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Scenario

concurrent processes interacting via message-passing
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Context

send "hello" to Charlie;
receive ok from Charlie;
send ok to Bob

receive x from Alice
if x then {
send ok to Bob;
send ok to Alice }

else {
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send ok to Bob }receive ok from Alice;

receive ok from Charlie

They do it by exchanging some messages Alice, Bob, and Charlie want to collaborate on the net
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send true to Charlie;
receive ok from Charlie;

receive x from Alice;
if x then {
send ok to Bob;
send ok to Alice }

else {
send ok to Alice;
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receive ok from Charlie
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receive ko from Charlie
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Alice sends a Boolean to Charlie;
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Interest of global descriptions

Alice sends a Boolean to Charlie;
either Charlie sends ok to Bob; Charlie sends ok to Alice;

or Charlie sends ok to Alice; Charlie sends ok to Bob;

Given a distributed implementation that “satisfies” this global
specification:

1 Every send of a given type is matched by a reception of the same type;

2 It should be easier to check the absence of deadlocks and starvation
on global specifications.

We must ensure that all and only the expected synchronizations happen.

We need a theoretical framework for:

Defining global specifications,
Defining local specifications,
Relating them,
Proving their properties.

G. Castagna (CNRS) On Global Types and Multi-Party Sessions DisCoTec 2011 - Reykjav́ık 5 / 31
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Description/Verification of concurrent systems

Global description

faithful/property-preserving

Implementation
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Delegation
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title
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price
←−−−−
ok
−−→
card
−−−→
date
←−−−
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✗
Trust assumption:
Cat does not have authority to handle cards
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Asynchronous Delegation

The Cat puts its forward delegation for the Bank in the
queue and becomes the frozen Bank

The Bank takes Cat forward delegation from
the queue and becomes the Cat

· · ·

The Bank masked as Cat puts its backward
delegation for the Cat masked as Bank in the
queue and becomes back the Bank

The Cat masked as frozen Bank takes the
backward delegation from the queue and be-
comes back the Cat
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lock freedom: no participant requiring to take a message waits forever

orphan-message freedom: no message stays forever in the queue
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Abstract
Communication is becoming one of the central elements in soft-
ware development. As a potential typed foundation for structured
communication-centred programming, session types have been
studied over the last decade for a wide range of process calculi and
programming languages, focussing on binary (two-party) sessions.
This work extends the foregoing theories of binary session types
to multiparty, asynchronous sessions, which often arise in practical
communication-centred applications. Presented as a typed calculus
for mobile processes, the theory introduces a new notion of types in
which interactions involving multiple peers are directly abstracted
as a global scenario. Global types retain a friendly type syntax of
binary session types while capturing complex causal chains of mul-
tiparty asynchronous interactions. A global type plays the role of a
shared agreement among communication peers, and is used as a ba-
sis of efficient type checking through its projection onto individual
peers. The fundamental properties of the session type discipline
such as communication safety, progress and session fidelity are
established for general n-party asynchronous interactions.

Categories and Subject Descriptors D.3.1 [Programming Lan-
guages]: Formal Definitions and Theory; F.3.2 [Semantics of Pro-
gramming Languages]: Process models

General Terms Theory, Types, Design

Keywords communications, multiparty, structured programming,
session types, mobile processes, causality, choreography

