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Preface

This volume contains the proceedings of the Ninth IFIP WG 6.1 International
Conference on Formal Methods for Open Object-Based Distributed Systems
(FMOODS 2007). The conference is part of the federated conferences on Dis-
tributed Computing Techniques (DisCoTec), together with the Ninth Interna-
tional Conference on Coordination Models and Languages (COORDINATION
2007) and the Seventh IFIP International Conference on Distributed Applica-
tions and Interoperable Systems (DAIS 2007). It was organized by the Depart-
ment of Computer Science of the University of Cyprus, and it was held in Paphos,
Cyprus during June, 6-8, 2007. The event was the third federated DisCoTec con-
ference series, initiated in Athens in June 2005 and continued in Bologna in June
2006.

The goal of the FMOODS conferences is to bring together researchers and
practitioners whose work encompasses three important and related fields:

— Formal methods
— Distributed systems and
— Object-based technology

The 17 papers presented at FMOODS 2007 and included in this volume were
selected by the Programme Committee among 45 submissions. Each submission
was reviewed by at least three Programme Committee members. They all reflect
the scope of the conference and cover the following topics: semantics of object-
oriented programming; formal techniques for specification, analysis, and refine-
ment; model checking; theorem proving and deductive verification; type systems
and behavioral typing; formal methods for service-oriented computing; integra-
tion of quality of service requirements into formal models; formal approaches to
component-based design; and applications of formal methods.

The two invited speakers of FMOODS 2007, who also contributed to the
proceedings in this volume, were:

— Mariangiola Dezani-Ciancaglini of the University of Torino, Italy, who is well
known for her work on intersection-type assignment systems, which were
largely used as finitary descriptions of lambda-models. More recently, she is
interested in type systems for object-oriented languages and ambient calculi.
In this volume she contributed with a paper introducing session types for
object-oriented languages.

— Wolfgang Ahrend of the Chalmers Technical University, Sweden, who is
known for his involvement in the KeY project, which aims at a formal meth-
ods tool that integrates design, implementation, formal specification, and
formal verification of object-oriented software.

The conference was supported by IFIP, in particular by TC 6 and the work-
ing group WG 6.1. Thanks are due to John Derrick, Elie Najm, and George



VI Preface

Papadopoulos for their efforts in this respect. We are also grateful to the Univer-
sity of Cyprus and George Papadopoulos for organizing the event, the European
project IST-33826 CREDO (http://credo.cwi.nl) for sponsoring one invited
speaker, and the ITEA project Trust4All for sponsoring the participation of one
of the Programme Committee Chairs.

Finally we thank all authors for the high quality of their contributions, and
the Programme Committee members and the external reviewers for their help
in selecting the papers for this volume. The use of EasyChair as a conference

system was very helpful for organizing the technical programme and proceedings
of FMOODS 2007.

June 2007 Marcello Bonsangue
Einar Broch Johnsen
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Asynchronous Session Types and Progress for
Object Oriented Languages*

Mario Coppo', Mariangiola Dezani-Ciancaglini', and Nobuko Yoshida?

! Dipartimento di Informatica, Universita di Torino
{coppo,dezani}@di.unito.it
2 Department of Computing, Imperial College London
yoshida@doc.ic.ac.uk

Abstract. A session type is an abstraction of a sequence of heterogeneous val-
ues sent over one channel between two communicating processes. Session types
have been introduced to guarantee consistency of the exchanged data and, more
recently, progress of the session, i.e. the property that once a communication
has been established, well-formed programs will never starve at communication
points. A relevant feature which influences progress is whether the communica-
tion is synchronous or asynchronous. In this paper, we first formulate a typed
asynchronous multi-threaded object-oriented language with thread spawning, it-
erative and higher order sessions. Then we study its progress through a new effect
system. As far as we know, ours is the first session type system which assures
progress in asynchronous communication.

1 Introduction

Distributed and concurrent programming paradigms are increasingly interesting, ow-
ing to the huge amount of distributed applications and services spread on the Internet.
This gives a strong motivation to the study of specifications and implementations of
these programs together with techniques for the formal verification of their properties.
One of the crucial aspects is that of protocol specification: this consists in checking the
coherence and safety of sequences of message interchanges that take place between a
number of parties cooperating in carrying out some specific task. The use of type sys-
tems to formalise this kind of protocols has interested many researchers: in particular,
session types [25,16] are recently focussed as a promising type discipline for structuring
hand-shake communications. Interaction between processes is achieved by specifying
corresponding sequences of messages through private channels. Such sequences are as-
sociated with session types, that assures that the two parties at each end of a channel
perform consistent and complementary actions. Session types are assigned to commu-
nication channels and are shared among processes. For example, the session type begin
.?int. !'bool.end expresses that, after beginning the session, (begin), an integer will be
received (?int), then a boolean value will be sent (!bool), and finally it is closed (end).

* This work was partly funded by FP6-2004-510996 Coordination Action TYPES, EPSRC
GR/T03208, EPSRC GR/S55538, EPSRC GR/T04724, EPSRC GR/S68071, and EU IST-
2005-015905 MOBIUS project.

