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History - Intel Math Kernel Library

Library started ~1994 - called blas.lib

Mathematically skilled staff — PhD’s from:
* Berkeley, Cornell, Cambridge, Russian Universities

Staff includes:

* Professors from NSU*

* Members of Russian Academy of Science
* Intact team from early 90’'s

Geographies
* Portland, Oregon
* Nizhniy Novgorod, Novosibirsk, Sarov, Russia

Always coded in Russia

@ Novosibirsk State University
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Goals for Intel MKL

e Outstanding Performance on Intel processors
— Intel Core® 2, Pentium® 4, Pentium III, Xeon® processors
— Intel Itanium® processor

e Parity with best software on Intel compatible architectures
e Address computationally intensive SW

e Make software easy to use
— Compiler independence
— F95 Interfaces to BLAS, LAPACK
- FFTW Interface to Intel MKL FFTs, and DFTi

e Parallelism everywhere it makes sense
— Multi-core processors, distributed memory clusters

e Do not add software without performance!
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Intel® Math Kernel Library 10.0

Description

* A highly optimized math library for scientific,

: : : : ] : Windows
engineering, financial and energy applications

Linux

Function Domains e O

— Linear Algebra: BLAS, LAPACK, ScalLAPACK
Linear Algebra: Sparse Solvers
Fast Fourier Transforms (SMP and DM)
Vector Math Library Core® 2 Duo

o . processors
Vector Statistical Library
— Random Number Generators

Poisson Solver
ODE Solver (WhatIf)

Itanium® 2
Xeon®

Itanium" 2 Xeon®
Inside™ inside™
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I nte I ® M ath Ke rn el Li b ra ry 1 0 . 0 “We achieved a 300-500% performance

- . . gain using the Intel Math Kernel Library
What’s New in Version 10.0? PARDISO Solver with our NISA Finite

Element Analysis tool during our trials on
Optimized for Penryn multi-core machines.

Mac OS X Leopard support

Debian* and Ubuntu* Linux distributions support SR eI

Cluater functionality added to base Intel MKL VP Development, Cranes Software
product

— ScalAPACK & Distributed Memory FFTs

- Multi-core is driving developers to adopt parallelism, Applications

which increases interest in the already growing use of S— —— S
distributed (cluster) parallel computing.
Re-aFchitected for multipl)le conlgpiler and
interface support in single package. . .
PP gie p 9 Intel* Math Kernel Library

- Interface Layer ,
e LP64 - Long Pointer 64 Linear Algebra F;:];?:;:‘zr Vector Math Ranﬁd:nn;r;l;:r;ber
» ILP64 - Integer Long Pointer 64 - BLAS - Miitidimension | - Trigonometric ] » Congruent

(1D up to 7D) 5 .
q * LAPACK * Hyperbolic * Recursive
Th read I ng Iayer * Sparse Solvers * Real / Complex §, Exponential * Wichman-Hill

e Intel Compiler, Microsoft Compiler, GCC compiler * Direct " FFTW « Logarithmic + Mersenne

+ Iterative Interfaces :
* Rounding Twister

» Serial version - Sobol

* Power / Root

PARDISO* Sparse Solver Out-Of-Core memory SCLAPACC ) - Clster FFT - Nedenener
- Enables solving very large problems on large HW, M Shared Memory (5M)
or medium-large problems on desktop systems Ll

- More flexible solution than buying memory, cost-effective Optimized Multi-Core Performance

on shared & distributed memory systems
New Vector Math Enhanced Performance mode D ;

nie

- 3 levels of accuracy to provide maximum performance (e @te)' Q’lte," @ (infes :
-Pemium’4
| inside™

Core’2 4l Core’2 : e
Duo Quad xeunfnsr‘de" Itamuv?;lidze‘

for specific customer needs. P—
- Compiler vectorization defaults to Low Accuracy. :

intel
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BLAS & LAPACK Performance

The industry standard for Linear Algebra Problems

BLAS/LAPACK
ScaLAPACK
Sparse Solver
FFTs

VML

Intel® Xeon® Processor Intel® Itanium® 2 Processor

* Qutstanding scaling performance * Qutstanding scaling performance
for 2, 4, and 8 threads for 2, 4, and 8 threads

* Intel MKL can deliver 100% or * Intel MKL can deliver tremendous
more performance than ATLAS* performance benefits over ATLAS*

