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Abstract

At the High Performance Computing Laboratory (HPCL), cluster computing (also known as
Beowulf cluster) systems are used to reduce the work load of the existing supercomputers. The
scope of the cluster system in this paper is to build the system which can efficiently handle parallel
and sequential jobs. Furthermore, this system is designed to house the large disk capacity (> 10'?
bytes or 1 Terra bytes) by using the software RAID (Redundancy Array of Inexpensive Disk). Using
RAID, we can improve the performance of the read and write 1/0 bottlenecks. Here, we present
both architectural aspect and software that make up this cluster computing system. The 1/0
performance issue will also be discussed.

1 Introduction

The computer market trend exhibits the price-performance ratio of the commodity computer and
network hardware has been significantly improved over the past 10 years. A performance of a single
off-the-shelf CPU is now catching up with those high end CPUs, e.g., in terms of clock speed, one
could expect a processor running at or above 1 GHz in the near future. This demonstrates the possi-
ble market share between using parallel computational systems built from commercial commodity
of the shelf (COTS) components and buying CPU time on costly Supercomputers. Furthermore,
technology trends have shown that microprocessors have become smaller and more powerful as
the time goes by. Figure 1 supports this claim by showing that the performance figures of COTS
processors is converging to those of supercomputers.

Figure 1 icroprocessors have become smaller and more powerful (source excerpt from a slide
presented by r. ongarra High Performance Computing and Trends, August 1 th1 )

Observe that the  C Alpha chip was approaching the performance of Cray T 0 by the year
1 . Among the COTS competitors, Alpha chips from  C seem to outrun other vendors chips,
such as A or ntel. Figure portrays that these vendors are catching up the leader of COTS



group. The deficit of 0 performance gap is cut down to less than by 1 as shown by the

plots in the figure. ith this motivation, many research efforts are aiming at building an
in-house cluster computing system to support the need of using CPU times on Supercomputer in
their pro ects.

Figure Performance comparison between x compatible processors and the SC series (Alpha
chips)

Cluster computing is much similar to the notion of multicomputer where there are two or
more computers connected via interconnection network cloud (see Figure ) as presented in many
literatures 1, . ach computer in this system, called a , has its own CPU and memory. The
concept of cluster computing has been adopted and implemented by many research organizations
where the size (number of nodes) of the system ranges from to morethan 1 nodesre ectingthe
high degree of scalability. This class of computer can be regarded as having one big Supercomputer
instead of viewing it as a network of workstations ( O ) where many users own and operate at the
consoles (see Figure ). Users will greatly benefit from using this perspective (single
machine) as opposed to stealing the CPU times of other workstations at night when nobody s
logged on to complete their parallel obs.
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The target operating system used in the cluster computing machine is free U operating sys-
tem, called . ike other PCs running inux, this cluster system does not contain any custom

hardware component that inux does not support. The Symmetric ultiprocessor (S P) feature
is recognized by most inux distributions. To form a parallel computer, the parallel computing



-  EEEE
X

cc T ( NETWORKING )

Figure  Cluster computing system from a user s view

environment need to be set up. Freely available message passing libraries, e.g. P , P CH
and A , could be installed to create a usable parallel virtual supercomputer. Furthermore, for
numerical computation purposes, parallel numerical libraries, e.g. P TSc, can be provided. The
above message passing libraries may re uire users to have a deep understanding in parallelizing
their applications. oing so will help improve the performance of running parallel applications on
the cluster computing system. Unfortunately, training the users to achieve such a goal is costly.
ike many typical supercomputers, this cluster computing system can provide services to many
users. e can use the ueueing management software, e.g. istributed ueueing System ( S),
to manage obs submitted by different users. The parallelization scale for this top management
software is coarse-grained when comparing with those message passing libraries. This software
suite can bridge the gap between using the existing se uential codes and writing the new parallel
codes. n other words, running se uential programs on the cluster computing system can still
provide the parallelism (two or more programs can be run in parallel when using the ueueing
management software).
Applications running on this system can be categorized (but not restricted to) as three ma or

groups , (G S), and
The applications in the first group include database management system such as
PostgreS , yS and others. For the second group, we will focus on using G ASS (Geographic

esources Analysis and Support System) which allows users to analyze the G S data. oth G ASS
and PostgreS  can be used to solve complex G S problems. Finally, the last group may include
some scientific applications such as Gaussian and other uantum Chemistry applications.

The proposed system comprises of four PCs wired by the technology. This system
contains a large number of SCS hard disk adding up to one Terra byte (OT ) capacity which is the
concentration of this system. From this point on, we will refer to the proposed system as the OT
server or ust OT for brevity. Two out of four PCs will be used as the file server where each
of which serves 00 Gigabyte of disk space. The OT server will use dual-pentium 00 Hz
eon computers to govern the one Terra byte worth of data. The other two computers (using
dual-pentium 00 Hz) will serve as the computing nodes. Put another way, these computing
nodes are responsible for most computation intensive obs besides accessing data from the hard
disks. Furthermore, these nodes will be used as gateways connecting OT to the outside world.
The preliminary plan is to get 0 of 0G Ultra SCS hard disks. ach file server will control
10 of the hard disks. Software A is used to setup the one Terra byte of the OT s secondary
storage. Such a storage can be used to store a huge database like G S, image map, remote sensing
and others.

The following are the list of main components used in our proposed pro ect. t should be noted
here that the specification of each component could be altered in order to tune the performance



of the final system.

