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Abstract
This document presents a brief summary of the Mikado project: its
scientific and technical objectives, its innovative aspects and expected
results, its organization, and its partners.
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1

Overview

The Mikado project is part of the IST FET pro-active initiative on Global Computing. It has been launched in January 2002 for a duration of 36 months. The
Mikado consortium comprises the following partners: INRIA (France), France
Telecom R&D (France), the University of Florence (Italy), the University of
Sussex (United Kingdom), and the University of Lisbon (Portugal), with additional contributions from the University of Torino (Italy) and ENST (France).
INRIA, the French National Institute for Research in Computer Science and
Control, is the coordinating partner. The overall estimated effort for Mikado is
36 man.year.
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Objectives and Motivations

The overall goal of the Mikado project is to construct a new formal programming model, based upon the notion of domain as a computing concept, which
supports reliable, highly distributed and mobile computation, and provides the
mathematical basis for a secure standard for distributed computing in open
systems.
The term “global computing” is used to describe a projected scenario in
which processors will be everywhere, e.g. in household devices, in cars, in clothing etc, and in which networks will be heterogeneous and highly diverse in their
capabilities, e.g. high-speed networks, ad-hoc wireless networks etc. They will
be able to communicate and also sense and interact with their environment.
The result is a“massive networked infrastructure composed of highly diverse interconnected objects that should support the design and use of systems with a
predictable and desirable behaviour” . Such systems are also typically autonomous, inherently mobile, have configurations that vary over time and operate on
the basis of incomplete information. Furthermore, they are likely to consist of
a mixture of personal and more public devices. The challenge is then to “define
and exploit dynamically configured systems of mobile entities that interact in
novel ways with their environment to achieve or control their computational
tasks”1 .
Current middleware and programming language technologies are inadequate
to meet the challenges posed by such an environment. In particular, they tend
to support a limited range of interactions, have a limited view of components
and objects, fail to properly and uniformly support properties such as mobility,
predictability, security, fault-tolerance, and are not amenable to rigorous investigation for verification, validation and test purposes. In a global computing
environment, characterised by its openness and its ubiquity, these limitations
become real design and construction bottlenecks. In order to lay the foundation
necessary to overcome these different limitations, the Mikado project intends
to develop new formal models for global computing. Models with a formal
(i.e. mathematical) semantics, should provide a sound basis for constructing
1 See

http://www.cordis.lu/ist/fetgc.htm.
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global computing systems which are sound by construction and which behave
in a predictable and analysable manner. Indeed, providing quality of service
guarantees in such an open and large-scale context, where “quality of service”
refers to broad non-functional properties such as security, responsiveness, faulttolerance, real-time, availability, etc, requires sophisticated and rigorous means
of analysis and verification, which only formal models can provide. Specifically,
the project has the following objectives :
• To develop new formal models for both the specification and programming
of large-scale, highly distributed and mobile systems;
• To investigate new programming language features supporting such models, and their possible combination with other programming paradigms
such as functional and object-oriented programming;
• To develop specification and analysis techniques which can be used to
build safer and trustworthy systems, to demonstrate their conformance to
specifications, and to analyse their behaviour;
• To investigate and prototype virtual machine technologies which can be
used to implement in a “provably correct” way such models and languages.
A major modelling issue that the Mikado project will investigate is the use
of domains as a uniform means of describing the different forms of partitions,
boundaries and structures that become necessary in a global computing environment. These domains could take many forms to account for the various
administrative and technical boundaries required for the provision of security,
mobility management, accountability, fault management, etc. Providing means
to handle different forms of domains uniformly at the programming language
level will be one of the key contributions of Mikado.
In addition to the issue of modelling, of great importance is the provision
of means to program the different forms of interaction, structuring and control
necessary in highly mobile, open, large-scale computations, e.g. going beyond the traditional but limited point-to-point process interactions to provide
for different forms of multi-party interaction, process superposition and system composition. Having provided powerful programming constructs to express
sophisticated distributed and mobile computations, providing ways to statically
constrain (e.g. by means of type systems) these computations so as to meet certain safety conditions is absolutely essential. Example properties which will be
considered include absence of communication errors, absence of security errors
(e.g. when controlling access to resources or securing information flows) and
absence of resource-availability errors.
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Innovation and Expected Results

