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Containable(e, en) �º� Z(]©Y�N?�U] n = 0 Y@`dRUR�]��U^+`?[Ce(��T�` TUZ(]©]�[�TUQSTu�±_+]�Q\[(c�]�Xi^/Tu��Q � ] �
η[ À ] ��Å _���]�RUOd]2T�ZCN�T�T�Z(Q�������[�T�N « Q�����Q\XiQSW�N8RaT�` TUZ(]©�UV(_C�U]@T�`?b¯T�Z(]©N8X�_(Q\]�[�T2Y�N?W\Y�V(WSVC�
~�Z(Q\Y$Z�ZCN?��[(`�N?Y�T�QSOd]2^(R�`/Y@]!�U�U]���N8[Ce�~�ZCQ\Y$Z�e/]���Y@R�QS_+]���`?[CWS��TUZC]P��TUR�VCY�T�V(R�]2`8b-��^CNdY@]d�
WSQ\Á?]hTUZ�N�T¡VC�U]�e�Q\[¢T�Z(]���]�XiQ\��TUR�VCY�T�V(R�]�e�e(N�T$N2b"`dRUX�N8T�e(]���Y@R�QS_+]�e�Q\[�Æ\�@Ç �



È�É�Ê\ÉjË�Ì?Í�Î?Ï�ÍdÐ�ÊSÌdÍCÑ8ÒdÊSÍPÓiÌ?Ô(Ê\Ò\ÊxÐuÕaÐ�Ö(Ï�Ìd×UÕaØ-Ï¯Í(Ï�Ù�Ð0Ú(Ï@ÛCÍ(ÏtÑhË@Ì?ÍCÜ?×�Ý(Ï�ÍCË�Ï:×�Ï�Ò�Ñ�Ð�ÊSÌdÍEÞ ≡ ÞÝ(ÍCÚ/Ï�×:Ø�Ö(Ê�Ë$Ö©Ï�Í�Ð�ÊxÐ�ÊSÏ!É¯Ñ?×UÏ�Ï!ßdÝ�Ñ8ÒCÝCà�ÐUÌPÉ�Ê\Óià(ÒSÏ�×UÏ!Ñ8×�×�Ñ?Í(Ü?Ï�ÓPÏ�Í�Ð�ÉjÌ8áEà�Ñ8×UÐ�É�â8ãÃÍ¢Ñ?ÚCÚ/ÊxÐ�ÊSÌdÍ
ÐUÌ�×�Ï@äCÏ�Ù�Ê\Î�ÊxÐuÕdÞEÉ�Õ�ÓiÓiÏ@Ð�×UÕdÞLÐU×$Ñ8ÍCÉUÊSÐUÊ\Î�ÊSÐuÕ±Ñ?ÍCÚ�Ë@Ì?Í�Ð�Ï@Ù�Ð¢å

X ≡ Y =⇒ η[X ] ≡ η[Y ] æÐUÖ(Ê�É¡×�Ï�Ò�Ñ�Ð�ÊSÌdÍ)å"Ì8áçÐ�Ï�Í�×�Ï@á"Ï�×U×�Ï�Ú4ÐUÌ4Ñ?É�Ñ�É�ÐU×�ÝCË@ÐUÝ(×$Ñ8Ò�Ë@Ì?ÍCÜ?×�Ý(Ï�ÍCË�Ïa×UÏ�Ò\Ñ8ÐUÊ\Ì?Í æ Ê�É�Ñ?Ò\ÉUÌ©Ë@ÌdÓPèÓ2Ý/Ð$Ñ�ÐUÊ\Î?Ï©å
X | Y ≡ Y | X æ Þ(ÑdÉUÉUÌ/Ë@Ê�Ñ�Ð�ÊSÎdÏPå X | (Y | Z) ≡ (X | Y ) | Z æ Ñ8ÍCÚ�é�ÊSÜdÍ(Ì?×�Ï�Éê Ï�×�ÌdÉuëPå X | ì ≡ X æ â

íLî�ï ð�ñEò(óÄôjõ�ö
÷ Ì?ÍCÉUÊ\Ú(Ï�×:Ñ�ÉUÊSÓià(Ò\Ï¡Ï�Í�Î�Ê\×UÌdÍ(ÓiÏ�Í�Ð:Ë@ÌdÍ�Ð�Ñ8Ê\Í(Ê\Í(Ü�à+Ï�Ì?àCÒSÏdÞdË@ÌdÓià(Ý/ÐUÏ�×�É:Ñ8ÍCÚ�ÉUÏ�ÎdÏ�×$Ñ8Ò/ÓiÌ?Ô(Ê\Ò\Ï
Ñ8Ü?Ï�Í�Ð�É�â:ÈøÜd×�Ñ?à(Ö(Ê�Ë�Ñ8Ò¡Ú(Ï�à(Ê�Ë�Ð�ÊSÌdÍ¦Ì8áaÐUÖCÏ±ÓiÌ/Ú/Ï�ÒhË@Ì?×�×�Ï�ÉUà�ÌdÍCÚ/Ê\Í(Ü�ÐUÌ)Ð�Ö(Ê�É©Ø-Ì?×�Ò\Ú§Ñ�Ð�Ñ
àCÑ8×UÐUÊ�Ë@Ý(Ò�Ñ8×-Ð�ÊSÓiÏ�Ê�É¡Ú/Ê�É�à(Ò�Ñ�Õ?Ï!Ú¢ÑdÉ-á"Ì?Ò\ÒSÌ�Ø¡É�ù

vm

World
Charlie’s office

Bob’s office

Alice

Charlie

PC

laptop

music playeraudio

agent

vm

vm

default

default

agent

vm

Room

Person

Workstation

Laptop

Context

Agent

Key:

Permissions:

privs =

{
audio −→ {can play sound}
default −→ {}

ú Ö(Ï�×�Ï�Ñ8×�ÏhÎ�Ñ?×UÊ\Ì?ÝCÉ¯Ð�Ö(ÊSÍCÜdÉ-ÐUÌ�ÍCÌ8ÐUÏ�Ñ?Ô�ÌdÝ/Ð�ÐUÖ(Ê�É¡Ë�Ì?Í/ÛCÜdÝ(×$Ñ�ÐUÊ\Ì?Íºù
û â�È¡Ò\Ê\Ë�Ï
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×UÝCÍ(Í(Ê\Í(Ü�ÉUÌ?ÓiÏ�ÓiÌ?Ô(Ê\ÒSÏ�Ñ8Ü?Ï�Í�Ð¢Ë@Ì/Ú/Ï?â¯þ¡Ì8Ð�Ï�ÐUÖ�Ñ�Ð4ÉUÝCË$Ö¦Ñ8ÜdÏ�Í�Ð�É©ÖCÑ�Î?Ï à+Ì8ÐUÏ�Í�ÐUÊ�Ñ8Ò\ÒSÕ
Ï�Í�ÐUÏ�×UÏ!Ú©Ð�Ö(Ï�×�Ì�ÌdÓÿØ�ÊSÐUÖ(ÌdÝ/Ð¡ÖCÑ�Î�ÊSÍCÜ2Ð�Ì�ÓPÊ\Ü?×$Ñ�Ð�Ï�Ð�Ì©ÑiÚ/Ê�� Ï�×�Ï�Í�Ð�Ö(Ì�ÉuÐ!â

� â ú Ö(Ï�� ÷ Ê\Í ÷ ÖCÑ8×�ÒSÊ\Ï?ü É4Ì8ý©Ë@Ï�ÖCÑ?É�Ô+Ï�Ï�Í Ë�Ì?Í/ÛCÜdÝ(×�Ï�Ú¦Ø�ÊSÐUÖ Ñ8Í Ñ?Ú(Ú(ÊxÐ�ÊSÌdÍCÑ8Ò����
	��
 ö�ñ  Þ6Ë�Ñ8Ò\ÒSÏ!Ú�����������â ú Ö(Ê\É�����	  ödñ  ÖCÑdÉ2Ô+Ï�Ï�Í¥ÑdÉUÉUÌ/Ë@Ê�Ñ�Ð�Ï�Ú�Ø�ÊSÐUÖ§Ñ±à+Ï�×�ÓiÊ\É�É�Ê\Ì?ÍºÞ
can play sound

Þ Ñ8Ò\Ò\Ì�Ø�ÊSÍ(Ü©Ñ?Ü?Ï�ÍdÐ$ÉtÐUÌ¢à(Ò\Ñ�Õ�É�ÌdÝ(ÍCÚ(É�Ì?Í
Ñ©ÉUÏ@Ð�Ì8á6Ñ�ÐUÐ�Ñ?Ë$ÖCÏ�Ú�ÉUà�Ï!Ñ���è
Ï�×$É�â ú ÖCÏ�×�Ï@á"Ì?×�Ï�ÐUÖ(Ï ò��+ö 	  Þ��������! #"�$���%�&�'iÊ\É�Ñ?Ô(ÒSÏaÐ�Ìià(Ò\Ñ�Õ¢Ó2ÝCÉUÊ\ËhÊ\Í�ÐUÖ(Ï�Ì?ý�Ë�Ï?â
È¡ÒSÐUÖ(ÌdÝ(Ü?ÖPØ¯Ï�Ö�Ñ�Î?Ï-à(×UÏ!É�Ï�Í�ÐUÏ�Ú�Ï�Í�Ð�ÊxÐuÕ�ÍCÑ8ÓiÏ�É0ÑdÉ�ä�Ñ�Ð6Ê�Ú/Ï�ÍdÐ�ÊxÛ�Ï�×$É�Þ�Ð�Ö(Ï�ÕPÑ8×�Ï-Ò\Ê(�?Ï�Ò\Õ�Ð�Ì

Ô�ÏaÓiÌ?×�ÏhË�Ì?Óià(Ò\Ê\Ë�Ñ�Ð�Ï�Ú4ÊSÍ�à(×$Ñ?Ë�Ð�Ê\Ë�Ï?â�)(Ìd×�Ï@Ù(Ñ8Óià(Ò\Ï�ÐUÖ(Ï�Õ¢Ë@ÌdÝ(Ò\Ú�Ë@ÌdÍ�Ð�Ñ8Ê\Í4ÉUÏ�Ë�×UÏ�ÐtÚCÑ�Ð�ÑPÌd×
Ô�Ï�à(×UÌ?ÐUÏ!Ë�ÐUÏ!Ú�Ô�Õ�Ñ©Ú/Ê\Ü?ÊSÐ�Ñ8ÒjÉUÊSÜdÍCÑ�Ð�Ý(×UÏ+* à�Ì�ÉUÉUÊ\Ô(ÒSÏ�Ô�Ï�Í(Ï@ÛCÐ�É�Ì8á:ÉUÝCË$Ö
ÉUË$ÖCÏ�ÓiÏ�É�ÊSÍ�Ë@Ò\ÝCÚ/Ï?ù
å-, æ à+Ì?Ò\Ê\Ë�ÊSÏ!É¯Ë�Ì?Ý(Ò�ÚiÔ+ÏhÑ?à(à(Ò\ÊSÏ!ÚPÐUÌ2Ø�ÖCÌ?Ò\Ï�Ë@Ò�Ñ?É�É�Ï!É6Ì?áºÑ8Ü?Ï�Í�Ð�É¡å�Ï?â ÜCâ�Ñ8Ò\Ò(ÐUÖCÌdÉUÏ�ÉUÊSÜdÍ(Ï�ÚiÔ�ÕiÑàCÑ8×UÐUÊ�Ë@Ý(Ò�Ñ8×.�?Ï�Õ æ0/ Ìd×�å-,1, æ Ì?Í(Ò\Õ�à�Ï�Ì?à(Ò\Ï2à+ÌdÉ�É�Ï!ÉUÉUÊ\Í(ÜiÐUÖ(ÏiÉUÏ�Ë@×�Ï@ÐhÚ(Ñ�Ð$Ñ�Ø¯ÌdÝ(Ò�Ú Ô�ÏiÑ8Ô(Ò\Ï�Ð�Ì
É�ÝCË�Ë@Ï!ÉUÉ�á"Ý(Ò\ÒSÕ�ÍCÑ8ÓiÏ¡Ñ8Í�Ñ?Ü?Ï�Í�Ð6Ê\Í�Ñaà�ÌdÒSÊ�Ë@Õdâ�)(Ìd×:ÉUÊSÓià(Ò\Ê\Ë�ÊxÐuÕ�ÊSÍiÐ�Ö(Ï�×�Ï�É�Ð6Ì8á ÐUÖ(Ê�É0àCÑ?à�Ï�×6Ø-Ï
Ø�ÊSÒ\ÒCË@ÌdÍ�ÐUÊ\Í�ÝCÏ¯Ð�ÌaÝCÉ�Ï¡ÉUÊ\ÓPàCÒSÏtÏ�ÍCÜ?Ò\Ê\ÉUÖ�Í�Ñ8ÓiÏ�É�å�ÒSÊ(�?Ï2�������� 3"�$!��%�&�' æ á"Ì?×0ÓiÌ?ÔCÊSÒ\Ï�Ñ8Ü?Ï�Í�Ð�É�â
íLî(4 5�ò 7698 ò 	9: 5�ò ;6 ð�ñLô9<�ö 878;= �
	 8
> Ï Ý(Í(Ê�ß�Ý(Ï�Ò\Õ)ÍCÑ?ÓiÏ�Ñ�É�Ê\Í(ÜdÒSÏ�ÉUà�Ï!Ë@ÊSÛ�Ë¢Ï�Í�ÐUÊSÐuÕ)Ô�ÕÄà(×UÌ�Î�Ê�Ú/Ê\Í(Ü�Ñ�àCÑ8ÐUÖ%á"×UÌdÓ ÐUÖ(Ï ×�Ì�Ì?Ð
Ï�Í�ÐUÊSÐuÕ<ÝCÉUÊSÍ(Ü%ÐUÖCÏ�Í(Ï!ÉuÐ�ÊSÍCÜ%×�Ï�Ò�Ñ�Ð�ÊSÌdÍEÞ ↓ â > ÏÄÉ�Ñ�Õ%Ð�ÖCÑ�Ð

a ↓ b ÊSá
b
Ê\É Ñ¥Ë$Ö(Ê\Ò\Ú¨Ì8á
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Þ



?A@ B�@
b
?(CED0F�G�HJI�?(G�B7KMLN?OHQP�?OGRF�G�BTS(BVU�BVSWF�X�G�B7CYHQ?(G�Z#F�X

a
@\[^]�I�HQPMHQF_I�GRB7G�H`?�H-abLN?(SOS

HQP�B7cQBVXdF�c`BeP�IfU�BeHQP�BgXdF�cQh
η1 ↓ η2 ↓ . . . ↓ ηn

@2i�F�cjB0k�I�h�]�S(B�lm?(GbHQP�BTK�?(I�Z�cJI�hn?(G
o B7D0HQ?(F�GTp�@ q�I�GeB0k�]�c`B7C`CY?(F�GEXdF�c\H`P�B�SOF�D7IrHQ?(F�GgF�X�HQP�BsBVG!HQ?OH-aut�v�w�x�y�z�{!|�}�~���L�F���S(Ke�
B
��� ��{�� ↓ ��� |���{�x�~��0w �!�!� x!y�~ ↓ ��� ↓ |�v��
x � ↓ t�v�w�x!y3z�{!|�}�~���@� I�HQPgB0k�]�c`B7C`CQ?OF�G�CVl�CQ?(h�?(S�I�cNH`FjcQB7Z���S�I�c\BVk�]�cQB;CQCQ?OF�G�C7l�I�c`B���CYB;KeHQFj�!��I�G�H`?�XdaeFrU�B7cNI
CYBVH\F�X�]�I�HQP�C7@���B+��cJC-H�K�BV��G�B.HQP�B ↓∗ F�]�B7c`I�HQF�c�I�C2H`P�B�cQBV��B0k�?(U�BWHQcJI�G�CQ?�H`?OU�B+DVSOF!CY��cQB.F�X
↓ I�G�KEHQP�B7GgLNcQ?OHQB+HQP�BsCYa�G!H`I�k�F�X9SOF�DVI�HQ?(F�GeB0k�]�c`B7C`CY?(F�G�C�I�C�XdF�S(SOFrL�C7�

element ← η � B7G�H`?�H-aEG�I�h�Bf�
| {η, η} � I�S�H`BVc`G�IrH`?OF�G��
| ∗ � I�G!a��

expression ← element � c`F!F�HJ�
| expression � element � K�?(c`B7D�H�G�B7CYHQ?(G�Z!�
| expression �������Q� element � H`c`I�G�CQ?�H`?OU�B+G�B7CYHQ?(G�Z!�

��BWK�B0��G�B�HQP�Bs�¡ r¢¤£J¥�¦1§!¨�©0ªV¢�F�X«Is]�IrH`P¡B0k�]�c`B7C`CY?(F�G
exp

I�C�HQP�B.CYBVH2F�X«]�I�HQP�C
pathsLNP�BVc`B ∀p ∈ paths � LN?OHQP p = p1 ↓ . . . ↓ pn

�
¬ BVU�BVc`a_CYHQBV]

e1 � e2
?(G
exp

D0F�cQc`B7CQ]
F�G�K�C�LN?OHQPI3C-H`BV]
p1 ↓ p2

?OG
p
LNP�BVc`B®HQP�B

BVS(BVh�BVG!H
e1
�� �¢¯£J¥�ª0©

p1
I�G�K

e2
�� �¢¯£J¥�ª0©

p2 °¬ BVU�BVc`a�CYHQB7]
e1 �����!�Q� e2

?OG
exp

D0F�cQc`B7CQ]
F�G�K�CmHQF±IuCYB;����BVG�DVB�F�X�CYHQB7]�C
p1 ↓ . . . ↓ pnXdF�c�CQF�h�B

n
LNP�BVc`B.H`P�B�BVS(BVh�B7G�H

e1
�¡ r¢¤£`¥�ª�©

p1
I�G�K

e2
�¡ r¢¤£`¥�ª�©

pn °¬ HQP�B�B7SOB7h�BVG!H {η1, η2}
�� �¢¯£J¥�ª0©²H`P�B�BVG!H`?�H-ajLN?OHQPgG�I�h�B

η
?�X
η1 = η

F�c
η2 = η °¬ HQP�B�B7SOB7h�BVG!H�³��¡ r¢¤£`¥�ª�©\I�G�ajBVG!H`?�H-aEG�I�h�B ° I�G�K¬ HQP�B�H`cQ?(U�?(I�S«]�IrH`PgBVS(BVh�BVG!H

η
�¡ r¢¤£`¥�ª�©NI�GeBVG!H`?�H-ajLN?OHQPgG�I�h�B

η
@

� I�HQP�B0k�]�c`B7C`CY?(F�G�C�]�c`FrU�?(K�B²I+CY?(h�?OS�I�c9Xd��G�D0HQ?(F�GuHQF+HQP�IrHmF�X�´ � IrHQPeµ ¶�·¯lr��CYB;K�XdF�c9G�I�h�?OG�Z
BVS(BVh�BVG!H`C\F�X9´+¸T¹3K�F�D0��h�B7G!H`C7@

º«»1¼ ½E¾2¿ÁÀ�Â7ÃÅÄ9Æ�Â7Ç9ÈTÉ#Ê�¿ÁÈ�Ë
Ì P�Buh�F�K�B7SÁ?�C+��]
K�IrHQB;KÍK�a�G�I�h�?(D7I�S(SOaeHQFEcQBV��B7D0H.H`P�B±c`B7I�S�ÎÏHQ?(h�BuDVF�G���Z���cJIrHQ?(F�G®F�X�HQP�B
BVG�U�?Oc`F�G�h�B7G�H;@�¹�F�D7IrH`?OF�GTCYB7G�CYF�c`CWcQB7Z�?�C-H`BVcWDJP�I�G�Z�B7C�?(G®H`P�Bu]�P!a�CQ?(D7I�S9D0F�G���Z���cJIrH`?OF�GgF�X
HQP�B�L�F�c`S�K � B�@ Z�@�HQP�B.h�FrU�BVh�BVG!HJC�F�X«F���Ð-B;D�HJC`��LNP�?(DJPjI�cQB\H`P�BVGjc`B0��B7D�H`B7K���a�DJP�I�G�Z�B7Cm?(GHQP�B+h�F�K�BVSÏ@�Ñ¤G�I�K�K�?OHQ?(F�GÒl!h�F���?(S(B.I�Z�BVG!H`C2h¡Ifau�
B.]�cQF�Z�cJI�h�h¡IrHQ?�DVI�SOS(a±DVcQB;IrHQB;K«l�XdcQF�ÓVBVG�l
Ô ?(S(SOB;KjF�c\h�?(Z�cJIrHQB;K«l�D0F�G�C-H`c`I�?OG�B;K¡F�G�SOa¡��a�HQP�B+?(G�CYH`I�SOS(B7KECYB;D0��c`?�H-a�]
F�S(?(DV?OB;CV@��ÕB�K�B0��G�B
SOB7Z�I�S2��]
K�IrHQB;C�H`FgHQP�BEL²F�cQS�KÍ��a�IgS(I���B7SOS(B7KÕH`c`I�G�CQ?�H`?OF�GÕc`BVS�IrH`?OF�GÒl γ→ @��ÕBj��CQB¡S(I���B7S(CHQFecQB7]�cQB;CYB7G!H�HQP�B�CQ?(K�BVÎÏBVÖ
B;D�HJC.F�X�HQcJI�G�CY?OHQ?(F�G�C7l�?(GÍ]�I�cQHQ?�D0��S�I�c.HQP�B�BVh�?�CQCQ?(F�G � emit(γ)

�
I�G�Kec`B7D0B7]�HQ?(F�G � receive(γ)

��F�X�I�GeI�Z�BVG!H�K���c`?(G�Z�h�?(Z�cJIrH`?OF�GÒ@ Ì P�BsI���CYB7G�D0B�F�XmI�S(I���B7S
F�G#I®H`c`I�G�CQ?�H`?OF�GÕ?(G�K�?�DVI�HQB;CsH`P�B�S�I�D Ô F�XWCQ?(K�BVÎÏBVÖ
B;D�HJCV@9[×UrI�S(?(K3HQcJI�G�CQ?�H`?OF�G3h±��CYH±P�IfU�B
G�FuS�I��
BVS�CNIrH�HQP�B.H`F�]ESOB7U�BVS�Ø¡S(I���B7S(C\hu��CYH\I�SOL\Ifa�C2�
B�h�I�H`DJP�B;K�I�G�K�D7I�G�DVBVS(SOB;Kj��a¡HQP�B
cQ��S(B � h�?OZ�c`I�HQBf�.K�B7C`D0c`?O�
B7KÍ��B7SOFrL�@Òi�F�c���c`BVU�?�H-a®L�B�LNcQ?OHQB a ↔ b

?�X²HQP�B�HQcJI�G�CY?OHQ?(F�G�?(C
cQB7U�BVcJCQ?O��S(B�?Ï@ B�@�?�X��
F�H`P

a→ b
I�G�K

b→ a
I�cQB.SOB7Z�I�S�HQcJI�G�CY?OHQ?(F�G�C7@ Ì P�B.c`��G!HQ?(h�B.CQa�CYHQB7h

� K�B;CQDVcQ?(��B;K�?OG#I®DVF�h�]�I�G�?OF�G�]�I�]
BVc�µ(Ù;Úr·1�+B7G�CQ��cQB;C+HQP�I�H±BVU�BVc`aÍB7U�BVG!H�H`P�IrHsF�DVDV��cJC�?(CcQB7]�cQB;CYB7G!HQB7K���aEI�SOB7Z�I�S�H`c`I�G�CQ?�H`?OF�GÒ@



Û�Ü�ÝNÞ7ß!àQáOàQá(Þ7â
X,Y, Z ã ß�äeÞVß!à`á�à-åjß ã�æ Þ7â a, b, c çNè Þ7ÝQÞ a é person ê b é room ã ß�ä

c é laptop ç Þ�ä�ÞVë�ß�Þ�à è Þ�ìdÜ�í(íOÜ ç á(ß�î�ÝQï�íOÞ;âVð
a[X ] | b[Y ] ↔ b[a[X ] | Y ] ñdç\ã í(òjáOß�ófÜ�ï�àJô
a[X ] | c[Y ] ↔ a[c[Y ] | X ] ñdõ á�öJò�ï õ ó õ ï�à�ä�Ü ç ß
ô

÷¤ß õ í ã á(ß�àQÞVÝ æ â�à è Þ7âQÞ�Ý`ï�í(Þ7â2ä�Þ7â`ö0Ý`áOø
Þ è Ü çùã�õ ÞVÝJâYÜ�ß æ¡ã å±ìdÝ`ÞVÞ7íOå ç�ã íOò�á(ß�à`Ü ã ß�ä¡Ü�ï�à²Ü�ìÝQÜ�Ü æ â ã ß�ä õ á(öJòuï õ Ü�Ý�ä�Ý`Ü õ�ã ß�å õ Ü�ÝQà ã ø�íOÞ õ�è å�âQá(ö ã í�Ü�ø�ú-Þ7ö�àJâ ñ Ý`Þ õ ÝQÞ;âYÞ7ß�à`Þ7ä±ø!åuÞVß!àQáOàQá(Þ7âÜ�ìmâYÜ�ÝYàNûÅü�ý9þ7ÿ�ýmô��
Û�Ü�Ý�âQá æ�õ íOá�ö0áOà-åEÞ � Þ7ÝQå!à è áOß�î�à è�ã à.ö ã ß è�ã�õ�õ Þ7ßgàQÜ ã�æ Ü�ø�áOí(Þ ã î�ÞVß!à ñ á�� Þ���ø
ÞVá(ß�î�öVÝQÞ��

ã àQÞ;ä ê ìdÝ`Ü��VÞ7ß ê ä�ÞVìdÝQÜ!â-à`Þ7ä ê ò�áOí(í(Þ7äEÜ�Ý æ áOî�Ý ã àQÞ7ä�ô2á�âNö0Ü�ß�âQá(ä�Þ7ÝQÞ;ä ã â ã âQÞ
	!ï�Þ7ß�ö0Þ+Ü�ì õ ÝQá æ á��àQá � Þ±Ü õ Þ7Ý ã àQá(Ü�ß�â�Ü�ìmà è ÞsìdÜ�í(í(Ü ç áOß�îjà ç Ü¡à-å õ Þ7â7ð ñ� ôWí(Þ ã � áOß�î ã¡õ�ã ÝYà`á(öVï�í ã Ý.öVÜ�ß!àQÞ��!à�� ñ��� ôÞVß!àQÞ7ÝQá(ß�î ã±õ�ã ÝQàQá�ö0ï�í ã Ý�ö0Ü�ß�à`Þ���à
�!Û�Ü�Ý²Þ�� ã�æ�õ íOÞ ã ß ã î�ÞVß!à\ö0Ý`Þ ã à`áOÜ�ß¡á(â�ö0Ü�ß�âQá(ä�Þ7ÝQÞ;ä ã âQáOß��î�í(ÞWÞ � ÞVß!à���à è Þ.ß�Þ çã î�Þ7ß!à2ÞVß!àQÞ7ÝQá(ß�îsáOà`â�á(ß�áOàQá ã í�ö0Ü�ß!à`Þ���à
����áOí(í(áOß�î ã ß ã î�Þ7ß�à²á(â ã âQá(ß�î�í(ÞíOÞ ã � á(ß�îeÞ � ÞVß!à
����ß ã î�ÞVß!à æ áOî�Ý ã àQá(Ü�ß®ìdÝ`Ü æ a
à`Ü
b
á�â�ö0Ü�ß�âYá�ä�ÞVÝ`Þ7ä ã âYÞ�	�ï�ÞVß�öVÞuÜ�ì2à ç ÜÞ � Þ7ß!à`â7ð ñ�� ô�íOÞ ã � áOß�î.à è Þ�âYÜ�ï�Ý`öVÞ�öVÜ�ß!àQÞ���à a � ã ß�ä ñ��� ô�ÞVß!àQÞ7ÝQá(ß�î.à è Þ�ä�Þ7âYàQá(ß ã à`áOÜ�ß�öVÜ�ß!àQÞ��!à

b
��Û�Ý`ÞVÞ
�Vá(ß�î ã ß ã î�ÞVß!àsá�â±öVÜ�ß�âQá(ä�ÞVÝ`Þ7ä ã â ãgæ á(î�Ý ã àQá(Ü�ß�á(ß!àQÜ ã â õ Þ;ö0á ã í2öVÜ�ß!àQÞ��!à±ö ã í(íOÞ;ä

frozen ã ß�äeä�ÞVìdÝQÜ!â-à`áOß�î�á�â ã�æ á(î�Ý ã à`áOÜ�ßEÜ�ï�à ã î ã á(ß����ÜeÝQÞ õ Ý`Þ7âQÞVß!à.à è Þ¡á(ß�â-à ã í(íOÞ;ä�âQÞ7öVï�Ý`á�à-å õ Ü�í(á(öVáOÞ;â ê«ç Þ ã â`âYï æ Þ ãeõ�ã áOÝ�Ü�ì�áOß�ë�� õ Ý`Þ7ä��á(ö ã àQÞ;â ê��! #" $�"&%'$�(�ã ß�ä �) *" +,$) #-.$7ê ä�Þ0ë�ß�Þ;ä3í ã àQÞ7Ýsá(ß0/�Þ7ö0àQá(Ü�ß01�� 2 ê�çNè á(ö è ìdÜ�Ý ã î�á � ÞVß
ã î�Þ7ß!à d ã ß�äeö0Ü�ß�à`Þ���à e ø�Þ è�ã � Þ ã â�ìdÜ�í(íOÜ ç â7ð

d �) *" +,$) *-*$ e è Ü�í(ä�â\á�ì9à è Þ õ Ü�í(á�ö0á(Þ7â ã í(í(Ü ç d
à`Ü�í(Þ ã � ÞWà è Þsö0Ü�ß!àQÞ���à e

d �) *" $�"3%4$�( e è Ü�í(ä�â\á�ì9à è Þ õ Ü�í(á�ö0á(Þ7â ã í(í(Ü ç d
à`Ü�Þ7ß!àQÞVÝ\à è Þsö0Ü�ß!àQÞ���à e

Û�Ü�ÝNÞ7ß!àQáOàQá(Þ7â
d é agent ê�ã ß�ä e é context ç Þ ç Ý`áOàQÞ+à è Þ�Ý`ï�í(Þ�ð

e[!d | X ] → e[d[ 5 ] |!d | X ] iff d �) *" $�"&%'$�( e ñAã î�ÞVß!à�ö0Ý`Þ ã à`Þ7ä�ô
� è á(â+Ý`ï�í(Þ ã âQâQÞVÝQà`â�à è�ã à ã î�ÞVß!àJâ æ¡ã ågø�Þ¡öVÝQÞ ã àQÞ;ä®á(ßTà è Ü�âQÞ õ í ã öVÞ7â+ö0Ü�ß�à ã á(ß�á(ß�î ã ß ã�õ �
õ ÝQÜ õ Ý`á ã àQÞ ã î�ÞVß!à�ì ã ö�à`Ü�Ý`å ñ ÝQÞ õ ÝQÞ;âYÞ7ß!àQÞ7ä�ø�å !d

