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Why Does Intel Care
About Software?
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File Edit “iew Go Bookmarks Tools Help

Qg - [_[> - @ O @ @ E [ www.intel.com/software

|| ePurchasing S&P Partal | ) Intel Sharepoint Sites BB My Expenses (offline) &7 My Yahoo! | ) NFW || S5G Online | ) T4 Research

* Software

Strategies &
Technologies

Technical References &
Products

Solutions & Services
Software Products

Drivers, Code, &
Downloads

Developer Programs &
Metworks

Software Training &
Events

Market vour Product
Developer Centers
Software Support
Carmmunity Forums
Lagin to:

Intel® Software Network

Login | Register | About
U=

BeifpaTe asbk:
Mporparsaa kel & Software
Hetwork

Please select |[»

* Sign up for Mewsletter

* Naowsletter Archive

United States ‘;F Warldwide

About Intel | Press Room | Contact Us

Intel® Software Metwork Home

Intel® Software Network

Training

Products | Technology & Research | Solutions & Services | Resource Centers | Support & Downloads

Products Collaboration Vislon & Services
Technologles
YWelcome to the Intel® Software Network, Spotlight

Top Stories

Intel-based Apple Computers

See how Intel® Core™ Duo processor and Intel software
tools support these new products.

[ Intel® Software Development Products ]

Develop for Intel® Yiv™ Technology-based PCs
Maximize wour application or service performance by
architecting for multithreading or multi-tasking
environments enabled by dual-core processors.

[ Digital Media ]

Intel Yision for Digital Home

Download the Intel® Software and Services Product
Recommendations for 2006. Get the details vou need to
start developing for the future digital home.

[ Cigital Home ]
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Intel® Software Network
Dispatch
Discover this
subscription-based
communication pipeline that
offers timely,
technology-specific content
that™ s relevant to the
software community .
Subscribing is free,

Next

Intel® Early Access
Frogram

Zain access to new
hardware, tools, support,
and rnarketing
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.- With Worldwide Reach

Over 50 Development Sites
Across More Than 20 Countries

Scaling Innovation on Intel’s Leading
Platforms and Tapping the Best
Talent Around the World
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e Intel® Ac ive Management antet ACKLYS 1
and Intel™ Virtualization

Technology Solutions

— Rapid adoption throughout
ecosystem

- Many companies bringing
products to market

e Carrier Grade! Linux for
Telecommunications with
AdvancedTCA

— Both hardware and software
technology building blocks
available

— Commercial deployments
already underway worldwide




e Intel® Platform
Administration
Technology.

— For internet café’s and
SMB installations

e Tiano / EFEI T

— Apple using Tiano and EF] 58 R S
to boot Intel-based Macs E&

- Embedded Tiano to
r%place D
PC BIOS for initialization &8
and management of high &
performance clusters B

.....
"
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The Next Platform Workload:
XML

100%
75% XML
~Sp CONFORMATIVE
< >
50% Mail
259, Web Sarve £d
(1]
Other
0%
2002 2003 2004 2005 2006 2007 2008

XML Traffic Will Exceed:
All Mail Traffic in 2004 e All Web Traffic in 2007



Managed Runtime

 Develop the best available Java and .NET
technology for Intel® hardware

—help JVMs run better on parallel hardware

—JITs generate great code for Intel® micro-
architectures

« Example projects

— Apache Harmony open-source JVM. Goals:

— Create an open-source, compatible implementation of J2SE 5
under the Apache License

— Create a community to carry the open J2SE forward
—NuMA-cc Awareness for JVMs; object co-location
— Profile collection and management
_——Dynamic profile-guided optimization

(intal)

(ineet,
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) aApache Harmony - Apache Harmony - Mozilla Firefox - |I:I|5|
File Edit Mew Go Bookmarks Tools Help

QZl - E> - @ @ I'\ htkp: ) fincubatar . apache. orgfharmony) J @ GO Dapache harmony

Apache Harmony Apache "?.. r
http://incubator.apache.org/harmony/ IﬂG“b '

