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GHD�I%��. G q | � y ~=~ � � y �/� �M# {/q4>�dML��ON1r�P1Z�0 F m"j x Z | { �
�*>1��� |4? �/Z # ��>H> � >�~��������>8�X�yQ? ��>;~O{,� ?R? ��> # ��> +-& {@� | > # � ?[$ �*> | ��>�{/q@~8�*~ # � ? {T��{/q@~��*>�>��S>��)q@~8�,{ � �	{/� ? ��>�. G q+ � # �/ZL��q |4?	y > # ��>=~ � �/�*> +*& {/� | > & {/�1�B~ y � ? > �T>�� � q1�/Z��*> | �U>�{/q@~=�*~D��{@q/~��*>�>3���*Z y q +-& {/� | > y"|"|4?O}������q/~�{\� � �A"y � # �1q"q1� ? { | ��>��B~��B�)q # � ? {V> }� | { � {,~��B�)q���q/~ � � ? � +*& {/� | # � ?[$ �*> | ��>O{/q/~6�*~ +*& {/� |T# � ? { ��{/q@~��*>�>��/.)tH�*~�~��
� { � �	{/�1� ? �B~ }� | � � ���*~ # � � � |"�)}��>���q@~�� ��# ��> �1}�*� ? >8{ � {/q/~ y q1� #"� q"{/��� A"y �K�"��{ y1+ � y"|c|4?Iy >M�I� | � � ~O{/q/~3�8~�� y ~6��q+ �)q4>�� � � {/q@~ y q1�K�"�)q"q1� |"�)}� + �*>��B�)q | � y"��? { � � |"�1}��>3��q/~�{\~��B�)q # ��>Yq1�)��� � ��> #%$ � ��#�� ��> # � �)� {/q # � y"�4+ � y"� {/q@~�>�.
t6��>H> � >�~��������>8q }� + ��>W>��B~���q/~M~�� y ~�� U �/�*> # ��>;{ ?B� � � �B~ & ����> y q | � y�|4?	y > + �)� |4? �*>1��> AzyL$ ��qT�1� ���)y4? �5���/~�~�{@q/~��/.

l(� y > + ��>H> � >�~��������>6�)q@~ }�*~ }� + �)q _+�y > | � y"�8# �B�/� � >3��> � {,�*>��)q4> + �)����� | � y"�T}�*�1�B~�� �X? ��> #6}� | {,>�>�������q@~�> # �+ { | { + �B~ }�/Z){/� }� ? �B� � � �B? { |"�1}� + �R>3�W�1q�� y �1�B��qc{ +*+L}� ?O}� � � ��+ � � ~�{,�	q4> + { ?W+�y4? >�.10�{ ?	& � y"� � y >�������q/~�Z1� ? q $ �*>1�R>3~�� | {Y>�Z
�{ ?[$'& � y"� �;{ + ~ y � ?*? � # �H> � >�~������� POy q1�W�@� � >�� ? R # � � � |"�)}��>���q@~�{,~3�W�1q # ��>2q1�)��� � ��> �)}�*� ? > | � � ���*~3~�{/q@~ #%$ �O]%� + ~ y � �
~ � ���> � { | � # ������q@~;~�� y ~���> ? ��>Y� |4}� � {,~��B�)q4>8{!�/� +Ky q1�K�*> + � ?*? ��q/~�� |"�1}� + �*>��B�)qL.

EX�H> � >�~�������6���/~�~�{@q/~ A"y ���,] � � y qT�"�)q + �)� |"� �)���*>2��q@~ � � ? {5�1�W~3��>�>�� # ��> + { ?W+�y4? >6�*~ ? { � � |"�1}��>���q@~�{/�1� ? �W~ }�# ��> q1�1�S� � ��>c��>�~ # � ? �/�	q ? �0> � >�~������� ? � |4?Iy > y ~�� ? �R> }� # {/q4> ? ��>e� ��# �	q"{,~3� y"� > { + ~ y � ? >!.80�{,�*> | � y"� # ��>
{ |"|4? � + {,~��B�)q4> | { � ~3� +�y4? �[�� � ��> q }� + ��>W>��B~�{/q@~�����{ y1+ � y"| # �H� y4? ~�� |4? � + {,~��B�)q4>8�*~ y q1� U {,�	� ? � |"�1}� + �R>3�W�1qLZ ? �Z> � >3~�������
? � � { � �W~ & ��� Azy � | � y ~S�\] � � � # �����*� ?*? � y"� ��> | � � U � � � {/q + ��>K��q ~���� | > # � + { ?B+�y4? A"y � ? �Q> � >�~�����������/~�~O{/q/~!.
l(� y ~�� U �/�*>�Z ? ��> � >3~������� ? � � { � �B~ & ��� A"y � | ��>�� #%$ �	� | � � ~�{/q@~�> |"� �)� ? �������> # �D���*>��Y��q\[ y � � �=��{,~ }� � �B� ?*? � | � y"�# ��> |"�1}� + �*>��B�)q4> |4?	y >��	� | � � ~�{@q/~���> #�y U {,�B~ # � ? {�~O{,� ?R? � # ��>�~�{@� ? ��>Tq }� + ��>�>�{\� � ��> | � y"� �)}��{ ? �*>�� �5+ � � ~�{\�Iq1��>
� |4}� � {,~��B�)q4>K�[{ #"# �B~��B�)q"��.

] � y >;{ ?R? �)q4>Y�/�/� �MAzy � ? �^> � >�~������� A"y �Sq1� y > |"� � | ��>��1q4>�Z ? �6+�:9+<;U_793J7`+�7�3Va#bc(*D�d4)�8eaf;f-O3Vafg�147�Z | � � ���*~ # �# �	���	q y � �Y+ � |"� �1� ? ������=~�� y ~Y��q + �1q4>�� � � {@q/~ ? ��>D{!� {@q/~�{ � ��>8�	q/~ � �	q4>��� A"y ��> #�y > � >�~������� ? � � { � �B~ & ��� A"y �/.%t6�
~ � {!�,{,� ? { }�*~ }� �)}��{ ? �*> }�2��q + � ?*? {/��� � {,~��B�)q {��@� + o�.a0b.�0 y4?*? � � �*~�k�./C +-& � � � � q"{=�*~2{ }�*~ }� |"y � ? � }� # {/q4>8da0�C"l8r�@ x .

A {@q4> ? { |"� ����� �� � � | { � ~3�W� # � + � +*& { | �B~ � �cq1� y > |"�1}��>3��q/~��1q4> ? �h> � >�~������� ? � � { � �W~ & ��� Azy �c�*~ ? ��>�{ ?B� �,N� �B~ & ����> y ~�� ? �*> }��> | � y"�Q? � + { ?W+�y4?Y# ��>c� |4}� � {,~��B�)q4> # ���"{,>�� # {/q4> + �i> � >�~�������/.2E%{ # � y >1� ������ | { � ~��B�V��>�~+ �)q4>�{ +��)}�*� �{ ? { � � |"�)}��>���q@~�{,~3�W�1q # ��>�q1�)��� � ��> �1}�*� ? > # {/q4> ? �h> � >�~�������J>3�����gN ? � � { � �B~ & ��� A"y �/. ] � y > # }� +�� �gN
�/�)q4> ? ��>�{ ?B� � � �W~ & ����> # � + { ?W+�y4?1# ��>�� |2}� � {\~��B�)q4> # �2�"{,>��=�[{ #"# �B~��B�)qLZ,� y4? ~3� |4? � + {,~��B�)qLZ # �B�1�*>��B�)qLZ + �)� | { � {,�*>��)q
�*~ + �)q@�/� � >��B�)q"� �*~�q1� y >�{@�"� ��# �1q4> ? � y"� �	� |4? {/q@~�{,~3�W�1q ��{\~ }� � �B� ?*? � # {/q4> ? {e~ � �/�*>�� ������ | { � ~��B� # � + � +*& {!N| �B~ � �/.�E({ Azy {\~ � � ������ | { � ~3�W�=��>3~ + �)q4>�{ +��1}�*���{ ?[$ }�*~ y1# � # � ?[$ � �3� � y"�8� � ? {,~��B�/� # � � � |"�1}��>���q/~O{,~��B�)q #�y > � >3~�������
>������gN ? � � { � �B~ & ��� Azy �V�*~e�{i>O{ + �1� | { � {,�*>��1q {!�/� +Q? ��>6> � >�~��������>=���/~�~O{/q/~5�*~ ? � � { � �B~ & ��� A"y �/. � q@< qLZ4q1� y >|"�1}��>���q/~3�)q4> y q��*>1��� |4? � #%$ { |"|4? � + {,~��B�)q #�y > � >3~�������V>������'N ? � � { � �B~ & ��� A"y � # {/q4> ? � + { #�� � # � �1}��>���{ y > # �
q1� y"� �)q1��>=�"{,> }��>�> y"�6# ��>Y�)q # � ? �*~�~���>�.
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EX�B> � >3~������� ? � � { � �W~ & ��� Azy �/Z |"�1}��>3��q/~ }�%��q�j!r/i�@ | { � C1w8{ � ~W� ? {@q # � � �*~%k ? �*> | � y4? �U> # {/q4>2d'C1k=i�@ x Z + �)q4>3�R>3~��
�{ � � |"�)}��>���q@~�� �=y q�q1�1�S� � � �1}�*� ?�| { � >��)q�>�� � q1� �*~ ? � ? � � { � �B~ & ��� # �\>�{c�,{ ? � y"� {@�4>�� ?	y � }� +�� �W~=��q �1� �J�)y4? �
<�>1�/.�t6�V> � >�~������� | � � ���*~ #%$ { +*+L}� ?�}� � � �M+ �)q4>�� # }� � {@� ? ������q/~ ? ��>�� y4? ~3� |4? � + {,~��B�)q4> �*~ ? ��> # �B�1�R>3�W�1q4> |"y �*> AzyL$ � ?
> yU� ~Y{ ? � � > # � U {,� � � ? {V>3�)�����=� yQ? { # �g] }� � ��q + � # ��> ? � � { � �B~ & ����> # ��> # � y >cq1�)��� � ��> + �)q4>3� #6}� �1}��>!.

tH�6> � >�~�������J> $ ��>�~K{!� }� �1}�c^�*~ � � | { � ~�� +�y4? � �� � ������q@~��Iq@~ }� � ��>�>�{/q@~ # {/q4> # ��>S{ |"|4? � + {,~��B�)q4>��%�y�? { |"�1}� + �R>3�W�1q
���
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q }� + ��>W>�{,� � �Kq $ ��>�~ | {,>8~ � ���>6�I� | � � ~O{/q/~3�=�*~8�X�yQ? � � {\~��B�
q1�1�S� � � # �S� y4? ~�� |4? � + {,~3�W�1q4>

q1�)��� � � #%$ { #"# �B~��B�)q4>
��>�~ �)� {@q # . G q | � y ~ + �W~3� �2# �Kq1�1�S� � � y >��*>)��� |4? ��> #%$'y ~�� ? �R>O{,~��B�)q # � + �S> � >�~�������8��q ~ � {,�B~�������q@~ #�y >3� � q"{ ?
�*~ # ��>��	��{ � ��>!. 7 { � �*>)��� |4? �/Z@�)q | � y ~4~ � � y �/� �(# {/q4>8d'fY0�r"j x y q1�;� }�*~ & � # � # �8~ � { +L}� # � + � y"� �"��> y ~�� ? �R>O{/q/~
? � > � >�~������� ? � � { � �W~ & ��� Azy �/. A �'] }� � ��q/~W>S> � >3~��������> # ��< ? ~ � { � ��q y � }� � � Azy ���"{Y> }��>S> y"� # ��> + { ?B+�y4? > # {/q4> ? �
> � >�~������� ? � � { � �W~ & ��� Azy �c�)q@~ }�*~ }� |"� � | ��> }��>�d'f=hMi"j,Z�pYE A i���Z�f 7 E(m�� x .�t6� � ~�{,�	q1��>�~ � {@q4> U � � � }�*��> + �1�����
? {����2l | � y �/��q@~i>3� |"� ^�*~3� � �{ # ��> �)}��{ ? �*>�{,~3�W�1q4> ��{,~ }� � �B� ?*? ��> � { | � # ��> # {/q4> ? �0> � >�~������� ? � � { � �B~ & ��� A"y �
d'C"C"t ] C"m �!x . G q | � y ~K{ y >�>3� + �B~�� ��?[$'y ~�� ? �*>�{,~��B�)q #�y > � >�~������� ? � � { � �B~ & ��� Azy � # {/q4> + � � ~�{,�	q1��>K{ |"|4? � + {,~��B�)q4># � + �)q@~ � ^� ? �`q y � }� � � Azy �bd'E(E%m �!x . � q@< qLZ |4?	y > �1}� + ��� ����q/~!Z2�)q | � y ~ + �B~�� � ? { �1}��{ ? �R>O{,~��B�)q #%$'y q1� y q1�W~ }�
{ � �B~ & � }�*~�� A"y � ? � � { � �B~ & ��� Azy �T�*>1~ � ^����������q/~ | � � U � � � {/q/~3� # }� # � }�*���{ + � � ~�{\�Iq4> + { ?B+�y4? >���q ~ � {,�B~�������q/~ #�y
>�� � q"{ ? d'EL�*w;r�@ x .
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A {@q4> ? �`> � >3~������� ? � � { � �W~ & ��� Azy ����qc�"{,>��^P�Z ? ��>Dq1�)��� � ��>Z>��)q@~ � � |"�)}��>���q@~ }��> >3� ? �1q ? � + � # { � � 9
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:�1 3 ��>�~ ? �^>3� � q1� # �:.%.
:�; 3 ��>�~ ?[$ �*> | ��>O{/q/~ # �<.%.,k ? { # �g] }� � ��q + � #�y > � >�~�������4���/~�~�{/q@~�Z=; 3 ��>�~ + �1� | ��> }� #%$'y q1� | { � ~��B�8��q/~3� �� � �
�*~ #%$'y q1� | { � ~3�W� U�� { + ~��B�)q"q"{,� � �/.

E({��,{ ? � y"� � | ��>�� y q | �*~��B~ |"� �1� ? ������ # � + � # { � � + { �8+ �*~3~��K�,{ ? � y"� q $ ��>�~ | {,> # � � � + ~�������q@~ � � |"�1}��>���q@N
~�{/� ? � # {/q4> ? �^> � >�~������� ? � � { � �B~ & ��� A"y �/. A � y >6>�� ?	y ~��B�)q4>�>��)q@~ |"� �Iq + � | { ? ������q@~ y ~�� ? �*> }�*��> | � y"�8�1}��>�� y1#�� � + �|"� �)� ? ������/.�E%{ |"� ����� �� � � ��>�~ ? $gy ~�� ? �*>�{\~��B�)q #%$'y q �*> | ��>�{@q/~��1�	{,�*> }� + �)����� # {/q4> ? �h> � >�~�����������/~�~O{/q/~!.%E%{
>�� + �)q # � y ~�� ? �*>�� y qV�1�W~S> y"|"|4?�}������q@~�{,� � � A"y � + � # ��� y q1�)q ? { � { ? � y"� �".�E({Q>�� + �)q # �^>3� ?	y ~��B�)qV��>�~ y ~3� ? �*> }�*�# {/q4> # ��>�{ |"|4? � + {,~��B�)q4>T�%�y ? {��1�B~���>�>�� # ��> + { ?B+�y4? >���>3~ ? { + { � { + ~ }� � �*>�~�� Azy � ? { |4?	y >��	� | � � ~�{@q/~��T�*~��X�y ? {|"�1}� + �R>3�W�1qeq }� + ��>W>�{,� � �=��>�~ � � ? {\~��B�/������q@~ U {\�I� ? �e� �/�@� �M| { � �*>1��� |4? ��d'pYt8t8r ��x ��.

F ? q $ �*>1�*>�~�� | {Y> # ��q1� � ��� | � y"�6? { � � |"�1}��>���q/~O{,~��B�)q # ��>cq1�)��� � ��> �1}�*� ? > # {/q4> ? � > � >3~������� ? � � { � �B~ & N
��� A"y �/.�o y > AzyL$ �{ |"�)}��>���q@~�Z +-& { A"y �Sq1� y �/� ?*? �5�	� |4? {/q/~O{,~��B�)q y ~3� ? �*>�� y q + � # { � � |4?	y >Y� y ���/�	q4>H> |2}� + �g< Azy �c�{
?[$ { |"|4? � + {,~��B�)q + �	� ? �/.

] � y >K{ ?*? �)q4>���{,�	q/~3��q"{/q/~ }�*~ y1# �B� ��? ��>S{ ?B� � � �W~ & ����> A"y � | � � ���*~�~���q@~ # � �1}��{ ? �*>�� ��? ��>5� |2}� � {\~��B�)q4> +�? {,>JN
>�� A"y ��>��[{ #"# �W~3�W�1qLZ�>�� y >�~ � { + ~��B�)qLZ"� y4? ~�� |4? � + {,~3�W�1qLZ # �W�1�*>��B�)qLZ � { + �	q1� + { �3�)}�*�/Z + �)� | { � {,�*>��)q4>6�*~ + �)q@�/� � >3�W�1q4>��# {/q4> ? �`> � >3~������� ? � � { � �W~ & ��� Azy �/.
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s4�B��q }�*�)� # ��������q@~�Z ? {5� y4? ~3� |4? � + {,~��B�)qT�*~ ? { # �W�1�*>��B�)qQ> $ �1�1~��B��q"q1��q/~4~ � �B�)�	{ ? ������q@~6��q��O]%� + ~ y {/q@~ � ��> | � + N
~��B�/������q@~ ? {V>��1�����Y�*~ ? { # �g] }� � ��q + � # ��>8�*> | ��>�{/q@~�> # ��> # � y >�q1�)��� � ��>M��q Azy ��>�~3�W�1qL.�EL��> #6}� | {,>�>�������q@~�># � + { | { + �B~ }�Y�/� � > ?[$ �	q@< q1��� y �@� � >H� }� � �J>3�)q/~ U { + � ? ������q/~ #6}�*~3� + ~�{/� ? ��>�.

E({;� y4? ~�� |4? � + {\~��B�)q��*~ ? { # �B�1�*>��B�)q # {/q4> ? � > � >�~������� ? � � { � �B~ & ��� Azy �6�)q@~8�{ | � yS|"� ���> ? {Y�e^����� + �)� |4? �*>1�W~ }�A"y � ?[$ { #"# �B~��B�)q �*~ ? {6>�� y >�~ � { + ~3�W�1q # {/q4> ? �^> � >�~�������M���/~�~�{/q@~�.
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? � � { � �W~ & ��� Azy � y q �*> + � ?*? ��q@~ + {/q # � # {,~ | � y"��� ��� |4? { + � �`? �h> � >3~������� ? � � { � �B~ & ��� Azy � # {@q4> ? ��> # �)��{\�Iq1��>#%$ { |"|4? � + {,~��B�)q # � + � # � � q1�B� � .

F ?2� ��>�~�����{,�	q@~���q"{/q@~��{ �)}��{ ? �*>�� � �O]%� + ~��B�/������q@~ ? ��>=� |4}� � {,~�� y"� > + � ��� ��> | �)q # {/q@~ | � y"� �)�1~���q1� �S? ��> | � � NU � � ��{/q + ��> �)}�*� ?*? ��> # � + �`> � >�~�������/.

@ �



� ����� � � ����	����� � ��
��������
 � � � � � � � �

@/i





���������	��
��
� ����� � � ����	����� � ��
� ������
 � � � �
� � � �

� |4?	y >���q |4?	y > # � + � ��+�y �B~�>T�	q/~ }� �)�1}��>Sq y � }� � � A"y ��>6>��)q@~ �1}��{ ? �*> }��> +*& { Azy �e{@q"q }�*�c�*~ # {/q4> # �eq1�)�5N
� � � y >3��>D{ |"|4? � + {,~��B�)q4> ? { �)�B~���>W>��Sq $ ��>3~ |4?	y > ? { >�� y4? � + { � { + ~ }� � �*>�~�� Azy �=�	� | � � ~�{@q/~�� #%$gy q1� �1}��{ ? �R>O{,~��B�)q

��{,~ }� � �B� ?*? �/. � qT�O]%�*~�Z"{!�/� +S?[$ ��>�>�� � { + ~ y � ?L# ��>�> � >3~��������>4�����"{ ��A"y2}��>6�*~ # ��>;{ |"| { � �*� ? > | � � ~�{/� ? ��>�Z ? { ~�{,� ?*? �
�*~ ? { |"y �*>�>�{@q + � + �)q4>3�)��� }�*� # ��> + � ��+�y �B~�>��Iq@~ }� �)�1}��>Yq y � }� � � Azy ��>`>��)q@~ # �*�/��q y > # ��> | { � {/�c��*~ � ��> # ��~�� y ~|"� �����B� �8|4? {/qL. G qe{5� yT+ ��> # � � q1�B� � >;{/q"q }�*��> ? { + �1����� ��+ �	{ ? �*>�{,~��B�)q # � � {/������> # � |"� � + ��>�>3� y"� >;{!�/� +=y q
� y�|4?	y >��B� y"� >V> |4}� + �	����q4> #6}� # � }��>K{ y >V� ��# �	q"{,~�� y"� >=�*~K{ |"| { � �*� ? > | � � ~�{/� ? ��>�Z + �)� ��� ? ��> 727 t � � � # {@q4> ? {� {/� ��� # ��> 7 �,w6� ��7 t # �=0��/~�� � � ? {".

