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c<d
efUg�f�hjilknmAopfUqsrut)osvxwum d wug�g�f�yzg{rXt d vxm|fu}
v~g{r��XfV��}|�|wXm|m<�f�fU�U}�t�wum|m^r�v��s�prXm^t�fV�

� qsw���f�o��Yk����8���
���|�^� v�t�r�opv~wXmJvxmAopfUqpm^f�m��|�V���u��i�� �|�x�J���X� h�ilh ��� r��ufU�

� �=¡U¢�£b¤|¥X¢X¦ c<d v~��qpf � wuq§o � qpfV�§fUmAos��r0m|f�¨©mªr_«Av~�ur�opv~wXm¬� � ��osf�g �|� v � o �|� wXm­w � q�t � v~f�mAopy®�pf�qs«XfUq
¯ q°r�g�fU¨�wuqp±²m^r�g�fV�´³¶µ�·A¸�¹º¹~µb»^¼3½:vxo d o d v��!� � �§opf�g¾wum|f¿t�r�mÀm^r_«Yvx�Arbosf8o d qpw � � d r²t�vxo � g�w���f �
qsf � qpfV�§fUmuosfU��¨7vxo dÁ� qpw�t�fU� � q°r � g�w���f � ��osqsrXm^�pg�vxo§osfU�/opw�t � vxfUmuo°�Rwb«uf�q�r�m|f�o�¨�wuqp±]¼ c<d f��uf�wug�f�opq � w ¯
o d fU�pf�g�wY�|f � ��v��Â�XfUm|f�q°rbosfU�¶wXm8o d f�Ã � rXm^�¶v~mÄqpfVr � opv~g�f/r�o�o d f/t � v~f�mAoÂ�pv���fX¼ c<d fU�pf � qpw�t�fU� � q°r �
g�w���f � ��r�qsfÅ��fU�st�qsv � fV� � �§v~m|�jrXm{f�m d r�m^t�fU�{r�mª�{w � f�m{«uf�q°�§v~wXm�w ¯ o d fÅÆ
y®� � ��osf�g � rXm|� � rX�Xf7¨�f d r_«uf
�|f�«Xf � w � fV�Ç¼ c<d f�m^r_«Yvx�ArbosvxwumÈ� � �§opfUgÉqsf � vxfV��wXmÊ��vxË+fUqpfUmuo�±Yv~m^�|��w ¯ � qsf � qsw�t�fV�p�pvxm^�J� � t d rX��� � rXt�f
� �|� ��v~«Av��pvxwum
}X«Yv��§v � v � vxo � t�wug �|� osr�opv~wXm{rX�	¨�f �~� ru��rÂg�f�o d w�� ¯ wXq�t�wXg �|� opv~m|���§wug�f � r�q°r�g�f�osf�q°� � �§fV�
osw0f�Ì/t�v~f�mAo �x� �§f � fVt)o�o d f r �|� qpw � qpv�rbosf � f�«uf � w ¯ �|f�osrXv � w ¯ w � ��fVt)os�U¼ c<d f�o�¨�w � rX�§o � qpf � qswYt�fU�s�§v~m|�A�
rXqpf!r � opwXg{r�opv�t�r �~�~�¬� fUq ¯ wuqpg�fV� �Y� o d f0�Xq°r �|d v~tU��tUr�q°�­t�wXm|m|fVt)osfU�ÍopwÄo d f � �§fV�Ít�wXg �|� osf�qV¼:½Èf
r � �pw­� d wb¨ d wb¨Îosw �|� v � �ÀrXm^�Ït�wug � qpfV�p�/o d f¿��vxË+fUqpfUmAoÁÐ � fU� � �pfU�:opw²qpf � qpfV�§fUmAo/o d f¿�|r�osr � rX�pfÑ t�wuqpqsfU� � wum^��v~m|�Èopw¬r¿t�vxo � g�w���f �ºÒ wXmªt�f!o d v~� � qpf � qpw�t�fU�s�§v~m|� d rX� � f�fUm²f�Ë+fVt)osfU�Ç¼Ó�8f�o d wY�^� ¯ wXq
� qpf ¯ f�ost d vxm|�ª}^r�mAosv~t�v � r�opv~m|�/r�mª�JtUrXt d v~m|�/� � qpv~m|�{qsf�g�w�osf�mªr_«Av~�ur�opv~wXm!r�qsf�r � �§w � qsfU�pf�mAosfU�Ç¼�ÔDv~m^r �x�~� }
¨�f � d wb¨ d wb¨Õo d f � qpw�t�fV� � q°r � g�w���f � �U}=o d fJ� � rut�f/� �|� ��vx«Yv��§v~wXmÍr�m^�Äo d f/«Yv~�pv � v � vxo � v~m ¯ wuqpg{rbosvxwum
�^rbosr�rXqpf�f�m^t�w���fU�Jv~muosw�Ö�×��8ÆDØAÙ�Ð � fU�U¼
Ú0ÛAÜ]ÝsÞjß £bà=¡X¦ ½¿r � ±uo d qsw � � d }Yá�vxo � }�â�f�o�¨�wuqp±]}Y�AopqsfUrXg�v~m|�ª}uÆÇyn� � �§opfUg!}AÆOf�«Xf �]ã ¯Oä f�o°r�v � �U}YÖÅv��§v � v � y
vxo � }|Ô^qsrXg�f�¨�wXqs±+}��8rX�Xf �x� r�m

å�æ�çèpézêVë çè�ì=í~é®îzï�ð
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���Û ¡���� �Û ¦ ä r�m^��t�f�q°r �|� wXqpo7m|w � � � q|�fU�pf�mAopwum^� � m!m|w � «ufUr � � � ��o ef�g�f���f�m^r_«Yv~�urbosvxwum � rX���f�� � q
m^w�opqsf �^� r�opf�y ¯ wXqsg�fÁ��f!���fU«Xf � w �|� fUg�f�mAo ³¶µ�·A¸�¹º¹xµb»ª¼ á�f!� � �§o efUg�f � fUqpg�f�o � r¶mªr_«Av~�ur�opv~wXm¬r � �pf�v~m
�|f/g�wY� ef � fU����f/«Yv �~� fU��qsf � q|�fV�§fUmAo|�fV� er �	� r�v���fÁ�|f/g�wY� ef � fU� � qpw�t]�fU� � qsr ��
 }Çopq°r�m^� ¯ �fUq|�fV� er8��fV�jt � v~f�mAos�
«Yv�r � m¬q|�fU�pfUr �È� rX�����f � vxoU¼8ÆDr!���fUwXg­�f�osqpv~f���f t�fV��g�w�� ef � fV��fU�§oj���f�m<�fUq|�f�f er � r0«uw � �f�f�f�ojf�mÊosf�g � �
q^�fUf � � � q � r¶g{rXt d vxm|f!t � v~f�mAopfu¼²á�fU��g�w�� ef � fU� � qsw�t]�fV� � q°r ��
 �§wumuo{���fVt�qsv o°� er ��� rXv~��f!� � � m|fJ«XfUqs�pvxwum
�f�opfUm^� � fÂ� � � r�m^� � rX�XfÅÆ
y®� � ��osf�g�
 � fÅm|w � ��r_«XwXmª�R���fU«Xf � w �|� �fV��¼OÆOf�� � ��o ef�g�fÅ�|f�m^r_«Yv~�ur�opv~wXm{qsf � wu�pf
� � qJ��v Ë��fUqpfUmuo°�{o �Y� fU�J��f � q^�f�y®tUr � t �|� ��opf � ��
 � f � r­� �|� ��vx«Yv��§v~wXmÀ� � r�opv�r � fX} � fÈtUr � t �|� ��f¶«Yv��§v � v � vxo|�f
rXvxmª�§v�
 � f � f � q|�f�ynt�r � t �^� � � � m|f/g­�f�osqpv�
 � f � w � q � r8�|�f � fVt)opv~wXmÊ��fV��m|v~«XfVr ��
 ��fÁ���f�o°r�v � �U¼0á�fV�j��f ��

�|f�qsm|vxfUq�opq°r�vxopfUg�fUmAos�/�pwXmAo{f�Ë]fUt�o � �fV� er �	� r�v���f8��f0g{r�o|�fUqpv~f � � � rXtUt]�f � �f�q°rbopv~wXm¬h ä ¼�â�w � �{g�wXmAopqswXm^�
r � �s�§v7t�wug�g�fUmAo t�wXmª��osq � v~qsfÁf�o t�wXg � qsfU�s�pf�q � fV�{��v Ë��fUqpfUmuo°��Ðªt d v~f�q°� � opv � v����fU� � w � q{qsf � q|�fV�§fUmAopf�q � r
� rX�pf���fÅ��wum|m<�fUf�t�wXqsqsfU� � wum^�|r�mAo er � m{g�w�� ef � f���f�«Yv �~� f � m ¯ wXv�� � fU� � q|�f�yzopq°r�vxopfUg�fUmAos�	f�Ë]fUt�o � �fU�U¼ ä fU�
gÍ�f�o d w���fV����f � q|�f�y®t d r�qs�Xf�g�fUmuoV}
� � r�mAopv�t�v � rbosvxwum¿f�o���f �XfU�§opv~wXmÊ��fÁt�rXt d f � fUm^�|r�mAo � r0m^r_«Yv~�ur�opv~wXm
�|v~�§osrXmuosf��pwXmAo<r � �s�§v � q|�fU�pf�mAo|�f�fV��¼=ÔDv~m^r �x� f�g�f�mAoV}Am^w � ��f 
��|� v�
 � wXm^��t�wug�g�fUmuo � fU�<��wXm^m��f�fV��ru�p�pw�t�v��f�fV�
r ��
 g�w���f � � � qsw�t]�fV� � q°r ��
 } er � rj� �|� ��v~«Av��pvxwum/� � r�opv�r � f�f�o er � r�qsf � rbopv~wXm/�|fÅ«Yv~�pv � v � vxo|�fÅ�pwXmAoRfUm^t�w����f�fU�
�^r�m^�<m|wXopqsfÂf 
 opfUm^�§v~wXm!� � ¯ wXqsg{rbo7Ö�×Å�8ÆOØYÙY¼
�öß ¢V¡7¥�� �Û ¡Â¦ âÅr_«Yvx�Arbosvxwum
}UÖ�v �~� fX}�×J�fV�§fVr � }b�AosqpfVr�g�vxm^�^}_ÆÇyn� � �§opf�g!}bâ�v~«XfVr ��
 ��f ä �f�osrXv � ��}VÖÅv��pv � v � v o|�fX}
�R� r�opf�y ¯ wuqpg�fX}��8rX�Xf �x� r�m
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ÔDv~� � qpf���CED�v~qs� � �<f � f�«Av~f�¨Kw ¯ r��XfUm|f�q°rbosfU� t�v o � g�wY�|f � ¼

F 
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c q°r�m^�pg�v~�s�§v~wXm!r�mª�!qpfVr � yPosvxg�f�«Yv~� � r � vJIUr�opv~wXmJw ¯ g{rX�s�§v~«Xf�h ä g�w���f � ��r�qsf�t�wum^�§opq°r�v~m|fU� �Y� o d f�m|f�o§y
¨�wXqs±�� � r�m^��¨7v��Yo d rXm^�¶o d f��Xq°r �^d v~tU� d r�q°��¨<r�qsf � f�q ¯ wXqsg�rXm^t�fV��¼ c<d fU�pf�t�wXmª��osqsrXvxmAos� d r_«uf � fU�¶opw
o�¨�w qsfU�pfUrXqst d ��vxqsfUt�opv~wXm^�Åo d rbo�r�qsf � qpwu�XqsfU�s�§v~«Xf�h ä g�w���f � ��osqsrXm^�§g�v��p�pv~wXm8wb«uf�q�knmuosf�qsm|f�oÂwXq � w�t�r �
rXqpfVrjm^f�o�¨�wXqs±/r�m^�ÁqpfVr � yPosvxg�fÂqsf�m^��fUqpv~m|��w ¯ g{rX�s�§v~«Xf�h ä g�w���f � �U¼
½:vxo d qsf��urXqs��osw � qpwu�XqsfU�s�§v~«XfÅh ä g�w���f � ��osqsrXm^�§g�v��p�pv~wXm
}|��t d g{r � �§opv~f���r�m^��K�f�qs«_r � o+I>L �-MON � � ��y

�ufU�§oÅo d f � �pf�w ¯ �XfUwXg�f�osqpv�t � f�«uf � �Åw ¯ ��f�o°r�v � Ñ Æ ã ä � Ò ¼�knm¶o d fUvxq�g�f�o d w��Ç}
rX���§wYwXmÈrX��wXm|f�Æ ã ä v~�
�pf � fUt�opfV�0rXt�t�wXq°��v~m|��opw/vxos����v���o°r�m^t�f ¯ qpwug o d fj«Yv~f�¨ � wXv~muoV}|o d f�Ð^m^f�q�Æ ã ä v�� � qsf ¯ f�ost d fV�!wb«XfUq7o d f
m^f�o�¨�wXqs±+¼�knmÄo d f/�sr�g�f{� � vxqsvxoU}=�|t d m|f�v���fUq�r�m^�¿�8rXq§osvxmPL h �ON ��fU«Xf � w � fV�ÈrXmÄru�|r � osvx«uf ¯ qsrXg�fU¨�wuqp±
o d rbo��pf � fUt)o°�Do d f<Æ ã ä w ¯ h ä w � ��fVt)o°�OoswÅosqsrXm^�pg�vxo � rX�pfU�jwXm�o d f7r_«_rXv � r �^� f � r�m^�|¨7v~�Yo d }bo d f�t � v~f�mAo � �
t�wXg �|� o°rbosvxwum^r �Ç� wb¨�fUqÅr�mª�Ávxos�Å�Xq°r �|d v~tU�7t�r � r � v � vxopv~fU�U¼ c f � f�qÅrXm^�!Æ
v��pt d vxm^�p±YvAL h|� N r � �§w{t�w � f�¨7vxo d
o d f{�prXg�f � qsw �^� fUg �A� fUg �|� w � v~m|�!rÁt � v~f�mAo§yn�pf�qs«Xf�qÂr �^� qpwArXt d oswÁosqsrXm^�pg�vxoÂwXm �~�8� rXq§o°��w ¯ r � rXqp�uf
g�w���f � opw�o d f7t � v~f�mAo�rbo�r�m�r �^� qpw � qsv~r�opf�Æ ã ä }u��f � f�m^�|vxm|�Âwumjo d f<«Av~f�¨ � wXv~mAo � � � wA�§vxopv~wXm�r�mª����v~qsfUt)y
osvxwum
}Yo d f�r_«_rXv � r �^� f�opq°r�m^�pg�v~�s�pvxwum � rXm^��¨7v��Yo d r�m^� o d f�f 
�� fVt)osfU�Jvxg � qswb«XfUg�f�mAo�v~mJvxg{r��ufQ
 � r � vxo �
o d rbo	v��=rut d v~f�«XfV� �Y� opq°r�m^�pg�v opopv~m|��rXmjw � ��fUt)oV¼SRÅw �|� fQLx�U� N g{rX±XfU� � �pf�w ¯ r � qpwu�XqsfU�s�§v~«Xf�g�fU� d Ñ � � Ò
�^rbosrJ�§opq � t)o � qpf�r �~� wb¨7vxm|�!�pg�wYwXo d osqsrXm^�pv osvxwum^� � f�o�¨�fUf�m¿� � tUt�fV�p�pvx«uf�Æ ã ä � �Y� rX�^��vxm^�!rÁ«br�qsv~r �|� f
m � g � fUq�w ¯ m|f�¨Õ«XfUq§osv~t�fU��oswÁo d f/t � qpqsf�mAo�«Yv~� � r � vJI�fU�Èg�w���f � ¼ c<d v���g�f�o d w��Är_«uwXv��|�Â�|rbo°rJqpfV� � m�y
�^r�m^t ��� f�o�¨�f�fUmÁ��vxË]f�qsf�mAo � f�«uf � ��¼��0wuqpfUwb«XfUqU}�RÅw �|� f�rX�s�§fUq§o°��o d rbo�o d v��7�|r�osrj�§opq � t�o � qsfÅv��<rX�|r � opfV�

TVUXWEY�Z\[B]�^
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osw0r � qpwu�XqsfU�s�§v~«Xf�osqsrXm^�pg�v��s�§v~wXmÈw ¯ o d f��XfUwXg�f�osq � wb«uf�q�o d f�m|f�o�¨�wuqp±]¼�knmPL � � N × � �pvxm|±Yv~f�¨7v�t�I{r�mª�
ÆOf�«uw � � d wb¨ d wb¨©opw¿v~m^t�wuq � wXq°rbosfÁ«Yv~f�¨<yn��f � f�mª��f�mAo � qswX�XqsfU�s�pvx«uf/opq°r�mª�§g�v��p�pvxwum­v~m­o d f�v~qmlÂ� �|� rbo
L � � N � � ��osf�g!¼�nÅm � vx±uf�Æ ã ä �RrXm^� � �Îg�f�o d w��|�U}�lÂ� �|� rboRqsf � vxfV��wum � wuvxmAo§y � ru�§fV�{�prXg �^� v~m|�^¼ElÂ� �|� rbo
v��jr8g �|� opvxyzqsfU�pw �~� osvxwumÄqsf � qpfV�§fUmuo°rbosvxwum � ru�§fV�¿wXm¬r d v~f�q°r�q°t dY� w ¯ � w � mª��vxm^�È� �|d f�qsfU��o d r�o�r �~� wb¨��
osw qsf�m^�|f�q � rXqp�ufjh ä g�w���f � �Åv~mAopfUqsrut)opv~«Xf �x� ¼ c<d fjv~muosf�qsfU�§o�v~mÈr �x� o d fV�§f�g�f�o d w��|��v~�Åo d r�o � f�«uf � �Åw ¯
�|f�osrXv � r�qsfÅr � �pw � �pfU��osw�rut�t�f � fUqsr�opf7o d fÅqsf�mª��f�qsvxm^� � qswYt�fU�s��¼ c wjqsfU� � t�f�o d f�rXg�w � mAo�w ¯ �|rbo°r�opw � f
osqsrXm^�pg�vxo§osfU�Áwb«XfUq�o d f�m^f�o�¨�wXqs±+}|��t d g�r � �§opv~f���r�mª�mK�f�qs«br � o?I�L � Ø N
� qsw � wu�pf�o d f � �§fÂw ¯ � qpw�t�fU� � q°r �
g�w���f � �U¼7knm!o d v���t�rX�pfX}^o d f�g�wY�|f � ���XfUwXg�f�osq � v~��qsfUt�wum^�§opq � t)osfU�JwXm!o d f�t � v~f�mAo��pv~�|fjr�m^�0o d fj�^rbosr
osqsrXm^�pg�vxo§osfU�Áwb«XfUq�o d f�m|f�o�¨�wuqp±/rXqpf � qsw�t�fU� � qsr � g�w���f �
� rXqsrXg�f�opfUqs�U¼
��� ¯ wXq�qsfUr � opv~g�fÅqpfUm^��f�qsv~m|��w ¯ g{ru�p�pvx«uf�h ä g�w���f � ��wXm�r��pvxm|� � f7t�wXg �|� osf�qV}XwXm^f<tUr�m�Ð^m^��g{r�m �

�pw �~� osvxwum^�Âvxm¿o d f � v osf�q°rbo � qpfu¼ c<d f/g�wA��ojt�wXg�g�wXm �~�¶� �pfU�¿�pw �~� opv~wXmÊt�wXm^�pv~�§os�Âv~m¬� �|� �|vx«Yv���vxm^�0o d f
�st�fUm|f�v~muosw/t�f �x� ��r�mª�Jt�wXg �|� osvxm^� r � wXopfUmuosv~r �x�~� «Yv��§v �|� f��§f�o Ñ � Ö�� Ò w ¯ w � ��fVt)os� ¯ wXq�fVrXt d «YvxfU¨Kt�f �~� ¼
ä � qsvxm^�/¨�r � ±Ao d qpw � � d }^wXm �x� o d f � ÖÂ�!w ¯ o d f�t�f �~� t�wXmAosrXvxm^vxm|�/o d f�t � qsqpfUmAoÅ«YvxfU¨ � wuvxmAo�v�� � �§fV� ¯ wXq
qsf�mª��f�qsvxm^�^¼�á�wXm^�pf�qs«brbopv~«XfÅ«Av��pv � v � v o � t�wug �|� osr�opv~wXm d rX� � fUf�m ¨7v���f �x� rX�^��qpfV�p�pfU��v~m g{rXm ��� qsf�«Yv~w � �
�^�|�|� v~tUrbopv~wXmª��¼	�8r�m � � � �§opfUg�� ¯ wXqRv~mAopfUqsrut)opv~«Xf �|� v � ��v~m|�j¨<r � ±Ao d qsw � � d Lx�X}Ah � }ª�Uh�}ª� � } ��� } � � N g{r�±uf
� �§f0w ¯ o d v�� r �^� qpwArXt d ¼ÀÔ|wXq/o d fV�§f8� � ��osf�g{��o d f8«YvxfU¨Ît�f �~� � r�qsfX}<g�wu�§o/w ¯ opv~g�fX}<o d f8qpwYwug���w ¯
o d f �|� v � �|vxm|�A��¼{á�v o � g�w���f � ��tUr�mÄr � �§w � f�«Yv�� � r � vJI�fV� � �pv~m|�J� � t d r g�f�o d w��oL M }
hXh N ¨ d fUqpf�«YvxfU¨
t�f �~� ��r�qsf/f 
 osq � ��fU�Êqswuru� ¯ wYw�o � qpv~mAos�U¼ÈÔ|wuq�r¶g�wuqpf �Xf�m^f�q°r � o �Y� fÁw ¯ t�wug �^� f 
 �st�fUm|fU�U}R��t d r � Ã^f�q
f�oÂr � ¼pL � Ù N�� qpw � wA�§f�r �pw �~� opv~wXm � �§v~m|�Jw�t�t �~� ��fUq ¯ � �§v~wXm¿r�m^� ä � qsrXm^�8f�oÂr � ¼pLx�X� N�� qsw � wu�pf�o d f � �§f
w ¯ f 
 opfUm^��fU� � qpwX��fUt)osvxwum^�U¼�RÅwb¨�fU«Xf�qV}�v~m¶�§wug�f�t�rX�pfU�Åt�f�qposrXvxm � Ö�����g�r �J� f�opwYw � r�qs�Xf�opwÁrXt d v~f�«uf
v~mAopfUqsrut)opv~«Yv o � ¼�Ô|wXq�o d v~��qpfVrX�pwXm
} ä fUt�wuqpf�o7f�o�r � Lx� �ON r�m^�J� � v~rX�ur�L ��N � �^� ��osv o � opf ¯ r�q°r_¨�r � �XfUwXg�f�osq �
¨7vxo d osf 
 o � qpfV�{��f � o d g�fU� d fU� Ñ c ä � Ò v~g � wu�§opwuqs�U¼Oknm&L h N ��m^���� �§r�q�f�o�r � ¼	��v~�§opv~m|� � v~� d ¯ �|�~�x� «Yv~�pv �|� f
�pf�o ¯ qpwug d r�q°� �x� «Yv~�pv �^� f��§f�os� Ñ R�ÖÂ� Ò w ¯ w � ��fVt)o°��¼qnÅ�pvxm^��o d f�v~qrR�ÖÂ�{t � rX�s�pv ÐªtUrbosvxwum
}�o d f � �pf � fUt)o�o d f
r �|� qsw � qsv�rbopfÂÆ ã äK¯ wuq7fUrut dÁd rXqs� �x� «Yv��§v �|� fÂw � ��fVt)oU¼
�8rXq§osvxmsL �VØ N�d ru�Jt � ru�p�pvxÐ^fU�ÓvxmAopwÍo d qpfUfÈg{rb��wuqJtUrbosf��Xwuqpv~fU�/o d f¿g�f�o d w��|� ¯ wXq!qsf�m^�|f�qsvxm|�²h ä

g�w���f � ��v~m¿t � v~f�mAopy®�pf�qs«XfUqÅf�mY«Yv~qpwum|g�f�mAos�U¼ c<d f�Ð^q°��o�tUrbopfU�Xwuq � v���tUr �~� fV�o �¹8" ¸�»���`k7<"e6X¸��{¸!�$(���6�7:Lx�V� N ¼
c<d fjg�f�o d w��|��w ¯ o d v~�Ât�r�opfU�XwXq � �|w m|wXo�v~mY«Xw � «Xf�r�m � qsf�mª��f�qsvxm^� wXm8o d f � r�qpo�w ¯ o d f��§fUqp«uf�qV¼ c<d f
�uf�wug�f�opq � v��Á�|wb¨7m � wArX��fV�²opw¬fVrXt d t � v~f�mAo o d rbo!qsf�
 � fU�§os�/v o0r�m^�²o d f¿t � vxfUmuoJv~� qpfV� � wXmª�§v �|� f ¯ wXq
qsf�mª��f�qsvxm^�JvxoU¼!� � t d g�f�o d w��|��r�qsf{¨�f �~� � � v osfU� ¯ wXqjr �|�|� v~tUrbosvxwum^�Âm|f�fV��v~m|�0qpfVr � osvxg�f/v~mAopf�q°rXt�opv~wXm
¼
½ d f�m � �pv~m|�{o d fjg�f�o d w��|��w ¯ o d fj�pfUt�wXm^�0tUrbosf��Xwuq � }^t�r �x� fU�t7�¸!�<#_¸!�<`k7<"e6X¸>�{¸!�$(���6�7°}+o d fjh ä g�w���f �
v�� ¯ �|�~�x� qsf�mª��f�qsfU� wXm/o d fÂ�§fUqp«uf�q<�§v���fÂr�m^� o d f�qsfU� �|� osvxm^��v~g{r��XfV�<r�qsf��pf�mAo�oswjo d f�t � vxfUmAos�uL Ø�}^� N ¼�knm
L Ø N }+o d f��§fU«Xf�q��XfUm|f�q°rbosfU�<o d f ¯ q°r�g�fV��}ªf�m^t�wY�|fU��r�m^�!osqsrXm^�pg�vxo�o d f�gÎosw/o d f�t � v~f�mAoU¼ c<d fjfUm^t�w���fV�
¯ q°r�g�fV�=rXqpfRopq°r�m^�pg�v opopfV��ru�=r�«Yv~�|f�wÂ��osqpfVr�g'opw�o d f<t � v~f�mAo�¨ d v�t d �|fUt�w���fV�Do d f7�§opqsfUr�g rXm^�j�|v~� �|� r � �
vxoU¼ÈknmvL � N }�fUrXt d t � v~f�mAo � �§fV� � qpfU«Av~w � ��«YvxfU¨���w ¯ o d f!�pt�f�m|f/opw � qpfV��v~t�o�m|f 
 o�«Yv~f�¨ � �pvxm|�Èvxg{rX�Xf�y
� rX�pfU�ÄqpfUm^��fUqpv~m|�JopfVt d m|v�
 � fU�U¼ c<d fÁ�§fUqp«uf�q � f�q ¯ wXqsg���o d f �sr�g�f � qsfU�|v~t�opv~wXmÊr�m^�Ê�pf�mª�|��wXm �x� o d f
�|v Ë]f�qsf�m^t�f � f�o�¨�f�fUmjo d f � qsfU��v�t)osfU��r�m^��o d f�rut)o � r � «YvxfU¨���¼�á�wXg � qsfU�s�§fV�j��vxË+fUqpfUm^t�f�v~g�rX�XfV�Dqsf�
 � v~qsf
� fU�s� � rXm^��¨7v��Yo d o d rXm¿o d f t�wXg � qsfU�s�§fV�Ävxg{r��ufU��w ¯ fVrXt d ¯ q°r�g�fX¼8� � t d g�f�o d w��|�j�Xf�o�vxmAopfUqpfV��osvxm^�
¨ d f�m/o d fÂt � vxfUmuo°� d r_«Xf � v~g�vxopfV� qsfU�pw � qst�fU��rXm^� � vxg�vxopfV�/�Xq°r �^d v~tU� � f�q ¯ wXqsg{r�m^t�fU�U¼=��� ¯ wuq�o d f�o d v~q°�
tUrbosf��Xwuq � }VtUr �~� fV�w(*4�x!�<"e6�`k7<"e6u¸��{¸!�$(���6�7hL � M }A�_Ù N } � rXq§o°�Ow ¯ o d f<h ä g�w���f � r�qsfRqsf�mª��f�qsfU��wum�o d f��pf�qs«XfUq
rXm^��o d fÅw�o d f�q � r�qpos�Rr�qsfÅ��wb¨7m � wuru��fU��r�mª��qpfUm^��f�qsfU��wum�o d f�t � vxfUmuo<�§v���fu¼	� � t d g�f�o d wY�^� d r_«uf7o d f
ru��«br�mAosrX�Xf�w ¯ qpfV� � t�vxm|��o d f��XfUwXg�f�osqpv�tÂt�wXg �|� f 
 vxo � w ¯ o d f��|rbo°r�opw � f�opq°r�m^�pg�v opopfU� �Y� qsf �|� rXt�vxm^�
� r�qpos��w ¯ o d f!�Xf�wug�f�opq � ¨7v o d v~g{r��XfV��¼yRÅwb¨�fU«XfUqU}���fVt�v���vxm^�È¨ d v�t d­� r�qpo�w ¯ r8g�w���f � � d w �|� � � f

