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Abstract. The Lightweight Coordination Calculus was presented in a paper to
DALT 2004 as a method for specifying a class of social norms for multi-agent
systems. This was intended for use in the engineering of a range of applications
but at the time the original paper was written this was an aspiration and we had
little experience of actual use of the method. In this paper I summarise how ex-
perience with this approach has developed in the seven years from 2004 to date.

1 Introduction: Original Aims of the Lightweight Coordination
Calculus

The Lightweight Coordination Calculus (LCC) was first presented at DALT [1] and
at ICLP [2] in 2004. The aim of these papers, and of the DALT paper particularly,
was to provide a means by which declarative programming might apply directly to the
problem of coordinating agents that had not previously worked together. This sort of
problem had been tackled previously but the primary means of attack had been either to
standardise agent ontologies or standardise on performatives for agent illocutions. The
former is difficult to scale to large and open systems because of problems in making
sure that agents actually use language in comparable ways (and being able to check
that they have). The latter is difficult to scale to complex social interactions in which a
standard set of performatives leaves too much to the interpretation locally of agents. It
appears to be very difficult in practice to build agents independently but with enough
innate commonality to reliably perform complex social interactions. Work on institu-
tions in the multi-agent community was, in 2004, already providing a partial answer
to this problem by providing systems for specifying the desired interactions, separately
from the agents involved. The practical aim of LCC was to turn this into a program-
ming problem by viewing interactions between agents as executable specifications that
could be communicated between agents that wished to coordinate. The theoretical aim
of LCC was to form a bridge to multi-agent institutions from more abstract work on
languages for communicating processes, then use this to bring techniques from formal
reasoning into electronic institutions. A more detailed overview of the broader aims of
LCC appears in [3].

2 Relating LCC to Other Languages: Translators and Meta
Interpreters

One of the most frequent questions asked about LCC was how it related to other
languages. This question was hard to answer definitively because a wide variety of
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languages are in use for coordination between systems, inside and outside of the multi-
agent community. Several translators were written from such languages to LCC. Li built
translators to LCC from service orchestration languages such as the Business Process
Execution Language for Web Services BPEL4WS [4] (an XML-based language for de-
scribing workflow amongst Web services). Sierra’s group at IIIA, Barcelona, added a
translation facility to the ISLANDER electronic institution specification system [5]. A
translator is the most obvious bridge between languages but languages like these are
quite complex so the translators themselves are non-trivial to build. An alternative so-
lution is to use LCC to specify an interpreter for another language, similarly to the way
in which one traditionally uses a declarative language to define interpreters for other
languages. Although it is unusual to think of a protocol language, like LCC, as an inter-
preter this works well in practice because the structure of LCC is suited to the task, as
demonstrated by Li [6,7]. By bringing LCC into contact with other systems it became
possible to explore more extensively how it could apply more broadly, particularly for
Web service choreography [8].

3 Protocol Brittleness: Ontologies, Constraints and Adaptation

A strength of LCC is its ability to be used as, effectively, a programming language that
coordinates agents. This is also a weakness, however, because the autonomy expected
of agents often demands flexibility in interaction. If LCC protocols are too brittle then
the interaction simply fails. One way to tackle this is, of course, to write LCC speci-
fications that are more sophisticated but that creates work for LCC ”programmers” so
various routes for adding various forms of more generic flexibility have been explored.
A principal cause of brittleness is ontology mismatch - agents that could cooperate but
fail because each describes its world in different ways. Mechanisms were invented for
assisting in mapping local agent ontologies to terms in LCC specifications [9] and for
using statistical information on the correlations between LCC terms to infer ontology
mappings [10,11]. A second cause of brittleness in LCC was the inability to commit
precisely to a constraint without committing to specific values for variables - this gave
brittleness to interactions that required progressive refinement of the constraint space.
Mechanisms were invented to add finite domain constraints to LCC-based systems,
thus allowing one form of constraint representation and providing for constraint relax-
ation [12]. A third cause of brittleness was that agents originally had no control over the
structure of LCC specifications - they could only choose whether or not to participate
in a particular LCC-supported interaction, with no option to adapt the rules of interac-
tion as they participated. This is a particular issue in argumentation systems, where the
course of future interaction may be influenced strongly by the structure of arguments
used previously within the same interaction. Mechanisms based on protocol synthesis
were invented to produce these forms of interaction in a class of argumentation sys-
tems [13]. Later, LCC was used as a prototypical low level language for the protocol
level of the Argument Interchange Format [14] which is a general purpose framework
for describing argumentation systems.
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4 Community Formation: Discovery, Group Formation and Trust

