Super-Ordinateurs & Super-Lasers
La simulation laser plasma dans le nouveau paysage du calcul intensif
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o Le paysage HPC, histoire, tendances et prospectives

© La méthode PIC et sa paraliélisation
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Cours de I'exposé

o Le paysage HPC, histoire, tendances et prospectives
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A la croisée des chemins des TGIR “Lasers” et “HPC”

TGIR = Trés Grande Infrastructure de Recherche
HPC = High Performance Computing

A project at the cross-road of 2 fast evolving technologies
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Objectif exaflop/s

Tianhe (Juin 2013) consomme 17 MW soit 1.85 GFLOPS/W.
Pour une machine EFLOPS il faudrait donc une alimentation de 540 MW soit la moitié
d’un réacteur nucléaire !

Un peu excessif ... Objectif pas plus de 20 MW.
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Réactions des constructeurs : 1) Many core
CPU = Central Processing Unit

Processor Frequency Scaling Over Time

clock frequency (MHz)

The Evolution of Multi-core and
Many-core Co mputing

2017 ==> 24 coeurs

3™ du Green 500 avec 6.6 GFLOPS/W sur ZettaScaler-1.6 (Suisse).
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Réactions des constructeurs : 2) GPGPU
NVIDIA & AMD :General Purpose Graphical Processor Unit

How GPU Acceleration Works

Application Code

Compute-Intensive Fundtion
—

Leader du Green 500 avec 9.4 GFLOPS/W sur NVIDIA DGX-1.
Bibliothéques : Cuda (pour Nvidia), OpenClI.
Directives : OpenMP 4 ou openACC.

A. Beck (IN2P3 - LLR) Congrés LLR

7/29



Réactions des constructeurs : 3) Xeon Phi
Intel

KNL Overview

Chip: 36 Tiles interconnected by 2D Mesh
Tile: 2 Cores + 2 VPU/core + 1 MB L2

Memory: MCDRAM: 16 GB on-package; High BW
DDR4: & channels @ 2400 up to 384 GB

10: 36 lanes PCle® Gen3. 4 lanes of DM for chipset
Node: 1-Socket only
connected by Fabric: Intel® Omni-Path Architecture on-package (not shown)

20 Mesh MCDRAM
Interconnect Vector Peak Perf: 3+TF DP and 6+TF SP Flops | .01 )
Scalar Perf: ~3x over Knights Corner than DDR
Streams Triad (GB/s): MCDRAM : 400+; DDR: 50+

5" du Green 500 avec 5.8 GFLOPS/W sur PRIMERGY CX1640 M1.
Bibliotheques : Compilateur normal ...
... mais repose sur une hiérarchie mémoire compliquée.
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Réactions des constructeurs : 4) La Chine
Architecture SunWay

4°™ du Green 500 avec 6.0 GFLOPS/W sur Sunway MPP.
Systéme le plus performant du monde avec 93 PFLOPS et consommation de 15 MW.
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Réactions des constructeurs : 5) La vectorisation

Compiler Case Study

Introducing SIMD: Single
Instruction, Multiple Data

e Scalar processing ¢ SIMD processing
traditional mode with SSE / SSE2
one operation produces one operation produces

one result multiple results

x+ ¥ [xarys [SERIIBIN 0]

Intel
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La course mondiale a 'Exascale

@ US : Annoncent 2 machines > 100 PFLOPS. Architecture GPU (IBM - NVIDIA).

@ JAPON : “Post K Supercomputer”. EFLOPS pour 2020. Architecture ARM.

@ Europe : 2 systemes EFLOPS pour 2022.

@ France ( TGCC, CINES, IDRIS) : ...
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Quelles conséquences pour les développeurs ?

Les choix
Architectures Langages | Bibliotheques
Processeur multi-coeurs Fortran openMP 4
Processeur ARM C openACC
GPGPU C++ MPI (2 - 3)
Xeon Phi Python TBB
Chapel MPC
Cilk BSP
Cuda
PGAS
SHMEM
UPC
openCL
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Cours de I'exposé

© La méthode PIC et sa paraliélisation
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The Particle-In-Cell (PIC) method is a central tool for simulation
over a wide range of physics studies

Cosmology Accelerator physics

source: K. Heitmann, Argonne National Lab source:WARP , Berkeley Lab

Laser plasma interaction

Relativistic astrophysics

yA 2 ——
1 0 1 -30
source: F. Fiuza, Livermore National Lab Ex/(mecwole) source: L. Fedeli, Uni. Pisa

* Conceptually simple
+ Efficiently implemented on (massively) parallel super-computers
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Les équations a résoudre
fs(x@)dxdv is the probability to find a particle of species s in the
phase space point (X,v) around dxdv.

Vlasov equation k.
No collisions

8fs afs v xB afs
el T (B )
Maxwell's equations Moments equations
.E=14 <
Y ho pzzqs/fsdv
VxE=_128 -
- s
V xB =107 ing J:qu/vfsdv

Premiére difficulté ==> les équations sont couplées!
Il faut des méthodes numériques avancées.
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Laccélération laser-plasma : un challenge numérique

@ Les simulations 3D sont LOURDES!
~ 10° cellules, 8 particules/cellule,
~ 107 itérations ==> 10'° opérations
<==> 30 000 années de calcul

@ Soit 255 Mheures CPU.

Deuxiéme difficulté ==> la parallelisation massive est absolument nécéssaire.
Il faut des super-ordinateurs.

