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ABSTRACT
LIME is a tuple space supporting the coordination of agents. Each
agent owns a part of the globally shared knowledge, which is rep-
resented by a set of tuples, for which the agent is responsible. An
agent can share its own tuples with the other agents in the range of
communication. A new component of the middleware allows the
definition of application-specific policies that restrict the scope of
the sharing of the context of an agent. Any policy can be defined
and it is applied when an operation is issued on the tuple space; the
result is guaranteed to reside in the local tuple space of an agent
which agrees on the sharing rules defined by the one that submits
the request (the agent that replies can also reject the request on the
basis of its own policy). Different policies are allowed to coexist
and cooperate in the same environment.

RESPECT is a language that defines the behavior of a tuple cen-
tre, aimed at coordinating the interactions among the agents. The
tuple centre is an artifact that can be accessed by any agent; the
coordination laws constrain the interactions among the agents but
they do not bind to the desires of the agent itself. However, each
agent has its own rules and preferences in selecting the “friends”
with which collaborates and also the coordination medium can take
advantage from the possibility to restrict the access to the context
only to a group of agents which agree on some specific behavior
constraints.

In this work, I present a possible mapping between the LIME and
the RESPECT model; the evidence is put on the mechanisms that
allow the restriction of the space of interaction among the agents
from both the point of view of the agents and of the coordination
medium.

1. INTRODUCTION
An agent is an autonomous computational entity that encapsu-

lates control and the rules that govern it. It differs from both an
artifact, which is aimed to be used by the agents, and the environ-
ment, which is the surrounding of both the agents and the artifacts.
These three elements together with their interactions are defined as
a multi-agent system. In this context, the agents are usually not
alone and one of the main issues of such a system is to allow the
coordination and the communication among the agents. Whereas
the result of the interaction with an artifact is predictable, the com-
munication and the coordination among autonomous agents lead in
general to unpredictable outcomes due to the nature of the agent
itself.

One of the main characteristics of the agents is their sociality.
This property comes directly from their autonomy, which can be
completely exploited only inside a society of agents. In natural
societies, the individuals form groups based on the goals that the
group allows the member to reach. These goals are usually differ-

ent inside each single group and the collaboration among the agents
in one group is characterized by some goals that can be reached
with the contribute of each single member. To improve the feasi-
bility of a purpose, the individuals group based on some rules that
are defined both explicitly by each agent and implicitly by the en-
vironment. In this way, the communication is restricted among the
agents that are inside the scope defined by these rules. We can con-
sider the parallel with the relationship among friends where both
the rules defined by the environment and the one defined by each
member contribute to restrict the access to the ones who respect the
laws of the group.

A great effort has been spent in defining platforms to support
the communication and the coordination among the agents; one
model that fits the requirements introduced by the A&A (agents
and artifacts) infrastructure is the tuple space. This coordination
medium offers nice properties that make the interactions among
agents feasible and suitable. Several extensions of the model have
been proposed with specific motivations and goals; among them
LIME, which aims to face logical and physical mobility of the
agents, and RESPECT which provides a language to define the be-
havior of the coordination medium.

Recently, the introduction of a new feature inside the LIME mid-
dleware has been discussed. Its main purpose is to define the scope
of the sharing of the information; by defining that, the new compo-
nent allows the grouping of agents based on some defined policies.
In this work, I discuss the possibility to introduce this extension in
the RESPECT model.

The work is structured basically in the following way: the Sec-
tion 2 introduces the tuple space and the tuple centre models and
provides a discussion about the possible matches between the two,
in particular presenting LIME and RESPECT, and their analogies
and dissimilarities; the Section 3 presents the extension which al-
lows the restriction of the scope of the interaction and applies such
feature to both the models; the last Section 4 provides the conclu-
sion of the work with some possible future directions.

2. LIME AND RESPECT: THE COORDI-
NATION BASED ON THE TUPLES

The communication among parallel processes based on tuple
spaces was introduced the first time in Linda [4]. The concurrent
programming model described there is called generative communi-
cation and it is based on the concept of tuple spaces, containers of
ordered sequences of values called tuples. Its main characteristic is
the fully distribution in both time and space; the producer and the
consumer of data can be unknown to each other and they are not
required to be active in the same time to the communication to be
exploited.

