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> P H¥= §<P @C7 D-� P �&KMW9@9V Q V�KEW5Ó�± Ø%° ;�=�:�=?HJ�AK.T P > P H�= §<P @�=I�-@ P �A�!>UVJT P @� �KE>-V�W£� Q =?W9� P VJW�8 § =I;�¡£H P�À T P HJKI��7
¢�VJV ¤ D-� P �!KMW9@£V Q VJKMW­Ó+± Øç°�;�=�:�VJW� o=I� Q T P > P H�= §<P @­�UK�H�KEW9¨5=?� Q �dK�� P W QUP >
¡[KMVJW Q ��Ó�± =IW£@ÉÓ�Æ»@9K�W9K Q ¨ P!QÍ VJW �MP > QAP @ Í BO� P!P.Q � P
P!§ =?;�¡9H P KI  Q >AV�=IW£¨ML9H�=I>�; P �U� P ��77è P �U�G=IHJH ° P!P ¡ Q K Q � P �!KMW9@£V Q VJKMW�Ó�± Øé° � P > P  �KM> Q � P
��=?° P KI z�UVJ;�¡9HJVJ�!V Q :R7ÑD%K QAP�Q �G= Q VJW�¡[=I> Q VJ�!L9H�=I>�BGV²   �KE>)=�¨MV �MP W�; P �U� Q � P
Q �dK�� P W QUP >�¡[KMVJW Q ��Ó+± =IW£@�Ó+Æ­K?  Q �dKW P VJ¨E�RT[KML£>AVJW9¨��&KMW Q >UKMH � KMHJL9; P �h° × >1�G=I¡£¡ P W Q K�T P�P ±<LG=IHd=IW9@�HJ:<VJW9¨�KEW Q � P �!KM;�;�KMW P @9¨ P B Q � P W Q � P � P.Q �dK
�!KEW Q >AKEH � KEH�L£; P �:ê]L£� Q �G= �MP�Q K�T P �!KMHJH�=I¡£� P @®VJW Q K5=�W P � �!KMW Q >AKMH � KMHJL9; P7ë �-V Q �­Ó+ì Ô Ó ± Ô Ó Æ B�=IW9@ Q � P
P @9¨ P °x¿ >­> P ;�K �EP @. f>AKM; Q � P � P!Q K?  P @£¨ P ��7�D-� P W P � ; P �A� Q �<L9�-KET Q =?V�W P @�V��%=?@9;�VJ�U�AVJT9H P 7
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´�VJ¨ML9> P.À Ê�¯%@9;�V��U�AVJT9H P ; P �A� P �

���ªä��	��{ur��xw� Ñå��uä+��!���{uä+å7�	r+�1}�r+��~ ÏOP!Q Ù T P =?W»KM¡ P WÅTGKEL9W9@ P @1¡[KMHJ:<¨MKEWG=IH��UL9T9� P!Q KI %¼ 6 ? 7 ÏOP!Q � T P =
 ³=?;�VJHJ:
K? 3KE¡ P W Q >UV¥=?W9¨ML£H¥=?>-@9VJ��ê]KEVJW Q �AL£T9� P!Q ��KI zÙÖ�UL9�]� Q �G= Q%Q �dK Q >UV¥=?W9¨MH P ���G= � VJW9¨�=��!KM;�;�KEW P @£¨ P �G= �MP =IHJ�UK
Q �dK��!KE;�;�KEW �EP > Q V�� P �n7.¯��A�UL9; P�Q �G= Q =IHJH	=?W9¨MH P ��KI  Q � P.Q >AV�=IW9¨EH P ��=I> P H P �A� Q �G=?W#"ªÊ º 7�D-�9VJ��H�=I� Q �!KEW9@9V Q VJKEW�VJ��AL%$��!V P W Q  �KM> Q � P KM> Q �9KM¨EKMWG=?HOT9VJ� P � Q KM>U� Q K
VJW QAP >U� P � Q VJW9�UVJ@ P�P =I�]� Q >UV¥=?W9¨MH P B Q �<L9�-WG= Q L9>�=?HJH�:.@ P]� W9VJW9¨ Q � P ¡GKEV�W Q �
Ó�± Ø�°­7'&�W P KMT Q =IVJW9�%=IW®=I@9;�V��U�AVJT9H P ; P �A��7z¼oW Q � P ��=I� P KI z=?W P H�HJVJ¡ Q V���KE¡ P >]= Q KM>nB Q � P�� W9V QAP�� KMHJL9; P �A�]� P ; P
@ P]� W P @­KMW®�AL£���»=�¨E>AVJ@�L£�AVJW9¨�@9V²µ P > P W Q V�=?H�±<L9K Q V P W Q �� �KM> Q � P =I¡9¡9>UK § V�;�= Q V�KEW�K?  Q � P W9KM>U;5=?HO©GL § :RV P HJ@9��= ½ «
¡[KMVJW Q �A�]� P ; P
¶JÀnÄ&¹ 7�D-�9VJ�z�U�]� P ; P @£K P �-W9K Q H P =?@ Q K
= � W9V QUP @9V²µ P > P W£� P �A�]� P ; P �&KMW9�UV�� QAP W Q �-V Q � Q � P �&KMW Q VJW<L9KML£�
@9V²µOL9�AVJKMW�KE¡ P >]= Q KM>
¢ÎL9�AVJW9¨�=�D�=�:RHJKE> P!§ ¡G=IW9�UVJKMW ¤ 7zD-� P �!KMW£�AVJ� QUP W9�!:�VJ��KMW9HJ: �EP >AV �GP @� �KM> Q � P =I¡9¡9>UK § V�;�= Q V�KEW
K? 
Q � P ©[L §<P �nB<T9L Q-Q �9VJ�nB Q KM¨ P!Q � P >-�-V Q � Q � P �!KEW9� P > � = Q V � V Q :.K?  Q � P �U�]� P ; P :<V P H�@£� Q � P �!KMW �MP >A¨ P W9� P K?  Q � P �A�]� P ; P B
=I�-V Q VJ�-¡9>AK �EP @�T P HJKI� ¢�=?W9@�V�W�K Q � P >%> P � P W Q ¡G=I¡ P >A��B[� P!P�P 7 ¨[7 ¶JÀEÀU¹ B ¶JÀ�·&¹Î¤ 7D%K QAP.Q �G= Q�Q � P �&KMW9@9V Q V�KEW Q �G= Q =IHJH�=IW9¨EH P ��KI  Q � P�Q >UV¥=?W9¨MH P ��=?> P H P �U� Q �[=IW("ªÊ º ¢��-�9VJ�]��:<V P HJ@9�
Ó ± ØZ° ¤ ;5=�:
T P > P H�= §<P @Ö¢�= Q H P =I� Q  fKM> Q � P�Q >AV�=?W9¨MH P � Q � P �!HJKM�UL9> P KI %�-�£V��]�1=I> P VJW»Ù ¤4Q K Q � P �AK®�n=IHJH P @ AU� Q >AVJ� Q Ú P H�=IL9W[=�:
�!KEW9@9V Q VJKMW Í �-�£V��]�ÅV�� Q �G= Q�Q � P �!HJKM�UL9> P KI  Q � P �!VJ>A�&L9;��U�!>AVJT P @»�!VJ>U�!H P�Q K P =I�]� Q >AV�=IW£¨MH P KI  Q � P ; P �A�­@9K P ��W9K Q�!KEW Q =IVJW�=IW<:�K Q � P > Q >AV�=IW£¨MH P KI  Q � P ; P �U�C7-´9KE>-�AL9�]�­=�; P �U�CB Q � P ¡[KMVJW Q Ó+± ¢��-�£V��]��VJ� Q � P VJW QAP >U� P � Q VJKMW®KI  Q � P
KM> Q �9KE¨MKEWG=IH�T9VJ� P � Q KM>U�
K?  Q � P�P @9¨ P ��K? �° ¤ VJ�%W9K Q =?HJ�¿=�:<�%VJW�° BOT9L Q�Q � P �U��� P ; P @ P]� W P @­T P H�KI� � Q VJHJH T P �[= �MP �
� P HJHG�UV�W£� P V Q :RV P HJ@9�-=��!KEW9�AVJ� QAP W Q =I¡£¡9>AK § VJ;5= Q VJKMW�K?  Q � P @9V²µ L£�AVJKMW�©GL §RP �%=IW9@ Q � P @9VJ�A�!> P!QAP ;5= § V�;�L9; ¡9>UVJW9�!VJ¡9H P
�9KEH�@£��¢�� P&P�P 7 ¨G7 ¶JÀnÄ&¹�¤ 7
���ªä��	��{ur*)�w,+�
�å�
���
.- /@�	r+�1}�r+��~
ÏOP&Q Ù T P =IW�KM¡ P W�T[KML£W9@ P @®¡GKEHJ:R¨EKMWG=?HC�UL9T9� P&Q KI z¼ 676M7�¯�WÉ=?@9;�VJ�U�AVJT9H P�� W9V QAP�� KMHJL9; P ; P �A���n=IW®T P T9L9VJH Q T<:
L9�UV�W£¨ Q � P �AK.�n=?H�H P @ÀAAÇ�KE>AKEW9KnN È Í QAP �]�9W£V�±<L P 7 ÏOP&Q ¨ T P =) ³=?;�VJHJ:�K? 	¡[KMVJW Q �dKI  Ù�7�´9KE> P!§ =?;�¡9H P B Q �9VJ�x ³=I;�VJH�:4;5=�:
T P ���£KM� P W»=I�_¨ Ô ÓR¢10 I32 ×�UvU�U]× 0 6 2 ¤ B40 I ×vU�UvU 0 6 Ø6575�Ô�½®Ù�B[ �KE>)=�¨MV �MP W 298 Æ 7�D-� P �!KMW Q >UKMH � KMHJL9; P �%K?  Q � PÇ�KE>AKMW£KnN ÈO; P �A�5=?> P @ P]� W P @��-V Q ��> P �A¡ P � Q�Q K P =I�]��¡GKEV�W Q Ó�KI e¨ T<:

°;: Ô Ó�Ï.Ø�Ù × ¿ Ó Ð Ï�¿%< ¿ = Ð Ï�¿ ×�S =4Ø�¨ × =�»Ô ÓªÔ U
6 P �n=IHJH Q �[= Q ¿ Ó Ð Ï�¿<@ P W9K QUP � Q � P�P L9�&H�VJ@ P =IW�@9VJ� Q =IW9� P T P!Q � P!P W®Ó�=IW9@�Ï97¯%W�=?@ � =IW Q =?¨ P KI  Q � P Ç�KE>AKEW9KnN È[; P!Q �9K<@�V�� Q �[= Q V Q H P =I@9� Q K
; P �A� P �%KEW�W9KEW5¡[KMHJ:<¨MKEWG=IH[@9KE;5=IVJW9�dÙ�7E%W£@ P >-¯%�U�AL9;�¡ Q VJKEW À B<H P&Q � T P =IW�=I@£;�VJ�A�UV�T£H P ; P �A�.VJW Q � P � P W9� P K? 	Ú P�� W9V Q VJKMW À =IW£@.H P&Q ¢ Ò ± ¤ ± ¶�º BG¢ Ò µ ¤ µ)¶�·T P @ P]� W P @�TR:OÊ

Õ ± Ô À
;�¢�° ¤ L ± Õ ¢�Ó ¤ 9<Ó ×)S ° Ø%� × ¢ ½<¤

·



Ð �µ)¶¢·�¸ Ý ±�Å µ ¢ Ò µ Ð»Ò ± ¤ Ô ;®¢�° ¤UÕ ± ×#S ° Øf� × ¢ ÂE¤

� Ý ±�Å µ ¢ Ò µ Ð­Ò ± ¤�� Ý ÆªÅ µ ¢ Ò µ Ð Ò Æ ¤�ÔÌÆ£×�SÚ¹ Øf�)× Ø&Ù ×&¹�Ô °x¿ > ×
Ò µ ÔÖÆ9×�SÚ¹ Ø��)ÛaÜ,Ù U ¢ ÃE¤

D-� P�P!§ V�� QAP W£� P =IW9@.L9W£V�±<L P W P �A�-K?  Q � P �UKMHJL Q V�KEW�¢ Ò ± ¤ ± ¶�º B[¢ Ò µ9¤aµ)¶�·�Q K�¢ ½<¤ «!¢ ÃE¤ =I> P ¡9>UK �MP @.VJW ¶JÀMÀU¹ KM> ¶JÀ�·&¹ ¦ Q � P :> P �AL9H Q  �>AKE; =�@9VJ�A�!> P!QAP Ë�KEV�W£�n=I>��P VJW P ±<LG=IHJV Q :5=?W9@�=�@9VJ�A�!> P!QAP H�IK P � Q V�;�= QUP B[�-�9VJ����� P W£KI� > P �n=?HJHC fKM> Q � P �]=I° P
KI ��!KE;�¡9H P!QUP W P �U�
¢Î� P!P�¶JÀMÀU¹ KE> ¶JÀn·&¹  �KM> Q � P �!KE;�¡9H P!QUP ¡9>AK<KI f� ¤ 7 Ï P!Q L9� � >U� Q V�W Q >AK<@9L9� P4Q �zK P ±<L9V � =?H P W Q  fKM>A;��zK? 
Q � P @£V��U�!> P&QAP H�IK W9KM>U; �-�9VJ�]��� P �U�G=IHJHOL9� P � P > P 7qsr�tT���u
v�u
+�()�w&qs� ����å�r)
�r�H�IK ��
�å���~C�e"�2CÙ $&"|�(�%�! #"��%$&�(')�+*�"&*7 +��.�/10(���+��.e�1'=$��1"v2B�G4d¼ 6-6�8�9 Ô$º ��; · 8@�(�+*�Ë�(�	��*(�|���&�1��$1.�"��@�+��2u"�����.�')�O"R�|"1�G�	���	2���"|�!"��)�1"��547¡7"u�@�+��2u�����x���R�:"�2	�­¢�� ¤ *("��+��2�"s2���"R�1"v2��54� ª��"&�&"v�@�¥�!"�&�(�)�12u�(�+2ª4�'=���v2u���(�#�¦����"&���,���,���+2u;G��.��v��.�')�|"O�5472���"O�|"����#83�(��*�.�"v2 Ò ± *("��+��2�"R2��+"|�v��.�')"|�G4 Ò Ø
�­¢�� ¤ ����2��+"�&"1.�.�°	�¯e�(; Ò Ø��­¢�� ¤ 832��+"|*(���1��;G"�2�"_H�IK �+��;1�Í�54
�s���7*("u�@�+"&*�$v/�«

� Ò � I Å º Ô�� �â������ ���â��(¸	� �
;®¢ ¹O¤9(±ÁÅ µ�� 9�ÆªÅ µ ¢ Ò Æ Ð­Ò ± ¤ ? � �â���� �"! �â�#%$&¸�&'$)(

;®¢ ¹O¤9�±�Å µ Ò ?±+*
,- U ¢ ¸E¤

�:��"v;5" Ò ± *("��+�(2u"���2���"�����.�')"�2u��.�"v�	$�/ Ò �(�À2���"��&�(��2�;5��.3����.�'=�|"O°È���+*�2���"R�1"v2����@8@� × Ø&Ù 8@� ÛaÜ&Ù �(��*��)± �(;G"*("u�@�+"&*�����¡-"��Ñ�+��2u���(�	���ãRr)�	ä+å�æ() É&�%2��+"|�($&�(��"R*("u�@�+��2u�����)83� 4�¢ Ò µG¤�µ)¶¢· �(;G"-*("u�@�+"&*�$v/�� /&��832��+"��%���+"R��.Ã�!�|�+���
;�¢ ¹O¤9�±�Å µ+� 9(Æ\Å µ ¢ Ò ± Ð»Ò Æ ¤ Ô Ý ±ÁÅ µ ¢ Ò ± Ð­Ò µ ¤�Ô Ð Ý ÆªÅ µ ¢ Ò Æ Ð»Ò µ ¤ 41��;����+/ ¹�Ô °À¿ >ÅØ��)× Ø&Ù

