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Verification of Nominal Calculi
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History Dependent
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HD-automata...intuitively
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Named sets & named functions
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Category of named sets and HD-automata
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Minimising HD-automata


��� �


T :


� �


→


� � � � � � � �
	 � � ��  � � � �� � �� TL


� � obj(


� �


) �� � � �� � �� � 〈hD, ΣD〉 ∈


� �


(E, F )
�� � � � � �


8


<


:


h(B) = {〈l, hD(q), σ〉 | 〈l, q, σ〉 ∈ B}


Σ(B) = {〈l, hD(q), σ′; σ〉 | 〈l, q, σ〉 ∈ B ∧ 〈l, q′, σ′〉 ∈ ΣD(q)}


� � � � B ∈ ℘ �� (L ⊗ E)


� � � � �� � � �� � � � � � � � ��  � � � � � � � TL


�� � � �� �  � (D, K : D → TL(D))


��


H(0)
4
= 〈q 7→ ⊥, q 7→ ∅〉, � � � � dom(H(0)) = D


H(i+1)
4
= K; N(T (H(i))),


� � � � N


�� � � �  � � � �� � � � � � �
	 � � � � �
��
� � � N(D)


�� �� � � � � � � � � � � � 	 �� � � � �


D


– p. 9/19







Minimising HD-automata


x


q


q


θ


x


qq


BIN x q2;s  [*/y]


x y sIN
q BIN x s [*/y]


q3;s3Tau


q3


q2


Tau s3


x


� � � � � (i + 1) � � � � �� � � � � � � 	 � �� �


�� � �  �� � � � � � � � �� K � � �� �� � � � ��


�� �� H(i)
� � � 	 � � T �� � � � � �


� �  � � � �� � �


� � � � �� � � �� � � � � � � � ��  � � � � � � � TL


�� � � �� �  � (D, K : D → TL(D))


��


H(0)
4
= 〈q 7→ ⊥, q 7→ ∅〉, � � � � dom(H(0)) = D


H(i+1)
4
= K; N(T (H(i))),


� � � � N


�� � � �  � � � �� � � � � � �
	 � � � � �
��
� � � N(D)


�� �� � � � � � � � � � � � 	 �� � � � �


D


– p. 9/19







Minimising HD-automata


x


q1


q2


q3


q1


q2


q3


q


x yIN σ


xBIN σ [*/y]


Tau σ3


BIN x q2;s  [*/y]


qq


Tau q3;s3


q2


q3


x


x


x


� � � � � (i + 1) � � � � �� � � � � � � 	 � �� �


�� � �  �� � � � � � � � �� K � � �� �� � � � ��


�� �� H(i)
� � � 	 � � T �� � � � � �


� �  � � � �� � �


� � � � �� � � �� � � � � � � � ��  � � � � � � � TL


�� � � �� �  � (D, K : D → TL(D))


��


H(0)
4
= 〈q 7→ ⊥, q 7→ ∅〉, � � � � dom(H(0)) = D


H(i+1)
4
= K; N(T (H(i))),


� � � � N


�� � � �  � � � �� � � � � � �
	 � � � � �
��
� � � N(D)


�� �� � � � � � � � � � � � 	 �� � � � �


D


– p. 9/19







Minimising HD-automata


x


q1


q2


q3


q1


q2


q3


x


q


x yIN σ


xBIN σ [*/y]


Tau σ3


x


qq


Tau q3;s3


BIN q2;s  [*/y]


q2


q3


x


x


� � � � � (i + 1) � � � � �� � � � � � � 	 � �� �


�� � �  �� � � � � � � � �� K � � �� �� � � � ��


�� �� H(i)
� � � 	 � � T �� � � � � �


� �  � � � �� � �


� � � � �� � � �� � � � � � � � ��  � � � � � � � TL


�� � � �� �  � (D, K : D → TL(D))


��


H(0)
4
= 〈q 7→ ⊥, q 7→ ∅〉, � � � � dom(H(0)) = D


H(i+1)
4
= K; N(T (H(i))),


� � � � N


�� � � �  � � � �� � � � � � �
	 � � � � �
��
� � � N(D)


