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Abstract—With the fast growth of Internet infrastructure and  providing global, transparent and secure access to resources.
the use of large-scale complex applications from industries, Supporting various forms of collaborative activities such as
transport, logistics, government, health and businesses, there is an business, on-line learning and social networks in an intelligent
increasing need to design and deploy multi-featured networking ’ . . . .
applications. Important features of such applications include the and se_cyre environment is also |mportant in such systems. _In
capability to be self-organized, decentralized, integrate different fact, digital ecosystems are considered as the next generation
types of resources (PCs, laptops, mobile and sensor devices)pf collaborative environments.
and provide global, transparent and secure access to resources. The development of such applications requires the combi-
Moreover, such applications should support not only traditional nation of many computing paradigms and technologies such
forms of reliable distributing computing and optimization of . - ) -
resources but also various forms of collaborative activities such 25 Web, mobile and sensor technologies to_ achieve ubiquity
as business, online learning and social networks in an intelligent features. However, the current Internet architecture based on
and secure environment. In this paper, we present the JXTA- Client/Server topology shows several limitations to efficiently
Overlay, a JXTA-based P2P platform designed with the aim address the high degree of heterogeneity of computational
to leverage capabilities of Java, JXTA and P2P technologies 10 yagqyrces and devices, which are useful for the everyday real

support distributed and collaborative systems. The platform can life activities. Besides, in large scale networks such as Internet
be used not only for efficient and reliable distributed computing : ' 9 ’

but also for collaborative activities and ubiquitous computing it is very difficult to control network devices due to security
by integrating in the platform end-devices. The design of an problems. Networks have their own security policies and the
user interface as well as security issues are also tackled. Weinformation should overcome firewalls, which are used for
evaluate the proposed system by experimental study and Show cpacking the information between private and public networks.
its usefulness for massive processing computations and e-learning . .
applications. Peer-to-Peer (P2P) systems are an_lmportant parad|gm_for
. the development of large scale applications endowed with
Index Terms—P2P Systems, JXTA library, JXTA-Overlay, Java  foarres of digital ecosystems. Indeed, P2P systems [7] can
Applications, End-device Control, SmartBox. . - . .
achieve a good scalability and are decentralized in nature.
In P2P systems, the computational burden of the system can
|. INTRODUCTION be distributed to peer nodes. Therefore, the users become
The Internet is growing every day and the performance tifemselves actors by sharing, contributing and controlling
computers and networks is significantly increased enablitite resources of the systems. This characteristic makes P2P
the development of complex, large-scale applications. Vegstems very interesting for the development of decentralized
are currently witnessing an increasing need to design applications [4], [22].
deploy multi-featured networking applications instead of stand P2P systems have evolved from simple systems of file
alone applications for specific needs. Such applications cosfiaring among Internet users to a disruptive technology for
bine different paradigms and are developed using varioggllaborative and social activities. Indeed, such systems are
technologies with the aim of achieving a multi-disciplinargapable to deliver content, profiling, grouping and control
view. The digital ecosystems [5], [8], [10], [21] are emergingo ordinary users in intelligent and interactive environments.
as a paradigm for supporting multi-disciplinary and multiThus, P2P technologies lay the basis for developing appli-
paradigmatic applications capable of being adaptive and sodi@tions to support any group of people having in common
technical, having properties of self-organization inspired dgchnical, scientific, cultural, and political interests.
natural ecosystems. Important features of such applicationd2P technologies can also efficiently address the ubiquity
include the capability to be self-organized, decentralizet§atures of large scale Internet-based applications by integrat-
scalable and sustainable as well as integration of differéng any connected devices on the network, ranging from cell
types of resources (PCs, laptops, mobile and sensor devigg®nes and wireless PDAs (Personal Digital Assistants) to

