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Abstract. In this paper we present a P2P system with RMI over JXTA
which was developed on top of the H2O distributed resource sharing plat-
form. Since RMIX is an underlying communication substrate of H2O,
there was a need to adapt RMIX to run over JXTA virtual network.
We show that this integration was possible due to extensibility of RMIX
which allowed to use JXTA-provided socket implementation. The result
of this integration is the fully operational RMI implementation running
over JXTA P2P network, where methods can be invoked on remote ob-
jects located behind firewalls or NATs. We present results of tests show-
ing that our implementation can be used to connect peers in diferent
LANs that cannot interact directly, while in the case of direct connec-
tion the performance is comparable to that of using standard sockets.
Keywords distributed computing, P2P systems, JXTA, remote method
invocation, H2O system

1 Introduction

Scientists or companies are looking for new ways of accessing the computational
power needed for solving large-scale computing problems. This issue is addressed
by Grid systems development which may provide middleware for running appli-
cations on distributed resources shared between many institutions. On the other
hand, there is also a huge potential computing power located in the millions of
computers connected to the Internet. These resources can be used in a Peer-to-
Peer (P2P) fashion which was shown on the example of SETI@home [1] project.
The common feature of Grid and P2P systems is the resource sharing and dis-
tributed nature of the environment. However, it requires large administrative
effort for setting up the Grid infrastructure and establishing virtual organiza-
tion security mechanisms. On the oter hand, P2P systems are more suitable for
ad-hoc formed collaborations which allow for more dynamic participation than
in Grid systems.

Avoiding the administrative burden related to using Grid systems was one of
the goals of H2O [2] resource sharing platform. H2O proposes and implements
the model, where the roles of resource providers, service deployers and users
can be separated. In this model, the providers can independently offer the CPU



power of their machines by running H2O kernels, but the process of deployment
(installation) of services (called pluglets) is left to others. This makes the shar-
ing of resources easier for providers, which is important in P2P model. As an
important part, H2O uses RMIX, which is an extensible RMI-based commu-
nication framework, thus offering the RMI programming model for H2O-based
distributed applications.

In order to enhance the H2O with the ability to run in a P2P environment, we
are working on integrating H2O with JXTA P2P system. The goal of this work is
to use JXTA mechanisms for enabling resource sharing among peers which may
be hidden behind NAT or firewalls, and which may dynamically join and leave the
P2P network, possibly changing their locations. There are two main tasks needed
to approach this goal: (1) enabling communication in P2P environment and (2)
resource discovery in P2P network. In our previous paper [3], we presented the
basic concepts of our solution. In this paper, we describe the integration of
RMIX with JXTA, which brings the RMI programming model to P2P systems
and allows running H2O over the virtual JXTA network.

This paper is organized as follows: Firstly, we give the background on RMI
as a programming model for distributed computing and RMIX as a specific
extension. Next, we overview the P2P technologies and JXTA as a proposed
standard. Then we describe our work on integrating RMIX with JXTA and we
present the results of preliminary tests.

2 RMI as a successful programming model and RMIX

The diversity of distributed programming approaches results in development
of many distributed computing infrastructures. In recent time one can observe
a development of systems which map function calls to the network – remote
procedure call infrastructure with its XML-RPC [4] implementation. The second
group are systems with distributed objects such as CORBA [5] or Java RMI [6].

The RMI model that allows one to use remote objects as if they were in-
stances created locally is very comfortable to use. Although standard Java RMI
implementation is based on the Java Remote Method Protocol (JRMP) that
is sophisticated and full-featured, it is limited to pure Java systems. There are
some other RMI implementations based on other protocols (e.g. RMI-IIOP [7]
that enable connectivity with CORBA or JAX-RPC [8] using SOAP/HTTP to
provide Web services connectivity) but usually these solutions have decreased
functionality. In these circumstances the RMIX project [9] has been initiated.

The main objective of the RMIX communication library is to provide the
possibility of using various RMI protocol service providers within a single, RMI
paradigm based framework. The RMIX framework is easy to extend and it per-
mits to integrate existing RMI implementations in a very simple way. Moreover,
provider modules can be managed on a dynamic basis. Additionally, RMIX fea-
tures several general-purpose enhancements over Java RMI, including dynamic
stubs, SSL support, runtime binding and customizable virtual endpoints that
allow the same remote object to be accessed via different protocols such as



SOAP, JRMP, SunRPC. The framework has a possibility of dynamic control of
access polices - the interceptor allows or denies method invocation depending
on custom, changing criteria. RMIX provides a set of new features in method
invocation model providing an asynchronous calls and a one-way calls [10].

