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Service-oriented computingis an emerging paradigm where
servicesare understood as

� autonomous
� platform-independent

computational entities that can be:

� described
� published
� categorised
� discovered
� dynamically assembled

for developing massively distributed, interoperable, evolvable
systems.

http://www.di.unito.it/~dezani


Key Notions

Mariangiola Dezani WS-FM 2009 { 5 / 77

http://www.di.unito.it/~dezani


Safety and Fidelity

Motivations

Key Notions

.
Safety and
Fidelity

Global and Local
Views
Processes
Interleaved Sessions

Extensions

Embedding

Related

Implementations

Conclusions

Mariangiola Dezani WS-FM 2009 { 6 / 77

What will we talk about?

http://www.di.unito.it/~dezani


Safety and Fidelity

Motivations

Key Notions

.
Safety and
Fidelity

Global and Local
Views
Processes
Interleaved Sessions

Extensions

Embedding

Related

Implementations

Conclusions

Mariangiola Dezani WS-FM 2009 { 6 / 77

What will we talk about?

a subject of conversation is not enough.

http://www.di.unito.it/~dezani


Safety and Fidelity

Motivations

Key Notions

.
Safety and
Fidelity

Global and Local
Views
Processes
Interleaved Sessions

Extensions

Embedding

Related

Implementations

Conclusions

Mariangiola Dezani WS-FM 2009 { 6 / 77

What will we talk about?

a subject of conversation is not enough.

We want to specify
the sequence and the direction of data exchanged

http://www.di.unito.it/~dezani


Safety and Fidelity

Motivations

Key Notions

.
Safety and
Fidelity

Global and Local
Views
Processes
Interleaved Sessions

Extensions

Embedding

Related

Implementations

Conclusions

Mariangiola Dezani WS-FM 2009 { 6 / 77

What will we talk about?

a subject of conversation is not enough.

We want to specify
the sequence and the direction of data exchanged

We want to assure:

http://www.di.unito.it/~dezani


Safety and Fidelity

Motivations

Key Notions

.
Safety and
Fidelity

Global and Local
Views
Processes
Interleaved Sessions

Extensions

Embedding

Related

Implementations

Conclusions

Mariangiola Dezani WS-FM 2009 { 6 / 77

What will we talk about?

a subject of conversation is not enough.

We want to specify
the sequence and the direction of data exchanged

We want to assure:
� only data of the expected type are communicated
(communication safety)

http://www.di.unito.it/~dezani


Safety and Fidelity

Motivations

Key Notions

.
Safety and
Fidelity

Global and Local
Views
Processes
Interleaved Sessions

Extensions

Embedding

Related

Implementations

Conclusions

Mariangiola Dezani WS-FM 2009 { 6 / 77

What will we talk about?

a subject of conversation is not enough.

We want to specify
the sequence and the direction of data exchanged

We want to assure:
� only data of the expected type are communicated
(communication safety)
� communications happen in the expected order(session �delity)

http://www.di.unito.it/~dezani


Safety and Fidelity

Motivations

Key Notions

.
Safety and
Fidelity

Global and Local
Views
Processes
Interleaved Sessions

Extensions

Embedding

Related

Implementations

Conclusions

Mariangiola Dezani WS-FM 2009 { 6 / 77

What will we talk about?

a subject of conversation is not enough.

We want to specify
the sequence and the direction of data exchanged

We want to assure:
� only data of the expected type are communicated
(communication safety)
� communications happen in the expected order(session �delity)

K. Takeuchi, K. Honda, and M. Kubo
An Interaction-based Language and its Typing System.
In PARLE'94, vol. 817 ofLNCS, pp. 398{413. Springer, 1994.
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Global Types
Global types give a precise description of the communication
protocol seen as a whole abstracting from local computations

originate from choreography description languages

M. Carbone, K. Honda, and N. Yoshida.
Structured Communication-Centred Programming for Web
Services.
In ESOP'07, vol. 4421 ofLNCS, pp. 2{17. Springer, 2007.
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� global types and session typesgive complementary viewsof
communication protocols;

� given a global type the session type of each participant can
be obtained as aprojection;

� given two session types which aredual the global type can be
obtained by composing them.
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ATM process

a (h): h ? (x)
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�a (k) : k ! identi�er a (h) : h ? (x)
: : : : : :

a session name and its dual are ready to start a session
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�a (k) : k ! identi�er a (h) : h ? (x)
: : : : : :

+

� + ! identi�er � � ? (x)
: : : [� + =k] : : : [� � =h]
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�a (k) : k ! identi�er a (h) : h ? (x)
: : : : : :

+

� + ! identi�er � � ? (x)
: : : [� + =k] : : : [� � =h]

a pair of fresh polarised channels is created
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�a (k) : k ! identi�er a (h) : h ? (x)
: : : : : :

+

� + ! identi�er � � ? (x)
: : : [� + =k] : : : [� � =h]

+

� + & f success if : : : [identi�er =x] then � � � success
: : : : : : [identi�er =x]
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�a (k) : k ! identi�er a (h) : h ? (x)
: : : : : :