S _ __Personal Computers (PCs) and servers. Recently, there has
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In this work, we present the JXTA-Overlay, a JXTA (Juxta-

pose) based P2P platform, designed with the aim to leverage



capabilitiesof Java, JXTA and P2P technologies to support dis- 1 Sanpl e Appl i cations )
tributed and collaborative systems in a decentralized and self- . Tnstant Messaging
organized manner, capable to integrate different types of peers. e [Ee— |
The platform can be used not only for efficient and reliable L )
di;trib_uted comput_ing but_ also fo.r cqllaborative activities and ( sanpl e Servi ces )
ubiquitous computing by integrating in the platform also end- XA
devices and overcoming thus intrinsic difficulties of current [ search | [ indeving | [ Discovery
Internet architecture and protocols. Moreover, the design of > !
an advanced user interface as well as enhancement security
requirements of JXTA library are also tackled. We consider as o
an end-device the SmartBox that is able to stimulate learners |
during their learning activity and thus increasing their learning
efficiency and outcomes. We evaluate the proposed system by [
experimental study and show the usefulness of using SmartBox
end-device in the development of e-learning applications. Fig. 1. JXTA layers and services.
The structure of this paper is as follows. In Section I,
we give a description of the main protocols of the JXTAmter
library. Section Ill presents the main features of the JXTA-
Overlay platform. The use of the JXTA-Overlay platform for
masive processing computations is presented in Section
We introduce the issue of integration of end-devices into
P2P systems in Section V. In Section VI, we present tr}ﬁes
integration of the SmartBox end-device. In Section VII, w
show the evaluation of JXTA-Overlay. The paper ends wi
some conclusions in Section VIII.
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Peer Resolver Protocol (PRP)PRP offers a generic
face that allows peers to send generic requests to one
r more peers and to receive one or multiple answers. Appli-
tions and services can use the protocol for the resolution of
rvices.
Endpoint Routing Protocol (ERP)ERP defines a set of
sages which are processed by a routing service to enable
peer’'s message routing to the destination. Thus, ERP is used
find the available routes to send messages to the destination
peers.
Peer Discovery Protocol (PDP)PDP is used to discover
the published resources by the peers. The resources are rep-
resented through advertisements. A resource can be a peer, a

IXTA technology [6], [19] is a generalized group of Si)})gergr.oup, a pipe, or any other resource that has associated an
& vertisement.

XML (Extensible Markup Language) based protocols tha Rendezvous Protocol (RVPRVP is used to propagate

allow different types of peers to commumgate and coIIabor. essages in a group of peers. The RVP provides mechanisms
among them. Peers can be organized into peergroups in

decentralized wav. Peers communicate USING bipes whu(:)h? controlled propagation of the messages. This protocol
Y- 9 PpIpes, comprises the PeerView Protocol, Rendezvous Lease Protocol

abstract the way in which two peers communicate, where ot &l 4 Rendezvous Propagation Protocol
peers are allowed as intermediaries if communication would Peer Information Protocol (PIP)'PIiD provides a set of
noF be able due to network partitioning and restrictions. B essages to obtain information about the state of a peer. The
using these protocols, peers connected FO the JXTA.netw protocol is optional for JXTA peers. In fact, a peer does
can exchange messages among the_m n d_ecentrallzed - need to reply to the queries made with PIP protocol.
Moreover, by using JXTA protocols it is possible that a peer Pipe Binding Protocol (PBP):PBP is used by the ap-

in a private network can be connected to a peer in the Inter ‘ﬁEa

b . isting fi I NATs (Network Add tions and the services in order to communicate with the
y overcoming existing firewalls or S ( etwor r€S3ther peers. A pipe is a virtual channel between two peers and
Translations) or when different communication protocols ar

. i§ described as “pipe advertisement”. Every time that a pipe is
used. The performance of JXTA has been evaluated in sever ablished, an input pipe and an output pipe are established.

research work and it has been shown that the library is eﬁiciqﬂtfact PBP can be viewed as a layer over the ERP, and it can
and highly scalable [1], [11]. use a variety of transport protocols such as “Transport JXTA

Peers are uniquely identified allowing that peers can chanqus-rp,,’ the “Transport JXTA TCP/IP” and the “Secure JXTA
their address still conserving their unique peer Id. JXTA layessg g Transport” in sending messages.

and services are shown in Fig. 1.

II. JXTA LIBRARY FORP2P GMPUTING

B. JXTA Entities

A. JXTA Protocols The main entifties of JXTA networks are as follows.
Peer: Any interconnected node is called peer. Peers
JXTA comprises a set of six open protocols that enable anmprk independently and asynchronously with other peers by
connected device on the network, ranging from cell phonesblishing one or more interfaces that are used by other peers
and wireless PDAs to PCs and servers, to communicate andestablish P2P connections. Different types of peers are
collaborate in a P2P manner. We briefly describe below thedefined (Limited Edge Peer, Complete Edge Peer, Rendezvous
protocols (core and standard protocols). Peer, Relay Peer) according to their role in the P2P network.
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Fig. 2. Communication of peers in a JXTA network.

