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Legal Disclaimer

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL® PRODUCTS. NO LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR
OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. EXCEPT AS PROVIDED IN INTEL'S TERMS AND CONDITIONS OF
SALE FOR SUCH PRODUCTS, INTEL ASSUMES NO LIABILITY WHATSOEVER, AND INTEL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO SALE
AND/OR USE OF INTEL® PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR
INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT. INTEL PRODUCTS ARE NOT INTENDED FOR USE IN MEDICAL, LIFE
SAVING, OR LIFE SUSTAINING APPLICATIONS.

* Intel may make changes to specifications and product descriptions at any time, without notice.
* All products, dates, and figures specified are preliminary based on current expectations, and are subject to change without notice.

* Intel, processors, chipsets, and desktop boards may contain design defects or errors known as errata, which may cause the product to deviate from published
specifications. Current characterized errata are available on request.

* Penryn, Nehalem, Westmere, Sandy Bridge, and other code names featured are used internally within Intel to identify products that are in development and not
yet publicly announced for release. Customers, licensees and other third parties are not authorized by Intel to use code names in advertising, promotion or
marketing of any product or services and any such use of Intel's internal code names is at the sole risk of the user

* Performance tests and ratings are measured using specific computer systems and/or components and reflect the approximate performance of Intel products as
measured by those tests. Any difference in system hardware or software design or configuration may affect actual performance.

* Intel, Xeon, Netburst, Core, VTune, and the Intel logo are trademarks of Intel Corporation in the United States and other countries.
*Other names and brands may be claimed as the property of others.

Copyright © 2012 Intel Corporation.

intel
Copyright © 2012. Intel Corporation. All rights reserved. b

*Other brands and names are the property of their respective owners
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Legal Disclaimers: Performance

Performance tests and ratings are measured using specific computer systems and/or components and reflect the approximate performance of Intel
products as measured by those tests. Any difference in system hardware or software design or configuration may affect actual performance. Buyers
should consult other sources of information to evaluate the performance of systems or components they are considering purchasing. For more
information on performance tests and on the performance of Intel products, Go to:

Intel does not control or audit the design or implementation of third party benchmarks or Web sites referenced in this document. Intel encourages all of its
customers to visit the referenced Web sites or others where similar performance benchmarks are reported and confirm whether the referenced benchmarks
are accurate and reflect performance of systems available for purchase.

Relative performance is calculated by assigning a baseline value of 1.0 to one benchmark result, and then dividing the actual benchmark result for the
baseline platform into each of the specific benchmark results of each of the other platforms, and assigning them a relative performance number that
correlates with the performance improvements reported.

SPEC, SPECint, SPECfp, SPECrate. SPECpower, SPECjAppServer, SPECjEnterprise, SPECjbb, SPECompM, SPECompL, and SPEC MPI are trademarks of the

Standard Performance Evaluation Corporation. See for more information.
TPC Benchmark is a trademark of the Transaction Processing Council. See for more information.
SAP and SAP NetWeaver are the registered trademarks of SAP AG in Germany and in several other countries. See for

more information.

INFORMATION IN THIS DOCUMENT IS PROVIDED “AS IS”. NO LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL
PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. INTEL ASSUMES NO LIABILITY WHATSOEVER AND INTEL DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY, RELATING TO THIS INFORMATION INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE,
MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

Performance tests and ratings are measured using specific computer systems and/or components and reflect the approximate performance of Intel
products as measured by those tests. Any difference in system hardware or software design or configuration may affect actual performance. Buyers should
consult other sources of information to evaluate the performance of systems or components they are considering purchasing. For more information on
performance tests and on the performance of Intel products, reference

intel
Copyright © 2012. Intel Corporation. All rights reserved. b

*Other brands and names are the property of their respective owners


http://www.intel.com/performance/resources/benchmark_limitations.htm
http://www.spec.org/
http://www.tpc.org/
http://www.sap.com/benchmark
http://www.intel.com/software/products
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Optimization Notice

Intel® compilers, associated libraries and associated development tools may include or utilize options that optimize for
(nstruction sets that are available in both Intel® and non-Intel microprocessors (for example SIMD instruction sets), but do
not optimize equally for non-Intel microprocessors. In addition, certain compiler options for Intel compilers, including some
that are not specific to Intel micro-architecture, are reserved for Intel microprocessors. For a detailed description of Intel
compiler options, including the instruction sets and specific microprocessors they implicate, please refer to the “Intel®
Compiler User and Reference Guides” under “Compiler Options." Many library routines that are part of Intel® compiler
products are more highly optimized for Intel microprocessors than for other microprocessors. While the compilers and
libraries in Intel® compiler products offer optimizations for both Intel and Intel-compatible microprocessors, depending on
the options you select, your code and other factors, you likely will get extra performance on Intel microprocessors.

