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Executive Summary
This deliverable covers the activity conveyed within Task T4.4, which provides an
integrated testing and development platform to all programming models being
developed in this project. The testing and development platform leverages
Jenkins Continuous Integration (CI) and a modern container-based approach with
docker containers for a productive, flexible, and efficient validation and
verification during the project-wide development process. The main focus is on
applications and their target API combinations. The application partners have
provided simplified tests representing usage patterns of their full application
codes.

Acronyms and Abbreviations
AVBP
BPMF
DIOGENeS
Jenkins CI
OSIRIS

Quantum
Espresso
SMURFF
ZPIC

A 3D Navier-Stokes solver for compressible reactive multiphase
flows on unstructured multi-element grids
Bayesian Probabilistic Matrix Factorization, the basic version of
SMURFF
DiscOntinuous
GalErkin
Nanoscale
Solvers
dedicated
to
computational nanophotonics/nanoplasmonics
Jenkins Continuous Integration
Fully relativistic, massively parallel particle-in-cell (PIC) code to
simulate highly nonlinear and kinetic processes that occur during
high-intensity particle and laser beam-plasma interactions
An integrated suite of computer codes for electronic-structure
calculations and materials modelling based on density-functional
theory, plane waves, and pseudopotentials
Scalable Matrix Factorization Framework
Mini-application (simplified testing program) of OSIRIS
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1. Introduction
The aims of the EPEEC testing and development platform are
•

to provide simplified test programs representative of usage patterns of
application codes;

•

to provide a platform to all programming models being developed in this
project.

This document outlines the activities carried out to install a common testing and
development platform for the application developers and to enable unit testing of
the applications. We base our platform on the Jenkins Continuous Integration (CI)
system and docker containers. A detailed description of the applications can be
found in the EPEEC WP5 deliverable D5.1 due in M06 (EPEEC, 2019). The testing
and development platform are set up in such a way that the test suites:
•

use the latest versions of the runtime systems and APIs;

•

are pulled automatically from the development repositories of the
application developers;

•

guarantee unit testing of the latest changes of the codes.

In order to address the commercial interests of the EPEEC partners, the testing
and development platform is common to all EPEEC partners; however the access
is restricted in such a way that the application developers only have permission to
read and change their own code. After consultation with the application owners,
reviewers can obtain access to both the Jenkins CI and the project GitLab
repository upon request. It is our plan to extract best practices in the course of
the project in a globally accessible repository, linking with Task T4.6 which
provides a user’s guide based on the successes of the EPEEC project.
We plan to move the current test and development platform to the EPEEC minicluster which is being procured at the time of writing. This will allow us to test the
code on a heterogeneous compute cluster in line with the goal of EPEEC. The
mini-cluster will provide next-generation hardware components that are not
common today in mainstream supercomputers, such as AMD GPUs, FPGAs and
byte-addressable NVRAM.
In order to test of the programming models, we chose to use separate automated
testing platforms leveraging existing infrastructures of the partners to
automatically test their developments before pushing them to their corresponding
stable branches of their source code repositories. Such continuous integration
tests already exist at the partner sites and are therefore not further described in
the scope of this document. Additional tests for features developed in the scope
of the EPEEC project will be added to the test suites. This includes testing new
interoperability models (i.e. the combination of the GASPI and OmpSs
programming models and OmpSs@ArgoDSM) and new features of GASPI and
ArgoDSM developed in Tasks T4.1 and T4.2. In order to test the programming
models on a heterogeneous cluster we will consider tests at the EPEEC minicluster.
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2. Basic docker container
The current installation of the testing and development platform is supposed to
work on two different hardware resources – the BSC testing and development
facilities as well as the new project-dedicated mini-cluster which is yet to be
deployed. To allow for an almost transparent change of the underlying compute
system we choose to base our testing and development platform on Jenkins
(Jenkins, 2019) with docker containers (Docker, Docker Overview, 2019) as a
portable, productive, flexible and efficient way for continuous integration testing.
It worth to note that the idea of employing containers into the HPC and AI world
is getting promoted especially through multiple initiatives such as the Carme
framework (Straßel, 2018).
We derive software requirements and dependencies from each application partner
as shown in Table 1. At the moment, it is sufficient for all applications to rely on
GNU C, C++, and Fortran compilers. For MPI, we primarily aim for MPICH2;
however, for AVBP we use OpenMPI due to the dependencies imposed by Metis
and Parmetis packages. Regarding the numerical linear algebra package, we are
using the Intel MKL library. For building and testing applications, we provide
make, cmake, and python.
Software
OSIRISZPIC

