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HistoricalHistorical Driving ForcesDriving Forces
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Power: APower: A Major ConcernMajor Concern
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1990 1993 1997 2001 2005 2009

~30%
SupplySupply 
Voltage Voltage 

(V)(V)

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

Power ~ VoltagePower ~ Voltage33

Power LimitationsPower Limitations Diminishing Voltage ScalingDiminishing Voltage Scaling
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OverOver--clockedclocked 
(+20% Freq & V)(+20% Freq & V)

1.00x1.00x

Relative singleRelative single--core frequency and core frequency and VccVcc

1.73x1.73x

1.13x1.13x

Max FrequencyMax Frequency

PowerPower

PerformancePerformance

MultiMulti--CoreCore 
EnergyEnergy--Efficient PerformanceEfficient Performance

DualDual--corecore 
((--20% Freq & V)20% Freq & V)

1.02x1.02x

1.73x1.73x
DualDual--CoreCore

SRC: Intel Internal Measurements, date of data and system confiSRC: Intel Internal Measurements, date of data and system configurationsgurations
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Moving beyond Productivity WorkloadsMoving beyond Productivity Workloads

Rigid body game physicsRigid body game physics

Fluid simulationFluid simulation

Portfolio managementPortfolio management

Text miningText mining

Signal / image processing primitivesSignal / image processing primitives

Derivative pricing suiteDerivative pricing suite

Stochastic optimization suiteStochastic optimization suite

Partitioning structure collision testsPartitioning structure collision tests

Dense and Sparse matrix primitivesDense and Sparse matrix primitives

Financial
Simulation

Climate

AstrophysicsAstrophysics

Photo realisticPhoto realistic

GraphicsGraphics
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Accelerators in the PlatformAccelerators in the Platform

Accelerator: device optimized to Accelerator: device optimized to 
enhance the performance or enhance the performance or 
functionality of a computing system.functionality of a computing system.

Vertical solution: a performs a complete Vertical solution: a performs a complete 
customer function without a additional customer function without a additional 
server or client system. Example: game server or client system. Example: game 
console.console.

Appliance: a vertical solution with Appliance: a vertical solution with 
substantially reduced management & substantially reduced management & 
programming requirements.programming requirements.

memory

NIC

SMP 
coreSMP 

core

ISA
SMP

adapter

network

accelerator

bridge

bridge

PC
I

Source : IBM and Intel

Accelerators = performance, programmability 
& precision at lower power and cost
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Computing EvolutionComputing Evolution
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Multi-threading Multi-core Many Core Era
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Multi-threading Multi-core Many Core Era

SMT

Small Number
Of Traditional

Cores

Arrays of
Throughput 

Cores

CPU ““

CPU:
• Evolving toward throughput 

computing
• Motivated by energy-efficient 

performance

Accelerators:
• Evolving toward general-purpose 

computing
• E.g. Motivated by higher quality 

graphics and general purpose 
computing
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IntelIntel®® Architecture Architecture 
with Acceleratorswith Accelerators

Special Purpose PerformanceSpecial Purpose Performance
•• Geneseo PCIe extensionsGeneseo PCIe extensions
•• QuickAssist TechnologyQuickAssist Technology

IntelIntel®® Architecture Architecture 
with Multi Corewith Multi Core

General purpose ScalabilityGeneral purpose Scalability
Economies of ScaleEconomies of Scale

Innovation with AccelerationInnovation with Acceleration

Unified Architecture for Multi Cores & AcceleratorsUnified Architecture for Multi Cores & Accelerators

AcceleratorAccelerator

PCIPCI

SIO

Add insAdd ins

Add insAdd ins

LPCLPC

AcceleratorAccelerator

Gb
Ethernet*

Gb
Ethernet*

AcceleratorAccelerator

I/O
hub
I/O
hub

Memory
Hub

Memory
Hub
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…… Accelerating with Multi core CPUAccelerating with Multi core CPU

…… Accelerating with Accelerating with platformplatform
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MultiMulti--core and Manycore and Many--corescores
All Large Core

Mixed Large 
and

Small Core

All Small Core

Energy Efficient Performance with MultiEnergy Efficient Performance with Multi--threaded Coresthreaded Cores

Note: the above pictures donNote: the above pictures don’’t represent any current or future Intel productst represent any current or future Intel products

Presenter�
Presentation Notes�
1. What combinations of cores to use ?

