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Abstract. In this paper, a new setup/administration tool for PC cluster
systems is proposed. Recently, in the high performance computing �eld,
PC cluster systems are becoming popular. PC cluster systems consist of
PCs connected via a network and are used for parallel and distributed
computing. PC cluster systems achieve a good cost to performance ratio
by using commodity hardware to construct the cluster. However, it is
very hard to install and con�gure a PC cluster because many nodes ex-
ist and a large amount of knowledge is required for the installation and
con�guration of the cluster. In this paper, to solve this problem, a sim-
ple installation and administration tool for PC cluster called \Doshisha
Cluster Auto Setup Tool: DCAST" is developed. DCAST has the following
features: DCAST can be used for both diskless and diskfull clusters; DCAST
is targeted for Linux; there is no interactive operation during the instal-
lation; slave nodes are booted over the network; and the whole system is
reinstalled when recon�guring the system. The targets, philosophy, and
operations of DCAST are described.

1 Introduction to DCAST

PC clusters are parallel computers constructed from several PCs using network
connection, and due to recent improvements in the speed of mass-produced CPU
and advancement in high-speed networking such as Myrinet [1] and Gigabit Eth-
ernet, it is now possible to attain similar computational ability to conventional
supercomputers. Many PC clusters are ranked in to the Top500 list[2] which
includes many of the World's best supercomputers.

PC clusters provide high computational processing power for low cost, but
it is not easy to construct.

Individual nodes that construct a PC cluster is each a computer that operates
on its own. They require and Operating System each, and they each require
software installation. In PC clusters, open source software are often used for the
operating system and software. These software are often revised and corrected.
When software revisions are released, all individual nodes that construct a PC
cluster need to be revised.
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It is possible to manually do software upgrades on all nodes of a PC cluster,
but it is easy to make mistakes, and is a possible cause of trouble. Also, to
perform such operations, knowledge of PC clusters and software are required,
and it is a di�cult task to perform for inexperienced people.

There are PC cluster installation tools such as Oscar[3], Rocks[4], Lucie[5],
Scyld[6], and AlinkA[7]. They are advanced and polished installation tools, but
when considering that PC cluster administrator is an inexperienced novice, the
following problems need consideration:

1. A speci�cation that allows a choice from several architectures may confuse
the system administrator.

2. The administrator will not know which option to choose, even when there
are interactive questions requiring a choice to be made.

3. Contrary to the technical level of the administrator, the desire to include
new technology is high.

4. Want to consider security if possible.

In this research, targeting novice administrators as administrators, a tool to
facilitate PC cluster construction and upgrading, Doshisha Cluster Auto Setup
Tool (DCAST) was developed. DCAST aims at constructing a large-scale PC cluster
with Debian GNU/Linux as an operating system. For upgrading a whole PC
cluster, instead of upgrading individual nodes, all nodes that construct the PC
cluster is reinstalled. By using DCAST, upgrades can be performed easily, without
requiring the novice administrator to consider consistency throughout the PC
cluster.

In this paper, problems of PC clusters are discussed, and then DCAST is
proposed. After that, the design goals, operation from the users' viewpoint,
DCAST internals when constructing a PC cluster, and PC cluster construction
examples using DCAST are described.

2 PC clusters

2.1 De�ning PC clusters

Beowulf-type cluster is a parallel computer which is a collection of workstations
and PCs interconnected with an internal network, which operates as a single
computational resource[8]. Recently, beowulf-type clusters which use PCs for
individual nodes are attracting attention[9{17]. For example usage of such ma-
chines in computational simulation, protein tertiary structure prediction[9{11]
and diesel engine fuel emission schedule designing[12, 13] are reported. In this
paper, we call beowulf-type clusters consisting of PCs as PC clusters.