Welcome to Apache Harmony
General

Welcome to Apache Harmony, the T25E project of the Apache Software

: IHf::se Foundation. Please help us make this a world class, certified J25E mmplementation|

» Contribution Folicy
*+ Project Gudelines

Mote . Apache Harmony 15 an effort undergomg moubation at the Apache Software
Foundation (45F). Incubation 15 required of all newly accepted projects until a further

* ASF review wndicates that the infrastructure, commumcations, and decision malang process
¢ Downloads have stabilized i a manner consistent with other successfiul ASF projects. While
. incubation status 18 not necessarily a reflection of the completeness or stabiity of the
Community

code, it does indicate that the project has vet to be fully endorsed by the AZF.
¢ (ret Inwolved

o Committers The ain of the project 1z to produce a large and healthy communty of those mterested

i tuntime platforms tasked with

¢ Maiing Tists
¢ Documentation + Create a compatible, independent implementation of J25E 5 under the Apache
* ﬂQ License w2
* Wik + Create a commumnty-developed modular runtune (WM and class hbrary)
architecture to allow independent inplementations to share runtirne
Development

components, and allow mdependent mnovation in runtune components

¢ Foad Map A TODO

=l
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Software Technology
Innovation

concept

proof of
concept

technology.
incubation

cur products
ol OpEnN source

Research Intern Program

Internal Projects as well as Joint

Research with Universities

16



Agenda

Software at Intel

"y (

% s) ‘J‘ F
ST A 7
s 2o 2

gMaic s Fechnological Change

Software Response

T -
. -dn

;(; xl eI Programming 2.0
a-fr . I‘f;ﬂlx-.,l_;.. o

DA 17

LR e R <



Quiz

Moore's law states which of the
following roughly doubles
every 2 years?

1. Freguency
2. Performance
3. Transistors

4. Transistor Density

N s~ Copyright © 2006, Intel Corporation



transistors

MOORE'S LAW Intel® ltankum® 2 Processor

Intel® anieny® Processor

Intel® PentiumB 4 Processor
Intal® Paomtium® 1l Processor
Intel " Ponturm® i Procossorn
Iritel ™ Partioemm ® ProSonsor 4

inteld4f0™ Proconnos

Intel 386™ Processorn

4004 £
1970 1975 1980 1985 1990 1995 2000 2005

from www.intel.com

\ , Copyright © 2006, Intel Corporation



Historical Driving Force

Increased Performance
via Increased Frequency

100000
10000 :
1000 .
Freguency :
(MHz) - _
10 ]

1
1980; 1990 2000

2o"NUmbers LD
- in Main Memory 2300 Transistors 1B+ Transistors

\ 5 Copyright © 2006, Intel Corporation
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The Challenge

[ Power Limitations ]

1000 ¢

CPU
Power
Q%)

a0 - E

Power = Capacitance x Voltage2 x Frequency
also
Power ~ Voltage>

21
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Energy Efficient Performance —

DATACENTER
“"ENERGY LABEL"”

High End

. NASA Columbia
e TS D MWatt

T el 60 TFlops goal
- 10,240 cpus - Itanium II

Computational
Efficiency

,066 Flops/Watt
467 Flops/Dollar

ASC Purple

6 MWatt
100 TFlops goal
12K+ cpus - Power5

23



The Classic Tradeoff

Higher :
Top Speed and Acceleration

INncreased
Range and Economy
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AS

" Performance




1.73x

Over-clocking

" Performance

B Power

1.00x

Over-clocked
(+20%)

Viax Frequency




y

,
n

o
o
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Under-clocking

1.73x " Performance
B Power

1.13x

1.00x
0.87x

Under-clocked
(-20%)

Over-clocked
(+20%)



Multi-Core
Energy-Efiicient Performance

B Dual-Core
1.73x W Performance 1.73x
B Power

1.00x

Dual-core
(-20%)

Over-clocked
(+20%)



