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Python* Performance as a Percentage of C/Intel® MKL for
Intel® Xeon® Processors (Higher is Better)

LAPACK 1 core LAPACK 32 cores FFT 1 core FFT 32 cores

mapt/atlas Wpip/openblas  mIntel Python/MKL

127 I)L° Xeon® 7Oty H—

100%

90%

80%

10%

60%

50%

40%

30%

20%

10%

0%

Python* Performance as a Percentage of C/Intel® MKL for
Intel® Xeon Phi™ Product Family (Higher is Better)
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A>T ILe MKL: 7 V75 —23> « NT4—X > ZADHF =
DGEMM Performance
On Intel® Xeon® Processor E5-2699 v4
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Intel MKL - 11 thread  ®Intel MKL - 22 threads B Intel MKL - 44 threads

ConfigurationInfo-Versions: Intel® Math KernelLibrary (Intel® MKL) 201 7;Hardware: Intel® Xeon® ProcessorE5-2699 v4, 2 Twenty-two-core CPU (S5MB smartcache, 2.2GHz), 64GB of RAM; Operating System: RHEL 7.2
GA x 64

Software andworkloads usedin performance tests may have beenoptimized for ﬁer‘[om\ance onlyon Intel micro[processors. Performance tests, suchas 5YSmarkandMobileMark, are measured using specific computer

systems, components, software, operations and functions. Any change toany ofthose tactorsmarlcausethe resultsto vary. Youshould consult other informationand performance tests to assistyouin tully evaluating

Eour contemplated purchases, including the performance of that product whien combined withother products. * Other brands andnames are the property of their respective owners. Benchmark Source:intel
orporation

Optimization Notice: Intel's comgilers 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 S5E2, SSE3, and SS5E3 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. Certain optimizations not specific to
Intel microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the specificinstruction sets
covered by this notice. Notice revision#20110804.
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INT A= ADHN: 1>F)L° DAAL & Spark* MLLib

Intel® DAAL vs. Spark* Mllib

K-means Performance Comparison on Eight-node Cluster
10

7X

Speedup

300K rows, 4K columns, 120 clusters 3000K rows, 4K columns, 120
clusters

Configuration Info - Versions: Intel® Data Analytics Acceleration Library 2017, Spark 1.2; Hardware: Intel® Xeon® Processor E5-2699 v3, 2 Eighteen-core
CPU5%45MB LLC, 2.3GHz), 128GB of RAM per node; Operating System: Cent05 6.6 X86_64.

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 evaluatingyour
contemplated purchases, including the performance of that product when combined with other products. * Other brands and names are the property
of their respective owners. Benchmark Source: Intel Corporation

Optimization Notice: Intel's compilers may or may not cg)timize to the same degree for non-Intel microprocessors for oPtimizations thatare not unique

to Intel microprocessors. These optimizations include SSE2, SSE3, and S55E3 instruction sets and other optimizations. Intel does not guarantee the
availability, functionality, or effectiveness of any optimization on microprocessors not manufactured b¥ Intel. Microprocessor-dependent optimizations
in this product are intended for use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are reserved for Intel
microprocessors. Please refer to the a&)licable product User and Reference Guides for more information regarding the spedific instruction sets covered
by this notice. Notice revision #20110804.
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Excellent Performance Scalability with Intel® Threading Building Blocks 2017
on Intel® Xeon® Processor
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Hardware threads
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Configuration Info: Software Versions: Intel® C++ Intel® 64 Compiler, Version 17.0, Intel® Threading Building Blocks (Intel® TBB) 2017; Hardware: Intel(R) Xeon(R) CPU E5-2699 v4 @ 2.20GHz 44/88T)), 128GB Main
Memory; Operating System: Red Hat Enterprise Linux Serverrelease 7.2 (Maipo), kernel 3.10.0-327.4.5.el7 x86_64; Benchmark Source: Intel Corp. Note: sudoku, primes and tachyon areincluded with Intel TBB.
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 differencein 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, refer to www.intel.com/performance/resources/benchmark_limitations.htm .

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

Optimization Notice: Intel's compilers 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 SSE2, SSE3,
and 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 preduct areintended for use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product
User and Reference Guides for more information regarding the specificinstruction sets covered by this notice. Noticerevision #20110804
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Intel® IPP Data Compression and Decompression Performance
Boost vs. ZLIB Library

Speedup

Compression Compression Compression Compression Decompression
(Level=1) (Level=6) (Level=9) (Level=IPP Fastest*)
zlib 1.2.8 H Intel® IPP

ConfigurationInfo— SWVersions: Intel® Integrated Performance Primitives (Intel® IPP) 2017, Intel C++ Compiler 16.0. Hardware: Intel® Core™ Processor i7-6700K, 8 MB cache, 4.2 GHz, 16 GB RAM, WindowsServer® 2012 R2.
Software andworkloads usedin performance tests may have beenoptimized for performance only on Intel microprocessors. Performance tests, suchas SYSmark and MobileMark, are measured using specific computer systems,
components, software, operations andfunctions. Any change to anyofthosefactorsmay cause the resultsto vary. Youshould consultother informationand performance tests toassist you in fully evaluating your contemplated
purchases,including the performance of that product when combinedwith otherproducts. * Other brands and names are the property of their respective owners. BenchmarkSource: Intel Corporation

Optimization Notice: Intel’s compilers 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 SSE2, SSE3, and 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. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and
Reference Guides for more information regarding the specific instruction sets covered by this notice. Notice revision #20110804 .
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Wait at Barrier  0.90% 5.097002e-3 s
Late Sender 0.80% 5.2878%e-3 s
Late Receiver 0.80% 5.2878%e-3 s

Show all. ..
Description Affected Processes
Wait at Barrier

wait ime

Source Locations (Root Cau

P1 _| barrier

P2 ier
. wait tim e

Pn 4{ barrier

This problem occurs when barrier collective operations {such a
problem indicates load imbalance in a program.
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MPI* Performance Snapshot
MPI ENTLTIYRDR =57 )@ 70771)L

MPI Performance Snapshot Summary

BXE: 100K S0 % KA — e T Ere
N—A\vRrT7O771)L

includes the MPI Time and the Computation time below.

MPI Time: 11.46 sec 15.81%
Time spent inside the MPI library. High values are usually bad.

MPI Imbalance: 9.32 sec 12. 86%

Mean unproductive wait time per process spent in the MPI library calls when
WallClock time: a process is waiting for data. This time is part of the MPI time above. High
values are usually bad.
72 . 50 sec This value is AVERAGE. The application workload is NOT well balanced

between MPI ranks. More details...

[l Computation Time: 61.03 sec 84.19%
Mean time per process spent in the application code. This is the sum of the
OpenMP Time and the Serial time. High values are usually good.

l OpenMP Time: 71.54 sec 98.68%

RTr=27I: R7—)> T\
$ 5 / \o 7 2- - 7 \/ Z @ §1 t % Mean time per process s!;ent in the OpenMP p.?raH_d regions. High values

-l-l‘ @ II | I MPI Time: 11.46 sec 15.81% This value is HIGH.
k_ MPL Imbalance: 9.32 sec 12.86% % OpenMP Imbalance: 29.59 sec 40.82%

Mean unproductive wait time per process spent in OpenMP parallel

- . — o
n Cﬂlmol):;?:;]l;m:;]ls(f:;c gg.ézﬂj: regions (normally at synchronization barriers). High values are usually
. et N . bad.
% OpenMP Imbalance: 29.59 sec 40.82% This value is HIGH. The application's OpenMP work sharing is NOT
M Serial Time: 0.00 sec 0.00% well load-balanced. More detalls...

[l Serial Time: 0.00 sec 0.00%
Mean application time per process spent outside OpenMP parallel regions.
High values may be good or bad depending on the application algorithm.

