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� x � wFt(|z{;������t u8{;��t	�ÀÁ# ��Â �7t9��� {��Vt5~,{�<�eyzx��7y x � tv�LÃ {Vu�tOÄ�w,{�J�,t u��;�7t�� wFt¬ÅÆ>ÇZÈÉ,ÊoË��e� {�x��F{��<�
Ã[���$~F� ��V� {���kyzx��.~,{ ��{ |z| tv|�� u�yzt8x � y}Ì,u�{�~F~F|zyzuv{�� yz��x
�,!�ÀÁ# � �<Í ����{ x��g{ �(�ÏÎ Í,Ð�Ñ � {�+~F� ��~ �;� t������
� wFt�ÀÁ# � Ã[�V����� � �(~F� �3Ò y��Ft {��Fxgy}Ã[�V���Ó����{ x��F{��<�£Ã[����ÀÏ# � ��t,ÒVt8|z��~ t8�(�,!3ÀÁ# � � ��Î ÍÍZÑ �e� {�x��F{��<�
{ y��"��� �����Fyz|�� �VxÔÀÏ# � �(Í � ~ tvu�y�Ì,uv{�� yz��x�! � �.~F� �3Ò y���t9�5t,Õ � t8x
�eyz��x � �ÁÀÁ# � �<Í yzx/� wFt {�� t {����Ã
��xFt1� y���t9��u���"�D�FxFy u8{�� y �Vx�	 � ��� { x������ xg{�7y u�~F� � u8t��<�&�R{ xg{��t,�ktvxV�9!

ÀÁ# � � ���ÖÎ Í � Ñ Ã[� �;�Ø×��<����xgxFt¬Ù6{ � yz��xg{�|JÚ_{�� ����{�� ���<�?y��.�VxFt ~ ��~��g|z{��
y��k~F| t��kt8x � { � yz��x
��Ã�� wFt�ÀÁ# � � ������{ x��F{��<��!�ÀÏ# � � �5�>{�y������ ��u��;�£�FyzxFtk~ ��� � {��gy |zy �0�Ï�$y � w ~ t8��Ã[���<�R{ xgu8t
�3ÒVt8�
��y}Ûat8� t8x �ky x � t8��u���xgxFtvu��<��! � �7� � y t9�
� � {Vu�wFyzt,Ò�t � wFy������Ö�k{�Õ�y��R{ |&� wg{ � y x�� ��Ã5u8��"�k��x u8����t
| y���t�ÀÁ# � �F{ � {��0� ~ t���	d��� ��F~
�,	J{�� � � y������ t9�,	2{�x�� u8��"�£�gxFyzuv{�� ���(�,	at���u�!�	d�$wFy u�w/{�� tk~F| {���Ã[���<�
y x��Ft8~ t8x���tvx �Y{ x
��u8{�| |��a� wgt�yzxV� t8��Ã {�u8t�xg{��kt9�1×����e� ��{�u��8�5t,Ò yzu8t � x � tv�LÃ {Vu�t Â ×�� � ÄdÃ[�V�L~F| {���Ã[���<�
��t8~ t8x��Ft8x ��u�����t;! s wFt ~,�V�e� y x��5� �1��y�Ûat8� t8x ��y x � tv� u8��xFxgtvun�(��y���{Vu�wFy t�Ò�t9�K����wg{OÒ yzx���{�� t8~g{�� { � t
×�� � y��k~F|zt,�ktvxV��{�� y �Vx�Ã[���5tv{�u�w)yzx � tv� u8��xFxFt un�9! s_� ~F� �3Ò y���t.tv{� t��Ã�~,�V�e� y x��
	g� wFtD×�� � y �(�etv|}Ã
y���{�|�� �7|z{O�Vt8� t�� {�x��>u8{ xÜ� t(y��k~F|zt,�ktvxV� t��>yzx � t8�<��� ��Ã_|z�3�+t8�$|zt,Ò�tv|Jy x � t8��Ã {�u�t9�,!

� x(� wFt>Ìgtv|��.��Ã
�6y��Vw£#�t8��Ã[���<�R{ xgu8t � ��k~���� y x���	 � x�ÌgxFy�Ý { x���Î Þ Ñ yzx � t8��u��VxFxFt un�_y��_t,�kt8�<��yzx��
{��{¬�e� � ��x�� ~g|z{O�Vt8�9! � x�Ìgxgy�Ý { x
�Ï���F~F~ ��� �<���et�Ò�t8��{ |Y{��Ò�{�xgu�t9�)wg{ �(��� { � t�Ã[tv{ ���F� t��5y x,u�|�����yzx��
}���ÀÏ× u8{�~g{��gy |zy �0�;	_{ � ��ky uR��~ t8��{�� y �Vx�	��D�F| � y � u8{;���9	Lt8� u�!�s_� y��k~F|zt,�ktvxV�"ÀÁ# � � �>��x � x�ÌgxFy �
Ý+{�x��d	9ÀÁ# � � ��� ~F� �3Ò y���t9�aßgtZÕ�y��Fy |zy �0���Ã�y��k~F|zt,�kt8x ��{�� yz��x�{ �©×�� �0à 	 � � à 	8�V�L}���ÀÁ×'u�w,{ xFxFtv|
|z{O�Vt8�(�,! � x���tv�<�e� {�x���yzx���� wFt�� t8xFt,ÌF�<��{�x��(|zy��ky � {�� y �Vx��_��ÃFy��7~g| t��7tvx � yzx���{ �_t {�u�w(| {O��t8� Â ×�� �0à 	
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� � à 	F{�x��>}���ÀÏ× u�wg{ xFxgt8|�Ä�y��&Ò�tv���Ry��k~,�V�e��{ x � �$wFyz| t(u��;�ky x����F~Ü�$y � w�{ x>t�� u�yzt8x ��ÀÁ# � � �
��t�� y��Vx�!2s wFtk|z�3�Otv�5| {O��tv��yzx � tv�LÃ {Vu�t���{�� t7tv{;�eyzt8��� ��~ ��� ��{���� wFtRu8�;�e���ÃJ� ��kt7~,tv�LÃ[�V���R{ x,u�t
~,tvxg{ | � yzt���!2s wFy���y�����{�� wFt8��tZÕ�~ tvu�� t���	d������y ���+��g|��å�,tk�Ã>�k��� tky x � tv� t9����� ���*�g{�xV� y ��{�� y�ÒVt8|��
�Fx���tv�<�e� {�x��)� wFtk~,tv�LÃ[�V���R{ x,u�t7y��k~g{Vun��{ x��?� �<��� �)u8��ktD�g~å�$y � w ��y�Û tv� tvxV�(|zt,ÒVt8|��5�Ã���~F� y �
�7y��v{ � yz��x��6{��$tv{Vu�w>| {O��tv��!�s_�k� wFt1� t��e�6�ÃY�;�F� � xF�3�$| t9����t;	 � wFtv� t�y��$xF�R|zy � t8��{��<�F� t�� wg{����F� t9�
{ x>y x � ��tv~�� w��e������� ��x>� wgy��+� ��~Fy u�!

� x
� wFy���~g{�~,tv��	��+t6{ �e� t��k~���� �K�F�.{ x���t8� { yz|zt��R{ x,{ |���� y�����Ã � wFt�~ t8��Ã[���<�R{ xgu8t � u���k~F|ztZÕ�y �0�
� ��{��t � �Û���Ã[���+y��k~F|zt,�kt8x ��{�� yzx���ÀÁ# � � ���3Ò�tv� � x�Ìgxgy�Ý { x
� {��O� wFt�}���ÀÁ× u�wg{ xFxgt8|m	 � � à 	 {�x��
×�� �0à |z{O�Vt8�9!�� t�Ã[��uZ�
�$��x�~ ��yzxV�$� �R~,�Vy x �6{�x��>��xFt1� y���t9�>��~ t8��{�� yz��x
� y x>� wgt�uZ�F� � tvx ���O�V����!
�F����Ã { yz�Ou8��k~g{ � y��e�Vx�	��+t�~F� �3Ò y���t$�;�F�>��t9�ey���x {�x��ky��7~g| t��7tvx � {�� y �Vx {��+tv{�u�wk�ÃJ� wFt9�et�| {O��tv�<��!

s wFt�� t9���2�Ã � wFt�~,{ ~ t8�2y��2�V��� { xFy��8t9�6{�dÃ[��|z| �3����! � x � t un� yz��x��&�+t���t9� u8� y��,t�� wFt��g{Vu(����� ��Fx��
��Ã���F���+���<��! � tvu�� yz��x à ��t9� u8� y��,t9� ��F����t�� y��Vx)u�wF��y u�t9�${ x��>y��7~g| t��7tvx � {�� y �Vx���! � x � tvu�� yz��x Ð
�Ot���� � wFt
~ t8��Ã[���<�R{ xgu8t.t�ÒT{�|��,{�� yz��x { x�� {�xg{ |����8t.� wFt
� ��{��t � �Û���! � �Vxgu�|���� y �Vx��6{�x���Ãµ�F���F� t
�O�V��� {�� t�~F� t�� t8x � t9� yzx � tvu�� yz��x � !