. Fig. 3. Structure of JXTA-Overlay.
« Rendezvouds'he Rendezvous peers are in charge of coor-

dinating other peers in the JXTA network. AdditionallyCther applications, which on their hand, will be built on
they provide the necessary services for the propagationt®p Of the overlay, with complete independence. The JXTA-
messages. Each sub-network of JXTA must have at lefyerlay offers several improvements of the original JXTA
a Rendezvous peer. protocols/services to increase the reliability of JXTA-based

« Relay: The Relay peers allow that peers behind firewal@stributed applications and to support group management
NATs or special peers having limited computationeﬂmd file sharing [23]. The architecture of the P2P distributed
power such as mobile devices, PDAs, etc., can be partmgtform we have developed using JXTA technology has these
a JXTA network. The relay peers achieve this by usinléuilding blocks: Broker Module, Primitives Module and Client
protocols which allow to cross the limitations imposedodule. Altogether these three modules fo_rm anew.ove.rlay on
by these systems, e.g., the HTTP protocol (see Fig. 2JOP of JXTA. The JXTA-Overlay structure is shown in Fig. 3.

« Edge: Edge peers are peers at the edge of the networid) The primitives:The set of primitives includes function-
and usually have limited bandwidth as compared to othglities that allow peer discovery, peer's resources discovery,
types of more powerful peers. resource allocation, file/data sharing, discovery and transmis-

: . ion, instan mmunication an rgr functionaliti
PeerGroup: A PeerGroup is a collection of peers tha?0 , Instant commu Cf’ﬂ on a d peer g oup tu ct_o alties,
among others. The primitives are organized in interfaces

provide a secure shared environment for participating peeerl%'cording to an affinity criterion. In what follows we give the

A PeerGroup can decide its own policy of peer membershlt%am functionalities of these interfaces (we use indistinctly the
Peers can belong to more than one PeerGroup.
terms peer and resource).

¢ b|'F}’1IpSS;)A£ Pipe Its a virtual comfumcatlotn channel tes— tAuthentication: This interface includes typical methods
ablished between two processes. A computer connectedidp o ynantication of the final user/application that will be
the network can open, at transport level, as many pipes asd£§

. . N ng the resources managed by the overlay. It should be
operatmg system per mlts. ‘J XTA offers bqth unidirectional, n?]toted that another authentication could be established at the
secure pipes, and bidirectional secure pipes.

M M biect q7 icati application level, which would be independent of the over-
essagesiiessages are objects used for communicall gé/ In this interface we have, among others, the methods

and interchanging data. A message is an XML docume%n
which can also include binary code.

Advertisements:JXTA resources and services are repr
sented using advertisements. An advertisement is a meta-
structured information (XML document), which is publishe
with a certain lifetime specifying its availability.

nect (which verifies the authentication by calling the
verifyAuthentification method of JXTA, connects
0 a broker, flushes the local cache and fires an event);
igure  (which configures the local cache and is called
st once at the beginninglpgin  anddisconnect
Resource discovery and information This interface in-
cludes functionalities related to the discovery of peers man-
1. IXTA-OVERLAY PLATFORM aged by the overlay. The implementation of these function-

JXTA-Overlayt [23] is a middleware that abstracts a nelities is later done by using JXTA disclovery services. It
layer on top of JXTA through a set of primitive operation§h°“|d be note_:d thg’g, as parft of resource discovery, the (_)verlay
(services) commonly used in JXTA-based applications. mcludes functu_)n_almes to discover a resource of certain de-

JXTA-Overlay comprises primitives for: (a) peer discoverys,',red characteristics. Thus we have, among others, the methods
(b) peers resources discovery; (c) resource allocation; gﬁcoveryEvent, getPeerName andgetE’eerID.
task submission and execution: (e) file/data sharing, discoverj@nagement of executable tasks: An important place
and transmission: (f) instant communication; (g) peer grodB the primitives is given to funct!onahtles related_to_the
functionalities (groups, rooms etc.); and, monitoring of peerfianagement of executable tasks in parallel and distributed
groups, and tasks. This set of basic functionalities is inteng@Plications. The TaskList module is in charge of managing
to be as complete as possible to satisfy the needs of JIXTRE task of pending list, as shown graphically in Fig. 4.

based applications. The overlay is built on top of JXTA The task functionalities are intended to give service to
layer and provides a set of primitives that can be used ers/applications on top of the overlay that submit executable
tasks and receive results in turn. Thus we have, among others,

Lhttps://jxta-overlay.dev.java.net/ the following methods:
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brokerlD: String
brokerMame: String
destinationlDs: PeerlD
destinationMames: String
generalstate: String
groupMate String

info; String

map: ArrayList <E=
parts: irt

peerStates: String
previsionTime: long
processedTime: long
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taskiD: long
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@ allStaterstates: Strinall) bo...

