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Thesis Summary

Summary

Biological sequences alignment is an urgent algorithm applied in bioinformatics to ex-
plore the functional similarities between two sequences based on their similar structures.
Protein sequences alignment is an essential operation used in multiple applications such
as; structure based drug design, evolution tracing, prediction of future gene mutation

and possible sources of diseases, and classifying newly discovered species.

The sizes of biological sequences databases are growing intensively urging researchers
to design accelerated sequences alignment solutions. Recent studies suggest using GPU
computation in accelerating such algorithms. GPU computation model suits such data

intensive operations.

In this thesis, we present a survey on various GPU accelerated sequences alignment so-
lutions, comparing them with respect to the algorithm stages implemented on the GPU,
the interaction between GPU and CPU execution paths, the parallelization granularity

applied, the memory structures allocation design and other effective aspects.

We propose a GPU-CPU multithreaded solution accelerating a protein sequences align-
ment program; PSI-BLAST. Our work addresses accelerating the iterative protein align-
ment tool, PSI-BLAST, for its higher accuracy results compared to other protein se-

quences alignment programs.

PSI-BLAST algorithm is divided to seven stages. First, user inputs are parsed including
the query sequence and the database of sequences to be aligned. Next, the look up
table filling stage is performed to reduce the time needed later to perform the alignment
of each database sequence. Then, the alignment is performed in three stages applied
to each database sequence. The first stage is seeds collection, where we find word
sized alignments between the query and the database sequence. The second and third
stages extend these alignments using ungapped then gapped extension. Alignments
that have scores above a certain threshold are saved. The traceback stage recomputes
the alignments generating bookkeeping information. Finally, the output is formatted
following a user option format. The algorithm is repeated in iterations computing a

complex scoring matrix based on the results of the previous iteration.

The three stages that align database sequences with the query sequence are performed
on each subject sequence in a totally independent manner. Thus, accelerating these
stages using parallel approaches is appealing. Each subject sequence can be aligned

using different processing unit.



In our design we followed the Assess Parallelize Optimize Deploy (APOD) design cycle
proposed by NVIDIA. In the first stage, we assessed PSI-BLAST algorithm by applying
a profiling study. The study aims at allocating the areas of improvement in the algo-
rithm. Seeds collection and ungapped extension stages are found to be the most time
consuming stages in the algorithm. Our design parallelizes these stages by GPU and

CPU multithreading.

Various optimization techniques were applied to the design including choosing a suitable
role assignment model for GPU threads. We chose the granularity of one thread to
align each database sequence, since database sequences alignment is totally independent.
Database sequences are sorted according to their size in a preprocessing step allowing
threads of the same warp to align sequences of comparable lengths. Warp threads
paths divergence is reduced as threads perform tasks of almost the same time, thus
threads need not wait for each others to finish execution. At the beginning of GPU
kernel execution, shared memory structures are copied from the global memory using
the coalesced memory accession feature. Optimization of shared memory structures sizes

is applied quartering the required memory.

The design was built using CUDA toolkit 6.5 and deployed on an NVIDIA TESLA C2070
GPU card of 448 cores running on 1030 GFLOPs. The GPU card is installed alongside
an Intel Xeon E5-2609 six-core processor with 2.4 GHz clock speed and 8 GB RAM.
Our solution achieves a speedup of around 4X compared to the sequential PSI-BLAST.

The thesis is divided into six chapters as listed below:

Chapter 1 is an introduction explaining the motivation for protein sequences
alignment. We present a brief description of the various categories of the biological
sequences algorithms. Also, a brief discussion about the use of GPUs nowadays in
general purpose computing. Finally, a demonstration of the main thesis contributions

is presented.

Chapter 2 explains the concepts of sequences alignment. We describe the basics of
biological genes sequencing, starting with the biochemical approaches. Then, we
present a description of various sequences alignment algorithms. We describe the
BLAST algorithm stages in more details. Then, we emphasize the differences between
protein BLAST tools. We highlight the accuracy upgrade inferred by PSI-BLAST

algorithm.

Chapter 3 is a survey of the related solutions proposed recently. First, A review of the

various BLAST accelerated solutions is discussed. Then, we review the use of the GPU

X



in accelerating sequence alignment algorithms recently. Finally, an analysis of the
recent solutions accelerating BLAST programs using GPU parallel computing is

presented.

Chapter 4 proposes our solution GPU-PSI-BLAST, a heterogeneous GPU-CPU
acceleration of the protein alignment algorithm PSI-BLAST. The chapter starts with a
description of the GPU programming design model proposed by NVIDIA. Then, we
present a time profiling of PSI-BLAST algorithm showing the stages that form the
bulk of execution of PSI-BLAST runs. Then, a flow chart of our solution describing
the load distribution among threads and the parallelization granularity we adopted is
presented. Finally, we describe our design memory architecture, showing memory

structures placement, optimization efforts and other memory handling operations.

Chapter 5 presents a set of experiments we have applied to measure the speed and
accuracy of our solution comparing it with other related solutions. We describe the
benchmark data set we used in our experiments. Then, we define the time
measurement methodology we used to get accurate timing measurements. We present
a comparison of the speedup results of our solution and the multithreaded NCBI
solution. We present various experiments investigating the effect of changing the
database partitioning size, and the scalability of our solution when using different
number of iterations of PSI-BLAST. Other presented experiments include a
justification of our choice to accelerate PSI-BLAST rather than accelerating other

protein alignment tools.

Chapter 6 is a brief conclusion of our work. We present multiple proposals for the

possible future work extending this work.

Key words: BLAST, bioinformatics, BLASTP, computing, GPU, parallel,
parallel architecture, PSI-BLAST, sequence alignment
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