U$z	{}|k~
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qsf�mª��f�qsfU��wXm�o d f��pf�qs«XfUq�wXq�wum�o d fÅt � v~f�mAoRv���m|wXo�r�opqsv~«Av�r � osru�§±]¼ ã m|f � wA�p�pv � v � vxo � v��	o d rboRo d fÅ�pf�qs«XfUq
t�w �|� �Êqsf�m^�|f�q d vx� d r�m^� � wb¨(qpfV�§w �x� opv~wXmÊ«XfUqs�pv~wXm^��w ¯ r¶h ä g�w���f � r�mª�¬�§fUm^�¿o d f qsfU�pv~� � r � f�qsqpwuq
v~g{r��uf�rXm^�Èo d f � wb¨<y®qpfV�§w �x� osvxwum¶�uf�wXg�f�opq � opw!o d f/t � vxfUmuo�Lx� M }��_Ù N ¼/knmÄo d v~�jt�rX�pfX}
o d f/qsw � f�w ¯ o d f
t � v~f�mAo�v~�ÅopwÁqpfUm^��f�qÅo d f�t�wAr�q°�§f�g�w���f � rXm^�!opwJrX�|�0o d f�qpfV�§v�� � r � v~g{r��Xf�opw qsfU�§opwuqpf�r ¯ �|�~� 
 � r � vxo �
qsf�mª��f�qsvxm^�^¼
c wJ� � g �|� }
w � qÂ� � �§opfUg ¯ r �~� ��v~mAopwÁo d f�Ð^q°��o�t�r�opfU�XwXq � r�m^�¶¨�f�o d v~m|±!o d rbo�m|f�o�¨�wuqp±ufU�!¨<r � ±uy

o d qsw � � d w ¯ g{rX�s�§v~«Xf�g�w���f � ��� � t d rX��o d f/t�vxo �8� qsfU�pf�mAopfV�¶v~mÊÔDv~� � qpf!��g � �§o�osrX±Xf{rX�|«_rXmAosr��uf�w ¯
o d f�o�¨�w/r �|� qpwArXt d fV���|fU�st�qsv � fU�!r � wb«Xfu}^�sr � o d f � �§fjw ¯ � qpwu�XqsfU�s�§v~«Xf�g�w���f � �ÅrXm^�Áo d fj� �|� ��v~«Av��pvxwum
w ¯ o d f��pt�f�m|f�vxmAosw�h ä t�f �x� �U¼=Ô^wXq�f 
 r�g �|� fÅr � Ö��{t�w �|� � � f�t�wXg � wA�§fV��w ¯ Æ ã ä �U} � �ÎwXq�lÂ� �|� rbo°��¼
Ô � qpo d fUqpg�wXqsfX}X¨�f7o d v~m|±jo d rbo � �§v~m|� � qsw�t�fV� � q°r � g�w���f � � ¯ wuqRm|f�o�¨�wuqp±�osqsrXm^�pg�v��s�§v~wXm�v~�RqpfVr �~�x� g�wXqsf
v~mAopfUqpfV��osvxm|��o d r�mÁopq°r�m^�pg�v opopv~m|�{g�w���f � �<�XfUwXg�f�osq � fU«XfUmÁv~m0r � qpwu�XqsfU�s�§v~«Xf�¨<r � ¼
c r�±Yv~m|�8r �~� o d fU�pf � wXv~muo°��v~mAopw¶rut�t�w � mAo�¨�f � qpw � wA�§f�osw¶t�wug � v~m|f/«Yv��§v � v � vxo � tUr � t �|� rbosvxwumÄ¨7vxo d

Æ ã ä �<�uf�m|fUqsr�opfV� �Y�/� qsw�t�fU� � qsr � g�w���f � �U¼ c<d f�t d wuv~t�f�w ¯ � qsw�t�fU� � qsr � g�w���f � �<v��7«uf�q � vxmAopfUqpfV��osvxm^�
� fUtUr � �pf�t�vxo � g�w���f � ��t�wXmAosrXvxm!�§fU«XfUqsr �Ç� rbopopf�qsm � rX�pfU�Á�XfUwXg�f�osqpv�t�w � ��fVt)o°�<fUrX� � osw{�Xf�m^f�q°rbopfu}|� � t d
ru� �|� v � �|vxm|�A��}AqswurX�^�=rXm^��opqsf�fV��¼=Ô=vxm^r �x�~� }YÆ ã ä ��rXqpf7r � �pw�«uf�q � fUru� � r�m^� ¯ ru��o�osw��Xf�m^f�q°rbopf ¯ wuq�o d fV�§f
g�w���f � �U¼	½Èf�r � �pw � qsfU�pf�mAo7rjm|fU¨Óg�f�o d w��/o d rbo<g{r�±ufU� � �pf�w ¯ o d fÂ«Yv��§v � v � vxo � t�wug �^� osr�opv~wXm qsfU� �|� os�
osw{�§f � fVt)o7o d f�r �|� qsw � qpv�rbosf�Æ ã äK¯ wXq7fUrut d w � ��fUt�o�� � qsvxm|��o d f�qpfUm^��fUqpv~m|� � qswYt�fU�s��¼

� � ���Å�	�Á����G

½Äf � qpfV�§fUmuo�r¶� � �§opfUg4¨ d v~t d r �x� wb¨���qsfUr � yzopv~g�f/¨<r � ±uo d qsw � � d w ¯ h ä t�vxo � g�w���f � � � w�tUrbopfV�ÊwXm¬r
qsf�g�wXopf{g{rXt d v~m|f/rXm^�Äopq°r�m^�pg�v opopfV�¿wb«Xf�q�r � wb¨ � r�m^�|¨7v~�Yo d m|f�o�¨�wXqs±]} � �pv~m|� c á ��� k �K� qpwXopw�t�w � ¼
c<d f�� � w � r � rXqst d v osfUt)o � qsf�w ¯ w � q�� � �§opf�g v~�<v �x�~� �§opq°rbosfU� �Y� Ô=vx� � qpf � ¼ c<d f��§fUqp«uf�q � qpwb«Yv���fU�<rut�t�fV�p�
oswÄ�pf�«uf�q°r � t�vxo � g�w���f � �U}RfVrXt d wum|f � fUvxm|�¿qsf � qsfU�pf�mAosfU� �Y� wXm^fÁ�|r�osr � rX�pfX¼¬�Rrut d �|r�osr � rX�pf v���r
�pf�o�w ¯ Ö�×��8ÆDØAÙ/L � N Ð � fU���|fU�st�qsv � v~m|�Jo d f h ä t�v o � g�wY�|f � ¼ c<d f �|r�osr � rX�pf��§opq � t�o � qsf{v~�j��f�o°r�v � fV�
v~m¶�pfUt�opv~wXm¶h^¼��Rrut d qpfUg�w�opf�t � vxfUmuoÂg{rXt d v~m|fjtUr�m¶t�wXm|m^fUt)o�opw o d f��§fUqp«uf�q�osw ¨<r � ± o d qsw � � d r t�vxo �
g�w���f �Ç� �§v~m|��v o°�7rX�s�§w�t�v~r�opfU� �|rbo°r � ru�§fu¼ c<d f�qsf�v���qpv~� d o<m|wb¨Ïm|w�v~muosf�q°rXt�opv~wXm � f�o�¨�f�fUmÁt � v~f�mAos�U}|r�mª�
fVrXt d t � vxfUmAo<qsf�mª��f�q°�<v o°�7wb¨7mJqpf � qpfV�§fUmAosrbosvxwum/w ¯ o d f�t�vxo � g�wY�|f � ¼
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Ô=v~� � qsf � CEK � w � r � � � �§opf�gúr�q°t d v osfUt�o � qsfX¼
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ã m|f�w ¯ o d f�g�rXvxm¶g�fVt d r�m^v~�pg�vxm¶w � qÂ� � �§opfUg3v���opw opq°r�m^�pg�v o�r�m^�8«Av�� � r � v�IUfjwum �x� o d f�� �|� �pf�o
w ¯ o d f�g�w���f � o d rboÅv�� � w�osf�mAopv�r �~�x� «Yv~�pv �|� f ¯ qpwug o d fjt � qpqsf�mAo�«YvxfU¨ � wuvxmAoV¼�½:vxo d o d v��ÅrXvxg3vxm0«Yv~f�¨�}
o d f��st�fUm|fjv��Å� �|� ��v~«Av���fV�8v~muoswÁt�f �~� ��r�m^�8r � ÖÂ�!w ¯ w � ��fUt)o°�Åv���t�wXg �|� opfU� ¯ wXqÅfVrXt d t�f �~� ¼�knm¶rX�|�|v y
osvxwum
}]¨�f���f�osf�qsg�vxm|fjo d f�rX�b�§rXt�fUm^t � qsf � rbopv~wXmª� d v �8� f�o�¨�f�fUm¶t�f �x� ��¼ ä � qpv~m|�Á¨�r � ±Ao d qpw � � d o d f�t�f �~� �
ru�_�§rXt�f�mAo�opw�o d f�t � qsqpfUmuo<wXm^fX}�rX�<¨�f �~� rX��o d f�v~q � Ö��|�7r�qsf � qsf ¯ f�ost d fV� wb«uf�q�o d fÂm|f�o�¨�wuqp±]¼	�'g�wXqsf
� f�qpopv~m|fUmuo � qsf ¯ f�o°t d v~m|�{opfVt d m|v�
 � fjv���osw ��f�opf�qsg�vxm^f�o d fjm|f 
 o�«Yv~�pv osfU�8ru�_�§rXt�f�mAo�t�f �~�D� �pv~m|�/g�w�osvxwum
� qpfV��v~t�opv~wXm
¼=knm�o d v~�R¨�r � }�o d fÅ�|rbo°r � ru�§f<v�� � qswX�uqpfV�p�pv~«Xf �~� opq°r�mª�§g�vxo§opfV��opwÂo d fÅt � v~f�mAoU¼�Ô � q§o d f�qsg�wXqsf
o d fJ�Xf�wug�f�opq �Ä� �§fV� ¯ wuqjo d f qsf�m^�|f�qsvxm|� � qswYt�fU�s��v���o d f � ÖÂ�¿w ¯ o d fJ«Av��pv osfU�¬t�f �~� ¼ c<d v�� � Ö��Êv~�
¯ q � �§o � g t �|�~� fV� � �pvxm|�jo d f � w � m^�|vxm|� � w 
 w ¯ fUrXt d w ¯ vxos��w � ��fVt)o°��}Yr�m^�{o d f�w � o°r�v~m|fU�/qpfV� �|� o�v����§fUmuo
osw0o d f ã�� f�maKÂÆ d r�q°��¨<r�qsf�qsf�mª��f�qsf�qV¼0knm¬rX�|�|v osvxwum
}��§fU«XfUqsr � rXt�t�f � f�q°rbosvxwumÈosfUt d m^vJ
 � fV� d ru� � f�fUm
v~g �|� f�g�f�mAopfV�Jvxm!w � q�� � �§opf�gúrX�<f 
��|� r�v~m|fV� d fUqpfVr ¯ osf�qV¼
×7fVt�r �x� o d rbo7m|f�o�¨�wuqp±�osqsrXm^�§g�v��p�pv~wXm^��r�qsf���v~�§opqsv �|� opfV� wb«uf�q�m^r_«Yvx�Arbosvxwum/opv~g�f � �§v~m|�{� � rXt�f�� �|� y

�|vx«Yv��§v~wXmJ��qpv~«XfUm �|r�osr � qpf ¯ f�o°t d vxm^�^¼	knmÁwXo d fUq�¨�wXq°�|�U}YfUrXt d opq°r�m^�pg�v~�s�§v~wXmÁt�wXmªt�f�qsm^��wXm �~� wXm^f � Ö��]¼
RÅwb¨�fU«XfUq�o d fÁosqsrXm^�pg�v��s�§v~wXm¬w ¯ �pwXg�f � Ö�����g{r � �§opv �x� qsf�
 � v~qpf opwYwÄg � t d m|f�o�¨�wXqs± � r�m^�|¨7v~�Yo d }
¨ d v~t d tUr � �pfU��r � r�opf�mªt � opv~g�fjo d r�o�tUr�m|m|wXo � f�t�wug � fUm^�pr�opfV� ¯ wXq �Y�!� qsf ¯ f�o°t d v~m|�^¼ c w t�w � f�¨7vxo d
o d v�� � qsw �^� fUgJ}�¨�f � �§f � qpw�t�fU� � q°r � g�wY�|f � ��oswÈr_«Xwuv~�¿�uf�wug�f�opq � osqsrXm^�pg�v��s�§v~wXm
¼È�0wXqsf � qsfUt�v~�pf �~� }
o d f �pf�qs«XfUq��|rbo°r � ru�§f/t�wXmAosrXvxm^�jr � v � q°r�q � w ¯ � qsw�t�fU� � qsr � g�w���f � �jru��¨�f �x� rX���pwXg�f �pf�o°��w ¯ v~m �|� o
� r�q°r�g�f�osf�q°��¼��Rrut d w ¯ o d fV�§f��§f�os��v�� � �§fV� �Y� wXm|f � qsw�t�fU� � qsr � g�w���f � oswÁ�uf�m|fUqsr�opfjo d f��XfUwXg�f�osq �
w ¯ wum|f�w � ��fUt)oV¼�½ d fUm|f�«uf�qÅr{t � v~f�mAo�qsfUt�fUvx«ufU�7r{�pf�o�w ¯ v~m �|� o � r�q°r�g�f�osf�q°�<qpf � r�opfV�/osw/r � qpw�t�fU� � q°r �
g�w���f � }ªv o��uf�m|fUqsr�opfU��o d fjru�p�pw�t�v�rbopfV� �uf�wug�f�opq � ¼ c w{�XfUm|f�q°rbosf���v Ë]f�qsf�mAoÅ�uf�wug�f�opqsv~t�w � ��fUt�os��t�wXqsqpf�y
� � wXm^��v~m|�JopwJo d f{�prXg�f � qsw�t�fV� � q°r � g�w���f � }Oo d f{t � v~f�mAo<� � �§o�m|f�fV�|��opw0��wb¨7m � wuru�0o d f � qpw�t�fU� � q°r �
g�w���f � ru�Å¨�f �~� ru�7o d f��pf�o°�Åw ¯ vxm �|� o � r�q°r�g�f�osf�q°� ¯ wXq�o d fU�pfj�XfUwXg�f�osqpv�t�w � ��fUt�os�U¼ ã m|f � qpw�t�fU� � q°r �
g�w���f � v~��o d f�m¿t�r � r �|� f�w ¯ �uf�m|fUqsr�opv~m|�!�§fU«Xf�q°r � ��vxË+fUqpfUmAoÂ�uf�wug�f�opqsv~t�g�w���f � �Âw ¯ r�m � �§vJI�f � �pv~m|�Jr
¯ fU¨(m � g � f�q�w ¯ v~m �|� o � r�q°r�g�f�opf�q°�U}
¨ d v�t d qsfU� � t�fV�Âo d fÁr�g�w � mAo�w ¯ �|r�osrJosqsrXm^�§g�vxo§osfU�¿wb«XfUqÂo d f
m^f�o�¨�wXqs±+¼ ã�� q � qswYt�fU� � qsr � g�wY�|f � ��rXqpf�t�wY�|fU�0¨7vxo d r/m|f�¨ Æ
y®� � ��osf�g � rX�pfU�!Ö�×Å�8ÆOØYÙ{�st�qsv � osvxm^�
� r�m^� � rX�XfX¼O½ d f�m�o d f<t � v~f�mAo�qsfUt�fUvx«ufU�	r��§f�o	w ¯ v~m �|� o � r�q°r�g�f�osf�q°�OvxoRrX�p±�� ¯ wuq	o d f7rX�s�pwYt�v~r�opfV� � qsw�t�f�y
� � qsr � g�w���f �+� �§v~m|��f 
 opfUqpm^r �ª� qpwXopw�o �Y� v~m|��g�fVt d r�m^v~�pg � qswb«Av���fV� �Y� Ö�×��8ÆDØAÙ�¼ c<d v���g�fUt d rXm|v~�pg
r �x� wb¨��Ropw�g{r�m|v �|�|� rbosf�fVrXt dÁ� qpw�t�fU� � q°r � g�w���f � ru��r�Ö�×Å�8ÆOØYÙ �^� v � o§y®v~mÁm|w���fu¼��Rrut d qpfVt�fUvx«ufU� �pf�o
w ¯ v~m �|� o � r�q°r�g�f�osf�q°��v~� � �pfU�Áosw�v~m^�§osrXmuosv~r�opf�r�m|w���fÂw ¯ vxos��ru�p�pw�t�v�rbopfV� � qsw�osw�o �Y� fX¼
½:vxo d qsf��Ar�q°��opw�o d f�qpfUm^��f�qsv~m|� � qpw�t�fV�p��q � m|m|v~m|��wXmÁo d f�t � vxfUmuo��pv~�|fX}|vxo ¯ rXt�fU��o d f��sr�g�f � qsw � y

� f�g{�Oo d rXm�o d wu�pfRq°r�v��§fV� �A� m|f�o�¨�wuqp±�opq°r�mª�§g�v��p�pvxwum^�U¼
knm^��fUfU�Ç}br � Ö��Âg�v~� d o=�§opv �~� t�wXmAosrXvxmÂoswYwÅg � t d
� w �~� �Xwum^�
oswÂ�Xf�o�rXmjv~muosf�q°rXt�opv~«Xf ¯ qsrXg�f�q°rbopf Ñ �sr � } � � ¯ qsrXg�fV� � fUq��§fVt�wXmª�|� Ò ¼Oknm�wXq°��f�qDopwÂqsfU� � t�f�o d f
rXg�w � mAoÅw ¯ � w �~� �Xwum^�<opw � f�qsf�mª��f�qsfU�Ç}^o d f��XfUwXg�f�osq � w ¯ o d f � ÖÂ� � �Åw � ��fVt)o°�7v~�Åqpf � qsfU�pf�mAopfV�Á¨7vxo d
Æ ã ä �U¼ÁÆ ã ä �jr�qsf��uf�m|fUqsr�opfV� �Y�È� qpw�t�fU� � q°r � g�w���f � �U¼ c<d r�o�v~��opw8�sr � }DwXm|f � qsw�t�fV� � q°r � g�w���f �
t�wXg �|� osfU��r �x� o d f�Æ ã ä � ¯ wXq	o d f7w � ��fVt)o°�	v o��uf�m|fUqsr�opfU�U¼O�Åm|w�o d f�q�v~mAopf�qsfU�§o�vxm � qsw�t�fV� � q°r � �XfUwXg�f�osq �
�uf�m|fUqsr�opv~wXm�v~�	o d f � wu�s�§v � v � vxo � w ¯ � qsw�� � t�v~m|��r�m � m � g � fUq�w ¯ Æ ã ä ��¼qnÅ� � r �x�~� }Xo d f�� � vxosr �^� f7Æ ã ä v~�
�pf � fUt�opfV� � �pv~m|��r�m�� � t � v���fVr�m�g�f�opqsv~t<�uvx«Yv~m|��o d f��|v~�§osrXm^t�f � f�o�¨�f�fUm�o d f7«YvxfU¨ � wuvxmAo�r�mª�jo d f7w � ��fUt)o
t�f�mAopfUqU¼=knmJw � q�vxg �|� f�g�fUmuo°rbosvxwum
}Y¨�f � qsw � wu�pfÅr��|v Ë]f�qsf�mAo<g�f�o d w�� ¨ d v~t d osrX±XfU��rX�|«_rXmAosr��ufÅw ¯ o d f
«Yv��§v � v � vxo � t�wXg �|� osrbosvxwum0qpfV� �^� o°��¼�½ d v � f�t�wXg �|� opv~m|�/wXm^fjt�f �x� «Av��pv � v � v o � o d f�� � �§opf�gÎt�wug �|� opfV�ÅrXm
�Åá�R Ñ r_«XfUqsrX�Xf�t�wb«uf�q°r��uf d v~mAo Ò ¯ wXq�fVrXt d «Yv~�pv �|� fjw � ��fVt)oU¼ c<d f��Åá�R w ¯ rXm0w � ��fVt)oÅqsf � qsfU�pf�mAo°�<o d f
r_«uf�q°r��uf�� � q ¯ rXt�f�rXqpfVr�w ¯ o d v��=w � ��fVt)o	¨ d f�m � qpwX��fUt�opfU��wXmAopw�o d f � qsw���fVt)opv~wXm �|� rXm|f�w ¯ rXm � «Yv~f�¨ � wXv~muo
¨7vxo d vxmÊo d f t�f �~� ¼ ä � qsvxm|�ÈqpfUm^��fUqpv~m|�^}Do d f �Åá�R w ¯ fVrXt d w � ��fUt�ojv~�jf 
��|� wXvxopfV�ÊrX� ¯ w �x� wb¨��U¼!Ô^wXqjr

U$z	{}|k~
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�^� q � wu�pf�w ¯ v~mAopfUqsrut)opv~«Yv o � }|o d fjg{r 
 v~g � g3osw�osr � m � g � fUqÅw ¯ � w �~� �Xwum^�<opw � f�qpfUm^��f�qsfU�!v��Å�pf�o�opw r
�uvx«uf�mJm � g � f�q��w���<�|¼ c<d f��Åá�R´w ¯ fUrut d w � ��fUt�o�qpf � qsfU�pf�mAos��o d f � qsw � wXqpopv~wXmJw ¯ o d fw�����<� � w �x� y
�uwXm^��r �~� wb¨�fV��opw � f�qsf�m^�|f�qsfU�Ç¼ c<dY� �U}Yopw�fUrXt d �Åá�RKt�wXqsqpfV� � wXmª�|��r�t�fUq§o°r�v~m m � g � fUq�w ¯ � w �~� �uwXm^�
�u���1���Y¼=knm�o d v~�R¨�r � }bo d fj�����1����ru�p�pw�t�v�rbopfV�j¨7vxo d rXm�w � ��fVt)o�qsf � qsfU�pf�mAopfV� �Y� Æ ã ä ��r �~� wb¨��=opw��pf � fUt)o
o d fjÆ ã ä t�wug � wA�§fV�Áw ¯ r�m � g � f�qÅw ¯ � w �x� �Xwum^�7t � wu�pfU�§o7opwm�����1���Y¼�knm8ru�|��vxopv~wXm!opw/o d fjr � wb«uf�w � y
osvxg�vJIUr�opv~wXmJ¨�f�v~mAopqswY� � t�f�r�m^w�o d f�q<Ö�×��¶ÆOØAÙ�m^wY�|f�mªr�g�fU� ã m|f_�Yv~�|f.K�qsw �|� ¼ c<d v��<m|w���f�w � fUqsr�opfU�
� rXt°± ¯ rut�f�t �^�x� vxm^��wXm{r��§f�o�w ¯�� Ãªr�o�r�m^��t�wYw �|� rXm^r�qB���Xf�wug�f�opqsv�t�w � ��fUt�os��q°rbo d f�q	o d r�m�wum � w �~� �Xwum^��¼
���<r�m f 
 r�g �|� fX}uo d v��<±Yvxm^� w ¯ m^wY�|f�tUr�m/fUm^t�r � � �^� r�opf�o d fÂ�§f�o�w ¯ w � ��fUt)o°��g�rX±Yvxm|� �|� o d f ¯ qpwumuo°r��uf
w ¯ r �|� v � ��v~m|�^¼ � �x� o d f{w � ��fUt�os��w ¯ r ¯ qswXmAosrX�Xf{r�qsf{� �^�|� wuq§osfU� �Y� r0�sr�g�f �|� rXm|f{¨ d wA�§f�m|wuqpg{r �
tUr�m � f � �§fV�!opwJt �|�~� o d f�gÎv~m¶wum|f��Xwª¼����Åvxo�¨7v �x�=� f�f 
Y�^� rXvxm|fV� � r�opfUqU}+«Yv~�pv � v � v o � t�wXg �|� o°rbopv~wXm¶v~�
� f�q ¯ wXqsg�fU�ÁwXmÁo d f�fUmAopv~qpf �|� v � ��v~m|�u�U¼��0wXqsf � qsfUt�v��pf �~� }|r �|� v � �|vxm|�{v��<f�vxo d f�qÅt�wXg �|� f�opf �x� «Av��pv �|� f�wXq
m^w�oU¼ c<d fUqpf ¯ wXqsf{¨ d f�m¬r �|� v � ��v~m|�8v���«Yv~�pv �|� fu}=r �x� v o°� ¯ qswXmAosrX�XfV��r�qsf/t�wXmª�§v���f�qsfU�ÄrX�j«Yv~�pv �^� fu¼ c<d f
� »]¸<�V"e6X¸�@��?��,.�¶g�fUt d rXm|v��§g v�� � �pfU�Áosw�t �|�~�
� rXt°± ¯ qpwumuo°r��ufU��� � qsvxm|�{qsf�mª��f�qsvxm^�^¼
c<d fÈqpfV��oJw ¯ o d v~�Áqpf � wuq§oÁv~�ÁwXqs�urXm|v�IUfU� rX� ¯ w �~� wb¨��U¼ knm:o d f¶m^f 
 oJ�pfUt�opv~wXmÏ¨�f¶��fV�pt�qpv � f¶o d f

�^rbosr � rX�pfU���uf�m|fUqsr�opv~wXm¶v~m^t �x� �|vxm|� ¯ qswXgþ�pt�qsr�ost d t�vxo � g�w���f � �uf�m|fUqsr�opv~wXm
}O«Av��pv � v � v o � t�wXg �|� o°rbosvxwum
rXm^�ÈÖ�×��8ÆDØAÙÁ�|r�osr � rX�pf�qsf � qsfU�pf�mAo°rbopv~wXmO¼�â�f 
 oU}O¨�f��Xv~«Xf�r!� d wuq§o���fV�pt�qpv � opv~wXmÄw ¯ w � q�Æ
y®� � ��osf�g
� rX�pfU�Ï�st�qsv � opv~m|� � r�m^� � rX�Xf8¨�f � �pf ¯ wXq � qswYt�fU� � qsr � g�w���f � �!��fU�st�qsv � opv~wXmÀrXm^�:¨�fÈf 
��|� rXvxm d wb¨
¨�f0t�wum^��osq � t)o�o d f � qpw�t�fU� � q°r � g�w���f � � � �pv~m|�Äo d v�� � r�m|� � r��ufX¼ knm:r¶o d v~qs� �pfUt)osvxwum ¨�f0��fV�pt�qpv � f
w � q7m|f�o�¨�wuqp±ufU�ÁqpfVr � yPosvxg�fÂqpfUm^��fUqpv~m|��vxg �|� f�g�fUmuo°rbosvxwum!�|f�«Xf � w � fV� � �§v~m|�/�8rX�Xf �x� r�m
}�w � q ã�� f�maKÂÆ
� rX�pfU�J��f�«uf � w � g�f�mAo ¯ q°r�g�f�¨�wXqs±]¼ c<d fUm!¨�f���v��pt � �s�<w � q7qsfU� �|� os� � f ¯ wXqsf�t�wum^t �~� ��v~m|�^¼

� ÿ4���	���!��1D��#j�Å�!�Å�����	�����

c<d v~���§fVt)osvxwum8� d wb¨�� d wb¨´w � q�� � �§opfUgÎ�Xf�m^f�q°rbopfV��r �^rbosr � rX�pfjru�p�pw�t�v�rbopfV�!¨7v o d r�mÈr � oswXg{rbosv~tUr �~�x�
�uf�m|fUqsr�opfV�8h ä t�v o � g�w���f � ¨ d wu�pfjosqsrXm^�§g�v��p�pv~wXm¶wb«uf�q�rÁm^f�o�¨�wXqs± Ñ ¯ wXq�r �|� q � wA�§f�w ¯ m^r_«Yvx�Arbopv~wXm Ò
g � �§o ¯ �^� Ð �~� �pwXg�f�t�wum^�§opq°r�v~muo°��qpf � r�opfU� opw�o d f � rXm^��¨7v��Yo d w ¯ o d f � �§fV�Ám^f�o�¨�wXqs±+¼
c<d f�w � f�q°rbosvxwum0w ¯ �XfUm|f�q°rbosvxm|�Ár/�|rbo°r � ru�§f Ñ Ô=vx� � qpf�h Ò v���r�m8wXËªy � v~m|f � qpw�t�fV�p��o d r�o�� �|�|�|� v~fU�År

Ö�×��8ÆDØAÙÅÐ � fÅ� � �§opfUgÕ�|fU�st�qsv � v~m|��r�h ä t�vxo � g�w���f � fUv o d f�q��uf�m|fUqsr�opfV��r � opwug{rbopv�t�r �x�~� wuq�f 
 osqsrut)opfV�
¯ qswXg´rXm�f 
 v���osvxm|� �-�g�� t�vxo � g�wY�|f � ¼=� �-�g�� t�vxo � g�wY�|f � v~�=r�g�w���f � ¨ d fUqpf �|� v � �|vxm|�A�	r�qsfR��fU�st�qsv � fV�� �§v~m|�¬o d f�v~q ¯ wYw�o � qpv~mAos�!r�m^�:o d fUvxq d fUvx� d o°��¼ � � t d g�w���f � �Jr�qsf¶w ¯ osf�m � �pfU�:v~mÓoswb¨7m �|� r�m|m^vxm|�
� qpwX��fUt)o°��¼
c<d f�Ð^q°�§o7�§opf � w ¯ �uf�m|fUqsr�opv~wXm t�wXm^�pv~�§os�<v~m �|� v � ��v~m|�{r�mJv~muosf�qsg�fU��v�rbosf�t�v o � g�w���f � ¼ c<d v��<g�w���f �

v���g{ru��f �|� w ¯ qswuru�|�U}Dt�qswu�s�pqpwArX�|�U} �|� v � ��vxm^�u�jrXm^� � rXqp±��U¼J��rXt d w ¯ o d fU�pf ¯ w � qjf�mAopvxopv~fU��t�wumuo°r�v~m
�pf�«uf�q°r � v~m ¯ wXqsg{rbopv~wXm!�|r�osr�C

� �/£b¥O�S� ¢ Û ¥�¢.�O£b¤���¡�¢ Ü � Û ¨ d v�t d v~� � �pfU� ¯ wXq �|� v � ��v~m|�A��}ªqpwArX�|�7rXm^�0t�qswu�s�§qswuru�|�U¼�k®o�t�rXm � fjrXm
r�q°t d vxopfUt�o���o �Y� f��uvx«uf�m!r � v ¯ f � fUqpv~w��Ç}^r�t�vxo � o �Y� v�t�r � ��o �Y� fX}�f�ost�¼

�¡  ¤�¢��D£b¤��7¡U¢ Ü � Û ¨ d v�t d v~� � �pfU� ¯ wuq � r�qs±���rXm^�Jg{r�v~m �x� ��fU�st�qsv � f�o d f��§o �Y� f�w ¯ «uf��Xf�osr�opv~wXm
¼
�¡¢ ß
ß ¢!£=£��e¤]¢V¡ o d rbo!r�qsf � �§fV� ¯ wXqJr �~� o d f¶fUmAopvxopv~fU�U¼öÆ
v~±Xf ¯ wXq ���g�� g�w���f � �Á¨�f � �§f¶o d fV�§f¯ wYw�o � qpv~mAos��opwJ��fU�st�qsv � f�fUrXt d f�mAopvxo �!� wA�§vxopv~wXmÈvxmÄ� � rut�fu¼Â�Yv~m^t�f�¨�f�¨<r�mAo�o d f�f�mAopvxopv~fU��osw/Ð|o
¨�f �x� ¨7v o d o d fÂopfUqpq°r�v~m f � fU«brbopv~wXmª��}Yo d f � r�qsf�f 
�� qpfV�p�pfU� vxm0h � � � rXt�fX¼
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� � rXt�f
� �|� ��vx«Yv��§v~wXm