A basic construction diagram for PC cluster is shown in Fig.1. In this �g-
ure, a basic construction is consisted of a user node, an administration node, a
repository node and computational nodes. As shown in the diagram, the basic
construction is simpli�ed into the model where the node which can communicate
with the outside is called a Master node, and the other nodes are called Slave
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Fig. 1. Basic PC cluster construct

nodes. In this model, a network that is independent from the outside network is
constructed, and slave nodes cannot communicate to computers outside the PC
cluster network.

2.2 PC Cluster characteristics

PC cluster have the following characteristics.

{ Good cost-performance ratio
It is possible to create a PC cluster cheaply by combining mass-produced
parts. Also, by improving computational power of these parts, the cost/performance
ratio is good.

{ Can construct with arbitrary size
It is possible to construct any size of PC cluster by changing the number of
nodes that construct the PC cluster.

{ Possible to construct with arbitrary combination
It is possible to combine di�erent CPUs in a PC cluster by placing di�erent
CPUs on di�erent nodes. Also, it is possible to construct PC clusters with
some nodes not having hard drives.

{ Possible to introduce newer technologies
It is possible to introduce new technologies that are brought into PCs, such as
Gigabit Ethernet and Hyper-threading CPU. Also, it is possible to introduce
latest software technology such as communication middleware and compilers.

PC cluster is a parallel computer which has many advantages as shown, but
it has its problems.
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2.3 Problems with PC Clusters

The problems with PC clusters are as follows:

{ Requires knowledge in construction and maintenance
Involved knowledge of operating systems and networking is required for PC
cluster construction and maintenance, and it is a steep learning curve for
novices.

{ Installation e�ort
PC cluster installation requires operating system installation on each node.
Then, extra software and network con�guration for operation as PC cluster
is required. As PC cluster scales get larger, the con�guration process alone
becomes a large burden.

{ maintenance cost
Each nodes that constructs a PC cluster operates as one computer, and re-
quires same amount of care as a standalone PC, such as software installation,
hardware checking, software upgrading, and handling of hardware failures.
As PC clusters get larger, the di�culty of �nding the problem nodes and
keeping consistency between nodes increase.

To solve these problems, PC cluster construction tool is proposed.

3 Design of PC cluster construction tool

3.1 Overview of proposed system

The proposed PC cluster construction tool is Doshisha Cluster Auto Setup Tool
(DCAST). DCAST is a tool for e�ciently constructing PC cluster. The tool is aimed
at users who do not have speci�c skill about PC cluster, such as students. For
those novice administrators, by using this tool it is possible to construct a large-
scale PC cluster.

The target users of this tool have the following problems while constructing
a PC cluster:

{ Cannot handle the details of many interactive operations required for set
ups while installing the operating system

{ Cannot keep consistency of software between individual nodes
{ Does not know which software to upgrade
{ Wishes to improve security to a certain level, but does not know how
{ Cannot provide information matching di�erent computer architectures and

characteristics

As a tool to solve these problems, DCAST was designed.
DCAST does a diskless booting, which involves using kernel and root �lesys-

tem from other nodes while booting a PC, so that a node that does not have
a hard drive can start up. After that, without keyboard interaction, hard drive
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partitioning, operating system installation, and other con�gurations for PC clus-
ter node are performed, transforming the node to a state where it can function
as a PC cluster node. DCAST can construct PC cluster e�ciently using already
existing software technologies.

Also, when problem occurs on some nodes and it is no longer possible to
start up, using DCAST it is possible to perform a diskless boot, and rewrite the
hard drive contents, to quickly solve the problem. Also when reinstallation of
operating system is required, it is possible to reinstall using the same procedure
as initial installation.

One of the characteristics of PC clusters is that it is possible to introduce
latest technology to PC clusters. To introduce hardware with the latest tech-
nologies, a software which handles them is required. However, for large scale PC
clusters, installing one software requires a large amount of work. Because DCAST
does not require any keyboard interactivity, new technology can be installed
with similar procedure to initial installation.

DCAST is a tool that is useful for PC cluster construction, maintenance and
upgrading.

