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Abstract

This document describes the first specification of the APIs and Protocols for the MAFTIA
Middleware. The architecture of the middleware subsystem has been described in a previ-
ous document, where the several modules and services were introduced: Activity Services;
Communication Services; Network Abstraction; Trusted and Untrusted Components. The
purpose of the present document is to make concrete the functionality of the middleware com-
ponents, by defining their application programming interfaces, and describing the protocols
implementing the above-mentioned functionality.
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o M ò �÷Å,ÅHÔ Á MNMSMNMSMSMNM'MSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM p

o M òqMÖò r÷å�¾�ÂÀå�ÔÖ¾Cé M'MSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM p

o M òqM o ��Å,Å,ÔÜÁFÞ�Æ�Û,Ã�¾CÅHÇ7¿sMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM Ë
o M òqM É �F�wÍïëì¾�¿ÀÃ�ÂÀÔÜÅHÇÕÔÜÆ>Û1Ø�ÙuÞ�Ý Á
¿Õ¿6MSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM ã

o M o Ú.ÂÀÓ,¿ÀÇÕ¾�HuÚ�Ô�� ¾�ÝÖÙBÞ�Æq� Å,ÓHÇÕÔÜÛ��:ÎïÁ
¿Õ¾ MNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM o p
o M o MÖò Ú�ÄH¾�Ú�ÚdÞïÎ\ÍæÛ�Ç7¾�Â�ç"Á�Ã�¾8MSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM o Ë
o M o M o Ú�ÄH¾�Ú�ÚdÞïÎkß�¾�Â�å�ÔÜÃ�¾C¿RMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM o Ê
o M o M É ß�¾�Ã�ÓHÂÕÔÖÇæÙ1½d¾CÝ Á
ÇÕ¾�Huß�¾�Â�å�ÔÜÃ�¾C¿tMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM o â
o M o Mup Ú�ÔD�F¾*½�¾�ÝÜÁ
Ç7¾vHuß�¾�Â�å�ÔÖÃ�¾C¿wMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM Éxp
o M o M Ë r÷ÇÕÄ,¾�Â�ß�¾CÂÀå�ÔÜÃC¾�¿yMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM É�â
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ÉLM òqMÖò ÍæÛ�ÇÕ¾�ÂÕÛH¾CÇF� ÂÀÆ�Ç7Æ�Ã�Æ�Ý,MNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM p�ñ
ÉLM òqM o Í��WÐuÓ,ÝÖÇÕÔÜÃ�Á�¿ÀÇSMSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM p,ò
ÉLM òqM É Í��êß�¾CÃ MSMNM'MSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM p o
ÉLM òqMup ÍæÛ�ÇÕ¾�ÂÕÛH¾CÇìÞ�Æ>Û�Ç7ÂÕÆ�Ý(Ðu¾�¿À¿7Áx�>¾N�wÂÕÆ�ÇÕÆ�ÃCÆ>Ý MSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM pqp
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ÉLM o Þ�Æq�-� Ó,Û,ÔÖÃ4Á
ÇÕÔÜÆ>Û�ß�¾�ÂÀå�ÔÖÃ�¾�¿�MNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM p=â
ÉLM o MÖò ß�¾�ÂÀå�ÔÖÃ�¾�¿dÓ,¿ÀÔÜÛ��Fß�Ç7Á
Ç7ÔÖÃS�*ÂÀÆ>Ó,Å,¿�MSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM p�ã
ÉLM o M o ß�¾�ÂÀå�ÔÖÃ�¾�¿dÓ,¿ÀÔÜÛ�� ë÷Ù�Û�Áx� ÔÜÃ'��ÂÕÆ�Ó,Å,¿dÁ�Û�H�ÂÕ¾CÝ Á
ÇÕ¾�H�Ç7Æ^��ÂÕÆ>Ó,ÅuÐu¾v� ØI¾�ÂÕ¿ÀÄ,ÔÜÅ�M Ë>Ë

ÉLM É �÷Ã�Ç7ÔÖå�Ô ÇæÙ�ß�¾CÂÀå�ÔÜÃC¾�¿ M'MSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM Ë�ã
ÉLM ÉLMÖò r÷å�¾�ÂÀå�ÔÖ¾Cé�Æ�ç(Ç7ÄH¾�Ú(Â7Á
Û,¿7Á�Ã�Ç7ÔÖÆ>Û�Á�Ý�ß�Ó,Å,ÅIÆ>ÂÀÇ�MSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM Ë�ã
ÉLM ÉLM o Ú(Â7Á
Û,¿7Á�Ã�Ç7ÔÖÆ>Ûuß�¾�Â�å�ÔÖÃ�¾S�÷ÂÀÃ«Ä,ÔÖÇÕ¾�ÃCÇÕÓ,ÂÕ¾ MSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM Ëx�
ÉLM ÉLM É ß=Ù�¿�Ç7¾v���FÆWH,¾�Ý?MNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM ÊHò
ÉLM ÉLMup ½�¾�ÝÜÁ
Ç7¾vH��÷Å,Å,ÂÀÆ�Á�Ã«Ä,¾C¿RMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM Ê o
ÉLM ÉLM Ë äd¿Õ¾*Æ�ç(Ç7Ä,¾*Ú(Â7Á�ÛH¿7Á�Ã�Ç7ÔÜÆ�Ûhß�¾CÂÀå�ÔÜÃC¾�M'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM Êxp
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p�M ò ÐuÓ,Ý Ç7ÔÜÅIÆ>ÔÖÛ=Çïè�¾�Çæé�Æ>Â�}~MSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM â�ò

p�M òqMÖò ÍæÛ�ÇÕ¾�ÂÕÛH¾CÇF� ÂÀÆ�Ç7Æ�Ã�Æ�Ý,MNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM â�ò
p�M òqM o Í��WÐuÓ,ÝÖÇÕÔÜÃ�Á�¿ÀÇSMSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM â�ò
p�M òqM É Í��êß�¾CÃ MSMNM'MSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM â o
p�M òqMup ÍæÛ�ÇÕ¾�ÂÕÛH¾CÇìÞ�Æ>Û�Ç7ÂÕÆ�Ý(Ðu¾�¿À¿7Áx�>¾N�wÂÕÆ�ÇÕÆ�ÃCÆ>Ý MSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM â o
p�M òqM Ë ß�Ô�� Å,ÝÜ¾�èd¾CÇæé;Æ>Â#}�ÐuÁ�Û�Áx�>¾v�F¾CÛ�ÇF�wÂÀÆ�Ç7Æ�Ã�Æ>Ý�MSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM â�É

p�M o Þ�Æq�-� Ó,Û,ÔÖÃ4Á
ÇÕÔÜÆ>Û,¿ïß�Ó,Å,ÅIÆ>Â�Ç0MNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM â�p
p�M o MÖò ��ÂÕÃ«Ä,Ô Ç7¾CÃCÇ7ÓHÂÕ¾�ëì¾�¿ÀÃ�ÂÕÔÖÅHÇ7ÔÖÆ>Û�MSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM â�p
p�M o M o �wÂÀÆ�Ç7Æ�Ã�Æ>ÝÖ¿�Ó,Û�H,¾CÂ�ß�Ç«Á
ÇÕÔÜÃS��ÂÕÆ>ÓHÅ,¿=M'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM â>Ë
p�M o M É �wÂÀÆ�Ç7Æ�Ã�Æ>ÝÖ¿�Ó,Û�H,¾CÂdë÷Ù�Û,Áx�FÔÖÃ'��ÂÕÆ>Ó,ÅH¿�MSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM â>â

p�M É �÷Ã�Ç7ÔÖå�Ô ÇæÙ�ß�¾CÂÀå�ÔÜÃC¾�¿ M'MSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM â�ã
p�M ÉLMÖò ��¿Õ¿ÀÓ��FÅ�Ç7ÔÜÆ�Û,¿6MSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM âx�
p�M ÉLM o �ïÇÕÆq� ÔÜÃìÃCÆq�^� ÔÖÇ#�F¾CÛ�Ç�Á�Û�H�Á�ØIÆ>ÂÀÇ�ÅHÂÕÆ�ÇÕÆ�ÃCÆ>ÝÜ¿�MNMSMSMNMSM'MNMSMNMSMSMNMSMNM ãHò
p�M ÉLM É ½�¾�ÃCÆDå>¾�Â�Ù�Å,ÂÕÆ
Ç7Æ�Ã�Æ>ÝÖ¿�MSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM ã o
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Ç7Æ�Ã�Æ>Ý~MSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM ã>É
p�M ÉLM Ë ½�¾�¿ÀÆ>Ó,ÂÀÃ�¾S�ôÁ�Û,Áx�>¾�Â�ÂÕ¾�ÅHÝÜÔÜÃ�Á
Ç7ÔÖÆ>Û1Å,ÂÀÆ�Ç7Æ�Ã�Æ>Ý�MSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM ã�Ë
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o M ò ½d¾CÝ Á
ÇÕÔÜÆ>ÛôØ&¾�Çæé�¾C¾�Ûh¿À¾�¿Õ¿ÀÔÜÆ>ÛH¿�Ì@Ý Á4Ù>¾CÂÕ¿CÌ�Ã«Ä�Á�Û,Û,¾CÝÜ¿�Á�Û�HI�ìÆ=ß�� ¿�MNMSM'MNMSMNMSMSMNMSMNM Ê
o M o �÷Å,ÅHÔ Á��ôÁ
ÔÜÛ1ä÷Ðo×�M'MSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM �
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o M�p �÷Å,ÅHÔ Á ç$Â7Áx� ¾Cé;Æ>Â�}ô¾�G�ÃC¾�ÅHÇÕÔÜÆ>Û,¿�äìÐu×�MNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM ò>ò
o M Ë � �"¡£¢~¤ ;¥�¦�¦ ¨7¨§ MSMNM'MSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM o â
o M Ê ¡ ª�¬�¬�ª�® � �C¡d¢ª© ¢�«a¬W®¥¯D¬�«°æ;¥�§ MNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM o â
o M â Þ�Æ>Û,¿À¾�Û,¿ÀÓ,¿÷¿À¾�ÂÀå�ÔÖÃ�¾'���wÍ;°@¿Õ¾v±�ÓH¾�Û,ÃC¾�Æ�ç(ç$Ó,Û,Ã�Ç7ÔÜÆ�Û�Ã�Á�ÝÜÝÖ¿ MSMSMNMSM'MNMSMNMSMSMNMSMNM o �

o M ã ×8Æ�Ã�Á�Ý8Á�ÓHÇÕÄ,¾�Û�ÇÕÔÜÃ4ÁEÇ7ÔÜÆ�Û1¿Õ¾�Â�å�ÔÜÃ�¾S���wÍ;Å,ÂÕÆ�ÇÕÆ�ÃCÆ>Ý MSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM ÉHò
o Mu� ëìÔÜ¿�Ç7ÂÕÔÖØ,ÓHÇÕ¾�HqÁ�ÓHÇ7ÄH¾�Û�Ç7ÔÖÃ4Á
ÇÕÔÜÆ>Û Å,ÂÕÆ
Ç7Æ�Ã�Æ>Ý°�¿ÕÔD�FÅHÝÜ¾õÃ4Á
¿Õ¾ôé�Ô Ç7Ä�²ÀÓH¿ÀÇ�Çæé�Æh¾CÛ�Ç7ÔÖÇÕÔÜ¾C¿�Ìa³

Á�Û�HE´ MNMSMNMSMSMNM'MSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM É o
o M òDñ0ëìÔÜ¿�Ç7ÂÕÔÖØ,ÓHÇÕ¾�H�Á�Ó�Ç7Ä,¾CÛ=ÇÕÔÜÃ�Á
Ç7ÔÖÆ>Ûìé�ÔÖÇÕÄ�¿ÀÙW�^� ¾CÇÕÂÕÔÖÃwÁ�ÓHÇÕÄ,¾�Û�Ç7ÔÖÃ4Á
ÇÕÔÜÆ>Ûµ°Ò¿Õ¾v±�ÓH¾�Û,ÃC¾�Æ�ç=ç$Ó,Û,Ã¯à

Ç7ÔÖÆ>Û1Ã4Á�ÝÖÝÜ¿�MSMNMSMSMNM'MSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM É>É
ÉLM ò K�ÔD�>Ä�àæÝÖ¾Cå�¾�Ýµ�÷ÔÜ¾Cé Æ�ç.Ú.ÂÕÁ�Û,¿ÕÁ�ÃCÇÕÔÜÆ>Ûoß�¾�Â�å�ÔÜÃ�¾'��ÂÕÃ«Ä,Ô Ç7¾�Ã�Ç7Ó,ÂÀ¾¶MSMNMSM'MNMSMNMSMSMNMSMNM Ê>ñ
ÉLM o r÷å>¾�Â�å�ÔÜ¾CérÆ�ç{äd¿Õ¾*Æ�ç.Ú.ÂÕÁ�Û,¿ÕÁ�ÃCÇÕÔÜÆ>Ûoß�¾�Â�å�ÔÜÃ�¾·MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM Ê�Ë
p�M ò Þ�Ý Á�¿À¿yr÷å>¾�Â�å�ÔÜ¾Cé MNM'MSMNMSMNMSMSMNMSMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM â>Ë
p�M o �wÂÕÆ�ÇÕÆ�ÃCÆ>Ý8î�Ó,Û,Ã�Ç7ÔÜÆ�Û�Á�Ý8ëì¾CÅ&¾CÛ�H,¾�ÛHÃ�ÔÜ¾C¿sMNMSM'MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM â>â
p�M É Ú.ÂÕÁ�Û,¿ÕÁ�ÃCÇÕÔÜÆ>Û�Á
Ý�ß�Ó,Å,ÅIÆ>Â�Çìß�¾�ÂÀå�ÔÖÃ�¾N�*ÂÀÆ>Ó,Å,¿ MNMSMSMNMSMNMSMSMNMSM'MNMSMNMSMSMNMSMNM ã>ñ

Ô¸G



G



/B�.'C3D<���!�3

Ú�Ä,ÔÖ¿NH,Æ�Ã�ÓL�F¾CÛ=ÇtH,¾�¿ÀÃ�ÂÀÔÜØI¾�¿�ÇÕÄ,¾^�,ÂÕ¿ÀÇ�¿ÕÅI¾�ÃCÔD��Ã�Á
Ç7ÔÖÆ>ÛqÆ
çïÇ7Ä,¾^���wÍæ¿ Á
Û�H~�wÂÕÆ
Ç7Æ�Ã�Æ>ÝÖ¿�ç$Æ>Â*Ç7ÄH¾
ÐI�÷î�Ú�Í�� ÐuÔDH�H,ÝÖ¾Cé�Á�ÂÕ¾�MïÚ�Ä,¾�Á�ÂÕÃ«Ä,Ô Ç7¾CÃCÇ7ÓHÂÕ¾�Æ
ç�Ç7ÄH¾N� Ô�H�HHÝÜ¾Cé�Á�ÂÀ¾�¿ÀÓ,Ø,¿�Ù�¿�Ç7¾v� Ä�Á�¿dØI¾�¾�ÛIH,¾�¿ÀÃ�ÂÀÔÜØI¾�H
ÔÜÛôÁ�Å,ÂÀ¾Cå�ÔÜÆ>ÓH¿"H,Æ�Ã�Ó�� ¾�Û�Ç�Ì�é�Ä,¾CÂÕ¾÷ÇÕÄ,¾÷¿À¾Cå>¾CÂ7Á�Ýµ�FÆWH,Ó,ÝÖ¾�¿êÁ�Û�HB¿À¾�Â�å�ÔÖÃ�¾C¿ïé�¾CÂÕ¾ìÔÖÛ=ÇÕÂÕÆWH,Ó,ÃC¾�H/°£��ÃCÇÕÔÖå�ÔÖÇæÙ
ß�¾CÂÀå�ÔÜÃC¾�¿�¹�Þ�Æx�^� ÓHÛ,ÔÜÃ�Á
Ç7ÔÖÆ>Û0ß�¾CÂÀå�ÔÜÃC¾�¿v¹*è�¾CÇæé;Æ>Â�}��÷ØH¿ÀÇ7ÂÕÁ�ÃCÇÕÔÜÆ>Ûµ¹ìÚ.ÂÀÓ,¿ÀÇÕ¾�H\Á�Û�H ädÛ�Ç7ÂÕÓH¿ÀÇ7¾vH Þ�Æq�:à
ÅIÆ>Û,¾�Û�ÇÕ¿�MhÚ�Ä,¾ôÅ,Ó,ÂÕÅIÆ>¿À¾BÆ�ç�Ç7ÄH¾ôÅ,ÂÀ¾�¿Õ¾CÛ�ÇUH,Æ�ÃCÓ�� ¾�Û�ÇõÔÜ¿*Ç7Æ��ôÁx}
¾ôÃCÆ>Û,Ã�ÂÀ¾CÇÕ¾BÇ7Ä,¾ ç$Ó,Û,ÃCÇÕÔÜÆ>Û,Á�ÝÜÔ ÇæÙiÆ�ç
Ç7ÄH¾�� Ô�H�H,ÝÖ¾Cé�Á�ÂÕ¾�Ã�Æx�FÅIÆ>Û,¾CÛ=ÇÕ¿�Ì�Ø�Ù�H,¾v�,Û,ÔÜÛ��qÇ7Ä,¾CÔÜÂFÁ�Å,Å,ÝÖÔÜÃ4ÁEÇ7ÔÜÆ�Û ÅHÂÕÆq�>ÂÕÁx�-�FÔÖÛ��YÔÜÛ�Ç7¾CÂÀç"Á�ÃC¾�¿�Ì�Á
Û�H
H,¾C¿ÕÃ�ÂÀÔÜØ,ÔÖÛ��õÇ7Ä,¾*Å,ÂÀÆ�Ç7Æ�Ã�Æ�ÝÜ¿�Ô�� Å,ÝÖ¾�� ¾�Û�Ç7ÔÖÛ���ÇÕÄ,¾�Á�Ø&ÆDå�¾�à�� ¾�Û�ÇÕÔÜÆ>Û,¾vH�ç$ÓHÛ,ÃCÇÕÔÜÆ>Û�Á
ÝÜÔÖÇæÙxM

G�Ô



G�ÔÜÔ



º » ]�_ � [�¼ �s½ _ � [-]