¥

¥

¦ ¦

§

¦

§

§�0w���f � �� v � q°r�q �

knmuosf�qsg�fU��v�rbosf
t�vxo � g�w���f �

D�vxm^rXq �

�-� �� g�w���f �

� � oswXg{rbosv~t
�Xf�m^f�q°rbopwuq

�Yf�qs«XfUqä r�osr � rX�pf
ÖÅv��pv � v � v o �

�0w���f � �� r�q°r�g�f�opf�q°�

¨

©

� 
�� wXqposrbosvxwum t�wXg �|� osrbosvxwum

Ô=v~� � qsf�h�C ä rbosr � rX�pf��Xf�m^f�q°rbopv~wXm � qsw�t�fU�s�U¼

�¡ª Û �e«V�]¢U¡8¤�¤=à¬¤­���È� Û £_¡ ßa®�¯=ß
ß £b¡ o d rbo�rXqpf�wXm �x�È� �§fV� ¯ wXq �^� v � ��v~m|�u�U¼0�Yvxmªt�f{¨�f/¨�rXmAo
opwÍg�rXvxmAo°r�v~mÏr¬t�w d f�qsf�m^t�f � f�o�¨�fUf�m o d f d fUvx� d os�/w ¯ ��osqpfUf�o � � � r_«Xf�g�fUmuo°��}�o d f¶qswuru�|�/r�mª�
t�qswu�s�§qswuru�|��r�qsf�ru�p�pvx�um|fU�Jr�t�wum^��o°r�mAo d f�v~� d oV¼

� � à*°V¤|¥ Û ¤=¥ Ü £ Û � ¤�¢.� ß ¤D¡.���)£ � f�o�¨�f�fUm �|� v � ��vxm^�u�U¼ c<d v��Oqsf � rbosvxwum^� d v � v~� � �pfU�Âosw d rXm^� � f � rXq§o �
¨�r �x� �7� � qsv~m|��o d f��uf�m|fUqsr�opv~wXm w ¯ �^� v � ��v~m|�u� � ¯ qswXmAosrX�XfU�U¼

knm/ru�|��vxopv~wXm
}Xo d fÅvxmAopfUqpg�fV��v~r�opf�g�w���f � t�wug � qpv��pfU��r�m/ru�_�§rXt�f�m^t � �uqsr �|d�� v~m|±Yvxm^�Âo d f�qpwArX�|��rXm^��o d f
t�qpwA�p�pqswurX�^�<w ¯ o d f�t�v o � g�w���f � ¼�knm8o d v����Xq°r �|d }]r t�qpwA�p�pqswurX�Áqsf ¯ f�q°�7osw/o d f�qswuru�|��vxo�rut�t�fU�s�§fV�År�mª�
qsfUt�v � qpw�t�r �x�~� r qswuru�0qsf ¯ f�q°��opwJo d f�qswuru�|��r�m^�Èt�qswu�s�§qswuru�|��vxo�rXt�t�fU�s�§fV��¼�½ d f�m � �pvxm|�!r�mÈf 
 v���osvxm|�
���g�� t�vxo � g�wY�|f � }Yo d fÂv~muosf�qsg�fU��v�rbosf�t�v o � g�w���f � v��<vxm^v osv~r � vJI�fV�/¨7vxo d o d fÂv~m ¯ wXqsg{rbopv~wXmÁ�|rbo°rjw ¯ o d v~�g�w���f � rXm^�{o d f�rX�_�§rut�fUm^t � �uqsr �|d v����uf�m|fUqsr�opfV� ¯ qpwug(o d fÂv~m ¯ wXqsg{rbosvxwum �|rbo°rjqsf � rbosfU�/opw�o d f�qpwArX�|�
rXm^�/t�qpwA�p�pqpwArX�|�U¼ ã�� q<t � qpqsf�mAo�� � ��osf�g ��wYfV�Rm|wXo d r�m^� � f�o d f��Xf�m^f�q°rbopv~wXm w ¯ r�t�vxo � g�w���f � ¯ qswXg©rXm
f 
 v~�§opv~m|� �-�o�� g�wY�|f � fU«XfUmÁo d w � � d ¨�fÂo d v~m|±Áo d f � �§f�w ¯ � � t d r{g�w���f � v~�Å«Xf�q � v~g � wuq§o°r�mAoÅ¨ d fUmo d fÁrXvxg v���osw¶w � osrXvxm¬qsfUr � v��§opv�t �§opqsf�f�o�m|f�o�¨�wXqs±���wXqjopwÈqpfVt�wXmª��osq � t�ojf 
 v���osvxm^�Èt�vxopv~fU�U¼¿×�rbo d f�qV}�v o
�uf�m|fUqsr�opfV��r � opwug{rbopv�t�r �x�~� o d f�vxmAopfUqpg�fV��v~r�opf�t�v o � g�w���f �
� �pvxm|� � �pf�q7v~m �|� o � r�q°r�g�f�osf�q°��¼
ã m^t�f8o d f¶v~mAopf�qsg�fU��v�rbosfÈt�v o � g�w���f ��d rX� � f�f�m �|� v � oV}ÅvxoJv��/o d f�m � �§fV� ¯ wXqJ�XfUm|f�q°rbosvxm^�Êo d f

Ö�×��8ÆDØAÙ�Ð � fU�D��fU�st�qsv � vxm^�7o d f�g�wY�|f � �
�XfUwXg�f�osq � ¼O�Å�=�sr�v�� � f ¯ wXqsfX}brX�Ow � qDw � ��fVt)opv~«XfRv~�
opw�g�v~m|vxg�vJI�f
o d f!r�g�w � mAo�w ¯ �^rbosr¶opq°r�mª�§g�vxo§opfV�¬wb«uf�q�o d f!m|f�o�¨�wXqs±]}�¨�fJg{r�±uf � �pfÁw ¯ � qsw�t�fU� � qsr � g�w���f � ��opw
�|fU�st�qsv � fjo d f��XfUwXg�f�osqpv�tjg�w���f � �U¼>K�v~«XfUm8o d f{��o �Y� f�v~m ¯ wuqpg{rbosvxwumÈt�wXmAosrXvxm|fV�8v~m¶o d f�vxmAosf�qsg�fV��v�rbopf
g�w���f � rX�
¨�f �x� ru�
r � v � q°r�q � w ¯ � qpw�t�fU� � q°r � g�w���f � �U}�o d f��uf�m|fUqsr�opv~wXm � qswYt�fU�s�Ç�§f � fVt)o°�Ço d fRr �|� qpw � qpv�rbosf
� qpw�t�fV� � q°r � g�wY�|f � ¯ wXq<fVrXt d fUmuosv o � r�m^� �Xf�m^f�q°rbopfV��o d f�v~q7v~m �|� o � rXqsrXg�f�opfUqs� � �pvxm|� ¯ wYw�o � qpv~mAos�<r�mª�
d f�v~� d os�U¼ c<d f�vxm �|� o � rXqsrXg�f�opfUqs��w ¯ fUrut d fUmuosv o � r�qsfÂ¨7qpvxo§osf�mJvxm0r�Ö�×��¶ÆOØAÙjÐ � fu¼
c<d f{v~mAopfUqpg�fU�|v~r�opf/t�vxo � g�w���f � v~��r � �pw � �pfU�Èopw0�uf�m|fUqsr�opf�o d f{Ö�×��8ÆOØYÙ Ð � fU����fV�pt�qpv � v~m|�Jo d f

� � rut�f�� �|� ��v~«Av��pvxwum
¼��Å�<�prXv~� � f ¯ wXqsfÅ¨�f � �pf�r�� � rXt�f�� �^� ��v~«Yv~�pv~wXm{osw�w � opv~g�v�IUfÅo d f�m^f�o�¨�wXqs±josqsrXm^��y
g�v��p�pv~wXm^��r�m^�!o d fjqsf�mª��f�qsvxm^� � qswYt�fU�s��¼����Åw � qÅ�uwur � v��7opw � qswb«Av���fjt�v o � g�w���f � � ¯ wuq�¨<r � ±Ao d qsw � � d

U$z	{}|k~
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¨�f{m^r�o � q°r �~�x�È� �pf/qpwArX�|��rXm^�Êt�qswu�s�pqpwArX�|��opw¶�Xf�m^f�q°rbopf�o d f/m^r_«Yv~�urbosvxwumÊ� � rut�fu¼�n��§v~m|�!o d f/qpwArX�|�
rXm^�Jt�qswu�s�§qswuru�|� ¯ wYwXo � qsvxmAo°��opwX�uf�o d f�q<¨7vxo d o d f�ru�_�§rXt�f�m^t � �Xq°r �^d t�wumAosr�v~m|fV� �Y� o d f�vxmAosf�qsg�fV��v�rbopf
g�w���f � ¨�f/�XfUm|f�q°rbosf r¶�pf�o�w ¯ t�f �x� �jo d r�o�t�wum^�§opvxo � osf/o d fÁm^r_«Yv~�ur�opv~wXmÊ� � rXt�fu¼¶��ojo d fJf�m^�Êw ¯ o d f
� � rut�fÂ� �|� ��v~«Yv~�pvxwum � qpw�t�fV�p�U}AfUrXt d t�f �x� v��<f�m^t�w���fU�ÁvxmJwXm^f�Ö�×��8ÆOØYÙÂÐ � f�o d rboÅt�wumAosr�v~m^��v o°�7t�wumA«uf 

dY�|�~� ��fV�pt�qpv � osvxwumJrXm^� vxos�ÅrX�_�§rut�f�mªt � qsf � rbosvxwum^� d v � �U¼
c<d f�m|f 
 oÂ�§opf � w ¯ o d f��uf�m|fUqsr�opv~wXm � qsw�t�fV�p��t�wum^�§v��§os��vxm¿t�wug �|� opv~m|�!t�f �x� yPosw�y®w � ��fVt)o°�Å«Yv��§v � v � vxo � ¼

n��§v~m|�{o d f�qsfU� �|� os��w ¯ o d f�o�¨�w � rX�§o���osf � �Å¨�f�t�wXg �|� opf�o d f � w�opfUmAopv�r �~�x� «Yv~�pv �^� fj�pf�o�w ¯ w � ��fVt)o°� ¯ wXq
fVrXt d �uf�m|fUqsr�opfV��t�f �x� ¼ c<d f�«Yv~�pv � v � vxo ��� qpw�t�fU�s�Dr � �pwÅ�uf�m|fUqsr�opfU�
o d f7�Åá�R ¯ wXq=fUrut d�� wXopfUmuosv~r �x�~� «Yv~�pv �|� f
w � ��fUt�oU¼ c<d f<qpfV� �|� os�=w ¯ o d v�� � qsw�t�fU�s�=t�wXg �|� f�osf�o d f<��fU�st�qsv � opv~wXm�w ¯ fVrXt d�� qpfU«Av~w � � �~� �XfUm|f�q°rbosfU��t�f �~� ¼
á�wum^�pf�
 � f�mAo �x� fUrXt d t�f �~� t�wumAosr�v~m^��vxos��«Yv~�pv � v � vxo � qsf � rbopv~wXmª� d v � r�mª�¶o d fÁ�Åá�R���w ¯ vxos� � wXopfUmuosv~r �x�~�
«Yv��§v �|� fÂw � ��fVt)os�U¼
c<d f � rX�§o	�§opf � w ¯ o d f � qsw�t�fV�p�=f 
�� wXqpos�Oo d f<�uf�m|fUqsr�opfU��Ö�×��8ÆDØAÙ7Ð � f<� � ��osf�g´v~mAopw�w � q=Ö�×��¶ÆOØAÙ

t�wXg � qsfU�s�§fV�/g�f�g�wuq � g{r �|� fV� ¯ wXqsg�r�oU¼

±�²\³ ´¶µ;·�µ¹¸�º�»�¼\·¾½sºp·¿¼\·r»�µ¹¸�Àsµ;Áj¼1º�»�µÃÂ­¼Ä»�ÅÆÀÈÇ�Á�µ;É
c<d f � qsw�t�fV�p�=v~m�t d rXqp�ufRw ¯ �Xf�m^f�q°rbopv~m|��r � oswXg{rbosv~tUr �~�x� rXmjv~muosf�qsg�fU��v�rbosf�t�v o � g�w���f � Ñ Ô=vx� � qpf<h Ò Ð^q°��o
�uf�m|fUqsr�opfV�
o d f���osqpfUf�o	m|f�o�¨�wXqs±�w ¯ o d f�t�v o � ¼=���	w � q	g{r�v~m��Xwur � v~�	qsfUr � osvxg�f<m^r_«Yv~�urbosvxwum�rXm^�jm^w�o	o d f

 � fV��o�w ¯ t�vxo � qsfUr � v��§g!}|¨�f d r_«ufÂ�|f�«Xf � w � fV�!r{�§v~g �|� f�r�m^� ¯ rX�§o�r � �uwXqsv o d g©opw �Xf�m^f�q°rbopf�o d fj�§opqsf�f�o
m^f�o�¨�wXqs±+¼0Ô^wXq�r � f�o§opfUq�qsfUr � v��pgÉwXm^f t�w �|� �¬qpf ¯ f�q�osw � r�qsv�� d L � � N ¼ c<d f g{rXvxmÊv���fUr � f d vxmª�Êo d v~�
r � �uwXqsv o d g'v~�Dosw��uf�m|fUqsr�opf<rÅqsf�� �|� rXqD�§opqsf�f�o=m|f�o�¨�wuqp±�o d rbo�v��Oo d f�m�g�w���v ÐªfU� �A� �pf�«uf�q°r � ��v~�§o � q � rXm^t�f
w � fUqsr�opv~wXm^�<t�wXm^�pv~�§opv~m|��v~m!ru�|��v~m|�{m|wuv~� � �|r�osr�opw{f 
 v��§opv~m|�{wXm|fV��¼ c<d f�qpfV� �|� opv~m|�{�§opqsf�f�o�m^f�o�¨�wXqs±{v~�
� �§fV� osw{�XfUm|f�q°rbosf�o d f ¯ wYw�o � qsvxmAos�U}|f � fU«_r�opv~wXm^�År�m^�!�§o �A� fU�<w ¯ o d fj��vxË]f�qsf�mAo�f�mAopvxopv~fU�U¼ c<d f���vxË+fUqpfUmuo
�§opf � �<w ¯ o d f��Xf�m^f�q°rbopv~wXm � qswYt�fU�s�<r�qsf��uvx«uf�mJvxmJÐ^� � qsf��ª¼

Regular graph

Edge noise

Vertices noise

Elevation noise

Islets, Roads,
Crossroads
footprints

Buildings,
Parks
footprints

Styles
choice

ÔDv~� � qpfÂ��C�� � opwug{rbopv�tÂ�XfUm|f�q°rbosvxwum � qsw�t�fV�p�U¼

¢ � £b¡�¢ ¡U¢ Û £ �uf�m|fUqsr�opfV��r/qsf�� �|� rXq�m|wum�yzwuqpv~f�mAosfU�!�Xq°r �^d ¼ c<d f�«Xf�qpopv�t�fV�ÅrXm^�0fU�|�XfU��w ¯ o d v��Å�uqsr �|d
qsf � qpfV�§fUmuo<t�qswu�s�§qswuru�|��rXm^�/qswuru�|�RqsfU� � fUt)osvx«uf �~� Ñ Ô=vx� � qsfÂ�Xr Ò ¼ c<d f � �pf�q<v~m �|� o��|r�osrjrXqpfÅo d f��pv�IUf�w ¯
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a. b. c.

Ô=vx� � qpf���CAK�f�m|fUqsr�opfU�J�§opqsf�f�o7�uqsr �|d rXm^�Jf�Ë]fUt)o°�7w ¯ rX�|�|v osvxwum^r � m|wuv~�pfX¼

o d f�opwb¨7m
}Yo d fÂm � g � f�q7w ¯ t�qswu�s�pqpwArX�|��rXm^� o d f � f�m|�Xo d w ¯ o d f�qswurX�^��¼	�Rrut d «XfUq§osf 
 v��7rX�s�§v~�Xm|fV�/vxos�
h ä t�wYwXq°��v~m^rbosfU�<¨7vxo d m|w d fUvx� d o Ñ vP¼ fX¼�o d fuI�t�wYwXq°��v~m^rbosfÂv~�<f.
 � r � opw �AÒ ¼
Ê Û ¥ ß ¤DàÓ¡�¢ Û £ ��v~�§o � q � �7o d f�qsf�� �|� r�q7�Xq°r �^dJ�Y� rX�|��v~m|��osw/v o�r/t�fUq§o°r�v~mJm^wXv��§fu¼R½Äf�g{r�±Xf � �§f�w ¯
o d qsf�f�o �Y� fV�	w ¯ m^wXv��§f � r�q°r�g�f�opf�qsvJI�fU��rXtUt�wXq°��v~m|��osw�o d f<g{rXt d v~m|f<q°r�m^��wug´m � g � f�q��uf�m|fUqsr�opwXqV¼ c<d f
Ðªqs�§o=m^wXv��§f Ñ Ô=v~� � qsf7� �ªÒ ��f � f�opfU���pwXg�f�w ¯ o d f<fU�|�XfU� Ñ qpwArX�|� Ò ¼ c<d f7�§fVt�wXmª��m|wuv~�pf�g�wb«ufU�Do d f<«uf�qpopv�t�fU�
Ñ t�qswu�s�§qswuru�|� Ò wumÈo d f/�uqpw � m^� �|� r�m|f/¨ d v � f{qpfV� � fUt�opv~m|�0o d f t�wum^�§opq°r�v~muoÂo d rbo��|wAfV��m|wXo�r �~� wb¨6o�¨�w
fV���XfV� Ñ qpwArX�|� Ò osw wb«uf�q � r � Ñ Ô=vx� � qsf���t Ò ¼ c<d f � ru��oÂm|wuv~�pfj�uf�m|fUqsr�opfU�Åf � f�«brbosvxwum8«br �~� fU� ¯ wuq�«uf�qpopv�t�fU�
Ñ t�qswu�s�§qswuru�|� Ò ¼ c<d f d fUvx� d os�<w ¯ o d f�t�qswu�s�pqpwArX�|��r�qsfÅ�XfUm|f�q°rbosfU�ÁrXt�t�wXq°��v~m|��opw{r�qsrXm^��wug �§fUfU�/«br �x� f
rXm^�¶rÁg{r 
 v~g � g d fUvx� d oÂt�wXm^�§opq°r�v~mAoU¼��Å��o d v���m^wXv��§f�g{r � �Xv~«Xf � m^�pr�opv�� ¯ rut)oswXq � qsfU� �|� os�U}]o d f � �pf�q
tUr�m � �§f{rXm d fUvx� d o�g{r � ¯ wXq�o d f/t�qswu�s�§qswuru�|�U¼Â��o�o d v�� � wuvxmAoU}
o d f{�§opqsf�f�o�m|f�o�¨�wuqp±!v���t�wug �^� f�opf �~�
�|f�Ð^m|fV�Ç¼jk ¯ o d f � �§fUq�v��Â�pr�opv���ÐªfU� �A� o d f�qpfV� �^� osvxm|�Jm|f�o�¨�wuqp±]}]o d f��uf�m|fUqsr�opv~wXm � qpw�t�fV�p�ÂtUr�m¶g�wb«uf
wum osw�o d f�m^f 
 o���osf � ¼

Ë �S� £_à¿¡U¢ Û £ �uf�m|fUqsr�opfU�=qswuru�|��}�t�qpwA�p�pqswurX�^�Or�mª�jv�� � f�o°� ¯ wYw�o � qpv~mAos�U¼=��t�t�wuqs�|vxm|��oswÂrÂt�wXm^�§opq°r�v~mAo=wum
o d f�g�vxm^vxg � gúrXm^�Jg�r 
 vxg � g ¨7v��Yo d ��w ¯ qpwArX�|�U}Ao d f�� � ��osf�g q°r�m^�|wXg �x� �Xf�m^f�q°rbopfV� ¯ wAwXo � qsv~muo°� ¯ wXq
qswuru�|��r�mª��t�qpwA�p�pqswurX�^��¼
Ô=v~� � qsf��XrÂ� d wb¨��	o d f ¯ wAwXo � qsv~muo��uf�m|fUqsr�opv~wXm ¯ wXqRr�t�qpwA�p�pqswurX�ÍÌ�¼ c<d f7o d v~q°�
�§opf � v~�jvxg �|� f�g�fUmuosfU�Êru� ¯ w �~� wb¨���¼Jk®o�Ð^q°��o�t�wXg �|� opfU��o d f «Xf�qpopv�t�fV��w ¯ o d f t�qswu�s�pqpwArX� ¯ wYwXo � qsvxmAo°��¼
Î m^wb¨7vxm|��o d f7qpwArX��¨7v~��o d ��Ï � rXm^��Ï � }Xvxo�t�wXm^�§opq � t)o°�=o d f�o�¨�wÂq°r � �pÐ � rXm^�>Ð � o d rbo�rXqpf � rXqsr �x� f �osw¿o d fUvxqÁrX�s�§w�t�v�rbosfU�ÍqpwArX�|��ru�{�§fUf�m vxm Ðª� � qsf0�Xr|¼ c<d f!Ð^qs�§o ¯ wYw�o � qpv~mAo/«XfUq§osf 
gÑ � v��{�Xv~«XfUm �Y�o d f/v~mAopf�q°�pfUt)osvxwumÊw ¯ o d f/o�¨�w0qsr � �U¼ c<d v~�jw � f�q°rbopv~wXm¿v���qsf � fUr�opfU� ¯ wuqjfVrXt d w�o d f�q�rX�_�§rut�f�mAojqswuru�
oswÈw � osrXvxm­o d f!wXo d fUq ¯ wYwXo � qsvxmAo{«XfUq§osv~t�fU�U¼ ã m^t�fÁo d v~��w � fUqsr�opv~wXm d ru� � fUf�m t�wXg �|� f�osfU� ¯ wXq�fUrut d
t�qpwA�p�pqswurX�
}�o d f8r � �uwXqsv o d gý�uf�m|fUqsr�opfU� ¯ wYwXo � qsvxmAo°� ¯ wXq{qswuru�|�{r�m^�²v�� � f�o°�/rX�{� d wb¨7m²vxm Ðª� � qsf0� � ¼
âÅw�osfÅo d rbo�o d f�t�wug �|� opfV�{q°r � ��r�qsfÅ�§opwuqpfV�{vxm o d fÂ�|r�osrj�§opq � t�o � qsf�ru�p�pw�t�v�rbopfV�{¨7vxo d o d f��Xf�m^f�q°rbopfV�
t�qpwA�p�pqswurX� ¯ wAwXo � qsv~muo°�7�§w{ru��opw��XfUm|f�q°rbosf�t�wXqsqpfVt)o � r_«XfUg�f�mAo�g�w���f � �U¼

¢ ß �D£_¢��Í¡�¢ Û £ �Xf�m^f�q°rbopfV� �|� v � ��v~m|��rXm^� � rXqp± ¯ wYw�o � qpv~mAos� � �pvxm|� � qsf�«Yvxw � � �x� �XfUm|f�q°rbosfU��v�� � f�o ¯ wAwXo§y
� qpv~mAos�U¼ÕÔ^wXq!r � rXqp±]}<o d fÈv�� � f�o ¯ wYw�o � qpv~mAoÁv�� � �§fV�ÓrX�Áv���¼(Ô|wuq �|� v � ��v~m|�u�U}�v�� � f�o ¯ wYw�o � qpv~mAos�Jr�qsf

U$z	{}|k~
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ÔDv~� � qpfÂ��C�Ô^wAwXo � qsv~muo°�<�XfUm|f�q°rbosvxwum ¯ wXq�t�qpwA�p�pqswurX�^��}AqpwArX�|�<rXm^� v�� � f�os�U¼

osqsrXm^� ¯ wXqsg�fV�/rXtUt�wuqs��v~m|�jopw�t�wXmª��osqsrXvxmAos��wXm o d f �|� v � ��v~m|���pvJI�fU�U¼�Ô=vx� � qpf�Ùj� d wb¨��Ro d v~��osqsrXm^� ¯ wuqpg{r�y
osvxwum
¼ c<d fÂv~� � f�o ¯ wYw�o � qpv~mAo<v���Ð^q°��o��st�r � fU�/opw�w � o°r�v~m o d f � rXt°± ¯ rut�fU�<w ¯ o d f �^� v � ��v~m|�u� Ñ Ô=vx� � qpf�Ùbr Ò ¼
Ô^qpwumAo{rXm^� � rXt°± ¯ rXt�fU�{r�qsfJo d fUm � v~m|±ufU� �Y� f 
 osf�m^��v~m|�¿o d f � rXt°± ¯ rXt�fV� � mAopv � o d f � t�qswu�s� ¯ qpwumuo
¯ rut�fV��¼ c<d v���qpfV� �|� os�Åvxm¶vxmAopfUqpg�fV��v~r�opf ¯ wYwXo � qsvxmAo°� Ñ Ô=v~� � qsf�Ù �ªÒ ¼�ÔDv~m^r �x�~� }ªo d f�w � o°r�v~m|fU�!v~mAopfUqpg�fU�|v y
r�opf ¯ wAwXo � qsv~muo°�DrXqpf�� �^� ��v~«Yv~�|fU��v~mAopw �|� v � ��v~m|� ¯ wYw�o � qpv~mAos� Ñ Ô=vx� � qsf<Ùbt Ò rXm^��rX�b�§rXt�fUm^t � qsf � rbosvxwum^� d v � �
� f�o�¨�f�fUm �^� v � ��v~m|�u��rXqpf{�§opwuqpfV�8v~mÈo d f{�|rbo°r!��osq � t�o � qsf{rX�s�§w�t�v~r�opfU�¶¨7v o d o d f{�uf�m|fUqsr�opfU� �|� v � �|vxm|�
¯ wYwXo � qsvxmAo°��¼ÒR�fUqpf!r��Ar�v~m
}=o d f �|� v � �|vxm|�¿�pv�IUfU��r�qsfÁt d wA�§fUmÊqsrXm^��wXg �~� ¨ d v � fJqpfV� � fUt�opv~m|�8o d fJt�wXm�y
�§opq°r�v~mAoÅw ¯ g�v~m|v~g � g rXm^�0g{r 
 v~g � gÎ�§vJI�fV��¼ c<d v��Åg�f�o d w��0v����pvxg �|� f�rXm^�8tUr � r �|� fjw ¯ �XfUm|f�q°rbosvxm^�
�^� v � ��v~m|� ¯ wYw�o � qpv~mAos�<wumÁm|wum0t�wXmY«uf 
 v�� � f�o°��¼

b. c.a.

back

front

footprintintermediate

Ô=v~� � qsfjÙ*C�Ô|wYwXo � qsvxmAo°�<�Xf�m^f�q°rbopv~wXm ¯ wXq �|� v � ��v~m|�u�U¼

Ó ¤|¡U¢j¡�¢ Û £ �Xf�m^f�q°rbopfV�RrXqst d vxopfVt)o � qsr � r�mª��m^rbo � qsr � �§o �Y� fV��¼ c<d fÅ�§o �Y� fV�RrXqpf�q°r�mª��wXg �~� t d wA�§fUm�vxm r
�pf�o<w ¯ � v � qsrXqpv~fU��r�mª�/rX�s�§v~�Xm^fU��oswjqswurX�^��} �|� v � �|vxm|�A�<r�m^� � r�qs±Y�U¼=knm wXq°��fUqRosw d r_«uf�r � f�opopfUq<t�wXmAopqsw �
wum0o d f��§o �A� f��|v~�§opqsv �^� opv~wXm
}]wum|fjt�w �|� � � �pf���fUm^�§vxo � g{r � �ÅopwÁg�rX±Xf�o d f���o �Y� fU�Å�|f � f�m^��fUmAo�wum0o d f
�|v Ë]f�qsf�mAo�t�vxo � rXqpfVrX�U¼

