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Õ
¾ ß�»jÆZÃUÅZ¾mÂn¾>ºUÃU½²»�Â·Ø>½JÆZÃÄØTÃ²¾p»OÚ
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Õ
ØTÃjÃ

Õ
¾xÂnÝ�ÅhÅZ¾nºOÃOÙOÅr»�Ân¾ŽÆ®Æ

ÖÄÆHØ>¼*ØTÅZ¾�»OÚ®â·÷qº�ý�þŽÛrÿ
Ô��

ô²ú�ö¬á
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ÂmØ>º�»�ºU½Ÿ×3Ã²Ø>¹O¾�»�ºU¾€ÙUÅ¬»OÂn¾·Æ1Æ+ØmÆ

ØxÆZÝOÞJÆrÂTÅZÖ¤ÙjÃqâ�÷hº���ÿ
Ô��
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Á�¾TÅ®ÆrØn½O»ŽÅdØTº‚¾TéUÖÄÆ¬Ãœ¾nºOÃœÖ²Øn½�æ�ÝFØTºUÃŸÖ

Ü

¾TÅZámÆr»

@b
ÞF¾nÂm»�ß�¾·Æ
�mÆZ×OºUÃ²ØnÂ>ÃœÖœÂ

ÆZÝjÀUØ�Å��xÚZ»ŽÅ

@8f bg �

»ŽÅ�ÚZ»ŽÅ
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Æ

Õ
»�Ýj½Ÿ¿‚Þj¾€Å¬¾mØ>¿ �T¾TÁO¾>ºOÃœÝjÛ

Ø>½œ½¤×‚ÖŸº4Ã
Õ

¾‰ÙFØmÆ¬Ã!�Oâ#"C»�ºOÖœÃÄ»ŽÅZÖŸºjÀ€Ã
Õ

¾xÚh»�Åhß�Ýj½œØHØ�ÞJ»�Á�¾‰¼*Ö²½Ÿ½UÖœºŽÁ�»O½ŸÁO¾

Æ¬¾nºU¿�ÖœºUÀpºF»4Ø>¿U¿�ÖœÃŸÖÄ»�ºFØ>½Žß�¾·Æ1ÆrØnÀO¾·Æ;Þ�ÝOÃj»�ºU½Ÿ×‚Ø‰Úh¾T¼gÞjÖŸÃÉÆ)»OÚJÖœºUÚZ»ŽÅhÛ



ß�ØTÃœÖ²»�ºQÙjÖœÀUÀ�×OÞFØ>Ân¹O¾n¿v»�º�Ã Õ ¾*ß�¾ŽÆ®ÆrØnÀO¾ŽÆ‰Ø>½¤ÅZ¾·Ø>¿O×QÞF¾>ÖœºUÀQÙFØ·Æ®Ær¾n¿

Úh»�Å\Ã Õ ¾xÂ·»�ß3ÙjÝOÃÄØTÃœÖ²»�º5â

òJÝ�ÙOÙJ»UÆr¾�Ã Õ ØTÃ‰¼�¾s¼�ØTºOÃ+ÃÄ».Å¬¾·Æ¬Ã¤ÅZÖœÂnÃHÃ Õ ¾sØTÞF»�Á�¾sÆrØ>Úh¾>Ãœ×`ÙF»�½²Û

ÖœÂT×3Þj×�ÖŸß3ÙJ»UÆ¬ÖŸºjÀ�Ø�ÚAÝOÅhÃ Õ ¾>Å�Âm»�ºU¿�ÖœÃœÖ²»�ºvÃ Õ Ø>Ã5Ã Õ ¾�Á�Øn½¤Ýj¾pÅZ¾mÂn¾>ÖŸÁ�¾n¿

ÞU×

a
ß�ÝJÆZÃJÞF¾‚ÆrØ>ß�¾4ØmÆ
Ã Õ ¾�Á�Ø>½ŸÝU¾�Â·»�ß3ÙUÝUÃœ¾m¿4Þj×

b
â Ô »�¾Té�ÙUÅZ¾ŽÆ®Æ

Ã Õ ÖÄÆ Æ¬Ã¤År»�ºjÀO¾>Å[ÙOÅr»ŽÙj¾>ÅhÃœ×�áŽ¼�¾�ºU¾m¾n¿3ÃÄ»�Âm»�ß3ÙFØ�Å¬¾*Á�Ø>½ŸÝU¾ŽÆ
ÖŸºsÆ¬Ã²Ø>Ãœ¾ŽÆ

