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How Reversibility Can Solve Traditional Questions: The Example of HHPB

In a nutshell
This work offers the characterization of

a relation
coming from

a denotationel model
in

a concurrent (reversible) calculus.

∗ a.k.a. Stable configuration structures, completed stable families.
And we have learned a thing on two on reversibility doing so.
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Concurrent calculus
Study of behaviour.

Good calculus Interesting way(s) of equating similar behaviors
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A labeled configuration structure C = (E ,C,L, `) is

— events E = {e1,e2, . . .}
— configurations C = {x ,y , . . .} ⊆ ℘(E)

— labels L = {a,b, τ, . . .}
— a labeling function ` ∶ E → L

respecting Finiteness, Coincidence Freenes, Finite Completeness and Stability.

∅

{}

{} {}

∅

{a1} {a2}

{a1,b1} {a2,b2}

∅

{a1} {a2}

{a1,a2}

Ja.(b + b)K J(a.b) + (a.b)K Ja ∣ aK
a ⩽ b1 a1 ⩽ b1
a ⩽ b2 a2 ⩽ b2
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(∅,∅,∅) ∈R,

and if (x1,x2, f ) ∈R, then f is a
label- and order- preserving bijection between x1 and x2
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Example of structures in HHPB

∅

{a}

{a,b1} {a,b2}

∅

{a1} {a2}

{a1,b1} {a2,b2}

R = {(∅,∅,∅),

({a},{a1},{a↦ a1}),
({a,b1},{a1,b1},{a↦ a1,b1 ↦ b1}),
({a,b2},{a1,b1},{a↦ a1,b2 ↦ b1}),⋯

}
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How Reversibility Can Solve Traditional Questions: The Example of HHPB

R1 and R2 in R are “simple” back-and-forth (SB&F) if
∃R ⊆ R×R such that

(R1,R2) ∈R,

and if R′

i is (forward or backward) reachable from
Ri , i ∈ {1,2}, and (R′

1,R
′

2) ∈R, then

∀R′

1
aÐ→ R′′

1 ⇒ ∃R′′

2 ,R
′

2
aÐ→ R′′

2

∀R′

2
aÐ→ R′′

2 ⇒ ∃R′′

1 ,R
′
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aÐ→ R′′
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2 ,R
′

2
a

R′′
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∀R′

2
a
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2 ⇒ ∃R′′
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1
a

R′′

1

(Erroneous) Conjecture
R1 and R2 are SB&F iff JR1K and JR2K are HHPB.
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How Reversibility Can Solve Traditional Questions: The Example of HHPB

The terms a.a and a ∣ a are SB&F

a.a
aÐ→ a

aÐ→ 0

a ∣ a
aÐ→ a

aÐ→ 0

The configurations Ja.aK and Ja ∣ aK are not HHPB

∅

{a1}

{a1,a2}

∅

{a1} {a2}

{a1,a2} R = {(∅,∅,∅),

({a1},{a1},{a1 ↦ a1}),
({a1,a2},{a1,a2},{a1 ↦ a1,a2 ↦ a2}),
({a1},{a2},{a1 ↦ a2}),⋯

}
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How Reversibility Can Solve Traditional Questions: The Example of HHPB

What we know so far
— The “right” equivalence for reversible calculi is not “just” back-and-forth + labels,

— Two transitions with the same label cannot be distinguished (auto-concurrency),

⇒ Use RCCS’ identifiers!

R
i ∶a

⋯
in ∶an

OR
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How Reversibility Can Solve Traditional Questions: The Example of HHPB

C1 and C2 are HHPB if
∃R ⊆C1 ×C2 × (E1 ⇀ E2) such that (∅,∅,∅)∈R, and if (x1,x2, f ) ∈R, then f is a
label- and order- preserving bijection between x1 and x2 such that:

∀y1,x1
e1Ð→ y1 ⇒ ∃y2,g,x2

e2Ð→ y2,g↾x1 = f , (y1,y2,g) ∈R

∀y2,x2
e2Ð→ y2 ⇒ ∃y1,g,x1

e1Ð→ y1,g↾x1 = f , (y1,y2,g) ∈R

∀y1,x1
e1

y1 ⇒ ∃y2,g,x2
e2

y2,g = f ↾y1 , (y1,y2,g) ∈R

∀y2,x2
e2

y2 ⇒ ∃y1,g,x1
e1

y1,g = f ↾y1 , (y1,y2,g) ∈R

— f preserves labels “for free”,
— f will always have to (un-)match i1 and i2,
— identifiers will induce an order on the transitions.
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How Reversibility Can Solve Traditional Questions: The Example of HHPB

Main result
R1 and R2 are B&F iff JOR1K and JOR2K are HHPB.

By-product
On processes without auto-concurrency, B&F = SB&F.

Techniques
— Encoding of memory,

— Categorical representation,

— Operational correspondence with new model,

— Trace equivalences,

— Connection to previous semantics of reversible calculi.
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Example of memory encoding and its correspondence

JPK = ∅

{a

1

1} {a2}

{a

1

1,a2}

∅ ⊳

P =

⋎.∅ ⊳

a ∣

⋎.∅ ⊳

a

→1∶a ⟨1,a⟩. ⋎ .∅ ⊳ 0 ∣ ⋎.∅ ⊳ a
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How Reversibility Can Solve Traditional Questions: The Example of HHPB

In a nutshell (again!)
We solved

an open problem
using

reversibility
and offering
a new model.

Thanks!
We’ll be in the chat to answer your questions!
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