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Abstract

Bioinformatics applications take very long time to execute on general purpose computers
and hence accelerators are used to reduce the overall execution time. FPGA based accel-
erators have proven to be a good candidate for accelerating these applications. Hardware
implementation of the compute intensive kernels is done on FPGAs and multiple copies
of such kernels are run in parallel to get speedups over software implementations. In the
past, FPGAs had only programmable LUTs and programmable interconnects. In modern
FPGAs, the digital circuitry common to many applications are being embedded as hard
embedded blocks (HEBs) to use the silicon area effciently.

We developed a methodology for carrying out design space exploration of FPGA
based accelerators for bioinformatics applications. We illustrate the use of our methodol-
ogy with two important bioinformatics applications that take large amount of time when
implemented in software: Protein docking and Genome assembly. We identified the ker-
nels in the protein docking application and mapped it onto efficient hardware. We show
that speedups of upto 12x can be achieved over software implementation. We studied
genome assembly application and found that direct hardware implementation of the ap-
plication is not possible due to FPGA resource constraints. We developed a novel method
to pre-process the input and reduce the overall execution time. We show speedups of upto
8x can be achieved using accelerators implemented on FPGAs.

Further, our methodology was used to identify HEBs and evaluate them for accel-
erating both protein docking and de novo genome assembly. 3D-FFT is at the core of
“FTDock”, a popular implementation of protein docking application. “Butterfly” HEBs
could accelerate 3D-FFT computations by over 1953x. Overall, specifically identified
HEBs show an acceleration of upto 17x for the two bioinformatics applications. For
speeding up the design space exploration, models at higher level of abstraction were
used. Using these high level models, performance estimates for platforms with multi-

FPGAs with different interconnect topologies was made possible.
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