Intel® compilers, associated libraries and associated development tools may or may not optimize to the same degree for non-
Intel microprocessors for optimizations that are not unique to Intel microprocessors. These optimizations include Intel®
Streaming SIMD Extensions 2 (Intel® SSE2), Intel® Streaming SIMD Extensions 3 (Intel® SSE3), and Supplemental Streaming
SIMD Extensions 3 (Intel® SSSE3) instruction sets and other optimizations. Intel does not guarantee the availability,
functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent
optimizations in this product are intended for use with Intel microprocessors.

While Intel believes our compilers and libraries are excellent choices to assist in obtaining the best performance on Intel® and
non-Intel microprocessors, Intel recommends that you evaluate other compilers and libraries to determine which best meet
your requirements. We hope to win your business by striving to offer the best performance of any compiler or library; please
let us know if you find we do not.

Notice revision #20101101 - >
(lntel

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners



CPU Transistor Counts 1971-2008 & Moore's Law

Faster Than

MOORE'S LAW
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Intel in High-Performance Computing

P T
Dedicated, Large Scale
A Tera-
Renowned Clusters & Scale - Exa-Scale
Applications for Test & '-*j}\\,/ : Labs
Expertise Optimization Research
P P :
-E -s Defined Broad
('nte'l HPC Software Industry
Application Tools Standards
Cluster .
Ready Platform Portfolio
] : Leading Many “
~ Manufacturing iotal S et PIa.tfo.rm
Process — parf | Core (MIC) Building
Technologies Xeon erformance, Blocks

Energy Efficiency

A long term commitment to the HPC market segment

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners



Xeon Spanning a Diverse Set of Workloads

Xeon® E3 Xeon® E5 Xeon® E7 Xeon® Phi™
(Bromolow) (Sandy Bridge-EP) (Westmere-EX) (MIC platform)

Compute Nodes SuperNodes Many-Core
(2S) (4+S) Computing

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners
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1993~2012 CPUs Performance (vs. Pentium)*
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Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners
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CPU Index
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Increasing Processor Performance
Through Many-Core Technologies for Highly Parallel Workloads

FLOPS/Processor

'ntel' inside”

1.E+15 Peta = »
1.E+14 | Xeon' P@
1E+13 Many-Core

1.E+12 Tera -

1.E+11

1.E+10 Pentium® 4 Architecture .

1.E+09 Giga Pentium® III Architecture Intel® Core™ pArch

1.E+08 Pentium® II Architecture

entrum®-Architecture

1.E+07 o
0,0
1. E r 06 Future options subject to change without notice. Source: Intel
2 >
Tl me estimated - .
All dates, product descriptions, availability, and plans are forecasts and subject to change without notice. ‘ lntel
Copyright © 2012. Intel Corporation. All rights reserved.

*Other brands and names are the property of their respective owners
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IA Cores build on a Common Architecture

Scalable Performance
Energy Efficient
Microarchitecture

Nehalem Sandy Bridge Haswell

Microarchitecture Microarchitecture Microarchitecture

Highly Parallel
Energy Efficient .

Architecture

|nte inside

Xeon'Phi

Potential future options, subject to change without notice.

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners
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Process Technology Research @ Intel

65nm 45nm 32nm 22nm 14nm 10nm 7nm Beyond
2005 2007 2009 2011 2013** 2015** 2017** 2019+

Development Research

Materials
Synthesis

**projected

Potential future options, no indication of
actual product or development, subject to change without notice.

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners
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Intel 22nm Tri-Gate Technology
Smaller
Faster
Less Power

32 nm

Transistor Planar

Gate Delay

(normalized)

0.5 06 07 08 09 10 1.1
Operating Voltage (V)

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners

32 nm Planar Transistors

22 nm Tri-Gate Transistors




INTEL - JUNE 2012 16

Increasing Performance and Energy Efficiency

Process Technology Legacy Core Architecture Processors
22NM TURBO-BOOST AVX MULTI/MANY-CORE

Single Core Performance

16
14— (R
12| B e
10
8

Dual-Core
6
4 - Hyper-Threading
2 ,
- i 0 - Source: Intel
Single-Core Turbo = oy - Multi Processor

Note:
not all cores are equal !

