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Abstract

In this paper, we present the design and implementation
of the JXTA-based e-Learning P2P system. We also show
the design and implementation of a smart box environment
that will be used for stimulating the learners to increase the
learning efficiency. The smart box is intended to be inte-
grated with our P2P system as a useful tool for monitoring
and controlling learners’ activity. Finally, it is also useful
to evaluate the feasibility of our P2P platform to integrate
different computational devices.

1 Introduction

In the past few years we have observed an explosive
growth of multimedia computing, communication and ap-
plications. Information Technology (IT) has a great effect
in our everyday life and is transforming the way people live,
work, and interact with each other, and is impacting the way
businesses, government services, education, entertainment,
and health care are operating.

The Internet is growing every day and the performance of
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computers is increased exponentially. However, the Internet
architecture is based on Client/Server (C/S) topology, there-
fore can not use efficiently the clients features. It should
be noted that computers of today have the same characteris-
tics with conventional super-computers. Also, with appear-
ance of new technologies such as ad-hoc networks, sensor
networks, body networks, home networking, new network
devices and application will appear. Therefore, it is very
important to monitor, control and optimize these network
devices via communication channels. However, in large-
scale networks such as Internet, it is very difficult to con-
trol the network devices, because of the security problems.
Each network has its own security policy and the informa-
tion should overcome the firewalls.

The firewalls are used for checking the signal informa-
tion between private and public networks. The signals are
transmitted according to some decided rules and it is very
difficult to change the network security policy. So, there
are many small networks and Intranets that do not allow
the information coming from other networks. This happens
especially in the networks of schools or libraries. There-
fore, recently many researchers are working on Peer-to-Peer
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(P2P) networks, which are able to overcome the firewalls,
NATs and other security devices without changing the net-
work policy. The P2P architecture is thus very important for
future e-learning systems.

Virtual campuses and virtual universities are new ways of
organizing students activities by using IT technologies. The
virtual university is one of the most widely used form of vir-
tual organizations in the today’s teaching and learning ac-
tivities. However, most of the current virtual organizations
use server-mediated Internet-based applications that enable
sharing among the members of the community.

In C/S approaches the shared resources are centralized
on servers and members of the virtual community (students,
teachers, researchers, etc.) access them through light Web
clients. Thus, every thing is done at server side while at
the client side just an interface is needed. In general, the
server-mediated approaches show several drawbacks, espe-
cially lack of scalability and efficiency in virtual campuses
of many thousands of students.

The most powerful alternative to server-based ap-
proaches for applications of virtual universities is the use
of decentralized approaches such as P2P systems. In such
systems, the computational burden of the system can be dis-
tributed to peer nodes of the system. Therefore, in decen-
tralized systems users become themselves actors by sharing,
contributing and controlling the resources of the systems.
This characteristic makes P2P systems very interesting for
the development of decentralized applications [1, 2] for vir-
tual campuses and virtual organizations.

During the last decade, many e-learning systems are pro-
posed and implemented, mostly using web technologies.
With emerging of new technologies such as P2P, sensor and
ad-hoc networks, it will be possible to build ubiquitous sys-
tems that can offer an equal educational environment regard-
less the region, age, time or the place [3, 4].

This work is motivated by the need to develop decentral-
ized P2P approaches to support learning and teaching activ-
ity in virtual universities. In this work, we present the design
and implementation of main features of a JXTA-based P2P
system (called JXTA-Overlay) that support in many ways
the development of e-learning applications. JXTA-Overlay
is thus a platform for developing group-ware applications.
We also show the implementation and the design of a smart
box environment that will be used for stimulating the learn-
ers to increase the learning efficiency. The smart box is in-
tegrated with the JXTA-Overlay by using efficient message
sending between peers in the system.

The structure of this paper is as follows. In Section 2, we
introduce the related work. In Section 3, we introduce the
Project JXTA and explain JXTA-Overlay. In Section 4, we
present the proposed P2P e-learning system. Finally, con-
clusions and future work are given in Section 5.