I g x I\ IJ \‘J 7: M P I/O p en M P * TTis value s NEGLIGIBLE. This applcation i wel pralelzed v Opent?
DAY INTY AR
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Enhanced Application Performance with Intel® AVX-512
Support

Enhanced performance due to Intel® AVX-512 instructions taking advantage of
FMA units, memcpy, new pre-fetch instructions, new transcendental
instructions, MCDRAM, and increased number of cores.
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Enhanced Application Performance with AVX-512 Support

Key functionality / library domain KNL features used to deliver enhanced performance (instructions, other)
*GEMMs/BLAS *  Two FMA units + 2 instruction decoders are key *  PrefetchtO instruction
MP Linpack *  AVX512 FMA (vfmadd231ps or vfm231pd) + MCDRAM
LU/CHolesky/QR/LAPACK/SMP Same as in BLAS (as main LAPACK kernel is ?*GEMM) + greater core count
Linpack
*  Two FMA units + 2 instruction decoders * AVX512 FMA
A ) SEFFT «  MCDRAM, tile-to-tile mesh *  Prefetcht1 instruction
Intel® Math Kernel . Two FMA units + 2 instruction decoders *  PrefetchtO, prefetcht1 instruction
Library DNN . MCDRAM, tile-to-tile mesh e Masking support
o AVX512 FMA ¢ Large core count
. Two FMA units + 2 instruction decoders *  Prefetcht1 instruction
Sparse . MCDRAM « Depend on seq. Blas level 3 Knights Landing
. AVX512 FMA improvement
Vector Statistics Similar to BLAS/LAPACK, greater number of cores
« AVX512 FMA * New Transcendental Support Instructions: VGETEXP,
Vector Math ¢« Two FMA units + 2 instruction decoders VGETMANT, VRNDSCALE, VSCALEF, VFIXUPIMM, VRCP28,
e Large number of cores for MT performance VRSQRT28, VEXP2
Intel® Integrated All - from Signal Processing (1D) and The main advanta'ge |nherlted from LRB/KNC is support of mask reglst?rs a"nd thereff)re support of pr.ed|cate.s for all new |nst'ruct|on.s.
Then, - full 512-bit register palign support (no lanes restrictions as for “old” AVX palign)- _mm512_alignr_epi32, _-mm512_alignr_epi64.
Performance up to Image (2D) and Volume (3D) h he “flv” i o bld b d the | . directi o 4 d
Primitives processing Then, on the “fly” integer conversions: vpmovg{w|b|d}, vomovg{w|b}. And the last one - integer any-direction comparison: vpcmp{d|q} an

vpcmpu{d|q}.

N Similar to BLAS/LAPACK, greater number of cores

Acceleration Library

*  Used compiler’'s AVX-512 version of memcpy (but w/ fix, failed CQ on ICC)

+  Build IMPI w/ -fvisibility=hidden (make all symbols as hidden by default and only needed as external). Addressed KNL micro-arch
features, such as short BTB, by reducing access to PLT/GOT

*  Reduced/simplified critical path where it's possible. Addressed KNL frond-end specifics.

Intel® MPI Library

RECICEY % E8FEHE
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Easy Access to Intel® Parallel Studio XE Runtimes
For Amazon Web Services* users only

Intel Parallel Studio XE Runtime

» Required to be able to run applications built with the Intel® Performance
Libraries or Intel® compilers.

» Includes latest optimizations for Intel® architecture for faster application
performance

= Linux* only
Easy access for Amazon Web Services users at no cost

= Latest runtimes through Linux native repos
— YUM repo - available now! (http://bit.ly/ParallelStudioXE-Runtimes)
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Educating with Webinar Series about 2017 Tools

» Expert talks about the new features

= Series of live webinars, September 13 -
November 8, 2016

= Attend live or watch after the fact.

https://software.intel.com/events/hpc-webinars
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What's New In Intel® Parallel Studio XE 2017 (online)

Sep 13, 2016 [9:00am - 10:00am PST)

will go over the latest features of the new release of Intel®
tudio XE 2017.

Parallel Programming and Optimization for Intel®
Architecture [Workshop

540 Paulo, Brazil
Sep 21,2016 (11:00am - 5:00pm EBT)

by UNESP in partnership with Intel software Brazil, aims to a practical
h to parallel programming on Intel® Xeon® and Intel® Xeon Phi™ based
tems

5¥5

Code for Speed with High Bandwidth Memory on
Intel® Xeon Phi™ Processors (Online)

©Oct 11, 2016 (9:00am - 10:00am PET)

memory mode and “memk ™
ager built on top of jemallec.

Vectorization, the “Other” Parallelism You Need

[Online)

©ct 18, 2016 (9200am - 10:00am PST)

v precess of identifying and modifying code to
vector hardware will boost application performance.

Roofline analysis: A new way to visualize
performance optimization tradeoffs (online)

Oct 25, 2016 (9:00am - 10:00am PST)

Join us in the webinar to s an

roofline analysis to make y

a demonstration

win code more ef

Add

Agd



https://software.intel.com/events/hpc-webinars

Educating with

INTEL® XEON PHI™
PROCESSOR

HIGH PEREORMANCE
PROGRAMMING

High-Performance Programming Book v

Knights-Landing-specific details, programming
advice, and real-world examples.

Intel® Xeon Phi™ Processor High Performance
Programming

» Techniques to generally increase program
performance on any system and prepare you
better for Intel Xeon Phi processors.

Available as of June 2016

http://lotsofcores.com

RE(GICE T 3R EE

" | believe you will find this
book is an invaluable
reference to help develop
your own Unfair
Advantage.”

James A.
Manager
Sandia National Laboratories
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{ | . }
More Education with GAIN ACOMPETITIVE EDGE

Modern Codelools; Kno.wledée & Community

software.intel.com/moderncode @ | ...
= Online community growing collection of Software

tools, trainings, support
— Features Black Belts in parallelism from Intel and the industry

= Intel® HPC Developer Conferences
developers share proven techniques and best practices

— hpcdevcon.intel.com

HPC DEV GON

NOVEMBER 12:13, SALT LAKE CITY
HPCDEVCON.INTEL.COM

= Hands-on training for developers and partners with remote access to
Intel® Xeon® processor and Xeon Phi™ coprocessor-based clusters.

— software.intel.com/icmp

= Developer Access Program provides early access to Intel® Xeon Phi™ processor
codenamed Knights Landing plus one-year license for Intel® Parallel Studio XE
Cluster Edition.

— http://dap.xeonphi.com/

RECICEY % E8FEHE
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Free Software Tools

Choices to Fit Needs: e imiiee
Intel® Tools

All Products with support — worldwide, for purchase.
— Intel® Premier Support - private direct support from Intel
— support for past versions
— software.intel.com/products

Educator> Open Source Contributor >
0 in teaching curriculum. For developers actively contributing to open source projects.

Most Products without Premier support - via Community support only — all tools:
SpeC|al programs fOF thOSG WhO qua“fy Students, Educators, classroom use,

Open Source Developers,
— students, educators, classroom use, Academic Researchers (qualification required)

open source developers, and academic researchers
— software.intel.com/qualify-for-free-software

» |ntel® Performance Libraries without Premier support -Community
licensing for Intel performance libraries

— no royalties, . .
no restrictions based on company or project size

- software.intel.com/n est Community support only — Intel Performance Libraries:
Community Licensing (no qualification required)

RE(GICE T 3R EE
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What's New: Details

Intel® C++ Compiler

SIMD Data Layout Templates to facilitate vectorization for your C++ code
Virtual function vectorization capability
Enhanced C11 and C++14 language standards support

— Sized deallocation

— Relaxed constexpr restrictions

— Variable templates

— Single-Quotation-Mark as a digit separator,
Enhanced GNU* and Microsoft* compatibility
SSE Cast Support
Diagnostic improvements on template argument

Support for a range of target operating systems, including Android* and embedded Linux OS's

RECICEY % E8FEHE
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What's New: Details

Intel® Fortran Compiler

» Substantial Coarray Fortran* performance improvement on non-trivial programs
= Almost complete Fortran 2008 support