�� �� � � � � � � � � � � � 	 �� � � � �


D


– p. 9/19







Minimising HD-automata


x


x


q1


q2


q3


q1


q2


q3


Tau σ3


x


x


q
x yIN σ


xBIN


xBIN σ [*/y]


Tau θ3;σ3


θ2


θ3


θ2;σ  [*/y]


� � � � � (i + 1) � � � � �� � � � � � � 	 � �� �


�� � �  �� � � � � � � � �� K � � �� �� � � � ��


�� �� H(i)
� � � 	 � � T �� � � � � �


� �  � � � �� � �


� � � � �� � � �� � � � � � � � ��  � � � � � � � TL


�� � � �� �  � (D, K : D → TL(D))


��


H(0)
4
= 〈q 7→ ⊥, q 7→ ∅〉, � � � � dom(H(0)) = D


H(i+1)
4
= K; N(T (H(i))),


� � � � N


�� � � �  � � � �� � � � � � �
	 � � � � �
��
� � � N(D)


�� �� � � � � � � � � � � � 	 �� � � � �


D


– p. 9/19







Minimising HD-automata


x


x


q1


q2


q3


q1


q2


q3


Tau σ3


x


x


qθ


q
x yIN σ


xBIN


xBIN σ [*/y]


Tau θ3;σ3


θ2


θ3


θ2;σ  [*/y]


� � � � � (i + 1) � � � � �� � � � � � � 	 � �� �


�� � �  �� � � � � � � � �� K � � �� �� � � � ��


�� �� H(i)
� � � 	 � � T �� � � � � �


� �  � � � �� � �


� � � � �� � � �� � � � � � � � ��  � � � � � � � TL


�� � � �� �  � (D, K : D → TL(D))


��


H(0)
4
= 〈q 7→ ⊥, q 7→ ∅〉, � � � � dom(H(0)) = D


H(i+1)
4
= K; N(T (H(i))),


� � � � N


�� � � �  � � � �� � � � � � �
	 � � � � �
��
� � � N(D)


�� �� � � � � � � � � � � � 	 �� � � � �


D


– p. 9/19







Minimising HD-automata


x


x


q1


q2


q3


q1


q2


q3


Tau σ3


x


x


qθ


q
x yIN σ


xBIN


xBIN σ [*/y]


Tau θ3;σ3


θ2


θ3


θ2;σ  [*/y]


� � � � � (i + 1) � � � � �� � � � � � � 	 � �� �


�� � �  �� � � � � � � � �� K � � �� �� � � � ��


�� �� H(i)
� � � 	 � � T �� � � � � �


� �  � � � �� � �


� � � � �� � � �� � � � � � � � ��  � � � � � � � TL


�� � � �� �  � (D, K : D → TL(D))


��


H(0)
4
= 〈q 7→ ⊥, q 7→ ∅〉, � � � � dom(H(0)) = D


H(i+1)
4
= K; N(T (H(i))),


� � � � N


�� � � �  � � � �� � � � � � �
	 � � � � �
��
� � � N(D)


�� �� � � � � � � � � � � � 	 �� � � � �


D


� � � � � � � � � � ��  � � ��� � � �  � � � � � � � ��� � � � � � � � ��  � � � � �� �� � � �  �� � � � � ��� � �� � �
� � 	 � � � � � � � � � � � � � 


� � � � �  � � � �� � � � � � �
	 � � � �  �� � � � � �� � � � � � �� �


– p. 9/19







Fusion calculus


– p. 10/19







Fusion calculus syntax


N
dom(ϕ) = N


α ::= ux̃
∣


∣ ux̃
∣


∣ ϕ


ϕ ::= {x̃ = ỹ}


P ::= 0
∣


∣ α . Q
∣


∣ Q + R
∣


∣ Q | R
∣


∣ (x)Q
∣


∣ [x = y]Q
∣


∣ A〈x̃〉
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� � � � P
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P | Q
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Canonical symbolic semantics (1)


' � � ��� � �	  �� �� � �� � � � � 
 � �� � 
 � �� � � ��� � �	 � � � � � �� � � � � 
 � �� � � ' 
 � � � � 	 ' � � �  
 � �� � � � � 
 �


� � � � � � �� �� � � � � �  � �� � � �� 
 � � � �� � �� � � �	 � �� �� �


Definition A binary symmetric process relationS is a symbolic hyperbisimulation if (P, Q) ∈


S implies:


If P
M,γ
==⇒ P ′ with bn(γ) ∩ fn(Q) = ∅ then Q


N,γ′


==⇒ Q′ such that


M ⇒ N ,


γ = γ′σM , (note γ = γσM )


and (P ′, Q′σM ) ∈ S (note P ′ = P ′σM ).