2 Related Work

In this section, we discuss the related work for P2P sys-
tems and Web based e-learning systems.
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Much of the initial research efforts and projects on P2P
systems were concerned with the investigation of overlay
networks. It should be noted that each time more, this ef-
fort is oriented towards the design and implementation of
libraries and platforms to support the development of real
P2P applications, which could actually combine both Grid
and P2P technologies. Bal et al. [5] motivated the need for
research from conceptual, algorithmic and application level
tools to facilitate the application development task, that is,
tools that enable writing, deploying and running Grid/P2P
applications.

Since in P2P applications file sharing plays an important
role, a lot of research effort is being devoted to the devel-
opment of reliable file sharing systems to be used in P2P
applications [6]. In particular, several studies are done for
measuring the efficiency in P2P systems [7, 8, 9] as it is cru-
cial for such systems.

Due to the opportunities provided by the Internet, more
and more people are taking advantage of online distance
learning courses. During the last few years enormous re-
search efforts have been dedicated to the development of e-
learning systems. Consequently, many large projects have
been established [10, 11, 12, 13, 14, 15]. However, in these
systems the e-learning completion rate is low. One of the
reasons is the low study interest when the learner studies
the subjects. Therefore, it is very important to stimulate
learner’s motivation during the study. In our previous works
[16, 17], we proposed an agent based distance learning sys-
tem to deliver appropriate studying materials to learners and
stimulate learner’s motivation.

However, all these systems are based on C/S architecture.
In such approach the shared resources are centralized on
servers and members of the virtual community (clients) ac-
cess them through request protocols. Every thing is done at
server side while at the client side just an interface is needed.
Among the most important limitations of server-mediated
approaches, we could distinguish lack of scalability, lack of
fault tolerance, usually low performance/bottlenecks as well
as high costs in acquiring, developing and maintaining such
applications.

3 JXTA Technology and JXTA-Overlay
3.1 JXTA technology

JXTA technology [18] is a generalized group of protocols
that allow different devices to communicate and collaborate
among them. JXTA offers a platform covering basic needs
in developing P2P networks.



By using JXTA framework is possible that a peer in a
private network can be connected to a peer in the Internet
by overcoming existing Firewalls as shown in Fig. 1. The
procedure to overcome the fire-wall is as follows.

¢ In the Router Peer is stored the private address of Peerl
by using the HTTP protocol to pass the firewall from
Peerl.

e The Router Peer receives the data from Peer2 and ac-
cess the Private address of Peerl to transmit the data.

JXTA is an interesting alternative for developing P2P sys-
tems and groupware tools to support online teams of stu-
dents in virtual campuses. In particular, it is appropriate for
file sharing given that its protocols allow to develop either
pure or mixed P2P networks. This last property is certainly
important since pure P2P systems need not the presence of
a server for managing the network.

3.2 JXTA entities

The main entities of JXTA are as follows.

Peer. Any interconnected node is called peer. Peers work
independently and asynchronously with other peers. Peers
publish one or more interfaces that are used by other peers
to establish peer-to-peer connections.

Peers can be classified in different types according to
their role in the P2P network as follows.

Limited Edge Peer: Peers that can send and receive mes-
sages but cannot send advertisements neither store adver-
tisements in their cache.

Complete Edge Peer: Peers that can send and receive
messages, store advertisements but cannot manage resource
discovery advertisements.

Rendezvous Peer: Peers that can send and receive mes-
sages, store advertisements and moreover can manage re-
source discovery advertisements. Each group of peers must
have at least a rendezvous peer; when a peer joins a group of
peers, it automatically looks for a rendezvous in the group.
Moreover, rendezvous keep a list of other rendezvous and
their respective peers.

Relay Peer: This type of peers serve as intermediate
nodes. Relay peer keeps routing information to other peers
and sends messages to other peers that can’t access directly
to another peer.

PeerGroup. A peerGroup is a collection of peers that are
joined to provide a secure shared environment for the par-
ticipating peers. A peerGroup can decide its own policy of
peer membership. Note that peers can simultaneously be-
long to more than one peerGroup. As in the case of peers,
peerGroups offer their services such as discovery services,
pipe services, peer join services, and monitoring services.