+

� + ! identi�er � � ? (x)
: : : [� + =k] : : : [� � =h]

+

� + & f success if : : : [identi�er =x] then � � � success
: : : : : : [identi�er =x]

communication
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�a (k) : k ! identi�er a (h) : h ? (x)
: : : : : :

+

� + ! identi�er � � ? (x)
: : : [� + =k] : : : [� � =h]

+

� + & f success if : : : [identi�er =x] then � � � success
: : : : : : [identi�er =x]

+

� + &deposit � � � f deposit
: : : : : :
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�a (k) : k ! identi�er a (h) : h ? (x)
: : : : : :

+

� + ! identi�er � � ? (x)
: : : [� + =k] : : : [� � =h]

+

� + & f success if : : : [identi�er =x] then � � � success
: : : : : : [identi�er =x]

+

� + &deposit � � � f deposit
: : : : : :

local computation
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�a (k) : k ! identi�er a (h) : h ? (x)
: : : : : :

+

� + ! identi�er � � ? (x)
: : : [� + =k] : : : [� � =h]

+

� + & f success if : : : [identi�er =x] then � � � success
: : : : : : [identi�er =x]

+

� + &deposit � � � f deposit
: : : : : :

+
: : :
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Recursive ATM process

AT M (a) = a (h): h ? (x)

if : : : then h � success: h & f : : :

: : :

g

elseh � failure :

AT M (a)
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Recursive ATM process

AT M (a) = a (h): h ? (x)

if : : : then h � success: h & f : : :

: : :

g

elseh � failure :

AT M (a)

global types and session types are recursive types

http://www.di.unito.it/~dezani


Processes and Session Types

Motivations

Key Notions
Safety and Fidelity
Global and Local
Views
. Processes
Interleaved Sessions

Extensions

Embedding

Related

Implementations

Conclusions

Mariangiola Dezani WS-FM 2009 { 12 / 77

session types of processes can be inferred in linear time:
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session types of processes can be inferred in linear time:

they assure
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session types of processes can be inferred in linear time:

they assure

� communication safety: only data of the expected type are
communicated
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session types of processes can be inferred in linear time:

they assure

� communication safety: only data of the expected type are
communicated

� session �delity: communications happen in the expected
order
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� session names(a in the example) are shared names used to
start sessions: they represent public interaction points
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� session names(a in the example) are shared names used to
start sessions: they represent public interaction points

� session channels(k; h in the example) are private names
bound by session initialisations (a (k), a (h) in the example)
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� session names(a in the example) are shared names used to
start sessions: they represent public interaction points

� session channels(k; h in the example) are private names
bound by session initialisations (a (k), a (h) in the example)

� polarised channels(� + ; � � in the example) are pairs of fresh
private names created at run time, when the session
participants are linked together
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� session names(a in the example) are shared names used to
start sessions: they represent public interaction points

� session channels(k; h in the example) are private names
bound by session initialisations (a (k), a (h) in the example)

� polarised channels(� + ; � � in the example) are pairs of fresh
private names created at run time, when the session
participants are linked together

� session types assure thatsession channels and polarised
channels are used in a linear way
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a (h): h ? (x)

if : : : then �b (k): k ! x h � success: h & f deposit : h ? (y) k ! y

withdrawn : h ? (z) k ! z

: : :

g

elseh � failure :
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a (h): h ? (x)

if : : : then �b (k): k ! x h � success: h & f deposit : h ? (y) k ! y

withdrawn : h ? (z) k ! z

: : :

g

elseh � failure :

a session with the User
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a (h): h ? (x)

if : : : then �b (k): k ! x h � success: h & f deposit : h ? (y) k ! y

withdrawn : h ? (z) k ! z

: : :

g

elseh � failure :

a session with the Bank
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a (h): �b (k): k ! h
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a (h): �b (k): k ! h

the ATM delegates all its work to the Bank
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a (h): �b (k): k ! h

?String
�f success: & f deposit : ?Int

withdrawn : ?Int
�f dispense:

overdraft :
g

g
failure :

g
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a (h): �b (k): k ! h

?String
�f success: & f deposit : ?Int

withdrawn : ?Int
�f dispense:

overdraft :
g

g
failure :

g

the session type of the ATM in the session with the User
remains the same: delegation is transparent to the User
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a (h): �b (k): k ! h

?String
�f success: & f deposit : ?Int

withdrawn : ?Int
�f dispense:

overdraft :
g

g
failure :

g

!(? String
�f success: & f deposit : ?Int

withdrawn : ?Int
�f dispense:

overdraft :
g

g
failure :

g)
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a (h): �b (k): k ! h

?String
�f success: & f deposit : ?Int

withdrawn : ?Int
�f dispense:

overdraft :
g

g
failure :

g

!(? String
�f success: & f deposit : ?Int

withdrawn : ?Int
�f dispense:

overdraft :
g

g
failure :

g)

the session type of the ATM in the session with the Bank
is just the output of a session channel whose type is

the session type of the ATM in the session with the User
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� a process can participate to more than one session
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� a process can participate to more than one session
� a process can delegate part of this job to another process:

delegation is transparent to the partner process(the User in
the example)
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� a process can participate to more than one session
� a process can delegate part of this job to another process:

delegation is transparent to the partner process(the User in
the example)

