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Background

The roots of the Coordina WG (Working Group) are to be found in the Esprit Basic Research Project
9102 “Coordination”.

This project allowed the fostering of a European research community around the theme of Coordi-
nation, understood as the principle of separation of concerns, in software development, between internal
functionality of components and their coordinated interactive behaviour.

By the end of that project the Coordination community had grown larger, a first international con-
ference was held, and it was felt that a Working Group would be a suitable format to keep the larger
community interacting.

The Working Group

Duration

The Coordina WG was approved for the duration of three years, starting on August 15, 1997.

In the third year a three month extension was requested and granted, so the period of activity was
from August 15, 1997 to November 14, 2000.

Objectives

The motivation behind the Coordination idea is not going to go away soon. Software systems are growing
in size and complexity, concurrency and distribution are ever more present, and the complexity of un-
derstanding, developing and maintaining such systems is a real concern, entailing ever higher costs and
longer deployment times.

Coordination methodologies propose to tackle these problems by promoting the separation of local
functional concerns from global coordination aspects, at the various levels of software development,
leading to the explicit specification of coordination fragments that can be better analysed and reused.

The main objective of the WG was to establish a European leadership in such a critical field, by joining
theoreticians and practitioners in a collaborative assessment of diverse approaches, with a view towards
consolidating the foundational work and identifying promising technological avenues worth exploring.

Planned activities

The group proposed to attain its goals through the following activities.

Foundational work

Being a fairly large Working Group, its members were naturally expected to explore a variety of languages
and models. The perceived benefit of the WG organization was a much broader collaboration than would
otherwise be possible, in order to enhance the individual efforts, by having support for organizing short
visits among partners and internal workshops gathering all partners.

Case studies

Wishing in the long run to have an impact in the real world, the WG felt it would be important to assess
the practical applicability of the diverse proposals of coordination languages, models and methodologies.

To accomplish this, it was decided to set up case studies provided by the industrial partners, based
on real large-scale applications and covering a wide spectrum of practical issues, to be worked upon by
all partners.
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Dissemination of results

To increase the downstream effects of coordination research, two major dissemination activities were
planned, besides the usual submission of technical papers to conferences and journals: sponsoring a
regular international conference on coordination, and publishing on the World Wide Web an up-to-date
survey of the field.

Meetings

The planned meetings were five, all meant to be attended by all partners:

• An initial planning workshop, soon after the starting date.

• A kick-off meeting for the case studies, to be held within the first six months.

• Three annual workshops, to be held in the second half of each year.

The group

The group originally consisted of 13 participants: 11 academic institutions, one industrial research center
(Xerox), and one industrial company (Signaal).

After the first year the WG was enlarged with the inclusion of a new partner, UCY.

The coordinator was DI–FCT/UNL.

Here is the complete list of Coordina members.

Short Name Institution Location Country

CTH Chalmers University of Technology Gothenburg Sweden

CUI Centre Universitaire d’Informatique
Université de Genève

Genève Switzerland

CWI Stichting Mathematisch Centrum Amsterdam The Netherlands

DI–FCT/UNL Departamento de Informática
Faculdade de Ciências e Tecnologia
Universidade Nova de Lisboa

Monte de Caparica Portugal

Imperial College Imperial College of Science,
Technology and Medicine

London United Kingdom

Inria–Rennes Institut National de Recherche
en Informatique et en Automatique

Rennes France

RUL Rijksuniversiteit Leiden Leiden The Netherlands

Signaal Hollandse Signaalapparaten Hengelo The Netherlands

TU Berlin Technische Universität Berlin Berlin Germany

U. Bern Universität Bern Bern Switzerland

UCY University of Cyprus Nicosia Cyprus

UniBo University of Bologna Bologna Italy

U. Pisa University of Pisa Pisa Italy

Xerox Rank Xerox Research Centre Meylan France
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Work performed

Foundational work

We summarize the research work carried out at each of the sites, highlighting their main topics.

CTH

Gamma and Broadcasting Systems Martin Weichert worked on extending and refining the “pipelin-
ing” transformation technique that turns a producer-consumer-type Gamma program with sequential
composition into a parallel one respecting the correct data flow [Wei99a]. Karol Ostrovsky, K. V. S.
Prasad and Walid Taha (Yale) have developed a higher-order variant of a process calculus with broad-
casting as the fundamental communication primitive [OPT00]. The concurrent message reception of
broadcasting communication fits very nicely with the implicit parallelism of Gamma, a fruitful perspec-
tive for implementing a large class of Gamma programs.