Moore’'s Law will provide
transistors

Intel process technology capabilities

o e, | 2004 | 2006 | 2008 | 2010 | 2012 | 2014 | 2016 | 2018
Feature Size 90nm | 65nm | 45nm | 32nm | 22nm | 16nm | 11nm | 8nm
Integr_ation
e ) 4 S | 16 | 32 | B4 | 198 ) 956
Transistors)

Use transistors for
» Multiple cores

* On-core memory (caches)

* New features (*Ts)

Multiple cores and caches address power and

memory latency issues




~ TheDawnof
Energy-Efficient Performance
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Multi-Core Platforms Demand
Threaded Software

Biggest Performance Leap Since
Out-of-Order Execution

rformance at \ntroduction
l,nurma'.i.ud to 25MHz ABBDY)

Integer Pe

Single Threaded
& Multi Threaded

e L

(intel) |
\*=27 Copyright © 2006, Inte
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The Importance of Threading

» Do Nothing: Benefits Still Visible RS
— Operating systems ready for multi- processmg
—Background tasks benefit from more compute:
resources N
e Parallelize: Unlock the Potential | ;
— Threaded applications p
—Threaded libraries gy -
— Compiler generated threads ’
[I;::f) 33
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Unleash Multi-Core Potential

e Intel® C++ and Fortran Compilers

— Built-in threading support with Auto-Parallelization and
OpenMP* support

e Intel® Thread Checker & Thread Profiler

— Unique product locates hard to find threading errors before
they happen!

— Helps developers optimize threaded applications

e Intel® MKL and IPP Performance Libraries

— Highly optimized threaded libraries that enable multi-core
performance gains even if your application isn’t threaded!

o Intel® VTune™ Performance Analyzer

— Identifies performance bottlenecks in single or
multithreaded applications to maximize performance

n—

fintal)

N s~ Copyright © 2006, Intel Corporation
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Example: Threading for Multi-Core

Architectural
Analysis

\

Introducing
Threads

+

\

periormance
Tuning

n—

fintal)

N s~ Copyright © 2006, Intel Corporation
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Threading for Multi-Core

Architectural
Analysis

Intel® VTune™
)Performance Analyzer

Introducing
"¥  Call Graph
— e Functional Structure
} e Execution Times
Periormance e Counts
Tuning

e,

/intal)

N s~ Copyright © 2006, Intel Corporation
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% VTune{Th) Performance Environment - [Call Graph - [Call Graph Results - [HLZTIP] - Thu Mar 02 16:14:24 2006]] =S

ity1 [Call Graph) =k H Il X | o8




Threading for Multi-Core

it
T —

Arctitoctural “&= Intel® Compilers
nalysis B
Thread
= OpenMP Loop Construct
: o Creates one thread per core
Dehugging
! e Assigns iterations to threads
periormance
Tuning

n—

/intal)

N s~ Copyright © 2006, Intel Corporation
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VTune(TM) Performance Environment - [Source View - [c:)... ponentMmportingVCIEXLoadManager.cpp]]

Views  Activity  Configure  Window Help

—l=]x]