Guad-Care lnteil Kaond Procassor 5500 derias

EBLAS Threaded Peformance 3 diHr. BE LD Cache, 1058 Mamony BLAS Threaded Peformance
Guad-Corg Intedl Xaond Procesgor | # 50 Lo Prispnss Senes 10 Imtalk® tanium® ? Procassor

e e 1000 ATLAS 3 B CEElR Fpacem

——InZal WKL B Thesads =g frvbel WL B Threads
== Iroal MHL & Thesada =m Ikl MHL & Threads
7 = irmal WHL ¥ Thesads 1 ; =i |miel MEL 2 Threads
= |fal WHIL 1 Thewad +— Il WKL 1 Thread
#— ATLAE B Thieada #— ATLAE B Thrends
#- ATLAS 1 Thread

| Dl -Gera Infalf Hasderei 2 procan o 9060
{! BGHz, 2aWE) L3 Tache, MGE Mamary
|lﬂ-'1 Hal Erdiepaii Lidee” V&S nidEaiid
Il'l!l-' WEL A 1 ATLAS 1 EO O e uncaon

“fusna!iﬁ!ﬁﬂ%ﬁﬁﬁﬂiiiﬁﬂﬂiﬂ

Matrix Size {M=H=K)

Excellent Multi-processor Performance
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BLAS/LAPACK

ScaLAPACK - Performance o poraLAPACK

FFTs
VML
VSL

Increasing problem size proportionally with increase in cluster size

Key POl n ts Performance tests and ratings are measured using

specific computer systems and/or components and
reflect the approximate performance of Intel products
° Intel ® MKL ha S excel | ent sca I i ng as measured by those tests. Any difference in system
hardware or software design or configuration may
affect actual performance. Buyers should consult

Inte|® MKL is S|gn|f|cant|y faster than Net“b other sources of information to evaluate the

performance of systems or components they are
. . considering purchasing. For more information on
= 40 0/0 fa Ste r th an N etl I b usin g Intel M KI— B LAS performance tests and on the performance of Intel
products, reference www.intel.com/software/products

~ 100% faster than Netlib using ATLAS BLAS or call (US) 1-600-626-6656 or 1-916-356.3108

Dusk-Cang lenet Keon pracessar 3150 saries DuabCere Iras b Nuean pracesser BI00 pavies

hmﬂc“ I:FDGETHF} 76 Gz, | TIWHz P50 40 L3 cache, 165 ode Mﬁ:h’ tFEHSETRF] P8 Gtz L1130 FS0 AU L3 cacha B3 Node
Performance by Problem Size [ T T e e Performance by Cluster Size |00 e 0 era s e s

1500 -

== ryied WKL 10.0
—#— HETLIE + inted MKL BLAS
- HETLIB + ATLAS BLAS

e —,
=s—intsl MHEL 100
—=—NHETLIE # int=l MEL BLAS
=~ HETLIE + ATLAS BLAS

G800 Boa00 Ea400 B
i1.2GB) . 15800}
Problem Size
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™~ BLAS/LAPACK
Fast Fourier Transform Performance spave S

Threading Optimizations
* Intel MKL FFTs are extensively threaded to take advantage of multiprocessors

Intel® Xeon® Processor Intel® Itanium® 2 Processor

* Intel MKL single thread * Qutstanding scaling performance
erfor;kmance Is often greater than for 2, 4, and 8 threads
FTW* 2 and 4 thread performance * Intel MKL can deliver significant

* Intel MKL can deliver >100% gain performance benefits over FFTW*

Chisded -2 oot S el Fracipper 2400 garas el Hariend Procanscr SO0 ser
2D Fast Fourier Transform B0k EM L3 Cacks. 1ECH Memeny, HEOFS 2D Fast Fourler Transform 115Gz, B4 M L3 Cache 18 5B Wemay
Intel® Xeon® Processor Foeid Hi Linoc Enferprins Gener [, single preisas Intel® Itanium Processor fFlet Hal Endeiprcs Livum™ Wil o, surght pri i
bk e

WiEtE L 530 FFTWY 312 m Sl . Conmples b-\--l'l:l'\.' 103 FT 3 irrplacs CompeE

—a— Ik ML - BT | ——intai WL - AT
= Il WML - AT

- lniel ML - £T
. - |ritg| NHL - 2T
peaferT g —a—Iriisl NHL - AT

i TFFL?\:..%TJT 1 a—FPTW AT
o T - 4T - FFT# - dT
& FFTVW . 5T w— FFTHY - 2T
—FETW. 1T
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BLAS/LAPACK

Vector Math Library (VML) spave Sove

VSL

Highly optimized vector implementations of computationally
intensive core mathematical functions

Performance
Arithmetic  Trigonometric Hyperbolic Power/Root Rounding  Other
Add Sin Sinh Pow Floor Ln e Intel MKL Vector Math Library can provide
Sub Cos Cosh Powx Ceil Log10 tremendous SpeeduD-
Div SinCos Tanh Pow203 Round Logip
Sqr CIS Asinh Pow302 | Trunc Exp
Mul Tan Acosh | Sart Rint Expm1 e Multiple Accuracy modes so developers can
Conj Asin Atanh Cbrt NearbyInt | Erf optimize performance per needed accuracy
MulByConj = Acos InvSart Modf Erfc
Abs Atan InvCbrt Erlnv g e
Inv Atan2 Hypot wn "

