QaZ"DOWwjwW[NokJVs>]C
j�cdJ@P~��W[QhSTP�P�J�`}J@P~D,SVZ:CVZfu�`�kJ�G�CVPfW[Nh`AJ�N
J�D
K�J�{"QOJ@P"K�QOJ�J�P�G@ST`}{"DOJ�K�J@N�G�QhWwD�]J�QOJ@N
K�cdST{"DhW[`ACm®
jYWwDfkJFp���SV`A`}JLP�STZ�N�j�c¢C��TSTP"N�{�QokJ�G�WYNokJL{�QokJ�GUkJ@K"J@`}`}J@P~D�s�jYJ@N�D\QOCFxyJ@GzD\SVWYQOJ�N�NhSTP~D�CVZb{�QokJ@CFj[CVM"jYJ
{"jiCFP"WYe�kJ@J@NlK�CVP�N�jtc¢J�NO{�CFG@J6K�JLD\Q\C��FCFWwj�p"&�P"J6G@ST`}`ACVP�K"J6K�JLD �o{UJ � ��³ � � STZ ! � {|SVZ�QOQOCFWYD
CFj[SVQONnEJ�DOQOJnZ"DOWwjYWYNokJ�J�{USTZ�Q�NhZ"WY�oQhJ�G�J@N�D\Q\CmxyJ@G�DOSVWYQOJ@N�po°�STZ�N¡{�QokJ���kJ@QhSTP�N¡G@J�{|J�P�K�CVP~D�{"jiCFP"WYe�J@Q�j[J�N
D\Q\CmxyJ@G�DOSVWYQOJ@N,K�J�{�Q�W[`lWwDOWw�TJ@N���WYNOZ�JzjYjYJ@N�K�CVP�N�jtc�W[`ACVgTJ�J�D�ZfDOWwjYWYNOJ�Q�Z�P<CVNhNOJ�Qh��W[NhNOJ�`AJ�P~D���WYNOZ�Jzj
� ��p�q!P^J�±|J�D�s�P"STZ�N�K�kJ@`}STP~DOQOJ@QhSTP�NaK�CVP�N�j[C�NOZ"WwD\J}X�Z�Jlj[J�N�D\Q\CmxyJ@G�DOSVWYQOJ@NaK�CVP"N�j�c�W[`ACVgVJAP"J
NOSTP~D�{�CVN�W[P���Z�J@P�GUkJ@J�N�{�CFQ�K�J@N�J�QOQhJ@Z�QhN�NOZ�Q�j[C6G�CFjwWYM�Q\CFDhW[SVP<K�J�jiCLG�CV`�kJ@QOC^�tG@SVP�DOQ\CFWYQOJ�`}J@P~D
CVZfu�D\QOCFxyJ@GzD\SVWYQOJ�N6K�J�j[CbG@CV`�kJ@QOCÄK�CVP�NAj�cdJ@Nh{�CVG�J/K�J�DOQ\C��FCFWwj��\p�q!P�STZfD\QOJFs�G�J�j[CÄP�STZ"N�{UJ@Q�®
`AJzDODOQ\C�K�c¢Jvu"{fj[SVWwD\J�Q�{fj[JzW[P�J�`}J@P~D�jYJ@N�C1�FCVP~D\CVgTJ@NaK�J�N�CVNhNOJ�Qh��W[NhNOJ�`AJ�P~D\N���W[NhZ�J�jYN � ��p���c¢Z�P"J
{�CVQhD@sojtcdJ@NhDhW[`ACFDhW[SVPb]C�GIH�CFXoZ"J�WYDfkJ@Q\CmDOWYSTP�K�JnjiC�M|STZ"G�jYJ,K�J�G@ST`}`ACVP�K�J�K�J�j[C�N�WYDOZ�CFDOWYSTP6K"J�j[C
G�CV`�kJ@QOC�P�J�NhJ@Q\C�{�CVN�P�kJ�G@J@NhN\CFWYQOJFp%��c�CFZ"D\QhJ,{�CVQ�D�sfJ@P�Q\CmW[NhSTP6K�Z�MUSTZ�GzjiCVgVJ�K�J,j[C�G@SV`A`ACVP"K�J
K"W[QhJ@GzD\J@`}J�P�D�K�CVP�N,jtcdWY`ACVgTJFsUjYJ@N�CFNONOJ�Qh��WYNONOJ�`}J@P~D\N � � NOSVP�D�D\Q@]J@N�QhSTM�Z�N�D\J@N�CVZfu�K"Ww±nkJ�QOJ@P~DOJ@N
J@QOQhJ@Z�QhN�K�Jn`}SfK�kJzjYWYN\CmDOWYSTP6J�D�CVZfuAM�QhZ"WwD\N�K"J,`}J@NhZ�QOJ,jYSTQhNOX�Z�J�jYJ@N�G@STP"e�gTZ�Q\CmDOWYSTP�N�W[P"WwDOW[CFjYJ,JzD
K�kJ@N�W[QokJ@J�NhSTP~D
�TSVWYNhWYP�J@NnJ�DnNhSTP~D�K"STP�GaM"W[J�P�CFK�CV{"DfkJ@NnCVZ_NOZ"Ww��W4K�JaDOQ\CFxyJ�G�DOSVW[QhJ@N�p

B�J@N�DOQ\C��FCVZfuRK�CVP"N�jYJAK�ST`ACFWYP�J}K�JAj[C:{"jiCFP"WYe�G�CFDhW[STPRK�J}D\QOCFxyJ@GzD\SVWYQOJ�N�{USTZ�Q�jYJ@NaQOSTMUSVD\N
H�SVjyESTP�ST`}J@N�STZ^P�SVPRNhSTP~DaG@STP�N�W[K�kJ@Q\CFM"j[J�N@p»°�SVZ�N�P�J}{�CVQOG�STZ�QhQOSTP�N�X�Z�JlDOQ@]J@N�M�Q�W�]Jz�TJ�`AJ�P~D�j[C
jYWwDODfkJ@Q\CmD\Z�QhJaK"JaG�J�K"ST`ACFW[P"Ja{�CVQ�jiC}NOZfWYDOJVp

-<.�� � �� 3��� 7��a5�?@8A3 9 � 5!7���� � =
5�8A?�7 ����� 3 7!8��Ä8l5!? ��; �
&nPbG�STP�G@J�{"DaW[`}{USTQhD\CVP~D�X�Z"W¡C:M�kJ�P�kJ�e�GzWzkJLK�J@N�DOQ\C��FCVZfuRJ@PR{"j[CVP"Wwe�G�CmDOWYSTPbGzW[P�kJ@`ACFDOWYX�Z�J

K�J>`}STZ"�TJ�`}J@P~D¡J@NhD�jiC�P�SFDOWYSTPlK�cdJ@NO{�CVG@J>K�J�G@STP"e�gTZ�Q\CmDOWYSTP�p"!¯j�C�kJ�DfkJ�K�kJ�e�P"W�K�CVP"N�j[J�K"ST`ACFW[P"J
K�J�j[C6QOSTMUSVDOWYX�Z�J�{�CFQ�B�S � CFP�SF® ��kJ�QOJ � JzD$#bJ@NhjYJ���K�CVP�N�% B�S � CVP�S��»J@QOJ �'&)(+* p�B!cdWYK�kJ@JlK"J�M�CVNhJ
J@NhD}K"J6QOJ�{�QokJ�NOJ@P~DOJ@Qlj[J�QOSTMUSVDl{�CFQ�Z�P�{USVWYP�D�K�CVP�NlZ�P�J�NO{�CFG@J:CV{�{"QOST{�Q�WzkJFs!CV{�{UJ�jvkJ6J�NO{�CVG�J
K�J/G@SVP"e�gTZ�QOCFDOWYSTP�JzD�X�Z�J/j�cdSTP�P"SVD\J�Q\C-,!p���H�CVX�Z�J<{USVWYP�D6K�J/G@JzD�J@Nh{�CVG�J<G@STQhQOJ@Nh{|SVP�K ]C
Z�P�J�G�STP"e�gVZ�Q\CFDhW[SVP�K"Ww±nkJ@QOJ�P~D\J�K"Z�QOSVM|SVD@p%��CVP�NnG@JzD,J�NO{�CVG�JVsUZ�P�JaG@STP~DOQ\CFWYP~D\J�grkJ@ST`�kJ�DOQhWYX�Z�J
G@STQhQOJ@Nh{|SVP�KÄ]C�Z�P�J@P�NhJ@`�Mfj[J�K�J�G@STP"e�gTZ�Q\CmDOWYSTP�N�WYP~D\J�QOK"WwD\J�N>{|STZ"Q¡jYJ,QhSTM|SFD�s�G@JzD>J@Nh{�CVG@J,NOJ@QOC
P�SVDfkJ.,0/2143zp"B!cdJ@P�NhJ@`�M"j[J�K�J�N>G@STPfe�gTZ�QOCFDOWYSTP�N>CFK�`lW[NhNhWYM"j[J�Na��CV{�{UJ�jvkJ�kJ�g~CFjYJ@`}J@P~D�¥?9<;)=�>I¥ B ¬�¦@I¥I�
NOJ@QOC<P�SVDfkJ5,0687:9;9zp!B4C/NokJ�{�CVQOCFDOWYSTP�K�J�G@J�NlK�J@Zfu�NOSTZ�Ny® J�NO{�CVG�J@NAJ@N�DLJ�P�g�kJ@P�kJ�Q\CFj�QokJ�CmjYWYNokJ�J_J�P
Z"DOWwjYWYN\CFP�Dnjtc¢Z�P"JaK"J@NnK�J@Zfu_`�kJzD\H�SoK�J@N
NhZ"WY�FCVP~DOJ@N�´
5Àj�cdJ@Nh{�CVG�J>K�J�G�STP"e�gTZ"Q\CFDhW[STP�K�Z�QOSVM|SVD<,�J�NhD�K"WY��WYNokJ>J�P�G@JzjYjYZ"jYJ@N@sVGIH�CVX�Z�J�G�J�jwj[Z"jYJ>CV{"{�CVQ�®

DOWYJ@P~D
NOSFWYD
CFZ�NOSTZ�Ny® J�NO{�CVG�JaCVG@G�J@NON�W[Mfj[J�CVZ�QOSVM|SVD=,>687:9
9�sfNOSVWwDnCVZ�NhSTZ�N�®¯J@Nh{�CVG@J�WYP~D\J@QhK"WwD
CVZ_QOSTMUSVD?,�/2143�p

5�B�JaG�STP~D\STZ"QnK"J@N
STM�N�DICVGzj[J�N�NhJ@QhD}]ClNokJ�{�CVQOJ�Q>j�cdJ@Nh{�CVG@JajYWYM�QhJaJzD
j�cdJ@Nh{�CVG@J�WYP�DOJ@QhK"WYD@p



���������
	�������������������������	������ �!�"� #��

B�J�{�QOSVM"j�]J�`}J�K�J�M�CFNOJ�K�JajiCL{"jiCFP"WYe�G�CFDhW[STP<K"J�D\QOCFxyJ@GzD\SVWYQOJ�N�G�WYP�kJ@`ACFDhW[X�Z�Jl{UJ@ZfD�CFjYSTQON�EJ�D\QhJ
� STQO`�Z"jzkJaK"Jaj[C���C��G@STP:NhZ"WY�FCVP~DOJ % B4CFD\ST`�M|J ( ³ * ´
µ¡· ¹�
� �"���·��b·�½»· �»º�¸@· · � ¹ � º � �	��¼Tº"¿�$� � ¼�� � �·
�Äº"¿� 	'�4· � J7 ª =V¤ ª @o§m¤�¤KJ¥6£o¤�¥�;�§�9z¬��
ª ¬�§m¤^¥ ª £f¤�¥a§mv¬�¥z¤ ª = ª ¬�§m¤_¬«¤�¬ ª ¬�= B[¥?9+=V¬«¤)9z¬�C@£� £o¤�¥ ;�§�9z¬ ª ¬�§m¤^¥ ª £o¤�¥�§mv¬�¥z¤ ª = ª ¬�§m¤�@0J¥?9z¬«�J¥1¥?90@V£
\§V¦z§ ª @�=V¤)9 B� ¥?9<;)=�>I¥0B ¬�¦@\¥ @V£�\§V¦z§ ª ,0687:9;9���� J¥z¤6J¥z\¥z�£o¤ >���¥ELl¬«¤�� 9<;�J¥�>z¬ � =V¤ ª £o¤�¥09�J¥DC@£�¥z¤ >I¥
>I§m¤ ª ¬«¤�£�¥ @o¥ ;�§�9z¬ ª ¬�§m¤)9L¥ ª @� §mv¬�¥z¤ ª = ª ¬�§m¤)9�@V£^\§V¦z§ ª J¥EG1¬ ª =V¤ ª ,0/;143���;)=V ª =V¤ ª @o¥AB =�;�§�9z¬ ª ¬�§m¤
¥ ª @o¥%B� §mv¬�¥z¤ ª = ª ¬�§m¤�¬«¤�¬ ª ¬�= B[¥?9�¥ ª¡ª ¥zELl¬«¤�=V¤ ª @�=V¤)9OB =O;�§�9z¬ ª ¬�§m¤Ä¥ ª B� §mz¬�¥z¤ ª = ª ¬�§m¤���¤�= B[¥?9��
&�P�J_{�QhJ@`lW�]J�QOJ�G�j[CVNON�WYe�G@CFDOWYSTP�K�J�NL`�kJzD\H�SoK�J@NL{|J�QO`}J�DhDICVP~DLK�J�QokJ@NhSTZ�K�QhJ_jYJ�{"QOSTM"jt]J@`}J�K�J
M�CVNhJ<K�J/jiC�{fjiCVPfWYe�G@CFDOWYSTP�K�J/DOQ\CFxyJ�G�DOSVW[QhJ@N�J�P¾QhSTMUSVDOWYX�Z�J/{UJ@Z"D^EJzD\QOJ/��CmWYDOJ/NOJzj[STP X�Z�J/j[C
NhDOQ\CFDfkJ@gVWYJ�CVK"ST{"DfkJ�J,Z"DhWYjwWYNOJ�Z�P"J,QOJ�{�QokJ�NOJ�P�D\CFDOWYSTP6jYSfG@CFjYJ,K�ZLNh�oNhD�]J@`}J�STZ6Z�P"J,QOJ�{�QokJ�NOJ�P�D\CFDOWYSTP
gVjYSTM�CFjYJVp !¯j�JvufWYNhDOJLP�kJ�CVP�`}SVWYP�N�K�J}P�ST`�M"QOJ@Zou^D\Q\C��FCVZfu<NOZ�Q�j[J}G�STZ�{"j[CVgTJ}K�J}G@J�N�K"J@ZfubCV{o®
{�QOSoGIH�J�N % ��CVQhQ\CVX�Z�CVP"K ( � * p

� �"!#��$ % �'&)( ����+*��n	��'&��y�
������'&
B�J�N!`�kJzD\H�SoK�J�N�jYSoG�CFjYJ@N!P�J>P�kJ@G@J�NON�WYDOJ@P~D�X�Z�cdZ�P�J
{UJ@QOG�J@{"DhW[SVPAK"J�j�cdJ@P~��W[QhSTP�P�J�`}J@P~D�WY`}`�kJv®

K"W[CFD�K�Z�QOSTMUSVD�p|B4CL{"jYZ�{�CFQhD�K"J@N�N�D\Q\CmDfkJ@gFW[J�N,j[SoG�Cmj[J�N�NOJa� STP�K�J�P�D�NOZ�Q�Z�P�JlCV{"{�QOSoGIH�J�S�]Z�Z�P
G�CV{fD\J@Z"Q@s�G�ST`}`AJlZ"P<NOSTP�CFQ�STZ<Z�P�J�G�CV`�kJ@QOC"s�� STZ"QOP"WwD�K�J�N�W[Pf� STQO`ACFDhW[STP"N�NOZ�Q,jYJ��VSVW[N�W[P�CVgTJ
W[`}`�kJ@KfWiCFD�K�ZbQOSTMUSVD�s�XoZfW�NhSTP~D�WYP~DfkJ�gTQokJ�J@N_]C:Z�PRJ@P�NhJ@`�M"j[J�K�J}Q@]J@gFj[J�N�H"WvkJ@QOCVQOGIHfW[X�Z�J�N�� STZ�Qy®
P"WYNON\CFP�D�jYJ�G�ST`}{|STQ�D\J�`AJ�P~D�]C6CVK�SV{"D\J�Q@p���JaD\Jzj[N�NhGIH�kJ@`ACVN�{�QhJ@P�P"J@P~D�Q\CFQOJ@`}J�P�D�J�P<G@ST`}{"DOJ
j[J�N6G@Q�WYD�]J@QhJ@N�K�cdST{"DhW[`ACFjwWYDfkJ/K�CVP"NLj[CÄQOJ�GIH�J@QhGIH�J^K�Z�GIH�J�`}WYP ]CÄNOZfWY�oQOJFp
��J@N�`�kJzD\H�SoK�J�N�j[Sm®
G�CFjYJ@N�ZfDOWwjYWYNOJ�P�D�j[C6G@SVP�P�CFWYNONOCVP�G@JlG�STZ�QOCVP~D\JlK�J�jtcykJ�DICmD�K�Z<N��fN�D�]J�`AJ}JzD�K�J�jtc¢J�P~�oWYQOSVP�P�J@`}J�P�D
{|SVZ�Q�J@P^K�kJ�K�Z"WYQOJlj[J}`}STZ"�VJ@`}J@P~D�NOZ"Ww�FCVP~D�p»��J�NaN�D\QOCFDfkJ�gVW[J�N�P�J}P�kJ@G�J@NON�WYD\CVP~D�{�CVN�K�J}G�CFjYG@Zfj
CL{�Q�W[SVQhWts|JzjYjYJ@N�NOSTP~D�{�CVQhDhW[G�Z"jYWt]J@QhJ@`}J@P~DaCV{"{�QOST{"QhWzkJ@J@N,CVZfu_DFECFGIH�J@N�K�STP~D,jYJ�NhJ@Z"j�STM"xyJ�G�DOWw��J@N�D
K�c¢CFDODOJ�WYP�K�QOJ,Z�P�JnG@STP"e�gTZ�Q\CmDOWYSTP6K�kJ�NhWYQokJ@J,N\CVP�N�G@STP~DOQ\CFWYP~D\J,NhZ�Q�j[CaDOQ\CFxyJ�G�DOSVW[QhJA]CaQokJ�CmjYWYNOJ�Q@p�µ�º
� �·~¿�Â���½»·�½4·o¸-, � � ¼V¿�$� � ¸�½»·�¹P��¿1· � ¿� ·���J@N�D�{�QhSTM�CVMfj[J�`AJ�P~D�jiC_{"jYZ�N�Z"DhWYjwWYNokJ@J�{|STZ"Qaj[C
{"j[CVP"Wwe�G�CFDhW[SVP�K�J�DOQ\CFxyJ�G�D\SFW[QhJ@N�J�PÄjwW[gTP"JVp!��JzDODOJ�`�kJ�DOH�SfK"J6J@N�D�M�CVNokJ@J6NhZ�Q�j[C�G�STP�N�D\QOZ"G�DOWYSTP
K�J�GIH�CF`A{"N>K�J,{USVD\J�P~DOWYJ�j�CFQhDOWwe�GzW[Jzj[N>X�Z"W|{|J�Z"�TJ�P~D�EJzD\QhJ�CFDhD\Q\CFG�DOWw� N�SVZ6QokJ�{�Z"jYNhWw� N>NOJ�jYSTP�X�Z�c�WYjYN
NOSTP~D�CVNONhSfGzWzkJ�NR]C<j�cdSTM"xyJ�G�DhWY��SVZ ]C^Z�PÀSVM�NhD\CVG�jYJ�K"J_jtc¢J�P~�oWYQOSVP�P�J@`}J�P�D@p � GIH�CVX�Z�J_W[P�N�DICVP~D@s
j[J:QhSTM|SFDlNOJ:K�kJ�{"jiCFG@J_K�CVP�Nlj[C^KfW[QhJ@G�DhW[SVP�ST{"{|STNokJ@J_CVZ�gTQOCVK"WYJ@P~DAK�c¢Z"P�J:NOST`}`}J:{|STP"K�kJ@QokJ@J
K�J@NL{|SFD\J@P~DhW[Jzj[N6X�Z"WnJ�NhD�CFP�CFjYSTgTZ�J�]CRZ"P�J�� STQhG@J�CVQhDhWYe�G�WYJ�jwj[J�CV{�{"jwW[X�Z�kJ�J<CVZ�QOSTMUSVD�p�B!c�W[K�kJ@J
K�J@N,GIH�CV`}{�N�K�J�{|SVDOJ@P~DOWYJ�jrJ@N�D�J@P�{�QOJ�`}WYJ@Q�jYWYJ@Z^CV{"{�CVQOZ"J�K�CVP"N�jYJ�K�SoG@Z�`}J@P~D�K"J�D\H�]J@NOJ�K�J
.�H�CFDOWYM % .�H�CFDOWYM0/21 * J�D,� ZfD,� STQh`AJzjYjYJ@`}J�P�D�ZfDOWwjYWYNokJ�J�K�CVP�N�j[J�G�STP~D\JvufDOJ�K�J�j[C�{"j[CVP"Wwe�G@CFDOWYSTP
K�J�D\QOCFxyJ@GzD\SVWYQOJ�NnK�CVP�N % .�H�CFDOWYM3/54 * p�B�JaK�kJ���CVZ"D
`ACFxyJ�Z�Q>K�cdZ�P�J�D\JzjYjYJaCV{�{�QhSfGIH"JaQokJ@N�W[K�J�K�CFP�N
j[J���CFWwDnXoZ"J�K�J�N,`lWYP"W[`AC}j[SoG�CVZou_{|J�Z"�TJ�P�D�kJ��VJ@P~D\Z�JzjYjYJ@`}J�P�D���CFWYQOJ/kJ�GIH�STZ�J�Q�jYJ�{�QhSfG�J@NhNOZ�N�K�J
{"j[CVP"Wwe�G�CFDhW[SVP�p5.�SoK"WwD\NOGIH"J�6%sFK�CVP�N %7.�SoK"WYDONOGIH�J869/ & * s�Z"DOWwjYWYNOJ�jYJ¡DOH�kJ@STQ@]J@`}J�K"J4�»SVW[P"G�CVQokJz®;:nST{"�
{|SVZ�Q�`}STP~DOQOJ@Q¡X�Z�cdZ�P�J,� STP"G�DOWYSTPLK�J�{USVDOJ@P~DOWYJ�j|P�Jn{|STNhNokJ�K�CVP~D�X�Z�cdZ�P6NhJ@Z"j|{|SFW[P~D�K�cykJ�X�Z"WYjwWYM�QOJ
P�cdJzuoW[N�D\JR{�CVN�K�CFP�N�j[J<G@CVN�grkJ@P�kJ@Q\Cmj�p ��jYZ�N:{�QokJ�G�WYNokJ@`}J�P�D@s
K�CVP�N=<?>�s�N@c�Wwj���CA@ÄSTM"NhDICFG�jYJ@N
H�ST`�kJ@SV`ASVQO{�H"WYX�Z�J@N�]CAZ�P�KfW[NhXoZ"J�� J@Qh`�kJ�K�J�QOC��TSTP�³Vs|Cmj[STQhNnj[CA� SVP�G�DhW[STP�K�J�{USVDOJ@P~DOWYJ�j�K�SVWwD
C��TSVWYQ�CVZl`}SVWYP�N�@�{USVWYP~D\N!NOJzjYjYJ@N�p �
WY`}STPlJ�D�.�SoK"WwD\NhGIH�J�6�{�QOST{USTNhJ@P~D�{|SVZ�Q�G@SVP�DOSTZ�QhP�J@Q!G�J�DODOJ
K"Ww LG�Z"jwDfkJaK�J�G@STP"NhD\QhZ"WYQOJ�K�J@N>� STP"G�DOWYSTP�N>K"Ja{USVDOJ@P~DOWYJ�jYNnCV{�{UJ�jzkJ@J@N>� STP"G�DOWYSTP�N
K�J�P�C1��WYg~CFDhW[STP�s



# � ������� �· � �·�
�º"¿���� � ½4·�¿�
�º��@·o¼V¿����$
m·o¸�· � 
���P�%¿��
	'�4·

{|STNhNokJ�K�CVP~DaZ�P^`}WYP"WY`�Z�` gVj[SVM�CFjts�J�D�{USTZ�Q�j[J�NOX�Z�J�jwjYJ@N�DOSTZ�N�jYJ@N�CVZfD\QOJ�N�{|SFW[P~D\N�K�cykJ�XoZfWYjwW[M"QOJ
NOSTP~D�WYP�N�DICVM"jYJ@N % �>W[`}STP ( � * pr��J@{UJ@P"K�CVP~D�s»jiC_G@STP�N�D\QhZ�G�DhW[STP�K"J@N�� SVP�G�DhW[STP"N�K�JLP�C���W[g~CmDOWYSTP
P�kJ@G�J@NON�WYDOJ�Z�P�JLG@STP�P�CFW[NhN\CVP"G@J6{�CFQh��CFWwD\JAK�J}jiC:D\ST{USVjYSTgVWYJLK�JAj�cdJ@Nh{�CVG�J�K�JLG@STP"e�gTZ�Q\CmDOWYSTPÄJzD
K�STP�G/Z"P�J/gTQOCVP�K�J/{�CVQhDhW[J/K"J@N�C��FCVP~DICVgVJ@N�K�J�j[CÄ`�kJ�DOH�SoK�J@N�K�J�N6{USVD\J�P�DhW[Jzj[N�J�NhD:{UJ@QhK�Z�JVp
&�P�CVZfD\QOJ}WYP�G@STP~�!kJ@PfW[J�P�D}K"JAj[C�`�kJ�DOH�SoK�J�K�J�N�{USVD\J�P~DOWYJ�jYN�J@N�D�X�Z�JVs»K�JL`LCFP"W�]J�QOJLg�kJ@P�kJ�Q\CFjYJVs
j[J�N}DOQ\CFxyJ�G�DOSVW[QhJ@N}STM"DOJ@P�Z�J�NLNhSTP~Dlj[SVWYP�K�cYEJ�D\QhJ:ST{"DOWY`ACFjYJ@N@p�°nSTZ�N}K�kJ�G@QhWYQOSVP�N}{"j[Z"NAJ�P�K�kJ�D\CFWYj
G@J�DhD\J�`�kJ�DOH�SfK"J�K�CVP�N�jYJ�G�CVK�QhJ�K�J�P�STN�DOQ\C��FCVZfu6NOZ�Q�j[Cl{"jiCFP"WYe�G�CFDhW[STP:K�J�DOQ\CFxyJ�G�DOSVW[QhJ@N
K�CVP"N
j�c�W[`ACVgVJVp

� �"! �"! % �'& ( ���� *��
	��'& � ���������y��&
��CVP"N�Z�PA{�QOJ�`}WYJ@Q!DOJ@`}{�N@s~P"STZ�N�K�kJ@G�QhWYQOSTP"N�jYJ@N¡CFjYgTSTQ�WYDOH�`}J@N�K�kJz�TJ�jYST{�{�kJ@N�{USTZ�Q�QokJ@NhSTZ�K�QhJ

j[J!{�QhSTM"j�]J@`}J�K�J!{"j[CVP"Wwe�G�CmDOWYSTP�K"J�D\Q\CmxyJ@G�DOSVWYQOJ@N4K�CFP�N�Z�P�J@Nh{�CVG@J�K"WYNOG�QokJzDOWYNokJVpFB4C�K"WYNOG@QokJ�DhW[NOCFDOWYSTP
{|J�QO`}J�DlK"J�QokJ�K�Z"WYQOJAj[J6{"QOSTM"jt]J@`}JLK�J�j[C�QOJ�GIH�J@QhGIH�J�K�cdZ�P�J6NhSVjYZ"DOWYSTP�K�CFP�N�jtc¢J�NO{�CFG@J�K�JLK"Ww®
`AJ�P�NhWYSTP�N6WYP"e�PfW[J�N6K�J@NLNOSVjYZ"DhW[STP"N�{USTNON�W[M"jYJ@NÄ]CRZ�P�J�NO{�CVG�J�K�J�QOJ�GIH�J@QhGIH�J<K�J�KfW[`}J@P"NhWYSTP�N
e�P"WYJ@N@p:&nP�K�J@N}C��FCVP~DICFgTJ@NlK�J�N}CFjYgTSTQhWwD\H"`AJ�NlK"WYNOG@QhJ�DONAJ�NhD}X�Z�c�WYjYNl{UJ@Z"�VJ@P~DAQokJ@{USTP�K"QOJÄ]C�j[C
XoZ"J@NhDhW[SVP<K�J�G�ST`}{"jzkJ�D\Z"K�J�´�N�W�K"J@NnNOSVjYZ"DOWYSTP�N�JzuoWYNhD\J�P~D�K�CVP�Nnj�cdJ@Nh{�CVG�J�QokJ�K�Z"WwD�s%j�c¢CFjYgTSTQ�WYDOH�`}J
J@P6QhJ�D\SVZ�QOP�J�Q\CaZ�P�JVsoN@c�Wwj�P�c��LCa{�CVN�K�JnNOSFj[Z"DhW[SVP�sojtc¢CFj[gVSTQhWwD\H�`}Jnj[JnNhWYgTP"Wwe�J@QOC"p"��J@N�N�D\QOCFDfkJ�gVW[J�N
DOWYJ@P�P�J�P~D�G@ST`}{"DOJ/K�J�N�{�QhST{�QhWvkJ�DfkJ@N6gFj[STM�CFj[J�N�K�J_j�cdJ@Nh{�CVG�J<K�J�G�STP"e�gTZ"Q\CFDhW[STP�K�Z�QhSTM|SFD�JzD
{|J�Z"�TJ�P�D�W[P~DfkJ�gTQOJ�QLK"J@N�G�STP~D\QOCFW[P~DOJ@N6Nh{�kJ@GzWYe�X�Z�J�N@s�XoZfW,K�SFWY�VJ@P~D<EJ�DOQOJ_N\CFDhW[N���CFWwD\J@N<]CbGIH�CVX�Z�J
kJzDICV{UJ
P�kJ@G�J@NhN\CFWYQOJ}]Caj[CaQokJ�CFjwW[NOCFDOWYSTPAK�J
jiC�DFECVGIH"JVp"��J@N¡`�kJzD\H�SoK�J�N�NOSVP�D¡D\Q@]J@N�W[P~DfkJ@QOJ�NONOCVP~D\J@N�K�Z
{|SVWYP~DaK�Jl�fZ"JLK�Jlj[C_G�ST`}`ACVP�K�JFprq!PRJ�±|J�D@s�Z�P�Jl� SVWYNaX�Z�J}j[C�DOQ\CFxyJ�G�DOSVW[QhJLK"ZbN��fN�D�]J�`AJLJ@N�D
{"jiCFP"WYe�kJ@JVs�jYJ�N��fN�D�]J�`AJ}{UJ@Z"D}EJzD\QhJ�jYWYP�kJ@CVQhWYNokJljYJ�j[SVP�g�K�J�G�J�DODOJ�D\QOCFxyJ@GzD\SVWYQOJlJzD�j[J�N�`�kJ�D\H"SfK�J�N
W[NhNOZ�J�N!K�J�j[CnDOH�kJ@STQ�W[J�K�J�j[C�G�ST`}`LCFP�K�J�K�J�N�N��fN�D�]J�`AJ�N!jYWYP�kJ�CmW[QhJ@N�{UJ@Z"�VJ@P~D>EJzD\QOJ�Z"DOWwjwW[NokJ@J@N!{USTZ�Q
G@STP~D\Q�ESVjYJ@Q�jYJ@N�`}STZ"�TJ�`}J@P~D\N¡K�Z}QOSTMUSVD�CVZ"D\SVZ�Q�K�J�j[C�D\Q\CmxyJ@G�DOSVWYQOJ>P�ST`lWYP�CFjYJ % #ÄCFjYNOH ( ² * p~��Jv®
{|J�P�K�CVP~D�G�J@N,CV{�{�QhSfGIH�J�N,STP~D
jtcdWYP�G@SVP��!kJ�P"W[J�P~D�K�J�N�c�CFK�CV{"DOJ@Q,KfWY AG�WwjYJ@`}J@P~D�CVZou kJ��TJ�P~D\Z�JzjYjYJ@N
W[P�G�J@Q�DOWwD\Z�K�J�NlG@STP"G@J@QhP�CVP~D�jYJ�K�kJ@QOSVZ"j[J�`}J@P~DlK�JAjiC:DFECVGIH�JFp�q!P�STZfD\QOJFs4J�jwj[J�N�NOSTP~D�M|J@CVZ�G@SVZ�{
{"j[Z"NLG�S4EZ"D\J�Z�NOJ�NAJ�P�DOJ@Qh`AJ:K�J�DOJ@`}{�NAK�J:G�CFjYG@Z"j
X�Z�J�jYJ@NA`�kJ�D\H"SfK�J�Nlj[SoG�CFjYJ@N�p:&�P�J:Jvu"G�J�j ®
j[J�P�DOJ�K�J�NOG�QhWY{"DOWYSTP�K�J�N�`�kJ�DOH�SoK�J@N�K�J�{"j[CVP"Wwe�G@CFDOWYSTPÄK"JAj[C�GzW[P�kJ�`ACFDOWYX�Z�J6K�ZbK�kJ@{"j[CVG�J@`}J@P~D
K�J@N>QhSTM|SFD\N�J�NhD���CmWYDOJ�K�CVP�N�j[J,jwWw�fQhJ�K�J�B4CFDOST`�MUJ�% B4CFD\ST`�M|J ( ³ * X�Z"W���CmWYD�QokJ���kJ�QOJ�P�G@J�K�CFP�N�jYJ
K�ST`ACFWYP�JVp"B»CmD\ST`�M|J
��KfW[N�DOWYP�gTZ�JnD\QOSFW[N¡D �f{UJ@N�K�J,`�kJ�DOH�SoK�J@N�´fj[J�N�CV{�{"QOSoGIH�J@N�{�CVQ,\§D=�@ L =E;Us
j[J�N
CV{�{�QhSfGIH�J�N>{�CVQ�K�kJ@G@SV`A{USTN�WYDhW[STP:J�P�G@J�jwjYZ"j[J�N
J�D�jYJ@N�`�kJzD\H�SoK�J@N
{�CFQ�� STP�GzDOWYSTP�N>K�J,{|SVDOJ@Pf®
DOWYJ�j4X�Z�JaP�STZ�NnC��TSTP"N�M�Q�W�]Jz�TJ�`AJ�P~D�K�kJ�G@QhWwD\J�N�K�CVP�N>jiC}{�CVQ�DOWYJ�{�QokJ�GUkJ@K"J@P~D\JFp
µ¡º � �·�¿1Â���½4· ½4·f¸ 
�Uº�½ �Äº"¹�´�K�CVP�N}G�J�DODOJ_CV{�{�QhSfGIH�J_Z�P�QokJ�NOJ�CFZ�K�J:G�STZ�QOMUJ@N�s¡CV{�{UJ�jzkJ
I§D=�@ L =E;UsfJ@N�D
K�kJ�e�PfW�G@ST`}`}J�Z�P:J@P"NOJ@`�M"jYJ�K�J,G@STZ�QhM|J�N
`ASVP�SfKfW[`}J@P"NhWYSTP�P�JzjYjYJ@NnG�CV{fD\Z�QOCVP~D
jiClG@SVP�P�J@GzDOWw��WYDfkJ�K�J�jtc¢J�NO{�CVG�J�jYWYM�QOJ�K�Z_QOSVM|SVD ,0687:9;9 %���CVP"P��=/5/ * p�&�P�J�� SVWYN>X�Z�Jaj[C�\§D=�@ L =E;
� J@N�DaG@STP�N�D\QhZ"WYDOJVs»J�jwj[JAJ@N�D�ZfDOWwjYWYNokJ�JLG�ST`}`AJAZ�PbJ@P�NhJ@`�Mfj[JLK�JLGIH"J@`lW[P"N��hN�DICVP�K�CVQOK�N���p»B4C
DFECVGIH�J�NOZ"Ww�FCVP~D\J<G@SVP�NhWYNhDOJ<CFjYSTQON^]CbD\QhSTZ"�TJ�Q6Z�P�GIH�J�`lW[P CV{"{�QOST{"QhWzkJ/J@P~D\QhJ�jYJ@N6{USVWYP�DON�WYP"Ww®
DOW[CFj�JzD�e�P�CFj�K�CVP�N	�/p�B4C6K"WY AG�Z"jYDfkJl{�QhWYP�GzW[{�Cmj[J}K�CVP"N�G@JzDOD\Jl`�kJzD\H�SoK�JlNOJlN�WYDOZ�J}CVZ<P"Ww�TJ@CVZ
K�JljiC�G@SVP�NhDOQOZ�GzDOWYSTPÄK�J
�/p4��JlP�ST`�M"QOJ@Z"NOJ@N�`�kJ�D\H"SfK�J�N�STP~D^kJzDfkJ}{�QhST{|SVNokJ@J�N�{|STZ"Q�STM"D\J�P"WYQ
�<p ��P�G�WwD\J�Q\CL{�CVQ
JzufJ@`}{"jYJ�jYJ@NnD\Q@]J�N�{UST{�ZfjiCFWYQOJ�N�gVQ\CV{�H"J@NnK�Ja��WYNhWYM"WwjYWwDfkJ % B4CVZ�`}STP�K0/ & * s�j[C
`�kJzD\H�SoK�J
K�J�N�G�ESTP�J@N�grkJ�P�kJ@QOCFjwW[NokJ@N������ QhJ@J��C��}P�J�D��f� %7��QOSoS26�N / ! * STZ}J@P"G@STQhJ
j[C�`�kJ�D\H"SfK�JnK�J�N



���������
	�������������������������	������ �!�"� #��

NhWwj[H"STZ�J�DhD\J�N�% ��CVP�P~�=/2/ * p
µ¡º�½��·o¼ ���b¹P�|¸D� ¿�$� � · � ¼T·������"� ·o¸�J@NhD�{�QOSVM�CVM"jYJ@`}J@P~D6j[Cb`�kJzD\H�SoK�J�j[Cb{fj[Z�NL{|SV{�Z"j[CFW[QhJ
K�CVP�NAj[J�K�ST`ACFWYP�J�K"J�j[Cb{"j[CVP"Wwe�G�CmDOWYSTP�K�J_D\Q\CmxyJ@G�DOSVWYQOJ@NLJ�D�G@J�jwjYJ�X�Z"W,CÄK�STP�P�kJ�jwW[J�Z ]CRj[C
{"jYZ�NlW[`}{USTQhD\CVP~D\J6jwWYDhDfkJ@QOCFD\Z"QOJ % ���oP�CFWY` /2/"s���H�Z ( ³ * p ��CVNhWYX�Z�J@`}J�P�D@s!j�cdSTM"xyJ�G�DOWw��J�NhD}K�CFP�N
Z�P<{�QhJ@`lW[J�Q�D\J�`A{"N�K�J�K"Ww��W[NhJ@Q�jtc¢J�NO{�CVG�JljYWYM�QOJ�K�Z<QOSTMUSVD.,>687:9
9,J@P<{�CVQOG�J�jwj[J�N�CV{�{UJ�jzkJ@J@N�G�J�j ®
j[Zfj[J�N@s!K�J�D\JzjYjYJ�NOSVQhD\J:X�Z�J�jYJ�GIH�J@`lWYP�J�P�DOQOJ:K�J�Zfu�G@SVP"e�gTZ�QOCFDOWYSTP�N}K�CFP�NlZ�P�J:G@JzjYjYZ"jYJ:NOSVWwD
CFWYNokJ@`}J�P�D�g�kJ@P�kJ�QokJFp'&�P�gTQ\CF{�H�J�QhJ@{�QokJ@NhJ@P~DICVP~D�jYJ@N�QOJzjiCFDhW[SVP�N,K�c¢CVKVx�CFG@J@P"G@J�J�P�DOQOJaj[J�N,G@JzjYjYZ"jYJ@N
J@N�D>J@P�NhZ"WwD\J�G@STP"NhD\QhZ"WwD�p���J,gTQ\CV{"H�J�J@N�D>G@SV`A`�Z�P�kJ�`AJ�P~D,CF{�{|JzjzkJ�gVQ\CV{�H"J,K�J�N>G@STP�P"J@G�DhWY��WwDfkJ�N@p
B�J�{�QhSTM"j�]J@`}J_NOJ_QokJ@K"Z"WYD�CFjYSTQON/]C<jiC^QOJ�GIH�J@QhGIH�J/K�CFP�NAjYJ:gTQ\CF{�H�J_K�J@NAG@STP"P�J@GzDOWw�oWwDfkJ�N6K�cdZ�P
GIH�J@`lWYP �hST{fDOWY`LCmj �}NOJzj[SVP�Z�P_G@Q�WYD�]J@QhJ�M"WYJ@P_K�kJze�P"Wtp
��CVP�NljYJ�GIH�CF{"WYDOQOJ��^P�SVZ�NLZfDOWwjYWYNOJ�QOSTP�N�kJ@g~Cmj[J�`AJ�P~D�K�J�N�`�kJ�DOH�SoK�J@NAG@STP~DhW[P�Z�J�N6K�J:{"j[CVP"Wwe"®
G�CFDhW[SVP�K�J�DOQ\CFxyJ�G�D\SFW[QhJ@N@p���CVP�N�j[C�{�CFQhDOWYJ�NhZ"Ww�VCFP�DOJVs�P"STZ�NlCFjwjYSTP�N�M"QhW�]J��TJ�`}J@P~DAK�kJ@G�QhWYQOJ6G�J@N
`�kJ�D\H"SfK�J�N@p

� �"!#��� % �'&)( ����+*��n	��'&�����������
���'&
��SVP�DOQ\CFWYQOJ�`}J@P~D�CFZfu�`�kJ�DOH�SoK�J@NnK"WYNOG@Q@]J�DOJ@N@sU{USTZ�Q�jYJ@N
`�kJ�D\H"SfK�J�N
G@STP~DOWYP�Z�J@NnjiClX�Z�J�NhDOWYSTP

K�J:G@ST`}{"jvkJ�DOZ�K�J�J@NhDAG�ST`}{"j[JvufJ�J�DAJ�P�grkJ�P�kJ@QOCFj
P�J:{UJ@Z"DA{�CVN:EJzD\QOJ:QokJ@NOSFj[Z�JFp¡B4J:{�QhSTM"j�]J@`}J
J@N�D�`lWYN�NOSVZ�Naj[C�� STQO`}JAK�JAj[C:`}WYP"WY`lW[NOCFDOWYSTP�K�cdZ�P�J}� STP�GzDOWYSTPÄK"JAG�S4EZ"D�j[J}jYSTP�g_K�JAj[C�D\Q\C�®
xyJ@GzD\SVWYQOJaK�cdZ�P�N��oNhD�]J�`}J�K"�oP�CV`lWYX�Z�J�K�kJ�G@Q�WYDn{�CVQ
Z�P_J@P"NOJ@`�M"jYJ�K�cykJ@X�Z�CFDhW[SVP�N,K"Ww±nkJ@QOJ�P~DOWYJ�jwj[J�N@p
&�P�J_gTQOCVP�K�J:{�CVQ�DOWYJ:K�J:G@J@NA`�kJ�DOH�SfK"J@NAJ@NhDAM�CFNokJ@J_NOZ"Q}j[C<D\H�kJ�STQhWYJ:K�J_j[C<G@ST`}`ACVP�K"J�ST{o®
DOWY`ACFj[J�% ��DOH�CVP�N 424 * JzD�K�ZÀG�CFjYG@Z"jn�FCVQhW[CFDhW[STP"P�J�j % �fCVg~CVP=4 ( * p ��Z�G�6~j[Jz�ÀG�STP�N�W[K�]J�QOJ�j[CÄ`lW ®
P"WY`}WYN\CmDOWYSTP K�c¢Z�P"J^� SVP�G�DhW[STP K�J^G�S4EZ"D�NOSVZ�N�� STQO`}J/WYP�DfkJ@gTQOCFjYJ<J@P¾Z"DOWwjYWYN\CFP�D:jYJ<G�CFjYG@Zfj��VC�®
QhW[CFDOWYSTP�P"J�j %7��Z"G�6�jYJ��0/�� * p !¯j¡QokJ�NOSTZ"D�K�JAG@J�DhD\JL`LCFP"W�]J�QOJ6Z"PÄgTQOCVP�KÄP"ST`�M�QhJ�K�JL{�QOSVM"j�]J�`}J@N
P�STPbG@STP~D\QOCFWYP�DON�K�JL{"jiCFP"WYe�G�CFDhW[STPbK�JLDOQ\CFxyJ�G�DOSVW[QhJ�K�CFP�N�Z�Pb{"j[CVP�p���JAD �o{UJ6K�c¢CV{�{�QhSfGIH�J�C
kJ@g~CFjYJ@`}J�P�D�kJ�DfkJ�Z"DOWwjYWYNokJ�{|STZ"Q�jtc¢STMfD\J@P~DhW[STP<K"J�D\QOCFxyJ@GzD\SVWYQOJ�N�CVZ/NhJ@P�N�K�Z�{"j[Z"N�G@STZ"QhD�GIH�J�`lW[P
{|SVZ�QLjYJ@N6QhSTMUSVD\NAP�STP�H"SVj�ESVP�ST`}J@N-% �fSTZ�]J@QOJ�N ("& s�B»CFZ�`}STP�K ( ² * p�B4CRDOH�kJ@SVQhWYJ/K�J�j[CÄG�ST`�®
`ACVP�K�J�ST{"DOWY`ACFjYJ�CRkJzDfkJ,Jvuf{"j[SFWYDfkJ@J�{USTZ�Q�jiCaG@ST`}`ACVP�K"J�J�D�jiCa{"jiCFP"WYe�G�CFDhW[STP�K�J�DOQ\CFxyJ�G�D\SFW[QhJ@N
]CADOJ@`}{�N�`lWYP"W[`ACFjtp�B!cdSTM"xyJ�G�DOWw��J@N�D�CFjYSTQhN,K�J�`}WYP"WY`lW[NhJ@Q,j[CLK�Z"QokJ@J�K�Z/K�kJ�{"jiCFG@J@`}J�P�D�K�Z/QOSm®
M|SFD}J@P~D\QhJ_jYJ@N}G@SVP"e�gTZ�QOCFDOWYSTP�NlWYP"WwDOW[CFj[J:JzDLK�kJ@NhWYQokJ�J�J�P�DOJ@P�CFP�DAG�ST`}{"D\J:K�J�NAG@CV{�CVGzWYDfkJ@NAK�Z
`�kJ@G�CFP"W[Nh`}JVp|B4J�N�{"QOJ@`lWYJ@QhNnDOQ\C��FCVZfu:K�CFP�N�G�J�NOJ@P"N�NhSTP~D,K�Z"Nl]C .�CVH�P_J�D �
SVD\H % .aCFH�P & ³ * p
��J�D �o{|JLK�c¢CV{�{�QhSfGIH�J6C�J@P"NOZ"WwD\J�kJzDfkJAD\Q@]J�N�j[CVQOgVJ@`}J@P~DlQhJ@{�Q�W[N�s�{�CVQaJzufJ�`A{fj[J�{USTZ�QaSTM"DOJ@P"WYQ
Z�P�J�DOQ\CFxyJ�G�DOSVW[QhJ�K�CFP�N,jtc¢J�NO{�CVG�J�K�J�N�CVG�DhW[SVP�P�J@Z"QON�X�Z�CVP"K/jiCLDOQ\CFxyJ�G�DOSVW[QhJ�K�CFP�N,jtc¢J�NO{�CVG�JlCVQy®
DOWYG@Z"j[CFWYQOJ�J�NhD�STM"D\J�P�Z�J,WYP�K�kJ@{UJ@P"K�CV`}`}J@P~D'%7��SVM�QOS � /	�fs �oj[SFDOWYP�J�/ ( * sfSTZ�{|STZ"Q�STM"DOJ@P"WYQ�Z"P�J
D\QOCFxyJ@GzD\SVWYQOJ�]C�D\J@`}{�Nn`lW[PfW[`ACFj4K�CFP�N�Z"P�J�NO{�CVG�J�J�P�G@SV`�M�QokJ % �fH"WwjYjYJ@Q ( ³ * p ��WYJ@P�X�Z�J�j�cykJ�DOZ�K�J
D\H�kJ�STQhWYX�Z�J}K�J@N�NhSVjYZ"DOWYSTP�N�K�J�j[C6{"j[CVP"Wwe�G�CmDOWYSTP^K�J�D\QOCFxyJ@GzD\SVWYQOJ�N�]C�D\J@`}{�N�`lWYP"W[`ACFj�NOSVWwD�CFD�®
D\QOCVG�DhWY�VJVs>K�cdZ�P {|SFW[P~D:K�J/�oZ�J<{�QOCFDOWYX�Z�JVs�jYJ@N:CF{�{"jwW[G@CFDOWYSTP�N:QOJ�NhDOJ@P~D:jYWY`lWYDfkJ@J@N�p !¯j�N@c¢C��|]J@QOJFs
J@P<Jz±�JzD�sUXoZ"J�G@J�N�NOSVjYZ"DhW[STP"N�G@STP"K�Z"WYNOJ@P~D6]C�K"J@N�K"WYNOG�STP~DOWYP�Z"WYDfkJ@N�K�CVP"N�jtc¢J�NO{�CVG�JlK�J@N�CVG�DhW[STPo®
P�J@Z"QON@p ��e�P�K�J�{�CFjwjwW[J�Q,G@J�{�QOSVM"j�]J�`}JVs�K"J@N,DOQ\C��FCVZfu�NOJ�NhSTP~D,� SoG�CFjwWYNokJ@N,NOZ�QnjiC�K�kJ�e�P"WwDOWYSTP/JzD
j�cdZ"DhWYjwW[NOCFDOWYSTP�K�J6� STP"G�DOWYSTP�K�J�G�S4EZ"D�{�QhJ@P�CFP�D}J�P�G@ST`}{"DOJ_Z"P�J�`}J@NOZ"QOJ:K�J6G�STP~DOWYPoZfWYDfkJ_K"J@N
`}STZ"�TJ�`}J@P~D\N�pP&�P�JA{USTNON�W[M"WwjwWYDfkJLJ�NhD�K�JL`lWYP"WY`}WYNOJ�Q�Z�P"JL� STP�GzDOWYSTPRK�JLG�S4EZ"D�X�Z"W¡{�QOJ�P�P�JLJ@P



��� ������� �· � �·�
�º"¿���� � ½4·�¿�
�º��@·o¼V¿����$
m·o¸�· � 
���P�%¿��
	'�4·

G@ST`}{"DOJ�]CRj[C<� SVW[N}j[CbK�Z�QokJ@J�K�ZÀK�kJ�{"j[CVG@J�`AJ�P~D�J�DAj�c�WYP�DfkJ@gTQOCFjYJ�K�J:jiCRP�STQh`AJ�CVZ�G�CVQhQokJ_K�Z
�TJ@GzD\J�Z�Q6K�J_G@ST`}`ACVP�K"JVp?�oW[P"gTHÀJzD6B�J@Z�Z"DOWwjwW[NhJ@P~D�j[Cb{�QhSTgTQOCV`}`LCmDOWYSTP�Kf�fP�CV`lW[X�Z�J/{USTZ�Q
QokJ@NhSTZ�K�QhJ�G@J�{"QOSTM"jt]J@`}J % �oWYP�gTH0/ ( * s"Cmj[STQhN�X�Z�J ��J�NONhSTP�P�JzD
J�D>B4CFjwjYJ@`ACVP�K�Z"DhWYjwWYNOJ@P~D>jYJ�{�Q�W[Pf®
G�WY{|JlK�Z<`lWYP"WY`�Z�`�K"J��rSTP~DOQh�~CFgVW[P % ��J@NhNOSTP"P�J�D ( ² * p'�»STZ�Q�K�J�N�CV{�{"jwWYG�CFDhW[STP"N�S4]Z�jiC6K"Z�QokJ�J
K�Z�K�kJ@{"j[CVG�J@`}J@P~DAJ�D�jYJ@N�jwWY`}WwDICmDOWYSTP�NlK�J�NlCVG�DhW[SVP�P�J@Z"QON}P�J6NhSTP~D}{�CVN�� STP"K�CV`}J@P~DICmj[J�N@s!K�J�N
� STP�G�DhW[SVP�N�K�JnG@S�EZfD�K"J,P�CFDOZ�QOJnK"Ww±nkJ�QOJ�P�DOJ�{UJ@Z"�VJ@P~D�EJ�DOQOJnZ"DOWwjwW[NokJ@J@N�p ��P�{USTZ�QhQ\Ca{�CVQ�JzufJ@`}{"jYJ
NOJ:G@STP~DOJ@P~D\J�QAK"J:j[C<P�STQh`AJ:CFZ�G@CVQOQokJ�K�Z��TJ�G�D\J�Z�QAK�J:G@ST`}`ACVP�K�J % ��Z"D\SVM�Q\CFDOS1�oWvkG / � * SVZ
K�J,j[C�P�STQh`}J�CVZ6G@CVQOQokJ,K�Z�DOSTQONhJ@Z�Q�G�WYP�kJ@`ACFDhW[X�Z�J5% °,C56mCV`�Z�Q\C / & * pf��CVP�N�P�STN�CF{�{"jwW[G@CFDOWYSTP�N�s
P�STZ�N�ZfDOWwjYWYNOJ�QOSTP�N}G�ST`}`AJ�`AJ�NOZ�QhJ:K�J6G@SVP�DhW[P�Z"WwDfkJFs�jtcdWYP~DfkJ@gVQ\CFjYJ�K�J�j[C�P�STQh`}J:CVZ�G�CFQOQokJ�K�Z
�TJ@GzD\J�Z�QlK�J6G�ST`}`LCFP�K�J�STZ�K"J6N\C�K�kJ@QhWw��kJ6D\J�`A{USTQhJ�jwj[J ��j[JA�TJ�G�D\J�Z�Q}K�J�G�ST`}`ACVP�K�JÀkJzDICVP~D�s
K�CVP�N
P�SVDOQOJ�G�CFN@s�jYJ�DOSTQONhJ@Z�Q
GzW[P�kJ�`ACFDOWYX�Z�J�K�J�j[CAG@CV`�kJ@QOC"p
B4J�N�{�QhJ@`lWYJ@QON�QokJ@NhZ"jwDICFDON�G@SVP�G@J�QOP�CVP~D�jiCaG@ST`}`ACVP�K�J�ST{"DhW[`ACFjYJ,J�P�{�QokJ@NOJ�P�G@J,K�J,G�STP~D\Q\CmW[P~D\J�N
W[P�kJ�g~CFjwWYDfkJ@N4NOSVP�D4K"Z�N�]C ��Qh���@STP�JzD = B�% ��Qh�oNhSTP34 ! * p�B»C�`�kJzD\H�SoK�J�J@N�D4M�CVNokJ�J�NOZ�Q�Z�P"J¡`}SoK"Wwe�G�Cm®
DOWYSTP�K"J@N»NOSVjYZ"DOWYSTP�N»K�Z�{�QOSTMfj�]J�`AJ¡K�J ��SVj���Cfs1NOZ�Q4j[J�X�Z�J�jfP�STZ�N4QhJ���W[J�P�K�QhSTP�N�{fj[Z�N4jYSTP�gTZ�J�`}J@P~D
K�CVP�N,jYJ�GIH�CF{"WYDOQOJ �fp|B4C�QOJz� STQO`�Z"j[CFDOWYSTP<K�J�N�{�QOSTMfj�]J�`AJ�N�K�J�G�STP~D\QmESFj[J�SV{"DOWY`ACFj�NhSTZ�N,� STQh`}J
�VCFQhW[CFDOWYSTP�P�JzjYjYJ�C kJ�DfkJ�CF{�{"jwW[X�Z�kJ�J/C��TJ�G�NOZ"G@GV]J�N�{USTZ�Qlj[Cb{"j[CVP"Wwe�G�CmDOWYSTPÀK�J�DOQ\CFxyJ�G�D\SFW[QhJ@N�K"J
QOSTMUSVD�H�SVjyESTP�SV`AJ % ��Z�G�6~jYJ��0/�� * STZAP�STP % ��J@NOCFW ("( * p�B!c�CV{"{�QOSoGIH�J
X�Z�J�P"STZ�N¡CVK�ST{fD\J@QhSTP�N¡J@N�D
NhWY`}Wwj[CFW[QhJ6]C�G@JzjYjYJ�Z"DOWwjYWYNokJ�J�K�CVP�N % ��J@NOCFW ("( s���J�� QOCVP ( &+* p ��WYJ@P�X�Z�J�G�J@N
{�QOSVM"j�]J�`}J@N>{�Z"WYNONhJ@P~D
EJzD\QhJ�D\Q\CmWYDfkJ@N�J@P}Z"DhWYjwW[NOCVP~D�Z"P�J
`}WYP"WY`lW[NOCFDOWYSTP}j[SoG�CFjYJ
J�D�K�CFP�N�Z�P}J@NO{�CVG@JnK�J
K"WY`AJ�P�NhWYSTPAe�P"WYJ
% �CFQhDOWYP0/ ( s �fZ�H0/ & * s�P�SVZ�NajYJ}K�kJ@G�QhWYQOSTP"N�NhSTZ�N�j�c¢CVP�gVjYJ}K�cdZ�P�JLCV{�{�QhSfGIH�JAgVjYSTM�CFjYJ}J�DaK�CVP"N
Z�P�J�NO{�CFG@JaK�J@NnNOSVjYZ"DhW[STP"N
WYP"e�PfW[J�N % ��J�� QOCVP ("&+* p
°�STZ�N�D\J@Qh`lW[P�SVP�N>G@J�M"QOJ���kJzDICFD�K�J,jtc�CVQ�D�NhZ�Q�j[C�{"jiCFP"WYe�G�CFDhW[STP�K"J,D\QOCFxyJ@GzD\SVWYQOJ�N�J@P�QhSTM|SFDOWYXoZ"J
{�CVQ>j[J�N
`�kJzD\H�SoK�J�N�{�QhSTM�CVMfWYjwW[N�D\J�N@p

� �"! �	� % �'& ( ���� *��
	��'&���������� ���h���;&o�"��&
B�J@N
Cmj[gTSVQhWwD\H�`}J@N>K�kJ�D\J�QO`lWYP"W[N�D\J�N�G�ST`}{"j[JzD\N>{USTZ�Q�j[C�{"j[CVP"Wwe�G�CFDhW[SVP_K"J�D\Q\CmxyJ@G�DOSVWYQOJ@N�� W�pdJVp

{|STZf�VCFP�D¡QokJ@{USTP�K�QhJl]C�j[CaX�Z�J�NhDhW[STPLK�J
G@ST`}{"jvkJ�DOZ�K�J���NhSTP~D¡DOQ@]J�N¡G�STZ"DOJ@ZfuAJ�PADOJ@`}{�N¡K�J
G�CFjYG@Z"j
XoZ�CVP�K^jiC�K"WY`}J@P�N�W[STPbK�Jlj�cdJ@Nh{�CVG�JLK�J}G�STP"e�gTZ"Q\CFDhW[STP^K�Jz��W[J�P�DaWY`A{USTQ�DICVP~D�p4��J�N�`�kJ�D\H"SfK�J�N
{|J�QO`}J�DhDICVP~D�K�J�QokJ@{USTP�K�QhJ}]C�K�J�N�{�QhSTM"j�]J@`}J@N�G@ST`}{"jYJzufJ@N�{|J�Z"�TJ�P~D�EJ�DOQOJnCV{�{"jwWYXoZ�kJ@J@N�{|STZ"Q¡K"J
gTQ\CVP"K�J@NrK"W[`}J�P�NhWYSTP�N!K�J¡j�cdJ@Nh{�CVG�J�K�J�G�STP"e�gVZ�Q\CFDhW[SVP�s�J@P�QhJ�j[Cmu"CVP~D�j[C,P�SVDhW[STP�K�J�G�ST`}{"jzkJ�D\Z"K�J
CVZ/M�kJ�P�kJ�e�G�J�K�cdZ�P�J�Jz AG�CVGzWYDfkJ�{�Q\CmDOWYXoZ"J�J�D,K�cdZ�P/G@SV`A{fjzkJzD\Z�K�Jl{"QOSTM�CFM"WYjwWYNhD\JFp &nP/{"j[CVP"Wwe�G�C�®
D\J@Z"Q�NOJ�Q\C�KfWYD�{�QOSVM�CVM"WwjYWYNhDhW[X�Z�J�`}J@P~D}G@ST`}{"jYJ�D@s�N�WAkJzDICVP~D�K�STP�P�kJLZ�P�{�QhSTM"j�]J@`}J�QokJ@NhSVjY�FCVMfj[JFs
jiCA{�QOSTM�CVM"WwjYWwDfkJ�K�c¢SVM"D\J�P"W[QnjiC}NOSFj[Z"DhW[SVP�D\J�P�K��TJ�QON�³�jYSTQONhXoZ"J�jYJ�D\J�`}{�N,K�JaG�Cmj[G�Z"jrDOJ@P�K��TJ@QhN
j�c�W[Pfe�P"Wtp!B�J@N�K"J@Zfu�CV{�{�QhSfGIH�J�N�jYJ@N�{"jYZ�N�Jz AG�CVG�J@N}NOSTP~D�j[J�NK;UI§V¦?=~¦@¬2B ¬ 9 ª ¬M>+;)= ª � ;�B =V¤�¤�¥z�JzD
N=V¤�@o§ Ll¬	�m¥N@�;)= ª � ;�B =V¤�¤�¥zvp�°nSTZ�N�P�J<K�kJ��TJzj[SV{�{|J�QOSTP"N�{�CFN�{"j[Z"N_G�J@N_CV{�{"QOSoGIH�J@N:J�D:QhJ@Pf®
�TS1�TSTP"N_jYJ<j[J�G�D\J�Z�Q�W[P~DfkJ@QOJ�NONokJ¾]C % ��CVQOQOCVX�Z�CVP�K ( ³Ts�B»CFP�gVjYSVW[N ( � * {USTZ�Q6j[C�{"QOJ@`lW�]J@QhJRJzD�]C
% �,�TJ�QO`ACVQhN ( ²"s .�C1�oQOC56~W ( 4 * {USTZ�Q�j[CANhJ@G@SVP�K�JVp



���������
	�������������������������	������ �!�"� � �

-/.�� � � ��� ��3<?��R=.�a5�?@8A3 9 � 5�7=�$� � =>5�8A?�7 ��� 9 ��3 � �	�h?�
 �� �
�¡W[J�P�X�Z�J:jiC<jwWYDhDfkJ@QOCFD\Z"QOJ:K�Z�K�ST`ACFWYP�J�K"J:jtc¢CVNONhJ@Qh��WYNONhJ@`}J@P~D���W[NhZ�J�jnNhSVWYDAD\Q@]J@NlWY`A{USTQy®

DICVP~DOJVs%{|J�Z�K�J�D\QOC��VCFZfu_CVMUSTQOK"J@P~D�j[C}{"jiCFP"WYe�G�CFDhW[STP�K�J�D\Q\CmxyJ@G�DOSVWYQOJ@NnK�CVP"Nnjtc¢J�NO{�CFG@J�WY`ACVgTJFp
��J�DhD\JA{�H�CVNhJAK"JL{"j[CVP"Wwe�G@CFDOWYSTPRJ@NhDa{USTZ�Q�DICVP~D�D\Q@]J@N�W[P~DfkJ@QOJ�NONOCVP~D\J6K�CFP�N�G@J}G@STP~DOJzuoD\JFp���CVP"N
G@JaG�CVK"QOJVs�jYJ�G�STP~D\Q�ESVj[JaK�Z_Nh�oNhD�]J@`}J�N�c¢Jz±�J�G�D\Z"J�J@P�grkJ@P�kJ@Q\Cmj4K�CVP�N
j�cdJ@Nh{�CVG�J�K�J�DFECVGIH"J�X�Z"W»J@N�D
GIH�SVWYNhWts|NhSVWwD,G�ST`}`AJRkJ�D\CVP~DnjtcdJ@NO{�CVG@J�K�JaDOQ\C��FCFWwj�s%NOSFWYD�G@ST`}`}J^kJ�DICFP�Dnjtc¢J�NO{�CVG�J�WY`ACVgTJVp�!¯j»J@N�D
CFjYSTQON�DOQ@]J@N>KfWY AG�WwjYJaK�cdWYP~D\QOSoK�Z"WYQOJ�K"J@N
G@STP~DOQ\CFWYP~D\J@N
Nh{�kJ@GzWYe�X�Z�J�N}]ClGIH�CFXoZ"JaJ�NO{�CFG@JA����WYNhWYM"WYjwWwDfkJ
K�CVP�N>jtcdWY`ACVgTJFs�ST{"DhW[`ACFjwWYDfkJ�K�J@N>D\QOCFxyJ@GzD\SVWYQOJ�N
K�CVP�N�jtc¢J�NO{�CFG@JaG�CVQ�DfkJ@N�W[J�P�s%M�Z"DfkJ@J@N
`�kJ@G@CVP"WYX�Z�J@N
K�CVP�N»j�cdJ@Nh{�CVG�J
CVQhDhW[G�Z"jiCmW[QhJm�IpFq!P�STZ"DOQOJFsFG�ST`}`AJ�P�STZ�N»j�c¢C��TSTP�N�K�kJhx�]Cn`AJ�P~DOWYSTP�P�kJFsVj[J�N�NhGIH�kJ@`ACVN
K�J�G@SV`A`ACVP"K�J � ��NhSTP~D>D\Q@]J�N�NhD\CVM"jYJ@N>JzD>QOSTM"Z�NhDOJ@N>��W[Ny®@]Cm®��oWYN�K�cdJ@QhQOJ�Z�QON>K�J�`}SoK�kJ�jwWYN\CFDhW[STP�JzD
K�J@N�M�QhZ"WwD\N�K�J}`}J@NOZ"QOJlj[SVQONOX�Z�J}jYJlK�kJ@{"j[CVG�J@`}J@P~D�]C�Jz±�J�G�D\Z"J@Q�J@N�D�NhZ" AN\CV`}`}J@P~D�{|JzDOWwD�p !¯jYN
NOSTP~DnK�STP"GaMfW[J�P/CVK�CF{"DfkJ�Nl]ClZ�P_NOZfWY��W»K�J�D\QOCFxyJ@GzD\SVWYQOJ�N@p
��CVP�N¡Z�P6G@CVN�DOQ@]J@N�NhWY`}{"j[J,S4]ZAjtc¢J�NO{�CFG@J�K�JnD\QOC1�FCFWwjUJ@N�D�NOZ"{�{|SVNokJ�{"j[CVP�CmW[QhJ,J�D¡jtc¢J�NO{�CVG�J,WY`LCFgTJ
jYWYP�kJ@CFW[QhJVs¡��S ��CVP�JzD .�SfK"WwD\NhGIH�J�6�{"QOST{USTNOJ�P~D�s!K�CVP"N %���S ��CVP ("( * s�Z"P�J�`�kJ�D\H"SfK�J:gVjYSTM�Cmj[Jv®
`}J@P~D}NhD\CVM"jYJ6J@P�Z"DhWYjwWYN\CVP~DljYJ6{�QhWYP�GzW[{UJ�K�J@N�� STP�G�DhW[SVP�N�K�J�P�C���WYg~CFDOWYSTP % �>W[`}STP ( � * p���CVP"N
%7:nSTNOSoK�C ( � * s"Z"P�{"jiCFP"WYe�G�CFDOJ@Z�Q>K�J�DOQ\CFxyJ�G�DOSVW[QhJ@N>K�CFP�N�jtcdWY`ACVgTJ�Z"DhWYjwW[NOCVP~D
Z�P�J�GzW[Mfj[J�G�STP�P�Z�J
J�D�Z�P�Nh�oN�D�]J@`}J�N�DfkJ@QokJ@S/J�NhDl{"QOST{USTNokJLJ�D�CV{�{"jwW[X�Z�kJR]C_jtcykJz�oWwD\J�`}J@P~D}K�cdSTM�NhD\CVG�jYJ@N�p�&nP�J�DFECFGIH�J
K�J�{USTN�WYDhW[STP"P�J@`}J@P~D�Z"DOWwjYWYN\CFP�D�K�J@Na�oZ�J@NaW[P~D\J�QO`�kJ@KfWiCFWYQOJ�N�Nh�oP~D\H�kJ�DOWYNokJ�J@N}{�CVQa`}STQO{"H"W[P"g�J@N�D
{�QokJ�NOJ�P�DfkJ@J�K�CVP�N'% ��W[P�gVH ( / * p �
Z"��J�DK= Bf{"QOST{USTNOJ�P~D,Z�P_{"j[CVP"Wwe�G�CmD\J@Z"Q�K�J�DOQ\CFxyJ�G�D\SFW[QhJ@Nn{|STZ"Q
Z�P6QhSTM|SFD�J�P�D\QOCVP�N�jiCFDhW[SVP�K�STP~D¡j[J�N�`}STZ"�VJ@`}J@P~DON>NOSTP~D�SVM�NOJ�Qh��kJ@N�{�CVQ�Z"P�J,{�CmW[QhJ�K�J�G�CV`�kJ�Q\C
��CFWYM"j[J�`}J@P~DlG�CmjYWYM�QokJ�J�% �nZf� ( &+* p»��CVP�N % ��STQOgVNhDICFK"D 1"³ * s�jiC:D\Q\CmxyJ@G�DOSVWYQOJ�K�CVP�N�j�c�W[`ACVgVJ�K�cdZ�P
J@P�NhJ@`�M"j[JLK�Jl{�Q�W[`lWwDOWw�TJ@N ! � G@SVP�P�Z�J@NaJ@N�D�SVM"D\J�PoZ"JA{�CVQ�K�kJ@G�ST`}{|SVNhWwDOWYSTPbNhSTZ�N�Z�P�J�� SVQO`}J
G�CVP"STP"WYXoZ"J�K�J6j[C/D\QOCVP�Nh� SVQO`ACFDOWYSTP�{�QhSVxyJ@GzDOWw�TJVp¡��CVP"N�D\STZ�NlG�J@NlD\QOC��VCFZfu|s�j[J�NAG�STP~D\QOCFW[P~DOJ@N
NO{�kJ�G�Wwe�X�Z�J@NA]C}GIH�CVX�Z�J�J�NO{�CFG@JaJ�D
j[J�N�{"QOSTM"jt]J@`}J�N�K�J�QhSTM�Z�N�D\J@NhNOJ�P�J�NOSTP~Dn{�CVNnCVMUSTQOK�kJ@N@p

°�STNaD\QOC1�FCVZouÄSVP�D�{|SVZ�Q�G@CVK�QhJLj[C�{"j[CVP"Wwe�G�CmDOWYSTP�K�JLDOQ\CFxyJ�G�DOSVW[QhJ@N�K�CVP�Naj�cdJ@Nh{�CVG@J�K"JLDFECFGIH�J
X�Z�CVP�KlG�J�jYZ"Ww®¯G�WfJ@N�D!GIH�SVWYNhWfG@ST`}`}J�jtc¢J�NO{�CFG@J�WY`ACVgTJVpF°�SVZ�N�QhJ�� STQh`�Z"jYJ@QhSTP�N�K�SVP�G�jYJ�{�QhSTM"j�]J@`}J
K�J�M�CVNhJ�K�J�j[Cl{"jiCFP"WYe�G�CFDhW[STP_K�J�D\QOCFxyJ@GzD\SVWYQOJ�N,Cme�P�K"J�DOJ@P"WYQ
G@ST`}{"DOJ�K�J�G@J�DhD\JaNO{�kJ�G�Wwe�G�WwDfkJ�´
µ¡·R¹�
 ���"���·
�Ä·^½4·��rº�¸�·b· � ¹"� º � ����¼Tº"¿�$� � ½4·R¿ 
mº���·f¼V¿ � �$
�·o¸�½4º � ¸-�y¶ � �bº��%·�´ J¥ ª =V¤ ª
@o§m¤�¤KJ¥a£f¤�¥�¬2L = �o¥�¬«¤�¬ ª ¬�= B[¥}¥ ª £o¤�¥�¬2L = �o¥ ��¤�= B[¥�@� £o¤�§V¦���¥ ª @� ¬«¤ ª J¥z�¨¥ ª ����§m£fv¤�¬�¥?9 ;)=V�£o¤�¥
>N= L J¥zN= � �0J¥z¤KJ¥z\¥z�£f¤ >���¥ELl¬«¤-� 9<;�J¥�>z¬ � =V¤ ª £f¤�¥K9PJ¥DC@£�¥z¤ >I¥ >I§m¤ ª ¬«¤�£�¥ @� ¬2L = �o¥?9 @o¥AB� §V¦���¥ ª
@� ¬«¤ ª J¥z%¨¥ ª >I§mv\¥?9<;�§m¤�@�=V¤ ª��= @o¥?9�= ªtª ¬ ª £�@o¥?9 ; �	�9z¬�C@£�¥EL�¥z¤ ª = ª�ª ¥z¬ �V¤�=~¦DB[¥?90;)=V%B[¥�\§V¦z§ ª �";)=V��
ª =V¤ ª @o¥%B� ¬2L = �o¥�¬«¤�¬ ª ¬�= B[¥�¥ ª¡ª ¥zILl¬«¤�=V¤ ª��= B� ¬2L = �o¥6@0J¥?9z¬«�J¥1¥��
��J,{�QhSTM"j�]J@`}J,K"J,M�CVNhJ�{UJ@ZfD�EJ�DOQOJnG@ST`}{"jvkJ�DfkJ,J�P�W[P~DfkJ@gTQOCVP~D�K�J�N�P�SFDOWYSTP�N�K�c¢ST{fDOWY`LCmjYWwDfkJnJ�D
�FSTZ
K�J@N»G@SVP�DOQ\CFWYP~D\J�NrNh{�kJ@GzWYe�X�Z�J�N!CVZfu�K"WY±
kJ@QhJ@P~D\N»J@Nh{�CVG�J@N»G@STP�G�J@QhP�kJ@N�p ��PaN@c�W[P~DfkJ�QOJ�NONOJ�Q\CA]C�j[CnX�Z�C�®
jYWwDfkJ�K�J�j[C�D\QOCFxyJ@GzD\SVWYQOJ�K�J�j[ClG�CV`�kJ@QOCAK�CVP�N�jtc¢J�NO{�CVG�J�K"J�D\Q\C��FCFWwj4CFe�P_X�Z�J�G@JzjYjYJz®¯G�W4NOSFWYD
ST{fDOW ®
`ACFj[J���WYN�®@]C�®¯��W[N>K"JaG�QhWwD�]J�QOJ@N
X�Z�J�P�STZ"N>{�QokJ�G�WYNOJ@QhSTP�Nn{�CVQ�j[ClNOZ"WwD\JFp�°�STZ"N
�VJ@QhQOSTP�N6kJ�g~CFjYJ@`}J@P~D
G@ST`}`}J@P~D}WYP�DfkJ@gTQhJ@Q}K�J�NlG@STP~D\QOCFWYP�DOJ@N/]C�j[C^{"H�CVNOJ�K"J�{"jiCFP"WYe�G�CFDhW[STP�p!q!P�{�CVQhDhW[G�Z"jYWYJ@Q}P�SVZ�N



��� ���Y$ µ�ºb¹"� º � ����¼Tº"¿�$� � ½»·�¿�
�º��@·o¼V¿�����
�·o¸}½»º � ¸ ��¶ � �Äº��%·

P�STZ�N�WYP~DfkJ@QhJ@NhNOJ@QhSTP�N<]C�jtcdWYP~DfkJ@gVQ\CFDhW[STP�K�J�G@STP~D\QOCFWYP�DOJ@N}K�CVP"N�j�cdJ@Nh{�CVG�J:WY`ACVgTJ<� ��W[N�W[M"WwjwWYDfkJ_K"J
j�cdSTM"xyJzD�K�cdWYP~DfkJ@Q@EJ�Dz��JzD�K�CVP�N>j�cdJ@Nh{�CVG�J�CVQ�DOWYG@Z"j[CFWYQOJL�tM�ZfDfkJ@J�N�`�kJ�G�CVP"WYX�Z�J@Nv�Ip
��CVP�N�jYJ/GIH�CV{fWYDOQOJ/NhZ"WY�FCVP~D@s�P�STZ�N�Z"DOWwjYWYNOSVP�N6j[J�� STQO`ACFjwW[Nh`}J<K�J�j[CÄG@ST`}`ACVP�K"J<ST{"DOWY`ACFjYJ
CFe�P�K�cdSTM"DOJ@P"WYQ�K�J�N�D\QOCFxyJ@GzD\SVWYQOJ�N�K�J,{"QhWY`}WwDOWw�TJ�N>�oWYNOZ"J�jwj[J�NnJvuoD\Q\CmWYDOJ@N�K�J�j�c�W[`ACVgVJ,X�Z"W�G�STQOQhJ@Ny®
{|STP"K�J@P~D�]C�Z"P<K�kJ@{"j[CVG�J@`}J@P~D�grkJ�ST`�kJ�D\Q�W[X�Z�JlJzD	�FSVZ�D\J�`A{USTQhJ�jrST{"DOWY`ACFj�K"J�j[C�G�CV`�kJ�Q\C6K�CVP"N
j�cdJ@Nh{�CVG@JaK�J�D\QOC1�FCFWwj�K�Z_QOSVM|SVD@p