Pipes. A pipe is a virtual communication channel estab-
lished between two processes. A computer connected to the
network can open, at transport level, as many pipes as its
operating system permits. These channels act as data links
between the two communication points. Through pipes can
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be sent any types of objects such as strings, binary code,
and java objects. JXTA offers both unidirectional, not se-
cure pipes and bidirectional secure pipes.

Messages. Messages are objects used for communicating
and interchanging data. A message is essentially an ordered
sequence of tags/values, which could also include binary
code (appropriately encoded).

Advertisements. The JXTA resources and services are
represented using advertisements. An advertisement is a
meta-data structured information (XML document), which
are published with a certain lifetime that specifies its avail-
ability.

3.3 JXTA-Overlay

JXTA-Overlay project is an effort to use JXTA technol-
ogy for building an overlay on top of JXTA offering a set
of basic primitives (functionalities) that are most commonly
needed in JXTA-based applications.

The proposed overlay comprises primitives for: (a) peer
discovery; (b) peer’s resources discovery; (c) resource al-
location; (d) task submission and execution; (e) file/data
sharing, discovery and transmission; (f) instant communi-
cation; (g) peer group functionalities (groups, rooms etc.);
and, monitoring of peers, groups, tasks.

This set of basic functionalities is intended to be as com-
plete as possible to satisfy the needs of JXTA-based ap-
plications. The overlay is built on top of JXTA layer and
provides a set of primitives that can be used by other ap-
plications, which on their hand, will be built on top of the
overlay, with complete independence. The JXTA-Overlay
project has been developed using the latest updated JXTA
libraries. In fact, the project offers several improvements
of the original JXTA protocols/services, on the one hand, to
increase the reliability of JXTA-based distributed applica-
tions [1] and to support group management and file sharing.

The architecture of the P2P distributed platform we
have developed using JXTA technology has these building
blocks: Broker Module, Primitives Module and Client Mod-
ule. Altogether these three modules form a new overlay on
top of JXTA. The JXTA-Overlay system interface is shown
in Fig. 2. While, the structure of JXTA-Overlay system is
shown in Fig. 3.

4 Proposed P2P e-Learning System

4.1 Transmission control and management in
JXTA-Overlay

The most important part in e-learning systems or virtual
campus is the communication between peers (groups of stu-
dents) or between teachers and students. By using the pro-
posed JXTA-Overlay, it is possible to overcome, firewalls,
routers, NATs, and bridges in the private networks. We ex-
plain in following the message transmission by the JXTA
protocol.

JXTA protocol uses Universally Unique Identifier
(UUID) in order to identify the peers in the private network
from the Internet. The UUID is a general unique identifier.
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Figure 4. UUID of JXTA and TCP address.

It is generated by the NIC address of the computer, date and
time. By knowing the UUID and TCP address, it is possible
to make address translation. In Fig. 4 is shown the displayed
UUID and TCP address by JXTA shell. The TCP/IP uses for
communication socket concept. However, JXTA protocol
uses the pipe method. The pipe is a communication channel
for sharing the information between peers. If a peer wants
to communicate with another peer first it searches for the
pipe-advertisement and then the transmission and receiving
of messages is done by pipe-binding.

In Fig. 5 we show the process of message sending and
receiving using JXTA shell. As we will show in the follow-
ing section, we implemented a control system that is able to
control a peer in a private network from a peer in the Internet
as showing in Fig. 6. The control targets are considered the
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Make Pipe
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JXTA>MyInputPipe = mkpipe —I My pipeAdvertisement
JXTA>MyOutputPipe = mkpipe 0 MyPipeAdvertisement

{ Import and Changed Package of text file ]
JXTA=importfile —f test.txt SomeDate

JXTA>MyMessage = mkmsg
JXTA>put My Message MyDate MyMessage
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Figure 5. Message sending and receiving by
JXTA-Overlay.
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Figure 6. Implementation of remote control in
JXTA-Overlay.

network devices such as RS232C port, LPT port and USB
port. By implementing this kind of control system, we are
able to collect data and control the peers in a wide area net-
work. Thus, we will be able to control all devices that are
connected to the peers. The application of this control func-
tion will be described in detail in the following section. We
are concentrated in the control of USB devices and RS232C
equipment. This is because USB devices are very popular
and are used almost in every computer. Also, by using USB
is possible to control the motors and LEDs. The RS232C is
legal interface and many devices have implemented it.

