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[=\E]_^�`KaCb;]�c;dOa)aRegfghickjSfl^�]
m�n dSopbK^�q�b n�r btsu]

v jSwgw+d n ^�xgb n b;c�y�b n c�y�bzf�{=|S}=~J}R���ljSfl�Ehib n������ |�� ��� w�jS��b;]

�!�l�t�,������� dOe�]BjS�+d n xgdOf�]��ib�w n dO�g�i`KaCb�xgb���j�]_\Efl^_y�`;]�b�xgb�c;dOfl^ n�� �ibKe n ]���^ n j;��b n ]�xWh��+  n bKf=^�]!aCd=xg`K�ib;]
jS�¡��jSf=^!xgb;]B]_\E]�^�`KaCb;]Cxgb¢^ n jSf�]_h¡^_hidOf�]�£�fghi]BjSeW¤¥]_\W]_^�`KaCb;]Cy=\=� n hixgb;]!bKf¥f�dOe�]�h¡fl^�  n b;]�]UjSf=^���xgb;]Cw n dOw n hi K^� ;]
xgb¦]_§ n bK^� �¨ª©�jSf�]�c;b¦ckjOx n b�«¬f�dOe�]�f�dOe�]�h¡fl^�  n b;]�]�dOf�]�w n h¡f�cKh¡w�jS�ibKaCbKf=^jSe®w n dO�g�i`KaCb�xgb¦]_\Efl^_y�`;]�bw+dOe n egf
aCdExg`K�ibRh¡f=^�b n aC ;xWh�jSh n b�¯
�ib;]�]_\W]_^�`KaCb;]�xgb�^ n jSf�]_h¡^_hidOf�]0]_\EaR�+dO�¡hi°le�b;]k¨�±�²³jSf�jS�¡\W]�bRxgb;]��
b;]UdOh¡f�]�xgb�aCdExg K�¡hi]UjS^_hidOf
f�dOe�]�jSaC`Kf�bC� n b;xg 5£�fgh n ��j!f�dO^_hidOf�xgb)c;dOfl^ n�� ��jS�gh¡�¡h¡^� CbKf´µjShi]UjSfl^�w+d n ^�b n �ib¶ckj n jOcK^�` n bCxgb¶c;dOfl^ n�� ��jS�gh¡�¡h¡^� )f�dOf
wg�¡e�]�]_e n �ib;]� K�� Kf�bKaCbKf=^�]0a�jShi]�]_e n �ib;]��lj n xgb;]�xgb;]�^ n jSf�]_h¡^_hidOf�]k«�wgeghi]��)xg 5£�fgh n xgb;]�jS�¡��d n h¡^_ygaCb;]0xgbR]_\Efl^_y�`;]�b
w+b n aCbK^_^UjSfl^&�µ² e�]UjS��bCx·²³jSwgw n dk¤Eh¡a�jS^_hidOf�]¶x·²³jO]�]_e n b n ��j!£�fgh¡^_e�xgb�xgb;]�ckjS�icKeg�i]k¨ � dOe�]��� Kf�  n jS�¡hi]�dOf�]�w�j n ��j¢]_egh¡^�b
f�dO^ n bRaC K^_y�d=xgdO�idO��hib¶jSe�c;dOfl^ n�� �ib&xgb�]_\W]_^�`KaCb;]ªy=\=� n hixgb;]t«�c;b�°=egh¸xgdOfgf�b�egf�ckjOx n b�egfgh�£� RxWe�w n dO�g�i`KaCb�xgb���j
]_\Efl^_y�`;]Ub�w
dOe n egf�bKf�]�bKaR�g�ib�c;dOf�]_hi]_^UjSfl^�xgb�aCd=xg`K�ib;]t¨
¹»º�¼k�K½U¾=¿7�¦� ]_\W]_^�`KaCb;]uxgb�^ n jSf�]_h¡^_hidOfB£�fghi]uyl\E� n hixgb;]¬bK^u]_\EaCdO�¡hi°=e�b;]k«=]�\=f=^_y�`;]�b�xgb�c;dOfl^ n�� �ibKe n ]k«Ww n dOw n hi K^� ;]ªxgb
]_§ n bK^� �«�h¡fl^�b n w n  K^UjS^_hidOf�jS��]_^ n jSh n b
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�� �k¼����g¾�¼���� fB^_yghi]uw�jSw+b n «��ub�^UjOc��=�ib0^_y�b0]UjJ´ÈbK^ \Cc;dOfl^ n dO�¡�ib n ]�\=f=^_y�b;]_hi]uw n dO�g�ibKaz´Èd n ��j n hidOe�]uaCd=xgbK�i] n jSfg��h¡fg�
´ n dOa £�fgh¡^�bR^ n jSf�]_h¡^_hidOf�]_\W]_^�bKaC]0^�dByl\E� n hix]�\E]_^�bKaC]t¨�� h¡^_ygh¡f^_yghi]�´ n jSaCb�� d n �+«�� b)j n b&a�jSh¡fg�¡\�h¡fl^�b n b;]_^�b;x¦h¡f
jSf¢h¡f=^�b n aCb;xWh�jS^�b�aCdExgbK�µ¯W^_y�b�]_\=a��
dO�¡hic%^ n jSf�]�h¡^_hidOf�]_\W]_^�bKa�¨���dExgbK�¡h¡fg� n b;°legh n bKaCbKf=^�]��ibkjOx�e�]¬^�d n b;xgb5£�f�b�^_y�b
c;dOf�c;bKwg^RdS´¬c;dOfl^ n dO�¡��jS�gh¡�¡h¡^H\��l\jSwgwg�¡\Eh¡fg��h¡^%^�d�^_y�b&��e�j n xg]�dS´u]�\=a��
dO�¡hic¶^ n jSf�]_h¡^_hidOf�]t«+h¡f�]_^�bkjOx¦^�d�bK��bKfl^�]k¨���b
^_y�bKf¥xgb5£�f�b¢]_\Efl^_y�b;]�hi]CjS�¡��d n h¡^_ygaC])��jO]�b;x dOf¥jS��]_^ n jOcK^)h¡fl^�b n w n bK^UjS^_hidOf ^�b;c�ygfghi°=e�b;]C]�d^_y�jS^ � b¢ckjSf bKf�]_e n b
£�fgh¡^�bKf�b;]�]udS´·^_y�b�c;dOa)wgeg^UjS^_hidOf�]k¨!��bª£�f�jS�¡�¡\¶��bKf�b n jS�¡h#"kb0dOe n aCbK^_y�dExgdO�idO��\)^�d�^_y�b�c;dOf=^ n dO�
dS´+yl\E� n hixB]�\E]_^�bKaC]t«
�ªyghicUy���h¡��b;]�jSf�egfgh�£�b;x¢´ n jSaCb��ud n �¢^�d¶^_y�b�]_egw+b n �=hi]�d n \�c;dOfl^ n dO�¸w n dO�g�ibKa ´Èd n ]�bK��b n jS�¸cK��jO]�]�b;]�dS´,aCdExgbK�i]k¨
$&%�'+½)(�º���*,���,+ h¡fgh¡^�b�]_^UjS^�b0a�jOc�ygh¡f�b�«�yl\E� n hix�jSf�x¢]_\=a��
dO�¡hic%]_\W]_^�bKaC]k«E]_egw+b n �=hi]Ud n \Bc;dOfl^ n dO�¸w n dO�g�ibKa�«g]UjJ´ bK^H\
w n dOw+b n ^_hib;]k«�jS��]_^ n jOcK^�h¡fl^�b n w n bK^UjS^_hidOf
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m j n a)hu�ib;]�xWh��+  n bKf=^�b;]�aC K^_y�dExgb;]RxgbCc;dOf�c;bKwg^_hidOfNbK^Rxgb)��jS�¡hix�jS^_hidOf «·��j¢]_\Efl^_y�`;]UbCxgb)c;dOfl^ n�� �ibKe n b;]_^�]UjSf�]
xgdOeg^�b��µ² egf�b�xgb;]�wg�¡e�]�]� ;xWeghi]UjSf=^�b;]k¨43��¡�ib�w
b n aCbK^&bKfl^ n bBjSeg^ n b�xgb n j65Cf�b n egf�b�]_w
 ;cKh�£�ckjS^_hidOf?h¡f�c;dOa)wg�i`K^�bBxgb
a�jSfghi` n b��&jS^_^�bKh¡f�x n b�egf!c;b n ^UjSh¡f¢dO�Wopb;cK^_h�´_«l^H\=wghi°=e�bKaCbKfl^¬��j�]UjS^_hi]p´µjOcK^_hidOf!x·² egf�b�w n dOw n hi K^� 0f�dOf!bKf�c;d n b0��  n h�£� ;b
]_e n �ib&]_\E]�^�`KaCbRh¡fgh¡^_h�jS�µ¨
± b n j65Cf�bKaCbKfl^�c;dOf�]_hi]�^�b�x�jSf�]%c;b&ckjOx n b¶�Bc;dOfl^ n jSh¡f�x n b¶egf�b&]_w+ ;cKh�£�ckjS^_hidOf�jJ£�fx·²³jS^
7
^�bKh¡f�x n bR�µ² dO�Wopb;cK^_h�´ £g¤g �¨$3�f�c;b�]�bKf�]t«g��j¶]_\Efl^_y�`;]�b�w n dEc;`;xgb�w�j n  K�¡h¡a)h¡f�jS^_hidOf¦xgb�c;dOa)w+d n ^�bKaCbKfl^�]0h¡f�xg ;]_h n jS�g�ib;]k«
bK^)x�jSf�]¶]�dOf ckjOx n b¢cK��jO]�]_hi°=e�b�f�b!c�y�b n cUy�b¢w�jO])��jJo_dOeg^�b n dOe ��h¡fl��bKf=^�b n xgbBf�dOeg��bkjSeW¤Nc;dOa)w+d n ^�bKaCbKfl^�]BjSe
]_\W]_^�`KaCb%h¡fgh¡^_h�jS�µ¨

