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Abstract

We introduce the main ideas underlying a new programming language, called MC#, which is intended
for development of industrial concurrent distributed applications based on .NET Framework. The premises
and goals for the language design are presented, its novel constructs, such as movable methods, channels and
handlers, are described, and the key specific features of MC# are formulated. In the second part of the paper,
we provide a formal basis for the proposed language. The starting point is the objective join-calculus of Fournet
and Gonthier, which we extend first to a concurrent object calculus (C-calculus) and then to a distributed object
calculus (D-calculus). For both calculi, we define an operational semantics in the ”abstract chemical machine”
style, and for the C-calculus we develop a type system and prove a ”subject reduction” theorem. We conclude
with a description of the current implementation and the directions for future work.

1 Introduction

In this paper, we introduce a formal basis for MC#
- a language for .NET-based concurrent, distributed
programming [2, 3]. Given language is an adaption
of the basic idea of the Polyphonic C# language [1]
for the case of distributed programming. As a mat-
ter of fact, the authors of the Polyphonic C# language
presumed that asynchronous methods can be used ei-
ther on local computer or on a set of machines where
they have been fixed and interact through the remote
method call tools. In the case of MC#, the execu-
tion of an autonomous asynchronous method can be
scheduled on a different machine selected mostly au-
tomatically. Interaction of remote asynchronous meth-
ods - in MC+#, they are called ”movable methods” - or,
equivalently, between distributed objects, is realized by
message passing using other new first-class constructs
of MC#, such as channels and handlers. The latter are
defined using chords in the Polyphonic C# style.

2 Novel constructs of MC4#:
movable methods, channels
and handlers

In any object-oriented language, conventional meth-
ods are synchronous: the caller always waits until the
method called is completed, and only then continues its
work. The one of the key feature of Polyphonic C# is

the introduction of so called ”asynchronous” methods
in addition to conventional synchronous ones. Indeed,
such asynchronous methods are intended to play the
two major roles in concurrent programs:

1. to implement the basic part of the algorithm in
separate threads, and

2. to deliver the data (possibly, with preliminary
processing of it) to conventional, synchronous
methods.

In the MC# language, these two kinds of methods
form special syntactic categories of:

1. async- and mowvable methods, and
2. channels,

respectively. In Polyphonic C#, asynchronous meth-
ods used for data delivery are usually declared to-
gether with synchronous methods. In MC#, the latter
are represented through another first-class constructs,
namely, the message handlers (or simply, handlers, for
short).

Async- and movable methods are the only way to
create concurrent distributed processes. In contrast
to async-methods that are running locally, movable
metods can be transferred to other machines for ex-
ecution. In particularly, the first key feature of
MC# language is that, in general, during a movable
method call, all necessary data, namely

1. the object itself to which the given mowvable
method belongs, and

2. arguments for the latter



are only copied (but not moved) to the remote ma-
chine. As a consequence, changes made afterwards to
the copy will not affect the original object. In particu-
lar, if a copied object has channels and handlers, they
also are copied to the remote machine - they become
" proxies” for the original ones (see the movable-call rule
for D-calculus, Section 3.2).

Channels and handlers are the tools to support the
interaction between distributed objects. Syntactically,
channels and handlers are declared using chords in the
Polyphonic C# style (cf. [1] and [3]). In the following
example, the channel sendInt for transferring single in-
tegers is defined along with the corresponding handler
getInt:

public handler getInt int() & channel sendInt (
int x ) { return (x); }

In such declarations, handlers have the following
general format:

modifiers handler handler-name return-type (args)

A general rule for chord triggering is the following:
the body of a chord is executed only after all methods
declared in the chord header have been called (see the
reduction rule of C-calculus, and joint-call rule of D-
calculus in Section 3). The second key feature of
MC+# language is that channels and handlers can be
passed as arguments to methods (in particular, to mov-
able methods) separately from the object to which
they belong (in this sense, they are similar to the point-
ers to methods or, in C# terms, to the delegates).

The third key feature of M C# is that if chan-
nels or handlers were copied to a remote machine sep-
arately or as part of some object, then they become
proxy objects, or intermediares for the original ones.
As usual, all manipulations over the proxy objects are
transferred to the original channels and handlers by
the Runtime-system.

Many examples of programs written in MC#
and demonstrating its specific constructs in work

can be found in [3] and at MC# project site
www.mcsharp.net.