�1��2��+��23���+"O��.Ì�1�O�����1«
� Ò � I Å ºÉÔ � �± ¶�º �µ)¶�·v¸ Ý!±�Å µ ¢ Ò µ Ð»Ò ± ¤ ? * ,- U ¢ ÁE¤

¼ Q VJ���U�9KI�-W.VJW ¶JÀMÀU¹ KM> ¶�À�·&¹GQ �[= Q  �KE>z=IW<:�; P �A�R� V²  Ò Ø0�­¢�� ¤xQ � P W Q � P  �KMHJHJKI�-VJW9¨-@9VJ�A�!> P!QAP Ë�KMVJW9��=I>��P VJW P ±RL[=IHJV Q :
�9KEH�@£�nÊ � Ò � Æ - ß

M à21 @9V�=I;�¢�Ù ¤ � Ò � I Å º ¢ ÄE¤
¼oW Q � P ��=I; P > P   P > P W9� P �nBd� P =?HJ�AK��A�9KI� P @ Q �G= Q V² �¢ Ò ± ¤ ± ¶�º�× ¢ Ò µ9¤aµ)¶�· ��= Q VJ� �[P �5¢ ½R¤ «�¢ ÃM¤ KE>�;�KM> P ¡9> P �!VJ� P H�:»=?W
P ±<L9V � =IH P W Q �A:<� QUP ; �-� P > P ¢ ÂE¤ «!¢ ÃE¤ V��d> P ¡9H�=I� P @�TR:�µ)¶�· ¸23 ±�Å µ
Ô ;�¢u° ¤AÕ ± ×�S ° Ø�� × ¢ ÀnÆE¤

4556 557 3 ±�Å µ Ô ;�¢ ¹O¤9�±�Å µ�� 9�ÆªÅ µ ¢ Ò ± Ð»Ò Æ ¤!×#SÚ¹ Øf�)× Ø,Ù ×,¹�Ô °À¿ > ×
3 ±�Å µ Ô ;�¢ ¹O¤9�±�Å µ Ò ± ×�SÚ¹ Ø��=ÛaÜ&Ù ×&¹ Ø%� ± ×

¢ ÀMÀ�¤

Q � P W Q � P @£V��U�!> P&QAP H�IK ¢�Ù ¤dP � Q VJ;�= QAP �9KMHJ@9��Ê
� Ò º � ? I Å º 1 @9V�=I;�¢�Ù ¤ ? � Õ � ?Æ - ß

M à × ¢ ÀnºE¤
�-� P > P Ò º VJ�-@ P]� W P @�TR: Ò º ¢�Ó ¤	Ô Ò ±Ö �KM>-=IHJHCÓ�Ø%° �-� P > P ¢ Ò ± ¤ ± ¶�º VJ� Q � P =I�U�AL9; P @��UKMHJL Q V�KEW�K? z¢ ÀMÀ�¤ ¦<� P W9� P
T<:56 P ;5=?>A° º B<V² ¿¢ Ò ± ¤ ± ¶�º BO¢ Ò µG¤aµ)¶�· @ P W£K QAP � Q � P �UKMHJL Q V�KEW Q K Q � P�� W9V QAP�� KEH�L£; P �A�]� P ; P ¢ ½<¤ «!¢ ÃM¤ B<KMW P �G=?�nÊ�± ¶�º �µ)¶�·v¸ Ý ±�Å µ ¢ Ò µ ÐÉÒ ± ¤ ? 1 @9V�=I;�¢�Ù ¤ ? � Õ � ?Æ - ß

M à U ¢ Àn·E¤

½



D%K QAP�Q �[= Q V�W Q � P =IT[K �MP  �KM>U; KI  Q � P �A�]� P ; P B 3 ±�Å µ > P ¡9> P � P W Q � Q � P WRL£; P >UV���=IHz=?¡9¡9>AK § VJ;5= Q VJKMW�KI  Q � P ©GL §Q �£>AKML£¨M��=?W P @9¨ PO¹ KEL Q �-=I>A@ Q K�°­BO=IW£@ Q �G= Q  �KM> ¹�Ô °x¿ >1Ø�� × Ø&Ù BGKEW P �G=?�nÊ 3 ±ÁÅ µ�Ô Þ3ß µ(à6 ¸\á â � 6 ��á â ¢ Ò ± Ð»Ò Æ ¤�ÔÝ&±�Å µ ¢ Ò ± ÐÉÒ µ9¤ 7D-� P � P�Q �dK P � Q V�;�= QUP ��:RV P HJ@ Q � P.P&§ VJ� QAP W9� P KI %=�L9W9VJ±<L P �AKEHJL Q VJKMW�7
´£KM>
=�¨MV �EP WÉ=?@9;�VJ�U�AVJT9H P ; P �U����B�� P ;5=�:
Q � P > P  fKM> P @ P]� W P4Q � P�� W9V QAP�� KEH�L£; P =I¡£¡9>AK § VJ;5= Q VJKMW�KI  Q � P�P!§ =I� Q �AKEHJL Q VJKMW Ò T<:

Ò º Ô �± ¶�º Ò ± À ± × ¢ À!½<¤

�-� P > P�À ± VJ� Q � P �]�G=I>]=I� QUP >AVJ� Q VJ�� �L9W£� Q VJKMW�K? T°­B Q �G= Q V�� À ±.¢fÓ ¤�Ô À Vm �Ó�Ø�°­B Æ K Q � P >U�-V�� P 7D-� P �!KMW �MP >A¨ P W9� P K?  Q � P�� W9V QUP�� KEHJL9; P �AKEH�L Q VJKMW­�-=I�.=IHJ> P =I@9:­¡9>UK �MP WÅVJW ¶�À�·�¹ KM> ¶JÀMÀU¹ 7®D-� P =?V�; � P > P VJ� Q K
�!KEW9� Q >AL9� Q =?W5=I¡£¡9>AK § VJ;5= QAP ¨M>]=I@9V P W Q =?W9@�¡9>AK �EP V Q �z�!KEW �MP >U¨ P W9� P 7

V@W�� XZY\[�]_^a`+^Gb@]cbed���]������
	+b��h^5m
�e`#Y���	����h^5Y:]Ñ`
¼oW®KM>A@ P > Q K�@ P]� W P =?WÉ=?¡9¡9>UK § VJ;�= QAP ¨E>�=I@£V P W Q KI  Ò BO� P V�W Q >AK<@9L9� P BO �KE>7°�Øx� =?W9@ ¹ Øx�)± Q � P.� =I>UV¥= Q VJKMW[=IH
�AKEHJL Q VJKMW���±�Å µ ØCH�I�¢�° ¤ KI  Q � P  �KMHJHJKI�-VJW9¨7D P L9;5=?W9W�¡£>AKMT£H P ;�7

Ñ � ±�Å µ ¢�Ó ¤ ÔËÞBß µ(àÞBß ± à ×  �KM>%=£7 P 7	Ó ØC° ×
� ± ��±�Å µ ¢fÓ ¤ 9<Ó ÔÖÆ9×N ��±�Å µ ¢�Ï ¤@P �e±�Å µ.Ô ÀE×  �KM>%=£7 P 7�Ï�Ø ¹ ×N ��±�Å µ ¢�Ï ¤@P ��±�Å��µ�ÔÌÆ£×  �KM>%=£7 P 7�Ï�Ø��¹ × �¹ Ø��)± × �¹ »ÔZ¹O×