The Mikado project intends to depart radically from current distributed objectbased and component-based programming models, such as those based on the
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standard distributed system platforms (e.g. OMG CORBA, Sun Java, Microsoft
.Net), those exhibited by recent mobile agents platforms (e.g. Voyager, Aglets,
Grasshopper), or those exhibited in experimental platforms and languages such
as Network Objects [4], Orca [17], Kali Scheme [11], Facile [16], Obliq [7], etc.
These technologies improve on the traditional client-server programming model,
e.g. introducing ideas of shared objects, multi-faceted components, migrating
agents, or mobile code, but they fail to provide a uniform, formal model of distributed and mobile computing in a large-scale, open, highly-partitioned, global
computing environment. In particular, the core of these technologies is usually
based on simple assumptions (such as, for example, a simple model of connectivity la TCP) which are bound to be invalidated in a global computing
environment with a wide diversity of operating conditions, complex communication and resource topologies, very different application requirements, highly
dynamic and mobile configurations. Standard distributed platform designers
are aware of this situation and have responded with a flurry of specific additions, extensions and alterations to mainstream specifications such as OMG
CORBA (e.g. Minimal CORBA, Real-time CORBA, CORBA Security, Faulttolerant CORBA, CORBA Component Model, Mobile CORBA, etc) and Sun
Java (Real-time Java, Personal Java, Java Embedded, Jini, Enterprise Java
Beans, etc). The result is an unpalatable array of specifications with diverging
implicit programming models, with hard-to-analyse, informal semantics.
Current research on infrastructure and middleware for distributed systems,
taking into account new concerns such as mobility and adaptability has resulted in the introduction of various distributed programming models, including
e.g. support for mobility [18, 21], support for large-scale distribution and replication [31], support for real-time and multimedia constraints [15], support for
event-based computations [3]. Since most of these works suffer from the same
problem of diverging models, a recent body of work introduces some form of
structural and behavioural reflection [6, 5, 19, 22] in middleware systems to
try and provide a more principled approach to the support of distributed and
mobile computing aspects. While it is too early to see whether such reflective approaches to distributed middleware construction might work, it is clear
that the programming models provided by these experimental platforms remain
highly informal and implicit (i.e. they are more the by-products of a platform
features than explicit constructions). As a result, just as for mainstream industrial platforms, distributed computations executing on such systems are very
hard, if not impossible, to analyse and reason about. Without a formal basis,
there is no hope to obtain the level of analysability required for designing and
constructing open, dependable, large-scale, distributed mobile systems.
Turning to the area of formal models for concurrent and object-oriented programming, several formalisms and languages have been proposed and studied, in
particular from the point of view of type systems and proof techniques. A large
number of proposals are in fact variants of the π-calculus [25], or some forms
of object-based or actor-based calculi (see e.g. [1, 29]). More recently, several
formal models for distributed and mobile computing have been proposed, including, for example, the Join calculus [12], the π1l -calculus [2], the Ambient calculus
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[9], the Safe Ambient calculus [23], the Seal calculus [32], the Dπ-calculus [20],
the Dλπ calculus [33], DiTyCO [24], Nomadic Pict [27], KLAIM [26], Oz [28]
(see [10] for a survey of process calculi with localities). Also, various extensions of the Actor model, such as [14], have recently been proposed which aim
to adapt the actor model of computation to large-scale distributed and mobile
computing. Very often, these models centre around notions of localities or sites,
as championed by the ambient calculus, for spatially partitioning computations
and for handling asynchronous communication, failure, mobility, and security
aspects. None of these models, however, provides a uniform and consistent set
of concepts and primitives for dealing with the different forms of components
and domains that typically appear in a large-scale, open distributed system.
In particular, for dealing with various distributed computation aspects such as
security, mobility, fault detection and management, one can find a vast array of
proposed primitives and type systems, the direct comparison and assessment of
which remain difficult.
Compared to the current state of the art, the key innovative elements and
expected results of Mikado will comprise:
• A core formal programming model that takes into account key features
of computation in a global computing setting: distribution and mobility,
multiple forms of components and of domains, multiple forms of interaction between components. The notion of domain is a key insight for
developing the Mikado programming model. Briefly, a global computing
environment is probably best understood as a collection of regions, or locations, separated by barriers and boundaries of many different sorts [8].
Such regions and their associated barriers, which we call domains in Mikado, may take many different forms and correspond to a wide variety of
aspects. For instance, domains may correspond to security and privacy regions, to failure confinement zones, to control and management scopes, to
communication cells, etc. The key assumption in Mikado is that, despite
the diversity of domains in any large scale distributed system, the concept
of domain can be leveraged into a few basic primitives for structuring and
controlling distributed computations.
• Novel type systems and static analysis techniques that extend recent work
on type systems for object-oriented languages and distributed process
calculi to take into account constraints such as the prevention of interaction and deadlock errors, of resource-availability errors, or of security
errors. Particular consideration will be given to the domain-based, typetheoretic handling of security and dependability issues, including e.g. a
type-theoretic formulation of “proof-carrying code” and a type-theoretic
characterisation of failure detection.
• Sound semantic foundations for component and systems equivalence in
a global computing setting, together with associated logics for the specification of behavioural constraints and properties, both essential for the
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development of verification tools and techniques and, ultimately, of provably correct global computing systems.
• Novel language constructs and supporting distributed virtual machine
technology, including the combination of Mikado domain-based constructs
with object-oriented and functional programming languages, and provably
correct virtual machine prototypes for the Mikado programming model.
Obtaining proof of correctness for distributed virtual machines will be a
substantial achievement of the Mikado project, since such proofs have very
rarely been attempted and only in more limited settings (see e.g. [13, 30]).
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Organization and Workplan

