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���S "(H2�)@(ï6E416E#�FAGv(A6J<¨�!>@¼� "(A/&#"6 gih0N��� Y ]AÍ�Î�ÚÌÛEÈXËNÊ O æ�ØHÎ�è¨ô�æ=ÎXË7È	Ê O è¨ÆXÊÌè�ÍÌÍ3æ�ÍÌ×EË7ôJË7Í�Î �"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� RX`0N�����&� ^ è�Î�É�V=æ=Î�É:è¨Íxç&è�ØÌÆâØÌÍ8æ�Ø�Î�è�ô9æ?Î�Ë¥Ê O è¨ÆXÊÌè�ÍÌÍ3æ�ÍÌ×EË7ôJË7Í�Î �"�#�"�#�"�"�#�"�$� R�R0N�����10 2 Ê�Ç!j�Ø3æ=ÎXÉ.è¨Í8ÊÌË7ÈÙæ�ØHÎ�è¨ô�æ=ÎXË7ÈâÎ�ËEô�ç!è¨ÆéË!�:ÈÙË óHÉ.È Î�æ�Í�Î�È �"�"�"�#�"�#�"�"�#�"�$� RX%0N�����54 Å�Æéè�7Z�:Ç7ô�æ=Î�É�j�ØÌË�ÊÌË$� æ¤Èk]AÍ�Î�Ú�Û7ÈXËNÊ O æ=Ø�Î�è¨ô�æ=ÎXË7È �"�"�"�"�"�#�"�#�"�"�#�"�$� R�/0N�50 l ÍÌË¥çÌÆéè¨ç!è¨ÈXÉfÎ�É:è¨ÍxÊ O æ�Ø�Î�è�ô9æ?Î�Ë¥Ê O è¨ÆXÊÌè�ÍÌÍ3æ�ÍÌ×EË7ôJË7Í�Î#m+�.ËEnNoqp�r �"�#�"�#�"�"�#�"�$� R�30N�50N�&� Ö Ç:[3ÍÌÉfÎ�É:è¨Í\�'è¨ÆXôJË:�&�:ËsÊ O ØÌÍ\nNoqpXr �"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� % W0N�50N�10 Å�Æéè¨çÌÆXÉ:ÇEÎXÇ7ÈÙÊÌØs�'è¨ÆXô�æ �:É:ÈXôJË"nNoqp�r �"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� %�00N�94 l Ílæ ��6¨è¨ÆéÉ:ÎXÚÌôJË�ç!è¨ØÌÆâÈt]AÍ�ÎXÚÌÇEÎXÉ.ÈéË7Æ ØÌÍunNoqp�r �"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� % R0N�94F�&� v Í�É:ÎXÉ æ �:É:È�æ=ÎXÉ.è¨ÍlÊÌË$� O æ ��6¨è¨ÆéÉ:ÎXÚÌôJË �#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� % 30N�94F�10 v Ê�Ë7Í�Î�É�[3×$æ?Î�É:è¨ÍJÊÌË��.æ¹×7è¨ÍF[Z6¨ØÌÆ�æ?Î�É:è¨ÍJæ�×7×EË7ÈéÈXÉ�7Z�.ËÙæ�Ø¤çF�.ØÌÈjÎxw�Î�Ê�ËÔ×�Ú3æ j�ØÌËâ×:� æ�ÈéÈXË % 30N�94F�54 Y Ç!�:Ë7×EÎXÉ.è�Í8Ë^Î ÆéË!6¨Æéè¨ØÌç!Ë7ôJË7Í�Î ÊÌË7ÈâÎXÆ�æ�ÍÌÈéÉ:ÎXÉ.è�ÍÌÈ$=B>M*->MA �"�#�"�#�"�"�#�"�$� /�30N�94F�98 Ö Ç7×7è�ØÌç3æ 6¨Ë¥ÊÌËEÈ Ç^Î�æ=ÎXÈ �"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 3X`0N�94F�1` Å�ÆéÇyT ÎXÆ�æ�ÉfÎ�ËEôJË7Í�ÎÙÊÌØz6�Æ�æ�çÌÚ�Ë�ôJÉ:ÍÌÉ:ô9æ{�dÊ O æ=×7×7ËEÈXÈéÉ&7ÌÉ��:É:ÎXÇ �"�"�#�"�#�"�"�#�"�$� 3X%0N�a8 | �.É:ôJÉ.Í3æ?Î�É:è¨Í8Ê�Ë7È	×7è¨ôJç!è¨ÆéÎXË7ôJË7Í�ÎXÈhÍÌè¨Íx×Eè¨ÚÌÇ7ÆéË7Í�Î�È �"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 3X%0N�a8Z�&� Ö Ç7ô�æ�ÆX×�Ú�ËsÊÌØ\[+�fÎ�ÆXæ 6¨Ë¥ÊÌË7È	×Eè¨ôJç&è¨Æ Î�ËEô�ËEÍ�Î�ÈÙÍÌè¨Íl×7è¨ÚÌÇEÆXËEÍ�ÎXÈ �#�"�"�#�"�$� 3X%0N�a8Z�10 Y ØÌçÌçÌÆéË7ÈXÈéÉ.è�ÍCÊÌËEÈ ×Eè¨ÍF[+6¨Ø�Æ�æ=ÎXÉ.è¨Í�ÈÙÉ:ÍÌÊÌÇEÈXÉ:Æ�æ 7F�.ËEÈ �"�"�"�"�"�#�"�#�"�"�#�"�$� 3X%
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0N�a8Z�54 v Í�ÈXË7Æ Î�É:è¨ÍlÊÌËVÎ�Æ�æ=ÍÌÈXÉfÎ�É:è¨ÍÌÈÙç3æ�Æ Î�É:×7ØZ�:É.ÛEÆXËEÈ������ �#�"�"�"�"�"�#�"�#�"�"�#�"�$� 3�/0N�5` l ÎXÉ&�:É.ÈXæ=Î�É:è¨ÍlÊÌØsnNoNp�r �"�#�"�#�"�"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 3�30N�5`N�&� Å�ÆéÇ7ÈXËEÍ�Î�æ=ÎXÉ.è¨Í8Ê O ØÌÍ8×7æ�È	Ê O ÇEÎ�Ø�ÊÌË �"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 3�30N�5`N�10 ^ É.ÈéË�ËEÍCèAË7ØFVAÆéË�Ê�Ë"�.æ¤ôJÇEÎ�Ú�èHÊÌè �.è�6�É.Ë �"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� ��W W0N�5`N�54 � É&�.æ�ÍxÊÌË$� æJôJÇEÎXÚÌèHÊ�è��.è 6¨É.Ë �"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� ��W�00N�9R e è¨ÍÌ×:�.ØÌÈéÉ.è�Í �#�"�"�"�"�"�#�"�#�"�"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� ��W{8
� õ ¼�#�>@�d)1�!2`�St!%'(ï2`%`�3/!# � �S =GI(H2�(�#Â6E(HGv%5Ý!� �S ?Gv(A2 ¸A¾ h4F��� l ÍxçÌÆéè [+�iÎ�ËEôJçÌÈtT ÆXÇ7Ë:� �'è¨ÆXôJË!�dç!è¨ØÌÆ#"%$No �"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� ��W�`4F�����&� D ËEÈÙç�ÆXè'& Ë^Î�È("%$FoÂÎXË7ôJçÌÈ T�ÆXÇEË!� �$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� ��W�%4F�����10 D?O æ�çÌçÌÆéèH×�Ú�Ë$n)"�*XnNo,+ �"�"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� ��W /4F�����54 ^ É.ÈéË�ËEÍ.-¥ØFVAÆXË¥ÊÌËEn)"�*XnFo/+ �$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� ���!84F�����98 | ÎXØÌÊÌË¥ÊÌË¥×$æ�È �#�"�#�"�"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� ���b/4F�����1` D ËEÈ��:É:ô�ÉfÎ�ËEÈ Ê�Ë"�.æ¤ôJÇEÎ�Ú�èHÊÌè �.è�6�É.Ë �"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� �C0q�4F�50 2 ��6¨è¨ÆéÉ:ÎXÚÌôJË7È	ç&è�ØÌÆÔÎ�ÆXæ�ÊÌØÌÉ:ÆXË$�:Ë7ÈÙÊÌÉ æ{6¨Æ�æ�ôJôJË7È	ÊÌË¥×:� æ�ÈéÈXËEÈ�n)"�*XnFo/+ �"�#�"�"�#�"�$� �C0 84F�50N�&� Ö Ç:[3ÍÌÉfÎ�É:è¨ÍÌÈÙçÌÆéÇ!�:É.ôJÉ:Í3æ�É:ÆXË7È �"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� �C0 84F�50N�10 S Æ�æ=ÊÌØÌ×EÎXÉ.è�Í8ÊÌËEÈ10 p^U:�3242��42#;�� O è¨ÆXÉ�6¨É:ÍÌË¥ÊÌË¥ÆXË!�.æ=ÎXÉ.è¨Í�ÈÙÊ�Ë¤�������65h�!\`_aY?Q �"�$� �C0{R4F�50N�54 S Æ�æ=ÊÌØÌ×EÎXÉ.è�Í8ÊÌËEÈ10 p^U:�3242��42#;�� O è¨ÆXÉ�6¨É:ÍÌË¥ÊÌË¥ÆXË!�.æ=ÎXÉ.è¨Í�ÈÙÊ�Ë o �!77�3�^Q{p�� �#�"�$� �C0{R4F�50N�98 S Æ�æ=ÊÌØÌ×EÎXÉ.è�ÍvÊÌËEÈ80 p^U:�3242��42 j�ØÌÉ�Í�ËÂÈXè�Í�Î�;8ç3æ=È#� O è�ÆXÉ�6¨É.Í�Ë9ÊÌË9ÆXË:� æ=ÎXÉ.è�ÍÌÈNÊÌË�������65h�!\`_aY?Qïè¨ØxÊÌË o �!77�S�^Q{p�� �#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� �C0{34F�50N�1` å	Ç7Ê�ØÌ×EÎXÉ.è¨Í8ÊÌË7È90 p^U:�3242��42 ; � O è¨ÆXÉ�6¨É:ÍÌË"; �.æ��'è¨É:È	ÊÌË�ÆXË!�.æ=ÎXÉ.è¨Í�È ÊÌË o �!77�3�^Q{p��Ë^Î	ÊÌË¤�n�����65h�!\`_aY?Q �#�"�"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� �C0{34F�50N�5R S Æ�æ=ÊÌØÌ×EÎXÉ.è�Í0ÊÌË7ÈâËEÍÌÈXËEô 7Z�:Ë7ÈÙÊÌË:0 p^U:�3242VËEÍ0ÆXË:� æ=ÎXÉ.è�Í0ÊÌËN�Ô���X��U5U �^UdË^Î o�; Q{p4<A��Y ��4�`4F�50N�1% S Æ�æ=ÊÌØÌ×EÎXÉ.è�Í8ÊÌËEÈ10 p^U:�3242��42sæ�×EÎXÉ�V�Ë7È �#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� ��4 34F�94 òÀóHÎXË7ÍÌÈéÉ.è�ÍÌÈ çÌæ�Æ	ÊÌè¨ô�æ�É:ÍÌË¥Ê O æ=çÌçZ�:É.×7æ=Î�É:è¨Í �"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� �b8�W4F�94F�&� v ÍXV�èH×7æ=Î�É:è¨ÍlÊÌË¥×!�.æ�ÈXÈéË7È �"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� �b8�W4F�94F�10 Y ØÌÈXç!Ë7ÍÌÈéÉ.è�Í�==ÆXËEçÌÆXÉ:ÈXËsÊ O æ�×EÎXÉ�VAÉfÎ�Ç �#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� �b8X04F�94F�54 S Æ�æ=ÊÌØÌ×EÎXÉ.è�Í8ÊÌØlçÌÆéè [+�{ÎXË7ôJçÌÈtT ÆXÇEË!�1Èk]AÈéÎXÛ7ôJËNËEÍun)"�*XnNo,+ �#�"�#�"�"�#�"�$� �b8 84F�a8 e è¨ÍÌ×:�.ØÌÈéÉ.è�Í �#�"�"�"�"�"�#�"�#�"�"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� �C`q�
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gsB@�j2Ï%`<¨��#"%'�!/j6N)@(*2]+f�3Bd#�(AB@ ¸Ngd¸
O;¼,� ¼� "(A/j<¨(A6 ¸Ng �
-0/@/@(/>d( ¸Z�Zh
- ÜiB@6E#"%@? <¨�H#"%`�!/ )@(*2'�*#� "�3)@Bj<�#"%'�!/�)1(A69)1�!Gv�3%`/@(A6J)�+:B1 "t!(A/@<¨(ï(A/ %Ï/!ÁÌ�Ì ?%'�3/&#"6 ¸Z�i�
A gs "¼¨Ýé#� "�3%'#$(HGI(H/!#J)jB¢tS "�Z�j>@(ïGu%Ï/@%`Gv�32�)�+f�3<�<¨(A6$6$%'�j%Ï2`%'#$¼ ¸%Bd¸
�K��� åÙËEç&è�ÆéÎ�ËEÆ �.ËEÈ �'è¨ÍÌ×EÎXÉ.è�ÍÌÈDC�ËEÎFEHG�IJELK �$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� ��/N�
�K�50 åÙËEÆXè¨ØHÎ�Ë7Æ �:Ë7ÈÙÆXÇ:6¨É:è¨ÍÌÈtT ç&è�É.Í�Î �"�"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� ��/�0
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�,� � � 	 �
	�� � ��������	�� ��� �

�K�94F�&� e Ú�è¨Éfó0ÊÌË$� O è¨Ø�ÎXÉ&���	��

� �#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� ��/{8
�K�94F�10 v Í�ÈXË7Æ Î�É:è¨ÍlÊÌË$� æJôJÉ.ÍÌÉ:ôJÉ.ÈXæ=Î�É:è¨ÍlÊ3æ�ÍÌÈ �.æ�ç�ÆXèAÊÌØÌ×EÎXÉ.è�Í8ÊÌØsnNoqp�r �"�"�#�"�$� ��/{8
�K�94F�54 S Æ�æ=É:ÎXË7ôJË7Í�Î ÊÌË7È	É:ÍF�'è¨ÆXô�æ=ÎXÉ.è�ÍÌÈâÎ�Ë7ôJç!è¨ÆXË:�&�:Ë7È �#�"�"�"�"�"�#�"�#�"�"�#�"�$� ��/{8
�K�94F�98 å	Ë7×Eè¨ÍÌÈ Î�ÆXØ�×EÎ�É:è¨ÍlÊÌË7È �'è¨ÍÌ×^Î�É:è¨ÍÌÈDC�Ë^ÎDEHG�IJELK �#�"�"�"�"�"�#�"�#�"�"�#�"�$� ��/�`
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����� e è¨ôJç3æ�ÆXæ�É.Èéè¨ÍlÊÌË7È	Ë^óAÎXË7ÍÌÈéÉ.è¨Í�È Î�ËEôJç&è¨ÆéË!���.ËEÈK;�=B>M*->BA �"�"�"�"�"�#�"�#�"�"�#�"�$� �b8���50 Å�ÆXÉ:ÍÌ×7É:ç3æ�ØHólè�ç&ÇEÆ�æ=ÎXË7ØÌÆéÈÙÊ�Ë � æ�ÈXÉ:×yTk=?>@*->BA �#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 0 W���94 v �&�:ØÌÈ Î�Æ�æ?Î�É:è¨Í8Ê�Ë7È	è¨ç!Ç7Æ�æ?Î�Ë7Ø�ÆXÈ	ÊÌË � æ�ÈéÉ.×QT =B>M*->BA �"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 0N����a8 Y ]AÍ�Î�æ?óHË�ÊÌË � æ�ÈXÉ:×yTk=B>M*->BA �#�"�"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 0�0���5` Y Ç7ô�æ�Í�ÎXÉ&j�ØÌË�è¨ç!Ç7Æ�æ?Î�É:è¨ÍÌÍÌË:�&�:Ë¥ÊÌË � æ�ÈXÉ:×yTk=B>M*->BA �"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 0 4���9R åÙËEçÌÆXÇEÈXËEÍ�Î�æ=Î�É:è¨Í8Ê O Ø�ÍÌË�æ�×EÎXÉ.è¨ÍlË7Í =B>M*->BA �#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 0{8���5% åÙÛ:6��:Ë7È	ÊÌË¥Èk]AÍÌ×�ÚÌÆéè¨ÍÌÉ:È�æ=ÎXÉ.è�ÍïË7Í =B>M*->BAsæbV�Ë7×�ÊÌè¨ÍÌÍÌÇEË7È �"�"�"�"�#�"�#�"�"�#�"�$� 0�`���9/ Å�ÆXÉ:ÍÌ×7É:ç3æ�ØHólè�ç&ÇEÆ�æ=ÎXË7ØÌÆéÈE=B>M*->MAsæbV¨ËE×sØ�ÎXÉ&�:É:È�æ=ÎXÉ.è¨ÍlÊÌË¥ÊÌè¨Í�ÍÌÇ7ËEÈ �#�"�#�"�"�#�"�$� 0�`���93 Y Ç7ô�æ�Í�ÎXÉ&j�ØÌË�è¨ç!Ç7Æ�æ?Î�É:è¨ÍÌÍÌË:�&�:Ë¥ÊÌË����3ØZ����� =B>M*->BA �"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 0 R������W òÀó�ËEôJçZ�.Ë�ÊÌË¥×7è�Í�ÎXÆ�æ�É:Í�Î�ËEÈÙÎXË7ôJç&è�ÆXË!���:Ë7ÈÙÈXç!Ç7×7É�[3ÇEË7È¹æbV�Ë7×(GIHKJQ=B>M*->MA �#�"�"�#�"�$� 0�%������� v �&�:ØÌÈ Î�Æ�æ?Î�É:è¨Í8Ê�Ë7È	è¨ç!Ç7Æ�æ?Î�Ë7Ø�ÆXÈdGIHKJL=?>@*->BA �#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 0 3�����C0 Y ]AÍ�Î�æ?óHË�ÊÌË � æ�ÈXÉ:×�GIHKJL=?>@*->BA �"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 4X0������4 D ËVô�èAÊÌÛ:�.Ë � æ�ÈéÉ.×�GIHKJL=B>M*->BA �"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 4�4�����b8 òÀó�ËEôJçZ�.Ë�ÊÌË¥ÊÌÇE×!�.æ�Æ�æ=ÎXÉ.è�Í8Ê O ØÌÍxÎ ]Aç&Ë�Í3æ=ÎXØÌÆXË:�dË7Í GIHKJQ=B>M*->MA �"�#�"�#�"�"�#�"�$� 4X`�����C` òÀó�ËEôJçZ�.Ë�Ê O Ø�Î�É��:É.ÈXæ=Î�É:è¨ÍCÊ�Ë"� O è¨ç&ÇEÆ�æ=ÎXË7ØÌÆ�� �#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 4�R������R Y ]AÍ�Î�æ?óHË�ÊÌË����3ØZ����� GIHKJL=B>M*->BA �#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 4X%�����C%�D ËVô�èAÊÌÛ:�.Ë����3ØZ����� GcHdJL=B>M*->BA �"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 4�/������/ e è¨ôJç3æ�ÆXæ�É.Èéè¨ÍlË7Í�Î�ÆéË����3���! #"%$'&LE)(JËEÎ+*-,)E/. �#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 4�3������3 U æ �:É.Ê3æ?Î�É:è¨Ílæ�V�Ë7×(GIHKJL=?>@*->BA �"�"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 8Z����50 W òÀó�ËEôJçZ�.Ë m3ôJÇ7ÊÌÉ:ØÌô ÊÌË¥×Eè¨ôJôNØÌÍÌÉ:×$æ?Î�É:è¨Í �"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 8 0���50N� Y É:ôNØZ�.æ=Î�É:è¨ÍlÊÌØlô�ÇEÊÌÉ:ØÌô ÊÌË¥×7è¨ôJôsØÌÍÌÉ:×$æ=ÎXÉ.è¨Í �"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 8X4���50�0 òÀó�ËEôJçZ�.Ë�ÊÌË10 nqr �"�"�"�#�"�#�"�"�#�"�$�#�"�#�"�"�#�"�#�"�"�"�"�"�#�"�#�"�"�#�"�$� 8 `���50 4 D?O ØÌÆk6¨Ë7Í�×7Ë¥Ê3æ�ÍÌÈ �:Ë10qnqrxæbV¨ËE×Næ=×EÎ�É:è¨ÍÌÈ32n�X�54Âè¨Ø8æ�V�Ë7×�ÊÌè¨ô�æ�É:ÍÌËVÎ�ËEô�ç!è¨ÆéË!�
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D Ë7È¥Èk]AÈéÎXÛ7ôJË7È¥Î�ËEôJçÌÈtT ÆXÇ7Ë:�,ÈXè¨Í�ÎE�'ÆXÇ:j�ØÌË7ôJôJË7Í�ÎsÈXè¨ÉfÎ¥ÊÌË7È¥Èt]HÈ Î�ÛEô�ËEÈsËEô 73æ=Æ j�ØÌÇ7È � ÈXè¨ÉfÎ¥ÊÌË7È¥Èt]HÈ TÎ�ÛEôJË7È¹×EÆXÉfÎ�É�jAØ�Ë7È � j�ØÌÉjæ�çÌçÌæ�Æ�æ�É:ÈXÈéË7Í�Î¥×7è�ô�ôJË·Ê�Ë7È¹×Eè¨ôJç&è¨ÈXæ�Í�Î�È¹Ê�Ë·Èk]AÈéÎXÛ7ôJË7È¥×Eè¨ôJçZ�.Ë óHË7ÈVçZ�:ØÌÈ¹É:ô�Tç!è¨ÆéÎ�æ�Í�Î�È�ËEÎ,Ê�è¨Í�ÎI�.æ¹È���ÆXËEÎXÇ Ê�Ë��'è¨ÍÌ×EÎXÉ.è�ÍÌÍÌË7ôJËEÍ�Î�Ë7È Î,×7ÆéÉ:ÎXÉ&j�ØÌË � Y Î�è 3�R 
 � 7 ÍJÊÌÉ:ÈéÎXÉ.ÍF6¨ØÌË �.ËEÈ,Èk]AÈéÎXÛ7ôJË7ÈÎ�ËEôJçÌÈtT ÆXÇ7Ë:�,T��A�42 � j�ØÌÉ{Ê�è¨É�V�Ë7Í�ÎâÎ�è�Ø'& è¨ØÌÆéÈnÆXÇ7æ 6¨É:ÆnËEÍ;Î�Ë7ôJçÌÈnè¨çÌç!è¨ÆéÎXØÌÍ � ËEÎ �:Ë7ÈÔÈt]AÈéÎ�ÛEôJË7ÈâÎ�ËEô�ç�ÈtT�ÆéÇ7Ë:�5ÂY?�/2 � j�ØÌÉ�ç!Ë7ØFV�Ë7Í�Î¤èA×7×$æ=ÈXÉ:è¨ÍÌÍÌË:�&�:Ë7ôJË7Í�ÎJÍÌË9ç3æ�ÈsÈ�æ=ÎXÉ.Èt�`æ�É.ÆéË��:Ë7ØÌÆéÈN×Eè¨Í�Î�Æ�æ=É.Í�Î�ËEÈNÎ�ËEôJç&è¨ÆéË!���.ËEÈ·È�æ=ÍÌÈ×7è�ô�ç�ÆXè¨ôJËEÎéÎ�ÆéËu�:Ë7Ø�Æ��'è�ÍÌ×EÎXÉ.è¨Í�ÍÌË7ôJË7Í�Î�ÍÌè¨Æéô�æ � � S � 3X% 
 �ce Ë7Æ Î�æ�É:ÍÌÈJÈk]AÈ Î�Û7ôJËEÈÂç!Ë7ØFV�Ë7Í�ÎÂ×Eè¨ô 7�É.ÍÌËEÆÊÌËEÈ�Î	��×�ÚÌË7È¥Î�ËEôJçÌÈtT ÆXÇ7Ë:�,ÊÌØÌÆXËEÈ¥ËEÎ�ÊÌË7È¥Î
�=×�ÚÌË7È¥Î�ËEô�ç�ÈtT�ÆéÇ7Ë:��ôJè����:Ë7È � D Ë7È¥Èt]HÈ Î�ÛEô�ËEÈNÎ�ËEôJçÌÈtT ÆXÇ7Ë:�,è¨Í�Îç!è¨ØÌÆ1×$æ�ÆXæ�×EÎXÇ7ÆéÉ.È Î�É�jAØ�Ën×7è�ô�ôsØÌÍÌËIjAØ O É��.Èjç&ËEØFV¨ËEÍ�Î �EÎXÆXË�×7è¨Í�ÈéÎ�ÉfÎ�Ø�Ç7È@ÊÌË�Í�è¨ô 7ÌÆéË7ØHós×Eè¨ôJç&è¨ÈXæ�Í�Î�È-�'è¨ÍÌ×QTÎ�É:è¨ÍÌÍÌæ�Í�Î,Ë7ÍJç3æ�ÆXæ �&�:Û!�:Ë���×7Ë	ÈXè¨Í�Î,ÊÌè�ÍÌ×âÊÌË7È 2 ; 2^\&%65Â�42hp�Y?Q{p^�H� ���^Q3\�2 � D è¨ÆXÈkjAØ O ØÌÍ�Èk]AÈ Î�Û7ôJË	Î�ËEô�ç�ÈtT�ÆéÇ7Ë:�ÊÌè¨ÉfÎ	ÆXÇ7æ 6¨É:Æ�;J×�ÚÌæ j�ØÌËsÈ Î�É:ôNØZ�:ØÌÈ ÊÌË$� O Ë7ÍXVAÉ.Æéè¨ÍÌÍÌËEôJË7Í�Î � É&�dËEÈéÎ æ�çÌç!Ë!�:Ç 2 ; 2^\ %65Â�����X�Ap^\Ï_ 
 � Å�Í�Ø /�R 
 �D ËEjAØÌæ �.É�[3×7æ=Î�É�� � �5Î�ËEôJçÌÈtT ÆXÇ7Ë:� � �@ËEÈéÎ	ç3æ�Æt�'è¨É:ÈÔË7ôJçZ�:è�]¨Ç¥ç&è�ØÌÆÔÊÌÇEÈXÉ�6¨ÍÌË7Æ	ÊÌËEÈâÈk]AÈéÎXÛ7ôJË7È�j�ØÌÉ{Ê�è¨É�V�Ë7Í�ÎÆXÇ7æ 6¨É:Æhæ=ØHó8ÈéÎ�É:ôNØF�.É Ê�Ë �:Ë7ØÌÆ Ë7ÍXVAÉ.Æéè¨ÍÌÍÌËEô�ËEÍ�Î � �Ïæ�ØÌÈéÈXÉ VHÉfÎ�Ë#j�ØÌË·ç!è¨ÈXÈéÉ&7Z�:Ë � � � v ôJçZ�:É.×EÉ:ÎXË7ôJË7Í�Î � ÊÌËsÎXË!�:ÈÈk]AÈ Î�Û7ôJËEÈNè¨Í�Î¥ç!è¨ØÌÆV×7è�Í�ÎXÆ�æ�É:Í�Î�ËJÊÌËJÊÌËyV¨è¨É:ÆVÎ�Ë7ÆéôJÉ.ÍÌËEÆ$� æ0ÆXÇ7æ�×EÎXÉ.è�Í ;0ØÌÍ»çÌÆéË7ôJÉ.ËEÆ¥ÈéÎ�É:ôNØF�.ØÌÈsæbV=æ�Í�Îj�ØÌË\�.ËxÈéØÌÉ�V=æ�Í�Î�ÍÌË0ÈéËlç�ÆXèAÊÌØÌÉ:ÈXË � Å@è¨ØÌÆJÆXÇEç&è�ÍÌÊÌÆXË\;*×EËu7!Ë7Èéè¨É:Í � ÊÌË;Î�Ë:�.ÈJÈt]HÈ Î�ÛEô�ËEÈÂÊÌè�É�V�Ë7Í�Î��EÎ�ÆéË� �`ÆXæ�çÌÉ:ÊÌË7È � � � ò�Í �`æ�ÉfÎ � ØÌÍwÈk]AÈéÎXÛ7ôJËlÎXË7ôJçÌÈ T�ÆXÇEË!� � Í O Ë7ÈéÎJçÌæ�È¤ÍÌÇ7×EË7ÈéÈ�æ�É:ÆXËEô�ËEÍ�Î;Æ�æ=çÌÉ.Ê�Ë � ÈéË7ØZ�:Ë7ôJË7Í�Î9É&�ÊÌè¨ÉfÎ9Ë:�&Ë7×EÎXØÌË7Æ9ÈXËEÈ�ÎXÆ�æbV=æ�ØHó æ�Ø 7&è¨Í ôJè¨ôJË7Í�Î �ID Ë7È9Èk]AÈéÎXÛ7ôJË7ÈÂÎXË7ôJçÌÈ T�ÆXÇEË!�ÙÈXè¨Í�Î9ÈXè¨ØNV¨Ë7Í�Î0ÈéØ'& ËEÎXÈ;CÊÌËEÈ·×7è�Í�ÎXÆ�æ�É:Í�Î�ËEÈ¤×7è¨ôJçZ�:Ë^óHË7È¤Ê�Ë;Èk]AÍÌ×�ÚÌÆéè¨ÍÌÉ:È�æ=ÎXÉ.è�Í Ë^Î·ÊÌè¨É�V¨ËEÍ�Î�æ�×7×Eè¨ôJçZ�.É:Æ·çZ�:ØÌÈéÉ.ËEØÌÆXÈ·Î	��×�ÚÌË7ÈNË7Íç3æ�ÆXæ ���.Û:�.Ë � ÖhËÂÎXË!���.ËEÈ·×$æ=Æ�æ�×^Î�Ç7ÆéÉ.È Î�É�j�ØÌË7È¤ÆéË7ÍÌÊÌËEÍ�ÎJ×7è¨ôJçZ�:Ë^óHË7È(�:Ë7Ø�ÆN×7è�ÍÌ×7ËEç�Î�É:è¨Í�ËEÎ��.ËEØÌÆNË ó�ÇE×7Ø�ÎXÉ.è�Í �ÅÀæ=Æ	æ�É&���:Ë7ØÌÆéÈ � È O É��dÈ O æ 6¨ÉfÎ	ÈXè¨ØFV�Ë7Í�Î ÊÌË¥Èk]AÈéÎXÛ7ôJË7ÈÙ×7ÆéÉ:ÎXÉ&j�ØÌËEÈ � ËEÎ � O è�Í8ÊÌè�É:ÎâÈ O æ=ÈXÈXØ�ÆXË7ÆÙÊÌË$�.æ·×7è¨ÆéÆXË7×^Î�É:è¨ÍÊÌËE�:Ë7ØÌÆ	×Eè¨ôJç&è¨Æ Î�ËEô�ËEÍ�Î � ÖhËEÈÙôJÇ^Î�ÚÌèAÊÌË7È �'è¨Æéô�Ë:�&�:Ë7È	ç!Ë7ØFV�Ë7Í�Î æ �:è¨ÆXÈ �^Î�ÆXË¥ËEô�çF�.è�]¨ÇEË7È ç&è¨Ø�Æâæ�É:ÊÌË7Æ �:ËÊÌÇyV¨Ë!�:è¨çÌç!Ë7ôJËEÍ�Î�ÊÌË�Î�Ë:�.È Èk]AÈéÎXÛ7ôJË7È¥Ë7Íz�'è¨ØÌÆXÍ�É.ÈéÈ�æ�Í�ÎVØÌÍC×$æ�ÊÌÆéË#�'è¨ÆéôJË!�@Ê3æ�ÍÌÈ<�.Ë:jAØ�Ë!�M�.æ V�Ç7ÆXÉ�[3×7æ=Î�É:è¨ÍÊÌË$�:Ë7ØÌÆ �'è¨ÍÌ×^Î�É:è¨ÍÌÍÌËEôJË7Í�Îh×Eè¨ÆXÆéË7×^Î ç!Ë7ØHÎ �^Î�ÆéË�ôJËEÍÌÇ7Ë �
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D Ë7È 5Â�^\@<3Y7TA�42�
$Y?� 5Â�^U5U �42Ùè¨ØC\���p4<AQ3_ 77�S�42¹TA�¹TA�42�p^� _ �!\Ï_aY?Q�
$Y?� 5Â�^U5U � & è¨ØÌËEÍ�ÎÔØÌÍ9Æ w��:Ë��'è�ÍÌÊ3æ�ôJË7ÍqTÎ�æ{�{Ê3æ�Í�È��:Ë7ÈâÊ�É��&Ç7ÆéË7Í�Î�ËEÈ Ç^Î�æ�ç!Ë7ÈâÊÌØxçÌÆéèH×EË7ÈéÈXØÌÈ	ÊÌËE� O É:ÍZ6¨ÇEÍÌÉ:Ë7ÆXÉ:Ë¥ÊÌË7È	Èt]HÈ Î�ÛEô�ËEÈ É:ÍF�'è¨Æéô�æ=Î�É�j�ØÌË7È �iD ËEÈÎ�ËE×�ÚÌÍÌÉ�j�ØÌË7È¥ÊÌËsÊÌË7Èé×7ÆXÉ:ç�ÎXÉ.è¨Í �'è�ÆXôJË!���.Ësç&ËEØFV¨ËEÍ�Î �EÎ�ÆéËNÊÌÇy[3ÍÌÉ:Ë7ÈV×Eè¨ôJô�ËsØÌÍïËEÍÌÈXËEô 7Z�:ËJÊÌËNÍÌè=Î�æ=ÎXÉ.è¨Í�Èç!è¨ØÌÆkVAØÌËEÈ¤Ê O ØÌÍÌË;ÈéÇ7ô�æ�Í�Î�É�j�ØÌËs�'è¨ÆXôJË!���:Ë;ËEÎ¤Ê O è¨ØHÎ�É��.È·ØHÎ�É��.É:ÈXÇEÈ¤ç&è¨Ø�ÆNÈXç!Ç7×EÉ�[ÌË7Æ¤È�æ=ÍÌÈJæ�ô 7�É&6¨Ø��ÏÎXÇ0ØÌÍÈk]AÈ Î�Û7ôJËJ×7è�ô�çF�.Ë ó�ËJÊ3æ=ÍÌÈE�.ËEÈVÊÌÉ��{ÇEÆXË7Í�ÎXË7È¥çÌÚ3æ�ÈéË7È¥ÊÌË·Èéè¨Íb×:]A×!�:ËJÊÌË VAÉ:Ë �`Ë^óHçÌÆéË7ÈéÈXÉ:è¨ÍvÊÌËEÈE7&ËEÈXè¨É:ÍÌÈ �æ�Æé×�ÚÌÉ:ÎXË7×^Î�ØÌÆéË��'è¨ÍÌ×^Î�É:è¨ÍÌÍÌË:�&�:Ë � æ�ÆX×�ÚÌÉfÎ�ËE×EÎXØÌÆXË0ÊÌÇ^Î�æ�É����.ÇEË5� � ËEÎNç&è¨Ø�Æ"V=æ �:É.Ê�Ë7Æ �'ÈXÉ:ôNØZ�:Ë7Æ¤Ë^Î V�Ç7ÆXÉ�[3ËEÆ �'è¨ÆtTôJË!���.ËEôJË7Í�Î ��ØÌÍI×7ËEÆéÎ�æ=É.ÍuÍ�è¨ô 7ÌÆéË;ÊÌË9ÈXË7ÈNçÌÆXè¨ç�ÆXÉ:ÇEÎ�ÇEÈ ��� É.Í 3�W � � æ � 3�W 
 �@D ËEÈNôJÇEÎXÚÌèAÊÌË7È �'è�ÆXôJË!���.ËEÈÈXè�Í�Î 6¨Ç7Í�Ç7Æ�æ{�.ËEô�ËEÍ�Îâ×$æ�ÆXæ�×EÎXÇ7ÆéÉ.ÈéÇ7Ë7Ènç3æ�ÆcjAØÌæ=Î�ÆéËh×7è�ÍÌ×7ËEç�Î�È�ÊÌËK73æ=ÈXËBmq� O æ 7ÌÈ Î�ÆXæ�×EÎXÉ.è¨Í � � O É:ÍÌÊÌÇEç&ËEÍÌÊ3æ�Í�×7ËVAÉ.È T ; T VAÉ.ÈâÊÌËE� O É.ôJçZ�:Ç7ôJË7Í�Î�æ=Î�É:è¨Í � �.æ·ÈXÇ7ô�æ�Í�ÎXÉ&j�ØÌË$�'è¨ÆXôJË:�&�:Ë � Ë^Î �.ËEÈâôJÇEÎ�Ú�èHÊÌËEÈ	ÊÌËdV¨ÇEÆXÉ�[3×$æ=ÎXÉ.è�Í8Ø�ÎXÉ&�:É TÈ�æ{7Z�.ËEÈ �
' � æ�[ÌÍ»Ê�Ë7È�æ�ÍÌÍÌÇEË7È /�W � çZ�:ØÌÈXÉ:Ë7ØÌÆéÈ�ÎXË7×�ÚÌÍ�É&j�ØÌËEÈsè¨Í�Î¥Ç^Î�Ç¤ÊÌÇyV¨Ë!�:è¨çÌç!Ç7ËEÈsç!è¨ØÌÆVÊ�Ç7×7ÆéÉ.ÆéË¤ÊÌË7È¥Èt]HÈ TÎ�ÛEôJË7È·ÊÌË�çZ�:ØÌÈ·ËEÍuçZ�:ØÌÈN×Eè¨ôJçZ�.Ë óHË7È � Ê O ØÌÍÌË;ô�æ�ÍÌÉ:Û7ÆéËÂ×Eè¨ôJçZ�.Û^Î�Ë � ÍÌè¨Ívæ�ô 7�É&6¨Ø�
 � ËEÎ(;lØÌÍuÍÌÉ�V¨Ë7æ�ØÊ O æ 7ÌÈ Î�Æ�æ=×EÎ�É:è¨Í Ç!�:Ë:V�Ç �Ie Ë7ÈJÎ�ËE×�ÚÌÍÌÉ�jAØ�Ë7ÈÂÆéË7ç!è¨ÈXËEÍ�ÎÂËEÍ 6�Ç7ÍÌÇEÆ�æ �âÈéØÌÆJÊÌË7ÈJôJèHÊ�Û!�:Ë7È�ô9æ?Î�ÚÌÇEô9æ?Î�É�jAØ�Ë7ÈçÌØÌÉ:ÈXÈXæ�Í�Î�È<jAØ�É �.ËEØÌÆ	ç&ËEÆXôJËEÎéÎ�Ë7Í�Î Ê O æ�ÈXÈéØÌÆXËEÆ ØÌÍ�Ë$V�Ç7ÆéÉ�[3×7æ=Î�É:è¨ÍCæJç�ÆXÉ:è¨ÆXÉiÊ�Ës×EË7È	Èk]AÈéÎXÛ7ôJË7È �
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D Ë7È��������������42��������42�� �"!$#&%'!)(*� 
�(*� 5+� �,�-�JÈXè¨Í�Î�É:ÈXÈXØ�ÈNÊÌØ 7&ËEÈXè¨É:Í»ÊÌË9Ê�Ç7×7ÆéÉ.ÆéË9×Eè¨ôJçZ�:ÛEÎ�ËEôJË7Í�Î·Ë^ÎÈ�æ=ÍÌÈVæ�ô#7ÌÉ&6�Ø �ÏÎXÇ��:Ë7ÈVÈk]AÈ Î�Û7ôJËEÈVÉ.ÍF�'è�ÆXô�æ=Î�É�j�ØÌË7È � D æÂÊÌÇy[3ÍÌÉfÎ�É:è¨Í*ÊÌË��.æ9ÈéÇ7ô�æ�Í�Î�É�j�ØÌËJÊÌØ �.æ�ÍZ6�æ 6�ËNË7È ÎË7ÈéÈXËEÍ�ÎXÉ.Ë:�&�:Ëlç&è¨Ø�Æ·ç&ËEØ j�ØÌËs� O è¨Í�ÊÌÇEÈXÉ:ÆXË0Ç^Î�æ 7Z�:É:Æ·Ê3æ�ÍÌÈ¤Ø�Í�×$æ�ÊÌÆéË �'è¨ÆXôJË:� j�ØÌË;Î�Ë:�nÈt]HÈ Î�ÛEô�ËxÆéÇ7ÈXè�Ø�Î7ÌÉ:Ë7Í�Î�Ë:�ÔçÌÆéè�7Z�:Û7ôJË � D É�V % / � � ØÌË /F� � 2 �$3X0 
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P2 = hide a in P1

P4 = hide a in P3P3 = delay(d) a{t}; stop

P1 = delay(d) a; stop

where

P5 = P5_1 |[a]| P5_2

P5_1 = x; delay(d1) a{t1}; stop
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P7 = delay(d) latency(l) a; stop P8 = hide a in P7

P10 = hide a in P9

P12 = hide a in P11

where
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P11 = delay(d) latency(l) a{t}; stop

d

w
�B��� ,<,�,�, ��� ?N? m3P�IKJ�L�I\M EHGgAC=FPcE /0, J�L�IO=�m2JRP ­p®qÀ�1��)�����



��� ��������� �
	��
����	�������������������������������������p������ ����� � �n¡3�	�r�
���
�Y v y��E5 u 020Yy�� v y�����}2�,y10J�  �y ��}2 v � u ��z��Y� 1 }2�Y v �1: x� /y
5
�J}<0 u v �J}T v y!����}2��y�030JyQ�oy!x v . x u  /z�� 7 ��y
��y0�/�,}
z�x��Y�,y<:����>0#¨$y� ¸5
�Y�,}2 � /y���y� v  	¨ u �!��y�� v y0� u �90#¨$}
����x/�,�,y! ���y0z�y�0�¨ u � v �Y}2 	,

�6, ^ u  �� 0Jy�����}��!y����,x�� ����:m0�¨ u � v �Y}2 	 u ~ v ~��J v ~!�,�Y}2�,�Y�,~!y�y v � u ���!}2 ��,~1. x�y� v ��
�� � T�� 
 X
[ 	 ��� ��
#4 6

� � � 
 5 b7������
#4
6
� � 60
 5 b1� 
 :�����0#¨$�J v y��,��y�� v �Y}2 �z�y!�4�Y v y��E5 u 020Yy�� v y!����}2��y�0Y�4y�� v  /}2 5
�Yz�y<,

� , Á y�����}��!y����,x������ �Y v �,}
z�x�� v 0�¨O}2��~�� u v y!x���z�y�0 u v y� ��!y<, ^ u  �������:°0�¨ u � v �J}2 >	�y�� v z u  /�(x� 
����y����Yy�� v y!�������,y v u ��z�~�y�z�¨Ox� v y������<bv:oy! ��,x/� v y�~z52y! v x�y�030Yy���y� v }<¾ y!� v y « �,}2 {y! ¸5��Y�,}T ª
 �y!��y� v ��y� �z u  v x� �y0z�x���~�y%Ê���x��Y��:�z u  ���0Jy+� u �7}�h½0#¨ u � v �J}T 	� �y0�oy!x v �,y �/�,}
z�x��Y�,y<:�y1020Yy
y!� v �!}2 v �Y x�y�030Jy!��y� v }<¾oy�� v y « �,}2 y! ¸5��Y�,}T � �y���y! v , # }2����y���}2x�� 0Jy ���,}
��y!�,��x��(���-:i}2 
u ��

	 � 	 
2� 
 b4� � 
´:�� u �0�30� 	¨$y�� v � u ���o}T�,�,�9�40Yy z/y�z/�J� v �Y 6�2x�y!� 0 u � u �Y�,}T ��}2x��¤0 u . x�y�030Yy�x/ �y
u � v �Y}2 }����,y!�x5 u �40Yy  �y0��¨$y�� v � u � ����}�z/x�� v y+��y� /z u  v 0�¨O�Y v y!�x5 u 030Jy+z�y�0 u v y� ��!y 
 b@�dbB5!Ê�
"©��!y�0 u
��}2x���� u � v 7 v ��y z�� u x�����}��!y��,��x��q0Yx�� ª � 7 ��y . x��� 	¨ u � u � }<¾oy�� v 0�¨ u � v �Y}2 	:�}2x « 0#¨$y� ¸5
�J��}2 � �y ª
��y� v . x��i 	¨ u � u � u ���!y�� v ~�0�¨ u � v �Y}2 �¬T,

\ ,7#  ��J v ~!�,�Y}2�,�Y� u  v 0�¨ u � v �Y}2 	 z u  ��+0Yy7�/�,}
��y����,x�� �
��:2}2 �}�� v �Yy� v 0Jy�����}��!y����,x�� ���6, P x/�J�x.
x�¨O�30
e u x� � �}2 ª z�~ v y������J ��Y�,��y v y!����}2��y�0 z u  /� 0�¨$}<¾ ��y�z�y 0#¨ u � v �Y}2 '	 �oy! �z u  v 0#¨$�Y v y��E5 u 020Yy�z�y0 u v y! ���y 
 b4�Hb65�Ê��^:�y v ��}2����y ��y& �}2 ª z�~ v y������Y ��Y�,��y v y�����}2�,y10  �y z�~���y� /z � u �iy>�/�10Jx/�,��52y���y! v
z�y 0�¨Oy! ¿5
�Y�,}2 / �y���y� v : }2 u ��
�� � T�� 
�� 
 b4�Hb05 Ê��#, # y!�����2030Yx�� v �,y ���Jy! �0Yy 8 u � v . x�y�0#¨$}2��~�� u v y�x/�
z�y90 u v y! ���y u y����,y� v �Jy1020Yy���y� v ��}2x�� }�� 1 y�� v �38 z�y��,y10X�T�E�/y�� u x ��y��Y z�¨Ox� �J v y��x5 u 030Yy v y�����}2�,y100 u ��}2 �z/� v �J}2 �z	¨$x��W�Ty� ��!y+z	¨$x� �y u � v �Y}2 |�J v y!�, �yb,

5 , Á y4�/�,}
��y����,x������+z/~������ v 0 u ��}2�����J u �J��}2 �z�y!��}2��~�� u v y�x/�,� z/yq0 u v y� /��y4y v z�y4z�~�0 u � u 5Ty���x/ �y
}<¾o�,y4z�y¤0#¨ u � v �Y}2 �	¢0Y�J��� v ~�y���}2x���x/ �y��o~!�,�Y}�z�y ��:�}�h Ê�� ��, ^ ¨$}�h���
�� � 	 
�� 
 b4�Hb 5 �O���!y¤.
x/�
y!� v �Jz/y� v �3. x�y « 0 u ��� v x u v �J}2 �����~��,y! v ~�y+z u  ��90Yy����,}
��y!�,�,x/�����6,

