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ë
àäÓ
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Ý
Ú«Í«Ü�Ó
àÒú|Ú«Ü6ÖgÚCÖ¦ï�ÐáÑ6ÐäÖ¦Ý½Û}àéÛgÝ`Õ´Ú«Í`Ü6Ó
àÒúzÜ�Ó
àNÛXÑÔÐäÖgÝ½ÛgàéÜ�Ó
Ú«Ü�Ó
ï�Ó
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Ý>Ñ3ò©ÐÒÑÔØ×ÛgÝ'Û}Ñ6Ñ6Ó
Ý>ÑÔÐáÖ¦Ý½Ûgà
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Ý`Ó
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Û}ÑÔÐáÖ¦Ý�Ðäï?Ö¦Î`ÑÔÛgÐäÝ`Ó
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Ðäï�Ü�Ó
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ÐáÝ«ãüÍ«ï6Ó�Õxø

*H0



%ªÑ Ö¦Ý`Ó�Ó���Ñ6Ü6Ó
Ï�Ógë<Ó
ï6ï�Ó
Ý>ÑÔÐäÛgàäàÒú�Ü6Ó
Ú`àäÐäâ
Û}ÑÔÐáÝ«ãRÛRÞpÍ«àäà�Ú«Ü�Ö¦ÚCÖgï6ÐáÑ6ÐäÖ¦Ý«ÛgàqÜ6Ó�Ú«Ü6Ó�ï6Ó
Ý>ÑÔÛ}ÑÔÐáÖ¦Ýxë<Ñ6Ø«Ó×Ûgã¦Ó�Ý>Ñ
â
ÖgÍ«àäÕ�Ø«ÛvçgÓ×Ö¦Ý«Ó'ÏRÛgÜ�÷gÓ
ÜAÞpÖ¦ÜéÓ
ÛgâûØ�Ö¦Î�ô�Ó
â�Ñ�ÐäÝ�ÐÒÑÔïAÓ
Ý>ç�ÐäÜ6ÖgÝ«ÏRÓ�Ý>Ñ�ø ÿ5Ý�ã¦Ó�Ý«Ó
Ü6ÛgàeëCØ«ÖvòOÓ�ç¦Ó
Ü�ëqÑÔØ«Ðáï
Ðäï�Í`Ý«Õ«Ó
ï�ÐäÜ6ÛgÎ«àäÓ�	aÑÔØ«Ó&ÛgÚ«ÚkÓ�Ûgà<ÖgÞaÛ×Õ«Ó�Ðäâ�Ñ6Ðäâ�Ü6Ó�Ú«Ü6Ó�ï6Ó�ÝGÑÔÛ}ÑÔÐáÖ¦Ý�Ü6Ó
ï�ÑÔïHÖ¦Ý�ÑÔØ«Ó�Ý«ÖgÑ6ÐäÖ¦Ý�ÖgÞ3ÛüàäÐäÏ�ÐáÑ6Ó
Õ
Û}Ñ�ÑÔÓ
Ý>Ñ6ÐäÖ¦Ý½Û}à�Ü�Ó
ï6ÖgÍ«Ü6â�Ó�ÑÔØ½ÛXÑéÑÔØ`Ó×Ûgã¦Ó�ÝGÑ%Ûgâ�Ñ6ÐáçgÓ
àáúnÕ«ÐáÜ6Ó
â�ÑÔïHÑÔÖ�Ú½Û}Ü�ÑÔïéÖgÞ�ÑÔØ`Ó�òOÖgÜ6àäÕ�Ü6Ó
àáÓ�ç}ÛgÝ>ÑéÑ6Ö
ÐáÑ6ï�ÑûÛgï�÷1ø�%éï�Û Ü6Ó
ï�Í«àáÑ
ë�Û�Õ`Ó
Ðäâ�ÑÔÐáâ�Ü6Ó
Ú`Ü6Ó
ï�Ó
Ý>ÑûÛXÑÔÐäÖgÝ�ã¦Ó�Ý«Ó
Ü6ÛgàäàÒú'Ü6Ó�ï6Í«àÒÑÔï�ÐäÝüÚ½Û}Ü�ÑÔÐäÛgà`ÖgÎ«ï6Ó�Ü�ç}ÛgÎ«ÐáàäÐáÑ5úF	
ÑÔØ`ÓnÛ}ã¦Ó
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Ü�ç¦ÓnÚ½ÛgÜ�ÑüÖ}ÞéÐÒÑÔï×ï�ÑÔÛ}ÑÔÓ�ï�Ú½Ûgâ
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ÐäÝZÞpÖ¦Ü6â�Ó
Ï�Ó
Ý>Ñ�àäÓ
ÛgÜ6Ý«ÐáÝ«ã:Ï�Ó�ÑÔØ`ÖZÕ«ï[â
ÛgÝÅÎCÓ�Û}Ú«Ú«àäÐáÓ
Õ|Õ«ÐáÜ6Ó�â�ÑÔàÒú�Ñ6Ö
Û�Õ«Ó
Ðáâ�Ñ6Ðäâ[Ü6Ó�Ú«Ü6Ó�ï6Ó�ÝGÑÔÛ}ÑÔÐáÖ¦Ýxë�ÑÔØ«Ó�Ú½Û}Ü�ÑÔÐäÛgàOÖgÎ«ï6Ó�Ü�ç}ÛgÎ«ÐáàäÐáÑ5ú±Ðäï×Ú`Ü6Ö¦Î«àáÓ
ÏRÛ}ÑÔÐáâRÞpÖ¦Ü×ÏRÛgÝ>ú:àáÓ�ÛgÜ�Ý«ÐäÝ«ã
Ûgàáã¦Ö¦Ü6ÐÒÑÔØ«Ï�ïpò è�,�ôiø
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ï?Ü6Ó�â
Ó
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Õ±ÛgÚ«Ú`Ü6Ö>ÛgâûØ`Ó
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ÑÔÐáÖ¦Ý½Ûgà�ÛgÝ«Õ®Õ`Ó
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Ú«Ü�Ó
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ÛgÎkÖ¦Í`Ñ�Ø«Övò�Ñ6Ø«Ó�ò�Ö¦Ü�àäÕ òOÖ¦Ü�÷Gï
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ÐäÝZÞpÖ¦Ü6â�Ó
Ï�Ó
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ÛgÜ6Ý«ÐáÝ«ã%Ø½Û}ï�ÞpÖ�â
Í`ï6Ó
Õ�Ö¦ÝüÐäÝ>çgÓ
ï�Ñ6Ðäã>ÛXÑÔÐäÝ`ã Ü6Ó
Ú�þ
Ü6Ó�ï6Ó�ÝGÑÔÛ}ÑÔÐáÖ¦Ý«ïªÑ6Ø½Û}Ñ�Ø½Û�çgÓ?ãgÓ
Ý«Ó�ÜÔÛgàáÐ���ÛXÑÔÐäÖgÝ�Ú«Ü�Ö¦ÚCÓ�Ü�Ñ6ÐäÓ
ï�ò©Ø«ÐäàáÓ%Ü6Ó�Ï�ÛgÐáÝ«ÐäÝ`ã'ÛgÏ�Ó
Ý½Û}Î«àäÓHÑÔÖ×Ï�ÖZÕ«Ó�àÒþ
ÞpÜ6Ó�Ó�Û}Ú«Ú«Ü6Ö¦ÛgâûØ«Ó
ï3ò è�q�ë�è�*
ôiø[ù�Ø«Ó�Ü�Ó�Ûgï�Ö¦Ý±ÞpÖ¦Ü�ÐáÝGçgÓ
ï�ÑÔÐäã¦Û}ÑÔÐáÝ«ã�Û}àáÑÔÓ�Ü6Ý½ÛXÑÔÐáçgÓüÜ6Ó
Ú`Ü6Ó
ï�Ó
Ý>ÑûÛXÑÔÐäÖgÝ«ï�Ðáï
ÑÔÖ?Û�ç¦ÖgÐäÕ×ÑÔØ«Ó©àáÐäÏ�ÐáÑûÛXÑÔÐäÖgÝ«ï-ÖgÞ<Ú`Ü6Ö¦ÚkÖ¦ï6ÐÒÑÔÐáÖ¦Ý½Ûgà�Ü6Ó�Ú«Ü6Ó�ï6Ó
Ý>ÑÔÛ}ÑÔÐáÖ¦Ý«ï
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âûØ½ÛgÝ`ã¦Ó
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ÑÔÐáÖ¦Ý½ÛgàCÎ«àäÖ�âû÷Gï�òOÖ¦Ü�àäÕxø