E $ { � �B~ & � }�*~�� Azy �\> }� � �B� | � � ���*~ # � �)}��{ ? �*>�� �5# ��>�� |4}� � {,~�� y"� > # � | �*~��B~��c~O{,� ?R? �/. A �cq1�)��� � � y >�~ � {!�,{ y >
�*~ �1}��{ ? �R>O{,~��B�)q4>=�)q@~=� y ? �  � y"�Y# {@q4> ? � # �)��{,�	q1� # ��>5� |2}� � {\~�� y"� > # � + { ?B+�y4? > }� � �W�Vd'C1� | m  Z%pYt8m/i1Z%C A m/m1Z
A { # m/r1Z"pYt8r��1Z"F[�=r  Z"F[�=r�@ x .1E $ { � �W~ & � }�*~�� A"y ��> }� � �B� | �/� # > U {,�	� ? ��>;��q ~,^�*~3� + �)q #�y �B~S�{ # ��>H>�� ?	y ~��B�)q4> | { � ~��gN+�y4? � �� � ������q@~Y� ��+ { + ��> | � y"��?[$ { #"# �B~��B�)q �*~ ? {�� y4? ~�� |4? � + {\~��B�)qL.L0�{,�*> ?[$ { � �B~ & � }�*~�� Azy �S> }� � �B� | �/� # > U {,�	� ? ��>=��q
~,^�*~��;q1� | � � ���*~ | {,> #%$ �O]%� + ~ y � �4+ � � ~�{\�Iq1��>M� |2}� � {\~��B�)q4> + �)����� ? ��> # �B�)�*>��B�)q4>=�*~ ? ��> � { + �	q1��> + { ���1}�*��>!. ] � y >
�/� ��� �)q4> A"y � �)� ^{ + �S{ y > � � |"�1}��>���q/~O{,~��B�)q4> � � # �)q # {/q@~���>=� ? ��>�~ | �U>�>��	� ? � # � �1}��{ ? �R>3� � ~�� y ~���> ? ��>K� |4}� � {,~��B�)q4>y > y � ?*? ��>�{!�/� +Ty q1��{ � �W~ & � }�*~�� A"y � > }� � �B� # {/q4> ? { A"y � ?*? � ? ��> +*& �g] � ��> + � �J+�y4? ��q@~ | �/� # > U � � ~�>=��q ~ ^�*~��/.%tH�*~�~��
{ � �B~ & � }�*~�� A"y �;{ |"| � ?O}�*�^)�8.a%;f-O3$579;=a%g91O7`7�/�bE(*a d4/27�{ }�*~ }� |"� � | ��> }�*� | { �2�4��+ � � �,� { + �*~2l � �B�/� # ����q j�r/i/i�d � l8i/i x .
A ��> { |"|4? � + {,~3�W�1q4>8�)q@~ }�*~ }� �1}��{ ? �R> }�*��>���qT{ � �B~ & � }�*~�� Azy �8��q@N ? � � q1�/Z + �1����� # ��>�< ? ~ � ��>8q y � }� � � Azy ��>Yd's � uvm/r x Z# ��>�> � >3~��������> # � + { ?B+�y4? > � { | � # ��> | � y"�v? $ { ?B� ���� � � ? �	q }��{\� � ��d � E%r��"Z � l8r"j x .*.*.*.

EX��>:� 7 n k � � 7�(*K0/�8cDWdO8E)�3V3V)O5�(*7Vd4)�;=7 )U8e8E)�:9+��S>��)q@~ # ��> + � ��+�y �B~�> �Iq@~ }� �)�1}��> # �)q@~ ? ��> U �)q + ~��B�)q"q"{ ? �B~ }��>
? � � � A"y ��>��*~ ? ��> + �1q"q1�*>)�B�)q4>T�	q/~�� � q1��>6>��)q@~ |"� � �)� {@����{/� ? ��>�.�t6��> + � ��+�y �B~�>Q>��)q@~V>�� y �/��q@~��"{,> }��>J> y"��# ��>
~�� | � ? � � �B��> �1}� �)y4? � �� � ��> # � + � ?*?	y4? ��> ? � � � Azy ��> |"� � �)� {/����{/� ? ��>=�*~=�	q@~�� ��+ �)q"q1� + ~�{@� ? ��>���q@~ � ��� ?*? ��>J>3� ? �1q # ��># �*> | �U>��B~�� U >�ZM� y >v{ y >�>��[Z |"� � �1� {/����{@� ? ��>!. EL��>�� 7 n=k | � � ���*~3~���q/~ # � �1}��{ ? �*>�� �T# ��>h> � >�~��������> # �)q@~ ? ��>| � � U � � ��{/q + ��>i>3�)q/~ |"� � +*& ��> # � + � ?*? ��> #%$'y q k=C"F�t �E)�/	/"(*a=:.)�;=afD�/ + / 7�:�a � : af/2;=7 dO8E)�;=7.K :�af8�:�14a%;	� ~�� y ~c��q
�,] � {/q@~ y q | �/~���q@~��B� ? # � |"� � �)� {@����{,~��B�)q |"� � +*& � #�yV? � � � + �B� ? .�t6� � ~�{,�	q4> U {/� � � + {/q@~�> # � � 7 n k ~��B~ � ��q/~ ? � y"�|"y � ? � + �W~ }��{!�/� +=# ��>H> ? � � {@q4> + �)����� 9�PW? { |"y �*>�>�{/q + � #�y -O)U8cK5�*~ ? { |"� � �)� {/��� {,~��B�)q #�y +�D�1<;BR�.

EX��>:� 7 n k >��)q@~ | { � ~3� +�y4? �[�� � ������q/~ y ~�� ? ��> # {/q4> ? � # �)� {,�	q1� #�y |"� �/~��/~ �"| { � ���*~ # ��> | �*~3�W~3��>J> }� � �B��>�.
F ? ��>3~ | ��>�>3�I� ? ��{!�/� +�+ ��> + � ��+�y �B~�> # � �1}��{ ? �*>�� �=y q > � >�~�������K��qV�	� |4? {/q@~�{/q@~ y q + � � ~�{\�Iq�{ ?B� � � �B~ & ���/ZL�*~ # �U {,� � � U �)q + ~��B�)q"q1� �4+ �*~2{ ?B� � � �B~ & ��� # {/q4> y q1��>��B~ y {,~3�W�1q �1}�*� ?*? � #%$ �*> |4? �/�B~�{\~��B�)qL./kY� {/q@~ + ��> + � ��+�y �B~�>�Z1� ?"U { ?*? {\�W~
>��	� y4? � �S? � + �)� | � � ~�������q/~ # ��> + � ��+�y �B~�>���q y ~�� ? �R>O{/q/~ # ��> ? � � � + �B� ? >�~ � ���> � � y"� ��{/q # >=��q�~���� | > # � + { ?W+�y4?
�*~ | � y"�X? ��> A"y � ? > ? {5< #6}� ? �B~ }� # � ? { � ��>�~��B~ y ~��B�)q # ��> + { � { + ~ }� � �R>3~�� Azy ��> �1}�*� ?R? ��> #�y + � ��+�y �B~;~3��>�~ }� }�*~�{,�B~ ? �	���B~ }�*�/.

] � y > |"�)}��>���q@~��)q4> # {/q4> + � +*& { | �B~ � � ? ��>;{ ?B� � � �W~ & ����>6��q@N ? � � q1� y > y � ? >��[{ #"# �B~��B�)qLZ"� y4? ~3� |4? � + {,~��B�)qLZ # �B�)�gN
>��B�)qLZ }�*� { ?	y {,~3�W�1q # � | � ?W� q�^�)����>!.�.*.��*Z1�*~ y q1���1�I� ? �B�/~ & �� Azy � }� +�� �B~��=��qT�=p A E Azy �(�Iq@~��� �)� �Y~�� y > + ��>8� |2}� � {!N
~�� y"� >M�*~ A"y � | � � ���*~ # � + �1q + �*�/�/� �8# ��>={ ?B� � � �W~ & ����> + �1� |4? �*~�> # � + { ?B+�y4? q y � }� � � Azy �/.�EX��>;~ � {��,{ y > # � + �+*& { | �B~ � �K�1q/~ }�*~ }� |"y � ? � }��> # {/q4>5d � 0�l8r�@1Z"nKlMr � Z�l6�*>�r � Z A 0 lMr � Z�l A r/i x .

E({ |"� ����� �� � � | { � ~��B� # � + � +-& { | �B~ � � |"�1}��>3��q/~�� ? ��>Kq1�/~��B�)q4> # ���"{,>�� # � ?[$ { � �B~ & � }�*~�� Azy ����q@N ? � � q1�c{,�	q4>��A"y � ? ��>8{ ?B� � � �B~ & ����> | � � ���*~�~O{/q/~ # � + { ?W+�y4? � �Z? ��> U �)q + ~��B�)q4> y > y � ?*? ��>��[{ #"# �B~��B�)qLZ"� y4? ~3� |4? � + {,~��B�)qLZ # �W�1�*>��B�)qLZ
@/r



���������
	����� �V���#	�� ���4	��f$�&����������f ��� ��& � � ��� �

}�*�,{ ?	y {,~��B�)q # � | � ?W� q�^�)����>O�*.�E%{ # � y >)�[������ | { � ~��B� |"�1}��>���q/~3� ? ��> # �g] }� � ��q@~�> }� ?�}������q@~�> # � ? {e�1�	� ? �B�/~ & �� Azy ��1}��{ ? �R> }�*�=�*~ ? {T� }�*~ & � # � ? � � �B� # �K~���>�~M�Iq@~ }� �)�1}�*� # {/q4> + �*~�~����1�I� ? �B�/~ & �� Azy �/. � q@< qLZ ? { # � � q1� �� � � | { � ~��B� # � + �+*& { | �B~ � � |"�1}��>���q@~�� # � y >c�*>)��� |4? ��> #%$ { |"|4? � + {,~��B�)q4>=��q + � y"� > # � #6}�*�/� ? � |"| ������q@~�.

	^kel � }�~ s��Vu nBs"~W�`� n�n � 	YxW~�{��^n
EX� + { ?B+�y4? > }� � �B�c��>�~ y qQ��� # � # � + { ?B+�y4?;# {@q4> ? � A"y � ?S? ��>eq1�1�S� � ��> + � ��+�y4? ��q/~ # {/q4> ? ��>T� |4}� � {,~�� y"� >

��q�+ 57�8.af7�Z +*& �g] � �S{ |"� ���> +*& �'] � �/.LF ?(� { # � y > | ��>�>��	�1� ? �W~ }��> | � y"�H? �V>���q4> # � + � ��+�y4? {,~��B�)q # ��> +*& �'] � ��> 9 / DUa%K,+1�)�aT5 (*7�+H7�/Q;��7�;=7=�[E%C A � (*7e)Y+<;�+�a dO/2a � :.)�/r;"KUa d4a%; � 8W+<;	��� y /�D�afK,+&1�D�8e;f+�7�/Q;��7�;=7=� 0�C A �03VD,+�;�+�a d4/2a � :.)�/2;�K�a dOaf;
� 8W+�;	�*.%EL��>S{ #"# �W~3�W�1q4>S�*~ ? ��>S� y4? ~�� |4? � + {,~3�W�1q4> > $ �O]X� + ~ y ��q/~Kq"{,~ y"� � ?*? ������q/~ | �@� # > U {,�	� ? ��>S��q ~,^�*~����{ ? $ {,� # �# ��>;{ ?B� � � �B~ & ����> y > y � ? >�. 7 { �2+ �1q/~ � �/Z)� ? q $ ��>�~ | {Y> | ��>W>��	� ? � #%$ �O]%� + ~ y � �M# ��> # �B�)�*>��B�)q4>�Z # ��> + �)� | { � {\�R>3�)q4>
� y #%$�}�*�,{ ?	y � �B? ��> U �)q + ~��B�)q4> }� ?O}������q/~O{,� � ��> | �/� # > U {,�	� ? ��>8��q ~ ^�*~�� # {/q4> ? �S> � >�~������� y > y � ?L# � � � |"�1}��>���q@~�{,~��B�)q# ��>=q1�)��� � ��>�.

tH� + �2��>�~ ? $gy q # ��> | �/�	q/~W> +�� �W~3� A"y ��> #�y + { ?B+�y4? > }� � �B�/.�F ? q $ ��>�~ | {,>K��q@�)�*>�{ � ��{/� ? � # � +*& {/q � � � ? �h>���q4># � + � ��+�y4? {,~��B�)q # ��> # �)q"q }�*��>T��q@~ � � # � y >Q� |4}� � {,~�� y"� >�Z�~�� y ~ ? ��� }��q }�O< + �e�	q/~ � � #�y �B~ | { �\? � /"a@/�7�(*af/27 # ��>
� |4}� � {,~�� y"� >�>�� � {\�W~={,�	q4>�� | � ��#�y .%F ? �*>)�*>�~�� # ��>S> � >3~��������> # � + { ?B+�y4? > }� � �B� | �/� # > U {,�	� ? ��>K��qV~,^�*~��S�"{,> }��>�> y"�# ��> � � |"�1}��>3��q/~�{\~��B�)q4> | { � ~�� +�y4? � �� � ��> # ��> �1}�*� ? > + �1����� ? ��>=q1�)��� � ��>�/2bE)�K�afg�147�+�� +OU d � y �Ir ,x �*."0�{,�*> + ��>�> � >�N
~��������>B>��)q@~ | � y ��� |4? � �2}��>2��q |"� {\~�� Azy � #�y5U {,�B~ # � ? { + �)� |4? �*>1�W~ }� # ��> + �)q@�/� � >��B�)q4>4�/� � > ? ��>�> � >�~��������> |4?Iy >+ �)q@�/��q@~��B�)q"q1� ? >�. ] � y >5�/� ��� �1q4>=��q � .	j/. j Azy � �1� ^{ + ��{ y > � � |"�1}��>���q/~O{,~��B�)q4> � � # �)q # {@q/~���> # ��>Sq1�)��� � ��>!Z%� ?
��>�~ | ��>�>3�I� ? � # � �1}��{ ? �*>�� � ~�� y ~���> ? ��>6� |4}� � {,~��B�)q4> y > y � ?*? ��> | �/� # > U � � ~W>2��q ~ ^�*~��/./E $ )�8.a%;f-O3$579;=a%g91O7V7�/ bc(*a dO/27���>�~y q1�S{ � �B~ & � }�*~3� A"y �^> }� � �B� # {@q4> ? { Azy � ?*? � ? ��>Kq1�)��� � ��> + � ��+�y4? ��q@~�Z +*& �'] � ��{ |"� ���> +-& �g] � �/Z | �/� # > U � � ~�>8��q ~ ^�*~��
�*~ A"y � y ~�� ? �*>�� y q1�Sq1�/~�{\~��B�)q � � # �)q # {/q@~�� | � y"�;� � |"�)}��>���q@~�� �X? ��>Dq1�1�S� � ��>S��d �4��+ m *x �*.

EX��> |"� �	q + � | { ? ��> + { � { + ~ }� � �*>�~3� A"y ��> #%$'y qT� |2}� � {,~3� y"� ��q@N ? � � q1�V>��)q@~ 9
:QC1�)q�K�57�(*)�a	� Azy �(��>�~ #6}�O< q1� + �)� ��� ? { # �g] }� � ��q + � # � ?[$ �	q # � + � #�y +-& �g] � �=��q@~ � {/q@~6�*~ + � ?	y � #�y +-& �g] � �
>�� � ~�{@q/~�./tH�*~�~��Y� { ? � y"� q1� #6}� | ��q #cA"y � # � ?[$ { ?B� � � �B~ & ��� y ~�� ? �*> }� # {/q4> ?[$ � |4}� � {,~�� y"� �*~ #�y > � >3~������� # �� � |"�1}��>3��q/~�{\~��B�)q # ��>Dq1�1�S� � ��> +*& �/�*>��[. � qe{ �J+-& �B~�� + ~ y"� � # ��>Y� ��# �	q"{,~3� y"� > + �*~3~��K�,{ ? � y"� >�� � {,�B~ |4?Iy ~@^�/~
{ |"| � ?O}�*� ? {h(*)�;=7�/.:e7 #�yV| � | � ? �Iq1�T{,>�>�� + � }���{ ?[$ � |4}� � {,~�� y"� � .

:QC1�)q ;=793�/r+ K�7 :9: :�(*7�� y / 57�8.afD�K�7!. t $ ��>�~ ? � |4?	y > �)� {/q # ~���� | > # � |"� � | { � {\~��B�)q #�y >�� � q"{ ?Y# {/q4>
? $ � |2}� � {\~�� y"� .*t6�*~�~����,{ ? � y"� ��� � q1� ? { U��)}� A"y ��q + � ��{\>)�	��{ ? � #%$'y ~�� ? �R>O{,~��B�)q # � ?[$ � |4}� � {,~�� y"� .-tH�*~�~���� { ? � y"�+ � ��� ��> | �)q # { y > # }� ? {,�*> }� ? � + ~ � � A"y ��> # {/q4> ? $ � |2}� � {\~�� y"� .

:QC"{Q+<148 1<)�:.7�. ] � y >Y�*> |"� �	��� � �)q4> ? {V> y"� U { + � #%$gy qc� |4}� � {,~�� y"� { � �B~ & � }�*~�� A"y �=��q U �)q + ~��B�)q #�y q1�)��� � �# � +*& �'] � ��> # ��>T� |2}� � {@q # ��>�.2E%{�> y"� U { + �e�O]%� + ~��B�/� #%$gy qb� |4}� � {,~�� y"��# {@q4> ? � + � ��+�y �B~ #6}� | ��q # #%$'y q�)� {/q # q1�)��� � � # � | { � {@����*~ � ��> # � ��+ � ? ��>e�{ |"� ��q #�� ����q + �1� | ~��S{ y q1�B�/��{ y { ?W� � � �B~ & ��� A"y � + �1�����
? � |4? { + ������q/~ # ��> | � � ~3��> ? � � � Azy ��>6�*~ ? � � � y ~�{ � �/. A {@q4> ? { > y �B~��/Z ? { > y"� U { + �H>�� � {Y�*> |"� �	� }�*� # � U { _+ �)q
{,> � � | ~��/~�� A"y �2��q U �)q + ~��B�)q #�y q1�)��� � � # � +*& �g] � ��> # ��>�� |4}� � {/q # ��>H� + �)������
 ��* � | { � �*>1��� |4? ���*. A �|4?Iy >!Z%q1� y > # �)q"q1� � �)q4> # {@q4> + � � ~�{,�	q4> + {,> # ��>K{ �J�)y ����q@~�> | � � ���*~�~O{/q/~ #%$ ��>�~3�I��� � �*~ # � + �)� | { � � �
? { > y"� U { + �=�O]%� + ~��B�/�S{ |"� ���> ? ��> |"& {,>3��> # � |4? { + ������q@~Y�*~ # � � � y ~�{ � �=��q/~ � � # �g] }� � ��q@~���>�>�� ?	y ~��B�)q4>�.

F ? �*>)�*>�~3� #%$ { y ~ � ��> + { � { + ~ }� � �*>�~3� A"y ��> y ~�� ? ��> | � y"� ? { + �)q + � | ~3�W�1q # � + � ��+�y �B~�> + �)� ��� ? { |"y �*>�>�{@q + �+ �)q4>��1��� }�*�/Z ? ��q1�)��� � � #%$ ��q@~ �1}�*��>��,>�� � ~��B��>�Z ? ��>e�"��>��/�	q4>V��q >3� � q"{ y > # � + �)q@~ � ^� ? �b� & � �E? � � ��>!Z � ��>3�*~�.*.*.��# ��>=� |4}� � {,~�� y"� >!.)0�{,�*> + ��> | { � {/�c��*~ � ��>�>��1q/~ # � ��+ � ? ������q/~5��>�~��	��{/� ? ��>S{!�/� +�|"�1}� + �*>��B�)q�{!� {@q/~ ? {Q> � q@~ & ���>��| � y"�6Azy ��q1� y > |"y �*>�>��B�)q4> ? ��> y ~�� ? �R>3� � � ��+ { + ������q@~�.���� � � . ��� . 3 ��: ��� � 5	3 . � ����"� � . � � 5 �-.���������������� ��� !"��� 5	3 ���������� ������$#%'&(�*)+�� . ���I� 71�6��-, ��.	30/1�: �� �
� �



�V���
	������4	��%$!&����������f ��� � .	j
�Yq1�e{ y ~ � � |"� � |"� � }�*~ }���	q@~ }� � ��>W>�{/q@~�� # � ?[$ { � �B~ & � }�*~3� A"y �c��q@N ? � � q1����>�~ ? � U {,�B~ A"y � + �)����� ? ��> + { ?B+�y4? >

> $ �O]%� + ~ y ��q@~ | �/� # > U � � ~�>K��q ~,^�*~3�/ZL� ? ��>�~ | ��>W>��	� ? � # � + �)q@~ � ^� ? � � ? { |"�1}� + �*>��B�)q �Jd A 0��Dr �x �*. 7 { � �*>)��� |4? �/Z+ �)�����eq1� y > ?[$ {!�/�)q4>�� yb# {/q4> ? � +*& { | �B~ � � > y"�V?[$ { ��� �)q # �6�*>z{ + ~ # ��> U �1q + ~��B�)q4> }� ?�}������q@~�{,� � ��>�Z(�)q | � y ~+ { ?B+�y4? � � ��q@N ? � � q1� ? � �1}��> y4? ~�{,~ # � ?[$�}�*� { ?	y {,~3�W�1q #%$'y q1� U �)q + ~��B�)q  �y > A"yL$ �{ + � A"y � ? � # � ? ��� ��� #�y U {/� � � A"y {/q@~# �c~�{/� ? ��>�q1�h>3� |"� � #�y �*>�� |4?	y >�.20�{,�*> + �*~�~�� |"� � |"� � }�*~ }����>�~ # � ��+ � ? ������q@~ y ~�� ? �R>O{/� ? � ��qb� {,~ }� � �W� ? . ] � y >
{!�/�)q4> + �1������q +L}� ?[$�}�*~ y1# � #%$'y q1��{ � �B~ & � }�*~�� Azy � #"� q"{/��� A"y ���3�{ |"�1}� + �*>��B�)qV�,{ � �	{/� ? ���8��q@N ? � � q1����q y ~�� ? �R>O{/q/~# ��> +-& �g] � ��> + � # }��>H> y"�6# ��>;q1�)��� � ��>6���@~�~�{/q@~�>K� +*& �'] � ��>M��qe�"{,>��^P�� � Z +OU d A 0�l8r@i x �*.