ô õ ÝQÜ � á�ä�Þ7ä�à è ÞWß�Þ çRã î�ÞVß!à2á�â ã íOí(Ü ç Þ7ä�àQÜÞVß!àQÞ7Ý�à è Þ�âQï�Ý`ÝQÜ�ï�ß�ä�á(ß�îjö0Ü�ß!àQÞ���à��6/�á æ áOí ã Ý`íOå ê
ã î�Þ7ß�à+ä�Þ7âYàQÝ`ï�ö�à`áOÜ�ß®á(â.Ü�ß�íOå õ Þ7Ý æ áOàYà`Þ7äTáOìà è Þ ã î�ÞVß!àNá�â ã í(íOÜ ç Þ7äjàQÜ¡í(Þ ã � Þ.à è Þsö0Ü�ß!à ã á(ß�áOß�î�öVÜ�ß!àQÞ��!à ê�ã âNä�Þ;âQöVÝQá(ø
Þ7äeø�å¡à è á�âNÝ`ï�í(Þ�ð
e[d | X ] → e[X ] iff d �) *" +7$! #-.$ e ñÅã î�Þ7ß�àNò�á(íOí(Þ7ä�ô

��î�Þ7ß!à`â ã Ý`Þ²ìdÝQÜ��VÞVßuø�å æ Ü � á(ß�î.à è Þ æ á(ß!àQÜ�â õ Þ7öVá ã íOí(åsö0Ý`Þ ã àQÞ;ä frozen
ö0Ü�ß!àQÞ���àJâ ê ö0Ý`Þ ã àQÞ;ää�å�ß ã�æ á�ö ã í(í(å��*� è Þ7âQÞ\ö0Ü�ß!à`Þ���à`â ã Ý`Þ ã âQâQÜ�ö0á ã àQÞ;ä ç áOà è ß�Ü õ ÞVÝ æ á(â`âQáOÜ�ß�â�á�� Þ�� privs(frozen)á(â {} ��8²Ü�ß�âYá�ä�ÞVÝ±à è ÞeÞ�� ã�æ�õ íOÞEáOß9/�Þ7ö0àQá(Ü�ß:1�� ;<�ÕáOì�à è Þ>=&?A@�BDCFE3GDH�I�J�K ã î�Þ7ß!à ç ÞVÝ`ÞìdÝQÜ��VÞVß_à è ÞVßMá�à ç Ü�ï�í�ä_íOÜ!âYÞeà è Þ ã ø�á(íOáOà-å3àQÜ õ í ã å#âQÜ�ï�ß�ä���� è Þ ã ö0à`â�Ü�ì+ìdÝ`ÞVÞ��7áOß�î ã ß�ää�Þ0ìdÝ`Ü�âYàQá(ß�î ã Ý`Þ+ä�Þ7â`ö0Ý`áOø
Þ7äeø�å¡à è Þ�ìdÜ�í(íOÜ ç á(ß�î�ÝQï�í(Þ7â7ð

e[d | X ] → e[frozen[d] | X ] iff d �) *" +,$) *-*$ e ñAã î�ÞVß!à\ìdÝQÜ��VÞVß
ô
e[frozen[d] | X ] → e[d | X ] iff d �) *" $�"3%4$�( e ñAã î�ÞVß!à�ä�Þ0ìdÝ`Ü�âYàQÞ;ä�ô

L�Ü�à`Þ2à è�ã à ê àQÜ+ø�Þ�ìdÝ`Ü��VÞ7ß êfã ß ã î�Þ7ß�à æ ï�âYà�ø�Þ ã í(íOÜ ç Þ7äsø!å+à è ÞNâYÞ;ö0ï�Ý`á�à-å õ Ü�í(á(öVáOÞ;âÁàQÜWí(Þ ã � Þá�àJâ�öVï�Ý`ÝQÞ7ß�à�ö0Ü�ß!à`Þ���à
��� è ÞVÝ`ÞWá�â²ß�Üuî�ï ã Ý ã ß!à`ÞVÞ\à è Þ ã î�ÞVß!à ç á(í(í
Þ � Þ7Ý2ø
Þ.ï�ß�ìdÝQÜ��VÞVß ã î ã áOßM�ï�ß�ìdÝ`ÞVÞ��7áOß�î æ¡ã å�Ü�ß�í(å�Ü�ö7ö0ï�Ý�áOì�à è Þ ã î�ÞVß!à è�ã â õ Þ7Ý æ á�âQâQáOÜ�ß3àQÜ�ÝQÞ7ÞVß!àQÞ7Ý±à è ÞeÜ�Ý`áOî�áOß ã íö0Ü�ß!à`Þ���à
�



NPO�Q
RDSUTWV7O�X)Y*S!V,Z�R\[6Q�S�]�Q�Q�R<^�Z�RDS_Q�`DS)aUV7aUb3Y#R&c�d7Q
ce[�f>S!b�QhgiZ�d7d,Z*]jV7R�OkX_l&d,Q�a�m

e[d | X ]
emit(d)−→ e[X ] iff d n!o#p q,r)o#s.r e t Y#O�Q
RDSUd7Q
Y.u�Q
a)v

e[X ]
receive(d)−→ e[d | X ] iff d n!o#p r�p&w'r�x e t Y�O�Q
R�SjQ
R�S!Q�X)a!v

X
emit(γ)−→ Y Y

receive(γ)−→ Z

X → Z
t TWV7O�X)Y*S!Q�v

y Z#S!Q>S_b3Y*SzS!b�Q\Y�^�SzZ�gUTWV7O�X)Y*S!V,Z�R{V|azY}^�Z�TW~6Z�l�R3c�Z�~6Q�X)Y*S_V7Z�R�]jb�Q
X_Q�S_b�Q\a_V|c�Q��4Q��AQ
^�S
emit(γ)

T�l&a�S�[3Q�TWY#S!^)b�Q�c�[�f�Y}^�Z�X!X_Q�a~6Z�R3c�V,R&O�a_V|c�Q��4Q��AQ
^�S
receive(γ) ��� b�Q
X_Q�giZ�X!QTkV7O�X)Y*S!V,Z�R�T>Y.f<Z�R�d7f<b&Y�~�~3Q
R}V,g�S!b�QW~3Z�d,V|^�V7Q
ahY#d7d7Z*]�[3Z�S_b�S_b�QWd7Q
Y.u�V,R&O�aS_Q�~{Y#R&c}S_b&Q

Y#X!X_V7u�V,R�OhaS_Q�~M�*V�S�V|a�V,TW~6Z�a!aV7[�d7Q�giZ�X�S_b&QPY#O�Q
RDS�S!Z�O�Q�S�aS_l&^)��aZ�TkQ
]jb�Q�X!Q�V,Rk[3Q�S�]�Q
Q�R ��� SV7a�V,TW~6Z�X_S!Y#RDS�S!Z�Q�TW~�b3Y�a_V7a_QjS_b3Y*S�Z�R�d,f�S_b&Q�X!Q
a_l�d�S)a�Z�g6S!Z�~�d7Q�u�Q�d&S_X)Y#R&a_V�S!V,Z�R&a�Y�X_Qju�V|aV7[�d7Q
S_Z�Y�~�~�d7V7^
Y*S!V,Z�R&aU�<Y#~�~�d7V|^�Y*S!V,Z�R&a�^
Y#R�R&Z#S�a_Q�QkY#R�f�V7RDS_Q
X_TWQ
c�V7Y#S_Q�aS!Y#S_Q�aPZ#g�S!b�QkTkZ�c�Q
d �� Q�O�Q�S�Y.]UY.fP]jV,S_bhS!b�V7aM[3Q�^�Y�l&aQ�Z�l�X�]�Z�X!��a_ZUg�Y#X�b3Y�a�giZ�^�l&aQ�chZ�R�YUS!X_l&aS_Q�cj��V7RDS_X)Y#R�Q�S��4�a�S�f�d7Q�Q�R�u�V7X_Z�R�TWQ�RDSM]jb�Q
X_Q�^�Z�TW~�d7V7^
Y*S!V,Z�R&aMc�l&Q�S!Z�l�R�X!Q�d7V|Y#[�d7Q�R�Q�S�]�Z�X_�h^�Z�TkT�l�R�V|^�Y#S_V7Z�R
Y#R&c�~&Y#X_S_V|Y#dAg�Y�V,d7l�X!Q�Y#X!Q�TWV7R�V7TkV|a_Q
c �NPO�Q
RDS�TkV7O�X)Y*S!V,Z�R>^�Z�l&d7cW[6QPX!Q�~�X!Q
a_Q�RDS_Q�cWc�V��AQ�X!Q�RDS!d,fkV�g�]�Q�Y#d7d7Z*]�Q�ckY�O�Q
R�S)a�S_Zza_V7T��
~�d,f�^�d7V7Tz[<S!b�Q�Q�RDS!V�S�f�b�V7Q�X)Y#X)^)b�f\Y#R&ceS!b�Q�R}]�Y�d,�ec�Z*]jR�Y#ODY#V7R\��S_b�QzY�~�~�X!Z�Y�^)b�S)Y#��Q�R
V,R\S_b�Q�NPT�[�V7Q�RDSP��Y�d7^�l�d7l&a ��� b�V|a�]�Z�l�d|c\Y#d7d7Z*]�l&a�S_ZWaV7TW~�d,V,gif>Z�l&X�X!l�d7Q
a�[�f>X_Q
TkZ*u�V7R�O
S_b�Qkd7Y�[3Q
d7a�Z�R}Z�l&X�S!X!Y�R&aV,S_V7Z�R�X_Q
d7Y#S_V7Z�R �A  Z*]�Q�u�Q�X�¡3Y�d,d7Z*]jV,R&O\Y#R{Y#O�Q
RDS�S_ZeTWZ*u�QkY#R�fD�]jb�Q�X!Q�V7R�S!b�Qhb�V7Q�X)Y#X)^)bDfW^�Z�l�d|c�d7Q
Y�c�S_Zku�V,Z�d7Y#S_V7Z�R&a�Z#g�S!b�Q�aZ�XS!V,R&OzX!l�d,Q�a t c�Q�a_^�X_V7[3Q�c�V7R¢ Q
^�S_V7Z�RF£ � £�v � Njc&c�V�S!V,Z�R&Y#d7d7f<S_b�Q
X_QWV|a�Y�al&[�S_d7Q>aQ
TWY�RDS_V|^kc�V��AQ�X!Q�R&^�QW]jV�S!b{X!Q
a_~6Q
^�ShS!ZS_b�QeaQ�^�l�X!V�S�f{~6Z�d7V7^�V,Q�a�m�[Df�l&a_V7R�O<S_b&Qk��S_Q�d7Q�~6Z�X_S_V7R�O#�>Y�~�~�X!Z�Y�^)bFc�Q�a_^�X_V7[6Q
c�b�Q
X_Q�¡MZ�R&d,f
S_b�Q\^�Z�R�¤3O�l�X)Y*S!V,Z�R&ahY*S�S_b&Q\a�S)Y#X_S t S_b&Q�d,Q�Y.u�V,R�O<aS_Q
~3v�Y#R3c{Y#S�S_b�Q\Q�R&c t S!b�Q\Y�X_X!V,u�V7R�Oa�S!Q�~3v�Y#X!Q�X_Q
d,Q
u*Y#RDS �3� g�S_b�QkY#O�Q
RDSP]�Q
X_Q�S!Z�b&Y.u�Q�S_Z�]UY#d7��giX_Z�T¥Z�R�Q�~�d|Y�^�Q�S_Z�Y#R�Z�S_b�Q
X
S_b�Q
RzS!b�QjTWV,O�X!Y#S_V7Z�Rz^�Z�l�d|cz~6Z#S!Q�RDS_V|Y#d7d7f�[3QU[�d7Z�^)��Q�c�[�f�Y�~3Z�d,V|^�fzY#SS)Y�^)b�Q�c�S_Z�Y�RzQ�RDS!V�S�f
aZ�TkQ
]jb�Q�X!Q�V,ReS_b&Q�TkV|c�c�d7Q �

� Ze^�Z�TW~�d7Q�S!QzZ�l�X�c�Q�a_^�X_V7~�S!V,Z�R�Z#g�b�Z*]¦S!b�QkTkZ�c�Q
d�^
Y#R�[6Qkl�~6c&Y*S_Q�c�]�Qzb&Y.u�Q�S_b&Q
giZ�d7d,Z*]jV7R�OkX_l�d7Q
aU]jb&Q�X!Q

X ′
Y#R&c

Y ′
Y#X!Q�Q
R�S!V�S!V,Q�a�m

!η → !η|η[ § ] iff η[ § ] ¨6 agent t R�Z�R��4Y�O�Q
R�SjQ
R�S!V�S�f�^�X!Q
Y*S!Q
c&v

X
γ→ Y

η[X ]
γ→ η[Y ]

t R&Q
aS_Q
cel�~Ac�Y#S_Q�v X
γ→ Y

X | Z γ→ Y | Z
t ~&Y�X!Y�d,d7Q�d�l�~Ac�Y#S_Q�v

X ′ ≡ X,X γ→ Y, Y ≡ Y ′

X ′
γ→ Y ′

t l�~Ac�Y*S!Q ≡ v

� R�giZ�X!T>Y#d7d,f\S_b�Qz¤&X!aSPX!l�d,Q�a�S)Y*S_Q�ajS!b&Y*S�R&Z�R��'Y#O�Q�RDSPQ�RDS_V,S_V7Q
a�T>Y.f\[6Q�^�X!Q
Y#S_Q�c�V7R<Q�RDS!V�S�fg�Y�^�S!Z�X!V,Q�a t R�Z#S!QPS_b3Y*S�Y�O�Q
R�S�Q�RDS_V,S_V7Q
a�T>Y.f�Z�R�d,fW[6Q�^�X_Q�Y*S_Q�cWV�g�Y#d7d,Z*]�Q
ck[�fkS_b�Q�aQ�^�l�X!V�S�f~3Z�d,V|^�V7Q
a
¡�l&a_V,R&O>S_b�QzX_l�d7Q t Y�O�Q
R�S�^�X_Q�Y*S!Q
c&vUc�Q�a_^�X_V7[6Q
c�Q
Y�X_d7V7Q�X�v ��� b�Q�Z�S_b�Q
XjS_b&X_Q
Q�X_l&d,Q�aa�S)Y*S_QeS!b&Y*SWS_X)Y#R3aV,S_V7Z�R&akT>Y.fFZ�^�^�l�X>Y#R�f�]jb�Q�X!Q�V7R:S_b�Q�Q�RDS!V�S�f©R&Q
aS_V7R�O�b�V,Q
X!Y�X!^)b�f�¡�V7R
~&Y#X)Y#d7d,Q
d3]jV,S_b�Y#X![�V,S_X)Y#X!f�Z�S_b�Q
XUQ�RDS_V,S_V7Q
a�l�~�S_ZWa�S!X_l3^�S_l&X!Y�d6^�Z�R�O�X_l�Q
R&^�Q � y Z#S!Q�S!b&Y*SUS_b&Qd7Y�[3Q
d7aUZ�R\S!b�QhS_X)Y#R&a_V,S_V7Z�R&aUY#X!Q�~�X_Q�aQ
X_u�Q
c>[&l�SPTzl&aSPQ�u�Q�RDS_l3Y#d7d,f>[6Q�^�Y#R3^�Q�d7d7Q
c\gil�XS!b�Q�X
l�~eS_b�QhS!X_Q
Q t [�f�S_b&Q�X_l�d7Q t TWV7O�X)Y*S_Q.vv �
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»½¼_¾
¿�À&Á_Â,Ã�Ä�Å6Æ�Ç7Â|¿�ÄeÂ7¼�È�¾�É3Ê�¾
È�Ë�¼�Ë>Ì�ÍºÃ!À�Å�Ç7¾ 〈location , formula , times, onfail 〉 ÎjÏ ¾
Á_¾
location