ù�Ø«Ó�Ü�Ó
àNÛXÑÔÐäÖgÝ½ÛgàHÜ6Ó
ÐáÝ`ÞpÖ¦Ü�â
Ó
Ï�Ó
Ý>Ñ[àáÓ�ÛgÜ�Ý«ÐäÝ`ã�Éz(4(o�PË�Û}àäã¦Ö¦Ü�ÐáÑ6Ø«Ï Ðäï[Û:àáÖ¦ã¦Ðäâ§þ5Î½Û}ï6Ó
Õ)Ü6Ó
ãgÜ6Ó
ï�ï6ÐáÖ¦Ý
Ûgàáã¦Ö¦Ü6ÐÒÑÔØ«Ï ÑÔØ½ÛXÑ'Ûgï�ï6Í«Ï�Ó
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Y %�ï6Ó�ÑHÖgÞ3ï�ÑûÛ}Ñ6Ó
ï�ø�ù�Ø`Ó&ï�ÑûÛ}Ñ6Ó
ïHÛgÜ6Ó�Õ«Ó�ï6â�Ü6ÐäÎkÓ
Õ�ÐäÝ[Ñ6Ó
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ÖgÝ«Õ«ÐáÑ6ÐäÖ¦Ý`ï�Ö¦Ý�Ñ6Ø«Ó%Û}â�ÑÔÐáÖ¦Ý�ï�ÚCÓ�â
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ÐáÝnÛ×Ú½Û}Ü�ÑÔÐáâ
Í«àäÛgÜªï�ÑûÛ}Ñ6Ógø
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Õ«Ðáâ�Û}Ñ6Ó�ÑÔØ½Û}ÑüÐáÝ«Õ«Ðáâ�Û}Ñ6Ó
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ñ Í`ÑéÑÔØ«Ðáï%â�Ûgàáâ
Í«àäÛ}ÑÔÐáÖ¦Ý�ï6Ó
Ó�ÏRï àáÐä÷}Ó'Övç¦Ó
Ü�÷GÐäàäàz	HÛgàäà-òOÓ×Ü�Ó�Ûgàáàáú[òOÛgÝ>Ñ�ÐäïéÑ6Ö[Ú«Ü6Ó�Õ«Ðäâ�Ñ%ÑÔØ`Ó�ç}ÛgàäÍ«Ó&ÖgÞ