ØTÃ+Ãœ¼�»9ÙUÅ¬»OÂn¾ŽÆ®Æ*Ã Õ Ø>ÃHØTÅZ¾�ºj»�Ã
¿�ÖŸÅ¬¾nÂ>Ã²½Ÿ×LÅ¬¾n½²ØTÃ²¾n¿#â Ô�Õ ÖÉÆpÙOÅr»ŽÙF¾TÅZÃŸ×

ÂmØTºUºj»�Ã#Þj¾Q¿�ÖŸÅZ¾mÂ>Ã²½¤×s¾Té�ÙUÅZ¾ŽÆ®Ær¾n¿�Öœº.ý�þ�Û¬ÿ Ô�� ¼*ÖœÃ Õ »�ÝUÃ\ÖœºOÃŸÅr»�¿�ÝjÂmÛ

ÖŸºjÀs¾>éOÃŸÅ¬ØQÁ�Ø�ÅZÖ²ØTÞj½œ¾·ÆxÖœºsÃ Õ ¾vÙUÅ¬»OÀ�ÅrØTß ÖœÃÄÆr¾n½œÚ®â��4»Ž¼�¾TÁ�¾>ÅZáFØ>¿U¿�ÖœºUÀ

¾TéOÃŸÅ¬ØHÁ�ØTÅhÖÄØ�ÞF½Ÿ¾ŽÆ\ÖŸºQÃ Õ ¾HÙOÅr»�À�Å¬Ø>ß¸Â·ØTº�ÙJ»�Ã²¾>ºOÃœÖÄØ>½œ½¤×*Å¬¾·Æ¬ÝU½ŸÃOÖœº3ÆZÖ²¿O¾·Û

¾nÚÉÚh¾nÂnÃÄÆd¼ Õ ÖœÂ Õ Ø�Å¬¾‰ºF»�ÃF¿O¾·Æ¬Ö¤ÅrØ�ÞF½Ÿ¾Oâ�ë�ºQ¾n½œ¾>ÀjØTºOÃU¼*Ø>×‚ÃÄ»QÆ®»�½œÁ�¾‰Ã Õ ¾

ÙOÅr»ŽÞj½œ¾>ßìÖÉÆ[ÃÄ»QÖŸºUÃ¤År»�¿OÝUÂm¾‰Ã Õ ¾ ºF»�ÃœÖ²»�ºQ¿UØ>Ã²ØmÛÄÞjÖŸºj¿�ÖœºUÀ*ÖœºQÃ Õ ¾p½²»�À�Ö²Â

ÝFÆ¬¾m¿îÚZ»ŽÅ*ß�»�ºUÖŸÃÄ»ŽÅZÖŸºjÀ#âF÷hºUÚZ»ŽÅZß�Ø>½œ½¤×�áJ¼�¾sÂmØ>ºîÅ¬¾·Æ¬Ã²Ø>Ãœ¾çÃ Õ ¾�ÙUÅ¬»�ÙFÛ

¾TÅZÃŸ×�Ø·ÆHÚh»O½Ÿ½²»Ž¼‚ÆTã

a
ß�»�ºUÖŸÃÄ»ŽÅ®Æ���Ö²Ú

a
Õ Ø·Æ
ÅZ¾mÂn¾nÖ¤Á�¾n¿�Ø�Á�Øn½¤Ýj¾�ÚÉÅr»�ß

b
Ã Õ ¾nº9ÅZ¾nß�¾>ß3ÞF¾TÅ‰Ã Õ ¾�Á�Ø>½ŸÝU¾QÅ¬¾nÂm¾>Ö¤Á�¾m¿sÖŸº`Ø3Á�ØTÅhÖÄØ�ÞF½Ÿ¾

k
ØTºj¿9ÖŸÃ

ß�ÝFÆZÃFÞF¾pÃ Õ ¾pÂ·ØmÆr¾€Ã Õ Ø>ÃJÙOÅ¬¾TÁ�ÖÄ»�ÝJÆ¬½Ÿ×‚Öœº3Ã Õ ¾xÙJØmÆ¬Ã\ØTÃ

b
Ã Õ ¾*Úh»O½Ÿ½²»Ž¼4Û

ÖŸºjÀ Õ ¾m½Ÿ¿\ã

b
Õ Ø·Æ
Âm»�ß3ÙjÝOÃ²¾n¿�Ã Õ ¾pÁ�Ø>½ŸÝU¾*ØTºj¿4Ã Õ ¾pÂm»�ß3ÙUÝOÃ²¾n¿QÁ�Ø>½ŸÝU¾

ÖÄÆ ¾næ�ÝFØ>½5Ã²»