3.2 Design goals

The proposed system, DCAST is designed with the following design goals:

1. No interactivity at installation time
Operating system installation requires a lot of interaction. A novice admin-
istrator cannot handle such interaction. Also, for constructing a large scale
PC cluster, repeated interactive operations become require a large amount
of human e�ort to process. For this reason, DCAST lacks interactive operation
completely, and automates installation, to simplify the process of PC cluster
construction and to reduce workload of the administrator.

2. For upgrading, reconstruct the whole PC cluster
It is possible to introduce new technology to PC cluster. To do so, upgrading
software is required. However, upgrading often makes keeping consistency be-
tween nodes of the PC cluster. To solve such problem, DCAST will reconstruct
the whole PC cluster on upgrading.

3. Use Debian GNU/Linux[18]
Debian GNU/Linux has an advanced package controlling mechanism, and it
is possible to easily upgrade installed software and apply security updates on
individual nodes. Also, it tracks con
icts and dependencies between pack-
ages it is easier to maintain consistency of software. This kind of package
maintenance tool is speci�c to Debian GNU/Linux, and compared to other
distribution, security updates and software upgrades can be performed with
ease. With DCAST, Debian GNU/Linux is used.

4. Do not assume heterogeneous environment
DCAST assumes novices such as students as a user, and does not consider
heterogeneous cluster environment with computers of di�erent architectures.
All nodes are assumed to be of x86[19] architecture.
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5. Allows both diskfull and diskless
Hard drives are moving parts, and they often break. Having many hard
drives is not desirable in the view of PC cluster maintenance. To lighten the
maintenance cost, there is a form of PC cluster where slave nodes do not
have a local hard drive. Such node is called diskless node, and a PC cluster
constructed by a master node with disk and diskless nodes is called diskless
cluster. The nodes with hard drive are called diskfull nodes, and PC cluster
which consists of diskfull nodes as diskfull cluster. DCAST is able to construct
either type of PC cluster.

6. Integration with existing software
DCAST is constructed using several existing software. By using several soft-
ware, DCAST software operation is divided, and results in a structure where
applying improvements and bug �xes are easier.

By using this design, we aimed at constructing a tool that can construct and
maintain a PC cluster.

3.3 Parts that construct DCAST

DCAST operates as a whole using other software. The software used is as follows:

{ bootp[20]
bootp is a protocol used by nodes of a PC cluster to boot up from other
nodes on the network. Using this protocol, even when hard drive is empty, it
is possible to start up a kernel from the network, and obtain an IP address
to start up a node. DCAST uses bootpd software to provide this service.

{ tftp[21]
tftp is a trivial �le transfer protocol, and the protocol used to transfer boot
images by the request of bootp. This is required for loading the kernel from
the network, to boot individual nodes of the PC cluster. Using this protocol,
it is possible to boot the kernel on nodes which do not have a kernel image
on its own. DCAST uses tftpd software to provide this service.

{ NFS[22, 23]
Network File System is a protocol to provide server �lesystem to a client
through a network, developed by Sun Microsystems[24]. NFS is a de-facto
standard protocol which is available on most UNIX-compatible systems. Us-
ing this protocol, root �le system can be mounted even on machines without
a hard drive, and allows construction of diskless PC cluster. DCAST uses
nfs-kernel-server software to provide this service.

{ grub[25]
grub is a bootloader for loading the operating system, and can boot up op-
erating system speci�ed in the con�guration �le. As a functionality of grub,
it can analyze �le system, so the con�guration �le can be placed within the
�le system, and it is easy to change con�guration. Also, it has functionality
as a bootp and tftp client, and it can network boot from the server. DCAST
uses a 
oppy disk with grub image for booting up the slave nodes.
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{ update-cluster[26{28]
update-cluster is a tool to maintain node information in an uniform manner
using XML[29]. In DCAST, by using update-cluster, DCAST con�guration �le
and software con�guration �le are generated automatically from XML. For
example, the con�guration �le for the popular parallel programming library
MPICH[30] can be generated. Also, update-cluster is e�ective for recreating
con�guration �les when structure of PC cluster have changed.

