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A short presentation of the first diskless cluster develaaesherbrooke University physics department (Elix) willlbade. Then we will
present the development of Elix-Il, a 180 nodes disklesstetuinstalled and managed with the Open Source Clusteridgtioin Resource
(OSCAR) framework. The need to support diskless clusteBCAR lead us to create the thin-OSCAR workgroup, we wilspre the
specific requirements for this particular architecturest{giskless and systemless) for Beowulf clusters. Some beaof scientific problems

that can be solved on a diskless cluster will also be given.

Une bréeve présentation du premier cluster sans disqabs@&au département de physique de I'Université de8beke, Elix, sera faite.
Ensuite, nous présenterons Elix-11, un cluster sans disd@ 180 processeurs installé et maintenu a I'aide du p©jeen Source Cluster
Application Ressource (OSCAR). La nécessité d'adapt@rdjet OSCAR aux systemes dans disques nous a pouséérdecgroupe de
travail thin-OSCAR. Nous présenterons les prérequig pewenre d’architecture (sans disque-dur ou sans systmke disque-dur) ainsi
que des exemples de problemes scientifiques qui oresaIs sur les clusters sans disque Elix et Elix-I1.

Introduction

Diskless clusters are a recent evolution of the general
Beowulf idea which consist of removing all computer parts
that are not directly useful for scientific computation. tar
disks are useful for data storage but not directly for compu-
tation. Specifically, disk access time is very slow compared
to RAM access time and even slower compared to cache ac-
cess time. Some very successful data-mining company [1]
decided, for efficiency reason, to have all their database in
RAM and therefore prove the viability of the RAM-based
approach on a very large scale (more than 10.000 nodes).

We use the same approach for scientific computing and
we wanted to prove, on a smaller scale, that diskless clus-
ter is a viable solution for numerous type of numerical pro-
blems that can be used in a large variety of scientific fields.

The Scientific Computing Center [2] of Sherbrooke Uni-
versity developed a unique knowledge and experience rela-
tive to diskless clusters. The first diskless cluster wetpuil
Elix (1999) will be presented from a hardware and software
perspective. This cluster is used for solid state physios-co
putations that will be briefly presented.

For our most recent cluster, Elix-2, we decided to use
the OSCAR [3] framework that brings kusthe best known
methods for building, programming, and using clussers
The realization of Elix-1l will be detailed from a hardware
perspective (realization of our own blades, out of band node
power management system, ...) and software perspective.
Our implication in OSCAR grew to the point that we are
now core members of the OSCAR work-group. We created
and lead the thin-OSCAR [4] workgroup in order to address
the specific problems of supporting diskless and systemless
nodes inside the OSCAR framework.
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1 Elix

This is the first Linux cluster in Sherbrooke University.
The project was started at the end of 1998.

1.1 Hardware organization

A bunch of standard desktop boxes were purchased and
interconnected with standard 100 Mb Ethernet network.
The first phase was 16 boxes of dual Pentium-Il 400 MHz
whereas the second phase was 30 boxes of mono Pentium-
Il 667 MHz and a dual Pentium-Il 400 MHz as a server
for a total of 64 CPUs usable for calculation into 46 nodes.

Figure 1. Picture of the Elix Rack with nodes



1.2 Software implementation

We used the standard rootnfs mechanism [5] to boot our
diskless client from a dedicated server that is used as NFS
server, PBS server (no calculation on the server), DHCP
and TFTP [6] server. The boot process for a node is presen-
ted figure 2.

For each node, we duplicated completely all files on the
server so that they have all their complete file-system avai-
lable via NFS except for theusr directory that was com-
mon to all nodes and mounted in read-only mode. The
/ home directory was also common to each nodes but, as
it's the case for user files, this directory was readable and
writable by all clients. The total size of a node image (wi-
thout the/ usr and/ home directory) was around 40 Mb.
The/ usr directory for the nodes size was less than 200
Mb.

