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The Information AgeThe Information Age



The Information AgeThe Information Age

Innovation Innovation Is TheIs The FuelFuel

Need Need Is TheIs The CatalystCatalyst



The End Of The Road?The End Of The Road?
No New Needs … No New Needs … 

Today Good Enough?Today Good Enough?

Innovation Getting Harder … Innovation Getting Harder … 
Or Too Expensive?Or Too Expensive?



Lessons From HistoryLessons From History

First PC 1981First PC 1981
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Windows, MouseWindows, Mouse
Color MonitorColor Monitor
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Internet Internet 
MultimediaMultimedia

JoystickJoystick
SpeakersSpeakers

Lessons From HistoryLessons From History

For new hardware, I 
think about 400-MHz is 
adequate for just about 
any application… So a 
400-MHz box shouldn't 
become obsolete 
anytime soon. 

Frank Frank LangaLanga
October 6, 1999October 6, 1999

How Fast Is Fast Enough?
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WirelessWireless
Digital HomeDigital Home
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Lessons From HistoryLessons From History

19801980

19901990

19951995

20042004

MMX™ TechnologyMMX™ Technology

Integrated Floating PointIntegrated Floating Point

Hyper ThreadingHyper Threading



““The best way to predict The best way to predict 
the future is to invent it.” the future is to invent it.” 

–– Alan KayAlan Kay

Lessons From HistoryLessons From History



Today’s Digital TransformationToday’s Digital Transformation



Only The Tip Of The IcebergOnly The Tip Of The Iceberg

Source: How much information 2003Source: How much information 2003

U.S. Broadcast Media  U.S. Broadcast Media  14,893 TB14,893 TB
Worldwide Filmed Content Worldwide Filmed Content 420,254 TB420,254 TB
Worldwide Printed Content Worldwide Printed Content 1,633 TB1,633 TB

Internet Internet 532,897 TB532,897 TB
World Telephone Calls World Telephone Calls 17,300,000 TB17,300,000 TB

Worldwide Magnetic Content  Worldwide Magnetic Content  4,999,230 TB4,999,230 TB
Worldwide Optical Content Worldwide Optical Content 103 TB103 TB
Electronic Flows Of New Info Electronic Flows Of New Info 17,905,340 TB17,905,340 TB



A Glimpse Of The FutureA Glimpse Of The Future
Digital Immersion Digital Immersion 

Beyond Beyond Creation & ConsumptionCreation & Consumption
Every Every MinuteMinute, , 

Every Every WhereWhere, , 
EveryEvery BodyBody



The RMS ViewThe RMS View



The RMS ViewThe RMS View

HumanHuman--computer Interfacescomputer Interfaces
Multimodal DetectionMultimodal Detection
Statistical ComputingStatistical Computing
Clustering and ClassificationClustering and Classification
Machine LearningMachine Learning

RecognitionRecognition



RecognitionRecognition

The RMS ViewThe RMS View

MiningMining
Streaming Data MiningStreaming Data Mining
Web MiningWeb Mining
ContentContent--based Image Retrievalbased Image Retrieval
SummarizationSummarization



RecognitionRecognition

The RMS ViewThe RMS View

SynthesisSynthesis

PhotoPhoto--realismrealism
RealReal--world Animationworld Animation
Audio/Video/Image SynthesisAudio/Video/Image Synthesis
Document SynthesisDocument Synthesis

MiningMining



RecognitionRecognition

The RMS ViewThe RMS View

MiningMining
WorkloadWorkload ConvergenceConvergence
DrivingDriving ArchitecturalArchitectural

ConvergenceConvergence
SynthesisSynthesis

Multimodal Multimodal 
Recognition And Recognition And 
Synthesis Over Synthesis Over 

Massive DatasetsMassive Datasets
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TerabytesTerabytes

TIPSTIPS

GigabytesGigabytes

GIPSGIPS

MegabytesMegabytes

MIPSMIPS

The Era of The Era of TeraTera
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KilobytesKilobytes
KIPSKIPS



RR ecognitionecognition

MM iningining

SSynthesisynthesis





Professor for Computer Graphics, Saarland Professor for Computer Graphics, Saarland 
University, GermanyUniversity, Germany
Visiting Assistant ProfessorVisiting Assistant Professor
Stanford University, 1998 Stanford University, 1998 -- 19991999
CoCo--founder of  “founder of  “inTraceinTrace GmbH”GmbH”

PhilippPhilipp SlusallekSlusallek



RasterizationRasterization vs. Ray Tracingvs. Ray Tracing

RasterizationRasterization
Wrong reflectionWrong reflection
Incorrect shadowsIncorrect shadows
Complex content creationComplex content creation

Ray TracingRay Tracing
Reliable, true reflections Reliable, true reflections 
and shadowsand shadows
Simple content creationSimple content creation
ScalableScalable