A Semantic Theory for an Embedded Coordination Language David Sands, Andrew Moran
and Magnus Carlsson worked on the development of a semantic theory for the non-deterministic stream
processors that are at the heart of the Fudget concept. Fudgets are a collection of combinators for
developing graphical user interfaces in the lazy functional programming language Haskell, which exhibit
the clean separation between computation (the standard Haskell code) and coordination (the management
of the user interface) that is the hallmark of coordination languages.

Security and Information Flow Andrei Sabelfeld and David Sands worked on the semantics of
information flow and confidentiality [SS99], having tackled the problem of specifying and analysing secure
information flow in a concurrent language for which scheduling is modelled explicitly, and is potentially
probabilistic [SS00]. Johan Agat developed a combined transformation and typing system to ensure that
programs do not leak information about secret data via their timing behaviour [Aga00a]. A proof-of-
concept implementation for a small subset of Java bytecode is reported in [Aga00b].

CUI

The main orientation of the work at CUI was in mobile agent based Internet applications, with a strong
security theme, having contributed a chapter on security [BC00] to the book ”Coordination of Internet
Agents”.

Seal As a foundation for their agent research, the group developed the Seal calculus, an extension of
the π-calculus with the notion of a bounded object or seal, representing a mobile computation or agent,
with a hirearchical structure to handle security and coordination issues. The foundational work on the
Seal calculus led to a PhD thesis [Vit99]. They have also developed and implemented (over JDK1.2)
JavaSeal [VBB98], a mobile agent kernel that uses the Seal concepts as its basic abstractions. This was
used to implement a medium sized electronic commerce application called HyperNews, that supports the
super-distribution of newspaper articles using agent technology, and which ensures that payment is made
whenever a user reads an article for the first time [BOV99]. The experience in implementing HyperNews
led to the design of a Secure Object Space model for implementation in JavaSeal, which extends the
shared space model with primitives for object locking, enabling the modeling of encryption semantics.

SecOS This is an extension of the Linda coordination model that deals with security. The SecOS model
[BOV99, VBO01] includes access control primitives; data in the shared space of the system are locked
with keys, and processes must possess the correct key to retrieve a data item. An implementation of
SecOS was made with mechanisms for persistence and distribution, so that safe backups of the state are
automatically taken and processes can access data from remote sites [Paw00]. Another direction taken
was to include the model in the design of a programming language and its virtual machine for embedded
and wireless network devices, to facilitate the development of applications in wireless environments, where
disconnection can occur at any time [RB00]. The SecOS coordination model is particularly suitable since it
enables communication without all partners having to be present on the network when the communication
occurs, and it includes the necessary security mechanisms.
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CWI

Manifold This is CWI’s own coordination language, already implemented at the start of Coordina.
It was used in the restructuring and parallelization of a number of applications [ABBE98], notably the
Euler solver algorithm, the shallow water modeling and simulation application of the Delft Hydraulics
Labs, and a theorem prover developed and used by another group within CWI. Preliminary work on using
Manifold for distributed constraint solving led to a new four-year project funded by NWO. Practical use
led to the identification and implementation of a number of language extensions. On the theoretical
side, in cooperation with RUL and UniBo researchers, formal semantics of Manifold were developed,
culminating in a paper [AdBB+00] published in the journal of Theoretical Computer Science.

Other languages and models Along with RUL and UniBo researchers the CWI team analyzed several
communication mechanisms of existing coordination models for distributed processes [BKZ99a, BKZ99b].
Both control-driven and data-driven models were considered, and it was shown that some communication
mechanisms are incomparable even under a very weak notion of observation, whereas some others are
equivalent with respect to a stronger notion of observation. The team looked also at some design issues for
object-oriented based distributed systems, defining (with RUL and Åbo University) a notion of refinement
for object-oriented systems [BKS99]. In collaboration with Utrecht University they developed a core
coordination language for distributed and mobile networks of dynamically created processes [ABdB00a].

DI–FCT/UNL

TAO This is a coordination language developed in the group, based on principles of high-level abstraction
and structural richness, combining control and data driven coordination features. The language-level work
focussed on how to structure spaces of agents and use contextual information, and on general iterators
for linking declarative search with actions. On the theory side, a powerful basic logic of actions was
developed [MP98] and a range of compositional semantics was studied for a core sublanguage.

Metric-based semantics for concurrency A novel approach was developed [Mon98] that greatly
simplifies the formal treatment compared with the traditional method. It led to the proposal of general
notions of observation structure and observation system, and the study of the resulting categories [Mon00].
A proof was made that every nontrivial functor on the category of sets gives rise in a canonical way to a
functor on the category of observation systems having a unique fixed point, an important result in giving
semantics to concurrent systems.

