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Abstract

This paper describes a multi-agent framework
designed to support the creation and effective
management of virtual communities in an Interactive
Digital Television (IDTV) scenario. The possibési
that this framework offers are demonstrated by rmean
of two sample applications: a real-time community

2.1DTV

Interactive TV is a technology which combines
broadcast video, broadcast radio, computing power a
the Internet. This combination of different mediums
and services provides the viewer with a new
experience. This is possible because of an ongoing

game and an asynchronous auction. For the sake oftransition from analogue TV to digital TV.
completeness, the paper also presents an overiew o  We can clearly say that the digital technology is

IDTV technologies.

1. Introduction

Nowadays, a migration from analogue to digital TV
is taking place in TV. This change has two main
implications: the capability to broadcast more cleds

driving television towards a new world of amazing
possibilities, where spectator is no longer limited
observe contents selected by the operator. More and
more, new dynamic and interactive services aregbein
introduced in everyday digital TV: complementary
information to audio-visual contents, electronic
program guides, selection of properties in confiple

in the same bandwidth, and the possibility to send contents (language, camera angle or particularized

software applications mixed with audiovisual cotgen

advertisement), pay-per-view, etc. So we can censid

These two great advantages have permitted the greathe term ‘interactivity” as the possibility for the

diffusion of this new technology, which is becomiag
new power means to develop new types of services.
In this paper we present our multi-agent framework,

consumer to actively influence the behavior of
broadcasted television, services and applicatidbhs

can be accomplished, for example, by means of a

developed starting from the idea to integrate the remote control for channel hopping, by fetching

technology of Interactive Digital Television (IDTV)
with the concept of virtual community, which we can
define as a technology-supported cyberspace, eshter
upon communication and interaction of participants,
resulting in a relationship being built up. So,hhis
type of integration, our aim is to offer to IDTVars, a
range of services (such as multiplayer games, ren-li
auctions, etc.) which are very common if we thiok t
the idea of virtual community related to the Web.

In this way, the potentialities of interactive D\¢&n
enormously grow allowing its users to take advamtag
of a new number of useful applications and movhey t
concept of interactivity from the simple interactio
user-application to a new type based on the cotipara
among a wide number of users.
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information via teletext or by sending data via an
interaction channel. This all creates a contexticiwvh
allows to have a mutual influence between the viewe
broadcaster and application provider.

The interactive TV technology, as we will see in
next section, is based on the broadcasting of adig
transport stream which permits operators to mix
traditional audio-visual contents with binary dasa,
making possible to deliver multimedia applicatidns
be executed in a digital TV or in a set-top boxe3d
applications, synchronized with audio-visual cotgen
adapt themselves to spectator characteristics,
implement interaction with users and provide return
channels for communication with content providers.



The Multimedia Home Platform [1] is a standard
published by the DVB (Digital Video Broadcasting) Carousel I:> Mux I::> Egﬁ?ﬁ;:;tt

consortium in 2001, which consists of a combinatibn

broadcast and Internet, offering a common Applorati ﬁ ﬁ

Programming Interface (API) accessible for everyone

who wants to develop applications, set-top boxes,

television devices or the combination of all. ’ N\éf;;"i:pts
Fundamentally the MHP standard defines a generic

interface between interactive digital applicaticarsd
the terminals on which those applications execlités

interface decouples different provider's applicasio Backed <: Set-Top Box
from the specific hardware and software details of '
different MHP terminal implementations. R Sl

The MHP extends the existing, successful DVB  Figyre 1. The interactive broadcasting chain
open standards for broadcast and interactive ssric

all transmission networks including satellite, @bl The resulting broadcast is received and decoded by
terrestrial, and microwave systems. the set-top box, the audio-visual content playeti the

The applications downloaded to the MHP terminals, Java application run.
typ|ca||y Set_top boxesy are Java app”cationseda" Subsequent user interactions with the application
Xlet, built on a suite of APIs tailored specifigalior lead to information being sent via the return cledno

the interactive TV environment: Java TV APIs [2], @ back-end server. Depending on the applicatids, th
HAVi (user interface) [5], DAVIC APIs [4] and DVB  information may result in modifications to the ant

APIs [3]. application content (i.e. voting information) ood
The 1.1 version of the standard defines three for later processing in a database present onethers
profiles: (i.e. for an online shopping application).