3 Formal semantics of MC#

To present the operational semantics of MC# in a more
compact and understandable form, we define it only for
such specific constructs of MC# as async- and movable
methods, channels and handlers along with generic fea-
tures, such as concurrent composition and object dec-
laration.

The main distinction of our definition of operational
semantics is that, in contrast to traditional approaches
[4, 5], we do not consider object as (a guarded sum of)
concurrent processes. S0 in object-oriented settings,
we adhere to more simple and natural approach when
the only concurrent processes in a calculus are method
calls. Given approach allows to separate ”object-
oriented” issues as method update, inheritance, cloning
etc., from the process calculus as such.

Following this way, we define sequentially a con-
current (local) object calculus (C-calculus) and then a
distributed object calculus (D-calculus), where the lat-
ter explicitly includes a notion of execution location - a
site. Also, we define a type system for C-calculus and
prove ”a subject reduction” theorem for it.

3.1 C-calculus: a concurrent object
calculus

Let N be a set of names, where z,y, ... are informally
identified as wvariable names, a,b,... as object names,
and m, ... as method names. We will denote tuples of
names by z, y, etc. The syntax of the concurrent object
calculus, as a first approximation of the core of MC#,
is given below. This calculus is a modified version of
the objective join-calculus [6].

J = m<Zz> message (or channel)
| J1&Jo joint
D := 1 empty definition
| J>P process with joint
| D,, D, composite definition
O := a=D object declaration
|  01;0: composite declaration
P = 0 empty process
| a.J message sending
| PP concurrent composition
| objOin P process with objects

Typically, there are two variants of operational se-
mantics definitions for concurrent calculi: 1) an ab-
stract operational semantics, which uses a structural
conguence relation, and 2) a ”chemical abstract ma-
chine” style semantics, which is closer to actual imple-
mentations.

3.1.1 Abstract operational semantics

Let o be a substitution on N. An abstract operational
semantics for C-calculus is based on reduction relation
— on processes defined by one axiom and three in-
ference rules. Here, we drop a definition of structural
congruence relation =.



reduction :

P~ P
par : —_ =
— PllQ = P'|IQ
. P> P
obj ¢ obj O in P — obj O in P’
—_ I= /
struct : P_?D:%’_P

obja=J>P,D;Oinado||Q — obja=J>PD;0in Po | Q

3.1.2 Chemical semantics

A chemical abstract machine for C-calculus is defined
as a set of rewriting rules applied to object and process
configurations. A configuration (”chemical soup”) O I+
P consist of a set O of object declarations and a multi-
set P of (concurrently running) processes. The ”chem-

ical reactions” are given by (reversible) structural rules
= and reduction rules — representing computation
steps. In the following, a notation a = { J > P}
is an abbreviation for an object declaration which in-
cludes, among others, a definition J > P. Below we
present the most typical rule only - a reduction rule:

reduction :

a={J D> P}IFaJo = a={J D> P} IF Po
where a substitution o gives actual values to the message parameters in J

Then the following propositions, linking an abstract
operational semantics and a ”chemical” semantics hold
true.

Proposition.

Let Py,P> be processes of C-
calculus. Then

3.1.3 Type system

To build a type system for C-calculus, we assume given
a set of basic types b € 7. Then the syntax of types and

)P = P iff IF P =1k P, typing environments, which associate types to names,
2)Pp —» Py iff I P = >="IF P. is the following:
T u= b basic type
| <71,y > message (channel) type
| {mi:7, . ymn T} object type
A= ] empty typing environment
| A+ u:T, u€N

Further, we use four kinds of typing judgements:

AF u:t the name u has type 7in A

AF P the process P is well-typed in A
A+ D:B

A+ O:B the declaration O is well-typed in

the definition D is well-typed in A with types B for its defined channel names

A with types B for its declared object names

The following rules describe valid derivations for
type judgements (cf. with [7]). (Here, B1 @ B is a
union of B; and Bs, and requires B; and B2 to be

equal on common names. Also, in notation a : { m; :<

7; >¥€1-7 . p1 a symbol p denotes a remaining part of
the type of object a.