Asymmetric vs symmetric

Homogenous vs heterogeneous

Status:

Server products initially pursuing homogenous TS product

Clients seriously considering heterogeneous cores

2. Composition of cores ?

Large complex cores provide higher ST perf at high power dissipation

Smaller cores provide lower ST perf, but at lower power dissipation



Intel’s current thinking:

Server products to use array of small cores 

Client investigating combination of large & small cores



Smaller cores have reduced architectural complexity

Large cores optimized for ST performance

Large cores use micro-architectural techniques (e.g., out-of-order execution – “OOOE”) that increase power dissipation more than performance

E.g., OOOE yields 50% addt’l perf, but at 4x power dissipation & 4x area



�
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Increasing Throughput through Increasing Throughput through 
ParallelismParallelism

16 Cores16 Cores 64 Cores64 Cores 256 Cores256 Cores

Single Core PerformanceSingle Core Performance

LargeLarge SmallSmall

Relative PerformanceRelative Performance
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MediumMedium
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40

LargeLarge MediumMedium SmallSmall

System PerformanceSystem Performance

Assuming 100% 
parallel software

Note: the above pictures donNote: the above pictures don’’t represent any current or future Intel productst represent any current or future Intel products

Throughput optimized (Thread Level Parallelism) performanceThroughput optimized (Thread Level Parallelism) performance
is more power efficient and applies to interesting applicationsis more power efficient and applies to interesting applications

Presenter�
Presentation Notes�
Assume:

All large cores:      perf = 1/core

All medium cores: perf = 0.5/core

All small cores:      perf = 0.3/core



Result of ideal performance (with 100% parallel software):

Large cores:    perf = 1 x 12 = 12

Medium cores: perf = 48 x 0.5 = 24

Small cores:     perf = 144 x 0.3 = 43



However, the performance is governed by Amdahl’s Law. Software parallelization is the key. The more parallelized the sw, the better the speed up and vise versa. �
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Performance ScalingPerformance Scaling
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Amdahl’s Law: Parallel Speedup = 1/(Serial% + (1-Serial%)/N)

Serial% = 6.7%
N = 16, N1/2 = 8

16 Cores, Perf = 8

Serial% = 20%
N = 6, N1/2 = 3

6 Cores, Perf = 3

Software Parallelization is Key to the SuccessSoftware Parallelization is Key to the Success

Presenter�
Presentation Notes�
Parallelization of the sw determines the performance speedup.



The Orange line shows a 100% speedup as shown in the last page

The Green shows an application with 20% serial. With 6 cores, you have a perf of 3x, but adding cores it will diminish the performance return;

The Yellow line, however, shows that with 6.7% serial sw, we have a better perf gain. Using 16 cores, we will have a perf of 8.

�
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ManyMany--core with Special Purpose core with Special Purpose 
HardwareHardware 

Vector Extension ExampleVector Extension Example

SPU

IA CPU

Vector Processor Unit (VPU)Vector Processor Unit (VPU) 
SIMD Vector Advantages:SIMD Vector Advantages:

•• Best energy efficiency for data parallel Best energy efficiency for data parallel 
appsapps

•• Efficient programming environmentEfficient programming environment

Floating Point DataFloating Point Data
Scalar ProcessingScalar Processing

Vector ProcessingVector Processing

SPU
Special Purpose Unit

Usage in HPC

Technical, Scientific, 

bioinformatics, etc

Higher Computation Per Thread Higher Computation Per Thread 
With Fewer ThreadsWith Fewer Threads

Presenter�
Presentation Notes�
Single-Instruction, Multiple-Data vector model provides the best energy-efficient performance for data-parallel applications

Streamlines computational hardware

Memory access optimizations possible for scatter/gather and strided access for latency tolerance and efficient use of bandwidth

Efficient programming environment:

SIMD/vector model supports higher computation per thread, requiring fewer threads to reach a petaflop.

