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Computing Power Evolution

Top System Performance [ M Flop/s ]

arch
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High Performance Computing Power Evolution (data from multiple sources)
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Titan Supercomputer @ ORNL

i i
A

f,

|

Pt L e B S

il

7~ #1-TOP500 Nov/12

e .
' RN ot -

. Cod \ LAY . -
2 ~ ST \ . 0 i N

Titan - Cray XK7

18688 Compute Nodes

I% 16 core AMD 6274 @ 2.2 GHz
I x Nvidia Tesla K20 GPU

Rpeak 27.1 PFlop/s

Rmax 17.6 Pflop/s
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Outline

* Modeling Plasma Based Accelerators
- The OSIRIS framework
- Algorithm
- Computational Requirements
« Extending the algorithm
- Lorentz boosted frames
- Ponderomotive guiding center
- High density hybrid
- LWFA in cylindrical geometry
* Scaling to Petascale Systems

- Multi-level parallelism

- Multi-dimensional dynamic load balance

* Plasma Acceleration on Tier-0 systems
- Scalings @ Sequoia & BlueWaters

- 20 m long beam-plasma interaction @ SuperMUC
- High-res 1 GeV LWFA @ Jaguar
- Full scale target LWFA modeling @ SuperMUC

e (QOverview

Ricardo Fonseca | EAAC 2013
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Outline

* Modeling Plasma Based Accelerators

- The OSIRIS framework
- Algorithm
- Computational Requirements

Ricardo Fonseca | EAAC 2013
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Modeling Plasma Based Accelerators

PIC algorithm

d A
U_9/g+luxs
dt m yc )

4 )
Integration of equations of

motion, moving particles

F,— u —x
. J
4 ) (" )
Weighting Weighting
At
(E,B),—F, (x,u); = J;
\ y . Y,
( )
\ Integration of Field 4/
Equations on the grid
lj _'( E ’ B )j
L V.
oE - ,
—=cVXB-4rj
ot
oB -
—=—cVXE
ot

Tuesday, June 4, 13

Complex, strongly nonlinear interaction
- Kinetic modeling

Modeling particle interactions directly very
difficult

- Calculations ~ Np?
Collective interactions dominate

- Use a particle-mesh algorithm
Highly collisional plasmas

- Additional MC binary collision module
Ultra relativistic intensities

- Radiation cooling, QED effects
Ricardo Fonseca | EAAC 2013



osiris 2.0

0sSiris osiris framework

v2.0 | . Massivelly Parallel, Fully Relativistic
Particle-in-Cell (PIC) Code
Visualization and Data Analysis Infrastructure

Developed by the osiris.consortium
= UCLA + IST

-
N— 1

| : :
JL y o ey _Lk_L/_LJLgl;LJLJQAngg_J

code features

Scalability to ~ 1.6 M cores
SIMD hardware optimized
Parallel 1/O

Dynamic Load Balancing

I

INSTITUTO

SUPERIOR Ricardo Fonseca: ricardo.fonseca@ist.utl.pt | |
ki Frank Tsung: tsung@physics.ucla.edu - | PGC & HD-Hybrid algorithm

Tight integration with visXD

High order splines

UCLA http://cfp.ist.utl.pt/golp/epp/

http://exodus.physics.ucla.edu/ Ricardo Fonseca | EAAC 2013
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Modeling Laser Wakefield Acceleration

10 GeV electrons

1 um laser

* Tool of choice
« 30 EM-PIC algorithm

« Computational Requirements
» ~ 103 grid cells
* ~ 10" particles -
- |terations ? 105 - {07
o Memory 1 1G‘E3"W

. Operatlons & TD%’ 1019, total propagation

* Petascale Computlﬁg; ‘., o distance: 0.5 m

+ ~ 4 cent. / core hour _
/ 10" cm™ plasma

 Efficient use of Tier-0 systems

Tuesday, June 4, 13



Outline

« Extending the algorithm
- Lorentz boosted frames
- Ponderomotive guiding center
- High density hybrid
- LWFA in cylindrical geometry

Ricardo Fonseca | EAAC 2013
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Ponderomotive Guiding Center (PGC)*

Long distance (10-100m) LWFA
:Efast IF'. P : PIC

| A |
| | | e Significant challenge for PIC codes

f |
| ‘ \ | l f\
| \

||' '| " " | " | : ,I |'| | e Large disparity of spatial scales
| ‘ ' IR | e propagation distance / laser
',,' I ‘! | | wavelength
* Algorithm must resolve the smallest scale

resolve laser vaeIength
in the simulation
* High resolution, large iteration count