= Enhanced Fortran 2008 and draft Fortran 2015 language standards support
— implied-shape PARAMETER arrays
— 2008 bind C internal procedures
— extended EXIT for all named blocks

— pointerinitialization

= VS2013 Shell* replaces VS2010 Shell on Windows*

RECICEY % E8FEHE
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Intel® C++ Compilers
Performance Advantage as Measured by SPEC*

Boost C++ application performance Boost C++ application performance
on Windows* & Linux* using Intel® C++ Compiler on Windows* & Linux* using Intel® C++ Compiler
(higher is better) (higher is better)

Floating Point Integer Floating Point Integer

Intel C++ 17.0
Intel C++ 17.0
Intel 17.0
Intel 17.0

GCC*6.1.0

Intel C++ 17.0

Intel C++ 17.
Intel 17.0

Windows Linux Windows Linux Windows Linux Windows Linux
Estimated SPECfp°_rate_base2006 Estimated SPECint®_rate_base2006 Estimated SPECfp®_speed_base2006 Estimated SPECint®_speed_base2006

. % . . . % . .
Relative geomean performance, SPEC* benchmark - higher is better Relative geomean performance, SPEC* benchmark - higher is better
Configuration: Windows hardware: Intel(R) Xeon(R) CPU E3-1245 v5 @ 3.50GHz, HT enabled, TB enabled, 32 GB RAM; Linux hardware: Intel(R) Xeon(R) CPU E5-2680 v3 Configuration: Windows hardware: Intel(R) Xeon(R) CPU E3-1245 v5 @ 3.50GHz, HT enabled, TB enabled, 32 GB RAM; Linux hardware: Intel(R) Xeon(R) CPU E5-2680 v3
2.50GHz, 256 GB RAM, HyperThreading is on. 2.50GHz, 256 GB RAM, "i/y erThreading is on.

oftware: Intel compilers 17.0, Microsoft [R) C/C++ Optimizing Compiler Version 19.00.23918 for x86/x64, GCC 6.1.0. PG 15.10, Clanf/LLVM 3.8 oftware: Intel compilers 17.0, Microsoft ?R] C/C++ Optimizing Compiler Version 19.00.23918 for x86/x64, GCC 6.1.0. PG| 15.10, Clang/LLVM 3.8
Linux OS: Red Hat Enterprise Linux Server release 7.1 (Maipo), kernel 3.10.0-229.el7.x86_64. Windows OS: Windows 10 Pro (10.0.10240 N/A Build 10240). Linux OS: Red Hat Enterprise Linux Server release 7.1 (Maipo), kernel 3.10.0-229.el7.x86_64. Windows OS: Windows 10 Pro (10.0.10240 N/A Build 10240).
SPEC* Benchmark (www.spec.org). SmartHeap libs 11.3 for Visual® C++ and Intel Compiler were used for SPECint® benchmarks. SPEC* Benchmark (www.spec.org).
Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and 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, o;zerations and functions. Any change to any of those factors may cause the results 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 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. * Other brands and names are the property of their respective owners. Benchmark Source: Intel Corporation product when combined with other products. * Other brands and names are the property of their respective owners. Benchmark Source: Intel Corporation
Optimization Notice: Intel’s comEFners may or may not optimize to the same deS%ree for non-Intel microprocessors for optimizations that are not Optimization Notice: Intel's compilers 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 SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not unique to Intel microprocessors. These optimizations include SSE2, SSE3, and 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- guarantee the availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-

lependent optimizations in this product are intended for use with Intel mlcroBrocessors. Certain optimizations not specific to Intel microarchitecture lependent optimizations in this product are intended for use with Intel m\croﬁrocessors. Certain optimizations not specific to Intel microarchitecture

are reserved for Intel microprocessors. Please refer to the applicallntle product

ser and Reference Guides for more information regarding the specific
instruction sets covered by this notice. Notice revision #20711080:

ser and Reference Guides for more information regarding the specific are reserved for Intel microprocessors. Please refer to the applicable product
instruction sets covered by this notice. Notice revision #20110804.
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Impressive Performance Improvement
Intel® Compiler OpenMP* Explicit Vectorization

» Three lines added that take full advantage of

both SSE or AVX

» Pragma’s ignored by other compilers so code

is portable

#pragma omp declare simd linear(z:40) uniform(L, N, Nmat) linear(k)

float path_calc(float *z, float L[J[VLEN], int k, int N, int Nmat)

#pragma omp declare simd uniform(L, N, Nopt, Nmat) linear(k)
float portfolio(float L[J[VLEN], int k, int N, int Nopt, int Nmat)
for (path=0; path<NPATH; path+=VLEN) {

/* Initialise forward rates */

z = z0 + path * Nmat;
#pragma omp simd linear(z:Nmat)

for(int k=0; k < VLEN; k++) {

for(i=0;i<N;i++) {
L[i][k] = LOI[i]

/* LIBOR path calculation */
float temp = path_calc(z, L, k, N, Nmat);
v[k+path] = portfolio(L, k, N, Nopt, Nmat);

/* move pointer to start of next block */
z += Nmat;
}
}

RE(GICE T 3R EE
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Libor calculation speedup
Normalized performance data — higher is better

Serial SSE 4.2 Core-AVX2

Configuration: Intel* Xeon® CPU E3-1270 @ 3.50 GHz Haswell system (4 cores with Hyper-Threading On), running at 3.50GHz, with 32.0GB RAM, L1 Cache 256KB, L2
Cache 1.0MB, L3 Cache 8.0MB, 64-bit Windows* Server 2012 R2 Datacenter. Compiler options;, SSE4.2: -O3 ~Qopenmp -simd ~QxSSE4.2 or AVX2: -O3 -Qopenmp
~simd -QxCORE-AVX2. For more information go to http://www.ntel.com/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 the
performance of that product when combined with other products. * Other brands and names are the property of their respective owners. Benchmark Source: Intel
Corporation

Optimization Notice: Intel's compilers 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 SSE2, SSE3, and 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. Certain optimizations not specific to Intel
microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information
regarding the specific instruction sets covered by this notice. Notice revision #20110804.




Impressive Performance Improvement
Intel C++ Explicit Vectorization: SIMD Performance

* One line added that take full advantage of
both SSE or AVX

» Pragma’s ignored by other compilers so code
is portable

#pragma simd vectorlength(8)
for (int x = x0; x < x1; ++x) {

float div = coef[0] * A_cur[x]
+ coef[1] * ((A_cur[x + 1] + A_cur[x - 1])
+ (A_cur[x + Nx] + A_cur[x - Nx])
+ (A_cur[x + Nxy] + A_cur[x - Nxy]))
+ coef[2] * ((A_cur[x + 2] + A_cur[x - 2])
+ (A_cur[x +sx2] + A_cur[x - sx2])
+ (A_cur[x + sxy2] + A_cur[x - sxy2]))
+ coef[3] * ((A_cur[x + 3] + A_cur[x - 3])
+ (A_cur[x +sx3] + A_cur[x - sx3])
+ (A_cur[x + sxy3] + A_cur[x - sxy3]))
+ coef[4] * ((A_cur[x + 4] + A_cur[x - 4])
+ (A_cur[x + sx4] + A_cur[x - sx4])
+ (A_cur[x + sxy4] + A_cur[x - sxy4]));

A _next[x] = 2 * A_cur[x] - A_next[x] + vsq[s+x] * div;

RE(GICE T 3R EE
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RTM-stencil calculation speedup
Normalized performance data — higher is better

Serial SSE 4.2 Core-AVX2

Configuration: Intel® Xeon® CPU E3-1270 @ 3.50 GHz Haswell system (4 cores with Hyper-Threading On), running at 3.50GHz, with 32.0GB RAM, L1 Cache 256KB, L2
Cache 1.0MB, L3 Cache 8.0MB, 64-bit Windows* Server 2012 R2 Datacenter. Compiler options;, SSE4.2: -O3 -Qopenmp -simd -QxSSE4.2 or AVX2: -O3 -Qopenmp
-simd -QxCORE-AVX2. For more information go to http: intel.