E({ ��� �)y"� � � .	j # �1q"q1� y qV�*>)��� |4? � # � + { ?B+�y4? ��q@N ? � � q1� �*~ ? { ��� �1y"� � � . P�� ?R?	y >�~ � � ? ��>;�,{ ? � y"� > #�yV# }� ? {,�
�*~ # � ? { |2}� � �B� # � #%$'y qT� |4}� � {,~�� y"� ��q@N ? � � q1�/.

�

�

� �5�"� Z � Pf ".�� �����	��
���

����	��
���

����	��
��� ����	��
���

����	��
���

�	������������	�

�
�������
�������	
���� �

�����

 ".0�

!
Z

� �f �� � . j�� ��� 793 /"(*7JKU7 :.)�( :�14(�79/�bc(*a dO/r7 2

��"	��� ��	�

���	������

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

"�4 " � " � "	5 "�6 "�7 "�8 "	9 "�:
; � ; � ; 5 ; 6 ; 7 ; 8 ; 9 ; :

����	��
<� = ��	�>��� � �

? �1@>=��

� �f �� � . P �0A 579(R)Ua 7�; / 57�8.afD�K�7VKCB 1O/�D�/ 57�8E)�;=791O8`7�/ bc(*a d4/27 2
EX��> |"� �	q + � | { y > {!� {@q/~�{ � ��> # � ?[$ { � �B~ & � }�*~�� A"y �=��q@N ? � � q1�\>��)q@~ 9
:QEL� | { � { ?R?O}� ? �*>����;�	q@~ � � #�y �W~ | { �!? � | � | � ? �	q1��{ y q1�W�@��{ y�#�y �1�W~!Z Azy � | � � ���*~ # � | { � { ?R?O}� ? �*>�� ��# ��> > y �B~���># � + { ?B+�y4? >=�	q@~ � �	q4>��� Azy ������q@~H> }� Azy ��q@~��B� ? >
:QE%{ | �*~3�W~3�K~�{,� ?*? � # ��>8� |4}� � {,~�� y"� >K� +OU ~�{/� ? ��{ y � . j��
:QEL� U {\�I� ? ��q1�)��� � � # � ? �B��q4> # � + �)� � y q1� + {,~3�W�1q
:QEL� U {,�B~ Azy �T~�� y ~3��> ? ��>�� |4}� � {,~��B�)q4> y > y � ?*? ��>Q>��/�B��q@~ + { ?B+�y4? {@� ? ��>c��q@N ? � � q1�b� # �B�)�*>��B�)qLZ � { + �	q1� + { ���1}�/Z
>��	q y >�Z + ��>��	q y >!Z ? � � { � �B~ & ���/Z"�*> | �)q1��q@~��B� ?*? �/./.*.��

:QE%{���{,^ �B~ � �R>3� # � ? { |"�1}� + �*>��B�)q
� j



���������
	����� �V���#	�� ���4	��f$�&����������f ��� ��& � � ��� �

| { � { ?*? �� ? � > }� � �B���[E%C A �2� ��q@N ? � � q1�
~���� | > > y"� U { + � > y"� U { + � � > y"� U { + � �

? 
���j�� 
 ��* � 
 �Jj�� 
���j!�
5 
�� ? � �	� *L� 
��
* � � 
��
*L� 
 ��* �
� 
��
*L� 
��
* � � �I� | ��>�>3�I� ? � 
 ��* �
� 
��
*L� 
��
* � � �I� | ��>�>3�I� ? � 
 ��* �

��� ��� 
�� ? � �	� *L� 
��
* � � 
��
*L� 
 ��* �� �	� � � .	j � � DU3�/�(R7 � af;857V7�/h+�148�1�)�:.767�;X7�/�;=7�3 /2+^K�7 +�/"8.a%/.:�a</ )�1��6D�/ 57�8E)�;=791O8W+ 2
EX�el�{/� ? ��{ y � .	j # �)q"q1� ? ��>�~�{\� ?*? ��> # ��>�� |4}� � {,~�� y"� > y > y � ? > # {/q4> ? ��>�{ � �B~ & � }�*~�� A"y ��> | { � { ?*? �� ? �/ZB> }� � �B�

� | �/� # > U {,�	� ? ��>;��q ~ ^�*~������*~;��q@N ? � � q1�/.

���
	���	 ��������������������������� �����������4�"����� �����?��� � ��� � �

A {@q4>edau �	q � @ x Z4u �Iq1� �)� { # ���)q@~ � � A"y � # {@q4> ? ��> � >�~������� y > y � ?=# � � � |"�1}��>3��q/~�{\~��B�)q # ��>eq1�)��� � ��>�Z
� ? q $ �*>1�*>�~�� | {Y> #%$ { ?B� � � �B~ & ��� #%$ { #"# �B~��B�)q ��q�~���� | > + �1q4>�~�{/q@~�� �"��j�����Z +/$ ��>3~�N-�{!N # � � �6>�{@q4> |"� � | { � {\~��B�)q # �� �*~���q y �/Z�>��(�)qT��� |4? �/�B� # ��> | � � ~���> ? � � � A"y ��>D{ y q1�)��� � � #%$ ��q@~ �1}�*��>H��� � q }�/.

kY�1�R�*�B��q1�*> |"� � | �U>�{ # {/q4>cdak;�1� � j x # ��>J> � >�~��������> � � # �)q # {/q@~�> # � � � |"�)}��>���q@~�{,~3�W�1q # ��>�q1�)��� � ��> # {/q4>
? ��> A"y � ? >=� ? ��>3~ | ��>W>��	� ? � #%$ �O]%� + ~ y � �8y q1��{ #"# �B~��B�)qc��qT~���� | > + �)q4>�~�{@q/~8{!�/� +=# ��> | � � ~���>;{ y q1�)��� � � #%$ ��q@N
~ �1}�*��> ��� � q }�/. G q | � y ~6~ � � y �/� ��# {/q4>=da0�{,��r ��x y q1� |"�1}��>���q/~O{,~��B�)q # � + � � ~�{,�	q4>H> � >�~��������> # �=q y � }� � {,~3�W�1q��*~
��q | { � ~3� +�y4? �B� �M+ � ?R? � # ��>H> � >�~��������> � � # �)q # {@q/~�>!Zz{\�Iq4>3� A"yL$'y q1� |"� � y �@� Azy �/Z�>3� y > + � � ~�{,�	q1��> + �)q # �B~��B�)q4>!Z"�)q
q1� | � y ~ | {,>Y�O]X� + ~ y � �6#%$ { #"# �B~��B�)qV��qV~���� | > + �1q4>�~�{/q@~ # {/q4> y q > � >3~�������=q1�)q � � # �)q # {/q@~ #%$�}� +�� �B~ y"� � # ��>
q1�)��� � ��>�.

A {@q4> ? �Q> � >�~������� +�? {,>�>3� A"y � # ��q y � }� � {,~��B�)qLZ y q�q1�)��� � � �1}�*� ? .���>�~ � � |"�1}��>3��q/~ }�K��q��"{Y>�� � | { �=y q1�}� +�� �W~ y"� � # � ? { U � � ��� 9
. /

����� 0 ��� �
�
�
�

�%�y\? ��> �
�
>��)q@~ ? ��> +*& �g] � ��> # �:. |"� �*> # {/q4> ?[$ ��q4>������ ? �GH�� E j E P E �� E � %�j�K)Z1�*~6�X�y � ? �*>1�*>�~�� L ~�� ?LAzy � | � y"�

	 � � L Z��
�
/(�".

� q`j�r � j/ZLkY�1�R�*�B��q1�*>�{Q> y1�@��}� �1}� | � y"�=� � |"�1}��>���q/~3� ��? ��>�q1�)��� � ��> #%$gy ~�� ? �*>�� �`? ��> +-& �g] � ��> # � ?[$ ��q4>3���S� ? �H	%�� E %��+��j E    E � E    E � %cj E � K { yV? �B� y # ��> +*& �'] � ��> # �UH�� E j E P E  � E � %cj K)Z��%�y �5��>�~ y q���q/~��B� � �Iq U,}� � �W� y"�
�%�y`}� � { ? �{ � %ej/./tH��> +*& �'] � ��>8q }� � {,~�� U >B>��)q@~;�{ ?[$ � � � � �	q1� # � ? { # }��>�� � q"{,~3�W�1q # � + ��> � >3~������� + �)�����Z> � >3~�������# � � � |"�)}��>���q@~�{,~3�W�1q # ��>Dq1�)��� � ��>��{ +*& �g] � ��>�>�� � q }��>S� +�a d4/27.K,bcKUa d4a%;X/2143 5W7�8�+�:9+<;=793=�*. G qe���)q/~ � �K{,�*> }������q/~A"y �H>��"P �;��j � � { ? � � >4~�� y > ? ��>8q1�)��� � ��>B>��)q@~ � � |"�1}��>���q/~O{/� ? ��>�. A {/q4> + �Z> � >3~�������/Z9>���PS�;��j � � + � � ~�{,�	q4>
q1�)��� � ��>��)q@~ |4?Iy >3�W� y"� > }� +�� �B~ y"� ��> | ��>�>��	� ? ��>�. 7 { � �*>1��� |4? �/Z ? �;q1�)��� � �HP�
  @S� # {/q4> ? �H> � >�~������� y > y � ? � | � y ~
> $�}� +�� � � �K��q��"{,>3��j%��{!�/� +V?[$ ��q4>������ ? � # � +-& �g] � ��> H	%H@ E %  E %�
 E %HP E %=j E � E j E P E 
 E  E @3K�>�� ? �)q ? ��> + � # { � ��>
P�
  @"Z�P�
�@�� Nc@@��� y P  � Nc@/��� Nc@@�*. G q # �W~={ ? � � > Azy � ? �^> � >�~�������Y��>�~ � � # �1q # {/q/~!.

E $ �	q/~ }� � ^�*~ # ��>Z> � >3~��������> # � � � |"�1}��>���q/~O{,~��B�)q � � # �1q # {/q/~W> ��>3~ AzyL$ � ? �*>1�*>�~�� # {/q4> + ��>�> � >�~��������> # ��>Y{ ?B� �,N� �B~ & ����> | � � ���*~�~�{@q/~ #%$ �O]%� + ~ y � �4# ��>8{ #"# �B~��B�)q4> # � U { _+ �)q�~3�/~�{ ? ������q@~ | { � { ?*? �� ? �/Z +/$ ��>�~�N-�{ N # � � ��>�{@q4> |"� � | {!N@ �� � � � ��:��  ��":(��F=3 � .��� � � � �J: � � � � ��:��  ��":(��F=3 ��� ��� �@��. � ����� �C: ���� . � . : ��J0���? ����� � : � ��� E K N �
� P



�V���
	������4	��%$!&����������f ��� 
".	j

� {,~3�W�1q # � � �*~���q y ��>�. � q | { � ~3� +�y4? �B� � Z ?[$ { ?B� � � �B~ & ��� 
".	j |"� � | ��> }� | { � kY�)�*�*�B��q1�*> # {/q4>Kd k;�1� � j x �O]%� + ~ y � # ��>
{ #"# �B~��B�)q4> # � U { _+ �)qT~��@~�{ ? ������q@~ | { � { ?*? �� ? �/.
��G 9 P\�=JWH�:;-�R �&%('	� )��@V�J � JWR Q�J X '���� ' -
� /r;=8657.7�+*>".@/(�  . � . �    . ) 79; > /(�  > � > �    > )� 57 +<14(*;=)�; >"1 /(1 �  1 � 1 �    1 )
� 7 + /rD�365�8E7�+h+�D�/2; 57 :98eaf;f+h7�/ 5�)Y+<7 � )�F�7�:�K�7�+ : -Oa 
�8c7 + KU)�/�+i(	B 7�/�+�7�365 (R7 H3%�� E    E � E   
� K��^7�;`DH_1
PS� � � � jQ7�;+� � � % j�2
	H/0/ DY+<7

�
� / ! ) /2�

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

������ �����!
! � � � / ��� ��!

( >3� .
�
�>
�
� �&% (

� >3� %��U� ( � .
�
�>
� � �M% (

% ( >3� .
�
�>
� � %���� (

�*),+ b S8�T�5!3 �#��5��!����-�������-!����5{��������#2�"�5�\n� �
/ .

�
�>
�
% � 5 ! � � � �.-/+ ����!3 �#��5.0{K{A�'�"�-!5����{�����4� #%�"�5�Vn

� � ������ ����� ��� ��������� ���� *0���1��� !"�  � � �2�3$�� � ��&1&���1& � '
1
�

/
� �

� ! �
46517 >98�: ; ?=<>51?@7 ;BA1C 7ED ;GF 7 H;BIBJ*> H;2KL; ?NMPO=< C O A 517 J MRQ KL; 
�S ( 51?UT2< C�F�; 7�VI 5 J M 8�: ; O C 7 ; M ; ? : ;�! � � � ? ; DWH;2F�; ? D

F�C TXD ; O C 7 ; M ; ? : ; ! � S1Y O6?Z<>[ C D�51? I\F�C T
D ;]F 7E5 F�C�A1C M J 51?�D ; T^7 ; M ; ? : ; T S 4 ; T C D�D J M J 5 ? T F�;2: _�; ?NMXD�51? IG`; MR7 ;
;bac;BI M : H;B; T ; ? : ?@M ;2KGF T 8�: J ? ; DXH;2F�; ? D F�C T\D ; O C M C�J OdO ; D ; T\5 F H; 7 C ? D ; T S 4 ; M ;2KGF T\D ; O.< C D�D J M J 51?eD C ? TO ; TfTg[1T9M2h;2KL; T^7 ; D�51? D C ?�M9T ; T9M^D�51? I\; ? 
�i (2j S

k C ? TlO C T : J M ;�m�C#n ?oDc<EH;B_ J M ; 7pO ; T I 51?Nq : T J 51? T ; ?�Mb7 ; O ; T JdA ? ; D ; T I Q Jra 7 ; T ; MlO.<s5 F H; 7 C M ;2: 7pD ; T95 : T9Mb7 C�I M J 51? m? 5 : Tf? 5NM ; 7E51? T^O ; T I Q Jra 7 ; Tf?
H;BA1C M J q.T C#_�;BI\: ? ;ut�C 797 ;�S�vwC 7 ;Bx1;2K�F O ;�m O ;yI Q Jra 7 ;{z ( ; T9MP? 5�M�H;}|( S
4~< C O A 517 J MRQ K�; Dc<>� _ Jd�BJ�; ? J T F 7 H; T ; ?NM�H;\IBJr� D ; T9T : T�?Z< ; T9M F�C T _�C O J D ;{; ? t�C T ;G��Sc� ? ;bac; M m O ; T I 51? D J M J 51? T

��� � ��� ( ; M � � � z ( ? ;{F�;2: _�; ?NM F�C T `; MR7 ; T C M J TEq C�J M ; T\T J�KL: O�M C ?�H;2KL; ?NM F 5 : 7 ��� ��i 51? C 7 ; T F�;BIb�M Jd_�;2KL; ?NM � ���� ; M � � (2j S�Y O ;Bx J T9M ; D ; T C O A 517 J MRQ K�; T F�; 7 KL; M9M C ?�MPD ; 7 H;2C O J T ; 7^D ; T C D�D J M J 5 ? T ; ?�M ;2KGF T
I 51? T9M C ?�M ; ? t�C T ;���; ? : M J O J T C ?�M�O ; T@? 5�M C M J 51? T :b���R�b�#�,�B���2��i�I Q Jra 7 ; T�D C ? T@����� ( � � � j 5 :¡ 9¢��b�E¢�£/�,�B���#�
i�I Q Jra 7 ; TuD C ? TG� z ( �b��� ( � j S 4 C 7 ;2F 7 H; T ; ?NM C M J 51?¥¤ ���b�b�2�¦�§�N�2�L; T9M}MR7Bh; T\Tg5 : _�; ?NM ;2KGF Od5�[�H;B; D C ? TuO ; T KL: OdM Jr�
F O Jd;2: 7ET Sc¨ 5 : T C#_ 51? T I Q 5 J T J Dc< : M J O J T ; 7oO C 7 ;2F 7 H; T ; ?�M C M J 51?  g¢��R�E¢�£/�¦�§�N�2� D : q C�J M^D ; O C q C�IBJ O J M�H;y8�: < ; OdO ; 5 a 7 ;
F 5 : 7XO ; MR7 C�J M ;2KL; ?�M©D ; T]? 5 KLt 7 ; TP?�H;BA1C M J q.T S

4 C 7 ;2F 7 H; T ; ?�M C M J 51?P7 ; D�51? D C ?NM ;f g¢��R�E¢�£/�¦�§�N�2�wC H; M�H;lF 7 H; T ; ?NMªH;B;lF�C 7Z� S#«y: [�5�M mR¬LS2©; 797 ; 7E5NT ; Mc® Ss¯�Sb¯�: O �O ; 7PD C ? TG° «}^¯�±�²§³´SµY OdT F 7E5 F 5�T ; ?NMfD ;LI 5 D ; 7 : ? I Q Jra 7 ;G¶ D ; � z ( �b��� ( � Tg5 : T\O C q.517 KL; D ; D ;2: x·t J M9T ¶B¸
i.t J M F 5�T J M J q j ; M ¶#¹¥iºt J MP?�H;BA1C M J q j M ; O�T 8�: ;y¶ � ¶ ¸ z�¶#¹»S

�~x1;2K�F O ; D ; ? 5�M C M J 5 ?  9¢��b�E¢�£/�,�B���#�l¼
½N¾�¿bÀ2ÁÃÂ ½N¾ ½#½2½N¿2¿2¿#¿2¿b½�¿2¿B¿#¿2¿b½B½�¿c¾9¾b¾

Â Ä�½�ÅE½2Æ9¾dÄ�½�ÅE½2Æ9Ä�½�ÅE½2ÆgÄÇ½�Å¦½2Æ9Ä¦¿2ÅE½BÆ9Ä¦¿2ÅE½2Æ9Ä¦¿2Å,½#Æ9Ä¦¿2Å,½#Æ9Ä,¿#Å´½BÆgÄÇ½NÅ´½#Æ9Ä,¿#Å,½2ÆgÄ,¿#Å,½2ÆgÄ,¿2ÅE½BÆ9Ä¦¿2ÅE½2ÆgÄ,¿2Å¦½2Æ9Ä�½�Å,½#Æ9Ä�½�ÅE½BÆ9Ä,¿#Å´½#Æ�¾9¾b¾
È 




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

Â ½N¾ ½#½�¿b½2½2½#½&% ¿9¿b½2½#½2½&% ¿9½N¿R½w¾b¾b¾
Â Ä�½�ÅE½2Æ9¾dÄ�½�ÅE½2Æ9Ä�½�ÅE½2ÆgÄ,¿2Å¦½2Æ9Ä�½�ÅE½BÆ9Ä�½�ÅE½2Æ9Ä�½�Å,½#Æ9Ä�½�Å,½#Æ9ÄÇ½NÅR¿9ÆgÄ,¿#Å´½#Æ9ÄÇ½NÅ,½2ÆgÄÇ½NÅ,½2ÆgÄÇ½�ÅE½BÆ9Ä�½�ÅE½2ÆgÄÇ½�Åg¿RÆ9Ä�½�Å,½#Æ9Ä¦¿2ÅE½BÆ9ÄÇ½NÅ´½#Æ�¾9¾b¾

4 ;('lC�t O ;2C�: 
�S � D�5 ?�? ; O ;}I 51D C�A�; D ; T I Q Jra 7 ; TfD C ? T^O C 7 ;2F 7 H; T ; ?�M C M J 51?  g¢��R�E¢�£/�¦�§�N�2�2S
I Q Jra 7 ; 7 ;2F 7 H; T ; ?�M C M J 51? iº¶ ¸ m ¶ ¹ j
z ( i ��� (2j
� i ���b� j 5 :�i ( � (2j
( i ( �b� j

� �	��) 
�S �+*-,W�/.µ��0� �§�2143.��365�¢�187��B� ¤:9 5 
P�´� �y�"1�t 5 797E5&; � T C#_�;=<
>@?BA�?6C D-EGFH4I�JLK�H4MNI�OPH4QSRUTBV6W�QNH FH4T FH4XYHLQ�K�J�VZI�HLO[(\�]^]`_�]
\baNced4a a�f�g"f
h�i$\Likj"lLm�m"lLnporq�s4t�u

