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##457 02266 21 : MAJOR COMPUTER ENGINEERING
KEYWORD: PEER-TO-PEER COMMUNICATION / SUPER-PEER / HIGH PERFORMANCE
COMPUTING / JXTA PROTOCOL
KASAME TRITRAKAN : A PEER-TO-PEER DISTRIBUTED COMPUTING FOR
COOPERATIVE COMPUTATIONAL TASKS GROUPS BASED ON SUPER-PEER

MODEL. THESIS ADVISOR : VEERA MUANGSIN, Ph.D., 77 pp. ISBN 974-53-1474-9.

At present, distributed computing systems on the Internet still have limitations on scalability.
This is especially the case when the application consumes or produces a large amount of data. In the
current client/server model, the server can be overloaded by the data to be transferred to and from
computing machines.

This thesis aims to improve the scalability and capability to handle data intensive
applications of a distributed computing system on a peer-to-peer network.

In this thesis, the evaluation of many factors that directly affect the performance of a
distributed computing system is performed by simulation. The results of the study have shown that
applying peer-to-peer communication can reduce the usage of server’s bandwidth. The important
factor that affects the performance of the system is the availability of peer-to-peer communication
between job submitters and computing machines. Therefore, a super-peer model is employed to
further enhance the performance of the system. A prototype of the proposed system is implemented

by using the JXTA protocol.

Department Computer Engineering
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<! DOCTYPE jxta:PR=>

<jxta:PA xmlns:jxta="http://jxta.crg">
<PID>
urn: jxkta:uuid-
596162616461 62614ATET46150325033F23BCT6FF13C2414ACECO0ARPS63666DAR3S03
</PID=>
<GID=
urn: jxta: jxta-NetGroup
< /GID=>
<MName>
suz
< /IMName>
<Swro>
<MCID=
urn:jxta:uuid-DEADEEEFDEAFEARAFEEDEABECOOCOOO0805
=/ MCID=
=Parm>
=hAddr>
top : / /15 2¥%-era= T O sE
= /Addr=
<Addrs=
Jxtatls: //uaid-
596162616461 62614ARTET46150325033F2RCT6FF13C241ACBCOABEE63665DARR 03/
TlsTransport fjxta-WerldGroup
=/Addr>
=Addr>
J=xta: //fuuid—
596162616461 62614ATE8T746150325033F3BCT6FF13C2414CECOAPS63666DARRS03 S
= /Addr>
<=hddr=>
http: //dxtalHttpClientuuid-
596162616461 62614RATE8T46150325033F2RCT6FF13C2414ACBCOABE63665DARR03
= /Addr=>
=/ Parm>
</ Svo>
</jmba: PA>
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try {
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try {
myDiscoveryService.publish(myPipeAdvertisement);

myDiscoveryService.remotePublish(myPipeAdvertisement);
} catch (Exception e) { /*Publish Advertisement failed*/ }
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messages) NUIVININYTDUUDEY 27% ’J‘ﬁlLiﬂﬂﬂi@ﬂuNL‘Wﬂiiﬂ@]@ﬂﬂaUNW UHaILIYN

v 1

getLocal Advertisements( ) o1 Advertisement 14 lULAYVDIAY (Advertisement NAOUNAVNIN

A A < A Ao @ A éadd’l [ d Aa A ] I 9
iesouvzgninuluunmaioaninlaedn Tula) 49351 luasedunidew iesnins luawisod 14
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Advertisement (MY ez DiscoveryListener iesosuHamMsALMINATET DU

try {
DiscoveryListener myDiscoveryListener = new DiscoveryListener() {

public void discoveryEvent(DiscoveryEvent e) {
DiscoveryResponseMsg myMessage = e.getResponse();
Enumeration.enum = myMeassage.getResponses();
w.erl

}
k
myDiscoveryService.getRemoteAdvertisement(null,DiscoveryService.PEER,
“Name”, “Peer*”, 5, myDiscoveryListener);
} catch (Exceptione) { }
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1. a5 Input pipe advertisement
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4. 505U Message Taelyms Polling 130 1% PipeMsgListener
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{ Iz
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WAIT19AY LAz a9 PipeMsgListener oS unazs AN fy Message a5y