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. * Other brands and names are the property of their respective owners. Benchmark Source: Intel
Corporation

Optimization Notice: Intel's compilers 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 SSE2, SSE3,and 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. Certain optimizations not specific to Intel
microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information
regarding the specific instruction sets covered by this notice. Notice revision #20110804.




SIMD Data Layout Template "We used SDLT to vectorize the

Improve Productivity and Boost C++ deformer code in Premo, the in-

Performance house animation tool for
DreamWorks Animation. The

= Quickly convert “Array of Structures” to performance improvements we were

“Structure of Arrays” representation. able to achieve were dramatic, and
these improvements will translate
directly into higher quality characters
that will be seen on-screen in future
movies. Also the library itself was

= |ncrease productivity: Use predefined
templates with minimal effort, and let SDLT
do the vecorization for you.

= |mprove performance: SDLT vectorizes your easy to use and int"e rate into our
code by making memory access contiguous, existing codebase.

which can lead to more efficient code and
better performance.

: _ Martin Watt
= Seamless integration: SDLT follows the Principal Engineer,
familiar Intel vector programming model. DreamWorks Animation
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Intel® Advisor: Modernize Your Code
Vectorization Optimization and Thread Prototyping

oo g A yectorized — m \/ectorize and thread
§< your code or performance
150,000 2B .
g 187 “dies” on modern
o 53 X Processors
gz
omo 2 thrended = Get trip counts, data
Mzggﬁgzed dependencies, memory
2007 2009 2010 2012 2013 2014 2016 access patterns, and more

= Follow an easy
optimization workflow

The Difference Is Growing With Each New Generation of Hardware ) .
with tips for faster code

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 http://www.intel.com/performance Configurations at the end of this presentation.



http://www.intel.com/performance

Vectorization and Threading Critical on Modern Hardware

300 LIBOR T 200 Monte Carlo Asian Options
250

150 Key:

200
150 gox 100 gox Vectorized

0 = 0 — =
Threaded

2007 2009 2010 2012 2013 2014 2016 2007 2009 2010 2012 2013 2014 2016
Vectorized
Black Scholes . .

6 Monte Carlo America Options Serial
150 eria

5 T

4 100

3 28X 60x

2 50

0 0 —

2007 2009 2010 2012 2013 2014 2016 2007 2009 2010 2012 2013 2014 2016

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 http://www.intel.com/performance Configurations at the end of this presentation.
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Configurations for Binomial Options SP

. Explicitly
200,000 vectorized &
Threaded
Optimization Notice
& o Intel’'s compilers may or may not optimize to the same degree for non-Intel
g microprocessors for optimizations that are not unique to Intel microprocessors.
H E These optimizations include SSE2, SSE3, and SSSE3 instruction sets and other
%’ . 187x optimizations. Intel does not guarantee the availability, functionality, or
gé effectiveness of any optimization on microprocessors not manufactured by
= g 00 Intel. Microprocessor-dependent optimizations in this product are intended for
§ use with Intel microprocessors. Certain optimizations not specific to Intel
a . microarchitecture are reserved for Intel microprocessors. Please refer to the
xplicitl applicable product User and Reference Guides for more information regarding
- e the specific instruction sets covered by this notice. Notice revision #20110804
el “;;:‘x":‘m“ o ‘J csor iy e ?;”‘"““ : Performance measured in Intel Labs by Intel employees
Platform Hardware and Software Configuration
Unscaled L1 H/W
Core  Cores/ Num Data L11I L2 L3 Memory Memory Prefetchers HT  Turbo Operating Compiler
Platform Frequency Socket Sockets Cache Cache Cache Cache Memory Frequency Access Enabled Enabled Enabled C States O/S Name System Version
Intel® Xeon™ 5472 Processor 30GHZ 4 2 32K 32K 12MB None 32GB 800MHZ UMA Y N N  Disabled Fedora 20 5’311];226 o
® ™ . 3.11.10- icc version
Intel® Xeon™ X5570 Processor 2.93 GHz 4 2 32K 32K 256K 8MB 48 GB 1333 MHZ NUMA Y Y Y Disabled Fedora 20 301.fc20 14.01
Intel® Xeon™ X5680 Processor 333GHZ 6 2 32K 32K 256K 12MB 48 MB 1333 MHZ NUMA Y Y Y  Disabled Fedora 20 3311%235 o
Intel® Xeon™ E5 2690 Processor 20GHZ 8 2 32K 32K 256K 20MB 64GB 1600 MHZ NUMA Y Y Y  Disabled Fedora 20 3311%235 o
® ™ . 3.11.10- icc version
Intel® Xeon™ E5 2697v2 Processor 2.7 GHZ 12 2 32K 32K 256K 30MB 64 GB 1867 MHZ NUMA Y Y Y Disabled Fedora 20 301.fc20 14.01
® ™ . 3.13.5-  icc version
Intel® Xeon™ E5 26xxv3 Processor 2.2 GHz 14 2 32K 32K 256K 35MB 64 GB 2133 MHZ NUMA Y Y Y Disabled Fedora 20

202.fc20 14.0.1

Intel® Xeon™ E5 26xxv4 Processor

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 http://www.intel.com/performance
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Adoption of Python Most Popular Coding Languages of 2015
* -
Python* Landscape continues to grow among
domain specialists and
developers for its

productivity benefits \ Y
Challenge#1:
Domain specialists are not professional software
programmers.
code-va\
Workstation HPC/Big Data Cluster
Challenge#2: g

>

Python performance limits migration to
production systems

Development cost

£33

PTOtOtVPing Development cost Production

1. Pre-
Processing

3-10x

At
processing

High migration
costs

4. Model [
Validation
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Adoption of Python Most Popular Coding Languages of 2015
* .
Python* Landscape continues to grow among
domain specialists and
developers for its
productivity benefits AT

Challenge#1:
Domain specialists are not profes Intel’s solution is to...
programmers.
Accelerate Python performance codenal
Challenge#z: Enable easy access HPC/BigDataClusfer

Python performance limits migra
production systems

b

Production

Processing processin,

Empower the community

Development cost

3-10x

High migration

costs

Python*,
R*, Matlab*,
Excel*

4. Model
Validation
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Access Multiple Options for Faster Python* fost bu 3 signiicant tht plain
Included in Intel® Distribution for Python 0l python code s much faster
Accelerate with native libraries @ Pt pfgg?g;‘ﬁtlﬁ,ﬁ;’w
= NumPy, SciPy, Scikit-Learn, Theano, Pandas,
pyDAAL
= Intel® MKL, Intel® DAAL Multi-node parallelism @

i iati . = Mpi4Py, Dist
Exploit vectorization and threading @ piary, bistarray

= Cython + Intel C++ compiler

= Intel native libraries: Intel MPI

* Numba + Intel LLVM Integration with Big Data, ML platforms and
frameworks -
Better/Composable threading @

Work in
= Cython, Numba, Pyston

» Spark, Hadoop, Trusted Analytics Platform Progress

- - »7 o

= Threading composability for MKL, CPython, Better performance profiling
Blaze/Dask, Numba

_—

= Extensions for profiling mixed Python & native/JIT codes

RE(GICE T 3R EE
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https://www.pugetsystems.com/labs/articles/Intel-Python-Preview-752/

Intel® Distribution for Python*
Reviews

Intel's Python
InfoWorld distribution provides a

major math boost

The still-in-beta Python distribution uses Math Kernel
Library to speed up processing on Intel hardware

The distribution's main touted advantage is speed -- but
not a PyPy-style general speedup via a JIT. Instead, the
MKL speeds up certain math operations so that they run
faster on one thread and multiple threads.

RECICEY % E8FEHE

“I expected Intel’s numpy to be
fast but it is significant that plain
old python code is much faster
with the Intel version too.”

Prget Dr. Donald Kinghorn,
#eme Puget Systems Review

":inS|deHPC

HPC Podcast Looks at
Intel's Pending
Distribution of

Python
Yes, Intel is doing their own Python build! It is still
in beta but | think it's a great idea. .......... Yeah, it's
important!

