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1. SUMMARY
Linux has emerged as the system-of-choice in academic and pro-
duction scientific computing settings. A key limitation to the use
of Linux for high-end cluster computing however is its potential
performance impact on application execution, since Linux dictate
general policies that do not promote the performance of high-end
scientific applications.

In this abstract, we are presenting our Application SpecificLinux
(ASL), a customized Linux image that enhances the performance of
the scientific applications. Our Research end-goal is a software sys-
tem that automatically enables high performance scientificcomput-
ing on commodity systems through application-specific customiza-
tion and dynamic adaptation of the Linux OS. Our research is novel
in that it combines the research done in OS specialization, ex-
tensibility and minimization as well as virtual machine monitors
(VMMs) into a system that automatically customizes the kernel im-
age for a single application run and is specifically focused on the
application domain of scientific computing using high-performance
clusters.

2. EXTENDED ABSTRACT
Recent advances in high-performance processor and networktech-
nologies are making clusters of workstation class computers cost-
effective platforms that can support the next generation ofscien-
tific applications. Low per-unit cost, advances in computing and
communication power, and the availability of Linux as a free, easy-
to-use, and nearly standard operating system, make high-end com-
puting with these systems accessible both to a very large developer
base and to a wide range of users. As part of this evolution, Linux
has emerged as a nearly ubiquitous, open-source operating system
with a wide-range of readily available programming supporttools
and specialized libraries. It is currently the system-of-choice in
academic and production scientific computing settings and as a re-
sult, many -if not the majority of- scientific programmers, being
trained today are familiar with Linux as a development platform.
Moreover, its ability to be used as a locally controlled, high re-
sponsive development environment has greatly increased the pro-
grammer productivity, hence the advancement of science.

A key limitation to the use of Linux for high-end cluster comput-
ing however is its potential performance impact on application ex-
ecution [3]. Linux, like other general-purpose operating systems
(GPOS) with commercial application, continues to evolve tosup-
port an enormous range of user requirements, application domains,
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and devices (everything from supercomputers to hand-helds). In
contrast, scientific applications executing in clustered settings are
frequently large, resource intensive, long-running, and use space-
sharing to gain exclusive access to the machines they use through a
batch system. They do not compete dynamically for processorand
I/O resources like many other application domains. Therefore, the
Linux OS includes many features and built-in policies that do not
promote the performance of high-end scientific applications, which
can retard the performance of scientific programs in high-end com-
puting settings. In particular, scientific applications typically do not
require the extensive support for fair resource sharing (since they
execute in production space-shared, and not time-shared, environ-
ments) or quick response time (since they may not be interactive).
None the less, the portability that Linux affords combined with the
familiarity that its wide-spread popularity has bred make it a de
facto standard operating system for clustered architectures.

In our Research, we are designingApplicationSpecificLinux (ASL)
to enhance the performance of Linux for scientific applications[4].
The goal of our research is to investigate techniques that maintain
the ease-of-use and cost benefits of Linux while enhancing the per-
formance achievable by high-end scientific applications executing
in large-scale cluster computing settings. To enable this,we are
studying ways to automatically customize the Linux instance an
application uses when it is running in a “production” (i.e.,non-
development or debugging) setting based on the specific needs of
the application itself. We are also exploiting the exclusive pro-
cessor access that batch-scheduling implements to relax orelimi-
nate unneeded mechanisms that are designed to facilitate effective
time-sharing, but which introduce unnecessary overhead ina space-
sharing context.

We are using both runtime and compile-time approaches to cus-
tomize the Linux instance used by each application. Each of which
will allow the scientific programmer to use unmodified Linux as a
local development and debugging environment and then to apply
our techniques as an additional compilation step before initiating
high-end cluster execution.

In order to enable Linux customization, our system consistsof
four logical customization phases. Static and dynamic applica-
tion analysis is our system’s first phase. The application aswell
as its potential coupling effect on the kernel is studied using Phases
profiling techniques as well as kernel performance-annotated call
graphs. The second phase is the static customization enhance-
ments for the kernel image based on the outcome from the first
phase, which is produced at the development site. For example, we
studied in [7] the I/O pattern for MIT General Circulation Model
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Figure 1: Deployment model for current scientific applications
in (a) versus our deployment model using Xen VMM in (b).

(GCM) [5], which is a popular numerical simulation used by scien-
tists to study oceanographic and climatologic phenomena. For this
specific MIT GCM code I/O pattern, the syswrite() syscall was
modified to enhance the application performance. The staticcus-
tomization phases furthermore include inlining the application code
inside the kernel image to reduce the user to kernel space crossing
overhead, as well as inlining some kernel modules and creating
execution shortcuts in the kernel for enhanced performanceof the
common execution scenarios for the application, as shown infig-
ure 1(b). The customized Linux image (including the application)
is then shipped to the production environment.

The third phase takes place at the production environment, where
ASL is deployed on a minimal virtual machine monitor (VMM),
as shown in figure 1(b). This approach allows us also to introduce
unsafe kernel customization while protecting volatile hardware re-
sources (e.g. BIOS code). In order to ensure the feasibilityof our
approach, we have evaluated the performance implication ofrun-
ning HPC performance-oriented codes on virtual machines in[6].
We opt to deploy paravirtualized VM, in which the guest OS is
aware of being virtualized. Paravirtualization is characterized by
its minimal performance degradation on application execution, rel-
ative to full virtualization. Figure 2 shows the performance com-
parison between four kernels for several NAS [1] Parallel Bench-
mark (NPB) codes, on a 16 processor cluster. CHAOS [2] is an
HPC performance oriented kernel developed at Lawrence Liver-
more National Lab (LLNL). Xen kernel is a paravirtualized 2.6.12
kernel. The two RHEL kernels are off-the-shelf Red Hat Enter-
prise Linux version 2.6.9 and 2.9.12 respectively. In this figure,
they-axis shows the performance of different codes on thex-axis,
relative to Livermore’s CHAOS kernel. Using the averages illus-
trated here and several statistical techniques, we were able to em-
pirically prove minimal performance degradation for paravirtual-
ized systems. A comprehensive performance evaluation of paravir-
tualization in HPC should be found in [6].

During the execution of the application, the ASL is self evolving
and dynamically adopting system which keeps modifying itself to
meet the application’s requirements at runtime and enhanceits per-
formance. Meanwhile, ASL provides a kernel adaptation system
call that the user can interact with to suggest dynamic adaptation of
the system during runtime. This dynamic customization constitute
our final customization phase.

Much prior work in the area of application-specific operating sys-
tems (OSs) has thoroughly studied extensibility, specialization, and
minimization of the OS in general. However, our research is novel
in that it combines and extends these efforts into a system that auto-
matically customizes the Linux operating system for a single appli-
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Figure 2: NAS Parallel Benchmark performance relative to
CHAOS. The left half (first benchmark set) is for total time
(lower is better); the right half is for Mops (higher is better).

cation run and is specifically focused on the application domain of
scientific computing using high-performance clusters. At the same
time, our use of Linux ensures that the environment for scientific
applications developers remains familiar and unified across the de-
velopment and production platforms they use; thereby promoting
ease-of-use, programmer productivity, and efficient program man-
agement. Our Research’s end-goal is a software system that auto-
matically enables high performance scientific computing oncom-
modity systems through application-specific customization and dy-
namic adaptation of a low-cost, popular, and familiar Linuxoper-
ating system.
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