Executable and verifiable specifications This research activity aimed at developing logical for-
malisms able to talk about both the temporal behavior and the spacial structure of concurrent systems.
The work led to a PhD thesis [Cai99], that introduced a core programming language Lpi and the dol
specification language for mobile processes. Lpi unifies, in a uniform and tightly coupled way, a deduction-
oriented computation model with a concurrent and mobile model of interaction. A bridge between the
logic and the Lpi model was exemplified by a dol idiom which constitutes an object-oriented specification
logic that can be compiled into Lpi in a way such that encodings are models of the specifications.

Other activities A core calculus was proposed for Component-Based Programming (COP). It cap-
tures dynamic (late) binding, separates interconnection structure from components, and has an extended
type system supporting abstract types and capability types for dynamic reconfiguration. A distributed
programming model GroupLog was developed, to study the expressiveness, for coordination purposes,
of group abstractions in modeling applications with distributed agents. In connection with the Esprit
WG EuroTools, work was done in the area of Distributed Problem Solving, more specifically in Dis-
tributed Laboratories, to identify the major coordination problems and test the applicability of existing
coordination models.

Imperial College

Program logics for Gamma The approach used Stone Duality to generate a program logic from a
denotational semantics. The shortcoming of previous transition trace semantics was the lack of a suitable
domain of multisets, a problem which was solved in the PhD thesis of Quiroz [Qui99] where a fully abstract
semantics for Gamma was developed along with an associated program logic. The final part of the thesis
demonstrates how the logic may be used to justify program transformations such as those suggested by
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Hankin, Le Métayer and Sands [HLeMS98] and extended by Weichert [Wei99b]. This completed a theme
of work started by Hankin and Gay in the Coordination project.

Static Analysis The emphasis was on semantics-based approaches, notably a pioneering one based on
game semantics [MH98], which led to a good understanding of object-orientation and preliminary work
on multi-threading. A general framework and an application in security were reported in [MH99]. A
major manuscript on the topic of Program Analysis was published in [NRH99].

Constraint Programming The closer collaboration with Wiklicky signalled a shift in emphasis away
from multi-set based views of coordination towards constraint programming. Wiklicky continued an ex-
isting collaboration with colleagues in U. Pisa, reflected in the publication list. A main result [DHW00]
introduces a new notion of declarative confinement and considers security issues in the context of proba-
bilistic concurrent constraint programming.

Inria–Rennes

The work was focussed on the study of the notions of views and coherence of views in software architecture.
Coordination is seen as one relevant software architecture view, concerned with communication and
synchronization issues, but many others exist, concerned with e.g. security, timeliness and fault-tolerance.
The study of each view may require a different kind of decomposition of software.

The approach taken was to represent views as labelled graphs and architectural styles as graph gram-
mars [LeM98]. Restrictions on graphs are defined by structural constraints. Inter-view consistency is
defined by a correspondence relation between nodes and edges of two views, along with structural con-
straints similar to the internal consistency ones. Within this framework a precise language was put forward
to express constraints, and a complete decision procedure was designed for this language [FLeMP99].

The team experimented with this framework by applying it to the case study proposed by Signaal
[HPS97], where the views considered relevant were the functional, distribution and physical views. An
example of consistency constraint is that the distribution view preserves the data flow of the functional
view (a path property between the related nodes).

RUL

Action Systems The goal in this line of research was to apply this type of calculus to the prob-
lem of reasoning about coordination, i.e. find correctness-preserving refinement rules for coordination
programs. First steps were taken by adding coordination primitives based on tuple spaces to Action
Systems and UNITY. Then the action system framework was extended with the addition of object ori-
entation and dynamic guards—the so-called OO-Action Systems—where one object can restrict other
objects by imposing guards on them. This was an interesting new way of introducing coordination into
the refinement framework, that provides a methodology for developing object-based distributed systems
[BKS99, HKS00, KS00].

Foundations of Coordination Comparative studies were carried out within the field of coordination
frameworks with shared distributed replicated data [BKZ99a]. Equivalence results were obtained for a
number of differente software architectures. The team showed how a formal notion of components can be
used in an object-oriented framework by exploiting the notion of package [tHBGK00]. They also worked
on logics of domains that include infinite disjunction and conjunction [BK99].

Signaal

The research focused on the formalization of their proprietary software architecture Splice, with a view
towards its potencial future replacement. Splice is an industrially developed and applied software ar-
chitecture for large-scale distributed embedded systems, based on asynchronous communication between
processes through a distributed data space. The characteristics of systems built with Splice include
dynamic data distribution, fault-tolerance and real-time performance.

A formal model was developed to reason about the behaviour of Splice programs and to support the
design process in system development. It uses a process algebra called Splice Process Algebra (SPA)
[DGdJU99] that allows the derivation of properties of the architecture, from which a set of guidelines
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is produced to aid in the development of applications. In collaboration with RUL a transition system
semantics for Splice was also developed [BKBdJ98].

