Introduction

The National Center for Biotechnology Information (NCBI)
provides a public service that allows users to search
molecular sequence databases with the Basic Local
Alignment Search Tool (BLAST). This service requires
high availability, high performance, and must handle
thousands of concurrent requests fairly. Because the
sizes of molecular sequence databases now exceed the
memory capacities of commodity servers, it is hecessary
to spread searches across multiple worker nodes to
achieve high performance. Furthermore, to reduce the
number of passes through the sequence data, it is
desirable to combine multiple searches against the same
sequence database. We describe the design and
Implementation of the BLAST scheduling system in use at
the NCBI. This system has been in nonstop operation
since the fall of 2003 and handles over 100,000 search
requests daily.

Component overview

The system is logically composed of three tiers that
communicate via a relational database. Components in
the interface tier are responsible for communicating with
end-user agents such as Web browsers, batch command-
line clients, or interactive GUI clients. These components
Insert new requests into and fetch results from the
database. The second tier contains the aggregation,
parallelization, and scheduling components. These
components maintain queues of searches ready to be
processed and results ready to be merged. The third tier
IS the pool of worker nodes. The worker nodes request
work, read sequence databases from network-attached
storage (NAS), and write partial results to local storage.

Infrastructure

The relational database uses 2U dual-CPU commodity
servers running Microsoft Windows 2000 and Microsoft
SQL Server 2000; all other components use 1U dual-CPU
servers running Linux. Sequence data are stored on
highly available NAS appliances. All interconnect
networks are commodity fast or gigabit ethernet.

Fault tolerance

In the event of a worker node failure, searches are simply
rescheduled on another available node; searches that fail
repeatedly are quarantined to avoid wasting resources.
The relational database servers are replicated in a
primary/backup arrangement. Backup queuing
components come online automatically via an election-
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Figure 3. Performance.

Top to bottom: 75th percentile run and wait time in wallclock seconds,
searches completed per minute, fraction of overall processor utilization,
database transactions per second.