k
ØTºU¿çØTÃ

a
Ø�ÅZ¾mæ�ÝU¾ŽÆZÃ;¼*Ø·ÆHß�Øn¿O¾4ÚZ»ŽÅ+Ã Õ ØTÃdÁ�Ø>½ŸÝU¾�Öœº

Ã Õ ¾‰ÙFØ·ÆZÃ���â Ô�Õ ÖÉÆ[ÂmØ>º4ÞF¾x¼pÅZÖŸÃœÃœ¾nºQÚZ»ŽÅZß�Ø>½œ½¤×vØmÆ�Úh»O½Ÿ½²»Ž¼‚ÆTã

valueReceived ! let k = value in
@b( � � (computedValue^ (k = valueComputed)

^ @a( � � requestedValue )))

÷qºjÚh»�Åhß�Øn½Ÿ½Ÿ×�áŽÃ
Õ

¾‚Âm»�ºFÆ¬Ã¤ÅZÝUÂnÃ ��� ��� ~k = ~� � � F
��ÞUÖœºU¿FÆHÃ

Õ
¾QÁ�Ø>½ŸÝU¾

»�ÚdÃ
Õ

¾�¾TéOÙOÅ¬¾·Æ®Æ¬Ö²»�ºFÆ ~�
ØTÃ5ÙOÅr»�Ân¾ŽÆ®Æ

a
¼*ÖœÃ

Õ
Ã

Õ
¾�½œ»OÀ�Ö²Â�Á�Ø�ÅZÖ²ØTÞj½œ¾·Æ ~k

¼
Õ

Ö²Â
Õ

Â·ØTº4ÞF¾‰Å¬¾nÚh¾TÅhÅZ¾m¿*ÞU×vØTº�×v¾Té�ÙUÅZ¾ŽÆ®ÆZÖÄ»�º�ÖœºvÃ
Õ

¾xÚZ»ŽÅZß�ÝU½²Ø

F
â
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Õ

¾>ÅH¾TéFØTß3ÙF½Ÿ¾�ÖœºðôœúOö)Å¬¾>ÀjØ�Å¬¿jÆ+ß�»�ºOÖœÃ²»�ÅhÖœºUÀ�Âm¾TÅZÃ²Ø>ÖŸºsÂm»�ÅhÛ

ÅZ¾mÂ>ÃœºU¾·Æ1Æ�ÅZ¾mæ�ÝUÖ¤Å¬¾>ß�¾nºOÃ*ÖŸºàØð½Ÿ¾·Ø>¿U¾TÅhÛq¾n½œ¾nÂnÃŸÖÄ»�º!Ø>½œÀU»�ÅhÖœÃ
Õ

ß.â
Ô�Õ

¾

¹O¾T×�Å¬¾næOÝOÖŸÅZ¾nß�¾>ºUÃ5Úh»�ÅH½œ¾mØn¿O¾>ÅH¾m½Ÿ¾mÂ>ÃœÖ²»�ºçÖÉÆ‰Ã
Õ

Ø>ÃdÃ
Õ

¾TÅ¬¾4ÖÉÆ€Ø>Ã²ÛAß�»UÆ¬Ã

»�ºU¾­½œ¾mØn¿O¾TÅZâ*÷hÚLÃ
Õ

¾TÅ¬¾'Ø�Å¬¾ �ïÙOÅr»�Ân¾ŽÆ®Ær¾·Æ`ºjØ>ß�¾n½Ÿ×

a; b;c
ØTºj¿
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ÖÉÆ3ØsÁ�Ø�ÅZÖ²ØTÞj½œ¾�Öœºð¾mØ>Â

Õ
ÙUÅ¬»OÂn¾ŽÆ®Æ4Ã

Õ
ØTÃ ÂmØ>º

Õ
Ø�Á�¾sÁ�Ø>½ŸÝU¾ŽÆ

leader ; loser ; candid at e; sl eep
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Õ
¾nº�¼�¾4ÂmØ>º�¼pÅhÖœÃœ¾4Ã

Õ
¾

ÙOÅr»ŽÙj¾>ÅhÃœ×�ØTÃ)¾TÁO¾TÅZ×�ÙOÅr»�Âm¾·Æ1ÆxØ·ÆTã ��Ö²Ú‰Ø‚½œ¾mØn¿O¾>ÅHÖÉÆ€¾n½œ¾nÂnÃœ¾m¿�Ã
Õ
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Õ
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Õ
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Õ
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Õ