“Laser envelope PGC
| * Ponderomotive guiding center

| approximation
* Model laser envelope propagation

* Push particles using self consistent

resolve plasma skin depth .
coarser grid, larger time step plasma fields and ponderomotive force

E—
* D. Gordon, W. Mori, T. Antonsen, IEEE-TPS, 28 1135-1143 (2000) Ricardo Fonseca | EAAC 2013
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PGC - PIC simulations of LWFA

AX = 01 kp
Ay = 0.1 ko At = 0.02/wy,

Laser pulse envelope equation:

$
S,
da 1 10 =
a D
= 7 1+ - X+Vi)a ?
or 2wy ( 1wy & ( L) E
laser i laser %
7=t : & =x-ct | c . i
requency envelope = a0=4 Wo=5/ky wo=10w,!
Ponderomotive guiding center pusher:
dp 1 ¢q 9 | :
E: E—l_VXB—ZWV‘a‘ 5| Ful PIC
slow varying slow varying electric (E) ‘relativistic mass in T \
momentum and magnetic (B) fields |laser fields ]
D 0
Features o
<
* Speedup ~ (wo/wp)? s -l
e Large boosted frame like computational savings § -2
e Ultra-fast LWFA simulations 3

|0x lower resolution

* lonization energy depletion T=100 c/aw, _ _ |
e 2D slab/2D cylindrical -20 -10 0

Position [c/wp]

D. Gordon, W. Mori, T. Antonsen, IEEE-TPS, 28 1135-1143 (2000) Ricardo Fonseca | EAAC 2013
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Lorentz Boosted Frame”

laboratory frame

boosted frame

*].-L. Vay, PRL 98, 130405 (2007).

Tuesday, June 4, 13

Long distance beam/plasma Interaction

e Different reference frame
* Work in a reference frame moving at y to
reduce scale disparity
e Driver (laser/beam) is elongated

e Also lowers requirements on grid
resolution

e Plasma target contracts
e Shorter propagation distance

e High performance gains
e | ower resolution / plasma contraction
e Fewer particles/Less iterations

* Speedup ~ y2(1+f3)?

e Difficult simulations
e Numerical Cerenkov

e Backscattered radiation / self-injection not
accurately modeled

Ricardo Fonseca | EAAC 2013



LWFA in boosted frames

+40 GeV external injection

Tailored injected beam
to minimize final
energy spread

Guiding channel
Length: 5.28 m
Density: 2.2 x 106 cm-3

30

Energy [GeV]
N
o
I

10 - -
P 02000 4000 6000
3QO | | | X, Booslt [nm] | i
0 1 2 3 4 5
Distance [m]
S —— ————

Tuesday, June 4, 13

+10 GeV self-injection

X, Boost [um]

elf-Injected

7-12 GeV, 1-2nC 400

300

I
i ﬂ _

X, Boost [um] 300

Boosty =10

~ 300 x faster than
lab. simulation

S. Martins et al., Nat. Phys. 6(4), 311, (2010)
Ricardo Fonseca | EAAC 2013



Speedups up to ~10-

30 I | 11 1 1 1 1 1 1 1 T T 1 [
Boost v ~102- 103 : Theory ]
o [ : N
. . @ »r Ei=14 1
e Control Numerical Noise = I Simulati 1Fq05
ot imulation 1M =
e Advanced filtering e 7| E, =12 1H s
o S S0 1=1. —F400 €
e Alternative field solver © oz 1h §
e Finite difference: 4th % I | o
(- 15 = |
order, CK, Lehe 3 : B,
e Spectral | ]
1] L } H L | | T R | | Ry | el S T | S e | I | | ] | -
* "Magic” time step 1073500 4000 4500 5000 5500 6000 to
x[c/w]
e Improved laser injection 100 L P A e
e Moving antenna - : -
e Reduce transverse box size £ - - S';E:IZ:S”:
°>” S B Theory:
e Good agreement with theory g %3 o0 f_ Simulation 106 c'ei’
e Accelerating gradient Ay 5 F 12m -
: - Theory: ’
e Energy gain - 15m E
e Depletion length ok r ’l =
102 122 142
Distance [m]
. T — =
S.Martins et al, Comp. Phys. Comm. 181(5), 869 (2010) Ricardo Fonseca | EAAC 2013
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New hybrid-PIC algorithm for HEDP modeling® Ifi

