—

’ ( ‘ Jean—Piélﬁﬁ.-[e Panziera Teratec 2011

‘ =

P
\te;@telc < A
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Xeon cores Xeon cores Xeon cores
SMP nodes +SMP + GPU

memory memory - memory

disk storage disk storage disk storage
10 throughput 10 throughput 10 throughput

footprint footprint footprint

memory total BW
More than PetaFlops ! hUL'
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Industrial challenges in the Oil & Gas industry: Depth Imaging roadmap

Algorithm complexity

Visco elastic FWI
petm-elastic mvertion

elastic FWI
visco elastic modeling

isoiropsc/anissotropic FWI
elastic modeling/RTM

isofropic/anisotropic RTM)|
isotropic/anisotropic modeling

Paraxial iscbropic/anisotropic imaging

— * higher resolution

Asymplotic approcimation imaging

. * physics (elastic / anisotropic)
1995 2000 2005 2010 2015 2020

Algorithmic complexity Vs. comesponding computing power

» accurate numerics (FWI)

source: exascale.org
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Electro-Magnetics

Structural Mechanics
Explicit

Rl

Computational Fluid
Dynamics
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Quantum Mechanics Molecular Dynamics
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A wide range of Domains
and Applications

Reservoir Simulation  Rendering / Ray Tracing
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Climate / Weather
~ Ocean-Simulation

More than PetaFlops !

Computational Chemistry Computational Chemistry Computational Biology structural Mechanics

Implicit

Data Analytics
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| Processing Element : architecture and frequency
® Multi/Many-cores, Accelerators, ...

m Memory Capacity & BW - MCM, 3D Packaging ?

® Feeding enough Bytes to the FP engines, fast enough

| Network bandwidth, latency, topology and routing
® Optical connections/cables , fewer hops, compact packaging

m |/O scalability and flexibility

® XXXLarge datasets + faster computations - data explosion

| System-level resiliency and reliability
® Month(s) long jobs getting through HW failures

| Power and Cooling
® Fewer & less consuming components, improved PUE

| Price ?
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from peta to exa-scale

compute performance
memory BW

memory capacity We won't
Disks Capacity

Disks BW

make it with

HPC as usual
Interconnect BW

Interconnect Efficiency

constraints We won't

expec|ted be able to

Consumption (Watts)

System Size (m~"2) afford it

Total Budget |
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pProcessor

DDR3

CO-processor

core core

core core
mem
DDR3 ==

ntrl core core

mem

cntrl

shared cache

SIMD cache

SIMD cache

SIMD cache
SIMD cache
SIMD cache

Vl cache

shared data

©Bull, 2011

OpenGPU- jpp

Application

Computation

offload

Bulk
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2 X CPUs 2 X GPUs

GPU / CPU ratio
GFlops (DP) 7
Memory BW 4.5

consumption 2

bullx blade b505

Memory Size

Graphics Rendering

Seismic Imaging

Molecular Dynamics, Astrophysics
Financial Simulations

Structure Analysis , Electromagnetism
Genomics

Weather / Climate / Oceanography

... and more...

Applications suited for GPUs :
1 Smaii source code (kerneis)

1 Limited datasets or very good
locality

(Single Precision)
Little communications
Cuda or OpenCL or HMPP
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core core
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shared data

self-bootable
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Faster with
Many More
Slower
Processing
Elements

self-bootable

elep/ayoed paleys

CO-processor

shared data

. Memor
Parallelism !l y
Levels

OpenGPU_ Jpp Brchitect of an Dpen Workd™
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Exascale Systems
50-100k nodes
[ 10x today |

Parallel
X File System
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5,832 nodes fully non-blocking
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# components
In system

Increase
System Resiliency
but not Cost !

Jobs
runtime

—

Bulk
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20 kW/rack 30 kW/rack

Air-cooled Water-cooled door  Direct-Liquid-cooling

Co-generation

Bulk
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HPC Applications stress all aspects of a system (seldom flops)

Processing Units (PUs) cross-over between CPUs & GPUs
CPUs ease of use + GPUs performance and power efficiency

Balanced Design Required
Memory BW & latency, Interconnect, local 10

®m Optimal data centers cooling

Improved nodes energy efficiency
Accelerators, better integration (NIC in PU)

® Resilient but Affordable
Software, Software, Software, ...
Administration, Monitoring, Development, Runtime

More than Flops !
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bullx

instruments for innovation