What is important from the P2P environment point of view, the RMIX com-
munication library is based on the Java RMI model, which allows to use various
socket factories. This mechanism can be used for plugging in custom socket im-
plementations. Moreover, RMIX provides its own socket factory interfaces sup-
porting non-IP addressing type. This makes it possible to move the framework
into any type of network, e.g. the P2P overlay with its flat addressing scheme.

3 P2P networks and JXTA P2P network implementation

One of the first P2P applications was Napster [11], used for file sharing purposes
and representing a first-generation P2P network. Next generations tried to avoid
central servers and provided mechanisms for distributed search (Gnutella [12]),
also introducing the concept of peer hubs for more efficient operation (Mor-
pheus [13]).

The idea of exchanging files in a Peer-to-Peer manner inspired people to
exchange free CPU cycles and resources. Today there are millions of computers
that could be linked and used as one big supercomputer. Good examples are
SETI@home [1], GPU Project [14], JNGI [15] or Parabon [16].

There are many libraries allowing to create custom Peer-to-Peer systems but
most of them are platform and protocol dependent. They are specialized for
specific types of networks for example file sharing. They do not offer all of in-
teresting features in one consistent implementation. That is why JXTA [17] was
introduced. It was designed to be a set of open, language independent protocols
that allows any connected devices from cell phone, PDA, notebook to big server
to communicate witch each other as peers [18]. Currently, there are implemen-
tations of JXTA in PERL, C and, of course, in Java.

JXTA brings an abstraction of a peer. When a peer connects to the network,
it publishes a network interface (JXTA Endpoint) that allows it to communicate
with other hosts. Peers can gather information about network, available resources
and services. They may also form PeerGroups which gather peers that want to
serve a set of same services. Peers may belong to more than one group at a time.

One of the most important features of the JXTA are its communication ca-
pabilities. Peers can create communication channels described as pipes, which
are used in the JXTA network to send messages between peers. These chan-
nels do not need a direct connection between peers. If peers creating a pipe
connection are behind a firewall, they just need to use a special peer that auto-
matically helps to propagate messages through firewalls. Pipe messages can carry
any type of data, for example text messages, binary data or even Java objects.
In the Java implementation of JXTA, pipes are unidirectional. Peer endpoints
use any network interfaces that is available, therefore when peers are in the



same subnetwork, pipes may use direct TCP connection that greatly increases
efficiency.

JXTA pipes are very useful but they do not offer an abstraction similar to
well-known and frequently used sockets. That is why in later versions of JXTA
on the top of pipes, socket abstraction was introduced. JXTA Sockets share an
identical API with standard Java sockets.

4 Advantages of a P2P system for distributed computing

Distributed resource sharing systems like H2O can draw many advantages from
using a P2P RMI framework. This will allow a client from any local network
to interact with any other resource from other private networks, hidden behind
firewalls or NATs. This is achieved by using flat addressing type in P2P systems.
Moreover, object address is independent from host IP address. This gives the
possibility of sharing a specified resource using the same address independently
from its location. These new features in P2P distributed application framework
will yield new possibilities for building global computing systems:

– simplicity in building of distributed application (no need of specialized con-
figuration of routers or firewalls),

– wider distributed application range (users from private networks can partic-
ipate in any distributed application),

– clients can use the same resource independently from its location,
– ad-hoc collaboration of shared resources - virtual computing groups (using

peer groups in P2P network).

RMIX communication library is the best candidate to be moved into the
P2P environment. On the other hand, we have presented a JXTA P2P network
implementation. JXTA is not only easy to use, but also provides JXTA Sockets
which are Java socket abstraction in the P2P environment. Therefore, integration
of both systems can be easy and can bring all the advantages presented above. As
a result, our distributed application framework will be based on the integration
of RMIX with JXTA technology.

5 Integration of RMIX with JXTA

The integration of JXTA and RMIX will be based on the implementation of
client socket factory and server socket factory modules for RMIX communica-
tion library. Thus, by using JXTA Sockets abstraction in the mentioned socket
factories, RMIX framework will be extended to the P2P network.

To denote RMIX endpoint address in the P2P environment we have decided
to use the following addressing model:
<string endpoint address>[@<group>[(param-1;param-2;...;param-n)]]
As can be seen, an address can be a simple string such as rmixEndpoint. Then,
an address denotes the endpoint in NetPeerGroup. Additionally, there are two
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Fig. 1. RMIX communication library in P2P environment.

optional parts - the first of them defines a custom group in which endpoint will
be created and the second is used to provide additional parameters used while
joining the group. This offers flexibility in group security controlling - as the
JXTA can use custom implementations of Membership Service. In result, address
myEndpoint@cGroup denotes an RMIX endpoint with address myEndpoint that
is located in the cGroup JXTA group, with no security control. When one would
like to use group with security control, a valid address of RMIX endpoint can
be myEndpoint@cGroup(groupInterfaceImpl;p1;p2). Here, when joining cGroup,
the custom security control defined in groupInterfaceImpl implementation of our
JxtaGroupInterface interface will be used.