4 Using DCAST

4.1 Procedure for constructing PC Cluster using DCAST

To construct PC cluster using DCAST, con�guration of master node and slave
node as speci�ed in Fig.1 is required. The procedure is as follows:

1. Create master node
2. Install DCAST
3. Create grub 
oppy disk for slave node
4. Create DCAST con�guration �le
5. Invoke DCAST commands

Next, I will explain the details of individual steps of PC cluster construction
using DCAST.

Construction of Master node First, master node construction is done. This
process requires similar steps to installing Debian GNU/Linux on a standalone
system. However, to use DCAST the kernel needs to support bootp, NFS, and the
NIC. DCAST requires two types of kernel to be present; a type of kernel for the
master node and another type of kernel for the slave node. Master node kernel
has features such as NFS server, is installed on the master node. The slave node
kernel which has features such as bootp client is placed on the directory on the
master node where tftpd uses.

DCAST installation DCAST is installed on the constructed master node. DCAST
is available publicly from the PC Cluster Group software web pages[31], Intelli-
gent Systems Design Laboratory, Doshisha University. To install DCAST, down-
load the compressed archive �le of DCAST, and extract the contents to an arbi-
trary place on a system which has Debian GNU/Linux installed. Then, in that
directory, type ./configure && make && make install. Then install softwares
shown in 3.3 such as bootpd, tftpd, nfs-kernel-server, and update-cluster.

Creating grub 
oppy for slave nodes To start slave nodes, grub boot images
in 
oppy disks are used. DCAST provides a command dcast-grub
oppy for creating

oppy disks with grub boot images. The command is used as follows:
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Fig. 2. slave.lst

dcast-grub
oppy NIC-name diskfull

By using this command, a 
oppy disk with grub image for a diskfull node
that supports the NIC. Specifying diskless instead will result in creating a
grub 
oppy image that starts up a diskless node.

Writing con�guration �le In DCAST all con�guration is written to slave.lst.
An example is shown in Fig.2.

In this �le, con�guration details such as network con�guration are written in
space-delimited manner. The meaning of the entries are:

{ Partition construction
Specify the partition settings when building diskfull cluster. In DCAST, it is
possible to create a maximum of 4 di�erent partitions. The format is:

FPRT device-name size(MB) mount-point *

FPRT stands for \�rst partition", and second partition (SPRT), third partition
(TPRT), and 4th partition (4PRT) follow. For the device-name, specify Linux
device names such as /dev/hda1. Fir the size, specify the partition size in
megabytes. Writing \-" the rest of the region is allocated for the partition.
To specify swap region, specify swap as the mount-point. \*" speci�es a boot
sector, and it needs to be speci�ed on one of FPRT, SPRT, TPRT, or 4PRT.
Also, when constructing diskless clusters, there is no hard drive, and there
is no need to specify the partition information in that case.
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{ NISDOMAIN
Network Information Service(NIS) is a protocol to share information list
databases such as host name and user information through computer net-
work. Here, the domain name used by NIS is speci�ed. It is not necessary to
set this entry if NIS is not going to be used.

{ LOCALETHCARD
When there are more than one NIC on the master node, specify the NIC
that is connected to the internal network of the PC cluster. Usually, eth0 is
speci�ed.

{ NET
Specify the network address, net mask, and broadcast address of the network
inside the PC cluster.

{ DCASTMASTER
Specify the host name and IP address of the node which DCAST is being ran
on.

{ NFSMASTER
Specify the host name and IP address of the node which provides the /home
directory through NFS.

{ GATEWAY
Specify the gateway node used by the slave nodes.

{ Con�guration of slave nodes
List for all slave nodes their host name, IP address, and MAC address. For
MAC address, DCAST provides a functionality to automatically collect the
information. The user can execute the following command as root.

tcpdump -e | getmac

When grub starts up on slave nodes, bootp request packet is sent from
that node. By analyzing the packet header, it is possible to determine the
MAC address of that speci�c slave node. tcpdump is the command used for
monitoring packets on the network. Specifying the -e command-line option,
tcpdump gives the MAC address.
By using the getmac command provided by DCAST, MAC addresses of the
slave nodes are extracted, and written to a �le called macDB. By booting all
slave nodes it is possible to obtain the MAC address.