- L]
Potential future options, subject to change without notice. ||'|te|]

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners
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Industry Trend to Multi/Many-Core

Energy Efficient (HPC) Computing
with Multi/Many-Core Processors

Multi-Core (4+)

“ Dual-Core

.I Hyper-Threading But: not all cores all equal !
“ Multi Processor

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners

(for illustration only) ‘ intel)
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Intelligent Processor Performance Scaling Forward

16
14
12

10

-

Processor Core Performance

~_ Intel” Xeon®

Source: Intel

2005

> Future

J

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners

Potential future options, subject to change without notice.

Faster Time To
Productivity

Total Application Performance

Increased Single Thread
Performance

Increased Floating Point
Performance and Bandwidth

Irreqular Data-Access

Balanced Processor and System
Architecture

Less Complex Software
Development and Support



Intel® Turbo Boost Technology 2.0

Four-Core Turbo Dual-Core Turbo

frequﬁt\ancy

Single-Core Turbo

INTEL - JUNE 2012

“"Dynamic”

_’. Range @ Turbo

-»

Frequency
limits
Turbo bins

Base
Frequencies

Idle mode

Intelligent and energy efficient performance on demand

The number of Turbo bins shown is only for illustrative purposes and is not representative of the actual number of turbo bins available.

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners
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Dual-/Quad- Socket Xeon® Processor
Sandy Bridge "Tock”

Significantly greater performance with higher core cout
Intel® Hyper-threading and Turbo Technology

2x Flops / clock peak using new AVX instructiot

r

Making Petascale Widely Available for

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners



Frontsidebus

Copyright © 2012. Intel Corporation. All rights reserved.
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Two Socket Platform Evolution

.
HEN | e

MCH (Memory)

ICH (1/0)

~

Nehalem Architecture

Sandy Bridge Architecture

‘Socket = £
B — 5
i ! ‘ i

Multiple
Frontsidebusses

Schematic overview, potential future options, subject to change without notice.

*Other brands and names are the property of their respective owners

. _J
Integrated Integrated
Memory Memory
Controller, Controller,
QPL, QPL,
PCle Integrated
I/O PCle

21
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Sandy Bridge/Romley based Server Platforms

SNB

PCle

MEM

HZ2

Copyright © 2012. Intel Corporation. All rights reserved.

*QOther brands and names are the property of their respec

tive

owners

QPI L
PCle R
— QPI [
—| sNB SNB — wmiEM
PCle
B2

MEM

22
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@D Sandy Bridge EP - “Ring Bus”

P———
Xeon'

Ring bus architecture delivers an efficient
bi-directional highway for platform data movement

Cache

Cache

Compared to Xeon 5500/5600:
e Lower L3 cache latency (~20%)
e Higher bandwidth between cores, L3, Memory & I/O
e Up to 8x more L3 to core bandwidth

L1 +L2 |L1+L2|L1+L2|L1+L2
Cache

Cache

QE
%+
—
EEN]
g}[:
%+
—
LN
ok
%+
—
P N
ok
%+
—
P N

IMC -Memory
Controller

Higher performance starts with The Ring!

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific
computer systems, components, software, operations and functions. Any change to any of those factors may cause the results to vary. You should consult other information and performance tests to assist you

in fully evaluating your contemplated purchases, including the performance of that product when combined with other products. For more information go to
Intel does not control or audit the design or implementation of third party benchmarks or Web sites referenced in this document. Intel encourages all of its customers to visit the referenced Web sites or others where - .
similar performance benchmarks are reported and confirm whether the referenced benchmarks are accurate and reflect performance of systems available for purchase. l n tel

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners
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Intel® Advanced Vector Extensions (Intel® AVX)

2X Vector Width - 256-bit vector extension to SSE
e Intel® AVX extends all 16 XMM registers to 256 bits

e Intel® AVX works on either
— The whole 256-bits

— The lower 128-bits (like existing SSE instructions)
— A drop-in replacement for all existing scalar/128-bit SSE instructions

* The new state extends/overlays SSE

e The lower part (bits 0-127) of the YMM registers is mapped onto XMM
registers

 Intel® microarchitecture (Sandy Bridge) targets a full-performance first
Implementation