¢ No need to rely on compiler to vectorize

Real and Complex Data | B VML High Acuracy

— OVML Low Acuracy

Single and Double Precision
Threaded

3 levels of accuracy -
* (HA) High Accuracy* ~53 bits accurate "R R E . l '

* (LA) Low Accuracy ~51 bits accurate
* (EP) Enhanced > 26 bits accurate

Performance . J--h Pew ©Cbei Ewp Logil Ef  Flstr Treno Round

i@“‘i * 99% results correctly rounded to the last bit
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Vector Math Library

Different Accuracy for Different Problems

Parameter Inaccuracies Dominate

*

Eil“

SP HA

r

DP EP

:

Apps not v
demanding
accuracy

Media apps
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eets accuracy ’ 5
quirements of
most apps

(0] o

DP HA

se Identical Results

DP CR

BitV

QEEEEERES

e DP LA is sufficient for majority of apps

e DP HA is used sometimes to meet (at times
artificial) accuracy specs for customer’s
benchmarks/acceptance tests

e DP CR and/or higher precision (Quad Precision)
may address bitwise compatible results issue in
certain customer apps

e SP HA, SP LA, DP EP are targeted to apps where
math function inaccuracies don’t dominate
parameter inaccuracies, e.g. Monte Carlo
simulations

e SP EP is targeted to class of media/graphics apps




BLAS/LAPACK

Vector Statistical Library (VSL) R

FFTs
VML

Random Number Generators VSL

A collection of Random Number Generators FEup——

with a Iarge set of proba b|||ty distributions Multiplicative Congruential 59-bit
Multiplicative Congruential 31-bit
Multiple Recursive

Pe rfo Fmahnce Feedback Shift Register
Wichman-Hill

e Thread Safe = Call in Parallel Mersenne Twister 2203

Mersenne Twister 19937
Quasi-random

e Excellent multi-core scaling Sobol

Niederreiter

i i Distribution Generators
Intel® Xeon® Processor 5300 series Running :'me Speedup vs. rand() : )
(seconds) (times) Continuous Discrete

Standard G rand) funcfion w2 | 1 uniom Uniform
Intel® MKL VSL random number generator 6.88 “ Gaussian UniformBits
: GaussianMV Bernoulli
OpenMP* version (8 threads) “ 44.04 . .
Exponential Geometric

Laplace Binomial
Performance tests and ratings are measured using specific EUYFYoI8lI Hypergeometric

Configuration Info: computer systems and/or components and reflect the approx h Poi
+ Quad-Core Intel® Xeon® processor 5300 series performance of Intel products as measured by those tests. A Cauc y oisson

. difference in system hardware or software design or configuri=E\Vil-Ysla PoissonV
2"_1 GHz, 2x8MB &2 cache, 4 GB_ memory . may affect actual performance. Buyers should consult other yielg . ; :
+ Windows Server* 2003 Enterprise x64 Edition sources of information to evaluate the performance of systenfiRelelale gl Negative bionomial

 Test run on a vector of 1000 elements components they are considering purchasing. For more infoleYitasla

+ Intel MKL 10.0 and Intel® C++ Compiler 10.1 on performance tests and on the performance of Intel produg
reference www.intel.com/software/products or call (U.S.) 1-8 Gamma

8686 or 1-916-356-3104 Beta
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BLAS/LAPACK

Vector Statistical Library (VSL) spors S

VSL

Performance vs. NAG & VNI IMSL

e Intel MKL Random Number Generators can provide
significant performance boost over alternatives.

Option Value (Exact Absolute Error

Random Number Speedup

Generator L), STalGAIEIE RO (seconds) | (times faster)
Cal | Put | call | Put |

16.7306 7.2177 0.0036 0.0002
MCG31m1 (16.7341)  (7.2179) (0.0019)  (0.0009)

16.7364 7.2162 0.0023 0.0017

MCG59 (16.7341)  (7.2179) | (0.0019)  (0.0009)

16.7349 7.2164 0.0007 0.0015

MT19937 (16.7341)  (7.2179) | (0.0019)  (0.0009)

5.08 8.08
Original 16.7339 7.2182 0.0002 0.0003 11.45
9 (16.7341)  (7.2179) (0.0019)  (0.0009) ’

16.7324 72178 | 00017 _ 0.0001
MT19937 (16.7341)  (7.2179) | (0.0019)  (0.0009) 35.71

N 16.7343  7.217 0.0001 0.0009
Minimal Standard | (g7241)  (7.2179) | (0.0019)  (0.0009) 41.03

Confiquration Info:

* Quad-Core Intel® Xeon® processor 5300 series components and reflect the approximate performance of Intel products as measured by
* 2.4 GHz, 2x8MB L2 cache, 4 GB memory those tests. Any difference in system hardware or software design or configuration may
» Windows Server* 2003 Enterprise x64 Edition affect actual performance. Buyers should consult other sources of information to evaluate

Performance tests and ratings are measured using specific computer systems and/or

» Test run on a vector of 1000 elements o o e o ke s S
* Intel MKL 10.0, IMSL F90 6.0, NAG SMP (mark 21) www.intel.com/software/products or call (U.S.) 1-800-628-8686 or 1-916-356-3104

intel
Copyright © 2007, Intel Corporation. All rights reserved.
*QOther names and brands may be claimed as the property of others




Intel® MKL vs. ATLAS

Pe I"fO rm a n Ce O n I nte | ® XeO n i p rO CESSO r Intel may make changes to specification, product

descriptions, and plans at any time, without notice.

Small Matrices: Intel ® MKL ~1009% faster Performance tests and ratings are measured using

specific computer systems and/or components and
. . _ 0 reflect the approximate performance of Intel products

La rge Matrlces . Intel ® M KL ~ 2 5 50 /0 faSter as measured by those tests. Any difference in system

hardware or software design or configuration may
X affect actual performance. Buyers should consult

Pe rfo rm a n Ce O n A M D O pte ro n other sources of information to evaluate the

performance of systems or components they are

Small Matrices: Inte|® MKL faster than ATLAS! considering purchasing. For more information on

performance tests and on the performance of Intel

Large Matrices: Inte|® MKL Wlthln 200/0 Of ATLAS products, reference www.intel.com/software/products

or call (U.S.) 1-800-628-8686 or 1-916-356-3104

Intel® Xeon™ Processor AMD* Opteron
DGEMM Performance DGEMM Performance

GFLPOS
GFLPOS

—— Intel MKL Intel MKL
—— |Nnie|

—=— ATLAS

—=— ATLAS

Intel® Xeon™ Processor 3.4GHz EMEAT AMD™ Opteron 2.4GHz
Linux Release 2.4.21-15 EL Version #1 SMP Linux Release 2.4.21-15 EL Version #1 SMP
Intel® MKL 7.2.1; Atlas 3.6.0_Linux P4SSE2 Intel® MKL 7.2.1; ATLAS 3.6.0_Hammer4SSE

[=]
o
=T

Square Matrix Sizes (N=M=K) Square Matrix Sizes (N=M=K)

Intel® Math Kernel Library best choice for overall performance
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Next Step ... www.intel.com/software/products

| Address |@ httpe v intel.comfcd/softwarefproducts) asmo-nafeng)inde::. htmzid=HMPAGE+Header _2_Produck_Si

leo

/.j United States ";‘.’: Warldwide

* Software

Products

Strategies &
Technologies

Technical References &
Products

Solutions & Services
Software Products
Compilers
WTune™ Analyzers
Performance Libraries
Threading Tools

Cluster Tools

Products
Download and Purchase » oo applications with
Reseller Center

st S kniowvledge of hardware,

Drivers, Code, & * Compilers
Cownloads

® YTune™ Analyzers
Developer Programs &
Metworks
Software Training & * Threading Tools
Events * Cluster Tools

Market Your Product

Developer Centers

Windowes* Development
Linee* Developmert

Mac O5* Devel rit
Software Suppart G B EIpmE

Community Forums

EEERATIEZL
A2 The YT baxT
R HE

Please select

Site Map | RS5 Feeds | Jobs atIntel | Inwestor Relations

Technology & Research | Solutions & Services

+ Intel® Software Metwark

development tools built from our

# Performance Libraries

About Intel | Press Room

+ Software Products

tel” Software

Try It
Put our products to the test.
et Free Evaluation Software

Buy It

Choose & product

Support

* Support Resources
* User Forums
* Intel® Premier Support

*Legal Information

Contact s

Resource Centers

Search

Support & Downloads

What's MNew

¢ Intel® Software
Development Products for
Mac O5* Beta
Get a free trial of Intel®
Software Development
Froducts for Mac OS* today!

Intel® Cluster Toolkit 2.0
includes all the latest Intel®
Cluster Tools in one
convenient and cost-
effective package.

Intel® YTune™ Performance
Analyzer .0 for Linux*
makes application
performance tuning easier!

Upcoring Events
Intel | software network
PRODUCTS

Privacy Policy | @2006 Intel Corporation
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Academgorodok

e 50 years of success

e First scientific city in
the world

15,000 researchers

3,000 SW developers
in the private sector

Siberian Branch of
The Russian Academy of Sciences

(intﬂ-l)I
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Novosibirsk (Academgorodok) Russia
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