SMURFF

Partner

INESC

IMEC

AVBP

CERFACS

DIOGENES

INRIA

Quantum
Espresso

CINECA

Requirements and dependencies

Gitlab

Jenkins

• C with libm (by defaut with gcc
and icc)
• Cmake and make
• Python 3.x
• MPI
• C++11 compiler and BOOST
• Eigen 3.3
• LAPACK and BLAS
• MPI
• Cmake and make
• Python 3.x
• C and Fortran (2003) compiler
• HDF5 1.8.X or 1.10.X with Fortran
bindings and parallel IO enabled
• LAPACK
• Metis and Parmetis 4.X with Int 32
and Real 64
• Cmake and make
• Fortran 2008 compiler
• Metis
• MPI
• C++ and Fortran (2003) compilers
• Python2 (for testing)
• MPI
• Linear algebra libraries like Intel
MKL
• For GPU: CUDA Fortran compiler
(PGI17+)

checked

enabled

checked

enabled

checked

enabled

checked

enabled

checked

enabled

Table 1: Software requirements and dependencies for all five project applications.

Using information concerning applications requirements and dependencies, we
select a set of common requirements and dependencies to design a basic EPEEC
docker container, specified in a docker file (Docker, Dockerfile reference, 2019).
We decide to provide two options for the basic docker container: a general
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Ubuntu-based container for testing on conventional CPUs; a Cuda-specific
container, which we instantiate from the Nvidia repository, for the GPU-related
testing. For both, we use the same Linux kernel distribution, Ubuntu 18.04
(dictated by the Nvidia docker option), aiming to have a unified setup
environment. Note that some other Linux kernel distributions like Debian may
facilitate the installation of Intel MKL through their package manager, but this will
introduce a difference in the kernels which we aim to avoid. Figure 1 presents the
basic docker container configuration file using the application DIOGENeS as an
example.

Figure 1: Basic docker container configuration file.

3. Unit testing with application-specific
docker containers
In this section, we discuss in brief the preparation of application-specific docker
containers as well as the unit testing for each application. Concerning the unit
tests, we have balanced the code coverage of the unit tests and the duration of
the tests making sure that all tests are completed within several minutes so that
they can be run overnight without compromising other workloads running on the
computing system. Once the EPEEC mini-cluster arrives, we will be able to revise
this strategy and amend our tests.
To begin with, Figure 2 presents a high-level overview of the overall unit testing
using five applications and our simplified preparatory testing (‘jenkinstests’). The
sunny icons demonstrate that the last five runs of unit tests have been
successful.
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Figure 2: An overview of the unit testing using the five project applications.

