


� �������	��
�����������

������������� �!�#"$��%'&'�(�*),+�-.-�/��0�1)�23�4�$"657+�8'9.:(��: 57+<;���=��$��8>:(��&?%'9.��%4�A@#���$8?:!9B;��$-DC4+�8'%
57+<;E�F=��$��8HGI�E&'8'%J�!�K=��ML��	NO�$�PGI&'-Q+�=':(�!��+�"R��9.��8':0GI�E�0%'9.:P���(9.='&?�!�$%H"��E�4L'&?��9B8'SUTWVEXZY\[^]
_`8H���1)aGI��+��4��NO�E�!bc:�Xd�!5'�M��8'%J&?:!�$�09.8e;E��b��$:f+�:!9B��L?-.�g�!��&?��9B8'�g���h:(�E-B;��iL?�!�E='-B�$�4:
��;E�$�j�!���������>%'9.:P���(9.='&?�!�$%k�!��:!�E&'�("$��:$]lm8c&'�M=����j��G����O)nGI��+��4��NO�E�!bc:o57+<;E��=����$8
9.�4L'-.������8e���$%p+�8'%>+��(�ONq9.%?�$-BCi&':(�$%rTts�u�VEV$[^]�_`8>+�%'%'9B�!9.�E8i���fL'�(��;v9B%'9.8?Sf:!9B��L'-B�O9B8e���$�xw
G�+�"$��:jGI���g&'L'-.�E+�%'9.8?Sy+�L'L'-B9."<+\��9.��8':*9B8c�!�z��5'�4%'9.:P���(9.='&?�!�$%{:(C#:P���$�4:i+�8'%{GI�E�g�!�������!�
9.8e;E�#"<+\��9.��8r��G���5'�i+�L'L?-.9."$+���9B�E8':�X':!�E�4�j��G3�!5'�M���1)|:(C#:(�!�$�4:f+�-B:!�4L'�!��;#9.%?�i:(�$�(;#9B"$�
%'9.:("$��;E���(C�X��(�$:!��&'�!"��O��+�87+�S��$�4�$8e�<X<:("65'�$%?&'-.9B8'S'X�:!��"$&'�(9B�`Cj+�8?%i9B8?GI�E�!��+��!9.�E8f:(�$�P;v9B"$��:$]

}�5'�~�!�E-B�Q��G?�0�1){9.8j)��E�4L'&?��+���9B�E8j�o�(9.%': T�V	Y	[e57+�:�=��$�$8o��5?� :!&'=#�(��"�����Gv�!�$"��$8e�:(�!&'%vw
9.��:qT�V<s	u�V	�\[^]�)��E��L?&?�6+��!9.�E8'+�-'�g�!9B%':3"��E8':(9.:(�!: ��Gd-�+��!SE�O8#&?�p=����Q��G���+�"65'9.8?�$:Q�!+�8'SE9B8'S
GI�!�E��NO�E�!bc:(��+���9B�E8':M�!�H:!&?L����!"$����L'&v���$�(:>+�8'%�:P���!9D;E�h�!�UL'�!��;#9.%?�h���!+�8':!L'+��!��8'"�C����
��5'�M�$8'%{&':(�$�!:o+�8'%H5'9BSE5HL��$�(GI���!��+�8'"$�iGI�E�*��8'%{+�L'L'-B9."$+���9B�E8':$]7��5'9B-.�i5'9.SE5rL����(GI�E�xw
�h+�8'"$�q9.:1+�"65?9.��;��$%�=cCF�!5'�qL7+��!+�-.-B�$-'�A@?��"$&?�!9.�E84��G�+�L'L'-B9."<+\��9.��8':Q�E84-�+��(SE��8c&'�p=��$�~��G
�o�(9.%K�(�$:(�E&'�!"��$:�X�&?:!�$�,�!��+�8?:!L7+��(�$8'"RCz"<+�8�=��o+�"65'9B��;#9.8?SF=cCK�$�4L'-.��C#9.8'Sp�0�1)�����"65vw
+�8'9B:!�4:$]����$8'"����o�(9.%vw�=7+�:!��%{�0�1)�:(C#:(�!�$�4:o8'�$��%k�!�z=��F='&?9.-B�0���zL'�(��;v9B%'�p��5?�F�$8'%
&':!���!:g��5?�F"<+�L7+�='9.-B9B�`Cy���z9B8c;��Eb��>�(�$�4�����pL'+���+�-B-.��-3+�L?L'-.9B"<+��!9.�E8':0�E8k�g�!9.%U�(�$:(�E&'�!"��$:
=eC�+>:(9.�4L'-.�*:!�$�c&'��8e��9�+�-L?�!�#"$�$%?&'�!�o"<+�-.-�]

}�5'�E&'S�5��!5'�$�(�y+��!�y+U-�+��!SE�K8c&'�M=����F��G0�0�1)m:PC#:(������:F�!57+��>:!&?L'L����(�>�!���������z9.8#w
;E�#"<+��!9.�E8k��GOL7+��!+�-.-B�$- +�L?L'-.9B"<+��!9.�E8':FT��vX��?XDV��?XDV	��u?Y���[�X���5'�4:!��-.��"���9B�E8k��G��(�$:(�E&'�!"��$:jGI�E�
��5'�M�R@v�$"�&?��9B�E8H��G~L7+���+�-B-.�$-�+�L'L'-.9B"<+��!9.�E8?:�9B8J��5?�$:!�M:(C#:(�!�$�4:f%'�#�$:f8'���*�6+�b��p9B8c�!�K+�"Aw
"$�E&?8c����5'�1%?C#87+��49."~-B�e+�%i+�:!L��$"R��:��!57+��3+��!�O+�:(:!�#"$9�+\���$%oNq9B�!5F)��E�4L'&?��+���9B�E87+�-e�o�(9.%':�]
� �E�4����G,��5'�4L7+��!+�-.-B�$-~���1)�:(C#:(�!�$�4:zTtYvVRu?Y��vXBV���u?Y���[1+��(����+�9B8'-BCJ"$�E8'"��$�(8'�$%�Nq9D��5
L'�!��;#9.%?9.8'S4�!�E=?&':(�*+�8'%r���4"$9B�$8e�f9B8c�!�$�PG�+�"$��:�GI�E���!5'�i:(�$�P;v9B"$�iL'�!��;#9.%'���!:����49.8e����SE��+��!�
��5'��9.��L7+��!+�-.-B�$-�+�L'L?-.9."$+���9B�E8':q9.8e�!����5?�M:(C#:P���$�4:o+�8'%rGI�E���!5'�M&?:!�$�(:*���h�!�$�4���!�$-BCy&?:!�
��5'��:!��L7+��!+�-.-B�$-?:(�$�P;v9B"$��:$]c_`84�!5'�$:(�0:PC#:(������:~��5?��&?:!�$�(:O���Q��5'�q:!���(;#9."��0L?�!��;#9.%'���!:~57+<;E�
���KL?�!��;#9.%'�j��5'��9.���	Nq8U:("65'�$%?&'-.9B8'SK�4�$"657+�8?9.:!�4:�9BGQ�!5'�M�(�$:!��&'�!"��$:fGI�E���$8'%{+�L'L'-.9B"<+\w
��9B�E8��A@?��"$&?�!9.�E8�57+<;E�h�!�J=��h%?C#87+��49."$+�-.-DCH"65'��:!�$8�]Q_`8��4�E:(�i"<+�:!�$:�X3��5?�h&':(�$�!:p+�8'%
��5'�4:!���(;#9."���L?�!��;#9.%'���!:j-�+�"6bH�!5'�>�R@vL����(�!9.:!�4����9.�4L'-.������8e�g:!"65'��%'&'-B9.8'S����$"65?8'9.�c&'��:$]
� �E�4�g���O)�:(C#:P���$�4:iTt�vXBV��\[�L'�(�	;#9B%'�g:!"65'��%'&'-B9.8'S>:!���(;#9."��$:q9.8y+�%'%'9B�!9.�E8����p��5?�g=7+�:!9B"
GI&'8'"R��9.��87+�-.9D��9B�$:M��G*L'�(��;v9B%'9.8?SU9.8e�����(G�+�"��$:F���U��5?��:(�$�P;v9B"$�yL'�(�	;#9B%'�$�(:�+�8'%�&':!���!:$]~_`8
��5'��:!�o:(C#:P���$�4:$Xd:("65'�$%'&?-.9.8?S4�4���!5'�#%'�E-.��SE9.��:,+��(�f�$�4L'-.��C��$%y���F"65'�#�E:!�o=����`NO�$��8J%'9DG�w
GI�$�(�$8e�qL7+��!+�-.-B�$-7%'�E��+�9B8':O�!57+��,9B��L?-.�$�4�$8e�1��5'�*:�+��4�fL7+��!+�-.-B�$-d:!���(;#9."��$:�]7 �&?�,Nq9D��5'9B8
+FL7+���+�-.-.��-�%'���h+�9B8�Xv�!5'�o8c&'�p=��$��+�8'%�"$�E8v¡7SE&'�!+���9B�E8z��G��!�$:(�E&'�("$�$:*+��!�f¡v@?��%H+����!5'�
��9B���fNq5'��8J��5?�i:(�$�(;#9B"$�$:*+��!�o&'L?-.�e+�%?�$%J9B8e���F��5'�i���O)¢:(C#:(�!�$�£+�8'%�5'�$8'"��p+��(�i8?���
+�%7+�Lv��9B;��g���F��5'�o-B�e+�%z%?C#87+��49."�:q��G��!5'�i�o�(9.%z�(�$:!��&'�!"��$:$]

_`8K��5'9B:,L7+�L��$��XvNO�fL'�(�EL���:!�o+F�g�!9B%vw`=7+�:!�$%K�0�1)�:(C#:(�!�$�¤"$+�-.-B�$%y�g�!l*¥ � �E-D;E��¦4��5'+��
�$87+�='-.��:f��5'�F&':(�$�(:f���z9.8e;��Eb���§J� _0+�L'L'-B9."<+\��9.��8':0��8k�(�$�4�����F�o�(9.%H�(�$:!��&'�!"��$:gGI�!�E�

¦�Ëc�|¤r ¢¶( ¢�¢¤�£-§¨ [¯t³��¨��¤�°1ÏÌ��EÓ;Âa�P�¨¸�¤À �§¨©�¯o¤r§¨�[§¨ ;°|¤t�§�¸�¤�° ¹ ��P£ ���|¤r¤o¦(·�¤t�§�¤�©�¯o¤� ;� ¹ ����¤
ÏR��EÓ;Âz¨ ìPéR©f³�©�°¥åE¤t��Âa�P��¸�¤i¨ èa» ì�ª�©f·���$«¢¤�¯o�� tÁ

Y



+�:(�$�c&'�$8e�!9�+�-�$8e;#9.�(�E8'�4�$8e�<]��o�(lf¥ � ��-B;E�o"��E�p='9B8'�$:���5'�j�<+�:PCew����\w`&':(�p���O)|�4�$"65'+\w
8'9.:(��:���G������ � �E-B;��oTt�vX Y��\['+�8?%pL���NO�$�PGI&'-7+�L'L?-.9."$+���9B�E8vw�-.��;��$-e:("65'�$%'&?-.9.8?Sf����"657+�8'9B:!�4:
9.8'5?�$�!��8e�r9B8���5'�k�g�!l*¥ � TtYE�\[fL'�!�\�(��"��$]�l*L'L'-B9."$+���9B�E8vw`-B��;��$-*:("65'�$%?&'-.9B8'S�57+�:y=����$8
L'�!��;��$8r�!��=��j+4L���N����(GI&'-�:("65'�$%?&'-.9B8'S��!�$"65'8'9B�c&'�jGI����L'�!��;#9.%'9B8'S>5'9.S�5�L��$�PGI�E�!��+�8'"��
T�Y��?XZs���[�]

_`8|+�%'%'9B�!9.�E8 ����L'�!��;#9.%?9.8'S��$+�:(Cew��!��w`&?:!�{9.8e�����(G�+�"��$:zGI�E�K�!5'�{:!�$�P;#9."$�{L'�(��;v9B%'�$�(:z���
&'L'-B�e+�%H��5?�FL7+���+�-.-.��-3+�L'L'-.9B"<+��!9.�E8?:09B8c�!�K��5'�F:PC#:(������+�8'%HGI�E�0��5'�F��8'%�&?:!�$�(:g���z�!�Aw
�������$-DC�9B8c;��Eb��z�!5'�rL'+���+�-B-.��-�+�L?L'-.9B"<+��!9.�E8':�X �g�!l*¥ � �E-B;��y+�-.:(�{L'�!��;#9.%'��:>9.8e�����(G�+�"��$:
GI�E�i�!5'�K:(�$�(;#9B"$�KL'�(��;v9B%'�$�(:p�E�i-.9.=?��+��PCUNq�!9B�!�$�(:i���J&'L'-.�E+�%��R@v��"$&?�!9.�E8��4�v%?�$-.:o��5'+��
L'�!��;#9.%?�49B8?GI�E�(�h+��!9.�E8J+�=��E&?�g��5?�4L?�!�$%?9."��!�$%��R@v�$"�&?��9B�E8�"��E:(�!:o��G��!5'�4+�L'L'-B9."<+\��9.��8':$]
}�5'9.:q9B8?GI�E�!��+��!9.�E8K9B:q&':!��%J=eCr�o�(lf¥ � ��-B;E�f�!��L��$�PGI�E�!� +�L'L'-B9."<+\��9.��8vw`-B��;E��-�:("65'�$%'&?-Dw
9.8'S�+�8'%�%?C#87+��49."$+�-.-DC�"65'�#�E:!�H�!5'�H�(�$:!��&'�!"��$:zGI�E���!5'�H�A@?��"$&?�!9.�E8���Gg�!5'�HL7+���+�-B-.�$-
+�L'L'-B9."$+���9B�E8':M='+�:!��%���8��!5'�z-.�E+�%�%?C#87+��49."�:p��G���5'���g�!9B%��!��:!�E&?�!"$��:$]1�g�!l*¥ � �E-B;��
+�-.:(�>&':!��:��!5'�o%7+��6+F%'9B:(�!�!9.=?&?��9B�E8z9.8?GI���!��+���9B�E8hL'�(��;v9B%'�$%�=eCz��5'�o-B9.='�!+��(C4Nq�!9D���$�(:����
L7+��P��9B�!9.�E8F�!5'�*&':(�$�(:��?%'+��6+i+�8'%K:P�6+�SE����5'�0%7+���+j���j��5'�0%'9����$�(�$8e�O�!�$:(�E&'�("$�$:�&?:!�$%�GI�E�
��5'�f+�L'L'-B9."<+\��9.��84�A@v�$"$&v��9.��8�]��f&'�O�R@vL����!9B����8c�!:,:!5?�	N��!57+����!5'�*%'+��6+M:P�6+�S�9.8'Si����"65vw
+�8'9B:!�4:�9B8r�o�(lf¥ � �E-D;E�o5'��-.L��!�$%?&'"$�o��5'�j%7+���+4:P�6+�S�9.8'SF��9B����:q9.8��0�1)a:PC#:(������:0=eC
Y��\w	����
K]��g�!lf¥ � �E-B;��>+�-.:(��&?:!�$:o��5?�4L��EL'&?-�+��j�g�!9B%U"$�E�4L'&?�!9.8'Sz���#�E-^X��g-.�E='&?:4Tts?V�[
GI�E�q����+�8':(GI���!�!9B8'Sh%'+��6+h=����`NO�$��8H��5'�M&':!���f+�8'%r��5'�i�$8'%U�(�$:!��&'�!"��$:g+�8?%JGI�E��-�+�&'8?"65vw
9.8'S���5'�>+�L?L'-.9B"<+��!9.�E8r�E8H��5'�4�g�!9B%H�!��:!�E&?�!"$��:$]�_`8k+�%'%?9B��9B�E8r�!�K��5'�>+�=���;E�pGI�$+���&?�!�$:�X
�o�(lf¥ � ��-B;E�f+�-.:(�p�$87+�='-.��:,��5'�g&':(�$�(:q�!�F:(�!�E�!�g�A@?��"$&?�!9.�E8y���!+�"$��:,GI�E��+pL'�(�E='-B�$�m�!&'8
+�8'%�&?:!�K��5?�h�R@v��"$&?�!9.�E8��!��+�"��$:MGI�E�j��5'�h:!&'=':(�$�c&'��8c�4L'�(�E='-B�$���!&'8?:$]3}�5?9.:iGI�$+���&?�!�
5'�$-BL':M9B8�:(9.SE8'9D¡7"<+�8c�!-BCU�(�$%'&?"$9.8?SJ��5'����;E�$�(5'�<+�%�9.8'"�&'�!�(�$%�%'&?�h������5'��:!�$-B�$"R��9.��8���G
��5'�4�!��:!�E&?�!"$��:iGI�E�j+�L?L'-.9B"<+��!9.�E8U�A@?��"$&?�!9.�E8�+�8'%{��5'�4:(��+�SE9B8'Sy��G,9B8'L'&?�j%7+���+y�!���!5'�
�$8'%��!��:!�E&?�!"$��:$]

}�5c&':$X7��5?�j"��E8e���(9.='&?�!9.�E8?:���G3��&'�q�!�$:(�<+��("65H+��(��

/xV	2K%'�$:(9.SE8�+�8'%�%'�R;E��-.�EL'�4�$8e�F��Gq+�8����1) :(C#:(�!�$����57+��M&?��9B-.9��$�$:o:P�6+�8'%'+��!%��g�!9B%
)��E��L?&?��9B8'S �4�$"65'+�8'9.:(��:�GI�E�y9.8e;E�#"<+\��9.��8|��GF�(�$�4�����kL7+��!+�-.-B�$-o+�L?L'-.9B"<+��!9.�E8':
GI�!�E�¤+4:(�$�c&'�$8e�!9�+�-���8c;#9B�!�E8'�4�$8e�$]

/^YE2K:!�$-B�$"R��9.��8¢��GM�(�$:!��&'�!"��$:yGI�E�zL7+��!+�-.-B�$-f+�L'L'-.9B"<+��!9.�E8 �R@v�$"�&?��9B�E8a='+�:!��%a�E8¢-.�E+�%
"$�E8'%?9B��9B�E8':���G��5?�j�(�$:(�E&'�!"��$:0+�8'%r+�L'L'-B9."$+���9B�E8K"657+��!+�"��!�$�(9.:(�!9."�:$]

/�se2K�h+�9B8e���$8'+�8'"$�g��G3�A@?��"$&?�!9.�E8����!+�"$��:qGI����L'�!�E=?-.�$� �!&'8?:$]