© 2016 Intel Corporation. FEMTO5 | A . EEHZRELET,
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Automatic Performance Scaling from the Core, to Multicore,

to Many Core and Beyond
Intel® MKL

Extracting performance
from the computing

resources source
; izati Multi
= Core: ve.ctorlzatlon, - S— Ulticore
prefetching, cache utilization Intel® MKL

= Multi-Many core
(processor/socket) level s 4
parallelization T

= Multi-socket (node) level
parallelization

= (Clusters scaling

soEfbICEY 2 FEFEER
© 2016 Intel Corporatio f
* ZOMDtR R

Int

Many Core
Intel® Xeon
Phi™
Coprocessor

MKL
+

el® MPI

Multicore
& Many-core
Cluster

Multicore
Cluster




Big Data and Machine Learning Challenge

Intel” Xeon™  Intel’ Xeon™  Intel’ Xeon™  Intel’ Xeon™  Intel” Xeon®  Intel’Xeon™  |ntel” Xeon® intel’ Xeon Phi™  intel’ Xeon Phi™

' processor processor processor processor COPToCessor processor &
64-bit 5100 5500 5600: codtremsd h;;‘""‘" code-named Knights "z’l’;’;;:;’
series  series  series Sandye BlEqu Hagell Comer nding"
EP
Core(s) 1 2 4 6 8 12 18
Threads 2 2 8 12 16 24 36
sMDWidth 128 128 128 128 256 256 256 512 512
*Product specification for launched and shipped products available on ari.intelcom.
1. Not launched or in planning.
Problem: More cores - More Threads - Wider vectors

» Big data needs high performance computing.
= Many big data applications leave performance at the table —> Not optimized for underlying hardware.

Solution:

= A performance library provides building blocks to be easily integrated into big data analytics workflows.

RE(GICE T 3R EE
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Intel® Data Analytics Acceleration Library (Intel® DAAL)

An Intel-optimized library that provides building blocks for all data analytics

stages, from data preparation to data mining and machine learning

» Python*, Java*, and C++ APls = Developed by same team as the industry-

_ leading Intel® Math Kernel Library
= Can be used with many platforms (Hadoop?*,

Spark*, R*, Matlab*, ...) but not tied to any of = Open source, Free community-supported
them and commercial premium-supported

o , options
= Flexible interface to connect to different

data sources (CSV, SQL, HDFS, ...) = Also includedin -
_ _ Parallel Studio XE suites PARALLEL
= Windows?*, Linux*,

and OS X* & e \D STUDIO XE

RE(GICE T 3R EE
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Intel® Threading Building Blocks
Good Tuning Data Gets Good Results

“Using Intel TBB's new flow graph
feature, we accomplished what was
previously not possible, parallelize

"Intel's TBB was an invaluable help in multi-
threading our in-house renderer CGIStudio and is
now also used in animation and simulation
software. Beside the ease of use, it takes care of

a very sizable task graph with
thousands of interrelationships —

_ the two most important aspects of running an
all in about a week.”

application on multiple cores -- load balancing and

Robert Link scalability.”
GCAM Project Scientist ] ~
Pacific Northwest National Lab Maurice van Swaaji
Blue Sky Studios
"Intel® TBB provided us with optimized code that we did not
have to develop or maintain for critical system services.
| could assign my developers to code what we bring to the Michaél Rouillé
software table.” CTO More Case
Golaem

BBEICEY 3EREIE
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https://software.intel.com/sites/default/files/Intel_DPD_Mentor_CS_approved.pdf
https://software.intel.com/sites/default/files/Intel ESS Schlumberger Case Study LRs 002.pdf
https://software.intel.com/en-us/articles/sdp-case-studies

Intel® Threading Building Blocks (Intel® TBB) i

C++ template library to simplify the task of adding parallelism on a single device or
across multiple devices

Specify tasks instead of manipulating threads

= Intel® TBB maps your logical tasks onto threads with full support for nested parallelism
Targets threading for scalable performance

" Uses proven , efficient parallel patterns

" Uses work stealing to support the load balance of unknown execution time for tasks. It has the
advantage of low-overhead polymorphism.

Flowhgraph feature allows developers to easily express dependency and data flow
graphs

Has high level parallel algorithms and concurrent containers and low level building
blocks like scalable memory allocator, locks and atomic operations.

Commercial support for Intel® Atom™, Core™, Xeon® processors, and for Intel® Xeon
Phi™ processors and coprocessors

RE(GICE T 3R EE
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“Using Intel TBB's new flow graph
feature, we accomplished what
was previously not possible,
parallelize a very sizable task

graph with thousands of
interrelationships —all in about a
week."

Robert Link
GCAM Project Scientist
Pacific Northwest National Lab

More Case
Studies



https://en.wikipedia.org/wiki/Polymorphism_in_object-oriented_programming
https://software.intel.com/en-us/articles/sdp-case-studies

Resources and Availability
Intel® Threading Building Blocks (Intel® TBB)

Resources

» Commercial product page: software.intel.com/intel-tbb

» Flow Graph Designer: software.intel.com/articles/flow-graph-designer

= User Forum: software.intel.com/forums/intel-threading-building-blocks

Available on Linux, Windows, macOS and Android

» Commercially available with Intel® Parallel Studio XE 2017: software.intel.com/en-
us/intel-parallel-studio-xe

= Community licensing for Intel® Performance Libraries- without Premier support:
software.intel.com/nest

» The Open-Source Community Site: www.threadingbuildingblocks.org

RE(GICE T 3R EE
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https://software.intel.com/en-us/intel-tbb
https://software.intel.com/articles/flow-graph-designer
http://software.intel.com/forums/intel-threading-building-blocks
https://software.intel.com/en-us/intel-parallel-studio-xe
http://software.intel.com/nest
http://www.threadingbuildingblocks.org/

Challenges Faced by Developers

= Performance optimization is a never-ending task.

= Completing key processing tasks within designated time constraints is a
critical issue.

= Hand optimization code for one platform makes code performance worse
on another platform.

= With manual optimization code becomes more complex and difficult to
maintain.

= Code should run fast as possible without spending extra effort.

RE(GICE T 3R EE
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Different Domains in Intel IPP

2\ e 0\

Image Data
Processing Compression
Signal o /
Processing - N
Computer Vision Cryptography
o /
N
Color Vector Math String
Conversion Processing

N A S N >/
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Intel® Integrated Performance Primitives:
Building Blocks for Image, Signal, and Data Processing

Provides developers with ready-to-use functions to accelerate image, signal,
data processing and cryptography computation tasks.

Optimized for Intel® Atom™, Core™, and Xeon® processors and for Intel® Xeon
Phi™ processors and coprocessors.

License versions available on Linux*, Windows*, macOS*, and Android*

Available as a part of:

= |Intel® Parallel Studio XE 2017 -software.intel.com/en-us/intel-parallel-
studio-xe

= Community Licensing for Intel® Performance Libraries- without Intel® Premier
support: software.intel.com/nest
RELICREY 3 EEEE @ . a5
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Correctness Tools Increase ROl by 12%-21%

Cost Factors — Square Project Analysis
CERT: U.S. Computer Emergency Readiness Team, and Carnegie Mellon CyLab
NIST: National Institute of Standards & Technology : Square Project Results

Size and complexity of Correctness tools find defects
applications is growing W . during development prior to
shipment
Reworking defects is 40%-50% Reduce time, effort, and
of total project effort | cost to repair

TS | AL B
—RICRHOR BRBETT,



Race Conditions Are Difficult to Diagnose
They Only Occur Occasionally and are Difficult to Reproduce

Correct Incorrect
EnEIE N

0 0
Read count €« 0 Read count €« 0
Increment 0 Read count € 0
Write count > 1 Increment 0
Read count € 1 Increment 0]
Increment 1 Write count > 1
Write count = 2 Write count = 1

RE(GICE T 3R EE
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Debug Memory and Threading Errors