Fig. 4. Task list module.

« executableTaskRequestRandom: a new executable task

zimports

& TaskList

%F serialversionUi: lorg
o nexdtiDTaszk: long
o firstBucle: hoolean

o TaskList()

addTaskitaszk: Task)
delTask(TaskID: long): boolean
contsinsTask(TaskiD: long): boolean
getTask(TaskiD: long) Task
get{postion: int): Task

size(): int

@

Q00 Q@

sendMsgPeer (for sending a message to a specified peer)

is requested to be executed in another peer selected at randgiidsendMsgGroup (for sending a message to a peergroup).

« executableTaskRequestSelectedPeer: a new exe-

cutable task is requested to be executed in a (group of) selecte

dPeer's statistics: Statistic information of resources is rele-
vant for applications that will be built on top of the overlay.

peer(s). . :
« executableTaskRequestDataEvaluator:  evaluates Thus we have,_among others, the fO”PV\_/an methqu.

the execution of a task according to task data/characteristics. o getPeerStatistics . returns statistic information on a
« executableTaskRequestEconomicEvaluator : evalu- specified resource.

ates the execution of a task according to a given economic modek getGroupStatistics . returns statistic information on a

based on task data/characteristics.

group of resources.

. executableTaskDel : deletes a task from list of pending  getBrokerStatistics : returns statistic information on a
tasks. specified broker resource.

« executableTaskAccepted : indicates acceptance of a task e« getBrokerStatistics : returns statistic information on the
execution in a specified resource. broker of a specified group of resources.

. executableTaskDeny : indicates deny of a request for a « getClientStatistics : returns statistic information on a
task execution. specified edge peer.

« executableTaskFinished : advertises that the execution e getClientStatistics . returns statistic information on a

of task has successfully been finished.

« executableTaskCanceledRequest: requests cancella-

tion of task execution.
« executableTaskCanceledByDestination: indicates

that the executable task has been cancelled at destinatio

resource.
« executableTaskCanceledBySender: indicates that the
executable task has been cancelled by task’s sender.

o addExecutableType : adds a new type of executable
is tl

tasks that a resource supports. Similarly there
delExecutableType method.

specified group of edge peers.

There are also some primitives related to the peer’s local
cache that we have omitted here.
2) Peer typesiFor the definition and implementation of the
JXTA-Overlay primitives, theBroker peerand two types of
Client peershave been defined and implemented.

Broker peer: Broker peers are extension of rendezvous
eers and are in charge to control the JXTA network of
peers. As such, broker peers act bets actually they
don't interact with users but are permanently waiting for

File sharing, discovery and transmission This includes events/advertisements from peers in the networks. Therefore,
sharing, discovery and transmission of files, which algoker peers are able to keep the state of the network and
basic functionalities of the overlay. The objective of thes'@ropagate it to the peers in the network. Thus, broker peer
functionalities goes beyond the sharing in P2P systems sifigfhlements both rendezvous and relay peer functions. Among
file transmission is necessary for submitting tasks to resourcggher proper functions of the broker peers we can mention the
Thus we have, among others, the following methodggin control of peers, management of peergroups and rooms,

addSharedFile , addSharedDirectory , delSharedFile
getSharedFiles , sendFilePeer , sendFileAccepted
sendFileDeny , sendFileGroup , findFile,
fileRequestRandom fileRequestSelectedPeer
fileRequestEconomicEvaluator, cancelTransfer
localinfoTransfer

Instant communication: This interface supports

in-

task assignment and allocation, search of the best peer for
file transfer, file search by content, and so on. Although not
necessary, broker peers should run on fast machines in order
to be able to process the amount of information generated in
the network in short time intervals and maintain the updated
state of the network.