Plasgna Parameter
nip (# particles)

lgnition laser

100 200 300 400500600

radius (um)

Full-PIC code Hybrid-PIC code

* Full Maxwell's equations . Maxwell's equations +
« Kinetic species If resistivity (Ohm’s law) Ohm'’s law (inertialess)
* Mo<10%cm matches collisional model *  Kinetic species

* wp At < 0(1) | transition is natural *  NMo>10%cm

*  Axwp/c<0(1) and self-consistent * veiAt< 0(1)

*  cAt/Ax<1 * CAt/Ax<1

*B. Cohen, A. Kemp, and L. Divol, JCP 229, 4591 (2010), F. Fiuza et al., PPCF 53, 074004 (2011) Ricardo Fonseca | EAAC 2013
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lon acceleration from laser-solid interactions i

Ao = | m 1D simulations @ 0.85 ps
WO - 5 !.Lm L ) ‘ - 3‘0 = T 1 T
To = 200-350 fs T 20
E-E = @
S 10¢E £
O = <
2 : 8
~ W OE .
= S 2
() = z @
) S 10 8
L=30x5 wm 5
o =
— — -20 =
neo = 1000 ne _
"SU = 1 1 1 | 1 i 1 i | i 1 | 1 i = 0
mi/me = 1836 0 20 40 60 80 100
X, [em]
T 171 T T T T T T TT1 T T T T T T TT1 | rTT T T TTTT1 T T
5.0 104 - fU”'PIC —
I — hybrid-PIC |
40 & _ y
% € 10° R
30 C\IO % i ]
50 E g 10° 22.5 MeV _|
Z s | \ _
10 A&
PIC h)’brld PIC ' 102 _
0-0 | | | | N T N T N T | | | N T N T N T | | | N T T N T T A | | 1 1
0 20 40 60 80 100 -0.1 0.0 0.1 0.2
X; [um] P+ [Me ]
Monte Carlo Coulomb collisions modeled in all simulations Ricardo Fonseca | EAAC 2013
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High speedups and accuracy

Full PIC HD-Hybrid

0.15 [ o T e g 015 [ NS T i Tl

0.10 | / _ , 0.10 | f _ |
- f 4 10° e N f 1 10° e
: 0.05 | : = 0.05 | ,' . =
e New algorithm allows for T | ‘ 3 Sls ] =
. E' B ‘ / 1 2 S E' & /L J 1 2 ~
smooth hybrid - PIC e M 1R° 2|2 *%} 1R =
transition and accurate 005 1 A0 < | °0%F ElL. I

5 11110 i 11110

results 0.10 |- 3 010 |- .

° -015-—._...‘.lx.;.‘.xl_,——j DA e e fder dnpanics 1;
Very |arge Speec'ups can 0 20 40 60 80 100 10 0 20 40 60 80 100 10
be achieved while X, [um] . X um] .

AR R RALLEH RPN BALSULY RS RS RRALE RALRS RARES LAY RARLS
maintaining the accuracy 0.04 | H 0.04 | ;l
1D - 90x speedup o .z | ool 1
] - | -
e 2D - 300x speedup T ] s S [ - s
. E 000} we ~ & | E ooof & - 5,
e Fl runs can achieve ~10° a | : g | | i
speedups e o 111 = | o02f 10«
-OOdl 3 -004; 2
:4lk.lL;..ll..ill.lll..ll..tklj 10* ralL.lls..l&.‘xll.ill..ll..Allj 1
015 010 005 000 005 010 0.15 015 010 005 000 005 010 015
p, [m, c] p, [m, c]
2D simulations @ 0.50 ps
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Quasi-axissymetric PIC for LWEA™

e Use cylindrical coordinates for the fields

* Do a Fourier decomposition in the
poloidal direction

* The physics of LWFA is quasi-
axisymmetric

* Only a few modes needed, higher
modes can be neglected

* Only a few “2D” modes are calculated
e faster simulations
e Mode m=0

* No dependence on 6
* Correspond to a 2D cylindrical case
* The laser field is described on mode m=1

* Only 2 modes are enough to describe
the laser field and axisymmetric
wakefield

*A. Lifschitz et al, JoCP 228, 1803 (2009)