PC�t J M : ; OdO ;2KL; ?NM m 51? : M J O J T ;^; ? C 7 J MRQ K H; M Jd8ª: ; D ; T IB; OdO : O ; T�vUw�x^x �E��7�7��#�Wi�y � j F 5 : 7l7 H;2C O J T ; 7cD ; T C D�D J M J 5 ? �? ;2: 7ET SLz ? ;}IB; O�O : O ;{y � ; ? A�; ? D�7 ;L: ? t J MfD ; Tg5 KGKL;(|}; M : ? t J MPD ; 7 ; M ; ? : ;(}LF�C 7 C D�D J M J 51? i 7 H; D : I M J 51? jD ; 
Lt J M9TPDc< ; ?NMR7 H;B;Gi.��m4~©; M ¶ j C#_�;BIw¼
� � ~ � ¶ � ��} � |z ? ; 7 H;2C O J T C M J 51? F 5NT9T J�t O ;�CN: ? J�_N;2C�: Od5 A�Jd8�: ; D ; O C�IB; OdO : O ; vUw�x^x �E��7�7��#�X; T9M ¼�� � } � KGC��§i.� � ~ � ¶ j� i.���P~ j�� i.����¶ j�� i6~@��¶ j| � ���$~ � ¶

k C ? TWO C ? 5�M C M J 5 ?  g¢��b�´¢N£/�,�B���2�#m�IB; 7EM C�J ? T t J M9T F�;2: _N; ?�M C#_ 5 J 7 D ; T F 5 J D�T\?�H;BA1C M J q=T S�z ? ;\IB; OdO : O ;{y �¡? ;
F�;2: M I 51? _�; ? J 7 8ª: ;{F 5 : 7 C D�D J M J 5 ?�? ; 7\D ; T t J M9T\D ; K�`;2KL; T JdA ? ;�Sl¨ 5 : T C OdOd51? T}D�51? I{: M J O J T ; 7 : ? ;GIB; OdO : O ;DXH; D J H;B;�m�C�F�F�; ObH;B;·v�v~¯ i.v O : T v O : T ¯ 5 J ? T j mwJ ? T F J 7 H;B; D ; O CeIB; O�O : O ;�y � m�F 5 : 7LO ;�I2C O I2: OPD ;�I Q J a 7 ; T ; ?
 g¢��R�E¢�£/�¦�§�N�2�/¼

��� � ~���z�¶�� � ��}&��z�|2�
4 CyIB; OdO : O ;{v�v~¯ F�;2: M ;bac;BI M : ; 7XO C 7 H; D : I M J 51?GD ; T 
Gt J M9T^Dc< ; ?NMR7 H;B;f; ? �Lt J M9T^D ; T95 7EM Jd;\; ? : M J O J T C ?�MPO C7 H;2C O J T C M J 51? Od5 A�Jd8�: ; T : Jd_"C ?�M ;X¼�� � } � � K�C&�2i.� � � ~ � � ¶ � j� iº� � �P~ � j�� i.� � � ¶ � j�� i6~ � � ¶ � j| � � � � �$~ � ��¶ �
4 C{ywJdA1: 7 ; 
�S 
GF 7 H; T ; ?NM ;u: ? ;LC 7 I Q J M ;BI M : 7 ; Od5 A�Jd8�: ;�F 5�T9T J�t O ;{F 5 : 7^O ; T IB; OdO : O ; T y � ; M v�v~¯�S�� ? F 7 C#�M Jd8�: ;�m O ; T IB; OdO : O ; T v
vw¯ Tg51?�My7 ;2F 71H; T ; ?NM�H;B; T I 5 KGKL; D ; T IB; OdO : O ; T y � KGC�J T C#_�;BILF 5 : 7 I Q C�8ª: ;L; ?NMR7 H;B;}; M

I Q C�8ª: ; T9517EM J�; O ; T JdA ? ;yI 517g7 ; T F 5 ? D C ?�M i�_ 5 J 7XO.< C D�D J M J 51?�? ;2: 7 ywJdA1: 7 ; 
�S�� j S
�{��� h�� �\�a�c�_ i$i�h������2\P\Li�j2lLm�m"lLnpo�q�sLt�u

k : q C�J MGD :�I 5 D C�A�;�F�C 7 M JdI2: O Jd; 7 ¶ � ¶ ¸ z ¶ ¹ m O.<s5 F�F 5�T�H; Dc< : ? ? 5 KLt 7 ; 7 ;2F 7 H; T ; ?�M�H; ; ?  9¢��b�E¢�£/�,�B���#�T2<s5 t M Jd; ?�MXMR7 Jd_ J�C O ;2KL; ?�M ; ? F�; 7 KL: M C ?NM�O ; T^D ;2: x�t J MgTWD ;\I Q C�8�: ;fI Q Jra 7 ;�S�� ;2: OµO ; 7E5 : M C�A�; D ; T n OdT C 7g7 Jd_"C ?NMD C ? T : ? 5 F H; 7 C M ;2: 7
D�5 J M `; Mb7 ;]K 51D Jrn H;�m�C�: I2: ? ;uF 517EM ; Od5 A�Jd8�: ; ?Z< ; T9M^?�H;BIB; T9T C�J 7 ;�S
È&�



�����
	���� ��	��^� ���������������� 
�S (

�������������	��

� �

��

�������������������
��� ���

��� ����

#@�^� ) 
�S 
+*��
� x�x w�x �B�����0�"3! " "#�<
Y O ;Bx J TgM ;·: ? ; D ;2: x1J h;2K�; T95�O : M J 51? F 5 : 7�5 t M ; ? J 7�O.<s5 F�F 5NTªH; Dc< : ? ? 5 Kut 7 ;�; ?  g¢��R�E¢�£/�¦�§�N�2�2S
Y OPT :%$ M m

; ? ;bac; M m D ;�I 5 KGF ObH;2KL; ?�M ; 7 I Q C�I2: ?�D ; T D ;2: x t J M9T D ;�I Q C�8ª: ;UI Q Jra 7 ;�S'&X; M9M ; M ;BI Q�? Jd8�: ;e: M J O J T ; D ;2: x
J ? _N; 7ET ;2: 7ET K�C�J T F�;2: M `; MR7 ;]: M J O ;y; ? Tg517EM Jd; Dc< : ? 5 F H; 7 C M ;2: 7 F 5 : 7 C�: A1K�; ?�M ; 7
T C T9517EM C ? IB;�i v ��1��´¢ w 3 j C#_�;BI
: ?�DXH; O C�J H; O ;BI MR7 Jd8�: ;uF O : T F�; M J M 8�: < ; ? : M J O J T C ?�M : ?   w�( �#� D ; T9517EM J�;�S

)(�2h�aS_�f�g a�\ a�\L_+*-,%.�f0/ �"\�� \4i j"lLm�m"lLnporq�sLt�u
4 ; F 7E5 D : J M@D ; D ;2: x3I Q Jra 7 ; T F 7 J T�D C ? T�� z ( �b��� ( �·; T9M�O : JLC�: T9T J D C ? T�� z ( �b��� ( � S"&X; F 5 J ?�M ; T9MO.< : ? D ; T C#_�C ?�M C�A�; TLD ; O C ? 5�M C M J 51?  9¢N�R�E¢�£/�¦�§���#�2S k C ? TGO C ? 5�M C M J 51?3¤ ���b�R�#�¦�§���#�2m O ;eF 7 51D : J M D ; D ;2: x

I Q J a 7 ; T D ; �"��� ( � � � ; T9M D C ? T������ ( � � � � �1mpIB; O C 5 t O JdA�; hC�A H; 7 ; 7}D ; T�7 ; M ; ? : ; T{T :�F�F ObH;2KL; ?�M C�J 7 ; T IB;�8�: J
I 5 KGF O Jd8�: ; O ; 7E5 : M C�AN;�S k C ? TWO ; T t�C T ; T^T :�F H; 7 Jd;2: 7 ; TGhCL��m O ;uF 7E5 D : J MfD ; D ;2: x�I Q Jra 7 ; T^D ;B_ J�; ?NM : ? ;uF 5 7EM ;D ;Gt�C T ;}I 5 KGF O ;Bx1;L; M I 5 `: M ;2: T ;L; ?UT : 7¦q C�IB;�S�� ?  9¢��b�E¢�£/�,�B���#�2m O ;GF 7E5 D : J M\D ; T I Q Jra 7 ; T ��132�~�1 T ; Mb7 C D : J M
; ? iº� ¸1 � � ¹1 j 2�i6~ ¸1 � ~ ¹1 j � i04 ¸1 � 4 ¹1 j C2_N;BI

4 ¸1 � i.� ¸1 � ~ ¸1 j � i � ¸1 � ~ ¹1 j
4 ¹1 � i.� ¹1 � ~ ¸1 j � i � ¹1 � ~ ¹1 j

4 C{ywJdA1: 7 ;65�S � F 7 H; T ; ?�M ;y: ? ;GC 7 I Q J M ;BI M : 7 ; D ;GKL: OdM J�F O J�;2: 7oD ; D ;2: x�I Q J a 7 ; T  g¢��R�E¢�£/�¦�§�N�2�yF�C 7 M JdI2: O J h;b�7 ;2KL; ?NM t Jd; ? C D C�F M�H;B; hCL: ? ;}J K�F O C ?�M C M J 51?�T : 7 y�v�« � S

7Pa a�f�g"f
h�ik��d4�"d4]�]98\�]�\�\Likj"lLm�m"lLnporq�s4t�u
� 5 J�; ?NM � � �;: �=<9� � :�:�: �%>y; M ~ � �=: ~�</~ � :�:�: ~�> D ;2: x ? 5 KLt 7 ; T\hC\C D�D J M J 51?�? ; 7 m�; M | � |@? : |�<�| � :�:�: |�> O ;2: 7T95 K�KL;�SA& ; T»? 5 KLt 7 ; T/T951?NMw7 ;2F 7 H; T ; ?�M�H; T ; ?  9¢N�R�E¢�£/�¦�§���#�2S 4w< C O A 5 7 J MRQ KL;B5�S �^F�; 7 KL; MwDc< ;bac;BI M : ; 7/O.< C D�D J M J 5 ?

F�C 7 C O�O.h; O ;{| � � � ~�S 4 C ywJdA1: 7 ;C5�S�� 7 ;2F 7 H; T ; ?NM ; O.<s5 F H; 7 C M ;2: 7X7 H;2C O J T C ?NMfO.< C O A 5 7 J MRQ KL;D5�S �GF 5 : 7FE � � SHG ?7 ;2KGC 7 8ª: ;\; ? F�C 7EM JdI2: O J�; 7 8�: ; O ; T JdA ? C Ol? ; D�5 J M C�: F O : TfMR7 C2_N; 7ET ; 7 8ª: ; D ;2: x IB; OdO : O ; T v�v~¯�m 51?�7 ; MR7E5 : _�;
È �



���������
	����� ������	�������	������������������ ���!"���$#����D�

���
	����	

��� ����

� �� ��� ��� �

#@�^� ) 5�S � * ��� x^xew�x �u� 0�b� x 5��B��143 x � .µ�E¢"7 w 5�3 7���� ¤:9 5 ( �´� �ft 517g7E5&; � T C#_�;=<
t Jd; ? : ? M ;2KGF T^D ;}I2C O I2: O ; ?�� i�� j S
7P]��4h �&f�g�.���\������ � 7Pa a�f�g"f
h�i j"lLm�m"lLnporq�s4t�uP��d4�2d4]�]98\�]�\
!�" #%$�&(')&+*-,�&/./*/')&101$32 ¶ ¸> � | ¹> � �
!54 6�087-9;:=<�*>9?&+*8$�'A@-B EDC* � B1E>E?B�F+'G7HB/9IB($KJL*>9�*-,>, CB>,�B 2

� ¸1 � ~ ¸1 z�� ¹1 � �N¶ ¸1 ¹ < z�¶ ¹1
!5M 6�087-9;:=<�*>9?&+*8$�'A@-B EDC* � B1E>E?B�F+'G7HB/9IB($KJL*>9�*-,>, CB>,�B 2

¶ ¹1 � ~ ¹1 z ¶ ¸1 � ��| ¹1 ¹ < z�| ¸1
¢�1 .ª¢��§�ON�| ¸? � ¶ ¸?

+ + -
+ -

+ + -
+ -

+ + -
+ -

+ + -
+ -

- - +
- +

- - +
- +

- - +
- +

- - +
- +

a+
1 b+

1 a-
1 b-

1 a+
2 b+

2 b-
2a-

2 a+
3 b+

3 a-
3 b-

3 a+
4 b+

4 a-
4 b-

4

c-
1 c+

1c+
0 c-

2 c+
2 c-

3 c-
4c+

3

+s -s -s+s +s -s+s -s +s -s0 0 1 1 2 2 3 3

0

0

4 4#@��� ) 5�S �p*KP�1@��7�7 5^365�¢�141�� w �ft-Q>RSR�Q ; � T C#_/T .ª�N�´� x^xVU� x ��W@ �5�3��:<
>@?BA�?^> XZY�Y V6K�V\[�Q H4QSRUTBV6W�QNH

Y O T TgM F�Q T9T J t O T D T M R9C DL] J�R�T O_^ C Oa` Q>Rcb MbQ K�Ted ^gf d�d�b M baQ>hji f R f�OdO=hT O TF5�S �kdmlTBI(R�b M Inbr�od�T T9T�] T T(h ] h�TW_GT(R T baQ>h �"1��x 5gp�1��Xi�I q»°gqef � ²�5Nm q
ksr ¯�² � ³ j S�G�htQ1t�uSbaT(hGu f1v Q>R TOv_^ Q>i�lT(R f uST ] R)delTBI(R�bau�yOb `>] RcT 5�S È S1w)TedmlT v�f b�d�TWInTnuxQ>i�lT(R f uST ] R
T T uG��myTnusb vzf lTnu�lT�delT({�Q>hGu�R�lTtd f h T�°gq
ksr ¯�² � ³}| ] T InTnuSuST _ f1v T ] R�T T utQ>i�uSb�{ f1v T~i-Q ] R v�f R�T(i�R�lT T T(hGu f uSbaQ>h
 g¢��R�E¢�£/�¦�§�N�2�2ScY v h ^ TBx�b T uST3i f�T d ^gf1va` Q�R�bau Q {�Tjd ^gf d�d�b�u�b�Q�h�T(hN� v b ` h�T�T(h�t f�T T{��d�Q>hGu v T�delT v�f b T Q/bau�b�h q lT(Rcb�T ] Rhf ��S &eTBInbeh ^ T T usi f�T�v T I f�T i�Q ] R�d�T T t f�T T T\T�] i�lT(Rcb�T ] RcT T Slv f R�TBx�T({ji v T�m ] h�T�u�R f d ] InuSbaQ>hZi�Q/bad T}q Q�R�u T T(h
u�`TnuST�d�T v_^gf1va` Q>R�bau Q {�Tsd ^s� _>bd�nbaT(h�b T T(h�u�`TnuSTPInQ>h�d ] bau hfj] h�Q>i�lT(R f uST ] R�d�TsdelT v�f b��si�Q ] Re��� ��S &eT�delT v�f byT T u
Q>i�uSb�{ f8v S

È�È



�����
	���� ��	��^� ���������������� 5�S��

� ��
� �
� ��
� �

� �� ��
� � ��

���S�

�����	��
�����

#@��� ) 5�� È * ��7 7�5^365�¢�1L1�� w �\�"1�� x 5 p=1�� 7��{7�� w�� 1�¢��G B�E� ���B7 0� x ��5O��� <
w ^gf R�bau���{ lTnuSba| ] T�T(hN� v b ` h�T i�R�lT	�ST(hGuST ] h�T�I f R f Inu lT(R�b��Su�b�| ] T�b�hGu�lT(R�T	��� f hGuST3i-Q ] R v_^gf d�d�bauSbaQ>h d�T�i v�] �SbaT ] R�

h�Q>{Lt�R�T	����v f R}TBx>T({ji v T�m v�f �SQ>{j{�T�d�T�u�R�Q/b���h�Q>{Lt�R�T	�kT(h ] uSb v b�� f hGu v_^gf ���SQ1Inb f u�b���bau�lT�d�T v_^gf d�d�bauSbaQ>h�InQ�h�d ] b�uhfs] h=Q>i�lT(R f uST ] Rxd�TzdelT v�f b � � &eTzdelT v�f bHh ^ T	�Suei f ��Q�i�uSb�{ f1v ��G�h=u�R�Q ] �GTzd f h�� ° q�ksr ¯�² � ³ ] h f1va` Q�R�bau���{�Tz| ] b
i�T(R�{�Tnuzd�TsR�lT f1v b���T(R ] h f d�d�bauSbaQ>h�h�T ] RkT(hN� v b ` h�T�d�T! �h�Q>{Lt�R�T	� f �/TBI ] h�delT v�f bHQ�i�uSb�{ f1v lT `>f8v»hf#" v Q ` �  �$ � �
InQ>hGu�R�TG� " v Q ` �  �$ f �/TBI v�f �SQ v�] uSbaQ>h f R9t�Q�R�T	�9InT(hGuST f ����Q1Inb f uSb��/T���w f uSTBI���h�ba| ] T{InQ�h��Sb��SuST hf R�lTnd ] b�R�T v T	�Lt�bau��
i Tnuzh�Q>h�i f � v T	�PI	��b a R�T	� j d�Ts{&%T({�T R f h `jv Tsi v�] ��u�%Q/uzi-Q����Sb�t v T���w f yOb `>] R�T 5'�)(�i�R>lT	�ST(hGuST ] h f d�d�bauSbaQ>h�h�T ] R
d�TD5�h�Q>{Lt�R�T	�kT(hN� v b ` h�T=d�T�dmlT v�f b 5��

� ��
� �
� �� � �� �*

� � �*� �
 ��
 �

# ��� ) 5��)( * ��7�7�5�365Ç¢ 141�� w �\�21�� x 5 p=1��(7�� 3.�´¢ 5��(1�¢��G B�E�B�+�Z7 0� x ��5-,.�=<
G�h R�T({ f Rc| ] T�| ] T v�f u f b v�v T�d�T v_^ Q>i�lT(R f uST ] R�d ^gf d�d�b�u�b�Q�hKT(hN� v b ` h�T�h�T~delT(i�T(h�d;i f ��d�T v�f u f b vav T�d�T	�

Q>i�lT(R f h�d�T	��� G�h u�R�Q ] �/T�d f h�� ° ¯ ]�v ² � ³ ] h�TLI f R f Inu�lT(Rcb�� f uSbaQ>h�d�T	� q Q>h InuSbaQ>h���| ] b/�SQ�h/uPI f1v I ]�v�f t v T	� T(hN� v b ` h�T
i f R=d�T	��Q>i�lT(R f uST ] R�jd�T�u f b vav T t�Q>R�h�lTnT��'&eT	� q Q>h InuSbaQ>h��0��Q>h/u v T	� q Q>h InuSbaQ>h�� f $ h�T	� i f R3{�Q�REInT f/] x f �/TBI
d�T	�LInQ>T�$ Inb�T(hGu��3R f uSbaQ>h�h�T v ��i q Q�h InuSbaQ>h���d ] u1�i�T02»i43 j � ��3 � ~�Tnu52wi63 �.7 j � ��3 � ~ 7 � ¶ f �/TBI{� � ~ � ¶
d f h��98 j � &eT�u�R f � f b v {�Q>hGu�R�T f/] ���Sby| ] T v�f { ]�v uSb�i v bdI f uSbaQ>hZm v�f d�b���b��SbaQ>hZm v�f R f Inb�h�T}I f RSR�lTnT�Tnu v T	� q Q�h InuSbaQ>h��
lT v lT({�T(h/u f b�R�T	�zh�T:�SQ>hGu}i f �WI f8v I ]�v�f t v T	��T(hN� v b ` h�T f �/TBI�d�T	�kQ>i�lT(R f uST ] R��d�T�u f b v�v TLt�Q>RSh�lTnTw¼Li f R�TBx>T({=i v T�m ] h
{ ]�v uSb�i v baT ] R d�Tsh�Q>{Lt�R�T	�zd�T E I	��b<;yRcT	�9�ST(R f d�T�u f b vav T�i�RcQ>i�Q>RcuSbaQ>h�h�T vav T>=fCE �

>@?BA�?@? A M�T6K�V E TZVCB�JLK�V\[�QYHLQ@R�TZV6W Q�H�H K~[ EGFHLI�JLK�HLM�I�O YGFH4I�V4D FH4O
G�h�u�R�Q ] �/T3d f h�� ° ��'E(�( ³ed�T	� f8v�` Q>R�bau���{�T	�jT(hN� v b ` h�TZi�Q ] RtT.;�TBInu ] T(Rtd�T	�j{ ]�v uSb�i v bdI f uSbaQ>h���Tnu�d�T	��d�br�

��b���b�Q�h����"&eT	� f1va` Q>Rcb�u.��{�T	�jQ>hGu�lTnu lT f d f i�u�lT	� f/] I f ��d�T v�f t f �ST�� i-Q ] R v�f R�T(i�R�lT	�ST(h/u f uSbaQ>h3 9¢��b�E¢�£/�,�B���#�° «}^¯�±�² m q
ksr ¯e² � ³�ª¨kQ ] ��i�R�lT	�ST(hGuSQ>h��ebdInb v T { ]�v uSb�i v b�T ] R�d�T�delT v�f b 5tdmlTBI(R�bauzd f h�� °gq
ksr ¯�² � ³��;&eT�dmlT v�f b
h ^ T	�Su�i f �jQ>i�uSb�{ f8v m b v TBx>b��SuST ] h f1va` Q>R�bau���{�T�d�T { ]�v uSb�i v bdI f u�b�Q�h T(hN� v b ` h�TZT(h t f �ST���d�T~delT v�f b^�GF f/] ���Sb
i�R�lT	�ST(h/u�lT�d f h�� °gq
ksr ¯�² � ³IHBm { f b�� v�f i�lT(Rcb�Q�d�T�d�T{InTnu�Q>i�lT(R f uST ] RPI(R�QJ%K�u f �/TBI v T~h�Q>{Lt�R�T=d�T�I���b<; R�T	��d�T	�
Q>i�lT(R f h�d�T	�yInT=| ] bzi�QJ�STj| ] T v | ] T	�3i�R�Q t v =T({�T	��d ^ b�{ji v�f hGu f uSbaQ>hLF Q>h�h�T�i�T ] uji f ��dmlTBI(R�b�R�T ] hG�L� ¤ �´¢��   x ¢ ¤
| ] b i�Q ] R�R f %Tnu
R�T R�lT ] uSb v b�� lT qof Inb v T({�T(h/u.H	�

G�h�I f1v I ]�v TB4 � 3 2 7 QM=] 3 � �;: 3 <�3 � :�:�: 3=>µm 7 � �;:<7 < 7 � :�:�:�7 >�Tnu 4 � �;: 4 < 4 � :�:�: 4 � >!�SQ>hGumRcT(i�R>lT	�ST(hGu�lT	�
È (



���������
	����� ������	�������	������������������ ���!"���$#����D�
T(h  g¢��b�E¢�£/�,�B���2� � G�h�delTbnHh�bau f �/TBI  � E ¼

3������ � �;: 3 <�3 � :�:�: 3 �7 ����� � �;:)7 < 7 � :�:�:�7 �
4������ � 3������32 7 �����

G�h f 	
3 �
� ¸ < � � 3 ����� � 3 � ¸ < � ¹ � ¹ <7 �
� ¸ < � � 7 ����� � 7 � ¸ <§� ¹ � ¹ <k Q�h I

4���� ¸ < � � 4��
��� � 7 � ¸ <§� ¹ � ¹ < 3��
� ¸ < � � 3 � ¸ <R� ¹ � ¹ < 7 �������byQ>h�dmlTbnHh�bau� ����� Tnu�} �
��� uST v �z| ] T�¼
� � ? � � } � ? � � �

� �
� ¸ < � � � ����� � 7 � ¸ <R� ¹ � ¹ < 3 �
� ¸ < �}��
� ¸ < � � }������ � 3 � ¸ <§� ¹ � ¹ < 7 �����
��v Q>R�

4 ����� � � ����� � } �����
w ^ Q>i�lT(R f uST ] RZInQ>R�R�T	��i�Q�h�d f h/uOT	��u�i�R>lT	�ST(hGu�lT�yOb `>] R�TB5�� ±kTnu v�f i f RcuSbaT f d�d�b�u�b�Q�h�h�T ] RwnHh f8v InQ>RSR�T	��i-Q>h�d f hGuST

T	�Su�i�R�lT	�ST(hGu�lTnT�yOb `>] R�T 5��r²��
Q (k)

k+3

R (k)

k+3

Q
k+2

(k)

R (k)

k+2

r
k+1

Q (k+1)

k+2

R (k+1)

k+2

x
k+1

y
k+1

q
k+1

P
k-2

X

Y

(k+1)

(k+1)
registre

registre à décalage

#@�^� ) 5�� ±+* # w=x 365 . x 5Ç� w �\�21�� x 5 p=1��(7�� 7 0� x ��5-,=<

P
k-2

+

P
k-2

-

q
k+1

+

q
k+1

-

r
k+1

-

r
k+1

+

q
k+2

+

q
k+2

-

r
k+2

+

k+2
r -

#@��� ) 5'� ²+* ��7�7�5�365Ç¢�1L1�� w ��� 1�� x 7 w � w�x 365 . x 5�� w �y�21�� x 5 p=1��(7���7 0� x ��5-,=<
&}T�{ ]�v u�b�i v baT ] R�i�T ] u!%Tnu�RcT}{�Q>d�brnzlT©InQ>{j{�Tzb�h�d�ba| ] lT�d f h�� °gq
ksr ¯e² � ³�i�Q ] R~I f1v I ]�v T(Red�T	�XI f RSR�lT	�9F dmlT v�f b

5�HBm?d�T	�s{ ]�v uSb�i v bdI f u�b�Q�h���i f R ] h�TGInQ�h��Su f hGuST F dmlT v�f bl��HkTnu�d�T	�yt�b�h %Q>{�T	�L� 3 � ~ F delT v�f b35�H	�ZvxQ ] R v TuI f8v I ]�v
È ±



�����
	���� ��	��^� ���������������� 5����

d�T	�ft�b�h %Q>{�T	�#m>Q�h ] uSb v b��ST v�f u�TBI���h�ba| ] Tsd�TsR�lTnd ] InuSbaQ>hjd�T	�Pt�b�u�� � ] Tsi�Q ] R v_^gf d�d�bauSbaQ>h�d�Tsi v�] �SbaT ] R��h�Q>{Lt�R�T	�
d f h�� v ^ f d�d�bauSbaQ>h�h�T ] R
nHh f1v i-Q ] R�R�lTnd ] b�R�T v T�delT v�f b�d ] t�b�h %Q>{�baT ] R	�;G�h f RSR�b��/T f1v Q>R�:=fs] h�Q�i�lT(R f u�T ] R�d�T�dmlT v�f b
d�TD5}InQ>hGu�R�T � �Sb�Q>h f � f b�u©I f1v I ]�v lT F.��3 H � ~ �

&}Q>h q Q�RS{ lT({�T(h/u9=f InT�| ] b f lTnu lT�{�Q>h/u
R>lT�i f R�¯ ]�vav T(Red f h�� ° ¯ ]�v ² � ³´m v�f u f b vav Tsd�T v_^ Q�i�lT(R f u�T ] ROd�Ts{ ]�v uSbr�
i v bdI f uSbaQ>h�T(hN� v b ` h�TsdelT(i�T(h�d�d�T v�f u f b vav T�d�T	�eQ>i�lT(R f h�d�T	���=z�h�R>lT	� ]�v u f u-�Sb�{�b v�f b�RcT f lTnu�lTeQ1t�u�T(h ] i f R q R�T(h/u�Tnu
r�] h ` d f h�� ° qmr ±-�9³��� v ��Q>hGu2m�T(h�T.;�Tnu2mL{�Q>h/u
R>lT�| ])^ b v TBx�b���uST ] h InQ>{ji�R�Q>{�b��kT(h/u�RcT v�f � ] R q f InT�Tnu v Tsu�T({ji��
d�TyI f8v I ]�v d ^g] h~{ ]�v uSb�i v b�T ] R}t�b�h f b�R�TW¼� F E H� ? ��� F E H� ?�� �	��
 E < ¸ � �������° ��� �§³

QM=] � F E HeTnu � F E HE��Q>h/uzR�T	�
i�TBInuSb��/T({�T(hGu v�f � ] R q f InT�Tnu v Tsu�T({ji�� h�lTBInT	��� f b�R�T�i�Q ] RkT.;�TBInu ] T(R ] h�Tj{ ]�v uSb�i v br�
I f uSbaQ>h�d�Ttd�T ] x h�Q�{ut�RcT	�ft�b�h f b�R�T	��d�T E I���b<; R�T	�zTnuzQM=] � ?�Tnu � ?9��Q>h/ukd�T	�^InQ>h��Su f h/uST	�e| ] b�delT(i-T(h�d�T(h/u�d�T
v�f u�TBI���h�Q v Q ` b�T��

>@?BA�?�� � V6D�VZO&V\[�QYH�K-I J B�VBQ�H B�J�I�I FH4H H4QSRUTBV6W�QNH
k Tjh�Q>{Lt�R�T ] x f1va` Q�R�bau���{�T	�sTnutb�{ji v�f h/u f uSbaQ>h��sd ^ Q>i�lT(R f uST ] R��T(hN� v b ` h�T�d�Tjd�b��>b��SbaQ>h Q�h/uZlTnu lT�i�R�Q>i�QJ� lT	�

d f h�� v�f�v bauSu�lT(R f u ] R�T ° ��'E(J(1m��oR ; (�± m�� G:(N²�m/��wc±�� m�� G\±�(�ml�N'^±�( m w���±J(�ml�N'^±�² m wc�
²���mxwc��²�5�I�mc¯��X¯�²�5 m
wc�
²�5�tN³���w f R�lT f1v b�� f uSbaQ>h�d ^ ] hjQ>i�lT(R f uST ] Rxd�T�d�b��>b��SbaQ>h�T(hN� v b ` h�T�delT(i�T(h�d�d�T	�mQ�R�dLR�T	��d�T ` R f h�d�T ] R�R�T	��i-TBInuSb q �
d ] d�b���b���T ] RZTnu�d ] d�b��>bad�T(h�d�T��y��hKT.;�Tnu2mXInT(R�u f b�h�T	�@InQ>hGu�R f b�hGuST	��d�T��
h�Q>RS{ f1v b�� f u�b�Q�h��G� ] R v T	��T(h/u
R>lTnT	�
InQ>h�d ] b��ST(hGu!=f d�T	�-�SQ v�] uSbaQ>h��zi v�] ��Q ] {�Q/b�h��wInQ>{ji v TBx>T	� � k T�i v�] �2m v�f d�b��>b��SbaQ>h=T	�Su ] h�Q>i�lT(R f uST ] R ` Q ] R�{ f h�d
T(h � ] R q f InT�Tnujb v T	�Su�i�Q�����b t v TZd ^gf d f i�uST(R�d�b<; lT(R�T(hGuST	��b�{ji v�f h/u f uSbaQ>h���d ^g] h {&%T({�T f1va` Q>R�bau���{�T f �/TBI�d�T	�
delT v�f b���Tnu3d�T	� � ] R qof InT	� � f Rcb f t v T	� �^v f R�TBx�T({ji v T�meb v T	�Su�i�Q����Sb�t v T�d ^ Q1t�uST(h�b�R=d�T	��Q>i�lT(R f uST ] R� f 1 f hGujd�T	�
i�Tnu�b�u��jdmlT v�f b���T(h ] uSb v b�� f h/u�d�T	�juSTBI	��h�ba| ] T	��d�T0��lT v TBInuSbaQ>h d�T	��I���b<; R�T	�jd ] | ] Q/u�b�T(hGu f ���STB�{InQ�{ji v TBx>T	��Tnu
d�Q>h I:�/Q v�] {�b�h�T ] ��T	����� v T	�Suzd�Q>h I�i�Q����Sb�t v T�d�T\InQ>h InT	�GQ/b�Red�b<; lT(R�T(hGu���Q>i�lT(R f uST ] R�� f �/TBI�d�T	�XI f R f Inu�lT(R�b��SuSba| ] T	�
� f R�b f t v T	�+�ST v Q>h v T�InQ>{ji�R�Q�{�b�� delT v�f b�� � ] R qof InT0��b���lT��lvxQ ] R v T~{�Q�{�T(h/u�h�Q ] �jh ^g] uSb v b��SQ>h���| ] T v T�d�b���b��ST ] R
T(hN� v b ` h�T i�R�lT	�ST(hGu�lT�d f h�� ° ¯��X¯�²�5b³sd�Q>hGu v ^ f1va` Q>R�bau���{�TGF 5'� 5�H=T	�Su i�R�lT	�ST(hGu�lT�Inbr�od�T	����Q ] ����w T R�lT	� ]�v u f u�d�T
v_^gf1va` Q>Rcb�u.��{�TsT	�Su � � ����~ f �/TBI\���$~�Tnu <� � ~ � ���
7P]��4h �&f�g�.���\������ � �Pf"!�f^�2f
h�i$\Li�#�]�f���i \%$�a �\�]
d4f'&)(
#%$ &%'H&1*-, &G.8*G')&+08$32 � ° � ³ � �;: �=<R� � � � �+*-, ~ °r� ³ � �;: ~�< ~ � ~ � ~.*�,0/ ° � ³ � � ° � ³ B+' � ° � ³ � �
6�017L9K:�< *�9L&1*8$ ';@-B � C* E B+E�E?B>F1'/7)B/9j2

��1 � .�B>,�B�F+' F.�+/ ° 1 z �b³IH/ ° : ³ � �+/ ° : z �b³ � � 1 ¸ * � ¹ * � � ° : z �b³ ~ 1 ¸ * � ¹ * z � 1 ~ ° : z �b³~ ° : ³ � ~ ° : z �b³ � ~32 ¸ *2� ¹ 2 ¹ *
� ° : ³ � � ° : z �b³ � ��1,� ¹ 2

¢ Uw .>B�,>B�F1' F63 H � � �G��5M3 
 <* � z�� ��5M3 � z <* � � �U5�1�¢�1 �4s]¥qof bau�d�T v�f �Sb�{�b v�f R�bau�lTZT(hGu�R�T v T	� f1va` Q�R�bau���{�T	�~d�TZd�b���b���b�Q�h;Tnu�d�T�R f Inb�h�T�I f RSR�lTnT+5Od�T�h�Q>{Lt�R�T ] x
Q>i�lT(R f uST ] R�tT(hN� v b ` h�T T.;�TBInu ]�f h/u�d�T	�jR f Inb�h�T	� I f RSR�lTnT	�sQ>hGu�lTnu�lT3i�R�Q>i-Q���lT	�0=f i f R�uSb�R�d�T�d�b���b���T ] R�3T(hN� v b ` h�T° ��REI�(�±�5 G\�
±���5 wc�
²�5 f 5c��wc² � ³���w T	��{&%T({�T	�si�R�Q t v =T({�T	�sd�T�I���Q/bdx�i-Q ] R v T InQ>{ji�R�Q�{�b��sdelT v�f b�� � ] R q f InT+�ST
i�QJ�ST(h/u �

È ²



���������
	����� ������	�������	������������������ ���!"���$#����D�
>@?BA�?�� � D�J�TZMNJ4K�V\[�Q Y H E [�T���Q��[�XYH4O H4Q@R�TZV`W�Q�H
w ^ lT	� f1v�]�f uSbaQ>h R f i�bad�T�d�T~i�Q v 1�h %Q>{�T	��T	�Su ] h T(h2��T ] b�{ji�Q�R�u f hGu�u f hGu�i-Q ] R v T�I f8v I ]�v �9InbaT(hGuSb��L| ] TZT(h

` lT(h�lT(R f1v | ] T�d f h�� v T	� f i�i v bdI f u�b�Q�h��E��i�lTBInb f1v b���lTnT	������h�T.;�Tnu 5 v T	�
	_Q>h InuSbaQ>h���lT v lT({�T(h/u f b�R�T	�9F �Sb�h-5�InQJ� 5 v Q ` 5/TBx�i-5
u f h �	�	��H �SQ�h/u�d�Tsi v�] �kT(h3i v�] �zb�hGu lT ` R�lTnT	� f/] h�b��/T f/] { f u�lT(R�baT v ��G�h�i-T ] uWInbauST(Rki f R�TBx>T({ji v T v T	�zuSTBI	��h�ba| ] T	�
d�TGInQ>{=i�R�T	���SbaQ>h�d ^ b�{ f1` T	� ] uSb v b�� f h/u v�f u�R f h���	 Q>R�{�lTnT�T(h@InQJ�Sb�h ] �td�b��gI(R�Tnu 5 v_^g] uSb v b�� f uSbaQ>h�d�T	�su�R f h���	_Q>RS{ lTnT	�
T(h�Q�h�d�T v Tnu�uST	��T(h�u
R f bauST({�T(hGuzd ] �Sb ` h f1v � ���	�

&}Q>{j{�Teh�Q ] � v_^gf �/Q�h��/� ] d f h�� v TWI	� f i�bau�R�T � ] R v_^gf RSR�Q>h�d�b�TBx f InuOd�T	�	 Q>h Inu�b�Q�h��slT v lT({�T(hGu f b�R�T	�EF_i f1` T���(�H 5
b v TBx�b���uSTsd�b<; lT(R�T(hGu��zu1�i�T	�zd ^ f1va` Q>R�bau���{�T	��i�T(RS{�Tnu�u f hGu v_^ lT	� f1v�]�f uSbaQ>h�d�T\InT	��	_Q>h InuSbaQ>h��+F�I�	 ° ¯ ]�v ²�( ³IH � &}TnuSuST
lT	� f1v�]�f uSbaQ>h T	�Su/��Q ] �/T(hGu�� f ��lTnT-� ] Ryd�T	� f i�i�R�Q�x�b�{ f uSbaQ>h��Oi f R�d�T	�Oi�Q v 1�h %Q>{�T	� ����hj�#±�±�� 5���Tnb�R��Su�R f ��� {�Q>hGu�R f
| ])^ b v T	�SuOi�QJ���Sb�� v Tzd ^gf i�i�R�Q I	��T(R � ] R ] h}InQ>{=i f Inu ] h�T
	_Q>h InuSbaQ>hoInQ>h/u�b�h ] Ted ^gf/] ����b i�R	=T	��| ] T v_^ Q�h:�/T ] uOi f R ] h
i�Q v 1�h %Q>{�T���z�h ` R f h�djh�Q>{���R�Ted ^gf R I���bauSTBInu ] RcT	�OQ>h/u�lTnu�lT�i�RcQ>i�Q���lTnT	��i�Q ] R�lT	� f1v�] T(Rxd�T	�mi-Q v 1 h %Q>{�T	� F ° 4 ¯�±�± 5
¯���² � 5�¯@¯·¬\²�5 ³IH	����h i f R�uSbdI ]�v b�T(R 5 v T �9I	��lT({ f d�TukQ>RSh�T(R©InQ>h�d ] bau =f d�T	��R�lT f1v b�� f uSbaQ>h���u�R	=T	��R>lT `>]�v b6=T(RcT	�zTnu
{�Q�d ]�v�f b�R�T	� F�I�	 yOb `>] R�T 5���� � H	��w f R�lT `�]�v�f R�bau lT�d�T v ^ f REI	��b�u�TBInu ] R�T F_i f R�uSbdI ]�v bI=T(R�T({�T(h/u�b�{ji�Q�R�u f hGuST�i�Q ] R v�f
R�lT f1v b�� f uSbaQ>h�d�TyInb�REI ] bau���b�h/u�lT ` R�lT	��Q ] y���« � H�T	�Su v�f InQ�h�� lTn| ] T(h InTsd�b�R�TBInuSTtd�T v�f R�lT `>]�v�f R�bau�lT�d ] I f1v I ]�v ¼

� F63 H �
��
1��H?

� 1 3 1 � � ? � 3/F.� < � 3/Fº� � � 3 F :�:�: F.� � ¹ < � � � 3 H :�:�: H�H�H

QM=]�v_^ Q>h ] uSb v b���T�����b�h %Q�{�baT ] R� F.��3 � ~	HeT(h ��lT(R�baTsi�Q ] R v_^ lT	� f1v�]�f uSbaQ>h�d ^g] h�i�Q v 1�h %Q>{�Ttd�Tsd�T ` R�lT � �
w f {�Q>d ]�v�f Rcb�u�lTmi�RcQ ��baT(h/uOd ] 	 f bauO| ])^ b v � ] $3uOd�TXI�� f h ` T(R v T	�wInQ�h��Su f hGuST	�w��1)i�Q ] R/I	� f h ` T(R v�f 	_Q>h InuSbaQ>h0=f

lT	� f1v�] T(R	�1��h ` lT(h�lT(R f1v 5 v ^ f i�i�R�Q"!>b�{ f uSbaQ>h � ] R ] h=b�hGuST(R� f1vav T f �GTBI ] h�TfInT(Rcu f b�h�Tsi�R�lTBInb��SbaQ>h=d�T�d�T ] !�	 Q�h InuSbaQ>h��
d�b��SuSb�h InuST	�zh�lTBInT	���SbauSTzd�T ] !3i-Q v 1 h %Q>{�T	�md�Tkd�T ` R�lT	�Od�b<;�lT(RcT(h/u�� ����hji�R f uSba| ] T+5Gb v � ] $3uOd�T�i�R�lT	�GQ/b�R ] hjh�Q>{���R�T
d�T#��b�h %Q>{�b�T ] R��\InQ>RSR�T	��i-Q>h�d f hGu f/] d�T ` R�lT v T�i v�] �ZlT v T	��lT�Tnu�d�TyInQ ] RcuE�,Inb�REI ] bauST(R v T	�~lTnu f1` T	�eb�h ] u�b v T	�:� ] b�� f h/u
v T	�$	_Q>h InuSbaQ>h�� �

� * � � �&%
�"'

�)(
* *

*
*

*

�

�
�"*$+ �

� ' +��&%,*$+�� � * � + � * * * +�� ( * (

#@�^� ) 5���� � *.-X�2� xew ��365�¢�1�70/ w 1G.�¢ x � 121¢��L��7���7��op ��0��W@���#� ¤�x �\� ¤�9 0���L�P7���3]¢N��1��2��<
G�h u
R�Q ] �/T�d f h�� °gqef �9²�5�5 & 4 ^¯�²��g³�d�T	� lTnu ] d�T	��d�TZi�Q v 1�h %Q>{�baT ] R��T(hN� v b ` h�T�� f ��lT	� � ] R v T&�9I	��lT({ f

d�T{kQ>RSh�T(R	�/��h�i f R�uSbdI ]�v b�T(R 5 d f h�� °gqef �9²�5 ³�Q>hZu
R�Q ] �/T ] h�T lTnu ] d�Tjd�T v ^ b�{=i v�f h/u f uSbaQ>h�d ^ ] h�i�Q v 1�h %Q>{�baT ] R
T(hN� v b ` h�T3i�R�lT	�ST(h/u f h/u ] h~u
R�=T	�
	 f b�� v T=dmlT v�f b6�µ��h ] uSb v b�� f hGusd�b�R�TBInuST({�T(h/u v T �9I	��lT({ f d�TLzQ�RSh�T(R v_^ lT	� f1v�]�f u�b�Q�h
T(hN� v b ` h�T�d ^ ] hji�Q v 1�h %Q>{�T�d�Ted�T ` R�lT$�oInQ>h�d ] bau =fs] h�Q>i�lT(R f uST ] R�d�TedelT v�f b 5'24� F v TzdelT v�f b>d ^ ] h5��b�h %Q>{�baT ] R�T	�Su
5�H	� 4sf h�� � f u�� =T	�ST °gqef �9²�5§³ 5 qmf � f R�d ] u�b v b��ST v T6	 f b�uk| ] Tsi-Q ] RXInT(R�u f b�h�T	�7	 Q>h Inu�b�Q�h��^InQ>{j{�T v_^ T�!�i�Q�h�T(h/uSbaT vav T
i�R�lT	�ST(h/u f h/u ] h�delT	�/T v Q>i�i�T({�T(hGuzd�T(' f 1 v Q>Red�Q�h/u v T	�fInQ�T�${InbaT(hGu���delTBI(R�Q/b����ST(hGuzR f i�bad�T({�T(hGu 5�b v T	�Suzi�Q�����b8� v T
d ^g] uSb v b��ST(R ] h�TLInT(R�u f b�h�T0��R�T(h�Q�RS{ f1v b�� f uSbaQ>h���d�T	�PInQ>T�${InbaT(hGu��si�Q ] Rzd�b�{�b�h ] T(R v T�delT v�f b `/v Q9� f1v �Z��h�T.;�Tnu 5'�Sb

