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Introduction: Motivations and Questions

labelled equivalence⇔ contextual equivalence
P ∼τ Q ⇔ if for every context C, C[P] and C[Q] have the same
observables.
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Introduction: Motivations and Questions

labelled equivalence⇔ contextual equivalence
P ∼τ Q ⇔ if for every context C, C[P] and C[Q] have the same
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3



Introduction: Outline
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[1] Milner and Sangiorgi (1992). "Barbed Bisimulation"
[2] Phillips and Ulidowski (2012). "Reversibility and Models for Concurrency"
[3] Bednarczyk (1991). "Hereditary history preserving bisimulation"

[4] Danos and Krivine (2004). "Reversible Communicating Systems"
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RCCS: Syntax and Relations

R,S := m B P ‖ R|R (RCCS processes)

m := ∅ ‖ g .m ‖ 〈i ,a,P〉.m ‖ 〈i ,a〉.m (Memories)
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RCCS: Contextual equivalence

Origin of a process

OR = P such that ∅ B P ∗R

Simplest case: contexts and processes with an empty memory.

Strong back-and-forth barbed congruence

R ∼τ S ⇔

R ∼̇τ S

∀C[·],C[OR] ∼̇τ C[OS]

Example

R = 〈i ,b,a.P〉.∅ B Q S = 〈j ,a,b.Q〉.∅ B P

OR = OS = ∅ B a.P + b.Q, so OR ∼τ OS but R �̇τ S!

6



RCCS: Contextual equivalence

Origin of a process

OR = P such that ∅ B P ∗R

Simplest case: contexts and processes with an empty memory.

Strong back-and-forth barbed congruence

R ∼τ S ⇔

R ∼̇τ S

∀C[·],C[OR] ∼̇τ C[OS]

Example

R = 〈i ,b,a.P〉.∅ B Q S = 〈j ,a,b.Q〉.∅ B P

OR = OS = ∅ B a.P + b.Q, so OR ∼τ OS but R �̇τ S!

6



RCCS: Contextual equivalence

Origin of a process

OR = P such that ∅ B P ∗R

Simplest case: contexts and processes with an empty memory.

Strong back-and-forth barbed congruence

R ∼τ S ⇔

R ∼̇τ S

∀C[·],C[OR] ∼̇τ C[OS]

Example

R = 〈i ,b,a.P〉.∅ B Q S = 〈j ,a,b.Q〉.∅ B P

OR = OS = ∅ B a.P + b.Q, so OR ∼τ OS but R �̇τ S!

6



Configuration Structures: Definition and Relations

Labelled configuration structure[5]

C = 〈E ,C, `〉 with C ⊂ P(E) and ` : E labels.

Example

C1 = ∅

{e1} {e′′1}

{e1,e′1}
e1 < e′1

{e′′1,e′′′1 }
e′′1 < e′′′1

a b

b a

C2 = ∅

{e2} {e′2}

{e2,e′2}

a b

b a

`1(e1) = `1(e′′′1 ) = a `2(e2) = a
`1(e′1) = `1(e′′1) = b `2(e′2) = b

[5] Winskel (1982)."Event structures for CCS"

Hereditary History Preserving Bisimulation: C1 ∼̇ C2

(∅, ∅, ∅) ∈ R, and for xi ∈ Ci , ei ∈ Ei , (x1, x2, f ) ∈ R ⇒

f label and order preserving bijection

x1
αx1 ∪ {e1} =⇒ x2

αx2 ∪ {e2}, (x1 ∪ {e1}, x2 ∪ {e2}, f ′) ∈ R

x1
αx1 \ {e1} =⇒ x2

αx2 \ {e2}, (x1 \ {e1}, x2 \ {e2}, f ′) ∈ R
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Configuration Structures: The Reversible Case

Reversible Configuration Structures

OR = P such that ∅ B P α1 . . . αi︸ ︷︷ ︸
xR={e1,...,ei}

R [[R]] = ([[OR]], xR)

We can consider only forward transitions.

Operational correspondence
let [[R]] = (C, x):

R i:αS ⇒ (C, x) α(C, x ∪ {e})
(C, x) α(C, x ∪ {e})⇒ R i:αS

where [[S]] = (C, x ∪ {e}), `(e) = α and the similarly for .
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{e1,e′1}

a b

b a

∅ B P ≡ g .∅ B a.0|g .∅ B b.0

1:a〈1,a〉.g .∅ B 0|g .∅ B b.0
2:b〈1,a〉.g .∅ B 0|〈2,b〉.g .∅ B 0

Operational correspondence
let [[R]] = (C, x):

R i:αS ⇒ (C, x) α(C, x ∪ {e})
(C, x) α(C, x ∪ {e})⇒ R i:αS

where [[S]] = (C, x ∪ {e}), `(e) = α and the similarly for .
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A correspondence between two worlds

RCCS

R ∼τ S

OR ∼τ OS

Configuration Structures

([[OR]], xR)” ∼ ”([[OS]], xS)

[[OR]] ∼̇ [[OS]]

[[OR]] ∼τ [[OS]]

+ inductive approximations of hhpb

” = ”
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+ inductive approximations of hhpb

” = ”

contextual characterisation of hhpb
[[OR]] ∼̇ [[OS]]⇔ for every context C, [[C[OR]]] ∼̇ [[C[OS]]].
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