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pointe le sol
par le plat de sa main droite,
ce qui symbolise
sa croyance dans la connaissance
par le biais de I'observation empirique

et de I'expérience

pointe le doigt
vers le ciel
symbolisant sa croyance
dans les idées
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Info@association-aristote.fr

Qui ? Créée “informellement” en 1984 par 'INRIA, le CEA, EDF et le CNES, Aristote est depuis 1988 une association loi
1901 (34 adhérents en 2013).

Quoi ? Aristote est une société savante qui regroupe des organismes et des entreprises impliquées dans les
derniers développements et les nouveaux usages des technologies de I'information.

Pourquoi ? Aristote contribue a tisser des liens entre le monde académique et celui de I'industrie et des services a
travers ses activités de transfert de technologie et de veille scientifique. L'idée est de croiser regards et cultures,
recherche fondamentale et retours d’expérience pour apporter des éclairages nouveaux aux problématiques abordées

Aristote organise chaque année, a I'Ecole Polytechnique, un cycle de séminaires :

2013
- La visualisation collaborative : un des grands défi s de la science actuelle! (novembre)
- Santé et Bien-étre a I'eére numérique (juin)

- Bibliothéques pour le calcul scientifique : outils, enjeux et écosysteme (mai)
- A la poursuite des Big Data (mars)

- Sécurité et Mobilité (février)

2012

- CFD Workflow : Meshing, Solving, Visualizing (octob  re)

- Le batiment intelligent ; source de valeurs (septembre)

- Green IT & Cloud (juin)

- Logiciel Libre et communautés : la clef du transfer t ? (mai)

- SaaS+laaS et Tiers de confiance : Vers le Cloud de confiance (avril)
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Patrick AMESTOY - INPT

Marc BAADEN - CNRS

Marc BABOULIN - Université Paris-Sud

Romain BROSSIER - Université Joseph Fourier
Michel CAFFAREL - CNRS - Université de Toulouse
Christhophe CALVIN - CEA

Francois COURTEILLE - NVIDIA

Serge van CRIEKINGEN - Maison de la Simulation
Florian DE VUYST - ENS-Cachan

Florent DUCHAINE - Cerfacs

Martin GANDER - Université de Geneve

Michel GAZAIX - ONERA

Thomas GERHOLD - DLR

Marc GIGET - Institut Européen de Stratégies Créatives et d'Innovation
Eric GOUBAULT — CEA

Laura GRIGORI - INRIA

Gaél GUENNEBAUD - INRIA

Frédéric HECHT - Université Paris 6

Fabienne JEZEQUEL - Université Paris 6

Michel KERN - INRIA

Jean-Yves L'EXCELLENT - ENS Lyon

Julien LANGOU - University of Colorado Denver
Florent LANGROGNET - CNRS

Martial MANCIP - Maison de la Simulation
Frédéric MILLIOT - HPC Magazine

Patrick MOREAU - INRIA

Frangois PELLEGRINI - Université de Bordeaux 1
Bruno PINAUD - Université Bordeaux 1

Laurent PLAGNE - EDF

Sylvie PUTOT - CEA

Pierre RAMET - Université Bordeaux 1

Alain REFLOCH - ONERA

Stéphane REQUENA - GENCI

Francois-Xavier ROUX - ONERA

Philippe THIERRY — INTEL

Julien TIERNY - CNRS
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« Intégrer le meilleur état

des connaissances dans

un produit ou service créatif
permettant daller plus loin
dans la satisfaction des
/ndividus et de la sociéte»
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Figure 3: Algorithm descriptions, Chapter 8 of Jiu Zhang Suan Shu
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Milky Way-2
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def (m, eps = 1.0/(10**10)):

Puts given matrix (2D array) into the Reduced Row Echelon Form. Returns True if successful, False if 'm'is
singular.

NOTE: make sure all the matrix items support fractions! Int matrix will NOT work!
Written by Jarno Elonen in April 2005, released into Public Domain™"

(h, w) = (Ien(m), len(m[0])) for y in range(0,h): maxrow =y

for y2 in range(y+1, h): # Find max pivot

if abs(m[y2][y]) > abs(m[maxrow][y]):

maxrow = y2

(m[y], m[maxrow]) = (m[maxrow], m[y])

if abs(mly][y]) <= eps: # Singular?

return False

for y2 in range(y+1, h): # Eliminate column y

¢ =mly2]ly] / mlylly]

for x in range(y, w):

mly2][x] -= m[y][x] * ¢

for y in range(h-1, 0-1, -1): # Backsubstitute

¢ = mylly]

for y2 in range(0,y):

for x in range(w-1, y-1, -1):

mly2][x] -= m[y][x] * m[y2]ly] /

mlyllyl/=c¢

for x in range(h, w): # Normalize row y

mlyl[x] /= ¢

return True
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X-y+Z=3

Ezmpk: The system of equations 12X+ 3V + 72 =0 hes avgmented manrix
A+3y =24 =17
1 1 1|3
23 7|0
1 3 2|17
EBowr cperations oan be wsed o express the mekvix in row-echelon fom.
11 113 11 1 ]:=z
23 7|10 =01 5|5
1 3 2|17 0 2 3[4
I 3
—= 0 I 3 |6
o0 -13|2
1 L 1|3
— 0 | 5|6
o0 1[=2
X+V+Z=3

The system has become ¥ + 3L = 6. By bak-sudstitwion wve
r=-2
findthat X =1, ¥ =4, and Z=—".
15
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(p)
ai(j|0+1) _a1(Jp) :(pp) a(p) S p+1<| <met p+1< J <m+1

a" =alP sl<i<p,lsjsm+l

a"™ =0s p+lsismetl<sjsm

Nombre fini d'opérations
O(m3)