� delegation is typed by the session type of the exchanged
channel
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� a process can participate to more than one session
� a process can delegate part of this job to another process:

delegation is transparent to the partner process(the User in
the example)

� delegation is typed by the session type of the exchanged
channel

� session types assure a linear use of channels also in presence
of delegation
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� a process can participate to more than one session
� a process can delegate part of this job to another process:

delegation is transparent to the partner process(the User in
the example)

� delegation is typed by the session type of the exchanged
channel

� session types assure a linear use of channels also in presence
of delegation

K. Honda, V. Vasconcelos and M. Kubo.
Language Primitives and Type Disciplines for Structured
Communication-based Programming. ESOP'98, vol. 1381 of
LNCS, pp. 22{138. Springer, 1998.
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a (h): h ? (x)
if : : : then �b (k): k ! x h � success: h & f deposit : h ? (y) k ! (y � 10)

withdrawn : h ? (z) k ! (z + 10)
: : :

g
elseh � failure :
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a (h): h ? (x)
if : : : then �b (k): k ! x h � success: h & f deposit : h ? (y) k ! (y � 10)

withdrawn : h ? (z) k ! (z + 10)
: : :

g
elseh � failure :

the ATM could send to the Bank amounts di�erent from those
received by the User
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a (h): h ? (x)
if : : : then �b (k): k ! x h � success: h & f deposit : h ? (y) k ! (y � 10)

withdrawn : h ? (z) k ! (z + 10)
: : :

g
elseh � failure :

if we addcorrespondence assertionsin the User and in the Bank:
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a (h): h ? (x)
if : : : then �b (k): k ! x h � success: h & f deposit : h ? (y) k ! (y � 10)

withdrawn : h ? (z) k ! (z + 10)
: : :

g
elseh � failure :

�a (h0): beginhidenti�er, amount i h0 ! identi�er
: : : h0 ! amount

: : :

b (k0): k0 ? (x0)
k0 & f deposit : k0 ? (y0)

withdrawn : k0 ? (y0)
: : :

g
endhx0; y0i
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a (h): h ? (x)
if : : : then �b (k): k ! x h � success: h & f deposit : h ? (y) k ! (y � 10)

withdrawn : h ? (z) k ! (z + 10)
: : :

g
elseh � failure :

�a (h0): beginhidenti�er, amount i h0 ! identi�er
: : : h0 ! amount

: : :

b (k0): k0 ? (x0)
k0 & f deposit : k0 ? (y0)

withdrawn : k0 ? (y0)
: : :

g
endhx0; y0i

the bad ATM does not type check!
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a (h): h ? (x)
if : : : then �b (k): k ! x h � success: h & f deposit : h ? (y) k ! (y)

withdrawn : h ? (z) k ! (z)
: : :

g
elseh � failure :
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a (h): h ? (x)
if : : : then �b (k): k ! x h � success: h & f deposit : h ? (y) k ! (y)

withdrawn : h ? (z) k ! (z)
: : :

g
elseh � failure :

�a (h0): beginhidenti�er, amount i h0 ! identi�er
: : : h0 ! amount

: : :

b (k0): k0 ? (x0)
k0 & f deposit : k0 ? (y0)

withdrawn : k0 ? (y0)
: : :

g
endhx0; y0i
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a (h): h ? (x)
if : : : then �b (k): k ! x h � success: h & f deposit : h ? (y) k ! (y)

withdrawn : h ? (z) k ! (z)
: : :

g
elseh � failure :

�a (h0): beginhidenti�er, amount i h0 ! identi�er
: : : h0 ! amount

: : :

b (k0): k0 ? (x0)
k0 & f deposit : k0 ? (y0)

withdrawn : k0 ? (y0)
: : :

g
endhx0; y0i

a safe ATM is typeable with correspondence assertions!
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session types and correspondence assertions
can be used to check
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session types and correspondence assertions
can be used to check

� source of information,
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session types and correspondence assertions
can be used to check

� source of information,
� whetherdata is propagated as speci�edacross multiple

parties,
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session types and correspondence assertions
can be used to check

� source of information,
� whetherdata is propagated as speci�edacross multiple

parties,
� if there areunspeci�ed communicationsbetween parties, and
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session types and correspondence assertions
can be used to check

� source of information,
� whetherdata is propagated as speci�edacross multiple

parties,
� if there areunspeci�ed communicationsbetween parties, and
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� if there areunspeci�ed communicationsbetween parties, and
� if the data being exchanged has been modi�edby the code

in an unspeci�ed way.

E. Bonelli, A. Compagnoni, and E. Gunter.
Correspondence Assertions for Process Synchronization in
Concurrent Communications. Journal of Functional
Programming, 15(2):219{248, 2005.
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An ATM can accept more than one kind of Client:
he can o�er more of what a Client asks.

An ATM can accept aRealamount
when a Client sends anInt amount.