The evolution of Splice was in the direction of having a logically shared data space, so that data
replication does not change the semantics of the overall system [dJ99a]. Such a software architecture sup-
porting transparent replication was in fact constructed, and operational and denotational semantics were
defined for it. Among the distinguishing features of the model are idempotency of parallel composition
and a delayed, inclusive choice operator on processes. The denotational semantics were defined by ex-
tending the model of state transition traces, and proofs were made of transparency of process replication
and crash failure of replicas.

Signaal further worked on developing prototype middleware to support system development in ac-
cordance with their model. Since replication comes for free, fault-tolerant services can be implemented
without the need for consistency protocols, a particularly important feature in time-critical applications.

TU Berlin

Coordination and the Web A substantial part of the resarch effort was in the direction of bringing
together coordination and Internet technologies, with a view towards distributed coordinated applica-
tions over the Web [CTV+98, Tol98b, Tol98c]. A particular area of application was that of workflow
management. The adoption of coordination technologies in the Linda style led to the development of an
XML/XSL based workflow system called WorkSpaces [Tol00a, Tol00b], which uses XMLSpaces to coor-
dinate distributed workflows. XMLSpaces is an extension of Linda with multiple matching relations and
distribution, that is used to store and retrieve documents transformed in steps in a coordinated manner.

Coordination at large After some work on integrating multiple coordination languages [Tol98c], the
study of models of coordination [Tol00c] took a much wider view on the coordination phenomenum and
how it is seen in disciplines like computer science, artificial intelligence, organizational sciences, etc.

U. Bern

The group developed a variety of tools and methodologies for supporting compositionality in component
based software development, specifically targetting the design of coordination components, using cues
from the domains of software architecture, scripting and object-orientation.

Piccola: a Small Composition Language Based on the π-calculus, Piccola unifies concepts found in
architectural description, scripting, coordination and glue languages [ALSN00]. This line of work resulted
in a PhD thesis [Lum99]. The language promotes a view of applications as scripting over components
[AN00a], and was used to show how to script coordination styles [AKN00].

FLO/C: Coordination of Active Objects by Means of Explicit Connectors This is a coor-
dination language relying on the notion of connectors, these being explicit (rule defined) entities that
enforce the communication and synchronization of those entities they coordinate [DR97, Gün98].

AProcCoM: A Programmable Coordination Medium This is an open and extensible coordi-
nation medium composed of agents delivering coordination services to clients. It can be configured and
dynamically extended to adapt to specific coordination requirements [Küh98].

CoLaS: Group Based Coordination for Active Objects CoLaS is a coordination language which
relies on the notion of Coordination Groups. It is based on the specification and enforcement of coop-
eration protocols, multi-action synchronizations, and proactive behavior within groups of collaborating
active objects [CD99]. Its main characteristic is the support to dynamic coordination changes.

OpenSpaces This is an object-oriented framework for reconfigurable coordination spaces [DHN00]. It
supports static reconfigurability through subclassing across several dimensions, and dynamic configura-
bility of policies through run-time composition.

UCY

The team focused on exploring the applicability of control-driven coordination, in two different areas.

E-commerce The work consisted in devising a coordination framework for electronic commerce [PA98].
The control-oriented coordination formalism was used to model e-commerce activities using event-driven
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coordination, and a generic framework was designed to model typical B-to-B and B-to-C transactions.
The coordination paradigm allows the development of such frameworks irrespective of the details related
to issues such as the payment methods advocated or the authentication protocols used.

Real-time systems The potential of using control-driven coordination for real-time systems was
explored in the areas of control systems [LP00a] and distributed multimedia environments [LP00b]. The
technique relied on the introduction of the notion of time in event-driven state transitions, which allows
a form of temporal behaviour to be introduced into a coordinated environment.

UniBo

Theoretical analysis A significant activity took place in performing theoretical analysis of existing
coordination languages in need of semantic grounding or clarification. The major focus was on Linda
[BGZ97a, BGZ97b, BGZ00a, BGZ00b], with important results on differences in expressiveness linked to
choices in the implementation of the output operation. Also covered were Manifold (in collaboration)
[AdBB+00] and JavaSpaces [BGZ00c, BGZ00d]. This gave rise to a particular study on the introduction
of event notification in data-driven coordination languages [BZ00b, BZ00a].

Software Engineering Software engineering on the Internet requires revisiting traditional approaches,
and the team has investigated how to tackle this issue in the light of coordination principles [BCV00,
BCGZ00]. A particular attention was given to the coordination of mobile components [BCGZ00, CGR00].
The team has also proposed a new approach for the formalization of software architectures [MPL00a],
which is particularly useful for automated verification.

