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I. ARTIFACT DESCRIPTION APPENDIX: [DETECTION OF
SILENT DATA CORRUPTIONS IN SMOOTHED PARTICLE

HYDRODYNAMICS SIMULATIONS]

A. Abstract

The present SC18 submission introduces ghost replication
(GR), a novel SDC detector for simulations that employ the
smoothed particle hydrodynamics (SPH) method. The SDC
detector has been implemented in SPHYNX, an SPH code
with focus on astrophysical applications written in Fortran.
Experiments were conducted with two test simulations on two
HPC systems. This appendix describes the test simulations,
the parameters used, and other technical details needed for
transparency and reproducibility.

II. DESCRIPTION

A. Check-list (artifact meta information)
• Algorithm: This work introduces two new algorithms: one to

select particles to be replicated and one to use the replicated
particles for error detection purposes.

• Program: SPHYNX v1.4 + GR
• Compilation: Intel Fortran ifort, Intel MPI, GCC, and GNU

Make
• Transformations: The SDC detector has been incorporated into

SPHYNX v1.4
• Data set: Initial conditions for the Evrard Collapse test with

65, 536 and 1 million particles, respectively, and the Wind-
Bubble interaction test with ∼ 3 million particles.

• Run-time environment: CentOS and Cray Linux, SLURM job
scheduler

• Hardware: HPC System 1: miniHPC (16 nodes, each with two
Intel Xeon E5-2640 v4); HPC System 2: Piz Daint (Intel Xeon
E5-2690 v3)

• Run-time state: The HPC systems allocated dedicated CPU
resources to running the present tests

• Execution: One script to submit strong-scaling jobs, one script
to submit the fault-injection jobs

• Output: Datasets with all data associated with each particle
after the last time-step

• Experiment workflow: see below
• Experiment customization: Increased the number of processes

for strong-scaling; manually selected data-field, bit position, and
particle in which to inject an error

• Publicly available?: Not yet - SC18 review pending

B. How software can be obtained (if available)

The SPHYNX 1.4 source code is open-source and avail-
able at https://astro.physik.unibas.ch/sphynx. The modified
SPHYNX source code, including the GR detector together

with a checkpointing mechanism is available on request from
the authors, and can be obtained as a patch to SPHYNX 1.4.
Post SC18 review and publication of this work, the software
will be made available under an open-source license. The code
is available for review to the SC18 poster committee members.

C. Hardware dependencies

Any system that supports Fortran, MPI, and OpenMP.
Experiments were conducted on CentOS and Cray Linux, both
running the SLURM job scheduler.

D. Software dependencies

SPHYNX has no dependencies other than the required
compilation tools. The version of SPHYNX modified for
fault injection and tolerance requires FTI to enable automatic
checkpointing and recovery, freely available at https://github.
com/leobago/fti. Generating the figures requires Python 3 and
an up-to-date version of the matplotlib library for Python 3.

E. Datasets

Three datasets, initial conditions for the simulations, are
used in this work:

• A small Evrard collapse test case with 65, 536 particles
is available by default with the download of SPHYNX

• The larger Evrard collapse test case with 1 million
particles is available on request from the authors

• The large Wind-Bubble interaction test case with more
than 3 million particles can be downloaded on the SPH-
YNX website, with instruction on how to set it up

III. INSTALLATION

Instructions on how to install and compile SPHYNX appli-
cations can be found on the SPHYNX website (see above). To
install the modified version of SPHYNX, one needs to install
the FTI library by following the instructions from the FTI
website (see above).

IV. EXPERIMENT WORKFLOW

a) Error-injection experiments: After installation, run
the injection.sh script.



b) Strong-scaling experiments: After installation, run the
run_all.sh script. This script will compile and submit job
in order to reproduce all strong-scaling experiments. The script
will create a directory run and will place inside the result of
each experiment in a separate folder. This script can be used as
is on Piz Daint, and small changes in run.sh may be needed
to run on other systems (e.g. modules, compilers, number of
nodes, etc.). Both scripts are very short and variables for these
parameters are named accordingly.

c) Figures: After running the previous scripts, all figures
can be generated by running all the python scripts in the
analysis folder.

V. EVALUATION AND EXPECTED RESULT

The expected output is in the form of several simulations
traces (suffixed .d) and a dataset containing all the data asso-
ciated with particles after the last time-step of the simulation.

VI. EXPERIMENT CUSTOMIZATION

One can edit the injection.sh script found in the
evrard directory. There are variables that can be set
to manually select the iteration (IITER), particle number
(IPARTICLE), data-field (IARRAY), bit-flip position (IBIT),
of the injected error.

VII. NOTES

A README file is available in the version of SPHYNX mod-
ified with GR, with a list of steps to follow and common issues
that can be encountered regarding installation, compilation,
and external runtime parameters.