PipeMsgListener myServiceListener = new PipeMsgListener() {
Public void pipeMsgEvent(PipeMsgEvent event) {
Message myMessage = null;

try {
myMessage = event.getMessage();

//...code for handle with message

} catch (Exception e) { }

}
h
InputPipe mylnputPipe = null;
try {
mylnputPipe = myPipeService.createlnputPipe(myPipeAdvertisement,
myServiceListener);
} catch (exception e) { /*Create Input Pipe Error*/}

gﬂ 1 n.8 @ed1eland M5 ua31e Input pipe 18¥A7 PipeMsgListener
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Abstract

There are many distributed computing systems that harvest
the computing power of computers on the Internet. Most of
these systems use the client/server model. However, when the
size of data and the number of resources increase, the demand
for server’s bandwidth also increases. This causes the network
bottleneck  problem, = which dramatically reduces the
performance of the system.

In this paper, we apply peer-to-peer communication to such
a distributed computing system in order to reduce the network
bottleneck on the server. We evaluate the performance of our
model and study the impact of various parameters on the
performance of the system.

Key-Words: distributed

peer-to-peer  communication,

computing, network bottleneck
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Abstract

This paper presents the design and evaluation of a
distributed computing platform on the Internet that
employs peer-to-peer communication for transferring
data directly among participants without consuming
scheduler’s bandwidth. The aim is to reduce network
congestion at the scheduler by utilizing available peer-to-
peer bandwidth. The peer-to-peer model is evaluated and
compared to the client/server model in different system
settings. The impacts of various factors, including the
dynamic nature of a peer-to-peer system, on the
performance and scalability are studied. The
experimental results show that when peer-to-peer
communication is applied, even partially, the bandwidth
demands on the scheduler significantly reduced. This
results in improved system’s performance and scalability,
and better support for data-intensive applications.

1. Introduction

Generally, distributed computing systems on the
Internet such as SETI@home [1], Entropia [2], and
Parabon [3] use a client/server model having a centralized
scheduler responsible for gathering and dispatching jobs
and also transferring input and output data to and from
participating computers. This computing model is still not
widely used and there are few.notable successful projects,
if compared to the dedicated cluster model. One of the
main problems is the bandwidth demands on the
scheduler that increase as the system  expands and
eventually cause network congestion. The congestion
prevents the scheduler from handling additional
processing nodes and the performance significantly drops.
Therefore, this approach for Internet computing obviously
does not scale well.

Increasing the scheduler’s bandwidth in order to solve
the problem can be very expensive. Although the cost of
computers is borne by the participants, the cost of
network bandwidth is still on the scheduler side. This
problem also occurs with the SETI@home project [4].

Therefore, this computing model is generally accepted as
economically viable only for computational intensive
applications [5].

Another solution is to use multiple schedulers [6], each
of which is responsible for scheduling tasks for a fraction
of processing nodes in a client/server fashion. Although
this model is scalable by exploiting aggregated bandwidth
of schedulers, it does not reduce the bandwidth demands
being put on a scheduler for every added processing node,
while it still has neglected the aggregated bandwidth of
the processing nodes.

In this paper, we present the design and evaluation of a
distributed computing platform on the Internet with peer-
to-peer (P2P) communication. P2P communication [7] is
applied to exploiting network bandwidth of participating
computers, which increases along with the number of
participants, for transferring input and output data. A
scheduler may be used for indexing and handling queries.
This technique can address the network congestion and
scalability problems. Simulation study on the effects of
various factors such as the utilization of P2P
communication, number of processing nodes, data size,
and scheduler’s bandwidth are presented.

2. System models with P2P communication

In-the P2P model;-input and output files are transferred
between joh-submitters and processing nodes in a peer-to-
peer fashion. The process is depicted in Figure 1. First, a
submitter submits a job advertisement (Job Ad) to the
scheduler. ~The Job 'Ad holds. necessary information
required by -the scheduler such as the submitter’s IP
address, resource requirements, and the command to run
the job. The scheduler also maintains a database of
resource advertisements (Res Ad) that have been
registered by processing nodes. A Res Ad holds the
necessary information about the processing nodes
including machine specifications and network information
such as the IP address and bandwidth. If the scheduler can
immediately find a machine that fits the job, the Res Ad
will be returned to the submitter (2). The submitter uses



the information in the Res Ad to transfer the Job Ad and
input file directly to the processing node (3). When the
job is finished, the processing node returns the output to
the submitter (4).