TVUXWEY�Z\[B]�^
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±�²	Ô Õ/¸�Ç�ÂXµ;Á�Ö�¸�ºpÉ>ÀÈÇ�Á�µ;É\×ÒØjº�¸�ºqÀsµ­»�µ¹¸a×
c<d v~�Â�pfUt)osvxwum¶� d wb¨�� d wb¨ � qpw�t�fU� � q°r � g�wY�|f �	� r�q°r�g�f�opf�q°�ÅrXqpf��XfUm|f�q°rbosfU�0�uvx«uf�m¶rXm8vxmAosf�qsg�fV��v�rbopf
t�v o � g�wY�|f � rXm^�!r d r�mª�Yyzg{ru��f � v � q°r�q � w ¯ � qsw�t�fU� � qsr � g�w���f � ��¼�Ô|wuq�fUrut d fUmuosv o � Ñ qswuru�Ç} �|� v � ��v~m|�^}
f�ostX¼ Ò w ¯ o d f v~mAopfUqpg�fU�|v~r�opf t�v o � g�w���f � }	w � q�r � �XwXqsvxo d gþ�§f � fVt)os�jvxm¬o d v�� � v � qsrXq � wXm|f � qpw�t�fU� � q°r �
g�w���f � o d rbo�Ð|o°�R¨�f �~� ¨7vxo d o d fÅ�§o �Y� f�w ¯ o d v���fUmuosv o � ¼ c<d f�m
}AvxoR�XfUm|f�q°rbosfU�	o d f�v~m �|� o � r�q°r�g�f�osf�q°� ¯ wXq
o d f/�pf � fUt)osfU� � qswYt�fU� � qsr � g�w���f � ¼ ��rXt dÈ� qpw�t�fU� � q°r � g�w���f � w ¯ o d f � v � q°r�q � v��Âf�m^tUr � � �|� rbosfU�ÈvxmAopw
r�Ö�×��8ÆDØAÙ�f 
 osf�qsm � × ã�cÅã Ñ �§fUfj�YfUt�opv~wXm0� Ò ¼ c<d fjr � �Xwuqpvxo d g �Xf�m^f�q°rbopfV�7wXm^f�Ö�×��8ÆDØAÙjÐ � f � f�q
fUmAopvxo � ¼�Ô=v~� � qsf M � d wb¨��7r�m!f 
 r�g �|� f�w ¯ r �|� v � ��vxm^�/��fU�st�qsv � opv~wXm!f 
 r�g �|� f � �pvxm^�/r ¯ wYwXo � qsvxmAoV}|o�¨�w
ÃªwAwuqs��r�mª�/rX�_�§rut�fUm^t � �|r�osr^¼ c<d f � qsw�t�fV� � q°r � g�w���f �Ç� �§fV�{v���mªr�g�fU�mD � v � � � �u¼ c<d f�h äÀ¯ wAwXo � qsv~muo
v�����fV�pt�qpv � fU� �Y� o d f�t�wYwXq°��v~m^rbosfU�	w ¯ vxos��«uf�qpopv�t�fV�	�Xv~«Xf�m�v~m/r�t � w�t°±Y¨7v��§f7wuqs��fUq	vxm�o d f<Ð^f � �u0��.�����V�<"º»��z¼
c<d frÙ����-��Ð^f � �{v~m^��v�t�rbosfU��o d f�m � g � f�q�w ¯ Ã^wYwXq°�	o d f �|� v � ��v~m|� � qsw�osw�o �Y� f�g � �§o��uf�m|fUqsr�opfu}ur�mª��o d f
µh6ÄÚ�µh s¸�»��$Ûj¸!" ·O(*�	7{Ð^f � �¿t�wXmAo°r�v~m8o d f d f�v~� d os�Âw ¯ o d f/rX�b�§rXt�fUmAo �^� v � ��v~m|�u� ¯ wuq�fUrut d ¯ qswXmAosrX�Xfu¼ c<d f
ru�_�§rXt�f�mAo �|� v � ��v~m|� d f�v~� d os��r�qsf � �pfU�0osw � qsf�«uf�mAo � qsw�t�fV� � q°r � g�w���f � ¯ qswXg3�XfUm|f�q°rbosvxm|� �Xf�wug�f�opqsv�t
�|f�osrXv � ��wum ¯ qpwumAosr��ufU�	o d rbo<r�qsf�w�t�t �x� �|fU� �Y� ru�_�§rXt�f�mAo �|� v � ��v~m|�u�U¼ c<d f � �pf�w ¯ vxm �^� o � rXqsrXg�f�opfUqs��v~�
f 
��|� rXvxm^fU�Ávxm0�pfUt)osvxwumÁ�ª¼�â�wXopf�o d r�o7o d f�v~g � wuq§o°r�mAo � wuvxmAo�w ¯ o d v~�Å�§fVt)opv~wXmJv���o d f ¯ rut)o7o d rboÅr�«XfUq �
�pg{r �~� r�g�w � muo�w ¯ �^rbosr�v���m|fUfU��fV�josw���fU�st�qsv � f7r �|� v � ��vxm^��wXq�r�m � wXo d fUq�f�mAosv o � ¼ c<d f��pvJI�f7w ¯ o d f�Ð � f
� d wb¨7m�vxm�o d f � qsf�«Yvxw � �	f 
 rXg �^� f<v���wXm �~� hu� ���Y� osfU��v ¯ v o�v����§opwXqsfU��v~m�o d f7Ö�×Å�8ÆOØYÙQn c Ô M ¯ wXqsg�r�oU¼
á�wum^�pf�
 � f�mAo �x� }ªo d f�vxm �|� os� � rXqsrXg�f�opfUqs��w ¯ � qpw�t�fU� � q°r � g�wY�|f � ���uf�m|fUqsr�opfV� ¯ wXq�rJt�vxo � g�ru��fj¨7vxo d
� �X� } �u�X���|� v � ��v~m|�u�7¨7v �~� qpf.
 � vxqsf�wum �~� hu�X� � w ¯ g�f�g�wuq � ¼	Ô � qpo d fUqpg�wXqsf�o d v��7g�f�g�wXq � �pv�IUf�¨7v �~�
� f
�|qsru��osv~tUr �~�x� qsfU� � t�fU� � �pvxm^��o d f�t�wXg � qsfU�s�§fV� � v~m^r�q � ¯ wuqpg{rbo � qsfU�pf�mAosfU�Ávxm0�pfUt)osvxwumJh^¼ �|¼

±�²	± Ü�Ø�ºpÂXµÝ×*Ö¾Þ�Á�¼1ß¾¼\×*¼1ÇA·
ã�� qJ� � rXt�fÈ� �|� ��vx«Yv��§v~wXmÓg�f�o d w��Àg{r�±XfV� � �pfÄw ¯ o d fÈ�uf�m|fUqsr�opfV� vxmAopfUqpg�fV��v~r�opf¿t�vxo � g�w���f � ¼©k®o
� �|� ��v~«Av���fV��o d f�m^r_«Yv~�urbosvxwumÈ� � rXt�f�v~mAopw0h ä t�f �~� ���|f � vxg�vxopfU� �Y� o d f{qpwArX�|��r�m^�Ät�qswu�s�pqpwArX�|�U}ªwum^t�f
o d f�v~qÂrX�s�§w�t�v�rbosfU� ¯ wYwXo � qsvxmAo°� d r_«uf � f�f�mÈf 
 opq � ��fV�Ç¼�Ô=vx� � qpf�Ø � d wb¨���r � � rXt�f�� �|� �|vx«Yv��§v~wXm8qsfU� �|� oU¼
c<d f�f 
 osq � ��fU�¶qpwArX� ¯ wYw�o � qsvxmAos��r�qsf�� �|� ��v~«Av���fV�¶v~mAopwÁo d qsf�f�m|f�¨6t�f �~� �ÅoswÁqsfU� � t�fjo d f{�pv�IUf�w ¯ o d f
� Ö����Å�XfUm|f�q°rbosfU� �Y� o d fj«Yv~�pv � v � vxo � t�wXg �|� o°rbopv~wXm � qpw�t�fV�p� Ñ �pf�fj�pfUt�opv~wXm8h|¼ � Ò ¼���rXt d qsfU� �|� osvxm^� t�f �x�
v�����fV�pt�qpv � fU�Ä¨7v o d r!m|f�¨ÕÖ�×Å�8ÆOØYÙ �|� v � opyzv~mÊm|w���f/m^rXg�fU�à2E�b»�#b¸?á�2�¸�¹º¹�r�m^�¿�sr_«XfV�¶v~mÊ�§f � r�q°rbosf
Ö�×��8ÆDØAÙ�Ð � fV� Ñ ÔDv~� � qpf�� �uÒ ¼ c<d f�t�f �~� w ¯ o d fÂÔ=vx� � qpf�� ��d rX�Ro�¨�wjru�_�§rXt�f�mAo�t�f �~� �Ro d rbo7r�qsf�qpf ¯ f�qsqpfV�
osw � �§v~m|�Jo d f�v~q�qpf � r�opv~«Xf � q � �Âv~m¶o d f�Ð^f � �P s¸�¹º¹Ä9��)¹ ¼ c<d f�n�q � m|w�o°rbosvxwum � �pfU�¶opw!qsf ¯ fUqÂopwJo d f{t�f �~� �
v���rXmÈf 
 osf�m^�|fU�Òn�q ��� vx±uf�o d wA�§f � �pfU�Èopw0qsf ¯ fUqÂopw0f 
 osf�qsm � × ã�cÅã ��¼�½Äf d r_«Xf�v~mAopqswY� � t�fV�Èvxo�opw
r �x� wb¨öm^wY�|fU��osw0qpf ¯ f�q�osw8w�o d f�qjm|w���fU��rXm^�¿� � fUt�v~r �x�~� opw0qsf ¯ f�q�opw8t�f �x� � � �§v~m|�!o d f�v~q ä �RÔÏmªr�g�fU�
fU«XfUm�o d w � � d o d f � r�qsf�m|wXoRv~m{o d f��prXg�f7Ð � fX¼EnÅ�pv~m|��o d v~��g�fUt d rXm|v~�pg!}u¨�fÅtUr�m/��v���osqpv �|� osf�o d f�t�f �~� �
�|fU�st�qsv � osvxwum^�RrXg�wXm|�j�pf � r�q°rbopfV��Ð � fV�Rv~m/wuqs��fUq�osw�w � o°r�v~m r��uwYwY��m^f�o�¨�wXqs± � wurX���uqsrXm �|� rXqpvxo � ¼ c<d rbo
v��=opwÂ�sr � }b¨ d fUm�rÂt � v~f�mAo�m|f�fV�|�	r�t�f �~� }Xv o���wb¨7m � wuru�|�=wXm �~� o d f<�|fU�st�qsv � osvxwum�w ¯ o d v~��t�f �~� ¼ c<d f�n�q � �	w ¯
o d f7rX�_�§rut�fUmuo�t�f �x� ��r�qsf��Xf�m^f�q°rbopfV� � �pvxm^��o d f7rX�_�§rut�fUm^t � �uqsr �|d t�wumAosr�v~m|fV��v~m�o d f<vxmAosf�qsg�fV��v�rbopf<t�vxo �
g�w���f � ¼ c<d f�Ð^f � �|�¾ B�.���+6�r�mª�m °¸�¹º¹e2p�.���?6!�)»X6X¸?á rXqpf � �pfU�jopw���fV�pt�qpv � f�o d f7t�f �~� t�wumY«Xf 
�dY�|�~� ¼ ä � qsvxm|�
mªr_«Av~�ur�opv~wXm
}ªo d f � �pf�q�v���t�wXm^�§opq°r�v~m|fV�!opw!��o°r � ¨7v o d vxm¶o d fV�§f dY�|�~� �U¼ c<d f � m|v~wXm¶w ¯ r �~� o d f�t�wumA«uf 

t�f �~� ��v��Âm^r�g�fV�8o d f{m^r_«Yvx�Arbosvxwum¶� � rXt�f Ñ �pf�f{�pfUt�opv~wXmÊ� Ò ¼ c<d f�Ð^f � �|�3 B(*"º¹J6��p¸�»­r�mª�o B��#b¸!�pµ�·A¸+Û�"º»��	7
rXqpf � �§fV�Jopw/g{r�mªr��Xf�«Yv��§v � v � vxo � vxm ¯ wuqpg{r�opv~wXm0r�m^�0rXqpfÂÐ �x� fU� �Y� o d f�«Av��pv � v � v o �J� qsf � qsw�t�fU�s�pvxm|�{�§opf �
�|fU�st�qsv � fU�ÁvxmJo d f�m|f 
 oÅ�pfUt�opv~wXm
¼

U$z	{}|k~
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Ô=v~� � qsf M C�Ö�×Å�8ÆOØYÙ�Ð � f��XfUm|f�q°rbosfU� ¯ wXq�wXm|f �|� v � ��v~m|�Á��fV�pt�qpv � osvxwum � �§v~m|�{o d f��98 c �R×Åâ � × ã�cÅã
g�fVt d r�m|v��pgJ¼

ÔDv~� � qpf�Ø�CAK�fUm|f�q°rbosfU�J� � rXt�f�� �|� ��vx«Yv��§v~wXmO¼

±�²;: <v¼+×*¼1Þj¼+É\¼1»-ÅsÂXÇAÀsØQÖ�»�º�»�¼\ÇA·
ã�� q�«Av��pv � v � v o �8� qpf � qpw�t�fU�s�§v~m|�!t�wXmª�§v���o°�ÂvxmÈÐ^m^�|vxm|� �^� v � ��v~m|�u�U}Oqswuru�|�Âr�m^�¿t�qpwA�p�pqpwArX�|� � wXopfUmuosv~r �x�~�
«Yv��§v �|� f ¯ qswXg�fVrXt d t�f �~� ¼Âknm¶w � q�r � �uwXqsv o d g!}]¨ d v~t d v~��m|wXoÂt�wXm^�pf�qs«brbopv~«Xfu}^¨�f�t�wXg �|� osf�r � ÖÂ� ¯ wXq
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éV(R��(&çW(6X���(6
V(Y+$(6'V(6X��F(��(/éV(Y'W(Z+E([X��5(/çV(\��(Z+E(
V(]X^��(5éW(&çV(6
V(/çV([X^� �7
Ô=vx� � qsf�� � C	Ö�×Å�8ÆOØYÙjÐ � fÂ�uf�m|fUqsr�opfU� ¯ wXq�r�t�f �~� ��fU�st�qsv � opv~wXm � �pvxm|�{rt2E�b»a#_¸?áa2�¸�¹º¹ �|� v � opyzv~m!m|w���fX¼

fVrXt d t�wuqpm|fUq�w ¯ o d f8t�f �x� ¼ c<d f � m^vxwum²w ¯ o d f0w � o°r�v~m|fU� � Ö������uvx«ufU��o d f � Ö��­w ¯ o d f8t�f �~� ¼:knm
w � qj� � ��osf�g!}=o d f � Ö��Äw ¯ r8t�f �x� t�wXqsm|fUq�v~��t�wug �^� opfV�¿vxm­�st�qsf�fUmÊ� � rut�f �Y� qpfUm^��fUqpv~m|�!o d f �pt�f�m|f
¯ wuq��§v 
 tUr�g�f�q°rX� d r_«Yvxm^� o d f/�prXg�f/á ã�� Ñ t�f�mAopfUq�w ¯ � qpwX��fUt�opv~wXm Ò ¼������ d wb¨7m¶v~mÈÐª� � qsfÁ�u�Ur^}Ço d f
«Yv~f�¨ ��v~qsfUt)osvxwumÊw ¯ fVrXt d tUr�g�f�q°r0v�� � f�q � fUm^��v�t �|� r�q�opwÈwXm|f ¯ rXt�f/w ¯ r � w 
 ¼Ä� � t d r � w 
 ¨7v �~�<� f
tUr �~� fV�Êqsf�m^��fUqpv~m|� � w 
 ¯ qpwug m|wb¨(wXm
¼ c<d f!á ã�� � d r�qsfU� �Y� o d f!�§v 
 t�rXg�fUqsru��v��jo d fÁt�f�mAopfUq�w ¯
o d fjqsf�mª��f�qsvxm^� � w 
 rXm^�!o d f�Ô ã Ö Ñ Ð^f � �8w ¯ «YvxfU¨ Ò w ¯ fVrXt d tUr�g�f�q°r{v��Åf.
 � r � opwÁØ � ��fU�Xqsf�fU�U¼ c<d f
� qpwX��fUt)osvxwum �|� r�m^f�w ¯ r�tUr�g�f�q°r�v~�7r ¯ rXt�f�w ¯ o d f�qsf�m^�|f�qsvxm|� � w 
 ¼	Ô=v~� � qsf��X� � � d wb¨���o d f � wu�pvxopv~wXm^�
w ¯ o d f{qpfUm^��fUqpv~m|� � w 
 fV�Â¨7v o d vxmÊr!t�f �x� ¼ c<d f{fUvx� d o�qsf�m^�|f�qsvxm|� � w 
 fV�Âw ¯ r!t�f �~� r�qsf�m|w�ojt�f�mAopfUqpfV�
r�oÂo d f/t�wXqsm|f�q°��¼�×�rbo d f�qV}Or � w 
 t�fUmuosf�q�v�� �|� rXt�fV�Èt � wA�§f�osw!r!t�wXqsm|f�q��pwÁo d rboÂo d f � w 
È� f{v~m^�pv~��f
o d f � wuqs��fUqs�Rw ¯ o d f�t�f �~� o d r�o<rXqpfÅ� �|�|� wXqpopfV� �Y� o d f ¯ qswXmAosrX�XfU�Rw ¯ o d f �^� v � ��v~m|�u�U¼	knm/o d v~��¨<r � }uo d f
¯ qswXmAo°r��XfV��w ¯ o d f �|� v � ��vxm^�u� � fUt�wXg�fÂwYtUt �~� ��fUqs�<¨ d v�t d qpfV� � t�fU��o d f��pvJI�f�w ¯ o d f � Ö����U¼
Ô^wXq�fUrut d t�rXg�fUqsr^}�r �~� o d f!�XfUwXg�f�osqpv�t/w � ��fUt�os� Ñ �XfUm|f�q°rbosfU� � �§v~m|�Èo d fJg�f�o d wY�Íf 
��|� r�v~m|fV�¬v~m

�pfUt�opv~wXm h|¼ �XÒ rXqpf!qsf�m^��fUqpfV�Ç}�¨ d v~t d �uvx«ufU��� M v~g{r��XfV��¼ c<d f0�XfUwXg�f�osqpv�tJw � ��fVt)os��g{r �Í� f0qswuru�|��}
t�qpwA�p�pqswurX�^��wXq �|� v � �|vxm|�A��¼ c w�t�wXg �|� opf�qsr � v~� �x� o d fU�pf�v~g{r��ufU�U}uo d f�qpfUm^��f�qsv~m|�jv�� � fUq ¯ wuqpg�fU� � �pvxm|�
rXm ã�� f�maKÂÆÈ�Xq°r �^d v~tU� d r�q°��¨�rXqpf�r�m^�/o d f � w � m^��v~m|� � w 
 w ¯ fUrut d w � ��fUt�o�v���t d fUt°±XfV� ¯ wXq<v~mAopf�q°�pfUt)y
osvxwum¶¨7vxo d o d f�«Yv~f�¨7v~m|� ¯ q � �§o � g w ¯ o d f{t�rXg�fUqsr^¼�k ¯ o d f � w � m^��v~m|� � w 
 vxmAopfUqs�pfUt�os�Åo d f ¯ q � �§o � g!}
o d f{g�v~�^� � f/Æ ã ä Ñ �pg{r �~� m � g � f�q�w ¯ � w �~� �uwXm^� Ò v~�Âqsf�mª��f�qsfU� ¯ wXqÂo d v~�jt�r�g�fUqsr^¼����Âo d fV�§f{Æ ã ä �
qsfU� � fUt)oRo d f �|� v � ��v~m|� dY�|�~� � Ñ �§fUfÅÔ=vx� � qpfj��� Ò ¨�fÅ�|w�m|w�o�vxmAopqsw�� � t�f�w�t�t �~� �pvxwum{f�qsqpwuqs�U¼ c<d f�w � ��fVt)o°��}
v~m^��v~«Yv~� � r �~�x� �sr_«XfV��vxm r��§f � r�q°rbosf7Ö�×��¶ÆOØAÙÂÐ � fX}�r�qsf � wurX�|fU� � �pvxm^��r�g{rXvxm/qswYw�o�Ð � fÅo d r�o�qsf ¯ fUq�opw
o d f�g � �§v~m|�:�)»ª¹8"º»+¸/m|w���fU�U¼�Ô=v~� � qsfÁ� � � d wb¨��Åo d qsf�f/�|� �O
 �|� � v~g{r��XfV�Å�uf�m|fUqsr�opfV� ¯ wXq�h!t�rXg�f�q°rX�U}

U$z	{}|k~
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a. b.

cop
dir

p

Buildings

Cell

Buildings

Ô=v~� � qsfj�u��C Ñ Ð^�ª¼Ar Ò ×�f�m^��fUqpv~m|� � w 
 C ã m|f�w ¯ o d fÂ�pv 
 tUr�g�f�q°r�v��Rv~m qsfU�Ç}Yvxo�v�����f�Ð^m^fU� �Y� vxos�<t�fUmAopf�q
w ¯ � qsw���fVt)osvxwum Ñ t�w �+Ò }Ovxos�j��vxqsfUt�opv~wXm Ñ �|vxq Ò r�m^�Èvxos� � qsw���fVt)osvxwum �|� r�m^f`_O¼ Ñ Ðª�^¼ �ªÒ C�×7f�mª��f�qsvxm^� � w 

� wu�pvxopv~wXm^�<v~m^�pv~��f�r�t�f �~� Ñ opw � «Av~f�¨ Ò ¼

fVrXt d wXm|f{ru�p�pw�t�v�rbopfV�¶¨7vxo d r!��vxË+fUqpfUmAo�qpfUm^��f�qsv~m|� � w 
 ¼/�Å��� d wb¨7mÄvxmÄo d v~��Ð^� � qpfu}Or � qpw�t�fU� � q°r �
g�w���f � }Çqsf ¯ fUqpqsfU�!oswÁ¨7vxo d r�mÒ�)»ª¹8"º»+¸�m^wY�|fX}Çv�����v~� �|� r � fV�0¨7v o d r � m|v�
 � f{t�w � wXq�¨ d v�t d v��ÂrX�s�§v~�Xm|fV�
osw/o d fjg�f�g�wuq �!� wXv~muosf�q � wuvxmAosvxm|� opw o d v��Åv~m � vxm^f�m|w���fu¼��Ywª}+o d f�t�wumuosf�mAos�Åw ¯ o d f�v~g{r��ufj��v~qpfVt)o �~�
�uvx«ufU�=o d f�g�f�g�wXq ��� wXv~mAopf�q°��w ¯ r �x� o d fj��»^¹8"º»]¸7m|w���fV��«Yv��§v �|� f ¯ qpwug o d f�á ã�� w ¯ o d v���tUr�g�f�q°r|¼�á�wXm�y
�pf�
 � fUmAo �~� }+o d f�t�wumuosf�mAos��w ¯ r �~� o d f�� M v~g�rX�XfV�Å�uvx«ufU�7o d f�g�fUg�wXq �Á� wXv~mAopf�q°��w ¯ o d f>��»^¹8"º»]¸�m|w���fU�
o d rboÂg{r�±ufU� �|� o d f � Ö��8w ¯ o d f�t�f �~� ¼jâ�wXopf�o d r�o�wum|f�t�w �|� � � �§f�o d f ã�� f�maKÂÆÍw�t�t �~� �pvxwum/
 � fUq �
f 
 opf�mª�§v~wXmÁopw{� � fUfU� �|� o d v�� � qsw�t�fV�p�U¼
knm0rX�^��v osvxwum
} ¯ wXq<fVrXt d tUr�g�f�q°r>Ìba Ñ w ¯ o d fÂ� M tUr�g�f�q°rX�<rX�s�pwYt�v~r�opfV�{¨7v o d r�t�f �~��Ò }�¨�f�t�w � mAo<o d f

m � g � fUqjw ¯ � v 
 f � �w�caedÁt�wb«XfUqpfV� �A� fUrut d «Yv~�pv �^� f �)»^¹�"º»+¸Ám|w���fgfhdA¼ c<d f/osw�o°r � m � g � fUq�w ¯ � v 
 f � �
�Yi � i � �d t�wb«uf�qsfU� �Y� r�«Yv��§v �|� f��)»^¹�"º»+¸�m^wY�|fjfhdÂv��<o d f�m¹C

� i � i � �d k la;m,n �po qhr3s �taud
ÆOf�oj�tv �hwpxNy � fjo d fjm � g � f�qÅw ¯ �)»ª¹8"º»+¸�m|w���fV��«Yv~�pv �|� f ¯ wXq�o d f�� M t�rXg�fUqsru��¼ c<d fjopw�o°r � m � g � f�qÅw ¯
t�wb«XfUqpfV� � v 
 f � ���Qi � i � �� a�� xk�zy ¯ wuq<o d f�� M tUr�g�f�q°rX��v���o d fUm¹C

� i � i � �� aJ� xÄ�zy k ld%m,n �po {}|1~D�3����s � i � i � �d
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Ô=v~� � qsf�� � C c<d qpfUf���vxË+fUqpfUmuo�qsf�mª��f�qsfU�Jv~g�rX�XfV��¼���rXt dJ�|� v � ��v~m|�{v��Å��v�� �|� r � fU�Á¨7v o d r � m|v�
 � f�t�w � wXq
t�wXqsqpfV� � wXmª��vxm^��osw r{g�f�g�wuq �J� wuvxmAosf�q�o d rbo � wuvxmAo°�7opw/o d f>�)»^¹�"º»+¸�m|w���fj��fV�pt�qpv � v~m|�{o d f �|� v � ��v~m|�^¼
c<d f � rXt°±Y�Xqsw � m^��v�����v�� �^� r � fU��vxm�¨ d vxopf ¯ wuq�rÂ«Yv~� � r ���^� q � wu�pf �|� o�� d w �|� � � f �|� rXt°±j�pv~m^t�f�r�âjnÅÆOÆ
g�fUg�wuq � � wuvxmAopfUq d rX�7r�«br �~� f � ¼

c<d f��Åá�R Ñ �Å«XfUqsrX�Xf<á�wb«uf�q°r��ufAR�v~mAo Ò }A��f�m^w�opfV�c�QÌ��jdA}XrX�s�§w�t�v~r�opfU��¨7v o d fVrXt d «Yv��§v �|� f¾�)»^¹�"º»+¸<m|w���ff�dÂv��7t�wug �^� opfV�Jru�!C
�jÌ�� d k �Qi � i � �d

� i � i � �� aJ� xk�zy
c<d f � qpw � fUq§osvxfV�<w ¯ o d f��Åá�RK«br �~� fU�År�qsfÅo d f ¯ w �~� wb¨7v~m|�aC

������� L ���+�cv ��wpxNy N ���QÌ��cd � L � ��� N� d%m,n ��o { |/~ �N�D� s �jÌ��cd k �
����¨7v �~�D� f��pf�fUm � rbopfUq Ñ �§fUf��pfUt�opv~wXmÈ� Ò }+opwÁg{r�±Xfj¨�r � ±Ao d qpw � � d g�wXqsfjf�Ì/t�v~f�mAoU}+o d f �|� v � ��v~m|�u�

t � wA�§fV��oÅopwÁo d f�t � qsqsf�mAo�t�f �x� g � ��o � f�Ð^q°��oÂ��wb¨7m � wuru��fU�Ç¼ c w o d v���f�m^�
}ªo d f��)»^¹�"º»+¸�m|w���fV��}]«Yv~�pv �|� f
¯ qswXg rÂt�f �~� }XrXqpf<�pwXqpopfU��rXtUt�wXq°��v~m|��osw�o d fUvxq���v��§osr�mªt�f�opw�o d f<t�f�mAopfUq	w ¯ o d f�t�f �x��� f ¯ wuqpf � f�v~m|��t�w � vxfV�
v~mAopw�o d f�t�f �~�	� �u ?(�"º¹�6��p¸�»0Ð^f � � Ñ �pf�f�Ð^� � qsfj� �AÒ ¼ c<d f�rX�s�pwYt�v~r�opfV�/�Åá�RÅ�<«br �~� fV��rXqpf�t�w � vxfV�/v~mAopw�o d f
Ðªf � �Ò B�-#_¸!�pµ�·A¸?Ûu"º»��	7 Ñ �pwXqpopfV� v~mJo d f��sr�g�fÂwXq°��f�q Ò ¼
����g�fUmuosvxwum|fU�/vxmJ�§fVt)opv~wXmÁh|¼ hÂo d f�f 
 osq � �|fU�{qswuru� ¯ wAwXo � qsv~muo°��rXqpf�� �^� ��v~«Yv~�|fU�/v~mAopwjo d qsf�f�t�f �~� ��¼

c<d v~��r �x� wb¨���osw!qpfV� � t�f�o d f��pvJI�f�w ¯ o d f{t�f �x� � �
� Ö��|��¼�knm^��f�fV�Ç}Ço d f{m � g � f�qÂw ¯ «Yv~�pv �^� f�w � ��fUt)o°��v~�
«uf�q �jd v~� d ¨ d f�m�o d f�«YvxfU¨ � wuvxmAoRv�� � w�t�rbosfU�{r�oRwXm|fÅw ¯ o d f���osqpfUf�oRfUm^�|�U}A�pw^} � �§v~m|�jr��pv~m|� � fÅt�f �x� ¯ wXqRr
�§opqsf�f�o�¨�w �^� � �Xf�m^f�q°rbopf dY� �Xf � Ö��|��¼�Ô � q§o d f�qsg�wXqsfX}YrX�<� d wb¨7m/v~m Ð^� � qsf��VhXr|}A¨ d fUm qsf�m^��fUqpv~m|��o d f
�st�fUm|f ¯ qswXg�r/«Yv~f�¨ � wXv~mAoU} �|� rut�fV�8rbo�wXm|f�w ¯ o d fjf 
 osqpfUg�vxopv~fU��w ¯ rÁt�f �x� r�m^� � wYwX±Yv~m|� r�o�o d f��Xqsf�fUm
�^� v � ��v~m|�u�U}Çg{r�m � w � ��fUt)o°� Ñ qsfU�8v~mÈo d f�Ð^� � qpf Ò�� w�t�rbosfU�¶¨7v o d vxmÈo d f�«Yv~f�¨ ¯ q � �§o � g4r�qsfjm|fUfU� � fU�s� �~�
�pf�mAo�opw�o d f��uqsr �|d v�t�� d r�q°��¨<r�qsfÅ¨ d fUqpfVrX�Ro d f � r�qsf�m|w�o<«Yv~�pv �^� fu¼ c w�t�w � fÂ¨7vxo d o d v�� � qsw �|� f�g!}YwXm|f
t�w �|� �/� �|� ��vx«Yv���f�o d fÂ��osqpfUf�o�vxmAopw�g{r�m � t�f �~� ��¼ c<d f�t�wXmª�§f.
 � f�m^t�f�v~��o d rbo�«Av��pv � v � v o � �uf�os� � f�o§osf�q ¯ wXq
fVrXt d t�f �~�	�|� o�o d f � Ö��|��w ¯ o d f{t�f �~� ��t�wXmAosrXvxmÈqpfV� � m^�^r�mAo��|rbo°r|}Ç¨ d v�t d �|qsru��osv~tUr �~�x� v~m^t�qsfUru�§f�o d f
g�fUg�wuq � �§vJI�f�w ¯ o d f/�^rbosr � rX�pfX¼{��t)o � r �~�x� }Ov ¯ ¨�f/� �^� ��v~«Yv~�|f�o d f/�§opqsf�f�oÂv~mAopw ¯ w � q�wXqÂg�wXqsf{t�f �~� ��}
o d f�o�¨�w!t�f�mAopfUq�t�f �x� ��m|fVr�q �x�8d r_«Xf�o d f �sr�g�f � ÖÂ�]¼OÔ � q§o d f�qsg�wXqsfX}
¨ d f�m � �pvxm|� � vx�u�XfU�§o�t�f �x� �Â¨�f

U$z	{}|k~
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tUr�m � qswb«Yv~��f�o d f � qsf ¯ f�o°t d v~m|�8r � �Xwuqpvxo d gÉ¨7v o dÄ� f�opopfUqjqsfU� �|� o°� Ñ �pf�f/�pfUt�opv~wXm¬� Ò ¼ c<d v���v���¨ dY� ¨�f
� qpf ¯ f�q�opw�� �|� ��v~«Av���f�o d f���osqpfUf�o°�Rv~mAopw�o d qsf�f�t�f �~� � Ñ ÔDv~� � qpf��Uh �+Ò }A¨ d v~t d v~��v~m/w � q�w � vxm|v~wXm/o d f � fV��o
t�wXg � qswXg�v��§fu¼

cell cell

a. b.

