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Abstract

We formulate a typed formalism for concurrency where types denote freely 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 f-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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Abstract. We present a small language £ and its typing system, starting from
the idea of interaction, one of the important notions in parallel and distributed
computing. £ is based on, apart from such constructs as parallel composition and
process creation, three pairs of communication primitives which use the notion
of a session, a semantically atomic chain of communication actions which can
interleave with other such chains freely, for high-level abstraction of interaction-
based computing. The three primitives enable programmers to elegantly describe
complex interactions among processes with a rigorous type discipline similar to
ML {4]. The language is given formal operational semantics and a type inference
system, regarding which we prove that if a program is well-typed in the typing



Session types over time
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the elements of dyadic interaction

Non blockin
) @ - Chain
Blocking operations on
i Positive values of these
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Programming with CFSTs



Infinitely repeating some action a

Multiplicity

Kind
(Session)

(linear)
type IRepeat : 1S —> 1S
type IRepeat a = a ; IRepeat a




Infinite streams of some type a

Multiplicity Kind

(unrestricted) (Type/any)

type IStream, CoIStream : xT —> 1S
type IStream a = IRepeat (?a) —— seen from the reader
type CoIStream a = Dual (IStream a) —— seen from the writer

A

(builtin) type
operator




A consumer of type IStream Int

Pattern
matching on negative

The type
operator of all non-

type constructor inhabited types

echo : IStfeam Int —> Void @*T
echo (?x ; c) = print x ; echo c

> D



A consumer of type ColStream

Chaining

operations on
positive types

ints : Int —> CoIStream Int —> Vo4

ints n ¢ =
c |> send n |> ints (n + 1) —— preferred
ints (n + 1) (send n c) —— the functional way

let ¢ = send n ¢ in ints (n + 1) ¢ —— alternative



Finite or infinite streams

type IFRepeat : 1S —> 1S —> 1S
type IFRepeat a b = IRepeat (&{More: a, Done: b ; Wait})

—

i~

—
—

&{More: a, Done: b ; Wait}; IFRepeat a b

&{More: a ; IFRepeat a b, Done: b ; Wait ; IFRepeat a b}
&{More: a ; IFRepeat a b, Done: b ; Wait}

uc.&{More: a ; c, Done: b ; Wait}

unfold
distributivity
Wait is absorbing
fold



A consumer of type IFRepeat (?a) Skip

length : IFRepeat (?a) Skip —> Int
length (&Done Wait) = 0
length (&More (?_ ; c)) =1 + length ¢

Pattern

matching on negative
type constructors




Folding a stream of heterogeneous values

Type of the
element next element on

The
result of the fold
operation

Type

of the initial
element

type Fold : 1S
type Fold = V(a:*T) . ?a ; IFRepeat (V(b:1S) . ?(a —> b —> a) ; ?b) (!a)

the stream

The next
element

Initial element Function to fold
next element




A consumer for type Dual Fold

Expect return value:

“5True”

showStream : Dual Fold —> String
showStream c =
let (x, ¢) = ¢ |> sendType @String |> send ""
|> select More |> sendType @Int
|> send (\(x:String) (y:Int) —> x ++ showInt y) |> send 5
|> select More |> sendType @Bool
|> send (\(x:String) (y:Bool) -> x ++ showBool y) |> send True
|> select Done
|> receive
in close c ; X



A consumer of type Fold

fold : Fold —> ()
fold (@a, (?x ; c)) = fold' @a x c
where
fold' x (&Done c) = ¢ |> send x |> wait
fold' x (&More (@b, (?f ; ?y; c))) = fold' (f x y) c
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