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Why Does Intel Why Does Intel CareCare
About About SoftwareSoftware??
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Software At IntelSoftware At Intel®®

DevelopmentDevelopment
ProductsProducts EnablingEnabling ProfessionalProfessional

ServicesServices
Platform Platform 
SoftwareSoftware
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DevelopmentDevelopment
ProductsProducts
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ArchitecturesArchitectures

OSOS’’ss

EnvironmentsEnvironments

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

All Architectures Supported Across All EnvironmentsAll Architectures Supported Across All Environments

DevelopmentDevelopment
ProductsProducts
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EnablingEnabling……
IntelIntel®® Software Network Software Network 

IntelIntel®® Software College Software College 

IntelIntel®® Early Access Program Early Access Program 

Industry Programs and AlliancesIndustry Programs and Alliances

IntelIntel®® Competency CentersCompetency Centers

IntelIntel®® Software ResearchSoftware Research

IntelIntel®® Press PublicationsPress Publications

www.intel.comwww.intel.com/software/software
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www.intel.com/software
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…….With Worldwide Reach.With Worldwide Reach

Over Over 5050 Development Development SitesSites
Across More Than Across More Than 20 Countries20 Countries

Scaling Innovation on IntelScaling Innovation on Intel’’s Leading s Leading 
Platforms and Tapping the Best Platforms and Tapping the Best 

Talent Around the WorldTalent Around the World
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Hardware Hardware 
+  +  Platform SoftwarePlatform Software

++ ISV Value Add ISV Value Add 
Platform SolutionsPlatform Solutions
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Platform SoftwarePlatform Software

IntelIntel®® Active Management  Active Management  
and Inteland Intel®® Virtualization Virtualization 
Technology SolutionsTechnology Solutions
–– Rapid adoption throughout Rapid adoption throughout 

ecosystemecosystem
–– Many companies bringing Many companies bringing 

products to marketproducts to market

Carrier Grade Linux for Carrier Grade Linux for 
Telecommunications with Telecommunications with 
AdvancedTCAAdvancedTCA
–– Both hardware and software Both hardware and software 

technology building blocks technology building blocks 
availableavailable

–– Commercial deployments Commercial deployments 
already underway worldwidealready underway worldwide
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Platform SoftwarePlatform Software

IntelIntel®® Platform Platform 
Administration Administration 
TechnologyTechnology
–– For internet cafFor internet café’é’s and s and 

SMB installationsSMB installations

Tiano / EFITiano / EFI
–– Apple using Tiano and EFI Apple using Tiano and EFI 

to boot Intelto boot Intel--based Macsbased Macs
–– Embedded Tiano to Embedded Tiano to 

replace replace 
PC BIOS for initialization PC BIOS for initialization 
and management of high and management of high 
performance clustersperformance clusters
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XML Traffic Will Exceed:XML Traffic Will Exceed:
All Mail Traffic in 2004    All Mail Traffic in 2004    ●● All Web Traffic in 2007All Web Traffic in 2007

The Next Platform Workload: The Next Platform Workload: 
XMLXML

0%

25%

50%

75%

100%

2002 2003 2004 2005 2006 2007 2008
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Other

Source: Zapthink: Solving the very large messaging problem in the enterprise, February 2005
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Managed RuntimeManaged Runtime

Develop the best available Java and .NET Develop the best available Java and .NET 
technology for Inteltechnology for Intel®® hardwarehardware
––help JVMs run better on parallel hardwarehelp JVMs run better on parallel hardware
––JITsJITs generate great code for Intelgenerate great code for Intel®® micromicro--

architecturesarchitectures
Example projectsExample projects
––Apache Harmony openApache Harmony open--source JVM. Goals:source JVM. Goals:

–– Create an openCreate an open--source, compatible implementation of J2SE 5 source, compatible implementation of J2SE 5 
under the Apache Licenseunder the Apache License

–– Create a community to carry the open J2SE forwardCreate a community to carry the open J2SE forward

––NuMANuMA--cc Awareness for JVMs; object cocc Awareness for JVMs; object co--locationlocation
––Profile collection and managementProfile collection and management
––Dynamic profileDynamic profile--guided optimizationguided optimization
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Software Technology Software Technology 
InnovationInnovation

conceptconcept proof of proof of 
conceptconcept

technologytechnology
incubationincubation open source

cur products

new products

standards

enabling

consulting

others

Internal Projects as well as Joint Internal Projects as well as Joint 
Research with UniversitiesResearch with Universities

