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Many Smoothed Particle Hydrodynamics codes suffer from
limited scalability in the writing throughput with increasing
number of fluid elements. For example, while DualSPHysics
uses the BINX4 binary format as default to save particle prop-
erties in output files, scaling tests with increasing numbers of
fluid particles show a rapid decline in writing speed, from 12,400
particles/second for 49,599 particles to 3,020 particles/second
for 636,172 particles.

Similar slowdowns may occur with alternative formats used
in other SPH codes, notable examples include Tipsy (used by
Changa and Pkdgrav), Numpy (used by PySPH), VTP (used
by SPHinXsys) and HDF5 (used by Gadget, Flash, Swift and
SPH-EXA).

To address these limitations, this poster explores the advan-
tages of in-situ data analysis and visualization, successfully
applied in SPH-EXA, now under the focus of a different
code, DualSPHysics. These methods minimize data transfers,
execution time, memory usage, and integration efforts while
enabling real-time analysis.

We begin with the VITK-m library which is a lightweight
C++ library with a very flexible data model, supporting varied
native memory layout (strided data arrays, or sets of individuals
data arrays per variable) and device-resident or host-based data
access, with a number of filters and I/O modules which can be
compiled into any SPH application code.

We follow with the Ascent library, which adds another depen-
dency, the ”Conduit” library for describing hierarchical scientific
data. Adding meta-data description enables the decoupling of
simulation codes and visualization codes, with Conduit data
acting as bridges. An application compiled with Ascent becomes
a data consumer without the need to recompile the application.
Ascent brings the flexibility of defining visualization scripts at
run-time. We demonstrate the straightforward integration of As-
cent into DualSPHysics and show how its API can dynamically
visualize and analyze the results of several test cases included
in the full DualSPHysics/v5.2 package.

Finally, we examine ParaView/Catalyst, leveraging its GUI
to define visualization pipelines and connect directly to Du-
alSPHysics simulations instrumented with the Conduit data
definitions.

Preliminary results including in-situ visualizations on the

Swiss National Supercomputing Center’s Alps system, with
further tests using advanced SPH cases to follow. We aim
to provide simulation developers with practical insights and
guidelines for enabling efficient and rapid analysis of SPH
datasets.

Fig. 1. Slice of the module of the velocity field with increasing resolution and
calculated with SPH-EXA.

REFERENCES

[1] M. Larsen, E, Brugger, H. Childs and C. Harrison, “Ascent: A Flyweight In
Situ Library for Exascale Simulations,” Springer Publishing, pp. 255-279,
May 2022.

[2] J. Ahrens, B. Geveci and C. Law, “ParaView: An End-User Tool for Large
Data Visualization,” Elsevier, 2005.

[3] U. Ayachit, A. Bauer, B. Geveci, P. O Leary, K. Moreland, N. Fabian
and J. Mauldin, “ParaView Catalyst: Enabling In Situ Data Analysis and
Visualization,” Proceedings of the First Workshop on In Situ Infrastructures
for Enabling Extreme -Scale Analysis and Visualization (ISAV 2015),
November 2015.

[4] Ayachit, Utkarsh and Bauer, Andrew C. and Boeckel, Ben and Geveci,
Berk and Moreland, Kenneth and O’Leary, Patrick and Osika, Tom,
”Catalyst Revised: Rethinking the ParaView in Situ Analysis and Visu-
alization APL" High Performance Computing book, 10.1007/978-3-030-
90539-2_33, June 2021.

[5S] M. Bolstad, K. Moreland, D. Pugmire, D. Rogers, Li-Ta Lo, B.
Geveci, H. Childs, and S. Rizzi, "VTK-m: Visualization for the Ex-
ascale Era and Beyond,” ACM SIGGRAPH ’23, Article 57, pp 1-2,
https://doi.org/10.1145/3587421.3595466, 2023.

[6] C. Harrison, M. Larsen, B. S. Ryujin, A. Kunen, A. Capps and J.
Privitera, "Conduit: A Successful Strategy for Describing and Sharing
Data In Situ“, IEEE/ACM International Workshop on In Situ Infras-
tructures for Enabling Extreme-Scale Analysis and Visualization (ISAV),
10.1109/ISAV56555.2022.00006, November 2002.



	References