Ú�Ä,ÔÖ¿tH,Æ�Ã�Ó�� ¾�Û�Ç�HH¾�¿ÕÃCÂÕÔÖØ&¾C¿�Ç7Ä,¾^��ÂÕ¿�Çõ¿ÕÅI¾�ÃCÔD��Ã�Á
Ç7ÔÖÆ>ÛðÆ�ç�ÇÕÄ,¾=�F� Íæ¿ Á�Û�H[Å,ÂÀÆ�Ç7Æ�Ã�Æ>ÝÖ¿�ç$Æ�Â�Ç7ÄH¾
ÐI�÷î�Ú�Í��¾� Ô�H�HHÝÜ¾Cé�Á�ÂÀ¾xMïÚ�Ä,¾�Á�ÂÀÃ«Ä,ÔÖÇÕ¾�ÃCÇÕÓ,ÂÕ¾�Æ�ç{ÇÕÄ,¾N� Ô�HLH,ÝÜ¾�éïÁ�ÂÀ¾*¿ÕÓ,Ø,¿�Ù�¿ÀÇ7¾v� Ä�Á
¿�ØI¾�¾CÛhÅ,ÂÕ¾C¿Õ¾CÛ=ÇÕ¾�H
ÔÜÛðÁuÅ,ÂÀ¾Cå�ÔÜÆ�Ó,¿tH,¾CÝÜÔ å>¾�ÂÕÁ�Ø,ÝÖ¾�¿"ë o É>À�Ì�é�Ä,¾CÂÕ¾ôÇÕÄ,¾Få
Á�ÂÀÔÜÆ>Ó,¿�¿ÀÙ�¿�Ç7¾��Á�FÆWH,¾CÝÜ¿�ÌJ� ÆÂH,ÓHÝÜ¾�¿�Á�Û�Hq¿Õ¾CÂÀå�ÔÜÃC¾�¿
é;¾�ÂÕ¾:ÔÖÛ=ÇÕÂÕÆWH,Ó,ÃC¾�H/M Ú�ÄHÔÜ¿bH,Æ�Ã�Ó�� ¾�Û�Ç*ÔÖ¿ìÇ7Ä,¾Ã��ÂÀ¿ÀÇ�Æ�ç Çæé;ÆIH,¾CÝÜÔ å>¾�ÂÕÁ�Ø,ÝÖ¾�¿÷ÇÕÄ�Á
Ç�é�ÔÜÝÖÝ�ØI¾õÂÕ¾CÝ Á
ÇÕ¾�Hhé�ÔÖÇÕÄ
Ç7ÄH¾SHH¾v��Û,Ô Ç7ÔÖÆ>Û�Æ�ç.ÇÕÄ,¾'���wÍæ¿�Á�Û�H�Å,ÂÕÆ�ÇÕÆ�ÃCÆ>ÝÜ¿vMwÚ�Ä,¾�ÂÀ¾Cç$Æ>ÂÀ¾�Ì@ÔÖÇ�ç$Æ�Ã�ÓH¿Õ¾�¿y�FÁ�ÔÜÛ,Ý ÙôÆ�Û�ÇÕÄ,¾*¿ÕÅI¾�ÃCÔD��Ã�Á
Ç7ÔÖÆ>Û
Æ�ç{ÇÕÄ,¾�¾¨G�Ç7¾�ÂÀÛ�Á�Ý(ÔÜÛ�Ç7¾CÂÀç"Á�ÃC¾�¿�Æ�ç{Ç7ÄH¾t� ÆÂH,ÓHÝÜ¾�¿CÌ�é�Ä,ÔÜÃ«Ä�é�ÔÜÝÜÝ�Á
ÝÜÝÜÆDérÁ�ÝÜÝ8Å�Á
ÂÀÇ7ÛH¾�ÂÕ¿�Ç7ÆôÄ,ÁDå�¾ Á Ã�Æq�-�FÆ�Û
Ø�Á�¿ÀÔÜ¿dÆ�ç�é;Æ>Â�}1Ã�Æ>Û�Ç7ÂÀÔÜØ,Ó�Ç7ÔÜÛL� ÇÕÆ�é�Á�Â�H,¿ìÁ:Ã�Æ>ÄH¾�ÂÕ¾CÛ�ÇìÂÕ¾C¿ÕÓ,Ý Ç®M�ÐuÁ�Û�Ù�Å,ÂÕÆ�ÇÕÆ�ÃCÆ>ÝÜ¿dÁ�ÂÀ¾�ÃCÓ,ÂÕÂÀ¾�Û�Ç7Ý Ù�Ó,Û�H,¾CÂ
H,¾�å>¾�ÝÖÆ>Å�� ¾�Û�Ç4ÌIÁ�ÛLHoÁ�¿d¿ÕÓHÃ«ÄuÇ7ÄH¾�Å,ÂÀÆ�Ç7Æ�Ã�Æ�ÝÜ¿�Ã«Ä�Á�Å�Ç7¾�ÂdÔÜ¿0� Æ>¿�Ç7ÝÖÙ=H,¾Cå�Æ�Ç7¾vHuÇ7Æ:Ç7ÄH¾�ÓHÛ�H,¾�ÂÀÝÖÙ�ÔÜÛL�FÅ,ÂÀÔÜÛ�à
Ã�ÔÖÅ,ÝÜ¾C¿�Ì�Á�ÛLHYé�ÄH¾�Û,¾�å>¾�Â�Å,ÂÕÆ
Ç7Æ�Ã�Æ>ÝÖ¿�Á�ÂÕ¾�HH¾�¿ÕÃCÂÕÔÖØ&¾vHÒÌ8Ç7Ä,¾�ÙYÁ�ÂÕ¾õÛH¾�Ã�¾C¿Õ¿ÕÁ�ÂÕÔÖÝÖÙsH,Æ�Û,¾õÔÜÛYÁ1Ã�Æ�Û,Ã�ÔÖ¿Õ¾õéïÁ4ÙxM
Ú�Ä,¾FÔÜÛHç$Æ>Â��ôÁEÇ7ÔÜÆ�ÛiÅ,ÂÕÆDå�Ô�H,¾vHðØ�ÙYÇ7Ä,ÔÖ¿NHHÆ�ÃCÓ��F¾CÛ�Ç�é�ÔÖÝÜÝw¾�G�Å�Á
Û�H,¾�H[ÔÖÛ ÇÕÄ,¾ Û,¾�G�ÇÃHH¾�ÝÜÔ å>¾CÂ7Á�Ø,ÝÖ¾I¿ ëb�Bà
Þ�Æq� Å,ÝÜ¾�Ç7¾ì¿ÀÅ&¾CÃ�ÔÄ��Ã4Á
ÇÕÔÜÆ>ÛôÆ�çJ���wÍæ¿�Á�Û�H�Å,ÂÀÆ�Ç7Æ�Ã�Æ>ÝÖ¿;ç$Æ>Â;Ç7Ä,¾*ÐE�ìî�Ú�Í���� Ô�H�HHÝÜ¾Cé�Á�ÂÀ¾)À�ÌÂH,Ó,¾�Æ>ÛH¾÷Ù>¾�Á�Â
ç$ÂÕÆx� Û,ÆDé'M

î�ÔD�>Ó,ÂÕ¾�òqM òìÂÕ¾CÅ,ÂÕ¾C¿Õ¾CÛ=ÇÕ¿�Ç7Ä,¾�Á
ÂÕÃ«Ä,Ô Ç7¾�Ã�Ç7Ó,ÂÀ¾ìÆ�ç(ÁõÐE�ìî�Ú�Í��rÄHÆ>¿ÀÇ�ÌHÔÜÛFé�Ä,ÔÜÃ«ÄBÇÕÄ,¾�H,¾CÅ&¾CÛ�H,¾�ÛHÃ�¾
ÂÕ¾CÝ Á
ÇÕÔÜÆ>ÛH¿÷ØI¾CÇæé;¾�¾�Ûª�FÆWH,Ó,ÝÖ¾�¿�Á
ÂÕ¾�H,¾CÅ,ÔÜÃ�Ç7¾�HYØ�ÙhÇÕÄ,¾õÆ>ÂÕÔÖ¾�Û�Ç«ÁEÇ7ÔÜÆ�ÛhÆ�ç Ç7Ä,¾E¿vÅ�H,¾CÅ&¾CÛ�H,¿�àáÆ>Û�ÆÇÀìÁ
ÂÕÂÕÆDé�¿vM
Ú�Ä,¾t���>Ó,ÂÕ¾ Á�ÝÜ¿ÀÆôÂÕ¾CÅ,ÂÕ¾C¿Õ¾CÛ=ÇÕ¿�Ç7Ä,¾N�ôÁ�ÔÖÛoÂÀÓ,Û�Ç7Ô�� ¾�¾�Û�å�ÔÜÂÕÆ�Û��F¾CÛ�Ç7¿÷ÇÕÄ�Á
Ç÷é�ÔÖÝÜÝ�¿ÕÓHÅ,Å&Æ�ÂÀÇìÇÕÄ,¾ Á�ÂÀÃ«Ä,ÔÖÇÕ¾�Ã¯à
Ç7ÓHÂÕ¾�ÌHÁ�Û�HBÆ
Ç7Ä,¾CÂ�Ã�Æx�FÅIÆ>Û,¾CÛ=ÇÕ¿ïÔÜÛ^�>¾�ÛH¾�Â7Á
Ý&Ç7Ä,Á
Ç"� Ô���Ä=Çêé�Á�Û�ÇïÇ7Æ�Ã4Á�ÝÖÝIÇÕÄ,¾�ÔÖÂ;ÔÖÛ=ÇÕ¾�Â�ç"Á�Ã�¾C¿�ÌHÛ,Áx�F¾CÝÖÙ:Ç7ÄH¾
�÷ÅHÅ,Ô Á�Å,ÂÕÆ�ÇÕÆ�ÃCÆ>Ý }�¾CÂÕÛ,¾CÝ�Ì�ÇÕÄ,¾FÚ(ÂÕÓH¿ÀÇ7¾vH[Ú�Ô�� ¾�Ý Ù Þ�Æq� Å,ÓHÇ7ÔÖÛ��hÎ�Á�¿Õ¾�¿"Ú�ÚdÞïÎ0À¯Ì{Á�Û�HqÆ�ç�ÃCÆ>Ó,ÂÕ¿À¾ôÇ7ÄH¾
rìÅ&¾CÂ7Á
ÇÕÔÜÛ�� ß=Ù�¿�Ç7¾v�Y¿r*ß�À�M

Ú�Ä,ÔÖ¿ÃH,¾�ÝÖÔÖå�¾�Â7Á
Ø,ÝÜ¾BÔÖ¿�Æ>Â���Á�Û,ÔDP�¾vH[ÔÜÛðÇæé;Æm�ôÁ�ÔÖÛðÅ�Á
ÂÀÇ7¿CÌ Æ>Û,¾ôÇÕÄ�Á
ÇõÔÖÛ=ÇÕÂÕÆWH,Ó,ÃC¾�¿ Ç7ÄH¾B¿Õ¾CÂÀå�ÔÜÃC¾�¿
Á�Û�Hm�F� Íæ¿�Á�ÛLHðÁ�ÛHÆ�Ç7Ä,¾CÂìÇ7Ä�ÁEÇ*Å,ÂÕ¾C¿Õ¾�Û�ÇÕ¿�ÇÕÄ,¾:Å,ÂÕÆ�ÇÕÆ�ÃCÆ>ÝÜ¿vM�Ú�Ä,¾:¿À¾�ÂÀå�ÔÖÃ�¾�¿�Á�Û�Hm�F� Íæ¿�Á�ÂÀ¾õ¾�G�Å,ÝÜÁ�ÔÜÛ,¾vH
Ó,¿ÀÔÜÛ��oÁ�ØIÆ�ÇÕÇÕÆq�õàæÓ,ÅqÁ�Å,Å,ÂÀÆ�Á�Ã«ÄÒÌ.ÔÖÇ*¿�Ç«Á�Â�Ç7¿�Ø�ÙÈH,¾C¿ÕÃ�ÂÀÔÜØ,ÔÖÛ���Ç7Ä,¾ ÂÕÓ,Û�ÇÕÔ�� ¾F¾CÛ=å�ÔÖÂÕÆ>Û�� ¾�Û�ÇÕ¿�Á�ÛLHqÇ7ÄH¾�Û
Ç7ÄH¾S� Ô�HLH,ÝÜ¾�éïÁ�ÂÀ¾b�FÆWH,Ó,ÝÖ¾�¿vM

�÷ÅHÅ,Ô ÁoÔÖ¿�ÇÕÄ,¾BÅ,ÂÀÆ�Ç7Æ�Ã�Æ>ÝQ}�¾CÂÕÛ,¾CÝ�Ç7Ä,Á
Ç ÔÖ¿t�>Æ>ÔÖÛ��uÇÕÆiØ&¾F¾�� Å,ÝÜÆDÙ�¾�H[Ø�ÙðÇÕÄ,¾�ÐI�÷î�Ú�Í��É� Ô�H�à
H,ÝÖ¾Cé�Á�ÂÕ¾�MVÍæÛTÇ7¾CÂ#� ¿ Æ
ç÷Å,ÂÀÆ�Ç7Æ�Ã�Æ�Ý0H,¾�¿ÀÔ��>ÛÒÌ;ÁYÅ,ÂÕÆ�ÇÕÆ�ÃCÆ>Ý6}
¾�ÂÕÛH¾�ÝdÅ,ÂÕÆDå�Ô�H,¾C¿õÇ7Ä,¾�Ç7Æ�Æ>ÝÜ¿�Ç7Ä�Á
ÇFÁ�ÝÖÝÜÆDé Á
H,¾C¿ÕÔ���Û,¾�Â�Ç7ÆFÃ�Æq� Å&Æ�¿Õ¾�¿ÀÇ«Á
Ã;}�¿÷Æ�çwÅ,ÂÀÆ�Ç7Æ�Ã�Æ>ÝÖ¿N¿"Æ>Ây�FÆWH,Ó,ÝÖ¾�¿4À�Á
Ã�Ã�Æ�Â#H,ÔÖÛ�� ÇÕÆFÇÕÄ,¾�Û,¾C¾�H,¿÷Æ�ç�ÇÕÄ,¾ Á�ÂÀÃ«Ä,Ô à
Ç7¾CÃCÇÕÓ,ÂÕ¾�M[ÍæÛ ÂÀÓ,Û�à�Ç7Ô�� ¾FÇÕÄ,¾�Å,ÂÕÆ
Ç7Æ�Ã�Æ>ÝC}�¾�ÂÀÛ,¾�Ý�¿ÀÓ,Å,ÅIÆ>ÂÀÇÕ¿:ÇÕÄ,¾1¾�G�Ã«Ä�Á
Û��>¾�Æ�çyH�Á
Ç«Á�¿Ê�F¾C¿Õ¿7Á��>¾�¿4À:Á
Û�H
Ã�Æ�Û=ÇÕÂÕÆ>Ý�ÔÖÛHç$Æ>Â��ôÁ
ÇÕÔÜÆ>ÛðØ&¾�Çæé�¾C¾�ÛWÝÜÁDÙ�¾�ÂÀ¿ôÁ�ÛLHVÅ,ÂÀÆDå�ÔDH,¾�¿FÁYÛ�ÓL� Ø&¾CÂ:Æ�ç�Á�ÓWGHÔÖÝÜÔÜÁ�ÂÀÙq¿Õ¾CÂÀå�ÔÜÃC¾�¿ ¿ÕÓ,Ã«Ä0Á
¿
Ç7ÔD�F¾CÂ6�FÁ�Û�Áx�>¾v�F¾CÛ�ÇdÁ�Û�HE�F¾v�FÆ>Â�Ù?�FÁ�Û�Á��>¾�� ¾�Û�Ç�ç$Æ>Â0� ¾�¿À¿7Áx�>¾*Ø,ÓÂË�¾CÂÕ¿�M

Ú�Ä,¾ Ú�ÚdÞïÎ÷Ì(ÝÜÔ�}
¾ Ç7Ä,¾?rìÅ&¾CÂ7Á
ÇÕÔÜÛ��uß�Ù�¿�Ç7¾�� ¿r�ßLÀ�Ì8ÔÜ¿*Á�Ã�Æx�FÅIÆ>Û,¾CÛ=Ç*ÇÕÄ�Á
ÇS�FÔD�>Ä�Ç*Ä�Á4å>¾ ÔÖÇÕ¿
¿Õ¾CÂÀå�ÔÜÃC¾�¿{Ã�Á�ÝÜÝÖ¾�H�Ø�Ù�¾�å>¾CÂÀÙ�Æ�Ç7Ä,¾CÂa� ÆÂHHÓ,ÝÜ¾�M.ädÛ,ÝÜÔD}�¾ Ç7Ä,¾6r*ß&ÌEÇÕÄ,¾êÚ�ÚdÞïÎ Ã4Á�Û ØI¾;Ádç"Á�ÔÖÂÕÝÖÙ��FÆWH,¾�¿�Ç{Á
Û�H
¿ÕÔD�FÅHÝÜ¾�Ã�Æq� Å&Æ�Û,¾�Û�ÇìÆ
ç{Ç7Ä,¾�¿ÀÙ�¿ÀÇÕ¾���Ì&é�ÔÖÇÕÄhÅ,ÂÀÆ>Å&¾CÂÀÇÕÔÜ¾�¿dé�¾CÝÜÝ§à�H,¾���Û,¾�HhÁ�Û�HiÅ,ÂÀ¾�¿Õ¾CÂÀå�¾�HYØ�ÙoÃCÆ>Û,¿ÀÇÕÂÕÓ,Ã¯à
Ç7ÔÖÆ>Û/M�Ú�Ä,¾�Ú�ÚdÞïÎr¾�G�Ä,ÔÖØ,ÔÖÇÕ¿÷ÁFç"Á
ÔÜÝ àáÃ�Æ>Û�ÇÕÂÕÆ>ÝÖÝÜ¾�HôØ&¾CÄ�Á4å�ÔÖÆ>Â�ÌIÔ9M ¾xM ÌIÔÖÇ�ç"Á�ÔÜÝÖ¿�Æ>Û,ÝÖÙ�Ø�Ù�Ã�ÂÕÁ�¿ÕÄHÔÜÛ��,ÌI¾Cå�¾�ÛiÔÖÛ
Ç7ÄH¾dÅHÂÕ¾�¿À¾�Û,ÃC¾F�FÁ�ÝÜÔÖÃ�ÔÖÆ>Ó,¿�ç"Á�Ó,ÝÖÇÕ¿�Ì=Á�ÛLHFÂÀ¾���Á�Â�H,ÝÜ¾C¿Õ¿wÆ�çIÇ7ÄH¾dÃ«Ä,Á�Â7Á�Ã�Ç7¾CÂÕÔÜ¿�Ç7ÔÖÃ�¿ Æ�çIÇ7Ä,¾dÁ�Å,ÅHÝÜÔÜÃ�Á
Ç7ÔÖÆ>Û,¿.Ó,¿ÕÔÖÛ��
ÔÖÇÕ¿�¿À¾�Â�å�ÔÖÃ�¾C¿�M÷ÍáÇ÷Ã4Á�ÛoØ&¾�¿Õ¾�¾CÛYÁ�¿ìÁ
ÛhÁ�¿À¿ÕÔÜ¿�Ç«Á�Û�Ç�ç$Æ>Â�Å,Á�ÂÀÇÕ¿÷Æ�çwÇÕÄ,¾�¾¨GH¾CÃ�ÓHÇÕÔÜÆ>ÛoÆ�ç{Ç7ÄH¾�Å,ÂÀÆ�Ç7Æ�Ã�Æ>ÝÖ¿÷Á
Û�H
Á�Å,ÅHÝÜÔÜÃ�Á
Ç7ÔÖÆ>Û,¿CÌH¿ÕÔÖÛ,Ã�¾*Ô Ç�Å,ÂÕÆDå�Ô�HH¾�¿dÁ ¿��ôÁ
ÝÜÝ�¿À¾CÇdÆ�ç(Ç7ÂÀÓ,¿ÀÇÕ¾�Ho¿À¾�Â�å�ÔÖÃ�¾C¿�ÂÀ¾�Ý ÁEÇ7¾�H1ÇÕÆ:ÇÕÔ�� ¾*Á�Û�H�¿Õ¾CÃ�Ó,ÂÀÔÖÇæÙxM

ò



SM

SF

CS

PM

PF AS

Particip.
     n

Particip.
     m

Particip.
      p

MN R
u

n
tim

e
(A

p
p

ia
+T

T
C

B
+O

S
)