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� �%$

& ' � 
 � ���&� �

� *��� *�!����������� � � �����! "�#�$�%�����&�#' ��
	 � � � 	 � 	 � +^*��� �!������� ���
� + � � � *����*�!�����������

��CFP�N�G@J�GIH�CV{"WwD\QOJFs�P�STZ�N>`}STP~DOQOSTP�N>G�ST`}`}J@P~D�s�]C�{�CFQhDOWYQ>K�J�K"J@Zfu�WY`ACVgTJ�N>K�c¢Z"P�J�NOGV]J�P�J
NhD\CFDOWYX�Z�J�WYP�G@SVP�P�Z�J�CVG�X�Z"W[NhJ@N�{�CVQ�Z�P�JnG�CV`�kJ�Q\C"s�Z�P�J
D\QOCFxyJ@GzD\SVWYQOJnG@SVP�DhW[P�Z�J�K�CVP�N�jtcdWY`ACVgTJnK�J
{�QhWY`lWYDhWY�VJ@N���WYNOZ�JzjYjYJ@N!G�STQOQhJ@NO{USTP�K�CVP~D�]C�Z"P�J�DOQ\CFxyJ�G�D\SFW[QhJ�ST{"DhW[`ACFjYJ���grkJ@SV`�kJzD\Q�W[X�Z�J�JzD�DOJ@`}{|Sm®
QOJzjYjYJm��K�J
jiC�G�CV`�kJ�Q\C�{UJ@ZfD�EJzD\QhJ�STMfD\J@P�Z�Jn{USTZ�Q�QOJzjYWYJ@Q¡G@J�N�K�J�ZfuAW[`ACVgVJ@N@po°nSTZ�N¡QokJ@NhSVjw�TSTP�N¡j[J�N
{�QOSVM"j�]J�`}J@NL]CA`}WYP"WY`�Z�` K�cykJ@P�J�QOgVWYJ�JzD�`lWYP"W[`�Z�` K�c�CFG@GUkJzjzkJ�Q\CFDhW[SVP/K�J�`ACVPfW�]J�QOJ�CFP�CFjw�oDhW[X�Z�JFp
��ST`}`}J�CFDhD\J�P�K�Z�s1P�SVZ�N»�VJ@QhQOSTP�N»X�Z�J!j[J�N»DOQ\CFxyJ�G�DOSVW[QhJ@N»grkJ@SV`�kJzD\Q�W[X�Z�J�NrK�J�j[C
G@CV`�kJ@QOCnNhSTP~DrK"J@N
grkJ@SoK�kJ�NhWYXoZ"J@NnJ�D
X�Z�J�NOJ�Z"j[J�j[C�{�CVQOCV`�kJ�D\Q�W[NOCFDOWYSTP:D\J�`A{USTQhJ�jwj[J�J�NhDnK"Ww±nkJ�QOJ@P~DOJaNhJ�jYSTP�j[J�G�QhWwD�]J@QhJ
K�cdST{"DOWY`ACFjwWYDfkJ�GIH�SVWYNhWtp���J@NLDOQ\CFxyJ�G�DOSVW[QhJ@NLG@STQhQOJ@Nh{|SVP�K�J@P~DR]CbK�J�NLD\QOCFxyJ@GzD\SVWYQOJ�N�{�CFQhDOWYG@ZfjYW�]J@QhJ@N
K�J@N>`ACFDOQhWYG@J�NnK"J�G@SVjwW[P�kJ�CFDhW[STP�X�Z�J�P�SVZ�N�Z"DhWYjwW[NhSTP�NnCFe�P�K�c¢STMfD\J@PfW[Q�jYJ@N�DOQ\CFxyJ�G�D\SFW[QhJ@N
K�J@N>{"QhW ®
`lWYDhWY�VJ@N>��W[NhZ�J�jwj[J�N�K�CVP�N�jtcdWY`ACVgTJVp"°�STZ"N>`ASVP�DOQOSTP"N>XoZ"J�G@J@N>K"J@QOPfW�]J�QOJ@N
NhSTP~D>W[P�K�kJ@{UJ@P�K�CFP�DOJ@N
K�J�j[C�G@CFjwW[M�QOCFDOWYSTPLK�J�j[C�G@CV`�kJ@Q\Cfp"°nSTZ�N�ZfDOWwjYWYNOSTP"N�J@P"NOZ"WwD\J�Z"P�NOGIH�kJ@`AC�K�J,G�STP~D\Q�ESVj[J�K�J�D �o{UJ
� ��{USTZ�Q�NOZ"Ww�oQOJ�jYJ@N�DOQ\CFxyJ�G�D\SFW[QhJ@N�K�CFP�N�jtcdWY`ACVgTJFp�°�SVZ�NLkJ�DOZ�K"WYSTP�NLkJ�g~CFjYJ@`}J@P~D�jYJ,G@CVN�K�J�j�c�W[Po®
D\J�QO{USVjiCmDOWYSTP6K�cdZ�P�P�ST`�M�QOJ,XoZ"J�jYG@STP�X�Z�J�K�c�WY`LCFgTJ@N>Cme�P6K�J�{�CFjYjwWYJ@Q�jYJ�{�QhSTM"j�]J@`}J�K�J,`}WYNOJ,J@P
G@STQhQOJ�NO{USTP�K�CVP"G@J�K"J@N»{�QhWY`lWYDhWY�VJ@N���WYNOZ�JzjYjYJ@N�sFjYSTQONhXoZ"J¡jYJ@N»{�QhWYNOJ�N�K�J��oZ�J�W[P"WwDOW[CFjYJ�JzD4e�P�CFjYJ�NhSTP~D
K"WYNhDICFP�DOJ@N�p�q!P�NOZfWYDOJVs»]C�DOWwD\QhJnWYP�K"WYG�CFDhWY�ysoP�STZ"N�`}J�DhD\STP�N�J@P aZf�fQhJ,Z�P"J,`�kJ�DOH�SfK"J,P�Z�`�kJ@Q�W[X�Z�J
QokJ@CFjYWYN\CFP�D�Z"P�JlST{"DhW[`lWYN\CFDhW[STP^gVjYSTM�Cmj[JlCme�P^K�cdWYP~D\QhSfK�ZfW[QhJ�jiC6G�STP~D\Q\CmW[P~D\J}K�J��oWYNhWYM"WwjYWwDfkJ}JzD�J@P
K�kJ@G�QhWw�TSTP"N�jYJ@N>jYWY`lWYDOJ@N�p

	�.10 
 5!;<9 � 9<; = � � � ��3 � =
8A3�5�7���?�365 � 9 � � ? � ? �<? ��?�5 ��
��CFP�Nnj[CLNhZ"WwD\JVsUP�STZ"N,G@SVP�NhWYK�kJ@QhSTP�N�X�Z�c kJ�D\CVP~D�K�SVP�P�kJ�Z"P�J�WY`ACVgTJ�W[P"WwDOW[CFjYJ�JzD,Z�P"J�WY`LCFgTJ

K�kJ@N�W[QokJ@J
K�J�j[C�NOGV]J@P�JFs~K�J@N�{�Q�W[`lWwDOWw�TJ@N!��WYNOZ�JzjYjYJ@N��t{USVWYP�DON@sTNhJ@gT`}J�P�DON@s�G@SVP�DOSTZ�QhNz�»{UJ@Z"�VJ@P~D�EJ�D\QhJ
JzuoD\QOCFWwD\J@NrJ�D»`lW[NhJ@NrJ@P�G�STQOQhJ@Nh{|STP"K�CVP�G�J�K�CVP"N»jYJ@N»K�J@Zou�WY`ACVgTJ�N@p ��{�CVQhDhW[Q4K�J¡G@J�Nr{�Q�W[`lWwDOWw�TJ�N@s
jiC�`ACFDOQhWYG@J
K�J
G@SVjwWYP�kJ�CFDhW[SVP�s �� sVQOJ�j[CFDhWY�VJ}]C�Z�PA{"j[CVP���K�J>QokJz�1kJ@QOJ�P�G@Jl]C�j�c�WYP�NhD\CVP~D���� 1�J�D�j[C
`ACFD\Q�W[G�J�K�J�G@SVjwWYP�kJ�CFDhW[SVPÄ]C�j�c�W[Pfe�P"W ����� �tCFe�P:K�J�K�kJ@`}STP~D\QhJ@Q>j�c�WYP�K�kJ@{UJ@P"K�CVP�G�J���WYN�®�]Cm®¯��WYN>K�J



��� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

jiC:G�CFjwWYM�Q\CFDhW[SVPRK"J}j[C:G�CV`�kJ@QOCo��NOSTP~DaJ@N�DOWY`�kJ@J@N�p �nCV{�{UJ�jYSTP�N�X�Z�JljYSTQONhXoZ"JAj[C�G@STP"e�gTZ�Q\CmDOWYSTP
K�kJ@N�W[QokJ@J�J�NhD�CFDhD\J�WYP~D\JFs!]C�jtcdWYP�N�DICVP~D � ��³Vs�jiClG@SFjYWYP�kJ�CmDOWYSTP�J�NhD�{�QOSV{|STQ�DOWYSTP�P�JzjYjYJ6]C�jiC}`ACFD\Q�W[G�J
W[K�J�P~DOWwDfkJaK�J�K"W[`}J�P�NhWYSTP !�� ! ´ � 6�� � p
��CVP�N�jYJ@N�{�CVQOCVgTQOCV{�H�J�N�NOZ"Ww�FCVP~D\N@s�P"STZ�N�GIH�J�QOGIH�STP"N�Z�P"J}DOQ\CFxyJ�G�DOSVW[QhJlG@STP~DhW[P�Z�J � � �\�nK�J�j[C
`LCmD\QhWYG@J�K�J6G@SFjYWYP�kJ�CmDOWYSTP�QOJzjiCmDOWw�TJ:CVZ�{fjiCVP���s»G@STQhQOJ@Nh{|SVP�K�CVP~D/]C�Z"P�GIH�J@`lWYP�SV{"DOWY`ACFj�K"J
jiCAG�CV`�kJ@QOC�J�D�D\JzjYjYJ�X�Z�J � � 1�� � ��� J�D � ��³F� � � 6 pU��J@Zfu�G@Q�WYD�]J@QhJ@N,K�c¢ST{fDOWY`LCmjYWwDfkJ�NhJ@QhSTP~D
Z"DOWwjYWYNokJ�N�´
5Àj�c�WYP�DfkJ@gTQOCFjYJ6K�J�j[C�P�STQh`}J�CVZ�G@CVQOQokJ�K�J�j[C�K�kJ�QhWw��kJ6D\J@`}{USTQOJzjYjYJ6K�JLjiC�{USTN�WYDhW[STPÄK�J�j[C

G�CV`�kJ�Q\C}NOZ�Q>jtc¢H�SVQhW��@STP:D\J�`A{USTQhJ�j¡�t{"QOSTM"jt]J@`}J�]Cl`}WYP"WY`�Z�` K�c kJ@P"J@QOgFW[J��Is
5Àj�c�WYP�DfkJ@gTQOCFjYJ<K�J�j[C�P�STQO`}J<CFZ�G�CVQhQokJ/K�J�jiC�K�kJ�QhWw��kJ@J<NOJ�G@STP"K�J^K�J�j[CÄ{|SVNhWwDOWYSTP�K�J/j[C

G�CV`�kJ�Q\C}NOZ�Q>jtc¢H�SVQhW��@STP:D\J�`A{USTQhJ�j¡�t{"QOSTM"jt]J@`}J�]Cl`}WYP"WY`�Z�` K�c¢CVG�GUkJ�jvkJ@QOCFDOWYSTP|�\p
°�STZ�N
D\QOCFWwD\STP�NnK�CVP"N�Z�P_{�QhJ@`lW[J�Q�DOJ@`}{�N
j[JaG�CVNnS�]Z�j[Ja`}STZ"�VJ@`}J@P~D�K�J�j[CAG@CV`�kJ@Q\CAJ@N�D,Z�P"J
QOSVD\CFDOWYSTPR{�Z�QOJFsr{"Z"W[N�jYJ�G�CFN�S�]ZRG@JAK�kJ@{fjiCVG�J@`}J@P~DlJ�NhD�Z�P�JAD\Q\CFP�Nhj[CFDOWYSTPb{�Z�QOJFp��rW[P�CFj[J�`}J@P~D
P�STZ�NaG@STP"NhWYK�kJ@QhSTP�N�jYJ}G�CVNaS�]Z<jiC:G�CF`�kJ�Q\C:J�±|J@GzD\Z�JLZ�PbK�kJ@{"j[CVG@J�`}J@P~DlQhWYgVWYK�J}K�CVP�N�jtc¢J�NO{�CVG�J
G�CVQ�DfkJ@N�W[J�P�pm°�STZ"N»ZfDOWwjYWYNOSTP"N»J�P�NOZfWYDOJ¡jYJ@N4QokJ�NOZ"jwDICmD\N4STM"DOJ@P�Z�NrCFe�P�K�cdJzuf{�QhWY`}J@Q4jiC�DOQ\CFxyJ�G�D\SFW[QhJ¡K"J
{�QhWY`lWYDhWY�VJ@Nr��WYNOZ�JzjYjYJ@N��tJ@PaG@SVP�NhWYK�kJ@QOCVP~D�X�Z�J�jYJ@N»`ASoK�]Jzj[J�NrK�J�Nr{"QhWY`}WwDOWw�TJ�N ! ��G@SVQOQOJ�NO{USTP�K�CFP�DON
NOSTP~D
W[P"G@STP�P�Z�Nv�>K�CFP�N>j�c�W[`ACVgVJaNhSTZ�N>� STQh`AJaCVP�CFjY��DhW[X�Z�JFp

� � $ � $ 	 ����
���( �»����	�� ���!�������y��� �������
B�STQhNOX�Z�J/jYJ<`ASVZ"�TJ�`AJ�P~D�K�J/j[C�G�CF`�kJ�Q\C�J@N�D:Z�P�J<QhSVDICFDhW[SVP�{�Z�QOJ/j[C�`ACFD\Q�W[G�J<K�J<G@SF®

jYWYP�kJ�CmDOWYSTP�J�NhD�NhWY`lWYj[CFWYQOJ6]CAZ"P_��CVGzD\J�Z�Q>K�cykJ@GIH�JzjYjYJ�{�Q@]J@Nl]ClZ�P�J�`ACFD\Q�W[G�J�K�J�QhSVDICFDhW[SVP�´
� ���������� ���opY³F�

°�STZ�N�GIH�J�QOGIH�J�QOSTP"N�K�STP"GnZ"P�J�D\QOCFxyJ@GzD\SVWYQOJ
G@SVP�DhW[P�Z�JnK�J � sFj[STQhNOX�Z�JnG@JzjYjYJz®¯G�W%{UJ@Z"D¡NOJ
`}J�DhD\QhJ
NOSTZ�N�j[C�� STQO`}J�{�QokJ�GUkJ�K�J@P~D\JFpV°nSTZ�N�QOCV{�{UJ�jYSTP�N4K�CVP�N4Z�Pa{�QhJ@`lW[J�Q�D\J@`}{�N�s1X�Z�J�jYX�Z�J@Nr{�QOST{"QhWzkJ�DfkJ�N
K�Z�gVQOSTZ�{UJ�K�J@N
QhSVDICFDhW[SVP�N
XoZfW4P�STZ�N
NOJ�QOSTP~D�Z"DOWwjYJ@N
K�CVP�N>j[CANhZ"WwD\JVp
������������� �����! #"!�$�&%('�! )'�!*+�-,�./%0%-��1� #�324165��87��:9��!%31-5).<;=.?>@5�,$%

B�JlgTQhSTZ�{UJlK�J@N�QOSFDICFDhW[STP"NBA$CL� ! �>J@NhD�jtc¢J�P�NOJ�`�M"jYJAK�J@N�`ACFD\Q�W[G�J@NaQokJ�J�jwj[J�NaSVQhD\H"STgTSTP�Cmj[J�N
K�STP~D�jYJ�K�kJzD\J@Qh`lW[P�CFP�D}J�NhDÄkJ�g~CFj�]CÄ³TprB�J�gTQhSTZ�{UJ�ADC�� ! ��C_jiC�N�D\QhZ�G�DOZ�QOJ6K�c¢Z�P�gVQOSTZ�{UJ�K"J
B�WYJVpo��CVP"N¡Z"P�gTQhSTZ�{UJnK"J�B�WYJVs~jtc¢J�NO{�CVG�J�D\CVP�gTJ�P�D�]C�j�c�W[K"J@P~DOWwDfkJ�C�j[C�NhD\QhZ�G�DOZ�QOJ�K�cdZ�P�J�CFj[g�]J@M�QhJ
K�JAB�WYJVp»B!c¢CFj[g�]J@M�QhJAK"JLB�WYJ}K�JEA$CL� ! �nJ�NhDaP�SVDfkJ@JEFHGo� ! �Ip4q�jwj[J}J�NhD�G@ST`}{USTNokJ�JLK�J�N�`LCmD\QhWYG@J�N
CVP~DOWYNh�o`�kJ�D\Q�W[X�Z�J�N�K�J�K"WY`}J@P�N�W[STP !�� ! s�K�J�j[C}� STQh`}J�´

%JI *LK � MN 1 OQPSR P >PSR 1 OQP �OQP > P � 1

TU

&�P�J�K"J@N�G�STP�P�JvufWYSTP�N�jYJ@N,{"j[Z"N�W[`}{USTQhD\CVP~D\J@N,J@P~D\QhJ�Z�P<gTQhSTZ�{UJ�K�J�B�WYJ�JzD�NOSVP^CFj[g�]J@M�QhJ�J@N�D
jiCÄ� STP"G�DOWYSTP�Jvu"{USTP�J�P~DOWYJ�jwj[JFp �»STZ�Q�DOSTZ"DÀkJzjzkJ�`}J@P~D � K�J�ADC�� ! �Is�Wwj�JzuoWYNhDOJbCFZ�`}SVW[P"N�Z�P



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� �%#

kJ�jzkJ@`}J@P~D %JI *LK K�J�FHGo� ! ��DOJ�jUX�Z�J���� I���� � � po��JzjiC�{UJ@ZfD�N@c kJ@G�QhWYQOJ�J@P6Z"DhWYjwWYN\CVP~D�j[Ca� SVQO`�Zfj[J�K�J
�nSoK�Q�W[gTZ"J@N�´ � ��� � I	��� � ��
 N�W[P� I��� I�� %JI *LK 
 ³ O�G@STN�� I��� I�� > %JI * > K � �fp � �
S4]Z�� I��!J@N�D�j[C�P�STQh`}J�J@Z"G�jwW[K"WYJ@P"P�J�NhD\CVP�K�CFQOK�p ! P~�TJ@QhNOJ�`AJ�P~D�s~NhW � J@NhD�Z�PbkJzjzkJ�`AJ�P~D�K�J A$CL� ! �
D\Jzj4XoZ"JK(4Q\CVG�JT� � ���� Oa³�CFjYSTQhN�´

jYSTg%� � � � P
� NhWYPQP � � O ��� � � �fp ! �

S4]Z�P���kJ�QhWwe�J�´
P ��� I�� �¾CVQOG�G@STN�� ³

�
�M(4Q\CVG�J~� � ��O�³F��� � �fp¢²o�

�oW#(4Q\CFG@J~� � � � Oa³TsFjYSTg%� � ��{UJ@Z"D
EJzD\QOJ�STM"D\J�P�ZlJ@P}P�SVD\CVP~D!X�Z�J I � � P�S4]Z���J�NhD�jYJ��TJ�G�D\J�Z�Q
{�QOSV{�QOJ�K�J�P�STQh`}JA³aK�J � CVNONhSfGzWzkJ6]CljiC��FCFjYJ@Z�Q
{�QhST{�QhJA³Vp
&�P�J6CVZ"D\QhJ�G�STP�P�JvufWYSTP�WY`A{USTQ�DICVP~D\J�J@P~D\QhJ FHGo� ! ��JzD�ADC�� ! ��`}JzDlJ@P/xyJ�ZÄj[J�N���WYDOJ@NhNOJ@NACVPo®
gTZ"j[CFWYQOJ@N�p��oW � � �\��J@NhD�Z�P�J�G@SVZ�QOMUJ6K�J ADCL� ! �\srCmj[STQhN��� � � JzD � � �� NOSTP~D}K�J�N�`ACFD\Q�W[G�J@N
CVP~DOW ® N��f`�kJzD\QhWYX�Z�J@NnJ�D
K"STP�G�K�J�N�kJzjzkJ�`}J@P~D\N
K�JBFHG�� ! �\p � � �� J�NhD>j[Cl`LCmD\QhWYG@J�CFP�DhW[N��o`�kJzD\Q�W[X�Z�J
CVNONhSfGzWzkJ�J�CFZ_�VJ@G�DOJ@Z�Q
��WYDOJ@NhNOJ�CFP�gTZ"j[CFWYQOJ���´��� �� � % � *LK � �fp �~�
������������� ��1-;! !�#" . 5�>�1-� 5&7$. >�*+;= #�:9��  #;$"65= >�, '� ;).?>@54,

°nSTZ�N�G@STP�N�W[K�kJ@QOSVP�N�W[GzWrjYJ@N�G@CVN,S�]Z�j[C�G@CV`�kJ@Q\C6Jz±�J�G�DOZ�J�Z�P"WYX�Z�J@`}J�P�DaK�J�N�`}STZ"�TJ�`}J@P~D\N
K�J,QhSVDICmDOWYSTP6{USTZ�Q�CFDODOJ�WYP�K�QOJ�jiCa{|STN�WYDhW[SVP6K�kJ@N�W[QokJ@JFp�°�STZ"N�Z"DhWYjwW[NhSTP�N�K"J@ZfuL� STP�GzDOWYSTP�N�K"J,G@S�EZfD
K"Ww±nkJ�QOJ@P~DOJ@NaCFe�P/K�c¢STMfD\J@PfW[Q,jYJ@N�NhSVjYZ"DOWYSTP�N�K"J@N�{�QhSTM"j�]J@`}J@N�]C�kJ�P�J@QhgVWYJ�`lW[P"WY`ACFjYJ��t{�QhSTM"j�]J@`}J%�&('m��JzD�]CLCVG�GUkJzjzkJ�Q\CFDhW[STP_`lW[PfW[`ACFjYJ���{�QOSVM"j�]J�`}J%�&*)V�Ip
+6
���"���·
�Ä·,+ � �#� ��PlGIH"J@QOGIH"J>K�CVP�N�G�J�G@CVN�j[C�D\QOCFxyJ@GzD\SVWYQOJ�K"J�j[C,`ACFD\Q�W[G�J�K�J�G�SVjYWYP�kJ@CFDOWYSTP
X�Z"W4G@STQhQOJ�NO{USTP�K/CFZ_`lWYP"WY`�Z�` K�c kJ@P"J@QOgFW[JFp���J�{�QhSTM"j�]J@`}Ja{|J�Z"DnN@cykJ@G@Q�W[QhJ�NhSTZ�N>j[C}� STQh`}J�NOZ"W ®
�FCVP~D\J�´

(4QOSVZ"�TJ�Q � � �\�¡`lW[PfW[`lWYN\CVP~D.- � �0/ �� � � �21 �
C��VJ@G�´ � � �� � % � *LK43

� � �����0���
JzD
j[J�NnG�STP�K"WwDOWYSTP�N�CVZfu6jYWY`lWYDOJ@N
NOZ"Ww�FCVP~D\J�N�´

� � 1o� � �� 3 JzD � �h³F� � �



��� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

°�SVDOSTP�N�X�Z�J_j[J�NLG�STP�K"WwDOWYSTP�N6CVZfu�jwW[`lWwD\J@NLK�Z�{�QhSTM"j�]J@`}J %�&�'�NhSTP~D6N\CmDOWYNh��CFWwD\J�N�{USTZ�Q}j[J�N
�VCmj[J�Z�QON
W[PfWYDhWiCFjYJ�J�D
e�P�Cmj[J�NOZfWY�FCVP~D\J�N�K"J�j[C}`LCmD\QhWYG@J�K�J�QhSVDICFDhW[SVP�´� � 1o� � � � JzD � �h³F� � �
B4SVQONOX�Z�cdSTP�NOZ�M�N�DOWwD\Z�J�Q\CAG@J@N
P�SVZ"�TJzjYjYJ@N�G@STP�KfWYDhW[STP"N�CFZfu�jwW[`lWwD\J@Nl]ClG@JzjYjYJ@NnK�Z_{�QOSTMfj�]J�`AJ�WYP"Ww®
DOW[CFj�s�SVP�QhJ@P�ST`}`}J@QOC %�&���'�j[J�{�QhSTM"j�]J@`}J %�&�'Vp%q!P�ZfDOWwjYWYN\CVP~D�G@J�N�G�STP�K"WwDOWYSTP�N�CVZfu�jwWY`}WwD\J�N
j[J�{�QhSTM"j�]J@`}J%�&�'�{|J�Z"DnNOJaK�kJ@G�ST`}{|STNhJ@QnJ@P_K�J@Zou kJ�DICF{|J�N�´

³Tp>D\QhSTZ"�TJ�Q � � �\�n`lW[PfW[`lWYN\CVP~D�- � � / �� � � �21 �,C��TJ�G � � �� � % � *�K J�D�jYJ@N�G@STP"K"WYDhW[SVP�N
CVZfu�jwWY`}WwD\J�N � � 1o� � � � JzD � �h³F� � � �

� p
J@P_K�kJ@K"Z"W[QhJ � � �\��N\CFGIH�CVP~D � � �\� � ��� � �\� � ��� p
B»C>K"Ww AG@Z"jwDfkJ�G�STP�NhWYNhDOJ�]C�DOQOSTZf�TJ@Q�j[C�NOSVjYZ"DhW[STP�CVZ�{�QhJ@`lW[J�Q�{|SFW[P~D�pm��JzjYjYJz®¯G�W�{UJ@Z"D�EJzD\QhJ!STM"D\J�P�Z�J
J@P_Z"DOWwjYWYN\CFP�DnjYJa{"QhWYP�G�WY{|JaK�Z:`lW[PfW[`�Z�` K�J%�rSTP~D\Q��~CVgFW[PÄ���TSFW[QnCVP�P"JzufJ��
�Ip
+6
��� ���·
�Ä·+ � � � °�STZ"N¡GIH"J@QOGIH"STP�N�WYG�W�j[C�D\QOCFxyJ@GzD\SVWYQOJ
K�J>j[C�`ACFDOQhWYG@J
K�J
G@SFjYWYP�kJ�CmDOWYSTPLX�Z"W
G@STQhQOJ@Nh{|SVP�K�CFZl{�QOSTMfj�]J�`AJ
K�Zl`lWYP"WY`�Z�` K�c�CVG�GUkJzjzkJ�Q\CFDhW[STP�po��ST`}`AJ
{USTZ�Q�jYJ>{�QhSTM"j�]J@`}J�%�&('Vs
P�STZ�N>� STQh`�Z"jYSTP�NnG@J�{�QhSTM"j�]J@`}J�K"Ja`ACVPfW�]J�QOJ�NhD\CVP�K�CVQhK�´

(4QOSTZf�TJ@Q � � �\�¡`lW[P"WY`lW[NOCVP~D.- > � / �� �� � ��21 �C��TJ�G�´
% � *LK � � � ��
� ����������

JzDnjYJ@N
G�STP�K"WwDOWYSTP�N�CVZfu�jwWY`}WwD\J�N
NOZ"Ww�FCVP~D\J@N�´
� � 1�� � ���
� ��³F� � ��L� 1o� � �

�L�h³F� � �

��J¡j[Cn`:EJ�`AJ�`ACVP"W�]J@QOJ�X�Z�J�{USTZ�Q�jYJ�{�QhSTM"j�]J@`}J %�&�'Vs�P�SVDOSTP�N»XoZ"J�jYJ@N»G@STP�KfWYDhW[STP"N�CVZfu�jwWY`}WwD\J�N
K�Z�{"QOSTM"jt]J@`}J %�&�)aNOSVP�Dn��kJ@Q�WYe�kJ�J@Nn{|SVZ�Q�´� � 1�� � � � � � ��³F� � � ���A� 1���� � ������³F� � ���

��J�{�QOSVM"j�]J�`}J�NOJ@QOC�P�SVDfkJ,K�CVP"N�jiC�NOZ"WwD\J,%�&���)~p�B�J�{�QhSTM"j�]J@`}J,%�&���)�{UJ@Z"D�kJ�g~CFjYJ@`}J@P~D�EJzD\QhJ
K�kJ@G�ST`}{|STNokJ�J�P�K"J@Zfu�kJzDICV{UJ@N�´

³Tp>D\QhSTZ"�TJ�Q � � �\�n`lW[PfW[`lWYN\CVP~D�- > ��/ �� �� �� � 1 �,C��TJ�G � � �� � % � *�K J�D�jYJ@N�G@STP"K"WYDhW[SVP�N
CVZfu�jwWY`}WwD\J�N � � 1o� � � � s � ��³F� � � s �A� 1o� � � J�D �L�h³m� � � s



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� ���

� p
J@P_K�kJ�K�Z"WYQOJ � � �\��NOCVGIH�CVP~D � � �\� � ��� � �\� � ��� p
B�Ja{"QOSTM"jt]J@`}J.%�&���)a{|J�Z"D:kJ@g~Cmj[J�`AJ�P~D�EJzD\QOJ�QokJ@NhSVj[Z_J@P:Z"DhWYjwWYN\CVP~Dnj[J�{�Q�W[P"G�WY{|J�K�Z_`lW[P"WY`�Z"`
K�J%�rSTP~DOQh�~CFgVW[P�J�D
� STZ�QhP"WwD>jiC}NOSVjYZ"DhW[STP�CVZ:{�QhSTM"j�]J@`}JaWYP"WwDOW[CFjtp
B�J@N�NOSVjYZ"DhW[STP"N�CVZou<{�QhSTM"j�]J@`}J@N %�&('}J�D.%�&*)~s4CFWYP�NhW�X�Z�cdZ�P�JA{�QOSV{�QhWzkJ�DfkJ}DOQ@]J�N�WYP~DfkJ�QOJ@NhN\CVP~DOJVs
NOSTP~DnK�STP"P�kJ@J�N�{�CFQ
j[CA�!QOST{USTNhWwDOWYSTPR³Tp
+6
�%¹P�U¸ �«¿��� ��� � B4CANhSVj[ZfDOWYSTP�CFZfu:{�QhSTM"j�]J@`}J@N(%�&('�J�D(%�&*)�J�NhDnK�STP�P�kJ@Ja{�CVQ�´

� � �\� � ����� � � � 3 @o� �\�h� � �fp 4��
S4]Z=@f� �\� � ��{USTZ�Q�%�&�'�JzD @f� �\���O � � R 
 ! �;>�{USTZ�Q�%�&*)�JzD�´

� � � � 3 @o� �\�h� � ��
 NhWYP4� � � � � @o� �\�O�� � � � � � ��� 
 ³ O�G@STN�� � � � � @o� �\�O�� � � � > � � ��� > � �fp & �
C��TJ@G�´

P � � � � � � CVQhG@G@SVN(� ³
�

��� ����� R� 	 � O�³F� � � �fp /��

� � ��� � � � � �
� N�W[P � � � ��
 � ��� R� ��� O�� ����� R� ���� � �fp ( �

S4]Z�� � �¾K"J�D�� �� �\s 	 � � (4Q\CVG�JT� ��� �Ip
�'= 91§ B £ ª ¬�§m¤Ä§V¦ ª ¥z¤�£�¥l¥?9 ª ¬«¤�@0J¥<;�¥z¤�@�=V¤ ª ¥+@o¥OB = L = ª v¬M>I¥ � � >  ¥?9 ª � �=5� @V¬«\¥6@o¥%B =->N= B ¬�¦@N= ª ¬�§m¤
@o¥%B = >N= L J¥z = �
+6
�·�� �|· � B4C�DOQ\CFxyJ�G�D\SFW[QhJlK�J�j[C6`LCmD\QhWYG@JlK"JlQOSVD\CFDOWYSTP<K�CVP"NBA$CL� ! ��G@SVQOQOJ�NO{USTP�K�CFP�D�]C�j[C
NOSVjYZ"DhW[STP/CVZfu�{�QOSTMfj�]J�`AJ�N,%�&���'�JzD,%�&���)l{UJ@Z"D�EJ�DOQOJ�SVM"D\J�PoZ"J�J@P<Z"DhWYjwWYN\CVP~D,j[C�G�STP�K"WwDOWYSTP
P�kJ@G�J@NhN\CFWYQOJnK�Zl{�QhJ@`lW[J�Q!STQOK"QOJ>K�Zl{�QhSTM"j�]J@`}J>K�J>G�STP~D\QmESFj[J>ST{fDOWY`LCmj�pVB»C�{"QOJ@Zf�TJ>J@N�D�NhWY`lWYj[CFWYQOJ
]ClG@J�jwjYJaK"STP�P�kJ�J�J�P�CFP�P�JzufJ ��K�CVP�N>jYJ�G�CVN
K�cdZ�P_`ASVZ"�TJ�`AJ�P~D,Q�W[gVWYK�JFp &�P�J�CVZfD\QOJ�`�kJ�DOH�SoK�J
J@N�D,K�SVP�P�kJ@J�K�CFP�N % ��Jz� Q\CVP ( 4 * {USTZ�Q>SVM"D\J�P"W[Q>j[ClNOSVjYZ"DOWYSTP�´� � �\� � � � · � I�� ����������� ���opY³ 1��
S4]Z %JI � *�K � j[STg%� � � � �\s @o� �\� � ��{USTZ�Q %�&�'6J�D�@o� �\� � O � � R 
 ! � > {USTZ�Q %�&*)~p���CVP�N�jYJ
G�CVN�K�c¢Z"P�`ASVZ"�TJ�`AJ�P~DLK"J6QOSVD\CFDOWYSTPb{�Z�QOJFs�STP�SVM"DOWYJ@P~D}CFWYNokJ�`}J@P~D_�tJ�P�Z"DOWwjYWYN\CFP�D����fpw³F�Is¡¬ ��¥
� ��� ����� ��� C��TJ�G�� � K�J�D�� � � ��� R �%´�    !     "

����� ��� �#� ����� R �
��� � � ��� �#� ��� R � ���
(»QOCVG@JT� � � �$� ����� R 	

���opY³T³m�



��� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

C1�VJ@G � � K�J�D1� � �¡JzD 	 � (4Q\CVG�J~� � �Ip�q!P:W[PFxyJ@G�D\CVP~D�� �fpw³ 1o�¡K�CVP"N�� �fpw³F�Is�SVP�CFM|STZfDOWwD}]C�´
� � �\� � ��� � · � I������ ������� ����� � ��� � �����?� · � I�� ������� ��� �����

��J�DODOJ�K"J@QOPfW�]J�QOJ^kJ@X�Z�CFDhW[STP_{UJ@Z"DnNOJ�`}J�DhD\QhJ�NhSTZ�N
Z�P�J�� STQh`AJ�{"jYZ�NnG@ST`}{�CFG�D\J�´
� � �\� � �� � · � I�� ������� ��� � ��� � ����� ���fpw³ � �

S4]Z � � � · � I�� ����������� � ��� JzDnK�c�CF{�Q@]J�N�� �fp � �%´
� � ��
 NhWYP � I � �� I � � � %JI � *LK � ��� 
 ³ O�G�STN�� I � �� I � � > � % I � * > K � ���

�fZ�Q>jiClM�CFNOJaK�J�j�cykJ@X�Z�CFDhW[SVP�{�QokJ@GUkJ@K�J�P�DOJVs|STP:STM"DOWYJ@P~D�´
� � � � 3 @o� �\�h��� � 
 N�W[P4� � � � � @f� �\�O�� � � � � � � � 
 ³ O�G�STN�� � � � � @f� �\�O�� � � � > � � � � > ���fpw³ ! �

C1�VJ@G � � � � � � I � �,JzD � � � � � � % I � *�K � ��� p%q!P�SVZ"D\QhJVs�P�STZ"N�C��VSTP�NnK�c�CF{�Q@]J�N�� �fp ! �%´

� � � � � � jYSTg�� ��� � � �0��� � P
� N�W[P P � ��� � � ����� O ��� � ����� �

q�P:WYP�DOQOSoK�Z"WYN\CVP~D����fpw³T³F�¡K�CVP�N>jiClQhJ�j[CFDOWYSTP_{�QokJ�GUkJ@K"J@P~D\J�STP�SVM"DOWYJ@P~D�´

� � ��� � P
� NhWYP P 
 � ��� R� � ���� O�� ����� R� �� � ���fpw³�²f�

J�D
e�P�CFjYJ@`}J�P�D@s%J@P_Z"DOWwjYWYN\CFP�D����opY³T³m�¡J�D����fpd²f�\s�P�STZ�NnC��TSVP�N�´

� I � � ��� � � � ��CFQOG@G�STN � ³
�

��� ����� R� 	 � O�³F� � � ���fpw³ ���

��STP�GVs�K�c�CV{"Q@]J@N����opY³ � �Is4���opY³ ! �Is4���opY³�²o�¡J�D����fpw³ ���\s�jiClD\QOCFxyJ@GzD\SVWYQOJaK�J�j[CAG�SVjYWYP�kJ@CFDOWYSTP�G�STQOQhJ@Ny®
{|STP"K�CVP~D�CVZfu:{�QhSTM"j�]J@`}J@N(%�&�'aJ�D�%�&*)�J�NhDnK�STP"P�kJ@Ja{�CVQ�j[CA{"QOST{USTNhWwDOWYSTP^³Tp
B4J�N�D\J�QO`}J@N � � � � J�D � � � �>WYP~D\J�Qh�TJ�P�CVP~D
K�CVP"N�j[C�{�QOSV{|STN�WYDhW[SVP/³�NOSVP�D�K"WYQOJ@GzD\J�`AJ�P~D
STM"D\J�P�Z�N
]C6{�CVQhDhW[Q,K�J�j[C6`LCmD\QhWYG@JlK"J�G@SVjwWYP�kJ�CFDhW[SVP^WYP"WwDOW[CFjYJ �� p�q�P<SVZ"D\QhJVs ��� J@NhD�J�NhDhW[`�kJ@J}Z�PfW[X�Z�Jv®
`AJ�P~D/]C�{�CVQ�DOWYQ�K�J6{"QhWY`}WwDOWw�TJ�N}g�kJ@ST`�kJzD\QhWYX�Z�J@NlJvuoD\Q\CmWYDOJ@NlK�J�jtc�W[`ACVgTJLJzuf{�Q�W[`�kJ@J�N}J@P�{"W ufJ�jtp
��CVQrG@STP�NokJ@X�Z�J�P�D@sTjiCnD\Q\CmxyJ@G�DOSVWYQOJ�SV{"DOWY`ACFj[J�K�J�j[C,`ACFD\Q�W[G�J�K�J�G@SVjwWYP�kJ�CFDhW[SVPlJ@NhD�W[P�K�kJ@{UJ@P�K�CFP�DOJ
K�J@Nn{�CVQOCV`_]J�D\QhJ@N>WYP�DOQhWYP�N@]J�X�Z�J@N�K"J�j[ClG�CV`�kJ�Q\C"p
� ·
�Äº�
 	'�4· � ��ST`}`AJbCFDhD\J@P"K�Z�s>j[J�N_DOQ\CFxyJ�G�DOSVW[QhJ@N_K�J^jiC�G�CF`�kJ�Q\C�NOSTP~D�K�CVP�N�jYJ@N_K�J@Zfu
G�CVNlK�J�NlgrkJ@SoK�kJ�NhWYXoZ"J@N}J�DlSVP�D�Z�P�J�grkJ�ST`�kJ�D\Q�W[J6WYK�J�P�DhW[X�Z�JFp=�fJ@Zfj[J�N}jYJ@Z"QONl{�CVQOCV`�kJ�DOQhWYN\CFDhW[STP"N
D\J@`}{USTQOJzjYjYJ@NnK"Ww±�]J�QOJ�P�D@p



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� ���

� � $ � ! 	 ����
���( �r����	�� �"����� &��y��������� �������
°nSTZ�N�kJzD\Z�K"WYSTP�N�K�CVP�N�G@JzDODOJl{�CVQhDhW[J�j[JlG@CVN�S4]Z�j[C6G�CV`�kJ@QOC�J�±|J@G�DOZ�J}Z�P<`}STZ"�VJ@`}J@P~D�K�J

D\QOCVP�Nhj[CFDhW[STP�pFB4C
`ACFD\Q�W[G�J¡K"J�G�SVjYWYP�kJ@CFDOWYSTP�CnCFjYSTQON�j[C
� SVQO`}J�{�CVQhDhW[G�Z"jwW�]J�QOJ¡NOZ"Ww�FCVP~D\J���NOJ¡QokJz� J@QOJ�Q
CVZfu�kJ�X�Z�CFDOWYSTP�N�� � pY³ ! �¡J�D�� � p � 1o�h�I´

� � ��
 � ¿���� � 6�� � ��� ���opY³ 4��
S4]Zb¿���� � ¿�� 1 6 pr��ST`}`AJ�K�CVP�Naj[JLG�CVN�K�c¢Z"P�J�QhSVDICFDhW[SVPÄ{�Z�QhJVs»P�STZ�N�GIH�J@QhGIH�STP�N�]C_STM"DOJ@P"WYQ
j[J�NLNhSVjYZ"DOWYSTP�NAK�J@NA{�QhSTM"j�]J@`}J@N<]C kJ�P�J@QhgVWYJ�`lWYP"W[`ACFjYJb�t{�QhSTM"j�]J@`}J %	� 'm��J�D<]CRCVG@GUkJ�jzkJ@QOCFDOWYSTP
`lW[P"WY`ACFjYJ���{�QOSTMfj�]J�`AJ %	� )V�Ip
+6
���"���·
�Ä·.+�
 �#� ��PlGIH"J@QOGIH"JnK�CVP�N�G�J�G�CVNrjiC,DOQ\CFxyJ�G�D\SFW[QhJ�K�J�j[C,`ACFD\Q�W[G�J>K�J�G�SVjYWYP�kJ@CFDOWYSTP
X�Z"W»G@STQhQOJ@Nh{|SVP�K�CFZ_{"QOSTM"jt]J@`}J�]Cl`}WYP"WY`�Z�` K�c kJ@P"J@QOgFW[J�´

(4QOSVZ"�TJ�Q � � �\�¡`lW[PfW[`lWYN\CVP~D.--R �0/ �� � � � 1 �
C��VJ@G�´

� � �¿
� � ��
 � ¿���� � 6 � �����

JzD
j[J�NnG�STP�K"WwDOWYSTP�N�CVZfu6jYWY`lWYDOJ@N
NOZ"Ww�FCVP~D\J�N�´
� � 1o� � ��� 3
� �h³F� � �

B�J@N�G�STP�K"WwDOWYSTP�N>CFZfuAjYWY`lWYDOJ@N�K�Z�{�QOSTMfj�]J�`AJ2%�� ',NhSTP~D�NOCFDOWYNh��CFWwD\J�N�{USTZ�Q�jYJ@N¡�FCFj[J�Z�QON�W[P"WwDOW[CFjYJ
J�D
e�P�Cmj[J�NOZfWY�FCVP~D\J�N,K�Z��VJ@G�DOJ@Z�Q�K�J�D\QOCVP�Nhj[CFDhW[STP�´

¿����T� 1o� � ¿���� � JzD ¿���V�h³F� � �

B�STQONhXoZ�c¢STP^NhZ�M�NhDhWYDOZ�J@QOC�G@J@N�P"STZ"�TJzjYjYJ@N�G�STP�K"WwDOWYSTP�N�CFZfu/jwW[`lWwD\J�N�CVZfu/G@STP�KfWYDhW[STP"N,W[PfWYDhWiCFjYJ@N�s
STP QOJ�P�ST`}`}J@Q\C %	� ��'<j[J<{"QOSTM"jt]J@`}J %	� 'Vp>B�J<{�QOSTMfj�]J�`AJ %	� ��'<{UJ@Z"DREJ�DOQOJ<NhG�WYP�K�kJRJ@P
K�J@Zou^{�CVQ�DOWYJ@N�G@ST`}`}Jl{USTZ�Q�jYJl{�QOSTMfj�]J�`AJ %�&�'Vp���P<GIH�J@QhGIH�JAK�CVP�N�Z�P^{�QhJ@`lW[J�Q�D\J@`}{�N�j[C
D\QOCFxyJ@GzD\SVWYQOJaK�Z��VJ@GzD\J@Z"Q,K�J�D\QOCVP�Nhj[CFDhW[STP_{�CVQ�DOWYJ�jwj[J���kJ@Q�WYe%CFP�D�j[J�N�G�STP�K"WwDOWYSTP�N�CVZfu:jwWY`}WwD\J�N�JzD
`lW[P"WY`lW[NOCVP~D -!R1p ��P}J@P}K�kJ�K�Z"WwD�J�P�NOZfWYDOJ
j[C�`ACFD\Q�W[G�J>K�J>G@SFjYWYP�kJ�CmDOWYSTP}G@STQhQOJ@Nh{|SVP�K�CVP~D\JFpo��J�DhD\J
NOSVjYZ"DhW[STP_J@N�D�Cmj[STQhN6kJ@g~Cmj[J�`AJ�P~D�j[ClNOSVjYZ"DOWYSTP�K�Z:{�QOSTMfj�]J�`AJ�WYP"WYDhWiCmj�%�� 'Vp
+6
���"���·
�Ä· +�
 � ´ ��PbGIH"J@QOGIH"JLWYG�W!j[C:NhSVjYZ"DOWYSTPÄG�STQOQhJ@Nh{|STP"K�CVP~D�CVZb{"QOSTM"jt]J@`}J<]C�`}WYP"W ®
`�Z�` K�c�CVG�GUkJzjzkJ�Q\CFDhW[STP�X�Z"W4N@cykJ@G�QhWwD,K�J�j[Cl`LCFP"W�]J�QOJaNOZ"Ww�FCVP~D\J�´



� � #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

(4QOSTZf�TJ@Q � � �\�¡`lW[P"WY`lW[NOCVP~D.-�� � / �� �� � �� 1 �C��TJ�G�´
� � �¿

� � � 
 � ¿�� � � 6�� �0���
JzDnjYJ@N
G�STP�K"WwDOWYSTP�N�CVZfu�jwWY`}WwD\J�N
NOZ"Ww�FCVP~D\J@N�´

� � 1o� � ��� 3
� ��³F� � �

��� 1�� � ���h³F� � �

��P_K�kJze�P"WwDnjYJ�{�QOSVM"j�]J�`}J%	� ��)�J@P_NOZ"M�NhDhWYDOZ�CVP~D�jYJ@N
G�STP�K"WwDOWYSTP�N�CVZfu�jwWY`}WwD\J�N�NhZ"Ww�VCFP�DOJ@N�´
¿ � � � 1o� � ¿ � � � ��¿ � � �h³F� � � � ��� 1o� � ���h³F� � ���

]C�G�J�jwj[J�N�K"Z¾{"QOSTM"jt]J@`}J<WYP"WYDhWiCmj %	� )~p>B4C�NhSVjYZ"DOWYSTP K�Z {�QOSVM"j�]J�`}J %	� ��)bJ�NhD�kJ@gTCFj[J�`}J@P~D
NOSVjYZ"DOWYSTP_K�Z_{�QOSTMfj�]J�`AJ�WYP"WYDhWiCmj�%�� )~p
B4J�N
NOSVjYZ"DOWYSTP�NnK�J�Nn{"QOSTM"jt]J@`}J�N�%	� '�J�D(%	� )�JzDnjYJ�G@ST`}{USTQhDOJ@`}J@P~D
��W[Ny®@]Cm®���W[NnK�cykJ��TJ�P~D\Z�JzjYjYJ@N
J@QOQhJ@Z�QhN�NhZ�Q>j[J�N�{�CVQ\CV`:]JzD\QOJ�N>W[P~D\Q�W[P"N@]J@X�Z�J�N�NOSVP�DnK�SVP�P�kJ@Nn{�CVQ�j[CA�!QOST{USTNhWwDOWYSTP � p
+6
�%¹P�U¸ � ¿���� �-� � B»C�DOQ\CFxyJ�G�D\SFW[QhJ�ST{fDOWY`LCmj[J
K�J>j[Ca`ACFDOQhWYG@J
K�J
G@SVjwWYP�kJ�CFDhW[SVP6CVZ}NOJ�P�N�K�kJ�e�P"W
{�CVQ�%	� '�JzD�%	� )aJ@N�D�K"STP�P�kJ�J�{�CFQ�´

� � �\� � @o� �\� ��
 ��³ O @f� �\�O�� � ��� ���fpw³ & �
S4]Z @f� �\� � �¡{|SVZ�Q %	� ',J�D @f� �\� � O � � R 
 ! � > {|STZ"Q*%	� )�J�D>S�]Z � � J�NhD>Z�P"J�NOSVjYZ"DhW[STP�QokJ@JzjYjYJ
K�J�j�cykJ@X�Z�CFDhW[SVP�{USVjY�oPrESV`}W[CFjYJ�K�J�K�J@gTQokJ ! NhZ"WY�FCVP~DOJ�´

� � R O 	 � � > 
 � � � 1 ���fpw³ /o�
� = 91§ B £ ª ¬�§m¤Ä§V¦ ª ¥z¤�£�¥l¥?9 ª ¬«¤�@ J¥<;�¥z¤�@�=V¤ ª ¥O@o¥%B = L = ª v¬M>I¥ � �4>  ¥?9 ª � �=5� @V¬«\¥6@o¥%B = >N= B ¬�¦@ = ª ¬�§m¤
@o¥%B = >N= L J¥zN= �
+6
�·����U· � B4CRDOQ\CFxyJ�G�DOSVW[QhJ�K�J:j[CRD\QOCVP�N�jiCFDhW[SVP�{�CVQ�DOWYJ�jwj[J�G@STQhQOJ@Nh{|SVP�K�CVP~D�CFZfu�{�QOSTMfj�]J�`AJ�N%�� �('aJzD(%�� ��)aJ@NhDnK�SVP�P�kJ@Ja{�CVQa� �TSVWYQnCVP�P�Jvu"J �n�\´

¿����T� �\� � �h³ O @o� �\�h�¯¿���� � ���fpw³ ( �



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � �

S4]Z�@f� �\� � ��{USTZ�Q %	� �('nJzD @f� �\���O � � R 
 ! � > {|STZ"Q %�� ��)~p~q!P}W[P~D\QhSfK"Z"W[NOCVP~D����fpw³ ( �»K�CFP�N
���fpw³ 4o�\s�P�STZ"NnSVM"D\J�P�STP�N�´

� � �\� � ��
 � �h³ O @o� �\�h�¯¿ ��� � � 6�� � ���
� @f� �\� ��
 �h³ O @o� �\�h�v� � 
 � ¿��� � � 6��4� ��� �

°�STZ"NnK�kJ@K�Z"WYNOSVP�N�� �fpY³ & �¡J@P_P�SVD\CVP~D
XoZ"J�´
�� ��� � � ��
 � ¿���� � � 6 � �0��� � ���op � 1��

S4]Z�� � J�NhD
Z�P:QokJ�J�j�P"STP:PoZfj�p ��{�CVQhDhW[Q>K�J}� �fp � 1o�IsfP�STZ�N>SVM"D\J�P�STP�N>jYJ@N>QOJzjiCmDOWYSTP�N>NOZfWY�FCVP~D\J�N�´�! " (4Q\CVG�J~��� � � � 	 � � � � � ! 
 ¿ � ��� � � 6 �
��JzD1��� � � � � � � � R� ��³ 
 ¿ � ��� � � 6 �

J�D,J@P/G�ST`�M"WYP�CVP~D�j[J�N,K�J�Zfu/QhJ�j[CFDOWYSTP�N�{�QokJ�GUkJ�K�J@P~D\J�N@s�P"STZ�N,K�kJ@K�Z"WYNOSVP�N�X�Z�J � � J�NhD�NhSVjYZ"DOWYSTP
K�J�j�c kJ@X�Z�CmDOWYSTP�� �fpY³ /o�Ip
q!P STZfD\QOJFs>jiC��FCFjYJ@Z�Q�WYP"WYDhWiCmj[JRK�J<jiC�`ACFDOQhWYG@JRK�J^G@SVjwW[P�kJ�CFDhW[STP �� J@N�D�KfW[QhJ@G�DOJ@`}J@P~D�Jzu�®
D\QOCFWYDOJ�K"J�{�Q�W[`lWwDOWw�TJ�N���W[NhZ�J�jwj[J�N>Jzuf{�Q�W[`�kJ@J�N�J@PL{"W u"Jzj�JzD � � {UJ@Z"D�K"WYQOJ�G�D\J�`}J@P~D�EJ�DOQOJnSTM"DOJ@P�Z�J
]C�{�CFQhDOWYQaK�J ��� ���VSVWYQ6���opY³ /��O�Ip4B4C_`LCmD\QhWYG@JLK�JAG@SVjwW[P�kJ�CFDhW[STP¾]C_jtcdWYP�NhD\CVP~D ��P�JAK�kJ�{|J�P�K�CVP~D
X�Z�J�K"J ��� JzD � � s � � �\��J@N�DnK�STP�G�WYP�K�kJ@{UJ@P"K�CVP~D\JaK�J�jiC}G�CmjYWYM�Q\CmDOWYSTP�K"J�j[ClG�CV`�kJ�Q\C"p
� ·
�Äº�
 	'�4· � B4CaD\QOCFxyJ@GzD\SVWYQOJ�K�J�j[C�G�SVjwW[P�kJ@CFDOWYSTP6SVM"D\J�PoZ"J,G@SVQOQOJ�NO{USTP�K6K�CVP�N�jYJ@N�K�J@Zou6G@CVN
]CLZ�P"JaDOQ\CFxyJ�G�D\SFW[QhJ�`lW[PfW[`ACFjYJ�K�J�j[CAG@CV`�kJ@Q\Cfs|GFc¢J�NhDh®�]Cm® KfW[QhJaWYG�W>]CLZ"P�`}STZ"�VJ@`}J@P~D�QhJ@G�DhWYjwWYgTP�J
K�Z6G�J@P~D\QhJ�K�J,{�QhSVxyJ@GzDOWYSTP�K�JnjiC�G@CV`�kJ@QOC"p)&nP�J�P�SVZ"�TJzjYjYJ�� SVWYN@soNOJ@Zfj[J,jtcykJ��TSFj[Z"DhW[SVP6D\J@`}{USTQOJzjYjYJ
K"Ww±�]J�QOJaJ@P:� STP�G�DhW[SVP_K"J�j[Cl� STP�G�DhW[SVP_K"JaG�S4EZ"D
`lW[PfW[`lWYNokJ@JFp

� � $ ��� 	 ����
���( �r�����%� � ��	��
°nSTZ�N
NOZ"{�{|SVNOSTP�N
`ACFWYP~D\J@P�CVP~D,X�Z�J�j[J�QhJ@{�]J�QOJ�CFDOD\CVGIH�kJ6]C�jiClG@CV`�kJ@Q\C/]C�j�c�WYP�NhD\CVP~D �,s��,ÆOs

NOZ�MfWYDnjiC�DOQ\CVP�N�� STQO`ACFDhW[SVP�´ �^� �\����� � � �\� ¿�� �\�
� ³ �

K�J�D\JzjYjYJ>NOSVQhD\J�XoZ"J>G@J�jYZ"W ® GzW�NOJ>K�kJ�{"j[CVG@J>K�Z}QhJ@{�]J�QOJ�WYP"WYDhWiCmj[J��
	r]C,jtcdWYP�N�DICVP~D 1�xyZ�NhXoZ�c�CVZ}QhJ@{�]J�QOJ
G�CV`�kJ�Q\C�e�P�CFj��$6a]C
j�c�WYP�NhD\CVP~D � � ³Tpmq�P�P�SVDICFP�D� j[J��TJ�G�DOJ@Z�Q % � � � � * � K"J�K"WY`}J@P�N�W[SVP�4 � ³Vs
j[J�N}{�QOSTMfj�]J�`AJ�N/]C^`lWYP"WY`�Z�` K�cykJ�P�J@QhgVW[JR�2;UI§V¦DB �¥EL�¥%���'m��J�D/]C<`lWYP"W[`�Z�` K�c¢CVG�GUkJ�jvkJ@QOCFDOWYSTP
�$;U\§V¦DB �¥EL�¥ %���)V�n{UJ@Z"�VJ@P~D�NhJL`}JzDOD\QhJ}NOSTZ�N�� STQh`AJ}N�DICVP�K�CVQOK�p4°nSTZ�N�Q\CF{�{|Jzj[SVP�N�XoZ"JLK�CFP�N
G@J�G�CFNnj[Cl`LCmD\QhWYG@J�K�J�G�SVjYWYP�kJ@CFDOWYSTP_QOJ�j[CFDhWY�VJ:]C}Z�P_{"jiCFP_K"JaQokJ���kJ�QOJ@P"G@J�N�cykJ�G@Q�WYD�´

� � �\� � � � � 
 ¿���� � 6�� � ����� ���op � ³m�



�0� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

+6
��� ���·
�Ä·.+�� � � ��P�GIH�J@QhGIH�J
K�CVP�N�G@J�G@CVN�j[C�D\QOCFxyJ@GzD\SVWYQOJ�K"J�jiC�`LCmD\QhWYG@J�K�J�G@SFjYWYP�kJ�CmDOWYSTP
XoZfWrG�STQOQhJ@Nh{|STP"K�CVZ:{�QhSTM"j�]J@`}J�]C}`lWYP"WY`�Z�` K�cykJ@P�J�QOgVWYJ�´

(4QOSTZf�TJ@Q � � �\�¡`lW[P"WY`lW[NOCVP~D.-�� � / �� � � ��1 �
C��TJ�G�´ � ���� � % � *LK43

� � �¿
� � �\� � � 
 � 
 ¿���� � 6 � � �����

JzDnjYJ@N
G�STP�K"WwDOWYSTP�N�CVZfu�jwWY`}WwD\J�N
NOZ"Ww�FCVP~D\J@N�´
� � 1�� � ���
� ��³F� � �

B4J�N>G@STP"K"WYDhW[SVP�NnCVZfu6jwWY`}WwD\J�N>K�Z:{�QOSVM"j�]J�`}J %���'�NOSVP�D
NOCFDOWYNh��CmWYDOJ@N
NhW � � 1o� � � � s"¿ � � � 1o� �
¿ � � � s � �h³F� � � JzD�¿ � �T��³F� � � pf��J�P�STZ"�VJ�CVZ�{"QOSTM"jt]J@`}J�NhJ@QOC�P�SVDfkJ2%�� ��'Vs�jYJ@N�NhSVjYZ"DOWYSTP�N�K"J% � �('aNhSTP~D:kJ@g~CFjYJ@`}J�P�D�NOSFj[Z"DhW[SVP�N
K�J%���'Vp
+6
��� ���·
�Ä·+�� �'� °nSTZ�N�GIH�J@QhGIH�STP�N¡W[GzW�jiC�DOQ\CFxyJ�G�D\SFW[QhJ�K�J>j[C�`LCmD\QhWYG@J
K�JnG@SFjYWYP�kJ�CmDOWYSTPLX�Z"W
G@STQhQOJ@Nh{|SVP�K/CVZ:{�QhSTM"j�]J@`}J�]C}`lWYP"WY`�Z�` K�c¢CVG�GUkJ�jvkJ@QOCFDOWYSTP�´

(4QOSTZf�TJ@Q � � �\�¡`lW[P"WY`lW[NOCVP~D.-�� � / �� �� � ���1 �
C��TJ�G�´ � ���� � % � *LK43

� � �¿
� � �\� � � 
 � 
 ¿���� � 6 � � �����

JzDnjYJ@N
G�STP�K"WwDOWYSTP�N�CVZfu�jwWY`}WwD\J�N
NOZ"Ww�FCVP~D\J@N�´
� � 1�� � ���
� ��³F� � ��^� 1�� � �^�h³F� � �



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� ��$

&�P�J�P�STZ"�VJ�jwj[J�� SFW[N�sFP�SFD\STP�NrX�Z�J�jYJ@N�G�STP�K"WwDOWYSTP�N�CVZfuajYWY`lWYDOJ@N�NhSTP~D�NOCFDOWYNh��CFWwD\J�N�NhW � � 1o� � � � s
¿ � �T� 1�� � ¿ � � � s � ��³F� � � s4¿ � �T��³F� � � JzD �^� 1o� � �^�h³m� � � �t{"QOSTM"jt]J@`}J %�� ��)V�Ip�B4J�N
NOSVjYZ"DhW[STP"N�K�J�N
{�QOSTMfj�]J�`AJ�N2%���'�J�D(%���)�JzDnj[C}K�kJ@{UJ@P�K�CVP�G@J���W[Ny®@]Cm®���W[NnK�J�jiClG@CFjYWYM�QOCFDOWYSTP_K�J
jiC}G�CF`�kJ�Q\C}NOSTP~DnK�STP"P�kJ@J�N�{�CFQ�jiC �!QOST{USTNhWwDOWYSTP ! p
+6
�%¹P�U¸ �«¿��� �b$'� B4C�DOQ\CFxyJ�G�DOSVW[QhJ�SV{"DOWY`ACFj[J
K�J>j[Ca`ACFDOQhWYG@J
K�J
G@SFjYWYP�kJ�CmDOWYSTP6CVZ}NhJ@P�N¡K�kJ�e�P"W
{�CVQ�%���'�JzD(% ��)aJ@N�DnK�STP�P�kJ�J�{�CVQ�´

� � �\� � �h³ O @o� �\�O��� � 
 � ��� O�� � � � �#I � 3 �\� ���op � � �
S4]Z=@f� �\� � ��{USTZ�Q�%	� '�J�D @f� �\� � O � � R 
 ! � > {|STZ"Q�%�� )�J�D�´�! " � �LI � 3 @o� �\�h� � � · � I � ��� ������� � ���

� � � � ¿ ��� � � 6�� � ��� ���op � ! �

C��TJ@G %JI � *�K � jYSTg%� � � � �
�4¥?9-91§ B £ ª ¬�§m¤)9�=V£�� ;U\§V¦DB �¥EL�¥?9 % ��'�¥ ª %���) 91§m¤ ª ¬«¤�@ J¥<;�¥z¤�@�=V¤ ª ¥?9 @o¥ B = >N= B ¬�¦@ = ª ¬�§m¤ @o¥
B = >N= L J¥zN=�9z¬ ���� ¥?9 ª >I§m¤�¤�£�¥��
+6
�·�� �|· � B�J�N6D\Q\CmxyJ@G�DOSVWYQOJ@N�K"J/jiCÄDOQ\CVP�N�jiCmDOWYSTP�J�D:K�J�jiC�QhSVDICFDhW[SVP�G@STQhQOJ@Nh{|SVP�K�CVP~D_CVZfu
{�QOSVM"j�]J�`}J@N�%�� �('¡JzD�%�� ��)�NhSTP~D�K�SVP�P�kJ@J�N�{�CFQ����TSFW[Q4j�c¢CVP�P"JzufJ#�^{|SVZ�Q�jiC
K�kJ�`ASVP�NhDOQ\CFDhW[STPU�%´�! " ¿����T� �\� � ��³ O @f� �\�O�¯¿��� �

� � �\� � � � · � I�� ��� � � ���
q!PRWYP~D\QOSoK�Z"WYN\CFP�D�G@J�N�K"J@QOPfW�]J�QOJ@NaQOJzjiCmDOWYSTP�N�K�CVP�NA� �fp � ³F�Is�j[C6D\QOCFxyJ@GzD\SVWYQOJAK�JljiC�G�SVjYWYP�kJ@CFDOWYSTP
{|J�Z"DnN@cykJ@G�QhWYQOJaNOSTZ�N
j[Cl� SVQO`}J�NOZ"Ww�FCVP~D\J�´

� � �\� � � � � � · � I�� ��� ��� ��� 
 �h³ OA@o� �\�h�¯¿ � � � � 6 � � �0���
B!cykJ�XoZ�CFDOWYSTP�{"QokJ@GUkJ@K�J�P~D\J�{UJ@ZfD�NhJ�QokJUkJ�G@Q�W[QhJ�´
� � �\� � � 
 � � · � I�� ����������� 
 �h³ OA@o� �\�h�¯¿ � � � � 6 � 
 ¿ � � � � 6 � · � I � ��� ������� O�¿ � � � � 6 � · � I�� ����������� � � ���
J�DnNOJ�`}J�DhD\QhJ�NhSTZ�N>jiCl� STQh`AJ�K"STP�P�kJ�J�{�CFQ����fp � � �¡J�P�{USTN\CFP�D�´�! " � �#I � 3 @f� �\�O� � � · � I � ��� � � ��� � ���

� � � � ¿ ��� � � 6�� � ���
��P�QOJ�`LCFQOX�Z�J/X�Z�J_jiCÄ`ACFDOQhWYG@J�G@STP~D\J�P�CVP~D6jYJ@NL{�CVQ\CF`_]JzD\QhJ@N�WYP~D\QhWYP�N@]J@X�Z�J@N:K�J_jiCRG�CV`�kJ�Q\C
CV{�{�CFQ\C�E � D�Jvu"{fjYWYG�WwD\J�`AJ�P~D�K�CVP�N�jtcdJzuf{�QOJ�NON�W[STP:K�J�jiC�D\Q\CmxyJ@G�DOSVWYQOJ�K�SVP�P�kJ@J,{�CVQ�� �fp � � �Ipf��J�{|J�Pf®
K�CVP~D�sUP�STZ"N�CFjwj[STP"N��TSFW[Q�XoZ"J�jYSTQONhXoZ�c¢STP<ZfDOWwjYWYNOJ�j[CL`ACFDOQhWYG@J�P"STP�N�W[P�gVZ"jYWt]J@QhJVs��� s%G@STP~D\J�P�CVP~D



�H� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

K�J@Nn{�CVQOCV`_]J�D\QhJ@N>WYP�DOQhWYP�N@]J�X�Z�J@N�J�QOQhSTP�kJ@N�s�]Clj[C}{"jiCFG@J�K�J�jiC��oQ\CmW[Ja`ACFD\Q�W[G�J � s"j[C}DOQ\CFxyJ�G�D\SFW[QhJ
K�J�j[C�G@SVjwWYP�kJ�CFDhW[SVP�P�cdJ@NhD�{�CVNlCF±|J@GzDfkJ�JVp�q!P�Jz±�JzD�s»jiC�`ACFDOQhWYG@JLK�J6G@SFjYWYP�kJ�CmDOWYSTPÄWYP"WYDhWiCmj[J ���
P�c¢J�NhD¡{�CVN�CF±�J�G�DfkJ@J
{�CVQ�K�cykJz�TJ@P~DOZ�J�jwj[J�N�J�QOQOJ�Z�QON�NhZ�Q � {�Z"WYNOX�Z�cdJ�jwjYJ�J�NhD�K"WYQOJ�G�D\J�`}J@P~D¡STM"D\J�P�Z�J
]CA{�CFQhDOWYQ
K�J@N
K�SVP�P�kJ@J�N,J�P�{"W ufJ�j»JzuoDOQ\CFWwD\J�N,K�J�N
WY`ACVgTJ�NnWYP"WwDOW[CFj[JaJ�DnK�kJ�NhWYQokJ�JVpUq!P�STZ"DOQOJ�P�STZ"N
C1�VSTP�N�´ � !  " �� � � �

�
� ¿ � �� �� 6�� �� ���

�� �LI � 3 @o� �\�O� � �
� · ���I�� ��� ������� �� ��� ���fp � ²f�

q�PRW[P~DOQOSoK�Z"WYN\CVP~DL� � pd² 1o�nJzDL� � pd²�³F�nK�CFP�N �� � �tG�J@NaQOJ�j[CFDhW[STP"NaNhSTP~D�N�D\Q�W[GzD\J@`}J�P�D�Jzu"CVGzD\J�N�NhW
����� J�NhDnK"WYNO{USTP"WYM"jYJm�Is%STP_STM"DhW[J�P~D�´

�� � � �
� � � 6 � � � ��� � � � ¿���� � 6�� � �0���� � 6 � � � ��� � � ���

� � ¿���� � � 6 � � ��� � � �
J�DnK�c¢CV{�Q@]J�N�� �fp ! �%´

% � I � *LK � j[STg%� ��� � � � �P
� NhWYP�� �P�� � ���� � O �

� � � � � � � �� � � O �
� � � ���fp � ���

��J�{"jYZ�N@s �P � Pb�tNhJ6QokJz�1kJ@QOJ�Q�]C�jtcykJ�X�Z�CFDOWYSTP¾� � p¢² � �O��W[`}{"jwW[X�Z�J � � � � p�q!P�G@ST`�M"W[P�CVP~Dlj[J�N
QOJ�j[CFDhW[STP"N�� �fp � ���¡J�D�� �fp � �Is�P�SVZ�N
STM"D\J�P�STP�N�´
�� �LI � 3 @o� �\�h� � �

� � � 
 �
NhWYP4� � I � � @f� �\�O�� I � � � �� � � O �

� � � 
 � >
³ O�G�STN1� � I � � @o� �\�O�� I � � > � �� � � O �

� � � > � �
� ���

q�P_P�SVD\CVP~DnXoZ"J �
�
�
� ���� ��� � ��� � � ��� s�P�STZ�NnCVMUSTZ"DhW[NhNOSTP"Nne�P�CFj[J�`}J@P~DA]C�´

�� � �I � 3 @f� �\�O� � � �LI � 3 @o� �\�O�
��STP�GVs~j[CaDOQ\CFxyJ�G�D\SFW[QhJ,K�JnjiCa`LCmD\QhWYG@J�K�JnG@SVjwW[P�kJ�CFDhW[STP�K�STP�P�kJ�J,{�CFQ,� �fp � � ��J�NhD�W[P�K�kJ@{UJ@P�K�CFP�DOJ
K�Z�GIH"SVWwu_K"J�j[Cl`ACFD\Q�W[G�J�P�SVP_N�W[P"gTZ"jwW�]J�QOJ �

� N�W ����� J@N�D,G�STP�P�Z�JVp
� ·
�Äº�
 	'�4· � °�SVDOSTP�N>X�Z�J�jYJ�NOJ@G�STP�K:D\J�QO`}J�K�J�jtcykJ�XoZ�CFDOWYSTPb���fp � � ��G@STQhQOJ@Nh{|SVP�K�J�P���CFWYD�]C
jiC}`ACFD\Q�W[G�JaK�c¢H�SV`ASVgTQ\CV{"H"W[J6]C�jtcdWYP"e�P"W>]C�jtcdWYP�NhD\CVP~D ��K�CVP"NnjYJ�K�ST`ACFWYP�J�{"WwufJzjYWYX�Z�J�´

� ��� O�� � � � � ��� � � ��� ���fp � 4o�
°�SVDOSTP�N^kJ@g~CFjYJ@`}J�P�D�X�Z�J}j[J�N�G�STP�K"WwDOWYSTP�N�CVZfu^jwW[`lWwD\J�N�K�J�N�{"QOSTM"jt]J@`}J�N %�&*)~s %�� )LJ�D %���)
NOSTP~D�Jz±�J�G�DhWY�VJ@`}J@P~D�j[J�N,G�STP�K"WwDOWYSTP�N�CFZfu_jYWY`lWYDOJ@N�NhSTZ�H�CFWwDfkJ�J@N�K�CVP�N�jYJ�G�STP~D\JvufDOJ�K�Jaj�c¢CVNONhJ@Qy®
�oWYNONhJ@`}J@P~Dn��W[NhZ�J�j4JzD>X�Z�J�j[J�N>QokJ@NhZ"jwDICFDON>STM"D\J�P�Z�N>G@STQhQOJ�NO{USTP�K�J�P�Dl]C�K�J�N>`}STZ"�TJ�`}J@P~D\NnK�J�j[C
G�CV`�kJ@QOC}jYJ�j[SVP�gLK�c¢Z�P"JagrkJ@SoK�kJ@N�W[X�Z�JFp
��CVP�NljiC<{�CFQhDOWYJ:NOZ"Ww�FCVP~D\JFs¡P"STZ�N}Z"DOWwjwW[NhSTP�N}jiC/D\QOCFxyJ@GzD\SVWYQOJ:K�J�j[CR`ACFDOQhWYG@J:K�J:G@SFjYWYP�kJ�CmDOWYSTP
QOJ�j[CFDhWY�VJ:]ClZ�P:{"j[CVP_K�J�QokJ���kJ�QOJ�P�G@J�CFe�P:K�cdSTM"DOJ@P"WYQ
Z�P�J�� STQO`}J�CVP�CFjY��DhW[X�Z�JaK�J�jiC�DOQ\CFxyJ�G�D\SFW[QhJ
K�J@Nn{"W u"Jzj[N
WYNONOZ"N�K�J�j[CA{"QOSVxyJ�G�DOWYSTP_K�cdZ�P�JaNOGV]J�P�Ja{"jiCFP�J�STZ:P�STP_{"jiCFP�J�K�CVP�N>jtcdWY`ACVgTJVp



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� ��#

� � $ � � % �'&��������o�»��"�������'& 	���� &À�z����( � � �
°nSVD\SVP�N>¹�� �\� � % �»� �\���U� �\�,³ * � j[J�N
G@SoSTQOK�SVP�P�kJ@J�N
H�ST`}STg�]J�P�J@NnK�cdZ�P�{fWwufJ�j4K�CVP�N>j�c�WY`LCFgTJ

]C�j�c�W[P"NhDICFP�D �vs�JzD
¹ 6 NOSVP_G�STQOQhJ@Nh{|STP"K�CVP~DnK�CVP�N>jtcdWY`ACVgTJ�e�P�Cmj[J}��NOJ�QokJz�1kJ@QOJ�Q�]C�jiC�e�gTZ"QOJ �fpw³F�Ip
��ST`}`}J�P�SVZ�N>j�c¢C��TSTP�NnK�kJ�x�]C}�oZ�s�STP_C�´

Â�� �\� � ��� �\� ¹�� �\� � � � �\� ¹ 6 
�� ·|� �\� ���op � & �
S4]Z�Â¡� �\�}J�NhD�Z�P��VJ@GzD\J@Z"Q�K�J/K"WY`}J@P�N�W[STP ! X�Z�J/P"STZ�N�WYP~D\QOSoK�Z"WYNOSVP�N�{|SVZ�Q�N�W[`}{"jwWYe�J@Q�j[J�N
P�SVD\CFDOWYSTP�N�s ��� �\��Z�P�QokJ@J�j�K�kJ@{UJ@P"K�CVP~D
K�Z�D\J�`A{"N>J�D � Z�P�NhG�CFj[CFWYQOJ�G@SVP�NhD\CVP~D>P�Z"j�NhW|j[J,{|SVWYP~D
! ��s�� s!NOJ�{�QOSFxyJ�DICFP�DLJ@P�¹�� �\��K�CVP�NLjtc�W[`ACVgTJ�]C<j�c�W[P"NhDICFP�D �}CV{�{�CVQhDhW[J�P�D�CVZ�{"jiCFP � K�J
QokJz�1kJ@QOJ�P�G@JFpV°nSTZ�N»Q\CV{"{|Jzj[STP"NakJ@gTCFj[J�`}J@P~D�X�Z�J¡j[J��TJ�G�DOJ@Z�Qr·|� �\� � � ¿�� �\��QhJ@{�QokJ@NhJ@P~D\J¡j�cykJ@{"WY{USVj[JFp
B�J@N�G�SfSTQhK�STP�P�kJ@J@N,K�J�jtcykJ�{"WY{|SVjYJ�]CLjtc�W[P�N�DICVP~D � � 1"s|·U� 1o� � · � sU{UJ@Z"�VJ@P~D�K"WYQOJ@GzD\J�`AJ�P~DAEJ�D\QhJ
STM"DOJ@P�Z�J@N�]Ca{�CVQ�DOWYQ�K�J�N�{�QhWY`lWYDhWY�VJ@N>JvufDOQ\CFWwD\J�N�K�Jnj�c�W[`ACVgVJ���WtpdJ,j�cdJ@N�DOWY`ACFDOWYSTP�K�J�· � P�c¢J�NhD>{�CVN
CF±|J@G�DfkJ@J�{�CVQ>K�cykJz�TJ@P~DOZ�J�jwj[J�N,J�QOQOJ�Z�QON
NhZ�Q>jiC�G@CFjYWYM�QOCFDOWYSTP:K�J�jiC�G@CV`�kJ@QOCo�Ip%q!P:STZ"DOQOJVs"STP��TSVWwD
CFWYNokJ@`}J�P�D�]Ca{�CVQ�DOWYQ�K�JnjiC�QhJ�j[CFDOWYSTP<� �fpw³ ( ��XoZ"J�N\C�DOQ\CFxyJ�G�DOSVW[QhJ�G@SVQOQOJ�NO{USTP�K�CFP�D>CVZ�{�QhSTM"j�]J@`}J
K�Z_`}WYP"WY`�Z�` K"J���WwD\J�NONOJ�STZ_K�c�CFG@GUkJzjzkJ�Q\CFDhW[SVP�J�NhD�K�STP�P�kJ�J�{�CVQ�´

