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WP1 Goals

» Abstract the application (code and data) from the machines

= Ease the porting to new machines
= Ease the exploitation of machine heterogeneity
= Ease debugging of complex software stack

* Improve code composability

= Simplify code reuse to reduce the development
= Improve the separation of concerns between domain experts and HPC experts
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WP1 Members

* WP1 leaders
= Marc Perache (CEA) & Christian Perez (Inria)

» Other permanent researchers:

= Benoit Combebale (U. Rennesl)
= Dorian Leroy (CEA)
= Jerry Lacmou Zeutouo (UPJV) — external collaborator

* PhD Students:

= Ugo Battiston (WP1+WP2, since October 2023)

= Ewen Brune (since October 2023, CEA funding)

= Ke-Wei Cheng (WP1, December 20250 — hiring in progress

= Julien Gaupp (WP1+WP4, December 2025) — hiring in progress

* Internship:
= Alix Peigue (WP!, September 2025 — March 2026)
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PhDs: Current and Future

Ugo Battiston (WP1+WP2, since October 2023)

= Connecting Kokkos with the polyhedral model
= Advisors: Philippe Clauss (Inria, WP2) & Marc Pérache

Ewen Brune (since October 2023, CEA funding)

= Testing Framework For Scientific Computing
= Advisors: Benoit Combemale (Univ Rennes ), Arnaud Blouin (Univ Rennes - IRISA — INRIA) & Dorian Leroy (CEA)

Ke-Wei Cheng (WP1, December 2025, Inria)

= Foundation of an HPC Composition Model
= Advisors: Benoit Combemale (Univ Rennes — IRISA — INRIA), Christian Perez (Inria)

Julien Gaupp (WP1+WP4 December 2025, Inria)

= Composability from numerical algorithms to programming model
= Adviors: Emmanuel Agullor (Inria, WP4), Christian Perez (Inria, WP1)
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C++ complexity disambiguation for advanced
optimizing and parallelizing code
transformations
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C++ complexity disambiguation for advanced optimizing and parallelizing code
transformations

Connecting Kokkos with the polyhedral model

+ See WP2 presentation
Limitation

» Focus on Kokkos only

* No real applications

= Next step: CEA/IFPEN Post-Doc on Arcane framework, Python, Kokkos and real application

24/09/2025 6



Tools for parallel heterogeneous scientific
application at scale
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Testing Framework for scientific computing

Challenges
+ Maintainability of large scientific software systems
« Trustworthiness of large scientific software systems
+ Capitalization of effort and knowledge transferred in large scientific software

+ systems

24/09/2025 8



Ex
REPUBLIQUE
FRANCAISE

Fraternité

PROGRAMME
DE RECHERCHE

za—

Testing Framework for scientific computing

System test suite problematics

Demanding in
ressources (time,
memory, electricity)
Hard to conceive a
testing strategy

Hard to select test input
Hard to express testing
scenario

Oracle problem

Hard to assess test
suite’s quality

Scientific software
system test suite

Opportunities

. Conveys a lot of information of knowledge about
the SUT

. Enriched by each team and developer

. Great temporal stability on ‘business’ tests

. Actionable / Executable specification

Hardware problematics

Software problematics

Generally cannot be
proven right

Multi-level parallelism
(openMP, MPI, CUDA)
Ever growing complexity
Costly maintenance
(change in specification,
fixing defects)
Demanding in
ressources (time,
memory, electricity)

58&88‘%88&

Organisational problematics

Turn over / Loss of
knowledge

Teams specialized in
subparts of the
simulation software
Sharing knowledge
across teams
Pluridisciplinary teams
(physicists,
numericians, software
engineer)

Life cycle (5 years)
inferior to the software
(20 years)
Paradigm shift:
o Scalar/Vector
processing
o CISCIRISC
o NUMA CPU
dominant /
ManyCore
CPU&GPU
Require Software
adaptations!
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Testing Framework for scientific computing

Results
* One paper published
* An empirical Study on test in scientific computing codes

* Prototype of a testing framework

Next steps

» Applying the tool to open source Arcane based simulation system : MaHyCo, MicroHydro, QuickSilver.

