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ABSTRACT

The peer-to-peer (p2p) paradigm is attracting increasitenton
from both the research community and software engineers, du
to potential performance, reliability and scalability impements.
This paper emphasizes that JXTA can help teachers to tegcth p2
with Java. This paper also presents an approach for perfmena
analysis of JXTA pipes - one of the key abstractions in IXTAiol

has not yet been fully evaluated. It explains how to assespea p
and demonstrates performance results of the IXTA-Java imgi-
tation. In doing so, this paper assists software develojpeesti-
mating the overall performance and scalability of JXTA, ahd
suitability of choosing JXTA for their specific application

Categories and Subject Descriptors
D.1.0 [Programming Techniqueg: General

General Terms
Performance, Experimentation

1. INTRODUCTION

Despite attracting increasing attention from both the aede
community and software engineers [6, 17, 11], the p2p pgnads
neither well defined nor well understood at the moment. Tha te
peer-to-peer, or p2p, is applied to a large range of teclgiedo
Such p2p technologies are more likely to adopt a highly ithsted
network-based computing style without centralized cdntroad-
dition to improving the performance of information discoyeon-
tent delivery, and information processing, such a p2p mamay
also enhance the overall reliability and fault-toleran€auplica-
tions. For instance changing the implementation of an iexjst
discussion forum from a client-server system to a p2p system
creased the availability and reliability of the system[1ZXTA [9,
16] aims at providing a network programming and computirad-pl
form based on the peer-to-peer paradigm that can be imptechen
on every smart device, where such devices would commurdceate
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collaborate in a p2p manner. It is a new alternative to exgstip-
proaches to implementing distributed systems such as CORtBA
Java RMI. Other documents fully describe JXTA [21], however
from a teaching perspective, it is worth detailing some etspef
JXTA. Since the JXTA platform defines a set of protocols desiy

to address the common functionality required to allow pegers
network to form p2p systems, JXTA provides a useful basis for
teaching the p2p paradigm. JXTA encapsulates the mechanism
for a peer to be part of a comprehensive p2p solution, whiohlsh
provide:

discovery of other peers and their services
publishing of the peer’s available services
exchange of data with another peer
routing of messages to other peers

query of other peers for status information
grouping of peers into peer groups

JXTA encapsulates each of these mechanisms in a specific pro-
tocol. Therefore it is possible to focus on one aspect of 2 p
paradigm, e.g. peer discovery. Different implementatemesavail-
able, but the Java implementation is the most complete arstite
most convenient implementation to be used for teachings 3tain-
dard p2p platform, where the separation of concerns is céspe
and the active open source community continues to providsaise
software, should save time since there is no need to buikel p?p
software for teaching. JXTA defines six core protocols [l
peer discovery protocol, the peer resolver protocol, ther pgor-
mation protocol, the peer membership protocol, the endpoir-
ing protocol and the pipe binding protocol (PBP).

One of the main abstractions in JXTA is the concept of pipe,
which describes a connection between a sending endpoicapen
sulation of the native network interfaces provided by a pesnd
one or more receiving endpoints. As it is familiar for usefrfnix
to use a pipe to connect the output from one command to the in-
put of another command, pipes may be used intensively by JXTA
developers. A pipe - a kind of virtual communication channisl
used to conveniently connect peers and to send messagesebetw
them because a network transport can be accessed witheratant
ing directly with the endpoint abstraction. Any transpapable
of unidirectional asynchronous unreliable communicatan be
used; indeed JXTA specifications specify that the defaultise
pipe provides unidirectional asynchronous unreliable roomica-
tion. Different endpoint transport implementations arailable,

e.g. TCP or HTTP. The JXTA implementation provides that kind



of basic core pipe but other pipes with better quality of Eerean
be built by developers. At present there are other typespafyaim-
plemented: bi-directional pipe, bi-directional/relialgipe. Other
pipes are planned, e.g. streaming pipes providing efficiema
transfer over a flow-controlled channel. The PBP dynamjaa
solves the set of currently listening peers to specific pigesfor
other resources in JXTA, pipes are uniquely identified by pepi
advertisement, which is used to discover which pipes arisile
and to resolve the input pipe and output pipe endpoints. Tpesp
support two modes of communication: point-to-point, i.@mect-
ing exactly two pipe endpoints; propagate pipe, i.e. cotingone
output pipe to multiple input pipes. JXTA implements TLS]20
secure the communication through pipes. The following lays
are used to easily switch between the different types ofgipe

