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p�}ry�e&oRp�uCoQe&}�©ve {��b}ruvc#yzoQe5�#}re&°Jwbe5oqp

Qpromised
i,j

ªJy¡p$yzo�¬b��u\sr£ve5��wbx;pry¡�7pr`byzo��b}ruvc#y�o�e&��}re&°Jwbe&oQp
yzo%wb�=��{�p�e5�Ë®RknuNª\µ�`be&xM{vxM{vs¨pry¡©ny¡p³m

j
}�e5s�e&y¡©ve5o%{C}�e5°Jwbe&oQp

Qi,j

¤Æ}ruvc
i
L

� y¡¤ j
yzo�¬b��u\s	£ve&�Ðu;xY{¦��}�u;cCyzo�e&�Ð}�e5°Jwbe&oQp�ÌÆµ�y¡p�`Yp�`�e�or{�c#e�o�edx��\e&}

i
Î

Qpromised
i,j

ª3p�`�edxGpr`be
µ${vy p�ÄU¬nmJÄUxbe5s�e&oro�y pqm�u;x

j
yzo�}�ed��e&{;oQe5��{�x��

j
o�ed}r©ve&o

Qi,j

ª

� y¡¤ j
yzo�xbuvpt¬b��u\s	£ve&�Ëª�¬bw\ptpr`bed}re�yzo�u;xbe�uv}tcCu;}�e��b}ruvc#y�o�e&��}�e5°;w�e&oQpro�ÌÆµ�y¡p�`Mp�`�e�o�{vcCe�o�edx��\e&}

i
Î

Qpromised
i,j

y¡xMy¡pro�}�e5°Jwbe&oQp�°Jwbe&wbevª\p�`�edx�p�`�e�u;���be&oQp
Qpromised

i,j

yzo%wb�=�b{�p�e5��µ�y¡p�`
Qi,j

ª

� e&��o�e Qi,j

y�o�edx�°Jwbe&wbe&��y¡x�p�`�e�}re&°Jwbe5oqpt°Jwbe&wbe�u�¤
j
®

_�uÏoQwbc#c�{�}ry 8devª�{Ð��}�u;cCyzo�e&� }re&°Jwbe&oQp�y�o�{Ð����{;s�e¢`buv�z�\e&}¥¤Æu;}�{G}re&°Jwbe5oqp(p�`�{�p�µ�y���� ¬7eB}�e5s�edy�©ve5�
{�¤Íp�ed}�{(}re&sdu«©ve&}�mM{�x��¦`N{vo�{���}re&{v�bm�¬7ededxB}�e5s�edy�©ve&�¦y¡x¢p�`be���}	oQp�e�À\e&sdw\p�y�uvxÂ®�knw�s	`¢}re&°Jwbe5oqp	o�e&y pr`bed}
sduv}r}�e&o��7uvx��¥p�u#��uv�;�ve&�(}re&°Jwbe&oQpro%u;}$pru#}�e5°Jwbe&oQpro�oQe&x;p��\wb}ry¡x��Cp�`be�}rede�À\e5s�w\pry¡u;x¯®

� � H$JK^ATgXc`SFMb\JKF��;f$FM`KO8Xc`����������0`BF k O��&FMO���FMF k U+WEOSX Y;X OSXcFM`]h

ijilk�m`npo�qsr
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b �
� � � ��� ��� !�& �*��#�� �M\)\ �����M\

§�x#{vs�p�y�©Jy¡pqm�¸r¹��`�7·�¼ ��¿j��·�»�¸	¿r¾�p�u�pr{v£ve%{�sr`be5sr£n�7uvy�x;p!'vy¡p3c�w�oQp3µ%{�y¡p�¤Æu;}�pr`be%xbedÀnpIoqp	{�¬b��e�oqp	{�p�e;ª�p�`�edx
s&{�x�uvxb��m�}re&{vs�p ¹�º\·$1¨¼³¿�»¨½K·�»¨½Í®R_%`Jw�o&ª;µ�e�©ny¡}�p�w�{v�¡��mCoQ`by¡¤Íp�}re&sded�\pry¡u;x�o3uv¤=c#e5o�or{��;e&o�pr`�{�p$o�`buvwb�z�C¤Æuv}	s�e
{¥s	`be5sr£n�7uvy�x;p5ª�pru�pr`be�c#uvc#edxJp µ�`bedx�pr`be�}re&s�e&y¡©ve&}�{;s¨p�w�{v���¡m(p	{�£ve5o�{¥s	`be&s	£n�7uvy�x;p&®�f�uvx�o�e&°Jwbe&x;pr�¡m;ª
pr`be�}�e5s�ed�\pry�uvx�uv¤RoQwNsr`¦c#e5o�or{��;evªNc#uv}re��b}re&s�yzo�ed��m�{¥c#e&oror{��ve�y�x��\yzsd{�p�y�xb�¥p�`N{�p

N−−−→Mi,j
> N current

j

ª
pr}�y��v�;ed}	o${�xM{;s¨p�y�uvxM�\e&�7edx��\y�xb��uvx�y¡pro�£ny¡xN�Ëªb}�e5°;w�e&oQp%u;}%}red���¡m;®

:�� H � , �(Ô)I 	 Ô �d�
Qi,j

²Å¤Rpr`beC}re&s�e&y¡©ve5�¦cCe5o�or{��;e�y�o�{�}�e5°Jwbe&oQp&ª=p�`byzo�}re&°Jwbe5oqp�µ�y��¡�3¬7eC}�e&�b��{;s�e5��µ�y¡p�`Ñ{��b}ruvc#y�o�e&�¦}re&°Jwbe&oQp
Qpromised

i,j

y�xMpr`be�}�e5°Jwbe&oQp�°Jwbe&wbe�uv¤9p�`be�xbedÀJp�s	`be&s	£n�7uvy�x;ptp	{�£vedx�¬nm
j
®�� uvy�xb��p�`byzodª7µ�e�©Jy�}�p�w�{v�¡��m

