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Abstract. This is a brief survey of current research directions in mobile
computation. In particular we provide an overview of the various abstract
calculi for mobility, an overview of the programming languages that have
been developed for mobile computation, and provide a comparative study
of the language abstractions via the calculi and discuss the underlying
challenges.

1 Introduction

Mobility denotes the physical or virtual movement of computational resources
(comprising hardware and software) across a local or global network. The term
mobile computing is used for environments where the hardware 1s mobile, while
the term mobile computation is used in situations where software 1s mobile. In
this survey we shall focus on mobile computation. With rapid advances in Inter-
net technology, and the availability of powerful laptop and palmtop computers,
the concept of mobility is undergoing a metamorphosis from a mere theoretical
curiosity to become one of the essential requirements of every computing environ-
ment. The phenomenon of mobility on a global scale has the potential of causing
wide ranging effects on the practice of computing. Further, by providing a com-
pletely new paradigm for understanding the nature of computation, it forces us
to reconsider our conceptual understanding of the notion of computation as well.

In this survey, we shall provide an overview of the calculi for mobility, an
overview of the programming languages that have been developed for mobile
computation, and provide a comparative study of the language abstractions via
the calculi and discuss the underlying challenges. In the following, we shall pro-
vide a brief discussion of the various calculi for mobility and their evolution, and
the widely used programming languages for mobile computation purposes.
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2 Calculi for Mobility

What is an appropriate abstract model for mobile computation? Traditional
research has focussed along three independent strands — functional, concurrent,
and distributed computing. However none of these models adequately captures
the significant features of mobile computation [7]. Mobile computation demands
an entirely new paradigm.

A number of calculi have been proposed over the years to study concurrent
computation. New calculi are being evolved from these, with the addition of
notions to capture features associated with mobile computation.

One of the earliest abstract framework for concurrent computing was pro-
vided by Actors [2]. Though the framework had an intuitive appeal to model
massively parallel computation, it was not amenable to formal reasoning. Recent
proposals have sought to rectify this situation with notions of nested structures
of arbitrary depth, which mirrors the nesting of administrative domains on the
web [25]. The earliest proposals of formal calculi for concurrent computing could
deal only with static connectivity among processes, and in certain cases even the
total number of processes had to be fixed in advance. Among these are Petrinets
[26], CSP [18], and CCS [21]. In the setting of the Internet, communication links
appear and disappear frequently. This is due to wide fluctuations in bandwidth
of links, unpredictable failures and recovery of links giving rise to connections
through alternative routes. So calculi which are restricted to static connectiv-
ity are clearly inadequate. The next generation of process calculi could model
networks of processes with dynamic connectivity. Among these m-calculus [22],
and Asynchronous m-calculus [17] directly modeled channel mobility, while Linda
[10] and CHOCS [29] modeled process mobility. These calculi lack the notion of
distributed locations of processes, which cannot be ignored in mobile compu-
tation over the web. These calculi have in turn been extended with primitives
to capture distributed concurrent computing. LLinda [11] extends Linda, while
Join-calculus [13] extends m-calculus. The next logical step towards developing
a calculus for mobile computation was to incorporate explicit notions of local-
ity in these calculi [4]. The notion of locations is important in modeling barriers
caused due to administrative domains which impose their own restrictions on the
movement of messages across them. Such extensions gave rise to the Distributed
Join-calculus [14] and the Ambient calculus [6, 7]. The Ambient calculus can
also model mobility of active computations.

Apart from these calculi, a number of others have been proposed to study
various orthogonal issues in mobile computation. The Spi calculus [1] is a pre-
liminary attempt to model security aspects, while Mobile Unity [27] incorporates
techniques for reasoning and specification of mobile computations.

