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Abstract

Protein information analysis is widely regarded as a key technology in drug design, macromolec-
ular engineering, and understanding genome sequences. Because vast amount of calculations are
required, further speed-up for protein information analysis is very much in demand. We have im-
plemented the PAPIA (PArallel Protein Information Analysis) system on the RWC PC cluster ITa
(“PAPIA cluster”) which consists of 64 Pentium Pro 200MHz microprocessors. The PAPIA system
performs fast parallel processing for typical calculations in protein analysis, such as structure sim-
ilarity search, sequence homology search and multiple sequence alignment, nearly 60 times faster
than a single processor. We have started a WWW service (http://www.rwcp.or.jp/papia/),
allowing any biologist to easily submit jobs to the PAPIA system through a WWW browser. The
user can experience the power of current parallel processing technology.

1 Introduction

Recently, analysis of protein molecules and genetic DNA sequences has depended heavily on the power
of computational approaches. “Computational biology” has been rising as a new and active area of
study which is necessary for understanding disease mechanisms, designing drugs and macromolecular
materials, and improving agricultural resources. Molecular biology databases are rapidly growing in
size (a 10 fold increase in 4 years, in the case of the GenBank DNA database) and the entire genomic
sequencing of several organisms has or will be finished in a few years. Even the human genome sequence
will be almost fully obtained by 2005. Vast amount of calculations are required for the analysis of
huge databases, but fortunately, large-scale parallelism can be exploited in most cases.

From very early on, computational biology research has been carried out by utilizing the power
of the Internet. Hundreds of WWW service sites are now available on the Internet. However only
a few sites or programs are employing parallel calculation techniques (e.g. BLAST [2] is capable
of small-scale multithread processing on SGI, the MPsrch [14] program (BLITZ/BLAZE server) for
Smith-Waterman algorithm has been used on the MasPar parallel computers).

We are aiming at demonstrating the power of the latest parallel calculation technology in efficiently
solving computational biology problems. For this purpose, we have developed the PAPIA (PArallel
Protein Information Analysis) system [1].

In this paper, we will describe the development of the PAPIA system. A newly assembled PC
cluster dedicated to the PAPIA system is shown in section 2. In section 3, the implementation as
well as the performance of the PAPIA system is described. In section 4, usage of the PAPIA system
through the WWW is introduced.
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Table 1: History of RWC Cluster Developments.

1995 Aug. | RWC WS Cluster I

SPARCstation 20, 9 nodes

1996 Feb. | RWC WS Cluster II

SPARCstation 20, 36 nodes

Oct. | RWC PC Cluster I

Pentium 166MHz, 32 nodes

1997 Oct. | RWC PC Cluster 11

Pentium Pro 200MHz, 64 nodes (now 128 nodes)
1998 Feb. | RWC PC Cluster IIa (PAPIA)
Pentium Pro 200MHz, 64 nodes
Aug. | RWC Alpha Cluster 1

DEC Alpha 21164 500MHz, 32 nodes

2 RWC PC Cluster

The RWCP Tsukuba Research Center has been building workstation clusters and PC clusters (see
Table 1) as environments for research and development of parallel operating systems and parallel
programming languages since 1995.

The RWC PC Cluster II was developed in October 1997 and is a highly efficient parallel computer
with powerful network connections. The NPB benchmark results show its performance is comparable
to the latest massively parallel processors (http://www.rwcp.or.jp/lab/pdslab/).

The PAPIA system prototype was implemented on the RWC PC Cluster II and was demonstrated
at the SC97 conference exhibition. We then built a new application-dedicated cluster, the RWC PC
Cluster Ila, “PAPIA cluster”, in February 1998. The PAPIA system described in this paper is
operated using the new PAPIA cluster.

The RWC PC Cluster series all have the following features:

e Connected by a high-speed network (Myrinet) with an originally-developed driver(PM) [15],

e Original parallel (global) operating system (SCore-D) [8] which enables parallel multi-user envi-
ronment with gang-scheduling,

e Compact packing in originally designed chassis bodies, and

e Unix (NetBSD or Linux) based highly portable environments.
The MPICH-PM (MPI compatible) communication library is available.

2.1 PAPIA Cluster (RWC PC Cluster Ila)

We have built an application-dedicated PC cluster, the RWC PC Cluster I1a (’a’ stands for application)
or the “PAPIA cluster”. The system specifications are shown in Table 2 and a view of the PAPIA
cluster is shown in Fig. 1. Each node of the PAPIA cluster has 256MB of memory and a 4.1GB hard
disk. The disk capacity is expanded from 2.1GB (RWC PC cluster II) to 4.1GB in order to store a
whole copy of the Protein Data Bank (PDB) [4] and other databases on each node.
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