� �$"R��9B�E8{Y�%'��:!"��!9.=��$:g9B8J='�(9.�RG ��5'�p�o�(lf¥ � +�8?%��0�R� � �E-D;E�pL?�!�\�(��"���:�]�}�5'�F+��!"65'9D���$"Aw
��&'�(�H��Gj�g�!l*¥ � �E-D;E��X~��5?�r;�+��!9B�E&':��$8e��9D��9.��:h9B8 ��5?�U�g�!lf¥ � �E-B;��J:(C#:P���$� +�8'% �!5'�
:!&'L?L��E�P��GI���4�!5'�J��8c�!9B�!9.�$:>9B8 ��5?�H�g�!l*¥ � �E-B;��r:PC#:(����� +��!���R@vL'-�+�9.8'��% 9B8 � ��"���9B�E8
s?]�}�5'�M:(&'L'L��E�(�*9.8r�!5'�F�g�!l*¥ � �E-D;E�j:(C#:(�!�$�£GI���0��+�9.8e��+�9.8'9B8'SF�R@v��"$&?�!9.�E8H�!��+�"��$:*9B:
�R@vL'-.+�9.8'��%>9.8 � ��"���9B�E8��']E_`8 � ��"���9B�E8��vX��!5'���R@vL��$�!9B����8e��:~"$�E8?%'&'"��!�$%49.84�g�!l*¥ � �E-B;��
+��!�F�A@vL'-�+�9B8'�$%{+�8'%U�!��:!&'-D��:o+��(�FL'�!��:!�$8e�!�$%{���y%'�$�4�E8':P���!+����M�!5'�F&':(��GI&'-B8'�$:(:j��G1�!5'�
%7+���+M:(��+�SE9.8?Sp����"657+�8'9B:!�4:�+�8'%z�A@v�$"$&v��9.��8K����+�"$�$:�9B8y�g�!lf¥ � �E-B;���] � �$"R��9.��8y�M-.�#�Ebc:
+��g��5?�F�!�$-.+�����%{�����E�(�!:g9.8H��5?�4%?��;E��-.�EL?����8c�o��G�L7+���+�-B-.�$-����O)n:(C#:(�!�$�4:$] � ��"��!9.�E8��
L'�!��:!��8c�!:*"��E8'"$-B&':!9B�E8':q+�8?%�GI&?�!&'�!�gNO�E�!bd]

s



C
on

fi
gu

ra
bl

e
ob

je
ct

pr
og

ra
mWhole

program
compiler

A
pp

lic
at

io
n

Libraries

Software
components

Program preparation
system (PPS)

Realtime
performance

monitor

Binder

Grid 
runtime 
system

Scheduler

Pro gr a m execution

system (

PES )

P

r

o

b

l

e

m

 

S

o

l

v

i

n

g

E

n

v

i

r

o

n

m

e

n

t

Nego t iat ion Pe r f o r m a n c ef e e dback Ù?§¨�|ÁÅð�ÁuË��|¤AÏR��EÓ;ÂT�E�¯���§��¢¤�¯o���|�¤� ���7�����d�	�����
�	��
K���������������o�(lf¥� ��-B;E�i��;��E-B;��$%UGI�!�E��`NO��L?�!�\�(��"���:�X��g�!lf¥�T�YE�	[Q+�8?%�0���� �E-D;E��T��[�]�_`8H��5'9B:

:!��"���9B�E8�X'�!5'�o�	;��$�P;v9B��Nq:���GQ�o�(lf¥�+�8'%�0�R�� �E-D;E�j+��(�jL?�!�$:(�$8e����%�]����������! #"%$'&)(�*�",+.-/�,021}�5'���g�!9B%al0L'L'-B9."<+\��9.��8a¥f�R;E��-.�EL'�4�$8e�� ��G�`N�+��!�/��g�!lf¥� 2zL?�!�\�(��"��H9B:J+��p&'-D��9Dw&'8'9D;E�$�(:!9D�`CK�!��:!�$+��!"65yL'�(�\�(�$"R��Nq5'9."65KNO�E�!bc:����M:!9.�4L'-B9BGC>%'9B:(���(9.='&v���$%h5'���!�$�!��SE�$8'���E&':"$�E�4L'&?�!9.8'Sk9.8���5'�r:�+��4�yN,+<C���57+\�h��5?�����E�!-B%��9B%'�����$=:!9.�4L'-B9B¡7��%�9B8?GI�E�(�h+\w��9B�E8�:!57+��!9.8?S']3}�5'�r�g�!l*¥�L'�!�\�(��"��>9B8c�!�$8'%?:p���{L'�!��;#9.%?�K���#�E-.:M+�8'%�����"65'8'�E-B�ESE9.��:GI�E�q��5'�i%'��;��$-.��L'����8e�o+�8'%H�A@v�$"$&v��9.��8H��G1+�L'L?-.9."$+���9B�E8':�9B8H+z�g�!9B%r��8c;#9B�!�E8'�4�$8e�$]�_`8��5'�4�g�!l*¥�;#9.:!9B�E8�X���5'�F��8'%{&':!���j:(9.�4L'-BC�L'�(�$:(�$8e��:o��5'��9.�fL'+���+�-B-.��-3+�L?L'-.9B"<+��!9.�E8������5'�fGI�!+��4��NO�E�!b>GI�E�,�A@?��"$&?�!9.�E8�]'}�5'�fGI��+����RN��E�(bh9B:,�!��:!L��E8':!9B='-.�0GI�E�,:!"65?�$%'&'-B9.8'Sp�!5'�+�L'L'-B9."$+���9B�E8z�E8H+�8H+�L'L?�!�EL'�(9�+��!�o:!���0��G �(�$:(�E&'�!"��$:�X�-.+�&'8'"65'9B8'S�+�8'%J�4�E8'9D���E�(9.8'Sp�!5'��R@v�$"�&?��9B�E8�X�+�8'%�X79BG�8'�$"��$:!:!+��(C�X��(�$:!"65?�$%'&'-B9.8'S4��5'�j+�L?L'-.9B"<+��!9.�E8z�E8r+>%'9����$�(�$8e��:!���0��G�!��:!�E&'�("$��:$]�l5'9BSE5vw`-B��;��$-�;#9.�RN���G3�!5'�M�o�(lf¥�+��!"65'9D����"���&?�!�M9B:q:!5'��Nq8H9B8�339BSE&'�(�4V�]37�E�������!�g%'�R�6+�9B-.:$X#��5'�o�(�<+�%'���!:0+��!�g�(��GI���!�!��%r�!�JTtYE�\[^]���4�56�217(�+98;:<�6=>$@?A"CBD��EGF#:<�2"C:HBD�2I�0�R�� �E-D;E�jT��['9B:Q+o�g�!9B%p"$�E�4L'&?�!9.8'S*:(C#:(�!�$�%'�R;E��-.�EL��$%4+��KJ�8'9B;��$�(:!9B�`CM��G�}���8'8'��:!:!����]_��190:1+i�q�$�4���!�q�~�(�v"��$%'&?�!�*),+�-.-/��0�1)�2Q=7+�:(�$%h:PC#:(�����&':!��%hGI�E� :!��-B;#9.8'So8c&'�4�$�(9."<+�-+�L'L'-B9."$+���9B�E8':g��;E���p�!�������!����+�"65'9B8'�$:�]�}�5'� ������ �E-B;��h:(C#:P���$�"$��8':!9B:(��:i��Gqs��h+�9B8�



fro
m the agent

1. T
he client re

trie
ves p

roblem sp
ecific

atio
n

2. The client matches input data with problem parameters

fro
m the agent

3. T
he client re

trie
ves li

st o
f se

rvers

4. The client contacts a server on a machine for problem solving

5. Server spawns
    a service

6. Client sends input to service

7. Service solves problem

8. Service sends output

Agent

Client

Server

Service

Ùf§��|Á{ìaÁ��Ì¸�¤t�¸a§¨¤t¿Ñ� ¹ åE¤t��Âa�P��¸�¤�Âa¶( ¢�¢¤�£
"$�E�4L��E8'�$8e�!:�w1+�SE��8c�$X':!���(;��$��+�8'%y"$-B9.��8c�$]?}�5'�fNO�E�(b#9B8'S>��G���5'� ����� � �E-B;��g:(C#:(�!�$� 9B:
9.-B-.&':P����+\���$%i9.8 3�9.SE&'�(��Yv]�}�5'�E&'S�5��0��� � �E-D;E�,:(&'L'L��E�(�!: �!�$�4���!���R@v��"$&?�!9.�E8>��GdL7+���+�-B-.�$-
+�L'L'-B9."$+���9B�E8':$X	��5?�q+�����&'8e� ��G�L7+��!+�-.-B�$-.9B:!� 9B:3¡?@v�$%�+��Q�!5'�,��9B���1��5'��:(�$�P;E�$�1%7+�������8':
+��!�o:P�6+��P���$%�]	3d�������E�(�f%'�R�6+�9B-.:$Xv��5'�o�!�$+�%'���!:0+��!�g�(��GI�$�(�!��%r���rT ��[^]

� ��� � 
K�9��� ��������� ���	���H��


}�5'�4SE�$8'����+�-~+��!"65'9D���$"R��&'�(�>��G��g�!l*¥ � �E-D;E�F9.:o:(5'��Nq8�9.8 339BSE&'�(�Fs?]�l,�o��5'�>"��E�!�>��G
��5'�f�o�(lf¥ � ��-B;E��:(C#:P���$�m9.:O+�g§��U%7+���+�=7+�:(�*9.�4L'-B�$�4�$8e����%4Nq9D��5hl0L7+�"65'���f9B8'%'9."��
TtsEY\[�] � 9.8?"$���g§���9B:f�4�E:(�!-BC�&':!�RGI&'-3GI�E�0:(�!�E�!9B8'SK�4���6+�%7+��6+h+�8'%H���!+�8':PGI�$�!�(9.8'Sz"��E�Fw
L7+��!9.='-B�4%?�v"�&'����8e��:i+�"$�(�E:!:j��5'��8'���`NO�E�!bdXQ�o�(lf¥ � �E-D;E�>&':(�$:��g§���+�:i+r-�+�8'SE&7+�S��
GI�E��:P���E�(9.8'SM9.8?GI�E�(�h+\��9.��8�+�=��E&v�,%'9 �����!�$8e���g�!9B%h��8c�!9B�!9.�$:�]v}�5?9.:,%7+\�6+�=7+�:!�f��+�9.8e��+�9.8':
GI�E&'�1bc9.8'%':O��G���+�='-B�$:1w���� �2" �RX " � � + � ",0,� �RX�� * *�8;BD0 � 17BD+�� �*+�8'% *�" +�� 84��� �R]e}�5'���f9B8'%'9."��
9.�4L'-.������8e�6+��!9.�E8{��G��!5'���g§���wx���O) :P�6+�8'%'+��!%¢T ��[1N,+�:M&':!��%�GI���i:P���E�(9.8'SU+�8'%��!�Aw
���(9.��;#9B8'S�9B8?GI�E�(�h+��!9.�E8K�!�K+�8?%rGI�!��� ��5'��o§���%7+\�6+�=7+�:!��]�}�5'���!�F+��(�j�!5'�!���M5c&'��+�8
�$8e��9D��9B�$:Q9B8c;��E-B;��$%F9B8>�o�(lf¥ � ��-B;E�~w��� � B!��B � 17" � 1.+9" �RX 8;B"� " � "$#�I "CB�1.�2" ��+�8'% ���  ��� �2" �R]
}�5'�>�!�E-B�p��G~��5?�$:!�>��8c�!9B�!9.�$:g9B8k�o�(lf¥ � ��-B;E�p+�8'%U��5'�pGI&?8'"��!9.�E8':gL��$�PGI�E�!�4�$%U=eCH�!5'�
�o�(lf¥ � ��-B;E�q:PCv:P����� GI���1:(&'L'L��E�(�!9.8'So��5?�$:!���$8e�!9B��9B�$:1+��(�0�A@?L?-�+�9B8'�$%49.8>��5'��GI�E-B-.��Nq9.8?S
:!&'=�:!��"��!9.�E8':�]

% ��� $  � B!��B � 1 " � 1 +9" �

}�5'���o�(lf¥ � ��-B;E�>+�%'��9B8'9.:P���!+����E��9.:g�(�$:(L��E8?:!9.=?-.�pGI�E�g��+�87+�S�9.8'Sh�!5'�>&':!���!:i+�8'%{�!�Aw
:!�E&?�!"$��:U��G>��5'���o�(lf¥ � �E-D;E��:(C#:(�!�$��]f}�5'��+�%'�49.8?9.:(�!��+��!�E�y9.8'9D��9.+�-.9��$�$:z�!5'�&�o§'�

�





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

�% 3),+('4 51
�% 76��%8�9*�	�7:�
<;= �>?;@ �>�A!+�+�B51C),+�6�)	/����D1@*��),+('�����E21
�% 3),+('F+�+�B51
�% 3),+('�),+�6*)	/����#;G+�+�B�>51
�% 3),+('F*��),+('����?;= �>H1
�% 76��%8�9*�	�.�	I��#;= �>H1
�% 76��%8�9*�	�JK)�����'H1
�% 3),+('F�����L(8�'���'�)���+?1
�����46��%8�9����M�	���2;= (>*N

��O(���7PQ��������������

Ù?§¨�|Á�R|Áu�R©T¤o¦(³�£r·u��¤AÏR��RÓ;Âa�P��¸�¤;ÐxÓ<S ¹ ��c³r ¢·{³�� ¢¤ ¹ ³�¯o�¢���§�Þ�³���§��P©
·����Éu��¤�£
L����(�qGI�E�q:!L7+��!:!�j��+����(9."$��:���57+���9B:�&?8'9.�c&'�o���h�o�(lf¥ � ��-B;E�g_x¥ � ]7_`8���5'�i+�=��	;��i_x¥ �
¡7-.��X7��5'�Fs��!%JL'+���+��4���!�$��X (�T X�9B:*+4:!L7+��!:!�M�h+��!�!9�@y�!��L'�!��:!�$8e�!�$%k=cCr+h"��E�4L'�!��:!:!��%vw
�!��N|GI���!��+��<]

l0G �!�$�3�!5'�,-.9B='��+��(CgNq�!9D�����Q:!&'=?��9D��:��!5'��_x¥ �K¡7-.�1���f�!5'�q�g�!lf¥ � �E-B;���:(C#:P���$��Xc�g�!l*¥0w
� �E-D;E�,���!+�8':(-�+��!�$:Q��5?��_x¥ �y¡7-B�����j+ �g§��r%'�#"$&?����8c�~:(9.�49.-.+������g��5'���4�$"65'+�8'9.:(��:39.8
� _x¥ � ]�}�5?�>�o�(lf¥ � ��-B;E�j���!+�8':!-.+���9B�E8�:(C#:(�!�$� +�-.:!��SE�$8?�$��+\���$:f+�Nq��+�L?L����fL'�!��SE��+��
��57+\�o+�"��!:o+�:o+�8U��8c�!�(CUL��E9B8c�*GI�E�f�!���������p�A@?��"$&?�!9.�E8{��G~�!5'�>+�"��!&7+�-3GI&?8'"��!9.�E8�]�}�5'�
Nq��+�L?L����0L'�(�ESE�!+�� L����(GI�E�(��:q9B8'9B�!9�+�-B9 �<+\��9.��8h��G3L7+���+�-.-.��-��$8e;#9.�(�E8'�4�$8e�<X��!�$+�%':�9.8'L?&?�
%7+���+�GI�!�E� ¡7-B�$:�X�9.8e;��Eb���:f��5'�F+�"���&'+�-�L'+���+�-B-.��-�(�E&?�!9.8'�M+�8'%H:P���E�(�$:f�E&v��L'&?�f%7+��6+4���
¡7-.��:$]~}�5'�J�o�(lf¥ � ��-B;E�z:PC#:(����� �!5'�$8 "$�E�4L'9B-.�$:p�!5'�zNq��+�L?L�����L'�(�ESE�!+�� Nq9B�!5��!5'�
�E=#�(��"���¡'-.�$:O+�8'%���5'��-.9B='��+��(9.��: :!L��$"$9D¡7�$%h9.8��!5'��_x¥ �J¡7-.�0+�8'%4Nq9B��54��5'�*+�L'L'�(�EL'�(9�+��!�
L7+��!+�-.-B�$-�-B9.='�!+��!9B�$:,9DG3��5?�M+�L?L'-.9B"<+��!9.�E8z9B:�:(L���"$9D¡7�$%J+�:*+4L7+��!+�-.-B�$-�+�L'L'-.9B"<+��!9.�E8z9B8��!5'�
_x¥ � ¡7-B��]�}�5'�h�o�(lf¥ � ��-B;E�F:PC#:(����� ��5'��8�:(��+�SE��:j�!5'���A@v�$"$&v�6+�='-B�4�!���!5'�>%'9����$�(�$8e�
�!��:!�E&'�("$��:g9.8J�!5'�>�g�!9.%r&':!9B8'SK��5?�F�g-.�E='&?:g�g�!9.% 33}q������"657+�8'9B:!�4:f+�8'%U:P���E�(�$:*�!5'�
-.�#"<+��!9.�E8?:,��G��5'�o�R@v��"$&?��+�='-.��:09B8z��5'� �o§'��%7+���+�=7+�:(��]

}�5'�4-.9.=?��+��PCrNq�(9B�����o+�-.:(�z57+�:g��5?�4��L?��9B�E8{��G,+�%'%'9.8?Sr+�8k�A@v�$"$&v��9.��8��4�v%?�$-3GI�E�f�!5'�
+�L'L'-B9."$+���9B�E8�]	_�Gd��5'��-B9.='�!+��(CoNq�!9D�����3N,+�8c�!: ���o+�%'%4+�8F�A@v�$"$&v��9.��84�4�#%'�$-^X�5'���A@v�$"$&v���$:
��5'� � �21;*��2"�E$� +  �28 1 ���'*�8 � 1.� &v��9.-B9B�`C�X#:(L���"$9DG Cv9B8'SM�!5'�g87+��4�f��G��!5'�o+�L'L'-B9."$+���9B�E8�]c}�5'�
&?��9B-.9D�`C �(�����(9.�R;E�$:y��5?�kL?�!�E='-B�$� %?�$:!"��!9BL?��9B�E8���GM�!5'�k+�L'L'-B9."<+\��9.��8 GI�!�E� ��5'� �o§'�
%7+���+�=7+�:(�p+�8'%rSE�$8?�$��+\���$:f+�L��$�(GI���!��+�8'"$�j�4�v%'��-�������L'-.+����o¡7-B��]d}�5'�ML��$�PGI�E�!��+�8'"��
���#%'��-��!�$�4L'-�+��!��¡'-.�*"��E8e�6+�9B8':,%'�R¡78'9D��9.��8':OGI�E�1��5'�(�$�*GI&?8'"��!9.�E8':O���p5'��-.Lh�!5'�f-B9.='�!+��(C
Nq�!9D���$�(:M���J"$�E8e;E�RC�9B8?GI�E�!��+��!9.�E8k+�=��E&?�M5'9.:i-.9.=?��+��PCU���J�!5'�y�g�!lf¥ � �E-B;��h:(C#:P���$��w
� " �VU � � + � " 0,� � ( �$W 02BD����1 GI�E��"$�E8e;���C#9.8'S�9BG�+FSE9B;��$8�:!�R�0��G3�(�$:!��&'�!"��$:f+��!�o+�%'���c�#&'+����
GI�E�gL'�(�E='-.��� :!��-B;#9.8'S?X � �21YX#Z �,0 � 1 BD+�� � B!� �![ + � 1 GI�E�o"$�E8e;���C#9.8'S���5'�>L'�(�$%'9B"��!�$%��A@v�Rw
"$&?�!9.�E8{"��E:(�j��G~��5?��+�L'L'-.9B"<+��!9.�E8J9BG1�R@v�$"�&?����%��E8k+zSE9B;��$8{:!�R�j��G��(�$:(�E&'�!"��$:i+�8'%�+�8
�EL?�!9.�E87+�-�GI&'8'"��!9.�E8 � � * *��2" GI�E��:!L��$"$9DG C#9.8'S4��5'�j%7+���+�%'9B:(���(9.='&v��9.��8r��G3��5'�j%'9����$�(�$8e�
%7+���+p&':!��%�=eC���5'�g+�L'L'-.9B"<+��!9.�E8�]#}�5?�fL����(GI�E�(�h+�8'"$�f�4�#%'�$-d������L'-.+�����¡7-.�*SE�$8'����+��!�$%
=eC���5?� � �21 *��2"�E$� +  �28 1 ���'*�8 � 1.� GI�E�i�!5'� � "$+ ��lf��l�)<\^]g�mL'�(�E='-B�$� 9.:M:(5'��Nq8�9.8
339.S�&'�!� �v] }�5'�r-.9B='��+��PC�Nq�(9B������&?L'-.�e+�%':>5'9.:4�R@v�$"�&?��9B�E8 �4�#%'�$-�=eC��R@v�$"�&?��9B8'S��!5'�

�



),+�' �����������	��8���/�����:!8 ��� )�/()!�!+('H"$),+('  51 ),+('4 ��51 6��%8�9��������51
6��%8(9*�����J�51
����:(����� � � �% ������F�����	�%8���/����,+ � � 1
: �	� ��
����	��:������ � ��� ��/�I���6�8*����N�

�

),+�'7-���'�������/%8('�)��%+���) L�� � �(�%'5"$)�+('3 H1 ),+�'7 ��H1 6���8�9*�������51
6��%8�9*����� �H1
�(��:������ � ���% ������.�������%8���/����,+ � � 1
: �	� ��
����	��:����	� � ��� ��/�I���6	8*���21
6��%8�9*�����7/��(�%'��

�

),+�'QL�������� " ),+('  51 ),+('  ��51 6��%8�9��������51 6��%8�9*�	���J�51
����:(����� � � �% ������Q�����	�%8��*/����,+ � � 1
: �	� ��
����	��:������ � ���M),+�(8('�:�/�I���6�8*��� 1
: �	� ��
����	��:������ � ��� L��!(�����:�/%I���6�8*�	��N�

�

Ùf§��|Á|êaÁ|�Ñ¬?¤t ¹ ���£r³�©�¯o¤��¥�(°|¤����¢¤�£�·u�ª³��¢¤E��¤�©|¤t�³��¢¤�°�ÉL¶r����¤;ÏÌ��EÓ;Âa�P�¨¸�¤R ¢¶( ¢�¢¤�£ ¹ �������¤
Â(¯t³�Sh�E¬��c±����Ì«Ñ·u���Éu��¤�£
�� � *��2"�E$� +  �28 &?�!9.-B9B�`CE]#}�5'���� � *��2"�E$� +  �28 &v��9.-B9B�`C4&'L'-B�e+�%':,�!5'�g�R@v��"$&?�!9.�E8����#%'��-
GI�E� ��5'�0+�L'L?-.9."$+���9B�E8>=eC>:(�����!9.8?Sj�!5'�0-B�v"$+���9B�E8>��G��!5'���R@v�$"�&?��9B�E8K�4�v%'��-'���o��5'� �o§'�
%7+���+�=7+�:(�j"��E�!�(�$:(L��E8?%'9.8'S>���F�!5'�o�$8e���PCKGI�E����5'�j+�L?L'-.9B"<+��!9.�E8�]

% � % X��  ��	� �2" �

}�5'�y�$8'%�&':(�$�(:�:(�E-B;��zL'�!�E=?-.�$�4:p��;E���>�!�$�4���!���o�(lf¥ � �E-D;E�K�(�$:(�E&'�!"��$:>=eC�Nq�!9D��9B8'S
+H"$-B9.�$8e�FL?�!�ESE�!+���]}�5?9.:F"$-B9.��8c�ML'�!��SE��+�� "<+�8�=��hNq�(9B�!�!�$8�9B8�) ��� 37�E�(�!��+�8�]�}�5'�
"$-B9.�$8e�gL?�!�ESE�!+�� 9.8'"�-.&'%'��:g+�8U9B8c;��v"$+���9B�E8H��GO+K�(�E&?��9B8'�p"$+�-.-B�$% � " �� �� +98;:<���� L7+�:!:!9B8'S
���J�!5'�hGI&'8?"���9B�E8�X���5'�h87+��4����G��!5'�K��8'%�+�L'L'-B9."$+���9B�E8�+�8'%���5?�K9.8'L?&?�F+�8?%��E&?�!L'&?�
L7+��!+����R�����!:q8'�$��%'�$%r=eCK��5'�o��8'%H+�L?L'-.9B"<+��!9.�E8�]

}�5'�f9B8c;��v"$+���9B�E84��G���5'� � " �� �� +98;:<���� �(�E&?��9B8'�q���!9BSESE���!:~��5'�0�R@v�$"�&?��9B�E8z��G��!5'�g�g�!l*¥0w
� �E-D;E� $ * *�8;BD0 � 1 BD+�� T � � � � �2" ]�l*:f+�¡7�!:P�g:(�!�$L�X���5'�pl0L'L'-B9."<+\��9.��8H§J+�87+�SE���*;E���!9B¡'�$:
9BG���5'�j&':!���*57+�:0"��!�$%?�$8e��9.+�-.:q�����R@v�$"�&?���F+�L'L'-.9B"<+��!9.�E8?:,�E8r�!5'�M�o�(lf¥ � �E-D;E�j:(C#:(�!�$��]
�o�(lf¥ � ��-B;E�h&':!��:h�g-.��='&':>�g�!9B% � �$"�&'�!9D�`C�_`8?GI�!+�:(�!�!&'"R��&'�(��/�� � _P2KT �e��[�GI���M��5'�y+�&vw
��5'��8e��9."$+���9B�E8H��G~&?:!�$�(:$]�_�G~��5?�F+�L'L'-B9."$+���9B�E8r�A@v9.:(�!:g9.8J�!5'�>�g�!l*¥ � �E-B;��M:PCv:P�����rX��!5'�
l*L'L?-.9."$+���9B�E8k§J+�8'+�SE�$�o�(�$SE9B:(�����!:o��5'�>L'�(�E='-B�$� �(&'8�9B8k�!5'� *�" +�� 84��� �>�6+�='-B�>��GO�!5'�

�



�o§��U%7+\�6+�=7+�:!��]#}�5'�fl0L'L'-B9."<+\��9.��8h§r+�87+�SE���O�!5'�$8K�(���!�!9.�R;E��:���5'�0L'�!��='-.���m%?�$:!"��!9BLvw
��9B�E8KGI�!�E� ��5?� �o§���%'+��6+�='+�:!�o+�8?%���+��!"65'�$:,�!5'�g&':!�����t:q%7+��6+pNq9D��5K��5?�g9.8'L'&v��+�8'%
�E&?�!L'&?��L7+��!+����R�����!:��!���c&'9.�(�$%�=cCz�!5'�o�$8'%r+�L'L?-.9."$+���9B�E8�]

_�G�+�8��R@v�$"�&?��9B�E8h�4�v%?�$-7�R@v9B:(��:1GI�E� ��5'�0�$8'%h+�L'L'-B9."$+���9B�E8�X��!5'�0l0L'L'-B9."<+\��9.��8h§r+�87+�SE���
%'��Nq8'-.�E+�%':p��5?�z�R@v�$"�&?��9B�E8����#%'�$-1GI�!�E����5?�z�!�$�4���!�K-.�#"<+��!9.�E8kNq5'�$�(�z��5'�z-B9.='�!+��(C
Nq�!9D���$�*57+�%UL'�(��;#9.�E&?:!-BC�:P���E�(�$%U��5'�M�R@v�$"�&?��9B�E8{���#%'�$-^]d}�5'�Fl*L'L?-.9."$+���9B�E8U§r+�87+�SE���
"$�E�4L'9B-.�$:���5'�q�R@v��"$&?�!9.�E8>�4�v%'��-'L'�(�ESE��+���:3Nq9D��54+�-BSE�E�!9D��5'�4:�GI��� :!"65'��%'&'-.9B8'So5'�$&?�!9.:xw
��9B"$:zT �'VEX �cY\[O+�8?%�:(��+��(�!:M��5?�K+�L'L?-.9."$+���9B�E8vw�:!L��$"$9D¡7"�� �2"�E/+9"�� � � 0,� T +  �284�2" :!�$�P;#9."$��]
}�5'�,l0L'L'-.9B"<+��!9.�E8i§J+�87+�SE������5?�$8p�(�����(9.�R;E�$:���5'�O-.9.:P�3��G7�h+�"65'9.8'��:�9B8i�!5'���g�!l*¥ � �E-B;��
:(C#:(�!�$� GI�(�E� �!5'� " � � + � " 0,� �F��+�='-B�p9.8H�!5'� �o§���%7+���+�=7+�:(��X�+�8?%k�(���!�!9.�R;E��:f;�+��!9.��&':
L����(GI�E�(�h+�8'"$�>"657+��!+�"��!�$�(9.:(�!9."�:j��GO�!5'�>�h+�"65?9.8'��:j9B8'"$-B&'%'9B8'SK��5'�4L��<+�bHL��$�PGI�E�!��+�8'"��
��G���5'�z�(�$:!��&'�!"��$:$X �!5'�z-.�e+�%��E8���5'�z��+�"65'9B8'�$:�X3��5'�y-.+�����8'"�C�+�8'%���5'�z='+�8'%?Nq9B%?��5
��G~��5'�M8'���`NO�E�!bc:o=����`NO�$�$8{��5?�p�h+�"65'9.8'��:g+�8'%H�!5'�pGI�!���p�4�$�4�E�(Cr+<;�+�9.-.+�='-.�o�E8H�!5'�
�h+�"65'9.8'��:�GI�(�E� ��5'� �0���`NO�E�(b ���<+��!5'�$� � �$�P;v9B"$��/ ��� � 2rT �Es�[�]1}�5'�Hl0L'L'-B9."<+\��9.��8
§J+�87+�SE�$�jL7+�:(:!�$:i��5'�4-.9B:(�j��G,��+�"65'9B8'�$:�X+�-.�E8?S�Nq9D��5��!5'�4�!�$:(�E&'�("$�h"65'+���+�"R�����!9.:P��9B"$:
���o��5'����$�(GI���!��+�8'"$�0§r�#%'��-.�$�~:(�$�(;#9B"$�q���o%'���!�$�(��9B8'�q9BG���5'�q�!��:!�E&?�!"$��:,+��(�q:!&?�4"$9B�$8e�
���4:!�E-D;E�g��5?�jL?�!�E='-B�$��]'_�G3�!5'�j�!�$:(�E&'�("$�$:0+��(�j:(&?�4"$9B�$8e�<X7��5?�il0L'L'-.9B"<+��!9.�E8�§r+�87+�SE���
L'�!�#"$���$%':q���F�!5'� (�0,���  �� 84�! ��� �2" � 17BD+�� L'57+�:(��]

_`8F��5'� � "65?�$%'&'-B���o��8'�$�!+���9B�E8FL'57+�:!��X���5'��l0L'L'-.9B"<+��!9.�E8F§J+�87+�S��$�3¡7�(:(�~%'�R�����!�49.8'��: 9BG
��5'�*�$8'%�+�L'L?-.9."$+���9B�E8457+�:�+�8h�R@v�$"�&?��9B�E8y���#%'�$-^]c_�G3+�8K�R@v�$"�&?��9B�E8y���#%'��-��A@?9B:(�!:$Xv�!5'�
l*L'L?-.9."$+���9B�E8i§J+�87+�SE�$�"$�E8e��+�"��!:���5?�,�����(GI�E�(�h+�8'"$��§r�#%'�$-B�$�:!�$�P;#9."$��+�8'%iL7+�:!:(�$:3�!5'�
L'�!��='-.��� L'+���+��4���!�$�(:p+�8'%���5'��-.9.:P�M��Gq�h+�"65?9.8'��:iNq9B�!5��!5'�K��+�"65'9.8?��"$+�L7+�='9B-.9D��9.��:$]
}�5'�K��$�PGI�E�!��+�8'"��z§r�#%'�$-B�$�j:!���(;#9."��K&':!��:i�!5'�h�A@?��"$&?�!9.�E8����#%'�$-~:(&'L'L'-B9.�$%�=eCk�!5'�
-.9B='��+��PCyNq�!9B�!�$�*+�-.�E8?ShNq9B�!5H"$���(�6+�9.8U:!"65?�$%'&'-B9.8'Sz5?�$&'�(9.:(�!9."�:>T �eYvX �?V$[3�!�K%'���!�$�(��9B8'�F+
¡787+�-:!"65?�$%'&'-B�MGI�E��+�L'L?-.9."$+���9B�E8y�R@v�$"�&?��9B�E8U+�8?%H�!�R��&'�(8':0�!5'�i¡78'+�-�-B9.:P�0��G �h+�"65'9.8'��:
���g��5?��l*L'L'-B9."$+���9B�E8>§J+�8'+�SE�$��]el*-B�E8'SfNq9B�!5F��5'�,¡78'+�-'-.9B:(� ��G���+�"65'9B8'�$:~+�8?%>�!5'�qL'�!�Aw
%'9."R����%h�R@v��"$&?�!9.�E8�"$�E:P��GI�E� ��5?��¡78'+�-d:!"65'��%'&'-.��Xv�!5'�*��$�PGI�E�!��+�8'"��f§r�#%'��-.9.8?Si:(�$�(;#9B"$�
+�-.:(�h�(����&?�!8':09.8?GI�E�(�h+\��9.��8y+�=���&?�0�!5'�M%'+��6+4%'9.:P���!9B='&?�!9.�E8yGI�E�q��5'�i%'9����$�(�$8e�*%'+��6+49.8
��5'�4�$8?%�+�L'L?-.9."$+���9B�E8�]�_�G�+�8k�R@v�$"�&?��9B�E8��4�v%?�$-Q%'�#�$:j8'���j�A@?9B:(�jGI�E�g��5'�4�$8?%�+�L'L?-.9Dw
"<+��!9.�E8�X#�!5'� � "65'��%'&'-B�o�o��8'�$�!+���9B�E8KL'5'+�:!�g+�%'�EL?�!:,%'��G�+�&'-B��:!"65'��%'&'-.9B8'Sp:P����+\���$S�9.�$:O���
SE�$8?�$��+\�����!5'��¡'87+�-1:!"65'��%'&'-.��GI�E�i��8'%�+�L?L'-.9B"<+��!9.�E8k�R@v�$"�&?��9B�E8�]l,�M�!5'�h��8'%���G,�!5'�
� "65'��%'&'-.�z�o��8'�$�!+���9B�E8�L'5'+�:!��X�!5'�z�g�!l*¥ � �E-B;���l0L'L'-B9."<+\��9.��8�§J+�87+�SE���M�!��"$��9B;E��:F+
-.9B:(�Q��G���+�"65'9B8'�$:�GI�E�3¡787+�-'+�L'L?-.9."$+���9B�E8M�A@v�$"$&v��9.��8�]E}�5'��l0L'L'-.9B"<+��!9.�E8F§J+�87+�S��$�3�!5'�$8
:(�!�E�!��:M��5'�h:(�6+\��&':p��G���5'�KL?�!�E='-B�$� �!&'8�+�8'%���5?�h¡787+�-1:!"65?�$%'&'-B�z9.8��!5'� *�" +�� 84��� �
�6+�=?-.�g��G��5'� �g§���%7+���+�=7+�:(�o"$�E�(�!�$:(L���8'%'9.8?S>�!�4�!5'�o�$8e���PCKGI�E�,�!5'�oL'�!�E=?-.�$�¤�!&'8�]

}�5'�fl0L'L'-.9B"<+��!9.�E8h§J+�8'+�SE�$�1��5'��8z"$�(�<+��!�$:�NO�E�!bc9B8'Sp%'9B�!�$"R���E�(9.��:��E8h�!5'�*�(�$�4�����0�h+	w
"65'9.8?�$:~��G���5'�,¡78'+�-7:!"65'��%'&'-B�qGI��� �$8'%�+�L'L'-B9."$+���9B�E8p�R@v��"$&?�!9.�E84+�8'%4�$8e�!�$�!: �!5'� $#* *�8;B�=
0 � 1 BD+�� � ��� � 0,��B!� � L?57+�:!��]'}�5'�fl0L'L'-B9."<+\��9.��8 ��+�&'8'"65?9.8'SFL'5'+�:!�g"��E8':!9B:(�!:���G�:!�R;E�$�!+�-
9.�4L����(�6+�8c��GI&?8'"��!9.�E8':�]d}�5'�Ml0L'L'-.9B"<+��!9.�E8 ��+�&'8?"65'�$�0:(�����!�$:���5'�j9.8?L'&?��%7+���+4���4¡7-.��:
+�8'%�:(��+�SE�$:��!5'�$:(�j¡7-B�$:,�!�4�!5'�o"$�E�(�!�$:(L���8'%'9.8?S4�(�$�4�����g��+�"65'9B8'�$:q"65'��:!�$8�GI�E�q+�L'L?-.9Dw
"<+��!9.�E8h�R@v�$"�&?��9B�E8y&':!9B8'Sp��5'�j�g-.��='&':q�g�!9B%�33}q������"657+�8'9B:!�4:$]v_�G3%7+\�6+p%'9B:(���(9.='&v��9.��8
9.8?GI���!��+���9B�E8pGI�E�O+�8h9B8'L'&?�1%7+���+i%'�#�$:O8'���O�R@v9.:P�<Xe��5?�*l*L?L'-.9B"<+��!9.�E8 ��+�&'8'"65?�$��:P�6+�S��$:

�



��5'�4�$8e�!9.�!�>9B8'L'&?�j%7+���+y�!�J+�-.-3�!5'�>�h+�"65?9.8'��:i9B8c;��E-B;��$%k9.8k�$8'%�+�L'L'-B9."$+���9B�E8H�R@v��"$&vw
��9B�E8�]�_�G1��5?�F9.8?GI�E�(�h+\��9.��8J�!��Se+��(%'9.8'Sz%'+��6+K%'9B:(�!�!9.=?&?��9B�E8JGI�E�o+�8{9B8'L'&?�g%'+��6+z�R@v9B:(��:�X
��5'�ol0L'L'-.9B"<+��!9.�E8 �+�&'8'"65'���0:P�6+�SE��:q�E8'-BC���5'�o+�L'L'�!��L'�!9.+����gL��E�(�!9.�E8?:,��G��5'�o%7+���+p���
��5'�F"��E�!�(�$:(L��E8?%'9.8'Sy��+�"65'9B8'�$:�]�}�5'9.:gbc9B8'%{��G1:!�$-B�$"R��9B;��>%7+��6+K:P�6+�S�9.8'Sz:(9.SE8'9D¡7"<+�8c�!-BC
�!��%'&'"$��:r�!5'�k�!9.�4�{8'�$��%'�$%|GI���y�!5'�k:(�6+�SE9.8'S�GI�E�y��8c�!9.�(��%7+\�6+��$:!L��$"�9�+�-B-BC 9BGp-.+��!S��
+��4�E&'8e�q��G�%7+��6+F9B:�9.8e;E�E-D;E��%�]

l0G �!�$�o��5'��:(�6+�SE9.8'S���G�9.8'L'&v�M%7+\�6+?X���5?��l0L'L'-.9B"<+��!9.�E8 ��+�&'8?"65'�$�p-.+�&'8'"65?�$:o��5'���$8'%
+�L'L'-B9."$+���9B�E8��E8���5?���(�$�4�����y��+�"65'9B8'�$:F"65'��:!�$8�GI�E�p��5?�y¡'87+�-�:!"65?�$%'&'-B�r&?:!9.8?S{�!5'�
�o-B�E='&':�§r�~_P),��wP� T � ��[��4�$"657+�8?9.:!��]'}�5'�j�$8?%H+�L'L?-.9."$+���9B�E8K�(�<+�%':q��5?�j9B8'L'&?��%7+\�6+
��57+\�ONO�$�(�*L'�(��;#9.�E&?:!-BC>:P�6+�S��$%h=eC>��5?�0l0L'L'-.9B"<+��!9.�E8 ��+�&'8?"65'�$��+�8'%h:(�E-B;��$:1��5'��L'�!��=vw
-.���r]}�5'�y�$8'%�+�L?L'-.9B"<+��!9.�E8{��5'��8�:(�����!�$:F�!5'�K�E&?�!L'&?�>%7+\�6+J���H�!5'�z"$���!�!��:!L��E8'%'9B8'S
¡7-.��:0��8��!5'�M��+�"65'9B8'�$:q9.8y��5?�j¡78'+�-�:!"65'��%'&'-.��]�_�G���5'�j�$8'%H+�L'L'-B9."<+\��9.��8K¡78'9.:(5'�$%r�R@cw
�$"�&?��9B�E8�XQ��5?�rl0L'L'-.9B"<+��!9.�E8 ��+�&?8'"65'�$��"$�EL?9.�$:F�!5'�r��&?��L'&v��%'+��6+UGI�!�E� ��5'���!�������!�
�h+�"65'9.8'��:����i��5'�f&?:!�$����:��4�$�4�E�PC>:!L7+�"���]'}�5?�g:(�6+�SE9.8'Si9.8K��G���5'�f��&?��L'&v��%7+���+iGI�!�E�
��5'�q�(�$�4������-B�v"$+���9B�E8':39B:~+g�!��;��$�(:!���EL�����+��!9.�E8F��G��!5'��:(��+�SE9.8?Sj��&?�~��G���5'��9B8'L'&?�~%7+\�6+
���p�!5'�g�!�������!�f-.�#"<+\��9.��8':$]#}�5'�j�g�!lf¥ � �E-B;��fl*L'L?-.9."$+���9B�E8z§r+�87+�SE����¡787+�-.-BC��!�R��&'�(8':
:!&'"�"$��:!:*:P�6+��!�g���F��5'�o&':(�$��"$-B9.�$8e�qL'�(�ESE�!+��r]

� �����v�e���	�I��� �����7� ���g��� 
K�9��� ����������� �����d��� �	���	� �7� � �	��
 �#�����7�
�
 ���
� �	�

�f8'�q��G��!5'�q&'8'9.�c&'�qGI�<+\��&'�(�$:~9.8F��5?�f�g�!l*¥ � �E-B;���:(C#:(�!�$� 9.:Q�!5'�0+�='9.-B9B�`CiL'�!��;#9.%?�$%>���
��5'�i&':!���!:*�!�K:(�!�E�!�M+�8'%r&':!�p�A@v�$"$&v��9.��8J���!+�"$��:f��G L'�(�E='-B�$� �!&'8?:$]�}�5'�$�(�F+��!�i�h+�8cC
+�L'L'-B9."$+���9B�E8':Q9B8>Nq5?9."65��!5'�q�E&?�!L'&?��:1��G���5'�qL'�(�E='-.��� %'��L���8'%h�E8>��5?���A@?+�"��O8c&'�p=��$�
+�8'%¢"$�E8v¡7SE&'�!+���9B�E8���Gj��5'�{��+�"65'9.8?�$:y&':!��%aGI�E�zL?�!�E='-B�$� :!�E-D;v9B8'S'] 3d���z�R@?+��4L'-.��X
"$�E8?:!9.%?�$�!9B8'Sp��5?�fL'�!��='-.��� ��G�+�%?%'9.8'SM-�+��(SE�*8c&'�p=��$����G�%'�E&'='-B�fL'�(�$"$9B:!9B�E8z8c&'�p=��$�!:�X
�E8'�U��Go�!5'�UL7+��!+�-.-B�$-�9.�4L'-.������8c��+���9B�E8':>��Go��5?�UL'�!�E=?-.�$� 9.:h�!��L7+��P��9B�!9.�E8���5'�U-B9.:P�
��G�%'��&'='-.�4L'�(�$"$9B:!9B�E8�8c&'�M=����!:p+����E8?SJ+�-B- L'�!�#"$��:!:(�$:p��G���5'��L7+���+�-.-.��- +�L'L?-.9."$+���9B�E8�X
"$�E�4L'&?�!�>-.�#"<+�-Q:(&'�4:j��GO�!5'�>8#&?�p=����!:j9.8{�<+�"65�L'�(�v"��$:!:i+�8'%k"$����L'&v���F��5'�>SE-B�E=7+�-
:!&'� ��G���5'�j-.�#"<+�-�:!&'�4:�"$�E�4L'&?�!�$%J��8J�<+�"65JL'�(�v"��$:!:�]�}�5?�i¡787+�-:(&'� �E=?��+�9.8?�$%yGI�E�
��5'�j:�+����j:!�R�*��G3%'�E&'=?-.�jL'�!��"$9.:(9.�E8�8c&'�p=��$�(:*��+�Ch;�+��(CzGI�!��� �E8'�jL'�!�E=?-.�$�¤�!&'8����
+�8'���!5'�$�*%'�$L��$8'%?9.8'Sz�E8H�!5'�p8c&'�p=��$�*��G~�$-B�$�4�$8e��:g9B8H�<+�"65UL'+��(�!9B��9B�E8�X7��5?�p8c&'�p=��$�
��G�L'�(�v"��$:!:(�$:q&':(�$%�9.8h�!5'�fL7+��!+�-.-B�$-�+�L'L?-.9."$+���9B�E8K+�8'%K��5'�f+�"��!&7+�-�L?�!�#"$�$:(:!�E�(:�&':!��%y9.8
��5'�j"$����L'&v�6+��!9.�E8�]?}�5'9.:�9.:�%'&?�i���>��5?�i9B��L7+�"��q��G���5'�o�!��&'8'%J� �{�$�!�(�E�!:�"<+�&':!��%H=eC
��5'�*+�%'%'9D��9B�E8���G�%'�E&'=?-.��L'�!��"$9.:(9.�E8�8c&'�p=��$�!:�]v_`8hSE�$8'����+�-^Xc9.-.-�w`"��E8'%'9D��9.��8'�$%pL?�!�E='-B�$�4:
�E�*&?8':(��+�='-.�p+�-.SE���!9B�!5'�4:�"$+�8HSE9D;E�p�(9.:(�i����;�+�:(�g"657+�8'SE�$:g9B8J�E&v��L'&?�f�!�$:(&'-B�!:f%'&'�i���
:!��+�-.-�"657+�8'SE��:�9B8i9B8'L'&?�"��E8'%'9D��9.��8':$]H37�E���!5'�$:(��bc9.8?%':���G7+�L?L'-.9B"<+��!9.�E8':�X��!5'�O&?:!�$���+�C
%'�$:(9.�(�>�!�y&':!�F��5?�4:!+��4�F9.8'L'&v�o�$8e;#9.�!��8'����8e�jGI���o+�-.-�L'�!�E=?-.�$�£�!&'8?:$]�l*-B:!�'X�%'&'�!9B8'S
����:(��9B8'S���G,8'�RN 8c&'�4�$�!9B"<+�-~+�-.SE�E�(9B�!5'��:*�	;��$�o��5'�h�g�!9.%�X�%'9����$�(�$8e�iSE�!�E&?L':jNO�E�(b#9B8'S
�E8>��5'�0+�-.S��E�!9D��5'� �h+<CpN�+�8e�O�!�M��8':!&'�(�0�!57+��1:�+��4�q�!��:!&'-D��:O+��!���E=?��+�9.8'��%4Nq5?�$8��!5'�
+�-.S��E�!9D��5'�4:g+��(�h�R@v��"$&?�!�$%�Nq9B�!5�:!+����49.8?L'&?�j%7+���+r�E8k��5'��:�+��4��"��E8?¡7S�&'��+��!9.�E8k��G
�!��:!�E&'�("$��:$]

V��



}���SE&'+���+�8e�!�$���!��L'�!�#%'&'"�9.='9B-.9D�`Ca��G�8c&'�4�$�(9."$+�-M�(�$:!&?-B��:U9B8 ��5'��+�=���;E��:(9B��&'+���9B�E8':$X
�o�(lf¥ � ��-B;E�*L'�!��;#9.%'��:q"<+�L7+�='9.-B9B�`C4���p��5?�j&?:!�$�(:����>:(�!�E�!� � Z �,0 � 1 BD+���1 " � 0,� �j��G�L'�!��=vw
-.��� �!&?8':h+�8'% &?:!�z��5'�y�A@?��"$&?�!9.�E8����!+�"$��:4%?&'�!9B8'S{:!&'=':(�$�c&'��8c�K�R@v�$"�&?��9B�E8':4��G0�!5'�
:�+��4�yL'�!��='-.��� Nq9B�!5��!5'��:�+��4�y9.8'L'&v�>%7+��6+v]K3d���F:(�����!9.8?S�+�8 �A@?��"$&?�!9.�E8����!+�"$�y��G
��5'�z"�&'�!�(�$8e�4L'�!��='-.��� �!&?8�X3��5?��&?:!�$�>�A@?��"$&?�!�$:45'9.:4�g�!l*¥ � �E-D;E�KL'�(�ESE�!+�� Nq9D��5�+
"$�E8v¡7SE&'�!+���9B�E8k¡'-.�>"<+�-B-.��% B!�<* � 1D�70,+�� ��� 9B8k�!5'�4NO�E�(b#9B8'S�%'9.�(�$"��!�E�(C{"��E8e�6+�9B8'9.8?Sy�!5'�
-.9B8'��Xv}q��l�) � 3 ��l����mVE]

¥f&'�!9B8'So��5'�0�!�$S�9.:(�!��+��!9.�E84��G��!5'�*L?�!�E='-B�$� �!&?8hNq9B�!5���5?� �o§'�{%'+��6+�='+�:!��X#�!5'�0;�+�-B&'�
��G?�!5'�1}q��l�) � 3 ��l�� ;�+��!9�+�='-.� 9B::P���E�(�$%�]	}�5'���g�!lf¥ � �E-B;��1l0L'L'-B9."<+\��9.��8M§r+�87+�SE���
L'�!�#"$���$%':��!�F����5'���,:(��+�SE��:���G�9B��:��R@v�$"�&?��9B�E8�]7l0G �!�$���!5'�g�$8?%r+�L'L'-.9B"<+��!9.�E8�"$�E�4L'-B������:
9B�!:F�R@v�$"�&?��9B�E8 +�8'%��!5'�y�E&?�!L'&?�>%7+���+{+��!�y"$��L'9.��%�GI�(�E� �!5'�z�!�������!�y�h+�"65?9.8'��:p���
��5'�U&?:!�$����:�+�%?%'�!��:!:y:!L7+�"$��XO��5'�Ul0L'L'-.9B"<+��!9.�E8�§J+�87+�S��$�$XO&'8'%'���y%'��G�+�&?-B�K�4�#%'�H��G
�EL��$��+\��9.��8�X��(�$�4��;E�$:F�!5'�z�!�������!�hNO�E�!bc9.8?Sk%?9.�!��"��!�E�!9B�$:p&':(�$%�GI�E�p:P���E�(9.8'SH�!5'�K¡7-.��:
"$�E8e��+�9.8'9B8'Sz��5'�>9B8'L'&?�o%7+\�6+zGI�E�f��5'�>��8'%�+�L?L'-.9B"<+��!9.�E8�]� �&?�oNq5'��8��!5'��&?:!�$�gN�+�8e��:
����:(�����!�r�!5'�J�A@v�$"$&v��9.��8 ���!+�"$�r��Gf��5?�JL'�(�E='-.��� �!&'8�X19�]t��] Nq5'��8 ��5'� B!�<* � 1D�70,+�� ���
¡7-.�o"��E8e�6+�9B8':��(}q��l�) � 3 ��l���� V��>-B9.8'��X?��5'�ol0L'L'-.9B"<+��!9.�E8�§r+�87+�SE���q�!����+�9.8?:q�!5'�
9.8'L?&?� %7+���+g&':!��%4GI�E����5'��L'�(�E='-B�$���(&'8>9.8p�!5'���!�������!�,��+�"65'9.8?�$:$]�l,� ��5'����8'%���G��!5'�
L'�!��='-.��� �!&'8�X'��5'�ol*L?L'-.9B"<+��!9.�E8�§J+�87+�SE����S��$8'����+��!�$:0+�8r��&?��L'&v�0"��E8?¡7S�&'��+��!9.�E8z¡7-B�
"<+�-B-.��% + � 1 * � 1D�70,+�� ��� "��E8e�6+�9B8'9.8'Sy��5?��-B9.8'��X�}q��l�) � \ ���	��
qb���C�o]}�5'��;�+�-B&'�
� ��# 9B8 ��5'� + � 1;* � 1D�70,+�� ��� 9.:z+�L��E9.8e�!�$�h�!���!5'�U�R@v��"$&?�!9.�E8����!+�"$�U:P���E�(�$%�GI�E�h�!5'�
L'�!��='-.���¤�!&?8�]

��5'�$8r��5'�i&':!���0N�+�8e��:0�!�h�A@?��"$&?�!�M��5?�ML'�(�E='-.��� Nq9B�!5��!5'�M�A@?��"$&?�!9.�E8r����+�"$�jL'�!�R;v9�w
�E&':(-BCF:P���E�(�$%�X#5'���R@v�$"�&?����:,5'9.:~"�-.9.��8e�OL?�!�ESE�!+�� :(L���"$9BG C#9B8'Sj�!5'��-.9.8?��XE}q�ql�) � \ ���
��
qb��RC�� 9B8��!5'� B!�<* � 1D�70,+�� ��� ¡'-.��] }�5?��;�+�-B&'� � ��# 9.8���5'��9.8?L'&?�<]t"$��8?¡7S'X 9B:>�!5'�
:�+��4��;�+�-.&'��L?�!��;#9B�E&':!-DC SE��8'�$�!+�����%�=eC �!5'� �o�(lf¥ � �E-D;E��l0L'L'-.9B"<+��!9.�E8 §r+�87+�SE���
Nq5'�$8��!5'�K�A@?��"$&?�!9.�E8�����+�"$�hN�+�:p:P���E�(�$%�]}�5'�Kl0L'L'-.9B"<+��!9.�E8�§J+�8'+�SE�$�j¡7�!:P�F"65'��"6b#:
9BGg�!5'�H}q�ql�) � \ �����R@v9B:(��:z9B8 ��5?� *�" +�� 84��� �H�6+�='-.�r��Gg��5'�'�o§��n%7+���+�=7+�:(��],_�G
��5'�M}q��l�) � \ ��� %'�#�$:f8'���f�R@v9B:(�<Xd��5?�pl*L'L?-.9."$+���9B�E8J§J+�87+�S��$�*%?9.:!L?-�+<C#:f+�8H���!�(�E�
����:!:!+�SE�p���K�!5'�F&':(�$�o+�8'%{+�=��E�P��:f��L�����+��!9.�E8�]�_�G~��5'�F}q�ql�) � \ ���m�R@v9B:(��:fGI���g+�8
�R@v�$"�&?��9B�E8z���!+�"$�g��G�+pL'�(��;#9.��&':�L'�!��='-.��� �(&'8�X?�!5'�gl*L'L?-.9."$+���9B�E8z§r+�87+�SE���,�!��SE9.:P�����!:
��5'�4"$&?�!�!��8e�pL'�(�E='-.��� �!&?8�Nq9B�!5k�!5'� �o§�� %7+\�6+�=7+�:!��+�8'%�L?�!�#"$�$��%':o���r�!5'�4����5'���
:(��+�SE�$:j��G�9B��:g�A@v�$"$&v��9.��8�]¥f&'�!9B8'Sz��5'� � "65'��%'&'-.�h�g�$8'����+��!9.�E8{L'57+�:!��X���5?�4l0L'L'-B9."<+	w
��9B�E8�§r+�87+�SE���$X�9.8?:(���$+�%���G�SE�$8?�$��+\��9.8?SH+y:!"65'��%'&'-.��GI�E�g��5'���R@v�$"�&?��9B�E8���GO��5'���$8'%
+�L'L'-B9."$+���9B�E8�X��!�R���(9.��;��$:p�!5'�K:!"65?�$%'&'-B�z&':!��%�GI�E�i�!5'�KL'�(��;#9.�E&?:pL'�!��='-.��� �(&'8�"$���!�!�Aw
:!L��E8'%'9B8'Sf���f�!5'��}q�ql�) � \ ���FX�GI�(�E� �!5'� *�" +�� 84��� ���6+�='-.�O9.8p��5?� �o§���%7+��6+�=7+�:!��]
}�5'�gl*L?L'-.9B"<+��!9.�E8K§J+�87+�S��$���!5'�$8y"65'��"6b#:�9BG��!5'�f"$+�L7+�"�9B��9B�$:,��G���5'�g�(�$:!��&'�!"��$:q9.8h�!5'�
:!"65'��%'&'-B�o+��,��5?�*��9B������G����!+�"$�fS��$8'����+��!9.�E8z+��!�f"��E��L'+���+�=?-.�q���p��5?�f"$&'�(�!��8c�q"$+�L7+�"Aw
9B�!9.�$:M��Gq��5'�z�(�$:!��&'�!"��$:$] _�G���5?�z"<+�L7+�"$9B�!9.��:F+��!�h8'���>"$����L7+���+�='-B��X���5'�zl0L'L'-B9."<+\��9.��8
§J+�87+�SE�$�i%'9.:(L'-�+<C#:M+�8��$�(�!�E�j����:!:!+�SE���!�J��5?�h&':(�$�p+�8'%�+�=��E�(�!:j�!5'�h��L�����+��!9.�E8�]�_�G
��5'�i"<+�L'+�"$9D��9.��:*+��!�M"��E�4L7+���+�='-.��X'��5'�il*L'L'-B9."$+���9B�E8H§r+�87+�SE���*L'�(�v"��$��%':*���4��5'�i�!��:(�
��G1��5'�>L'57+�:!�$:j��G19B�!:g�R@v�$"�&?��9B�E8�]�¥f&'�(9.8'SK�!5'�>l*L'L?-.9."$+���9B�E8 ��+�&'8?"65'9.8'S�L'57+�:!��X��!5'�
l*L'L?-.9."$+���9B�E8�§J+�87+�SE�$��Xv9B8':(�!�<+�%K��G�:(��+�SE9.8?Si��5?�*9.8?L'&?�O%7+��6+o���i�!�$�4���!��NO�E�!bc9B8'Sp%'9�w
�!��"������!9.��:$Xc"$��L'9.��:O��5?�09B8'L'&?�1%7+���+M+�8?%���5?�*%7+���+j%?9.:(�!�!9B='&?��9B�E8>9.8?GI���!��+���9B�E8�X�&?:!�$%h9.8

