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Enabling global sensitivity analysis of
large-scale FEM modelsusing QUEENS

Sebastian Brandstater, Institute for Mathematics and
Computer-Based Simulation (UniBw M)
Ruben Horn, High Performance Computing (HSU/UniBw H)
Johann Duffek, High Performance Computing (HSU/UniBw H)

Abstract

We develop and analyse complex multi-physics, finite-element simulation models of the
cardiovascular system to aid medical decision-making by predicting disease progression.
To address decision uncertainty, we employ variance-based global sensitivity analysis,
which requires evaluating the finite-element models thousands of times with varied
parameters. The performance of this approach is critically limited by the maximum
number of simulations one can run concurrently with our open-source software
QUEENS!. QUEENS is a Python framework for solver-independent multi-query analysis
of large-scale computational models. Previously, the upper limit was 400 simulations.
Now, QUEENS can conduct thousands of concurrent simulations on high-performance
computing (HPC) clusters. Thus, we substantially increased the number of concurrent
simulations. This increase allows the use of variance-based global sensitivity analysis on
more complex simulation models, ultimately improving medical decision-making.

Project Results

We investigated the performance of the software QUEENS on an HPC cluster in a high-
throughput scenario. This scenario consisted of an embarrassingly parallel workload with
independent solvers running on one core each.

An initial finding revealed that Linux open file descriptor limits inhibited QUEENS. A limit
increase allowed concurrent simulation run on all the 1312 available cores of the target
cluster.

The initialization of the execution environment for scheduled programs proved to be a
significant bottleneck, with its initialization process requiring substantially more time
than the short calculations themselves. To address this, we identified and implemented
strategies that reduced the total job batch runtime by 60%. Additionally, bypassing the
cluster’s parallel file system decreased the runtime by up to 90%. Our findings, along with
the supporting scripts, were shared with the software maintainters to ensure the repro-
ducibility of these results.

1 QUEENS is available as open-source software at https://www.queens-py.org/
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Figure 1: Log-log plot of weak scaling experiments for different variants of running the same workload.

Outlook

This project enabled significantly more simulations to be run in parallel with QUEENS
while also substantially reducing runtime. These performance improvements make
variance-based global sensitivity analysis feasible for more complex cardiovascular
simulation models. As a result, medical decision-making will be enhanced by leveraging
sophisticated models that previously were too computationally expensive to evaluate.
As the next steps, it would be valuable to investigate QUEENS performance on larger
computing clusters with several thousand cores. Additionally, exploring its performance
in scenarios involving simulations, where each instance utilises multiple cores and
potentially spans several hodes on a cluster, would provide further insights and expand
the applicability of sensitivity analysis methods even further.
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