Tuesday, June 4, 13

Calder-Circ

E(r.0.x)=FE.(r.0.x)e, + Ey(r.0.x)eg + E,.(r,0,1)e,

+00
F(l 9 ‘.l’) — Z F'm- (’ ;17') E—zm,O

m=—0od

. 1[4 .
F"(r,x) = — / F(r,0,z)e™ do
-) ‘T /
= 0
E(r.0.z) = ao(r,x)ey = ag(r,z)cos(0)e, — ag(r, x)sin(d)ey
B(r.0,x) = ao(r,x)e, = ag(r,x)sin(f)e, + ao(r, x)cos(d)ey

Ricardo Fonseca | EAAC 2013



Similar results to full 3D

14 T T T
_ (@) —Founer
cea Calder-Circ 12f —30
10¢
* 10=0.8 wm S 9
4]
6-
* 10=30fs
4
° Wg=9 wm 5
e ag=5 . . .
00 2000 4000 _4 6000 8000
e ne=0.007 n¢ Temps [w;]
I — E—
10 , . . 200 .
. —3D
(a) — Fourier (a) ——Fourier
— 1) —_
. 5 : 3 0 '
o | | =
g =
gw 0 “" “ S 100 G0x faster
E | g \
w™ 5 | — 50f -
_18 : : . . 00 510 160 1éO 200 260 300
600 6700 6800 6900 Energie [MeV]
X [1/k,]
T — T
J— T — Ricardo Fonseca | EAAC 2013

Tuesday, June 4, 13



Outline

* Scaling to Petascale Systems

- Multi-level parallelism

- Multi-dimensional dynamic load balance

Ricardo Fonseca | EAAC 2013
Tuesday, June 4, 13



Multiscale Parallelism
Interconnect

* Modern HPC systems present a
hierarchy of parallelism [”Ode Uj [”Ode 1} ------------- [”Ode ”J
e At the highest level they are a
network of computing nodes ‘
e Each node is a set of CPUs / cores - ~
(GPUs/MICs) sharing memory inside node
the node Memory
* Most processing cores have a vector C CPU O )( CPU 1 )( CPU 2 )
SIMD unit (AMD, Intel, Power7) C CPU 3 )( CPU 4 )( CPUS )j

e Efficient HPC system use requires ‘
taking advantage of all these levels
of parallelism Core

n-way SIMD Unit
\_ Y,

Ricardo Fonseca | EAAC 2013
Tuesday, June 4, 13



HPC system level parallelism

Distributed memory

« Each process cannot directly access
memory on another node:

» Information is exchanged between
nodes using network messages
(MPI)

« Standard parallelization uses a spatial
decomposition:

. im. | Domai
e Each node handles a specific SR P
region of simulation space
* Works very well also on multi-core
node 1
nodes node 2
msg1—2 ¢

« Message passing inside a node is
very efficient

» Very efficient for uniform plasmas

 Susceptible to imbalance if particles $ msg2—1
accumulate in a subset of nodes

Ricardo Fonseca | EAAC 2013
Tuesday, June 4, 13



Load Imbalance

Imbalance Problem Dynamic Load Balance

* For non-uniform plasmas many particles may * The code can change node boundaries
accumulate in a single process dynamically to attempt to maintain a even
* Processes don’'t share memory access and only load across nodes:
communicate through messages e Determine best possible partition from

current particle distribution

* Reshape the simulation
* This process with the most particles will P

dominate overall simulation time

"I process 0 process | el

sk . _ [process 0 process | A

process 2 process 3 = F .

process 3 -

| o i L.
6 8 10 12

All work handled by process O 4 cores Even particle load across processes 4 cores

Ricardo Fonseca | EAAC 2013
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Multi-Dim. Dynamic Load Balance

t'>0

node boundary o

Best Partition

e Difficult task:

e Single solution exists only for 1D parallel
partitions

e Improving load balance in one direction might
result in worse results in another direction

Multidimensional Partition

e Assume separable load function (i.e. load is a
product of fx(x)xfy(y)xfz(z))
e Each partition direction becomes independent
e Accounting for transverse directions

e Use max / sum value across perpendicular
partition

Tuesday, June 4, 13
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CPU / node level parallelism

e For non-uniform plasmas many particles may
accumulate in a single process

e Processes don’t share memory access and only
communicate through messages

* This process with the most particles will dominate
overall simulation time

LIRS N LR ™ ! =

Imbalance Problem Using Shared Memory

e A group of cores will share memory access /
simulation region:

 Distribute particles evenly across these cores

e The workload for these cores will always be
perfectly balanced

* Implement using OpenMP
e Simple API for shared memory parallelism
e Use 1thread / core