Sensibilité aux erreurs
d'arrondi

m ~ 106
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Accelerateurs

=

NVIDIA « Kepler »
- Caracteéristigues générales
28nm — architecture Kepler
Memoire GDDRS
PCle G2 16x
NVIDIA Kepler K10 — simple précision
2% 15356 coeurs @ 0.745 GHz
2x B canaux @ 5.0 GI/s
2% 2.29 TFlop/s SP
NVIDIA Kepler K20 — double précision
2496 coeurs @ 0.705 GHz
12 canaux @ 5.2 Gl/s
1.17 TFlop/s DP — 3.5 TFlop/s SP

18,688 Tesla K20X GPUs
27 Petaflops Peak: 90% of Performance from GPUs

17.59 Petaflops Sustained Performance on Linpack

Intel Xeon Phi
- Caractéristiques générales
22nm — architecture MIC x86_64
PCle G2 16x
16 c. RAM GDDRS - 320-352 GoJfs
1.02-1.22 TF/s DP. 2.02-2.44 TF/s SP
Iintel Xeon Phi 5110P
60 coeurs @ 1.053 GHz - 225W
RAM 5.0 GI/s
Intel Xeon Phi 7120P
61 coeuwrs @ 1.1 GHz - 300 W
RAM 5.5 GT/s
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Why GPU-based computing

-

Eulse Inferpalation Cam pulational Fluid
Dynamics|GFD) using Bz

=

BpuCY: BPU-sccsieratad Distributad Passward Benaral Ralathvst High'ly 0 ptirrized Dbjscl-

Compuler vison lbrary Recovery ai ariemled Malsciulsr Oynamcs:
HOOMD 193

CEELEE

A Fast Simifarity Jein R Diansity aile Garmputational Chem|stry
Algorithm nictional Caloulations with
3 40w

@ Most HPC applications report high speedups with GPUs.

@ Top 500, November 2012:
62 systems with accelerators (vs 58 in June 2012 and 39 in Dec. 2011).
#1 and #8 systems use NVIDIA GPUs.

Marc Baboulin (University Paris-Sud/Inria) Fast and reliable solutions in HPC LRI - 15/05/2013 5130
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As the term big data appears more and more frequently in our daily life and research activities, it changes our knowledge of how
large the scale of the data can be and challenges the application of numerical analysis for performing calculations on computers.

Scalability issue is what that many numerical methods are facing.

The large-scale challenge motivates us to develop linearly scalable numerical linear algebra techniques in the dense matrix
setting, which is a common scenario in data analysis.

Reduce the quadratic cost in storage and cubic cost in computation for a general dense matrix.

Big data provides a fresh opportunity for numerical analysts to develop algorithms with a central goal of scalability in mind.
Scalable algorithms are key for convincing practitioners  to apply the powerful statistical theories on large-scale data
that they currently feel uncomfortable to handle.
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The image at left shows
the spatial distribution
for multi-core computing

of an engineered component

that doesn’t take advantage

of the computer’s shared-memory architecture.

The image at right represents Modeling emerging multicore architectures is challenging and

the fine-grained spatial distribution using imposes a tradeoff between simulation speed and accuracy

the researchers’ new task management algorithm. An effective practice that balances both targets well is

to map the target architecture on FPGA platforms.

We find that accurate prototyping of hundreds of cores

on existing FPGA boards faces at least one of the following problems:
0] limited fast memory resources (SRAM) to model caches,

(i) insufficient inter-board connectivity for scaling the design or
(i) the board is too expensive.

Graphic / David Holmes
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1 | 1 |
2 2
A= 3 — L+U-I=3
a| | al| | & 4
5 5 ] 5
Storage is divided into two parts:
1 3
e Factors 1 1
e Active memory 5
2
Factors 3
% . Elimination tree
Active storage
3/21 MUMPS Users Group Meeting, May 29-30, 2013
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The multifrontal method [Duff & Reid '83]

23 45 123 4 5 5

1 | 1

2 2
A= 3 —= L+U-=3

4| | 4 4

5 5 g |_
Storage is divided into two parts: \

3

e Factors 5 [

e Active memory

Active memory

s o . BT S
321 MUMPS Users Group Meeting, May 28-30, 2013
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1 I 1 I

2 2
A= 3 —= L+U-I=3

4| 4] | 4

K 5 5] 5
Storage is divided into two parts: . 4

» Factors
e Active memory

—

Active memory

MUMPS Users Group Meeting, May 29-
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Seismic imaging of the Earth

o Imaging/tomography : reconstruction of Earth subsurface properties from
indirect measurements of seismic waves

Offset (km)
U aU 0 0 4 8 1|2
+A==F 1 e
ot o = o (1) .
| 2- o
Distarce (km]
0 2 4 6 8 10 12 14 16 18 ;J“ %
D 44
6-
8
Vx component
= = = = B oA
R. Brossier et al.  (Univ. Joseph Fourier Grenaoble) Seismic imaging by FWI 30/05,2013 MUMPS Meeting 6 /40
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Motivation - the communication wall

» Runtime of an algorithm is the sum of:
+ #flops X time_per_flop
+ #words_moved / bandwidth
+ #messages X latency

+ Time to move data >> time per flop

+ Gap steadily and exponentially growing over time

Annual improvements

Time/flop Bandwidth | Latency
599, Network 26% 15%
° | DRAM 23% 5%

+ Performance of an application is less than 5% of the peak performance

Previous work on reducing communication

Tuning

« Overlap communication and computation, at most a factor of 2 speedup

Ghosting

« Store redundantly data from neighboring processors for future computations

Scheduling

« Cache oblivious algorithms for linear

algebra

Gustavson 97, Toledo 97, Frens and
Wise 03, Ahmed and Pingali 00

« Block algorithms for linear algebra 14
Scal APACK, Blackford et al 97

=

Log2(Computations to communications ratio) GEPP

10
' j
[

gzl
|
o 2 4 8 0 1 W16 18 20 b
Ln-g:(nmnbzr of nmm;)
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Lightweight scheduling for CALU
Ig 'I.I' {red "Jiliiili it

]