±(jB]�\=f=^_y�`;]�b�xgb�c;dOfl^ n�� �ibKe n b;]_^0egf�xgdOa�jSh¡f�b¶xgb n b;c�y�b n cUy�b¶�ghibKf K^UjS�g�¡hµ«+°=egh(]�b�^ n dOeg��b&����jC´ n dOf=^_hi` n b&xgb
wg�¡e�]_hibKe n ]�xWhi]�cKh¡wg�¡h¡f�b;]k¯

8 ¨�±�²³jSeg^�dOa�jS^_hi°=e�bRxWhi]�c n `K^�b�«�°=egh  K^_e�xWhib��ib;]�]_\E]�^�`KaCb;]��) K�� Kf�bKaCbKfl^�]0xWhi]�c n bK^�]:9
� ¨ª�µ² h¡fW´ d n a�jS^_hi°=e�b%´ÈdOf�x�jSaCbKfl^UjS�ib�«
bK^ªwg�¡e�]�]_w+ ;cKh�£�°=e�bKaCbKfl^��ib�aCdExgbK�;7 c�y�b;c��=h¡fg�$9
0W¨�bKfW£�f «g�µ²³jSeg^�dOa�jS^_hi°=e�bRxgb;]�]_\W]_^�`KaCb;] n  K��hi]�w�j n xgb;]� ;°=e�jS^_hidOf�]�xWh��·  n bKfl^_hibK�¡�ib;]k¨

± b;]¢xgbKeW¤ w n bKa)hi` n b;]¢xWhi]�cKh¡wg�¡h¡f�b;]¢dOfl^¢c;dOa)aCbw
dOh¡f=^¢c;dOa)aRegf x·² eg^_h¡�¡hi]�b n �ib�a�<KaCb�^H\=w+b¦xgb�aCdExg`K�ibw
dOe n
aCdExg K�¡hi]�b n �ib;]�]_\W]_^�`KaCb;]��&c;dOfl^ n�� �ib n bK^ª�ib;]¬w n dOw n hi K^� ;]��¶jO]�]_e n b n «��¶]9j;��dOh n xgb;]¬aCdExg`K�ib;]��&��jO]�b%x·²³jSeg^�dOa�jS^�b;]
°=egh3xg 5£�fghi]�]�bKf=^�xgb;]R��jSfg�ljS��b;]�´Èd n aCbK�i]R]_e n xgb;]�jS�¡wgy�jS�+bK^�]Rx·²  K�� Kf�bKaCbKfl^�]>= ��� « � }�? ¨4@�f�bChixg ;b)´ÈdOf�x�jSaCbKfl^UjS�ib
xgb�c;bK^_^�bRjSwgw n d=cUy�b�b;]�^��µ²  ;°legh¡��jS�ibKf�c;bRbKf=^ n bRc;b n ^UjSh¡f�b;]0cK��jO]�]�b;]�xgb���jSfg�ljS��b;]�´Èd n aCbK�i]�bK^��ibKe n ] n bKw n  ;]�bKf=^UjS^_hidOf�]
�C��jO]�b�x·²³jSeg^�dOa�jS^�b;]BA ]UjSf�]�dOeg�g�¡hib n �ibKe n ] n bKw n  ;]�bKfl^UjS^_hidOf�]��¶��jO]�b�xgb�´Èd n aReg�ib;]0xgb��idO��hi°=e�b�^�bKa)w+d n bK�¡�ibC= ��� ?*D5¨
@�f�b�jSeg^ n b0ckj n jOcK^�  n hi]�^_hi°le�b�b;]�^u°=e�b%c;b;] aCdExg`K�ib;]�����jO]�b%x·²³jSeg^�dOa�jS^�b;]ªf�b%]�dOfl^¬w�jO]ª]_\EaR�+dO�¡hi°=e�b;]k«EjSe¢]�bKf�]ªd�E
h¡�i]ªf ² h¡f=^�`K� n bKfl^0w�jO]���j&f�dO^_hidOf�xgb��Oj n h�jS�g�ibGFSxgdOfgf� ;b�bK^�x·² dOw
  n jS^_hidOf�]0jS�¡�� K� n hi°le�b;]�]_e n c;b;]�xgdOfgf� ;b;]t¨