JxtaUnicast: unicast, unreliable and unsecure pipe
JxtaUnicastSecure: unicast and secure pipe
JxtaPropagate: propagated, unreliable and unsecure pipe

Developers often have to make a choice concerning which un-
derlying technology to use. Performance assessment oibdistd
software technologies is necessary to make a well-founeéed d
sion about which technology to use in a given application @iom
It is important that different criteria be considered in@rtb make
the right choice of technology[10]. Performance is one efrtrain
criteria. This paper focuses on pipes performance of tha ihav
plementation of JXTA. Developers are most likely to use them
send and receive messages between peers due to their emoeni
Knowing their performance therefore helps to estimate trezail
performance of JXTA applications. In doing so, this papeisis
software developers in estimating the overall performamzescal-
ability of JXTA, and assists them in evaluating JXTA for thepe-
cific application. The performance analysis method that axeh
used is based on the “performance assessment frameworksfor d
tributed object architectures” [13]. The following sectipresents
our approach for performance analysis of JXTA-Java pipes.

2. JXTA-JAVA PIPES PERFORMANCE

This section first describes the testing method. Then thétses
and their interpretations are presented.

2.1 Testing Method

As said above, the performance analysis method is based on a

specific assessment framework [13]. Nevertheless, somm&eba
have been made to get results more appropriate for the JXF& pi
paradigm.

The JXTA model is not a distributed object model as such. &her
is a IJXTA community project [2] that allows the use of IXTA @ip
as the underlying communication technology for remote weth
invocation rather than Java RMI. Nevertheless, it is wodhrdi-
fying the performance of JXTA pipes, especially to estintates
the type of pipe impacts performance, e.g. whether the tgpe i
JxtaUnicastSecure or not. It can also be used to check whethe
new builds of JXTA improve pipe performance. A pipe may span
different peers. This testing method may be used to assess th
performance of pipes connecting two peers separated bgxtent
dependent number of peers with context-dependent typearts-t
port between them. Practically, two different configuratiavere
assessed. The first configuration consists of direct pHysaa
nection between two peers using TCP, which is the closedigzon
uration to other tests carried out with the performancessssent
framework[13]. The second configuration consists of theafse
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relay peer and HTTP between the peers, which may be mandatory
in presence of firewalls. Many other practical configuragiame
possible but it was beyond the scope of this paper to predent a
practical cases. The same testing method may be appliedhfer o
configurations though.

It is not really possible to accurately compare the resultbie
paper with the ones in Juric, et al. [4] even if the perfornganc
analysis method is the same and all is Java-based: JXTA/Java
CORBA/Java and Java RMI. For instance, the hardware parts of
the testing environment are not strictly the same. If onekthiat
a job level, in this paper the job is a string of text which has t
be sent to a client and returned. This is due to the fact tteat th
aim of this work was to assess the Round Trip Time (RTT) of a
message sent from one peer to another. Juric, et al. [4] édcus
on method invocation and the goal was to measure the ovediead
the distributed architectures, by invoking methods withmaram-
eters returning different types. Their job could be seerXifAlas
sending an empty message to a peer which would return a neessag
with a string of text. To get a true RTT, the message should con
tain the string on both trips, as it is done in this paper. Bydieg
these papers, software developers can only get a rough fighea-o
formance comparison between JXTA/Java, CORBA/Java aral Jav
RMI. Nevertheless, developers have to assess performaribe a
end-user level, where the underlying technology is trarespaas
long as the function is achieved. For instance, next geioarap-
pliances may be CORBA-based or JXTA-based but end-uselrs wil
be more concerned by the time taken to switch on their apggian
through their smart home system than by knowing which under-
lying technology is used, e.g. remote method-based or rgessa
parsing-based.