4.2 P2P e-learning system

In our proposed system we combine P2P, Web and Sen-
sor technologies. Our goal is not only to monitor and control
the students’ activity in a wide area network but also to stim-
ulate and increase learners’ motivation.

Our target implementation is to build a Smart Room (see
7) to control and stimulate the learners motivation. How-
ever, it will be a little bit expensive for our project. For
this reason, we proposed and implemented a SmartBox en-
vironment as shown in Fig. 8. The SmartBox uses RFID
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(Radio Frequency Identification) and Vital Sensors. In our
system, we use JXTA-Overlay for communication between
peers and sending the control signal. We have implemented
the following function to control and improves the learners
motivation

e Vibration Function: this function is achieved by using
the vibration function of PDA and Cellular Phone or
by moving the learner’s chair. This is done when the
learner does not use the computer keyboard for a deter-
mined period of time. In this case, it is considered that
the learner is sleeping or loosing his concentration.

e Smell Function: by this function, the system change
the mood of the learner.

e Sound Function: using this function, a relaxing sound
is emitted from the speaker to create a relaxing envi-
ronment.

e Room Light Control: by changing the brightness or
lighting of the room the student’s mood and the con-
centration is controlled.

e Temperature Control: this function controls the tem-
perature of the room. This is very important function,
because the mood of the student is related with the
room condition.

The learner’s situation is quantified and measured by
the vital sensor and the e-learning management computer
checks the learner’s motivation level. Then the proposed e-
learning control system uses physical stimulation to change
the mood of the learners.

The learner identification is carried out by RFID. Using
the RFID, the system can check whether the learner is in the
room or not. In the case when the learner doesn’t return to
the room for a long time, the system automatically sends an
e-mail to the cellular phone of the learner and urges him/her
to return to the study room.
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4.3 SmartBox design, implementation and inte-
gration with P2P system

The size of SmartBox is 50x 10x 15 cm and is put in the
learner’s desk. SmartBox is equipped with different sen-
sors for sensing learner situation and device that are used
for learner’s stimulation.

The SmartBox shown in Fig. 9 has the following sensors
and functions.

e Human Sensor: for detecting whether the learner is in
the room or not.

e Infrared Sensor: for detecting the learner’s hand.

e RFID Sensor: for identifying learner’s IC tag card.

e Chair Vibrator Control:
chair.

for vibrating the learner’s

o Light Control: for adjusting the room light.

e Aromatic Control: this function is used for controlling
the room smell.

e Buzzer Control: to emit relaxing sounds.

e Remote Control Socket: for controlling AC 100V

socket (on-off control).

A snapshot of the implemented SmartBox is shown in
Fig. 10. The SmarBox can detect the learners movement by
using human sensor and infrared sensor. The human sensor
are used for controlling the body movement of the learner.
On the other hand, the infrared sensor controls the hand mo-
tion of the learner. The RFID sensor can read IC tag infor-
mation and record the learner’s study history.



Figure 10. A snapshot of implemented Smart-
Box.

5 Conclusions and Future Work

In this work, we presented the design and implementation
of JXTA Overlay P2P e-Learning system. The proposed sys-
tem is able to overcome Firewalls, Routers, Bridges, NATs
by using JXTA technology and can control and stimulate
the learners motivation by using proposed and implemented
SmartBox. By using the RFID, it is possible to read and
write the IC tag card and manage the learner’s study his-
tory. SmartBox is integrated with the P2P system by bene-
fiting features of P2P systems such as direct communication
among peers.

In the future, we want to add other effective stimulation
for each learner in the IC tag card. Also, the ServoMotor
has 12 control ports, so we will use some of its ports for
implementing other stimulating functions.

We plan to evaluate the proposed system in a real envi-
ronment of virtual campuses. We also would like to evaluate
the proposed system for different scenarios where monitor-
ing and control of students in the wide area is important.
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