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Abstract

Agents in the Multilayered Multi Agent Situated
System (MMASS) model can perform at-a-distance
distance communication by field diffusion over the
structure of the environment that hosts the agents. This
paper discusses a distributed mechanism to support
selective diffusion on the basis of contextual information.
The proposed mechanism has been implemented to
deliver an experimental framework based on peer-to-peer
approach.

1 Introduction

The Multilayered Multi Agent Situated System
(MMASS) provides different means of interaction
between autonomous entities placed in a structured
environment. The MMASS model has aready been
successfully applied to different contexts and areas such
as localization problems [2, 3], and CSCW [4]. Initia
exploitation of the model has been carried out to support
simulation to study physical phenomena or domain
problems [3]. The model is anyway promising aso to
address the development of distributed applications due to
its intrinsic properties. The distributed nature and the
communication metaphors defined by the model makes it
suitable to represent distributed systems. To make it
effective it is necessary to supply a framework that
implements the model to avoid discrepancies between
specification and implementation, to facilitate the
application development, and finaly to deliver effective
implementations. This paper represents a step toward this
goal.

The MMASS environment is described by a network
structure, made up of sites that may contain at most one
agent. Synchronous reaction may only involve adjacent
agents and asynchronous, remote communication can be
obtained through a field diffusion-perception-action
mechanism. Both of them are space dependant: the first

one due to agent adjacency, the latter because fields are
spread throughout the structure of the environment and
their value is modulated according to a diffusion function,
related to field type. The adoption of this model requires
thus suitable mechanisms to manage agent interaction.
More precisely they should be able to manage
synchronization among autonomous agents, in order to
perform reaction, and should provide agorithms and
structures able to diffuse information related to fields.
This paper will focus on the latter topic, focusing in
particular on a distributed mechanism that supports a
selective diffusion taking into account contextua
information, for instance generated by agents.

In theory, field diffusion could traverse the entire
structure of the environment. That is, according to its
diffusion function, a field should be perceivable in every
site of the structure. At a site, a field is perceived by a
hosted agent if, and only if, that agent is sensible to that
field. Therefore, the diffusion of fields to sites that do not
host sensible agents to that field could be avoided.

The framework presented in this paper has the
purposes of providing a mechanism and a diffusion policy
that takes into account agents sensibility to deliver a
distributed implementation for the model.

The next section will briefly describe how the model
can be exploited in order to define a conceptual
architecture for this framework, while Section 3 will
describe an experimental implementation, with reference
to various mechanisms and phases required to obtain a
selective diffusion infrastructure. Related works will be
described in Section 4, while conclusions and future
developments will end the paper.

2 MMASS and sdectivediffusion

The MMASS model defines a formal and
computational framework for the description of complex
systems that are characterized by an explicit and discrete
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representation of spatial structures. The latter are graphs
of dites that may be empty or host a single agent. The
model supports the representation of different forms of
heterogeneity, both with reference to entities and
interaction modalities. The former can be obtained
defining different agent types, with related perceptive
capabilities and behavioral rules. Interaction modalities
provide synchronous reaction between entities placed in
adjacent positions and that agreed to perform a
simultaneous change in their internal state. Moreover, it is
possible to model asynchronous interaction among at-a-
distance agents through field diffusion in the environment.
Fields are signals that can be emitted by agents and are
spread over the environment according to a diffusion
function related to the specific field type. Field intensity is
thus modulated throughout their path from source to
destination sites. A perception-deliberation-action
mechanism supports the definition of the behavior of
various entities that are able to perceive emitted signals.
The range of possible actions for the definition of the
behavior for agents of a certain type includes four actions:

* emit, which allows an agent to add afield of a
certain type in its site and, according to the
spatial structure and the diffusion function, in a
certain part of the environment;

* trigger, alowing the definition of a change in the
state of an agent that takes place when a specific
field is perceived;

* transport, that allows the definition of conditions
for agent movement from its site to an adjacent
one that doesn’'t contain another entity;

* react, which models the synchronous interaction
between adjacent agents that agreed to
simultaneously change their state.
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Figure 1: Logical layers and connections.