�7uJoqpr�7uvxbe�pr`be�}�e5s�ed�\pry�uvx�uv¤
Qi,j

y¡xBsd{vo�e�u�¤I}re&s�u�©ved}rmvª���y�£ve
Q
y�x¢sd{;oQe�uv¤I}�e5s�u�©ved}rm¥¤Æ}�u;c

n + 1
y�x

Ç�y��vwb}ret�b®9_%`be&}�ety�oIx�u��b}ruvc#yzoQe5�C}�e5°;w�e&oqpRy¡x#pr`bet}re&°Jwbe5oqp�°;w�edwbe��\wb}ry�xb��pr`be���}	oQpIedÀ\e&s�w\pry¡u;x¯ªJoQy�x�sde
pr`be�}�e5°;w�e&oQp%yzo%}red����{;s�e&��µ�y pr`M{#�b}�u;c#y�o�e&�(}re&°Jwbe5oqp�·T�N¶ 3¥y¡x�p�`�e�sr`be5sr£n�7uvy�x;p5®

_%`�{�xb£\o3p�u��b}ruvc#yzoQe5��}re&°Jwbe5oqp	odªvp�`be�}�e&��{�p�y�©ve�uv}	�\ed}Iu�¤Ë}re&°Jwbe&oQpI}re&sded�\pry¡u;x�o3yzoI�b}re&o�ed}r©ve&��y�x¥sd{;oQe
uv¤�}�e5s�u�©ved}rmv®
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�
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�
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�

�
�

������
������

i

j

Q
Q

Cn+1 ⇑{∅}
[∅]

Cn ⇑{∅}
[∅]

Cn+1 ⇑{∅}

[Qpmd

i,j ]

Ç�y��vwb}re���L3_%`be�}re&°Jwbe&oQp
Q
y�o�}�e&�b�z{vs�e5�(¬Jm�{C�b}ruvc#yzoQe5�(}re&°Jwbe&oQp�y¡x

Cn+1
j

:�� H � : �(Ô)J & Õ
Ri,j

²Å¤�p�`be�}re&sdedy�©ve&�(c#e5o�or{��;e yzot{C}�e&�b�¡m;ª\y¡pty�o�y¡c#�7uJo�o�y¡¬��¡e�pru#�7u;oQp��7u;xbe�p�`byzo�}�e5s�ed�bp�y�uvx¯®3§ o�µ�}�y¡pQpredxMy¡x
kne5s¨p�y�u;x 7 ® 7 ªvp�`�e�}re&sded�\pry¡u;x�uv¤¯{�}red�b��mCc�{5m�sd{�w�o�e {�x({��¡p�ed}	{�pry�uvx#uv¤Ëp�`be µ�`bu;�¡e {vs�p�y�©ny pqm#oQpr{�p�etp�`N{�p
yzo�y�}r}�e&©ved}	oQy�¬b�¡e;®#_%`Jw�o&ª�{�}red���¡m¦p�`�{�p�o�`bu;wb���¢¤Æu;}rsde#{�sr`be5sr£n�7uvy�x;p�uvxBpr`be�}re&s�e&y¡©ve&}�y�o��\ed��xby¡p�y�©ved��m
{vxMu;}��b`�{vxMcCe5o�or{��;ev®�f�u;x�oQe5°JwbedxJp���mvªN{�¤Íp�ed} {�}re&s�u�©ved}rmvª\p�`�e�}re&sdedy�©ved}tc#{«m�}re&s�e&y¡©ve�{�}red�b��m�y¡p�`�{;�
{v�¡}re&{;�\mÑ}re&s�e&y¡©ve5�Ë® Ntu;�7e�¤Æwb���¡m;ªIp�`beMcCe5sr`�{vxbyzoQc uv¤t¤Æw\prwb}�e5oCedx�o�wb}re&o�pr`�{�p�{Bo�w�s	`Ï{MÉQ�\w��b�¡yzsd{�p�e5�
}red�b��m;Ê�y�o�¹T�\¼³·
	�¹�¼U½K¸r¹�¶Í¶ 3�y��vx�uv}re&�Ë®9_%`bed}re y�o$xbe&©ved}�p�`be&�¡e5o�o�uvxbe�sduvx�oQp�}	{�y�x;p=L�¿s� 1��\»�¿�¼B2n¹�¼�¾T�«º7¶ ½K¸r¹�¼Å¿	¾
»�¿qºN¶ ½K¿.1(¹�»�¿¥½K¾v¿ ��¼U½K¸r¹�¶I¼³·�¼B2n¿�·�»¨½d:v½2�7¹�¶R»�¿qºN¶ ½K¿.1�� �Ñe#µ�y��¡�9¤Æw�}Qpr`bed}��\yzo�sdw�o�o�{�¬7uvwbp�p�`byzo�xbe5s�e&oro�y pqm�uv¤
e5°;w�y¡©�{v��edx�s�e�u�¤�edÀne5s�w\pry¡u;x�o%y�x�kne5s¨pry¡u;xM�b®

|3}�u�©ny��be&��pr`�{�p��bwb�b��y�s&{�p�e5�#}�e&�b��y¡e5oI{�}re�y��\e&x;pry�s&{��bpru�pr`betu;}�y��vy�x�{v�\uvxbe5odªvp�`buJoQe�p³µ�u�c#e&s	`�{�x�y�o�c�o
{«©vuvyz�(y�x�s�u;x�oQyzoQp�edx�sdm(�\wbe�pru#uv}r�b`�{vx�cCe5o�or{��;e&o$y¡x�sd{;oQe�u�¤�}re&sdu«©ve&}�m;®

��� i����
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b ��� � � ��� �l� # �=�)!`� # \ ��� � �M\)\ � �(�M\