Intel” Inspector

) .. M Detect Memory Probl INTEL INSPECTOR 2017
F d d l - ry Froblems
I n an e I m I nate errors & Target Analysis Type|| B Collection Log
. . Problems
. Memory leaks’ Invalld access--- Object Size | State | Modules
£ Mismatched allocation/deallocation find_and_fix_memory ... Fe New find_and_fix_me ... E
] R d d dl k o 3 Memeory leak find_and_fix_memory ... 28672 ! New find_and_fiocme...
aces an ea OC S H Invalid memory access find_and_fix_memory ... Fe New find_and_fix_me ..
. + Memeory not deallocated api.cpp; util.cpp; vide... 10376 Fe New find_and_fix_me ..
= C,C++ and Fortran (or a mix) 3 _
Description |Source |Functi0n |M0du\e Object Size | Offset | Variable
H H Allocation... find_and_fix_ mermory_err... operator() find_and_fix_memory_err... 896
S I m p I'e’ Re l' I ab le1 Accu rate 161 unsigned int serial=1; find_and fix memory err
162 unsigned int mboxsize = sizeof (unsigned int)*||find_and fix memory err
» No special recompiles e e e A ina_ana_£1x_mamoryerr
165 for (unsigned int i=0;i<=(mboxsize/(sizeof (un||tbb_debug.dll!local wai

Use any build, any compiler? — _ ,
_ _ Clicking an error instantly displays source
Analyzes dynamically generated or linked code code snippets and the call stack

Inspects third-party libraries without source
Productive user interface + debugger integration | Fits your existing process
Command line for automated regression analysis

RE(GICE T 3R EE
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Profile Python* & Go!* pgaon @W -

And Mixed Python / C++ / Fortran* — Intel® VTune™ Amplifier

Low-overhead ampling Precise line-level details
= Accurate performance data without high = No guessing, see source line level detail
overhead instrumentation Mixed Python/native C, C++, Fortran...

= Launch application or attach to a running
process

| Basic Hotspots Hotspots by CPU Usage viewpoint (change) @ INTEL VTUNE AMPLIFIER XE 2017

= Optimize native code driven by Python

B Collection Log | | @ Analysis Target Analysis Type| | Ml Summary | |#% Bottom-up| | #% Caller/Callee| | #% Top-down Tree| | BB Platform | | B¢ corec | P

Aszembly ) < Q| | Assembly grouping: | Address W

CPU Time: Total ~

Source
Line Source Effective Time by Utilization

Olidle @ Poor OOk B Ideal B Owver

CPU Time W
Viewing ¢ 1of1 [0 selected stack(s)
100.0% (3.388s of 3.388s)

core.pyd_pyx f 4core 12SlowpokeCore ..

core.pyd!_pyx pf dcore 125lowpokeCore. .

main.py!main+lx18 - main.py: 18

10 def dologi():

11 template, cbkjects = makeFarams() pgrthon2||!+D'xEQQ—[u...
12 for _ in xrange(1000): main.pytdolog+0x30 - main.py.13

13 & logging.info(template. format (*objects) ) 26.7% python27 dilliunc@ e 10fbcl+ ~Lun..




Three Keys to HPC Performance
Threading, Memory Access, Vectorization: Intel® VTune™ Amplifier

Threading: CPU utilization

= Serial versus parallel time

» Top OpenMP* regions by potential
gain

» Tip: Use hotspot OpenMP region
analysis for more detail

Memory access efficiency
= Stalls by memory hierarchy

» Bandwidth utilization
» Tip: Use Memory Access analysis

Vectorization: FPU utilization

» FLOPST estimates from sampling

» Tip: Use Intel® Advisor for precise
metrics and vectorization optimization

RECICEY % E8FEHE
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New!

® HPC Performance Characterization HPC Performance Characterization viewpoint (change) @ INTELVTUNE AMPLIFIER XE 2017

B8 Collection Log| @ Analysis Target INENEERIE & Summary §i5

Elapsed Time *: 3.859s

GFLOPS“: 4.743
CPU Utilization *: 31.3% [«

27.509 Out of 88 logical CPUs
0.761s (19.7%)
3.098s (80.3%)
2.470s (64.0%)
0.627s (16.3%)

Average CPU Usage

Serial Time

Parallel Region Time
Estimated |deal Time
OpenMP Potential Gain

Top OpenMP Regions by Potential Gain

CPU Usage Histogram

Memory Bound ~: 50.3% &
Cache Bound 0.092
DRAM Bound 0.194

MNUMA: % of Remote Accesses
Bandwidth Utilization Histogram

0.0%

FPU Utilization “: 0.3% [«
GFLOPS :
Scalar GFLOPS
Packed GFLOPS : 0.008
Top 5 hotspot loops (functions) by FPU usage

4.743
4.735

>U Usage Histogram

is histogram displays a percentage of the wall time the specific number of CPUs were runnin g simultaneous| ly. Spin

d Overhead time adds to the Idle CPU usage value.

sooms al
R
3
>
&

600ms

Elapsed Time

|
|
|
|
|
|
400ms }

200ms

Target Utilization

——

Simultaneously Utilized Logical CPUs

T For 3rd, 5th, 6th Generation Intel® Core™ processors and second generation

Intel® Xeon Phi™

processor code named Kni

hts Landing.



Application Performance Snapshot

Discover Opportunities for Better Performance with Vectorization and Threading

== Application Performance Snapshot Preview (intel.

Objectives
= Simple enough to run
during a coffee break

= Highlight where code At e e
modernization can help 2.9 |

was wasted in OpenMP

[T I mmmm_) )
18.7s | 215y 59% 0.6%

A high metric value can indicate
significant execution pipeline
stalling on memaory operations normal if you are not doing

due to memery-related floating peint math, But, if your
performance issues like poor app performs significant floating
cache reuse, excessive NUMA paint calculations try

A low metric value can indicate
poor FPU utilization. This is

A low metric value can indicate

runtime (not included in

. . remote accesses, false sharing, vectorization efficiency analysis

U S e rs chu utulnzahor_}]. Possible bandwidth limited memory tools explore on because of non-

reasons: load lmbahnoe_ access. Lse memory access vectorized floating paint

Between ranks, scheduling profiling tools to identify operations or inefficient

onverhad, lock contntion, particular botenecks and how vectorization because of legacy
] P e rfo r m a n C e t e a m S — fa S t of serial regions. Per(_orm to rearganize code to reduce veetor instruction set of memaory

OpenMP parallel region latency of memary operations, access pattern issues.

€ profiling to explore on 2pr Leam more, </n Leam more,

prioritization of which apps mamee ]
will benefit most —

= All Developers - size the Non-Objectives - _

from code modernization Snapshotis just a fast “health” check.

Free download: http://www.intel.com/performance-snapshot
Also included with Intel® Parallel Studio and Intel® VTune™ Amplifier products.

RE(GICE T 3R EE
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http://www.intel.com/performance-snapshot

MPI Performance Snapshot

Your application is OpenMP bound.
High OpenMP imbalance has been identified.

Use Intel VTune Amplifier for further analysis.

Application: /nfs/inn/home/yshchyok/p/svn/testing/ts/results/2015.09.23
12.31.09/itac_testspec/vt_key_default_test_c_icc15_n2_itac_it_mps/test
Number of ranks: 4

lUsed statistics: app_stat_4p2B8tixt, stats_dp28tixt

Creation date: 2015-09-28 14:58:48

Wallclock time
1.78 sec

Calculation

45.38%

MPI

54.62%

OpenMP

30.53%

OpenMP Imbalan

12.90%

Free download:

MPI Imbalance

RE(GICE T 3R EE
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TOP 5 MPI functions

Func %
Wait 71.88
Barrier 20.92
Init 398
Send 2.04
Recv 0.83

Memory usage
peax 25.29 MB

ean 2095 MB

Per-process memary usage affects the
application scalability.