U. Pisa

The group’s many and diverse research activities can be grouped in four major topics.

Mathematical Foundations of Coordination Models and Languages The approach was based
on the tile model [BMM98c], which provides a logic of concurrency with conditional state changes and
synchronization. A tile-based coordination model was introduced for a calculus integrating the π-calculus
with actors [FM97a, FM00, MT98]. Then came the development of zero-safe (Petri) nets [BM00b],
providing algebraic mechanisms to handle coordination of transactions in a distributed setting. Later the
tile logic model was extended to deal with open distributed systems, where some of the components are
partially specified [BMS00].

Software Architectures A method was developed for specifying reconfigurations of software archi-
tectures, guaranteeing that if the transformation can be specified, then its application over the system
will be consistent with respect to the architecture style [HIM00]. Styles are described by context-free
hyperedge graph grammars.

Refinemente Calculi for Coordination The team worked on the development of a refinement frame-
work to support the separation of functionalities from coordination policies at the right abstraction levels
during the software development process. The proposed framework is called Mobadtl, based on extending
a Unity-like temporal logic with support for mobility of agents under the supervision of coordinating
guardians [FMSS00].

Coordination Languages for Mobile Computing The language KLAIM (Kernel Language for
Agents Interaction and Mobility) was introduced [BDNFP98] and both its implementation and theoret-
ical foundations were developed. It is an experimental programming language with direct support for
expressing and enforcing security policies for controlling the access to resources and data [NFP00].

Xerox

A substantial part of the research was focused on the workflow case study. The specific aspects of coor-
dination that were studied were the challenging ones of server distribution, dynamic change and flexible
task dependencies. Small demonstrators were developed for each of these features, in the framework of
Xerox’s WebFlow project.

Other activities included various applications of Xerox’s Coordination Language Facility (CLF), no-
tably in the domains of light-weight workflow (X-Folfer), electronic commerce (Xpect) [AP99] and docu-
ment awareness (X-aware).
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Case studies

The programme of the WG called for the setting up of case studies, with the purpose of bringing into
sharper focus the adequacies (and problems) of particular coordination tools and methodologies in coping
with practical issues of real-life applications.

The effort of devising the case studies began even before the official starting date of the project,
with a major contribution from the industrial partner Signaal. In fact, for the Second International
Conference on Coordination Languages and Models there was a specific call for contributions to a case
study challenge prepared by Edwin de Jong from Signaal. The paper describing the challenge [dJ97]
and two papers addressing it (one [HPS97] from Coordina) became part of the regular program of the
conference and were published in the proceedings.

Five months after the start of Coordina a plenary meeting was held with the sole purpose of kicking
off the work on the case studies. As reported elsewhere 25 people attended, representing all partners but
one, and after presentations and discussions two major cases were chosen, each offering opportunities for
different types of studies.

The case previously prepared by Signaal was definitely adopted, after detailed presentations that
included a demo of a simplified solution using Signaal’s proprietary Splice software architecture. This case
study centers around the problem of real-time control of a railway network. The main challenge is that this
exemplifies a class of applications where many non-functional requirements have to be addressed besides
the system functionality: timeliness, fault-tolerance, degraded modes, extensibility and distribution. All
of these dimensions call for the coordination philosophy of decoupling local from coordinated behaviour.

The other adopted case was based on a presentation by the other industrial partner, Xerox, around
the challenges posed by a particular workflow application they were working on (bug report and repair
flow in printer design and production), where then current standard worflow tools were not up to the
complexities of the task. Although the workflow type of application was felt to be in good contrast and
complementary to Signaal’s control system case, the domain of application chosen by Xerox was felt too
foreign to the majority of partners, and the area of conference management was chosen instead.

Other possible cases were discussed at the kick-off meeting, such as coordination problems in telecom-
munications, but the two adopted cases were considered broad and deep enough.

At the first annual workshop, five months after the case study kick-off meeting, four presentations were
made on advances in the case studies, two for each case. Xerox’s presentation made a convincing point that
several dimensions of their original case did not find a natural mirror in the conference management case,
and were in fact the most challenging aspects, not solved by standard workflow tools: server distribution,
dynamic change, and flexible task dependencies.

At the third edition of the Coordination conference, even though no specific call for case study reports
was made this time, two of the accepted papers were about the workflow case study [Scu99, RV99] and
were submitted by Coordina members.

At the second Coordina annual workshop there were still two presentations connected to the case
studies, one for each case.

Dissemination

Dissemination of the WG’s efforts took many forms, which are summarized next.

The Coordination conference

One of the tasks that the WG took upon itself was to turn the International Conference on Coordination
Languages and Models into a regular event. There had been a single first edition before the proposal of
Coordina was made.