Research Intern ProgramResearch Intern Program



17Copyright © 2006, Intel Corporation

AgendaAgenda

Software at IntelSoftware at Intel

Major Technological ChangeMajor Technological Change

Software ResponseSoftware Response

Parallel Programming 2.0Parallel Programming 2.0



18Copyright © 2006, Intel Corporation

QuizQuiz

MooreMoore’’s law states which of the s law states which of the 
following roughly doubles following roughly doubles 
every 2 years?every 2 years?
1.1.FrequencyFrequency

2.2.PerformancePerformance

3.3.TransistorsTransistors

4.4.Transistor DensityTransistor Density
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from www.intel.comwww.intel.com
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Historical Driving ForceHistorical Driving Force
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Increased PerformanceIncreased Performance
via Increased Frequencyvia Increased Frequency

FrequencyFrequency
(MHz)(MHz)

20052005
65nm65nm

1B+ Transistors1B+ Transistors

19461946
20 Numbers20 Numbers

in Main Memoryin Main Memory

19711971
I4004 ProcessorI4004 Processor
2300 Transistors2300 Transistors
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The ChallengeThe Challenge

10

100

1000

1990 1995 2000 2005 2010 2015

CPUCPU
PowerPower
(W)(W)

Power = Capacitance x VoltagePower = Capacitance x Voltage22 x Frequencyx Frequency
alsoalso

Power ~ VoltagePower ~ Voltage33

Power LimitationsPower Limitations



Energy:Energy:
The Next FrontierThe Next Frontier



23Copyright © 2006, Intel Corporation

17,066 Flops/Watt17,066 Flops/Watt
467 Flops/Dollar467 Flops/Dollar

Energy Efficient Performance Energy Efficient Performance ––
High EndHigh End

ASC PurpleASC Purple
6 MWatt6 MWatt
100 TFlops goal100 TFlops goal
12K+ cpus 12K+ cpus –– Power5Power5

$230M$230M

DATACENTERDATACENTER
““ENERGY LABELENERGY LABEL””

Source: LLNLSource: LLNL

Source: NASASource: NASA

NASA ColumbiaNASA Columbia
2 MWatt2 MWatt
60 TFlops goal60 TFlops goal
10,240 cpus 10,240 cpus –– Itanium IIItanium II

$50M$50M

30,720 Flops/Watt30,720 Flops/Watt
1,288 Flops/Dollar1,288 Flops/Dollar

ComputationalComputational
EfficiencyEfficiency



The Classic TradeoffThe Classic Tradeoff



A Simple ExampleA Simple Example

Max FrequencyMax Frequency

PowerPower

PerformancePerformance

1.00x1.00x



OverOver--clockingclocking

OverOver--clockedclocked
(+20%)(+20%)

1.73x1.73x

1.13x1.13x
1.00x1.00x

Max FrequencyMax Frequency

PowerPower

PerformancePerformance



UnderUnder--clockingclocking

OverOver--clockedclocked
(+20%)(+20%)

UnderUnder--clockedclocked
((--20%)20%)

0.51x0.51x

0.87x0.87x
1.00x1.00x

1.73x1.73x

1.13x1.13x

Max FrequencyMax Frequency

PowerPower

PerformancePerformance



OverOver--clockedclocked
(+20%)(+20%)

1.00x1.00x

1.73x1.73x

1.13x1.13x

Max FrequencyMax Frequency

PowerPower

PerformancePerformance

MultiMulti--CoreCore
EnergyEnergy--Efficient PerformanceEfficient Performance

DualDual--corecore
((--20%)20%)

1.02x1.02x

1.73x1.73x
DualDual--CoreCore
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MooreMoore’’s Law will provide s Law will provide 
transistorstransistors

128

11nm11nm

20162016

256643216842
Integration Integration 
CapacityCapacity
(Billions of (Billions of 
Transistors)Transistors)

8nm8nm16nm16nm22nm22nm32nm32nm45nm45nm65nm65nm90nm90nmFeature SizeFeature Size

20182018201420142012201220102010200820082006200620042004High Volume High Volume 
ManufacturingManufacturing

Use transistors forUse transistors for
•• Multiple coresMultiple cores
•• OnOn--core memory (caches)core memory (caches)
•• New features (*Ts)New features (*Ts)

Intel process technology capabilities

Multiple cores and caches address power and Multiple cores and caches address power and 
memory latency issuesmemory latency issues



The Dawn of The Dawn of 
EnergyEnergy--Efficient PerformanceEfficient Performance
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MultiMulti--Core Platforms Demand Core Platforms Demand 
Threaded SoftwareThreaded Software
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The Importance of ThreadingThe Importance of Threading