The only delicate part of this cluster was the boot and
reboot process (it happens often because power failures
are frequent at Sherbrooke University and the UPS for the
whole cluster provides only a few minutes of additional up-
time). Indeed, theftp server we used was not optimized
for high-performance and it was impossible to boot the 46
nodes at the same time.
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Figure 2. Boot process of an Elix node

1.3 Scientific problems solved

The Elix cluster has been used extensively by profes-
sor Tremblay’s team to solve numerous problems relative
to quantum state of matter [7—9] and to quantum com-
puting [10, 11]. Quantum Monte Carlo simulations were
the main numerical tool but simulated annealing and other
computationally intensive algorithms were used. The Pro-
fessor Senechal’s team [12, 13] uses Elix for Cluster Per-
turbation Theory (CPT) and extensive sparse matrix inver-
sion (Lanczos method, see, e.g. [14]) as well as for post-
processing.

Table 1 summarize the number of people that used the
Elix cluster at the physics department from it's early begin
ning up to now. The table 2 gives the aggregated statistics

Study level Number Year(s)

Undergraduate students 5 2000 - 2002

M. Sc. Students 5 2001-2002

Ph. D. Students 4 2000-2002

Post Doctoral Fellows 3 2002

Professors 2 2000-2002
TaB. 1

Usage of Elix cluster (people)

Group Usage (CPU-hours)

A.M. Tremblay’s group 135110

D. Senechal’s group 140971

Other 12794
TAB. 2

Usage of Elix cluster (hours) from march 2001 up to December
2002

(per group) from march 2001 to the end of December 2002.

Numerous results of these scientific calculations were
presented at several international conferences. Also, the
Elix cluster was a key tools for the Master’s thesis of three
students. A patented technology has been developed using
numerical computation made on the Elix cluster. Moreover,
it gives the occasion to others students (experimentalists
and theoreticians alike) to try and develop several nume-
rical intensive programs that would not have been useful
otherwise because of huge calculation time and scarcity of
computing resources for experimentalists.

While we could believe that the Elix usefulness would
come to an end abruptly with the coming of its bigger and
more efficient successor, Elix2, the cluster is still used by
postdoctoral fellows, graduate and Ph. D. students and the-
refore has shown an exceptional longevity for a computing
resource. The cluster will be upgraded soon to more power-
ful processors.

Another side effect of the presence of the Elix cluster is
that the numerical computation course (for undergrad stu-
dents) is now given on Linux workstation so that students
are now more efficient than ever on any Linux cluster as
they are more familiar with the operating system and all
the excellent open source tools available for programming.
Most of theorists students that are the core users of Elix
work under Linux so that they can test their programs on
their workstation and then use the cluster to do the massive
computation.

All'in all, we can conclude that the Elix cluster gave ac-
cess to very efficient and cost effective computing resaurce
The total cost of the cluster, including cooling system, re-
search, development and installation is evaluated to 90.00
$ (Canadian). The cost per CPU is around 1400 $ (CA).
The diskless cluster did not limit that much the range of
problems that were addressed and a wide range of nume-
rical simulation has been made : optimization (simulated
annealing, quantum Monte-Carlo, matrix inversion, nume-



rical treatment (FFT, fit, integration, ...), finite differees
and finite elements. The only tasks that can't, of course,
run on a diskless clusters are I/O intensive tasks requiring
a disk per node.

2 Elix-2

With the great success of the Elix cluster, from a scienti-
fic, sysadmin anck builder of clustes point of vue, the
creation of its successor, called Elix2 was decided. This
new cluster was funded by professors Tremblay (Sher-
brooke University) and Nelson (Bishop’s University). The
total number of node will be 180. For this bigger cluster, we
decided to look at the available tools for cluster instadlat
and management.

OSCAR was tested and seemed to be able to fulfill our
needs. It's image management system (the System Installa-
tion Tools) was something we did not have and each image
creation was a (painful) manual step (basically, tries and
errors until it works!). We had some kind of remote node
execution but the simplicity and power of the C3 tools se-
duced us. Finally, OSCAR uses PERL for it's internal work
(as well as shell scripts) so we know, because OSCAR was
an open source project, that we will be able to code any
missing features.

The next step was to add support for diskless nodes for
OSCAR and this lead us to create the thin-OSCAR work-
group. Elix2 is the model for a bigger and already funded
project (the Mammoth project) that will have more than
1000 nodes. Elix2 is a proof of concept for the Mammoth
project and, while we use thin-OSCAR internally, we plan
to submit all the written code to peer review by integrating
it's functionality into OSCAR.