� input (?) is covariant
� output (!) is contra-variant

An ATM can o�er both deposit and withdraw
and a Client can use only deposit.

� branching (&) is covariant in the number of branches
� selection (� ) is contra-variant in the number of branches
� both branching and selection are covariant in the

continuation types
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safely used anywhere a session channel of typeT is expected

subtyping enhances expressivity since it allows

� re�nement of participantswithout invalidating
type-correctness of an overall system

� participants to follow di�erent protocolswhich are
nevertheless compatible according to the subtype relation

S. Gay and M. Hole.
Subtyping for Session Types in the Pi-Calculus.
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&f sum(Int � X � Complex) : ? X ? X ! X
neg(Int � X � Complex) : ? X ! X
: : :
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&f sum(Int � X � Complex) : ? X ? X ! X
neg(Int � X � Complex) : ? X ! X
: : :

g
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neg: ! Real? Real
: : :
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&f sum(Int � X � Complex) : ? X ? X ! X
neg(Int � X � Complex) : ? X ! X
: : :

g

�f sum: ! Int ! Int ? Int
neg: ! Real? Real
: : :

g

S. Gay.
Bounded polymorphism in session types.
MSCS, 18(5):895{930, 2008.
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� the semantics of a type isthe set of values inhabiting that
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� the semantic subtyping is de�ned asthe subset relation
between type interpretations

Choices are done on the basis of the type of the message

k ? (x : Int) k ! � x + k ? (y : Bool) k ! : y
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� the semantic subtyping is de�ned asthe subset relation
between type interpretations
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k ? (x : Int) k ! � x + k ? (y : Bool) k ! : y

?Int !Int + ?Bool !Bool

Crucial role ofBoolean combinators
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� the semantics of a type isthe set of values inhabiting that
type

� the semantic subtyping is de�ned asthe subset relation
between type interpretations

Choices are done on the basis of the type of the message

k ? (x : Int) k ! � x + k ? (y : Bool) k ! : y

?Int !Int + ?Bool !Bool

Crucial role ofBoolean combinators

?Real!Nat + ?Int !Bool
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� the semantics of a type isthe set of values inhabiting that
type

� the semantic subtyping is de�ned asthe subset relation
between type interpretations

Choices are done on the basis of the type of the message

k ? (x : Int) k ! � x + k ? (y : Bool) k ! : y

?Int !Int + ?Bool !Bool

Crucial role ofBoolean combinators

?Real!Nat + ?Int !Bool

?(Real^ : Int) !Nat + ?Int !(Nat _ Bool)
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the interpretation of a session type is the set of its dual types

?Int � ?Real

!Real� !Int

G. Castagna and A. Frisch.
A gentle introduction to semantic subtyping.
In PPDP '05, pp. 198-208, ACM Press (full version) and
ICALP '05, LNCS n. 3580, pp. 30-34, Springer (summary),
2005. Joint ICALP-PPDP keynote talk.

G. Castagna, M. Dezani-Ciancaglini, E. Giachino and
L. Padovani
Foundations of Session Types
In PPDP'09, ACM Press, 2009.
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if a process satisfyingA is put in parallel with the current
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P � a(k) k � neg: k ! 2 k ? (x) h ! x
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A = 8yInt :�a(k0) k0 & neg: k0 ? y k0 ! (� y) true
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hypothetical parallel composition
A � B

if a process satisfyingA is put in parallel with the current
process, then the resulting process will satisfyB

P � a(k) k � neg: k ! 2 k ? (x) h ! x

A = 8yInt :�a(k0) k0 & neg: k0 ? y k0 ! (� y) true

P has the propertyA � h ! (� 2) true

the modality is \may" since the service namea is public, we can
get the \must" modality just by restrictinga
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a logical language which can express properties of processes
typed by session types

M. Berger, N. Yoshida and K. Honda
Completeness and Logical Full Abstraction in Modal Logics
for Typed Mobile Processes.
In ICALP'08, vol. 5126 ofLNCS, pp. 99{111. Springer,
2008.
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a session can be stuck if a required session is not available:
the session between the Client and the ATM is stuck
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in an open scenario we can assume it is always possible to �nd
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a session can be stuck if a required session is not available:
the session between the Client and the ATM is stuck

if there is no Bank

in an open scenario we can assume it is always possible to �nd
the required services

two sessions can be in deadlock
if they are interleaved in a wrong way
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session types assure no deadlock inside single sessions

a session can be stuck if a required session is not available:
the session between the Client and the ATM is stuck

if there is no Bank

in an open scenario we can assume it is always possible to �nd
the required services

two sessions can be in deadlock
if they are interleaved in a wrong way

a (k): �a (k0):
b (h): �b (h0):
k ! 2 h0 ! true

h ? (x) k0 ? (y)
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a session can be stuck if a required session is not available:
the session between the Client and the ATM is stuck

if there is no Bank

in an open scenario we can assume it is always possible to �nd
the required services

two sessions can be in deadlock
if they are interleaved in a wrong way

a (k): �a (k0):
b (h): �b (h0):
k ! 2 h0 ! true
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a session can be stuck if a required session is not available:
the session between the Client and the ATM is stuck

if there is no Bank

in an open scenario we can assume it is always possible to �nd
the required services

two sessions can be in deadlock
if they are interleaved in a wrong way

a (k): �a (k0):
b (h): �b (h0):
k ! 2 h0 ! true

h ? (x) k0 ? (y)

deadlock?
Yes, if the communication is synchronous,

No if it is asynchronous
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Key ideas:

� take advantage ofnested sessions
� infer the order of channel usagefor interleaved sessions
� forbid \self-delegation"(opposite polarities of the same

session channel cannot be put in sequence)
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Key ideas:

� take advantage ofnested sessions
� infer the order of channel usagefor interleaved sessions
� forbid \self-delegation"(opposite polarities of the same

session channel cannot be put in sequence)

N. Kobayashi.
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N. Kobayashi. Type Systems for Concurrent Programs. In
Formal Methods at the Crossroads, vol. 2757 ofLNCS, pp.
439{453. Springer, 2003., Tohoku University, 2007.
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the primitive for opening sessions allows to specify
a set of constraints whose satisfaction is necessary

for starting the session interaction
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the primitive for opening sessions allows to specify
a set of constraints whose satisfaction is necessary

for starting the session interaction

af time = 3 j price= 10g(k): : : :
af time = 5 j price= 7g(k): : : :
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af time = 3 j price= 10g(k): : : :
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a rushed client�af time � 4g(h): : : : will choose the �rst option,
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for starting the session interaction

af time = 3 j price= 10g(k): : : :
af time = 5 j price= 7g(k): : : :

a rushed client�af time � 4g(h): : : : will choose the �rst option,
a thrifty client �af price� 9g(h): : : : will choose the second option,

a too demanding client�af time � 4 j price� 9g(h): : : : will
choose no option
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the primitive for opening sessions allows to specify
a set of constraints whose satisfaction is necessary

for starting the session interaction

af time = 3 j price= 10g(k): : : :
af time = 5 j price= 7g(k): : : :

a rushed client�af time � 4g(h): : : : will choose the �rst option,
a thrifty client �af price� 9g(h): : : : will choose the second option,

a too demanding client�af time � 4 j price� 9g(h): : : : will
choose no option

� a fusionmechanism explicitly represents, through the notion
of constraint, relations involving private and public names
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the primitive for opening sessions allows to specify
a set of constraints whose satisfaction is necessary

for starting the session interaction

af time = 3 j price= 10g(k): : : :
af time = 5 j price= 7g(k): : : :

a rushed client�af time � 4g(h): : : : will choose the �rst option,
a thrifty client �af price� 9g(h): : : : will choose the second option,

a too demanding client�af time � 4 j price� 9g(h): : : : will
choose no option

� a fusionmechanism explicitly represents, through the notion
of constraint, relations involving private and public names

� data communication issymmetricin input and output and it
is achieved via the introduction of constraints between
channel names
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main technical problem:the linearity of session channel usage
in presence of delegation and constraints
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main technical problem:the linearity of session channel usage
in presence of delegation and constraints

M. Buscemi and U. Montanari.
CC-Pi: A Constraint-Based Language for Specifying Service
Level Agreements.
In ESOP'07, vol. 4421 ofLNCS, pp. 18 {32. Springer, 2007.

M. Coppo and M. Dezani
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User �! f ATM ; Bankg : id

ATM �! f User; Bankg : f succ : User �! Bank : f dep : User �! Bank : am

withd : User �! Bank : am

Bank �! f User; ATM g : f disp :

overd :

g

g

fail :

g
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User �! f ATM ; Bankg : id

ATM �! f User; Bankg : f succ : User �! Bank : f dep : User �! Bank : am

withd : User �! Bank : am

Bank �! f User; ATM g : f disp :

overd :

g

g

fail :

g

a[1](k1) a[2](k2) �a[3](k3)
k1 ! hf2; 3g; idi k2 ? h1; xi k3 ? h1; yi

: : : : : : : : :
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User �! f ATM ; Bankg : id

ATM �! f User; Bankg : f succ : User �! Bank : f dep : User �! Bank : am

withd : User �! Bank : am

Bank �! f User; ATM g : f disp :

overd :

g

g

fail :

g

a[1](k1) a[2](k2) �a[3](k3)
k1 ! hf2; 3g; idi k2 ? h1; xi k3 ? h1; yi

: : : : : : : : :

! hf2; 3g; Stringi ? h1; Stringi ? h1; Stringi
: : : : : : : : :
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session types of single participants
are projections of the global type of the whole session
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session types of single participants
are projections of the global type of the whole session

User�! f ATM; Bankg : String
: : :

http://www.di.unito.it/~dezani


Multiparty Sessions

Motivations

Key Notions

Extensions
Correspondence
Assertions
Polymorphism
Semantic Subtyping
Logic
Progress
Concurrent
Constraints

.
Multiparty
Protocols

Code Mobility
Exceptions
Resource Access
Control

Embedding

Related

Implementations

Conclusions

Mariangiola Dezani WS-FM 2009 { 34 / 77
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are projections of the global type of the whole session