3�f n bK��jSf�c�y�b�«��ibªc;dOf=^ n�� �ib�xgb�]_\E]�^�`KaCb;] n  K��hi]�w�j n xgb;]  ;°le�jS^_hidOf�] xWh��+  n bKf=^_hibK�¡�ib;]uj�jOxgdOwg^� �xgbKwgeghi]��ibªa)h¡�¡hibKe
xgb;]�jSfgf� ;b;] ��� �ib%aCdExg`K�ib�xgb;]ª]_\W]_^�`KaCb;]¬yl\E� n hixgb;]�= � ? ¨W± b%^�b n aCb%y=\=� n hixgbR]_h¡��fgh�£�b%hicKh °le�b%c;b;]ª]_\W]_^�`KaCb;]ªc;dOaH7
�gh¡f�bKf=^ªegf�c;dOa)w+d n ^�bKaCbKfl^�xWhi]�c n bK^k«EaCd=xg K�¡hi]UjSf=^ªw�j n b5¤WbKa)wg�ib0egf¢c�y�jSfg��bKaCbKf=^�xgb0aCd=xgb0xgb�´ dOf�cK^_hidOfgf�bKaCbKf=^k«
jk��b;cCegf c;dOa)w+d n ^�bKaCbKfl^&c;dOfl^_h¡fle «(aCdExg K�¡hi]UjSfl^�w�j n b5¤WbKa)wg�ibC��j!�idOh3xgbCc;dOa)a�jSf�xgb�x·² egf � n jO]�j n ^_hicKeg�i Cx·² egf
n dO�+dO^k¨¸± b;]&]_\W]_^�`KaCb;]�y=\=� n hixgb;]&]�dOf=^�xgb;]�aCd=xg`K�ib;]�]_\=a��
dO�¡hi°=e�b;]k«,jSe?]�bKf�]�d�E h¡�i]Rxg 5£�fghi]U]�bKfl^��µ²  K��dO�¡eg^_hidOf xgb
��j n h�jS�g�ib;]BAFflegaC  n hi°=e�b;]�D5«· K��dO�¡eg^_hidOf�°legh,w
bKeg^�<K^ n b¶xWhi]�c n `K^�bIAFw�j n b5¤·¨¡«��µ² h¡f�c n  KaCbKf=^UjS^_hidOf x·² egfc;dOa)wg^�bKe n D0dOe
c;dOf=^_h¡fle�bJA  K��dO�¡eg^_hidOfCx·² egf�bu��j n h�jS�g�ibuxg 5£�fghib¬w�j n egf�b¬ ;°le�jS^_hidOfCxWh��·  n bKfl^_hibK�¡�ibGD5¨LKuhibKf)°=e�b3�µ² dOf¶wgeghi]�]�bªjS^_^ n h¡�ge�b n
jSeW¤B]�\E]_^�`KaCb;]3yl\E� n hixgb;]¬egf�b�]U Ka�jSfl^_hi°=e�b�bKf!^�b n aCb�xgb���jSfg�ljS��b�«=h¡�
b;]_^ wg�¡e�]¬c;dOe n jSfl^ªx·²³jOxgdOwg^�b n ��j��Ehi]_hidOf�a�j67
^_y� Ka�jS^_hi°=e�bRcK��jO]�]�hi°le�b�«gx�jSf�]ª��jO°=e�bK�¡�ib�dOf�]k² h¡f=^�  n b;]�]�bRjSeW¤�w n dOw n hi K^� ;]�w+d n ^UjSfl^�]�e n �µ²  K^UjS^�xWe�]_\W]_^�`KaCbBAF�OjS�ibKe n
xgb;]��Oj n h�jS�g�ib;]�bK^�xgb;]¬´ dOf�cK^_hidOf�]�D5¨

3�f n jShi]UdOf¦xgb&c;b;]%^ n jOxWh¡^_hidOf�]�xWh¡��b n ]�b;]k«��ib&w n dO�g�i`KaCb)xWec;dOf=^ n�� �ib)b;]_^%]�dOeg��bKfl^�w+d�]� Rx·² egf�b&a�jSfghi` n b)]�bKfM7
]_h¡�g�ibKaCbKf=^�xWh��+  n bKf=^�b�]�bK�idOf°le�bR�µ² dOf�]k² h¡f=^�  n b;]�]�b¶�Cxgb;]0]_\W]_^�`KaCb;]�xWhi]�c n bK^�]0dOe��xgb;]�]�\E]_^�`KaCb;]�yl\E� n hixgb;]k¨ m j n
b5¤gbKa)wg�ib�«,��j¢f�dO^_hidOf x·²  K�� Kf�bKaCbKfl^Cc;dOf=^ n�� ��jS�g�ib!dOeNh¡f�c;dOfl^ n�� ��jS�g�ib�«�b;]U]�bKfl^_hibK�¡�ib�x�jSf�]��ibBc;dOf=^ n�� �ib!xWhi]Uc n bK^k«(b;]_^
�� Kf�  n jS�ibKaCbKf=^uaCdOh¡f�] b5¤Ewg�¡hicKh¡^� ;b�x�jSf�]��ib�c;dOf=^ n�� �ib�y=\=� n hixgb�¨=±�² dO�WopbK^ xgb�c;bK^uj n ^_hicK�ib�b;]�^3xgbªw n dOw+d�]�b n egf�b�ckjOx n b
egfgh�£�ckjS^�bKe n jSe�c;dOf=^ n�� �ib�xgb;]�]_\W]_^�`KaCb;]¬xWhi]�c n bK^�]�bK^ªy=\=� n hixgb;]t«gckjOx n b�°legh c;dOf�c;b n f�b��&��jR´ÈdOhi]¬�ib;]ªaCd=xg`K�ib;]ªbK^ª��j
]_w+ ;cKh�£�ckjS^_hidOf�xgb;]�w n dO�g�i`KaCb;]uxgbªc;dOfl^ n�� �ib�]_e n c;b;]�aCdExg`K�ib;]k¨�©�jSf�]���j%]_egh¡^�b�xgbªc;bK^_^�b�h¡fl^ n dExWe�cK^_hidOf «�f�dOe�]�w n  ;cKh;7
]�dOf�](f�dO^ n buxg 5£�fgh¡^_hidOf&x·² egf&w n dO�g�i`KaCb xgb c;dOfl^ n�� �ib¬bK^¸�ib;],c n h¡^�` n b;] °legh=h¡fl^�b n �EhibKfgf�bKfl^ w+dOe n cK��jO]�]_h�£�b n xWh��·  n bKfl^�b;]
w n dO�g�i`KaCb;]0xgb�c;dOfl^ n�� �ib�«
j;��jSfl^�x·²³jSfgf�dOf�c;b n �ib%wg��jSf�bK^�xgb%w n  ;cKhi]�b n �ib;]�c;dOfl^ n h¡�geg^_hidOf�]%xgb�c;bK^�j n ^_hicK�ib�¨

N �Sº  ¿F�=�,�W¼GO(P � % * �¥¾�ºRQ
¼��6S
¿ %$T ± b�w n dO�g�i`KaCb�xgb���j¶]_\=f=^_y�`;]�b�xgb�c;dOfl^ n�� �ibKe n = � 8 ? w+bKeg^�]�b n  ;]_egaCb n jSh¡f�]_hµ¯
 K^UjSf=^3xgdOfgf� uegfC]_\E]�^�`KaCb�«S°=eghEaCd=xg K�¡hi]�b¬egf¶w n dO� n jSa)aCb�dOe¶egf)]_\W]_^�`KaCbVU n  ;bK�;WU«�c;dOa)aCbKfl^�´Èd n c;b n c;b¬]_\E]�^�`KaCb¬�
n b;]_w+b;cK^�b n ]�b;]¸]_w+ ;cKh�£�ckjS^_hidOf�]k«SbKf n b;]_^ n bKh¡��f�jSf=^�]�dOf�c;dOa)w+d n ^�bKaCbKfl^X��Y�����(�$�[ZM�������\���]�_^¬± b3c n h¡^�` n bux·² dOwg^_h¡a�jS�¡h¡^� 
]�dOeg�¡h¡��f� �b;]_^)h¡a)w
d n ^UjSf=^k¯3dOf ��bKeg^C�lj n xgb n �ib�wg�¡e�]Cxgb¢c;dOa)w
d n ^�bKaCbKf=^�]�w+d�]�]_h¡�g�ib;]�xWe¥]_\E]�^�`KaCb�h¡fgh¡^_h�jS�µ¨`@�f�b
w n bKa)hi` n b�°le�b;]_^_hidOf�°legh ]�b%w+d�]�b�b;]_^ª�µ² h¡a)wg�i KaCbKf=^UjS^_hidOfxWe�]_\E]�^�`KaCb�c;dOfl^ n�� �i �¯