]ITI1IT‘11II IT ‘IT 'IT

12

-

T

ll'r.‘

process 0

process |

P 1 T 7 1

L

process 2

process 3

4 cores

4 cores

12 process 0, threads 0-3

-117‘(

LA AL Tl\IIT

B ]

-

-

-

B e e

2

Lllll..ll--

.’ll..il

L'JllL

11"11

T

& 6 8 10 12

Xa ":' | W
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SMP particle pusher

Particle Buffer
000000000000 000000000

Algorithm

* An MPI process handles a given simulation ‘ . : L
region Thread 1 Thread 2 Thread 3

* This process spawns nr threads to process the
particles:
* Use nrcopies of the current grid
* Divide particles evenly across threads
e Each thread deposits current in only 1 of
the grid copies

e Accumulate all current grids in a single current \ l /

grid @ Parallel Reduction
e Divide this work also over nt threads

!

* Algorithm overhead

e Zeroing the additional grid copies
* Reduction of multiple current grids

Total Electric Current

Ricardo Fonseca | EAAC 2013
Tuesday, June 4, 13



Simulation Time 300

—

e
:
I

-

0 1 2 3 4
Performance [M part/s]

w

(o)

# Threads / MPI Process

12

* Additional sections were parallelized:
* Boundary processing of particles / fields
e Particle sorting (rearrange stage)
* Lower node communication volume
* Only 10% slowdown for 6 threads / MPI process
from reference MPI parallelization

e Large Drop from 6 to 12 threads / MPI process

Tuesday, June 4, 13

Simulation Time [s]

225

150

75

2 3 6 12
# Threads / MPI process

reduce current

particle sort, rearrange particles
particle sort, gen. idx

update particle boundary
advance deposit

update current boundary
current smooth

field solver

update emf boundary

Other

Ricardo Fonseca | EAAC 2013



Core Level Parallelism

Single Instruction Multiple Data (SIMD)

e Modern CPUs (Intel / AMD / PowerPC)
include a SIMD vector unit:

SIMD * Modern cpus include a single instruction

unit multiple data (SIMD) vector unit

e \Vector registers (n x 32 bit int/float)

5 RIS * [nstructions act on vector registers

m— e ——— e Same operation on n different values
| i — simultaneously

* Programming
* Require ASM or Cintrinsics
* Some compilers will generate SIMD code
automatically
”“‘*"“"""“”“"‘3?';-_—‘-” s Lk bz e System Architecture
"-"" = 3..—.. = e Same overall architecture
"5 e e Cache based memory system
* More data being processed per cycle:
e Optimize memory access

lnh”nil-liilﬁil Win uuuuaq fhsu ) s

-

IBM Power 7 CPU

Ricardo Fonseca | EAAC 2013
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SIMD Algorithm

Particle Push « PIC codes are good candidates for

optimization:

Load n particles into Load n virtual part. into - Operations on each particle
Vector Unit Vector Unit independent from each
other...

¥

- except for current deposition

Interpolate Fields

Calculate Currents - For most cases work well in
single precision

|
4

Push Particles

« Process n (vector width) particles
at a time

g Dep. Current vps '

 Memory access much more
expensive than calculation

g Dep. Current vp; '
' Dep. Current vp, '

----------------------------------

Split Path / Create virtual - Avoid temp buffers

particles - Optimize for cache

W B M O O M S W O S W O S W M W W W W W W W O E o,

LR W

‘ Store Results .

Tuesday, June 4, 13
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Performance on modern CPUs

* Intel E5-2680 @ 2.7 GHz Performance on Intel E5-2680@2.7 GHz
- 8 cores / 16 threads
- 256 bit wide SIMD (AVX) " s | |
- 32kBL1i+32kBL1d+256 kB @ 74
4 2 .
L2 per core = .9.2
- 20 MB L3 percpu i o6
_ o 3
(up to) 2 cpu per node g7 so
« Benchmark - 0 cpu
- 3D Warm plasma 4 Izlg ol "
- 1 Mcells / 8 Mparticles 0 50 100 150
 Floating point efficiency: ~ 50% 3D Performance [ M Part/s |
Core | CPU

| Performance
[MPart/s]

| Performance
[MPart/s]

Level Push [ns]

Level Push [ns]