SW Ray Traced (Log) SW Ray Traced (Log) Sunflowers: one Sunflowers: one billionbillion polygons and polygons and 
shadows (4 fps @ 640x480)shadows (4 fps @ 640x480)

Frame Complexity vs. PerformanceFrame Complexity vs. Performance
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SW Ray Traced (Log) SW Ray Traced (Log) SW Ray Traced (Log) SW Ray Traced (Log) Sunflowers: one Sunflowers: one billionbillion polygons and polygons and 
shadows (4 fps @ 640x480)shadows (4 fps @ 640x480)
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Enabling the Era of Enabling the Era of TeraTera

Performance = Moore?Performance = Moore?
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Memory LatencyMemory Latency
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Enabling the Era of Enabling the Era of TeraTera
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Need An ArchitecturalNeed An Architectural
Paradigm ShiftParadigm Shift

Enabling the Era of Enabling the Era of TeraTera
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A New Architectural ApproachA New Architectural Approach

InterconnectsInterconnects

MemoryMemoryBusesBuses
CacheCache

PlatformPlatform
FocusedFocused



A New Architectural ApproachA New Architectural Approach

ScalabilityScalability
AdaptabilityAdaptability

ProgrammabilityProgrammability



ScalabilityScalability

ExploitingExploiting

ConcurrencyConcurrency

At  At  MultipleMultiple LevelsLevels





AdaptabilityAdaptability
Adapting ToAdapting To

WorkloadWorkload--drivendriven
PowerPower--performanceperformance

RequirementsRequirements



Adaptive SiliconAdaptive Silicon

AdaptiveAdaptive

BodyBody

BiasingBiasing



Adaptive MicroAdaptive Micro--architecturearchitecture
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40Kb 
Traceback

cache

16x16b Mult

256-state
Viterbi ACS

4x4x4
Reconfigurable PLAComparisons normalized to 90nm, 0.8V technology Comparisons normalized to 90nm, 0.8V technology 

Case Study I: 802.11aCase Study I: 802.11a

Intel ASICIntel ASIC 66 66 mWmW

2 mm2 mm22

IXS DSPIXS DSP 300 300 mWmW

16.5 mm16.5 mm22

Intel RCAIntel RCA 150 150 mWmW
8.5 mm8.5 mm22

Adaptive MicroAdaptive Micro--architecturearchitecture

40Kb 
Traceback

cache

16x16b Mult

256-state
Viterbi ACS

4x4x4
Reconfigurable PLA

2x Power 2x Power 
& Area& Area

ReductionReduction

Source: Intel Estimates



Adaptive Platform Adaptive Platform 
Packet Processing ChallengePacket Processing Challenge
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MaximizeMaximize CPU CyclesCPU Cycles ForFor
User ApplicationsUser Applications

Yet…Yet…

ProcessProcess Packet Payloads Packet Payloads 
AtAt Line RatesLine Rates



ProtocolProtocol
ComputeCompute
CyclesCycles

Adaptive PlatformAdaptive Platform

SystemSystem
OverheadOverhead

MemoryMemory
AccessAccess

21K21K
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NETWORK STACK

Adaptive PlatformAdaptive Platform
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Adaptive PlatformAdaptive Platform
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ProtocolProtocol
ComputeCompute
CyclesCycles STACK OPTIMIZATIONSTACK OPTIMIZATION

Adaptive PlatformAdaptive Platform

NETWORKNETWORK
STACKSTACK
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DIRECT CACHE ACCESSDIRECT CACHE ACCESS
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21002100
ClocksClocksProtocolProtocol

ComputeCompute
CyclesCycles

STACK OPTIMIZATIONSTACK OPTIMIZATION

Adaptive PlatformAdaptive Platform

SystemSystem
OverheadOverhead

NETWORKNETWORK
STACKSTACK
AFFINITYAFFINITY

MemoryMemory
AccessAccess

HELPER THREADSHELPER THREADS
DIRECT CACHE ACCESSDIRECT CACHE ACCESS

10x Gain in 10x Gain in 
Processing RateProcessing Rate

21K21K
ClocksClocks

55%55%
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Computational ConcurrencyComputational Concurrency

Data DecompositionData Decomposition

Communication/SynchronizationCommunication/Synchronization
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Computational ConcurrencyComputational Concurrency

Data DecompositionData Decomposition

Communication/SynchronizationCommunication/Synchronization

Cores/ThreadsCores/Threads

Adaptable CachesAdaptable Caches

Adaptable Interconnects Adaptable Interconnects 
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Innovation =Innovation = MultiMulti--everywhereeverywhere
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Innovation =Innovation = MultiMulti--everywhereeverywhere

Catalyst =Catalyst = Digital TransformationDigital Transformation
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