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About this talk

What these slides are

1 An attempt to help us all point out some existing and
potential research activities that can become the focus of
future collaboration within the BETTY network.

2 Hopefully a discussion starter.
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About this talk

And what they are not

1 They are not the final word on research in the area of
behavioural types.

2 They do not provide a comprehensive bibliography.

3 And they do not constitute a tutorial on this topic.
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Part I

Two avenues
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Type idioms and type systems for calculi/languages

Binary session types

Multiparty session types

Automata-based types

Contracts

Expressing safety and liveness properties
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Semantic foundations

Relating approaches via encodings

Linear logic

Notions of subtyping
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Session types Contracts Interface automata Typestates Reasoning about properties

Part II

Surrounded by idioms
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Session types Contracts Interface automata Typestates Reasoning about properties

Session types

Session types generalize notions of channel types from process
calculi with notions of non-uniformity and causality.

Communication channels are used according to a protocol.

There is a notion of typability.

Very often, the language is an extended process language with
special primitives for establishing session channels, selection
and branching.
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Dyadic session types

The paper (Honda, 1993) introduced the basic ideas for session
types, and (Honda et al. , 1998) was an important step on the
road to session types becoming important.
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Multiparty session types

The seminal paper here is (Honda et al. , 2008) which introduces
the notions of local and global descriptions of a system along with
local and global types.

How do we understand/synthesize local behaviour based on
global behaviour (and vice versa)?

How do we understand/synthesize local types based on a
global type (and vice versa)?
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Understanding global behaviour

(Bocchi et al. , 2010) shows how to add data to the theory of
choreographies.

(Carbone et al. , 2012) introduces global types as descriptions
of whole conversation scenarios and relates them to session
types.

(Carbone & Montesi, 2013) proposes a purely-global
programming model. Marco Carbone will talk about this later.

(Castagna et al. , 2012) presents a new, streamlined language
of global types equipped with a trace-based semantics and
compares it with related specification languages.

Ivan Lanese will talk about adaptable choreographies.
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From the local to the global – and back again

(Lanese et al. , 2008) shows that different conditions are
needed to make a choreography projectable onto single
participants.

(Lange & Tuosto, 2012) proposes a typing systems which
allows, under some conditions, to synthesise a choreography
(i.e. a multiparty global type) from a set of local session types
which describe end-point behaviours (i.e. local types).
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Other work on multiparty session types

(Bocchi et al. , 2012) proposes algorithms for helping the
design of choreographies that use data.

(Caires & Vieira, 2010) introduces a generalisation of session
types for multiparty interaction, unifying local and global
types.

(Chen et al. , 2012) deals with how to correctly instrument
monitors for enforcing session types in a distributed setting.
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Contracts

Session types Contracts

?Int.?Int.(!Real ⊕ !Error) a.a.(b⊕ c)

(example borrowed from (Castagna et al. , 2009))
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Contracts

Contracts use CCS-like languages for describing an abstraction of
the behaviour of a program. A notion of conformance describes if
and how a program lives up to a contract.

(Castagna et al. , 2009) describes a theory of contracts that
formalizes the compatibility of a client with a service, and the
safe replacement of a service with another service.

(Bartoletti et al. , 2012) presents a calculus of contracting
systems, allowing distributed participants to advertise
behavioural contracts, reach agreements and realise them (or
choose not to).
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Conforming to a contract

(Bravetti & Zavattaro, 2007) presents a foundational theory
of behavioural contracts for multi-party service composition,
focusing on the conformance relation of a contract for a given
role with respect to a (well-formed) choreography.

(Bravetti & Zavattaro, 2009) presents a foundational theory
of behavioural contracts for multi-party service composition,
focusing on contract refinement (coarsest subcontract
relation) and its relationship with (fair) testing.
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Interface automata

(from (Mouelhi et al. , 2009))
The interface of a component is described using an
I/O-automaton. A notion of refinement compares abstract and
concrete descriptions of a given interface.
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Interface automata

(Mouelhi et al. , 2009) proposes a method to enrich the
interface automata formalism.

(Chouali & Hammad, 2011) describes an approach which
combines component SysML models and interface automata
in order to assemble components and to verify formally their
interoperability.
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Typestates

Here the type of a typable entity is state-based. The state
describes the operations that are permitted for an object that has
this particular typestate.
(Gay et al. , 2010) gives a unified view of communication channels
and their session types, distributed object-oriented programming,
and a form of typestates supporting objects that dynamically
change the set of available methods.
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Reasoning about properties

(Bettini et al. , 2008) introduces a type system to prove
progress properties for a system in which sessions can be
interleaved.

(Vieira & Vasconcelos, 2013) proposes another such system.

Hugo Torres Vieira will talk about this.

In the study of liveness properties, (Kobayashi, 2002) shows
how to use a notion of behavioural types to reason about
global properties of systems, in particular lock-freedom.

Marco Carbone will say more about liveness properties.
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Part III

Semantic foundations
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Subtyping Relating approaches

Subtyping for session types

Subtyping for session types

(Gay & Hole, 2005) is a seminal paper! This paper makes it
possible to think of subtyping as a way of giving semantics to
session types.

(Barbanera & de’ Liguoro, 2010) proposes a refinement and a
simplification of the behavioural semantics of session types,
based on the concepts of compliance and sub-behaviour from
the theory of web contracts.

(Padovani, 2011a) describes an extension of the notion of
subtyping to multiparty sessions.
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Relating contracts

Relating contracts

The notion of subtyping has its counterpart in the study of
contracts.

(Castagna & Padovani, 2009) provides a semantic account of how
to relate contracts, in terms of the eventual outcome (deadlock,
success or indefinite progress) of every sub-component making up
the contract. The underlying idea is similar to that of testing
preorders.

Hans Hüttel
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Linear logic

Linear logic

(Caires & Pfenning, 2010) develops a Curry-Howard interpretation
between binary session types and linear logic propositions.

Luis Caires will talk about this.

Hans Hüttel
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Relating approaches

(Bernardi & Hennessy, 2012) gives a comparison of session
types and contracts.

(Demangeon & Honda, 2011) establishes a relationship
between binary session types in the π-calculus and standard
type systems.

(Padovani, 2011b) shows the connection between choice
operators in session types and intersection and union types in
conventionaltype systems.

(Hüttel, 2011) presents a general type system for Ψ-calculi
that also allows for instantiations to type/effect systems.

(Dardha et al. , 2012) presents a fully abstract translation of
session types into a ‘sessionized’ version of the simply typed
π-calculus.
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Part IV

And next. . .

Hans Hüttel
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How can BETTY help us?

Think about this in the light of this presentation and the short
presentations that follow:

Potential for collaboration on existing topics.

New topics for future collaborative efforts.

Potential scientific missions.
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Item 5 on the agenda of the Management Committee

WG1 needs a chair (or co-chairs) and a vice-chair. The vice-chair
should be an early-stage researcher.
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Short presentations (300 seconds each)

Marco Carbone

Hugo Vieira

Ivan Lanese

Luis Caires

Marco Carbone
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BETTY – WG1: Foundations of Behavioural Types



And next . . . References

Pages 273–284 of: Proc. of POPL’08.
ACM Press.

Honda, Kohei. 1993.
Types for Dyadic Interaction.
Pages 509–523 of: Best, Eike (ed), CONCUR ’93

Honda, Kohei, Vasconcelos, Vasco Thudichum, & Kubo, Makoto.
1998.
Language Primitives and Type Discipline for Structured
Communication-Based Programming.
Pages 122–138 of: Hankin, Chris (ed), Programming
Languages and Systems - ESOP’98.
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