VEV



��5'�iL'�!�R;#9.�E&':0L'�!��='-.��� �(&'8J"��E�!�(�$:(L��E8?%'9.8'S������!5'�M}q�ql�) � \ ���FXd���4��5'�i�!�������!�
N����!bc9.8'Sr%'9.�(�$"R���E�(9.�$:�]�}�5'�4&':!����G��!5'�>:�+��4��8c&'�M=����i��G��h+�"65'9.8'��:j+�8'%��!5'�4:�+��4�
9.8'L?&?��%7+��6+4&':!��%H9.8y��5?�iL'�(��;#9.��&':0:("65'�$%?&'-.�F+�-.:!�>SE&'+���+�8e�!�$�$:���5'�j&':(�M��GQ�!5'�j:�+��4�
%7+���+H%'9.:P���!9B='&?�!9.�E8kGI�E�i�!5'�z"$&'�(�!��8c�>L?�!�E='-B�$� �!&'8�]3}�5c&':4�g�!lf¥ � �E-B;��KSE&7+��!+�8e�����$:
��5'�j&':(�M��G���5'�j:�+��4�o�R@v�$"�&?��9B�E8J��8e;v9B�!�E8?����8c�0&':(�$%H9B8��!5'�iL?�!��;#9B�E&':�L'�!�E=?-.�$�¤�!&'8
GI�E����5'�1"$&'�(�!��8c�QL'�!�E=?-.�$���(&'8�X\+�8'%M5'�$8'"���SE&'+���+�8e�!�$�$:��!��L'�!�#%'&'"�9.='9B-.9B�`C*��G78c&'�4�$�(9."<+�-
�!��:!&'-D��:$]

}���:!&'L?L��E�P�>��5'��:(�!�E��+�S��J+�8?% &':(�J��G*�R@v�$"�&?��9B�E8 �!��+�"��$:49.8���5'�J�g�!lf¥ � �E-B;���:PC#:Pw
�����rXE�`NO�i�!�!9.S�SE�$�QGI&'8?"���9B�E8':1+��(�0+�:!:!�#"$9.+�����%4Nq9D��5>��5'� �g§��H%7+���+�=7+�:(��] �f8'�q���!9BSESE���
GI&'8'"R��9.��8�"<+�-B-.��% 17" � 0,� ��� � � � 1 "CB � � �2" &'L�%'+�����:M��5'�h-�+�:P�M&':!+�SE�h�!9.�4����G�+�8��R@v��"$&vw
��9B�E8F����+�"$��Nq5'�$84��5'���R@v��"$&?�!9.�E8>���!+�"$��9.: &':(�$%4GI�E�1+oL?�!�E='-B�$� �(&'8�]el08'����5?�$�~���!9BSESE���
GI&'8'"R��9.��8H"<+�-B-.��% 0284� � � � * 1 "CB � � �2" 9.:*&?:!�$%HGI���*L��$�!9B�v%?9."<+�-.-BCh%'�$-B���!9.8'S��$8e���(9.�$:*9.8r�!5'�
*�" +�� 84��� �0��+�='-B����G���5?���g§��H%7+���+�=7+�:(���!5'�$�(�$=eC4�h+�9B8e�6+�9B8'9.8'S0��5'��:!9��$����G��!5'� *�" +�� =
84��� �K��+�='-.�h9.8��!5'�K%7+���+�=7+�:(��]Q}�5?� 0284� � � � * 17"CB � � �2" 9.:i9.8e;E��b��$%�Nq5'��8'��;��$��+H8'��N
�$8e���PC�"$�E�(�!��:!L��E8'%'9B8'Sk�!��+{L'�(�E='-.��� �(&'8 9B:>+�%'%'��% ���{��5?� *�" +�� 84��� �y��+�='-.��] }�5'�
0284� � � � * 17"CB � � �2" �$�4L'-B�	C#:�-B�E8'SE���,%'&'�!+���9B�E8KGI�E���!5'�E:!�oL'�(�E='-B�$�¤�(&'8':,GI�E�,Nq5?9."65y�R@cw
�$"�&?��9B�E8z����+�"$�$:qNO�$�!�j:(�!�E�!��%�]

� ����� �#�\�"
 �#��� ���7�
�� ���<� �I� �

}�5'���g�!lf¥ � ���$:P��=��$%�"$��8':!9B:(��:M��G0+�=���&?� �e�r�h+�"65?9.8'��:MGI�!�E� J�8'9B;��$�!:(9B�`C���Gq}���8vw
8'�$:(:!���{/ J�}�2RX J08'9D;E�$�(:!9D�`C���G�_`-.-B9.8'�E9B:$X J0�!='+�87+\wx)�57+��4L7+�9.S�8 /7J0_.J*)�2i+�8'% J08'9D;E�$�xw
:!9D�`Cp��G�),+�-B9BGI�E�(8'9�+?X � +�8>¥f9.�$S��>/ J*) � ¥o2R] 37�E����5'��:!+�b��q��G�"$-.+��!9D�`CEX\�E&'� �A@?L��$�(9.�4�$8e�6+�-
����:(��=��$%r"$�E8?:!9.:P��:q��G �>�h+�"65?9.8'��:��

� +U�Es�sU§J� �y��$8e��9B&'� _(_!_o��+�"65'9.8?�hNq9B�!5 �vV	YH§J 1C#�!�$:>��G��4�$�4�E�(Ck-.�#"<+\���$%�9.8
J�}gX

� + � ����§J� �J���$8e�!9.&'� _!_p��+�"65'9B8'�yNq9B��5 Y ����§J OCc����:K��Gf�4�$�4�E�PC�-.�#"<+��!�$%�9.8
J�_.Jf)a+�8'%

� Y � ���r§J� ����$8e��9B&'� _!_(_*��+�"65'9B8'�$:gNq9B�!5�Y����§J OCc����:M��GO���������(CH-B�v"$+�����%{9.8
J*) � ¥p]

}�5'�iY�Jf) � ¥n��+�"65'9.8?�$:q+��(�g"$�E8'8?�$"��!�$%y���F�$+�"65r����5'����=cCJV��E�>§r=�:(Nq9D��"65'��% �Q�!5vw
�$�(8'���$]�§J+�"65'9B8'�$:zGI�!��� %'9 �����!�$8e��-.�#"<+\��9.��8':K+��(�U"$�E8?8'�$"R���$%a=eC�_`8e���$�(8'���$]q_`8��!5'�
�R@vL��$�!9B����8e��:$X'�o�(lf¥ � ��-B;E�qN�+�:,&':(�$%z���p�(�$�4������-BC>9B8c;��Eb�� � "<+ ��l*��l�)<\ %?�!9B;��$�1GI�E�
:!�E-D;#9.8'Sy��5'��-.9B8'�<+��o:PCv:P����� ��G����c&7+���9B�E8�X��	� ��
h]�}�5?�K%'�!9D;E���M9.8e;��Eb���: � "<+���lqw
��l�)<\ ]g��G�+�"��!�E�!9��<+��!9.�E8UGI�E�g�!5'��G�+�"R���E�(9 �$+���9B�E8U��G���+����(9D@�X�li]� O-.�#"6bU"�C#"$-B9.">%'9.:xw
���(9.='&?�!9.�E8HN�+�:o&':(�$%{GI�E�f��5'�F��+��!�!9D@JlM]�lm�o�(lf¥ � �E-D;E�F_x¥ ��N,+�:jNq�(9B�!�!�$8UGI�E�*�!5'�
%'�!9D;E�����!�E&?�!9.8'�f+�8'%y+�8z�A@?��"$&?�!9.�E8��4�v%'��-��!57+��qL'�(�$%'9B"��!:���5'�g�A@v�$"$&v��9.��8�"��E:(�q��G�!5'�
]g�|L'�!��='-.��� N�+�:0&?L'-.�e+�%'�$%y9.8e�!�>�!5'�j�g�!lf¥ � �E-B;��g:(C#:(�!�$��]�}�5?�M�g�!l*¥ � �E-D;E�g&':(�$�
9.8e;E��b��$:F�!5'�z�!�������!�KL7+��!+�-.-B�$-1+�L'L?-.9."$+���9B�E8�=eC�L7+�:!:(9.8'SH�!5'�z:!9��$�K��G��!5'�z��+����(9D@�l
+�8'%y��5'�o�(9.SE5e�(w�57+�8'%z:(9.%'�g;��$"��!�E�$X�  ���>��5?� � " �� �� +98;:<���� "$+�-.-^]

V	Y



�o�(lf¥ � ��-B;E�gN�+�:*��L�����+��!�$%�9.8rs��4�v%'��:$]7_`8���5'�j¡7�!:P�*�4�v%?��X'��5?�i�A@?��"$&?�!9.�E8r���#%'��-
%'9.%{8'���i"��E8e�6+�9B8{9.8?GI�E�(�h+\��9.��8H+�=��E&?�g�!5'�>%7+��6+z%'9B:(�!�!9.=?&?��9B�E8U&':!��%�9B8{�!5'� � "<+���lqw
��l�)<\ %?�!9B;��$��] _`8��!5'9.:F"$+�:!��X��g�!l*¥ � �E-D;E�K���!+�8':(L��E�P����%��!5'�y�$8e��9B�!�z%7+���+{�!�{�<+�"65
��G1��5'�>-.�#"<+\��9.��8':f&':(�$%{GI�E�f��5'�>�A@?��"$&?�!9.�E8k��G1��5'�>��8'%�+�L?L'-.9B"<+��!9.�E8�]�}�5'9B:g���#%'�F��G
�EL��$��+\��9.��8�9B:jL?��+�"R��9."��$%�9.8��0�1) :PCv:P������:j��57+��i%'�r8'���j:!&'L?L��E�P�M�!5'��9B8?GI�E�(�h+��!9.�E8
�!��Se+��!%?9.8'S{%7+���+k%?9.:(�!�!9B='&?��9B�E8�]�_`8 ��5?��:(�$"��E8'% �4�v%?��X3�!5'�r�A@v�$"$&v��9.��8 �4�v%?�$-�"$��8vw
�6+�9B8'�$%49.8vGI�E�!��+���9B�E8F+�=��E&?� �!5'��%7+��6+o%'9B:(���(9.='&v��9.��8F&':!��%h9.8F�!5'�0��8'%K+�L'L'-.9B"<+��!9.�E8�]�_`8
��5'9B:o"<+�:(��X3�o�(lf¥ � �E-D;E�p�!��+�8':(L����(����%��E8?-BCH�!5'�h+�L'L'�!��L'�!9.+����>L��E�(�!9.�E8':g��G���5?��%7+\�6+
���F��5?�j-B�v"$+���9B�E8':O&':!��%rGI�E�,�!5'�g�R@v�$"�&?��9B�E8���G3��8'%r+�L'L'-B9."<+\��9.��8�]v_`8y��5?�o�!5'9.�(%z���#%'��X
�o�(lf¥ � ��-B;E��N�+�:�&?:!�$%KNq9D��5�+�8h�A@v�$"$&v��9.��8h���!+�"$��"$�E�(�!��:!L��E8'%'9B8'Si�!�p+iL?�!��;#9B�E&':1�!&'8
��GQ�!5'�M:!+����iL'�!��='-.���r]7_`8J�!5'9.:�"<+�:!��X�%7+���+�9.:�8'���*:(��+�SE�$%rGI�!�E� �!5'�M&':(�$����:g+�%'%'�!��:!:
:!L7+�"$�0�!�i�!5'�*�(�$�4�������h+�"65'9.8'��:$X#='&?�1������L��E��+��(C>"$��L'9.��:O��G���5'�09.8'L'&v��%7+\�6+i&?:!�$%h9.8
��5'�oL'�(��;#9.��&':q�!&'8r+��!�o��+�%'�fGI�E�,�!5'�o"$&'�(�!��8c��L'�(�E='-B�$� �(&'8�]

339.S�&'�!� �q:!5?�	Nq:���5?�~�!9.�4�$:���+�b���8iGI�E��%'+��6+�:(��+�SE9B8'Sq+�8'%j����5?�$��g�!lf¥ � �E-B;�� �	;��$�(5'�<+�%
GI�E�p%'9 �����!��8c�>��+��!�!9D@k:(9 ���$:4+�8'%�GI�E�i��5'�K�!5'�!���z���#%'�$:M��G*�o�(lf¥ � �E-D;E�K��L�����+��!9.�E8�]
� 9.8?"$�z��5'�z�!9.�4�$:M��+�b���8 GI�E�p�!5'�y�R@v�$"�&?��9B�E8 ��G0�!5'�y�$8'% +�L'L'-B9."$+���9B�E8�+��(��:!+��4�z9.8
+�-.- �!5'���!5'�!���K���#%'��:$X�N��hGI�#"$&?:M�E8'-DCk�E8���5?����9B����:j��+�b���8�GI�E�M%'+��6+J:P�6+�S�9.8'SJ+�8'%
L���:!:!9B='-.���g�!9B%k��;��$�!5?�<+�%':�]3}�5'���h+�"65'9.8'��:g��57+��jNO�$�!��"65'�E:(�$8�=eCU��5?�K�g�!l*¥ � �E-B;��
+�L'L'-B9."$+���9B�E8vw`-B��;��$-~:!"65'��%'&'-B�$�FGI�E�M�!5'�z�R@v�$"�&?��9B�E8���G��$8'%�+�L'L?-.9."$+���9B�E8�GI���p%'9����$�(�$8e�
�h+\���!9�@ :!9 ���$:y+��(�H:!5?�	Nq8�9B8�}3+�=?-.��V�]�}�5'� J�}£��+�"65'9B8'�JN�+�:z&':!��%�GI�E�K:!��+�-B-.�$�
L'�!��='-.���£:(9 �$��:o:!9.8?"$�F9B�*57+�%{-�+��!SE���*"$����L'&v��9.8?SKL���NO�$�g��5'+�8U����5?�$�g��+�"65'9.8?�$:$] 37�E�
�h+\���!9�@r:!9 ����X �����E�?X�J�_.Jf)n�h+�"65?9.8'�MN�+�:j+�-B:!�z&':(�$%{GI�E�f��5'�F�A@v�$"$&v��9.��8���G1L7+���+�-B-.�$-
+�L'L'-B9."$+���9B�E8�] 37�E�1�h+��!�!9�@4:!9 ���$:�X'�E�E���M+�8'%z���E�E�?Xc��5?�f+<;�+�9.-.+�='-.�q�4�$�4�E�(C>9B8h��5?� J0}
�h+�"65'9.8'�r+��4��5'�y��9B���y��G*��5'���R@vL��$�!9B����8e��:�N�+�:�-.�$:(:��!57+�8 �!5'�J�4�$�4�E�PC�8'�$��%'�$%
GI�E�M�!5'�yL'�!�E=?-.�$�4:$]3�0��8'"$� J0_.J*) +�8?% J*) � ¥ �h+�"65?9.8'��:pN����!�y&':!��%�]K37�E�p��+����(9D@
:!9��$��X��E�E���?X�+�-.- �h��+�"65'9B8'�$:�N����!�F8'���$%'��%H���z+�"�"$�E�4�4�v%7+\���o��5'�iL'�!�E=?-.�$��]dl*-B-��!5'�
+�=��	;��r%?�$"$9B:!9B�E8':pNO�$�!�r+�&?�!�E��+���9B"<+�-B-BCk�h+�%'�z=eC���5'�r�g�!lf¥ � �E-B;��z:(C#:(�!�$� �6+�b#9B8'S
9.8e���y+�"$"$��&'8e�j�!5'�F:!9��$�F��G~�!5'�FL'�!��='-.����:g+�8'%U��5'�F�(�$:!��&'�!"��4"65'+���+�"R�����!9.:P��9B"$:o+��f�!5'�
��9B���f��G��!5'�o�R@vL����!9B����8c�!:$]

)��E�4L7+��!9B8'SU��5'�z¡7�(:(�4�`N��k�4�v%'��:>9.8 339.S�&'�!�y�?XQNO�y¡78'% �!57+��>GI�E�F:(�h+�-B-.���pL'�!��=vw
-.��� :!9��$��:$X���5?�>�!9.�4�$:f��+�b���8kGI�E�g%'+��6+z:(��+�SE9B8'Sy9.8U=�����5U��5?�4�4�#%'�$:o+��(�F��5'�>:�+�����]
}�5'9.:49.:>=��$"$+�&':!�r�E8'-DC��E8'����+�"65'9.8?�yN�+�:�&':!��% GI�E�>L'�(�E='-.��� �R@v��"$&?�!9.�E8�+�8'%��!5'�
:�+��4�g+��4�E&'8e����G�%7+��6+F+��!�f:P�6+�SE��%y9.8K=�����5K�!5'�f�4�v%?�$:�Nq5'��8r��8'-BC4�E8'�g��+�"65'9B8'�*9B:
9.8e;E��-B;E��%�GI�E�oL'�(�E='-B�$� �A@?��"$&?�!9.�E8�] 37�E�g-.+��!SE���oL'�!�E=?-.�$� :!9 ���$:�X��!5'�>��9.�4�$:gGI�E�o%7+\�6+
:(��+�SE9.8?SKNq9B��5{%'9B:(�!�!9.=?&?��9B�E8H9.8vGI�E�!��+���9B�E8J9B:f-.��:!:g��5'+�8�Y��\w �� 
 ��G1�!5'�F��9B����:*�6+�b��$8
GI�E�o:(��+�SE9.8?Sy�!5'�4�$8e��9B�!�4%7+��6+z�����!���������>�!��:!�E&'�("$��:$]}�5#&?:i��5?��&':(����G,%7+���+�%?9.:(�!�!9�w
='&?�!9.�E8{9.8vGI�E�!��+���9B�E8J9B8��o�(lf¥ � �E-D;E�p"$+�8kSE9B;��F:!9.S�8'9B¡7"$+�8'"��FL����(GI�E�(�h+�8?"$�F=��$8'�R¡'��:
Nq5'�$8 "$�E�4L7+��(�$%����k:(��+�SE9B8'SU��5'�y�$8e�!9.�!�y%7+\�6+H��57+\�>9.:>L'��+�"���9B"$��%�9B8�:!�E�4�y��G0�!5'�
�0�1)|:PCv:P������:�]�¥g+���+�:P�6+�SE9B8'S49.8y��5'�j��5'9B�!%����#%'�j9.:q=7+�:(9."<+�-.-BCh��5'�o��9B���g�6+�b��$8rGI�E�
"$�(�<+��!9.8'S*�!�$�4L�����+��PCM"��EL'9.��:Q��Gd%7+\�6+f&':(�$%>9.8M�!5'�,L'�(��;#9.��&': L'�!��='-.��� �(&'8': 9B8p�!�������!�
�!��:!�E&'�("$��:$]����M¡78'%H�!5'9.:*�!9.�4�j�!�z=��M8'�$SE-B9.SE9B='-.�fNq5?�$8{"$�E�4L7+��(�$%H�!�h��5'�p¡'�!:(�*�`N��
���#%'��:$]�}�5#&?:f�R@v�$"�&?��9B�E8J�!��+�"��$:f"$+�8H=��M&':(�$%{+�:0"<+�"65'9B8'SK�4�$"657+�8'9.:(��:q����&':!�M�!5'�
L'�!�R;#9.�E&':(-BCh:(�6+�SE�$%y%7+���+pGI�E�,L'�(�E='-.���¤:(�E-B;#9.8?S']?}�5'�i�g�!l*¥ � �E-B;��f��;E���!5'�$+�%':qGI�E�q+�-.-

V�s



0

200

400

600

800

1000

1200

1400

1000 2000 3000 4000 5000 6000 7000 8000

T
im

e 
[s

ec
s.