Do Nothing: Benefits Still VisibleDo Nothing: Benefits Still Visible
––Operating systems ready for multiOperating systems ready for multi--processingprocessing
––Background tasks benefit from more compute Background tasks benefit from more compute 

resourcesresources

Parallelize: Unlock the PotentialParallelize: Unlock the Potential
––Threaded applicationsThreaded applications
––Threaded librariesThreaded libraries
––Compiler generated threadsCompiler generated threads
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Unleash MultiUnleash Multi--Core PotentialCore Potential

IntelIntel®® C++ and Fortran Compilers C++ and Fortran Compilers 
–– BuiltBuilt--in threading support with Autoin threading support with Auto--Parallelization and Parallelization and 

OpenMPOpenMP* support * support 

IntelIntel®® Thread Checker & Thread ProfilerThread Checker & Thread Profiler
–– Unique product locates hard to find threading errors before Unique product locates hard to find threading errors before 

they happen!they happen!
–– Helps developers optimize threaded applicationsHelps developers optimize threaded applications

IntelIntel®® MKL and IPP Performance LibrariesMKL and IPP Performance Libraries
–– Highly optimized threaded libraries that enable multiHighly optimized threaded libraries that enable multi--core core 

performance gains even if your application isnperformance gains even if your application isn’’t threaded!t threaded!

IntelIntel®® VTuneVTune™™ Performance Analyzer Performance Analyzer 
–– Identifies performance bottlenecks in single or Identifies performance bottlenecks in single or 

multithreaded applications to maximize performancemultithreaded applications to maximize performance
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Introducing Introducing 
ThreadsThreads

DebuggingDebugging

PerformancePerformance
TuningTuning

Architectural Architectural 
AnalysisAnalysis

Example: Threading for MultiExample: Threading for Multi--CoreCore
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Introducing Introducing 
ThreadsThreads

DebuggingDebugging

PerformancePerformance
TuningTuning

Architectural Architectural 
AnalysisAnalysis

Threading for MultiThreading for Multi--CoreCore

Call GraphCall Graph
•• Functional StructureFunctional Structure

•• Execution TimesExecution Times

•• CountsCounts

IntelIntel®® VTuneVTune™™
Performance AnalyzerPerformance Analyzer
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Introducing Introducing 
ThreadsThreads

DebuggingDebugging

PerformancePerformance
TuningTuning

Architectural Architectural 
AnalysisAnalysis

Threading for MultiThreading for Multi--CoreCore

OpenMPOpenMP Loop ConstructLoop Construct
•• Creates one thread per coreCreates one thread per core

•• Assigns iterations to threadsAssigns iterations to threads

IntelIntel®® CompilersCompilers
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Introducing Introducing 
ThreadsThreads

DebuggingDebugging

PerformancePerformance
TuningTuning

Architectural Architectural 
AnalysisAnalysis

Threading for MultiThreading for Multi--CoreCore

Thread Safety IssuesThread Safety Issues
•• Data RacesData Races

•• DeadlocksDeadlocks

IntelIntel®® Thread Thread 
CheckerChecker
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Introducing Introducing 
ThreadsThreads

DebuggingDebugging

PerformancePerformance
TuningTuning

Architectural Architectural 
AnalysisAnalysis

Threading for MultiThreading for Multi--CoreCore

Find Contended LocksFind Contended Locks
•• Most OverheadMost Overhead

•• Largest Reduction in Largest Reduction in 
ParallelismParallelism

IntelIntel®® Thread Thread 
ProfilerProfiler
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Performance ImpactPerformance Impact

2.5x2.5x

Adding OpenMP,Adding OpenMP,
ItaniumItanium®® 22 4 CPUs4 CPUs

Compiler directives, Compiler directives, 
minor source changes,minor source changes,

ItaniumItanium®® 22 4 CPU4 CPU

Original source,Original source,
default options,default options,

ItaniumItanium®® 2 4 CPU2 4 CPU

10x10x

CompilerCompiler

4x4x

CompilerCompiler

CompilerCompiler

CompilerCompiler

1.2x1.2x

/O3 /O3 –– EnableEnable
advanced  optimizationsadvanced  optimizations

ItaniumItanium®® 22 4 CPU4 CPULegacy systemLegacy system
8 CPUs8 CPUs

1x1x

Weather forecast applicationWeather forecast application

Optimizations may improve performance significantly.
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A New A New 
EraEra……