� 	�
5¾����º�»�½�¸�¼
����� ����������������! #"%$'&��)(+*�$,(+-�"'*
s wFt � x�Ì,xFy�Ý {�x��¬×6� u�wFy � t un�<�F� t Â[� Ý&×�Ä�Î Þ Ñ ��tZÌgxgt��+{ � ���e� t,� ×6� t {£Ù�t8�0�O�V��� Â � ×�Ù�Ä�� �.yzxV� t8� �
u���xgxFtvu�� ~g� ��u�t9��� yzx��.xF����t9�${ x�� � ��� xF����t���! � x>{;����y � yz��x � ���etvx�� � � t u�t8y�Ò�t��et��R{ x � y u,�+y �${�|�� �
~F� �3Ò y���t���}���ÀÁ× �et��R{ x � y u,�H�$wFy u�w u8{�x"�,t��
�et9�.� �K��yz� t un� |��
{Vu8u8t��<� � �7����y�Ãµ��� wFt�u��Vx � t8x �(����Ã
� t��7��� tK�kt��7�V���;!,}���ÀÁ×;��~ t8��{�� yz��x
��{ � t���xgt£�ey���t9�){ x��Á�F� xF� �5y xgu,�F���e�Ãh�0�+{�� t��3Ò�tv� wgtv{�
��x.� t,�k��� t>� y���t!%���g�e� wFt8�9	 � x�ÌgxFy�Ý { x��£Ò�t8�<���_~F� �3Ò y���tJ� uv{��e� t8� � � {�� wgt8�dÃ[t {����g� t9�L� �6wg{�x���|ztOxg��x
u���x � y��;�Fy �0�;! }�t,�k� � tO{�� ��ky u���~ t8��{�� y �Vx��2y��_{�xF� � wFt8�8��� tZÃµ�F|;Ã[tv{ ���F� t��Ã � x�ÌgxFy�Ý { x��KÒ�t8�<���©�e~ tvu �
y}Ì,uv{�� y �Vx�!/.H×�# � y���� wFt�À)tv| | { xF�OÕ�0 y��k~F|zt,�kt8x � { � yz��x �Ã � x�ÌgxFy�Ý { x���Ò�t8�<����y x � tv�LÃ {Vu�t;	�$wFy u�w y��
uZ�F� � tvx � |����,tvy x������et9� �VxÜ�k{�x��¬�L���e� t��"��!�× xFt�� �V~,tvxÜ� ��g� u8t�u8��x�� ��� � y����Ü	 � ~,tvx � Ý Î à3Ñ 	�y��
��tZÌgxgy x�� {7xFt�� ��tvx,�DÒ�tv�����+|zt,ÒVt8|JyzxV� t8��Ã {�u8t�Ã[�V�$xFtZÕ ���Vt8xFtv� { � yz��x � x�ÌgxFy�Ý+{�x��Ü�L���e� t��"��!
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I �=<��,�5� Ú_{O��tv� t9���6t9�ey���x��Ã8ÀÁ# � � �5�

ÀÁ# � � �����F~F~ ��� �<��� � � w�~ ��yzx � � � ~ ��yzx �
{ x
� �VxFt �ey���t9� �V~,tv� { � yz��x�� �$wgyzu�w { � t
{ |�� � � tZÃ[tv� � t�� � � {� }$t��k� � t À)t��k���<�
×6uvu�t9��� Â }�ÀÏ×�Ä'��~ t8��{�� y �Vx��,!"ÀÁ# � � �5�
y���{>~ ��� � {�F| t7y��7~g| t��7tvx � {�� y �Vx �ÃJÀÁ# � �
��!J�Yy���F� t Í ��t�� u�� y��,t9�7� wFt | {O��tv� t9� {�~ �
~F� �V{Vu�w^~g� �3Ò y���t��ã��� ÀÁ# � � ��� Ã[�V����t �
� y��VxFy x��ÓÀÁ# � � � �3ÒVt8� }���ÀÁ× u8{�~g{��F|zt
xFt8�0�O�V������|zy��Vt � x�ÌgxFy�Ý { x��d! � �k~F|zt,�kt8x � { �
� yz��x>��ÃHÀÁ# � � ���
��x � x�ÌgxFy�Ý { x��>u8{�x�� t
���VxFt7{ �(��xFt7��ÃO� wFt7� wg� tvt7| {O��tv�<�5yzx?� wFt
uZ�g� � t8x ��ÀÏ# � � �5���e� {Vu(�5Ka}���ÀÁ× u�wg{�x �
xFtv|S	 � � à ���D×�� �0à ! � xgt ��Ã$� wFt �;�ML�tvu �
� y�Ò�t9� ��Ã5�L�,u�w�� yzx�����Ã�{���t9�ey���x>y��$� ����t8�
{D�,t8�e� tv� �g{ | { x,u�t��,t8�0�Otvt8x>~,tv�LÃ[�V���R{ x,u�t
{ x
��ßgt,Õ�y��Fyz|zy �0�;!

}���ÀÁ× u�wg{ xgxFt8|�y��){���� wFt � � � � ��
�k�;�e�Y~ �;� y � yz��x.yzx�� wFt wFyzt8��{ ��u�wFyzuv{ |*��� ���gu �
���g� t �ÃKÀÁ# � � ����!>×6| |�u��;�"�£�FxFy u8{ � yz��x

��~ t8��{�� yz��x
��� wg{��1ÀÁ# � � ���¬���F~F~ ��� �<��{�� tD�k{�~F~ t��)� �NL0�
����Ì�ÒVt£Ãµ�Fx,un� yz��x
��{ �5� wFy���|z{O�Vt8�9! � x
� wFt&Ì�ÒVt � Ãµ�Fxgu�� yz��x � y x � t8��Ã {�u�tO��xF|��(�0�+� Â1O5P Êg{�x��9Q�Æ(ÈÅ,Ä�{�� t u��;�"�£�FxFy u8{ � yz��x£Ãµ�Fxgun� y �Vx���	�� w�����y �



~F� �3Ò y���t��O� wFt�|ztv{�e�$~,�V�e� y x��R�3Ò�t8� wFt {�d! s wFt(yzxV� t8��Ã {�u8t(xFt8t9���+� � u8��x�Ã[�V��� � ����� � t {��â� t,�R{�x �
� y u,��! � � y��+t�� ~,t u�y { |z|����Ft�� y��VxFt��¬Ã[���${ ��u�wFy � t un���g� t9���$y � w�}���ÀÁ× u8{�~g{��Fyz|zy � y t9�,	��$wFy u�w���yz� tvun� |��
ÌF�<� �$y � w>� wFt � x�ÌgxFy�Ý { x�� 0 �$}���ÀÁ× � t,�R{�xV� yzu��,!

