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Abstract

We formulate a typed formalism for concurrency where types denote frecly composable structure of dyadic inter-
action in the symmetric scheme. The resulting calculus is a typed reconstruction of name passing process calculi.
Systems with both the explicit and implicit typing disciplines, where types form a simple hierarchy of types, are
presented, which are proved to be in accordance with each other. A typed variant of bisimilarity is formulated and
it is shown that typed S-equality has a clean embedding in the bisimilarity. Name reference structure induced by
the simple hierarchy of types is studied, which fully characterises the typable terms in the set of untyped terms.
It turns out that the name reference structure results in the deadlock-free property for a subset of terms with a
certain regular structure, showing behavioural significance of the simple type discipline.
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Other related work includes Abramsky’s process interpretation of Linear Logic [1], from which we
got essential suggestions regarding compositional type structure for interaction and its materialization
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Abstract

We detail Abramsky’s “proofs-as-processes” paradigm for inter-
preting classical linear logic (CLL) [13] into a “synchronous” version
of the m-calculus recently proposed by Milner [27, 28]. The trans-
lation is given at the abstract level of proof structures. We give a
detailed treatment of information flow in proof-nets and show how
to mirror various evaluation strategies for proof normalization. We
also give Soundness and Completeness results for the process-calculus
translations of various fragments of CLL. The paper also gives a self-
contained introduction to some of the deeper proof-theory of CLL,
and its process interpretation.
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Abstract

This paper presents an exact correspondence in typing and dynamics be-
tween polarised linear logic and a typed m-calculus based on IO-typing.
The respective incremental constraints, one on geometric structures of
proof-nets and one based on types, precisely correspond to each other,
leading to the exact correspondence of the respective formalisms as they
appear in [Lau03| (for proof-nets) and [HYBO04] (for the m-calculus).
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¢ functional-typed sequential programming
 intuitionistic logic

¢ the A calculus




FOUNDATIONS FOR SESSIONS |

¢ session-typed concurrent programming

¢ linear logic

® the 1T calculus
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Several type disciplines for m-calculi have been proposed in which linearity plays a key
role, even if their precise relationship with pure linear logic is still not well understood.
In this paper, we introduce a type system for the m-calculus that exactly corresponds
to the standard sequent calculus proof system for dual intuitionistic linear logic. Our
type system is based on a new interpretation of linear propositions as session types, and
provides the first purely logical account of all (both shared and linear) features of session
types. We show that our type discipline is useful from a programming perspective, and
ensures session fidelity, absence of deadlocks, and a tight operational correspondence
between m-calculus reductions and cut elimination steps.
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Abstract

Continuing a line of work by Abramsky (1994), by Bellin and
Scott (1994), and by Caires and Pfenning (2010), among others,
this paper presents CP, a calculus in which propositions of classical
linear logic correspond to session types. Continuing a line of work
by Honda (1993), by Honda, Kubo, and Vasconcelos (1998), and
by Gay and Vasconcelos (2010), among others, this paper presents
GV, a linear functional language with session types, and presents a
translation from GV into CP. The translation formalises for the first
time a connection between a standard presentation of session types
and linear logic, and shows how a modification to the standard
presentation yield a language free from deadlock, where deadlock
freedom follows from the correspondence to linear logic.
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Throughout the years, several typing disciplines for the m-calculus have been proposed.
Arguably, the most widespread of these typing disciplines consists of session types.
Session types describe the input/output behavior of processes and traditionally provide
strong guarantees about this behavior (i.e., deadlock freedom and fidelity). While these
systems exploit a fundamental notion of linearity, the precise connection between linear
logic and session types has not been well understood.

This paper proposes a type system for the m-calculus that corresponds to a standard
sequent calculus presentation of intuitionistic linear logic, interpreting linear propositions
as session types and thus providing a purely logical account of all key features and
properties of session types. We show the deep correspondence between linear logic and
session types by exhibiting a tight operational correspondence between cut elimination
steps and process reductions. We also discuss an alternative presentation of linear session
types based on classical linear logic, and compare our development with other more
traditional session type systems.
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¢ CH provides a canonical design space to session types
¢ streamlines several ad-hoc features of other systems
¢ naturally amenable to extensions and generalizations

€€

¢ “applied” languages will diverge from the pure model

¢ but, the foundational value of the interpretation remains
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TYPING JUDGEMENT

Intuitionistic
N1:S1, ..., NkkSk — P :: mM:S

Process P safely provides session S at (hame) m, whenever
composed with any system providing session S; at each n;

No ?S type. Enforces locality on shared channels.
Immediately compatible with dependent type theory.
Classical
o o R RS e e )
Process P safely provides session S;j at each n;
Full duality (S+)




SAMPLE TYPE SYSTEM (CLL)
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HIGHLIGHTS

* Logical interpretation ensures global progress, compositionally
* Logical foundation promotes extensions and generalizations:

- polymorphism (e.g., behavioral genericity, parametricity)

- dependent types (e.g., contracts, certificates, signatures)

- modalities (e.g., authorization, classification)

- higher-order (e.g., functional encodings, integration)

- logical relations (e.g., termination, behavioral equivalences)
* Challenges:

- describing interactions between several parties ?

- accommodating non-determinism ? concurrency ? state?

- expressing security properties ? information flow?
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