With above, all settings that the user needs to do is completed.

Invoking DCAST After completing the above operations and con�guration,
dcast-setup command, which is provided by DCAST will do the remaining task.
After this, for diskless nodes, just starting up the slave node will make the nodes
operate as diskless nodes. For diskfull nodes, powering the slave nodes will start
the process of creating the root �le system image on the hard drive. After this
process, the nodes will reboot as diskfull nodes.
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4.2 Maintenance after constructing PC cluster

Services provided by the master node On PC clusters that are constructed
using DCAST, on the master node, services such as bootpd, nfs-kernel-server and
tftpd are required after constructing the PC cluster. This is due to the require-
ment of these services for booting individual nodes on reinstalling to �x node
failures, or on upgrading PC cluster. Also, these services are required for booting
diskless slave nodes.

Adding new nodes To add new nodes to a PC cluster, the host name, IP
address and the MAC address are added to the slave.lst. This operation allows
adding of the new node.

Maintenance for starting up the slave nodes Slave nodes change boot-
time operation according to grub con�guration �le. For diskless nodes, the grub
con�guration �le for diskless nodes which is provided by DCAST (menu.diskless)
are used.

For diskfull nodes, there is one grub con�guration �le for booting from the
master node (menu.diskfull) and the one for booting from the local hard drive
(menu.local).

When starting with menu.diskfull, the operating system will boot from
the master node, and OS installation will start. For PC cluster upgrading, this
con�guration is used.

When starting with menu.local, the node will start up with the kernel avail-
able on the local hard drive, with no interaction with DCAST master node. For
operation as diskfull node, start with menu.local.

As above there are some con�gurations required for booting for slave nodes
of the PC clusters created with DCAST. There are commands to automate this
task provided by DCAST.

{ exchangereboot
Command which reboots after changing grub con�guration �le. Used like
this:

exchangereboot diskfull

The command replaces grub con�guration �le of one node with menu.diskfull.
{ allexchangereboot

Do exchangereboot on all nodes of a PC cluster.

Using these commands, grub con�guration �le can be modi�ed easily, and
thus it is possible to upgrade PC cluster without requiring much manual opera-
tion.

Upgrading application software for the PC cluster To upgrade software
or install new software on a PC cluster, the operating system image is reinstalled
on all nodes. The steps for reinstallation is described.
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Shutting down slave nodes All slave nodes are shut down, then the respective
root �le system images on the master node are removed. DCAST provides the
command dcast-remove command for facilitating the shutdown and removing
of �le system images.

Upgrading master node Master node is then upgraded. Software upgrading
is done using Debian GNU/Linux package management system. For software
that require di�erent settings for master node and slave nodes, it is necessary to
use module scripts, which is described later.

Invoke dcast-setup Invoke dcast-setup and create the root �le system for
slave nodes. After creating the root �le system, boot the slave nodes. The upgrade
process is then completed.

Upgrading kernel of slave nodes There are cases when kernel needs to be
upgraded for handling new hardware. To upgrade the kernel of slave nodes, a
new kernel is placed on the directory on the master node that tftpd uses. Then,
rebooting the diskless node, the new kernel will be loaded. For diskfull nodes, the
grub con�guration needs to be modi�ed to the one for booting from the master
node (menu.diskfull), to load the new kernel from the master node. Using this
procedure, slave node kernel upgrade can be done.

5 DCAST internals

5.1 DCAST internals when creating a PC cluster

To construct a PC cluster using DCAST, one node for running DCAST on is required.
Install the operating system on that one node. Use this node as the master node
to create all the slave nodes. On the master node, the following software will
run.