— 256-bit Multiply, Add and Shuffle engines (2X today) 128 bits (SSE)
— 2nd load port “
— New Operations to enhance vectorization YMMO

— Broadcasts

.fj
— Masked load & store 256 bits (AVX) (lﬂt&l

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners



Nehalem Core Micro-architecture

e e

Load Store ReorderBu
Buffers Buffers ffer

SSE ALU SSE ALU
Fdiv FP ADD
FP MUL

Nehalem - Intel® Core 2 Microarchitecture

SSE = Streaming SIMD Extentions

Copyright © 2012. Intel Corporation. All Tights reserved.
*Other brands and names are the property of their respective owners
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Sandy Bridge Core Micro-architecture

Pre Instruction
decode Queue

32k L1 Instruction Cache
Decoders

Branch Pred 1.5k uOP cache

ﬁ ﬁ Allocate/Rename/Retire Zeroing Idioms

Scheduler
Port O Port 1 Port 5 Port 2 Port 3 Port 4

Store
Store Address Store Address

AL
V-ADD
V-Shuf
AVX FP ADD

AVX FP Shuf
AVX FP Bool
AVX FP Blend

AVX FP MUL
AVX FP Blend

Memory Control

L2 Data Cache (MLC)

32k L1 Data Cache

Sandy Bridge - Intel® Next Generation Microarchitecture ( In[ l >

) AVX= Intel® Advanced Vector Extensions (Intel® AVX)
Copyright © 2012. Intel Corporation. All rights reserved.

*Other brands and names are the property of their respective owners
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Integrated PCle: Latency Benefit
Xeon® 5600 Xeon® E5 (Sandy Bridge)

< ] &
intel intel mte |ntel
Intel® Intel® Intel® Intel®
L Xeon® 5600 L Xeon® 5600 n® E5 n® E5
=

_ﬂﬁx !@ﬂx

|nte |@
Intel® Intel®
® E5 ol

= Intel® 5520
chipset

Local PCI Latency
255ns

Remote PCI Latency
320ns

0
0
Lower is better . .
Source: Intel internal measurements Oct 2011 ‘ ||'It9|

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners

PCle Latency
340ns
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Early Sandy Bridge-EP Performance

HPC Benchmark Suite

Relative Geometric Mean Scores by segment
Actual performance will vary by workload
Higher is better

2SS SNB-EP 2.7GHz, 8C, DDR3-1333, 130W
mIntel® Xeon X5690 (6C, 3.46GHz, 12M, 6.4QPI, 130W)

QCD

Numerical Weather

Energy

Computer-Aided Engineering

Financial Services

Life Sciences

Baseline

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software, operations and
functions. Any change to any of those factors may cause the results to vary. You should consult other information and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that product when combined with other
products. Configurations: Intel Internal measurements February 2011, See backup for configuration details. For more information go to http://www.intel.com/performance . Results have been estimated based on internal Intel analysis and are provided for informational

- L ]
purposes only. Any difference in system hardware or software design or configuration may affect actual performance. Copyright © 2011, Intel Corporation. ( l n tel >

* Other names and brands may be claimed as the property of others.

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners
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2- to 4-Socket Scaling Performance Summary
Intel® Xeon® Processor E5-4600 Product Family

Top-bin 2S Intel® Xeon® processor E5-2690 (8C, 2.9 GHz) vs. Top-bin 4S Intel® Xeon® processor E5-46xx (8C, 2.7 GHz)

[

L

(=]
=
[¥]

=
=]

Throughput
Throughput

&

Integer Compurte

erations Per Second
NHumber of

concument users

Order Processing
reservoir sohrtion
Timeto simulation

Time to financial
analysis solution

Time to financial

analysis solution
Matrix Multiply FLOPS

Timeto weather

analysis solution
FloatingPoint Comparte

Timeto seismic or
analysis solution

i
1 =
=l
H
==l
L=

45 Intel® Xeon® E5-46x0¢ (B8C, 2.7 GHz, CO Stepping)

Java* Enterprise Enengy - clal Cuantum LINPACK Mumerical SPECHR*
Resaurce Physics Weather rate
Planning ragi 20

Up to 1.85x performance gains over top-bin 2-Socket E5-2600

Results that have been estimated based on internal Intel analysis and are provided for informational purposes only. Any difference in system hardware or software design or configuration may affect actual performance. Software and
workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components,

software, operations and functions. Any change to any of those factors may cause the results to vary. You should consult other information and performance tests to assist you in fully evaluating your contemplated purchases, including ( i n tel .>

the performance of that product when combined with other products.