s wFt � � à ~F� �3Ò y���t9��{ÖÉ � È����aÆ��d��t,Ò y u�t7� w,{���u��Vx��ey��e�<����Ã {Ü���,�vt8xåÃµ�Fxgun� y �Vx���! � �.{�u8u8t8~��(�
� wFt6u8��"�£�gxFyzuv{�� y �Vx7� t+�*�Ft9���(�HÃ[� �� � wFt��g~F~,tv��| {O��tv��{ x��kyzx�Ã[���<����� wgt��F~F~ t8�O|z{O�Vt8����x,u�t$� wFt
u���"�D�FxFy u8{�� y �Vx wg{;�5u8��k~F|zt�� t9�d!as wFt � � à | {O��tv��y���� t�� ~,�Vx�� y��F|zt(� �¬�R{��Vt
u��;�"�£�FxFy u8{ � yz��x
~F� �;��� t��<�,!Ys wFy��.y��
� wFt�{���Ft�� u8��k~F|ztZÕ�y �0� {;��� ��u�y {�� t�� �$y � w^y��k~F|zt,�kt8x � y x�� ÀÁ# � � �){ �
� wFy��
|z{O�Vt8�9! �g� �;� {>~ t8��Ã[���<�k{�xgu�tk~ t8�(�e~ tvu�� y�Ò�t;	Jy �.w,{���k��� t�ßgtZÕ�y��Fy |zy �0� � �)y��k~F� �3Ò�t
� wFtR~ t8��Ã[��� �
�k{�xgu�t�� y x,u�t>y � u8{�x^{Vu8u8t��<�£�k��� t>~,tv�LÃ[�V���R{ x,u�t>��� y tvxV� t�� Ã[tv{��<�F� t��
� wg{�x^}���ÀÁ× u�w,{ xFxFtv|
|z{O�Vt8�9!gs wFt8� t.{�� t.{�Ã[t,� � xF�3�$x)y��k~F| t��kt8x � { � yz��x��6��Ã�ÀÁ# � � �5�k�3ÒVt8� � x�Ì,xFy�Ý {�x���� w,{��5w,{OÒ�t
�,tvt8x���t,ÒVt8|z��~ t��>{�� � wgy��$|zt,ÒVt8|m!�×��<���VxFxFt�Ù6{�� y �Vxg{ |�Ú_{���Î Í � Ñ { x�� � xFy�Ò�tv�<� y �0� ��Ã � wFt,�kxFy � �*Î ÐÑ
wg{OÒ�t���t,ÒVt8|z��~ t�� � � à ��t�Ò yzu8t��JÃ[��� � x�ÌgxFy��g{ x���!

s wFt�×�� �0à y���{ÜÃµ�F|z|�Ã[t {��<�F� t9�d	_{���e� ��{�un�£�Ft,Ò yzu8tRy x � t8��Ã {�u�t¬���et9�/y x¢ÀÏ# � � �5��! � �.y��(� wFt
wFy��VwFt��e�O| {O��tv��yzx¬ÀÁ# � � �5�(wgy tv� {�� u�w��!;× | { �<��t�x����D�,tv�O�ÃdÃµ�Fxgun� y �Vx��J�£���e�>� t�y��k~F|zt,�kt8x � t��
� �"�F� y x��k�;���6{"×�� �0à ��t�� y��Vx�	�������y �6u8{�x>{�|�� �k~F� �3Ò y���t�ßgtZÕ�y��Fyz| y �0��Ã[�V� �k{�x�� ��~�� y��ky��v{ � yz��x���	
�$wFyzu�w){�� t�wFy�����t8x�Ã[� �� | �3�+t8� | {O��t8�(��!

����� A
	  CE�+F�GH�
À�.8×�# � � ���py��>��F�>wFy���w ~ t8��Ã[���<�R{ xgu8t?y��k~F| t��kt8x � { � yz��x �ÃDÀÁ# � � � �3ÒVt8� � x�ÌgxFy�Ý { x��ÓÎ � Ñ
�g{� t�� �Vx¢ÀÁ# � � ����!Ys wFt | {�� t9���7� tv| t {� t�Ò�tv�<� y �Vx y�� � ! Þ�! � ! � xp� wFy��£ÒVt8�(�eyz��x �+t y��k~F| t��kt8x �
� wFtk~ ��yzxV��� �>~ ��yzxV��u8��"�£�Fxgyzuv{�� yz��x/{���� wFtk}���ÀÁ× u�wg{�xFxFt8|�| {O��tv�DÎ � Ñ { x��?��~�� y��ky��8t9� � wFt
��xFt � y���t9�ku���"�D�FxFy u8{�� y �Vx7{ ��� wFt�×�� �0à |zt,ÒVt8|�Î ��	 �3Ñ ! � �F� � t8x � |��;	�À�.8×�# � � ����� ��Vt�� wgt8�5�$y � w
À�.8×�# � � �^{ � t�� t8yzx������et9�K���1�k��� t�� wg{ xR� �V� ���<�V{�xFy � {�� y �Vx��2yzx7�Þ6u��;�Fx � � y t9�,!��ÒVt8x(� wF�����w
À�.8×�# � � ��� ~F� �3Ò y��Ft��K�V� ���p~,tv�LÃ[�V���R{ x,u�t {�x��ÖÃµ�gxgun� y �Vxg{ |zy � y t9�,	�y �<�7~ t8��Ã[���<�k{�xgu�t y��
|zy � � |zt
| �3�+t8�6u8��k~g{�� t9� � � tZÕ�y���� y x��¬À�.H×�# � � �âÎ Í �3ÑJÂ ÀÁ# � �(Í y��7~g| t��7tvx � {�� y �Vx��g{� t����VxÁ×�� � �ÄZ!
s wFy�� w,{�&�k� � y�Ò�{�� t������+� �Ruv{ � ���k��F�$� wFt�~F� ��~ �;� t�� y x � ��tv~�� w��e������� ��Ã8�Ft�� y��Vx>{�| � t8� xg{�� y�ÒVt��
{ x��R~ t8��Ã[���<�R{ xgu8t$� ��{�Ft � ��Ûd��� �(� wg{ �>�+t5uv{ x���t9�ey���xR� wFt6xgtZÕ �JÒVt8�(�eyz��xk�Ã�À�.8×�# � � ���1�$y � w
wFy��VwFt8�$~ t8��Ã[���<�R{ xgu8t!
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�F��� � x�ÌgxFy�Ý { x���	&ÀÏ# � � �5� ��t�� y��Vx ~F� �3Ò y���t9�Ry��7~g| t��7tvx � {�� y �Vx u�wF�Vyzu8t�� { � � wF� tvtå��y�Ûat8� t8x �
|z{O�Vt8�(�,! � xR� wFy��&�etvx�� t	*�Fx���tv�<�e� {�x���yzx���� wFt5t,ÕF{�un�O� ��{��t � �Û�����ÃJ� wFt5~ t8��Ã[���<�R{ xgu8t5u8��x��e� ��{ yzx �<�
{ x��Ry��k~F|zt,�kt8x � { � yz��x u8��k~F|ztZÕ�y �0�7{ �Otv{Vu�wR|z{O�Vt8���$yz|z|
� t5u8� y � y u8{�|g� ��wg{OÒ�t5{ x t �Ru8y tvx �J��t9�ey���x
��Ã�ÀÁ# � �5�3ÒVt8� � x�Ìgxgy�Ý { x
�d! � xk���(��tv��� �£�e�������.� wFt$y��k~F|zt,�ktvxV��{�� y �Vx { x��7~ t8��Ã[���<�k{�xgu�t$y��<�L�Ft9�
{�<�e��u�y {�� t��£�$y � w7t {�u�w
| t�Ò�t8|��Ãg� wFt�ÀÁ# � � ����wgy tv� {�� u�w��({ x��.� ��uv{ � �����;����{�Ã {�y ��u8��k~g{�� y��e�Vx�	
�Ot5wg{OÒ�t��Ft�� y��VxFt��R{�x��Ry��7~g| t��7tvx � t���ÀÁ# � �(�3Ò�t8� � x�ÌgxFy�Ý { x�� { ��� wFt�}���ÀÁ×�u�wg{�xFxFt8|m	 � � à
{ x���×�� �0à |z{O�Vt8�(�,	 � t�� ~,t un� y�ÒVt8|��!

s wFtÖÃ[��|z|z�3�$y x��è������� tvu�� yz��x�� ~F� t9�etvx �?��F�å��t�� y��Vx { x�� y��k~F|zt,�kt8x � { � yz��x �e� ��{�� t,��yzt��){ �
}���ÀÏ× u�wg{ xgxFt8|m	 � � à 	F{ x��Ü×�� �0à | {O��t8�9	 � t9�e~ tvu�� y�Ò�t8|��!

� ��� ,979AD F�&�� ����*�- 23*&. *�-�79*�:;�=<5� ���� �0/213-�*&/ *6� (;�M(+��> �
×+�6}���ÀÏ× u�wg{ xFxgt8|m	g{�J�kt8x � yz��xgt��>y x � t un� y �Vx���! ��	F{ |z|2{ ��u�wFy � tvu����F� t��Ft8~ t8x���tvx �5u��;���D�FxFy �
u8{�� y �Vx1Ãµ�Fxgu�� yz��xg{�| y � yzt���{�� tOt8xguv{ ~����F| {�� t��(yzx � ��{����k{�| |�� t�����Ãgyzx � tv�LÃ {Vu�t���!Ts wFtOyzx � tv�LÃ {Vu�t�xgt8t����
� � ~F� �3Ò y��FtR��xF|��Ô�e� � tv{� � t,�R{ x � yzu��.{ x
�/� wFt>u���"�D�FxFy u8{�� y �Vx ~F� �;��� t��<����Ã�ÀÁ# � �kt9��� {��Vt��
{ � t�|ztZÃh�$� �7� wFt1�F~g~,tv��|z{O�Vt8�(�,!