4É»¬J·^ã+¸�º�Ñ1®u¯±°�µ�Ë�ÞpÖ¦ÜªÑÔØ«Ó â�Í«Ü6Ü�Ó
Ý>ÑHï6ÐÒÑÔÍ½Û}Ñ6ÐäÖ¦Ý<ýZÑÔØ«Û}Ñ©Ðäï�ë`ÑÔØ«Ó�ï�ÐáÑÔÍ«Û}ÑÔÐáÖ¦Ý�ÐäÝ[ò©Ø«ÐáâûØ�Þ Û&¬Zëpà Û4«<ë
âËÛ JZëXÛgÝ`Õ � Û�°ZøN�½Í«Ü�Ñ6Ø«Ó
Ü�ÏRÖgÜ6ÓgëvÐÒÑ-Ø½ÛgïqÎkÓ
Ó�Ý&Ö¦Î`ï6Ó
Ü�ç¦Ó�Õ&ÑÔØ«Û}Ñ-Ï�ÛJ�`ÐáÏ'Í«Ï¨Ó
Ý>ÑÔÜ�Ö¦Ú>ú?ÛgÚ«Ú«Ü�Ö>ÛgâûØ«Ó�ï
Ó��ZØ«ÐáÎ«ÐáÑªâ
Ö¦Í«Ý>Ñ6Ó
Ü�þ�ÐäÝ>ÑÔÍ`ÐáÑÔÐÒç¦Ó%Ü�Ó
ï�Í«àáÑ6ïOò©Ø«Ó
ÝnÛgÚ«Ú`àäÐäÓ�Õ�ÑÔÖ×â
ÛgÍ«ï6ÛgàxÖ¦ÜOÑ6Ó
Ï�ÚCÖgÜÔÛgàk÷GÝ«Övò©àäÓ
Õ`ã¦Ó�Î½Ûgï6Ó�ï
ò è�0`ëi,�0Jôeø�ÿ�Þ�ò�Ó�Ûgï6ï�Í«ÏRÓ'ò�ÓüØ½Û�ç¦Óüï6ÖgÏRÓ×Î½Û}âû÷�ãgÜ6Ö¦Í«Ý`Õ±÷GÝ«Övò©àäÓ�Õ«ã¦Ó}ë-Ñ6Ø«Ó
Ü�ÓüÐäï%Ý«Ö�Ý«Ó�Ó
Õ�ÑÔÖ�ÎkÓ
ÛgïªÝ`Ö¦ÝZþ5â�Ö¦Ï�ÏRÐÒÑ6ÑûÛ}à½ÛgïªÏRÛa�ZÐäÏ'Í`Ï Ó
Ý>ÑÔÜ�Ö¦Ú>ú�Ú«Ü�Ó
ï6â�Ü6ÐáÎCÓ�ï
ø�ÿ5Ý�Þ^Ûgâ�Ñ
ë«Û�Í`ï6Ó�ÞpÍ`à<òªÛ�ú�ÑÔÖüÛgÜ�ÑÔÐáâ
Í«àäÛ}ÑÔÓ
Õ«Ö¦ÏRÛgÐáÝ±÷GÝ«Övò©àäÓ�Õ«ã¦Ó�ò©Ø«Ó�Ý:ÐáÑ&â
Ö¦Ï�Ó
ï&ÑÔÖ�â�Ö¦Ï'Î«ÐáÝ«ÐäÝ«ã�Ü6Í`àäÓ
ï?ò©ÐáÑ6ØöÍ«Ý«Õ«Ó�Ü�þ�ï6ÚkÓ
â
ÐÒí½Ó
Õ�å 
aù�ï'Ðáï
ÑÔØ`Ü6Ö¦Í«ãgØ�ÛÅ�©ÅaÃ�À]��ÔF¾�¼��¿ÅaÔÅ�fÆ�Á�Â�ø
%�â
Ö¦Ï�Î«ÐäÝ½ÛXÑÔÐäÖgÝ�Ü6Í«àáÓ Ðäï©Û×òªÛ�ú�Ñ6ÖRãgÖüÞpÜ�Ö¦Ï�Û×ï�Ó�ÑAÖgÞaå 
aù�ï�ë