( �



�����
	���� ��	��^� ���������������� 5����

] h�Q>i�lT(R f uST ] RXI f1v I ]�v T v�f 	 Q>h Inu�b�Q�h 2-F63 H f �/TBI ] h�delT v�f b���5 f1v Q>R��fInTj{&%T({�T�Q>i�lT(R f uST ] RXI f1v I ]�v T v�f 	_Q>h InuSbaQ>h
� ¹�� 2 F43 H f �GTBI ] h�delT v�f b h ]�v �c¯ f b��\InTnuSuST�{�lTnu���Q�d�T>=f ��T	� v b�{�bauST	� 5cI f R�uSQ ] uST	� v T	�6	 Q>h Inu�b�Q�h��sh ^gf dL{�TnuSu�T(h/u
i f �zd�T	��delT	�GT v Q�i�i�T({�T(hGu��zd�T�' f 1 v Q�Rzi�T(RS{�TnuSu f hGued�Tsd�b�{�b�h ] T(R �Sb ` h�b���I f uSb��/T({�T(h/u v TsdelT v�f b `/v Q9� f1v �z�h fG] u�R�Tmi�RcQ9� v =T({�T �STei�Q��ST f �/TBI v�f i�lT(Rcb�Q�d�Ted ^g] htuST v Q>i�lT(R f uST ] R	� � v h ^ T	�Su�i f �xT(hJ�>b�� f1` T f � v Tmd�TzR�lT f1v b��ST(R
] h=Q>i�lT(R f uST ] Rxd�Q>hGu v�f i�lT(Rcb�Q�d�T �ST(R f baujlTn| ] b�� f1v T(h/uST =f v�f u
R f �/T(R��lTnTmd�T�i v�] �SbaT ] R� ��b�h %Q>{�baT ] R� ����h�i�R f uSba| ] T+5
] h�R�T ` b��Su
R�T�d�QGb�u %Tnu�R�Tkb�h���lT(R�lTzT(h/u
R�T�d�T ] ! ��b�h %Q>{�b�T ] R��fInQ>h���lTBI ] uSb�	6���>w)T�delT v�f b)d ^g] h�Q>i�lT(R f uST ] ROT(hN� v b ` h�T ] uSbr�
v b�� f hGu v T!�9I	��lT({ f d�TykQ>RSh�T(Rzi f ���ST f1v Q>R� =f � 2.� � 4 b);�lT(R�T(h/u�T	� fG] u�R�T	� f i�i�RcQ1I	��T	�zQ>hGu3lTnu�lTzT�! i v Q>R�lTnT	��i-Q ] R
d�b�{�b�h ] T(RPInT�delT v�f b6�
w f { lTnu���Q�d�T 7 5Ç�25^7�� �´��1L7�� ¤ ¢�1�� w �2�5F=I�	�yOb `�] R�T 5����G��H ] uSb v b��ST ] h f R ��R�Tsd�T ��b�h %Q>{�b�T ] R�� ° 4 ¯�±�±§³��+&}TnuSuST

{ lTnu���Q>d�T�i�T(R�{�Tnued ^ Q9��uST(h�b�R ] h�delT v�f b v Q `�f R�bau���{�ba| ] Ts{ f b��eT v�v T�h�lTBInT	���SbauST�d�T	�k| ]�f dLR f uST ] R�!F%lT v lT	� f u�b�Q�h f/]
I f RSR�lT�H�TnufInQ�h�d ] b�u+=f d�T	�fInb�REI ] bau�� � ] �S| ])^ =f d�T ] ! 	_Q/b���i v�] � ` R f h�d�| ])^gf �/TBI v T5�gI���lT({ f d�TukQ>RSh�T(R ��� vav T�T	�Su
i�R�b�h Inb�i f1v T({�T(hGu f d f i�u�lTnT =f d�T	� f i�i v bdI f uSbaQ>h�� ��� fG] uST:�>bauST	���ST � �

� ' + � % *�+ � � * � +	� * * *

* *

* �

� * � � � % �"'

# ��� ) 5����/� * �\� ¤�9 5�3.� ¤ 3 w �´��d�b���b�d�Tb� f h�d �,InQ>h�| ] T(RG70/ 0�2�#� xew � 365Ç¢�1 7�� .ª¢ x �&1 1¢��L� �:<
w f -���k0�23 9 ¢"7N��i�R�Q>i-Q���lTnT i f R©��REInT ` Q � f I ° ��REI�(�( ³ T	��u ] h�T�{ lTnu.��Q>d�T+5�b�h���i�b�R�lTnT�d ] �9I	��lT({ f d�TyzQ>R�h�T(R 5

| ] b�i�T(RS{�Tnutd ^ lT	� f1v�] T(R ] h�i-Q v 1 h %Q�{�Tjd�Tjd�T ` R�lT5� f �/TBI ] hZdelT v�f b lT `>f1v =f � � 4sf h�� ° 'eb��R² � 5c�~¯ '©²�� ³mh�Q ] �
f �/Q>h���lTnu ] d�b�lT ] h�T9�GT(R�SbaQ>h�T(hN� v b ` h�T�d�T v�f -���k0�23 9 ¢"7N���1¨kQ ] � f �GQ>h���R�lT f8v b���lT ] h�T�b�{ji v�f hGu f uSbaQ>h=d�T^InTnu f1va` Q��
R�bau���{�T � ] R ] h�TXI f RcuST 4 � &
�,�xT �zw)T/����&}TnuSuST�I f R�uSTeT	�Su/InQ>{ji�QJ� lTnT�d ^g] h�Tz{ f u�R�bdInTed�T�� È y���«��	��&B5 � ² � d�T
��b v b�h !-5>d�TE( f/] u
R�T	�
�F&B5 � ² �zf/] uSQ ] Rxd�T v�f { f u�R�bdInTzi�Q ] R f ��� ] R�T(R v T^InQ�h/u�R %Q v TmTnu v T	�
InQ>{j{ ] h�bdI f uSbaQ>h�� f �/TBI
v�f { f I	��b�h�T!� %Q/uST+=f u�R f �/T(R� v T4� ] ��' ] R ��Q &E� f h�h�T v d�T 4 �"&:� ¨zQ ] � f �/Q�h�� f1v Q>R�eQ9��u�T(h ]�] h�i�Q v 1�h %Q>{�baT ] R
	_Q>h InuSbaQ>h�h f hGu =f 5�5 ¯e©�GI f i f � v T�d ^ lT	� f1v�] T(Rtd�T	�ji�Q v 1�h %Q>{�T	��d�T3d�T ` R>lT~� È � ] R ( � I	��b<;yRcT	����b�h f b�R�T	� � w T
i�QGb�hGu v T i v�] �zb�{ji-Q>R�u f hGu�d�TPInTnuSuST�R�lT f1v b�� f uSbaQ>h�T	�Su�| ])^ b v T	�Suei�Q����Sb�� v Ttd�TfI	� f h ` T(R v T	�^InQ>T�$ Inb�T(hGu��ed ] i�Q v 1N�
h %Q>{�T � f h��eb�hGuST(RSR�Q>{=i�R�T v Tsi�b�i-T v b�h�T�T(h f/]�` {�T(h/u f h/u �Sb�{ji v T({�T(hGu v TsdelT v�f b-F f/] �ST(h�� v�f uST(h InT�H�d ] i�R�T({�b�T(R
R�lT	� ]�v u f uPInQ>RSR�T	��i-Q>h�d f hGu f/] h�Q ] �GT f/] i�Q v 1�h %Q>{�T�� w T `>f b�h�T(hZdelT v�f bOQ ��uST(h ] i f R�R f i�i�Q>Rcu f/] �9I���lT({ f d�T
kQ>RSh�T(RxT	�SuOd %] =fkv_^g] uSb v b�� f uSbaQ>h=d ^ Q>i�lT(R f uST ] R�Oi v�] ��InQ>{=i v T�!�T	��| ])^g] h5��b�h %Q>{�b�T ] R�Tnu9=fkv_^g] uSb v b�� f uSbaQ>h�d ^g] h ��1��E�
u�=T({�Ted�T9��lT v TBInuSbaQ>hjd�T	�XI	��b<;yRcT	�md ] R�lT	� ]�v u f uOb�h���i�b�R�lT�d�T	� f1va` Q�R�bau���{�T	��d�T�d�b��>b��SbaQ>h �?w f -���� 0�23 9 ¢"7��XInQ�h�d ] b�u
T(h ` lT(h�lT(R f1v =f d�T	�PInb�R I ] b�u�� i v�] � ` R f h�d��z| ] T v T ] R��lTn| ] b�� f1v T(hGu�� ] uSb v b�� f h/u v T!�9I	��lT({ f d�TLzQ>R�h�T(R	�
w f d�T ] !�bI=T({�T �SQ v�] uSbaQ>h=| ] T�h�Q ] � f �/Q�h��jlTnu ] d�b�lTnTeT	�Su v_^g] uSb v b�� f uSbaQ>h�d ^g] h�T f REI	��b�u�TBInu ] R�Tz| ] b�InQ>{���b�h�T ] h

i�Q v 1�h %Q>{�baT ] R
� f ��lT-� ] R v T �9I	��lT({ f d�T^kQ>RSh�T(RyTnu d�T	�Ou f � v T	���+w ^ badmlTnTmi�RcQ>i�Q���lTnTmi f R r�v�f d f h�� °gr�v�f ²�5#³LR�T(i-Q��ST
� ] R v T�dmlTBInQ ] i f8` T�d�T v_^ b�hGuST(R� f1vav T�d ^ lT	� f1v�]�f uSbaQ>h�T(hZi v�] �SbaT ] R� i-TnuSbau��sb�hGuST(R� f1vav T	� � ] R v T	�S| ] T v � v�f 	_Q>h InuSbaQ>h
i�T ] u %Tnu�R�T f i�i�RcQ1I	��lTnT�i f ROd�T	�zi�Q v 1�h %Q>{�T	�ed�T�i�TnuSbau��ed�T ` R�lT	���1��hji�R f u�b�| ] T+5 v T	�}i�RcT({�baT(R�^I	��b); R�T	��d�T v_^ Q�i�lTb�
R f h�d�T!3�| ] b f RSR�b��/T(hGuzd f h�� v_^ Q�i�lT(R f u�T ] R ��T(R�/T(hGu5=f I	��Q/b��Sb�R5=f | ] T v b�hGuST(R� f8v�v T f i�i f RcuSbaT(h/u93 �;&eT	��i�R�T({�baT(R�
I	��b); R�T	�tb�h�d�T�!>T(hGu ] h�Tju f � v Tj| ] b � f d�Q>h�h�T(R f/] !~d�b<; lT(R�T(hGu��4��b�h %Q>{�baT ] R� v T	�LInQ>T�$ Inb�T(hGu��}InQ>RSR�T	��i-Q>h�d f hGu
f/] �-Q>h~i-Q v 1 h %Q>{�T��Lw)T i�Rcb�h Inb�i-Tjd�T4� f �STtd�T\InTnuSuST�uSTBI	��h�ba| ] T�T	�Su�RcT(i�R>lT	�ST(hGu�lT yOb `>] R�TD5'���2���

(��



���������
	����� ������	�������	������������������ ���!"���$#����D�

����������� ¸ �	� ��

��
�	�� ¸

� � � �� ¸ � � ��
� ¸

��� � � ��
 ���
��� ���

� 
 � �����
� � ������� � � �

�

#@�^� ) 5������ * -W�! xew  365Ç¢�187�� .ª¢ x �&1 1¢J�u� � ¤ ¢��G �5�1� �1L3 w 1��(3" 1  x �}�"3 w 1�.�¢ x � 121¢���5Ç� w�#  $ �� 0�o� w	#�x �o� ¤:9 0���% {7N�
3\¢ # 1�� # <

¨kQ ] � f �/Q�h�� ] uSb v b���lT@InTnuSuST�uSTBI	��h�ba| ] T�i-Q ] R lT	� f1v�] T(R v�f 	_Q>h InuSbaQ>h u f h ` T(hGuST>�J1 i-T(R ��Q v ba| ] T�d f h�� ] h�T
f i�i v bdI f uSbaQ>h d�T~R>lT	�ST fG] !�d�T~h�T ] R�Q>h�T	� F�I�	 5�� 5����jTnu ° «('^² È ³IH	�Ow ^ Q>i�lT(R f uST ] RsR�lT f1v b�� lT�i�T(RS{�Tnujd ^ lT	� f1v�] T(R v�f
	_Q>h InuSbaQ>h=u f h��=d f h�� v ^ b�hGuST(R� f1vav T °'& � � � ³ � ] R�d�T	�zh�Q>{���R�T	��T(h ��b�R `>]�v T2� !�T�d�T(� � ��bau�� F.±�d�T�i f R�uSbaT�T(h/u�bI=T(R�T
Tnu~� È d�T i f R�u�b�T 	 R f InuSbaQ>h�h f b�R�T�H	��w)TZdmlTBInQ ] i f1` T~R�TnuST(h ] InQ ] i�T v_^ b�h/u�T(R� f1vav TZb�h�b�u�b f8v T(h;� È {�Q>REInT f/] ! Tnu
] uSb v b��ST ] h�i-Q v 1 h %Q>{�b�T ] Rkd�T�d�T ` R�lT�����w f � ] R 	 f InT `/v Q9� f1v T�d�T v_^ Q>i�lT(R f uST ] R Q9��uST(h ] T	�Sued ^ T(h���b�R�Q>h È �N� � v Q1I	�
v Q ` ba| ] T	�9� ] R ] hPy���« � ��& � � � � d�T ��b v b�h ! �

¨kQ ] �xu�R f � f b vav Q>h�� f Inu ] T vav T({�T(h/u � ] R ] h ��1��Su�=T({�Tmi�T(R�{�TnuSu f hGuxd�T}R�lT f1v b��ST(Rxd�T
	 f*)InQ>ht| ]�f ��b,+ fG] uSQ>{ f u�b�| ] T
v TsdelTBInQ ] i f1` T�T(h �SQ ] �-+ob�hGuST(R� f8v�v T	��T(h�T	��� f 1 f hGued ^ Q>i�uSb�{�b��ST(R v T h�Q>{���R�T�d�T}I���b<; R�T	��d�T	�^InQ>T�$ Inb�T(hGu��si-Q ] R
d�b�{�b�h ] T(R v�f u f b v�v T�d�T	� ��b�h %Q>{�baT ] R� �

>@?BA�?". / [�QMD�HLI�O&Vo[�QNO
w f InQ>hJ�/T(R�SbaQ>h d ] ��1��Su�=T({�T5��b�h f b�R�T ] � ] T v �/T(R� v�f R�T(i�R�lT	�ST(h/u f uSbaQ>h� 9¢ #0# ¢�£/�¦�1 ��#��T	�Susb�{j{ lTnd�b f uST��32�h

T.;�Tnu 5)b v � ] $3usd�T�h ^g] uSb v b���T(R�| ] T v T ��bauji�QJ�SbauSb�	�d�TGI	� f | ] T I	��b); R�T��xw f InQ�h��/T(R��SbaQ>h�d�T v�f R�T(i�R�lT	�ST(hGu f uSbaQ>h
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i�lT(Rcb�Q�d�T.��T fG] InQ ] i i v�] � lT v T	��lTnT�| ] T�InT vav T~d�T	� f/] u�RcT	� Q�i�lT(R f u�T ] R���c¨kQ ] �ju�R f � f b v�v Q>h�� f Inu ] T vav T({�T(h/u ] h�T
b�{ji v�f hGu f uSbaQ>h�d�TGInTnusQ�i�lT(R f u�T ] RzT(h ] u�b v b�� f hGu�d�T	�suSTBI	��h�ba| ] T	��d�T #�A 365 � 5�1/p�i�Q ] R d�b�{�b�h ] T(R v T3uST({=i��sd�T
I	1 I v T � f h�� f/]�` {�T(h/u�T(R v TsdelT v�f b6�Z¨zQ ] � i-T(h��SQ>h�� ] uSb v b��ST(R ] h�T {�Q�d�b���I f uSbaQ>h�d�TLInTnuzQ>i�lT(R f uST ] Red�Ttd�b��>b��SbaQ>h
i�Q ] RzR�lT f8v b��ST(R ] h�Q>i�lT(R f uST ] R=lT	� f1v�]�f hGuzd�T	��R f Inb�h�T	�PI f RSR�lTnT	�ed f h�� v_^gf �/T(h�b�R	�

�KuSbau�RcTzd ^ T�!�T({ji v T+5 h�Q ] �mi�R�lT	�ST(h/u�Q>h��wInb<+od�T	���SQ ] � v TfInQ�d�T �SQ ] REInT 1\ 4 w�| ] b�InQ>RSRcT	��i�Q>h�d =f�v_^gf d�d�bauSbaQ>h�+
h�T ] RkT(h�+ v b ` h�T�d�T��jh�Q�{#��RcT	�zTnuE� ] R v�f yOb `>] R�T 5�����5 v T �9I���lT({ f d�T v�f InT v�v�]�v TLInQ>RSR�T	�
i�Q>h�d f hGuST��
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z�h�T 	_Q/b�� v T	�Od�b<;�lT(RcT(h/u��yQ>i�lT(R f uST ] R�)dmlTBI(R�bau�� 5 v�f InQ>h InT(i�uSbaQ>htd ^g] h\Inb�REI ] bauOT	�SuxT(h InQ>R�T v Q/b�hsd ^ %Tnu�R�T f I���T	��lTnT��
2�h�T.; Tnu 5(b v 	 f/] uwI f d�T(h InT(R uSQ ] �wInT	�OQ>i�lT(R f uST ] R�� Tnu ��1 h I	��R�Q>h�b��ST(R v T	�jlTBI	� f h ` T	�xd�Tzd�Q>h�h�lTnT	�Od f h�� v T^Inb�REI ] bau��
w f i�� f ��T d�T ��1�h I	��R�Q>h�b�� f uSbaQ>h�d�T	��Q>i�lT(R f uST ] R���T	�Su�i f R�u�b�I ]�v b6=T(RcT({�T(h/utdmlT v bdI f uST�d f h�� v TLI f ��d ^ Q>i�lT(R f uST ] R��
T(h�+ v b ` h�T^I f Ryb v 	 f/] u � ^gf ��� ] R�T(R�| ] T v T	�wI	��b<;yRcT	� f RSR�b��/T(hGu���baT(h f/] ��Q>h�{�Q>{�T(h/uxd f h��/I�� f I ] htd�T	�xQ>i�lT(R f uST ] R�
T(h�u�T(h f h/uXInQ>{=i�uST�d�T	��delT v�f b��zT(h�+ v b ` h�Tjd�T	�zd�b<; lT(R�T(hGu��zQ>i�lT(R f uST ] R����

 f ��bau ] T vav T({�T(hGu 5)Q>h ] u�b v b��ST ] h�InQ�h/u�R %Q v T ] R `/v Q9� f8v | ] b � ] i-T(R�>b��ST v T � Q/uzd�T	� �Sb ` h f/] !�T(hGu�R�T v T	��d�b<; lT;+
R�T(hGu��zQ>i�lT(R f uST ] R�����G�h�i f R v T f1v Q>R�zd�T\InQ�h/u�R %Q v T\InT(h/u�R f1v b���lT���w)TyInQ�h/u�R %Q v T ] ReT	�Su � f ��lT � ] R ] h f/] uSQ�{ f uST��Hh�b
Tnu � ] R�d�b<; lT(R�T(hGu��XInQ>{ji�uST ] R� �>w f InQ�h InT(i�uSbaQ>h�d�T\InQ>hGu�R %Q v T ] R�eT	�Su f/] ��Q ] R�d ^ � ] b ��baT(h�{ f %Kau�R�b���lTnT��='yQ ] uST�	_Q/b�� 5
InTnuSuST=uSTBI���h�ba| ] T h ^ T	�Su i f �:�
i�lTBInb f1v T({�T(hGu���baT(h f d f i�u�lTnT>=f d�T	�sb�{ji v�f hGu f u�b�Q�h��!� ] R+y���«�� � 2�h T.; Tnu 5 v T	�
�Sb ` h f/] !�d�TLInQ>h/u
R %Q v Tsd�Q/b��/T(hGu+%Tnu�R�TsRcQ ] u�lT	�kd�T(i ] b�� v TuInQ�h/u�R %Q v T ] RE�/T(R��fI	� f | ] T Q�i�lT(R f u�T ] Red ] Inb�R I ] b�u � &eT	�
�Sb ` h f/] !�d�T^InQ�h/u�R %Q v T ] uSb v b���T(h/u f8v Q�R� ] h�T i f R�uOb�{ji�Q>Rcu f hGuSTed�T	�md�b���i-Q��SbauSb�	6�md�T©InQ>{j{ ] h�bdI f uSbaQ>h=d ] y���« �5�4 T�i v�] � 5 v�f d�b��GT(R�Sbau�lTkd�T	� �Sb ` h f/] !=d�TfInQ>hGu�R %Q v T F dmlT v�f b�� � f R�b f � v T	�E� ] b�� f h/u v T	�eQ>i�lT(R f uST ] R��H 	 f bau�| ] T v T�R�Q ] +
u f1` T�d�T^InT	�-�Sb ` h fG] ! h ^ T	�Su�i f � u�R	=T	�OR>lT `>]�v baT(R/InTe| ] b�T	��u�i f R�uSbdI ]�v bI=T(R�T({�T(hGu�i�R�Q9� v lT({ f uSba| ] Tmd f h�� v T	�Ny���« �5�
2�h=T.;�Tnu 5 v�f i v�] i f Rcuzd�T	� y���« �;h ^ Q ; R�T(hGu�| ])^g] h�h�Q>{���R�T�u�R	=T	� v b�{�bau�lT�d�T�d�b��
i�Q��SbauSb�	6��d�TPInQ>{j{ ] h�bdI f uSbaQ>h��
f R ��bau�R f b�R�T	�5=f�` R f h�d�T�d�b��Su f h InT��

¨kQ ] � f �GQ>h���I���QGb���b ] h�T f/] u
R�T �SQ v�] uSbaQ>h i�Q ] R�T.;�TBInu ] T(R v T�InQ>hGu�R %Q v T�d�T	��Q>i�lT(R f uST ] R��T(h�+ v b ` h�T^¼ v T
InQ>hGu�R %Q v T�d�b��Su�Rcb8� ] lT�� 2�h T.;�Tnu 5xb v T	�Suji�Q�����b8� v TZd ^ Q9��u�T(h�b�R ] h�InQ>hGu�R %Q v T�uSQGu f1v T({�T(hGu d�b��Su
R�b�� ] lT~T(h h ^ ] uSb v b<+
� f hGu�| ] Ttd�T	�\InQ>{j{ ] h�bdI f uSbaQ>h�� v Q1I f8v T	�tT(h/u
R�T v T	��Q>i�lT(R f uST ] R� ��¨zQ ] � f �/Q>h��©I���Q/b��SbOd�TjR f � Q ] uST(R!=f I�� f | ] T
h�Q>{���R�T ] h&�Sb ` h f1v � ] i�i v lT({�T(h/u f b�R�Tj| ] bwInQ>d�T v�f � f1v bad�bau�lT�d�T	�\I	��b); R�T	��| ] b f RSRcb��GT(h/u�� &eTBInb�h ^ T	��usi f ��u
R�=T	�
InQ %] uST ] !�T(h f R�bau���{ lTnu�b�| ] T�T(h�+ v b ` h�TGI f R v T�h�Q>{���R�T�d�T!�Sb ` h fG] !3d�T}InQ>{j{ ] h�bdI f uSbaQ>h�T(hGu�R�T v T	��Q>i�lT(R f uST ] R�
T	�Su�	 f b8� v T>F"� ��bau�� i f R�h�Q>{���R�TtT(h ?�� #;# ��� < >  �� A ��T ]�v T({�T(h/u�H �Hw)T �Sb ` h f8v d�T}InQ>h/u
R %Q v TsT	�Su+=f �(� �+�Sb v T	�4��bau��
| ] b f RSR�b��/T(hGu-�SQ>hGu/��b ` h�b ��I f uSb�	I�eTnuOb v T	�Su9=f � C ��T(hGu�R�Ted�T ] !jh�Q>{���R�T	�wInQ>h���lTBI ] uSb�	I��� 2�h�i�R f uSba| ] T+5 v T �Sb ` h f1v d�T
InQ>hGu�R %Q v Tzd�QGb�u:%Tnu�RcTmT(h f � f h InT�d ^g] hLI	1 I v T � ] R v T	�XI	��b<;yRcT	�mi�Q ] R�i�Q ] �/Q/b�ROT.;�TBInu ] T(R v ^ b�h�bauSb f1v b�� f u�b�Q�h�d�T	�eQ>i�lT;+
R f u�T ] R���&z�h}I	1 I v Tkd ^ b�h�b�u�b f8v b�� f uSbaQ>hGInQ�{ji v TnuOT	�Su�h�lTBInT	��� f b�R�Tzi�Q ] R v T	�OQ>i�lT(R f uST ] R�/InQ>{ji v T�!�T	��� � f RyT�!>T({=i v T+5
d f h�� ] h�{ ]�v uSb�i v baT ] R 5)b v 1 f d�T ] !�R�T ` b��Su
R�T	�zd�T�� E ��b�u��5=f R�T({�TnuSu�RcT�=f E)lT(RcQ f � f hGuXI�� f | ] Tsh�Q ] �GT f/] I f8v I ]�v
F E T	�Su v�f u f b vav Tsd�T	��h�Q>{���R�T	��H	�

w T9�Sb ` h f8v d�T\InQ�h/u�R %Q v T9� f d�Q�h IfInTsi�R�Q�i f1` T(ROd f h�� v T\Inb�REI ] bauzd�T v�f {&%T({�T 	 f*)InQ>hj| ] T v T	�^I	��b); R�T	� 5 f �/TBI� ] �SuST ] h@I	1 I v T�d ^gf � f h InT�� �$�HhZd�TjR�T	�
i�TBInuST(R v�f InQ ��lT(RcT(h InT d�T	�td�Q>h�h�lTnT	� 5)b v 	 f/] u:��1�h I	��R�Q>h�b��ST(R v T+��b ` h f1v
d�TyInQ�h/u�R %Q v T =f=v�f �SQ>RcuSbaTsd�T	��Q>i�lT(R f uST ] R� � 2�h�T.;�Tnu 5�d f h�� ] h�Q>i�lT(R f uST ] Red�TtdmlT v�f b���5 v T5��b ` h f1v d�T}InQ>hGu�R %Q v T
d�Q/bauE�SQ�R�uSb�R �yI	1 I v T	� f i�R�=T	� %Tnu
R�T�T(hGu�R�lT�� � v � ] $3ued�Q>h Itd ^ b�h�� lT(R�T(R ��R�T ` b��Su
R�T	���4��bauE� ] R v TyI	��T({�b�h�d ] ��b ` h f1v
d�TyInQ�h/u�R %Q v T��

w TGInQ>d�T �SQ ] REInT 1\ 4 w¥InQ>RSR�T	��i-Q>h�d f hGu f/] � v Q1I�d�TGInQ>hGu�R %Q v T�T	�Susi�R�lT	�ST(hGu lT}Inb,+od�T	���SQ ] ��Tnu v T+�9I	��lT({ f
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w Q>R��d�T v�f R�lT f1v b�� f uSbaQ>h d ^g] h f1va` Q>Rcb�u.��{�Tjd�TGI f1v I ]�ve] uSb v b�� f h/uji v�] �SbaT ] R�jQ>i�lT(R f uST ] R���T(h�+ v b ` h�T+5Ob v 	 f/] u

	 f b�R�T f uSu�T(h/uSbaQ>h d�T ��baT(h RcT	��i�TBInuST(R v T	�~delT v�f b���Tnu v T	�UInQ>h�h�T�!�b�Q�h��~T(hGu�R�T v T	�~Q�i�lT(R f u�T ] R��� � v 	 f/] u�d�Q>h I
� f8v bad�T(R v T	��b�{=i v�f h/u f uSbaQ>h����"&eT~i�RcQ9� v =T({�T�d�T v�f � f1v bad f uSbaQ>h T	�SujdelT � =f b�{ji-Q>R�u f hGujd f h�� v T	� InQ>h InT(i�uSbaQ>h��
I v�f ���Sba| ] T	��d�TyInb�REI ] bau���b�hGu lT ` R�lT	� 5�{ f b�� v�f R�lT f8v b�� f uSbaQ>h�d ^gf8v�` Q>R�bau���{�T	��d�TyI f1v I ]�v i�Q���Ts| ] T v | ] T	�si�R�Q9� v =T({�T	�
� ] i�i v lT({�T(h/u f b�RcT	��� 2�htT.; Tnu 5 v�f i�R�T ] �/Tm{ f u���lT({ f uSba| ] T�d�T v�f � f8v bad�bau�lTmd ^ ] h f8v�` Q>R�bau���{�Teh ^ T	�SuOi f �/� ] $ � f hGuST
i�Q ] R\InT(R�uSb��LT(R v T �-Q>h 	_Q>h InuSbaQ>h�h�T({�T(hGusd ^ ] h�T R�lT f1v b�� f uSbaQ>h@I f R ��Q>h h�Q>{���R�T�d�T3delTnu f b v ��uSTBI	��h�b�| ] T	�+�SQ�h/u
Q IBI ]�v u�lT	�zd f h�� v�f {�Q>delT v b�� f uSbaQ>h�{ f u���lT({ f uSba| ] T��Lw ^ T�!�T({ji v Tsu1�i�ba| ] TtT	�Su v�f delTnuST(RS{�b�h f u�b�Q�h�d ] uST({ji���d�T
I	1 I v Te| ] b/d�Q/bauOi�R�T(h�dLR�T�T(hoInQ>{ji�uST v T�dmlT v�f bOlT v TBInu
R�ba| ] T�d ] i v�] � ` R f h�d\I	��T({�b�h�| ] T v T �Sb ` h f1v i�T ] uxu�R f �/T(R�ST(R �
w)T�i�RcQ9� v =T({�TeT(h f Rcb�u.��{�lTnuSba| ] TeT	�SuO| ] T v�f�v Q>h `�] T ] R�d�TXInTzu1�i�Ted�T^I	��T({�b�h3i-T ] u � f R�baT(R/InQ>h��SbadelT(R f � v T({�T(h/u

(�±



� ���4������	������ ���� ��������!@�� 5��,�

ctrl_in

ff_delay_endff_delay3ff_delay2ff_delay1

ff_start

NOTAND

ctrl_out

clear

input

output

input

output reset

CLKCLK

output

clk

input

CLK

output

input

CLK

output

input

CLK

#@��� ) 5'��� � *�� x � �(7 A ��� 143 # 1� xBA �B7 0A"x  �5�W �=<
�ST v Q>h v T	�td�Q>h�h�lTnT	� F_i f R�T�!>T({ji v T v�f d�b);�lT(R�T(h InT�T(h/u�RcT v T3{�Tnb vav T ] RLI f ��Tnu v T3i�b�R�T�I f ��d ^g] h f d�d�bauSbaQ>h�h�T ] R
��lTn| ] T(hGuSbaT v H 5�TnuzT	�Sukd�Q>h Isd�b ${Inb v T({�T(hGu�T	�SuSb�{ f � v Tsd�T6	 f*)InQ>h �Su f u�b�| ] T��
w f ��Q v�] uSbaQ>h�I v�f ����b�| ] TsT	��u v_^g] u�b v b�� f u�b�Q�h~d�T:�GTBInuST ] R�zd�T�uST	��u���G�h�b�h2��TBInuST�T(h�T(hGu�R�lTnT�d ] Inb�REI ] bau ] h�T(h�+

�ST({�� v T�d�T9� f1v T ] R�zd�Q>hGueQ>h�InQ>h�h f %Kau v�f �SQ>R�uSbaTzu.��lTnQ>R�ba| ] T�� �%I�� f | ] T�i�R�lT	��T(h/u f uSbaQ>h-5/Q>h�InQ>{ji f R�T v�f � f8v T ] R
T(h �SQ>RcuSbaT�d ] Inb�REI ] bau f �GTBI v�f � f1v T ] Rzu���lTnQ>R�ba| ] T�� � v T�!>b��SuST�d�T	��i�R�Q ` R f {j{�T	��| ] b ` lT(h =T(R�T(hGuOd�T	�E�/TBInu�T ] R�zd�T
uST	�Su�{ f b���b v T	�Su�u�R	=T	�kd�b $ Inb v Tjd�Ttu�R�Q ] �GT(R v T	�\I f ��i�R�Q9� v lT({ f uSba| ] T	��T(h f R�bau���{ lTnuSba| ] T���2�h�T.; Tnu 5��ST ]�v T ] h�T
�SQ v bad�T InQ>h�h f b���� f h InT�d�T	� f1va` Q>R�bau���{�T	�sTnusd�T	��R�T(i�R�lT	�ST(h/u f uSbaQ>h�� ] uSb v b�� lTnT	�ji�T(R�{�Tnu�d�TGInQ>h��Su�R ] b�RcT v T	� �gI f �
v b�{�bauST	�	� �

¨kQ ] � f �/Q�h��WI	��Q/b��Sb�d ^ T.; TBInu ] T(Red�T ] !�u1 i-T	�zd�TsuST	��u��c¼
2 4 T	��uST	�Su��tT�!�� f/] ��uSb�	I��i�Q ] R � f1v bad�T(R v T	�sQ>i�lT(R f uST ] R���T(h�+ v b ` h�T FI� ] R�d�T	��u f b vav T	�jR f b���Q>h�h f � v T	��d ^ Q>i�lT;+
R f h�d�T	��H

2 4 T	��uST	�Su�� f1v lT f uSQGb�RcT	�si�Q ] R � f1v bad�T(R ] h f1va` Q>R�bau���{�T ] uSb v b�� f h/u�uSQ ] u ] h�T(h��ST({�� v T3d ^ Q>i�lT(R f uST ] R��T(h�+
v b ` h�T

w T�uST	��u�T�!�� f/] �SuSb�	 i-Q ] Red�T	�zi�TnuSbau��zh�Q>{���R�T	�eT	�Su�uSQ ] u:=f 	 f baumR�lT f1v b�� f � v T�� � f RxT�!�T({ji v T+5Li-Q ] R�uST	�SuST(R ] h
{ ]�v uSb�i v baT ] R�T(h�+ v b ` h�T�d�T�d�T ] ! h�Q�{#��RcT	�md�T � I	��b<;yRcT	� 5�b v 	 f/] ueuST	�SuST(R v T	� � *��  �  InQ>{���b�h f b��SQ>h���i�Q�����b8� v T	���
&eT ` T(h�R�T�d�T�uST	��u�� h�T~i�R�T(h�d | ] T�| ] T v | ] T	��d�b E f b�h�T	��d�T~{�b�h ] uST	�jT(h ] uSb v b�� f h/u ] h �Sb�{ ]�v�f uST ] R v Q ` ba| ] T
F �Su1 v T:�Sb�{ ]�v�f u�T ] R 1\ 4 w H	�

¯ f b���Q>h0�GQ/bau ��baT(h�| ])^ b v h ^ T	�Su�i f ��i�Q����Sb�� v T=d�T u�T	�SuST(ReT�!�� f/] �SuSb��/T({�T(h/u�d�T	��Q>i�lT(R f uST ] R��i v�] � ` R f h�d��
Tnu�T(h InQ>R�Tj{�Q/b�h���d�T	� f1va` Q>R�bau���{�T	��| ] b ] uSb v b��ST(hGusd�TLInT	� i v�] �SbaT ] R�tQ>i�lT(R f uST ] R����¨zQ ] � f �/Q>h��zd�Q�h I�R�lT f1v b���lT
] h0��1 �Su�=T({�T�i�T(RS{�TnuSu f hGuzd�T�uST	�Su�T(Red�T	��Q�i�lT(R f u�T ] R�eQ ] d�T	� f8v�` Q>R�bau���{�T	�^InQ�{ji v T�!>T	� =f�v_^gf b�d�Ttd�T!�/TBInu�T ] R�
d�Tsu�T	�Su��

¨kQ/u�RcT9��1��Su�=T({�T�d�TsuST	�SukT	�Su � f ��lT9� ] R v_^g] uSb v b�� f uSbaQ>h�d�T v�f � ] REI	� f R ` T�d�T	��Q>i�lT(R f uST ] R�eT(h-1\ 4 wLF ��� A�# <x �� �7 5^1Gp H	��� v T	�Suji�Q����Sb�� v TZT(h 1] 4 wKd�T~R�TndelT��Hh�b�R�d�T	��	 Q>h Inu�b�Q�h��jT�!>b��Su f h/u�T	��i-Q ] R�| ] T vav T	� � ^gf i�i v ba| ] T(h/u
=f d�b<; lT(R�T(hGu���u1 i-T	�jd�T�d�Q>h�h�lTnT	��� � f RtT�!>T({ji v T+5�T(h � ] R I�� f R ` T f hGu v�f 	_Q>h InuSbaQ>h � � ��i�Q ] R=h�Q��ju1 i-T	�jd�T
d�Q>h�h�lTnT	� F_h�Q>{���R�T	�~lTBI(R�bau���T(h ?�� #0# ��� < >  �� A i f R�T�!�T({ji v T�H 5)b v T	�Susi-Q����Sb�� v T3d ^ T�!�lTBI ] uST(R ] h�T�i�R�T({�bI=T(R�T�	_Q/b��
v_^ Q>i�lT(R f uSbaQ>h 4 �$~ f �/TBI74�Tnu(~ d�T ] ! h�Q>{���R�T	�PInQ>delT	��T(h ?�� #;# ��� < >  �� A Tnu ] h�T�d�T ] !�bI=T({�T�	_Q/b�� f �GTBI 4�Tnup~
InQ�dmlT	��T(h#��b�R `>]�v T � QGuSu f hGuST���w f i�R�T({�bI=T(R�T�T�!�lTBI ] uSbaQ>h �ST(R f 	 f bauST3i f R v T �Sb�{ ]�v�f u�T ] RsT(h ] uSb v b�� f h/u v TGInQ�d�T
1\ 4 wUInQ>RSRcT	��i�Q>h�d f h/u!=f�v_^ Q�i�lT(R f u�T ] ROd ^gf d�d�bauSbaQ>h�T(h�+ v b ` h�T��)w f ��TBInQ>h�d�T�T�!�lTBI ] uSbaQ>h �ST(R f 	 f b�u�T�T(h ] uSb v b�� f h/u
�SQ/bau v_^gf d�d�bauSbaQ>h�h�T ] R � Q/uSu f h/u5F Q ] T(hGuSbaT(R�H �SQ/bau�T(h ] uSb v b�� f h/u ] h�T5��b�� v b�QGu�� =Tn| ] T3d�T}I f1v I ]�v InT(R�uSb��zlTnT���w ^ Q>i�lT;+
R f u�T ] R�dmlTBI(R�bau�T(h 1] 4 w i�T ] u0%Tnu�RcTyInQ>h��SbadelT(R>lT}InQ>{j{�T � f8v bad�T �Sb v�f � f1v T ] RtR�TnuSQ ] RSh�lTnTji f R v T+��b�{ ]�v�f uST ] R

(�²



���������
	����� ������	�������	������������������ ���!"���$#����D�
1\ 4 wZTnu�i f R v T i�R�Q InT	���ST ] R � Q/uSu f h/u �SQ�h/u�lT `�f1v T	���

¨kQ ] � f �GQ>h��-� ] REI	� f R ` lT v T	�eQ>i�lT(R f uSbaQ>h�� ] � ] T v�v T	� f �/TBI v T	�eu1 i-T	��d�T�d�Q>h�h�lTnT	� ��i�lTBInb��L| ] T	� =f v�f R�T(i�R�lT	�ST(h�+
u f u�b�Q�h ?�� #0# ��� < >  �� A T(h v T ] R f ���SQ Inb f h/u v�f d�T	�9I(R�b�i�uSbaQ>h 1] 4 w d�T	��Q>i�lT(R f uST ] R�eT(h�+ v b ` h�T InQ>RSR�T	��i-Q>h�d f hGu����
w)TtuST	�Suzd ^g] h f1va` Q>R�bau���{�T � d�T	�>baT(hGu f1v Q>R���i f R�uSbdI ]�v bI=T(R�T({�T(h/u �Sb�{ji v Tji ] b���| ])^ b v � ] $�uzd ^ T�!�lTBI ] uST(R v T	��Q>i�lT;+
R f u�b�Q�h��E� ] b�� f hGuST	�/¼

!�" lTBI(R�b�R�T � T(h-1] 4 w�T(h ] uSb v b�� f h/u�d�T	��h�Q�{#��RcT	� � Q/uSu f h/u��!F Q ] T(h/uSbaT(R�.H
! 4 T�!�lTBI ] uST(R � Tnu�R�lTBI ] i�lT(RcT(R ��Q>h�R�lT	� ]�v u f u����
! M {�Q�d�b��LT(R v T i�R�Q ` R f {j{�T 1\ 4 wZd�T � T(h ��� T(h ] uSb v b�� f hGu v T	��h�Q>{���R�T	��?�� #;# ��� < >  �� A
! � T�!�lTBI ] uST(R � � Tnu�R�lTBI ] i�lT(R�T(R �SQ�h�R>lT	� ]�v u f u�� ���
!
	 InQ>{=i f R�T(R�� � Tnu v�f InQ>hJ�/T(R�SbaQ>h�d�T�� � �)T(h � Q/uSu f h/u