Conclusions

Introduced a new class of communication avoiding algorithms that

CALU perinrmanm on AMD &8 cores - - - . -
a0 minimize communication
KL

20| LA + Attain theoretical lower bounds on communication
i —a—CALU 105 (BCL) L ) . i
g i +  Minimize communication at the cost of redundant computation

100

» = ki + Are often faster than conventional algorithms in practice

0! . = ——CALU (na optimisation)

¢ LT + Many previous references, only a few given in the talk

Remains a lot to do for sparse linear algebra
+  Communication bounds, communication optimal algorithms
« Numerical stability of s-step methods

+ Preconditioners - limited by the memory size, not flops

And BEYOND

Task dependency jmph of WU 3 =9 v

Further information:
http:/™www-rocq.inria.fr/who/Laura.Grigori/
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The direct solver PaStiX has been successfully used by
CEA/CESTA to solve a huge symmetric complex sparse linear
system arising from a 3D electromagnetism code on the TERA-10
CEA supercomputer.

» 45 millions unknowns: required 1.4 Petaflops and was
completed in half an hour on 2048 processors.

» 83 millions unknowns: required 5 Petaflops and was
completed in 5 hours on 768 processors.

To our knowledge a system of this size and this kind has never
been solved by a direct solver. Hope new runs on TERA-100
CEA supercomputer !

July 2, 2013- 13
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Multiple layer approach

ALGORITHM

RUNTIME

KERNELS

GPU

CPU

Governing ideas: Enable advanced
numerical algorithms to be executed on a
scalable unified runtime system for
exploiting the full potential of future

exascale machines.
Basics:

» Graph of tasks

» Out-of-order scheduling

» Fine granularity

. I2Z 779 oo ETSNI3 July 2, 2013- 59
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At
A0
) o, ot b, A
Full direct *%@“ \{:“;53‘5@

The "spectrum” of linear algebra solvers

» Problem dependent efficiency/controlled

» Robust/accurate for general
accuracy

problems
» ELAS-3 based implementation

3 i
Memory/CPU prohibitive for B lLess memory consumption, possible

I 30 probieans trade-off with CPU
B Limited parallel scalability

Only mat-vec required, fine grain
computation

B Attractive "build-in" parallel features

l lrrzia — R TSSO July 2, 2013- 8
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» LLt, LDLt, LU : supernodal implementation (BLAS3)
» [LUCT, ICT : scalar column left-looking factorization

» Full iterative or hybrid direct/iterative methods
» Krylov method : CG/GMRES
» Can be used as a preconditioner inside another method

» Simple/Double precision and Float/Complex operations

» Can use a domain decomposition given by the user

July 2, 2013- 87
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Based on a domain decomposition : interface one node-wide (no
overlap in DD lingo)

AB F i : :
E Af_’ ; ]

B : Interior nodes of subdomains (direct factorization).

C : Interface nodes.

Special decomposition and ordering of the subset C :
Goal : Building a global Schur complement preconditioner (ILU)
from the local domain matrices only.

I lnzia - TTESE July 2, 2013- 88
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Experimental conditions

These curves compare HIPS (Hybrid) with Additive Schwarz from
PETSE.
Parameters were tuned to compare the result with a very similar
fill-in

B

Haltere

I
BD -
O |
a0
an

20 -

" HPS : rumiber of israiions

PETES : number of Herations —=——--—y]

1o 100
nambar of domains | oy scala)

1000

10
1ED
140
10
100

RDEVLOG
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MHD

HFS - MUmber of MGl Dns yhe—

FPETSS | marber of Meraliong:--— :

10 100
e of domans |egecaia)

July 2, 2013- 00
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. PETSC

KSPCreate (MPI_Comm comm, KSP *ksp);

KSPSetOperators(KSP ksp, Mat A, Mat precondBase,
MatStructure flag);

A = system matrix

precondBase = base matrix to derive the preconditioner

(typically A itself)

flag = SAME PRECONDITIONER, SAME NONZERO PATTERN,
DIFFERENT _NONZERO_PATTERN
(ignored if only one solve)

Note : A can be a shell matrix = matrix-free methods.

Serge Van Criekingen
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KSPSetType (KSP ksp, KSPType kspType);

KSPSetTolerances (KSP ksp,
real rtol, real atol, real dtol, int maxits);

kspType = KSPCG, KSPGMRES, KSPBCGS, KSPMINRES,

rtol, atol, dtol = relative, absolute, divergence tolerance

or for run-time specification :

|
KSPSetFromOptions (KSP ksp);

and program launched using :

mpirun ... ~ksp_type <method> -ksp_rtol <rtol>

Serge Van Criekingen

I . 37 .
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KSPSetUp (KSP ksp) ;

Tosolve A x = b :

KSPSolve (KSP ksp,Vec b,Vec x);

e x overwritten with answer.
e initial guess x=0 unless KSPSetInitialGuessNonzero before solve.

After solve :

KSPGetConvergedReason (e.g., rtol achieved)
KSPGetIterationNumber
KSPGetResidualNorm

KSPDestroy

Sorge Van Criekingen
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. . Invention of
Gauss Invents an lterative Method in a Letter o Mo
Gauss (1823), in a letter to Gerling: in order to compute Mt & Gonder
a least squares solution based on angle measurements
between the locations Berger Warte, Johannisberg, Taufstein e
and Milseburg: _
Die Bedingungsgleichungen sind also: ‘r—:“'”
= - 6+67a—13b— 28c— 26d :
0 = — 7558 —13a+69b— 50c— 6d e
0 = — 14604 —28a—50b+ 166¢c— 784 s
0 = 422156 —26a— 6b— 78c4110d; G e
Summe = 0. Chebyshev T

Um nun indirect zu eliminiren, bemerke ich, dass, wenn 3 der Grossem
a, b, c, d gleich 0 gesetzt werden, die vierte den gréssten Werth bekommt, '
wenn d dafiir gewihlt wird. Natiirlich muss jede Grésse aus ihrer eigenen
Gleichung, also d aus der vierten, bestimmt werden. Ich setze also d = — 201
und substituire diesen Werth. Die absoluten Theile werden dann: 4 5232,
— 6352, -1-1074, 1 46; das tfhrige bleibt dasselbe.