Interaction between agents is thus strongly space
dependant, as it is related to agent adjacency or field
diffusion. Through a suitable definition of physical and
conceptual spatial structures, it is possible to obtain
context-aware behavior for modeled agents. Different
superposed spatial representations may be defined, in
order to model different aspects of agent context, both
related to some kind of representation of the physical
space and to conceptua ones. For instance, agent
preferences, membership to groups or organizations,
assignment to tasks may determine some kind of
neighborhood or distance according to specific aspects of
their activities or preferences. An MMASS site is a very
simple entity that is characterized by the agent and active
fields that it is hosting, and by its adjacent sites. This is
not enough to obtain a selective diffusion infrastructure,
as at least an interna state is required to store information
related to paths and agents' concerns. In the following a
possible infrastructure for selective diffusion based on the
MMASS model will be described.

Figure 1 shows three different layers, representing
respectively a physical spatial structure related to network
connections among sites and two different representations
of conceptual spaces, related to the connection of entities
sharing an interest in a specific topic and the adjacency of
two entities that agreed to exchange information related to
that topic.

Spatia structures are represented with graphs of sites
that, in this framework, contain a single static agent. The
latter may represent providers (Pi) and users (Ui), in other
words publishers and seekers of information related to a
specific topic, and forwarders (Fi), that is nodes that are
devoted to the diffusion of information related to the
publication of new contents and to support users in their
searches. These agents do not operate at application level
but implement a communication infrastructure, providing
selective diffusion.

The lowest layer shows al physical connections among
agents in the system, regardless their conceptual
adjacencies that are represented in conceptual spatial
representation layers. The latter is a partition the set of
sites according to the kind of fields that are of interest for
the involved agents. The one shown in Figure 1 assumes
that agents P1, U1 and U2 are providers and users of a
certain kind of information. F1 and F2 are interconnecting
sites that diffuse signals among those agents. The involved
sites determine conceptual connections that form a graph
along whose edges the information flows. In such a way,
the information diffusion is optimized since only
interested sites and agents are involved. For example,
assume that F1 publishes information (it emits afield) that
isof interest of U1 and U2 (they are sensible to that field),
the information will not reach F3, as no publisher of that
kind of content islogically connected to that forwarder.



Conceptual layers may change to follow the system
evolution. Therefore, changes in user sSituations and
context might cause modifications that trigger the creation
or destruction of certain edges.

The third layer represents the establishment of a direct
communication channel between agents that have agreed
to perform areaction. The MMASS model establishes that
reactions can only occur between adjacent entities, so an
adjacency between the involved agents needs to be
established. This layer illustrates this connection though
which a direct exchange of information can take place,
without involving other entities of the network. For
example, assume that U2 receives the information (the
field) issued by P1, and deliberate to react with P1. A new
connection between the sites hosting the two agents is
established to perform the reaction.

Conceptual spatial representation layers are thus sub
graphs, parts of the physical spatia structure, representing
acongtraint in the diffusion of specific fields. They can be
constructed and maintained to represent groups of entities
sharing an interest and thus defining areas where specific
information should be diffused and stored. The primitives
of the MMASS model involved in the construction and
maintenance of spatial structure are AddSte(p) and
DeleteSte(p) that respectively alow an agent to create
and destroy an edge connecting the site it is placed on to
another one. Through the definition of suitable interfaces
between layers, different counterparts of agents at
different levels of abstractions may interact to carry out
the structural modifications of layers. In this way,
configuration is carried out through the diffusion of fields
related to agent interests at the network layer, but the
effect of the perception of these signals is propagated to
the agent interest layers, that are modified accordingly. At
last, when agents share the same interest and decide to
perform an information exchange, another conceptual
level is modified in order to alow a direct
communi cation.

In the following sections, a more detailed and technical
explanation of how this kind of process can be carried out
in a peer-to-peer environment will be shown.