î�ÔD�>Ó,ÂÕ¾õòxMÖòq°d��ÂÕÃ«Ä,Ô Ç7¾CÃCÇ7ÓHÂÕ¾�Æ�ç{Á ÐI�÷î�Ú�Í���K�Æ>¿�Ç

Ú�Ä,¾�ÝÖÆ�é;¾�¿�ÇÌ�FÆWH,Ó,ÝÖ¾÷Æ�ç�ÇÕÄ,¾b�FÔDH�H,ÝÖ¾Cé�Á�ÂÕ¾�Á
ÂÕÃ«Ä,Ô Ç7¾�Ã�Ç7Ó,ÂÀ¾�ÔÜ¿�ÇÕÄ,¾�ÐuÓ,Ý Ç7ÔÖÅ&Æ>ÔÖÛ�Çïèd¾CÇæé;Æ>Â#}@ÌIÐoè�Ì
Ã�ÂÀ¾4Á
ÇÕ¾�H Æ>Û Ç7Æ�Å Æ
çdÇÕÄ,¾1Å,Ä�Ù�¿ÕÔÖÃ4Á�Ý�ÔÖÛHç$Â7Á�¿�Ç7ÂÀÓ,ÃCÇÕÓ,ÂÕ¾�MðÚ�Ä,¾�Ðoè ÄHÔ�H,¾C¿ Ç7Ä,¾1Å�Á
ÂÀÇ7ÔÖÃ�Ó,ÝÜÁ�ÂÕ¿�Æ�ç�Ç7Ä,¾1Ó,Û�à
H,¾CÂÕÝÖÙ�ÔÖÛ��ôÛ,¾�Çæé�Æ�Â#}uÇÕÆFé�Ä,ÔÖÃ«ÄYÁ^�>Ô å>¾CÛi¿ÕÔÖÇÕ¾�ÔÖ¿FH,ÔÖÂÕ¾CÃCÇ7Ý Ù�Á
ÇÕÇ7Á�Ã«Ä,¾vHÒÌ8Á�Û�HoÔÜ¿�Á�¿�ÇÕÄ,ÔÜÛiÁ
¿�Ç7ÄH¾�ÔÜÛ�ÇÕÂÕÔÜÛH¿ÕÔÜÃ
Å,ÂÀÆ>Å&¾CÂÀÇÕÔÜ¾�¿ Æ�ç&Ç7Ä,¾dÝ ÁEÇÕÇ7¾CÂêÁ�ÝÜÝÖÆ�é'M(Ú�Ä,¾R�ôÁ�ÔÖÛ:¿Õ¾�Â�å�ÔÜÃ�¾C¿;ÇÕÄ�Á
ÇêÔÖÇ Å,ÂÀÆDå�ÔDH,¾�¿;Á�ÂÀ¾R� ÓHÝÖÇ7ÔÖÅ&Æ�ÔÜÛ�Ç ÁxH�HHÂÕ¾�¿À¿ÕÔÖÛ��
Á�Û�HuØ&¾C¿ÀÇ�àæ¾vË&Æ>Â�Ç�� ¾�¿Õ¿ÕÁx�>¾SH,¾�ÝÖÔÖå�¾�ÂÀÙ�Ì&Ø,Á�¿ÕÔÖÃ�¿À¾�Ã�ÓHÂÕ¾ Ã«Ä�Á
Û,Û,¾�ÝÖ¿ìÁ�ÛLH��F¾C¿Õ¿ÕÁx�>¾�¾CÛ�å>¾�ÝÖÆ>ÅI¾�¿�MdÍáÇ7¿R���wÍïÔÖ¿
Ã�Æx�FÅIÆ>¿Õ¾vH:Ø=ÙõÇÕÄ,¾�¿ÀÇ7Á�Û�H�Á
Â#H ÔÜÛ�Ç7¾CÂÀç"Á�ÃC¾�¿wÇ7Æ�é;¾�ÝÜÝ§à�}=Û,ÆDé�Û:Å,ÂÕÆ
Ç7Æ�Ã�Æ>ÝÖ¿�Ì�¿ÕÓHÃ«ÄôÁ�¿ ÚdÞ6�êí
Í��[Á�ÛLHôß�èìÐ��(Ì
Ç7Ä,Á
ÇÌ�FÔD�>Ä�Ç�ØI¾�ÓH¿Õ¾�HuØ�ÙBÇ7Ä,¾'� ÆÂHHÓ,ÝÜ¾C¿�Á�Ø&ÆDå�¾�Ô Ç®M

Þ�Æq�-� Ó,Û,ÔÖÃ4Á
ÇÕÔÜÆ>Ûõß�Ó,Å,ÅIÆ>ÂÀÇ�Ì�Þ�ß&Ì�ÔÜ¿{ÇÕÄ,¾�Ã�Æ>ÂÀ¾y� ÆWH,Ó,ÝÜ¾�ÂÕ¾�ÝÜÁ
Ç7¾vHõÇ7Æ'H�Á
Ç7Á*ÔÖÛ�Ç7¾�ÂÀÃ«Ä�Á�Û���¾�Á��FÆ>ÛL�
¿ÕÔ Ç7¾C¿�MiÍáÇ�H,¾CÅ&¾CÛ�H,¿õÆ>Û ÇÕÄ,¾BÔÖÛHç$Æ>Â#�FÁ
ÇÕÔÜÆ>ÛÈ�>ÔÖå�¾�Û[Ø�Ù Ç7Ä,¾�ß�ÔÖÇ7¾1Ðu¾�� ØI¾�ÂÀ¿ÕÄ,ÔÖÅÒÌêß,ÐqÌB�FÆWH,Ó,ÝÖ¾ôÁ
Ø&Æ>Ó�Ç
Ç7ÄH¾1Ã�Æq� Å&Æ�¿ÕÔÖÇÕÔÜÆ>Û Æ�ç�Ç7ÄH¾��>ÂÕÆ>ÓHÅ,¿�Ì Á�ÛLH Æ�Û Ç7Ä,¾�Ðuè Ç7ÆYÁ�ÃCÃ�¾�¿À¿õÇ7Ä,¾BÛH¾CÇæé;Æ>Â#}OMðÚ�ÄH¾oÞ�ßÍ� ÆWH,Ó,ÝÜ¾
Ô�� Å,ÝÖ¾�� ¾�Û�Ç7¿�Ã�Â�Ù�ÅHÇ7Æq��Â7Á�Å,ÄHÔÜÃ'�>ÂÕÆ�Ó,ÅoÃCÆq�^��Ó,Û,ÔÜÃ�Á
Ç7ÔÖÆ>Û�Å,ÂÕÔD�FÔ Ç7Ô å>¾�¿CÌ,¿ÕÓHÃ«ÄYÁ�¿÷ÎêÙÂP�Á�Û�Ç7ÔÖÛ,¾ Áx��ÂÕ¾�¾v�F¾CÛ�Ç
Æ>Â'� ¾�¿Õ¿ÕÁx�>¾:Ø,ÂÀÆ�ÁxH,Ã�Á�¿ÀÇ�Ì�Á�ÛLHqÆ�ÇÕÄ,¾�Â*ÃCÆ>ÂÕ¾:¿Õ¾CÂÀå�ÔÜÃC¾�¿vMBÚ�Ä,¾U�>ÂÕÆ�Ó,ÅqÃCÆq�-� Ó,Û,ÔÖÃ4Á
ÇÕÔÜÆ>ÛiÅ,ÂÀÔ�� ÔÖÇÕÔÖå>¾C¿�Á�ÂÀ¾
Å,ÂÀÆ�å�ÔDH,¾�H:é�ÔÖÇÕÄ ¿À¾Cå�¾�Â7Á
ÝIÂÀ¾�ÝÖÔ Á�Ø,ÔÖÝÜÔ ÇæÙ�Á�Û�H Æ>Â#H,¾CÂÕÔÖÛ��'�>Ó�Á�ÂÕÁ�Û�Ç7¾�¾C¿�Ì=¿ÕÓHÃ«ÄBÁ�¿ Ã4Á
Ó,¿7Á�Ý�Æ�Â Á
Ç7Æq� ÔÜÃ
Ì�Á�Û�HFÁ�ÂÀ¾

o



H,¾���Û,¾�HoÔÜÛuÇÕ¾�Â��F¿dÆ�ç{¿À¾Cå�¾�Â7Á
Ý�Å,ÂÀÆq�>Â7Á��^� ÔÜÛ���� ÆWH,¾�ÝÖ¿�°;Á�¿ÀÙ�Û,Ã«Ä,ÂÀÆ>Û,Æ>ÓH¿�Ì&ÇÕÔ�� ¾�H�é�ÔÖÇÕÄo¿ÕÓHÅ,Å&Æ�ÂÀÇdç$ÂÕÆq�
Ç7ÄH¾ Ú�ÚdÞïÎ�Ì(Æ�Â�Á
¿ÀÙ�Û,Ã«Ä,ÂÀÆ>Û,Æ>Ó,¿�é�ÔÖÇÕÄqÁ
¿Õ¿ÕÔÖ¿ÀÇ7Á�Û,Ã�¾:ç$ÂÕÆx� Ç7ÄH¾ Ú�ÚdÞïÎRM.î�ÂÀÆq� Á�ÝÖÝ.Ç7ÄH¾FÃCÆq� Ø,ÔÖÛ�Á
Ç7ÔÖÆ>Û,¿
Æ�çB�>Ó�Á�ÂÕÁ�Û�Ç7¾C¾�¿�Á�Û�H��FÆWH,¾CÝÜ¿ïÇ7Ä,Á
ÇdÁ�ÂÕ¾*ÅIÆ>¿Õ¿ÀÔÜØ,ÝÖ¾�Ì,Æ�Û,ÝÖÙBÁ:¿ÀÓ,Ø,¿À¾CÇ÷Á�ÂÕ¾'�>Æ>ÔÖÛ�� Ç7Æ:ØI¾*ÆxË�¾CÂÕ¾vH/M

Ú�Ä,¾U�÷Ã�Ç7Ô å�Ô ÇæÙiß�Ó,Å,ÅIÆ>ÂÀÇ'� ÆÂHHÓ,ÝÜ¾
Ìµ��ßIÌÒÔ�� Å,ÝÜ¾v�F¾CÛ�Ç7¿÷ØHÓ,ÔÜÝDH,ÔÜÛ��ôØ,ÝÜÆ�Ã;}=¿ìÇ7Ä�Á
Ç�Á�¿Õ¿ÀÔÜ¿ÀÇ�ÇÕÄ,¾�H,¾¯à
å>¾CÝÜÆ>ÅL�F¾CÛ=Ç�Æ�ç�¿ÕÅI¾�ÃCÔD��Ã�Ã�ÝÜÁ�¿Õ¿À¾�¿ïÆ�ç(Á
Å,Å,ÝÜÔÖÃ4Á
ÇÕÔÜÆ>ÛH¿�Ì�¿ÕÓHÃ«ÄuÁ
¿"H,ÔÖ¿ÀÇ7ÂÀÔÜØ,Ó�Ç7¾�H Ç7ÂÕÁ�Û,¿7Á
ÃCÇ7ÔÖÆ>Û�Á�ÝI¿ÕÓHÅ,Å&Æ�ÂÀÇ�Á
Û�H
ÂÕ¾CÅ,ÝÜÔÖÃ4Á
ÇÕÔÜÆ>ÛN�ôÁ
Û�Áx�>¾v�F¾CÛ=Ç�M�ÍáÇÕ¿d�ôÁ�ÔÖÛ Å,Ó,ÂÀÅ&Æ�¿Õ¾�ÔÜ¿{ÇÕÆ�ÆxË&¾�Â�ÇÕÆ>Å�àæÝÖ¾Cå�¾�Ý,ÔÖÛ=ÇÕ¾�Â�ç"Á�Ã�¾C¿{Ç7Ä�Á
Ç�é�ÔÜÝÜÝÂ�ôÁ�}�¾ïÇ7ÄH¾
Á�ÃCÃ�¾�¿À¿{Ç7Æ*Þ�ß�ÅHÂÕÆ�ÇÕÆ�ÃCÆ>ÝÜ¿�Á�Û�H ÔÖÛ=ÇÕ¾�Â�ç"Á�Ã�¾C¿{¾4Á�¿ÀÔÜ¾CÂ�Ì�Á�ÛLHõÅ,ÂÕÆDå�Ô�H,¾;ç$Ó,Û,ÃCÇÕÔÜÆ>Û,Á�ÝÜÔ ÇæÙìÇ7Ä�ÁEÇ�é�ÔÜÝÖÝ�¿ÀÔ�� Å,ÝÜÔ ç5ÙìÇ7ÄH¾
Ã�Æ�Û,¿ÀÇÕÂÕÓ,Ã�Ç7ÔÜÆ�ÛuÆ�ç.Ç7Ä,Æ�¿Õ¾�Á�Å,Å,ÝÖÔÜÃ�Á
Ç7ÔÖÆ>Û,¿�MwÚ�ÄHÔÜ¿ÌH,¾�ÝÖÔÖå�¾�Â7Á
Ø,ÝÜ¾'H,¾C¿ÕÃ�ÂÀÔÜØI¾�¿d¾�¿À¿Õ¾�Û�ÇÕÔ Á�ÝÖÝÖÙôÇÕÄ,¾*Ç7Â7Á
Û,¿7Á�Ã�Ç7ÔÖÆ>Û�Á�Ý
¿ÕÓHÅ,Å&Æ�ÂÀÇy���wÍæ¿dÁ�Û�H�¿Õ¾CÂÀå�ÔÜÃC¾�¿vM;ÍáÇ�Å,ÂÀ¾�¿À¾�Û�Ç7¿÷ÁõÇæÙ�Å,ÔÖÃ4Á�Ý&Ç7Â7Á
Û,¿7Á�Ã�Ç7ÔÖÆ>Û�Á�Ý�Á�ÂÕÃ«Ä,Ô Ç7¾CÃCÇ7ÓHÂÕ¾�Á�Û�H�ÔÜÛ�ÇÕÂÕÆWH,Ó,Ã�¾C¿
ÔÖÇÕ¿"� Æ>¿ÀÇ;Ô�� ÅIÆ>ÂÀÇ7Á�Û�Ç�ÃCÆq�FÅIÆ>Û,¾CÛ�Ç7¿�Ì�¿ÕÓ,Ã«Ä�Á�¿êÇ7Ä,¾÷ÂÕ¾�¿ÀÆ>Ó,ÂÀÃ�¾b�FÁ�Û�Áx�>¾CÂÕ¿;Á�Û�HBÇÕÂ7Á�Û,¿ÕÁ�ÃCÇÕÔÜÆ>Û^�ôÁ
Û�Áx�>¾CÂÕ¿�Ì
Á�Û�H�Ç7ÄH¾�ÛEH,¾v��ÛH¾�¿�Ç7Ä,¾CÔÜÂ�ÔÜÛ�ÇÕ¾�ÂÀç"Á
Ã�¾�¿vM

Ú�Ä,¾÷ß�ÔÖÇÕ¾�î@Á�ÔÜÝÖÓ,ÂÕ¾�ëì¾�Ç7¾CÃCÇ7Æ�ÂQ� ÆWH,Ó,ÝÜ¾
Ì�ßHî�Ì=Á�¿ Ô Ç7¿wÛ�Áx� ¾�ÔÜÛ�HHÔÜÃ4ÁEÇ7¾�¿CÌ>H,¾CÇÕ¾�Â��FÔÖÛ,¾�¿wé�Ä,ÔÖÃ«Äô¿ÕÔ Ç7¾C¿
Ä�Á4å>¾iç"Á�ÔÖÝÜ¾vH/MOÚ�Ä,ÔÜ¿�� ÆÂHHÓ,ÝÜ¾uÃ4Á�Û Ó,¿À¾YÇÕÄ,¾i¿Õ¾CÂÀå�ÔÜÃC¾�¿�Æ�ç*Ç7ÄH¾iÚ�ÚdÞïÎ ÇÕÆ[ÆxË�¾CÂ�Á ÂÕ¾CÝÜÔ Á
Ø,ÝÜ¾�ç"Á�ÔÜÝÖÓ,ÂÕ¾
H,¾�Ç7¾�Ã�Ç7ÔÖÆ>ÛÒÌ�¿ÕÔÖÛ,Ã�¾oÇÕÄ,¾iÚ�ÚdÞïÎ ÔÜ¿F¿ÀÙ�Û,Ã«Ä,ÂÀÆ>Û,Æ>Ó,¿�Á�ÛLH0¿Õ¾�ÃCÓ,ÂÕ¾�M_Íáç�Á Ú�ÚdÞïÎ ÔÖ¿ôÛ,Æ�ÇBÅ,ÂÕ¾C¿Õ¾�Û�Ç�Ì�Ç7ÄH¾
ßHîÎ�FÆWH,Ó,ÝÖ¾-� Ô���Ä=Ç�Û,Æ
Ç�Å,ÂÀÆDå�ÔDH,¾ Ã�Æq� Å,ÝÜ¾�Ç7¾CÝÖÙYÃ�Æ�ÂÕÂÕ¾CÃCÇ�ÔÜÛHç$Æ�Â#�FÁ
Ç7ÔÖÆ>ÛYØ&¾CÃ4Á�Ó,¿À¾ôÔ ÇNHH¾�ÅI¾�Û�H,¿�Æ>ÛðÇ7ÄH¾
Ã�Æ�Û�H,ÔÖÇÕÔÜÆ>ÛH¿�Æ�ç�ÇÕÄ,¾�ÛH¾CÇæé;Æ>Â#}@Ì@é�Ä,ÔÜÃ«ÄuÄ�Á�¿dÓ,Û,Ã�¾CÂÀÇ7Á�ÔÜÛ�¿ÀÙ�Û,Ã«Ä,ÂÀÆ>Û�ÙhÁ
Û�H�� Ô��>Ä�Ç�ØI¾*Å,ÂÕÆ>ÛH¾�ÇÕÆôÁ
ÇÀÇ«Á�Ã;}=¿vM
ß�Ô Ç7¾�Ð�¾�� ØI¾�ÂÀ¿ÕÄ,ÔÖÅÒÌ=ß,ÐqÌx}�¾�¾CÅ,¿ Á�Û�HõÓHÅ�H�ÁEÇ7¾�¿.Ç7Ä,¾ïÔÖÛHç$Æ>Â��ôÁ
ÇÕÔÜÆ>Û*ÂÀ¾�Ý ÁEÇ7¾�H�Ç7ÆìÇ7ÄH¾ï¿Õ¾�ÇwÆ�ç@¿ÕÔ Ç7¾C¿�Ç7Ä�ÁEÇwÁ�ÂÀ¾
ÂÕ¾v�>ÔÜ¿�Ç7¾CÂÕ¾�H�Á
Û�H1ÔÜÛôÇÕÄ,¾ìÃCÓ,ÂÕÂÀ¾�Û�Ç�å�ÔÜ¾Cé¾¿$Ã�Ó,ÂÀÂÕ¾�Û�ÇÕÝÖÙ Ç7ÂÕÓH¿ÀÇ7¾vH�¿ÕÔÖÇÕ¾�¿4À�MwÍáÇ0H,¾CÅ&¾CÛ�H,¿�Æ>ÛBÇÕÄ,¾ìÔÖÛHç$Æ>Â#�FÁ
ÇÕÔÜÆ>Û
�>Ô å>¾�Û�Ø�Ù*Ç7Ä,¾;ßHî��FÆWH,Ó,ÝÖ¾xM�Ú�Ä,¾C��Á�Â�Ç7ÔÖÃ�ÔÜÅ,Á�Û�Ç�î@Á�ÔÖÝÜÓ,ÂÀ¾wëì¾CÇÕ¾�Ã�Ç7Æ>Â�� ÆÂH,ÓHÝÜ¾�ÌÏ� î�Ì�Á�¿À¿Õ¾C¿Õ¿Õ¾C¿�Ç7ÄH¾;ÝÖÔÖå>¾CÛ,¾�¿À¿
Á�Û�HYÃCÆ>ÂÕÂÀ¾�ÃCÇÕÛ,¾�¿À¿*Æ�ç;Á�ÝÜÝ.ÝÜÆ�Ã4Á�Ý(Å�Á�Â�Ç7ÔÜÃCÔÜÅ�Á
Û=ÇÕ¿�ÌÒØ,Á�¿Õ¾vH Æ�Û ÔÖÛHç$Æ>Â��ôÁ
ÇÕÔÜÆ>Û�Å,ÂÀÆ�å�ÔDH,¾�HYØ�ÙoÇÕÄ,¾õÆ>ÅI¾�Â7ÁEÇ7ÔÜÛL�
¿ÀÙ�¿�Ç7¾��EM

