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Abstract

Exascale simulations generate massive data volumes that strain I/O
and post-hoc analysis. We integrate the Damaris in situ middleware
into Coddex, a crystal deformation code, to offload data movement
and analysis to dedicated processes, enabling runtime extraction
of key diagnostics without writing intermediate files. We evaluate
tin hysteresis cases on CEA’s INTI cluster (with 14 nodes, 1,728
cores) and compare against a ParaView-based post-hoc pipeline. in
situ analysis eliminates per-iteration I/O stalls and reduces output
time by up to 5X while preserving overall iteration time, with ben-
efits increasing with the number of tracked variables. We describe
the integration design, process pinning, and data exchange, and
outline forthcoming support for additional analyses. This work is
conducted within the Exa-DoST project of the PEPR NumPEx pro-
gram, which aims to build the software infrastructure for the first
Exascale machine expected to be set up in France (Alice Recoque,
Jules Verne project).
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1 Introduction

Coddex (Code for Discontinuous Deformation Evolution in Xstals)
is an Element-Free Galerkin solver, developed at CEA, for the
equations of dynamic hyperelasticity; it targets crystal plasticity
and phase transitions. It uses MPI for inter-node communication
and OpenMP for thread-level parallelism. In Coddex, hundreds
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Figure 1: Existing Coddex workflow for post-hoc visualiza-
tion or analysis with ParaView.
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of variables are tracked at each data point, and several analysis
pipelines are available: (1) direct output for post-hoc analysis (e.g.,
ParaView [1]); (2) 2D projections exported as PostScript; (3) X-ray
diffraction rendering; among others. For this work we concentrate
on the ParaView pipeline (Figure 1)), where the simulation writes
fields to the parallel file system for later processing. However, in the
current Coddex workflow, analysis cannot be performed at runtime,
which constrains temporal resolution and the number of variables
that can be inspected efficiently due to I/O bottlenecks.

A widely adopted strategy to enable runtime analytics is in situ
processing: executing analysis concurrently with the simulation
on the same HPC system, exchanging data in memory or via the
interconnect rather than files. Multiple frameworks exist with vary-
ing integration effort and performance trade-offs [3]. In this work
we rely on Damaris, a middleware that enables in situ processing
for large-scale MPI applications by dedicating cores and processes
to data movement and analysis [2, 4, 5]. Using dedicated cores for
in situ processing, it offers non-intrusive support for in situ data
analysis with ParaView, making it suitable to use with Coddex
(Figure 2).

Context. This research is conducted in Exa-DoST (Data-oriented
Software and Tools for the Exascale), a project of the French NumPEx
program (“Digital for Exascale”) [6]. Exa-DoST develops operational,
co-designed solutions to exascale data challenges—scalable storage
and I/0, in situ processing, and smart analytics, aiming to contribute
to the HPC software stack for future Exascale machine in France
and Europe.
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Figure 2: Damaris deployment with dedicated cores: simula-
tion publishes data to Damaris servers, which marshal them
to the analysis back-end (e.g., ParaView)

Goal. Our objective is to integrate Damaris into Coddex to en-
able runtime extraction of key diagnostics without intermediate
files, and to quantitatively compare this in situ pipeline against
the existing ParaView-based post-hoc one. We evaluate scalability
and overhead on a modern HPC cluster at CEA, and report the
conditions under which in situ analysis improves execution time
for crystal deformation workloads.

Approach. To fulfill our objective to support efficient runtime
analysis pipelines in Coddex, we integrate Damaris into the existing
Coddex workflow. The integration is done by modifying the Coddex
code to use the Damaris client-side API, which allows Coddex to
make its variable fields available to the Damaris client running
on dedicated cores. This way, we can extract data from Coddex at
runtime without writing it to disk, and pass it directly to the analysis
backend —in this case, ParaView—- through the Damaris server. The
Damaris server is also run on dedicated resources, which allows it
to handle the data extraction and analysis without interfering with
the Coddex simulation.

2 Evaluation

We perform our experiments on the INTI experimental computing
center, hosted at CEA. Each node has two 64-core AMD Milan
CPUgs, and the file system is a 300 GB/s Lustre system. The nodes
are connected by an Atos BXIv2 100GB/s interconnect.

We run multiple tin hysteresis iterative simulations with variable
problem domain size (i.e., o« n® € {1,8, 27}, for n € {1,2, 3}). Coddex
is configured to output v € {5, 50} variables every 10 iterations. To
evaluate the impact of our in situ approach, we run two different
scenarios:

(1) Baseline I/0O scenario. The output is directly written to disk
at every 10th iteration. We use n3 MPI processes for Coddex,
64 cores per Coddex process (for 64 OpenMPI threads), and
each Coddex process is pinned to exactly one CPU.

(2) Enhanced in situ scenario. The output is extracted from
Coddex into the Damaris in situ framework at every 10th
iteration. We use n®> MPI processes for Coddex, 63 cores per
Coddex process (for 63 OpenMPI threads), and each Coddex
process is pinned to exactly one CPU leaving one dedicated
core for the Damaris server process.

For both scenarios we measure the execution time at every 10th
iteration. This execution time is divided into time spent running the
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Figure 3: Execution time per iteration (in ms) for the I/0
scenario (top) and in situ scenario (bottom), for respectively
v = 5 (left) and v = 50 (right). Experiment run on 14 nodes,
1,728 cores (n> = 27).

Coddex simulation at a given iteration, and the time spent writing
the output to disk or extracting it into Damaris. Figure 3 shows
the execution time per iteration for both scenarios running on the
largest experimental setup (i.e., mesh size of n® = 27, corresponding
to 1,728 cores in 14 nodes). The top row corresponds to the baseline
1/O scenario, while the bottom row shows the enhanced in situ
scenario. For each scenario, results are presented for v = 5 (left) and
v = 50 (right) output variables. We observe that not only the in situ
approach does not introduce overhead, but it consistently reduces
the output time at every iteration, especially as the number of
variables increases. Figure 4 shows the average output time across
iterations for both scenarios as the number of cores and variables
increases. We observe a similar trend as in Fig. 3, with the in situ
approach consistently reducing the output time compared to the
baseline I/O scenario, and becoming more efficient as the number
of variables increases.

3 Conclusions and future work

By dedicating cores and using asynchrony, Damaris enables run-
time analysis in Coddex without increasing iteration time, while
reducing output time—by up to 5X faster (=~ 80% less time) when
many variables are tracked. These results align with prior Damaris
integrations and indicate a straightforward path to scaling Cod-
dex workflows that require runtime insight. Beyond per-iteration
timing, Damaris’s asynchronous output management suggests that
end-to-end workflow time can drop further; we will quantify this
in future experiments. We will also study alternative deployment
modes (e.g., dedicating full nodes to Damaris servers), and extend
the in situ path with additional analyses to broaden Coddex’s capa-
bilities.

Acknowledgments
Christophe Denoual, developer of Coddex.



Enabling Efficient Runtime Data Analysis for a Crystal Deformation Simulation

Output: 5 variables
3500 | 1/O scenario output time

3000

2500

Time (ms)

2000

1500 |
Cores 0 250 500 750 1000 1250 1500 1750

10000 Output: 50 \_/ar\ab\es )
1/0 scenario output time

8000

6000

Time (ms)

4000

2000

Cores 0 250 500 750 1000 1250 1500 1750

Figure 4: Average iteration output time (in ms) for I/O sce-
nario and in situ scenario, for respectively v = 5 (top) and

v =50 (bottom).
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