- ONERA
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Sans bibliotheques : logiciels spécifiques

Sans outils disponibles, 'approche classique est de développer des
solveurs spécifiques avec des langages procéduraux (F77/C).
Deux inconvénients :

p Pas de mutualisation.

p Pas de séparation des champs sémantiques
solvelleutronicScatteringProbleniiithGaussSeidelMethod().

» Pas d'équipe pluri-disciplinaire
— développeurs pluri-disciplinaires.

Machines paralléles multi-niveau. ..

yhiques : Y=A*X

Produit Matrix-Vecteur BEanded :
Mat A; Vec X,Y;

int linf=A.linf ();

int lsup=A.lsup();

for (int i=0; i< A.nrows(); i++){
Vec::Elt £=0.0;
int jmin-max(i—1inf,0);
int jmax=min(itlsup+1,size);
for (int j=jmin; j< jmax; j++)

s+=A.bandGetElt (i,j)=*X[j];

villsl =30

Ecrit par un développeur (de Legolas+ 1)

~ Legolas++

e

Pour des objets exotiques

» Le probleme est-il d’intérét général 7
» Est-il possible de concevoir ces outils avec les langages du
HPC (C/F77)7)
> Bibliothéque classique ? Framework ? mini-langage ?
Contraintes : intensité arithmétique et granularité des
opérations envisagées— polymorphisme statique en C++-.

/ . L
7/66 < TeDF

Produit Matrix-Vecteur Diagonal<Band:
for (int i=0; i < A.nrows(); i++){
Mat ::Elt & Ai = A.diagGetElt(1i);
Vec::Elt & Xi = X[i];
Ve el BTG & Syiise=Sv[ il |«

// Yi=AixXi
vy dbatrns=SAat kit () &
int lsup=Ai.lsup();
for (int j=0; j< Ai.nrows(); j++){
8=0.03
int kmin=max(j—1linf,0);
int kmax=min(j+lsup+1,size);
for (int k—=kmin; k< kmax; ki)

s+=Ai.bandGetElt (j,k)*Xi[k];

Y[jl=s;
}
}
PAS écrit par un développeur !
40
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» Legolas+-+ s’appuie sur d’autres bibliothéques génériques
TBB (multithread), Eigen (SIMD).

4

Context

« Matrix computation everywhere

- Various applications:
« simulators/simulations, video games, audio/image 24

processing, design, robotic, computer vision, Develober Communit
augmented reality, etc. P y

- Need various tools: - Jan 2008: start of Eigen2

ical d inulati f . — part of KDE
+ numerical data manipulation, space transformations . packaged by all Linux distributions

* inverse problems, PDE, spectral analysis — open repository
— open discussions on mailing/IRC
« 300 members, 300 messages/month

- Need performance: — high quality API

+ on standard PC, smartphone, embedded systems, etc. - Today
+ real-time performance - most development @ Inria (Gaél + full-time engineer)
- Future

—s consortium... ?7?

http://eigen.tuxfamily.org
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Graph partitioning (2)

* Two main problems for our team, in relation
to sparse linear system solving (Ax = b) :
Sparse matrix ordering for direct methods

Domain decomposition for iterative
methods

* These problems can be modeled as graph
partitioning problems on the adjacency graph
of symmetric positive-definite matrices

Edge separator problem for domain
decomposition

Vertex separator problem for sparse
matrix ordering by nested dissection

DE\}.iOG

RESEAU R =g
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« Systéme linéaire global -
K, 0 K;s\(x b _
0 K, K,||x,|=|b

Ky Ky Ky j\x b, I3
- Systémes linéaires locaux - Equations de raccord aux interfaces
K, K, Xy b, — Wy
(K KO +k ) (x(”) B (b‘” 4 ooy =
31 33 1 3 3 : k1x§)+k2x§]=ll+lz
’ (Kzz Ky )(xz)_( by ) A+ A, - (ky+ky ) x5 =0
& ) @ || p@
K, Ki'+k,|\x by’ +A i
§ 32 3 2 3 3 2 _)"1 +},2_(k2+k1)x§'}=0
_?;N_E_Ef
43
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Intégration dans un code existant

Nécessité d’un partitionnement du maillage par éléments
« Coloriage »

Par I'utilisateur en fonction de criteres geometriques ou physiques
Automatique a l'aide d'un partitionneur de graphe, SCOTCH, METIS

15mai 2013

44
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Co-development CERFACS — ONERA
hAp://lwww.cerfacs.fr/globc/PALM_WEB/

WHY?

To treat a global system

» The earth system: coupling between ocean-atmosphere-sea ice ...

* Fluid structure interaction

* Multi-components simulations

To construct applications around existing codes

* On the fly post-processing,

* OpKmization loop around a code

* Ensemble simulations

To construct modular applications by assembling ele mentary components
* data assimilation

Legacy Codes in

1 Astrophysics, Molecular
°
mOdel Coupllng Dynamics, Fluid

Mechanics, . steerlng

E l I S %Redomn Parallel on-line ol

visualization of LVEStEoK kD
& intermediate results
Parallel Si ~ _ on a tiled-display R
Parallel Visualization Leached Nitrate |
M Processes) (N processes) wall. NO3) \ 1 Fiman
& | streamwaters
- .- z I p| Niatein | :
ght'”elghi stee,., groundwater
i )
-~ M°"lféﬁﬁg ‘ 5
Simone GUI

- | 45
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A software to manage complex applications in a modular way while respecting