1. Introduction
Backgrounds Communication is becoming one of the central
elements in software development, ranging from web services
to business protocols to parallel scientific computing to multi-
core programming. As a potential typed foundation for struc-
tured communication-centred programming, session types have
been studied in many contexts over the last decade, including
calculi of mobile processes (Takeuchi et al. 1994; Gay and Hole
2005; Honda et al. 1998; Bonelli and Compagnoni 2008), higher-
order processes (Mostrous and Yoshida 2007), Ambients (Gar-
ralda et al. 2006), multi-threaded ML (Vasconcelos et al. 2006),
Haskell (Neubauer and Thiemann 2004b), F# (Corin et al. 2007),
operating systems (Fähndrich et al. 2006), Java (Dezani-Ciancaglini
et al. 2006; Coppo et al. 2007; Hu et al. 2007), and Web Ser-
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classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. To copy otherwise, to republish, to post on servers or to redistribute
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vices (Carbone et al. 2006, 2007; WS-CDL; Sparkes 2006; Honda
et al. 2007a). A basic observation underlying session types is that
a communication-centred application often exhibits a highly struc-
tured sequence of interactions involving, for example, branching
and recursion, which as a whole form a natural unit of conversa-
tion, or session. The structure of a conversation is abstracted as a
type through an intuitive syntax, which is then used as a basis of
validating programs through an associated type discipline.
As an example, the following session type describes a simple

business protocol between Buyer and Seller from Buyer’s view-
point: Buyer sends the title of a book (a string), Seller sends a quote
(an integer). If Buyer is satisfied by the quote, then sends his ad-
dress (a string) and Seller sends back the delivery date (a date);
otherwise it quits the conversation.

!string; ?int;⊕{ok :!string; ?date;end, quit : end} (1)

Above !t denotes an output of a value of type t, dually for ?t; ⊕
denotes a choice of the options; and end represents the termination
of the conversation.
Such explicit representation of conversation structures helps us

deal with one of the most common bugs in programming with com-
munication, the synchronisation bugs. A programmer expects that
communicating programs should together realise a consistent con-
versation, but they easily fail to handle a specific incoming mes-
sage or to send a message at the correct timing, with no way to
detect such errors before runtime. An explicit specification as in
(1) guides principled programming of communication behaviour
and enables automatic protocol validation (WS-CDL; UNIFI; Hu
et al. 2007). In addition, a clean separation between abstraction
and implementation given by type-based abstraction and associated
primitives leads to intelligible programs and flexible implementa-
tions (Hu et al. 2007). Underlying these merits are the following
central properties guaranteed by session types.

1. Interactions within a session never incur a communication error
(communication safety).

2. Channels for a session are used linearly (linearity) and are
deadlock-free in a single session (progress).

3. The communication sequence in a session follows the scenario
declared in the session type (session fidelity, predictability).

Multiparty Asynchronous Sessions The foregoing studies on
session types have focussed on binary (two-party) sessions. While
many conversation patterns can be captured through a composi-
tion of binary sessions, there are cases where binary session types
are not powerful enough for describing and validating interactions
which involve more than two parties.
As an example, let us consider a simple refinement of the above

Buyer-Seller protocol: consider two buyers, Buyer1 and Buyer2,
wish to buy an expensive book from Seller by combining their
money. Buyer1 sends the title of the book to Seller, Seller sends
to both Buyer1 and Buyer2 its quote, Buyer1 tells Buyer2 how
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Communication is becoming one of the central elements in soft-
ware development. As a potential typed foundation for structured
communication-centred programming, session types have been
studied over the last decade for a wide range of process calculi and
programming languages, focussing on binary (two-party) sessions.
This work extends the foregoing theories of binary session types
to multiparty, asynchronous sessions, which often arise in practical
communication-centred applications. Presented as a typed calculus
for mobile processes, the theory introduces a new notion of types in
which interactions involving multiple peers are directly abstracted
as a global scenario. Global types retain a friendly type syntax of
binary session types while capturing complex causal chains of mul-
tiparty asynchronous interactions. A global type plays the role of a
shared agreement among communication peers, and is used as a ba-
sis of efficient type checking through its projection onto individual
peers. The fundamental properties of the session type discipline
such as communication safety, progress and session fidelity are
established for general n-party asynchronous interactions.
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1. Introduction
Backgrounds Communication is becoming one of the central
elements in software development, ranging from web services
to business protocols to parallel scientific computing to multi-
core programming. As a potential typed foundation for struc-
tured communication-centred programming, session types have
been studied in many contexts over the last decade, including
calculi of mobile processes (Takeuchi et al. 1994; Gay and Hole
2005; Honda et al. 1998; Bonelli and Compagnoni 2008), higher-
order processes (Mostrous and Yoshida 2007), Ambients (Gar-
ralda et al. 2006), multi-threaded ML (Vasconcelos et al. 2006),
Haskell (Neubauer and Thiemann 2004b), F# (Corin et al. 2007),
operating systems (Fähndrich et al. 2006), Java (Dezani-Ciancaglini
et al. 2006; Coppo et al. 2007; Hu et al. 2007), and Web Ser-

