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Abstract —BLAST is a widely used tool to search
for similarities in protein and DNA sequences. How-
ever, the kernels of BLAST are not efficiently sup-
ported by general-purpose processors because of
the special computational requirements of the ker-
nels.

The kernels involve large amounts of computa-
tions which contain a high degree of potential par-
allelism that general-purpose processors can only
exploit to a very limited extent. The kernels handle
operands that are small (one byte) and not efficiently
manipulated by general-purpose processors. The
kernels entail only simple operations whereas cur-
rent general-purpose processors expend significant
proportion of their chip area to support complex op-
erations, such as floating-point operations. The ker-
nels perform a large amount of memory accesses,
which translates into severe penalties.

In this paper, we propose an efficient PIM
(Processor-In-Memory) architecture to effectively
execute the kernels of BLAST. We propose not only
to reduce the memory latencies and increase the
memory bandwidth but also to execute the opera-
tions inside the memory where the data are located.
We also propose to execute the operations in par-
allel by dividing the memory into small segments
and by having each of these segments executes
operations concurrently. Our simulation results show
that our computing paradigm provides a 242x per-
formance improvement for the executions of the
kernels and a 12x performance improvement for the
overall execution of BLAST.

Index Terms —BLAST, Processor-In-Memory
(PIM) Architecture, Sequence Alignment.
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SUMMARY

BLAST (Basic Local Alignment Search Tool) [1],
[2], [10] is a molecular biology application where a
database of protein (or DNA) molecule sequences
is compared against a query sequence representing
a reference protein molecule so as to uncover sim-
ilarities. It is a highly time-consuming application
simply because it deals with a large database of
sequences and hence must perform a large number
of memory accesses and computations [2], [9].

In the past, a variety of high performance ma-
chines such as NOW (Network Of Workstations)
or massively parallel computers [6], [7], [8] have
been used to speed up execution of BLAST. In such
systems, each node, which is a general-purpose
processor (GPP), is responsible for its share of the
database. However, GPPs are not efficient in exe-
cuting BLAST because they are susceptible to the
memory wall problem [3], [4], [5], [11], [12] due to
the large number of memory accesses in BLAST. At
the same time, their limited concurrency prohibits
them from exploiting the tremendous amount of
parallelism inherent in BLAST. Executing in GPPs
is also wasteful because the basic operand size of
the operations of BLAST (one byte), does not fully
utilize the 32- or 64- bit functional units of GPPs.
Moreover, since the majority of its operations are
simple comparisons, accumulations, and subtrac-
tions, the complex functional units of GPPs, such as
multipliers, dividers, and floating-point units remain
unused during the execution of BLAST.

Therefore, we propose a hardware/software co-
design paradigm which uses a PIM (Processor-In-
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Memory) module to efficiently execute the kernelgs]
of BLAST. Our PIM module reduces the memory
access penalty caused by the large number
memory accesses by relocating the data-intensive
operations to where data are located instead [6F
transferring data to execution units. We exploit
the inherent parallelism of BLAST by segmenting
the PIM module into many sub-modules and ex-
ecuting the kernels in each of these sub-modul&%
in parallel. Therefore, we can execute the mo
time-consuming and the most memory bandwidth-
intensive operations more efficiently. We also intrg41]
duce a BLAST kernel specific data communication
mechanism to overcome the obstacles of parallel
execution. [12]
Our simulation results show that by using our
computing paradigm, there is2ad2x performance
improvement for the execution of the kernels and
a 12x performance improvement for the overall
execution of BLAST. Future work includes integrat-
ing reconfigurability in our computing paradigm
to cover different kinds of BLAST programs. Our
paradigm can be conveniently modified and simi-
larly applied to support other BLAST programs.
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