·U� �\� � ��³ OA@f� �\�O�¯· � ���op � /��
S4]Z-@o� �\� � �>{USTZ�Q�jYJ@N,{�QOSTMfj�]J�`AJ�NL]C�`lWYP"W[`�Z�` K�cykJ�P�J@QhgVWYJVs�JzD @o� �\� � O � � R 
 ! � > {USTZ�Qnj[J�N
{�QOSVM"j�]J�`}J@N6]C�`}WYP"WY`�Z�` K�c�CFG@GUkJzjzkJ�Q\CFDhW[SVP�p»��jiCmW[QhJ@`}J@P~D�s4Z�P"J�D\J�jwjYJ�D\Q\CmxyJ@G�DOSVWYQOJlK�JljtcykJ�{"W[{USVjYJ
P�cdJ@NhD,{�CVN�CF±|J@G�DfkJ@J�{�CVQnK�J@NnJ@QhQOJ@Z"QON,NhZ�Q�jYJ@Nn{�CVQOCV`_]J�DOQOJ@NnW[P~DOQhWYP�N@]J�XoZ"J@N�K�J�jiCAG�CV`�kJ�Q\C"pU°�Sm®
D\STP"N�kJ@g~Cmj[J�`AJ�P~D�XoZ"J�j[J���CVG�DOJ@Z�Q � P�J�K�kJ@{UJ@P"KR{�CVN�K�Z/DOJ@`}{�N�JzD�K�STP�G�{|J�Z"DlEJ�DOQOJ�G�CFjYG@Z"jvkJ
K"WYQOJ@GzD\J�`AJ�P~DL]Cl{�CVQ�DOWYQnK"J@N
K�STP�P�kJ@J@NnJzuoDOQ\CFWwD\J�N�K�J�NnWY`ACVgTJ�N
WYP"WwDOW[CFjYJaJzD
e�P�CFjYJ � ´

� � N�W[gTP"J � O � �� ¹ 6�� ¹�� 1o�O� �
�t· � � ¹�� 1o�h� � � � �� ¹ 6�� ¹�� 1o� ��v· � � ¹�� 1o� � ���op � ( �

��c�CF{�Q@]J�N_j[C�QhJ�j[CFDOWYSTP ���fp � & �\s�j[J<�VJ@G�DOJ@Z�Q�Â P�c¢J�NhD�{�CVN_CF±|J@GzDfkJR{�CVQ:K�J@N�J@QhQOJ@Z"QON_NOZ�Q:j[J�N
{�CVQOCV`_]J�D\QhJ@N�WYP~D\QhWYP�N@]J@X�Z�J@N�G@CVQ � � �\�IsF·U� �\�4JzD � {|J�Z"�TJ�P~D�EJzD\QhJ�STM"DOJ@P�Z�N!NOCVP�N�J�QOQOJ�Z�Q�`:EJ@`}J>N�W
jiC�`ACFD\Q�W[G�J � J�NhD�`LCmj|J�NhDhW[`�kJ@JFp"B�J�N¡DOQ\CFxyJ�G�D\SFW[QhJ@N�K�CVP�N!j�c�WY`LCFgTJ�K"J@N¡{"WwufJzj[N�G@STQhQOJ@Nh{|SVP�K�CVP~D
]CbZ�P"J_DOQ\CFxyJ�G�D\SFW[QhJ�ST{"DhW[`ACFjYJ_K�J�j[CRG@CV`�kJ@QOCÄ{|J�Z"�TJ�P~D6K�STP"GÄEJ�DOQOJ_G�CFjYG@ZfjzkJ�J@N6NOCVP�N�J�QOQhJ@Z�Q�s
C��TJ@G�´ �   !    "

�»� �\� � �tÂ�� �\�O� ��tÂ�� �\�O� R
�U� �\� � �tÂ�� �\�O� >�tÂ�� �\�O� R

���op ! 1��

B4C�QOJzjiCFDhW[SVP/{�QokJ�GUkJ�K�J@P~D\Jl{UJ@ZfD�{�CVQ�JzufJ@`}{"jYJ_EJ�DOQOJ�CF{�{"jwW[X�Z�kJ�J�]C�K�J�N�{"W u"Jzj[N,G@STQhQOJ@Nh{|SVP�K�CVP~D
]CAK"J@N
{|SFW[P~D\N
K�c�WYP�DfkJ@Q@EJ�D�K�CVP�N>jtcdWY`ACVgTJVs�SVZ kJz�TJ@P~DOZ�J�jwj[J�`}J@P~D�]ClD\STZ�N>jYJ@N
{"W ufJ�jYN�K�J�jtcdWY`ACVgTJFp
��CVP�N�jYJ@N:K�J�Zfu�{�CVQhDhW[J�N�NOZ"Ww�FCVP~D\J@N�s>P�STZ�N�ZfDOWwjYWYNOSTP"N:jYJ@N�QokJ@NhZ"jYD\CFD\N:STMfD\J@P�Z�N:CFZ�{�CVQOC1�FCVP~D@s
K�cdZ�P�J¡{�CVQhD@s�{USTZ�Q�{"j[CVP"Wwe�J@Q4j[C>DOQ\CFxyJ�G�DOSVW[QhJ�K�J!D\STZ�N�jYJ@N4{"W ufJ�jYN�K�cdZ�P�J!WY`LCFgTJ�J�D�s1K�c�CVZfD\QOJ�{�CFQhD�s
{|SVZ�Q�{"j[CVP"Wwe�J�Q�jiC_D\Q\CmxyJ@G�DOSVWYQOJ6K�J�{|SVWYP~D\N�K�cdWYP~DfkJ�Q@EJ�D}JvuoD\Q\CmWYDON�K�J�jtcdWY`ACVgTJFp�°nSTZ�N��!kJ@Q�WYe�STP�N
J@P�NhZ"WwD\J6j[C�QOSVM�Z�NhDOJ@NhNOJ�K�JAjiC�{fjiCVPfWYe�G@CFDOWYSTPÄ��WYN�®�]Cm®¯��WYN�K�cdJ@QOQhJ@Z�QhN�NOZ"Q�jiC_G�CFjwWYM�Q\CFDhW[SVP�K�J�j[C
G�CV`�kJ�Q\C"p

	�
������������������ �!�#"%$�& �('�*)���+-, )�. , �/$ �0/� �21�3 � + 0/� 1546�



�0� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

C(t)

C(1)

Image à l’instant t

Image à l’instant final

�

�

�������

	 ���
�

	��

.0/2143 �fpw³+5�EL = �o¥%@� £f¤ ;U¬ �f¥EB �=-@o¥z£��6¬«¤)9 ª =V¤ ª 9
� � $ � � � � � �!���¯�+* ( �'&���������'&"��� �"���+&À	�� ���y��������������y���

B�J@N¡W[`ACVgVJ@N�WYP"WwDOW[CFjYJ,J�D�K�kJ�NhWYQokJ@J,Z"DOWwjYWYNokJ�J@N�SVP�DLkJ�DfkJ�CVG�XoZfW[NhJ@N�J�P6Z"DOWwjwW[NOCVP~D�j[C�{"j[CFD\Jv®¯� STQh`AJ
QOSTMUSVDOWYX�Z�JAK�JAjtc ! �.! � ��p»°�STZ�N�C��TSTP"N�QokJ�CFjwW[NokJLN�WwubJvu"{�kJ@QhWY`}J@P~DICmDOWYSTP�N@srG@STQhQOJ�NO{USTP�K�CVP~D�CVZfu
NhW u_G�CVN
K�J�e�gTZ"QOJ�X�Z�J�P"STZ�NnC��TSTP�N�kJ�DOZ�K"WzkJ@N�´
5�`}STZ"�TJ�`}J@P~D>J@PLQOSVD\CFDOWYSTP}{�Z�QhJ�K"Jnj[CaG@CV`�kJ@QOCaJzD�DOQ\CFxyJ�G�D\SFW[QhJ@N�]Ca`lWYP"W[`�Z�` K�cykJ@P�J�QOgVWYJ

J�Dl]Cl`lW[P"WY`�Z"` K�c�CFG@GUkJzjzkJ�Q\CFDhW[SVP�s
5�`}STZ"�TJ�`}J@P~D�J�P�D\Q\CFP�Nhj[CFDOWYSTP�{�Z�QhJ�K�J�jiC�G@CV`�kJ@QOCnJzD�D\Q\CmxyJ@G�DOSVWYQOJ@N�]C>`lWYP"W[`�Z�`�K�c kJ@P"J@QOgFW[J

J�Dl]Cl`lW[P"WY`�Z"` K�c�CFG@GUkJzjzkJ�Q\CFDhW[SVP�s
5�`}STZ"�TJ�`}J@P~DaQhWYgVW[K"JlK�J�j[C6G�CV`�kJ@QOC6J�D�DOQ\CFxyJ�G�DOSVW[QhJ@N�]C�`lWYP"WY`�Z�`�K�cykJ�P�J@QhgVW[JlJzD�]C6`lWw®

P"WY`�Z�` K�c¢CVG�GUkJ�jvkJ@QOCFDOWYSTP�p
B�cdSTM"xyJ�G�DhWY�
K�JAG@J�N�Jvu"{�kJ@QhWY`}J@P~DICmDOWYSTP�N�J�NhD�j[C:{"jiCFP"WYe�G�CFDhW[STPbK�JLj[C�D\Q\CmxyJ@G�DOSVWYQOJAK�JLDOSTZ�N�j[J�N
{"WwufJzj[NnK�J�j�c�W[`ACVgVJVp
�������L����� � '� 7D #; " �!*+�-,�. �!,1-5). ;).?>@54,

��CVP"NlG@J@NAK�J�Zfu�{�QOJ�`lW�]J�QOJ@NLJzuf{�kJ�QhWYJ@P�G�J@N@s¡j[J:K�kJ�{"j[CVG@J�`AJ�P~D6K�J�j[CRG@CV`�kJ@Q\C^J@P~DOQOJ:j�c¢CVGz®
XoZfW[N�WYDhW[STP�K�J@N
WY`LCFgTJ@N>WYP"WYDhWiCmj[J�J�DnK�kJ�NhWYQokJ�J�� e�gTZ�QhJ@N
J@P�G@CVK�QokJ@J@N�K�CVP�N>j[ClQOJ@{"QokJ@NhJ@P~DICmDOWYSTP/K�J�N
D\Q\CmxyJ@G�DOSVWYQOJ@N�K�CVP�N�jtcdWY`ACVgTJm�nJ�NhD�Z"P�JlQOSVD\CFDOWYSTP<{�Z"QOJVp�B�c¢CFjYgTSTQ�WYDOH�`}J�K�Z<NOGIH�kJ@`AC_K"Jl{"jiCFP"Ww®
e�G�CFDhW[SVP�J�NhDAK�STP�P�kJ_{�CVQ�jiC/e�gVZ�QOJ �fp � p!B4C<`ACFD\Q�W[G�J_K"J_G�SVjwW[P�kJ@CFDOWYSTP�W[PfWYDhWiCFjYJ�J@N�DAK�STP�P�kJ�J
{�CVQ�´

�� �
MN 1 � ! & ! & 1 � ² /24	� O � !�� � �	�m² 1O 1 � ² � ² / 1 � ! 4 ! & O 4�� � �	� 4 (
1 � 1212121 1 � 12121f³ O 1 � �5/ ! !

TU
��J@N�WY`ACVgTJ�N�WYP�DOJ@Qh`�kJ�K"W[CFW[QhJ@N�s"Nh�oP~D\H�kJ�DOWYNokJ�J@N
J@P�{"jiCFP"WYe�CVP~D�j[CaD\QOCFxyJ@GzD\SVWYQOJ�K�J
D\STZ�N¡j[J�N�{"W ufJ�jYN
K�J�j�c�WY`LCFgTJ�K�CVP"N�j[J�N�G�CVN�K�Z<`lWYP"WY`�Z�`�K�cykJ�P�J@QhgVW[J}JzD�K�Z^`lW[P"WY`�Z"` K�c¢CVG@GUkJ�jzkJ@QOCFDOWYSTP�s�NhSTP~D
� STZ�QOPfW[J�N�{�CFQajYJ@N�e�gTZ�QhJ@N �fp �:JzD �fp & QOJ@Nh{|J�G�DhWY�VJ@`}J@P~D�p�B4J�NaDOQ\CFxyJ�G�DOSVW[QhJ@N�G@STQhQOJ@Nh{|SVP�K�CVP~D\J�N
K�J�j[CLG@CV`�kJ@Q\CAJ@P�� SVP�G�DhW[STP�K�Z�DOJ@`}{�N�NhSTP~D�Wwjwj[Z�N�D\QokJ@J@N,NOZ�Qnj[J�N�e�gTZ"QOJ@N �fp 4AJzD �fp /"pU��ST`}`}J
STP}{|J�Z"D�j[J
G@SVP�NhD\CFD\J�Q¡NhZ�Q�jYJ@N�e�gTZ�QhJ@N �fp 4�JzD �fp /"sVjYJnG�ST`}{|SVQhD\J�`}J@P~D�D\J@`}{USTQOJzj%J@N�D�KfWY±nkJ@QhJ@P~D
NOJ�jYSTP_jiC�� STP�GzDOWYSTP_K�J�G@S�EZ"D
Z"DhWYjwWYNokJ@JFp



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � �

³Tpnq�uoDOQ\CVGzDOWYSTP�K"J@Nn{�QhWY`lWYDhWY�VJ@N
�oWYNOZ"J�jwj[J�N
� p _W[NhJ�J@P<G�STQOQhJ@Nh{|STP"K�CVP�G�J@N�K�J�N�{�QhWY`lWYDhWY�VJ@N���W[NhZ�J�jwjYJ@N�Jzu�®

D\Q\CmWYDOJ@N
! p ��MfD\J@P~DhW[STP_K�J �� J�Dn· � J@P_Z"DOWwjYWYN\CFP�D % �CFjwW[N 121 *
²�p���CFj[G�Z"j4K�J�´

5 � � � � 3 @o� �\�h����kJ@X�Z�CmDOWYSTP�� �fp & �O�
5 � � �\����kJ@X�Z�CFDhW[SVPÄ� �fp 4��O�
5�·U� �\�,��kJ�XoZ�CFDOWYSTPb���fp � /o�h�
5 � ��kJ@X�Z�CFDhW[STPÄ���fp � ( �h�

�fp ��MfD\J@P~DhW[STP K�J�N {�QhWY`lWYDhWY�VJ@N ��WYNOZ�JzjYjYJ@N ]C j�c�WYP�NhD\CVP~D �
��kJ@X�Z�CmDOWYSTPÄ� �fp � ( �O�

. /21 3 �fp � 5�� B �o§mv¬ ª ��L�¥6@�=V¤)9OB[¥�>N= 96@� £o¤�¥ ;U£oI¥a\§ ª = ª ¬�§m¤

�������L����� � '� 7D #; " �!*+�-,�. �!, . 1-;�,$%! #;). >@5�,
B�J�`ASVZ"�TJ�`AJ�P~D�K"J,jiC�G@CV`�kJ@QOC�J@P~D\QhJ,j�c¢CVG�XoZfW[N�WYDhW[STP_K�J�N�W[`ACVgVJ@N�WYP"WwDOW[CFj[J�JzD�K�kJ�NhWYQokJ�JaJ�NhD@s

G@JzDOD\JA� SVWYN@s»Z�PÄ`}STZ"�VJ@`}J@P~DlK"JLD\QOCVP�N�jiCFDhW[SVPÄ{�Z�QhJVprB!c�CFjYgTSTQ�WYDOH�`}J�K�J}j[C�{"j[CVP"Wwe�G�CmDOWYSTP�J@N�D
WYjwjYZ�NhDOQokJaNOZ�Q>j[Cle�gTZ�QOJ �fp ! p%B4Cl`ACFD\Q�W[G�JaK"JaG�SVjwW[P�kJ@CFDOWYSTP:W[PfWYDhWiCFjYJaJ@NhDnK�SVP�P�kJ@J�{�CFQ�´

�� �
MN O 1 � 42124V² 1 � ³ � &"& O ! � ( � � � � /O 1 � 1 � ( ³ O 1 � ² 4"³�² O � ² ( � ( 4"³ (O 1 � 12121 � 1 � 12151�� Oa³ � ! ( 1 (

TU
B�J@N�QokJ@NhZ"jYD\CFD\N_NOSVP�D�� STZ�QhP"W[N_NOZ"Q_jYJ@N:e�gTZ�QhJ@N��fp ( s �fpY³ 1�JzD �fpw³T³Ts �opY³ � K�CVP"N_jYJ@N�G�CVN_K�Z
`lW[P"WY`�Z"` K�cykJ�P�J@QhgVWYJLJzD�K�Z^`}WYP"WY`�Z�` K�c�CVG�GUkJzjzkJ�Q\CFDhW[STPbQOJ�NO{UJ@G�DhWY�VJ@`}J@P~D@p�B�J@N�DOQ\CFxyJ�G�D\SFW[QhJ@N
K�J�j[CbG@CV`�kJ@QOCbNOSVP�D�`ACFW[P~DOJ@P�CVP~D�QOJ@{"QokJ@NhJ@P~DfkJ�J@N:K�CVP"NAjtc¢J�NO{�CFG@J/K�J_D\QOC1�FCFWwjnK�ZÀQhSTMUSVD�p¡B4C
QOJ�{�QokJ�NOJ@P~D\CFDOWYSTP/K�J�j[ClG�CV`�kJ@QOCAJ�NhD�CVG�G@ST`}{�CVgVP�kJ@JaK�J�j�c�WYP�NhD\CVP~D,G�STQOQhJ@NO{USTP�K�CVP~D�p
�������L����� � '� 7D #; " �!*+�-,�. �!,1-5=.<;). >@5�, �&. .?1-;4,$%! #;).?>@54,

��CFP�N�jYJ>G�CVN!K�cdZ�PA`}STZ"�TJ�`}J@P~D�J�P}QOSVD\CFDOWYSTPlJ�D!DOQ\CVP"Nhj[CFDOWYSTP�sTP"STZ�N�C��TSTP"N¡G�STP�N�W[K�kJ�QokJ
X�Z�J
jiC�`ACFDOQhWYG@J�K�J,G@SVjwW[P�kJ�CFDhW[STPÄ]C�jtc�W[P"e�P"W,kJ�D\CFWwD>K"WYNO{USTP"WYM"j[J�{USTZ�Q�`ASVP�DOQOJ�Q�j�c�WYP�K�kJ@{UJ@P"K�CVP�G�J�K�J�N
D\QOCFxyJ@GzD\SVWYQOJ�N!{"jiCFP"WYe�kJ@J@N�K�CFP�N�jtcdWY`ACVgTJ���WYN�®@]C�®¯��W[N!K"J@N!{�CVQOCV`_]J�DOQOJ@N�WYP~D\Q�W[P�N@]J@X�Z�J�N@po°�SVDOSTP�N�Z"P�J
P�STZ"�VJ�jwj[J>� SVWYN�X�Z�J�K�CVP�N�jYJ�G�CVN�K�c¢Z"P�J>QOSVD\CFDOWYSTP�{"Z�QOJ�SVZlK�c¢Z"P�J�D\QOCVP�Nhj[CFDhW[STPl{"Z�QOJFsVG@JzDODOJ>`LC�®
D\Q�W[G�J�J@N�D,DOSTZVxySTZ�QhN�KfW[Nh{|STPfW[M"jYJVp|q!P/{�QOCFDOWYX�Z�JVsUP�STZ�N�Z"DOWwjwW[NhSTP�N�jtc¢CFj[gVSTQhWwD\H�`}Ja{�QOSV{|STNokJ�K�CFP�N
%J�%CVZ"gTJ@QOCVN /2/ * {|SVZ�Q�STMfD\J@PfW[Qaj[J�N�W[Pf� STQO`ACFDhW[STP"N�P�kJ@G�J@NhN\CFWYQOJ�N�]C�jiC�G@STP�N�D\QhZ�G�DhW[STP"N�K�J@N�D\Q\C�®
xyJ@GzD\SVWYQOJ�N�K�CVP"N�jtcdWY`ACVgTJn{|STZ"Q�Z�P�K�kJ@{"j[CVG�J@`}J@P~D>grkJ�P�kJ@QOCFj��tQOSFDICFDhW[STP�sTD\Q\CFP�Nhj[CFDOWYSTP�CVZL��CVGzD\J�Z�Q
K�cdJ@GIH�JzjYjYJ�J�D¡P�SVQO`ACFjYJ,CVZA{"j[CVPAK�J�QokJ���kJ�QOJ@P"G@JVs��TSFW[Q�e�gTZ�QhJ �fp¢²a{USTZ�Q!j�c¢CFjYgTSTQ�WYDOH�`}JnG�ST`}{"jYJ�D��\p
��J�D�CFjYgTSTQhWwD\H"`AJ
J�NhD¡G@STP �G@Z�{USTZ�Q�jYJ@N¡G�CFN¡S�]Zlj[CaG@CFjwW[M�QOCFDOWYSTPAJ@N�D�G�STP�P�Z�JnJ�D¡K�STP"GnjYJ@N!D\QOCFxyJ@Gv®
D\SVWYQOJ�N�K�J
j[C�`ACFD\Q�W[G�J�K"J,G@SFjYWYP�kJ�CmDOWYSTP�P�J�NOSTP~D�{"jYZ�N�WYP~�VCFQhW[CVP~D\J@N¡��W[Ny®@]Cm®��oWYN�K"J�j[CaG@CFjYWYM�QOCFDOWYSTP



� � #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

³Vp�q�uoD\QOCVG�DhW[SVP�K�J�N�{"QhWY`}WwDOWw�TJ�Nn��WYNOZ�JzjYjYJ@N
� p :W[NhJ�J@P<G�STQOQhJ@NO{USTP�K�CVP�G@J�N�K�J@N,{�QhWY`lWYDhWY�VJ@N���W[NhZ�J�jwj[J�N�Jzu�®

DOQ\CFWwD\J�N
! p ��M"DOJ@P~DOWYSTP_K�J �� J�Dn· � J�P�ZfDOWwjYWYN\CVP~D % �CFjYWYN 121 *
²"p,��Cmj[G�Z"j4K�J�´

5 � � ��kJ�XoZ�CFDOWYSTPb���fpw³ /o�h�
5 � � �\�,��kJ@X�Z�CFDhW[STP �fpw³ & �h�
5�·|� �\�,��kJ@X�Z�CmDOWYSTP��op � /��O�
5 � ��kJ�X�Z�CFDOWYSTPÄ���fp � ( �h�

�op ��M"DOJ@P~DOWYSTP K�J�N {"QhWY`}WwDOWw�TJ�N ��WYNOZ�JzjYjYJ@N ]C j�c�W[P"NhDICFP�D �
��kJ@X�Z�CFDhW[SVPÄ� �fp � ( �O�

.0/2143 �fp ! 5 � B �o§mv¬ ª ��L�¥K@�=V¤)9OB[¥�>N= 9K@� £o¤�¥ ;U£f\¥ ª  =V¤)9EB = ª ¬�§m¤

K�J�jiClG�CF`�kJ�Q\C"p>�fSTP:Z"DOWwjwW[NOCFDOWYSTP_K�CVP�N
P�SVDOQOJ�NhGIH�kJ@`ACLK"J�{"jiCFP"WYe�G�CFDhW[STP_P�kJ�G@J@NhNhWwD\JaK�STP�G�Z�P"J
kJzD\Z�K"J�K�J�jtcdWYP���Z"J@P�G�JlK�J@N�{�CFQ\CV`:]J�DOQOJ�N,W[P~DOQhWYP�N@]J�XoZ"J@N@p»��CVP"N�jYJ�{�CVQOCVgTQ\CF{�H�J�NhZ"Ww�VCFP�D@s�P�STZ"N
�TJ@QhQOSTP"N�K�J�`LCFP"W�]J�QOJnJzuf{�kJ�QhWY`AJ�P~DICFjYJ�X�Z�J,P�SFD\QOJnNOGIH�kJ@`AC�K�Jn{"j[CVP"Wwe�G�CFDhW[SVP6J@N�D�DOQ@]J@N�QOSTM"Z�NhDOJ
CVZfubJ@QhQOJ@Z"QON�K�JLG�CFjwWYM�Q\CFDhW[SVP��tX�Z�CVP"K %J�%CVZ�gVJ@Q\CFN?/2/ * J@N�DlZ"DOWwjwW[NokJm�Ip���J@{UJ@P�K�CVP~DlZ�P�J�kJzD\Z�K"J
D\H�kJ�STQhWYX�Z�J�K"J@NAQOJ�j[CFDhW[STP"NAJ�P~D\QOJ:jYJ@N}�VCFQhW[CFDOWYSTP�NlK�J�NADOQ\CFxyJ�G�DOSVW[QhJ@NAJ�D}jYJ@N}�VCFQhW[CFDOWYSTP�NlK�J:j[C
`LCmD\QhWYG@J}K�J�N�{�CVQ\CF`_]JzD\QhJ@N�WYP�DOQhWYP�N@]J�X�Z�J@N�QOJ@N�D\J/]C�J�±|J@GzD\Z�J�Q@p»��J�DhD\J�kJ�DOZ�K�Jl{�CFNONOJ}{�CFQ�j�c¢CVP�Cm®
jY�oNOJ,K�Jnjtc¢CFj[gVSTQhWwD\H�`}JnZ"DOWwjwW[NokJ�{|SVZ�Q�QOJ�DOQOSTZf�TJ@Q¡j[J�K�kJ@{fjiCVG�J@`}J@P~D>K"Jnj[C�G@CV`�kJ@Q\Cfp)&nP�J,CFP�CFjw�fNhJ
CV{�{�QhSTP"� STP�KfW[JLK�J�G�J�jYZ"Ww®¯G�W�{|J�QO`}J�DhD\Q\CmWYD�CFj[SVQONaK�J�QokJ@{USTP�K�QhJR]C�K�JLP�ST`�M�QOJ�Z�NOJ�NlXoZ"J@NhDhW[SVP�N
QOJ@N�DICVP~DOJ@N,SVZ"�TJ�QhD\J�N,K�CFP�NnjYJ�K�ST`ACFWYP�JaK�Jaj[Cl�oWYNhWYSTP�{|STZ"Q
j[C}QOSTMUSVDOWYX�Z�JVp��rCVQ
JzufJ@`}{"jYJVsUj[J�N
NOGIH�kJ�`LCFN>K�J,G�ST`}`LCFP�K�J�Z"DhWYjwWYN\CVP~D>Z�P"J�QOJ�G@STP�N�D\QhZ�G�DhW[STP�{"QOSVxyJ�G�DOWw�TJ�{"Z"W[N�J@Z�GzjYWYK"WYJ@P�P"J�K�J,j[C
NOGV]J�P�J�G�ST`}`}JLjYJ � ��³ � � STP~D�Z"PbK�SV`LCmW[P�JAK�JAG@STP~�VJ@QOgVJ@P�G�J6J�DaK�JANhD\CVM"WwjYWwDfkJLJ@PR{�QokJ�NOJ@P"G@J
K�c¢J�QOQhJ@Z�QhN¡NhZ�Q�jYJ@N�{�CVQOCV`_]J�D\QhJ@N!K�J�j[C�G�CF`�kJ�Q\C�X�Z"W�J�NhD¡G@STP"PoZ}Z�PfW[X�Z�J�`AJ�P~D�NhSTZ�N�jtc¢H~�o{|SFD\H�]J�NOJ
XoZ"Jnj[Ca`ACFDOQhWYG@J
K�J
G@SFjYWYP�kJ�CmDOWYSTPR]C�jtcdWYP"e�P"WUNhSVWYD¡`}J@NhZ�Q\CFM"j[Jl]C�GIH�CVX�Z�J
WYDfkJ@Q\CmDOWYSTPLK"J
j[C�M|STZ"G�jYJ
K�J�G@ST`}`ACVP�K"JVpU��J�DhD\J�H~�o{|SFD\H�]J�NOJ�{|SVZ�QOQOCFWYD�EJ�D\QhJ�QOJ�`A{fjiCVGUkJ@J�{�CVQ�jiC�G�STP�P�CFWYNONOCVP�G�J�K�J�jtc�W[Pf®
��Z�J@P"G@J�K�J�N�J�QOQOJ�Z�QON�K�J,G@CFjwW[M�QOCFDOWYSTPLNOZ�Q¡j[JnNOGIH�kJ�`AC�QokJ@Jzj�K�c¢J�NhDOWY`ACFDOWYSTP6K"Z6K�kJ@{fjiCVG�J@`}J@P~D>K"J
jiC}G�CV`�kJ�Q\C_�tJ@P_grkJ�P�kJ@QOCFj %J�%CVZ"gTJ@QOCVN?/2/ * �Ip
��CVP�N�G�J�DhD\J�K�J�QOP"Wt]J@QhJ�NokJ�QhWYJ�K�J�QokJ@NhZ"jYD\CFD\N�sFjYJ�K�kJ�{"j[CVG@J�`AJ�P~D�K�J�j[C,G�CV`�kJ�Q\C,J�P�DOQOJ�jtc¢CVG@X�Z"WYNhWwDOWYSTP
K�J@N�WY`ACVgTJ@N�W[P"WwDOW[CFjYJ6J�D�K�kJ@N�W[QokJ@J�J@N�DlZ�P�`}STZ"�VJ@`}J@P~DAQhWYgVWYK�JVp�B4C/`LCmD\QhWYG@J�K�J6G@SFjYWYP�kJ�CmDOWYSTP
W[P"WwDOW[CFjYJ�J@NhD�K�STP"P�kJ@J�{�CVQ�´

�� �
MN 1 � ² 421 ! 1 � ²�³�²�� O � ( & � !�� /V²O 1 � � ² & 4 1 � 4"³ 1 & O ! & 4 � 12/ ! �O 1 � 12121"³ 1 � 1212154 O�³ � � � /f³

TU

B4J�N�QokJ@NOZfjYD\CFD\N¡NOSTP~D�� STZ�QOPfW[N¡NOZ�Q�jYJ@N�e�gTZ�QOJ�N �opY³ ! s �fpY³@²�JzD �fpw³ �fs �opY³ 4�K�CVP"N�jYJ@N¡G�CVN¡K�Z�`lWYP"W ®
`�Z�` K�c kJ@P"J@QOgFW[J�J�DnK�Z�`lWYP"WY`�Z�` K�c¢CVG�GUkJ�jvkJ@QOCFDOWYSTP/QhJ@Nh{|J�G�DOWw�TJ�`}J@P~D�p���J�j[C}`_EJ�`}J�`ACVP"W�]J@QhJ



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � �

X�Z�J�{"QokJ@GUkJ@K�J�`}`AJ�P~D�s%jiC�D\QOCFxyJ@GzD\SVWYQOJ�K�J�j[ClG�CV`�kJ@QOCAJ�NhDnQOJ�{�QokJ�NOJ�P�DfkJ@J�K�CVP�N>jtc¢J�NO{�CVG�J�K"J�D\Q\C�®
�FCFWYj�J�DlGIH�CVX�Z�J:{|STN�WYDhW[SVP�K�J�j[C/G�CV`�kJ@QOC/J@N�DACVG@G�ST`}{�CVgTP�kJ�J�K�J�jtcdWYP�N�DICVP~D}G@SVQOQOJ�NO{USTP�K�CFP�D@p

³Tpnq�uoDOQ\CVGzDOWYSTP�K"J@Nn{�QhWY`lWYDhWY�VJ@N
�oWYNOZ"J�jwj[J�N
� p _W[NhJ�J@P<G�STQOQhJ@Nh{|STP"K�CVP�G�J@N�K�J�N�{�QhWY`lWYDhWY�VJ@N���W[NhZ�J�jwjYJ@N�Jzu�®

D\Q\CmWYDOJ@N
! p ��MfD\J@P~DhW[STP_K�J �� J�Dn· � J@P_Z"DOWwjYWYN\CFP�D % �CFjwW[N 121 *
²�p ��MfD\J@P~DhW[STP_K�J �

� � ��kJ�X�Z�CFDOWYSTPb� � p ! ( �h�
�fp0&nDOWwjwW[NOCFDOWYSTP}K�J % �UCFZ�gTJ@QOCVN?/2/ * {|STZ"Q�STM"DOJ@P"WYQ �� � s � ¿ � � � s �� 6
4"p���CFj[G�Z"j4K�J�´

5 �� � ��kJ@X�Z�CFDhW[STPb���op � ²o�O�
5 �� �#I � 3 @f� �\�O�,��kJ�XoZ�CFDOWYSTPb���fp � ²f�h�
5 � � �\����kJ@X�Z�CFDhW[SVPÄ� �fp � � �O�
5�·U� �\�,��kJ�XoZ�CFDOWYSTPb���fp � /o�h�
5 � ��kJ@X�Z�CFDhW[STPÄ���fp � ( �h�

& p ��MfD\J@P~DhW[STP K�J�N {�QhWY`lWYDhWY�VJ@N ��WYNOZ�JzjYjYJ@N ]C j�c�WYP�NhD\CVP~D �
��kJ@X�Z�CmDOWYSTPÄ� �fp � ( �O�

.0/2143 �fp¢²K5 � B �o§mv¬ ª ��L�¥%@�=V¤)9OB[¥�>N= 96@� £o¤ L�§m£HGV¥EL�¥z¤ ª @o¥a\§ ª = ª ¬�§m¤b¥ ª¡ª  =V¤)9EB = ª ¬�§m¤



��� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1_� W[`ACVgVJ�W[P"WwDOW[CFjYJm� D � 1"p � D � 1"p !

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1"pd² D � 1"p � D � 1"p 4

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1"p & D � 1"p / D ��³A��WY`LCFgTJ�K�kJ@N�W[QokJ@Jm�
. /21 3 �fp �%5 �" = ��¥?> ª §m¬«\¥%@�=V¤)9+B� ¬2L = �o¥

�
L�§m£�GV¥EL�¥z¤ ª @o¥�\§ ª = ª ¬�§m¤ � Ll¬«¤�¬2Ll£�L @�?J¥z¤�¥z �V¬�¥

.0/2143 �fp 4K5 �"N= ��¥?> ª §m¬«\¥6@o¥%B = >N= L�J¥z =
�
L�§m£HGV¥EL�¥z¤ ª @o¥�\§ ª = ª ¬�§m¤ � Ll¬«¤�¬2Ll£�L @� J¥z¤�¥z �V¬�¥



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � �

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1_��WY`LCFgTJ�W[PfWYDhWiCFjYJm� D � 1fp � D � 1"p !

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1"pd² D � 1fp � D � 1"p 4

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1"p & D � 1fp / D ��³A��WY`ACVgTJ�K�kJ@N�W[QokJ@J��
. /21 3 �fp & 5 �� = ��¥?> ª §m¬«I¥ @�=V¤)9 B� ¬2L = �o¥

�
L�§m£�GV¥EL�¥z¤ ª @o¥ \§ ª = ª ¬�§m¤ � Ll¬«¤�¬2Ll£�L

@� =�>?>PJ¥EB J¥z = ª ¬�§m¤

. /21 3 �fp / 5 �� = ��¥?> ª §m¬«\¥ @o¥ B = >N= L J¥zN=
�
L�§m£�GV¥EL�¥z¤ ª @o¥ \§ ª = ª ¬�§m¤ � Ll¬«¤�¬2Ll£�L

@� =�>?>PJ¥EB J¥z = ª ¬�§m¤



��� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1_� W[`ACVgVJ�W[P"WwDOW[CFjYJm� D � 1"p � D � 1"p !

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1"pd² D � 1"p � D � 1"p 4

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1"p & D � 1"p / D ��³A��WY`LCFgTJ�K�kJ@N�W[QokJ@Jm�
.0/2143 �fp ( 5 �� = ��¥?> ª §m¬«I¥ @�=V¤)9 B� ¬2L = �o¥

�
L�§m£�GV¥EL�¥z¤ ª @o¥ ª N=V¤)9EB = ª ¬�§m¤ ��Ll¬«¤�¬2Ll£�L @� J¥z¤�¥z �V¬�¥

.0/2143	�fpw³ 1 5 �� = ��¥?> ª §m¬«\¥ @o¥ B =%>N= L�J¥z =
�
L�§m£�GV¥EL�¥z¤ ª @o¥ ª  =V¤)9EB = ª ¬�§m¤ � Ll¬«¤�¬2Ll£HL @� J¥z¤�¥z �V¬�¥



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� �%$

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1_��WY`LCFgTJ�W[PfWYDhWiCFjYJm� D � 1fp � D � 1"p !

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1"pd² D � 1fp � D � 1"p 4

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1"p & D � 1fp / D ��³A��WY`ACVgTJ�K�kJ@N�W[QokJ@J��
. /21 3 �opY³T³ 5 �� = ��¥?> ª §m¬«I¥ @�=V¤)9 B� ¬2L = �o¥

�
L�§m£HGV¥EL�¥z¤ ª @o¥ ª  =V¤)9EB = ª ¬�§m¤ � Ll¬«¤�¬2Ll£�L

@� =�>?>PJ¥EB J¥z = ª ¬�§m¤

. /21 3��fpw³ � 5 �� = ��¥?> ª §m¬«\¥ @o¥�B = >N= L J¥zN=
�
L�§m£�GV¥EL�¥z¤ ª @o¥ ª  =V¤)9EB = ª ¬�§m¤ � Ll¬«¤�¬2Ll£�L

@� =�>?>PJ¥EB J¥z = ª ¬�§m¤



��� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1_� W[`ACVgVJ�W[P"WwDOW[CFjYJm� D � 1"p � D � 1"p !

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1"pd² D � 1"p � D � 1"p 4

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1"p & D � 1"p / D ��³A��WY`LCFgTJ�K�kJ@N�W[QokJ@Jm�
.0/2143 �opY³ ! 5 �"N= ��¥?> ª §m¬«\¥�@�=V¤)9%B� ¬2L = �o¥

�
L�§m£�GV¥EL�¥z¤ ª @o¥ ª  =V¤)9EB = ª ¬�§m¤�¥ ª \§ ª = ª ¬�§m¤ � Ll¬«¤�¬��

Ll£HL @� J¥z¤�¥z �V¬�¥

.0/2143 �opY³�²�5 �� = ��¥?> ª §m¬«\¥K@o¥6B = >N= L J¥z =
�
L�§m£HGV¥EL�¥z¤ ª @o¥ ª  =V¤)9EB = ª ¬�§m¤Ä¥ ª \§ ª = ª ¬�§m¤ � Ll¬«¤�¬��

Ll£HL @� J¥z¤�¥z �V¬�¥



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� �%#

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1_��WY`LCFgTJ�W[PfWYDhWiCFjYJm� D � 1fp � D � 1"p !

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1"pd² D � 1fp � D � 1"p 4

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1"p & D � 1fp / D ��³A��WY`ACVgTJ�K�kJ@N�W[QokJ@J��
. /21 3 �fpY³ ��5 �" = ��¥?> ª §m¬«\¥�@�=V¤)9%B� ¬2L = �o¥

�
L�§m£HGV¥EL�¥z¤ ª @o¥ ª  =V¤)9EB = ª ¬�§m¤�¥ ª I§ ª = ª ¬�§m¤ � Ll¬«¤�¬��

Ll£HL @� =�>?>�J¥EB J¥z = ª ¬�§m¤

. /21 3 �fpY³ 4�5 �� = ��¥?> ª §m¬«I¥K@o¥6B = >N= L�J¥z =
�
L�§m£�GV¥EL�¥z¤ ª @o¥ ª N=V¤)9EB = ª ¬�§m¤Ä¥ ª \§ ª = ª ¬�§m¤ � Ll¬«¤�¬��

Ll£HL @� =�>?>�J¥EB J¥z = ª ¬�§m¤



��� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

�������L����� � 5��!� %&.<�!%!% ��� > %��
	;���� > % 9 �&% �!1&16�!��1 % 9�� " ;= >��!1-;=.?>@5�,
q!P}{�Q\CmDOWYXoZ"JVs�P�STZ�N!ZfDOWwjYWYNOSTP"N¡jtc�Cmj[gTSVQhWwD\H�`}J>{�QhST{|SVNokJ
K�CVP�N$% �%CVZ�gTJ�Q\CVN?/2/ * {|SVZ�Q!J@N�DOWY`AJ�Q

j[J�N�{�CVQOCV`_]J�D\QhJ@N�K�J�`}STZ"�VJ@`}J@P~D/]C_{�CVQhDhW[QaK�JAjiC_`LCmD\QhWYG@JLK�cdH�ST`}STgTQOCV{�H"WYJVp"�rSTZ"Q���kJ@Q�WYe�J�Q
Jzuf{�kJ@Q�W[`}J�P�D\CFjYJ@`}J@P~D�j[C�QOSTM"Z�NhDOJ@NONhJ}K�JlP�SVDOQOJl`�kJ�DOH�SfK"J��oWYN�®�]Cm®¯��WYN�K�J@N�{�CFQ\CV`:]J�DOQOJ�N�K�JlG�Cm®
jYWYM�Q\CmDOWYSTP¾jYSTQhNOX�Z�JRP�STZ�N_Z"DOWwjwW[NhSTP�N_G@J�D�CFjYgTSTQ�WYDOH�`}JVs>P�SVZ�N�C��VSTP�N_J�±|J@G�DOZ�kJRZ�P J�P�NOJ�`�M"jYJ
K�c¢Jvuf{�kJ@Q�W[J�P�G@J�N�J@P:W[P~DOQOSoK�Z"WYN\CVP~D�K�J@N
J@QhQOJ�Z�QONnNOZ�Q>j[CAG@CFjwW[M�QOCFDOWYSTP:K�J�j[CAG@CV`�kJ@Q\Cfp
°�STZ�NlQokJ�CFjwWYNOSTP�N�j[C/{"j[CVP"Wwe�G�CmDOWYSTP�K�J�D\QOCFxyJ@GzD\SVWYQOJ�N}K�J6{USVW[P~DONlK�cdWYP~DfkJ�Q@EJ�D}J�P~D\QOJ�Z"P�J6W[`ACVgVJ
W[P"WwDOW[CFjYJ�JzDnZ�P�J�W[`ACVgTJ�e�P�CFj[JaK�cdZ�P�JaNOGV]J@P�J�G@ST`}{"jYJzufJVp|B�J@N
{USVW[P~DON�K�c�WYP�DfkJ@Q@EJ�D�NOSTP~D�STM"D\J�P�Z�N
J@P�ZfDOWwjYWYN\CVP~Dnj[J�K�kJzD\J�G�D\J�Z�QnK�J�:�CVQOQ�W[N % :,CVQhQhWYN /2/ * JzD,`lWYNnJ�P�G�STQOQhJ@NO{USTP�K�CVP�G@JaJ@P_Z"DhWYjwW[NOCVP~D
j[J,jYSTgVWYG�WYJ�j�W[`ACVgTJ,`LCmD\GIH"WYP�g % ��H�CVP�g ( �VC * p"B4J�N�WY`LCFgTJ@N�G�STQOQhJ@Nh{|STP"K�CVP~DnCVZfu�{|SVNhWwDOWYSTP�N�WYP"Ww®
DOW[CFj[J�JzD}K�kJ@N�W[QokJ@J:K�J6j[C/G�CV`�kJ�Q\C<NOSTP~D}K�SVP�P�kJ@J�N}{�CVQ�j[C�e�gTZ�QhJ �fpY³ & p�B�J@Nl{USVWYP~D\NlK�c�W[P~DfkJ@Q@EJzD
JzuoD\QOCFWYDON�J�D�`}WYN�J�P�G@STQhQOJ@Nh{|SVP�K�CVP�G�J�K�CVP"N�j[J�N�K�J�Zfu6WY`ACVgTJ@N�NOSTP~D�WYP�K"WYX�Z�kJ@N>{�CVQ�K�J�N�G�CVQhQokJ�N
M"jiCFP�G@N�p
B»C^D\QOCFxyJ@GzD\SVWYQOJ�K�CVP�NAj�c�W[`ACVgVJ�JzD6G@JzjYjYJ�K"J�j[CRG@CV`�kJ@Q\Cfs�STMfD\J@P�Z�J�N6J@PÀZ"DOWwjYWYN\CFP�D�Z�P�J�G�CFjwWw®
M�Q\CFDhW[SVPbG�STQOQhJ@G�DOJLK"J}j[C:G�CV`�kJ@QOC"s�NOSVP�D�WwjYjYZ�N�D\QokJ�J@N�NOZ�Q�j[J�N�e�gTZ�QhJ@N �fpY³ /���Co�nJzD �fpY³ /��tM|�nQhJ@Ny®
{|J�G�DOWw�TJ�`}J@P~D�p�B4J�N}Jzuf{�kJ@Q�W[`}J�P�D\CFDOWYSTP�N�NOZ"Ww�FCVP~D\J@NASTP~D�kJ�DfkJ_QokJ�CFjwWYNokJ@J�N�J�P�WYP~D\QOSoK�Z"WYN\CFP�DLK�J�N
J@QOQhJ@Z�QhN�NhZ�Q>j[J�N�{�CVQ\CV`:]JzD\QOJ�N
K�J�G�CFjwW[M"Q\CFDhW[STP�´
5Àe�gTZ�QhJ �opY³ ( s>Z�P�J^J@QhQOJ@Z"Q�K�J � 1� C kJzDfkJbCFxySTZ"DfkJ@J�]C�GIH�CFG@Z�P K�J@N�{�CVQ\CF`_]JzD\QhJ@N:W[Pf®

D\Q�W[P�N@]J@X�Z�J�N@s
5Àe�gTZ�QhJ �op � 1fs>Z�P�J^J@QhQOJ@Z"Q�K�JR² 1� C kJzDfkJbCFxySTZ"DfkJ@J�]C�GIH�CFG@Z�P K�J@N�{�CVQ\CF`_]JzD\QhJ@N:W[Pf®

D\Q�W[P�N@]J@X�Z�J�N@s
5Àe�gTZ�QhJ �op � ³Vs>Z�P�J^J@QhQOJ@Z"Q�K�J 421� C kJzDfkJbCFxySTZ"DfkJ@J�]C�GIH�CFG@Z�P K�J@N�{�CVQ\CF`_]JzD\QhJ@N:W[Pf®

D\Q�W[P�N@]J@X�Z�J�N@s
5Àe�gTZ�QhJ �op � � s>Z�P�J^J@QhQOJ@Z"Q�K�J /21� C kJzDfkJbCFxySTZ"DfkJ@J�]C�GIH�CFG@Z�P K�J@N�{�CVQ\CF`_]JzD\QhJ@N:W[Pf®

D\Q�W[P�N@]J@X�Z�J�N@p

q�P�G�ST`}{�CVQOCVP~D>j[J�N�K"Ww±nkJ�QOJ@P~DONnQokJ@NhZ"jYD\CFD\N�s"STP�SVM�NOJ�Qh�TJ�X�Z�J,jYJ@N�DOQ\CFxyJ�G�DOSVW[QhJ@N>{"j[CVP"Wwe�kJ�J@N>K�CVP"N
j�c�W[`ACVgVJbNhSTP~D/{UJ@Z�`}SoK"Wwe�kJ@J�N�jYSTQONhXoZ�c¢STP ��CFWYD:�FCVQ�W[J�Q_jYJ@N_{�CVQOCV`_]J�D\QhJ@N_W[P~D\Q�W[P"N@]J@X�Z�J�N@p�B�J�N
D\Q\CmxyJ@G�DOSVWYQOJ@N�K"J�jiC6G@CV`�kJ@Q\C6G�STQOQhJ@Nh{|STP"K�CVP~D\J�NaNhSTP~D<kJ@g~Cmj[J�`AJ�P~D�NhWY`}Wwj[CFW[QhJ@N�p»��J�j[C6G@STP"e�QO`}J
jiCAQOSTM�Z"NhD\J�NONhJ�K�J�jiCA{"jiCFP"WYe�G�CFDhW[STP�K�J�D\Q\CmxyJ@G�DOSVWYQOJ@Nn��W[Ny®@]Cm®��oWYN,K�c¢J�QOQOJ�Z�QON�NOZ�QnjiC}G�CmjYWYM�Q\CmDOWYSTP
K�J�G�CV`�kJ@QOC"p



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� ���

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

. /21 3 �opY³ & 5�EL = �o¥�¬«¤�¬ ª ¬�= B[¥�� =���¥ ª ¬2L = �o¥6@ J¥?9z¬«�J¥1¥��y¦��

50 100 150 200 250 300 350

50

100

150

200

250

��Co�¡D\QOCFxyJ@GzD\SVWYQOJ�N
K�CVP�N>jtcdWY`ACVgTJ ��M|�¡D\QOCFxyJ@GzD\SVWYQOJ�K�J�j[CAG@CV`�kJ@Q\C
. /21 3 �fpY³ /K5 % =V = L �¥ ª \¥?9%@o¥�>N= B ¬�¦@ = ª ¬�§m¤ >I§mvI¥?> ª 9



��� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

50 100 150 200 250 300 350

50

100

150

200

250

�tCo�¡D\QOCFxyJ@GzD\SVWYQOJ�NnK�CVP�N>j�c�WY`LCFgTJ ��M|�¡D\Q\CmxyJ@G�DOSVWYQOJ�K�J�jiC}G�CF`�kJ�Q\C
. /21 3 �fpw³ ( 5 )���� @� ¥zz\¥z£o 9z£fOB[¥?9 ;)=V = L �¥ ª \¥?9O@o¥�>N= B ¬�¦@N= ª ¬�§m¤

50 100 150 200 250 300 350

50

100

150

200

250

�tCo�¡D\QOCFxyJ@GzD\SVWYQOJ�NnK�CVP�N>j�c�WY`LCFgTJ ��M|�¡D\Q\CmxyJ@G�DOSVWYQOJ�K�J�jiC}G�CF`�kJ�Q\C
. /21 3 �fp � 165������ @� ¥zz\¥z£o 9z£fOB[¥?9 ;)=V = L �¥ ª \¥?9O@o¥�>N= B ¬�¦@N= ª ¬�§m¤



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� ���

50 100 150 200 250 300 350

50

100

150

200

250

��Co�¡D\QOCFxyJ@GzD\SVWYQOJ�N
K�CVP�N>jtcdWY`ACVgTJ ��M|�¡D\QOCFxyJ@GzD\SVWYQOJ�K�J�j[CAG@CV`�kJ@Q\C
. /21 3 �fp � ³ 5�� � � @� ¥zvI¥z£o 9z£fOB[¥?9 ;)=V = L �¥ ª I¥?9O@o¥�>N= B ¬�¦@ = ª ¬�§m¤

50 100 150 200 250 300 350

50

100

150

200

250

��Co�¡D\QOCFxyJ@GzD\SVWYQOJ�N
K�CVP�N>jtcdWY`ACVgTJ ��M|�¡D\QOCFxyJ@GzD\SVWYQOJ�K�J�j[CAG@CV`�kJ@Q\C
. /21 3 �fp � � 5�� � � @� ¥zvI¥z£o 9z£fOB[¥?9 ;)=V = L �¥ ª I¥?9O@o¥�>N= B ¬�¦@ = ª ¬�§m¤



��� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

� � $ ��� � � ���������������� �� ��� ��& &f�4�4
,�;& &f��( �»��� 
�� &"���r�
��CVP"N6G@JzDOD\J<{�CVQhDhW[JFs�P�STZ"N�P�STZ�N�{"j[CVG�STP�N�K�CVP"N6j[J<G@CVK�QOJ�g�kJ@P�kJ�Q\CFj�S4]ZÀj[J�N�NhW u�K�J�gTQokJ�N

K�J�jwW[MUJ@Q�DfkJ�K"J�jiC�G�CV`�kJ@QOC�NOSVP�D_]C�G@SVP�DOQmESVjYJ@Q�p�B�J@N�{�QhWY`lWYDhWY�VJ@N���W[NhZ�J�jwjYJ@NlG@SVP�NhWYK�kJ@QokJ@J�NA{USTZ�Q
G@STP~D\Q�ESVjYJ@Q�jYJ�K�kJ@{fjiCVG�J@`}J@P~D¡K�ZlQhSTM|SFD�NOSVP�D!jYJ@N�G@SoSTQOK�SVP�P�kJ@J�N!K�J��6{USVWYP�DON�K�CVP"N�j�c�WY`LCFgTJVs~¸ �
% � ���=� � �\���	�	�
��� � �f� �\� * p�°nSTZ�N�ZfDOWwjYWYNOJ�QOSTP�N�jYJ@N�QokJ@NhZ"jwDICFDON>K�J,j[C�NOJ�G�DOWYSTP �fpw³Tp ! {|SVZ�Q�{"j[CVP"Wwe�J�Q
j[J�Z�QON4D\QOCFxyJ@GzD\SVWYQOJ�N»K�CVP�N�j�c�WY`LCFgTJVp�B4C�j[SFW~K�J�G@ST`}`ACVP�K"J�STMfD\J@P�Z�J�J�NhD»G@ST`}{USTNokJ�K�J!j[C>NOST`}`}J
K�c¢Z"P�JLG�ST`}{|J�P�N\CmDOWYSTPÄ{�QhST{USTQhDhW[STP"P�J�jwj[JAK�J}j�cdJ@QhQOJ�Z�Q�J�D�K�c¢Z"PRDOJ@QO`}JAK�JAG@ST`}{UJ@P�NOCFDOWYSTPÄK"J
j�cdJ@QhQOJ@Z"Q�K�J�DOQ\C�E � P�CVgTJFp
�������� ��� � � > � > 9��!%0.?16;! !��"&.<5�>�16�&% 7 ;�1 ;=%!% �!1�� > %-% �!*+�-,�. � > %-���! � �
�»STZ�Q�NhZ"WY�oQhJ�jiC,DOQ\CFxyJ�G�D\SFW[QhJ�J@PlZ"DhWYjwWYN\CVP~D�Z�P}CVNhNOJ�Qh��W[NhNOJ�`AJ�P~D���W[NhZ�J�j�K�CVP�N�jtcdWY`ACVgTJFsVP�STZ"N

Z"DOWwjYWYNOSVP�N!Z�PlCVNhNOJ�Qh��W[NhNOJ�`AJ�P~D���WYNOZ�Jzj � ��pm°�STZ"N�K�kJ�e�P"W[NhNOSTP"N!{|STZ"Q�G@JzjiC,j[C�� STP"G�DOWYSTP�K"J�DFECVGIH"J
·b]ClQokJ@gVZ"j[J�Q�]C � K�J�jiC}`ACVP"W�]J@QOJ�NhZ"WY�FCVP~DOJ�´

· � �µ � �t¸T� �\� O�¸��1� �\�O�
��CVP�N,j[C6NOZ"WwD\JlK"J�G@JzDOD\Jl{�CVQhDhW[JFs|j[C6P�SVDICmDOWYSTP�� � � �\�>NOJ@QOC6Z"DOWwjwW[NokJ@J}{|SVZ�Q,N�W[gTPfWYe�J�Q�jiC��FCFjYJ@Z"Q
K�J��¾]C:jtc�W[P�N�DICVP~D ��STMfD\J@P�Z�J<]C:{�CVQhDhW[Q�K�J�N�{"QhWY`}WwDOWw�TJ�N�{"j[CVP"Wwe�kJ�J@N�G�ST`}`}JAWYP�K"WYX�Z�kJ@J�N�K�CVP"N
j[J�N�NOJ�G�DOWYSTP�N�{"QokJ@GUkJ@K�J�P~D\J@N�p4B4CLP�SVD\CFDOWYSTP�� 6 N�W[gVP"WYe�J@Q\C6X�Z�J�j�cdSTP/G�STP�NhWYK�]J�QOJ�j[CA�FCFjYJ@Z�Q�K"J��
{|STZ"Q�jiC�{USTNhWwDOWYSTP^K�kJ@N�W[QokJ@J}K�Jlj[C6G�CV`�kJ@QOC^��Wtp¢JFp�]C�j�c�W[P"NhDICFP�D � � ³F�\p ��WYP�NhW!jYJ��TJ�G�DOJ@Z�Q�¸ � � �\�
J@NhD�jiC�D\Q\CmxyJ@G�DOSVWYQOJ,K�kJ@NhWYQokJ�J�K�J@N�{�QhWY`lWYDhWY�VJ@N���WYNOZ�JzjYjYJ@N
K�CVP"N�jtcdWY`ACVgTJVsoJ�D�¸ 6 J@N�D�jYJ��VJ@G�DOJ@Z�Q>K"J
{�QhWY`lWYDhWY�VJ@N���W[NhZ�J�jwjYJ@N�JzuoDOQ\CFWwD\J�N�K�J�jtc�W[`ACVgTJae�P�CFjYJVp|B4C�`ACFD\Q�W[G�J �µ � J@N�D,j[CL{�NhJ@Z�K"SF®¯WYP~�TJ@QhNOJ
K�c¢Z"P�`}SfK�]J�jYJ¡GIH"SVW[N�WoK�J!jiC>`ACFD\Q�W[G�J�K�cdWYP~D\J@QOCVG�DhW[SVP�µ<CVNhNOSoG�WzkJ@J�]C�¸Fp�B»C>`ACFDOQhWYG@J�K�c�W[P~D\J�Q\CVGzDOWYSTP
K�kJ@{UJ@P�KbK�J�j[C_{�QhSV� STP�K"J@Z�Q����m� �\�nK"JAGIH�CVX�Z�J}{|SVWYP~DaK�CVP�N�jYJlQOJ@{�]J@QOJLCVNhNOSoG�WzkJ<]C6j[C�G�CV`�kJ@QOC
]CLj�c�WYP�NhD\CVP~D �a�tNhJ�QokJz�1kJ@QhJ@QA]CAjiCAQOJ�j[CFDhW[STP�� ! pw³ /o�h�Ip|��J�{�CVQOCV`_]J�DOQOJ�P"J�{UJ@Z"D,{�CVN�EJzD\QOJ�STM"DOJ@P�Z
K"W[QhJ@GzD\J@`}J�P�D@p���J@{UJ@P"K�CVP~D�s4j[JLQ\CFDhW[S�� � � �\� ��� � � �\� � 1 6 {|J�Z"D6EJzD\QhJLJ�NhDOWY`�kJ�J�P�Z"DOWwjwW[NOCVP~D�j[C
QOJ�j[CFDhW[STP�� � p ! �~�Ip�°nSTZ�N<kJ@G�QhWw�TSTP�NaK�STP"G}j[C:`LCmD\QhWYG@J}K�c�WYP�DOJ@QOCVG�DhW[STPÄCVNONhSfGzWzkJ�J^]C���{USVW[P~DONaK"J
jiCl��C��G@SVP_NhZ"Ww�VCFP�DOJ�´

µn��¸V� �\� 3�� � �\� 3 1 6 � � � ³1 6"! �$# ���fp ! ³F�
S4]Z � � �\� � % � � � �\���	�	�
�%��� �\� * s�J�D�S�]Z ! � % ! � � �	�	� ! � � * � J�D � � % � � � �	�	� � � � * � NOSTP~D�K�J@Zfu
`LCmD\QhWYG@J�N�K"JaKfW[`}J@P"NhWYSTP�N � � � ! WYP�K�kJ�{|J�P�K�CVP~DOJ@N,K"Z�{�CFQ\CV`:]J�DOQOJ21 6 ´

�         !          "

! � � º
M&N O �')( ����� 1 * ( �����')( � ���

1 O �')( ����� + ( �����')( � ���
T�,U

� � � º
MN �-�F� �\� � �1� �\� Oa³ O.�-�F� �\� > � �1� �\�

³ 
 � � � �\� > O/� � � �\� � � � �\� O0� � � �\�
TU



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � �

°�STZ"NnGIH"SVW[N�W[NhNOSTP"N�CFjYSTQON�´
�µ �¾µ��t¸ � � �\� 3 �� � � �\� 3 �1 6 �

S4]Z �1 6 J�NhDaj[JANOJ�Z"j�{�CVQ\CF`_]JzD\QhJ^]C�e"ufJ@Q�{�CVQ�j�cdZ"DOWwjwW[NOCFD\J�Z�Q@s»J�D�S4]Z �� � � �\��{|J�Z"D6EJzD\QOJAJ@N�DOWY`�kJ@J
G@ST`}`}J¡P�STZ�N�jYJ!K�kJ@G�QhWw�TSTP�NrK�CVP�N�j[C>NOZ"WwD\JFpm��ST`}`AJ¡P�STZ"N4jtc¢C1�VSTP�N»K�kJhx�]C��oZ�s1Z�P"J¡K�kJ@G@QhSVWYNON\CFP�G@J
Jzuf{USTP�J@P~DhW[JzjYjYJ�K�J!j[C�� STP�G�DhW[SVP�K�J!DmECVGIH�J�·,�TJ�QON � {UJ@Z"D¡EJzD\QOJ�Nh{�kJ@GzWYe�kJ�J�J�PaWY`}{|STNOCVP~D �· � O��%·
����QhJ@{�QokJ@NhJ@P~DICVP~D}j[C^G�STP�N�DICVP~D\J�K"J6D\J@`}{�N}K�J6j[C/K�kJ�G@QOSFW[NhN\CVP�G�J�Jvuf{|STP"J@P~DOWYJ�jwj[J��Is!j[C<jYSVW�K�J
G@ST`}`ACVP�K"J�G�STQOQhJ@NO{USTP�K�CVP~D\JaN@cykJ@G@Q�WYD,CFjYSTQON�´

� Æ � O���· O�� ·
� �S4]Z � Æ>J�NhD�j[CL��WYDOJ@NhNOJlK�JajiC�G@CV`�kJ@QOC�J@P~�TS1�!kJ@JACVZou/G�STP~D\QmESFj[J�Z�QON�K"Z/QOSTMUSVD@p|q!P<STZfD\QOJFs|N�W�j[C

G�WYM"jYJ�J@N�D,WY`A`}STMfWYjYJVs|CFjYSTQON�P�STZ�N,C1�VSTP�N � ·
� �
� O �µ � � ¸��

� �
sUJzD,j[CLG�ST`}`LCFP�K�J�J�P���WYDOJ@NhNOJlJ@N�D

K�STP�P�kJ@Ja{�CVQ�j[CAQhJ�j[CFDOWYSTP�´
� Æ��O���· 
 �µ � � ¸ �

� �S4]Z�jYJ�DOJ@Qh`AJ �µ � � ¸ �
� �

{|J�QO`}J�DLK�J�G�ST`}{|J�P�NOJ�Q�jYJ@N�J�QOQhJ@Z�QhN�K�J:D\QOC�E � P�CVgTJVp¡��CVP"NAjYJ@NL{�CVQ\C�®
gTQ\CF{�H�J@N
NhZ"WY�FCVP~DON@sUP�STZ�N
K�kJ�G@QhWw�TSVP�N�G�ST`}`}J@P~D �� � � �\�¡J�D � ¸��

� �
{UJ@Z"�VJ@P~D�EJzD\QhJaSVM"D\J�PoZ"N@p

� ¸�¿� �Äº"¿���� � ½4· � � � �\� � °�SVZ�N�QOCV{�{UJ�jYSTP�NaX�Z�J � � � �\� � % � � � � �\���	�	� � � � � �\� * pr°nSTZ�N�J@N�DOW ®
`}STP�N0� � 	 � �\��J�P�Z"DhWYjwWYN\CVP~Dnj[J�NnQhJ�j[CFDOWYSTP�Na� � p ! ���%´�     !      "

�� � 	 � �\��� � � � � �\�
�� � � � �\� �� 	 � �\� NhW � 		� �

�� � 	 � �\��� �
 � � ¿ � 6 ����¿���� 	6 � NhW � 	 �� � ���op !�� �

�oW»jiCAG�CFjwW[M"Q\CFDhW[STP�P�c¢J�NhD�{�CVN,{�CFQh��CFWwD\JFs%j[C�`ACFDOQhWYG@J �
� J@N�D�Z"DhWYjwW[NokJ@J�]C}jiCA{"j[CVG@J�K"J � p �nj[STQhN

jiC_`ACFD\Q�W[G�JLK�cdH�ST`}STgVQ\CV{�HfW[JASTM"DOJ@P�Z�J�J�PÄ{�QokJ@NhJ@P�G�J�K�cdJ@QhQOJ@Z"QON�K"JLG@CFjYWYM�QOCFDOWYSTPÄJ�NhD�K�STP�P�kJ@J
J@P:� STP�GzDOWYSTP�K"JaG�J�jwj[JaSTM"DOJ@P�Z�JaNhW�j[ClG�CFjwW[M"Q\CFDhW[STP_J@N�Dn{�CVQh��CmWYDOJa{�CVQ�´

�
� ��� �\� � �

� �<� �1� �\� �� ��� �@� �\� � ��� ��� �\� � � � ���op ! ! �
S4]Z � � � �\�¡J@NhD�K�STP"P�kJ�{�CVQ�� � p ! /��%´

� ��� �\� ���tK�JzD�� �� �� � �\�h�O��� ���op ! ²o�
q!P�STZfD\QOJFs�K�c¢CV{�Q@]J�Nnj[ClQOJzjiCFDhW[SVPÄ� �fp � 4o�Is�� �fp ! ²f��{UJ@Z"DnN�cykJ�G@QhWYQOJ�´

� ��� �\� �¾K�JzD��O� �� O�� � � � � � �\�h� � ���op ! �~�
STQ>K�JzD�� � � � �\�h� � ³�W[`}{"jwW[X�Z�J�´

� �@� �\� �¾K�JzD��O� �� O�� � �O� � ���op ! 4��



��� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

��c�CV{"Q@]J@N:j[C�QhJ�j[CFDOWYSTP�{"QokJ@GUkJ@K�J�P~D\JVs � � � �\�6J�NhD�J@P¾��CFWYD:WYP�K�kJ�{|J�P�K�CVP~D/K"Z D\J�`}{�N@snP�STZ�N:jYJ
P�SVD\J�QOSTP"N�K�STP�G,K�CVP�N¡jiC�NhZ"WwD\J � � p"��J�{"j[Z"N�G@ST`}`}J ��� J�D�� � {UJ@Zf�TJ@P~DaEJ�DOQOJ�STM"D\J�P�Z�N>N\CVP"N
J@QOQhJ@Z�Q�s�WYj�J�PbJ�NhD�K�J}`_EJ�`}JL{USTZ�Q � � p4B4J}{�CFQ\CV`:]J�DOQOJ � � � �\��{UJ@Z"DRkJ@g~Cmj[J�`AJ�P~D�EJzD\QOJ}J�NhDOWY`�kJ
N\CVP�NnJ@QhQOJ�Z�Q
G�CVQ�´

� ��� �\� �¾K�J�D�� � �1� �\�O� � K"J�D1� � �1� �\��� ��� ���fp ! & �
��CVP�N}j[J_G�CVNAG@SVP�NhWYK�kJ@QokJVs¡P�STZ�NLC��TSTP"NLj[C^� STQh`}J�CVP�CFjY��DhW[X�Z�J�K�J � � � �\�\s�P�STZ�NAZ"DOWwjwW[NhJ@QOSVP�N
K�STP�G�j[C}� STQh`�Z"j[CFDhW[STP:NhZ"WY�FCVP~DOJ�{USTZ�Q>jtc¢J�NhDOWY`ACFDOWYSTP_K�J � � � �\�%´

� � � �\� � K"J�D�� � � � �\�O�
K"J�D1� �� O � � � ���fp ! /o�

��c�CVZfD\QOJl{�CVQhD@s|j[C:P"STQO`ACFjYJ}CVZ^{"j[CVP^K�JlQokJz�1kJ@QOJ�P�G@J�� Jvu"{"QhWY`�kJ�JLK�CVP�N�jYJlQOJ@{�]J@QOJACVNhNOSoG�WzkJ/]C
jiC}G�CV`�kJ�Q\C/]Cljtc�W[P�N�DICVP~D ��J�NhD�K�STP�P�kJ@J�{�CVQ�´

� �1� �\� � � ��� �\� � 6 ���fp ! ( �
J�Dn{|J�Z"D�EJ�DOQOJ�J@N�DOWY`�kJ�J�J�P�{�QokJ@NhJ@P�G�J�K�cdJ@QhQOJ�Z�QONnK�J�G�CFjwWYM�Q\CFDhW[SVP�K�J�j[CA`ACVPfW�]J�QOJ�NOZ"Ww�FCVP~D\J�´

�� �1� �\� � ³� �� ��� �� � �\� �� 6 � ³� ��0��� � ��� O����V� � �� �� 6 ���fpd² 1o�
q�P^Z"DhWYjwWYN\CVP~D�G�J�DODOJ}CV{�{�QhS�ufWY`ACFDOWYSTP^{USTZ�Q�jYJ��VJ@G�DOJ@Z�Q�P�SVQO`ACFj�JzD�K�CVP"N,j[J�G�CVN�S�]Z�j[J�{USVWYP~D
G@STP�N�W[K�kJ@QokJ�CV{�{�CFQhDOWYJ@P~D�CVZ:{"j[CVP_K�J�QokJ���kJ�QOJ�P�G@JFsUSVP�CVMUSTZ"DhWYD�]Cf´

�� �@� �\� � ³� �� ��� �� � �\� �� 6 � � � ��� �=� � � � � � � � � � � � 6� � � � � � 6 � � � � � � � � � � �\�� � � � � � 6 � ���fpd²�³F�
J�DnK�STP�G�´

�� � 	 � �\��� � � � � �\�
�� � � � �\� �� �	 � �\� � � � � �\�

��� � � ���
	�� �  	�� �
� � � 

� � � �	 � �\� ��� � �0� � � 6 � � � 	 � �\� ���fpd² � �

°�STZ�N»Z"DhWYjwW[NhJ@QhSTP�N4jiC
QOJzjiCFDhW[SVP�� �fp¢² � �|{|STZ"Q�J@NhDhW[`}J�QrjYJ@N»{�CVQ\CF`_]JzD\QhJ@N � � 	 � �\�UWYP�DOJ@Q��TJ@P�CVP~D�K�CVP"N
jiC�j[SVWUK�J�G@ST`}`ACVP�K"JVpfB�cdJ@QhQOJ�Z�Q�`�Z"jYDhW[{fjYWYG�CFDhWY�VJ�G@SV`A`lWYNOJ�J�P6Z"DhWYjwW[NOCVP~D�G�J�DODOJ,QhJ�j[CFDOWYSTP�{USTZ�Q
J@NhDhW[`}J�Q � � 	 � �\�Is�jYSTQhNOX�Z�J}j[Jl{USVWYP�DaG�STP�NhWYK�kJ�QokJACV{�{�CFQhDOWYJ@P~D�CVZ^{"j[CVPRK�J}QokJ���kJ�QOJ�P�G@JFs»J�NhDaCFjYSTQhN� � 6�� � � ��� ��p�q!P<QOJ�`LCFQOX�Z�CVP~D�s|K�J�{"jYZ�N�s�X�Z�J�j[CLD\QOCVP�Nhj[CFDhW[STP<{�CVQhDhW[JzjYjYJ�{UJ@Z"DlEJzD\QhJ�J@N�DOWY`�kJ�J
K�J�jiC}`ACVP"W�]J@QOJ�NhZ"WY�FCVP~DOJ�´

� ¿ � �T� �\� � ��³ O @f� �\�O� �� � � � �� � � 6 ���fpd² ! �
STP6CVMUSTZ"DhWYD¡K�CFP�N¡jYJnG�CVN¡S4]ZAjYJn{|SVWYP~D¡G@STP�N�W[K�kJ@QokJ�P�c¢CV{�{�CVQ�DOWYJ@P~D�{�CVN�CFZL{"j[CVPLK�J�QokJ���kJ�QOJ@P"G@JA]C�´

�� � 	 � �\�����h³ O @o� �\�O� �
 � �\� � �� � � � �� �� 6 �� �
 � �\� �� � ¹ 6	 O �
� � � �� O�� � � � � � �\�¯¹ �	 � �\� � ���fpd²T²f�

C1�VJ@G�´
�
 � �\� � �"% �� � � � �� �� 6 *LK � �� O � � � � � � �\�¯¹ 6	 ��"% �� � � � �� �� 6 *LK �� � ¹ �	 � �\� � ���fpd² ���



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� �%$

� ¸�¿� �Äº"¿���� � ½»·���� �
� � � B4C�QOJ�j[CFDhW[STP � �fp � & �}G�STP�K�Z"WwDÄ]CÄjtc¢Jvuf{�QOJ�NONhWYSTP NOZ"Ww�FCVP~D\J<{USTZ�Q�j[C

K�kJ@Q�WY�!kJ�J�D\J�`}{|STQhJ�jwj[J�K�J�¹ � � �\�%´
�¹ �	 � �\� � ³� � � �\� � �� � � �\� ¹ 6	 
 � 	 �· � � �\��O �� � � �\� ¹ �	 � �\� # ���op¢² 4��

J�DnNhW4P"STZ�N:kJ@G@Q�WY�VSTP�N
jiCl`ACFDOQhWYG@J�K�J�G@SVjwWYP�kJ�CFDhW[SVP�J�D>jtcykJ@{"WY{|SFj[JaNOSTZ"N
j[Cl� STQO`}J�´
� � �\� �

MN � � � �\�
� > � �\�� R1� �\�

TU 3 ·U� �\� �
MN · � � �\�

· > � �\�· R1� �\�
TU

���op¢² & �
P�STZ�NnC��TSVP�N�´ �               !                "

�� � � �\� � �@f� �\� % O � � 
 � ��� O�� � � � � � �\� * � MN �� � � � �\��� �> � �\��� �R � �\�
TU

�· � � �\� � O �@f� �\� · � �
MN �· � � � �\��· �> � �\��· �R � �\�

TU

� �	 � �\� � � �R � �\� ¹ 6	 
�� 	i· �R � �\�
�� �	 � �\� � �� �R � �\� ¹ 6	 
�� 	 �· �R � �\�

���op¢² /��

q!P/W[P~D\QhSfK"Z"W[NOCVP~D�jYJ@N�QhJ�j[CFDOWYSTP�N�K�STP�P�kJ�J@N�{�CFQ����op¢² /���K�CFP�N,j[C�QOJzjiCFDhW[SVP����fpd² 4o�\s%P�STZ�N�SVM"D\Jv®
P�STP�N�j[C�K�kJ@Q�WY�!kJ�J¡DOJ@`}{|SVQOJ�jwjYJ!K�J!jiC�DOQ\CFxyJ�G�D\SFW[QhJ!{"jiCFP"WYe�kJ@J�K�CVP�N�jtcdWY`ACVgTJ �¹ �	 � �\� � % �� �	 � �\� �� �	 � �\� 1 *K�J}jiC:{�QOSFxyJ@G�DhW[SVPÄK�JAGIH�CVX�Z�JL{|SVWYP~D � 	�G�STP�N�W[K�kJ�QokJFp�°nSTZ�NaJ@PÄK�kJ@K�Z"WYNOSVP�N�K"WYQOJ�G�DOJ@`}J@P~D�j[C
�FCFj[J�Z�Q
K�Z:�TJ@GzD\J�Z�Q�K"J�{�CFQ\CV`:]J�DOQOJ�N���� �

� � � �¸ � � �\� � % �� � � � �\� �	�	� �� �� � �\� * p
� � $ ��� � ���&"��� �"��� &��	� ����4�%� ( �»�������
�

B�J�N>`�kJzD\H�SoK�J�Nn{"QOST{USTNokJ�J@N
STP~D6kJ�DfkJ�D\J�NhDfkJ�J@N
NOZ"Q�jiCl{"j[CFD\Jv®¯� STQh`}J�QOSTMUSVDOWYX�Z�J�K�J�jtc ! � ! � ��s
kJ@X�Z"WY{�kJ@J�K�c¢Z"P�QOSTMUSVDrG�CVQ�DfkJ�NhWYJ@P ���  ��]CnNhW u�K�J@gTQokJ@NrK�J�jwW[MUJ@Q�DfkJFpVB4C�G@CV`�kJ@QOC�J@N�D�J�`�M�CVQhX�Z�kJ@J
NOZ�Q4jtc¢STQhg~CVP�J�D\J�QO`lWYP�CFjfK�Z�QhSTM|SFDrJzD�SVM�NOJ�Qh�TJ�Z�P�SVM"xyJ�DrK�c�W[P~DfkJ�Q@EJzD�NhD\CFDOWYX�Z�JVpFB�J�`}SoK�]J�jYJ>� � �
K�J�G@JzD
STM"xyJzD
J@NhD
NhZ�{�{USTNokJ�WYP�G@SVP�P�Z�p%B4C�DFECVGIH�J�G�STP�N�W[N�D\J6]C�QOJ�{|STN�WYDhW[SVP�P�J@Q�jYJ�QOSVM|SVD�K�J�D\JzjYjYJ
NOSTQ�D\JAX�Z�JAjtc�W[`ACVgTJLCVG�XoZfW[NhJ�{�CVQ�j[C_G@CV`�kJ@QOC�]C�jiC�e�PRK�JAjtc¢CVNONhJ@Qh��WYNONhJ@`}J@P~D}G@SVQOQOJ�NO{USTP�K�J^]C
Z�P�J�WY`ACVgTJlCFG@X�Z"WYNOJ�jYSTQON�K�c¢Z�P"Jl{�H�CVNhJ�K�c¢CV{�{�QhJ@P~DOWYNONOCVgTJ}K�J�jtcdWY`ACVgTJ�K�kJ@NhWYQokJ�JVp�°nSTZ�N�C��VSTP�N
Z"DOWwjwW[NokJaDOQOSVWYN>D �f{UJ@NnK�J�G�WYM"jYJ�´
5�Z�P�STM"xyJ�DL{"j[CVP�G�ST`}{|STNokJ�K"J�X�Z�CFDOQOJ_K"W[NhX�Z�J@N6MfjiCVP"G@N�NhZ�Q}� STP�KÀP"SVW[Q��t{�CVQ\CVgVQ\CV{�H"J
�fpw³Tp & pY³m�
�

5�Z�P/SVM"xyJ�D,P�STP/{"j[CVP/G�ST`}{|SVNokJ�K�J�P�J@Zf��K"W[NhX�Z�J@N�M"j[CVP�G�N�NOZ"Q�� STP�K�P�SVWYQ��t{�CVQ\CVgVQ\CV{�H"J
�fpw³Tp & p � �
�

5ÀjtcdWY`ACVgTJ�K�cdZ�P�JaNOGV]J�P�JaG@ST`}{"jYJzufJL�t{�CVQOCVgTQOCV{�H�J �fpw³Tp & p ! �Ip
B�J@N
J@QhQOJ@Z"QONnK�J�D\Q\C1E � P�CFgTJVs�NhZ�M�N�W[N�DICVP~DL]C�j[C�e�P�K"J�j[Cl{�H�CVNhJ�K"JaNhZ"Ww�oW4K"J�DOQ\CFxyJ�G�DOSVW[QhJ@N�sUNhSTP~D
kJ�jwW[`lWYP�kJ@J�NAJ�P�ZfDOWwjYWYN\CVP~DAZ�P�J:G�ST`}`LCFP�K�J:{�QOSV{|STQ�DOWYSTP�JzjYjYJÄ]C/j�cdJ@QhQOJ@Z"QAJ�P~D\QOJ�jYJ6�TJ�G�D\J�Z�QAK�J
`}J@NOZ"QOJaG@STZ�QOCVP~D\JaJ�D>jYJ��TJ@GzD\J�Z�Q,K�J�G�STP�NhWYgTP�J�e�P�Cmj[J�K�kJ�NhWYQokJ@JFp



��� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

���������8��� ��>��! #� 7D #;�, �
��CVP"N>G@Ja{�CVQ\CFgTQ\CV{"H�JVs�P�SVZ�N
{�QokJ�NOJ@P~DOSTP�N,jYJ@N
QokJ�NOZ"jwDICmD\NnSTM"D\J�P�Z�N�C��TJ�G�Z"P�J�GzW[Mfj[Ja{"j[CVP�JVp

B4J�N�W[P"� SVQO`ACFDOWYSTP�N���WYNOZ�JzjYjYJ@N�Z"DOWwjYWYNokJ�J@N�NOSTP~D:j[J�N:G@SoSTQOK�SVP�P�kJ@J�N:K�Z G�J@P~D\QhJbK"JRgVQ\C���WYDfkJRK"J
GIH�CVX�Z�J,KfW[NhXoZ"JVp�B�J�N¡WY`ACVgTJ@N�WYP"WYDhWiCmj[JnJ�D�K�kJ@N�W[QokJ@J�K�Jnj[C�NOGV]J�P�J�NhSTP~D�WwjYjYZ�N�D\QokJ�J@N�NOZ�Q�j[J�N�e�gVZ�QOJ�N
�fp � ! ��Co��J�D �fp � ! �tMU�>QOJ�NO{UJ@GzDOWw�TJ@`}J�P�D@p4B�J�K�kJ�{"jiCFG@J@`}J�P�D�J�P~D\QOJ�G@J@N,K�J@Zfu�{�Q�W[NhJ@N�K�Ja�fZ"J�J@N�D
D\Q@]J�N>W[`}{USTQhD\CVP~D�JzDnG@STQhQOJ@Nh{|SVP�K�]C�´

DOQ\CVP"Nhj[CFDOWYSTPb�t`}`6� � * � � / � + � ²V² 1 ��� � ³ 1215/

QhSVDICmDOWYSTPR�tK�gf� ��Z�P�� * � O & ! �tZ4P�� + � O � 1 ��Z�P���� � ³ ! ²

��C�� ��M|�
. /21 3 �fp � ! 5 � =�� IL = �o¥�¬«¤�¬ ª ¬�= B[¥�¥ ª �y¦��}¬2L = �o¥%@0J¥?9z¬« J¥1¥

�rSTZ�Q���kJ@Q�WYe�J�Q�j[C_QhSTM�Z�N�D\J�NONOJ�K�JLP"SVD\QhJL`�kJ�DOH�SoK�JLK"JL{"j[CVP"Wwe�G@CFDOWYSTPÄK"JADOQ\CFxyJ�G�D\SFW[QhJ@N@s»P�STZ"N
{�QokJ�NOJ@P~DOSTP�N�jYJ@N
QokJ@NOZfjYD\CFD\NnSTM"DOJ@P�Z�NnJ@P_Z"DOWwjYWYN\CFP�DnD\QhSVWYN>J@P�NhJ@`�Mfj[J�N�K�J�{�CVQOCV`_]J�D\QhJ@N�´

³Tp
G�CFjwWYM�Q\CFDhW[SVP�G�STQOQhJ@G�DOJ�´�j[J�N
{�CVQ\CF`_]JzD\QhJ@N
W[P~D\Q�W[P"N@]J@X�Z�J�N�NOSVP�DnG�STQOQhJ@G�DOJ@`}J@P~D,J@NhDhW[`�kJ�N�JzD
jiC}{�QhSV� STP�K�J�Z�Q 1 6 J�NhDn{�QhWYNOJ<kJ@gTCFj[J6]ClN\Cl�FCFjYJ@Z�Q
QokJ�J�jwj[J�K�J ! 4}G@`:s

� p
`ACVZ"�FCFWYNOJlG�CmjYWYM�Q\CmDOWYSTP�´�K�CFP�N�G@J�G�CVN�s�Z�P�J�J@QOQhJ@Z�Q,K�J � 1� C�kJzDfkJlCFxySVZ"DfkJ�J�]C�GIH�CVG�Z�P
K�J@Nn{�CVQOCV`_]J�DOQOJ@N>WYP~D\QhWYP�N@]J@X�Z�J@N,J�D
jiCl{�QhSV� STP�K"J@Z�Q 1 6 C�kJ�DfkJ�{�QhWYNOJ^kJ@g~Cmj[J�]C � 1lG@`:s

! p>D\Q@]J@N�`ACVZ"�FCFWYNOJ
G�CFjwWYM�Q\CFDhW[SVP�´TK�CVP�N�G�J>K�J@QhP"W[J�Q�G�CVN�s~Z�P�J>J@QhQOJ�Z�Q�K�J �51��C/kJzDfkJ
CFxySVZ"DfkJ�J
]C_GIH�CVG@Z�PbK�J@Na{�CVQOCV`_]J�DOQOJ@N�WYP~D\QhWYP�N@]J@X�Z�J@N�J�D�jiC:{�QhSV� STP�K�J�Z�Q21 6 C�kJ�DfkJ}{�Q�W[NhJ�kJ�g~CFjYJ/]C
/21lG@`:p

�rSTZ�Q�GIH�CVX�Z�J�J�P�NOJ�`�M"jYJ�K�Jb{�CVQOCV`_]J�D\QhJ@N�s�P�SVZ�N/C��TSVP�N�QokJ�CFjwW[NokJÄK�J�Zfu Jzuf{�kJ�QhWYJ@P�G�J@N�´�Z�P"J
Jzuf{�kJ@Q�W[J�P�G@JRJ@P�ZfDOWwjYWYN\CVP~D6j[C�NOSFj[Z"DhW[SVP ]CÄ`lW[P"WY`�Z"` K�cykJ@P�J�QOgVWYJ<J�D�Z"P�J/NOJ�G@STP"K�J<J@P Z"DhWYjwWw®
N\CVP~D
jiC}NOSFj[Z"DhW[SVP�]Cl`lW[PfW[`�Z�` K�c¢CVG@GUkJ�jzkJ@Q\CmDOWYSTP�p



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� �%#

³F� ��º#��� ��
�º"¿�$� � ¼ � 

�·o¼V¿1·�´ �fSTZ"jwWYgTP�STP�N�s@D\SVZ"D4K�c¢CVM|SVQOK�s�X�Z�J�jYJ@N�DOQ\CFxyJ�G�D\SFW[QhJ@N4K�CVP�N�jtc�W[`ACVgTJ
STM"DOJ@P�Z�J@N�C1�VJ@G�jYJ@N,NOSVjYZ"DOWYSTP�N}]CL`lWYP"W[`�Z�` K�cykJ�P�J@QhgVWYJ�J�DA]CL`lW[PfW[`�Z�` K�c�CVG�GUkJzjzkJ�Q\CFDhW[STP<NhSTP~D
W[K"J@P~DOWYX�Z�J@N_�tG�ST`}{�CVQhJ@Q�jYJ@N�e�gTZ�QhJ@N �fp � ²��tCo��C1�VJ@G �fp � �"�tCo�,J�D �op � �f�tM|��C1�VJ@G �op � �f�tM|�h�IprB4J�N
D\QOCFxyJ@GzD\SVWYQOJ�N�NOZfWY��WYJ@N�NhSTP~D�� STZ�QhP"WYJ@NaNOZ�Qaj[J�N�e�gTZ"QOJ �fp � ²��tM|��JzD �fp � �"��M|�Ip<!¯j���CVZ"D�NOSVZ"jYWYgTP�J�Q
X�Z�J
G@J@N�D\QOCFxyJ@GzD\SVWYQOJ�N�NOSTP~D¡NhWY`lWYj[CFWYQOJ@N�CVZfu�D\QOCFxyJ@GzD\SVWYQOJ�N�{"j[CVP"Wwe�kJ�J@N�WYjwj[Z"NhD\QokJ@J�N�NhZ�Q!j[J�N�e�gTZ�QOJ�N
�fp � ²���C��¡J�D �fp � �"��Co�\p%��J�j[CL`}STP~DOQOJ�j�cdJ� AG�CFG�WwDfkJaK�Z�NhGIH�kJ@`AC�K�J�G�ST`}`LCFP�K�JVp|B�J@NnJ@QhQOJ@Z"QONnK�J
NOZ"Ww��W¡��¸T� �\��Ob¸ � � �\�O��NhSTP~D
QOJ@{"QokJ@NhJ@P~DfkJ�J@Nn{�CVQ�jYJ@N�e�gTZ�QOJ�N �fp � ²��tKU��J�D �op � �f�tK|�\p ��P�QOJ�`LCFQOX�Z�J
X�Z�J�G�J@N}J@QhQOJ�Z�QONAQOJ�NhD\J�P~DLNhZ" AN\CV`}`}J@P~DL��CFW[Mfj[J�NAK�CVP�Nlj[J�NLK"J@Zfu�G@CVN_��jtc¢J�QOQhJ@Z�Q}`ACmuoW[`ACFjYJ
QOJ�NhD\JnW[Pf�1kJ@QhWYJ@Z"QOJl]C ��{"WwufJzj[Nv�!{USTZ�Q¡CVNONhZ�QOJ�Q�jYJ�MUSTPAG@ST`}{USTQhDOJ@`}J@P~D�K�Jnj[C�j[SVW%K"J�G�ST`}`LCFP�K�J
� ��p�B�J@N�J@QOQhJ@Z�QhN�NhZ�Q¡jYJ@N�G@SoSTQOK"STP�P�kJ�J@N�K"J@N�{USVWYP~D\N¡K�CVP�N¡j�c�W[`ACVgVJ�NhSTP~D�QhJ@{�QokJ@NOJ�P~DfkJ@J�N>NOZ�Q¡j[J�N
e�gTZ�QhJ@N �fp � ²���Gm�nJ�D �fp � �"��Gm�\p�B4C:G�STP~�TJ�QOgTJ�P�G@JLK�J@N�G@SoSTQhK�STP�P�kJ�J@NaK�CVP�N�jtcdWY`ACVgTJlK�J}GIH�CFG@Z�P
K�J@N,{|SVWYP~D\N�G@STP�N�W[K�kJ@QokJ�N��TJ�QON,jYJ@Z�Q��VCmj[J�Z�Q,K�kJ�NhWYQokJ�J�K�kJ@`}STP~DOQOJ�X�Z�J�j[CLDmECVGIH�J�C�kJ�DfkJ�G@STQhQOJ�G�D\Jv®
`}J@P~D�QokJ�CFjwWYNokJ@JFp»B4J�N�D\Q\CmxyJ@G�DOSVWYQOJ@NaK�Jlj[C_G@CV`�kJ@Q\C:K�CVP"N�jtcdJ@NO{�CVG@JAK�J}D\Q\C��FCFWwj!NOSVP�DaWwjYjYZ�NhDOQokJ�J@N
NOZ�Q!jYJ@N�e�gTZ�QhJ@N �fp � ²����v�4JzD �op � �f���v�Ip~B�J@N�GIH�J�`lW[P�N�NOZ"Ww��W[N�{�CVQ�j[CaG@CV`�kJ@QOC"s~K�CVP�N!jYJ@N¡K�J@ZouAG�CVN�s
NOSTP~DnW[K"J@P~DOWYX�Z�J@N�JzD�DOQ@]J�N�NOCFDOWYNh��CFWYN\CFP�DON@p��fJ@Z"j4jtc�CFNO{UJ@G�DnD\J�`}{|STQhJ�j»K"Ww±�]J�QOJFp���JzjiCANOJaQOJ�DOQOSTZf�TJ
CVZ^P"Ww�TJ�CFZÄK�J�NaG�STZ�QhM|J�NaQhJ@{�QokJ@NhJ@P~DICVP~DajiC6��WwD\J@NhNOJLK�J�jiC�G@CV`�kJ@Q\C:K�STP"P�kJ@J�N�{�CFQ�j[J�N�e�gTZ�QOJ�N
�fp � ²��tJ���JzD �fp � �"��Jm�\p%B»C}��WYDOJ@NONhJl`ACmuoW[`ACFjYJ�J�NhD�CmDOD\JzW[P~DOJ�{"jYZ�N,QOCV{"WYK�J@`}J�P�D�K�CVP�Nnj[JaG�CVN�K�Z
`lW[P"WY`�Z"` K�cykJ�P�J@QhgVWYJVp

��� ·~¿ $���� º#� ��º#��¸@·}·~¿,¿�

�·o¸ �bº#���"º#��¸@·}¼Tº#��� ��
�º"¿�$� � ¸^´T°�SVZ�N�D\J�NhDOSTP�N�WYG�WfjiC,QhSTM�Z�Ny®
D\J�NONOJ�K�J�P"SVD\QhJ�`�kJ�DOH�SfK"Ja��WYN�®@]C�®¯��W[N�K�J@N�J@QhQOJ@Z"QON,NhZ�Q�jtcdJ@NhDhW[`ACFDhW[SVP/K�J�j[C}G�CFjwW[M"Q\CFDhW[STP�J�D�K�J
jiCA{�QOSF� STP�K�J�Z�Q�1 6 p|��ST`}`}J�P�STZ"N,{USTZ"�TSVP�N�jYJ�G�STP�NhD\CFD\J�Q�NhZ�Q�jYJ@Nne�gTZ�QhJ@N �fp � ²���Co�\s �fp � 4���C��
J�D �fp � �"�tCo�Is �fp � & �tCo�Is%j[J�N�D\QOCFxyJ@GzD\SVWYQOJ�N�{"jiCFP"WYe�kJ@J@N�K�CFP�N,jYJ@N�G�CFN�K�J�j[C6G�CFjwW[M"Q\CFDhW[STP^G�STQOQhJ@G�DOJ
J�DaK�J�j[C�`LCFZ"�FCFW[NhJLG@CFjwW[M�QOCFDOWYSTP^NOSVP�DaN�W[`lWwjiCFWYQOJ�N@pr��J�j[C:G@STP"e�QO`}JVs�K�J}P�SVZ"�TJ@CVZ�s�j[C:QhSTM�Z�Ny®
D\J�NONOJ
K�J�j�c¢CFjYgTSTQhWwD\H"`AJ�K�J�{"j[CVP"Wwe�G�CmDOWYSTP}K�J�D\QOCFxyJ@GzD\SVWYQOJ�N���W[Ny®@]Cm®��oWYN�K�J�N!J@QhQOJ@Z"QON!G@SVP�NhWYK�kJ@QokJ@J�N@p
°�SVDOSTP�N6kJ@gTCFj[J�`}J@P~D,X�Z�J�jYJ@N>D\QOCFxyJ@GzD\SVWYQOJ�N�{fjiCVPfWYe�kJ�J@N�sUK�CVP�N>j[J�G@CVN>K�J�jiClD\Q@]J@N
`ACVZ"�FCFWYNOJ�G�C�®
jYWYM�QOCFDOWYSTP�s4QOJ�{�QokJ�NOJ�P�DfkJ@J�NlNOZ�Q�j[J�N�e�gVZ�QOJ�N �fp � /��tCo��J�D �fp � ( ��Co�nNhSTP~DbkJ�g~CFjYJ@`}J@P~D�{"QOSoGIH�J@N�K�J
G@JzjYjYJ@N}STM"DOJ@P�Z�J�NlK�CVP�N�jYJ@N}CFZ"D\QhJ@N�G@CVN@p�B4J�N�D\QOCFxyJ@GzD\SVWYQOJ�NlQokJ�CmjYWYNokJ�J@N:���VSVWYQ�e�gTZ�QhJ@N �fp � 4���M|�Is
�fp � & �tMU�>J�D �fp � /��tM|�\s �op � ( �tM|�h�IsUNOSTP~D�JzjYjYJ@N�CVZ"NONhWrD\Q@]J@N�NOCFDOWYNh��CFWYN\CFP�DOJ@N�p�B�J@N�J@QhQOJ�Z�QON�K"J�NOZ"Ww��W
� STZ�QhP"W[J�Nl{�CVQaj[J�N�e�gTZ�QhJ@N �fp � 4���K|��JzD �fp � & ��K|�Is»K�CVP�N�j[J6G@CVN�K�JLjiC/`ACVZ"�FCFWYNOJ�G�CFjwW[M"Q\CFDhW[STP�s
QOJ�NhD\J�P~D���CFWYM"j[J�N,K�Z"Q\CVP~D,jtc¢CVNONhJ@Qh��WYNONhJ@`}J@P~D���D\SVZVxySTZ�QhN�WYP"�1kJ@Q�W[J�Z�QOJ�NL]C �}{"WwufJzj[Nv�Ip���CVP"NnjYJ�G@CVN
K�cdZ�P�J�D\Q@]J@N�`ACVZf�VCmW[NhJ�G�CFjwW[M"Q\CFDhW[STP�sfjYJ@N�J�QOQOJ�Z�QON>K"J�NOZ"Ww��W�NOSVP�D
QhJ@{�QokJ@NhJ@P~DfkJ�J@Nn{�CVQ�jYJ@N�e�gTZ�QOJ�N
�fp � /��tKU�!J�D �fp � /��tK|��J�D�QOJ@N�D\J�P�D>DOSTZVxySTZ"QON�WYP"��kJ@Q�W[J�Z�QOJ�N�]C /�{"W ufJ�jYN@p���CVP"N�G@J�N>G@STPfe�gTZ�QOCFDOWYSTP�N�s
j�c¢CVNhNOJ@Q���W[NhNOJ@`}J�P�Dn��W[NhZ�J�j � � � STZ�QhP"WwD�K�JnD\Q@]J�N�MUSTP�N�QokJ@NhZ"jYD\CFD\N�J�D���CFWwD�{�QOJ�Z"�TJ�K�cdZ�P�J,gTQ\CVP"K�J
QOSTM"Z�NhDOJ@NONhJVpo��CVP�Nrj[J�N!K�J@Zfu�Jzuf{�kJ�QhWY`AJ�P~DICFDhW[STP"N@s~jiC,DmECVGIH�J>K�J>{USTN�WYDhW[STP"P�J@`}J@P~D¡J@N�D�G@STQhQOJ�G�D\Jv®
`}J@P~D,QokJ�CFjwWYNokJ@JaG@SV`A`}J�j[J�K�kJ�`}STP~D\QOJ�j[CAG�STP~�TJ@QhgTJ@P"G@J��VJ@QhN 1}K�J�j�cdJ@QhQOJ�Z�Q�K"J@N
G@SoSTQOK"STP�P�kJ�J@N
K�CVP�N�j�c�W[`ACVgVJ�K�JAD\STZ�Naj[J�N�{USVW[P~DON�G@STP"NhWYK�kJ@QokJ@N:���VSVWYQ�e�gTZ"QOJ@N �fp � 4��tJ��Is �fp � & �tJ���JzD �fp � /���Jm�Is
�fp � ( �tJ��O�\p#&�P�J�P"STZ"�TJzjYjYJ�� SVW[N�s"jYJ@N
GIH�J@`lWYP�NnNOZ"Ww��W[Nn{�CVQ�j[C�G�CV`�kJ�Q\C"s�K�CFP�N�D\STZ"N�j[J�NnG@CVN@s�NhSTP~D
W[K"J@P~DOWYX�Z�J@N¡J�DrD\Q@]J�N!N\CFDhW[N���CFWYN\CVP~D\N�p��fJ�Z"j�jtc�CVNh{|J�G�D�DOJ@`}{USTQOJzj�K"Ww±�]J�QOJ�J�P�DOQOJ�jYJ@N!NhSVj[ZfDOWYSTP�N�]C�`lW ®
P"WY`�Z�` K�cykJ@P�J�QOgVWYJ�JzD�`lW[PfW[`�Z�` K�c�CVG�GUkJzjzkJ�Q\CFDhW[STP�p���J�j[C�NhJ�QOJzD\QhSTZ"�TJbkJ@g~CFjYJ@`}J�P�D�CVZ�PfWY�VJ�CVZ
K�J@NnG@SVZ�QOMUJ@N
QOJ�{�QokJ�NOJ�P�D\CVP~D,j[C��oWwD\J�NONhJ�K�J�j[CAG@CV`�kJ@Q\Cfp



��� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

�tCo�¡D\QOCFxyJ@GzD\SVWYQOJ�Nn{fjiCVPfWYe�kJ�J@N ��M|��D\QOCFxyJ@GzD\SVWYQOJ�N�NhZ"Ww�oWYJ@N

0 200 400 600 800 1000 1200 1400
−200

−150

−100

−50

0

50

100

150

200

0 200 400 600 800 1000 1200 1400
−10

−8

−6

−4

−2

0

2

4

6

8

10

�tGm��J�QOQOJ�Z�Q
NOZ�Q>jYJ@NnG@SoSTQOK"STP�P�kJ�J@N
K�J@Nn{USVW[P~DON ��K|��J@QOQhJ@Z�Q
K�J�DOQ\C�E � P�CVgTJ�J�P�{fWwufJ�j

0 200 400 600 800 1000 1200 1400
−6

−4

−2

0

2

4

6

translation 

rotation 

�tJ��¡�oWwD\J�NONhJ�K�J�j[C}G@CV`�kJ@QOC���G@` �FNnJ�DnK�J@g �FNz� ���v��D\QOCFxyJ@GzD\SVWYQOJ�K�J�j[CAG@CV`�kJ@QOC

. /21 3 �fp � ²�5 �:= B ¬�¦@ = ª ¬�§m¤8>I§mvI¥?> ª ¥ �
Ll¬«¤�¬2Ll£HL @�?J¥z¤�¥z �V¬�¥



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� ���

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

��Co�¡D\QOCFxyJ@GzD\SVWYQOJ�N
{"jiCFP"WYe�kJ@J@N �tM|��DOQ\CFxyJ�G�D\SFW[QhJ@NnNOZ"Ww��W[J�N

0 200 400 600 800 1000 1200
−200

−150

−100

−50

0

50

100

150

200

0 200 400 600 800 1000 1200
−10

−8

−6

−4

−2

0

2

4

6

8

10

�tG���J�QOQhJ@Z�Q
NOZ"Q
jYJ@NnG@SoSTQhK�STP�P�kJ�J@N
K�J�N�{USVWYP�DON ��K|��J@QhQOJ@Z"QnK"J�DOQ\C1E � P�CVgVJ�J@P_{"WwufJzj

0 200 400 600 800 1000 1200

−6

−4

−2

0

2

4

6 translation 

rotation 

��Jm�¡��WYDOJ@NONhJ�K�J�j[ClG�CV`�kJ@QOC���G@` �FNnJ�DnK�J�g �FNz� � �z��DOQ\CFxyJ�G�D\SFW[QhJaK"J�j[C}G�CV`�kJ@QOC

. /21 3 �fp � �%5 �:= B ¬�¦@ = ª ¬�§m¤ >I§mv\¥?> ª ¥ �
Ll¬«¤�¬2Ll£�L @� =�>?>PJ¥EB J¥z = ª ¬�§m¤



��� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

�tCo�¡D\QOCFxyJ@GzD\SVWYQOJ�Nn{fjiCVPfWYe�kJ�J@N ��M|��D\QOCFxyJ@GzD\SVWYQOJ�N�NhZ"Ww�oWYJ@N

0 200 400 600 800 1000 1200 1400 1600
−200

−150

−100

−50

0

50

100

150

200

0 200 400 600 800 1000 1200 1400 1600
−10

−8

−6

−4

−2

0

2

4

6

8

10

�tGm��J�QOQOJ�Z�Q
NOZ�Q>jYJ@NnG@SoSTQOK"STP�P�kJ�J@N
K�J@Nn{USVW[P~DON ��K|��J@QOQhJ@Z�Q
K�J�DOQ\C�E � P�CVgTJ�J�P�{fWwufJ�j

0 200 400 600 800 1000 1200 1400 1600
−6

−4

−2

0

2

4

6

translation 

rotation 

�tJ��¡�oWwD\J�NONhJ�K�J�j[C}G@CV`�kJ@QOC���G@` �FNnJ�DnK�J@g �FNz� ���v��D\QOCFxyJ@GzD\SVWYQOJ�K�J�j[CAG@CV`�kJ@QOC

. /21 3 �fp � 4K5�� =V£HG =V¬ 91¥�>N= B ¬�¦@ = ª ¬�§m¤
�
Ll¬«¤�¬2Ll£HL @�?J¥z¤�¥z �V¬�¥



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� ���

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

��Co�¡D\QOCFxyJ@GzD\SVWYQOJ�N
{"jiCFP"WYe�kJ@J@N �tM|��DOQ\CFxyJ�G�D\SFW[QhJ@NnNOZ"Ww��W[J�N

0 500 1000 1500
−200

−150

−100

−50

0

50

100

150

200

0 500 1000 1500
−10

−8

−6

−4

−2

0

2

4

6

8

10

�tG���J�QOQhJ@Z�Q
NOZ"Q
jYJ@NnG@SoSTQhK�STP�P�kJ�J@N
K�J�N�{USVWYP�DON ��K|��J@QhQOJ@Z"QnK"J�DOQ\C1E � P�CVgVJ�J@P_{"WwufJzj

0 500 1000 1500
−6

−4

−2

0

2

4

6

translation 

rotation 

��Jm�¡��WYDOJ@NONhJ�K�J�j[ClG�CV`�kJ@QOC���G@` �FNnJ�DnK�J�g �FNz� � �z��DOQ\CFxyJ�G�D\SFW[QhJaK"J�j[C}G�CV`�kJ@QOC

. /21 3 �fp � & 5 � =V£�G =V¬ 91¥�>N= B ¬�¦@ = ª ¬�§m¤
�
Ll¬«¤�¬2Ll£�L @� =�>?>PJ¥EB J¥z = ª ¬�§m¤



� � � #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

�tCo�¡D\QOCFxyJ@GzD\SVWYQOJ�Nn{fjiCVPfWYe�kJ�J@N ��M|��D\QOCFxyJ@GzD\SVWYQOJ�N�NhZ"Ww�oWYJ@N

0 200 400 600 800 1000 1200 1400
−200

−150

−100

−50

0

50

100

150

200

0 200 400 600 800 1000 1200 1400

−10

−8

−6

−4

−2

0

2

4

6

8

10

�tGm��J�QOQOJ�Z�Q
NOZ�Q>jYJ@NnG@SoSTQOK"STP�P�kJ�J@N
K�J@Nn{USVW[P~DON ��K|��J@QOQhJ@Z�Q
K�J�DOQ\C�E � P�CVgTJ�J�P�{fWwufJ�j

0 500 1000 1500

−6

−4

−2

0

2

4

6 translation 

rotation 

�tJ��¡�oWwD\J�NONhJ�K�J�j[C}G@CV`�kJ@QOC���G@` �FNnJ�DnK�J@g �FNz� ���v��D\QOCFxyJ@GzD\SVWYQOJ�K�J�j[CAG@CV`�kJ@QOC

. /21 3 �fp � /65 �� �¥?9+L =V£�G =V¬ 91¥�>N= B ¬�¦@ = ª ¬�§m¤
�
Ll¬«¤�¬2Ll£�L @�?J¥z¤�¥z �V¬�¥



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � ���

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

��Co�¡D\QOCFxyJ@GzD\SVWYQOJ�N
{"jiCFP"WYe�kJ@J@N �tM|��DOQ\CFxyJ�G�D\SFW[QhJ@NnNOZ"Ww��W[J�N

0 200 400 600 800 1000 1200 1400
−200

−150

−100

−50

0

50

100

150

200

0 200 400 600 800 1000 1200 1400
−10

−8

−6

−4

−2

0

2

4

6

8

10

�tG���J�QOQhJ@Z�Q
NOZ"Q
jYJ@NnG@SoSTQhK�STP�P�kJ�J@N
K�J�N�{USVWYP�DON ��K|��J@QhQOJ@Z"QnK"J�DOQ\C1E � P�CVgVJ�J@P_{"WwufJzj

0 200 400 600 800 1000 1200 1400

−6

−4

−2

0

2

4

6 translation 

rotation 

��Jm�¡��WYDOJ@NONhJ�K�J�j[ClG�CV`�kJ@QOC���G@` �FNnJ�DnK�J�g �FNz� � �z��DOQ\CFxyJ�G�D\SFW[QhJaK"J�j[C}G�CV`�kJ@QOC

. /21 3 �op � ( 5 �� �¥?9+L =V£�G =V¬ 91¥�>N= B ¬�¦@ = ª ¬�§m¤
�
Ll¬«¤�¬2Ll£HL @� =�>?>�J¥EB J¥z = ª ¬�§m¤



� � � #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

���������8��� ��>��! #��, 5�, �L7D #;�, �
B4C�G�WYM"j[JnJ@N�D�`ACFWYP~D\J�P�CVP~D�P�SVPL{"j[CVP�CmW[QhJVpo��J
P�STZ"�VJ�CVZ�s�jYJnK�kJ@{"j[CVG@J�`}J@P~D�]C�J�±|J@G�DOZ�J@Q�J@N�D

D\Q@]J�N>W[`}{USTQhD\CVP~D�´

D\QOCVP�N�jiCFDhW[SVPb��`}`�� � * � Oa³ ( � � + � O 4"³ 1 ��� �O�³@² �	�

QOSFDICFDhW[STPR��K�gf� �tZ4P�� * � O 42/ �tZ�P~� + � O�²�³ �tZ4P�� � � Oa³�²T²

B4J�N,D\QhSVWYN�J�P�NOJ�`�M"jYJ@N�K�J�{�CVQ\CF`_]JzD\QhJ@N�K�kJ�NhWYgTP�kJ�N�{�CVQ�G�CFjwW[M"Q\CFDhW[STP�G@STQhQOJ�G�D\JFs�`ACVZ"�FCFWYNOJ�G�CFjwWw®
M�Q\CFDhW[SVP<J�D,DOQ@]J�N�`ACVZ"�FCFWYNOJlG�CmjYWYM�Q\CmDOWYSTP<STP~D�kJ�g~CFjYJ@`}J@P~D/kJ�DfkJ�Z"DhWYjwW[NokJ@N�p�B4C6{�QOSV� SVP�K�J@Z"Q�1 6 C
kJzDfkJA{�QhWYNOJ�QOJ@Nh{|J�G�DhWY�VJ@`}J@P~D�kJ@g~Cmj[J<]C��51FG@`:s � 1VG@` JzD6³ 121FG@` K�CVP"N�jYJ@N�G@CVN�K"J�G�CmjYWYM�Q\CmDOWYSTP
G@STQhQOJ@GzD\JFsf`ACVZ"�FCFWYNOJnG�CmjYWYM�Q\CmDOWYSTPLJzD�DOQ@]J�N�`ACVZ"�FCFWYNOJnG�CmjYWYM�Q\CmDOWYSTP/�tCFj[SVQON�X�Z�Jnj[Ca�FCFjYJ@Z"Q¡QokJ@JzjYjYJ
J@NhD�K�J�jtc¢STQhK�QOJ�K�J �51VG�`6�Ip���CFP�N�G�J�DODOJ6{�CVQ�DOWYJVsrP�STZ�N�P"STZ�N�G�STP~D\J@P~DOSTP�NlK�J6{"QokJ@NhJ@P~D\J�Qlj[J�N
QokJ@NhZ"jwDICFDONAG@CVQ�jYJ@Z�Q}K�J�NOG@Q�W[{fDOWYSTP�J�NhD}WYK�J@P~DOWYX�Z�J�]C^G�J�jwj[J:K�J�N}G�CVNlS�]Z�j[C<G�WYM"j[J�kJzDICFWwD}{"j[CVP�JVp
°�SVDOSTP�N>G@J�{|J�P�K�CVP~D
X�Z�J�jYJ@N�DOQ\CFxyJ�G�D\SFW[QhJ@N
STM"DOJ@P�Z�J@N�s�]C�jiC�� SFW[N�K"J�jiC�G@CV`�kJ@QOC}K�CVP�N�jtc¢J�NO{�CVG�J
G�CVQ�DfkJ@N�W[J�PlJ�D�K�J¡jtcdSTM"xyJ�D�K�CVP�N»j�c�WY`LCFgTJVsmNOSTP~D�{�CVQhDhW[G�Z"jwW�]J�QOJ@`}J�P�D�NOCFDOWYNh��CmW[NOCVP~D\J@N�K�CVP�N»j[J�NrD\QhSVWYN
G�CVN�p

��C�� ��M|�
. /21 3 �fp ! 1K5 � =�� IL = �o¥�¬«¤�¬ ª ¬�= B[¥�¥ ª �y¦��}¬2L = �o¥%@0J¥?9z¬« J¥1¥



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � �U$

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

��Co�¡D\QOCFxyJ@GzD\SVWYQOJ�N
{"jiCFP"WYe�kJ@J@N �tM|��DOQ\CFxyJ�G�D\SFW[QhJ@NnNOZ"Ww��W[J�N

0 200 400 600 800 1000 1200 1400
−250

−200

−150

−100

−50

0

50

100

150

200

250

0 200 400 600 800 1000 1200 1400
−10

−8

−6

−4

−2

0

2

4

6

8

10

�tG���J�QOQhJ@Z�Q
NOZ"Q
jYJ@NnG@SoSTQhK�STP�P�kJ�J@N
K�J�N�{USVWYP�DON ��K|��J@QhQOJ@Z"QnK"J�DOQ\C1E � P�CVgVJ�J@P_{"WwufJzj

0 200 400 600 800 1000 1200 1400
−6

−4

−2

0

2

4

6

translation 
rotation 

��Jm�¡��WYDOJ@NONhJ�K�J�j[ClG�CV`�kJ@QOC���G@` �FNnJ�DnK�J�g �FNz� � �z��DOQ\CFxyJ�G�D\SFW[QhJaK"J�j[C}G�CV`�kJ@QOC

.0/2143 �fp ! ³ 5 �:= B ¬�¦@ = ª ¬�§m¤ >I§mv\¥?> ª ¥ �
Ll¬«¤�¬2Ll£HL @�?J¥z¤�¥z �V¬�¥



� �#� #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

�tCo�¡D\QOCFxyJ@GzD\SVWYQOJ�Nn{fjiCVPfWYe�kJ�J@N ��M|��D\QOCFxyJ@GzD\SVWYQOJ�N�NhZ"Ww�oWYJ@N

0 200 400 600 800 1000 1200 1400
−250

−200

−150

−100

−50

0

50

100

150

200

250

0 200 400 600 800 1000 1200 1400
−10

−8

−6

−4

−2

0

2

4

6

8

10

�tGm��J�QOQOJ�Z�Q
NOZ�Q>jYJ@NnG@SoSTQOK"STP�P�kJ�J@N
K�J@Nn{USVW[P~DON ��K|��J@QOQhJ@Z�Q
K�J�DOQ\C�E � P�CVgTJ�J�P�{"W ufJ�j

0 200 400 600 800 1000 1200 1400

−6

−4

−2

0

2

4

6

translation 

rotation 

�tJ��¡�oWwD\J�NONhJ�K�J�j[C}G@CV`�kJ@QOC���G@` �FNnJ�DnK�J@g �FNz� ���v��D\QOCFxyJ@GzD\SVWYQOJ�K�J�j[CAG@CV`�kJ@QOC

.0/2143 �fp ! � 5 �:= B ¬�¦@ = ª ¬�§m¤ >I§mvI¥?> ª ¥ �
Ll¬«¤�¬2Ll£HL @� =�>?>PJ¥EB J¥z = ª ¬�§m¤



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � �U#

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

��Co�¡D\QOCFxyJ@GzD\SVWYQOJ�N
{"jiCFP"WYe�kJ@J@N �tM|��DOQ\CFxyJ�G�D\SFW[QhJ@NnNOZ"Ww��W[J�N

0 200 400 600 800 1000 1200 1400
−250

−200

−150

−100

−50

0

50

100

150

200

250

0 200 400 600 800 1000 1200 1400
−10

−8

−6

−4

−2

0

2

4

6

8

10

�tG���J�QOQhJ@Z�Q
NOZ"Q
jYJ@NnG@SoSTQhK�STP�P�kJ�J@N
K�J�N�{USVWYP�DON ��K|��J@QhQOJ@Z"QnK"J�DOQ\C1E � P�CVgVJ�J@P_{"WwufJzj

0 200 400 600 800 1000 1200 1400
−6

−4

−2

0

2

4

6

translation 
rotation 

��Jm�¡��WYDOJ@NONhJ�K�J�j[ClG�CV`�kJ@QOC���G@` �FNnJ�DnK�J�g �FNz� � �z��DOQ\CFxyJ�G�D\SFW[QhJaK"J�j[C}G�CV`�kJ@QOC

.0/2143 �fp ! ! 5 � =V£HG =V¬ 91¥K>N= B ¬�¦@N= ª ¬�§m¤
�
Ll¬«¤�¬2Ll£HL @�?J¥z¤�¥z �V¬�¥



� � � #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

�tCo�¡D\QOCFxyJ@GzD\SVWYQOJ�Nn{fjiCVPfWYe�kJ�J@N ��M|��D\QOCFxyJ@GzD\SVWYQOJ�N�NhZ"Ww�oWYJ@N

0 200 400 600 800 1000 1200 1400
−250

−200

−150

−100

−50

0

50

100

150

200

250

0 200 400 600 800 1000 1200 1400
−10

−8

−6

−4

−2

0

2

4

6

8

10

�tGm��J�QOQOJ�Z�Q
NOZ�Q>jYJ@NnG@SoSTQOK"STP�P�kJ�J@N
K�J@Nn{USVW[P~DON ��K|��J@QOQhJ@Z�Q
K�J�DOQ\C�E � P�CVgTJ�J�P�{fWwufJ�j

0 200 400 600 800 1000 1200 1400
−6

−4

−2

0

2

4

6

translation 
rotation 

�tJ��¡�oWwD\J�NONhJ�K�J�j[C}G@CV`�kJ@QOC���G@` �FNnJ�DnK�J@g �FNz� ���v��D\QOCFxyJ@GzD\SVWYQOJ�K�J�j[CAG@CV`�kJ@QOC

.0/2143 �fp ! ²K5 � =V£HG =V¬ 91¥K>N= B ¬�¦@N= ª ¬�§m¤
�
Ll¬«¤�¬2Ll£HL @� =�>?>PJ¥EB J¥z = ª ¬�§m¤



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � ���

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

��Co�¡D\QOCFxyJ@GzD\SVWYQOJ�N
{"jiCFP"WYe�kJ@J@N �tM|��DOQ\CFxyJ�G�D\SFW[QhJ@NnNOZ"Ww��W[J�N

0 200 400 600 800 1000 1200 1400
−250

−200

−150

−100

−50

0

50

100

150

200

250

0 200 400 600 800 1000 1200 1400
−10

−8

−6

−4

−2

0

2

4

6

8

10

�tG���J�QOQhJ@Z�Q
NOZ"Q
jYJ@NnG@SoSTQhK�STP�P�kJ�J@N
K�J�N�{USVWYP�DON ��K|��J@QhQOJ@Z"QnK"J�DOQ\C1E � P�CVgVJ�J@P_{"WwufJzj

0 200 400 600 800 1000 1200 1400
−6

−4

−2

0

2

4

6

translation 

rotation 

��Jm�¡��WYDOJ@NONhJ�K�J�j[ClG�CV`�kJ@QOC���G@` �FNnJ�DnK�J�g �FNz� � �z��DOQ\CFxyJ�G�D\SFW[QhJaK"J�j[C}G�CV`�kJ@QOC

. /21 3 �fp ! �%5 �� �¥?9+L =V£�G =V¬ 91¥�>N= B ¬�¦@ = ª ¬�§m¤
�
Ll¬«¤�¬2Ll£�L @� J¥z¤�¥z �V¬�¥



� � � #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

�tCo�¡D\QOCFxyJ@GzD\SVWYQOJ�Nn{fjiCVPfWYe�kJ�J@N ��M|��D\QOCFxyJ@GzD\SVWYQOJ�N�NhZ"Ww�oWYJ@N

0 200 400 600 800 1000 1200 1400
−250

−200

−150

−100

−50

0

50

100

150

200

250

0 200 400 600 800 1000 1200 1400
−10

−8

−6

−4

−2

0

2

4

6

8

10

�tGm��J�QOQOJ�Z�Q
NOZ�Q>jYJ@NnG@SoSTQOK"STP�P�kJ�J@N
K�J@Nn{USVW[P~DON ��K|��J@QOQhJ@Z�Q
K�J�DOQ\C�E � P�CVgTJ�J�P�{"W ufJ�j

0 200 400 600 800 1000 1200 1400
−6

−4

−2

0

2

4

6

translation 

rotation 

�tJ��¡�oWwD\J�NONhJ�K�J�j[C}G@CV`�kJ@QOC���G@` �FNnJ�DnK�J@g �FNz� ���v��D\QOCFxyJ@GzD\SVWYQOJ�K�J�j[CAG@CV`�kJ@QOC

. /21 3 �fp ! 465 �� �¥?9+L =V£�G =V¬ 91¥�>N= B ¬�¦@ = ª ¬�§m¤
�
Ll¬«¤�¬2Ll£�L @� =�>?>�J¥EB J¥z = ª ¬�§m¤



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � � �

���������8��� � " 	�-, � "654*37D #� � �
��CFP�N�jYJ@N^K�J@Zou Jzuf{�kJ�QhWYJ@P�G�J@NÄX�Z�J�P�SVZ�N<{�QokJ�NOJ�P�DOSTP�N�]C�{�QokJ�NOJ@P~D@s�jYJ@N<{"QhWY`}WwDOWw�TJ�NR��W ®

NOZ�JzjYjYJ@N�JzuoD\QOCFWwD\J@NnNOSVP�DnjYJ@Nn{|SVWYP~D\NnK�c�W[P~DfkJ�Q@EJzD,STMfD\J@P�Z�NnJ@P�Z"DOWwjwW[NOCVP~D�jYJ�K�kJ�DOJ@G�DOJ@Z�Q�K�J :,CVQhQhWYN
%7:�CVQOQ�W[N /2/ * p~B�J�N¡{USVWYP~D\N�K�c�W[P~DfkJ�Q@EJzD�NhSTP~D�`lWYN�J@PAG@STQhQOJ@Nh{|SVP�K�CVP�G�J�J�PLZfDOWwjYWYN\CVP~D�jtc�CFjYgTSTQ�WYDOH�`}J
{�QokJ�NOJ�P�DfkJ,K�CFP�N % ��H�CVP"g ( �VC * po��J@N¡{|SFW[P~D\N¡NOSVP�D�QOJ�{�QokJ�NOJ�P�DfkJ@N�{�CVQ�K�J@N¡G@QhSVW u}K�CVP�N�jYJ@N�W[`ACVgTJ�N
W[PfWYDhWiCFjYJ�JzD,K�kJ@NhWYQokJ�J�WwjYjYZ�N�D\QokJ�J@N�NhZ�Q
j[J�N�e�gTZ"QOJ@N �fp ! & �tCo��J�D �fp ! & �tM|�\p �rSTZ"Q���kJ@Q�WYe�J�Q�j[CAQhSTM�Z�Ny®
D\J�NONOJ���WYN�®@]C�®¯��W[NlK"J@NlJ@QhQOJ�Z�QONlNhZ�Q�j[J�Nl{�CVQOCV`_]J�D\QhJ@NlK�J�G�CFjwW[M"Q\CFDhW[STP�JzD}NOZ�Q.1 6 s�P�STZ�NlC��VSTP�N
QokJ@CFjYWYNokJaK�J�Zfu_Jzuf{�kJ�QhWYJ@P�G�J@N�C��VJ@GaK�J@NnJ@P�NhJ@`�M"j[J�N,K�Ja{�CVQOCV`_]J�DOQOJ@N
K"Ww±nkJ@QOJ�P~D\N�´

³Tp
K�CVP"N�j�cdJzuf{�kJ�QhWYJ@P�G�J�{�QokJ@NhJ@P~DfkJ�J�{�CFQ�jiC,e�gVZ�QOJ �fp ! /"sFP�STZ�N�C��VSTP�N!Z"DhWYjwW[NokJ>j[J�N!{�CVQ\CF`_]JzD\QhJ@N
K�J�G@CFjwW[M�QOCFDOWYSTP�� SVZ�QOP"WYN,{�CVQ�jYJ�G@SVP�NhDOQOZ�GzD\J@Z"Q�K�J�j[C�G�CF`�kJ�Q\C6JzD�Z�P�J�CV{�{�QhS1uoWY`ACFDOWYSTP
G@SVQOQOJ�G�DOJ�K�J�j[Cl{�QOSV� SVP�K�J@Z"Q*1 6 ��Wtp¢J21 6 � 1 � ( `��\s

� p
K�CVP"N�j[C6NOJ�G@STP"K�JLJvuf{�kJ@Q�W[J�P�G@JL{�QokJ�NOJ@P~DfkJ@JA{�CVQ�j[C�e�gTZ�QOJ �op ! ( s�Z�P�J}J�QOQOJ�Z�Q�K�J ! 1� C
kJ�DfkJ}CFxySTZ"DfkJ@JlCFZfu/{�CVQ\CV`:]JzD\QOJ�N�W[P~DOQhWYP�N@]J�XoZ"J@NaJ�D�j[C�{�QhSV� STP�K�J�Z�Q�1 6 CÀkJ�DfkJ�{�QhWYNOJÄkJ�g~CFjYJ
]C�1 � �F`:p

��ST`}`}J�P�SVZ�N�{|STZf�TSTP�N!jYJ
G@STP�N�DICFDOJ@Q�NOZ"Q�jYJ@N�e�gTZ"QOJ@N �fp ! /��tCo�Is��fp ! /��tM|�»JzD �fp ! ( ��C��Is �fp ! ( ��M|�Is
j[J�N¡DOQ\CFxyJ�G�DOSVW[QhJ@N�{"jiCFP"WYe�kJ@J@N�J�D�NOZ"Ww��W[J�N�NhSTP~D�N�W[`lWwjiCFWYQOJ�N�K�CFP�N¡jYJ@N�K�J@ZouAG�CVN�pfB�J�N¡DOQ\CFxyJ�G�D\SFW[QhJ@N
STM"DOJ@P�Z�J@N
C��VJ@G�K�J�N�{�CFQ\CV`:]J�DOQOJ�N�G@STQhQOJ�G�D\N�NOSTP~D>{"QOSoGIH�J@N�K�J�G@JzjYjYJ@N�STM"D\J�P�Z�J@N>C��VJ@G,jYJ@N�`ACVZo®
�FCFW[N¡{�CVQOCV`_]J�DOQOJ@N,�tG�ST`}{�CVQOJ�Q¡j[Cae�gTZ�QOJ �fp ! /��tCo�rC��TJ@GnjiC�e�gTZ�QhJ �op ! ( ��Co�rJ�D¡j[C�e�gVZ�QOJ �fp ! /��tMU�
C��TJ@G�j[C,e�gTZ"QOJ �fp ! ( ��M|�O�\pT��JzjiC�G�STP"e�Qh`}JVsTK�J�P�STZ"�VJ�CVZ�sFjiC,QhSTM�Z�N�D\J�NONOJ
K�J�jiC,{"H�CVNOJ>K"J�{"j[CVP"W ®
e�G�CmDOWYSTP�J�D�K�c¢CVNONhJ@Qh��WYNONhJ@`}J@P~D¡�oWYN�®�]Cm®¯��WYN�K�J�N�J@QhQOJ�Z�QONrNOZ�Q�j[C�G@CFjwW[M�QOCFDOWYSTP�K"J�j[C�G�CF`�kJ�Q\C,JzD�NhZ�Q
jiC�{�QOSV� SVP�K�J@Z"Q 1 6 pFB4J�N�J�QOQOJ�Z�QON�K�J�NhZ"WY��W"K�kJ�e�PfW[J�N�{�CVQ �

> � � � � � � 	y� �\� O�� �	 � �\�h� 
 � � 	�� �\� O � �	 � �\�h�
J�D^WwjYjYZ�NhDOQokJ�J@NÄNhZ�Q<j[J�NRe�gTZ�QOJ�N �fp ! /��tK|�_JzD �fp ! ( �tK|��QhJ@NhDOJ@P~DR��CFW[Mfj[J�NRK�CVP�N<j[J�NbK"J@Zfu�G@CVN
��DOSTZVxySTZ�QhN<W[P"��kJ�QhWYJ@Z�QhJ@N�]C ��{"W ufJ�jYNz�\p �rWYP�CFjYJ@`}J�P�D@s�jiC G@STP~�VJ@QOgVJ@P�G�J��TJ�QON 1¾K"J@N^J@QhQOJ@Z"QON
`}S��VJ@P�P"J@N@s�J@P~D\QhJ�jYJ@N6G�SfSTQhK�STP�P�kJ@J@NLG@STZ"Q\CVP~D\J�N�JzD�e�P�Cmj[J�N�K�J�N�{USVW[P~DON�K�c�W[P~DfkJ@Q@EJzD�K�kJze�P"WYJ@N
{�CVQ �

> � � � � � � 	y� �\�DO � �	 �h³F�h� 
 � � 	�� �\�DO � �	 �h³m�O�nJ�DaQhJ@{�QokJ@NOJ�P~DfkJ@J�N�NOZ"Q�jYJ@N�e�gVZ�QOJ�N �op ! /"�tGm�nJzD
�fp ! ( �tG��Is|K�kJ@`}STP~D\QhJ}XoZ"J�jiC�DmECVGIH�JlK�Jl{USTNhWwDOWYSTP�P"J@`}J@P~D�CÀkJ�DfkJlG@STQhQOJ@GzD\J�`AJ�P~D�QokJ�CFjwWYNokJ@J}K�CFP�N
j[J�N�K"J@Zfu:G@CVNnK�J�e�gTZ�QhJVp

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

�tCo� �tM|�
.0/2143 �fp ! & 5 � =�� IL = �o¥�¬«¤�¬ ª ¬�= B[¥l¥ ª �y¦��l¬2L = �o¥6@0J¥?9z¬«�J¥1¥



� � � #'����� ¿�»½»·�½"��¼Tº�¸A¸@º � ¸�¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

��C�� ��M|�

0 100 200 300 400 500 600
0

10

20

30

40

50

60

0 100 200 300 400 500 600
0

1

2

3

4

5

6

7

8

��Gm� ��K|�
.0/2143 �op ! / 5 �:= B ¬�¦@ = ª ¬�§m¤ >I§mvI¥?> ª ¥ � =�� ª  = ��¥?> ª §m¬«\¥?9%;�B =V¤�¬ ��J¥1¥?9�� �y¦�� ª  = ��¥?> ª §m¬«\¥?9�9z£o¬2G1¬�¥?9��
� > �R¥zv\¥z£o?9%;)=VAN=E;�;�§m ª =V£�� >I§1§m @o§m¤�¤KJ¥1¥?9 @0J¥?9z¬« J¥1¥?9 @�=V¤)9 B� ¬2L = �o¥ � ;U¬ �f¥EBF9 � � � @��^¥zv\¥z£f
@o¥+9z£f¬2G1¬ � ;U¬ �f¥EBF9 �



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � � �

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

�tCo� �tM|�

0 100 200 300 400 500 600
0

10

20

30

40

50

60

0 100 200 300 400 500 600
0

1

2

3

4

5

6

7

8

�tGm� �tK|�
. /21 3 �op ! ( 5 � =V£HG =V¬ 91¥A>N= B ¬�¦@ = ª ¬�§m¤ � =�� ª  = ��¥?> ª §m¬«\¥?9 ;�B =V¤�¬ ��J¥1¥?9�� �y¦�� ª N= ��¥?> ª §m¬«\¥?969z£o¬2G1¬�¥?9��
� > �^¥zz\¥z£o 96;)=VA =E;�;�§m ª =V£�� >I§1§m @o§m¤�¤KJ¥1¥?9 @0J¥?9z¬«�J¥1¥?9A@�=V¤)9 B� ¬2L = �o¥ � ;U¬ �f¥EBF9 � � � @��^¥zv\¥z£f
@o¥+9z£f¬2G1¬ � ;U¬ �f¥EBF9 �



� � � #'����� ¹r¹"���t¼Tº"¿���� � �º �y¶ � � ¿�·�
�¹P��� º"¿�$� � ½4· � � �Äº��%·o¸

	:.�� � ������?�=.�a5!?�8L3 �� �	�h?�365 � 7 �Ä8 � �a5�?@8A3 9 � � ?�
 �� ���
B4C�QokJ@CFjYWYN\CmDOWYSTPbK�c¢Z�PbCVNhNOJ@Q���W[NhNOJ@`}J�P�Dl��WYNOZ�Jzj¡P�kJ@G�J@NON�WYDOJ6CVZ^{�QokJ�CFj[CVM"jYJ}jiC�`lW[NhJLJ�PbG�STQ�®

QOJ@Nh{|SVP�K�CVP�G�J:K�J6{�Q�W[`lWwDOWw�TJ@NAgrkJ�ST`�kJ�D\Q�W[X�Z�J�N}G@ST`}`�Z"P�J@NACVZfuÄW[`ACVgVJ@N�WYP"WYDhWiCmj[J6JzD}K�kJ@N�W[QokJ@JFp
B4SVQONOX�Z�J�jiC,G@CV`�kJ@QOC�STM�NOJ�Qh�VJ>Z�P�J�NhGV]J@P"J�G@ST`}{"jYJzufJFsTG@JzDOD\J�{�H�CVNhJ>{|J�Z"D�N�c�C���kJ@QhJ@Q�D\Q@]J@Nr{�QOSTMfjzkJv®
`LCmDOWYXoZ"J6NhW�jYJ�K�kJ�{"jiCFG@J@`}J�P�D}K"JAj[C�G@CV`�kJ@Q\C�J@P~D\QhJLjYJ@N�{"QhWYNOJ@N�K�JL�oZ�J�N�WYP"WYDhWiCmj[JLJ�D�K�kJ@NhWYQokJ�J
J@NhD�W[`}{USTQhD\CVP~D�s��TSVWYQOJnW[`}{USTNON�W[Mfj[J�N�W|CVZ�G@Z"P�J�{�Q�W[`lWwDOWw�TJ�G�ST`}`�Z�P�J�CVZfuAK�J�Zfu�WY`ACVgTJ�N�P�cdJ@N�D
{�QokJ�NOJ@P~DOJVp �»STZ�Q_{�CFjwjYWYJ@Q_G@JzDODOJbK"Ww AG@Z"jwDfkJFs�SVP {UJ@Z"D�Z"DhWYjwW[NhJ@Q�Z�P J�P�NOJ�`�M"jYJ�K�c�WY`LCFgTJ@N_W[Pf®
D\J@Qh`�kJ@K"W[CFWYQOJ@N�p4q!P<J�±|J�D�s|NhW�K�J@Zfu�W[`ACVgVJ@N,WYP~D\J@Qh`�kJ@K"W[CFWYQOJ@N�NhZ�G@G�J@NON�WY�VJ@N�NOSTP~D�NhZ" AN\CV`}`}J@P~D
{�QOSoGIH�J@N�s�CFjYSTQON�j�cykJ�D\CV{|J�K�Jl`lW[NhJlJ@P<G@SVQOQOJ�NO{USTP�K�CFP�G@Jl{USTZ�QhQ\C6N@cdJ�±|J@GzD\Z�J�Q�CFWYNokJ@`}J�P�D@p��rSTZ"Q
CV`�kJ�jwW[STQhJ@Q�jYJAG�ST`}{|SVQhD\J�`}J@P~D�K"ZbN��fN�D�]J�`AJAJ�DaG�STP�NhDOQOZ"WYQOJAZ�P�J}G�ST`}`LCFP�K�JAgVj[SVM�CFjYJVs�Wwj�J@N�D
CFj[SVQON»P�kJ@G�J@NONOCFWYQOJ�K�J�G@STP"NhD\QhZ"WYQOJ�j[CnDOQ\CFxyJ�G�DOSVW[QhJ�K"J@N�{"QhWY`}WwDOWw�TJ�N���W[NhZ�J�jwjYJ@N!K�CVP"N»jtcdWY`ACVgTJ¡J@P~D\QhJ
j[J�NnWY`ACVgTJ@N>WYP~D\J@Qh`�kJ@K"W[CFWYQOJ@N�G@STQhQOJ�NO{USTP�K�CVP~D}]ClZ�P�J�D\QOCFxyJ@GzD\SVWYQOJ�QokJ@CFjwW[NOCVM"jYJ�K�J�j[ClG�CV`�kJ@QOC"p

� �"! � $ % � ��������� ���( �
°nSTZ�N>K"WYNO{USTNOSVP�N�K�c¢Z�P_J@P"NOJ@`�M"jYJ�STQhK�STP�P�kJ�K�J�� 
 ³�WY`ACVgTJ�N�CFG@X�Z"WYNOJ@N�{�CVQ�j[ClG�CV`�kJ@QOC

� � ��� � �	�	� �
	 � CVNhNOSoG�WzkJ�]C6Z�P<J�P�NOJ�`�M"jYJ}K�J�� 
 ³�WYP�N�DICVP~D\N � � � �	�	� � 	 � �tNhJlQokJz�1kJ@QOJ�QL]C�j[C
e�gTZ�QhJ �op¢² 1��Ip
°�STZ�NlNhZ�{�{USTNOSVP�N}XoZ�c¢J�P�DOQOJ:K�J�Zfu�WY`LCFgTJ@NlNhZ�G@G�J@NON�WY�VJ@N � 	
J�D � 	 � � srNOZ" AN\CF`A`}J�P�DLK�J�{�Q�Ww®
`}WwDOWw�TJ�N6��W[NhZ�J�jwj[J�N:{�Z"WYNONOJ�P~DbEJzD\QhJ/JzuoD\QOCFWwD\J@N�J�D�`lWYNOJ@N�J�P�G@SVQOQOJ�NO{USTP�K�CFP�G@J<{USTZ�QLSTM"D\J�P"WYQ
jiC^G@SVjwWYP�kJ�CFDhW[SVP � 	 	 � � QhJ�j[CFDOWw�TJ�]C^Z�P�{fjiCVP�K�J:QokJz�1kJ@QOJ�P�G@J ��p�B4C^`LCmD\QhWYG@J:K�J_G@SFjYWYP�kJ�CmDOWYSTP
� 	 	 � � 	»J@P~D\QhJ�jYJ@N
WY`LCFgTJ@N � 	»JzD ��	 {UJ@Z"DnNhWY`}{"jYJ@`}J@P~DlEJzD\QOJ�SVM"D\J�PoZ"J�J�P�P�SFDICVP~DnX�Z�J�´

� 	 	 � � 	 � � 	 	 � � � 	 � � 	 � > �	�	� � 	 ��� 	 ���fpd² ( �
°�STZ�NnK"WYNO{USTNOSVP�N,K�SVP�G�K�c¢Z�P�J@P�NhJ@`�M"j[J�STQOK�SVP�P�kJ�K�J� 
 ³�`ACFDOQhWYG@J@N�K�J�G@SVjwWYP�kJ�CFDhW[SVP�� �� �� �	�	� � 	 � CVNhNOSoG�WzkJ�]C�Z"P�J@P�NhJ@`�Mfj[JRK�J�� 
 ³/W[P�N�DICVP~DON � � � �	�	� � 	 � p�°�STZ�N�K�kJ@NhWYQOSVP�N
G@STP�N�D\QhZ"W[QhJ�Z"P�J!D\Q\CmxyJ@G�DOSVWYQOJ!G@SVP�DhW[P�Z�J � � �\�Is�DOJ�jwj[J�X�Z�J � � � 	�� � � 	�{USTZ�Q�DOSTZ"D�� � � 1��	�	��� �J�DnX�Z"W4G@STQhQOJ�NO{USTP�K�J�]ClZ�P�J�D\Q\CmxyJ@G�DOSVWYQOJ�`lW[P"WY`ACFjYJ�K�J�j[ClG�CV`�kJ@QOC"p



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � �o$

���

��� ���
���

�

	�
� ���

	�
 � ��

	�
� � �����

	�
� ���

�

��� � ���

���
���

.0/2143 �fpd² 165 v¤ ª ¥z ;�§ B = ª ¬�§m¤8@o¥ � ¬2L = �o¥?9

� �"!#� ! � �����f�4��"���y��� ( ������( �����
°nSTZ�NAGIH�J@QhGIH�STP�N^]CbK�kJzD\J�QO`lW[P"J@QLj[C<D\Q\CmxyJ@G�DOSVWYQOJ_K�J_j[C^`LCmD\QhWYG@J_K�J_G@SVjwWYP�kJ�CFDhW[SVPÀJ@P~DOQOJ

� 	 ��� JzD � 	�G@STQhQOJ@Nh{|SVP�K�CVP~D�]C�Z�P�K�kJ�{"j[CVG@J�`AJ�P~D�`lWYP"WY`LCmj�K�J�j[C�G�CF`�kJ�Q\C"p"°�STZ"N�� STQO`�Z"j[SVP�N
G@J�{"QOSTM"jt]J@`}J %���� '�K�J�j[C6`_EJ@`}J�`ACVP"Wt]J@QhJlX�Z�J�%���'Vs|NhJ@Z"jYJ@N�jYJ@N�G�STP�K"WwDOWYSTP�N�CVZfu�jYWY`lWYDOJ@N
NOSTP~DnK"Ww±nkJ�QOJ�P�DOJ@N�´

(4QOSVZ"�TJ�Q � � �\�¡`lW[PfW[`lWYN\CVP~D.- � � / ������
� 
� � � 1 �

C��VJ@G�´ � � �� � % � *LK43
� � �¿

� � �\� � � 
 � 
 ¿���� � 6 � � �����
JzD
j[J�NnG�STP�K"WwDOWYSTP�N�CVZfu6jYWY`lWYDOJ@N
NOZ"Ww�FCVP~D\J�N�´

� � � 	 ��� � � � 	 ���
� � � 	t� � � 	



� ��� #'����� ¹r¹"���t¼Tº"¿���� � �º �y¶ � � ¿�·�
�¹P��� º"¿�$� � ½4· � � �Äº��%·o¸

°�SVDOSTP�N»XoZ"J¡jYJ@N»G@STP"K"WYDhW[SVP�N�CFZfu�jYWY`lWYDOJ@NrK�Z�{"QOSTM"jt]J@`}J % ��� '�NOSTP~DrN\CFDhW[N���CFWwD\J@N»NhW � � � 	 ��� � �� 	 ��� s~¿ � �T� � 	 ��� � �¾¿ � � 	 ��� s � � � 	t� � � 	|JzD�¿ � �V� � 	�� �¾¿ � � 	 poB»C�NOSFj[Z"DhW[SVP�K�J�% ��� 'n{|J�Z"D,EJzD\QhJ
STM"D\J�P�Z�J�K"J�j[C}`_EJ�`}Ja`ACVPfW�]J�QOJaXoZ"J�j[C}NOSVjYZ"DOWYSTP %���'Vs�J�DnJ@N�DnK�STP�P�kJ�J�{�CVQ�´

� � �\� � �h³ O 
 ��� 	 ��� 
 
 � 	 
 � � 	 ��� O�� 	 ��� � � �#I 	 3 
 � ���fp �51o�
S4]Z 
 � � � ���

� ��� � ���
� 

J�D�´
�! " � �LI 	 3 
 � � � · � I � ��� �

� ���
� 	 � � ¿���� 	 � 6 �4� ��� ���fp �f³F�

C1�VJ@G % I 	 *�K �¾jYSTg%� � � 	 ��� � 	 �IpmB4C�D\Q\CmxyJ@G�DOSVWYQOJ¡STM"D\J�P�Z�J�J�NhD»W[P�K�kJ@{UJ@P�K�CFP�DOJ�K�J�Nr{�CVQ\CV`:]JzD\QOJ�NrK"J
jiClG�CF`�kJ�Q\ClNhW�jYJ@N
`ACFDOQhWYG@J@N
K�J�G�SVjwW[P�kJ@CFDOWYSTP�]C�j�c�WYP"e�P"W4J�P�DOQOJ�K�J�Zfu�WY`LCFgTJ@N
NOZ"G@G@J�NON�WY�VJ@N�NhSTP~D
G@STP�P�Z�J�N@p�B»C}D\QOCFxyJ@GzD\SVWYQOJ�K�J@N�{�QhWY`lWYDhWY�VJ@N,��WYNOZ�JzjYjYJ@N�K�CFP�N�jtcdWY`ACVgTJaJ�D�jiC}j[SVW»K�JaG@SV`A`ACVP"K�J
NOSTP~D_STM"DOJ@P�Z�J@N_K�J<j[C�`:EJ�`AJR`ACVP"W�]J@QhJRX�Z�JRK�CVP"N6j[J�N�{�CFQ\CVgTQOCV{�H�J�N �fpw³Tp¢²�JzD��opY³Tp 4"p>B�J�N
D\Q\CmxyJ@G�DOSVWYQOJ@N¡STM"DOJ@P�Z�J�N�NhSTP~D�K�kJ@QhWw�FCVM"jYJ@N¡{�CVQ!`}STQhG@J�CFZfu|p�B»C���WwD\J@NhNOJ�K�J>jiC�G�CF`�kJ�Q\C�{�QokJ@NOJ�P~D\J
K�STP�G�K"J@N�K"WYNOG�STP~DOWYP�Z"WYDfkJ@N�jYSfG@CFjYWYNokJ�J@N�CVZou/{�CFNON\CFgTJ@N�J�P�DOQOJ�K"J@Zfu�W[`ACVgVJ@N�NhZ�G@G�J@NON�WY�VJ@N�p �ne�P
K�Jl{�CFjwW[J�Q�G@JzDOD\JlKfWY AG@ZfjYDfkJVs�{"jYZ�N�W[J�Z�QONaCV{�{"QOSoGIH�J@N�{UJ@Z"�VJ@P~DLEJ�D\QhJ}CVK�ST{fDfkJ@J�N@p�B4C�DOQ\CFxyJ�G�D\SFW[QhJ
STM"D\J�P�Z�J�{UJ@ZfD}{�CVQ}JzufJ@`}{"jYJbEJ�D\QhJ�W[P~D\J�QO{USVjzkJ@J_J@P�Z"DOWwjwW[NOCVP~D�K�J�Nl� STP�G�DhW[SVP�N �¡® Nh{"jYWYP�J�N@p¡B4C
� STP�G�DhW[SVPbK�J}G�S4EZ"D�GIH�SVWYNhWYJ�{UJ@Z"D<kJ�g~CFjYJ@`}J@P~D�EJ�D\QhJ}`ASoK"Wwe�kJ@JLCFe�PRK�c¢CVNONhZ�QOJ�Qaj[C�K�kJ@Q�WY�FCVMfWYjwWYDfkJ
K�J�jiClD\QOCFxyJ@GzD\SVWYQOJFp

� �"! � � � ��'&"��� �"���+&�� � ����4�%��( �»�������
�
�ne�PbK"JLQokJ�CFjwW[NhJ@QaZ�P�J}DFECVGIH"J�K�J}{USTNhWwDOWYSTP�P�J�`}J@P~D�`ACFjYgTQokJ}j[C_gTQOCVP�K�J}K"Ww±nkJ@QOJ�P�G@JLJ@P~D\QhJ

j[J�NLWY`LCFgTJ@NAW[P"WwDOW[CFjYJ�JzD�K�kJ�NhWYQokJ�J����VSVW[QAe�gTZ�QhJ@N �fp¢²"³~��Co��JzD �fpd²�³~��M|�O�\s!P�STZ�N�CV{�{"jwW[X�Z�SVP�N�j[C
`�kJzD\H�SoK�Jn{�QOSV{|STNokJ@J�{�QokJ�GUkJ@K"J@`}`}J@P~D�p"��CVP�N�j[J
G�CFN�GIH�SFW[N�W�s�jiC�{�H�CFNOJ,K"J�`lWYNOJnJ@P�G�STQOQhJ@Nh{|STPo®
K�CVP�G�J_K"J�{|SVWYP~D\NlK�c�WYP�DfkJ@Q@EJ�DAJ@N�DAWY`}{|SVNONhWYM"jYJVp¡°�SVZ�NlZ"DOWwjwW[NhSTP�N}K�STP�G6jtcdJ@P�NhJ@`�Mfj[J_K�c�W[`ACVgTJ�N
W[P~D\J�QO`�kJ@KfWiCFWYQOJ�NA� SVZ�QOP"W�{�CVQ�j[C�e�gTZ�QhJ �fpd² � J�D}STMfD\J@P�Z�J�NACVZ"D\SV`LCmDOWYXoZ"J@`}J@P~DAJ@P�Z"DhWYjwW[NOCVP~D
K�J@N,DOJ@GIH�PfW[X�Z�J�N�K�cdWYP�K�Jvu"CFDOWYSTP<K�c�W[`ACVgVJ@N�% �J �@STZ�CFQ 1 � * p|q!P~D\QOJ�K�J@Zou�WY`ACVgTJ@N�NOZ�G�G@J�NONhWw�TJ�N@s
jiC
`lW[NhJ�J�P�G@SVQOQOJ�NO{USTP�K�CFP�G@J¡K�J@N»{USVW[P~DONrK�c�WYP�DfkJ@Q@EJ�D�JzD4j[J�G�Cmj[G�Z"joK�J¡j[C
`LCmD\QhWYG@J�K�J¡G@SFjYWYP�kJ�CmDOWYSTP
N@cdJ�±|J@G�DOZ�J@P~D�CFW[NokJ@`}J@P~D@pf°nSTZ�N�QokJ@CFjwW[NhSTP�N¡J@P�NhZ"WYDOJnj[C�{�H�CVNhJ
K�J
{"jiCFP"WYe�G�CFDhW[STPAK�J>D\QOCFxyJ@GzD\SVWYQOJ�N
K�CVP�N¡j�c�W[`ACVgVJVpfB4J�N�DOQ\CFxyJ�G�D\SFW[QhJ@N�SVM"D\J�PoZ"J@N�NhSTP~D�WwjYjYZ�NhDOQokJ�J@N�NhZ�Q�j[Cae�gVZ�QOJ �fpd² ! poB4C�{�H�CFNOJ,K"J
NOZ"Ww��W�J�NhD�J@P�NhZ"WwD\JAQokJ�CmjYWYNokJ�JVp»B�J@N�D\QOCFxyJ@GzD\SVWYQOJ�N�K�CFP�N�j�c�W[`ACVgVJLSTMfD\J@P�Z�J�N�NhSTP~D�WYjwj[Z"NhD\QokJ@J�N�NOZ"Q
jiC�e�gVZ�QOJ �op¢²T²"p ��P6STM"NOJ@Q��TJFs�J@P�G@SV`A{�CVQ\CVP~D�jYJ@N�e�gTZ�QhJ@N �fpd² ! JzD �fpd²T²�soX�Z�J�j[J�N�D\QOCFxyJ@GzD\SVWYQOJ�N
NOZ"Ww��W[J�N�JzD�{"j[CVP"Wwe�kJ@J�NaNhSTP~D�NhWY`lWYj[CFWYQOJ@N�p�B4C�D\QOCFxyJ@GzD\SVWYQOJlK�J�j[C6G�CF`�kJ�Q\C6G�STQOQhJ@NO{USTP�K�CVP~D\J}J@N�D
� STZ�QOPfW[J�{�CVQ�j[C�e�gTZ�QhJ �fpd² �fp�B!cdJ@QhQOJ@Z"Q�K�J�NOZfWY��W�J�NhD>K�SVP�P�kJ@J�{�CVQ�j[C�e�gTZ�QhJ �fpd² 4�J�D�G@STP"e�QO`}J
j�cdJ� AG�CFG�WwDfkJ,K"ZLNhGIH�kJ@`AC�{�QhST{USTNokJ
{�Z"WYNOX�Z�cdJ�jwjYJ�QOJ�NhD\J
��CFWYM"jYJ�� D\STZFxySTZ�QON!WYP"��kJ@Q�W[J�Z�QOJl]C ��{"W ufJ�jYNz�\p



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � �o#

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

�tCo� �tMU�
.0/2143 �fpd²�³ 5 � =�� IL = �o¥�¬«¤�¬ ª ¬�= B[¥l¥ ª �y¦��l¬2L = �o¥6@0J¥?9z¬«�J¥1¥

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

. /21 3 �fpd² � 5�EL = �o¥?9�¬«¤ ª ¥zIL J¥D@V¬�=V¬«\¥?9



� � � #'����� ¹r¹"���t¼Tº"¿���� � �º �y¶ � � ¿�·�
�¹P��� º"¿�$� � ½4· � � �Äº��%·o¸

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

. /21 3 �fpd² ! 5 �� = ��¥?> ª §m¬«\¥?9 ;�B =V¤�¬ ��J¥1¥?9+@�=V¤)9%B� ¬2L = �o¥



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � � �

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

. /21 3 �fpd²T²K5 �� = ��¥?> ª §m¬«\¥?9 9z£o¬2G1¬�¥?96@�=V¤)9OB� ¬2L = �o¥



� � � #'����� ¹r¹"���t¼Tº"¿���� � �º �y¶ � � ¿�·�
�¹P��� º"¿�$� � ½4· � � �Äº��%·o¸

.0/2143 �fpd² �%5 �" = ��¥?> ª §m¬«\¥6@o¥%B = >N= L�J¥z =

0 500 1000 1500 2000 2500
0

1

2

3

4

5

6

7

8

9

. /21 3 �fpd² 465 7�z\¥z£o6@o¥+9z£f¬2G1¬



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � � �

	�.�� 24365!7!8:9<;<=>5!?@8A3 9 � � � =
8L365�7=��?�365 � 9 � � ? � ? �<?��@?�5 ��
��CFP�N�G@J�DhD\JL{�CVQhDhW[JFs�]C:DhWYDOQOJ}W[P�KfW[G@CFDOWw�>J�D�CFe�PbK�JANOSTZ"jYJ��VJ@Q�jYJ@Na{�QhSTM"j�]J@`}J@N�QhJ@P�G�STP~D\QokJ@N

j[SVQON�K�J>j�cdZ"DhWYjwW[NOCFDOWYSTPAK�cdZ�P�J
`�kJ�D\H"SfK�J
K�cdST{"DhW[`lWYN\CFDhW[SVPLgVjYSTM�Cmj[JFs~P�STZ�N�`}J�DhD\STP�N�J�P �Z"�oQOJ>j[C
`�kJ�D\H"SfK�J�K�J�QokJ@NOSFj[Z"DhW[SVP�P�Z�`�kJ@QhWYX�Z�J>K�kJ�G@QhWwD\J�K�CVP�N»j�c¢CVP�P�JvufJ ��pF��J�jwj[Jv® GzW�{UJ@QO`}JzD�jiCn{�QhWYNOJ�J@P
G@ST`}{"DOJ
K�J@N�G@SVP�DOQ\CFWYP~D\J�N¡K"J
��WYNhWYM"WwjYWwDfkJnJzuf{�Q�W[`�kJ@J�N�NhSTZ�N!j[C,� STQO`}J>K�J
G@SVP�DOQ\CFWYP~D\J�N�WYP�kJ�g~CFjwWYDfkJ@N