This model utilizes the processing nodes’ bandwidth,
instead of the scheduler’s bandwidth, to transfer data to
the submitters. Therefore, if the number of processing
nodes increases, the available bandwidth also increases.
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Figure 1. Peer-to-Peer model

However, the dynamic nature of peer-to-peer systems
will play an important role in the utilization of the
available peer-to-peer bandwidth.

Consider a situation when a job is submitted and there
is no available processing node at the time, the input file
must be transferred to the scheduler, so that the job owner
can be offline and the input data can still be supplied by
the scheduler once the job is assigned to a processing
node. Also, when a processing node finishes  the
computation and finds that the job owner is offline. Then,
the output data must be transferred to the scheduler until
the submitter is online again and retrieves the output.

In order to study the effect of this dynamism, we
introduce a probability factor, P, indicating the chance
that a submitter is online at the time the processing node
finishes the job and the processing node is able to send
the output file to the submitter directly. If P=0.0, all
output files must be sent to the scheduler and
subsequently retrieved by the submitters, ‘as in-the
client/server model. The higher .value of P means-the
system utilizes more of the available peer-to-peer
bandwidth and becomes a hybrid between peer-to-peer
and client/server models. The input file can also be
transferred in a -peer-to-peer or client/server  fashion,
depending on the availability of processing nodes. To
focus on the effects of P, we assume applications with
small input and large output so that the transfer modes of
input files have only slight impact on the scheduler’s
bandwidth.

3. Simulation model

For performance evaluation of both models we used a
discrete event simulator called GridSim Toolkit [8]. We
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have modified the simulator to model network link
sharing more accurately. We do not model a network
topology but assume that each entity is connected to the
system with a constant bandwidth.

Table 1 shows the values of parameters used in this
study. As we aim to model a moderate distributed
computing system, parameter values are set according to
typical servers and PCs. The processing nodes have
varied processing capacity based on typical home PCs
(Pentium 11l 1 GHz, 256 MB RAM, according to SPEC
CPU (INT) 2000 benchmark rating in [9]). It connects to
the system with a 56 Kbps modem. A submitter has the
same configuration as a processing node.

The job model is guided by Gray [5], who has
concluded that on-demand computing is only economical
for very cpu-intensive applications with at least 100,000
instructions per byte of network traffic. Therefore, we use
POV-RAY [10], a ray-tracer program, as the reference
application. For simplicity, we assume that a processing
node executes only one job at a time and, once started, the
job is executed on that machine until it is finished. Also,
the jobs are independent (no communication between
jobs). Memory and disk requirements are not considered
in this study.

The scheduling algorithm is FCFS (first-come-first-
serve). When a processing node joins the system, a 5 KB
Res Ad is sent to the scheduler. A job Ad is also 5 KB in
size. The network bandwidth of the scheduler, Sgy, is 64
KByte/sec (512 Kbps). We also evaluate the effect of
scheduler’s bandwidth in a following section.

Tablel: Simulation parameters used in the study

Number of jobs (J) 5000

Job inter-arrival time (1) exp(60) sec.
Number of instructions per job | exp(1.62M)MI
Input file size (D) 0.1 MB

Output file size (Doy) 3 MB

Number of processing nodes 80-200
Processing nodes performance | 250 — 350 MIPS
Bandwidth of scheduler (Sgy) | 512 Kbps
Bandwidth of processing 56 Kbps

nodes and submitters (Ugyw)

4. Performance modeling and analysis

In this section, we evaluate the effects of varying
different factors that affect the system performance,
compared to the client/server model.

4.1, Effect of data size
Data being transferred include Job Ad, Res Ad, input,

and output file. However, Job Ads, Res Ads, and input
files in this study are very small compared to the output



files. Therefore, in this study, we will evaluate only the
effect of the size of output files, Dy

The limit on the size of output files is considered to
prevent congestion. In the client/server model, the size of
output file is limited by the scheduler’s bandwidth. In the
peer-to-peer model, it is also limited by the aggregated
bandwidth of processing nodes and the value of P.

