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Motivation

3 Clients
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Motivation

3 Clients

Client3 , recX .
alloc x .
getTime !x . x?y .
getDate !x . x?z .
free x . report!(y , z). X



Motivation

Typical Servers

TimeServer , recY . getTime?x . x!time. Y

DateServer , recZ . getDate?x . x!date. Z



Agenda

1. We want to show that the clients are behaviourally equivalent
wrt. well-behaved servers.

2. We want to order these clients, based on their channel usage.

3. We want to determine these relations compositionally
(without concerns of the specific server implementations.)
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Generic Servers

giddyTimeServer , recY . getTime?x .(x!time. Y ‖ x!time)

DateServer , recZ . getDate?x . x!date. Z
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Type language

a ::= ω (unrestricted)
| 1 (affine)
| . . .

Describing Well-Behaved Servers

Γ , getTime: [[Ttime]1]ω, getDate : [[Tdate]1]ω

Γ |= Client1 ≈ctxt Client2
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First Attempt

Γ |= P ≈bis Q if

I Γ / P and Γ / Q are configurations.

I Γ / P
α−→ Γ′ / P ′ implies Γ / Q

α̂
=⇒ Γ′ / Q ′ such that

Γ′ |= P ′ ≈bis Q ′

I the dual case.

Theorem (Subject Reduction)

Γ / P is a configuration and Γ / P
α−→ Γ′ / P ′ then Γ′ / P ′ is a

configuration



Bisimulation Equivalence

Example (Comparing the two basic Clients)

For Γ = getTime: [[Ttime]1]ω, getDate : [[Tdate]1]ω


〈Γ ,Client1 ,Client2 〉
〈

Γ , getTime!c1. c1?y .P{c1, c2/x1, x2}, getTime!c1. c1?y .Q{c1/x1}

〉
〈

Γ, c1 : [Ttime]1, c1?y .P{c1, c2/x1, x2} , c1?y .Q{c1/x1}

〉
〈

Γ , getDate!c2.P
′{c1, c2/x1, x2} , getDate!c1.Q{c1/x1} 〉

〈 . . . , . . . , . . .

〉


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Bisimulation Equivalence

Renaming Modulo Γ

Let σΓ : Name 7→ Name range over bijective name substitutions
satisfying the constraint that

c ∈ dom(Γ) implies cσΓ = cσ−1
Γ = c

.



Bisimulation Equivalence

Second Attempt

Γ |= P ≈bis Q if

I Γ / P and Γ / Q are configurations.

I Γ / P
α−→ Γ′ / P ′ implies Γ / QσΓ

α̂
=⇒ Γ′ / Q ′ such

that Γ′ |= P ′ ≈bis Q ′

I Γ / Q
α−→ Γ′ / Q ′ implies Γ / PσΓ

α̂
=⇒ Γ′ / P ′ such

that Γ′ |= P ′ ≈bis Q ′

Equality

Γ |= Client1 ≈bis Client2 ≈bis Client3
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Partial Order

Costed Actions

c not allocated
lAll

Γ / alloc x .P
τ−→+1 Γ / P{c/x}

lFree
Γ / free c .P

τ−→−1 Γ / P

lOutU

Γ, c : [~T](•,i+1) / c!~d .P
c!~d−−−→0 c : [~T](•,i), ~d : ~T / P



Partial Order

Amortised Typed Bisimulation

Γ � P @∼
n
bis Q if

I Γ / P and Γ / Q are configurations.

I Γ / P
µ−→k Γ′ / P ′ implies Γ / QσΓ

µ̂
=⇒l Γ′ / Q ′ where

Γ′ � P ′@∼
n+l−k
bis Q ′

I Γ / Q
µ−→l Γ′ / Q ′ implies Γ / PσΓ

µ̂
=⇒k Γ′ / P ′ where

Γ′ � P ′@∼
n+l−k
bis Q ′

Ordering

Γ |= Client3
@∼bis Client2

@∼bis Client1
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µ−→k Γ′ / P ′ implies Γ / QσΓ

µ̂
=⇒l Γ′ / Q ′ where

Γ′ � P ′@∼
n+l−k
bis Q ′

I Γ / Q
µ−→l Γ′ / Q ′ implies Γ / PσΓ

µ̂
=⇒k Γ′ / P ′ where

Γ′ � P ′@∼
n+l−k
bis Q ′

Ordering

Γ |= Client3
@∼bis Client2

@∼bis Client1



Compositionality

Theorem
Γ, Γ′ � P @∼

n
bis Q and Γ′ ` R implies:

I Γ � P ‖ R @∼
n
bis Q ‖ R

I Γ � R ‖ P @∼
n
bis R ‖ Q



Conclusions

Main contributions

I A compositional framework for reasoning about resource
usage in a concurrent setting.

I A justification of such framework in terms of an independent
behavioural contextual peorder on processes.

Future work

I Apply theory to analyse protocol refactoring.

I Extend the theory to a Higher-Order Resource π-calculus.
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