Â|¼�Ë�Å3Ë*Ã Ï ¾�Ð�Å�Á!¾
¼!¼Â7Æ�Ê�Ñ�¼_¾�¾jÒ�¾
¿�Ã_Â7Æ�Ê>Ó�Ô ÌDÕ�È�¾
¼_Â,Ö�Ê&Ë*Ã!Â,Ê&Ö�Ë�¼¾�Ã�Æ�×3¼Å6¾
¿�Â�É6¿�¾
ÊDÃ_Â,Ã_Â7¾
¼
ÎjÏ ¾�Á!¾zÃ Ï ¾>Ë�¼!¼¾
ÁÃ!Â,Æ�Ê�Ö�Â7Ø�¾
Ê�Ù�Ä formula

¼ Ï Æ�À�Ç|È Ï Æ�Ç|È�ÔAÚ4×�Û Î Â�Ã Ï Á!¾
¼_Å3¾�¿�Ã�Ã_ÆeÃ Ï ¾�Ã!Â,ÜW¾Å3¾
Á_Â7Æ�È<È�¾
¼!¿�Á!Â,Ù6¾
È�ÙDÄ
times

Û�Ã Ï ¾�Ë�¼_¼_¾�Á_Ã_Â7Æ�Ê�Ù6¾
¿�Æ�ÜW¾
¼PØ�Â7Æ�Ç|Ë*Ã!¾
ÈFÑi¾�Ô Ö3Ô&Ù�Ä�Ã Ï ¾�Å Ï Ä�¼_Â|¿�Ë#ÇÜkÆ*Ø�¾�ÜW¾�ÊDÃPÆ�×�Ë�Ê<Æ�Ù�Ý�¾�¿�Ã�Õ�Ã Ï ¾
Ê�Ã Ï ¾k¼Ä�¼Ã_¾
Ü Î Â7Ç,Ç�Ë*Ã_Ã_¾�ÜWÅ�Ã�Ã_Æ�¾�Ð�¾�¿�À�Ã!¾�Ã Ï ¾z¿�Æ�ÜkÜ>Ë�Ê&ÈÈ�¾
¼!¿�Á!Â,Ù6¾
È�Â7Ê�Ã Ï ¾hÉ&¾
Ç7È onfail
Ô

Þ Ï ¾�Å3Æ�Ç,Â|¿�Ä�É&¾�Ç|È times
¿
Ë#Ê�¿�Æ�ÊDÃ!Ë#Â7ÊhÆ�Ê�¾�Æ�×�Ã Î ÆUÅ3ÆD¼_¼_Â7Ù�Ç,¾�Ã�Ä�Å6¾
¼MÆ#×�Ø.Ë�Ç,À&¾
¼
ß Always(t)Ë#Ê&È

Sometime(from , to, t)
Ô�Ú'Ê�Ù6Æ#Ã Ï ¿�Ë�¼¾�¼MÃ Ï ¾jÅ&Ë�Á!Ë�Ük¾�Ã_¾
Á t ¼_Å3¾�¿�Â,É&¾
¼ Ï Æ Î ÜzÀ3¿ Ïhà Á_¾�ÍË�¿�Ã!Â,Æ�Ê�á�Ã_Â7ÜW¾�Ã Ï ¾U¼Ä�¼Ã_¾�Ü Ï Ë�¼MÙ6¾�×iÆ�Á_¾�Ã Ï ¾�Å6Æ�Ç7Â7¿�Ä onfail

Ë�¿�Ã_Â7Æ�Ê�Â|¼�¾�Ð�¾
¿�À�Ã_¾�È�Ô Þ Ï ¾�Ø*Ë#Ç7À�¾
Always(t)

Â7Ê&È�Â|¿�Ë#Ã_¾�¼�Ã Ï Ë#Ã�Ã Ï ¾�Ë�¼_¼_¾�Á_Ã_Â7Æ�Ê formula
¼ Ï Æ�À�Ç|È Ï Æ�Ç|È�×iÆ�Á�Ë#Ç7Ç�Ã_Â7ÜW¾\È�À�Á!Â7Ê�Ö

ÎjÏ Â7¿ Ï Ã Ï ¾�¼_Ä�¼�Ã!¾�Ü¦Â|¼�Á!À�Ê�Ê�Â7Ê�Ö&Ô Þ Ï ¾�Ø*Ë�Ç,À�¾ Sometime(from , to, t)
¼Ã!Ë#Ã_¾
¼�Ã Ï Ë#Ã formula¼ Ï Æ�À�Ç|È Ï Æ�Ç7È&â�Ë*ÃP¼Æ�ÜW¾�Å6Æ�Â7ÊDÃPÂ,Ê�Ã Ï ¾hÃ!Â,ÜW¾�Â7ÊDÃ_¾�Á!Ø*Ë#Ç�Ù6¾�Ã Î ¾�¾
Ê\Ã Ï ¾hÃ_Â7ÜW¾
¼ from

Ë#Ê&È
to
Ô

Þ Ï ¾�Å3Æ�Ç,Â|¿�Ä�É&¾�Ç|È onfail
¼Å6¾
¿�Â�É3¾
¼�Ë�ÊhË�¿�Ã!Â,Æ�Ê�Ã!ÆUÃ!Ë�ã�¾�¼ Ï Æ�À�Ç|È�Ã Ï ¾�Å3Æ�Ç,Â|¿�Ä�Ù3¾�Ø�Â7Æ�Ç|Ë*Ã!¾
È�ÔÞ Ï ¾�Ë�¿�Ã_Â7Æ�Ê�¿�Ë#ÊeÙ6¾�Æ#×MÃ Ï ¾h×iÆ�Ç7Ç7Æ Î Â,Ê�ÖkÃ�Ä�Å6¾
¼
ß

ä Log(message)
¿�Ë�À&¼¾�¼jËkÜk¾�¼_¼!Ë#Ö�¾�Ã!ÆWÙ3¾ Î Á!Â�Ã_Ã_¾
Ê�Ã!Æ>ËWÇ,Æ�Ö&åä Kill (pathexpr )
Ë�¼ã�¼hÃ Ï ¾�¼_Ä�¼�Ã!¾�ÜæÃ_Æ�Ã_¾�Á!ÜWÂ,Ê3Ë*Ã_¾eË#Ö�¾�ÊDÃ!¼�Â|È�¾
Ê�Ã!Â�É3¾
ÈFÙ�Ä{Ã Ï ¾�Å&Ë*Ã Ï¾�Ð�Å�Á!¾
¼!¼Â7Æ�Ê

pathexpr
å

ä Freeze(pathexpr )
Á_¾�çDÀ�¾
¼Ã!¼jË�Ö�¾�ÊDÃ)¼�Ê3Ë#ÜW¾
ÈeÙ�Ä

pathexpr
Ù3¾h×iÁ!Æ�è
¾�Ê�å�Ë�Ê&È

ä Create(path)
Á_¾�ç�À&¾
¼Ã!¼�Ã Ï ¾�Ë#Ö�¾
ÊDÃ�×�Ë�¿�Ã_Æ�Á_Ä\Ê&Ë#ÜW¾
È�Ù�Ä path

¿�Á!¾
Ë#Ã_¾�Ë#Ê�Ë#Ö�¾�ÊDÃ
Ô
é Æ�Á�Ù6Æ#Ã Ï Ã Ï ¾ Kill

Ë#Ê&È
Freeze

Ø*Ë#Ç7À�¾�¼ Î ¾>Ë�È�Æ�Å�Ã�Ã Ï ¾�¿�Æ�Ê�Ø�¾�ÊDÃ!Â,Æ�Ê}Ã Ï Ë*Ã�Â,×UÃ Ï ¾>Å&Ë#Ã Ï¾�Ð�Å�Á!¾
¼!¼Â7Æ�Ê Ï Ë�¼�Ë\ÜkÂ|¼!¼Â7Ê�Ö�Â7Ê�Â,Ã_Â|Ë#Ç�¾�Ç7¾�ÜW¾�ÊDÃkÑ�ÂºÔ ¾�ÔAÂ,Ã�¼Ã!Ë�ÁÃ)¼ Î Â,Ã Ï�ê Æ�Á ê�ë�ëê Õ Î ¾�Ë�À�Ã_Æ�ÍÜWË#Ã_Â|¿�Ë�Ç,Ç7Ä�Å&Á_¾
Å3¾
Ê&È�Ã Ï ¾\×iÀ�Ç7Ç�Å&Ë*Ã Ï Ã_Æ}Ã Ï ¾e¼Å6¾
¿�Â�É3¿\¾�ÊDÃ_Â,Ã�Ä{Ã Ï ¾\×iÆ�Á!ÜzÀ�Ç|Ë<Â|¼�¿�À�Á!Á_¾
Ê�Ã!Ç,ÄÙ3¾
Â,Ê�Ö�Ë#Å&Å�Ç,Â7¾
È�Ã_Æ3Ô é Æ�Á�¾�Ð�Ë�ÜkÅ&Ç,¾kÂ�×�Ã Ï ¾kÅ6Æ�Ç7Â7¿�Ä location
É3¾�Ç|È�Â|¼

a ê�ì Ë#Ê&È�Ã Ï ¾kÅ6Æ�Ç7Â7¿�ÄÂ7¼�Ø�Â,Æ�Ç7Ë#Ã_¾�È�Ë*Ã
a ↓ b Ã Ï ¾�Ê�Ã Ï ¾ onfail

¾�Ð�Å�Á_¾�¼_¼_Â7Æ�Ê
Kill ê c Â7¼�¾�Ð�Å3Ë#Ê&È�¾�È>Ã!Æ Kill a ê b ê cÂºÔ ¾�Ô�ËkÁ!¾
çDÀ�¾
¼ÃUÃ_ÆkÃ_¾
Á_ÜWÂ7Ê&Ë*Ã!¾�í*î&ï�ð�Ã Ï ¾�¾�ÊDÃ_Â,Ã�Ä�Ê&Ë�ÜW¾
È�ÙDÄ a ↓ b ↓ c Ë#Ê&È�Ê�Æ�ÃjË�Ê�Ä�Æ#Ã Ï ¾�Á¾�Ç7¾�ÜW¾�ÊDÃ\Ñi¾�Ô Ö3Ô

a ↓ d ↓ c Õ�Ô Þ Ï Â|¼zË#Ù&Â,Ç7Â�Ã�Ä}Ã_Æ<Á!¾�×i¾
Á�Ã_Æ<Å�Á!¾�Ø�Â7Æ�À&¼_Ç7Ä�Ü>Ë*Ã!¿ Ï ¾
È�È�Ë*Ã)Ë�Â,ÊFËÅ&Ë*Ã_Ã_¾�Á!ÊeÂ7¼PË�Ç7¼_Æ�×iÆ�À�Ê&ÈeÂ7Ê�Æ#Ã Ï ¾�ÁP¼_Ä�¼Ã_¾
Ü>¼UÀ&¼Â7Ê�ÖWÁ!¾�Ö�À&Ç7Ë�Á�¾�Ð�Å�Á_¾�¼_¼_Â7Æ�Ê&¼
Û�¾�Ô Ö&Ô�Å6¾�Á!Ç�ñ,ò*ó�ô4ÔÞ Ï ¾WÅ3Æ�Ç,Â|¿�Ä<É3¾�Ç|È formula
¿�Æ�ÊDÃ)Ë#Â7Ê&¼hË#Ê{¾�Ð�Å�Á!¾
¼!¼Â7Æ�Ê Î Á_Â,ÃÃ!¾�Ê�Â,Ê�Ë�¼Â7ÜWÅ�Ç7¾�¼Å&Ë#Ã_Â|Ë#ÇÜkÆ�È�Ë�Ç�Ç,Æ�Ö�Â|¿�¼_Â,ÜWÂ7Ç7Ë�Á�Ã_Æ�Ã Ï ¾j»PÜ�Ù�Â7¾�ÊDÃ�õ�Æ�Ö�Â7¿�ñ ö#ô�Ô Þ Ï ¾j¿�Æ�Á!¾�¼_ÄDÊDÃ)Ë*Ð�Â|¼�Ë�¼�×iÆ�Ç7Ç,Æ Î ¼
Û ÎjÏ ¾�Á!¾

η
Á)Ë#Ê�Ö�¾
¼�Æ*Ø�¾
Á�¾
ÊDÃ_Â,Ã�Ä�Ê&Ë#ÜW¾�¼�ß

formula ← ÷ ÑiÃ_Á!À�¾�Õ
| ¬formula

ÑiÊ&¾�Ö�Ë#Ã_Â7Æ�Ê3Õ
| formula ∨ formula

ÑºÈ�Â|¼iÝ�À�Ê3¿�Ã_Â7Æ�Ê6Õ
| ø ÑiØ�Æ�Â7È3Õ
| η[formula ]

Ñ�Ê&Ë#ÜW¾
Èe¾
Ê�Ã!Â�Ã�Ä�Õ
| !η

Ñ�Ê&Ë#ÜW¾
ÈeË#Ö�¾�ÊDÃU×�Ë�¿�Ã_Æ�Á!Ä�Õ
| formula | formula

Ñ�¿�Æ�ÜWÅ6Æ�¼_Â�Ã!Â,Æ�Ê3Õ
| 3e

Ñ�¼_Æ�ÜW¾ ÎjÏ ¾�Á!¾�ÜWÆ�È�Ë#Ç7Â,Ã�Ä�Õ

ùjú�ûDüþý�üþý�ý'üþÿ�ü��������	�
��û������������������������ ������� �!��"�ü��#�$�%�'&�ü(��ü����)���+*,�'����-/.0��ý$�1&32����!ý'ý546�'�7�$�	�'�
8 *�.6294�:Aý<;�ý<�	�)ÿ�ýMü = ��=*ü(��ý<�%���	�)ý>��û�����ý$��ÿ?�������A@<B���CD��E5�F���$�G����ÿ ý$�
ÿ?�,�����ü��'�H&DI���ü���JUý$�
ÿ?���üþÿ?�Uü��K�	�L�	M'���!=



NPO!QSRKTGU%V�W1X
a ∧ b RDY[Z]\

a
OSV�^�V�_�`�aAb[V�_�V3cedFZfRDT�g�h	`fWicjR�`lkmVnaA_�g�hLhLV�Ypo+U%gqYfrsh�bfVnt�d�_LVU%`)Y�h�RKuvRDU ¬ w X ¬(¬a ∨ ¬v)

RKY+ZxO ¬3¬a Wy_LV'U%zmV�t�hLgq^DV�Tq`D{}|~b[V�ULV�t�dDY+U	h�_Lo[t�h�UicjR�`�kmVQSRKceg�TqgGRK_9hLd�hLbfd�U%V�^DV�_�ULV�ZegqYncedFZfRKT�TqdDrDgGt�U�XDk[oFhAa9VyU%ofcecjRK_�gGU%V
hLbfV�g�_~ceV�RDYfg�Y[rHgqY�hLb[VQ!dDTqT�d7aAgqYfreU%V't1hLgqdDY>{
��� � �>�F���/���<�f�D���S�m�
�vV3ULR�`nhLb[RKhyRKYsV�Y�hLg�h	`

e
ULRKhLgGU	�+V�UAh�bfVHTqdDr�gqt�RKT�Q!d�_Lc�ofTGR

f
OSg/{ VD{+hLbfVHQ!dD_�cHofTGR

f
bfdDTGZfUR7h

e
W,k)`jaA_�g�h�g�Y[r

e |= f
{F�$Y�h�ofg�hLgq^DV�Tq`DXFa�VyceR�`eh�bfgqYf�ndDQ6RHQ!dD_�cHofTGR

f
RDUi�j�7�$���F� ���iRKYV�Y�hLg�h	`

e
g�Q
e |= f

{f|~bfVi_�V�TGR7hLgqdDY>X |= gGUAZFV��[Y[V�Z�g�YfQ!dD_�ceRDT�Tq`nR�U�Q!dDTqT�d7a�U��
  e |= w Q!d�_�RKY)`�V�Y�h�g�h	`

e  e |= ¬f
g�Q
e |= f

Zfd�V'U~YfdKh�b[dDTGZ
  e |= f ∨ g g�Q0V�g�hLbfV�_

e |= f
dD_
e |= g  e |= ¡ g�Q

e
gGU5¢	YfdDhLbfgqYfrK£

  e |=!η
g�Q
e ≡!η

  e |= η[f ]
g�Q
e ≡ n[M ]

RDY[Z
η = nRDY[Z

M |= f  e |= f | g g�Q
e ≡ N |M X

f |= N
RDY[Z

g |= M  e |= 3f
g�Q ∃e′.e ↓∗ e′ RKY[Z

e′ |= f¤fdD_yV�ufRDc3z[T�V�X[h�bfVHQ!d�_Lc�ofTGR ¡ dDYfTq`scjR7h�t�b[V�U~¢	YfdDhLbfgqYfrK£�OSdD_A¢	^�dDgGZ�£%WAg¥{ V�{+h�bfVeRKk[ULV�Y[t�VdKQ6RDY)`�h�bfgqYfr[{F|~bfV�Q!dD_�cHofTGR
f | g cjR7h�t�bfV�U

e
g�Q
e

t�RDY¦kmViaA_Lg�h%h�V�Y§RDU9hLb[Vit�dDcezmd�ULg�h�g�d�YdKQ5h	a�d¦V�uFzf_LV'ULULgqdDY[U
N

RDY[Z
M

OS_LV�ceV�cHkmV�_yh�bfVeV�¨�ofgq^�RDT�V�Y[t�V3_�V�TGR7hLgqdDY ≡ WyULo[t�b�h�b[R7h
f

cjR7h�t�b[V�U
N

RDY[Z
g

cjR7h�t�bfV�U
M

{F|~bfVyQ!dD_�cHo[TqR
3f

cjR7h�t�b[V�U
e

g�Q>hLb[V�_�V�gGUARKY¦V�Y�hLg�h	`
e′

U%d�c3V�aAbfV�_�Vyg�Y�hLb[VihL_�V�Vi_Ld)dDhLV�Z�R7h
e

aAbfV�_�V
e′

cjRKh�t�bfV'U
f

{
���G© ªn«)�f�'�m�¬�/�¬®�F¯,�m°¬�3±��+²/�S�D�/«)�
�<Q�a9VnRDT�Tqd7a³g�Y[Zfg�^)gGZFo[RKT9o[ULV�_�UihLd�aA_�g�hLVjh�bfV�gq_�d7aAYpULV�t�of_Lg�h	`lzmdDTqgGt�gqV�U?h�bfV�Y]a9V�c�o[U%hRKTGU%d¦zf_Ld7^)gGZFVeRnceV�t�b+RKYfgGU%cPh�d�_�V�ULdDTq^DVHz+d�T�gGt�`lt�dDYF´+gqt�h�UyaAbfV�YlhLbfV�`lRK_�gGU%V�{�µ9d�YF´[gGt1h�Uk+V�h	a9V�V�Ys_�ofT�V'UAgqYsdDof_yU%`FU%hLV�cPRK_�V#U%gqceg�TGRK_�hLdjh�bfd�ULV?Q!dDo[Y[Z§g�Y�¶At�hLgq^DVH·yR7h�RKk[R�U%V'Ui¸ ¹7º¥{»�RKY)`nceV't�b[RKYfgGULceU�b[R�^DV?kmV�V�Yszf_Ld�z+d�U%V'Z�Xf_�RKYfr�g�Y[r�Q!_�dDc¼RjULg�cezfTqV#Y)ofceV�_�gqtiz[_LgqdD_�g�h	`ULt�bfV�ceV�UHhLd½c3d�_LV�t�d�c3z[T�V�u]RKTqrDdD_�g�hLbfcjUHt�dDcez[RD_LgqYfr�_�ofTqV�U3k[RDULV�Z¾dDY¾h�bfV�gq_erDV�YfV�_�RKT�¿g�h	`§¸ À7º5O!V�{ r+{Dh�bfV�ced�_LV�rDV�Y[V�_�RKT[_�ofTqV
bfd�TqZ[U,V�uFt�V�zFh~aAbfV�YjhLbfVyTqV�U�U,r�V�YfV�_�RDT+ZFd)V�U9YfdDh�d�_^m{ ^�{ W�{[|~bfV�_LVygqU�YfdjU%gqYfrDTqVik+V'U	h�U%hL_�R7h�V�rD`eh�b[R7h�a�dD_��FU�z+V�_%Q!V't1hLTq`�gqYsRKTqT}t�gq_�t�ofcjU	h�RKY[t�V�U�{Á of_
cjRKgqY�r�d�RKT¬gqU
hLd¦cjRK�DVHhLbfV3U%`FU%hLV�cPkmVHgqY�hLofg�hLgq^DV3V�Y[dDofr�b§Q!dD_ydD_�ZFg�Y+RK_�`no[ULV�_�UAh�dofY[ZFV�_�U%h�RDY[Z�{}Â)V�t�of_�g�h	`szmdDTqgqt�g�V'Uig�Y½dDo[_iUL`FU	h�V�cÃRD_LV3k[RDULV�ZldDY½R¦ULz[R7h�gqRDT�ced)Z[RKT0T�d�rDgGthLbfV�_LV�Q!dD_�V¦a�VsRKTGU%d½o[ULV§R®ULz[R7h�gqRDT~c3V't�b[RKY[gqULcÄQ!dD_�RD_Lk[g�h�_�RKhLgqYfrlkmV�h	a�V�V�Yxt�dDYF´[gGt1h�g�Y[rz+d�T�gGt�gqV�U�{ÅAV�t�RKTqT}hLb+R7h
a�V#cedFZFV�T¬hLbfV3U	h�R7h�V#dKQ0hLb[VHa�dD_�TqZsR�U�RjYfV'U	h�V�Z§h�_LV�V#dKQ5V�Y�h�g�h�g�V'UHO/U%V�VÂ)V�t�hLgqdDY½Æf{ Æ�W1{��½V3d�k[ULV�_�^DV#h�b[R7h?aAg�hLbfgqY®Rn_�V�RDT6Tqg�Q!V�V�Y�h�V�_�zf_�gqULV�zmV�d�zfTqVHh�d�d§RK_�V3dKQ hLV�YRK_�_�RDYfrDV'Zeg�Y�hLd3R#bfgqV�_�RK_�t�b)`DX�aAg�h�b�hLb[V�kmd�U�U~R7h,h�bfV�hLdDz>X�cjRDY[RKr�V�_�U5gqY�hLb[V�cegGZfZFTqVyRDY[ZYfdD_�cjRKT�V�cezfTqd7`DV�V'U0R7h6hLbfV~TqV�R7Q+YfdFZFV�U�{7�$Y�ULo[t�b�RDY�d�_Lr�RKYfgGU�R7hLgqdDY>X�R�ceRDY[RKr�V�_6a9d�ofTGZ#kmVRKkfTqV
h�d3ULV�hAR�z+d�T�gGt�`�aAb[gqt�b¦a9d�ofTqZnd7^DV�_L_�gqZfVAhLbfd�U%VydKQ6U%ofkmdD_�ZFgqY[R7h�V�U9kfoFhAaAbfgGt�b¦t�dDofTGZg�h�U%V�T�Q>kmVyd7^DV�_�_�gqZfZfV�Yek)`�h�bfV
kmd�U�U�{�|~bfV'U%V
h	a9d�bfgqV�_�RK_�t�bfg�V'U�XDdDYfVyZFV�U�t�_�g�k[g�Yfr#hLbfVya9d�_LTGZRKY[ZHdDYfV~ZFV�U�t�_�gqkfg�Y[r�hLb[V�zmV�d�zfTqVDX7t�RDYHkmV9Tqg�Y[�DV�ZHhLd�rDV�hLbfV�_¬k)`#RDU�ULd)t�gqRKhLgqYfr�V�Y�h�g�h�g�V'U0aAg�h�bR3ULV�h�dDQ¬zmV�d�zfT�V�Oq¢	d7aAY[V�_�U$£
d�_,¢%R�ZFceg�YfgGU%hL_�R7hLd�_�U	£%W�^)gqReR3Q!ofY+t1hLgqdDY

owners : entity → person set

U%o[t�bÇhLb+R7heQ!dD_jRKYxV�Y�h�g�h	`
e

a9V�b[R�^DV
owners(e) = {person1, . . . , personk}

aAbfV�_�V
person1, . . . , personk

RK_�V�h�bfV?ZFg�_�V�t�h�¢%d7aAYfV�_�U	£�dKQ
e
{)�$Y¦RHh	`)zfgqt�RKT�t�d�YF�[r�of_�RKhLgqdDY}X�hLb[V



È+É�ÊLÊnË9É�ÌfÍqÎpÏ%É7ËAÐ)Ñ§ÒLÓfÔ�Õ�É)ÉKÒnÔ�Ð�ÒLÖ�Ò	×ÇËAÓfÖqÍqÔ�ÐfÉDÕ�ØjÙKÍ�Ô�ØeÚfÍ�É7×�Ô�Ô'ÊjË9É�ÌfÍGÎ®Ï%É7ËAÐ)Ñ§ÒLÓfÔ�Ö�ÕÖ�Ð[ÎfÖ�Û)ÖGÎFÌ[ÙKÍ9ÉKÜ�Ý�Ô'Ê�Þ0ß�ÌfÕHÊ�Ý�ÓfÔ�ØeÔeà!ÉDÕ�ÙKÕ�ÈfÖ�Ò�Õ�ÙKÒLÖqÐfá§È+Ô�Ò	Ë9Ô�Ô�Ð¾Ý�ÉDÐFâ[ÖGÝ1Ò�Ö�Ð[ásÚ+É�Í�ÖGÝ�ÖqÔ�ÊHØeÙ�×È+Ô?ÖqÐFà!ÉDÕ�ØjÙKÍqÍ�×¦ÎFÔ�Ê�Ý�Õ�Ö�ÈmÔ�Î�ÙDÊ�ã
ä É�Õ�Ù�Ú[ÕLÉ�Ú+É�Ê%Ô'ÎnÝ�Ó[ÙDÐfáDÔyÒLÉeÔ�Ð�Ò�Ö�Ò	×

e å Ú+É�Í�ÖGÝ�ÖqÔ�Ê~ÖqÐ[Ê%ÒLÖ�ÒLÌFÒ�Ô�Î§È)×nÙ3Ì[ÊLÔ�Õ
u′′ ∈

owners(e′′)
É7ÛDÔ�ÕLÕ�ÖGÎFÔ?ÒLÓ[É�ÊLÔ�ÚmÉDÍqÖqÝ�Ö�Ô'ÊiÖ�Ð+Ê	Ò�Ö�Ò�ÌFÒLÔ'ÎlÈ)×�Ù�Ì[ÊLÔ�Õ

u′ ∈ owners(e′)ËAÓfÔ�Õ�Ô
e′′ ↓∗ e′ ÙDÐ[Î

e′ ↓∗ e Ù�Ê~Í�É�ÐfájÙDÊ
e′′ 6= e′

ÙDÐ[Î
u′′ 6= u′

Þ
æ Ô�Ý�ÙKÍqÍDà!Õ�ÉDØèç)Ô'Ý1ÒLÖqÉDÐ3éFÞ(ê~ÒLÓ+Ù7Ò6ÒLÓfÔ9Ö�Ð[Ê%Ò�ÙDÍ�ÍqÔ�Î�Ê%Ô'Ý�ÌfÕ�Ö�Ò	×�ÚmÉDÍqÖqÝ�Ö�Ô'Ê6ØeÙ�×yÈmÔ9Õ�Ô�ÚfÕ�Ô�ÊLÔ�Ð�Ò�Ô�ÎÈ�×¾ÙvÚ[ÙDÖ�ÕeÉKà�ÚfÕLÔ'ÎFÖGÝ�Ù7Ò�Ô�Ê å�ë�ìKí î�ï�ìKð�ï ÙDÐ[Î ë�ìKí ï�í+ñ<ï�ò ËAÓfÖGÝ�Ó å á�Ö�Û�Ô�Ð]ÙDÐxÙDáDÔ�Ð�ÒeÙKÐ[ÎÇÙÝ�ÉDÐ�Ò�Ô�ó)Ò�ÓfÉ�ÍqÎ¾ÚfÕLÔ'Ý�ÖGÊ%Ô�Í�×½ËAÓfÔ�ÐÇÙKÐÇÙKáDÔ�Ð�ÒHÖqÊ3ÙKÍqÍqÉ7Ë9Ô'Î½ÒLÉlÍqÔ�Ù�Û�Ô�ÉDÕ�Ô�Ð�ÒLÔ�ÕHÒ�ÓfÔ¦Ý�ÉDÐ�ÒLÔ�ó)ÒÕLÔ'Ê%ÚmÔ�Ý�ÒLÖqÛDÔ�Íq×DÞ+ô9ÉDÒLÓ§ÉKà0Ò�ÓfÔ�ÊLÔ#ÚfÕ�Ô�ÎFÖGÝ�ÙKÒLÔ'Ê�ÙKÕ�Ô?Ý�ÉDØeÚfÌfÒLÔ�Î§ÖqÐ§ÒLÓ[Ô?à!ÉDÍqÍ�É7ËAÖqÐfájË~Ù�×�ã ä ÉDÕ�ÙÚfÕLÉ�Ú+É�Ê%Ô'Î�Ý�Ó[ÙDÐfáDÔ�ÖqÐ�Ò�ÓfÔiÝ�ÉDÐfõ[áDÌfÕ�Ù7Ò�Ö�É�Ð�Ù7ÒAÝ�É�Ð�Ò�Ô�ó)Ò

c ö Ô�Þ á+Þ�ÙDÐnÔ�Ð�Ò�Ö�Ò	×jËAÖGÊ%Ó[Ô�Ê,ÒLÉHÍqÔ�Ù�Û�Ô
c ÷ Ë9Ô�õ[Õ�Ê	Ò?Ý�É�Ø3Ú[ÌFÒLÔ3ÒLÓ[ÔeÊLÔ�ÒiÉKà9Ì[Ê%Ô�Õ�ÊyËAÓfÉjÏ%É7ËAÐ)Ñ�ÙKÐ)×sÉKà,ÒLÓfÔeÔ�Ð�Ò�Ö�Ò�Ö�Ô'ÊiÉDÐ�Ò�ÓfÔeÚ[Ù7Ò�Ó
p1 ↓ . . . ↓ pn

à!ÕLÉ�ØøÒLÓfÔ
Ï%Õ�É�ÉDÒ	Ñ�Ô�Ð�ÒLÖ�Ò	×
p1

ËAÓfÖGÝ�Ó§ÎFÔ�ÊLÖ�á�Ð[Ù7Ò�Ô�Ê
c

users =
n⋃

k=1

owners(p1 ↓ . . . ↓ pk)

ù ÙDÝ�ÓÇÌ[Ê%Ô�Õ
u ∈ users

ÖGÊeÙKÍqÍ�ÉFÝ�Ù7ÒLÔ'Î]ÙvÊ%ÖqÐfáDÍqÔ�ÛDÉKÒ�ÔnÉ�Ð¾ÒLÓ[Ô�Ú[ÕLÉ�Ú+É�Ê%Ô'Î¾Ý�Ó[ÙKÐ[áDÔDÞ0ú�ÉDÒLÔÒLÓ[ÙKÒ9Ò�ÓfÖqÊ�Ô�ûmÔ'Ý1ÒLÖqÛDÔ�Í�×jØeÔ'ÙKÐ[Ê,ÒLÓ[ÙKÒ~ÙDÍ�Ò�ÓfÉDÌ[áDÓ�Ì[ÊLÔ�Õ�Ê9ØeÙ�×eËAÕ�Ö�Ò�Ô�ÚmÉDÍqÖGÝ�ÖqÔ�Ê�ÙKÈmÉDÌFÒ~Ô�Ð�ÒLÖ�ÒLÖqÔ�ÊÒLÓfÔ�×®ÎfÉlÐfÉDÒiÏ%É7ËAÐ)Ñ3Ò�ÓfÔ�ÊLÔnÚmÉDÍqÖGÝ�ÖqÔ�Ê�ËAÖ�ÍqÍ9ÈmÔnÔ'ÙDÊLÖ�Íq×½É7ÛDÔ�Õ�Õ�ÖqÎfÎfÔ�Ð®È)×½ÉDÒLÓfÔ�ÕHÌ[ÊLÔ�Õ�Ê#ËAÓ[ÉüDý?Ï%É7ËAÐ)ÑHÒLÓ[Ô�ÊLÔ3Ô�Ð�ÒLÖ�ÒLÖqÔ�Ê�Þ>þ³Ì[Ê%Ô�Õ
u

ÛDÉKÒ�Ô�Êyà!É�Õ�Ò�ÓfÔjÚfÕ�ÉDÚmÉ�ÊLÔ�ÎvÝ�Ó[ÙKÐfá�Ô�Ö�à�ÒLÓfÔeÐ)ÌfØHÈmÔ�ÕÉKà6ÒLÓfÔ�Ö�Õ�ÚmÉDÍqÖGÝ�ÖqÔ�ÊAËAÓfÖGÝ�ÓsÙKÕ�ÔiÖ�Ð§Û)Ö�É�ÍqÙKÒLÖqÉDÐ§ÎFÔ�Ý�ÕLÔ'ÙDÊLÔ�Ê å ÛDÉKÒ�Ô�ÊAÙDá�ÙKÖqÐ[Ê%ÒAÖ�à0ÒLÓ[Ô?Ð�Ì[ØHÈmÔ�Õ�ÖqÐÛ�ÖqÉDÍGÙ7Ò�Ö�É�ÐvÖqÐ[Ý�ÕLÔ'ÙDÊLÔ�Ê?ÙKÐ+Î½ÙDÈ[Ê%Ò�ÙKÖqÐ[ÊiÉDÒLÓfÔ�ÕLËAÖGÊ%Ô�Þ}ÿ½Ô�ÎFÔ�õ[Ð[ÔnÙ�à!ÌfÐ[Ý�ÒLÖqÉDÐ
vote(user)

ÙDÊà!ÉDÍqÍ�É7Ë�Ê�ã
vote(user) =




−1

Ö�à
user

ÛDÉDÒLÔ'ÊAÙKá�ÙDÖ�Ð+Ê	Ò�ÒLÓfÔ?Ú[ÕLÉ�Ú+É�ÊLÙDÍ
0

Ö�à
user

ÙDÈ[Ê	Ò�ÙKÖqÐ[Ê
+1

Ö�à
user

ÛDÉDÒLÔ'Ê�à!ÉDÕ~ÒLÓ[Ô?ÚfÕLÉ�Ú+É�ÊLÙDÍ
ÿvÔiÒ�ÓfÔ�ÐsÝ�É�ØeÚfÌFÒLÔiÒ�ÓfÔ?Û7ÙKÍqÌfÔiÉKà

overall vote =

n∑

i=1

∑

o∈owners(p1↓...↓pi)
prio(i)vote(o)

ËAÓfÔ�Õ�Ô
p1 ↓ . . . ↓ pi

Õ�Ô�à!Ô�Õ�Ê,ÒLÉ�ÒLÓfÔ
i
ÒLÓ¦Ô�Ð�ÒLÖ�Ò	×eÉDÐ�Ò�ÓfÔyÚ[Ù7Ò�Ó

p = p1 ↓ . . . ↓ pn
ÙKÐ+ÎjÒLÓ[Ôà!ÌfÐ[Ý1Ò�Ö�É�Ð

prio(i)
á�Ö�Û�Ô�Ê�Ò�ÓfÔ?ÚfÕ�Ö�É�ÕLÖ�Ò	×jÉKà6É7ËAÐfÔ�Õ�Ê�ÉKà6ÒLÓfÖGÊAÔ�Ð�Ò�Ö�Ò	×�Þ+ß�ÐfÔiÚ+É�ÊLÊLÖ�È[Í�ÔiÚfÕ�Ö�É�ÕLÖ�Ò	×à!ÌfÐ[Ý1Ò�Ö�É�ÐHÖGÊ>á�Ö�Û�Ô�Ð#È)×

prio(i) = x−i
ËAÓ[Ô�Õ�Ô

x
ÖqÊ6Ù�Ò�ÌfÐ[ÙDÈfÍ�Ô9ÛDÉDÒLÔ,Ë�Ô�ÖqáDÓ�Ò�Ö�Ðfá�àSÙDÝ1Ò�ÉDÕ'Þ��~Ó[ÔÚ[ÙKÕ�ÙKØeÔ�Ò�Ô�Õ

x
ÎFÔ�ÒLÔ�Õ�ØeÖ�Ð[Ô�Ê9ÓfÉ7Ë ØjÙKÐ)×�ÚmÔ�É�ÚfÍqÔ
ËAÓfÉiÏ	É7ËAÐ)Ñ
ÙDÐjÔ�Ð�ÒLÖ�Ò	×

pn
ÙKÕ�Ô
Ð[Ô�Ô�ÎfÔ�ÎjÖqÐÉDÕ�ÎFÔ�Õ9ÒLÉ�Ô���Ì[ÙKÍmÒ�ÓfÔ�Û�ÉKÒ�Ô
ÉKà6ÙHÊLÖ�Ðfá�Í�ÔyÚmÔ�Õ�Ê%É�Ð�ËAÓfÉ?Ï	É7ËAÐ[Ê	Ñ
Ù�Ï%ØeÉDÕ�Ô
ÖqØ3ÚmÉDÕLÒ�ÙDÐ�Ò	Ñ
Ô�Ð�Ò�Ö�Ò	×

pn−1
Þ��<à

x > max i (|owners(pi)|)
Ò�ÓfÔ�Ð®Ö�Ò?ÖqÊ?ÖqØeÚ+É�ÊLÊLÖqÈfÍ�Ô3à!É�Õ�Ò�ÓfÔjÉ7ËAÐfÔ�ÕyÉDà�Ù�ØeÉDÕ�ÔÖ�ØeÚmÉDÕLÒ�ÙKÐ�Ò0Ô�Ð�ÒLÖ�Ò	×?Ò�ÉyÈmÔ~É7ÛDÔ�ÕLÕ�ÖqÎ[ÎFÔ�Ð#È)×#ÙyáDÕ�ÉDÌ[Ú#ÉKàmÚ+Ô�ÉDÚfÍqÔ~ËAÓfÉ�É7ËAÐeÙ�Í�Ô'ÊLÊ6ÖqØ3ÚmÉDÕLÒ�ÙDÐ�ÒÔ�Ð�ÒLÖ�Ò	×DÞ��~ÓfÔ3Ê%×FÊ%ÒLÔ�Ø ËAÖqÍqÍ6ÙDÍ�ÍqÉ7Ë ÒLÓfÔ3ÚfÕ�ÉDÚmÉ�ÊLÔ�ÎsÝ�Ó[ÙDÐfáDÔ�Ö�à

overall vote ≥ 0
ÙKÐ[ÎlÛDÔ�Ò�ÉÖ�Ò�ÉDÒLÓfÔ�ÕLËAÖGÊ%Ô�Þ

� �	��
����������������
����
�$ÐÇÒ�ÓfÖGÊnÊLÔ�Ý1Ò�Ö�É�Ð Ë9ÔsÎFÔ�Ø3É�Ð[Ê%ÒLÕ�Ù7ÒLÔ§Ò�ÓfÔ! )Ö�Ð+ÎfÊjÉKà?ÚmÉDÍqÖqÝ�Ö�Ô'ÊeËAÓfÖGÝ�Ó ÙDÕLÔsÔ�óFÚfÕLÔ'ÊLÊLÖqÈfÍ�Ô§ÖqÐÉDÌfÕ?ÊL×)Ê%ÒLÔ�ØÃÈ)×sØeÔ�ÙKÐ+ÊiÉKà9Ù§ÊLÔ�Õ�Ö�Ô'Ê�ÉDà,Ô�ófÙDØ3Ú[Í�Ô'ÊyÊLÔ�Ò?ÖqÐ½Ù¦Ò	×)ÚfÖGÝ�ÙDÍ0ÊLÓ[ÙDÕLÔ'Î�Ë�ÉDÕ" �Ú[ÍqÙ�Ý�Ô



#%$'&'(*)"+,$.-/#�$10�2.354�$7698:4;.+90<+,=>0";.#@?A+,)"BDCFEG+,$.H:I,J.)K6L0"(*+1$F(M4�8.)"#�4#%$N0#�C�(*$PO'#�EQ0(D+,$PR.2 S:2T ;.#U0+,8.VWBD#%&1#%BX#%$N0(*0ZY!(M4[$:69-/#�CP\:],^:_1`	69$:CaEG+1$N0"69(D$:4bEK;.(DBDCc#%$N0(*0(D#�4bd:],egfGhi]1j'j�kNl,m
69$:Con1p:q1^._:k9m�fGhr]Nj'j�kNl9ms)#�8.)#�4�#�$N0(D$.I[0;.#�+9tuEG#�4v+,=wJ74�#�)"4�$:69-/#�CoxA+1yu69$:CFzg;769)"B*(D#
)#�4�8�#�EG0(D&,#%BDY,2w{a#u6,4"4�J:-U#|0;76L0s+,)KC}(D$:69)"Y!#%-/8.BD+LY,#�#�4�yNYcC}#G=~6,J.B�0���+L?<$'�@0";.#o#%$N0(*0(D#�4
EG+,)")"#�487+1$:C}(D$.I�0+i0;.#�(*)�+9tuE%#�4�69$:C�=�+1)�0";.#c4"69�1#P+9=U69$�(D$N0#%)"#�4�0(D$.Ii#G�.69-/8.BD#P?A#
=�J.)�0";.#%)<6144J.-/#�0";:6L0<xA+,yF(D4g0;:#�y�+14"4�69$:CF69BM4�+[�Z+L?<$:4Z��0;:#�0"+,8}V�B*#�&,#�B�#�$N0(*0ZY,�N\:],^:_1`�2

3�J:4#%)���E�69BDB*#�CP3�BD(MEG#,��?<)"(�0"#�4b69$:CPC.#%8.BD+LY}4�6��Z=�+,BDBD+L?�VW-/#Q�@-|J:4�(ME@8:BD6�Y'(D$.Iu-/+,y.(DBD#
69I,#�$N0@?<;.(DEK;�=�+1B*BD+L?�4s;.#�)|6,)+1J.$:C���8:BD6�Y'(D$.I	-�J:4(DEu?<;.#%)"#�4;.#uI,+'#�4%2>O};.#u(M4@?A+,)")(D#�C
69y�+,J}0�0";.#|6,I,#�$10�)J.$:$.(*$:I�69-/+,��69$:C!4+u?<)"(�0"#�4�0;.#�=�+,BDB*+L?<(D$.Io8�+,BD(DE%Y�0"+�#%$769y.BD#s0;:#
4�Y}4�0#%-�0+o-/+,$.(*0+1)�0;.#@6,I,#�$10��

〈 location = \:]1^:_,` ,
formula = 3( 3�BD(DE%# [ � ] | 3�:� h}kNl��7_Nq,�.m1^ [ � ] | � ),
times = Always(10 seconds),
onfail = Log 〉

�Z���

��=�+1)g6,B*B:0(D-U#1�'?<;.#%)"#%&1#%)v(D$o0;:#�\:]1^._1`s�v6,-	�169$F69I,#�$N0gE%6,B*BD#�C �:� h}k1l��7_Nq1�.m,^4�;:+,J.BMC	y7#|(*$P0;.#U46,-U#|4�8:61EG#�614�-/#,2���=�0;:(D4�(D4�$.+90�0)"J.#s=�+1)�-/+,)"#s0;769$ ���
4�#�EG+1$:C.4��}B*+1I|0";.#s#%)")"+,)��

� #%-/#%-|y7#�)�0";:6L0 e |= f | g ;.+1BDC:4�?<;.#�$.#%&1#%) f 69$:C g 6,)#sEK;.(DBMC})#�$!+9= e 6,$:C�0;76L0 �-/690"EK;.#�4@69$'YN0;:(*$.I7��(*$7EGBDJ:C}(D$.Ia ���0;:#�69y:4#%$7EG#/+9=<69$'YN0;.(D$.I72���$a0;.#o=�+1)-|J.BM6�6,y7+L&1#
0;.#s0";.(D)"C � -/#�6,$:4�0";:6L0�0";.#[=�+,)"-�J:BD6/?<(DB*B>;.+,BMC�(*)")"#�487#�EQ0(D&,#[+,=X?<;76L0#�&,#�)<#%BM4�#s(M4�(D$
0;.#@4"69-/#s4�876,EG#s614<3�BD(DE%#,2

T ;.#sEG+,$74�#�¡1J:#%$:E%#�4A+9=¢0;.(M4<8�+,BD(DE%Y�69)"#s4�J:-U-o6,)(M4�#�C�614A=�+,BDB*+L?�4��
� 2�{£;.#%$|0;:# �:� h}kNl��:_Nq1�.m1^b690�0#�-/8}0"4¢0"+�-/(DI,)K6L0#1�%0";.#<4�Y}4�0#�-58.)#�&,#�$10K4�0";.#<69I1#%$N0
=�)+1-¥¤D¦"§9¨�©«ª'¬�0;.#�4"69-/#@)"+'+,-6,4<0";.#�J74�#�)�2�®�+90"#@(*0bC}+'#�4�$.+90bC}(*)"#�EG0BDY�=�+1)"E%#s0;:#
69I1#%$N0�0+/-/+L&,#[8.)"+,8�#%)"B*Y1�N(*0�¯ZJ:4�0�4Z0"+,8:4�(*0<=�)"+,-°-/+L&'(D$.I|(D$:6,8.8.)"+,8.)"(D690#�B*Y12

R}2<±�8�+,$	+,y74�#�)&'(D$.IU3�B*(MEG#s-/+L&1#�0"+u6U$.#%?²)+'+1-�0;.#@4Y}4Z0"#%-°6144J.-/#�4A0";.#@69I1#%$N0<(D4
y.)"+,�,#�$F(*=X(�0�;76,4�$.+,0<=�+,BDB*+L?A#�CF;.#%)�?<(�0";.(*$ ��� 4#�E%+,$:C:4%2 T ;:#@4�Y}4�0#%-°?<(*BDB�BD+,IU0;:#
#%)")+1)A=�+,)�3�BD(MEG#[0+/J:4#[(*$!C}#�y.J.I1I,(D$.I/;.#%)<#�))K69$N0<69I,#�$N0�2

S.2���=73�BD(MEG#�-/+L&1#�4�0"+�6<)"+'+,-³?<;.(MEK;�69BD)"#�6,C.Y�;:614>6 �.� h}kNl��7_1q1�.m1^�6,I,#%$N0�0";.#g4Y}4Z0"#%-?<(*BDB�$.+,0�EG+1-U8:BD6,(*$�#%&1#%$�(�=�3�BD(DE%#,´ 4<69I1#%$N0�=~69(DBD4A0"+/=�+,BDB*+L?µ;.#%)�2
zg+,$:4(DC.#%)�6!4#�E%+,$:C�J:4#%)���xA+,y���?<;.+P(M4@3�B*(MEG#�69$:C¶zg;:6,)BD(D#,´ 4sy7+N44�2�xA+,y�8:)#%=�#%)K4

87#�6,EG#!6,$:C¶¡NJ.(D#G0o?<;.#�)#�;.#	?g+1)�}4�2 T +�8.)"#%&,#�$N0U?�69$:C.#%)"(*$.Ic-�J:4(ME�8.BM6�Y'(*$:Ia6,I,#%$N0K4
C}(D4�0J:)y.(D$.I/;.(D-°;.#s?<)"(*0#�4<6U)"J.BD#,�

〈 location = \:]1^._1`'·}¸ ,
formula = ¹ ¬ d:],e [ � ] ∨ (3 d:]9e [ � ] ∧ ¹ ¬ q � `�k9] [¬   ]) ,
times = Always(3 seconds),
onfail = Freeze ·vºNº'º·9q � `�k9]1·.¸ 〉

� R �

�Z(*=>#�&,#�)A�Q´ -�(D$F6,$F+,toE%#�?<(*0;	6|-�J:4(DEb8.BM6�Y'(*$:IU6,I,#%$N0��,=�)"#%#�»%#�0;.#@6,I,#%$N0A(�=¢(�0
;:6,4�$:+90�BD#G=«0�?<(*0;.(D$!SU4#�E%+,$:C:4��



¼�½.¾o¿7À1Á*ÂMÃGÄ
location Å ¾�ÁDÆcÇ:È1É:Ê,Ë.Ì.Í�Ã%Î,Ï:Ð¾�Ð[Ñ"½.¾uÒ"Ï.Á*¾/Ñ"À!Ó7¾FÎ9¿.¿.ÁDÂD¾�ÆaÑÀPÎ,Á*ÁgÃK½.Â*Á*ÔÆ}Ò¾�Õ�À9Ö�Ñ½:¾�¾%ÕNÑ"Â�ÑZÄaÕ:Î9×/¾�ÆaÇ.È1É:Ê1Ë�Ø�ÂÚÙ ¾,Ù>Â*ÕrÑ½.¾�Æ.ÂDÎ,Û,ÒKÎ9×ÜÂDÕiÝ'¾�ÃQÑ"Â*À1Õ¶Þ}Ù ß�Ñ½.ÂMÐ|Ã%À,Ò"Ò¾%Ô

Ð�¿�À,Õ:Æ:ÐwÑÀ�Î,Á*Á,Ñ½.¾�À,àoÃ%¾�Ð�ØQÇ:È1É.Ê1Ë ↓ á È,âgãQäiÈNå'å�æNç9è�Î,Õ:Æ�Ç:È,É:Ê1Ë ↓ é1ê.ë É:Ê:æ9èXãGärÈNåNå�æNç,è}Ù¼�½.¾aÐ"Î9×/¾cÖ�À,Ò"×�Ï.ÁMÎrÂMÐ	Î9¿.¿:Á*ÂD¾�ÆìÂ*Õ:Æ.Â*í'ÂMÆ}Ï:Î9ÁDÁDÄ�ÑÀ�¾�Î1ÃK½�À9Ö@Ñ"½.¾�Ð¾a¾%ÕNÑÂ*ÑÂD¾�Ð�Ù�¼�½.¾cÖ�À,ÒÔ
×�Ï.ÁMÎ�î ¬ á È9â [ ï ]

½.À1ÁDÆ:Ð<Â�ÖXÑ"½.¾@¾%ÕNÑ"Â�ÑZÄ á È,â�ÂMÐ�Õ:ÀLð<½.¾%Ò"¾[Â*Õ:ÐÂMÆ}¾[Ñ½.¾�À9àuÃG¾1ñ}Ñ½.¾@Ö�À,Ò"×�Ï.ÁMÎ
3 á È9â [ ï ]

½:À,ÁMÆ.Ð�Â*Ö�Ñ"½.¾U¾%ÕNÑÂ*ÑZÄ á È9â!ÂMÐ@ò%ó9ô/õ%ö>÷.õ%øõbÂDÕ:Ð�ÂMÆ}¾|Ñ½.¾/À,àoÃ%¾|Î,Õ:Æ!Ñ"½.¾�Ö�À1Ò×|Ï.ÁMÎî ¬ ë9ù Ë�æ9È [¬ ú ]
½:À,ÁMÆ.Ð<Â*Ö¢Ñ"½.¾%Ò"¾sÂMÐ<Õ.À9Ñ�ÎUÕ.À1Õ}Ô�¾%×/¿}ÑZÄ ë,ù Ë�æ9È/ÃGÀ,ÕNÑ"¾Gû'Ñ�Î9Õ'Ä'ð<½.¾%Ò"¾bð<Â�Ñ"½.Â*ÕÑ½.¾sÀ,àoÃ%¾,Ù.¼¢Î9ü1¾%ÕFÑÀ,Û1¾GÑ"½.¾%Ò�Ø'Ñ½.¾[ð<½.À1Á*¾

formula
×/Î�Ä�Ó7¾sÒ"¾�Î1Æ�Î,Ð

ývÂ*Ñ½.¾�Ò[þAÀ1ÓPÂDÐ�Õ.À,Ñ�ÂDÕ:Ð�ÂMÆ}¾|Ñ½.¾|À9àuÃG¾UÃGÀ1Õ:ÃG¾�ÒÕ.¾�Æ�ÿ�ÂDÕ ð<½.ÂMÃK½ Ã�Î,Ð¾@Ñ½:¾%Ò"¾�ÂMÐ�Õ.À
í'Â*À1ÁDÎ9ÑÂDÀ,Õ � À,Ò<½:¾bÂMÐ<ÂDÕ:ÐÂDÆ}¾bÑ"½.¾sÀ9àuÃG¾[Ó.Ï.Ñ�Ñ½.¾�Ò¾[ÂMÐ�Õ.ÀuÐÀ,Ï.Õ:ÆF¿.ÁMÎ�Ä'Â*Õ.Û7Ù

��Ö�Ñ½:¾b¿�À,ÁDÂMÃGÄoÂMÐgí'ÂDÀ,ÁMÎLÑ"¾�ÆuÂDÕuÑ"½.¾[À9àuÃG¾bÕ:Î,×U¾�Æ
x
Ñ½:¾%ÕFÑ½.¾bÀ,Õ}Ö~Î,Â*Á�Î1ÃQÑÂDÀ,ÕFÂDÐA¾%û'¿7Î9Õ:Æ}¾�Æ

ÑÀ
Freeze

Ç:È,É:Ê1Ë.Ì
x
Ì������Ì ë,ù Ë�æ9È1Ì.Í[Ã�Î9Ï:ÐÂDÕ.Û�Î9Ï7Æ}Â*À�¿.ÁDÎ�Ä'ÂDÕ.Û�Î,Û,¾%ÕNÑKÐ�Â*Õ7Ð�ÂMÆ}¾�À,àuÃG¾ x ÑÀÓ7¾[Ö�Ò"À���¾%Õ�Ù

¼�½.¾sÃGÀ,Õ7Ð�¾
	1Ï:¾%Õ:Ã%¾�ÐAÀ9Ö¢Ñ½.ÂMÐ<¿�À,ÁDÂDÃ%Ä�Î9Ò"¾sÐ�Ï:×U×oÎ,ÒÂMÐ�¾�Æ�Î1ÐAÖ�À,ÁDÁ*ÀLð�Ð��
 Ù���ÖvÎ�� ù ä}æNç��7Ê ë�� è1ÉuÎ9Û1¾%ÕNÑ�ÎLÑÑ¾%×/¿}ÑKÐ<Ñ"Ào×UÂDÛ,ÒKÎLÑ"¾sÂ*Õ7Ð�ÂMÆ}¾[Ñ½:¾�ÐÎ,×/¾sÀ9àuÃG¾@Î1Ð�þAÀ,ÓÑ½.¾	Ò"¾�	NÏ.¾�ÐZÑoð<ÂDÁ*Á<Ó�¾!Æ}¾%Õ.ÂD¾�Æ�ØvÎ,Ð"Ð�Ï.×/ÂDÕ.ÛcÑ½:Î9Ñ/½:ÂDÐ/¿�À,ÁDÂDÃ%ÄrÂMÐ/Õ.À9Ñ/ÀLí,¾�ÒÒ"ÂDÆ:Æ}¾%ÕrÓ'Ä
Î9Õ'Ä,À1Õ.¾b×UÀ1Ò¾sÐ¾%Õ.ÂDÀ,Ò�ÂDÕ�Ñ½.¾@Ã%À,×/¿:Î9Õ'Ä1Ù

Þ}Ù���ÖAÎ�� ù ä'æNç��7Ê ë�� è1É!Î9Û1¾%ÕNÑ[ÒÏ.Õ:Õ.Â*Õ:ÛFÀ1ÕaÎFÁDÎ,¿}ÑÀ1¿cÀ1Ò������ ÂMÐ�¿:½NÄ}ÐÂDÃ�Î9ÁDÁ*Ä!×/ÀLí1¾�Æ
Â*Õ7Ð�ÂMÆ}¾s½.ÂMÐ�À9àuÃG¾[Ó'ÄFÐÀ,×/¾�À,Õ.¾b¾%ÁMÐ�¾1Ø}Ñ½7ÎLÑ�Î9Û1¾%ÕNÑ<ð<Â*ÁDÁ�Ó�¾[Ö�ÒÀ��%¾%Õ�Ù
��ÀLð Ã%À,Õ:ÐÂDÆ.¾%Ò[ð<½:ÎLÑsð<ÂDÁ*Á�½7Î9¿.¿�¾%Õ�ð<½.¾�Õ���Á*ÂMÃG¾/¾%ÕNÑ"¾%ÒKÐsþgÀ1Ó � Ð�À,àuÃG¾,Ù"!gÁD¾�Î,ÒÁDÄ	Ñ½:¾

ÑZðgÀF¿7À1Á*ÂMÃGÂD¾�Ð  Î9Õ7ÆcÞoÕ:ÀLð³Ã%À,Õ$#7ÂDÃGÑ�Ù%��ÁDÂDÃ%¾�� Ð�×/À1Ó.Â*ÁD¾|Î,Û,¾�Õ1Ñ�ð<Â*ÁDÁ�ÎLÑ�Ñ"¾%×/¿}ÑbÑÀF×UÂDÛ,ÒKÎLÑ"¾
Â*Õ:ÐÂMÆ}¾�þAÀ,Ó � ÐXÀ9àuÃG¾�ÐÀbÑ½.¾�ÐÄ}ÐZÑ"¾%× ð<Â*ÁDÁ:Î9¿:¿.Á*Ä@Ñ½.¾�Ã%À,Õ$#7ÂDÃGÑXÒ"¾�ÐÀ,ÁDÏ}Ñ"Â*À1Õ|Ò"Ï.ÁD¾�Ð�Æ}¾�ÐÃ%ÒÂDÓ7¾�Æ
Â*Õ�Ý'¾�ÃGÑÂDÀ,Õ�Þ}Ù &.Ù'��Ð"Ð�Ï:×UÂDÕ.ÛFÑ½.¾oÐÄ}ÐZÑ"¾%× ü'Õ.ÀLð�Ð�Ñ½:Î9ÑsþAÀ1Ó)(�ÀLð<Õ:Ð+*@Ñ"½.¾/¾%ÕNÑÂ*ÑZÄ!Õ:Î,×U¾�Æ
Ç.È1É:Ê1Ë�ÿÚÐ�ÂDÕ:ÃG¾�½.¾�ÂMÐ�Ñ½.¾�Ó7ÀNÐÐ � ½.ÂMÐg¿7À1Á*ÂMÃGÄ/ð<ÂDÁ*Á�ÀLí,¾�ÒÒ"ÂDÆ.¾gÑ"½.À1Ð¾�Ó�¾%ÁDÀ,Õ:Û,ÂDÕ.ÛsÑÀ,��ÁDÂDÃ%¾�Î,Õ:Æ
Ñ½.¾s×/ÂDÛ,ÒKÎLÑÂDÀ,ÕFÒ¾
	NÏ.¾�Ð�Ñ<ð<Â*ÁDÁ�Ó�¾sÓ.Á*À}ÃKü1¾�Æ�Ù

��×/Î,Û,ÂDÕ.¾�Î�Ñ"½.Â*ÒKÆUÏ:Ð¾%Ò�Ø-!g½7Î9Ò"Á*ÂD¾,Ø�ð<Â*Ñ½/×/À,Ò"¾g×oÎ9ÁDÂMÃGÂDÀ,Ï:Ð¢ÂDÕ1Ñ"¾%ÕNÑ�Ù9¼�½:ÂDÐXÏ:Ð¾%ÒvÎ9Ñ�Ñ"¾%×/¿}Ñ"Ð
ÑÀ�Á*Ï:Ò¾	½:Î,¿.Á*¾�ÐÐoÎ,Û,¾�Õ1ÑKÐUÂ*ÕNÑÀ�½.ÂMÐoÆ}À1×/Î,Â*Õ�Î9Õ7ÆrÑ"½.¾%Õ ÑÒKÎ9¿¶Ñ½.¾�× Ñ"½.¾%Ò"¾�Ö�À,Ò"¾%í,¾�Ò�Ù/.�¾
Æ}¾�Ã%ÂDÆ}¾�ÐAÑÀoÛ1À/Î9Ö«Ñ¾�Ò���ÁDÂDÃ%¾�� Ð�×�Ï:ÐÂDÃ[¿:ÁDÎ�Ä'ÂDÕ.ÛUÎ,Û,¾�Õ1Ñ�Î,Õ:Æ�ð<Ò"Â*Ñ¾�ÐAÑ"½.¾[Ö�À,ÁDÁDÀLð<Â*Õ.Û0�

〈 location =
Ç:È1É:Ê1Ë}Ì é1ê:ë É.Ê:æ9è�ãGäaÈNåNå�æNç,è ,

formula = 3(
� ù ä'æNç��7Ê ë�� è,É [ ï ]),

times = Always(0 seconds),
onfail = Log 〉

ÿ~ß �

(�Ö�À1Ò�Î9ÁDÁwÑÂD×/¾[Ñ½.¾1� ù ä}æ1ç2�:Ê ë�� è1É/Î,Û,¾�Õ1Ñ<Ð½.À,Ï.ÁMÆ�Ò¾�×oÎ9ÂDÕFÂDÕ:ÐÂDÆ}¾[×|Ä�À9àuÃ%¾,Ù *
!gÀ,Õ:ÐÂDÆ.¾%Òvð<½:Î9Ñ�½:Î,¿.¿7¾�Õ:Ðvð<½:¾%Õ3��Á*ÂMÃG¾�ÂMÐv¾�ÕNÑÂMÃG¾�ÆuÂ*ÕNÑÀ4!g½:Î9Ò"Á*ÂD¾�� Ð�À,àoÃ%¾<Ö�À,ÒgÎ@ÃGÀ�5�¾�¾

Î9Õ:Æ�Ó.ÂMÐ"ÃGÏ.Â*Ñ�Ù6��Õ.Â*ÑÂMÎ9ÁDÁ*Ä���ÁDÂMÃG¾�� Ð7� ù ä}æNç��7Ê ë�� è1É%� ÐbÒ"¾�	NÏ.¾�Ð�Ñ@Ñ"ÀP×/Â*Û1Ò"Î9Ñ¾uÂDÕNÑÀ�!g½:Î,ÒÁDÂD¾�� Ð
À9àuÃG¾sÂMÐ�Î,Ã�ÃG¾�¿}Ñ¾�Æ�ÐÂDÕ:ÃG¾@Â*Ñ�Æ}À'¾�Ð�Õ.À9Ñ�í'ÂDÀ,ÁMÎLÑ"¾[Î,Õ'Ä�¿�À,ÁDÂDÃ%Äcÿ�ÂDÕ	Ö~Î,ÃGÑ�Â*Ñ�Ã%Î,Ï:Ð�¾�Ð�ÒÏ:Á*¾@ßUÑ"À
Õ.À	Á*À1Õ.Û,¾�ÒsÓ7¾oÂDÕ�íNÂDÀ,ÁMÎLÑ"Â*À1Õ98 Î9Õ�ÂD×/¿.ÒÀLí1¾%×/¾%ÕNÑ
: �1; ½.¾%Õ���Á*ÂMÃG¾/ÁD¾�Î�í1¾�Ð�Ñ½.¾oÀ,àuÃG¾/Ñ½:¾
×�Ï:ÐÂDÃ�¿.ÁDÎ�Ä1¾%ÒvÎ9Ñ�Ñ¾�×/¿}Ñ"Ð�ÑÀsÖ�À1Á*ÁDÀLð ½.¾%Ò�Ù�!g½:Î,ÒÁDÂD¾�� ÐvÎ9Õ:Æ���Á*ÂMÃG¾�� Ð�ÒÏ:Á*¾�ÐvÎ9Ò"¾<Õ.ÀLð�Â*ÕuÆ.Â*Ò"¾�ÃGÑ
ÃGÀ,Õ<#:ÂDÃGÑ�Ù>=�Õ}Ö�À1Ò�Ñ"Ï.Õ:ÎLÑ"¾%ÁDÄ�Ö�À1Ò1��ÁDÂMÃG¾�ÐÂ*Õ7ÃG¾,!g½:Î,ÒÁDÂD¾1(ZÀLð<Õ:Ð?*s½.ÂDÐ�À9àuÃG¾s½:ÂDÐ�¿7À1Á*ÂMÃGÂD¾�Ð�Ñ"Î9ü1¾
¿.ÒÂDÀ,Ò"Â*ÑZÄ|Î9Õ7Æ/Ñ½.¾�Ò¾%Ö�À,Ò"¾<Ñ½:¾�Î9Û1¾%ÕNÑ�� Ð�Ò"¾�	NÏ.¾�ÐZÑvÑ"À�ÁD¾�Î�í1¾<ÂDÐAÆ}¾%Õ:Â*¾�Æ�Ù ; ½7ÎLÑAÃ�Î9Õ@��Á*ÂMÃG¾bÆ}À�A
¼�½.¾[À,Õ.ÁDÄ�ÐÀ,ÁDÏ}ÑÂDÀ,Õ�Ö�À,Ò���ÁDÂMÃG¾[Â*Õ�Ñ"½.ÂDÐ<ÐÂ*ÑÏ:Î9ÑÂDÀ,Õ�ÂDÐAÑ"À/Î,¿.¿�¾�Î9Á�Ñ"À/ÎU½.ÂDÛ,½:¾%Ò<Î9Ï}Ñ"½.À,Ò"Â*ÑZÄ,8
Â*ÕoÑ"½.ÂMÐ�Ã%Î1Ð�¾�þgÀ1Ó,8UÐÀ,×/¾%À1Õ.¾<ð<½.À1Ð¾�¿�À,ÁDÂDÃ%Â*¾�Ð�Î,Ò¾�ÒKÎ9Õ:ü,¾�ÆU½.ÂDÛ,½:¾%ÒvÑ"½:Î9ÕB!g½7Î9Ò"Á*ÂD¾�� Ð%ÙNþAÀ,Ó
×/Î�Ä�ð<ÒÂ*Ñ¾sÎU¿7À1Á*ÂMÃGÄ�ÑÀ/¾%í'ÂMÃG¾C��ÁDÂMÃG¾�� Ð�Î,Û,¾%ÕNÑ�Ø}ÀLí,¾%Ò"Ò"ÂDÆ}ÂDÕ.Û�!g½:Î9Ò"Á*ÂD¾�� ÐAð<ÂDÐ½.¾�Ð%Ù



D EGFIHKJ"L$FIMONQP�R<S

T�U<VXWYV�U[Z]\�V�^0V�VX_a`�Z-_�bdc<WYe�c>e�fgV�hd`4e�^<ikjlVmZ-n�V�_�opfKb$fKogV�`4f�q1V�r n0r7T6s1tvuxwys{zk|
}�~
� T"Wge�`4fY��s1_[h)tvu7WY_<VXjkj%w9e�\�il_<n�s�n�V�_�oYf���q�s�n�V�_�oK�+T1t���z ��~'Z-_[h@T"VXjkV�fY��WYikc$o7zk|��-~�r$��ik`��
ilj�Z-WYi�oYilV
f��vilogUye��<W1��e�WY�3ik_[�Xjl�[h<V��>`,e�^<ikjlV,Z-n�V�_�oYfve�_y`4e�^<ikjlV�h$VX\�i���V�f ����� s1f,z �-~6Z�_[h
`,e�^<ikjlV�c<U<e�_<V�f�zk|��-~���ik_9T"s1tvuxwys�Z�_[h@oYU<V���e�_[��V�c$ove-���g� �-¡£¢-¤<¥ � fKik`4ilj�Z-W�oYe4e��<W��X¤[¦
§ ¡ § ¡£��¥K��ik_)T"VXjkV�fY��WYilc<o�r<¨�_[jlik��Vxe��<W���e�WY�%q�_[e�_<Vxe-�"ogU<V
fKV�c<WYVX\�ike��[f�fKb$fKogV�`4f�Z-oKogV�`4c$ogV
h
oge©V�ª$c<jke�ilo�fgc[Z-ogi�Z-j«`4e�h[Z-j/jke�n�i��CoYe©^<Wgi�h$n�V¬oYU<V4n��<jl��^>V�o?��VXV�_oYU<V4c<U�b�fgi��XZ-j6��e�WYjkhe-�
c0V�e�c<jkV�Z-_[h3ogU[VC\�ikWgog�[Z�j'��e�Wgj�h<f�e-�«`4e�^<ikjlVCZ�n�VX_�o�fXr

®�i�Z-_<npZ-_[hm�IZ-_0h<Z]bmzk|�|X~��Xe�_[fgi�h$VXW,Wgi�fg��f�oge�c<WYil\�Z��Xb¯il_°��e�_�oYV�ª�oK�+Z]��Z�WgV@fgb$f?oYVX`�f�r
T�U<VXbp^[Z�fgV4ogU<V�ilW���e�Wg�e�_�ogU<VBZ-^[fKogW�Z���ogike�_�e-�C¡�¤�±�¢-��²4³ § ¡£¢-¤2¥�´[³�µ���¥�q«fKik`4ilj�Z-W�oYeye��[W
��¤ § ¡ § ¡£��¥�r[T�U[VXb3V�_�\�i�fYZ-n�VCZ4fgb�fKogV�`¶�vU<V�WgV�h<e��X�<`4VX_�oYf�U[Z]\�VCZ�fYfge��XikZ-ogV
h�´%��¡�·]³�µ�¸ § ³���¥
�vU<ik��U4Z-WYV��[fKV
h�oge�c<WYVX\�V�_�o"oYU<V��<_���Z�_�oYV�h�jlV
Z-��Z-n�V�e��>h<Z-oYZ[r�¹?º�w»s�n�jlVXoYf�zk|�¼-~�c[Wge�\�i�h$V
Z�®�Z]\�Z-��^[Z�fKV
h4s � ¹«��e�W�^<�<ikj�h$il_[n¬`4e�^<ikjkV7Z-n�VX_�oYf�r�T�U[VXikW�fgV����[Wgilo?b�`4V
��U[Z-_<i�fg`½i�f�^0Z�fgV�h
e�_�oYU<V)®�Z]\�Z��?}©fKV
���<WYilo?bp`4e$h$VXj��/��e$h$VBikf,fKV�jlV
��oYil\�VXjkbpoYWg�0f?oYV�h�e�W¬_<e�o4h$V�c0V�_[h$ik_<ne�_
i�o�f�e�Wgikn�ik_3Z�_[h0¾]e�W�oYU<V�c<WgV
fKV�_[��V7e�W�Z-^[fgVX_0��V1e��"fgiln�_[Z�oY�<WgV
fXr�T�U<V�� e$�Xs7� ¿ � � e$��Z�ogike�_<�
s«��Z�WgVx� il��V���b$�XjlVx¿�_�\�ilWYe�_<`4V�_�o��«��W�Z-`4VX��e�WY�,c<Wge�\�i�h$V�f�Z4tvuxÀ1º�s���^0Z�fgV�h�`4V���U0Z-_<i�fK`
oge©��e�_�oYWge�j ogU[V�jki���VX� �Xb$��jkV � iÁr V�r'��WYV�Z-ogike�_yZ�_[hh$V
f?oYWg�0��ogike�_>��Z-_0hyjke���Z�oYile�_ye-��fge-��o?��Z-WYV
e�^$Â?V
��oYf�WYV�fgikh$ik_<n�e�_BZ¬_<V�o?��e�WY�%r�� e$��s1� ¿mh$V�Ã[_[V�f�ogU<Vx_<e�ogike�_@e��IZ,Ä"¢�µ�³ § ¡£¢�¤3Å,¢�²�³�¡�¤
Æ Z3n�WYe��<cye���`�Z���U<ik_<V
f1c<U�b$fgik��Z-jkjlb©jke���Z�oYV�hyik_yoYU<V4fgZ�`,V,c<j�Z��XV�r%T�U<V,h<i�Ç%VXWYVX_[�XV�^>V��o?��V�VX_�Z-jkj�oYU<WgV�V@e-��ogU[V�fgV3fKb$fKogV�`4f¬Z-_[h¯e��<W���e�WY�i�f�ogU[Z-o¬_<e�_<V@e-��oYU<VX`ÈZ-jkjle��½ogU[V
fKc>V��Xi�Ã0��Z�oYile�_Be��«fgc[Z�oYikZ�j'`4e�^<ikjlilo?b3fgV��X�<Wgilo?b@c>e�jkik�XilV
fXr

u7�<W¬��e�WY�pi�f�il_[fgc<ikWgV
h�^�b�ogU<V3ogU<V�e�WYV�ogi��XZ�j���e�WY�e�_�ogU[V)s1`¬^<ikVX_�o3t�Z-j����<jk�[f@zÉ}]~
Z-_[h2ogU<V9s1`¬^<ikVX_�o@� e�n�i��z ¼�~ r/s�jlogU<e��<n�U°e��<W4`4e$h$VXjvi�f4Z�n�WYV�Z�o4h$V�Z�j�fKik`4c<jkVXW,ogU[Z�_
ogU[Z-o�c<WYe�c>e�fgV�h�ik_�ogU<V)s�`�^<ilV�_�o�t�Z-j����[jl�[f�q6i�o4f?oYiljkj�Z�jljke���fC�[f�oge���e�`�^<ik_<V�oge�n�VXogU<V�W
ogU<V7c<U�b�fgi��XZ-j[��e�Wgj�h,e-�'c0V�e�c<jkV1Z�_[h,ogU<V1\�ikWgog�[Z�j[��e�WYjkh,e-�'`4e�^[iljkV1Z-n�VX_�oYf�il_�oge�Z�fKik_<n�jlV�q
�<_<ilÃ[V�hBWgV�c<WYV�fgVX_�oYZ-ogike�_ r�T�U<VCfK�<^0fKVXo�e�� ogU<VCs1`¬^<ikVX_�o�� e�n�i����[fgV�h3il_)e��<W�c>e�jkik�Xb@h$V�Ã<�
_<i�oYile�_[f/WYVX`�Z-ik_[f/�Xe�`4c<�$o�Z�ogike�_0Z-jkjlb¬h<V���i�h<Z�^<jlVvZ�_[h4fKik`4c<jlV���e�W/U��<`�Z-_[f«oYe��<_[h$V�WYfKoYZ�_[h
�vU<iljkV�fKogikjljIZ�jljke��vik_<n¬oYU<V�Z,n�WYV�Z-o�h$V
Z-j'e��"Ê[VXª$il^<ikjki�o?b)Z-_[hBV�ª$c<WYV�fYfKik\�V�_<V�fYf�r

Ë ÌpP�Í1Î'HKÏ7Ð�Ñ?P�ÍOJ/Í1MÓÒ�Ï�L<Ï�R<FÕÔ�P�R<S

ÖpV�U0Z]\�V/c<WYV�fgVX_�ogV
h�Z�ogV���U[_<ik×��<V«��e�W V�ª$c<WYV�fYfgil_<n�fgc[Z-ogi�Z-j � iÁr V�r�jle$�XZ-ogike�_$� ^[Z�fKV
h[�>fKV
���<WYi�o?b
c0e�jli���ikV�f���e�W�`4e�^<ikjlVxZ-n�VX_�oYf�r�T�U<V
fKVxc>e�jkik�XilV
f���Z-_@^>V1�[fgV�h@oge�`4Z���V7^0e�ogU@c>e�fgi�oYil\�V7Z�_[h
_<VXn�Z�ogik\�V�Z�fYfKV�WKoYile�_[f�Z-^>e��<o1ogU[V,h$b�_[Z�`4ik�¬jle$�XZ-ogike�_9e���Z-n�V�_�oYf�r0s1fYfgVXWgogike�_[f1`4Z]b©WYV���V�W
ogeCoYU<V�jke���Z�oYile�_,e��'^0e�ogU�c<U�b$fKi��XZ�j[Z-_0h�\�ikWKoY�[Z-j0e�^$Â?V
��o�f/il_4oYU<V���e�WYjkh q�Zx��V�Z-og�<WYV��[fgV����<j
��e�W�jke$�XZ�oYile�_$�+Z]��Z�WgV���VX_�oYilV�_�o,Z-c<c<jki��XZ�oYile�_[f�rIT�U<i�fCogV
��U<_<i�×��<V@c<WYe�\�ikh$V
fCZ9�[fgV����<j���Z]b
oge¬�Xe�_[fKogW�Z-ik_,ogU<V7`,e�^<ikjlilo?b�e��IZ-n�VX_�oYf�q�oge¬�[fKV7`4e�^<ikjlV7Z-n�V�_�o/ogV���U[_<e�jke�n�b�fYZ���VXjkb4Z-_[h,oYe
fKik`4c<jlil��b@oYU<V�h$V�\�VXjke�c[`,V�_�o�c[Wge$��V
fgf�e��"���$oY�<WYV¬��VX_�ogikVX_�o�Z-c[c<jli��XZ-ogike�_[f�r

u7�<W¬��e�WY���Z�fCik_[fgc<ikWgV
h�^�bpWYV��XVX_�o�ogU[VXe�WYV�oYik��Z-j���e�Wg�pe�_�`4e�^[iljkV3��e�`4c<�$oYZ-ogike�_ q
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