LCC is, deliberately, neutral to the manner in which it is used to coordinate agents.
Nevertheless, in practice agent coordination that is sustainable over time has to occur
in environments that support the interactions between agents and this requires mech-
anisms for helping agents to discover agents that are likely to be compatible; to form
appropriate groups to achieve tasks and to establish trust. A range of methods have
been developed to address aspects of this problem. At one end of the range, there are
statistical methods for recommending compatible groups of agents based on previous
successful/unsuccessful interactions [15]. These sorts of methods give crude measures
of compatibility but have the advantage of requiring only simple statistical data on the
history of interactions and no adaptation of the agents themselves. At the other end of
the range are methods that check deontic specifications of agents (their permissions,
obligations, etc) in real time against the LCC interaction specifications in which they
are involved [16]. These allow more subtle control at the interface between agents and
their interactions but at the cost of additional representation of deontic specifications
for agents and of the inference machinery needed to perform the checking.

5 Application Areas

Although originally developed with multi-agent systems in mind, LCC has been used
in a wide variety of contexts. In proteomics it has been used to share data on protein
structure between protein data bases [17] and, in subsequent research, between research
labs in Spain’s ProteoRed network. In astrophysics, LCC has been used as a high level,
executable specification language for data intensive experiments [18]. In crisis manage-
ment, LCC has been used in simulation experiments comparing methods of centralised
and peer to peer response to emergency flooding situations in the Trentino region of
Italy [19]. In healthcare, LCC provided the basis for peer to peer sharing of health-
care workflows based on the ProForma system of medical protocol specification - this
formed the basis for the Safe and Sound initiative (www.clinicalfutures.org)
[20,21]. In computer games, LCC has been used as a language for specifying coordi-
nation between game agents in Unreal Tournament [22]. In service environments, LCC
has been used in the development of market systems for confederations of services [23].
The common theme across all of these applications is the need for a compact language
for specifying desired interactions plus a relatively straightforward way to make these
easy to share and connect to local systems (whether these are autonomous agents or
more traditional services).

6 Work in Progress

In the seven years since the DALT 2004 paper the world has changed considerably.
Personal devices have become more sophisticated, more capable of data intensive pro-
cessing and are much more ubiquitous. Social use of computation is also much more
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extensive and intimate than ever before. This has created many more potential appli-
cations for agents and in particular the coordination of agents. Potentially, these could
operate across very large sectors of the population to harness individual sensing and
problem solving for problems that hitherto resisted attack. We have already seen ex-
amples of this in the numerous social computing and crowdsourcing applications fa-
miliar to many. We are also experiencing the social effects of commercial interest in
this area (through Facebook and other major companies) and the resulting conflicts
over anonymity, privacy and ownership of information. Most of these issues are at least
one step removed from declarative agent languages but they do increase the need for
such languages and the need for scale and (perhaps) openness of operation places addi-
tional demands on specifications for agent interaction. Given this, future developments
of LCC focus on community formation (driven from interaction data); security (in the
context of electronic institution sharing in open systems); and the ability to synthe-
sise/adapt specifications locally without breaking the coherence of interactions. These
issues are not new but we lack methods that apply at current global scale. Further dis-
cussion of these issues will appear in [24].
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