,/.6,7#  �Y v ~!�,�Y}2�,�Y� u  v 0�¨ u � v �J}2 	 z u  ��½0Jy ���,}
��y!�,��x��{��� }2 �}�� v �Jy! v 0Jy�����}��!y��,��x��{���/��}�h
��
 ��� � T�� 
 � 
 b@�db 5 Ê��#: yI� u � v y���y� v ��}2����y|�o}2x/��0Yy|���,}
��y!�,��x������È©��!y��!�7y!� v x� �y|�!}2 ��,~ ª. x�y! ���y0z�y�0#¨$�3e
�o} v ������y Ê�� �T¬T,

,�,-, Á y'����}��!y��,��x������ �'y!� v �,�Y���20 u �Y�,y u x����,}
��y!�,��x�� ����� u x�8�. x�y�0#¨$}2 ��,x/���o}T�,y7� u �J v y! u  v . x�yÊ�� ��, ^ }2 �����
 � � � 	 
�� 
 b4�Hb05 Ê 
´,
, ��,7#  �Y v ~����J}2���J� u  v 0�¨ u � v �Y}2 	�z u  ��¢0Jy��/�,}
��y����,x��|��� ��}T }�� v �Jy! v 0Jy��/�,}
��y����,x��|��� � }�h

��
 ��� � T�� 
�� 
 b4�dbc5 � 
´, � } v }2 ��%. x�y���y v �J v y!�x5 u 030Jy�z�y v y!������y�� v }2x65Ty�� v « z���}2� v y<: ��y .
x/�
�Y���40J�3. x�y .
x/y�0�¨ u � v �Y}2 |�Y v y��� �y�T.���oy!x v  �y�� u ����y+����}�z/x��J��y<,

, �6,����Y u 0Yy���y! v :¦0Jy!�'���,}
��y!�,��x��7� � ��y v � � +����,~!�,y! v y� v z�y����,� v x u v �Y}2 ��'�40Yx��'�!}2���40Jy>��y��7�o}2x/�0Yy��x.
x/y�030Jy!�4}2 ��o}Tx��,� u 5T~����3º�y!�¹. x�y)»� ��
 � " � 	 
�� [ 	 ��� ��
 � "���� � � 
 5 b7���8��
 � "�� � � 60
 5 b � 
� ��
 � - � T�� 
�� 
 �,[ T � ���,[ 	 � ��}�h¤»� �,[ T � X [ 	 ��� ��
 � "���� � � 
 5 b7���8��
 � "�� � � 60
 5 b1� 
� �,[ 	 � X [ 	 ��� ��
 � "���� � � 
 5 b7� 5 Ê ���8��
 � "�� � � 60
 5 b1� 5 Ê � 

#  ��,~!�,x���~<:	­
®mÀ�1��)����� u ����}2� v y��40Jx/�,�Yy�x�����8S}2 /� v �Y}2 � u 0J� v ~!� v y�����}2�,y1020Yy���»� #�� v y! ��,�Y}2 �� v y�����}2�,y1020Yy��7z�yB� u ��y� ��y v u �,z�y!�/0#¨$}��!��x����,y! ���y�z�y�� u � v �Y}2 ��|}�����y��x5 u �60Jy!� y v �Y v y!�, �y!��©B52}2�Y�/0#¨$}2��~�� u v y�x/��z�y

A ,�? L�M ¬T:



�������������
	 s � s �a� �n¡3�q�����	� �H�

� y>�����,�Y��y��m0Yy� �}2 ª z�~ v y������Y ��Y�,��y v y�����}2�,y10p© 5T}2�J�90�¨O}T�o~!� u v y�x���z�yf? L�IO=�GnDF= ¬T:� 0Y�Y��� v y!�90Jy v y!����� ��y� /z u  v 0Jy1.
x/y�0�x� �y u � v �Y}2 �}����,y!�x5 u �40Yy�y�� v }b¾ y!� v y « �,}T �y! ¸5��Y�,}T ª
 /y���y� v ,

� #�� v y! ��,�Y}2 �� v y�����}2�,y1020Yy��7��}T���60J~!��y! v u �Y�,y!�m. x����,y!�,}2 v ����~��,y! v ~�y!��� u �Ty�� ( ,
��� � ����� [°�B��� � [ ]X� R � T��#�iT|YSTg` bfd $9&�')&+*

P }2x/�98 u ���30J� v y!�7� u �!}2�����,~!��y� /�,�Y}2 ���y v,v y0z/~1º� �� v �Y}2 �y�� v z���5
�J��~�y0y� �z�y�x
��� u � v �Jy!�	»� 0 u z�~zº� �� v �Y}2 ±8S}2����y1020Yy z/y�� u ���J��­
®mÀ 1��)���)��. x���z�~!����� v 0Jy!�����,�Y ��!�J� u x���}T�o~!� u v y�x���� v y!� ª
��}2�,y10J�'z/y%­
®mÀ 1��)���)� ©Sz�~�0 u ��:40 u v y� /��y�y v }b¾ ��y¤0J�Y��� v ~�y@¬T:�� u �Y�7 /y��oy!�,��y v � u �'z	¨O~!�E� u  6�Ty��
z�y¤5 u 0Yy�x����90J}2����z�y�0 u ��e
 ��E�/�,}2 ��Y� u v �Y}2 �y� v �,y 0Jy!�7�/�,}
��y����,x��1,

� 0 u z�~zº� �� v �Y}2 ¢8S}2����y�030Jy z�y ©���x4020B¬p­
®mÀ 1��)���)�¹. x��o�Y ��10Jx v � u ���J��­
®mÀ 1��)���)�¸: x/ �}2��~�� u v y�x/�
�!}2���40J~!��y� v u �Y�,y��0x v �30J�Y�,~���}2x����!}2 � u�� v �,y�0�¨O�Y �� v u  v z	¨$}��!��x����,y� /��y�z	¨$x� �y u � v �Y}2 	: u �Y ����4. x�y0Yy���~!� u  /�J����y0z	¨$~��E� u  6�2y0z�y¤5 u 0Jy!x��,��0J}T�,��z�y�0 u � e� /�E���,}2 /�J� u v �Y}2 �y! v �,y�0Yy������,}
��y!�,��x���,

	�
 Q �v�
��� Z T T¸� [��v� � ��� � [ Z
� �Y� ª « ª 5
�Y��z�x z�}2� u �Y �y v y!����}2��y�0�:	0#¨$x� ��3. x�y��3e���} v ������y . x�y� �}2x/�q8 u �J��}2 ���y!� v . x�y 0Jy v y�������y�� v
z�~! �}2� �/� u �40Yy<:Q��y . x�� �Y���40Y�2. x�y±. x�y½0Jy���}�z/��0Yy �,~!� u  v �3.
x/y��,}2x/� ªB1 u ��y� v y�� v x� % e�� v �!��y z�y
� � u  ���� v �J}T ���� v �2. x�y v ~�y!� © Á�� % ¬T, ^ y0��y v�v y�� u  ��Y����y0�30�y�� v �o}2���,�9�40Yy+z�y�����y� �z/�,y0y� ���}2��� v y u x��,���
���Yy� �x� �z�}2� u �Y �y v y!����}2��y�0�z��Y�,�!�,y v ©�y! v �Yy��,�� u v x���y�0Y����¬¹. x	¨$x� z�}T� u �J �y v y�����}2�,y10�z�y� ���y ©S� u ª
v �Y}2 � /y�0Y���q¬ ,

% }2� v�� 0Yy&z/}2� u �J /y v y����o}T�,y�0�, � � : ��� y v����� z�~! �} v y! v �,y!�,��y�� v ��52y���y! v�� ��! �#"¿: �$��! 5��%"
y v�� � �&! 5��%"¿,

� }2x/�7x v �30J�Y�,y!�,}2 ���0Yy��95 u �,� u �40Yy�� ��y v �^�$� ��x����,y!�,��y�� v �35Ty���y� v 0�¨$y� ���y�� �60Jy � y v����� ,
Á y��' �} v u v �Y}2 �� �,x���5 u  v y�����y��,}T v x v �30J�Y�,~!y��90J}T�,��z�y¤0�¨$yI�����,y!�,���J}2 �z�y!�'z��3¾o~���y� v y!���,���<0Jy!�'z	¨O�Y 68S~ ª

�,y! ���y0z�y�0 u ��~�� u  v �3. x�y }T�o~!� u v �J}2 / �y�030Jy)»� � �
')( �,�9�2 ���º�y .
x/y+*��-, v y10>.
x/y+� �

'.( �-,
� �

�
')(/ �,�9�2 ���º�y�.
x/y�0Yy����,}
��y!�,�,x/�4�  /y0��y�x v ��~ u 0Y�Y�,y��90�¨ u � v �Y}2 �	

� � 0')( �-,��,�9�2 ���º�y .
x/y 0Jy ���,}
��y!�,��x��(�  �y���y�x v yI��~!��x v y�� u x��!x� �y u � v �J}2 �oy! �z u  v x/ �y
��~����J}
z�y�z�y � x/ �� v ~��7z�y v y!���/� y v ��y���}2����}2� v y0y! ��,x/� v y+�!}2����y�0Yy����,}
��y!�,�,x/���-,a,

���#� � � 
 [�� ��1 Ti]X� R � T��#�iT|YST32 �+Z �54*`cb�d $9&�')&p*
Á u�6 e#7 v u ��yq8S}2����y1020Yy�z�y8� u96 �Y��­
®mÀ;:��)������y 6 v z�}<7=7�~�y�� u ��0 u º+�2x���yc,-,9, ��¼�0 u�6 e#7 v u ��y�z�yq0 u

z�~!��0 u � u v �J}97 z	¨$x>7����,}
��y 6?6 x 6 ~ v u 7 v »
QSR �@4�T Z ZBA 
g�DC
� U�U�U �FE �HG X � TC[SY QSR �@4

^ y 6�6 e#7 v u �/y 6�u 0 v y!�?7 u v ��52y 6 : « 6,u 5T}2�Y��: �#I �¿Ã@Ä+ÅP�"Æ¿:L�¿ÃFJ I Ég��Ä+Å��vÆ�y v �#I �¿ÃbÄ+ÅP�LK@� Æ¿:�}<7 v ~ v ~
�M7 v �,}
z�x�� v y 64u 52y!�+��y 6 �oy!� v ��52y!��yN7 v ��}2x�� 6 �9�<7���º�� u v �Y}<7$OQP�:SRUT�yWV�O�PFRUTYXDP�,

� }9V,}<7 6 .#Z/y ­
®mÀ;:��)����� ����yN7�z ~���[<0M\��]\W7DV�\N7 �!}2���=V^\ 0#¨$}2��~��^[FV^\NZ/�+z>\_7�}<7 ª z�~WV?\������M7�� 6 �]\
V^\!���o}2�`\�0 � �2�  �a7�V,�,}
z>Z��bV �>[T�Lc ��ª :��)�����-, # \Bd)e9fa7�V 6 \!�^[]g>f 6?h Z�V^iBgS[97 6 0j[ 6 \ h V?fae97 ,-,���,8�6,



��� �����	��
	��
���
���
�������������������������������������p�������� ��� � �n¡3�	�r�
���
! GMG X &�J �)( " I$#q� J " A �&% � " � � ! "(' � !) ! �3� ! " ! * �+% � *,! " �q�5��I-% � É !) ! ��� ! " ! �0� !) O�P ! " RUP !) � �/.  � ! "(' �/.  � !0
�B��� ,-,9, � �21�3HG+I L ;2= AC=�4 LHP�M D ­
®mÀ;:��)�����

� 
�� �	���·� [�����5 _ST½� Q � R � � ���@[ [ST����eT YST 2 �+Z �54*` bfd $9&�')&+*6 ºS7&g	¨ 7 V87?\ h [9dS[ �40a\]g>\]V97?[9fbV^\:7¤0M\ 6 [ h V^fMe<7 6 Z�7W�9\N7�V^\ 6 \ V 7=e<7 Z;7W�<\W7DV?\ 6 gS[97 6 0M\ < e#g�=10a\ 6 i ª< [97�V^f3.DZ>\<:<g=\NZ?>�[ h V?fae97 6�6 i�< [97�V^f3.#Z=\ 6 :�7=e9V^iW\ 6 '$@ \ V 'BA : 6 e97DV�[ 6?6 e h faiW\ 6 « hDC [<.DZ>\L[ h V?fae97 ' �FE�GIH J
g>ZK<]e�g�=10a\ 6 e�7�V^[B>�f2.DZ>\b»� '$@ : [9d>d \�0MiN\B[ h V?fae97 ' § EHJ�IO= ©5e9Z ' P�IKJREHGML ¬T:� 'BA : [9d>d \�0MiN\B[ h V?fae97 ' § L�M\j ? = ©5e<Z 'ON =WLBP ¬T,
# \ 6 [ h V^fMe<7 6L6 i�<_[ 7DV?f2.DZ>\ 6 d�7`i 6 \N7�V^\W7DVm0a\ 6Lh [$7?[ h V?i:7?f 6 V?f2.DZ>\ 6 g	¨ Z�7��<\N7 h \ 6 Z>f�59[ 7DV?\ 6 »

,-, '$@ \WV 'BA © ' �FE ¬ 7>\ 6 e97DV�dS[ 6 Z;7W�<\W7DV?\ 6 dS[$7 g>izºS7>fbV^fMe<7 g;= 6 0ae$7 6 .DZ>\ ' \ 6 V�e�� 6 \�7x5 [��40M\
��,lT @ \ 6 V�Z�7��<\N7�V?\<: g>\Q< 7 <]\�.DZ>\ '$@ © ' �FE ¬
0aeR7 6 .DZ	¨ \�030a\ \ 6 V h [ hDC iW\<: [9fM7 6 f�.DZ>\ U @ 0MeR7 6 .DZ	¨ \1020M\
[9d=dS[$7^[ � V « g�7`e<fMV?\ g>\�0#¨ e<d i:7^[FV^\NZ;7 ���

�6,lT A 7	¨ \ 6 V]dS[ 6 Z�7��<\N7�V?\<:�g>\S< 7 <]\ .DZ>\ 'BA © ' �TE ¬�0MeR7 6 .#Z�¨ \1020M\ \ 6 V h [ hDC iW\<: [9fM7 6 f�.DZ>\ U A0MeR7 6 .DZ	¨ \1020M\ [9d>dS[$7?[ � V « g�7`e<fbV^\-g>\�0�¨ e<d i:7?[ V^\WZ�7 ���Á ¨ Z�7��<\N7 h \ \N7 ­
®mÀY:��)���)� \ 6 V g>i1º>7>fa\ 8 eR7U< \1020M\:<]\W7DV dS[$7 0�¨ [ 6?6 \:7`V?fae97 6 Z>f35 [97�V?\�»! GWV')( X Y ��ZX ��� ! 0')(/Á ¨ \z¾.\ V�d�7?fM7 h fadS[b0�g>\�0#¨ e<d i:7^[FV^\NZ;7�g>\
0j[ V?\N7 h \ g>\9­
®mÀY:��)���)�U\ 6 V�g>e<7 h g>\ V87^[97 6 8 eR78<]\�7�:@.#Z>[97>g
h \�7`V^[9fa7=\ 6 h e<7=g>fMV?fae97 6 V^\:<]d eR7?\1020M\ 6B6 d i h f3º4.#Z=\ 6+6 e<7�VQ7?\�< d60afM\ 6 :"0M\ 6 [ h V^fMe<7 6 8 eR7 V^\ 6 © g>i:7`f359iN\ 6 g>\ 6
[ h V^fMe<7 6 6 e#7�V;[B>�f3.DZ>\ 6 ¬ \N7%[ h V^fMe<7 6 6 i�<_[ 7DV?f2.DZ>\ 6 85[9f9�40M\ 6 ,$��e9V^e97 6 .#Z=\ 0MeR7 6 .DZ>\ 0#¨ e<d i:7^[FV^\NZ;7 g>\0a[ V^\W7 h \-R 0 \ 6 V [9d>d40Mf2.DZ>i « Z>7�d�7`e h \ 6`6 Z 6 ! :¿0j[+e9Z 0a\ 6\[ JR=�>�M3N�JR=FP [ h V^fMe<7 6 e<¾.\�7`V?\ 6 dS[]7 ! g>Z�7?[97�V0�¨ fM7�V^\:7E5 [<020M\8g>\¹0j[FV^\N7 h \8g>izºS7>f dS[$7 ��: 6 e<7�V fM7DV?\:7`d�7?i V^iN\ 6 6 \10ae<7�0a[ 6 i:< [97�V^f3.DZ>\-g>\ 6 [ h V?fae97 6 § L�M\j ? =FP ,

# \WV [ 6 d)\ h V [9d>dS[]7^[ � V gS[97 6 0a[qº+�<Z�7`\ ,<,�, �q.DZ>fSg=e<7>7>\90a[ 6 i:< [97�V^f3.DZ>\�e9d)i�7^[ V?fae<7=7>\�030a\Lg>\L�U[ 6 f h­
®mÀ;:��)�����-, # e$<^<]\8d;7?i h iNg>\�< < \W7�V¶: d)e9Z�7Ud40MZ 6 g>\ h 0a[$7`V?i<:60M\ 6 78=��<0a\ 6 g	¨ fM768 i�7?\N7 h \ 6 e�<]iWV87?f3.DZ>\ 6
e<7�V�iWV?iBe$< f 6 \ 6 \ V�0a\ 6�h e<7¸5<\W7DV?fae97 6 g>\ 7>e V;[ V?fae<7 6�6 Z>f�59[ 7DV?\ 6�6 e<7�V�Z=V?f20Mf 6 iN\ 6 »� 'B_ © [9fM7 6 f9.DZ>\ ']` ¬a7?\Wd�7?i 6 \W7DV?\ '$@ e<Z ']A :(.DZS[97=g f30 \ 6 V 7>i h \ 6?6 [ fI7`\3g	¨ \b>�d40Mf h fMV?\:7�g>[97 6 0a\ 67U=��-0M\ 6 g	¨ fa7�8 i:7?\W7 h \�0a\-VOe#d \¢©B8 eR7`VLe9Z/85[ f��40M\@¬ g>\ 6 [ h V^fMe<7 6L6 i:< [97�V^f3.DZ>\ 6�h e<7 6 fag=i:7?iW\ 6 :� ' 7`\Nd�7`i 6 \W7�V^\ 'R@ e<Z 'BA :�.DZS[ 7>g f20�7	¨ \ 6 V dS[ 6 7=i h \ 6?6 [9fI7`\]g	¨ \c>�d40af h fbV^\�7-gS[97 6 0a\ 6 78= �-0a\ 6 g	¨ fa7 ª8 i�7?\N7 h \ 0a\-VOe#d)\ g>\ 6 [ h V^fMe<7 6L6 i:< [97�V^f3.DZ>\ 6�h e<7 6 fag=i:7?iW\ 6 ,

� 0�¨ e9d)i�7^[ V?\NZ�7l�>fM7S[9fd7?\ae g>izºS7>f@dS[]7gfheji Xlkgm 6 fon�f X m]p eqnri X m]ps 6 fM7>e<7t Z>\�03.DZ>\ 6 \b>�d40Mf h [ V^fMe<7 6�6 Z�790M\Q< e#g�=10a\ 6 e97DV�d�7`i 6 \N7�V^iW\ 68h f ª g>\ 6`6 e<Z 6 »�ÂÁ \ 6 7U=��-0M\ 6 n � U 	 p :un�� U 	 p \WVvn � Uxw p h [$7?[ h V?i:7?f 6 \W7�V%0M\ 6 e hNh Z�787`\N7 h \ 6 g>\ 6 [ h V^fMe<7 6-6 i:< [97�V^f3.DZ>\ 68 eR7 V^\ 6 [ 6?6 e h fMiN\ 6 7?\ 6 d \ h V^f�5<\:<]\W7DV « 0�¨ [ h V^fMe<7�g>\BV?\:7U< fM7S[9f 6 e97	: « Z>7>\ [ h V^fMe<7$e�� 6 \�7x5 [��40M\+\ V« Z>7>\B[ h V^fMe<7�fa7�V^\�7?7>\b,



��� � �������
	 s � s �a� �n¡3�q�����	� ���
����� ���
	�� ?BA F�
`<c d ABe0v ��������� d ABe0v �`<c d ABe0v����� ����	�� ?BA �`bc 	�� ?BA
����� ��� f������ g#h � 
`<c h � f�� j! � u#" � ��������� f����%$ A � g#h �`<c f&���'� g#h � f�� j �

����� ��� f�� " � g^h �`<c d ABe0v � f�� j �
�)(*� ��� ? ��+�� g#h }-,`bc h � + u." � �)(*� ��� ? ���%$ A � g#h �`<c ? ���'� g^h
�)(*����� ? � " � g#h } 
`<c h
�0/1� ��� h �`-c h(nh r t { �`<c h(n � f�� j6}3~ F � �0/1����� h �`<c h(n { �`<c { nh r t { �`<c h(n r t { n��2�� ��� h �43`<c h(n { �45`<c { nh76 r 8 t96 { � 3;:�5`bc h(n<6 r 8 t96 { n

� f�� 8>= ��?@� �%��2�� ��� h �`<c h(n { �`<c { nh76 r 8 t�6 { �`<c h(n<6 r 8 t96 { n��2������ h �`<c h(nh76 r 8 t�6 { �`<c h(n<6 r 8 t96 {
� f�� j }�~ F�A 8 �

�)B*� ��� h �`<c h n � f�� j }3~ F A 8 �
C ? ~ 	 8 ?[l�h �`bc C ? ~ 	 8 ?al%h(n �)B*� ��� h �`<c h(n h � 
`<cs �ED f7� 8 �

C ? ~ 	 8 ?[l�h �`bc C ? ~ 	 8 ?[l%h(n
�)B*����� h �;3`bc h n � fF� 8 �

C ? ~ 	 8 ?[l�h } 3`bc C ? ~ 	 8 ?al%h n
�<GH� ��� h �`-c h nh u(u { �`-c h(n u(u { � f�� j6} � �<GH� ��� h �`-c h(n h F 
`<csh u(u { �`<c h n u(u�{
�<GH����� h F 3`bc h(nh u(u { } 3`-c {
�)I*� ��� h �`<c h(nh r u¢{ �`<c h(n r u {

� f�� j�} � �)I*� ~ � h �`<c h(n { �`<c { nh r u�{ �`<c h(n r u�{ n�)I*����� { �`<c { nh r u¢{ �`<c { n � f�� j�}3~ F �
�)I*� ��� h F`bc h(nh r u¢{ F`<c h(n
�)J*� ��� h w r f C s f nC DEDxD f y s f ny tLK`<c { n | r f nC DxDED f ny t�MON h w| r f C�DEDED fzy tPK`-c { n � C �Q�xfSR  f�T 6 fF� j6}3~ F � =VU �
�)J*����� h �`<c h(n

hXWZY U � Y`<c h(n[W � W\N r f C s f nC DEDxD f y s f ny t �� f�� j }3~ F � �)J*� ��� h �`<c h(nhXW �`<c h(n[W � WVN r f C s f nC DxDED f y s f ny t �
��� " � �*� h �`bc h(n

]%^ h �`<c h(n � fF� j6}3~ F � ��� " ����� ] R`_ � h �`-c ] R h
��� " � ��� h �`bc h(n

]%^ h �`bc h(n
������� �*� h �`<c h(n

a R h � ,`<c h(n � f�� j F � ������� ~ � h �`bc h(n
a R`_ � h �`bc a R h(n

����������� h }`<c h(n
a R h }`<c h(n ������� 	b� h �`<c h(n

a ^ h �`bc h(n
������� ��� h �`<c h(n

a ^ h �`bc h(n � f�� j }3~ F �

0
�B��� ,<,�, � �dc^= > E�A�e ? =�4 LHP�M D ­p®qÀ;:��)�����



��� �����	��
	��
���
���
�������������������������������������p�������� ��� � �n¡3�	�r�
���
�ÂÁ [ 78=��<0a\vn.� U 	 p h [$7?[ h V?i:7`f 6 \�0M\ 6 e hWh Z�7U7?\W7 h \ 6 g	¨ Z>7>\ [ h V?fae97$fM7�V^\:7`7>\�85[9f��60a\b:S\WV�d)\�78<]\WV�g	¨ fa7 ªV87?e#g>Z>fd7?\ [¶5<\ h 0j[ 78=��<0a\ n � U�� p 0�¨ e<d)i�7^[ V?\NZ�7�g>\ g>i10j[9f�7>e<7 ª g>iWV?\:7U< fM7>f 6 V?\�g=\ c ��ª :��)�����(» � ���� 4,�ÂÁ [278= �-0M\ n�/ U 	 p h [$7?[ h V?i:7?f 6 \/0a[ 6 e#7 hDC 7`e<7>f 6 [ V?fae97 g>\ 6 [ h V?fae<7 6 ' 8 eR7 V^\ 6 \WV 85[9f9�40M\ 6 ¼�7=e9V^e<7 6.DZ>\¤0a[ 6 e#7 hDC 7?e<7>f 6 [FV^fMe<7$g�¨ Z>7=\ [ h V?fae<7 8 e$7`V^\�[¶5<\ h Z=7>\ [ h V?fae97 85[9f��60a\ h e<7>g>Z=fMV « Z>7>\ [ h V^fMe<785[9f9�40M\<,
�ÂÁ [�78= �-0M\ n�� Uxw p :�[¶5<\ h 0a[�78= �-0a\ n�� U�� p :9\b>�d�7`fI<]\�.DZ>\90#¨ fa7�V?i:7?fMeR7`f 6 [ V^fMe<7]g>\ 6 [ h V^fMe<7 6 e�� 6 \:7E5 [��40M\ 68 eR7 V^\ 6�h e<7>g=Z>fMV « 0�¨ [ h V^fMe<7]fM7DV?\:7`7>\�8 eR7`V?\<:�T @ :<.#Z=fS\ 6 V Z;7W�<\W7DV?\<¼D[9Z h e<7�V97^[ fI7`\<:<fM7�V^i:7`fae$7?f 6 \:7 g>\ 6
[ h V^fMe<7 6 e�� 6 \�7x5 [��40M\ 6 85[ f��40M\ 6Uh e<7>g=Z>fMV « 0#¨ [ h V^fMe<7�fM7DV?\:7`7>\q85[9f9�40a\b:2T A :�.DZ>f.7�¨ \ 6 V dS[ 6 Z�7W�9\N7�V^\b,�ÂÁ [a7U=��-0M\ n � Uxw p :�[ 59\ h 0a[a7U=��-0M\ n � U�� p : h [$7?[ h V?i:7?f 6 \m0#¨ Z�7W�9\N7 h \�g>\¹0j[ V^\:7U<]fa7S[ f 6 e<7�g	¨ Z>7�d�7`e h \ 6 ª6 Z 6 :v.DZ>f@g>iWd)\W7>g$g=\�0a[Q7S[ V^Z;7?\¤85[9f9�40a\-e9Z 8 eR7 V^\-g>\�0a[]V?\:7U< fM7S[9f 6 e97	,�ÂÁ [ 78=��<0a\ n � � U 	 p < e97DV87?\ h eR< <]\N7�V 0M\ 6 [ h V^fMe<7 6 e�� 6 \�7x5 [��40M\ 6 85[9f��60a\ 6 \WV�8 eR7 V^\ 6 6 \ V97?[97 6 ª8 eR7U<]\N7�V+\1020M\ 6 ª < 7 <]\�\W7 [ h V^fMe<7 6 85[9f9�40a\ 6 ¼ h \�.DZ>f \ 6 V�0M\_d�7`fa7 h fMd)\ g>\ �S[ 6 \_g>\�0#¨ e<d i:7^[FV^\NZ;7
g>\�0a[ V^\W7 h \b¼�7>e V^e<7 6 .DZ>\<:D\W7 h e97 6 fMg>i:7?[97�V�0a[a7U=��-0M\hn � � Uxw p :¿.DZ>\¹0�¨ e<d)i�7^[ V?\NZ�7 g>\�0j[FV^\N7 h \�7�¨ [b8 ª8 \ h V^\_dS[ 6 0a\ 6 [ h V?fae97 6 fM7�V^\:7`7>\ 6 ¼�0a[O78= �-0a\2n � � U�� p <]e<7�V87?\¢.DZ>\¢0#¨ e<d i:7^[FV^\NZ;7+g>\ 0j[ V?\N7 h \�7	¨ [dS[ 6 g�¨ \z¾.\ V¹.DZS[ 7>g½0�¨ fa7�V^\�7x5 [<030a\ [ 6`6 e h fMi g>\z5#fa\W7DVc
���� �H�^,�ÂÁ \ 6 78=��<0a\ 6 n�� U w p \ V n.� U�� p :�n �/� U w p \ V n �/� U�� p :�n � � U b p \ V^n � � U�� p <]e<7�V97?\W7�V¤0a\ 6 78= �-0M\ 6 g>\+d�7?e ª�R7`\ 6`6 fMe<7 g>Z V^\:<]d 6 d e<Z�7 7?\ 6 d)\ h V?f359\:<]\N7�Vq0�¨ e<d)i�7^[ V?\NZ�7Ug>\-d�7?izº;>�\<:>g=\-g>i�0a[9f \ V g>\¤0a[ V^\W7 h \b,Á \ 6 [9Z�V97?\ 6 78=��<0a\ 6 g>\ d�7`e��R7`\ 6?6 fae97$g>Z V^\�<]d 6�6 e<7�VLV97?f�5#fj[b0a\ 6 ,

��e9V^\)»40j[ 6 i:< [97�V^f3.DZ>\Bg>\%­
®mÀ;:(�°����� h e<7�V^fM\N7�V�g>\ 6 7U=��-0M\ 6 [¶59\ h g>\ 6 d�7`i:<]f h \ 6 7>i ��[ V?f359\ 6 ©5dS[]7
\b>�\�< d60a\ ! � V')(/ gS[97 6 0a[ 78= �-0a\ �6, h ¬T, # eR< <]\ h \�0a[ \ 6 V�\b>�d40Mf3.#Z=i gS[97 6���	 7?e�
 �
�^:Q0M\ 6 d�7?i�<]f h \ 6
7>i ��[ V^f�5<\ 6 g>e<f�5<\W7DV 7 V97`\3Z=V?f20Mf 6 iN\ 6 d�7?Z>g=\:< <]\N7�V h [$7_\�030a\ 6 d \NZ659\N7�V h e<7=g>Z>fd7?\ « g>\ 6�� fa7 h e<7 6 f 6 ª
V;[ 7 h \ 6�� gS[97 6 0a[ 6 i:< [97�V^f3.DZ>\<: h ¨ \ 6 V ª « ª g=fI7`\±.DZ	¨ [ Z h Z>7 Á#� % 7>\ d \NZ=V 7 V97`\ [ 6`6 e h fMi « h \�7`V;[ fa7>\ 6
\b>�d�7`\ 6`6 fMe<7 6 g>\ h eR<]d)eR7 V^\�< \W7�V¶, Á [ 6 i:< [97�V^f3.DZ>\ g>Z�0a[976��[ �<\�c ��ª :��)���)� h e<7�V^fM\N7�V]i��<[<0a\�<]\N7�V
g>\ 6 d;7?i:<]f h \ 6 7>i ��[ V^f�5<\ 6�6 \:<��40j[ �40a\ 6 ,@�O0@[QiWV?iBg=i:<]e<7�V97`i gS[ 7 6�� Á�Á 
 \ ���	.#Z=\ h \ 6 d�7?i�<]f h \ 6 7>i���[ ª
V^f�5<\ 6 7>\ h e97>g>Z>f 6 \W7DVUdS[ 6 « g=\ 6 fM7 h e<7 6 f 6 V^[97 h \ 6 \W7�\b>�d e 6 [ 7DV h e$<^<]\W7DVUZ>7 Á#� % d \NZ=V 7 V97?\�g>i�7?f�5<i
g>\+V?e<Z=V?\ 6 0M\ 6 \c>�d�7?\ 6?6 fMe<7 6 g>\ h eR<]d)e$7`V^\�<]\N7�V-d e 6?6 f��40M\ 6 , ^ \h< [97>fd=:7`\ 6 fd<]f20a[9fd7?\b: f20 \ 6 V-d)e 6?6 f9�40M\
g>\ g>i:<]e<7�V87?\:7�.DZ>\ 0M\ 6 d�7`i:<]f h \ 6 7=i���[ V?f359\ 6 d�7?i 6 \N7�V?\ 6 gS[ 7 6 0a[ 6 i:< [97�V?f2.DZ>\�g=\/­
®mÀ;:��)�����]7>\
h e97>g>Z>f 6 \W7DV�dS[ 6 « g>\ 6 fM7 h e97 6 f 6 V^[97 h \ 6 ,

�� � [�� R ��Y _ 4<��� �@[��  ��^_°��� � `cbfd $�&�'�&+*

% e<fbV���0�¨ \W7 6 \�< �40M\ g>\ 6 P/EHJ�IO=FP ,���7 \N7 6 \:< �60a\ VOe#d>f2.DZ>\ ©5\ V+<]fa7>fd< [<0B¬ g>\ 6 eR7 V^\ 6 \ 6 V����
! w�� � ÊO�"! 	3�
� T#!@�
� m �%$ T&! ' � �QT#' � " e�h w(�)� Ê�� ! * 	�Ê m � �1�%$B. � "¿:�! 	3�+� ,q: T&! �+� ��: m �%$HT#! ' \ 6 V0�¨ \W7 6 \�< �40M\+g>\ 6�hDC [ � 7=\Bg=\ h [$7^[ h V9=�7?\ 6 [ - hDC [ �40a\ 6 : \WVl�QT&' � � ���� ,

% e<fbV/. 0#¨ \N7 6 \:<��40M\ g>\ 6 7>eR< 6 g=\ 610 L�J
M\L3j ? =FP , Á [�8 e<7 h V?fae97 V^e V;[<0M\ m � $H�+G2. ( � 7?\WV?e<Z�7`7>\
d e<Z�7 hDC [<.DZ>\ 7>eR< g>\�5 [$7?fa[��40M\�0a[ 6 eR7 V^\ m � $ ��n43 p g>\ 6 [�5 [<0M\NZ�71,658[97 6 0j[ g>i1º>7>fMV?fae97½8 eR7U< \1020M\ .#Z=f6 Z=fMV�: 7=e<Z 6 Z=V^f30Mf 6 e<7 6 f^�xi � .¹:73 8 � w�� � ÊO:73 G � T&! �Q\ V93 @ � m �%$HT#! ' , % e9fMV�: 0�¨ \W7 6 \�< �40M\3g>\ 6
7>eR< 6 g	¨ E [<; J�L�IKM EHG�P :.\WV �>= � : , Á \Qg>e$<_[ fa7>\Qg=\ hDC [<.DZ>\ ��= \ 6 V Z>7>\=0Mf 6 V^\Qg	¨ i�0Mi:<]\N7�V 6 g>\/� \ V
6 e97�fd< [��<\8\ 6 V�[9Z 6?6 f.Z>7 i�0Mi:<]\N7�V�g>\?�¹,#��e V^e<7 6 .#Z=\ h \ 6 6 eR7`V?\ 6 6 e<7�V�[ 6?6 fI<]f30aiW\ 6 f h f « g>\ 6 e��A@ \WV 6< [ V C i:< [ V^f3.DZ>\ 6 © h eR< <]\ g>\ 6 \N7 6 \:< �60a\ 6 :�g>\ 6 0af 6 V?\ 6 :6,2,3,�¬ « 0j[8d60j[ h \ g>\ 6 VOe#d)\ 6 [�� 6 V87^[9fbV 6 6 h V ª%B 7>\



��� � �������
	��������������
	���
���� ���
g>\ © �SZ4030B¬ :(�°�����-, # \ h f [Qi V^i < e V^f�5<i dS[$7Lg>\WZ?>+7^[ f 6 e<7 6 »

� g>\ 6 7^[9f 6 e<7 6 V C iNe$7?f3.#Z=\ 6 5#f 6 [97�V « 6 fd<]d40Mf3ºS\�7/0j[ V C iNeR7`fa\ g>\Ç5<i�7?f�º h [FV^fMe<7%g=\ ©��SZ4020B¬ ­
®mÀ
:��)�����-:

� g>\ 6 7^[ f 6 e<7 6 d�7?[��R< [ V^f3.DZ>\ 6 .#Z=f�7?\W7>g>\W7DV�0�¨ Z=V^f30af 6 [FV^fMe<7 g>\ 6 VOe#d \ 6-h e<7 h 7`\WV 6 d40aZ 6 85[ h f30M\ .DZ>\
h \�030a\Bg>\ 6 VOe#d \ 6 [�� 6 V87^[9fbV 6 ,

c�7È­
®mÀ;:��)�����-: 6 \NZ40M\ 6 0M\ 6 g>i h 0j[]7^[ V?fae<7 6 g>\ 6 5 [$7?fa[��40M\ 6 © 0j[ 6 f9�<7S[FV^Z�7`\Qg>\ 6 VOe#d)\ 6 [ � 6 V87^[9fbV 6 ¬
6 e97DV \z¾.\ h V^Z=iN\ 6 \N7 Z=V?f20Mf 6 [97�Vp0j[ 6 e#7�V;[�>=\�g>\ 6 h V ª�B 7>\b, Á [ d>[$7`V?fa\ h e$787?\ 6 d e<7>gS[ 7DV « 0a[ 6 i:< [97�V^f3.DZ>\
g>\ 6 VOe#d \ 6 g>\ g>e<7>7=iN\ 6 \ 6 V¶: \�030M\<:Sfd< d60ai�< \W7�V^iN\ \N7�Z=V^f30Mf 6 [97�Vm0M\ 6 0a[976��[��9\ 6 #���� e<Z��<[¶59[�,

��7 \c>=\�<]d40a\ g=\�g>i h 0a[$7^[ V?fae97 ­
®mÀ;:(�°������g	¨ Z>7 VOe#d)\ [ � 6 V87^[9fbV/© e<Z 6 eR7`V?\@¬ G@L�I © h eR787`\ 6 d)e<7 ª
gS[97�V&[9Z�> \N7�V?fa\�7 6 7S[ V?Z�7?\10 6 ¬�\ 6 V d;7?i 6 \N7�V^i gS[ 7 6 0j[ º+�9Z�7?\ ,<,�, * ,?��7=\ e<d)i�7^[ V?fae97 \ 6 V g>izºS7>fM\
gS[97 6 Z>7 VOe#d \ g>\ < [97>fd=:7`\ 6 fd<]f20a[9fd7?\ « h \�030a\ g�¨ e�� @ \WV 6 <_[FV C i�<_[FV^f3.#Z=\ 6 V97?[9g>fbV^fMe<7>7>\10 6 ,���[]7
\b>�\�< d60a\b:q0#¨ \b>�d�7`\ 6`6 fMe<7�� ��� � É¦ÃFJ KOÉ¦ÃFJ"!$# É¦ÃFJ&% % h eR7U7?\ 6 d e<7>g « 0a[ g>izºS7>fbV^fMe<7 g>\�0#¨ e<d i:7^[FV^fMe<7
g	¨ [9g>g>fbV^fMe<7Ç.DZ>f Z=V^f30af 6 \+g>\NZ?> e<d i:7?[97>g>\ 6 g>\+VOe#d \%É¦Ã J :)g>e<7�V¤0M\ 7?i 6 Z40bV;[FV-d�7?e#g>Z>fbV8Z=7 [9Z=V97`\�É¦ÃFJ ,Á ¨ fd<]d40Mi:<]\N7�V;[FV^fMe<7 g>\ h \ V?V^\ e<d i:7?[ V^fMe<7&\ 6 V 85[9fbV^\]\N7 #���� [9Z <]e/e<\W7 g	¨ Z>7 e��A@ \WV .DZ>f d)e 6`6 =Wg>\
Z>7>\j<]iWV C e�g>\�.#Z=f�d�7`\N7>g g>\NZ?> \N7�V?fa\�7 6 7S[FV^Z�7`\�0 6 \WV_\N7 7`\WV^e9Z�7?7>\$Z>7 [9Z�V97?\b: g>e<7�V 0M\O7`i 6 Z60MV^[ V
h e$787?\ 6 d e<7>g « 0�¨ [9g>g>fbV^fMe<7 g>\ 6 g>\WZ?>�g>\:7`7>fM\:7 6 ,

')(+*-, 	��$.0/214365�5��
1�768 ' 1 	��$.
5:92	�.
;=< 	��$.&>R	��$. `@? 	6�$.` < 	��$.&>R	��$. `@? 	6�$.A �����:B
C < 	��$.&>R	��$. `@? 365�5��,ED+F+'G(�*6,

0
�B��� ,IH�, * �8:<;2=�> [ ? =�AC=�A ; D ? L�J�L�I\M EHGgAKJ m2GaI�3 [ = G@L�IKmCJR= ? =�G ­
®mÀ;:��)�����

Á \m8 eR78< [ILMf 6 <]\ 6 h V ª�B 7>\87�¨ \ 6 V dS[ 6 g>iWV^[9fMLNLMi8gS[97 6 h \8g=e h Z�<]\N7�V h [$7 fNL)7	¨ \ 6 V dS[ 6 Z=V?fNLMf 6 i8gS[ 7 6
La[�g>i1ºS7=fMV?fae<7 g>\¢­p®qÀ;:��)�����:H t Z=\�LMO#Z=\ 6 \b>�\:<]d+LM\ 6 fMLNLMZ 6 V87^[97�V�L�¨ Z�V^fMLaf 6 [ V?fae97&g=\]� [ 6 f h \WV8g>\ �SZ+LNL
:��)����� d)\WZ@P<\W7DV 7 V87?\ 6 V87?e<Z@P9i 6 gS[97 6�� � �RQ � : Á �TSUS 
;�)��H

VXWZY [�1&\^] [ Z_Wa` [ Zb\^]�cedf`-g�]�hiha]2Z 4 `jckd�hal�ce] [ \^m6Wag�]2Z
Á \S<]e�g;=�LM\ ­
®mÀ;:��)������[9d>d eR7 V^\ g>\ 6 \c>#V^\N7 6 fMe<7 6 V^\�<]d)eR7`\�LMLa\ 6 [9Z=V87?\ 6 ODZ>\nLM\�g=i�La[9fpº?>=\$o�La[

La[ V^\W7 h \]\WVpL�¨ eb¾ 7`\�Lafd<]fMV?iN\ gS[97 6 LM\�V^\:<]d 6 H # \ 6 \b>#V^\W7 6 fMe<7 6B6 e<7�VBdS[$7 V^fM\�LMLa\�<]\N7�V 6 Z>d>d eR7`V?iN\ 6 dS[]7
LM\ 6 e<Z=V?fNL 6 [ h V^Z>\qLNLM\:<]\N7�V�g>f 6 d e<7>f9�+LM\ 6 d)e<Z;7¹­
®mÀ;:(�°�����:o�\ VLdS[$7 h e<7 6 iqODZ>\N7�V�d)\WZ Z=V^fMLaf 6 iW\ 6 H # ¨ \ 6 V
d e<Z�7rODZ>e9f h \ 6 [9d=d)eR7 V 6 g>ZsLa[976��[ �<\¢­
®mÀ;:(�°����� 6 e<7�VpO#Z>[ILaf�ºSi 6 g	¨ =�;�IO=�G�P�M EHG�P�IO=�> [ EHJF= ?N? =FP DFEH> ³[ ? ; > =�G+I L�MNJF=FP \WV 6 e<7�d�7`i 6 \W7�V^iN\ 6 gS[ 7 6�h \ dS[$7^[ �R7^[9d C \IH



��� �����	��
	��
���
���
���������������������������������������������� ��� �����
	
	 ��	
�
� © �SZ+LML ¬¹­
®mÀY:�������� fa7�V87?e#g>Z>fbV8Z>737=e<Z@P<\qL�e<d i:7?[ V^\WZ�7�o 7>e9V?i��6H # \WV8e9d)i�7^[ V?\NZ�7qo.[ 6`6 e h fMi « Z=7>\
[ h V^fMe<7 :�������� oS\W7�7?\ �<f 6 V97`\ g>[97 6 Z>7>\ P [$7?fa[��+LM\�La\ V^\�< d 6�6 iNdS[$7?[97�VUL�¨ fa7 6 V;[97�V�[9Z+ODZ>\qLKL�¨ [ h V?fae<7�\ 6 V
e<¾)\:7 V^\Lg>\ L#¨ fa7 6 V;[ 7DVU[9Z+ODZ>\qL \�LMLa\ 6 \ 7?iN[ILaf 6 \$H # \WV?V?\ P [$7`fj[ �+La\�d \NZ=V [ILMeR7 6�� V97?\�Z=V?fNLMf 6 iN\�gS[97 6 La[ 6 Z>fMV?\
g>Z d�7?e h \ 6?6 Z 6 H # \WV_e<d i:7^[FV^\NZ;7 \ 6 V]V^e9Z=V «�� [9fbV 6 fd<]fNLa[9fd7?\ « L�¨ e<d)i�7^[ V?\NZ�7 I\MN> =iDWL [ I\m2JR= g>\$c ��ª
:��������:H Á \ � 7^[��$< \W7�V g>\ h e#g>\]fNLMLaZ 6 V97`i]gS[97 6 La[�º6�<Z�7?\ ,:H9,��&<]e<7�V97`\ Z=7 \c>=\�<]d+La\ g	¨ Z=V^fMLMf 6 [ V^fMe<7
g>\ L#¨ e<d i:7^[FV^\NZ;7U�Q\N7/­
®mÀ;:��������:HC�ZL 6 ¨ [��9fMVUg>\ <]\ 6 Z�7`\:7 g>Z_V^\:<]d 6 g>\ 7`iNd e<7 6 \�g	¨ Z>7>\�fa7�V^\�7^[ h V^fMe<7
g>\�L�¨ Z=V?fNLMf 6 [ V?\NZ�71¼ 6 f h \-V^\�<]d 6 g=iNdS[ 6`6 \�� 6 \ h e<7>g>\ 6 o Z>7 V97^[ fMV?\:<]\N7�V�dS[$7 V^f h Z+LMfa\�7�\ 6 V 7?iN[ILMf 6 iIH

A ��� �:B
��.�./��	
���! �.#"O�$"&%/��./�' )(+* .,� �H	+.�(�� ��-A . ./� � 	+.0(�� � C �21�3 ? �4(��5"a.��2� ��(0(��# 6( . �/�/�718&9. ./� � 	+.0(�� �;:=<��'1�3 ? ��(��>" .
�5� �<	@.?(
�/� . �/�/�71B