P=10

If P=1.0, all output files are sent directly to the
submitter. The scheduler will handle only Job Ad, Res
Ad, and input, which are small. Thus, congestion will
occur due to long transfer of output files by the processing
nodes. A processing node will receive a new job at the
rate of Az = ReA; where R is the number of processing
nodes. Hence, congestion will not occur if a job is
completed before Az:

Tcomp + Tcomm < }VR (1)

Since Teomm = Dout / Usw, congestion will not occur if
Dot < (A& —Tcomp)‘ Usw (2)
In Figure 2, the limitation of output file size is fairly
close the value given in equation (2). The greater number
of processing nodes means the increase in the overall

system bandwidth and larger size of output files that the
system can handle.
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Figure 2. ART with P=1.0 in variation of R and D,
0.0=<P <10

When P is less than 1.0, the scheduler becomes the
bottleneck and its bandwidth, Sgy, is used for transferring
output data, Dy twice for each of (1-P)/1 jobs.
Therefore, congestion will not occur if

1-P
Spw > 2(7) Dout (3)
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or Dout < % (4)

Figure 3 shows the results from simulating the system
with 150 processing nodes and various values of P and
Do to see how large the output file the system can
handle. The greater value of P means more processing
nodes’ bandwidth the system can utilize, and larger output
file the system can handle.

400

@ 350
E 300 - ——cs

E - | —=—P=04
g & —a P=#2
B o, 200 A ——P=td
':5 2 150 | —w—P=66
E’ oo —sP=#.3
:1 — ——P=14

[l el

Output File Size (WMB)
Figure 3. ART in variation of P and Dy

4.2. Effect of number of processing nodes

The number of processing nodes that the system can
handle indicates the scalability of the system. In the
client/server model, although the increasing number of
processing nodes reduces computing time in the system,
the increasing amount of data the scheduler has to handle
may also cause network congestion. This can dramatically
increase communication time and leads to longer response
times (Figure 4). Consequently, the number of processing
nodes the system can handle is limited by network
bandwidth of the scheduler. This also occurs in the peer-
to-peer model with small values of P.

When P=0.4, some interesting results can be observed.
The scheduler’s data load can be considered into three
ranges (Figure 5). In the first range (80-120 processing
nodes), the data load goes up because the computation
bottleneck (not enough processing nodes) forces a lot of
input files to be transferred to the scheduler like the
client/server-model. Moreover, the large amount of output
files causes the ‘network congestion problem. In the
second range (120-180 processing nhodes), the number of
available processing nodes is quite enough, therefore
more input files can be sent to the processing nodes
directly and network congestion problem is alleviated.
This leads to the rapid decrease in the response time
(Figure 4) and queue length (Figure 6). In the third range
(180-200 processing nodes), the data load slightly
increases due to the increasing number of output files that
are sent back to the scheduler.
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scheduler in the peer-to-peer model requires less
connection bandwidth than in the client/server model.
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When P>0.6, network congestion is eliminated. This
shows that when the peer-to-peer communication is
applied, the system -has more scalability -thanthe
client/server model.

4.3. Scheduler’s connection bandwidth

Figure 7 show the average response times for various
scheduler’s bandwidths. Not surprisingly, when the
scheduler’s bandwidth decreases, the performance of
client/server model degraded sharply. On the other hand,
in the peer-to-peer model, this problem reduced
accordingly to the value of P. This demonstrates that the

o H
128K 256K S1ZK 1M
Scheduler's BEandwidth (bps)

Figure 7. ART in variation of scheduler’s connection
bandwidth with 150 processing nodes

5. Conclusion

This paper presents the design and evaluation of a
distributed computing platform that exploits peer-to-peer
communication. The probability that the submitter and
processing node is concurrently online to transfer data is
an important factor to the performance. The higher
probability indicates that the system has more peer-to-
peer characteristics. The experimental results show that
when peer-to-peer communication is applied, even
partially, the performance is significantly improved. The
system becomes more scalable and is able to handle more
processing nodes and larger data size. In addition, less
bandwidth is required from the scheduler.
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