8 ¨�± b�c;dOfl^ n�� �ib�b;]_^
7µh¡�¸b5�·b;cK^_e� �xgb%a�jSfghi` n b�h¡f=^�b n f�bRdOe�b5¤W^�b n f�bM^

abadcfehg&ihj�i
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©�jSf�]B�ib )��L�_���
	L�]� �*�_�������R�K« dOf�aCdExWh�£�b��ib�]_\W]_^�`KaCb�h¡fgh¡^_h�jS��jJ£�f x·² dO�g^�bKfgh n �ib�aCd=xg`K�ib�c;dOfl^ n�� �i �¨¬±¸j �=hi]_hidOf
jOxgdOwg^� ;bb;]_^�c;bK�¡�ibxWe n j65Cf�bKaCbKf=^!x·² egf�b]_w+ ;cKh�£�ckjS^_hidOf�h¡f�c;dOa)wg�i`K^�b�«ªjJ£�f xgb���j n bKf�x n b�c;d n_n b;cK^�b��Ehi]
7H�67µ�=hi]
x·² b5¤Wh¡��bKf�c;b;]¬�ghibKf¢xg 5£�fghib;]k¨ � �
]k²³jS��h¡^ ^H\=wghi°=e�bKaCbKfl^�xgb0aCdExWh�£�b n �ib;]3^ n jSf�]_h¡^_hidOf�]ªxWe�]_\W]_^�`KaCb�¨E©%jSf�]u�ibH)����_��� 	���
��/������� �K«·�ib&c;dOa)w
d n ^�bKaCbKf=^RxWe�]_\E]�^�`KaCbRh¡fgh¡^_h�jS��b;]_^%c;dOfl^ n jSh¡f=^��B�µ²³jShixgb¶x·² egf¦]�egw
b n �Ehi]�bKe n °legh�jBxgb;]%aCdk\�bKf�]
x·²³jOcK^_hidOf bK^�x·² dO��]�b n ��jS^_hidOf�]_e n �ib¶]_\W]_^�`KaCb�¨ � ��]k²³j;��` n b)bKf´µjSh¡^�°le�b&�ib;]0w n dO�g�i`KaCb;]�]�dOf=^� ;°legh¡��jS�ibKfl^�]k«+a�jShi]%h¡�
c;dOf=�=hibKf=^�xgb�]_w+ ;cKh�£�b n �ib%w
dOh¡f=^�xgb%�Ee�b�jOxgdOwg^� �¨�±¸j¶c;dOa)aRegf�jSeg^� &]_\W]_^�`KaCb;]��¶ K�� Kf�bKaCbKfl^0xWhi]�c n bK^�]�jOxgdOwg^�b��ib
w+dOh¡fl^�xgb0�Ee�b0xWe�c;dOf=^ n�� �ib�b5¤E^�b n f�b�«W^UjSf�xWhi]�°le�b0��j&c;dOa)aRegf�jSeg^� �]�\E]_^�`KaCb;]¬y=\=� n hixgb;]�eg^_h¡�¡hi]�b�´ n  ;°=e�bKa)aCbKfl^��ib
c;dOf=^ n�� �ib�h¡fl^�b n f�b�¨

±(j¶�=hi]�hidOf�jOxgdOwg^� ;b�w�j n �ib�c;dOf=^ n�� �ibRb5¤W^�b n f�bRjSaC`Kf�b�f�jS^_e n bK�¡�ibKaCbKfl^0�ib;]�°=e�b;]_^_hidOf�]�]�egh¡�OjSf=^�b;]k¯
� D���e�bK�i]�]�dOf=^��ib;]ªaCdk\�bKf�]0x·² dO��]�b n ��jS^_hidOf�xWe�]_egw+b n �Ehi]�bKe n ^
0/D���e�bK�i]�]�dOf=^�]�b;]ªaCdt\�bKf�]�x·²³jOcK^_hidOf�]/^
± d n ]U°le ² dOf ]k² h¡fl^�  n b;]U]�bBjSeNc;dOfl^ n�� �ib!h¡fl^�b n f�b�«(�ibCw n bKa)hib n c n h¡^�` n bBxgbK�EhibKfl^¶]UjSf�]�dO�WopbK^k¯(dOf?]_egwgw+d�]�b�°=e�b)^�dOeg^
b;]_^udO��]�b n ��jS�g�ib�¨.3�f n bK��jSf�c�y�b�«E�ib�]�b;c;dOf�x!c n h¡^�` n b n b;]_^�b�w+b n ^_h¡f�bKfl^k«gj;��b;c���jRf�dO^_hidOf!x·²  K�� Kf�bKaCbKf=^uh¡f�c;dOf=^ n�� ��jS�g�ib
]_e n �ib;°=e�bK�+h¡�·f ² \!j�w�jO]ªxgb%aCdk\�bKf�x·²³jOcK^_hidOf ¨g±¸�¶bKf�c;d n b�«W�ib;]�xgbKeW¤!c;dOa)a�egf�jSeg^� ;]�°=e�b0f�dOe�]�j;��dOf�]ªhixgbKf=^_h�£� ;b;]
xWh��·` n bKfl^0]_e n ��j)xg 5£�fgh¡^_hidOf�bK^���j&aCdExg K�¡hi]UjS^_hidOfxgb;]ªaCdk\�bKf�]�xgb�c;dOfl^ n�� �ib�bK^�x·² dO��]�b n �OjS^_hidOf ¨

KuhibKf�]_§ n «+w+dOe n xg 5£�fgh n w n  ;cKhi]� KaCbKfl^�egf¦w n dO�g�i`KaCbCxgb)c;dOfl^ n�� �ibC]UbK�idOf�ib;]�c n h¡^�` n b;]R Kf�dOf�c; ;]�cKh;7 xgb;]�]_e�]k«+h¡�
´µjSeg^�w n  ;cKhi]�b n �ib�aCd=xg`K�ibRc;dOf�]_hixg  n  �w+dOe n�n bKw n  ;]�bKf=^�b n egf�]�\E]_^�`KaCb�«�jSh¡f�]�h¸°le�b��ib%´ d n a�jS�¡hi]�aCb�eg^_h¡�¡hi]� �w+dOe n �ib;]
w n dOw n hi K^� ;]%�)jO]�]_e n b n � n�� c;bRjSe�c;dOfl^ n�� �ib�¨

� ¿���º ��O7¼! (�,%l� %�¼�"hQ
¼�%���# �S��¼��W¼GOFº�Q �� �;¼����$O7¼�%_T @�f�bR´ dOhi]�egf�w n dO�g�i`KaCb¶xgb�c;dOfl^ n�� �ib&�ghibKf�w+d�]� �«�h¡�,]k²³jS��h¡^
xgb�ckjS�icKeg�ib n �ib�]_\W]_^�`KaCbªc;dOfl^ n�� �i ��ib¬wg�¡e�]�w
b n a)hi]U]_h�´p¨lsub�ckjS�icKeg��w
bKeg^��� Kf�  n jS�ibKaCbKf=^u]Ub n jSaCbKf�b n �0��j n  ;]�dO�¡eg^_hidOf
x·² egf�b� ;°le�jS^_hidOf�xgb�w
dOh¡f=^
7È£g¤Wb�]�e n �ibª^ n bKh¡�¡�¡hi]3c;dOa)wg�ibK^3xgb;] bKf�]�bKaR�g�ib;] x·²  K^UjS^�]3xWe�]�\E]_^�`KaCb�¨�±¸b�ckjS�icKeg��xWeCw+dOh¡fl^
£g¤gb¶b;]_^�c;bKw
bKf�x�jSf=^�h¡f�xg ;cKhix�jS�g�ib�«¸�!aCdOh¡f�]�°=e�b��µ² b;]�w�jOc;b)xgb;]� K^UjS^�]�f�b¶]�dOh¡^0£�fgh�dOef�b0o_dOeghi]�]�b&xgb¶w n dOw n hi K^� ;]
w�j n ^_hicKeg�¡hi` n b;]k¨�subK^!dO��]_^UjOcK�ib�w+bKeg^�^�dOeg^�b5´ÈdOhi]I<K^ n b�c;dOf=^�dOe n f� �w�j n �µ² eg^_h¡�¡hi]UjS^_hidOf®x·²³jSwgw n d;¤Wh¡a�jS^_hidOf�]k«ªx�jSf�]��ib
ckjOx n b¶^_y� ;d n hi°=e�b¶xgb��µ² h¡f=^�b n w n  K^UjS^_hidOf?jS��]_^ n jSh¡^�b�¨¸subK��jBw+b n aCbK^%x·² dO�g^�bKfgh n egf�b¶]�dO�¡eg^_hidOf�c;d n_n b;cK^�b�« jSe¦w n h�¤xgb
��j¶w+b n ^�b�xWe�ckj n jOcK^�` n b�dOwg^_h¡a�jS�¸xWe�]_\W]_^�`KaCb�c;dOfl^ n�� �i �dO�g^�bKfle ¨