1. Enhanced Broadcast: it is the basic profile which ~ About the transport, in digital TV MPEG-2 is not
only allows the enrichment of the audio-video ©Only a standard for encoding audio and video, bis i
contents with information and images which can also used as the means by which raw data and
be viewed and navigated by users on the TV applications are transported in the broadcastrstréa
screen: particular, DVB has extended the traditional scheme

2. Interactive Broadcast: it is the intermediate peofi and way to use MPEG-2 for MHP by specifying how to
that uses the set-top box return channel to supplyeémbed a Java application within the stream, this
services with a higher level of interactivity. lact  includes information on how to specify the mainssla
this profile supports the loading of MHP class search path and the application argumergttst
applications not only through the broadcast Although MPEG-2 provides a means of transporting
channel but also through the return channel; the Java applications along the audio-visual cdnten

3. Internet Access: this profile, using the return support the possibility that the user may change
channel, allows the user to access to the Internetchannel and select the Java program at any potiieof
contents. transmission, the same application has to be

As we can understand from the previous description broadcasted in loop. This is exactly what a broatica
of the MHP levels, the interactive TV paradigm is carousel does: it keeps playing the same applitatio
based on two different channels: a broadcast channearound and around. The application is continuously
from the application/contents provider to the sgt-t multiplexed with the audio-visual content for the
box and a return channel (dial-up, GPRS, ADSL, transmission, to allow the viewer to access to the

Ethernet, etcl) from the Set_top box to the prwide interactive TV application whenever he wants.

Figure 1 shows the use of a carousel to continue About the applications, as we said previously, we

play-out a Java application. The application anel th have Java applications, but they are not compkete J

corresponding  audio-visual material are then applications in the normal sense. These applicatoa

multiplexed to form a single MPEG-2 transport stnea ~ much more like applets in that they are loaded rand
by a life cycle manager residing on the set-top. box
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3. MHP-based Virtual Communities people who communicate with each other via eleatron
media, rather than face to face.

In spite of the great research interest colleatetthé In literature we can find a lot of other definitn
last years and the high number of functionalities but we can find some common aspects. The firsaimi
already supported, in these days the research grouppoint is cyberspace. All of the definitions stdtattthe
that work on the IDTV MHP standard are focusing Virtual community should be on the net, use compute
their interest especially on the personalizationtref =~ Mediated  spaces, or cyberspace. This point
IDTV contents on the base of the analysis of ther us differentiates the virtual community from a real
profile and preferences. community. The second aspect in common is the usage

In accordance with our point of view, at the moment Of technology to support the activities in the watt
what is totally absent it is the collaborative agpthat ~ community. The different definitions directly or
is the integration, in the digital television teclogy, ~ indirectly emphasize that access to the virtual
of particular types of services to support groups o community is through the computer or electronic
users joined by particular types of interests or media, i.e., technology. The third similar aspescthiat
necessities. These types of services are very commo the content or topics of the virtual community are
on the Web, we can think about the enormous numberdriven by the participants. As mentioned, the
of forums, of blogs or of general services whidbwala participant driven community, not the web site
direct interaction among their users (on-line amgj ~ coordinators, clearly distinguishes the virtual
multiplayer games, etc.). community from online information services. Thealin

So the starting point from which our project has shared aspect is the successful virtual community
risen has been the aim to enrich the IDTV paradigm relationship culminating after a certain period of
based on MHP and described in the previous sections€ommunicating together.
with the introduction of the concept of “virtual To sum up, a working definition of a virtual
community” very common on the Internet network. community could be: a technology-supported