The model introduced in Linda is essentially composed by three



primitives: out (to insert a new tuple in the tuple space), in (to
retrieve one tuple from the tuple space) and rd (to read one tu-
ple without removing it from the tuple space). The data available
in the tuple space are accessed by matching tuples against a given
template. Given that the basic primitives are blocking (a result is re-
turned only when a matching tuple is found), some extensions (inp
and rdp) were introduced to allow results describing the absence
of matching tuples.

In the field of the distributed systems, several middlewares sup-
porting the tuple space model were defined, each one with its own
distinguishing features. Among them, LIME (Linda In a Mobile
Environment) [6] aims to face the mobility both logical and phys-
ical of agents and hosts by adapting the model to that scenario.
Each host is responsible for a part of the global tuple space; when
several hosts with equally named tuple spaces are in the range of
communication they transiently share their tuples with the others.
The introduction of reactive primitives allows the agents to react,
not only to the insertion of new tuples, but also to the changes in
the context due to the mobility of the nodes.

A new agent joins the shared context through the atomic opera-
tion of engagement. This operation makes the tuples of the joining
agent available to the other agents and vice versa. Before unifying
the two contexts, the one of the joining agent and the one already
shared among the other actors, the operations already issued on the
tuple space are evaluated so that if a matching tuples is found as a
consequence of the joining of a new context the result is returned
before any other operation is issued. In this way, the LIME model
provides reactivity to the changes due to the mobility.

One of the domains in which the tuple space model offers great
support is the field of multi agent systems. In general it can be
defined as a computational system made of agents and artifacts; the
former are autonomous computational entities which encapsulate
control, the latter are computational entities aimed at the use by
agents; these two elements are then immersed in the environment
which is influenced both by the actions issued by the agents and
by the effects of the utilization of the artifacts. In this scenario,
the tuple space model meets the need for a coordination medium
connecting the agents together. However, the kind of coordination
fostered by the tuple space model lacks the possibility to define
the behavior of the coordination media itself, in response to the
interaction of the agents with the tuple space.

This lack motivates a new coordination medium, the tuple centre,
which is an extension of the basic tuple space model that supports
the definition of the coordination medium behavior. RESPECT [5]
is a language through which such behavior can be described. Its
main features are the possibility to define computations inside the
tuple centre through reactive primitives, called reactions, and the
possibility to bind them not only to the availability of data (as the
operations available in the tuple space model) but also to the in-
teractions of an agent with the tuple centre, i.e. the operations is-
sued. In this way, the tuple centre results in a composition of two
parts: the tuple space, with ordinary tuples through which the com-
munication is exploited, and the specification space, in which the
coordination laws are described by the corresponding tuples.

The model of LIME and the one of RESPECT are different, in
particularly in the reactivity of the tuple space medium. In fact,
while the coordination medium in the case of LIME reacts only to
the changes in the topology of the nodes and the operations submit-
ted by the agents entirely define the coordination, the tuple centre
influences with its own behavior the interactions among the agents.
LIME however faces the mobility of the agents by giving to each
of them the responsibility for a part of the global data; in this way
the system is aware of the components which are collaborating on

the same tuple space. This is particularly interesting for the decen-
tralization of the coordination that relies on the behavior and the
availability of each single node.

In both the systems, the coordination happens among all the
available agents, which are the ones in the range of the commu-
nication operating on the same tuple space in the case of LIME, or
the ones that are interacting with the same tuple centre in the case
of RESPECT. In general, neither the agents nor the tuple centre can
prevent an agent from accessing the data inside the shared context.

3. RESTRICT THE SCOPE OF THE INTER-
ACTION

A new component is going to be introduced in the LIME mid-
dleware with the purpose of restricting the scope of the engage-
ment operation. In heterogeneous environments, in fact, not all the
agents can offer the same guarantees to the others; for example, an
agent can move too fast to wait for all the installed operations to be
activated against its own tuples. To obtain that, each single agent
defines its own engagement policy that describes its own behav-
ior and the agents with which it wants to share its part of the tuple
space. In this way when a new agent is available or when it changes
one of its attributes that describe its behavior, the engagement poli-
cies of the other available agents are evaluated against the one of
that agent; if the engagement policies concord with one another,
the engagement is activated and the agent which requested the en-
gagement can operate on the information available in the context
of the agents that have accepted the engagement.The engagement
operation is asymmetric which means that each agent has its own
particular view of the system, but the policy can require the engage-
ment to be issued by both the involved entities so that a symmetric
relationship is established.