{ bootpd for giving IP addresses to the slave nodes
{ tftpd for giving kernel images to the slave nodes
{ nfs-kernel-server for giving root �le system images to the slave nodes

The con�guration of these software for DCAST are done by dcast-setup com-
mand automatically.

The operation of DCAST can be divided into 4 steps. DCAST operation is shown
in Fig.3.

Next, the details of operation on each step is explained.
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Fig. 3. Operation of DCAST

Step 1. Setting up the master node Prepare and con�gure so that DCAST
will work on the master node.

The template for the root �le system for slave nodes is created. The template
is created as follows:

1. copy all directories under /var except for tftpboot , cache, tmp directories,
and remove /var/lib/apt and /var/lib/dpkg

2. Create /home top-level directory
3. Copy all other top-level directories, and remove /lib/modules

Step 2.Creating root �le system image for slave nodes dcast-setup will
create slave node root �le system image from the template using the contents of
slave.lst (Fig.2). Slave nodes use the corresponding directory as the root �le
system. The root �le system for slave nodes that is used here is the same as root
�le system for the master node, except for changes that dcast-setup made for
diskless nodes.

Step 3.Booting slave nodes Slave node will initially boot up grub, and send
a request for an IP address to the master node. The bootpd running on master
node will provide an IP address to the slave node. Slave node, after receiving the
IP address, will send a request for a kernel image to the master node. Receiving
this request, tftpd on the master node will give a kernel image to the slave
node. Slave node will boot up using the kernel, and mount the root �le system
via NFS, which was previously prepared by dcast-setup on the master node,
and start up as a diskless node. For diskless clusters, the process is complete
here.
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Step 4.Constructing diskfull clusters The next step is required for con-
structing a diskfull node. DCAST provides the init program used for starting up
the operating system in step 3. The init provided by DCAST partitions the slave
node hard drive, and creates root �le system image from master node template.
Template is provided via NFS. After creating the root �le system, con�guration
necessary to create a diskfull node is done. For example, grub con�guration is
changed from network boot setting to booting from the local hard drive. After
that, the node is rebooted.

By doing these processes, diskless node and diskfull nodes are constructed.
To create a PC cluster, this process is repeated on each node.

5.2 Additional module scripts

For construction parts of PC cluster, many di�erent kinds of hardware can be
used. However, hardware addition usually requires software addition. Installation
process for software requires an e�ort that is proportional to the number of nodes
of a PC cluster. Therefore, it is e�ective to have a system to automatically install
and con�gure applications on all the nodes of a PC cluster when constructing a
PC cluster. DCAST has a system where di�erent software can be installed when
PC cluster is constructed.

Module script operations For installing software on PC clusters, di�erent
settings are sometimes done on each node. For example, IP address of the local
host is di�erent on each node. Therefore, there are two types of DCAST module
scripts; the ones that are ran on master node, and the one which is ran on each
slave node. On the master node, all scripts for the master node are ran when
dcast-setup is invoked. On the slave node, slave node scripts are ran at boot
time. By operating in this way, di�erent con�guration can be done on each node.

For software that does not require di�erent settings on each node, only the
module script for master node is required.

Adding module scripts Here, the method for creating and adding a DCAST
module script is described. To signify that it is a module script for master node,
the script �le name ends with .masterconfig. Similarly module script for slave
nodes have �le names ending with .slaveconfig. The module scripts are placed
in /usr/lib/dcast.

Here, the following module scripts are created and added to DCAST:

{ lm-sensors[32]
{ Myrinet[1] driver

Below, examples of adding module scripts are shown.
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Fig. 4. Output of sensors command

Module scripts for lm-sensors As an example of software that does not
require di�erent set up on individual nodes, lm-sensors[32] exists. lm-sensors is
a free hardware monitoring software that works on linux. It can detect CPU
temperature, fan speed, and power supply voltage from the hardware sensors.
lm-sensors source code is available from lm-sensors site[32]. An example of lm-
sensors output is shown in Fig.4.