� �F�£��t9�ey���x {��.� wFt }���ÀÁ× u�wg{ xgxFt8|�y���~��F� tv|��å�g{� t�� �Vx/� wFt }���ÀÁ× u8{�~g{��Fyz|zy �0� ~F� � �
Ò y���t9�ã�*� � x�Ìgxgy�Ý { x
� Î � Ñ ! �Yy���! � y |z|������ � { � t9����t�� y���x y��<���Ft�� � tv|z{ � t����$y � w � wFy�� | {O��t8�9!J�F�V�
�ewF�V�e���kt��<� {��t9�,	atv{��tv�5~F� � � ��u���|�y������ t��?� �){�u�wFyzt,ÒVt£�V� ��� |z{ � tvxguZ�;! � �.u8��~Fyzt����kt��<� {���t9��� �



~F� t � � t,�Vy��e� tv� t9�£����Û tv�<�+{ x
���etvx������ wFt,� � wF� ����Vwk}���ÀÁ× �$� y � t���~ t8��{�� y �Vx��,!6�F�V��| { �<��t �kt�� �
� {��t���	��
�eyzx��?~g� t � � t,�Vy��e� tv� t9�å����Û tv�<�D�$yz| |+y x � � �����gu8t wFy���w'u���~��/�3Ò�tv� wFt {�d	©�e�/{ �8tv� � � u8��~��
� tvx���t ��Ò��;����~F� � � ��u8��|Fy������ t���!;���3�+t,ÒVt8�9	 � x�ÌgxFy�Ý { x��k� t+�*�Fyz� t���� wFt��kt,�k���<��� �K� t6� t,��y��e� t8� t��
�,t,Ã[��� t.� wFtR}���ÀÏ× �V~,tv� { � yz��x���u8{�x ��{���t7~F| {�u8t	��$wFy u�w?y���{�x?t,Õ ~ t8x
�ey�Ò�t7��~ t8��{�� y �Vx�! � ���+t
y��k~F|zt,�kt8x �6{7� t,��y��e� ��{�� yz��x>u8{Vu�wFt�Î ÍT�OÑ � �k� t����,u�t�� wFt(� t,�Vy��e� ��{�� y �Vx �3ÒVt8� wFtv{;�d!

s wFt }���ÀÁ×�u�wg{�xFxFtv|�~F� �3Ò y���t9�¢��� ÀÏ# � � �5�/� tvu8t8y�Ò�t9�7� wFt?u8��"�£�gxFyzuv{�� y �Vx^� t+�*�Ft9���(�
Ã[� �;� � wFt � � à | {O��t8��{�� �3Ò�t y �9!�s wFt uZ�F� � t8x � � � à | {O��tv���R{��Vt��>��xg|�� �VxFt �;���<�e� {�x���yzx��
� t;�;�gt��e�_� �5� wFt$}���ÀÁ× u�wg{ xgxFt8|F{�x��K�$yz| |�xg� ��y��<���Ft+� wFt xFt,Õ ��� t+�*�Ft9���H�Fx � yz|�� wgt+~g� t�Ò yz��
�_�VxFt
wg{��u��;�7~g| t8� t���!as wgy���� t����F| �(�6yzxå� t8� y { |zy � {�� yz��x?��Ã�u��;�"�£�FxFy u8{ � yz��x � t+�*�Ft9���(��� � � wFtk}���ÀÏ×
u�wg{ xFxgt8|m	��$wFy u�w {��ÒVt8�(�etv|��>{3Ûatvu��<�$� wFt�� wF� ����VwF~����9!5�g�������R{ |z|©�kt��<� {���t9�,	F{�x ��~F� y��7y��v{ � yz��x
�O�;�F|��ã� t � � u��V~�� � wFtÏ�kt��<� {���t�� � � wgt?~F� t � � t���y���� t8� t�� ����Ûat8��{ x�� y��"�kt���y {�� t8|��^� t8~ ��� �
u���k~F|zt�� y �Vx>� �k� wgt � � à | {O��t8��� �7� wg{ ��� wgt � � à | {O��t8��uv{ x>y��<���Ft�� wFt.xFtZÕ �6u��;�"�£�FxFy u8{ � yz��x
� t;�;�gt��e��!�Ý>�7� wFy��Otv{�� |��ku���k~F|zt�� y �Vx¬�kt�� wF���d	*�£�F| � yz~F|zt�u8��"�£�Fxgyzuv{�� yz��x � t;�;�gt��e�<��{�� t6y��<�L�gt��
� � � wgt?}���ÀÁ× | {O��tv��	Y� w���� {OÒ��Vy���yzx�� � wFtå�etv� y { |zy � {�� y �Vx���t9� u8� y�� t��^tv{�� |zy tv��!�ÝJ���¬Ã[��� | { �<��t
�7t9��� {��Vt�� �$wgyzu�w?{�� tD�etvxV�6� wF� ����Vw)� tvx���t+�,Ò��;����~g� ��� ��u��V|S	��+t
uv{ x)�VxF|��>� t8~ ��� �5u��;�7~g| t8� yz��x
{3Ãh� tv�(� wgt��$wF��|ztR� tvx���t+�,Ò��;����~F� � u8t��<��ÌgxFy��ewgt��K� y x,u�t��+tRxFt8t9�?� �)wF��|�� � wFt��
�etv�K����Ûat8�1Ã[�V�
�8t8� � � u��V~��Á�etvx��d!©Ý+t u8{��
�etR�Ã+� wFy���� tv{� ��x�	Jy �7y��K�Fy � uZ�g| �
� � �;��� {�y x wFy���wFtv�K�g{�x����$y�� � wÖÃ[�V�
�7t9��y���� � | { �<��tD�7t9��� {��Vt������eyzx�� � wFtk}���ÀÁ×D|z{O�Vt8�9!
�/t"�ewF�3� � wFy���~,tv�LÃ[�V���R{ x,u�t.y��k~g{�u���yzx
� tvu�� yz��x Ð !

ADI 3

CH3

IBA − VAPI

Put_data_v

RDMA CHANNEL INTERFACE

RDMA CHANNEL IMPLEMENTATION

Read_data_v

Registration Cache Flow Control

Buffer Management Rendezvous Protocol
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ADI 3

CH3 CHANNEL IMPLEMENTATION

CH3 CHANNEL INTERFACE

CH3_iStartRndvMsg, ...

CH3_iStartMsgv, ...
Eager Protocol:

IBA − VAPI

CH3_Progress

Datatype (Vectors)Progress Engine

Buffer Management

Flow ControlRegistration Cache 

Rendezvous Protocol:

Rendezvous Protocol
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� �1� F�G � 2 *&. *�-�7 *6:;�=<5� ����!�0/ 1 -=*�/ *�� (+�M(;�=>5�

�_y���! à �ewg�3����� wFt��g{� yzu Ãµ�Fxgun� y �Vx��F|z� u(����� wg{��+{ � t$xFt8t9��t��"���k{ � � à |zt,ÒVt8|���t9�ey���x�!;À)t9��� {��Vt��
u8{ x �,tÜ� t8x �
� wF� ����Vwptv{��t8�
���7� tvx���t+�,Ò��;����~g� ��� ��u��V|J� y��kyz|z{��.� �?� wFt�{ ~F~F� �V{Vu�w � {��t8x ���
� wFt�}���ÀÏ× u�wg{�xFxFtv|gy��7~g| t��7tvx � {�� y �Vx�!���t8x,u�t Ãµ�Fx,un� yz��x,{ |zy � y t9�>���gu�w {������Ûat8�J�R{ xg{��t,�ktvxV�9	
� t���y���� � { � yz��x uv{�u�wFt;	Yt8� u!�	�xFtvt�� � �Ô�,t){�|�� � y��k~F|zt,�kt8x � t9�'{ �k� wFt � � à | {O��t8�9! � x^{;����y � yz��x
� � � w,{���	�� wFt � � à | {O��tv�RxFt8t9���7� � w,{ x���|zt)u��;���D�FxFy u8{ � yz��x^~F� �;��� t��<�,! ���F�e� wFt8�9	��F{ � { �0� ~ t
u���"�D�FxFy u8{�� y �Vx>uv{ x��,t(�V~�� y��ky �vt���{�� � wFy���|z{O�Vt8�9!

