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Choice

Definition (Selection A ∨ B)

I will either behave like A or like B

Definition (Branching A + B)

You can make me do A or B
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The Synchronous Polyadic π-calculus
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Choice Examples (I)

Data Encodings

b := True
def
= ! b(tf ).t̄

b := False
def
= ! b(tf ).f̄

If b Then P Else Q
def
= b(νtf ).(t.P+f .Q)
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Choice Examples (II)

Client-Server Conversations

prod(νs).s(more, done).more(νs, 2).

s(more, done).more(νs, 5).

s(more, done).done(νs).s(x).print〈x〉

! prod(s).p0〈1, s〉 | ! p0(t, s).s(νmore, done).(
more(s, n).p0〈t × n, s〉+ done(s).s〈r〉

)
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Liveness Properties

Definition (Activeness pA)

I am soon ready to receive (send) at p

printA |= prod(νs).s(more, done).more(νs, 2).

s(more, done).more(νs, 5).

s(more, done).done(νs).s(x).print〈x〉 |
! prod(s).p0〈1, s〉 | ! p0(t, s).s(νmore, done).(

more(s, n).p0〈t × n, s〉+ done(s).s〈r〉
)
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Liveness Properties

Definition (Responsiveness pR)

If I get (send) a message from (to) you at p, I’ll obey p’s protocol

prodR 6|= prod(νs).s(more, done).more(νs, 2).

s(more, done).more(νs, 5).

s(more, done).0
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Channel Types

... I’ll obey p’s “protocol”?

Definition (Channel Type a.k.a Protocol)

(parameters ; input ; output)

Bool
def
=
(
(; ; )(; ; ) ; 1̄A ∨ 2̄A ; 1A + 2A

)
! rand(xy).(νq) (q̄|q.x̄ |q.ȳ) | rand〈tf 〉 | (t.P+f .Q)

! n(xy).(νtf ) (a〈tf 〉 | (t.ȳ + f .x̄))
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Behavioural Statements

Say something about processes’ behaviour:

Definition (Behavioural Statements ∆, Ξ, . . . )

∆ ::= ∆∨∆
∣∣ ∆+∆

∣∣ ∆∧∆
∣∣ ∆/∆

∣∣ pA

∣∣ pR

∣∣ · · ·
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Causality

Definition (Dependency A/ B)

If you give me B, I’ll give you A.

nR/ (aA ∧ aR) |= ! n(xy).a(νtf ).(t.ȳ + f .x̄)
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Semantics, Example
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Type System

Our type system:

Takes: A process P, and channel types Σ

P : ! n(xy).(νtf ) (a〈tf 〉 | (t.ȳ + f .x̄))

Σ : {a : Bool, n : Bool}

Produces: A correct logical formula Ξ describing P

Ξ : nR/ aAR

is Decidable
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Σ : {a : Bool, n : Bool}

Produces: A correct logical formula Ξ describing P

Ξ : nR/ aAR

is Decidable

Maxime Gamboni Responsive Choice in Mobile Processes



Choice Liveness Behavioural Statements Type System

Type System

Our type system:

Takes: A process P, and channel types Σ

P : ! n(xy).(νtf ) (a〈tf 〉 | (t.ȳ + f .x̄))
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Typing — Composition

(t̄A ∨ f̄A)/ aAR ` a〈tf 〉

((tA ∧ ȳA/ t̄A) + (fA ∧ x̄A/ f̄A)) ` (t.ȳ + f .x̄)

(t̄A ∨ f̄A)/ aAR ∧ ((tA ∧ ȳA/ t̄A) + (fA ∧ x̄A/ f̄A)) `
a〈tf 〉 | (t.ȳ + f .x̄)
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(t̄A ∨ f̄A)/ aAR ∧ ((tA ∧ ȳA/ t̄A) + (fA ∧ x̄A/ f̄A)) `
a〈tf 〉 | (t.ȳ + f .x̄)
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Typing — ∨-Distributivity

∨-Distributivity

“∨ distributes with everything else”

(t̄A ∨ f̄A)/ aAR ∧ ((tA ∧ ȳA/ t̄A) + (fA ∧ x̄A/ f̄A)) =

(
t̄A/ aAR ∧ ((tA ∧ ȳA/ t̄A) + (fA ∧ x̄A/ f̄A))

)
∨(

f̄A/ aAR ∧ ((tA ∧ ȳA/ t̄A) + (fA ∧ x̄A/ f̄A))
)
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Typing — Reduction (I)

Branching Reduction(
p̄A ∧ (pA + ε)

)
↪→
(
p̄A ∧ pA

)
∨
(
p̄A ∧ (pA + ε)

)
(
t̄A/ aAR ∧ ((tA ∧ ȳA/ t̄A) +���

���
�

(fA ∧ x̄A/ f̄A))
)
∨(

f̄A/ aAR ∧ ((((((
((tA ∧ ȳA/ t̄A) + (fA ∧ x̄A/ f̄A))