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners



Intel® Xeon® Intel® Xeon® Phi™

. ‘, :.:.' RElL i
Multi-Core Man -

Foundation of HPC Performance Performance and performance/watt optimized
Suited for full scope of workloads for highly parallelized compute intensive workloads

Common software tools with Xeon enabling efficient
application readiness and performance tuning

Industry leading performance and performance/watt
for serial & parallel workloads

: IA extension to Many-Core
Focus on fast single core/thread performance y

with “moderate” number of cores Lots of cores/threads with wide SIMD
in

[die size not to scale]
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MIC: Knights Corner - the 15t Intel® Xeon® Phi™

e 22nm process, Production in 2012
* > 50 cores

e SIMD instructions
e 8GB+ of GDDR5 RAM

e Early Si delivers 1TFLOPS sustained
on DGEMM and 1TFLOPS HPL in a
node

@

& Knights Corner |

e Runs Linux, IP addressable,
common source code with CPU
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Knights Corner node >1TF HPL

Intel® Xeon® Phi™ (Intel® MIC
architecture) hits another
performance milestone on the
road to launch:

1 Teraflop HPL (Linpack)!
System configuration:

The demonstration system features
dual Intel® Xeon® E5 processors,
64GB of DDR3 memory, and 1
Knights Corner coprocessor

>1 TFLOPs Linpack (HPL) in a node

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners



C/C++, FORTRAN OpenMP, MP], ...

Same Comprehensive Set of SW Tools
Established HPC Operating System

Application Source Code Builds
with a Compiler Switch

Intel® Xeon® B Intel® Xeon® Phi™

[die size not to scale]



A Very Simple Arithmetic Example

using IEEE 64-bit DP-F.P.

X, X, X, X, X, SUM(X, : X.)

1.00E+21 -1.00E+21

Source: Ulrich Kulisch, Computer Arithmetic and Validity, de Gruyter Studies in Mathematics 33 (2008), p. 250

Copyright © 2012 Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners
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A Very Simple Arithmetic Example

using IEEE 64-bit DP-F.P.

1.00E+21 130 -1.00E+21

1.00E+21 -1.00E+21

Source: Ulrich Kulisch, Computer Arithmetic and Validity, de Gruyter Studies in Mathematics 33 (2008), p. 250

Copyright © 2012 Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners
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A Very Simple Arithmetic Example

using IEEE 64-bit DP-F.P.

1.00E+21 130 -1.00E+21

1.00E+21 -10 -1.00E+21
1.00E+21 -1.00E+21 17

Source: Ulrich Kulisch, Computer Arithmetic and Validity, de Gruyter Studies in Mathematics 33 (2008), p. 250

Copyright © 2012 Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners
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A Very Simple Arithmetic Example

using IEEE 64-bit DP-F.P.

X, X, X, X, X, SUM(X, : X.)

1.00E+21 -1.00E+21

1.00E+21 -10 -1.00E+21 130
1.00E+21 -1.00E+21 17 -10
1.00E+21 17 130 -1.00E+21

Source: Ulrich Kulisch, Computer Arithmetic and Validity, de Gruyter Studies in Mathematics 33 (2008), p. 250

(intel,
Copyright © 2012 Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners
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A Very Simple Arithmetic Example

using IEEE 64-bit DP-F.P.

.00E+21 - -1.00E+21
.00E+21 -10 130 -1.00E+21 17

.00E+21 17 -1.00E+21 -10 130
.00E+21 -10 -1.00E+21 130 17
.00E+21 -1.00E+21 17 -10 130
.00E+21 17 130 -1.00E+21 -10

Source: Ulrich Kulisch, Computer Arithmetic and Validity, de Gruyter Studies in Mathematics 33 (2008), p. 250

“Results can be satisfactory, inaccurate or completely wrong.
Neither the computation itself nor the computed result
indicate which one of the three cases has occurred.” inteD)

Copyright © 2012 Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners
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History: Software
How old is HPC software?