ìÆÉ ' × ' j�j �������]�s' j ��� Ë
ìÆÉ ' × ' ¬ j �������]�s' ¬ ��� Ë

�����
ì�É ' × '�� j ����������'�� �! Ë

ÑÔÖ�Ûüï6ÐáÝ«ã¦àäÓéâ
Ö¦Ï'Î`ÐäÝ«Ó�Õ�å 
aù ë
ì�É ' × ' j �������$��' � Ë

ò©Ø«Ó�Ü6Ó#" ' j �������]��' �%$'&)( �*,+ j " ' * j ����������' * ��-.$ ø
ÿ5Ý�ãgÓ
Ý«Ó�ÜÔÛgàiëCÛüâ
ÖgÏ'Î«ÐäÝ«Û}ÑÔÐáÖ¦Ý�Ü6Í«àáÓ?ÐáïéÛüÕ«Ó�ï6ÐäãgÝ�âûØ«Ö¦Ðáâ
Ó}ø�ÿ5ÝnÑÔØ`Ðäï©òOÖ¦Ü�÷1ëCÿªÍ`ï6Ó
ÕnÑÔØ«Ó&æAÖ¦Ðáï�ú>þ¶ p(
â
ÖgÏ'Î«ÐäÝ«Û}ÑÔÐáÖ¦Ý�Ü6Í`àäÓ?ÛgÝ«Õ[ÑÔØ`Ó&Ù%Ó�ÏRÚ`ï�ÑÔÓ�Ü©â
Ö¦Ï'Î`ÐäÝ½Û}Ñ6ÐäÖ¦Ý�Ü6Í«àáÓ�ò ê�qaôeø
ù�Ø«Ó�æAÖgÐäï�ú>þ´ �(EÜ6Í«àáÓ×Ðäï�Û[ï6ÐáÏRÚ«àáÓ�òOÛvú�Ö}ÞOÕ«Ó�ï6â�Ü6ÐäÎ`ÐäÝ«ã[ÑÔØ`Ó�Ú`Ü6Ö¦Î½Û}Î«ÐäàáÐáÑ5ú�ÞpÖ¦Ü�ÛgÝ�Ó$ñCÓ
â�Ñ�ãgÐáç¦Ó�Ý
ÑÔØ`Ó�Ú`Ü6Ó
ï�Ó
Ý«â�ÓRÖgÜ�ÛgÎ«ï6Ó�Ý«â
ÓüÖgÞ�ÐáÑ6ï â�ÛgÍ`ï6Ó
ï�ø×ÿ�Ñ�Ï�Û}÷gÓ
ï?Û�ç¦Ó�Ü�ú�ï�ÑÔÜ6ÖgÝ«ã�Ûgï6ï�Í«ÏRÚZÑÔÐäÖgÝ�ÑÔØ½Û}Ñ�Ó
ÛgâûØ
â�Û}Í«ïÔÛgà�Ú«Ü�ÖZâ�Ó
ï6ï&Ðäï?ÐäÝ«Õ`Ó
ÚkÓ
Ý«Õ«Ó�Ý>Ñ'ÖgÞªÑ6Ø«Ó�ÖgÑÔØ«Ó�Ü&â
ÛgÍ«ï�Ó
ï
	×Ñ6Ø«ÓRÚ`Ü6Ó
ï�Ó
Ý«â�Ó�ÖgÞ©Û}ÝGúmï�ÐäÝ«ã¦àáÓüâ�ÛgÍ«ï�Ó
Ðäï�ï�Í+��â
ÐäÓ�Ý>Ñ&Ñ6Önâ
ÛgÍ«ï6ÓüÑÔØ`ÓRÓ�ñ<Ó�â�Ñ�ë�ÛgÝ«Õ®ÛgÎ«ï�Ó
Ý«â�ÓRÖgÞ�ÑÔØ«Ó�Ó$ñCÓ
â�Ñ�Ðáï Õ«Í«ÓüÑÔÖ�ÑÔØ«Ó�ÐäÝ`Õ«Ó
ÚkÓ
Ý«Õ`Ó
Ý>Ñ
ó Þ^ÛgÐáàäÍ«Ü�Ó
õ�ÖgÞ�Ûgàäà-â
ÛgÍ«ï6Ó�ï
ø&åOÖ¦Ý«ï�ÐäÕ«Ó�Ü ÛgÝ�Ó±�«Û}ÏRÚ«àáÓ&ò©ÐÒÑÔØ�ÞpÖ¦Í`ÜéÜÔÛ}Ý«Õ«Ö¦Ï ç}ÛgÜ6ÐäÛgÎ«àäÓ�ï
ë�Ð ���9���3�0/
É^Ü�Ó
ï�ÚCÓ�â�ÑÔÐÒç¦Ó�àáúmÜÔÛgÝ`ã¦ÐäÝ«ã�Övç¦Ó�Ü�¸�ÛgÝ`Õ ä ¸«ëPº±ÛgÝ«Õ ä º<ë�Ó�Ñ6âgø Ë|ï�Ø«Övò©ÝöÐäÝ��3Ðáã¦Í«Ü6ÓRèsþ»q`ø[ÌZÛvú�ò�Ó
òOÛgÝ>ÑHÑ6ÖRâ�Ö¦Ï�Ú«Í`ÑÔÓ�ì�É´° ×�¸ � º � ³+Ë§ë1ÛgÝ«Õ[ÑÔØ«Û}Ñ©òOÓ�÷GÝ«Övò�	