(A b || 88 b v cortags. f globe PALM WERindex b = [ & | O Cocgle :
the pel‘formances Df the Codes, 60 01 B Gnal (Googe Googles CODES* COWACS® Projus= Wieda YouTube Fo Exiscaleora | CFD-Onhme Forum _lmrmiiss Wumbrcil Ae .. s Fonran | Prves Aies »
) ) o ONERA
An easy to use GUI to integrate, present and supervise applications, - 7 —
. . . reh ffician! el i il
Multiples interests : Current Verson i e e et Training
. . . . . OP'HPALM 4.1.4 c:muu;u:n n;lwde\mcnu%l:d L!:llh a h:l\a'j?’r: H‘Iedetl allIBINS :JI:\:QNID:[LBNGI 3
—> Facilitate evolution and maintenance of complex applications and of PrePALM 4.1.4 bE bl bl e db ey session
. CWIPI0.5.5
its components,
= Easy integration of new codes replacement, in existing applications IMBOUTANT NEWS
(multi-physic coupling, collaborative development ...) i Lo
Source under the LGPL 3
lieeqise

—> Maximize the use of intrinsic parallelism of applications and
* Efficient parallel grid to grid

algorithms mapping and interpolation for
multiphysics applications.

* OpenPALM supports coupling

* A constant evolution of the code in direct link with user needs incustrial coes thaks to TCP/1P

conneclions.
i CpenPALM f I . it h
= Parasol Hom to.abean Copc AL ol Tl B S R
Python interf; :
ython interface l »
| ! |
daur 1 Jour 2 o
amprre
| opamnramsnl | OPamPammal |
[ D] [ ]

= Connection to commercial codes or heterogeneous coupling via IP
> .

* New uses as people are aware of the soft

* Tested over 12,000 cores for conjugate heat transfer
applications

EVLOG e ——
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Stokes equation in FreeFem++

build mesh Th (3d) T2d ( 2d)
fespace VWh(Th, [P2,P2,P2,P1]); V4 Taylor Hood FE.
macro Grad(u) [dx(u),dy(u),dz(u)] Yy EOM
a4 ECM

macro div(ul,u2,u3) (dx(ul)+dy (u2)+dz(u3))
VvVvh [ul,u2,u3,pl, [vl,v2,v3,q];
solve vStokes([ul,u2,u3,pl,[vl,v2,Vv3,q])

int3d(Th) (
( D{ul,u2,u3):D(vl,v2,v3) )
- div(ul,u2,u3)*q - div(vl,v2,v3)*p
- le-10xg*p )
+ on(l,ul=0,u2=0,u3=0) +

on(2,ul=1,u2=0,u3=0);

Run:Stokes3d.edp

Stokes equation

The Stokes equation is find a velocity field w = (u1,..,u4) and the pressure p on
domain 0 of RY, such that

—Au+Vp =0 in Q
Veu =0 in Q
U =ur on I

where ur is a given velocity on boundary T.
The classical variational formulation is : Find u € H(22)? with u;p = ur, and

p € L*(Q)/R such that

Yv € H}(Q)?, Vg € L*(Q)/R, ] Vu:Vv—pVaw—gVau=0
Q
or now find p € L?() such than (with £ = 10710)

Y € HE(Q)?, Vg € LQ(Q),/ Vu: Vv —pV.w—qV.au+epg =0
Q

Séminaire Aristote: Bibliothéques pour le calcul scientifique: outils, enjeux et &cosystéme.

Eigen Vector 17 wlews =0.00784817

B 006460
B oosdiz
W 00ssaiT2
011547

o
0 044567

4
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For who, for what !

For what
1. R&D
2. Academic Research ,
3. Teaching of FEM, PDE, Weak form and variational form
4. Algorithmes prototyping
5. Numerical experimentation
6. Scientific computing and Parallel computing

For who : the researcher, engineer, professor, student...

The mailing list mailto:Freefempp@ljll.math.upmec. fr with 410 members
with a flux of 5-20 messages per day.

More than 2000 true Users ( more than 1000 download / month)

Université Pierre et Marie Curie

with , O. Pironneau, |. Danaila, S. Auliac, P. Jolivet

http://www.freefem.org mailto:hecht@ann. jussieu.fr

Freefem++ v3.20 is
» very good tool to solve non standard PDE in 2D/3D

» to try new domain decomposition domain algorithm

The the future we try to do
» Build more graphic with VTK, paraview , ... (in progress)
» Add Finite volume facility for hyperbolic PDE (just begin C.F. FreeVol Projet)
» 3d anisotrope mesh adaptation

» automate the parallel tool

The message from Pierre Jolivet

Machine: Curie Thin Node@CEA

Financement: PRACE project HPC-PDE (number 2011050840)

Nombre de coeurs: 6144 Mémoire par coeurs: 4 Go

Eléments finis: P3 Dimension: 2D

Précision: le-08

Nombres d’ inconnues: 1 224 387 085

Méthode de résolution: GMRES préconditionné par une méthode de
décomposition de domaine & deux niveaux

Nombre d'itérations: 18

Temps de résolution: 2 minutes

Type de probléme: équation de diffusion avec coefficlents trés
hétérogénes (5 ordres de grandeur de variation)

The FreeFem++ days, Begin of the December, 2013, UPMC, Jussieu, Paris,
France

cea DEVLOG
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RESTRICTED
.4 AREA 4.4
Ea——-