]

Matrix Size

Data Staging and GrADSolve Overhead

Full data staging



� � �����?�H�#
�� �d�9�

l 8c&'�p=��$�g��G1L7+���+�-B-.�$-���1)n:PCv:P������:o57+<;E�>=��$��8k=?&'9.-D�*9B8H��5'�p"��E8e���A@v�j��G �f=#�(��"��
§J+�87+�SE�$�4�$8e�4�g�!�E&?L¢/ �o§H�j2hTtYvV$[^X )��E�4����8�)��E�4L���8'�$8e�Fl0�!"65'9D���$"R��&'�(� 37�E�!&'�
/�)�)�lf2jTtYEY\[+�8'%r�o�(9.%y�!��:!�<+��!"65J� �����(��:iT �?XDV��?XDV�s�[^]

}�5'� �f=#�(��"��p§J+�87+�SE�$�4�$8e�p�o�(�E&'L / �o§H�j2�TtYvV$[~57+�:i=��$��8�%'�$+�-.9B8'SzNq9B��5�:!L��$"�9BG Cew
9.8'SJ�E=#�(�$"R��:pGI�E�i=�����5�:!���c&'�$8e��9.+�-�+�8?%�L7+���+�-.-.��-1+�L'L'-B9."<+\��9.��8':$]�}�5'�y¥g+���+H�3+���+�-B-.�$-
) �g�0 �ln:(L���"$9B¡'"<+��!9.�E8y%'��:!"$�(9.=��$:qL7+��!+�-.-B�$-��E=#�(�$"R��:q��57+\�q�$87+�=?-.�f��5?�j��=#�(�$"R�09B��L?-.�Rw
����8e���$�Q�!�g�6+�b��0+�%?;�+�8e�6+�SE����G�L7+���+�-B-.�$-#�!��:!�E&?�!"$��:1GI���~+�"65'9.�R;#9.8'So5'9BSE5FL����(GI�E�(�h+�8'"$��]
}�5'�4:!L��$"$9D¡7"<+\��9.��8k%?��¡78'��:i9B8e���$�PG�+�"$��:gGI�E�g=�����5U��5'�>9B��L'-B�$�4�$8e�����!:f��GO�!5'�>�E=#�(�$"R��:
+�8'%H�!5'�p"$-B9.��8c�0���z&':(�M��5?�F�!�$�4���!�ML7+��!+�-.-B�$-�:!���(;#9."��$:�]�}�5'�p:!L��$"�9B¡7"$+���9B�E8U%'�#�$:f8?���
%'�<+�-ONq9B�!5�%?C#87+���9B"h:!��-.��"���9B�E8���Gq�(�$:(�E&'�!"��$:pGI�E�jL7+��!+�-.-B�$-~"$����L'&v��9.8?S']�}�5'�z�3+E) �
T�V<�?X ���\[~+�8'%��3+E) ����� TWV �'XZY���[ :PC#:(������:oGI�!��� ��5'�4��lf�q_ � L'�(�\�(�$"R�i9B8 37�!+�8'"$�4+��(�
9.�4L'-.������8e���$%�Nq9B�!5'9.8J�!5'�F) �g�� �l T �\[3GI�!+��4��NO�E�!bz���h�$8'"$+�L':!&?-�+��!�>§J� _*+�L'L'-.9B"<+\w
��9B�E8':f9B8����1)n:PC#:(������:�]�}�5'�>%7+��6+K%?9.:(�!�!9B='&?��9B�E8U+�8?%��(�$%'9B:(���(9.='&v��9.��8H����"657+�8'9B:!�4:
9.8��3+e) � +��!�>�p&'"65����E�(�>�!�E='&?:(�j��57+�8k9.8��g�!lf¥ � �E-B;��>+�8'%�:(&'L'L��E�(�i9.8e;��v"$+���9B�E8
��G0�!�$�4���!�zL7+���+�-.-.��-�+�L'L'-.9B"<+��!9.�E8?:p�$9D��5'���pGI�!�E� :!�$�c&'��8e��9�+�-��E�FL7+��!+�-.-B�$-�"�-.9B�$8e�FL'�(��w
SE��+���:�]~����"$�$8e�!-BCEX~��5?�J��lf�q_ � L'�(�\�(�$"R�K57+�:4=��$�$8 9.8e;E��:(�!9.Se+��!9.8'Sk"$��&'L'-.9B8'S{�p&'-D��9Dw
L'-.�>+�L'L'-.9B"<+��!9.�E8?:0��GO%'9 �����!�$8e�g�`C#L��$:o9.8k�g�!9B%HGI��+��4��NO�E�!bc:4TWV �vXDV���[^] � 9B��9B-�+��q���K�!5'�
¥g+��6+*�3+��!+�-.-B�$-v) �g�0 �l :!L��$"$9D¡7"<+\��9.��8�X\�!5'�,L7+���+�-B-.�$-v) �g�� �l �E=#�(��"��!: 9.8M�!5'���3+E) �
L'�!�	�(�$"��!:0%?�h8'����:(&'L'L��E�(��%?C#87+��49."o:(�$-.��"��!9.�E8y��G3�!�$:(�E&'�("$�$:�GI�E��+�L'L'-B9."$+���9B�E8K�R@v��"$&vw
��9B�E8z+�:,9B8��o�(lf¥ � ��-B;E��]v}�5?�g:!�$-B�$"R��9.��8z��G��!��:!�E&'�("$��:qGI����L7+��!+�-.-B�$-��R@v�$"�&?��9B�E8K�6+�b#9B8'S
9.8e���r+�"�"$�E&'8e�i��5'��-.�e+�%k+�:(L���"��!:p��G��!5'�h�(�$:(�E&'�!"��$:i9.:i+r8'��"$�$:(:!9D�`C�9B8k�!5'��%vCv8'+���9B"
)��E�4L'&?�6+\��9.��87+�-v�o�(9.%':�]�l0-.:(�'Xe�g�!l*¥ � �E-B;���:(&'L'L��E�(�!:~�o�(9.%p�(�$-.+�����%p:!��"$&'�(9B�`Cp�4�#%'�$-B:
=eC�����L?-.��C#9.8'SM�o-B�E='&':1�4�$"657+�8?9.:!�4:$]cl08'%h¡787+�-.-BC�Xv�o�(lf¥ � �E-D;E�q9.:1&'8'9B�c&'�*9B8h��+�9.8vw
�6+�9B8'9.8?Sp�R@v�$"�&?��9B�E8r�!��+�"��$:���5'+��q"<+�8�5'��-.Ly=eCvL'+�:!:q��5'�o�(�$:!��&'�!"��i:(�$-.��"��!9.�E8�+�8'%y%7+\�6+
:(��+�SE9.8?S4L?57+�:!��:$]

}�5'�h)��E���4�E8�)��E�4L��E8?�$8e�jl*�!"65?9B����"��!&'�!� 3d���!&'� /^)�)�lg24T�Y�Y\[~57+�:j=����$8�9.8e;E��:(��9�w
Se+��!9.8'S���5'��%'�$L'-B��Cv�4�$8e�>+�8'%�&':(�K��G�=�����5�L7+���+�-.-.��-1+�8'%�:(�$�c&'�$8e�!9�+�-O"$�E�4L���8'�$8e��:�]
}�5'�$9B� �!§y@ � �q�$%'9B:(���(9.='&v��9.��8 �,N����!bc9.8'S0SE�!��&'LM57+�:�=��$��8p%'�<+�-.9.8?SqNq9D��5j��5'�19.:(:!&'��:3��G
%7+���+K�!�$%?9.:(�!�!9B='&?��9B�E8JNq5'��8��M&'-B�!9.L'-B�iL7+���+�-B-.�$-"$����L��E8'��8c�!:o+��!�F"��E&'L'-B�$%H�!�ESE���!5'�$��]
}�5'��)#Jf§�J ��� � §y@ ��9B8e���$�PG�+�"$� TtY�s�[fGI�(�E� �g+�b ��9B%'SE���0+���9B�E87+�- ��+�=�����+��!�E�(C�X
��5'�h��l�� � �$8e;#9.�(�E8'�4�$8e�yTtY ��[~GI�!��� ���E:il*-.+�����: �0+���9B�E87+�- ��+�=��E�!+����E�PCk+�8'%��!5'�
��l*�0¥f_ ��� �1§J¥a�E=c�(�$"��!:gTtY �\[7GI�(�E� _`8'%'9.+�87+6J08'9D;E�$�(:!9D�`CFN��E�(bpNq9B�!5'9.8>��5'�*)�)�l����
%'��;��$-B�EL>+*L7+��!+�-.-B�$-c���1)�:P�6+�8?%7+��!%�]�}�5'�,��+�9B8iSE�E+�-.:��G7��5?�$:!��:(C#:(�!�$�4: 9.8'"�-.&'%'�1L'�(��w
;#9.%'9B8'Sp9.8e�!�$�!��L�����+�='9B-.9D�`C>=��R�`N����$8�%'9����$�(�$8e�q"$�E�4L��E8'�$8e�!:$X'='&?9.-.%?9.8'Si&':!����9.8e�����(G�+�"��$:
GI�E��"��E8e;E�RCv9B8'S49.8?GI�E�(�h+\��9.��8�+�=��E&v�,��5'�*L7+���+�-.-.��-�%'+��6+?X#%'�R;E�$-B�EL'9B8'SF"$�E�4�p&'8?9."<+\��9.��8
:!"65'��%'&'-B���!�g"$�E�4�p&'8'9B"<+��!����5?��%'+��6+f=����`NO�$��8K%'9����$�(�$8e�~"$����L��E8'��8c�!:~+�8'%>:(C#8'"65?�!��w
8'9 ��9.8'SF%'+��6+p���!+�8':PGI�$�!:�]7}�5'�$:(�iL?�!�\�(��"���:q%'��-.��Se+����f�!5'�o�!��:!L��E8':!9B='9.-B9B�`C���G:!"65'��%'&'-B9.8'S
�E�f"65'�#�E:(9.8'Sh�!5'�p��8'%{�!�$:(�E&'�("$�$:gGI�E�0L7+��!+�-.-B�$-+�L'L'-B9."$+���9B�E8r�!�h��5'�M9.�4L'-.������8c�!�$�(:*��G
L7+��!+�-.-B�$-�"$�E�4L���8'�$8e��:�]'_`8����E:P��"<+�:!�$:�X'��5'�g9B��L?-.�$�4�$8e�!�$�!:���G���5'�g"��E��L��E8'��8e��:q-�+�"6b
��5'�F�A@vL����(��9B:!�F���y9B8'"$-B&'%'�p:("65'�$%'&?-.9.8?Sy�!�$"65'8?�E-.�ES�9.�$:�]�_`8��o�(lf¥ � ��-B;E��X�+�L'L?-.9."$+���9B�E8vw

V �



-.�R;E�$-�:!"65'��%'&'-B9.8'Sz9B:f+�8U9B8c�!�$SE�!+�-"$�E�4L���8'�$8e�f��G ��5'�p:PC#:(����� +�8'%J�!�$�c&'9B�!��:f��5'�p9B�>w
L'-.������8e���E�(:Q��G���5'��L7+���+�-B-.�$-c"��E��L��E8'��8e��: ���g�E8?-BCiL'�!��;#9.%'��9B8?GI�E�(�h+��!9.�E8i+�=��E&?�Q�!5'�$9B�
L7+��!+�-.-B�$-�+�L'L'-.9B"<+��!9.�E8?:$]

�0�R� � �E-D;E�*Tt�\[#+�8'% �09.8vG�TWV���[#+��(�O�o�(9.%o"$�E�4L'&?�!9.8'Sq:PCv:P������:���57+\��:(&'L'L��E�(��6+�:!bfL7+���+�-�w
-.��-.9.:(� =eC��!5'�g+�:PC#8'"65'�!��8'�E&':��A@?��"$&?�!9.�E8h��G�8c&'�p=��$����G��!�$�4���!�*:!���c&'�$8e��9.+�-�+�L'L'-.9B"<+\w
��9B�E8':$] �f�48'9����1)|TWV	�\[�9.:O+�8h�A@#���$8?:!9.��8z��G �09B8?G�+�8'%h:(&'L'L��E�(�!:�+�:(C#8'"65?�!�E8'��&':����O)
"<+�-B-.:f�!�r=�����+�%'�FGI�(�E� �fL���8d§J� L'�(�ESE�!+���:�]� �&?�j:!9B��9B-�+������y��5'��+�L'L?�!�e+�"65?�$:j9.8
�0�R� � �E-D;E��X �09B8?GxXv��) � +�8'%z¥)3 �qwx���1)*X �f�48'9����1) :!&?L'L����(��:��E8'-BC4��+�:(�!�$�xw�NO�E�!b��$�
���#%'��-.:j��G�L7+���+�-.-.��-.9B:!��] �0�R� � ��-B;E�K+�8'% �09B8?G�+�-B:!�H:(&'L'L��E�(�M�!�$�4���!�K9.8e;E�#"<+\��9.��8���G
§J� _�+�L'L'-B9."<+\��9.��8':$X7='&v�*��5?�p+��4�E&'8e�0��G~L7+��!+�-.-B�$-.9B:!�¤+�8'%J�!5'�M-B�v"$+���9B�E8':q��G ��5?�M�!�Aw
:!�E&?�!"$��:3���0=��1&':(�$%MGI�E����5?�O�A@?��"$&?�!9.�E8p+��!�~¡?@v�$%>+����5?�1�!9.�4�~Nq5?�$8M�!5'�,+�L?L'-.9B"<+��!9.�E8':
+��!�j&'L'-B�e+�%'��%r�!����5?�M:(C#:P���$�4:g+�8?%J5'��8'"$�F+��!�M8?���f+�%7+�L?�!9B;E�o����%?C#87+��49."j-.�e+�%':q9.8
��5'�4�g�!9B%H�$8e;#9.�(�E8'�4�$8e��:�]�����"$��8c�!-BC�X��o�(9.%vw`�0�1) TWV�s�[357+�:g=��$�$8kL'�(�EL���:!�$%U�!�z:(�6+�8vw
%7+��(%'9 ������5'�������E�(�!:Q��G �0�R� � ��-B;E�q+�8'%��09B8?Gx]�}�5?�,"$&'�(�!��8c�O�g�!9B%vwx���1)�:(��+�8'%7+��(%F%'�#�$:
8'���q:(L���"$9BG Cy:("65'�$%?&'-.9B8'S>���R��5'�#%'�E-B�ESE9.��:����>"65'�#�E:(�o�!5'�o�!��:!�E&'�("$��:0GI�E���A@?��"$&?�!9.�E8���G
�!�������!�gL7+��!+�-.-B�$-�+�L'L'-.9B"<+��!9.�E8?:$]

� � ����� ��� �<����� � �7��
������	���9� ���d���

_`8k�!5'9.:gL'+�L����$X�+�8k���1) :(C#:P���$� GI���g���4"$9B�$8e�j�R@v�$"�&?��9B�E8���G1�(�$�4�����>L7+��!+�-.-B�$-:!��G �Pw
N,+��!�zN,+�:F%'9.:("$&':(:!�$%�]1}�5?���R�4"$9.��8'"�C�9.:F+�"65?9.��;��$% =cC�%?C#87+��49."$+�-.-DC�"65?�v�E:(9.8'SH�!5'�
�h+�"65'9.8'��:O&?:!�$%KGI���1L'+���+�-B-.��-7�R@v�$"�&?��9B�E8z+�8'%�:(��+�SE9.8?Sj�!5'�*%7+\�6+j�!�M�(�$�4�������h+�"65'9.8'��:
=7+�:(�$%¢�E8�%7+���+�%'9.:P���!9B='&?�!9.�E8 9B8?GI�E�(�h+��!9.�E8�] }�5'���o�(lf¥ � �E-D;E�U���1) :PC#:(����� +�-.:(�
:!&'L?L��E�P��:0�h+�9B8e�6+�9B8'9.8'Sp+�8'%J&v��9.-B9 ��9.8'Sp�A@v�$"$&v��9.��8r���!+�"$��:0GI�E�qL'�(�E='-B�$� :(�E-B;#9.8?S'] �f&'�
�R@vL��$�!9B����8e��:,:(5'��N���%y�!57+��O��5'�o�g�!l*¥ � �E-D;E��:(C#:(�!�$�¤9B:,+�=?-.�0�!�F+�%7+�L?���!�i��5?�fL'�!��=vw
-.��� :(9 �$��:�+�8'%z��5'�g�(�$:(�E&'�!"��o"657+���+�"������!9B:(��9B"$:q+�8?%yC#9B�$-.%?�$%z:!9BSE8'9D¡7"<+�8e��L��$�PGI�E�!��+�8'"��
=���8'��¡?��:qNq9B��5y9D��:�%7+���+F:(�6+�SE9.8'S4+�8?%r�A@?��"$&?�!9.�E8y���!+�"$�o�4�$"657+�8'9.:(��:�]

_`8e���$�PG�+�"$��:O�!�o�!5'�q-.9B='��+��PCMNq�(9B�����!: GI�E� �A@?L?�!�$:(:!9B8'SM�4�E�!�q"$+�L7+�='9B-.9D��9.��:3��G���5?�0��8'%h+�Lvw
L'-.9B"<+��!9.�E8M+��!��"�&'�!�(�$8e��-DCF=��$9.8?Sg%'�$:(9.SE8'��%�]E}�5'��:!��"<+�L'+�='9.-B9B�!9.�$:9.8?"$-.&?%'����5?�q+�='9.-B9B�`Cj��G
��5'�M+�L'L'-B9."$+���9B�E8z���h=��ML?�!�$����Lv���$%H+�8'%J"��E8e��9B8#&?�$%U-�+\���$��Nq9D��5J%?9����$�!��8e�fL'�(�v"��$:!:(�E�
"$�E8v¡7SE&'�!+���9B�E8�]�}�5?�$:!�k"<+�L7+�='9B-.9B�!9.��:�Nq9.-B-*+�-.-.��N �g�!lf¥ � �E-B;��J����+�%7+�L?�z����"657+�8?S�w
9.8'Sh�g�!9.%y:("$�$8'+��!9B�E:$]d}�5'�i"$&'�(�!�$8e�g�o�(lf¥ � �E-D;E�o:(C#:P���$� ����L'-B��Cv:0+�L'L?-.9."$+���9B�E8vw�-.��;��$-
:!"65'��%'&'-B�$�4�!�$�c&'9B�!9B8'SH��5'�z9B��L?-.�$�4�$8e�!�$�!:i���{L'�!��;#9.%?��9B8?GI�E�(�h+��!9.�E8�+�=��E&?�p�!5'�$9B�F-.9Dw
='��+��!9.��:$]\_`8p��5'�1GI&?��&?�!��X\N���L'-�+�8j���f����L?-.��Cj���R��5'�#%':�GI���3+�&v���E��+���9B"O%?�������!�49.87+\��9.��8
��G'�!5'��9B8?GI�E�!��+��!9.�E8o+�=��E&?���5?��-.9B='��+��!9.��:�:!9B��9B-�+����!�0��5?�O� ���E�P��:�9.8i�!5'�,� �(�EL'5'��:(CKT �e�\[
L'�!�	�(�$"��$]E}�5'�E&?SE5��o�(lf¥ � �E-D;E�,"�&'�!�(�$8e��-DCFL'�(�	;#9B%'�$: =7+�:!9."�:!�$"�&'�!9D�`CF=eCM�!5'�q+�&?�!5'�$8e��9�w
"<+��!9.�E8h��G&':!���!:q+�8'%z:(�$�P;v9B"$�gL'�(��;v9B%'�$�(:,��5'�(�E&'SE5z�o-B�E='&':,�4�$"65'+�8'9.:(��:�Xv9D�,%'�#�$:�8?���
L'�!��;#9.%?�,L'�!9D;�+�"�CoNq9B�!5F�!��Se+��!%i���g�4�$:!:!+�SE���!��+�8?:�+�"R��9.��8':Q+�8?%>+�-.:(�f%'�#�$:Q8'���Q:!&?L'L����(�
;�+�-.9B%7+���9B�E8F��G��!�$:(&'-B�!:$]e���0L'-.+�8>���M����L?-.��CF�$8?"$�(C#L?�!9.�E8���G�%'+��6+g���iL'�!��;#9.%'��L'�(9B;�+�"�C
+�8'%�:!9BSE8'�$%y:(��G �`N,+��!�j����"657+�8'9B:!�4:,���4+�:!:(&'�!�j9.8e�!�$SE�(9B�`CK��G3�(�$:!&?-B��:�]