Code Area Date
NASTRAN Structures

Spice E-Cad
Pam-Crash Structures
UKMO Unified Model Weather

PETScC Solvers
LAPACK Solvers
NWCHEM Chemistry
WRF Weather
« Code lasts much longer than hardware
 We must support old code on new hardware i@

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners 39
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History: Software
How old are languages?
Language Date
Fortran 1966 (FORTRAN 66)
C 1978 (K&R)

C++ 1985 (C++ Programming Language)
1994
1997

e Languages that work have a long life
— Investment in code
— Investment in brain-cells
* All have open specifications & many implementations

— Formal standards (C, C++, Fortran)
— Open industry standards (MPI, OpenMP)

* We must support old languages on new hardware intel)

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners 40
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Heterogeneous Programming

CPU Executable
MKL

B

MIC Native
Executablr MKL

TBB

=
on

Parallel
Compute
Parallel
Compute

OpenMP

OpenMP

y A

Heterogeneous
Compute
U

Cilk Plus Cilk Plus

C++/Ftn

g e gomior

Offload Directives/Pragmas EREEEEREEE
Message Library 1

Parallel programming is the same on Intel® MIC and CPU ™
el.

‘ ik
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Offload Directives

C/C++ Syntax Semantics

New offload pragma  #pragma offload <clauses> Execute next statement on Intel® MIC
<statement> (which could be an OpenMP parallel
construct)

Compile function for ~__attribute__ ((target (MIC))) Compile function for CPU and Intel
CPU and MIC MIC target

Fortran Syntax Semantics
New offload directive  'dir$ omp offload <clauses> Execute next OpenMP parallel
construct on Intel® MIC

ldir$ offload <clauses> Execute next statement (function
call) on Intel MIC

Comp”e function for ldir$ attributes offload:<MIC> :: Compile function for CPU and Intel
CPU and MIC <rtn-name> MIC target

Copyri412) 2012. Intel Corporation. All rights reserved. Intel confidential — Provided u nder CN DA
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Offload Directives (contd.)

Variables restricted to scalars, structs, arrays and pointers to scalars/structs/arrays

Clauses / Modifiers Syntax Semantics

Target specification target ( name [: ) Where to run construct

Inputs in (var-list modifiers,,) Copy CPU to target

Outputs out (var-list modifiers,,) Copy target to CPU
Inputs & outputs inout (var-list modifiers,,) Copy both ways
Non-copied data nocopy (var-list modifiers,,) Data is local to target
Modifiers

Specify pointer length length (element-count-expr) Copy that many pointer
elements

Control pointer memory alloc_if ( condition ) Allocate/free new block of

allocation free if ( condition ) memory for pointer if condition is
TRUE

Copyright © 2012. Intel Corporation. All rights reserved. Intel Confidential —_ Provided under CN DA
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Offload Directive Examples: OpenMP, Intel® Cilk™ Plus

C/C++ OpenMP
fpragma offload target (mic)

fpragma omp parallel for
reduction (+:p1)

for (1i=0; i<count; i++) {

float t = (float) ((i4+40.5)/count) ;

pi += 4.0/ (1.0+t*t);
}

pi /= count;

Fortran OpenMP
'!dir$ omp offload target (mic)

!Somp parallel do
do 1=1,10
A(i1) = B(i) * C(1)

enddo

Copyright © 2012. Intel Corporation. All rights reserved.
*Ot e&brands and names are the property of their respective owners

C/C++ Cilk

#pragma offload target (mic)
~Cilk for (int i=0; i<count; 1i++)

al[i] = b[i] * ¢ + d;

/* (in a forthcoming update) */

Intel Confidential — Provided under CNDA



Intel Parallel & HPC Programming

Intel® | Intel®
FORTRAN
Compiler

C/C++
Compiler

C/C++
Language

Fortran
Language

Copyright © 2012. Intel Corporation. All rights reserved.
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Intel® Parallel Building Blocks

Intel® Cilk Plus

C/C++ Language
Extensions to
simply Parallelism

Open sourced,
Also an Intel
product

Threading
Building

lock
Wide?y%csea C++
Template Library
for Parallelism

Open sourced,
Also an Intel
product

Domain-
Specific Libs

Established
Standards

MPI Intel®
Integrated
Performance
Primitives
(IPP)

PGAS
Co-Array FTN
Intel® Math

Kernel Library
(MKL)

OpenMP*

OpenCL*

Potential future options subject to change without notice.
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Research and
Exploration

Intel® Concurrent
Collections

Offload Extensions

Intel® Array Building
Blocks

Intel® SPMD Parallel
Compiler
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Intel Development Tools for HPC