Les Grands Outils pour le Développement du Nucléaire

]
s
i

Gen2,3  Gend4 expéimentaux navale Cycle du Stockage  Combustible

Réacteurs combustible des déchets

Conception des installations via I'utilisation d'applicatifs métiers

I & & & X

« Explorer des S
domaines difficilement § & SALOME S (22  SYSTEMES ET SOLVEURS LINEAIRES DANS TRIO_U
accessibles par 5 ¢ ” (couplage de plates-formes) ” E 3 =
I'expérimentation g 3 ;; 7
. Rédui : 3 6 2 b ol ; ; i . s
. Réduire les durées g 2 i Nesirorique 2 5 B Grande diversité de méthodes et schémas numériques entrainant une grande variété
d'étude 5 3 Plates-formes e 3 & de systémes linéaires a résoudre
- Limiter les 2 32 “ g;su.gri;lies 3 - Mécanique, thermique H a2 §
] e ﬁ 5 - Matériaux
l g < 1 1 Pressure Pressure linear systems for X
s solvers incompressible flow
. . , o Etudes amont Recherche scientifique et :
Nécessité d ?I"{'}[’D“ﬂer Modélisation Yechaclogiie e hise Pres§ure linear systems for X X
cette activite Expérimentation quasi compressible flow
Pressure linear systems for X X
A diphasic flow
Exemple: w =
Couplage Multi-échelle w Ismgl . X
en thermo-hydrauliqgistophe Betar+25Geiobre 2012 CEA | MAI2013| PAGE 4 b

Echeliz fine: Echelle locale Echelle composant  Echelle systeme i
Assemblage combustible CATHARE B Solveurs linéaires

== Native solvers : GCP, GMRES, Precond : diag, ssor

W PETSC

PETSc

Ssv— 49
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C@a UTILISATION DE BIBLIOTHEQUES DANS LES
APPLICATIONS SCIENTIFIQUES DE LA DEN

B Les situations sont assez contrastées :
== Des applications utilisent, généralement avec succes, des bibliothéques externes et
pas uniquement des bib. numériques paralléles
== Des applications n’en utilisent pas du tout

== La DEN est fournisseur d’outils pour la communauté :
- Outil & utiliser

- Plateforme d’intégration
- Plateforme générique

B Quelques raisons principales a la non utilisation d’outils externes :

== Neécessaire adaptation de I'application a 'outil : a prendre en termes de contrainte de
conception

== Intégration de développements non maitrisés

== IT€s (trop) grande optimisation de certaines parties des applications qui rend trés
délicat voire quasi impossible l'utilisation de bib. externes :
- Stockage de matrices

- Probléme a résoudre couplant plusieurs équations
- Langage/env. de programmation non standard

B Mais l'utilisation de bibliothéques externes va devenir de plus en plus nécessaire

cea DEVLOG
RESEAU L ovmomainiosce,
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ONERA

THE FRENCH AEROSPACE LAB

|

Toolforcomplex configurations DLR RANS Solver TAU

B steady & unsteady compressible flows

hybrid unstructured meshes

high-level turbulence & transition models
state-of-the-art algorithms (multigrid, ... )

local mesh adaptation (re- & derefinement)
deforming mesh capability, chimera technique
fluid / structure coupling

continuous/discrete adjoint

extensions to incompressible & hypersonic flows

e

Code structure
F edge-based data structure
E C-code, Python
E portable code,
optimized for cache hardware

® high performance on
parallel computers

parallel solver, adaptation, deformation,
grid partitioning, data-extraction

51
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ONERA

THE FRENCH AEROSPACE LAB

Many unknowns, both in hardware and

@ "Conventional” many-core nodes (AMD,Intel) —

how many cores? :
o MP! only? o High comput. cost of LES/DES
* MPI 4 OpenMP? MPI+Pthreads? cheaper hardware always welcome!
° GPUCUDN e Increased usage of LES/DES
[ !
e OpenCL? ¢ Relatively easy to port to GPU
e can we expect an easier programming interface?

no chimera, no sliding mesh interface. ..

@ Intel MIC

@ ARM processor: low power, low cost
(used in most mobile phone)

0 We must improve loop computational intensity

o etter usage of memory bandwidth - valid or GPU AND ONERA/DAAP PR/

conventional computing nodes
o We have to reduce the number of numerical options

M. Gazaix, J.F. Boussuge, M. Montagnac Xtrem CFD 2011 ONERA

0 We must anticipate hardware major changes

— Use abstraction to ice (some ) hardere details

o Explore the potential of Domain Specifc Language (DSL)

52
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Round-off error analysis

Several approaches

03%xx2 + 21xx L3675

@ Inverse analysis
based on the “ Wilkinson principle”: the computed solution is assumed to

@ Rounding to nearest

=-3.81470E-06 _ be the exact solution of a nearby problem
There are two Conjugat_e complex roots. @ provides error bounds for the computed resulis
z1 =-.3500000E+01 +i * 0.9765625E-03
z2 =-.3500000E+01 + i * -.9765625E-03 o Interval arithmetic
The result of an operation between two intervals contains all values that
@ Rounding to zero can be obtained by performing this operation on elements from each
d=0 interval.
The discriminant is null e guaranteed bounds for each computed result

) @ the error may be overestimated
The double real root is -.3500000E+01 e specific algorithms

The |IEEE 754 standard @ Probabilistic approach

@ uses a random rounding mode
e estimates the number of exact significan

t digits of any computed result
The IEEE 754 standard specifies the single precision format and double .
precision format, both using the radix 2.

17 2. 9 10 ... 32
|s|[E+2"—1]a ... az |

1 2. 12 13 . 64
[s|E+2" 1]a ... asy |

. 53
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The run with CADNA

How to implement CADNA

The use of the CADNA library involves six steps:
@ declaration of the CADNA library for the compiler,
@ initialization of the CADNA library,

@ substitution of the type REAL or DOUBLE PRECISION by stochastic
types in variable declarations,

@ possible changes in the input data if perturbation is desired, to take into
account uncertainty in initial values,

@ change of output statements to print stochastic results with their ac-
curacy,

@ termination of the CADNA library.