V��



� �z��������� �7�#
 ��
 �#��� �

}�5'�j+�&?�!5'�E�!:ON��E&?-.%y-.9Bb��*�!�p��57+�8?b���5?�g�h+�8'+�SE�$�(:,��G���5?�j�o�(lf¥ � L'�(�\�(�$"R��GI�E�,L'�(��w
;#9.%'9B8'S�;�+�-.&7+�=?-.� 9.8?L'&?��:�%'&?�!9.8?S��!5'�O%?��;E��-.�EL?����8c����G7�o�(lf¥ � �E-D;E��]<���1+�"6bc8'��Nq-.��%'SE�
��5'�~&':(�~��G?��+�"65'9B8'�$:�9B8g��5'�1�g�!l*¥ � �!�$:P��=��$%oGI�E����5'�~�A@?L��$�(9.�4�$8e��:�"��E8'%'&'"R����%M9.8f�!5'�
�!��:!�<+��!"65�]e���0+�-.:!�g�!57+�8'bM�!5'���!��:!�$+��!"65h�!�<+��4:QGI�!����%'9 �����!�$8e�19.8?:(��9D��&?�!9.�E8?:$X�8'+�����-BC
��5'�j��+�='-.�4�!��:!�$+��!"65rSE�!�E&?L�GI�(�E�¤��5?� J�8'9B;��$�(:!9B�`Cy��G3_`-B-.9.8?�E9.:�X J��!=7+�8'+\wP)�57+���L7+�9.SE8�X
��5'�,�o�(9.%M����:!�<+��!"65>+�8'%M_`8'8'��;�+���9B�E8 ��+�=��E��+\���E�PC�/��o��l0_ ��2�GI�!�E� �!5'� J�8'9B;��$�!:(9B�`Cj��G
),+�-.9DGI�E�!8?9�+?X � +�8H¥f9B�$SE�h+�8'%r�!5'�M_`8?8'��;�+\��9B;��>)��E�4L'&?�!9.8'S���+�=�����+��!�E�(C�/I_P) ��2�GI�!�E�
J08'9D;E���!:!9D�`Cy��G }�$8'8?�$:!:(�$��X�GI�E����5?�i:(&'L'L��E�(�*+�8'%r�h+�9B8e���$8'+�8'"$�j��G���5'�j�h+�"65'9.8'��:q9.8
��5'�z�o�(lf¥ � �!�$:(�!=���%�+�8'%��$8'+�='-.9B8'Sr�!5'�K"��E8'%'&'"R��9B8'SU��Gq�R@vL��$�(9.�4�$8e��:F8'���$%'��%�GI�E�
��5'�o�(�$:!�$+��!"65�]

� � � �c���v�� ���

¨Õð!©ï�AÁ��=§���¤��¨��»��EÁ åE¤��¨ ¢�P©Å»,ÐO£�·{��¤�£�¤�©L��§¨©|� «�¤�£����¢¤ ¬®��(¯o¤�°��|�¤ ±=³��ª�¨ t»,�c± �
Ëh�³�©� �³�¯o��§��P©� 2�P©Æ±%�P£�·u�|�¢¤tEÂ(¶a ¢�¢¤�£À cì¥´xð7µ;´xð�è�ª RLµcí�è��aê�èaÁ

¨ ì�©��RÁ	�%¤t� ���³�°Ô»�ËÄÁ+�E©�°�¤t� ¢�P©Ô» Ü Á,S�³�Þt�7¿E ¢½+³(»�
AÁ S�¤t¸L¶�»,S�§¨�P�Î�Ç¿�¤�§��P�L�^«�¤�£����¢¤=¬®��a¯o¤�°����¤
±2³��¨��»��c± �!Ë��³�©� �³�¯o��§��P©� c�P©B±%�P£�·{�|�¢¤tEÂa¶( ¢�¢¤�£r [´qË��[±�Â�µQª¥´xð7µÄ´xð�è�è�ëÎµEíPé��aê�êaÁ

¨ í�© Â|§¨£�·u��¤ �RÉE«¢¤�¯o�c�R¯t¯o¤� � c¬X����¢�(¯o�P��´ûÂ �c�E¬=µ� üLü��������	�����2ù�����ù � 	����������� �!�"�# Á
¨ R<©%$ � SÔÍW«c¬=±& üLü��'�(���	�����=ù*),+.- 	���øfù�ø �/+ Á
¨ ê�© ±��Ì«0�=�% üaü��������������2ù�ø � 	�15�®ù�� 	�� Á
¨ î�© �Î³�¸�³ «c¤�£����¢¤ �¥¤t���|�(° Ðx©L¸��a¯t³���§��P© ´�P³7¸+³ « �
Ð�µ

2 �Põ��Xù�ö7ú��2ù�ø
�,+.�,��	��LÿPú�ø�ü{ö�� 2 ÿÎý3�
		+54 Á
¨×éR© ±ÌÁ ÍO±RÁa±=��³�©��|»aÏØÁa±%Þ�³�«¢½��7¿E ¢½a§û»LËÄÁP¸��P© Ü §¨¯�½�¤�©Ô»�B«c¬=±76Î�8
E§¨�P�r¬®¤t ¹ ���£r³�©u¯o¤c«c¬=±

Â(¶a ¢�¢¤�£ ¹ �� �
¬ �
Ó ¬�³��³��¨��¤���±%�P£r·u�|��§¨©|�rì�è¥´xð7µ;´xð�è�è�èPµ RÎí��aî�îaÁ
¨ ª�©ï«[ÁP«c³�É�¤�©� ¢¤�§ ¹ ©|¤t7»+Ë���¤%° ¹ ©C�¤�£����¢¤2·u��a¯o¤�°u�|�¤=¯t³��¨�(�¢�L�P� ¹ ��^·u³��³��ª��¤��(³�©�°�°�§¨ ¢�¢�§�Éu�|�¢¤�°

³�·u·u�¨§¨¯t³���§��P©u t»Ä§¨©96ÌÐO© �Ä�P£r£Ø��©�§�½�³���§��P© §¨© �^¤t��¢¤�§¨�¨�¢¤�© Âa¶( ¢�¢¤�£�¤�© Í �[§ �ÄÂçè�êaÁ ��Á
Ù��³�©|½�¤�» �AÁ,
R�|¤tÉu©|¤t7»/:çÁ �[³�� ¹ ³C´ Ü °u§��¢��� �µ�»�¬®��(¯o¤t¤�°�§¨©��P t»�±=��¤�£r©�§��¢ÞoÍ*;�¿E§¨¯�½�³��Ô»Lð�è�è�êa»
·u·ÅÁ	R�ð�ê���R�ð�èaÁ

¨ è�©�
AÁß±2³� �³�©|�7¸�³(» �|Á ÓR�P©|�P³���³(» åE¤t��Âa�P��¸�¤�6ß� åc¤t�Ç¿����½ Âa¤t�¸�¤t ¹ ���Âa�P��¸(§¨©|�
±=�P£�·u�|��³���§��P©u³���Â(¯t§¨¤�©�¯o¤E¬X���Éu��¤�£r �»LË��|¤EÐO©L�¢¤t�©�³���§¨�P©�³����P�P�|�©�³��u� ¹ Â(�|·�¤t�¯o�P£r·u�|�¢¤t
�E·�·u�ª§¨¯t³���§��P©� 2³�©�°<
R§��P�¥¬?¤t ¹ ���£r³�©u¯o¤Ø±%�P£�·u����§¨©|�Tð�ðÀ´�íPµ;´xð�è�èPé�µcì(ð�ì��aì�ì�íaÁ

¨Õðtë$©�
AÁcåAÁ �DÁÌÂ(³��¢�|»RÂ�ÁcÂa¤t½(§��P��¯���§�»2ÓR¤� �§��P©Ñ³�©�°ÑÐO£�·{��¤�£�¤�©L��³���§��P©� �� ¹ åE§¨© ¹ 6=�¢�7¿=³��°� 
³0ÏÌ����É{³��R±%�P£�·{�|��§¨©|�DÐx© ¹ �³� ¢�¢��u¯o���|�¤�»XÙ������|�¤DÏR¤�©|¤t�³���§��P©@±%�P£�·{�|��§¨©|�1Â(¶a ¢�¢¤�£À t»
�
¤t��³� �¯o�P£�·{�|��§¨©|�rÐx � ���¤rð�ê¥´�ê�ÍÇîPµ;´xð�è�è�èPµEî RÎè��aî�ê�ªaÁ

¨Õð�ð!©{¬?ÁX�E�É�¤�©|Þ�»=:çÁ�ÏÌ³�©�°|¤t�» �#Á �R¤t�¢���¨§û»fËc�|¤��¤�£����¢¤
¯o�P£�·{�|��³���§��P©Ê ¢¶( ¢�¢¤�£T»®¬f³��³��ª��¤��
±=�P£�·u�|��§¨©���ì�í
´xð�è�èPé�µ;ð RÎì(ð>�{ð RÎì�ªaÁ

V	�



¨Õð�ì�©uÐ�Á|Ù|�P ¢�¢¤t�»{±ÌÁ ��Áa¤�°� tÁ�»|Ë���¤ÄÏR�§¨°96��=�¨��¤t·��§¨©L� ¹ ���³AåE¤t¿ï±%�P£�·u����§¨©|�[Ðx© ¹ �³� ¢�¢��u¯o���|�¤�»
�
����P³�© �;³�� ¹ £r³�©�©Ô»|Ð�Â��=å ð�ÍÇê�ê�ª�î�ë+ÍYRLé�ê�Í^ªa»�ð�è�è�èaÁ

¨Õð�í�© �rÁ;Â(¤t¶a£��P���»7
AÁÄåE³�½�³�°�³(»AÂ�Á �B³��� ��|��½�³(» �|ÁÌÓR�P©|�P³���³(»A±RÁ S�¤t¤�» 
AÁ[±=³� �³�©|��¸+³(»
�Ì¸�¤t�¸a§¨¤t¿ � ¹ ���§¨°��·Ô¯	6Ì� �¤�£r���¢¤¡·���a¯o¤�°����¤Ê¯t³��¨�r³�·u§ ¹ ������§¨° ¯o�P£r·u�|��§¨©|�|»A§¨©96
�#Á®¬f³��³� ���³�
´ Ü °ÔÁ µ�» SÅ¤�¯o���|�¤�©����¢¤� �§¨©�¯o�P£�·u�|�¢¤t� �¯t§�¤�©u¯o¤Tì�ê�í�î�ÏR�§¨°0±%�P£�·u����§¨©|�
ÍcÏÌ«cÐOÓ)ì�ë�ëPìa»��^�P�ûÁ�Ë��u§��°TÐx©Î�¢¤t�©�³���§��P©�³�� :����½( ��|��·Å»ÅÂa·��§ª©|��¤t �^¤t��¨³��|»9�=³�����§¨£r���¤�»
�BÓØ» �ÄÂ(�A»uì�ë�ëPìa»u·�·ÅÁuìPé R,�aìPé<ªaÁ

¨Õð R<©{�AÁÎÓR¤�©�§¨ �»L±RÁÎ¬®�¤tÞ�»ÎËÄÁP¬®�§��P��»�¬®�����³�É{��¤�¬X³��³��ª��¤��u± �Ì« �%� �RÉE«¢¤�¯o��  6Î³�©À�c·�·u��P³�¯��À�¢�
±=�P£[Éu§ª©|¤E¬�³��³��¨��¤��{³�©�°�ÓR§ª ¢�¢�§�Éu���¢¤�°r¬®������³�£r£r§¨©|� ¹ ��cÏR�§¨°*±%�P£r·u�|��§¨©|�|»a§¨©96a¬®��(¯�Á
� ¹ ���|¤Cé����¥Ðx©Î�¢¤t�©u³���§��P©�³�� Ü �|���ÍW¬f³��Ö×ë|ðØ±=�P© ¹ ¤t�¤�©�¯o¤<´ Ü ����P¬f³��Ö×ë|ð7µ�»ÔÂ(·��§¨©|��¤t7»|ì�ë�ë|ð�»
·u·ÅÁ#ª�í�ê���ª R�R|Á

¨Õð�ê�©{�AÁAÓR¤�©�§ª t»Ø±RÁ[¬X�¤tÞ�»ÀÁØ¬®�§¨�P��»;Ë���¿%³��°�  
R§��P� ¬h¤t ¹ ���£À³�©�¯o¤Ý± �Ä«0�=�6³�©�° �B¬®Ð
�B§¨°�°u��¤t¿%³��¤�  ¹ ��¡ÏR�§ª°,±=�P£�·u�|��§¨©��|»Ø§¨©56�±RÁr�AÁ SÅ¤t¤G´ Ü °ÔÁ µ�»r¬®��(¯�ÁC� ¹ ����¤@ì�©u°
Ðx©L�¢¤t�©�³���§��P©�³�� :����½a ��|��· �P© ÏR�§¨°G±%�P£�·u����§¨©|�|»Ä©|�|Á[ì�ì RÎìÑ§ª©JS�åÄ±�Â�»AÂa·��§¨©|��¤t¢Í
�^¤t��¨³��|»�ì�ë�ë|ð�»{·�·ÅÁÅð R,�aì�êaÁ

¨Õð�î�©�±ÌÁ7¬®�¤tÞ�»�ËÄÁ�¬®�§¨�P��»t�[Á7«E§�É�¤� t»t��¬X³��³��¨�¨¤��Î± �Ì«0�=�Ê±%�P£�·��P©|¤�©L� �
�a°|¤�� ¹ ���åR��£�¤t�§¨¯t³��
±=�a°|¤À±%�P��·u�¨§¨©|�|»�§¨©96Ô±RÁÔ�[Á*S�¤t¤T´ Ü °ÔÁ µ�»Å¬®��a¯�Á�� ¹ ����¤�í�©u°BÐx©L�¢¤t�©�³���§��P©�³�� :����½( ��|��·
�P©ÆÏR�§¨°
±=�P£�·u�|��§¨©��|»�ShåÌ±cÂ�»uÂa·��§¨©���¤t¢Í$�^¤t��¨³��|»uì�ë�ëPìaÁ

¨Õð7éR©��#ÁuÂ(³��¢�|»��DÁ�
R§��³�©|�|» � Á|Ë?³�©�³�½�³(»�Â�Á|Âa¤t½(§��P��¯���§�»��Ì£r©�§¨«E¬%±76L�ïÏR�§¨°<«c¬=±¾Ùf³�¯t§¨�ª§��W¶
¹ ��A±=�¨�u ¢�¢¤tR³�©u°#ÏÌ����Éu³��®±%�P£�·{�|��§¨©|�*§¨© �Ì·�¤�© �
¬c»�§¨©56{Ðx© :����½a ��|��·��P© �R·�¤�©��B¬
�E·�·u�ª§¨¯t³���§��P©� 2³�©�°TËh�a�P�¨ [´ : � �B¬��^Ëcì�ë�ë|ð7µ�»�ì�ë�ë|ð�Á

¨ÕðAª�©���Á��B³�³� � ¢¤�©Ô»�«;Á{¸+³�©BåE§�¤��L¿�·��a����t»�«;Á5�^¤��¨°|¤�£r³(» 
[Á �%³��û»uËÄÁ��;§¨¤��¨£r³�©�©Ô»{±ÌÁ5�P³�¯o��Éu �»
«[Á9
c� ¹ £r³�©Ô» Ü�� ¯t§�¤�©Î� �Î³�¸�³T« �
Ð ¹ ��Ì¬�³��³��¨��¤��?¬®������³�£r£r§¨©��|»��c± � Ëh�³�©� �³�¯o��§��P©u 
�P©B¬®������³�£r£r§¨©|� Sh³�©|�P��³���¤� c³�©u°BÂa¶( ¢�¢¤�£r [´qË��Ä¬DS��ÄÂ�µ=ì�í¥´�îPµ[´�ì�ë�ë|ð7µcé RLé��(é�é�êaÁ

¨Õð�è�©�±ÌÁa«c¤�©��¤�»�ËÄÁa¬X�§��P��» �
¬XÐ%±%�(°|¤ Ü ©�¯t³�·u ��u�¨³���§��P©À�u �§¨©|�Ø¬X³��³��¨�¨¤���± �Ì« �=� �RÉE«¢¤�¯o�t»|§¨©96
¬X��(¯o¤t¤�°�§¨©|�P A� ¹ ���|¤>ª+���1Ð Ü�ÜXÜ Ðx©Î�¢¤t�©u³���§��P©�³��2Âa¶a£r·��P �§¨��£ �P© 
R§��P��¬?¤t ¹ ���£r³�©u¯o¤
ÓÌ§¨ ��¢�§�Éu�|�¢¤�°
±=�P£�·u�|��§¨©��|»aÐ ÜXÜ�Ü »Åð�è�è�èa»{·�·ÅÁuí��{ðtë(Á

¨ ì�ë$©{�AÁLÓR¤�©�§ª t»(±RÁL¬��¤t�¤tÞ�»(ËÄÁL¬X�§��P��»P�R¯���§¨¤t¸a§¨©��[¬®�����³�É{��¤c³�©�° Ü�� ¯t§�¤�©L��¬�³��³��¨��¤���± �Ì«0�=�
�ÌÉE«x¤�¯o�� �»�±%�P©�¯t�|��¤�©�¯o¶<³�©u°B±%�P£�·u����³���§��P©96�¬®�³�¯o��§¨¯o¤[³�©�° Ü ¦a·�¤t�§¨¤�©�¯o¤CÁ