ÖÉÆ5ÅZ¾·Û

æ�ÝOÖŸÅ¬¾>ß�¾>ºUÃUØmÆ)Ã
Õ

¾xÚZ»�½œ½²»Ž¼*ÖŸºjÀ‚ý�þ�Û¬ÿ
Ô��

Úh»�Åhß�Ýj½œØ‰Ø>ÃjÙOÅr»�Ân¾ŽÆ®Æ

a
ã

leaderElected ! (state = leader !
(@b(state 6= leader ) ^ @c(state 6= leader ))

ü`¾HÂmØTº*¼pÅZÖŸÃ²¾HÆ¬ÖŸß�Ö²½²Ø�Å5ÚZ»ŽÅZß�ÝU½²Ø>¾)¼*ÖœÃ
Õ
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Õ
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Õ
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�4»Ž¼�¾TÁO¾TÅZá
Ã
Õ

¾ðØ�ÞJ»�Á�¾YÚh»�Åhß�Ýj½œØî¿U»O¾·Æ�ºj»�ÃQÆhÙj¾mÂ>Ö²ÚA×åÃ
Õ

¾`ÅZ¾·Û

æ�ÝOÖŸÅ¬¾>ß�¾>ºUÃ)Ã
Õ
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Õ
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Õ

¾
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Õ

ØTÃ
Õ
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Õ
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Ô��
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Õ
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 � Ø>ºU¿4ØmÆ1ÆZÝUß�ÖŸºjÀ€Ã
Õ

Ø>ÃOÃ
Õ

¾‰Á�ØTÅhÖÄØ�ÞF½Ÿ¾

leaderName
Â·»�ºOÃÄØTÖœºFÆ Ã

Õ
¾vºjØ>ß�¾v»OÚHÃ

Õ
¾v½œ¾mØn¿O¾>ÅZájÃ

Õ
¾‚ÅZ¾mæ�ÝOÖŸÅ¬¾mÛ

ß�¾>ºOÃjÂmØ>ºQ¾mØ·ÆZÖ²½¤×QÞj¾*ÆZÃÄØTÃ²¾n¿‚ÖŸº �
ÿ
Ô��

ØmÆ�ÚZ»�½œ½œ»Ž¼‚Æ>ã

leaderElected ! let k = leaderNamein
(@b(leaderName= k) ^ @c(leaderName= k))

� »�Ã²¾‚Ã Õ Ø>ÃdÃ Õ ¾vØTÞF»�Á�¾QÚh»�Åhß�Ýj½œØ‚ØmÆ®Æ¬ÝOß�¾ŽÆ Ã Õ Ø>ÃdÃ Õ ¾‚ºFØTß�¾3»�ÚH¾TÁUÛ

¾TÅZ×�ÙUÅ¬»OÂn¾ŽÆ®ÆxÖŸº�Á�»O½ŸÁ�¾m¿�Öœº.½Ÿ¾·Ø>¿O¾>Å ¾n½œ¾nÂ>ÃœÖÄ»�º9ÖÄÆ€¹Uºj»Ž¼*ºçÃ²»çÝFÆ ÞF¾mÛ

Úh»�ÅZ¾ Õ Ø>ºU¿#â "C»ŽÅ¬¾m»�Á�¾TÅZáTÃ Õ ¾*Æ¬Öœêm¾p»OÚ5Ã Õ ¾pÚZ»ŽÅZß�ÝU½²Ø‰¿O¾>Ùj¾>ºj¿jÆ[»�º‚Ã Õ ¾
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Þj¾€ÖŸß3ÙUÅ¬ØnÂ>ÃœÖœÂ·Ø>½qâ Ô)Õ ¾ ÙUÅ¬»�Þj½œ¾>ßìÞj¾mÂm»�ß�¾·Æ[¾TÁO¾>º‚ß�»�ÅZ¾€Öœß3ÙF»ŽÅZÃÄØTºOÃ

ÖŸºsØTºç»�Ùj¾>º�¿OÖÄÆ¬Ã¤ÅZÖŸÞ�ÝOÃ²¾n¿çÆ¬×FÆZÃ²¾>ß ¼ Õ ¾TÅ¬¾4¼�¾�ß�ØT×�ºj»�Ã\¹OºF»Ž¼ïÃ Õ ¾