ÍæÛhÇ7ÄHÔÜ¿FHH¾�ÝÜÔ å>¾CÂ7Á�Ø,ÝÖ¾�ÌIé�¾�H,ÆôÛ,Æ�Ç�Å,ÂÀ¾�¿À¾�Û�Ç�Ç7Ä,¾1ù5ø�þæû�ü¯ø2	x$�ÔÜÛ�Ç7¾CÂÀç"Á�ÃC¾�Æ�ç ÇÕÄ,¾Ã� ÆÂH,ÓHÝÜ¾�¿CÌIé�ÄHÔÜÃ«Ä
é�ÔÜÝÖÝ�Ä�Á4å>¾õÇ7ÆBØI¾ ¿ÀÅ&¾CÃ�ÔD�,¾�HYÔÜÛoÇÕ¾�Â��F¿�Æ�çQ�÷Å,Å,ÔÜÁô¾Cå�¾�Û�Ç7¿�Á�ÛLHiÆ�Ç7Ä,¾CÂìÃ�Æ�Û,¿ÀÇÕÂÕÓ,Ã�Ç7¿�M�Ú�Ä,ÔÖ¿ìÔÜÛ�Ç7¾CÂÀç"Á�ÃC¾�ÔÖ¿
Ã�ÓHÂÕÂÕ¾CÛ�Ç7ÝÖÙ*ØI¾�ÔÖÛ��yH,¾Cå�¾�ÝÜÆ�Å&¾vHÒÌ>Á�ÛLH�ÔÖÇÕ¿VH,¾v�,Û,ÔÖÇÕÔÜÆ>ÛS�FÆ�¿ÀÇ7Ý ÙìÔD�FÅIÆ>ÂÀÇ7Á�Û�Ç�Æ>Û,Ý Ù÷Ç7Æ�Ç7ÄH¾;Å�Á
ÂÀÇ7ÛH¾�ÂÕ¿(ÔÜÛ�å�Æ>ÝÖå�¾�H
ÔÜÛ�Ç7ÄH¾�ÅHÂÕÆWH,Ó,ÃCÇÕÔÜÆ>Û�Æ�ç{Á-� Ô�H�HHÝÜ¾Cé�Á�ÂÀ¾�Å,ÂÕÆ�ÇÕÆ�ÇæÙ�Å&¾?¿%HH¾�ÝÜÔ å>¾CÂ7Á�Ø,ÝÖ¾*ë o Ë�àï½�Ó,Û,ÛHÔÜÛ��:Ý Á
ØuÅ,ÂÀÆ�Ç7Æ
ÇæÙ�ÅI¾*Æ�ç
ÐI�÷î�Ú�Í����FÔDH�H,ÝÜ¾�éïÁ
ÂÕ¾�ÌLH,Ó,¾*¿ÕÔ¸G��FÆ�Û=ÇÕÄ,¿�ç$ÂÕÆq� Û,ÆDéRÀ�M

É



Ð Ñ � ]�_ �®Ò ` Ó �sÔsÔ [ � _ÕÓ�` �dÖE��½ `bc�×Ã]s¼ ØÚÙ » c

Û�Ü�Ý ÞàßÌßNáÏâ

Ú�Ä,ÔÖ¿�¿Õ¾�Ã�Ç7ÔÖÆ>Û�H,¾�¿ÀÃ�ÂÕÔÖØ&¾C¿�Ç7Ä,¾b�F� ÍêÆ�çJ�÷ÅHÅ,Ô ÁLMd��Å,Å,ÔÜÁ ÔÜ¿�ÁõÝ Á4Ù�¾�ÂÕ¾vH�Ã�Æq�-� Ó,Û,ÔÖÃ4Á
ÇÕÔÜÆ>Û ç$Â7Áx� ¾�à
é;Æ>Â#}YÔ�� Å,ÝÖ¾�� ¾�Û�Ç7¾vHðÔÜÛÍ�>Á4å
ÁHÌ{Å,ÂÀÆ�å�ÔDH,ÔÜÛ���¾�G�ÇÕ¾�Û�H,¾vHTÃ�Æ>ÛL���>Ó,Â7ÁEÇ7ÔÜÆ�ÛðÁ�ÛLH Å,ÂÕÆx�>Â7Áx�-� ÔÜÛ��1ÅIÆ>¿Õ¿ÀÔÜØ,ÔÖÝ à
ÔÖÇÕÔÜ¾C¿�M1Ú�Ä,¾FÃ�Æ>Û,ÃC¾�ÅHÇÕÓ�Á�ÝC�FÆWH,¾�ÝwØI¾�ÄHÔÜÛ�H~��Å,Å,ÔÜÁ�ÔÖ¿NH,¾C¿ÕÃCÂÕÔÜØI¾�HðÔÜÛð¿À¾Cå�¾�Â7Á
Ý�Å�Á�ÅI¾�ÂÀ¿�ã o ÊHÌ o ËÏäMuÐuÆ>ÂÀ¾
ÔÜÛ�ç$Æ>Â#�FÁ
Ç7ÔÖÆ>ÛqÁ�Ø&Æ�ÓHÇõÇ7Ä,¾Bç$ÂÕÁx� ¾Cé;Æ>Â#}qÁ�Û�H[Ç7ÄH¾1Ý Á
ÇÕ¾�¿ÀÇ Ó,Å�H,Á
Ç7¾C¿õÃ4Á�ÛTØI¾1ÂÕ¾CÇÕÂÕÔÖ¾Cå>¾vH Á
ÇõÇ7Ä,¾���Å,Å,ÔÜÁ
é;¾�Ø,¿ÀÔÖÇ7¾?ã o ä9M

�÷ÅHÅ,Ô ÁdÔÜ¿{Áy�>¾�ÛH¾�Â7Á
ÝHÅ,Ó,ÂÀÅ&Æ�¿Õ¾�ç$ÂÕÁx�F¾�é�Æ�Â#}�Ç7Ä�ÁEÇ�ÔÖ¿�ØI¾�ÔÜÛL�÷Ó,¿À¾�HõÔÜÛ�¿Õ¾�å>¾�ÂÕÁ�Ý,ÂÀ¾�¿Õ¾�Á�ÂÕÃ«Ä:Å,ÂÀÆÏ²À¾�Ã�Ç7¿vM
�÷Ý Ç7Ä,Æ�Ó��>Ä��÷ÅHÅ,Ô ÁoÔÖ¿ Û,Æ�ÇõÁoç$Ó,ÝÜÝ ÙªHH¾Cå>¾CÝÜÆ>ÅI¾�HTÃCÆq�FÅIÆ>Û,¾CÛ�Çõ¿ÕÆ>ÝÖ¾�Ý Ùqç$Æ>ÂõÐI�ìî�Ú�Í���Ì�é;¾�H,¾�ÃCÔ�H,¾vHTÇÕÆ
ÔÜÛHÃ�ÝÜÓLH,¾�ÇÕÄ,ÔÜ¿ê¿Õ¾CÃCÇ7ÔÖÆ>Û1ÔÜÛ Ç7Ä,¾RH,¾�ÝÖÔÖå�¾�Â7Á
Ø,ÝÜ¾R�ôÁ�ÔÖÛ,ÝÖÙ�ç$Æ>ÂêÇæé;ÆõÂÕ¾�Á�¿ÕÆ�Û,¿�°£��ÂÀ¿ÀÇ�Ì�ç$Æ>Â;Ã�Æq� Å,ÝÜ¾�Ç7¾CÛ,¾�¿À¿�Ì,¿ÀÔÜÛ,ÃC¾
� Æ>¿ÀÇ;Æ�çÒÇÕÄ,¾�H,¾�å>¾�ÝÖÆ>Å�� ¾�Û�ÇïÆ
ç(ÐI�ìî.Ú�Í��¶�FÔDH�H,ÝÖ¾Cé�Á�ÂÕ¾�é�ÔÜÝÖÝ�Ø&¾RH,Æ>Û,¾dé�ÔÖÇ7ÄHÔÜÛFÇÕÄ,ÔÜ¿ ç$Â7Á��F¾�é�Æ>Â�}@ÌHÔÖÇêÔÖ¿
Ô�� ÅIÆ>ÂÀÇ7Á�Û�Ç;ÇÕÆõÓ,Û�H,¾CÂÕ¿ÀÇ7Á�Û�H1Ç7ÄH¾ìÃ4Á�Å,Á�Ø,ÔÜÝÖÔÖÇÕÔÜ¾�¿;Á�Û�H1¿ÀÓ,Å,ÅIÆ>ÂÀÇïÅ,ÂÕÆDå�Ô�H,¾vH1Ø�Ù=�÷ÅHÅ,Ô ÁL¹�¿Õ¾CÃ�Æ>Û�H�Ì�Ø&¾CÃ4Á�Ó,¿À¾
ÐI�÷î�Ú�Í�� ÔÜÛÂå�Ó,¾�ÛHÃ�¾�H0ÇÕÄ,¾�H,¾�å>¾�ÝÖÆ>Å�� ¾�Û�Ç1Æ�ç'��Å,Å,ÔÜÁLMæX Ä,¾CÛ ÇÕÄ,¾YÐI�÷î�Ú�Í�� Å,ÂÀÆÏ²À¾�Ã�Ç�¾�Û�HHÆ>ÂÕ¿À¾�H
�÷ÅHÅ,Ô ÁHÌ�ÔÖÇìé�Á�¿*¿ÀÇÕÔÜÝÜÝ(ÔÜÛYÁ
Û ¾�Á�ÂÕÝ Ùh¿�Ç«Áx�>¾õÆ
çCHH¾�¿ÕÔD�>ÛÒÌ�Á�ÛLHÈ� ¾4Á
¿ÕÓ,ÂÀ¾�¿ìé;¾�ÂÕ¾:Ç«Á�}�¾�ÛYÔÖÛiÆ>Â#H,¾CÂìÇ7Ä�ÁEÇ�Á�Û
ÁxH,¾v±=Ó�Á
Ç7¾1¾�Ë�Æ�ÂÀÇ�é�Á�¿õÅ,Ó�ÇõÔÜÛ�Ç7ÆoÔÖÇ ¿ÀÆhÇ7Ä�ÁEÇ Ç7Ä,¾?H,¾4ÁxHHÝÜÔÜÛH¾�¿tHH¾��FÁ�Û�H,¾vH Ø�Ù ÐI�ìî.Ú�Í�� é�¾CÂÕ¾�� ¾CÇ4Ì
Á�Û�H��FÆ>ÂÀ¾�ÔD�FÅIÆ>Â�Ç«Á�Û�Ç7Ý Ù>Ì,ÇÕÄ�Á
Ç�ÔÖÇ7¿d¿ÀÇÕÂÕÓ,Ã�Ç7Ó,ÂÀ¾õÁ�Û�H����wÍïé�Æ�Ó,Ý�H�� ¾�¾�Ç�ÇÕÄ,¾ Û,¾C¾�H,¿÷Æ�ç{Ç7ÄH¾õÐI�÷î�Ú�Í��
Å,ÂÀÆÏ²À¾�Ã�Ç®M

Ú�Ä,ÔÖ¿d¿À¾�Ã�Ç7ÔÜÆ�Û�ÅHÂÕ¾�¿À¾�Û�Ç7¿dÇ7Ä,¾*ÃCÝ Á�¿À¿d¿ÀÔ��>Û,Á
Ç7Ó,ÂÀ¾�¿dÁ�Û�H�H,¾�Ç«Á�ÔÖÝÜ¿ïÇÕÄ,¾�ÔÖÂ�Ó,¿7Áx��¾�Á
Û�H�ç$ÓHÛ,ÃCÇÕÔÜÆ>Û/M
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è�¾�Çæé�Æ�Â#}�¾vHoÔÖÛ=ÇÕ¾�ÂÏàæÅ,ÂÀÆ�ÃC¾�¿Õ¿�ÃCÆq�^��Ó,Û,ÔÜÃ�Á
Ç7ÔÖÆ>ÛBÂÀ¾�±=Ó,ÔÜÂÀ¾�¿�Ç7Ä,Á
Ç�¿Õ¾�å>¾CÂ7Á�Ý�H,ÔÖ¿ÀÇ7ÔÖÛ��>Ó,ÔÖ¿ÕÄ�Á
Ø,ÝÜ¾�Å,ÂÕÆ>Å�à
¾�Â�Ç7ÔÖ¾�¿�Ø&¾�ÃCÆq� Ø,ÔÖÛ,¾�H�ÔÜÛ�Æ>Â�H,¾�ÂïÇÕÆ:Å,ÂÕÆDå�Ô�H,¾�ÇÕÄ,¾'H,¾�ÂÀÔÖå>¾vHo¿À¾�ÂÀå�ÔÖÃ�¾xM

ß�Æq� ¾�Û,¾�Çæé�Æ>Â�}=ÔÜÛ���¿ÀÇ«Á
Û�H�Á�Â�H,¿�ÌWH,¾CÇ7Á�ÔÜÝÖÔÜÛ���Ç7Ä,¾dÅ,ÂÕÆDå�Ô�HH¾�H Å,ÂÕÆ>ÅI¾�Â�Ç7ÔÖ¾�¿�Ì=Ä�Á4å�¾�ØI¾�¾CÛ?H,¾�å>¾�ÝÖÆ>ÅI¾�H
Á�Û�H Á�ÂÕ¾�Û,ÆDé é�ÔDH,¾�Ý ÙTÓ,¿Õ¾vH/M0Ú�Ä,ÔÜ¿ ÔÜ¿õÇÕÄ,¾oÃ�Á�¿Õ¾�Æ�çìÇÕÄ,¾uÍæÛ�ÇÕ¾�ÂÕÛH¾CÇ��wÂÀÆ�Ç7Æ�Ã�Æ>ÝÖ¿:¿ÕÓ,Ã«Ä0Á
¿FÍ��(Ì;ÚdÞ6�(Ì
ä÷ëb��ã Éxp�Ì&É>Ë�ÌIÉ o ä.Á�Û�H�Ç7Ä,¾tr*ß�Í6� ÆÂHH¾�ÝQã Ë�É�äM�ÐuÆ>¿�Ç÷Æ�ç.Ç7Ä,¾v� Á�¿Õ¿ÀÓ��F¾�ÁFÝÜÁ4Ù>¾�ÂÀÔÜÛ��-� ÆÂH,¾CÝ�Ì,Ä,ÁDå�ÔÖÛ��
¾4Á
Ã«ÄôÅ,ÂÀÆ�Ç7Æ�Ã�Æ>Ý@Å,ÔÖÝÜ¾vH ÆDå�¾�ÂïÁ
Û,Æ�Ç7ÄH¾�Â�M£éêÁ
Ã«ÄôÅ,ÂÀÆ�Ç7Æ�Ã�Æ>Ý�ÂÀ¾�ÝÖÔÜ¾�¿ Æ>Û Ç7Ä,¾yH,Æ�Ã�Ó�� ¾�Û�ÇÕ¾�HôÅHÂÕÆ>ÅI¾�Â�Ç7ÔÜ¾C¿ Æ�çÒÇ7ÄH¾
Å,ÂÀÆ�Ç7Æ�Ã�Æ>ÝÖ¿�Ø&¾CÝÜÆDékÇÕÆFÅHÂÕÆDå�Ô�H,¾�Ä,ÔÜ¿�¿À¾�ÂÀå�ÔÖÃ�¾*Ç7Æ:Ç7Ä,¾�Ý Á4Ù>¾CÂÕ¿�Á�ØIÆ�å�¾xM;Ú.ÂÕÁ�Û,¿#� ÔÜ¿À¿ÕÔÖÆ>ÛhÞ�Æ�Û=ÇÕÂÕÆ>Ý��wÂÀÆ�Ç7Æ�Ã�Æ>Ý
¿"ÚdÞ6�QÀ¯Ì{ç$Æ>Â�ÔÖÛ,¿ÀÇ7Á�Û,Ã�¾
Ì ÂÕ¾�ÝÖÔÜ¾C¿ Æ>Û[ÂÕÆ�ÓHÇ7ÔÖÛ��iÃ4Á�Å,Á�Ø,ÔÜÝÖÔÖÇÕÔÜ¾�¿�Æ�ç�Í��OÇ7Æi¾�ÛH¿ÕÓ,ÂÀ¾�ÇÕÄ�Á
Ç ÇÕÄ,¾1¿Õ¾CÛ�ÇFÅ,Á�Ã;}�¾�Ç7¿
é�ÔÜÝÖÝ�ØI¾UH,¾�ÝÖÔÖå>¾CÂÕ¾vHYÇÕÆ1Ç7Ä,¾:Ã�Æ�ÂÕÂÕ¾CÃCÇSH,¾C¿ÀÇ7ÔÖÛ�Á
ÇÕÔÜÆ>Û/Mt�÷¿*Í��æH,Æ�¾�¿*Û,Æ�Ç*¾CÛ,¿ÕÓHÂÕ¾Fî�ÍÏîJr Æ>Â�H,¾�ÂÀÔÜÛ��,Ì8ÚdÞ6�
Å,ÂÀÆ�å�ÔDH,¾�¿�Ç7ÄHÔÜ¿�Å,ÂÕÆ�Å&¾CÂÀÇæÙqM

é Á�Ã«Ä�Ã�Æq� ØHÔÜÛ�Á
ÇÕÔÜÆ>ÛFÆ�ç(Ý Á4Ù>¾CÂÕ¿N¿"ÅHÂÕÆ�ÇÕÆ�ÃCÆ>ÝÜ¿4ÀêÆ>Û1Ç7ÄH¾�¿ÀÇ«Á
Ã;}BÅ,ÂÕÆDå�Ô�HH¾*ÁÃH,ÔDË&¾�ÂÀ¾�Û�Ç�¿Õ¾�Ç�Æ�ç(Å,ÂÕÆ>Å�à
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¾�Â�Ç7ÔÖ¾�¿�ê�Á�ÛLH Ã�Á�Û:Ø&¾�ÃCÆ>Û,¿ÀÔ�H,¾CÂÕ¾�H Á�¿{ÇÕÄ,¾�¿Õ¾CÂÀå�ÔÜÃC¾�Å,ÂÕÆDå�Ô�HH¾�H Ø=Ù�Ç7Ä,¾�¿�Ç«Á�Ã;}OMwÚ�Ä,¾�ÅHÂÕÆ>ÅI¾�Â�Ç7ÔÜ¾C¿wÂÕ¾C¿ÕÓ,Ý Ç7ÔÜÛL�
ç$ÂÕÆx� ¾4Á
Ã«ÄôÃ�Æx� Ø,ÔÜÛ,Á
Ç7ÔÖÆ>ÛõÁ�Û�H:Ç7ÄH¾�Å,ÂÕÆ�ÇÕÆ�ÃCÆ>ÝÜ¿wÓH¿Õ¾�H ÔÜÛõÇÕÄ,¾�¿ÀÇ«Á
Ã;}:Á�ÂÕ¾�Ó,¿À¾�HFÔÜÛ�Ç7¾CÂÕÃ«Ä�Á�ÛL�>¾4Á�ØHÝÖÙõÔÖÛ Ç7Ä,ÔÖ¿
H,Æ�Ã�Ó�� ¾�Û�Ç�Á�Û�H�ÂÀ¾Cç$¾�ÂÀÂÕ¾vHhÁ�¿�Ç7ÄH¾Ië6&L	x$ ù5þ"ÿ�����ìÒû�ü¯úDù9!«û?¿��Æ�ß�À�M

�÷ÅHÅ,Ô ÁhÔÖ¿õÁhÝ Á4Ù>¾CÂÕ¾vH ÃCÆq�-� Ó,Û,ÔÖÃ4Á
ÇÕÔÜÆ>Ûq¿ÕÓ,Å,ÅIÆ>Â�Çõç$Â7Áx� ¾Cé;Æ>Â#}OM ÍáÇ7¿�� ÔÜ¿À¿ÕÔÜÆ�Û ÔÜ¿�Ç7ÆmH,¾v�,Û,¾�Á
¿ÀÇ7Á�Û�H�Á
Â#HBÔÖÛ=ÇÕ¾�Â�ç"Á�Ã�¾�Ç7Æ�Ø&¾�ÂÕ¾�¿ÀÅ&¾CÃCÇÕ¾�H1Ø�ÙBÁ
ÝÜÝ�Ý Á4Ù�¾�ÂÕ¿�Á�Û�H ç"Á�Ã�ÔÖÝÜÔÖÇ7Á
Ç7¾�ÃCÆq�-� Ó,Û,ÔÖÃ4Á
ÇÕÔÜÆ>Û Áx� Æ>Û��*Ç7Ä,¾v�IM
�÷ÅHÅ,Ô Á�ÔÜ¿�Å,ÂÀÆ�Ç7Æ�Ã�Æ�ÝwÔÜÛ�H,¾CÅ&¾CÛ�H,¾CÛ=Ç�MôÚ�Ä�ÁEÇ�ÔÖ¿�Ì8Ç7Ä,¾:ç$Â7Á��F¾�é�Æ>Â�}hÝ Á4Ù�¾�ÂÕ¿�Á�Û�ÙYÅ,ÂÀÆ�Ç7Æ�Ã�Æ>Ý{Á�¿�ÝÖÆ>Û���Á�¿*ÔÖÇ
ÂÕ¾C¿ÕÅI¾�Ã�Ç7¿�ÇÕÄ,¾FÅHÂÕ¾�HH¾v��Û,¾vH[ÔÜÛ�Ç7¾CÂÀç"Á�ÃC¾�ÌB�ôÁx}=ÔÖÛ���Û,ÆoÅ,ÂÀÆDå�ÔÖ¿ÕÔÖÆ>Û,¿*Ç7Æuå
Á�ÝÖÔ�H�ÁEÇ7¾ Ç7ÄH¾-��Û,Á�Ý Ã�Æq� Å&Æ�¿ÕÔÖÇÕÔÜÆ>Û
ÂÕ¾C¿ÕÓ,Ý Ç®M�í