= & B BE R(%k Hir ||| oF | |||activi (Call Graph) ~| P LRSS
4 B @
Source Call Site Time (841]4]
usz uElapsedTime = uCurrentTime - uStartTime:
sz i = 0:
—
// traverse each paldt] 553 plable[11++] = uFallnd;
for (i = 0; 1 < L : = .
HIEiaD 1,354 const U322 tid = IFEGetThreadID():
1,355 I3Z2 indx:
VT e Tﬁg = #praogma allel for schedule(runtime)
1,348 1 1,357 for ( indx = 0; indx < ii; ind=++ )
1,349
T5th 1,355 { 4
1,351 T332 uPalettelndex = pTable[indx]:
orkFeturntode) ; iPale 51
runtime) _
1,357 for [ indx = 0; indx < ii; indx++ )
1,358 {
1,359 U3z uPalettelndex = pTable[indx]:;
1,360 fielse
1,361 T332 uPalettelndex;
1,362 for (iPalettelteratorPeturncode = m pplecoderPalettes[i] -»First (guPalettelndex): IFZSUCCESS (iPalettelteratorPeturncodes):
1,363 fendif
1,364 // For each decoder in the component chain referenced by a palette entry,
1,365 /4 transfer [i.e. decode) that decoder's content to the scenegraph.
1,366 IFEDECLARELOCAL (IFEDecoderChaini, pecoderChain) ;
1,367 IFECHECEX (m ppDecoderPalettes[i] -»GetRegsourcePtr (uWPalettelndex, IID IFXDecodercChainX, (void**]&pDecoderChainX)): 8,469
1,368
1,369 U322 ulecoderCount = 0O;
1,370 plhecoderChain¥->GetbecoderCount X (ulecoderCount) ; 139
1,371
1,372 /4 for the next decoder palette entry.
1,373 I3Z 3;
1,374 for (j = 0; 3 < ubecoderCount; Jj++)
1,375 IFEZDECLARELOCAL ( IFEDecoder X, phecoder) ;
1,376 phecoderChainX->GechecoderX(j, phecoderX) ; 5,045
1,377 if (plecoderX)
1,378 i
1,379 /7 Perform idling sctivities.
1,380 #ifdef TLP_INPORT FRONT
1,381 if | tid == IFEGetThreadID(] | 148
1,382 fendif
1,383 ThurmpX () 2 531
1,384
1,385 IFXRESULT iResultTransfer = IFX_ OK;
1,386 plhecoderi->TransferX | iFesultTransfer) ; 157,575,790
1,387
1,388 BOOL bPartialTransfer = (IFZ W PARTIAL TRANSFER == iResultTransfer):
1,389
4 mEE i OTF & Aermder heao +romoaFoartvad a1l mfF te R lemlre andd Flae vrmad v remee bee e 1110l e



Threading for Multi-Core

Intel® Thread

Archntectural
Analysis C h ec ke r
\ J
Introducing e ——ml)
e Thread Safety Issues
e Data Races
Debugging
e Deadlocks
Periormance
Tuning

n—

/intal)

N s~ Copyright © 2006, Intel Corporation
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v% ¥Tune(TM) Performance Environment - [Thread Checker - Activity: 03:39 AM, 2006 Mar 01 (TC: sampleplayer.exe)]

EEiIe Edit Views Activity Configure indow Help

A & I=REERE= R A

g | ||| TC: sampleplayer exe (0F:50 PM, 2006 Feh 28] « | [

TN

[T ] Memory e st “cifumodiierchin.cpp” 1346 conficts with & prior memory wits ot "cifmodiferchaincpp 1380 foutput dependence] ———— [{]]

Location of the firzt thread that was executing at the time the conflict accured
Stack:

wzigned int)

iChain:: Invalidate(unsigned intunsigned int)
""cifsmodifierchain.cpp': 1434

[IF#Care.dll, 0=44449]

int CIF<MadifierD ataPacket::InvalidateD ataElement/unsigned int)
"cifemadifierdatapacket.cpp': 403

[IFsCore.dll, 0x45343]

int CIF<aAuthorCLO DR ezource: S etduthorb eshiclazs IFéuthorCLODMeszh )
""cifsauthorclodresounce. cpp':611

[IF<Core.dll, 0x231:0]

woid CIFauthorCLOD Decoder: Transfer=(int &)

"CIFAUthorCLODD ecoder.cpp': 199

[IFI mparting.dil, 0x20e8]

PProcessTransterddes@CIF:LoadM anager@@aAEXAMHEE_1433 par_loopl
"CIF+Loadi anager.cpp': 1462

[IF<mparting.dil, 0x1923a]

PProcessT ransferdider<@CIF-Loadh anager@@a A E-AAHEY_135E_ par_loopl
"CIF=Loadt anager.cpp': 1356

[IF<Importing. dil, 0x19520]

void CIF<Loadianager:ErecuteT ransker(vaid)