3.1 DIOGENeS
DIOGENeS expands the basic EPEEC docker container with the installation of the
GNU Fortran compiler and the Metis library. DIOGENeS is composed of 2 libraries:
DIOGENeS-common and DIOGENeS-dgtd. DIOGENeS-common deals with the
numerical features that are shared by all the DG-based solvers that Inria
develops. DIOGENeS-dgtd is the particular DG solver considered in EPEEC. In
both parts, one can find unit and functional tests. Tests are performed using ctest
(cmake test utility), which runs sequentially several Fortran scripts. Several mesh
operations are tested in the common library on the reference element. Actions/
responses to these operations are constant variables in the code, so the
comparison is straightforward. For the solver part, small simulation cases are
ready to run in the test folder. Each test contains a set of pre-computed results,
both coming from already validated simulations or from analytical formulas, which
are used to process an error that depends of the quantity of interest. Most timeconsuming tests have been turned off or lightened for the moment.
Figure 3 shows the successful unit testing. The first column – ‘Declarative:
Checkout SCM’ – shows the required time to clone the git repository from the
project repository stored at Fraunhofer ITWM. The second column – the
‘Declarative: Agent Setup’ phase – corresponds to the duration of building the
docker container. When we introduce changes to the docker file (test #33), which
will happen only occasionally thanks to the application-tuned docker container,
the building time is two orders of magnitude larger compared to the tests with
the pre-built docker container (tests #31 and #32). However, a rebuild will
happen only rarely, so the overall building and compilation time is much smaller
than the actual run of unit tests. The remaining four columns reflect the two
different builds and the corresponding tests. For the moment, the tests are rather
light-weight, lasting roughly four minutes.
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Figure 3: Unit testing with DIOGENeS.

3.2 SMURFF and BPMF

Figure 4: Three test cases for SMURFF/ BPMF.

SMURRF contains production code for pharmaceutical companies, while BPMF is a
simplified prototype used for research allowing quick code changes. For both
SMURFF and BPMF we have derived a customized docker container based on the
basic EPEEC docker container provided. The customized docker contains a
bootstrapped installation of Miniconda (based on Python 3.5) to install SMURFF
and BPMF as well as their dependencies.
Figure 4 shows three different test cases for SMURFF/ BPMF representing the
original codes of SMURFF and BPMF located in the GitHub repositories as well as
the reference SMURFF code from the project GitLab repository.
Regarding the unit testing for the full SMURFF application, we test that SMURFF
successfully builds in both the Debug and Release mode. Next, we execute many
different unit tests that verify all different components of SMURFF.
For the BPMF mini-application, we test that BPMF successfully builds and runs in
four configurations:
•

single node, single core;

•

single node, multi core with OpenMP;

•

multi nodes with MPI;

•

multi nodes with MPI and OpenMP.

For each configuration, there is a minimal test case that will be expanded in the
future.
The SMURF reference mini-application has been designed to explore the potential
for accelerator support in SMURFF. It is a stripped-down version of the prediction
part of SMURFF, mostly written in Python, implemented using many different
programming models: Python numpy (Walt, Colbert, & Varoquaux, 2011), Google
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Tensorflow (Abadi, et al., 2015), ArrayFire (Yalamanchili, et al., 2015) and pure
Python. All four implementations are tested and compared to the original SMURFF
implementation. Python unit tests are used for verification and validation.
Figure 5 and Figure 6 show the unit testing using the reference SMURFF (GitLab)
and BPMF (GitHub) codes. All executions are quick, running for several seconds.
On Figure 6, one can see that building a docker container ‘Agent Setup’ for the
unit tests #13 takes a long time compared to the proceeding unit tests runs. This
is due to the changes introduced to the docker file.

Figure 5: Unit testing with the reference SMURFF.

Figure 6: Unit testing with BPMF.

3.3 OSIRIS – ZPIC
ZPIC is a mini-application of the OSIRIS application. The ZPIC-specific docker
container is equivalent to the basic docker container. The parallel versions of ZPIC
are validated by simulating two well-known kinetic plasma physics scenarios: the
collision of electron-positron plasma shells and the laser Wakefield accelerator. In
the former, we model two plasma clouds moving out of the simulation plane in
opposite directions. The interaction between these clouds is unstable, leading to
filamentation and the transfer of kinetic energy from the plasma particles to the
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magnetic field, through the so-called Weibel instability. In the latter, a short high
intensity laser pulse is sent through an undisturbed plasma. If the laser pulse is
short, it will resonantly drive a high amplitude plasma wave that will trail the
laser pulse. This wave can then accelerate particles, either externally injected or
trapped from the plasma background, forming a compact high gradient
accelerator, generally referred to as the Laser Wakefield Accelerator. For the unittest validation, the average of the error of the magnetic field over the space of
simulation is computed and ensured to be below a given threshold.
Figure 7 demonstrates the successful build of the docker and unit testing for ZPIC.
Particularly, the unit tests execution lasts less than four minutes, still capturing a
good test coverage of the application. The build time of the docker container is
also depicted for the build from scratch (test #17) and the pre-build scenarios
(tests #15 and #16).