Leading developer tools for performance on nodes and clusters

Trace

Analyzer and Collector
Inted
Compiler
Professional Edition

Intel
Cluster Toolkit
Compiler Edition

i Math Kernel Library
|

Advanced Performance Distributed Performance

MPI Cluster Tools, with C++ and Fortran Compiler and MKL
Libraries, and analysis tools for Windows*, Linux* developers
on

IA clusters E@

C++ and Fortran Compilers, MKL/IPP Libraries & Analysis
Tools for Windows*, Linux* developers on
IA multi-core node

Copyright © 2012. Intel Corporation. All rights reserved.
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Pow?2o3
Pow302

Conj
MulByConj

Random-Number Generators
Pseudo-random

Multiplicative Congruential 59-bit
Multiplicative Congruential 31-bit
Multiple Recursive
Feedback shift register
Wichman-Hill
Mersenne Twister 19937

Mersenne Twister 2203

Quasi-random

Sobol

Niederreiter
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Optimized Intel Libraries

Exp, Log
Tounding Special

Hyper

Cosh Floor

Ceil

Probability Distributions
Continuous Discrete
Uniform Uniform
Gaussian UniformBits
GaussianMV Bernoulli
Exponential Geometric
Laplace Binomial
Weibull Hypergeometric
Cauchy Poisson PTPE
Rayleigh Poisson Norm
Lognormal Poisson V

Negative

Cumbel Binomial

Gamma

Beta

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners

Intel® MKL
Math Kernel Library

« Science, Engineering and Financial applications
oriented

« Incl. BLAS, LAPACK, ScaLAPACK, Sparse Solvers, Fast
Fourier Transforms, Vector Math

Intel® IPP

Integrated Performance Primitives

« Multimedia, Data Processing, and Communications
applications oriented

« Cryptography and String Processing
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I’Stampeden

10 PFLOPS peak

272 TB memory

14 PB storage

Deployment scheduled in 2013

DELL System

Intel® Xeon® E5 (Sandy Bridge-EP) processors
Intel® MIC (Knights Corner) co-processors
FDR InfiniBand (56Gb/s) cluster fabric

intel.
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your dreams are not big enough ’ ,

If you are not scared ...




Intel’s Plans For Exascale

Efficient Programming Extreme
Performance Parallelism Scalability

P

-

Intel Exascale Plans for 2018+:
>100X Performance of today at
only 2X the Power of today‘s #1 System
Scaling today’s (and future) Software Models ...

All dates, data and figures are preliminary and are subject to change without any notice

Copyright © 2012. Intel Corporation. All rights reserved.
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Architecting for ExaScale
Needs a Multi-Disciplinary Approach

Power Management Parallel Software Re||ab|||ty & ReS|I|ency

Microprocessor Memory & Storage Interconnect

For illustration and concept only.

Copyright © 2012. Intel Corporation. All rights reserved.
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HPC Platform Power Consumption

e

\

W CPUs

~ Planar & VRs
W Memory

W PSUs

W Fans

W HDD

B PCI+GFX

Need a platform view of power consumption:

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners

~

4

Data from P3 Jet Power Calculator, V2.0, DP 80W Nehalem
Memory — 48GB (12 x 4GB DIMMs) Single Power Supply Unit @ 230Vac

CPU, Memory and VR, etc.

INTEL - JUNE 2012
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Reduce Memory and Communication Power

Chip to Memory
~150pj per Byte

Core-to-Core —
~10pJ per Byte

- - - * Chi Chi
‘ .... .-SIOppSOperllgyte

Data movement is expensive

Source: Intel
Copyright © 2012. Intel Corporation. All rights reserved.
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“Business As Usual” Isn't Trending Towards Exascale

A

16+08
16+07

16+06

£\ Exascale

A Fxascale

T1E+05]  Socket Count

16+04

ﬁ)
2006 2008 2010 2012 2014 2016

projections ———>

10K

1K

100

10

210
DRAM Chip Capacity

.................. e

pJ/FLOP for ALU | GB

0

2008 2010 2012 2014 2016 2018 2020

projections >

Source: Intel, Modeling and Simulation at the Exascale for Energy and Environment (2007)

« Core count increase trend falls short of the exascale requirements
« Energy/Op for ALU operations alone is too high

« DRAM power is too high and Capacity/BW is too low

= Current Natural Progression of Technology is Insufficient

= A Paradigm Shift in All Areas of Computing is Needed

Copyright © 2012. Intel Corporation. All rights reserved.
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Intel TeraScale Research Areas