M.M. Bonsangue and E.B. Johnsen (Eds.): FMOODS 2007, LNCS 4468, pp. 1-31, 2007.
(© IFIP International Federation for Information Processing 2007



2 M. Coppo, M. Dezani-Ciancaglini, and N. Yoshida

Session types have been studied for several different settings, i.e., for m-calculus-
based formalisms [14,25,11,16,2], for CORBA [26], for functional languages [13,27],
for boxed ambients [10], and recently, for CDL, a W3C standard description language
for Web Services [4,28,3,24,17]. In [6] the notion of session types was investigated
in the framework of object oriented languages. Such an integration has been attempted
before only in [7,26] and more recently in [5].

The integration of type-safe communication patterns with object-oriented program-
ming idioms is done in [6] via the language MOOSE, a multi-threaded object-oriented
core language augmented with session types. The type system of MOOSE has been de-
signed not only to assure the type safety of the communication protocols, but also the
progress property, i.e. that a communication session, when started, is executed without
risk that processes in a session are blocked in a deadlock state. The first property is a
consequence of the subject reduction property, which has been shown to be a critical
one for calculi involving session types. A recent article [29] analyses this issue in de-
tails, comparing different reduction rules and typing systems appeared in the literature
[16,27,2,11].

The progress property, which also is an essential requirement for all kinds of ap-
plications, does not seem to have been considered before [6,7] in the literature. The
operational semantics of MOOSE, however, requires communications on a channel to
be synchronous, i.e. they can take place only when both processes involved in a com-
munication are ready to perform the corresponding action. This is a strong requirement
that can sometime generate deadlocks. Take for instance the parallel of the following
processes:

1 | connect c0 begin.?int.end{ 1 | connect c0 begin.!int.end{
2 connect cl begin.!int.end{ 2 connect cl begin.?int.end{
3 c0.send(3); 3 cl.send(5)
4 cl.receive 4 ¥
5 } 5 c0.receive
6 } 6 |}
Qo 0

Here connect c0O opens the session over channel c0, c0.send (3) sends value 3 via
c0, and cO.receive receives a value via c(. These two processes in parallel, after having
opened one connection on channel c0 and one on channel c 1, cannot mutually exchange
an integer on these channels. The resulting process would be stuck with the reduction
rules of [6], since Qg and Q; are both waiting for a receiving action to synchronise.

In this paper we consider an asynchronous version of MOOSE, named AMOOSE:
channels are buffered and can perform input and output actions at different times. This
extension allows the senders to send messages without being blocked, reducing an over-
head waiting for heavy synchronisation which the original synchronous session types
require. Session types with asynchronous communication over buffered channels have
been considered in [22,12] for functional languages, and in [9] for operating system ser-
vices, to enforce efficient and safe message exchanges. These papers do not consider the
progress property. In Java, this asynchronous semantics is found in many communica-
tion APIs such as Socket [19] and NIO [20]. Further, with the asynchrony, we naturally
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(type) t :=C| bool | s | (s,5)
(class) class := class C extends C { ft meth}
(method)  meth :=tm (fX,py) {e}

(expression) e ::

x| v |this|e;e|ef:=e|ef|em(&)]| newC

|  new (s,5) | spawn{e } | connectas{e}
| u.receive |u.send(e) | u.receiveS(x){e} | u.sendS(u)
| u.receivelf {e }{e} | u.sendlf (e){e}{e}
|

u.receiveWhile {e } | u.sendWhile(e){e}

(identifier) a =

(channel) i =

(value) v z=c | null | true| false |
(thread) p:=le | P|

(heap) h =

Fig. 1. Syntax, where syntax occurring only at runtime appears |

obtain more programs with progress: in the above example, for instance, the sending
actions transmit the output values to the buffered channels and running of Qg and Q) in
parallel can progress and reach safely its natural end.

In [6] a single type system was defined to assure both type safety and progress. These
two properties, however, are rather orthogonal: there seems to be no strong connection
between them. In this paper we have chosen to define a type system for type safety and
an effect system for progress. This de-coupling results in simpler systems and it allows
a better understanding of the conditions needed to assure each property.

Structure of the paper. The syntax and operational semantics of AMOOSE will be
introduced in Section 2, the typing system and the main definitions to formulate the
subject reduction property will be introduced in Section 3. Progress properties will be
discussed in Section 4. The complete proof of the subject reduction theorem is given in
the Appendix.

2 Syntax and Operational Semantics

2.1 Syntax

In Fig. 1 we describe the syntax of AMOOSE, which is essentially that of the lan-
guage MOOSE [6]; AMOOSE and MOOSE differ in the operational semantics, since
in AMOOSE output is asynchronous, and the exchange of data between processes is
realised via buffers in the queues associated to channels. We distinguish user syntax,
i.e., source level code, and runtime syntax, which includes null pointer exceptions,
threads and heaps.
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Channels. We distinguish shared channels and live channels. They both can be param-
eters of procedures. We deviate from [6] introducing polarised live channels [11,29].
Shared channels are only used to decide if two threads can communicate. After a con-
nection is established the shared channel is replaced by a couple of fresh live channels
having a different polarity, + or —, one for each of the communicating threads. We de-
note by k” in the same thread both the receiving channel of polarity p and the sending
channel of opposite polarity p: this will be clear from the operational semantics. Note
that the meaning of polarities is different from that in [11], where polarities simply rep-
resent the two ends of a (unique) session channel. As a notational convention we will
always use c, ... to denote shared channels and k”,k{,k”,... to denote polarised live
channels.