Ú�Ä,¾C¿Õ¾�¿Õ¾�Â�å�ÔÜÃ�¾C¿�Ã�Á�Û�Ø&¾�ç$Æ>Ó,ÛLHuÔÖÛ�¿À¾Cå�¾�Â7Á
Ý(ÅHÂÕ¾Cå�ÔÖÆ>Ó,¿�é�Æ�Â#}=¿�M;î�Æ>Â�Á:Ã�Æq� Å�Á�ÂÀÔÜ¿ÕÆ�Û1¿Õ¾�¾?ã o ÊÏäM
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Ú�Ä,ÔÖ¿d¿À¾�Ã�Ç7ÔÜÆ�Û�ØHÂÕÔÜ¾�å,Ù�H,¾C¿ÕÃCÂÕÔÜØI¾�¿�Ç7ÄH¾�ÃCÆ>Û,ÃC¾�ÅHÇÕ¿÷Á�ÛLH�ÇÕ¾�Â#� ÔÜÛHÆ>ÝÜÆq�
ÙFÓH¿Õ¾�HuÔÜÛ��÷ÅHÅ,Ô ÁLM

l&3D�H3��"!F��+(- -Vî�+��*k �"!B!>#I+.!>2=G�3�' �÷Å,Å,ÔÜÁ�Å,ÂÀ¾�¿À¾�Û�Ç7¿�Á�ÃCÝÜ¾�Á�Â"H,ÔÖ¿ÀÇÕÔÜÛ,Ã�Ç7ÔÜÆ�ÛFØI¾CÇæé;¾�¾CÛ�ÇÕÄ,¾�H,¾CÃ�ÝÜÁ�Â7ÁEà
Ç7ÔÖÆ>Û�Æ�ç.¿ÕÆq� ¾CÇÕÄ,ÔÜÛ��E¿$¾�Ô Ç7Ä,¾CÂ�ÁõÅ,ÂÀÆ�Ç7Æ�Ã�Æ�ÝÒÆ>Â�Áõ¿ÀÇ7Á�Ã;}ÂÀdÁ�ÛLHuÔ Ç7¿�Ô�� Å,ÝÖ¾�� ¾�Û�Ç«Á
ÇÕÔÜÆ>ÛµM

�ïeê�>îI2=< ÔÖ¿ÌH,¾v��ÛH¾�HiØ�Ù�Ç7Ä,¾�Å,ÂÕÆ>ÅI¾�Â�Ç7ÔÖ¾�¿�Á Å,ÂÀÆ�Ç7Æ�Ã�Æ�Ý(ÂÀ¾�±=Ó,ÔÖÂÕ¾�¿÷Á�Û�H�Ç7Ä,Æ>¿À¾�Ô Çdé�ÔÖÝÜÝ8Å,ÂÀÆDå�ÔDH,¾xM
�ðlÒ2�'4'4�$#I+ ÔÜ¿dÁFÂÀÓ,Û,Û,ÔÖÛ�� ÔÜÛ,¿�Ç«Á�Û,ÃC¾�Æ
çwÁ:Å,ÂÕÆ�ÇÕÆ�ÃCÆ>Ý9MQ�_ß�¾�¿À¿ÕÔÖÆ>ÛhÔÜ¿dÁ�Ý éïÁ4Ù�¿dÃ�ÂÕ¾�Á
Ç7¾vHoÆ>ÛuØ&¾CÄ�Á�Ý ç�Æ�ç{Á
Ý Á4Ù�¾�ÂdÁ�Û�H�ÔÖÇÕ¿�¿ÀÇ7Á
Ç7¾*ÔÜ¿�ÔÖÛ�H,¾�ÅI¾�ÛLH,¾�Û�Ç�ç$ÂÕÆq� Æ�Ç7Ä,¾CÂ�ÔÜÛ,¿�Ç«Á�ÛHÃ�¾�¿vM

�Áñ:#/lOÔÖ¿BÁ ¿�Ç«Á
ÇÕÔÜÃ�H,¾C¿ÕÃCÂÕÔÜÅ�Ç7ÔÜÆ�ÛWÆ�ç�Á�Û0Æ>Â�H,¾�ÂÀ¾�H ¿Õ¾�Ç1Æ�ç�Å,ÂÕÆ
Ç7Æ�Ã�Æ>ÝÖ¿�M�� �tò ��+.+�2���ÔÜ¿ôÁ
HHÙ�Û�Áx� ÔÜÃ*ÔÖÛ,¿ÀÇ7Á�Û�Ç7Ô ÁEÇ7ÔÜÆ�Û1Æ�çwÁ^�ìÆ=ß�M2�wÂÕÆ�ÇÕÆ�ÃCÆ>Ý8ÔÜÛ,¿�Ç«Á�ÛHÃ�¾�¿t¿"¿À¾�¿À¿ÕÔÜÆ�Û,¿;À�Ã�Æq�-� Ó,Û,ÔÖÃ4Á
ÇÕ¾�Ó,¿ÕÔÖÛ��ôÃ«Ä,Á�Û,Û,¾CÝ
ÔÜÛ�ç$Â7Á�¿�Ç7ÂÕÓHÃCÇ7ÓHÂÕ¾xM

�÷ÝÖÝ�Ç7ÄH¾�¿Õ¾�Ã�Æ�Û,Ã�¾CÅHÇ7¿�Á�ÂÕ¾�ÔÖÝÜÝÖÓ,¿ÀÇÕÂ7Á
ÇÕ¾�H1ÔÜÛ�î�ÔD�>Ó,ÂÀ¾ o M ò�Á�ÛLH�Ú.Á�Ø,ÝÖ¾ o M òqM
�÷¿{ÇÕÄ,¾CÙ Á�ÂÕ¾�¿ÀÇ«ÁEÇ7ÔÜÃ
Ì>Ý Á4Ù�¾�ÂÕ¿aH,Æ�Û,Æ�Çw¾¨G�Ã«Ä�Á�Û��>¾�ÔÖÛHç$Æ>Â#�FÁ
ÇÕÔÜÆ>Û�Ø&¾�Çæé�¾C¾�Û:Ç7Ä,¾v�F¿À¾�Ý å>¾�¿vMwÍæÛ,¿ÀÇÕ¾4ÁxH�Ì

Ç7ÄH¾CÙ,HH¾�Ã�ÝÜÁ�ÂÕ¾�Ç7Ä,¾oÃ�Æq�-� Ó,Û,ÔÖÃ4Á
ÇÕÔÜÆ>Û ÔÜÛ�ÇÕ¾�ÂÀç"Á
Ã�¾hÆ�ç�ÇÕÄ,¾�ÔÖÂ?HHÙ�Û�Á��FÔÖÃoÔÜÛH¿ÀÇ«Á
Û=ÇÕÔ Á
ÇÕÔÜÆ>ÛH¿�ÌïÇ7ÄH¾h¿Õ¾C¿Õ¿ÕÔÖÆ>Û,¿vM
Þ�Æq�-� Ó,Û,ÔÖÃ4Á
ÇÕÔÜÆ>ÛVØ&¾�Çæé�¾C¾�Û\¿Õ¾C¿Õ¿ÕÔÖÆ>Û,¿�Á�ÛLH é�Ô Ç7Ä ÇÕÄ,¾iÃ«Ä�Á�ÛHÛ,¾�ÝìÔÖ¿=�FÁxH,¾hÓ,¿ÀÔÜÛ��Tó÷�I2�+&3�'�M���Å,Å,ÔÜÁ
Å,ÂÀÆ�å�ÔDH,¾�¿õÁuÅ,ÂÕ¾vH,¾v��ÛH¾�HT¿Õ¾�ÇõÆ�ç�¾Cå�¾�Û�Ç7¿CÌ;¾�Á�Ã«Ä é�ÔÖÇÕÄ[Á�H,ÔÄË�¾CÂÕ¾CÛ=Çt�F¾�Á�Û,ÔÖÛ��oØ,Ó�ÇõÅ,ÂÕÆx�>Â7Áx�-� ¾�ÂÕ¿�Á�ÂÀ¾
¾�ÛHÃ�Æ>Ó,ÂÕÁx�>¾vHTÇÕÆi¾�G�Ç7¾CÛ�H[Ç7Ä,ÔÖ¿ ¿Õ¾�ÇõÇ7Æ�HH¾CÇ«Á
ÔÜÝ�ÅHÂÕÆ�ÇÕÆ�ÃCÆ>Ý;¿ÀÅ&¾CÃ�ÔÄ��Ã1Æ�ÃCÃ�Ó,ÂÀÂÕ¾CÛ,Ã�¾C¿�M[ß=Ç«Á�Â�Ç7ÔÜÛL�oç$ÂÕÆq�LÇ7ÄH¾
¿Õ¾C¿Õ¿ÀÔÜÆ>Û é�Ä,ÔÜÃ«Äª�>¾�Û,¾CÂ7Á
ÇÕ¾�H Ô Ç4Ì�¾Cå�¾�Û�Ç7¿Nå�ÆDéfÇ7Ä,ÂÀÆ>Ó��>ÄYÇ7ÄH¾F¿�Ç«Á�Ã;}YÔÜÛqÁ�Å,ÂÕ¾vH,¾v��ÛH¾�H�H,ÔÖÂÕ¾�Ã�Ç7ÔÖÆ>Û/M Ú�Ä,¾
ÔÜÛ�ç$Æ>Â#�FÁ
Ç7ÔÖÆ>Û�Ã�Æ>Û�Ç«Á
ÔÜÛ,¾vHhÔÜÛYÁ�Û�ÙuÅ�Á�Â�Ç7ÔÜÃCÓ,Ý Á
Â�¾�å>¾�Û�Ç�¾�G�ÇÕ¾�Û�H,¿*ÁBØ,Á�¿ÕÔÖÃ�¿Õ¾�Ç*Æ�çd��¾CÝ�H,¿÷ÇÕÄ�Á
Ç*Á
ÝÜÝ(¾Cå>¾CÛ�Ç7¿
� Ó,¿�ÇdÃ�Æ>Û�Ç«Á
ÔÜÛ/M
ó�ôJõuöq÷¯ø9÷¯ù�ú�û�øýü)÷¯ø9õþùTÿ��µû����Tø9û¨ú9û��¯û	�
����¨ù����
�û��Ïøû��®õ ü)÷aüTõ�öq÷¯ø9÷¯ù�ú��÷�ú��/û	���Ïøû���÷�ø%ú9õu÷���
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jB2�%('��,�.� �"�$3¨î ½�¾�Ó,¿ÕÁ�Ø,ÔÖÝÜÔÖÇæÙ�ÔÖÛs�÷Å,Å,ÔÜÁBÔÜ¿ìØ,Á�¿Õ¾vHqÆ>ÛiÔÖÛ,Ä,¾CÂÕÔÖÇ7Á�Û,ÃC¾xMõß�ÔÜÛ,ÃC¾��FÆ>¿�Ç�Æ�ç Ç7ÄH¾õÅ,ÂÕÆ�ÇÕÆ�ÃCÆ>ÝÜ¿
H,¾CÅ&¾CÛ�H�¿"Á
ÇdÝÜ¾4Á
¿ÀÇ�é�¾�Áx}=ÝÖÙLÀ�Æ>Û�ÇÕÄ,¾*¿Õ¾CÂÀå�ÔÜÃC¾�Å,ÂÀÆDå�ÔDH,¾�HuØ�Ù�Æ�Ç7Ä,¾CÂÕ¿CÌIÓHÅ��>Â7Á�H,ÔÜÛ��:¿ÀÆq�F¾'�FÁ4Ù1Å,ÂÕÆWH,Ó,ÃC¾
ÔÜÛHÃ�Æq� Å�Á
ÇÕÔÜØ,ÔÖÝÜÔÖÇÕÔÜ¾C¿�MV�÷ÅHÅ,Ô ÁõÓ,¿À¾�¿dÔÜÛ,Ä,¾CÂÕÔ Ç«Á�Û,ÃC¾ìÇ7ÆU�FÁx}�¾�Ç7ÄH¾�ÓHÅ��>Â7Á�H,¾�¿�Ç7ÂÕÁ�Û,¿ÀÅ�Á�ÂÕ¾CÛ�Ç®MdX Ä,¾�ÛoÁõÛ,¾Cé
å>¾CÂÕ¿ÀÔÜÆ>ÛYÆ�çêÁBÅ,ÂÀÆ�Ç7Æ�Ã�Æ�Ý�ÔÜ¿�ÂÕ¾CÝÜ¾4Á
¿Õ¾�H�Ì8ÔÖÇìÔÖ¿÷¾¨GHÅI¾�Ã�Ç7¾vH ÇÕÄ�Á
ÇìÇÕÄ,¾Ã�>¾CÛ,¾�ÂÕÁ
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Ú�Ä,¾�¿Õ¾CÂÀå�ÔÜÃC¾�ÔÖ¿�Å�Á�ÂÕÁx�F¾�Ç7¾CÂÕÔ�P�Á�Ø,ÝÖ¾ìÔÜÛ�Æ>Â�H,¾�Â�Ç7Æ:Ã«Ä,Æ�Æ>¿À¾�Æ�Û,¾*Æ�ç.ÇÕÄ,¾�ç$Æ>ÝÜÝÖÆDé�ÔÜÛ���å
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6B�F��6¾���F©H<H�(52©3«P� "Zu � �²Q@·/k 6P���VKo�L©��L´��Z����¨1§;©���ªÃ©3�³§°©��3§�¬Pª3§�¤N©3�C��¬ 4 ª¶c(í6í�eWñ�_�eW`�ó�\6_9p�c(` eWð�\fb�\6`;ïL[�©3«P�
+B��¦C�L´����¯<§62���OK�§;¬B��¬B¤��.6B�F��6¾���F©H<��(5x©�«B� "Zu � �²Q�·lk ����¨1§;©���ª�B¡�®©3«®+P¨B�3§>8P�C¦C�®©H<)[9§�¬9+�©3��©3§�¦¾���n+B�����C¬P£
��¬Æ5�����¤���ª¡ª������½§;¦C�C��§>8B�L¦C�L©H<� tÂI�B��N´����Z[²Ö I)v ×±+B�9��ª¡¬B��©Á§\+9+B����ª�ª¡�CªF��¦½§�©3�C��¬t[�ª�¨98P©��3§�¬Pª3§�¤N©3�C��¬Bª¡���Z����¤��
´Dq
���¯<ä§L5¼©3����5�§;�C¦C¨P����  ö ¦Cª��q�L©³�Lª³¬P��©³¤�¦C��§��°«B�BËª������½§;¦C�C��§>8B�L¦C�L©H<¯�Lª)K�§��L¬�©+§��L¬B�1+¸��5Ã©3��§�¬Bª�§�¤�©��C��¬Bªs§��F�
§�¦L¦C�B��=+¹©3�H�C¬�©3����¦L��§�´��°��62����§;©3�L��¬Bª� 

³1���ÇÖ ¬�¬ ×I©�«B�q¤���Ke8P�C¬B�=+ø¨BªF���(5º©��3§�¬Bª�§�¤�©��C��¬Pª�§�¬E+ø£��F��¨96ø¤���KWK�¨B¬B�L¤�§;©��C��¬BªH�Lª�¨BªF�1+ø©��
6B�F�=´9��+B�G¶1��mP��8B¦C�Iª�¨96E6¾����©¥«B�L£�«¹§�´;§��C¦C§>8B�C¦L�L©H<�§>696B¦L�C¤�§�©3�C��¬Bª� b*¥«B�°§>696P����§�¤+«¹�Lª�¬B�;©Z©3�e8P¨B�C¦�+�©3��§�¬BªBq
§�¤N©3�C��¬Bª²��¬s©3��6��L5M£�����¨E6�¤���KWK�¨B¬P�C¤�§�©3�C��¬Bª�8B¨P©²©��º¨BªF��©3��§�¬Bª3§;¤�©3�L��¬Bª�§;¬9+�£��F��¨96�¤���K§KO¨B¬B�C¤�§;©3�L��¬Bª
©3��£���©�«B���O©����VKW6B¦L�1Ko��¬�©�5�§�¨B¦L©/q@©���¦C���3§�¬�©³���=6B¦C�L¤�§;©��C��¬x  / ©¶�Lª�§��F£�¨B�1+Æ©3«1§;©O©3�3§;¬Bª3§�¤N©3�L��¬Bª�§;���®82��ª�©
¨BªF�1+÷©3�Q+B��§;¦oB¡�L©�«÷§�¦L¦Y��m$¤��=6P©3�L��¬BªO©�«1§;©s¤�§�¬B¬P��©e82�®K�§�ªn:;�1+ ø�§>8¾���F©O§�¬9+÷�F��©3�¯<3ùN  Ð ����¨96�¤���K*q
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K�¨B¬P�C¤�§�©3�C��¬÷¤�§�¬»82�¹¨Bª��=+ ©��&6B���
´9�V+B�¹�
Áo¤��C��¬�©Hª�¨96962����©�5����·8B�C¬E+B�C¬B£Çª�����´9�C¤��¯�F�16B¦L�C¤�§�©3�C��¬t['5�§�ª�©
ªOB¡�®©3¤+«q�
´�����5��F��Kÿ§	5�§��L¦C�=+hª����F´����Z[2§�¬9+¹©��¶�VKW6B¦C�=K���¬�©Z§�¤�©��L´��±���16P¦C�C¤�§;©3�L��¬x ¢*k��§�¬Bª3§;¤�©3�L��¬¯¤���¬P¤�¨B�Bq
����¬B¤=<¯¤���¬�©3�F��¦x�Cª¥¨Pª��1+q©3�o§�¦L¦C�B[K���ª�ª3§;£��±���n+P�����L¬B£¶©3�x82�³�F��¦C§Wm$�1+25����¥ª��>K��±��62����§;©3�L��¬Bª� 0*¥«B�Cª¥�Lª
§�¤+«B�L��´��1+d8A<Ç��m9©3��¬E+B�C¬B£h©�«B�dÓ���m$¤�¦L¨Bª��®´���B¡�F�L©3�oú;ª�«B§����=+Ý����§\+9Ô�62��¦C�L¤=<h©��h��8�kF��¤�©±£��F��¨96Bª� N3�¦L�C��¬�©�ª
§��F�³�F����¨B�L���1+¯©3�H¦L�$¤t:�§xK�§�kF���F�L©H<��(5k©�«B�)K��=Ke82����ª� 

*¥«B� PY?½7$(�D=·²?¼��<= ��=8��3� 7P<= Ö I º�×�Ko�h+P��¦>�Lª¡§¶�C¬�©3��£��3§;©��1+'Ko�h+B��¦�5����Z©��3§�¬Bª�§�¤�©��C��¬Pª¡§�¬9+¯£�����¨96
¤��>K§K�¨P¬B�C¤�§;©3�L��¬Bª�B¡«P�����¹©��3§�¬Bª�§�¤�©��C��¬B§�¦��F�16B¦L�C¤�§;ª�¤�§�¬»82�¹£�����¨96Bª¶�(546B�F�$¤���ª�ªF��ª�  / ¬f©�«B�Cª·Ko�`+B��¦
§ÆªF�C¬B£�¦C�¯¤�¦L�C��¬�©o�C¬�©����3§;¤�©3ªxB¡�L©�«©��3§�¬Bª�§�¤�©��C��¬B§�¦¥���=6B¦C�L¤�§�ª� r*¥«B�Ç�F�16B¦L�C¤�§;ªo¤�§�¬@82��§DB�§����q�(5±��§�¤+«
��©�«B���Á§�¬9+q¤��>K§K�¨P¬B�C¤�§;©3�º¨Pª��C¬P£§K�¨P¦L©3�L¤�§�ª�©� 0*¥«B�)Ko�h+P��¦y§�¦Lª��Hª�¨E696¾���F©3ªÁª�¨E8P©3��§�¬Bª3§;¤�©3�L��¬Bª-[CKO¨B¦L©��!q
©3«P����§\+B�1+�©��3§�¬Pª3§�¤N©3�C��¬BªO§;¬9+�¤���¬Bª���+B���Fª�5�§��L¦C¨B�F�H§;©3�>K��L¤��L©H<�  PY?C7P(�D=·²?¼��<= F��8N�3�!7P<= �Cª°�VKW6B¦L�1Ko��¬�©3�=+
§�ªÁ§¶¦C��8B�3§��¯< ·²?½��<= =	��45 5���� ö +1§�ÖÏº J ×. 