GUI Client peer: This is an edge peer that offers a graph-

stant communication between peers and includes methack user interface, hence called GUI Client peer, to facilitate



the operability of a user with the JXTA network. The user
can thus collaborate with other peers, send requests for tas Asub-task

sentto a peer

Sub-task result sent
to destination peer

PROCESSED
IN PIPE

Sub-task denied
by peer assigned
by broker

Sub-task
accepted by
destination
peer

All sub-taks are
in final state

Task destruction

PENDING
ACCEPT

Error in task
completion

Sub-task
finished

All sub-tasks are
in final state

Task destruction

layer of the applications that carries out the management of
task executions. In this way, any different applications running

propagated to other peers in the network. Mecation o
in the JXTA network, especially, for distributed computing Denied o S subdaskis
peers for task execution and the users do not need to be awal
Overlay: JXTA protocol uses Universally Unique Identifier
devices such as RS232C port, LPT port and USB port. We aecepted
4) Graphical User Interface:JXTA-Overlay has been de- e
face, users interested in parallel and distributed computing can
o : . on top of the middleware can use task primitives but manage
5) Security in JXTA-OverlayJXTA library supports ba- e task execution on their own. Moreover, this consideration

executions, share, send and receive files. The accomplishmer wimesen
of these functionalities is done through the generation of events @
Simple Client peer:This peer is again an edge peer, but ook demied o oninal poer
it does not offer interaction with the user. This kind of peers is byt o
intended to increase the performance and amount of resource o
i | . _ notification sen| g{]ri“:::liik finalized

applications and data storage. The functioning of such peer:  ©ewnares cont’
is completely transparent to the user. They are used by broke
of such peers, although they can know the simple client peer:
in the network and those patrticipating in a task resolution.

3) Transmission Control and Management in JXTAﬁg 5. Task execution state at Broker peer.
(UUID) in order to identify peers in the private network from Now task | o m Sub-task completed

. . at a peer,

the Internet. We implemented a control system that is able Q@ S
to distinguish a peer in a private network from a peer in Sub-task
the Internet. The control targets are considered the networl denied Subrask
have implemented the integration of these devices in our P2l
platform. Our platform is able to collect data and control the
peers and all devices that are connected to the peers. Al sub-tasks
veloped to support multi-features applications and different
needs of users. It comes with a graphical user interface , o
(through its GUIClient peer type). By using the graphical intef-9- 6 Task execution state at origin peer.
execute their tasks throudfxecutable Taskshare files through
Files or use tools for online learning througbroupware tools
(see Subsection V-B for a snapshot).
Elc sgcurlnll_ ret_quwesmerllts Wh.'Ch aret d_eS||ra:jbIe in f%ny tPI2 f independence allows that the overlay is transparent to all
pased appiication. such requirements include confidentiall eers, since different peers with different types of executable
integrity and availability, which are achieved through au-

thenticai trol i . tasks use the same overlay. Any executable task consists
entication, access control, Encryption, secure communicatigh,, type, the task properly said (e.g. signed JAR —Java
and non-repudiation. In fact, JXTA provides a generic an

flexible f K where diff ¢ it h Rchive— file of program and/or data) and the result type.
EXIbIE Tramework where dilferent Securily approaches can g, s can pe composed of other small tasks (sub-tasks). It

adopted. We have enhanced the basic security requiremesmguld be noted that the task itself and the result are treated

of JXTA-Overlay with more advanced security mechanlsnm(e objects. That is, they pass through the overlay layer neither
related to group membership to grant access to group resouif&Rg treated nor modified and are handled in superior levels,

and secure resource discovery and message exchange bet\% where primitives for task executions are invoked (see
peer group members [2], [3]. Subsection 111-1).

We show in Figs. 5, 6 and 7 the life cycle process of
IV. JXTA-OVERLAY FOR HIGH PERFORMANCE task executions at broker, origin peer and destination peer,
COMPUTING respectively.

One of the features of JXTA-Overlay is the support to
parallel and distributed computing. Users of the JXTA-OverlayV- |NTEGRATION OFEND-DEVICES INTOP2P SSTEMS
can submit the execution of their tasks to the peer nodesThe high degree of heterogeneity of computational resources
of the platform. This is useful to benefit from the largés a real challenge for the today’s Internet applications.
amount of computational resources, which are beyond thoBee great variety of computational resources ranging from
of a simple peer. Task execution in JXTA-Overlay is efficiergervers, PCs, laptops to hand-held and end-devices makes
because tasks submitted to the platform by independent peésr integration very complex. Among other issues we could
are efficiently managed and monitored at application levalistinguish the difficulties of integration with current Internet
This is essentially achieved by the independence of overlaschitecture, the lack of a standard middleware that would
primitives from the execution of the tasks, so it is the uppéacilitate and make transparent the programming task of the
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The implementation of this new paradigm has certainly
many benefits for online learning as compared to only Web-
based online applications. Among the most remarkable fea-
tures of such new online learning applications using hand-held
and end devices, we could distinguiglfermanent connection
with the virtual classroomdownloading material courses
awareness monitoring activity in classroomsnd alerting
about important calendar dates and events