Ô=v~� � qsf/�Vh�C c<d f�t�f �~� ��r�qsf�qpf � qsfU�pf�mAopfV�Á¨7vxo d r �|�~� f�t�w � wXqV¼ c<d fj¨ d vxopf �|� v � �|vxm|�A��rXqpfÂo d wu�pf�o d rbo
rXqpfÁm|w�o�v~m­o d f � Ö��¬w ¯ o d f0t�f �x� o d rbo/t�wumuo°r�v~m^�jo d f!«YvxfU¨ � wuvxmAoV¼ c<d f �|� v � ��v~m|�A��v~m � qpwb¨7mÍr�qsf
v~m¬o d f � ÖÂ�¬r�mª� ¯ q � ��o � gýt �^�x� fU�Ç¼ c<d f �^� v � ��v~m|�u��v~mÍ�uqpfUf�m­rXqpfÁvxm­o d f � Ö��¬rXm^�­�pf�mAo�opwÈo d f
�uqsr �|d v�t�� d r�q°��¨<r�qsfX¼ c<d fÂqpfV�/wXm^fU��r�qsf�v~m/o d f � Ö�� r�m^�J�pf�mAo�oswjo d fÂ�Xq°r �|d v~tU� d rXqs�|¨�rXqpf �^� o�r�qsf
m^w�oÂ«Av��pv �|� fX¼�Ô=vx�ª¼ r�C c<d f � ÖÂ�0w ¯ o d f � w�opopwXgÉqpv~� d opg�wA��o�t�f �x� t�wumAosr�v~m^��o d f�qsfU� �|�|� f�q � f ¯ osg�wA��o
�^� v � ��v~m|�u�U¼¿ÔDv~�^¼ � C/� ¯ opf�q�t�f �x� � �|� �|vx«Yv��§v~wXm­o d fÁm|f�¨ � w�opopwXgùqsv~� d opg�wu�§o�t�f �~� v����pg{r �~� fUq�rXm^�Êvxos�
� Ö�����wYfV��m|wXo�t�wumAosr�v~m�o d fÅqsfU� �|�|� f�q � f ¯ opg�wu�§o �^� v � ��v~m|�u��r�m � g�wXqsf � fVt�r � �§f�o d f � rXqpf d v~�|�|f�m �Y�
o d f��Xqsf�fUm �|� v � ��v~m|�u�U¼

ã�� q�«Yv~�pv � v � vxo � �pw �~� osvxwum/v~��m|wXo<t�wXm^�pf�qs«brbopv~«Xf�rXm^�{o d f � qpfVt�v��§v~wXm/w ¯ o d f�«Yv~�pv � v � vxo � t�wXg �|� o°rbosvxwum
v���g{r�v~m �x� qsf � rbosfU�¿oswÄo d f � wA�§vxopv~wXmÍw ¯ o d f!qpfUm^��fUqpv~m|� � w 
 fU��vxmª�§v���fJo d f!t�f �x� ��r�m^�¬opwÈo d f � v 
 f �
qsfU�pw �~� osvxwum:w ¯ o d fÄtUr�g�f�q°rX�U¼ R�wb¨�f�«uf�qV}�rX�{o d fÈopw � w � wX� � w ¯ o d f¿t�f �x� �/v��J±Ym|wb¨7m
}<o d f�qsf¶v�� m|w
� qpw �|� fUgýoswÊÐ^m^� w � o �XwYw�� � wA�§vxopv~wXmª� ¯ wXq{o d f8qsf�m^�|f�qsvxm|� � w 
 fU� Ñ Ô=vx� � qpfÊ�u� �ªÒ ¼KÔ � qpo d fUqpg�wXqsfX}
ru��o d f{qsf�mª��f�qsfU�Èw � ��fVt)o°��r�qsf �|� v � ��v~m|�u��rXm^�ÈqpwArX�|� Ñ � vx�!w � ��fUt�os� Ò }Dr0�|� �O
 �|� � qsfU�pw �~� osvxwumÈ�pf�f�g{�
fUm|w � � d opw{r_«Xwuv~� «Av��pv � v � v o � r�qpopv ¯ rXt)o°��¼

±�²�� ��ºS»�ºqÞ�ºp×dµÝµ4��ØuÇE¸�»
ã mªt�fR«Yv��§v � v � vxo ��d ru� � f�fUm�t�wug �|� opfV� ¯ wuq	r �x� o d f�t�f �~� �U}bw � q	� � �§opfUg´�XfUm|f�q°rbosfU�Or�m|fU¨ÊÖ�×��8ÆDØAÙ�qpwYwXo
Ð � f�o d r�o�t�wXmAo°r�v~m^��r��pf�o<w ¯t� " ¸%�V����"º»a��m^wY�|fU��o d r�o<�|fU�st�qsv � fU�<r�t�f�qposrXvxmÁm � g � f�q<w ¯ «Av~f�¨ � wXv~mAos�<rbo
¨ d v~t d o d f � �§fUq�tUr�m �§osrXq§o�m^r_«Yvx�Arbosvxwum
¼DknmÁw � q�vxg �|� f�g�fUmuo°rbosvxwum ¨�fÅ�XfUm|f�q°rbosfÅwum �x� wum|fÅ«Yv~f�¨ � wXv~muo
o d rbo<v�� �^� rut�fU� vxm o d f�g�v~�^� � fÂw ¯ o d f�Ð^q°��o<�XfUm|f�q°rbosfU�{t�f �~� ¼ c<d f � " ¸.�V����"º»���m|w���f�¨�f � �pf�t�wXmAosrXvxm^�
rXmÄru�|��vxopv~wXm^r � Ð^f � �Èm^r�g�fU�¶ °¸�¹º¹Ä9S�)¹ ¼ c<d v~��Ð^f � �Äv����§f�o�opw0r�mÄf 
 osf�m^��fV�Òn�q ��� wuvxmAopv~m|�!osw!rJ«br � v��
t�f �~� m|w���fu¼Á�©t�f �x� m|w���f/qsf ¯ f�qsqsfU�¶opw0¨7vxo d wXm^f�w ¯ � � t d «YvxfU¨ � wuvxmAo°��v~�jt�wXmª�§v���f�qsfU�ÄrX� � v~m|±XfV�Ç¼Á�
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� " ¸%�V����"º»a�jg � ��o � v~fJvxm^�pv���f/o d fJt�wXmY«Xf 
ÄdY�|�~� w ¯ o d fJru�p�pw�t�v�rbosfU� � vxm|±ufU�¬t�f �~� ¼Äk ¯ o d f o�¨�w¶r � wb«uf
t�wXm^�§opq°r�v~mAos��r�qsf qsfU� � fVt)osfU�Ç}Ro d f � vxm|±ufU�Ít�f �~� v�� � �§fV�Íru�jo d f0t � qsqsf�mAo�m^r_«Yv~�ur�opv~wXm­t�f �~� ¨ d f�mÍo d f� " ¸%�V����"º»a�<�Xf�o°� � w � m^� Ñ v~mJo d f��pf�mª�§fÂw ¯ Ö�×Å�8ÆOØYÙ Ò ¼ c<d fUm
}|m^r_«Yv~�ur�opv~wXmÁ�§osrXq§o°� ¯ qpwug©o d f�t � qsqpfUmAo
t�f �~��� �pvxm^�Êo d f¶«Av��pv � v � v o � �|rbo°r¬t�wumuo°r�v~m|fU�²v~m o d fÈt�f �~� ��fV�pt�qpv � osvxwum Ñ �§fUf¶�pfUt)osvxwumÏ� Ò ¼ ã m^t�f0o d f
m^f�¨'qpwYwXo�Ð � fjv����XfUm|f�q°rbosfU�Ç}ª¨�fjf 
�� wuq§o�r �~� o d fj�|r�osr � rX�pf�Ð � fU� Ñ qpwYwXoU}]t�f �~� �År�mª�!f�mAopvxo � Ð � fV� Ò vxm8r
t�wXg � qsfU�s�§fV�/Ö�×��8ÆOØYÙ � vxmªr�q � ¯ wXqsg{rboU¼
c<d f � v~m^rXq � ¯ wXqsg{rbo	¨�f � qsw � wu�pf�v��	r��pv~g �^� f<q°r_¨ ¯ wXqsg�r�oDo d rbo�r �~� wb¨��D��v~qsfUt)o�g�f�g�wuq � g{r �|� vxm|�

wumÄÆOvxm ��
 r�m^�Ä�¶�È½:v~m^��wb¨���� � �§opfUg{��¼ �Yv~m^t�f�r0t � v~f�mAo���wb¨7m � wuru�|��Ð � fU��� � qpv~m|�!m^r_«Yvx�Arbosvxwum
}Ç¨�f
m^f�fU�/«Xf�q � ¯ rX�§o�osqsrXm^�§g�v��p�pv~wXm^� ¯ qswXgÕo d f�m^f�o�¨�wXqs±�tUr�q°��opw�o d f�t � vxfUmuo � ��g�f�g�wuq � ¼ c w�o d v~��f�mª�Ç}Yo d f
Ð � f ¯ wuqpg{r�o�g � �§o�r �~� wb¨ÏopwÁr_«XwXv��Jr�m � � rXqs�pv~m|�{wXmJo d fjt � vxfUmAo��§v���fu¼ c<d v���v��Å�|wXm|f �Y�J� �§v~m|�/��v~qsfUt)o
g�fUg�wuq � g{r �|� v~m|� ¯ wuqÅr �~� o d f�Ð^f � �|�Åw ¯ o d f�Ö�×��8ÆDØAÙ�m|w���fV��¼ c<d rbo�v��7osw/�pr � }|fUrut d «_r �x� f�w ¯ o d f
Ö�×��8ÆDØAÙ�Ð^f � �|��v���g�f�g�wuq � � � g � fU��oswÂo d f � vxm^rXq � Ð � f�rXm^��o d f<Ðªf � �|��r�qsf�qpf ¯ f�qsqpfV��osw � �§v~m|�Âv~muosf�y
�uf�q°�
q°rbo d f�qOo d rXm�n c Ô M �§opqsv~m|�u�U¼ ã�� q � v~m^r�q � ¯ wXqsg�r�o � �pfU�Oo d f�Ð � f d fVrX��fUq âdã*ä*å*æ�ã�çAè\é���ü­ö.ò�úhñ�� ¼
��rXt d Ö�×��8ÆOØYÙ�Ð � f�t�wXmAosrXvxm^��r�qswYw�o��st�fUm|fÅ�uqsr �|d o d r�o���f�Ð^m|fV��r��pt�w � f�¨ d v�t d v~� � �pfU��oswjqsf ¯ fUq�opw
o d f � �§fUq � qsw�osw�o �Y� fU�U¼=��rXt d/� �pf�q � qsw�osw�o �Y� f�r � �§wj�|f�Ð^m|fV�<rj�st�w � f�o d rbo<g�vx� d o�t�wumAosr�v~m/wXo d fUq � �pf�q
� qpwXopw�o �Y� fU�U¼	½ d f�m!f 
�� wXqpopv~m|��r�qpwYw�o7�st�f�m^f��uqsr �|d wXq7r � �pf�q � qsw�opwXo �Y� fÂv~muosw{r�Ð � f�rut�t�wuqs�|vxm|��opw
w � q � v~m^rXq � ¯ wuqpg{r�oU}^¨�fÂÐ^q°��o�¨7qsvxopf�o d f�m � g � f�qÅw ¯ � qsw�opwXo �Y� fV��}�qsf ¯ fUqpqsfU�Áopw{¨7vxo d o d fjru�p�pw�t�v�rbopfV�
�st�w � fu} � �pvxm^�ÂrÂh �b� vxos�	v~mAopf��uf�qV¼DâÅf 
 oU}ufUrXt d = � �c�E� wuqrb*� � b ��� = � �c�E� v��	vxm�vxos�=o � qpm�¨7qsv opopfUm
v~mAopw o d f�Ð � fX¼Â½Äf�¨7qsvxopf�rXm MX� v o°��vxmAopfU�XfUq�«br �~� fjopw!��v~�§opv~m|� � v~� d = � �c�A� 7�r�mª�tb*� � b ��� = � � `�A� 7)¼ c<d f�v~muosf�q ¯ rXt�f7w ¯ o d f�¨7qpvxo§osf�m � qsw�osw�o �Y� f7v~��o d fUm/f�m^t�w���fU� � �pv~m|��n c Ô M �§opqsv~m|�u�	oswj��fV�pt�qpv � f
o d f�Ð^f � � o �A� fU�<rXm^�/o d f�Ð^f � � mªr�g�fU�U¼ c<d f�Ð^f � �|�7��f ¯ r �|� o7«_r �x� fU�<r�qsfÅ¨7qsv opopfUm � �pv~m|��q°r_¨Ïg�f�g�wuq �
¯ wuqpg{r�oU¼qn�m^��fUq�ÆOvxm ��
 wuq��¶�/½:vxm^�|wb¨���}AvxmAosf��XfUqs�U}�Ãªwurbo°��rXm^�{�§opqsvxm|�A�RrXqpf���vxqsfUt�o �~� � � g � fV� ¯ qswXg
g�fUg�wuq � osw�Ð � fX¼�k ¯ o d f�Ð^f � �/v���r�g �^� osv �|� f�Ð^f � �Ç}Ao d f�m � g � f�q<w ¯ «_r �x� fU��v~��¨7qsv opopf�m � �pvxm|��r�h �b� vxos�
v~mAopfU�Xf�qR� � �§o � f ¯ wXqsfj¨7qsvxopv~m|�/o d f�rXqpq°r � w ¯ «_r �x� fU�7o d rbo�v~��� � g � fU� ¯ qpwug3g�fUg�wuq � ¼�k ¯ o d fjÐ^f � �8v~�
rXm ³�� � ��6u¸JwXq�r�mP�,� � ��6u¸�}	fUrut d m|w���fÁt�wXmAosrXvxm^fU� �Y� o d f/Ðªf � �¿v~��¨7qpvxo§osf�m � �pv~m|�0o d f ¨7qsv osvxm|�
g�fVt d r�m|v��pg f 
��|� r�v~m|fU� d fUqpfVr ¯ opfUqU¼ c<d f � qpwXopwXo �A� f � w�� � v~�7¨7qsvxo§opfUm � �§v~m|��o d f��prXg�f ¯ wuqpg{rbo7o d rbo
o d fÂwXm|f � �pfU� opw�¨7qsv osf�m|w���fV��¼����<¨�f�t�rXm d r_«uf��|v Ë]f�qsf�mAo<±Av~m^�|�<w ¯ m|w���f�� � f�oswjo d f � qsw�opwXo �Y� vxm^�
g�fVt d r�m|v��pgJ}X¨ d f�m{¨7qsv osvxm^��rÂm|w���f7¨�f<Ðªqs�§o�¨7qpvxopf7vxos��m^r�g�f7v~m3n c Ô M opf 
 o ¯ wXqsg�r�o ¯ w �~� wb¨�fU� �Y� vxos�
m � g � fUq�w ¯ m|wXmJ��f ¯ r �|� o�Ð^f � �^� Ñ ¨7qpvxo§osf�m/Ðªf � �|� Ò ¼��Å��o d f�Ð^f � � m^r�g�fU��r�qsf�v~mY«_rXqpv�r�mAoRv~m^�pv~�|f�rjm|w���fX}
¨�fj�pwXqpo7o d fUgÎvxm8rXm8r �~�|d r � f�osv~tjwXq°��f�q�r�m^�0ru�p�pvx�um0r{m � g � f�qÅopw/fVrXt d w ¯ o d f�g!¼ c<d f�Ðªf � �|��o d rbo
rXqpf�m^w�o���f ¯ r �|� oÅÐªf � �|�ÅrXqpfÂo d f�m8¨7qsvxo§opfUm0vxmAosw{o d fjÐ � f �Y� Ð^q°�§oÅ¨7qpvxopv~m|�{o d f�v~q�ru�p�pw�t�v�rbosfU�Jm � g � f�q
¯ w �x� wb¨�fU� �Y� o d f�v~q�«br �x� fu¼ c<d f�Ð^f � �{m � g � fUqRv���¨7qsv opopfUm � �pvxm|��r�qsr_¨²v~muosf��uf�qR¨ d v � f7o d f�Ð^f � �{«br �x� f
v���¨7qpvxo§osf�m � �pvxm|�Jo d f{�prXg�f�g�f�o d w��Èru� ¯ wuq � × ã�cÅã Ð^f � �|���|f ¯ r �^� o�«br �~� fU�U¼ c<d f � v~m^rXq � Ð � f�¨�f
w � osrXvxm v~�Ro d fUmÁt�wXg � qsfU�s�§fV� � �§v~m|�jo d fQI � v � L �U� N]� wA�p� � fV�p���|rbo°rbynt�wug � qpfV�p�pvxwum � v � q°r�q � rXm^�{f 
�� wXqpopfV�
� �§v~m|��o d f�f 
 opf�mª�§v~wXm]�p����¼
� � �7����÷Á�����!#;�����!#�"!��#j�

knmÈo d v~���pfUt�opv~wXmÄ¨�f � qsv~f�Ã �8� qpfV�§fUmuoÂo d f�m|f�¨ÕÖ�×��¶ÆOØAÙÁ�st�qsv � opv~m|� � rXm|� � rX�Xf�¨�f d r_«uf���fU«Xf � w � fV�
osw ��fV�pt�qpv � f�w � q � qsw�t�fV� � q°r � g�w���f � �U¼<���7o d f�Ö�×Å�8ÆOØYÙ���á��8����t�qsv � o � rXm|� � r��Xf � qpwb«Yv���fU�7r ¯ fU¨
¯ rut�v � vxopv~fU� ¯ wXq��Xf�m^f�q°rbopv~m|��h ä g�w���f � �RrXm^� � r�qpopv�r � �pt�f�m|f��uqsr �|d ��osq � t)o � qpfV��}A¨�f � qpw � wA�§f�r��pw �~� osvxwum
¨ d v~t d t�wum^�pv~�§os��w ¯ r�m¿f 
 opfUm^�pvxwumÄw ¯ o d f Æ
y®� � ��osf�g L � h N�� r�m|� � r��uf�o d rbo�r �~� wb¨���� � t d w � f�q°rbosvxwum^��¼

U$z	{}|k~
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�©Æ
y®� � ��osf�g v���r0t�wumAopf 
 opy®�pf�m^�pvxopv~«Xf � r�q°r �~� f � �Xq°r�g�g{r�q�o d r�o � fUq ¯ wuqpg{�Âqsf�¨7qsv osvxm^�Jw � fUqsr�opv~wXm^��wum
� � g � w � ��t�wumAopqsw �~� v~m|�0r!�Xq°r �|d v~t�o � q§o � fu¼ÁknmÊw � q � rXm|� � r��Xf�¨�f{±XfUf � o d f �Xq°r�g�g{r�q ¯ � m^t�opv~wXm^r � vxo �
�^� oj¨�f/��w0m|w�o�g�rX±Xf � �pf{w ¯ o d f{o � q§o � f � r�q°rX��v~�Xg!¼ âÅf�«XfUq§o d f � fU�s�U}O¨�f{fUrX�pv �x� f�g �^� r�opf rJo � q§o � f
osw0��fU�st�qsv � f �|� rXmAoÂg�w���f � �U¼�knm¿rX�^��v osvxwum¶oswJo d f{t � rX�s�pv~tUr � ÆÇyn� � �§opfUg ¯ � m^t)osvxwum^r � vxopv~fU��� � t d ru��o d f
�§opw�t d ru��osv~t�wuqjt�wum^��vxopv~wXm¿� � v���fV�Èq �|� fU��t d wXv�t�fU�U}O¨�f{v~muosqpw�� � t�f�o d f � wA�p�pv � v � vxo � opw8t � o�r � rXqsr �x� f �
qsf�¨7qsvxopv~m|� � qpw�t�fV�p� �Y�8�|� rXt�vxm^�Jr �.� � t d rXqsrut)osf�q � f ¯ wXqsf�o d f{q �|� f�osw � f�qpfU¨7qpvxo§osf�m¿rboÂÐ^q°��oV¼ c<d v~�
� wXv~mAoJv��Á«Xf�q � vxg � wXqposrXmuo!�§v~m^t�f¶vxo!r �x� wb¨�� ¯ wuq o d fÄvxm^�§osrXmAopv�rbopv~wXmÓw ¯ Ö�×��8ÆOØYÙ¿m|w���fV��¼(�Å�!rXm
f 
 r�g �|� fX} � f�o�t�wXmª�§v���f�q�o d f�tUrX�pf�w ¯ rÁm^rbo � qsr � opqsf�fX¼��(Æ
y®� � opf�g�q �|� f�ru�p�pw�t�v�rbosfU�0¨7vxo d r � qsrXm^t d
w ¯ o d v���osqpfUf/g{r � �XfUm|f�q°rbosf�o�¨�w0wXo d fUq�q �|� fV��}=wXm^f ¯ wXq�fVrXt d w ¯ vxos� � fVr_«XfU�U¼!Æ
f�o � �jtUr �~��� fVr ¯ q �|� f
o d fU�pf�o�¨�w�m|fU¨Àq �|� fU�U¼ c<d f�o�¨�w � fVr ¯ q �|� fU�7tUr�m � f�qsf�¨7qsv opopfUmÁv~m � r�q°r �~� f � �pv~m^t�f�o d f � �|w�m^w�o�� d r�qsf
rXm � vxm ¯ wuqpg{r�opv~wXm
¼{â�wb¨�}Ov ¯ ¨�f{t�wXm^�pv~�|f�q�rJq �^� f{��fV�pt�qpv � v~m|�Jr �|� v � ��v~m|� ¯ qpwumAosr��ufjo d rbo��uf�m|fUqsr�opfU�
g �|� opv �|� fJ¨7v~m^��wb¨©q �|� fV��}�o d fÁÐ^q°��o�wXm|fJ�XfUm|f�q°rbosfU��o d fJ¨7vxm^�|wb¨ �XfUwXg�f�osqpv�t{g�w���f � ¨ d v � f!r �~� o d f
� �|� �pf�
 � fUmAo�wum|fU��vxmª��o°r�mAopv�rbosf o d v~��¨7v~m^��wb¨ g�w���f � opwÄqpf � fVrbo�o d f!¨7v~m^��wb¨ � r�o§opfUqpm �x� v~m|�ÄwXmÍr
¯ qswXmAo°r��Xf�g�w���f � ¼�½Èf�g � �§o<fUm^� � qpf�o d rbo7o d f��XfUm|f�q°rbosvxwum w ¯ o d fÂÐ^qs�§o7¨7vxmª��wb¨Óg�w���f � f�m^�|� � f ¯ wuqpf
wXo d fUqÅq �|� fU� � �§fV��vxo �Y�!�|� rut�v~m|�{o d f�t d rXqsrut)osf�q �.� �Ä� � �§o � f ¯ wuqpf�o d f�Ðªqs�§o�q �|� fX¼�knm!o d v~��¨<r � }^wum^t�f
o d f7Ð^q°�§oRq �^� f d rX� � f�fUm/qsf�¨7qsv opopf�mO}ur �~� o d fÅwXo d fUq�q �|� fV�RtUr�m{�Xf�oRqsf�¨7qsv opopf�m{v~m�o � qpm rXm^��v~m � r�q°r �~� f � ¼
knmÊrX�^��v osvxwumÄopwJo d v���g�fUt d r�m|v��§gÉ¨�f d r_«uf�v~g �|� f�g�f�mAopfV� �|� v � opyzv~mÊq �^� fV��o d r�ojr �~� wb¨ö� � mªr�g�v~t

r �x� w�t�r�opv~wXmÄw ¯ Ö�×��8ÆDØAÙ �|� v � o§y®vxmÊwuq � qsw�osw�o �Y� fV�Äm|w���fU�Âo d qsw � � dÈ� rXqsrXg�f�opfUq � rX�s�pvxm|�8rXm^�ÈÐ^f � �|�
rut�t�fU�s��¼�knmÄwXq°��f�q�opw!r �~� wb¨ ¯ wXqÂ�XfUwXg�f�osq � �uf�m|fUqsr�opv~wXm8¨�f�g{rX±Xf � �§f�w ¯ g{rbo d f�g{rbosv~tUr � w � f�q°rboswXq°�
� �§v~m|��Ã^wur�os�7rXm^� v~mAopfU�Xf�q°�U} � v���o7g{r�m^v �|�^� r�opv~wXm^�7ru�<¨�f �x� ru��opqsvx�uwXm|wug�f�opqsv~t ¯ � m^t�opv~wXm^�U¼An��§v~m|��o d fV�§f
g�fVt d r�m|v��pg��	¨�f�t�rXm�fUrX�pv �x� �Xf�m^f�q°rbopf<g�fU� d fV��r�m^��m|w���f d vxfUqsrXqst d vxfV� ¯ wuq � r�o§opfUqpm � ru�§fV���Xf�wug�f�opqsv�t
g�w���f � � � �pv~m|�{wXm �~� wum|fÂqpfU¨7qpvxopv~m|�{t�r �x� ¼

Ë � Û £D£ ß ¥ Û àS�D£b¤���� ß à Û � ¡ ¯ wXq �Xf�m^f�q°rbopv~m|� �|� v � ��vxm^�u�{o°r�±uf!ru�{v~m �|� oÁo d f8v~m ¯ wuqpg{rbosvxwum²�^rbosr
�uf�m|fUqsr�opfV�0vxmÄ�§fVt)osvxwumÈh|¼ � osw � qpwb«Yv���f�o d f��uf�wug�f�opqsv~tjqpf � qsfU�pf�mAosr�opv~wXm8w ¯ fUrut d8� fU«Xf � w ¯ ��f�o°r�v � ¼jknm
w � q�v~g �|� fUg�f�mAosr�opv~wXm!¨�f��uf�m|fUqsr�opf�o d qpfUfjÆ ã ä � � f�q �|� v � ��v~m|�^¼<Ô=vx� � qpf{�U�/� d wb¨���o d fV�§f � f�«uf � � ¯ wXq
rÂ�uvx«uf�m �|� v � ��v~m|� � �pvxm^��r�t�fUq§o°r�v~m��pf�o�w ¯ vxm �|� o � r�q°r�g�f�osf�q°��¼=�RrXt d�� f�«uf � v�����v~«Yv~�|fU�{v~mAopwÂo�¨�w � r�qpos�
¨ d v~t d rXqpf�o d f ¯ qpwumuo°r��ufU��rXm^�!o d fjqswAw ¯ ��¼Å½Èf � �pf � r�o§opfUqpm0qsf � f�osv osvxwum0opwJ��fU�st�qsv � f�fUrXt d0� r�qpoU¼��
�uqpw � m^�/Ã^wYwXq7v��7g�wY�|f � fU� � �§v~m|�/r�qswb¨Ïw ¯ ¨7vxmª��wb¨���}|r���wYwuq�rX�<¨�f �~� rX�7r�m^w�o d f�q7qswb¨Ïw ¯ ¨7vxmª��wb¨���¼
c<d fjw�o d f�q�Ã^wYwXq°� Ñ vxmªt �~� ��v~m|� qswYw ¯ � Ò r�qsf�g�w���f � fU� � �pvxm|�ÁwXm|fjqpwb¨'w ¯ ¨7vxm^�|wb¨���¼ c<d fjg�w���f �=� �pfU�
ru�_�§rXt�f�mAo �^� v � ��v~m|� d f�v~� d os�jopwÄ�XfUm|f�q°rbosf � rXq§o � ¨<r �~� �U¼Ê�Å��r � rXq§o � ¨<r �~� �|wAfV��m|w�o{t�wumuo°r�v~m­r�m �
�|wAwuq�wXqR¨7vxm^�|wb¨�}u¨�f7g{r�±XfÅv o��§osrXq§o ¯ qpwugöo d fÅrX�b�§rXt�fUmAo �|� v � �|vxm|� d f�v~� d o�osw�qpfV� � t�f7o d fÅm � g � f�qRw ¯
� w �~� �Xwum^�=opw � f�qsf�m^�|f�qsfU�Ç¼ c<d f ¯ qswXmAosrX�Xf � �	¨<r �~� v���o d fÅ�prXg�f ¯ wXq � f�«uf � o�¨�w�r�mª� � fU«Xf � o d qsf�fu}u�pw�o d f
�uf�wug�f�opq � v��	� d r�qsfU� �Y� o d fRo�¨�w � f�«uf � � � �§v~m|��vxm^�§osrXm^t�f�� d r�qsvxm|�ª¼=�Yv~m^t�fRo d f ¯ qswXmAo°r��XfV�Ow ¯ o d v��	g�w���f �
rXqpf�m|fVr�q �x� ÃªrboV}=r �x� o d f/�uf�wXg�f�opq � w ¯ fUrut d ¯ qswXmAo°r��Xf�v���f�mªt�r � � �|� rbosfU�Èvxm¬r!m^f�¨ � »]¸<�V"e6X¸�@��+��,.�
m^wY�|f�o d r�o � �pfU��o d f�m|wXqsg{r � w ¯ o d f�� �|�^� wuq§osvxm|� �|� rXm|f�osw t �^�x� r �~� o d fj�uf�wXg�f�opq � v~m0wXm|f��uw^¼ c<d f
�uf�m|fUqsr�opfV� � f�«uf � �ÅrXqpf�o d f�m �|� rut�fV�0vxm8o d f  ?(�"º¹�6��p¸�»ÄÐ^f � �0w ¯ r�m¶��Æ ã ä m|w���f Ñ v~g �|� f�g�f�mAopv~m|�Jw � q
Æ ã ä �§f � fVt)osvxwumÁg�fUt d r�m|v��§g � �pvxm|�{�Åá�R���}^�pf�f��pfUt�opv~wXm �XÒ ¼

TVUXWEY�Z\[B]�^



�X� _�¸°µb»a`	b�,�6X¸�7Â³8µ-�<#�" ¸�c�_d,�¹8" ¸�»�=7¸!�<�p¸!�ecgf�µh6�"�ij��,^µ-�k�-,� ?(