����� ��� ����� . � ������0

>@?�>@?ZA � FHLO HLJ�M�� Y HbQNH4M�IG[�Q�HLO A 3 6 O&M�I 476-8 X
� �/TBI q T(R�h f R�d�«�b�R fG] F_w � � H 5)h�Q ] � f �/Q>h��3lTnu ] d�b
lT v ^ b�{=i v�f h/u f uSbaQ>h&� ] R y��
«�� d ^g] h f8v�` Q>R�bau���{�Ttd ^gf i�+

i�R�T(hGuSb���� f1` Tmd�TzR�lT	�ST f/] !�d�Tzh�T ] R�Q>h�T	���/w)Tz{�Q�dM=T v Ted�TzR�lT	��T f/] !�d�Tzh�T ] R�Q>h�T	� ] uSb v b�� lTzT	��u ] h�i�T(R InT(i�u�R�Q>h�{ ]�v +
uSbdInQ ] I	��T+5 v_^gf1va` Q>R�bau���{�T d ^ f i�i�R�T(hGuSb���� f1` TtT	�SuPInT v�] bOd�T v�f d�T	�9InT(h/u�T d�T ` R f d�baT(h/u��)w ^g] u�b v b�� f u�b�Q�hZd�T v ^ f R�bau���+
{ lTnuSba| ] TzT(h�+ v b ` h�T�lTnu f bau�{�QGuSb���lTnT}i f R v T�h�Q>{���R�Tzd�TPInQ>h�h�T�!�b�Q�h��md f h�� v T�R�lT	��T f/] d�T h�T ] R�Q�h�T	�mTnu v�f h f u ] R�T
d�T�InT(R�u f b�h�T	��Q>i�lT(R f uSbaQ>h��}InQ>{j{�T v T�I f8v I ]�v d�T~u f h ` T(h/uST	�+�J1 i-T(R ��Q v ba| ] T	� 5eb�RSR�lT f1v b�� f � v T	�jT(h�I f1v I ]�v ��lT(R�baT
i�QGb�d���	 f b�� v T	��T(h�u %TnuST��z�h i-T(REInT(i�u�R�Q�h { ]�v uSbdInQ ] I	��T	��Q ] ¯�w � F�¯ ]�v uSb�w f 1/T(R �xT(REInT(i�u�R�Q�h�H�T	�Su InQ>{ji�QJ� lT�d�T@InQ ] I	��T	� � ] I;+
InT	���Sb��/T	�td�T3h�T ] R�Q>h�T	� � 4 T ] !·InQ ] I���T	� f d&� f InT(h/uST	�:��Q>h/uPInQ>{ji v =TnuST({�T(hGu\InQ>h�h�TBInu�lTnT	� 5ZI ^ T	�Su-+�=f +od�b�R�T�I�� f | ] T
h�T ] R�Q>h�T�d ^ ] h�T\InQ ] I���T�T	�SuXInQ>h�h�TBInu�lT�=f uSQ ] � v T	��h�T ] RcQ>h�T	�ed�T v�f InQ ] I���T � ] b�� f h/uST��?w)T	� f i�i v bdI f uSbaQ>h��^I v�f � +
�Sba| ] T	�jT(h�InQ�h�h�T�!>baQ>h�b���{�T ] uSb v b���T(h/ujd�T	�jR�lT	�ST f/] !@¯�w � =f | ] T v | ] T	�GInQ ] I	��T	�>F d�T � =f � Q ] ��H � &E� f | ] T
InQ ] I	��T^InQ>hGuSbaT(h/u ] h�T^InT(hGu f b�h�Tzd�T�h�T ] R�Q�h�T	� f/] { f !>b�{ ] {0��G�h �GQ/bauOb�Inb v�f h�lTBInT	���Sbau lT�d�T	��InQ>{j{ ] h�bdI f uSbaQ>h��
��lT(R�baT	�zT(h/u
R�T v T	�fInQ ] I	��T	��� & � f | ] Tsh�T ] RcQ>h�TsT.;�TBInu ] T ] h I f1v I ]�v d ] u�1�i�T
¼

| 6Au f h�� ��� � >
�
18� <
/'1 3;1 �

w T5	_Q>h InuSbaQ>h�h�T({�T(hGu�d ] R�lT	�ST f/] T(h f i�i�R�T(hGuSb���� f1` T3T	�SutdmlTBInQ>{=i�Q���lTjT(h�b�u�lT(R f u�b�Q�h���� &E� f | ] T3bau�lT(R f uSbaQ>h
InQ>h��Sb��Su�T�T(h�d�T ] !~i�� f �ST	�c¼ v�f i�R�lT	�ST(hGu f uSbaQ>h � ] R v T	�zT(h/u
R>lTnT	�ed ] R�lT	�ST f/] d ^g] h�T�!>T({=i v Ttd�Q>hGumQ�h InQ>h�h f %Kau v�f
� f8v T ] Rtd�T+��Q>R�uSbaTjTnu v T I f1v I ]�v d�T v�f ��Q>R�uSbaTjd ] R�lT	�ST f/] d ] R f h/u v�f i�RcT({�bI=T(R�T3i�� f �STjQ ] i�� f �ST v � # �� # 7+5 v�f
d�T ] !�bI=T({�Tji�� f �ST�Q ] i�� f �ST ?$ ������� # 7LInQ>h��Sb��SuST>=f I f1v I ]�v T(R v�f d�b<; lT(R�T(h InTtT(h/u
R�T v�f � f1v T ] R�u���lTnQ>R�ba| ] TsTnu v�f
R�lT(i�Q>h��ST�d ] R�lT	�ST f/] Tnu =f R�T({�TnuSu
R�T�=f � Q ] R}d�T	��i�Q/bad���d ] R�lT	�ST f/] T(h�	_Q>h InuSbaQ>h�d�T v ^ T(RSR�T ] R�{�T	� ] R�lTnT��

±DC



�����������4��	�������! 5�� 5

¨kQ ] ��R�lT	� ] {�Q�h��WInb<+od�T	����Q ] � v T	��i�R�b�h Inb�i f1v T	�yI f R f Inu lT(R�b��Su�b�| ] T	�ed�T v�f �SQ v�] uSbaQ>h~i�RcQ>i�Q���lTnT�d f h�� ° « '^² È ³��
InQ>d f1` T�d�T	��h�Q>{���R�T	� �>b�R `�]�v T6� !>T � ] R� � ��b�u��5F.±5��bau���T(h/u�b�T(R��zTnus� È ��bau���	oR f InuSbaQ>h�h f b�R�T	�.H
Inb8� v T�uSTBI	��h�Q v Q ` ba| ] T ��y���« � ��& � C����tTnus���F& � C��DCtd�T ��b v b�h !
	 R�lTn| ] T(h InT�d ] ��1 �Su�=T({�T 5�5L¯� E

i�� f �ST v � # �� # 7 ± { ]�v u�b�i v baT ] R��Tnu ] h f d�d�bauSbaQ>h�h�T ] R =f ² T(hGu�R�lTnT	�0� ] R ] h �F& � C�� �
F T(hJ�>b�R�Q>hL(DC�C�&zw q�� i�Q ] R v T�I f8v I ]�v Tnu � �DC�i-Q ] R v T@InQ>h/u
R %Q v TZd�T v�f
{ lT({�Q/b�R�T�Tnu v T	�fInQ�{j{ ] h�b�I f uSbaQ>h���H

i�� f �ST$?$ ������� # 7 ±�{ ]�v uSb�i v baT ] R� 5 ] h f d�d�bauSbaQ>h�h�T ] Rkd�Ty±tT(h/u
R>lTnT	�eTnu ] h�{ ]�v u�b�i v baT ] Rsi f R
] h�TfInQ�h��Su f hGuST!F v T^InQ�T�${InbaT(h/ued ^gf i�i�RcT(h/uSb���� f1` T�H-� ] R ] h �F& � C���� F.±DC�C
&zw q i-Q ] R v TyI f8v I ]�v Tnus� C�C i-Q ] R v T}InQ>hGu�R %Q v T�H

I f1v I ]�v d�T	��u f h�� i�Q v 1�h %Q>{�baT ] Rtd�T�d�T ` R�lT�� � ] R ] h �F& � C���C F � �DC &kw q i-Q ] R v Tji�Q v 1�+
h %Q>{�baT ] RkTnu ���DC6&zw q i�Q ] R v�f u f � v T�H

i�T(R 	_Q>RS{ f h InT�T	�SuSb�{ lTnT T(h���b�R�Q>h8�j{�b vav baQ>h���d�T}InQ>h�h�T�!�b�Q�h�� {�b��ST	�+=f ��Q ] Rzi f R �STBInQ�h�d�T
w T i f R f8v�v lT v b���{�T�b�h/u�RcQ>d ] bau~i f R v T i�b�i�T v b�h�T f/] h�b��/T fG] d ] ��bau�Tnu i f R v TZu�R f bauST({�T(hGu�d�T i v�] �SbaT ] R�

T(hGu�R�lTnT	�+F.±�T(hGu�R�lTnT	��d ^g] h�h�T ] R�Q>h�T�H:��b�{ ]�v u f h�lT({�T(hGusi�T(RS{�Tnutd ^ Q9��uST(h�b�R�d�T	��i�T(R 	_Q>RS{ f h InT	�:� ] i�lT(R�baT ] R�T	�0=f
InT vav T	��Q9��uST(h ] T	��i f Red�T	� �SQ v�] uSbaQ>h�� v Q ` bdInbaT v�v T	���xw f � T�!�b���b v b�u�lT�d ^g] h�T!��Q v�] uSbaQ>hPy��
«�� F_RcT(i�R�Q ` R f {j{ f � v T	� 5
InQ>{j{�T v T	� ��b v b�h !�H�i�T(R�{�Tnued ^ T(h���b�� f1` T(R�d ^g] u�b v b��ST(R�h�Q/u�R�T f REI	��b�u�TBInu ] R�T�i�Q ] R v T�i�R�Q/uSQGu�1�i f1` TkQ ] i�Q ] Red�T	�
f i�i v bdI f uSbaQ>h��ZlT	�/Q v�] uSb��/T	���
>@?�>@?6C / [�Q�K�I �[�TBH Q�MNX FH4I V��@M�H�O&M�I 476-8 X4sf h�� v T�I f dLR�T�d ^g] h�T�InQ vav�f ��Q�R f uSbaQ>h f �/TBI v T &eT(hGu�R�TP� ] b����ST�d ^ 2 v TBInu�R�Q>h�ba| ] T�Tnu d�T�¯ZbdI(R�Q/u�TBI���h�ba| ] T
F.¨kT ] I�� f uST v H 5�h�Q ] � f �/Q�h���R�lT f1v b���lT f �/TBI ¯ f R�uSb�h 4 b�{j{ v T(R=d�T v_^ 2��Sy�w ] h R�lT `>]�v�f uST ] R�h ] {�lT(R�ba| ] T i-Q ] R
] h�T f i�i v b�I f uSbaQ>h�d�T i-Q��SbauSbaQ>h�h�T({�T(hGuzR f i�bad�T�d ^g] h3{�b�RcQ/b�R 5>i-Q ] R ] h�T f i�i v bdI f uSbaQ>h�d�T�u�lT v lTBInQ>{j{ ] h�bdI f uSbaQ>h��
f lT(R�Q���i f u�b f8v T	� �
w ^gf1va` Q>R�bau���{�T ] u�b v b���lT�i-Q ] R\InQ�h/u�R %Q v T(R v�f i�QJ�SbauSbaQ>hZd ] {�b�R�QGb�R�T	��u v TjR�lT `>]�v�f uST ] R2� � 4 F^. # �r. � # 365 ��141  x <5�143 A p #  x < 7�5 ( A!# A 14365� x HO| ] b�T	�Su v_^g] h�d�T	� f1va` Q>R�bau���{�T	� v T	��i v�] ��T({=i v Q 1�lT�d f h�� v T	� f i�i v b�I f uSbaQ>h���d�T\InQ>hGu�R %Q v T

h ] {�lT(R�ba| ] T���w)T	� lTn| ]�f u�b�Q�h��~| ] b�R�lT ` b����ST(hGu v T 	 Q�h InuSbaQ>h�h�T({�T(hGu d ] R�lT `>]�v�f uST ] R � � 4 ��Q>h/u�d�Q>h�h�lTnT	�UInb<+
d�T	���SQ ] �l¼

� � 6 �
�
� � �

	��
 3=1�� � � �� 3 � � � � F 5��,�JH
QM=] 3=1�� � 6 � � � 3;1�� � ¹ <

3 � � � 6 �
	 ��� F�� � & � � ¹ < ����3 � � � ¹ < H

� � 6 | � & 7 �
QM=] � � T	�Su v_^ T(R�R�T ] ROT(hGu�R�T v�f InQ>{j{ f h�d�Tp| � Tnu v�f �SQ>RcuSbaT�{�T	� ] R�lTnT 7 � 5�3;1�� � Tnu 3 � � � ��Q>h/uOd�T	�
I f R f Inu�lT(R�b��SuSba| ] T	�d�T v_^ lTnu f uOd ] R�lT `>]�v�f uST ] R 5�� � T	��u v�f �SQ>R�uSbaT+5 	 v�f i�lT(R�baQ>d�Tkd ^ lTBI	� f hGuSb v�v Q>h f8` TzTnu��-5�� 5 ��
 5 �� d�T	�XInQ>h��Su f hGuST	�] uSb v b�� lTnT	��i�Q ] R v T�R�lT `/v�f1` TZd ] � � 4 �zw f yOb `>] RcT 5'���"� R�T(i�R�lT	�ST(hGuST v ^ T(h��ST({�� v T d�T	�~Q�i�lT(R f u�T ] R�3T(h�+ v b ` h�T
InQ>RSRcT	��i�Q>h�d f h/u fG] R>lT `>]�v�f u�T ] R$� � 4 �
����������� ���"!$#�%"&('*),+�-/.���'0.2143�57698:#;�;#;-(<�=�>@?�A0BDCFE�G�H�I0J�K�J�?�C�LM>NI0J�?�>�O@�

±��



���������
	����� ������	�������	������������������ ���!"���$#����D�

a11

b1

+

+

FIFO 13

ek

1

d

uk

b2

+

z1,k+1

z2,k+1

δ = 3

δ = 3

δ = 3

z1,k

z1,k

ek

FIFO 13 1

a21

-

δ = 2sk

yk reg

δ = 1

# ��� ) 5����"�+*�� � 9 0A �% P7 w # 0A p w�x  �3 A"w	#  ���� # 0A  x 5 > 0A <
z�h i�RcQ/uSQ/u1�i�T f lTnu lT�R�lT f8v b���lT f �/TBI�d�T	� y��
«�� �PInuST v ���N±DC �DTnu~��� � C �5�"&}T�I	��Q/b ! d�T	� y��
«��DT	�Su

b�{ji�Q�R�u f hGu i-Q ] R©InTnuSuST f i�i v bdI f u�b�Q�h�I f RE�ST ]�v � v T	�py���« � �PInuST v F uSTBI	��h�Q v Q ` baT f h/uSb<+�	 ] �Sb�� v T�H:�SQ>hGu^InT(R�u�b �zlT	�
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F_{ f I���b�h�T =f lTnu f u�� � { lT({�Q/b�R�Tsi�Q ] R �SuSQ I��8T(R v�f d�T(RSh�bI=T(R�T�i f R�bau�lT�H	�

��;OC���� D ��;OC���� D
	 


	

 


	

=I;��E?/D

��� =I;�� ?0D

; <B)@�I;��	D����D1A ;�A0J K�<B1@��%;���DML��D)A ;�A0J

���

���

���

���

���

���

���

�����;�C���� D =I;��E?/D

��� =I;��E?/D

S �+TMU 2 �,�ZW�� � �  np A��DA >�� ��1L1(0A AF> U , A 3 W 0A 3" �3 >�\
4 Teh�Q>{���R�T ] �ST	� �SQ v�] uSbaQ>h��OQ>hGu lTnu�lT�i�R�Q>i-Q���lTnT	�Oi�Q ] R v ^ b�{=i v�f h/u f uSbaQ>h�d ] InQ�d f1` T���lTnu f u�� 5nT(hji f RcuSbdI ]�v baT(R 5

Q>h�u�RcQ ] �/T�d f h�� ( � f � �10 5 � � �32 f 5 � � �32 �4) v ^ lTnu ] d�T�Tnued�T	� ] uSb v b�� f uSbaQ>h���d�T v�f�v Q ` b�| ] T �gI f �9InQ�d�T �jd�b<; lT(R�T(h�+
uSbaT vav T F 4! 1 : w~i�Q ] R � 5 " A!#�A 14365�  � �; > ��� �DA � � �e3" np A > �@5�3 ����� �Sp�5 �.H 51b�{ji v�f hGu f uSbaQ>h v Q ` ba| ] T�i f R�u�b�I ]�v b6=T(RcT({�T(h/u
T�#{I f InT��

$ h�u�RcQ ] �/T�d f h�� ( 4 4 � �32 ) ] h�T fG] u�R�Tsu�TBI���h�ba| ] T3i�Q ] R v�f=` lT(h�lT(R f uSbaQ>h�d�T	�:��b ` h f/] !~d�T��Hh�d�TLI f1v I ]�v �
w ^ badelTnT�T	�Sued�Ts{�T	� ] R�T(R v T\InQ ] R f hGu�| ] bµInb�REI ]�v Ttd f h�� v T	��i�Q>R�u�T	� v Q ` ba| ] T	�fI f R d f h��XInT(R�u f b�h�T	�zu�TBI���h�Q v Q ` b�T	�
F�I ^ T	��u v TuI f �zT(h�uSTBI	��h�Q v Q ` baT  � $ : i f ReT�!>T({=i v T�H�b v � f d�b�{�b�h ] T(R�R f i�b�d�T({�T(h/u+=fjv�f �Hh�d ] I f1v I ]�v d�T v�f
i�Q�R�uST��  Tnu�uST�u�TBI���h�ba| ] T Q�R�b ` b�h f1v TsT	�Su�h�lT f h�{�Q/b�h��zd�b%#{Inb v T =f {�TnuSu�R�T�T(h�� ] ��R�T��

� �



�;�����/��	�����������"!$# ����� �$#��� 2 ���

?>=@?�=�� 3�B�� G�D�G�C�D G�� B��ZY8B�� B��@E�B��	� D � G � �8C B�
8E/[�C B��
w T	�GInb�REI ] bau���b�h/u�lT ` R�lT	�4	_Q>h InuSbaQ>h�h f h/ujd f h�� v T {�Q>d�T f ��1�h I���R�Q�h�T~i�R>lT	�ST(hGuST(hGu v T	�~i f R�uSbdI ]�v�f R�bau�lT	� � ] b<+

� f h/uST	� 

2 ��������Q��� ����
�� � ��� � ����� � �InQ�{j{�T�h�Q ] � v_^gf �/Q>h��-� ] d f h�� v_^ b�hGu�R�Q�d ] InuSbaQ>h-5 v T�uST({ji��ed�T^I f8v I ]�v
d ^g] h�Q>i�lT(R f uST ] R f ��1�h I���R�Q�h�TsT	�Su v T u�T({ji���| ])^ b v 	 f/] u f/] �Sb ` h f1v d�T �SQ>RcuSbaT i�Q ] R %Tnu�R�T v_^ b�{ f1` T�	_Q>h I;+
uSbaQ>h�h�T vav T=d�T	��T(h/u�R�lTnT	���)w f � f R�b f ��b v bau�lT=d�TuInT�uST({=i���d�TuI f8v I ]�v u
R f d ] bau v T�i f R f1vav lT v b���{�Tjd�1�h f {�ba| ] T
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�,&?-*4 +-/VE&?$�-*858G-*4=.H$�-[>�"%$�&?;(.N)&8��6,.(&?2E4 $�-/;M4,2,8���)d-/;<-*47-*4=.0),+-/-�R"�%"�4,;H>�"\;06,&?.(-"��4,2E6,;@"1>?>?2E4,;@;N6�9�9�2�;(-*)A6�4,-
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(A2E6,;�"tV�2E4,;�;�&m8G6,>N+-H-/.H8G-/;06�),+-�>?-/;@9�-*) �O2E)(85"=4,'/-/;�$�Ik6�45"1$�$�&?.(&?2E4�4,-*6�)L;�+-/PC6,-*4=.(&?-/> ��� �,&?.(;*R s -/;<8G-/;N6�)-/;
2E4=.]+-/.�+- � "1&?.(-/;@;06�)A6�4,-%$�&?;(.0)&8��6,.(&?2E4f6�4,&0�o2E)�8G-%$�-/;F-*4�.N)E+-/-/;*R s " 5 &3K,6�)- 2 R8D �G9�),+-/;(-*4=.(-M>�":$�&?;(.0)&8��6,.(&?2E4n$�6
.(-*859,;F$�-G'*"1>?'*6,>�$�-G'/-/.%"1$�$�&?.(&?2E4�4,-*6�)/R s -/; 5 &?KE6�)-/; 2 R8D"D[-/. 2 R8D �:9�)E+-/;(-*4=.(-*4=.M>?-G.(-*859,;F$�I+-/.0""�,>?&?;(;(-*8G-*4=.
8G21B�-*47$�-/; �,&?.(;F$�-[;(2E8:8G-[-/.@$�-q)d-/.(-*4E6,-�R s -/;MV1"1>?-*6�);[8G-/;06�),+-/-/;<;�2E4�.G`b$<+-/>�"1&?;M6�4,&?.0"1&�)-/; c "

I .(-*859,;M8G21B�-*4&"�'UR��  
I +-/'*"�).L. .�B�9�-("ND�R)' '
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.(2E6,;�>?-/; �,&?.(;�$�-F;(2E8:8G-H;(2E4=.�'*"1>?'*6,>0+-/;@"�659,>�6,;@"�9�)/W-/; �[6�4,&?.�+-/;�$�-@.�-*859,;�-*478G21B�-*4�4,-q`b;N"�6H�X9U2E6�)�>?-/;H.(2E6,.
9�)-*8G&?-*);&�,&3.�; c R $ 45V=2�&?. �,&?-*47;06�)L'/-/; � K,6�)-/;HPC6,-F>?-/;@'*"1>?'*6,>?;M;*Iv-N_X-/'/.N6,-*4�.L&m4,$H+-*9�-*4,$�"�8:8G-*4�.A>3-/;F6�4,;@$�-/;
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