0�@BA
C ,:H�,#��D :<;2=�> [ ? =�AKJ mCIKM ? MXP�L�I\M EHGgAC= ? J E [<; J�L�IO=�m2JFE
# \WV]e<d i:7?[ V^\WZ�7+\ 6 V]\c>=d@Lae<fbV;[ �+La\ d e<Z�7 Z>7>\ P [ILMfag>[ V^fMe<7 \W7 V^\:7U<]\ g>\ 6 fd<+Z@Lj[ V?fae97 < [9f 6 7	¨ \ 6 V

dS[ 6 [ h V^Z>\qLNLM\:<]\W7DV 6 Z>d=d)eR7 V^i dS[$7�LM\ 6 e<Z=V?fNL 6 g>\ P<i�7?f�º h [ V?fae97 � eR7U<]\�LMLa\$H
��7>\ Z=V?fNLMf 6 [ V?fae<7 g>\ h \WV&e<d i:7^[FV^\NZ;7 \ 6 V&g>i h 7`fMV?\ g>[97 6 Lj[ 6 Z>fbV^\ g>\ h \ <]i:<]e<fd7?\$o-gS[97 6 LM\

dS[$7?[��R7?[9d C \��@H9,:HG��H
� Á \ Lj[ 76��[��<\ ­
®mÀ;:��������+d�7`e<d)e 6 \+i ��[ILM\:<]\N7�V�Z>72<]i h [97>f 6 <]\ h eR<]d+LM\b>�\�g�¨ \c> h \Nd=V?fae97 \N7 h [ 6
g>\pP�fMe:La[ V^fMe<7�V^\:<]d eR7?\qLNLM\ � # g B 
 * ��H 6 fM7 6 fio�La\ d�7?e h \ 6?6 Z 6 � � ' ���DKIH  �J ! % %�e<¾ 7?\pL#¨ [ h V^fMe<7 ' d \N7=gS[97�V
��Z>7>fbV^i 6 g=\�V^\:<]d 6 o d>Z>f 6 o 6 fTLa[ 6 e#7 hDC 7`e<7>f 6 [ V?fae97 « LMfa\WZ gS[97 6-h \�Lj[9d 6 g>\�V^\�<]d 6 o 6 \�V97^[ 7 6 � eR7U<]\
\N7 ! o 6 fM7>e<7 \N7KH H Á [ h e<7 6 V97`Z h V?fae<7 � � ' ���� �J ! LNM O 0 Hn% %L\b>�d�7`fI<]\�Z>7 h eR<]d)e$7`V^\�<]\N7�V�[ 6?6 \ �
6 fd<]fNLa[9fd7?\ « h \qLaZ=f ª h fio)\c> h \Nd=V?i « La[]gS[ V^\ � »�L�¨ i h 7`fMV?Z�7?\ g>\ � � ' ��� KOH� �J ! % %�[ 6`6 Z�7`\ ODZ>\ L�¨ e hWh Z�7U7?\N7 h \
g>\ ' [ Z�7^[ V^e<Z)@ e<Z�7 6 La[ d�7?fMeR7?fbV^i 6 Z�7 LM\ 6 [ h V^fMe<7 6 g>\PH�¼ h \ O#Z=f�7�¨ \ 6 V_dS[ 6 La\ h [ 6 g=\ � � ' ���� �J !LNM O � Hn% %
H 6 fa7 6 fio � � ' �3��KIH� �J ! % % \c>�d�7?fd<]\ ODZ>\QH \ 6 V+d)e 6?6 f9�+LM\ 6 \WZ+LM\:<]\N7�V 6 f L�¨ \W7�P#fd7?e<7=7>\:<]\N7�V
7	¨ \ 6 VUdS[ 6 d�7U= 6 « 6 \ 6 e�7 hDC 7?e<7=f 6 \:7 6 Z�7 ' H # \ h eR<]d eR7`V?\:<]\N7�V [Bi V^i�e��=V^\W7DZ�dS[$7 Z>7=\�\c>�V?\N7 6 fae97 g>Z
La[976��[��9\Io \W7 fM7�V97?e#g>Z>f 6 [ 7DVKL�¨ [ h V^fMe<7 6 d i h f3º6ODZ>\SR O#Z=fD[LZ=7>\ d�7?fMeR7?fbV^i fM7 � i:7`fa\WZ�7?\ [9Z?>-[9Z=V87?\ 6 [ h V^fMe<7 6 o
La[ 6 i�< [97�V^fMO#Z=\ e<d)i�7^[ V?fae97>7>\�LMLM\3iWV^[97�V�\N7;7?f hDC fa\ g>\O7U=��:LM\ 6 \W7 h \ 6 \N7 6 H c�7 � [ fMV�o LM\ 6 d�7?e<d;7?fMiWV^i 6
[9d>d eR7 V^iN\ 6+h eR787`\ 6 d e<7>g=\N7�V « g>\ 6 h eR<]d eR7`V?\:<]\N7�V 6 V97U= 6 d;7?i h f 6 ODZ>f e97DV \b> h \Nd=V?fae<7=7>\�LMLa\�<]\N7�V Z>7
fM7DV?i:7 � V�d�7^[FV^fMO#Z=\ Z>7>fMO#Z=\:<]\N7�V3g>[97 6 h \�7`V^[9fa7 6�h [ 69� \c> h \Nd�V^fMe<7>7>\qL 6%� H # ¨ \ 6 V�d e<Z�7rODZ>e9f8fNL 6 7	¨ e<7�V
@`[$< [9f 6 iWV?i 6 P9i:7`fMV^[��+LM\:<]\N7�VBZ=V^fMLMf 6 i 6 o.7>f fd<]d+LMi:<]\N7�V^i 6 H 6 fM7 6 f�o h \h<]i h [97>f 6 <]\]g	¨ \b> h \Wd=V^fMe<7 \WV�g>\7?\Wd�7?f 6 \B\N7 h [ 6 g=\�P#fMe:La[ V^fMe<7 V^\:<]d eR7?\qLNLM\ 7>\ 6 \�7^[]dS[ 6 g>iWV^[9fMLNLMi f h f�H
VXWiW Y T 
 [ \^m=1 ] ] `�gEce]�hihi]PUX]KVIW _ h�hZY `cb�d�X
Y�Z�Y�[

Á [ 6 e�7�V^[B>�\ � eR7U< \qLNLM\�g>\]\��SZ+LNLB^�_�`mÀ;:���������\ 6 V g>e<7>7>iW\Io#gS[97 6 La[ba+�9Z�7?\B,:H9, �@o�dS[]7 La[ 6 e#7�V;[B>�\
g>\ 6 \b>�d�7`\ 6?6 fae97 6 g>\ 6 P [ILM\NZ;7 6 \dcF^)o h \qLNLM\ g>\ 6 e<¾ 7?\ 6 g>\ 6 d eR7 V^\ 6 \Nef^)o \WVga>7S[ILM\:<]\N7�V h \qLNLM\3g>\ 6



��� � �������
	��������������
	���
���� � �
\b>�d�7`\ 6`6 fMe<7 6 g=\ h eR<]d)e$7`V^\�<]\N7�V 6 \ ! ^��+La[ 6 e#7�V;[B>�\Bg>\�Lj[]g>i h Lj[]7^[ V?fae<7 g�� Z>7$d�7?e h \ 6?6 Z 6 i V;[97�V��

dKg�` 4 ]CZ ZBA 
 ' C
������� ' E � nrf CUG m C
������� f
	 G m 	 p G�� ! ] [ UKdKg�` 4
c GMG � �>= nNc8C
������� c E p�� f � 3)8 � 3 G � 3 @
e GMG � 
 f � m � � c! GMG � &�J
� ( � I$#�� J � A L % M�� c-C�������� c�	��)�� I J f � m & c ��� ! ��� �! #I %"�#� ! � O�P ! � RUP !) � J ! � � � � .  J !) � �-f J ! � � �-f �-.  J !) ' e C�$#$#$ e�E J ! � ' �-.  e C%$#$#$Oe�E�J !) ' �/f � .  e C%$#$#$ e�E�J !) ! L M ! � ! *5L % M *,! � ! #�# ! � ! L # !0�@BA
C ,:H�, ��D 1�3HG+I L ;2=�AC='&)(nm ?N? * _�`,+;:��������

VXWiW�WZY T�l�cem [ \^W 5 _ ] `-dfl�g�m@\�Wa` [ [ ]�h�ha] UX]KVIW _ h�hZY `cb�d#X Y�Z�YS[
- [ 6 i�< [97�V^fMO#Z=\3g>\ L)� e<d i:7^[FV^\NZ;7'.<iW7>i:7?[IL�g>\$d;7?i0a?>>[!.<\ g>\ \ �SZ+LMLB^ _�`,+;:��������:o � � ' �Rf0/ .%1

e C%$#$#$ e�E J ! % %�o�\ 6 V�g>i�aS7>fM\�dS[$7BZ>7 e9d)i�7^[ V?\NZ�7 [9Z?>�fMLafa[9fd7?\Io 7>e9V?i ' � � fLK%32�3/R.%1 e C�$#$#$ e�E J! o=e�h�3 � � � ODZ>f 7?\Nd;7?i 6 \N7�V^\pLM\ V?\:<]d 6 d \N7>gS[ 7DV LM\�ODZ>\qLHZ>7>\ [ h V^fMe<7�[]i V^i-e54)\:7 V^\ [_P [97�VLg�� � V97`\
V^fd7?iW\IH-� [$7Lg>i0aS7=fMV?fae<76�&� � ' �Rf0/R.71 e C�$#$#$ e�E J ! 8 ' � � fLK:9;�</R.%1 e C7$#$#$Oe�E J ! % %

- [Pa
.<Z;7?\>=:H?= � <]e<7�V97`\ h eR< < \W7�VbLa[ 6 i�< [97�V^fMO#Z=\�g>\_� [ 6 f h _S`@+;:�������� \ 6 V+\N7�7`f hDC fa\_d)e<Z;7
g>e<7=7>\:7 Lj[ 6 i�<_[ 7DV?fNODZ>\+e<d)i�7^[ V?fae97>7>\�LMLM\ g>\+\ �SZ+LMLB^=_S`@+;:��������:H - []d+LaZ=dS[$7`V�g>\ 6 78=A.:LM\ 6�6 e<7�V�V978= 6
6 fd<]fNLa[9fd7?\ 66B LM\NZ�7 6�C eR<]e:LMeC.<Z=\ 6 g>\Q\�� Z@LNLB^ED`:��������:H - \ 6 78=A.:LM\ 6 7`\ 6 V;[97�V^\ 6 d \NZ@P9\N7�V � V87?\ g>iNg>Z=fMV?\ 6
� [ h fNLM\:<]\N7�V g>\ 6 7U=�.:LM\ 6Q6 i:< [97�V^fMODZ>\ 6 g>\ � [ 6 f h _S`@+;:��������:o \N7 7?\�< d@Lj[5FN[97�V L)� e54 7?\ g>\ 6 d)eR7 V^\ 6
g>\Q�U[ 6 f h D`:��������+dS[$7 h \�LMLM\Qg>\ LG� e!4 7`\H.<iW7>i:7?[ILa\+g>\ 6 d eR7 V^\ 6 O#Z=f�d�7`\N7>g3\W7 h eR<]d=V?\bLG� i hDC [97I.<\+g>\
g>e<7=7>iN\ 6 H

W 1TY Y g�`-dKg$Wal \^lCZ ] ` [ UXm6ce] [ \_m6hi]CZ
- \ <]e#g�=�LM\]_�`,+;:�������� 6 [ V^f 6 � [9fbV La\ 6 d�7?e<d;7?fMiWV^i 6 V?\:<]d eR7?\qLNLM\ 6�6 Z>f P [97�V^\ 6 �

dKgE`2J-g�]CZ Z_Wa` [ cem=1XWicem6ha],K 6 f ! GWV')( ! ,�d)e<Z;7BZ=7 ! ,KO#Z=\�L h e<7+ODZ>\$o�[ILMeR7 6 o@d e<Z�7-V^e<Z�VML
�09@o! 0')(/ �
UXl�\_]�gEc W [ WKZ_ck] \_]�ckdf`�g�]�h;K 6 f ! 0')( ! , \WV ! 0'.( ! , , o [ILae$7 6 ! , \WV ! , , 6 e<7�V�fag>\W7�V^fMO#Z=\ 6 �
4 ` [ \�W [ _ Wa\^l \^]�cedf`-g�]�h�ha],K d e<Z�7 V^e9Z=VNL�\WVO.Xo 6 f ! 0PO P')( ! , , [ILMeR7 6 fNLB\b>�f 6 V^\ ! , V?\�LpODZ>\! 0')( ! , P' ( ! , ,KH
��e9V^e97 6 V^e<Z�V^\ � e9f 6 ODZ>\ LM\ < e#g�=qLa\ 7>\ 6 [ V^f 6 � [9fbV&dS[ 6 La[ d�7?e<d;7?fMiWV^i g7�RQTSTS5UWVGU 0 UWV ; VYX�Z [
[]\ X�^W^_X o

h e$<^<]\Be<7 d)\WZ=V La\ h e<7 6 V^[ V^\�7 6 Z�7 LG� \c>=\�<]d+La\ 6 Z>f P [97�V��



��� �����	��
	��
���
���
���������������������������������������������� ��� �����
	
	 ��	
�
�)�*� �*� ��� ���
	 �
��� � 
���������������� �"!$#&%3d3�3�3/3�3/3�3/3�3�3&' � �(� �*) �
�)�*� �,+E� ��� ���.- / M
0 ��� � 
 ���213%3O3/3/3�3�' 4 	35 / M60 N87:9&; � �(� �*) � � 7 � 0 �
�)�*� ��� ��� �%$ 5 �
�<� �3�' ��� �=�6�<� �(� �*) �
�)�*� ��� ��� " �6��� �3>' 0 5@? 7 �A� �B) �
�)�*� �*� �DC �0�  + �E� �=�6	 �
�<� � 
 ���>�������@�3� �"!F#&%3 3�3�3�3�3/3/3�3�3/3&' 4 	35*� M 5 9&G 	 N + 9&; � �A� �B) �
�)�*� �,+E� �DC �0�  + �E� �=�3-H/ M
0 �<� � 
E���213%3 3�3�3,3E' 4 	35�� M 5 9&G 	 N +  / M60 NI7J9&; � �(� �B) � � 7 � 0 �
�)�*� ��� �DC �0�  + �E� �%$ 5 �6�<� �3�' �DC �0�  + $ 5��E� �=�6��� �(� �K) �
�)�*� ��� �DC �0�  + �E� " �
�<� �3�' 0 5@? 7 �(� �*) �
�9�`��� �*� � �3�' � +

4 	35�� M60 N 	 9&; � �3�' 4 	35*� M60 N 	 9&; � +
�9��(*� �*� � �3�' � + + � 4 	 ��L � � � N 5 L`� 	M �ON 3QP � �3�' � + ����(1� ��� � �3�' � + + � 4 	 ��L � � � N 5 L`� 	M �:N 3QP � �3�' � +

����(1� ��� � �3�' � + + � 4 	 ��L � � � NSR � 4T0 	
M �:N 3QP � �3>' 0 5@? 7

0S@BA
C =:HP=DUbD c XMZ [ S e ^_X &)(WV ^W^ *F_�`,+Y:��������

O G 'YX m L �>= C
')(

C
')( 'ZX m L ��= [ILae$7 6 ODZ>\ O G 'ZX m L �>= ['.(/ 'ZX m L ��=

5H� [9Z=V97`\ 6 d;7?e<d�7`fai V^i 6 g>Z&<]e#g�=�LM\-[9fM7 6 f�ODZ>\ La[ g>i�aS7>fbV^fMe<7 g>\ L)� i�ODZ>f P [ILa\W7 h \ h eR<]d)eR7 V^\�< \W7�V;[ILM\
6 e97DV�d�7`i 6 \N7�V^iW\ 6 g>[97 6 �]\ g B 
�^@o \ g B 
5�)��H

_J`Eab`dc egfihkj�l=monpmoqklsrKtuqwvkq
x2rwyzl=m{f|n}jHqwj ~=npm�l=mon}��vJfimo�
_�`,+;:�������� 6 � [9d>d>Z>fM\ 6 Z�7g� fd< \Wg :�������� � - - 
F� �
o La\_d�7?iWg>i h \ 6?6 \NZ�7 g>\�cJ� D`:�������� � - - 
>�@o- - 
FU
��o \ V h � \ 6 V�g=e<7 h d e<Z�72ODZ>e<f
_�`,+Y:��������_\WV�cJ� D`:���������dS[$7 V;[5.9\N7�V�g>\_7>eR<���7?\WZ?> [ 6 d \ h V 6

h e$<^< Z>7 6 [9Z�7>fMP9\ [9Z�> 6H� 7�V;[B>�fMO#Z=\+\WV 6 i:< [97�V^fMODZ>\Io 7>e9V^[$< < \W7�V��
D - � C$� d e9V C = 6 \ g>\B7>e<7 D Z�7 .<\W7 h \ g>\ 6 [ h V^fMe<7 6 e�� 6 \�72P [��+LM\ 6 \ h � \ 6 V D B D g>fd7?\$o-L)� e hWh Z�7U7?\W7 h \ g�� Z=7>\
[ h V^fMe<7�e>� 6 \:7 P [��+LM\�7>\�d)\WZ=V dS[ 64� V87?\ � eR7 h iN\8dS[]7 Z>7�d�7?e h \ 6?6 Z 6 o h [$7U\qLNLM\87>\�d)\WZ=V g=iNd \N7>g�7`\
ODZ>\ g>\�LG� \W7�P#fd7?e<7=7>\:<]\N7�V�^L\WV�g�� Z�7 .9\N7 h \Bg=\ 6 [ h V?fae<7 6 fM7�V^\�7?7>\ 6 �

D - [ h [9dS[ h fbV^i B 7?\ V;[$7`g>\:7 Z>7 h eR<]d eR7`V?\:<]\N7�V e9Z B 7`\WV^[$7?g>\�7 LG� e54 7`\Lg�� Z=7>\8[ h V^fMe<7�e�� 6 \�72P [��+LM\
BQ6 e97$\W7�P#fd7?e<7=7>\:<]\N7�V��

D - [Qd)e 6?6 f��>fMLafbV^iBg>\Q<]\ 6 Z�7?\�7 LG� fM7 6 V;[97�V�[9Z+ODZ>\�L@Z=7>\B[ h V?fae<7 6 \ d�7`e�g=Z>fMV��
D - [ h [9dS[ h fMV?i B Lafd<]fMV?\:7RLM\8V^\�<]d 6 g�� e hWh Z�7U7?\W7 h \ d \N7>gS[ 7DVRLa\qO#Z=\�L Z>7=\ [ h V?fae<7�e>� 6 \�72P [��+LM\-\ 6 V
e54)\:7 V^\ B�6 e<7 \N7 P#fI7`e<7>7>\�<]\N7�V_H \ \ d)e9fa7�VL[�i V^i6.<iW7>i:7?[ILaf 6 i dS[]7RLa\�<]i h [97>f 6 <]\ g>\ P#fMe:Lj[FV^fMe<7
V?\:<]d)e$7?\�LMLM\Bg=\f_S`@+;:��������:H

� fI<]\Wg :��������_d�7`e<d e 6 [9fbV Z>7 e<d i:7?[ V^\WZ�7 g>\ g>i�La[9f 7>e<7 D g>iWV?\:7U< fM7>f 6 V?\ O�� �.� H � �>��g>e<7�V Lj[�g>i0a D
7>fbV^fMe<7 � eR7U<]\�LMLa\ h e<7>g>Z=f 6 [9fMV B h \�7`V;[ fa7 6 d�7?e>�@LI=�< \ 6Q6 i�<_[ 7DV?fNODZ>\ 6 g>i�LMf h [ V 6 H�c:� D?:�������� \ V _�`,+
:�������� e<7�V_[ILae$7 6 d�7`e<d e 6 i$o�fa7>g=iNd \N7>gS[]<^<]\W7DV�o g>\ 6]6 eILaZ=V?fae97 6 [ILMV?\:7`7S[ V^f P<\ 6 B LG� \b>�d�7?\ 6?6 fae<7 g>Z
7>e<7 D g>i V^\:7U<]fa7>f 6 <]\BV^\:<]d eR7?\qL�H



��� � �������
	��������������
	���
���� �
�
- [ 6 e:LMZ=V?fae<7 d�7?e9d)e 6 iN\ d>[$7 c:� D`:�������� h e<7 6 f 6 V^\ B 7?\ V^fd7?\:7 L)� e<d i:7?[ V^\WZ�7 g=\ g>iqLj[9f�7>e<7 D

g>i V^\:7U<]fa7>f 6 V?\$g=\ � fI<]\Ng :��������:o�\ V B 7>\ h e<7 6 \:7 P<\�7 ODZ�� Z>7 e<d)i�7^[ V?\NZ�7+g>\ g>i�La[9f g>i V^\�78<]fa7=f 6 V^\
h La[ 6`6 fMO#Z=\ O8��H - \�7>e97 D g>i V^\�78<]fa7=f 6 < \8V?\:<]d eR7?\qL)\ 6 VL[ILMeR7 6 \b>�d�7`fI<]i-[ ZS<]e � \N7 g�� Z>7>\ P [$7?fa[97�V^\�g>\
LG� e<d i:7?[ V^\WZ�78g�� e54 7?\�LMfI<]fbV^iW\QgS[97 6 LM\+V^\�<]d 6 Lae$7 6 ODZ�� fML 6 � [9d>d+LMfNODZ>\ B LG� [ h V?fae<7 fM7�V^\:7`7>\ � �&Lj[�7=e9V;[]D
V^fMe<7 � /CL 1+d \:7U<]\WV g>\g7?\�L�� hDC \�7 LG� Z�7 .<\W7 h \�g>\ L)� [ h V^fMe<7_\ VUg7� fM7�V97?e#g>Z>fd7?\LZ>7_g>i�La[9fS7>e97 D g>i V^\�78<]fa7=f 6 V^\
hDC e<f 6 fHgS[ 7 6 L)� fa7�V?\:72P [ILMLM\BV?\:<]d)e$7?\�L�� 9;� L���[_P9[ 7DVLg=\ 7`i [ILMf 6 \:7 LG� [ h V^fMe<7 � H- [ 6 e:LMZ=V^fMe<7&d�7?e<d e 6 iN\]dS[$7�_�`,+;:�������� h e<7 6 f 6 V^\ B fa7�V87?e#g>Z>fd7?\]Z>7&e<d)i�7^[ V?\NZ�7 6 d)i h f a6ODZ>\ g>\^PQ5V X�����X R�� oF7>e9V?i ��� J I5����� � L ��o:ODZ>f�\c>�d�7?fd<]\ g�� Z>7>\ < [97=fI=�7?\ .<iW7>i:7?[ILM\ LM\U7>e<7 D g>i V^\:7U<]fa7>f 6 <]\$o 6 [ 7 6
[_P<e<fd7 B$6 e<Z;4 7?fd7+g=\ 6 \�4.\ V 6 g>\ �)e$7?g fM7�V97?e#g>Z>fbV 6 dS[$7 L)� [ h V?fae97 fa7�V?\:7?7=\�\�7?[9d>d \�LMe<7 6 ODZ>\ LM\ hDC e<f >
7>e<7 D g>i V^\:7U<]fa7>f 6 V?\ d \NZ�V � V97`\ 7`i 6 e:LaZ�dS[$7 LG� [ h V^fMe<7 � ^)H- \�d;7?e h \ 6`6 Z 6 c:� D?:�������� � � � /5L 1�J ! % % d \NZ�V 6 � i h 7`fI7`\�\W7 _S`@+;:�������� � � ��� J I5����� � L � I$#%� J #�#! % %�H�� L)� f! �P9\:7#"?\IoKLM\$ >e% D g>i V^\�78<]f� =f�"U< \ V^\�< d eR7`\�L f� �V87?e#g>Z>fbV \
 _�`,+'&��������]dS[$7b� � ��� J I5����� � L �! % %( >\Ld)\WZ=V dS[%" � V97?\ g=i h 7`fMV \
 �c:� D)&���������dS[$7 � � � /9JI1�J ! % % h [$7�fNLS\
 I.<\
 >g�7?\LZ( =\�[ h V^fMe* ]f! DV?\:7# >\
� H \ \qLj[ d e*"?\Qg>e% h Z( d�7`e>�+Ld=:<]\�Lae$7)"rODZ>\�LG� e* P<\WZ=V+"?d i h f aS\�7 Z( h eR<]d eR7`V?\:<]\� �VB[%"#"?e h fa[% �V g>Z
 >e* D g>i V^\:7U<]f� >f!"8<]\BV^\:<]d eR7?\qLH[_P<\ h Z( hDC e<fW>jH
� e<Z;7 fNLMLaZ,"`V97`\:7�La[�g>f 4.i�7?\� h \+"?Z|��V^fMLa\-\
 DV87?\ LM\�"-"`i:< [% �V^fMODZ>\�"�g>\ h \
" g>\NZ�>."?eILaZ=V?fae% ("�o h e* ("`fag>i D7?e% (" Lj[+aI.<Z�7?\ =IH?=^Q ODZ>f�g>e* ( >\ LM\/" � "`V8=:<]\]g>\�V97?[% ("`fMV?fae* ,"Bi V^fMODZ>\WV?iN\�"+\ - �10 ^�[%"#"?e h fMi B�hDC [IODZ>\

\b>�\�< d@La\/"`d)i h f aSiIH 5�[% (" LM\�" - �10jo�LM\�g>e9Z|�+LM\ h \�7 h LM\�f! >g>fMODZ>\�L)� iWV^[ V8f! >fbV^fa[ILio�LM\�"�V87^[% ("`fMV?fae% ("�J�f� D
g>fMODZ>\� �V Z( >\]d�7?e5.R7?\
")"?fMe* &g>Z V^\�< d,"�o@\WVpLM\�"-V97?[% ("`fMV?fae* ," � � � ��\WV � �32 ��f! >g>fMO#Z=\� �V LG� e hWh Z�7U7?\� h \
g>\
"�[ h V^fMe* ("Lf! DV?\:7# >\�" � \WV 2 H

_�`,+'&�������� c D)&��������
4 / F , ��> 3 / D
5�6 ' ,qD87G( A ��BA � -M1 ' 7 * 8B9 36-N1 ' 7 * B

4 / F , ��> 3 / DA 5�6 ' ,qD87G( A ��B9� -�1 ' 7 * B8B9_A 5�6 ' ,�D87G( A ��B�36-�1 ' 7 * B

4 / F , �@> 3n/ D";:9�
<2- AA �2-�1 ' 7 * B8B9
A 36-�1 ' 7 * B
B

4 / F , �@> 3 / DA ";:D�=< ->�2-�1 ' 7 * B8B9
A ";:D�=< -T36-�1 ' 7 * B

i(a)
i(a)

i(b)

i(b)

t

i(a)

i(b)i

i
t t

i(a)

i(b)

i

i
i

i

[2^ � ^ h ^0�@BA
C =:HP=^Q D@? [ Z [ Q \ Q5UBA [ � X��
V \ XDC�E(F*G�H�IKJ�LWL�M X�V1NPO L=Q

-SR aI.*T�7)U =IH?=^Q RWV LML!T("#X87)U L)�YT,X V L V " R X V!Z  \[(U LG� Z*]�^ 7 R X=U
T�7_[(U L R X=U
 (`�U$o R P*U
`a[,U�T?>\" ]b^ ` V ac` R X V!Z  ("
[ ^ `:7 V P R  8X L!U < � <dUe` Z < ]bZ 7#X=U�<dU� 8X \iLG� Z*]b^ 7 R X)U�T�7f[(U L R X)U� (`
UeU�"gXh[ V "#X87 V �(T,X V � P V "YD B D
P V "f[(U LG� Z%]b^ D7 R X=U�T;7i[(Uh` C Z*V > ^)H \ U ] 7 Z `�U�"#")T(" ] 7 Z*]�Z ")U$o R%] 7U=�"-T( j[ ^ L RkV  Z  .[ ^ X=U�78< V  V "gX=U$o�[,U�T?> R `
X V�Z  ,"ilWU�Xw B " Z  DU
 �P V 7 Z  , (U:<dU� 8XUOmT V [,UqP�7 R [ ^ ` V [,U:7 L R O�T(UqLNL!Un` C Z*V " V 7�H



��� �������
	��
����	��������������
�����������
��������������������������� �����
	
	 ��	
�

- U_` Z < ]�Z 7#X)U:<dU� 8X-Uc> ] 7 V < ^ [ R  ("RL R a
.%T�7)U =IH?=^Q��WU�"gX�L ^ .R=�7)U:<dU
 �X [ V 4 ^ 7#U� 8X ] T V "rO�T(U L!U_[ ^ L R%V
] 7 ^ ` ^ [ R  8X L�U
" Z 4 7)U
"S[(U � � � � Z T � �g2 �- ��YU�"gX ](R " ` C Z*V " V�V  ([ ^�] U� ([ R <^<dU
 �X ]bZ T�7XL�U
" [,U�T?> R `�X V!Z  ("qo< R%V " .IL Z � R L�U�<dU� 8X_o [ R  ,"1T, (U ^ X Rk] U ] 7 ^ ` ^ [(U� 8X)UIo ]cR 7�LG� Z*]�^ 7 R X=U
T�7 � /! ;1+H
� Z T;7 R "#")T�7#U:7 `�U�X)X)U V  ([ ^
] U
 ([ R  (`
U Z  ]�Z T�7U7 R%V X-X=U
 �X)U:71[(U+[ V "#X97 V �,T(U:7 L�U+[ ^ L RkV  Z  j[ ^ X)U:78< V D

 V "#X)Ue")T;79` C R `
T( (U [,U�" �;7 R  (` C U�"_[(T ` C Z*V >�o�` Z <^<dU Ub> ] 7 V < ^ [ R  ,"UL R a
.*T;7)U =IH?=^Qk`IH�"ZL R%](]cR 7 R$# X
R L Z 7)" O�T(U L!UW` C Z*V > U� 8X97#U � U�X 2  ��YU�"gX ] L!T(" � R%V X ]cR 7 LG� U
 P V 7 Z  ( (U:<dU
 �X�ou< R%V " L Z ` R L!U:<dU
 �X�o ]cR 7
LG� Z `�`
T�787#U� (`
U [(U�LG� T, (U Z T LG� R T,X97#U+[(U�" R `
X V�Z  (" � ] L R ` ^ U�"1")T�7 ` C R O�T(U���7 R  (` C UIH-� R 7 ` Z  ," ^ O�T(U
 8X_o
")U
T+L!U LG� T, (U+[(U�" R `
X V�Z  (" � Z T 2 U�"gX Z 4�U�7#X)U B LG� U
 P V 7 Z  ( (U:<dU
 �X�H

\ U�` V V LML�T("gX97#UnT, ] 7 Z �+Ld=:<dUhX C ^�Z 7 V O�T(U ] L!T(" . ^  ^ 7 R L!� V L�Ub> V "gX=UnT( (U*� V " V <eT@L R X V�Z  � R%V �+L!U ]bZ T;7
_�`&%'&�������� Z 4 7 R  8X L�U
" < � <dU ] 7 Z*] 7 V�^ X ^ "_[(Ue` Z  I.R7#T(U� ,`�UbO�T(U(' R " V `a&�������� o�`�U O�T V  7� U
"#X ]cR "
L!Un` R " ]bZ T�7*):� D)&��������g\ T( (U ] 7#U�T@P%U U
"#X ] 7 Z%]bZ " ^ U+[ R  ," � \ [ B 
�^ � ^)H
� R 7 R%V LML!U�T�7#"�o&LG� Z%]b^ 7 R X)U�T�7 � /5L 1j �� U
"#X ](R "9X97U=�"_" R X V " � RkV " R  8X_o [��YT( (U ]cR 7#X_` R 7 V L V  8X97 Z [,T V X_T( 

]cR 7gX V `�T+L R 7 V "U<aU [ R  ," L R " ^ < R  �X V O�T(U [(UsLG� Z*]�^ 7 R X=U
T�7j[�� Z 4 7#U L V < V X ^ U [ R  (" L!U X=U:< ] " � � ' /5L 1-% %
o
U
X$[�� R T,X87)U ]cR 7gX$` R 7 V L�. Z  ,+cU R 7#X V ac` V UqLNL!U:<dU
 �XnL�U  Z <���7)U [(UjX97 R  (" V X V!Z  ("aU
X$[�� ^ X R X="a[(T - �10
U� V  8X87 Z [(T V " R  8X `
U�"nX97 R  (" V X V!Z  (" �  Z  " Z T C R%V X ^ U
"�H �1 q7#U ] 7 Z ` C Ua" V < V L R%V 7)U R P R%V X ^ X ^ � Z 7U<eT+L ^
[ R  ," � - - 
FU)� B LG�YU� (` Z  8X97)U [(U LG� Z%]b^ 7 R X)U�T�7 ���  ,- � ��� � L ��o ` R 7 V L� ^ `
U�")" V X)U�LG� R @ Z T,Xd[��YT( ] 7 ^ a;>PU
]cR 7gX V `�T+L V U:7 ]�Z T�7i[ V "#X V  ;.*T(U:7 L!U�" R `�X V!Z  ("-` Z  (`�U�7) ^ U�" Z T. Z  ](R 7�L R L R X)U� (`
U \ R X#X97 V �(T,X)" N X Q P$Z T
A�V \�[ � L ^ [ R  (" L�U�< Z [�=�L!Uh" ^ < R  �X V O�T(U+\aP Z*V 7RL�U
" a
.*T�7#U�" =:HP= �eU�X =:H?= U ^)H/. Z T," R P Z  (" ^ L V < V  ^ `
U
X)X)U
`:7 V X V O�T(UhU
 R ")" Z ` VBR  8X-[,U�< R  V =�7)U_Uc> ] L V ` V X=U B LG� R T,X Z < R X)U9X=U�< ]bZ 7#U�Lb[ ^ 7 V P ^ [7� T( ,Uh" ]�^ ` V ac` R X V!Z  _�`&%'&��������a"#T�7pL�UqOmT,U�L "��YUA4bU�`�X=T(U�7 R LG� R  R L � "#UW[�� R `
`�U�"#" V � V L V X ^ ` Z  ([,T V " R  8X R T - �10 R "#" Z ` V!^ o T( 
[ Z < R%V  (UjX=U�< ]�Z 7#U�L-[��YT�7 .%U� (`
U  (Uj ^ `�U�"#" V X R  8X ] L�T(" L R [ V "gX V  (`
X V�Z  U� 8X97#U R `�X V!Z  ("dT�7 .*U� 8X=U
"WU�X
R `�X V!Z  (" Z �("#U:72P R �@L�U
"�H \ U ]�Z*V  8X ")U:7 R$R � Z 7#[ ^ U� [ ^ X R%V L�[ R  (" L!U ](R 7 R .$7 R%] C U =:H]��H]�@H
02143 57698�:<;=6?>�:A@(B 6DC(E*FHGJILK�MONQPRNTS

)  jX R  8X O�T(U L R  I. R .*U � ZVUXW U�Lio _�`&%'&�������� ] U UXW U
X [,Uh[ ^ ` U)VYU U+T( ." � "gX[Z W Un" R  ," R\W � V .*T,];X ^ H
-SR " ]b^ ` V ac` R X V!Z  ] U�T,X � X U U1UA^ ] L Z*V X ^ U$o B [(U�"�ac ("�[(U 0 Q5^ UGSTQ5V)U [ �6o B [(U
T/^a V P*U R T/^@�PU� jA�UWZ V ^PQ5VGU [ �
U
X1U
 0 ;�\ U _i� Q5VGU [ �6H -SR a
.%T U U =:HP=�` V LML!T("#X U UpL�U
"f[ V P*U U "#U�"fX)U�`ba( V O�T(U
"_[(U P R L V [ R X V�Z  ]�Z ")" V �@L�U
"f"#T U
T( (U+" ]b^ ` V ac` R X V�Z  _�`&%'&��������:H

- � Z TPX V Ldce � \gf X Q5^ihkj UWZ Xj&��������Rl�Qem []\ Q5V []\on ^ Rj^ X ^pU)^�R L V " ^$]cR\U9q Z ��U U X ZTr&sut�vxwzy|{(} @ %
~ y @�s�� H - U�" Z T,X V L!"   �
� �<� U
X   �e�!� c;� � � � " Z  D[(U
"f` Z  8X U#V �(TPX V!Z  ("1[(U+`�U
X#X=UhX[a,Z�")U$H

_J`<c ` _ � j n tw� hOlij vkq
-SR " VYW T+L R X V!Z  ] U U4W U�X+[(U U#^ R L V "#U UgV �7X/Uo^ ^ `�TPX V!Z  ]�Z "#" V �+L�Ue[(T " � "#XXZ W Ud" ]�^ ` V a ^ H�' V U� U� D

X=U
 ([(T&oS`
U�L R  (U ] U�T,XnU
 R T,`�T( ` R " R%],]bZ!U X=U U L R.]�U U
T@P*U � Z!U4W UqLNL!U OmT,U L!Ud" � "#XXZ W UWU
"#Xn` ZVUXU U
`
X�o
WaR%V "n`
U�L R Z 4 U UdX Z T,X+[(U W � W U B L)� R T,X)U�T U [(U L R " ]b^ ` V ac` R X V!Z  T( `�U U X R%V  [(UA. U)^ [(Ud` Z  a R  (`
U
[ R  ,"�L�U_" � "#X[Z W U " ]b^ ` V a ^ H��fU ] L�T,"�ocT( .T,X V L V " R X)U�T U R P*U U X V o RkV [ ^ [7� T( jU
 �P VYU)Z  , (U W U� 8X1[(U_X U=R P R%V L
R [ ^ O�T R X_o>U� W U
 R  8X.[(U
"W" ^�U)V U�".[(UD" VYW T+L R X V�Z  ," R P*U�` ` V�U ` Z  ," ] U�`
X V�Z  &o ] U�T,XW[ ^ `
U�L!U U [(U
"W` R "
[��YU U4U U�T U o-O�T�� V L ]�Z T UXU)R o([ R  (" T( D[,U�T/^ V Z W U X)U Wd] "�o V [(U� 8X V acU U � ZVUXW U�LML�U W U� 8X_H



��� ��� �
�G"G� �).N" 5�	_���������
	���
�������� �k�

Spécification
RT−LOTOS

Traduction

DTA
Automate temporisé

d’accessibilité
Analyse

Traces

− pas à pas (debug)
− intensives (mesures)
> observateurs

Graphe de régions

− analyse
> observateurs

Kronos
Automate

model−checking (vrai/faux)

Traduction

vérificationsimulation

Simulation

[dtasim]

[dta2kronos]

[rtl] [rtl]

[rtl]

(répartie)Simulation

�S@BA
C =:HP=�` D��
Q5^ UGSTQ5V)U [ � Q��5X'�f_�`&%
&��������
� R  ("�� R W U�"#T U U Z�� `�U  7� U
"#X . ^  ^<U)R �!U W U� 8X ]cR " V �7X " VYW T�� R X V�Z  �o WaR%V "WT( X��,A#X�Zpm�^_XNS X

A�UWZ V ^PQ5V)U [ �,A o� �T VS] U U4W U�X9[,UnX V�U U U [(U�"1` Z  ,`!�!T(" V!Z  (" ]�U)Z � R  8X=U�"qo V �S` Z  �" V U� 8X_[,U�� V U� $#;Q \ Q5Z�%�V \ X \
� R " ]b^ ` V ac` R X V�Z  &o R ac [,U ]�Z T�" Z*V�U U�4�U
`
X=T,U U [,U�"a" ^<U#V U
"W[(U " VYW T�� R X V�Z  ("$U
 � R%V " R  �X&" RVU)V U U [(U
"
]cRVU)RVW Z
X U U�" \ U� ]cRVU X V `
T�� V U U [(U
" ]cRVU=R\W Z�X U U�" X=U Wd]�Z!U U'��"?^)(

-SR X=U�`ba, V  �T(U [(U�" VYW T�� R X V!Z  ] U UXW U�X [�� R%](]�U#^ a(U
 ([(U U �!Ui` Z!Wd]bZ!U X=U W U
 8X [(T/" � "#XXZ W U " ]�^ ` V a ^ o
" Z%V X$[(U W$R  V Z U U>.�� Z � R �!UDU
 U�4�U
`
X=T R  8X [(U
" W U�"#T U U
"�\ B [ V 4 ^�U U
 �X)"W V "*U R T/^ [(U>. U=R  �T�� RVU#V X ^ ^)o
" Z%V X>[(U WaR  V Z U U ] ��T("�� Z ` R � V " ^ UfU� TPX V � V " R  8X�` Z  +* Z%V  8X=U W U� 8X-[(U
" ]�U#Z `
U�")"#T(" Z �,")U U " R X=U
T U "i` Z  IF
T("
]�Z T U
U U ]b^�U U U T, [ � " � Z  (`
X V�Z  ( (U W U
 �X ]cRVU X V `�T�� V U U (-,_ R%](] U!�.��U Z �("#U U " R X=U�T U T, ]�U#Z `
U�"#")T("/ �T(U
�G� Z  0" R [ ^ ` U#V�U UdU� _S`�%'&��������dU
Xn` ZVWa]�Z "#U UnR "*U�`1� R " ]b^ ` V ac` R X V�Z  [(T " � "#XXZ W U5� `�U ]�U#Z `
U�")"#T("
R ]bZ T U " Z ` R X V�Z  [7� Z �,")U U "*U U �!U." � "#XXZ W U R T U U�. R\U [ [��YT( (U ]�U)Z%]�U)V!^ X ^.]�U)^ ` V ")U B " R � V [(U U U�Xd[(U
[ ^ `!�!U� (`ba(U U T( $" V .* R ��-ec c
-�2,c3� Z!U "� �T(U1`�U
X#X=U ]�U)Z%]�U)V!^ X ^ U
"#X4" V�Z � ^ U ]cRVU �!U " � "#XXZ W U�(65 V  (" V o�" V [ R  ("
T( (U X U=R `�U Rk](]cRVU)R$# X7�)� R `�X V!Z  -ec c/-�2/c6o Z  [ V " ]bZ "#U R � Z!U "9[�� T, UA^PU Wd] �!Ud[(Ue[ � " � Z  (`�X V!Z  ( (U W U
 8X��
`�U ] U
 ([ R  8Xf" V `
U
X)X)U R `
X V�Z   ��YU�"gX ]cR " ]�U)^ ")U� 8X)UIo V �� ��YU�"gX ]cR " ]bZ ")" V ���!U [,Un` Z  (`'��T U U�(

\ Z  (" V [ ^�U)Z  ," ]cRVU UA^PU Wa] ��U8� R a
.*T U U =�(]��9: �T V [ Z  ( (U;� R " ]�^ ` V a(` R X V�Z  _�`&%
&�������� [��YT( 
Wd^ [ V T W [(U+` Z!W�W T( V ` R X V!Z  " V�Wd] �!U�( - U+" � "#XXZ W Ue" ]b^ ` V a ^ U
"#X1` ZVWa]�Z " ^ [,Un[,U�T/^ ]�U#Z `
U�"#")T("��

D �  /c
- � �=< � - �  -ec ��T( ]�U#Z `
U�"#")T("> mT V�WdZ [ ^ � V ")U?�G� ^<W U
X)U�T U U
X@ �T V�U)^ R � V ")U ]b^�U)V!Z [ V  �T(U W U
 �X�o
R "*U
`dT( (U ]�^<U)V!Z [(U ]cRVU)RVWd^ X U#^ U ]cR\U � R " RVU#VBR ����U?A,-ec � �  o�T( ,U R `
X V�Z  \[(U/" �  (`ba U)Z  V " R X V!Z  
� 2 < � \ ]�Z T U U �CB []\ Z Q5V)U [ � V �
UWV A#X��
V ^2�

D � -  
� 2 � ��T( ]�U#Z `
U�")"#T("D �T V WdZ [ ^ � V "#UE��U Wa^ [ V T W [(UW` Z!W�W T, V ` R X V!Z  U
X3 mT V U)^�R � V ")UWU� 
� Z T(`'��U [,U�T/^ R `
X V�Z  ("_[(U " �  (`ba U)Z  V " R X V!Z  (" �=<I�#� U�X �=< �F2  DU�" ](R ` ^ U�"+[��YT( [ ^ � R%V " R\U)V�R ���!U
`ba Z%V " V XDU� 8X U U  \�7�#� U
X  V� �FG o ]�Z T U=U U ]�U#^ ")U
 8X=U U ��U � R%V XH �T��YT( W U
")" R .*U U
 8X U U [ R  ("I�!U
Wd^ [ V T W U�"#X U
 U U�"#" Z!U X R T � Z T,X-[��YT( .X=U Wa] " ] ��T(" Z T WdZ*V  ("J� Z  I.P\ [ ^ � R%V [(U_X U=R  ," ]�Z!U X U�X
. V .*T(U�^)(



��� �������
	��
����	��������������
�����������
��������������������������� �
	���

	 	�	
�

����� 7��
	��37 6
� �
��� �d���/���,� � ��� ��� � �
� ���
���

� � 4 6�� �����
�
4 � � � "B )��%"! "  6��� �#�
5 � �%$ �,(0"'& �(� 	(�*) < � � �
� � �'�

%�)?(
����+ �4%'�K	6�,�#( . "B )��%>1 � �"! $ �/(�",& �-�
. 8 "B )��% 9/.
+-� �/"G *+ . "B )��%0!$"  6����1 � �F�
� � �
!1�e� � �
�0�

2 4 � � �

� �3�(7 �4��� %5)?(
����+ � %'�K	6�,�#( . "B �4%21 � 	6�\	(�*)7! $ �/(�"'& �(� 	,�*)8�9� �"� ��� � � � <"B )��%
:e�8<;:�	�- � � 5 64< � $ �/(�",& �=� %�)?(
����+ � %'�K	6�,�#( . "B )��%21 � 	�>+�4! $ �,(0"'& �?�
� �@� � �A�87

� �3�(7 �4��� +-� ��"  B+ . + �
"Y	C!�+ ��&? D),1 � �*+!" 	E!]�F+-�5GH� 	(�B)��I� �"� ��� � � � <
+ �)" 	4J�GK�
	(�*) - � � 5 64< � ��+=" 	L!d�F+-�MG��N+!��&? D)4:OG�-
+-� ��"  *+ . +!�
" 	K!P+!��&? D)#1 � ��+=" 	L!d�F+-�MG��

� �@� � �A�87

� �
� �M�Q� 7

��@BA
C =�(]��9 DSRUT X�Z7#�^_XWV Z�% S5U V Z S X � [ Z Z V �
U � Q5V)U [ �

-SR a
.*T U U =�("� = V � �!T("gX U U [ V 4 ^�U U� 8X)U�"7"mT(U
" Z 4bU U X)U�" ]cRVU�V �7X " V�W T�� R X V!Z  [(T Wa^ [ V T W [,U ` Z!W D
W T, V ` R X V!Z  6�-� R X U)R `�Ua[(U�" ^ " ^  (U W U
 8X="�X Z `�`
T UXU U� (`
U�" [,U�" R `
X V!Z  ("n")T U [(U
"?� V .* ,U�"+X=U Wd]�Z!U U'� �!U�"YX
W U�"#T U U
"1[,U_[ V 4 ^�U U� 8X)U�"-` R\U=R `�X ^<U#V "gX V  �T(U�" [(T." � "gX[Z W U+( - U ac`ba V U U [(UfX U=R `�U�"�U�"#X . ^  ^�U)^h]cR\U �G� Z T D
X V � c! � ( 0PT U � Rj],U U WdV Z U Ua` Z � Z  ( (U R%](](RVU=R$# X � R [ R X=U/[7� Z `�`
T UXU U� (`
U$[(U �G� R `
X V!Z  V  ([ V  mT ^ Ua")T U � R
[(U
T/^ V Z W U/` Z � Z  ( (U+( \ U�X)X=U R `
X V�Z  ] U�T,X � X U Ue" Z*V X9T( (U ]�U)Z . U U�"#" V!Z  X)U Wd]bZVU U!�.�!U�X�" Z*V X_T( ,U R `�X V!Z  
&���������X  �T V X B X V X U UD[(U [ Z `�T W U
 8X R X V�Z  ] U
T,X ` Z!Wd]bZ!U X=U U$] �!T(" V U
T U " ],U)^ a/^,U
"�� � � � � V  ([ V  �T(U
 �T(UD�G� R `�X V!Z  � U�"#X_T( (U R `�X V!Z  V  8X)U U  ,UP\ X � ](V  mT,U W U� 8XDX�U'� �!U R ^ X ^ V  �X ^<U#V�Z!U#V " ^ U R "*U
` �)� Z*]�^<U=R X=U�T U� �] - ^fU
Xn[ Z  (`dT U .*U
 8X=U�X�Z�[ � \ ]�Z T U]\ X QB^ ^ V  ([ V  �T(U1 �T(U �G� R `
X V!Z  � "��YU�"gX ]�U)Z [(T V X=U B T( (Ud[ R X)U
R  8X ^�U)V U�T U U B " R`_�Z  ,Ue[��YT U .%U� (`
U \ X � ](V  �T(U W U� 8X�X�" Z  T U .*U
 (`�U Ra^ X ^ U U'�B�%`ba ^ U ]cR\U T( [ ^ � R%V  Z  
[ ^ X=U U4WdV  V "#X)U/^�( -SR X U#Z*V " V Z W U_` Z � Z  ( ,U9[(Tgac`ba V U U [(UfX U=R `
U9 �T Wd^<U#Z X=U �!U�" ^ X R X="i[,U7� R " VYW T�� R X V�Z  
(
- U�" [(U
T/^ R T,X U U�"�[ V�R . U)RVW�W U
" " Z  8X ]�U)Z [(T V X=" ]cRVU [,U�"�")` U#V�] X=" \ ^ "%U� 8X=T,U!�.��U W U
 8X-[ ^ a( V " ]cRVU �G� TPX V D
� V " R X=U
T U ^4 �T V U=R*a  (U
 �X � R X U)R `�U9[(Uh" VYW T�� R X V�Z  ]�Z T U U� j[ Z  ( ,U U [(U
" "mT(U�"  �T(U �G� T,X V � V " R X)U�T U *gTI.%U
] �!T(" ] U U X V  (U
 8X=U�" Z T ] �!T("f" �  �XXa ^ X V  �T(U
"!(

. Z X Z  ("  �T(UI��U
" W U
")T U U�"aUA^ ]bZ " ^ U
" V ` V ` Z T�" U U
 �X V �7X ")U�T���U " VYW T�� R X V�Z  
( " ��U�"#X ^ . R ��U W U� 8X
]�Z ")" V ���!U�X R T WdZ � U� d[(U�")` U#V�] X="�Xk[��YUA4bU�`
X)T(U U [,U�"�A % \ UEX'Ai[,Ui" VYW T�� R X V�Z  ," U� � R%V " R  8X�" RVU#V U U `
U U X R%V  ("
]cRVU)RVW Z
X U U�" \ ](RVU UA^PU Wd] �!U � R " RVU#VBR ����UJA,-ec � �  ^5XmU
X>[(U W U
")T U U U ��U
"�` Z!Wd]bZ!U X=U W U
 8X=" V  ([(T V X)" ]cR\U
`�U
" ]cR\U=RVW Z
X U U
"!(�b RVU UA^PU Wd] �!U�X [ R  (" `�U
X#X=U$" ]�^ ` V ac` R X V!Z  �X T( (U&" R ��U
T U [,U1A,-ec � �  X U)Z%] ` Z T U X)U
]cRVU
U)R%](]�Z!U X R T [ ^ � RkV [(U/X U=R "%U U " ^ U$[(T Wd^ [ V T W X W U
XnU
 [ ^ � R T,X/�!Ua" � "#X[Z W UW` R\U X X=U'�  �T�� V � U�"gX
WdZ [ ^ � V " ^ X T( ")U�T�� W U
")" R .*U B � R � Z*V " ] U�T,X-X U=R  ," V X=U U [ R  (">�!U Wd^ [ V T W (



��� ��� �
�G"G� �5)N" &�	_���������
	���
�������� �!�

�������	��
���
������������������ ��� 
������ 
!
����"���#�$�&%#' �&���������

(�)+*�, - .�/�)�0�1 23/	43/	,5 )768)89 :	;3< 5	= > ?5 ?A@	5�5�5 B?A@	5�5�5 C�DE?�? F?HG�DE?�? I7J )768)89 :�K&< 5	= > @?HG�DE?�? ?H5E?HD�G CF�5�5�5�5 )768)89 :	;3< ?�= > LF�5�5�5�5 ?A@	5�5�5 M@�@	5�5�5 B�D�G3@ D@	L�D�G3@ I7J )768)89 :�K&< ?�= > G@	L�D�G3@ ?HFE?H5�L ?H5L�5�5�5�5 )768)89 :	;3< B	= > ?�?L�5�5�5�5 ?A@	5�5�5 ?HB
N�N�N

-10

0

10

20

30

40

50

0 1 2 3 4 5 6 7 8 9 10

U
ni

ve
rs

al
 T

im
e 

(s
)

Universal Time (s)

Period
Cumulative error

OQP R&S	T�UWV+T3XZY�[	\+T�]^] T�U

0

iu_s

0

0

1

30000

2

60000

3

90000

4

120000

5

150000

6

180000

7

210000

8

240000

9

270000

10

300000

11

330000

12

360000

13

390000

14

420000

15

450000

16

480000

0

iu_d

0

16962

1

46451

2

74042

3

109052

4

139689

5

167552

6

199279

7

225310

8

256187

9

287119

10

314092

11

349670

12

374231

13

406856

14

437662

15

464505

16

499579

��_8`ba =�("� =dcfe2UWZ V ^PQ5V)U [ � S V Z�% S5U V Z S X/� [ Z Z V �
U � Q5VGU [ �

gihkjZl!monHp   �/�rq �
- Uh")`ba ^�W$R [(U � Rts .*T U U =�(P=�` ]�U#^ ")U
 8X=U+[(U�T
^ R%](]�U#Z `ba,U�" ]�Z T U U#^ R � V "#U U T( ,U_X U=R `�Uh[(U_" V�W T�� R D

X V!Z  vu*" Z*V X [(U ] T V " � R " ]�^ ` Vks ` R X V!Z  xw�ydz'&${"|}{�~ ]cRVU UA^ ^ `�T,X V�Z  d[(UJ� R " ^�W$R  �X V  �T(U Z*]�^<U)R X V!Z  ( ,U!�.��U*X
" Z%V X1[(U ] T V "fT( R T,X Z!WaR X=U_X)U Wd]�Z!U)V " ^��A���r��� [ ^<U)V " ^ [(U � R " ]b^ ` V�s ` R X V!Z  �w�yd�'&�{�|}{�~�(

-$� Z TPX V ��c! �� ] U UXW U�X [ � U�4�U
`
X)T(U U � R " VYW T�� R X V!Z  j[(U ] T V "@� R " ]�^ ` Vks ` R X V�Z  �w�yd�'&�{�|}{�~$u�� � R\U � U U
" ^�WaR  8X V  mT,U.[(U�� R " ]�^ ` Vks ` R X V�Z  U
"#Xe` Z  ("gX U T V XeU
X V  8X=U U)]�U#^ X ^.R T�� T U U
X B W U�"#T U U+( \ U�" Z*]b^�U=R D
X V!Z  ("h" Z  8Xn` ZW� X)U�T("#U�"+U� \X=U Wd] " W$R `ba V  ,U�(;b R\U ` Z  (" ^  �T(U
 �X�XS Z T(" R " Z  ,"n[ ^ "*U'� Z%](]b^ T( ,U R T,X U U
R%](],U)Z `ba(U�(

-$� Z TPX V � c! ���X B [,U�" s  ("+[(U " ^<U#Vks ` R X V�Z  "X ] U UXW U
X+[(U X U=R [,T V�U UD� R " ]b^ ` V�s ` R X V!Z  [ R  ("hT( R T D
X ZVW$R X=UDX)U Wd]�Z!U)V " ^ R%](] U!� ^f���r��� " Z*VYUW]cR\U=R . U)R%] a(U =�( ��(]� � ( -$� V [ ^ U R [ Z  (` ^ X ^ [ � Uo^ ] � Z*V X=U U `�U�X
R T,X Z!WaR X=U ]bZ T U U#^ R � V ")U U [(U � R " VYW T�� R X V�Z  (�5 V  (" V  Z T("�� ^  ^Qs ` V!Z  (" U
  �T(U!�. �T(U " Z!U X=UD[ � T, (U
` ZVWa],V � R X V!Z  [(U � R " ]b^ ` V�s ` R X V�Z  (

�  Z T,X V �PX R%](] U!� ^t�  �
��q � X Ra^ X ^2U)^ R � V " ^ X ]�Z T U VYWa] � ^�W U
 8X=U U � R " ^�W$R  �X V  �T(U [(U�" R T,X Z!WaR X=U
"
[(UhX � ] U ���r� U
X ]�U#Z [(T V�U UnT, (UhX U=R `�U+[(U+" VYW T�� R X V�Z  V [(U� 8X V  �T(U B `
U!�.��U ]�U)Z [(T V X=U ]cR\U � �YZ T,X V ��c! �� (
�  . R%V  [(U ] U U � Z!U4WaR  (`�Ua Z X R ���!U B ^ X ^WZ �("#U U " ^ u ��U U=R%](]�Z!U X WdZ � U
 [(U�"nX=U Wa] "e[ � UA^ ^ `
T,X V!Z  
U� 8X U U+T( (Uh" V�W T�� R X V!Z  ](RVUb�  �/�rq � U�X ]cRVU c! ��dU�"gX [(U � � Z!U [ U Uh[,U�� B ��9C9 U� x� R "*U
T U [(U �  �/�rq � (

\ U
X#X=U R%](]�U#Z `ba(UjU
"#Xa[ Z  (` X U Z
"a` Z  (`'��T R  �X)U�X WaR%V "aU'� �!Uj[ Z*V X��
X U U WdZ [ ^�U)^ U ](RVU ��U
"&� VYWaV X=U
"
[(Upc! ��E" V "YD B D�" V "+[(U � R . ^  ^<U)R X V!Z  [(T ����� U�")"#U� 8X V U!�.�!U W U� 8Xd")T U [,U�T/^ R " ] U�`
X)"!(o� Z T,X+[ � R � Z!U [�X
� � Z*]�^<U)R X=U
T U w�yd�'&�{�|}{�~ [(U ` R%] X)T U U X)U Wd]bZVU U!�.�!U��  �Y^ X R  8X ]cR "@X U=R [,T V X@[ R  ("8�!U ���r� X3��U
"
" ]�^ ` Vks ` R X V�Z  ,"E mT V � � U Wa] � Z*V U� 8X.U�XE �T V1] U
T�"*U
 �X���X U U " VYW T�� ^ U
" ]cRVU � � R%](]�U#Z `ba,U X U)R [ V X V!Z  ( (U'� �!U
� Uo^ ^ `�TPX V!Z  [ VYU U�`�X=U [,U�" R `
X V!Z  (" " ^�W$R  �X V  �T(U
"�w�yd�
&�{�|}{�~ R "*U�` ce �� � Xa (U " Z  8X ]cR " R%V  (" V



� � �������
	��
����	��������������
�����������
��������������������������� �
	���
�� 		��


" VYW T�� R ����U
"�[(U ] T V "4�!U ����� ( )  ("#T V X)U�X�`�U U X R%V  ,U�"�" ]�^ ` V�s ` R X V!Z  ("� Z  � ZVU  ^ U�" ] U
T�"*U
 8X Z `�` R " V!Z  ( (U U
T( (U X U=R [(T,`
X V!Z  U� �����  mT V  ,U "#U X=U U4WdV  (U ]cR " � X � ](V  �T(U W U� 8XDX1� Z!U "� �T � T( ],U)Z `�U�"#")T(" U�"gX
]cRVU)RVWd^ X U)^ ]cRVU T( (U " RVU)V�R ���!U@[(U X � ] U V  s  V X9X)U!�3 �T(U:�!U ]�U)Z `�U
")"#T(" �  /c
- � � < � -
� � -ec [(U � R
" ]�^ ` Vks ` R X V�Z  ],U)^ ` ^ [(U
 8X=UE �T V U U
� Z T(`'��U U)^ `
T U " V "%U W U� 8XaU
X  �T Wd^<U#Z X=U �!U�" ]cR  �T(U
X)"eU
 �" Z � ^ " ]cR\U
T( U� 8X V U U  R X)T U U'� � X�U
X  (U$" Z  8X ]cR "�XSU'� �!U�"  Z  ] ��T,"�XS" VYW T�� R ���!U�" [(U ] T V " ��U ���r� X R � Z!U "/ �T � U!�.�!U�"
] U�T�"%U� 8X7� � �
X U U ](RVU � � R%](],U)Z `ba(UhX U=R [ V X V�Z  ( (U!�.�!U�(

b RVU RkV �.��U
T U "YX=� �YZ T,X V � �  �
�rq � R [ Z  ( ^ � V U�T B T( (Uh[(U
T/^ V Z W U/"%U U " V�Z  ] U U4W U�X)X R  8X [(U U)^�R � V ")U U
[(U
"9" VYW T�� R X V�Z  (" U)^
]cRVU X V U�"9"#T U9] ��T(" V U
T U " W$R `ba V  ,U�"�� \ R "[`V`��Wu � R " ]�^ ` Vks ` R X V!Z  .�� Z � R ��UnU�"gX R � Z!U "
[ ^ ` Z T ]�^ UdU
 ] ��T(" V U
T U "n" ]�^ ` Vks ` R X V�Z  ," V  ([ ^
] U
 ([ R  8X)U�"�X WaR%V "  �T V�] U�T�"%U� 8Xe"#U/" �  (`ba U#Z  V ")U U "#T U
[(U
" ]�Z!U X)U�"�[ � V  8X=U U=R `�X V!Z  (�b Z T U `ba R `
T( (U9[ � U'� �!U�"YX,T( �r�r� U�"gX�U
 I.*U
 ([ U)^ ( \ a R  mT,U ���r� U
"#X>" VYW T�� ^
")T U T( (U WaR `ba V  (U-[ ^ [ V!^ U+( - U�"�" V�W T�� R X=U�T U " ")U�" �  (`ba U#Z  V ")U� 8X�U� 8X U U-U�T
^ ]cR\U � � V  8X=U U4Wd^ [ V�R%VYU U-[ � T( Z Q
�WV \ X ( \ U
X)X)U R%](]�U#Z `ba(U R WdZ  8X U#^ " Z  V  8X ^�U ��X [ R  (" ��U/` R "+[(Ud" � "#XXZ W U�"  ^ `
U�"#" V X R  8X=" #
X V [(U
" �  (`ba U)Z  V " R X V!Z  U� 8X U U ��U
"f" V�W T�� R X=U
T U " U)^
]cRVU X V "'(

_J`<c `�a � y{f|j����Yh:lij�vkq��.vJfin}mo� ��m
�SR " ^�U)V�s ` R X V�Z  � Z!UXW U!�.�!U�X>X)U!�.��U  mT � U'� �!U U�"gX WdV "#U U� ��+T�" U U R "*U�`�w�yd�
&�{�|}{�~4X�` Z  (" V "#X)U��

UA^ ] � Z!U U U � � U� ,")U W ���!U$[(U
" � [ �k_ � V \"! VGU [ �,A �;Z T %�V ! V A#�C^ [ m ! V T �  �T(U �!U/" � "#XXZ W U$" ]b^ ` V�sc^a] U
T,X R X"$
X=U V  ,[ U U [(U ] T V "." R ` Z  s&% T U=R X V�Z  V  V X V�R �!U�( " �f" � R
%*V X.[ � T( (U " ^�U)V�s ` R X V!Z  � Z!UXW U!�.�!U ]cRVU ! � ! ^ n A#X
' ( ! �'��X'A'A*)�m�)W^+)WV % (

\ U
X#X=UhX=U
`ba( V  mT,Ue")U+[ ^�U)Z T���UhU
 D[(U
T/^.X)U Wd] " u � R " ]b^ ` V�s ` R X V!Z  w y �'&�{�|}{�~hU�"gX1` Z!Wd](V � ^ U+U� 
T( R T,X Z!WaR X=UiX)U Wd]bZVU)V " ^ X ] T V " T( ,U R  R � � "#U [ � R `�`�U
")" V � V � V X ^ [(U�" ` Z  s&% T U=R X V�Z  ," [(U `�U
X R TPX Z!WaR X)U
X=U Wd]bZ!U#V " ^ U
"#X U)^�R � V " ^ U R s  ]�U)Z [(T VYU U+T( ,� \"! #&-
X Z�) �&)WZ ! ^ ' ( ! �'��X'A'A*)�m�)W^+)WV % (

n�. /xl}m�j1032�m54 m647098$j1: n<;�=,>�?�@�2&0 n<A l�4CB����r�&.
�$� Z TPX V ��c! �� ] U UXW U�X [(UiX U)R [(T VYU UiT, (U-" ]�^ ` Vks ` R X V!Z  w�yd�'&�{�|}{�~iU� dT( R T,X Z!WaR X=U R%](] U!� ^ �����

�;]�Z T UED n � !
F ) � j�) FHG 'JI V7K�L FM! K ! � (
� `ba R  �T(U % K ! K ' G � L � KONQPSR G [,Uh`�U
X R T,X Z!WaR X)UhU�"gX R ")" Z ` V�^ T( jU
 (")U W ���!U [,U " R\U)V�R ���!U�"J� Z ` R ��U
"

� � `�U�X ^ X R X � U
XT�I" R �!U�T U " [ R  (" � � U� ,")U W ���!U.[(U�" U)R X V!Z  ( ,U!�!"e Z  U$� ^V%8R X V � " �<WYX�� ( \ U�"?" RVU#VBR ����U
"
" Z  �X R%],] U'� ^ U�"#- LSNZR[L � G A ( � U
"@" R �!U�T U "1[(U�"J" RVU)V�R ���!U�"\$ a ZVU � Z]% U�"1` U#Z*V ")")U
 8X9[(U WaR  V Z U Un` Z  8X V  �T(UeU�X
" ]�Z  8X R  ^<W U� 8X R "*U
` ��U ](R ")" R
% Uh[(T X)U Wd] "�X,` RVU ��U_X)U Wd] " ] U�T,X-" � ^ ` Z T���U U � Z!U "� �T(U �!U_" � "gX[Z W U+U�"gX
[ R  ," T, ^ X R X [(U ` Z  �X U_^ �!U [(U � � R T,X Z!WaR X=U+( �$� R TPX Z!WaR X)U�X=U Wd]�Z!U)V " ^�]�U#^ ")U
 8X ^�V ` V U
"#X [ V X ' n � !
F )<` V G
` R\U ��U  ZVW � U U�[ � a ZVU � Z]% U�" ] U�TPX " R\U)V U U [ � T( ^ X R XS[(U ` Z  �X U_^ �!Ua� � � R T,X U U*X ]cRVU�Z*],]bZ " V X V�Z  b�i[ � R TPX U U
"
X � ] U
" [ � R T,X Z!WaR X)U�" X=U Wd]bZ!U#V " ^ " [ ^Qs  V " R "*U
` T( d Z!W � U U s ^PU [ � a Z!U � Z]% U
"  mT V " Z  8X R � Z!U " % � Z � R ��U
"
� X Z T,"@�!U�" ^ X R X="-[,U ` Z  8X U_^ ��U+(

� Ue" � "gX[Z W U ] U�TPX ]cR "#")U U [ � T( ^ X R X9[(U ` Z  8X U"^ ��UJ�$T( R T,X U U R T WdZ � U� [,U K<N ! �,A*) K ) L �,A R X Z $
WdV  �T(U
" �;V (YU�(S[ Z  8X � � UA^ ^ `
T,X V!Z   (Ua` Z  (" Z!W�W U ](R " [,UaX)U Wd] " � ( \ a R  �T(UWX U)R  (" V X V�Z  [(T ���r� U�"gX
^ X V  �T(U�X ^ U ]cR\U u

c�( � U9 Z!W [(U7� � R `
X V!Z  &�{�|}{�~ U#^ R � V " ^ U+(c0 �YV ��" � R
%*V X>[ � T, (U R `�X V!Z  V  �X)U U  (U_`�U9 Z!W U�"gX ]�U)^Qs ^ ^
]cR\U q�d*egf (



��� ��� �
����� �5)�� &�	_���������
	���
�������� ���

� ( � Ue[ Z!WaR%V  ,Ue[(UdA G �,A*)�m�) R )BA ! K ) L �
X( Z X ^�� X ],U)^ ` V "#U ]bZ T U  �T(U'� �!U�">" R ��U
T U "f[(U�"�a Z!U � Z]% U
" � [,U
� � ^ X R X [(U.` Z  8X U_^ �!U.[(U.[ ^
]cRVU X [(UE� R X U=R  ," V X V!Z  � X�� R X U=R  (" V X V�Z  U�"#X/X V�U)R ���!U�( 0 � V �i � � ]cR "
[ � a Z!U � Z
% U�X � U�"gX ZVWaV "�XSU�X � R X U)R  (" V X V!Z  \U�"gXe` Z  (" V [ ^�U)^ U$` Z!W�W Ua")U
 (" V � V � V " ^ UWU
 ] U U4W$R $
 (U
 (`�U+(

��( � Ua[ Z!WaR%V  (UW[ ��VUN � G ��� G X� Z X ^	� X  �T V  (Ua` Z  (`
U U  (U  �T(U��!U�" R `
X V�Z  (" ]�Z X)U� 8X V U!�.��U W U� 8X/T U $
% U
 8X=U�" � ` � U
"#X $\�S$ [ V�U U ��U
" R `�X V!Z  (" V  8X)U U  ,U�" ],U)^�s ^ ^ U�" ]cRVU q dVegf � X ]�U#^ ` V ")U ]bZ T U  �T(U!�.��U
" " R �!U�T U "
[(U
"(a ZVU � Z]% U�"/�!U$X=U Wd] "e (U ] U�T,X ] ��T," ]�U#Z]%!U U
")"#U Ux� ]cRVU ` Z  ," ^  �T(U
 8XDX T, (UW[(U
" X U=R  (" V X V�Z  ("
' L ) K ��X U U. ^ `
U�")" R%VYU U W U
 �XWX VYU)^ U � (�0 �YV �- � � ]cR "d[ � a Z!U � Z]% U*X � U�"gX Z!WdV "YX U
Xd[ R  ,"a`
Uj` R "YX
" V � � R `
X V!Z  U�"#X V  8X)U U  ,U�X-��UaX=U Wd] "  (U ]�U)Z]%VU U�"#")U ] ��T("YX " V  Z  �X-��UdX=U Wd] " ] U�T,X ]�U)Z
%!U U
")")U U
V  ([ ^Qs  VYW U
 8XC(

^�( �SR � V "gX=U �;^ "%U� 8X=T,U!�.��U W U
 8X>" V [(U � [,U�" a ZVU � Z]% U�"�[(U7� � ^ X R X�[(U_` Z  8X U_^ ��Uf[ � R\UXU)V " ^ Uh[(U'" R  8X �
X U U
U#^�V  V X VBR � V " ^ U�"���
�X,U
X1 Z X ^ U
�&(

� ( �SR � V "#X)U �;^ "%U� 8X=T,U!�.��U W U
 8X " V [(U � [(U�" a Z!U � Z]% U�" [(U � � ^ X R X [(U ` Z  8X U_^ ��U [(U [ ^
]cRVU X [,U'" R  8X �
X U U
U U�` Z%](V�^ U�"1[ R  (" �!U�"Da Z!U � Z]% U�" [(U � �Y^ X R X [(U+` Z  �X U_^ �!U+[(U � �Y^ X R X1[ � RVUXU#V " ^ U�X U�Xf Z X ^ U��������3l (

�SR�s&% T U U c�(]�>� V �.�!T("#X U U��!U ����� ` Z  ("gX U T V Xb� ]cRVU X V�U [(U � R " ]b^ ` V�s ` R X V!Z  w�yd�'&�{�|}{�~d[ Z  ( ^ U
[ R  ,"/� R s&% T U U c�("�+9 � U� ]�U U� R  8X/� Rj],U)^ ` R T,X V�Z  [(U U U�X VYU U U �!U ]cRVU)RVW Z
X U U���� � �  \[(T ]�U#Z `
U�")"#T("
�  /c/- � �=< � -
� � -ecQX " R  ("/ �T Z*V X � R " ]�^ ` Vks ` R X V!Z  ^ X R  �X  Z  � Z!U  ^ U�X V �� ,Ua"#U U)R%V X ]cR " ]�Z ")" V ���!Ua[(U
` Z  ("#X U T VYU U+T( ���r� ` RVU c! �� V  ("#X R  (` V U �!U�"J" RVU)V�R ���!U�" � Z!U "-[(U � R ` Z  ,"#X U T(`
X V�Z  [(U
" ^ X R X=" [(T ������� (

q U ],U)^ "#U� 8X R X V!Z  DX)UA^mX=T(U'� �!U�u
��������� �"!�#%$�&�'($*),+
���������-#.!0/1$�&�'($*),+
��������� /"!�#%$�&�'($*),+

21+*�������(+.3024��56$�+
7 ��3�8 7 8:9,;<+<=?><@�A��<B�@,$(#CB�@<�<D�E(@�A��<B�@,$(#*B�@��<D�F�@�A6#G3H/�DI3?#�=
7 #G3�8 7 8:9,;�J6=?><@�A,#�K(B�@,$L/<DME(@�A�/��<B�@,$L/<D���N�������@�A 7 #G3:#�=LDI3O/(=
7 /�3�8 7 8:9,;<+<=?><@�A�2��<B�@,$�#*B�@<2���D�E(@<A�2��<B�@($(#*B�@<2��<D�F�@�A6#G3H/�DI3�#�=

q U ],U)^ "#U� 8X R X V!Z  %!U)R%] a V  �T(U�u

2
c1 c1

1
:=

K={14<=c2} U={20<=c2}

c1
1
:=0 c2

1
:=0

K={c1=30} U={c1=30}

c1
1
:=0 c2

1
:=0

K={c1=0} U={c1=0}

2
c1

c1
1

c2
1

c1
0 0

 2

 1

i(iu_d)i(iu_s)

i(iu_s)

��_8`ba c�("�>� cSRKT G*F # R G ' GQPSR�T



��� �������
	��
����	��������������
�����������
��������������������������� �
	���
�� 		��


� =�� @ nAm�nHj1@���j1:S034rpHp<4 > l �����
0 Z*V X
	 T( U� ,")U W ���!Ue[ �Y^ X V  �T(U�X)X=U
" � Z T R ! m G R A � (
0 Z*V X
�
���<��� W�� ��� 
�� �!Un[ Z!WaR%V  ,U+X)U Wd]�Z!U U'�,XcU�X������������(
�� U
X��! � �����"�#�%$&��(
0 Z*V XO�('*) � �+�-,/. �10 ��2 X �eT, DU
 (")U W43 �!U V  ([(Uo^ ^ [ � a Z!U � Z]% U�" �;Z T65 R[L 55^KA � (
�  ,U ` Z  ([ V X V!Z  X=U Wd]bZ!U U!�.��U U�"gXaT( (U.` Z  +* Z  (`�X V!Z  [ � V  ^�%*R � V X ^ "d[(U$� R � Z!U4W U87 9:,;.<9>= Z��
7�?@= A ZCB X1[(U�A ` ZDB AgX RCB X)UEA9[,UF�  � XcU
XG9H�6�JI�?LKG�8XcU
X�,;."�1�('*)*M�(
N Z*V XPOQ�R�TS� ��U�A�" R �!U�T U A.[(UEA a Z!U � Z]% U�A8,/.'X�U�X � T B U ` ZDB [ V X V!ZDB X=U Wd]bZ!U U!�.��U [ ^�sLB(V U�A)T U ��U�A
a Z!U � Z
% UEA��-,;. �10 KVU"��( �SR<B(Z X R X V�ZDB OTW � A Vg%DB,Vks U  �T(UfX Z T,X)UEAJ�!UEA VXB(^V%8R � V X ^ A-[(U � A ZCB X�Y[Z l 0 �1\
� Z!U A  mT,U � � ZCBQU U Wd] � R `�U/�!UEADa Z!U � Z]% U�A],/. ]cR\U ��U
T U " R �!U�T U O1. (
� =�� @ nAm�nHj1@�^ B_� ?�@�2&0 na`Pb nO0947>C/xl}m�j 092 m�j1@ .
ced !Cf K�L FM! K G K G*F # LSN )hg % ' n d !
F )<` f&G � ��i BcR\WaV `kj V�W U
[ 5fT,X Z!WaR X ZDB �ml G g K f d n h K f # R G
oqp ?sr
,�tvu-,Ewx?syT?@\z�E{ l L-| V

} p G g K f d G d g G*F m R G _ d ) ' ( % K ! K g ' G 5 L-d&K<NQPSR G l
} \z� G g KaR ( % K ! K ' G 5 L-d&K<N PSR G ) d ) K ) ! R~l
} r
,�tvu-,Ew#� pV� 2 G g K f d G B L-d 5 K ) L-d ` f ) ! g;g L 5*) G R G d L F m N G ' ( - LSNZR[L � G g���5 - ! ` f G % K ! K ' G
5 L-d&K<NQPSR G l

} y G g K f d G d g G*F m R G _ d ) ' G K<N ! d g*) K ) L-d g ' G R ! B LSN FHG o \D?@\z�h? � ? � ?s��? �H?s�J{ l L-|
} \D?@\E�x� p g L-d&KaR G g3% K ! K g ' G 5 L-d&K<NQPSR G ' G g L f N 5 GJG K ' G ' G g K ) d ! K ) L-d ' G R ! KON ! d g*) K ) L-d�l
} � G K � g L-d&K ' G g<5 L-d ' ) K ) L-d g K G*F # LSN G R R G g l
} ����	 G g K f d G % K )<` f&G K<K G ' ( ! 5 K ) L-d�l
} �������D?X���X��?sr
,�tvu-,Ew o \ � {�� ' % _ d ) KaR ( ) d ' G T ' G g - LSNZR[L � G g ' G R ( % K ! K ' G 5 L-d&K<N PSR G ' G ' G g K )�h
d ! K ) L-d ` f ) ' L ) � G d&K(�*K<N G N %Ah�) d ) K ) ! R )hg % G g R[LSN g�` f&G R ! K<N ! d g*) K ) L-d G g K K ) N % G l

} ���
���D?X���X��?sr
,�tvu-,Ew o \%{�� � ���D?X���X��?sr
,�tvu-,Ew o \E��{�� ' % _ d ) K�R ( ) d ' G T ' G gH- LSN*R[L � G g ' G R ( % K ! K
5 L-d&K<NQPSR G ' G g L f N 5 G ` f ) ' L ) � G d&K(�*KON G N G 5 L #1)�% G g ' ! d g R G g - LSNZR[L � G g ' G R ( % K ! K 5 L-d&K<NQPSR G
' G ' G g K ) d ! K ) L-d R[LSN g�` f G R ! K<N ! d g*) K ) L-d G g K	K ) N % GE�

��B A�i[A��XZ W��4��� � U��CB A��X�m��� B A������. J� � �m� � A�	�� p]o �r�r� { � A�� � A�Am�[�E�X�J���ba �  J� �F� ���m� W � � � � �<W�¡ �S$
U �XAm� � i BL�VW �. [� �t����� ( ��B ��� � � o \�?@O�{ � ��	�� p]o ���r� {�X �%¡�¡x� ���F� %�� � ��W ��B �¢� B�� �E� B�s&% � Um� ���X� B X � A_�
�EB �m��Z Um�<W���B � � ��� U �£� �EB A ¡ �E��� s��%B �@� � ��� � � ��� ��� B � U"^ � � \ � � �r�r� X � � � � AJ" � � � � U A�O¤����¥J¦v§©¨ª¦v«�¬ 'ª­� ���
���C��� � A@� � ADa�� U ��� %D� A � � sLB � � A �L�CB A
� � ����� � � ��� ��� B � U_^ � � ( �e� A
� U��CB Am�£���X� B A � �®	¯� p]o ���r� {���� UXU�� A\$
¡ � B�����B �FAm�C�X�J�P� B��,K<N ! d g*) K ) L-d G T'# R )q5*) K G  J��� Um��¡�U ��A ��B � � � � �m� UG� � � B�� � Um�CB Am�£���X� B°� � ���r� X±A��D�£�
�°� B��9K<N ! d g*) K ) L-d ) F # R )q5*) K G  J��� Um�E¡,U �EA �EB � � � �P¡L� A�A �
%D�®� ��� �<W�¡ A �L�CB A � B ��� � � ��� �E� B � U_^ � �
� � ���r� ( �e��K<N ! d g*) K ) L-d G T'# R )q5*) K G � A�� � �E� U �£� ��¡L�VU � � U Z % � ��� ��A����E� � AmA � � UF¡L�VU � U��CB A��X�m��� B X � � � �
K<N ! d g*) K ) L-d ) F # R )q5*) K G � A_� � �E� U �X� �G¡L�VU � � U Z % � �G� �®A����E� � A�A � � U � ��W ¡ � U�� � (
� =�� @ nAm�nHj1@�²�B´³dm52�m nO@ nAm�n<2�pa> l 	�� p]o �r�r� { .
l ( % K ! K ) d ) K ) ! R ' f 	�� p]o P R�T { G g K R ( % K ! K o \z�z?@O-�E{ L-| O1���µ��¥J¦v§©¨ª¦v«�¬ '*¶·­� ! � G 5
¸ 0 �º¹ �D?sr�,�tvu%,�w o \»��{ª¼��
O-� . � 
 �
� =�� @ nAm�nHj1@�½�B_b : 2&@ ;�n8monHj1@ 4J¾�8�pHn*`�n8m54 > l 	�� p]o �r�r� { .
e L ) K o \D?@O�{¤�Q	¯� p]o PSR�T { G K o \D?@\E�¿? � ? � ?s��? �H?s�J{!�Ày f d G KON ! d g*) K ) L-d ' f P R�T�� e )]OVW � ! R[LSN g
o \D?@O�{ ÁÂ � o \E�h?~O[��{ l G K ¸ 0 �1�À�[O[�~.±�@� 
 G K ¸ 0 �Ã¹��D?sr
,�tvu-,Ew o \E��{ª¼*? 0�Ä�1�Å�JO[�~.±�@�ºO-ÆmÇ%È ¬ .£­ �



��� �������������5)�� &��	����
����
	���
�������� ���

� =�� @ nAm�nHj1@�
 B_b : 2&@ ;�n8monHj1@ nO038"pHn*`�n8m54 	�� p]o ���r� { .
e L ) K o \�?@O�{ ��	�� p]o PSR�T { G K�� ��� � e L ) K 0 \ � Z��.�zU � f d # N % ' )q5 ! K ' % _ d ) K g f N 	 ` f ) # N %;5*)hg G g*) f d G
! 5 K ) L-d G g K f N � G d&K G L f d L-d g f N g L-d ' L FM! ) d G � � e )"O�� � ��� ��� � # L f N 5 - ! ` f G 
!K � � K �
G K # L f N 5 - ! ` f&G o \D?@\z�h? � ? � ?s��? �H?s�J{ ��y ! � G 5 0 \ � Z�� �zU � o ��{ l ! R[LSN g o \�?@O�{ �Â � o \D?~O�� � { �

b : 2&> l"` m�nHj1@ >�4���� ��!#"%$&"(' 4U@ �r�r�
� � ���G� U®��� � �@� � % � U �£�[a W��6��� � Um�C� �������X� Bº��� A�A ¡ �E��� s � � ���X� B A�w y �*)�{�|}{�~ ��B�� ���m� W � � � A

� ��W�¡ � U ��A��EA �r�r�¤� ����� � ��� � �.� �X� �L�CB Ab�,+ q]� ,
`G�S� ( �e� � � �ba B �. J� �<��W ¡ ���»iD� �<� A_� �%¡�¡x� ��� � F % K - L ' G
# ! N ) d ' f 5 K ) L-d g K<N f 5 K f N G R R G (Ub �X��A�� � � U A �VW �'���X� U�� ���X� B A4i°� B �����m�EA �%¡�¡ � U ����A ¡L�VU � � A����£� � X±� � � � �
 J� � � � Am� ¡�¡�Um� AmA���� B���� A � ���m��� B A \ G_! ^ ��U��<W�¡ � � �E� � A ¡L�VU � �©� ^ ¡ �X�X�E�£� � �m��� BT��� A � � W � � B�� A � � � U"%D�EB � �
��� X � �>� � � ¡ ��� W ��A � ���X� BP� � B � W43,Um�H� � a�� U �X� %D� A
�����.���XAm� � A ¡L�VU �ba �  J� � ��� � � ��� �E� B � U_^ � � (

-·B �����£��� " ��W ��B �DX � �s� � % � U �X�Xa W�� �E� B Am�XA�� � � ��B�U �X�ba�� U � �s�VU�3�Um� A�� W �CB ���. J� ����� � � A ¡ �E�E� s � � ���X� B
w�yd�*)�{�|}{�~ � " � � ��� A � B �v� UXW � ���X� B A A_� U ������� Um� �.� � A�X ¡ ���XA � Um�*a B��<U � � �m� � A_� U ������� Um��¡ �D� U
�E� B A�� U ��� Um� � � A(� U��%B Am�£���X� B A � � ����� (

� �CB AÃ� BR¡�Um��W � ��U � �<W�¡ A�X � �@� � % � U �£�[a W�� " � A � � B ��� U�� A�A �<U�� �
A��D��A\$ �VU�3�Um� � B�� ���£� ¡L�VU � � A
�E� W ¡ �DA��X�m��� B A ¡L�VUm� �.��Z'� � X � � � �m� U � 3 � �<U ���ba �  [� � �E� W ¡ �DA �CB � w�yd�*)�{�|}{�~°� B��xU ���v� U��EB � � X�� B
�E�C� ¡ � �6� �©�EB ��� �<U A o U ?©7 {$ J��� ¡ � � " �EB � ��� Um� "���A��E� W�W�� � � A������ U�� � B�B � � A �EB+¡�U � �v� B���� � U�� �
�EB � �VU_%D� � U��L�CB A;� � Am�D��A $ �\Um3�U�� � B�� ���X� ¡L�VU � � A��E� W ¡ �DA��X�m��� B A ¡��VU�� �.�YZ!� � A�X � �  J��� ¡ � ��� ��� U��
� ��� U � 3 �����X� U A � � � B�� � ^ ¡ ��� Um� ���X� BR��� A�� ��B��L�CB � �&��� � �s�VU�3�Um� Am� W �CB ���. [� � (&54*_�D���m� B A  J� � ��� �
B � " �E� ��X � � � ¡ � Um� � � � U8����¡�U � �<W�¡ �m��� B �/.10��T¡x� ��� ��� Um� "[�&��� W�W�� � B�� ��� W�¡ �CAm�£���X� B ¡L�VU�� � �YZ!� �
�EB � Um� �ba � ��� B��G��� A � �����X� B¤� � ¡�U �[� � AmA���A ��� %�� ���ba �G� � � � ¡�U ��� � A�Am��A ��� ��U �D�X� � (2+ � �m� �
U ���v� Um�EB � �
¡ �<UXW�� � ��� ���[� � �X�XA �<U � �&3�U��CB �ba ����� �E� W�¡ �DAm�£���X� BÅ¡L�\U�� �.��Z'� � � � �  J� � �.� �V�C¡�¡L�\U ��� �EB � �ba �  J� �
�E� W ¡ �DA �CB � w�yd�*)�{�|}{�~�(�+ � �m� �2U �Q�v� U��EB � �4¡ �<UXW�� ��� %�� � �<W��EB � ���H� � sLB � U � B�� - LSN*R[L � G �5) NZK f G R R G X
� �©� A_�"$��S$ � � Um� � B�� a�� U ��� %C�  [���!A ��U��7Um� �E� ¡ �X� � �D� U �*$ª� B �£��� � �X��A�� � Am���." �CB �:� � A 3x� Am�D� B AYX � � A�� U
� �  J� � �.� � A ��U � B � � � sLB � � A@� � A � � " ��U A � A���� B � Um� � B � � A]� �<W�¡ � Um� � � � A@ J��� ¡ � U � �EB �
Am� U � � A]�E� W�¡ �DA �%B �mA
��� � ��3,U��CB �ba ����� ��� W�¡ �DA��X�m��� BÅ¡L�VUm� � �YZ!� � (�3 � B��µ¡�U � �v� B���� � U � � B�B � ��� ��Am�C��A $ �VUm3�U��µ��� A
�E� W ¡ �DA��X�m��� B A ¡L�VU�� � �YZ!� � AYX�� �xi ��� ��� �CB � � � a�� U ��� %D� A "[� U ��� � �.� � A@ J� � ���¢3�U��%B �ba � A ��� �E� W�¡ �DAm�£���X� B
¡L�VUm� �.��Z'� � (%+ � � �EB A �<WF3 � �8� � a�� U �X� %D� A�X B �C���547X � A�� �%¡�¡x� ���1� � ' % K G N F ) d ! d&K ��� � � 5 L-d _ � f N ! K ) L-d
g K<N f 5 K f N G R R G �EB % ��� 3��CB �
�m�D��� � A]� � A
��� W�¡ �CAm�£���X� B A ¡L�VU�� � �YZ!� � A'(

� �CB A�� B���� �/^���Z W � � �<W�¡ AYX�� �@� � % � U �X�Xa W�� �E� B A�� U ���£�!� B A�i[A��XZ W������ � U��CB A��X�m��� B A ��B � Um� � �
 J��� � A�� �C¡�¡ � �X� ��� A�5 L-d _ � f N ! K ) L-d gHg K<N f 5 K f N G R R G gAX ¡L�\U � B���� ^ ¡ �X� Um� ���X� B Um��W � B � �CB � ����� � �@�\Um3�U��
Am� W �CB ���. [� � (6+ � A_i[A��[Z W��4��� � Um�CB A��X�m��� B A
��� W�¡ � U � � � � A
� B �v� UXW � �m��� B A(A�� U �����m� Um� � � � A�Am��� " �CB � � A u

c � X � �s��B A ��W43 � ����� AT��� B � Um� � B � � AT� �<W�¡ � Um� � � � A ��� A �EB Am� 3 � �X�XA � �m��� B �E� B�� �X�m��� B�BL�CB ��� � �����E� U $
U��EB � �F��� � �@� �����X� B �27

c8�0X�� � �����. J� � ��� �H��� � �s� ���m��� B®��� � � � U��%B Am�£���X� B 7
c � X�� �H� ��� ��UXW � BL�CB � ��� � � �E� B s % � U�� ���X� BP� �m� � � B � �F¡��VU � � � U��CB A��X�m��� B (
� � U A  [� � � �@� � % � U �£�[a W��
Um��B �E� B � Um� � � � ¡ � Um� � � � U]��� ¡�U � s ^ �H¡L�VU � B��H� �����X� B:9 9 �<;6�>=%?A@CB B'X��.� � B �+$

��� � �X��A � � � " � ��� B�� ��� B � U�� � B � �8� � sLB � � A�� U � � a�� U �X� %D� "[� U �m� � �.� �8��� � �®3�U��CB �ba � X � � 3 � UmB � �!¡L�\U



��� �������
	��
����	��������������
�����������
��������������������������� �
	���
�� 		��


� � �! Um� ��� W �X�m� � �L�CB A � � � �<W�¡ A � � sLB � � A�� U � �s� ���m��� B 7%�.��� B �£��� � �X��A � � %D� � ��W��EB � � � " � � � ��� ��� ��UXW � BL�CB �
��� @ (

"¯B Um��W � B � �CB �>� �s�VUm3,Um� Am� W �CB �m�  J� � X
� �@� � % � U �X�Xa W��H�C¡�¡ �X�  J� �F� � " �<U A � A W � � � s � � ���X� B A
Am��� " �CB �
� � � ¡ � Um� � � � U w�yd�*)�{�|}{�~  J� � � � U��EB ��� B � U�� ($#
�D��A ¡�U �E�E�XAm� B A������ � � A<� ¡ � Um� ���X� B A � AmA �EB ��� � �.� � A�A����+$
" �CB � � A u

c � � U A� J� � � �@� � % � U �£�[a W���U��EB ��� B � Um� � � � ¡ � U�� � � � U���� ��� W�¡ �CAm�£���X� B8¡L�VUm� � �YZ!� � X�A � � � i � � B�� A_i B $
�ba U � B �XA � �m��� B Am� U �0X»�.��� � �X�-� � �E� B *_� B �����X� BF��� A ��� B � Um� � B � � A � X � � � � � B �X� B<��� A � ��� ��UXW � B��CB ��A
� (

c � � U A� J� � � �@� � % � U �£�[a W���U��EB ��� B � Um� � � � ¡ � U�� � � � U����¢� �!� � ��% M X[� � � �E� � � � � � A(�E� B � U�� � B � � A ���Q�
��� ��� B �£���EA ��� � �<W�¡ A!(

c � � U A� J� � � �@� � % � U �X�Xa W��&U��EB ��� B � Um� � � � ¡ � U�� � � � U���� � � � ��B � �'& M X6� � A(�ba��DA � A(Am� B ��� B8¡x� � ¡ �X��A
��� W�¡ ���. J��� � A!(�� �CB A¢A ��¡�Um��W ��Z Um� " �<U A���� B X � �@� � % � U �X�Xa W��4� � sLB �XAmA � �X� ��� A � �����X� B A \ G_! ^ u�� �
� U��CB A��X�m��� B ��� � �£� � ��� U A � � ¡ �X�. [��� � X � � � B��QU � � �X��A �CB �T� B�� � �����X� BÃ� �E�'� �\U � � \ G_! ^ � " � �®� B��
��� B�� �£���X� B � � � B ��� �#3 � UmB�� Am� ¡ � U � � � Um� ��� � �£��� � � � � ��B � � � �a3 � UmB��P� ^��'��� �o� X � � � �@� ��� U��
U � � �X��A �CB � � B��¤� �����X� B g KONQL-d � � " � �¤� B�� ��� B�� �£���X� B � � � B � � ��3 � UmB�� � B �v� U � � � U�� ��� � �X� � �
� � � ��B � � � �a3 � UmB�� � B �!�X��A � � (
� �%B A�A �T��� �/^���Z W�� " ��U Am�X� B X � �@� � % � U �X�Xa W��  J� �FB �D��A ¡�U � ¡ �CAm� B A
�X�E�PX B��F� � ¡ ���. J� �<¡ �X��A@� � A
� �����X� B A!��� B � �<UmB � � A ¡L�\U � � � � � �EB � � X W � �XA8�.� ��B ��� B A �<U " � � B�� A � ��� � X�A �CB A W � � � s��<U � �
��� B�� �£���X� B � X WT� ��A �EB � B � U � � ���XA �CB �F� B � � WT� � B���� � � U"%D�EB � �	� � � � Am� W �CB ���. [� ��� � �����
� �����*X ���E¡ ����AYX �C�L�%¡ ��� ���EB �E� B Am�' [� �EB � � � u � � A�� � � sLB � ��� � �xW � W�� W �CB ��Z Um�  J� � � �
��� B�� �£���X� B � �L�%B A�� � � � A � � � B���� ���m��� B g KONQL-d ��X[� �©� A�� $\�S$ � � Um����B Um��¡�Um��BL�CB �J� � �E� B�� �£���X� B �
� � ��B s ^ �%B �
A � 3 � UmB�� � B �v� U � � � U�� �D� � � � � �EB � � � �a3 � UmB�� � B �'����A � � (

