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def
= α 〈β〉 .0¬Q def

= α (y) .y 〈t〉 .0¬R def
= β (x) .0
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#~�~�#��("�£���&���������Cset
�##��$��� �#�(&&(�#§

Cset = {(a, b), (b, a), (b, c), (c, b), (c, d), (d, c), (a, d), (d, a), (a, a), (b, b),
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�%�#�$�&#��$��
Æ·Ç¶²È®É¶ºÊËÇ¶°¶·Ì²³±Í³Í»̧ �%��"($�##�&���"#��~�£�#~%�#����#~%�~(�~%�#~�� �" π�$�&$�&�#�£$��~~%�~~%��$~�(�#�~Pact

�#�£~�� � ��~%
�%�#�$�&#~�~��$~�(�#�����~�~�$�&$�&�#�����"~�~�(�~%��$~�(�#�~��~(~%"���� ���� ��~�$~�(�#�~#§�%�#�$�&#~�~��$~�(�#�~Sact�#�� �$~�(�#�~Csact�� "�$�����$~�(�#�~Cract�
�%���~�~��&���"#��~�£�#������#�(&&(�#§
��¦�~�~��$~�(�§µ ::= α (x̃) @β̂ |α 〈x̃〉@β̂ | τ@β̂ | α̂@β̂ | ε��%���"�&&�&�$~�(�#
�~~%���~�~�&���"�"�"��"�#��~� x�α (x̃) @β̂�α 〈x̃〉@β̂�τ@β̂�α̂@β̂ �� ε��%�"�α 〈x̃〉 #�� #���##�����~%���&��&�#~x̃ �� α(x̃) "�$����#���##���
��~%���"���~�"&�#~x̃�β̂ "��"�#��~#~%��£~�"��&#~�~�(��x�#�$��~�~��ε �#����~�"��&�$~�(�x�~������~�~��#�τ@β̂ �� ε �"�~�( ���"��~��(x#�"���x&��$~�(�#(���~�~���%��("��""��"�#��~#~%���~�"��&�$~�(���(��x�#�$
��~�~��� $���(~x�(x#�"�� �~~%��"($�##&���"��%�&�~~�""��"�#��~#~%���~�"��&�$~�(�x�~����~�( ���"��~x�#�$��~�~��#���¦�~�~�§A ::= {P, p} |A|eB | (x)B�|e

�#����~�~���"�&&�&(��"�~("��� |p
�#

��"($�##��"�&&�&(��"�~("�(x)B ��'�#�$~�(�����x
&($�&~(��~�~�Î�|�y(�#~"���~#�~Cset§Cset ⊆ Sact × Sact�

Æ¶ÏÍ±¶ÍÏÊÌ®Ç̄ÏÍÊÇ±Ȩ̂��(��"�&&�&�&����~#��"($�##�� ��~�~���"� ���� ��~%�#��~�£(�~%���~�~�$�&$�&�#��$$(" ���&��~%��"($�##�&���"#~"�$~�"�$(��"���$��≡p

��� ~%���~�~��&���"#~"�$~�"�$(��"���$��≡e

��"� ���� �
������~%��"($�##�&���"#~"�$~�"�$(��"���$��#~%�#����#~%�~(�~%�#~�� �" 
π�$�&$�&�#��%�#��&&�#~��~�~��&���"#~"�$~�"�$(��"���$��#������#�(&&(�#§

Ð
���

A|eB ≡e B|eA
�(A|eB)|eC ≡e A|e(B|eC)�A|e{NIL, p} ≡e A;���

(x)(y)A ≡e (y)(x)A�(x)(A|eB) ≡e A|e(x)B ifx /∈ fn(A)Ñ�
(x){P, β̂} ≡e {(x)P, β̂} where β̂ ∈ Sact�

Ò9,?.11,?+?̀ 6CB6TBTD7?.1A1D?A+6?+/,D/,B̀ ?Ce11Ó16?D/,D1,-,CV1DC,-A161+01,CV1D3Ô
fn(A) A1RA1D1,?DCBB?.14A11D1,-C,-A161+01,CV1D/41,?+?̀ A3
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{P, β̂} ≡e {Q, β̂} where P ≡p Q and β̂ ∈ Sact�
�%�&�#~#~"�$~�"�$(��"���$�#%(�#~%�"�&�~�(�x�~����~%��"($�##�&���"$(��"���$��� ~%���~�~��&���"$(��"���$��

Ö×ÊÏ²¶°®Ç²³»Ế ²Ç¶°±»̧ z���&�"~(~%�#��~�£(�~%���~�~�$�&$�&�#�~%�(��"��~�(��&"�&�#(�~%���~�~�$�&$�&�#�"��&#($&�##��� ��~(~�(&���"#��%��"($�##�&���"(��"�~�(��&"�&�#�"�x�#�$�&&�~%�#����#~%(#�(�~%�#~�� �" π�$�&$�&�#��%�&�~%"���  �~�(��&"�&�#�r1�r2��� r3��"���~"( �$� ~(�£�"�##~%�"�&�~�(�(��"($�##~"��#�~�(�#�� ��~�~�~"��#�~�(�#�

r1 :
P

η
→ P ′; η ∈ Csact ∪ τ

{P, β̂}
η@β̂
→ {P ′, β̂}

; r2 :
P

η
→ P ′; η ∈ Cract

{P, β̂}
η@β̂
→ {P + P ′, β̂}

; r3 :
P

η
→ P ′; η ∈ Sact

{P, β̂}
η@β̂
→ {P ′, η}

r2
 ��(~�#~%�~~%�"��#��(�� �~�"����~�(���#� �����~�~��%���~�##��#�"�$�����$~�(���%�#�&�$~� x"��$%�# �~�"���� x��~#�%�#�$�&#~�~��� �~#

