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Statical vs Dynamical Analysis

Statically Proving Behavioural Properties in the π-calculus via
Dependency Analysis

Definition (Model Checking)

Finding Properties by simulating execution

Definition (Statical Analysis)

Finding Properties without running the program
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Model Checking

Finding/Verifying properties by simulating execution

Model Checking
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Type Systems

Finding/Verifying properties without running the program
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Behavioural Properties: Existential vs Universal

Definition (Existential Property)

Available somewhere. Good things happen eventually.

e.g. “Activeness”

Definition (Universal Property)

Available everywhere. Good things happen constantly.

e.g. “Isolation”
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The π-calculus

Example

lpqrq.Oxqr 1y.r 1paq.rxay
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Dependency Analysis

Statically Proving Behavioural Properties in the π-calculus via
Dependency Analysis

Definition (Dependency A� B)

If you give me B, I’ll give you A.

l is Isolated if O is Isolated

plIq� pOIq
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Generic Type System

Not specific to a property

Instantiation:

Write semantic goals

Rules parametrised by elementary rules
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Contributions

Type Language Process Behaviour

Selection & Branching A_ B, p � q Choice
Activeness pA Liveness
Determinism, Isolation, . . . pD, pI, . . . Safety
Dependencies A� B Causality

Generic Type System:

Decidable

Constructs Logical Formulæ

Sound

Compositional
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Conclusion

“Statically Proving Behavioural Properties in the π-calculus via
Dependency Analysis”
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Questions
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Supplementary Material

Types & Multiplicities

Choice

Algebra

Semantics

Type Systems

Properties

Soundness

Future Work
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Types & Multiplicities

Behavioural Statements ∆, Ξ, . . .

∆ ::�
∆_∆

�� ∆�∆
�� ∆^∆

�� ∆�∆
�� pk

�� K
�� J

�� pm

Multiplicities

m ::� 0
�� 1

�� ω
�� �
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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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Choice Examples (I)

Data Encodings

b :� True
def
� ! bptf q.t̄

b :� False
def
� ! bptf q.f̄

If b Then P Else Q
def
� bpνtf q.pt.P�f .Qq
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Choice Examples (II)

Client-Server Conversations

prodpνsq.spmore, doneq.morepνs, 2q.

spmore, doneq.morepνs, 5q.

spmore, doneq.donepνsq.spxq.printxxy

! prodpsq.p0x1, sy | ! p0pt, sq.spνmore, doneq.�
moreps, nq.p0xt � n, sy� donepsq.sxry

�
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Algebra

Spatial Operators

Parallel Composition Γ1 d Γ2, Restriction pνxq Γ, . . .

Logical Operators

Equivalence �, Weakening ¨, Reduction ãÑ, . . .

Dynamic Operator

Transition Operator Γ
µ
ÝÝÑ pΓ o µq.
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Semantics (Universal)

Definition (Universal Semantics)

A pΓ;Pq typed process is correct wrt. universal semantics

(“Γ |ùU P”) if, for all transition sequences pΓ;Pq
µ̃
ÝÝÑ× pΓ1;P 1q,

the local component of Γ1 being
�

iPI pi ki� εi : for all i P I with
ki P U , goodki ppi� εi , pΓ

1;P 1qq holds.
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Semantics (Existential)

(Abbreviated) Existential Semantics

A typed process pΓ;Pq is correct (“Γ |ù P”), if D a strategy f s.t.
For any sequence

pΓ;Pq � pΓ0;P0q � � �
µ̃i
ÝÝÑ× pΓ1i ;P

1

i q
f
ÝÝÑ pΓi�1;Pi�1q � � � , let (for

all i) µi be the label of pΓ1i ;P
1

i q
f
ÝÝÑ pΓi�1;Pi�1q.

Then D a resource pk and n ¥ 0 such that:

1 @i : ppk� depKpµi qq ¨ Γ1i
2 Dε : ppk� εq ¨ Γn and goodkpp� ε, pΓn;Pnqq.
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Type System (Universal)

@i : Γi $K Pi

Γ1 d Γ2 $K P1 |P2
pU-Parq

Γ $K P Γpxq � σ

pνxq Γ $K pνx : σqP
pU-Resq

@i : pΣi ; ΞLi � ΞEi q $K Gi .Pi

ΞE ¨
�

i ΞEi

p
�

i Σi ;
�

kPK sumkptpiui ,ΞEq ^
�

i ΞLi � ΞEq $K
°

i Gi .Pi
pU-Sumq

Γ $K P subpG q � p objpG q � x̃�
p : σ; � pm ^ p̄m

1

	
d�

; p#pGq
�

�
d

!if #pGq � ω pνbnpG qq
�

Γ d

σrx̃s d

p;
�

kPK propkpσ,G ,m,m
1q � q

	
$K G .P

pU-Preq
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p
�
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�

i ΞLi � ΞEq $K
°

i Gi .Pi
pE-Sumq

Γ $K P subpG q � p objpG q � x̃�
p : σ; � pm ^ p̄m

1

	
d�

; p#pGq
�

�
d

!if #pGq � ω pνbnpG qq
�

Γ� depKpG q d

σrx̃s� pdepKpG q ^ p̄Rq d

p;
�

kPK propkpσ,G ,m,m
1q � q

	
$K G .P

pE-Preq
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Properties

A — Activeness

propApG , σ,m,m
1q �

#
subpG qA if #pG q � ω or m1 � �

J otherwise

R — Responsiveness

D — Determinism (Functionality)

I — Isolation

df — Lock-Freedom

N — Non-Reachability

$ — Termination
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Properties
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propRpσ,G ,m,m
1q � subpG qR�

#
σrobjpG qs if G is an input

σrobjpG qs if G is an output
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Properties

A — Activeness

R — Responsiveness

D — Determinism (Functionality)

ϕDpσ,G ,m,m
1q

def
�

#
K if � P tm,m1u and ω R tm,m1u

subpG qD otherwise

ϕDptpiui ,Ξq
def
�

#
K if Ξ has concurrent environment pi

J otherwise

I — Isolation

df — Lock-Freedom

N — Non-Reachability

$ — Termination
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Properties
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Properties

A — Activeness

R — Responsiveness

D — Determinism (Functionality)

I — Isolation

df — Lock-Freedom

N — Non-Reachability

$ — Termination

propNpG , σ,m,m
1q

def
� subpG qN�K^ τN� subpG qN
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Universal Soundness

Based on transition sequences?
Semantic Predicates aren’t transition based!

Based on contextual semantics?
“∆1� ∆2 |ù P if @Q s.t. ∆2 $ Q: ∆1 |ù P |Q.”
The definition is circular!

Implicit definition?
“The set of correct typed processes is the largest that satisfies
the above”
There are many solutions!

Stricter implicit definition?
“The set of correct typed processes is the intersection of all
those that satisfy the above”
The intersection is empty!

To be continued . . .
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Existential Soundness

Structural Liveness Strategies

ρ ::� πδ
�� l

�� � � �

δ ::� � ρ
�� r s s

π ::� pl|ρq
�� pl|q

�� p|ρq

s ::� p1 � p2 � p3 . . .

l: Guard reference
: Environment
pl|ρq: Make l and ρ communicate.

Maxime Gamboni Statically . . . Behavioural . . .π-calculus . . . Dependency . . .



( Statically Behavioural π-calculus Dependency )

Future Work

Generic Universal Soundness Proof

Recursivity and Bounded Channels.

Channel Type Reconstruction.

Software Implementation.
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Link to Appendices
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