2.1 Hardware organization

The first Elix was built with standard desktop boxes with
their floppy disk (we did not know PXE well by the time
of Elix creation). This time, we decided to get rid of floppy
drives and, because no more space was available in the Elix
room, we decided to use a more compact vertical blade so-
lution. This solution allows us to put more computers per
square foot and, as a consequence, reduce the total cost of
ownership of the cluster.

All this work was done in cooperation with the RITTAL
[15] company that help us from the early stage of design,
prototype and final system.

2.1.1 Blade design

While a lot of clustering companies sell blades, they are
not particularly cost effective. When we made our calcu-
lations for the best performance/cost ratio, the home-made
blade solution was definitely the winner. In order to do that,
we designed an aluminum plate able to hold the mother-
board (standard ATX or micro ATX) and a regular size
power-supply. Those components are very cost effective
and that is the main reason for our choice. We had some
trouble designing a clean way to fix the power supply and

we decided to produce custom components only for this
specific part.

The front panel of the blade is also in aluminum and has
all the slots (network, power, ...) accessible so that neaint
nance of nodes can be made very easily : the only operation
required to access all those slots is to open the rack door. A
picture of an assembled blade is presented figure 3.

Figure 3. Picture of a Elix2 blade

2.1.2 Rack Design

As mentioned previously, RITTAL helped us to design
the rack. Each rack holds 3 stages of blades that are then
placed back to back. The total capacity of a rack is then
36 (3 stages, 6 by stage, back to back) with room avai-
lable at the bottom of the rack for network hardware (switch
HP4000, 40 100 Mb ports with GB up-link). We use harde-
ned power-bar (8 outlets, 20A) to power all the nodes and
the switches. A picture of second stage of the first rack is
presented figure 4.

Figure 4. Picture of the Elix-2 Rack



2.1.3 Out of band node power management

This particular feature, developed with the CEGEP of
Sherbrooke [16], allows us to remotely switch the power
of any given node. In order to have this control on remote
nodes, two contacts have to be made on the power supply.
Then, each node can have three power states : automatic
(i.e. controlled by the out of band node power management
system), always on or always off (i.e. no out of band node
power management). As a consequence, it is possible to
switch on or off a node manually (for security reason) or
remotely with the out of band control system. At the time
of this writing, the out of band management system is a
prototype and has to be installed on the production cluster.
However, all power supply has been linked to the control
system so that the only requirement on installation will be
to plug the out of band control system into the nodes slots.

2.2 Software organization

All the installation process is based on OSCAR [3] and
the server is strictly identical to a regular OSCAR ser-
ver. We were very pleased to use the System Installation
Suite [17], which is a core component of OSCAR, in or-
der to build nodes images. Of course, we did not use the
regular installation process, we wrote a script that allows
us to transform a regular image into a minimal ramdisk,
that is then transferred to the node via NFS. The detailed
procedure of how to build a root ramdisk and even a root-
raid-ramdisk is explained in another article presentekiat t
conference [18].

2.2.1 OSCAR diskless : proof of concept

One of the big advantage of diskless clusters is, of
course, the removal of the only mechanical component of
a regular system : the hard disk. The removal of a moving
part, which is one of the major cause of node failure in re-
gular clusters, provides the global cluster with a bettar-av
lability. Another major advantage of diskless and system-
less cluster is the easier manageability of the whole adluste
All the files are located on a so-called master node and are
transferred via the network. Update of nodes can be made
« live » from the master node and all gets updated at the
same time (reboot of node is only necessary when updating
kernel or because of power failure). It is harder for entropy
to grow in diskless or systemless clusters because all the
nodes share exactly the same image. In clusters with disks,
itis necessary to rebuild nodes frequently to make sure that
all nodes are up, running and responding when doing any
update (we had some bad experience of this entropic beha-
vior with our IBM-SP3 of 64 nodes).

2.2.2 thin-OSCAR working group : design an implemen-
tation

On the old Elix cluster, there was no bundled software
solution that makes an easy way to install, use and main-
tain diskless clusters. Now, the team uses thin-OSCAR as

the development framework for Elix 1l. This solution is
now available for the advantage of all the open source and
scientific community. See the thin-OSCAR web site for ad-
ditionnal information.
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