24/09/2025 10



Foundation of an HPC Composition Model
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Improving parallel code composability
Towards a general parallel code composition

Some models exists for some specific composition patterns

+ Parallel RMI between SPMD codes (GridCCM, some CCA variants), data sharing, algorithmic skeletons, etc.

+ Dataflow/Workflow/stream models / Partitioned dataflow model (composition of task graphs: COMET), etc.

HLCM: a first generic parallel composition model

+ Solve some features (hierarchy and efficient communication, genericity for component and connectors)

* However the transformation into a resource aware assembly was intractable in practice

Goal of this task: propose a more tractable model, with an efficient support of current machines
Relationships with

*  WP4 (composable numerical algorithms)

*+ HE ODISSEE (composability studies for SKA and LHC use cases)

24/09/2025 12



High level data description and partitioning
for reusable parallel building blocks |
model
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Improving partitioned dataflow model

i Cpe ]_(
Work with Jerry Lacmou Zeutouo ¥
partitioned. data
(was post-doc ExaSoft) Y - M, [
Motivation: the AEVOL application patitioged data i ‘ v
partitioned data partitioned data .
Result: Improved COMET model ‘% \ M, [ ]*
. . partitioned data I ______ . b
® Dynamlc WOfkﬂOWS IntO COM ET -Re.. | —r(-a»?.')ynamic data connec(tioz — Static da.tacoE:ZCtionI
= 3types of task dependencies: flat, nested, weak-nested , . , . _
EP: Embarrassingly parallel ST: Stencil TR: Transpose
. : : X2: dataflow of X followed by X
Addmg StarPU Support to COMET (Wlth WPB) mb1: dataflow of EP and ST mb2: dataflow of EP, ST, and TR
» CPU support done, GPU support in progress EP2 ST? TR? mB1 mB2
» Journal article almost completed G @ 150.7 180.4 652.2 159.2 345.8
Software I | I I
Te ™ . . : .
. COMET updated E g 40.0 45.1 163.0 39.8 86.4
- 2090 g8 21 U g0 90 g0 g 0 g g g0 g1 0 91050 g0 g1 U0 g0 0 g0 o7
NeXt Step BN flat WM nested B weak-nested

» Generalize to hierarchical data and integrate that into the model of the previous task
» PhD to be hired next year in collaboration with WP3 (runtimes)

24/09/2025 14
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Aevol: A simulator of Darwinian evolution

Developed by the BioTic team @ Lyon
URL: https://www.aevol.fr/

Ancestor (a,) Independent populations over

iteration | Prepare
=77\ —[selection|~#*&~| mutation
N ‘ ‘.

lnrrs-asmg evolutionary time (d) iteratPhd
_________________________ —— :

7 P

‘ /ol i X

; List of mutations:
. -type: switch
% ‘ loc: 236
new DNA:

-type: duplication

T, s DO mutation loc: [26, 430, 14]

End of
iteration

Ancestor T0 T+l T+2 T+3 T+n M5 o Prameerss | \\
] ¥ ] ] // “loc: 156 ) S~ -
F - ; = : ~— s the list _—
Fossil records: regular sampling and storage at -80°C -‘ error: 0.2 / <1st >
: / -loc: 602 / N0 Tempty 1 yes 318107
| Perfect fussllrecords systematlc and complete data storage | / error: 0.4 ~r ;\_‘
1 1 [ o - ranslation (. -
Ancestor TO T+3 Flnd RNA / A1 -
i - - " List of Proteins: | Compute
[ [List of RMAs: List of Genes: M .2 P )
( -start: 156 -start: 169 B f Fitness
Ay end: 234 end: 180 Leo1
Ancestor (a,) > i““"“;g; 0.8 RNAs: (@, ...] Phenotype:
-start: o
¢ M .4
Ak G2 -start: 650 He o1
— —mtens:lty. 0.6 > end: 670 L .
Lo /- RNAs: [2] o
\ [ o