This extension offers a more fine-grained control over the inter-
action, which is completely decentralized and based on the point of
view of each single agent and on its behavioral description. This
extension could lead to an anarchic system where any member de-
fines its own rules; in reality it is prevented from happening because
the communication and cooperation among agents is allowed only
among agents which agree on the same rules and, as it can be easily
seen, the more are the agents that agree on a policy, the more are
the chances to communicate and retrieve information.

The model of the tuple centre provides one single coordination
medium in which the tuples reside, shared among all the agents; the
agents are not responsible for any tuple and the coordination laws
are defined inside the tuple centre, outside the agent. No agreement
is required to access the information and the agents are unaware of
the members that are collaborating on the same medium. In general
these properties are accepted in order to make the system open and
to completely decouple the users of the tuple space which can co-
operate without any explicit knowledge of the respective identities.
However in several scenario, both the agents and the coordinating
entity can take advantages from restricting the access to a given set
of actors with given properties or requirements.

An example can be provided to better understand what the model
gains by the definition of engagement policies. This example is
based on the problem of the drinking philosophers [1] which is a
generalization of the well know dining philosophers problem [2,3].
Each philosopher has its own set of bottles from which it wishes
to drink and it may have different sets of bottles describing its own
preferred “cocktails”. A philosopher can drink only when it holds
all the bottles necessary to make a cocktail (all the bottles in one
set). For the purposes of this work, the main interesting points of
this problem are the wishes of each philosopher that are in general



different from the ones of the others and the fact that the philoso-
pher can successfully drink only if the specific bottles necessary to
satisfy its own taste are available. We can extend the problem by
considering the bottle as a consumable resource; in that case, the
philosophers cannot continue to drink without providing new bot-
tles and the resources could not be enough for all the philosophers.

In the drinking philosophers problem the coordination is defined
by common rules but are based on the flavors of the agents. While
the coordination laws are still properties of the coordination medium,
there are evaluations that both the agents and the tuple centre are
required to take before the interaction can actually take place. In
fact, an agent has no interest in seating at a table where there are
not the bottles that can satisfy its own desire; in a similar way, a
seat should not be offered to an agent for which enough resources
cannot be guaranteed. Furthermore, during the evaluation of the ac-
cess request, information can be given in such a way that the agent
can take properly actions to make the access possible (i.e. bring
one new bottle or change the wishes).

The extension of the RESPECT model to support this feature is
quite straightforward. Both the agent and the tuple centre offer a
public description that can be used to evaluate the acceptance or
the rejection of the access to the coordination medium. The agent,
when provided with the description of the tuple centre, can decide
if it is worth to use it or not. In a similar way, the tuple centre can
reject the request of connection made by an agent; if the rejection
rules can be defined a priori, it can be included in the definition of
the coordinator behavior, otherwise the tuple centre can ask to the
current members to reach an agreement on the acceptance of the
joining agent. In this last case the coordination medium is the one
that allows not only the coordination among the agents interacting
with the medium itself but it also coordinates the agents in decid-
ing the other agents with which the interaction actually is allowed;
furthermore, being the coordinator it can also provide rules such
that fairness is guaranteed from the agents already members of the
group in responding to the engagement requests.

4. CONCLUSION
In this work, I provide a discussion about two coordination me-

dia for interactions among agents, the tuple space and the tuple
centre. Two different implementations of the model are also de-
scribed, LIME and RESPECT, putting in evidence the differences
between them. Indeed, I present the extension of the model ex-
ploited by RESPECT with a feature already introduced in the LIME
model; the purpose of such an extension is to provide the possibil-
ity to restrict the scope of the agent interaction with the definition
of special engagement policies.

Some possible future directions can be highlighted here. It is in-
teresting to analyze possible changes to RESPECT in order to pro-
vide a completely decentralized and individual interaction model,
as it is defined in the version of LIME augmented with the support
to the engagement policies. As we described, the LIME and RE-
SPECT models are different; some of the main differences are the
ownership of the data in the LIME model and the reactivity to the
network topology; it is interesting also to think about the way the
RESPECT model can be extended to support such features.
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