û ¨B�Y§>696P����§�¤+«o�Cª�©��)K�§>:;�¥¨Bª��Á�(52ªF©3§�¬9+1§;�n+o£�����¨E6o¤���KWK�¨B¬B�L¤�§;©��C��¬e6P���VKo�L©��L´���ªZ[�§�¦C¦L��B¯5����
«B�N©3���F��£���¬B����¨Pª±����ªF��¨B�F¤���ª-[y§>696P¦�<q���F�����I¤���KW6¾��¬Bª3§�©3�C��¬�©3��¤+«B¬B�L�9¨P��ªº©3���VKW6B���
´��³�C¬�©���¨BªF�C��¬q©3��¦L���/q
§�¬B¤��([�©��º§�¦L¦C�B 5����¢K�¨P¦L©3��qH61§;�F©H<gø�§�¬9+�62��©���¬�©3�C§�¦C¦?<0ùRK�¨P¦L©3��q@©�«B����§>+B�1+±©��3§�¬Bª�§�¤�©��C��¬Pª�§�¬9+³©3�º¤���¬BªF�V+B���
5�§��L¦C¨B�F�¶§;©3�>K��L¤��L©H<� ·*¥«B�Cª)+B�®b>������¬�©��½§;©���ª°��¨B�.B)���O: 5�����K §\696B����§�¤+«B��ª°©3«B§;©PK�§>:;�H¨Bª��o�(5)¬B�=Bü���
Ko�h+B�?L1�1+�£�����¨E6¹¤���KWK�¨B¬B�L¤�§;©��C��¬§6B����K��®©3�®´���ª#ø�5����Z��mP§>KW6B¦C�L[P��6$©3�VKo�Cª�©3�L¤48P����§>+P¤�§�ª�©�ù±Ö º=ï�[ I)v [1ï`º�×. 
ö ¦Lª��0[¾¨B¬B¦L�V:��s��©3«P���±§>6E6B����§;¤+«B��ª-[y��¨B�#5��9¤�¨Bª'�Cª'¬P��©º��¬¸§�´;§��L¦½§>8B�L¦C�®©H<�8B¨P©º��¬��C¬�©���¨BªF�C��¬Ç©���¦C���3§�¬P¤��� 
*¥«B�Lª³«B§�ª°����ªF¨B¦L©��1+ä�C¬¸¨Bª³¬B��©)82���L¬B£q§>8B¦C�¶©��q¨Pª��H©3��¤+«P¬B�C��¨B��ªsªF¨B¤+«Ò§�ªº¢3cWî$î�\¼r(^H�F�16B¦L�C¤�§�©3�C��¬Ç©3«1§�©
§��F�;B¡��+B��¦?<f¨Bª��=+r8k<f©�«B�~+1§�©+§>81§;ª��Ç¤���KWK�¨B¬B�®©H<�  - §;ª�ª��®´����F�16B¦L�C¤�§;©3�L��¬f�CªWK����F���
Áo¤��C��¬�©�©3«B§�¬
§�¤N©3�L´��±���=6B¦C�L¤�§;©��C��¬t[9§�¬E+;+P�$��ª¥¬B��©¥�F����¨B�C�F�N+B��©����OK��L¬B�Cª�©3�C¤I���=6B¦C�L¤�§�ª� �ÂI�B)��´����Z[1©3«P�N6B����8P¦C�1KñB¡�L©�«
§>+B�>6P©3�L¬B£H¢3cWî$î�\¼r(^³�F�16B¦L�C¤�§;©3�L��¬¯�CªÁ�L©3ª¡�F��¦C�C§�¬B¤��³��¬�§�¦L��§>+P���/qf5���¦C¦L�B����2K��`+B��¦J �*¥«B�s¨96m+B§;©3��ª'�9¤�¤�¨P�
§;©s©3«B��¦C��§\+B���O§�¬9+�©�«B�M5���¦L¦C�B�����ªO§������C¬35����OK��=+Æ�L5¥©3«B�h�F��ªF¨B¦L©�ª�  1 «P������§�ª�©3«P�Cª�§\+B����¨1§;©��h�C¬�§
¤���§�ª�«�q¥5�§��L¦¾5�§�¨B¦®©2Ko�h+B��¦>©3«P�����³§��F�N6B���>8B¦C�=K�ª°B¡«P��¬�©�«B�±¦C��§>+B���¥¤�§�¬Ò5�§��C¦Iø�82�±¤����F��¨96$©3�1+Sù�<���©4:����16
��¬M5�¨P¬B¤�©��C��¬B�L¬B£�§;¬9+hª���¬9+B�L¬B£�¤�������¨E6P©3�=+¹¨96m+B§;©3��ª�©3�O©�«B�'¦L��§>+P����ª� a5o<�§>+B��6P©��C¬B£O§�¬çc�b�`;\¼r(^º�F�16B¦L�!q
¤�§�©3�C��¬¯§>696B�F��§�¤+«MB��³§�´����V+¹©3«B�Lª�6B�F��8B¦C�=Kð§�ªZ©�«B���F�°�CªZ¬B�HªF�C¬B£�¦L�.62���C¬�©¥�(5�5�§��L¦C¨B�F�º§�¬E+;Ko���F�'©3«1§�©
Ó�Ko�1K�8¾����ª¥�(5t©3«B�°£��F��¨96;K�¨Bª�©�8¾�°¤�������¨E6P©3�=+~82�-5����F�º©3«B�°£��F��¨96�§�ª¡§xB¡«P��¦C�±�Lª¥¤���KW6B���>K��Lª��1+> 

*¥«B�³§>696P����§�¤+«¹©�«1§;©¡�Cª�¤�¦C��ª���ª�©¡©3�¶��¨B�¥�LªZ©3«1§�©¥�(5�o�ñ$eWò
¢1p0ñ�c(_3îZc�b�`;\feW_3î�Ö I º�×�§;¦L©3«P��¨B£�«¹��¨P�
Ko�h+B��¦>�(5�KO¨B¦L©��!qH6B§��F©H<o¤�¦L�C��¬�©�ª��Lª�+B�Lb¾���F��¬�©¡�C¬�©3«1§;©Z¨B¬B¦C��:��'©�«B���L��Ko�h+B��¦¾��¨B��K�¨B¦®©3��6B¦C�461§���©3�C��ª¥§��F�
¬B��©¡¤�����§;©3�=+QB¡�L©�«B�C¬h©�«B�°¤���¬�©���m9©'�L5�§H£�����¨96¹©3�3§;¬Bª3§�¤N©3�L��¬Ñø��C¬¹©�«B���L�2K��`+B��¦¾©3«B�)K�¨B¦®©3��6B¦C�"61§��F©��C��ª
§��F��©3«B�F��§>+Pª�©3«1§;©�§����ZªO61§DB¡¬B�1+W8A<¶§ºªF�C¬B£�¦L�)©�«B����§>+�©3«1§�©08¾��£��C¬Pª�§'£��F��¨96�©3��§�¬Bª�§�¤�©��C��¬jù�  1 �2+B�Lb¾���
§�¦Lª����L¬�©3«1§�©Z©3«B���C�Zª¯<9ªF©3�=K�Ko�h+B��¦>§;ª�ª�¨EK���ª¡§ � ö ` §�¬9+M+B�9��ª�¬B��©¥��mE6P¦C�C¤��L©�¦�<H¤���¬Bª���+B���2K�§�¦C�L¤��L��¨Bª
5�§�¨B¦®©3ª� ÝÂI�B)��´����Z[Y©3«B�
<}+P�¸§>+9+B�F��ª�ª¶¬P��ªF©��1+Ò©3��§�¬Bª�§�¤�©��C��¬BªPB¡«B���F��§�ªeB)�¹��¬B¦?<ä�VKW6B¦C�=K���¬�©O§Q¶M§�©
©3��§�¬Bª�§�¤�©��C��¬'Ko�h+B��¦. 
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/ ¬÷©3«P�CªOªF��¤N©3�C��¬}B��®+B��ªF¤�����8¾��«B�B ©�«B��©��3§�¬Bª�§�¤�©��C��¬�ª�����´9�C¤����CªO¨Pª��1+> &³²�C�FªF©PB��¹£��®´���§�¬
�
´����F´9�C�
B»�(5³©3«B�Ý�L¬�©3����§�¤�©��C��¬Pªh�C¬�´���¦L´��=+Ì�C¬Ì§÷©3��§�¬Bª3§;¤�©3�L��¬�©3«P��¬l+B�CªF¤�¨BªFª¹©3«B�¸¨BªF�Ý�(5O�F��ªF��¨B��¤��
K�§�¬1§�£�����ª-[1§�¬9+¯©3��§�¬Bª3§;¤�©3�L��¬'K�§;¬1§�£�����ª¥�C¬'Ko�����N+P��©+§;�C¦. 

<�9=<�9��t9�� r�V¾J(EDV3?GJ�s

³²�L£�¨B��� I   ¬ ªF«B�B¡ª±©3«B�·K�§��C¬��C¬�©3���3§�¤N©3�L��¬Bª.82��©HB)����¬÷§h¤�¦L�C��¬�©Z[>©3��§�¬Bª�§�¤�©��C��¬dK�§�¬1§�£����Z[¾����q
ª���¨B��¤��~K�§�¬1§�£����o§�¬9+§Æ����ª���¨P��¤��; r*¥«B��ªF���C¬�©����3§;¤�©3�L��¬Bª·B¡�C¦L¦�82����mE6P¦½§��L¬B�1+�C¬{K����F�'+B��©3§��C¦¥�L¬
5���¦L¦C�B¡�C¬B£¸ªF��¤�©��C��¬PªZ[¥©3«B�~6B¨B�n62��ªF���(5º©�«B�CªWL1£�¨B�F�Ç�Cªo©3�÷�L¦C¦L¨BªF©��3§;©���§�©h§�«P�C£�«�¦L��´���¦¡©3«B�Ç©H<`6B�L¤�§�¦
�C¬�©����3§;¤�©3�L��¬Bª282��©HB)����¬Ç©3«B�°¤���K§62��¬B��¬�©3ª� 

ö ¤�¦C�C��¬�©���ª�©+§>8P¦C�CªF«B��ª�§'©3�3§;¬Bª3§�¤N©3�L��¬e8A<��L¬�´���:��C¬B£º©�«B� 5�-��$�4< �>6¾���3§;©��C��¬s��¬�©3«B�Z©��3§�¬Pª3§�¤N©3�C��¬
K�§�¬1§�£����� 2*¥«B�s¤�¦L�C��¬�©Á©3«B��¬~K�§>:���ª'�®©3ª�L1��ª�©º�C¬�´��$¤�§;©3�L��¬��L5Y§�¬Ç�>6¾���3§;©��C��¬q��¬�§o����ª���¨B�F¤��O´9�C§o©3«P�
����ª���¨P��¤��zK�§�¬1§�£����>©3«B§;©±B¡�3§>6Pª�©�«B�Y����ª���¨B�F¤��L[;¬B�;©3��©3«1§�©y©3«B��©��3§�¬Bª�§�¤�©��C��¬°��+B��¬�©3�?L1���y�Lª±61§�ªFª��1+)B¡�L©�«
©3«P���C¬�´��9¤�§�©3�C��¬x N*¥«B�¶����ª���¨P��¤��·K�§�¬1§;£����I¨Bª���ªº©3«B��©��3§�¬Bª�§�¤�©��C��¬Ç�V+B��¬�©���L1���'©3�®+B��©����nKo�C¬P����5Y�®©'�Lª
§�¦L����§\+E<º�L¬�´���¦L´��1+³�C¬³§Z©3��§�¬Bª3§;¤�©3�L��¬t[=��59�®©y�Cªy¬B�;©t©�«B��¬³�L©x�C¬�´���:;��ª�©3«B� ?C-��$�  ��-�?�u¾-� F7$(�?½8�- ��62���3§�©3�C��¬±��¬
©3«P�I©3��§�¬Bª�§�¤�©��C��¬�K�§�¬1§;£����Y©3���F��£��LªF©������®©3ªF��¦�5x§�ª°6B§��F©��C¤���61§;©��C¬B£³�C¬o©3«B�'©��3§�¬Pª3§�¤N©3�C��¬x _*¥«B�º�F��ªF��¨B��¤��
K�§�¬1§�£�����©3«P��¬'+B��¦L��£�§�©3��ªZ©�«B�±��62����§;©3�L��¬�©3�¶©�«B�±����ª���¨B�F¤��°�L©��Cª°B¡��§>696B�L¬B£B  ö ¦L©3«P��¨B£�«¹¬B�;©¡ª�«B�B¡¬
B)�O§�ªFª�¨9Ko�°©3«1§;©¡©�«B�s�F��ªF��¨B��¤���K�§�¬1§;£����¡����¤����L´���ªI©�«B�°����ªF¨B¦L©'§�¬9+q���N©3¨B�F¬BªÁ�L©¥©3�H©3«P�s¤�¦C�C��¬�©� z*¥«B�
¤�¦L�C��¬�©'©3«B��¬Ý�C¬�´���:;��ª ö ¬P��©3«B���±��62���3§�©3�C��¬���¬�©3«P�¶����ªF��¨B�F¤��H¨Bª��L¬B£h©3«P������ª���¨B�F¤��xK�§�¬1§�£����Z[>§�£�§��L¬
�L©I�Cª"+B��¦L��£�§�©3�1+�©3��©�«B������ª���¨P��¤��	5����I�N´�§;¦C¨1§;©��C��¬Ç§�¬9+Ç©�«B���F��ª�¨P¦L©º�F��©�¨B��¬B�=+�©3��©�«B��¤�¦C�C��¬�©�  1 «P��¬
©3«P�±¤�¦C�L��¬�©¡«1§�ª�LB¬B�CªF«B�1+¯�C¬�´���:��C¬B£H��62����§;©3�L��¬Bª°B¡�®©3«B�L¬h©3«B�±¤���¬�©3��m9©Á�(5t©3«B�º©��3§�¬Pª3§�¤N©3�C��¬h©3«B�°¤�¦L�C��¬�©
§�ªO:9ªY©3«P�¡©��3§�¬Pª3§�¤N©3�C��¬§K�§�¬1§�£����²©��O§;©F©3�=K§6P©Ã§°¤��>K§Ko�L©ª8k<H�L¬�´���:��C¬P£³©�«B� 8�7P%³%³� � ��62����§;©3�L��¬x ¢*¥«B�
©3��§�¬Bª�§�¤�©��C��¬�K�§;¬1§�£����³©�«B��¬Æ�C¬�´���:;��ªO©�«B� D;?C-;D��;?C- ��62���3§�©3�C��¬�§�¦L¦�����ª���¨B�F¤��§K�§�¬B§�£����Fªs�F��£��LªF©������=+
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C lient TransactionManager ResourceManager Resource

begin()

registerResource(tid:Transaction, r:ResourceManager)

operation(tid:Transaction)

operation()

operation(tid:Transaction)

operation()

comm it(tid:Transaction)

prepare(tid:Transaction)

comm it(tid:Transaction)
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B¡�L©�«�©3«P�Cª¥§>6E6B����§;¤+«¹�Cª)©�«1§;©��L©�K�§>:;��ªZ�®©�+B�?Á�¤�¨B¦L©)©3�e6P����£���§>KñK�¨B¦®©3�!q�61§���©H<H¤�¦C�L��¬�©3ª�§�ª�©�«B�'©3��§�¬BªBq
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�º�9����}�~÷}����=}��Bwa� �$¤t:��C¬P£O�CªÃ©3«B�"K���ªF©zB¡�V+B��¦�<H¨BªF�1+M62��ª�ªF�VKo�Cª�©3�C¤Á¤���¬B¤�¨B�F����¬B¤=<�¤���¬�©3�F��¦C6B���Lq
©3�9¤���¦.  ö ¦C�9¤t:��C¬B£&6B�F��©3�9¤���¦Z�����9¨P�C����ªo©�«1§;©o§¸¤�¦L�C��¬�©H�F����¨B��ª�©3ª�§¸¦L�$¤t:l5����o§Ý����ªF��¨B�F¤��;8¾��5������¯�L©
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§�£����¢B¡�L¦C¦�£��3§;¬�©�§�¦C¦�¦L�$¤t:�ª²�N´���¬�©�¨1§�¦L¦�<�  / ©_B¡�C¦L¦�£��3§;¬�©�§'¦C�9¤t:°�VKWK��=+B�½§�©3��¦?<º¨B¬P¦C��ªFª²©3«P�������Cªk§'¤���¬h¶1�C¤N©
82��©HB)����¬Ý©�«B�O¦L�$¤t:¹�F����¨B��ª�©3�=+Æ§;¬9+Ç©3«P�O¦C�9¤t:�ª'«B��¦V+@5����Á©�«B�O�F��ªF��¨B��¤���  / 5�©3«B�����O�Lª'§�¤���¬E¶B�C¤�©Á©3«P��¬
©3«P�'������¨B��ª�©Z�Cªz8B¦L�$¤t:;�1+h¨B¬�©��C¦M�L©Ã¤�§;¬®82�'ª3§�©3�Cª¯L1�1+>  � �$¤t:H¤���¬E¶1�C¤N©3ª�§����4+B��©����OK��L¬B�1+§8k<o��mB§\K��L¬B�C¬B£
¦C�9¤t:�©H<`62��ª±§�¬E+�©3«P�³©��3§�¬Bª�§�¤�©��C��¬B§�¦y¤���¬�©���m9©º�(5²¦C�9¤t:�ª�  - ��ª�ªF�VKo�Cª�©3�C¤³¦C�9¤t:��C¬B£HªF¤+«B�1Ko��ªºªF¨Pb¾���75�����K
©3«P��6B�F��8B¦L�1K �(5ª+B��§>+P¦C�9¤t:2 �iº��§>+B¦L�$¤t:��$¤�¤�¨B�Fª4B¡«B��¬Ç©HB)�h¤���¬P¤�¨B�F����¬�©I©3�3§;¬Bª3§�¤N©3�L��¬Bª¡��8P©3§��C¬q¦C�9¤t:�ª
��¬oª���Ko�¡�(5¾��§�¤+«���©3«B��� 4 ª)�F����¨B�L���1+o����ª���¨P��¤���ªZ§�¬E+�¬B���L©�«B����©3��§�¬Bª�§�¤�©��C��¬H¤�§;¬§6B�F��£��F��ª�ªÃ¨B¬�©3�L¦1�L©Y«1§;ª
¦C�9¤t:�ªI��¬Ç§�¦L¦y�(5��®©3ª¡������¨B�C�F�1+Ç�F��ªF��¨B��¤���ª� ¶iº��§>+B¦L�$¤t:h¤�§�¬~82�³����ªF��¦L´��1+Q8k<q¨BªF�C¬B£H©3��K�����¨P©�ªÁ��¬�¦L�$¤t:
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B¡�L©�«H����ªF��¨B�F¤���ªa8B¨$©Ã§;©Y¨962��¬o§;©�©��1KW6P©3�L¬B£'©3�°¤���K§Ko�L©t©3«P�¡©��3§�¬Pª3§�¤N©3�C��¬¶�Cª²´;§�¦L�V+1§;©��1+�©��N+B��©����nKo�C¬P�
��52©3«P�'�CªF��¦½§�©3�C��¬e6B���>6¾���F©H<xB���¨B¦V+W8¾�¡´9�C��¦C§;©3�=+H��5>©�«B�¡©3�3§;¬Bª3§�¤N©3�L��¬�¤���KWK��®©�©3�=+x  / 5y�L©aB)��¨B¦V+o¬B��©o82�
´9�C��¦C§;©3�=+º©3«B��¬s©�«B��©3�3§;¬Bª3§�¤N©3�L��¬°�Cªy¤��>K§Ko�L©F©3�1+�[
��©3«B���OB¡�Lª��Y©3«B��©3��§�¬Bª�§�¤�©��C��¬°�Cª�§\8¾����©3�=+x ²ÀÁ¬B¦C��:���©3«P�
¦C�9¤t:��C¬B£G6B����©��$¤���¦$©�«B�¥��6P©��VKo�Cª�©3�C¤Ã¤���¬B¤�¨B�F����¬B¤=<H¤���¬�©3����¦96B���;©3�9¤���¦h+B�$��ª�¬B��©YªF¨Pb>���I5�����Kc+B��§>+B¦C�9¤t:�ª
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L1¬B� Ù���6K�!/��
�-
©3�f§;¦�B�§<9ª¯���N©3¨B�F¬Bª¹©3�F¨B��  ö ¬Ì��6P©��VKo�CªF©��C¤;6B���;©3�9¤���¦4B���¨P¦V+l+B�=LB¬B�Ý©3«B��©HB)�¦L�$¤t:{Ko��©3«P�h+Bª¯§;ª
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ª���¤�©��C��¬ I  ?º� 
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³1��� /�- [�©�«B�¹©HB���Ko��ªF©H¨BªF�1+{6B���;©3�9¤���¦LªH§����h©�«B�qÀ#i - Ö IA¬ ×Á§;¬9+»*43 - Ö I ï=×f[aB¡«B�C¤+«§��F�
ªF©3§�¬9+1§;�n+÷§;¬9+,B¡��+B��¦?<Ý¨Bª��=+w6B�F��©3�9¤���¦Lª� W*¥«B���F�-5����F�([bB��WB¡�C¦C¦²¬B��©s�C¬B¤�¦C¨9+B�o§'+B�=LB¬B�L©��C��¬ä�(5�©�«B��ªF�
6B�F��©3�9¤���¦Lª¥«B���F�� 

z�w�ÊMwLv �=� ÉÞÍt���
}J���1�N�

/ ¬����O+B���¶5���� /�- ��¨B¦®©3�L¤�§�ª�©I©��M5�¨B¦C¦?<MB����n:j[>«B��ªF©3ªGK�¨BªF©'ª�¨96E6¾����©±ª��>K���:9�L¬9+��(5_K�§�¬B§�£���q
Ko��¬�©75����¥£�����¨96'K��=Ke8¾����ªF«B�V6x 0*¥«P�Cª¡�Cª¡§�¤�¤���KW6B¦L�Cª�«P�1+¯¨Bª��L¬B£¶©3«B� / ¬�©3����¬B�N© Ð ����¨96s��§�¬1§�£��=K���¬�©
- ����©��$¤���¦�ø / Ð � - ùN Â*¥«B�Cª¢6B����©��$¤���¦��Cªk¨Bª��=+·8k< /�- «B��ª�©3ª²©��'���=6¾���F©²©�«B���L�k«P��ªF©²£�����¨E6eK��=Ke82����ªF«B�V6Pª
©3�o§�¬A<¹��K§Ko�1+P�½§;©���¦�<Dq@¬B���L£�«k8¾���F�C¬B£PK�¨B¦®©3�L¤�§�ª�©¥����¨$©3���� 