ÔDv~� � qpf����aC�Æ ã ä �<�Xf�m^f�q°rbopfV� ¯ wuqÅr �|� v � ��v~m|�ª¼

� �������h |�����;�õ�!�7�J��#j���������

knm¶wXq°��f�q7osw/v~g �^� fUg�fUmAoÂrXm^�!f 
�� f�qsvxg�f�mAoÅ¨7vxo d w � q�r � �XwXqsvxo d g{�U}^¨�f � �pfjw � q ¯ q°r�g�f�¨�wXqs±]}|m^r�g�fV�
�¶r��Xf �x� r�mO}b¨ d v~t d v~�	w � o � v~m|fU�jvxm�Ô=vx� � qpf��V�|¼ c<d v�� ¯ q°r�g�f�¨�wXqs±�r �~� wb¨��Oo d f7r � opwug�r�opv�tR�uf�m|fUqsr�opv~wXm�w ¯
 �¹8" ¸�»��z}d7�¸!�<#b¸��7r�mª�3x�,�"º¹�6u¸���r �|�|� v~tUrbosvxwum^� ¯ wXq=Æ
v~m ��
 }V½:v~m^h � r�m^��� � m ã � �|� rbo ¯ wXqsg��U¼	á � v~f�mAo � �Yf�qs«XfUq
r �|�|� v~tUrbosvxwum^��g�rXm^r��uf�r � oswXg{rbosv~tUr �~�x� g �|� osv yn�pf�qs«Xf�q � g �|� opvxy®t � v~f�mAo7t�wXm^m|fUt�opv~wXm^�U¼

n��§v~m|� á¢¡`¡Àvxm d f�qsv o°r�m^t�fX}Ao d fU�pfÂr �|�|� v~tUrbosvxwum^��r � opwug{rbopv�t�r �x�~� g{r�m^rX�XfÂ·u¸�»+¸!�<"e �#."�7<,^µb¹;�hx)Ú�¸B !�e7)¼
c<d fU�pf�·u¸�»+¸!�<"e �#."�7<,^µb¹���xeÚ�¸B ��	7�rXqpf�qsfU� � wum^�pv �|� f ¯ wuq
o d f�v~qOqsfUrX��rXm^��¨7qsv osf ¯ qswXg � wum�Ð � fV��}Vo d f�v~qOosqsrXm^��y
g�v��p�pv~wXm/rXt�qpwA�p�=o d fÅm^f�o�¨�wXqs±jr�m^�{o d fUvxq���v~� �|� r � ¼ c<d f ¯ q°r�g�f�¨�wXqs± � qpwb«Yv���fU��r�á¢¡`¡:g�fU�s�sr��Xf�t � ru�p�
¯ wuqjg{r�q°� d r �~� v~m|� �_� m|g{rXqs� d r �~� vxm|�Áo d fÁ�|r�osr!osqsrXm^�§g�vxo§osfU�Êwb«uf�qÂo d f m|f�o�¨�wuqp±]¼ c<d fV�§f/w � ��fUt�os� � �§f
ã�� f�mVKÂÆ¬t�r �x� �<opw �Xf�m^f�q°rbopf�o d f�v~qÅ«Yv�� � r � qsf � qsfU�pf�mAosr�opv~wXm
¼�knm!o d v���¨<r � ¨�f�t�rXm!fUrX�pv �x� vxg �|� f�g�f�mAo
m^f�¨ «Yv~� � r � w � ��fVt)os��o d r�oR¨7v �x�ª� f � �§fV� �Y� o d fU�pfÅr �|�^� v�t�r�opv~wXm^�U¼=Ô � qpo d fUqpg�wXqsfX}ug{r�±Yvxm^�Âo d f�w � ��fUt�os�
qsfU� � wXm^�pv �^� f ¯ wXq�o d fUvxq7��v�� �^� r � r �~� wb¨�� ¯ wXq dY�Y� qsv~�{qsf�mª��f�qsvxm^��� � t d rX��g�f�qs�Xv~m|� � w �~� �Xwum�y � rX�pfU�{r�mª�
� wXv~mAo§y � rX�pfU�Áqsf�m^��fUqpv~m|�A��L �X�!N ¼

D�fU�pv���fU�U}�o d f ¯ q°r�g�f�¨�wXqs±�r �~� wb¨��+opw���fU«Xf � w � rXm^� � �§f�rXm � m|fU¨g�p¸�»V6u¸��<"º»Y·�}*������"e�b»�r�m^���X�p¸e0�¸!�Ä ?(�`
"º»Y·�g�w�� �|� fU�U¼Oknm�rX�|�|v osvxwum
}_o d f � �pf�q	t�rXmjv~mAopf��uqsr�opf�m|f�¨¬g�w�� �|� fU�	v~mAopwÅo d f ¯ q°r�g�f�¨�wXqs±�� � t d rX�Do d f
�s¸%�p�<"$��"º»A·0o d qsfUru� � �pfU� ¯ wuq��uf�m|fUqsr�opv~m|� �uf�wug�f�opqsv~tjg�wY�|f � ��ru�p�pw�t�v�rbopfV�0¨7vxo d¶� qpw�t�fV� � q°r � g�wY�|f � ��¼
��rXt d w ¯ o d fV�§fÂg�w�� �|� fU��tUr�m � f�v~g �|� fUg�f�mAopfV�Á¨7vxo d o d qpfVrX�|�<v ¯ m|f�fV��fU�Ç¼ c<d f � tUr�m!r �~� rXt�t�fU�s��o d f
�st�fUm|fÂ�Xq°r �|dÁd r�mª� � fUq7opw�g{r�m^v �|�^� r�opfÂo d f��Xf�m^f�qsv~t��pt�f�m|fÂ�uqsr �|d fUm^t�r � � �|� r�opfV� �Y� o d v~� d r�m^� � fUqU¼
c<d f{�uf�m|fUqpv�t��pt�f�m|f{�uqsr �|d �|rbo°rJ�§opq � t�o � qsf{v~�jt�wXg � wu�pfU�Èw ¯ wXm|f{qswYw�o�m|w���f/rXm^�¿r�m � m|fUfU��fV�

f 
 opf�qsmÊqswAwXo�m|w���fU�U¼8�Rrut d qpwYw�o�m|w���f/v���ru�p�pw�t�v�rbopfV�Ä¨7v o d r!Ð � fX¼8� m|w���f t�rXm � fÁf�vxo d fUq�r � "$`
7<,^µ�¹ � �.6X¸�}�r � ¸?áh�	,��p¸�³¶µ?� � �.6X¸ÁwXq�r¶2E��»�#b¸+áa2�¸�¹º¹ � �.6X¸�¼ c<d fy2E�b»a#_¸?áa2�¸�¹º¹ � ��6u¸Jm|w���fU��rXqpf � �§fV�
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v ¯ o d f¶�st�fUm|f0v��/� �^� ��v~«Yv~�|fU� v~muoswÊt�f �~� �&L h �.N ¼Ó½:vxo d o d v~� ±Av~m^�²w ¯ m|w���fu}�o d f �p¸�»V6u¸��<"º»Y·y����6-,�¹x¸
o°r�±ufU��ru��«br�mAosrX�Xf{w ¯ t�f �~� yzopwXy®t�f �~� wXq � rXm^�¿t�f �x� yPosw�y®�XfUwXg�f�osq � «Yv��§v � v � vxo � vxm ¯ wuqpg{r�opv~wXm
¼!knm­ru�|��vxopv~wXm
}
c<d fQ�V�p¸	0�¸��Ä B(*"º»A·m����6-,�¹x¸�t�r�m � qsf ¯ f�ost d t�f �x� � � �pvxm^�{g�wXopv~wXm � qsfU��v�t)osvxwumtL ÙY} � }|� N }^rXm^�Áo d f�������"e�b»
���.6�,�¹x¸�tUr�m � osv � vJI�f�o d f�qpfV� �^� oÂw ¯ � � rXt�f�� �|� ��vx«Yv��§v~wXm8opw!� � f�fV� �|� o d f�t�w �~� v~�pvxwum¶��f�opfUt�opv~wXm
¼ c<d f
¯ q°r�g�fU¨�wuqp± � qswb«Yv~��fV�7�§fU«XfUqsr � wXo d fUq�t � rX�s�§fV�<w ¯ m^wY�|fU�<o d rboÅrXqpf � f � wum^�/o d f��st�w � f�w ¯ o d v��7qsf � wXqpoU¼

TCP

IP

Generic

Handler

SceneGraph

Storage

Server Client

Client

Client

Manager

Manager

Secondary

Any file
format

databases

User interactionsVisualisation layout

Graphic User Interface

Thread

Thread

Listening
Thread

Thread
Loading

Rewriting
Thread

Rendering Prefetching Motion

Ô=v~� � qsfÅ�_��C
�8rX�Xf �x� r�mjrXqst d v osfUt)o � qsfX¼=á � vxfUmAo � ��f�qs«Xf�q=t�wug�g � m|v�t�r�opv~wXm � �pfU� c á ��� k �0� qsw�oswYt�w � ¼ c<d f
�pf�qs«XfUqR�pv~��fÂrX�s�pvx�um^�Rr�o d qsfUru��opw�fUrut d t�wXm^m|fUt�opfU�Át � vxfUmAoU¼��Rrut d o d qsfUru�{g{r�q°� d r �~� ��r�m^�/�pf�mª�|���^rbosr
m^wY�|fU��wXm¶�|f�g{r�m^�
¼ c<d f�qsf�
 � fV��osfU�È�|rbo°r t�rXm � f�t�wXg �|� f�osf�wuq � rXq§osv~r � Ð � fV�ÅoswJr �x� wb¨'o d fjosqsrXm^��y
g�v��p�pv~wXm8w ¯ � qswX�XqsfU�s�pvx«ufÂ�^rbosr^¼��6t � v~f�mAoÂv~�Ât�wug � wA�§fV�0w ¯ o�¨�w g{r�v~m8o d qsfUrX�^��rXm^�¶rXm � w�o d f�q � �pf�q
o d qsfUrX�^��¼ c<d f � wArX��v~m|��o d qsfUrX� rX�p±Y� ¯ wXq�m|w���fU�U} � m|g{r�q°� d r �~� �Rm|w���fU�<rXm^�/rX�^�|�Rm^wY�|fU��opwjo d fÂ�pt�f�m|f
�uqsr �|d o d qsw � � d o d f��st�fUm|f��Xq°r �^d{d r�m^� � fUqU¼ c<d fÅg{rXvxm{o d qsfUrX� � f�q ¯ wXqsg{��o d qpfUf�o°rX�p±Y��t�wum^�§v��§opv~m|��v~m
�uf�m|fUqsr�opv~m|��o d f�«Yv~f�¨ � wXv~mAo�g�wXopv~wXm
}ªt�wXg �|� opv~m|�/t�w �x� v~�pv~wXm^�7rXm^� �uqsr_«Yvxo � }|rXm^� �|� �^rbopv~m|��o d f��pt�f�m|f
�uqsr �|d ��f � f�m^�|vxm|�jw ¯ o d fÅ«Av~f�¨ � wXv~mAo � wA�§vxopv~wXmO¼ c<d f � qpf ¯ f�o°t d vxm^��g�w�� �^� f � �§fV��g�w�opv~wXm � qpfV��v~t�opv~wXm^�
osw8��wb¨7m � wuru� ¯ � o � qsf/«Yv~�pv �^� f/t�f �~� �U¼ c<d f{qpfUm^��f�qsv~m|�0g�wY� �|� f/�pf � fUt�os�Âo d f/«Yv��§v �|� f t�f �x� ��wXq�w � ��fUt�os�
rXm^��vxmY«uwX±XfV�Do d fUvxqR�|v~� �|� r � g�f�o d wY�^��¼�Ô=vxmªr �~�x� }�o d f�rX�|��fV� � �§fUq�g�wY� �|� fu}Xm^rXg�fU��qpfU¨7qpvxopv~m|��o d qpfVrX�Ç}
� f�q ¯ wXqsg{��o d f�qpfU¨7qpvxopv~m|� w ¯ � rXqsr �x� f � ÆÇyn� � �§opfUgÎ�st�qsv � os�U¼�� �~� o d fV�§f�osru�§±���t�r�mÄrXtUt�fU�s��r�m^�0g�w���v ¯ �
o d f��XfUm|f�qsv�t��st�fUm|f��Xq°r �|d v ¯ m|fUfU��fV� o d qsw � � d o d f��pt�f�m|fÂ�uqsr �|d d rXm^� � f�qV¼

��²\³ Ü�ÂXµ;·¾µû½E¸�º�Ø¤£¿×h»*¸aÖ�ÂV»�Ö¾¸�µ
×�fUt�r �x� o d r�oRo d fÅ�pt�f�m|fÅ�Xq°r �|d v��Rt�wug � wA�§fV��w ¯ wXm|f�qswYw�o�m|w���f�r�m^�{rXm{r�qsqsr � w ¯ f 
 opfUqpm{qswYw�o�m|w���fV��¼
½:vxo d fVrXt d f 
 osf�qsm�qswYw�o�m|w���f7v��Rru�p�pw�t�v�rbosfU��rÂqpf ¯ f�qsf�m^t�f<t�w � mAosf�q�o d rboRv�� � �pfU��osw�±Ym|wb¨ d wb¨Íg{r�m �

TVUXWEY�Z\[B]�^



�u� _�¸°µb»a`	b�,�6X¸�7Â³8µ-�<#�" ¸�c�_d,�¹8" ¸�»�=7¸!�<�p¸!�ecgf�µh6�"�ij��,^µ-�k�-,� ?(

7+(^µ��p¸B6J¹��Vµ�6-"º»A·Y� d r_«Xf � fUf�m � f�q ¯ wXqsg�fU� ¯ wuq�fVrXt d m|w���fu¼Å½ d fUmÈr � �pf�q�m|w���f�m|f�fV�|�7oswÁ��wb¨7m � wuru�
rXm|w�o d f�q�f 
 osf�qsm­qswAwXo�m|w���fu}Rvxo/rX�p±Y�jo d f!�st�fUm|f �uqsr �|d­d r�m^� � f�q�opw¿��wb¨7m � wuru�¿o d v~��f 
 osf�qsm­m|w���f
� �§v~m|��o d f�7+(^µ��p¸B6�¹��Vµ�6-"º»A·{g�fVt d r�m|v��pgJ¼	k ¯ o d v~��f 
 osf�qsm/m|w���fÅv���m|w�o�vxm{o d fÂ�pt�f�m|f��uqsr �|d }uo d f��pt�f�m|f
�uqsr �|dJd r�m^� � fUq��pf�m^�|�År � wArX��v~m|�{qsf�
 � fU�§o7opw/o d fj�pf�qs«XfUq7¨ d v � fj�pf�opopv~m|�{o d fjrX�s�pwYt�v~r�opfV�Át�w � mAopfUq7opw
�u}Çf � �§f�vxo�wXm �~� vxmªt�qsf�g�f�mAos��o d v���t�w � muosf�qV¼�knmÄw � qÂv~g �^� fUg�fUmAosrbosvxwum¶o d f�Ö�×��¶Æ²Ð � fV��qpf ¯ f�qsqpfV�0opw
¨7vxo d �)»^¹�"º»+¸�m|w���fU��rX�R¨�f �x� rX��o d fÅopf 
 o � qpfV�RrXqpfÅ�|wb¨7m � wArX��fV� � �§v~m|�jo d v��Rg�fVt d r�m|v��pgJ¼�á�wXmY«uf�q°�§f �x� }
o d f�t�f �~� m|w���fU�ÂrXqpf���wb¨7m � wurX�|fU� �Y� o d f{t � v~f�mAo � ��g�wY� �|� fV� � �§v~m|� o d f�7<"º»A·X¹x¸�¹��Vµ�6-"º»A·¶g�fUt d rXm|v~�pg
o d rboÅr � ¨<r � ���pf�o7osw!�Âo d fUvxq�ru�p�pw�t�v�rbopfV� t�w � mAopfUqs�U¼
�Yv~m^t�f r0�|rbo°r � ru�§f�g{r �8� f{opwYw dY� �uf�osw � fÁt�wXg �|� f�osf �~� �§opwuqpfV�¶v~mAopw8r0t � v~f�mAo � ��g�f�g�wXq � }D¨�f

m^f�fU�Jr�m d f � qpv��§opv�t�osw��pf � fUt�o<o d fÂf 
 osf�qsmÁqswYw�o<m|w���fU��osw � fÂqpfUg�wb«XfU� Ñ � fUt�r � �pf�w ¯ o d f � v~g�v osfU�J�§vJI�f
w ¯ o d f ¯ qsf�fÅg�fUg�wXq ��Ò ¨ d f�m�o d f � wArX��v~m|�Âo d qpfVrX��osqpv~fU�	oswjrX�^��r�m|f�¨ m|w���f�v~m�o d fÅ�pt�f�m|fÅ�Xq°r �|d ¼ c w
t d wAwA�§f�o d f�qswAwXo�m|w���fU�	osw � fÅqpfUg�wb«ufU��¨�f � �§f<o d fÅrX�b�§rXt�fUm^t � �Xq°r �|d ¼D½Èf��§wuq§o�o d f�t�f �x� � �Y� ��f � o d
v~m¿o d f rX�_�§rut�fUm^t � �uqsr �|d }=��o°r�qpopv~m|� ¯ qpwug o d f t � qpqsf�mAojt�f �x� ¼ c<d f�m
}=¨�f/qpfUg�wb«Xf�o d f/g�wA��o ¯ rXq§y®w�Ë
t�f �~� � � mAosv � o d f�g�fUg�wuq � �pvJI�f�m|f�fV��fU� v~� ¯ qsf�fU�
¼�k ¯ r�mÁf 
 opfUqpmÁqpwYw�o<m|w���f�v~�<� d r�qsfU� �Y� o�¨�w�wXq<g�wXqsf
�|v Ë]f�qsf�mAo�t�f �~� ��r�m^�¬wXm|f/w ¯ o d fV�§fJt�f �x� �jru�§± ¯ wXq�v o°�jqsf�g�wb«br � }	¨�f/wum �~� ��fVt�qsf�g�f�mAo�o d fÁqpf ¯ f�qsf�m^t�f
t�w � mAosf�q<w ¯ o d f�� d rXqpfV� m|w���fu¼
knm8ru�|��vxopv~wXm
}�o d fj�st�fUm|f��Xq°r �|d!d rXm^� � f�q�t�wXmAosrXvxm^�7o d fjt � qsqpfUmuo7«Yv~f�¨ � wXv~muo�¨ d v~t d v��7wXm^f�w ¯ o d f� " ¸%�V����"º»a��m^wY�|fU�<�XfUm|f�q°rbosfU� vxm!�§fVt)osvxwumJh^¼ �|¼=���7�prXv~�Ávxm!�pfUt)osvxwumÁh^¼ �|}�v ¯ o d f�t � qpqsf�mAo<«Av~f�¨ � wXv~mAo7v~�

ru�p�pw�t�v�rbosfU��¨7vxo d rjt�f �~�]� q � vxo�v���t�wXmª�§v���f�qsfU�{ru� � v~m|±XfV�/r�m^�{o d f�qpf ¯ f�qsqpfV�{t�f �x�+� fVt�wug�fV��o d fÂt � qsqpfUmAo
mªr_«Av~�ur�opv~wXm�t�f �~� ¼=� �~� o d f�g�w�� �^� fV�=rut�t�fU�s�
o d f�t � qsqpfUmuo=t�f �~� o d qsw � � d o d f�t � qsqpfUmuo=«YvxfU¨ � wuvxmAoU¼D½ d f�m
r�«Yv~f�¨ � wXv~mAo��Xf�o°� � vxm|±ufU�J¨7vxo d r{m|fU¨Kt�f �~� }^o d f��pt�f�m|f��uqsr �|dÁd r�m^� � f�q�rX�p±Y� ¯ wuq7o d fÁµO7<4b»V B(*�?�b»V�-,*7
�pv~m|� � f � wurX�|vxm|�¶w ¯ o d fÁm|f�¨ ru�_�§rXt�f�mAo�t�f �~� �U¼8k ¯ o d f � vxm|±ufU�¬t�f �~� v���m^w�o�r � qsfUru� � �|wb¨7m � wArX��fV�Äo d f
�st�fUm|fj�uqsr �|d8d rXm^� � f�q�rX�p±�� ¯ wuq�vxos���pv~m|� � f � wuru��vxm^� v~mÄr&7B4b»X ?(��+�b»X��,*7�¨�r �J� f ¯ wXqsf�rX�p±Av~m|� ¯ wXq�o d f
� wuru��v~m|�¶w ¯ v o°��rX�_�§rut�f�mAo�t�f �~� ��¼ÊknmÍw � q�vxg �|� f�g�fUmuo°rbosvxwum
}�¨ d fUmÍrÄt�f �~� r�qsqpv~«XfV��rbo�o d fJt � v~f�mAoU}�v o
r � opwug{rbopv�t�r �x�~� rX�p±�� ¯ wXq<o d f µO7<4b»V B(*�?�b»V�-,*7�� d rXqpfV� � wuru��v~m|��w ¯ vxos�Åt d v � ��qsf�m:�)»ª¹8"º»+¸�m|w���fU�U¼

��²	Ô ¥ Çp»�¼1ÇA· ÀsÇ�Á�Ö�É\µ
c<d f�g�w�osvxwum�g�w�� �|� f�w � f � �Do d f � �§fUqDwuqs��fUqs�
opw��XfUm|f�q°rbosf�o d f<g�w�osvxwum�w ¯ o d f<t � qsqsf�mAoD«Yv~f�¨ � wXv~muoV¼Dk®o
v��=r � �§w�qpfV� � wXm^�pv �|� f ¯ wXq	t�wXg �|� opv~m|��t�w �~� v��pvxwum^�OrXm^� ¯ wXq	�pvxg �|� r�opv~m|�Å�uqsr_«Yvxo � ¼ c<d f�t�w �x� v��§v~wXmj�|f�opfVt)osvxwum
v��ÂrXtUt�f � f�q°rbosfU� �A�0� �§v~m|�JwXm �~� o d f��uf�wug�f�opq � t�wXmAo°r�v~m|fU�¶vxmÈo d f{t � qpqsf�mAo�r�m^�¶o d f�ru�_�§rXt�f�mAo�t�f �~� ��¼
c<d f �^� �|r�opf�w ¯ o d f�t � qsqpfUmuo�t�f �x� v�� � f�q ¯ wXqsg�fV�Èru� ¯ w �~� wb¨��U¼ c<d f�t�w �~� v��pvxwumÈr�mª�¶�uqsr_«Yvxo � qsfU� �|� o�v~�
� �§fV�8oswJt�wXg �|� osf�o d f�m|fU¨ � rXqsrXg�f�opfUqs��w ¯ o d f{t � qpqsf�mAoÂ«Av~f�¨ � wXv~mAoU¼�k ¯ o d f�m|f�¨ � wA�§vxopv~wXmÄw ¯ o d f
«Yv~f�¨ � wXv~mAojv~��vxm^�pv���fÁr0t�f �~� rX�b�§rXt�fUmAo�opw0o d fÁt � qpqsf�mAojt�f �~� }Do d v���rX�_�§rut�f�mAojt�f �~�R� fUt�wug�fU��o d f/m|fU¨
t � qsqpfUmuoÅt�f �~� r�mª�Jo d fjt � qsqpfUmuo�«Yv~f�¨ � wXv~mAo��Xf�o°� � vxm^±XfU�Áosw{o d v��Åt�f �~� ¼�knm!o d v~�Å¨�r � }�o d f��pt�f�m|f��uqsr �|d
d r�m^� � f�q7tUr�mJqpf ¯ qpfV� d v o°�§f � ¯ v ¯ m|fUfU��fV� Ñ �§fUfX¼��pfUt)osvxwumJ�|¼x� Ò ¼ c<d fÂm|fU¨ � rXqsrXg�f�opfUqs��w ¯ o d f�«Yv~f�¨ � wXv~muo
rXqpfÂrX�^��fU�Áopw�o d f � qsf ¯ f�o°t d v~m|��g�w�� �^� f � ��Ô=k�Ô ã f 
��|� r�v~m|fV� d f�qsfUr ¯ osf�qV¼

��²	± Õ/¸�µM¦Bµ­»�Â�£j¼\·�½ÈÀsÇ�Á�Ö�É\µ
c<d f � qsf ¯ f�o°t d v~m|�8g�w�� �|� f � �pfU��r0m^r_«Yvx�Arbosvxwum d v��§opwXq � opw¶��f�opfUqpg�v~m|f/o d f/m|f 
 o�t�f �x� o d r�o�¨7v �x��� f
«Yv��§vxopfV� �Y� o d f � �pf�qV¼ ã m^t�f�o d v~�=m|f 
 o	t�f �~�ud ru� � fUf�m��|f�opfUqpg�v~m|fU�
}bv o°�=ru�_�§rXt�f�mAo=t�f �~� �=r�qsf � qpf ¯ f�ost d fU�Ç¼
c<d f�g�wY� �|� f � �§fV�Or�Ô=k�Ô ã w ¯ «Yv~f�¨ � wXv~mAos�ÇoswÅ�§opwXqsf	o d fRm^r_«Yv~�urbosvxwum d v~�§opwuq � ¼
knm�w � q
vxg �|� f�g�fUmuo°rbosvxwum

U$z	{}|k~
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¨�f � v~g�v oÂo d f�Ô=k�Ô ã �pv�IUfjosw d r�m^� � f�o d f�o�¨�wÁg�wu�§oÂqpfVt�f�mAo�«YvxfU¨ � wuvxmAo°��¼ c<d f�mªr_«Av~�ur�opv~wXm d v~�§opwuq �
tUr�m � f � �§fV�Jopwu�Xf�o d f�q7¨7vxo d rXm � g�w�opv~wXm � qsfU�|v~t�opv~wXm0r � �Xwuqpvxo d g!¼RÔ^wXq�g�wXopv~wXm � qsfU��v�t)osvxwum
}|¨�f � �§f
r0�pv~g �^� f/q°r � tUrX�§opv~m|�8r � �Xwuqpvxo d gÉo d r�ojv�� � f�q ¯ wXqsg�fV�ÄwXm �~� v ¯ o d f g�wA��o�qpfVt�f�mAo�«Yv~f�¨ � wXv~muo°� d r_«uf
o�¨�w��|v Ë]f�qsf�mAo � wA�§vxopv~wXm^��qsf��urXqs� � fV�p��w ¯ o d f�v~q�«Yv~f�¨7v~m|���|vxqsfUt�opv~wXm^�U¼	knmÁrX�^��v osvxwum
}Y¨�f�g{r�v~muo°r�v~m r � v���o
w ¯ ru�_�§rXt�f�mAoÅt�f �x� �<o d rbo d r_«XfÂm|w�o�r � qpfVrX� �/� f�fUm � qsf ¯ f�o°t d fU�
¼ c<d v�� � v~�§oÅv��7qpfV�§f�o�¨ d f�m^f�«XfUq7o d f�qsf�v~�
rJt d rXm|�Xf�w ¯ o d f{t � qsqpfUmAoÂt�f �~� ¼ c<d f�g�wXopv~wXm � qpfV��v~t�opv~wXmÄr � �XwXqsvxo d gÎ¨�wXqs±Y��rX� ¯ w �x� wb¨���¼�½Äf�opq°rXt�f
r/qsr �Ád r_«Yvxm|�ÁrX��wuqpv~�Xv~m!o d f � wu�pv osvxwum8w ¯ o d f � fU�s�ÅqsfUt�f�mAoÅ«YvxfU¨ � wuvxmAo�t�wXmAosrXvxm^fU�0v~m0o d f�Ô=k�Ô ã r�mª�
� rX�s�§v~m|��o d qsw � � d o d f � wA�§vxopv~wXm!w ¯ o d f�w�o d f�q�«Yv~f�¨ � wXv~mAoÅw ¯ o d f�ÔDk�Ô ã ¼ c<d fUm
}|o d v~�Åqsr � v~��t d fUt°±XfV�
¯ wuqjv~mAopf�q°�pfUt)osvxwumÊ¨7v o d fUrut d rX�_�§rut�f�mAo�t�f �~� m^w�o�r � qsfUru� �È� qpf ¯ f�ost d fU�Ç¼ c<d fJt�f �x� �jru�_�§rXt�f�mAo�opw¶o d f
v~mAopfUqs�pfUt�opfU�Êt�f �~� ��r�qsf{o d f�m � qpf ¯ f�ost d fU�¬ru� � m^t d qswXm^w � � �x� Ñ v ¯ o d f � r�qsf/m|w�o�r � qpfVrX� � v~mÊo d fJ�pt�f�m|f
�uqsr �|d¿d r�mª� � fUq Ò ¼ � qsf ¯ f�ost d v~m|�8r�g�w � mAos��osw � wurX�|vxm|�¶qpf.
 � fU�§os�Âo d rbo d r_«Xf/r � qpv~wXqsv o �È� wb¨�f�q�o d rXm
o d rbo�w ¯ � � � r �Ç� wArX��v~m|��qpf.
 � fU�§os�U¼