#��C�m� B A  J� � � � A�i[A��XZ W������ � Um�CB Am�£���X� B A A �@�%¡�¡ ��� � Am� U � B�� A�� U �����m� Um���\Um3 � Um� Am� ��B � �f� � �@�\Um3�U��
Am� W �CB ���. [� � � X � � B ��� �<U � � � B�� A 3�U��%B �ba � A�Am� B � Um�E¡ ���X� � A7�X� U A ��� A
� B A�� �%B �E� � ���X� B A ���F¡,U �[� � A�Am��AYX � �
�X� U A ��� � � ���m� �X�XA � �m��� BP��� � � � ¡ � Um� � � � U]��� Am�' [� �EB � � (

�e�9W ���Xa�� ����¡L�\U � B�� �������X� B A_� U ������� Um� �.� �¢� ��� � �.� �X� ���L�CB AY�,+ q]� ,
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B �C� �VW�W��EB �4� � �E� B�� �+$
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a�� U ��� %D� A � � �r�r�P� A_� � � sLB � ��¡L�\U � ��� ��� �<UXW � BL�CB ��4 ��� � � ��� B s&% � U�� �m��� B A�� U �����m� Um� � � ��� ��� � � B � � X
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����� (d�&Z�AD��� U A�X � �.� � A B � � B � � ���E� B�� � B ��� ���EB � � A�� U � � �v� B �����X� B�B���W ��B � ���
� �@� ����� W � � � ( �$� � ¡ ��� W �XA � ���X� B ��� B Am�XA�� ��� � B �E�GAm� ¡�¡�U � W��<U � � A a�� U ��� %C� A � B ���m� �X�XAm� � A!( "¯B U � � ����A �CB �
� �HB � W43�U��G� � a�� U �X� %D� A�X�� BP� �E� U � ( � � �s� ��� �%B �@� �s�Aa � � ���X�m� ��� � �@�%BL� �£i�A �G� �@� �E� � AmA�� 3 �.�X�X�m��(

�e�fs&% � U�� c�(����P� �.����A�� U�� � � A ��� �/^ Am� WT�%B �m�  J� � A � � ���r� "[�XA $��S$ "[�XA ��� � �©� ^ ¡�Um� AmA���� B ��� � � � � $
� ��B � � u � %D� ���ba � X�� �s�C¡�¡,U �[�ba � � B �£��� � � � �v� UXW � �X�XAm� �G�L�%B A��,+ q]� ,
`G�S� � � � � � � � ��� � �£� � �s� AmA������ ��U]��� �/^
� Um�CB A��X�m��� B A ��� U A� J� � �.� � A_�J J� � A_���X� B¤��� � � � � � �EB � �¢� � � B��¢� ���m��� B u�� B�� � U��CB Am�£���X� B¤� " � � � B�� � �����X� B
W �VU  J��� � \ G_! ^ � � W �»i ��B°� � ¡,U � s ^ 9 9 Z�[ B B#X � � " � �X� �������CB A � �=U � % �X� B  J��� ¡�U �E��Z ��� A�� U �X��� �<W��EB �
� � _ � B��P��� � � � �EB � � X � � � B�� � Um�CB A��X�m��� Bµ� " � �P� B��®� �����X� B g K<NQL-d ��X¯� ( � ( A �CB A&� �P¡�U � s ^ 9 9 Z�[ B B'X � �
" � �X� ����� �7$ ��� �g� � 7 � �,U �D�£� � X � �@�%¡�¡�U �[�ba �T¡�U ��A �EB �m� �8�L�CB A<� � �ba �C¡ �£� U�� X� J��� B��T� � ¡ �X�  J� �8¡ ����A � � A
� Um�CB A��X�m��� B A�X W � �XA@� � A �EB,U �X�ba��X� � � � B�� �E� B � U�� � B � � � ��W ¡ � U�� �.� �G� � � U_%C�EB � ��� (

�e� s&% � U�� c�(������.� �X��A�� Um�8��� �/^ W �CB ��Z Um� A ��� % � B � Um��U � �������°���E¡ ����A�� B�� A ¡ �E��� s � � �m��� B w�yd�
)�{�|}{�~$uU� %�� ���ba � X6� �s�C¡�¡,U �[�ba � �!� � A�Am�. [� � � � � � �  J� � �v� UXW � �X��A�� �¢���CB AY�,+ q]� ,
`G�S� � � � � � � ��� A_� � �s� A\$
Am�[�E� �<U A�i[A��m� W � �m�  J� ��W ��B �T� B�� a�� U ��� %D� �P�ba �  J� � ��� W�¡ �CA �CB � ��¡L�VU�� � �YZ!� ����� � � A ¡ �E�E� s � � ���X� B � 7
� ��U �D�X� � � �@�C¡�¡�U �[�ba � � ¡ �m� W �XAm� � ¡ �<U4W�� �m� �CB � ��� U � � ��� Um� � �<B � WF3�Um��� � a�� U �X� %D� A'( � � A ��� W�¡ � U � � $
W��EB ��A � �E� U �£��A ¡��VU � � A ��� �/^ � ����� W � � � A �a� � B Am�6 J� � � � A %!U��C¡ a � A � �s� �E� � AmA�� 3 � �X�X�m� � A�� B ��A�� U �X��� �<W��EB �
� ���EB ���. J� � A'(
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8m��� � 9�� 8 �X� %D� �DC �FE ����(
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� i BL� ;��. J� ����� � �s� ���m��; � � � � � � AJ9�� 8 �X� %D� A A�� B �8�X��� � � � A3� �K9 �  J� � ��� � � ��� �E� B � 8"^ � � X � � �EB
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i(a)
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c1:=0 c2:=c2

b
0<=c1<=3 10<=c2

w−b
0<=c1<=3 5<=c2<10

w−i(a)
c1:=0 c2:=c2

0<=c1<=10
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K: 0<=c1<=3 5<=c2
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K: 0<=c1<=15

c1:=0 c2:=c2

U: 0<=c1<=3 10<=c2
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Am� ¡�¡<8m� AmA���� B ��� A�9�� 8 ��� %D� A]� B �����.���XAm� � A!(
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�E� B � 8_^ � � �v� � ���r� �EB � � �[�E��� 8:8��EB � � ��� �!� B�� " � �X� � ���X� B���� A 9�� 8 �X� %D� A � A�Am�[�E�X� � A �#� � �!��� � � ���
�E� B � 8_^ � � ( � �G� ��; � � B�� � � ; ¡ � 8�� �e��� �CB � ���EB A � X � � i � � B�� � B sLB �£��� ��� �E� B�s&% � 8m� ���X� B A'( ��B��F�CBL� $
�£i�A � s�B � � � � � B � � ��A_i[A�� G ; � 8��  J��� ��8 �"� B�� ¡L��8 ���£���X� BG��� � �©� A ¡L� � � ��� A"��� B s&% � 8�� �m��� B A �EB � BFB ��; 3<8��
sLB � ���"8 � % �X� B A'(�� � A � � % � 8 �£� 9
; � A 8 � � ���XA �CB � Am� ;4���£� �%B ��; �EB ��� �s�CBL� �£i[A ��� �@� �E� � AmA�� 3 �.�X�X�m� � �4� � ;�� B �+$
;���A � ���X� B�� ��A_i�A_� G ; �]��� � 8��%B Am�£���X� B A�� � ; ¡ � 8 �XAm�(� B �¯����� ¡<8 � ¡ �DAm��A �L�CB A � �!� E c�X�5 +!" E ��X C �FE ����(
+ ����� 8mB � ��8G� � % � 8 �X�:9<; ��� ����� �C�L�%¡ ��� � � �r�r�P� � � ; ¡ �X��; �EB ��� �L�CB A � � �D���m� �$# � � ( � �T%�8��C¡ 9 �-8 �Z$
Am���X� �CB � � A���� B � N ! #&- G�F ) d ) FM! R ' ( ! 5;5 G g;g*)&%�) R ) K % � � u

c �
B°d(' f ' �*�%¡�¡x� ���G� %�� � � ; �EB �¢� B�� �'� � AmA �o��� A�� � � s�B � ¡L��8 � B ��� � � ��� �E� B � 8_^ � �H� �
� B�� 8 �Z$
% �X� B X 8��E¡<8 �EA ��B ��� ��¡���8 � B�¡ ���Xi�G �<8�� ��� B " � =������H� � ; �EB A���� B � %�� � �4� � B ��; 3<8m�F� � 9�� 8 �X� %D� A
��� � � ��� � � ��� ��� B � 8_^ � � ( � � A"�E� B s % � 8�� ���X� B A �%¡�¡L��8 � �EB��CB � ��� B�� ;���; � �!� � AmA � � B ��� � A ; � ; � A
¡<8 � ¡<8 �������EA � �@� �E� � AmA�� 3 �.�X�X�m��X �L�CB A � � A �EB A � ��� �.� � A B��4¡x� ��" ��B ����� 8��<� �XA���� B % ��� � A ��B � � 8 ; �
��� Am�! J� ��B � � A � � �[�E��� 8:8��EB � �
� �@� �����X� B A��v���m� 8m� A!(�5�� B Am�PXD� B�� �'� � AmA � ��� 8:8�� A ¡ � B�� �¢� B��'8m��¡<8 �Z$
A �EB � � �m��� B�sLB � ��� � � B�B ��; 3
8m� � B sLB � ��� �E� B s&% � 8m� ���X� B A'(�� �CB A � � ;�� ; �C� 8���B �D��A ¡L��8 � ��8 � B A
� B�� �XA��m� B ��� � ; ��B � ��� �!� � AmA ���a��� �E� B s&% � 8m� ���X� B A ��� � ���	8 � % �X� B A �a� � 9�� 8 ��� %D� AYX � AmAm�[�E�X� � A �H� B
��� � � ��� ��� B � 8_^ � �o� (
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c2

c3

c1

s0 = ( (a{10};(c;exit ||| exit)) ||| (delay(5) b;exit) ) >> latency(5) c{10};stop
c1

s6 = stop

s1 = ( (c;exit ||| exit) ||| (delay(5) b;exit) ) >> latency(5) c{10};stop
c1

c1
s2 = ( (a{10};(c;exit ||| exit)) ||| exit ) >> latency(5) c{10};stop

c1

s4 = ( (exit ||| exit) ||| exit ) >> latency(5) c{10};stop
c1

s5 = latency(5) c{10};stop

s7 = ( (exit ||| exit) ||| (delay(5) b;exit) ) >> latency(5) c{10};stop
c1

s3 = ( (c;exit ||| exit) ||| exit ) >> latency(5) c{10};stop

c2

c2

c2 c3

c2 c3

c3

c2

c2

c1

s0 = ( (a{10};(c;exit ||| exit)) ||| (delay(5) b;exit) ) >> latency(5) c{10};stop
c1

s6 = stop

s1 = ( (c;exit ||| exit) ||| (delay(5) b;exit) ) >> latency(5) c{10};stop

c1
s2 = ( (a{10};(c;exit ||| exit)) ||| exit ) >> latency(5) c{10};stop

s4 = ( (exit ||| exit) ||| exit ) >> latency(5) c{10};stop

s5 = latency(5) c{10};stop

s7 = ( (exit ||| exit) ||| (delay(5) b;exit) ) >> latency(5) c{10};stop

s3 = ( (c;exit ||| exit) ||| exit ) >> latency(5) c{10};stop

c1

c1

1

0

7

2

4

3

c1,c2

c1,c2,c3 c1,c2

c1,c2,c3c1,c2,c3

c1,c2,c3

5

6

c1:=0 c2:=0 c3:=c2

0<=c1<=10

c1:=c1 c2:=0

c2>=5

c1:=0 c2:=0 c3:=c2

0<=c1<=10

c1:=c1 c2:=c2 c3:=0

c3>=5

c1:=c1 c2:=c2 c3:=0

c3>=5

c1:=0 c2:=c2 c3:=c3

c1>=0

c1:=0 c2:=c2 c3:=c3

c1>=0c

a b

ab

b c

i

c0<=c1<5 c1>=5

c1:=0

c1>=0 c2>=0 c3>=0

c1

w−c

1

0

7

2

4

3

c1,c2

c1 c1

c1

5

6

c2>=5

c1>=5

c1>=5 a

c

i

c0<=c1<5 c1>=5

c1

c1:=c1c1:=c2

0<=c1<=10a

c1:=c1
c b 0<=c1<=10

c1:=0

b

b

w−c
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t t

i(iu_d)

i(iu_s)

i(iu_d)

t

0−(0)

1−(0 0) 1−(14 14) 1−(20 20)

2−(14) 2−(30)

i(iu_s)

20

14

24 30

c2

1−( 14 14 )

1−( 20 20 )

10

1−( 0 0 )

c1
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A ¡ ���E� � � �$��B�� �X� ����� 8��G� � 8�� ��� �H� � 8�8��C¡ 9 � ; � B � ; ��� ���s� �E� � AmA��87�� � �X�m� )a� � � � � � 'C�EB ��� � � �X� ; ��B �
¡L��8<��� A��C����� � A ���8¡L��8 �E�D� 8 A ���:8�8m�C¡ 9 � A(� ���8¡<8 � �_� ���m��� BÃ��� A � �����X� B A(� ��� ;�� B �H;��XA � �m��� B �
� ��� � + ¡x� ��� � ��� ¡x� 8 ; � ��� 8������ �E� B � � � 8m��� + � �m� � � � �K9 B � �J� � ¡ � ���E��� 8m� ��� ��B�� � �T��'D� � ���s� ; 9
¡ � �D� ��� �;7�A ��8 'C� � � � 8 A �E ���s�C¡�¡<8 ���K9 �T¡L��8 �;7�A ��8 '%� � � � 8 A � A_� = 8 � �J� � ; ; �EB �����m� � �XAm� ���EB � A�Am�[�E� � ���X� B ��'C� � ���@�%BL��� i�A �
���s� ��� � A�Am�<7�� � �£��� � �
B �;7�A ��8 '%� � � � 8T� A�� � BÃ¡<8 �[� � AmA���AT����; ¡ �CAm� � 'C� � �h� A ¡ ���E� � � � �m��� B � �[���
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A�� � �s� ���m��� B � #�# �;> # B��©� A_� ¡�� A � �E� � AmA��87 �X�
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��� ) � �x� = � W � � �XK �G�>= ���E���m���=K�+ � ��¸ � )v¡ �C� 8 ���D��� �¢�>= ���E���m���=K�+ ��� + �<� � " + ] ����+ " [I] � � ���D��� � K
= � � W�� K�� 8 �|=v� 8�� K�� �F��� ; � K�� G 8��G� =�¡ � �����X� �<� �8� � ; ¡XW �
� �%WG���B8 � 8 �X�:9<; �%W � � ;�� ��� �P9 �K9 � � � �8K 8P� ��� ��8 ;��8K � K�� �X�%W ��� � � W �J��� Wm� ��� W =v�;K��G�XK � =v� 8 ;F� ���4���

� � 8 ���[� � � � ; ¡ � 8m� � �X�®� K������ � � W�� K��T�XK �P� K �$�<Y3Wm� 7 �=W � �eW � 8���� � 9���� 8 � �¤���%W 8�8��%¡ 9 �%W��������s��Wm¡L� � �
��� ��� � � W �	� �D� 8$8m� ; � � � ��8�� � ¡<8 �;7 � G�; ����� ���s�>=�¡ � � W �X�;K ��� ��� � � W ��� � �m� � � � �K9XK�� �J� � � ���m����� � K � � ��� K
���m� � � Wm� K����IK �H�C¡�¡<8 ���K9 � 7 �aW � ��W � 8 ��� 8m��¡<8 � Wm� K�� � ���X�;K W-Y ; 7 � � ���J� �4���%W ��� � � W �
� �®¡L��8��C� � 8 ; �P��� ' � 8 � � � � ���X�;K �%� � ¡ �m� � ��� ; ¡ � ��; � K���� �L� K W �h� ; ��� � 8 �X�m� ����W �D����� �8W W � ¡39

¡ � 8 � � K�� ��� � � �K9XK����[� � � � ; � ��� �Z9 �K9 � � � �<K 8 ���;K W � W � � ; ;�� � � � � W���8��X� W-Y	W � G ; ��¡L��8 �XK � ������; � � �
� � ; ¡ � 8 � W �9� � =�¡<8 � ; ��8 ��� ¡<8 � ¡<8 �X���m� ¡L��8 �XK � =v� 8 ;4� ������� �h� � � 8 � �J� � � � ; ¡ � 8m� � �X� �J� � K����£� � ��� 'D�
� + �<� � � � ' � 8 � �L��8 �h� '%��� � � �X�m� ��� ��� =v� 8 ;F� ���`W � 8 � �s� ���m��; � � � � � ; ¡ � 8 � W � �
���@�C¡�¡<8 �[�K9 � �K9��D� W � �°¡ �D� 8 D�F?H*)KJML�JKN K �@� ¡L�=W ����� ��� 8m� 9·� � 'D� � � ¡�¡ ��8 �XK ;�� ��� �Z9 �K9 � � �%��8

Wm¡ �E��� � �[� � � ; � � W
��� 8 ������� � � Wm� 8����%W �D����� �<W
�>= � W � � K�� W � � K ��� �����E� 858m� K�� � � � �D���m� ��� #�� � ��� � " # [ C E �i�
� 8 � � )a� � 'D� � � ¡�¡ ��; ��� - ^ c > + �J��� � ���m� � � �XK ���%W±¡<8�� ;�� � 8MW �D���m� �<W±�]� ' �D� 8 � ; ¡ � ��; � K���� �h� � � �K9XK����J� �
� ��;�� ��� �P9 �K9 � � � �8K 8If � � � ���m�!���m� � � W � ��'D� � W ���E� G W��L� K W �h� ' � 8 � � � � �m���;K ����¡ � � W � � � 8gW WgY3W �:G�; �%W
� � ; ¡XW-9�8 � � � � ���s�C¡�¡<8 ���K9 �8¡<8 � Wm� K��m� � ����� ¡x� 8 ; � � � �;K�� ��� ��� 8m� 8<¡L��8 ��� � � ¡ �D� ' �D� 8<���©� =�¡<8m��WMW ���;K
� � �h� K 8��98D� D�F?H�)KJML�JMN � ���s� ������; � � � � � ; ¡ � 8 � W ����� � KJ� 8 ��K�� 8 � � ������; � �����[� � ; � K�� � 'C� � � � �D���m� �
# ��� � � � K �s��W � ¡ � � W K���� ��WMW�� � 8������ �%KJ�<;�� 8���8 ; ��� ; � �<K�� K�� ��� K���;�7 8m�®��� ��� � � W � � W-Y	W � G ; � � K��
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�*á�æz�eæ¡ÙC)��ÔÝ=Ù�Ý��Ôâ�ÜO�ÕÝ���ß©ÝÏÙ&��Ø/áÒæOÛÚÙ�ÛÐÜçáÒæ�ã]Ù�Û!,eÞ©ÝXÙ�ãQ�-F9¾Å{pF*��¾C�C��Ýcæ¡ÙDØdæOæÕÜ ä ÛàãPF ä)� Ø(,vÞÒÝ=F9��¾T�H*
�*áQãXÙ�Ø/Ù6{¿�çÀTx
�?ßÒÝ��-FÏ¾Å{·F9��¾T�Q� ��ã*)sØ3�àÝ��1ÝXásÙ-Ødâ©â�Ý��àã�ÞÒáÒÝ ä ÜdáC,D)çÞ
�OØ/Ù�ÛÐÜçá(��ÝXæÕÙ ä Ü��1â���)]Ù�Ý��ÔÝXávÙ�ßÒã ä �OÛÚÙ
â_Ø��$��'�ã]Ù¼Ø/Ù¸ßÒÝ ä ÜçásÙ&�;:(�àÝÊ��ß©Þ \�W�Xd]�ÝXÙ#�àÝXæ#Y/Ø(�ÐÝcÞ
�Õæ¸xî� �f�"32 ßÒÝzÙOÜçÞÒæ �àÝXæ¸Ù�Ý��1â?ÜO�ÕÛàæOØ/Ù�ÝXÞ
�OæfßÒÝ
��'ÂØdÞ!Ù�ÜO�1Ø/ÙOÝ(*��¯ÝcæÔÙ&��Ø/áÒæOÛÚÙ�ÛÐÜçáÒæfßÒÝq�-F9¾Å{pF*��¾T�Q� ä ÜO�z�OÝcæÕâ�ÜdáÒßÒÝcásÙ,ØdÞ10�Ù&�OØdáÒæÕÛÐÙOÛàÜçá©æ¸Ý	0!â��ÐÛ ä ÛÚÙ�Ýcæ¸ßÒÞ
\�WYX^]��Y| ä Ý��!�ÐÝcæ ,eÞ©Û ä Ø��OØ ä ÙOã��ÕÛàæÕÝcásÙ ��'TÜ äXä Þ
�z�OÝcá ä Ý�ß('TÞÒáÒÝ�Ø ä ÙOÛàÜdá�~J�~Ý]ÙkØdÞ10=Ùl��Ødá©æOÛÚÙ�ÛÐÜçáÒæ´Û��Ôâ��ÐÛ ä ÛÚÙ�Ýcæ'| ä Ý��!�ÐÝcæ
,vÞÒÛ��OÝXâ
�OãXæOÝXávÙOÝcásÙ>�ÐÝCâ_ØdæÕæ�Ø�)çÝQßÒÞ�Ù�Ý��1â©æ�~ *
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´¸{J�~M¿ÀÉ�¼Ñ�ÀTx
�-�4x ° b�©d[)¦
��� �� x ° Ñ �A�x ° è �A0 ��é�t�%P��!{¿�~è)ÀÉ�¼Ñ�À¢} ° À�� °·ÀT��°à����Á
x ° ï �4x ï � ð �BRT�©À U @jVcWJÀ ð t� rçÀ ð t�>é

�¯ÝU� :��ÐÝ�ßÒÝ��ºØ@JpÜçá ä Ù�ÛÐÜçár´%ÝXæÕÙ�ßÒÝÅæOÝÅâ
�Õã��¢Þ©áÒÛ���ß('Tã��dÝcásÙ�Þ©Ý��Ðæ ä Üdá��_ÛÚÙ�æ�ß(' � Ûàæ¡Ù�ÜO�ÕÛ��vÞÒÝDßÒÝ�Ù�Û2�yÝcá ä Ødæ
ßÒÝ!�OÝ
�?ÜçÞ ä �ºØ>)çÝ*ß©ÞR\�W�Xd]���u�á¸Ý"Z�ÝXÙ��eÝcá ä Ødæ�ßÒÝ]�ÕÝ
�?ÜçÞ ä �ºØ�)dÝ*Ý]Ù$Ýcá��4'�Ør�ÒæÕÝcá ä ÝÏßÒÝ��ºØPJpÜçá ä ÙOÛàÜdá ´ �eÞ©áÒÝ
Ø ä Ù�ÛÐÜçá¸Ù�Û2�OãXÝ �ÐÜO�Oæ�ß('�Þ©á�â
�Oã ä ãcß©ÝcásÙ�Ù�ÜçÞ±�6ßÒÝ@�?ÜçÞ ä �àÝ!�1ØdÛàæ6á('ÂØ/âÒâ_Ø��¡Ù�ÝcáÒØdásÙ�â_Ødæ6ØdÞ!�_Þ#"¸ß('TÝ$"!ã ä Þ©Ù�ÛÐÜçá
ä ÜdÞ
��ØdásÙ*�_â�ÜçÞ±�l��Ø/ÛÐÙÅÛÐá��_ÞÒÝ��ÅæOÞ
�%�ÐÝcæ9JpÞ©Ù�Þ
�ÕÝcæ ä ÜdáÒßÒÛÚÙ�ÛÐÜçáÒæ)} ÝXÙ>�&�
���s�-�k�p���L�?�('j�¡ I«�§_�>¬~�·���L�?� �J£K®
ªL�J®s�·��¤�«´¤��b @¡b¢	 C�b¡Q£3¤!µ
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+f{¿�cM�ÀTx-À�<s�-�4x ° b�©d[)¦ 0 x ° M �4x M : <x ° è �­x è ��é�t�%P���RT�!À U @;VcW
æ�Ø ä)� ØdásÙ1�vÞÒÝ��*)n�2	Q¾3�j�1�"32 ³ ���3�54?�çÀ76�� ð ���d ¥ÝXæÕÙZÞÒá­â
�ÕãcßÒÛ ä Ø/ÙZÛÐáÒßÒÛ8�vÞ_ØdásÙqæÕÛÏß_Ødá©æZÞ©áÒÝ

ä ÜdáC,D)çÞ
�OØ/Ù�ÛÐÜçáCßÒÜçá©áÒãcÝ�Û8�sÝ$"!Ûàæ¡Ù�Ý�ØdÞ��ÔÜçÛÐáÒæ´ÞÒáÒÝyÙ&�OØdáÒæOÛÚÙ�ÛÐÜçáQæOÝXáÒæOÛ��ÒÛ8�àÛÐæOãXÝ�|LÛ9�TÝ:�;�vÞÒÛçæOØ/Ù�ÛÐæ�JLØdÛÚÙkæ�ØBJpÝcáEtXÙ&�ÕÝ
ßÒÝÔÙ�Û2�CÝXÙGæ�Ø ä ÜçáÒßÒÛÚÙ�ÛÐÜçáÇßÒÝfæÕÝcáÒæÕÛ �©Û��ÐÛàæOØ/Ù�ÛÐÜçá�~ ��Ø/Þ©Ù�ÜO�ÕÛàæOØdásÙEØ/ÛàáÒæÕÛ�ÞÒáÒÝ1â
�OÜ9)��OÝcæÕæOÛÐÜçá¥ÙOÝ��Ôâ�Ü��OÝ��8�ÐÝ:��<6Ý
â
�ÕãcßÒÛ ä Ø/ÙDÝXæÕÙ*ßÒã=,_á©Û¯â_Ø��
{

�*)n�X{J�cM�ÀTx
�-� =>@? HBADC HFEGC HIC J�C 6GKFLNM {Lxz� } �PO¥{pxq�w�Ç�

Q ÛÐáÒæOÛ��R�ÐÝÅÙOÝ��ÔâÒæ�â?ÝcÞ©Ù�â
�ÕÜ9)O�OÝXæOæÕÝ�� FS�4'TÛàásÙOã��OÛÐÝcÞ±��ß
'�ÞÒá1ãXÙ�Ø/ÙyÙ¼Ø/ávÙT�vÞÒÝ%�ÐÝ�Ù�Ý��Ôâ?ÜO�OÛÐæ�Ø)Ù�ÝcÞ±� ä ÜçÞ
�OØdásÙ
á('�Øfâ_Ø/æÏØ/ÙÕÙ�ÝcÛÐásÙU�àØV�/Ø:�ÐÝcÞ±�!�1Ø5"!Û2�fØW�àÝEß©Ýcæ)�?ÜO�ÕáÒÝcæDæOÞÒâ?ã��ÕÛàÝXÞ
�OÝXæ=ßÒÝcæDÙ&�OØdáÒæOÛÚÙ�ÛÐÜçáÒæ9Ø ä ÙOÛ8�dÝcæs|LßÒã�,_áÒÛÐÝcæ
â_Ø��X�ÐÝ�â
�ÕãcßÒÛ ä Ø/Ù��*)¼��~Y�s�¯ÜO�ÕæZ�vÞÒÝ%�àÝ�ÙOÝ��ÔâÒæ�Ø/ÙOÙOÝcÛÐásÙ ä ÝXÙÕÙ�Ý��/Ø:�ÐÝcÞ
�=�çÛ��©áÒÝÅâ�ÝXÞ©Ù�â[�ÐÞÒæ�â
�OÜ9)��OÝcæÕæOÝ��*�sÝXÙ�Þ©áÒÝ
Ù&�OØdáÒæÕÛÐÙOÛàÜçá1ßÒÜçÛÚÙ`tXÙl�OÝ ä)� ÜdÛàæÕÛàÝDÝXÙ�áÒã ä ÝcæÕæ�ØdÛ2�OÝ��ÔÝcásÙ6ÙOÛ��ÕãcÝ:�*<6Ý ä Û ä Ø	��Ø ä Ù�ã��ÕÛàæÕÝ%�àÝXæ�â±�OÜçâ
�ÕÛàã]Ù�ãXæ�ß('TÞ
� )çÝcá ä Ý
ßÒÞ/\�W�Xd]��_æ�Ø/áÒæ!�ÕÝ ä ÜçÞ
�OÛ2�VF#ßÒÝcæDÛàáR�/Ø��ÕÛºØdásÙOæ ä ÜO�3�ÔÝ\�ÐÝ�JpÜçásÙÅß('ÂØ/Þ©Ù&�ÕÝcæ9JpÜO�l�1Ø:�ÐÛàæz�ÔÝcæ^]._>L `ba�5:c:dB�
egfhegfie �kj�lTmUj�npoPq#osrut v �YlTj[wyxIz{n|r#w~} ��	����

�¯ÝP\�WYXd]�â
�OãXæOÝXávÙOÝ ä Ý��¡Ù¼ØdÛÐáÒæ*ØdæOâ?Ý ä Ù�æÅæOãXßÒÞÒÛÐæ�ØdásÙ�æ�{
D�� Q ÞzáÒÛ��çÝcØdÞqæ¡Ù&�ÕÞ ä ÙOÞ
�OÝ��r{

|JØ ~!��'Tã ä)� ãcØdá ä ÛÐÝ��1ßÒÝXæfØ ä Ù�ÛÐÜçáÒæ#ÝXæÕÙÔã]Ù¼Ør�[�ÐÛ$ÝXá JpÜdá ä ÙOÛàÜçá�ß('TÞÒáÒÝ � Ü��Z�ÐÜ9)çÝ,ÞÒá©Û��vÞÒÝ��vÞÒÛ9�	F�ÞÒá
ÛÐáÒæ¡Ù¼ØdásÙ*ßÒÜçáÒáÒãW�_â�ÜdÛàásÙ�ÝCæÕÞ
�%�àÝ=Ù�Ý��Ôâ�ÜO�ÕÛàæOØ/Ù�ÝXÞ
�DØ ä ÙOÛ�Jeñ

|�� ~!�ÐÝcæI�OÝ��àØ/ÙOÛàÜçá©æ�ßÒÝ*ßÒãcâ?Ýcá©ß_Ødá ä ÝÏÝcásÙ&�ÕÝÏØ ä Ù�ÛÐÜçáÒæ��!Ý]Ù��ÐÝcæ ä ÜçáÒß©ÛÐÙOÛàÜçá©æ6ßÒÝDÙ�Û2��ßÒÝXæ�Ùl��ØdáÒæÕÛÐÙOÛàÜdáÒæ
JpÜdávÙI�Oã�Jpã��OÝXá ä Ý*Ý$"!â[�ÐÛ ä ÛÐÙOÝ��ÔÝcásÙDØdÞ*"¸ßÒØ/Ù�ÝXæ6ßÒÝXæ�Ù�Û2�Oæ�ã��dÝcásÙ�ÞÒÝ��àæ�ß©Ýcæ�Ùl��Ødá©æOÛÚÙ�ÛÐÜçáÒæ6âÒØdæOæÕãcÝcæ��� � � � � �£��� � � �{��� � �I��� ����§h¡��@� � ��� ������
���� ��� �¢�B�B�z� � ��������
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<6ÝXækß©ÝcÞ#"Qâ?ÜçÛÐávÙOæQ�OÝcá©ßÒÝcásÙ��àÝXæ£\�WYXd]=Ø/ÙÕÙ&��Ø��çØdásÙ�æ´â�ÜdÞ
�¯ÞÒáÒÝ�Û2�1â��àã��1ÝXásÙ¼Ø/ÙOÛàÜçáGßÒÛ2�OÝ ä Ù�ÝW��LDÜdÙ¼Ø	���
�ÔÝcásÙ��P�ÐÝ ä Ø:� ä Þ���ßÒÝQÙ�Û2�9ß('TÞÒáÒÝ¢Ùl��Ødá©æOÛÚÙ�ÛÐÜçá�Ýcæ¡ÙCØdæOæÕÝ��EÛ2�3�ÔãcßÒÛàØ/Ù=âÒÞ©Ûàæ{�eÞ©Ý �eÞÒØdáÒßk�ÐÝEæz�eæÕÙ����ÔÝ
ÝXávÙl�OÝ$ßÒØdáÒæ�Þ©áEãXÙ�Ø/Ù-ßÒÝ ä ÜçásÙl�;:��ÐÝ:�5�àÝXæ��?ÜO�OáÒÝXæ�ßÒÝXæ ä ÜdáÒßÒÛÚÙ�ÛÐÜçáÒæ`} Ý]Ù-ßÒÝ�� ßÒÝ6Ù�ÜdÞ©Ù�ÝXæ��ÐÝcæ�Ùl��Ødá��
æÕÛÐÙOÛàÜçá©æ9æOÜ��ÕÙ¼Ø/ávÙOÝcæ*â�ÝXÞ��çÝXávÙ9Û��3�Ôãcß©ÛºØ/ÙOÝ��ÔÝcásÙ�t]Ù&�ÕÝ¢ã��/Ø:�ÐÞÒãXÝcæ9âÒØ��*æÕÞp�Òæ¡Ù�ÛÚÙ�Þ©ÙOÛàÜçáqßÒÝ^�/Ø��ÕÛºØ��[�àÝXæ
Ý]Ù#ßÒÝcæ¢Üçâ�ã���Ø/ÙOÛàÜdáÒæEØ��ÕÛÐÙ � �ÔãXÙOÛ��vÞÒÝXæ1æÕÛ��Ôâ[�ÐÝcæ�� Q ÛÐáÒæÕÛB�-â?Ýcá©ß_ØdásÙ �vÞÒÝ �ÐÝ¸Ù�Ý��ÔâÒæ#â
�OÜ�)O�OÝXæOæOÝW� �ÐÝ
ÙOÝ��Ôâ�Ü��OÛÐæ�Ø/ÙOÝcÞ
� ä ÜdÞ
��ØdásÙDßÒÜçÛÚÙ	�¡ÞÒæÕÙOÝPtXÙ&�ÕÝ ä ÜO�Ôâ_Ø��Õã3F �vÞÒÝ����vÞÒÝXæ��/Ø:�ÐÝcÞ
�Õæ&,#"©ÝXæ��

�#� Q ÞzáÒÛ��çÝcØdÞqß©Ý^��'TÝ$"!â
�OÝXæOæÕÛàÜçázßÒÝ^�4'TÝcáÒæÕÝ��7�[�àÝGßÒÝcæ ä ÜO�Ôâ�ÜO�¡Ù�Ý��1ÝXásÙ�æDß('�Þ©áqæz�eæ¡Ù����ÔÝ�{
�¯ÝR\�WYXd]¥ÜrZ1�OÝ!�4'�ØN�dØ/ávÙ�Ø�)çÝ,ß©Ý�á('�Ý "!â
�OÛ2�ÔÝ�� �vÞÒÝ �ÐÝcæ ä ÜdáC,D)çÞ
�OØ/Ù�ÛÐÜçáÒæÔØ äcä ÝXæOæÕÛ �[�ÐÝcæ1ßÒÞBæ��!æ��

Ù����ÔÝ�æOâ?ã ä Û-,_ãW�`u�á ä Ý��ºØ�Û8�$æOÝ�ßÒÛÐæÕÙOÛàáC)çÞÒÝ�ß('TÞÒá )O��Ødâ � Ý/�ÔÛàáÒÛ2�1Ø:��ß('�Ø äcä ÝcæÕæOÛ��ÒÛ��ÐÛÚÙ�ã |�FÊâ_Ø��¡Ù�Û2�
ßÒÞ��eÞ©Ý��9Û8�Dâ�ÝXÞ©ÙRt]Ù&�ÕÝÊæz�eásÙ � ã]Ù�ÛÐæOã�~1âÒÞÒÛÐæZ�vÞÒÝÊß_Ø/áÒæ ä ÝqßÒÝ��OáÒÛÐÝ�� ä)� Ø:�vÞÒÝ �Oã=)çÛÐÜçájÝcæ¡Ù,ÞÒá æOÞ
���
ÝXáÒæOÝ��5�[�ÐÝ ä ÜdávÙOÝcá_Ø/ávÙÏâ_Ø��ÅßÒã=,ÒáÒÛÐÙOÛàÜdá�ØdÞ �ÔÜçÛÐáÒæ*ÞÒáÒÝ ä ÜçáC,D)dÞ
��Ø/ÙOÛàÜdáÊØ äXä ÝcæÕæOÛ��[�ÐÝ:� �1ØdÛÐæÏØ/ÞÒæOæÕÛ
ã$�çÝcásÙOÞÒÝ��8�àÝ��ÔÝcásÙÏß('�ØdÞ©Ùl�OÝXæ ä ÜçáC,$)çÞ
��Ø)Ù�ÛÐÜçáÒæ�áÒÜçáZØ äXä ÝXæOæOÛ��[�ÐÝcæ5| ä Ý ä)� ÜçÛ "�Ýcæ¡ÙÅÝ$"!â[�ÐÛ ä ÛÐÙOãCß_ØdáÒæ��àØ
æÕÜçÞÒæb��æOÝ ä Ù�ÛÐÜçá�D����#���Y~G�
LDã~Ødá
�ÔÜçÛÐáÒæg�ÐÝcæ�Ù&��ØN�/ØdÞ#"fßÒÝ]�OÝ ä)� Ý�� ä)� ÝCØ��çØdásÙ$Ù&�OØdÛÚÙ�F\�àØ\�dã��OÛ-, ä Ø/Ù�ÛÐÜçá�ßÒÝcæ6æz�eæÕÙ����ÔÝcæ$ÙOÝ��Ôâ�Üh�
�ÕÝ��Ðæ¢ÜçásÙGâ
�OãcØ:�ºØ��[�àÝ��ÔÝcásÙsJLØdÛÚÙ¢áÒØ��ºÙl�OÝ1ß('�ØdÞ©Ù&�ÕÝcæGÜd���¡ÝXÙOæ5JpÜO�z�1Ý��àæQÝ$"!â
�ÕÛ��1ØdásÙ ��'TÝcáÒæÕÝ��5���àÝ�ßÒÝXæ
ä ÜçáC,D)çÞ±��Ø/ÙOÛàÜçá©æ¢Ø äXä ÝXæOæOÛ��[�ÐÝcæ#ß('TÞÒámæ��eæÕÙ����ÔÝ,ßÒÝt�fØ/áÒÛ����OÝfÝ$" � ØdÞÒæ¡Ù�Û��çÝ�Ý]ÙZ[	�:¦]¹5���]ae©d[$� ä 'TÝcæ¡Ù���F��
ßÒÛ2�OÝS�vÞÒÝ=æÕÜçásÙb�OÝXâ
�OãXæOÝcásÙOãcæÅÙ�ÜçÞÒæ��àÝXæ ä ÜO�Ôâ�Ü��ÕÙ�Ý��ÔÝcásÙ�æDØ äXä ÝcæÕæOÛ��[�ÐÝcæDÝXÙ�ÞÒá©Û��vÞÒÝ��1ÝXásÙU�ÐÝcæ ä ÜO�s�
â?ÜO�ÕÙOÝ��ÔÝcásÙOæ*Ø äcä ÝXæOæÕÛ �[�ÐÝcæ���LDÜdÙ¼Ø	�t�ÔÝXávÙ�� �àÝXæ<)O��Ø/â � ÝcæÅß('TãXÙ�Ø/Ù�æÅØ äcä ÝXæOæÕÛ �[�ÐÝcæ*ÝXÙ%�ÐÝcæ )O�OØdâ � ÝXæ�ßÒÝ
ä �ºØdæÕæOÝXæGß('TãXÙ�Ø/Ù�æGØ äXä ÝcæÕæOÛ��[�ÐÝcæ ä �ºØ/æOæOÛ8�vÞÒÝcæGâ
�OãXæOÝXávÙOãcæGß_ØdáÒæV]�
 C 5ED�d�Ý]ÙQãXÙ�ÝXáÒßÒÞÒæQß_Ødá©æ�]�
6Ý����ED�d
ÜçásÙ ä ÝXæ9â
�ÕÜçâ
�OÛÐãXÙOãcæ�� <6ÝXæ/)O�OØdâ � ÝXæ*æÕÜçásÙ �ÐÝGâ
�ÕÜ!ß©ÞÒÛÐÙ*ßÒÝ ä Ý\�eÞ©ÛkÝXæÕÙÏØdâÒâ?Ý��Ðã,b��?bd¹ G���[(�>¥ bR¦)¦¼[)��

�]a�2ca·¹½a·YI0n�da·`�[)¦]Y3[QâÒØ���ÜçâÒâ?ÜçæOÛÚÙ�ÛÐÜçázØdÞ#"�)���Ødâ � Ýcæb�ÔÛàáÒÛ2�1ØdÞ#"Zß('�Ø äXä ÝcæÕæOÛ��ÒÛ8�àÛÚÙ�ãW�
�¯Ý>\�WYXd]ÔÝcæÕÙ6æz�eásÙ � ã]Ù�ÛÐæOãPFQâ_Ø��ÕÙOÛ���ß('TÞÒá )O�OØdâ � ÝDßÒÝ]�Õã*)çÛÐÜçáÒæ�� � ÞÒÝ ä Ý )O��Ødâ � Ý*æÕÜçÛÚÙ$ÞÒá )���Ødâ � Ý
�ÔÛÐáÒÛ��1Ø:��ß('ÂØ äcä ÝXæOæÕÛ �ÒÛ8�ÐÛÐÙOã¸ÜçÞ �ÒÛÐÝcá�ÞÒá )O�OØdâ � Ý#ß
'ÂØ äXä ÝXæOæOÛ��ÒÛ8�àÛÚÙ�ã1ßÒÛ2�OÝ ä Ù�ÝÔá('�Ø�â_Ødæ=ß('TÛÐá ä ÛÐßÒÝcá ä Ý
æÕÞ
�X�ºØ9ÙOÝ ä)� á©Û��vÞÒÝÅßÒÝ�æ��!ásÙ � �cæÕÝ*ßÒÞ�\�WYXd] �R<6Ýcâ?ÝcáÒß_Ø/ávÙ��sâ_Ø�� ä ÜçáÒæ¡Ù&�OÞ ä Ù�ÛÐÜçá �:�àÝ�áÒÜ��5�
�ÕÝ�ß('�ã]Ù¼Ø/ÙOæ
ßÒÞ�\EWYXd](ÝcæÕÙ¢ßÒÛ2�OÝ ä Ù�Ý��1ÝXásÙ �àÛÐã�ØdÞÇáÒÜO�5�±�OÝ,ßÒÝ¸á��CÞÒßÒæ¢ß©Þ )O��Ø/â � Ý¸ß©Ý �Oã=)çÛàÜdáÒæ¢ßÒÜdávÙ¢Û���Ýcæ¡Ù
ÛÐæOæÕÞ � Q ÛÐáÒæÕÛB�ÒÞ©áx\EWYXd]¸æ��eávÙ � ãXÙOÛàæÕã5FGâ_Ø��ÕÙOÛ��6ß('�Þ©á )���Ødâ � ÝÏß('�Ø äcä ÝcæOæÕÛ �©Û��ÐÛÐÙOãCßÒÛ��ÕÝ ä Ù ä ÜO�Ôâ?ÜO�ÕÙOÝ=Ø
â
�ÕÛàÜ��OÛ?â[�àÞ©æ$ß('TãXÙ¼Ø)Ùg�vÞ('TÞÒáG\EWYXd]1æz�eásÙ � ã]Ù�ÛÐæOãPF¢â_Ø	�ÕÙ�Û2�6ß
'�ÞÒá )���Ødâ � Ý]�ÔÛàá©Û��1Ø:��ß('ÂØ äcä ÝXæOæÕÛ �ÒÛ8�ÐÛÐÙOã:�
LDÜçÞÒæ?)çØ��OßÒÜdáÒæ6Ø/ÛàáÒæÕÛ �ÐÝ)�?ãcá©ã=, ä ÝÏßÒÝU�àØn�ÔÛÐáÒÛ2�1ÛÐæ�Ø)Ù�ÛÐÜçá�Ýcá,æ��eávÙ � ãXÙOÛàæOØdásÙ%�àÝV\�W�Xd]TFGâÒØ��ÕÙOÛ���ßÒÞ
ÞÒá )O�OØdâ � Ý��ÔÛÐáÒÛ��1Ø:�´ß('�Ø äXä ÝcæÕæOÛ��ÒÛ8�àÛÚÙ�ãW�
8
Ø��9Ø/Û��8�àÝXÞ
�Oæ���Þ©ác\�W�Xd]���Ø��fá©Ý �ÐÝ )O�OØdâ � ÝQßÒÝn�Oã*)dÛàÜçá©æ@FÔâ_Ø��ÕÙOÛ��DßÒÞ[�vÞÒÝ���Û8�´ÝcæÕÙ9æz�eásÙ � ã]Ù�ÛÐæOã#Ý]Ù
á('TÝ$"!â
�ÕÛ��ÔÝg�vÞÒÝ �àÝXæ ä ÜçáC,D)çÞ±��Ø/ÙOÛàÜçá©æ�Ø äXä ÝXæOæOÛ��[�ÐÝcæ��s8yÞÒÛàæ{�vÞ('�Þ©á )O��Ødâ � Ý@�ÔÛÐáÒÛ2�fØW�!ß('�Ø äXä ÝcæÕæOÛ��ÒÛ8�àÛÚÙ�ã
ä ÜO�Ôâ�ÜO�¡Ù�ÝEß©Ýcæ ä ÜdáC,D)çÞ
�OØ/Ù�ÛÐÜçáÒæ9áÒÜçá�Ø äXä ÝcæÕæOÛ��[�ÐÝcæ�� ä ÝEÙ&��ØN�/ØdÛ8��ßÒÝ(��Ø��1á_Ø�)dÝEÝcæ¡Ù=â
�OÜ>,ÒÙ¼Ør���àÝ/ñ�Û��
ÝXæÕÙ�â_Ø�� ä ÜçásÙ&�ÕÝ$æ�Ø/áÒæyÛàásÙOã���t]Ù�æOÛ[�ÐÝ�\�WYXd]¢Ýcæ¡Ù�æz�eásÙ � ã]Ù�ÛÐæOã>FÏâ_Ø��¡Ù�Û2��ß('TÞÒá )O��Ø/â � Ý$ß('�Ø äXä ÝcæÕæOÛ��ÒÛ8�àÛÚÙ�ã
ßÒÛ2�OÝ ä ÙOÝg�vÞÒÛ©áÒÝ ä ÜO�Ôâ?ÜO�ÕÙOÝ$ßÒã���FU�vÞÒÝ$ßÒÝXæ ä Üçá�,D)çÞ
�OØ/Ù�ÛÐÜçáÒæ�Ø äcä ÝcæOæÕÛ ���àÝXæ�� C Ødá©æ ä Ý ä Ødæ � FU�ÐÝ'\�WYX^]
áÒÝ�JLØdÛÚÙ �vÞ('TÝ$"!â
�OÛ2�ÔÝ�� ä ÝcæQÛÐáEJpÜO�l�1Ø/ÙOÛàÜdáÒæ=æOÜçÞ©æGÞÒá©ÝfØ/Þ©Ù&�ÕÝKJpÜ��l�ÔÝ:��Þ©áÒÝTJpÜ��l�ÔÝ �vÞÒÛ�Ø��1Ø:�6)O�Õã
ÙOÜçÞ©ÙÅßÒÝXæ9ØdæÕâ�Ý ä ÙOæDæ¡Ù&�ÕÞ ä ÙOÞ
�OÝ��àæ*æOãcß©ÞÒÛàæOØdásÙ�æ��

��� Q ÞzáÒÛ��çÝcØdÞqß©Ý^�àØ#æOâ?ã ä Û6, ä Ø/Ù�ÛÐÜçázßÒÝcæÅßÒÞ
�ÕãcÝXæ*æÕãcâ_Ø��OØdásÙU�ÐÝcæDØ ä Ù�ÛÐÜçáÒæv{
� �©Ø/âÒâ_Ø��OØ��ºÙ
ã*)çØ:�àÝ��ÔÝcásÙX�vÞÒÝ��ÐÝ'\�WYXd]Gâ?Ý��z�ÔÝXÙ-ß
'�Ý "©â��àÛ ä ÛÚÙ�Ý�� �àÝXæ-ßÒÞ
�ÕãcÝXæ-æOãXâ_Ø���Ø/ávÙ��àÝXæ-Ø ä Ù�ÛÐÜçáÒæ��<6Ý��ºØ�Ødâ©â�ÜO�¡Ù�ÝGÞÒáÒÝ(�Õãcâ?ÜçáÒæÕÝEæOÛ2�Ôâ[�àÝ#Ý]ÙÏÛ2�3�1ãXßÒÛàØ/Ù�ÝKF ä Ý��¡Ù¼ØdÛÐáÒæ9Ù+�eâ?ÝcæÏßÒÝ �eÞ©ÝcæÕÙOÛàÜdáÒæ=æOÞ
�9ÞÒá
æ��!æ¡Ù����1Ý�Ù�Ý��Ôâ�ÜO�ÕÛàæÕã:�F�*á�Ý "©Ý��Ôâ[�àÝZÛ8���ÐÞÒæÕÙl��ØdásÙ ä Ý]ÙOÙOÝ/JpÜdá ä ÙOÛàÜçá©á_Ø:�ÐÛÐÙOãZÝXæÕÙ1â
�ÕãcæOÝXásÙ�ãZß_ØdáÒæ �ÐÝ
â_Ø	��Ø�)O�OØdâ � Ý=æÕÞÒÛ��dØ/ávÙ��
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�'� ¬X¤q¤e�j���´�J«´¤e�
®ç¤q«
±;®ç§ÒªJ®s±kª6«´¤R¬f«k±>«��v¤R¬t®k§
«�ªp¤/\EWYXd]
�B'�Ý "©Ý��Ôâ[�àÝ\�vÞÒÛ¯æOÞÒÛÚÙDÝcæ¡Ù*ÙOÛ��Õã=ßÒÝV] C�� 8 5�DNdd{
�dÜ � á&�/ØqÙ&�OØN�dØ/Û��8�àÝ��EæOÜdÛÐÙ#ÝXá&�çÜçÛÚÙ�Þ±�OÝ | � �h� c �m�ÔÛàávÞ©ÙOÝcæ�~G�-æOÜdÛÐÙ#ÝXá7ØdÞ©Ù�Ür�ÒÞÒæ/|LØdÞ �ÔÜçÛÐáÒæ�� � �ÔÛ �

ávÞ©Ù�ÝXæ�~G��� �ÕÝcß �dØ�Ù&�OØN�dØ/Û��8�àÝ��GæÕÜçÛÚÙGÝXá �dÜçÛÚÙ�Þ
�ÕÝ | � �h� � ���ÔÛÐávÞ©Ù�ÝXæ�~Y�kæOÜdÛÐÙQÝcá��ÔãXÙl�OÜ | c �h� � � �ÔÛàávÞ©ÙOÝcæ�~G�Q Þh�¡ÜçÞ
�Oß
' � ÞÒÛ!�dÜ � ámÝXæÕÙ¢â_Ø��ÕÙOÛ�ßÒÝ!�àØ��1ØdÛÐæOÜçá¥ÝcásÙ&�ÕÝ#"�{�D �zÝ]Ù�"�{µ� ���´Ý]Ù$� �OÝXßmÝcæ¡Ù#Ø��z�OÛ��çã¸ØdÞÇÙl��ØN�/ØdÛ��
ÝcásÙl�OÝ @E{�� �(Ý]Ù @�{ D �#�`L*ÜçÞÒæ1æ�ØN�dÜçáÒæ¸ã=)sØ:�ÐÝ��ÔÝcásÙ!�eÞ©Ý��dÜ � á ÝXæÕÙ¸Ø��l�ÕÛ8�dãÊØdÞ�Ù&�OØ;�/ØdÛ8��ÝcáR�eÛ2�OÜçá D �h�����
�ÔÛàávÞ©ÙOÝcæ*Ødâ
�	�cæ%�vÞÒÝ%� �ÕÝcßZØdÛÚÙ��vÞÒÛÚÙOÙOãCæOÜçáZßÒÜO�ÔÛ ä Û8�àÝW�

L*ÜçÞ©æDæÕÜçÞ � Ø/ÛÐÙOÜçáÒæU�Oãcâ?ÜçáÒß±�OÝQØdÞ#"��vÞÒÝXæÕÙOÛàÜçá©æ*æÕÞÒÛ8�/ØdásÙOÝcæv{
D��ÅÝXæÕÙ�� ä Ý �vÞÒÝ^�4'TÛàá�JpÜO�l�1Ø/ÙOÛàÜçá�ßÒã ä �ÕÛÐÙOÝGß_Ø/áÒæ ä ÝCæ ä ãcá_Ø��ÕÛàÜfÝcæ¡Ù ä Ü � ã��OÝcásÙOÝ'&
�#�ÅÝXæÕÙ���Û��¯â?ÜçæÕæOÛ��[�àÝ^�vÞÒÝ(�dÜ � ázØdÛÚÙÅâ
�OÛÐæ%�4'�ØdÞ©ÙOÜd�ÒÞÒæ��?Ý]Ù)� �OÝcß �ÐÝd�Ôã]Ù&�OÜ*&
���%�vÞÒÝ����ÐÝcæDæOÜçásÙ��àÝXæÅß_Ø/Ù�ÝXæÅâ�ÜçæÕæOÛ��[�ÐÝcæ*ØdÞ#"#�vÞÒÝ��8�àÝXæ+� �OÝXßqØ#ßÒÞZâ_Ø��¡Ù�Û2��ßÒÝCæOÜçáZßÒÜO�ÔÛ ä Û8�àÝ,&
�¯Ýcæ ä ÜçásÙl��ØdÛÐásÙ�Ýcæ�ã$�çÜ*�eÞ©ãcÝcæZß_Ødá©æ �àÝ�æ ä ãcáÒØ��OÛÐÜ â±�Oã ä ãcßÒÝXásÙzâ?ÝcÞ#�çÝcásÙwtXÙl�OÝ�æOâ?ã ä Û6,ÒãcÝcæZÝcá $'&)(

*.-�/0-.1�| �çÜdÛ��<,D)çÞ±�OÝn�#�µ� ~Y�
L*ÜçÞ©æqâ?ÜçÞ��çÜdáÒæ ä Ø:� ä Þ[�ÐÝ�� �ÐÝ )O�OØdâ � Ý��ÔÛàá©Û��1Ø:�Qß('�Ø äcä ÝcæOæÕÛ �©Û��ÐÛÐÙOãBßÒÝ ä ÝXÙÕÙ�Ý¥æÕâ�ã ä Û-, ä Ø)Ù�ÛÐÜçá |_�Wc2�

ä �àØdæÕæOÝcæ���cED @�Ùl��Ødá©æOÛÚÙ�ÛÐÜçáÒæ�~G�k8
ÜçÞ
�d�OãXâ�ÜdáÒß
�OÝ�F��ºØ�â
�OÝ��ÔÛ����OÝ!�vÞÒÝXæÕÙOÛàÜçáP�
áÒÜdÞÒæGâ?ÜçÞ��dÜçáÒæn�OÝ ä)� Ý�� ä)� Ý��
ß_Ødá©æ ä Ý�)���Ødâ � Ýqæ*'TÛ8�9Ý$"!ÛÐæÕÙOÝ�ßÒÝcæ ä)� Ý��ÔÛàá©æZâÒØ��ÕÙ�ØdásÙ,ßÒÝ ��'TãXÙ¼Ø)Ù,ÛÐáÒÛÐÙOÛºØW�9ÝXÙ¸â_ØdæÕæ�ØdásÙ2F2�àØ�JpÜçÛÐæ¸â_Ø	���'ÂØ ä Ù�ÛÐÜçá43Ej6587,9�o�e,9;: jrl8<�Ý]Ù*âÒØ����4'�Ø ä Ù�ÛÐÜçá>=YlYf�?@9Eohe,9;: jdl�<�� C Ý=Ù�Ý��Ðæ ä)� Ý��ÔÛÐáÒæ*Ý "!Ûàæ¡Ù�ÝcásÙcñ �àØ|�Oãcâ?ÜçáÒæÕÝ
Ýcæ¡Ù¸ß©Üçá ä ^��!adÄ*¹º[ ��¦J0��?bd`na¿^�Ó9Y3[]¹)A��C¥ a·¹*[)�]Y(�"0)¦]`]a·YpÓ¢[)�]Y ._^��)�]a�2c¹º[$�C�DáÒÝqØ/Þ©Ù&�ÕÝm�1Ødá©Û����OÝZßÒÝ�â
�OÜ ä ã¥�
ßÒÝ��ÏÝcæ¡ÙÏßÒÝ ä ÜO�Ôâ�ÜdæOÝ���|LÛ9��ÝW�
æz�eá ä)� �OÜçáÒÛÐæOÝ��=æOÝ��àÜçák�ÐÝEæ ä)� ã��1Ø�ßÒÝ �àØ ,D)dÞ
�OÝ3�*�.c�~ ä Ý]ÙOÙ�Ý¢æOâ?ã ä Û-, ä Ø/Ù�ÛÐÜçá
ØN�çÝ ä ÞÒá .?`�^�¦¼[)�)�����C^�2���[]` ©)bdYN[��!` �vÞÒÛ �Õã~Ø:�ÐÛÐæOÝ �ÐÝcæ$ß©ÝcÞ#",Ø ä ÙOÛàÜdáÒæB3�j6587'9�ohe,9;: jrl�<,Ý]ÙC=YlYf8?@9�ohe,9D: jrl�<
æ�Ø/áÒæ�Û��Ôâ?ÜçæOÝ���ß
'�ÜO�Õß
�OÝ�ÝXásÙ&�OÝ��ÐÝcÞ
�Õæ�Ü äcä Þ
�l�ÕÝcá ä Ýcæ��eæÕÞÒÛ��!Û_ß
'�ÞÒá©Ý*Ø ä Ù�ÛÐÜçáÔæOâ?ã ä Û6,[�eÞ©Ý3j6E ndf^l2F
G�| �dÜçÛ�� ,��
)çÞ
�ÕÝU�#� ���ÂØ ~Y��L*ÜçÞÒæ ä Ø:� ä Þ[�ÐÜçáÒæT�ÐÝ<)O��Ødâ � Ýy�ÔÛàá©Û��1Ø:�Òß
'ÂØ äXä ÝXæOæOÛ��ÒÛ8�àÛÚÙ�ãDßÒÝ ä ÝXÙOÙOÝ�áÒÜçÞ��dÝ��8�àÝDæOâ?ã ä Û6, ä Ø/ÙOÛàÜçáP�
ÝXÙ6áÒÜçÞÒæ6áÒÜdÙ�ÜdáÒæ6æÕÞ
� ä Ý )O��Ø/â � ÝU�àØGâ±�OãcæÕÝcá ä Ý=ßÒÝ ��'ÂØ ä Ù�ÛÐÜçáwj6E nrf^l�F
G���<6Ý��ºØ¢æÕÛ+)dáÒÛ6,ÒÝ �vÞÒÝ �àØ¢æOÛÚÙ�Þ_Ø)Ù�ÛÐÜçá
Ù�ÝXæÕÙOãcÝQâ_Ø�����'�Üd�©æOÝ��p�/Ø/Ù�ÝXÞ
�*æÕÝCâ
�OÜeßÒÞÒÛÚÙV�ÒÛàÝXá�ñ �àØ3�Õãcâ?ÜçáÒæÕÝ5F �àØÔâ±�OÝ��ÔÛ ���ÕÝ\�vÞÒÝXæÕÙ�ÛÐÜçázÝcæÕÙ>�ÒÛÐÝcáB^��!a��

L*ÜçÞ©æmâ�ÜdÞ��çÜçá©æmâ
�OÜ ä ãXßÒÝ��¥ßÒÝ~�1ØdáÒÛ ���ÕÝjÛàß©ÝcásÙ�Û8�vÞÒÝ­â�ÜçÞ±�K�OãXâ�ÜdáÒß
�OÝ F �àØ>ßÒÝcÞ#"!Û ���ÔÝ �vÞÒÝcæ��
Ù�ÛÐÜçá�{�æOÜçÛÚÙ �ÕÝ ä)� Ý�� ä)� Ý��ZßÒØdáÒæ �ÐÝ�)O�OØdâ � Ý �ÔÛÐáÒÛ2�fØW�9ß('�Ø äcä ÝcæÕæOÛ��ÒÛ��ÐÛÚÙ�ã�ßÒÝ �àØ¥æOâ?ã ä Û6, ä Ø/ÙOÛàÜçá­ßÒÝ1�ºØ ,��
)çÞ
�ÕÝ��#�µ�GßÒÝXæ ä)� Ý��1ÛÐáÒæ�â_Ø/æOæ�Ø/ávÙ$â_Ø����ÐÝcæ6Ø ä ÙOÛàÜdáÒæH3�j65@7,9�ohe,9D: jrl�<��I=�lYf�?@9�o�e,9;: jrl8<���3�j6587'9DE8J,9DEYq n*�
ÝXÙ%=Yl�f�?@9DE8J'9hgkfre�lpj!ñ�ÜçÞBØW�àÜO�Õæ ä ÜO�Ôâ�ÜçæÕÝ�� ä ÝXÙÕÙ�Ý,æÕâ�ã ä Û-, ä Ø/ÙOÛàÜdá�Ø;�dÝ ä ÞÒá¥áÒÜçÞ��dÝ~ØdÞ�â
�ÕÜ ä ÝcæOæÕÞÒæ#Üd���
æOÝ��{�/Ø/ÙOÝcÞ
�5| �dÜçÛ�� ,D)çÞ±�OÝn�#� ����� ~6ÙOÝcæÕÙ�ØdásÙ ä ÝXÙÕÙ�ÝQæOÛÚÙ�Þ_Ø/ÙOÛàÜdázÝ]Ù9ßÒã ä �ÐÝcá ä)� ØdásÙ ��'ÂØ ä Ù�ÛÐÜçá j6E nrf^l�F,K[�P<6ÝXÙOÙOÝ
ãXÙOÞÒßÒÝW�!â_Ø	� ��'�Þ©áÒÝÏÜçÞ��4'�ØdÞ©Ùl�OÝDßÒÝcæy�Ôã]Ù � ÜeßÒÝcæ��!â±�OÜçÞ��dÝU�vÞÒÝ �àØn�Õãcâ?ÜçáÒæÕÝ@F\�àØGß©ÝcÞ#"!Û ���ÔÝS�vÞÒÝcæ¡Ù�ÛÐÜçá,Ýcæ¡Ù
�
^�� �

8�Ø�� ä ÜçásÙ&�ÕÝ:�_áÒÜçÞ©æ�áÒÝ=â�ÜdÞ��çÜçá©æÅØdâÒâ?ÜO�ÕÙOÝ���ßÒÝ��Õãcâ?ÜçáÒæOÝPF �àØ¢Ù&�ÕÜçÛàæÕÛ����ÔÝ^�vÞÒÝXæÕÙOÛàÜçáZÝcá�Ùl��ØN�/ØdÛ��8�àØdásÙ
ßÒÛ2�OÝ ä Ù�Ý��ÔÝcásÙ�æOÞ
�!�àÝ )O��Ødâ � Ý �ÔÛÐáÒÛ��1Ø:�*ß('�Ø äcä ÝcæOæÕÛ �©Û��ÐÛÐÙOã:� � �9JLØdÞ©Ù¸ÞÒáÒÝÊÜçâ?ã��OØ/Ù�ÛÐÜçá æOÞÒâÒâ��àã��1ÝXásÙ¼ØdÛ2�OÝ�vÞÒÛ��/ØRt]Ù&�ÕÝ(�OãcØ:�ÐÛàæÕãcÝ �ÐÜO�Oæ*ßÒÝ��àØfæz�eásÙ � �cæOÝÔßÒÞ \�WYXd]qØ/æOæOÜ ä ÛÐã:�
�¯Ý )O�OØdâ � Ýn�1ÛÐáÒÛ2�1Ø:��ß('�Ø äXä ÝcæÕæOÛ��ÒÛ8�àÛÚÙ�ã
ßÒÝ��àØ¸æÕâ�ã ä Û-, ä Ø/ÙOÛàÜdá(ß©Ý �àØ ,D)çÞ
�ÕÝ3�#�µ�fáÒÜçÞ©æÏßÒÜçáÒá©Ý¢Ù�ÜçÞ!Ù�Ýcæ��àÝXæ ä Üçá�,D)çÞ
�OØ/Ù�ÛÐÜçáÒæ9Ø äcä ÝcæOæÕÛ ���àÝXæGßÒÝXâÒÞÒÛÐæ��'�ã]Ù¼Ø/Ù
Ûàá©ÛÐÙOÛºØ:�9� ä 'TÝcæ¡Ù���F��NßÒÛ2�OÝ ä Ý��8�ÐÝcæ �vÞÒÛ9�/ÝXá(�ÕÝcæOâ?Ý ä Ù¼ØdásÙ��àÝXæ ä ÜdávÙl��ØdÛÐásÙ�ÝXæ�Ù�Ý��1â?ÜO�ÕÝ��8�àÝXæ�ßÒã ä �OÛÚÙ�ÝXæ-ß_Ødá©æ��ÐÝ
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Graphe minimal d’accessibilité

Time Labelled Scheduling Automaton

1

2

3 Sélection et regroupement des transitions Lotos

Recopie des noeuds plusieurs fois accessibles

au plus tôt de chaque classe
Identification de la configuration accessible
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�0«�¬­�]®

Q { |\nFE
Q {�|\nDE

Q { | > � n�u Q
Ñ1BD�I@�=K�2;?9/�IS�N
;<H?@K9:GFH<BDCjQ>=�LvC21�;>Q>L½R�;>H>BDCUGv;RC%��¶ O
¾��Y9EH?LvNZBDLTLISKQ>9ECUGe;>C>=�GI�F9EC>LTH<GIH?BECY=�CUGF�F9:C�GI=C>BDCOGF�I9EHhGFSK==G�_�Ò�z/q�r9Ó0¤w{ ¢ t-pT�MÔ twvÇy,p�Õ2}/t-��³Öz�×.pLª5�
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t

2-(4.5 3 3)
(3+t1 3 3)

2-(6 3 3)

t=3-t1

2-(4.5 3 3)
(3+t1 3 3)

2-(6 3 3)
(6 -t1+6 -t1+6)

+
,-+
.0/ +2103�4 5

c2

c1

c3

(3+t1 3 3)

(6 6-t1 6-t1)

2-(6 3 3)

Ùkg-° Ù76�°
�q���g�Z�ÀG�8f�:9<;>=�?7@2A�BCA� D@ ¡�¨ ¦� EAF@G;>=E R¤�?7@�?�H!  «

IKJ<LNMI�-O�J<P>QRMSQUT�JWV�M-QKRYXZL�M-V�LK[<OE���]\<L4��<¤y^PSQ?0_J<Q /DL4RYXa4�QK;
�`O�X<J<La[>�>T;0D�SL�PSP>QUT_Jb\<LNM-L��`[<Pc[dT_XR�
O0M>M-LeQRJ<\>�>L<;UOWf�;gO�P>PSL<y-G S T_QRM�¶%� ��&H�³��~ ±

Q �VTVTVT���~ ±
W )U)¢;UOWfeT�J�/10_X>�SO0M-QRT_JhO�fef�LePSP>QrpJ;UL`O�Xi[
;RX<PKM62�Mj\<L

;UOkf!;UO�PSP>L+�l\ZV�M-L��I�`QRJ<VeL=<6;54�V�MmO�[nLN[>�SV�feV�\<LeJoM-L=?YOVA�Lef+� � ���������! 9��&=)LG S T_QpM ^ � �}&H�³��~"q Q �VTVTVT���~�q W )�)
;UOrf�T_J�/10�X>�-O0MSQUT�J`O�fef�LePSP>QrpJ;UL$O�Xs[
;RX<PtM32�Mt\ZL+;UOkf!;UO�P>PSL�yÆRYXZLjJZT_X<PuO@;RTD�SPv\ZV�M-L��I�`QRJ<LK� �bO�QUJoMSLeJDO�JoM!G
w�Oxf�T_J�/10�X>�-O0MSQUT�J ^ [nLeXZM,��MF�>LW\ZV�/DJ<QRLCL�Jy\<V�M-L��I�`QUJ<O�JoM®;UO s"=E¢gA�¦Y;bBs?� D?7Bb=E¢gA%���3?zMSL!;ºR{X<L�~�q��
�}~ ±
Q �*���3�dTVT@T!��~ ±

W �Î�¡�4)NO�[Z[DOE�>MSQUL�J<J<L <�;UO��>V@0_QRT_Jx\<LP;gObf!;UO�PSP>L®y}|~f@G��K<"��\9GlR{XC4�L!;K;UL*P-O0MSQUPa�GO�QRM�;RL
P��YP�MSQK�`L`\C4�QUJZV!R{XDO0MSQUT_JZPPpdTD�>JDO�JoM�f�L�MSMSLM�SV�0_QRT_Jd�LGz�tX<QUP�R{X<LF;UL�P/�<TD��;UT;0�LePkV¡A_TH;RX<LeJoMrX<JZQ<�~TD�T�`VK�`LeJoM
\<L�[<X<QRP3;UObf�T_J�/10_XR�-O0MSQUT_J{¶�?DJ<T_X<PKO"��T_X�M-T_J<P+����O�Xe~y�<TD��;UTB0_LePa\<LP¶�[nT_X>�a\<V�/<J<Q?�+;RLePx�<TD�U;RT;0_L�Pa\<L
^ G

w�O pdTD�>J<L�QRJR�~VK�>QUL�X>�SLr\<L�f�L�P��YP>MUQK�`Lr\C4�QRJ<V�RYX<O0M-QRT_J<P�|�R{X<Qz[nLeX�Mg��MI�SL6AYXif�TD�A�`L�X<J<L�feT�J0��T_J<f
�
M-QRT_J�\<L�f�T_JoMF�SO�QUJoMSLeP���L�P>M§;RLkM-L��b[ZP§RYXZQz\<T_QpMaP@4�Vef�T_X
;RLK�N[nT_X>�²R{X<L�;RL�P��YP>MUQK�`L*O0MSMSLeQ?0_J<LkX<JZL�feT_J�/��
0_X>�SO0M-QRT_J�QUJZf!;RX<PSLW\DO�J<PP;gOxf!;UO�PSP>L�y-G�w�OZA�O=;UL�X>�*\ZL-����|GfeT�J<P>M-O�JoM-LCT�X�L
~Z[R�SLeP>PSQRT_JÌ;RQUJ<VeO�Q<�SL"�$LeP�M
O�[<[nL!;RVeLFs"=E¢ ¦Z=�@�?�H! �@2A�B3�DH";-A�¢�¢gAr\<L¤;UOsMI�-O�JZPSQpM-QRT_J��»G

#KT�MSL��»�¡��[nLeXZMp��MI�SLr\<V /DJ<Q�[DOE�§A0O@;UL�X>�SPjPSXZ[dV��SQRLeX>�>LePs|�;gO pnTD�SJ<LrQRJR�~VK�>QUL�X>�SL*\<XxP��YP>MUQK�`L]\C4�QUJY�
V!R{XDO"M-QRT_J<PjLeP>MjL
~Zf�;UXZL"�LGnw!L�MF�SO�QRMSLK�`LeJoMK\C4�X<J<L�M-L�;>;RLrPSQpM-XDO0MSQUT�JiL�P>MKL ~�[
;RQUf�QRMSV*[DO�0_Lr8U�ÀG

�$��Q�{©i��DQ$��feTE�Y�`LWQ>;K;UXZP>MF�>VC\DO0J<P<;UO�/+0_X>�SL��ÀG�8_OJ?!J<T_XZP*[DO:�>M-T�J<P�\<L�¶ � ���À�³�G�¤�b¾�Ï@���J���h)�)
L�M4� �����<�dD��AH �¡ � 1L<�HGDw!LU0D�SO�[>�<L��`QRJ<Q?�bO@;!\a4�O�f�feL�PSPSQ?p<QK;UQpM-V*J<T_X<PN[R�SVef�QUP>LxR{X<L¤;UOj�SV@0�QUT_Jx\<L�;UO
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f!;UO�P>PSLxy � ���<�dD �  �  L<�FL�P>M=pdTE�SJ<V�LF[<OE�
�������� �������

� Q ���
��ÁÂ� R �	�
��ÁÂ��
=�
�
� �FÁÂ� R � � Q � �
� �FÁÂ��
 � � Q � � Ï
� ���b��
 � � R ���

� A_L�f �� � � Q �Æ~�q Q �O~ ±
Q �Î�¡� �����Ì¾�Ï�� �¡�

� R �Æ~�q R �O~ ±
R �Î�¡� �����Î�¡�

��
¢�Æ~�q 
 �O~ ±

 �Î�¡� �����Î�¡�

;gOsP>TH;UX�M-QRT_JiL�P>M �¡� ��� � ¾�Ï

� QRJ<PSQ�?J;UO�f�T_J�/10_X��-O0MSQUT_J�O�fef�LePSP>QrpJ;ULrO�XC[
;UXZP�M32�M�\<L3;UO�f�;gO�P>PSL�y LeP>M ^ � ���h�³���J��� � ¾�ÏH��� � ¾�Ï�)U)L?
L�M+;UO®A�O=;UXDO"M-QRT_J�M-LK�`[nT��SL�;>;RLF\<L�;gOsM��SO�J<P>QRMSQUT_JT� �� � y�LeP�MjV@0oO@;RLu<`� � ¾�ÏC|~LeJx\C4�O�XZM��>LePaM-L��I�`LeP�?
[DO���MmO�JoM�\<L¢;UOKf�T_J�/10_X��-O0MSQUT_J<¶F� ���h�³�G���W¾�ÏH���J���h)U)S?�;ULuM-LK�`[<P�\<T_QpMvV�A�TH;RX<L��v\a4�O�X,�bT�QUJ<P��¡� ��� � ¾�Ï
[nT_X��aO0M>M-LeQRJ<\��>L¤;gO��SV�0_QUT�J�y`�LG

� ��d�[�f�� ]�� { Q! �"� ! "�-O0QRMSL�#`LeJoMK\<LePNM��SO�J<P>QRMSQUT_JZPjMSL�#`[dT��SL!;K;RLeP
S T_QRM4Å��%$4?DR{X<L!;RfeT�J
R{X<L@?nX<J<QKR{X<L@G
t T�J<P>M&�SX<f�M-QRT_Ji\ZXiP('�P�MSQ�#bL*\C4�V!R{XDO0MSQUT_JZP�<)�SV�PST_XZ\��SL��
��O���T_XZM-L��§;gOWA0O��SQUOBp
;RL+* Ã O�X��¡¶ O
¾�\<L¤;gO)�SV�0_QRT_Ji\ZXxJ¸1FXZ\i[»Q��>L@?
�,�>L�#`[
;UO�feL��a\DO�J<P4;RLePjV!R{XDO0MSQUT_JZPj\ZLx;UO)�SV@0�QUT_J \<XxJ21rX<\�/l;RP!G-aVeP>T_X<\��>L¤;ULrP.'YP�MSQ�#`L*L�MjL ~YM��SO�Q/�SLrX<JxLeJ<feO�\��SL�#`LeJoMÂ'F\<L0* Ã G� E ;gO�pnT��SJZLFQRJ�1~V��SQRLeX��>LF\ZL='FLeP�M�;UO��i0_L ]�� Q32
$�&('*)§¾,+�¶6&9&(Å�¾�ÅÑ�.& TGA`¶h�F$�¶\¾�ÅÑ�.&�)+¾K' � O��.+N'V���F'6�P';T ÅC&(4� ��T�XZM-L���';T ÅC&(4w<ÏB
��¶�OJ¾V)ÁB6'�&!¾xW`�¡�.&�4"ÅDYH$�+�¶\¾�ÅÑ�.&{� $�&('*)§¾,+�¶6&9&(Å�¾�ÅÑ�.& T O�'/+0';T���¶ O
¾�� ';T$Å9&�4

QY��g�Q!_�4�zÂÕ2}/ysv-px{|v*Æ�²�ys{~p�twy,p��wpÁbTpJqsruq,rsys{~��r,pLª5�
`6a�b/c�dfeLg3a�hjikdfiDl�a(m¼»0g0½�`Hg3dCiDl�a(c�d,bJ¾¿¦¸l�e.bJ½�½Fb¨·65 Ã zJ´.pJ�75 Ã p�v-�Vz/�*y,²Á¤6z�y¥b¹�º }/twr,p�y,5 Ã À�§-ªnÞgV¦6dÞc¨§0b�hVd983n�l�a�¶2i;:0`6eLg3dCi9lja£·É`6a�b/c�dfeLg3a�hjikdfiDl�a(m ¦2bJe.bLmGnÞgV¦6d=<>5 Ã

�0«�¬­�]®

?A@ Qhg ] �F[B2	C
Qhg�D�[�fE2�QhgFC�Q �¦iHG
f z�GD�FQ3I�f�gFgJIDi½Yhf��FQ3I�f.Qhg
IjJ<L$[nL�MSQRMSL$\<QLKbfeX
;pM-V$O�[<[DO��SO�MUM�\DO0J<P¢;RLjM&�-O�QpM-L�#`LeJoM�\C4�X<J<LkO�f�MSQUT_J �F;UT��SPUR{X<L3;gOupdT��>J<LjQUJ�1~V��SQRLeX��>L
\<L¤;UO`f�T_J0��T_JZf�M-QRT_Jx\C4�QUJ<V�R{XDO0M-QRT_J<P$pdT��SJDO�JoM§¾�LeP>MjL
~Zf�;UXZL@G

w!T��SP�RYXZL J<T�X<P \<V�MSL��&#`QRJ<T_J<P feL�MSMSL f�T_J0��T_JZf�M-QRT_J J<T_X<P T;p�M-LeJZT_J<P 0_VeJZV��-O=;UL�#bL�JoMd�
� ÅC& Á ¾ � � ¶ON�G�#KT�X<P�Vef��SQ:A_T_J<P*O@;RT��SP�R{X<LF;RLsM-L�#`[<P+#`QRJ<QP#bO@;tJZVefeL�PSPSO�QP�>LW[nT_X��kO0MSMSLeQRJ<\��SLF;UO�SV�0_QRT_JNy L�P>M6¾½� � ÅC&�G t L�MSM-LxA�O=;UL�X�� � Å9& O�[<[DOE�-O�MUM��SOCO@;RT��SPK\<Q/�SLef�M-L�#bL�JoMr\DO�J<P6;RL�feO@;RfeX
;�\<LeP��
R{X<Q!PSXZQKA�LeJoM(G
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w�O]\<Q/Kbf�X
;RMSVFO�[<[DO��SO�MUMN\<T_J<f�;RT��>PUR{X<L�J<T_XZPaOVA�T_J<P � ÅC& � ¾ � � ¶ N�GM#jT_X<P�JZL�[dT_XÀA_T_J<Pa[DO0P
[nT_PSL��xP>QP#`[
;RL�#`L�J{M!?Kf�T�#�#`L�[��SVef�Ve\<L�#�#bL�JoM(?4¾�� � Å9&2G²M�; 1GO�XZM \ZVef��>QP�>L�;UL>1GO�QpMTR{X<L�;UL�M-L�#`[<P#`QUJZQP#bO@;!J<V�feL�PSP-O0QP�>L*[nT_X��aO0M>M-L�QUJ<\��SL¤;gO)�>V@0_QRT_J{y PST_QpMaP>M&�SQRf�M-L�#`LeJoMkP>X<[dV��SQRLeX��=< � ÅC&eG���T_X��NfeL!;UO
J<T_XZPNQUJoM��>T�\ZX<QUP>T_J<PNX<JZL6A�OE�SQUOBp
;RLkQUJoMSL��&#`V�\<QgO0QP�>L *sL�MaJ<T_X<PN[nT_PST�J<P¢¾�� *bO(A�Lef � ÅC&w�	* � � ¶ONeG
#KT�X<Pa[dT_XÀA_T_J<PKO�QRJ<PSQ!X�M-QK;UQRPSL��jf�L�M>M-L¤A�OE�SQUOBp
;RL+*W\DO�JZP+;RLrf�O@;RfeXJ;!\<LeP��hG

�$��Q�{©i��DQ$��V�A0O@;RX<T_JZP�;UO]M��-O0J<PSQpM-QRT_Jx\<L¤;gO /10_X��SL��ÀG��JG

t

2-(1 1)
(1 1)

2-(1.5 1.5)

0<z1<1

2-(1 1)
(1 1)

2-(1.5 1.5)
(1+z1 1+z1)

O(A0O�JoM O�[���QeP
�	��

���hG����:9<;>=�����?7@�?�H�� «���s"=����Z=�@�?�H�����@�;
?}r�@2A�BCA��D@����V�lp�;
?�A���;-A ¯ uVuVu

��O���MmO�JoMr\<L<;gO�f�T_J�/10_X��-O0MSQUT_JoD�����L`?zJZT_X<Pkf �<L��Sf �<T�J<Pv<CO0MSMSLeQRJ<\��SLW;UO �SV�0_QRT_J��<�YD��YH �!�YH �1L
\<V /DJ<QRL*[DOE�C�

Ï �*��Ïu�l� UFÁÂ�e� �#"�� � � �b�e� � ��Ïu�$"�%
��T�PST_J<Pa�

��Ï'&¼Ï��Ì¾ ���(&¼Ï¢�Ì¾ ¾*)'!¾�¶-&"¾§�t8�ÅC&z���.&�&�$�'
+tJ!�>L�#`[
;UO�,�O0J{MKJ<T_XZPjTBpZM-L�J<T_J<PC�

ÏU�ÆÏ�� ¾
� � UWÁ Ï�� ¾A�#"�� � � � U �-"�%

PST�QRMd�
U��*¾A�OÏ � ÏxÁ Ï�� ¾A�$"O�

w�Obf�T_J0��T_J<f�M-QRT_J \<LePjQRJ<V!R{XDO0MSQUT�J<PKP>X��§¾�\<T�J<J<L��
U��*¾
� Ï

#KT_XZPsO(A_T_J<P�\<T_J<fWV�A0O@;RX<V�R{X<L@?�[DO���MmO�JoM�\<L�;UOifeT�J�/10_X��SO0M-QRT_JlD�����L`?�Q>; 1GO�XZM<R{X<L�;RLWM-L�#`[<P
V�A�TH;RX<L�\C4�X<J�\<V!;UO�Q.��@�;
?}r�@2A�BCA��D@/�����lp�;
?�A��Y;v<ÏUJGH#KT�X<P�[nT_PST_JZP�\<T_J<f+*ÀÏ0&b¾�?ZJ<T_XZP�[dT�X��&�>T_J<PNO@;RT��>P
XZMSQ>;RQUP>L��+;gO®A0O��>QgOBpJ;UL0*JÏF[DO��§;UObP>X<QpM-LrLeJ �SL�M-LeJ<O�JoM�;RL 1GO�QpM4RYXZL U��
*JÏu�ÆÏHG

D�n�)�f�G�� ] Q�{\Q32 ] C
Qhg ] f�G=2eg�� ] �F[B2egÜQo��i����21O� ] Qhg a Y ] � Z I�Q ] Y6Qhg®i"G
f I"2
QAG31 ] �F[ 2547698/6;:Àn

< f �DO@R{X<L�V�MmO0Ms\ZL�feT_JoM��i2H;RL©& \<X :>=@? LeP�MbO�PSP>T�f�QUV�L�X<J<L�A0O��SQUOBp
;RLCMSL�#`[dT��SL!;K;RLT¾BAÀ?vO0[<[dL�;UV�L
@2A�B3�DH";�?C�e=�@2A��Y;FfeO��-O0f�M-V��SQRP-O�JoM¢;ULjM-L�#`[<P�[DO�P>PSVP<P;�4�QUJoMSV��SQRLeX���\<L3;54�V�MmO"M(?{L�M�\<T_J<fK\<XCf�;UX<P�M-L��!G � QUJZPSQ�?
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M-T�XZM-L�P®;UL�P�M��SO�J<P>QRMSQUT_JZP]PST���MmO�JoMs\a4�X<J f�;UXZP>M-L�� |~M&�-O�JZPSQpM-QRT_J<P]\<QRPSf��UQ�M-LeP x2B�CDB2E0�$PST_JoM`O0PSPSTYfeQRVeL�P <
feL�MSMSL0#���#bL¤A0O��SQUOBp
;RL�¾BAJG� A0O�JoM�\ZL<R{X<QpMSM-L��kX<J<L �SV@0�QUT_Jh[DO��$XZJ<L]O�f�M-QRT_J x2B�CDB2EH?»;ULFM-L�#b[ZPk[dL�XZM�[��>T;0��>LePSP>L���GzM�;�P@4�OB0_QpM
\<T_JZfFQRfeQ�\C4�V�A0O@;RX<L���;RL�M-L�#`[<P #bO�~�QP#*X�# R{X<Q![dL�XZMKP@4�VefeT�X
;UL���<F;54�QRJoM-V��>QUL�X��j\<Lx;UO��SV@0�QUT_J	� feT_JZPSQ �
\<V��SVeL=<�[DO���M-Q/�t\<L4;gO�f�T_J�/10_X��-O0MSQUT_JbO�f�feL�PSPSQ?p
;RLkO�X`[
;RX<PtM320M½¶sO(A0O�JoMc\<LNM-Q/�SL��½;54�O�f�MSQUT_J x2B�CDB2ExY]L�M
\C4�O0MSMSLeQRJ<\��>L*X<JZL*f�T_J�/10_X��-O0MSQUT_Jx\<LP;gO��SV�0_QRT_J¦y |�R{X<Q�feT��&�SL�PS[nT_J<\E<bXZJhJ<T_XÀA_L!;�V�MmO0MK\<LrfeT_JoM&�62H;RL
\<X :>=@? �SG

i(eC)
theta={(1,1),(3,2)}

2-(4.5 3 3)
(3+t1 3 3)

4-(4.5 3)

3<=t2<6-t1
i(eC)
theta={(1,1),(3,2)}

2-(4.5 3 3)
(3+t1 3 3)

4-(4.5 3)
(t2+t1 t2)

+m,m+m.�/ +�1�3�4 5

2-(4.5 3 3)

c2

c1

c3

(3+t1 3 3)

(6 6-t1 6-t1)

Ùkg-° Ù76�°
�;��

� �ÀG?� 8�� 9<;>=�?7@ A�BCA��D@�
�¨ � �EAr@G;S=�����?7@G?�H�� x½BeCDB2E

S T_QpMP¶ &
�������}~ ±
Q �VTVTVT���~ ±

W�� ;gO feT_Je/10_X��SO0M-QRT_J�O�fef�LePSP>QrpJ;ULCO�X�[J;UX<PrM320M*\ZL�;UO f!;UO�PSP>L���\<V�MSL�� �#`QUJZVeL�<-;54�V�MmO0[dL*[��SV�feVe\ZLeJoM-L=?!O(A_Lef�� &�������� ��!"��� � GEIjJ<L�M&�-O�J<P>QRMSQUT�J V�MSQ>R{X<L�M-VeLs[<O��KXZJ<LsO�f�M-QRT_J
x2B�CDB2Ec\<L#� <+ylP>Qr0_JZQ?/DLºR{X<L�;ULtMSL�#`[<P�[dL�XZM�[��STB0��SL�PSPSL���\DO�J<PD;UOaf�;gO0PSPSL$��|�< #`T_QRJ<PDR{X<L�� JZLuP>T_QpM
X<J<L*f!;UO�PSP>LsX��60�LeJoM-L��aO(A0O�JoMk\C4�O0MSMSLeQRJ<\��>L®;gOWf!;UO�PSP>LWy [DO���;�4�TYfefeX��&�SL�J<feL�\<L<;54�O0f�M-QRT_J x2B�CDB�E\G���OE�
feT�J<PSV�RYXZLeJoM(? J<T_XZP �SLef �ZL��Sf �ZT_J<P3;UO�s"=��gA��Y;�Bb=(�_?7Bb=��gAk\<LP��¹-?ZM-L�;9R{X<L%�}~ ±

Q �Ì��¹��dTVTVT&�L~ ±
W �Ì�!¹ �

O�[<[<O��>MSQUL�J<J<LrM-T_X0��T�X��SP�<F;gO)�>V@0_QRT_Jx\<L¤;gO`f!;UO�PSP>L'�^L�M4A_V��>Q?/<L<;RLFP('YP>MSQ�#`L�\C4�QUJZV!R{XDO0MSQUT_JZP$pnT��SJ<O�JoM
feL�MSMSL �SV@0�QUT_JzGM#KT_XZPNP-O(A_T_JZPK\<T�J<f�R{X<L�J<T_X<Pa[nT_XJA�T_J<PNPST��>M-Q/�N\<L��^[DOE��X<J<LFO�f�M-QRT_J x2B�CDB2ErO�[��UQ�P
X<Jx\<V!;UO�Q�BWfeT�#`[��>QUPjLeJoM��>L;U`L�M��!¹ |�;UO pnT��>J<LP�!¹�[dL�XZM(��M&�SLrQUJZf!;RX<PSL*T_X J<T_Jd�SG

�$��Q�{©i��DQ$��\DO�JZP ;UO`/+0_X��SL �ÀG?� 8_OÀ? J<T_X<P�O(A_T_JZP ¶ & ���)�*�G�j�1¾�Ï+���,��� �-� L�M.� &
���<�YD��cH �¡ ¡ 1L<�=G�w!L 0��-O0[ �<L #`QRJ<Q/#WO=;�\C4�O�f�feLeP>PSQ?p<QK;UQpM-V�J<T�X<P�[��>Vef�QUP>L�R{X<L-;UO!�>V@0_QRT_J/� \<L-;UO�/��
0_X��>L��ÀGr�V8Bp LeP>M=pnT��SJZVeLr[DO�� �������� �������

% �0��ÏU�
�
�FÁ1� R � �
�FÁ1��
$�	�
� � �0� R � � Q �l�
� � �0��
 � � Q � � Ï
� ���0��
 � � R �l�
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O(A_L�f
�� � � Q &Æ~ ±

Q � ��¹ &��+� ¾�Ï�� ��¹
� R &Æ~ ±

R � ��¹ &��+� �!¹
��
 &Æ~ ±


 � ��¹ &��+� �!¹
;gO`PSTH;RXZMSQUT_JxLeP�M �!¹��& � � ¾�Ï

feL¤R{X<Q!P>Qr0_JZQ?/DLPR{X<Lx�!¹ LeP�M3;UO®A�O=;UL�X�� #WO�~ZQ/#bO@;RLFQRJ�1~V��SQRLeX��>Lv<`� � ¾�ÏHG

w!LeP6A0O@;RLeX��>P�\<LeP �<T��U;RT;0_L]\<L<;gO�f�T_J�/10_X��-O0MSQUT_JN¶h¿jfeT��.�SLeP>[dT�J<\DO�JoMu<-;54�QRJ<P�MmO�JoMrT��N;RLsP.'YP>MUQ�#`L
R{X<QpMSM-L � PST�J{Mj\<T�J<f¤¶ Q¿ &�¶ Q � B�?
¶ R ¿ &�¶ R � B�?9GKGKG>?l¶ W¿ & ¶ W � B

M�; 1GO�XZMxO"��T�XZM-L��iO0X \<V�;gO0Q�B*;RL MSL�#`[<P�� RYXZL ;RL P.'YP>MUQ�#`L O [DO�P>PSV�\DO�J<PT;RL f!;RX<P>MSL��x\<L �
[nT_X��rT;pZMSLeJ<Q/�¤;gO 1~LeJ ��M��>L`MSL�#`[nT��SL�;>;RLW\ZX�MSQP�r\<L�;�4�O�f�M-QRT_J x2B�CDB�E\G t LbMSL�#`[<PFLeP>MP;UOxP>T�#�#`LW\<L�P
M��SO�J<P>QRMSQUT_JZP4¾¢R{X<Lx;RL�P.'YP�MSQ�#`L�O`MSQP�>VeLeP=<W;54�QRJoM-V��>QUL�X��j\<Xif�;UXZP>M-L��K[nT_X��aOE�&�SQ:A_L���<W¶�G