This task was successfully accomplished. Three editions were held under the auspices of Coordina
and a steering committee left in place to keep the conference going. The interval between editions was
kept at roughly one year and a half.

The second edition of the conference was held in Berlin in September 1997, and Coordina was influ-
ential in its organization although in an informal way, because its starting date was 15 August 1997. The
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next two events, officialy sponsored by Coordina, were held in Amsterdam in April 1999 and in Limassol
(Cyprus) in September 1999.

At its first annual workshop the WG decided on a steering committee for the conference consisting
solely of Coordina members: those who had been previous (co-)chairs of the conference program or
organization, plus the WG coordinator. At its third annual workshop Coordina decided to change the
composition of the steering committee, given that the WG was about to end, to include previous American
program chairs. The program committees for each edition were always chosen, naturally, from a much
broader base of researchers around the world, with two program co-chairs, one from Coordina and one
from the USA. The organizing chairs were always Coordina members.

All the conference proceedings [GLeM97, CW99, PR00] were published by Springer in their series of
Lecture Notes in Computer Science, widely available in most academic libraries.

The conference was an excellent vehicle to disseminate worldwide both the coordination topic and the
leading role in it of European researchers, notably those in Coordina. In the 3rd and 4th editions of the
conference the number of papers authored by Coordina members was, respectively, 8 in 30 and 9 in 27.

Web survey

One of the planned dissemination activities, the setting up of an up-to-date survey of Coordination on the
World Wide Web, was abandoned at the first annual workshop. The main reason was the realization that
the amount of effort needed for this task had been grossly underestimated, both to design and implement
the site and to maintain up-to-date information. On the other hand a number of surveys had meanwhile
been made available in print, so the need was no longer a strong one. Overall it was felt that putting all
the group’s energies into this would be a mistake, without much chance of success.

Publication of regular papers

A standard dissemination activity is of course the publication of technical papers in journals and confer-
ences. On this account the WG performed quite well, with more than 170 publications during a period
of 39 months. They are referenced at the end of this report.

Attendance of conferences and workshops

Another regular activity that helps to disseminate ideas is the attendance of conferences and workshops,
not just because of the presentations to the public but also on account of the many personal exchanges
that naturally take place in those occasions.

Coordina members were regularly present in many such events, helping to spread the Coordination
standpoint to other communities focused on different but related topics, such as concurrency, object
orientation, formal methods, static analysis, software engineering, agents, etc.

Specialized publications

A few WG members were quite active, on their own initiative, in promoting Coordination through special
publications dedicated to the theme:

• a special issue [GH98] of the journal Theoretical Computer Science;

• a special issue [ACH98b] of the journal Parallel Computing, with an introductory article [ACH98a];

• another special issue [LeM99] of the journal Theoretical Computer Science;

• an entry on coordination languages [Han98] for the new edition of Thompson’s Encyclopedia of
Computer Science and Technology.

Specialized workshops

Coordina members also took leading roles in organizing internationl workshops on Coordination and
related themes:
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• 1st Workshop on Web-based Infrastrutures and Coordination Architectures for Collaborative En-
terprises, at the IEEE WETICE 1999 conference, June 16/18, Stanford, USA. Robert Tolksdorf
(TU Berlin) and Paolo Ciancarini (UniBo) were 2 of the 4 organizers.

• 2nd Workshop on Web-based Infrastrutures and Coordination Architectures for Collaborative En-
terprises, at the IEEE WETICE 2000 conference. Robert Tolksdorf was a co-organizer.

• 1st International Workshop on Engineering Societies, at the Agent World 2000 conference. Robert
Tolksdorf was a co-organizer.

External visitors

It should be mentioned that Coordina supported short stays, at various of the WG sites, of external
researchers. This constitutes another form of dissemination, because such stays provide an in-depth
appreciation of ongoing work, that is typically reported back at the external visitor’s local environment
and can influence research being done there.

Meetings

All the plenary meetings took place as planned.

Besides fulfilling the meeting programme, the WG managed to organize and hold several other sig-
nificant meetings:

• two workshops on specialized topics: security and semantics;

• two bilateral colloquia between the two largest sites;

• an extra final plenary meeting, to plan for the future.

Many smaller exchanges took place, usually short visits of someone from one of the partner sites to
another. All the Coordina sites were involved in this kind of activity, typically as both visitor and visited.

We next summarize the major meetings.

Initial planning workshop, Berlin (D), 1997-09-04

It took place at the Technical University of Berlin, in co-location and right after the Second International
Conference on Coordination Languages and Models. All partners were represented, in a total of 19
participants.

The main decisions were 1) the fixing of dates and locations for the next two meetings, and 2) the
taking up by Coordina of the reponsability over the International Conference on Coordination Languages
and Models, setting up a steering committee with the previous chairs belonging to Coordina plus the
WG coordinator.