���"Ø#�%�#�$�&#~�~���(~x��~#�&��&(���#��"�&�#eCOMM1 �� eCOMM2
��

�%���~�~��&���"(��"�~�(��&"�&�#�"�������#�(&&(�#§
Ù

eLPAR :
A

µ
→ A′

A|eB
µ
→ A′|eB

; ePAR :
A|eB

µ
→ C

B|eA
µ
→ C

; eRES :
A

η@β̂
→ A′;x 6= η

(x)A
η@β̂
→ (x)A′

eCOMM1 :
A

α@β̂
→ A′; {P, γ̂}

α@γ̂
→ {P ′ + P, γ̂}

A|e{P, γ̂}
ε
→ A′|e{P ′, γ̂}

if (β̂, γ̂) ∈ Cset

eCOMM2 :
A

α@β̂
→ A′; {P, γ̂}

α@γ̂
→ {P ′ + P, γ̂}

A|e{P, γ̂}
ε
→ A′|e{P, γ̂}

if (β̂, γ̂) /∈ Cset

Ú�&�#eCOMM1� eCOMM2
~(��~%�"��~%ePAR

 �#$"�x�~%��%�#�$�&�#~�~��$(�#~"���� $(�����$�~�(���%�"�#�&~(�#��$%"(����~�(� ���� #(�~%��"�%�#�$�&#~�~�#���~%��%�#�$�&#����&$��x�~"��#��""� x�~����~�(�%�#�$�&
#~�~�#�~%��"($�##��~%�"�$������~�~��(�#��~(~%���£~#~�~��Â~%�"��#��~%�
�"($�##"�����#���~#("�����&#~�~���(��&�~�#$%�$'~%���~�"�$~�(�x�~�����"($�##�#$(�#� �"���~%��" �����$
�%�#�$�& �#~"�x�~�(���������%��%�#�$�&�(�����~x�~����&($�~�(�d �� a
�##��$��� x��"($�##Pm

�
Pm

def
= d.a.Pm

��
�%�#�#~���#"��"�#��~� �#~%��(&&(����§
System

def
= {P |pPm, a}|e{Q, b}|e{R, c}�

�%� � �$~�(�(�~%�#�#~���#������#~%��(&&(�����
ÛÜ16C,TD1ATB1D

eLPAR7eCOMM17eCOMM2 ?/P1?.1Ad+?.ePAR ?/-1-T61
?.1+AD̀VV1?A+6CBATB1D3l/A1fCVRB1ÝeLPAR ?/P1?.1Ad+?.ePAR

-1-T61D?/ATB1
eRPARÝ A

µ

→A′

B|eA
µ

→A′|eB

3
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System
def
= {α 〈β〉 .0|pd.a.Pm, a}|e{α (y) .y 〈t〉 .0, b}|e{β (x) .0, c}

d@a
→ {α 〈β〉 .0|pa.Pm, d}|e{α (y) .y 〈t〉 .0, b}|e{β (x) .0, c}
ε
→ {0|pa.Pm, d}|e{α (y) .y 〈t〉 .0, b}|e{β (x) .0, c}
�~�"#~�P �(��#�"(�&($�~�(�a

~(d�~%��P
~"��#~(#��$%"(������~%Q �~�$~�(�α�Å#���"�&�eCOMM2�P �##��#�#�� �$~�(��� �(�#��~(~�"����~�#~�~��x�~Q

 (�#�(~"�$����~%�����("~�����"(�P ��~�"�#��~�x(~%Q�� R �"����~����(""�$���������##����~%�#~%�#�#~���(�#��~(� �� &($'#~�~����~%�#�£���&���� ��(�#~"�~�~%�~��(x�&���~�("'#�#~������£%�x�~
 ���"��~x�%���("#�$$(" ���~(�~#�%�#�$�& �#~"�x�~�(���%������(~���~�(�
(�~%���~�~�$�&$�&�#�#~"����~("��#(��x(�~~%�##�~��~�(���� �"(�� ��
��~%���~�$�"����("'�("�(x�&���~�("'#�#~���( �&&����� ��"��$�~�(��
Þ Àrou�t¡vro
��~%�#����"����"(�(#� �$(�$�""��~$�&$�&�#���~�~�$�&$�&�#��("�("��&�����
��z���~%���~�~�$�&$�&�#�����~�~�"��"�#��~#��"(��(��"($�##�#~%�~#%�"�~%�#����£~�"��&#~�~����~%�#����~%��%�#�$�&� �#~"�x�~�(��$(�#~"���� $(������$�~�(���"� ���$��x��("���#�&��( �&&� ��~%���~�~�$�&$�&�#~%����
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