��O��ufeT�J<PSV�RYXZLeJoM(?h;�4�O�f�M-QRT_J�x2B�CDB2Ea[dL�XZM$��M&�SLaM-Q/�SVeLj\<L�[<X<QRP�;UOFf�;gO0PSPSL ��O�[��UQ�PcX<J<Lj[��ST;0��SLeP>PSQRT_J
\<X`M-L�#b[ZP�¾�¿vfeT�#b[��SQRPSLjLeJoM��>L�� L�M	�3���!¹-G`M�;DP@4�OB0_QpMu\<L+;gO 1~LeJ ��M��>LK\<LaM-Q/�c\<LafeL�MSM-LKO�f�M-QRT_J�x2B�CDB�E\G

M�; 1GO�XZM�0oOE�S\<L��$<W;54�L�PS[��>QRM�R{X<L¤;gOs\DO"M-Lr\<L�M-Q/�§¾�¿�LeP�MKf �ZT_QUP>QUL*[DO��§;RLrP.'YP>MUQ�#`L@G

�$��Q�{©i��DQ$� ;RL]P.'YP>MUQ�#`Ls\<T_QpM$MSQP�>L��K\<LeXe~iM��SO�J<P>QRMSQUT_JZP3¾aLeJoM��>L®;RLePkf�;gO�P>PSL�P�O�PSP>T�f�QUV�LePU<-;54�V�MmO"M
\<L feT�J{M&�62H;RLx��O(A�O0J{Mb\C4�O0M>M-LeQRJ<\��>LT;gO�f!;UO�P>PSL	�v�v[<XZQUP
� & ��� � ¾�Ï

� � ��¾�Ï � & �J?2R{X<QNf�OE�-O�f�M-V��>QUP>L
;RL�M-L�#b[ZP�[DO�PSP>V]\DO�JZP$M-T_X�M-LeP�;RLeP$f!;UO�PSP>LePrO�P>PSTYfeQRVeLePu<-;54�V�MmO"M�\<L]f�T_JoM��62@;UL`�WOVA0O�JoM�\a4�O0M>M-L�QUJ<\��SL®;UO
f!;UO�P>PSL �<G

�$L [
;RX<P!?§;RL P.'YP>MUQ�#`L�[nLeX�M �SLeP�M-L��i� Á/¾>�o� � � ¾�Ï X<J<QpM-V�P \<L M-L�#b[ZPi\DO0J<PZ;UL�P f!;UO�PSP>LeP
O�P>PSTYfeQRVeLePU<%;�4�V�M-O0M�\<L]f�T_JoM��i2H;ULs�CO(A�O0J{M$\<L�MSQP�>L��6;54�O0f�M-QRT_J
�dD����1LhG t LefeQ�\<V�/DJZQRM�;UOF1~L�J ��M&�SL]\<L*M-Q/�
\<LrfeL�MSMSLrM&�-O�JZPSQpM-QRT_J9G

� XDO�J<\{;ULrP('�P�MSQ�#bLxR{X<QRM>M-L¤;UObf�;gO�P>PSL �<?
;RLeP4A0O@;RLeX��>Pj\ZLeP �<T��U;RT;0_L�PNPST_JoMd�
��� ��

��Ï &Æ~ ±
Q
� ��� ¾�¿GGG

��� &Æ~ ±
W
� �-�Ì¾�¿

+tJ O�[<[
;RQ>R{XDO0J{M²;UL�P 1~T_J<f�M-QRT_J<P²·�|��>L�#`QRPSLP<���V��>T]\<LeP �<T��U;RT;0_L�P��vL�M§¸�|��SL�feT_[ZQULK\<LeP¢A0O@;RLeX��SP�\<L�P
�<T���;UTB0_LeP
�$|�A_T�QP�§;UOs\<V�/DJZQRMSQUT_J 1~T��.#`L!;K;ULr\<X :>= ? [DOB0�L����Y�c\<Lrf�L�MSMSLkM��SO�J<PSQpM-QRT_J9?DJZT_X<PNT;pZMSLeJ<T�J<P ^ ?
;UO`f�T_J�/10�X��-O0MSQUT�JhO�f�feL�PSPSQ?p
;RL]O�X [
;RX<PaM32�Ma\ZLP;UOsf!;UO�PSP>L<y%G

�$��Q�{©i��DQ$� ;UO�feT_Je/10_X��SO0M-QRT_J�O0fefeL�PSP>Qrp
;RLFO�XC[J;UX<P�M32�M�\<L3;UO*f�;gO0PSPSL'% � � %�T ��� � LeP�Md� � % ����¾>�½�
¾�Ï+� ¾>� �-� G

? )¢f�G=� ] Qe{ Q 2 ] C
QhgFf�YhdB�F[B2eg�IDf�d�Q32 ] Qhg
w!LjMSL�#`[<PuJ<Lj[dL�XZMu[��ST;0��SLeP>PSL���\DO�JZPuXZJ<L7�>V@0_QRT_JWX��60_L�JoM-Lj[DO��c\<V�/<J<QRMSQUT�JC\<L+;�4�X��i0_LeJ<f�L@G@+tJWf�T_J<PSV
�
R{X<LeJZfeLsQK;�J<L][nLeX�M 'hOVA�T_Q/�k\<L�M&�-O�J<P>QRMSQUT�Js�iP>T��>M-O�JoM�\C4�X<J<L �>V@0_QRT_J X��60_L�J{MSL@?9;54�X��60_L�J<feL]O�[<[DO��SO�MUM
feT�# #`LFX<J f�O�Pa[DOE�>M-QRfeXJ;UQRL��j\<Xxf�O@;RfeX
;!\ZXxMSL�#`[<Pj\<L�M-Q/�N\C4�XZJ<L�O0f�M-QRT_Jsx2B�CDB2EHG

w!LkM��-O0QRMSL�#`LeJoMj\<LrfeL�feO�PNfeT_JZPSQRP>M-LFX<J<QKR{X<L�#`L�J{M�< /�~�L��%B & Us[dT_X��²;ULrfeO@;Uf�X
;z\<L�¾�¿�?<\<L�¶h¿�L�M
\<L ^ |DB*V�M-O�JoM¢;RLNM-L�#`[<Pu[DO�P>PSVj[DO���;RLjP('YP>MSQ�#`L$\DO�JZP�;UO �SV@0�QUT_JWO(A0O�JoM�\ZLjMSQP�>L��cX<J<LjO�f�M-QRT_J�x2B�CDB�E\?
M-L�;�R{XC4�QK;�O`V�M-Vr\<V /DJ<Q![��>Vef�Ve\<L�# #`L�J{M��LG
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� ��d�[�f�� ]�� { Q! �"��! "�-O0QRMSL�#`LeJoMK\<LePNM��SO�J<P>QRMSQUT_JZPUx2B�CDB2E
S T_QRMT&�;RLrJYX�#bV��STb\<L¤;�4�V�M-O0Mj\<LrfeT_JoM&�62H;RLr\<Xif�;UXZP>M-L��!G� E ;UL�$�&('*)²¾,+�¶-& �(Å�¾�Å �3& T�4»Å � ��LeP�M$X<J V�MmO0MjX��i0_LeJoM ]�� Q 2
S T_QpM�� &PU
$�&('*)§¾,+�¶6&"�(Å�¾�Å �.& TGA`¶)�F$�¶\¾�Å �.&�)+¾K' � O �.+N' ���F'0&PU
$�&('*)§¾,+�¶6&"�(Å�¾�Å �.& T�� & B

QY��g�Q!_�4�pT`6a�bLc�dCeLg0a�h�iFdCiDl�a(mG¶2iF½khxv�ÔßpJq,ru¤6z/q�twvÇ²�rKz�rutwys×.p�v0r��
Ò�}/v-qsrsyst-��rs{~}/v��*tÇqsÓ*qsr,� à p%�MÔß² ¢ t6z�rs{~}/v-qXÀ¿y,²JqK}/t-�*y,p��
� z º }/twr,p�yu³Öz�´/z�ys{Öz�Õw³~p
	Âz�t£n�gV¦6d��wpT³Öz¿y,²�×L{~}/vÇ¤¸��y,pLÝ
� y,p à ¤w³Öz/�Jp�y¥�-z�v-q�³~pJq¥² ¢ t6z�rs{~}/v-qu�wpT³Öz¿y,²�×L{~}/v��*tÏ¤2��y,pLªÚ ²Jq,}/t-�*y,px³~pTq,ÓNqsr,� à p%p�rup��*rsyKz�{|y,p%twv£p�v-�Vz/�*y,p à p�v0r%bT�wp
	0ª
`6a�b/c�dfeLg3a�hjikdfiDl�a(m¼»0g0½�`Hg3dCiDl�a(c�d,bJ¾¿¦¸l�e.bJ½�½Fb¨·
	¿zV´.pJ�
	¿p�v-�Vz/�*y,²%¤6z�yXb
`6a�b/c�dfeLg3a�hjikdfiDl�a(m�� · n A p�v-�Vz/�*y,²T¤6z�y¥b < §��]{FªßpLªHn A ·�	 < §��

�0«�¬­�]®
nÞgV¦6dÞc¨§0b�hVd 80n�l�a�¶2i;:0`6eLg3dCi9lja

·ÉgV¦.¦H½�iDÄ�`¸bVe0c���c�dfÃ¸b�dsgHÙ�`Ha�b/cudfeLg3a�hjikdfiDl�a��¼`6a�bLc�dfeLg3a�hjikdfiDl�a(m ¦2bJe.bLmGnÞgV¦6d=<�	L°

����n ��Q@1*[�iH�DQ!C�QÀg 2��AI"Ceg G31 1*Qhg(gJ� D��FQhg®i���I�gJ�DQ3IDf�g E [ ��g
� X<L!;KR{X<LeP�f!;UO�PSP>LePN|~L ~�L�#`[
;RL¢;UOaf!;UO�PSP>L % � � � � � \DO�J<P�;UO�/10�X��SL	�ÀG?�;�0�nP>T_JoMvO�f�feL�PSPSQ?p
;RLePv[<O���\<LeXe~

M��SO�J<P>QRMSQUT_JZP�T_X][J;UX<P�G �$O�J<Pvf�L�f�O0P!?�;�4�O@;?0_T��SQpM ��#bL�[dL�XZMv\ZV�M-L��&#`QRJ<L��v\ZLeP�f�T_J�/10�X��-O0MSQUT�J<PvO�f�feL�PSPSQ?p
;RLeP
O�X*[
;UXZP�M320M�\<QRP>MSQUJZf�M-L�P!G�+cJ�feT_J<P>V!R{X<L�J<feL=?H;UL�PvJ21rX<\<P�\<Xv0��-O�[ �ZL #`QUJZQP#bO@;Y\C4�O�fef�LePSP>QrpZQ>;RQRMSVaO�PSP>T�f�QUV�P
<Wf�LePKf!;UO�PSP>LePk\<T�QKA�LeJoM���M&�SL �SLef�T_[<QRVeP$O�XZMmO0J{MK\<L01~T_QUP+R{XC4�Q>; 'iOW\<LFfeT_Je/10_X��SO0M-QRT_J<P$O�fef�LePSP>QrpJ;UL�PrO�X
[
;RX<PtM32�Mv\<Q��dV��>LeJoM-L�P4?_L�Mcf�L@?_[nT_X��½R{X<LNf �DO=RYXZL �>Ve[
;RQRf�O0MSQUT_Jb\<L �>V@0_QRT_J`J<LNfeT�J<PSL���A_L4R{XC4�X<J<LjX<J<QKR{X<L
feT�J�/10_X��SO0M-QRT_JiO�fef�LeP>PSQ?p
;UL�O�X [
;RX<PNM32�M!G

w!T��SPr\<Lsf�L�MSMSLF�>Ve[
;RQRf�O0MSQUT_Jz?�;UL�PrM&�-O�JZPSQpM-QRT_J<PrPST���MmO�JoMSLePrPST_JoMFL!;K;RLeP*O�X<PSP>Q �SV�[
;UQKR{X<VeL�P!G�#KT_XZP�J<L
feT�J<PSL���A_T�J<Pa[dT_X��Nf �DO@R{X<L �SV�[
;RQUfeO0M-QRT_J \<L �SV�0_QRT_JZR{X<L¤;UL�P�M��-O0J<PSQpM-QRT_J<PNL�J{M&�-O�JoMSLeP4R{X<Q!O��.�SQ:A_LeJoMaP>X��
;54�X<JZQ>R{X<LFfeT_Je/10_X��SO0M-QRT_JiO�fef�LePSP>QrpJ;UL�O�X [
;UXZPjM62�M(G

t Lcf�O�P�\<L�/10�X��SLuO�[<[<O��-O�MUM�J<T�M-O�#�#`LeJoM�LeJr[��SV�PSL�J<feLu\<Lcf�'Yf!;RLeP���[dT_X��!f �DO@R{X<Luf!;UO�PSP>Luf�T_J<f�L��SJZVeL
[DO��NXZJxf�'Yf!;RL@?l;54�O@;?0_T��>QRM ��#`LkM��>T_XJA_LrX<JZL�[��SL�#bQKQ��>LrfeT_J�/+0_X��-O"M-QRT_JxO�fef�LePSP>QrpJ;UL*O�X [
;RX<P�M32�M4;RT��>PN\<X
[��>L�#`QUL��k[DO�P>P-OB0�L@?n[<X<QRPkQ>;�L�JhM��>T_XJA_L�X<J<L�\ZLeXe~�QKQ�#`LsfeT��.�SL�PS[nT_J<\DO�JoMkO�Xe~i[DO�P>P-OB0_L�PkPSXZQKA0O�JoM-P3RYXZQ
[nLeXZMjV�A�LeJoM-XZL!;K;UL�#bL�JoMrO(A_T_Q/�=<b[��>LeJ<\��SLrLeJxfeT�#`[ZMSL*\ZLePNM-L�#b[nT��>QUPSO0M-L�X��SPKO��dLef�MSVePj\DO�J<P4;RLrf�'Yf!;RL@G

�$��Q�{©i��DQ$��V�A0O@;RX<T_JZP�;RLePNM��SO�J<P>QRMSQUT_JZPj\ZLP;UO�/10_X��>L �hGr�;�@G
w>4�V¡A�O=;UXDO"M-QRT_J�\<L�;gOaM��SO�J<PSQpM-QRT_JwD �<�dD-� �+L DS� �+L� E�! h  �dDS�GF|F+LGLN\<T_JZJ<L�[nT_X���;UO7�SV�0_QRT_J

 D�dD-�|FGF+LW;UObf�T_J�/10_X��-O0MSQUT_JiO�f�feLeP>PSQ?p
;RLsO�Xx[
;UXZPjM62�Md�
DK�Z�GFGF+L`O(A_L�f]�FÁ�¾>� �l�JG#" �!?l;RT��SP�R{X<L
J<T_XZPCV�A0O@;RX<T_JZP�;gO M��SO�J<PSQpM-QRT_J"D  D�YD��YH �oF�F1L DK�<�|F|F+L� E�! h  �dDS�oF�F+LGL J<T_X<PbM��>T_XJA_T�J<P
R{X<L®;RL�P('�P�MSQ�#bL`O"MSM-L�QUJoM�;UOF�>V@0_QRT_J� D�dDS�oF�F1Lb[DO��+;UOCfeT_Je/10_X��SO0M-QRT_JGDS�¡�<� �Z�¡�<� �Z�1LWO(A_L�fZÏ²�*JÏPÁj¾>� �l�ÀG

M�; 1GO0XZMC\ZT_J<fhf��SV�L��C\ZLeXe~ �SV�0_QUT�J<PC D�dDS�oF�F1L`?º;�4�X<J<L=?�P>X<fef�Ve\DO�JoM�< ;gO �SV�0_QUT�J��<�YDS� �1L L�M
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t0=0
i(start)

3<=t3<5
t2=1
i(eab)

t7=0
i(end)

t1=0
i(sa)

3<=t3<6-t2
1<t2<2
i(eab)

t8=0
exit

0<=t2<1
i(sbc)

3<=t3<=5
0<=t2<1
i(eab)

1<t2<2
i(sbc)

4-t2<t3<-t2+6
1<t2<3
i(eab)

2<=t2<3
i(sbc)

t3=6-t2
t2=1
i(eab)

3<t2<=6
i(sbc)

t3=6-t2
1<t2<2 | t2=3
i(eab)

6<t2<100
i(sbc)

0<=t4<-t3+8
i(ec)

t2=1
i(sbc)

t4=0
i(ec)

t2=100
i(sbc)

t5=0
i(exit)

t2=3
i(sbc)

t6=0
i(endReq)
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�
0��>T_X<[nL���feL�M>M-L�M&�-O�JZPSQpM-QRT_JsO(A_L�f�X<J<L�T_X][
;RX<PSQRLeX��SP�M&�-O�J<P>QRMSQUT�J<P!?0J<T_X<PH�SV�O=;UQRPST_JZP2;UL�P �>L@0��>T_X<[nL�#`LeJoM-P�?
[<X<QRPaJ<T_X<PjPSXZ[<[��SQ/#`T_J<PjfeL�MSM-L�M&�-O�J<P>QRMSQUT�J9G

w!LePaM��-O0J<PSQpM-QRT_J<Pa[nLeXJA�LeJoM$P>L �>L@0��>T_X<[nL��§;RT��SP�R{X<L��
O{��\<L�PuM&�-O�JZPSQpM-QRT_J<PcT_JoMº;UL�P #���#`L�P�f�T_J<\<QpM-QRT_J<Pu\<LNM-Q/� � L�Mu\<L�P,1~L�J ��M&�SL�P�\<LNMSQP��� O0\0�>O�feL�JoM-LeP��
pn��\<L�PuM&�-O�JZPSQpM-QRT_J<P�T�J{M�;RLeP,#%��#`LeP 1~L�J ��M&�SLePu\<LjM-Q/� � |GL�M�J<T_XZP �SL�0��ST�X<[dT�J<P�;UL�P�feT�J<\<QpM-QRT_J<Pu\<L

MSQP� ���3�
f���\<L�PNM��-O0J<PSQpM-QRT_J<PjPST_JoMjQRJ<f!;RX<PSL�P$\DO0J<PaX<J<LFO�XZM&�SL@G
Gzn �@Q`d»f.[BIDi�Qe{ Q 2 ] g�IH� z�G=2 ] �FQhg 1*[B2HC"� ] �D[B2�g)C
Q ] ��f

#KT�X<P�M-L�JoM-T_J<Pt\ZL �SL�0��ST_XZ[dL��2;UL�P�M��SO�J<P>QRMSQUT_JZP½RYXZQZT_JoM½;RLeP9#���#bL�PcfeT_J<\ZQRMSQUT_JZPv\<L�M-Q/��L�Mt\<L�P91~LeJ ��M��SL�P
\<L�M-Q/�aO�\0�>O0feLeJoMSLeP!G� [���QePjO(A_T_Q/�¢A�V��SQ /DV¤R{X<L�;RLePNM��SO�J<PSQpM-QRT_J<PNT�J{M�\<LeP
�<QRP>MST��SQKR{X<LePa\<LkMSQP�>PN[��SV�PSL�J{M-O�JoMj\<LePNL
~Z[��SLeP �
PSQRT_J<P§;RQpMSM-V��-O@;RL�#`L�J{MjV�RYXZQKA0O@;RLeJoM-L�PKQK; 1GO�X�M²A_T_Q/�NPSQz;UL�Pj\ZLeXe~ 1~LeJ ��M��SL�Pa\<LkM-Q/��[nLeXJA�LeJoM$P>L �SL�0��ST_XZ[dL��
[nT_X��$\ZT_J<J<L��kX<J<L]L
~�[��SL�PSPSQRT_J�;RQRM>M-V��SO@;RL]PSQ/#`[
;UQ /DV�L@G S Q�fB4�LeP�M¤;UL*f�O�P�?EJ<T_XZP �SVeO@;UQRPST�J<P�;UL �SL�0��ST_XZ[dL
�#`LeJoM]|�A_T�QP�n/10_X��SL(�ÀG?�VIY�SG

4<t2<6
t0=0
8<t1<9
i(b<1>)

12-t1<=t2<=4
t0=0
8<t1<9
i(b<1>)

2

4

12-t1<=t2<6
t0=0
8<t1<9
i(b<1>)

2

4
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#KT�X<PNM-LeJoMST_J<Pj\<L+�SL@0��ST_X<[nL��§;RLePKO�f�M-QRT_J<P4R{X<Q!T_JoM+;gO)#���#`L+1~LeJ ��M��SLr\<L�MSQP��G

�Vug?����]A��=����A��z­�@�;-A �'
YAF@G?7; � ��H��©p��{=��gA �0��?@�
�Â;RLeX��>PaL ~�[��SL�PSP>QUT_JZP6;UQpMSMSV��SO@;UL�PaPST_JoMjQU\ZLeJoM-QKR{X<LeP]|�A_T�QP�n/10_X��SL��ÀG?� ���L?
��L�;>;RLeP`PST�J{MbV�RYXZQKA0O@;RLeJoM-L�P�O�[��UQeP`O(A�T_QP���>L�#`[
;UO�feVT;RLePWA0O��SQUOBp
;RLeP`\<T_JoMbJ<T_XZPsfeT_J<J<O�QUP>PST_JZP%;UO
A0O@;RLeX�� L
~<O0f�M-L QRJ<\<Q �EV��SL�# #`L�J{Mh\DO�J<PT;54�XZJ T_X�;54�O�X�M��SL \<L�P \<LeXe~ �ZQUP�M-T��>Q>R{X<L�P |~Q�G�L@GNJ<T�X<P
O(A_T�J<P3¾[}�&	�
�
�jL�M$J<T_J [<O�P��
�
� � ¾[} � �
�
�j\DO�J<P�;�4 �<QRP>M-T��SQKRYXZLs\<L<;UOC[��>L�#`Q>Q��SL�M&�-O�JZPSQpM-QRT_J
T_X \DO0J<P4;�4 �<QRP>M-T��SQKRYXZL�\<L¤;UO`P>Lef�T_J<\<LrM��SO�J<PSQpM-QRT_Jd�SG



��� �������
	���
���������������
���������������� ���������!�"�$#�%�&�' 	��

t3=6-t2
t2=1
i(eab)

t3=6-t2
1<t2<2 | t2=3
i(eab)

3

4

t3=6-t2
1<=t2<2 | t2=3
i(eab)

3

4
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IKJ�[��>T;p
;KQ�#`LkP>Lk[dT�PSL$\<O�J<P²;UO�\<L�Xe~�Q>Q�#bL�P>QRMSXDO0MSQUT_JP��[<X<QRPUR{X<L�;RLeP�\ZLeXe~F1~LeJ ��M��>LePN\<L$MSQP��JC4�T_JoM
[DO�PP;UO #���#`LWL ~�[��SL�PSP>QUT_Jz? p<QRLeJ RYXa4�L�;>;RLeP*PST_QRLeJoM]QR\<L�J{MSQ>R{X<L�P]feT�#b[�M-L`M-LeJ{X�\<L%;UOZA�O=;UL�X��*\ZLePxA0O"��SQUOBp
;RLeP�?9R{X<L!;K;RLsL ~�[��SL�PSP>QUT_J�\<T_JZJ<L��rO�XA�SL@0��ST_X<[nL�#`L�J{Mr\ZLeP�\<L�Xe~
�%M�;H1GO�X�MkX<J<LsL
~�[��SL�PSPSQRT_J�\<L®;UO1~LeJ,��M��>Lr\<L�M-Q/�+;UOs[
;RX<P$0�VeJ<V��-O@;RLr[dT_P>PSQ?p
;RL��

��P>QuXZJ<LCL
~Z[��SLeP>PSQRT_J9?vf�T�#`[dT��>MmO0QRMF\<L�PxA0O��SQUOBp
;RLeP*L�M*[DO�Px;�4�O�XZM&�SL@?�J<T�X<P<;UOE0oOE�S\<T_JZP�|tA_T_Q/�u/��
0_X��SL��ÀG?���{�

��P>QnJZT_J |�;RLePu\<L�Xe~�L
~�[��SL�PSPSQRT_J<P�feT�#`[nT��>MSLeJoM�\<L�P�A0O��>QgOBpJ;UL�P��L?YJ<T_XZP�feT�#b[nT_P>T_J<PuX<J<L$JZT_XJA_L�;>;RL1~L�J ��M&�SLr\<L�M-Q/�aPSX<Q:A0O�JoM�;UO)1~T��&#*X
;UL �
���.$�AH' ���F'Vy��.+0&�'0& � �Ny �3+3&('&��+ ��Ï � y��3+3&('&��+ ���

O�[��UQeP`O(A�T_QP� �SL�#`[
;UO�f�VZ;UL�P®A�OE�SQUOBp
;RLePs\DO�JZPWy��.+0&�'&�¿+ ��Ï�[DOE�®;UL�X��<A0O@;RLeX��sL
~ZO�f�MSL�M-Q/�SVeLC\<L
;54��ZQUP�M-T��>Q>R{X<L]\ZLx;UOW[��>L�#`QKQ��SLFM��SO�J<PSQpM-QRT_J9?nL�MKfeL�;>;RLeP$\<L<y �3+3&('&��+ ���b[DOE��;RLeX��4A0O@;RLeX��KL ~ZO�f�MSL
MSQP�>VeLr\<L¤;�4 �<QRP>MST��SQKR{X<L*\ZLP;UO`PSLef�T_J<\<LrM��SO�J<P>QRMSQUT_Jy|�A�T_Q/��/+0_X��SL(�hGr� �{�LG

3<=t3<5
t2=1
i(eab)

4-t2<=t3<-t2+6
1<t2<3
i(eab)

3

4

4-t2<=t3<-t2+6
1<=t2<3
i(eab)

3

4
t2

0

3

5

1

t3

1 3

4-t2<=t3<-t2+6
1<=2<3
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YH��D@ � �EA ��A��@�gA = 
YA �
s"=�;
?G=\���gA �

�Vug?7?�� �aA��_;-H����DA�; �gA �®rmH�� 
�?7@G?�H����'
YAF@G?7; � �
t L!;UOCf�T_J<PSQRP>MSL�M-T�XZM$P>QP#`[
;RL�#`L�J{MP<WVef��SQ/�SLx;UL�X��$\<QRPG��T�J<f�MSQUT_Jz?dT_XhO�XZM&�SL�#`L�J{Mk\<QRM!? <WVef��SQ/�SLx;�4�X<J<QRT_J
\<L�PK[nTH;L'HQe\��SLePj\<V�f��SQpM-Pj[DO��§;RLePaf�T_J<\<QpM-QRT_J<P � \<Lrf �DO0feX<Jx\<LePaM��SO�J<P>QRMSQUT_JZP!G
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7-t2<=t4<=9-t2
t2=4
i(a<2>)

3<=t4<=9-t2
4<t2<6
i(a<2>)

4

18

3<=t4<=9-t2
4<=t2<6
i(a<2>)

4

18

3<=t4<=9-t2
t<=t2<6

4 6
t2

t4

3

5
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�? �6p�;mA��D@2A �rA�@ 
YH��D@�r �Z=hr��@�EA$=�
YA �+s"=�;
?G=\���gA �

t Le[nLeJ<\<O�JoM(?ZJZT_X<PuJ<T_X<P�OBp<P�M-QRLeJ<\��>T_J<P�\<L �>V�O@;RQUP>L��ufeL7�SL@0��ST_X<[nL�#`L�J{M�PSQ�;RLK[nTH;L'HQe\��SL �>VeP>X
;RM-O�JoM
JC4�LeP�M$[DO0PNfeT_J\A_L
~�L@G

1Jn �@Q`d»f.[BIDi�Qe{ Q 2 ] C�Q ] f�G=2�gJ� ] �F[ 2�g)��2 1o��IegjQÀg
IKJZLFM&�-O�J<P>QRMSQUT�JhLeP�M$\ZQRMSLW?��zr���� ��AF\DO�J<PjX<JhO�XZM��>L¤;UT��>PUR{X<Lx;ULF[dT@;/'@Qe\��>L*\<V�f��>QRM$[DO�� � L�M � \ZLx;UO
[��>L�#`Q>Q��SLrM��SO�J<PSQpM-QRT_JxLeP�MKQRJ<f�;UX<Pj\DO�JZP+;RLr[dT@;/'@Qe\��>L*\<V�f��>QRMj[DO��
� L�M � \ZLP;UOsPSL�feT_J<\ZL@G

4-t2<=t3<=-t2+6
t0=0
t1=0
1<t2<3
i(eab)

3<=t3<=6-t2
t0=0
t1=0
1<t2<2
i(eab)

3

4
0

2

3

4

1 2 3

1

t3

5

t2

( 3, 4-t2<=t3<=-t2+6 1<t2<3 i(eab), 4 )

( 3, 3<=t3<=6-t2 1<t2<2 i(eab), 4 )
est inclus dans

�;��

� �ÀG?��� �:9<;>=�����?7@�?�H����k?��zr����>��A �

C�n ��Y3� ] Y`f3Q`fb�FQÀgWf.Q`d�f3[BIDi�Q�{\Q32 ] g
< ;�4�QRPSPSXZLW\<L�P�M��ST�QUPr[ �DO0PSLePF\<L��SL�0��ST�X<[dL�#`LeJoMFLeJ 1~T_J<f�MSQUT�J�\<L�PrfeT_J<\ZQRMSQUT_JZP*\<LsMSQP��?zQ>;t[nLeX�M ��M��>L
��X<\<QRfeQRLeX�~�\<L �>L�MSLeJoM-L��k\<L �>L@0��>T_X<[nL��kL�J%1~T_J<f�MSQUT�J \<LeP71~LeJ ��M��SL�P�\<L�MSQP��G +vM �>VefeQR[��>TÀR{X<L�#bL�JoM(G +tJ1GO�QpM(?DJ<T�X<P �SVeQpM-V��ST_JZP$O@;pM-L��SJDO"M-Q:A_L�#`L�J{MkfeLePj\<L�Xe~x[ �DO�P>LePK\<L+�SL@0��ST_X<[nL�#`L�J{Mu��X<PUR{XC4 <Wf�L¤RYXZL*J<T�X<P
T;pZMSLeJ<QRT_J<PaX<J�0��SO�[ �<LrP>M-OBp
;RL@G

Qln�� �5{©i����t[�Q`fb� m/� ��g ] [�fE� Z I�Q
t L���MmO�QRJ<L�P$QRJ�1~T��&#bO0MSQUT�J<PKJZL*P>T_JoM$[
;RX<Pj[dL��>MSQUJ<L�JoM-LePK\DO�J<P+;54��<QRP>MST��SQKR{X<L�\ZLePKMSQP�>PC��;�4 �<QRP>MST��SQKR{X<L�\<L�P
M-Q/�SP*[dL��&#`L�M�\<LCf �ZT_QUP>QP�xR{X<L!;K;ULWM��-O0J<PSQpM-QRT_J�MSQP�>L��*[dT_X��*P>T��>MSQP�F\C4�X<J V�M-O0M]\ZT_J<J<V=G S Q�;UOif�T_J<\<QpM-QRT_J
[nT��>M-O�JoM�P>X���X<J�M-Q/�*[<O�PSP>V�LeP�M®;UO!#���#`LCP>X��*MST_XZMSLeP<;RLePFM��SO�J<PSQpM-QRT_J<P*\<LCP>T��>MSQULW\C4�X<J V�M-O0M(?�O@;RT��>P
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L!;K;RLbJZL �>LeJoM��>L��SOx[DO0PFL�J ;RQ?0_J<Ls\<L`feT�#b[�M-L`[dT�X��rf �<T_QRPSQ/�P;54�X<J�T�X ;54�O�XZM��>L`\<LeP�M��SO�J<P>QRMSQUT_JZP!G�#KT�X<P
[nT_XJA_T�J<P�\<T�J<f�P>X<[<[��>QP#`L���feL�MSMSL�QRJ�1~T��&#bO0MSQUT�J*\DO0J<P�MST_X<P�;UL�P/�<QRP>MST��SQKR{X<LeP�\<LeP�M��SO�J<PSQpM-QRT_J<P�\<LuPST���M-QRL
\<L¤;54�V�MmO0M�|�A�T_Q/��/+0_X��SL��ÀG?��8Y�SG

3<=t3<5
t0=0
t1=0
t2=1
i(eab)

3<=t3<=5
t0=0
t1=0
0<=t2<1
i(eab)

4-t2<t3<-t2+6
t0=0
t1=0
1<t2<3
i(eab)

t3=6-t2
t0=0
t1=0
t2=1
i(eab)

3

4

3<=t3<5
t2=1
i(eab)

3<=t3<=5
0<=t2<1
i(eab)

4-t2<t3<-t2+6
1<t2<3
i(eab)

t3=6-t2
t2=1
i(eab)

3

4
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t L�M>M-LjV�MmO0[dLN\<Q/#`QUJ{X<LjfeT�J<PSQR\<V��SOBp
;RL�#`LeJoM¢;UL�PufeO@;RfeX
;RP�;UT��>Pc\<LePc\<L�Xe~`[ �DO0PSLePu\<L �SL�0��ST�X<[dL�#`LeJoM
[��>VefeV�\<LeJoMSLeP!G»M�;!LeP�M$QRJoM-V��SLeP>P-O�JoMK\<L¤;gO��SVeO@;RQUP>L��=<sf �DO@R{X<LFQRMSV��-O"M-QRT_Ji\ZL0�>L@0��>T_X<[nL�#`LeJoM!G

�
������� � �d\^ �b$h��)()#G!$#d� �a�e�>�e�
#KT_XZPCV�MSX<\<QRT_J<P�QRfeQjX<J<L��0O��SQUO�JoM-Li[dT_P>PSQ?p��RLh\<L���4�O��?0_T��SQpM ��#bL=GX#jT_X<PWJ<T_X<PWQUJoM-L��&�>T;0_LeT�J<PCP>X��

X<J feT�#b[��ST�#`QRPs[dT_P>PSQ?p��RL�LeJoM��>L��UO J<T�MSQUT�J \C4�V�MmO0M]L�M	�UO J<T�M-QRT_J \<L�f�T_J<\<QpM-QRT_J<P]MSL�#`[nT��SL
���RLePsP>X��
�RLeP�M��SO�J<PSQpM-QRT_J<PPR{X<Q
�!\C4�XZJ<L`feL���MmO�QRJ<L #bO�J<QKQ��SL��!QUJZ\<X<QRPSLeJoM�\<LsM-LeP�M-L��FXZJ�V�MmO0Mr\<X�P.'YP�MSQ�#`L=G �kO0J<P
feL��>M-O�QUJZPjfeO�P��DQ��!PSL��-O�QpM #���#`Lr[dT_P>PSQ?p��RL*\<L+�>Ve\<X<Q/�SL��UO]MmO�Q����RLr\<LePaV�RYX<O0M-QRT_J<Pj\<LePaf�T_J<\<QpM-QRT_J<P � L�M
� L�Ji[<O��>MSQRMSQUT_JZJDO�JoM��UL�PKV�MmO0MSP!G

+tJxL��EL�M���Q��d[dL�XZMaO��.�SQ��_L��§R{XC4�X<J f��RX<P�M-L��N\ZL �SV�0_QUT�J<PNPST_QpMNf�T�#`[dT_P>V�LeJ 1GO�QpM�\ZL�[��UXZPSQRLeX��>PjP>T_X<P �
0��SO�[ �<L�P$feT�J<J<L ~�L�P�\<L�M��SO�J<P>QRMSQUT_JZP$�»GEw!L�P$M��SO�J<PSQpM-QRT_J<PUx2B�CDB2E #`LeJDO�JoM�L�Mk[DOE�>MmO0J{MK\<L]f�LePkP>T_X<P �
0��SO�[ �<L�P�feT_J<JZL ~�LePFJC4�T_JoMr[DO�P�\<L��RQUL�J f�O�X<PSO��vL�J{M&�SL`L����RLeP!G�M���LeP>Mr\ZT_J<fsQRJYX�M-Q��UL`\<Lsf�T�#`[dT_P>L���\<L�P
feT�J<\<QpM-QRT_J<P � L�M�� R{X<Qn[��>LeJ<J<L�JoMNLeJWfeT�#`[ZMSL��54�L�J<PSL�#vp��RL�\<L$f�LeP�feT�#`[nT��>MSL�#`LeJoM-P�G +tJ�P>Ve[DO��SO�JoM
feL�PKf�T�#`[dT��>M-L�#`LeJoM-Pj\<QRP>M-QRJ<f�M-P$\<O�J<P��UL =
��� ? J<T_X<Pj[dT�X��_T_JZPKL�PS[nV��SL��KTBpZM-L�J<QP�a\<L�PKf�T_J<\<QpM-QRT_J<P �
L�M � [��RX<PKP>QP#`[��RLeP�G

�kO�J<Ptf�LePcfeQ/�Sf�T_J<P�MmO�J<f�LeP
���UT��>Pv\<L��UOk[ �DO�P>LN\C4�L ~YM��SO�f�MSQUT_J`\<L�PvM��SO�J<PSQpM-QRT_J<PAx2B�CDB�EF|~[DOB0_L�8 �Y��L�M
\<L �>LeJ<T�# #bOB0�L�\<LeP�J¸1FXZ\<PN[DO����RLkJ{X�#`V��>T`\<L��54�V�MmO0MN\ZLkfeT_JoM&�62��RL�\<X :>= ? �ZO�X��RQUL�Xx\ZL �SL�0��ST_XZ[dL��
M-T�XZM-L�P��RLeP �>V@0_QRT_J<P*\<Xyf
�UXZP>M-L��]LeJyX<JyP>LeX��uV�M-O0M]\<L =
��� ? ��J<T_X<P�O����RT_J<PF\<V�feT_X<[nL�� �ULWf��RX<P>MSL��*LeJ
O�XZM-O�JoM \<L PST_XZP��[0��-O�[ �ZLeP feT_JZJ<L ~�LeP
�KL�M 1~T��&#`L��iO0XZMmO�JoM \C4�V�M-O0M-P \<L =
��� ? Gaw!L�PxT�[dV��-O0MSQUT_JZP�\<L�SL�0��ST�X<[dL�#`LeJoM$\ZL
�3�-O�QRLeJoMKLeJ	��M&�SLrPSQ/#`[��UQ /DV�LeP!G

w>4�QRJoM-V�� ��MKLeP�M$\<T�J<fr\C4�L�PSPSO '�L��k\ZL!�RQ/#bQpM-L��"�RLrJ<T�# p��SLF\C4�V!R{XDO0MSQUT_JZPKL�JhO�X�0�#`LeJoMmO�JoMKX<Jx[dL�X#�RL
J<T�# p��SLr\C4�V�M-O0M-P�G

IKJ �SV�L��>0oO0QUJ�O�[<X ��M&�SL`T;p<P>L��$�_V`PSX��rf�L��>M-O�QRJ<LePrPS[nVef�Q?/<f�O0MSQUT_JZP*f�T_X��>MSLeP
� #WO0QUP�Q��vLeP�MF\<Q/Kbf�Q��RL
\<L��RLk\<Q/�SLK\DO�J<P%�ULkfeO�P
0_V�J<V��SO��
���RL �SQRPUR{X<LkV�MmO�JoM§R{X<L&�54�T_[dV��-O0MSQUT�J�\<L �>L@0��>T_X<[nL�#`LeJoMF|~[DOB0_L'�;8Y�tP>L
[DO�P>PSL0#`T_QUJZP=pZQUL�J |~[DO��aL ~�L�#`[��RLF\DO�J<P��RLFfeO�Pa\<L��gO�/10_X��SL��ÀG?� �Y�LG
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t=-z12+8t=5

2<z3<=-t1+3t=-t1+3 t=3-t1

0<z11<t1+2

t=5-z3-z6

t=3-z10-t1+3-z3<z6<5-z3

t=3

t=3-t1t=2 t=3-t1

t=-t1+6

t=t1t=1 t=t1

-t1+6<z10<3

-t1+6<z12<8

t=t1+2-z11

2-(inf 0 0)
(t1+z10 z10 z10)

2-(0 0 0)
(t1 0 0)

2-(0.5 0 0)
(t1 0 0)

2-(1 0 0)
(t1 0 0)

2-(1.5 0 0)
(t1 0 0)

2-(3 0 0)
(t1 0 0)

2-(3.5 0 0)
(t1 0 0)

2-(inf 0 0)
(t1 0 0)

2-(6 5 5)
(6 6-t1 6-t1)

2-(3 3 3)
(t1+3 3 3)

2-(5.5 5.5 5.5)
(t1+3+z3 3+z3 3+z3)

2-(4 3 3)
(t1+3 3 3)

2-(4.5 3 3)
(3+t1 3 3)

2-(6 3 3)
(6 -t1+6 -t1+6)

2-(inf 3 3)
(6+z11 -t1+6+z11 -t1+6+z11)

2-(inf 8 8)
(8+t1 8 8)

2-(inf 3 3)
(t1+3+z3+z6 3+z3+z6 3+z3+z6)

2-(inf 3 3)
(t1+3 3 3)

2-(3 2.5 2.5)
(3 3-t1 3-t1)

2-(3 2 2)
(t1+2 2 2)

2-(3 1.5 1.5)
(3 3-t1 3-t1)

2-(inf 3 3)
(t1+z12 z12 z12)

�$Vef�T_X<[DO�0_L*\ZXif
�UX<P�M-L��j\ZL0�>V@0_QRT_J<Pa\<L��54�V�MmO0Mj\<Lrf�T_JoM��62��UL��

t0=0
i(sA)

5<t2<=6-t1
0<=t1<1
i(eC)

6-t2-t1<t4<INF
0<=t1<1
3<=t2<=6-t1
_t_

0<=t1<1
i(sBC)

t2=6-t1
1<t1<=3
i(eC)

0<=t4<-t2+5
i(eAB)

1<t1<=100
i(sBC)

3<=t2<5
i(eAB)

t4=5-t2
i(eAB)

t1=1
i(sBC)

t2=5
i(eAB)

0<=t4<=-t2-t1+6
i(eAB)

3<=t2<6-t1
1<t1<3
i(eAB)

t2=5
i(eC)

6-t2-t1<t4<INF
_t_

3<=t2<=5
0<=t1<1
i(eAB)

3<=t2<5
i(eC)

-t2-t1+6<t4<INF
_t_

t2=6-t1
1<t1<=3
i(eAB)

0<=t3<=-t2+8
i(eC)

t4=0
t2=6-t1
i(eAB)

-t1+6<t2<8
1<t1<100
i(eC)

0<=t4<=-t2+5
0<=t1<1
3<=t2<=5
i(eAB)

-t2-t1+6<t4<INF
5<t2<6-t1
_t_

3<=t2<=8
0<=t1<1
i(eC)

t4=0
t1=1
t2=5
i(eAB)

3<=t2<6-t1
1<t1<3
i(eC)

0<=t4<INF
1<t1<100
3<=t2<=8
_t_

0-(0)

5-(0)

1-(0)

14-(0)

2-(0)2-(2)

3-(0) 4-(0) 4-(2) 4-(3)4-(5)4-(1)

=
��� ? O ��LefFJ21rX<\<Pa\<V�feT_X<[nVeP
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�<X<J<L$feT_J�/+0_X��-O"M-QRT_J
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6{X<VeL�P�� T_XJ6{X<Q ' #�:eJ<L�JoM94
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w>4�T_X�M-Q�� C;� �EDGFJ�]O$O��RT��SP�\<LeX�~]f�T�#`[dT���M-L�#bL�JoM-Pt[nT_PSP>Qrp��RLePa��PST�QRMtQ��YJ<LA0oOE�S\<L06YXZL%�RLeP�M&�-O�J<P>QRMSQUT�J<P
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��X+0_LrQRJ<\<V�PSQ/�-OBp��RLeP�4

w!T��SP 6YXZL�J<T_X<P*PSX<[Z[��SQ/#`T_J<Ps\<L�P�M��SO�J<PSQpM-QRT_J<P*L�M�\<LeP]J¸1FXZ\<P���J<T_X<P �SQRP@6{X<T_J<P�\<L�[nL��S\��SLCf�L�� �
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PSQpM-QRT_J x ������� #WOE�@6{X<VeL�feT_J��_L�JDOBp��RL�#`L�J{MC|~fB4�LeP>M��K<"��\<Q/�SL*6{X<L*J<T_X<PkO����RT_J<P=0oO��>\<L��
�NL�MkV@0_O��UL�#`LeJoM
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t L��UOs\<QpM��ZP>QEJ<T�X<P 1GO�QRPST_J<P�feL��UO��<JZT_X<P�[nL��>\<T_J<P��54�QRJ�1~T��.#bO0M-QRT_J�feT�# #`L�6{X<T_Q �UL�P('YP>M;:�#`L*O �RLk\��>T_QpM
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+tJ 6{X<L��86{X<L�PST��>M-L��ZJ<T�X<P �>Ve\<X<QRPST�J<P��54�QRJ���OE�SQUO�JoM94 ��T_X���V
�YQRMSL���f�L��UO��ZQ�� 1GO�XZMc0oO��S\ZL���f�L�M>M-L �>V@0_QRT_J�L�M
feL�MSMSLrM&�-O�JZPSQpM-QRT_J�� 4
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via un outil UML 1.4

fichier XMI spécification
RT−Lotos

Graphe minimal
d’accessibilité

rtl

Transparent à l’utilisateur

xmi2rtlotos

Modélisation TURTLE
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Synchro

Button

− delay : nat

+ push : Gate

Wallet

+ putCoin : OutGate
+ coinBack : InGate

+ coin : nat
− x : nat

{ Wallet.putCoin =
CoffeeMachine.coin_in
and
Wallet.coinBack =
CoffeeMachine.ejectCoin }

CoffeeMachine

+ coffee, tea: InGate

− buttonDelay : nat

coin_in?1

coinDelaycoin_in?1coin+=x

coin>0? false

coinBack?xputcoin!1

coffee tea

true

coin−−

+ Wallet(int coin)

push
delay

230

2 { CoffeeMachine.coffee =
Button.push
or
CoffeeMachine.tea = Button.push }

Synchro

buttonDelay

CoinBox

# eject_coin : OutGate

# coinNb()

# coinDelay, maxCoin : int

120

# coin_in: InGate

80

100

ejectcoin!1

ejectCoin!2

75
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4−(0 0)

4−(120 120)

t

4−(200 200)

5−(200 0)

i(putCoin<1>)

7−(200 0)

i(putCoin<1>)

5−(120 0)

i(putCoin<1>)

4−(130 130)

t

7−(120 0)

i(putCoin<1>)

5−(130 0)

i(putCoin<1>)

4−(130.5 130.5)

t

7−(130 0)

i(putCoin<1>)

t

i(putCoin<1>)

9−(0 0)

i(tea) 7−(320 200)

t

7−(330 130)

t

i(tea) 7−(330 200)

t

i(tea)

5−(330 0)

i(putCoin<1>)

i(tea)

8−(330 0)

i(coinBack<2>)i(tea)

i(putCoin<1>)

i(tea)

8−(320 0)

i(coinBack<2>)

i(putCoin<1>)
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Synchro

Button

− delay: nat

+ push, active: Gate

Wallet

CoffeeMachine

+ tea, coffee: InGate
+ ...