NR¿ �$Q %�¼%$RºRQ
¼���O  � ¼GOFº�QVT sub�w�jSwghib n w n dOw+d�]�b�x·² egfgh�£�b n x�jSf�]!egf aCd=xg`K�ibegfghi°=e�b��ib;]!w n h¡f�cKh¡w�jS�ib;]�w n  �7
]�bKf=^UjS^_hidOf�]RxWe¦w n dO�g�i`KaCbCxgb¶c;dOfl^ n�� �ibBjSwgw�j n jShi]�]UjSfl^�x�jSf�]���jB�gh¡�g�¡hidO� n jSwgyghib�]_e n �ib¶c;dOfl^ n�� �ibCxgb;]�]�\E]_^�`KaCb;]��
 K�� Kf�bKaCbKf=^�]�xWhi]�c n bK^�]�bK^�xgb;]�]_\W]_^�`KaCb;]¬y=\=� n hixgb;]k«�bK^�xg 5£�fgh¡^��ib;]�jS�¡��d n h¡^_ygaCb;]0xgb�]_\Efl^_y�`;]�b�c;d n_n b;]�w
dOf�x�jSf=^�]k¨
� dOe�]�c;dOa)aCbKf�c;b n dOf�]%w�j n w n  ;]�bKfl^�b n jSe'& � �ib;]�^ n dOhi]�aCdExg`K�ib;]�xgb�]_\W]_^�`KaCb;]�°=e�b�f�dOe�]�jS�¡�idOf�]0c;dOf�]_hixg  n b n «

x�jSf�]��µ² d n x n b�c n dOhi]�]UjSf=^�xgb��ibKe n b5¤Ww n b;]�]_h¡�Eh¡^� �¯
( �ib;]C]_\W]_^�`KaCb;]Cxgb¢^ n jSf�]�h¡^_hidOf�]� K^_hi°=e�bK^� ;] A ± r [ D5«3°=egh�]�dOfl^Bxgb;]C]_\W]_^�`KaCb;]��� K�� Kf�bKaCbKf=^�]BxWhi]�c n bK^�]t«�°legh
eg^_h¡�¡hi]�bKfl^��ib;]ªf�dO^_hidOf�]�x·²  K^UjS^�]k«�x·²  K�� Kf�bKaCbKfl^k«
bK^�xgb%^ n jSf�]_h¡^_hidOf�bKf=^ n bR K^UjS^�]:9

( �ib;]C]_\W]_^�`KaCb;]�xgb�^ n jSf�]_h¡^_hidOf�]B]�\=a��
dO�¡hi°=e�b;] Aµ[ r [ D5« °legh�]UdOfl^�xgb;]B]_\E]�^�`KaCb;]CxWhi]�c n bK^�]!xg 5£�fghi]B�¦�µ²³jShixgb
xgb���j n h�jS�g�ib;]�bK^¢x·² dOw
  n jS^_hidOf�]¢]_e n c;b;]!�Oj n h�jS�g�ib;] AF^�b;]_^�]t«ujJ�·b;cK^UjS^_hidOf�]�D5¨ª± b�w
dOh¡f=^�h¡a)w
d n ^UjSf=^¢hicKh0b;]_^
�µ² h¡fl^ n dExWe�cK^_hidOf x·² egf�b)xWhi]_^_h¡f�cK^_hidOf bKf=^ n b)]_\Efl^UjJ¤gb&bK^�]U Ka�jSfl^_hi°=e�b�« bK^%�ibR´µjSh¡^�°=e�b��µ² bKf�]UbKaR�g�ibCxgb;]� K^UjS^�]
xgbK�=hibKf=^�w+dO^�bKfl^_hibK�¡�ibKaCbKfl^0h¡fW£�fgh\9

( �ib;] ]�\E]_^�`KaCb;]¬xgb�^ n jSf�]_h¡^_hidOf�]¬yl\E� n hixgb;]�A*) r [ D�9=°=egh
 K^�bKf�xgbKf=^ª�ib;]�[ r [)w�j n �µ²³jJo_dOeg^ux·² egf¢c;dOa)w+d n ^�bKaCbKfl^
c;dOfl^_h¡f=e�xgb�c;b n ^UjSh¡f�b;]��Oj n h�jS�g�ib;]ªf=egaC  n hi°le�b;]0bKfl^ n b�xgbKeW¤!^ n jSf�]�h¡^_hidOf�]�xWhi]�c n `K^�b;]k¨

±¸jC]� Ka�jSfl^_hi°=e�bRxgb�c;b;]�]�\E]_^�`KaCb;]�]�b n j¶xg 5£�fghibRbKf¢^�b n aCb�xgb�^ n jOc;b;]+A dOe�xgb�^ n jJo_b;cK^�dOh n b;]�w+dOe n �ib;]+) r [ D5¨
±¸b�&�0�xg K^UjSh¡�¡�ib��ib;]�w n dOw n hi K^� ;]¶°le�b�f�dOe�]¶c;dOf�]_hixg  n b n dOf�]&w
dOe n �ib�c;dOf=^ n�� �ib�¨ � � ]t²³jS��h¡^�b;]�]�bKf=^_hibK�¡�ibKaCbKfl^)�ib;]

w n dOw n hi K^� ;]uxgbª]_§ n bK^� �«�xg 5£�fghib;] bKfC^�b n aCb�x·² bKf�]�bKa��g�ib�xgbª^ n jOc;b;]�dOeBx·² b5¤W ;cKeg^_hidOf�]k«=jSh¡f�]_h�°=e�bªxgb;]�w n dOw n hi K^� ;] xgb
�Eh¡�OjOcKh¡^� 0w�j n ^_hicKeg�¡hi` n b;]�c;dOa)aCb�c;bK�¡�ib%xgb0f�dOfM7µ�g�idEckjS��b�¨�sudOa)aCb%�ib;] w n dOw n hi K^� ;]�xgb0]�§ n bK^� �w+bKeg��bKfl^ª]�b n jSaCbKf�b n
��xgb;]�w n dOw n hi K^� ;]&x·² h¡fl^�b n xWhicK^_hidOf x·²  K^UjS^�]Rw�j n �µ² e�]UjS��b�x·² dO��]�b n ��jS^�bKe n ]k«¸f�dOe�]Rf�dOe�]�´ dEckjS�¡hi]�b n dOf�]R]�e n �ib;]�w n d�7
w n hi K^� ;]�x·² h¡f=^�b n xWhicK^_hidOf?x·²  K^UjS^�]CA dOe�w�j n xWe�jS�¡h¡^� �«·]�e n �ib;]�w n dOw n hi K^� ;]�x·² h¡fl��j n h�jSf�c;bGD5¨ � dOe�]�xWhi]�cKeg^�dOf�]�bKf�]_egh¡^�b
�ib�c;dOf=^ n�� �ib�xgb�c;b;]�]_\W]_^�`KaCb;]�]�bK�idOf��ib;]�c n h¡^�` n b;]� Kf�dOf�c; ;]�x�jSf�]��ib%w�j n jS� n jSwgy�b�w n  ;c; ;xgbKfl^k¨ � dOe�] n jSwgw+bK�¡�ib n dOf�]
x·²³jS�+d n x�ibRckjO]0�ghibKfc;dOfgf=e�xWe�c;dOfl^ n�� �ib)xgb;]0± r [�jSe,&�}�¨ � dOe�]%jS�
d n xgb n dOf�]%bKf�]_egh¡^�b�egf�b�aCd=xg K�¡hi]UjS^_hidOf¦^ n `;]