Ç�uv}te&{vs	`Mc#e&o�or{��;e
Mi,j

ªN{�x�{vs	£nxbu�µ��¡e5�\�vc#edxJp�c#e&oro�{v�ve��by¡�;�vmn¬�{;sr£\o
N current

j

ªbpr`be���{�p�e5oqp�s	`be&s	£JÄ
�7u;y¡xJp�xnwbc�¬7ed}$uv¤Ëp�`be }re&sdedy�©ved}

j
'Jp�`byzo��by��v�;mn¬�{vs	£ve&�#©�{���wbe�yzo��\e&xbu�pre&�(�\edxbuvp�e&�

N←−−−Mi,j

®3_%`bed}re�¤Æu;}�e;ª
µ�`be&x

N←−−−Mi,j
> N current

i

ª�{�xÒ{vs�p�y�©Jy¡pqmÐy�o�¤Æu;}rsde&�Ðp�u
s	`be&s	£n�7uvy�x;p�{voCy ¤�y p�`�{v�Yxbu�p#mvedp�oQe&x;pCpr`be
{v�b�b��y�s&{�p�y�©ve�c#e&o�or{��;e

Mi,j

ÌK}�e5°Jwbe&oQp%uv}%}red�b��mbÎ¨®3_%`be�o�edx��\y�xb�#{;s¨pry¡©ny¡p³m¥y�o%y�xbed©ny¡pr{�¬��¡m(oQe&}�©ny�xb�C{�}re�Ä
°Jwbe5oqp�µ�`by¡��e�oQe&x��\y�xb��pr`be�cCe5o�or{��;evª;pr`Jw�o�y p�yzo%xbu�p�y¡xMoQpr{�¬��¡e�oQpr{�p�e;®3_%`byzo�¤Æu;}rsde&��sr`be5sr£n�7u;y¡xJp%c�w�oQp
pr`bedxM¬Ne��NuJoqpr�7uvxbe5�¥p�uCpr`be�xbedÀnptoqp	{�¬b��e�oQpr{�p�e;®Rf�uvxNoQe5°;w�edx;pr�¡m;ªnp�`be�oQedxJp�c#e&oro�{v�ve yzo�{�x�y�x\Ä?pr}r{vx�oQy¡p
c#e&oror{��ve LCy¡pCµ�y����$¬7e��¡uJoqpCy¡xÏs&{vo�e¥uv¤t}re&sdu«©ve&}�m;®Ñg wb}#oQu;�¡w\pry¡u;xGy�o�pru¢��uv�¦p�`�y�oCcCe5o�or{��;e(oQuB{;o�p�u
}re&o�edx��(y p�y�x�s&{vo�e uv¤Â}re&sdu«©ve&}�m;®�_%`byzo$c#e&oror{��ve�sd{vx�¬7e���uv�;�ve&�¥y�x�©vuv�z{�pry��¡e c#e&cCu;}�m�µ�`�y¡��e pr`be�xbe�Ànp
s	`be&s	£n�7uvy�x;ptyzotxbu�ptpr{v£vedx"LR�¡u;�v�vy�xb�#uvx�{�oQpr{v¬b�¡e�oQp�u;}r{v�ve�u\s&s�wb}	o��\w�}�y�xb�#p�`�e�sr`be5sr£n�7uvy�x;p5ªN{����¡u�µ�y�xb�
u;xb�¡m�u;xbe�{;sds�e5o�o�p�u¥pr`be�oQpr{v¬b��e�oQp�uv}	{��;ev® �Ñe�µ�y��¡��xbu�pre

Mresend
i (n)

pr`be(»�¿.1d¿s�=¾ > ��¿ ��¿#· �
i
��·�»

nyU® e;®9pr`be�uv}	�\ed}re&�(��y�oQptu�¤�c#e5o�or{��;e&o�p�`�{�pt`�{«©ve�p�u#¬7e�o�e&°Jwbe&x;p�yz{�����m(o�edx;p�¤Æ}ruvc
i
y�x�sd{;oQe�u�¤�}re&sdu«©ve&}�m

¤Æ}ruvc p�`be�s	`be&s	£n�7uvy�x;p
n
®

Ç�y��vw�}�e���o�`bu«µto$p�`�e���uv�;�vy�xb�Cu�¤
Q
ÌÆx�u�p�e5� � Q �¡Î$y¡x�p�`be�s	`be&s	£n�7uvy�x;p

n
®

���
���
���
���
���

���
���
���
���
���

���
���
���
���

���
���
���
���

�����
�����
�����
�����

���
���
���
���

i

j

Q Q

Cn-1 ⇑{∅}
[∅] Cn ⇑{Q}

[∅]

Cn ⇑{∅}
[∅]

Ç�y��vw�}�e��`LI_%`be�}re&°Jwbe5oqp
Q
yzo%��uv�;�ve&�¥¤Æuv}�}re&o�edxJp�y¡x�p�`�e�s	`be5sr£n�7uvy�x;p

n
u�¤

i
®

_%`�{�xb£\oIp�u�p�`byzo��¡u;�v�vy�xb��cCe5sr`�{vxbyzoQcMªJxbu�c#e&oror{��vetyzoR��u;oQp${�¤Íp�e&}${�}�e5s�u�©ved}rm�¤Æ}ruvc {vxJmC}re&sdu«©ve&}�m
��y¡x�ev®

