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Abstract

Rapid increases in processor performance over the past
decade have outstripped performance improvements in
input/output devices, increasing the importance of in-
put/output performance to overall system performance.
Further, experience has shown that the performance of
parallel input/output systems is particularly sensitive to
data placement and data management policies, making
good choices critical. To explore this vast design space, we
have developed a user-level Library, the Portable Parallel
File System (PPFS), which supports rapid experimenta-
tion and exploration. The PPFS includes a rich application
interface, allowing the application to advertise access pat-
terns, control caching and prefetching, and even control
data placement. PPFS is both extensible and portable,
making possible a wide range of experiments on a broad
variety of platforms and configurations. Our initial exper-
iments, based on simple benchmarks and two application
programs, show that tailoring policies to input/output ac-
cess patterns yields significant performance benefits, often
improving performance by nearly an order of magnitude.

1 Introduction

The widespread acceptance of massively parallel systems as
the vehicle of choice for high-performance computing has
produced a wide varicty of machines and an even wider va-
riety of potential input/output configurations, most with
inadequate input/output capacity and performance, This
disparity between computation and input /output rates re-
flects similar limitations on sequential systems. Processor
performance has increased by several orders of magnitude
in the last decade, but improvements in secondary storage
access times have not kept pace (e.g., disk seek times have
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Agency under ARPA contracts DAVT63.91.C.0029 and DABT63.
93-C-0040. Andrew Chien is supported in part by NSF Young In-
vestigator Award CDA-64.01124.
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decreased by less than a factor of two even as data density
has increased dramatically).

In an effort to balance impressive peak processing rates
with sufficient input /output bandwidth, most parallel sys-
tems support multiple, redundant arrays of inexpensive
disks (RAIDs) [21, 12]. Although multiple RAIDs pro-
vide peak input/output bandwidth equal to the product
of the number of RAIDs and their individual bandwidths,
little is known about the ¢ffective input /output bandwidth
of an array of RAIDs in parallel scientific computing envi-
ronments.

Developing models for how such massively parallel sys-
tems should be configured to be balanced, and how to
manage the input/output resources to achieve high sus-
tained performance requires exploration of a broad space of
choices (e.g., disk data striping factors, file and disk block
prefetch policies, and caching policies). Simply put, we
must determine the most effective combinations of buffer-
ing, caching, data distribution and prefetching policies that
allow a parallel file system to reduce the number of phys-
ical input/output operations and to overlap physical in-
put/output with computation.

To explore these issues, we have developed a Portable
Parallel File System ( PPFS) to study the interaction of ap-
plication access patterns, file caching and prefetching algo-
rithms, and application file data distributions. PPFS con-
sists of a user-level input/output library that is portable
across both parallel systems and workstation clusters, per-
mitting a wide range of experimentation with modest hu-
man resources. PPFS allows application control of a vari-
ety of file caching, prefetching, data layout, and coherence
policies. This enables rapid exploration of a wide range of
possibilities, facilitating rapid convergence on good poli-
cies for each file in the application. The PPFS applica-
tion interface supports a number of predefined policies,
but can also extend its repertoire by accepting user-defined
layouts, access pattern declarations, and prefetching pat-
terns. Interposing the libraries between the application
and the system software has allowed us to more quickly
experiment with a variety of data distribution and data
management algorithms than would be possible via sys-
tem software modifications.

In a preliminary study, we have measured the perfor-
mance of PPFS on simple input/output benchmarks and
on two input/output intensive programs, a gene sequenc-
ing matching application and a low temperature plasma
clectron scattering code.  All of these exper
conducted on a variety of Intel Paragon XP/S
configurations, using the Intel parallel file system
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