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z	�^�-v0w�s}z-���F|�sós}zZ{ir�x^y�s�|ó~^zn�f�ÄyA{I�-~���s��Sy�|}r�~UtB{�r�v y�q�z p ��pZ�-s�pZx�sóx��i|�~%yArFs�|�~�zn�S{is}r-��|�pIW�w�{�r�pKzn�I�Azn�i�>z	�
pKr�v0zÈî�î�w�{�r-w>r���|�y�|}r�~����-~�õ p ��pZ�-s�pZx�sóx���{�znõ�x�pKy�|�r�~ã�>znpKr�v0zn�Ûî�îÄzn~%y��-|�s�vÐzn~+yÁ °�Î|�s i-�G& � í q^zn��z©|�õ^zn�-�
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�S{�z¥�-zn~^zZ{I�-só|��Zznõº�-~�õÇ{�zZt5r-{`vãx�só�SyAznõÇ�-���Òs}r-��|ópZ�-s�tB{I�-v0zZðßr-{�ñÇ|�~Ç�Î|�s�s�zZ{�°��Ûw�{�r-w>r����-s�tBr-{
y�q^zf�Aw>znpZ|��_�
pZ�Sy�|}r�~ºs}r-��|�p�ï^r-{Ix�v  °�Î|�s i O���u
q�| i-��& ��ï^r-{Ix�v*rI±>zZ{I����w��S{I�-õ�|}��v t5r-{
�J|}zZðÈ|�~���s}r-��|�p,w�{�r-�-{I�-vÕvÐ|�~^�
�-�ÒpKr�~�pZx^{�{Izn~+y0pKr�v0w�x�y��Sy�|}r�~M���-~�õW�ArU|}yã|ó�ãs�|�ñ-zns}�Uy�q��SyÒy�q^zºs}r-��|�pÔw�{�r-�-{I�-vÐvÕ|�~^�Î|ó~+yAzZ{�w�{�zZy��Sy�|}r�~
tBr-{0u
î�ï ðÈ|�sós�õ^{I�­ð q^zn�­��|�s��Ut5{�r�v |}y��¬�,r­ðßzZ�-zZ{n�Ù|ó~bï^r-{Ix�v w�{Ir%r-tC��pZ�-~�~�r-yã�>zÔvÕ�-~�|}w�x�só�SyAznõ7�-�
��{I��yy��pZs��-���ir-�_��znpKy���Z ~^r-yãzZ�-zn~òpZx^yãzns�|�vÐ|ó~��Sy�|}r�~U|���yA{�zn�SyAznõM��s}zZyã�-s�r�~^zÔ�-~äz��%x��Sy�|}r�~��-s�y�q�zZr-{��Ur�~
w�{�r�r-tC��� í q^zÇ���-v0zÔ|ó��yA{Ix�zÕr-t©î�|ó~�î½r-�  � ~�õ i-�I& ��î c  ���9iJ��& � � u�î� ¶�] i-��& ��î��%�-r�~� � �#"bi O & �
�-~�õÇî�î �  � " í ¶ i � & �J�-s�s�r-t�ðÈq�|�p`qÐyA{�zn�Sy�s}r-��|�pÈw�{�r-�-{I�-vÕvÐ|�~^�ir2�-zZ{�r-y�q^zZ{ßt5{I�S��vÐzn~+y��ßr-t�pZs��-�I��|�pZ�-s
r-{È|�~%y�x�|}y�|�r�~�|��Ay�|�p�s�|�~�zn�S{
s�r-��|�pI�

� zZ{�{I|�zZ{,õ^zn��pK{`|}�>zn�©q^r­ð�y�q^zã���-��|�pi|óõ^zn�0r-t�s�|�~�zn�S{Ès}r-��|�p�w�{�r-�-{I�-vÐvÕ|�~^�Ð�-��pKr�~�pZx^{�{�zn~%y,pKr�vÐw�x��
y��Sy�|}r�~ÎpZ�-~F�>zi|�v0w�{�r­�-znõ������-õ^r-w�y�|�~��.��«A÷n÷�	ôø�ÿ����� P^f|}{�� `�& {I�Sy�q�zZ{Èy�q��-~Î�Az��%x�zn~+yÈpZ�-sópZx�s�x���w�{�r%r-tC�
�-�,y�q^zãtCx�~�õ��-v0zn~+y��-s�pKr�v0w�x^y��Sy�|}r�~��-s�r-���AznpKy��� � zZ{ i � & � � ���-|�~M�>q^r­ðßzZ�-zZ{n�>w�{�r�r-t�~^zZy����S{�zãyA{Izn�SyAznõ
r�~�s}�äv0zZy����Py�q^zZr-{�zZy�|�pZ�-sós}�&Z9y�q^zZ�ä�S{�z�~^r-y.��{`�Ayy��pZs��-���ôyAzZ{IvÐ�ôr-t,y�q^zºw�{�rJpKzn���Òs��-~^��x��S�-z�� í q�zÔñ-zZ�
tBr�x�~�õ��Sy�|}r�~��-s�|�õ^zn��r-t a s}t��+y�q��SyÙw�{Ir%r-tC�Û��q�r�x�s�õÐ�>z?��x��Ayßs�|}ñ-zÈ�-~%�Ðr-y�q^zZ{
r-���AznpKy��ßr-tMy�q^z�t5{I�-vÐzZðÙr-{�ñ��
õ^r�zn�©~^r-yÈ�Sw�w�s}���

�
�S{��>zZ{
w�{�r-w>r��Azn�ß�ô�-zZ{��Õ�-zn~^zZ{`�-s�y��%w>z�y�q^zZr-{��Ô���-�AznõÇr�~ºs�|�~^zn�S{ßr-w>zZ{I�SyAr-{I�
�-~�õÇw�{�r2�-zn��õ^znpZ|�õ��
�S��|�só|}y��Ä|�~Îy�q^zô�-zn~^zZ{I�-s�tB{I�-v0zZðßr-{�ñ² �
�S{ i1`G& �ão^|�~�pKz�y�q�zã�-zn~^zZ{`�-s�|��n�Sy�|}r�~�|�~�pZsóx�õ^zn�©y�q�z^Õ5��î�îòy��%w>z
y�q^zZr-{��W�-~�õòy�q^z��-pKy�|}r�~\pZ�-s�pZx�s�x��Ò�-�0�Aw>znpZ|��-s
pZ�-�Azn�Z�Ùy�q�|��Ò|�vÐv0znõ�|��SyAzns}�7zn~%y��-|�s��ôy�q^z�õ^znpZ|�õ��S��|�s�|}y��
r-t�y�q^z�Õ���î�î9y��%w>zÕy�q�zZr-{����¬�Èr2ðÙzZ�-zZ{­��y�q^zZ{�zÇ|���~^rÎyA{�zn�Sy�v0zn~%yãr-t©õ�zZw�zn~�õ^zn~+y�y���w�zn�n��~�r-{�ðßr�x�s�õ
Õ5��î�îÄ�>z©�-õ^z���x��SyAzÈtBr-{Ûî�ïÚ����y��Js}z©{�zZw�{Izn�Azn~+y��Sy�|�r�~���tBr-{�y�q^z©{Izn�-�Ar�~���r�x�y�s�|�~^znõÒ|�~Õo�znpKy�|�r�~ � � � � � s��Ar^�
y�q^zÒw�{�zn��zn~+y��Sy�|}r�~Uõ�r%zn�¥~^r-yf�AzZznv yArÄs}zn~�õÎ|}y���zns}t�yAr�pKr�~�pK{�zZyAzÐ|�vÐw�s}znv0zn~%y��Sy�|}r�~��-�f�ºv0znpIq��-~�|��Zznõ
tB{I�-v0zZðßr-{�ñ��Wï�|�~��-s�s}�-�#�
�S{��>zZ{�°��ô{�znsó|��-~�pKzºr�~òw�{�r�r-tÈ~^zZy��Òðßr�x�s�õò�AzZznv yArU{�zn~�õ^zZ{Òy�q^zºz	��yAzn~��I|}r�~
yArF�-õ�õ�|}y�|}�-z0��x�v y��%w>zn�iw�{�r-��s}znvÐ�Sy�|ópS�MðÈq�|�s}zôtBr-{ôu
î�ï |}yi|ó�f�AyA{I�-|}��q%yAt5r-{Iðß�S{Iõ½���>znpZ�-x��Az0y�q^zÐ|ó����x^z
r-t�pKr�vÐvôx^y�|�~��äpKr�~%�-zZ{I��|}r�~���­Br-y�q^zZ{ºy�q��-~ �-~9�Sw�w�{�r-w�{I|��SyAzF�-zn~�zZ{I�-s�|��n�Sy�|}r�~ r-tiy�q^z!w>zZ{Ivôx^y��Sy�|}�-z
pKr�~%�-zZ{I��|}r�~���®
õ^r�zn�©~^r-yÈ�S{I|ó�Az��

�,r�~��Azns�sÛzZyã�-sî��õ^zZ�-zns}r-wWw�zZ{`q��Sw��fy�q^zÇv0r��Ayô��|}��~�|���pZ�-~+yi�Sw�w�s�|�pZ�Sy�|}r�~Ur-t©�Îs}r-��|�pZ�-sÛt5{I�-vÐzZðÙr-{�ñ
|�~Îy�q^z0�Aw�q^zZ{Izãr-tßpKr�~�pZx^{�{�zn~�pK�  ����o %^�	& � í q^zZ�Äw�{Izn�Azn~+yf�-~�zn~�pKrJõ�|�~��Õr-tÛy�q�z p ��pZ�-sópZx�s�x���|�~!y�q^z
ußr��7�A�J�AyAznv��ß�ÎtB{I�-v0zZðßr-{�ñä���-�Aznõòr�~ò�Uq�|}��q^zZ{��Pr-{Iõ^zZ{ôy���w�zºy�q^zZr-{I�bðÈ|}y�qb­CpKrS®�|�~�õ�x�pKy�|}�-zºy���w>zn�Z�
�-~�õUðßr-{�ñ�r�x^yi�Ar�vÐzÐ{I�Sy�q^zZ{ô�-õ^�H�-~�pKznõbv0zZy����Py�q^zZr-{I�7x���|�~^�ºy�q^z0zn~�pKr�õ�|ó~^�_� �
x^yiy�q�|ó�f��q^r�x�s�õ��>z
{�zZ���S{Iõ�znõÎ�-�����P÷I��«0ú+ÿ_	Z÷I«Aü`ÿK�>��|}�-zn~Îy�q��SyfußrE�ºrI±>zZ{I��~^rÔ|ó~+yA{I|ó~���|�p¥��x^w�w�r-{Iy�t5r-{�{�zn�-�Ar�~�|ó~^�Õ�S�>r�x^y
pKr�~�pZx^{I{�zn~�pK��� c t,pKr�x^{I�Az-�ÙzZ�-zn~\|�~ u
î�ïß���S���AyA{I�-pKy0{�znsó�Sy�|}r�~��Òs�|}ñ-zÇy�q^z¿����«A÷SøS�}[}ù���ÿÎýZû �<û5ö.�![}ùI«`û����
yA{�zn�SyAznõÇ|�~Òy�q^zn|}{Ùõ^zZ�-zns}r-w�v0zn~%y�ðßr�x�s�õ0~^zZznõÕyAri�>z�yA{�zn�SyAznõÔz	��w�só|�pZ|}y�s}����u
î�ïs°��ÛpKr�~�pZx^{�{�zn~%y�z��%x��-s�|}y��
��|�vÐw�s�|���zn�ß��x�p`q�{�zn�-�Ar�~�|�~^� | |}y©õ^r�zn�©~^r-yÈr-�%�J|��SyAziy�q^zi~�zZznõ�t5r-{�|}y��

` a 35Îf7 Î 7?6�á�æ16�É.7#3Á��7�6£���d��7#:£�{ãy68:
í q^z,õ^zn��|}��~Õr-t�u
î�ïU|��Û���-�AznõÕr�~Õy�q^z�|�õ^zn�fy�q��SyÛzZ�-zZ{��Õ����~%y��-pKy�|�pZ�-s�s}�0ðßzns�s§�PtBr-{Iv0znõÐyAzZ{Iv �Iq^r�x�s�õ0�>z
ï pZ�-~^r�~�|ópZ�-s�� ðÔ�-~�õÄy�q��Sy,y�q^zã~^r-y�|�r�~Fr-t?´�µS��pKr�~+�-zZ{`��|}r�~���q^r�x�sóõ��>zizns�|�vÐ|ó~��SyAznõM��|�~ÄtB�­�-r-{�r-t��I|�v0w�s}z
|�~�õ�x�pKy�|}�-zns}�Uõ^z���~�znõ ûBø_���Pù-øV�CûCù1�CûC÷Sø ÷��^ÿ�«�ù��P÷�«å�FtBr-{0|�~��Ay��-~%y�|��Sy�|�~��Î�Î�H�S{I|ó�S��s}zÔ|ó~ä�ÎyAzZ{Iv ðÈ|}y�qW�-~
r-���AznpKy�� í q�x��Z�+|�~Õõ^zZ�-zns}r-w�|�~��fy�q^zÈv0zZy����Py�q^zZr-{I�0r-t½u�î�ï�y�q^zZ{�z,|���~^r�~�zZznõ0yArãpKr�~��I|�õ^zZ{Û|��I��x^zn����x�p`q
�-�ÕpKr�~8Y�x^zn~�pKz!�-~�õ ~^r-{IvÕ�-s�|��n�S��|�só|}y��n��ÿ	«¬�nÿ	�$��~��AyAzn�-õM�ßðÙz!õ^z���~^z�y�q^z!|�~��Ay��-~%y�|��Sy�|}r�~ r-w�zZ{`�SyAr-{I�
���ò�bvÐ�-~�|}tBzn�Ay�s}�äyAzZ{IvÐ|�~��Sy�|ó~^�U{�znpZx^{�{Izn~�pKz-�ß�-~�õ\ðÙzFt5rJpZx��0r�~ y�q^zF��|�vÐw�s}z��-s}�-zZ��{I�-|óp�s��nðÈ�Ðy�q��Sy
y�q^z�|ó~��Ay��-~%y�|��Sy�|}r�~ºr-w>zZ{I�SyAr-{I�©�I�Sy�|��AtB�-���-~�õ�r�~�y�q�zn|}{©|�~%yAzZ{I�-pKy�|}r�~Äð,|}y�qºy�q^zftB{I�-v0zZðßr-{�ñ�°��,~^r-y�|}r�~�r-t
z���x��-s�|}y����

� ~^r-y�q^zZ{
~^zZð9zns}znv0zn~%yÛr-tMy�q�|��Ù�Sw�w�{�r��-p`qÔ|ó�Û�-~UÿQ~��^ùSø_�`û�÷SøU÷��^ÿ�«�ù��P÷�«ãy��SñJ|�~^�ô�-~Õ�SyAr�vÐ|�p,r-���AznpKy
yArÕy�q�zãpKr-{�{�zn��w�r�~�õ�|�~^�0~^r-{IvÕ�-sMr-���AznpKy,�Sy¥q�|}��q^zZ{©y��%w>z�� í q�|��È|��©~^znpKzn���I�S{����>znpZ�-x��Aziy�q^zôpKr%zZ{`pZ|}r�~
{Ix�s�zu Å®ü­ & t5{Ir�v �SyAr�vÐ|�p0r-�_��znpKy���yArF~^r-{IvÐ�-s�r-�_��znpKy��ãpZ�-~7r�~�s}�Î�>zÐ�Sw�w�s�|}znõ��Syi���-�Az0y���w>z�� í q^z
z	�Jw��-~���|}r�~ºr-w>zZ{I�SyAr-{,y�q%x���{�zZw�s��-pKzn�©y�q^z�|�õ^zn�Òr-t]µS��pKr�~+�-zZ{I�I|}r�~��
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c ~�pKzãy�q^zô|�~��Ay��-~%y�|��Sy�|}r�~!�-~�õÎz	��w��-~���|}r�~Fr-w�zZ{`�SyAr-{I�¥q��n�-zÒ�>zZzn~Îõ�z���~^znõM���-~�õFy�q�zn|}{,�-s}�-zZ��{I�-|�p
w�{�r-w>zZ{�y�|�zn�ipIq��S{`�-pKyAzZ{I|��ZznõM��|}yã|��iw>r�����|���s}zÒyArÎõ^zn�IpK{I|}�>z0y�q^zn|}{ã{�zns��Sy�|}r�~��Iq�|}wUyArFy�q�zL��x�õ^��v0zn~%y��itBr-{
y���w�|�~��_� ��yÕ�Arbq��Sw�w�zn~��0y�q��SyÐy�q^zÎ|�~��Ay��-~%y�|��Sy�|}r�~\r-w>zZ{I�SyAr-{`�ÐðÈ|}y�~�zn���0y�q^zÎtB�-vÐ|ós�|��S{0��x^����y�|}y�x^y�|}r�~
w�{I|ó~�pZ|}w�s}zn��tBr-{Ùy��%w�|�~^� ­By�q^z,yA{I�-~���|�y�|}��|�y��ôr-tMzn~+y��-|�sóv0zn~+yZ��tB{�r�v y�q^z,w�{�r�r-t �Py�q�zZr-{�zZy�|�p©w>r�|�~%y�r-tM�J|}zZð5®`�
�-~�õUy�q�zÕz	�Jw��-~���|}r�~7r-w�zZ{`�SyAr-{�ðÈ|}y�~�zn���Azn�fy�q^zÔ|�õ^zn~%y�|}y���w�{I|ó~�pZ|}w�s}zn��tBr-{iy���w�|�~�� ­By�q^zÕ{Iz�Y�z	�J|���|}y��Îr-t
zn~%y��-|�s�v0zn~%y�®��

b#ÐÒÑ cG×9ãGàIÖ�×Uà&ë Ö8à&ë ÜÚ×
í q^z¥{�znpZx�{�{�zn~�pKzfõ^z���~�|�~^�Ò|�~��Ay��-~%y�|��Sy�|}r�~º|��ß���-�Aznõºr�~Äy�q^z¥r-���AzZ{��S�Sy�|}r�~M�^z	�Jw�s}r�|}yAznõº|�~ºpZx^y�znsó|�vÐ|�~����
y�|}r�~äw�{�r�r-tB��r�~by�q�zÔs}r-��|�pZ�-sÙ��|�õ^zn � tBz %�%I& ����x^y�~�r-yô�ArÎðÙznsós�ñJ~^r­ðÈ~är�~7y�q�zÔy��%w>zÕy�q�zZr-{�zZy�|�pÇ��|�õ^z-�
y�q��Sy�y�q^zfpZ�-~^r�~�|�pZ�-s>{�zn��x�s�yÙr-t���x^����y�|}y�x^y�|�~^�ãr�~^zfpZ�-~^r�~�|�pZ�-s>yAzZ{`v |�~+yAr0�-~^r-y�q�zZ{ÈpZ�-~º�>z¥õ�z���~^znõÇ�%�
|�~�õ�x�pKy�|}r�~Îr�~�y�q^z0y���w>z0r-tÛy�q^z0yAzZ{Iv �>zn|�~��Ç��x����Ay�|}y�x^yAznõ�� � pZpKr-{`õ�|�~^��s}�-�My�q�zÐ|�~��Ay��-~%y�|��Sy�|}r�~!r-w>zZ{¯�
�SyAr-{I�f�S{�z0õ^z���~^znõÎ�-�f�ÇtC�-vÐ|�s}��w��S{I�-v0zZyAzZ{I|��Zznõ!r2�-zZ{iy�q^zÒy���w>zôr-tÛy�q^zÒr-����znpKy¥�>zn|�~^�Ç��x^����y�|}y�x^yAznõ��
��~Ôy�q�z�~^r-y��Sy�|�r�~vH	I>¸¯í m�¹s­u� ��d�� , ®ßy�q�|ó�Ûy��%w>z ¨ �Sw�w>zn�S{I�
�-�
�Ò��x^����pK{`|}w�y��?�ÈzZ{�z.m�|��Ù{�zZw�s��-pKznõÇ���Ô�
vÐ~^znvÐr�~�|�p©tBr-{
y�q^z�w��S{�y�|�pZx�só�S{Ù�A�J~+y��-pKy�|óp�pZ�SyAzZ�-r-{I�ÔyArÒðÈq�|ópIqÐy�q�z�|�~��Ay��-~+y�|ó�Sy�|}r�~Õr-w>zZ{I�SyAr-{©�Sw�w�s�|}zn���
í q^z��H�S{I|ó�S��s}z#�U|��ÈyArÔ�>z�pKr�~��I|�õ^zZ{�znõF��r�x�~�õ�ðÈ|}y�q�|�~ºy�q^z�yAzZ{`v d ­Br-t�ðÈq��SyAzZ�-zZ{¥pZ�SyAzZ�-r-{I�_®È�>zn|�~^�
��x^���Ay�|}y�x^yAznõº|�~%yAr_� í q^z¥r-w>zZ{I�SyAr-{I�,õ^z���~^znõº|�~ºy�q�|����AznpKy�|}r�~Ä�Iq^r�x�s�õÇ�>z¥y�q^r�x^��q%y©r-t��-�È�Sw�w�s}�J|�~^�ôyAr
z���x�|}�S�-s}zn~�pKzipZs��-����zn��r-t�pKr�~�pK{�zZyAz�yAzZ{`vÐ�©v0rJõ�x�s}r2���Pz��%x�|}�H�-s�zn~�pKzfr�~��>r�x�~�õº�S�S{I|��S��s�zn���

í r-�-zZy�q^zZ{�ðÈ|}y�qºy�q^z�|ó~��Ay��-~%y�|��Sy�|}r�~ºr-w>zZ{I�SyAr-{I�Z���-~�õÄõ^z���~�znõº�%��vôx^y�x��-s>{�znpZx^{`��|}r�~�ðÈ|�y�qºy�q^znv��
|�����«�ÿ�úI��ü��Cû�÷Søb÷���ÿ	«Aù��P÷I« þ ìlJ�e Ã ì ¹ ­u� � e � , ®ßy�q��Sy©pKr�v0w�x�yAzn��y�q^zfpZ�-~^r�~�|�pZ�-s>r-�_��znpKy©{Izn��x�s}y�|�~���tB{�r�v
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 ï^zns iJ��& � v��\ï^zns�y���� a ~�pKr�õ�|�~^��õ^zZw>zn~�õ^zn~%yôy��%w>zn�Ð|ó~\�-~ |�~%y�x�|}y�|}r�~�|ó�Ay�|�pÕs�r-��|�pI� ��~ ^ TzZ{I�S{`õ
��x^zZyF�-~�õ ^�r-{Iõ^r�~·Õq� � s}r-yAñJ|�~M�¥znõ�|}yAr-{`�Z�J�½÷���ûCü`ù�[ � «�ùSöÕÿ��Û÷I«?ìG�`�ãw��S�-zn� �J� M 0��-�J� �
u
�-vã��{I|óõ^�-zi�,~�|}�-zZ{I��|}y�� � {�zn���Z� ��i�iJ� �

 ï�� i1`�& � ��ï��-|}{�y�s�r�x^��qò�-~�õ\�ä�eª��Û�Äzn~�õ�s}zZ{�� � {�r-w>r���|}y�|}r�~��-sßs����äs�r-��|�pI� � øU	Z÷I«<ö0ù1�CûC÷Sø ùSø�ú
/�÷Sö����_�Pù��Cû�÷Sø�� �n�1` ­ � ®�W �10��-� � � x^��x��Ay ��i�i1` �

 P^¥q�� i1`�& Y zn|�s�^¥q��-~�| � a y����Pz	��w��-~���|}r�~��¥|�~�õ^zZw>zn~�õ�zn~+y,y���w�zÒy�q^zZr-{I��Z y�q^zÒpZ�-s�pZx�s�x��,r-tÙpKr�~��
�AyA{`x�pKy�|}r�~���� ��~ � ��õ^z ^�{�r�r-yAzò�-~�õ 3 � P ���,|ó~�õ�s}zZ�-�iznõ�|}yAr-{I�Z�Q�~«�÷­ü`ÿIÿIúSûBøS�I� ÷�	 ��æ^ÿ
� æ+û�«Aú � ø���ÿ	«<ø�ù��Cû�÷Sø�ù�[K/�÷-øU	Zÿ�«AÿZø�ü`ÿ!÷Sø � ���^ÿIú5�½ùSöÕý�ú+ùL/�ù�[Þü��=[ �E��ù-ø�ú � �1��[âû�üIù��Cû�÷Sø_�
� � �M/ �ON ±5® �2��w��S�-zn� � O�M 0�� � % � Y �-~�pK�-��ï^{I�-~�pKz-� � w�{`|�s ��i�i1` �>o�w�{I|�~��-zZ{¯� ª�zZ{Is��S�Òî Y u©o
�n�J��% �

 P^¥|}{�� `�& 3 � �N]��¯^f|}{I�S{Iõ���î�|�~^zn�S{©s}r-��|ópI� � æJÿ�÷I«�ÿ��Cû�üIù�[I/�÷Sö����_��ÿ�«z«�ünû�ÿZø�ü`ÿZ� �I% W �10���%�� � ��i � ` �
 P^�r-� i M & �,zn�-s}tCõ^zn~^z ^�r-��x�zn~�� � � ���^ÿIú(PU�^ÿ	«Aù��Cû�÷Sø�ù�[\«�ÿZö0ù-øV�CûCü���	K÷�« � ���^ÿ � æJÿ�÷I«��I� � q�Õ

y�q^zn�I|��Z� a õ�|�~+��x^{���qº�,~�|}�-zZ{I��|}y��-� � x���x��Ay ��i�i M_�
 P^�r-� i�iG& �,zn�-s}tCõ^zn~^z¸^¥r-��x^zn~���o�r�x�~�õ�~�zn���Mr-t^y�q^zßs}r-��|�pZ�-s%t5{I�-vÐzZðÙr-{�ñftBr-{�|}y��½y��%w>znõãr-w�zZ{`�Sy�|}r�~��-s

�AznvÕ�-~+y�|�pZ������~ 3 zn�-~_�N]��-zn��^¥|�{I�S{IõM��znõ�|}yAr-{n�k�~«�÷nü<ÿIÿIúSû5øE�I�Ä÷�	 ��æJÿ ¥ ��æ � øV��ÿ�«`ø�ù��CûC÷-ø�ù�[
/�÷Sø&	Zÿ�«AÿZø�ü`ÿf÷-ø � ���^ÿIúJ�½ùSöÕýIú�ù*/�ù�[}ü��![âû�ùSø�ú � �1��[âû�üIù��Cû�÷Sø_�R� � �M/ �ON ±�± �2��w��S�-zn� ��`�`60
��i1` ��î#° � �%x�|ós��J����y��-s}�-� � w�{`|�s ��i�i�i �Mo�w�{I|�~^�-zZ{¯� ª�zZ{`s��S�0î Y u©o �n� � � �

 �5� �si-�G& P r-��zZ{IyÁ�,�S{Iw�zZ{­��ï�x^{I|�r �Èr�~��Azns�s����-~�õ ^�r-{Iõ^r�~ � s}r-yAñJ|�~�� � t5{I�-vÐzZðÙr-{�ñ�tBr-{,õ�z���~�|�~^�
s}r-��|ópZ��� 4 ÷I��«<ø�ù�[©÷�	é��æJÿ � �å�Z÷nüZû�ù��Cû�÷Sø 	Z÷I«5/�÷Sö����_�Cû5øS� � ù+ü	æ+ûBø�ÿ	«��S��M % ­ � ®�W � M �20�� ��M^�
3 �-~%x��S{I� ��i�i-� �

 �¥� i M & 3 r���q%x�� �,r�õ��-�Ç�-~�õâÕ¥�-s}z7�Î|�s�s}zZ{�� î½r-��|ópFw�{Ir-�-{I�-vÐvÐ|�~��ä|�~9�btB{I�S��v0zn~%yºr-tã|�~%y�x��
|}y�|�r�~�|��Ay�|�p¥s�|ó~^zn�S{©s}r-��|�pI� � ø&	K÷I«<öÐù��Cû�÷SøäùSø�ú5/�÷-öÁ�8���Pù1�CûC÷Sø�� �-��% ­ � ®�W �-�1`60�� O � � ��i�i M_� �
w�{Izns�|�vÐ|�~��S{��7�-zZ{I��|�r�~ �Sw�w>zn�S{�znõ |ó~òy�q^z � {�r�pKzZznõ�|�~^���0r-t¥y�q^z!o^|§��y�q � ~�~�x��-s~� a¼a9a
o��Jv0w>r���|�x�v r�~ î½r-��|�pä|�~ ußr�vÐw�x^yAzZ{!oJpZ|�zn~�pKz-�fw��S�-zn� �-�20 M � � � vÐ�AyAzZ{Iõ��-vÄ� í q^z
Y zZy�q^zZ{Is��-~�õ��Z� 3 x�s}� ��i�iJ� �



{Á»-!?»¼{Á»9x.��»sÄ ��i

 �¥�!o %^��& ï�x�{I|}rÌ�Èr�~���zns�s�� �F�S{I|ó~^r �Î|�pZx�só�-~M�*�-~�õQ���S�-~ o^pZ�S��~^zZyAyAr_� � |���pZ�-s�pZx�s�x�� |�~
­CpKrS®�|�~�õ�x�pKy�|}�-z�y���w>z�y�q^zZr-{I|}zn��� � æ^ÿ�÷I«�ÿ��Cû�üIù�[B/�÷Sö����_��ÿ	«$«�üZûPÿKø�ü`ÿK� �-�-� ­ � ®�W �-��i20�� � � �
�I%�%^� �

 � �¼%�%�& P r-��zZ{Iy#�,�S{�w>zZ{��-~�õ0ï�{I�-~^ñ � tBzn~�~�|�~��_� c ~0z��%x�|}�H�-s�zn~�pKz��-~�õ0pZ�-~^r�~�|�pZ�-s�t5r-{IvÕ��|�~Òy�q^z
î�ïòy���w�zãy�q^zZr-{���� í znp`q�~�|�pZ�-s P zZw>r-{�y,u��Î�Á��u©oS� %�% � � M+����Õ�zZw��S{�y�v0zn~%y,r-tÛußr�vÐw�x^yAzZ{
oJpZ|�zn~�pKz-��u
�S{I~�zZ��|}z��Äznsós}r�~��,~�|}�-zZ{I��|}y��-� 3 x�s}� �I%�%�% �

 � �#"bi O & 3 �-v0zn�q���S{Is��-~�õM�AÕ¥�n�J|�õ � �Jv����-~�õä�Î|�pIq��Szns " |�~�|}ñ-rI±?� � {�r-�-{I�-vÕvÐ|�~^�Ä|�~äî½���-r�~�W
� ~br2�-zZ{��J|}zZð!����~ò�ä� " |}{`��|�~^�F�-~�õW� � Y |}�S�SyZ��znõ�|}yAr-{I�Z�k�~«�÷nü<ÿIÿIúSû5øE�I�Ä÷�	 ��æJÿ � û 		��æ
� øV��ÿ�«`ø�ù��CûC÷-ø�ù�[E/�÷Sø&	Zÿ�«AÿZø�ü`ÿÔ÷Sø � [ ��ÿ­ý�«�ùSû�ü � ÿ���æJ÷nú�÷�[}÷����!ùSø�ú «�÷�		�
�ÛùI«Aÿ � ÿIü	æ+ø�÷�[Þ÷��1�S�
w��S�-zn� ��iJ�10 M %�� �½�Fx�~�|�pIqM� 3 x�s}� ��i�i OE�½o�w�{`|�~^�-zZ{¯� ª�zZ{Isó�S�Òî Y uÈo �-��%^� �

 � " í ¶ i � &Q3 r���q%x���o8���ÈrJõ��-�Z�6¶izZ��|�~0� � " �SyAñ�|ó~��Z� Y �Sr­�Jx^ñJ| í �-vôx^{I�J���-~�õ^¶f�-r�x�~^�I��oJx�~{¶i�-~^�_�
a ½ÕpZ|}zn~%y�|�v0w�s�znv0zn~+y��Sy�|�r�~¥r-tJ�Ès�|�~^zn�S{½s}r-��|óp�w�{�r-�-{I�-vÐvÕ|�~^�©s��-~^��x��S�-z�����~¤�~«�÷­ü`ÿIÿIúSûBøS�I�
÷�	���æJÿ 4 ÷Sû5ø�� � ø���ÿ	«<ø�ù��Cû�÷Sø�ù�["/�÷SøU	nÿ	«�ÿKø�ü<ÿ0ùSø�ú*«V�Hö��J÷I�`û���ö ÷-ø*��÷��-û�üz�~«�÷��1«�ù-öôöÒûBøS�-�
w��S�-zn� � M �20��n��i �½�F�-~�p`q^zn�AyAzZ{n� 3 x�~�z ��i�i �E�

 � �9i � & oJ�-vÕ|�~�����q+y�|ó���ô�-~�õzÕ¥�n�J|�õ � ��v¬� � {Izns}zZ�H�-~%yÛ�-~��-s�����|ó��r-t½~��Sy�x^{I�-s�õ^znõ�x�pKy�|}r�~�� 4 ÷I��«��
ø�ù�[�÷�	E��÷��-û�üÐùSø�úR/�÷Sö����_�Pù��Cû�÷Sø����_­îO1®�Wg� %1i20 � � ��� ��i�i �E�

 ¶\] i-�G& Y �Sr-ñ�|D¶fr-���n���-�Iq�|��-~�õ � ñ�|�~�r-{I|X]�r�~^z��n�nð
��� � u
î�Z � pKr�~�pZx^{I{�zn~+y0s�|ó~^zn�S{0s}r-��|�p
w�{Ir-�-{I�-vÐvÐ|�~��Fw��S{I�-õ�|}��vu�¬��~}Õ����Î|�s�s}zZ{n��znõ�|}yAr-{­���~«�÷­ü`ÿIÿIúSûBøS�I�Ä÷�	é��æJÿ � ±¨±£  � øV��ÿ�«��
ø�ù1�CûC÷Sø�ù�[<�½÷���ûCüR��«A÷��1«�ùSöÒöÒûBøS� «��Sö��J÷��`û��JöÒ��w��S�-zn� �1`Ii20���i M^�Uª��-~�pKr�x^�-zZ{n��u��-~��-õ��J�
��i�i-� �M�¬� í � {�zn�����

 °�Î|�s i-�G& Õ¥�-s}z��Î|�s�s}zZ{�� í q^z p ��pZ�-s�pZx�sóx��
�-�©�ôy�q^zZr-{��º|�~ºs�|�~^zn�S{
s}r-��|�pIW � {�zns�|�vÐ|ó~��S{��Ò{�zn��x�s�y����U��~a �>î��-vÐvÐ�º�-~�õ � �½�Äznsós}r^�Mznõ�|}yAr-{I�n���~«�÷­ü`ÿIÿIúSûBøS�I�Ô÷�	���æJÿTSF÷I«�ì���æ�÷�� ÷Sø5F�~1��ÿZø_�`û�÷Sø_�
÷�	��½÷���ûCü��~«�÷��1«�ù-öôöÒûBøS�-�>w��S�-zn� � M �20�� O � �MoJw�{I|�~^�-zZ{�� ª�zZ{Is��S�0î Y u©ouO�O % � ��i�i-� �

 °�Î|�s i O & Õ¥�-s}zb�Î|�s�s}zZ{�� ï^r-{Ix�vuW � vãx�s�y�|}w�s}z	��pKr�~�pZsóx���|}r�~ �Aw>znpZ|���pZ�Sy�|}r�~ s}r-��|�pI� � æJÿ�÷�«Aÿ��CûCü`ù�[
/�÷Sö����_��ÿ�«z«�ünû�ÿZø�ü`ÿZ� � O � ­ � ®�W �I%^�10��-�-� � ��i�i OE�

 °�Îî i O & � zZ{ß�Î�S{�y�|�~_��îXWr-t � c ~0y�q�z©v0zn�-~�|�~^����r-t�y�q^z,s}r-��|�pZ�-s�pKr�~���y��-~+y��Ù�-~�õ0y�q^z]��x��Ay�|���pZ�Sy�|}r�~��
r-t�y�q^zis}r-��|ópZ�-s½s��nð,���-7�÷�«�úSû�ü 4 ÷I��«`ø�ù�[�÷�	B��æ+ûu[Þ÷��Z÷��Væ+û�üIù�[���÷��-û�üZ� � ­ � ®�W �-�10 O % � ��i�i OE�

 °� Y,� o iJ��& Õ¥�-s}zf�F|ós�s}zZ{n�5^�r-w��-s��-~ Y �-õ��Sy�q%x^{­��ï^{`�-~^ñ � tBzn~�~�|ó~^�^�%�-~�õ � ~�õ^{�z�o^pKznõ^{�r­�8����~�|}tBr-{Iv
w�{Ir%r-tC�Ð�-�Õ�7t5r�x�~�õ��Sy�|}r�~òtBr-{Õs}r-��|�p�w�{�r-�-{I�-vÐvÐ|ó~^�_� � ø�ø�ù�[ �Î÷�	¡�~�E«�ÿ!ùSø�ú � �1��[âû�ÿIú
��÷��-û�üZ� �J� W �n�-�20��n�1` � ��i�iJ� �

 °�Fr-�+� iG& a x^�-zn~�|}rf�Är-�-��| ��u
r�v0w�x^y��Sy�|}r�~��-s%s��-vã�Mõ��ÈpZ�-sópZx�s�x����-~�õôv0r�~��-õ����E��~S�~«�÷­ü`ÿIÿIúSûBøS�I�,÷�	
��æJÿ � ÷I��«	��æ «��Sö��J÷��`û��Jö ÷SøU�½÷���ûCüÐû5øV/�÷Sö����_��ÿ�«¤«�ünû�ÿZø�ü`ÿZ��w��S�-zn� � M 0��-� � � ��|ós}r�vÐ�S{n�
u
�-só|}t5r-{`~�|��J� 3 x�~^z ��i � i ��� a9a¼a ußr�v0w�x^yAzZ{¥o�r�pZ|�zZy�� � {�zn�����

 °�Fr-� iJ��& a x^�-zn~�|}rº�Är-�-��|î� Y r-y�|}r�~��Èr-t�pKr�v0w�x^y��Sy�|}r�~F�-~�õÎv0r�~��-õ���� � øU	Z÷I«`öÐù��Cû�÷Sø\ùSø�úW/�÷-ö��
���_�Pù��Cû�÷Sø�� i-� ­ � ®�W �-�20Ei-� � ��i�iJ� �

 °� c � iJ��& Y ���Î�S{�yUTV � c s�|�zZyÈ�-~�õ 3 ���Äzn��zZ��x^zZ{��Ùï�{�r�v � zZyA{I|�~^zZy���yArÇs�|�~^zn�S{©s}r-��|ópfy�q^{�r�x^��qFpZ�SyAz	�
�-r-{I|�zn��W � ��x^{��-zZ��� 4 ÷I��«<ø�ù�[�÷Sø � ÷I�Jø�ú�ù1�CûC÷Sø��Ò÷�	X/�÷-öÁ�8����ÿ�«z«�ünû�ÿZø�ü`ÿZ� � ­�MS®�W ��i1`60���i�i �
Õ�znpKznvã��zZ{ ��i�iJ� �



{Á»-!?»¼{Á»9x.��»sÄ M %

 � Õ %^��& ï^{`�-~^ñ � tBzn~�~�|ó~^�b�-~�õ P r­ð
�-~XÕ¥�n�J|}zn��� � �Ax�õ^��v0zn~%y��-s©{�znpKr�~���yA{Ix�pKy�|}r�~ r-t�v0rJõ��-s
s}r-��|ópI� � ù���æ^ÿKöÐù��Cû�üIù�[¬«V��«���ü�����«�ÿ��ºû5øY/�÷-öÁ�8����ÿ�«/«�üZûPÿKø�ü`ÿK� �-� ­�MS®�W �J�-�10�� M % � � x���x��Ay
�I%�%^� �

 �¼a ��� & ï^{`�-~^ñ � tBzn~�~�|ó~^�©�-~�õôu
r�~��-s a s�s�|}r-yAy��S�,|}��q�zZ{¯�Pr-{Iõ^zZ{��S���AyA{I�-pKy��A�J~+y����£�S��~Q�~«�÷­ü`ÿIÿIúSûBøS�I�
÷�	���æJÿ � / � « � ���Z� � 7 N °�° «��Sö��J÷��<ûö�Jö ÷SøR�½ùSøS�1��ù��%ÿ\[Òÿ	�`û��-øbùSø�ú � öÁ��[}ÿZöÐÿZøV�PùI�
�Cû�÷Sø���w��S�-zn� ��i�i20��I% ��� � y�s��-~%y��J��^�zZr-{���|ó�J� 3 x�~^z ��i ���E�

 � zZ{ i � & ^¥x�� � zZ{�{I|}zZ{��^ußr�~�pZx^{I{�zn~+y�w�{�r-�-{I�-vÕvÐ|�~^�È�-��w�{Ir%r-t�~^zZy�pKr�~��AyA{Ix�pKy�|}r�~�� � ù���æJÿZöÐù��CûCü`ù�[
«V��«���ü�����«�ÿ���ûBø]/�÷-öÁ�8����ÿ�«z«�ünû�ÿZø�ü`ÿZ�V�_­îO1®�WgO�� �10�`���% � ��i�i �E�

 � zZyåO �G& u
�S{`s � õ��-v � zZyA{I|î�I^Ò÷-öôö.�Jø�û5ìSù��Cû�÷Sø7öÒû�� � ���P÷-ö0ù1��ÿKø����ßr�~�~�W¼��~���y�|}y�x^y�t�Wx^{~��~��AyA{Ix��
v0zn~%yAzns�s}z��Î�Sy�q^znvÐ�Sy�|�ñ��MoJpIq^{`|}t5yAzn~�õ�zn�~���A� Y {�� � � ��i O � �

 � tBz iJ��& ï^{`�-~^ñ � t5zn~�~�|�~^�_�fî½r-��|�pôw�{Ir-�-{I�-vÐvÐ|�~��Ç|�~Îy�q^z0î�ï9s}r-��|�pZ�-s�tB{I�-v0zZðßr-{�ñ8�!��~�^ TzZ{I�S{`õ
��x^zZyf�-~�õ ^�r-{Iõ^r�~ � s�r-yAñ�|�~½��znõ�|�yAr-{I�Z���½÷���ûCü`ù�[ � «AùSöÕÿ,�Û÷I«�ì��<��w��S�-zn� � M i20�� � � ��u
�-v.�
��{`|�õ^�-zf�,~�|}�-zZ{I��|}y�� � {�zn���Z� ��i�iJ� �

 � tBz i�iG& ï^{`�-~^ñ � tBzn~�~�|ó~^�_�½î½r-��|�pZ�-s�tB{I�-v0zZðßr-{�ñJ���Ú��~ � s��-~ P r-��|�~��Ar�~Ô�-~�õ � ~�õ^{Izn|Vª�r-{�r�~�ñ-r­���
znõ�|�yAr-{I�Z�9:ãùSø�ú+ýI÷n÷�ì�÷�	 � �_�P÷SöÐù���ÿIú`_©ÿIù��K÷Sø�û5øS�1� a s��AzZ�J|}zZ{�oJpZ|�zn~�pKz � x���s�|���q�zZ{I�Z� ��i�i�i �
��~�w�{�zZw��S{I�Sy�|}r�~��

 � tBz %�%�& ï^{`�-~^ñ � tBzn~�~�|�~^�_�>o�yA{Ix�pKy�x^{`�-s^pZx^y�zns�|�vÐ|ó~��Sy�|}r�~�W�������~+y�x�|�y�|}r�~�|��Ay�|ópÙ�-~�õÕpZs��-����|�pZ�-s�s}r-��|�pI�
� øU	Z÷I«<öÐù��CûC÷-øäùSø�ú5/�÷Sö����_�Pù��Cû�÷Sø�� �n�1` ­ �2aS� ®�Wg��M 0�� M � ���Î�S{Ip`q �I%�%�% �

 � tBz %^� � & ï^{`�-~^ñ � tBzn~�~�|�~��_�s��~%yAzn~���|}r�~��-só|}y��-��z	��yAzn~��I|}r�~��-s�|}y��-���-~�õFw�{�r�r-t�|}{�{�zns}zZ�S�-~�pKz�|ó~Fv0rJõ��-s
y��%w>zfy�q^zZr-{�������~ 3 �����-s}w>zZ{I~M��znõ�|}yAr-{­����«A÷nü`ÿ`ÿ�úSûBøS�I�Ò÷�	!��æJÿ � § ��æ � ø�ø���ù�[|«��Sö��J÷��`û��Jö
÷Sø@��÷��-û�üÇûBøb/�÷-öÁ�8����ÿ�«¡«�üZûPÿKø�ü<ÿ �c� � /�« N ²£� �2��w��S�-zn� �-�J�10��-�I% �¼�ßr��AyAr�~M��� � � 3 x�~^z
�I%�%^� �8� a9a¼a u
r�v0w�x^yAzZ{�oJr�pZ|}zZy�� � {�zn�����

 � tBz %^� � & ï^{`�-~^ñ � tBzn~�~�|ó~^�_�½î½r-��|�pZ�-s�tB{I�-v0zZðßr-{�ñJ���Ú��~ � s��-~ P r-��|�~��Ar�~Ô�-~�õ � ~�õ^{Izn|Vª�r-{�r�~�ñ-r­���
znõ�|�yAr-{I�Z�9:ãùSø�ú+ýI÷n÷�ìÄ÷�	 � �_�P÷SöÐù���ÿIú`_©ÿIù��K÷Sø�û5øS���MpIq��Sw�yAzZ{ � O���w��S�-zn� i1`�`60���% O � � a s��Az	�
�J|}zZ{�oJpZ|�zn~�pKzi�-~�õF��� í � {�zn���n� �I%�%^� �¼��~�w�{�zn�����

 � {`�1O �G& Õ¥�S� � {I�nð,|}y¯���$7ãù�����«�ù�[d[ôÿIúI��ü��Cû�÷Sø�� � s�v �%x�|ó�Ay�� " |}ñJ�Azns�sP��oJyAr�pIñ�q^r�sóv�� ��i O � �
 ª,u %�%�& 3 r��AzZw�q0u5�Gª��-~�õ^zZ{�ð
�-�S{�y��-~�õ�¶��S{Is�uß{`�S{���� � ��|�v0w�só|���znõf�-pZpKr�x�~%y�r-t�y�q^z
v0zZy��Sy�q^zZr-{��

r-t�s�|�~�zn�S{©î�ïs��Õ�{I�St5yÈw��Sw>zZ{n��o�zZw�yAznvã�>zZ{ �I%�%�% �


	Carnegie Mellon University
	Research Showcase
	5-1-2003

	A Concurrent Logical Framework I: Judgments and Properties
	Iliano Cervesato
	Kevin Watkins
	Frank Pfenning
	David Walker
	Recommended Citation