Good integration with the General Purpose (GP) CPU cores

Good integration with system virtual, cache-coherent memory



In Alpha’s example, their Vbox Tarantula processor is 3.4x better in terms of Gflops/Watt than a CMP solution based on replicating two EV8 cores.



Generating the right code is fundamental to fully benefit from the L2 cache bandwidth. Hand coded benchmarks studied indicates that both tiling and aggressive prefetching are fundamental to achieve the performance levels.�
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Where Are We Heading with Many Where Are We Heading with Many 
Core?Core?

PentiumPentium®® II ArchitectureII Architecture

PentiumPentium®® 4 Architecture4 Architecture

PentiumPentium®® ArchitectureArchitecture
486486

386386

IntelIntel®® CoreCore™™ uArchuArch
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77
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1.E+131.E+13
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1.E+151.E+15

19851985 19901990 19951995 20002000 20052005 20102010

FlopsFlops

PentiumPentium®® III ArchitectureIII Architecture

TeraTera

PetaPeta

GigaGiga

Projected Projected 
Multi/Many Core Multi/Many Core 

PerformancePerformance

Source: IntelSource: Intel

All timeframes, dates, and products are subject to change withouAll timeframes, dates, and products are subject to change without further notification"t further notification"
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Summary of Acceleration with CPUsSummary of Acceleration with CPUs

GigascaleGigascale integration continues as per Mooreintegration continues as per Moore’’s Law s Law 
Power consumption is becoming a major concernPower consumption is becoming a major concern
Multiple cores onMultiple cores on--die are becoming the standard to deliver die are becoming the standard to deliver 
performance at reasonable powerperformance at reasonable power

Intel Research Chip: 80 core PolarisIntel® Core™ 2 Duo Source: CELL presentation at Hotchips 17, 2005

The future will very likely include both ILP The future will very likely include both ILP 
optimized cores and TLP optimized coresoptimized cores and TLP optimized cores
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…… Accelerating with Multi core CPUAccelerating with Multi core CPU

…… Accelerating with Accelerating with platformplatform
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Growing Interest in AddGrowing Interest in Add--on Acceleratorson Accelerators

Embedded Content ProcessingEmbedded Content Processing
Data mining, encryption, compression, XMLData mining, encryption, compression, XML
Attribute: Fixed algorithmic functionsAttribute: Fixed algorithmic functions

MathMath--Intensive TransactionsIntensive Transactions
Financial, scientific, economic modelsFinancial, scientific, economic models
Attribute: Expansive numberAttribute: Expansive number--crunchingcrunching

Clearspeed, DRC, HPC Applications 

Visualization and Media ProcessingVisualization and Media Processing
Graphics, video, speechGraphics, video, speech
Attribute: RealAttribute: Real--time responsetime response

Nvidia, Ageia, Media Processing

SGI, CIG, Cisco

Next Generation I/O DevicesNext Generation I/O Devices
Networking, Storage, Networking, Storage, InfinibandInfiniband
Attribute: High BandwidthAttribute: High Bandwidth

Intel, Broadcom, Mellanox, 

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

Presenter�
Presentation Notes�
Continued and growing interest for emerging application accelerators – performance and efficiency over general-purpose solutions