� � � ��$ � �� �a��� ���y��� 	�� ��������� ���( �
°nSTZ�N:NOZ"{�{|SVNOSTP�N�Z�P�J^P�STZf�TJ�jwjYJb� SVWYN:XoZ"JRj[C�`ACFDOQhWYG@JRK�J^G@SVjwWYP�kJ�CFDhW[SVP �� jwWiCVP~D_j[J�N

{�QOSFxyJ@G�DhW[SVP�N�K�CVP�N�jYJ@N�WY`ACVgTJ�N,W[PfWYDhWiCFjYJlJ�D�K�kJ@N�W[QokJ@J}K�J@N�{USVWYP~D\N�CV{"{�CVQhDOJ@P�CFP�D6]C6Z"P<{"jiCFP<K�J
QokJz�1kJ@QOJ�P�G@JnGIH�SVWYNhWts�J@N�D�KfW[Nh{|STPfW[M"jYJVp � {�CVQ�DOWYQ!K�J �� s~P"STZ�N�J@N�DOWY`ASVP�N¡j[C�`ACFD\Q�W[G�JnK"JnQhSVDICmDOWYSTP� � s�jYJa�VJ@G�DOJ@Z�Q�K�J�DOQ\CVP"Nhj[CFDOWYSTP�CVZ���CVGzD\J�Z�Q�K�cykJ�GIH�J�jwj[J.1 6 s�¿���� � s�JzD�j[CLP"STQO`ACFjYJ�CFZ�{"j[CVP�K�J
QokJz�1kJ@QOJ�P�G@J,Jzuf{�QhWY`�kJ@J�K�CFP�N�jYJ�QhJ@{�]J�QOJ�G@CV`�kJ@QOC�e�P�CFjtpf°�STZ�N¡P�SVDOJ@QhSTP�N I � ��Pfs�j[J�{�QOSoK�Z"WwD�K�J
j�c¢CmufJ�JzD�K�J,jtc¢CVP�gVjYJ,K�J,QOSVD\CFDOWYSTP�JvuoD\Q\CmWYD>K"J�j[C�`ACFD\Q�W[G�J�K�J�QhSVDICFDhW[SVP � J�P�DOQOJ,jYJ@N�{|STN�WYDhW[SVP�N
G@STZ"Q\CVP~D\JnJ�D�]C�CFDODOJ�WYP�K�QhJ�K�J
j[CaG@CV`�kJ@Q\Cfpf°nSTZ�N�K�kJze�P"WYNONOSVP�N�jtcykJzDICFD¡K�ZLNh�oNhD�]J@`}JA]C�j�c�WYP�NhD\CVP~D �
{�CVQ>jYJ��VJ@GzD\J@Z"QnÅ�� �\� � % ¿���F� �\� I�� �\� * J�D
j[J��VJ@G�DOJ@Z�QnK�J�G@SV`A`ACVP"K�J�{�CVQ�´

� � �Å¡� �\� ���op � � �
°�STZ"N�K�kJ�NhWYQOSTP"N�K�kJzD\J@Qh`lW[P�J�Q�j[C�DOQ\CFxyJ�G�D\SFW[QhJ�K�JnG@S�EZfD�SV{"DOWY`ACFjUK�Jnj[C�G�CV`�kJ@QOC�J�P�{�QokJ@NOJ�P�G@J,K�J
G@STP~DOQ\CFWYP~D\J@N
K�J���WYNhWYM"WwjYWwDfkJFp%°�STZ�N�� SVQO`�Zfj[STP"N>G@J�{�QhSTM"j�]J@`}J�J@P�K�kJze�P"WYNONOCVP~D,Z�P"J�� STP�G�DhW[SVP�K�J
G@S�EZ"D
X�Z"W4J�NhDnj�c�WYP�DfkJ@gTQOCFjYJaK"J�j[C}P�STQO`}J�K�Z:�TJ�G�D\J�Z�QnK�J�G@ST`}`ACVP�K�J�´

- ��� �
� � � ��1 � ���op � ! �

°�STZ"N��VSTZ"jYSTP�N�G@SVP�NOJ�Qh�TJ�Q��¡{|SVWYP~D\N�K�CVP"N�jYJ}GIH�CV`}{RK�Jl�oWYNhWYSTPRK�JljiC�G@CV`�kJ@Q\Cfp �oW!STP^P�SVDOJ
¹ 	¯s�j[J�NaG�SfSVQOK�STP"P�kJ@J�N�Jvu"{"QhWY`�kJ�J@N�J�Pb{fWwufJ�j¡K�J}j[C_{�QhSVxyJ@GzDOWYSTPRK�CVP�N�j�c�WY`LCFgTJ}K�c¢Z"PÄK�J}G@J�N��
{|SFW[P~D\N�s�STP�K�kJ@N�W[QhJ�X�Z�J�¹ 	!CV{"{�CVQhDhW[J�P�P�J:]C�% � � 	 � � ��� * * � % � � 	 � � ��� * * �%G@J�X�Z"WrNOJaD\QOCVK�Z"WwD
{�CVQ
² � ��G�STP~D\Q\CmW[P~D\J�NnWYP�kJ�g~CFjwWYDfkJ@N�´�        !         "

� 	=O � ��� *�	 1 3 � ��³ �	�	�
�
� � 	 � O � 	 	 1 3 � ��³ �	�	�
�
� 	=O � ��� *�	 1 3 � ��³ �	�	�
�
� � 	 � O � 	 	 1 3 � ��³ �	�	�
�

��J@Nn² � �»WYP�kJ@g~CmjYWwDfkJ�N�{UJ@Z"�VJ@P~D�EJzD\QhJaQokJ@K�ZfWYDOJ@Nl]C � � �»G@STP~D\QOCFWYP�DOJ@NnK�J�jiCl� STQh`AJ�´�! " ��� > 	 � > ��Å�� � � >	 O���!� 	 
��  	 1 3 � � ³ �	�	���
�)� > 	 ��� � Å�� � � >	 O������ 	 
�� � 	 1 3 � � ³ �	�	��� ���op �F²o�



� ��� #'�Y$ �	� ¿�
��½��r¼V¿�$� � ½4· � ºb¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

C1�VJ@G �� � � ��� * 
 � � 	 � s �  � � ��� * � � 	 � s � � � � ��� * 
 � � 	 � J�D � � � � ��� * � � 	 � p ��e�P/K"J
D\Q\CFP�Nh� STQh`}J@Q�G�J@NlG@SVP�DOQ\CFWYP~D\J�N�W[P�kJ�g~CFjwWYDfkJ@NlJ�P�G@STP~D\QOCFWYP�DOJ@N�kJ@gTCFjYWwDfkJ�N@srP�STZ�N�WYP~D\QhSfK�ZfW[NhSTP�N�jYJ
�TJ@GzD\J�Z�Q,K�J��FCVQ�WiCVMfj[J � � % � � �	�	��� � ��� * � K�J�K"WY`}J@P�N�W[STP � ��� �TSVWYQa� ��p !�� �h�%´

��� 	 � Å 3 ��� 	 1 � � @ 	y� Å 3 � � � �)� 	y� Å�� 
 � >	 � 1 3 � � 1��	�	� � �8O�³ ���fp �	���
°�STZ�N�NOST`}`}J@N>`ACFWYP~D\J@P�CVP~D
J@P�`}J@NhZ�QOJ�K�J,P�STZ�N�QOCV`}J@P�J�Q�]C�Z�P�{�QhSTM"j�]J@`}J�K�J ��SVj���C����VSVWYQ
{�CVQ\CFgTQ\CV{"H�J���p � p ! �Ip �rSVZ�Q
G@J�j[C"s%STP:K�kJze�P"WwD�jtc :�CV`lWYjwD\SVP"W[J�P�G�ST`}`AJaZ�P�J�� STP"G�DOWYSTP_K�Z��VJ@Gv®
D\J@Z"QnK�cykJzDICFD�� kJ�D\J�P�K�Z�K�J�K"W[`}J�P�NhWYSTPÄ³ / 
 ² �rK"J�j[C}`LCFP"W�]J�QOJ�NOZfWY�FCVP~D\JL���VSVWYQ�� ��p ! ! �h�I´

	��
� 3 ���� � � � � 
�� � � �Å�O �/� 
 
� � · 	���Å 3 � � ���fp �54o�
S4]Z�· 	 � % � @ � �	�	� � @ >�� ��� * J�D�� J�NhDAj[J_�TJ@GzD\J�Z�Q�K�c kJ�D\CFD�kJzD\J�P�K�Z�K�kJze�P"W�{�CVQ��tNhJ�QokJ���kJ@QhJ@Q^]C
� ��p ! ²f�h�%´

� ��� � � * � �  � � � � � � � � ��� � ���fp � & �
C1�VJ@G�� * �¾Å!s ��  � �<s �� � � %�� � �	�	��� >�� * s �� � � % � � �	�	� � � * s �� � � %�� � �	�	��� >�� * p
B4J�N�G�STP�K"WwDOWYSTP�NnCVZou�jYWY`lWYDOJ@NnNOSTP~DnK�STP"P�kJ@J�N�{�CFQ�� �TSVWYQa� ��p ! 4��O�%´
� * � � � � �¾Å�� � � �
� � o� � � � � 1�� � � � � � � � 1�� � � � � � � � 1�� � � � � � ��� 1��
� * � � 6V� �¾Å�� � 6T� � 
 ���� �!#" � � � 6T� � 1�� 
 �$��%�!%& � � � 6F� � 1�� 
 ����'�!%( � � � 6F� � 1 � 
 ����'�!*) � � � 6F� � 1 �

C1�VJ@G�´


 ���� �!#" � � � �� �O � � 
 ���� �!*& � � � %�� � � � �	�	�+� � � � � � * � � 
 ���� �!*( � � �� * O ��  � 
 �$��'�!#) � � · 	
°�STZ�N4Z"DhWYjwWYNOSTP�N»J@P"NOZ"WwD\J�jiC>`�kJ�DOH�SoK�J�K�J�QokJ@NhSVjYZ"DOWYSTPaPoZ"`�kJ�QhWYX�Z�J�K�kJ@G@Q�WYDOJ�K�CVP�N�j[J�{�CFQ\CVgTQOCV{�H�J
��p � p¢²�Cme�P}K�c¢SVM"D\J�P"W[Q�j[C,D\QOCFxyJ@GzD\SVWYQOJ>K"Z}�VJ@GzD\J@Z"Q¡K�cykJzDICFD�kJzD\J@P"K�Z�p�&nP�J�� SVWYN!G@J�jwjYJz® GzW�STM"DOJ@P�Z�JFs
P�STZ�N�QhJ�D\QhSTZ"�VSTP�N�CFWYNokJ�`AJ�P~Daj[C�D\QOCFxyJ@GzD\SVWYQOJlK"J�jiC6`ACFDOQhWYG@J�K�JlG�SVjwW[P�kJ@CFDOWYSTP^J@P<ZfDOWwjYWYN\CVP~D�j[C
QOJ�j[CFDhW[STP � �fp � ³F�Ip�B4CbD\QOCFxyJ@GzD\SVWYQOJ�K�J�j[C�`ACFD\Q�W[G�J/K�J/G�SVjYWYP�kJ@CFDOWYSTP�J@N�D:CFjYSTQONLJzuf{"jYSVWwDfkJ@J<K"J
jiC�`_EJ@`}Jl`ACVP"W�]J@QhJAX�Z�JlK�CVP�N�j[J�N�{�CVQOCVgTQ\CF{�H�J@N �opY³Tpd²�{USTZ�Q�G�STP�NhDOQOZ"WYQOJlj[C�D\QOCFxyJ@GzD\SVWYQOJ}K�J�N
{�QhWY`lWYDhWY�VJ@N���WYNOZ�JzjYjYJ@N�K�CVP�N>jtcdWY`ACVgTJFp

� � �?�"! , ��� ( ���y�
B!cdSTM"xyJ@GzDOWw�4K�J@N�Jzuf{�kJ�QhWY`AJ�P~DICFDhW[STP"NnX�Z�J�P�STZ�N�{�QokJ�NOJ�P�DOSTP�N>K�CFP�N�G�J�DODOJ�{�CVQ�DOWYJ�J�NhD�j[C�{fjiCm®

P"WYe�G�CFDhW[STPRK�J�j[C6D\Q\CmxyJ@G�DOSVWYQOJ}K�J�jtc¢J�P�NOJ�`�M"jYJ�K�J�N�{"WwufJzj[N�J@P~DOQOJ}Z�P�JlWY`LCFgTJ�W[PfWYDhWiCFjYJ}J�D�Z�P"J
W[`ACVgTJ�GzW[M"jYJL��WY`LCFgTJ@N
J@P"G�CVK�QokJ@J�N�NhZ�QnjYJ@N>e�gVZ�QOJ�N �op¢² & JzD �op¢² ( �Ip
��CVP�N�Z�P:{�QhJ@`lWYJ@Q�D\J�`}{�N@s�P�SVZ�N>QokJ@CFjYWYNOSVP�N�jiC�{fjiCVPfWYe�G@CFDOWYSTP:N\CFP�N�W[P~DOQOSoK�Z"WYQOJ�j[C�G@STP~D\QOCFWYP�DOJ
K�J,��W[N�W[MfWYjwWYDfkJVp�°nSTZ�N�SVM�NOJ�Qh�TSVP�N
CFjYSTQON�XoZ�c¢Z�P"J�{�CVQhDhW[J�K�J,jtc¢SVM"xyJ�D>K�cdWYP~DfkJ@Q@EJ�D
X�Z"WwDODOJ,j[J�GIH�CV`}{



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � � �

K�J���WYNhWYSTP6K�JnjiCaG�CV`�kJ�Q\C6�I]C�{�CVQ�DOWYQ�K"J�jtcdWYP�NhD\CVP~D�D � 1fp � �\po°�STZ�N�P�SVDOSTP�N¡K�STP�G�XoZ"J�j[CaD\QOCFxyJ@Gv®
D\SVWYQOJ�QhJ@G�DhWYjwWYgTP�J¡K�J¡j[C
G�CV`�kJ@QOC�� �TSVWYQ4e�gTZ�QhJ �op¢² /���P"J¡{UJ@Qh`}J�Dr{�CVN4K�J¡G@STP�NhJ@Q��TJ@QrJ@P~DOWt]J@QhJ@`}J@P~D
j�cdSTM"xyJzDnK�cdWYP~DfkJ�Q@EJ�D�K�CVP"N
jtc�W[`ACVgTJFp
°�STZ"NaZfDOWwjYWYNOSTP"N�Cmj[STQhN�jiC�`�kJ�DOH�SoK�J}K�kJ@G�QhWwD\J}K�CVP�N�j[C�NOJ@GzDOWYSTPR{�QokJ�GUkJ@K"J@P~D\J���WYP"WwDOW[CFjYWYNokJ�J�C��VJ@G
jiCANOSVjYZ"DhW[STP�STM"DOJ@P�Z�J�j[STQhN�K"Jaj[CA{"QOJ@`lW�]J@QhJ�Jzuf{�kJ�QhWYJ@P�G�Jm�n{USTZ�Q>WYP�DOQOSoK�Z"WYQOJ�jiC}G@SVP�DOQ\CFWYP~D\J�K�J
��W[N�W[M"WwjwWYDfkJVp%B4C�D\QOCFxyJ@GzD\SVWYQOJ�K"J�jiC�G@CV`�kJ@Q\C�K�kJ���W[J�Cmj[STQhN�K�J�j[C�jYWYgTP�J,K�QOSVWwD\J����TSFW[Q�e�gVZ�QOJ �op �51��
J�D
jtc¢STMfxyJ�DnK�c�W[P~DfkJ�Q@EJzD,QhJ@NhDOJ�K�CVP�N>j�c�WY`LCFgTJA���TSFW[Q>e�gTZ"QOJ �fpd² ( �Ip
°�STZ"NLP�J_K�kJz�TJ�jYST{�{UJ@QhSTP�N6{�CVNL{fj[Z�NAG@JzDODOJ�`�kJ�DOH�SfK"JVs�G�CVQAJ�jwjYJ�P�SVZ�NLNhJ@`�M"j[J�`LCmjnCVK�CV{"DfkJ
]C<P�SVD\QhJ�{�QOSVM"jzkJ�`ACFDOWYX�Z�JVp¡q!P�Jz±�JzD�s!G�J�DODOJ:`�kJzD\H�SoK�J:P�kJ�G@J@NhNhWwD\J�Z�P�J�W[PfWYDhWiCFjwWYN\CFDhW[STP�p���J�DhD\J
kJ�DICF{|Jl{UJ@Z"D�N�c�C��!kJ@QhJ@Q�D\Q@]J@N�K�kJ�jwWYG�CFDOJVp»��CVP�N�jtc¢JvufJ@`}{"jYJLX�Z�JAP�STZ�N�C��VSTP�Na{�QokJ�NOJ@P~DfkJVs�j[J�N�D\Q\C�®
xyJ@GzD\SVWYQOJ�N�STP~D^kJ�DfkJAWYP"WwDOW[CFjYWYNokJ�J@N�J@PÄZfDOWwjYWYN\CVP~DajiC:NOSFj[Z"DhW[SVPÄSTM"DOJ@P�Z�J}j[SVQONOX�Z�JAj[J�N�G�STP~D\QOCFW[P~DOJ@N
K�J���W[N�W[M"WwjwWYDfkJ�P�J�NhSTP~Dn{�CVN>{�Q�W[NhJ@NnJ@P:G@ST`}{"DOJA�tG@J�X�Z"W4G�STQOQhJ@NO{USTP�K�]ClZ�P�J�DOQ\CFxyJ�G�D\SFW[QhJaNhJ�jYSTP
Z�P�J�g�kJ@SoK�kJ@N�W[X�Z�J�K�J�jiC}G�CV`�kJ�Q\Co�\p|��CFP�NnjYJ@NnG�CFN,S�]Z�jiC}K�kJz�oW[CFDhW[STP��tP�kJ�G@J@NhN\CFWYQOJ�CVZ�`ACFWYP~DOWYJ@P
K�Jlj�cdSTM"xyJzD�K�c�W[P~DfkJ�Q@EJzD�K�CFP�N�j�c�WY`LCFgTJm��{�CVQ�QOCV{�{USTQhDL]C:G�J�DhD\JlW[PfWYDhWiCFjwWYN\CFDhW[STP^J�NhD�W[`}{USTQhD\CVP~D\JFs
Z�P�J�DOJ�jwj[J�NhDOQ\CFDfkJ@gVWYJ kJ@GIH"STZ�JVp�B!cykJzDICV{UJ�K�c�WYP"WYDhWiCmjYWYN\CFDhW[SVP�P�kJ@G�J@NhNhWwD\J kJ@g~Cmj[J�`AJ�P~D�Z�P�J�M|STP"P�J
G�CFjwWYM�Q\CFDhW[SVP�K�J
jiCaG�CV`�kJ�Q\C�Cme�P�K�cdSTM"DOJ@P"WYQ�j[J�N�G@SVP�K"WwDOWYSTP�N�CFZfu}jYWY`lWYDOJ@N�]Ca{�CFQhDOWYQ¡K�J@N¡W[`ACVgTJ�N
W[PfWYDhWiCFjYJ�J�DnK�kJ�NhWYQokJ@JFp
q!P�STZ"DOQOJVs�j[C�G@SV`A{fj[JvufWwDfkJ�K�J�j[C�`lWYNOJ�J�P �Z"�oQOJ�JzD�jYJ¡DOJ@`}{�N�K"J�G�Cmj[G�Z"j"K�c¢Z�P"J�D\JzjYjYJ�`�kJ�DOH�SoK�J
K�J���WYJ@P�P"J@P~D/WY`A{USTQ�DICVP~D\N:jYSTQONhXoZ"JbjYJRP"ST`�M�QhJbK"JbG�STP~D\Q\CmW[P~D\J�N�� j[JRP�ST`�M�QOJRK�JR{|SVWYP~D\N�]C
G@STP"NOJ@Q��TJ�Q�K�CVP�NAj�c�W[`ACVgVJm�}CFZ�gT`}J@P~D\J�P~D�p �»STZ�QL{�CFjwjYWYJ@QLG@J@N�K"WY AG�Z"jYDfkJ@N�s�K�CVP"NLjYJ�GIH�CV{fWYDOQOJ
NOZ"Ww�FCVP~D�s»P�STZ�N�CFjwj[SVP�N�ZfDOWwjYWYNOJ�Q�Z�P�JLCV{�{"QOSoGIH�JLDOSVDICFjYJ@`}J�P�D�K"Ww±nkJ�QOJ�P�DOJ/� j[SoG�CFjYJm�\s4M�CVNokJ�J�NhZ�Q
jiC}`�kJ�DOH�SfK"JaK"J@N
{|SFD\J@P~DhW[Jzj[N�p



� ��� #'�Y$ �	� ¿�
��½��r¼V¿�$� � ½4· � ºb¼ � � ¿ 
mº�� � ¿�·�½4·�����¸ �4� �����«¿"�·

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1:��WY`LCFgTJ�W[P"WwDOW[CFjYJm� D � 1"p � D � 1"p !

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1"pd² D � 1"p � D � 1"p 4

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1"p & D � 1"p / D ��³A��WY`ACVgTJ�K�kJ�NhWYQokJ@J��
. /21 3 �fpd² & 5 �� = ��¥?> ª §m¬«\¥6@�=V¤)9+B� ¬2L = �o¥

�
¥��	;�J¥zv¬2L�¥z¤ ª = ª ¬�§m¤ 9D=V¤)9�>I§m¤ ª N=V¬«¤ ª ¥6@o¥%G1¬ 9z¬�¦@¬2B ¬ ª J¥

−0.6
−0.4

−0.2
0

0.2
0.4

0

0

0.2

0.4

0.6

0.8

1

1.2

.0/2143 �fp¢²2/K5 �"N= ��¥?> ª §m¬«\¥%@o¥%B = >N= L�J¥z =
�

¥��	;�J¥zv¬2L�¥z¤ ª = ª ¬�§m¤ 9D=V¤)9�>I§m¤ ª  =V¬«¤ ª ¥%@o¥%G1¬ 9z¬�¦@¬2B ¬ ª J¥



� ��r����4����������� 	����������o�»��"�������'&��� ( ����� ( � ( 	}�f��»���4� � �y�����
	}���!�}��»�|��4�������y��� � �%$

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1:��WY`ACVgTJ�W[PfWYDhWiCFjYJm� D � 1"p � D � 1"p !

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1fp¢² D � 1"p � D � 1"p 4

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

50 100 150 200 250 300 350

50

100

150

200

250

D � 1fp & D � 1"p / D �l³A� W[`ACVgTJ�K�kJ�NhWYQokJ�Jm�
.0/2143 �fpd² ( 5 �" = ��¥?> ª §m¬«\¥6@�=V¤)9OB� ¬2L = �o¥

�
¥��	;�J¥zv¬2L�¥z¤ ª = ª ¬�§m¤ = GV¥?>�>I§m¤ ª  =V¬«¤ ª ¥K@o¥OG1¬ 9z¬�¦@¬2B ¬ ª J¥

−0.6
−0.4

−0.2
0

0.2
0.40

0

0.2

0.4

0.6

0.8

1

1.2

. /21 3 �op �5165 �� = ��¥?> ª §m¬«\¥6@o¥OB = >N= L J¥z =
�

¥��	;�J¥zv¬2L�¥z¤ ª = ª ¬�§m¤�= GV¥?>�>I§m¤ ª  =V¬«¤ ª ¥K@o¥OG1¬ 9z¬�¦@¬2B ¬ ª J¥



� ��� #'� � �6� � ¼����»¸ ��� �

	:.�- � 8L3<= ��; � ?�8L3
��CVP"NnG�J�GIH�CV{"WwD\QOJFs|P"STZ�N�C1�VSTP�N
�oZ�G@SV`A`}J�P�D@s�]C}{�CVQ�DOWYQ�K"J�K�J�Zfu:WY`LCFgTJ@NnK�cdZ�P�J�NhGV]J�P�J

NhDICmDOWYXoZ"J�CVG@X�Z"WYNOJ�N
{�CVQ�Z"P�J,G@CV`�kJ@Q\Cfsfj[C�� STQO`}J,CVP�CFjw��DOWYXoZ"J�K�J,j[C�D\QOCFxyJ@GzD\SVWYQOJ�K�CVP�N�j�c�W[`ACVgVJ
K�J�{�QhWY`lWYDhWY�VJ@N
��W[NhZ�J�jwj[J�N�{USTZ"�FCFWwD�EJzD\QOJ�SVM"D\J�PoZ"Ja{USTZ�Q�QOJ�jwWYJ@Q>G@J�N>K�J@Zou�W[`ACVgVJ@N@p�B4J�N�D\QOCFxyJ@Gv®
D\SVWYQOJ�N�K�CVP"NajtcdWY`ACVgTJAG@STQhQOJ�NO{USTP�K�J�P�D_]C�Z�PbK�kJ@{fjiCVG�J@`}J@P~DlSV{"DOWY`ACFj��tNO{�CFDOW[CFj¡J�DaD\J�`A{USTQhJ�j �
K�JAj[C:G�CV`�kJ@QOC�K�CFP�NajtcdJ@NO{�CVG@J6K"J}DOQ\C��FCFWwj�p»°�SVZ�N�C��VSTP�N�G�STP�N�W[K�kJ�QokJAj[J�N�{�QhSTM"j�]J@`}J@N:]C_`lWYP"W ®
`�Z�` K�cykJ@P�J�QOgVWYJ�JzD,`lWYP"W[`�Z�` K�c�CFG@GUkJzjzkJ�Q\CFDhW[SVP�p�B�J@N�NOSVjYZ"DhW[STP"N,STM"DOJ@P�Z�J�N�NOSTP~D@s|G�ST`}`AJ�CFDh®
D\J@P"K�Z�s~K�J�N¡grkJ@SoK�kJ@N�W[X�Z�J�N�S�]Z�NhJ@Z"jYJ>jiC�{�CFQ\CV`�kJ�DOQhWYN\CFDhW[SVP}DOJ@`}{USTQOJzjYjYJ
GIH�CVP�gTJ
NhJ�jYSTPlj[J
G@Q�WYD�]J@QhJ
K�c¢SV{"DOWY`ACFjYWwDfkJ,QOJ�DOJ@P�Z�p"��c�CVZfD\QOJ�N�D �o{UJ@N>K�J�G@QhWwD�]J�QOJ�N@s�CF`AJ�P�CVP~D�]C�Z"P�J,{�CFQ\CV`�kJ�DOQhWYN\CFDhW[SVP�NO{�Cm®
DOW[CFj[J�J�D
�FSTZ�DOJ@`}{|SVQOJ�jwjYJ�K"Ww±nkJ�QOJ@P~DOJ@N@sV{|STZ"QOQ\CmW[J�P�D�kJ��TJ�P~D\Z�JzjYjYJ@`}J@P~D,EJ�DOQOJ�GIH"SVW[N�W[N�p~°�SVZ�N�C��TSVP�N
kJ�g~CFjYJ@`}J@P~D,`ASVP�DOQokJ�XoZ"J�jYJ@N�DOQ\CFxyJ�G�DOSVW[QhJ@N,CFW[P"NhWrSTM"D\J�P�Z�J@N�NhSTP~D�WYP�K�kJ�{|J�P�K�CVP~DOJ@N�K�JajiCAG�CFjwWw®
M�Q\CFDhW[SVPRK"J�jiC6G@CV`�kJ@Q\Cfp�°�STZ"N�C1�VSTP�N�J�P�NOZ"WwD\J}Z"DhWYjwWYNokJ}Z�P^NOGIH�kJ�`AC_K�JlG�ST`}`ACVP�K�J}K�J�D �o{UJ
� ��{USTZ�Q>NhZ"Ww�fQhJajYJ@N>DOQ\CFxyJ�G�D\SFW[QhJ@N
K�CVP�N>jtcdWY`ACVgTJFp%°�STZ�NnC��TSVP�N:kJ�g~CFjYJ@`}J@P~D�kJ�DOZ�K"WzkJ�j[J�G�CFNnK"J
j�c�W[P~DOJ@QO{USVj[CFDOWYSTP6K�c¢Z�P�P"ST`�M�QhJ,X�Z�Jzj[G�STP�X�Z�J�K�c�W[`ACVgVJ@N>CFe�P6K�J,{�CFjYjwWYJ@Q�jYJ,{"QOSTM"jt]J@`}J�K"J,`lW[NhJ
J@P_G@STQhQOJ@Nh{|SVP�K�CVP�G�J�K�J@N
{�Q�W[`lWwDOWw�TJ@Nn��W[NhZ�J�jwj[J�NnjYSTQhNOX�Z�J�j[J�Nn{"QhWYNOJ@N
K�J��oZ�J�WYP"WYDhWiCmj[J�J�D>e�P�CFjYJ
NOSTP~D�KfW[N�DICVP~D\J�N@p!q!P�SVZ"D\QhJVs�j[J�N�`�kJ�DOH�SfK"J@N�K�kJ��TJzj[SV{�{�kJ@J�N}P�J�P�kJ�G@J�NONhWwD\J�P~D}{�CVN�jYJ@N�`}SfK�]Jzj[J�N
K�J@N�SVM"xyJ�DON,STM�NhJ@Q���kJ�N�{�CVQ
jiCAG�CV`�kJ�Q\C"p�°�STZ�N,C��TSTP�N,CV{�{"jwWYXoZ�kJ�j[J�N�QokJ�NOZ"jwDICmD\N,SVM"D\J�PoZ"NL]C�K�J�N
DFECVGIH�J�N�K"J�{|STN�WYDhW[SVP�P�J@`}J�P�D@s%J@P_Z"DOWwjYWYN\CFP�DnZ�P"JaG@CV`�kJ@QOC��>��� `}STP~DfkJ@JaNOZ"Q�j�cdSTQOgTCVP�J�D\J�QO`lW ®
P�CFj4K�cdZ�P_QOSTMUSVD
G�CFQhDfkJ�NhWYJ@P�]C}N�Wwu_K"J@gTQokJ@N
K�J�jYWYMUJ@QhDfkJVp
°�STZ�N�C��TSTP�N�J@P�NhZ"WYDOJ�Z"DOWwjwW[NokJ�Z�P�Jb`�kJzD\H�SoK�JbK�J�QokJ�NOSVjYZ"DhW[STP�PoZ"`�kJ�QhWYX�Z�J�K�J@N�{�QOSTMfj�]J�`AJ�N
K�J�G@ST`}`ACVP�K"J�SV{"DOWY`ACFj[JÄG@STP~D\QOCFWYP�DONRCFe�P K�cdSTM"DOJ@P"WYQ<Z�P�J�NhSVj[ZfDOWYSTP PoZ"`�kJ�QhWYX�Z�J�X�Z�CFP�K
jiC�G@STP~DOQ\CFWYP~D\JÄK"J^��WYNhWYM"WwjYWwDfkJbJ@NhD�{�Q�W[NhJÄJ@P¾G@SV`A{fD\JVp �CFjYH�J�Z�QOJ�Z�NOJ�`AJ�P~D�s,`:EJ�`AJbNhWaG@JzDODOJ
CV{�{�QhSfGIH�J<� STZ"QOP"WwD�K�J�N_QokJ@NhZ"jYD\CFD\N:NOCFDOWYNh��CFWYN\CFP�DON:{|STZ"Q�G@J@Q�DICFWYP�J�N_G�STP"e�gVZ�Q\CFDhW[SVP�N@s�G�J�jwj[Jv® GzW
NOJ@`�M"jYJa`ACFj�CVK�CV{fDfkJ@J�CVZ�{�QOSVM"j�]J�`}J�{|STNokJ�{�CVQ�j�c¢CVNONhJ@Q��oWYNONhJ@`}J@P~D��oWYNOZ"J�jts�G�CVQ�J�jwj[J�P�kJ�G@J�NONhWwD\JFs
]CLjiCA� SVW[N�s|Z"P�J�MUSTP�P�JaW[P"WwDOW[CFjwW[NOCFDOWYSTP<JzD�Z�P�J�G�CFjwW[M"Q\CFDhW[STP�G@STQhQOJ@GzD\J�K"J�j[C�G�CV`�kJ�Q\C"p���c�CVZfD\QOJ
{�CVQhD@s�NOC:`lWYNOJlJ�P��Z"�oQhJlJ@NhD�jYSTZ�QhK�JVs�J@P^{�CVQ�DOWYG@Z"jwW[J�Q@s�jYSTQhNOX�Z�J�jYJlP�ST`�M"QOJlK�JlG�STP~D\Q\CmW[P~D\J�N
K�J���WYJ@P~D,WY`}{|STQ�DICVP~D@p
�rSTZ�QA{�CFjwjwW[J�QAG�J@NLK�J@QhP"W�]J�QOJ�N�K"Ww AG@Z"jwDfkJ�N@s¡P�STZ�NACFjwj[SVP�NLK�kJ��TJzj[SV{�{|J�Q�K�CFP�NAjYJ:GIH�CV{"WwD\QhJ�NhZ"W ®
�VCFP�D�Z�P:NOGIH�kJ�`LClK�J�{fjiCVPfWYe�G@CFDOWYSTP�M�CFNokJ�NOZ"Q�jiC�`�kJzD\H�SoK�J�K�J�N>{|SVDOJ@P~DOWYJ�jYN@p���J�DODOJ�CV{�{�QhSfGIH"J
�VC<P�SVZ�Nl{|J�QO`}J�DhD\QhJ�K�J�{�QOJ�P�K�QhJ_J�P�G@ST`}{"DOJ_N�W[`}{"jYJ@`}J�P�DAjYJ@NlG@SVP�DOQ\CFWYP~D\J�NAK"J:��WYNhWYM"WwjYWwDfkJFs
`LCmW[N:kJ@g~Cmj[J�`AJ�P~D�K"J@NnG@STP~D\QOCFWYP�DOJ@N
jYWvkJ@J�N,CFZ_`�kJ�G�CVP"WYNO`}J��tM�Z"DfkJ@J�N�`�kJ@G@CVP"WYX�Z�J@Nv�Ip



� � �����
 *�� ���!� �y� ( ���� *��
	�� 	��'& ���!�"�r�������»�;& � �%#

& ' ��� �����	� 


� � � �	��À' � � ��� ��� � *����' ��� � � ���

� �����������������

°nSTZ�NL{�QokJ�NOJ@P~DOSTP�N�K�CVP"N�G@J�GIH�CV{"WwD\QhJ/Z�P�J�`�kJ�D\H"SfK�J�K�J�{"j[CVP"Wwe�G@CFDOWYSTP�K�J�{�QhWY`lWYDhWY�VJ@N
��W[NhZ�J�jwj[J�N�K�CVP�N�jtcdWY`ACVgTJ�{UJ@Qh`AJzDOD\CVP~D>jiC�{"QhWYNOJ�J@P:G�ST`}{"D\J�K�J,G@STP~D\QOCFWYP�DOJ@N>jwWzkJ�J@N
CVZ6D �o{UJ�K�J
G�CV{fD\J@Z"Q»ZfDOWwjYWYNokJ�J�D»CFZfu�`�kJ@G@CVP"WYNO`}J@N»K�Z�QOSVM|SVD@p ��jYZ�N4{�QokJ�G�WYNokJ@`}J�P�D@sFP"STZ�N�P�STZ"N�W[P~DfkJ�QOJ�NONOJ�QOSTP"N
CVZfu:G�STP~D\QOCFW[P~DOJ@NnK�J��oWYNhWYM"WwjYWwDfkJ�J�DnK�cykJ���WwD\J@`}J�P�D,K�J@N
M�ZfDfkJ@J�N,CFQhDOWYG@ZfjiCFWYQOJ�N�K"Z�QhSTM|SFD�p
��PLG�STP�NhWYK�kJ�QOJ@QOCaX�Z�cdSTPAK"WYNO{USTNOJnK�J@N!WY`ACVgTJ@N�WYP"WYDhWiCmj[Ja� � 	t�»JzD�K�kJ@NhWYQokJ�J�� � 6F�»K�J>j[C�NOGV]J�P�J,JzD�K�Z
�TJ�G�D\J�Z�Q,G�STP~D\J�P�CVP~D,jYJ@NnG@SoSTQOK"STP�P�kJ�J@N�CFQhDOWYG@ZfjiCFWYQOJ�N�K"Z�QhSTM|SFD 	 �	 jYSTQONhXoZ"J�G@Jzj[ZfWw®¯G�W»J@N�D,K�CFP�N
jiC�G�STP"e�gTZ"Q\CFDhW[STP/WYP"WwDOW[CFjYJ:�tG@Jl�VJ@G�DOJ@Z�Q/kJzDICVP~D�P�kJ�G@J@NhN\CFWYQOJAZ�P"WYX�Z�J@`}J�P�DajYSTQONhXoZ"J}jYJ@N�M"Z"DfkJ�J@N
CVQhDhW[G�Z"j[CFW[QhJ@N!K�ZlQhSTMUSVD�NhSTP~D�{�QhWYNOJ�N!J@PlG�ST`}{"D\J��Ip ��PlNhZ�{�{USTNOJ�Q\C�X�Z�J�jtc¢STP�{|J�Z"D!JzuoDOQ\CFWYQOJ�K"J@N
K�J@Zou�W[`ACVgVJ@N�jYJ@N��TJ�G�DOJ@Z�QhN�K�J�KfW[`}J@P"NhWYSTP �B� �<G�ST`}{|SVNokJ@N
K�J�N>G@SoSTQOK"STP�P�kJ�J@N>K�J �<{USVWYP�DON
¹ � K�J�jtcdWY`ACVgTJ>¸ 	 � % ¹ � �	 �	�	�O¹ � �	 * � J�D�¸ 6 � % ¹ � �6 �	�	�h¹ � �6 * � pTB!cdSTM"xyJ@GzDOWw��J�NhD¡CFjYSTQhN�K�J�� STZ�QhP"WYQ
J@P:NOSVQhDOWYJ�K�Z�{fjiCVPfWYe�G@CFD\J�Z�Q@s"Z�P�J�D\QOCFxyJ@GzD\SVWYQOJ,G@STP~DOWYP�Z�J�J�D>K�kJ@QhWw�FCVM"jYJ�¸T� �\� � % ¹ � �� ��� �	�	�O¹ � �� ��� * �J@P~D\QhJ�¸ 	|J�D�¸ 6Tp��rSTZ"Q�G@JzjiCfsoK�CVP�N�Z"P�{�QhJ@`lW[J�Q�DOJ@`}{�N@s�j[CaD\QOCFxyJ@GzD\SVWYQOJnK"WYNOG�Q@]J�DOJ�K�J
jiCaG�CV`�kJ�Q\C
J@N�D�STMfD\J@P�Z�J�J�DAQOJ�{�QokJ�NOJ�P�DfkJ@J<{�CFQAZ"P�J�NokJ@Q�W[J_K�J � {USTNOJ�NAWYP~D\J�QO`�kJ@K"W[CFWYQOJ�N6K�J:jiC^G�CV`�kJ�Q\C
K�CVP�N � s � � � Å�!��#" � ³ �	�	��� � p>q!P�NhZ"WYDOJVs
jiC�DOQ\CFxyJ�G�D\SFW[QhJRKfW[NhG@QokJzDOWYNokJ�J�K�J@N:{�Q�W[`lW ®
DOWw�TJ�N�NOCVP�N6jtcdWY`ACVgTJ%$ � � ¸&!	�'" � ³ �	�	��� � J�D:K�Z QhSTM|SFD�K�CVP�N�jtc¢J�NO{�CFG@JRCVQhDhW[G�Z"j[CFW[QhJ
( � � 	)!��#"� ³ �	�	��� � J�NhD�SVM"D\J�PoZ"J�]CL{�CFQhDOWYQnK�J*�/pUq!P"e�P�sUSTP/STMfDOWYJ@P�K�QOCLZ�P"J�D\QOCFxyJ@Gv®
D\SVWYQOJ}grkJ�ST`�kJ�DOQhWYXoZ"J�G@SVP�DhW[P�Z�JLJ�DaK�kJ�QhWw�VCFM"j[JLK�J@Na{�Q�W[`lWwDOWw�TJ@N�K�CVP�N�jtcdWY`ACVgTJVs»CVZou"X�Z�JzjYjYJ@N�STP
CVNONhSfGzW[J�Z�P�Jn�VCFQhW[CFDOWYSTPLDOJ@`}{USTQOJzjYjYJ�¸T� �\��X�Z"W|NOJ�Q\CaZ"DOWwjYWYNokJ�J�G@SV`A`}J�G@STP�N�W[gVP�J,K�cdZ�P�CFNONOJ�Qh��WYN�®
NOJ�`AJ�P~D,��W[NhZ�J�j � ��p
�,{�Q@]J@NLZ�P�J_K�J@NhG@QhWY{"DhW[STP�K"J_j[CR`�kJzD\H�SoK�J�GzjiCFNONhWYX�Z�J�K"J@N�{USVDOJ@P~DOWYJ�jYN@s¡P�STZ�NA�TJ�QOQOSVP�N�G�ST`�®
`}J@P~D�`}SfKfWYe�J�Q6G@JzDODOJ/`�kJ�D\H"SfK�J/CFe�P�K�J_D\J@PfW[Q6G�ST`}{"D\J�K�J/G@SVP�DOQ\CFWYP~D\J�N�QOJ�j[CFDhWY�VJ@NÄ]CbK"J@N
J@Nh{�CVG@J�N�K"Ww±nkJ@QOJ�P~D\N���J@Nh{�CVG@J,CVQhDhW[G�Z"j[CFW[QhJVs�J@Nh{�CVG�J,K�J
D\QOC1�FCFWwjts~J@NO{�CVG@J�K�JnDmECVGIH�J��IpoB4CaNhJ@G@SVP�K�J
{�CVQ�DOWYJ�K�J
G�J�GIH�CF{"WYDOQOJnNOJ�Q\C�G�STP�NOCVG@QokJ@JA]C�jtcykJzD\Z�K�JnK�J�N�G@CVN�S�]ZljYJ�`}SoK�]J�jYJ
K�J
jiC�G�WYM"jYJ�J�NhD�K"W[Ny®
{|SVP"W[Mfj[JFp�°�SVZ�N�kJ�DOJ@P�K"QOSTP�N,J@P�NhZ"WYDOJ�j[C�`�kJ�D\H"SfK�J�{�QOST{USTNokJ@J�CFZ/{�QOSVM"j�]J�`}J�K�J�{"j[CVP"Wwe�G@CFDOWYSTP
X�Z�CVP�K�jYJ�`ASoK�]Jzj[J�K�J�j[C�G�WYM"jYJ�P�cdJ@NhD
{�CVN>K"WYNO{USTP"WYM"j[JFp���CVP�N�G@J�G�CFN@s�P�SVZ�N��TJ�QOQOSVP�N
XoZ�cdWwj�J@N�D
{|SVNONhWYM"jYJ�K�cdSTM"D\J�P"WYQ�K�J@N�QokJ@NhZ"jwDICFDONlG@STP�G�J@QhP�CVP~D�j[C�QOSTM"Z�NhDOJ@NONhJ:K�Z�{"j[CVP"Wwe�G�CmD\J@Z"Q��oWYN�®�]Cm®¯��WYN



� ��� �'��� µ�º � �·~¿�Â���½4·/½4·o¸A¹P��¿1· � ¿� ·��t¸

K�cykJz�TJ�P�DOZ�J�jwjYJ@N
J@QhQOJ@Z"QON�NhZ�Q�j[C�G@CFjwW[M�QOCFDOWYSTPLK�Jnj[C�G@CV`�kJ@QOC�J�D�NOZ�Q�j[C�{�QhSV� STP�K�J�Z�Q 1 6 po��CVP�N�j[C
XoZ�CFD\Q�W�]J�`AJ>{�CVQhDhW[J�K"J�G@J>GIH�CV{"WwD\QOJFsVP�SVZ�N�Z"DhWYjwW[NhSTP�N!Z�P"J�W[P~DOJ@QO{USVj[CFDOWYSTP�{�CVQ�K�J�N�� STP�GzDOWYSTP�N��¡®
NO{"jwW[P"J@N
CFe�P�K�J,G�STP�NhDOQOZ"WYQOJ,K�J@N�DOQ\CFxyJ�G�DOSVW[QhJ@N�K�CVP�N�jtc�W[`ACVgTJ,G@STP~DOWYP�Z�J@N�J�D>K�kJ�QhWw�FCVM"jYJ@N@p"°�STZ"N
Z"DOWwjYWYNOSVP�N�J�P�NOZfWYDOJAZ"PbNhGIH�kJ@`AC�K�c�CVNhNOJ�Qh��W[NhNOJ�`AJ�P~D���W[NhZ�J�j � � {USTZ�Q�NOZfWY�oQOJljYJ@N�D\QOCFxyJ@GzD\SVWYQOJ�N
STM"D\J�P�Z�J@N�pfB4C�K�J�QOP"W�]J@QhJn{�CVQhDhW[J
NOJ�Q\C�G@SVP�N\CVG�QokJ�J,CVZoulQokJ�NOZ"jwDICmD\N¡Jzuf{�kJ@Q�W[`}J�P�D\CVZfuLSTM"DOJ@P�Z�N�NOZ"Q
jiC}{"j[CFD\Jv®¯� STQh`AJ�QhSTMUSVDOWYX�Z�J�K�J�j�c ! �.! ����p

�_.10 � � 
 �� 5��/8:9 � 9 ��� �b8}5 � 365!? � � �
B�J�{�Q�W[P"G�WY{|JlK�J�j[C6grkJ�P�kJ@QOCFDOWYSTP^K�J�D\QOCFxyJ@GzD\SVWYQOJ�{�QOST{USTNokJlK�CVP�N�G�JlGIH�CV{"WwD\QhJlJ@NhD�WYP�Nh{"W[QokJ

K�Jnj[C�`�kJzD\H�SoK�J
K�J�N¡� STP"G�DOWYSTP�N¡K�Jn{|SFD\J@P~DhW[Jzj�pf��J�DhD\Jn`�kJ�D\H"SfK�JnC<kJ�DfkJ�K�kJz�TJzj[ST{"{�kJ@J}]C�jtc¢SVQhWYgVW[P"J
{|STZ"Q�jiC�{"j[CVP"Wwe�G@CFDOWYSTP:K�J�D\QOCFxyJ@GzD\SVWYQOJ�K�CFP�N>Z�P:J@Nh{�CVG@J�K�J�DOQ\C��FCFWwj�J@P�G�ST`�M"QokJ %7.�H�CmDOWYM3/24 * s
% B4CFDOST`�MUJ ( ³ * p

�?� $ � $ %���� � ���
	���*����� � & &�������
��������� �"!#!$�%��&'&'(#)*�,+���-/.0����12!43
�5!#10)6�87'38(4)69:)�!��"�#!;(4�"&'(=<�"�4� �>!*<� �@?�A�,+
��BC3'�D12�'�#!$���>!E&
�5(�3'�F � �G!$�"3'(IHJ7'���'�LKNM=O�PQ� �4&'��� ��7'��!$($� F �51R.S7'3T(#)69:)�!D� ��!U9
�V10W6�%<�X7
�5�'�D3'�T�,+
�5YZ&[7'��&\)�!4� �*]!412�".���(�!41R^
�"12�".�_[-�7')��C!A.2� � F ��(�1`�V!412)6�'�U.2)*� �5.2� �A7')�1 F �"�>!X(#�"aU<�G!$�"(I.`�b��!$(43��"!$3�(4�cWd<� )�Ye<�G!$(�10BC3'�5MO��"�cYZ)�3 F �"YZ�"�>!$�b7'3f(4)�9\)�!c�#)6�>!@�5.0)�(4���4)�3'�8.gPh10��a'3'� �'�"�[7�3i�,+
�5YZ&i7'�j&\)5!$� �>!#10�G.L��(#!#12^�]�"12�".E_lk �! " _ k�K m n

H m _[opHUq opr*M2s5q
O��t&\)�!4� �>!412�".���(#!#12^
�G10�G.u&:� 3�!wv�"!$(#�b7%<�"� )6Yj&:)6�=<�w�"�x.`�y�#)6YjYZ�t7zP{3��|&\)�!4� �>!412�".��5!4!4($���G!41R}%_ ���W�12�4�$�5�C!t�43'(8.0�[(4)69:)�!@7'�TYZ���*1p?�"(4�f?�~.pP{��Yj� ��� (t7'���'�@.0���")6��^
W63�($�5!#10)6�i7%<� ��10(=<� �5-E�"!t7zPQ3'�&\)�!4� �>!412�".;(=<� &'3�.2�#1R}D_'��&\�"(4Yj�"!#!,���>!�7'�c� )��'�4�"( F �"(X.2�c(4)69:)�!�7
�������#)6��� �4&'��� �c.2129'(#�8K��$���p�\k

_TogH%q���_ � opH%q 
 _
�/opHUq opr*M��Cq
O��X&\)5!$� �>!#10�G.��5!#!$($�5�"!41R}�� ��!A7%<�G^
��1z�")6YjYj��3'�'��}�)6�'�"!#10)��T10��7U<� &:� �'7'���>!$��7'��.gPQ� �'�#� Yt9*.0�c7'�"�� )6��^'W63'($�V!412)6�'�U(=<� &'3*.0��1 F � � M
��.\7')�1R!U�5!4!4�"12�'7'(4�X�4)6�TYj12��12Yt3'Y�.2)6(4�#B=3���.0�X(4)69:)�!L� ��!A7
�����%.0�� )6��^'W63'($�V!412)6�T7%<�"�#12(=<�"��M'O���&\)5!$� �>!#10�G.�(=<� &'3�.2�#1R}�� ��!U�,+�)�10��1\12�'7%<�"&\�"�'7'�"YZYj�"�C!�7��X.0�@� )���^
W63*]($�5!#10)6�j7%<�"�#12(=<�"��-=7U<� �"(4)�12�4�4���>!UBC3
����7Z.2��(4)69:)�!D� P�<�".2)�12W6�'��7'�"�%�")6��^
W63�($�5!#10)6���D12�'7%<�"�#12($��9*.0�"�%�G!&'(4�"�
���>!�3'�'��!4( ?�"�IW6($�5�'7'� F �5.2� 3'(UB=3'���'7�12.�� ��!A7
���'�%.0� F )�12�#12�
��W6��7zPQ3'�'��7�P{�"�C!4(4���G.2.2� �"M
O��&�.`�5��12^'�/�5!#10)6�f7'�"�8Yj)63 F � Yj�"�C!4�t7'3�(#)69\)5!�� ��!@(=<�/�5.R12�=<� �j7'�jYZ����1g?� (#�w12!*<� ($�V!41 F ��M����,+'��BC3'�12!*<� ($�V!412)6�z-%.0�i}�)6(#� �|�5(#!41R^
�G10�G.2.2����opHUqw�"�#!y12�'7'3*12!4�|&
��([.2�x�,+
�5YZ&�7'��&\)�!4� �>!412�".�_�7
������4)6��<�"!$�5!c� )63�($���>!/M��U�"!4!4�w}�)6(4�"�j��(#!#12^
�G10�G.2.2�Z� �#!87%<�G^
��12�j� )6YjYj�w.0� F � �"!4� 3'(c!$(4���'�#&\)6�=<�j7'3W6($��7*10�"�C!�7'3�&:)�!$�"�C!#10�G.E_�&'��(A($��&�&\)6(�!���3 F � �G!$�"3'(��jk

��� k��bK m �@K� m ����b�z_[o��dq opr*M¡ =q



����� �
	����� � � ��� ��� �
	���	������� � 	�	����	'��;��� �����

)�?3 �� (#� &'(=<� �4�"�>!$�j.pPQ)6&%<�"($�5!4� 3'(�W�($��7�12� �>! M�O��[}�)6(4�"�j��(#!#12^'�"12�".R.0�w&:� 3�!�7')6�'�5-z� )6YjYj�b.2�b&\)V]!$�"�C!#10�G.E_[-�v�"!4(4�c7%<� �")6Yj&\)��=<� �8� ��.`�w�#)6YjYZ�87zPQ3'�'�c}�)6(4�"�8�5!4!4($���G!41 F � ��� o��Eq%�"!�7zPQ3'�'��}�)6(4�"�(=<�"&'3�.2�#1 F � � � o��Eq$-
� F � �Ek ��� o��Eq������� � � _ �
� � o��Eq�������w� � _
�

O��Z!$(4�! � �G!$)�12(4�8� ��!��V.0)6(#�X)�9�!$�"�=3��t� � �43�1 F ���>!�.0�[7�12(4�"�"!#10)6� � )63�($���>!$�8}�)63'(#��10�8&
��( � - F 3'�� )6YjYj�[.0�~7�10(#� �G!412)6�J.0��Yw12� 3#"J��7
�5&�!*<�"�[&:)63'(@�5!4!4�"12�'7'(#�Z.0� �")6��^
W63�($�5!#10)6�f� )�3'($���>!4��-;� �(4�"�4&:� �"!$���>!�.pPQ� ��� )6Y@9'(4�"YZ�"�>!@7��@.gP{�"�4&
���"�w7'�@!4($� F �51R.E7'3�(4)69:)�!/M\O��Z!4($�! �"�"!$)510(#�b7'3x(#)69\)5!7
���'��K &\�"3�!��5.2)6(4��v�G!$(4���")6�'��!$(43*12!4�8�")6YjYj�c.gPQ3'��12)6�~7'�c�4� W�YZ�"�>!$���43'�"� �"�4�#1R}����"�~&
��(#!$���>!7'�@.0�[�")6��^
W�3'($�5!#10)�� 12��12!#1`�V.0�8�
$�M:O��@�#� W6Yj�"�C!�� )63'(4���>!��"�#!X)6(#12� �>!*<�@7
���'��.`�Z7�12(4� �G!412)6�x)6&=]&\)��=<� �Z��3|W�($��7�12� �>!c7'�w.0�T}�)6�'�G!412)6��7'�w&\)5!$� �>!#10�G.D7
���'��.gP <�G!,�5!cBC3zPQ�".R.2�[���V!4!$�G10�>!�?�T.gP <�G!,��&:�&'(=<�"�:<�"7'� �>!$�5MSO��8!$(4�! � �G!$)�12(4��7�10�#� ( ?�"!$��7�3y(4)69:)�!%� ��!��5.2)6(4�%7')6�'�%<�"��&
��(L.pP�<� BC3
�V!412)6��7'�X!4($���=]�#1R!412)6���43�1 F ���>!$�uk
��!&%�'(� � !*),+ ! � o���! q

- � o���!Vq/.0. ogr�M21=q
)�?3 " � �#!j.gPQ12�'7'�3"�7zPh10��� (=<�"Yj� �>!T�G!4+ !y� ��![3�� (=<� �G.�&\)6��12!#12}X(4�"&'(=<�"�4�"�C!$���>![.0�x.0)��'W63'�"3'(w7'3�4�"W6Yj� �>! "\M5���!$+%<�")6(#12��- - � o���!Vq/.0.D&:� 3�!iv�"!4(4���C3�.R.0��.0)�(4�4BC3'��.0�e}�)��'�"!#10)6� 7'�f&\)5!$� �>!#10�G.�5!4!4�"12�>!A3'�yYw12��10Y@3'Y o�.0)=�/�V.�)63TW�.0)�9
�5.�q,M#6X)63'� F � (#(4)6���I7
���'�%.`�t�#3�1R!$��BC3'��.2� �UYj12��12Yt3'Yj�.0)=�/�53#" �'��&\)6�#� �>![&
���Z7'�~&'(4)69*.p?�"YZ�"�T�"��&'(4�5!412BC3'��M*5����"� BC3�1�� )��'� �"(4�'��.0��Yw10��12Yt3�YW�.2)69
�5.D�"�".23�1R]��"1L� ��!t�#� 3�.2� Yj�"�C!w��&'&'(#)*�,+%<�Z�/�5(c.0�~&'+
���#�[7'�Z&�.0����1R^
�/�V!412)6�J7'�w!4($�! �"�"!$)510(#� �� ��!��#!4)6&'&%<�"�t.0)�(4�4BC3'�@.`�Z7�10��!,����� �b�"�C!4(4�t.2� ��&\)�12�>!$�X� )63'(4���>!$���G!�7%<�"�#12(=<�"��7
���'�X.pPh10YZ��W��t� ��!10�*} <� (#12� 3�(4��?�j3��'�@7*10��!,���'�"�@��)6�~�=3*.2.2�@�,+�)�10��10�8&
��(A.gP{3*!41R.212�$�5!4� 3'("M
78:9*8<; = ��� ��� �
	�������>	'���#��� ��

6�)63'��3�!#12.R12�4� (#)6�'�c3'�'�Z��&�&'(4)=�,+'�j3'��&\�"3�7�1@?�<� (#� �>!$�Z7'�w�"�".R.0�j7%<�"� (#1R!$�j&'(=<� �:<� 7'�"YZYj�"�C!�5^
�i7zPQ12�>!*<�"W6(4�"(t�BAZ� ��� �"YZ�"�>!w7'� �@� )6�>!4($�512�>!$� �@(4�G.`�5!#1 F � � ?�~7'�"�t� �#&
���"� �t7*1@?�<� (#� �>!$�"M(Cd)�3'(� �G.`��-
�")6�'��107%<�"(4)6���X.2�8&�(4)69�.g?� Yj�c7zPQ)6&�!#10Yw12�$�5!#10)6� �$�������")6�>!$(4�510�>!4�@�#3�1 F ���>!�k
Yj12�X_To��dq&D �FEHGJI ogr�MLK>q

MX�'�[Ye<�"!$+�)*7'�[�C3'Ye<� (#12BC3'���".0���#�#12B=3��y&\)�3'(t)69*!$� �*10(c.0�[Yw10��12Yt3�Y�7'�y_ �")6�'�#12�#!4�i?��}��V10(#�F ��(#12� (A�DoON$qU�#�".2)6�~.pP <� BC3
�5!#10)���7zP <� F )�.03*!412)6���#3�1 F ���>!4�uk
P�H� �RQ3S �� � � _ ogr�M¡rCq

)�?3TQz� �#!�3��8(=<� �G.C&\)6��12!#12}*�"!(S 3��'�DY[�V!$(#12� ��7%<�"^
��12�D&\)��#1R!41 F �D�"!��")6�'�#!$���>!$�5M!5��c&'(=<� Yt3*.2!#10&�.R10���>!�,+
��BC3'�8Yj� Yt9�(4�t7��c.gP <� BC3
�5!#10)6��&'(=<� �:<�"7'� �>!4�t&
��( �� � _j-
)6�~)69�!412� �>!�k
U
U N _To��Eq(� �RQ;�� � _VS �� � � _XWZY ogr�ML[>q



����� ��� �����
	����������������������������� �!"�

O;�t}�)��'�"!#10)6��_ 7%<� � (#)Vv #R!���3�� )�3'(4�A7'3�!4� Yj&'�I!,�5�C!IB=3�� �� � _ � �#!I�')6�~�C3�.p-��"!A�"�#!�� )��'�#!$���>!B=3'���'7��� � _�� ��!%�C3�.gM M��w�,+')�1 "j�".0���4��10BC3'���"!u�#12YZ&*.0��&:)63'(E.0��Y[�V!$(#12� �RS �"�#!D7'�I.0��&'(#� �'7'(#�<�"W>�5.2��?��.0��Y[�V!$(#12� ��127'� �>!41R!*<�5M������'�~� �f�/���"-I��<� F )�.23'�f7
���'��.0� 7�12(4�"�"!#10)6��)6&'&:)6�=<�"�J�53W6($��7*10�"�C!%7'��_ &
��(D($��&�&\)6(�!�?�c��M=�U�G!4!4�X��!$($�V!*<� W510��� ��!I��7�)6&�!*<�"��7
���'�D.pP{��&'&�(4)=�,+'�X�G.`�5�4�#12BC3'�7'�T&�.0����1R^
� �5!412)6� 7'�Z!$(4�! � �G!$)�12(4�Z&
��(8}�)6�'�"!#10)��J7'�[&\)�!4� �>!412�".%7%<�"� (#1R!$�[&'(=<�"�:<�"7'� YjYj� �>!/-�)�?3� ������w� � _[M>�U)6�'�#127%<�"(4)6�'�%YZ�510�>!4� �
���>!L3'�'�A}�)6���"!412)6�Z7'�A&:)�!$�"�C!#10�G.�_�$*� _[o"%6o��Eq#q,->)�?3&%w?�F �V.0�"3'(X7'���'�G('j� ��!�7U<� (�1 F ��9�.2�8�43'(�!$)63*!�.gPQ� �4&'��� �87'�c!$($� F �51R.�K�MSODP�<� BC3
�V!412)6��7zP�<� F )�.23�!412)6�7'�)%6-
BC3
���'7�.0�"� F ��(�1`�V!412)6�'��7'��� F <�"(#1R^
� �>!�.`�w(4�G.`�V!412)6�Jogr�M{r=q,-'�"�#!�7')6���U<� �8&
��(zk
P%���� Q+*-, %, �/. S �� � �\_ � � Q+*-, %, �/. S0*+, %, �/. � �� � $ _ opr*M21=q

Cd)63'(�B=3��3%b�4�t7U<� &�.0���"�b7
���'��.`�[7�10(#� �G!412)6�|)6&'&:)6�=<�"�b��3�W6($��7*10�"�C!�7'�w_�&
��(�(4��&'&:)6(#!j?�(%6-.`�jYZ�5!$(�10�"�4S 7')�1R!cv�"!4(4�c�,+')�12�#12�87'�cY[�5��1p?�"(4�@��7%<�"B=3'�5!$�5-:&'��(A� "*� Yj&�.2�uk
S � S&$*�4* , %, �/. % * , %, �/. % � opr*M25=q

�����'�E�"�U� ��� -V.`��Y[�V!$(#12� � S � ��!�&:)6�#1R!41 F �I�G!E.0�X(#�".0�5!412)6��ogr�ML[>qz�"�#!�7')��'� F <� (�12^U<� ��M6ODP�<� BC3
�V!412)6�opr�M61=qL7')6���
���>!�.pP <� F )�.03*!412)6��7'�)%8&\�"3�!X�5.2)6(4��� P�<� �"(#12(4�uk
P%R���RQ;�� � $ _ opr�MRs Y=q

5D�l3�!41R.R10�4���>!Z.2� �Z� )�� F � �>!412)6�'�[�#!$���'7
��(#7�3�!#12.R12�=<� �"�[7'���'�j.`�|Ye<�"!4+')*7�� 7'�"�j&\)�!4� �>!412�".2� -D.0�}�)6(4�"�@�5(#!41R^
�G10�G.2.2�t�5�4�4)=�"1 <� �@��3~�,+
��Yj& 7'�c&\)�!4� �>!412�".d_[o"%>o��Eq4q%� ��!�7')6�'�%<�"�@&'��(zk
� $ o��Eq�����S �� � � _7$*��� *+, %, �/. % �� � $ _ opr�MRs6s5q

8 1b.gP{)6���")6�'�#127z?�"(4��&�.23'�#12� 3'(#�|}�)6�'�"!#10)��'�|7'�e&:)�!$�"�C!#10�G.p-�.0��}�)6(#� ����(�!41R^
�"12�".R.0�e7�)6Yw10�
�5�C!4�7U<� (�1 F <� ��7'3 &:)�!$�"�C!#10�G.�_7$j� (=<� � 3'� Yj)63 F � Yj� �>!�7')�Yj12�
���>!T7'�9% 7
���'�Z.`�f7�10(#� �G!412)6� )6&*]&\)6�=<� �w�53�W6(4��7�12� �>!�7'�b_�$�&
�5(�($�5&'&\)�(#!j?�:%6M�5��x&'($�V!412B=3���-��"�x3�!#12.R10�4���>!��"�b�,+')�1 " &\)63�(X.0�Y[�V!$(#12� �JS~-*12.��#� (4�j&*.03'����10Yj&�.2�c7'�c� )6�>!$( v)�.2� (I.gPQ12��a
3'�"�'� �8(4�G.`�V!41 F �c7'���,+
���"3'�'�87'� �A}�)6(#� �"���(#!#12^
�G10�G.2.2� ���"!�7�)6�'�87'�tYZ� v #R!$(�10�#� (X.0�Z!4($�! �"�"!4)�10(#�t7'�8.`�Z�/��Y <�"($�[7'���'�X.gPQ� �4&'��� �b7��@!$(4� F �V12.�"!�7'��.pPQ)69  �G!�7zPQ12�>!*<�"( v�"!X7
������.gPh10YZ��W6�5M�����'�Z�')�!$(#�~�/���"-%�')5!$(4�~)69# � �"!#12}c�"�#![7'�~!$($�5�'�#}/<�"(4� (j.2� �<;*��!/?�"YZ��7zP{3�� <�"!$�5!j10��1R!410�5.w?��3'�<�G!,�5!�7%<� ��10(=<�b7
������.pPQ� �#&
��� �w7��t!5v���,+���og&
�5(�� )��'�=<�"B=3�� �>!87
���'��.gPh10YZ��W6� q�� �|�4�5!412�#}��V10�4���>!�.0�"�� )6�>!$(4�512�C!4� ���43�1 F ���>!$�"�zks6MA.0�"�8!4($�! �"�"!4)�10(#� �87'� �8&'(�10Yw1R!41 F � �@7
���'�c.gPQ12YZ��W6�j� )6(#(4�"�4&:)6�'7'�"�C!�?��7�� �8YZ)�3 F �"YZ�"�>!$�&'+�;=�#12B=3�� Yj� �>!�(=<�/�5.R10�4��9�.2� �X7'3 (#)69:)�!>=�*MA!$)63*!$� �D.2� �D&'(#12Yw12!#1 F � �L10YZ��W6�"�%�")6�'��107%<�"(=<�"� �U7�)�1 F � �>!I(#� ��!$� (L7
�����D.2���,+
��Yj&T7�� F 12�#12)6�7'��.`�j�/�5Ye<�"($�?= �MA.0�c(#)69\)5!�7')�1R!�(4� �#&\�"�"!4� (X.2� �A.R10Yw1R!,�5!#10)��'��Ye<�"�/���*10BC3'�"�bog9�3�!*<�"� �X��(#!#10�"3�.`�V10(#� �Gq@=



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � �����

Cd)63�(tBC3'�[.0� &�(4� Yw1p?� (#�T� )��C!4($�512�>!$�y�#)�1R!t�4�5!412�#}��51R!$�5-;.2� �@Yj)63 F �"Yj� �>!$�w7'�j.0� �/�5Ye<�"($���#)6�>!7
���'�X3'�x&'(#� Yw12� (�!4� Yj&'��&�.0����1R^U<�"��7
���'��.pPQ� �#&
���"�b7'�@!4($� F �51R.dK �G!�� ���43�1R!$�t.2� ��&\)6��12!#10)��'��43'�"� �"�4�#1 F �"�%7�� �E&�(#12Yj1R!41 F �"�u7
�����d.gP{�"�4&
���"�U7'�L!5v���,+��U�4)��C!d)69�!4� �C3'�"�u&
��(;�#12Yj&�.0�U&'(4)  �"�"!#10)6��M�����'�[� �"!#!$�x)�&�!412BC3'��-U.2��&:)�!4� �>!412�".��5!4!4($���G!41R}Zo�_ � qw��Yj� �
���>!y.2�x(#)69\)5! F � (4���4�J&:)6�#1R!412)6�7%<� ��10(=<� �8o����6q�� �#!D7%<�"^
��1S7'���'��K�M>O�� ��7'�"3#"j�53�!$(#� ��� )��C!4($�512�>!$�"�L�#)6�>!�10�>!4(4)=7'3�1R!$� ��?��!4($� F �"(4�7'� 3�"�&\)5!$� �>!#10�G.0�c(=<�"&'3�.2�#1R}�� M;O��T}�)6�'�G!412)6��7'�w&\)5!$� �>!#10�G.�.21G<� �Z��3#"x� )6�>!4($�512�>!$� �c7'� F 12�#129�12.R1R!*<�� ��!%7*10(#� �"!4� Yj� �>!%7%<�"^'��10��7
�5�'��.pPh10YZ��W��A�"!L� ��!D�')�!*<�"�X_�� M>O���}�)6�'�G!412)6�j7'�A&\)5!$� �>!#10�G.
.21G<� ����3#"� )6�>!4($�512�>!$� �@7zP <� F 12!4� Yj� �>!j7'�"�@9�3�!*<�"� �b�5(#!412� 3*.`�512(4�"�t�"�#!@7U<�"^
�*10�[7
���'�8.pPQ� �#&
��� �T��(#!#10�"3�.0�510(#�7'3�(4)69:)�!��"!��"�#!��')�!*<� �@_��=MSO��b}�)6(4�"�c!4)�!,�V.0���"�#!�7')6�'�%<� �8&
��(zk
� � � � )�� � � )�� � � opr*M2s �>q

)�?3�� �"!�� �#)6�>!J7'�"3#" (=<�"�".2�i&:)6��12!#12}���&:� (4Yj�G!4!,�5�C!i7zP{�! 3'��!$� (�.gPQ12��a
3'�"�'� �l(4�G.`�5!#1 F �l7�� �7�1 ?�<�"(4� �>!4� �X}�)�(4� �"� MSO��b}�)6(4�"��!$)�!$�5.0��7�)6�'�%<�"�@&
�5(I.pP <� BC3
�5!#10)��Jogr�M2s �CqL&\�"3�!�&\)5!$� �>!#10�G.2.2� Yj� �>!� )6��7'3�12(4�[?�t3��yYw10��12Yt3�Y .2)*� �5.�7��X.0�@}�)6�'�G!412)6�y7'��&:)�!4� �>!412�".gM 5��y&'(4�5!412BC3'��-*�')63'�U�zP¡� F )6�'�
 ���YZ�512�Z(#� �'�")6�>!$(=<� 7'�~!$�G.2.2� �Z� )���^
W63'(4�5!412)6�'�j�G!Z.2� �Z&
��(4��Y�?�"!4(4� ��� �G!���)6�>!�<�G!*<��^ "D<� ��?�s6M 6�)�!$)6����B=3��j.2� �c��1 "��")6Yj&\)��$���>!$�"�@7��b.`�y}�)6(#� �b!$)5!,�5.2�~o�.0���4)6YjYj�j&\)6��7U<� (=<� �j7'� ��!4(4)�12�}�)6(4�"� � q�7')�1 F �"�>!w� P{���'�C3�.2� (w�53JY�v� Yj�[12�'��!,���>!b&:)63'(@�5!#!$�"12�'7'(#�T3'�JYj12��12Yt3'Y .2)*� �5.pM M��'�!$�G.2.2�w� )6�*^
W63'(4�5!412)6���T3'���b}��5109*.0�b&�(4)69
�59�12.R1R!*<�w7zP2v�"!4(4�w�5!#!$�G10�>!$�5M������'�X.0�b� ����)�?3x3��|Yj12��1 ]Yt3'Y .2)=�/�5.S7'��.0�c}�)6���"!412)6�Z7'��&\)�!4� �>!412�".:�"�#!U�5!4!4�"12�C! ->3'�'���#!4($�5!*<� W�12�X�")6�'��10��!,���>!@?�c� "D<�"� 3�!4� (3'�TYj)63 F � Yj�"�C!U� �j}�� F )6(�10�4���>!%.2� �D}�)6(4�"� �L(=<�"&'3�.2�#1 F � ��og��PQ� ��!8?��7�12(4��� �[��3'W�YZ�"�>!,���>!��y�"!��Eq&\�"3�!�v�G!$(#�X3�!#12.R12�=<� �X&\)�3'(D�4)6(�!412(%7'�X� �G!4!$��� )���^
W63'(4�5!412)6�zM�5 F 107�� YjYj� �>!/-'3��'��!4�".R.0�X�#!4($�5!*<� W�12��'�UW6��($���>!#12!d&
���;}�)6(4Yj�".R.2� Yj� �>!u.0��� )�� F � (#W6� �'�"� F �"(4�E.2�UYw12��10Y@3'Y W�.0)�9
�5.=7'�%.0��}�)��'�"!#10)6�t7'�&\)5!$� �>!#10�G.pM C;)63'(DW>��(4���>!412(�� �"!#!$��&'(#)6&'(#1 <�"!*<��->7'�"��}�)6�'�"!#10)��'�D7'��&\)�!4� �>!412�".S�4���'�DYw10�*10Y@3'Y .0)V]�/�5.\�#!$��9�.2��&:� 3 F � �>!cv�"!4(4�X� )6�'��!$(#3�12!4�wo�}�)��'�"!#10)6���U7'�X�
� F 12W>�5!#10)��\q � �U)"!I���95 5$#gM��U� &:� �'7
�5�C! -.`�[� )6�'��!$(#3'�"!#10)6�|7��t� �"��}�)6�'�G!412)6�'���%<� � �"�4��12!4�w3'�'�b�")6�'�
�512�4�4���'�"�b&
��(�}��512!4�t7'�8.`�Z!$)6&:)�.2)6W�12�7'� .gPQ� �4&'��� �x7���!4($� F �512.�7'3�(4)69:)�!/MD�����')6Y@9'(4�"3#" � F ���>!$��W6� �[7'� �[Ye<�"!$+�)*7'�"�T&'(#)6&:)6�=<�"� �7
���'�t� �TYZ���C3'�#� (�12!w���y�4)6�>!t7')6�'�[&
���b�")6�'�4�"( F <� �~o�(4)69�3'�#!4� �4�#� F 10� ] ?�V] F 12�t7�� �b�"(4(4�"3'(4�t7'�Yj)*7%<�G.212�$�V!412)6�z-;��&'&�.R12�/�5!#10)6� ?�~7'� �8)69  �G!$�87')6�>!c.0�"�@Yj)=7�?�".2� �b�U�&% �4)6�>!810��� )6�'�C3'� q���1L7'�!$�G.2.2� ��}�)6�'�G!412)6�'���4)6�>!�3�!#12.R10�=<� �"� M�bP{��&'( ?� ��.`�j(4�G.`�V!412)6� ogr�M2s�s5q,-'.2� ��}�)6(4�"� ����(#!#12^
�G10�G.2.2� �X&\�"3 F �"�>!�� P <� �"(#12(4�t7��8.0�Z}��('�")6���43�1 ]F ���>!$�uk )*********+ *********,

� � � � * , �, � . % �� � � _ � � � �� � � _ �
� �*���.- , �,�/ ,�/, �&0 % ��b� � _�� � � 1 % � % ��w� � _��
� �T� � - ,�2,�/ ,�/, � 0

% ��b� � _�� � � 1 %43 o 2 q���b� � _��
opr*M2s  Cq

)�?351 �"�#!�3'�'�cYZ�5!$(�10�"�� ���� )�9�10�"�'�'�cBC3�1�.R10��.2� � F ��(#10�5!#10)6���A7'��.`� F 12!4� �#�4�87'��.`�w� ��Ye<� ($�76�8��3#" F ��(�1`�5!#10)��'�D7'�A.`�c&
��(4��Ye<�"!$(�10�4�5!412)6�[�,+')�12�#12��&:)63'(D(4�"&'(=<�"�4� �>!4� (%.gP{�5!4!#12!43'7'��7'�A.`�c�/��Y <�"($�7
���'�dK k96�8��:1 P��MVO;��}�)6(4Yj�L7'�U�"�"!#!$�LY[�V!$(#12� �%�4�"($��7')��'�%<� �%7
���'��.0�X�43*12!4�U7'3@7')*�"3'Yj� �>!