b � + YZ��#�\ �M$ �*��� ��� ��#�� � � &�� \ \ � � � � Y��*�M$ �a&�� � # ��\

§ oM{�x {vs�p�y�©ny pqm sd{�p	sr`�e&o�wb� pruYpr`beÑ�z{�p�e5oqp�sr`�e&s	£J�7u;y¡xJp�xnwbc�¬7ed}Muv¤�u�pr`bed}M{;s¨p�y�©ny¡p�y�e&o&ª�y¡pMc#y¡�;`;p
¬7e¢¬7ed`by�x��´¬JmÒc#uv}re�p�`�{vx´uvx�e¢sr`be5sr£n�7uvy�x;p5®­²³x´p�`�y�o�s&{vo�evª%y¡p�c�w�oQp(pr{�£ve¢o�ed©ve&}r{v��s�uvxNoQe5s�w\p�y�©ve
s	`be&s	£n�7uvy�x;pro&ª �3½Í¼B2n·T�\¼R1d¿d» �&½2�=:�¹T� 3�»�¿+>s��¿.1¨¼ ��¿d¼ �R¿r¿ ��¼B2n¿.1d¿�¸A2\¿r¸ ��ºb·�½S��¼B1	®I_%`be5oQe sr`be5sr£n�7u;y¡xJproR�\y��=ed}
u;xb�¡m(y¡x�pr`bedy�}�{voroQu\sdy�{�p�e&��°Jwbedwbe5odª�o�y¡xNs�e�pr`be�{����b�¡yzsd{�p�y�©ve�oqp	{�pre��\une5o%xbu�p�s	`�{�xb�;ev®9²³xM�b}	{vs�p�yzs�evªb{vx
{;s¨p�y�©ny pqmCp�`�{�p$y�o�c#uv}retp�`�{vx¥u;xbe s	`be&s	£J�7u;y¡xJp�¬7e&`by¡xN��pr{v£ve&o�·T�=¿�¸A2\¿r¸ �rº\·�½S��¼��3½Í¼B2 1d¿ ��¿d»�¹�¶ 1�¿+>s��¿ �7¸	¿
�A� 	 �r¿�»+1¨ªn{�xN�¥o�ed©ved}	{��7�\y �=ed}redxJp$}re&o�edx��¥{vx���}re&°Jwbe5oqp$°Jwbe&wbe&o&®9Ç�uv}�edÀ\{vc#�b�¡e;ªJuvx�Ç�y��vw�}�e��bª

j
c�w�oQp

p	{�£ve�pqµ�u�s	`be&s	£n�7uvy�x;prot�\y �=ed}ry�xb�#uvx��¡m(¬Jm¥p�`be�}re&o�edxN��°Jwbe&wbe�ÌK`bed}re � Q1, Q2 �={�xN� � Q2 �¡Î¨®
�tx��\e&}9pr`bet�\e�¤K{vwb�¡pIo�ed}r©nyzs�e$�7uv��yzs�m�u�¤7u;wb}3c#u\�\ed�Uªvy?® ev®9Ç�²qÇ�g o�ed}�©ny�xb�Nª�{�x#{vs�p�y�©ny pqm�yzo3y¡x�{�oqp	{�¬b��e

oQpr{�p�e�¬7e�¤Æu;}�e�e&{;sr`�}re&°Jwbe&oQptoQe&}�©nyzs�ev®9²Åp�sd{�x�pr`Jw�o%p	{�£ve�{#sr`�e&s	£J�7u;y¡xJp�¬7e�¤Æu;}�e�e&{;sr`�}re&°Jwbe&oQptoQe&}�©nyzs�ev®

ijilk�m`npo�qsr
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i

j

k

Cn+2 ⇑{∅}
[∅]

Cn ⇑{∅}
[∅]

Cn+1 ⇑{∅}
[∅]

Q2

Q1

Cn+2 ⇑{Q2}
[∅]Cn+1 ⇑{Q1,Q2}

[∅]

Cn+2 ⇑{∅}
[Q1]

Ç�y��;wb}�e��XLI_%`be�{;s¨pry¡©ny¡p³m
j
c�w�oqptpr{�£ve�pqµ�u�sduvx�o�e&sdw\p�y�©ve�sr`be5sr£n�7u;y¡xJpro

N�u«µ�e&©ved}5ªIy p�yzoC�7uJo�o�y¡¬��¡e�p�uÑ�b}ruv�J{�c {Ñ�\y��7e&}�e&x;p¥oQe&}�©nyzs�e��7u;�¡yzs�mG{vx��Ïs�u;x�oQe5°Jwbedx;pr��m
��}�e&©vedx;p�{vx
{;s¨p�y�©ny pqm�p�u(s	`be5sr£n�7uvy�x;p ¬7e�¤Æu;}�e�¿ �«¿d»A3�oQe&}�©nyzs�e;®$²Å¤R{vx¦{vs¨pry¡©ny¡p³mMo�ed}r©ve&ot{�}re&°Jwbe5oqp

Qi,j

p�`N{�p�oQ`�uvwb�z�
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Cn+1 ⇑{∅}
[∅]

Cn+1 ⇑{∅}
[∅]
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Cn ⇑{∅}
[∅]
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Cn ⇑{∅}
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Q2
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Q3
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C
· ��¹T�Ñ¿ �n¿r¸ �\¼?½K·��

(E,≺)
½ 1�¹��(�N½Í¼Å¿/1p� �+1d¿d¼

C ⊆ E
1p��¸.2�¼K2\¹�¼

∀e, e′ ∈ E, e ∈ C ∧ e′ ≺i e⇒ e′ ∈ C

V Ô�� -j/Í�0/ Ø - P � > I 	���&S/Æ� Õ´ØA@ � 	¯�5�
C1 = C2 � � ¸s�\¼

C2
· ��¹T�¢¿ �n¿r¸ �\¼U½K·T�

(E2,≺2)
½@1�¿9> ��¹�¶Ë¼Å·¥¹

¸ �\¼
C1

· ��¹T�Ñ¿ �n¿r¸ �\¼?½K·��
(E1,≺1)

�
C1 = C2 �#½ ��¹T�7¾�·���¶ 3�½ �

{

e ∈ C1 ⇔ e ∈ C2

∀e, e′ ∈ C1e ≺1 e′ ⇔ e ≺2 e′
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C1 ⊆ C2 � � ¸ �\¼