-�.ba/-�0
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�� Kf�  n jS�ibBxWe�w n dO�g�i`KaCb�xgbCc;dOf=^ n�� �ib�x�jSf�]��ib�ckjOx n bCxgb;]&[ r [�jSe &9|W¨ � dOe�]�xWhi]�cKeg^�b n dOf�]�jSe�]�]�h�xgb;]R]�dO�¡eg^_hidOf�]
jS�¡��d n h¡^_yga)hi°=e�b;]¬w
dOe n ��j�]_\Efl^_y�`;]Ub�«=bK^ aCdOfl^ n b n dOf�]ªc;dOa)aCbKfl^¬eg^_h¡�¡hi]�b n xgb�a�jSfghi` n b%jOx�jSwg^� ;b0��j�^_y� ;d n hib0xgb��µ² h¡fM7
^�b n w n  K^UjS^_hidOf�jS��]_^ n jSh¡^�b0w+dOe n c;dOf=^�dOe n f�b n �ib�ckj n jOcK^�` n b%h¡f�xg ;cKhix�jS�g�ib%xWe�w n dO�g�i`KaCb%xgb�c;dOf=^ n�� �ib�x�jSf�]¬c;b�ckjOx n b�¨
©�jSf�]��ib & � «�f�dOe�]�h¡fl^ n dExWegh n dOf�]�egf�b�f�dO^_hidOf�xgb%w n hid n h¡^� �bKfl^ n b��ib;]� K�� Kf�bKaCbKfl^�]0x�jSf�]�egf�aCdExg`K�ib�[ r [
¨�subK^_^�b
f�dO^_hidOf�xgb�w n hid n h¡^� &]Ub n j�b5¤Wwg�idOh¡^� ;b)jSe &5~�°legh�jS�+d n xgb n jC�ib&c;dOfl^ n�� �ib)xgb;]%]_\W]_^�`KaCb;]�yl\E� n hixgb;]k«+]_\E]�^�`KaCb;]�x�jSf�]
�ib;]�°=e�bK�¡�ib;]Cb5¤Whi]_^�b�egf¥c�y�dOh�¤ f�dOfM7 xg K^�b n a)h¡fghi]_^�b�bKfl^ n b¢�ib;])^ n jSf�]�h¡^_hidOf�]CxWhi]�c n `K^�b;]CbK^)�µ²  ;c;dOeg�ibKaCbKf=^BxWe ^�bKa)w�]k¨
� dOe�]�h¡f=^� K� n b n dOf�]���jCf�dO^_hidOf�xgb�c;dOf=^ n�� ��jS�gh¡�¡h¡^� )jOxgdOwg^� ;b�w+dOe n �ib;]0[ r [¢bK^�c;bK�¡�ib�eg^_h¡�¡hi]U ;b�w�j n ��j)c;dOa)a�egf�jSeg^� 
xgb;]�]_\E]�^�`KaCb;]¬yl\E� n hixgb;]k¨

� � �����"���� �
��������=� �B�� �&����������U����,��$��&"	���

� dOe�]�w n  ;]�bKf=^�dOf�]�hicKhg�ib;] ^ n dOhi]�aCdExg`K�ib;]�x·²³jSeg^�dOa�jS^�b;] °le�b¬f�dOe�]3jS�¡�idOf�]�eg^_h¡�¡hi]�b n x�jSf�]���j%]_egh¡^�b�¯O�ib;]�]�\E]_^�`KaCb;]
xgbR^ n jSf�]_h¡^_hidOf�]�£�fghi]%jSe'& � ¨ 8 «��ib;]�]_\W]_^�`KaCb;]�xgb�^ n jSf�]_h¡^_hidOf�]0]_\EaR�+dO�¡hi°le�b;]%jSe & � ¨ � bK^��ib;]�jSeg^�dOa�jS^�b;]0yl\E� n hixgb;]
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x = 0 and y = p ?
envoyer!(p)

y := 0

x >= 0 ?
τrecevoir?(p)

x := p , y := 1

x > 0 ?
τ

y := x * y , x := x−1
x < 0 ?

τ

idle test work
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]_e n �ib;]�^ n jSf�]_h¡^_hidOf�]�xgb% bK^ ' xgbCa�jSfghi` n bB��h¡f=^�b n xWh n bC�µ² bKf�]�bKa��g�ibBxgb;]� K^UjS^�] � xWeN]_\W]_^�`KaCb¶���idO��jS� d�E���j
��j n h�jS�g�ib �P� N �869% ¨ � ��b;]_^�cK��jSh n °=e�b¬��j0f� ;c;b;]�]_h¡^� ªx·² h¡f=^�b n xWh n b�c;b;] ^ n jSf�]�h¡^_hidOf�]3]�b n j0�¡hi �jSe)f�dOa�� n b�x·² b n_n bKe n ]
xgb0^ n jSf�]_a)hi]�]�hidOf ¨ 1�e�]�]_h+dOf n jJo_dOeg^�b%x�jSf�]u�ib;]¬jSeg^�dOa�jS^�b;]ªxgb % bK^¬xgb ' xgbKeW¤��Oj n h�jS�g�ib;]�
BbK^ - w+dOe n c;dOa)wg^�b n
�ib�f�dOa�� n bRx·² b n_n bKe n ]�xgb%^ n jSf�]_a)hi]�]_hidOf�xgbRc�y�jO°=e�b�ckjSf�jS�µ¨
m dOe n ckjS�icKeg�ib n �µ² bKf�]�bKa��g�ib�xgb;]� K^UjS^�]3h¡fl^�b n xWh¡^�] � bK^3c;bKeW¤C°=egh�aC`Kf�bKfl^uxgbªa�jSfghi` n b�h¡f�c;dOf=^ n�� ��jS�g�ib;]ª� � «�dOf

eg^_h¡�¡hi]�b��ib��idO��hicKhibK�������� = 8 ~W« 8 � ? °legh,b;]_^�egf�idO��hicKhibK� xgbR��  n h�£�ckjS^_hidOf�xgb;]0]_\E]�^�`KaCb;]0�C�Oj n h�jS�g�ib;]0�+d=dO�i ;bKfgf�b;]
bK^%flegaC  n hi°=e�b;]k«+´µjShi]UjSf=^%xgb&�µ² h¡f=^�b n w n  K^UjS^_hidOfNjS��]_^ n jSh¡^�b)bKf¦eg^_h¡�¡hi]UjSf=^��ib;] Ku©%© =³|6?�bK^0�ib;]%w+dO�¡\�`;x n b;]�c;dOfl��b5¤gb;]
= � « 8 � ? ¨
±3²³jSf�jS�¡\E]�b�j;��b;c���������w+b n aCbK^�x·² hixgbKfl^_h�£�b n xgbKeW¤�a�jSeg��jShi]�b;]ª]_h¡^_e�jS^_hidOf�]JA �43 � ��b;]_^ªegf�b�c;dOf�]_^UjSf=^�b%£g¤W ;b

w�j n �ib%w n dO^�dEc;dO�ib�«�°=egh xgdOfgf�b��ib�f�dOa�� n b�a�jJ¤Wh¡a�jS�¸xgb n bK^ n jSf�]_a)hi]�]�hidOf�j;��jSfl^0 ;c�y�b;cGD5¯
( 
 Q �43 � �(¯W�ib n b;c;bK��bKe n b;]�^�x�jSf�]���j&�idEckjS�¡h¡^�  I =�� «�jSe�cKegf�b�^ n jSaCbRf�b%�¡egh¸b;]_^�w�j n ��bKf=e�bRckj n ^�dOeg^�b;]�dOfl^
 K^� %�g�id=°=e� ;b;]ªw�j n �ibRckjSf�jS� % ¨

( 
�� - Q �53 � �(¯l�ib n b;c;bK��bKe n b;]_^ux�jSf�]3��j��id=ckjS�¡h¡^�  ´���- = «=h¡��\�j�bKe!egf�b�dOe!wg�¡e�]_hibKe n ] ´ n jSaCb;]ub5�·b;cK^_h¡��bKaCbKfl^
n b �Ke�b;]k«ga�jShi]���j&^ n jSf�]_a)hi]�]_hidOf¦j¶ K^� �h¡fl^�b n_n dOa)wge�b¶�)ckjSe�]�b�xgb�w
b n ^�b�xgb�aCb;]�]UjS��b�]_e n �ib;]�ckjSf�jSeW¤ % bK^
'�¨