Figure 7: Unit testing with OSIRIS - ZPIC.

3.4 Quantum Espresso
For the Quantum Espresso application, we instantiate the basic docker and extend
it with the GNU make tool and Python version 2. The latter is required for testing
purposes only. Quantum Espresso also requires the installation of the Intel MKL
library. This procedure is more complex as it involves installation from a tarball.
During this installation, we discover that the Intel MKL environment variables are
not automatically set after the comprehensive installation process. Thus, we fix
that in the docker file by manually setting the corresponding environment
variables. The Intel MKL installation is highlighted in Figure 8.
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Figure 8: Installation of Intel MKL for the Quantum Espresso unit testing.

The unit tests are performed with the testcode utility. For each Quantum Espresso
software module, testcode runs a small test calculation and compares the results
with pre-computed output files. Along with these outputs, configuration files are
provided which instruct testcode on which properties reported in the output
should be compared (e.g. electron energy) and the absolute and relative
tolerances that decide whether the test has passed or not. Thus, for example, the
electron energy reported for an optimization of an oxygen molecule may need to
be reproduced with an absolute error and relative error of 1E-8 Rydbergs and 1e6 Rydbergs, respectively. The default test suite tests many inputs for all the
modules, and each test is designed to be run in parallel. Since, on the serial test
machine, this could take a considerable amount of time, for the moment we have
decided to use only a subset of the tests, concentrating on the module most used
in simulations, namely the PW SCF procedure.
Figure 9 presents the results of unit testing with Quantum Espresso. For Quantum
Espresso, we use the original code that is reflected on the five-minute long build
time. However, we execute a subset of the tests, lasting for roughly 12 minutes.
We consider elaborating more tests as well as to execute them in parallel on the
new EPEEC mini-cluster.

Figure 9: Unit testing with Quantum Espresso.
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3.5 AVBP
For creating the AVBP-specific docker image, we use the basic docker as the
starting point. The basic docker is complemented with the installation of Intel MKL
library, supporting both BLAS and LAPACK. The docker is extended further with
the HDF5 and both Metis and Parmetis libraries. During the preparation process,
we discover that Metis and Parmetis libraries underneath rely on OpenMPI, which
is automatically installed using the Ubuntu apt-get. The OpenMPI installation
conflicted with the pre-default MPICH2. Thus, we keep only one MPI
implementation, namely OpenMPI.
The unit testing for the AVBP lightweight version is performed as follows: The
AVBP lightweight version is tested against the so-called CO-VO test case from
CERFACS (CERFACS, 2019). This test case constitutes a benchmark for the CFD
community to test the accuracy and efficiency of their codes in a simple case of
convection of a 2D vortex (CERFACS, 2D Vortex test case description, 2019). The
unit-test validation consists of a comparison between the output of the code and
a reference run. At the moment, it uses the h5diff tool from HDF5 and compares
the h5 output from the new run against a reference file. Figure 10 represents the
results of unit testing with AVBP.

Figure 10: Unit testing with AVBP.

4. Conclusions and future work
This deliverable summarizes the work conducted on
•

installing the testing and development platform;

•

establishing application-specific testing environments using the docker
containers within Jenkins CI;

•

enabling continuous unit testing with such a platform for all five project
applications.

This work, which is as the outcome of the Task T4.4, will be leveraged during the
entire duration of the project and beyond.
The testing and development platform, including the application-specific
containers, will be updated during the course of the project to incorporate.
•

changes in applications (e.g. usage of new versions of programming
models, additional programming models or combinations of programming
models);
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•

integration of workflows on heterogeneous cluster (GPUs and FPGAs);

•

integration of byte-addressable non-volatile memory (NVRAM) to be found
in the mini-cluster.
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