C2
· ��¹T�Ñ¿��n¿	¸s�\¼U½K·T�

(E2,≺2)
½@1�¶¡¹�¼Å¿d»�¼K2\¹T�Ñ¹

¸ �\¼
C1

· ��¹T�Ñ¿ �n¿r¸ �\¼?½K·��
(E1,≺1)

�
C1 ⊆ C2 �#½ ��¹T�7¾�·���¶ 3�½ �

{

e ∈ C1 ⇒ e ∈ C2

∀e, e′ ∈ C1e ≺1 e′ ⇔ e ≺2 e′
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e ∈ C ∧ e′ ≺ e⇒ e′ ∈ C

§ s�u;x�oQyzoQp�edxJp$sdw\p%sduv}r}�e5oQ�7uvx��Cp�uC{�}�e5{��N�v��uv¬N{��7oqp	{�p�e u�¤¯p�`be�oQm\oQp�edcMªJp�`�{�p$y�oRpru�or{«m#{��7uJo�o�y¡¬��¡e
oQpr{�p�ev®
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⊕
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⊆
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e
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¼B2n¹�¼$½@1�¼Å· 1d¹�3

�
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e 6≺ e′ ∧ e′ 6≺ eC ⊕ e⊕ e′ = C ⊕ e′ ⊕ e
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C1 ⊆ C2 ∧ e ∈ C2 ∧ e
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7Q¸	·T� 1	½@1¨¼³¿s�N¼$¸ �\¼K1�¼B2n¿ �

�






C1
P
≡ C2

P

ei 6= rcv
ei

′ 6= rcv
⇒ C1P ⊕ ei ≡ C

2
P ⊕ ei

′

C � Ø¯ØA@ � _%`�y�o��b}runu�¤�yzo�{#�by¡}re&s¨p�s�u;x�oQe5°Jwbedx�sde�u�¤9|I}�u;�7ed}�p³m(��® �b®
2

C � Ø[J3Ô �«� Õ W�� E ��� Ô - Ô �«� &S/Æ� Ô Ù J / Ô � ÔJ× /Æ� Ô Ù Ô � Ô � �4/ -M/Æ�
��� 5S�
C1
P

¹T�7¾
C2
P

¹�»�¿
P
7Q¸	·T� 1	½@1¨¼³¿s�N¼

¸ �\¼K1�¼K2\¿s�
� {

C1
P
⊆ C2

P
∧ ei /∈ C2

P

ei 6= rcv ∧ ei
′ 6= rcv

⇒ ei = ei
′ ∧ C1

P ⊕ ei ⊆ C
2
P ⊕ ei

′

C � Ø¯ØA@ � _%`�y�o��b}runu�¤�yzo�{#�by¡}re&s¨p�s�u;x�oQe5°Jwbedx�sde�u�¤9|I}�u;�7ed}�p³m��\® �\®
2

� ��� � �M$%� ���"!��l� #�� Y ��!�!��M$[��#*�j\ \

_%`byzoRoQe5s¨p�y�uvx�o�wb�b�7u;o�e&o9p�`N{�pRµ�e�`N{5©vet{�s�u;x�o�y�oQp�e&x;pIe&xbuvwb�;`#sdw\p
C
uv¤={¥ÌÍ��}	oqp¨Î9e�À\e&s�wbp�y�uvx

(E1,≺1)
®

_%`byzo���}roQp�edÀne5s�w\pry¡u;xBedx�sduvwbxJp�ed}re&�B{(¤K{vwb� p�edxbuvw��v`B��{�p�ed}�pr`�{�x
C
ªÂo�u�p�`�{�p�pr`bed}reCyzo�{�s�uvxNoQyzoqpredxJp

sdw\p
CH

��{�p�e&}$pr`�{�x�p�`be�sdw\p
C
o�w�s	`�p�`N{�p�{����Ëc#e&oro�{v�ve5o$o�edxJp�y�x

C
`�{«©ve�¬Ne&edxM}�e5s�edy�©ve&��y¡x

CH
L

snd(M) ∈ C ⇒ rcv(M) ∈ CH

_%`by�o�s�uvxNoQyzoqpredxJp�sdw\p�µ�y�����¬7e�wNoQe5�Mpru�s�u;x�oqpr}r{vy¡x�p�`be#o�e&s�u;x���e�À\e5s�w\pry¡u;x¯®�_%`be�u;¬n~qe5s¨pry¡©ve�yzo�p�u
�b}ru�©veCp�`�{�p�pr`be¥o�e&sduvx��Ñe�À\e&sdw\p�y�uvxÐsd{vxÑ}re&{;sr`Bpr`be��;�¡u;¬�{��IoQpr{�p�e¥sduv}r}�e5oQ�7uvx��\y�xb��pru

CH
ª�uv}�cCu;}�e

�b}re&sdy�o�ed��m�p�`�{�p
CH

�3½Í¶Í¶M�=¿r¸	¿A1+1d¹�»¨½Í¶d3���¿C¹�¸s�\¼%· ��¼K2\¿/1d¿r¸	·T�=¾�¿��n¿	¸s�\¼U½K·T�N®

W��hP � , �(Ô � Ø 1 Ô � Õ d"	Â�
�Ñe$y�x;pr}�u\�bw�s�e�p�`be%xbu�pry�uvx�uv¤Â»�¿	¸r· �«¿d»A3�¸ �\¼�{voro�u\s�yz{�p�e5��p�u pr`be%sduvx�o�y�oQp�e&x;p9edxbu;wb�v`Cs�w\p