To install lm-sensors, the lm-sensors-source Debian package which is the lm-
sensors source �le, and i2c-source Debian package which is the i2c source �le for
BIOS sensor chip driver. lm-sensors installation consists of 4 steps:

1. Install i2c
2. Install lm-sensors
3. Use sensors-detect included in lm-sensors to detect the sensor chip on the

motherboard
4. install the sensor chip driver into the kernel

lm-sensors.masterconfig is a module script that automates this process.
The created script is placed under /usr/lib/dcast.

By adding a module script like this, it is possible to use a software that
requires same setup on all machines on all nodes.

Myrinet module script Myrinet[1] is an example of requiring di�erent con�g-
uration on each node. Myrinet is a networking system that is developed by Myri-
com[33]. It is possible to use TCP/IP networking over GM driver for Myrinet,
and when using that, di�erent IP address needs to be assigned for each node. In
Table 1, a list of theoretical throughput values for Fast Ethernet, Myrinet, and
Myrinet-2000 is given.

To use Myrinet, the Myrinet-GM driver needs to be prepared. Myrinet-GM
is publicly available from Myricom web site [34].
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Table 1. Perfomance of network

Network Theoretical bandwidth (Mbit/s) Network layer
Fast Ethernet 100 Mbit/sec TCP/IP
Myrinet 1280 Mbit/sec Myrinet-gm
Myrinet-2000 2 Gbit/sec Myrinet-gm

Installation is possible by downloading the archive, extracting it, and exe-
cuting the script.

To use Myrinet, the following operations are required.

1. Install Myrinet-GM
2. Obtain the MAC address and hostname of the node that is connected via

Myrinet, and execute mapper program to initialise the route.

A script that does the above, myrinet-gm.masterconfig was created.
Next, IP address that is used by Myrinet is con�gured on each slave nodes.

A script that does it on each slave node myrinet-gm.slaveconfig was created.
The created scripts are placed under /usr/lib/dcast.
By using module scripts, it is possible to use software that requires di�erent

settings on each node.

6 Examples of PC cluster construction using DCAST

In this section, real examples of PC cluster construction using DCAST are ex-
plained. The target PC clusters are as follows:

{ A small PC cluster that consists of 4 diskfull nodes and 5 diskless nodes,
with total of 9 nodes. (section 6.1)

{ A large PC cluster that consists of 16 clusters of 16-node diskless nodes,
ordered hierarchically (section 6.2)

By constructing the two types of PC clusters, it will demonstrate that DCAST
can be used on:

{ PC cluster where there are both diskfull nodes and diskless nodes
{ PC cluster that constructs an hierarchical structure (hierarchical clusters)

6.1 PC cluster that has a mix of diskless node and diskfull node

In this section, a method of using DCAST to create a PC cluster that has a mix
of diskless nodes and diskfull nodes is introduced. The target PC cluster, called
Mill, is a PC cluster that consists of one master node and 8 slave nodes. Slave
nodes consist of 3 diskfull nodes and 5 diskless nodes. The node structure is
shown in Fig.5.

Here, as DCAST master node, PC cluster master node was used. The procedure
is shown below:
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Diskfull Node

Diskless Node

Master Node

Internal Network

External Network

Fig. 5. Mill system node structure

Step 1. Installing the operating system to the master node Install
Debian GNU/Linux on the master node.

Step 2. Install DCAST According to the procedure in 4.1, install DCAST.

Step 3. Create grub 
oppy disk According to 4.1, execute dcast-grubfloppy
on the master node, and create grub 
oppy. The target PC cluster uses In-
tel PRO/100S Desktop Adapter[35] as the network interface card. Therefore,
dcast-grubfloppy is invoked with eepro as an argument, like:

dcast-grub
oppy eepro diskfull

The second argument will be diskless when creating grub 
oppy disk for
diskless nodes. The created grub 
oppy is then inserted to the slave node 
oppy
disk drive.

Step 4. Create slave.lst According to 4.1, create slave.lst. The created
slave.lst is shown in Fig.6.