A few key areas include math, visualization and content processing

Different attributes for each



Ageia physics accelerator

Clearspeed math accelerator

DataPower XML accelerator�
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Sample of Industry Acceleration ActivitySample of Industry Acceleration Activity
XML, JavaXML, Java XML ProcessingXML Processing Actional, Cisco, Conformative, DataPower, Reactivity, Actional, Cisco, Conformative, DataPower, Reactivity, SarvegaSarvega, , TarariTarari

Java Virtual MachineJava Virtual Machine AzulAzul

Networks: Storage, Networks: Storage, 
Cluster, LANCluster, LAN

TCP/IP + EthernetTCP/IP + Ethernet
Adaptec, Allied Adaptec, Allied TelesynTelesyn, , AmassoAmasso, Brocade, , Brocade, ChelsioChelsio, , Cisco(TopspinCisco(Topspin), Citrix, ), Citrix, 
Crescendo Networks, Enigma Semiconductor, Crescendo Networks, Enigma Semiconductor, InfrantInfrant, , NetEffectNetEffect, , NextIONextIO, Nortel, , Nortel, 
Precision I/O, Silverback, Sensory Networks, Precision I/O, Silverback, Sensory Networks, TehutiTehuti, , ToplayerToplayer , Voltaire, Voltaire

InfiniBandInfiniBand Cisco (Topspin), Cisco (Topspin), MellanoxMellanox, , SilverStormSilverStorm, Voltaire, Voltaire

Application AccelerationApplication Acceleration Cisco(AONCisco(AON), Citrix, F5 Networks, Juniper ), Citrix, F5 Networks, Juniper Networks(RedlineNetworks(Redline), ), RadwareRadware

Security, Privacy,Security, Privacy, 
Rights ManagementRights Management

Trusted EnvironmentTrusted Environment STMicroelectronics, Intel, InfineonSTMicroelectronics, Intel, Infineon

Cryptographic FunctionsCryptographic Functions
Actional, Allied Actional, Allied TelesynTelesyn, Broadcom, Check Point, 3Com, , Broadcom, Check Point, 3Com, CipheropticsCipheroptics, Cisco, , Cisco, 
DataPower, Enterasys, Forum Systems, HP, Intel, DataPower, Enterasys, Forum Systems, HP, Intel, KastenKasten Chase, Lucent, Chase, Lucent, nCiphernCipher, , 
Nokia, Nortel, F5 Networks, Nokia, Nortel, F5 Networks, RadwareRadware, Reactivity, , Reactivity, SonicwallSonicwall, Sun, , Sun, TaraiTarai, , VormetricVormetric

RealReal--time Analyticstime Analytics Data Warehouse BasedData Warehouse Based Cogent Systems, DATAllegro, NetezzaCogent Systems, DATAllegro, Netezza
Data Stream BasedData Stream Based TarariTarari

Collaboration & Collaboration & 
Information MgmtInformation Mgmt

Audio, video, data, IM FusionAudio, video, data, IM Fusion ClearSpeed, ClearSpeed, TarariTarari
Media DistributionMedia Distribution TarariTarari, , SeaChangeSeaChange
Enterprise SearchEnterprise Search NetappNetapp, Google, Search , Google, Search CacherCacher, Thunderstone, Thunderstone

High Performance High Performance 
ComputingComputing

Floating Point & Integer CompFloating Point & Integer Comp ClearSpeed, Cray, ClearSpeed, Cray, MitrionicsMitrionics, SRC, , SRC, TarariTarari, , TimeLogicTimeLogic
MessagingMessaging Cisco (Topspin), Cisco (Topspin), MellanoxMellanox, , MyricomMyricom, Quadrics, , Quadrics, QLogicQLogic, Voltaire, , Voltaire, ……

Intelligent StorageIntelligent Storage 
NetworkNetwork

Storage VirtualizationStorage Virtualization
Acopia, Brocade, EMC, HP, Hitachi, Index Engines, IBM, Acopia, Brocade, EMC, HP, Hitachi, Index Engines, IBM, NeoPathNeoPath, Sun, Troika, , Sun, Troika, 