3 Theframework

According to the diffusion mechanism described in the
previous section, an experimental framework has been
developed. The goa has been to investigate the issues
related to the implementation of the model on top of
Internet by means of standard tools.

Moreover, an example supporting MP3 file exchange
has been developed to test the framework. The sample has
been selected for several reasons. Music file exchange isa
real and relevant activity in Internet. There are often

severa sources for the same piece of music. At the same
time, the same piece of music is often searched by severd
users. Moreover, these files are usualy quite large and
their downloading occupies alarge network bandwidth.

Our goal isto develop an application that addresses the
problems of current peer-to-peer applications. The ideais
to publish concise descriptions of pieces of music to
interested users. On the base of such information, they can
decide to download the original file, which is usually huge
compared to its description. The bet is to reduce network
traffic by reducing the number of searches and optimizing
the downloading. Moreover, information diffusion prevent
from searching for new available music, thus enhancing
the quality of service by letting users be aware when a
new piece of music becomes available.

Gross music categorization is widely known and does
not need further explanations (e.g., anyone can distinguish
between classic, jazz or rock music). Music categories are
implemented as fields, so that source and perceptive
agents deals with fields like “jazz” or to “classic”. The
MMASS model is suitable for that application since field
diffusion alows for publishing concise information to
interested users. Users can react with publishers to
download the music.

According to the layered structure of a system
illustrated in Figure 1, the framework provides for the
definition of a physical layer that represents the red
connections among sites, conceptual layers that identify
subsets of agents that are interested in specific fields, and
finally interaction layers that support direct information
exchange between agents.

Java has been selected as implementation language for
sites and agents; XML has been exploited to describe the
information exchanged between sites; and socket
connections have been established to model the
connections described in the environment. Agents and
sites maintain profiles that include a unique identifier,
preferences, and a set of configuration information such as
alist of sites to be contacted. Configuration information is
used to set up the system. Preferences include description
of the fields that are handled. Whenever an agent need to
be activated a new site is crated and connected to the
existing network, and an agent is installed on it.
Connections imply a configuration phase that identifies
the conceptual layer and sets up the necessary physica
connections. Once the conceptual layer has been
established, the field diffusion and the subsequent reaction
among agents may occur.

In what follows, a detailed description of the three
phasesis provided.

3.1 Configuration

We assume that a set of sites are started and connected
on different networked computers. Sites and related agents



can be created and connected to the network, changing the
spatia structure. Some sites host pure forwarders, that is,
agents devoted to the support of selective diffusion, while
sites hosting agents have the double task of diffusing
fields and connecting application level agents. Referring
to the physical layer in Figure 1, Fi nodes are of the
former type, Pi and Ui nodes are of the latter type. In what
follows we will refer to that figure to illustrate the
examples. Assume that conceptual layer has been built for
agents interested in “pop” music.

When a new agent is created at a new node, it sends
out a message — named query — that includes information
about the perceivable fields. This context information is
initially diffused to let sites set up a conceptua layer that
will include the new site, maybe some other site, and the
sites that were already forming such a layer. Forwarders
and intermediate agents (i.e. agents whose site has more
than one adjacent site) will be configured to relay or stop
field information according to sensibility of reachable
agents. In other terms, a site is a forwarder for a certain
field, and not for others. Even if potentialy, any site can
diffuse any field.
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Figure 2: A configuration example: U5 joins the net.

In our example, assume a new agent U5 that sends out
a query message about pop music. This context
information is initially diffused to the sites that are known
to the hosting site. Information about sites is included in
the profile of the site. Such sites are named default sitesto
state that they are stable and act as connecting points.
Assume that the site hosting U5 contact F3 to diffuse the
information that U5 is interested pop music. F3 examines
the query and can react in two ways. If it is already a
forwarder for pop music, it answers the query and the new
site is simply added to the conceptua network that was
already present. If F3 does not handle pop music, it
forwards the information to its connecting sites. At any
site, the query is examined with the same two alternatives:
answering or forwarding. Eventually, one or more sites
answer the query. The originating site can then select one
of the answering sites to establish a connection.