Case studies kick-off meeting, Hengelo (NL), 1998-01-22/23

The meeting was held at the premises of Signaal. A total of 25 people attended, representing all partners
but one. There were presentations, mainly by the industrial partners, followed by discussions.

The main decisions were 1) to work on two cases, the railroad control problem (proposed by Signaal)
and the conference workflow problem (adapted from a proposal by Xerox), 2) to have particular studies
within each case, and 3) to have each partner working on some of the studies.

First annual workshop, Horta (P), 1998-06-21/23

The meeting was held in a hotel. All partners were represented, totalling 26 attendees. There were 16
presentations, of which 4 concerned the case studies, and general discussion and planning at the end.

The main decisions were 1) to reinstate the original workflow problem proposed by Xerox as a proper
case study, 2) to abandon the goal of building a Coordination survey on the Web, and 3) to co-locate the
second annual workshop with the next Coordination conference.
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First “Pisa meets Amsterdam” colloquium, Pisa (I), 1999-01-21/22

It was held at the University of Pisa, with 12 participants, mostly from the two partners U. Pisa and
CWI. There were 9 presentations, followed by discussion of collaboration plans.

Second annual workshop, Amsterdam (NL), 1999-04-28/29

The meeting was held at the premises of CWI, in co-location and right after the Third International
Conference on Coordination Languages and Models. There were 35 participants representing all partners.
The program consisted of 8 presentations and a final planning session.

The main decisions were 1) the tentative dates and location of the next Coordination conference, 2)
to co-locate the third annual workshop with the conference (implying a needed WG extension), and 3) to
hold two specialized workshops, one on security at CTH and the other on semantics at Imperial College.

Workshop on security, Göteborg (S), 1999-06-10/11

Held at Chalmers (CTH), it brought together a total of 16 participants, mostly from both Coordina (3
sites) and a Swedish NUTEK PROMODIS project cluster. A total of 10 presentations were made, half
of them from Coordina participants.

Second “Pisa meets Amsterdam” colloquium, Amsterdam (NL), 2000-01-13/14

Held at CWI this time, the meeting brought together 13 participants from the two sites U. Pisa and
CWI. There were 9 presentations.

Workshop on semantics, London (UK), 2000-04-13/14

The meeting took place at Imperial College, and was attended by 15 people mostly from Coordina (5
sites). The program consisted of 7 technical presentations.

Third annual workshop, Limassol (CY), 2000-09-14

It was held in the same hotel and right after the Fourth International Conference on Coordination
Languages and Models. It was attended by 12 people from 11 Coordina sites. There were just 4 technical
presentations, after discussions about the future of both the conference and the group.

The main decisions were 1) the time and place of the next Coordination conference, 2) the terms
of renewal of its steering committee, 3) to hold a final workshop to discuss in detail new collaborative
actions, and 4) to invite to that workshop a few active researchers outside Coordina.

Final workshop, Amsterdam (NL), 2000-11-6/7

The meeting was held at CWI. There were 21 participants, of which 16 were from 10 Coordina sites and
5 were invited outsiders, representing 4 academic sites—Univ. of Bologna (Engineering), Univ. of Lisbon,
Univ. of Utrecht and Univ. of York—and 2 companies— Oblog (P) and Ordina (NL).

The meeting started with an initial roundup of research interests and plans, continued with a dis-
cusssion of the available actions supported by the EC, split into submeetings on four identified themes of
common interest, and concluded with a final methodological discussion.

The main decisions were 1) to concentrate on a joint proposal for a research and training network,
2) to have UniBo as the coordinator site, and 3) to name the new proposal CooRTEx—Coordination
Research and Training Exchange.
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Results

Overall the WG activities can be seen as quite successful.

The major achievement is the firm consolidation, worldwide, of the term “Coordination”, what it
stands for in Computer Science—the methodological standpoint of separating non-local coordination
phenomena from local functionalities—and the richness of technical content of the field. Along with this
consolidation has come the recognition of the leading role of European research in this area, notably that
originating from the Coordina sites.

Other noticeable Coordina results are a growing web of connections of Coordination to other fields,
concrete evidence of its applicability, and a much better link between its theory and practice.

Consolidation

Before the start of Coordina the field of Coordination was not yet mature. There had been the pioneering
Esprit project 9102 “Coordination” (from which came a sizable part of Coordina) and scattered efforts
in the non-European world. The end of that project coincided with the First International Conference
on Coordination Languages and Models, held at Cesena (Italy) in April 1996, where for the first time
Coordination as a theme found a global forum.