¨ ì(ð!© �ÌÉE«x¤�¯o� �
³�©�³���¤�£r¤�©Î�ÄÏR��P�|·  üaü��'�(���������=ù��,+ �%ù � 	�� Á
¨ ì�ì�©�±=�P£r£��P©B±%�P£r·��P©�¤�©Î���E�¯��u§��¢¤�¯o���|�¤  üaü��'�(���������=ù�øaø ���
	�� 	Pú�+cù�� 	�� Á
¨ ì�í�©�ÏCÁX�[Á=ÏR¤�§¨ ¢�t»���ÁX�[Á �;�P����»®¬?Á �DÁ�¬?³�·{³�°|��·��P�����P t»�± � � �?S �ÄÂ 6®¬X��7¸(§¨°�§ª©|��Ù?³��u���xÍ

Ë��P��¤t�³�©�¯o¤�» �Ì§¨ ���³��¨§¨Þ�³���§��P©¾³�©�°ÑÂa�¢¤t¤t�§¨©|�1� ¹ ¬X³��³��ª��¤��E�E·�·u�ª§¨¯t³���§��P©� t»XÐO©L�¢¤t�©�³���§��P©u³��
�P�P�|�©�³���� ¹ 
R§��P�T¬?¤t ¹ ���£r³�©�¯o¤Ø±=�P£�·u�|��§¨©��C�E·�·u�ª§¨¯t³���§��P©� Ìð�ð<´�íPµ;´xð�è�èPé�µcì�ì R,�aì�í�îaÁ

¨ ì R<©{¬?Á'
AÁ'�%¤�¯�½(£r³�©Ô»c¬?Á ��Á�Ù�³� �¤���»�:ïÁ�Ù%Á0
R��£�·{�|�¤t¶�»�Â�Á �DÁ �B©�§¨ ¢Þt¤t¿E ¢½a§û» Ü�� ¯t§�¤�©L�
±=�P�|·u�¨§¨©���� ¹ ¬�³��³��¨��¤��L�c·�·{�¨§¨¯t³���§��P©�  �R �§¨©|�R¬�� :ÑÂ�»�§¨©96�¬X��(¯o¤t¤�°�§¨©|�P ?� ¹ ���|¤cé����ØÐ ÜXÜXÜ
Ðx©L�¢¤t�©�³���§��P©�³��ÅÂa¶(£�·��P �§¨�u£ �P© 
E§��P�*¬?¤t ¹ ���£r³�©�¯o¤ÄÓÌ§¨ ¢�¢�§¨Éu�|�¢¤�°*±=�P£�·u�|��§¨©��|»ÎÐ ÜXÜXÜ »
ð�è�è�ªa»�·�·ÅÁ�ì(ð�ê��aì�ì�íaÁ

¨ ì�ê�© �rÁ �Ä¤�³��|¤t¶�»²ÓØÁÆÏÌ³�©�©��P©Ô»B¬��R«cÓRÐ¢Â.6B� ¬f³��³��¨��¤����c·�·u��P³�¯��-�¢� ± �Ì« �=�[»²§¨©96
¬X��(¯o¤t¤�°�§¨©|�P A� ¹ ���|¤¥î+���1Ð Ü�ÜXÜ Ðx©Î�¢¤t�©u³���§��P©�³��2Âa¶a£r·��P �§¨��£ �P© 
R§��P��¬?¤t ¹ ���£r³�©u¯o¤
ÓÌ§¨ ��¢�§�Éu�|�¢¤�°
±=�P£�·u�|��§¨©��|»aÐ ÜXÜ�Ü »Åð�è�èPéL»{·�·ÅÁuí(ð>�aí�èaÁ

V��



¨ ì�î�©{�AÁÄÓR¤�©�§¨ t»;±RÁÌ¬��¤t�¤tÞ�»;ËÄÁÌ¬®�§¨�P��»E¬f³�°�§¨¯o�PË � 6Ä�R© �Ì·�¤�©ïÐx©Î�¢¤t���³���§¨�P© Ù|�³�£�¤t¿%���½
¹ ��<±%�P£r£Ø��©�§ª¯t³���§��P© �B§¨°�°u��¤t¿%³��¤*³�©�°�«E��©Î��§ª£�¤� t»fÙ��|���|�¤
ÏR¤�©�¤t�³���§��P©Ê±%�P£�·u���¢¤t
Â(¶a ¢�¢¤�£À ;ð�è
´�ì�ë�ëPíPµcêPé�ê��aê�ª�êaÁ

¨ ìPéR©{Ù%Á �%¤t�£r³�©Å»D�[Á�±=�u§�¤�©Ô» ��Á#±%�L��·�¤t�» ��ÁÆÓR�P©|�P³���³(»�Ð�ÁDÙ��P ¢�¢¤t�»#ÓØÁ�ÏÌ³�©�©��P©Ô»
SXÁ �P�P��©� � ��P©Ô» �rÁ �Ä¤�©u©|¤�°|¶�»Æ±ÌÁ �Ä¤� � ¢¤��¨£r³�©Ô» �|Á �
¤��¨����¢ÍO±%���£r£�¤t¶�»²ÓAÁÆ«�¤t¤�°Å»
SXÁÅË����¯oÞt�P©Ô»�«;Á9:��P�ª ¢½a§û»ÅË��|¤ÀÏR��RÓ;ÂÆ¬®��$«¢¤�¯o� 6?Âa� ¹ �W¿=³��¤<Â(��·�·����� ¹ �� 
R§��P�(Í S�¤t¸�¤��
ÏÌ�§¨°G�E·�·u�ª§¨¯t³���§��P© ÓR¤t¸�¤�����·u£�¤�©L�t»ØÐO©L�¢¤t�©�³���§��P©u³�� ���P���©�³���� ¹ 
R§��P�G¬?¤t ¹ ���£r³�©u¯o¤
�E·�·u�ª§¨¯t³���§��P©� 2³�©�°
Â|�|·�¤t�¯o�P£�·u�|��§ª©|�*ð�ê
´ RLµ;´�ì�ë�ë|ð7µ�í�ìPé��aí R�R|Á

¨ ì�ª�©{ÓØÁÌ�c�©|�P�¨°Ô»EÂ�ÁE�c���³7¿%³��û»ÄÂ�Á �%�ª³�¯�½ ¹ ���°Å» �|ÁEÓE�P©��P³���³(» �DÁ �
§¨�ª��¤t�» ��ÁRÂ(¤t¶a£��P���»
�rÁ;Â|³��P§�» ;?Á[Â(��§�»ÄÂ�Á �®³�°���§�¶P³��» �R ¢¤t� tÖ[ÏÌ�u§¨°|¤1�¢�Ñåc¤t��Âa�P�¨¸�¤ �Øð�Á R|Á¨ð�»;Ðx©�©|��¸+³���§¨¸�¤
±=�P£�·u�|��§¨©��ÊÓE¤t·u�tÁcË�¤�¯���©�§¨¯t³��A«�¤t·�����TÐ�±2SÔÍ �RË=ÍWëPì�ÍWëPêa» �E©u§�¸�¤t� �§��Ç¶¡� ¹ Ëh¤�©�©|¤� � �¤t¤�»
�[©|��¦(¸a§ª�¨��¤�»|Ë�åß´�P��©|¤[ì�ë�ëPìPµ�Á

¨ ì�è�©{Ù%Á �%¤t�£r³�©Å» 
E§��P�|Íû·�¤t ¹ ���£À³�©�¯o¤* �¯��|¤�°��u��¤t� t»f§¨©96fË��|¤
ÏR�§ª°96 �=�¨��¤t·��§¨©L� ¹ ��r³Æåc¤t¿
±=�P£�·u�|��§¨©��ÀÐx© ¹ �³� ¢�¢���¯o���|�¤�»��
����P³�© �;³�� ¹ £r³�©�©Ô»{Ð¢Â��%å¼ð�ÍÇê�ê�ª�î�ë+ÍYRLé�ê�Í^ªa»=ð�è�è�èa»Ô·u·ÅÁ
ìPé�è��aì�ëPíaÁ

¨ í�ë$©{Ù%Á.�%¤t�£r³�©Ô»�«;Á�:��P�¨ ¢½(§�»{Ë���¤A�E·�·(SÅ¤�Â
¬®��$«x¤�¯o� 6��GÂa��³����� Ì«�¤t·�����t»�¬®��(¯o¤t¤�°�§¨©��P �� ¹
����¤0ª+���
å Ü ±Ý«c¤� ¢¤�³��¯��²Âa¶(£�·��P �§¨��£ÒÁ

¨ í(ð!©uÐ�Á(Ù|�P ¢�¢¤t�»{±RÁ �Ä¤� � ¢¤��ª£r³�©Ô»�ÏÌ����Éu�� �6Î� �
¤t��³�¯o�P£�·u�|��§¨©��ØÐx© ¹ �³� ¢�¢��u¯o���|�¤cË2�a�P��½(§��t»ÎÐx©L���
��Á�Â(�|·�¤t�¯o�P£r·u�|�¢¤t2�c·u·u�¨§¨¯t³���§��P©u Rð�ð<´�ìPµ;´xð�è�èPé�µ[ð�ð�ê��{ð�ì�ªaÁ

¨ í�ì�©{�E·u³�¯��|¤ $Ì§¨©�°�§ª¯o¤' üLü��'�(����)	+.-®ù%�,�5�|ø  þXù�� 	�����)�40�|ÿ34LøPþ Á
¨ í�í�© ���²Ï ÐOÓ<S  üaü��'�(���������=ù��,+ �%ù � 	���� �aþÎüaü�40���uö�ü�� 	Îü|þÎÿ�� �,+ � 4�ÿ�-®ù  ü	+ Á
¨ í R<©�Â(ÐOÓ<S ¹ ��P£ �=�7� Ü S ·���$«¢¤�¯o�

 üaü��'�(���������=ù�-�-/��-®ù ���Põ3����"� ����(ø
�/+����
�uþ��(ü{ö��,1 �,1uþ�-Xù  ü	+ - Á
¨ í�ê�©�Â�Á �=³��¨³7¶�» :çÁ=ÓAÁcÏR���·�·Å» SXÁ2±ÌÁ �B¯oÐO©�©�¤� t» �RÁ=Ù%Á2Â(£À§����Ô» Ü�� ¯t§�¤�©L�<£r³�©u³���¤�£�¤�©Î�

� ¹ ·{³��³��¨��¤��¨§ª �£ §¨© ��ÉE«¢¤�¯o�1���§�¤�©L�¢¤�°G©a��£�¤t�§¨¯t³��À ¢� ¹ �Ç¿%³��¤Ý�ª§�É��³��§¨¤� t»Ä§¨©96 Ü ÁØ�c���¤�»
�AÁ �#Á5�%���³� ¢¤t�t» 
AÁÅ¬?Á�S�³�©�����³�©|��¤�©¡´ Ü °� tÁ µ�» �
�a°|¤t�©#Âa� ¹ �Ç¿%³��¤ÀË��a�P�¨ ;§ª©#Â(¯t§�¤�©L��§�Èu¯
±=�P£�·u�|��§¨©��|»��=§��½a��³��u ¢¤t�¬®�¤� � t»Åð�è�èPéL»{·u·ÅÁÔð�î�í��aì�ëPìaÁ

¨ í�î�©�Â�Á �=³��¨³7¶�» :çÁ[ÓØÁAÏR���·�·Å» SXÁ;±ÌÁ �B¯oÐx©�©|¤� t» �RÁ;Ù%ÁAÂ(£r§����Å»R¬ Ü ËEÂ(¯1�|�P£�¤0·{³���¤�»
�L�¢�¢·56�����¿�¿c¿;Á×£r¯t tÁ×³�©��ûÁ ���7¸���·�¤t�� �¯*´xð�è�è�èPµ�Á

¨ íPéR©�Â�Á��=³��¨³�¶�»�:ïÁ�ÓAÁ�ÏR���·�·Å»�S®Á{±RÁ �B¯oÐx©�©|¤� t»��RÁuÙ%ÁÔÂ(£r§����Ô»|¬ Ü ËEÂ(¯;ìaÁ×ë<�� ¢¤t� c£r³�©L�u³���»
Ëh¤�¯��ÅÁ(«c¤t·ÅÁ(�Eå SÔÍÇè�ê��að�ðRÍ^«�¤t¸(§¨ �§��P©�ìaÁ×ë(Á ì R|»��E����P©�©|¤ÌåE³���§¨�P©�³���Sh³�É����³��¢���¶B´xð�è�è�èPµ�Á

¨ í�ª�©{� ;�Ë Ü ±  üLü��������	�����2ù�øaöfù�ö ���|ÿ�4 �Xù ���Põ����	�	������
Lü|þ|ø���ù  ü�+ - Á
¨ í�è�©�Â|�|·�¤t S �  üaü��'�����|ø/	(ÿ%ù(-	1�-Xù ���Îõ��� )�4 � ���|þ��� �ú��uþ
	���� Á
¨ RPë$©{«[Á3�=�|����¤t�»�ÓØÁ Ü ©���¤t��t»|Ð�Á�Ù��P ¢�¢¤t�»�±ÌÁ	�;¤� � ¢¤��¨£r³�©Å»�Â�Á�Ëh�|¤�¯�½�¤�»���Á��^�P�ª£�¤t�»��ØÁ3:�¤��¨¯��Å»

�¡åE³���§¨�P©�³��ÕÍOÂ(¯t³���¤=�R�|���|¤�©L��§¨¯t³���§��P©ØÐO© ¹ �³� ��¢���¯o���|�¤�»�Ð Ü�ÜXÜ ±%�P£�·{�|�¢¤t®í�íØ´xð�ìPµ%´�ì�ë�ë�ëÎµ
î�ë/�aî�îaÁ

¨ R�ð!©{�AÁ � ³��½(��³�©Ô» �|ÁTÓR�P©|�P³���³(» Ü ¦(·�¤t�§¨£�¤�©L�� ¡¿E§���� Â|¯��|¤�°��u�¨§¨©|� �E �§ª©|�,Â|§¨£A�u�¨³��¢¤�°
�R©�©|¤�³��ª§¨©|�0§¨©@³¡ÏR�§¨° Ü ©L¸a§¨��P©�£�¤�©L�t»2§¨©96 �DÁE¬?³��³� ���³�1´ Ü °ÔÁ µ�»5SÅ¤�¯o�����¤#©|���¢¤� B§¨©
¯o�P£r·u�|�¢¤t� �¯t§�¤�©u¯o¤Äì�ê�í�î<ÏR�§¨°T±%�P£�·u����§¨©|�;Í%ÏÄ«�ÐxÓçì�ë�ëPìa»��^�P�ûÁ(Ëc��§��°ÀÐO©L�¢¤t�©�³���§��P©u³��
:����½a �����·Å»�Âa·��§¨©|��¤t �^¤t��¨³��|» �%³��¨��§¨£����¤�»��BÓØ» �ÌÂ|�[»{ì�ë�ëPìa»{·�·ÅÁuì�í�ì��aì RÎìaÁ

V��



¨ RÎì�©{�AÁ(¬h¤t��§¨�¢¤t�t»�Â�Á��=�¨³�¯�½ ¹ ���°Ô»��|ÁaÓE�P©��P³���³(»��RÁ Ü �¨�¨§¨ t»LÏCÁaÙ�³����|»��rÁL«��(¯���¤�»|Â�Á��®³�°���§¨¶P³��»
åR��£�¤t�§¨¯t³�� Sh§�É��³��§�¤� [³�©�°����|¤¥ÏR�§¨°56hË��|¤¥ÏR��RÓ;Â Ü ¦(·�¤t�§¨£�¤�©L�� ;¿c§����0Â(¯t³��¨³�·{³�¯�½�»
�P�P�|�©�³��?� ¹ 
E§¨�P��¬h¤t ¹ ���£À³�©�¯o¤r�c·u·u�¨§¨¯t³���§��P©u E³�©�°#Â|�|·�¤t�¯o�P£�·u�|��§ª©|�
ð�êD´ RLµC´�ì�ë�ë|ð7µ
í�ê�è��aíPé R|Á

¨ RÎí�©{«[Á.:��P�¨ ¢½(§�»Ôå[Á�Âa·��§¨©|�|»���Á9
E³7¶�¤� t»�Ë��|¤�åE¤t�W¿%���½ :¡¤�³����|¤tCÂa¤t�¸(§¨¯o¤�6Ô�GÓÌ§¨ ¢�¢�§¨Éu�|�¢¤�°
«c¤� ¢�P�|�¯o¤ ¬?¤t ¹ ���£r³�©�¯o¤ Ù|���¤�¯t³� ¢��§¨©|�¼Âa¤t�¸(§¨¯o¤ ¹ �� �
¤t��³�¯o�P£�·u�|��§ª©|�|» ���P�|�©u³��¥� ¹
Ùu�|���|�¤ØÏÌ¤�©|¤t�³���§��P©B±=�P£�·u�|��§¨©��rÂ(¶a ¢�¢¤�£À ;ð�ê¥´�ê�ÍÇîPµA´xð�è�è�èPµcé�êPé��(é�î�ªaÁ

¨ R�R<©uÐ�Á(Ù|�P ¢�¢¤t�»�åAÁ �;³���P©�§¨ �»L�ïÏR�§¨°(Í Ü ©u³�Éu��¤�° �B¬®Ð 6 �¥¤� � �³���¤;¬X³� � �§ª©|�A§¨© 
E¤t�¢¤t�����¤�©|¤t�P�� 
ÓÌ§¨ ��¢�§�Éu�|�¢¤�°À±=�P£�·u�|��§¨©��ÄÂa¶( ¢�¢¤�£r �»PÐO©�¬X��(¯o¤t¤�°�§¨©|�P ^� ¹ Â(�|·�¤t�±=�P£�·u�|��§¨©��Rè�ªr´ûÂ�±�è�ªPµ
Á

¨ RÎê�©�±ÌÁX«�¤�© �¤�»=ËÄÁ®¬®�§��P��» �B¬®ÐÀ±%�(°|¤ Ü ©�¯t³�·{ ����¨³���§¨©��D�� �§¨©|��¬�³��³��¨��¤��E±��Ì«0�=� �RÉE«¢¤�¯o�t»
±2�¨�� ¢�¢¤tE±%�P£r·u�|��§¨©|�rí¥´ RLµ;´�ì�ë�ë�ëÎµcì�ê�ê��aì�î�íaÁ

¨ RÎî�© �ØÁ Ü ÁrË?³�¶(�����» $ØÁ :D�Ô»#��Á<ÏR¤�§¨ ���¤t7»C«[ÁÀÂa�¢¤t¸�¤�©� t» �R �§¨©�� �Ä¤t�©|¤��
±%�P�|·u�ª§¨©|�P ��¢�
¬X�¤�°�§¨¯o�*¬f³��³��¨��¤����E·�·u�ª§¨¯t³���§��P©Ê¬?¤t ¹ ���£r³�©�¯o¤�»=§¨©96�¬®��(¯o¤t¤�°�§¨©|�P À� ¹ ���|¤�ð�ðo���¡Ð ÜXÜXÜ
Ðx©L�¢¤t�©�³���§��P©�³��ÅÂa¶(£�·��P �§¨�u£ �P© 
E§��P�*¬?¤t ¹ ���£r³�©�¯o¤ÄÓÌ§¨ ¢�¢�§¨Éu�|�¢¤�°*±=�P£�·u�|��§¨©��|»ÎÐ ÜXÜXÜ »
ì�ë�ëPìa»�·�·ÅÁÔð�ì�ê��{ð�í�êaÁ

Y��


