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?�2+4t& {10 4 E J MpS 4�&8F�6�*)=P& { 68=3,n(:6)A:,/2:&8J�6)=p*'&)< M J>2+H M ,}Jn&

& { J©6 M (dJn2:4�*'=p& { 68=�,/J>6�J>4t&)FO6y9 M ,TJ>< MP{ .KJ>4C9¯,/$K,/Jn4LH�l�?�2:4
9 M ,/Jn< MP{ .KJn4z91,n$5,/Jn4CH M ,RA:<n4z,/.+HI4z9�Jn&t6'9K2+4C<n47J>& E 6).:,>68= M JT$'X
M l 4)l	Jn&IA+<>4C,n4L< S 4Y°@68HIA|&)<nJC� ,�2/2:6)A+AB4C(+4C9K~ { 4�F�&'<n4"3�<>4L=o6�J M &)(+~
,/2 M Aº¢¦°@6)HIAB&'</J�±z²-`�³-£·l
?�2:4�(+&)J M &)(�&)F\6 E .KJ%.+(:9K4C<n= M 4C,�Jn2+4 E &'(:,TJ><n. E J M &)(¹&8F

*)=P& { 6)=),/(B68A:,n2+&8J@6)=p*'&)< M J>2+Hi,G¢¦#ª6�J/J>4L<>(i±C²'²)]'£�l@^ E .KJ;¢gÁ M *8~
.+<n4y±z£}4C,>,n4L(-J M 68=P=p$d9 MpS5M 9K4C,\Jn2:4�4 S 4C('J©,�&8FO6y,n$5,/Jn4CH M (-J>&
Jn2+&-,/4�& ECE .+<>< M (+* { 4�F�&'<n4}Jn2+4 E .KJ�68(:9�J>2+&',n4�& ELE .+<>< M (+*�6�F ~
Jn4L<�J>2+4 E .+JCl�#%4z,n,>68*'4C,YJn2+4C(yJn<©6 S 4L= { 4�J � 4L4C(ªJ>2+442/A:6',TJ�3
68(:91Jn2+442/F�.KJn.+<>453:X@6),�9K4L¼:(+4z9 { $%J>2+4 E .KJzlI^ E &)(:, M ,/Jn4C(-J
E .KJ M ,¥&)(:4 M ( � 2 MoE 2�(+&iHI4C,>,n6)*)4C,;J><>6 S 4L=|F�<>&)H�J>2+47F�.KJ>.+<>4
M (-Jn&yJ>2+4�A:6),/J1¢¦Á M *'.+<>4y±k£·l¹Â�Jn2:4L< � M ,n4)X � 4 E 6)=p=�J>2+4 E .+J
M ( E &)(:, M ,TJ>4L(-JCl���(ª&'<>9+4L<RJ>&t& { J>6 M (y6�*'=p& { 68=¤,/(B68A:,n2+&8JzX�=p&)~
E 68=O,/(B68A:,n2+&8J©,�68<>4%*'68Jn2+4C<n4z9¯F�<n&'H M (:9 MPS5M 9+.:68=YA+<n& E 4C,>,/4z,
2n68=P&)(:*7Jn2+4 E .+JCl 3���(t&)<©9K4L<3F�&)<3Jn2:4Y*'=p& { 68=�,/(B68A:,n2+&8J;Jn& { 4
H�4z68( M (+*)F�.+=gX M J M ,R(+4 E 4C,>,>68<>$�Jn2B6�J�J>2+4}6)=p*'&)< M J>2+H!,>6�J M ,/¼:4z,
6 E &)(:, M ,TJ>4L(-J E .KJzl
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Past Future

cut event

receiving event

sending event

internal event

Á M *).+<>4I±)h�^�J M HI4�9 M 68*)<©68H � M Jn2%6 E .KJ
°�6 M 68(B9�¶�6)(+*�¢g°@6 M 6)(:9�¶�6)(+*�±C²)³5`8£�9K4 S 4L=P&)A|4C9¹6)(

4L=P4L*'6)(-J»6)=p*'&)< M J>2+H F�&'<d& { J>6 M ( M (+*�,n. E 2w6 E .KJzl ?�2+4 M <
68=P*)&)< M Jn2+H�68A+A:= M 4C,}Jn&y(+&)(+~¨Á	�TÁ	Â!,n$K,TJ>4LHi,CXG68(:9�&)(+=P$ M (K~
S &)�'4C,\Jn2:4%A M *'*)$-~ { 6 E � M (+*�&)F�,/J>68Jn.:, M (KF�&'<nHi68J M &)( M (�&)(:4
{+M JY&)(-Jn&�6)=p=�H�4z,n,>68*'4C,Cl3?�2+4\68=P*)&)< M Jn2+H M ,Y6),�F�&'=p=P& � ,LhO¢T±k£
� S 4C<n$ªA+<n& E 4C,>, M , M ( M J M 68=P=p$ � 2 M Jn4�6)(:9yJn.:<n(:, { =P6 E � � 2+4C(
J>68� M (+*�6�=p& E 6)=Y,n(:68AB,/2+&)JCl"¢m_)£�� S 4C<n$¯HI4C,>,n6)*)41,n4L(-J { $
6 � 2 M Jn4d¢ { =o6 E �+£\A+<n& E 4C,>, M , E &'=p&'<n4z9 � 2 M Jn4»¢ { =P6 E �+£·l�¢¦]-£
� S 4C<n$�A+<>& E 4z,n,tJ>6)�)4z,�6¯=P& E 68=�,n(:6)A:,/2:&8J { 4LF�&)<>4º6 { =o6 E �
H�4z,n,>68*'4 M ,�<n4 E 4 MpS 4C9�l���(:,/.:< M (+*ºJn2B6�J�6d=p& E 6)=Y,n(:68AB,/2+&)J
M ,�J>6)�)4L( { 4LF�&)<>4Y6 { =P6 E ��HI4z,n,>68*'4 M ,3<>4 E 4 MpS 4C9�68J;6}A+<n& E 4C,>,
M ,O6 ECE &)HIA+= M ,/2+4z9 { $�4L�+68H M ( M (+*tHI4C,>,n6)*)4C,¥F�&)<YJn2+4 M < E &'=p&'<
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Receipt of the first cut message
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{ =o6 E �iA:<n& E 4z,n,n4C,�Jn&I,n4L(:9 E &)A M 4z,3&)FWJn2:4C,n4OHI4z,n,>68*'4C,�Jn&\Jn2+4
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Non-existence
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Á M *).+<>47]+hG?�2+4 NO� ?�68A:A+<n&k� M Hi6�J M &)(tA+< M ( ELM A:=p4
?�2+47<>4C6',/&'(�F�&'< E <>4C68J M (+*�Jn2+4�J � & E .+J>, M ,�J>&�6 S & M 9�Jn2+4
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� �� �� ��Ë����uv�W�
 ��
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J>4L<>(W� ,�68=P*)&'< M Jn2+H
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A+=P6 E 4'X M J\Hi6)�)4C,�.:,/4t&8FR61, E 6)=P6)< E &'.+(-Jn4L<�6),}&)A+A|&',n4C9yJ>&
Jn2+4 S 4 E Jn&)< E &).:('J>4L<Y.:,/4z9 { $�#168J/J>4L<>(WlR?�2 M , M ,RA+< M Hi6)< M =p$
{ 4 E 68.B,/4�J>2+41.:,n41&8F76 S 4 E J>&)< E &).+(-Jn4C< M ,IJ M HI4 E &'(:,n.+H�~
M (+*BX+6),;J>2+4�Jn&'�)4L(�H\.:,TJ � 6 M J}¢¦9K.:< M (+*�Jn2+4\,/4 E &)(B9 E .KJ©£�68J
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,n6)*)4C,�,n4L(-J7Jn& M J}2:6 S 4 { 4C4L(º<n4 E 4 MpS 4C9�l�?�2 M , � 6 M J M (+* E 6)(
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68=P*)&)< M Jn2+H
9K&54C,3(+&8J�6)9+9K<>4C,>,�J>2+4 M ,>,/.+4Y&8F@,n4L=P4 E J M (+*}6�A:<n&)~
E 4C,>,YJn&�=P6).+( E 2�Jn2+4i6)=p*'&)< M J>2+H�l�03&)(:,n4C¿-.+4C(-Jn=P$)X M J M ,OAB&-,T~
, MP{ =P4iF�&)<I68=P=�&)F¥Jn2+4tA+<n& E 4C,>,/4z,7Jn&ª=P6).+( E 2»J>2+4t6)=p*'&)< M J>2+H�X
6 S 4C<n$¯4��KA|4L(:, MPS 41A+<>&)A|&', M J M &)(Wl�ÂY.+<t6)=p*'&)< M J>2+H ,/4C=p4 E J>,
Jn2+4 NO� ? M ( M J M 6�J>&)< S5M 67032B68(+*�6)(:9��¥& { 4L<nJ>,C� ,�9 M ,/Jn< MP{ .KJn4z9
=p4z6)9K4C<@4L=P4 E J M &)(}6)=p*'&)< M J>2+H®¢m032:6)(+*Y6)(:9��¥& { 4C</J©,�±z²-`�²:Xz?�4L=
±C²)²)È-£�F�<n&'H"68HI&)(:*\J>2+47A+<>& E 4C,>,n4C, � 2 MoE 2 � M ,/2tJn& M ( M J M 6�J>4
Jn2+4�68=P*)&'< M Jn2+H�l	Á M (:6)=p=P$)X M J M , M H�A|&)<nJ>6)(-J�J>&YA|& M (-J	&'.KJ¤Jn2:68J
&).+<¥68=P*)&'< M Jn2:H E &)=P=P4 E J©, M (+F�&)<>HI68J M &)( � 2 MPE 2 E 6)( { 47.:,n4�F�.+=
F�&)<¥J>2+4 M HIA+=P4LHI4C('J©6�J M &'(%&8F¤&8Jn2:4L< E &)(-Jn<>&)=�F�.+( E J M &)(B,�,n. E 2
6),W=P&'6'9 { 68=o68( E�M (+*¥&)<�H�4CHI&)<>$YHi68(B68*)4CHI4L(-J3¢m032:&-4�±C²)²'³'£�l
��(�J>2+4 M HIA+=P4LHI4L(-J©6�J M &)(�&)F�&).:<�6)=p*'&)< M J>2+H�X � 4 M 9K4L(-J M F�$

Jn2+4 M (:9 MPS5M 9+.:68=W(:&59+4C,R&)F¤6�H}.+=pJ M ~ E &)HIA+.KJ>4L<}¢¦.+A|&)( � 2 MoE 2
&).+<O? M HI4�xy6)<nAª,n$K,TJ>4LH M , M HIA+=P4LHI4L(-Jn4z9:£ � M J>21J>2+4\A:<n&)~
E 4C,>,n4C,�&)F:#16�JnJn4L<>(W� ,@6)=p*'&)< M J>2+H�lWx�43Hi68�)4�.:,/4�&8F+&)(:4G2+4C6)A
� M J>2 M (�4z6 E 2�(+&K9K4�Jn&�, E 2+4z9K.+=P4O4 S 4C('J©,Ll3?�2+47A:,n4L.:9K&)~ E &K9K4
F�&)<¥&).:<�6)=p*'&)< M J>2+H M , E &'('J©6 M (+4C9 M (�Á M *).+<>4�È:l
��( M J M 6)=p=P$)XK68=P=:&)F�Jn2+4YA+<>& E 4C,>,/&'<>,�68<>4
	�������)X+6)(:9IA+< M &'<GJ>&

6O,n(:6)A:,/2:&8JCX8Jn2+4¥A+<>& E 4z,n,n&)<	<n4CHi6 M (:,�	�������'l¤�36 E 2\H�4z,n,>68*'4
� 2 MPE 2 M ,�,n4L(-J { $�6 � 2 M J>4�A+<>& E 4z,n,n&)< M , E &'=p&'<n4z9 � 2 M J>4)l
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�� � 
! � 
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E 68( M ( M J M 6�J>4�Jn2:4 E &'=p&'< M (+*�68JO6I¼+�K4z9�F�<n4z¿-.+4L( E $$%i¢�2:4L<>4)X	±
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