The Coordina WG produced a very active collaborative momentum, that was very influential in
bringing the field into maturity, through the combination of widespread research, continuously cross-
checked by internal workshops and mutual visits, with a concerted dissemination effort of publishing and
turning the Coordination conference into a successful regular event.

At a time when many conferences saw their importance dwindling and had to group together in larger
events, the vitality of Coordination was evident in the ability to hold three editions of the conference
with a good submission rate, high quality of selected papers, and sizable if not large attendance. These
conference editions were certainly instrumental in the worldwide recognition of Coordination as a proper
field in Computer Science.

Richness

The richness of the technical content of the field can be glimpsed from the preceding summaries of research
activity at each Coordina site. One of the results of this research was the ability to overcome an initial
prejudice that narrowly associated Coordination with just a particular class of models based on tuple
space interaction, such as Linda or Gamma, that the WG came to view as endogenous1 data-driven2

models.

The range of basic models was extended to exogenous3 and control-driven4, and many concrete lan-
guage proposals explored these possibilities, alone or in combinations. Not only did these basic models
gain full status, other more specialized models emerged trying to integrate coordination with other con-
cerns such as mobility and security. Another important issue that was also explored in the search for
linguistic support was that of compositionality.

Connections

Rather than maintaining the coordination theme closed on itself, the WG managed to establish many
connections to other fields and themes in Computer Science, in fact advancing the awareness in those
other communities of the broad, orthogonal role Coordination is bound to play. Many examples can be
found in this report, both in the description of research activities and in the references, of established
connections to object and component oriented programming, concurrency theory, software engineering,
fault-tolerance, distributed and mobile computing, Internet technology, etc.

1 Local functionalities invoke coordination actions.
2 Coordination works by setting and testing of data.
3 Coordination procedures handle local functionalities.
4 Coordination actions directly affect the process structure.
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Applicability

As expected, the case studies allowed a more focused appreciation of a number of characteristics of several
coordination approaches. The main split between the basic data-driven and control-driven models proved
to be linked to different types of applications, the former being more natural for the kind of loose-coupled
activity exhibited in the control system case whereas the latter fits more naturally into the tighter-coupled
workflow activity of the other case. But, on the other hand, it was shown that such mappings are in
reality never strict, as there were aspects of either case where the reverse suitability of models was found.

In the output of publications from the WG there is ample evidence of the real applicability of co-
ordination, coming not only from the adopted case studies, as already mentioned, but also from other
application areas, such as parallel algorithms (e.g. for fluid dynamics), electronic commerce or financial
applications on the Web.

Theory and Practice

An important outcome of the WG was a good coupling of theoretical research with practical concerns.

Several theoretical studies were carried out to clarify semantic properties of existing or proposed
languages or systems, many originating from outside Coordina, and interesting results have shown prac-
tical implications of certain implementation choices that were taken or sometimes left unspecified. For
example, there was a characterization of differences in expressive power achieved by different timing char-
acteristics of the output operation in Linda, and some corresponding features in JavaSpaces. As another
example, the preocupation with a theoretically sound model led to an important practical improvement
of Splice to achieve transparent replication.

Results of theoretical studies with practical relevance were also produced in two other different areas:
static analysis and verification of important properties (e.g. security) and refinement procedures for
stepwise software development at adequate abstraction levels.

Conclusions

Looking back at the work and achievements of the Coordina WG, the main conclusions are the following.

• Coordination was put firmly in the map of Computer Science.

• The applicability of coordination was convincingly demonstrated.

• A rich range of coordination models was exposed in the scientific litterature.

• No basic coordination model wins over the others. All find their natural suitability to different
aspects of many applications, and are thus complementary to one another.

• Although the case studies have shown partial solutions, they have also made it clear that there are
still unanswered difficulties, specially in coherently tackling the many non-functional views of real
systems.

• Coordination was shown to have an impact on many and varied other fields, rather than being a
confined topic.

• In coordination, as in other fields, theoretical studies have shown their practical usefulness, in
highlighting and making clear the implications of certain implementation choices, and in providing
techniques for helping in software development.

• Although coordination research has reached worldwide status, Europe is still very much the leader
in the field. The number and spread of European researchers on coordination has grown, thanks in
part to the existence of Coordina.

• The level of maturity and dissemination of the field promoted by Coordina suggests the opportunity
of turning into mainstream practice the use of coordination tools and techniques.

• To help achieve the previous goal, some of the former Coordina members, along with some of the
more active new players in the field, have decided to submit a proposal for a European research
and training network.
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[CM97] Lúıs Caires and Lúıs Monteiro. Proof net semantics of proof search computation. In
K. Meinka and M. Hanus, editors, Proceedings of the Algebraic and Logic Programming
International Conference, volume 1298 of Lecture Notes in Computer Science, pages
194–208. Springer, 1997.
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