In direct methods - Example

0.3x2 —2.1x +3675=0

Without CADNA, in single precision with rounding to the nearest:
d = -3.8146972E-06

Two complex roots

z1=0.3499999E+01 + i * 0.9765625E-03

z2 = 0.3499999E+01 + i * -.9765625E-03

With CADNA:
d=@.0

The discriminant is null
The double real root is 0.3500000E+01

CADNA software — University P. et M. Curie — LIP6
Self-validation detection: ON

Mathematical instabilities detection: ON

Branching instabilities detection: ON

Intrinsic instabilities detection: ON

Cancellation instabilities detection: ON

P(10864,18817) = @.0
P(1/3,2/3) = 0.802469135802469E+000

CADNA software — University P. et M. Curie — LIP6
There are 2 numerical instabilities

0 UNSTABLE DIVISION(S)

0 UNSTABLE POWER FUNCTION(S)

0 UNSTABLE MULTIPLICATION(S)

0 UNSTABLE BRANCHING(S)

0 UNSTABLE MATHEMATICAL FUNCTION(S)

0 UNSTABLE INTRINSIC FUNCTION(S)

2 UNSTABLE CANCELLATION(S)

Conclusion

© can be used on real life applications

& difficult to understand the numerical instabilities in large codes
@ time and memory consuming

@ solution for parallel programs (MPI| and GPU)

@ difficult to use with the libraries (BLAS, LAPACK ...)
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Towards scientific computing: conjugate gradient

Solve Ax = b where matrix A: small perturbation around discretisation of 1D
Laplace equation

#define N 16 // matrix size

£iF

#define epsilon 0.00001
float A[N]J[M]: float B[N], =xi[N]., ....:

void evalA(float =x, float =*y); [l y = Ax

float scalarproduct(fl =x, fl =y); J/ return <x,y>
void multadd( fl =x, fl =y, fl a,fl b, fl =z); // z = asxtb=y
N

for (i=0;i<M;i++) { // init A — discretisation Laplacien 1D

A[i][i] = FBETWEEN(2.0/(N+1)—0.0000001,2.0/(N+1)+0.0000001);
if (i < N—1) {

Alil[i+1] = —1.0/(N+1);
Ali+1][i] = —1.0/(N+1);

} o}
for (i=0;i<MN;i++) b[i] =1

(= = 1]
for (i=0;i<N;i++) xi[i] = FBETWEEN(0,0.0000001);

evalA(xi,temp); /# temp = Ax =/
multadd (b, temp,1,—1,gi1); /% residue gi = bAx =/
for ([=0;j=<N;j++) hi[j] = gi[i]: [+ descent direction hi = gi =/
norm = scalarproduct(gi, gi); /# residue norm = <gi,gi> */
L3
Ilj‘t CEA | CMU Seminar, 3rd of April 2013 | p. 72
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17 veid evalANUM “x, NUM *y) | L3
19 " computes y=Ax *j
20 intij;
21 for ((=0;i<N;i++) {
Coyll=0;
for (j=0j<Nj++)
24 : VIl = yil+ALiG) <L)

T

1,08e-04

[+66

esations Eror WER | 010
g 0001912
M (a
il 0,00e+08
Draw again || Reser D.001434 0
Subdivisiom ‘.
0-000956 fv?nau_n_n!\n :
Min: 1 5 1x([12] (float)
Max: 1 o.nwyf | xi[13] {float)
Drawagain || Reser i.)(\[l‘ﬂ] (float)
i A58 7 4i[15] (float)
Disglay [
| Flaating paint value | Al licart
| Exict value xT[Z] {float)
HErar (%3] (float)
| Belative errar 000056 | conjgradientmodif4bis2.c
St

B -0.001434
As hitmap
As CNUplot file Laotots
Frint

b0

Vanahile Incerval
Float :
2.54086405e2
Real :
2.54988743e2
GClobal error :
-2.34994594e-3
Relative error :

-9,21588105e-6
Higher Order arror :

0

At current point (24) :

-0.00146751

2.55013505e2
2.55011156e2
2.25036040e-3
8.82533229:-6
0

0.00146751

I

\¢ cl
- F‘J b

B First extension to the analysis of hybrid systems by interaction with the
ODE guaranteed solver GrkLib (HybridFluctuat, CAV 2009, with O.
Bouissou, E. Goubault, K. Tekkal, F. Védrine)

B First interface with Esterel's SCADE (with library version of Fluctuat)
B (Present/Future) Interaction with constraint solvers

= first demonstration of refinement of Fluctuat's result (Ponsini, Michel,
Rueher 2011-2012)

= natural for us because increasing use of constraints on noise symbols (and
we could provide more for non linear operations)

B (Present/Future) Floating-point to fixed point automatic conversion (ANR

DEFIS project 2012-2015, first steps in 2005 with intern J. Mascunan)

B (Future) Interaction with provers, Frama-C platform

= ACSL language to exchange information on real, float and errors
= provide provers with loop invariants
= Use locally refined results and properties

= towards formally proved abstract domain implementations 7 (cf D.
Pichardie)
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<~ Challenges for Software/Libraries

. Synchronization
= Break Fork-Join model

. Communication
= Use methods which have lower bound on communication

. Mixed precision methods
= SP:DP; 2x speed of ops and 2x speed for data movement

. Autotuning

= Today’s machines are too complicated, build “smarts” into
software to adapt to the hardware

Fault resilient algorithms
= Implement algorithms that can recover from failures/bit flips

cea DEVLOG
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£
" Major Changes to Algorithms/Software

* Must rethink the design of our
algorithms and software
» Manycore and Hybrid architectures are

disruptive technology

+ Similar to what happened with cluster
computing and message passing

* Rethink and rewrite the applications,
algorithms, and software

» Data movement is expensive
* Flops are cheap
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Cycle de vie

Taille de la
communauté

Impact

Maturité du &

logiciel Démarrage du | o Constitution de Ia . “ E’@mgﬁ@m
projetde | Open Source communaute i Maturation
recherche | i
i |
! - < o S g
OSRL 1 OSRL 2 OSRL 3

4 o
i Logiciel

Communauté
!
hercheurs Prépondérance d'industriels
i ': i i
. i ; T |
| | | | e
Décision de diffuser Naissance d'une communauté | Sortie
en Open Source d'utilisateurs !
Naissance d’'une communauté
de contributeurs
_____ I 59
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Grande généricité L’analyse

. Les membres, bien que
concurrents, peuvent étre partenaires
dans le consortium  Décrire
pourquoiily a
une forte
mutualisation sur
.. . . . .. le logiciel
g i, _ P,
i
w.. [ ]
o ™
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Benefits of going free software

« Inclusion of software on the form of packages within the
main free software distributions

Increased visibility : Linux (Debian, Ubuntu), FreeBSD,

Packaging done by autonomous mainteners (Debian
Science, ...)