*¥«B�sB�§D<�©3«B�d6P����©��$¤���¦"B)���n:�ª¯�Cª®8k<@+B�=LB¬B�C¬B£Ò©HB)�Ò©H<h62��ª¯�(5 / Ð � - K���ª�ª3§;£���ª-pfÂI��ª�©
���=Ke8¾����ªF«B�V6^	º¨B���O< ø}	º¨B�����L��ª$ùÁ§�¬9+ÝÂÁ��ªF©N���1K�8¾����ª�«P�V6dÍ¡�162���F©	øÎÍ¡�162����©3ª$ù� .�q¨B¦L©��C¤�§;ªF©Á����¨$©3���Fª
ª���¬9+�	º¨B���F�C��ªk©3�N+B�Lª�¤��
´����_B¡«B�L¤+«¶«B��ªF©Y£�����¨96Pª�«1§�´��2Ko�1Ke82���Fª���¬�©�«B���L��§;©F©+§�¤+«B�=+H¦C�9¤�§�¦9¬B��©HB)���O:9ª� 
*¥«B��ª���	º¨B�����L��ª)§����¡ª���¬�©�©3�°©3«P�IªO6¾��¤��½§;¦1£�����¨E6�§>+E+B����ª�ª ¬>¬\©  A�P 4�$ �º)[�B¡«P�C¤+«��L¬B¤�¦L¨9+B��ª�§�¦L¦B«B��ª�©3ªY©3«1§�©
�VKW6B¦L�1Ko��¬�© /�- K�¨P¦L©3�L¤�§�ª�©±�C¬Ý©�«B�H¦C�9¤�§�¦�¬P��©HB)���n:M W*¥«B��«P��ªF©�ªs�F��ªn62��¬9+�8A<¸£���¬P���3§�©3�C¬P£QÍ¡�162����©3ªZ[
¤���¬�©3§��C¬P�C¬B£���§�¤+«Ò«B��ªF©¶£��F��¨96�©��~B¡«B�L¤+«÷©3«B�
<w82��¦C��¬B£Ç��¬Æ©3«B�h¬P��©HB)���n:Æ�C¬�©3����5�§�¤��¹§;©�B¡«P�C¤+«÷©3«P�
	º¨B���¯<MBZ§;ª'����¤����L´��=+x  / ¬ì5�§;¤�©o[1©����F�1+B¨B¤��s©�«B�³©���©+§;¦y¬9¨EKe8¾���I�L50Í¡�162���F©�ªI�F��¤����L´��1+Ý§�¬E+�©3��§�´�����+
¤���¬B£���ª�©3�L��¬t[oB¡«P��¬�§¸«B��ª�©o����¤����®´���ª�§~	º¨B���O<([Z�L©Hª�©+§���©3ªo§ä�F�162���F©W+B��¦½§D<÷©��VKo���	5����H��§;¤+«ø�(5I�L©�ª
£��F��¨96¤Ko�1Ke82���Fª�«B��6Bª�  h §�¤+«Ò©3�VKo���s�Cªsª���©H©��Ý§s+B�Lb¾���F��¬�©o[Y��§�¬9+B��Ko¦�<ä¤+«B��ª���¬f´;§�¦C¨P��8¾�N©HB�����¬�
§�¬9+rº��Çª���¤���¬9+Pª�  / ©���¬B¦�<äªF��¬9+Bª¶©�«B�MÍ¡�162���F©�B¡«B��¬Ò©3«P�h©3�VKo���³��mh6B�L����ªZ[0B¡�L©�«÷©3«B��+P��ªF©��C¬1§�©3�C��¬
§>+9+P����ªFª¥�(5y©3«P�º«B��ª�©¥£�����¨96�82���C¬P£����=6¾����©3�=+çø«B¡�®©3«¹§O©��VKo��q@©��Lq�¦L�L´��¥�(5aº�ù�[$ª��O©�«1§;©���©3«B����Ko�1Ke82���Fª
�(5k©3«B�³ª3§>Ko�°£�����¨96���¬q©�«B�sª�§>Ko�³�L¬�©3���/5�§�¤��°¤�§�¬Ç�F��¤����L´��³©�«B��Í¡�162����©'§;ª�B)��¦L¦.  / 5Y§H«B��ªF©Á�F��¤����L´���ª
§;ÍÁ�=6¾����©�5����°§q£�����¨96¸©3�'B¡«B�L¤+«��L©)82��¦L��¬B£�ª-[��L©°ªF©���6Bª³�L©�ª°©��VKo���.+P��¦½§D<¢5����±�®©3ª°�B¡¬wÍ¡�162���F©,5����
©3«B§;©O£�����¨96�§�¬9+,+B�$��ªO¬B�;©O£���¬B����§;©3�o©3«B�®ÍÁ�=6¾���F©� ;p9�0[²�L¬�£���¬B����§�¦f[t��¬B¦?<¸��¬B�§ÍÁ�=6¾����©�62���s«B��ª�©
£��F��¨96h�Lª)£���¬B����§;©3�=+¹�C¬BªF�V+B�I§O¦L�$¤�§�¦M¬B��©HB)���n:M a*¥«B�LªoB)���n:�ª282��¤�§;¨Bª��.KO¨B¦L©��C¤�§;ªF©Ã����¨$©3���FªZ����¤����L´��º§�¦C¦
/�- K�¨B¦®©3�C¤�§�ªF©a+B§;©+§�£��3§>KoªZ[9§�¬9+�¬B���=+h¬B��©o82�º§>+9+P����ªFª��=+¹��mh6B¦C�L¤��®©3¦�<�§�¬9+�§�¦CªF��82��¤�§�¨Bª��I©3«B�Á����¨$©3���Fª
¬B���1+�¬P��©z:9¬P��B²B¡«B�C¤+«�«B��ª�©3ªa8¾��¦C��¬P£°©��O§±£��F��¨96t[�©�«B�=<H��¬P¦�<�¬P���1+o©3�):�¬B�B�©3«B§;©Y©3«B�����Á�CªY§;©Y¦L��§�ª�©
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z�w�ÊMw�¨ �=�¶�x�9�

ö ªy��mh6B¦½§��L¬B�1+³§>82�
´��L[ /�- p$��¤Ã¨Pª���ªy©HB)�¥©3�3§ÂÁ�¤�ªF��¤�¨B���®©H<N6B���;©3�9¤���¦LªZp ö ¨P©3«B��¬�©3�C¤�§;©3�L��¬°ÂI��§>+B���
ø ö Â�ù¡§�¬9+ h ¬B¤�§>6Pª�¨B¦C§;©3�L��¬sp9��¤�¨P���L©H< - §D<$¦L��§>+õø h p - ùN  ö +B�=LB¬B�L©��C��¬q�(5²©�«B��ªF��6P����©��$¤���¦Cª¡�Cª�5���¨P¬9+
�C¬ÆÖ º | ×t§�¬E+÷Ö º v ×=[1����ªn62��¤�©��L´���¦�<� °*¥«B��ª��P6B���;©3�9¤���¦LªZ[1��¬¹©3«P���C�¡«1§;¬9+t[1¨BªF��:�¬B�B¡¬s6B�F��©3�9¤���¦CªZ©3�x62���Bq
5����OK»©3«B�oª���¤�¨B�F�L©H<ç5�¨B¬B¤N©3�C��¬Bª³©�«B�=<�6B�F�
´$��+B��  / ¬ä©3«B� ö Â�[ /�- p$��¤®K�§D<¸¨Bª��®F°�
<��=+ÆqÂI§�ª�«B�L¬B£ì5����
����ª�ª3§;£�� ö ¨P©3«B��¬�©3�C¤�§;©3�L��¬ÑøJÂG� ö 3�ùsÖ ¬ º�×±B¡�®©3«~����ªFª3§�£���qBiº�L£���ª�© ö ¦C£������®©3«9K øÌ�Yi°ï(ù¥����B¡�L©3«~p$��q
¤�¨P���³Â'§�ªF« ö ¦C£������L©�«9K øÌpPÂ ö qYº�ù±Ö ¬Lv ×.  / ¬ h p - [ /�- p$��¤)K�§D<h¨Pª��s§�¦CªF��©3«B�±©HB)��§>82�
´��³§�¦L£������®©3«9Koª
5����¥§;¨P©3«B��¬�©3�C¤�§;©3�L��¬¹����©�«B��i±§;©3§ h ¬P¤��O<`6P©��C��¬Qp9©3§�¬9+1§;�n+Ñø=i h p0ù±Ö I ��×x�C¬;3��V6P«B����5�¦L�$¤t:®3�«1§��L¬B�C¬P£
���`+B��øÎ3�523�ù�[kB¡«B�L¤+«h�Cª�§>696B¦L�C¤�§\8B¦C�Z©��Oª��N´����3§�¦x��¬B¤��¯<`6P©3�L��¬¹§�¦L£������®©3«9Koª�§�¬E+M5����aB¡«B�C¤+«¹§s£���¬B���3§�¦
+B��ª�¤��F�V6P©��C��¬��CªÁ£��L´���¬��L¬ÒÖ © º�×=[2©��®62���/5����nK ��¬P¤��O<`6P©��C��¬> .p$�L¬B¤��s��¬B¤��O<`6P©��C��¬ ø�¤���¬hLj+B��¬�©��½§�¦L�L©H<3ùÁ§;¬9+
§�¨P©�«B��¬�©��C¤�§�©3�C��¬Æ§;���o��6P©3�L��¬1§�¦=[>©3«P��§�¦L£����F�L©3«EK 5����³§�¨$©3«B��¬�©��C¤�§;©3�L��¬ä§�¬9+ç5����°��¬B¤��O<`6P©3�L��¬}K�§D<d82�
Ó ` À ��� Ô0[1§�¦®©3«B��¨P£�«¹©3«B�
<¹¤�§�¬q¬B��©482��©3«'82�QÓ ` À �b� ÔB 
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5���¦L¦C�B¡�C¬B£÷©3§>8B¦L��6P����ªF��¬�©3ª�©3«B��+B�Lb¾���F��¬�© / 32� - K���ª�ª3§;£���ª-[)B¡�®©3«��L©�ªq¤������F��ªO6¾��¬E+B�C¬B£ ©H<`6¾�L[s§;ª
ªF©3§;©3�=+��L¬;Í"³b3 JLvA¬ Ö I�I ×fp
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*¥«B�Lª±ª���¤N©3�L��¬,+P�=L1¬B��ª³©�«B� ö £���¬�©nÑ¡³1�3§>Ko�=B)���n:j[RB¡«B�L¤+«Æ�LªZ[RB)�§82��¦L�C�N´��([x´����¯<¸�VKW6¾����©+§�¬�©
�C¬¯��m$©���¬9+P�C¬B£o��m$�Cª�©3�L¬B£§p ` � - §�£���¬�©�ª� z*¥«B�Cª2+B�
L1¬B�®©3�C��¬q�LªZ©+§>:;��¬@5�����K»ÖÏº ¬ ×. 

1 �L©�«B�C¬h©�«B��p ` � - 5��3§>Ko�=B)���O:Q[B§xK�§�¬1§;£��1+¯¬B�`+B�±¤���¬�©3§��C¬PªI§·6B�F�$¤���ªFª��C¬P£o��¬�©3�L©H<([1¤�§�¦L¦C�=+
§�¬q§�£���¬�©o[9B¡«B�L¤+«Ç«1§�ª¡§;¤�¤���ª�ªÁ©3�xK�§;¬1§�£��=K���¬�©¡�L¬35����OK�§;©��C��¬> 

1 �L©�«B�C¬h©�«B� ö £���¬�©nÑè5��3§>Ko�=B)���n:j[1§;¬Ç§�£���¬�©Á�Cª�5�¨B��©3«B���4+P�=L1¬B�=+�©��o¤���¬BªF�CªF©Á�(5

ë §¹ª��L¬B£�¦L��6B�F�$¤���ª�ªF�C¬B£q��¬�©��L©H<�¤�§�¦C¦L�1+�©�«B�·K�§;ªF©3���°§�£���¬�©Z[RB¡«B�C¤+«äª���¬9+Bª³§�¬9+¸�F��¤����L´���ª�p ` � -
6B�F��©3�9¤���¦±K���ª�ª3§;£���ªÁ�C¬�§�¬�§�£���¬�©I����¦L�uøJ§�ª¡ªn62��¤���L1�=+s8A<¹©3«B��p ` � - ´����Fª��L��¬}ºs§�¬9+¯´�����ª��L��¬
¬ 5���§>Ko�=B)���n:'+B�9¤�¨9Ko��¬�©�ª$ù"8B¨$©º©H<`6B�C¤�§�¦C¦?<¹«1§�ªº¦L�L©F©3¦C�°���I¬B��+B�L����¤�©±§;¤�¤���ª�ªº©���K�§;¬1§�£��=K���¬�©
�L¬35����nK�§;©��C��¬x 

ë �����oK������G6P���9¤���ªFª��L¬B£H��¬�©3�®©3�C��ª�¤�§�¦C¦L�1+hªF¨981§�£���¬�©3ªZ[9B¡«P�C¤+«¯§��F�.Ô�ª�«P�C��¦�+B�1+EÔ	5�����KË©3«B�Np ` � -
6B�F��©3�9¤���¦ZKo��ª�ª�§�£���ª26B���9¤���ª�ª��=+Q8A<h©�«B�NK�§�ªF©����¥§�£���¬�©o[98P¨P©�B¡«B�L¤+«q«B§
´��³§�¤�¤���ª�ª¥©��·K�§�¬B§�£���q
Ko��¬�©¡�C¬Æ5����nK�§;©3�L��¬x 

*¥«B�xK�§�ªF©����±§�¬E+äªF¨981§�£���¬�©³��¬�©3�®©3�C��ªº¤��>K§K�¨P¬B�C¤�§;©3�³´$�C§ ö £���¬�©nÑX6B���;©3�9¤���¦¢K���ª�ª3§;£���ª-[k§;ª
ªn62��¤���L1�=+¸�C¬ Ö º ¬ ×Z  1 «B�C¦L�OªF��K��O�(5Y©3«B� ö £���¬�©nÑX6B�F��©3�9¤���¦ªKo��ª�ª�§�£���ª°§>6962��§��ºªF�VKo�C¦C§��I�L¬�ªO<9¬�©+§�m
§�¬9+qª��=K�§;¬�©��C¤�ªZ©3�H©3«B��p ` � - [j82��§��¡�L¬;Ko�C¬E+h©3«1§;© ö £���¬�©OÑ �Lª¥¬B��©"p ` � -  

*¥«B�¯�C¬�©�����¬B§�¦���62����§;©3�L��¬Bª��L5 ö £���¬�©OÑ §����¹�L¬�´9�Lª��V8P¦C��©��¸§�¬²p ` � - ��¬�©��L©H<÷�>6¾���3§;©��C¬B£Ý�L¬
§,K�§�¬1§;£����o����¦L�� [³1����K §�K�§�¬B§�£���� 4 ªW62���C¬�©��(5±´9�C�=B�[¡§;¬ø��m9©���¬BªF�V8B¦L�Ý§�£���¬�©®8¾��«1§�´���ª¹��mP§�¤�©�¦�<
§�ªxB���¨B¦V+§ä¬P��¬Æq���m9©3��¬Pª��V8P¦C� ø�Ko��¬B��¦L�L©3«P�C¤&ù³§�£���¬�©o©3«B§;©o«1§�ª�§�¤�¤���ª�ªo©3�¸©3«B�qª3§\K��;K�§;¬1§�£��=K���¬�©
�C¬PªF©3�F¨9Ko��¬�©+§;©��C��¬> 

*¥«B�Lªo©��3§�¬BªO61§��F��¬B¤
<©��}K�§�¬1§�£�����ªH�Cª�§l5�¨P¬9+1§>Ko��¬�©+§;¦Á�F����¨B�L���1Ko��¬�©��(5 ö £���¬�©nÑ�[�§;¬9+ø�Lª
B¡«1§;©4+B�®b>������¬�©��½§;©���ª ö £���¬�©nÑ¿ª�¨E81§�£���¬�©�ª�5��F��K7p ` � - 6B�F�omh<¹§�£���¬�©�ª� 

cO9��t9��t9�� ����J(NOC�� e4RM�fJDA

ö ¬q��¬�©��L©H<¯§�¤N©3�L¬B£H�C¬¯§xK�§�ª�©3���¡§�£���¬�©Á����¦C�N62����5����nKoªZ©3«B�,5���¦L¦C�B¡�C¬B£�5�¨B¬B¤N©3�C��¬BªZp

ë ö ¤�¤��=6P©3ª ö £���¬�©nÑ¿ª���ª�ª��L��¬q��ªF©3§>8B¦L�Cª�«EK���¬�©¡�F����¨B��ªF©3ª�5�����K ª�¨98B§�£���¬�©�ª� 
ë ö ¤�¤��=6P©3ªÁ����£��Cª�©3��§;©3�L��¬¹�(5_� / 5��F��£��L��¬Bª28A<¯ª�¨E81§�£���¬�©�ª� 
ë p$��¬9+BªO§�¬9+÷§;¤�¤��=6P©3ªep ` � - 6P����©��$¤���¦aK���ª�ª3§;£���ª³��¬Æ©�«B��§�£���¬�© 4 ªsªn62��¤��?L1�1+Æ©3�3§;¬Bªn62���F©O§>+Æq
+B�F��ªFª���ª� 