Cycles Per Instruction Rate

max: 2.23
7 min: 1.10

—

This could be caused by such issues as
memary stalls, instruction starvation,
branch misprediction cor long latency
instructions.

Please use |ntel ® VTune™ Amplifier XE to
identify the cause of this bottleneck.

High values are usually bad. The CPl value
may be too high.

GFLOPS

20.67

1/O operations
1/0 wait: 0.00 sec 0.00%
peae 0.00%

mean 0.00%

This is the time the application spends
waiting for an I/O operation to complete.
High percentage of I/O wait time indicates
that your application actively reads data
from the storage device. This application
does not spend much time on /O
operations.

Memory Bound Coefficient

ma: 0.23

0.18 min: 0.14

It indicates that the application doesn't
spend much time waiting for data.
High values are usually bad. The
application is not Memory Bound.

http://www.intel.com/performance-snapshot. Also included with Intel® Parallel Studio Cluster Edition.



http://www.intel.com/performance-snapshot

Preview!

Storage Performance Snapshot

Discover if Faster Storage can Improve Server/Workstation Performance

Learn It On One Coffee Break @ Sterage Performance Snapshot -

» Quickly see meaningful data . o B
= System view of workload | - | I(
= Any architecture e 7 ANA oLy E
Targeted Systems _—
= Servers and workstations with Y
directly attached storage p . .
» Not scale out storage clusters U wemoryteork
= Linux kernel 2.6 or newer IR T
dstat 0.7 or newer

= Windows Server* 2012, Windows*

8, or newer Windows OS _
Free download: http://www.intel.com/performance-snapshot
Also included with Intel® Parallel Studio and Intel® VTune™ Amplifier products.

RE(GICE T 3R EE
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Get Faster Code Faster:
Vectorization Optimization

Have you:

= Recompiled for AVX2 with little gain?
= Wondered where to vectorize?

» Recoded intrinsics for new arch.?

= Struggled with compiler reports?

x Survey Report

| Elapsed time: 54445 ‘ | Vectotized | | Mot Vectorized |

FILTER: | &)l Modules ¥ Al Sources v

Data-driven vectorization:

Intel® Advisor

New!

What vectorization will pay off most?

What's blocking vectorization? Why?

Are my loops vector friendly?

Will reorganizing data increase performance?
Is it safe to just use pragma simd?

“Intel® Advisor's Vectorization Advisor
= permitted me to focus my work where it really

mattered. When you have only a limited
amount of time to spend on optimization, it is

Function Call Sites and Loop & | O Wector lssues TSire'rLfev %O';a; E!’:nf Loop Type | Why Mo Vectarization?
0 [loop at stl_algo.hd 7400, O 017051 017051 Scalar & non-vectorizable | ...
EE [loop at loopstl.cpp:2449,. ¢ 2 Ineffective peeled.. 017051 017051 144 Collapse Collapse

2[00 [loop at loopstl.cpp2.. | [] 015051 015051 12 Wectarized (B

12O [loop at loopstl.cpp., | [] 0.020s 1 0.02051 4 Rernainder
20O [loop at loopstl.cpp:7800,, [] 017051 017051 500 Scalar B wectarization possi...

[loop at loopstl.cpp:35... ‘¢ 1 High vector regi.. 0.160s| 0.160s| 12 Expand Expand

>(

Eﬁﬂ:luﬁﬂ'ﬁ'éiﬁ$ﬁ

invaluable."

Gilles Civario
Senior Software Architect
Irish Centre for High-End Computing




New!

Next-Gen Intel® Xeon Phi™ Support

Vectorization Advisor Runs on and Optimizes for Intel® Xeon Phi™

Vectorized Loops Bl nstruction Set Analysis AVX- 5 1 2 E RI — S peCifi C to

Vector ISA | Efficiency Gain Esti... | VL (V...| Traits Data Types I nte l® Xe O n P h i
=0 [luup e * 3 Possible || 35.225:- Ve:turlzed+Threaded (Budy, Peeled; Re.. |AVX512 I 2.21x ‘8 Divisions; FMA; Gathers Float32; .

Loops & |Vector Issues | Self Timew Loop Type

~
S [loc [7 @ 2Possiblein.. 26‘0255- Vectorized (Body}+ Threaded (OpenMP) AVX512 Divisions; Gathers; FMA Float32; ... ]
S0 loc T §1Highvecto.. 5.876sH Vectorized (PeelediThreaded (OpenMP)  AVX512 8 Divisions; Gathers FMA  Float32, ... 256/512 [(AVXZ AVXSIZER 512 AVX512. Masked Le
‘
S [loc [0 @1Highvecto.. 33245l Vectorized (Remainder )+ Threaded (Open... AVX512 8 Divisions; Gathers; FMA Float32; .. 256/512 AVX2; AVX512ER_512; AVX512... Masked Lc
[Leop 0 34,5995 SRR Vcterized Body; Remainder) AVX512 S64x & Divisions FMA; Square Roots Float32 .. 256/51.. AVX2 AVXS12ER_512; AVXS12.. Masked Lc
-
[loop [7 ¥1Possiblein.. 33‘8495- Vectorized (Body, Peeled; Remainder) AVX512 ~28% 2.24% 8 Divisions; FMA; Gathers Float32; .. 256/512 AVX AVXZ; AVX512ER_512; AV... Masked Lc
[loop al 19‘8395- Vectorized (Body, Remainder) AVX512 |_72% 11.48x% 16; 8 ] Float32; .. 256/51.. AVX2 AVX512F_512 Masked Lc
- — [

@ Recommendations

: o Efficiency (72%), Speed-up (11.5x),
Vector Length (16)

Recommendation: Confirm inefficient memory access patterns Confidence: Need More Data
There is no confirmation inefficient memery access patterns are present. To confirm: Run a Memory Access Pattems analysis. . . .

Performance optimization problem and
B ~dvice how to fix it

ssue: Possible inefficient memory access patterns present
Inefficient memory access pattems may result in significant vector code execution slowdown or block automatic vectorization by the compiler. Improve performance by investigating.

Issue: Ineffective peeled/remainder ) present
All or some source loop iterations are net executing in the Joop body. Improve performance by moving source loop iterations from peeleciremainder loops to the loop body.

Recommendation: Collect trip counts data
The Survey Report lacks trip counts data that might generate more precise recommendations. To fix: Run a Trip Counts analysis.

Recommendation: Align data

¥ Program metrics
Elapsed Time: 142.79s
Vector Instruction Set: AVX, AVX2, AVX512, SSE, S5E2 Number of CPU Threads: 4

Recommendation: Add data padding
The trip count is not a multiple of vector length. To fix: Do one of the following:

 Increase the size of objects and add iterations so the trip count is a multiple of vector length.
 Increase the size of static and automatie objects, and use a cempiler optien to add data padding.

[ Windows'0S | Linux' 05 | @ Loop metrics
\ | /Qopt-assume-sate-padding | -qopt-assume-safe-padding | Total CPU tlme 454.08s _ 100.0%

Time in 88 vectorized loops 41.865 [ ERLS

RE(GICE T 3R EE
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New!

Precise, Repeatable FLOPS Metrics

Intel® Advisor: Vectorization Optimization

= FLOPS by loop and function » Instrumentation (count FLOP) plus
= All recent Intel® processors sampling (time with low overhead)
(not co-processors) = Adjusted for masking
with AVX-512 processors
INTEL ADVISOR 2017
FLOPS
(=] Function Call Sites and Loops : :
GFLOPS | Al L1 GB/s | GFLOP FLOP Per lteration | L1 GE | L1 Bytes Per lteration
Bl ¥ [loop in matvec at Multiply.c:69] |0.8260 0.1633 | 5.0586 3.0720 E 18.8160 | 196
4l [loop in matvec at Multiply.c:60] | 0.9120 0.1633  5.58533 3.0720 32 18.8160 | 196
3|0 [loop in matvec at Multiply.c:69]  1.24210 0.2500 ' 4.9920 1.3440 4 533760 16
3|0 [loop in matvec at Multiply.c:60] | 1,592 @ 0.2500 &.3699 1.3440 4 53760 16
[loop in matvec at Multiply.:69]  3.055@88 02500 12,2205  0.09e0 16 03340 &4
[loop in matvec at Multiply.c:60] | 6.282 888 02500 251279  0.0960 16 032340 o4

RE(GICE T 3R EE
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New!