User�! f ATM; Bankg : String
: : :

! hfATM; Bankg; Stringi ? hUser; Stringi ? hUser; Stringi
: : : : : : : : :
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communication is asynchronous
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session types of single participants
are projections of the global type of the whole session

User�! f ATM; Bankg : String
: : :

! hfATM; Bankg; Stringi ? hUser; Stringi ? hUser; Stringi
: : : : : : : : :

communication is asynchronous

K. Honda, N. Yoshida, and M. Carbone.
Multiparty asynchronous session types.
In POPL'08, pp. 273{284. ACM, 2008.
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in asynchronous communicationsinputs are blocking,
outputs are not blocking
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in asynchronous communicationsinputs are blocking,
outputs are not blocking

a[1](k1) a[2](k2) �a[3](k3)
k1 ! hf2; 3g; idi k2 ? h1; xi k3 ? h2; yi

: : : k2 ! hf3g; ami k3 ? h2; zi
: : : : : : : : :
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� action permutation increases e�ciency
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� action permutation increases e�ciency
� action permutation is tricky in presence ofrecursion and

selection/branching
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� action permutation increases e�ciency
� action permutation is tricky in presence ofrecursion and

selection/branching
� an appropriate subtyping allows automatic action

permutationassuring communication safety and session
�delity
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� action permutation increases e�ciency
� action permutation is tricky in presence ofrecursion and

selection/branching
� an appropriate subtyping allows automatic action

permutationassuring communication safety and session
�delity

D. Mostrous, N. Yoshida and K. Honda
Global Principal Typing in Partially Commutative
Asynchronous Sessions.
In ESOP'09, vol. 5502 ofLNCS, pp. 316{332. Springer,
2009.
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� processes can be sent/received: higher-order processes
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� processes can be sent/received: higher-order processes
� higher-order processes allowto avoid many remote

interactions
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� processes can be sent/received: higher-order processes
� higher-order processes allowto avoid many remote

interactions
� actions can be permuted in order to increase e�ciency
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� processes can be sent/received: higher-order processes
� higher-order processes allowto avoid many remote

interactions
� actions can be permuted in order to increase e�ciency

The ATM can send a process to the Bank
to directly interact with the Client
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� processes can be sent/received: higher-order processes
� higher-order processes allowto avoid many remote

interactions
� actions can be permuted in order to increase e�ciency

The ATM can send a process to the Bank
to directly interact with the Client

main challenge:preservation of the linear use of session channels
in presence of instantiation of names into executable code
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interactional exceptions: the exceptions demand not only local
but also coordinated actions between session participants;
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but also coordinated actions between session participants;

� 
exibility : exceptions are allowed at any point of a
conversation;

� consistency: messages in normal and exception conversations
are not mix-up;

� safety: communications inside sessions take place linearly
and without communication mismatch.

M. Carbone, K. Honda and N. Yoshida
Structured Interactional Exceptions for Session Types.
In CONCUR'08, vol. 5201 ofLNCS, pp. 402{417. Springer,
2008.
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I. Castellani, S. Capecchi, M. Dezani and T. Rezk
Resource Access Control in Sessions.
work in progress
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neg ) send ( - receivek ) on k
g

session initialisation

a multi-threaded functional language with side-e�ecting
input/output operations
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than pre�xes of processes

� the communication is asynchronous
� typing is enhanced by subtyping which also allows

anticipation of outputs with respect to inputs

V. Vasconcelos, S. Gay, and A. Ravara.Typechecking a
Multithreaded Functional Language with Session Types.
Theorical Computer Science, 368:64{87, 2006.

V. Vasconcelos.
Session Types for Linear Multithreaded Functional
Programming.
In PPDP'09, ACM Press, 2009.
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a multi-threaded object-oriented language augmented with
session primitives, which supports session names as parameters

of methods, spawning, iterative sessions and delegation

Class C f Class D f
void m () f void g () f

connect c !Int.?Bool f connect c ?Int.!Bool f
c.send(5); // ... local computation
new B.h (); this.f( c.receive );
bool x := c.receive; c.send( true );

g g
g g

g g
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Class C f Class D f
void m () f void g () f

connect c !Int.?Bool f connect c ?Int.!Bool f
c.send(5); // ... local computation
new B.h (); this.f( c.receive );
bool x := c.receive; c.send( true );

g g
g g

g g
communication over the same channel
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Class C f Class D f
void m () f void g () f

connect c !Int.?Bool f connect c ?Int.!Bool f
c.send(5); // ... local computation
new B.h (); this.f( c.receive );
bool x := c.receive; c.send( true );
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session primitives, which supports session names as parameters

of methods, spawning, iterative sessions and delegation

Class C f Class D f
void m () f void g () f

connect c !Int.?Bool f connect c ?Int.!Bool f
c.send(5); // ... local computation
new B.h (); this.f( c.receive );
bool x := c.receive; c.send( true );
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g g
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a multi-threaded object-oriented language augmented with
session primitives, which supports session names as parameters

of methods, spawning, iterative sessions and delegation

Class C f Class D f
void m () f void g () f

connect c !Int.?Bool f connect c ?Int.!Bool f
c.send(5); // ... local computation
new B.h (); this.f( c.receive );
bool x := c.receive; c.send( true );

g g
g g

g g
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progress is enhanced by spawning a new threadwhen a session
channel is received: in this way self-delegation never happen

choice is made on the basis of the class of the object being
sent/receivedinstead of using labels

k ?(x) & f Nat ) k ! � x ; Bool ) k ! : x g

bounded polymorphism: the class of a received object may a�ect
the class of the objects which will be sent