In contrast, we have respected the fact that the target healds
not carry out any other processing than required for senaui
the message after reception.

Among the different criteria for quantitative evaluatidrperfor-
mance, four criteria are relevant for evaluating JXTA pipg3T,
throughput, data throughput and scalability. The definitbeach
criteria had to be adapted though:

RTT — measures the time needed from the point when the
Initiator peer sends a message to the Target peer to the point
when the Initiator receives the message back. Any other pro-
cessing than needed for sending and receiving the message
on both peers is minimized as much as it is possible.

Throughput — measures the number of message round trips
in a given time interval. Throughput and round trip time
are inversely proportional. This is the reason that thisepap
presents only RTT results.

Data throughput — measures the efficiency of data transfer.
The data is transferred as elements in the message sent and
returned. This paper gives results for data as string of text

Scalability: In distributed object technologies, scdiapis

the evaluation of the performance degradation when maltipl
clients simultaneously interact with a single server ahjec
For this criteria, it would be more relevant to use JxtaP+opa
gate type of pipes and design another test with multiplestarg
peers.

The same hardware was used for all tests. Listed below are the
different pieces of hardware referred to in this document:

“LocalOrlnitiatorPC”: PentiumlV 1.7GHz with 256 MB RAM
“LANTargetPC": Pentiumll 450MHz with 128MB RAM
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Figure 1: Simplified diagram describing the test environmen

“LANRelayPC": Pentiumlll mobile CPU 866MHz with 256 MB
RAM

startTime = SystemcurrentTimeM I 1is();
for(int i=0; i<1000; i++)
{

out put Pi pe. send( nessage) ;
recei vedMessage
i nput Pi pe. wai t For Message() ;

}

endTi ne Systemcurrent TineM I 1is();
Systemout.printin(j +" " +
(endTine-startTine));

On the Target peer side, the message to send back is created an
a string of text of the same size as for the Initiator peer éatd
and embedded into that message. Then, it starts to conshuou
listen for a message and sends back a message in response. The
processing is kept to a minimum to only measure the round trip

“LAN”: The three computers above were connected to a 10Mb time. FO”OWing is a Slmpllfled version of the code aChithhgt

Ethernet hub.

In order to minimize the impact of the environment to get+ele
vant performance results that are reproducible, othestaskning
on computers used for testing were kept minimal and weredimes
for all tests. In addition, the network was free of otherftcdby us-
ing an isolated LAN and the network configuration was the same
for all tests.

All Java sources were compiled and run with the Sun Microsys-
tems JDK1.4.0 and the JVM under Hotspot mixed mode. Two sta-
ble builds of the JXTA platform were studied: the build 49b of
February 2002 and the build 65e of July 2002. Two types of op-
erating systems were studied separately: Windows and LiRax
the Windows configuration, LocalOrlnitiatorPC and LANRgC
were running WindowsXP and LANTargetPC was running Win-
dowsNT4. For the Linux configuration, Red Hat Linux 7.3 was
used.

The same Java source code was used for the different tests. Ti
was measured with tieyst em current Ti neM | | i s() method.
The precision of this method is 1ms under Linux and 10ms under
Windows. We repeated the message round trip one thousaas,tim
though, to get the necessary level of accuracy. We foundSat
repetitions of such observation gave a strong level of cenfid in
the results. The end of this subsection details how we pseck®
be confident in our results. Figure 1 depicts a simplified vigw
the basic unit of work.