The project is organised around three themes: core programming model, specification and analysis, and virtual machine technologies and language support.
The core programming model for global computing will be based on the
notion of domain. Considering the diverse requirements existing in a global
computing environment, it is unlikely that a unique programming model will
emerge that can be used in all global computing situations. Rather, Mikado
takes the view that specific situations will emerge as part of specific domains,
i.e. system partitions where common sets of behavioral constraints, rules and
policies apply. In such a context, a programming model for global computing
should be envisaged as a two-tiered structure :
• the core programming model captures the notion of domain, and the generic constructs which apply across various domains, in the form of a distributed process calculus;
• specific sub-calculi can be introduced for different domain types, e.g. by
means of specific type systems, that refine the generic core calculus into
more specialised programming models, well-adapted to the constraints and
semantics of the chosen domain types.
The specification and analysis techniques for the programming model will
range from type systems and static analysis techniques for expressing constraints on concurrency, mobility, and resource access for the underlying execution model, to proof techniques for assuring that mobile code, and more
generally distributed systems, conform to predefined behavioural specifications.
The latter will require the definition of novel co-inductive techniques to compare the distributed behaviour of systems and the elaboration of new specification logics for expressing interesting partial views of systems and programming
paradigms.
The virtual machine technologies and language support will embody the
Mikado programming model in concrete programming technologies. We will
develop several prototypes, including: virtual machine technology supporting
the programming model together with typing schemes; language features and
language extensions supporting the programming model and the type systems.
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Further Information

For further information concerning the Mikado project, consult the project Web
site at: http://mikado.di.fc.ul.pt.
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