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(first-order) Session-Contracts

A Contract is the abstract description of the behaviour of either a
client or a server (roughly a CCS term without parallel)

Definition

Session Contracts: a ”session” restriction of contracts.

σ, τ ::= 1 success
| a1.σ1 + · · ·+ an.σn external choice
| a1.σ1 ⊕ · · · ⊕ an.σn internal choice
| x variable
| rec x .σ recursion

the ai and the ai are, respectively, pairwise distinct
recursion is guarded.
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(first-order) Session-Contracts

Used also to model and investigate session types and their subtype
relation:

References

Bernardi and Hennessy: Modelling session types using
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Bartoletti, Scalas and Zunino A semantic deconstruction of
session types.

Barbanera and de’ Liguoro: Sub-behaviour relations for
session-based client/server systems (with higher-order)
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LTS’s

As usual:

For session contracts:

a1.σ1 ⊕ · · · ⊕ an.σn −→ ak .σk a.σ
a−→ σ

a1.σ1 + · · ·+ an.σn
ak−→ σk

we equate
rec x .σ and σ{rec x .σ/x}

For Client-Server pairs:

ρ
α−→ ρ′ σ

α−→ σ′

ρ‖σ −→‖ ρ
′‖σ′

ρ −→ ρ′

ρ‖σ −→‖ ρ
′‖σ

σ −→ σ′

ρ‖σ −→‖ ρ‖σ′

where α ∈ N ∪N and α is the usual involution: α = α.
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Compliance

A client complies with a server if all her requirements are fulfilled

by reaching the success state (1) or

by running an infinite interaction without ever getting stuck

A client that does not comply with its server may get stuck

Formally, ρ complies with σ (ρ a σ) if

∀ρ′, σ′. ρ‖σ =⇒ ρ′‖σ′ 6−→ ⇒ ρ′ = 1
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MDPS � f � WS

f is a process mediating between the client and the server
(sort of an ”active” filter)

with buffering capabilities

without any nondeterminism of its own

Inspired by:

Luca Padovani :

Contract-Based Discovery of Web Services Modulo Simple Orchestrators.

TCS

general contracts

bounded buffers
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Session Orchestrators

Orchestrators’ actions:

〈a, a〉 the orchestrator gets a from the client and
immediately delivers it to the server in a synchronous
way. (Similarly for 〈a, a〉).

〈a, ε〉 the orchestrator gets a from the client and stores it
in the client-to-server buffer.
(Similarly for 〈ε, a〉, using the server-to-client buffer).

〈a, ε〉 the orchestrator takes a from the server-to-client
buffer and sends it to the client.
(Similarly for 〈ε, a〉, using the client-to-server buffer).

f = rec x .〈tempReq, tempReq〉.〈humReq, humReq〉.
(〈temp, temp〉.〈hum, hum〉.〈ε, wind〉.x
∨
〈ε, hum〉.〈temp, temp〉.〈hum, ε〉.〈ε, wind〉.x)
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〈ε, hum〉.〈temp, temp〉.〈hum, ε〉.〈ε, wind〉.x)
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MDPS f WS

hum

wind

and so on ...

f = rec x .〈tempReq, tempReq〉.〈humReq, humReq〉.
(〈temp, temp〉.〈hum, hum〉.〈ε, wind〉.x
∨
〈ε, hum〉.〈temp, temp〉.〈hum, ε〉.〈ε, wind〉.x)



Orchestrated interactions

!wind

MDPS f WS

hum

wind

and so on ...

f = rec x .〈tempReq, tempReq〉.〈humReq, humReq〉.
(〈temp, temp〉.〈hum, hum〉.〈ε, wind〉.x
∨
〈ε, hum〉.〈temp, temp〉.〈hum, ε〉.〈ε, wind〉.x)
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wind

and so on ...

f = rec x .〈tempReq, tempReq〉.〈humReq, humReq〉.
(〈temp, temp〉.〈hum, hum〉.〈ε, wind〉.x
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〈ε, hum〉.〈temp, temp〉.〈hum, ε〉.〈ε, wind〉.x)



Orchestrated interactions

MDPS f WS

hum

wind

and so on ...

f = rec x .〈tempReq, tempReq〉.〈humReq, humReq〉.
(〈temp, temp〉.〈hum, hum〉.〈ε, wind〉.x
∨
〈ε, hum〉.〈temp, temp〉.〈hum, ε〉.〈ε, wind〉.x)



Orchestrated interactions

!tempReq ?tempReq

MDPS f WS

hum

wind

and so on ...

f = rec x .〈tempReq, tempReq〉.〈humReq, humReq〉.
(〈temp, temp〉.〈hum, hum〉.〈ε, wind〉.x
∨
〈ε, hum〉.〈temp, temp〉.〈hum, ε〉.〈ε, wind〉.x)



Orchestrated interactions

?tempReq

MDPS tempReqBf WS

hum

wind

and so on ...

f = rec x .〈tempReq, tempReq〉.〈humReq, humReq〉.
(〈temp, temp〉.〈hum, hum〉.〈ε, wind〉.x
∨
〈ε, hum〉.〈temp, temp〉.〈hum, ε〉.〈ε, wind〉.x)



Orchestrated interactions

etc. etc.