"CIF<Loadt anager.cpp'. 692

[IFxImporting.di, 0x18ebE] Ll

==-E R (R
Address Line |} | Source |“
1,370 /f Iterate -- follow all of the invalidation sequences
Ox442E2:1,371 while | IFE3UCCES3{ result ) && s _Invlepth > Jtarthepth |
1,372 i
Ox442EC:1,373 InvRecord® pCurlterdtate = s_pInvitate + =_InvDepth:
1,374
1,375 ff Get the current Inv Seq
1,378 IFXModifierDataPacketInternal® pDP =

Ox442F4:1,377

Ox44311:1,383

0x44316:1,385

0x44323:1,388

phataPacketState [pourlter3itate->NodIldx] .m_phataPacket;
IFEDidInvElement® pInwEl =
£ (pCurlterdtate->phEState->m pInvieq[pCurlterdtate->InvIdx])
plurIterState—>InwvIdx+4;

ff pop thisz iter state if we are processing the last entry
if{ pturlter3tate->InvIdx == plurlter3tate->plE3tate->m ulnvCount )
{

IFZInterlockedDecrement [ (U3iZ*) &3_InvDepth |;

Ff Get the Invalidation Target and Do The Invalidation
if{ pInvEl->uMIndex !'= APPENDED DATAPACKET_INDEX )
{
IFXDataPacket3tate® pTrgDP3tate =
LinTiaraParkarSraralnTrneFT oM Trdew1) -

¥

R _znthoomns 7] @ £t
Location of the second thread that was executing at the time the conflict occured iddress sl Q.J e — v
Stack: 0x44200i1,336 result = IFX E INWALID RANGE:

1,337

Ox4421C:1,3385 if | IFEXSUCCESS | result | )
1,339 {
1,340 /f Set the state for the Initial invalidation

""cifemadifierchain. cpp': 1494

[IF<Care.dll, 0x44449]

int CIF=ModifierD ataPacket: Invalidatel atak lement(unzigned int)
""cifsmodifierdatapacket. cpp': 403

[IF=Core.dll, 0245243]

int CIF<AutharCLODR ezaurce::S etiuthartd eshiclazs IF<AutharCLODMesh ¥
"cifwauthaorclodresource. cpp':610

[IFsCore.dll, 0x23160]

woid CIFauthorCLOD Decoder: Transfers(int &)

"CIF4uthorCLO DD ecoder.cpp': 199

[IF<Imparting.dil, 0x20=8]

PProcessTransferOrdet@CIFELoadt anager@i@asEXAAHEE_1433 par_loopl
"CIF+Loadi anager.cpp': 1462

[IF=Imparting.dll, 0x1923a]

PProcessT ransferdider<@CIF-Loadh anager@y@a A E-AAHEYY_135E_ par_loopl
"CIF=Load anager.cpp': 1356

[IFI mparting.dil, 0x19520]

void CIF<Loadianager:: EsecuteT ransfer(vaid)

"CIF+LoadiM anager.cpp':632

Ox34225:1,341

Ox44235:1,342

Ox44235:1,345
Ox 1 5
Ox34272:1,347

Ox3427D:1,356

MNvad4>99:1 =252

IFZAcquireMutex (| s_mInvitate |;
= _plnvitate[s_ InvDepth] .ModIdx = ulnModifierIndex;
5_plInvitace[s_InvDepth] .pDE3tate =

£ (phataPacket3tate[ulnModifierIndex] .

m phataElements[ulnDacaklementIndex] ) ;

IFXReleaselutex (| s_mInvitate ]!

A4 we never actually invalidate the proxy data packet
Ff all of the proxy data packet entries except for time
/4 should always be wvalid
if | IFXSUCCESS ([ result | && ulnModifierIndex '= 0 )
{ // invalidate this element
5_plInvitace[s_InvDepth] .plE3tate->3tvace = IFXDATAELEMENTSTATE_ INVALI

ifil =2 nTnvStarels Trnuhenthl . nhiFSrare—->d=2nertRit



Threading for Multi-Core

Intel® Thread

Architectural
Analysis r rof | Ie r
Introducing e
"";a"s Find Contended Locks
- e Most Overhead
Debugging

e | argest Reduction in
Parallelism
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v% ¥Tune(TM) Performance Environment - [Thread Profiler - Activity: 03:33 PM, 2006 Mar 02 (TP: sampleplayer.exe)]