Storage ServicesStorage Services

Accelerator TechnologyAccelerator Technology

SystemSystem--onon--ChipChip
ArterisArteris S.A., Bay Microsystems, Broadcom, S.A., Bay Microsystems, Broadcom, CaviumCavium, , FreescaleFreescale Semiconductor, Semiconductor, 
Infineon, LSI Logic, Rapport (Infineon, LSI Logic, Rapport (KilocoreKilocore), ), RazaRaza Microelectronics, Microelectronics, STMicroeletronicsSTMicroeletronics, , 
TejaTeja, , TensilicaTensilica

ASICASIC
Advanced Architectures, Advanced Architectures, BritestreamBritestream, , CaviumCavium, Critical Blue, , Critical Blue, ElixentElixent, Forte, , Forte, 
FreescaleFreescale Semiconductor (Seaway Networks), IP Fabrics, LSI Logic, Semiconductor (Seaway Networks), IP Fabrics, LSI Logic, MellanoxMellanox, , 
nCiphernCipher, Propulsion Networks, , Propulsion Networks, STMicroeletronicsSTMicroeletronics, , XeleratedXelerated

Source : IBM and IntelSource : IBM and Intel

This is ComplexThis is Complex

The Accelerators are Specialized to the applicationThe Accelerators are Specialized to the application
Have no common attach pointHave no common attach point
Have no common programming modelHave no common programming model
Have no common architectureHave no common architecture

*Other names, Trademarks and brands may be claimed as the property of others
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System bottleneck for AcceleratorsSystem bottleneck for Accelerators

AcceleratorAccelerator

PCIPCI

CPUCPUCPU

SIO

Add insAdd ins

Add insAdd ins

LPCLPC

AcceleratorAccelerator

Gb
Ethernet*

Gb
Ethernet*

AcceleratorAccelerator

CPUCPUCPU

I/O
hub
I/O
hub

Memory
Hub

Memory
Hub

Software & Platform latencies are significantly Software & Platform latencies are significantly 
higher than  physical  IO latency for most acceleratorshigher than  physical  IO latency for most accelerators

Interface PerformanceInterface Performance
Reduce hardware overheadReduce hardware overhead
Configuration and error handling Configuration and error handling 
Status and synchronizationStatus and synchronization
Virtualization and power managementVirtualization and power management

Programming Model and ToolsProgramming Model and Tools
Ease of programmingEase of programming
Portability across accelerator vendors Portability across accelerator vendors 
Consistent programming model for Consistent programming model for 
both discrete, integrated & CPU both discrete, integrated & CPU 
based solutions based solutions 
Reduce software overheadReduce software overhead

Scheduling & Memory mgmt.Scheduling & Memory mgmt.
Memory Buffer allocation policyMemory Buffer allocation policy
Virtual Address Space Virtual Address Space 
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Taxonomy of  AcceleratorsTaxonomy of  Accelerators

AcceleratorAccelerator HW InterfaceHW Interface SW InterfaceSW Interface Key AttributesKey Attributes
Non SequencerNon Sequencer
ReconfigurableReconfigurable
e.g.: e.g.: NallatechNallatech

CPU Interface CPU Interface 
Geneseo / PCI Geneseo / PCI 
ExpressExpress

Driver function callDriver function call FPGA BasedFPGA Based
Functional flexibility Functional flexibility 
Faster turn aroundFaster turn around
Targeted AccelerationTargeted Acceleration

Non SequencerNon Sequencer
Fixed functionFixed function
e.g. Crypto, X87, e.g. Crypto, X87, 
MPEG4MPEG4

Geneseo/PCI Geneseo/PCI 
Express,Express,
OnOn--DieDie

Driver function callDriver function call ASIC/Semi CustomASIC/Semi Custom
Lower costLower cost
Higher performanceHigher performance
Coarse Grain InterfaceCoarse Grain Interface

SequencerSequencer
e.g.   e.g.   GPUsGPUs, Cell, , Cell, 
ClearSpeedClearSpeed

CPU Interface,CPU Interface,
Geneseo / PCI Geneseo / PCI 
Express,Express,
OnOn--diedie

Direct ProgrammingDirect Programming ASIC/Semi Custom/CustomASIC/Semi Custom/Custom
Native ISANative ISA
Fine/Coarse Grain InterfaceFine/Coarse Grain Interface
ProgrammableProgrammable
Higher performance / wattHigher performance / watt
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Geneseo Layered ArchitectureGeneseo Layered Architecture

PhysicalPhysical

LinkLink

ProtocolProtocol

PCI Software ModelPCI Software Model

Device DriverDevice Driver

OS and OS and LIBsLIBs/APIs/APIs

Applications SWApplications SW

Efficient
Access to
Hardware

Signaling Speed Upgrade

Power State Management

BW, Latency & Efficiency

Synch. & Data Exchange

QuickAssist Software

Enhance PCI Express Layered Architecture Enhance PCI Express Layered Architecture 
for Application Acceleratorsfor Application Accelerators
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Geneseo: PCIe Extensions ProposedGeneseo: PCIe Extensions Proposed

Latency ReductionLatency Reduction
Data ReData Re--use Hints use Hints –– Mechanism for efficient and lower latency accessMechanism for efficient and lower latency access
PrefetchPrefetch -- Mechanism to lower access latencyMechanism to lower access latency
Ordering Ordering –– Transaction level attribute/hint to optimize ordering within RCTransaction level attribute/hint to optimize ordering within RC and and 
memory subsystemmemory subsystem
Pause/Resume Pause/Resume -- Mechanism to interrupt low priority transmissionsMechanism to interrupt low priority transmissions

Increased ThroughputIncreased Throughput
Signaling/Encoding Scheme Signaling/Encoding Scheme –– B/W efficiency improvement through B/W efficiency improvement through 
replacement of 8b/10b encoding, most likely w/scrambling schemereplacement of 8b/10b encoding, most likely w/scrambling scheme
Packet header overhead improvements Packet header overhead improvements -- New semantics for transferring New semantics for transferring 
payloadspayloads

Software Model ImprovementsSoftware Model Improvements
Atomic ReadAtomic Read--ModifyModify--Write Write –– Mechanisms to reduce synchronization Mechanisms to reduce synchronization 
overhead overhead 
Shared memory support via I/O MMUShared memory support via I/O MMU

Power ManagementPower Management
Dynamic Power Allocation Dynamic Power Allocation -- Support for dynamic performance/power Support for dynamic performance/power 
operational modes through standard configuration mechanismoperational modes through standard configuration mechanismDeviceDevice

Root ComplexRoot Complex

CPUCPUCPU

MEMMEM

MEMMEM

Host Memory

‘Local’
Memory

Coherent System I/F

PCI Express

System 
Memory
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PCI E to Geneseo TransitionPCI E to Geneseo Transition 
Performance, Bandwidth and FunctionalityPerformance, Bandwidth and Functionality

Bandwidth GB/sBandwidth GB/s

00

1010

2020

3030

4040

5050

PCI/PCIPCI/PCI--XX

Gen1 @ 2.5GT/sGen1 @ 2.5GT/s

Gen2 @ 5GT/sGen2 @ 5GT/s

••I/O VirtualizationI/O Virtualization
••Device SharingDevice Sharing

Note: Dotted Line is For Projected Numbers

Based on x16 PCIe channelBased on x16 PCIe channel

19991999 20012001 20032003 20052005 20072007 20112011 2013201320092009

••Atomic Ops, Coherence HintsAtomic Ops, Coherence Hints
••Higher BW, Lower LatenciesHigher BW, Lower Latencies
••Enhanced Software ModelEnhanced Software Model6060

G
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/
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e
c

Tracking Moore’s Law

All timeframes, dates, and products are subject to change withouAll timeframes, dates, and products are subject to change without further notification"t further notification"

Presenter�
Presentation Notes�
Note:

The industry rule of thumb says that we should enable channels that have at least 0.1.  This chart represents the total BW available (each direction, not aggregate in both directions).  Clearly we have the ability to stay above 0.1 for an I/O link. 