Enhanced Memory Access Analysis: Intel® Advisor
Are you Bandwidth or Compute Limited?

Measure footprint

= Compare to cache size
Does it fitin cache?

Variable references

= Map data to variable
names for easier analysis

Gather/scatter

» Detect unneeded
gather/scatters that
reduce performance

RE(GICE T 3R EE

Site Location Loop-Carried Dependencies | Strides Distribution a Access Pattern Max. Site Footprint
[loop in s4117_ at loopstl.cpp:76 .. No information available 50% / 50% / 0% Mixed strides | 1928
[loop in s442_ at loopstl.cpp:6815] Mo information available 36% /0% / 44% Mixed strides 2368
@ [loop in s272_ at loopstl.cpp:3447] Mo information available [ B0%/0%7 40% ||Mixed strides  |320B
Memory Access Patterns Report | Dependencies Report|| ‘¢ Recommendations V
In] | | Stride |Type | Source | Mested Function/ | Variable references |Access Footprint | Mo
=P2 i Gather stride loopstl.cpp:3450 G d _LSEOB led_
3448 if {e[i_ ] >= *t)
3449 [
3450 ali ] +=c [i ]1*d [i ]:
3451 bli J+=c [i ]*ec [i I:
3452 1
Line Source | Stride L i
2450 ali_ ] +=c_[i ] *d [i 1: = Operand Size (bits): 32
3451 bUI_J+=c [ *c [i_I: g Operand Type: bit=16flosta2%18
3452 4 Vector Length: 16
3433 dummy_ {14, n, =a[l], sb[1], sc_ [1], =d_ [ 2 Mepibry access footprint: 320B
£ > €

Address | Line
(432652 3450
(x432661 3403
432666 3450

vgatherdpsz
{%rl3,%rsi, 1), %ré
{%r9,%zmms, 4},

leag
wgatherdpsz

<

Assembly

(%r8,%zmms, 4), 3ki,

%k3, Fzmml

>

Physical Stride

T

A v
<

¥ Gather/scatter details
Pattern: " Unit"
Instruction accesses values in contiguous memory  nofy
throughout the loop:
- unit stride within instruction
- stride between iterations = vector length

Hotizantal stride (bytes): 4
Vertical stridefbytes): 64

© 2016 Intel Corporation. #ERTTD5 | . Exdi 2L
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New!

Start Tuning for AVX-512* without AVX-512 hardware

Intel® Advisor: Vectorization Advisor

Use —axCOMMON-AVX512 —xAVX compiler flags to generate both code-paths
= AVX(2) code path (executed on Haswell and earlier processors)

= AVX-512 code path for newer hardware

Compare AVX and AVX-512 code with Intel Advisor

Vectorized Loops Instruction Set Analysis Advanced
Loops & | Self Time Loop Type — - - - - —
‘ Vect... a | Efficiency | Gain... | VL (| Compiler Es... | Traits | DataT.. |‘u"ector W...| Instruction Sets | Vectorization D¢

=] [loop in 5352_ at loopstl.cpp:5939] [l 0.641s1 Vectorized (Body) AVX2 215x 4 2.15x% FMA; Inserts Float32 128 b AVX: FMA

s [loop in s352_ at loopstl.cpp:3939] n/a Remainder [Not Executed] 4 Fi&

=[® [loop in s352_ at loopstl.cpp:5938] | [ 0,641s10 Vectorized (Body) AVH2 4 2 15¢ |nse rts (AVXZ) VS_

3| [loop in s352_ at loopstl.cpp:5939] n/a Vectorized (Body) [Mot Executed] AVX512 16 3,20% Gathers; FMA

5" [loop in s352_ at loopstl.cpp:5939] n/a Vectorized (Remainder) [Mot Executed] | AVX512 16 270 Gathers, EMA G ath ers ( AVX_ 5 1 2)
=¥ [loep in s123_ASompSparallel_for@... [l 0,496s 10 Vectorized Versions AVX2 13,34x 8 <13,534dx Fi&; NT-stores

u [Ioop in s‘lES_.ASom_pSpa_ra_IIeI_for... n/a Peeled [Mot Executed] 2 FMA

3 [loop in s125_ASompSparallel_for... n/a Remainder [Not Executed] 8 gy FMA )l () € ALE

lloop in 5125_ASompSparallel for.. [] = 046550  Vectorized (Body) Ave | | 8 g 1354

a3l [loopin 5125 ZSompSparallel for... n/a WVectorized (Peeled) [Mot Executed] AVX512 16 B, 77x FMA A

5" [loop in 5125_ZSompSparallel for.. | | | n/a Vectorized (Body) [Not Executed] |avxsi2 | | |32 \(3061x

3 [loop in s125_ZSompSparallel_for... n/a Vectorized (Remainder) [Mot Executed]  AVX312 16 , FMA ' O A
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Faster Code Faster Using Intel® Advisor

Vectorization

"Intel® Advisor's Vectorization Advisor permitted me
to focus my work where it really mattered. When you

have only a limited amount of time to spend on
optimization, it is invaluable."

Gilles Civario
Senior Software Architect
Irish Centre for High-End Computing

“Intel® Advisor’s Vectorization Advisor fills a gap in
code performance analysis. It can guide the
informed user to better exploit the vector capabilities
of modern processors and coprocessors.”

Threading

"Intel® Advisor has been extremely helpful in
identifying the best pieces of code for parallelization.
We can save several days of manual work by

targeting the right loops and we can use Advisor to
find potential thread safety issues to help avoid
problems later on."

Carlos Boneti
HPC software engineer,
Schlumberger

“Intel® Advisor has allowed us to quickly prototype
ideas for parallelism, saving developer time and
effort, and has already been used to highlight subtle

parallel correctness issues in complex multi-file,
multi-function algorithms.”

Simon Hammond
Senior Technical Staff
Sandia National Laboratories

Dr. Luigi lapichino
Scientific Computing Expert
Leibniz Supercomputing Centre

More Case
Studies
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FRE Y 1 X AT LI
- >7 )L ® Distribution for Python* X>F<Y—7%
I I I I I N N

Intel® Xeon® processor (32 core) and (20k, 10k) and (35k, 35k) (25k, 25k) (40k, 40k)
Intel® Xeon Phi™ processor (64 core} (10k, 20k)
(15k, 15k)

Intel Xeon processor (1 core) (20k, 5k) and (20k, 20k) (10k, 10k) 520k

(5,20k)

(10k, 10k)

Intel Xeon Phi processor (1 core) (20k, 300) and (6k, 6k) (4k, 4k) (2k, 2Kk)

(300, 20k)

Configuration Info: apt/atlas: installed with apt-get, Ubuntu* 16.10, Python* 3.5.2, numpy* 1.11.0, scipy* 0.17.0; pip*/openblas*: installed with pip, Ubuntu 16.10,
python 3.5.2, numpy 1.11.1, scipy 0.18.0; Intel Python: Intel® Distribution for Python 2017;. Hardware: Intel Xeon processor: Intel Xeon processor E5-2698 v3 (@
2.30 GHz (2 sockets, 16 cores each, HT=0ff), 64 GB of RAM, 8 DIMMS of 8GB@2133MHz; Intel Xeon Phi processor: Intel Intel® Xeon Phi™ processor 7210 1.30 GHz,
96 GB of RAM, 6 DIMMS of 16GB@1200MHz

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. * Other brands and names are the property of their respective owners. Benchmark source: Intel
Corporation.

Optimization Notice: Intel's compilers 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 SSEZ2, SSE3, and 555E3 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. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors. Please refer to the
applicable product User and Reference Guides for more information regarding the specific instruction sets covered by this notice. Notice revision #20110804
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