EEiIe Edit Views Activity Configure indow Help — | = &
SHER = e = R R 7Y & | || TP: sampleplayer exe [06: 20 PM. 2006 Feh 28] ~| = LRSS
Prafile Filter:|:| Grouping: 1] 5ource
% Ot E k[ el QRQ | @
&
o
0.05
0.05
0.04
8
s
o
o
E
" o3
D.m i i
0
T = 3 =2 =
= = =/ =/ =]
[&] [&] [&] [&) [a]
CP:1, AR
Executable 1




v% ¥Tune(TM) Performance Environment - [Thread Profiler - Activity: 03:33 PM, 2006 Mar 02 (TP: sampleplayer.exe)]

EEiIe Edit Views Activity Configure indow Help

A h &

@ Tranzition Source

Trangition Threads
Prev: Thread Unknown
Current: Threads 3.

G,

IFiec:eive Signal

4,

]

Mest: Threads 3,
5.

4,
1

=

Stack:

B BE D

4
T

Address

TN

| TP: sampleplayer eve [06:20 P, 2006 Feb 28] ~ | [B=

e 5

Source ~

SE1

Ox223E6

582

o83

OxZZ3EF

554

OxzZZ3F2

sS85

586

Se7

585

IFAquirebdutes
“ifsosthreads.cpp': 105

0x231350

L=

590

591

i
rpiuthorCLODMesh = m pluthorMesh;

IFZRETURN (rc) ;

wold* 5 _mIetluthorMesh = IFXAllocateMutex();
IFERESTULT CIFZiuthorCLODResource: :JetiuthorMesh (IFIAuthorCLODNeshY phuthorCLODMesh)
{

IFZEESULT rc = IFE OF:

depathowghmpu3dhzourcertyplatformiusin2 ireMut
La]} 5473
Ox23161 594 if (m_pluthorlesh '= piuthorCLoDMesh)
CIF<uthorCLODD ecoder.:~CIF<AuthorCLOD Decodsrvoid) = ¢
"CIF¥AutharCLOD Decoder.cpp': 257 DxZ316E 598 ClearMeshGroup () ;
Fath: ¢hg2dforcehdepotCw GRS MPL 3048 ourceSA T LA Compone: 597 }
woid * operator nesw(][unsigned int) =98
"IFCheck k' BE Oxz23179 539 if (pAuthorCLODMesh)
Fath % \Componentsdmpartings. . SKemeldnclude a0 {
Address: Oxlibguided . dil 0x2317D 601 piuthorCLODMesh-»AddRef () ;
Module: 3174 602 i
Fath: chg3dforcehdepot Cw G5 MPU DS ourceBuildyJ 3D 603
|
g‘ IE Transition S ource = E - E @ ):“33 ):‘S
& | Transition Threads | Address |[Line Source 4
“o | Prev: Thread Unknown Py
= | | Current: Threads 3,
o 5 Ox23183 604 IFZRELEASE (m_pluthorMesh)
b 4, 605 m_pluthorMesh = phuthorCLODMesh;
| E0E
gje”t: Threads 3, 607 m_bMeshGrouplirty = TRUE;
4' 505
1 OxZ2319C 605 if (m_pModifierDataPacket] {
ﬂ OxZ31E6 610 wm_pModifierDataPacket->Invalidatelataklement (m_uleshGrouplataklement Index) ;
Stack: 0xZ231C0 611 t pModifierDataPacket->InvalidateDataElement (m uBound3phereDatallement Index) ;
IFReleasebiuten 61z i
ifwosthreads.cpp' 113 513
gadforcehdepotiowgmpu3disourcentplatiormbuin AuthorMesh
615
" OxzZ31E0 616 IFEZRETUERN (re)
E OxZ31E3 517 }
"CIF<authorCLOD Decoder.cpp'™ 257 )
Path: ¢ hg2dforcetdepoth CwGSMPL 3045 ourceSA T LS Compone: 619 IFERESULT CIFZiuthorCLODResource: :GetiuthorMeshMap [ IFENeshMap **ppiuthorMeshMap)
woid ¥ operator nes[][unsigned int) Oxzz 200 620 {
"IF=Checks b' BE OxzzZ405 g21 IFZEESULT rc = IFE OF:
Path % AComponentsmpartings. . SKemeldnclude G2z
Address: Oxlibguide40.dll Oxzz407 623 if (ppiuthorMeshMap)
Module: 3174 G624 1
Path: c:hg3dforcehdepot Cw G Y MPU30YS ource BuildWJ 2D Oxz 240D 625 if (m pluthorMeshMap)