��fNw
bKeg^¶xgdOf�c n j65Cf�b n �ib!]_\W]_^�`KaCb�bKf U h¡a)w
d�]9jSfl^
W�egfNf�dOaR� n b!�¡h¡a)h¡^� !x·² b n_n bKe n ]k¨���f n b;]_^ n bKh¡f=^&�ib;]��lj n xgb;]
xgb;]�^ n jSf�]_h¡^_hidOf�]=% Z � � OA2 6 \ bK^ ' Z�� � OA2 6 \ bKf�aCbK^_^UjSfl^0��jCc;dOf�xWh¡^_hidOf�
�� -RG �53 � �(¨I��f�dO�g^_hibKfl^�jSh¡f�]_h
egf¢]_\W]_^�`KaCb0°legh+^ n jSf�]_aCbK^��&c;dOegw¢]_§ n �ib;] aCb;]U]UjS��b;]k¨g[=h
�µ² dOf���bKeg^¬a�jSh¡fl^�bKf�jSf=^�b5¤W^ n jSh n b0�µ² bKfl�Eh n dOfgf�bKaCbKfl^�xWe
]_\W]_^�`KaCb¶c;dOa)w+d�]� �«
h¡�(´µjSeg^ n bKf�x n b¶h¡fl^�b n f�b¶^�dOeg^�b;]��ib;]�jOcK^_hidOf�]�f�dOf¦eg^_h¡�¡hi]� ;b;]%w�j n %/bK^9'�¨M��f�dO�g^_hibKfl^�jS�id n ]
�µ² bKf=�=h n dOfgf�bKaCbKf=^%c;dOf=^ n jSh¡fl^�a�jJ¤Eh¡a�jS�,°legh¸jO]�]�e n b�°le�b%�ib�w n dO^�dEc;dO�ib�f ²  ;cUy�dOe�bªo�jSa�jShi]k¨
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R−>S?(End)

read?(N)

bs := not bs

i := 1
bs := true
ES := Bot

r < Max ?
S−>K!(i=1,i=N,bs,M[i])

r ++

(r = Max) and (i = N) ?

τ
ES := DK

ES := NOK
τ

(r = Max) and (i < N) ?

L−>S?(TO)

K−>S?(TO)

r := 0
S−>K!(i=1,i=N,bs,M[i])

i = N ?

ES := OK
R −>S!(End)

R−>S!(End)

L−>S?(Ack)i < N ?

τ

idle next wait

retry

sync

error

ok

� �W����� ( ��} ���C���"����# � �

K−>S!(TO)

K−>R!(b1,b2,b3,C)

S−>K?(b1,b2,b3,C)

idle trans

L−>S!(TO)

L−>S!(Ack)

R−>L?(Ack)

idle trans

���W� � 0 ( �b���+) ��� �L# �(% �h� '

R−>L(Ack)

K−>R?(f,l,b,C)

S−>R?(End)

l ?

not l ?

S−>R?(End)

ER := NOK

ER := FST

br := not br

τ
(br = b) and f and (not l) ?

(br=b) and (not f)
and (not l) ?

ER := INC

(br=b) and (not f) and l ?

ER := OK
τ

τ

not(br=b) ?
R−>L(Ack)

new

idle

sync

S−>R?(End)

rcvd

rprtd

K−>R?(f,l,b,C)
br := b

ER := Bot

ER := Bot

R−>S!(End)

���W� � } ( �b����� )&� ����# �=#
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� ���������+	��� �&�� ���%���������� ����� �B���U"�#%$��� � ���*��&�¬��"���� �& �&�
"����
"p�I�-������+ ����
� � �������������

���� � )��+�y#P��� �t)+#¥�' ��+Ò(���fÔ% ¿Ô%#�Ï���Ï~! �+��� 	% ¹&()M 0&(��8
sub n ^UjSh¡f�]�jSeg^�bKe n ]¬dOf=^ h¡f=^ n d=xWegh¡^k«Ew+dOe n ´µjSh n b�xWe�c;dOfl^ n�� �ib%]_e n xgb;]3aCdExg`K�ib;]uw n d=cUy�b;]uxgb;]ª[ r [
«=egf�b�f�dO^_hidOf

xgb�w n hid n h¡^� �bKfl^ n b��ib;]3 K�� Kf�bKaCbKf=^�] = 8L8 ? ¨ � dOe�] jS�¡�idOf�] n bKw n bKf�x n b0c;b�c;dOf�c;bKwg^¬bK^��µ²³jOx�jSwg^�b n jSeCaCd=xg`K�ib�xgb;]u[ r [
¨
subK^_^�b�f�dO^_hidOf�xgb%w n hid n h¡^� �«gc;dOa)aCb�c;bK�¡�ib�x·²  K�� Kf�bKaCbKfl^0c;dOfl^ n�� ��jS�g�ibRdOe�h¡f�c;dOf=^ n�� ��jS�g�ib�«�f ²³j�w�jO]�xgb%]� Ka�jSfM7

^_hi°=e�b)h¡fl^ n h¡f�]U`;°le�bL9(]�dOf n�� �ibCb;]_^�xgb n j65Cf�b n ��j!f�dO^_hidOf?xgb)c;dOfl^ n�� ��jS�gh¡�¡h¡^� �¨ � fl^_egh¡^_h¡��bKaCbKfl^k« dOf���j�]k²³jSeg^�d n hi]�b n
�Ch¡fl^�b n xWh n b¶xgb;]� K�� Kf�bKaCbKf=^�]H�(�R)����_��� 	�� ��������-A bK^0f�dOf�w n hid n h¡^UjSh n b;]�D��id n ]U°le�b�xgb;]� K�� Kf�bKaCbKf=^�] Z����"�����*���L�(�����>A bK^
c;dOf=^ n�� ��jS�g�ib;]�D�]�dOf=^�w
d�]U]_h¡�g�ib;]k¨¸sub;cKh n bK�EhibKfl^��!c;dOf�]_hixg  n b n egf� K�� Kf�bKaCbKf=^Rw n hid n h¡^UjSh n bCc;dOa)aCbCegf�b¶h¡fl^�b n_n egwM7
^_hidOf¦°legh¸w
bKeg^�h¡fl^�b n_n dOa)w n b¶�µ² b5¤g ;cKeg^_hidOf]_^UjSf�x�j n x�xWe]�\E]_^�`KaCb A bK^�°=egh¸w+b n aCbK^�hicKh(x·² h¡��f�d n b n egf K�� Kf�bKaCbKfl^
h¡f�c;dOf=^ n�� ��jS�g�ib� Ka)hi]¬w�j n �µ² bKfl�Eh n dOfgf�bKaCbKfl^k«gw�j n b5¤gbKa)wg�ibGD5¨g± d n ]�°=e�b0c;b0ckjO]ª]�b�w n  ;]�bKfl^�b�«gdOf�xWh n j&°le ² dOf¢dO�g�¡h¡��b
�µ²³jOcK^_h¡��jS^_hidOf!x·² egfB K�� Kf�bKaCbKfl^¬w n hid n h¡^UjSh n b+A bKfBh¡fgygh¡��jSfl^u�ib;]3 K�� Kf�bKaCbKfl^�] f�dOf�w n hid n h¡^UjSh n b;]�D5¨=±¸j�c;dOf�xWh¡^_hidOf!]_egwM7
wg�i KaCbKf=^UjSh n b�°le�b�«lw�j n a)h��ib;]u K�� Kf�bKaCbKfl^�]¬w n hid n h¡^UjSh n b;]k«E]�bKeg�i]uc;bKeW¤�°legh
]�dOfl^ )����_��� 	�� ���������w
bKeg��bKf=^ h¡fgygh¡�+b n egf
 K�� Kf�bKaCbKf=^0h¡f�c;dOf=^ n�� ��jS�g�ib�«
w n dk�EhibKfl^%xgb��µ² h¡fl^_egh¡^_hidOf¦°=e�b�x�jSf�]���j�]_\Efl^_y�`;]�b�dOf¦j¶��j)a�j�#i^ n hi]UbRxgb;]� K�� Kf�bKaCbKf=^�]
c;dOf=^ n�� ��jS�g�ib;]k«�a�jShi]�w�jO]�xgb;]ªh¡f�c;dOf=^ n�� ��jS�g�ib;]k¨+subRc�y�dOh�¤·«�°=egh b;]_^�jJ�·jSh n bRxgb�aCd=xg K�¡hi]9jS^_hidOf «�]�b n j)c;dOfW´Èd n ^� �x�jSf�]
�µ²³jSwgwg�¡hickjS^_hidOf¦xgb�c;bK^_^�b�f�dO^_hidOf�xgb�w n hid n h¡^� �jSeW¤¢]�\E]_^�`KaCb;]¬y=\=� n hixgb;]t«�jSe &5~E¨