− buttonDelay: nat

coinDelay
coin_in?1

push

230
delay

2

{ ( CoffeeMachine.coffee =
Button.push
and CoffeeMachine.active =
Button.active )
or
( CoffeeMachine.tea =
Button.push
and CoffeeMachine.active =
Button.active ) }

Synchro

active

40

active

50

{ Wallet.putCoin =
CoffeeMachine.coin_in
and
Wallet.coinBack =
coffeeMachine.ejectCoin } ejectcoin!1

coffee tea

100

75

120

80
ejectCoin!2

CoinBox

# coinNb()

# eject_coin: OutGate
# coin_in: InGate
# coinDelay, maxCoin: int

coin_in?1

buttonDelay
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0−(0)

1−(0)

i(putCoin<1>)

3−()

i(putCoin<1>)

4−(0 0 0)

i(active)

4−(40 40 40)

t

7−(0 40 40)

i

9−(40 40 0)

i

12−(0 40 0)

i i

12−(210 250 210)

t

15−(210 0 210)

i(coinBack<2>)

16−(210 0 210)

i(putCoin<1>)

18−(210 210)

i(putCoin<1>)

i(active)

0−(0)

1−(0)

i(putCoin<1>)

3−()

i(putCoin<1>)

4−(0 0 0)

i(active)

4−(50 50 50)

t

4−(60 60 60)

6−(10 10 60)

i(tea)

7−(0 60 60)

i

8−(60 0 0)

i(coffee)

9−(60 60 0)

i

t

6−(0 0 50)

i(tea)

8−(50 0 0)

i(coffee)

t

8−(60 10 10)

t
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G2GIH4J�KMLONQPRKOGQSTJUPWVEPYXTZEJ \ Æ_^)B`TaT�CaT L HTP�JMGIS[K F�H[2 GIL\P ý PWSTZ@X4Z]L\Z H N^KOP_GISTJUX4Z SVU C1C�W PYX[Z M Ä`ZEK L HTP%STZ
JMGQS�K�a*N^J F�H[2 GQLMP ý PWS4Z]X4Z]L\Z H N^KOP_GISTJ�XTZOQ3C$R=Ì'C_Ä¾Æ1C�N

c : Gate
C

Preempt Preempt

Preempt

a : Gate
A

b : Gate
B

a, b : Gate
P

b[c\dfehgEi'i �Oj5k:�;lnmpo#qsr dtgvuIwnx q yz w|{[g �h}~�ElY�h}'��lY�h} � w r
j5k:�;l|m[o
[>� �y�)k �h}~��o��
���\��k �h} �ho��
���O��k �h}E�vo��

g r {tbtc�dEe

y z|{~} 6 N)m�� ÿ�� V H NQJ\J��c^ ü M�U ZR�hZ Ä�C'ÅqC P ^ ÌdT Z C_Ì U T U C_^)B X[Z M Ä�TbÅqCO;)L\ZCZC��a4KMPWGQS

� GI����Z H[2 P HjH H4J\KOL\Z H N ( ý HTL\Z 6 N)m�� < HTS4Z \ Æ_^)B`TaT#a~ZEH4K t KMLMZ F�H�2 GIL\P ý P_STZ�XTZ�a H HTJ\PWZEHTLMJ]LMZ H N^KMPWGQSTJ
XTZ S-U C1C�W PYX�Z M Ä�N � Z H N�JMZ�KOLON^XTHTPRK < NQH�STP K ZCNQH * ,T.10 O�Q7OPR < aTNQL H Z���NQPRK L HTZ H Z�aTL\G;VEZCJ\JMHTJ�PWJ\JMH
XTZ H N \ Æ_^)B`TaT�a4LM�CZE��a4KOP 4iH Z�ZCJ\K���PWJ�ZCS�L\Z H N^KOP_GIS�aTNQL H[2 GIa~�ELON^KMZCHTLcÅ Z T U Ì PYX J STGQKO� �¢¡ & < N K ZCV�H4STZ
VCGQ�#a�GIJ\P_KMPWGIS£a*NQL�HTSTZ�LMZ H N^KMPWGQS£XTZ#Vh¤TGIP H STGIS:XT�EKMZCL\�#P_STP_J\KMZ J STG^KO�CZ¥�§¦ & XTZ�KOGQHTJ H ZCJ]aTL\G;VEZCJMJ\HTJ
*-,/.10 O�Q7OPR]P_JMJ\HTJ�XTZCJ \ Æ_^)B`TaT�CaT]a�GIPWS[KM�CZCJ�a*N^L H ZCJ�L\Z H N^KOP_GISTJ�XTZ S-U C1C�W PYX�Z M Ä�N

G2GIH4J¨XT� ( STP_JMJ\GISTJ`HTS3STGIH K Z�NQH-aTLMGpVCZEJMJMH4J *-,/.10 O�Q7OPR£ZES ý H G 4 NQS[K¨VCZEK\KOZ:VCGIS4J\KOL\HTVEKMPWGQSqNCe H
a�GIL\KMZ H[2 P_XTZES�KMP ( V�N^KMZCHTL � °YÑ:² æ Ï]\É�C»%³É°[¶�¶5^ XTZ H N \ Æ_^)B`TaT FFH[2 GQLMP ý PWS4ZsXTZEJ�L\Z H N^KOP_GISTJ�XTZ SVU C1C�W PYX[Z M Ä�N

©�Z#a H H4J < a~GIH4L]� K P_KMZCL�KOGIH4KMZ�� K ZES[KOHTZ HIH Z�NQ� 4 P ý H4ª§KM��J\HTL H ZCJ]STGI��J]XTZCJ]a�GIL\KMZCJ 0 O�Q7OPR#STGQHTJ
N HjH GQSTJ�Z e ZCVEKMHTZCL�HTS«LMZESTGI���#N ý Z�XTZCJ�a�GIL\KMZCJ%N

� ZCJ�GIa��CLONtKOP_GISTJ�JMGIS[K�LM�CN H PWJ\�CZCJ�a*NQL H[2 N H ý GQLMPRKO¤T��Z 6 N)m�N

l��nm��âl �òx�{��
������t��ur¬�����8 #"%$'&)(*(%+�(­,®.E/0��xit'1 tyr2�­���¨x;�5.y{���t'� r������°¯]+p±~²�+ F "T+
G2GIH4J³KOLMNQP_KMGISTJ�P_VCP~XTZCJ \ Æ_^)B`TaT�CaT L HTP%J\GIS[K H[2 GIL\P ý PWSTZ�XTZ
LMZ H NtKOP_GISTJ�XTZ Q3C$R=Ì`C_Ä¾Æ1C2ZEK L H4P%STZ
J\GIS[K

a*NQJ F�H[2 GIL\P ý PWSTZ�XTZ�L\Z H N^KOP_GISTJ�XTZ S-U C1C�W PYX�Z M Ä�N
� GI����Z H[2 P HjH H4J\KOL\Z H N ( ý HTL\Z 6 N)mf´ < HTS4Z \ Æ_^)B`TaT#a~ZEH4K t KMLMZ F�H�2 GIL\P ý P_STZ�XTZ�a H HTJ\PWZEHTLMJ]LMZ H N^KMPWGQSTJ

XTZ9Q3C$R=Ì'C_Ä¾Æ1CJN � Z H N`J\P ý STP ( Z L HTZ H GILMJ L H4ZµVCZ�KMKOZ \ Æ_^)B`TaT�N^K\KOZEPWS[K�J\GIS�a�GIPWS[K�XTZ�KOZELM��P_S*NQP_JMGIS <�H ZEJ
\ Æ_^)B`TaT�CaT]a�GIPWS[KM�CZCJ2a*NQL H ZEJ2L\Z H N^KOP_GISTJ�XTZvQ3C$R=Ì`C_Ä¾Æ1C]XTZ K PWZESTSTZCS[K
KMGIH4KMZCJ2NQVEKMP K ZCJ
N K ZCV�H4S	a*NQLMN HjH �v¶
H PWJ\�#Z@P_��a H PWVEP_KMZ@ZCS[KOL\Z@Z HjH ZEJ=N � Z H N·J\Z
KOLON^XTHTPRK < N^HµSTP K Z�N^H * ,T.10 O�Q7OPR < a*NQL H Z���NQPRK L HTZ H Z
aTL\G;VEZCJ'¶
JMH4J�P_JMJMH	XTZ H N \ Æ_^)B`TaT�XTZ�K t KOZ�ZCJ\K2��PWJ2ZCS¨LMZ H N^KMPWGIS¨a*NQL H�2 GIa��CLMN^KOZEHTL2X4Z�J\� L HTZCS4VCZ 0 O�Q7OPR J STGQKM�
¡�¡ & < N K ZEV�HTSTZ�VCGI��a�GIJMPRKOP_GIS6a*NQL�HTSTZ�LMZ H N^KMPWGQS¸XTZ�a*NQLMN HIH � H P_JM��Z«KMGQKhN H J S4GQKO�EZº¹p¹�¹ & ZCS[KMLMZ�KOGIH4J
H ZCJ�aTLMGpVCZEJMJ\HTJ *-,/.�0 O�Q7O�R�P_JMJ\HTJ�XTZCJ \ Æ_^)B`TaT�CaT�a�GIP_S[KO�CZEJ�a*NQL H ZCJ@LMZ H NtKOP_GISTJ�XTZ Q3C$R=Ì'C_Ä¾Æ1C�N � ZEKMKMZ
VCGQSTJ\KMLMHTV�KOP_GIS	XTZ�a*N^LON HjH � H P_JM��Z�KOGQKON H ZEJ\K2LM��N H P_JM�EZ�ZES	NQa4a~Z H NQS[K H N#aTL\G;VE�CXTH4LMZ �F¸}°   ¶U³É°dµy²Uí î aTLM�v¶
K HTZ�a�GIHTL�KOLMNQXTHTP_LMZ H ZCJ S-M W P M T�C U T <�S B U BJ^É^aC_^�Z�K Q`b`Ä¾ÆaÇ UcM J K GIPWL H N�JMZEVEKMPWGIS 6 N�n[Nn� & N»©�Z�� t ��Z < J\P
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�
Î °dµy²CBED  �" G:9

îF0 �«ç çHGJI�K:L&M
�ON �QPQPQP%� M � \SR �OTVU
WYX ^ZI�[Yç çG:9 ) � $

+-,/. ¶=µ
�
Î °Yµy²�¶ 0Mî µ|¸}�   Î 0 � ç ç ç ç

� $ ´ °dµy²�¶ æ Ï \����[^ 6�\7  �" G]9
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�
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c : Gate
C

Sequence

a : Gate
A

Sequence

Sequence

b : Gate
B

a, b : Gate
P

b[c\dfehgEi'i �Oj5k:�;lnmpo#qsr dtgvuIwnx q yz w|{[g �h}~�ElY�h}'��lY�h} � w r
j5k:�;l|m[o
>>� ���)k �h}~��o���� ���M��k �h}'�Oo���� �Y�h�5k �h} �Oo��

g r {tbtc�dEe

y-z|{~} 6 Nrmf´ ÿ�� V H NQJMJ#��^ ü M�U ZR�hZ Ä�CbÅqC P ^ ÌYT Z C_Ì U T U C_^)B X[Z M Ä�TbÅqC�!;Z L HTZESTVCZ

XTZEJ \ Æ_^)B`TaT�CaT�a~GQPWS[KO�EZCJ2a*NQL H ZEJ�LMZ H NtKOP_GISTJ�X4ZvQ3C$R=Ì'C_Ä¾Æ1C�JMGIS[K�NQJMJ\G;VEPW�EZCJ
ZES�KMLMZ�Z HjH ZEJ�a*NQL�XTZEJ�LMZ H Nf¶
KOP_GISTJ+Q`b}Ä¾ÆaÇ UcMI<�H N�VCGISTJ�KOL\HTVEKMPWGIS	XTZ·a*NQLMN HjH � H P_JM��Z�N K ZEV·J K STVh¤4LMGISTP_JONtKOP_GIS ZCJ�K@� ý N H ZE�#ZES[K@LM�CN H P_JM�EZ
a*NQL H N�aTLMGpVC�EXTHTLMZ �F¸`°   ¶U³�°dµy²Uí î N

� GI����Z�aTL\�CVC�EXTZC����ZCS[K < STGIHTJ]XT� ( STP_JMJMGQSTJ·HTS£STGIH K Z�NQH�a4LMGpVCZCJ\JMHTJ *-,/.�0 O�Q7O�R�ZCS ý H G 4 NQS[K
VCZ�KMKMZ�VEGISTJ\KMLMHTV�KOP_GISqN7e H a�GIL\KMZ H[2 PWXTZES[KOP ( V�N^KMZCHTL � °YÑ:² æ Ï \��C»%³É°[¶�¶?^ X4Z H N \ Æ_^)B`TaT F:H[2 GIL\P ý PWSTZ�XTZEJ
Q3C$R=Ì'C_Ä¾Æ1CaTdN

©�Z#a H H4J < a~GIH4L]� K P_KMZCL�KOGIH4KMZ�� K ZES[KOHTZ HIH Z�NQ� 4 P ý H4ª§KM��J\HTL H ZCJ]STGI��J]XTZCJ]a�GIL\KMZCJ 0 O�Q7OPR#STGQHTJ
N HjH GQSTJ³Z e ZEVEKOH4ZCL�HTS�LMZCS4GI����N ý Z
XTZEJ�a~GQL\KOZEJ=N � Z�L\ZCSTGI���#N ý Z�STGIHTJsZCJ\K�� ý N H ZC��ZES�K³�0GIHTLMS4P�aTNQL H N
aTL\G;VE�CXTHTL\Z �C¸`°   ¶U³É°dµy²Uí î N

� ZCJ�GIa��CLONtKOP_GISTJ�JMGIS[K�LM�CN H PWJ\�CZCJ�a*NQL H[2 N H ý GQLMPRKO¤T��Z 6 N�n[N
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; GIH4L H ZCJ \ Æ_^)B`TaT�CaT L HTP�S4Z�a*NQL�KOP_VCP_a~ZES[K`a*NQJ F XTZEJ	LMZ H NtKOP_GISTJ`XTZ S-U C1C�W PYX[Z M Ä°GIH-X4Z Q3C�N
R=Ì'C_Ä¾Æ1C NQP_STJMP L H4Z¥VCZ HjH ZCJ L HTPµJMGQS�K6a�GIP_S[KO�CZEJ¸a*NQL�X4ZCJ6LMZ H N^KMPWGQS XTZ S-U C1C�W PYX[Z M Ä GQH XTZ Q3C�N
R=Ì'C_Ä¾Æ1C < STGQHTJ�VCGISTJ�KOL\HTPWJ\GISTJ¨JMP_�#a H ZE�#ZES[K`HTS3aTLMGpVCZEJMJMH4J *-,/.10 O�Q7OPR�a~GIL�KhNQS[K H[2 P_XTZCS[KMP ( VCN^KOZEHTL
� °YÑ:² æ Ï]\��C»_³�°[¶�¶?^ L HTP�J\Z�VEGIS[KOZCS[KMZ�X 2 NQaTa�Z H ZCL H Z#aTLMGpVCZEJMJ\HTJ *-,/.10 O�Q7OPR�a�GIL�KhNQS[K H�2 P_XTZCS[KOP ( VCNt¶
KOZEHTL ®
°[±+²U³ æ Ï \��C»%³É°[¶�¶?^ N � ZCVEP5ZCJ\K�L\��N H PWJ\��a*NQL H�2 N H ý GIL\P_KM¤T��Z 6 N 6 N

�����������! �" � G�Ó #IÓ � LMNQXTHTV�KOP_GIS�XTZCJ \ Æ_^)B`TaT�CaT L HTP[S4Z J\GIS[K F a*NQJ H�2 GIL\P ý P_STZ)XTZ�L\Z H N^KOP_GISTJ�XTZ S-U C1C�W P N
X[Z M Ä GIH�XTZOQ3C$R=Ì`C_Ä¾Æ1C
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�
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�
ÁbÀl0 � ç ç �4m4n:o
L4p:pÝç ç � � °YÑ:² æ Ï \�����^ �]¶=µ

�
Î °Yµy²�¶ �

ç ç 0 ['niL q�I
r 0 �Bç ç � ®
°M±+²U³ æ Ï]\É�f��^ � ¶=µ
�
Î °dµy²�¶ ��ç ç-L
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G:9 ) � $
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� ZEK\KOZ�VEGISTJ�KOLMH4VEKOP_GIS¨a~ZEH4K�J\ZC� 4iH ZEL
JMH4a~ZEL
	*HTZ < GQH¨XTH¨��GIPWS4J < GIa4KOP_��PWJMN 4iH ZJN � ZCa�ZCS4X*NQS[K
STGQHTJ
N K GIS4J2Vh¤TGQPWJ\P XTZ H N#VEGISTJ\ZCL K ZCL2V�NQL�Z HjH Z]a�ZCLM��Z�K2H4S	XT�ELMGIH H ZC��ZES�K�¤TGI��G ý @ STZ]XTZCJ2N H ý GILMPRKO¤4�#ZEJ�XTZ
KOLMNQXTHTV�KOP_GIS < Z�K���N^VCP H PRKOZ H N�L\Z�¶ H ZEVEKOH4LMZ�ZEK H N#VEGI��aTLM�E¤TZCSTJ\PWGQS	XTH«VCGpXTZ *-,/.10 O�Q7OPR�ZES ý ZESTXTLM�}N

l��nm���� 
����
������t'� r �����  #"%$ &)(*(%+�( , .E/0��xit'1ut r�� , .|{��h� t'�-�2� x4�5.|{)��t'�ur2� ���
¯]+;±~²�+ F "4+®�%����� 7:9;+4+�<>= ACBED)F

��� � �wê ������� � � �(�! � ) ë�� 9yG � ª ���! � � G ) �(� GMª  G������! #"%$�"'&
� GISTJ\PWXT�ELMGIS4J¨a*N^L�Z H ZC��a H Z£H4S X4P N ý LONQ����Z XTZ�V H NQJMJ\ZCJ«X*NQSTJ H Z L HTZ H HTSTZ \ Æ_^)B`TaT ¿ ZCJ�K F

H[2 GIL\P ý PWSTZ FbH N��0GIPWJsX 2 HTSTZ
L\Z H N^KOP_GISµXTZ SVU C1C�W PYX[Z M Ä¨aTNQL
u Z�KUX 2 HTSTZ
L\Z H N^KOP_GISµX4Z Q3C$R=Ì`C_Ä¾Æ1C K ZCLMJ Á
J K GIP_L H N ( ý HTL\Z 6 Nrm�( & N

G2GIH4J�STZ�a�GIH K GISTJ]�CVCL\PWL\Z�XTPWL\ZCV�KOZC��ZES�K�ZCS *-,/.�0 O�Q7O�R*) ¿ �¢¡ u,+ ¡�¡ Á VCNQL�VCZ H N�JMP ý STP ( Z
L HTZ]JMPxu aTLMZESTX H N��#NQPWS«JMH4L ¿ < P H JMZCLMN#�#N H ý L\��KMGIH4K�J\HTP K P5a*NQL Á N

G2GIH4J
STZ·a�GIH K GISTJ
a*N^J�STGIS a H HTJ��CVCL\PWL\Z-) ¿ ¡�¡ Á +��¢¡ u V�NQL2VCZ H N�J\P ý S4P ( Z L HTZ H GIL\J L HTZ Á
aTL\ZCSTX H N�JMH4P_KMZ]X4Z ¿ < P H a�ZCH;K t KOL\Z H HTP�N^HTJMJ\P�a4LM�CZE��a4KO�]a*NQL ucN
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Sequence

C B

Preempt

y-z|{~} 6 N)m!( ÿ�� V H N^JMJMZEJ#�c^ ü M�U ZR�hZ Ä�C]�c^)BCù M Z TbÅqC U C_^)B X[Z M Ä�TbÅqC�!;Z L HTZESTVCZ>C X ÅqCO;)LMZEZC��a4KMPWGIS

� ZCJ«VCGI��a�GIL\KMZC��ZCS[KMJ¨STZ J\GIS[K«a*NQJ�JMa��CVEP ( �EJ¨XTNQSTJ H Z�XTPWN ý LMNQ����Z XTZ�V H NQJMJ\ZCJ þ JMGQP_K ¿ ZCJ�K
aTL\�CZC��a4KM��a*N^Llu JMGQP_K«P H ZEJ\K¨JMHTP K P�ZCS-J\� L HTZESTVCZ�aTNQL Áv< �#NQP_J¨P H S 2 K N­N^HTVCHTS4Z£L\Z H N^KOP_GIS XTZ
VCGQ�#a�GIJ\P_KMPWGIS«ZCS[KMLMZ u Z�K Á N�e H ��N^H4K�HTSTZ�VCGIS4J\KOL\HTVEKMPWGQS *-,/.10 O�Q7OPR L H4P�Z H aTLMP_��Z�VEZ H N�N

�(� � � �(% � ����%4 ���� 9 ) ë ��9yGhê ��� ê ���Q�! ���� 9
; GIH4LMJMH4P K GISTJ	J\HTL�VCZ�� t ��Z�Z H ZE�#a H Z}N�� 2 �EKONQa~Z Z H a~GIJ\�CZ�JMZEVEKMPWGIS 6 N�n[N 6 S4GIHTJ�N¸a~ZELM��P_J�XTZ

VCGQSTJ\KMLMHTP_LMZ¨HTS aTL\G;VEZCJ\JMHTJµZ H aTLMP_�#NQS[K H N£JM� L HTZCSTVEZ Ð ¿ ��� ) ¿ ¡�¡ Á +YN G2GIHTJ�N HjH GQSTJ�L\��¶¢�CVCL\PWL\Z
VCZ�aTLMGpVCZEJMJMH4J�XTZµ�#NQSTP @ L\Z F P_S�KM� ý L\ZCL·H4STZµaTL\�CZC��a4KMPWGQS�aTNQLGu X4Z ¿ HTS4P L HTZE�#ZES[K J P¥N ZJN a*NQJ�XTZ
aTL\�CZC��a4KMPWGQS	a�GIJMJ\P 4iH Z]XTZ Á a*NQL u & N

e H STGIHTJ@��NQH4K]L\Z K ZESTP_L F:H N�XT� ( STP_KMPWGQS�aTL\ZC��P @ LMZ#XTZ H�2 GIa��CLONtKOZCH4L 0 O�Q7O�R	��

�����
�
� þ VCZ�K�GQa~�v¶
LONtKOZCH4L�J\P ý STP ( Z L H 2 NQH	S4P K Z�NQH¨XTZ�Vh¤TNQVCHTS4Z�XTZEJ�N^VEKOP_GISTJ�XTH«aTLMGpVCZEJMJ\HTJ�aTL\�CZE�#a;KO� H Z]J K J\K @ ��Z·N H Z
Vh¤TGIP H ZCS[KOL\Z�VCZ�KMKMZ@NQVEKMPWGQS�ZEK H Z2aTLMGpVCZEJMJ\HTJ L HTP�aTLM�EZC��a4KOZ}N�G2GQHTJ�N HjH GISTJ³X4GISTV�L\�C�EVCLMP_LMZ H Z���

�����
�
�
a*NQLUH4S¨Vh¤TGQP H N

;�NQL�Z H ZE��a H Z < J\HTaTa�GIJMGQSTJ L HTZ ¿���� )���������
 ��+YN d H GILMJ*) ¿ �¢¡ u +`JMZ«LM�E�CVCL\P_K#ZES þ ) )��!�
)"���#
$� �§¦ u,+ + �§¦ u +YN�%	N^PWS[KOZES*NQS[K < J\PYSTGIH4J K GIH H GISTJ�Z H a4LMP_�#ZEL L H 2�F�H N�KOZCL\��PWS*N^PWJ\GIS¨X4Z ¿
J Z�K�HTSTP L HTZC��ZCS[K�XTZ ¿ & H Z�J K J\K @ ��Z«a~GIH4LMJMH4P_K#ZCS6J\� L HTZCS4VCZ	aTNQL Áp< STGIHTJ��EVCLMP_LMGQSTJ þ ) )&��� )
)"���#
$�®¡�¡ Á + �§¦ u + +��§¦ u +YN

e H]K N��#N H ý LM�·KOGQH4K�HTSTZ#STGIH K Z HjH Z#XTP('#VCH H KO��a�GIHTL@��ZEK\KOLMZ#ZCS�a H NQVEZ#VEZEK\KOZ#JMG H H4KOP_GIS þ�H Z�aTLMG^¶
VCZEJMJ\HTJ F:H�2 GIL\P ý P_STZ�XTZEJ�L\Z H N^KOP_GISTJ�XTZ Q3C$R=Ì'C_Ä¾Æ1C#ZEK]XTZ S-U C1C�W PYX[Z M Ä J H Z�aTLMGpVCZEJMJ\HTJ ¿ X*N^STJ�S4GQKOL\Z
Z H ZE�#a H Z & a�ZCH4K�aTNQL\�0GIP_JUJ 2 �CVELMP_LMZ]N K ZEV�a H HTJ\PWZEHTLMJ����#
$��N � K a4P L HTZE�#ZES[K < P H�K N�HTS)����
$��a�GIHTLUVh¤*Nf¶
VCH4STZ�XTZCJ 4 LMNQSTVh¤TZEJ2XTZEJ�GIa~�ELON^KMZCHTL\J�XTZ�Vh¤TGIP H ZEK�XTZEJ2GQa~�ELON^KMZCHTL\JUXTZ�a*NQLON HIH � H PWJ\��Z J N K ZCV]GIH�JON^STJ
J K STVh¤4LMGISTP_JONtKOP_GIS & Ns©
NQS4J H Z�V�NQJ�X4ZCJ 4 LONQS4Vh¤TZCJ#X 2 HTS­Vh¤4GIP H�< STGQHTJ�a~GIH K GISTJ#�CVELMP_LMZ H N�J\� L HTZESTVCZ
XTZELMLMP @ L\Z�Vh¤*NQVCH4S¨XTZEJ*����
$��aTHTP_J L H 2 P H S 2 K NQHTLON L H 2 HTSTZ�JMZEH H Z 4 LMNQSTVh¤TZ�J\� H ZCVEKMPWGQSTST�CZ}N�; NQLUVCGQS�KMLMZ <
a�GIHTL H ZEJ 4 LONQS4Vh¤TZCJ2X 2 H4STZ�VCGI��a�GIJMPRKOP_GIS	aTNQLON HjH)@=H Z]S4GIHTJ�STZ]a~GIH K GISTJ�a*N^J < JONQS4J L HTGQP�STGIHTJ H N^STVCZv¶
LMP_GISTJ�ZCS«a*NQLMN HjHr@%H Z�NQH4KONQS[K2X4Z]�0GIP_J H ZEJ2a4LMGpVCZCJ\JMHTJ2a~GQPWS[KO�EJ2aTNQL H ZEJ2L\Z H N^KOP_GISTJ�XTZpQ3C$R=Ì`C_Ä¾Æ1C L H 2 P H�K
N�XTZ 4 LON^STVh¤TZCJ%N � Z L HTP�S 2 ZCJ�K�aTNQJ�VCGIL\LMZCV�KÒN

+2STZ@�#NQS4P @ LMZ@� H � ý NQS[KOZ@a�GIHTL³aTN HIH P_ZCLUVCZ�aTLMG 4�Hr@ �#Z@ZEJ\K�XTZ�LM�C�EVCL\PWL\Z@� ý N H ZC��ZES�K H[2 GIa~�ELON^KMZCHTL³XTZ
JM� L HTZCSTVEZ 0 O�Q7OPR�N'_)S«Z e ZEK < VCGI��a�GIJMZEL�ZES¨J\� L HTZESTVCZ�XTZCH H aTLMGpVCZEJMJMH4J�LMZ K PWZES�K F J K STVh¤TL\GISTP_JMZEL H Z
XT�E��N^LMLON ý Z�XTH�aTLMGpVCZEJMJMH4J�XTZµXTL\GIP_KMZµN K ZEV H N¨KOZELM��PWSTNQPWJ\GIS¸XTH�a4LMGpVCZCJ\JMHTJ�X4Z ý NQH4Vh¤TZ�, VCZCJ�XTZCH H
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aTL\G;VEZCJMJ\HTJ]�EKhN^S�K]ZES£L\��N H P_KM��VEGI��a~GQJM�CJ�ZES£a*N^LON HjHr@%H Z�N K ZEV�HTS4Z#J K STVh¤TLMGQSTPWJMN^KOP_GIS�J\HTL H�2 NQV�KOP_GIS�XTZ
KOZELM��P_S*NQP_JMGIS 0 O�Q7O�R L HTP�ZCJ\K	STGQKM�CZ��MN � ZEK\KOZ�NQVEKMPWGIS XTZ:KOZCL\��PWS*N^PWJ\GIS-aTL\G K P_ZCS[K X4Z ����
$� <FH Z
aTL\G;VEZCJMJ\HTJ�XTZ@KOZCL\��PWS*N^PWJ\GIS 0 O�Q7OPR�N'_)S«Z e ZEK þ ����
$� ��� )�� �&� ��� � +YN

G2GIH4J�N HIH GISTJ�XTGIS4V#P_S[KOL\G;XTH4PWL\Z#H4STZ�STGIH K Z HjH Z#a~GQL\KOZ � ��� ����ZEK]LMZE��a H N^VCZCL H ZCJ ���#
$� X4Z#S4GQKOL\Z
aTL\G;VEZCJMJ\HTJ FgH�2 GILMP ý P_STZ XTZEJ«L\Z H N^KOP_GISTJ�X4Z Q3C$R=Ì'C_Ä¾Æ1C Z�K�XTZ S-U C1C�W PYX�Z M Ä J H Z a4LMGpVCZCJ\JMHTJ ¿ X*N^STJ
STGQKMLMZ·Z H ZC��a H Z & a*NQL )"� ��� ���!�&� ��� ��+
,�P H VCGIS K PWZES[K�� ý N H ZC��ZES�K�X4Z�LM�C�EVCL\PWL\Z·KOGIH4KMZCJ H ZCJ@VEGI��a~GQJMP ¶
KOP_GISTJ�a*NQLMN HIH)@=H ZCJ J N K ZEV�GIH£JONQS4J�J K STVh¤4LMGISTP_JONtKOP_GIS & F.H�2 PWS[KM�CLMP_ZCH4L·XTZ#VCZ�a4LMGpVCZCJ\JMHTJ�a~GIH4L�N���GQH4KOZEL
HTSTZ#J K STVh¤4LMGISTP_JONtKOP_GIS�JMH4L � ��� � �[N � Z#STGIH K Z�NQH£aTLMGpVCZEJMJMH4J�JMZELON�VCGI��a�GIJM�#ZCS£a*NQLMN HIH)@=H Z�N K ZCV H ZEJ
aTL\G;VEZCJMJ\HTJ·a�GIP_S�KM�CJ]a*NQL H ZEJ�L\Z H N^KOP_GISTJ]XTZ7Q3C$R=Ì`C_Ä¾Æ1C < N K ZCV�HTSTZ#J K STVh¤TL\GISTP_JON^KMPWGIS¸J\HTL � ��� ��� ,�VCZEJ
XTZELMSTP_ZCL\J³XT� 4 H4KhN^S�K H ZCHTLsNQVEKMP K PRKO��a*NQL H[2 NQV�KOP_GIS � ��� ���[N4©�Z�VCZ�KMKMZ2�#NQSTP @ L\Z < STGIH4Js� K PRKOGQSTJ H N�VCGIS4�0Hp¶
JMP_GIS¸ZES�KMLMZ H N	KOZELM��PWSTNQPWJ\GIS J aTNQL-) � �	� ����� � ������+ & XTH¸aTL\G;VEZCJ\JMHTJ F�H[2 GQLMP ý PWS4ZµXTZCJ�L\Z H N^KOP_GISTJ�XTZ
Q3C$R=Ì'C_Ä¾Æ1C
Z�K�XTZ S-U C1C�W PYX�Z M Ä < Z�K H N�KMZCL\�#P_S*NQP_JMGQS J a*NQL ����
$� & XTZ H[2 � K ZCS[KMHTZ H aTL\G;VEZCJMJ\HTJ L HTPYa�GIHTL�¶
LON^P_K H Z#aTL\�CZC��a4KMZCL < JON^STJ L HTGIP H Z�J K J�K @ �#Z�LMP_J L HTZCLMNQPRK·XTZ�a*NQL\KMPWL]ZCS£JM� L H4ZCSTVEZ F JON«JMHTPRKOZ þ X*N^STJ
STGQKMLMZ�Z H ZE�#a H Z <f¿ JMZ@KMZCLM��P_STZ]a*NQL ) � ��� ����� � �
� ��+�ZEKwu JMZ@KOZELM��P_STZ�aTNQL�����
$��,�NQPWS4JMP < aTHTP_J L HTZ
H N�J\� L HTZESTVCZ�N���KO��LMZEXT� ( STPWZ�NQH4KMGIHTLUXTZ H[2 NQVEKMPWGIS)� ��������Z�K�STGIS�a H HTJ�NQH4KOGQHTLUXTZ H�2 NQV�KOP_GIS�� < N H GIL\J
Á a*N^L\KOP_LON 4 P_ZCS«ZCS«JM� L H4ZCSTVEZ·NQaTL @ J ¿ HTSTP L HTZC��ZCS[K�JMP�VCZ H H4PR¶¢VCP�S 2 N#aTNQJ��EKO��aTL\�CZE�#a;KO�]a*NQL ucN

�(� ��� ~6� � %3� ª " G �J��� � %3� G ) G � ë %'���������! �" � G

�����������! �" � G.Ó�#àã
� GIS4VEKOP_GIS î µ|¸}�   Î�� °���²
�
ík¸}² \�� � � � Û ^

+-,/. �5ç 0 ���U�42��5���3� 5 ¬â� � í'¸}²U²ÒÑòÐiµ|�¯¼  �� æbÁ ® � �32 Â � Û ¤
� $ �bç 6�\7  �" G:9
+-,/.Bî10Mî µ|¸`�   Î
+-,/.F 

�
Î °dµy² 0 � °Yµ|º�¸`°M³ 0 � ; ¢b=d>Q@'A � ± ´ °dµy² \É�32�^

� $  
�
Î °dµy²CB D  �" G:9

î 0 �«ç çHG�I�K:L M
�ON �QPQP�P=� M � \�R �ZTVU
WYX ^OI
[Yç çG:9 ) � $

+-,/. »|Ð�µ 0 � °dµ|º�¸`°[³ 0 �8D
$ ��� %3� � �42B�3�5çJ) �

î ^ � � °YÑ:² æ Ï]\É�32!^ � ç ç � M
�
\daYc W ^ ��PQPQP=� M � \daYc W � e fih U
WYX \
jVk!^$^ £ ç ç� $ �32 6��®
°�¶=µ æ Ï]\¥�bç)^  �" G:9

î&^ �3ç ç �§¦ ç ç
G:9 ) � $
»·Ðiµ ^ � � ± ´ °dµy² \��42�^

G:9 ) $ ���
� G  � � 9 ç ç��]m3n:o
L4pVp�ç ç � � °YÑ:² æ Ï]\��=^ �Þç ç

���
m]LVL�� �VrMç ç ��ç ç 0 ['niL q�I
r 0 �Bç ç �

î � ç ç L
[]K	�4m4n:o ç ç
G:9 ) � $
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�����������! �" � G.Ó�#Iè�� GIS4VEKOP_GIS î µ|¸}�   Î�� °���²
�
î ²ÒñE\�� � � � Û ^

+-,/.Cî10Mî µ|¸`�   Î
+-,/. �5ç 0 ���U�42��5�32B�h� 5 ¬�� �ïî ²Òñ`ºf²   »%² �¡æ5Á ® � �42 Â � Û ¤
� $ �bç 6�\7  �" G:9
+-,/. ¶=µ

�
Ð�¶U� � ¶=µ

�
ði�¯¹M² 0Mî µ|¸`�   Î

�F¸}°   ¶�³É°dµy²Uí î \â�bç � Û � GIH4K ¶=µ
�
Ð�¶U� � GQH4K ¶=µ

�
ði�¥¹[²?^

� G  � � 9 ç ç��]m3n:o
L4pVp�ç ç � � °YÑ:² æ Ï]\��=^ �Þç ç
��� L����4L
[�oiL�� K:L���r	� £ ç ç �

ç ç 0 ['niLiq�I
r 0 �Bç ç � ¶Òµ
�
ði�¯¹M² �Þç ç K]L
��r	�
�O\�ç ç �]¶=µ

�
Ð�¶Ò� ��ç çr^ L
[]K	�4m4n:o�ç ç

G:9 ) � $

m�NFG�GIHTJ�LMZEaTLMZESTGISTJ H N6X4�C�#NQLMVh¤4Z£XTZ H[2 N H ý GILMPRKO¤T��Z�Z H a�GIJM��J\ZCVEKMPWGQS 6 N�n[N�n�a~GIH4L�VCGISTJ�KOL\HTPWL\Z
HTS­aTLMGpVCZEJMJ\HTJ *-,/.10 O�Q7OPR L HTP�VCGI��a�GIJMZ H�2 ZCS4JMZC� 4iH Z XTZCJ�aTLMGpVCZEJMJMH4JµPWJ\JMHTJ�XTZCJ \ Æ_^)B`TaT�CaT
a�GIP_S�KM�CZEJsa*N^L H ZCJ LMZ H NtKOP_GISTJ XTZ SVU C1C�W PYX[Z M Ä�a*NQL�HTS�Vh¤TGIP H STGIS#XT�EKMZCLM��P_STP_J\KOZ}N � Z�aTL\G;VEZCJMJ\HTJ
a�GIL\KMZ H[2 P_XTZCS[KMP ( VCN^KOZEHTL � °YÑ:² æ Ï]\É�C»%³É°[¶�¶5^ � ç ç

���
m]LVL�� �Vr ç ç N � ZCJ�GIa��CLMN^KOP_GISTJUJ\GIS[K�LM��N H P_JM�EZCJ

a*N^L H N��0GISTV�KOP_GIS � °���²
�
ík¸}² XT�EVCL\P_KMZ�a*N^L H�2 N H ý GILMPRKO¤4�#Z 6 N
�iN

n[NFG�GIHTJ�LMZEaTLMZESTGISTJ H N6X4�C�#NQLMVh¤4Z£XTZ H[2 N H ý GILMPRKO¤T��Z�Z H a�GIJM��J\ZCVEKMPWGQS 6 N�n[N 6 a~GIH4L�VCGISTJ�KOL\HTPWL\Z
HTS aTL\G;VEZCJMJ\HTJ *-,/.�0 O�Q7O�R L HTP@VCGQ�#a�GIJ\Z:ZES3aTNQLON HjH)@=H Z H[2 ZCSTJ\ZC� 4�H Z£XTZCJ«aTLMGpVCZEJMJ\HTJ¨P_JMJ\HTJ
XTZEJ \ Æ_^)B`TaT�CaT�a�GIPWS[KM�CZCJ�a*N^L H ZEJ@LMZ H N^KMPWGQSTJ�XTZ Q3C$R=Ì`C_Ä¾Æ1CJN � Z�a4LMGpVCZCJ\JMHTJ]a�GIL\KMZ H�2 P_XTZCS[KOP ( VCNt¶
KMZCHTL � °YÑ:² æ Ï]\É�B»_³É°[¶`¶?^ �ìç ç

��� L����3L
[�o
LJç ç N � ZCJUGQa~�ELON^KMPWGIS4J�JMGIS[K�L\��N H PWJ\�CZEJUa*NQL H N��0GISTV�KOP_GIS
� °���²

�
î ²Òñ XT�EVCLMPRKOZ]a*NQL H[2 N H ý GILMPRKO¤T��Z 6 N�s[N

6 NFG�GIHTJ·L\�C�CVELMP K GIS4J H Z�aTL\G;VEZCJMJ\HTJ ®
°M±_²U³ æ Ï]\��C»_³�°[¶�¶?^ P_JMJMH�XTZ H N \ Æ_^)B`TaT FÕH�2 GILMP ý P_STZµXTZEJ�LMZv¶
H N^KOP_GISTJ�X4Z Q3C$R=Ì'C_Ä¾Æ1C�Z�K�XTZ S-U C1C�W PYX[Z M Ä J L HTZ�STGIHTJ#NQaTa�Z HjH ZCLMGQSTJ P U1M Æ1CaTaT_ÌdT.ÅqC X���X C & XTZ
�#NQSTP @ L\Z F Z H aTL\PW��ZCL H Z]Vh¤TGIP H STGIS¨XT�EKMZCLM��P_STP_J\KOZ�ZCS[KOL\Z�Vh¤*N^VCHTSTZ�XTZCJ2NQVEKMPWGQSTJ L H 2 P H L\��N H PWJ\Z
Z�K H Z�aTL\G;VEZCJMJ\HTJ � °MÑ:² æ Ï]\��C»_³É°�¶�¶?^ � ç ç

���
m:L:L�� �VrYç ç XT� ( STP_K FcH[2 ��KhNQa�Zom�N � ZCVEP�KMLONQX4HTP_K H ZEJ

S-M W P M T�C U TUX4Z SVU C1C�W PYX[Z M Ä�N � ZEK\KOZ�GIa��CLONtKOP_GIS�XTZULM�E�CVELMPRKOHTL\Z�ZEJ\K�L\��N H PWJ\�CZ�a*NQL H N
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Browser CommInvocation

{ Browser.getpage =

getpage !port !url ?data

request ?port ?url

request !data

  Comm.request }

d1egfih$³ }µ´Xs 4kt�u i�lQm4¹pin�vp w(¡�¢�¹ ¢H�#h0¡w¢�j�tx�0i]£�*��0'B������)�'.*
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d.*����L"7�0��x�5 �vt7 ej�g h0¡w¢�j�t } ²
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���#���+�+�����dp���pq�/"4'.�����ef7"#�0�-x%�d���(p:9$'.x��}z z�~9z z }
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4 ²X�J·\g ¹8h��D��)�*��0'By��#�+�C��������*��I�#*#�!)�*,�.'(�O����)%'0*I��*I� FG�+�+���7�0*,�A�#*L��"#"$�+x����#��x%��"4'.�����@�#����) d.*����
"7����x;56�wt7 ej�g h0¡�¢�j�t } ²X�+��"7�0���0p�7+�������d�������+"����+����'0*���"#��� 5x<B���d"7�0��x%�/���(p>94'.x�� z z ~ z z ���#���+�+�����
"4'.����� ?w)�x%�-��'0�����+��"4'.*#�#�+*,�H}q���+�=<J"#��� 5x<B����"7�0��z zg|Bz z4��'����d)%*,�0'By��7�0*,��A } ²X�Ë·\g ¹8h��D�&)�*,�.'(y(�����
�+'.*#��x����L��'.*Ë�0� ��)6�B)6���N"7�0�]��*s�#���=<B)87�pq�J�0"#"4��x@���#�]xH��"4'.�����r�#�+��)8d.*#�+�9"7�0�]x;5 �vt7 ej�g h0¡w¢�j�t }
²
���I���0x��������L"7�0�����+���q��*Ë��� ��'.���I��'.*,�q"#���+5x<B�+���u"7�0�Ix��r���(p:9$'.x�� z zg|Bz zA���#�L��� �����9"4'.����� ?¬)%x��
�+'.��������"4'.*#����*,�\}!�+���=<&"����+5=<��+��"#�0� z z�~9z z��+'0���E)�*��0'By��7��*���A }¯¾ '.�#�
�����0�#�#)���'.*��n�+��x%�K�+*3z ��{ z �,|
*7����)6v��#)����+�+����pq��*,�!f4����*#�C������*#��v¬'.��pu����)�'.* }

Browser Comm

request ?data

request !port !url

Synchro

{ Browser.getpage = request ?port ?url
  Comm.request }

request !data

d1egfih~³ }�´.´ 4 · n$h��Dw_g ¡w¢�j�tx�0i]£�*,�.'(�O����)%'.* i�t���������� �{tLh0¡w¢ ;
²X��5]d.�#���C³ }�´.´ )�x%x��#�������!x%�������0�#�#� ��)�'.*L��*Iz ��{ z ��| *7����)�v4x;5t��<��+pq"#x%�-"#��'."4'.���;"7�0��x%��5]d.�����-³ }�´Xs.}

�CB��CB"! #CG3R%$ PX�3RB�NM@�'&�(=P�$)(#�ZR0P F+*w��ILK��a`-��K�,
²
'.����y(����*#'.���;pq'(�#��x�)%��'.*#�@�#���;���(��� 7�pq�����7�0*#�@x%�-�#'0pR��)%*#�K�#�u����pq"#�k��������x4*#'.���;����*#�+'.*,����'0*#�

��'0���.�+*��dx�� 94����'.)%*Ã�z5���<B"#��)%pq�+�3x%�]vw��)���y(��5t�#*��I�vc0�D�#�]"#�#)������b� �����I���#��"$�+*#�#�#�q�7��*#��x��]���+pu"��#f�� �
���+"#��)����^"7���LxH������)����efA"7�0�L��*#�J�0�������9��x%�0�����@?����("#)%y��#�+pq��*,�!f@x%�^�#�+��'.�B����pq�+*��u���#�qxH�����+���+"���)�'.*
�z5��#*J��)8d.*7�0x;f7'.�J�#* d.������)�'.*#*7�0)����&�#�3�vc��D�#���K��'.pqpq�d���D�#�+pu����)����/�7�0*#�-x%�q5]d0�#���&³ }�´ ³0A }

{ TasksManager.SwitchB =
  TaskA.Switch }
{ TasksManager.SwitchA =

TaskBTaskA

TasksManager

  TaskB.Switch }
SwitchB

SwitchB SwitchA

SwitchA

quantiumB quantiumA

SwitchB

SwitchA

SuspendSuspend
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i(a)
K={1<=c1}
U={3<=c1}
C={1}
theta={(2,2)}

i(b)
K={0<=c1<=0,0<=c2}
U={0<=c1<=0,3<=c2}

0

1

2

�
i(a)
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1-(0 3)
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t
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i(b) i(b)t

0-(3 3)

1-(0 3)

0-(1 1)

1-(0 1)

0-(0 0)

2-()1-(0.5 1.5)
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