The result of our work is that, when the user decides to use either JX-
TAServerSocketFactory or JXTAClientSocketFactory, he or she provides only a
string representation of the JXTA address (which fulfills the model introduced
above) and JXTA Socket Factories manage all the JXTA functionality of the sys-
tem. Thus, it automatically connects to the network (becoming a JXTA peer),
joins a group (if needed), manages rendezvous status of the current JXTA peer
or connects to the JXTA socket specified by provided address. There is no need
for additional steps, all the JXTA connectivity is encapsulated inside the RMIX
and using JXTA Socket Factories is transparent from the user’s point of view.

The solution presented in this section gives a possibility of using the RMIX
communication library in P2P environment (as shown on Fig. 1). In our opinion,
it can bring new possibilities for developing distributed applications by providing
a simple remote method invocation model that can be used across any firewalls,
NATs or private networks.
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6 Tests of RMIX framework in P2P environment

We have used a simple benchmark to measure the performance of the RMIX
communication framework in the P2P environment. We have decided to measure
calls of the remote method that takes one attribute being table of bytes and
returns a String object. The test application has been developed to allow one
to invoke methods for various sizes of parameter. For each table size we called
the method 50 times and below we will present the results we obtained. The
measurement was performed for two JXTA network configurations, presented in
Fig. 2.

As can be seen, in the first test configuration (refer to Fig. 2(a)) JXTA
network connects two computers which are in the same LAN. In this situation
JXTA Sockets should use direct connections between peers. The second test
configuration assumes that JXTA spans three LANs. In one LAN there is a
JXTA rendezvous peer, in other Local Networks there are two other peers - the
first of them will be arranged to be the server for our test application and the
second will be the client. Additionally, to compare JXTA Socket performance
with plain socket performance, we have decided to run our test for RMIX plain
socket factories. All the results we have obtained are presented above.

First, we have tested JXTA Socket performance when JXTA was used inside
a single LAN (the configuration of Fig. 2(a)). Basing on the results, we have
prepared the chart presented in Fig. 3(a). As can be seen, invocation time in-
creases linearly with the increase of the table length that is passed as function
attribute.

Next, we have compared results between both configurations presented in
Fig. 2. Additionally, in the comparison we have enclosed invocation times when
using plain RMIX socket factories in two configurations: the first one is for two
hosts inside a single Local Area Network, the second involves a host within a
LAN connecting to a server that is somewhere on the Internet. Note that the
chart presented in Fig. 3(b) has logarithmic scales; the reason is that the results
can be presented more clearly in this way.
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As one can expect, when
passing large size arguments,
JXTA Sockets are slower than
plain sockets even within
a single LAN. The reason
is that despite using direct
socket communication, there
is still overhead induced by
pipes. What can be surpris-
ing, for smaller data sizes,
JXTA Sockets are signifi-
cantly faster than plain sock-
ets. The reason is the Nagle
Algorithm enabled in RMIX
when plain sockets factories
are used, while JXTA Sock-
ets do not have this time de-
lay. Additionally, the invoca-
tion times between peers in-
side the single LAN are sig-
nificantly shorter than times
measured over the JXTA net-
work spanning three LANs.
This is the effect of using
direct socket connections be-
tween peers in a single LAN.
When JXTA spans different
LANs, there is no such pos-
sibility, thus invocation times
are much longer.

7 Summary

In this paper we discussed the role of a P2P-enabled RMIX communication
library in the context of distributed resource sharing in the H2O platform. The
need for a generic platform which allows running arbitrary code on resources
available within a P2P network can be satisfied by building it on H2O with the
help of JXTA technology. Since RMIX is an underlying communication substrate
of H2O, there is a need to adapt RMIX to run over the JXTA virtual network.
We have shown that this integration is possible because of the extensibility of
RMIX which allows using the JXTA-provided socket implementation. The result
of this integration is the fully operational RMI implementation running over
JXTA P2P network, where methods can be invoked on remote objects located
behind firewalls or NATs, which is not possible in traditional RMI systems. The
results of tests show that our implementation can be used to connect peers in



diferent LANs that cannot interact directly, while in the case of direct connection
the performance is comparable to that of standard sockets.

Our RMI over JXTA implementation is used as a basis for enabling H2O
resource sharing in P2P environment. Currently it is possible for H2O kernels
to be accessible using JXTA endpoints, thus allowing resource providers, ser-
vice deployers and users to operate in a P2P environment. Our current work
is focused on integration of automatic discovery of H2O kernels with the P2P
discovery mechanisms. This will result in a powerful general-purpose distributed
computing platform running in a P2P environment.
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