A generally agreed upon definition of a virtual cyberspace, centered upon communication and
community would be a good starting point. What we interaction of participants, resulting in a relagbip
need is a working definition of the virtual commiynia ~ being built up.
consensus found in the major stream of literatare, With our framework, in which the idea of virtual
definition that understood by most of people. community is integrated with the interactive digit&/

In his definition of a virtual community, Howard technology, we focus our interest especially on the
[6], the primary early advocator of virtual commies second of the common aspects that define the Virtua
and often quoted in the literature, includes factiiat ~ Community concept: the support technology. In faet,
describe a virtual community as a social aggregatio increase the horizons and the possibilities ofvitteal
that emerge from the Net when enough people carry o Communities by giving new types of services based o
those public discussions long enough, with suffitie @ new and more user-friendly technology like the
human feeling, to form webs of personal relatiopshi IDTV.
in cyber-space. Hagel and Armstrong [7] focus an th ~ In fact, the possibility to integrate the increasin
content and communication aspects with special IDTV technology with the idea of virtual community
emphasis on member generated content: for themcan give two great profits: on one hand we haargel
virtual communities are computer-mediated spacesincrease of the digital television potentialitiepening
where there is a potential for an integration afteat ~ Ne€w ways of communication and new types of services
and communication with an emphasis on member-for the IDTV users; on the other hand, consequently
generated content. The definition from Jones andWe gdive the possibility to enter in a virtual conmmty
Rafaeli [8] uses the term “virtual public” instead taking advantage of his services also to a usegeran
virtual community. In particular, they say thattual  the IDTV users, that sometimes can have not enough
publics are symbolically delineated computer mexdiat ~ ability to surf the Web.
spaces, whose existence is relatively transpanedt a ~ We can say that the integration of the digital
open, that allow groups of individuals to attend an television with the paradigm of virtual communitieen
contribute to a similar set of computer-mediated €xtend the basic concept of interactivity, movitg i
interpersonal interactions. Another interestingnpaif ~ from a simple logic user-TV to a more interestiogit
view is the Romm and Clarke’s [9] definition, which based on the interaction user-user or user-comgnunit
points out only the aspect of communication, thatia of users.
electronic media: virtual communities are groups of
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In particular, the

ideas at the base of the

Our framework is deployed as a multi-agent

development of our framework have been principally platform which we can split in two main sides: avee

two: the support for community games and a morewid
support for virtual communities involved in
cooperative activities such as on-line auctions.

and a client side. The server side is set on aseeker
and it is deployed using the standard FIPA
specifications, instead the client side is the more

The technology used is a multi-agent technology, innovative one, because, since it is set on thdopet

this because the intrinsic characteristics of ragents
systems and of the agents themselves,
proactivity, make them very proper to our scope.

4. The Framework

box, it requires to enable FIPA Agents on thesedyp

such a®f devices.

In the next sections we give a first descriptionheaf
platform architecture, starting from the clientesiéind
then we will talk about the behaviour of the global
platform, giving some example of virtual commurstie

Agents need resources to act and to communicate SUPPOTt.

In FIPA [10] specifications, the run-time support
providing such resources is the agent platform.mge

can run only in the scope of an agent platform

providing the basic services to support interopiditgb
a means for sending and receiving messages and
means for finding agents, i.e., white pages antbwel
pages. We do not request the platform to provide an

4.1. Client side

The agent container set on the client side must be
Hexible enough to allow the integration of newsees
for the virtual community users. For this reasom w
think that the best choice is to conceive the tigde

support for concepts from agent-oriented software of our framework as a MHP interactive application.

engineering such as autonomy or
interoperability. Basically, the platform is onlyeant
to support the typed-message agent model.

service-level

In the DVB MHP standard, applications are
executed in the context of concrete services ontsve
in a service, and, usually, they do not surviveeraft

Agents communicate explicitly sending messages fi_nishing that context. In order to support sergider
and such messages may reach either agents within thvirtual communities, we have to take into accounat t

same platform or agents on different platforms.sThi
difference must be transparent to the developeraand
fundamental characteristic of agent platforms

our system needs to store all the viewers’ preferen
about a particular topic (i.e. the user profile an

is community game). So our approach integrates a@peci

enabling this to support open societies where agent agent, named User Agent, which has the basic toles

running on different platforms can join and leave
dynamically.