¢ ÀnÂE¤

�-� P > P � ±�Å µ @ P W£K QAP � Q � P L9W9V Q W9KM>U;5=IH �MP � Q KE> Q K ¹ KML Q �-=I>U@ Q K�° 7 D-� P  �L9W9� Q VJKMW�� ±ÁÅ µ Ø%H�II¢�° ¤ VJ� Q � P > P  �KE> P
Q � P L£W9VJ±RL P �UKMHJL Q V�KEW��UL9�]� Q �G= Q � ± ��±ÁÅ µ ¢fÓ ¤ 9<Ó Ô$Æ KI  Q � P�� =?>AV�= Q VJKMWG=?H< �KM>U;.L9H�= Q V�KEWL ± N ��±�Å µ ¢�Ó ¤ NRQ ¢�Ó ¤ 9<Ó Ô Ð

;�¢ ¹O¤
;®¢�° ¤ L ± Q ¢�Ó ¤ 9<Ó � L µ Q ¢uÏ ¤ 9���¢uÏ ¤!×iS Q ØCH I ¢�° ¤&× ¢ ÀnÃE¤

�-� P > P 9���@ P W9K QAP � Q � P VJW QAP ¨M>�= Q VJKMW��-V Q ��> P �U¡ P � Q�Q K Q � P 9 Ð À�Ï P T P �A¨ML P ; P =?�AL9> P KMW Q � P T[KML9W£@G=I>U:5Û�°­7
ÏOP&Q L9�-; P W Q VJKMW Q �G= Q V�W Q � P �n=?� P K?  Q >AV�=IW£¨ML9H�=I>dKM>-> P � Q =IW9¨EL9H�=I>%�&KMW Q >UKMH � KMHJL9; P �nB Q � P  �L9W9� Q VJKMW9��� ±�Å µ =I> P�Q � PL9�ULG=IH�T[=I�AVJ�� �L9W£� Q VJKMW£�% fKM> Q � P ©GL § VJW Q � P �!H�=I�U�AVJ�n=IHx;�V §<P @ � W9V QAP.P H P ; P W Q =?¡9¡9>AK § VJ;5= Q VJKMW�B<� P!P.P 7 ¨[7 ¶h·9ÀU¹ B Q � P
¨M>]=I@9V P W Q KI C�-�9VJ�]��;�=�:�T P �->AV QUQAP W P!§ ¡9HJVJ�!V Q HJ:�¢ÎW9K QUP�Q �G= QdQ � P%P!§ ¡9> P �A�UV�KEW�KI  Q � P T[=I�AVJ�x �L9W9� Q VJKMW9� Q � P ;�� P H �MP �dVJ�
KI  W9K.> P =IHCVJW QAP > P � Q�¤ Ê

�1ÏOP!Q °�T P =�
�å���ä+��!���{�ä+å��!KEW Q >AKEH � KMHJL9; P B���T P KEW P KI %V Q � �MP > Q VJ� P ��=?W9@ ¹ T P�Q � P �AVJ@ P KM¡9¡[KM�UV QUP�Q �9VJ�
�MP > QAP!§ B Q � P W N ��±�Å µ ¢�Ó ¤�Ô Ó Ð �9[¢ � ×&¹O¤  �KM>-=IW<:�Ó�ØC°
�-� P > P 9G¢!� ×,¹O¤ @ P W9K QAP � Q � P @9VJ� Q =?W9� P T P!Q � P&P W"�.=?W9@ ¹ 7

�1ÏOP!Q ° T P =Rå�r���
vä+��!���{�ä+å4�!KMW Q >UKMH � KMHJL9; P%Q � P �UVJ@ P ��KI ��-�9VJ�]��;5=�:.T P =I�A�UL9; P @ Q K�T P ¡[=I>�=?HJH P H Q K Q � P
= § VJ�nB9=IW£@�H P!Qh¹ =IW9@ ¹$# T P�Q �zK.¡[=I>�=?HJH P H P @£¨ P ��KI  Q �9VJ�-> P � Q =?W9¨MH P B Q � P WN � ±�Å µ ¢�Ó ¤�Ô 9G¢fÓ ×&¹$#m¤9G¢ ¹O×&¹ # ¤ � ±�Å µ  �KM>%=?W<:�Ó�Ø�° ×
�-� P > P 9[¢fÓ ×&¹$#�¤ ¢Î> P �U¡C7�9[¢ ¹ ×,¹$#J¤A¤ @ P W9K QUP � Q � P @9VJ� Q =?W9� P T P!Q � P!P W»Ó­=?W9@ ¹$# ¢Î> P �U¡C7 ¹ =IW9@ ¹$#�¤ =IW£@���±�Å µ
@ P W9K QAP � Q � P L9W9V Q W9KE>A;�=IH �MP � Q KM> Q K ¹ KEL Q �¿=?>A@%°­7D%K QAP�Q �[= Q VJW Q � P ¨ P W P >�=?HC�n=?� P B N ��±�Å µ ��=IW�KMW9HJ:.T P =I¡£¡9>AK § VJ;5= QAP @C7D P&§RQ � P @ P�� W P�Q � P  �L9W9� Q VJKMW&%:± Ø�H�I�¢�° ¤ TR:

% ± Ô �µ)¶�·v¸ Ò µ ÐÉÒ ±9(±ÁÅ µ � ±ÁÅ µ × ¢ Àn¸E¤

Â



=IW£@5� P @ P]� W P�Q � P =?¡9¡9>AK § VJ;5= QAP ¨E>�=I@£V P W Q � º ØCH 6���� ¢fÙ ¤�Ô Ó���Ø­¢�> ? ¢�Ù ¤U¤ 6 ¦U@9V � ��Ø%> ? ¢�Ù ¤ Ô�TR:
� º ¢fÓ ¤ Ô N % ± ¢�Ó ¤!×�S Ó�Ø%° ×�S ° Ø�� U ¢ ÀnÁE¤

¼ Q VJ�-�!H P =I>d f>AKM; Q � P @ P]� W9V Q VJKEW�KI  � º Q �G= Q
� º U � ±�Å µ ¢fÓ ¤ Ô Ò µ Ð­Ò ±9 ±�Å µ ×  �KM>%=?W<:�Ó�Ø ¹O×  �KM>-=IW<: ¹ Ø%� ± ×  �KE>¿=?W<:f° Ø�� U

¢�6 P �n=?H�H Q �G= Q � ±�Å µ @ P W9K QAP � Q � P L9W£V Q W£KM>A;�=IH �EP � Q KE> Q K ¹ KML Q �¿=?>A@%°­7 ¤ D-� P > P �AL9H Q � º ØJH 6���� ¢�Ù ¤ VJ� Q � P W®=�!KEW9� P ±<L P W9� P K? �¢ ÃE¤ �-�9VJ��� P!§ ¡9> P �A� P � Q � P ¡9>AVJW9�!VJ¡9H P KI z�&KMW9� P > � = Q V � V Q :�K?  Q � P�� W9V QAP�� KMHJL9; P �U��� P ; P 74¼oW9@ P!P @CB� º ¿ ± ØÕHJIn¢�° ¤  �KE>)=?W<:J° Ø�� =?W9@ Q � P W£KM>A;�=IH�©GL § KI  � º Q �9>AKEL9¨M�»=?W9@ P @9¨ Pf¹1Ô °À¿ >ÖVJ���&KMW Q VJW<L9KML£�
Q �[=IW9°<� Q K�¢ ÃE¤ 7�´£L9> Q � P >U;�KM> P B Q � P > P � Q >AVJ� Q V�KEW»¢�@£V � � ºd¤ ¿ ± KI  @9V � � º�Q K�=?W<:.�!KMW Q >UKMH � KMHJL9; P ° K?  Q � P ; P �A��VJ�
�!KEW9� Q =IW Q Ê