C
ªv{�x���xbuvp�e&�

C∗
®

V Ô�� -j/Í�0/ Ø - ,�Q�� ��Ô � Ø 1 Ô � Õ � 	¯� ØA@
C
�

C∗ = C{{e← P(e)|∃e′ (e′, e) ∈ Γ ∧ e ∈ C ∧ e′ /∈ C}}+ ({P(r)cv(Mk)|rcv(Mk) ∈ CH

C � Ø[J3Ô �«� Õ W�� � �
P
Ö � Ø -��0/K�d� Ô -=�C� Ô � Ø 1 Ô � Õ �'	Â� � � »Q¿	¸r· ��¿�»A3�¸s�\¼�½@1�¹

P
7Q¸	·T� 1	½@1¨¼³¿s�N¼$¸ �\¼ �
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W��hP � : � Ø R[R Ô Ù %ÈÔ �5�&�`R Ô �
knu;c#e�cCe5o�or{��;e&o�ÌÆy�xMpr}r{vx�o�y p¨Î%`�{5©ve�xbuvp�¬7ede&x�}re&s�e&y¡©ve5��y�xMp�`�e���}	oQp�e�À\e&sdw\p�y�uvx¦{�xN��µ$uvwb�z�M¬7e���u;oQp
y¡¤�pr`bedm�µ�ed}re�x�u�p���u;�v�ve5�(o�uvc#e&µ�`bed}rev®3Á¯e�p

L
¬7e�pr`be�o�e�p�uv¤��¡u;�v�;e&�(c#e&o�or{��;e&o0L

L = {Mk|snd(Mk) ∈ C ∧ rcv(Mk) /∈ C}

)�mC�\e��Nxby pry¡u;x#uv¤
CH

ed©ve&}�m���uv�v�;e&��c#e&oro�{v�ve%`�{vo3¬7e&edx#}re&sdedy�©ve&��y�x
CH

{vx���pr`Jw�o&ª;ed©ve&}�m���uv�v�;e&�
c#e&oror{��ve5o$sduv}r}�e5oQ�7uvx��¥p�u�{#�b}�u;cCyzo�e&�(}re&sded�\pry¡u;x"L

M ∈ L ⇒ P(rcv(M))C∗

f�uvx�o�e&°JwbedxJp���mvªnµ�e�sd{vx(s�u;x�o�y��\e&}Rp�`�{�p&ª\{;oIpr`bu;o�e cCe5o�or{��;e&oR{v}�e���uv�;�ve&�¥{�x���p�`�edy�}$}�e5s�e&�\p�y�uvx�o�y�o
�b}ruvc#yzoQe5�Ëªnp�`be&y¡}t}�e5s�e&�\p�y�uvx�o�sd{vx�¬7e�{;�b�\e&��µ�y¡pr`buvw\p�sduvx�oQp�}	{�y�x(p�uCpr`be�}re&s�u�©ved}rm�sdw\p0L

M ∈ L ⇒ rcv(M)
yzo�cCy�xby�c�{��¯y�x

E2

W��hP � H d Ø �«� Ô ���U- Ô �5� Ø[@ �=B Ô?J � Ø � Ø � Ø &
_%`be�uv¬\~qe&s�p�y�©ve�uv¤�p�`byzotoQe5s¨pry¡u;x�yzo%p�u#�b}ru�©ve p�`�e�¤Æu;�¡��u�µ�y¡x���p�`�eduv}redcM®
� B ÔnØ � Ô � W � , � ��� Ø -��=/Æ�&� Ô -7� Ô - Ø 	MR%BÒ�'	Â� /Æ���
	��G� / Ô -7� @ÅØ �¥� Ô � Ø 1 Ô � Õ �
²Å¤
C
½@1�¹(¸	·T� 1¨½@1	¼³¿ ��¼%¿s�=·T� :&2M¸ �\¼$· ��¹ � �I»+1¨¼ �¥¿��n¿	¸s�\¼U½K·T�

(E1,≺1)
�

{vx��
CH

½@1�¹(¸	·T� 1¨½@1¨¼³¿s�N¼$¸ �\¼$· �
(E1,≺1)

¶¡¹�¼Å¿d»�¼B2n¹T�¢¼B2n¿C¸ �\¼
C
�

{vx��G¹ 1d¿r¸	·T�7¾�¿ �n¿r¸ �\¼U½Æ·��
(E2,≺2)

1¨¼Å¹�»¨¼K1��	»�· 	 ¼K2\¿/1¨¼³¹�¼Å¿
C∗ ⊕ {rcv(Mk)|Mk ∈ L}

�
pr`bedx

CH
½@1�¹(¸	·T� 1	½@1¨¼³¿s�N¼%¸s�\¼%· ��¼K2\¿/1d¿r¸	·T�=¾�¿��n¿	¸s�\¼U½K·T�

(E2,≺2)
�

_%`byzo3pr`bedu;}�e&c o�wb�b�7u;o�e&o3p�`�{�pIpr`be o�e&s�u;x��CedÀ\e&s�w\pry¡u;x¥�\une&oIxbuvpRe&x�s�u;wbx;pred}�{�¤K{�wb�¡p�¬7e�¤Æu;}�et}re&{vs	`by�xb�
pr`be�s�w\p

CH
®

C � Ø¯Ø[@ � _%`byzo%pr`bedu;}�e&c�µ�y��¡�Â¬7e��b}ru«©ve&x�¬Jm�{#}re&sdwb}�}redxNs�e��b}�u\u�¤q®�Á¯edptw�o���}	oqp�y¡xJp�}ru\�\w�sde�xbu�p	{�Ä
pry¡u;x�o$¤Æu;}%p�`be��b}runuv¤³®3Ç�y�}roQp&ªbµ�e��be���xbe

C0 = Cut(C∗)
®

� Ô � �
� W�� ,
C0

½@1�¹�¸r·T� 1¨½@1	¼³¿ ��¼%¸s�\¼%· �
(E1,≺1)