)
↪→

(t̄A ∧ tA ∧ (ȳA/ t̄A))/ aAR ∨ (f̄A ∧ fA ∧ (x̄A/ f̄A))/ aAR
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Typing — Reduction (II)

Dependency Reduction

(α/ β) ∧ (β/ γ) ↪→ (α/ β∨γ) ∧ (β/ γ)

(
(tA ∧ t̄A)/ aAR ∧ (ȳA/ t̄A)

)
∨

(
(fA ∧ f̄A)/ aAR ∧ (x̄A/ f̄A)

)
↪→(

(tA ∧ t̄A ∧ ȳA)/ aAR

)
∨

(
(fA ∧ x̄A ∧ f̄A)/ aAR

)
=

(
(tA ∧ t̄A ∧ ȳA) ∨ (fA ∧ f̄A ∧ x̄A)

)
/ aAR ` a〈tf 〉 | (t.ȳ + f .x̄)
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)
∨

(
(fA ∧ f̄A)/ aAR ∧ (x̄A/ f̄A)

)
↪→(

(tA ∧ t̄A ∧ ȳA)/ aAR
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Typing — Responsiveness

nR/ . . . ` P = ! n(xy).(νtf ) (a〈tf 〉 | (t.ȳ + f .x̄))

Responsiveness

(νỹ)
(
n : σ � nR/ σ{ỹ/1···n} � · · ·

)
` n(ỹ)

(νxy)
(
nR/ (x̄A ∨ ȳA) ∧ (x̄A ∨ ȳA)/ aAR

)
` P

↪→ nR/ aAR ` ! n(xy).(νtf ) (a〈tf 〉 | (t.ȳ + f .x̄))
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Maxime Gamboni Responsive Choice in Mobile Processes



Choice Liveness Behavioural Statements Type System

Typing — Responsiveness

nR/ . . . ` P = ! n(xy).(νtf ) (a〈tf 〉 | (t.ȳ + f .x̄))
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Summary

Type Language Process Behaviour

Selection & Branching A ∨ B, p + q Choice
Activeness & Responsiveness pA, pR Liveness
Dependencies γ/ ε Causality

Type System:

Decidable

Constructs Logical Formulæ

Sound

Compositional

Maxime Gamboni Responsive Choice in Mobile Processes



Choice Liveness Behavioural Statements Type System

Thank you!

In the paper:

Encoding and verification of the “and” Boolean operator.

Safety properties: Multiplicities.

Description of the Typed Labelled Transition System.

Detailed survey of related works.

. . .

More info:

http://maxime.gamboni.org/

Maxime Gamboni Responsive Choice in Mobile Processes

http://maxime.gamboni.org/


Supplementary Material



Choice Liveness Behavioural Statements Type System

Safety Properties

Definition (Multiplicity)

pm: I’ll use p at most m times.

p0: Never

p1: Once

pω: Once, replicated

p?: Many times

pω ∧ p0 ∧ pω
0 ∧ p0

? |= ! p(s).p0(1, s) | ! p0(t, s).s(νmore, done).(
more(s, n).p0(t × n, s) + done(s).s〈r〉

)
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Behavioural Statement Syntax

Behavioural statements
∆ ::= ∆∨∆

∣∣ ∆∧∆
∣∣ ∆/∆

∣∣ γ
∣∣ pm

∣∣ ⊥ ∣∣ >
Resources γ ::= sA

∣∣ pR

Sums s ::= s + s
∣∣ p

Maxime Gamboni Responsive Choice in Mobile Processes



Choice Liveness Behavioural Statements Type System

Type System Rules (I)

−
(∅;> J >) ` 0

(R-Nil)

∀i : Γi ` Pi

Γ1 � Γ2 ` P1 |P2
(R-Par)

Γ ` P Γ(x) = σ

(νx) Γ ` (νx : σ) P
(R-Res)

∀i :
(
sub(Gi ) = {pi}, (Σi ; ΞLi J ΞEi ) ` Gi .Pi

)
ΞE �

∧
i ΞEi(

ΞE has concurrent environment pi ′
)
⇒ ε = ⊥(∧

i Σi ; (
∑

i pi )A / ε ∧
∨

i ΞLi J ΞE

)
`
∑

i Gi .Pi
(R-Sum)
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Type System Rules (II)

Γ ` P sub(G ) = p obj(G ) = x̃
(#(G ) = 1 and m′ = ?)⇒ ε = ⊥

(νbn(G ))
( (

p : σ; J pm ∧ p̄m′
)
�(

; p
#(G)
A / ε J

)
�

(; pR/ σ[x̃ ] J ) �
σ[x̃ ]/ p̄AR �

Γ/ p̄A

)
` G .P

(R-Pre)

Maxime Gamboni Responsive Choice in Mobile Processes


	Choice
	Liveness
	Behavioural Statements
	Type System
	