è�0



ìÆÉ»° ×�¸ � º�Ë Û ê j§ëìÆÉ»° ×J³ � º�Ë Û ê ¬ ëìÆÉ»° ×�¸yË Û ê21 ø
ù�Ø«ÓüÏ�ÖZÕ«Ó�à�ÐáÝ½�3ÐäãgÍ«Ü6Óüèvþ´q�Õ«Ó�ï6â�Ü6ÐäÎkÓ
ï Ñ6Ø«Ó×ÐäÕ«Ó
Û�ÑÔØ½ÛXÑ%ÑÔØ«Ó×Ü6ÛgÝ«Õ«ÖgÏ$ç}ÛgÜ6ÐäÛgÎ«àáÓ
ï�Ð ��� �3/ Ó
ÛgâûØ
ÐäÝ�Ì½Í«Ó
Ý`â
Ó�ÐäÝ>ÑÔÓ�Ü6Ï�Ó
Õ«ÐäÛ}ÑÔÓ�ç}ÛgÜ�ÐNÛgÎ`àäÓ
ï�ë�4 �35Ë�76 	[â�Ö¦Ý«â�Ó
Ú`Ñ6Í½ÛgàäàÒú¦ë�ÑÔØ«Ó�Ú«Ü�Ö¦Î½ÛgÎ`ÐäàäÐÒÑ5úmÖgÞ�4 ÎkÓ
ÐäÝ`ã
ó Ö¦Ý`õ�Ðäï ê81 ëCÑÔØ`Ó�Ú«Ü�Ö¦Î½ÛgÎ«ÐáàäÐÒÑ5ú[ÖgÞ 5 ÎCÓ�ÐäÝ«ã ó Ö¦Ý«õ�Ðáï ê j�ëCÛgÝ«Õ�Ñ6Ø«Ó'Ú«Ü�Ö¦Î½ÛgÎ«ÐáàäÐÒÑ5ú 6 ÎkÓ
ÐáÝ«ã ó ÖgÝ«õ
Ðäï ê ¬ ø:ù�Ø«Ó�ï6Ó�ÐäÝ>ÑÔÓ�Ü6Ï�Ó
Õ«ÐäÛ}ÑÔÓRçgÛ}Ü6ÐNÛ}Î«àäÓ�ï×ÐäÝöÑÔÍ`Ü6Ý#ÐäÝ+Ì½Í`Ó
Ý«â�Ó � ø æAÖgÐäï�ú>þ´ �( Ûgï6ï�Ó
Ü�ÑÔïüÑÔØ½Û}ÑüÐÒÞ
ÛgÝ>ú�ÖgÝ«ÓüÖgÞ94:ë 5 ëqÖ¦Ü 6 Ðäï ó Ö¦Ýxë õ�Ñ6Ø½Û}Ñ Ðáï ï6Í+��â�ÐäÓ
Ý>Ñ�ÑÔÖ�Ñ6Í«Ü6Ý � ó Ö¦Ý«õ«ø 1 æAÖ¦Ðáï�ú>þ¶ p(EÛgï6ï�Ó
Ü�Ñ6ï
ÑÔØ«Û}Ñ�ÑÔØ«Ó�Ú«Ü6ÖgÎ½ÛgÎ«ÐáàäÐáÑ5únÖgÞ � ÎCÓ�ÐäÝ«ã ó Ö�ñ�õ�Ðáï�Ó
îGÍ½ÛgàaÑÔÖ�ÑÔØ`Ó�Ú`Ü6Ö¦Î½Û}Î«ÐäàáÐáÑ5únÖgÞ:4:ë 5 ë�ÛgÝ«Õ 6 Ûgàäà
ÐäÝ`Õ«Ó
ÚkÓ
Ý«Õ`Ó
Ý>ÑÔàÒú�Þ^ÛgÐäàáÐäÝ«ã&ÑÔÖüÎCÓ ó ÖgÝxø õmù�Ø«Ó�Ü6Ó�ÞpÖgÜ6Ógë1Û}â
â
ÖgÜ6Õ«ÐáÝ«ã×ÑÔÖRæAÖ¦Ðáï�ú>þ¶ p(�	

ìÆÉ»° ×�¸ � º � ³�Ë Û *<; É¹É´*=; ìÆÉ&ÚÅ×�¸ � º�Ë¹Ë
É´*<;ãìÆÉ?>Å×-º � ³�Ë¹Ë$É¶*<;@ìÆÉ&�¿×�¸yË¹ËÖË
Û *<; É¹É´*=; ê j¹Ë$É¶*<; ê ¬ Ë
É¶*@; ê21 Ë¹Ë �

D

Z

C

BA

X Y

deterministic OR gate

�3Ðäã¦Í`Ü6Ó?èsþ»q+	�ù�Ø«Ó&æAÖ¦Ðáï�ú>þ¶ p(Fâ�Ö¦Ï'Î«ÐáÝ½Û}Ñ6ÐäÖ¦Ý�Ü�Í«àäÓ}ø
ù�Ø«ÓmÙ%Ó
Ï�Ú«ï�ÑÔÓ
Ü[â�Ö¦Ï'Î«ÐáÝ½Û}Ñ6ÐäÖ¦ÝzÜ�Í«àäÓ�Û}ï6ï6Í`ÏRÓ�ï�Ñ6Ø½Û}Ñ[Ñ6Ø«Ó�â
Ö¦Ï�ÚkÓ�ÑÔÐáÝ«ã:Ü6Í`àäÓ
ï�Û}Ü6Ó�Ó
ï�ï6Ó�ÝGÑ6ÐNÛgàáàáú
ÐäÝ`Õ«Ó
ÚkÓ
Ý«Õ`Ó
Ý>Ñ�ý�ÑÔØ½Û}Ñ�Ðáï
ë-ÐáÑ Ûgï6ï�Ó
Ü�Ñ6ï?Ñ6Ø«Óüï6Ó�ÑÔï�ÖgÞ�ï6ÐáÑ6Í½Û}Ñ6ÐäÖ¦Ý«ï Õ`Ó
ï6â�Ü6ÐáÎCÓ�Õ±Î>ú�Ó
ÛgâûØ®Ü�Í«àäÓ×Övç¦Ó�Ü6àäÛgÚ
Ö¦Ý«àÒú'Ö¦ÝüÑÔØ`ÓAâ�Í«Ü6Ü�Ó
Ý>ÑOîGÍ«Ó�Ü�úüï�ÐáÑÔÍ«Û}ÑÔÐáÖ¦Ýxø�ß�Û}âûØ�Ú«Ü�Ö¦Î½ÛgÎ«ÐáàäÐáï�ÑÔÐáâOÜ�Í«àäÓ©Ü6Ó�Ú«Ü6Ó�ï6Ó�ÝGÑ6ï�Ñ6Ø«Ó©Ú«Ü6Ö¦ÚkÖ¦Ü�ÑÔÐäÖgÝ
ÖgÞ-ÑÔØ`Ó Ú«Ü6Ó�Õ«Ðäâ�ÑÔÓ
Õ�Ó�ñ<Ó�â�Ñ©ÐäÝ[ÐÒÑÔïªâ�Ö¦Ü6Ü�Ó
ï�ÚCÖ¦Ý`Õ«ÐäÝ«ãüï�Ó�Ñ�øaÿ�Ñ©Ø«ÛgïªÑÔØ«Ó Í`Ý«Õ«Ó
Ü�àáú�ÐäÝ`ã×Ý«ÖgÑÔÐáÖ¦Ý�Ñ6Ø½Û}Ñ�ÑÔØ`Ó
Ú«Ü�Ö¦ÚCÖgÜ�ÑÔÐáÖ¦Ý«ïªÖ}Þ3Ó�çZÐáÕ«Ó
Ý`â
Ó?ÛgÜ6Ó}ë«ÐäÝ�ï�Ö¦ÏRÓ ï�Ó
Ý«ï�Ógë1â
Í`Ï'Í«àNÛXÑÔÐáçgÓgøaù�ØGÍ«ï�ë½ÐáÞ ê * ÐáïOÑÔØ«Ó�Ú«Ü�Ö¦Î½ÛgÎ`ÐäàäÐÒÑ5ú
ACB��T�f���2�r�ED��$���7 r�"³����7�>�7���7�@F^���2·����i�f�2 ��>�a�$ > ����$�GF?�>�7�5���f���7�IH¹�$�2�N�2�f�KJ
H(�

è�/



ÑÔØ«Û}Ñ©Ü6Í«àáÓ Ó ã¦ÐáçgÓ
ï�ÑÔÖ�
4É´°�Ë�ë½Ñ6Ø«Ó
Ý�ÑÔØ«Ó?Ù%Ó�ÏRÚ«ï�ÑÔÓ�Ü�Ü6Í«àáÓ ï�ÑûÛXÑÔÓ
ï$	
ì�É´°9×�¸ � º � ³+ËËÛ L * ê *L * ê * b L * É´*<; ê * Ë �

ñ ÖgÑ6Øüâ
Ö¦Ï'Î`ÐäÝ½Û}Ñ6ÐäÖ¦Ý×Ü�Í«àäÓ�ïaÏ�Û}÷gÓ�Þ^ÛgÐäÜ�àáú?ï�Ñ6Ü6Ö¦Ý`ã&ÐáÝ«Õ«Ó
ÚkÓ
Ý`Õ«Ó
Ý«â�ÓéÛ}ï6ï6Í`ÏRÚ`Ñ6ÐäÖ¦Ý`ï�ÛgÎCÖgÍ`ÑaÑÔØ«Ó©â�Ö¦Ïüþ
ÚkÓ�ÑÔÐáÝ«ã�â
ÛgÍ«ï6Ó�ï
ø�ù�Ø«Ó�Ù%Ó�ÏRÚ`ï�ÑÔÓ�Ü�Ü�Í«àäÓ�Ûgï6ï�Í«ÏRÓ�ïüÛgÝ:ÛgÕ`Õ«ÐáÑ6Ðáç¦ÓRîGÍ½ÛgàäÐÒÑ5ú±ÛgÎCÖgÍ`Ñ�Ñ6Ø«Ó�Ó�ç�ÐáÕ«Ó
Ý«â�Ó
Épò©Ø`ÐäâûØüï6Ó�Ó
Ï�ï�ÛgÚ«Ú«Ü�Ö¦Ú«Ü6ÐäÛ}ÑÔÓOÐäÝ�Ñ6Ø«Ó�â�Ûgï�Óªò©Ø«Ó
Ü�Ó�òOÓ�ï�Ó�ÛgÜ�âûØ�ÞpÖ¦Ü3Ø«Ðäã¦Ø�þ5Ú«Ü�Ö¦Î½ÛgÎ«ÐáàäÐÒÑ5ú Ü6Í«àáÓ
ïaÛ}ÎCÖ¦ÍZÑ
Ûgâ�ÑÔÐäÖgÝ�Ó�ñ<Ó�â�Ñ6ï©Ë�ëkÎ«Í`Ñ©Ñ6Ø«Ó�æHÖ¦Ðäï�ú>þ¶ p(FÜ6Í`àäÓ�Ðäï�ï�ÐäÏ�Ú«àäÓ�ÜªÑÔÖüâ
Ö¦Ï�Ú«Í`Ñ6Ógø�ù�Ø½Û}ÑHÎCÓ�ÐäÝ«ãüï6ÛgÐäÕxë«Ñ6Ø«Ó
Ü�Ó
ÛgÜ�Ó&Û}ÝGú�ÝGÍ«Ï�ÎCÓ�ÜAÖgÞ�òªÛ�ú�ïAÑ6ÖRãgÖ�ÞpÜ�Ö¦Ï Ûüï6Ó�ÑAÖgÞ�Ü6Í«àáÓ
ï©ÑÔÖRÛ�ï�ÐäÝ«ãgàäÓ Ú«Ü�Ö¦Î½ÛgÎ«ÐáàäÐÒÑ5úÛÉpÓgø ã«øáë1âûØ«Ö�Ö¦ïJþ
ÐäÝ`ãmÑ6Ø«ÓnÏ�Ö¦ï�ÑRï�ÚCÓ�â
ÐÒí½â�Ü�Í«àäÓ}ëOâ
ÖgÏRÚ«ÍZÑÔÐäÝ`ã®Û�â
Ö¦Ý`ï6Ðäï�ÑÔÓ�ÝGÑ�Ï�ÛJ�`ÐáÏ'Í«Ï Ó�Ý>ÑÔÜ6ÖgÚGú#Õ«Ðáï�Ñ6Ü6ÐäÎ`Í`ÑÔÐáÖ¦Ýxë
Ó�Ñ6âgø Ë�ýCÐäÝ�ãgÓ
Ý«Ó�ÜÔÛgàiëCâ�Ö¦Ï'Î«ÐáÝ½Û}ÑÔÐáÖ¦Ý�Ü6Í«àáÓ
ïéÛgÜ6Ó&ÛgÕ�Ø«Ö�â&ÛgÝ«Õ�Ûgï�ï6Í«Ï�Ó�Ú«ÛgÜ�Ñ6Ðäâ
Í`àNÛgÜ©âûØ½ÛgÜ6Ûgâ�Ñ6Ó
Ü�Ðäï�Ñ6Ðäâ�ï
ÛgÎkÖ¦Í`ÑHÑÔØ«Ó&Õ«Ö¦ÏRÛgÐäÝ<ø©åOÖ¦Ï'Î«ÐáÝ«ÐäÝ`ã�Ó�ç�ÐäÕ«Ó�Ý«â
Ó'ÐáÝnÑ6Ø«Ó&ãgÓ
Ý«Ó�ÜÔÛgà�â�Ûgï�Ó�ÐáïHÑ6Ü6Í«àÒú�Ø½ÛgÜ6Õ<ýCÑÔØ`Ó&Ü�Ó�ÛgÕ«Ó�Ü
Ðäï�Ûgã¦ÛgÐäÝ×Ü�Ó�ÞpÓ
Ü�Ü6Ó�ÕRÑÔÖ ñ Ûgâ�âûØGÍ«ï�Â�¼�¾�Ákö\ò÷qaô1ÞpÖ¦Ü�ÑÔØ`ÓéÛgÝ«Ûgàáú�ï6Ðáï�ÛgÝ«Õ�Õ«Ðäï�â
Í«ï�ï6ÐáÖ¦Ý�ÖgÞ<Û�ÏRÖ¦Ü�Ó©ã¦Ó
Ý«Ó�ÜÔÛgà
ÛgÚ«Ú`Ü6Ö>ÛgâûØ<ø