We measured the elapsed time for 1000 round trips of one mes-

sage between two peér£n the Initiator peer side, before starting
that loop of round trips, the message is created and a stfitexio
of a specified size is embedded into that message. In doirtaso,
throughput can be studied by measuring the impact of serdifng
ferent size of text strings: 1, 100, 1000, 2000, 3000, 400005
10000, 20000 or 30000 characters. Then the loop is startesl: o
message is sent to the Target peer and the Initiator pees foait
the reply from the Target peer. Below is the simplified codehen
Initiator peer side:

Message nessage, receivedMessage;
nmessage = pi pe. createMessage();
nmessage. set String(‘ " Text Message’’,
t ext Stri ngOf XXChar acters);
endTi ne;
< 50 ; j++)

long startTine,
for(int j=0; j

LIt is worth mentioning that we had to create two pipes between
peers due to the fact that basic JXTA pipes are unidiredtiona
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on the Target peer:

Message nessage, recei vedMessage;
nmessage = pi pe. creat eMessage();
nmessage. set String(‘ ‘' Text Message’’,
t ext St ri ngOf XXChar acters);
whi |l e(true)
{
recei vedMessage =
i nput Pi pe. wai t For Message();
out put Pi pe. send( message) ;

}

The tests were executed in two scenarios:
1. local: The Initiator and Target peers ran on the same host.

2. LAN: The Initiator and Target peers ran on two separate
hosts connected to a 10Mb Ethernet hub.

A variant of the second scenario has been used in order to use a
JXTA relay peer and HTTP-only on the Initiator and Targetrpee
A third computer, where the relay peer ran, was connectetlgo t
hub in that case. “TCP-only” means that the JXTA platformas-c
figured with TCP-only settings on each peer. Neither rendes
peer nor relay peer is specified in that configuration. “HTorR”
means that the JXTA platform is configured with HTTP-only-set
tings on each peer, and that they use a third peer as a rela) wh
is listed as a HTTP rendez-vous peer. This third peer is run on
LANRelayPC and is set to be a HTTP rendez-vous peer and a relay
peer as well. All local tests were done on LocalOrlnitiatorEon-
cerning tests over LAN, for all tests, the Initiator peer was on
LocalOrlnitiatorPC and the Target peer was run on LANT&P@et
The secure option of the pipes was also studied to see thbeaabr
of securing the communication thanks to TLS [20]. Thus,stest
were done with two types of JXTA pipes: JxtaUnicast and JxtaU
nicastSecure. The default shipped options for the ciphtr ssed
for TLS were used because the only change was to use the kiywor
JxtaUnicastSecure instead of JxtaUnicast in the pipe tisgarent.

Two issues arose when we assessed the accuracy of our results
The firstissue concerned the calculation of the necessanpauof
observations. The second issue involved the analysis citdaely
state. We had to define how many observations were needed to
get an appropriate level of confidence. There are two reqngings
on Xi, one occurrence of what is observed, to allow reliatdead
analysis [14]:
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Figure 2: Data throughput

Table 3: HTTP-only LAN results (Average RTT time in ms)

1. Each Xi should be normally distributed. To satisfy thistfir

HTTP-only LAN JXTA build 49b | JXTA build 65e

requirement we invoked the CLT (Central Limit Theorem): if
we obtain Xi as the arithmetic mean of a sufficient large batch

of individual observations, we can expect its distribution

be close to normal. This is the reason that we measure the

Number of characters i 1 1
message

Windows JxtaUnicast pipe 200.71 68.97
Windows JxtaUnicastSe 422.48 136.33

time of one thousand round trips.

. All Xi should be independent. This requirement introdtice

cure pipe

the second concern, the analysis of the steady state. We asyf 1 character to 331% for a string of 30000 characters. Iceaiés,

sume that each round trip of message is independent, though.