¢�@9V � � º ¤ ¿ ± Ô @£V � � �µ)¶�·v¸ Ò µ Ð»Ò ±9�±�Å µ N � ±�Å µ * Ô �µ)¶�·v¸ Ò µ Ð»Ò ±9�±�Å µ ;�¢ ¹O¤
;�¢�° ¤ ÔÖÕ ± U
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M à =?�
�UV�� P ¢�� ¤�QAP W9@9� Q K Æ 7�D-�9VJ��> P �AL9H Q VJ�=IHJ> P =I@9:��!KEW Q =IVJW P @�VJW ¶JÀn·&¹ KM> ¶�ÀEÀU¹ B9T9L Q � P ¨MV �EP � P > P =��AHJVJ¨M� Q HJ:�@£Vmµ P > P W Q ¡£>AK<KI z�-�£V��]��¡£> P ¡G=?> P � Q � P ¡9>AK<K? 3K? 
�!KEW �EP >A¨ P W9� P KI  Q � P =?¡9¡9>AK § VJ;5= QAP ¨E>�=I@£V P W Q 7è P L£� P � P > P�Q � P  ³=I� QzQ �G= Q-Q � P �U¡G=I� P�2�34 ¢fÙ ¤ KI � �L9W9� Q VJKMW9�dKI C�!H�=?�A� 2�3 �-V Q ���!KE;�¡G=?� Q �AL£¡9¡GKE> Q VJW5Ù V��d@ P W£� P
VJW Q � P S%VJHJT P > Q �U¡G=I� P H IK ¢�Ù ¤ 7 Ï P!Q(5 Ø 2 34 ¢fÙ ¤ 7 ÏOP&Q ° Øf��BE �>AKE; Q � P ¬ Q KM° P �- fKM>A;.L£H¥=�� P �G= �MP�Q �[= QL ± Ñ 5 ¢fÓ ¤ 9RÓ Ô �µ)¶¢·�¸ L µ N 5 ¢uÏ ¤1U ��±�Å µ 9��	¢uÏ ¤&×
�-� P > P � ±�Å µ @ P W9K QUP � Q � P L9W£V Q W£KM>A;�=IH �MP � Q KM> Q K ¹ KML Q �-=I>U@Z°­7$S P W9� P V² �KMW P =?¡9¡9>UK § VJ;�= QAP � Q � P W9KM>U;5=
@ P >UV � = Q V �EP N 5 ¢�Ï ¤1U � ±�Å µ T<: Q � P �!KEW9�AVJ� QUP W Q �]�9KMVJ� P I6 ¸\á â ¢ 5 µ Ð 5 ¢�Ó ± ¤A¤ �-� P > P�Q � P�� =IHJL P � 5 µ =I> P @ P]� W P @� �KE>¿=?HJH¹ Øf�®T<:
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Ý ±ÁÅ µ ¢ 5 µ Ð 5 ¢�Ó ± ¤A¤ � Ý ÆªÅ µ ¢ 5 µ Ð 5 ¢�Ó Æ ¤U¤�ÔÖÆ9×�SÚ¹ Ø��=× Ø&Ù ×&¹�Ô °x¿ > ×
5eµ.ÔÌÆ£×�SÚ¹ Øf� ÛaÜ&Ù × ¢ ÀnÄE¤

KMW P KET Q =?VJW9�

�µ)¶�· ¸ Ý ±�Å µ ¢ 5 µ Ð 5 ¢�Ó ± ¤A¤�Ô L ± Ñ 5 ¢fÓ ¤ 9<Ó Ð �µ)¶�· ¸ ;�¢ ¹O¤ � ±�Å µ × ¢ ºMÆE¤

�-� P > P  �KM>�=IW<:%° ØJ� =IW£@ ¹ Ø	� ± Q � P
� =?HJL P � ±�Å µ VJ� Q � P �!KMW9�UVJ� QAP W9�!: P >A>UKM>�KMW Q � P =I¡£¡9>AK § VJ;5= Q VJKMW.K?  Q � PW9KE>A;5=?HG@ P >AV � = Q V �MP KE> 5­Q �9>AKEL9¨M� ¹ KML Q �-=I>U@ Q K�° �-�9VJ�]��VJ�-@ P]� W P @�T<:

� ±�Å µ Ô 5 µ Ð 5 ¢�Ó ± ¤9�±�Å µ Ð À
;�¢ ¹O¤ L µ N 5 ¢�Ï ¤@P � ±�Å µ 9��C¢uÏ ¤1U

D%K QAP�Q �[= Q-Q �[=IW9°<� Q K�¢ ÀnÄE¤ B<V²  ¹�Ô °x¿ >­Ø%�)× Ø,Ù Q � P W�� ±�Å µ � � ÆªÅ µ ÔÖÆ =IW9@

� ±�Å µ Ô 5 ¢fÓ Æ ¤ Ð 5 ¢�Ó ± ¤9 ±�� Æ Ð À
;®¢ ¹O¤ L µ N 5 ¢�Ï ¤@P � ±�Å µ 9��	¢uÏ ¤1U
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D%K Q VJW9¨ Q �G= Q �± ¶�º �µ)¶�·v¸ ;�¢ ¹O¤ 9�±�Å µ
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�MP >A¨ P � Q K Æ =I���AVJ� P ¢�� ¤ ��Æ 7%S P W9� P =�¡G=I�U��=?¨ P�Q K Q � P HJVJ;�V Q =I�%�UVJ� P ¢�� ¤�QAP W£@9� Q K Æ VJW»¢ ºEºM¤ =?W9@ Q � P @£V��U�!> P&QAP
Ë�KMVJW9�n=?>��P VJW P ±<LG=?H�V Q :�¢ ÄM¤ :<V P HJ@CÊ

� � Ð 5 � ?Æ - ß
M à 1 º ¢�@9V�=?;5¢fÙ ¤A¤ ? � N ¢ Ò4Ð 5 ¤ � Æ - ß

M à � N ¢�� Ð 5	¤ � Æ - ß
M à U

ÏOP&QAQ VJW9¨ 5®QAP W9@ Q K Ò V�W Q � P H�IzW£KM>A; :RV P HJ@9� Q �G= Q � Ô Ò 7CS P W9� P�Q � P =?¡9¡9>UK § VJ;�= QAPx� W9V QUP%� KEHJL9; P �UKMHJL Q V�KEW Ò º�!KEW �EP >A¨ P � Q K Ò =I�-�AVJ� P ¢�� ¤dQAP W9@£� Q K Æ 7
´£>AKM; Q �£V��-�&KMW �MP >U¨ P W£� P > P �AL£H Q =IW9@  �>AKE; ¢ ºEºM¤ KMW P KMT Q =IVJW9� Q � P�P!§ VJ� QUP W9� P KI  3 I ¢�Ù × 5d× � ¤ 8 Æ �-�9VJ�]� QUP W9@9� Q K
Æ =I�-�UVJ� P ¢�� ¤�� Æ �AL£��� Q �G= Q

�± ¶�º �µ)¶�· ¸ Ý&±ÁÅ µ ¢�� µ Ð ��± ¤ ? 1 º L M ¢ N Ò ¢fÓ ¤ Ð N 5 ¢fÓ ¤U¤ ? 9<Ó � 3 I ¢fÙ × 5d× � ¤�UE%�UVJW9¨ Q � P > P ¨ML9H�=?>AV Q :�K?  5 B<� P �G= �EP B< fKM>�° Øf��B ¹ Ø%�)±.B9=IW9@%Ï�Ø ¹ B
� Ò µ Ð»Ò ±9 ±�Å µ Ð

N 5 ¢�Ï ¤@P � ±ÁÅ µ � ? 1 º9 ±�Å µ ? ¢�� µ Ð � ± ¤ ? ��2 � �AVJ� P ¢�� ¤ ? UE%�UVJW9¨ Q � P-Q �dK�¡9> P!� VJKML£�	VJW P ±RL[=IHJV Q V P �nB?� P ¨ P!QxQ � P-P!§ VJ� QUP W9� P KI  3 ? ¢�Ù × 5d× � ¤ 8 Æ �-�9VJ��� QAP W9@9� Q K Æ =?�	�UVJ� P ¢�� ¤��
Æ �AL£��� Q �G= Q