(Name) T 7 Fuir (Nil)A—l—(ZJ

(Joined message)

Aba:{mi:<i>"" p} AFGi: 7, i=1n

AEP AL P,
(Por) = BB

(Join-Def)

AFami<u > &...&m, < vp >

(Empty-Def) AFL0

A4+u T+ oo +Un T FP

Az < > & ... &xn <tp >> P

o ) A5 A

(Compose-01j) 4 3G 4 B B

o {rs i< T >l€1""}

(Object) G4 BFa=Dx{a: B}

A+a:B+FD: B

AFobj Oin P

To prove a subject reduction property for C-
calculus, we intoduce yet another typing judgement
A F O I+ P to state that all declarations and
all processes are independently well-typed in the same
typing environment A. Omitting here some further
technical details, we can formulate our main result for
C-calculus.

Theorem. One-step chemical reductions preserve

types.

3.2 D-calculus: a distributed object
calculus

A D-calculus results from adding to C-calculus abstrac-
tions for specific constructs of MC# language such as

async- and movable methods, channels and handlers
and a notion of execution location - a site.

Now, within a set N of (simple) names we infor-
mally identify variable names z,y, z,.., object names
a,b, ..., method names m, ..., channel names c, ..., han-
dler names h, ..., and site names s,7,.... Weuse u € N
to denote a name in general. In addition to simple
names, we use composite names as a.m, a.c, a.h to de-
note object components such as methods, channels and
handlers, respectively.

The syntax of the D-calculus is given below:

C = channels
c<T> channel
| Ci1&C, channel joint
H:= h(y) handler
J = H&C general joint
D := method definition
m(z) : P async-method
| Cp>P process with channel joint
| J D returnE  ezpression with joint
| Dy, D, composite definition
O ::= object declaration
a =D single object declaration
| 015 O2 composite declaration
E = eTpressions
U name
|  a.h(E) handler call
P .= processes
] empty process
|  am(E) async-method call
| am(E) = s  movable method call
| ac<E > message sending
| P P concurrent composition
| objOinP process with (local) objects




For this calculus, we developed an operational se-
mantics in a ”chemical abstract machine” style. As
before, the rewriting rules for chemical machine oper-

ation are divided into two classes: structural rules =
and reduction rules —. They are applied to the config-
urations whose syntax is as follows:

S =

site configuration
s[O F P] site

| St | S2

concurrent composition of sites

Below, we provide three rules of chemical semantics
to give a flavour of it. A notation like O° denote an
object declaration, in which all channels and handlers
for all objects in O are bounded (or, in other words,
are localized relative) to site s. Informally, objects are
bounded to site s during their initial creation on this
site (see the rule obj below). Also, P{E} denotes a

process with an occurence of expression E, and E1/E»
denotes replacement of E; with E2 in corresponding
term. As usual, chemical rewriting rules show only
those components that are directly involved in compu-
tation steps. The other parts of chemical soup remain
unchainged.

obj :

movable — call :

joint — call :

s[F objOin P] = s[O°c F Pal],
where o is a substitution giving fresh (relative to site s ) names to the objects in O.

s[O°* F am(a) — r]||r[F] =
where o is a substitution giving fresh (relative to site r ) names to the objects in O°.

sla = {h*(z) & C° > return E} + P{h(a)},a.Co] —
sla = {h*(z) & C® > return E} + P{h(a)/E(z/u)o }]
for some substitution o that gives actual values to formal parameters of C.

s[O* F]||r[O% F (a.m(u))o],

In fact, the above rules together with those omitted,
embody in pure form the basic algorithm of Runtime-
system for MC# language.

4 Implementation and future
work

We build an implementation of MC# language that
consist of a compiler from MC# to C#, and a Runtime-
system. In fact, there are 3 versions of MC# pro-
gramming system: for multi-core machines, for clus-
ters a nd for metacluster/Grid-systems. By way of
experiments, we have written a large series of con-
current distributed applications in MC#, such as 3D
rendering, radar-tracking signals processing, molecu-
lar dynamics computations, etc. MC# language was
used with success in Intel Threading Challenge contest

(http:/ /softwarecontests.intel.com /threadingchallenge).

Large-scale tests were conducted on the ”SKIF K-
1000” (98" in Top500, November 2004) and ” SKIF
Cyberia” (105" in Top500, June 2007) clusters. The
maximum number of processors used was 1100. MC#
site is http://www.mcsharp.net.

Further theoretical effort will be to establish the prop-
erties of proposed semantics and to develop a type
system for D-calculus. Also we plan to add to the
language specific constructs that allow to define data
(mostly, arrays) distribution between movable methods
in declarative manner like in X10 language [8].
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