Since the two requirements are fulfilled, we can now caleutat
the number of observations necessary to obtain an accufagy o
r=1% on loops of one thousand round trips of message with a con
fidence level of 100(1-a)=99%. We ran 400 repetitions of bioe
sand round trips of message in order to be able to apply thenfol

ing formula:

— 1)
where Xis the mean, s is the standard deviation and z is the inverse
of the standard normal cumulative distribution with a pruibty

of (1-a). Hence, we validated that fifty repetitions of oneutand
round trips is enough to get this level of confidence in ounltegor

the whole range of string sizes. Concerning the steady, stetly,

any data obtained from the transient period must be disdatue
practically it is not easy to detect [14]. Nevertheless,hia tase

of JXTA pipes, it looks like the first one thousand round trg#s
messages are processed slightly more slowly than the rebeof
round trips. The standard deviation is also higher, showfiag

it is not a steady state. The slow start may be due to the linitia
creation of objects needed for processing the requests.etow

by following the same approach as for the necessary number of
observations, we found out that it is not really significantfact,

we validated that fifty repetitions of one thousand roungdstiis
enough to get an accuracy of +/-1% on the time spent for a lbop o
1000 round trips of messages with a confidence level of 99% for
the whole range of string sizes. That is the reason that nidkeo
tests were tripled.

2.2 Results and Interpretations

The first set of results in Table 1 lists RTT for TCP-only local
configurations. The second and third sets of results in Thlikt
RTT for TCP-only LAN configurations. In all the tables, n/aane
that the result is not available, i.e. it was not consides=grtial to
carry out the specific test in question.

As expected, to communicate over a LAN introduces an over-
head. If we focus on the results for the JXTA build 49b, therove
head of the network grows with the string size from 62% foriagt
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the RTT looks linearly dependent on the string size, as gqmeed
in Figure 2. It can be approximated with a linear functionhe t

form:

@)

In all cases, to use secure communication via JXTA unicaetpi
implies an overhead as expected. Of course, secure comationic
is more useful under a LAN configuration, hence we did notycarr
out tests for all string sizes. Roughly speaking, the secueehead
grows from 125% for a string of 1 character to 300% for a stahg
30000 characters. It is worth mentioning that k for securama--
nication is approximately 4.6 times bigger than withoutusiy.

For LAN scenarios, the RTT also looks linearly dependenthen t
string size. Nevertheless, there are more fluctuations whignout
the use of TLS.

In Table 2, there is an estimation of the RTT function for each
configuration calculated by linear regression analysissiggithe
“least squares” method to fit a line through the set of obsiema

It underlined that newer stable JXTA builds do not autonasityc
improve performance since the older JXTA build used in tlisqy
outperforms the newer build for all TCP-only configurations

Concerning the results of this testing method for HTTP-only
configurations, they show that this test cannot succegsbellrun
for such configurations. JxtaUnicast pipes are unreliaideiender
such configurations messages were easily dropped. Thusy a ne
test should be designed to cope with dropped messages. No tes
at all could be run successfully for HTTP-only under locaitse
i.e. Initiator, Relay and Target peers running on the samehina.
Some results for LAN tests follow in Table 3 even though their
level of confidence is not statistically guaranteed as foPIdly
configurations. In fact, less than 50 repetitions were edrout for
the following results. Moreover, only messages with a gtoh1
character were tested due to the lower level of confidendeeimne-
sults. Again, another testing method should be designedttthg
same level of confidence as for TCP-only results. For thistesty
it would make sense to carry out test for all string sizes.