In our example, F3 forwards the query to F2 and F4.
F4 does not handle pop music, and it has no connecting

sites to forward the query. Therefore, it simply discards
the query. F2 is aready a forwarder for pop music.
Therefore, it sends back an affirmative answer. U5
collects the answers that include information about the
sites that have been traversed, and timing information. U5
can now establish a stable connection with F2, or ask F3
to set up a conceptual layer. In the former case, it tries to
contact directly F2 that may refuse or accept the
connection according to loading considerations. In the
latter case, F3 and traversed sites are asked to be part of
the forming layer (i.e, to become forwarders for pop
music).

Figure 2 illustrates this second option: F3 has been
included in the conceptual layer. Note that U5 may collect
more answers, a selection process is performed on the
base of the content of the answers. Moreover, in the
current implementation, a site performs some pings to try
to evaluate the most performing forwarders before setting
up a connection. Anyway, the selection policy can be
defined depending on the application nature. For example,
to avoid centralization, the number of connection per
forwarder should be limited. Another criterion deals with
the connecting computers. In the current implementation,
direct connections are limited to computers within LANS
to reduce internet connections. A last note deals with
loops. To support field diffusion efficiently, connecting
loops should be avoided to prevent from the same
information to return at the same site. This situation is
prevented by construction, since each node can set up one
connection at atime for a certain field type.

3.2 Information diffusion

Once a conceptual layer has been established,
information can flow from providers to users. Assume that
provider P1 wants to publish a new song. It sends out a
message — named advertisement — that includes
information about the new song and its location. The
message is diffused aong the conceptual layer to reach
every interested site. Figure 3 illustrates P1 that publishes
song A. If auser isinterested in that song, it can interact
with the provider to get the song (see next subsection).

Preferred path .m
Direct information
exchange layer @ @

Alta'nahve pav.h

Conceptual spatial
representation layer

song L=
song B —bb

Figure 3: Field diffusion.



Assume now that two agents, located in different
locations, publish the same song. The logic of the
traversed sites will “compose” field information to deliver
one useful piece of information to the receivers. In our
case, the system will deliver information about the closest
source for the advertised song. For example, in Figure 3
P1 and P7 publish the same song B. F2 receives that
information from P1 and F5. In such a case, it composes
the information by merging the advertisement messagesin
one message that report the two providers. P1 will be
ranked first since it is closer to the part of the network
connected via F3.

To let forwarders compose field information, the
advertisement include information on the followed path.
Moreover, field diffusion function may define that signals
decays after a certain numbers of hops. Therefore, it is
possible to define the scope of a field. Composition rules
and diffusion functions are programmable to overwrite the
default behavior for forwarders.

Over issuing advertising messages, agents may aso
issue searching messages to look for a certain piece of
music. In this case, the field diffusion occurs from users to
providers in exactly the same way. Any provider that
actually publishes the searched song can answer to let the
searcher know the location of the song. To reduce
searching costs, the current implementation includes
special forwarders that caches field information about
available songs and sources. In terms of the MMASS
model, they are considered permanent fields that can be
set up and cancelled by explicit field emissions.

3.3 Agents interaction

In the scenario depicted above, a user receives
information about a specific kind of music. Therefore,
s/he has simply the task of selecting interesting songs and
activating the interaction mechanism to download the
songs. To react, agents need to be adjacent, therefore if
user U4 decides to download song B that has been
advertised by provider P1, a direct connection between P1
and U4 need to be established. The information to
establish the connection is included in the advertising
message. It may happen that P1 refuses the connection —
for example, due to high numbers of requests. In such
cases, U4 can try to contact P7, which was ranked second
in the source list. In this way, availability increases to
ensure services even in case of failures.