MDPS etc. f etc. WS

hum

wind

and so on ...

f = rec x .〈tempReq, tempReq〉.〈humReq, humReq〉.
(〈temp, temp〉.〈hum, hum〉.〈ε, wind〉.x
∨
〈ε, hum〉.〈temp, temp〉.〈hum, ε〉.〈ε, wind〉.x)



Orchestrated interactions

etc.

MDPS etc. f etc. WS

hum

wind wind· · ·

and so on ...

f = rec x .〈tempReq, tempReq〉.〈humReq, humReq〉.
(〈temp, temp〉.〈hum, hum〉.〈ε, wind〉.x
∨
〈ε, hum〉.〈temp, temp〉.〈hum, ε〉.〈ε, wind〉.x)



Orchestrators Sintax

Enforcing the ”session viewpoint”:
Nondeterminism due only to client and server behaviours

only external choice:
f ∨ g

no external choice on outputs:

7 〈a, ε〉.f ′ ∨ 〈b, ε〉.g ′

same ”direction” for prefixes of choices:

7 〈a, ε〉.f ′ ∨ 〈ε, b〉.g ′

3 〈a, ε〉.f ′ ∨ 〈b, ε〉.g ′
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Orchestrators Sintax

Enforcing the ”session viewpoint”:
Nondeterminism due only to client and server behaviours

only external choice:
f ∨ g

no external choice on outputs:

7 〈a, ε〉.f ′ ∨ 〈b, ε〉.g ′

same ”direction” for prefixes of choices:

7 〈a, ε〉.f ′ ∨ 〈ε, b〉.g ′

3 〈a, ε〉.f ′ ∨ 〈b, ε〉.g ′



Orchestrators LTS

Let µ be an orchestration action:

µ.f
µ7−→ f

f
µ7−→ f ′

f ∨ g
µ7−→ f ′

g
µ7−→ g ′

f ∨ g
µ7−→ g ′

if f
µ17−→ f1

µ27−→ f2 . . .
µn7−→ fn

from the state of the buffers of f and from µ1 . . . µn we can get
the state of the buffers of fn.



Orchestrators LTS

Let µ be an orchestration action:

µ.f
µ7−→ f

f
µ7−→ f ′

f ∨ g
µ7−→ f ′

g
µ7−→ g ′

f ∨ g
µ7−→ g ′

if f
µ17−→ f1

µ27−→ f2 . . .
µn7−→ fn

from the state of the buffers of f and from µ1 . . . µn we can get
the state of the buffers of fn.



Orchestrated Client/Server Systems

ρ ‖f σ

ρ
α−→ ρ′ f

〈α,α〉7−→ f ′ σ
α−→ σ′

ρ ‖f σ
〈α,α〉−→ ρ′ ‖f ′ σ′

ρ
α−→ ρ′ f

〈α,ε〉7−→ f ′

ρ ‖f σ
〈a,ε〉−→ ρ′ ‖f ′ σ

f
〈ε,α〉7−→ f ′ σ

α−→ σ′

ρ ‖f σ
〈ε,a〉−→ ρ ‖f ′ σ′
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Orchestrated Client/Server Systems

ρ ‖f σ

ρ
α−→ ρ′ f

〈α,α〉7−→ f ′ σ
α−→ σ′

ρ ‖f σ
〈α,α〉−→ ρ′ ‖f ′ σ′

ρ
α−→ ρ′ f

〈α,ε〉7−→ f ′

ρ ‖f σ
〈a,ε〉−→ ρ′ ‖f ′ σ

f
〈ε,α〉7−→ f ′ σ

α−→ σ′

ρ ‖f σ
〈ε,a〉−→ ρ ‖f ′ σ′



Orchestrated Compliance (tentative)

f : ρ aa σ if :

ρ‖f σ
µ

=⇒ ρ′‖f ′σ′ 6−→ implies ρ′ = 1.

ρ aa σ if ∃f [f : ρ aa σ].

Too Weak!
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7

f : a aa b

not allowed

where f = 〈a, .〉ε
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f : ρ aa σ if :

ρ‖f σ
µ

=⇒ ρ′‖f ′σ′ 6−→ implies ρ′ = 1.

ρ aa σ if ∃f [f : ρ aa σ].

Too Weak!

7 f : a aa b not allowed
where f = 〈a, .〉ε



Orchestrated Compliance (tentative)

f : ρ aa σ if :

ρ‖f σ
µ

=⇒ ρ′‖f ′σ′ 6−→ implies ρ′ = 1.

ρ aa σ if ∃f [f : ρ aa σ].

Too Weak!