In all cases, to use HTTP-only configurations implies an -over
head as shown in Figure 3. Secure communication does nbt real



Table 1: TCP-only results (Average RTT in ms)

Number of characters inmessage 1 | 100 [ 1000 | 2000 [ 3000 | 4000 | 5000 [ 10000 | 20000 | 30000
local (JXTA build 49b)

Linux JxtaUnicast pipe 848 | 852 | 859 | 874 | 889 | 9.06 | 9.33 | 10.68 | 13.93 | 17.21

Linux JxtaUnicastSecurePipe | 24.40| nl/a n/a n/a n/a n/a n/a n/a n/a n/a

Windows JxtaUnicast pipe 789 | 797 | 809 | 825 | 849 | 898 | 9.10 | 10.59 | 14.14 | 17.56
LAN (IXTA build 49b)

Windows JxtaUnicast pipe 12.78| 12.91| 14.96| 16.71| 18.62| 20.48| 22.21| 31.72 | 54.03 | 75.68
Windows JxtaUnicastSecure pipe31.42 | 33.10| 38.39| nl/a n/a n/a | 71.06 | 117.95| 230.65| 299.66
LAN (IXTA build 65e)

Windows JxtaUnicast pipe 18.13| 18.46| 20.31| 21.81| 23.75| 26.01 | 28.32| 36.80 | 56.87 | 80.53
Windows JxtaUnicastSecure pipe38.7 | 39.99| n/a | 64.14| nla n/a | 79.53| 128.12| 252.03| 311.43

RTT overhead with"HTTP only" instead of "TCP only" fora

string of 1 character (LAN, Windows)
faster

0
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Figure 3: HTTP-only vs. TCP-only

RTT overhead with secure communication
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Figure 4: Secure communication overhead

increase the percentage of this overhead - roughly speadkiages
15 times more time with the old build and 3.7 times with the new
build. For both JxtaUnicast and JxtaUnicastSecure, theheasl

them in choosing JXTA for their specific application. By read
this and other related papers [7, 8, 4, 13, 3], software deees can
get a rough idea of performance comparison between JXTA/Jav
CORBA/Java and Java RMI. Our results for “TCP-only” have an
accuracy of +/-1% on the time spent for a loop of 1000 rounubtri
of messages with a confidence level of 99% for the whole range
of string sizes. The interpretation of our results has shithahthe
RTT of “TCP-only” configurations evolves linearly with thize of

the text string embedded into the message. If we take intoustc
that 0.1 second is about the limit for having the user fed the
system is reacting instantaneously and 1.0 second is atelifrtit

for the user’s flow of thought to stay uninterrupted [18], ve@ Gay
that building applications considered as responsive byamamay
be an issue with the actual Java implementation of JXTA. legm
sage has to go through different chained pipes to carry cat@on
initiated by a user, the time to process may reach the linbitve
The introduction underlined that JXTA is handy for teachthg
p2p paradigm, especially when the Java implementation 3AJX
is used since it is the most complete. Indeed, JXTA providesa
prehensive p2p platform where separation of concerns fieotsd,
each key p2p mechanism is encapsulated in a specific protoabl
the JXTA open-source developers community continuouslyema
available more reusable software. However, if performaséey,
especially for some specific software engineering projé¢leesJava
implementation of JXTA may not be the best choice.

As far as we know there are no in-depth analysis of the perfor-
mance of JXTA pipes. This paper contributes to the JXTA Bench
mark project [5]. A lot of work has been done in distributegieais
models performance using Java/RMI, Java/CORBA, or C++/BAR
[7, 8, 4, 13, 3]. Obviously, the same tests should be done thih
next builds of the Java implementation of JXTA to check wketh
performance improves or not. A test coping with dropped agss
should be designed to assess HTTP-only configurations.r &tkee
narios where pipes span different peers would be integeatwell

has been decreased by approximately 80% between the old JXTAas for IxtaPropagate pipes. Finally, JXTA pipes of othelémen-

build and the new one. That time, the newer stable JIXTA bagilgi
to 200% faster than the old build. The introduction of a fa%teb
server in the relay implementation and other performanak we-
tween the two JXTA releases successfully improved the RTT.

Finally, Figure 4 summarizes the different secure overbdhaalt
were obtained for a string of 1 character.

3. CONCLUSION

tation should be studied. Indeed, the c implementation GfAJX
[19] and the J2ME implementation [1] are under scrutiny.
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