�± ¶¢º �µ)¶�·v¸ 9�±�Å µ L µ
� Ò µ Ð­Ò ±9�±�Å µ Ð

N 5 ¢uÏ ¤@P ��±�Å µ � ? 9 � ¢�Ï ¤ 1 ½ L M ¢ N Ò ¢fÓ ¤ Ð N 5 ¢�Ó ¤A¤ ? 9<Ó � 3 ? ¢fÙ × 5d× � ¤1U ¢ ºM·E¤

1ª
vr)� )
ÏOP&Q L9�
W£KI� Q L9>UW Q K Q � P � Q L£@9:­KI  Q � P �!KMW �MP >A¨ P W9� P K?  Q � P =I¡£¡9>AK § VJ;5= QAP ¨M>�=?@9V P W Q B�=?�A�AL£;�VJW9¨�� º 8 �É=?W9@ë�º 1 ë 7 ÏOP!Q(5 Ø 2 34 ¢�Ù ¤ =IW£@� fKM>-=IHJH:° Øf� H P!Q

� ± Ô L ± ¢ � º ¢�Ó ¤ Ð N 5 ¢fÓ ¤U¤ ? 9<Ó U
ÏOP&Q L9� � >U� Q > P �->AV QAP � ± =?�

� ± Ô L ± ¢ N % ± ¢�Ó ¤ Ð N 5 ¢�Ó ¤A¤ ? 9<Ó Ô L ± ¢ N � ± ¢fÓ ¤U¤ ? 9RÓ
�-� P > P � ± VJ�-=4 �L9W9� Q VJKMW� �>UKM;Í° Q K�¼ 6 @ P]� W P @�T<:OÊ

� ± ¢�Ó ¤ Ô 5 ¢�Ó ¤ Ð À
;�¢u° ¤ L ± 5 ¢uÏ ¤ 9)Ï Ð % ± ¢�Ó ¤  �KM>-=IHJHCÓ�Ø%° U

¢�6 P �n=?H�H Q �G= Q % ± Ô �µ)¶�· ¸ Ò µ ÐÉÒ ±9 ±�Å µ � ±�Å µ 7 ¤
¼oW QAP ¨E>�= Q VJW9¨.T<:.¡G=I> Q ��B9� P ¨ P!Q

� ± Ô �µ)¶�·v¸ L µ �B±.¢�Ï ¤ ¢ N 5 ¢�Ï ¤BP ��±�Å µ Ð Ò µ Ð­Ò ±9�±�Å µ ¤ 9��C¢uÏ ¤
Ð � ± Ñ 5 ¢fÓ ¤ � ± ¢�Ó ¤ 9<Ó � �µ)¶�·v¸ L ± ;�¢ ¹O¤

;�¢u° ¤ Ò µ Ð­Ò ±9�±�Å µ L ± � ± ¢fÓ ¤ 9<Ó U
´£>AKM; Q � P @ P�� W9V Q VJKMW.K?  � ± =?W9@�� ±ÁÅ µ KEW P �G=?� � ± � ± ¢fÓ ¤ 9<Ó Ô Ð � ± % ± ¢fÓ ¤ 9<Ó ÔÌÆ =?W9@ Q � P > P  fKM> P KEW P KET Q =?V�W£�

Á



� ± Ô �µ)¶�· ¸ L µ �B±.¢�Ï ¤ ¢ N 5 ¢uÏ ¤BP ��±�Å µ Ð Ò µ ÐÉÒ ±9 ±ÁÅ µ ¤ 9��	¢uÏ ¤ Ð L ± Ñ 5 ¢�Ó ¤ �B±�¢�Ó ¤ 9<Ó UE%�UVJW9¨ �zKML£W9¨�� �dV�W P ±<LG=IHJV Q :RB?� P ¨ P&Q B< fKM>-�AKE; P W9KMW�W P ¨R= Q V �MP�� =IW9@ + �-�9VJ�����-VJHJHGT P �]�9KE� P W�H�= QUP >nB
� ± 1 �

º � ± � À
º�� 2 ± � +

º � ± � À
º +�� ± × ¢ ºI½<¤

�-� P > P

� ± Ô �µ)¶�·v¸ L µ � ?± ¢uÏ ¤ 9 ��¢uÏ ¤&×
2 ± Ô �µ)¶¢·�¸ L µ ¢ N 5 ¢�Ï ¤3P ��±�Å µ Ð Ò µ Ð Ò ±9(±ÁÅ µ ¤ ? 9�� ¢�Ï ¤!×

�-± Ô L ± � ?± ¢fÓ ¤ 9<Ó ×
=IW£@

� ± Ô L ± � Ñ 5 ¢�Ó ¤ * ? 9<Ó U
¬<VJW9� P �B± T P HJKEW9¨M� Q K%H�II¢�° ¤ =?W9@®V��4�AL9�]� Q �[= Q � ± �B±.¢�Ó ¤ 9<Ó Ô Æ BOKEW P ;5=�:�L£� P�Q � P H�K<�n=?H Q >]=I� P VJW P ±RL[=IHJV Q :
¢ ºEÁM¤ K?  Ï P ;�;�= À ¢Î�-�9VJ�]�5VJ��� Q = QAP @®=IW9@�¡£>AK �MP W�T P H�KI� ¤dQ K�� Q = QUP�Q �[= Q%Q � P > P
P!§ VJ� Q � 2�� Å 6 � Æ @ P ¡ P W9@9VJW9¨�KEW9HJ:KMW ��=?W9@f9��AL9�]� Q �G= Q L µ � ?± ¢uÏ ¤ 9���¢uÏ ¤ 1 2 � Å 6 @9V�=?;5¢u° ¤ L ± ¢ N � ± ¢fÓ ¤U¤ ? 9RÓ U
D-� P > P  �KE> P B[�AVJW9� P�Q � P W<L9;.T P >dKI  P @9¨ P ��KI  P =?�����!KEW Q >AKEH � KMHJL9; P ° VJ�dL9W9V² �KM>U;�HJ:�TGKEL9W9@ P @�T<: ë B<KEW P �G=I��Ê

� ± 1 ë 2 � Å 6 @9V�=I;�¢�° ¤ � ± ×E%�UVJW9¨ Q � P �]=I; P ¡9>AKE¡ P > Q V P ��KEW
�B± =?W9@ Q � P Ë�KMVJW9��=I>��P « è$VJ> Q VJW9¨ P >-V�W P ±<LG=IHJV Q :5¢ ºMÄE¤ KI  Ï P ;�;�= À B<KMW P �G=I��Ê

�7± 1 2�� Å 6 @9V�=I;�¢�° ¤ ? � ± U
S P W9� P B[�]�9K<KM�UV�W£¨ �®Ô À

º�ë 2 � Å 6 @9V�=I;�¢�° ¤ =?W9@ + Ô À
º 2 � Å 6 @9V�=I;�¢�° ¤ ? VJWÉ¢ ºI½<¤ :RV P HJ@9� Q �[= QÀ

º
� ± 1 ë 2 � Å 6 @9V�=I;�¢�° ¤�2 ± � 2 � Å 6 @9V�=?;5¢u° ¤ ? � ± U ¢ ºMÂE¤E%�UVJW9¨�¢ ºE·M¤ =IW9@%9 ±�Å µ � �M@9V�=?;�¢�° ¤ B<� P �[= �MP�± ¶�º @9V�=?;5¢u° ¤ 2 ± 1 ½�

L M ¢ N Ò ¢fÓ ¤ Ð N 5 ¢fÓ ¤U¤ ? 9<Ó � À� 3 ? ¢�Ù × 5z× � ¤1U ¢ ºMÃE¤

´£L9> Q � P >A;�KM> P B �± ¶¢º @9V�=I;�¢�° ¤ ? � ± 1 ¢��AVJ� P ¢�� ¤A¤ ? �± ¶�º ;�¢�° ¤ � Ñ 5 � ?3 1 ¢Î�AVJ� P ¢�� ¤U¤ ? ;�¢�Ù ¤ � Ñ 5 � ?3 U ¢ ºM¸E¤

´£>AKM; ¢ ºEÂM¤ BO¢ ºMÃE¤ =IW9@Å¢ ºM¸E¤ B<� P ¨ P&Q%Q � P�P!§ VJ� QAP W9� P KI  3 	 ¢�Ù × 5d× � ×,ëÖ× � ¤ � Æ �-�9VJ��� QUP W9@9� Q K Æ =?�%�UV�� P ¢�� ¤
��Æ
�AL£��� Q �G= Q

�± ¶�º � ± Ô L M ¢ � º ¢�Ó ¤ Ð N 5 ¢fÓ ¤U¤ ? 9RÓ 1 Á(ë 2�� Å 6�
L M ¢ N Ò ¢�Ó ¤ Ð N 5 ¢�Ó ¤A¤ ? 9<Ó � 3 	 ¢�Ù × 5d× � ×,ëÖ× � ¤�U

Ä



¬<VJW9� P
¢ � º ¢�Ó ¤ Ð N Ò ¢�Ó ¤A¤ ? 1 º ¢ � º ¢fÓ ¤ Ð N 5 ¢�Ó ¤A¤ ? ��º ¢ N 5 ¢�Ó ¤ Ð N Ò ¢�Ó ¤A¤ ?

� P&QAQ VJW9¨ 2 ì Å � Å 6 Ô ÀnÃ�ë 2 � Å 6� �»º B<� P ¨ P&QL)M ¢ � º ¢fÓ ¤ Ð N Ò ¢�Ó ¤A¤ ? 9RÓ 1 2 ì Å � Å 6 L)M ¢ N Ò ¢�Ó ¤ Ð N 5 ¢�Ó ¤A¤ ? 9<Ó �Åº 3 	 ¢�Ù ×]Õ[× 5d× � ×&ëÖ× � ¤1U
ÏOP&Q � 8 Æ =IW9@�H P&Q L9�%�]�9K<KM� P�5 �AL£��� Q �G= QL M ¢ N Ò ¢�Ó ¤ Ð N 5 ¢�Ó ¤A¤ ? 9<Ó 1 � U
è P ��=IW�W9KI� ���£KRKE� P �UVJ� P ¢�� ¤ �A;�=IHJH P W£KML9¨E�5�UL9�]� Q �[= Q%º 3 	 ¢fÙ × 5d× � ×&ëÖ× � ¤ 1 � 7 D-� P WL M ¢ � º ¢fÓ ¤ Ð N Ò ¢�Ó ¤A¤ ? 9RÓ 1 ¢ 2 ì Å � Å 6 �$Àn¤ � ×

�-�9VJ�]���!KMW9�&H�L£@ P � Q � P ¡9>AK<K? 3K?  Q � P �!KEW �EP >A¨ P W9� P KI  � º�Q K N Ò V�W­¢u>@?M¢fÙ ¤A¤ ?M7
¬<VJW9� P @9V � � º ¢�Ó ¤�ÔÖÕ ±.BI �KE>z=IHJHOÓ�ØC° B Q � P �!KMW �MP >A¨ P W9� P KI C@9V � � º­Q K Ñ.Ò V�W�>Ñ?I¢�Ù ¤ VJ��¡9>AK �EP @C7 D-�9VJ�d�!KMW£�!HJL9@ P �
Q � P ¡£>AK<KI �KI  Q � P �!KMW �MP >A¨ P W9� P K?  � º�Q K N Ò V�W�H�! × " ¢�Ù ¤ 7
ÏOP&Q L9� �!KMW£�!HJL9@ P-Q �£V�� � P � Q VJKEW.TR:4¨MV � V�W£¨ Q � P-Q >�=?� P > P �AL9H Q =?W9@�Ë�KEV�W£�n=I>��P « è V�> Q VJW9¨ P > V�W P ±<LG=IHJV Q :��-�9VJ����� P L9� P @.VJW
Q � P =?TGK �EP ¡9>AK<KI ]7C¼oW Q � P H P ;�;5= T P HJKI��B Q � P KMW£H�:�W9K �EP H Q :.�-V Q ��> P �A¡ P � Q�Q K Q � P L9�AL[=IH Q >]=I� P4Q � P KE> P ;��%=IW9@ Q � P
L9�ULG=IHOË�KMVJW9�n=?>��P «aè$VJ> Q V�W£¨ P >dVJW P ±<LG=IHJV Q :�VJ� Q �G= Q � P ¨EV �EP-Q � P @ P ¡ P W9@ P W9�!:�KI  Q � P AA�!KEW9� Q =IW Q � Í VJW Q � P VJW P ±<LG=?H�V Q V P �KMW Q � P ¨ P KM; P!Q >UV���=IH<¡G=I>]=I; P!QAP >U� @ P]� W9VJW9¨ Q � P �&KMW Q >UKMH � KMHJL9; P °­Ê Q � P °<W9KI�-H P @9¨ P K?  Q �£V�� @ P ¡ P W£@ P W9�!:.VJ� �!>UL9�!V�=IH
�-� P W�¡G=I�U�AVJW9¨ Q K Q � P H�VJ;�V Q VJW Q � P =?TGK �EP ¡9>UK<KI CKI O�!KEW �EP >A¨ P W9� P =?W9@ Q � P > P  �KE> P � P ;5=�:�W9K Q L9� P�Q � P L9�ULG=IH[¡9>UKRK? 
T<:��!KEW Q >�=?@9VJ� Q VJKEW Q K.¡£>AK �MP�Q � P � P V�W P ±<LG=IHJV Q V P ��7
�Ñr=�	�	äé�Õ�:"�2%Ù $&"����Z�& +"��Z$&�(')�+*("&*� +��.�/10��(����.h�1')$��!"�2|�G4.¼ 6�6)�³�:"�2�� $&"��(�Z��*(�|���&�!��$1.�"%�O"��G�Õ�5���Z2��+"�1"v�#�!"s�G47¡-"��@����2����(�ç�,�f�1')�&�x2��+��2�8:41��;7�1���O"�� 8 Æ 8h2��+"����+"&Ðv')��.���2u/�9 ±�Å µ � �E@9V�=I;�¢�° ¤ �+��.�*���41�(;R��.�.@�&�(�+2u;G��.����.�')�|"7° Ø�� ���+*741��;7��.�. ¹ Ø�� ± ���e"v2@° Ø�� $,"R�R0�����"v���&�(�+2u;G��.�����.�')�|"R�(�+*C.�"�2���Ø	H�In¢�° ¤ 8B�!')�&�	2��+�(2
� ± � ¢�Ó ¤ 9<Ó Ô Æ ���:"�2�'��O*("��+�(2u"R2��+"R2u;G�(�&"|�G4��x���5Û�°È$v/��Ú���:"�2 ¹ Ø%� ± �f¬ª��"v��2��+"�;G"R"&�(���12�� 2 ¢�9 × � ¤ Ø®¼ 6 � 8�(�#.�/R*("� +"v�+*����(0����f9��(�+*��+8Ñ�!')�&�%2��+��2L µ � ? ¢�Ï ¤ 9��	¢uÏ ¤ 1 2 ¢u9 × � ¤ @9V�=I;�¢�° ¤ L ± ¢ N �O¢�Ó ¤A¤ ? 9RÓ × ¢ ºMÁE¤
�(��* L ± � ? ¢fÓ ¤ 9<Ó 1 2 ¢�9 × � ¤ @9V�=I;�¢u° ¤ ? L ± ¢ N �O¢�Ó ¤A¤ ? 9<Ó × ¢ ºMÄE¤

