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Effect of asynchrony on numerical simulations of fluid flow phe-
nomena ADITYA KONDURI, BRYAN MAHONEY, DIEGO DONZIS, Texas
A&M University — Designing scalable CFD codes on massively parallel comput-
ers is a challenge. This is mainly due to the large number of communications be-
tween processing elements (PEs) and their synchronization, leading to idling of PEs.
Indeed, communication will likely be the bottleneck in the scalability of codes on
Exascale machines. Our recent work on asynchronous computing for PDEs based
on finite-differences has shown that it is possible to relax synchronization between
PEs at a mathematical level. Computations then proceed regardless of the status of
communication, reducing the idle time of PEs and improving the scalability. How-
ever, accuracy of the schemes is greatly affected. We have proposed asynchrony-
tolerant (AT) schemes to address this issue. In this work, we study the effect of
asynchrony on the solution of fluid flow problems using standard and AT schemes.
We show that asynchrony creates additional scales with low energy content. The
specific wavenumbers affected can be shown to be due to two distinct effects: the
randomness in the arrival of messages and the corresponding switching between
schemes. Understanding these errors allow us to effectively control them, rendering
the method’s feasibility in solving turbulent flows at realistic conditions on future
computing systems.
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