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WHAT ARE COORDINATION LANGUAGES
AND MODELS?

Early concurrent languages supported
interactions through shared variables.
Languages based on message passing
were also a very early idea that gained
popularity as soon as software engi-
neers started to design and build soft-
ware for distributed computer systems.
A more recent approach consists of

using higher-level programming models
and languages for distributed program-
ming, called coordination models and
languages. “A coordination model is the
glue that binds separate activities into
an ensemble” [Carriero and Gelernter
1992]. In other words, a coordination
model provides a framework in which
the interaction of active and indepen-
dent entities called agents can be ex-
pressed. A coordination model should
cover the issues of creation and destruc-
tion of agents, communication among
agents, and spatial distribution of
agents, as well as synchronization and
distribution of their actions over time.
A constructive approach to define co-

ordination models consists of identify-
ing the components out of which they
are built:

(1) Coordination entities. These are the
entity types that are coordinated.
These could be Unix-like processes,
threads, concurrent objects and the
like, and even users.

(2) Coordination media. These are the
media making communication among

the agents possible. Moreover, a coor-
dination medium can serve to aggre-
gate agents that should be manipu-
lated as a whole. Examples are classic
media such as semaphores, monitors,
or channels, or more complex media
such as tuple spaces, blackboards,
pipelines, and the like.

(3) Coordination laws. A coordination
model should dictate a number of
laws to describe how agents coordi-
nate themselves through the given
coordination media and using a
number of coordination primitives.
Examples are laws that enact either
synchronous or asynchronous be-
haviors or exploit explicit or implicit
naming schemes for coordination
entities.

A coordination model can be embed-
ded either in a coordination (software)
architecture or in a coordination lan-
guage. Examples of coordination archi-
tectures are the client-server architec-
ture, the software pipeline, or the
blackboard: software components are
arranged in some special, well defined
software ensembles that enact specific
cooperation protocols [Shaw et al. 1995].
Currently most software designers de-
sign a distributed software architecture
using low-level communication primi-
tives. There is a need for high-level
coordination languages to simplify the
design and implementation of coordina-
tion architectures.
A coordination language is “the lin-

guistic embodiment of a coordination
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model” [Carriero and Gelernter 1992]. A
coordination language should orthogo-
nally combine two languages: one for
coordination (the inter-agent actions)
and one for (sequential) computation
(the intra-agent actions). The presum-
ably most famous example of a coordi-
nation model is the Tuple Space in
Linda, which was engineered in several
linguistic embodiments on workstation
networks and on massively parallel ar-
chitectures.
Linda can be seen as a sort of assem-

bly coordination language in two senses.
First and foremost, it offers very simple
coordination entities, namely, active
and passive tuples, which represent
processes and messages, respectively; it
offers a unique coordination medium,
namely, the Tuple Space, in which all
tuples reside; it offers a small number of
coordination laws embedded in four
primitives only. In addition, we say that
Linda is a sort of coordination assembly
because it can be used to implement
higher-level coordination languages.
For instance, we have used it to imple-
ment a coordination language called
Shared Prolog [Ciancarini 1994].

COORDINATION LANGUAGES AS TOOLS
FOR INTEGRATION

Linda has been used mainly for parallel
computing; however, it is also useful for
modeling complex open systems, espe-
cially in variants based on multiple
tuple spaces (for an example of a coordi-
nation model based on multiple tuple
spaces, see Andreoli et al. [1993]). Open
systems are systems in which new ac-
tive agents may dynamically join and
later leave, that is, evolving self-orga-
nizing systems of interacting agents. A
fundamental property of open systems
is their ability to incrementally adapt to
a mutable environment in which encap-
sulation based on spatial locality is con-
trolled by propagation of local state
changes, whereas reactiveness makes
temporal evolution possible by incre-
mentally coordinating interactions.
A popular example of an open system

is the World-Wide Web (WWW), which
is rapidly becoming a de facto standard
platform for widely distributed multi-
user applications such as groupware
that must support coordination of net-
worked users. Currently the Internet is
clearly on its way to becoming the major
hardware platform for geographically
distributed groupware applications. The
WWW will probably in the near future
offer the basic software features for this
kind of application. However, WWW
technology in its present state is not
sufficient to support these new applica-
tions, as it does not provide enough of
the necessary services and offers no con-
ceptual framework for them.
The consensus on the use of TCP/IP

and the main Internet service protocols
for remote file transfer, remote login,
email, and so on has resulted in a wide-
spread interoperable networking infra-
structure whose capabilities are still
largely unexplored. In fact, there are
plenty of opportunities for new services
to be provided on the network [Adler
1995]. Middleware is a word introduced
for designating those areas of software
services that “sit” above the traditional
network protocols and provide means
for extending services commonly avail-
able on the Internet to enclose higher
layers of abstraction useful in compos-
ing new and old programs in complex
software ensembles based on features
like those found in standard platforms
for distributed objects [Orfali et al.
1996].
The whole world of middleware is

evolving rapidly [Lewis 1995]. For in-
stance, because the original WWW
middleware supports very limited forms
of distributed programming, it is being
extended with specific programming
languages like Java, whose capabilities
allow WWW browsers to deal with dis-
tributed objects called applets, which let
WWW users easily interface programs
instead of passive pages. However, Java
currently has limited capabilities for co-
ordination, and we anticipate that its
combination with a coordination model
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will simplify the design of distributed
applications on top of the WWW.
In fact, a question that must be ad-

dressed is what kind of middleware sup-
port is needed for the integration of
applications based on federated data-
bases, geographically distributed infor-
mation spaces (such as the WWW it-
self), and personal communication tools
(email, news, and even telephone and
video devices). Coordination technology
can be used effectively here by both
implementing and integrating services
for the support of such applications.
The standard client-server architec-

ture does not scale well for this kind of
application [Adler 1995; Lewis 1995].
We believe that it is necessary to intro-
duce the notion of coordinable activities
within the WWW framework. We intend
to overcome the integration difficulties
and to improve the support offered by
the WWW by introducing a higher ab-
straction, namely the PageSpace [Cian-
carini et al. 1996]. In a PageSpace pas-
sive WWW pages are replaced by active
agents that use and offer services that
are made available using Linda-like
primitives. The PageSpace itself serves
as coordination medium for a collection
of active agents that provide and use
these services. In fact, as active agents
work concurrently, communication and

synchronization amongst them becomes
necessary. The approach we are explor-
ing consists of using a coordination lan-
guage for defining and controlling
agents and services in the PageSpace.
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