����� ���@��� � �����	� � �
��� ! �
 � � ��� 

&\)63�(d.0�X&
��(4��Ye<�"!4(#12�$�5!#10)6�t�,+')�12�#12��M>O��XYZ�5!4(#12� � 3 o 2 q�(4�"&'(=<�"�4�"�C!4�I.0�  ���� )�9�10�"�w7'3b(#)69\)5!E�G!E.0�Y[�V!$(#12� � � �"�#!�.`�wYZ�5!$(�10�"�c7zPQ12�>!$�"($���G!412)6��(#�".0�5!41 F �@��3 F �"�"!$�"3'(�7�� ��&'(#12Yw12!#1 F � � F 12�43��".R.0�"� � M
����� �����������! �" #%$'&!()" #%*+ ! ,��"

-/.��1032)465757498�.;:<57=>4;?A@>4)0!8B.;:C.�Y~?465C:74D03=2�E57:�=2�B0 ?4"BEFB4)0f7B4G@H.I2'.5Ye<4D:C.J0�4):7K��E5L0�FB8B8MKN0=<4D0
2)K6�'�EFB0"M�%��G2DK6�B0<=07%<4D:74D:C.�<4 WN.O@H4"YP4 �Q5bBEFzPRK6� 71=>078MKN0�4T7zPRF'� YPK=7�?4D@>4T7B4P@H.�2D=291@>4SK69B0�4): F <4D4
07KNFB0T@H.�}UKN:4YP4A7B4D0�2DKVK;:47BK6���U<4)4D0 1XWY�7zPRF'�+4 �B0�4 Yt9V@H4X7B4[Z,8\K;=2�Q5C0T]^WL7�.��B0_F'�+:74D8�?4):�4�BEF1=
@HF1=V4)0<5T.;0�07K�2D=G<4;?a` Y M 8 =V@gPRK6�t71=>078MKN0�4U7zPb.;FbYPK;=2�B0EBEF�.c5C:74%7B4�2)4)0d8\K;=2�Q5C0D?;.O@>KN:�0e=	@�4)0�5d8\K;070�=291@>4?.�8�.;:<57=>:@714+@>4)FB:f8B:�K  g4)2657=>K6� 7�.��10h@gPR=2Y+.�WN4Z7B4i2).O@>2)F1@>4):f@H4D0�8MKN074D0h=2�1=>5�=j.c@H4+4D5@7%<4)0<=H:=<4)4y714
@j.f2'.�Y <4):7.t7�.��10k` Y � -l4 YP4 �Q57mBK6��5 K�?*OnK"!k4 5�s #gM#Co@>FB0p81:=<4)26=H0=<4 YP4 �Q5)?�K6�qK69V57=>4 �Q5[.O=>0=<4"YP4 �Q5
@H4D0AYi.c5C:�=>2)4D0�7B4/:7K;5C.O57=>K6� $ G Y 4D5 � G Y 4D5[@>4)0 F 4)2D574)FB:�0�7B4l5C:7.��B0�@H.O5�=HK6� $ � Y 4D5 � � Y 4 �Q5C:�4/@H4D0:74)8z?4):74D0%` $e4D5[` Y ?�465%`��r4D5s` Y ?�:74D078M4)2D5�= F 4 YP4 �Q5 M
-/.��B0t@j.%07F1=	5C4L7BF@7BKV2DF'YP4 �Q5'? �BK;FB0uFV57=	@>=>074D:7K6�B0e@pPv=2�'7B4 "xw/8\K;FB:u0<=0W��1=2^B4):;B�F14�@gPbK���2)K��B0�=27z?4):�4
@j.f0�=	5CF�.O5�=HK��T7zPRF'�q8B.;:C.�Y~?465C:74w?.f@gPv=0�B0<5y.��Q5[wBzx{JK�?FSzx{|4D0�5kF'�B4%8U<4):<=HK=7B4�7�P <4D2ym�.��Q57=	@>@>K6��.5WN4
2ymBK;=>0�=>4�M CuK;FB:}0�=2YP81@>=R^�4D:P@gPR4 "V8\K;0=<4;?��1KNFB0}F15�=>@	=H0�4):�K6�B0P0�=2YP81@H4"YP4 �Q5i@gPv=0�'714 "�wG4"��@	=>4)F�4)0<5
81@j.O2)4�7B4~@gPv=0�'714 "��6w\M Cd.;:[43"14"YP81@H4O?B@H4~:74)8z?4):74l@	=G<4[?.�@j.h2'.�Y <4):7.�?.h@pPv=2�B0�5C.��Q5Awq074):7.b�BK;5*<4~`~�
81@HFV55vK;5�BEFB4/` 8U�VM
78 ; 8:9 � ���e� � � 	 � � � � ��� 	�� � � � �� ��� � � � �J�8 KO=>5 � GS�s4D5 � � �[@j.8Yi.c5C:�=>2)4X7B4%:7K;5C.O57=>K6�q465k@>4 F 4)265C4DFB:I7B4%5C:C.5�B0�@H.O57=>K6�i4 �Q5C:�4A`A�%465p`��o F KO=H:L^
WNFB:�4�r�MRs5qy?C�BK;FB0p2ymBKO=H0<=H0�07K6�B0[2DK6YjYP4l8�.;:7.�Ye<4D5C:<=H07.O57=>K6�y714A@gP�.O5�57=	5CF'714�7B4%@j.f2'.�Y <4):7.?.A@pPv=2�B0�5C.��Q5�w\?a@H4 F 4)265C4DFB:u�t� � � � � � �!� � #B. F 4D2 � �>��o �u� q��O?OK�?F � �k4D5 � �k07K6�Q5u@pPb. "V4�F'�1=	5y.c=H:�44D5o@gP�.5�'W;@>4pK691574 �EFB0�?.~8B.;:�5�=H:d7B4p@H.~:7K;5C.O57=>K6� � Gq�5M 6AKNFB0d. F K6�B0�71K6�B2U�
$ � � � � � $ � $ # �TBEF�.5�'7
@j.,2'.�Y <4D:C.�4D0�5@7�.��B0f0C.,8MKN0�=	57=>K6��=2�1=	57=H.O@>4;?n4D5c��� � � '7�;�tBEF�.��'7�@j.,2'.5Ye<4D:C.,4)0<5t7�.5�B0h07.
8\KN0<=>5�=HK��e7U<4)0<=H:=<4)4�MuODPb.O5�57=	5CF'7B4+=0�V=>5�=j.O@>4y7B4+@j.�2'.�Y <4):7.��
$�4D0�5}K�915C4"��F14J?.�8�.;:<57=>:t7B4 � � $�465� G $�?�. F 4D2uk )+ , � G $ � � G Y $ G � Y

� � $ � � � G $ $ � Y ) � � Y opr�MRs 1*q
5���FV57=	@>=>0C.��Q5f@pP�<4 BEF�.c57=>K6�J7B4P5C:7.��B0<=>5�=HK6�lopr*M21*qC?�K�?F!@H4D08}UK;:72)4D0r:=<4)81F1@H0<= F 4)0x0�4):�K6�Q5t7BK��'�%<4)4D0
8�.;:s@j.+07F1=	5C4To F KO=H:s@H4D0 8 4D2D5�=HK6�10�r�M¡�*M 1B?Sr�M¡�*MLKP4D5�r�M¡�*M¡rCqy?B@H.+5C:7.! g4)265CK;=>:74@7B4r@j.+2'.�Y <4):7.S� �
� �t�h�iw � s_�����C�L�r��.��B0%K 4)0�5�2)K6�B0<5C:�F1=>574~2DK6YjY+4~F'�B4l0��4)�EFB4 �12)4/�B4~��074"W6YP4 �Q5C0[�1K6�Q5
@H4}8MK;=2�E5r�14+�k�4)8�.;:<5r4)0<5��
$�M 5��LKNF157:74;?\@j.�8B:�K�}UK6�B�B4DFB:f� W� �B4}2ym�.;�EFB4+8\KO=0�Q5r] W �B.��B0l@>4
:74)8��4):74r`A�/8\4DF15,�4 WQ.O@>4 YP4"�E5@v4D57:74f.O=>0��4"Y+4"�Q5~KN�V5C4 �EFB4O?M.��;4)2uk

 1 W � � � ¡ W�e¢ W� � W� # � �¤£ � G � � � G Y � G � � o � � Y � � � � qr¥ 1 W Y opr�MRs KCq
Oe.�8B:�K�}UK6�B�14)FB:f� W� �B4}2ym�.;�EFB4+8MK;=0�Q5r] W 4)0�5/57:)�4D0r=2YP8\K;:�5y.5�E574}2'.;:/46@>@>4P.;8B8B.;:C. v #	5r4 "V81@	= ]
2D=	5C4 YP4"�E5A�.A@j.�}UK;=>0)?a��.��B0e@pPR4 "V8B:�4)0�0�=>K6�P�B4)0E}UK;:72)4D0d:��4)8BF1@>0�=	�N4D0)?N465o��.5�B0u@H.%@>K;=��B4p2DK6YjY+.��B�B45M



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � ��� �

���

���

���

���

�	� �

�	� � �	� �

��
 ��� �
� 
 ��� �

� 
 �

� �
� � �

��� �

� 
 �

�������zr�MRs�������� ��!#"%$'&)(��*!,+-!/.0�1"��3254!%� �6+7�38�9/.�:;!#9'<��-"#!=+-!/$>� �3?)�3(�.

MX�+2ymB4 Y}=2�S2)K�Y+8V@H465p�B4[@H.f2).�Y �4):7.f4"�E57:74%0C.r8\K;0�=	57=>K6�+=2�1=	57=H.O@>4A465k�k�4)0�=>:��4D4~4D0�5��BK6�B2%KN�1574 �EF
07KNF10o@j.X}UK;:4YP4p�zPRF'�B4[0��4)�EFB4"�B2)4A� �B4[� 8MKN0�4)0d=2�Q5C4):#Y �4)�1=H.O=>:74)0"M MX�}0�2ymp�4 Y+./�B4�2DK6YjYi.5�B�B4
�BFx5 ;�8\4�.;070�4):��E=>070�4 YP4 �Q5���=>07F14D@S A@ 8\KNF1:7:C.c=>5d�BK6�B2�v465C:�4�F157=	@	=H0��4[.5^
�}�B4p2)K6�Q5C: vK;@>4):d@>4)0uYPKNF=]
�N4"Y+4"�Q5C0r�B4�@H.S2'.�Y9�4D:C.q0�FB:l2)4657574x5C:C.  g4)2D57K;=>:74�Mz�p4)8M4 �B�B.��Q5'?�=	@u�BK;FB0/.q0�4 Y��V@6�4P8B:��4"}'�4):7.;�1@>4
�B4�2DK6�B0<5C:7FV=H:�4�@H4D0A57:C.! g4D2D5CKO=H:�4)0l�B4D0~8B:<=0Y}=	57=	�N4D0l��.��B0%@pPv=2Yi.5WN4;?\.5^
����Pb43"18V@HK;=	5C4D:/.;F YP=>4)F�"
@j.�0�5C.;�1=	@>=	5V�4�4D5+@j.�:7KN�1FB0�574)070�4�.;F�" 4):7:�4)FB:�0q�B4�YPKV�k�4D@	=H07.O57=>K6�J465q.OF#" �B:7FV=>570q�B4�YP4)07F1:74
�EFzPbK!?�:�4 �Q5l@>4)0l.O07074D:��E=>07074"YP4 �Q5C0r�E=H0�FB4D@>08�3@�M�5���KNF157:74O?\2D4D@H.T�BKNFB0~8\4D:4YP4D5)?\�zP��4D�E=	5C4D:~@pPR4)0 ]
57=2Y+.O57=>K6���B4/@j.}8MKN074r�B4/@H.+2).�Y �4):C.��.}2ym�.;�EFB4r=>5V�4):7.O57=>K6���B4/@j.}�MKNFB2D@>4f�zP�.O07074D:��E=>07074"YP4 �Q5/M
78 ;�8<; � ���n� � � 	 � � � � ����� ��� � � �<	��'B ��� � � � � 	DC � � �FE �

CeKNFB:s:��4).O@	=H0�4):sF'��07F1=	�E=u�14r57:C.! g4D2D57K;=H:�4r�1=H:�4)265C4 YP4"�E5~��.��B0[@gPb4D078�.O2)4��1F�2).;815C4DFB:)?B=	@n4)0<5�k�4)2D4)0�0C.O=>:74/�B4A2)K6�10�5C:�F1=>:74~@H.h5C:7.! g4)265CK;=>:74A�B4)0p8B:�=2Y}=>5�=>�;4)0[2ymBK;=>0�=>4)0[�B.��B0k@gPv=0Y+.�WN45M�Ot4D0p2)K�KN: ]
�BK6�'�k�4)4)0s43"181:�=2Y �4D4)0s4 �,81= "V4D@ � W � �B4l@H.�8B:�K  g4)2657=>K6�,��.��B0�@gPv=0Y+.�WN4+�.�@pPv=0�10�5y.5�E5Awq�14/2ym�.;�EFB48\KO=0�Q5l] W ?M�BK6�Q5%@H4D0l2)K�KN:7�1K6�'�k�4D4)0�1 W YA��.��B0%@H4h:74)8��4):74��B4h@gPbK;�  g4D5A` Y 07K6�Q5/8B.;:#}.O=	5C4"YP4 �Q5
2)K6����F14)0)?�07K6�Q5/KN�V5C4 �EFB4D0/4 �!F15�=>@	=>0C.��Q5l@gPbm�;�8MK;5Cm��4D074P2D@H.;0�0�=>��F14}��F14x@j.q2).�Y �4):7.q:��4).O@>=>074}F��B4
8B:7K! g4)2D5�=HK��i8M4):�078M4)2D5�=>�;4A8B.;:#}.O=	5C4s.'�;4)2s8\K;FB:o2)4"�Q5C:74O?Q@H4[2D4 �Q5C:�4%K;8157=>�EFB4s�B4�@j./2).�Y �4):C.joU�NK;=>:o��*M65=q#qSk

G W � � W � � � G W �DH W � G W �%I W� G W � # � �5J � � G Y � � Y # 1 W Y opr*M2s rCq
� W � 4D0�5q.O@HK;:70+.O=>0��4 YP4"�E5qKN�1574 �EF �.L8�.;:<57=>:+�14iogr�MRs r=qh4 � �1=	��=>0C.5�E5 G W � � W � 8�.O:+07.��14):4�V=��4D:742)K�KN:7�1K6�'�k�4D4�M
78 ;�8	K � ���n� � � 	 � � � � � � � � 	%C ��� ����� � ��� 	�� �ML�	�� � � � � L ���ON� 	

CeKNFB:�.��Q57=>2D=>8M4):�F'�B4s8\K;070�=>�1@>4~:�4 �B2DK6�Q5C:74%�zPRF'�+�B4)0k. "V4)0��BF+:7KN�MK;5k.'�N4)2%F'�B4��4D�;4 �Q5CF14D@	@H4
�BF15V�4)4DY �4)2'.5�1=H�EFB4k4D5e.O=2�B0<=E8\KNFV�NK;=>:t@pPg�4D�E=	5C4):D?�=>@Q4D0�5;�k�4D2)4)0�0C.O=>:74k�zPb.��;K;=>:eF��B4_4)0�5�=0Y+.O5�=HK��h�B4T@H.



��� � ���@��� � �����	� � �
��� ! �
 � � ��� 

5C:C.  g4)2D57K;=>:74p�14)0T. "V4D0d�BFx:�KN�MK;5d�B.��B0u@gPR4)078B.;2)4[.O:�57=>2)FV@j.O=>:745M 5��x4 ?�465'?a@pPR4)0<57=2Y+.O57=>K6�}2)K;FB:C.��Q574
�B4�@gPg�465y.O5~�B4)0~.;:�5�=H2DF1@j.c57=>K6�B0l�BF3:7KN�MK;5A074):7.qF15�=>@	=H0��4)4}8MKNFB:s@H4h2'.O@>2)FV@o�B4f@j.[}UK;:72)4h:��4D8BF1@>0�=	�N4
.;070�KV26=6�4D4h�.%@gPg�46�E=>574 YP4 �Q5_�B4D0d�BF15V�4)4D0T.;:�5�=H2DF1@H.O=H:�4)0"M Co@>FB0�=>4)FB:�0�Y �4D5Cm1KV�B4D0o07K��E5d8\K;070�=>�1@>4)0o8MKNFB:
4)0�5�=0YP4D:e@>4)0e2)K�KN:7�1K6�'�k�4D4)0u.;:�5�=H2DF1@j.c=H:�4)0��.%8B.;:�5�=H:t�B4T@H.s57:C.! g4D2D57K;=H:�4_�B4T@j.s2'.�Y9�4D:C.�Yi.c=H0t5CK;F15C4D0
K6�Q5o@H4p8\K;=2�Q5T2)K�YZYhF'�}�B4I�k�4)2)4D070<=>574):_F'�B4[�MK6�'�B4p4)0�5�=0Y+.O5�=HK��}�B4p@H.A5C:7.! g4)265CK;=>:74[2).;:�5V�4)0�=>4 ���B4
�B4/@j.P2'.�Y9�4D:C.�M:�p4D0XY9�4D57mBK��B4)0��k�4D2)4)0�0�=	5C4"�E53�4 WQ.O@>4 YP4"�E5%@H.P2DK6�'��.c=H0�0C.��B2D4��B4D0s2)K�KN:7�BK��'�k�4)4D0
.;:�5�=H2DF1@j.c=H:�4)0}�BF�:7K;�\K;5��.3@pPv=2�B0�5C.��Q5}=0�1=	57=H.O@>4 2�� �EF1=���.5�B0w�BK;57:74S2).;0}074D:7K6�Q5PKN�1574 �EFB4D0+4"�Y�v4"YP4f574 YP8B0%��F14r@gPb.;2)�EF1=>0�=	57=>K6���B4/@gPR=2Y+.�WN4/=2�1=>5�=j.c@H45M�s4)8B:��4)0�4 �Q5CK6�10f@H.�0<=>57F�.O5�=HK6�L�BF�:7K;�\K;5r�B.��B0r07K6��4)0�8�.;2D4q.;:<57=>2)F1@H.O=>:74P8�.;:/0�K6�L�N4)265C4DFB:
�B4�2)K�KN:7�1K6�'�k�4D4)0+.;:�5�=H2DF1@H.O=H:�4)0 2 � ��� ' ��������� #R� o �k�4"�BK;5V�4 2 ���.3@pPv=	5V�4):7.O57=>K6��wSqC?T.O@>KN:70}F'�148B:74"YP= �4):�4IY �4D57mBKV�14k2DK6�B0�=>0�574h�.sF157=	@>=>074D:u@>4UYPK��t�4D@>4%Wu�4)K6Y9�4D57:�=>�EFB4p=2�E�;4):�074��BFh:7KN�MK;5%o 1	��
 qSk

2 �R� 1	��
5o���Cq
%���8M4)F15��4 WN.O@H4"YP4 �Q5~FV57=	@>=>074D:s@>4  <.;2)K;�1=H4"���1F�:�KN�\KO5 3 o 2 q,M 5���4 ?�465'?�K6��.Ik

,�2, � � , 2,�/ ,�/, � � 3 % o 2 q 1 opr�MRs [Cq
Kn�F�1 4)0<5iF��B4�Y+.O5C:<=H2D4��N.O2)KN�1=>4 ���B4��14��1=0YP4"�B0�=>K6� r�� r���FV=[@>=>4�@H4D0P�O.;:<=j.c57=>K6�B0}�B4�@H.
��=	5C4D070�4��B4/@H.P2).�Y �4):7.�6 8C?�465%@>4)0[�O.;:<=j.O5�=HK��B0s�B4���M:�p4D5�5C4cY+.O5C:<=H2D4h4D0�5%�BK6�'�k�4)4r8�.;:zk

1 ��� � G � � ��� � �
��� � � � %� ��� opr�MRs�1=q

Kn�F,@H.��+.O5C:<=H2D4 � %� � 4D0�5A�BK6�'�k�4)4r8�.;: ���3.O@	=H0/5 5 #gk
� %� � ��
�) � �� 0�=2�B2�� * � �� . � � � # � )�o�s�� 0<=0�12>o � � q4q � � � #�� � opr�MRs�5=q

 n4r�N4D2D574)FB:%�B4)0%2)K�KN:��BK6�'�k�4D4)0~.;:�5�=H2DF1@j.c=H:�4)0%�BF�:�KN�MK;5s8\4DF15~.O@HK;:708v4D57:74rKN�1574 �EF �.P8�.;:<57=>:%�14�T?�4 ��4B?\4)265CF�.��Q5%@H4r�k�46�N46@HKN818\4!�+4"�Q5l�#"RKN:7�1:74js�.OF15CKNF1:[�B4 2 �/�B4r@j.}:746@j.c57=>K6�Jogr�MRs [CqSk
2 �&%�'�� 2 �*) 3 % o 2 � q 1 o��t�&%�'d� �t� q opr�M¡� Y=q

6AKNFB0�2ymBK;=>0�=>:7K��B0k2D4D5�5C4%�B4):#�1=��4D:74$� �465CmBK��B4%�EF1=�2)K6�1�BF1=	5f�.r�B4)0�:��4D07F1@	5y.c5C0�0C.O5�=H0�}.O=H07.��Q5C0D?VF'�14
�465CFB�14}2)K%�P8�.;:7.O57=	�N4P�B4D0r�1=@?s�4):�4 �Q5C4D0&�9�465CmBK��B4)0r:�4)0�574P2)4)8M4 �1��.��Q5��.S4B?\4)2D57FB4):"M 6AKNFB0l�;4):('
:7K6�B0k��.��B0�@j.f8�.;:<57=>4A2DK6�B0C.O2):��4D4/.;F#"+:��4)0�F1@>5C.O5C0p4 "V8k�4):<=)�P4"�E5C.;F#"q@H4D0k@	=)�}=	5y.O5�=HK6�10p�#"RF'�B4%5C4D@	@>4
.;8B8B:�KV2ymB45M
-/.��B0q@H.98�.;:<57=>4�07F1=	�O.��Q5C4O?I�BKNFB0S.O@>@>K6�B0q�p�4)2D:�=>:74�@>4)0��1= ?%�4D:74"�E574)0�}UK6�B2657=>K6�B0S�14!8\K;574 �Q57=>4D@
��F14w�BKNFB0~.��;K6�B0/2ymBKO=H0<=H4D0/8\KNF1:/.*�P4 �B4D:~@>4�:7K;�\K;5~��.��B0~0C.q2DK6�,+�-NF1:C.O5�=HK6�!�k�4)0�=>:��4D4x@H4h@HK6�,-
�#"bF��B4f57:C.! g4D2D57K;=H:�4r:74)0�8\4D2D5C.��Q5A@>4)0s2)K��E57:C.O=2�Q5C4D0~�EFB4c�BKNFB0��BK;FB0s07K%�.�P4)0/+ "��4)4)0"M



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � �����

78 ;�8�� � � � � � ��� �� 	�� ��	���� 	�� 	#	 ����� 	���� t4S2ymB.*�P8��B4�8MK;574 �Q57=>4D@s.c575C:7.;2D5�=2}�� � 4)0<5P0�=��P81@H4!�P4 �Q5q�k�4!+
�1=s2DK%�.�P4�F'�B4��UK6�B2657=>K6�
8�.;:7.;�\KO@>=>�EFB4[�B4	�.('2DK6�3�. �}=0�1=��}=H0�4):T@H.l�1=H0<5y.��12)4s4 �Q5C:�4�@j.l8MKN0<=>5�=HK6�P2DKNFB:C.5�E574[4D5o@H.l8MKN0�=	57=>K6�
�k�4)0<=H:��4)4h�B4/@j.}2'. � �4D:C.	


� ��� ��(���� - ��� ��� - ������ -���- � ��� M � �  n.��UK6�B2D5�=HK���� � 4D0�5f8MKN0�=	57=	�N4}KNF��EF1@	@H4P465r.O57574D=2�Q5r07K6� �}=0�V=)�hF � 4 � � �PKt�F�� ��� � ���XY�M
5o@>@>4&-u�4 ���4D:74rF'�B4��UKN:�2)4 � � �EF1=e2)K6�Q�N4D: -N4r@	=0�k�4).O=>:74 �P4"�E5%�N4D:70s@j.P2)K��,+�-NFB:7.O57=>K6�,�k�4D0�=>:��4)4

� ��� � ������� � � � � � � � ��� M � � ! F�.��B��@H4D0"�UK6�B2D5�=HK��B0}�B4,8\KO5C4 �Q5�=H46@s:��4)81F1@H0<=>�;4)0[�B4,07K6�Q5P8�.;0j�k�4D2)4D070C.c=H:�4)0)?_@ "g�4D��FB.O57=>K6� �B4
5C:7.��B0�=	57=>K6� ��� M 1#�0!"g�4D2):�=	5$


� �&%�'(� * � � +c�
-�� � - . � � ��� M �  %

&eK;F15C4D0h@>4)0�8MKN0<=>5�=HK6�10 � �i.;8B8B.;:�5�=H4"�'�B4 �Q5��BK6�B2L�.,@H.��B:�K;=	5C4+8�.;0707.��Q5x8�.O: � $k4D5 � �>M�' @�4 �
:��4D07F1@	5C4��EFB4�@>4_2)4"�E57:74k�B4_8B:7K  g4D2D5�=HK6�h�B4T@j.s2'. � �4D:C.s4B?\4)265CFB4�4B?\4)2657=	�N4 �P4"�E5oF'�B4_@>=�-6�B4_�B:�K;=>574
��.��B0�@ "R4)0�8�.;2D4l�B4A57:C.'�O.O=	@)( ?�8BF1=>07�EFB4~@>4A�;4)265C4)F1:�8�.;:7.*� �4D5C:<=H07.��Q5p@ "�.c5757=	5CF1�B4~�B4%@j.f2'.*�9�4D:C.
4)0<5��k�4!+
�1=f��.5�B0,F'� :�4)8��4D:74 + "V4 � =gMb45M�`*��$M,+p4)8M4 �B�B.��Q5'?s4 � 07F1=	�O.��Q5�2)4D5�5C4L5C:7.! g4)265CK;=>:74O?
@ "RKN�  g465}�#"v=0�Q5V�4):.-465P8\4DF15x0�KN:�5�=H:��BF92ym�.*�P8��B4+��=>0�=>K6���B4q@H.32).*� �4):C.V?dKNF9F��9KNF 81@>FB0�=>4)F1:70
. "V4)0o�1Fx:7KN�MK;5u8\4DF1�N4"�Q5�.O57574D=2�B�B:74k@H4DFB:70u�BF15V�4D4)0_.;:<57=>2)F1@H.O=>:74D0 M0/$+
�}�#"��4D�E=	5C4D:o2)4D0o8B:7K;�1@��4!�P4)0
8\KO5C4 �Q5�=H46@H0D?B�B4)0	�UK;:72)4D0�:��4D8BF1@>0�=	�N4D0A0�K6�Q5�=0�Q57:7K��BF1=	5C4)0[465 �PKV�V=�+�4"�Q5�@j.�57:C.! g4D2D57K;=H:�4l�BF�:�KN�\KO5
�EF�.��B��2)4D@H.P4)0�5��k�4D2)4D070C.c=H:�4�M
78 ;�821 � � � � � � �� � L�	 ����� � � 	�� 	��3� � L54 N L 	 �� ��� ��� 	�� �ML�	�� � � ���

M��B4S2DK6�,+�-NF1:C.O5�=HK6��.O:�57=>2)FV@j.O=>:74 2 �BF :7KN�MK;5�4)0�5x�1=>574�.;2D2)4)8V5y.;�1@>4�0�=�2ym�.;2)F��B4��B4S0�4)02)K%�P8MKN0C.5�E574)0A4)0�5%0�F A+0C.*�.�P4 �Q53�46@HK;=�-6�k�4D4r�B4/@j.P�BF15V�4)4h.;:�5�=H2DF1@j.c=H:�4f2DKN:7:�4)0�8\K6�1��.��Q5C45M�Co@>FB0
8B:��4D2D=>0��4!�+4"�Q5'?�@j.}2)K��,+�-NFB:7.O57=>K6� 2 4)0�5A.;2D2)4D815y.;�V@H4r0�=n8MKNFB:�57KNF1576 � � �����98!? � W E�� � W� $ ' ): W = � W� � * � : W # ?�Kt�F � W� $ ' 4D5 � W� � * :�4)8B:��4)074"�Q5C4 �Q5f@H4D0l�O.O@H4DFB:70 �P=2�1=��+.O@H4}465 �+. "�=)�+.O@>4x�EFB4@ "b. "V4	6}8M4)F15�.O57574D=2�B�B:�4;?�4D5 : W[:74D8B:��4D074"�E574l@j.f�1=>0�5y.5�B2)4l��"R=2��;�FB4"�B2)4/�14A@H.h�BF15V�4)4$� �4D2'.��V=H�EFB46
M %���.;8B8M4D@	@>4):C.=< @>4r07KNF10 '�4"�B074!���1@>4x�B4r@ "b4D078�.;2D4x.;:<57=>2)F1@H.O=>:74r�B4D0A2DK6�,+�-NF1:C.O5�=HK6�10~.;2D2)4D8 '
5y.;�V@H4D0 M� t4�2ymB.*�P8��14x8\KO5C4 �Q5�=H46@o:��4D8BF1@>0�=>�?���i4)0�5/.O@HK;:70~�k�4!+
�1=o�B4�@H.@�.('2)K���07F1=	�O.��Q5C4 � �NK;=>:+�-NFB:�4 � M � A


��� � 2 ��
)***+ ***,

� I �B @>K%-DC �E
WGF ' � � � � W� W� � *  � � W� W� $ ' � � IH 0<= 2 �EJ<

Y 0<= 2 EJ<
��� M � 1K

CuK;FB:dKN�V5C4 �V=H:uF'��2ym�. �+8}�14k8MK;5C4"�Q57=>4D@A���s2)K6�Q5�=0�EFx465o�k�4D:�=	�;.O�1@H4O?c@H.,�UK��B2D5�=HK6� I B 4)0<5o2ymBK;=>0�=>4



����� ���@��� � �����	� � �
��� ! �
 � � ��� 

Vq

q q q qlj lj
maxmin maxmin

j j

l l jj
q j

������� � M � ��� &)$'!%8 $ ( !%. � 4!'<��-. 9%( �/�)9#9 & "%( 4!���6.�:*4!%? (�$'!%26!%8 $ +-!#9
	��-$ 4! !#9,�3� $ ( "�� .0�3(��*!#9
2)K%�.�P4hF��B4��UK6�B2D5�=HK����MKN:4�k�4)4c�EF1@>@>4f07FB:[@H."�U:�K6�Q57=��4):�4f�14 < 


I B � 2 (� 'E
WGF ' � �� W� � * � � W  � � W � �  W� $ '  ��� M � K%

Kn�F �  W� $ ' � � W� $ ' ) : W 465 �  W� � * � � W� � * � : W M� e.��UK��B2D5�=HK6� ���q4D0�5r8MKN0�=	57=	�N4PKNF|�EF1@	@H4O?�5C4"�B�
�N4):�0l@ "v=2�,+
�1=T�EF�.5�B�LF'�B4x�B4D0/2)K%�P8MKN0C.5�E574)0/�B4 2 074x:7.;8B8B:�KV2ymB4}��"bF'�14x�BF15V�4)4P.;:<57=>2)F1@H.O=>:74;?4D5�4D0�5A�EF1@	@>4l�EF�.��B�q@H.��1=>0�5C.��B2D4l4 �Q5C:�4l2ym�.;�EFB4~2)K%�P8MKN0C.��Q574l�B4 2 W[465p@H.��BF15V�4)4 �9�4D2'.��1=>�EFB42)KN:�:74)0�8\K��B��.��Q5C4+4)0<5r07FB8k�4):�=>4)F1:74!�. : W M� n.��UKN:72D4+.;:�5�=�+�26=H46@>@>4 � �S�EF1=_�k�4D:�=	�N4+�BFL2ym�.*�P8��14
8\K;574 �Q57=>4D@����x4)0<5A.O@HK;:70 � �;K;=H:[@ "g�4D�EF�.O57=>K6� ��� M �  K9A
� �T� � 1 % 3 �� � � ��� ��� M � � 
Kn�F�


�� � � ���T�
)*************+ *************,

�
������
�

� I 'BMMM� I $BMMM� I �B

� ,,,,,
�

I B�� �) I �B
��������
�

� 'B������� � � � B �B�������  � ' � 'B ���!#" �%$'&)( � � ' � '� $ ' � �  � 'MMM� 'B !����� � � � B !B !�����  � ' � 'B !��!#" � B !B !��!*" � �  � 'MMM� 'B ������ � � � B �B ������  � ' � 'B ���!#" � B �B ���!*" � �  � '

� ,,,,,,,
�

0<= 2 �EJ<

Y 0<= 2 EJ<
.��;4)2 
 )*********+ *********,

� ��� @HK*-DC �E
W9F ' � � � �6W� W� � *  � �DW� W� $ ' � � 2H

� I $B � � � � $ � �  $� � * � �  $� $ '  8E64� �6,+�.-
� �  W� � * � � W  � � W � �  W� $ ' 



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � �����

-/.��B0q@>4!8�.;:7.*-N:7.;8BmB4�0�F1=	�;.5�E5)?I�BKNF10��p�4!+
�V=H0�07K6�B0D?[�B4�@H. � -4!�P4 �i.5�1=��4D:74O?�F'�X8\KO5C4 �Q5�=H46@
:��4D8BF1@>0�=>�p��.5�B0~@ "R=��+.*-N4P. +
�3�B4}2)K6�1074):<�N4D:r@>4)0~KN�  g4D570/�#"v=0�Q5V�4D:.-465r��.��B0~@>4x2ym�. �+8L�B4h��=>0�=>K6�
�B4/@j.P2'. � �4D:C.�M
78 ;�8 7 � � � � � � �� � L�	 ����� � � 	�� 	��3���� 	�� � � ��	 ��� �:��	�� ��� B �:��� N � 	 � 	 ��

M���8MK;=2�Q5h] W ?t�EF1=�074+8B:�K  g4D5�5C4+��.��B0r@H4P81@H.��L=)�+.*-;4i�B4}@H.�2).*� �4):7.�4 ��F'��8\K;=2�Q5f�B4
2)K�KN:7�1K6�'�k�4D4 � W � � H W I W � #R�e?\074):7.��1=>5~��=>0�=>�1@>4P0�= H W E:� H � H�� #o465 I W E � I � I�� #�?\Kn�F H � ?
H�� ? I � ? I�� :74D8B:��4D074 �Q574 �Q5�@>4)0p�MKN:��B0k�14%@ "R=��+.*-N45M, t4s�N4)265C4DFB: � 2)K6�Q5C4"��.��Q5p@ "R4 �B0�4 ���V@H4/�B4D02)K�KN:7�1K6�'�k�4D4)0T�B4D0o8\KO=0�Q5C0d��.��B0d@ "v=)�+.*-N4p074):7.~�1=	5_.;2D2)4)8V5y.;�1@>4[0�=V�EFB4D@B��F14�07K;=	5�6 E � � ������Ze�E?H WVE � H � ) G = H�� � G #T465 I W4E � I � ) G = I�� � G # ?�Kt�F G 4)0<5rF'�B4P2)K��B0�5C.��Q5C4P8\K;0�=	57=	�N4
8\4D: �P4D5�5y.��Q5e�B4_2ymBK;=>0�=>:t@j.	�DK6�B4_�#"v=0��;BFB4 �B2D4k�14)0t@>=��}=>574)0e�B4o@ "R=��+.*-N4 � �;K;=H:�+�-;FB:74 � M{  � .KG$M +p4
8�.;:7.*���4D5C:�4��BK;=	5	-465C:�4p2ymBK;=>0�=V5C46@B�EFB4k@H.5�UKN:�2)4k:��4)81F1@H0<=>�;4s07K;=	5u�EF1@	@H4p8\KNF1:u@H.~8\K;0�=	57=>K6�x�k�4D0�=>:��4)45M
6AKNF10I�BK;574):7K��B0�
!@ "R4 �B0�4 ���V@H4/:�4 -N:�KNFB8�.��Q5�@>4)0k�N4)265C4DFB:70 � .O2)2)4D815y.O�1@H4D0 M�//+
�S�B4~2):��4D4):�F��B4��.;:�:�=��4):74/�14l8\KO5C4 �Q5�=H46@t.;F157KNFB:��1F�2ym�.*�P8,�B4~�E=H0<=HK����14~@j.x2).*� �4):7.1?B.;0�07FB:7.��Q5s�EFB4l5CKNF10p@H4D0
8\KO=0�Q5C0/2DK6�B0<=H�k�4D:��4D0f:�4)0<5C4 �Q5/57KNF  gKNFB:�0~�E=H0<=H�V@H4D0)?t4D5c��"�.!?\4)265y.��Q5/8B.;0l@H4D0 �PKNF1�;4 �P4 �Q5C0f�B4x@H.
2'.*�9�4D:C.i�EF�.5�B��57KNFB0s2)4D0~8MK;=0�Q570A0�K6�Q5A0�F A+0C.*�.�P4 �Q53�46@HKO=)-6�k�4)0%�B4)0%@>=��}=>574)0%�B4f@ "v=)�+.*-N4O?�K6�
�k�4!+'�1=>5s@H. �UK6�B2D5�=HK����B4r8MK;5C4"�Q57=>4D@ ��� � � ��1=>:74D2D5C4!�P4 �Q5l��.5�B0�@ "R4)0�8�.;2D4f=��+.*-N4r�B4l@H. �+.��1= �4):�407F1=	�O.��Q5C4 � �;K;=H: +�-;FB:74 � M{  � � GA


��� � � ��
)***+ ***,

� I �
�
@HK*- C 'E

WGF ' � � � H W
H��

 � � � H W
H �  � � � I W

I��
 � � � I W

I �  H =>� � �E

Y =>� � E
 ��� M � [ +pK%�.�P4/8\KNF1:p@j. �UK��B2D5�=HK6���14l8\KO5C4 �Q5�=H46@t:��4D8BF1@>0�=>�o.;0�07K�2D=6�4)4q�.�@ "g�46�E=>574 �P4 �Q5%�B4)0[�1F15V�4D4)0s.;:<57= '

2)F1@H.O=>:74D0)?�@j."�UK6�B2657=>K6� I � 4D0�5%2ymBK;=>0�=>4f�\KN:#�k�4)4r465X�EF1@	@>4�.;F�" �U:7K6�Q5�=��4D:74)0s�B4�
=

I � � � �� 'E

WGF ' � H W � H���  � H W � H���  � I W � I���  � I W � I��� 
Kn�F H �� � H � ) G ? H � � � H�� � G ? I �� � I � ) G 465 I �� � I�� � G M
 n. �UK6�B2657=>K6� ���}4)0�5S8\KN0<=>5�=>�;4�KNF �EF1@	@>4�4D5i5C4 �1�I�N4D:70S@ "R=2�,+
�1=A�EF�.��B�X.OF��PK;=0�10qF'�|�B4D0
8\KO=0�Q5C0/2DK6�B0<=H�k�4D:��4D0f0�4x:C.O8B8B:7K�2ymB4}�B4D0~@	=)�}=	5C4)0/�14x@ "v=)�+.*-;4�M
5o@	@H4}4D0�5��EF1@	@>4}��FB.��B�!5CKNF10~@H4D0
8\KO=0�Q5C0u07K6�Q5d07F A+0C. � �P4"�E5x�46@HKO=)-6�k�4)0d�14)0d@	=)�}=	5C4D0d�B4�@ "v=)�+.*-;4�M  e. �UKN:72D4p.O:�57= +�26=H46@>@>4�:��4D8BF1@>0�=	�N4
�k�4):<=>�O.��Q5A�B4 ���k4)0<5$


� � � � (� � 1 % � % �� � � ��� ��� M � 1%



����� ���@��� � �����	� � �
��� ! �
 � � ��� 

α

α

um

uM

mV VM

C

Vm 

Um 

U 
M 

V 
M 

Vr 

Vm 

Um 

U 
M 

V 
M 

Vr 

� .K � �)
� ��� � � M{  ��� ��� .(�2 (�$ !#9 +-! .�: (�2 ���-!���� 		� ��&)8 "%$>( &)8 +-! < &)$'!%8 $ ( !%. �)9#9 & "%( 4! ! �� .0� "#&)8 $>� �3(�8 $'!
+-!=? ( 9%( 	�(�.(�$ 4!
Kn�F���b� � ���k4)0<5l.O=>0��4!�P4 �Q5~K;�15C4"��F �.P8�.;:�5�=H:[�14r@H.P:74D@H.O5�=HK6� � � M � [%A


�� � � ��� �

)*****************+ *****************,

�
����������
�

� I ��MMM� I � $
�

� I � $ %�'
� MMM� I � ' � '
�

� ,,,,,,,,,
�

I �	
 � ) I �
�

�����������
�

� '
�� � � ��� ���  � ' � '

� � � � ��� �� �  � 'MMM� '
� � � � � � !� �  � ' � '

� � � � � � !� �  � '
� '
��� � � ��� !���  � ' � '

� � � � ��� !� �  � 'MMM� '
� � � � � � "� �  � ' � '

� � � � � � "� �  � '

� ,,,,,,,,,,
�

0<= � �E


Y 0<= � E

.��;4)2 
)*******************+ *******************,


 �*�X@>K%- C 'E
WGF ' - � � � ���� �  � � � ���� �  � � � ���� �  � � � ���� �  0 H

� I � $
�
� � � H $ � H � � � H ��  � I $ � I ��  � I $ � I ��  ZE6 � �6 +�.-

� H W%� H � �  � H W%� H ��  � I WL� I ��  � I WL� I �� 

� I � $ %�'
�

� � � I $ � I �� � I ��  � H $ � H � �  � H $ � H ��  ZE6 � �6 +�.-
� H W � H � �  � H W � H ��  � I W � I ��  � I W � I �� 



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � �����

-/.��B0T@>4%8B.;:C.*-;:C.;8Bm14[07F1=	�O.��Q5'?C�BKNFB0_:��4)07F,�+K��B0�@>4s072ymk�4!�+.h�B4s81@H.��1= +�2'.c57=>K6�S.;�1KN815V�4D4;?Q��.5�B0
@H4D0A2).;0sKn�FS@H4D0$�PK����4D@>4)0s�B4D0AK;�  g4D570A�#"v=2�E5V�4):.-4D5%07K6�Q5A�1=>078MK6�1=>�1@H4D0 M
78 ;�8�� � �� � L � ��

5�� F157=	@	=H07.��Q5i@>4 �+K����46@H4��B4�@ "RKN�  g465+�#"R=2�Q5V�4D:.-4D5q4D5+F'�B4,2).*� �4):C.��BK6�Q5P@H4D0P8�.;:C. ���465C:�4)0
�B4�2'.c@>=>�B:C.c57=>K6��07K6�Q5P2)K��'�EFB0)?o@H.�5C:C.  g4)2D57K;=>:74��#"RF'��4 �B0�4 �h�1@H4��B4�ZJ8MK;=2�E570P�B4S@ "v=��i. -N4,.
�4D5V�4�KN�1574 �EFB4�07KNFB0+@j. �UKN: �P4��#"RF'�B430��4)�EFB4"�B2)4��14�� �N4)265C4DFB:70�� � � � ���;w � � �����7���CMMX�!0�2ymp�4 �+.,�1@HK�2x�BF!8V@j.��V=�+�2).O5C4DFB:/�B4�57:C.! g4D2D57K;=H:�4}4)0<5/�BK6�'�k�4}8�.;:~@H. +�-NF1:74 � M 1'M��A.;818\4 '
@HK��B0/�EF#"b4"��81:C.O5�=H�EFB4w�BK;FB0/0�57KN8B8MK6�B0l@ "�.O@�-NKN:<=>57m �P4�@>KN:70���F14P@H.S�1=>0�5C.��B2)4}4"�Q5C:74}@>4)0/8MK;=2�E570
2)KNF1:C.��Q5C0%��.��10%@ "R=��+.*-N4r4D5s@>4)0%8\KO=0�Q5C0%�k�4D0�=>:��4)0%��.��10%@ "R=��+.*-N4r4)0<5A=2���'�4D:�=>4)FB:}�.}F'�B4f�1=H0<5y.��12)4
2ymBK;=>0�=>4x8�.;:%@ "RF15�=>@	=H07.O5C4DFB: M� n.+5C:7.! g4)265CK;=>:74�KN�15C4"�EFB4 -Q.;:7.��Q57=	5A@>4)0A8B:7K;8B:�=6�4D5V�4)0��k�4D2)4D070C.c=H:�4)0S�.
@j.P:��4).O@	=H07.O57=>K6���B4/@ "b.;070�4):<��=>070�4 �P4 �Q5$
� M[@>4�@>K6� -��B4�@H.�57:C.! g4D2D5CKO=H:�4�81@H.��1= +p�4D4;?k57KNF1574)0P@H4D0q8B:<=)�}=	57=	�N4)0i��=>07F14D@	@H4D0�2)K6�B0<=H�k�4):��4D4)0:74D0�574 �Q5~�B.��B0[@H4r2ym�. �+8��B4/�E=H0<=HK6���B4/@j.}2).*� �4):C. =� M[@>4+@>K6� -��B4P@j.�5C:7.! g4)265CK;=>:74P81@H.��1= +p�4)4O?d.OFB2)F'���B4)0h. "V4)0f�BF�:7KN�MK;58�B4P:74"�B2)K6�Q57:74qF��B4

�B4r074D0A�1F15V�4D4)0 = �M[@>4)0 �PKNF1�;4 �P4 �Q570��1Fx:7KN�MK;5d�k�4)2D4)0�0C.O=>:74D0_.;Fx07FV=>�E=B�14)0d57:C.! g4D2D5CKO=H:�4)0o��.5�B0d@ "R=��+.*-N4p0�K6�Q5
8Bm�;�0�=>�EFB4 �P4 �Q5/:��4'.O@	=>0C.;�1@>4)0 =

1'M[@>KN:70���F14h@>4)0~8MK;574 �Q57=>4D@>0l:��4D8BF1@>0�=>�U0��B4h07K6�Q5~8�.;0��p�4)2D4)0707.O=>:74)0D?�@>4�2)4"�Q5C:74hKN815�=H�EFB4h�B4h@H.
2'. � �4D:C.+.}F'� �PKNFV�N4 �P4"�E5~:74D2D57=	@	=)-6�14�M

5���K;F15C:�4;?V@ "R4 �B0�4 ���V@H4�� � ��� � � � ��'\�����y� ' # �;w � � ���������E?V��FV=t074D:C.}F157=	@	=H0��4f�B.��B0p@H.x@HK;=�B4r2)K%�.�+.��B�14;?M. �4!-Q.O@>4 �P4 �Q5��4D5V�4fK;�15C4"��F�M
-/.��B0%@j.S8�.O:�57=>4�0�F1=	�;.5�E574;?z�1KNFB0/.O@	@>K6�B0��465C4 �1�B:74x2D4D5�5C4�� �4D57mBKV�14x�B4x81@H.��1= +�2).O57=>K6�!�B4f5C:C. '
 g4)265CK;=>:74}.OF�2'.;0AKn�F�@>4 �PK��t�4D@>4x�B4f@j.q26=H�V@H4b��"b4D0�5/8�.O0~�1=>078MK6�1=>�1@>4�Mt-/.��10A2D4x2'.;0~�B4&+�-;FB:74O?
K6���465CFB�1=>4):7.L�4!-Q.O@>4 �P4 �Q5�@ "R=2��;�F14 �B2D4l�B4)0k4):�:74)F1:70p8MK;574 �Q57=>4D@	@H4D0��B4A2'.O@	=H�1:C.O5�=HK6�i�BFS2).;815C4DFB: M
�,�
	 �����������! *+&��n"�¤$) !#%*+ ! ,�

-/.5�B0h2D4D5�5C4S8�.O:�57=>4;?eK6��2)K6�B0<=H���4):74��EFB4+@H4 �PKV���46@H4q�B4i@H.32D=>�1@>4T�#"R4)0<5}8�.;0h�1=>078MK6�1=>�1@H45M
-/.��B0f2)4i2'.;0D?e@H.�8MKN074+�B4+@j.�2'.*�9�4):7. �B4i8\4DF15h8�.;0�-465C:�4i4D0�57=�� �4)45M�%��98M4)F15hF'�1=>�EFB4 �P4 �Q5
KN�1574 �1=>:rF'�B4P:74D2)K6�B0<5C:�FB2D5�=HK6��8�.;:<57=>4D@	@H4P�BF �PKNF1�;4 �P4 �Q5h�B4}@j.�2'. � �4D:C. � @H.�:7K;5C.O57=>K6�!4D5r@H.
5C:7.��B0�@H.O5�=HK6� �.qF'� �.;265C4DFB:~�#"��4)2ym14D@	@H4 y?�4"�!F157=	@>=>0C.5�E5~@H4D0 � �4D5Cm1KV�B4D0~=>0707F14)0/�B4f@j. -u�4)K%�9�4D57:�=>4
�4)81=>8\KO@j.O=>:74k�k�4)2D:�=	5C4D0T��.��B0d@>4�2ym�.O81=>57:74 � M* "R4)0�5�=)�+.O5�=HK��}�B4p@H.~8\K;074�8�.O:�57=>4D@	@>4�4D5o@>4)0 �UKN: �hF1@j. '
57=>K6�B0 �i.c5C:�=>2D=>4D@	@>4)0T�B4�@j.%2)K6�Q5C:7.O=2�E574i�4)8V=H8MK;@H.O=H:�4p0�K6�Q5o4 "V81@>K;=	5V�4D4)0T8MKNFB:e2)K6�B0<5C:�F1=H:�4p@H.%5C:7.! g4)2 '
5CK;=>:74%�B4D0k8B:<=)�}=	57=	�N4D0k�E=H0�FB4D@	@>4)0���.5�B0�@ "v=)�+.*-N45M�6AKNFB0�8B:��4)074"�Q5CK6�B0D?V�B.��B0�F'�q8B:�4 �}=>4):_5C4 �P8B0D?
@j.��9�4D57mBK��B4h�EF�.5�B��@>4)0s8�.O:C.*�,�4D57:74D0A�B4r2).O@>=>�B:7.O57=>K6�,07K6�Q5%8B:��4)2D=>0��4!�P4 �Q5l2DK6�'�EFB0%4D5%4 �B0�F1=	5C4�BKNFB0��465CFB�V=HK6�10_@H.l:7K;�BFB0�574)0�074s�B4�@H. �9�465CmBK��B4��E=H0(')�. '��E=H0T�B4D0T4):�:74)F1:70_�B4 �PKV�k�4D@	=H07.O57=>K6�zM //+
�
�B4+0�=��+8V@>= +�4):f@H4D0@�1K;5y.O5�=HK��B0)?t@H.��+.O57:�=>2)4+�B4i:�K;5y.c57=>K6� � Gq�}4D5f@H4}�N4D2D574)FB:x�14P57:C.��10�@H.O57=>K6�� � �l074D:7K6�Q5X�BK;5V�4)0GS�/4D5 � �~��.��B0s@j.}0�F1=>574�M



����� ���>� � � �����	� � �M��� �� � �e
 ��� ���

50 100 150 200 250 300

50

100

150

200

250
1 

2 

3 
4 

INITIALISATION

Image initiale Image finale

Equation de transition

Estimation de la pose

(k = 1)
    

Modèle de l’objet

Equation de transition

FIN

(k > 1)

���

� �� �
� �� �

	 �

� ��
 ��������������

���
���

� ��� �
� ��� �

� �
�! � ��"

� � 
 � ��# �������$�

� ��� � � M 1 � 9 "&% 4!%2 �
	�. & "�+-!�.0�=254!%$'% &�+-! +-! < .0�38 ( (�"��3$ ( &)8 +-!�$>� � ��!#"%$'&)(��*!�. &)�*9*)�� !�. ! 26&�+ �!%. !
+-!=.0� "%( 	�. ! !#9%$O+3( 9'< &)8 ( 	�. !



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � �����

Π

���

���

���

���

	 � �

	 � �


 �

� �	 � �

� �
 �

� �
 �

��� ���������

� ��� � � M K,������� ��!#"%$'&)(��*!�<��3� $>( !%.�. !=+-!=.0�1"��32 4!%� �

78 K 8 9 � ���n� � � 	 � � � � ����� 	���� 	�	 � ��� 	�� � � � �� ���
6%KNFB0r2ymBK;=>0�=>070�K6�B0�=>2D=_@>4+�;4)265C4)F1: � � � � � � � �h� � # � 8MKNFB:r:74D8B:��4D074 �Q574):�@ "�.c5757=	5CF1�B4i�14+@H.

2'.*�9�4D:C.L��.��B0}@ "b4D078�.;2D4��14,57:C.'�O.O=	@ ( �.�@ "v=2�B0�5C.��Q5SwM?T2'.;:}��.5�B0P2)4,2'.;0}@H.�5C:C.5�B0�@H.O57=>K6� �.
F'� �.;2D574)FB:��#"g�4D2ymB4D@	@>4 � � �S4D0�5P�1=>078MK6�1=>�1@>4�.O@HK;:70x�EFB4 � �T�B4S@ "R4)0<5P8�.;0"M�6AKNF10}.'�NK6�B0P�BK��B2� � $ � � � � � $d� � $ #s�EF�.��B� @j.L2'. � �4D:C.�4)0�5i��.��10+07.�8MKN0�=	57=>K6��=0�V=>5�=j.O@>4�4D5 � � � � '7�;�i��FB.��B�
@j.�2'.*�9�4D:C.34D0�5x�B.��B0h@H.38MKN0�=	57=>K6���p�4)0<=H:��4)4�M / 8�.O:�57=>:f�B4i@H. �}=>074S4"�92)KN:�:74D078MK6�B��.��12)4q�14)0
8B:�=��}=>5�=>�;4)0p�E=>07FB46@>@>4)0[�B.��B0_@ "v=)�+.*-;4A=2�1=>5�=j.c@H4%4D5k@ "v=)�+.*-;4A�k�4D0�=>:��4D4;?V=	@M4)0<5�8MKN070<=H�1@>4~�14A2).O@H2DF1@>4):
@j./�+.O5C:<=H2D4k�B4�2)KO@>=2�k�4'.c57=>K6� � $pM 8 =E@H4D0u8�.O:C.*�,�4D57:74D0u=2�E57:�=2�B0)�4D�EFB4)0T�B4_@H.%2).*� �4):C.A07K6�Q5u2)K6�'�EFB0D?
K6��8\4DF15f:74 �PK6�Q574):S�.S@j. �+.O5C:<=H2D4+��"bmBK*�+K*-N:C.;81m1=H4�� $_4D5f4 �B0�F1=	5C4+4)0�5�=)�P4D: G $�? � � $�? � � 465�BK6�B2 � $�M +pK%�.�P4!��.��10S@H4!2).;0�Kn�FI@>4 �+K����46@H4!�B4�@j. 2D=>�1@>4 �4D5C.O=>5S8�.;:9�.c=>574 �P4 �Q5,2)K��'�EF�?
@j.�5C:C.  g4)2D57K;=>:74q�V=H0�2):)�465C4�� �k�4D�BF15C.��Q5}4 � � $p4)0<5x2)K��B0�57:7F1=	5C4S�14��+.��1=��4):74i=>5V�4):C.c57=	�N4S465x4)0<5
KN:�=>4 �Q5V�4)4f��.��B0[@H.+�1=>:74D2D5�=HK6���B4D0,�UKN:�2)4D0A.O:�57= +�26=H46@>@>4)0%�BK6�'�k�4)4)0%8�.;: 


)****+ ****,
� ��� �  � � �
� � � �  � � 1 % � % ��b� � ���
� � � �  � � 1 %43 ��w� � ���

-/.��B0s2)4r2).;0)?B@>4  <.;2)KN�V=H4"���B4r8�.O:C.*�9�4D57:�=>0C.O5�=HK���4D0�5A�BK6�'�k�4r8�.O: 

1 � U � (��� U � GZ� � ��� � �

��� � � � %� � � ��� M � 5%



� �M� ���>� � � �����	� � �M��� �� � �e
 ��� ���

 e. �+.O5C:<=H2D4 1 �k�4D8\4"�B� �+.O=2�E574 ��.5�E5l�BF38�.O:C.*�,�4D57:74f=0�B2DK6�'�EF U � M)+p4)8M4 �B�B.��Q5'?��1KNFB0A�;4):('
:7K6�B0s��.5�B0�@j.}0�F1=>574r��F14f2D4/8�.;:7.*���4D5C:�4c�#"�.}4"�D�.c=>5%.;F12)F'�B4/=2��;�FB4"�B2)4f07F1:�@j.}81@H.��1= +�2'.c57=>K6�
�B4A57:C.! g4D2D5CKO=H:�4)0�0<=�0�4)F1@>4~@H.�2)K6�Q57:C.O=2�Q5C4l�B4%�E=H0<=H�1=	@	=>5V�4l4)0<5[2)K6�10�=>�p�4):��4)4�M 5��SKNF157:74;?E@H. �+.O5C:<=H2D4
�#"R=2�Q5C4D:C.;2657=>K6���k�4)8M4 �B� �B4S@H.L81:7K �UK6�1�B4)FB: � W � �B4�2ym�.;�EFB4�8MK;=0�Q5 M +pK6�Q5C:7.O=H:�4 �P4 �Q5i.;F�2'.O0
8B:��4D2M�4)�14 �Q5'?VKn�FP@ "RK6�i�V=H0�8\KN07.O=	5p�BF �PKV���4D@>4A�B4s@H.f26=H�1@>4;?E2D4A8�.O:C.*�,�4D57:74��B4%8\4DF15�8�.;0��1=>:74)265C4 '�+4"�Q5 -4D5C:�4~KN�V5C4 �EFG�.�8B.;:�5�=H:k�B4 � �5M�+p4D8\4"�B��.��Q5'?V@H4l:7.O57=>K�� W � � � W� � U � 8M4)FV5s.O=>0��4 �P4"�E5 -465C:�4
4)0�5�=)�9�4G�.�8�.O:�57=>:��14q@j.�8B.;:C.*�9�465C:�=>0C.c57=>K6� 2ymBK;=>0�=>4;?o4"� F157=	@	=H07.��Q5}@j.3:�4D@H.O57=>K6� � � M¡  K%,M�6AKNF10
�4D2):<=H:�K6�B0s�BK6�B2rF'�148�1KNF1�N46@>@>4 �UKO=H0�@H. �+.O57:�=>2)4r�#"v=0�Q574):C.O2D57=>K6���B4/@j. �.('2DK6�,07F1=	�O.��Q5C4 
� � � D�� D U � (��� �U ��� S	� ��� M{  YK
Kn�F��BKNFB0t:7.;8B8M4D@>K6�B0n�EFB4
�h�R� ��� '� ������� ' � #N4D5nKt�F � � � � ' �x����� � 'G��#R��4D5(SX� � S ' ������� S&'G��#R�
07K6�Q5%�B4)F�"��i.c5C:�=>2)4D0A�14f�V=)�P4 �10�=>K6�B0 � Z �x P=2�B�k�4D8\4"�B��.��Q574)0~�1F�8�.O:C.*�,�4D57:74 U � 


)***********+ ***********,

� W � � ���
�
� '
 � � Y * � � � �
Y � '

 � � + � � � �
� ,,
�

S W � � ��
� �

W ��� W � � � �
�
W � � � W �

� ) � W� � �
�
W � � W� �

�
W �

� ,
�

 e.P8MKN074r8�.;:<57=>4D@	@H4f�B4/@H.+2).*� �4):C. � �/4)0<5~�1K6�B2rKN�1574 �EFB4��.+2ym�.O��F14h=	5V�4):7.O57=>K6�zM 5��B0�F1=	5C4;? GS�
4D5 � � ��07K6�Q5i�1=>:74)265C4!�+4"�Q5q2).O@H2DF1@6�4)4)0L�.!8�.;:�5�=H:P�B4 � �5M 5���F15�=>@	=>0C.��Q5P@H4D0i:�4D@H.O57=>K6�B0 � � M¡  K%y?
@H43�;4)265C4)F1:�� � � � '� ������� ' � #A4)0�5J�4!-Q.O@>4 �P4 �Q5�K;�15C4"��F �.G8B.;:�5�=H:i�B4 � �5M  t4)0q2)K�KN:7�BK��'�k�4)4D0
.;:�5�=H2DF1@j.c=H:�4)0%�BF�:�KN�MK;5s07K6�Q5%4)0<57=�� �4)4)0A�B4/@j.��D-4 �P4 �+.��1=��4):74r�EFB4f��.��B0[@>4r2'.;0s8B:��4)2M�4D�B4 �Q5$


2 �&%�'�� 2 �*) 3 % � 2 �  1 � � U �  � � � %�'E� � �0
-/.��B0�@H.x074)2657=>K6�,07F1=	�O.��Q5C4O?
�BKNFB0[�k�4D2):<=>�;K6�B0%2)K%�.�P4 �Q5s@H4D0�5C:7.! g4)265CK;=>:74D0[�B4)0s8B:<=)�}=	57=	�N4)0[�E= '
07FB46@>@>4)0�07K6�Q5_KN�V5C4 �EFB4D0l�.r8B.;:�5�=H:o�14)0_4 "V8B:�4)070<=HK��B0 �+.O57:�=>2D=>4D@	@H4D0k�14�@j.l2DK6�Q5C:C.c=0�Q5C4S�4D81=H8MK;@H.O=>:74�M
78 K8 ; � ���e� � � 	 � � � � ����� ��� � � �<	�� B���� � � � � 	%C � � �FE � n..�i.c5C:�=>2)4f�B4r2)KO@>=2�k�4'.c57=>K6� �S�f:�4D@H.O57=	�N4�.;F�81@j.5��� �.P@ "v=0�B0<5y.��Q5lw�8M4)F15 -465C:74f2'.c@H2DF1@6�4D4
�.+8�.O:�57=>:[�B4 � �/4"��F15�=>@	=>0C.��Q5%@H4D0%:�4D@H.O57=>K6�B0 � � M � [ _4D5 � � M¡  � A
��� �5J � G � � � G � � � � � � � � 'J � ' ��� M{  �  n4D0k2DKVK;:7�BK6���p�4)4D0p��.��10�@ "R=��+.*-N4s�B4s@j.r8B:�K  g4)2657=>K6�q�B4D0p8MK;=2�E570_]^Wh�.r@ "R=2�B0<5y.��Q5�w+07K��E5k.O@>KN:�0
KN�15C4"�EFB4)0A4 ��F157=	@>=>0C.5�E5s@H.+:�4D@H.O57=>K6� � � M � 5%A


G W � � W � � � G W � H W � G W � I W � G W � #�� �S� � W � )�� W  � ��� M{  � 



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � � � �

Kn�F�?B�#"b.;8B:)�4)0[@>4)0%:74D@H.O5�=HK6�10 � � M � 1#y? � � M �  K�465 � � M � � A

� W  � � U � ]^W D � 

� W� U � J G � � � � � U � ]^W D ��
� W� J G � � � � � ��� M¡ 6 %

5���=2�Q5C:7K��BF1=>0C.5�E5%@H.P:�4D@H.O57=>K6� ��� M{ 6 K��B.��B0 ��� M{  � C?BK6��.;�MKNF15�=>5x�.	

� W � � W � � ��� � W � ) U � ] W D � 

� W� J G � � � � � ��� M¡  1K
5���KNFV5C:74O?B4 ��.;8B8V@>=>�EF�.��Q5s@ "g�4)�EF�.O5�=HK�� � � M¡ !1#_4 �Q57:74/@H4D0s8\KN0<=>5�=HK��B0[=0�1=	57=H.O@>4/4D5s�k�4D0�=>:��4D4h�B4/@H.
2'.*�9�4D:C.1?�K6��KN�15�=H4"�Q5~.c=H0��4 �P4 �Q5$


U � ] W D ��
� W� � 0�=�-6� C � � W $ � W $ � � $ � W ��� '� J G $ � � $  ' H - � $ � W ��� � W $ -

- J G $ � � $ � � W $ - ��� M¡  K 
Kn�F,0�=�� 465
	A�p�4)0<=)-6�14 �Q5~:�4)0�8\4D2D57=	�N4!�P4 �Q5rF'�,�N4)265C4DFB:A465%F'��:��4)46@�?M.O@>KN:70 � �  W :74D8B:��4D074"�E574h@H.2)K%�P8MKN0C.5�E574 6��B4��J465� -��EZ � 	 %:�4)8B:��4)0�4 �Q5C4+@H4���0<=)-��B4����B4�	 M  t4}8�.;:C. ���465C:�4 ����� ��� ���� �� 4)0<5
=0�1�p�4)8M4 �B�B.��Q5x�B4P@j.�8MKN0�=	57=>K6��2)KNFB:7.��Q5C4+�B4}@j.,2'. � �4D:C.�4D5f8\K;FB:7:7.,�1K6�B2 -4D5C:�4i2).O@>2)F1@6�4iF��B4�UK;=>0%8MKNFB:�57KNF1574)0%.;F��p�4)�BFV5A�1F�8B:�KV2D4)0�07FB0A�B4r81@j.5�1=�+B2'.O5�=HK6���B4/5C:7.! g4)265CK;=>:745M
 n.�:�4D@H.O57=>K6� ��� M{  1#f2DKNFB81@6�4)4�.;F#"�:�4D@H.O57=>K6�B0 ��� M¡  � f4D5 ��� M{  K%f8M4): �P4D5i�B4,2'.O@>2)F1@>4): G W � � W ��.h8�.O:�57=>:_�B4 � �%465p�14)0k�;4)265C4)F1:70p=2�1=	57=H.O@ � $�465p�k�4)0�=>:��4 � �>M  t4)0p2DKVK;:7�BK6���p�4)4D0 � W � �14A@H.f8B:�K  g4)2 '57=>K6�q�B.��B0_@ "v=)�+.*-;4A�B4%2ym�.;�EFB4A8\KO=0�Q5�] W 07K6�Q5k4 �B0�F1=	5C4~K;�15C4"��F14)0p0<=)�P81@>4 �P4"�E5�4 �q�V=>�E=>0C.��Q5
G W � � W � 8B.;:s0C.P�B4):#�1=��4D:74f2)K%�P8MKN0C.5�E574�M
-/.��B0n@j.%8�.;:<57=>4k0�F1=>�O.��Q574;?V�BKNFB0u2)K6�B0<=H�k�4):7K��B0d�EFB4�@j. �UKN:72D4k:��4)8BF1@>0�=	�N4�.;070�KV26=6�4D4f�.%@ "g�4D�E=>574 �P4 �Q5
�B4)0_�BFV5V�4)4D0p.O:�57=>2)FV@j.O=>:74D0_�BFi:�KN�MK;5��#"R4)0<5p8�.O0_.;2D5�=>�T�4)4 � =gMR4��n�>� YK,M 6%KNFB0x�4D57FB�1=>K6�B0�.O@>KN:70T@H.
:��4D8\4D:72)F1070�=>K6��?�0�FB:p@>4)0�57:C.! g4D2D5CKO=H:�4)0���.5�B0�@ "v=��i. -N4;?V�B4)0q�46�N4 �Q57FB4D@	@H4D0s4):7:�4)FB:�0[�B4l2).O@>=>�B:7.O57=>K6�
�B4/@j.P2'. � �4D:C.P4D5s�B4r@ "bF15�=>@	=>0C.O5�=HK6���#"RF'�B4r8B:�K �UK6�B�B4DFB: U � 4):�:7K6�k�4)4�M
78 K 8	K  �
! L ��� � � � L ������� � ��
	 � �#"%$8 =k@H. �UKN:�2)4i�B4q:��4)8BF1@>0�=>K6� .;0�07K�2D=6�4)4��.,@ "g�4D�E=	5C4 �P4"�E5P�14)0x�BFV5V�4)4D0}.;:<57=>2)F1@H.O=>:74)0t�#"b4D0�5}8B.;0
.;2D5�=>�T�4D4;?u@>4q8B.;:C.*�,�465C:74 U � .;8B8�.;:7. - #	5���.5�B0h@>4q8B:�KV2D4)0�07FB0}�B4i81@H.��1= +�2'.O5�=HK��9�B4i57:C.! g4D2D57K;=H:�4
F'�1=>�EFB4 �P4 �Q5 �. 57:C.'�N4D:70,@j. �+.O5C:<=H2D4'& �p�4!+
�V=H4�2)K%�.�P4!@H4L8B:�KV�1F1=>5,�14�1 % � U � +465��B4� % � � D�� D U � ,M�- "b.;8B:)�4)0[@>4)0%:74D@H.O5�=HK6�10 � � M � 5K�4D5 � � M¡  YKy?V2)4D5�5C4 �+.O5C:<=H2D4f8M4)FV5A0!"g�4D2):<=H:�4 


& � � �!D��h� D � �0�� � � � � �!D �h� D U � �1 � � U � G % � � � � � � D��h�0<GZ� �
S � � �  � %� � � %

-lK6�B2(& 4)0<5l=2�B�k�4)8M4 �1��.��Q5C4}�BF38�.;:C. ���465C:�4 U � M +p46@j.q=��P81@>=>�EFB4}�EFB4�@>4)0~57:C.! g4D2D57K;=H:�4)0l�14)0
8B:�=��}=>5�=>�;4)0[�E=H0�FB4D@	@>4)0[��.��10p@ "v=��i. -N4l07K��E5q�4 -Q.O@>4 �P4"�E5p=0�B�k�4)8M4 �B��.5�E574)0[�B4A@j.�81:7K �UK6�1�B4)FB: U � M
6AK;57K6�B0T�EFB4[2D4D@H.c��"b4D0�5 �+.O@>mB4)FB:�4)FB0�4 �P4 �Q5k8�.;0o@>4[2'.;0o@>KN:�07�EFB4�@H.��UKN:72D4s.;:�5�=�+�26=H46@>@>4s.;0�07K�2D=6�4)4
�.P@ "g�4D�E=>574 �P4 �Q5~�B4)0s�BF15V�4)4D0~.;:<57=>2)F1@H.O=>:74D0A4D0�5,�4 -Q.c@H4!�+4"�Q5l.;2657=	�_�4)4�M



� ��� ���>� � � �����	� � �M��� �� � �e
 ��� ���

78 K8 �  �
! L � � � ����� 	�� � � 	 � N���� 	�� � � ��� 	�� � � � �� ���8 =M@H.h2'. � �4D:C.t��"b4D0�5[8�.O0p8�.;:��.O=	5C4 �P4"�E5�2'.O@	=H�1:��4)4~4D5��EFB4��J�4D0�5[F15�=>@	=>0��4)4+�.f@H.�81@H.;2)4A�B4~@H.�i.c5C:�=>2)4i�B4)0h8�.;:7.*���4D5C:�4)0�=2�Q5C:<=0�B0)�4)�EFB4D0}:��4)46@H0D?o.O@>KN:�0f@H. �+.O57:�=>2)4q��"bmBK*�+K*-N:C.;81m1=H4i4)0<57=�� �4D4
8\KNF1:s@>4r81@H.��,�B4r:��4 �'�4D:74"�B2)4h4 �Q5C:�4r@>4)0s=��i. -N4)0[=2�1=>5�=j.c@H4r4D5%�k�4D0�=>:��4D4;?��� $�?�0 "g�4)2):<=>5 


�� $ � �J % J � $�J % �J ��� J � $�� J % ��� M{  � 
Kn�F�� J � �J % JiM 8 KNF10%@ "bm�;�8MK;5Cm��4D074h��F14f@ "b4D:7:�4)FB:[=2�1=>5�=j.c@H4f07FB:[@ "b4D0�5�=)�+.O5�=HK6�3�B4/@j..�+.O5C:<=H2D4
�#"bm1K%�PK%-N:C.O8Bm1=>4f0�4h81:7KN8�. -N4l@H4/@>K6� -+�B4/@j.x57:C.! g4D2D5CKO=H:�4 


�� $ ��� J � $�� J % ��� ���� ��� J ���	� J % ��� M{  [%
@j. �+.O57:�=>2)4���"bmBK*�+K*-N:C.;81m1=H434):7:�K6�k�4D4 ����O?r�.�@ "v=0�B0<5y.��Q5�wM?p8M4)F15J-4D5C:�4��k�4D2)K%�P8MKN0��4D4!4 �J@H.
07K%�.�P4s�#"bF��B4 �+.O5C:<=H2D4[0�=��P=	@H.O=H:�4��.lF'�B4 �+.O57:�=>2)4[�B4[:�K;5y.O5�=HK��x4D5_�#"RF'�B4 �+.O57:�=>2)4[�B4[:7.�� - � 
���� � ���
s�U� �� � �� � � ��� M{  1K
Kn�F ���
s�R���)J G[� � � J % ? � � � � �  ��������  ��� ����� � 4D5 �� � � - � � ��� J % - � J � �h.'�;4)2 � ��� G[� � � � �� �3.c@>=>0-5 5$#gM�5���KNF15C:�4;?#� $�? � W � 4D5 � W $ �B4f07K��E5A8�.;0A.!?\4)265V�4)0A8�.;:s�#"g�4D�;4 �Q5CFB46@>@>4)0/4D:7:�4)FB:�0~07F1:
@H4D0%8B.;:C.*�,�465C:74D0%=2�Q5C:<=0�B0)�4)�EFB4D0)?M8BF1=>07�EF#"v=>@>0~0�K6�Q5A�V=H:�4)2D574 �P4 �Q5AKN�1574 �EFB0}�.P8B.;:�5�=H:[�#"v=2���UKN: �+. '
57=>K6�B0s4 "�5C:7.O=	5C4)0%�B4/@ "R=��+.*-N4r4 "V8B:<=)�9�4)4D0~4"��81= "V4D@gM
- "�.;81:)�4)0e@H4D0o:746@j.c57=>K6�B0 � � M¡ !1#y? ��� M¡  K �465 ��� M¡  1%y?�@H4D0o2)K�KN:��BK6�'�k�4D4)0om1K%�PK%-B�4 �14)0 �� W � �B4�@j.A8B:7K '
 g4)2D5�=HK�����.��B0�@ "v=)�+.*-;4~�B4D0�8\KO=0�Q5C0p] W ?E@>KN:70���F14~@j.h2'.O@	=H�1:C.O5�=HK6�q�B4A@H.�2'. � �4D:C.�4D0�5p4 �Q5y.;2ymk�4)4
�#"b4D:7:�4)FB:�0)?�07K6�Q5A�BK6�'�k�4)4)0%8�.;: 


�G W � �� W � � �J ���� �J % � W � ) � -��EZ �� � G W $ � W $ � � $ � W � � '- �J��� $ 0 '
�� - � $ � W � � � W $ -

- �J��� $ � � W $ - �J �� � ��� M{  5K
-l4f8V@HFB0D?�4 ��:74!�i.O:7�EF�.��Q5A��F14 


�J��� � � - � � � �)J % - J � �
�BKNFB0sKN�1574 �BK��B0%@>4)0s:�4D@H.O57=>K6�B0 
)*******+ *******,

� -��EZ �� � G W $ � W $ � � $ � W � � '- �J��� $ 0 '
��
� � -��EZ C � G W $ � W $ � � $ � W � � '� J � $  ' H

- � $ � W � � � W $ -
- �J �� $ � � W $ - �J��� � � - � $ � W ��� � W $ -

- J � $ � � W $ - J � �
��� M 1 YK

Cd.;:%.O=	@>@>4)F1:70)?S�BK;FB0%.��;K6�B0,�4 -Q.c@H4!�+4"�Q5A@H.}8B:7KN81:�=6�4D5V�4r0�F1=>�O.��Q574 

�J ���� �J % � �J�� J ����� J % �J % �5J ���DJ % ��� M 1 � 



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � � �\�

�u=2��.O@>4 �P4 �Q5'?;4 �x=2�E57:7K��BF1=>0C.��Q5o@>4)0T:�4D@H.O57=>K6�B0 ��� M 1 YK�4D5 � � M 1 � t�B.��B0 � � M¡  5Ky? �BKNF10oKN�1574 �BK6�10 
�G W � �� W � � G W � � W �
8 KNFB0�@ "Rm�;�8\K;57m��4)0�4 ��� M¡  [ y?N@>4)0k57:C.! g4D2D57K;=H:�4)0k��.��B0�@ "v=)�+.*-;4A�B4D0p8B:<=)�}=	57=	�N4D0���=>07F14D@	@H4D0I�B4~0�K6�Q5
�BK6�B2[8B.;0�.!?�4D2D5V�4)4)0_8�.O:TF'�B4 �+.;F1�O.O=>074s2'.c@>=>�B:C.c57=>K6�P�B4�@j./2).*� �4):C.*M �A.O8B8\46@HK��B0T�EFB4[@j./:746@j. '
57=>K6� ��� M{  [%_0<=)-��1=�+B4h�EFB4/@ "b4D:7:74DFB:[=0�V=>5�=j.O@>4r074f8B:7K;8�.*-N4l@>4/@HK6�,-+�14r@H.x5C:7.! g4)265CK;=>:74r81@H.��1= +t�4)45M+p4D5�5C4x:�4D@H.O57=>K6��4D0�5/43"B.O2D5C4�0�=d@H. �+.O57:�=>2)4x�B4h2)K;@	=2�p�4'.O5�=HK��I�.i@ "v=2�,+
�1=%�.+@ "R=2�B0�5C.��Q5l=2�1=>5�=j.c@o4)0<5
2)K6����F14�M�6AKNFB0[�T�4):<=�+B4):7K��B0~2D4D57574h81:7KN8B:<=6�465V�4r5C:)�4)0s=0�Q5V�4D:74D070C.5�E574��B4 �+.��1=��4):�4h43"18k�4):�=��P4 �Q5y.c@H4
07FB:[@H.+8V@j.O574 '��UKN: �P4/:7K;�\K;5�=H0��4)4r�B4/@ " '(� ' 8 /tM
78 K 821 � �� � L � ��

-/.5�B0T2)46575C4%8�.;:<57=>4;?N@>4)0T5C:7.! g4)265CK;=>:74D0k��"bF'�+4 �1074 �h�1@>4~�B4%Z�8\KO=0�Q5C0���.��10_@ "v=)�+.*-N4sK6�Q5}�4D5V�4
KN�1574 �EFB4)0e07K;FB0t@j.?�UKN: �P4T�#"bF��B4_0��4)�EFB4"�B2)4kKN:7�1K6�'�k�4D4T�B4�� �N4)265C4DFB:70 � � � � �'�NwV� � �����7���CM n.�� �465CmBK��B4}8B:�KN8MKN0��4D4Z�14b�k�4)2D4)0�0�=	5C4+8�.;0l@>4��+K����46@H4�-u�4DK%� �4D57:�=>��F14+�14)0/KN�  g465C08 N-bM  "b4"� '
074!���1@>4�� � � ���)�Nw,� � �����7���E?d�EF1=�074):7.�F157=	@	=H0��4��B.��B0�@H.�8Bm�.;0�4��#"b.;070�4):��E=>070�4 �P4 �Q5'?p.�4 -Q.O@>4 �P4"�E5��465V�4rKN�1574 �EFzM+pK%�.�P4q��.��10f@>4i2).;0fKn�FL@>4 �+K����46@H4+�B4)0fKN�  g465C0h�#"R=2�Q5V�4D:.-4D5h4)0<5x2DK6�'�EF�?t@H4P@>K6� -��B4+@H.�5C:C. '
 g4)265CK;=>:74l8V@j.��V=�+p�4D4~5CK;F15C4D0p@H4D0�8B:<=)�}=	57=	�N4)0��E=>07FB46@>@>4)0s2DK6�B0�=>�k�4D:��4)4D0[:74D0�5C4"�Q5s��.��B0�@H4l2ymB.*�P8��B4
�E=H0<=HK6�L�B4h@j.q2).*� �4):7.1?\@>4x:7K;�\K;5��#"b.O57574D=2�E5l8�.;0l2D4)0l@	=)�}=	5C4)0 �9�4D2'.��1=>�EFB4)0D?�@H4D0 �PKNF1�N4!�P4 �Q5C0�k�4)2D4)0�0C.O=>:74D0s.;Fq0�F1=>�E=��B4)0�5C:C.  g4)2D57K;=>:74)0k��.��B0�@ "v=��i. -N4~0�K6�Q5�8Bm�;�0�=>�EFB4 �P4 �Q5%:��4).O@	=H07.;�1@>4)0�465k@>4
2)4"�E57:74/KN8V57=>��F14/�B4l@j.h2'.*�9�4):7.P.�F'���PKNF1�;4 �P4 �Q5A:74)2657=	@>=�-6�B4/m1KN:70��14)0	�)K��B4)0[�B4~:��4)81F1@H0<=HK��zM
5��!KNF15C:�4;?\�BKNFB0/.'�;K6�B0l��F!�EFB4x@j. � �465CmBK��B4x81:7KN8MKN0��4D4}4)0<5/:7KN�1FB0�574��E=H0(')�. '���=>0/�B4D0l4):�:74)F1:70
07FB:P@H.L2).O@	=H�B:7.O57=>K6� �B4�@j.L2'. � �4D:C.L4D5+07F1:+@H.!8B:7K �UK��B�B4)F1: U � ��FB.��B��@H.J�UKN:72D4�.;:�5�=�+�26=H46@>@>4
.;070�KV26=6�4D4,�.x@ "g�46�E=>574 �P4 �Q5l�14)0%�BF15V�4D4)0A.;:�5�=H2DF1@H.O=H:�4)0��#"R4)0�5%8�.O0��k�4)2)4D0707.O=H:�4�M
MX��072ymk�4!�+.i�1@>KV2r�BF�81@H.��1= +�2'.c5C4)F1:%�14f57:C.! g4D2D5CKO=H:�4f4D0�5%�BK6���p�4r8�.;:[@j. +�-;FB:74 � M � M
�,��� �n �o"��	��*i()� T$D*i �!�
� ��"/���N*+ !# T$)*+ !����M���!('$' �"l�

-/.5�B0x@H4D0i8B.;:�5�=H4D0i8B:��4)2M�4)�B4"�E574)0D?%�BK;FB0q.'�;K6�B0+KN�15C4"�EFI�B4D0+57:C.! g4D2D5CKO=H:�4)0+�1=H0�2):)�4D5C4D0i�14)0
8B:�=��}=>5�=>�;4)0/��.5�B0~@ "R=��+.*-N4�M)/$+
�3�B4x2)K��B0�57:7F1=>:74x�14)0~57:C.! g4D2D5CKO=H:�4)0l2DK6�Q57=2��F14)0r4D5~�p�4):<=>�O.;�1@>4)0D?
4D5_.c=0�B0<=�.*�9�4D@	=>KN:74D:d@H4[2DK%�P8\K;:�5C4!�P4 �Q5_�B4p@H.l2)K%�.�+.��B�14;?6�BK;FB0oF15�=>@	=H0�K6�B0_F'�B4k=0�Q5C4D:78MK;@H.O57=>K6�
8�.;:�� ' 0781@	=2�B4/2)FB�V=H�EFB4r�B4D0%8MK;=2�Q5C0[��.��10�@ "v=)�+.*-;4�M�5��,F157=	@	=H07.��Q5sF'��5C4D@�8B:7K�2M�4D�p�4;?1@H.�5C:7.! g4)2 '
5CK;=>:74s=2�E574):�8\K;@��4)4~4 �Q5C:�4~�B4DF#"i8\K;=2�Q5C0k07FB2D2)4)0�0�=>�U0[8\4DF15�4"�q5Cmk�4)KN:<=H4%2)K6�1�BF1=>:74i�.f�B4)0k8\KN0<=>5�=HK��B0
�B4~@H.�2'. � �4D:C.x8Bm�;�0�=>�EFB4 �P4"�E5%=2��.O57574D=�-6��.;�V@H4 � �NK;=>:74 � -4!�P4l=0�B43"�=H0<5y.��Q5C4D0 $M�' @�0�4l8\4DF15[�BK��B2
�EFB4i@>4)0&�+K;F1�N4!�+4"�Q5C0x�B4P@H.�2'. � �4D:C.�07K;=>4 �Q5�=��P8\K;070�=>�1@>4)0��.,:��4).O@	=H0�4):�8MKNFB:f.O5�5C46=0�B�1:74qF��B4
8\K;0�=	57=>K6�3=2�E574):�8\K;@��4)4���.��B0%@ "v=)�+.*-;4;?M2)4��EF1=u4 �Q57:C.O=2�B4�@>4�0<;V0<5'�4!�+4x�;4):�0lF'� �}=2�1=)�hF �^@HK�2'.O@
.'�N4)2}F��!.;070�4):<��=>070�4 �P4 �Q5f�E=H0�FB4D@T26@j.O070�=>�EFB4}Kt�F�@H.q2DK6�B0�=�-6�B4�4)0�5$+ "V4 � +pm�.;F �P4D5�5C4 5 1$#gM +p4 '
8\4"�B��.��Q5)?B@j.P�1=>0�5C:<=H�1F157=>K6���B4)0s8MK;=0�Q570%�B.��B0[@ "v=��i. -N4r8\4DF15 -4D5C:�4/2ymBK;=>0�=>4h0�F A+0C.*�P4"�E5~�B4 �1074
8\K;FB:x�EFB4,2)4D0}8B:7KN�V@��4!�+4D0P8\K;574 �Q57=>4D@>0j�#"b.;8B8�.;:7.O=>07074"�Q5i8B.;0 M�5�� 4 ?�465}@j.��1=>0�57:�=>�BF15�=HK6� 4)0<5
2ymBK;=>0�=>4l8�.;:T@ "bFV57=	@>=>0C.O574)FB:k4 � +#"B.5�E5�@>4A8�.O:C.*�,�4D57:74 +O�s��.5�B0�@H.h:�4D@H.O57=>K6� ��� M 1#,M 5��i8B:C.O5�=H�EFB4O?