4 Reated work

In recent years, a number of platforms and
environments have been proposed to support the
development of multi agent systems. Examples of such
tools are AgentBuilder [5], JACK [6], JADE [7],
JAFMAS [8], and Zeus [9]. A common characteristic is

that they generally provide a point-to-point message
passing communication model. Generally there is a sort of
facilitator agent that is connected to al the others (its
name and address are fixed and well known) and is aso
used as agent name server. MMASS communication
model and the implementation proposed in this paper
consider information distribution and diffusion as a
founding peculiarity to make agents aware of the
environment, their context and therefore on at-a-distance
communication. To our knowledge, only Repast [10], its
ancestor Ascape [11] and Madkit [12] implement some
kind of support for space mediated information diffusion,
but only in the simulation context.

The framework described in this paper has been
inspired by peer-to-peer systems that are emerging as
communication tools to distribute information over
Internet. Peer-to-peer systems assume a number of
disperse actors that connect and disconnect to perform
searches and exchange data. The key issue for those
systems is the huge amount of exchanged messages, and
the capability of actually locate data.

Peer-to-peer systems range from client/server to
distributed architecture. For example, Napster [13]
provides for a centralized search service. Clients locate
files by sending a request to a central server that collects
information related to al available files. A point-to-point
interaction between the two peers takes place only during
file transfer. Therefore, it could be classified as a hybrid
system. Napster suffers from typical problems of
centralized systems: single point of failure, scalability and
availability.

Gnutella [14] is an open, decentralized, search
protocol. New peers join to the Gnutella network by
contacting a joined peer, and then send broadcasting
messages to discover other peers send queries. Each peer
receiving a query tries to satisfy the request with its local
data or forwards the message to all known peers. In this
way, aquery is propagated across the system until it meets
a server that can answer it. The Gnutella approach does
not require any centralization. The drawback is the large
amount of generated messages that rapidly overcome the
network. Availability is aso an issue, since there is no
guarantee that a server really answers aquery.

P-Grid [15] is a self-organizing P2P system that
addresses scalability and robustness by constructing a
tree-based distributed indexing structure. In such a way,
guery messages are directed along certain paths according
to indexing. A similar approach is taken by Chord [16]
and CAN [17]. The former organizes peers to form aring
according to hash values of stored data; the latter make
use of hash function to organize the system. For these
systems, network traffic is reduced at the cost of setting up
a predefined data organization.

The system organization proposed in this paper follows
the trend of structuring the system to facilitate lookup



activities by reducing network traffic. Similar to Chord,
our protocol involves only a limited set of peers to
simplify the setting up phase. In fact, considering the
situation depicted in Figure 2, only the nodes that have
been contacted directly are involved in the configuration
phase. In practice, configuration is a loca activity
involving part of the nodes in the net. On the contrary,
Chord and CAN assume a global organization of the
system.

Another important difference with current peer-to-peer
systems is the communication mechanism. All the existing
systems privilege search of items, while our model takes
the opposite approach: users discover the presence of the
interesting data by receiving notifications. Sending around
notifications may reduce network traffic for some reasons
that can be explained using the music-exchange example.
Assume a number of users looking up the same piece of
music; it is likely that a number of similar query messages
are spread over the network almost at the same time.
Potentially, one single notification message from the
source could reach all the interested users. Note that, since
notifications are handled by forwarding sites, they could
implement policies to deliver messages according to
network condition, e.g., by delaying notifications if no
time requirements have to be met. Moreover, caching
could be adopted by some forwarders to simulate multiple
sources for partitioning the network traffic.

5 Conclusions and futurework

This paper has presented a proposal for a framework to
support the development of multi agent systems according
to the MMASS model. The goa of the framework is to
address all the different aspects of the model and support
al development phases. The current implementation
concentrates on the diffusion mechanism that alows for
asynchronous communication among agents.

Currently, the framework is under testing to deliver the
first release. Experiments to validate the approach are in
progress. The goal is to determine under what condition
the proposed solution is effective. That is, to determine
the scalability limits. The results of these experiments will
drive future development. In particular, we need to
determine the default behavior of forwarders with respect
to cashing and timing.
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