The big jump at the beginning of the performance graph is explained as PCI-e coming on line ahead of Dual Core and preparing to ensure we had a viable I/O infrastructure for when our node performance would rocket up with DC.



New generations of processors will be capable of >100Gflops of performance

Enormous disparity between flops and bps i.e. HPC cluster performance is limited by interfaces to commodity nodes

Throughput of PCI-X and PCIe, IBA

Latencies>1uS a major barrier

Cost of  dominates value to customers; Must be less than the nodes to which they connect

Performance impact varies dramatically due to application and, prog. Model

Other factor important are RAS & scalability

The Geneseo enhancements will greatly improve BW and Latencies;

Geneseo effort will also address the performance limitations due to Sw stack



The BW numbers for the PCIe in 2007 and beyond are for x16 interconnect at 7.5GT/s, 10GT/s and 15GT/s respectively



Dotted line means project speeds; SIG has not agreed to these frequencies

�
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Challenge: Programming Challenge: Programming 
Environment  Environment  

• Programmers are getting used to multi threaded environment due to 
multiple IA cores

• Programmer cannot use the IA programming environment for 
accelerators.

AcceleratorsIA cores

Operating
System

Device 
Driver

Application

High-level Accelerator 
Abstraction Layer

Accelerators today rely 
on custom drivers bound 

tightly to the OS.

The software layers 
between the app  & 
accelerator present 

significant programming

overhead 

Programming environment todayProgramming environment today
is Accelerator specific & cumbersomeis Accelerator specific & cumbersome
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Current Programming Environment Current Programming Environment 
ExampleExample

CompilerCompiler
–– Code for accelerator isolated and Code for accelerator isolated and 

compiled as accelerator specific compiled as accelerator specific 
binary using custom toolsbinary using custom tools

–– Host code for manually loading / Host code for manually loading / 
executing accelerator compiled executing accelerator compiled 
separately as IA binaryseparately as IA binary

RuntimeRuntime
–– Explicit management of data Explicit management of data 

movement and data set size movement and data set size 
restrictionsrestrictions

–– Accelerator specific driver interfaces Accelerator specific driver interfaces 
for loading, executing and for loading, executing and 
scheduling devicescheduling device

–– Limited extensibility across multiple Limited extensibility across multiple 
heterogeneous targetsheterogeneous targets

Domain specific accelerator language

Compile to accelerator executable

Write host IA code and compile as 
separate IA executable 

Download domain specific executable to 
accelerator, convert/pass data from 
host through device driver interface

Invoke/run accelerator binary code on 
device through driver interface

Convert data / read results from 
accelerator (separate memory)
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Current Programming ModelsCurrent Programming Models

Function Call InterfaceFunction Call Interface Direct ProgrammingDirect Programming
(Domain Specific)(Domain Specific)

Suitable for Suitable for fixed functionfixed function accelerationacceleration
Specific functions exposed to programmer Specific functions exposed to programmer 
in a familiar API environmentin a familiar API environment

Suitable for accelerating Suitable for accelerating arbitraryarbitrary
algorithmsalgorithms
Unfamiliar / cumbersome programming Unfamiliar / cumbersome programming 
environment very specific to particular IHV or environment very specific to particular IHV or 
device classdevice class

Examples:  Crypto, IPP, CPM, CAPI, Examples:  Crypto, IPP, CPM, CAPI, 
MPEG, ZLIB, MPEG, ZLIB, ……

Examples: CUDA, DirectX, CTM, Examples: CUDA, DirectX, CTM, ……

Data converted to avoid shared address Data converted to avoid shared address 
space requirementsspace requirements

