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Context & background:

Bioinformatics is an interdisciplinary field aiming to understand large and complex
biological data through mathematical and computational models that use computer
programming. Bioinformatic studies consist of several genome analysis pipelines designed
to enrich our understanding of a particular problem in genomics.

The fast advances in the computing units of computers in the past few decades have helped
us with our bioinformatic studies by reducing the overall analysis time. However, even
with the daily advances in the algorithms and our processing platforms (e.g., CPUs and
GPUs), the timely and cost-efficient analysis of such pipelines still remains a challenge,
mainly due to the sheer amount of new genomic data produced and the complex nature of
the underlying algorithms.

Therefore, in this project, we aim to develop novel, fast, and accurate methods (at the
algorithmic or hardware level) to analyze different stages of the genomic pipeline more
quickly and efficiently. You will join our researchers to implement and explore new ideas,
algorithms, and hardware architectures and evaluate them using real genomic data.

Expected effort:
This project can take shape as a semester, BSc, or MSc project.
In this project, the student will
e investigate different computational stages of the genomic pipeline,

e run and analyze the state-of-the-art, publicly-available algorithms and hardware
implementations of methods in one or two stages,

e develop a simulation platform to compare related previously-proposed tools fairly,

e propose novel ideas to improve the task at hand and evaluate them compared to
previous works

For example studies you may perform please see:

e Wood, etal., “Improved metagenomic analysis with Kraken 2.” Genome biology,
2019.

e Firtina, et al,, “Blend: A fast, memory-efficient, and accurate mechanism to find
fuzzy seed matches.”, arXiv, 2021.

e M. Alser, et. al.,, “SneakySnake: A Fast and Accurate Universal Genome Pre-
Alignment Filter for CPUs, GPUs, and FPGAs”, Bioinformatics, 2020.

e Houtgast, et al.,, “An FPGA-based systolic array to accelerate the BWA-MEM genomic
mapping algorithm.” SAMOS, 2015.



https://link.springer.com/article/10.1186/s13059-019-1891-0
https://arxiv.org/pdf/2112.08687
https://arxiv.org/pdf/2112.08687
https://arxiv.org/abs/1910.09020
https://arxiv.org/abs/1910.09020
https://ieeexplore.ieee.org/iel7/7358369/7363643/07363679.pdf?casa_token=QnnOOGoUU1QAAAAA:B6PRYzJM19dzABym17_xud_kZxcqjfhtp_oQapywrT_jVbccVEWNhSShnO9DzqKWkQTInFg3tQ
https://ieeexplore.ieee.org/iel7/7358369/7363643/07363679.pdf?casa_token=QnnOOGoUU1QAAAAA:B6PRYzJM19dzABym17_xud_kZxcqjfhtp_oQapywrT_jVbccVEWNhSShnO9DzqKWkQTInFg3tQ

Requirements:
e Outstanding programming and simulation skills (C++, CUDA, HDL, or SPICE)
e Good knowledge of design and analysis of algorithms and data structures

e Aninterestin developing and evaluating new ideas, discovering why things do or
do not work, making systems efficient and usable

e Strong work ethic
Plus Points:

o Background in bioinformatics and genomics

Contact information:
If you are interested, please email: Said Hamdioui via S.Hamdioui@tudelft.nl, Stephan Wong
via .S.S.M.Wong@tudelft.nl, and Michael Shahroodi via tahamichaelshahroodi@gmail.com.
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