s wFtkxFt8t9� � � y��k~F| t��kt8x ��~F� ���� t��<�5t8x��Vy xFt7y���� wFt"�k�;�e�K�ey���xFy�Ì,uv{ x ���Fy}Ûat8� t8xgu8t"�,t8�0�Otvt8x
� wFt � � à | t�Ò�t8|��Ft�� y��Vx/{�x�� }���ÀÏ×Au�wg{ xgxFt8|���t9�ey���x�!2s wFt � � à | {O��tv���D���e���Vt8tv~ � � {Vu(�)��Ã
{ |z|L� t+�*�Ft��e�<�6u���kyzx��"Ã[� �� ×�� �0à |z{O�Vt8�9	�ÌgxFy��ew {�| |_��Ã�� wgt,� { x��>� t8~ ��� �5u��;�k~F| t8� yz��x��$� �R� wFt



×�� ��à | {O��t8�9!�×�� �0à �R{O����tvt8~ ��y�Ò y x��p� t;�*�Ft��e�<� � �¢� t8x��è�7t9��� {��Vt�������� � wFtÏ�Fx
��t8� |�� yzx��
xFt��0�+���<�.� t�� ��F��u�t9��{ � t$| y��ky � t��d!���tv� t��Ot�y��k~F|zt,�kt8x �O{ �*�Ft��Ft$� �K����Ûat8��� wFt5� t;�;�gt��e�<�5�$wFy u�w
u8{ xgxF� �¬� t�Ìgxgy�� wFt�� y��"�kt���y {�� t8|�� � tvuv{���� t �Ã�� wFt | {�u(�^��Ã(xFt8�0�O�V���p� t�� ��g� u8t���!�}$t+�*�Ft9���(�
y x � wFt �*�Ft��FtD�$yz|z|5�,t7� t8� � y t9�Á�$wFtvx xgt��0�+���<�>| {O��tv�5� t8~ ��� �<�5xFt�� {OÒ�{ yz|z{�F|zt.� t�� ��F��u�t9�,! s wFt
�,tvxFtZÌF���ÃOy��k~F| t��kt8x � yzx��>� wFtk~F� ��V� t9���5t8x���yzxFtky����;�*Ò yz�����!�Ù��3� �+tRu8{�xÏ��t8��{�u8u8t��<�5� �){ |z|
� wFt>� t;�*�Ft��e�<�
{��.� wFtÜ�etvx���t8�"� y���t;! � �ÁÃ[���7| { �<��t��kt��<� {��t9�(� w,{��kxFt8t9� � �å�,tÜ�etvx �.� wg� �;����w
� tvx���t ��Ò��;��� ~F� � � ��u8��|m	��Ot.uv{ x��e� { � ���£�g| � y ~F|zt�� t8x��Ft �,ÒV���� ~g� �;��� t��<�et9�+{ �$� wFtD� {�7t�� y��kt£� �
� wg{ ��� wFt � wF� �����wF~��F�.y��.tZÕ�~ tvun� t��/� �Á�,t¬��� tv{�� |�� y��k~F� �3Ò�t9� {��u8��k~g{ � t�� � �)� wFt }���ÀÏ×
u�wg{ xFxgt8|J|zt,Ò�tv|���t�� y���x�!

�5{ � {��0� ~ t)u���"�D�FxFy u8{�� y �Vx^uv{ x { |�� �å� t)��~�� y��ky��8t9�^{ �R� wFy��R| {O��tv��!5×�� �0à ß,{ �e� tvx��k� wFt
�F{���{��0� ~,t { x��^~F� �3Ò y���t9�k� wgtÏ�F{���{��0� ~ t y x�Ã[���<�k{ � yz��x^� �p� wFt � � à | {O��t8� {;� { ÒVtvun� ��� |zy����9!
� y � w � wFy���y x�Ã[�V���R{ � yz��x�	J{ � � à | t�Ò�tv|H�Ft�� y��Vx/uv{ x?w,{OÒ�tk{¬�V| �;�g{ |�~Fy un�<�F� tk�ÃO{ |z|�� wFt"����Û tv�
Ò�tvu�� �V�<��� wg{��7xFt8t9� � �Ï�,t��etvxV�7y x'{)~g{ � � y uZ�g|z{��£ÀÁ# � �kt9��� {��Vt! � �?��~�� y��ky��v{�� y �Vx����L�gu�wp{;�
�8t8� � � u��V~��"�g{�� { �0� ~,t�Î Í�à 	 Í Þ Ñ uv{ x��,t�{�~F~F|zy t9��{�� � wFy��$|zt,ÒVt8|m!
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I ��< ����� � ~�� y��ky � {�� y �Vx��${���×�� �0à | {O��tv�

� ��k~g{�� t9� � �D� wFt � � à { x�� }���ÀÏ×
u�wg{�xFxFt8|¢�$wFyzu�w ~F� �3Ò y���t �ky xgy��R{ |'y x �
� tv�LÃ {Vu�t9�,	7� wgt ×�� �0à yzx � tv�LÃ {Vu�t�y���Ãµ�F|z| �
Ã[tv{ ���F� t���!_s wFy��
{�| |z�3���(� wFt�ÀÏ# � y��7~g| t �
�kt8x � �V�?� � ��{��Vt'{��ÒT{�x � {��Vtp��Ã ��~F~ ��� �
���gxFy � y t9� Ã[�V���k��� t(t�� u�yzt8x �6u��;�"�£�FxFy u8{ �
� yz��x�! � yzxgu8t � t8y��k~F| t��kt8x � yzx�� � wFt��$wF��|zt
×�� �0à y���Ò�t8�<��u���k~F|zy u8{�� t��d	
�Ot���tvu8y��Ft��
� � � t���� t£�k�;�e�5�Ã�� wFt � � à | t�Ò�t8|Yy��7~g| t �
�kt8x � { � yz��x���t9� u8� y��,t9�7y x�� tvun� y �Vx à ! �5{�x��
~ t8��Ã[���<� �et�Ò�tv� {�|��V~�� y��ky � {�� y �Vx��){��)� wFt
×�� �0à |z{O�Vt8�9	;� wF�3�$x yzx9�Yy�� Ð ! s wgt�� t5�V~ �
� y��ky � {�� y �Vx�� {�� t)~ �;�<�ey��F|zt { � � wFtÔ×�� �0à
| {O��t8��� y x,u�t y �?{ |z| �3������yz� tvun�?{Vu8u8t��<� � �
� t,Ò�tv� {�|D�V| �;�g{ |"�F{ � {§��� ���gu����F� t��Ô�$wFy u�w
{ � t${����e� ��{�u�� t9�.�;���5Ã[����� wFt�|z�3�Otv�Y| {O��tv�<��!

��t {��tv��u8{�u�wgy x���y��({ x ��~F� y��7y��v{ � yz��x
� w,{��5uv{ x�� t�y��k~F|zt,�ktvxV� t�� { ��� wgy��6|z{O�Vt8�
� �'� t9���gu8t � wgt ~ ��yzx � � �'~ ��yzx �>| {�� t8xgu,�
Ã[���8�L�R{�| |*�kt��<� {��t���!vs wgt��g{;�ey u�y���tv{6wFt8� t
y�� � �^uv{�u�wFt � ��kt �Ã�� wgt ÀÏ# � wFt {��tv�

y x�Ã[�V���R{ � yz��xKÃ[�V��tv{�u�w7u��VxFxFtvu�� yz��x7{��Y� wFt � t,�k� � tJ� y��Ft! � ��� wg{ �Yy�Ã � wFt+xFtZÕ �5�kt��<� {��t>�,t8�0�Otvt8x
{5~,{ yz����Ãd�etvx���t8��{�x��7� t u�tvy�ÒVt8��wg{�Y� wFt�� {��kt wFtv{;��t8��yzx�Ã[���<�R{�� y �Vx
yzx7� wF�*�et�uv{�u�wFt9�KÌgtv|����,	��+t
u8{ x7� t����gu8t�� wFt�� y �vt+�Ã,wFt {��tv��t,�£� t�����t��7yzx.� wFt �kt��<� {��t��©� t8yzx��1�etvxV�9! � Ã,� wFt�� tJÌgt8|����5��y�Ûat8�9	
� wFtv� t�y��${7u��V~��7�3ÒVt8� wFtv{;��Ã[���+� wgt��kt9��� {��Vt6wFt {��tv��	��$wFy u�w y����;�gy � t�xgt,��|zy���y��F| t�{�uvu��V�<��yzx��(� �
��F��t,Õ�~,tv� yzt8xgu8t! � �5y����,t�xg� � t9�>� wg{ ��ÀÁ# � wFt {��tv�6u8{Vu�wFyzx�� u8{�xFxF� ��� t�~ t8��Ã[���<�kt���{��6|z�3�+t8�
|z{O�Vt8�(�J� yzxgu�t���xg|��¬×�� �0à y������F~F~ �;� t�� � �"� xF�3� � wFt�u��Vx � t8x �(� y x){��kt��<� {��t�wFtv{;��t8�9!

