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Classification of Diploma Thesis – opponent


Author of classification: Ing. Jan Zapletal, Ph.D.


Supervisor: Ing. Michal Merta, Ph.D.


Opponents: Ing. Jan Zapletal, Ph.D.


Title: Acceleration of the space-time boundary element method using GPUs


Thesis version: 1


Student: Ing. Jakub Homola


1. Meeting the requirements of the thesis assignment.


The thesis deals with a rather involved topic of boundary element methods applied to the space-time
 heat equation in three spatial dimensions. Although the student was equipped with the existing CPU
 implementation, he had to absorb a lot of knowledge in the relevant fileds of numerical mathematics.


The structure of the thesis corresponds to the assignment and all requirements have met.


2. Thesis technicality evaluation.


The thesis is well structured, nice to read and easy to understand (at least for a reader acquainted with
 the topic). It is written in English, which is very welcome, and has a potential for a publication in an
 impacted journal.


3. Results evaluation of the thesis.


The provided on the fly GPU acceleration exceeds expecations. The experiments compare the code to
 the CPU implementation, which has been rather heavily optimised (among others by the author of
 this review, just saying) with OpenMP threading and vectorisation. Still, the provided implementation
 is able to outperform the CPU version even though the matrix elements have to be virtually


assembled every time the matrix is applied. I would not be surprised if the pFMM version of the
 code, which is currently under development, has hard time beating the GPU code.


There is only a handful of typos and inaccuracies in the thesis, incl. the missing minus sign in the
 definition of the hypersingular operator, missing definition of the reference triangle, wrong value of
 FR elapsed time in Table 6, or the number of elements in Table 13 (6144 vs. 3144 in the text). These
 problems are only listed because it is a shame for the reviewer if they do not find any.


The only things that I would try to stress more is the expected complexity presented in Section 6.4.


The author should probably stress more clearly that the observed lower complexity makes sense,
 since the computation is dominated by the evaluation of the kernel, which is linear in time and not
 quadratic as in the multiplication. Also, the rather bad performance of the multiplication with the
 assembled matrix is due to its huge size and memory boundedness of the matrix vector product.


4. Evaluation of the new findings contribution.


The topic is more on the implementation side and the theoretical parts are not new (no new theoretical
 results were expected). On the other hand, the comparison of several approaches to the GPU


acceleration provides interesting data for anyone involved in similar simulations.


5. Utilization and selection of information sources.


The thesis refers to 30 external sources that have been carefully selected. The references are well
 cited where appropriate.


6. Question for the defense of the thesis.


You conclude the thesis with the statement that "Converting the accelerated part of the BESTHEA
 library from CUDA to HIP will be a part of future work." Who's gonna do that?


Also, since you want to reduce the number of applications of the matrix to a minimum, have you tried
 the operator preconditioning for the Neumann problem (which is there for the CPU version)?


Have you tried to compare the performance with float instead of double?


7. Summary evaluation.


Overall, the thesis is a nice accomplishment by the author and deserves to be evaluated by the highest
grade. I wish the author good luck in his further activities.



(2)
excellent Overall classification:


Ostrava, 21.05.2021 Ing. Jan Zapletal, Ph.D.
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