�
�Ñe�y¡xJp�}ru\�\w�sde�{#oQedp�u�¤3s�uvxNoQyzoqpredxJpts�w\p	o

Ck
�vu;y¡x���¤Æ}�u;c

C0
pru
CH

�\ed��xbe&�M{vo$¤Æu;�¡��u�µto L

� C0 = Cut(C∗)

� Ck+1 = Ck ⊕ e
oQw�s	`�pr`�{�p

e
y�o�c#y¡xby�c�{��¯y�x

CH\Ck

�tu�p	{�pry¡u;x���® 7 edx�o�wb}re&o0L
Ck ⊆ Ck+1 ⊆ CH

Ck
yzo�{#sduvx�o�y�oQp�e&x;ptsdw\ptu�¤

(E1,≺1)
®

§�o�e�À\e&sdw\p�y�uvx�¬7edp³µ�e&edx
C0
{�xN�
CH

y�o%��xby¡p�e;ª
Ck
�Nx�{����¡m(}re&{vs	`be5o

CH
L

∃N, CN = CH
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_%`be�u;¬n~qe5s¨pry¡©ve�y�o%p�u�¬bwby¡�z�M{#o�e�ptu�¤
P
Ä³s�w\p	o%¬7e&�¡u;xb�vy�xb��pruCpr`be�oQe5s�uvxN�(edÀne5s�w\pry¡u;x¯®

_%`be�}re&sdwb}�}redxNs�e�`Jmn�7u�pr`be&o�y�o�Ì
RHn

Î�yzo%p�`be�¤Æu;�¡��u«µ�y�xb�AL

∃Cn
P , Cn ⊆ Cn

P

µ�y¡p�`

� C0
P

= C∗

� Cn
P
⊆ Cn+1

P

{vx��
Cn
P

yzo�{
P
Ä³s�u;x�o�y�oQp�e&x;pts�w\ptuv¤

E2 ®

RH0
y�o�©ved}ry¡��e&��¬7e&sd{vw�o�e

C0 ⊆ C∗ ⊆ C0
P

®
RHn ⇒ RHn+1

��e�p
e
¬7e pr`be�e&©vedx;p$pr`�{�p�y�o%{;�b�\e&�¥p�u

Cn
y�x�uv}	�\ed}�p�uCuv¬bpr{�y�x

Cn+1 = Cn ⊕ e
®

Ç�y�}	oqp5ª;y¡¤
e ∈ Cn

P

pr`bedx
e ∈ C∗ ⊆ C

®�²³x��bede&�¯ª;p�`byzo�sduvwb�z�#¬7e {;�b�\e&�¥{voR{�}�e5s�wb}r}�e&x�s�e�`nmJ�7uvp�`be5oQyzo0L
µ�`be&xM{vx�e&©vedxJp�yzot{v�b�\e5�(p�u

Cn
P

ªby¡pty�o%p�`be�or{�c#e�ed©ve&x;p�p�`�{�pt`�{vo%¬7e&edxM{;�b�\e&��p�u
Cn
®

²³x�p�`N{�p�sd{;oQe;ª
e
�\une5o%xbu�ptxbede5�(p�u�¬7e�{;�b�\e&��p�u

Cn
P

L

Cn+1
P

= Cn
P

hMuv}redu�©ved}0L
e ∈ C∗ ⊆ C ⊆ CH

_%`nw�oRpr`be��7u;o�y pry¡u;x¥u�¤
e
y�x
Cn

{�xN��y�x
Cn
P

yzo�xbe&sde&oro�{v}�y���m�pr`be�o�{vcCe�{vo�y�x
C
L3|3}ruv�7e&}Qpqm��b® ��edx�o�wb}re&o

Cn+1 ⊆ Cn+1
P

f ��o�evª
e /∈ Cn

P

ªnpr`bedx�}re&s�w�}�}redx�sde�yzo$�7ed}�¤Æuv}rc#e&�¥¬nm({�s&{vo�e�{vx�{���m\oQyzo�uvx(p�`be�£ny�x��(uv¤¯pr`be�ed©ve&x;p
e
®

� e = ei 6= rcv
ª\pr`bedx�|3}ruv�7e&}Qpqm��n® 9�e&x�oQwb}re&o$pr`�{�p

Cn+1
P

= Cn
P
⊕ ei

{�x��
Cn+1 ⊆ Cn+1

P

®
��u�p�e(pr`�{�pCp�`byzoCcCe5{�x�o�p�`N{�p&ªIy¡¤ {¢}�e5°Jwbe&oQp�yzoCoQe&}�©ve5�Ëª9p�`be&xGp�`�e�sduv}r}�e5oQ�7uvx��\y�xb�¦}re&s�e&�\p�y�uvx
e&©vedx;pt`�{;o�{���}�e5{v�\m�u\s&s�wb}r}re&� L

e = srv(M)⇒ rcv(M) ∈ Cn ⊆ Cn
P

� e = ei = rcv(M)
ªÂµ�e#c�wNoqp���}roQp�edx�o�wb}re�pr`�{�p

e
u\sdsdwb}ro�y�xBp�`be¥o�e&s�u;x��¢e�À\e5s�w\pry¡u;xÑ{�xN�¢yzo

c#y�xby¡c�{v�?ª\pr`by�o�µ�y����\~qw�oqpry ¤Æm(pr`be��\e���x�y pry¡u;x
Cn+1
P

= Cn
P
⊕ e

®

� e
u\s&s�wb}	o$y¡x

E2 ª\pqµ�u�sd{;oQe5o%{v}�e��7uJo�o�y�¬b�¡e L
� f y pr`bed}

send(M)
`�{;o%u\sdsdwb}r}�e5�¥y�x�pr`be�o�e&s�u;x��(edÀ\e&s�wbp�y�uvx"L

∃m, Cm+1
P

= Cm
P ⊕ send(M)