� � � ��� � 
 ���> / ��� ! � ��� ��� � � / �� � % � �e
 ��� � � ����� � � ! �"����

50 100 150 200 250 300

50

100

150

200

250
1 

2 

3 
4 

50 100 150 200 250 300

50

100

150

200

250

1 2 

4 3 

INITIALISATION

Image initiale Image finale

Equation de transition

    

Reconstruction partielle

Equation de transition

(k > 1)
(k = 1)

FIN

���

� �� �

	 �


 � � �� �
 �

���  ���
 �

 �����
� �����

 �
� �

� ��� ������� ��!#"%$
� � � � ��& �'�(!�")$

� ��� � � M � �+* "&% 4!%2 � 	�. & " +-! .0�/2 4!%$'% &�+-!�+-! < .0�38 ( (�"��3$ ( &)86+-! $ ��� ��!#"%$'&)(��*!�. &)�*9*)�� ! . !�26&�+ �!%. !
+-!=.0� "%( 	�. !=8 :;!#9%$ <��)9 +3( 9'< &)8 ( 	�. !



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � � � �

�BKNFB0~.'�NK6�B0AF157=	@	=H0��4x�B4@  K YL�.:1 Y YP8\KO=0�Q5C0%@HK;:70%�B4t�BK;0A43"18k�4):�=��P4 �Q5y.c57=>K6�B0 M# "R4 �1074 �h�1@>4}�B4
2)4D0T8\K;=2�Q5C0T2DKN:7:�4)078MK6�B���.l�B4D0T8\K;0�=	57=>K6�B0T8Bm�;�0�=>�EFB4 �P4 �Q5k�;.c@>=>�B4)0TKt�Fh@H4� <.O2)KN�1=>4 �P�B4�@H.~5�-.O2ymB4
4)0<5x:��4!-NF1@	=H4D: M�5��E57:74S�14)F#"�8MK;=0�Q570�07F12)2)4D0�=>�U0}07F A+07.*�P4 �Q5P8B:7K�2ymB4O?e@ "b43"�=H0<5C4 �12)4�8MK;5C4"�E5�=H46@>@>4
�B4 �+K;F1�N4!�+4"�Q5C0l=��+8MKN0�0�=>�1@H4D0i�.P:��4'.c@>=>074D:X�B4f8M4)F15A074h8B:7K��BF1=>:74f�EFB4h8M4 �1��.��Q5~F����PK%�P4 �Q5
5C:)�4)0�2DKNFB:�5)?V465p@H.h�O.;:�=H.O5�=HK6��?n�.�2ymB.;�EFB4~=2�B0�5C.��Q5'?1�14~@j.h2)K6�B0<=)-��B4l8M4): �P465[�#"g�4D�E=>574):��14l:74D0�5C4D:
��.��B0~F'� �}=0�1=���F,��@>KV2).O@pM 8 =e@j.+5�-.;2ymB4�:74)0<5C4P.;�,�P=>070<=H�V@H4x@>4h@>K6� -��B4f@j.+5C:C.  g4)2D57K;=>:74�=2�Q5C4):('
8\KO@6�4D4q.O@>KN:�0f=	@L�#"b4D0�5�8�.;08�p�4)2D4)0707.O=>:74S�EFB4i2)4)0f5C:7.! g4)265CK;=>:74D0h2DKN:7:�4)078MK6�B�14 �Q5}4 "1.;265C4!�+4"�Q53�.
�B4)0~8\K;=2�Q5C0l�14�@ "RKN�  g465/KN�B0�4):<�_�4�2'.;:~@H.q:��4 -NF1@H.O5�=HK6�3�B4 �UK6�12D57=>K6�!�B4f5�-.;2ym14x4)0<5/��.��B0~2)4x2).;0
.;070�FB:��4D4�M
 t4�8B:7KN�V@��4!�+4���"R=2�Q5C4):�8\KO@j.O5�=HK�� 8B.;:x�B4D0 �UK6�B2D5�=HK��B0 � '�0�81@	=0�B4D0P4)0�5P4"� -d�4 �k�4D:C.O@p8\K;0��4��B4S@H.�+.��1=��4):74f07FV=>�O.��Q5C4 � 8 2ymEF �+.��;4D: 1 � # 

�O$	�38 $ +-&)8 8 4! �-8 !%8�9 !%2 	�. !1+-! < &)(�8 $�9 � � � � ���;w � � ��������� !%$ �-8 !%8�9 !%2 	�. ! +-! <����
� �32 �!%$ �*!#9�� � � Ng�'�NwV� � �����7��� ��8 & �79 + 4!#9%(��*&)8�9 "#&)8�9%$ � � (��*! � 8 ! ��&)8 "%$ ( &)8���� 9'< .(�8 ! "����	�( )�� ! � � N  $'!%.�. ! )�� ! � � Ng� �� � �	�
5���8B:C.c57=>��F14;?�@H4D0A�O.O@>4)FB:�0~�B4D0l8�.;:7.*���4D5C:�4)0A07K6�Q5l:7.;:74!�P4 �Q5l�1=>078MK6�1=>�1@>4)0"M�-/.��B0��BK;57:74h2'.;0D?�BKNFB0!8MKNF1�;K6�B0!@>4)0L.! gFB0<5C4D:�4"� F157=	@>=>0C.5�E5!@H.J�1=>0�57:�=>�BF157=>K6� �B4)0��;4)265C4)F1:70��B4 8B:�=��}=>5�=>�;4)0
=)�+.*-;4)0 � �rKNF�4"�3F15�=>@	=>0C.��Q5%@j.P�1=>0�5C:<=H�1F157=>K6���B4D0~.c5757=	5CF1�B4)0%�B4r@j.P2'.*�9�4D:C. � ��M  n.P�1=H0<5y.��12)4
4 �Q5C:�4/�B4)F�",.O5�57=	5CFB�B4D0�07F12)2)4D070<=>�;4)0~�14~@j.x2).*� �4):7. � �~465 � �&%�'�8M4)F15�-4D5C:�4l2ymBK;=>0�=>4/2)K��B0�5C.��Q5C4
4 � + "1.��Q5/@>4x8�.;:7.*���4D57:74 +c���.iF'�B4��O.O@>4)FB:~2)K6�B0<5y.��Q574�M 6%K;5CK6�10l�EF#"b4"�L8B:7K�2M�4D��.��Q5/�B4}2D4D57574�+.��1=��4):74O?V@H.��1=>0�5C.��B2)4~��.��B0p@ "v=)�+.*-N4~4 �Q5C:�4lF'�S8MK;=2�E5f�.h@ "R=2�B0�5C.��Q5%wi465�F'��8MK;=2�E5f�.f@ "R=2�B0<5y.��Q5
w) � �#"R4)0<5[8�.;0U�p�4)2D4)0707.O=>:74 �P4"�E5%2DK6�B0�5C.��Q5C4 � �NK;=>: +�-;FB:74 � ML[%$M#//+
�S�B4~2)K6�Q5C: -K;@>4):�4 Ai2).;2)4 '�P4 �Q5k@H.l�E=>574)070�4~�B4[@H./2'.*�9�4):7.1?N@>4)0_8�.;:7.*���4D5C:�4)0_5C4!�+8MKN:�4D@>0*Ng�[465*Ng� %�'d0�K6�Q5�2ymBK;=>0�=>0p4)0�8�.;2M�4)0
8B:7K;8\KN:<57=>K6�'�B46@>@>4 �P4"�E5��.�@j.3�V=H0<5y.��B2D4�4 �Q5C:�4q@>4)0}.O5�57=	5CFB�14)0 � �i4D5 � �&%�'r�B4q@H.32).*� �4):C.*M  t4
5C4!�+810h4"�E57:74+�B4)F�"!=>5V�4):7.O57=>K6�B0f4)0<5h�1K6�B2 �4 -Q.c@H4!�+4"�Q5�2DK6�B0�5C.��Q5$
uz Ng�&%�' �XNg�&%�'�� Ng� � {f?
Kn�F�{ 8\4DF15/8�.;:~4 "V4 �P81@>4 -4D5C:�4x2ymBK;=>0�=x�4!-Q.O@s�.q@j.S8k�4):�=>K��B4x�#"g�4)2ym�.5�E5�=>@	@>K6��.*-N4P�B4h@j.S2).*� �4):C.*M t4f81:7KN�1@ �4 �P4f8\K;0��4r4)0<5~.c@HKN:�0 
p�4D5C.��Q5%�BK6�'�k�4�


�I@>4)0A� �;4)265C4)F1:70 � �r�B4r�1=)�P4"�B0�=>K6�B0 � Z
�I@>4)0A� �O.O@>4)F1:70s�B4)0%8�.;:7.*���4D57:74)0[574 �P8\K;:74D@>0Ng�

5C:�KNF1�N4D:k@>4)0 �i.c5C:�=>2)4D0��1=H.*-NK6�B.O@H4D0k�14~�1=��P4 �B0<=HK6� � Z�� � Zd?�
S�O? � �O? � �%4D5���O?E5C46@>@>4)0k��F14 
� � N (��
S�3N��() � � N � ) � �3N�)��,� 8MKNFB: � ww� � �{ W N�XwV{ ��� M21 � 
6AKNF10hKN�V5C4 �1K6�B0fF'�B4"�UK6�B2657=>K6��? � � N C?�� � .'�N4D2 � � wBzx{�R� � �P8\K;FB:hw � � �����C��?t4 �GFV57= '@>=>0C.5�E5PF�� 8B:7K�2)4D0707F10}�#"R=2�Q5C4D:78MK;@j.c57=>K6� 8�.;: � '�078V@>=2�B4)0w�B.O5CFB:�4D@	@H4D0 M  t4D0 �+.O5C:<=H2D4)0�
S�c? � �c?� �q4D5����i0�K6�Q5P.O@>KN:70h�1=H:�4)265C4 �P4"�E5PK;�15C4"��F14)03�.�8B.;:�5�=H:h�B4 � 4D5w� � 8 2ymEF �+.��O4): 1 � #pM  n.8B:7K��UK6�B�B4DFB:f� � :�4)078M4)2657=	�N4!�+4"�Q5h@>4}:C.O5�=HK �#%��.��B0~@>4}2'.O0lKn�F�@ "RKN�  g465/�#"v=0�Q5V�4):.-465f4)0�5r2DK6�'�EF� :�4)078M4)2657=	�N4!�+4"�Q5/��.��B0�@>4r2'.;0sKt�FS@ "bK;�  g4D5s�#"v=2�E5V�4):.-4D5A4)0�5[=2�B2DK6�'�EF)�.;8B8�.;:7. - #	5[��.��B0[@H.x@HK;=��B4
2)K%�.�+.��B�14�M�5���F15�=>@	=H07.��Q5[@H4 � -4!�P4/8B:7K�2M�4D�p�4l�EFB4/8MKNFB:k@ "RKN�15C4"�Q57=>K6���B4 � � N y?E@H4D0	�UK6�B2D5�=HK��B0
� � N �� �v� ' � N M�����y� ' � N  # � :74D078M4)2D5�=>�;4 �P4 �Q5 � � N (� � � ' � N M������� ' � N  # �07K6�Q5_KN�V5C4 �EFB4D0~�.l8�.;:('
57=>:s�B4 � � ��� ���Nw � � ���������h4D5X� � :74D078M4)2D5�=>�;4 �P4 �Q5�� � � �h�)�Nw � � �����C���h4D5X�@$M



� ��� ��� � � � � � � ���� � / � � �
 ��� � /  �3� � / � �>�  / � �"� �  	 ���� � �"�)� �! � �

-/.��B0~@H.S074D2D57=>K6��07F1=	�O.��Q5C4O?z�BKNFB0/FV57=	@>=>07K6�10fF��L.;070�4):��E=>070�4 �P4 �Q5x�E=>07FB46@ � - . +
�!�B4}0�F1=	�V:�4
@H4D0%57:C.! g4D2D5CKO=H:�4)0sKN�1574 �EFB4)0A��.��B0[@ "b4D078�.O2)4f�B4/5�-.;2ymB45M

∆ t k+1

sk sk+1 s k+2

k

∆ tk

x k+2xk+1x

���
�

���
�

���
�

��� ���

� ��� � � M [,�
	%8 $'!%�	< &).0�3$>( &)8 <��3� � � 9'< .(�8 ! "���	�( )�� !
����� ,�!$���$���"/� ��_� �n"l# d*i$ �_"l� �!� � ���o�u" ����$'�o�d"�� "/ � ��$ �

�o��"/(|���
CeKNFB:�4B?\4)2D57FB4):�@H4A07F1=	�E=��14A5C:7.! g4)265CK;=>:74O?C�BKNFB0kF157=	@>=>07K��B0pF'�q.;070�4):<��=>070�4 �P4 �Q5s�E=H0�FB4D@ � @�M+pK%�.�+4P��.5�B0l@H4}2ymB.;81=	5C:74}81:��4)2M�4)�B4"�Q5'?t@j.q@>K;=d�B4}2)K%�.�+.��B�14+K;�15C4"��F14}4)0�5f2DK%�P8\KN0��4}�#"RF'�

5C4): �P4S�B4S2DK%�P8\4"�B0C.O5�=HK�� 8B:7KN8MKN:<57=>K6�'�B46@>@>4S�B4q@ "R4):7:�4)FB:�4 �Q5C:�4q@j. �+4D07FB:�4�2)KNF1:C.��Q5C4q4D5x07.
�;.c@H4DFB:A�k�4)0�=>:��4D4h0�FB:s@j.}5C:7.! g4)265CK;=>:74r81@H.��1= +p�4)4h4D5%�#"RF'��574): �+4r�B4f2)K*�+8M4 �10C.O5�=HK6���B4r@ "R4):�:74)F1:
�B4A57:C. - #2��.*-N45M#+p4)0��B4DF#"+5C4D: �P4)0�8MKNFB:�:7K6�10�-4D57:74%4)0<57=�� �4D0[4 �iF157=	@>=>0C.5�E5p@j. �UKN: �P4%2)K6�Q57=2�EFB4l465
�p�4):<=>�O.;�1@>4f�B4)0[5C:7.! g4)265CK;=>:74D0AK;�15C4"��F14�.;81:)�4)0[=2�Q5C4):�8\KO@j.O5�=HK��zM
6AKNFB0_�k�4 +
�1=>070�K6�B0)?EF'�14��1KNF1�N46@>@>4 �UK;=H0D?;@H.��UK��B2D5�=HK6�P�B4�50-.;2ymB4  �./:��4 -NF1@>4):l�. � �B4[@j. �+.��1=��4):�407F1=	�O.��Q5C4 
  � �� % � � � / � N 9;� ��� � N G n4A�N4)265C4DFB: � � � N _4)0<5�@j.f5C:C.  g4)2D57K;=>:74l�k�4D0�=>:��4D4/�B4)0�81:�=��P=	57=	�N4D0��E=H0�FB4D@	@H4D0 � ?VK;�15C4"��F14/4 ��F15�=>@	= '
0C.��Q5�@>4)0 �9�465CmBK��B4)0p�p�4)2D:�=	5C4)0p8B:��4D2M�4)�14 �.�P4 �Q5/M  n. �+.O57:�=>2)4 �� % 4)0<5p@H.�8B0�4)FB�BK ' =2�E�;4):�074r�#"RF'��+K����46@H4A2ymBK;=>0�=M�B4s@j. �i.c5C:�=>2)4%�#"v=0�Q574):C.O2D57=>K6� � .;0�07K�2D=6�4)4}�. � M  n./�;.c@H4DFB:k�14 � �./@j.r8\K;0�=	57=>K6�
2)KNFB:7.��Q5C4f�k�4)0<=H:��4)4f4)0<5AFV57=	@>=>0��4D4h8MKNFB: �� M CT@>FB0s8B:��4)2D=>0��4!�P4 �Q5$


�J0�=t@H.+26=H�V@H4r4)0<5~2DK6�'�EFB4 �� � � � � � � N &D � � � N G
�J0�=2�BK6� �� � � � � � � N &D�� � � N &D �U � y? �U � �4D5C.��Q5kF��B4��O.O@H4DFB:_4)0<57=�� �4D4A�14 U � � �;K;=>:_@H.l:746@j.c57=>K6���� M{  YK9A
 � � � � � N &D�� � � N &D �U � (� � ��U � � � � � � N &D�� � � N G S � � � � N 9 �+pK%�.�+4��1KNFB0�@ "�.'�NK��B0[�k�4  '�.���F�?V0�=�K6���k�4)0<=H:�4/F'�B4/�k�4D2):�K;=H0�0C.��12)4r4 "V8MK6�B4 �Q5�=H46@>@>4r�B4~@H. �UK6�B2 '

57=>K6���14,50-.;2ymB4  �;4):70 � 465+0�=[@>4)0+KN�  g4D570P�#"R=2�Q5V�4D:.-4D5i07K��E5P=��.�+K;�1=>@>4)0D?p.c@HKN:�0w�BKNFB0+.'�NK��B0



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � � �
�

, , N � � �� % , ���, N 4D5s@j.}2DK%�.�i.5�B�B4f4 �,��=	5C4D070�4�4)0<5%�BK6�'�k�4D4h8B.;:�@j.P:746@j.c57=>K6��

6�8������  ) �� % , � �, N

Kn�Fi@>4A574): �P4 �� %�� ������ 8M4): �+465��B4~2)K%�P8M4 �B0�4):p@>4)0�4D:7:�4)FB:�0��B4l0�F1=>�E=gM Co@>FB0�8B:��4)2D=>0��4!�P4 �Q5'?
�BK;FB0.'�NK6�B0}�.}8�.;:<57=>:%�14 � � M 1 � A

, � �, N �   
S�3N � ) � � �3N ) � � 8MKNFB: � ww� � �{�WZN �XwV{

+pK%�.�P4��BKNFB0P.O@	@>K6�B0�@>4S�NK;=>:x��.5�B0x@j.�8B.;:�5�=H4S2DK6�B07.;2):��4)4�.;F#"G:��4D07F1@	5y.O570}4 "V8k�4D:�=��+4"�Q5y.;F#"\?
2)46575C4�2)K%�.�+.��B�B4}4"���E=>574)070�4}4)0<5l5C:)�4)0l:�KN�BFB0<5C4��E=>0 ')�. ' �E=H0/�14)0l4D:7:74DFB:70~07FB:~@>4)0~8�.;:C. ���465C:�4)0
�B4+2'.O@	=H�1:C.O5�=HK6��4D5f0�FB:f@H.,8B:7K �UK��B�B4)F1: U � M�5��G4 ?�465'?�@ "b4D:7:�4)FB:f4 �Q5C:�4+@>4)0r�O.O@>4)FB:�0h2DKNFB:C.5�E574
4D5%�k�4D0�=>:��4)4r�B4D0s8B:�=��}=>5�=>�;4)0A=��+.*-N4D0)?�F15�=>@	=H0��4)4r4 ��4 �Q57:��4)4r�BF�8B:�KV2D4)070�FB0%�B4/:��4!-NF1@H.O57=>K6��?B:�4)0<5C4
07F A+07.*�.�+4"�Q5��.O=>�1@>4f8MKNFB:s.O0707F1:74):%F'�,5C:)�4)0s�\K���2DK%�P8\KN:<5C4!�+4"�Q5~�BF,0<;V0<5'�4!�+45M
�,�y� � �"/�d�!( T� T�^"	� �
�" �_$�� "/ �T�����

-/.5�B0o2)4657574[8�.;:�5�=H4O?��BK;FB0T8B:��4D074"�E57K6�B0T@>4)0_:��4D07F1@	5y.O570T4 "V8k�4D:�=��+4"�Q5y.;F#"+:�4D@H.O57=>�U0_.;F#" � �4D57m '
KV�14)0o�B4k81@H.��1= +�2'.O5�=HK��}�B4k57:C.! g4D2D5CKO=H:�4���.��B0e@ "v=��i. -N4���.��10u@>4�2'.;0u�#"RF'�}KN�  g465o2)K��'�EF}KNFb�BK6��M
6AKNF10�8B:��4)074"�Q5C4):�K6�B0x@>4)0h:��4)0�F1@	5y.O570xKN�1574 �EFB0}.'�N4D2SF'�B4i2'.*�9�4D:C.32).O@>=>�B:��4)4S465�2D4)F#"GKN�1574 �EFB0
.'�N4)2f�B4D0A8�.O:C.*�,�4D57:74D0%4D:7:�K6�k�4)0"M
78 7 8 9 � � � � �<	�� � � � � 4R� �� � � � � ��	 � 	 ��� t4D0 � �465CmBK��B4D0%81:7KN8MKN0��4D4)0sK6�Q5S�4D5V�4l5C4D0�5V�4D4)0s07F1:�@j.}81@H.O5C4 'I�UKN: �P4/:7KN�MK;57=>�EFB4/�B4l@ " '(� ' 8 /h?
2)K6�10�57=	5CFk�4)4q��"bF'�G:7KN�MK;5r2'.O:�5V�4D0�=>4 � / � � / �.�0<= "��B4!-N:��4D0��B4P@	=H�M4):<5V�4�M  n.,2'.*�9�4):7.�4D0�5h4 � '
��.;:���Fk�4)4�07F1:�@ "RKN: -Q.��B4q574): �P=2��.O@p�BF :7K;�\K;5�4D5}K;�B074D:��N4�F�� KN�  g4D5x�#"R=2�Q5V�4D:.-4D5P0<5y.O5�=H�EFB45M  n.
5�-.;2ym14k2DK6�B0�=>0�574r�.s:74D8\K;0�=	57=>K6�'�B4D:e@>4_:7KN�MK;5n�B4T5C46@>@>4�07KN:<5C4_�EFB4�@ "v=)�+.*-N4�.;2D�EF1=H0�4p8�.O:�@j.s2'.*�9�4D:C.
�.P@H. +'���B4r@ "�.;0�074D:��E=H0�074!�+4"�Q5h2DKN:7:�4)0�8\K6�1�B4,�.+F'�B4r=)�+.*-;4h.O2)�EF1=>074h@>KN:�0A�#"RF'�B4f8Bm�.O074���"�.;8 '
8B:74"�Q57=>070C. -N4��B4/@ "R=��+.*-N4r�k�4D0�=>:��4)45M�6AKNFB0%.'�NK��B0AFV57=	@>=>0��4f�B4)F�"�5 ;�8\4D0A�B4f2D=>�1@>4 


�JF'��KN�  g465A8V@j.���2)K*�+8MKN0��4f�14f�EF�.c5C:74r�1=>07�EFB4D0~�1@H.��B2D0A0�FB: �UK6�B���BK;=>: =
�JF'��KN�  g465X�1K6��8V@j.��,2DK%�P8\KN0��4h�148�14)F��d�1=H0��EFB4)0A�1@j.5�B2)0s07F1:,�UK6�1���1K;=H:"M t4)0�=0�#�UKN: �+.O5�=HK6�10,�E=>07FB46@>@>4)0�F157=	@	=H0��4)4)0�07K6�Q5,@>4)0,2)K�KN:7�1K6�'�k�4D4)0,�BF 2)4 �Q57:74��B4 -N:C.'�E=>5V�4L�B4

2ym�.;�EFB4A�1=H0��EFB4�M�Cd.O:p.O=	@	@H4DFB:70D?E@ "R4 �B0�4 ���V@H4A�BFi�V=H0�8\KN0<=>5�= �t.!�465V�4s2'.O@	=>�B:��4 �  <.;2DKN�1=>4 �+�BF+:7KN�MK;5'?�+.O5C:<=H2D4f�14h8�.O070C. -N4r2'.*�9�4):7. '�4 ?�4D2D574)FB:D?M8B.;:C.*�,�465C:74D0[=0�Q5C:<=0�10)�4)�EFB4D0l�B4/@H.+2).*� �4):C.%,M
-/.��B0f@H4D0x074D2D57=>K6�B0 � M � M � ? � M � M{ �4D5 � M � M21B?t@>4)0�50-.;2ymB4D0��.3:��4).O@	=H0�4):b�B4[�k�4)2D4)0�0�=	5C4 �Q5+8�.;0h@ "v=0� '
5C:�KV�BF12D57=>K6���B4D0�2)K��E57:C.O=2�Q5C4D0�@>=6�4)4D0h�.h@ "g�46��=	5C4!�P4 �Q5%�B4)0��1F15V�4D4)0s.;:<57=>2)F1@H.O=>:74)0p�BF�:7KN�MK;5 M1-/.��10
@j.!0�4)2D5�=HK�� � M � M KV?u�BK;FB0P2)K%�.�P4 �Q5CK��B0+@>4)0}:��4)0�F1@>5C.O5C0+KN�1574 �EFB0P�EF�.��B��@H.!50-.;2ymB49�.�:��4).O@	=H0�4):�k�4)2D4)0�0�=	5C4i�.r@j.��UK;=>0�@ "R=2�Q5V�4!-N:C.O5�=HK��q�B4s@j.f2)K6�Q57:C.O=2�Q5C4~�14%�E=>0�=>�1=>@	=	5V�4~465p2D4D@	@H4%@>=��4)4P�.r@ "g�4D�E=>574 �P4 �Q5
�B4)0%�BF15V�4)4D0~.;:<57=>2)F1@H.O=>:74D0 M



� ��� ��� � G ���'� ! � � ���& � � � / � 	  � � � � �

78 78 ; � � � � C L ��� � � N�	 � ��	�� ��� � � ��� L �
-/.��10u2D4D57574p8�.O:�57=>4;?V�BKNF10d8B:��4)074"�Q5CK6�B0o@>4)0d:��4)0�F1@	5y.O570dKN�1574 �EFB0T.'�;4)2�F'�14p2D=>�1@>4�81@H.��B4k4D5o4"�

07FB8B8MKN07.��Q5~�EFB4f07K6���PKV���4D@>4f4D0�5A8�.;:��.O=>574 �P4 �Q5A2)K6����F�M  n4D0%=��+.*-N4D0s=2�1=	57=H.O@>4h465A�k�4)0�=>:��4D4h�14
@j.~0�2;�4"�B4�07K��E5d=>@	@HF10�5C:��4)4D0o07FB:u@H4D0 +�-NF1:74)0 � M21 � .K�4D5 � M21 � �)�:74)0�8\4D2D5�=>�;4 �P4 �Q5/M  t4k�p�4)81@H.;2D4 �P4 �Q5
4 �Q5C:�4h2D4)0%�B4)F#"�8B:�=>074D0A�B4/��FB4f4)0<5%57:)�4D0s=��P8\K;:�5y.5�E5%465A2DKN:7:�4)0�8\K6�1���.	


5C:7.��B0�@H.O5�=HK6� � �.�� N����   Y Y N + � K K N
�
� � � Y

:7K;5C.O57=>K6� � �,-# � F � �� � � 1 � F �  + � [ 1 � F �  � � � 1 [
-/.��B0,2)4�2'.;0,�B4 +�-NF1:74;?�@>4)0�.;8B81:7K�2ymB4)0�2D@H.;070<=H�EFB4D0| A@ 4D5 � @ �B4�8\4D: �P4D5�5C4"�E5�8�.;0,@H.
:��4'.c@>=>0C.O5�=HK����B4/@H.x5�-.;2ymB4r�B4r8MKN0�=	57=>K6�'�14 �P4 �Q5/M�CeKNFB: �P4D5757:74r4 �|�4D�E=>�B4 �12)4r@ "v=)�P8MKN:�5C.��B2D4f�14
@j.r2)K6�Q57:C.O=2�Q5C4~�14%�E=>0�=>�1=>@	=	5V�4;?=�BKNF10p.'�NK��B0p:��4'.O@	=H0��4%@H.r8Bm�.;0�4~�B4%81@H.��1= +�2'.O5�=HK��q�B4[5C:7.! g4)265CK;=>:74D0
4 �J�k�4D0C.;2657=	�O.��Q5�@H4�8\K;574 �Q57=>4D@A:��4D8BF1@>0�=>�f��FV=l4)0<5�.;0�07K�2D=6�4��.�2D4D5�5C4�2DK6�Q5C:C.c=0�Q5C45M  t4)0+5C:7.! g4)2 '
5CK;=>:74D0kKN�V5C4 �EFB4D0)?��EF1=M2)KN:�:74)0�8\K��B�B4 �Q5p.;F#"P57:C.! g4D2D5CKO=H:�4)0���.��B0_@ "v=��i. -N4A�EF#"b.;FB:7.O=	5 -u�4 �k�4D:��4%F'�
.;070�4):��E=>070�4 �P4 �Q5���=>07F14D@
 ;-x?O0�K6�Q5��UKNFB:#�1=>4)0o��.5�B0u@H.$+�-NF1:74 � M25�M 6%KNFB0oKN�1074):<�NK6�10o�EFB4p@>4)0o8B:<= '�P=	57=	�N4D0~�E=H0�FB4D@	@>4)0l�EF1=	57574 �Q5A@>4f2ym�.*�P8��B4/�E=H0<=HK����B4r@j.P2'.*�9�4D:C.�M�6~.c5CFB:�4D@	@H4!�+4"�Q5'?M�B4f574D@	@H4D0
5C:C.  g4)2D57K;=>:74)0%�B4~0�K6�Q5p8B.;0k0�KNFBm�.c=>5C.;�1@>4)0p81F1=H0��EF#"b46@>@>4)0A�14~8M4): �P46575C4"�Q5�8�.;0_@H.h:��4).O@	=H07.O57=>K6�q�14
@j.}5�-.;2ym14�M n4D0d:��4)07FV@>5C.O5C0e�B4k@H. +�-NFB:�4 � M � YsK6�Q5f�465V�4�KN�1574 �EFB0d4"��F15�=>@	=>0C.��Q5d@>4)0u8�.;:7.*���4D5C:�4)0e�B4k@H.s2'.*�9�4):7.�UKNFB:4�V=H0x8B.;:h@>4S2)K��B0�57:7FB265C4)F1: M  n. �UKN:�2)4i:��4)81F1@H0<=>�;4�@>=6�4)4��.�@j.32DK6�Q5C:7.O=0�Q574��B4q�E=H0<=H�V=>@	=>5V�4�4)0<5
.O@HK;:70%.;2D5�=>�T�4D4�M  t4)0%8B:�=��}=>5�=>�;4)0� ;- F15�=>@	=>0��4)4D0~8MKNFB:�@ "R=2�1=	57=H.O@	=H07.O57=>K6�3�1F�8B:�KV2D4)0�07FB0%�B4f81@j.5�1= '+�2'.O5�=HK����14x5C:C.  g4)2D57K;=>:74PK6�Q5!�4D5V�4}KN�15C4"�EFB4)0r4 �L2DKNFB81@H.��Q5r@H4D0r.O@)-;KN:�=	5Cm �P4D0/�B4P-l4 �P4 �Q57mBK6�� -l4!�+4"�Q5CmBK6�95 K9#n465s�B4  tK9!k4 �� tK"!k4 5 � #pM� t4D0s57:C.! g4D2D57K;=H:�4)0s81@H.��1= +p�4)4D0A4"��FV57=	@>=>0C.��Q5s@ "�.O@�-NK ':�=	5Cm �P4l=	@>@>FB0�57:��4l0�FB:p@H. +�-NFB:�4 � M 1x07K��E5��BK6�'�k�4D4)0[8�.O:p@j. +�-NFB:�4 � M � Y � .%,M�%���:�4 �+.;:���F14/��F14
2)4D5�5C4 �UK;=>0s57KNF1574)0s@H4D0A8B:<=)�}=	57=	�N4D0~�E=H0�FB4D@	@H4D0~2DK6�B0�=>�k�4D:��4)4D0l:74D0�574 �Q5~�B.��B0s@H4f2ym�.*�P83�14r�E=>0�=>K6�
�B4p@H.l2'.*�9�4):7.�M% n.A50-.;2ymB4�8M4)FV5_.O@>KN:70	-465C:�4p:��4).O@	=H0��4)4�M% n4D0o5C:7.! g4)265CK;=>:74D0o:��4).O@>=>0��4D4)0_07K��E5��UKNFB:4�V=H4D0
07FB:f@j. +�-NFB:�4 � M � Y � �),M$' @7�.;F15h07KNFV@>=�-6�B4D:��EFB4q2D4)0f5C:C.  g4)2D57K;=>:74)0h07K6�Q5��4 -Q.O@>4 �P4"�E5x0C.O5�=H0��.O= '0C.��Q5C4D0[4D5p0�=��P=	@H.O=H:�4)0[.OF#"q57:C.! g4D2D57K;=H:�4)0�8V@j.��V=�+p�4D4)0"M�+p4D@H. �PK6�Q5C:�4~@ "R4BA+2).;2D=	5V�4l�1FS072ymk�4!�+.P�14
2)K%�.�+.��B�B45M# "R4):7:�4)FB:A�B4h57:C. - #2��.*-;4 � � � N E� � � � N 9[4D0�5l:�4)8B:��4)0�4 �Q5V�4D4}8�.;:s@j..+�-NFB:�4 � M � Y � �),M%��|:�4 �+.;:���F14��EFB4!2D4D5�5C4!4):�:74DFB:S:74D0�574�0�F A+0C.*�.�P4 �Q5D�.O=>�1@>4 � @ "b4D:7:�4)FB:��+. "�=��i.c@H4!:�4)0�574
=0���'�4D:�=>4)FB:�4J�. KG81= "146@H0 i8\KNF1:�.;070�FB:74D:S@H4!�MK6�|2DK%�P8\KN:<5C4!�+4"�Q5,�B4�@j.G@>K;=~�B4�2)K*� �+.��1�B4� -bM  t4)0[4D:7:�4)FB:�0%0�FB:p@>4)0s2)K�KN:��BK6�'�k�4D4)0[�B4D0[8\KO=0�Q5C0[�B.��B0�@ "R=��+.*-N4/07K��E5s:�4)8B:��4)0�4 �Q5V�4D4)0~0�FB:�@H.+�-NFB:�4 � M � Y � 20$M  n.,2)K6�Q�;4): -;4 �B2D4��B4)0f2)K�KN:7�1K6�'�k�4D4)0��B.��B0h@ "v=)�+.*-N4+�B4+2ym�.;2DF'�9�B4D0�8MK;=0�Q5702)K6�B0<=H�k�4):��4D0T�N4):�0d@>4)FB:d�O.O@>4)F1:o�k�4)0<=H:��4)4O?N�k�4 �PK6�Q57:74��EFB4�@H.A5�-.O2ymB4[.��465V�4�2DKN:7:�4)2D574 �P4 �Q5_:��4'.O@	=H0��4)45M n4D0��E=>574)0�074)0P�B4i:7K;5C.O57=>K6�9465x�B4i5C:C.5�B0�@H.O57=>K6�9�14i@H.32'.*�9�4D:C.�07K��E5 �UKNFB:#�1=H4D0x8�.;:f@j.�+�-NFB:�4� M � Y � 4 ,M�%��S:�4 �+.;:���F14/��F14l@H4D0p�O.;:�=H.O57=>K6�B0p�B4~@H.���=	5C4D070�4/�B4l@j.h2'.*�9�4):7.x07K6�Q5�57:)�4D0[0C.O5�=H0��.O= '



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � � � �

0C.��Q574)0f4 �L:C.O=>07K����14P@H.�:��4!-NF1@H.;:�=	5V�4}�B4}@H.��UK6�B2657=>K6�L�B4}5�-.;2ymB45M�6AK;57K6�B0 +
�B.O@H4!�P4 �Q5��EFB4}@H.
5C:7.! g4)265CK;=>:74r�B4/@H.+2).*� �4):C.V?��BK6�'�k�4D4h8B.;:�@j. +�-;FB:74 � M � Y � � C?B4)0<5%57KNF15}�. �.O=	5s2)KN:�:74)265C45M

50 100 150 200 250 300

50

100

150

200

250
1 

2 

3 
4 

50 100 150 200 250 300

50

100

150

200

250

1 2 

4 3 

� .%_=)�+.*-N4/=2�1=	57=H.O@H4 � �)_=)�+.*-;4f�k�4)0�=>:��4D4
� ��� � � M61 �
	%2 ���-!/+-!=.0� "%( 	�. !�< .0�38 !�< & �-�/.0�=< �*!%2 ( �!%�*!,!��D< 4!%� ( !%8 "#!

−150 −100 −50 0 50 100 150 200 250 300 350 400

0

100

200

300

400

500

600

700

������� � M25 ��� � � ��!#"%$'&)(��#!#9/+7�38�9/.�: (�2 ���-! )����38 +6.0� ��&)�*"#!=� 4!'<��-. 9%(�?3! 8 :;!#9%$ <��)9 �-"%$ (�? 4! !



� ��� ��� � G ���'� ! � � ���& � � � / � 	  � � � � �

50 100 150 200 250 300

50

100

150

200

250

50 100 150 200 250 300

50

100

150

200

250� .K�5C:7.! g4)265CK;=>:74D0%8V@j.��V=�+p�4D4)0 � �)_5C:7.! g4)265CK;=>:74D0A0�F1=	��=>4)0

0 100 200 300 400 500 600 700 800
−50

0

50

100

150

200

250

0 100 200 300 400 500 600 700 800
−10

−8

−6

−4

−2

0

2

4

6

8

10

iteration number

tra
ck

in
g 

er
ro

r (
pi

xe
l)

� 20k4D:7:74DFB:s07FB:[@>4)0%2)K�KN:7�1K6�'�k�4D4)0s�B4)0%8MK;=0�Q570 � �)k4):7:�4)FB:s�B4/57:C. - #2��.*-N4/4"��8V= "V4D@

0 100 200 300 400 500 600 700 800
−8

−6

−4

−2

0

2

4

6

translations 

rotations 

� 4 ���=	5C4D070�4��B4/@H.P2).*� �4):7. � 2 ���O0%4D5%�B4 -��O0  � � _5C:7.! g4)265CK;=>:74r�B4/@H.+2).*� �4):7.
� ��� � � M � Y,��� 4!#9��-.$	�3$ +7�38�9/. ! "��)9 & ��1. !/26&�+ �!%. !=+-!=.�:;& 	>��!%$�!#9%$ "#&)8 8 �



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � � � �

78 7 8	K � � � � C L ��� � � N�	 � ��	�� ��� �:� � � ��� L �
6%KNFB0x81:��4)0�4 �Q5CK��B0��.�8B:��4D074 �Q5}@>4)0}:��4)07FV@>5C.O5C0}43"18k�4):�=��P4 �Q5y.OF#" KN�1574 �EFB0}4 ��2DK6�B0�=>�k�4D:C.��Q5

�EFB4f@>4 �PKV���46@H4r�B4r@ "bKN�# g4D5%4)0<5%=2�B2DK6�'�EFzM  t4)0s=)�+.*-N4D0[=0�1=	57=H.O@>4r4D5%�k�4)0<=H:��4)4hF157=	@>=>0��4D4)0%07K6�Q5%@H4D0� -4 �P4)0[�EFB4/8MKNFB:�@ "R4 "V8k�4D:�=��+4"�Q5y.O5�=HK6��8B:��4)2M�4D�B4 �Q574�M +pK%�.�P4��BKNFB0k@ "b.'�NK6�B0[�k�4  '�.�:�4 �+.;:7�EFk�4O?
��.��B0�@H4�2'.O0�Kt�FX@ "RK6���B4��V=H0�8\KN0�498�.;0��BF��+K����46@H4��B4�@H.�26=H�V@H4O?A0�4)F1@>4GF'�14G4)0<57=��+.O57=>K6�
�B4!@j. 8MKN074L8�.O:�57=>4D@	@>4��14�@j.�2'.*�9�4D:C. � =gMb45M�@j. :�K;5y.O5�=HK�� 465�@j.957:C.��B0<@j.c57=>K6� �. F'� �.;265C4DFB:
�#"g�4)2ymB46@>@>4x8B:)�4)0 �8\4DF15 -4D5C:�4hK;�15C4"��F14�M  e.+8\K;074f8�.;:�5�=H46@>@>4f�B4h@H.+2).*� �4):7.i4 �Q57:74�0�K6��.c5757=	5CF1�B4
=0�V=>5�=j.O@>4x465~0�K6�L.O575�=>57FB�B4h�p�4)0<=H:��4)4;?\F157=	@	=H0��4)4x8MKNFB:%=0�1=	57=H.O@	=H0�4):~@ "b.O@)-;KN:�=	5Cm �P4h�B4�81@H.��1= +�2).O57=>K6�
�B4x5C:7.! g4)265CK;=>:74D0 � �;K;=H:l@>4}072ymk�4 �+.��1@HK�2 � M � y?\4)0<5rKN�15C4"�EFB43�.S8�.;:<57=>:l�B4x@ "b4D0�57=��+.O57=>K6�L�B4x@H.-u�4)K*� �465C:<=H4s4)8V=H8MK;@H.O=H:�4[4 �Q5C:�4[@H4D0��14)F#"}=��+.*-N4D0T2)K6�B0<=H�k�4):��4D4)0"M CeKNFB:o�_�4):<=�+�4D:T@j./:7K;�BFB0�574)0�074%�B4�BK;57:74 � �4D57mBKV�14f�14f8V@j.��V=�+�2).O57=>K6���B4l5C:7.! g4)265CK;=>:74O?
�BKNFB0s8B:��4)0�4 �Q5CK6�10%@>4)0s:��4D07F1@	5y.c5C0sKN�1574 �EFB0
4 ��F157=	@	=H07.��Q5A57:7K;=>0s4 �B0�4 ���V@H4D0~�B4r8�.;:7.*���4D57:74)0 
� Ms2'.c@>=>�B:C.c57=>K6��2DKN:7:�4)265C4 
�@>4)0s8�.;:7.*���4D5C:�4)0s=0�Q57:�=2�B0)�4D��F14)0l0�K6�Q5A2DKN:7:�4)265C4 �P4"�E5~4)0<57=�� �4D0A465@H.38B:7K��UK6�B�B4DFB: U � 4)0<5}8B:<=H0�4I�4 -Q.c@H4L�.30C.��O.O@>4)F1:�:��4D4D@	@H4q�B4�  K,2 �,?u@>4)0x:��4)0�F1@>5C.O5C0��B4

2)4657574h43"18k�4):�=>4 �12)4�0�K6�Q5%:74)8MKN:<5V�4)0s0�FB:[@j.�+�-NFB:�4 � M � � =� M �+.;F1�O.O=>074}2).O@>=>�B:7.O57=>K6��
��B.��B0l2D4x2'.;0D?�F'�14x4):�:74)F1:l�B4 � Y���. �465V�4}.  gKNF15V�4D4��.q2ym�.O2)F'�
�B4D0~8�.;:7.*���4D57:74)0%=0�Q57:�=2�B0)�4D��F14)0/4D5A@j.+8B:7K��UK6�B�B4DFB: U � .��4D5V�4�8B:<=H0�4��4 -N.O@H4��. � Yi2 �,?�@H4D0
:��4D07F1@	5y.c5C0%�B4r2)4D5�5C4r4 "V8k�4D:�=>4 �B2D4x07K��E5%:�4)8MKN:�5V�4)0s07FB:[@H. +�-NFB:�4 � M � � = �M[5C:)�4)0 �+.;F1�O.O=>074s2'.c@>=>�B:C.c57=>K6��
N��.��10T2)4s�B4):#�1=>4):_2'.;0D?QF'�B4[4D:7:74DFB:_�B4 K Y�� .��4D5V�4s.  gKNF15V�4D4
�.,2ym�.;2)F��G�B4D0h8�.O:C.*�,�4D57:74D0r=2�Q5C:<=0�B0)�4)�EFB4D0x4D5r@H.�8B:�K �UK6�B�14)FB: U � .|�4D5V�4+81:�=>074��4 -Q.O@>4��.
[ Y}2 �,?B@>4)0%:��4D07F1@	5y.O570A�14f2D4D5�5C4r4 "V8k�4D:�=>4 �B2D4�07K��E5%:�4)8MKN:�5V�4)0%07FB:[@H.�+ -NFB:74 � M �  ?=

�  � � ! �� / � ��� ��� 
 � /$/ �
 �� 
 8 KNFV@>=�-6�BK6�10)?�5CK;F15r�#"b.;�\K;:7��?��EFB4}@>4)0/5C:7.! g4)265CK;=>:74D0hK;�15C4"��F14)0
.'�N4)2%KNF}07.��B0 �PKV���46@H4[�14s@H.l2D=>�1@>4s07K6�Q5_5C:)�4)0T0�=��}=>@H.O=>:74D0 � �NK;=>:o@H4D0 +�-NFB:�4)0 � M � Y/4D5 � M � � $M M��B4�BKNF1�;4D@	@H4 �UKO=H0D?\@>4)0~57:C.! g4D2D5CKO=H:�4)0/81@H.��1= +p�4)4D0/:74D8B:��4D074 �Q5V�4)4)0f07F1:~@j. +�-NFB:�4 � M � � � .%�0�K6�Q5/0C.O5�=H0('�.O=>0C.��Q5C4D0p465p8M4): �+4657574 �Q5p@H.f:��4'.O@	=>0C.O5�=HK6�i�B4s@j.r5�-.;2ymB4%�B4%8\K;0�=	57=>K6�'�B4!�+4"�Q5/M  t4D0�57:C.! g4D2D5CKO=H:�4)0
4B?\4)2657=	�N4 �P4"�E5�:��4'.c@>=>0��4D4)0)?��BK6���p�4)4D0p8�.;:T@H. + -NFB:74 � M � � � �)y?Q0�K6�Q5�0�=��P=	@H.O=H:�4)0p.;F#"}57:C.! g4D2D5CKO=H:�4)081@H.��1= +��4)4D0 M  t4)0s4):�:74DFB:70[�B4l57:C. - #2��.*-;4l07FB:�@>4)0[2DKVK;:7�BK6���p�4)4D0%�B.��B0�@ "R=��+.*-N4l�B4/2ymB.;�EFB4r8\K;=2�Q5
07K6�Q5 �UKNFB:#�1=>4)0s8�.;:[@H.�+ -NFB:74 � M � � � �),M�+p4)0s4):�:74)F1:70%:74)0<5C4"�E5,�.O=>�1@>4)0s�BFB:7.��Q5%57KNF1574l@j.P8Bm�.;0�4�#"b.;070�4):��E=>070�4 �P4 �Q5 � 5CK;F  gKNFB:�0k=2�����4):<=H4DFB:74D0h�.4Kf8V= "V4D@>0 $M�+p46@j.x2DK6�,+�: �+4O?V�14��BKNF1�;4'.;F�?V@>4~�MK6�
2)K%�P8MKN:�574 �P4 �Q5s�B4%@j.h2)K%�.�+.��B�B45M  n.h50-.;2ymB4l4D0�5[2DKN:7:�4)2D574 �P4 �Q5s:��4'.O@	=H0��4)4O?12)4~��FV=�8M4)F15*-4D5C:�4
�_�4):�= +p�4x4"�|�BK;5C.��Q5~@H.i2)K��E�;4): -N4 �B2D4}�N4):�0�Yq�B4f@ "R4):�:74DFB:l�B4D0~2)K�KN:��BK6�'�k�4D4)0l�B.��B0~@ "R=��+.*-N4h�B4
5CKNF10s@>4)0%8MK;=0�Q570%2DK6�B0<=H�k�4D:��4D0 � �NK;=>:/+ -NFB:74 � M � � � 409,M
��� �� ��� 1 � � � � � �  ���� /���� 	
� � � � �"� �
 � !"�U� / � ��� � � � 
 6AKNF10f574)0�57K6�B0f=H26=k@H.�:�KN�BFB0('5C4D07074!�14��BK;57:74 � �465CmBK��B43�E=>0 'D�. ' �E=>0S�B4)0q4):7:�4)FB:�0S07F1:q@ "R4)0<57=��+.O57=>K6�|�B4�@j.G2).O@	=H�B:7.O57=>K6�J465
�B4�@j.L8B:�K �UK6�B�B4DFB: U � M7+pK%�.�+4��BKNF10+8MKNF1�;K6�B0P@H4,2DK6�B0�5C.O5C4D:i0�FB:}@H4D0 + -NFB:74D0 � M � � � .Kf465� M � � � .%y?T@H4D0q5C:7.! g4)265CK;=>:74D0S81@H.��1= +p�4)4D0���.��B0+@H4D0S2'.O0S�B4�@H.G2).O@>=>�B:7.O57=>K6�J2DKN:7:�4)2D574�4D5q�B43@H.�+.;F1�O.O=>074f2'.O@	=H�1:C.O5�=HK6��07K6�Q5A0�=��}=>@H.O=>:74)0"M)+p4D@H.i2)K��,+�: �P4r@j.P:7K;�BFB0�574)0�074x�B4/@ "�.c@)-NK;:�=	5Cm �P4f�B4
81@H.��1= +�2'.O5�=HK����14x5C:C.  g4)2D57K;=>:74x�E=H0(')�. '��E=H0/�B4D0/4):�:74)F1:70/2)K��B0�=>�k�4):��4)4D0 M 6AK;57K6�B03�4!-Q.O@>4 �P4 �Q5r�EFB4
@H4D0x5C:7.! g4)265CK;=>:74D0+8V@j.��V=�+p�4D4)0}��.5�B0x@H4�2).;0x�B4S@H.35C:)�4)0��+.;F1�O.O=>074�2).O@	=H�B:7.O57=>K6��?u:74D8B:��4D074 �Q5V�4)4)0



� � � ��� � G ���'� ! � � ���& � � � / � 	  � � � � �

07FB:s@j..+�-NFB:�4 � M �   � .KC?B07K6�Q5��4 -Q.O@>4 �P4"�E5~8B:7K�2ymB4D0A�B4f2)46@>@>4)0~KN�15C4"�EFB4)0A��.��B0s@H4D0l.;FV5C:74D0A2).;0 M n4D0l5C:7.! g4)265CK;=>:74D0l:��4).O@>=>0��4D4)0 � �;K;=>: +�-NFB:�4)0 � M � � � �)[465 � M �   � �)G�07K6�Q5/46@>@>4)0('g.;FB0�0�=T57:)�4)0~0C.O5�=H0('�.O=H07.��Q5C4D0 M  t4)0}4D:7:74DFB:70P�B4S57:C. - #2��.*-;4��UKNFB:4�V=H4D0}8�.;:x@H.�+�-NFB:�4 � M � � � �)C?d��.5�B0x@H4�2).;0P�B4S@H.�i.OF1�O.O=H0�4x2'.c@>=>�B:C.c57=>K6��?M:74)0<5C4"�E5��.c=H�1@>4)0~�BFB:C.5�E5A@ "b.;0�074):<�E=H0�074 �P4"�E5 � 57KNF  gKNF1:70A=2���'�4D:�=>4)FB:i�. K
81= "V46@H0 ,Me-/.��B0~@>4}2'.O0/�#"bF��B4}5C:)�4D0 �+.;F1�O.O=>074P2'.O@	=>�B:C.O5�=HK���?�2D4D@	@H4D0 '�26=�07K6�Q5r:74D8B:��4D074"�E5V�4)4D0�8�.;:
@j. +�-NF1:74 � M �   � � �4D5s:74D0�574 �Q5A57KNF  gKNF1:70�=2�����4):<=H4DFB:74D0P�. � Y}81= "V4D@>0 MM-/.��B0[2D4)0%2)K6�,+ -NFB:C.c57=>K6�B0)?@ "b.;070�4):<��=>070�4 �P4 �Q5%�E=H0�FB4D@ � @ �UKNFB:#�1=>5p�B4A57:)�4D0��\K��B0p:��4)07FV@>5C.O5C0�465	�.O=	5p81:74)FV�N4/�#"RF'�B4 -;:C.��B�14
:7KN�BF10�5C4D070�4�M�-/.��B0d@>4)0T�14)F#"x4 "V8k�4):<=)�P4"�E5C.O57=>K6�B0D?Q@j.~50-.;2ymB4[�B4[8MKN0�=	57=>K6�'�14 �P4 �Q5�4)0<5_2)KN:�:74)265C4 '�+4"�Q5~:��4'.O@	=H0��4)4f2)K%�.�P4r@H4r�k�4!�+K��E57:74r@j.P2)K��E�;4): -N4 �B2D4h�;4):70>YP�B4/@ "R4):�:74)F1:A�B4D0s2)K�KN:7�BK��'�k�4)4D0
��.��B0[@ "R=��+.*-N4r�B4/5CKNF10s@>4)0%8MK;=0�Q570%2DK6�B0<=H�k�4D:��4D0 � �;K;=>: + -NFB:74D0 � M � � � 4 �4D5 � M �   � 4 G$M



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � � ���

50 100 150 200 250 300

50

100

150

200

250

50 100 150 200 250 300

50

100

150

200

250� .K�5C:7.! g4)265CK;=>:74D0s81@j.5�1=�+p�4)4)0 � �)_57:C.! g4D2D5CKO=H:�4)0%07F1=	�E=H4D0

0 100 200 300 400 500 600 700 800
−50

0

50

100

150

200

250

0 100 200 300 400 500 600 700 800
−10

−8

−6

−4

−2

0

2

4

6

8

10

iteration number

tra
ck

in
g 

er
ro

r (
pi

xe
l)

� 2 p4D:7:�4)FB:s07F1:s@>4)0%2)K�KN:��BK6�'�k�4D4)0s�B4D0A8MK;=2�E570 � �)k4):�:74)F1:%�14r57:C. - #2��.*-;4/4 ��81= "V46@

0 100 200 300 400 500 600 700 800
−8

−6

−4

−2

0

2

4

6

translations 

rotations 

� 40��E=>574)070�4��B4/@H.}2'.*�9�4):7. � 2 ���O0%4D5%�B4!- �O0  � � _57:C.! g4D2D5CKO=H:�4f�14r@H.P2'.*�9�4):7.
������� � M � � � � 4!#9��-.$	�3$=+7�38�9 . ! "��)9 & �� . ! 26&�+ �!%. ! +-! .�:;& 	>��!%$ !#9%$/(�8 "#&)8 8 � !%$�< & �-���-8 !
"��3.( 	�� �3$>( &)8 "#&)� �*!#"%$'!



� ��� ��� � G ���'� ! � � ���& � � � / � 	  � � � � �

50 100 150 200 250 300

50

100

150

200

250

50 100 150 200 250 300

50

100

150

200

250� .K�5C:7.! g4)265CK;=>:74D0%8V@j.��V=�+p�4D4)0 � �)_5C:7.! g4)265CK;=>:74D0A0�F1=	��=>4)0

0 100 200 300 400 500 600 700 800 900
−50

0

50

100

150

200

250

0 100 200 300 400 500 600 700 800 900
−10

−8

−6

−4

−2

0

2

4

6

8

10

iteration number

tra
ck

in
g 

er
ro

r (
pi

xe
l)

� 20k4D:7:74DFB:s07FB:[@>4)0%2)K�KN:7�1K6�'�k�4D4)0s�B4)0%8MK;=0�Q570 � �)k4):7:�4)FB:s�B4/57:C. - #2��.*-N4/4"��8V= "V4D@

0 100 200 300 400 500 600 700 800 900
−10

−8

−6

−4

−2

0

2

4

translations 

rotations 

� 4 ���=	5C4D070�4��B4/@H.P2).*� �4):7. � 2 ���O0%4D5%�B4 -��O0  � � _5C:7.! g4)265CK;=>:74r�B4/@H.+2).*� �4):7.
� ��� � � M � � � � 4!#9�� .$ �3$=+7�38�9 . ! "��)9 & ���. ! 26&�+ �!%. ! +-! .�:;& 	>��!%$ !#9%$/(�8 "#&)8 8 � !%$�< & � � �-8 !
2 � � ?)�3( 9 ! "��3.( 	�� �3$ ( &)8



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � � ���

50 100 150 200 250 300

50

100

150

200

250

50 100 150 200 250 300

50

100

150

200

250� .K�5C:7.! g4)265CK;=>:74D0s81@j.5�1=�+p�4)4)0 � �)_57:C.! g4D2D5CKO=H:�4)0%07F1=	�E=H4D0

0 200 400 600 800 1000
−100

0

100

200

300

0 200 400 600 800 1000
−15

−10

−5

0

5

10

15

20

� 2 p4D:7:�4)FB:s07F1:s@>4)0%2)K�KN:��BK6�'�k�4D4)0s�B4D0A8MK;=2�E570 � �)k4):�:74)F1:%�14r57:C. - #2��.*-;4/4 ��81= "V46@

0 200 400 600 800 1000
−8

−6

−4

−2

0

2

4 translation  
rotation  

� 40��E=>574)070�4��B4/@H.}2'.*�9�4):7. � 2 ���O0%4D5%�B4!- �O0  � � _57:C.! g4D2D5CKO=H:�4f�14r@H.P2'.*�9�4):7.
������� � M �  �� � 4!#9�� .$ �3$ +7�38�9 . !,"��)9=& �� . ! 26&�+ �!%. ! +-! .�:;& 	>��!%$O!#9%$ (�8 "#&)8 8 �1!%$ < & � � � 8 ! $>� �!#9
2 � � ?)�3( 9 ! "��3.( 	����3$ ( &)8



� ��� ��� � G ���'� ! � � ���& � � � / � 	  � � � � �

78 78 � � ���� L�	 	 � 	 � � � L�� L � � N[� � 	 � � ��� ��	�� � � � � � �
	 � � � � ��� L n.A26=H�V@H4k4)0�5 �i.c=0�Q5C4"��.��Q5��BK���81@H.���.O=>:745M M��B4U�BK;F1�N46@>@>4?�UK;=>0u@>4p�k�4D81@H.;2)4!�+4"�Q5l�.A4B?\4)265CFB4D:
4)0�5%5C:)�4)0[=��+8MKN:<5y.��Q5$


5C:C.5�B0�@H.O57=>K6� � �.�� N������ � [ � N + ��� � Y � � N
�
�Z1 � 1

:7K;5C.O57=>K6� � � -K � F � �� ��  Y
�
� � F �  + � K � � F �  � � �   [

+pK%�.�+4q8B:��4D2M�4)�14 �.�P4 �Q5P@ "b.O@�-NKN:�=	5Cm,�+4+�B4S8V@j.��V=�+�2).O57=>K6�9�14i5C:7.! g4)265CK;=>:74i4)0<5�=2�1=>5�=j.c@>=>0��4S4"�
F157=	@>=>0C.5�E5uF'�B4_4D0�57=��+.O57=>K6�f�B4T@j. -u�4DK%� �4D57:�=>4P�4D81=H8MK;@H.O=>:74�M  n4D0e57:7K;=>0t4 �1074 �h�1@>4)0o�B4_8�.O:C.*�,�4D57:74D0
�p�4)0<=)-6�k�4)0/8�.;:%2'.c@>=>�B:C.c57=>K6��2)K;:7:74D2D574;? �i.OF1�O.O=H0�4x2'.c@>=>�B:C.c57=>K6��4D5A5C:)�4)0 �+.;FV�;.c=H0�4�2'.c@>=>�B:C.c57=>K6�
K6�Q5}�4 -Q.O@>4 �P4"�E5}�465V�4[F15�=>@	=H0��4)0"M  n.l8B:�K �UK6�B�14)FB: U � .��465V�4[8B:<=H0�4s:74)0�8\4D2D5�=>�;4 �P4 �Q5i�4!-Q.O@>4��. [ Y;2!��?
K Y;2 �^465 � Y YO2 �^��.��B0%@H4D0l2'.O0~2'.c@>=>�B:C.c57=>K6��2)K;:7:74D2D574;?��+.;FV�;.c=H0�4�2'.c@>=>�B:C.c57=>K6��4D5A5C:)�4)0 �+.;F '
�;.c=H0�4f2).O@	=H�B:7.O57=>K6�zM�-/.5�B0[2)46575C4r8�.O:�57=>4;?��BKNFB0��BKNF10%2DK6�Q5C4"�E57K6�B0%�B4/8B:��4)074"�Q5C4):s@>4)0s:��4D07F1@	5y.O570
2'.;:[@>4)FB:%�B4)0�2):<=H815�=HK��34)0<5A=>�B4"�E5�=H�EFB4,�.}2)4D@	@>4h�B4D0A2).;0%Kn�F,@H.}2D=>�1@>4��4D5C.O=	5s81@j.5�B4h465s=0�B2DK6�'�EFB45M
6AK;57K6�B0[2)4D8\4"�B��.��Q5s�EFB4l@>4)0�57:C.! g4D2D5CKO=H:�4)0sKN�1574 �EFB4)0D?d�.�@j. �UKO=H0��14l@j.�2).*� �4):7.P�B.��B0�@ "b4D078�.;2D4
2'.;:<5V�4)0<=H4"�}4D5d�B4�@ "RKN�  g4D5d��.��B0e@ "v=��i. -N4;?c07K6�Q5d8�.;:�5�=H2DF1@	=��4D:74 �P4"�E5_07.O57=>09�.c=H07.��Q5C4)0d��.��B0e@H4D0u5C:�K;=>0
2'.;0"M

100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

450

500

100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

450

500� .K_=��+.*-N4/=0�V=>5�=j.O@>4 � �)_=��+.*-N4r�k�4)0<=H:��4)4
� ��� � � M � 1 � 	 2 ���-!#9=+-!=.0�1"%( 	�. !/8 &)8 � < .0�38 �3(��*!



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � � ���

100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

450

500

100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

450

500� .K�5C:7.! g4)265CK;=>:74D0s81@j.5�1=�+p�4)4)0 � �)_57:C.! g4D2D5CKO=H:�4)0%07F1=	�E=H4D0

0 200 400 600 800 1000
−300

−150

0

150

300

450

600

iteration number

er
ro

r b
ee

tw
ee

n 
cu

rr
en

t a
nd

 d
es

ire
d 

co
or

di
na

te
s 

(p
ix

el
) 

0 200 400 600 800 1000
−15

−10

−5

0

5

10

15

� 2 p4D:7:�4)FB:s07F1:s@>4)0%2)K�KN:��BK6�'�k�4D4)0s�B4D0A8MK;=2�E570 � �)k4):�:74)F1:%�14r57:C. - #2��.*-;4/4 ��81= "V46@

0 200 400 600 800 1000

−1

−0.5

0

0.5

1

iteration number

ve
lo

ci
ty

translations 

rotations 

� 40��E=>574)070�4��B4/@H.}2'.*�9�4):7. � 2 ���O0%4D5%�B4!- �O0  � � _57:C.! g4D2D5CKO=H:�4f�14r@H.P2'.*�9�4):7.
������� � M � K1� � 4!#9��-.$	�3$=+7�38�9 . ! "��)9 & �� . ! 26&�+ �!%. ! +-! .�:;& 	>��!%$ !#9%$/(�8 "#&)8 8 � !%$�< & �-���-8 !
"��3.( 	�� �3$>( &)8 "#&)� �*!#"%$'!