×�xF��� wFtv��� y��VxFy�Ì,u8{�xV����~F� y��7y��v{ � yz��x y���yzx � wgt7{�� t { ��ÃO��xFt � � y��Ft�� u8��"�£�Fxgyzuv{�� yz��x�! � � y�� �
y xg{�| |�� y x ÀÁ# � � ����	��VxFtÏ� y��Ft�� �V~,tv� { � yz��x�� { � t ~,tv�LÃ[�V���kt9�^� wF� ����Vw � wFt ~,�Vy x � � � ~ ��yzx �
y x � tv�LÃ {Vu�t9��~F� �3Ò y���t��å��� � � à ! � �F�(~g� t�Ò yz��
���O�V��� Î � Ñ w,{�K� wF�3�$x � wg{ �K�*�Ô��yz� t un� |��Ï�
�eyzx��
}���ÀÏ× Ã[tv{ ���F� t��.~F� �3Ò y���t9�å��� � x�ÌgxFy�Ý { x��py x��e� t {� �Ã&�V��yzx���� wg� �;����w � wFt ~ ��yzxV�
� � ~ ��yzx �
~g{�� w�	 � wFt5~,tv�LÃ[�V���R{ x,u�t�Ã[�V�+}�ÀÁ× �V~,tv� { � yz��x��Ou8{�x��,t���� tv{ � |��
tvxFwg{ x,u�t���!*� w,{��Oy��J�k��� t	V{ �
� wFt¬×�� � | {O��tv��	d�+t u8{�x � u�wFt9���F|ztR��xFt�� y��Ft��/��~ t8��{�� y �Vx���� �?{Vu�wFyzt,Ò�t"�D�gu�w �,t8�e� tv�.| {�� t8xgu,�



{ x��7� wF� �;����wg~�����! s wFt�� u�wFt9���F|zy x��D� u�wFt��kt���{�� t���t�� u�� y�� t��kyzx��k��� t���t8� { yz| y xÏÎ �OÑ ! � ~F� y��7y��v{ �
� yz��x���Ã[�����VxFt�� y��Ft��k��~ t8��{�� y �Vx���{�� t����VxFt����7tZÕ � tvx���yzx��(� wgt � � à y x � tv�LÃ {Vu�tKÎ � Ñ !;×+�O� wFt � � à
|z{O�Vt8���+t
uv{ xFxF������y��e� yzx���Fy�� wÁ�,t8�0�Otvt8xÏ�g{�� {�Ã[���5�0�O�¬� y���t�� {�x��)�VxFtD� y��Ft��)�V~,tv� { � yz��x���{�x��
wFt8xgu8t u8{�xFxF� �(~ t8��Ã[���<� ���gu�w �V~�� y��ky � {�� y �Vx��,!�ÀÏ# � � �5�0 ��| {�� t��e��� tv| t {� tDÒVt8�(�eyz��x Í ! � ! Í {�|�� �
wg{�OtZÕ � tvx���t9�R� wgt � � à �VxFt�� y��Ft�� yzx � tv�LÃ {Vu�t�Ã[�V� �ewg{�� t9�"�kt,�k���<�R{ ��u�wFy � tvu����F� t���	;�$wgyzu�w {�|�� �
� t,ßgtvu��<�+� wgt(~,��� t8x � yz{�|J� �k��~F� y��7y��8t(�VxFt1�ey���t9� �V~,tv� { � yz��x�� { �+� wFtK×�� �0à | {O��t8�9!

� �!��º��(»�º % 
5¸�¾ ��� ��
 ��½ 
8¹�¿0»�¸
� x � wFy����et un� yz��x¢�Ot t�Ò�{ |��g{�� t ��g�.y��7~g| t��7tvx � {�� y �Vx��7{��
}���ÀÁ×0u�wg{ xgxFt8|m	 � � à { x
� ×�� �0à
|z{O�Vt8�(�D���^{Ö�et8� ��Ã��7y u�� � � � t8xgu�w��R{�������	H��# �0� wg{ |z|zt8x��VtÜÝ+tvxgu�w��R{ �<� Î � Ñ {�x��ãÙ�× � � t��e�
�L�Fy � t�Î ÍZÑ !

� tRt�ÒT{�|��,{�� t9�?�;�F�K� u�wFt,�kt����Vx/�0�O����y�Û tv� tvx �.u�|������ t8�(�,!2s wgt"Ìg�<�e��u�|����e� t8� Â � |������ t8�£×�Ä
u���x
�ey����(�R��Ã.u8��k~���� y x��pxF����t��¬�$y � wè���g{�| � x � tv|��5t8��x à ! � ��� �?~F� ��u�t9��� ���(�,	 ��Í � �1Ý Ú_�
u8{�u�wgt	,{�x��Á# �O� � � Þ Ð � �Fy � Í�à;à ÀÁ� �D������! s wFt��){ � t(t+�*�Fyz~F~,t9�Á�$y � wÏÀ?s�� à�Í � �"� � ×��5{�x��
{ � t u��VxFxFt un� t9�Ö���p{ x � x�ÌgxFy � u8{�| tÜÀ s � � ÐV��� �L�$y � u�w�!�s wFt��et u��Vx��pu�|����e� tv� Â � |��
��� t8�"Ý&Ä.y��
t+�*�Fyz~F~,t9�¬�$y � wÜ���g{�| � x � t8|��5t8�Vx>��! ÞÞ"��� ��~F� ��u�t9��� ���(�,	 ��Í �£�1Ý ÚY�.uv{�u�wFt;	 {�x��¬# �O� � � Þ Ð��
�Fy � Í�à;à ÀÁ� �����
�,! s wFt,�R{�� t5t+�*�Fyz~F~,t9���$y � w¬À?s�� à�Í � �K� � ×��+{ x�� { � t5u��VxFxFt un� t9�k� wg� �;����w
{ x � x�ÌgxFy � u8{�| tKÀ?s ��Í,Ð;ÐV��� �L�$y � u�w�!

� ��� C > ��� ( (;>�C >5�=� (9F�> / / -�����$,�M(;�=>5�

#���yzxV�$� � ~ ��yzxV��u���"�D�FxFy u8{�� y �Vx>� t��e�5{�� t�u8��x����,un� t9����x � |����e� t8��×K! �_y���! � �ewg�3��� � wFt£�FxFy �
��y � tvu�� yz��xg{�|��g{�x����$y�� � wk� t��e��� t9�L�g| �(�HÃ[�����;�F��y��k~F| t��kt8x � { � yz��x {���}���ÀÁ× u�wg{ xgxFt8|m	 � � à {�x��
×�� �0à | {O��tv�<��! �g�����kt���y���� � |z{����Vt£�kt��<� {��t9�,	,� wFt"�g{�x����$y�� � w/y���� y���xFy�Ì,u8{�x � |��>y��k~F� �3Ò�t��Ï���
�F~�� �����
	 ���1�k�3Ò yzx���Ã[� �;� }���ÀÁ× u�wg{�xFxFtv|V� � � � à | {O��tv��	��,t u8{���et � � à wg{�x���|zt��8�£�F| � yz~F|zt
�etvx�� � t+�*�Ft9���(�&�ey��£�F| � {�xFt8�;��� |��;!�×�� �0à | {O��tv�J� wF�3���&�ey��ky | { � x����D�,tv�<� {� � � à | {O��tv��! � ��y���� �
�,tkxF��� t�� � wg{ ��{ |z|8�,{ x����$y�� � w x����D�,tv�<�5y x � wgy���~g{�~,tv�({ � t.� t8~ ��� � t��?y xÔÀ)yz| |zy �Vx�ÝJ� � t�� � � tvu
Â ÀÁÝ � �(ÄV!

