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ExaScale is coming ...

... but it won't be easy to get there




Projected Performance Development
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US DOE's Exascale Expectations

e DOE driving for an ExaFLOP
system by 2018 Peak Perf 2 PF 1€F x 500

Sys Memory 0.3PB 32-64 PB x 100-200
o Fundamental challenges on Node Perf 125 CF o TE 816

Pal'?l_lelS'ml Energy, Node Mem BW 25 GB/s 200-400 X 8-16
Resilience GB/s

. . Nod 12 ~1000 80
e Lower ratios of C:))nceurrency "

pOint SpEEd Vs Interconnect BW 1.5 GB/s 50 GB/s x 30
- Memory Size a # Nodes 20K ~1M x 50
: Total 225K ~1B x 4000
- Memory bandwidth Concurrency
- Communication bandwidth Storage 15PB 300 PB x 20

170 0.2 TB/s 60 TB/s x 300
MTTI Days 1 Day x 0.1
Power 6 MW 20 Mw X3

(lntel)
data center group
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Technologies and Solutions That Got Us to
Petascale Science...
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The Challenges to Exascale




Moore’s Law Iis Well and Alive
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Invented 2™ Gen. Invented 2M Gen. First to
SiGe SiGe Gate-Last Gate-Last Implement

Strained Silicon Strained Silicon High-k Metal Gate  High-k Metal Cate Tri-Gate




What are the right cores?

“large” cores “medium” “small” cores
cores

There is no one model for parallelism




Intel® Many Integrated Core (MIC)
Architecture

“Knights Ferry” “Knights Corner” Future “Knights”

T — 1st Intel® MIC product | i .
uture Inte
on 22nm
Platform for MIC » 250 » { products
! ) | cores ) 1

« Extending IA/x86 to flexible, fully programmable general purpose
Many-Core computing as co-processor

« Common |A programming models, languages, techniques and software
tools with Intel® Xeon® processors

* Industry leading Performance for highly parallel workloads

+ Higher Efficiency than other attached solutions

» Optimized Efficiency for a solution in combination with Intel Xeon
Processors




Single-source approach to Multi- and Many-Core
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architecture .
Multicore CI r
CO-processor ulticore Cluste

Clusters with Multicore
and Many-core
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Spectrum of Programming Models and Mindsets

CPU-Centric Intel® MIC-Centric
CPU-hosted  Offload Symmetric “Reverse” Offload  MIC-hosted ~ =

Productive Programming Models Across the Spectrum
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Exascale Challenges
for HW and SW developers

e Exploiting massive parallelism

- Mathematical models, humerical methods, and software implementations
will all need new conceptual and programming paradigms to make
effective use of unprecedented levels of concurrency.

* Reducing power requirements

- Reducing the power requirement by a factor of at least 100 is a challenge
for future hardware and software technologies.

e Coping with run-time errors

— an exascale system will have approximately one billion processing
elements. An immediate consequence is that the frequency of errors will

increase while timely identification and correction of errors become much
more difficult.




Exascale Power Scaling
Requirements

Petascale Machine of 2010: TFLOP of Compute

Exascale TFLOPS
Machine

Compute 40x
Memory 75X
Comms 20X
Disk/Storage 33X
Other 900x

Estimation based on Petascale
machine requirements circa 2010.
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A Holistic Perspective of the Challenge
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Intel Exascale Labs - Europe

Strong commitment to advance computing leading edge:
Intel collaborating with HPC community & European researchers
4 labs in Europe, Exascale computing is the central topic

ExaScale Computing ExaCluster Lab, ExaScience Lab, Intel and BSC
Research Lab, Paris Julich Leuven

Exascale
Lab, Barcelona
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‘ UNIVERSITEIT v t
J U LI C H N - Barcelona
) Supeﬂ:omput ing
FORSCHUMNGSZENTRUM Universiteit Ilmw'lrslu"jl
Antwerpen sehasselt .
- h