M. Dezani, D. Mostrous, N. Yoshida, and S. Drossopoulou.
Session Types for Object-Oriented Languages.
Information and Computation, vol. 207, pp. 595{641. 2009.
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classes have �elds and sessions

class Equality f : : :
void !int.!int?bool intEq

f int x := receive;
int y := receive;
send(x=y);

g
: : :

g
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void !int.!int?bool intEq

f int x := receive;
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g
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classes have �elds and sessions

class Equality f : : :
void !int.!int?bool intEq

f int x := receive;
int y := receive;
send(x=y);

g
: : :

g
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classes have �elds and sessions

class Equality f : : :
void !int.!int?bool intEq

f int x := receive;
int y := receive;
send(x=y);

g
: : :

g
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session bodies are selected based on object classes

new Equality . intEq f send (3);
send (5);
bool z :=receive; g
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session bodies are selected based on object classes

new Equality . intEq f send (3);
send (5);
bool z :=receive; g

session calls have bodieswhich contain communicating
expressions
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a pair of fresh channels is created and the body of the call is
executed in parallel with the body of the session

class Equality f : : :
void ?int.?int.!bool intEq

f int x := receive;
int y := receive;
send(x=y);

g
: : :

g
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a pair of fresh channels is created and the body of the call is
executed in parallel with the body of the session

class Equality f : : :
void ?int.?int.!bool intEq

f int x := receive;
int y := receive;
send(x=y);

g
: : :

g
new Equality . intEq f send (3);

send (5);
bool z := receive; g
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a pair of fresh channels is created and the body of the call is
executed in parallel with the body of the session

class Equality f : : :
void ?int.?int.!bool intEq

f int x := receive;
int y := receive;
send(x=y);

g
: : :

g
new Equality . intEq f send (3);

send (5);
bool z := receive; g

� + .send(3); int x := � � .receive;
� + .send(5); int y := � � .receive;
bool z :=� + .receive; � � .send(x=y);
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communication is asynchronous: the heap associates channels to
sequences of values

� + .send(3); int x := � � .receive;
� + .send(5); int y := � � .receive;

bool z := � + .receive; � � .send(x=y);

� + 7! " � � 7! "
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bool z := � + .receive; � � .send(3=y);

� + 7! " � � 7! 5

http://www.di.unito.it/~dezani


SAM

Motivations

Key Notions

Extensions

Embedding
Functional
Programming

.
Object Oriented
Programming

Ambients

Related

Implementations

Conclusions

Mariangiola Dezani WS-FM 2009 { 47 / 77

communication is asynchronous: the heap associates channels to
sequences of values
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� + .send(3); int x := � � .receive;
� + .send(5); int y := � � .receive;

bool z := � + .receive; � � .send(3=5);
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sessions encode traditional methods

class Equality f : : :
bool intEq (int x, int y) f return (x = y); g

g

bool z :=new Equality . intEq (3,5);
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sessions encode traditional methods

class Equality f : : :
bool intEq (int x, int y) f return (x = y); g

g

class Equality f : : :
void ?int.?int.!bool intEqf int x := receive;int y := receive;

send(x=y); g
g

bool z :=new Equality . intEq (3,5);

new Equality . intEq f send (3);
send (5);
bool z :=receive; g
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� session delegation uses the return values of sessions
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� session delegation uses the return values of sessions
� delegation does not support an initial and a �nal dialogue

before and after the delegation
� expressiveness has been enhanced withunion types and

generics

S. Capecchi, M. Coppo, M. Dezani, S. Drossopoulou, and
E. Giachino.
Amalgamating Sessions and Methods in Object Oriented
Languages with Generics.
Theorical Computer Science, vol. 410, pp. 142{167, 2009.
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� objects can bespawned, updated and cloned
� communication is asynchronous
� session based choices are integrated with

method invocations
� subtyping enjoys theminimal subtyping property

D. Mostrous and N. Yoshida
A Session Object Calculus for Structured
Communication-Based Programming.
available athttp://www.doc.ic.ac.uk/ � mostrous/sesobj.pdf,2008.
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� each class hasa session typewhich provides a global
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� each class hasa session typewhich provides a global
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� static typing guarantees thatmethods are only called when
they are available

� a type checking algorithm inferspre- and post-conditions
from session types
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� each class hasa session typewhich provides a global
speci�cation of the availability of methods at each state