It should be noted however that currently the implementa-
tion of such advanced online learning systems is a challeng-
ing task due to the intrinsic complexities of the hand-held

and end devices. Indeed, the programming of computational
devices and their integration into distributed applications is

very difficult. In such applications the target is to use different

technologies: Web, Grid, P2P and computational devices. The
heterogeneity of computational resources in such applications
diverse computational devices and, not less importantly, tife@ major research issue still to be addressed and solved
security issues. for practical purposes. The first steps in this directions are

Current research work is addressing the integration of harfipne by combining Web, Grid and P2P computing and nowa-
held and end devices in Web applications, in Grid applicatiofgys we can find some applications using such technologies.
and P2P applications. The objective is to develop pervasii@art from the heterogeneity and the variety of computational
and ubiquitous applications using Web, Grid, P2P, smadjevices, other difficulties arise from the limitations of the
environments and sensor technologies. computational devices and security issues.

In this section, we briefly discuss some research work in Fortunately, libraries for supporting the programming of
the literature on the use end-devices in P2P systems. Kumag@mhputational devices and their integration into distributed ap-
al. [14] presented a middleware for digital rights managemepiications are proposed in the literature. Among these libraries,
in P2P networks. The authors considered P2P networks cdiere is JXTA, which offers a set of protocols that enable the
prising different types of user devices. Charas [9] introducé@nnection and communication with any type of computational
the concept of local policy enforcement to define terminglevices able to be connected acting as JXTA edge peers.
centric control with the aim to develop a mobile architecture
including ubiquitous end user devices. Hu [12] present@®l Groupware Tools in JXTA-Overlay Platform

techniques for NAT traversal techniques and P2P appIicationsAS part of JXTA-Overlay Platform, we have developed also
Another research work in this direction is reported in [15%5

Task destruction

Fig. 7. Task execution state at destination peer.

h |t ) roupware tools to support online learning. The groupware
where a NAT traversal for Pure P2P e-Learning system {s,is in the current version comprise: instant messaging,

proposed. _ management of rooms, management of learning scenarios and
Considerable research efforts are currently being devoted 1@y ~oordination among peers of a group (i.e., students of

the extension of P2P networks with mobile devices such Esstudy group) within a learning scenario (see Fig. 8) for a
PDAs [13], [17], [20]. shapshot of the IXTA-Overlay and groupware tools.

It should be noted that currently, the JXTA-Overlay can be
deployed for P2P networks aftandard peers such as PCs

Vil campuses are nowadays  common approsch wioBf? SELOP. 1 1% ot e exer e cavebite of e
used for online distance teaching and learning. In fact, thi§ Y PP

: : . enhancing learners’ motivations.
approach is used not only for open universities but also in

semi-open teaching and learning courses taught by different
institutions and organizations world-wide. Vl. END DEvICEs

Most of the online applications that support distance teach-Our target implementation is to build and design some end-
ing and learning are Web-based. Due to the very fast devélpvices for control in a smart environment. As end devices,
opment in Web technologies as well as the emergence of neéi& consider mobile car, robot and SmartBox, but for the sake
paradigms such as Grid, P2P and mobile computing, the onlipfespace we will present in this paper only SmartBox.
learning systems are currently undergoing important changesThe SmartBox uses RFID (Radio Frequency Identification)
The rationale behind these changes is to shift from tid”” and Vital Sensors. The size of SmartBox3is x 7 x 15 cm.
paradigm of offering remotely teaching and learning supportddie SmartBox has the following sensors and functions (see
through virtual classrooms, to theew paradigm of learning Fig. 9).
and teaching "anytime, anywhere”. This new paradigm of « RFID Sensor: for identifying user’s IC tag card.
distance teaching and learning is being possible due to the Chair Vibrator Control: for vibrating the user’s chair.
everyday increase of hand-held devices such as PDAs, mobile Light Control: for adjusting the room light.
phones as well as many types of end-devices. « Aromatic Control: for controlling the room smell.