There are a number of issues that need further exploration, such as more
structured notions of data, typing, and correctness proofs in a concurrent dis-
tributed mobile context. These notions need to be unified in a coherent semantic
framework. Such an enterprise could lead to fundamental insights into the phe-
nomenon of computation itself.
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3 Programming Languages for Mobile Computation

One of the most fascinating outcomes of the development of mobile computation
is the concrete realization of mobile software. Mobile software is programming
language code which is shipped across a network from a source to a destination
site, and is executed at the destination computer. The results (if any) are then
returned to the source computer. The presence of mobile software in a frame-
work where the source and destination computers are themselves mobile (due to
hardware mobility) gives rise to a rich set of possibilities, and also gives rise to
number of issues that need to be addressed.

The desirability of mobile software arises primarily from the fact that it
can vastly reduce the communication overheads while implementing services be-
tween servers and clients across a network. The savings are particularly enhanced
if the service happens to be an interactive one. Reduction in the messages ex-
changed between server and client is particularly meaningful in an environment
where communication links experience unpredictable fluctuations in their effec-
tive bandwidth, are susceptible to frequent failures, and the messages have to
traverse a number of distinct administrative domains which erect barriers to
the flow of messages across them. Secondly, mobile software provides a great
degree of flexibility to the server computers, wherein the kind and number of
services offered by them need not be static and determined in advance. Third,
the maintenance of networks of mobile computers is rendered easier when the
clients can themselves control the installation of latest software updates as and
when required. Finally, as a valuable side effect, mobile software also leads to
savings in storage space since programs can be fetched and executed on demand.

The possibility of mobile software gives rise to at least three kinds of situa-
tions depending on the entity which takes the initiative of moving the software
— the provider, the execution site, or the software itself.

A number of issues crop up in the design and implementation of mobile soft-
ware. First among these is the obvious requirement of portability. The same
software should be capable of being executed across a variety of architectures
and computing environments. The second requirement 1s that of safety. Safety
demands that errors in the mobile software should not affect the environment
of the execution site. Third, the myriad security issues such as secrecy, message
integrity, authentication of servers and clients, and non-repudiation of messages
transmitted assume great significance. Finally, the need for efficiency is om-
nipresent. Various programming languages have been designed for mobile soft-
ware. A few prominent ones among these are Obliq [9], Telescript [15], Limbo
[20], O’Caml [19], Safe-Tcl [24], and Java [3]. A comparative study of these
languages is contained in [30].

In spite of the availability of a number of languages for developing mobile
software, there remains a wide scope for further improvements. For instance,
transfer of active computations needs to be supported [7]. In the context of mo-
bility, it is not sufficient to allow only the transfer of passive program code across
computers; effective and efficient ways of transferring computation in progress,
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along with their environments, needs to be given careful consideration. The de-
velopment of such programming paradigms could provide a positive feedback to
the architecture of the Internet itself.

4 Discussion

The phenomenon of mobility represents a major revolution in the discipline of
computing. Research on calculi for mobility is seeking to address the challenges
arising from mobile computation by unifying various traditional computation
models; while research on programming languages seeks to create tools which
will translate theoretical possibilities to realistic systems which would comprise
computational environments in the decades to come.

In order to fully translate the potential benefits of mobility to a computer-
ized society, research is needed on a whole spectrum of issues ranging from the
formulation of a formal basis for computation in a mobile world, to the develop-
ment of cost-effective and user friendly software tools which translate theoretical
possibilities to practical and realistic computational environments.

The scenario of autonomous entities freely traversing globally distributed
networks, requires the development of entirely new proof systems, behavioral
theories, and software development methodologies in order to specify and estab-
lish properties of such computational entities [23]. Software tools which comprise
implementations of verification systems, and specification languages would result
on the basis provided by such proof methodologies.

The area of network security acquires a prominent place when mobility is
prevalent. Traditional research on security has focussed mostly on secrecy issues,
which have been handled through cryptology. More recent work on security has
dealt with ways of reasoning about authentication mechanisms using logics of
belief [5]. However, the other aspects of security in mobile computation are yet
to be addressed in a satisfactory manner [12].
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