�_y���!&Þ¢� wF�3��� � wFt/~,�Vy x �>� �'~,�Vy x ��~Fy x�� � ~,�Vx�� | {�� t8xgu,�!&Ý>�ã�Vt��e� y x��'� y�� ��Ã(� wgtÔ�e� {Vu(�
�3Ò�t8� wFt {�d	g� wFt7��xFtD���V� tD�kt9��� {��Vt�|z{ � tvxguZ����� ��~���Ã[� �� � ! �O����{��(}���ÀÁ× |z{O�Vt8��� � � ! à ���6{ �
� � à | {O��t8�9!�ÝJ� ~ t8��Ã[���<�7yzx��RwFt {��tv��u8{Vu�wFy x��k{ ��×�� �0à |z{O�Vt8�9	 � wFt(x����D�,tv����� ��~��JÃµ�g�e� wFt8�$� �
Ð ! ������!���t {��tv�6u8{Vu�wFyzx��7� tvu�wgxFy��*�Ft.y���{�~F~F|zy t9� � ���kt��<� {���t9� �L�R{�| |zt8� � wg{ x?� � Þ����V� t���! � ��Ã[�V�
� wFy��$��{ x��Vt6� wFtK×�� �0à | t�Ò�tv|Jx*���£� t8�(�$u���x
�ey���� t8x � |�� �;��� ~ t8��Ã[���<� � � à x����D�,tv�<��!
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� � � w���w IJ2*%JP.@�B%VBD-0G+049:*E�G*';:;-5-0%(Po-

� �1� �#��*�� �=��*���� 1 *6"%�M(+��> ��:

�Ò�{ |��g{�� y �Vx¢�$y � w ��xgt�� y��Ft��'��~ t8��{�� yz��x
�7{�� t�{ |�� �/u8��x����,un� t9� �Vx � |����e� tv�"×£!�s wFt�� t����F| �(�
Ã[����ÀÁ# � #���� � t��e��{�� tÔ�ewg�3�$x yzx8�Yy��
! ��!$s wFt � t��e�>� y��7t9� � wFt ~Fyzx�� � ~ ��x��'|z{ � t8x,uZ� � y��kt
Ã[���.~ t8��Ã[���<�ky x��)� wFt ~����7��~ t8��{�� yz��x Ã[�V| |z�3�+t�� ���Ô��� xgu�wF� ��xFy��v{ � yz��x�!��F���.� wFt � � à {�x�� � wFt
}���ÀÏ× � wg{ xFxgt8|2|zt,ÒVt8|���t9�ey���x�	��VxFt1�ey���t9� �V~,tv� { � yz��x�� { � t�y��k~F|zt,�ktvxV� t����g{;�et9� �Vx ~ ��yzx �+� �
~,�Vy x ��u��;���D�FxFy u8{ � yz��x�! s wFtvy ��x����D�,tv�<��{�� t&�ey��ky | { �9	3�$y � w
� wFt � � à |zt,ÒVt8|���t9�ey���x7~,tv�LÃ[�V���kyzx��
�e|zy��Vw � |����,t8�e� t8��� tvuv{���� t�~,�Vy x ��� �k~,�Vy x �5u8��"�£�Fxgyzuv{�� yz��x>y��$��~�� y��ky��8t9�d!�ÝJ� �V~�� y��ky �vy x��R�VxFt
�ey���t�� ��~ t8��{�� yz��x){ ��×�� �0à 	a�+t����� t8�<Ò�t àV� 	A� t9���gu�� yz��x)yzxÏÀÁ# � #����5| {�� t8xgu,�>{;�6u��;�k~g{ � t��
� �k� wgt � � à | t�Ò�tv|���t�� y��Vx�!

� t�{�|�� �"�7t {���F� t5� wFt(� wF� �;����wg~�������Ã���xgtK�ey���t���u8��"�£�Fxgyzuv{�� yz��x�!gs wFt(��xgtK�ey���t���u8�� �
�£�FxFy u8{ � yz��x.� wF� ����VwF~������ t��e��yzx�Ò��V|�ÒVt��J�0�+��~F� ��u8t��<�et9�,!�s wFt>Ìg�(����~F� ��u�t��<�_y��<�L�gt�� Í Þ�ÀÁ# � #����
{ x�� Í Þ�ÀÁ# � ��t8�5��~ t8��{�� y �Vx��$�ÃY� wFtD� {��ktK� y �vt! s wFtD� tvu8��x��>~F� ��u�t��<��L0���e���e� {��e�(�6{�x)tZÕ�~,� �
�L�F� t$t8~ ��u�w�!��/t��ktv{;�L�F� t+� wFt��k{�Õ�y��D��� � wF� �;����wg~������+t�u8{ xR{Vu�wFy t�Ò�t Â yzxk� tv�������Ã�À y |z| yz��x �
Ý>� � t�� � � tvu�Ä�Ã[��� �D�F| � yz~F| t�y � tv� { � yz��x�� �ÃL� wgt�{�,�3ÒVt�� t+�*�Ftvxgu�t;!M�_y���!F�"� wF�3���O� wFt(� t����F| �<��!�s wFt
y��k~F� �3Ò�t��7tvx �O��x ~,�Vy x �+� �7~,�Vy x �>�,{ x����$y�� � w��R{��Vt���� wFt � � à | t�Ò�tv|a��t9�ey���x ���� ~,tv�LÃ[�V���D� wFt
}���ÀÏ× u�wg{�xFxFtv|g|zt,Ò�tv|a�Ft�� y��Vx��*�"�F~ � � Ð �
	¬!�×�x����$y � w ��xFt��ey���t��¬� u�wFt9���F|zy x��
{��O� wFt�×�� �0à
|z{O�Vt8�9	�� wFt
~,t {�� � wF� �����wF~��F�5u8{�x)� t {�u�w){ � ��Fx
���V� � ÀÁÝ � ��	��$wFy u�w)y���{ xF��� wFtv�6��! Í 	AwFy���wFtv�
� wg{�x � wFt � � à |zt,ÒVt8|���t9�ey���x>x����£� t8�(�,!

� ��� G�CNF F�&���- -�*6��<5*	� G�CNF F�
�� -��)(+*
s wFt���# �$� ���Fy � tÖÎ � Ñ u���x ��{ yzx��
� t��e�<���$wFy u�w t�Ò�{ |��g{�� t � wFt | {�� t8xgu,� Ã[������y�Û tv� tvx �
�0� ~ t��7��Ã
u���"�D�FxFy u8{�� y �VxR~g{�� � tv� x���! � �+~ t8��Ã[���<����� wgt5~Fyzx�� � ~ ��x���� t��e�<�>� t��0�+t8t8x { |z|,~ �;�<�ey��F|zt���y�Ûat8� t8x �
~g{ yz�<����Ã�~F� � u8t��<�e�V�<��! � �5{�|�� ����� t�� �0�+����y�Û tv� tvxV��� yzx��k�0� ~ t����Ã�u���"�D�FxFy u8{�� y �Vx�~g{�� � t8� x�� � �
t,Ò�{ |��g{�� tk|z{ � t8x,uZ� KdÙ6{��<�F��{ |z|�� � �(��tv� t9� }$yzx��){ x��/}�{ x
����k|�� � �<�Ft8� t�� }$yzx��
!���# �$� � t9���(�
�Otv� t�~ t8��Ã[���<�kt����Vx Í ÞRxg���Ft��5��Ã � |��
��� t8��Ý�{�x����+t�� t8~ ��� �5����� � t9��| {�� tvxguZ��x����D�,tv�<��!
×��
�ewF�3�$xkyzx#�Yy��
! ��	�Ot�u8| t { � |��
���� t8�<Ò�t${ xk~ t8��Ã[���<�R{ xgu8t$y��k~F� �3Ò�t��7tvx �H�g~k� � � 	§Ã[����� wFt � � à
| t�Ò�t8|a��t�� y���xR�3Ò�tv��� wFt�}���ÀÁ× � wg{�xFxFtv|g|zt,Ò�tv|
��t9�ey���x�V{ x
�7� wFt��,tvxFtZÌF�>Ã[� �;� wgtv{�Ft8��uv{�u�wFyzx��
{��$� wgt�×�� �0à | {O��tv� t8xFwg{�xgu�t9�+� wFt(~ t8��Ã[���<�R{ xgu8t��*�¬�F~>� �R{ xF��� wFtv��Þ
	¬!