Even when diskless node and diskfull node coexist, slave.lst is written in
a similar manner to Fig. 2.

Step 5. Invoke dcast-setup According to 4.1, invoke dcast-setup. After
this process �nishes, all slave nodes are rebooted. When all slave nodes �nish
the process of rebooting, PC cluster construction completes.
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Fig. 6. slave.lst for Mill

By invoking DCAST like above, it is shown that it is possible to create a PC
cluster where diskless nodes and diskfull nodes coexist.

6.2 Hierarchical cluster

In this section, a PC cluster where diskfull cluster and diskless cluster are con-
nected hierarchically is constructed. The target PC cluster structure has 16-node
diskless cluster which has a diskfull node as a master node each, and the master
nodes of the diskless clusters construct a 16-node diskfull cluster. The structure
of target PC cluster is shown in Fig. 7. Each diskless cluster slave nodes have
their root �le systems served from the master nodes of the diskless clusters, and
the /home directory is served from the master node of the PC cluster (Fig. 7)

The following is the procedure to create the PC cluster.

Step 1. Install operating system to one master node of diskless cluster
Install Debian GNU/Linux on one of the master nodes of the diskless cluster.

Step 2. Install DCAST According to 4.1, install DCAST to the node which
was installed on step 1.



18 Tomoyuki Hiroyasu et al.

Diskless Cluster's Master

 (Diskfull Node)

Diskless Node

Hierarchical Cluster's Master

Internal Network

External Network

� � �

� �

��

Diskless Clusters

Fig. 7. cambria system node structure

Step 3. Creating grub 
oppy disk According to 4.1, run dcast-grubfloppy
on the master node, and create grub 
oppy disk. The NIC used was DEC tulip
chipset, so the command-line used is as follows:

dcast-grub
oppy tulip diskfull

Here, 256 grub 
oppy disk is created.

Step 4. Create slave.lst According to 4.1, create slave.lst. The created
slave.lst is written similarly to one shown in Fig. 6.

Here, write the con�guration required to install on the master nodes of the
diskless clusters. As NFSMASTER, the master node of the PC cluster is set.

Step 5. Invoke dcast-setup According to 4.1, invoke dcast-setup. After
that, boot up all remaining nodes of the diskfull cluster.

Then, the installation of the diskfull cluster of master nodes is completed.

Step 6. Write slave.lst According to 4.1, create slave.lst. Here, con�gura-
tion for installing nodes on diskless nodes of the diskless clusters. As in step 4,
NFSMASTER is the master node of the PC cluster.
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Step 7. Invoke dcast-setup on each master node of diskless cluster
Invoke dcast-setup on 16 diskfull nodes, which are to serve as master nodes of
diskless clusters. After that, start up all diskless nodes.

By using DCAST as described above, it is shown that it is possible to build a
PC cluster with hierarchical structure with DCAST.

7 Conclusion

In this paper, we proposed Doshisha Cluster Auto Setup Tool (DCAST) and
discussed the design, usage, internal implementation, and examples.

DCAST was designed with the following goals:

{ Target at novices without speci�c knowledge to PC clusters
{ Avoid interactive operations, and used Debian GNU/Linux for ease of soft-

ware upgrades
{ Software upgrading is done in the same manner as initial install
{ Allow creation of both diskless cluster and diskfull cluster
{ Combine existing software to create as much of the �nal product

The procedure to create a PC cluster using DCAST was shown, and the method
to maintain the PC cluster after creation using DCAST was described. The oper-
ation of master node and slave nodes when creating PC cluster using DCAST was
described. Also, the operation and method of adding module scripts for arbitrary
software installation was explained.

In this paper, examples of PC clusters which diskfull nodes and diskless nodes
coexist are shown.

In the future, the following enhancements are considered:

{ Improve the speed in which root �le system template is copied from mater
node to slave node

{ Addition of more module scripts
{ A cluster description markup language for more verbose con�guration that

allows creation of a hierarchical PC cluster with one dcast-setup invocation
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