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Parallel Analysis of DNA Profile Mixtures with a Large Number of
Contributors

Emad Mohammed Alamoudi

ABSTRACT

Determining the number of contributors in a DNA profile is a popular practice in various
forensic laboratories. For example, it helps in cases of sexual assault when the source of DNA
mixture can combine different individuals such as the victim, the criminal, and the victim
partner. This problem (also known as DNA profiling) is one of the hardest in the forensic science
domain. The complexity would increase as the number of unknown contributors would increase.
A few methods and their software implementations have been developed to address this problem.
However, its (exponential) computational complexity has been the major deterring factor holding
its advancements and applications. Some work on OpenMP based parallel implementation of
DNA profiling exists but it has only been applied to small problems and is not scalable.

The aim of this thesis is to improve the performance of DNA profiling tools using parallel
computing, enabling the interpretation of mixtures with a larger number of unknowns within a
shorter time frame. We developed two different implementations of DNA profiling focusing on
the maximum likelihood computations. The first implementation is based on the OpenMP
paradigm. We were able to achieve faster multicore implementations by a factor of up to three
compared to the best software tool available (i.e. NOCIt) globally. The second implementation is
based on the hybrid OpenMP/MPI implementation. This is the first ever hybrid implementation
of DNA profiling enabling the likelihood ratio computations to scale to virtually any number of
unknowns. We report results of the hybrid implementation for up to 10 unknowns delivering
over 52x performance over OpenMP, using up to 3072 cores, reducing the likelihood
computation time from 5.8 days to 2.7 hours. In the coming years, the complete genome
sequencing technologies are expected to be available in a single or only a few cells, and this is
likely to change the DNA profiling landscape. Faster interpretations of DNA mixtures with a
large number of unknowns and higher accuracies are expected to open up new frontiers for this
area.

This thesis has contributed one paper in Web of Science indexed proceedings by Springer.