� ��� ��� � G ���'� ! � � ���& � � � / � 	  � � � � �

100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

450

500

100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

450

500� .K�5C:7.! g4)265CK;=>:74D0%8V@j.��V=�+p�4D4)0 � �)_5C:7.! g4)265CK;=>:74D0A0�F1=	��=>4)0

0 200 400 600 800 1000
−300

−150

0

150

300

450

600

0 200 400 600 800 1000
−15

−10

−5

0

5

10

15

� 20k4D:7:74DFB:s07FB:[@>4)0%2)K�KN:7�1K6�'�k�4D4)0s�B4)0%8MK;=0�Q570 � �)k4):7:�4)FB:s�B4/57:C. - #2��.*-N4/4"��8V= "V4D@

0 200 400 600 800 1000

−1

−0.5

0

0.5

1

translations 

rotations 

� 4 ���=	5C4D070�4��B4/@H.P2).*� �4):7. � 2 ���O0%4D5%�B4 -��O0  � � _5C:7.! g4)265CK;=>:74r�B4/@H.+2).*� �4):7.
� ��� � � M � � � � 4!#9�� .$ �3$=+7�38�9 . ! "��)9 & ���. ! 26&�+ �!%. ! +-! .�:;& 	>��!%$ !#9%$/(�8 "#&)8 8 � !%$�< & � � �-8 !
2 � � ?)�3( 9 ! "��3.( 	�� �3$ ( &)8



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � � ���

100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

450

500

100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

450

500� .K�5C:7.! g4)265CK;=>:74D0s81@j.5�1=�+p�4)4)0 � �)_57:C.! g4D2D5CKO=H:�4)0%07F1=	�E=H4D0

0 200 400 600 800 1000
−300

−150

0

150

300

450

600

0 200 400 600 800 1000
−20

−15

−10

−5

0

5

10

15

20

� 2 p4D:7:�4)FB:s07F1:s@>4)0%2)K�KN:��BK6�'�k�4D4)0s�B4D0A8MK;=2�E570 � �)k4):�:74)F1:%�14r57:C. - #2��.*-;4/4 ��81= "V46@

0 200 400 600 800 1000
−1.5

−1

−0.5

0

0.5

1

1.5

translations 

rotations 

� 40��E=>574)070�4��B4/@H.}2'.*�9�4):7. � 2 ���O0%4D5%�B4!- �O0  � � _57:C.! g4D2D5CKO=H:�4f�14r@H.P2'.*�9�4):7.
������� � M � [ � � 4!#9�� .$ �3$ +7�38�9 . !,"��)9=& �� . ! 26&�+ �!%. ! +-! .�:;& 	>��!%$O!#9%$ (�8 "#&)8 8 �1!%$ < & � � � 8 ! $>� �!#9
2 � � ?)�3( 9 ! "��3.( 	����3$ ( &)8



����� ��� � G ���'� ! � � ���& � � � / � 	  � � � � �

78 78I1 � B �<	�� � � ��	Z����� N L 	 �� � � ��� 	�� �ML�	�� � � ���
-/.��10e2D4D5�5C4p8B.;:�5�=H4O?5�BK;FB0u81:��4)0�4 �Q5CK��B0o�B4DF#"x43"V8p�4):<=H4"�B2)4D0 MQ-/.��10e@>4)0u�B4)F#"h2).;0)?�@>4 �PKV���4D@>4

�B4f@ "RKN�  g4D5~4)0<5~0�FB8B8MKN0��4f=0�B2DK6�'�EFzM\-/.��B0[@H.i8B:�4 �}=��4D:74h4 "V8k�4):<=H4"�B2)4O?\@H.+81:7K �UK6�1�B4)FB: U � 4D5%@H.
2'.O@	=H�1:C.O5�=HK6�G�B4q@H.32'.*�9�4D:C.30�K6�Q5}2)KN:�:74D2D5C4D0 Md-/.��B0h@H.30�4)2)K��B�B4�4 "V8k�4D:�=��P4 �Q5y.O5�=HK���?o2)4D0x8�. '
:C.*�,�4D57:74D0X�B4f07K��E5%2DK6�'�EFB0%��F�"�.;818B:7K "�=)�+.O5�=>�;4 �P4 �Q5 M� t4)0%2D=>�1@H4D0AFV57=	@>=>0��4D4)0~0�K6�Q5~2DK%�P8\K;0��4)4D0
�B4S�1=>07�EFB4D0+�V@j.��12)0}07F1: �UK6�B�e�BKO=H:"M  t4)0�=��+.*-N4D0�=0�V=>5�=j.O@>4�4D5x�p�4)0<=H:��4)4�07K��E5x8B:��4D074 �Q5V�4)4)0+07F1:
@H4D0.+ -NFB:74D0 � M � 1�4D5 � M � � Mo-/.5�B0x@H4D0�+�-NFB:�4)0P:746@j.O5�=>�;4)0!�.�2)46575C4,0�4)2D5�=HK���?T@H4D0}2)K�KN:7�BK��'�k�4)4D0.;:�5�=H2DF1@j.c=H:�4)0�07K��E5~�1KN: �+.O@	=H0��4)4D0�4"�Q5C:74 � ' � = � # ?�Kn�F � � 465 � :74D8B:��4D074"�E574 �Q5�@H4D0S@>=��}=>574)0�07F1:2ym�.;�EFB4h. "V4�M�/$+'���14 �P46575C:�4r4 �X�4D�E=H�14 �B2D4f@ "R=��P8\K;:�5y.5�B2)4r�B4D0%2DK6�Q5C:7.O=0�Q574)0%�B4l�E=H0<=H�1=	@	=>5V�4h465
�#"g�46�E=>574 �P4 �Q5��B4)0d�BF15V�4D4)0_.;:<57=>2)F1@H.O=>:74D0T8\KNF1:u@H.~:��4).O@>=>0C.c57=>K6�}�B4k@H.~5�-.O2ymB4��B4�8MKN0<=>5�=HK6���B4 �P4 �Q5)?�BKNFB0%.'�NK6�10)?���.��B0[F���8B:�4 �}=>4):[5C4!�+810)?�F157=	@	=H0��4r@H.�� �4D5Cm1KV�B4r�B4/8V@j.��V=�+�2).O57=>K6��0C.��10A.O2D57=	�N4D:
@H4D0 �UK;:72)4D0s:��4)81F1@H0<=>�;4)0"M 6%KNFB0s:74!�i.O:7�EFBK6�B0s�EFB4r@j.x50-.;2ymB4c�B4/8M4)F15%8�.;0 -465C:74/:��4'.O@	=>0��4)4r2).;:[@H4D0
8B:�=��}=>5�=>�;4)0[�E=H0�FB4D@	@H4D0s07KN:<5C4 �Q5[@H.;: -;4 �P4 �Q5[�BF�2ymB.*�P8��14~�E=H0<=HK6�,�B4A@j.�2).*� �4):7. � �NK;=>: +�-;FB:74D0� M � 5 � .K/4D5 � M � � � .KGr465PF'�B4��B4D0+.;:�5�=H2DF1@j.c57=>K6�B0}�BF�:7K;�\K;5x�p�4)8�.O07074�0C.!�BFV5V�4)4��9�4D2'.��1=>�EFB4� �NKO=H: +�-NF1:74)0 � M � 5 � �)_465 � M � � � �)9,M 6AKNFB0[:��4'.O@	=>07K6�B0s4"�B07F1=	5C4/@H.�� -4!�P4f43"V8p�4):<=H4"�B2)4h4 ��.;2D5�= '
�;.5�E5_@>4)0 �UKN:�2)4)0_:��4)8BF1@>0�=	�N4D0 M1-/.��B0T2)4s2).;0)?N@ "bK;�  g4D5��#"v=0�Q5V�4):.-465p:�4)0<5C4s��.��B0T@>4s2ym�.*�P8q�B4��E=>0�=>K6�
�B4+@H.,2'.*�9�4):7.1?n4D5h.;FB2DF'�B4+�B4)0h�BF15V�4)4)0h.;:<57=>2)F1@H.O=>:74)0@�#"R4)0�5�.O5�5C4D=2�Q5C45M  n.�5�-.;2ym14i8M4)F15h.O@>KN:�0-465C:�4�:��4).O@	=H0��4)4�M# e.+5�-.;2ymB4�4)0�5l4 �!4B?\4D5l2)KN:�:74)265C4!�+4"�Q5f.;070�FB:��4D4;?�2D4x�EF1=o0�4��_�4):�= +�4}4"�x�BK;5C.��Q5
@j.�2DK6�Q�N4): -N4 �12)4,�N4):�0 Y��B4S@ "R4):�:74DFB:P�B4)0}2DKVKN:��BK6�'�k�4)4)0}�B.��B0x@ "R=��+.*-N4��B4S57KNFB0x@>4)0}8MK;=0�Q570
2)K6�B0<=H�k�4):��4D0 � �NK;=>: +�-NFB:�4)0 � M � Y � � �4D5 � M �   � � 9,M

-/.��10%@H.q8B:�4 �}=��4D:74x43"V8p�4):<=H4"�B2)4O?�@H4D0~5C:7.! g4)265CK;=>:74D0l:��4).O@>=>0��4D4)0l0�K6�Q5l5C:)�4)0A8B:7K�2ymB4)0/�14)0A57:C. '
 g4)2D57K;=>:74)0p81@j.5�1=�+p�4)4)0"M�-/.��B0�@j.f074D2)K6�B�14/4 "V8k�4):<=H4"�B2)4O?B@H4D0k57:C.! g4D2D5CKO=H:�4)0�0�F1=>�E=>4)0[��.5�B0p@ "b4D078�.;2D4
.;:�5�=H2DF1@j.c=H:�4y�B4q2DKN:7:�4)0�8\K6�1�B4 �Q5P8�.;0h8�.;:��.O=>574 �P4 �Q5P.OF#"G57:C.! g4D2D57K;=H:�4)0x8V@j.��V=�+p�4D4)0"M +p4S2)K*��'
8\KN:<5C4!�+4"�Q5�4D0�5,4D07074"�Q57=>4D@	@H4!�+4"�Q5!�BF �.9@ "RF15�=>@	=H07.O57=>K6�X�B4�@ "g�4D�EF�.O57=>K6� ��� M � Y%y?p�EF1=r4D0�5,F'�14
.;8B8B:�K "�=��+.O57=>K6�X8\K;FB:S4)0<57=��P4):S@H.G�;.c@H4DFB:S2)K;FB:C.��Q574!�B4)0�2DKVKN:��BK6�'�k�4)4)0,.O:�57=>2)FV@j.O=>:74D0 M +p4D0
4):7:�4)FB:�03�#"b.;8B81:7K "�=)�+.O5�=HK6� 0 "b.;2)2DF ��FV@H4"�E5!.;F 2DKNFB:�0��BFX5C4!�P8B0 M$ "b4D0�57=��+.O57=>K6� 4)0�5��BK6�12
�#"�.OF15y.��Q5%81@>FB0/�i.OF1�O.O=H0�4h�EFB4/@>4r�p�4)81@H.;2D4 �P4 �Q5i�.P4B?\4)265CFB4D:A4D0�5s=��+8MKN:<5y.��Q5/M�- "b.;F157:74r8�.;:<5'?
2)K%�.�P4c�BKNFB0�@ "�.'�;K6�B0[�k�4: '�.P81:��4)26=H0��4;?B@H.x8B:��4D2D=>0�=>K6���B4l@j. �PK��k�4D@	=>0C.O5�=HK6� � 2'.*�9�4):7.}4D5[8B:�K �UK6� '
�B4)FB: ~=2��;�F14 �B2D4 �4 -N.O@H4!�P4 �Q5h@H.,��FB.O@>=	5V�4+�B4}@ "b4D0�57=��+.O57=>K6���B4+@H.�5C:C.  g4)2D57K;=>:74P��.��B0r@ "b4D078�.;2D4
.;:�5�=H2DF1@j.c=H:�4�M�6AK;57K6�B0%2)4D8\4"�B��.��Q5'?��EF#"R4 ��81:C.O5�=H�EFB4O?�=	@e4)0<5~8MKN070<=H�V@H4f�B4f8B:74"�B�B:74fF'�B4 �+.;: -;4
�B4}0��4D2)FB:<=>5V�4+=��P8\KN:<5y.��Q574}8�.;:l:7.;8B8MKN:�5r.OF#"!�BFV5V�4)4D0&�9�4D2'.��1=>�EFB4)0f4 �LF15�=>@	=>0C.��Q5r@j.S�V=H0<5y.��B2D4
�#"R=2��;�F14 �B2D4��B4D0A�BFV5V�4)4D0~.O:�57=>2)FV@j.O=>:74D0 : W � �NKO=H: +�-NF1:74 � M � ,M

CeKNFB:�8�.O@	@	=H4D:�2)4D5�5C4L�1= A+2)F1@	5V�4O?�=>@/4D0�5,8MKN070<=H�V@H4L�#"v=0�Q57:7K��BF1=>:74!@j. 2DK6�Q5C:C.c=0�Q5C4!@	=6�4D4L.;F#"
�BF15V�4D4)0~.;:�5�=H2DF1@j.c=H:�4)0%��.��B0sF'��072ymk�4!�+.q�B4r81@H.��1= +�2'.O5�=HK��3�B4/5C:7.! g4)265CK;=>:74D0A4"��@	=)-��B4�M 6%K;5CK6�10
��F14A@H.h0�57:C.O5V�4 -;=>4~�14~81@H.��1= +�2'.c57=>K6�S.;�1KN815V�4D4~8M4)F15p0 "b.;��.;8V5C4):k.O=>0��4!�+4"�Q5��.hF'�14~81@H.��1= +�2'.c57=>K6�
�B4�57:C.! g4D2D57K;=H:�4)0i4 ��@	=�-6�B4�M*5��I81:7K�2M�4)�B.��Q5S.O=2�B0<=�?_@ "R4)0<57=��+.O57=>K6�I�14�@H.�57:C.! g4D2D5CKO=H:�43.;:<57=>2)F '
@j.O=>:74j�#"R4)0<5f81@HF108�k�4)2)4D0707.O=H:�4q2).;:l@H4D0r2)K�KN:7�BK��'�k�4)4D0f.;:�5�=H2DF1@j.c=H:�4)0r8\4DF1�N4"�Q5�-4D57:74��P4)0�FB:��4D4)0,�.
2ym�.;�EFB4q=	5V�4D:C.O5�=HK6���B4P@j.��\KNF12D@>4i�B4+2)K*� �+.��1�B4�M�+p4)8M4 �B�B.��Q5'?u@ "g�4)2ymB4D2S�B4+2)4D5�5C4i0�5C:7.O5V�4!-;=>4� 8�.;:k4 "V4 �P81@>4r4 ��:7.O=H0�K6�S�B4A@j.�:�4 �B2DK6�Q5C:�4/�#"bF����P=2�1=���F � @HK�2'.c@�o4)0�5�81@HF10�8B:7K;�1@6�4!�+.O57=>�EFB4
��F14+�B.��B0/F'�L072ymk�4 �+.��14+8V@j.��V=�+�2).O57=>K6�LmBKN:�0l@>=�-6�B45M 5��L4B?\4D5'?t�B.��B0l@>4}8B:74!�P=>4):r2).;0)?�2D4D@H.�p�4)2D4)070<=>574q�.h@H. �UK;=>0pF'�14��BKNFV�N4D@	@>4l:��4).O@>=>0C.c57=>K6���B4A@H.f50-.;2ymB4l465pF��S2ym�.�� -;4 �P4 �Q5s�B4A0�5C:7.O5V�4!-;=>4
�B4/81@H.��1= +�2'.O5�=HK���.c@HKN:�0��EFB4;?��B.��B0�@>4l074D2)K6�B��2'.O0)?B2D4D@H.j�k�4)2)4D070<=>574hF'�V=H�EFB4!�+4"�Q5AF���2ymB.�� -N4 '



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � ��� �

�P4 �Q5~�14f0<5C:7.O5V�4!-;=H4r�B4r81@H.��1= +�2).O57=>K6���B4/5C:C.  g4)2D57K;=>:74)0"M

50 100 150 200 250 300 350

50

100

150

200

250

1 
2 

3 4 

50 100 150 200 250 300 350

50

100

150

200

250

1 2 

3 4 

� .%_=)�+.*-N4/=2�1=	57=H.O@H4 � �)_=)�+.*-;4f�k�4)0�=>:��4D4
������� � M � 1,� 	%2 ���-!,+-!=.0� "%( 	�. !

0 100 200 300 400 500 600

0

100

200

300

400

500
0 100 200 300 400 500 600

−1

−0.5

0

0.5

1

� 20�57:C.! g4D2D5CKO=H:�4)0%81@j.5�1=�+p�4)0%��.��B0[@ "R=��+.*-N4 � �)�5C:7.! g4)265CK;=>:74D0A�B.��B0[@ "R4)0�8�.;2D4�.;:<57=>2)F1@H.O=>:74
������� � M � 5 � � � � ��!#"%$'&)(��#! )����38 + .0� ��&)�*"#! �3� $ ( (�"%( !%.�. ! �#!%.0�3$ (�?3! �� .�:*4!%? (�$'!%26!%8 $ +-!#9 	��-$ 4! !#9
�3� $>( "��-.0�3(��*!#9=8 :;!#9%$ <��)9 �-"%$ (�? 4! !



��� � ��� � G ���'� ! � � ���& � � � / � 	  � � � � �

50 100 150 200 250 300 350

50

100

150

200

250

0 100 200 300 400 500 600

−1

−0.5

0

0.5

1

� .K_5C:7.! g4)265CK;=>:74D0A8V@j.��V=�+p�4D4)0%��.��B0[@ "R=��+.*-N4 � �)�5C:7.! g4)265CK;=>:74D0A81@H.��1= +p�4D4)0%��.��B0[@ "b4D078�.;2D4�.O:�57=>2)FV@j.O=>:74

50 100 150 200 250 300 350

50

100

150

200

250

0 100 200 300 400 500 600

−1

−0.5

0

0.5

1

� 2 k57:C.! g4D2D57K;=H:�4)0s07FV=>�E=>4)0~�B.��B0[@ "v=��i. -N4 � �)_5C:7.! g4)265CK;=>:74D0A0�F1=>�E=>4)0A��.��B0[@ "b4D078�.;2D4�.O:�57=>2)FV@j.O=>:74

0 100 200 300 400 500 600
−6

−4

−2

0

2

4

6

Translation 
Rotation 

0 100 200 300 400 500 600 700
−150

−100

−50

0

50

100

150

200

250

� 40��E=	5C4)0�074h�B4/@j.}2'. � �4D:C. � 2!� �c0%465%�B4 - �c0  � � �4):�:74)F1:A0�FB:[@H4D0%2DKVK;:7�BK6���p�4)4D0A�B4D0s8\K;=2�Q5C0s4 ��81= "146@
� ��� � � M � Y ���M!#9 ��&)�*"#!#9 �3� $>( (�"%( !%.�. !#9 �)9#9 & "%(�4! !#9 � � � "#&)8 $ ���3(�8 $'!#9 +-! ? ( 9%( 	�(�.(�$ 4! !%$
+ :#4!%? (�$'!%26!%8 $ +-!#9 	��-$ 4! !#9,�3� $ ( "�� .0�3(��*!#9�9 &)8 $ �-"%$>(�?O4! !#9



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � �����

� .%_=)�+.*-N4/=2�1=	57=H.O@H4 � �)_=)�+.*-;4f�k�4)0�=>:��4D4
������� � M � � � 	%2 ���-!,+-!=.0� "%( 	�. !

0 50 100 150 200 250 300 350 400
−1.5

−1

−0.5

0

0.5

1

1.5

� 20�57:C.! g4D2D5CKO=H:�4)0%81@j.5�1=�+p�4)0%��.��B0[@ "R=��+.*-N4 � �)�5C:7.! g4)265CK;=>:74D0A�B.��B0[@ "R4)0�8�.;2D4�.;:<57=>2)F1@H.O=>:74
������� � M � � � � � � ��!#"%$'&)(��#! )����38 + .0� ��&)�*"#! �3� $ ( (�"%( !%.�. ! �#!%.0�3$ (�?3! �� .�:*4!%? (�$'!%26!%8 $ +-!#9 	��-$ 4! !#9
�3� $>( "��-.0�3(��*!#9=8 :;!#9%$ <��)9 �-"%$ (�? 4! !



����� ��� � G ���'� ! � � ���& � � � / � 	  � � � � �

u (pixel)

v 
(p

ix
el

)

100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

450

500

550

0 50 100 150 200 250 300 350 400 450
−1.5

−1

−0.5

0

0.5

1

1.5

� .K_5C:7.! g4)265CK;=>:74D0A8V@j.��V=�+p�4D4)0%��.��B0[@ "R=��+.*-N4 � �)�5C:7.! g4)265CK;=>:74D0A81@H.��1= +p�4D4)0%��.��B0[@ "b4D078�.;2D4�.O:�57=>2)FV@j.O=>:74

100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

450

500

550

0 50 100 150 200 250 300 350 400 450 500
−1.5

−1

−0.5

0

0.5

1

1.5

� 2 k57:C.! g4D2D57K;=H:�4)0s07FV=>�E=>4)0~�B.��B0[@ "v=��i. -N4 � �)_5C:7.! g4)265CK;=>:74D0A0�F1=>�E=>4)0A��.��B0[@ "b4D078�.;2D4�.O:�57=>2)FV@j.O=>:74

0 50 100 150 200 250 300 350 400
−6

−5

−4

−3

−2

−1

0

1

2

3

4

0 50 100 150 200 250 300 350 400
−400

−200

0

200

400

600

800

� 40��E=	5C4)0�074h�B4/@j.}2'. � �4D:C. � 2!� �c0%465%�B4 - �c0  � � �4):�:74)F1:A0�FB:[@H4D0%2DKVK;:7�BK6���p�4)4D0A�B4D0s8\K;=2�Q5C0s4 ��81= "146@
� ��� � � M �   ���M!#9 ��&)�*"#!#9 �3� $>( (�"%( !%.�. !#9 �)9#9 & "%(�4! !#9 � � � "#&)8 $ ���3(�8 $'!#9 +-! ? ( 9%( 	�(�.(�$ 4! !%$
+ :#4!%? (�$'!%26!%8 $ +-!#9 	��-$ 4! !#9,�3� $ ( "�� .0�3(��*!#9�9 &)8 $ �-"%$>(�?O4! !#9



����������� ��� �����
	�� � ��
	�� � ��������� �� 	�����	���� 	 � �����

�,��� � *+ !#A('�!�d$)*+ 
-/.5�B0�2D4S2ym�.;81=	5C:�4;?u�1KNFB0}.'�NK��B0}8B:7K;8\KN0��4SF'�B4 � �465CmBK��B4S�14S81@H.��1= +�2'.O5�=HK�� �B4q5C:7.! g4)2 '

5CK;=>:74D0s��.��B0[@ "b4D078�.;2D4��B4/50-.;2ymB4;?��B.;0��4D4h0�FB:[@j.�� �4D57mBKV�14h�B4D0s8\K;574 �Q57=>4D@>0 M
6AKNF10}.'�NK6�B0h5C:C.c=>5V�4;?d�B.��B0�F�� 8B:74!�P=>4):h5C4 �P8B0D?d@>4q2'.O0xKn�F�@>4��PKV���4D@>4S�B4i@ "RKN�  g4D5x4)0�5x�1=H0('
8\K��1=H�V@H4P4 ��F15�=>@	=H07.��Q5r@H4.�PKV���4D@>4+0<5V�4"�BKN8k�4P8MKNFB:l@H.�2).*� �4):C.*M 6AKNF10h.'�;K6�B0f4 �B0�F1=>574+��FL�EFB4
2)46575C4.�9�4D57mBK��B4P8\KNFV�;.c=>5=-4D57:74P.;8181@>=>�EFk�4)4!�.�F'�B4P072;�4 �B4P=2�B2)K6����F14�Me-/.��B0/2D4+2).;0)?\@j.,8Bm�.;0�4
�B4+81@j.5�1=�+B2'.O5�=HK6�f�k�4D2)4)0�0�=	5C4SF��1=H�EFB4!�P4 �Q5�@H.�:�4)2DK6�B0�57:7FB2657=>K6�G81:7K  g4D2D57=	�N4i8BF1=>0h4DFB2D@	=>�1=H4"�'�B4
�BF,�k�4)8V@j.;2D4 �P4 �Q5%8�.;:<57=>4D@��B4l@j.x2).*� �4):7.x4 �Q5C:�4l@H4D0�=)�+.*-N4D0�=0�V=>5�=j.O@>4/4D5��p�4)0<=H:��4)4�M 6%KNFB0[.'�;K6�B0
�4 -Q.O@>4 �P4"�E5J�465CFB�V=6�4�@ "R=2��;�F14 �B2D4��14)0�4):�:74DFB:70��B4!2).O@	=H�B:7.O57=>K6�|465,2)K6�B0<5y.O5V�4�@H4DFB:��.O=>�1@>4�=0� ';�FB4"�B2)4A07FB:_@H4D0�57:C.! g4D2D57K;=H:�4)0kKN�15C4"�EFB4)0k0�=�F'�1=>�EFB4 �P4"�E5p@j.r2)K6�Q57:C.O=2�Q5C4~�14s�E=>0�=>�1@	=>5V�4~4)0<5p81:�=>074
4 ��2)K%�P81574�M
Cd.;:�.O=>@	@>4)FB:�0)?V@>4)0k5C:C.  g4)2D57K;=>:74)0pKN�15C4"�EFB4)0[8MKN070)�4)�B4"�Q5s�B4)0[8B:�KN8B:<=6�465V�4)0k5C:)�4D0p=2�E5V�4):�4)0707.��Q5C4D0 M  t4
@HK�� -r�B4s2)4)0_5C:7.! g4)265CK;=>:74D0)?N57KNF15C4[@H./2D=>�1@H4%:74D0�574%�B.��B0T@H4s2ym�. �+8+�B4[�E=H0<=HK��q�B4�@H.f2).*� �4):7.1?N@H4D0�PKNF1�N4!�P4 �Q5C0l2DKN:7:�4)0�8\K6�1��.��Q5~�14f@H.}2'.*�9�4):7.i0�K6�Q5A81m ;�0<=H�EFB4!�+4"�Q5r:��4'.c@>=>0C.;�V@H4D0~4D5s@>4r2)4 �Q57:74
KN815�=H�EFB4/8�.O07074/�14l0C.x8MKN0�=	57=>K6�S=2�1=	57=H.O@H4+�.�0C.x8MKN0�=	57=>K6���k�4D0�=>:��4D4r@>4~@>K6� -x��"bF'�14/�B:7K;=	5C4~��FB.��B�
@H4D0	�UKN:72D4)0[�B4~:��4)81F1@H0<=HK��B0��B4l07K��E5�8�.;0A�k�4D2)4)0�0C.O=>:74D0 M�5��,.��'�B43"V4 +~?'�BKNFB0�.��;K6�B0q�4!-Q.O@>4 �P4 �Q5
5C:7.O=>5V�4/@H4r2'.O0%�14)0%.;F157K '�K�2)2DF1@>5C.O57=>K6�B0"M
5�� FV57=	@>=>0C.��Q5,F'� .;0�074D:��E=H0�074!�+4"�Q53�E=H0�FB4D@l��.��B0S@ "R=��+.*-N4L. +'�|�B4!07F1=	��:74�@>4)0S57:C.! g4D2D5CKO=H:�4)0
81@H.��1= +��4)4D0���.��10r@ "R4)078B.;2)4i�B4}5�-.;2ymB4O?��BKNFB0f.'�NK6�10��4D574 �B�1F�@>4i�MK6�L2)K*�+8MKN:<5C4 �P4"�E5 � :�KN�BFB0('
5C4D07074%4D5�0<5y.;�1=	@	=>5V�40u�B4)0�.;0�074D:��E=H0�074!�+4"�Q5C0 � @ @>KN:70���F14s@>4)0_8MKN0�=	57=>K6�B0T=2�1=	57=H.O@H4s465k�k�4)0�=>:��4D4A0�K6�Q5
8B:7K�2ymB4D0)?M.;F#",2).;0sKn�F�@H4D0%8MKN0<=>5�=HK6�10s=2�1=	57=H.O@>4h465s�p�4)0<=H:��4)4�0�K6�Q5%�1=H0<5y.��Q574)0 M
6AKNF10r.��;K6�B0/�O.O@	=H�k�4P2D4D57574�� �4D5Cm1KV�B4P0�FB:/�B4)0/50-.;2ymB4)0r�B4}8MKN0<=>5�=HK6���B4 �P4 �Q5f4 �LF15�=>@	=>0C.��Q5fF'�
:7KN�MK;5%2'.O:�5V�4D0�=>4 ���.P0�= "��B4!-N:��4D0~�B4/@	=H�M4):<5V�4�M  t4)0A:��4D07F1@	5y.O570AK;�15C4"��F10~07K��E5%5C:)�4)0%0C.O5�=H0��.O=>0C.��Q5C0"M
5��i4 ?�465'?6�BK;FB0_.'�NK6�B0_8BF+:��4).O@	=H0�4):T�B4D0_50-.;2ymB4D0��14%8MKN0<=>5�=HK6���B4 �P4 �Q5�8MKNFB:T�B4D0��k�4)81@H.;2)4!�P4 �Q5C0
4D5%�B4D0A4D:7:74DFB:70s�B4r2).O@>=>�B:7.O57=>K6�,5C:)�4D0[=)�P8MKN:�5C.��Q5C0 M



����� ��� �G� � �u
�!� �>� � �



� ���e
�!� �>� � � �����

� ��� ����� 	�
����

 n.�50-.;2ymB4,�B4S�B.;074�4"� :�KN�MK;57=>�EFB4�2)K6�10�=>0�5C49�.!.*�P4"�B4):x@>4�:7KN�MK;5��#"bF��B4�2)K6� +�-NFB:7.O57=>K6�
=0�V=>5�=j.O@>4/�BK6���p�4)4S�.xF'�B4/2DK6�,+�-;FB:C.O5�=HK���+
��.O@>4/�k�4)0<=H:��4)45M 5D� -u�4"�k�4):7.O@ ?1@H4��1K%���B:�4/�B4/2ymB4!�P=2�B0
8\K;070�=>�1@>4)0}8MKNFB:h:��4'.c@>=>074D:}2)4D5�5C4q50-.;2ymB4S4D0�5x=��P8\K;:�5y.5�E5 M +p46@j.3:�4)0<5C4S��:C.O=k��.��10�@H4q2)K6�Q5C43"�5C4
�B4~@ "�.O07074D:��E=>07074!�P4 �Q5A�E=>07FB46@pM ! FB4D@���F14~07KO=>5k@H4l0�2ymk�4 �+.x�B4~2)K%�.�+.��B�B4O?V@ "bFV57=	@>=>0C.O5�=HK��S�#"RF'�B4
2)K6�10�=�-6�B4 + "V4@�14/8\4D: �P4D5%8�.;0[�14f0��4D@>4)2657=>K6�'�B4D:AF'��2ymB4!�P=2����FV=n8\4D: �P4D5�5C4rF'�B4r:��4).O@	=H07.O57=>K6�
0C.O5�=H0��.O=>0C.��Q5C4}�14h@H.i5�-.;2ym14�M$+p4�8\K;=2�Q5l4D0�5/8B:<=)�PKN:��1=H.O@d2).;:A=	@u4)0�5i�.i@ "RKN:<=)-;=2�B4h�B4�@H.i5CK;5C.O@	=>5V�4
�B4)0��4)2ymB4D2)0�@>KN:70��EFB4q@H.�5�-.O2ymB4q4D0�5x:��4'.O@	=>0C.;�1@>4�M�Cd.;:f4 "V4!�+8V@H4O?o4 �9FV57=	@>=>0C.��Q5�F'�B4i574)2ym'�V=H�EFB4
 -x?d@ "bK;�  g4D5i�#"v=0�Q5V�4D:.-465q8M4)F15+0�KN:�5�=H:P�B4�@ "R=��+.*-N4;?_.c@HKN:�0P��F�"bF'�I.;070�4):<��=>070�4 �P4 �Q5 � -�.;FB:7.O=	5
8\4D: �}=>0~@j.+:��4).O@>=>0C.c57=>K6���B4f@j.i50-.;2ymB45M)/ 2)K6�Q5C:7.;:�=>KB?�=	@d8M4)F15~0 "b.'�_�4D:74D:l�EF#"bF��B4�5C4D2ym'�1=>�EFB4 � -
2)K6�1�BF1=>074��.SF'�B4x57:C.! g4D2D5CKO=H:�4x=H:�:��4'.c@>=>0C.;�V@H4P�B4x@ "b4 ?�4D2D574)FB:r�BF!:�KN�\KO5'?�.c@HKN:�0l�EF#"RF'�G.O07074D:��E=>0 '
074!�+4"�Q5  - .;FB:C.c=>5%8M4): �}=>0A��"bKN�V5C4 �V=H:AF'�B4r5C:C.  g4)2D57K;=>:74r5C:)�4D0A07.O57=>09�.c=H07.��Q5C4�M)+k@H.O=>:74 �P4"�E5)?\@H.
0��46@H4D2D57=>K6���14r@H.x5C:7.! g4)265CK;=>:74��.}07F1=	��:74�8B.;: �}=t@ "b4"�B074!���1@>4��B4D0%57:C.! g4D2D57K;=H:�4)0%8\K;070�=>�1@>4)0%4)0<5A@H.
07K;@>F15�=HK6�G�.�.;8B8MKN:�574): M#5��SKNF157:74O?V@>4~072ymk�4 �+.}��FV=�2)K��B0�=>0�574i�.�81@H.��1= +�4):pF'�B4~57:C.! g4D2D5CKO=H:�4l8BF1=>0
�.P@H.}07F1=	��:74h4)0�5s57:)�4)0%0��4D�BF1=>0C.��Q5~�BF�8MK;=2�Q5A�14r��FB4f�B4/@H.+2DK%�.�i.5�B�B4;?��#"b.;F15C.��Q5%81@HF10A�EF#"RK6�
�1=>078MKN074k�B4p0<5C:7F12D5CF1:74)0u�B4p2DK%�.�+.��B�B4k2)K6�'�EFB4D0o8MKNFB: -4D5C:�4�@>K�2'.O@>4 �P4 �Q5d0�5y.O�1@H4D0d465d:�KN�BFB0<5C4)0"M
 t4P57:C.'�O.O=	@T�EFB4[�1KNFB0f.'�NK6�B0r8B:��4)0�4 �Q5V�4i��.��B0r2)4.�9�4 �PK;=>:74P�B4}57mt�4)0�4+57:C.O=	5C4}�BF�2ymBK;= "��#"RF'�
2ymB4 �}=2�}0C.O5�=H0��.O=>0C.��Q5T8MKNFB:n@j.%:��4).O@>=>0C.c57=>K6�x�#"RF'�B4�5�-.;2ymB4p:7KN�MK;57=>�EFB4_@HKN:�07�EFB4p@>4)0 �P4)07F1:74)0T0�K6�Q5�UKNFB:#�1=H4D0x8�.;:hF'�92).;815C4DFB:x�B4i��=>0�=>K6�zM +p4q5C:7.'�;.c=>@p.;8B8MKN:�574q4"�98�.;:<57=>2)F1@	=H4D:xF'�B4q2)K6�Q5C:<=H�1F '
57=>K6���.~@ "��4D@H.;: -;=H0�074!�+4"�Q5��BFP2ym�.*�P8+�#"b.;8B81@	=H2).O57=>K6�P�B4D0_574)2ym'�V=H�EFB4D0p�#"b.;070�4):<��=>070�4 �P4 �Q5��E=>07FB46@� - .OF#" -N:7.��B�B0f�k�4)8V@j.;2D4 �P4 �Q570)?d2).;�B:�4i��.5�B0f@>4)�EFB46@k@H.,81@j.5�1=�+B2'.O5�=HK6���B4}5C:7.! g4)265CK;=>:74D0�4)0<5�k�4)2D4)0�0C.O=>:745M 6%KNFB0b�1KNFB0}07K*� �P4D0+4 ?�K;:72M�4D0}�B4S:�4)8MKNFB070�4):}@>4)0x@	=)�}=	5C4)0}�14)0x5C4D2ym'�1=>�EFB4)0 � -
�BFB4D0��.S@H4DFB:h.;078M4)265h@>KV2).O@gM�6AKN0f8B:�=2�B26=H8�.c@H4D0�2)K��E57:�=>�BF15�=HK6�10�.;F��BK%�+.O=2�B4+�B4P@ "b.;070�4):<��=>070�4 '�P4 �Q5A�E=>07FB46@e07K6�Q5%�k�4D5C.O=	@>@6�4)4D0A26= ' �B4)0�07KNFB0"M
��*+ � �_$'&!� o$)*+ !�

6%KNFB0+.'�NK6�10q:74D2ymB4):�2ymk�4��B4D0 �9�465CmBK��B4)0+8M4): �P46575y.5�E5+@H.�:��4).O@	=H07.O57=>K6� �B4�50-.;2ymB4D0q:7K;�\K '
57=>�EFB4)0}4"�9F157=	@	=H07.��Q5}F'� 2'.O815C4DFB:x�B4+��=>0�=>K6��?e@HK;:707�EFB4S@>4)0��p�4)81@H.;2D4 �P4 �Q5C0��.�4B?\4)2D57FB4):}0�K6�Q5
5C:)�4)0k=��P8\K;:�5y.5�E570 MK' @M4)0�5�.;8B8�.O:7FS�EF#"RF'�B4A07K;@>F157=>K6�S8MKN0�0�=>�1@H4��4D5y.c=>5�@H4A2)KNF181@j. -N4A��"bF'�14l8Bm�.;0�4
�B4[81@H.��1= +�2'.c57=>K6�P�B4p5C:7.! g4)265CK;=>:74D0_��.��B0o@ "b4D078�.O2)4[�BFP2'.O815C4DFB:T4D5T��"bF'�14%81m�.;074[�14�:��4!-NF1@H.O57=>K6�
��.;0��4)4+07FB:r@H4D0/5C4)2ym��1=H�EFB4D0 � -bM 6%KNFB0f.'�NK6�10)?n��.��B0f2)4P2).;�B:74O?n8B:7KN8MKN0��4+�14)F#"�0�2ymp�4 �+.;0h�B4



����� � � �u
�!� �>� � �

81@j.5�1=�+B2'.O5�=HK6��

�I@j.P8B:�4 �}=��4D:74 � �4D5Cm1KV�B4r:�4)8MKN074r07F1:s@>4��UKN: �+.O@	=>0 �P4h�14r@H.}2)K%�.�+.��B�14hKN8V57=��i.c@H4O?
�I@H4f8B:<=0�B26=H8M4��1F�0�4)2)K��B��072ymk�4 �+.q�B4f81@H.��1= +�2'.O5�=HK��3�B4r5C:7.! g4)265CK;=>:74D0~��.��10%@ "R=��+.*-N4f4)0<5
��.;0��4f0�FB:s@j.�� �4D57mBKV�14f�14)0 �UK6�B2D5�=HK��B0s�B4r8\K;574 �Q57=>4D@gM

6AKNFB0q.'�NK6�B0q4 �B0�F1=>574L.;��.;8V5V�4�@>4)0+5C4D2ym'�1=>��F14)0,2D@H.;070<=H�EFB4D0��#"b.;070�4):��E=>070�4 �P4 �Q5 � - �.i�1K;5C:�4
8B:7KN�V@6�4!�i.c57=>��F14;?M2*"R4)0�5 ')�. ' �1=>:74f.;F,07F1=	�E=e�B4/5C:C.  g4)2D57K;=>:74)0"M
CT@>FB0%8B:��4D2D=>0��4!�+4"�Q5'?M4 ��2)4f��FV=n2)K6�B2D4):#�B4f@>4)0s0�2ymp�4 �+.;0A�B4r81@j.5�1=�+B2'.O5�=HK6��


�J8\K;FB:t@j.s8B:74!�}=��4D:74 �9�465CmBK��B4;? �BK;FB0d.'�;K6�B0dK;�15C4"��Ff@H4D0 �UK;: �P4)0u.���.O@ ;E57=>�EFB4)0u�B4)0n5C:7.! g4)2 '
5CK;=>:74D0n�B4)0e8B:�=��}=>5�=>�;4)0e��=>07F14D@	@H4D0d��.��10n@ "v=)�+.*-N45M  t4)0t5C:7.! g4)265CK;=>:74D0u��.5�B0t@ "v=)�+.*-;4�2DKN:7:�4)0('
8\K��B�B4 �Q5r�./F'�i�k�4)81@H.;2)4!�P4 �Q5[KN815�=)�+.O@��14s@H.r2'.*�9�4):7.f�B.��B0T@ "R4)0�8�.;2D4~�B4[5C:7.'�;.c=>@gM 6AKNF10
.'�NK6�B0e2)K��B0�=>�k�4):��4k@>4)0e8B:7K;�1@��4!�P4)0[�./�}=2�1=)�hF � �#"g�4 �B4D: -;=>4�4D5 �P=2�1=���F � ��"�.;2D2M�46@6�4D:C.O5�=HK6��M
6AKNF10p.'�NK��B0+�4!-Q.O@>4 �P4 �Q5i�465CFB�V=6�4s@H4%2'.O0k�B4s@ "R=2�Q5C4):�8\KO@j.O5�=HK��q�#"RF'�y�BK*���B:�4A�EFB46@H2DK6�B�EFB4
�#"v=)�+.*-N4D0%. +
�,�B4r8�.O@	@>=>4):�@>4r8B:7K;�1@��4!�P4f�14 �P=>074r4"��2DKN:7:�4)078MK6�B�B.��B2)4r�B4D0s8B:�=��}=>5�=>�;4)0
�E=H0�FB4D@	@H4D0/@HKN:�07�EFB4�@>4)0~8B:�=>074D0l�B4h��FB4h=0�1=	57=H.O@>4x4D5$+
��.O@>4x0�K6�Q5l�1=>0�5C.��Q5C4)0"M 6AK;FB0l.'�NK��B0
4 �B0�F1=	5C4+F157=	@>=>0��4PF'�14 �}=>074P4 � �UKN: �+4x�O.;:<=j.c57=>K6�'�B46@>@>4P�BF�81:7KN�1@ �4 �P4P�B4P81@H.��1= +�2'.c57=>K6�
�B4357:C.! g4D2D5CKO=H:�4)0S��.5�B0q@ "R=��+.*-N4!. +'�J�#"RKN�15C4"�1=>:SF'�|07KO@HF15�=HK�� ��F,� �4D:�=>�EFB4L��FB.��B�J@H.
2)K6�Q57:C.O=2�Q5C4f�B4/��=>0�=>�1=	@>=	5V�4f4)0<5~81:�=>074r4 ��2)K%�P81574�M

�J8\K;FB:x@j.!0�4)2)K��B�B4 � �4D5Cm1KV�B4O?��BKNFB0P.'�;K6�B0P5C:C.c=>5V�4;?o��.5�B0}F'��8B:74!�}=H4D:P574 �P8B0D?_@>4�2'.O0
Kn�FJ@H4 �PK��t�4D@>4L�B4�@ "RKN�  g465�4)0�5��1=>078MK6�1=>�1@>4�4"� FV57=	@>=>0C.��Q5,@>4 �+K����46@H4L0�5V�4 �BK;8p�4�8MKNFB:
@j.�2'.*�9�4D:C.�M�6AKNF10x.'�NK6�10�4 �107F1=	5C4q��F9�EFB4i2)46575C4 � �4D5Cm1KV�B4i8\K;F1�O.O=>5@-4D57:74q.;8B81@	=H�EFk�4D4
�. F��B4�0�2;�4"�B4�=2�B2)K��'�EFB4�M>Cd.;:�.O=	@	@H4DFB:70D?s@>4)0,5C:7.! g4)265CK;=>:74D03KN�V5C4 �EFB4D0�8MKN0�0)�4)�14 �Q5!�B4D0
8B:7K;8B:�=6�4D5V�4)0x5C:)�4)0�=2�Q5V�4D:74)0�0C.��Q574)0 M  t4q@>K6� -��14S2)4D0x5C:C.  g4)2D57K;=>:74)0D?d5CK;F15C4+@j.�26=H�1@>4S:�4)0�574
��.��B0x@>4S2ym�. �+8��B4S�E=>0�=>K6���B4S@H.�2'.*�9�4):7.1?u@>4)0��PKNFV�N4 �P4"�E570i2DKN:7:�4)0�8\K6�1��.��Q5P�B4S@H.
2'.*�9�4D:C.�0�K6�Q5�8Bm�;�0�=>�EFB4 �P4 �Q5A:��4).O@>=>0C.O�1@H4D0�4D5k@H4A2)4"�E57:74lK;8157=>�EFB4l8�.;0�074A�B4~07.�8\K;0�=	57=>K6�
=0�V=>5�=j.O@>4+�.f0C.f8\KN0<=>5�=HK��q�k�4D0�=>:��4)4A@H4s@HK�� -��#"RF'�B4A�B:7KO=>574~�EF�.��B�+@H4D0 �UKN:�2)4D0p�B4A:��4)81F1@H0<=HK��B0�B4r07K6�Q5%8�.;0��k�4D2)4D070C.c=H:�4)0 M

5D��KNF157:74O?�8\KNF1:�@H4D0A�B4DF#",5C4D2ym'�1=>�EFB4)0A8B:7KN8MKN0��4)4)0 

�I@H4D0�57:C.! g4D2D57K;=H:�4)0L��.��10�@ "R=��+.*-N4�07K��E5�8M4)F =0�#;�FB4 �12M�4)4D098�.;:�@H.X2'.O@	=H�1:C.O5�=HK6� �B4 @H.
2'.*�9�4D:C.1?

�I@H4D0$�PK����4D@>4)0s�B4D0AK;�  g4D570%K;�B074D:��_�4)0A8�.;:�@H.+2).*� �4):C.j�B4r07K��E5%8�.O0��k�4)2)4D0707.O=H:�4)0
Cd.;:T.c=>@	@H4DFB:70D?;4"�}F157=	@>=>0C.5�E5T@ "b.;070�4):��E=>070�4 �P4 �Q5���=>07F14D@���.5�B0d@ "R=��+.*-N4[. +'�x�B4�0�F1=>��:�4�@H4D0d5C:7.! g4)2 '
5CK;=>:74D0p81@H.��1= +p�4)4D0���.��10k@ "b4D078�.;2D4l�B4s5�-.;2ym14;?��1KNFB0k.��;K6�B0i�465C4"�B�BFq@>4~�MK6�q2DK%�P8\K;:�5C4!�P4 �Q5[�B4D0
.;070�4):��E=>070�4 �P4 �Q5C0 � @3?E@HK;:707�EFB4l@>4)0[8MKN0<=>5�=HK6�10p=0�V=>5�=j.O@>4l465[�k�4)0<=H:��4)4/0�K6�Q5s8B:7K�2ymB4)0 � :7K;�BFB0�574)0�074
4D5%0�5C.;�1=	@>=	5V�4 y?M.;F#",2).;0sKn�FS@H4D0A8MKN0<=>5�=HK6�10s=2�1=	57=H.O@>4f465%�p�4)0<=H:��4)4f07K6�Q5%�1=>0�5y.5�E574)0"M
6AKNFB0�.'�NK6�10�.;8B8V@>=>�EFp�4�57KNF15C4D0�@>4)0�� �4D57mBKV�14)0381:7KN8MKN0��4D4)0��. �B4D0�50-.;2ymB4D03�B4�8\K;0�=	57=>K6�'�B4 '�+4"�Q5l�B4r@ "R4B?\4)265C4DFB:l�#"RF'�3:�KN�MK;5/�i.5�1=H81F1@j.c5C4)F1:+�.P0�= "3�14 -N:��4)0~�14f@	=H�M4):<5V�45M 6%KNFB0A.��;K6�B0A8BF
:��4'.c@>=>074D:)?�4 ��F157=	@	=H07.��Q5X�1KN0 � �465CmBK��B4D0)?��B4)0s�k�4D81@H.;2)4!�+4"�Q5C0A57:)�4D0s=��P8\K;:�5y.5�E570s�BF�:�KN�MK;5/M� t4D0
:��4)0�F1@	5y.O570k�EFB4��BKNFB0�.'�NK��B0kK;�15C4"��F10k2DK6�,+�: �+4"�Q5k@ "�. � �46@>=>KN:7.O57=>K6�P=)�P8MKN:�5C.��Q5C4%.;8B8MKN:�5V�4)4s8�.;:



� ���e
�!� �>� � � �����

@j.h8Bm�.;0�4~�B4A81@j.5�1=�+B2'.O5�=HK6���14A5C:7.! g4)265CK;=>:74D0���.��10k@ "R=��+.*-N4~465p@H.h:�KN�BFB0<5C4)0�074/�B4D0p5C4D2ym'�1=>�EFB4)0
8B:7K;8\KN0��4)4D0 M
� " �_���G"/# T$��+"/�

5��P2)4[�EF1=�2DK6�B2D4):4�14s@>4)0 �9�4D57mBK��B4)0_�B4[81@H.��1= +�2).O57=>K6��?6�1KNFB0�.'�NK6�B0T��FP�EFB4[@ "v=0�Q5V�4 -N:7.O57=>K6�
�B4~2DK6�Q5C:7.O=0�Q574)0p�B.��B0k@H.&�9�465CmBK��B4%2)K6�Q57=2�EFB4 � 4D5 -;@HK;��.O@>40d4)0�5�.;070�4 �%@HKNF1:7�B4A4 �q:7.O=>07K6�i�B4A@H.
5y.O=	@	@H4A�B4)0k0 ;�0�5'�4 �P4)0[�#"��4)�EF�.c57=>K6�B0I�BK��q@>=2�k�4).O=H:�4)0h�.f:��4D07KNFB�1:74~465��B4%@ "��4D5C.;8M4A�#"v=2�1=>5�=j.c@>=>0C.O5�=HK��zM n.%0�4)2)K��B�B4 �9�465CmBK��B4;?a��.O0��4)4k07FB:t@H./�9�465CmBK��B4p�14)0e8\K;574 �Q57=>4D@>0)?a�EF�.��Q5%�.%46@>@>4;?a:��4).O@	=H0�4kF'�14kKN8 '
57=��}=H07.O57=>K6�x@>KV2).O@H4O?a2)4��EF1=V8\4D: �P4D5oF'�B4p81:�=>074�4"�x2)K%�P81574�.O=>0��4D4��B4D0o2)K6�Q57:C.O=2�Q5C4)0"M 5��x2DK6�Q5C:74 '
8�.;:<57=>4;?k@>4)0i5C:C.  g4)2D57K;=>:74)0�K;�15C4"��F14)0�8M4)F1�;4 �Q5 -4D5C:�4�07K;FB0 ' KN8157=��+.O@>4)0 M?' @~0�4):C.c=>5S=2�Q5V�4D:74)0�0C.��Q5
8\K;FB:t8�.O@	@>=>4):�@>4)0n8B:�KN�1@��4 �P4)0n�B4T2DK%�P81@>4 "�=>5V�4k�14o@j.[8B:�4 �}=��4D:74 � �4D57mBKV�14T4D5n�B4T0�KNFB0 ' KN815�=)�+.O@	=>5V�4
�B4p@H.~074D2)K6�1�B4;?N�14 �P4D5757:74�4"���rF1��:74p@>4)0o574)2ym'�V=H�EFB4D0)?Q�1=>4 �}2DK6�'�EFB4)0D?N�B4p@H.~8B:�K%-N:7.*�.�i.c57=>K6�
�?;=��.*�}=>��F14}. +
���B4h:��4'.O@	=>074):%F'�B4hKN815�=)�}=>0C.O5�=HK6� -;@>KN��.O@>4h4"�38B:��4)0�4 �B2D4x�B4f2)K6�Q5C:7.O=2�E574)0"M 5��
4B?\4D5)?Q��.��B0_2)4s2).;�B:74O?;@ "�.! gK;F15��B4[2)K6�Q57:C.O=2�Q5C4)0L�B4s2)K*�+8V@H43"V= +�4%8�.;0T�B4 �+.��1= �4):�4s:��4)�B.;:7��.c57=	�N4
@j. :��4)07KO@HF15�=HK�� �1F 8B:�KN�1@��4 �P4!�B4L81@H.��1= +�2'.c57=>K6�zM 5�� KNF15C:�4;?p@H.9�EFB4)0<57=>K6� �B4L2)K%�P81@6�4D57FB�B4
8\K;FB:7:7.O=>5��46�N4 �Q57FB4D@	@H4!�P4 �Q5"-4D57:74/5C:7.O=	5V�4)45M
MX�B4�07FV=>574%��.c5CFB:�4D@	@H4/�.��1K;5C:�4_57:C.'�O.O=	@E074):7.O=	5d�B4_2DK6�B0�=>�k�4D:74):u�B4)0e4 �Q�E=>:7K6�'�14 �P4 �Q5C0d4 �B2DK%���B:��4)0
4D5i�BK6�B2,�B4,5C:7.O=	5C4):}@>4,8B:7KN�V@��4!�+4��#"g�4D�E=	5C4 �P4"�E5S�#"bK;�B0�5C.;2D@>4)0i0�5y.c57=>��F14)0+KNF �PKN�V=>@>4)0"M�M��B4
�4D5y.O8\4i�B4S@HK�2'.c@>=>0C.O5�=HK�� ��.��B0�@ "v=)�+.*-N4��14)0G�4D�;4 �Q5CF14D@>0iKN�10�5y.O2D@>4)0}074D:C.O=	5P.O@>KN:�0��.�2)KNF181@H4D:3�.
F'�B4r0�57:C.O5V�4 -;=>4f�B4r81@j.5�1=�+B2'.O5�=HK6��M
 n.l81@j.5�1=�+B2'.O5�=HK6�P�B4�57:C.! g4D2D57K;=H:�4)0_8MKNFB:d@>4)0T:�KN�\KO5C0u�BK�� '�mBKO@HK6�1K%�P4)0T4)0<5_4 �.-u�4"�p�4):7.O@�:��4).O@	=H0��4)4
��.��B0t@ "b4D078�.O2)4_�B4o5C:7.'�;.c=>@QK;F/��.��B0t@ "b4D078�.;2D4_�B4T074D0u.O2D57=>K6�'�14)FB:�0 M  "R=2�Q5V�4 -;:C.O5�=HK6�r�B4D0t2)K6�Q57:C.O=2� '
5C4D0)?t078k�4)2D= +��EFB4D0��.�2)4x5 ;�8M4+�14}:7KN�MK;5'?��1=H:�4)265C4 �P4"�E5h��.��10/F'��81:7K�2)4)0�07FB0r�B4P81@H.��1= +�2).O57=>K6�
��.��B0�@ "R4)0�8�.;2D4/�BFS2'.O815C4DFB: � =pMR4~��.5�B0p@ "b4D078�.;2D4~=��i. -N40C?*�BK;FB0p0�4 ���V@H43�4!-Q.O@>4 �P4 �Q5[F'�14~8M4):70('
8\4D2D5�=>�;4��B4r:74D2ymB4):�2ymB4h57:)�4D0%81:7K%�P4D5�5C4DFB0745M
-/.��B0�@H4A2'.;�B:�4l�B4%@j.�:�KN�MK;57=>�EFB4 �PKN�1=	@H4O?�@>4)0k5�-.;2ymB4D0��.h:��4'.O@	=H0�4):I�k�4)2)4D070<=>574 �Q5%�B4~5C:)�4)0 -N:C.��1�B0
�k�4)8V@j.;2D4 �P4 �Q570 M$ n4!81:7KN�1@ �4 �P4L�B4�@H. �P=>074L4"� 2DKN:7:�4)0�8\K6�1��.��B2D4��B4!81:�=��P=	57=	�N4D0��B.��B0�@H4D0
=)�+.*-;4)0_=0�1=	57=H.O@>4A465��p�4)0<=H:��4)4~�14D�E=H4"�Q5�5C:)�4)0_2)K%�P81@>4 "V4O?V�NKO=H:�4%=��P8\KN0�0�=>�1@>4~0�=M.OFB2)F'�14~8B:<=)�}=	57=	�N4
2)K%�.�hF'�B4A.;F#"}�14)F#"}=��+.*-N4D0L�14%8M4)FV5,-4D5C:�4[4 "�5C:7.O=	5C4�M  n./07KO@HF15�=HK��i�EF1=
�1KNFB0_074!���1@>4%@H./81@>FB0
.;��.;8V5V�4)4P4D0�5r@ "RF15�=>@	=H07.O57=>K6���#"R=��+.*-N4D0r=2�Q5C4D: � �4)�1=H.O=>:74D0�4D5h.;2D�EF1=H0�4)0r@HK;:70r�#"RF'�B4P8Bm�.;0�4i��"�.;8 '
8B:74"�Q57=>070C. -N4�M MX�14��B.;074T�#"v=��i. -N4_8\KNF1:7:C.c=>5 -465C:�4T2)K6�B0�F1@	5V�4)4�4D5n2DK%�P8�.;:��4)4�.;F#"~=)�+.*-N4D0t=0�1=	57=H.O@>4
4D5%�k�4D0�=>:��4)4�. +
���#"R4 �343"�5C:C.c=H:�4f@>4)0s=)�+.*-;4)0s=0�Q5C4D: �9�4)�V=j.O=>:74D0��k�4D2)4D070C.c=H:�4)0i�.}@j.}:��4'.O@	=H07.O57=>K6���B4
@j.�5�-.O2ymB4�Mn-/.��10f2D4D5�5C4PKN815�=H�EFB4O?n@>4)0/574)2ym'�1=>�EFB4)0h�#"v=0�B�14 "1.O57=>K6���#"R=��+.*-N4D0h�B46��:C.O=	5f8\KNFV�NK;=>:
.;8B8MKN:�574):[F'�14/07K;@>F157=>K6��.;F#"S8B:7K;�1@��4!�P4)0s8\K;0��4)0"M�-/.��B0[2D4/2)K6�Q5C43"�5C4;?�F��B4r8Bm�.;0�4/�B4/81@H.��1= +,'
2'.O5�=HK��x�B4k57:C.! g4D2D57K;=H:�4)0u�1=H:�4)265C4 �P4"�E5_�B.��B0u@ "R4)078B.;2)4��1F�2'.O815C4DFB:o8M4): �P46575C:7.O=	5d�B4k2)K6�10�5C:�F1=>:74
F'��072ymk�4 �+.x�B4l2DK%�.�i.5�B�B4 -;@>KN��.c@�465��#"g�4D�E=	5C4):k@H4D0��k�4)2M�4D@6�4):7.O57=>K6�B0[465[.;2D2M�4D@��4):7.O57=>K6�B0s.OFS8�.;0('
0C.*-;4l�#"RF'�B4~=��+.*-N4~=2�Q5C4): � �4)�1=H.O=>:74�M�+p4~5C:7.��O.O=	@�. �.O=	5p@ "bKN�# g4D5[�#"RF'��0�F  g4D5p�B4l0�5C.*-N4l�14/-�5 /
4D5%074r8MKNFB:�07F1=	��:C.q.OF�0�4D=2�3�B4/@ " '(� ' 8 / 07K;FB0%@H. �UKN: �P4r�#"RF'�,5C:C.'�O.O=	@t�B4/5Cm��4)0745M



5D� +
��?�@>4)0f4 "V8B:74D070<=HK6�10x.���.c@ ;E57=>�EFB4)0f�B4D0r57:C.! g4D2D57K;=H:�4)0r�B4D0f8V= "V4D@>0f�#"bF��B4}=)�+.*-N4PKN�V5C4 �EFB4D0
��.��B0n@H4_2).;�B:74D�BK��h2).O@>=>�B:��4�465e2)KN:�:74)0�8\K��B��.��Q5s�.%�B4D0n�p�4)81@H.;2D4 �P4 �Q5C0dKN8157=��+.;F#"r�14�@H.[2'.*�9�4):7.
8\4DF1�N4"�E5d8\4D: �P4D5�5C:�4_@H.[2)K6�10�5C:�FB2D5�=HK����#"RF'�f4 �B0�4 ���V@H4k2)K6�Q57=2�EF��#"v=��i. -N4)0e4 �Q5C:�4_�B4)F#"r=��+.*-N4D0
2D=>�1@H4D0[KN�1574 �EFB4)0[8B.;:kF��B4l2'. � �4D:C.b�BK��S2'.O@	=>�B:��4D4l4D5pKN�B074D:��O.��Q5[F'�14l072;�4 �B4l=2�B2)K��'�EFB4�MA+p4657574
.;8B81@	=H2).O57=>K6���B4��BKO5C:74S57:C.'�O.O=	@[8\K;FB:7:7.O=>5}.;8B8MKN:�574):xF'�14�2)K6�Q5C:<=H�1F157=>K6��.;F �BK%�+.O=2�B4,�B4S@H.
0 ;=�Q5Cm��4D074x�#"v=��i. -N4)0"M

� [ Y



� ���e
�!� �>� � � � � �

� � � ����� 	





�:��� � � ������� ���
	 C>L�� �� ������ ��	 � � L � �� � ��� L � 	 � � ���� ��	 L ��� ���
	 C>L��
� ��� N�	 ���� � 	 � � � ��� ����	 � � ������� � 	 � ���B�

� � � � � � �

� � 	 ��� 
 � ! 
���� " # � � � $ %�&!(' �)" �
� � $ %�� 
+* � � " � � %� 	 �����,! 
���� " # � �
� � �.- ��/�0$ � " � � �1$ $ 2 � " � �3�4! 
5$ 2 � �

6 798 ��:� �5;=<?>?@BA5CD;E:
F�GIH�J�KML�NPOGDQRG=SDG"�UTVJXWYN�Z�[\S]K6�^TXJ`_KYNaG=KMH�T�baQEWYNcGDd�TEZfegWhQRG ��GDJR['�id�jkd�TlOGDQRGmZnj*��WhQobapU[�G

Zfeq['�3rG]TXWYT=b0�nbsT�btWYNIOWu['�3rGvTwWYT=x
�yW`NzZ�rGDd�bsJkrG{NaG|NsK6��}iZfeg[���G~TVJXWY��G]S]TXKYbaJ�G~Qob2��baQobsdXW��^T?[���G
� K6��SvTVbsK6��Z�G�S]K�_[�T�L�baG"�?Sw��Khbsd�bsG�M���G�H�JVKMLnNPOG]QEG�W�TXKM[nT�ZfegWhL�KMJVZ&rGvTnrG{rG]TX[�Z�bvrG�HyWhJ�F�Wh}hJXW���}hG
Wh[?Z�b��U���U[�b�TVbPOGDQRGod�bPOGDSvNaG5M���GDd�S]K6�^TXJ�baL�[nTVbsK6��d�bsQEH�KMJ�TwW��^TXG]d�ZyW���d�SDG�Z�KhQ�W`b0��G�K6�^T�G ��d�[�b�TXG
rG]TnrG�WhH�H�KMJ�TnrG]GDd�H�WhJ���WljMGDJ�G]T ��KhNs�lW���Wh[mZ�rGDL�[�T�Z�[�Z�b��U����G][��UbPOG]QEG�d�bPOGDS]NsGh��G]T�['��H�GD[mH�Ns[�d
TwWhJ�ZoHyWhJ ��NsbsdVd"M^F�GDd+Z�GD[n��TXJXWl�YWh[n�zNsGDd+H�Ns[�d+bsQRH�KMJ�TwW��^TVd � KMJVQEWYN�bsdXW��^T5S]G]TVTVGBWhH�H�JVKkSw��GcG]T+G �
rG]TwWYL�NsbsdVdVW��^T�NsGDd�LyWhd�GDd]��d�K6�^T�NaG�H�J�b2��SvbaH�GzZ�egKMHnTVbsQ�W`Nsb�TnrG�Z�G�NtWRH�J�KM}MJXWYQEQEWYT�baK���Znj*��WhQobapU[�G
Z�G ��GvNsNsQEW���� ��G]N�NaQEW����M� ��G]TcNsG�H�J�b2��SvbaH�G�Z�[=Qob0�nbaQz[�Q¡Z�G£¢�K6�^TXJ�j^Wh}hb2�¤�¥¢�K6�^TXJ�j^Wh}hb2��¦M§ �gM
¨��¤H�JXW`TVbspk[�Gh�©b�NªGDd�T�JXWYH�baZ�GDQRG �^TEWhH�H�WhJV[~pk[�eg['�(}hJXW���Zi��KMQzL�JVG�Z�G«H�J�KML�NPOGDQRGDd�JkrGDGvNadt��G
H�Kh[��YWYbsT�H�Whd�_G]TXJ�G£JkrGDd�KhNs[�W���WYNsjUT�bapU[�G]QEG"�^T/M���GDH�G ��ZyW5�UTD�yNaG]d�Wl�YW���S�rGDG]d�ZyW5��dBNaG]d�Z�KMQEWYb0��GDd
Z�GDd�TXGDSw����KhNsKM}hbsGDd�Z�G�NPe¬b2� � KMJVQEWYT�bapU[�GzG]T�Z�[�SlW`NaS][�NE�U[�Q¤rG]J�bspk[�GoK6�^T�H�GDJVQobsd�ZfeqKML�TVG ��bsJ�Z�GDd
dVKhNs[�T�baK6��dZ�U[�Q¤rG]J�bspk[�GDdEH�KM[�JoZ�G���KMQzL�JVG][n�uH�J�KML�NPOGDQRGDdRZ�G=SDKhQEQEW���Z�GIKMH�T�baQEWYNsG�M���W���d
SDGvTVTXG�KMH�T�bapU[�GY�MNtW � KMJ�Q�[�NaWYT�baK6�EZ�G ��KhNs�lW�G]d�TªTXJDOG]d5b0�^TnrG]JVG]dVdXW5�UTVG�H�KM[�J5Z�rG]SDJ�baJ�G�['�RH�J�KML�NPOGDQRG
Z�G�S]KMQRQ�W5��Z�G�KMHnTVbsQ�W`NaGmdVKM[�d«['��G � KMJ�QRGm�YWhJ�baWYT�baK6����G]N�NaG5MB��GvTVTXG � KMJVQRGm�YWhJ�btW`TVbsK6�'��GvNsNsG
H�G][�T�G ��dV[�b�TXG�_G]TVJVG5Gv�nH�NsKhb�TnrG]GªH�KM[�J�KhL�TXG"��baJ�[���G�dVKhNs[�TVbsK6�c�U[�Q(rGDJ�bapU[�G�Wh[£H�JVKhL�NPOG]QRGªKhJ�bs}hb0��WYNpM
6 7® 6°¯?¯?± ;=@�²�³ ��´ ± Cl´�A+CD;E:?:�³�µlµD³

��W5��d�NaW|d�[�b�TXG=Z�G=SDGvTVTXG=W5�'��Gv�nGY�L��KM[�dRWYN�NaK���doZ�rGDS]J�bsJVG=NaGIH�JVKML�N¶OGDQRG=S]NaWhd�d�bspk[�GmZ�GINaW
SDKMQRQEW���Z�GoKMH�TVbsQEWYNsG�Mf·�KM[�d�[nTVb�NsbsdVG]JVK6��d�NsG�H�J�b0��S]bsH�G�Z�[?QRb2��bsQ�[�Q3Z�Go¢�K6�^TXJ�jMWh}hb2�|H�KM[�J
KML�TVG ��bsJ�[���G�TVJXWY��G]S]TVKhbaJ�G�Z�G�H�J�baQob�TVb��MG]dc}©rGDKhQ(rGvTXJ�bapU[�G]d�ZyW���dªN¶eqbsQEWh}MGY�kS]KMJVJ�GDd�H�K6��ZyW��^TzOW£['�
Z�rGDHnNtWhS]GDQRG �^T�KMH�T�baQEWYN�G]T�SDK��UT�b0�U[�Z�G�NaW�SlWhQ¤rGDJVWoZyW���dcN¶egG]dVHyWYSDG£Z�G�TXJVWl�hW`bsNgM�·�KM[�dc�MG]JVJ�K6��d
rGD}^WYNsGDQRG"�UT�pU[�G�NsG�H�JVKhL�NPOG]QRG�SvNtWYdVd�bspU[�G�Z�G£SDKMQRQEW���Z�G£KMHnTVbsQ�W`NaG�H�GD[�T£_GvTXJ�G�QRbsd�dVKM[�d�[���G
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� KMJVQRG��YWhJ�baWYTVbsK6�'��G]N�NaG�rGDpU[�b��YWYNsG �^TXGY��S]K6�'�U[�G�dVKM[�dBNsGc��KMQ Z�G£H�J�KML�NPOGDQRG�Z�G ��KhNs�lW�M
!#"%$&"(' )+*-,�. � � *���	0/1. ����2�� *435/

��K6��d�bsZ�rGDJ�K6��d�NaG5d�jkd�TlOG]QRG�Z�j=�yWYQRbspU[�GªZ�G5Z�bsQEG"��d�bsK6�76oZ�rGDS]J�b�T�HyWhJfN¶e�rG]pk[�WYTVbsK6�£Z�b98�rG]JVG �^T�baGvNsNsG
Z�[mH�JVGDQobPOGDJ�KMJVZ�JVG£dV[�b��YW��^TXG;:

<=�>@?BA�CEDF=4A�CHGIDKJLA�CHGMG AON M�P G
K�O[ =QA�CHGR> � SUT A�CHG SWV A�CHGYXZXZX S\[ A�CHG �9] GvT JLA�CHGR> � ^UT A�CHG ^WV A�CHGYXZXZX ^\_ A�CHG �`] JVG]H�JkrG]dVG"�UTVG �^T
NaG«�hGDSvTXGD[�JEZ�e�rGvTwWYToZ�G Z�bsQEG"��d�bsK6�a6 GvT�NaG��MGDSvTXG][�JoZ�GISDKhQEQEW���Z�G Z�G ZnbaQRG ��d�bsK6�cb|M F�W
� K6��S]T�baK�� ? G]d�T�dV[�H�H�KMdkrGDG�d�[�dEdXWhQRQRG �^T�S]K6�^TVb2�k[�G�G]T�Z�rGDJ�bs�YWhLnNaGY��G]T�NsG��hGDS]TVGD[�J�Zfe�rGvTwWYT�GDd�TdV[�H�H�KMdkrG WhH�H�WhJ�TVG ��bsJ=OW�['��d�KM[�d���G ��dVGDQzL�NsGfe Z�Ghg _ MBiUb5NaG�d�jkd�TlOGDQRG GDd�Tt��K6��S]K6�^TXJXW`b0�^Tl�
NPeqG ��d�GDQzL�NaG�Z�GDd�SDKMQRQEW���Z�GDd©WhZ�Qobad�d�bsL�NsGDdUe4j5GDd�T©N¶eqG ��d�GDQ�LnNaG�Z�GDd � K6��SvTVbsK6��d�L�KMJ#��rGDG]dD�9S]K6�^TVb���k[�GDd�HyWhJ5QRKMJ�SDGlWY[n�\MU��K6��d�baZ�rG]JVK6��d�Z�G]d � K6��SvTVbsK6��d�dV[�dEdVWhQRQEG"�^T�Z�rG]J�b��YWhL�NsGDd�OW��YWYNaG][�J5ZyW���dgk:

l A�CEDm=4A�CHGnG GvTpo A�=BG AON M § G
·�KM[�d�Z�rGvx
��bsdVd�K6��d�W`NaKMJ�d�['��G � K6��SvTVbsK6�mZ�G�S]K�_[�Tl�rq ��HyWYJ�NaWoJVGvNtWYT�baK��md�[�bs�YW��^TVG;:

q A�=QDKJQGQ> o A�=4A�C5stGMGrucvxw9y
w`z
l A�CEDF=QA�CHGIDKJ{A�CHGMG}|~C AON M�� G

K�O[ C5s G]T C(� JVGDH�JkrGDd�G �^TXG"�^T�NsGDd�b0��d�TwW��^TVd�b2��b�TVbaWYN�G]T�x
��WYNpM��W���d�NsG�SDWhd�K�O[�NaGzd�jkd�TlOGDQRGoZ�j=�yWhQobspk[�GoGDd�T�SDK6�^TXJVWYb2�UTD��N¶egG"��dVG]Q�L�NsGRZ�GDd�SDKMQRQEW���Z�GDd£WhZn�
QRbsdVd�baLnNaG]d�e4j�dVG]JXW S]K6��d�bsZ�rG]JkrGESDKMQRQRG�NPeqG ��dVGDQzL�NsG�Z�G]d � K6��S]T�baK���d�L�KhJ4��rG]GDdD��SDK6�^TVb2�U[�GDd�HyWhJ
QEKhJVSDGDWh[n��� dXWYT�bad � WYbsdXW��^T�NPeqG ��d�GDQzL�NaGzZ�GDd�SDK��UTVJXWYb2�^TXG]d=rG]}^WYN�bsTnrGDd�G]T�b2��rGD}^W`Nsb�TnrG]d�d�[�bs�YW��^TVGDdU:

�����%A�CEDm=QDKJQGQ>�� �
> P XZXZX 6���� AON MK� G
G]T

� 6 �}A�CEDm=QD�J;GL��� �
> P XZXZX 6 � [ AON M � G
F�G£H�J�KML�NPOGDQRG�Z�G£SDKMQRQEW���Z�G�KMH�T�baQEWYNsG£H�G][�T�WYNsKMJVd�_GvTXJVG � KMJ�Q�[�N®rG£Z�G£NtW � Wr�S]K6�=dV[�b��YW��^TXG;:
�{� �
	��W�
�n������ ����~���������
���������������\��� �L�%�¡ \�r¢�£� \ �¤¥4¦§¥Q¨�©Z¨ �«ª¥�¬h¥ ¢ ©  �� ¬f�®t¯W¥ ¢°¤¥Z±�²E �³ � ²´¦Mµ ¤¥t®t¯ �¡�  £� ·¶�¸ ¹»º�¼Z½ ¯  ¾¤¥ �%�¡�     �  � ¦«=�s¿>�=4A�C5stG ª� ¯      ¨ ���¡ \�     �  � ¦ÀC5sÁ¥ � ¯  ¾¤¥ �%�¡��Â4 �� ¦=�� ½�� ¦ £ ²H¨ � ² £ ¯�Ã¡¥�²7³ � ²E¬f �}£ ¯À¨�¦§¥I¨�Ã¡¥I± � ¥�¯�²I¨ ¢ ¥Ä± £ ¬f¬ �¡ �¢ ¥ � ³«³ � ² � ¥  ��¡ \��ª�Re4j ¦ � ± £ ¬fÅ¬ �¡ �¢ ¥ J
ÆZA�CHGh¥ � ¦§¥ÇÃ¡¥I± � ¥�¯�² ¢ µ ¤¥ �%�¡� ± £ ²E²H¥I¨}³ £� �¢«�¡ \� =�ÆZA�CHGÇ®t¯� ¤¥�Ã £ ¦È¯\¥ ¢ ¥Ç¦Mµ ¤¥ �%�¡�     �  � ¦U=�sª� ¦Mµ ¤¥ ���¡�
Â4 �� ¦ ¢É¤¥I¨�»² ¤¥0=��Ê¥ � ®t¯��± £ ²E²H¥I¨}³ £� �¢·� ¯�¬f   »¬f¯�¬ ¢ ¥´Ë £�  ± �  £� c¢ ¥Ì± £;Í¯ �Á¶n£ ¯ ¢ ¥³\¥�²�Ë £ ²E¬ �¡  ±I¥ ¼+q;¹

��W���dzNaWmdV[nbsTVGh�u��Kh[�d�S]K6��d�bsZ�rG]JVGDJ�K6��dRpU[fe¬bsN�Gv�kbad�TXG [��(G ��d�GDQ�LnNaGIKM[n�MGDJ�ToZ�G � K���S]T�baK6��dJLA�CHG H�KM[n�hW5�UTBWhQRG ��G]JcNaG�d�jkd�TlOG]QRG A�N M9P G Z�G�N¶e�rG]TwW`Tcb0�nbsT�btWYNªOW�NPe�rG]TXWYTBZ�rG]d�bsJkrG5M�ikbfS]G��fegG]d�T�HyWYd
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NaG�SlWhd]�MWYNsKMJ�d SDGvNtWX�fe W�HyWhd Z�G�dVG"��d+Z�G�HyWhJ�NsGDJ©Z�G�NaW�Qob2��bsQRbsdXW`TVbsK6�oZ�G�NaW � K6��S]TVbsK6��Z�G�SDK�_[nT¿qdM� [yW���Z{SDGvTVTXGE�^jkH�KhTV�fOGDd�G«G]d�TzdXWYT�bad � WYbsTVGEWYNaKhJVd�NaGRH�J�KML�NPOGDQRG«G]d�T�Z�b�T8��KMJVQEWYNgM�F�W�d�KhNs[�TVbsK6�
Wh[{H�JVKMLnNPOG]QEG � K6��ZyWYQEG"�^TwWYNªZ�GoNaWmSDKhQEQEW���Z�G�KhH�TVbsQEWYNaG�W rG]TnrGEZ�K6����rGDGEHyWhJ�¢©K��UTVJ�jMWh}hb2�f�
G]T�GDd�T�SDK6�'�U[�G�dVKh[�d�NsGc��KMQ Z�[mH�J�b2��S]bsH�G�Z�[�Qob0��bsQ�[�Q Z�G�¢©K6�^TXJ�j^Wh}Yb0�zM�7	����
«���Q�0� J �������O� J � ����� �����Z	��������O���n��	��W�B�n������0������~�����Z	��\������� � ¤¥ Â4  §¨I¨ £�  ¨¦Mµ � � ¬f»¦ �5£�  �¥  �� � A�=QDKJ4D �&DFCHG;> l A�=QD�J4DmCHG�u!� ] ?
A�=QDKJ{DmCHG AON M ¦ G" ;¦ � ± £ ¬f¬ �¡ �¢ ¥ J Æ A�CHG ¥I¨ �¿£ ³ � »¬ � ¦§¥7¥ �$#°¤¥  ´ª¥�²H¥´¯   ¥ � ² �
% ¥I± �5£ »²H¥ ¢ ¯ÌÃ¡¥I± � ¥�¯�² ¢ µ ¤¥ ���¡� = Æ A�CHG ½� ¦ £ ²H¨ »¦
¥
&~§¨ � ¥ ¯   ¥0¨ £ ¦È¯ �  £� � r£� Ä  ¯�¦»¦§¥'� Æ A�CHG � ¯ ¨�©Z¨ �«ª¥�¬h¥ ¢ µ ¤¥t®t¯ �¡�  £�  ¨�¨�¯�»Ã �¡ \�(�

<�Ê> �*) >,+,-/. �. =10 ] AON M � G
� ¥�¦»¦§¥�®t¯\¥&³ £ ¯�² �}£ ¯ � C�2 � C5sZDmC(� � ¥ � ³ £ ¯�² �}£ ¯ � J32 e4j4�� A�= Æ DKJ Æ D5� Æ DFCHGL� � A�= Æ DKJ{D5� Æ DFCHG AON M56 G
F�G?�MG]S]TVGD[�J �ÉA�CHG GDd�T�WYH�H�GvNvrG?�hGDS]TVGD[�J�WhZh��Khb2�^T=Z�[ d�jkd�TlOGDQRG~Znj*��WhQobapU[�G5M�F�G?H�J�b0��SvbaH�G
Z�[(Qob0�nbaQz[�Q)Z�G«¢©K6�^TVJ�j^WY}hb0�uG]d�T�TVJDOGDd�} rG ��rG]JXWYN�G]Tt��Gy��rG]SDGDd�d�b�TXG�Wh[�S]['��G �^jkH�KhTX�fOG]dVGId�[�J
NPeqG ��dVGDQzL�NsG�e4j5M47���G � KMJ�Q�[�NaWYTVbsK6�uH�Ns[�doH�JVWYTVbspU[�G=Z�GISDG=H�J�b0��SvbaH�G=H�G][�T=_G]TVJVGIKMLnTXG �U[�G=d�b
NPeqG ��dVGDQzL�NsG e4j�GDd�T�['�=G"��dVG]Q�L�NsG�KM[n�MGDJ�T/M ��W���dBSDG£SlWhd]��NtWoJ�G]NaWYTVbsK6� AON M86 G H�GD[�T�d�G�QRGvTVTXJ�GdVKM[�d�NaW � KMJVQRG£Z�G�NtWoS]K6��Z�b�TVbsK6��Z�[mH�JVGDQobPOGDJ�GzKMJ�Z�JVG£ZfeqKMH�T�baQEWYN�b�TnrG£dV[�b��YW��^TXG;:

�:9 >;. �. J >�� AON M5< G
·�KhTVK6��d rGD}MWYNaG]QRG �^T�pU[�G£NaWRJ�G]NaWYTVbsK6� AON M�P G H�GD[nTz_GvTXJ�G�QobsdVG�dVKM[�d�NaW � KMJVQRG;:�:= > . �. � > <= AON M�P �ÀG
F�GDdBQob0�nbaQEWoZ�G�NaW � K6��SvTVbsK6�IZ�G�S]K�_[�T�WhH�H�WhJ�T�baG"�'��G �^T�OW�N¶egG"��dVG]Q�L�NsG£H�Ns[�dcNtWYJV}MG�Z�G�SDKM[�J�L�G]d
JVG"��ZyW��^T�S]G]T�TXG � K���S]T�baK6�mZ�G�S]K�_[�T�d�TXWYTVbsK6�'�yW`baJ�G�M���G£TVG]N�NaG]d�SDKh[�JVL�GDd�dVK6�^T�Z�bsTVGDd ¥
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!#"%$&"�� � �/���.¿3 � �\2 .�� � ��� �/�� 2�� � /�	�� � �\.��03�/�� /�	0/��a.¿3 ��*

��WhH�H�G]NsK���dEpU[�Gmd�b * GDd�T«[���G�d�KhNa[nTVbsK�� Z�[iH�J�KML�NPOGDQRG�Z�G���KhNs�lWn��W`NaKMJ�dRH�KM[�JRTVKM[�TVG
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H�Kh[�J�G]d�T�baQRGDJ�NPe¬b��^TnrGD}MJVWYNaG AON M��^� G d�[�J�Sw�yWYpk[�G�b��^TVGDJ��YWYN�NsG�� C ��� T DFC � �P�kK��«WhL�Kh[�TVb�TcWY[«d�jkd�TlOGDQRGZfe�rGDpU[yWYT�baK���d��hGDS]TVKMJ�bsG]N�NsGDd�H�KM[�JBNsGDdBb��SDK����k[�GDd *�� WY[n�=H�Khb��^TVd � > P D�XZXZXUD � + PQ:
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JVG]dVH�K���ZyW��^T�Wh[n��H�J�KML�NPOGDQRGDd �8""!�ºIG]T#��""!%$>M5·�KM[�doJXWYH�H�GvNaK���dopU[�GISDG]dEH�JVKML�N¶OGDQRG]dEd�G
QRG]TVTVG��^T�dVKM[�dBNsGDd � KMJVQRG]d�d�[�b��hW��UTVGDdU:
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F�W � K���S]TVbsK���Z�G£SDK�_[�T�G]d�T�:
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