Aujourd’hui GALOP obtient =~ 5 Mh par an via GENCI, valorisé a 220 000 €.
Les runs 3D pour simuler un injecteur tournent routinement sur 14 000 coeurs.

A. Beck et al, Load management strategy for Particle-In-Cell simulations in high energy particle acceleration,
Nucl. Instrum. Methods in Phys. Res. A (2016)
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Pas si simple d’utiliser des super-ordinateurs

PIC code are ‘easily’ parallelized using domain decomposition

Simulation of laser wakefield
acceleration of electrons

60
x [pm]

Domain decomp. is not enough!!!
- workload not optimally shared
- not adapted to new architectures!
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Message
Passing
Interface

<«=» Mem. copy
Using OpenMP
Dynamic scheduler

-

Shared memory j
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Cours de I'exposé

© SMILEI et sa communauté
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«A collaborative, open-source, multi-purpose PIC code
for the next generation of super-computers»

www.maisondelasimulation.fr /smilei
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960 cells

32 patches

5 MPI regions



Hilbert ordering

CrNw Ao o

We need a policy to assign patches to MPI processes. To do so, patches are organized
along a one dimensional space-filling curve.

@ Continuous curve which goes across all patches.
@ Each patch is visited only once.
© Two consecutive patches are neighbours.

@ In addition we want compactness!

22/29
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With dynamic load balancing activated

MPI x OpenMP
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Yellow and red are copied from previous figure.
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Dynamic evolution of MPI domains

-2.0 -1.6 -1.2 -0.8 -0.4 0.0 0.4 0.8 1.2 1.6 2.0
128

64

0
128

64

Patches Y coordinate
=
N
3]

o

256 512 768 1024

Patches X coordinate
Color represents the local patch computational load imbalance
Iloc - |Og]0 (Lloc/Lav)

A. Beck (IN2P3 - LLR) Congreés LLR 24/29



Dynamic evolution of MPI domains

512

Patches X coordinate

Patches Y coordinate

Color represents the local patch computational load imbalance

Lioe = |0910 (Lloc/Lav)

A. Beck (IN2P3 - LLR) Congreés LLR 25/29



Les apports de SMILEI

@ Avoir un outil de simulation performant, indépendant et pérenne

@ Recherche théorique et appliquée pour I'accélération laser-plasma ( CILEX,
EuPRAXIA)

@ “Calcul et données => Développer I'effort de recherche”
J. Derouillat, A. Beck, T. Vinci, F. Pérez, M. Chiaramello, A. Grassi, G. Bouchard,
N. Aunai, J. Dargent, C. Riconda and M. Grech, SMILEI : a collaborative,
open-source, multi-purpose particle-in-cell code for plasma simulation, submitted
to CPC.

@ Projet numérique transverse a plusieurs communautés et donc structurant car
créateur de collaborations (7 théses).
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1st SMILEI training workshop

6-7 novembre 2017
Saclay
Eurt 5

Ovenview

Scientific Programme
Timetable
Contribution List
Author List
Registration

Registration Form

A. Beck (IN2P3 - LLR)

The development team of the Particle-In-Cell (PIC) cade SMILET is happy to announce the very first SMILEI
training workshop

This two-day event will take place on November 6-7, 2017 at Maison de la Simulation (Saclay, 20 km south of
Paris)
It is the perfect opportunity for beginners to learn about PIC simulations in a High-Performance Computing (HPC)

environment, and for current users to strengthen their expertise and/or share their problems/needs with the SMILEI
community.

Program (in progress):

- Nov 6th (starting at ~10:30): presentation of SMILEL state of the project, roadmap, capabilities, physics and HPC
achievements.

- Nov 7th: hands-on sessions (tutorials for beginners and, in parallel, applied discussions for advanced users)

Démarre 6 nov. 2017 10:30 Q Saclay
Finit 7 nov. 2017 18:00 2425
Digiteo

Congreés LLR 27/29



6 PhD ongoing, 1 incoming

Coming soon (LLR), LWFA in cylindrical

geometry

F. Niel (LULI), QED processes in laser-

plasma interaction

A. Beck (IN2P3 - LLR)

J. Dargent (LPP), Magnetic reconnection

;

—_—

A. Grassi (LULI, Pisa), Relativistic collision-
less shocks in magnetised plasmas

H. Kallala (MdS), Spectral Solvers

B = B 4 icAtk x BYTY2 _ Afjrt1/2
Bnt3/2 — Brtl/2 _ oAtk x L
G. Bouchard (LIDyL), High-harmonic genera-
tion in laser-solid interaction

M. Chiaramello (LULI), Amplification of short
pulses using Brillouin scattering
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Staff organization

Computing centers (IDRIS, CINES, TGCC)

Parallelization & Optimization

Julien Derouillat (MdS)
Asma Farjallah (Intel)
Arnaud Beck (LLR)

Application support

Mickael Grech (LULI)

Julien Derouillat (MdS)

Diagnostics & 10
Tomaso Vinci (LULI)
Frederic Perez (LULI)
Julien Derouillat (MdS)
Marie Fle (IDRIS)

Arnaud Beck (LLR)

Frederic Perez (LULI)

Users community

Nicolas Aunai (LPP)
Philippe Savoini (LPP)
Ilya Plotnikov (IRAP)
PhDs

Dev meeting every month. Users are welcome to participate to report success or
problems and suggest evolutions.
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