� static typing guarantees thatmethods are only called when
they are available

� a type checking algorithm inferspre- and post-conditions
from session types

� inheritance is included

V. Vasconcelos, S. Gay, A. Ravara, N. Gesbert and
A. Caldeira,
Dynamic Interfaces.
In FOOL'09, 2009.
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typing assures synchronisation between mobility and
communication: sessions are not disrupted by mobility

P. Garralda, A. Compagnoni, and M. Dezani. BASS: Boxed
Ambients with Safe Sessions. InPPDP'06, pp. 61{72. ACM
Press, 2006.
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Generic process types subsume session types
(there is a translation) but

� session types are valuable forprogram design
� session types have been developed forcalculi/languages

di�erent from � -calculus

A. Igarashi and N. Kobayashi.
A Generic Type System for the Pi-Calculus.
Theoretical Computer Science, 311(1-3):121{163, 2004.
N. Kobayashi.
Type Systems for Concurrent Programs.
Extended version of N. Kobayashi. Type Systems for Concurrent
Programs. InFormal Methods at the Crossroads, vol. 2757 of
LNCS, pp. 439{453. Springer, 2003., Tohoku University, 2007.
S. Gay, N. Gesbert, and A. Ravara
Session Types as Generic Process Types.
In PLACES'08, available at
http://gloss.di.fc.ul.pt/places08/Places08Proceedin gs.pdf.
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contractsare CCS processes with

� pre�xing
� internal and external choiches
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Types and E�ects for Resource Usage Analysis.
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Glasgow Haskell compiler are required

M. Sackman and S. Eisenbach
Session Types in Haskell Updating Message Passing for the
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Cryptographic protocol synthesis and veri�cation for
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Sing#

� is a variant of C#
� combinessession types with ownership types
� supports message-based communication via a designed heap

area(shared memory)
� allowsinterfaces between OS-modulesto be described as

message passing conversations

M. F•ahndrich, M. Aiken, C. Hawblitzel, O. Hodson,
G. C. Hunt, J. R. Larus, and S. Levi.
Language Support for Fast and Reliable Message-based
Communication in Singularity OS.
In EuroSys2006, ACM SIGOPS, pp. 177{190. ACM Press,
2006.
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SJ is an extension of Java with syntax for session types and
structured communication operations

Features:

� asynchronous message passing,
� delegation,
� session subtyping,
� interleaving,
� class downloading,
� failure handling.
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The compilation-runtime framework of SJ

� maps session abstraction onto underlying transports,
� guarantees communication safety through static and

dynamic session type checking.

R. Hu, N. Yoshida and K. Honda
Session-Based Distributed Programming in Java.
In ECOOP'08, vol. 5142 ofLNCS, pp. 516{541. Springer,
2008.
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Scribbleis a language for describing global (choreography) and
local (service endpoint) behaviour.

Extensible toolsare provided, both standalone and as Eclipse
plugins, to edit the language, perform validation and export to

other appropriate notations.

http://sourceforge.net/projects/pi4scribble/
back
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WS-CDL= Web Services Choreography Description Language

WS-CDL

� is developed by theW3C standardisation working group,
� is based on a variant ofsession types,
� is implemented through communications among distributed

end-points written in languages such asJava or WS4-BPEL.

http://www.w3.org/2002/ws/chor/



UNIFI

Motivations

Key Notions

Extensions

Embedding

Related

Implementations

Conclusions

Mariangiola Dezani WS-FM 2009 { 73 / 77

Session types are also employed as a basis for the
standardisation of �nancial protocols in UNIFI

(UNIversal Financial Industry message scheme -
International Organization for Standardization ISO 20022)



UNIFI

Motivations

Key Notions

Extensions

Embedding

Related

Implementations

Conclusions

Mariangiola Dezani WS-FM 2009 { 73 / 77

Session types are also employed as a basis for the
standardisation of �nancial protocols in UNIFI

(UNIversal Financial Industry message scheme -
International Organization for Standardization ISO 20022)

The ISO 20022 standard provides the �nancial industry with a
common platform for the development of messages



UNIFI

Motivations

Key Notions

Extensions

Embedding

Related

Implementations

Conclusions

Mariangiola Dezani WS-FM 2009 { 73 / 77

Session types are also employed as a basis for the
standardisation of �nancial protocols in UNIFI

(UNIversal Financial Industry message scheme -
International Organization for Standardization ISO 20022)

The ISO 20022 standard provides the �nancial industry with a
common platform for the development of messages



UNIFI

Motivations

Key Notions

Extensions

Embedding

Related

Implementations

Conclusions

Mariangiola Dezani WS-FM 2009 { 73 / 77

Session types are also employed as a basis for the
standardisation of �nancial protocols in UNIFI

(UNIversal Financial Industry message scheme -
International Organization for Standardization ISO 20022)

The ISO 20022 standard provides the �nancial industry with a
common platform for the development of messages

http://www.iso20022.org
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The Haskell implementationby Sackman and Eisenbach has �rst
realised theaction permutationstudied then by Mostrous,

Yoshida and Honda.

Multi-party sessions were �rstimplemented in Scribbleand then
formalisedby Honda, Yoshida, and Carbone.
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contracts and sessions
contracts with delegation

conversation and session types
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thank you for your attention
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