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Exascale Challenge

e Exploiting massive parallelism

- How will existing applications scale?

- Will there be new apps or models using new algorithms?
- Data transfer (memory, interconnect) will become relatively more expensi

e Coping with run-time errors
- Frequency of errors will increase, identification and correction will become more difficult
- HPC middleware has to include resiliency . : =

e |cLoSED

- Redesign applications to embed resiliency?
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Intel European Exascale Labs

Role f Status

Understand requirements for |
Exascale applications Started 2010/2011 as co-
-= ; design centers ’

_JJ‘f‘IJJEf:’C 'S With leading European HPC
R&D organizations

Provide guidance to

application developers > In total ~70 researchers

_JJJJ_J d,u_,s:JJA HW and SW Joint R&D program with
JJJJ*_,.IJT'.D

Contribute to European and Part of Intel Labs Europe
national projects network with >1,500 R&D
professionals




Intel Exascale Labs — Europe

Strong Commitment To Advance Computing Leading Edge:
Intel collaborating with HPC community & European researchers
4 /abs in Europe - Exascale computing is the central topic

Lab, Barcelona
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(" ExaScale Computing ExaCluster Lab, | ExaScience Lab, Intel and BSC Exascale
Research Lab, Paris
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Exascale applications and reliability Architectural simulation New algorithms
Tools for performance Scalable kernels and RT
characterization
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www.exascale-labs.eu
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France: Exascale Computing
Research Center

W | Appllcatlon Performance
APPIICALIO] 1 -

>Calabliity - from Cors to Platform level
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Application co-Design at ECR

Pave the way for Exascale science

e Work with external scientists and
partners

 Reach out to the community
through Exascale app design guidelines

Approach at ECR

* Understand the scientific trends
from today to 2018

e Characterize relevant mini-apps

on existing HPC hardware and prototype Massive p

Parallelism =

® Programming E
models

¢ Load balancing

* Provide projections according to
hardware trends

* ldentify algorithm-specific bottlenecks
for performance, power, resiliency,
programmability, ...
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Case study performance tuning
Buls @

Exascaleco

computing research

European and national
HPC systems

CURIE: =>92000 cores

(inte) GO i eng

Université
Paul Sabatier

QM s frontiénes i".li."‘ml: lllllllllll N

Mi_chel Caffarel, and
Antony Scemama
CNRS Toulouse

Innovative method for
material science

simulations on today’s

HPC systems (Curie),

. tomorrow on Exascale |

R I
UNIVERSITE DE %
VERSAILLES %

ST-QUENTIN-EN-YVELINES

360 TB memory

William Jalby and the
software tools team
UVSQ

Highly advanced and
innovative method for
characterizing and
tuning applications

' ~
December 2011: Large scale simulation on

76800 XEON ES5 cores of Curie
38% of peak performance (Mixed SP/DP): 4800 nodes,
in total 960 TFlops/s

N J/
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Seismic Imaging at ECR

e Trends in seismic imaging
— Tackle geophysical complexity

— Exploit increasingly extensive amount
of data from seismic acquisitions

— Quantify uncertainty

e Collaboration goals

— Characterize performance of seismic
imaging kernels on current
architectures

— Help prepare for the future

— Intel architectures, programming
models

— Numerical methods towards
exascale seismic modeling

2. Qil industry
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Key Performance Factors for
Seismic Inversion

O(10) O(10—100) > O(1000)
Z N\
<L— _____ _ Wave equation scheme >

Boundary regions (PML)
imbalance
{_ MPI, domain decomposition
< 1/0 scheme )




Spain: Intel and BSC Exascale Lab

Barcelona -
Supercomputing I n tel
Center

| : Centro Nacional de Supercomputacion

(
Scalable Scalable
Performance Run-time

tools - System |

New
Algorithms

Allgathe alltoall
+ L J
allreduce sendrec
B MP1 call @ GADGET_A.255.ICE trace.chopl prv.g waitall
: o
[ . =
Real | i | .
run | | I | .
| ¥ | I
4

E MP1 call @ DICE256.ideal.pry <2>
¥ {
Ideal | :
network | | {
Al



Germany: Julich ExaCluster Laboratory
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SW Scalability and
Resilience

Exascale Cluster
Architecture

Exascale Simulation
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DEEP — Dynamic Exascale Entry
Platform

Exascale prototype platform

— Combine Intel® Xeon Cluster with extremely
scalable Cluster of Intel® KNC boards

— Achieve high packaging and energy
efficiency by hot water cooling

Runtime system and programming =) S I
environment | |

— Evolution of OmpSS model
Six pilot applications

— Life sciences, astrophysics, climate researcn, materiarscn :
engineering

http://www.deep-project.eu
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Belgium: Flanders ExaScience Lab

Katholieke Universiteit Leuven

- Universiteit Gent n

l I I l e C Vrije Universiteit Brussel n te I
Universiteit Antwerpen

J Universiteit Hasselt

Application
Frameworks

Visualization
wMethodologies

cxascale
Space-weathenr
Prediction
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Multiscale — Multiphysics — Out'Goals

Petascale Exascale
10 km hours
SYSTEM
scales
10° km 1m
. 10% km 1s
ION scales
102 km 103s
109 km 10%s
ELECTRON
scales
101 km 107 s

EXASCALE allows to bridge the micro-macro gap by increasing size and resolution by the needed
3 orders of magnitude




OUTLINE

Algorithmic
development

Hardware Needs

Can the model
be run on
petascale?

Multilevel
methods

Can the model
be run on
exascale?




INFRASTRUCTURE

Application

Particle-In-Cell Simulation

Data Structures

Load Balanced Grid Data Structures

Exascale Communication Library
Runtime Layer

Cobra: Continuator-Based Resilient Workstealing
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