ü3ý7M NPOGQ!RTSUOWV X Y[Z9\ ]�^ _`Z9Y[abR'ac]�Q�]�dKS�]�e fgY#h[]�e

iIj�k�l�monpjrqsqtl�uwv�x�yoz{m|j�yol}v:l�~p~@z{q�x�v<qs�?xry�u0��l�npy#jr��n�~pn�uwk�uox���jrq�j���l}��yoxr��jr��n�~pn�uonpl�m�jrm�mox%�!n��
j�uol!��v<n�u0�}v�x�yo~���z%qtx�v<~�l!���rlr�����tu<uo��l�k}�rl!q�l�y0jr~�~�k|��jrq���~�lWx�q�~�k���yoxr�
x�m�n�uonpx�q�j�~
z{q�x�v<~pl�����l��
�U�%u0l!qt��npq���y�l!~�j�u0npxrq�jr~��@xry���yomCu��.x�yo��l�y!��yol!�tyol!m�l!q�u3j�u0npxrq�m�mox�u0��j�u}u0��l
k���jrq���lc��j�q�jr��l��
��y�x���jr��n�~pn�m�u0n���jr~�~�k n�mIu0��l�yol
�?x�yol¡jrq�np�[��x�y�u0jrq�u<jryol!j xr�UmCu0���¢k��:£¤y�x���q�����jrm<��l!l�q¥��y�x�zrl�q¦n�q
u0�tnpm=jryol!j���k¥§���x�jrq��¦¨�jr�t��j�v@kg©«ª{¬�­®��¯Wx�~p~�l!y<jrq��¥°��?l�±
l!y�©³²�¬�­��
´�jrl���l!y'©¶µ�·�­®�¹¸<��mom�l!~�~Kj�q��
°Uj�mo��~pjb©«ª{º�­®�¹»E��z�jrm�npl�v<n��!¼|©³²�º�­���¯Wl!y�m�u0n�q��|j�q��b½GlT¸�j�l!�tu���yox�¾%np��l'j�q�n��!l¡mo��yC¾�l
kbxr��uo��l!m�l
jr���tyox�jr�3�tl!m'©³²�µ�­��
¿@��l<��y�x���jr��n�~pn�m�u0n��:y�l!~�j�u0npxrq�jr~%��x%��l!~�m<À®°9¸�Á¥m3Â�xr�¹¯Wx�~p~�l!yUjrq���°Ã�?l
±¹l�y!�{npqtmo��n�yonpqt��u0��l<m�����mol7�
Ä ��l!q�u�v:x�y�z}��kÅ°Ujrm���~�j�jrq��¥¸=��m�mol�~p~����tyonpqt��n�qÅl�~pl���l�q{uom=�?y�x��Æx��{Ç�l!��uC�wx�y�npl�q{uol!�¥��j�u3j���jrmol�m
jrq����!x����3��u0��l Ä ��jr~pn�u3j�uon�¾�l=m�u0j�u0l�npqt�?xryo��j�u0n�x�q npq[u0l!y���mÈxr�Euo��l�l�q{uon�uwktÉ�y�l!~�j�u0npxrq�mo��n����[x%��l!~
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on(n1, n2)
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clear(n3, ?)
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intallest(n3, ?)