Center
Centro Nacional de Supercs

CLUSTER A .
PARTEC | comPETENCE
G (lntel)

scalability of Exascale scalability{ty New algorithms
ili

applications and reliabi

Architectural simulation

Tools for performance Scalable kernels and RT
characterization
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Intel European Exascale Labs

Basics Role

e Started 2010/2011 as co-

Understand requirements for

design centers exascale apps
e With leading European HPC * Provide feedback to HW
R&D organizations architects, educate
developers

In total ~60-70 researchers

e Build exascale HW and SW
Work on joint R&D program prototypes

with partners

* Be involved in European and
Part of ILE network national projects

intel"




The Exascale Labs are pacjotihe
Intel Labs Europe NEtWOEK

Inel - Woriad 0iab
Ouly, Finland

Intel Innovation Open Lab
Leixkp, |E

Digital Health Research Europe

Leixlip, I€

Embedded & Comms

Solutions Lab
Kontich, BE

Intel and SAP

Collaboratory
Belfast, NI

Innovation Value Institute (IVl)
Maynooth, |E

ExaCluster Laboratory,
Julich . DE
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Intel Embedded Lab

Shannon, IE

Intel
fasterLAB

Wirnersh, UK

Digital Home Lab

Swindon, UK

ExaScience Lab
Leuven , BE

Exascale Research Centre A

Paris, FR

e

IAG Development Centre
Barcelona, ES

h Intel Innovation
Intel Ultra Mobility Group Labs Centre

Toufouse, Nice, FR Instanbul, TR
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Leuven: Numerical Kernels,
Resilient Load-Balance and Scheduling,
Multicore Simulator

Spaceweather Jf Lifescience Radiation
simulation Transport

ﬁartial Differential + Particle Models \
Equations (PDE)
[finite e1ement][5pectral Element]
F1n1te d1fference]

p—

Particle-in-Cell 1[ ]

Molecular Dynamics

Basic Matrix Primitives
SpMV,Stencil,dot-product, AXPY

partioning/Loadbalancing

ExaScience Lab 5



Paris: Performance Characterization and
Application Enabling

1. Eull 7. Tying it all together: CTI

Application

2. Small Representative Codelets

4. Underlying Architecture

Codelet
Finder

MicroBenchmarks MDL

5. Handling all the Data
3. Coarse Grain Tools Machine

MAQAO, DECAN ASK Learning

Codelet Profiles

Optimization

" 6. Capacity and Prediction Models
Opportunities

Exascale o0



Barcelona: Scalable RT (StarSs), Tools
(Paraver/Dimemas), New Algorithms

#pragma css task input (A, B) output (C)
volid wadd3 (fleoat Z&[BS], float B[BS].,
float C[B3]) ;
#pragma c=ssz task input (sum, A) inout (B)
void scale add (float *sum, fleoat A[BS], '
float B[BS]);
#pragma css task input (&) incut (sum)
wvolid accum (float Z[BS], float *sum); .

Compute dependences @ task instantiation time

for (1=0; i<N; i+=BS)
vadd3d (| &&[i1], &B[1], &C[1]);

ff C=R+B

for (1=0; 1<N; 1+=BS3)

accum (&C[1], &sum);

S sumi{C[i])

for (i=0; i<N; i+=ES) // B=sum*h

scale add (&sum, &E[i], &B[i]);

for (1=0; i<N; i+=ES) ff B=C+D
vadd3d (&2[1], &D[1], &&[1]):

¢

for (1=0; 1<N; 1+=BS3)

_l"rllf E=G+F 1 1
vadd3 (&G[1], &F[1], &E[1]);

Color/number: order of task instantiation
Some antidependences covered by flow dependences not drawn
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Juelich: DEEP KNC-Cluster
HW+SW architecture

Booster
Cluster Element Interface  Booster Node
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Thank You!