��²;: §Pµ;·jÁ¾µ¹¸a¼\·¾½ ÀsÇ�Á�Ö�É\µ
c<d f��uwur � w ¯ o d f�qsf�m^��fUqpv~m|��g�wY� �|� f�v���opw�qsf�m^�|f�q<o d f��pt�f�m|f�rbo�rXmÁv~mAopf�q°rXt�opv~«Xf ¯ q°r�g�fÂqsr�opf�¨7v o d r
g�v~m|v~g � g m � g � fUqÂw ¯ «Yv�� � r � r�qpopv ¯ rXt�os�U¼��Yv~m^t�f�o d f��uf�wug�f�opqsv~tjw � ��fVt)o°��rXqpf�qsfU� � wum^�§v �|� f ¯ wuq�o d fUvxq
�|v~� �|� r � }ªo d f�qpfUm^��f�qsv~m|� r � �Xwuqpvxo d gúwum �x� t�wug �|� opfV��o d f�r�g�w � mAoÅw ¯ � w �x� �uwXm^��opw � f � �§fV� ¯ wXq�o d f
m^f 
 o�qsf�mª��f�qsvxm^�8opwÄg{r�v~mAosr�v~mÍrÈ�Xv~«XfUm ¯ q°r�g�fÁq°rbosf ÑD¨ _�© Ò �Xv~«Xf�m �A� o d f � �pf�qV¼ c<d v~��rXg�w � mAo�w ¯
� w �~� �Xwum^�Å¨7v �~�=� f{t�r �x� fU�:����¹84�·h��»ox!,�6�·A¸��z¼�n��§v~m|�!r�mÈr_«uf�q°r��uf ¯ qsrXg�f�q°rbopf�«br �~� f�fU�§opv~g�r�opfV� ¯ qswXg
o d f�qpfUm^��f�qsv~m|�josvxg�f�w ¯ �§wug�f�w ¯ o d f � ru��o7t�wug �|� opfV� ¯ q°r�g�fV��rXm^�{o d f � ru��o � w �x� �uwXm^� �|� ���uf�o°� � �§fV�
¯ wuqÂ�Xf�m^f�q°rbopv~m|� o d fV�§f ¯ qsrXg�fU�U}]o d f�r � �Xwuqpvxo d g �|f�opfUqpg�v~m|fU��o d f�m|f�¨ � w �~� �Xwum �|� ���uf�oÂopw � f � �§fV�
oswÊg{r�v~muo°r�v~m o d f ¯ qsrXg�f0q°rbosf ¨ _�©8�Xv~«Xf�m �Y� o d f � �pf�qV¼ ã m^t�f!o d v~� � w �x� �uwXm �|� ���uf�o d ru� � f�fUm
t�wXg �|� osfU�Ç}Ao d f�r � �uwXqsv o d g � rX�s�pfU��vxo<opw�7�¸!���P¹x¸?�)»�=�#�7�¨ d v�t d v���wum|fÅw ¯ o d f�g�f�o d w��|��w ¯ o d fÂt � qsqpfUmAo
t�f �~� }O¨ d v~t d v���r «Yv�� � r � m|w���fu¼ c<d v~�Âg�f�o d w��Äv~�Âv~g �|� fUg�f�mAopfV� �Y� fVrXt d «Av�� � r � m|w���f�osw � f�q ¯ wXqsg
¯ q � �§o � g t �|�~� v~m|��wXm/vxos�<t d v � �|qpfUm m|w���fV� Ñ � �§v~m|��o d fUvxq � w � mª��vxm^� � w 
 fU� Ò r�mª�{opw�r �~� wb¨Ío d fU�pf�m|w���fU�
osw{� d rXqpfÂw � o7o d f � w �~� �Xwum �|� ���Xf�o7ru�p�pw�t�v�rbosfU�Á¨7v o d vxoU¼ ã m^t�f�o d f�f 
 fUt � opv~wXm!w ¯ o d v��7g�f�o d w�� d rX�
fUm^��fV�Ç}	o d f!r � �Xwuqpvxo d g4v~mY«XwX±ufU�Âo d ft6-"�7��+¹xµ-4Êg�f�o d w��­w ¯ o d fJt � qpqsf�mAo�t�f �~� oswÈt�wXg �|� osf/o d fÁm|fU¨
¯ q°r�g�f�rXtUt�wuqs��v~m|��opw�o d f>7�¸!���P¹x¸?�)»�=�#�7ÂqsfU� �|� os�<fUm^t�r � � �^� r�opfU�Áv~mÁfVrXt d «Av��pv �|� f�m|w���fu¼
c<d f�t � qsqpfUmuo�t�f �~� qpfUm^��f�qsv~m|��r � �XwXqsvxo d g´g{r�±ufU� � �pf7w ¯ o�¨�wÂg�f�o d w��|��¼ c<d fQ7�¸!�	�z¹x¸?�)»*=�#!7<g�f�o d wY�

� opv � vJI�fV��o d f � w �~� �XwXm �^� ���Xf�o�� �!�\��� rXm^�Jo d f��Åá�RÅ�ÅopwÁg{r�±Xf�o d f�«Av��pv �|� f�t d v � ��qsf�m8m|w���fV�Åw ¯ o d f
t�f �~� � d r�qsfÂw � oÅo d f � w �x� �Xwum �^� ���Xf�oU¼ c<d fm6-"�7��+¹xµ-4Jg�f�o d w��0�pvxg �|�~� v~mY«Xwu±XfU��o d fj��v�� �|� r � g�f�o d wY�
w ¯ o d f�«Yv��§v �|� f�t d v � ��qsf�m
¼ c<d f�v~mAopfUqpfV��osvxm|� � wuvxmAo�w ¯ o d f � qsw�t�fU�s��v~��o d f � w �~� �Xwum �|� �|�Xf�o�� d r�qsvxm^�
¨ d v~t d v~� � f�q ¯ wXqsg�fV� �Y� o d fw7�¸�¹º¹8�n¸+��»*=�#�7�g�f�o d w�� w ¯ o d f�t�f �~� ¼�knm o d v��<g�f�o d w��Ç}�¨�f�Ð^q°��o � f�q ¯ wXqsg��
¯ q � �§o � g©t �|�x� v~m|� � �pv~m|��o d f � w � m^��v~m|� � w 
 fU��w ¯ o d fu�)»ª¹8"º»+¸�m^wY�|fU�Ro d r�o�r�qsfÅ�§opwuqpfV�{vxm/o d f> ?(�"º¹�6��p¸�»
Ðªf � �Èw ¯ o d f/t�f �x� ¼ Ô^wXq�fUrut d «Av��pv �|� f�m|w���fX}=vxos���Åá�R(v���m|wuqpg{r � vJI�fU� � �pvxm^�Áo d f/m � g � fUq�w ¯ m|w���fU�
o d rboRrXqpf�«Yv~�pv �|� fu¼D½Äf�t�wug �|� opf<o d f � w �~� �uwXm �|� ���uf�oA� ���\���a osw�rX�s�§v~�Xmjopw�r�«Yv~�pv �|� f<m|w���f¢ª � �§v~m|��vxos�
m^wXqsg�r � vJI�fV�/�Åá�RK��f�m|wXopfV�g�jÌ���a	rX� ¯ w �~� wb¨��!Cq� ���1���a k �jÌ���a,«p� ���\��� ¼��Å��fUrut d w � ��fVt)o<qpf ¯ f�qsqpfV�
osw!¨7v o d ��»^¹8"º»]¸{m|w���fV�Âv~��rXmÄ��Æ ã ä }Çv o � �pfU��o d v~� �|� ���uf�oÂopw0�pf � fUt)o�vxos� � fU�§oj� � v o°r �|� f{Æ ã ä r�mª�
qsf�o � qsm^��� ���1���¬ yNxNw ¨ d v~t d v���o d f�f 
 rut)o�m � g � f�qÂw ¯ � w �x� �uwXm^��w ¯ o d f/�pf � fUt�opfV�ÈÆ ã ä ¼ c<d f �|� ���Xf�oÂw ¯� w �~� �Xwum^� � �pfU� ¯ wXq�o d f7qsfU�§o�w ¯ o d fÅt d v � ��qsf�m�m|w���fU��v~��m^wb¨o� ���\���®­ � ���1���¬ yNxNw � w �~� �uwXm^�U¼ c<d v~� � qpw�t�fV�p�v���qpf � fVrbosfU� ¯ wXq<fUrut d t d v � �Ám|w���fu}|��o°r�qpopv~m|� ¯ qswXg o d fÂm|w���f d r_«Yv~m|��o d f d v~� d fV��o7�Åá�R'r�m^�Áf�m^�|vxm|�
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¨7vxo d o d fJt d v � �­m|w���f d r_«Yv~m|�8o d f � wb¨�fU�§o�wXm^fX¼¿â�w�osf/o d rbo�o d v�� �|� ���uf�o{rX�s�§v~�Xm|g�fUmuo�g�f�o d w��­v~�
v~mAopfUqpfV��osvxm|� ¯ wuq�r�m � � � �§opfUg � �pvxm^� � f�«uf � w ¯ ��f�osrXv � ��¼

¯ ����1	"0�°�=1

knmJo d v~���§fVt)osvxwumJ¨�f � qswb«Yv~��f��pwXg�f�qsfU� �|� o°��� d wb¨7vxm^��o d f � f�q ¯ wXqsg{r�m^t�fU�<w ¯ w � q7m^r_«Yvx�ArbosvxwumJ� � ��osf�g
qsf��Ar�q°��v~m|�Äo d f¶�pvJI�f0w ¯ o d f¶�uf�m|fUqsr�opfU�²�|r�osr � rX�pfU�U}�o d f5
 � r � vxo � w ¯ m^f�o�¨�wXqs±¬opq°r�mª�§g�v��p�pvxwum^�{r�mª�
v~mAopfUqsrut)opv~«Yv o � � � qpv~m|�{m^r_«Yv~�ur�opv~wXm
¼

°�²\³ ��ºS»�ºqÞ�ºp×dµ ×*¼N±­µ
ã m^f�vxg � wXqposrXmuo ¯ fUrbo � qsf�w ¯ r�m � qpfUg�wXopf�¨<r � ±Ao d qsw � � d � � �§opfUgúv��7o d rbo�o d f��pg{r �~� fUq7o d f��|r�osr � rX�pf
�pvJI�fX}]o d f ¯ rX�§opfUqÅo d f�m|f�o�¨�wXqs±Jopq°r�m^�pg�v~�s�§v~wXmª��¼ c<d v���v~�Â¨ dY� }ÇvxmÈw � qÂg�f�o d w��Ç}
¨�f � �pf � qpw�t�fU� � q°r �
g�w���f � �<fUm^t�w���fV� � �§v~m|�{r�t�wXg � qsfU�s�pfU� � vxmªr�q � ¯ wXqsg�r�oU¼
c w/rX�s�§fV�p��o d f�
 � r � vxo � w ¯ w � qÅt�wug � qpfV�p�pfU� � v~m^r�q � ¯ wuqpg{r�oU}|¨�f d r_«Xf��uf�m|fUqsr�opfV�¶� � �^rbosr � rX�pfU�

w ¯ �|v Ë]f�qsf�mAo ��v~g�f�m^�pvxwum^�/rXm^� t�wXg � rXqpfV�¬o d f8�pv�IUfU�{w ¯ o d f8rX�s�§w�t�v~r�opfU�Í�XfUm|f�q°rbosfU�­Ð � fU� ¯ wuq ¯ w � q
�|v Ë]f�qsf�mAo ¯ wXqsg�r�os��¨ d v�t d rXqpfhC�n c Ô M opf 
 oU}�t�wXg � qsfU�s�§fV�yn c Ô M opf 
 oU} � vxm^rXq � rXm^�­t�wXg � qsfU�s�§fV�
� vxm^rXq � ¯ wuqpg{r�oU¼�½Èf d r_«uf�ru�pt�f�qposrXvxm|fV�!o d rboU} ¯ wXq�rJ�prXg�f��^rbosr � rX�pfX}]o d f/�pv�IUf�w ¯ r � v~m^r�q � Ð � f�v~�
r � ¨<r � � � fV�p��o d rXm¬Ø M�² w ¯ o d fÁ�§vJI�f{w ¯ r:n c Ô M opf 
 ojÐ � fu¼ c<d v~��� d wb¨���o d r�ojr � o d w � � d r � v~m^rXq �
Ð � f�v~� ¯ rX�§opf�qÅopw � r�q°�§f Ñ �pf�fj�pfUt�opv~wXm¶h^¼ � Ò }+v oÂ��wYfU��m^w�o�fUmAosr�v � ru�|��vxopv~wXm^r � �§opwuqsrX�Xfu¼<âÅf 
 oU}]¨�f d r_«uf
t�wXg � rXqpfV�0o d f�r_«uf�q°r��uf�t�wug � qpfV�p�pv~wXm8q°rbosvxw!w � osr�v~m|fV�8¨ d fUm¿t�wXg � qsfU�s�§v~m|� n c Ô M opf 
 oÂÐ � fU�Â¨7vxo d
o d fjwum|f�w � osrXvxm|fV� �Y� t�wXg � qsfU�s�§v~m|� � v~m^r�q � Ð � fV��¼ c<d f�w � o°r�v~m|fU�!qsfU� �|� os��� d wb¨Ào d rboÅo d f��pvJI�f�w ¯ r
t�wXg � qsfU�s�§fV��n c Ô M opf 
 o�Ð � f�v���f.
 � r � opw�r � w � o<�YÙ,³ � ² w ¯ o d fÂ�§vJI�f�w ¯ rwn c Ô M opf 
 o�Ð � fX}Y¨ d v � f�o d f
�pvJI�f<w ¯ rÂt�wXg � qsfU�s�pfU� � vxmªr�q � Ð � f7v���f.
 � r � opw�r � w � o��u��³ ��² w ¯ o d f��pvJI�f<w ¯ r�n c Ô M opf 
 o�Ð � fu¼ c<d fV�§f
o�¨�w!qsr�opv~wu�Âr�qsf�o d fUm¿m|fUrXq �~� �pvxg�v � rXqU}Dv oj� d wb¨ o d rbo � �§v~m|�Jo d f � vxmªr�q � ¯ wXqsg{rbo���w0m|wXoÂv~mAopqsw�� � t�f
� wu�§o7¨7v o d v~m!t�wXg � qsfU�s�§v~wXm�
 � r � v o � ¼

�YvJI�f �Rmuosv osvxfV� D�k�â7y3´+k � �0w���f � ×�r�opv~w
� �X� � �X��µ � � �VØ ���YÙ,³ �hÎ D � � M � M � Î D � ³ � �YÙ ²
�bÙb�X� �X��µ � h�� M ��� ��³ Ø Î D h^�X�bÙ_� MhÎ D � ³ � �X� ²
� � � � �X��µ � �uØ � � Ù � ³x� Î D �Y�uÙ ��M�MhÎ D � ³ � � ��²
h^�Uhu� �X��µ � �X� � hu�b�^³ � Î D �^� � � �X�hÎ D � ³ � � M�²
huØX�uØ �X��µ � M �XØ �X�YÙ,³ � Î D M � � h MX�hÎ D � ³ � �u� ²
�AØ �u�X�X��µ � � � ÙuÙ �b�^��³ Ø Î D �u���AØ��A� �-Î D � ³ � ��Ù ²

c r �|� f���C ä rbo°r � ru�§fÂ�§vJI�fV�7r�m^�!t�wXg � qsfU�s�§v~wXmÁqsr�opv~wu�U¼

� � o d w � � d w � q � v~m^rXq � Ð � f ¯ wXqsg{rbo�w�Ë]f�q°� ¯ rX�§o � r�q°�§v~m|� � wu�s�§v � v � vxopv~fU��r�mª�Ê�XwYw��¬t�wug � qpfV�p�pv~wXm
q°rbosvxwA��}�o d f�g{r�v~m�t�wXg � qsfU�s�pvxwum�v��Orut d vxfU«XfV��¨ d f�m � �pvxm^� � qpw�t�fU� � q°r � g�w���f �X� rXqsrXg�f�opfUqs�+oswÅ��fV�pt�qpv � f
o d fÅ�uf�wug�f�opq � w ¯ o d f�g�wY�|f � ��¼ c wjt�wug �^� opfÅo d f�t�wXg � qsfU�s�pvxwum{qsr�opv~wu�U}X¨�f d r_«uf�t�wXg � rXqpfV��o d f��§vJI�f
w ¯ o d fjt�v o � g�w���f � � Ñ � �§fV�8rX�7opfU�§o��st�fUm|fU� Ò ¨ d fUm¶��oswXqsfU�Jv~m8t�wXg � qsfU�s�pfU� � v~m^r�q � ¯ wuqpg{rbo�¨7v o d o d f

U$z	{}|k~
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�pvJI�fJw ¯ o d fU�pf0�prXg�fÁg�wY�|f � ��¨ d f�m­o d fUvxq{�uf�wXg�f�opq � v���t�wug �^� f�opf �~� qsfUt�wum^�§opq � t)osfU� � �§v~m|�Äw � q�ÆÇy
� � ��osf�g(qsf�¨7qsv osvxm|��� � �§opfUgJ¼ c<d fÅo°r �|� fj�Â� d wb¨���o d f�qsfU� �|� os� ¯ wXq<rj�pf�o<w ¯ �|rbo°r � ru�§fV��¼ c<d fÂt�w �~� g�m^�
qsfU� � fUt)osvx«uf �~� qsf � qsfU�pf�mAo<o d f��uqpw � m^�J� � q ¯ rut�fÂw ¯ r�t�vxo � g�w���f � }|vxos�7m � g � fUq�w ¯ f�mAopvxopv~fU�U}�o d f��§vJI�f�w ¯
o d f��|r�osr � rX�pf�v~m0r{t�wug � qpfV�p�pfU� � v~m^r�q � ¯ wXqsg{rboV}Yo d fj�pvJI�fÂw ¯ o d fjg�w���f � ¨ d fUmJqsfUt�wXm^�§opq � t�opfU�Jr�mª�
Ðªm^r �~�x� o d f q°rbopv~w � f�o�¨�f�fUm¿o d f o�¨�w � rX�§o��pv�IUfU�U¼ c<d v���o°r �|� fÁt�wXm�Ð^qsg{��o d f ¯ rut)o�o d rbo � qpw�t�fU� � q°r �
g�w���f � ��r�qsf/w ¯ d v~� d v~mAopfUqpfV��ojv~m¬qsf�g�w�osf/m^r_«Yv~�urbosvxwum � fVt�r � �§f/w ¯ o d fUvxq��§g{r �x� �§vJI�f/¨ d v~t d g{rX±XfU�
o d f�gú¨�f �x� � � vxopfV� osw � wb¨ � r�mª��¨7v~��o d m|f�o�¨�wXqs±���¼

°�²	Ô ¶Í¸�ºp·j×dÀ ¼+×d×*¼\ÇA·V·�Ö�ºqÉ+¼Ä»-Å
knm¿wuqs��fUq�opw0r�m^r �x� IUf�o d f�opq°r�mª�§g�v��p�pvxwum/
 � r � vxo � }D¨�f d r_«uf�qsfUt�wXq°��fU�Èr!¨�r � ±Ao d qpw � � dÈ� rbo d tUr �~� fV�¸º¹ Ñ wXmJo d fjt � vxfUmAoÅ�§v���f Ò ¼ c<d v�� � rbo d!� ru�p�pfU��o d qsw � � d o d f��§opqsf�f�o°�7w ¯ r Ù �u� g �?
 � r�qsfÂg�wY�|f � o d rbo
t�wXmAosrXvxmª� M � � f�mAosv osvxfV��r�m^�jÐ^«uf � r�qs±Y� Ñ Ô=vx� � qpfÂ�V� Ò ¼ c<d fUm
}X¨�f d r_«Xf � f�q ¯ wXqsg�fV��o�¨�wÂ¨�r � ±Ao d qpw � � d �Ñ ¨7v o d r�m^��¨7vxo d w � o � qpf ¯ f�ost d vxm|� Ò=� �pvxm|�Âo d f�qsfUt�wXq°��fU� � r�o d r�m^�{r��pv~g �|� rbosfU��m|f�o�¨�wXqs±jt�wXm|m|fVt)osvxwum
¨7vxo d r � rXm^��¨7v��Yo d w ¯ ��� ÎÂ�V� �U¼

Ô=v~� � qsf7�U��C c w � «YvxfU¨Äw ¯ o d fRopfU�§oDt�v o � g�w���f � r�m^� � r�o d�� �pfU� ¯ wuqOm|f�o�¨�wuqp±ufU��¨<r � ±uo d qsw � � d rXm^r �~� �§v���¼

c<d f0mªr_«Av~�ur�opv~wXm²� � f�fV� ¯ wuq�o d fV�§f0¨<r � ±Ao d qsw � � d � d rX� � f�fUm:�§f�o{opw:�V��±Yg �bd ¼ ä � qsv~m|�¿o d fV�§f
¨<r � ±Ao d qsw � � d �U}Y¨�f�t�w � mAoU} ¯ wXq�fVrXt d m|f�¨ ¯ q°r�g�fX}�o d f�m � g � f�qÅw ¯ f�mAopvxopv~fU�7o d r�oÅr�qsf�vxmJo d f � ÖÂ� w ¯

TVUXWEY�Z\[B]�^
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o d f/t � qpqsf�mAo�t�f �x� ¼ ��g�wum|�!o d fV�§f{fUmAopvxopv~fU�U}D¨�f{t�w � muo�o d wu�pf�o d rbo d r_«uf�m^w�o � f�f�mÊr � qsfUru� � ��wb¨7m�y
� wuru��fU�{rXm^��o d wu�pfÅ¨ d wA�§fÅ�Xf�wug�f�opq ��d rX�Rm|w�o � fUf�mÁr � qsfUru� � �Xf�m^f�q°rbopfV� Ñ qsf�¨7qsv opopf�m Ò��Y� o d f�qpfU¨7qpvxo§y
v~m|�Èo d qsfUru�Ç¼ c<d v���r �x� wb¨�� � ��oswÄt�wXg �|� osf o d f � fUqst�f�mAosrX�Xf/w ¯ m|fUfU��fV�¬f�mAosv osvxfV�jo d rbo d r_«uf � f�fUm
�|wb¨7m � wArX��fV� Ñ t�r �x� fU�{�|wb¨7m � wArX��v~m|��
 � r � vxo �|Ò r�m^��o d wu�pf7o d rbo d r_«Xf � f�fUm/qpfU¨7qpvxo§osf�m Ñ tUr �~� fV�{qsf�¨7qsv osf

 � r � vxo �|Ò ¼Âk ¯ � w�o d «br �~� fV��rXqpf�f�
 � r � osw¶� �u��² }+o d f�opq°r�mª�§g�v��p�pvxwum5
 � r � vxo � v�� � fUq ¯ fVt)o ¯ wXq�o d f�m|fU¨
¯ q°r�g�fu¼�ÔDv~� � qpf{�bÙj� d wb¨�� d wb¨Óo d fV�§fÂo�¨�w � f�q°t�f�mAo°r��Xf�«br �~� fU��f�«Xw � «uf�wb«uf�q<osvxg�f�r�mª� o d f��pv�IUf Ñ f 
 y
� qpfV�p�pfU�Ávxm Î D � opfV� Ò w ¯ fUrXt d w ¯ o d f�f�mAosv osvxfV����wb¨7m � wuru��fU�!� � qsv~m|��o d f�¨<r � ±Ao d qsw � � d }|¨ d f�m � �pvxm|�
wuq<m|w�o � qsf ¯ f�ost d v~m|�ª¼
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Ô=v~� � qsf��_Ù*CDÆ
f ¯ o.COqsfU� �|� os�=w ¯ ��wb¨7m � wurX�|vxm|��wb«XfUqOosvxg�fX}u��wb¨7m � wurX�|vxm|�Q
 � r � v o � rXm^��qpfU¨7qpvxopv~m|�j
 � r � vxo �
¯ wuq<o d f�¨<r � ±Ao d qsw � � d ¸º¹ }�¨7v o d w � o � �§v~m|� � qsf ¯ f�ost d v~m|�ª¼	×�vx� d o.C��prXg�fX} � �pvxm^� � qpf ¯ f�ost d vxm|�ª¼
½ d fUm � wYwX±Yvxm^�jrbo�o d fÂ��wb¨7m � wuru��vxm^� �|� wXoU}Y¨�f�t�rXm/w � �§fUqp«uf d vx� d f�q�«br �~� fU��rbo�o d f � fU�Xv~m|m|v~m|�jw ¯

o d f�¨<r � ±Ao d qsw � � d�� fVt�r � �§f7w ¯ o d fÅm^vxm|f � m^t�wug � qpfV�p�pfU� c KÂ�Ïopf 
 o � qpfÅg�r � � Ñ w ¯ �pv�IUf�qsrXm|�Xv~m|� ¯ wXqsg
� �¼»[½ opw�� M�»[½�Ò]� �§fV��v~m�w � qDopfV��o��st�f�m^fX¼ c wÅwb«uf�q°t�wug�f	o d v�� � qsw �^� fUgJ}bwum|f�t�w �|� � � �pf�t�wXg � qsfU�s�§fV�
� qpwu�XqsfU�s�§v~«Xf�v~g{r��Xf�qpf � qsfU�pf�mAosr�opv~wXm�� � t d rX�	� � ��K ���X�u� wXq �Rc �8� ¯ wXq	¨ d v�t d f�Ì{t�vxfUm^t�f�¨ d f�m � �pvxm|�
�Åá�R���v�����f�osr�v � fU�!v~myL ¾ N ¼7â�f�«uf�qpo d f � fV�p�U}^��wb¨7m � wArX��v~m|��v~� � wb¨Ko d r�m|±��<osw/w � q � qpw�t�fU� � q°r � g�w���f � �
rXm^�Áw � qÅt�wXg � qsfU�s�§fV� � v~m^rXq � ¯ wuqpg{r�oU¼�knm0rX�^��v osvxwum
}|��wb¨7m � wuru��v~m|��v~� d wXg�wX�uf�m|fUw � � �x� �|v~�§opqsv �^� opfV�
wb«uf�qÅopv~g�f�wb¨7v~m|�ÁopwJw � q�� � rbosv~r � � �|� ��v~«Av��pvxwumÈr�mª�¶«Yv��§v � v � vxo � t�wug �^� osr�opv~wXm¶qsfU� �|� os�U¼jÔ=vxmªr �~�x� }Ço d f
�|wb¨7m � wArX��v~m|�8rXm^�¿qpfU¨7qpvxopv~m|�5
 � r � vxo �Ä�|� wXos��� d wb¨6o d rbo � qsf ¯ f�o°t d v~m|�¶r �~� wb¨��ÂopwÈw � o°r�v~m¬r � f�q ¯ fUt)o
osqsrXm^�pg�v��s�§v~wXm�
 � r � v o � Ñ � �u��²�Ò g�wA��o7w ¯ o d fÂopv~g�fX¼

U$z	{}|k~
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°�²	± ¿d·r»*µ;¸�ºpÂV»�¼1ß¾¼Ä»-Å
×�fUt�r �x� o d rbo�w � q�� � ��osf�gÉqsf � v~fU�ÂwXmÈo d f ¯ qsrXg�f�q°rbosf d v���oswXq � opw0t�wug �|� opf/o d fÍ���b¹84�·d�b»¶x!,�6�·A¸���opw
� f � �§fV� ¯ wXq�fUrut d m|fU¨ ¯ qsrXg�f�t�wum^�§opq � t)osvxwum Ñ �YfVt)opv~wXm¿��¼ � Ò ¼ c wÁ� d wb¨'o d rboÂw � qÂ� � �§opfUgÎru�|r � oÅopw
�|v Ë]f�qsf�mAo7±Yvxm^�^��w ¯ t�wXg �|� osf�q<opw�rXt d vxfU«Xf�vxmAopfUqsrut)osvx«Yvxo � }Y¨�f d r_«uf��pvxg �|� rbopfV�Ár�¨<r � ±uo d qsw � � d/� �pvxm|�
o d f � r�o d ¸ºÀ Ñ Ô=vx�ª¼
�U� Ò wXmJo�¨�w/�|v Ë]f�qsf�mAoÅt�wug �|� opfUqs�U¼�Ô|wuq�fUrut d t�wXg �|� osf�qV}|¨�f d r_«Xf � fUq ¯ wuqpg�fV�
o d v���¨<r � ±uo d qsw � � d o�¨7v�t�fX}ªm|w�osvxm^��o d r�o ¯ wXq7o d fj�pfUt�wXm^� opv~g�fjr �~� o d f���wb¨7m � wuru��fU�!�|r�osr�¨�f�qsf�±uf � o
v~mAopw/g�fUg�wuq � ¼ÅÔ=vx� � qsf/� M � d wb¨��<o d f ¯ q°r�g�f�qsr�opfjrXm^�Jo d f�����¹84�·d�b»¡x!,�6�·A¸���wb«uf�q7osvxg�fu}+g�fVrX� � qpfV�
¯ wuq�r � f�mAosv � gE8�� ã âú�X¼ Ù-K d I Ñ �OK�D´×��Å��¨7v o d rÁâ�«Yv���v~r&l � ru��qsw �{� qpw Ò r�mª�¶r � fUmAopv � g�k§kpk
Mu�X� � d I Ñ �|� � �&D­×�����¨7vxo d r�âÅ«Yv~��v�r c â c��XÒ ¼�Ô^wXq�o d fU�pf�o�¨�wÂopfV��o°��}A¨�f d r_«uf � �§fV�{r�g�vxm^vxg � g
o°r�qs�Xf�o ¯ q°r�g�fÅq°rbosfÅw ¯ � � ¯ � ��r�mª� r ¯ q°r�g�f�qsr�opf d v~�§opwuq ��� ru�§fV� �|� wXm/o d f ¯ w � q � ru��o ¯ q°r�g�fU�U¼ ã m o d f
¯ q°r�g�f{q°rbosf �|� wXoU}=¨�fÁt�r�mÊ�pf�f�o d rbo�o d f ¯ q°r�g�f{q°rbosf{w ¯ o d f/Ð^qs�§o�¨<r � ±uo d qsw � � d Ñ qsrXm|�Xf&L � �U} � � � � N Ò
v�� � fU�s�/�§osr �|� f8o d rXm o d f¶�pfUt�wXm^� wum|f Ñ q°r�m^�XfyL � � � ��} � �u� � NºÒ ¼ c<d v��/v�� � � f0opw¬o d f ¯ rut)o/o d rboÁo d f
qsf�¨7qsvxopv~m|�0o d qpfVrX�Ê¨�wXqs±���v~m � r�q°r �~� f � ¨7vxo d o d fJg{r�v~mÊo d qpfVrX�¿osw¶�XfUm|f�q°rbosf{o d fÁ�uf�wXg�f�opq � w ¯ o d f
�|v Ë]f�qsf�mAo<f�mAopvxopv~fU�<��wb¨7m � wuru��fU�/wb«Xf�q�opv~g�fX¼�âÅf�«XfUq§o d f � fU�s�U}u¨�f�tUr�mJ�§fUfÅo d rbo�o d f�o°r�qs�Xf�o ¯ qsrXg�f�q°rbosf
v��	r � ¨�r � �OqpfVrXt d fV��¨7v o d r�«XfUq � �pg{r �~�A� rbosf�m^t � ¼ c<d v��Dv�� � r�qpopv�t �^� rXq �~� «Av��pv �|� f�¨7v o d o d f � fV�p� � wb¨�fUq ¯ �|�
t�wXg �|� osf�qV¼ ã mÄo d f��+¹��-4�·h��»Px!,�6�·A¸�� �^� wXoU}O¨�f/t�rXmÊ�§fUf�o d r�o ¯ wXqjr0�sr�g�f�osrXqp�uf�o ¯ q°r�g�f�qsr�opfX}D¨�f
w � osrXvxmÊr0«uf�q �8d v~� d fUq � w �~� �uwXm �|� �|�Xf�o�¨7v o d o d f/g�wuqpf � wb¨�fUq ¯ �^� t�wug �^� opfUqU¼ c<d v���v���� � fUt�v~r �x�~�
«Yv��§v �|� f�¨ d fUm0¨�r � ±Yv~m|�{vxm!o d f � r�qs± ¨ d v�t d0� qsfU�pf�mAos� � r�qs�Xf � Ö���� Ñ q°r�m|�uf3L �bÙ��X��} � � � � NºÒ ¼Râ�wXopf�o d rbo
o d f � wb¨�fUq�o d f7osrXqp�uf�o ¯ q°r�g�f�q°rbopfu}�o d f d v~� d f�q�o d fÅ«Yv�� � r � 
 � r � vxo � Ñ ÔDv~� � qpf��VØ Ò ¼�á�wum^�§f.
 � f�mAo �~� }uw � q
� � ��osf�g ru�|r � o°�Å«uf�q � fUrX�pv �x� opw!t�wug �|� opfUqs��w ¯ ��vxË+fUqpfUmuo�t�r � r � v � v osvxfV�Âr�m^�8opw!��v Ë]f�qsf�mAo � �pf�qÂ�XwAr � �Ñ vxmAosf�q°rXt)osvx«Yvxo � }�«Yv�� � r � 
 � r � v o � }�vxm � f�o�¨�f�fUm
}|f�o°t�¼ Ò ¼