height(?)
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UWVYX[Z�\]U_^a`�b1c�d�e[fhgifkj0l3mnUW\]U
Z�VYX[Z�\]U_^a`�b1c�d�e[fhg]opj0l3mnUW\]U
qWVYX[Z�\]U_^a`�b1c�d�e[fhgsrtj0l3mnUW\]U
uWVYX[Z�\]U_^a`�b1c�d�ewvxgifkj0l3mnUW\]U
yxVYX[Z�\]U_^a`�b1c�d�ewvxgzv�j0l3mnUW\]U
{ VYX[Z�\]U_^a`�b1c�d�ewvxg]opj0l3mnUW\]U
|WVYX[Z�\]U_^a`�b1c�d�ewvxgsrtj0l3mnUW\]U
}WVYX[Z�\]U_^a`�b1c�d�esoWgifkj0l3mnUW\]U
~WVYX[Z�\]U_^a`�b1c�d�esoWgzv�j0l3mnUW\]U
�WVYX[Z�\]U_^a`�b1c�d�esoWg]opj0l3mnUW\]U
Z
UWVYX[Z�\]U_^a`�b1c�d�esoWgsrtj0l3mnUW\]U
Z3Z�VYX[Z�\]U_^a`�b1c�d�e�r�gifkj0l3mnUW\]U
Z
qWVYX[Z�\]U_^a`�b1c�d�e�r�gzv�j0l3mnUW\]U
Z
uWVYX[Z�\]U_^a`�b1c�d�e�r�g]opj0l3mnUW\]U
Z*yxVYX[Z�\]U_^a`�b1c�d�e�r�gsrtj0l3mnUW\]U
Z { VYX]UW\]�3~3}3~ { y3^�`�b1c�d�ew�xg]�pj0l3m�UW\]U
Z
|WVYX[Z�\]U_^�r_��e[fhg]o3�_�tdkj�b0��e�r�g]opj/`�b1c�d�e[fhgzv�j0l3m�Z�\]U
Z
}WVYX]UW\]�3q3u3U3}3}_^�r_��e�r�g]��f����1dkjnb0��e�r�g]opjT`�b1c�d�e[fhgzv�j0l3m�Z�\]U
Z
~WVYX]UW\]�3q3u3U3}3}_^�r_��e�r�g]��f����1dkj�r_��ewvxg]o3�_�tdkj/`�b1c�d�e[fhgzv�j0l3m�Z�\]U
Z
�WVYX[Z�\]U_^�r_��ew�xg]o3�_�tdkj�b0��e�r�g]opj��tb_f���e�b0��ew�xg]�pj3j�`�b1c�d�e[fhgzv�j0l3m�Z�\]U
q3UWVYX[Z�\]U_^�r_��ewvxg]o3�_�tdkjYr_��e[fhg]o3�_�tdkj�`�b1c�d�e[fhgzv�j0l3m�Z�\]U
qkZ�VYX[Z�\]U_^�r_��ew�xg]o3�_�tdkjYr_��ewvxg]o3�_�tdkja�tb_f���e�b0��ew�xg]�pj3j�`�b1c�d�e[fhgzv�j0l3m�Z�\]U
q3qWVYX]UW\]�3q3u3U3}3}_^�r_��es�Wg]o3�_�tdkjYr_��e�r�g]��f����1dkj��tb_f���e�b0��ew�xg]�pj3j�`�b1c�d�e[fhgzv�j0l3m�Z�\]U
q3uWVYX[Z�\]U_^�r_��es�Wg]o3�_�tdkjYr_��e[fhg]o3�_�tdkja�tb_f���e�b0��ew�xg]�pj3j�`�b1c�d�e[fhgzv�j0l3m�Z�\]U
q_yxVYX[Z�\]U_^�r_��es�Wg]o3�_�tdkjYr_��ew�xg]o3�_�tdkja�tb_f���e�b0��ew�xg]�pj3j�`�b1c�d�e[fhgzv�j0l3m�Z�\]U

Ï��



q { VYX[Z�\]U_^�b0��e�r�g]opjab0��ewvxg]opjT`�b1c�d�e[fhgzv�j0l3m�Z�\]U
q3|WVYX]UW\]�3U3�3U3�kZ*^�r_��ewvxg]o3�_�tdkj�b0��ewvxg]opj�`�b1c�d�e[fhgzv�j0l3m�Z�\]U
q3}WVYX]UW\]�3U3�3U3�kZ*^�r_��es�Wg]o3�_�tdkj�b0��ewvxg]opja�tb_f���e�b0��ew�xg]�pj3j�`�b1c�d�e[fhgzv�j0l3m�Z�\]U
q3~WVYX[Z�\]U_^�b0��e[fhgsrtjT`�b1c�d�esoWgsrtj0l3m�b0��e[fhgsrtj
q3�WVYX[Z�\]U_^�r_��e�r�g]��f����1dkj�b0��ewvxg]opj�`�b1c�d�esoWgsrtj0l3m�b0��e[fhgsrtj
u3UWVYX[Z�\]U_^�b0��e[fhgsrtjT`�b1c�d�esoWg]opj0l3m�b0��e[fhgsrtj
ukZ�VYX[Z�\]U_^�r_��es�Wg]��f����1dkjYr_��e�r�g]��f����1dkj��tb_f���e�b0��ew�xg]�pj3j�`�b1c�d�esoWg]opj0l3m�b0��e[fhgsrtj
u3qWVYX[Z�\]U_^�b0��e�r�g]opjab0��ewvxg]opjT`�b1c�d�esoWg]opj0l3m�b0��e[fhgsrtj
u3uWVYX[Z�\]U_^�r_��e�r�g]��f����1dkj�b0��ewvxg]opj�`�b1c�d�esoWg]opj0l3m�b0��e[fhgsrtj
u_yxVYX[Z�\]U_^�r_��ewvxg]o3�_�tdkjYr_��e[fhg]o3�_�tdkjYb0��ewvxg]opjT`�b1c�d�esoWg]opj0l3m�b0��e[fhgsrtj
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