The distribution and cooperation of agents residing

on different platforms implies the conformance to a
standard. At the moment, only FIPA is producing
specifications for agent platforms.

At the moment, a number of FIPA platforms are
available [11, 12,13, 14], our middleware is
developing the enabling technology for allowing the

work as an interface between the user and theofest
the system and to store the user preferences.

The User Agent is responsible of building the user
profile, maintaining it when its user is on-linedan
notify to the system when his related user is acfishe
communication UA-user is performed by a standard
GUI by which the user can manage his profile ared th
different services. Clearly, on the other side, the
communication between the UA and other agents is

seamless deployment of agents to the Java-enable®ased on FIPA specifications.

IDTV devices such MHP-compliant set-top boxes.

Application 1 Application 2
Auction Communily Game b
52201 1 I
[ Agent Container |
L — Tuner
MHP Implementation

1
Java Virtual Machine TV-Monitor

1
Operating System
T

| |
| |
[ Drivers |
| |

Hardware

Figure 2. Client side architecture
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In order to support particular services for virtual
communities, such as the possibility for a user to
delegate to her/his personal agent the negotiatican
price in an on-line auction, this basic type of regs
always active on the user device.

The framework allows the development of other
types of agents to guarantee other particular tyges
services, but for the moment our idea of the clzdé
is that it must be based on “thin” software, so the
reasoning mechanisms for the moment are delegated t
the server side agent platform.



4.2. Server side

a more wide support for virtual communities invalve

in cooperative activities such as on-line auctions.

The server side of our framework consists in an
agent container set on a standard Web server ctathec
with the clients through the return channel of fet-
top boxes.

In order to support services for virtual commursitie
the server side of the system has to include at fae
different types of agents: a SP Agent (Set-top box
Proxy Agent), a MP Agent (Mux Proxy Agent), a User
Profile Manager, one or more Service Agent and a
Directory Facilitator.

The SP Agent represents the interface between the
server side multi-agent architecture and the clbgoht
device: this agent receives the requests which came
from the User Agent set on the user set-top box and
manages them interacting with other kinds of agents

On the other side, we have another proxy agent,
called MP Agent, which is responsible to update the
state of the application and to notify it to the
Multiplexer, in order to update the raw data redate
the Xlet embedded in the MPEG-2 stream and,
consequently, the state of the interactive apptinat
displayed on the user’s TV screen.

Between the two proxy agents have a specific kind
of agent, named Service Agent, which is respongible
a particular type of service offered by the framewo
the virtual organization. In example, if we think &
multi-player game, the Service Manager relatecht t
type of service will be responsible to manage tages
of the game, to find one or more appropriate pastte
play, etc.

—
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Web Server
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%»o

Return Channel
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Figure 3. Architecture of the system

5.1. Community games

The idea to play a game in a virtual way with other

The User Profile Manager agent is responsible of device.