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. To copy otherwise, to republish, to post on servers or to redistribute
to lists, requires prior specific permission and/or a fee.
POPL’08, January 7–12, 2008, San Francisco, California, USA.
Copyright c© 2008 ACM 978-1-59593-689-9/08/0001. . . $5.00

vices (Carbone et al. 2006, 2007; WS-CDL; Sparkes 2006; Honda
et al. 2007a). A basic observation underlying session types is that
a communication-centred application often exhibits a highly struc-
tured sequence of interactions involving, for example, branching
and recursion, which as a whole form a natural unit of conversa-
tion, or session. The structure of a conversation is abstracted as a
type through an intuitive syntax, which is then used as a basis of
validating programs through an associated type discipline.
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vices (Carbone et al. 2006, 2007; WS-CDL; Sparkes 2006; Honda
et al. 2007a). A basic observation underlying session types is that
a communication-centred application often exhibits a highly struc-
tured sequence of interactions involving, for example, branching
and recursion, which as a whole form a natural unit of conversa-
tion, or session. The structure of a conversation is abstracted as a
type through an intuitive syntax, which is then used as a basis of
validating programs through an associated type discipline.
As an example, the following session type describes a simple

business protocol between Buyer and Seller from Buyer’s view-
point: Buyer sends the title of a book (a string), Seller sends a quote
(an integer). If Buyer is satisfied by the quote, then sends his ad-
dress (a string) and Seller sends back the delivery date (a date);
otherwise it quits the conversation.

!string; ?int;⊕{ok :!string; ?date;end, quit : end} (1)

Above !t denotes an output of a value of type t, dually for ?t; ⊕
denotes a choice of the options; and end represents the termination
of the conversation.
Such explicit representation of conversation structures helps us

deal with one of the most common bugs in programming with com-
munication, the synchronisation bugs. A programmer expects that
communicating programs should together realise a consistent con-
versation, but they easily fail to handle a specific incoming mes-
sage or to send a message at the correct timing, with no way to
detect such errors before runtime. An explicit specification as in
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and enables automatic protocol validation (WS-CDL; UNIFI; Hu
et al. 2007). In addition, a clean separation between abstraction
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primitives leads to intelligible programs and flexible implementa-
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2. Channels for a session are used linearly (linearity) and are
deadlock-free in a single session (progress).

3. The communication sequence in a session follows the scenario
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Multiparty Asynchronous Sessions The foregoing studies on
session types have focussed on binary (two-party) sessions. While
many conversation patterns can be captured through a composi-
tion of binary sessions, there are cases where binary session types
are not powerful enough for describing and validating interactions
which involve more than two parties.
As an example, let us consider a simple refinement of the above

Buyer-Seller protocol: consider two buyers, Buyer1 and Buyer2,
wish to buy an expensive book from Seller by combining their
money. Buyer1 sends the title of the book to Seller, Seller sends
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The notion of subtyping has gained an important role both in theoretical and applicative domains: in
lambda and concurrent calculi as well as in programming languages. The soundness and the com-
pleteness, together referred to as the preciseness of subtyping, can be considered from two different
points of view: operational and denotational. The former preciseness has been recently developed
with respect to type safety, i.e. the safe replacement of a term of a smaller type when a term of a
bigger type is expected. The latter preciseness is based on the denotation of a type which is a math-
ematical object that describes the meaning of the type in accordance with the denotations of other
expressions from the language. The result of this paper is the operational and denotational precise-
ness of the subtyping for a synchronous multiparty session calculus. The novelty of this paper is the
introduction of characteristic global types to prove the operational completeness.