+ Exclusive use within academic and/or industrial free
software

E.g. OpenFOAM
* No contribution to the software itself
Expertise is scarce, mostly owned by competitors
Build a testbed environment that they can join !

Choosing the proper license (2)

« Within a given class, choose the license according to its own
merits and to environmental constraints
« In the case of RNl for weak copyleft licenses :
LGPL allows “legal forking” towards GPL
Inria was my employer
So0... CeCILL-C
But it is incompatible with GPL...
« Define a licensing policy from the inception of your project

Using a free software license reduces the impact of

external contributors as long as the software is kept within
the same license perimeter

I o ® 61
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Montage du consortium

Un consortium se caractérise en général par un contrat d’adhésion
unique hormis les clauses financiéres qui peuvent étre adaptées.

» Quel est le financement probable des membres?
+ Possibilité d'une segmentation de 'offre aux membres (Gold,
Silver, ...)7?
+ Cotisation selon la taille de I'entreprise?
Durée de I'engagement initial
Choix de la gouvernance (Comité de pilotage, comité scientifique, ...)

Choix du montage juridique (par ordre croissant de complexité de
mise en ceuvre et d'indépendance vis a vis de I'Institut)

+ Sans structure dédiée (héberge par Inria)

+ GIS

+ Association loi 1901

+ Fondation(s)

Définition des protections (marque, logo, ...) si pas déja fait
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Millennium Prize;
the Navier—Stokes existence and

unigueness problem

Navier-Stokes Equations e

- ; Research
3 - dimensional - unsteady Center

Time : t Pressure: p Heat Flux: g
Density: p  Stress: =
Total Energy: Et

Coordinates: (x,y,2)

Reynolds Mumber: Re
Velocity Components: (u,v,w)

Prandtl Number: Pr
N dg  dpu)  pv)  dpw)
Continuity: bl 8 s ! x =0
¥ @t e Ty
X - Momentum: 9(pu)  dpu®) dlpuv) Bpuw) _¢p 1 FT"" 0ty Ot

xy xz
x|y | oz }
Y — Momentum: 9(pv) N fpuv) N A pvh) N A pvw) __ dp + 1 {af + af)‘)‘ + dr }

ot Ox dy dz ox Re,

xy ye

dt Ox dy dz d  Re,| Ox dy 0z
Z - Momentum 9tpw) + dipuw) + d(pvw) + Apw?y a_p+ 1 |0%s 01, + Ity
at dx ay dr dz  Re, ox ay oz
Energy:
HEP . J(uEy) . 8(vEy) . OWEr) _ 3up) Bup) _dmwp) 1 |94y N aﬂ_'_ dq,
ot dx dy 0z ox dy oz RePr,| x dy 02

1 ¢ d
Re a—(u‘rxx+v‘rx),+w‘rg)+ a(u‘rx). FU Ty + W Tye) + (U T +V Ty + W T2g)
r

dz

+
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Contexte et Evolution des Moyens de calcul

-+ GENCI
o Creation du GENCI e

- Financement pérenne des centres nationaux & r‘U ( INES ﬂrls

Echelle Nationale ;

Echelle Europeenne : le Projet PRACE

Partnership for Advanced Computing in Europe
-2 Développement d'une infrastructure de Européenne de classe

mondiale pour le calcul haute performance

2011 : Installation de la machine Curie au TGCC

=
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MAISON D€ LA SIMULATION

rd
ra
Crrzia —~
2l — u Conclusions
UNIVERSITE UNIVERSITE DF “"-
SpAms VERSAILLES
— SUD SAINT-QUENTIN-EN-YVELINES

m Formation et animation scientifique B Outil scientifique : Ordinateur + Applications

Formation initiale : B Développer en France une communauté des

Contribuer, en collaboration avec les partenaires, 3 assurer une implication forte
de la MdS dans les masters "HPC” du plateau de Saclay.

amM2s : CUDA

por [exemple

Sciences pour et par la Simulation (Computational sciences)

= Etablissement partenaire
= Mise en place est hébergement du site web

m La Maison de la Simulation est un lieu d’expertise et d’accueil que les

= Accueil des certains cours et participations a 3 modules

OMIHPS ,E_ i les e, chercheurs et les laboratoires doivent s'approprier
CUtilisation de la plateforme par deux autres Masters = dep.ﬂvm,,.' . _

Formation continue : (¢ semaines de formation, ~150 personnes formées)
Former les chercheurs et ingénieurs a l'utilisation des grands moyens de calculs.

QL abélisation PRACE Advanced Training Center (PATC) :
= Candidature francaise portée par la Maison de la Simulation et regroupant les trois
centres de calcul nationaux et Inria
= Dix formations/an
OSessions de formation
QOOrganisation d'ateliers, de conférences et d'écoles. Soutien au CECAM lle-de-France m

. — 66
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eActualités

JDEV?2013 - A vos agendas !

- La deuxiéme édition des Journées nationales du Développement Logiciel aura lieu les [...]

Article a paraitre dans le numeéro d'octobre

'~ DERE SES DONNEES

A [Mongée au coeur du plus-gros probléme
de Big Data scientifique au monde
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La visualisation collaborative:
un des grands défis
de la science actuelle!
7 novembre
Maison de la Simulation
Gif-sur-Yvette

Visu 2013
En novembre
Institut de Biologie Physico-
Chimique
Paris
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Your Opinion
IS requested

See You Soon
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