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elPaSo | About

Elementary Parallel Solver (elPaSo)

= Performs vibroacoustic analysis in the modal,
static, time and frequency domain

= Based on FEM, BEM, SBFEM

= Efficient computing strategies - parallel computing,
model order reduction

Source: InA/TU Braunschweig
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elPaSo | Key projects
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elPaSo | Development timeline

~ 1996

Before 1997
Heinz Antes
Otto von Estorff
Georg Trondle

1997
Sabine C. Langer

2006
Lutz Lehmann
Dirk Clasen

2009
Marco Schauer

2014
Silija C. Beck

2016

Tobias Ring

Shreyas Guruprasad
2019

Harikrishnan Sreekumar

Founded with FEM-BEM coupling 1

BEM development and implementation *
[H. Antes (1988)]

Starting point FEM 1
[S. Langer, H. Antes (2003)]

Starting point SBFEM 1
[L. Lehmann, S. Langer, D. Clasen (2006)]

Communication tools enabled for parallel

computations 1
[M. Schauer et al. (2011)]

Modeling of flow-induced sound in porous

materials 1
[S. C. Beck, S. Langer (2014)]

Uncertainty quantification and sensitivity
analysis routines 2

Performance optimizations with hybrid
parallelization 3

2020
InNA Team

2020
Christopher Blech
Harikrishnan Sreekumar

2020*
Harikrishnan Sreekumar

2020*
Harikrishnan Sreekumar

2021*
Yannik Hupel
Christopher Blech

Other key authors:

Adapting the fast HDF5 binary file-system 3

Automated testing framework for the elPaSo C++
routines 3

Adaptive model order reduction and surrogate
modelling for parametric problems 3

SURESOFT project: Development of CI/CD
framework 3

Fluid structure coupling for non-conforming
meshes 3
* Active developments

Lutz Ackermann, Katherina Rurkowska,
Meike Wulkau, Sebastian Rothe, Mathias Dorn

1 Institut fur Angewandte Mechanik, TU Braunschweig
2 nstitut fir Konstruktionstechnik, TU Braunschweig
3 Institut fur Akustik, TU Braunschweig
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elPaSo | Software architecture

elPaSo

x64, Linux

Compilers Meta Data Math Routines

GNU xvmL | vtk i Algebraic
: packages
Intel HDF5 SLEPc ARPACK

Pure MPI, Hybrid MPI + OpenMP Threading

SMP Architecture

Technische

Cluster Architecture

Source: INA/TU Braunschweig
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elPaSo | Source code

Programming language and SLOC:

= GUI
= Pre- and post-processing
routines = Numerical methods

= Visualizer = Material definitions
= Coupling interfaces
= Solver routines

m C++ = Python =CMAKE
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elPaSo | Main challenges before SURESOFT

\
Hﬂiﬂ Dependency Hell & Software CONAN package manager*,
Evolution containerisation & s
\
#ﬁ Availability & Accessibility Cl pipeline*, documentation
|
Software testing* Unit and acceptance tests,
automated issue reporting
/
o o — Need to be and
* details in coming slides
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elPaSo | Cl Pipeline

Preparing Software Unit and Documentation — Release of stable
environment compilation acceptance testing tutorial and technical software images
Preparation Build Tests Documentation Deploy

@ prep-documentation @ build-gnu @ tests-integration-gnu @ docu-doxygen @ release-docker-gnu
@ prep-gnu-ubuntu @ build-intel @ tests-integration-intel @ docu-technical @ release-docker-intel
@ prep-intel-ubuntu @ tests-lint-clang-tidy-gnu @ docu-tutorials

@ tests-lint-clang-tidy-intel @ report-performance-gnu-report

@ tests-performance-gnu @ report-performance-report-intel

@ tests-performance-intel

@ tests-unit-gnu M

@ tests-unit-intel C I’CD

https://git.rz.tu-bs.de/akustik/elPaSo
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elPaSo | Managing dependencies with CONAN.io

Building
Build in

PETSc SLEPc

-- Found PETSC:
> Finding SLEPc

Without package manager:
ARPACK MKL

> Finding ARPACK o e e [-] Library IS minimum 2 hours
; ;Irl;wags DIF: " - nghly prone to
HDF5 OpenMPI i toarpact_inte /30ty 1 - :
p : - | [-] High required

M I INCLUDE DIR
MPI L. Y DIR

PILER FLAGS

Found INTELMPI intel.
Fl.m‘llﬂg INTELMKL .

INTELM

INTELM

INTELM

INTELM

INTELM

o C I C D J > Finding HDFSHDF;
- % HDFS

HDFS
HDFS
HDFS
HDFS

WL
eﬁ $ Technische

4 .\‘“ Braunschweig

Suresoft T

SUSTAINABLE RESEARCH SOFTWARE

g‘.ﬁ > Universitit 16 May 2022 | Harikrishnan Sreekumar | SURESOFT - elPaSo | Page 9 S
L)



elPaSo | Managing dependencies with CONAN.io

CONAN registry in GitLab ~C‘|

CONAN.io

openmpi/4.0.0@ina+elpaso/stable C/C++ package Manager
40.0 @ Conan

hdf5/1.12.0@ina+elpaso/stable
1120 @ Conan

arpack-real/2.1@ina +elpaso/stable
21 (3 Conan

arpack-complex/2.1@ina+elpaso/stable
21 @ Conan

slepc-real/3.14.2@ina+elpaso/stable
3142 @ Conan

slepc-complex/3.14.2@ina+elpaso/stable
3142 @ Conan

petsc-complex/3.14.4@ina+elpaso/stable
3144 @ Conan

petsc-real/3.14.4@ina+elpaso/stable
3144 @ Conan

° 1 | CI4CD

Finanaes. caaice https://git.rz.tu-bs.de/akustik/elPaSo/-/packages
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elPaSo | Software testing

Unit testing with GoogleTest [C++] -.’
= New codes — Test driven development
: : googletest
» Legacy codes — Refactoring and testing |Z..c e
Unit test Acceptance test
coverage coverage

Acceptance testing with in-house tool AUTOMATE (Automated testing tool for elPaSo)
= Predefined set of vibroacoustic benchmark problems

= Correctness tests — Compares solution with the benchmarked using an error measure
= Performance tests — Compares execution time accounted from various timers

Features of AUTOMATE tool
» |ssue reporting — python-gitlab for automated issue creation in GITLAB issue board
» Detailed technical report (currently generated as PDF, in future also as Gitlab pages)
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elPaSo | Future developments

= Scientific into the development lifecycle

= Software — Open source licensed core functionalities and closed source licensed
new research implementation

= Making elPaSo
= Benchmark models, results and containers to be
= Enhancing
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Thank you for your attention

Harikrishnan Sreekumar

Institute for Acoustics

Technische Universitat Braunschweig
hk.sreekumar@tu-braunschweig.de

Technische
£ Universitit 16 May 2022 | Harikrishnan Sreekumar | SURESOFT - elPaSo | Page 13

- raumschweis N Suresoft Lo

SUSTAINABLE RESEARCH SOFTWARE