Performance
Equals Frequency

Unconstrained Power

Voltage Scaling

Performance
Equals IPC

THE OLDTHE OLD

THE NEWTHE NEW

Multi-Core

Microarchitecture
Advancements

Power Efficiency

And it is And it is 
happening happening 

fastfast……



MultiMulti--Core TrajectoryCore Trajectory

DualDual--CoreCore

QuadQuad--CoreCore

2005/20062005/2006 20072007
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Growing Momentum forGrowing Momentum for
MultiMulti--CoresCores

Power delivery and managementPower delivery and management

High bandwidth memoryHigh bandwidth memory

CacheCache

CoreCore CoreCore

CoreCore CoreCore

CoreCore CoreCore

CoreCore

CoreCore

CoreCore

CoreCore CoreCore

CoreCore CoreCore

CoreCore CoreCore
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Growing Growing 
Momentum Momentum 

For For 
SoftwareSoftware

ParallelizationParallelization

Activision (Activision (RavensoftRavensoft))

AdobeAdobe

AlgorithmicsAlgorithmics

AliasAlias

AutodeskAutodesk

Business ObjectsBusiness Objects

CakewalkCakewalk

CodecPeopleCodecPeople

Computer AssociatesComputer Associates

Corel (WordPerfect)Corel (WordPerfect)

CyberlinkCyberlink

DiscreetDiscreet

IBMIBM

id Softwareid Software

LandmarkLandmark

MacromediaMacromedia

MainconceptMainconcept

MaxonMaxon

mental imagesmental images

Microsoft (Office Suite)Microsoft (Office Suite)

MidwayMidway

MSCMSC

Novell SUSENovell SUSE

OracleOracle

PegasusPegasus

PinnaclePinnacle

PixarPixar ((RendermanRenderman))

ParadigmParadigm

PTCPTC

Red HatRed Hat

SAPSAP

SASSAS

Siebel CRMSiebel CRM

SignetSignet

SkypeSkype

SLBSLB

SnapStreamSnapStream

Sonic (Sonic (RoxioRoxio))

SonySony

SteinbergSteinberg

SunGardSunGard

SybaseSybase

SymantecSymantec

Thomson Thomson 

THQTHQ

UbisoftUbisoft

UGSUGS

ValveValve

Yahoo (Yahoo (MusicmatchMusicmatch))

Other names and brands may be claimed as the property of others.Other names and brands may be claimed as the property of others.
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Growing Momentum in Growing Momentum in 
Ecosystem Driven by IntelEcosystem Driven by Intel

Continuous tool improvementsContinuous tool improvements
–– Over 15 tools released for multiOver 15 tools released for multi--core in core in ‘‘0505
–– Coming in Coming in ‘‘06: more features across all environments06: more features across all environments

Training end users and in house developersTraining end users and in house developers
–– 2005: > 1500 students  2006 target:  4500 students2005: > 1500 students  2006 target:  4500 students

AcademiaAcademia
–– Universities developing parallel programming curriculumUniversities developing parallel programming curriculum
–– Research grants for parallel programming projectsResearch grants for parallel programming projects

Contest: Over $100,000 in prizesContest: Over $100,000 in prizes
–– Topcoder.comTopcoder.com: Monthly contests for top performing threaded : Monthly contests for top performing threaded 

softwaresoftware
–– Games Developer Conference: Contest for best use of Intel Games Developer Conference: Contest for best use of Intel 

platform featuresplatform features
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Opportunity for Software:Opportunity for Software:
Extract Full Potential of MultiExtract Full Potential of Multi--corecore

Parallel Programming 1.0

Parallel Programming 2.0

Multi-core

C
ap

ab
ili

ty

Multi-processor
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Parallel Programming 2.0Parallel Programming 2.0

Ubiquitous parallel softwareUbiquitous parallel software
–– Large spectrum of domains (consumer/wireless Large spectrum of domains (consumer/wireless vsvs

HPC/database, home HPC/database, home vsvs nuclear labs) nuclear labs) 

Scalable softwareScalable software
–– Explosion of cores (e.g. 2X cores every 18Explosion of cores (e.g. 2X cores every 18--24 months)24 months)

User experienceUser experience
–– vs. just raw performance vs. just raw performance 

Greater ease of programmingGreater ease of programming
–– New programming paradigm, programming language, New programming paradigm, programming language, 

compiler, tools, compiler, tools, 

Greater reliability and securityGreater reliability and security
–– Programming for application and system reliabilityProgramming for application and system reliability

IndustryIndustry--wide wide vsvs governmentgovernment--fundedfunded
Higher demand for parallel programming Higher demand for parallel programming 
educationeducation
–– Mass Mass vsvs elite elite 



Parallel Programming 2.0Parallel Programming 2.0

The Beginning of a New EraThe Beginning of a New Era