� g }
send(M) ∈ C0

P

ª
send(M) ∈ Cn

ª¯{�xN��p�`nw�o
send(M) ∈ C∗

ªË¬Jm�`nmn�7u�p�`�e&oQyzo&ª
rcv(M) /∈ C∗ ⊆ Cn

{�x��
¬Jm
�\e���xby¡pry¡u;xÐu�¤
L
ª
M ∈ L

L�p�`be(c#e&oro�{v�ve#`N{vo�¬Ne&edx
�¡u;�v�ve5��{�x��(pr`Jw�o�yzo�}�ed����{«mve&�(y�x�p�`be�o�e&s�u;x���e�À\e&sdw\p�y�uvx¯®
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� e
yzo3c#y�xby¡c�{v�by�x

E2\Cn
P

L
e /∈ Cn

P

y�cC���¡y�e&o
e 6∈ C∗

ª;{vx��C{;o
e ∈ CH

ª;µ�e�`�{«©ve
P(e) ∈ Cn

P

ª
{vx��(p�`nw�o

e
y�o�c#y¡xby�c�{��U®

|3}ruv�7e&}Qpqm��n® ��e&x�o�wb}�e5o L
Cn+1
P

= Cn
P ⊕ e ⊆ Cn ⊕ e = Cn+1

Ç�y�x�{����¡m;ª
CN = CH ⊆ CN

P_%`nw�o
CH

y�o�{Gsduvx�o�y�oQp�e&x;p�s�wbp�uv¤
CN
P

{�xN�Òpr`bed}re�¤Æu;}�e;ª
CH

yzo�{Ys�u;x�o�y�oQp�e&x;p�s�w\p�u�¤�pr`beBo�e&sduvx��
edÀne5s�w\pry¡u;x

(E2,≺2)
®

_Âu#¬7e��b}re&s�yzo�evª\µ�e�`N{5©ve�c#uv}redu�©ved}=L

CH = CN
P

{vx��´ed©ve&}�mÒ��uv�v�;e&� cCe5o�or{��;e¦`�{vo(¬7e&edx }re&sdedy�©ve&� ¬7e5sd{vw�oQe
M ∈ L

y�cC���¡y�e&o
rcv(M) ∈ CH

¬nm
�\ed��xby¡p�y�uvxMu�¤

CH
®

2_%`by�oI�b}runuv¤={��zoQu�©ved}ry �Ne&oI{�x#y�c#�7uv}�pr{vx;pRsduv}r}�e5s¨p�x�e&o�o9�b}ruv�7e&}Qpqm%L¯p�`betc#e5o�or{��;e�s�uv}r}re&o��7uvx��\y¡x�� p�u
{��b}ruvc#yzoQe5�¥}�e5s�ed�bp�y�uvx�s&{�xbxbuvp%¬7e�o�ed}r©ve&�Ë®�²³x�¤K{vs�p&ª\y¡p%yzo%o�w��¥s�y�edxJp$pruC�vw�{v}r{vx;predetpr`�{�pt{��b}ruvc#yzoQe5�
}re&s�e&�\p�y�uvx�µ�y��¡�Â{v�¡µ${«m\o$¬7e��N�¡��e&� L

²Å¤
P(e) ∈ C

P

{�x��
C
P

yzot{
P
Ä³s�w\ptu�¤�pr`be�e�À\e&sdw\p�y�uvx

(E,≺)
p�`be&x

e ∈ E
®

²³x��\e&e&�My¡¤�pr`by�otyzo�p�`be�sd{;oQe;ª\p�`be&x�µ�e�`N{5©ve
(e = rcv(M), e′ = serve(M)) ∈ Σ

{vx���xbe5s�e&oro�{v}�y���m
eu\s&s�wb}	o$¬7e�¤Æu;}�e

e′
¬7e&sd{vw�o�e�uv¤�p�`be�c#y�xby¡c�{v�¯}�e&°Jwby�}redc#edxJp&®

� � �t�d����+d��� �¢�$��� ���t� �! #"���"0����� �I�9+ ��� ���(.-����+�'�� �����

_%`byzo��N{�}�p�`by��v`��¡y��v`Jpro�pr`be¥�b}�u;�7ed}�p�y�e&o�u�¤�§�k\|0{vx��
|3}�uJ§%s�p�y�©ve¥{�w\pr`buv}ry 8dy�xb��p�u��7e&}Q¤Æu;}�c p�`�e�`nm;Ä
�7uvp�`be&o�yzo$p�`�{�p�{�}re��\uvx�e�y¡x�p�`�y�o�µ�u;}�£=®

% �`-j/ J 	 &Æ�\�0/ -MR %ÈÔ �5�5��R Ô � Ç�y¡}	oQp�u�¤�{����Uª�§ k\|�{vx�� |3}ru;§�s¨p�y�©veB{vw\p�`bu;}�y 8de�pruYc�{�xby��bwb�z{�preB{
c#e&oror{��ve�pr`�{�p�`�{;o�¬7ede&xÑ}�e5s�edy�©ve&�¢¬bw\p�xbu�p�o�ed}r©ve&�¦¬7e5sd{�wNoQe#o�w�s	`Bc#e&oro�{v�ve�`�{;o�xbuMe �=e&s¨p�uvx¢pr`be
{v�b�b��y�s&{�p�y�©ve�oqp	{�pre�u�¤�pr`be�{vs¨pry¡©ny¡pqmv®
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P(e)
yzo�p�`�e(yz�\edxJp�y¡��ed}Cu�¤�pr`be

o�edx��\e&}�u�¤
e
� �!�Å®

_%`by�o%�b}ruv�7e&}Qpqm�y�o�{Csduvx�o�e&°JwbedxNs�e uv¤Âpr`be�Ç�²qÇ�g­uv}	�\ed}ry�xb��u�¤�c#e&oro�{v�ve y�xM§ k\| {�x���|3}ru;§�s¨p�y�©vev®
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