MANY-GORE COMPUTING 3D STACKED MEMORY SILICON PHOTONICS

Teraflops of computing power Terabytes of memory bandwidth Terabits of I/O throughput

Future vision, does not represent real products. :il'l te|>

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners



Multi/Many-Core Architecture Research

Intel Tera-Scale Computing Research Program: www.intel.com/qgo/terascale

All Large Core Many Small Cores
.. II —mmmmmm—m=
Mixed Large
L L L L
Smll Core —mm—m -
mall Cor
.. *I II ==

All Small Core

==

7‘---_hl_.d'd-

A (single) core might also have multiple HW-Threads

Note: some the above pictures don’t represent any current or future products
Copyright © 2012. Intel Corporation. All rights reserved.
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A Theoretic Example

Processor A
100 thin cores

Processor B
90 thin cores
1 fat core, 2x faster than a thin core

Assume 10% of the application is serial (90% parallel)

What are the overall performance improvements/speed-ups?

Applying Amdahl’s Law:

9.2x faster

16.7x faster

Source: A View of the Parallel Computing Landscape, Communications of the ACM, October 2009, Vol. 52, No. 10

(pp.56-67)

Copyright © 2012. Intel Corporation. All rights reserved.
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On-chip Interconnect Challenges and Research
Bandwidth, Link Bandwidth and Power

Energy Iso-Bandwidth

Topology Effect on Bandwidth

0.6

10 Normalized B/W Energy per bit ())
8 xbar ring
0.4
6
Clustered ring
4 0.2
2
v mesh
0 0. IIIIIIIIIIIIIIIIIII’
0 32 64 96 128 16 32 48 64 80
Number of nodes Core Count

Potential future options, no indication of
Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners

actual product or development, subject to change without notice.

0.3

0.2

0.1

0.0

Interconnect Area Iso-Bandwidth

Relation to Compute Area

Clustered ring

ring

xbar

32 64 96 128
Number of cores
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Memory and CPU Package Architectures for
addressing Bandwidth Challenges - Research

2D Planar MCP 3D Stacked

Package Substrate

Board Substrate - W

Embedded

Die MCP ’ BW =1TB/s
Substrate

Embedded _ CPU

= M —
Die MCE 2D Planar MCP L b T
Package Substrate

Board

BW = 200 GB/s-1 TB/s

CPU -

—— — 1

Memory Off-Pkg @V
3D Stacked cmo BW = 100-200 GB/s
Die MCP CPU

e B
Package Substrate —— —

Board BW < 100 GB/s

Package Technology to Address the Memory Bandwidth Challenge for Tera-scale Computing, Intel Technology Journal, Volume 11, Issue 3, 2007

-
Potential future options, no indication of |ntel
actual product or development, subject to change without notice.
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Hybrid Memory Cube: Experimental DRAM

Highest Performance and most Energy Efficient DRAM in the Industry

| Lowest ever energy per bit (~8p) per bit)
7x better energy-efficiency than today’s DDR3
128GBps (> 1Terabit per second) bandwidth
Highest ever bandwidth to a single DRAM device
 Technology |VDD| BWGB/s |Power (W)| mW/GB/s |  plibit
SDRAM PC133 1GB €CC Module 3.3 1.1 : 7226 9033
DDR3-1333 4GB €ECC Module 1.5 10.7 : 432 54.0
HMC Gen1 512MB Cube 1.2 1280 - 62 7.78

Wide Data Path

High-Speed Link =g == ; :—-/—DRAM

(intel'
Copyright © 2012. Intel Corporation. All rights reserved. http://www.micron.com/innovations/hmc.html
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whatif.intel.com

Designing Mew Capabilities
Access innovations ... in the form

intel)
N

K New! Updated
M Fart of Inteld

WEIEOME (C
S WAt encor
55 \IIILIESOTTWAre Were ke this:

+ REﬂ.r 0.6 Released
: Edition Rev 4.0 Released

Performance Tuning

Inte re Autotuning Taoaol New!
Inte

In : Y
Intel& mance Tu tility 4.0 Update 3 Released
Inte ! h Machine Learning
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Summary

* Moore's law moving forward
e Xeon delivers the best architecture for diverse workload

e Addition of Intel® Xeon® Phi™ offers new
opportunities for highly parallel applications

* Investment into software is the most precious asset

Copyright © 2012. Intel Corporation. All rights reserved.
*Other brands and names are the property of their respective owners
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