Programmer must convert address spaces Programmer must convert address spaces 
from host to device for code / datafrom host to device for code / data

Data sets need to be flattened along with Data sets need to be flattened along with 
parameter marshallingparameter marshalling

Data sets need to be flattened along with Data sets need to be flattened along with 
parameter marshallingparameter marshalling

Data set needs to be sliced due to lack of Data set needs to be sliced due to lack of 
pageablepageable memorymemory

Data set needs to be sliced due to lack of Data set needs to be sliced due to lack of 
pageablepageable memorymemory



29

A Concept: IA A Concept: IA ““look look ‘‘n feeln feel”” for for 
AcceleratorsAccelerators

A method to give accelerators an IA A method to give accelerators an IA ““look look 
‘‘n feeln feel””

E.g. Important for sequencers to provide E.g. Important for sequencers to provide 
complete solution, in addition to device complete solution, in addition to device 
side toolsside tools

RunRun--time library with corresponding OS time library with corresponding OS 
support makes an accelerator appear to be a support makes an accelerator appear to be a 
processor functional unit (e.g. SSE+MMX).processor functional unit (e.g. SSE+MMX).

Accelerators would even Accelerators would even share virtual share virtual 
memory with IA coresmemory with IA cores

RunRun--time intelligently distributes work time intelligently distributes work 
between IA cores and accelerators           between IA cores and accelerators           

Operating
System

Application

Multi-threading
Runtime
Library

IA cores

CPU with
Accelerator Extensions

Need: consistent Architecture and Programming Environment for a 
Heterogeneous Multi-core Multithreaded System”
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Need Comprehensive Software Need Comprehensive Software 
SolutionsSolutions

New

New

New

New

Highly optimizing Highly optimizing 
compilers deliveringcompilers delivering 
scalable solutionsscalable solutions

Detect latent programming Detect latent programming 
to address unique to address unique 

challengeschallenges

Tune for performanceTune for performance 
and scalabilityand scalability

Visualization of Visualization of 
applications and the systemapplications and the system

Architectural 
Analysis

Introduce 
Threads & MPI

Confidence / 
Correctness

Optimize / 
Tune
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Open Ubiquitous Standards Based ApproachOpen Ubiquitous Standards Based Approach 
PCIe* Gen1, PCIe* Gen2,  and GeneseoPCIe* Gen1, PCIe* Gen2,  and Geneseo

Enable third party FSBEnable third party FSB--FPGA Modules FPGA Modules –– targeted for targeted for 
FSI, Oil and Gas, Life Sciences, Digital Health, etc. FSI, Oil and Gas, Life Sciences, Digital Health, etc. 
FSBFSB--FPGA Modules Targeted  4Q07/1Q08FPGA Modules Targeted  4Q07/1Q08

IntelIntel®® QuickAssist Technology that seamlessly allows QuickAssist Technology that seamlessly allows 
the SW to access CPU & accelerators across various the SW to access CPU & accelerators across various 
applications.applications.

Accelerators FocusAccelerators Focus

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

Focus on Open Standards Based Attach StrategyFocus on Open Standards Based Attach Strategy
Tightly Coupled

Source : Intel Internal

Geneseo – PCI Express*
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SummarySummary

MooreMoore’’s Law to continue for a foreseeable futures Law to continue for a foreseeable future

Multiple cores onMultiple cores on--die are becoming the standard to die are becoming the standard to 
deliver performance at reasonable power deliver performance at reasonable power 

Intel working to improve accelerator interface via Intel working to improve accelerator interface via 
open industry standard extensions to PCI Express* open industry standard extensions to PCI Express* 
(Geneseo)(Geneseo)

Ease of use challenges and software issues remainEase of use challenges and software issues remain

Need applications and tools that can exploit multiple Need applications and tools that can exploit multiple 
threadsthreads
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