Component Specification Compatibility uantity
CPU ntel Pentium eon 00 Hz yes
CPU ntel Pentium 00 Hz yes
ain-board ntel G chipset yes
(File server) for wual Pentium eon
with Ultra SCS  ual Ch.
ain-board ntel chipset yes
(Compute node) | for ual Pentium
with Ultra SCS
Tape ackup Ttape 0G yes
C Gigabit thernet yes (fiber optic) 1
C 10 100 thernet yes
Hard disk 0G Ultra SCS yes 0

The purpose of this system is not to replace any existing high performance computing system. t

rather serves as an economical auxiliary system which is able to perform decent parallel computa-

tion using either technology (carefully hand-crafted parallel codes) or numerical
as well as a reliable web database server with a large secondary storage.

ot r on

The term on OT (one Terra byte system) encompasses a long list of software packages
which are used to make the OT be the OT . These software packages can be categorized into four
groups, Administrative, evelopment, Service, and Application. The following elaborates the list
of software packages (ma ority) for the OT version 0. b.

The packages belonging to this group include the operating system and its utilities
which allow a sysadmin e ciently governs the system.

Software in this category is those for developing in-house software running on OT
such as message passing libraries, parallel libraries for numerical applications and others. t
also includes some libraries which are needed for compiling source codes.

Software allowing users to access the system is likely to fit in this category. Software like
, web server, S are the examples of this group.

The last group characterizes those applications running on OT . These applications
include both se uential and parallel applications such as G ASS, and other G S related ap-
plications.

Table 1 shows the package listing of software running on the OT system. Observe that this

table corresponds with the release number which is the prerelease version of this system.

efore the ma or version 1.0 is announced, some of the versions of these packages may be changed
(either upgrading or downgrading the software to improve the system stability).

ot r I ndit ri nt

The A ( edundant Array of nexpensive ( ndependent) isks) technology is popularly used to
glue many independent disks to make up a large image of the single disk drive , A has
been characterized into many types according to its functionalities, e.g., A -0 uses disk striping ,







A -1uses for mirroring the data etc. Toimplement A one can either use software or special
hardware to create the system. e have chosen to use the software A  in our system.

To demonstrate the the stability and performance issues of A , we have performed the ex-
periment to study how A  can improve performance of the O system, namely read and write
operations. e also present how the number of disks affects the performance of A . otethat
the performance of the O system in this experiment is measured by the benchmark tool, called

t performs a series of reading and writing tests on a file of known size ( Gigabytes). For
each test, bonnie reports the bytes processed per elapsed second, per CPU second, and the percent
CPU usage (user and system). The following are the specifications of the experimented system.

CPU x ntel Pentium eon 0 HzCache 1
emory 1
Hard disk S AGAT odel ST 1 Size1 G
US PC  bits Hz
O SCS channel

OS inux andrake .0 with Thai xtension from CT C
ernel ersion . .11 with software A -1 0 patch

Swap space size

1. Use benchmark tool, called bonnie , to measure the speed of reading and writing data to
and from a single disk ( O - A ). The size of data is fixed at 000 to ensure that it is
large enough so that the speed of O does not get dominated by the OS cache. Two bonnie
processes have been run simultaneously to simulate multi-user environment.

. Starting with the number of disks e uals , create A -0 such that the odd-numbered disks
attach to channel (SCS channel) and the even-numbered disks attach to channel

easure the speed of reading and writing using bonnie.

ncrease the number of disksin A  then goto step

@ The file is written using the standard O macro. The loop that
does the writing should be small enough to fit into any reasonable -cache. The CPU
overhead here is that re uired to do the stdio code plus the OS file space allocation.

(b) The file is created using . The CPU overhead should be ust the OS file
space allocation.




(© ach UFS (buffer size) of the file is read with , set to dirty, and is
rewritten with , Te uiring an . Since no space allocation is done, and
the O is well-localized, this should test the effectiveness of the file system cache and
the speed of data transfer.

@ The file is read using the stdio macro. Once again, the inner loop
is small. This should exercise only stdio and se uential input.

(b) The file is read using . This should be a very pure test of se uential input
performance.

This test runs SeekProcCount processes in parallel, doing a total of 000
s to locations in the file specified by in S systems, on SyS
systems. n each case, the block is read with . n10 of cases, it is set to dirty and
written back with

The following are the dumped output (plain text) from running bonnie against the tested while
varying the number of hard disks.

To show the trend of the above experiments, some of data produced by bonnie were plotted as
displayed in Figures . The number of disks used in these experiments are plotted against the
transfer rate (read or write) in bytes. Figure presents throughput of reading and writing data
in block operation while Figure shows throughput of reading and writing data per character.

yusing A ,the O system has a significant performance improvement over not using it. As the
number of disks in A  grows the speed of reading, writing and seeking data tends to increase.
onetheless, for characters O, the benefit of using A is not as high as using A  for block
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O. This is because much of the work done in read or write character O operations is lost in the
and loops.

onc u ion

Our vision of creating a system which has a very good price-performance ratio and capable of
dealing with tasks that re uire a lot of data storage is done with the combination of class
concept and the technology. The designed system uses the commodity of the shelf computers
along with a large number of independent hard drives. The target applications for our proposed
system ranges from regular scientific computations to applications which re uire a large storage
like data warehousing and or geographical information system applications. ot only can the
proposed system execute program written for parallel machines, but also it can handle multiple
se uential obs effectively using the managing software to evenly distribute the system load. n
terms of data storage, using A  helps improve the performance of O read-write operations.
This is due to how A  take advantage of the physical arrangement of the system hard drives. n
other words, the O operations can be perform in parallel rather than in se uential as appeared
in a single hard disk.
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