����	
	���K?  Ï P ;�;�= Àè P =?�A�UL9; P�Q � P �<:<¡GK Q � P � P �%K?  ÏOP ;�;5= À 7 ¯�¨R=?V�W�BMT<:�=4�!H�=I�A�UVJ�n=IHC=?>A¨ML£; P W Q K? 	@ P W£�AV Q :RB<KEW P ;�=�:�=?�A�UL9; P�Q �G= Q
��Ø 2 In¢ ° × ¼ 6 ¤ 7�è P �G= �MP B  �KM>�Ï�Ø ¹ =IW9@�Ó�Ø%°­B

�O¢�Ï ¤dÔ � ¢�Ï ¤ Ð � ¢fÓ ¤�� �O¢�Ó ¤1Uè P VJW QAP ¨M>�= QAP�Q � P ¡9> P&� VJKEL9� P ±<LG= Q VJKMW�KMW�Ó�Ø%°­B9L9� P�Q �G= Q � ± �O¢�Ó ¤ 9<Ó ÔÌÆ 7�è P ¨ P!Q
;®¢�° ¤ � ¢�Ï ¤�Ô L ± ¢
� ¢uÏ ¤ Ð �O¢�Ó ¤A¤ 9RÓ Uè P%Q =I° P�Q � P �U±RL[=I> P KI  Q � P ¡9> P&� VJKEL9� P ±<LG= Q VJKMW�=IW9@�=?¡9¡9HJ: Q � P ¾-=?L9�]�R:E«A¬<�]�<�¿=?>A��VJW P ±<LG=?HJV Q :<7ªè P ¨ P!Q

ÀnÆ



;�¢�° ¤ ? � ? ¢uÏ ¤ 1 ;�¢u° ¤ L ± ¢
� ¢uÏ ¤ Ð � ¢fÓ ¤U¤ ? 9RÓ U ¢ ·MÆE¤
¯%W�VJW QAP ¨E>�= Q VJKMW�KI  Q � P ¡9> P&� VJKEL9� P ±<LG= Q VJKMW��-V Q �5> P �A¡ P � Q�Q K�Ï�Ø ¹ =IW£@ Q � P�QUP �]�9W9VJ�n=?HC> P �AL9H Q �-�£V��]��V��-� Q = QAP @�VJW
Q � P =?¡9¡ P W9@9V § ¢ ÏOP ;�;5= ·E¤ ¨EV �MP

;�¢u° ¤ L µ � ? ¢uÏ ¤ 9 � ¢�Ï ¤ 1 3 ¢u9 × � ¤ @9V�=I;�¢u° ¤ 6 � I L ± ¢ N �O¢�Ó ¤A¤ ? 9<Ó U ¢ ·9À�¤

¬<VJW9� P ;®¢�° ¤ � � �M@9V�=I;�¢u° ¤
� 9 � 6 B Q �9VJ�-H�=I� Q VJW P ±RL[=IHJV Q :
:<V P HJ@9��¢ ºEÁM¤ 7è P W£KI�Ì¡9>UK �MP ¢ ºEÄM¤ 7 ÏOP!Q Ï�Ø�° B9Ó�Ø%°­7�E%�UV�W£¨ Q � P �!KEW �EP!§ V Q :�KI @°­B<� P @ P @9L£� P  �>UKM; ¢ ·MÆM¤dQ �G= Q

;®¢�° ¤ � ? ¢uÏ ¤ 1 L IK L ± ¢ N � ¢�Ó ��� ¢uÏ Ð Ó ¤A¤�P ¢uÏ Ð Ó ¤A¤ ? 9RÓ�9 �)U
è P W£KI�ÌVJW QAP ¨E>�= QAP ��7 >n7 Q 7@Ï£7�è P ¨ P!Q

;®¢�° ¤ L ± � ? ¢�Ï ¤ 9)Ï 1 ¢Î@9V�=I;�¢�° ¤�� ? L IK L ± L ± ¢ N � ¢�Ó ��� ¢uÏ Ð Ó ¤A¤A¤ ? 9<Ó�9)Ï(9 �)U
è P ;�=I° P�Q � P �]�G=?W9¨ P KI  � =I>AV�=?T9H P = Ô Ï Ð Ó�=?W9@�> P ;5=?>A° Q �G= Q =�Ø � 6 �-V Q ��� 6 Ô ¶ Ð @9V�=?;5¢u° ¤!× @9V�=I;�¢�° ¤³¹ 6 7è P ¨ P!Q

;�¢u° ¤ L ± � ? ¢�Ï ¤ 9)Ï 1 º 6 @9V�=I;�¢�° ¤ 6 � ? L ± ¢ N �O¢�Ó ¤A¤ ? 9<Ó ×
�-�9VJ�]��¨MV �MP ��¢ ºEÄM¤ 7

�3W�� ��	�	+b 	xY:o�`+^Gm �:`+Y�b@]�`+ghY �����
	+b��h^5m
�e`#Y���	����h^5Y:]Ñ`
 �}�r)
�å�r)� ) ���+*�"v; � �&�1')�� ª2������x�s.�"�2
� 8 Æ �(�+* ë 8 Æ $&"R0(���v"��	�v��.�')"����(�+*R� $&"��(�À�(*��O���&�1��$�.�"s�O"��G��5����2���"7�1"��)�1"7�G4�¡-"��@����2����(���,���1')�&��2����(2B2���"7���+"&Ð�'=��.���2u��"���9 ±�Å µ � �M@£V¥=?;5¢u° ¤ ���+* ë � �&��;G*M¢�� ± ¤ ����.�*h41��;h��.�.�&�(�+2u;G��.:�v��.�')�|"�° Ø����(��*�4��(;���.�. ¹ Øf� ± ��e"v2�¢ Ò ± ¤ ± ¶�º 8�¢ Ò µ ¤ µ)¶�· $&"�2��+"�')�+��Ð�')"��1��.�')2����(�x�54R2���"R�1/��12�"��§0(���v"��x$�/�",Ð�')�(2u���(�#�f� �¢��¤,��/!�(�%�:"�2%¢ Ò ± ¤ ± ¶�º 8¢ Ò µ ¤ µ)¶�· $&"	2���"	')�+��Ð�'="é�1��.�')2u���(�³�G4�2��+"��1/��12�"��©0�����"v�³$v/À"&Ðv')�(2u�����)�é���¢�¢¤,� /!�����:"�2 Ò º Ê�Ù � ¼ 6Â$&"x2��+"�& � Ú;5�v�����O��2�"¦�!��.�')2u���(�s*("u�@�+"&*�����Ù­$�/ Ò º ¢�Ó ¤�Ô Ò ± 4��(;h����"��zÓ�Ø%°�8+41�(;_��.�.+° Ø%���(�+*|.�"v2 � º $&"�*("u�@�+"&*�$�/"&Ðv')��2������)�¦�&� /&��¤,�&���1�(� � �&�1')�O"�2��+��2�2��+"�')�+��Ð�')"��1��.�'=2u����� Ò �G4��a£��O$&"1.��(�(0���2u��H ? ¢�Ù ¤ ��¯e�(;�"&���,���&�(��2�;5��.ª�v��.�')�O"°�8@.�"v2 �1± Ô Ò ¢�Ó�± ¤ ÐÉÒ ±§�(�+*s.�"�2 � º Ø0�­¢�� ¤ $,"|*("u�@�+"&*�$�/ � º ¢�Ó ¤�Ô �1±­41��;�����"��¿Ó�Ø�°J8#4��(;7��.�.�° Øf�s�¬ª�+"��)832��+"�;G"-",�����12�����8B�(�).�/R*("� #"��+*(���(0��(� Õ 8����(��*
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100L2 norm of the gradient error

Discrete L2 norm of the solution error

L2 norm of the solution error
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L2 norm of the solution error

Discrete L2 norm or the solution  error

L2 norm of the gradient error
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