{|G %=� #,¿ % � �_� � ������#.� � � �����*�.���]�+���V!�#$� ��} ��� ������# � ���
���$�����������$�&% ��} # �R� �(��)&���_��� 	�� �.���]�+�����C��� �L�_��� ��� ��#.�
�����/�X�(�_�����
�����*% � ��� )C�����ªÈ ��� ����� � � N % � � � + ���z� ���� N � � %f��} �L# �����B)��������
	�� ������C�h�X����� ���_�X� ��� �+#.���"� ���
�����/���]% � ��� ) �����`È �L�
�����3� ¾ N % � � � + �h� � ¾ ��� N  É1� �L� �B���L���"��� �.� ZR���"�����*� ��% �*�g~ ��# � �(�������
�L�(��� �]��� �����L�*�
% � � � +[É

���`� ���(������� ���_�X��� )����$���"��������� �C�:� )������.�B������ �������"��� )&���H��� ZR���"�����*�����*����%X��� � } ��#M�\����� �:�,�I� ��� Z�� �/)&���	� �
Z��L� O � � \ � N % � G � � � +L% )��C!�# �Y� ���G�"�����|�>�*� ,��\�����H� � ������ �������"��� �>�]������!�#$�H� � ������ ���*���"��� 9 �����+�/):��� � �.���]�KÉ
�`�1~ ��� � ���_�*%��*�[�R� ~ ��#M�[ZR� #.� �(�_�����
���*���H!�# �J���� �����L�*� % �EG � � � +[É
� dOe�] aCbK^_^�dOf�]�bKfC K�EhixgbKf�c;bªx�jSf�] ��j�]�egh¡^�bªbK^�jSe�& � ¨ 0%°=e�b¬c;bK^_^�b¬f�dO^_hidOfCxgbuw n hid n h¡^� ªf ² b;]_^ w�jO] ^ n jOxWeghi]_h¡�g�ib�x�jSf�]
�ibuaCdExg`K�ib xgb¬c;dOfl^ n�� ��jS�gh¡�¡h¡^� ªcK��jO]U]_hi°le�bux�jSf�] �ibuckjO](�� Kf�  n jS�µ«Sa�<KaCb¬bKf&aCd=xWh�£�jSf=^��ib;](�lj n xgb;]�x·² h¡f�c;dOf=^ n�� ��jS�gh¡�¡h¡^� 
� dOe�]¬´Èd n a�jS�¡hi]�dOf�]�a�jSh¡f=^�bKf�jSfl^0�ib�c;dOfl^ n�� �ib�xgb�]_\W]_^�`KaCb�j;��b;cRw n hid n h¡^� ;]k¨

.¢�0/ Q O7¼GO7ºRQ�1H@�� � [ r [ h¡fl^� K� n jSf=^��ib;]�f�dO^_hidOf�]�xgb¦c;dOf=^ n�� ��jS�gh¡�¡h¡^�  bK^�xgbw n hid n h¡^� �bKfl^ n b¦�ib;]¢ K�� Kf�bKaCbKf=^�]
�����,� �K� � �ÌË`�$�H)����H�C� � ���$� � � � �ÌË`�$�������L���!�6% � ����) ��� Z�� #.� # �R��Z��������*���"��� ��� ��} ��� �h�������]� �.�����/)h���"��� ���
N�N N * " N 	�� É��`���"���+Z��L�����������L� �*����# �*� # �R�HZ��������*���"��� ��#.�>��} ��� �h���C���� �����-���
���$�����������$� $ ���(�$��� ��� � �ÌËV�$�*�
O * N % h �?O ' ¢Dy � N * +[É
� %=�,� �6P � %�L � �H) ����/)h����� ��Z����"�����*���L�(���H�K} #.�R�������� ���*���"��� �R��� ��Z �����+Z����H������� �L�]��# ���������'Z ���
�L���h��� ���?É�IX�
����� ��� !�# � �lÈ ���]�������_�Y!h# ����} ��� �B#.�$�"!�#$���C���_�Y����# ���$������L# �I���fZR���"�����*� � $ )&� Z ����� �L�_�f����ZM��# ��������+È ��� ���
�L� �(�h���
��J�B�G���������� �L�"�����\��#��L�_� �I)�, ��!�# � ��)h�����L� # � �_� ��� ��# ���'Z������L����� �?É 6Y�?Ë`�$% # �'�������R�������_� Z ��#M�� ������3�C� �:~��L� �
�*��)��������
	�� ������B���4Z����������������(���?É

©�jSf�]B�ib�ckjOx n b¦jSh¡f�]_h�xg 5£�fghµ« �ib;] �B�L�/��� � �K} ��)h�����L� ��xWe c;dOf=^ n�� �ib¦b;]_^Bxgb n bKfW´ d n c;b n �ib;]��lj n xgb;]��	y�xgb;]
^ n jSf�]_h¡^_hidOf�]�]_\EaR�+dO�¡hi°le�b;]�w�j n xgb;]ª�lj n xgb;] O � y \��{o � y�]UjS^_hi]p´µjShi]UjSf=^k¯
#�º
� �!�bQ %¢¼�� �$Q¸�6O�¼GOFºRQ # ��OFº���O7¼��$O ��%�h �?O * � � y ��� o O � y \ �

c;bK^_^�b�c;dOf�xWh¡^_hidOf�b;]_^�hixgbKfl^_hi°=e�bR�¶��j¶c;dOf�xWh¡^_hidOf A 8L8 D;¨
#�º
� �!�bQ %¢¼�� �$Q¸�6O�¼GOFºRQ Q(º�Q ½�# ��OFº ��O7¼��$O � %�h��xO 	�� �

- ] �� R �� ` � � y ��� &nO � y \ � R � h � �xO * R � �� � � � � 

	 R ] �� R �� � ` ��O � y 	 \ � & � y 	��� A ��� D

subK^_^�bBc;dOf�xWh¡^_hidOf h¡f�xWhi°=e�b�°le�b�«,x�jSf�]&�µ²  K^UjS^ ��
«¸�µ²  K�� Kf�bKaCbKf=^�¢ y O �� \ w+bKeg^+<K^ n b!h¡fl^�b n xWh¡^CjS�id n ]¶°=e ² h¡�ub;]_^
h¡f�c;dOfl^ n�� ��jS�g�ib AFyl\Ew+dO^_y�`;]�b ] �� R �� ` � �	y ��� &SO �	y \�� D�]�bKeg�ibKaCbKf=^&]k² h¡�ub5¤Ehi]�^�bCegf? K�� Kf�bKaCbKf=^¶w n hid n h¡^UjSh n b!bK^
c;dOfl^ n�� ��jS�g�ib�¢ y 	 O �� � \ °legh b;]�^�jOcK^_h¡�OjS�g�ib/A x�jSf�]��µ²  K^UjS^ ��MDux�jSf�]��ib�]_\W]_^�`KaCb�c;dOfl^ n�� �i �¨
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subK^_^�b%f�dO^_hidOf¢xgb�w n hid n h¡^� %f ² b;]_^¬w�jO] ^ n jOxWeghi]�h¡�g�ib0x�jSf�]¬�ib�aCdExg`K�ib0cK��jO]U]_hi°le�b%xgb0c;dOfl^ n�� ��jS�gh¡�¡h¡^� �x�jSf�]¬��jRaCb;]_e n b
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