J>I



ë / KW6B¦C�=K���¬�©3ª¶©3«B�Ç§�£���¬�©�����¦C� h ¦C�1Ko��¬�©�ª��(5 - �F�$¤��1+B¨P���ÇªO6¾��¤��?L1�1+s5����o©�«B��§>+9Ko�C¬B�LªF©3��§;©3�®´��
5���§>K��
B����n:m§>6E6B¦C�L¤�§>8B¦L�Ç©3�Ò©�«B�,p ` � - 6P����©��$¤���¦.Ko��ª�ª�§�£��L[º��m$¤��=6P©~B¡«P�����¸©3«P�=<Ìªn62��¤���5Æ<
62���/5����nKo�C¬B£xK�§�¬1§�£��1Ko��¬�©Á��6¾���3§;©��C��¬Pª� ,ø«*¥«B�s§>696B¦L�C¤�§�©3�C��¬q�L5a� / 5Ì´$�L�=B¡ª-[>§�¬E+�©3«P�O§�¤�¤���ª�ª
¤���¬�©3����¦±6¾��¦L�C¤
<u5����Z©�«B�)K�§;¬1§�£��=+q¬P�h+B�L[M§����±��K§6P¦C�1Ko��¬�©��1+M8A<¹©3«B�)K�§�ªF©����¡§�£���¬�©� §ù

ë - ���
´9�V+P��ªoª�¨96962����©u5����¶©�«B�Q� / 5 ��8ÍkF��¤�©�ª®+B�
L1¬B�=+��C¬{Í4³¢3�º v � J Ö v ×f[�§�¬9+s5����H§�¬A<²� / 5
��8ÍkF��¤�©�ªI�F��¦L��´;§�¬�©¥©3�o§�¬A<q§>+9Ko�C¬P�CªF©��3§;©��L´��¶5��3§\K��
B����O:h�L©�:9¬P��B¡ª� 

ë ³1���¯BZ§��O+Bª¡¬B��©���L1¤�§;©3�L��¬BªZ��¬;82��«1§�¦!5t�(5²ªF¨981§�£���¬�©3ª� 

ö ¬q��¬�©��L©H<¯§�¤N©3�L¬B£H�C¬¯§Hª�¨981§;£���¬�©Á����¦L�N6¾����5����OK�ªZ©�«B�,5���¦C¦L�B¡�C¬B£�5�¨P¬B¤�©��C��¬Bª-p

ë / ¬B�®©3�C§;©3��ª¥§�¬ ö £���¬�©OÑÅª���ªFª��L��¬QB¡�®©3«¹©3«B�)K�§�ªF©����¡§�£���¬�©� 
ë Í¡��£��LªF©�����ª"� / 5Ì����£��C��¬Bª�B¡�L©�«¯©�«B�)K�§;ªF©3���¡§�£���¬�©� 
ë / ¬Bª�©+§�¬�©��½§;©���ª�K�§;¬1§�£��=+q�>8�kF��¤N©3ª� 
ë 5��L¬9+Bª û / iºª2B¡�L©�«B�C¬¹�®©3ª¡����£��Cª�©3���F�1+Q� / 5�����£��C��¬BªZ©��o§�¤�©�¨1§�¦x´;§����C§>8B¦L��ª� 
ë - ����5����nKoª4K�§�¬1§;£��1Ko��¬�©¥��62����§;©3�L��¬Bª¥��¬¯´;§����C§>8B¦L��ª� 
ë / ¬B�®©3�C§;©3��ªZ¬B��©���L1¤�§;©3�L��¬Bª� 

|��tø ù,�oú¹ú¡�.����ûmü��D�Â�o��ÿcýP�o���.�o¥b�

/ ¬Ý©3«B�Lª±ª���¤�©3�L��¬dB��HªF«1§�¦C¦k£��L´��¶ª���Ko�¶�C¬E+B�C¤�§;©3�L��¬Bª'�L5�«B�BÅ©3«B�¶¤���KWK�¨B¬B�L¤�§;©��C��¬BªIª����F´9�C¤���ª
+B��ª�¤��F�V82�1+��C¬Hª���¤�©3�L��¬ I   ¬ §��F�¡����§;¦C�C���1+x ¢*¥«B���F�'§;���¥©HB��³¦C�N´���¦CªY��¬xB¡«B�C¤+«H©3«B�Lªa8¾��§���ªY��mP§>Ko�C¬B§;©3�L��¬t[
©3«B§;©Á�(5k©�«B�³�=´����Bq§�¦L¦y§���¤+«P�L©3��¤�©�¨B���³�(5²©�«B��� ö ³¢* /�ö £��F��¨96q¤���KWK�¨B¬P�C¤�§�©3�C��¬Bª�Ko�V+9+B¦L�=B�§����h9�©3«P�
´;§����L��¨Bª°�C¬�©����3§;¤�©3�L��¬Bª)82��©HB)����¬¤+P�Lb¾������¬�©�6B�F��©3�9¤���¦Ã¤���KW6¾��¬P��¬�©3ªs§�ª)B���¦C¦Ã§�ªP8¾�N©HB�����¬{� ö ³ª* /�ö
6B�F��©3�9¤���¦LªY§�¬9+H��©�«B���Y��¦L�1Ko��¬�©3ªa82��©3«�§>82�
´��Á§�¬9+W8¾��¦C�B��¬o©�«B��6B���;©3�9¤���¦Bª�©+§�¤t:=9�§�¬E+o©�«B��6B����¤��CªF�
§�¦L£������®©3«9Ko�C¤P+B�N©+§��L¦Cªº�(5Ã©3«P�o�L¬9+B�®´$��+B¨1§�¦¢6B���;©3�9¤���¦Lª'©3«B�=K�ªF��¦®´���ª� §*¥«P�W6P����©��$¤���¦�§�¦L£������®©3«9Koª'«B§
´��
82����¬¸£��®´���¬Ý�C¬Ýª��>K��e+P��©+§;�C¦t�C¬Ý��©�«B���.6P¦½§�¤���ªHÖ © ×=[xª��¯«B�����eB)�¶ª�«1§�¦L¦²¤���¬B¤���¬�©3�3§�©3�¶�C¬PªF©3��§>+Ý��¬Ý©3«P�
¦½§;��£���q�ª�¤�§�¦C�º§���¤+«B�®©3��¤�©3¨P���� 

z�wLvyw�Ê �h�;�Â�t}��
�9���=Í��=�ÇÈ¹�9������}�þt�=}�Î2Ï

*¥«B�P81§�ªF�C¤°£�����¨96�¤���KWK�¨B¬B�L¤�§;©��C��¬Bª°6B����K��®©3�L´���ª�6P���
´9�V+B�=+~8A<Q� ö ³¢* /�ö Ko�V+9+P¦C�=B�§��F��5�§�¦C¦
�C¬�©���©3«B��©�«B�����¶¤�¦C§�ª�ªF��ª±�(5#c
p(ñG^$^�ðM^�_S`=[�î�`=ñG^dc(ð»nZñ$eZcD]�bdcWî�`I§�¬9+ î&^DCZòS^�_�b$^d]ÇnZñGeZcD]�bdcWî�`�  1 «B�C¦L�O©3«P�
61§���©3�L¤�¨B¦C§��eKo��§�¬B�L¬B£ä§�¬9+¤�����©+§��L¬B¦�<Æ©3«B�q�VKW6B¦L�1Ko��¬�©+§;©��C��¬��(5G+P�Lb¾������¬�©®6B�F��©3�9¤���¦Cª¶�C¬Ò©�«B��ª�§>Ko�

J\©



Protocol Decision

+negotiate()
+propose()
+isDecided()

Broadcast

+send()
+receive()
+isReady()

Stream 

+send()
+receive()
+isReady()
+done()

SC-ABC

CBC

RBC

ABC

ABBA

VABBA

VBA

Link

Threshold

³²�L£�¨B�F� ©  �º(pz3�¦½§�ªFª û ´����F´9�L�=B

¤�§�©3��£����O<¸§;���H��¨B�L©��·+B�Lb¾���F��¬�©o[�©3«B� öG-a/ §�¬9+ä£���¬P���3§;¦�ªF©3�F¨B¤�©�¨B���o���=K�§;�C¬Bª±¨B¬P¤+«1§�¬B£��=+x §³M���º©3«B�Lª
����§�ª���¬���§�¤+«ø�(5º©3«P��ª���¤�§;©���£������C��ª��Lª��F�16B�F��ªF��¬�©3�=+[8A<§Æ¤�¦½§�ªFªZ[¥¤�§�¦C¦L�1+»ãBRP^9TP�9T�]=Û¾["Ð�U$W$R�V�[Ì§;¬9+
i�WB]�V�a1^�V\��UQ[;����ªO6¾��¤�©��L´���¦�<� ª*¥«B��ª��Ã¤�¦½§;ª�ª���ªt§�������m$©���¬9+P�1+s©���5����nK�©3«B�06B§��F©��C¤�¨P¦½§��x��K§6P¦C�1Ko��¬�©3§;©3�L��¬Bª
�(5k§�¦L¦>�C¬E+B�L´9�V+P¨1§�¦C6B����©��$¤���¦Cª-[hB¡«B�L¦C�º�L¬h©3¨B�F¬¹©3«B��ª��s§�¦C¦2��m9©3��¬9+�©�«B�±¤�¦C§�ª�ª�å9WB]�U1]$^�]�SxB¡«B�L¤+«q¤�§����F�C��ª
81§�ªF�C¤±�L¬35����nK�§;©��C��¬�62����©3�L¬B��¬�©¡©3�o§�¦L¦Z62��ª�ªF�V8B¦L�N6B����©��$¤���¦>©H<`62��ª� 

ö +E+B�L©��C��¬1§;¦B�C¬35���§�ªF©���¨B¤N©3¨B�F�¡�Cªa6B���
´9�V+P�1+®8A<¶©HB)�O��©�«B���Ã£��F��¨96BªY�(5>¤�¦½§;ª�ª���ªZ[�©3«B��ª��Á����ªO6¾��¬Bª���q
8B¦L��5����t¤��¯<h6$©3��£���§>6B«A<¶§;¬9+O©3«P��ª��Z�F��¦C§;©3�=+O©3�.8B§�ª��L¤�ªO<9ª�©3�1K¿¤���¬hL1£�¨B��§;©3�L��¬�§�¬E+·K���ª�ª3§;£���«1§;¬9+B¦C�L¬B£B 
û 5�©�«B��ªF�§B)�®Ko��¬�©3�L��¬Æ�L¬,6B§��F©��C¤�¨P¦½§��º��¬B¦�<dfA�$W$R���M]�S;aQ[¢B¡«B�C¤+«,6B���
´9�V+B��ªs©�«B����ª�«B��¦�+�ªF�C£�¬1§�©3¨B�F��ªZ[
��¬P¤��O<`6P©��C��¬�§�¬9+�¤����L¬BªZ[M§;¬9+QÀMT�Û9_Q[�B¡«P�C¤+«q�Cª¥©3«B�³§�¤�¤���ª�ªG62���L¬�©�5����I§;¦C¦R6B�F��©3�9¤���¦x�VKW6B¦C�=K���¬�©+§;©��C��¬
©3�¹©�«B�§KO¨B¦L©��V62���C¬�©º¬P��©HB)���n:M  - �F��©3�9¤���¦²¦½§D<�����ª³¤���KWK�¨B¬B�L¤�§;©���B¡�L©�«Æ��§�¤+«��;©3«B���s§;¬9+dB¡�L©3«�ÀMT�Û$_
8A<Òª���¬9+B�L¬B£ä§�ªO<9¬B¤+«B�F��¬B��¨Pª���´���¬�©3ª-[°B¡«B�L¤+« �LªH§�¦CªF��©3«B�'Ko��¤+«1§;¬B�CªOK$82��«B�L¬9+Ò©3«B�q§�ª¯<$¬P¤+«B����¬P��¨Bª
�C¬�´��$¤�§;©3�L��¬MK��N©3«B�`+q§�¦C¦L�B��=+;8A<¹©�«B� ö.-0/  

ö ¬q�
´����F´9�C�
B �(5t©3«B��ª��³¤�¦½§;ª�ª���ªÁ§�¬9+¯©3«B���C�¥����¦½§;©��C��¬Pª�«B��6BªZ�Cª¥ªF«B�B¡¬Ç�L¬Q³k�C£�¨B�F� ©  ?º� 

z�wLvywLv �s�=Î1�
Îy��Î2���¶ÍkÏt�t�����¾�
�P�
}J���¹�=Î2Í�þ²�

1 ��ª�«B§�¦C¦Y¬B�Bñ6B�F�=´9��+B��ªF��K��oªn62��¤���L1¤��C¬35����OK�§�©3�C��¬¸§>8¾��¨P©s©�«B����K§6P¦C�1Ko��¬�©3§;©3�L��¬Ý�(5¥©3«P�
´;§����L��¨Bª�6B����©��$¤���¦Cªs�(5¡©3«B�M� ö ³ª* /�ö Ko�V+E+B¦C�
BZ§��F���L¬�©3«B�¹ª�©+§;©��C¤�£�����¨E6¤K��`+B��¦J  / ¬»61§���©3�C¤�¨B¦½§;�Z[
B)�PB¡�L¦C¦>´����O<;8B�F�C�
¶9<¯ª�¨9KWK�§����L���º©3«P�O§�¦L£����F�L©3«EK�ª)¨B¬9+B����¦�<9�L¬B£o©�«B��ªF��6B�F��©3�9¤���¦CªZ[P�C¬q¦½§��F£��N61§���©Á©��
62���C¬�©º��¨P©º©3«P��¦½§D<������L¬B£¯§�¬9+Ý¤���K§62��ªF�L©3�L��¬'B¡«B�C¤+«¸�Cª'¨Bª��=+¸©���8B¨B�L¦V+Ç©�«B�¶¤��>K§6B¦L��mQ6B�F��©3�9¤���¦Lª'��¨$©
�(5)ª���K§6B¦L���º��¬B��ª�  / ©sªF«1§�¦L¦���¨B�C¤t:�¦�<s8¾��¤���Ko�¶¤�¦L��§��º©�«1§;©±©3«P�oªF�VKW6B¦C��6B�C¤N©3¨B�F�¶�C¬�³²�C£�¨B��� ©  �º·B¡�L©�«
�C¬E+B�L´9�V+P¨1§�¦R6B�F��©3�9¤���¦Cª¡§�ª¥©3���nKo�C¬1§;¦x¦C��§
´���ªÁ�C¬�§oªF�VKW6B¦C�º©������([jB¡«B�C¦L�±¦C�®©3����§�¦C¦?<H©3��¨P�s��¬¯©3«P�s¦L��´���¦y�(5

J ï



¤�¦C§�ª�ª��C¬B«B�����®©+§�¬B¤��([$�Cª���¨B�®©3�.+P��¤��=6P©3�®´��±�L¬h©3���OK�ª)�(5b6B���;©3�9¤���¦2��m$��¤�¨P©3�L��¬tp��L¬45�§�¤�©Z[EKo��ªF©°6B����©��$¤���¦Cª
¤�§;¦C¦Z��¬P�q���·K����F�¹�(5Á©3«B�¯��©�«B���Fª�§;ªoªF¨9896B�F��©3�9¤���¦CªZ[)§�¬9+ c(í6íG6P����©��$¤���¦Cª�¨Pª��¯©3«B�'ÀMT�Û$_÷¦½§D<����H©��
«1§�¬E+B¦C�±��m$©����F¬1§�¦�¤���KWK�¨B¬P�C¤�§�©3�C��¬Bª°B¡�L©�«¹©3«B�°����ªF©Á�(5t©3«B�°£��F��¨96x 

º�  / ¬ &2^0^x& [���§;¤+«r61§��F©H<@8¾��£��C¬Pª®8A<�ªF��¬9+B�L¬B£÷�®©3ª��L¬B�L©��½§�¦Z´���©3��©���©3«P�~B¡«B��¦L��£�����¨96t[Z©3«P��¬
¤���¦C¦L��¤�©��C¬B£oª�¨hÁ�¤��C��¬�©�¦�<QK�§;¬k<qªF¨B¤+«�´���©���ª±§;¬9+d+B��©����OK��L¬B�C¬B£xB¡«1§;©'�CªÁ©3«B��K�§�kF�����L©H<� "*¥«P��¬
©�«B�.61§���©3�L��ªZª�©+§���©¥£����L¬B£s©�«B����¨P£�«¹����¨P¬9+Bª�B¡�L©�«¯§�6B�F��q@´���©3�±ª�©+§�£��([1§eK�§��C¬�q@´��;©3�ÁªF©+§;£��([1§;¬9+
©�«B��¬ø§�+B��¤��Lª��C��¬���¶©�«B����ª�«B��¦�+¤����C¬�q�ª�«B§����¯£���¬B����§;©3�L��¬ª�©+§�£���  h §�¤+«ø�(5'©�«B��ªF�q´���©3��ªh§��F�
kF¨Bª�©3�?L1�1+§8k<o©3«P����ªF«B��¦�+�ª��L£�¬1§;©�¨B����ªZ§�¬E+���§;¤+«h©3�VKo�¡ª�¨EÁo¤��C��¬�©�¦�<WK�§;¬k<¶´���©3��ªZ���Ã¤����L¬�ªF«1§�����ª
K�¨PªF©_82��¤���¦C¦L��¤N©3�1+³©3�'§�ª�ªF�1Ke8B¦L�)©�«B��5�¨B¦L¦�ª��C£�¬1§;©3¨P���Ã���²¤����C¬x b*¥«B�Lª²�Cªk§I´����O<�+B�L����¤N©ª6P����©��$¤���¦f[
§�¬E+QB¡«B�L¦C�°�L©4+B�9��ª�ø�62��©3��¬�©3�½§;¦C¦�<3ù���¨B�®©3�³§§8B�®©Á�(5_K�¨P¦L©3��6¾���C¬�©¥¤��>K§K�¨P¬B�C¤�§;©3�L��¬t[B�®©"+P�$��ªI¬B�;©
¤�§�¦C¦y§;¬k<hª�¨9896P����©��$¤���¦Cª� 

¬   �2&2^0^x& �Lªh§�ªF¦C�C£�«�©§Ko�h+B�?L1¤�§�©3�C��¬ �L5 &2^0^x& B¡«P�����=8A<���§;¤+«r61§��F©H<²K�¨Bª�©M:����16�©��3§�¤t: �(5
´;§�¦L�V+1§;©��C��¬M+B§;©+§*5����I�®© 4 ªI�B¡¬Ý�L¬B�L©��½§�¦2´���©��¶§�ª�B���¦C¦k§�ª¶5����¡©3«P�O��6962��ªF�C¬B£H´���©��([¾��5��®©IªF«B��¨B¦�+
�N´����q§>6E6¾��§��h�C¬mªF��Ko�Ý����¨B¬E+ 4 ª¹¤���KWK�¨B¬B�L¤�§;©��C��¬s5�����K §�¬B��©�«B���h£�����¨96lKo�1Ke82���� q*¥«P��¬
B¡«B�L¤+«B��´�����´��;©3�¥�Cªkª���¦C��¤N©3�=+�§�©�©3«B����¬9+H�(5M©3«P��6B���;©3�9¤���¦$��¨B¬t[�§'´�§;¦C�V+B§;©3�L��¬s¤�§�¬·82��6B���
´9�V+P�1+
5����¥�®©� 

I  �*¥«B�W81§�ªF�C¤¶��+B��§¯�(5 ��^x& �Cª±©�«1§;©³��´����O<&6B§��F©H<¸¨BªF��ª ]0^¢] ©��Q6P����62��ª��H�®©3ª±�B¡¬Æ´;§�¦L¨B�H§�ª³§
¤�§�¬9+B��+1§;©3�°´;§�¦C¨P��5����¡©3«P��L1¬1§;¦k�F��ª�¨P¦L©o[¾§�¬9+q©3«B��¬���¬B��61§���©H<;B¡«P��ª��e6P����62��ª3§;¦tª�§;©3�LªOL1��ª'©3«P�
´;§�¦L�V+1§;©��C��¬§6B���=+B�C¤�§;©3�°�Lª¥ª���¦L��¤N©3�1+Ç§�ª¥©3«B�NL1¬B§�¦R+B��¤��CªF�C��¬¹´;§�¦L¨B�±�C¬q§Hª�����¨B��¬B¤��s�(5 �2&2^0^x& ª� 
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