A. The Use of End-Devices in Online Learning
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Fig. 8. Snapshot of the peer’'s Graphical User Interface (GUIClient) in JXTA-Overlay and groupware tools.
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A snapshot of the implemented SmartBox is sho,wn [ e
Fig. 10. The SmarBox can detect the computer users’ mov

ment by its body sensor and hand sensors. The body sensor

is used for controlling the body movement of the user. On thg, 11 smartBox control system interface.
other hand, the hand sensors control the hand motion of the

user. The RFID sensor can read IC tag information and record

the time a user uses the computer. We used the SmartBoXExperimental Results with JXTA-Overlay Performance
as an end device in a P2P e-learning system and we controll
its functions by using JXTA-Overlay. We developed a contral
system for controlling the SmartBox (see interface in Fig. 1

n order to evaluate the performance of JXTA-Overlay
rimitives for massive processing computations, we deployed
je P2P network using nodes of the PlanetLab platform [16]
and used the cluster nozomi.lsi.upc.edu (a main control node +
VIl. EXPERIMENTAL RESULTS five computing nodes) where we deployed broker services. The
computational results of the experimental study given below
We have conducted extensive experimental evaluationsveére obtained using a group of 8 geographically distributed
the JXTA-Overlay middleware. Here, we present some commachines in seven EU countries. The distributed application
putational results from the experimental evaluation of twoonsisted in processing a log file of 100 Mb from a real virtual
aspects: speed-up gain in massive processing of large sizedagipus. In this application, a GUIClient peer (that is a peer
data files and end-device integration. with graphical user interface), provides the required data for
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Fig. 15. Measurement of learners concentration using SmartBox.

the application including the file to be processed, number Bf Experimental Results with SmartBox

chunks to split the file and transfer mode (FTP or direct peeryy,e present here some experimental results about the moni-
transfer)_. The application starts by splitting the I(_)g file i”t?oring and performance of the SmartBox in the JXTA-Overlay
a specified number of parts (chunks) of equal size, the fip system. We carried out experiments in real environment
chunks are sent to an FTP site or directly to peer nodes #4d confirmed the effectiveness of JXTA-Overlay. We verified
processing and results of peer nodes are uploaded to an R effectiveness of SmartBox by stimulating different users
site or are directly sent to the GUIClient peer, which processgs its functions.
them and produces a final result. The proposed system can detect the learner's movement by
Below we show graphical representation of the two maimsing body sensors. The measurement data for learners’ body
steps, namely: measuring of the processing time of the @&sevements are shown in Fig. 14. We obtained these data after
signed chunks by peers (see Fig. 12), and the final processimgerving learners studying for a total of 40 hours distributed
time at GUIClient peer which merges the results sent by peetsng different periods.
(see Fig. 13). In our experiments, we used SmartBox and measured the

As can be seen in Fig. 12, a considerable speed-up Stimulation effects that the SmartBox has to the learners. We
processing of the log file is gained when the file is split ifhecked the Smell function, Light function (high luminance
4 and 16 parts, respectively, with respect to the sequenti&D) and Sound function (different kind of music). In order
processing of the complete file. Thus, the processing tiff® check the effects of the SmartBox on the learners, we
when the file is split in 16 chunks is roughly twice as fastétarried out real experiments with learners while they were
as the processing time when file is split in 4 chunks. It shoufdudying. In the first experiment, we used the SmartBox and
be noted here that economic-based models were used to séleépe second experiment we did not use the SmartBox. The
peers in order to achieve a good load balancing. learner's body movement for these two cases are shown in

In Fig. 13, we show the processing time of merging part ig. 15 and Fig. 16, respectively. The comparison between

results of peers in a final processing result. We measu §se' two f|gurgs shows that the use .Of .SmartBox 'S an
whether it is more efficient to download the partial resurlf ectlv,e way to improve th_e Iearne_r motivation, because the
of peers from an FTP address or get them in a direct com garners concentration is higher using the SmartBox.

nication with the peer (P2P mode). As can be seen, using
direct communication resulted more efficient. For instance,
using direct communication when file is split into 16 chunks is P2P systems have evolved from simple systems of file
roughly three times faster as compared to FTP mode trans&aring among Internet users to a disruptive technology for

VIII. CONCLUSIONS
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Fig. 16. Measurement of learners concentration without using SmartBox.
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