User syntax. The metavariable t ranges over types for expressions, p ranges over
running session types, C ranges over class names and s ranges over shared session
types. Each session type s has one corresponding dual, denoted S, which is obtained
by replacing each ! (output) by ? (input) and vice versa. We introduce the full syntax of
types in § 3. Class and method declarations are as usual.

The syntax of user expressions e,e’ is standard but for the channel constructor
new (s,5), which builds a fresh shared channel used to establish a private session,
and the communication expressions, i.e., connect u s {e} and all the expressions in the
last three lines.

The first line gives parameter, value, the self identifier this, sequence of expressions,
assignment to fields, field access, method call, and object creation. The values are chan-
nels, null, and the literals true and false. Thread creation is declared using spawn {e},
in which the expression e is called the thread body. The expression connect us{e}
starts a session: the channel u appears within the term {e } in session communications
that agree with session type s. The remaining eight expressions, which realise the ex-
changes of data, are called session expressions, and start with “u._”; we call u the
subject of such expressions. In the below explanation session expressions are pairwise
coupled: we say that expressions in the same pair and with the same subject are dual to
each other.

The first pair is for exchange of values (which can be shared channels): u.receive
receives a value via u, while u.send (e) evaluates e and sends the result over u. The
second pair expresses live channel exchange: in u.receiveS (x ){e } the received channel
will be bound to x within e, in which x is used for communications. The expression
u.sendS (u’) sends the channel u’ over u. The third pair is for conditional communica-
tion: u.receivelf {e } {e’} receives a boolean value via channel u, and if it is true con-
tinues with e, otherwise with e’; the expression u.sendl|f (e){e’}{e”} first evaluates
the boolean expression e, then sends the result via channel u and if the result was
true continues with e’, otherwise with e”. The fourth is for iterative communication:
the expression u.receiveWhile {e } receives a boolean value via channel u, and if it is
true continues with e and iterates, otherwise ends; the expression u.sendWhile (e ){e’}
first evaluates the boolean expression e, then it sends its result via channel u and if the
result was true continues with e’ and iterates, otherwise it ends.
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Runtime syntax. The runtime syntax (shown shaded in Fig. 1) extends the user syntax:
it adds NullExc to expressions, denoting the null pointer error; includes polarised live
channels; extends values to allow for object identifiers o, which denote references to
instances of classes; finally, introduces threads running in parallel. Single and multiple
threads are ranged over by P, P'. The expression P| P’ says that P and P’ are running in
parallel.

Heaps, ranged over h, are built inductively using the heap composition operator *?’,
and contain mappings of object identifiers to instances of classes, shared channels and
mappings of polarised channels to queues of values. In particular, a heap will contain
the set of objects and fresh channels, both shared and live, that have been created since
the beginning of execution. The heap produced by composing /:: [0 +— (C JF:0)] will
map o to the object (C,f : V), where C is the class name and f :V is a representation
for the vector of distinct mappings from field names to their values for this instance.
The heap produced by composing 4 ::c will contain the fresh shared channel c. The
heap produced by composing A :: [k? — V] will map the live channel k” to the queue
¥ . Heap membership for object identifiers and channels is checked using standard set
notation, we therefore write it as 0 € h, ¢ € h, and k” € h. Heap update for objects is
written h[o — (C,f :¥)], for polarised channels h[k” — V], and field update is written
(C,f:¥)[f — v]. We assume that the heap is unordered, i.e. satisfying equivalences like

vav =viav,  m=h,hh=h=hhy=h

where v denotes generic heap elements. With some abuse of notation the operator
“.:” denotes heap concatenation without making distinction between heaps and heap
elements.

2.2 Operational Semantics

This subsection presents the operational semantics of AMOOSE: the main difference
with respect to [6] is that in AMOOSE output is asynchronous and the values are ex-
changed through queues associated to live channels in the heap. In the reduction rules
then the heap plays an essential role also in communications.

We only discuss the more interesting rules. First we list the evaluation contexts.

E:= [-]|Ef|Ee|Ef :=e|o.f:=E|Em(&)|o.m(V,E,§)
| kP.send(E) | kP.sendIf (E){e}{e'}

Since heaps associate queues only to live channels, we can reduce only session ex-
pressions whose subjects are live channels. Moreover shared channels are sent by send,
while live channels are sent by sendS. For this reason there are no evaluation contexts
of the shapes E.send (e), k”.sendS (E) etc.

Fig. 2 defines auxiliary functions used in the operational semantics and typing rules.
We assume a fixed, global class table CT, which as usual contains Object as topmost
class.

Expressions. Fig.3 shows the rules for execution of expressions which correspond to
the sequential part of the language. The rules not involving communications are stan-
dard [18,1,8], but for the addition of a fresh shared channel to the heap (rule NewS™).