Performance Impact

Adding OpenMP,
ltanium®) 2 4 CPUs

10x

Weather forecast application
Compiler directives,J
minor source change
/03 — Enable Itanium® 2 4 CPU
advanced optimizations 4X
Legacy system Itanium® 2 4 CPU
6 CPUs Compiler
2.5X
Original source,
default options, )
Itanium® 2. 4 CPU Compiler
1x 1.2x Compiler
D ‘ Compiler

Optimizations may improve performance significantly.
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Agenda

Software at Intel
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A New
Era...

THESINEW.

, / permrmance N\
7/ EqualsIPC ﬁ\

",

THE OLD

“.
Power Efficiencl |

‘\ " . Microarchitectures?//A
N\ _Advancemen '4/7/

Performance
Equals Frequency

Unconstrained Power

And It Is

appening
fast... .

Voltage Scaling
e —
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Multi-Core Trajectory

Juad-Core
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Growing Momentum for
Multi-Cores

Power delivery and management

High bandwidth memory

Cache

Corel |Core Corel |Core Core

Corel |Core Core

Corel |Core

Corel |Core Core
i Corel |Core l

n—
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Activision (Ravensoft) Pinnacle
Adobe Pixar (Renderman)
Algorithmics Paradigm
Alias PTC
Autodesk Red Hat
Business Objects SAP
Cakewalk SAS
CodecPeople Siebel CRM
G rOWi n g Computer Associates Signet
Corel (WordPerfect) Skype
Momentu m Cyberlink SLB
Discreet SnapStream
FO r IBM Sonic (Roxio)
id Software Sony
SOftwa re Landmark Steinberg
Macromedia SunGard
Parallelization ;o © || 075
Maxon Symantec
mental images Thomson
Microsoft (Office Suite)  THQ
Midway Ubisoft
MSC UGS
Novell SUSE Valve
_,.-’-‘—_) Oracle Yahoo (Musicmatch)
{%%i%!f Copyright © 2006, Intel Corporation Pegasus 30
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Growing Momenti
Ecosystem Driven by

e Continuous tool improvements
— Over 15 tools released for multi-core in ‘05
— Coming in '06: more features across all environm:

* Training end users and in house developers

e Academia
— Universities developing parallel programmmg&urrlculu
— Research grants for parallel programming prOJects G

e Contest: Over $100,000 in prizes

— Topcoder.com: Monthly contests for top performing threaded
software

— Games Developer Conference: Contest for best use of Intel
platform features

-y
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Opportunity for Software:

Extract Full Potential of Multi-core

=
= Parallel Programming 2.0
Qo
©
O
Parallel Programming 1.0
"5 ) Multi-processor Multi-core

\ ---"",' Copyright © 2006, Intel Corporation
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Parallel Programming 2.0

e Ubiquitous parallel software

— Large spectrum of domains ?consumer/wweless VS
HPC/database, home vs nuclear labs)

» Scalable software | _—
- Explosmn of cores (e. g,,ZX cores"’éver 18%71@ ths

» User experience - R T
— VS. just raw: performance; G,

. Greater SaASE| OfF r)rogmmrmru
— New. progre ImIRg pPaEraaIgn, programming language,

compller; tools, s ————
« Greater reliability, and securlty %

— Programming for appllcatjen and' system reliability
- Industry-wide vs gover‘nment funded =

-« Higher demand for parallel programmlng
— education
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Imagine what can be
Create what will be

Programming