1 Introduction
In modelling distributed systems, where many processes interact by means of message passing, one
soon realises that most interactions are meant to occur within the scope of private channels according
to disciplined protocols. Following [13], we call such private interactions multiparty sessions and the
protocols that describe them multiparty session types.

The ability to describe complex interaction protocols by means of a formal, simple and yet expressive
type language can have a profound impact on the way distributed systems are designed and developed.
This is witnessed by the fact that some important standardisation bodies for web-based business and
finance protocols [2, 22, 20] have recently investigated design and implementation frameworks for spec-
ifying message exchange rules and validating business logic based on the notion of multiparty sessions,
where multiparty session types are “shared agreements” between teams of programmers developing pos-
sibly large and complex distributed protocols or software systems.

Subtyping has been extensively studied as one of the most interesting issues in type theory. The
correctness of subtyping relations has been usually provided as the operational soundness: If T is a
subtype of T′ (notation T ≤ T′), then a term of type T may be provided whenever a term of type T′ is
needed, see [19] (Chapter 15) and [9] (Chapter 23). The converse direction, the operational completeness,
has been largely ignored in spite of its usefulness to define the greatest subtyping relation ensuring type
safety. If [[T]] is the set interpretating type T, then a subtyping is denotationally sound when T ≤ T′

implies [[T]] ⊆ [[T′]] and denotationally complete when [[T]] ⊆ [[T′]] implies T ≤ T′. Preciseness means
both soundness and completeness.
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Abstract. Multiparty sessions with asynchronous communications and global types play
an important role for the modelling of interaction protocols in distributed systems. In
designing such calculi the aim is to enforce, by typing, good properties for all participants,
maximising, at the same time, the accepted behaviours. Our type system improves the
state-of-the-art by typing all asynchronous sessions and preserving the key properties of
Subject Reduction, Session Fidelity and Progress when some well-formedness conditions
are satisfied. The type system comes together with a sound and complete type inference
algorithm. The well-formedness conditions are undecidable, but an algorithm checking an
expressive restriction of them recovers the effectiveness of typing.

1. Introduction

Multiparty sessions [HYC08, HYC16] are at the core of communication-based programming,
since they formalise message exchange protocols. A key choice in the modelling is synchro-
nous versus asynchronous communications, giving rise to synchronous and asynchronous
multiparty sessions. In the multiparty session approach global types play the fundamental
role of describing the whole scenario, while the behaviour of participants is implemented
by processes. A natural question is when a set of processes agrees with a global type,
meaning that participants behave according to the protocol described by the global type.
The straightforward answer is the design of type assignment systems relating processes
and global types. Typically, global types are projected onto participants to get the local
behaviours prescribed by the protocol and then the processes implementing the participants
are checked against such local behaviours. In conceiving such systems one wants to permit
all possible typings which guarantee desirable properties: the mandatory Subject Reduction,
but also Session Fidelity and Progress. Session Fidelity [HYC08, HYC16] means that the
content and the order of exchanged messages respect the prescriptions of the global type.
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Properties

An LTS for global types in parallel with queues

Subject Reduction If a session typed by a global type reduces with a tag, then the
parallel of the global type with the queue of the session reduces with the same tag
and the reduced global type types the reduced session.

Session Fidelity If a session is typed by a global type and the parallel of the global
type with the queue of the session reduces with a tag, then the session reduces
with the same tag and the reduced global type types the reduced session.

Lock freedom A typed session is lock free.

Orphan-message freedom A typed session is orphan-message free.

In a typed session with the empty queue each delegation start is followed by a
delegation end.
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