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interactive access to their CAS machines, but some have designated a
subset of their CAS machines to be batch only. This arrangement
requires somewhat more work on the part of the RCF staff, but the
configuration is fairly static and usually only has to be done once.

The batch system used in the RCF on the CAS farms is the Load Shar-
ing Facility (LSF) from Platform Computing
(http://www.platform.com/platform/platform.nfs/webpage/lsf/). The sys-
tem has been found to be quite flexible and allows for the experiments’
batch queues to be kept separate and individually configured. The LSF
system is quite powerful and allows for the management of a number
of system resources, but we essentially only use its batch queueing sys-
tem.

Unlike the CRS farms, where access is restricted and the jobs are
strongly controlled, the CAS farm machines can often get overloaded
with users. Figure 3 shows a fairly typical fluctuation of the load on an
experiment’s part of the CAS farm with time. These large fluctuation
loads make for a much less robust farm. The average uptime of these
machines then varies by usage pattern among the experiments and by
allowed access methods. The average uptimes range from days or weeks
for some interactive nodes to months for some of the batch only nodes.

In general, the average uptime of the CAS nodes is much less than the average uptime of
the CRS nodes, and the downtime is more likely to be caused by user activity on the
CAS machine than on the CRS machines.

Monitoring of the RCF Linux farms exists at a number of levels. General connectivity
monitoring, farm-specific monitoring, service monitoring, and hardware monitoring
are all done. The Mon program (http://www.kernel.org/software/mon/), because of its
ease of use and extensibility, is presently used for connectivity monitoring, with any
detected machine failures going to the Linux farm group’s pagers and monitoring Web
pages. A heartbeat from the server daemons on the CRS machines is coupled to the CRS
control software to keep jobs from trying to be queued to machines with problems.
Load, NFS, AFS, and LSF monitors on the CAS machines also send alarms to the Linux
farm group’s pagers and another monitoring Web page. The CRS and CAS-specific
monitoring software was written in-house, mainly in Perl and Python. Hardware status,
including temperature, voltages, fan status, and disk errors, is monitored with the
VACM software from VA Linux (http://www.valinux.com/software/vacm/). The VACM
software also allows for the remote reboot and power cycle of any of the farm machines
and has greatly enhanced the manageability of the machines.

Up to now, the operating system on the farm machines has been installed using a
BOOTP network boot. In this process, the OS is first built on a development machine
and transferred to an installation directory tree. A compressed tar image is made of the
directory tree, and this image is copied to the BOOTP servers. In the case of a new
machine, the network boot procedure is initiated from a floppy disk, while a rebuild of a
system can be initiated from a swap of the kernel by replacing lilo.conf followed by a
reboot. The initial BOOTP connection provided the network parameters for the boot-
ing machine and the NFS file system from which to mount the machine’s initial root file
system in memory. The local disk of the machine is then partitioned, and the com-
pressed tar file of the OS image is untarred onto the local disk. The local network files
are customized with the network parameters obtained during the boot process, LILO is
run on the local disk, and the machine is rebooted. This first local boot of the machine

34 Vol. 26, No. 5 ;login:

��
����+���������"����

��������#��
�����' ���������&
��
�*"�������
����������
������
��%"�"�'������(��')��������
����� ������#��"����#���#�	%��
�����������
#�	�����.�	"
�
#�"���"�������������������
����
��������#��
�������'
����"�

http://www.platform.com/platform/platform.nfs/webpage/lsf/
http://www.kernel.org/software/mon/
http://www.valinux.com/software/vacm/


runs a customization script that configures the machine as either a CRS or CAS node
and then does the final reboot of the machine. When the machine comes up this third
time, it either automatically registers itself as a CRS node, or comes up as a CAS node
with LSF running. The entire process from initial BOOTP start to final configuration
takes about 10 minutes plus the time to build the AFS cache. With the distributed
BOOTP servers in place, we have brought up an entire rack of machines at the same
time without a problem.

Major upgrades to the system are currently done by producing a new system image and
redoing the installation. Minor upgrades are done by distributing the file or rpm via scp,
NFS, or AFS and initiating the upgrade by distributing the appropriate command to the
nodes via SSH. However, both the initial installation method and the upgrade methods
currently used are proving to be inadequate. The installation method has evolved over
time and is much more flexible now than when we started, but the hardware is becom-
ing more diverse and the users are demanding more customization, so we are looking at
other methods. The “KickStart” system is actively being tested and the “SystemImager”
of VA Linux is also being investigated. The goal is to move to a more customizable
installation and upgrade system than we currently have.

As noted previously, we are not at the full capacity of the facility. It is expected that we
will reach a steady state of approximately 600 dual CPU machines with a replacement
cycle of three to four years. All farm CPU purchases to date were of machines with min-
imal local storage (enough for two running jobs plus a staged waiting job on the CRS
machines and a comparable or somewhat larger amount on the CAS machines). Unfor-
tunately, the experiments’ need for disk space is outstripping the budget we have for
centralized RAID. The experiment groups therefore want to embark on a study of using
disks local to the farm nodes to augment the centralized disk. Such investigations of dis-
tributed disks are also going on at other institutions. The argument is that by diverting a
relatively small amount of the centralized disk budget, a larger amount of non-central-
ized IDE disks can be attached to the farm CPU than the amount of centralized disks
the diverted funds would have purchased. The problem is then shifted from managing
and serving data from a large centralized disk to one of managing and tracking the data
on a large number of distributed disks. Everyone agrees that keeping track of where the
data is in a distributed system and managing the loss and replacement of data files due
to disk failures is a difficult problem, but enough people see this as the only way even to
approach the amount of disk space they feel they need.

The Linux farms at the RCF have performed well to date. We have had a total of one
disk failure, one CPU failure, three motherboard failures, and eight power supply fail-
ures in the entire farm. The rack-mounted machines have proven to be quite reliable
and maintainable. There is some apprehension – as we add IDE disk drives to some of
the existing machines and anticipate future purchases of machines fully loaded with
IDE disks — that the increased number of disks and the accompanying increased heat
load will increase the failure rates of the machines. Everyone agrees that the machines
should work at their maximum configuration, but since we have not run any machines
in that configuration, we will reserve judgment until we do have such experience. Our
goal is to provide a robust and manageable facility that meets the needs of our user
community, and we will work with our users as we evolve the facility to meet that goal.
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