7

f : a.b aa a.c .d

not allowed

where f = 〈a, a〉.〈b, ε〉



Orchestrated Compliance (tentative)

f : ρ aa σ if :

ρ‖f σ
µ

=⇒ ρ′‖f ′σ′ 6−→ implies ρ′ = 1.

ρ aa σ if ∃f [f : ρ aa σ].

Too Weak!

7 f : a.b aa a.c .d not allowed
where f = 〈a, a〉.〈b, ε〉



Orchestrated Compliance (tentative)

f : ρ aa σ if :

ρ‖f σ
µ

=⇒ ρ′‖f ′σ′ 6−→ implies ρ′ = 1.

ρ aa σ if ∃f [f : ρ aa σ].

Too Weak!

7

f : rec x .a.c .x aa rec x .c .x

not allowed

where f = rec x .〈a, ε〉.〈c, c〉.x



Orchestrated Compliance (tentative)

f : ρ aa σ if :

ρ‖f σ
µ

=⇒ ρ′‖f ′σ′ 6−→ implies ρ′ = 1.

ρ aa σ if ∃f [f : ρ aa σ].

Too Weak!

7 f : rec x .a.c .x aa rec x .c .x not allowed
where f = rec x .〈a, ε〉.〈c, c〉.x



Orchestrated Compliance (tentative)

f : ρ aa σ if :

ρ‖f σ
µ

=⇒ ρ′‖f ′σ′ 6−→ implies ρ′ = 1.

ρ aa σ if ∃f [f : ρ aa σ].

Too Weak!

7

f : a.b aa rec x .c .b.x

not allowed

where f = 〈a, ε〉.rec x .〈ε, c〉.〈ε, b〉.x



Orchestrated Compliance (tentative)

f : ρ aa σ if :

ρ‖f σ
µ

=⇒ ρ′‖f ′σ′ 6−→ implies ρ′ = 1.

ρ aa σ if ∃f [f : ρ aa σ].

Too Weak!

7 f : a.b aa rec x .c .b.x not allowed
where f = 〈a, ε〉.rec x .〈ε, c〉.〈ε, b〉.x



Orchestrated Compliance (tentative)

f : ρ aa σ if :

ρ‖f σ
µ

=⇒ ρ′‖f ′σ′ 6−→ implies ρ′ = 1.

ρ aa σ if ∃f [f : ρ aa σ].

Too Weak!

We must consider only well behaved (respectful) orchestrators.



Respectful Orchestrators

A respectful orchestrator is

sound: it never sends an element a to a server or to a client
if the a has not been previously received.

client-respectful: all outputs from the client must be eventually
delivered

not definitely server-inputted: it does not just accepts inputs
from the server indefinitely from a certain point on
BUT it can accept an unbounded number of inputs
from the server
(i.e. wind from WS in the metereological example)
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Respectful Orchestrators

A respectful orchestrator is

sound: it never sends an element a to a server or to a client
if the a has not been previously received.

client-respectful: all outputs from the client must be eventually
delivered

not definitely server-inputted: it does not just accepts inputs
from the server indefinitely from a certain point on
BUT it can accept an unbounded number of inputs
from the server
(i.e. wind from WS in the metereological example)



Orchestrated Compliance [right one]

f : ρ aa σ if :

ρ‖f σ
µ

=⇒ ρ′‖f ′σ′ 6−→ implies ρ′ = 1.

ρ aa σ if ∃f [f : ρ aa σ].
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f : ρ aa σ if :

ρ‖f σ
µ

=⇒ ρ′‖f ′σ′ 6−→ implies ρ′ = 1.

ρ aa σ if ∃f [f : ρ aa σ].



Orchestrated Compliance [right one]

f : ρ aa σ if f is respectful and:

ρ‖f σ
µ

=⇒ ρ′‖f ′σ′ 6−→ implies ρ′ = 1.

ρ aa σ if ∃f [f : ρ aa σ].



Decidability of f : ρ aa σ

Theorem

Respectfulness is a decidable property of orchestrators

Decidability of f : ρ aa σ obtained by a formal system B such that

Theorem

The judgment ∅ B f : ρ aa σ is derivable
if and only if
f : ρ aa σ

and such that

Theorem

Proof search in B is terminating.
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Decidability of ρ aa σ

Out of system B it is possible to devise a terminating algorithm
Synth(ρ, σ) producing all the relevant orchestrators f , the
respectful ones, if any, and the unrespectful ones, if any (always a
finite number, modulo unwinding of rec ) such that f : ρ aa σ.

To decide ρ aa σ:

Compute Synth(ρ, σ)

For any f ∈Synth(ρ, σ), check for the respectfulness of f .
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Decidability of ρ aa σ

Out of system B it is possible to devise a terminating algorithm
Synth(ρ, σ) producing all the relevant orchestrators f , the
respectful ones, if any, and the unrespectful ones, if any (always a
finite number, modulo unwinding of rec ) such that f : ρ aa σ.

To decide ρ aa σ:

Compute Synth(ρ, σ)

For any f ∈Synth(ρ, σ), check for the respectfulness of f .



THANKS!