To describe quickly the system behavior relatively
information/preferences of the users themselves into such type of service, we can consider a simyge t

maintaining the profile of the wusers and the

relation to the particular types of services offetsy

the

real-time

people connected by a network or, in general, by a
technology supporting
between the game participants is very common and
diffuse on Internet. With our system we match itiesa
with the TDV interactive television, allowing IDTV
users to play a community game without using ape ty
of computer and of network, but through their IDTV

interaction

of game like “Othello”, which requires two players.

the system (i.e. game preferences, skill level).etc
In the end, the Directory Facilitator is responsitul

When an IDTV user wants to play an Othello match
versus another user he has fundamentally to coenplet
inform an agent about the address of the othertagén  two steps before starting the match: the service
the system. configuration and the choice of the opponent. The

Figure 3 gives a graphical representation of the service configuration is a task that the user has t
architecture of the system, focusing both on the perform only the first time she/he uses the appboa
interactions between agents and between the differe the user has to insert some information like thmea
devices. In figure 3 groups of three agents mehat t preferences, the skill level, etc. Once the game ha
there can be one or more agents of that type. been configured, the User Agent communicates tleem t
the server side of the system to update the usditepr
managed by the User Profile Manager agent.

At this point the user is able to play: when she/he

In this last section we give some example of run the game by his set-top box, the User Agent
services supported by our system. In particulavas ~ notifies the server-side that his associated usetsito
said when we introduced our framework, the ideas atplay. At this point the Service Agent related tatth
the base of the development of our system have beeigame creates a new game instance and the UseleProfi
principally two: the support for community gamesian Manager agent find a possible opponent (the otser u

5. Sample Services
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has to be “on-line” and has to be a compatiblel skil enormously the range of users that are possibihexh
level). by everyday Internet-based virtual communities.

Once the opponent has been chosen, the match can At the moment, our framework is under
start: the system, e.g. the Service Agent, contislyo = development. For the server-side of our multi-agent
updates the state of the application in relatiorthi® system we are using JADE (Java Agent DEvelopment
moves made, one after the other, by the particpant Framework) [11, 15], which is a software framewtrk
until the end of the match. Obviously, in relationthe aid the realization of agent applications in comauptie

result, the system updates users’ profiles. with the FIPA specifications for interoperable
intelligent multi-agent systems. Client-side is ézh®n

5.2. Online auctions new, yet somehow consolidated, IDTV technologies,
e.g., MHP.

Also the paradigm of the on-line auctions is very  Our future work is related to the development of
common for the Web users, we can think about thenew types of applications and services expandieg th
famous eBay Web site to quickly understand the functionalities and the multi-agent architecturetio¢
enormous success that these types of services havBamework.
collected in the last years. The behavior of thetesy
is very similar to the previous case, in the sethse References
also for this type of service the user has to nake
initial configuration of the application insertirger/his [1] MHP Sitehttp://www.mhp.org
data which are used to update his profile.

Differently from the community game, in this type
of service we have not a real-time interactions ragno
the involved users but we have an asynchronous[4] DAVIC Site http://www.davic.org
communication. When a user wants to sell something(s] Havi site http:/mwww.havi.org
she/he opens a new auction inserting the initiadepr
the deadline, etc., then the User Agent notifysever
side of the system and the Service Agent relatetliso _ .
type of service creates a new auction instancemFro [7] J- Hagel, A. ArmstrongNet Gain: Expanding Markets
this moment all the users using this type of serdgan through Virtual Communities Harvard Business School
participate to the auction making their offers or Press, 1997.
selecting a maximum budget and delegating to their[8] Q. Jones, S. Rafaeli. “Time to Split, VirtualliDiscourse
related User Agent the task. Once the auction has Architecture’ and ‘Community Building’ as meansQoeating
expired, the Service Agent deletes the relatediauct Vibran.t Virtual Metropolises".lnt’l J. Electronic Commerce
instance and the User Profile Manager agent updates & Business Medial0(4), 2000.

[2] JavaTV Sitehttp://java.sun.com/products/javatv
[3] DVB Site http://www.dvb.org
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6. Conclusions Procs. &' Australasian Conference on Information Systems
) 1995.

This paper presents a multi-agent framework that we [10] FIPA Sitehttp://www.fipa.org
realized to support the effective and fruitful [11] F. Bellifemine, A. Poggi, G. Rimassa. “Deveiog Multi-
implementation of virtual communities in an Intetree agent Systems with a FIPA-compliant Agent Framework
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