P is symbolically hyperequivalent to Q, written P ' Q, if (P, Q) ∈ S for some symbolic


hyperbisimulation S .
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 � � �	 � 
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 � � �� 
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 � �� � � � �  � �� 
 �� � � �� � � �


Q �" � � � � �  
 � Q′σM = Q′σMσγ � #


�  �� � � � P ∼ Q
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From Fusion calculus to
HD-automata
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� � 
 � � � � � 	 � � � � � �� ��



 	 � �� ��


	� �  � � �  � � 	 
 � � � � �� � �� � � � � � 
� �� �


� � �


Lab = {tau, in, out, fuse} 
 � �


M


� � � � � � �  � �� 〈{•}, g〉 �  � � �


g = {id2, exch2}


� � � � � � �� � �  � � 
 � � �� �� � % �� �� � 	 
 �	 � � �� 
 � � �  � �� �


M⊗ 〈Lab, g〉 �  �� �


M = M ⊗ · · · ⊗ M M


�� �  � � � 
 � � � � � � 
 � �
||tau|| = 0


||fuse|| = 2 ∧ g(fuse) = {id2, exch2}


||in||, ||out|| ≤ 2 ∧ g(in), g(out)


 
 � � � � � � �  � � � � � � � � � � �� � � � 
 � � � � �
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Fusion calculus coalgebraically
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 % �� �� � 	 
 �	 � � �� 
 � � � � P �


QD[P ]
4
= {P} ∪


⋃


P
M,γ


==⇒P ′


{P ′} ∪ QD[P ′]
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 � � � � QD[P ]
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 � � �


�� � � P �


QD[P ]


q ∈ QD[P ]


gD[P ](q)


fn(q)


D[P ]


P TL K[P ]


hK[P ](q) = {〈l, q′, σ〉 | q
M,γ
==⇒ q′ ∧ l M, γ}


〈l, q′, σ〉 ∈ hK[P ](q)


σ fn(q′) fn(q) ?


l
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Minimising HD-automata for Fusion calculus


� � � �� � � � � � � � � �  � � � � � 
 � �� 
 � �� � � � �	 �� � �� � % �� � � � 	 
 �	 � � �� �


Definition Let 〈l, q, σ〉 and 〈l′, q, σ′〉 be two


hdt of K . Assuming that the matching ns of l


(resp. l′) is M (resp. M′), l is redundant wrt l′ iff


l and l′ have the same action part and


[[M ]]σ logically implies [[M ′]]σ′ but not
vice versa.


Definition Let q ∈ dom(K) be a state.


A hdt 〈l, q′, σ〉 is redundant for q if there is


〈l′, q′, σ′〉 in ΣK(q) such that l is redun-


dant wrt l′ and, for a substitution σ′′ ac-
complishing with the interpretation of the
enabling part of l, σ′; σ′′ = σ.
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� � � 	 � � � � 	 � � � 	 �� 
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N :


� �


→


� � � � � � � � � � �� ��


N(D) =


(


〈h, Σ〉 D = 〈hD, ΣD〉 ∈


� �


(℘ ��� (L ⊗ E), ℘ �� (L ⊗ F )) for E, F ∈ obj(


� �


)


D otherwise.


� � � � � �
� � �


B ∈ ℘ �� (L ⊗ E)�


h(B) = {〈l, q, σ〉 | 〈l, q, σ〉 not redundant in Σ(B)}


Σ(B) = h(B)


N
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Conclusions and future
directions


New presentation of the minimisation
algorithm


HD-automata machinery for Fusion calculus:
providing a new symbolic semantics of Fusion
calculus


In the future, we wish to extend the approach
to open semantics of π-calculus.


It would be interesting to study relationships
among presheaf models of open semantics
of π-calculus ([GVY04]) and other approaches
e.g., [FS04, GMM03]
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