Á &Õ���!����"!1	�����

knmÍo d v~��qsf � wXqpo{¨�f d r_«Xf!� d wb¨7m­o d rbo � qsw�t�fV� � q°r � g�wY�|f � �{r�qsfÁw ¯ d v~� d vxmAosf�qsfU�§o�¨ d fUm²o d f0r�v~g
v���m^f�o�¨�wXqs±XfU�J¨<r � ±Ao d qsw � � d w ¯ � r�qs�Xf��st�f�m^fU�Å� � t d ru�Åt�vxopv~fU�U¼�knm^�|f�fU�
}ªo d f�v~q��pvJI�fjv���«uf�q � �pg{r �~� }]�pw
o d f � t�r�m � f<osqsrXm^�pg�vxo§osfU�Í
 � v~t°± �~� wb«XfUq=r�m|f�o�¨�wuqp±]¼O½Äf d r_«Xf��XfUm|f�q°rbosfU�Âo d fU�pf � qswYt�fU� � qsr � g�w���f � �
¨7vxo d r!g�w���vxÐ^fU�Ä«XfUqs�pv~wXmÄw ¯ o d f/Æ
y®� � ��osf�g � r�m|� � r��ufX¼ c<d f{�uf�wug�f�opq � w ¯ � qswYt�fU� � qsr � g�w���f � ��v~�
�uf�m|fUqsr�opfV�/wXm o d fÂÃ � rbo<o d fÂt � v~f�mAoÅ�pv~�|fX¼	½Èf�rXqpf�m|wb¨ÓtUr � r �|� f�w ¯ �uf�m|fUqsr�opv~m|� �|� v � ��v~m|�u�U}|��osqpfUf�o°��}
t�qpwA�p�pqswurX�^��rX��¨�f �x� ru��«uf��uf�osr�opv~wXm � v~±Xf�osqpfUfU�U¼ ã�� q � v � q°r�q � w ¯ � qsw�t�fV� � q°r � g�w���f � �Ât�rXm � f�fUrX�pv �x�
f 
 opf�mª��fU�Áopw � r�qs�Xf ¯ r�g�v � v~fU�7w ¯ w � ��fUt�os�<o d r�m|±���osw�w � q7f 
 osf�m^��fV�!ÆÇyn� � �§opf�gú�pt�qpv � opv~m|� � r�m|� � r��ufX¼
×7fUg�w�opf�qpfVr � osvxg�f�m^r_«Yvx�Arbopv~wXm d ru� � f�f�mjg�ru��f � wu�s�§v �|� f�o d r�m|±��Çosw7o d fR«Yv~�pv � v � vxo ��� qsf � qpw�t�fV�p�pv~m|�

o d rbo d r_«Xf � fUf�m � f�q ¯ wXqsg�fU� � �pvxm|��o d f��uqsr �|d v�t�� d rXqs��¨<r�qsfÂr�m^�Áo d f � �pf�w ¯ Æ ã ä ���§f � fVt)osfU� � �pvxm|�
w � q��Åá�RÅ�U¼ ã�� qÅ�Åá�R7y � ru�§fV�Ág�f�o d w��!v��7wXqsvx�uvxmªr � r�mª�Ág�wuqpf�f�Ì{t�vxfUmAo�o d rXmJo d fjt�wXg�g�wXm �~� � �§fV�
wum|f¿t�wXmª�§v���osvxm^�­v~mKt�wXg � r�qsv~m|�­¨7vxo d r¬o d qsfU� d w � �:o d fÊ��v~�§osrXm^t�f � f�o�¨�f�f�mÓo d f¿«Yv~f�¨�f�q!r�m^�Óo d f
w � ��fUt�os�Â¨7vxo d v~m¿o d f �pt�f�m|fu¼ �0wuqpfUwb«Xf�qV}]o d v~�jg�f�o d w��¿r �~� wb¨��ÂwXm�y � v~m|f/�pf � fUt�opv~wXm¿w ¯ «Yv~� � r � 
 � r � vxo �
rXm^�ÁvxmAopfUqsrut)osvx«Yvxo � ¼

TVUXWEY�Z\[B]�^
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Ô=v~� � qsf�� M C c w � CDÔ|q°r�g�f�qsr�opf�wb«XfUq
opv~g�f ¯ wXq	¨�r � ±Ao d qpw � � d ��� �|� r � fV��o�¨7v�t�f�wXm�r � fUmuosv � gP8�� ã â
�u¼ Ù�K�R¾Iu}^�.K�D ×����Ê}Yâ�«Yv~�|v~rwl � rX��qsw �Â� qpw�rXm^�{r � f�mAosv � g(kpk§k MX�u� �&R�IX}Y��� � �&D­×Å�Å�Ê}Yâ�«Yv���v~r
c â c�� ¼pD�w�opopwXg C � w �x� �Xwum �|� �|�Xf�o�wb«uf�q�opv~g�f ¯ wXq<o d f��prXg�f�osfU�§os�U¼
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Ô=v~� � qsf­�VØ�C¬½¿r � ±Ao d qsw � � d «Yv~f�¨��Jw � o°r�v~m|fU�Ó¨7v o d r � f�mAopv � gÂ8�� ã âý�u¼ Ù�K�R¾IÄ¨7v o d r²â�«Yv���v~r
l � rX��qsw � � qsw^}
�st�qsf�f�mÈqpfV�§w �x� opv~wXm¶f.
 � r � oswÄ� �u� � 
 � Mu� ¼ c w � C�osrXqp�uf�o ¯ � ���pf�oÂopw � � ¯ � �U}
w � osr�v~m|fV�
� �|¼ � ¯ � �U} � �§v~m|���X�|�UØX� � w �x� �Xwum^�U¼�D�w�opopwug�CDosrXqp�uf�o ¯ � ���pf�oRosw�� � ¯ � �U}Xw � osr�v~m|fV�{�^�u¼ Ù ¯ � ��} � �pvxm|���uÙ � h
� w �~� �Xwum^��¼

TVUXWEY�Z\[B]�^



h � _�¸°µb»a`	b�,�6X¸�7Â³8µ-�<#�" ¸�c�_d,�¹8" ¸�»�=7¸!�<�p¸!�ecgf�µh6�"�ij��,^µ-�k�-,� ?(

���Å%������Å�!�7��1

L � N �ª¼��¬¼R��v~qpf � }7�ª¼AR�¼�×7w d|� ¯ }�r�mª�²Ô�¼ � ¼AD�qpwYwX±]¼ c wb¨�rXqs�Ív~g�rX�Xf0qsfUr � v��§g�¨7v o d vxmAopfUqsrut)osvx«uf
�^� �|r�opf�qsr�opfU�Åvxm8t�wXg �|� f 
 «Yvxqpo � r �O�|� v � ��v~m|� fUmA«Yv~qpwum|f�g�fUmuo°��¼�knm �V4��¾���O7<"$,�� �b»t"º»��n¸!�pµ� !�	"$#b¸Ã1Ä ·��pµB��(*"e �7)} � r��XfV���^�pÅ|� � }+�VØXØ � ¼

L ��N ä ¼D� � v�r��Ar|}O�ª¼=á�w d f�m
}�R�¼®´ d r�m|�ª}D×�¼SD�ru��oswu�U} c ¼;R � �|�pwXm
}	r�m^�Êá�¼O�Rqpv~±��§wum
¼ � wb¨�fUq �^� rXmuo
¨<r � ±Ao d qsw � � d C!��m v~muosf��uqsr�opfU�Í� � �§opfUg ¯ wXq{g{rX�s�pvx«ufÁg�w���f � qsf�mª��f�qsvxm^�^¼ c fUt d m|v~tUr � ×7f � wuq§o
c ×ÅØAÙVy � � M } ä f � r�qpopg�fUmuo�w ¯ á�wug �|� opfUq��|t�v~f�m^t�fX}En�m^vx«uf�q°�§vxo � w ¯ â�wuq§o d á�r�qsw � v~m^r!yjá d r � f �
RÅv �~� }ª� � �^¼ �-M �VØXØAÙ�¼

L h N á�¼��Åm^� � �§rXqU}^á�¼|��r�wum^rby®Ö�r-I.
 � f!Iu}Xk)¼�âÅr_«br-IUw^}Yr�m^� � ¼dD�q � m|f�oV¼OknmAopfU�Xq°rbosvxm|�jwYtUt �~� �pvxwum t �|�~� vxm|�
rXm^� � f�«Xf � �/w ¯ ��f�o°r�v � ��o d qsw � � d²d r�q°� �x� y®«Yv~�pv �^� f0�pf�os�U¼ 2p�-�¾�X,��®¸!� @��pµ?��(*"e �7Z�S���<,���}��VØ Ñ h Ò }
�X�X�u� ¼

L � N ×�¼R�¾I � g{rÊr�m^�PK�¼AD�v~� d w � ¼:� ¯ qpf.
 � f�m^t � yn��wug�rXvxm r�mªr �~� �pv���w ¯ d fVrX�Yy®g�w�osvxwum � qsfU�|v~t�opv~wXm
¼
=��+�� °¸°¸B6�"º»Y·�7w�\0��*�-@Q@ �ÇÆ =pÛYÈ É�Êb} � r��XfV�<� � �pÅA� ��M }^�UØuØu�|¼

L � N Rj¼;D�vxfUqpg{rXm|m
}
��¼SR�f�qpo+IUg{r�m|m
}D�^¼
�0f � fUqU}
rXm^� Î ¼ � fUq � v~m
¼��Ao°rbosf � fU�s��qsf�g�wXopf�f�mY«YvxqswXm^g�fUmAo
¨7vxo d «Yv~f�¨3t�wXg � qsfU�s�pvxwum
¼ c fVt d m|v�t�r � ×�f � wXqpo8�UØXØuØby§Ù M �^}��0fU�|v~rÊ×7fV�§fVr�q°t d ÆDr � ¼~} ä f � oU¼Rw ¯
á�wug �|� opfUq���t�vxfUm^t�fu}|â�f�¨IË�wXqs±�nÅm|vx«uf�q°�§vxo � }|� � qsv � �VØXØuØ|¼

L � N ×�¼Çá�rXqpf � rXm^�5K�¼XD�f �x� ¼ � (|¸ Æ »ª»V�-�®µ-�®¸B6 � � ³�ÌKÍ�ÎÐÏ � ¸e0�¸!�p¸�»V °¸j³8µ�»�,^µ�¹ ¼����|��v��§wum�yz½ÄfU� � f �
ä f�«uf � w � f�q°� � qsfU�s��}]�VØXØAÙ�¼

L Ù N �j¼�á d rXm
}�×�¼�½´¼rR�¼�ÆOr � }�rXm^�²��¼R�Yvz¼²�3g�w�osvxwum � qpfV��v~t�opv~wXm²g�f�o d wY� ¯ wXq/�8w � �pf�yÄD<rX�pfU�
mªr_«Av~�ur�opv~wXm
¼�knm>R�¼hR�¼X�]¼�k � }Xâ�¼X�¶r��Xm^f�m^r�o§y c<d r � g{r�m|m
}�rXm^� c ¼ y��]¼uá�¼�×�¼b½´¼�Rj¼XÆOr � }�fV��v oswXq°��}
=��+�� °¸°¸B6�"º»Y·�7��10��)(|¸�Ñ�É-�)(y2E�-�¾�X,��®¸!��@��pµB��(*"e �7���»��n¸��)»]µ���"e�b»]µb¹�2p��»�0�¸!�p¸�»V °¸ÓÒB2�@E��`3Ï�Ñ�Ôb} � rX�XfU�
�VhXØ#Å+��� M }YÆ
wA�7� � r�g�v oswu�U}|� �^�x� hOÅ�� �X�X� �X¼Yk��R��� á�wug �^� opfUqÅ�Yw�t�v~f�o � ¼

L M-N ä ¼	á�w d f�m|y ã qV};K�¼OÔ=v � v~� d } ä ¼;R�r �~� fUqpv~m
}=r�m^�¿��¼}´ÇrX��v�t d r�qsv~w^¼/á�wXm^�pf�qs«brbopv~«Xf�«Yv~�pv � v � vxo � r�mª�
�§opqswXm^�0wYtUt �~� �pvxwum ¯ wXqj«Yv~f�¨�� � rXt�f � r�qpopvxopv~wXm^vxm|�0w ¯ ��f�mª�§f �x� w�t�t �~� ��fV�Ê�pt�f�m|fV��¼!knmÝ2E�����V,��n¸!�
@��pµB��(�"e <7��S���<,���} � rX�XfU�Â�bÙ Ñ h Ò C � �AhOÅ � ��h^}|�UØuØ M ¼

L Ø N ä ¼^á�w d fUm�y ã qU}Aâ�wXv~g{r�qs±]}ur�mª� c ¼�´+«Yvz¼
�Ó�pf�qs«XfUq§y � rX�pfU��v~muosf�q°rXt�opv~«Xf�qsf�g�w�osf�¨<r � ±uo d qsw � � d ¼]knm
b�@�³!³�È Í�Ï�Ï�Ñ�} ���X� �X¼

Lx� �-N 8�¼ ä fVt�wXqsf�oV}ªÔ�¼Ç�Yv �~� vxwum
}¹K�¼]��t d r � Ã^fUqU}+r�m^�¶�^¼ ä wuqs�pf � ¼Å� �|� opvxy � r � fUqpfV�Jvxg � wu�§opwXq°� ¯ wuq�rut�t�f � y
fUqsr�opfV� qsf�m^�|f�qsvxm|�ª¼�2p�-�¾�X,��®¸!��@��pµ?��(*"e �7��S���<,���}Ç� M Ñ h Ò C �^�pÅ|Ù�h|}Y�§f � �VØXØuØ|¼=k§�|��â(� � �AÙ_y�Ù � �X�|¼

Lx�X� N Ô�¼ ä � qsrXm^�Ç}-K�¼ ä qsf�oposrX±Av��U}_�ª¼ c<d w �~� wXoU}br�mª��á�¼ �R� fUt d ¼Yá�wXmª�§fUqp«brbosvx«uf�«Yv~�pv � v � v o �Â� qsf � qpw�t�fV�p�pv~m|�
� �§v~m|�{f 
 osf�m^��fV� � qpwX��fUt�opv~wXm^�U¼r=��+�. °¸s¸B6-"º»A·-7w�10�����@�@ �ÇÆ =pÛLÍ�Ï�Ï�Ïb}]� �|�x�!���u�X� ¼pRÅf � �Áv~m8â�fU¨
ã q � fUr�mª��}|ÆOw � v��§v�r�mªr|¼

Lx� ��NÂc ¼�Ô � m^± d w � �pf�qV¼ ä rbo°r � ru�§f0g{r�mªr��XfUg�f�mAo ¯ wXq/v~mAopfUqsrut)opv~«Xf8�|v~� �|� r � w ¯ � r�qs�Xf0r�q°t d vxopfUt�o � q°r �
g�w���f � �U¼�knm5=��+�. s¸°¸B6�"º»Y·�7��\0�@��pµ?��(*"e �7Q�)»a�®¸!�)0�µ� °¸�} � r��ufU���pÅ M }|�8r � �VØXØu�|¼

U$z	{}|k~
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Lx�Uh NÂc ¼	��¼	Ô � m|± d w � �pf�qV}Rá�¼�Rj¼	��f�
 � v~m
}�r�m^�¬�Ç¼=�ª¼ c f �~� fUqU¼È�8r�m^rX�XfUg�fUmAo�w ¯ � r�qs�Xf/r�g�w � mAos��w ¯
�^rbosr/vxm8v~mAopfUqsrut)opv~«Xf �^� v � ��v~m|� ¨<r � ±Ao d qsw � � d �U¼<knmÒ�a4�������7B"$,�� ��»&�)»��n¸!�pµ� !�	"$#b¸ Ã/Ä @��pµB��(*"e �7)}
� r��XfV�Â�X�%Å ��� }ª�VØXØ � ¼

Lx��� N �ª¼pKÂr�v �x�~� rXm^�Ê�Ê¼	�Å� � f�qV¼ Æ ³¶µ�7?7<"$#b¸�¹�45���V" Õ�4IÖª¸�� Ä ¸�¹8"e °µ-�®¸�¹84�9=»V�hx����<,*7<"$#_¸/2E�����V�p¸�7B7<"e�b»Ìp"ex��sµ��<4b}O�VØXØu�|¼ d opo � C ��� ¨7¨7¨�¼ �hI�v � ¼ wXqs� � I � v �V� ¼
Lx�V� N ä ¼XR�f�±Yg{rbo?IUru�|r|}^�ª¼ª�8fU�pf�o d }ªr�mª�J×�¼ ÎÂ� f�v~m
¼7â�wXm|y �|d w�opwuqpfVr � v~�§opv�t�qpfUm^��fUqpv~m|��w ¯ t�wug �|� f 
 hu�

g�w���f � �ÂwumÈg�w � v � f��|f�«Yv~t�fU�U¼jknmà2E�b»�0�¸!�p¸�»V °¸��\0>�$(^¸��)»a�®¸!�)»+µ-�	"e��»+µ�¹ Æ 7B7!�� !" µ���"e�b»�0�����³¶µ��)(|¸!`
�{µ���"e °µb¹r@7¸B��¹��p·�4b}^«uw �~� g�f � } � rX�XfV��ØuhOÅ�Ø M }��Yf � opfUg � f�q �X�X�u� ¼

Lx�U� N Rj¼�R�w �|� fX¼ � qpwu�XqsfU�s�§v~«Xf�g�fV� d fV��¼	knm5=��+�. °¸°¸?6-"º»A·-7��10�����@�@ �ÇÆ =pÛ�} � r��ufU�7ØuØOÅ+� ��M }^�UØuØX�^¼
Lx�_Ù N �¬¼]ÆOf�«uw � ¼ � w �~� �Xwum�y®ru�p�pv���osfU��� � f��Jr�m^�8g � f��Jt�wug � qpfV�p�pvxwum!w ¯ � � mAo d f�osv~tjvxg{r��ufU�U¼7knm Æ 2=³

����@�@ �ÇÆ =EÛ�} � rX�XfV� � �pÅ �-M }+�UØuØu�|¼
Lx� M-N Ë�¼��8r�m^m�rXm^� ä ¼uá�w d fUm�y ã qU¼��Yf � fUt�opv~«Xf � v 
 f � opq°r�m^�pg�v~�s�pvxwum ¯ wXq	m^r_«Yv~�urbosvxm^�Åv~m�qsf�g�w�osfR«Yv~q§o � r �

fUmY«Av~qswXm|g�f�mAo°��¼	knmP2E�����V,��n¸���@��pµB��(*"e �7��S���<,���}�«Xw �x� g�f��U� Ñ h Ò } � rX�XfU� �X� �pÅ ��� �|}+�UØXØYÙY¼
Lx�UØ N k)¼u�Ê¼X�8rXq§osvxm
¼ª�Å�|r � opv~«Xf7qsf�m^�|f�qsvxm|��w ¯ hX��g�w���f � ��wb«XfUq	m|f�o�¨�wXqs±�� � �§v~m|�Âg �|� opv �|� f7g�wY�^r � v osvxfV��¼

c fUt d m|v~tUr � ×7f � wuq§oÅ×�á � �_Ù �u� }Ak1D<� c ¼ �^¼^½Är�os�pwXm!×7fU�pfUrXqst d á�f�mAopfUqU}|r � qpv �O���u�X� ¼
L ���-N ä ¼^�0fUm|f�«ufUr ��
 }Y�Å¼��8r�v��§f � }|rXm^� Î ¼*D�w � rbosw � t d ¼=�'m|f�¨ � r�qpopvxopv~wXm|v~m|��g�f�o d w�� ¯ wuq<rXqst d v osfUt)y

o � q°r � fUmA«Yv~qpwum|g�f�mAos�U¼�_*�-,��)»+µ�¹S�10 � "�7B,^µ�¹8"z�Vµ���"e�b»Êµb»X6&2E�����V,��n¸!� Æ »�"$�{µ���"e�b»^}ª�8r � �UØuØAÙ�¼
L � � N Ë�¼Ok)¼�R�¼ � rXqpv�� d r�mª� � ¼=�R×�|�~� fUqU¼ � qsw�t�fU� � qsr � g�w���f � v~m|�0w ¯ t�v osvxfV��¼ÁknmÊ�Åá��Ê}OfV��v oswXqV}E����@�`

@ �ÇÆ =pÛØÍ�Ï�Ï�Ño2E�b».0�¸��p¸�»V °¸�=��+�� °¸°¸B6�"º»Y·�7Bc Æ ,X·�,*7B�`Ñ#Í�Ù�Ñ�Ú�ccÍ�Ï�Ï�Ñ�c�ÌS�O7 Æ »Y·u¸�¹x¸�7?c�2 Æ } � rX�XfU�
h � �%ÅYh �hM }Yâ�fU¨KË�wuqp±]}�â¢Ë � �X� hX�|}*n��|��} �X�X� �u¼��Åá�� � qpfV�p�U¼

L �X��N Rj¼ � Ðª�§opf�qV}Y�Ê¼�´+¨7v�t°±XfUqU}A�^¼u«br�m3D<rXrXqU}Ar�m^�{�Ê¼�K�qswu�s��¼Ç� � q ¯ f � �!C�� � q ¯ rXt�f�f � f�g�fUmuo°�Rru��qsf�m^��fUq§y
v~m|� � qpv~g�v osvx«ufU�U¼/knm Î ¼O��±uf � f � }DfV��v oswXqV}E�V" ·U·��pµ?��(\Í�Ï�Ï�ÏOc>2E�����V,��n¸��&@��pµB��(�"e <7>=��+�� °¸°¸B6�"º»Y·�7)}
� r��XfV�7hXhA�1ÅYhX� � ¼u�Åá�� � qsfU�s� � �Åá��ù�Yk\KuKÂ×Å� � R � ���|��v��§wumJ½ÄfU� � f � ÆOwXm|�ug�rXm
} ���u�X� ¼

L � h NÂ� ¼ � q � �pv~m|±YvxfU¨7v~t!IÁr�mª�­��¼�ÆOvxm^�|f�m|g{r � fUqU¼ � (|¸ Æ ¹ ·h�-�<"$�$(��w"e �iÅ¸°µ-,��	4Ò�103=�¹xµ�»��	7%ÎÍ� � qsvxm^�Xf�q
Ö�fUq � r��ª}Ç�UØuØ|�X¼

L � � N �Ç¼
× � �pvxm|±Yv~f�¨7v�t�I�r�m^�¶�Ê¼
Æ
fU«Xw � ¼�lÂ� �|� rbo.C��6g �|� opv~qsfU�pw �~� opv~wXm � wuvxmAoÂqpfUm^��f�qsv~m|�Á� � ��osf�g ¯ wXq
� r�qs�XfJg�fU� d fU�U¼­knm Î ¼���±uf � f � }�fU��vxopwuqU}¾�a" ·V·-�pµB��(GÍ�Ï�Ï�ÏOc�2p�-�¾�X,��®¸!�Ò@��pµ?��(*"e �7�=��+�� °¸°¸B6�"º»Y·�7)}
�Åm|m � r � á�wXm ¯ fUqpfUm^t�fj��f�qsvxfV��} � r��ufU�7h��AhOÅ�hu� � ¼��Åá�� � qsfU�s� � �Åá��ý�Yk\KuKÂ×�� � R � ���|��v��§wum
½ÄfU� � f � ÆOwXm|�ug{r�m
} �X�X�X� ¼

L � � N �Ç¼u× � �pv~m|±YvxfU¨7v~t!I�r�m^���Ê¼XÆOf�«uw � ¼ª�AosqpfVr�g�v~m|��lÂ� �|� rbo�C	� «YvxfU¨�fUq ¯ wXq�m^f�o�¨�wXqs±XfU�j«Yv~� � r � vJIUrbosvxwum
w ¯ � r�qs�Xfu}���f�m^�pf�g�w���f � ��¼	knmt�a4������O7<"$,�� ��»���»��n¸��pµh ���"$#b¸ Ã1Ä @��pµB��(*"e �7)} � rX�XfV�7�XhOÅ�� M } �X�X� �u¼

L � � N á�¼|��rXwXm^r�yzÖ�ru�+
 � f�IX}Ak)¼Aâ�r_«br-I�wª}ArXm^� � ¼�D�q � m|f�oV¼ c<d f�«Yv~�pv � v � v o � w�t�opqsf�fX¼Yr��|rbo°rj�§opq � t)o � qpf ¯ wXq
hu�Jm^r_«Yvx�Arbopv~wXmO¼ c fUt d m^v~tUr � qsf � wXqpoU}�n�m^vx«uf�q°�§vxosr�o � w � vxopfVt d m|v�t�r���fjá�rbo°r �~� m � r|}|� � r�v~m
}
�UØuØXØ^¼

TVUXWEY�Z\[B]�^



h � _�¸°µb»a`	b�,�6X¸�7Â³8µ-�<#�" ¸�c�_d,�¹8" ¸�»�=7¸!�<�p¸!�ecgf�µh6�"�ij��,^µ-�k�-,� ?(

L � Ù N K�¼	��t d r � Ã^f�qV}	�^¼ ä wXq°�pf � }}8j¼ ä fVt�wuqpf�oU}DrXm^�ÊÔ�¼Û8�¼=�Yv �x� v~wXm
¼8á�wXm^�pf�qs«brbosvx«uf�«uw �~� g�f�osqpv�t�«Av��pv y
� v � v o � ¨7vxo d w�t�t �x� ��f�q ¯ � �§v~wXmO¼Jknm Î ¼=��±uf � f � }=fU�|v oswXqV}A�V" ·U·��pµ?��(RÍ�Ï�Ï�ÏOc�2E�����V,��n¸!�&@��pµ?��(*"e �7
=��+�� °¸°¸B6�"º»Y·�7)}u�Åm|m � r � á�wum ¯ f�qsf�mªt�f7�Yf�qsvxfV��} � r��XfV� �X� Ø#Å � h M ¼U�Åá�� � qpfV�p� � �Åá��ú�Yk\KuKÂ×�� � R
� ���|��v��§wumÁ½ÄfU� � f � ÆOwXm|�ug{r�m
} ���u�X� ¼

L �-M-N ä ¼X��t d g{r � �§opv~f���r�m^���Ê¼-K�f�qs«_r � o+Iu¼ ä fUg�rXm^�Yyn��qsvx«uf�m��uf�wXg�f�opq � osqsrXm^�§g�v��p�pv~wXm ¯ wuq	�|v~�§opqsv �^� opfV�
«Yv~q§o � r � fUmY«Av~qswXm|g�f�mAo°��¼�2E�����V,��n¸���@��pµB��(�"e <7��S���<,���}Ç�V� Ñ h Ò C á�� � �%Å|á��Ah � }Y�Yf � oU¼
�VØXØX�^¼

L � Ø N ä ¼=�|t d g{r � ��osvxfU�8r�m^�¿�Ê¼qK�f�qs«_r � o+Iu¼ �0w���f � v~m|�¶rXm^�ÄqpfUm^��f�qsv~m|�!w ¯ w � o°��wYwXqj�st�fUm|fU� ¯ wuqj��v���y
osqpv �|� osfU�Ä«Yvxqpo � r � f�mY«Yv~qpwum|g�f�mAos�U¼�knm ä ¼ c<d r � g{r�m|mO}OfU�|v oswXqV} Æ 2=³ �V4��¾���O7<"$,�� �b» � "$�<�	,^µ�¹
� ¸°µb¹8"$��4>�X�\0B���Rµ-�p¸�µb»V6 � ¸B B(Y»X�b¹��s·-4b}+â�fU¨KË�wuqp±]}|â¢Ë�}
�UØuØAÙ�¼Y�Åá�� � qpfV�p�U¼

L h �-N D�¼D�|t d m|f�v���fUqjr�m^�Äk)¼O�¶r�qpopv~m
¼ ��mª�ÊrX�|r � opv~«Xf ¯ q°r�g�f�¨�wXqs± ¯ wXqjhu�Ä�Xq°r �|d v�t���wb«uf�q�m|f�o�¨�wuqp±��U¼
2E�-�¾�X,��®¸!��µb»X6:@��pµB��(*"e �7)} � h�C M �YÙ/Å M Ù_�ª}|�UØuØXØ|¼

L h|� N �Å¼ c f � f�qÅrXm^� ä ¼]Æ
v��st d vxmª�§±Yvz¼��AosqpfVr�g�vxm^�{w ¯ t�wug �^� f 
 h ä �pt�f�m|fV� ¯ wXqÅqpfUg�wXopf�¨<r � ±Ao d qsw � � d �U¼
knmP2E�����V,��n¸!��@��sµ?��(�"e <7`�;�-�<,���}�«uw �~� g�f �X� Ñ h Ò } � r��XfV�Â�_Ù1Å � �|} �X�X� �X¼

L h ��N �Ç¼ c f �~� fUqjr�m^�­á�¼SR�¼=���f�
 � v~m
¼ Ö�v~�pv � v � vxo �È� qsf � qpw�t�fV�p�pv~m|� ¯ wXq�v~mAopf�q°rXt�opv~«Xf�¨<r � ±uo d qsw � � d ��¼ knm
2E�-�¾�X,��®¸!�3@��pµ?��(*"e �7-Òe=��+�. s¸°¸B6�"º»Y·�7w�\0Q�*�-@Q@ �ÇÆ =pÛJÉ�Ñ�Ôb} � rX�XfV���^�pÅ��XØ|}]�VØXØ|�u¼

L hXh NÂ� ¼�½ÄwXm^±_r^}��Ê¼R½:vxg�g�f�qV}�rXm^� ä ¼���t d g�r � �§opv~f��ª¼­Ö�v~�pv � v � v o �­� qpf � qswYt�fU�s�§v~m|�È¨7v o d w�tUt �~� ��f�q
¯ � �§v~wXm ¯ wXq � q � rXm!¨�r � ±Ao d qpw � � d �U¼=knm&b�,��+�p·��pµB��(*"e �7&%:���+'�7\(��?�g�b» � ¸�»V6u¸��<"º»Y·�} � r��XfV��ÙY�pÅ Mu� }
� � m|f �X�X�u� ¼

U$z	{}|k~


