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High-Performance Computing (HPC) puts together multiple computer technologies like computer architecture,
algorithms, programming and operating system to meet increasing requirements in computing power and speed.
HPC is used to effectively and quickly handle complex computational problems. Machine Learning is a
sub—discipline of artificial intelligence (AI), that is closely related to mathematical optimization as
well as computational statistics. HPC and Machine Learning are two independent fields of computer science
respectively, which have been developed in their own fields for decades. They have achieved great results
and have made great contributions to the academia and industry. In recent years, we can see that HPC and
Machine Learning benefit each other rather than profiting unilaterally. There is a mutually beneficial
relationship between the HPC and Machine Learning on some topics. In this thesis, we extend and strengthen
the mutual benefit between HPC and Machine Learning to broader fields by bi-directional research
exploration: speeding up Machine Learning with HPC' s help, and benefiting the productivity and efficiency
of HPC by use of Machine Learning.

For improving the overall efficiency of Machine Learning, we focus on accelerating the feature extraction
and the training part in Machine Learning process. For acceleration of feature extraction, we speed up
the feature extraction of bioacoustics sound data by employing a Just—in-Time (JIT) compiler technique,
Numba, which implements automatic parallelization and performs other optimizations, as well as a
GPU-accelerated library going by the principle of modifying Python—based baseline as little as possible.
With small modifications in the baseline code of feature extraction, our optimized feature extraction
yields maximum 86x speedup over the baseline without losing programming efficiency. In order to reduce
the training time—cost of Machine Learning modeling, we speed up the training of Stacked Sparse Autoencoder
(SSAE) with a soft-max layer for bird sounds classification by use of HPC hardware and software. Our
experiment shows that using GPUs (K20, P100) results in up to 10x speed-up compared to CPU when training
with different feature dimensions of bird sounds.

For helping HPC by improving the overall productivity and efficiency of HPC systems, we propose a Machine
Learning based data—driven approach to predict runtime-underestimated jobs in HPC systems by learning
complex hidden patterns between different HPC applications and different features of computing resource
usage, as well as user behavior from job logs. The experiment results show that our prediction models
are able to predict runtime—underestimated jobs with different accuracy at different checkpoints times
in HPC systems, which would benefit HPC users by reducing time and monetary loss. It also helps HPC systems
free up computing resources to a certain extent and allows users and administrators take the appropriate
action (to terminate those on—going jobs that are predicted to be runtime-underestimated). All in all,
our Machine Learning—based prediction model would be able to improve the overall productivity and
efficiency of the HPC system. In the preliminary simulation, we evaluate benefits of the prediction model
with a metric named Saved-Lost Rate (SLR), most of SLRs are around 0.05-0.12, 0.337 is the best one. If
we set the checkpoints for different applications to their best points, we can estimate that our prediction
model would save 24962 hours totally based on the result of preliminary simulation from the existing
database.

All in all, in this thesis, we perform the bi-directional research exploration between HPC and Machine
Learning: speeding up Machine Learning with HPC’ s help; benefiting the productivity and efficiency of
HPC by use of Machine Learning. Through our three use cases, we can clearly conclude that HPC hardware
and software approaches are able to supply powerful computing resource for acceleration and scaling of
Machine Learning. Meanwhile, Machine Learning can benefit HPC in improving the overall productivity,




efficiency and etc. This is the role of interaction between HPC and Machine Learning: mutual benefit and

promotion.
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