ºjØ>ß�¾+»OÚOÙUÅ¬»OÂn¾ŽÆ®Æ¬¾ŽÆFÞF¾nÚZ»ŽÅ¬¾ Õ ØTºU¿5â Ô »*Øn½Ÿ½œ¾TÁ�ÖÄØTÃ²¾�Ã Õ ÖÉÆ\¿�Ö²Ú

Ü

ÂnÝU½ŸÃŸ×�á
ØmÆ

Ø>½¤ÅZ¾·Ø>¿O×‚ß�¾>ºUÃŸÖÄ»�ºj¾n¿Já·¼�¾pÝFÆ¬¾�Ø4Ær¾>Ã5»�ÚdÖœºU¿OÖœÂm¾·Æ�ÖœºFÆZÃ²¾mØn¿v»OÚ)Ø�ÆZÖœºjÛ

ÀO½œ¾vÖŸºj¿O¾TésÖŸº9Ã Õ ¾�»ŽÙF¾TÅrØTÃÄ»ŽÅ

@
â Ô�Õ ¾�Æ¬¾>Ã+»�ÚHÖœºU¿�Ö²Ân¾ŽÆ€¿O¾>ºF»�ÃœÖŸºjÀçØ

Æ¬¾nÃ
»�Ú
ÙOÅr»�Âm¾·Æ1Æ¬¾·Æ€Â·ØTºsÞj¾QÅ¬¾TÙOÅ¬¾·Ær¾>ºUÃœ¾m¿çÂ·»�ß3ÙFØnÂ>Ã²½¤×�ÞU×LØ‚ÙOÅ¬¾n¿OÖ²Û

ÂmØ>Ãœ¾�»�ºvÖœºU¿�Ö²Ân¾ŽÆ�âmí5»ŽÅ�¾TéFØTß3Ùj½œ¾Žá·ÖŸº3Ã Õ ¾*Ø�ÞF»�Á�¾xÚZ»ŽÅZß�ÝU½²Ø·ámÖœºFÆ¬Ãœ¾·Ø>¿

»�Ú\Å¬¾nÚh¾TÅhÅhÖœºUÀ‚Ã²»v¾mØnÂ Õ ÙOÅr»�Âm¾·Æ®Æ[ÞU×3ÖœÃÄÆ�ºFØTß�¾*¼�¾*ÂmØTºQÅ¬¾nÚh¾TÅ[Ã²»QÃ Õ ¾

Æ¬¾nÃ[»OÚ
Øn½Ÿ½\Å¬¾>ß�»�Ã²¾*ÙUÅ¬»OÂn¾·Æ1Æ¬¾ŽÆ+ÞU×�Ã Õ ¾�ÙOÅ¬¾n¿OÖœÂ·ØTÃ²¾

i 6= a
ØTºj¿�ÝJÆ¬¾

Ã Õ ÖÄÆ
Æ¬¾nÃJØ·Æ�Ø*ÆZÝOÞJÆrÂTÅZÖ¤ÙjÃUÃÄ»�Ã Õ ¾p»ŽÙj¾>Å¬Ø>Ã²»�Å

@
ã

leaderElected ! let k = leaderNamein
@8f i j i 6= ag(leaderName= k)

@8f i j i 6= ag(leaderName = k)
¿O¾nºj»�Ã²¾·Æ
Ã Õ ¾�ÚhØ>ÂnÃ5Ã Õ ØTÃ5Ã Õ ¾4Úh»�ÅhÛ

ß�ÝU½²Ø

leaderName= k
ß�ÝJÆZÃ Õ »�½œ¿pÃ¤ÅZÝU¾‰ØTÃjØ>½œ½ŽÙOÅr»�Âm¾·Æ®Ær¾·Æ

i
Æ®ØTÃÄÛ

ÖÄÆrÚA×UÖŸºjÀ*Ã Õ ¾HÙOÅ¬¾n¿OÖœÂ·ØTÃ²¾

i 6= a
â Ô)Õ ÖÄÆ;ÖÉÆ[¾mæ�ÝUÖ¤Á�Ø>½œ¾>ºUÃ�Ã²»*Ã Õ ¾

Ü

ÅrÆ¬Ãj»�ÅhÛ

¿O¾>Åd½²»�ÀOÖœÂ ÚZ»ŽÅZß�ÝU½²Ø

8i : (( i 6= a) ! @i (leaderName= k))
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Õ
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Õ

¾Q¾TÙUÖÉÆZÃ²¾>ß�Ö²Â‚»�Ùj¾TÅrØTÃÄ»ŽÅ
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á�ÖÉÆ\ß�»ŽÅ¬¾+¾Té�ÙUÅZ¾ŽÆ®ÆZÖŸÁ�¾+Ø>ºU¿p¾n½œ¾>ÀUØ>ºOÃŽÃ

Õ
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Ô)Õ
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¾

Ü
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