� � � �� ��?��� (+*�<5*6"�� > "'(
� x�� wFy���� tvu�� yz��xÜ�OtK� wF�3� � wFt.~,tv�LÃ[�V���R{ x,u�t(t,Ò�{�|��g{ � yz��x�Ã[����� wFt �e� � t8x,u�w��R{ �<�åÎ ÍZÑ ! �e� y��5{ x
y x � t���tv���e�V�e� � t8xgu�w��R{������Vt8� xFt8|a� wg{����e� � t��<�et9�O� wFt.u8��"�£�gxFyzuv{�� y �Vx {� ~ tvun���Ã_� wFt(xFt8�0�O�V����!
s wFtOt,Õ�~,tv� y��kt8x �<�©�Otv� tOu���x
���gun� t��KÃ[����u�| {�<�et9��Ý { x�� � ��x.�5xF����t9�_{�x�� Í Þ6xF����t��_��Ã � |����e� tv�
Ý�!Ys wFt � t����F| �<�
{ � t��ewF�3�$x yzx �Yy��
! Í � !Ls wgt�×�� �0à |zt,ÒVt8|�y��k~F|zt,�kt8x � { � yz��xpwgt8� t¬�ewg�3���1�F~
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� �!� 	 y��k~F� �3Ò�t,�ktvxV��u���k~g{�� yzx����$y � w)� wFt
}���ÀÁ×Du�wg{�xFxFt8|_| t�Ò�tv|8��t9�ey���x�!,s wFt�×�� �0à |zt,Ò�tv|
��~�� y��ky��v{�� y �Vx������ t��7xF� ����yz� t un� |�� wFtv| ~ � wFt�u��;�"�£�FxFy u8{ � yz��x'~g{�� � t8� x � wg{��Ry��
�;��� t8�<Ò�t�� yzx
Ù�× � � �e� !��6t8xgu8t6� wFt�~,tv�LÃ[�V���R{ x,u�t�� t8tvx {��+� wgt � � à |zt,Ò�tv|ay���� wFt1� {��kt5{;��� wg{�� ��ÃL� wFt�×�� �0à
| t�Ò�t8|m!

� �å»>¸�¾#�L½)��¿0»�¸)� 
5¸�¼���½�¹�½�º���� »�º �
� x'� wFy�� ~g{�~,tv���Ot)w,{OÒ�t){ xg{�|����vt�� � wFt�� � {;��t � ��Ûd�R{�<�e��u8yz{ � t�� �$y � w y��7~g| t��7tvx � yzx�� ÀÁ# � � �
�3Ò�t8� � x�ÌgxFy�Ý+{�x��R{���� wFt6}���ÀÁ× u�wg{ xFxgt8|m	 � � à {�x��"×�� �0à | {O��t8���Ã�ÀÁ# � � ����!��/t�wg{OÒVt {�|�� �
��t�� u�� y�� t�� � wgt1ÒT{�� yz��
� ��~�� y��ky��v{�� y �Vx��+� w,{��6{ � t�~,�*��� y��g| t�{ � t {�u�w>��Ã_� wFt9�et(|zt,ÒVt8|��,!

� y � w � t�� ~,t un��� �Ü��t�� y���x u8��k~F|ztZÕ�y �0�	a��F���+���<���ewF�3���6� w,{���u��;�7~,{ � t���� � � wFtR}���ÀÏ×
u�wg{ xFxgt8|F|zt,ÒVt8|
�Ft�� y��Vx�	�{ � � à | t�Ò�t8|a��t�� y���xkxFt8t9����� ��y��7~g| t��7tvx ��� wFt6~F� �;��� t��<��t8x��Vy xgt	��$wFy u�w
y�� � wFtå�R{ yzx u8{���et ��Ã.{;����t�� u���k~F|ztZÕ�y �0�!J× Ãµ�F|z|�� Ã[t {��<�F� t9�è×�� �0à |zt,ÒVt8|���t�� y���x y��¬ÒVt8�<�
u���k~F|zy u8{�� t������F�_��~F� y��7y��v{ � yz��x��L| y���t�wFtv{;��t8�Yu8{�u�wgy x��
	���xgt>� y���t9�(u��;���D�FxFy u8{ � yz��xK� u�wFt����g| yzx��
u8{ x�� tK����xFt�{ � � wFy��$|zt,Ò�tv|S!

� y � w.� t�� ~,t un�Y� ��~,tv�LÃ[�V���R{ x,u�t	v� wgt � � à {�x��£×�� �0à | t�Ò�tv|*��t9�ey���x7u8{�x.yzxgu�� tv{;�et�� wFt&�g{ x
� �
�$y�� � w��ey���xFy�Ì,uv{ x � |��	��F~ � � ���
	 Ã[�V� �g{ x����$y�� � w>� t��e��u��;�7~,{ � y x����$y � w>� wFt(}���ÀÁ× u�w,{ xFxFtv|
| t�Ò�t8|5��t9�ey���x�!��6tv{;��t8�(u8{Vu�wFyzx��>{ �5� wFt�×�� �0à u8{ x/|z�3�Otv�6� wFt��L�R{ |z|H�kt��<� {��t.| {�� t8xgu,�)� � Ð ! �
���,	F{ Í ��! � 	 y��7~g� �3ÒVt,�kt8x �$u���k~g{�� yzx����$y � w � ! ÞD����{Vu�wFyzt,Ò�t9�����k� wgt�}���ÀÏ× u�wg{ xFxgt8|J|zt,Ò�tv|
��t�� y��Vx�! � xFt"�ey���t��Ô� u�wFt����g| yzx���{���� wFt�×�� �0à | t�Ò�tv|8�$yz|z|�{ |��e����� tv{�� |���y��k~F� �3ÒVt��6� wFtk~ t8��Ã[��� �
�k{�xgu�t;!3� t�� t8t�{�x
tvxFwg{�xgu�t��7tvx �H�g~
� � à�� 	�y x�ÀÁ# � #�����| {�� t8xgu,�.{ x��k��! Í 	�y x
� wg� �;����wF~����
� t��e�.u��;�k~g{ � t��Ï�$y � w � wFt � � à |zt,ÒVt8|���t9�ey���x�	d�$wFyzu�w/yzx �<�F� x � wF�3��� Ð � 	0y��7~g� �3ÒVt,�kt8x �(��x
� wF� ����VwF~������3ÒVt8��� wFt }���ÀÁ× u�w,{ xFxFtv|�|zt,Ò�tv|���t9�ey���x�!�5Ûatvun�(�(��Ã � wFt�� tR��~�� y��ky��v{ � yz��x���{�|�� �
�ewF�3� �,tvxFtZÌF�(�({���� wgtk{�~F~F|zyzuv{�� y �Vx?|zt,Ò�tv|�t,Ò�{ |��g{�� y �Vx?�ÃJ��# �$� { x
�åÙ�× � �L�Fy � t;!�×��({>u��Vx �
u�|����eyz��x�	O{ | � wg����Vw � wFtÔ×�� �0à | {O��t8�(�R{����� u8��k~F|ztZÕ�y �0�^yzx y��k~F|zt,�ktvxV��{�� y �Vx�	�� wFtÏ� t8xgtZÌF�(�
{�u�wFyzt,ÒVt�� � wF� �;����w ��~�� y��ky��v{�� y �Vx�� L0����� y}Ãµ�¢�7�3Ò yzx��)� �?� wFt�×�� � |z{O�Vt8�.� �/tZÕ � ��{�u��.� wgt�� t��e�
~,tv�LÃ[�V���R{ x,u�t!

×��+{(~g{ � �O�ÃdÃµ�����g� t��O�V�����Ot��O�;�F|�� | y���t6� �.u8��kt��F~¬�$y � w {�Ãµ�F|z|aßgt�����t��¬ÀÁ# � � �1��t9�ey���x
�3Ò�t8� � x�ÌgxFy�Ý { x��p{ ��� wgt�×�� �0à | {O��tv�(� �å��t8|zy�ÒVt8�D��� ��� ~,tv�LÃ[�V���R{ x,u�t!�� t>{ � t ~F| { xFxFyzx��)� �
�L�F~g~,�V�e� u8��"�£�Fxgyzuv{�� yz��x'� wg� �;����wã�ew,{ � t�� �7t��k���<�	�{�x�� �V~�� y��ky �vt u��V| |ztvu�� y�Ò�t)��~ t8��{�� y �Vx��
���eyzx�� � x�Ìgxgy�Ý { x
��0 �6}���ÀÏ× { x����£�g| � y � u8{;���&Ã[tv{ ���F� t���!
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