% N | \
Independent replicates over (d,) — Find Genes o Compute b
increasing evolutionary time > |

Phenotype |
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Conclusion

Results
+ First Kokkos optimization at compiler level
+ Test framework prototype

* Improvement of COMET for Aevol applications

Next steps
* Finalize the hirings
* Work on composition models and partitionned hierarchical data

» Target real applications

za—
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Generating parallel variants . . & «

. . E E 17.5 133.1 265.9 193.0 205.7
Code generatlon N COMET %t.E 132 99.8 1905 1447 154.2
o BT 68 66.5 133.0 96.5 102.8
EOE a4 33.2 66.5 8.2 51.4
0O From a data-parallel dataflaw= ..
zlll 2'.1 ZI 2? 2]0 2'.1 2! 2? zlll 2'.1 23 2? 2]0 2‘1 zl 2? zlll 2'.1 28 2?
- A wmarez 130.8 347.5 138.1 656.1
O To a code that submit tasks- £ ...,
A ) ? %'E 8.50 65.4 1737 69.0 328.1
Task dependencies variants £ %z = n ses s toao
~ : 210 99 28 37 : 210 29 28 27 N 210 99 28 27 : 210 99 28 27 : 210 99 28 27
O OpenMP “Flat” tasks i oy m o o
@ - | . . E
595 710 40.3 1110 28.50 85.2
O OpenMP “Nested” tasks L&
EUE 380 24.6 555 14.20 42.6
11 11 : * 000 210 99 28 97 0.0 210 99 98 o7 0.0 210 99 28 97 0.00 210 99 98 o7 0.0 210 99 28 27
a Weak-neSted taSkS % E 16.58 99.28 375.7 56.22 214.4
: g — = 1240 74.40 281.8 42.20 160.8
Not in OpenMP standard ? %-E u.snm an.now 157.9M 25.10w 107.2M
. 80 g 420 24.80 040 14.00 536
O (ln progreSS) StaI'PU E S 000 0.00 0.0 0.00 0.0
2]0 29 28 27 2]0 29 20 27 2]0 29 23 27 2]0 29 28 27 2]0 29 28 27
Expenments g E 15.87 104.7 250.6 64.4 184.2
o E 100 78.6 187.9 48.3 138.1
. %ﬁ'g 7.90m 52.4MIIJ 125.3m 32.2w 92.1M
v O E 400 26.2 62.6 16.1 46.0
0o 3 Strategles % o 0.0 00 0.0 00
. 2“] 29 2!! 2? 2]0 29 2!! 2? 2“] 29 28 2? 2]0 2‘1 zﬂ 2? 2“] 29 28 2?
D 3 OpenMP runtlme %’4 Elh.dd 106.2 301.3 64.6 235.5
g C 1230 796 226.0 a8.4 176.6
llvm ?ﬁ'; 8.20 53.1 150.7 32.3 117.7
QUE 410 26.6 754 16.2 58.8
=] -
mpc (CEA) 0.00 210 99 28 37 0.0 210 29 28 37 00 210 99 28 27 0.0 210 99 28 27 00 210 99 28 27
Ilvm_opmsz (BSC) blocksize blocksize blocksize blocksize blocksize

B nested HEE  weak-nested N flat
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Hierarchical model
Generic model

» Support meta-programming (template a la C++)
Connector based

* Primitive and composite
Static
HLA to L2C compiler

PL, http://hlcm. gfq

» Computation core
* No couplin
(o) pling

« Computation core
* No coupling

+ Initialization code
+ Platform specific

Logical Architecture
+ Platform independent

Developer view Runtime view

Platform description

Jullen Blgot and Christian Perez

Advances in ParaIIeI Computing, vol 20 pp 182 201, 10S Press 2011. 20