1 1 7.4 134.34
p 2 13.6 73.62
3 3 24.8 40.34
#7 - TOP500 Nov/12 E = Al 0.2

147456 cores

Rmax 2.9 PFlop/s Ricardo Fonseca | EAAC 2013
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Outline

* Plasma Acceleration on Tier-0 systems

Scalings @ Sequoia & BlueWaters

20 m long beam-plasma interaction @ SuperMUC
High-res 1 GeV LWFA @ Jaguar

Full scale target LWFA modeling @ SuperMUC

Tuesday, June 4, 13
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Scaling to 1.6 million cores

Scaling Tests

Sim. Volume

Parallel Domain

* Scaling tests on LLNL Sequoia

* 4096 — 1572864 cores (full system)
* Warm plasma tests
e Quadratic interpolation
® Uih = 0.1c
* Weak scaling
e Grow problem size
e cells = 2563 x ( Ncores / 4096 )
e 23 particles/cell
* Strong scaling
* Fixed problem size
* cells =20483
* 16 particles / cell

Tuesday, June 4, 13

Speedup P
1000 Efficiency @
1.6 Mcores
o Strong Scaling Jd— 979,
O Weak Scaling “+— 759,

o — Optimal

S

S 100

(o))

o

<

E

o

Y

S

o 10

(o))

Q.

w

1 — - - -
1,000 10,000 100,000 1,000,000 10,000,000

# Cores

) g2+ 84| |LNL Sequoia
. =& Mgy |BMBlueCene/Q
\ " E2F”  #2-TOP500 Nov/12

1572864 cores
Rmax 16.3 PFlop/s
R
Ricardo Fonseca | EAAC2013




Sustained Petascale performance r

L

[/‘,/,,'/(,,'

e Performance tests on Blue Waters
772 480 cores (XE partition)
e \Warm plasma tests
Quadratic interpolation
uth = 0.1cC
e Problem size
cells = 38624 x 1024 x 640 (~2.5x100)
400 particles/cell (~10M)
e Computations
2.2 PFlop/s performance
31% of Rpeak

Tuesday, June 4, 13

Blue Waters - Cray XE/XK hybrid

24140 XE Compute Nodes
2x 16 core AMD 6276 @ 2.3 GHz
Rpeak 71 PF/Op/S

3072 XK Compute Nodes

1x 16 core AMD 6276 @ 2.3 GHz
1 x Nvidia Tesla K20 GPU
Rpeak 4.51 PFlop/s

Rpeak aggr 11.61 PﬂOp/S
o . 4

Ricardo Fonseca | EAAC 2013




Self-modulated plasma wakefield acceleration W TECNICO

in 10-20 m long plasmas v.vith ionizing laser .
-
L v

c"“
- ALY %
. . "
u'- )
.,
3

X ¥
s:

N
.‘. 'ﬁ'
s\ 1
R 4 .'

1

"'.i"“-'/
- - —

&

¥

*
1

: .
* Ponderomotive guiding center algorithm
e full-scale modeling of 10-20 meter long plasmas
e 20 cm long simulation window
* |onization seeding for self-modulation and ionization ] 1°]

laser depletion
e ~108 time-steps per simulation
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Performance
e 7.09x1070 part

® 3.12 Ys core pUSHILIITIE
e 4,66 imbalance
e 77 TFlops (3.3\% of R¥eak

Comparison with warmiplasma benchmz
* 9.8x slower \
* Very small final problem size
e ~15 I\( particles pe\rl ofs:
e parallel overhead > 50 %

Tuesday, June 4, 13



Laser wakefield acceleration WTLFScé\ggo
Full-scale 3D modeling of entire gas jet

e full-scale modeling: >1 mm-long target
* Multi-level ionization

e ~3x10" cells

* ~ 6x1070 particles

e ~ 3x104 time-steps

e ~ 0.4 million core h (~ 16 k€)
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Outline

e (Qverview
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Overview

OSIRIS in numbers

e Scalable to ~ 1.6 Mcores

e > 2 PFlop/s sustained perf.

> 1070 cells
> 10" particles

<8ns /part/cpu
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Petascale HPC systems online

- Qutstanding tools for scientific research

- Leverage on an hierarchy of parallelism
Improve our existing models

- Explore multiscale scenarios

- Over/under critical laser plasma interaction
Improve our codes

- Exploit all levels of parallelism available

- Make every cycle count
One to one kinetic modeling of plasma
based accelerators within reach

- Multiscale simulations

- High-Fidelity full scale models

Ricardo Fonseca | EAAC 2013



