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AgendaAgenda

•• Overview of Today’s Microprocessors and Future Overview of Today’s Microprocessors and Future 
TrendsTrends

•• Design Cycle for MicroprocessorsDesign Cycle for Microprocessors

•• Methodology for Research in MicroprocessorsMethodology for Research in Microprocessors

•• MultiMulti--core Processor Architecturescore Processor Architectures
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MultiMulti core Processor Architecturescore Processor Architectures

•• Parallel ProgrammingParallel Programming

•• SystemsSystems--onon--ChipChip

•• Techniques for Power ReductionTechniques for Power Reduction

•• ReliabilityReliability

•• Hardware/Software CoHardware/Software Co--designed Microprocessorsdesigned Microprocessors

Overview of Today’s Overview of Today’s 
Microprocessors and Future TrendsMicroprocessors and Future Trends

•• Computing EvolutionComputing Evolution

•• Technology ScalingTechnology Scaling

•• Microprocessor FamiliesMicroprocessor Families
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•• MicroarchitectureMicroarchitecture OverviewOverview

•• Future ChallengesFuture Challenges

•• Some Research Projects of Intel LabsSome Research Projects of Intel Labs

Changing the World

Initial DevelopmentsInitial Developments

•• 1946: ENIAC by J.P. Eckert and 1946: ENIAC by J.P. Eckert and 
J. J. MauchlyMauchly

•• 1945: Stored program by J.V. 1945: Stored program by J.V. 
NeumanNeuman

•• 1949: EDSAC by M  Wilkes1949: EDSAC by M  Wilkes

Memory

CPU
(Processor)
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•• 1949: EDSAC by M. Wilkes1949: EDSAC by M. Wilkes

•• 1952: UNIVAC I and IBM 7011952: UNIVAC I and IBM 701

(Processor)

I/O

Computing EvolutionComputing Evolution

Mainframes and 
Supercomputers
(CDC 7600 - 1969)

The beginning
(ENIAC I - 1946)

• Thousands Ops/sec
• Tens of data
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Giga-scale 
Computing 

(Mobile – 2000’s)

• Billions of Ops/sec
• Billions of data

Mega-scale 
Computing 

(IBM PC - 1980)

• Millions Ops/sec
• Millions of data

• Millions Ops/sec
• Millions of data
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At the Heart of This Evolution:At the Heart of This Evolution:
The MicroprocessorThe Microprocessor

The Microprocessor
(Intel 4004 - 1971)

• 2300 transistors
• Tens of thousand ops/sec
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Ultra Low Power
(Intel Atom)

• Around 50M transistors
• Billions of ops/sec

High Performance
(Intel Core i7)

• Around 800M transistors
• Billions of ops/sec

Intel’s Tick Tock ModelIntel’s Tick Tock Model
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Gordon MooreGordon Moore´́s Laws Law

•• The number of transiston in a chip doubles every The number of transiston in a chip doubles every 
2 years2 years
–– Based on 4 points (year/transistor count) (1959, 1), Based on 4 points (year/transistor count) (1959, 1), 

(1962, 8), (1964, 32), (1965, 64)(1962, 8), (1964, 32), (1965, 64)

–– Established on April 19, 1965 in the Electronics Established on April 19, 1965 in the Electronics 
Magazine  predicting 65000 transistors in 1975Magazine  predicting 65000 transistors in 1975
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Magazine, predicting 65000 transistors in 1975Magazine, predicting 65000 transistors in 1975

•• Revised in 1975 in IEEE International Electron Revised in 1975 in IEEE International Electron 
Device MeetingDevice Meeting

Technology Scaling TheoryTechnology Scaling Theory

GATEGATE
SOURCESOURCE

DRAINDRAIN

X Dimension

BODYBODY

Z= Oxide

Y dimension
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X & Y Dimensions scale X & Y Dimensions scale 
down by 30%down by 30%

Doubles transistor densityDoubles transistor density

ZZ--Oxide thickness scales Oxide thickness scales 
downdown

Faster transistor, higher Faster transistor, higher 
performanceperformance

Vcc & Vt scalingVcc & Vt scaling Lower active powerLower active power

Technology scaling is a great thingTechnology scaling is a great thing

Technology Scaling TrendsTechnology Scaling Trends
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1930 1950 1970 1990 2010 1930 1950 1970 1990 2010
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Technology Transitions
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NMOS CMOS
CMOS ?

Scaling Will ContinueScaling Will Continue

Today’s ComputersToday’s Computers

Memory
Instructions + Data

i

I/O

Memory

Instructions + Data

Multiple levels
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Control
Unit

. . .

Register File

Instructions load Rx := M[A]

store M[A] := Rx

Ri := Rj op Rk

Branches
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Microprocessor FamiliesMicroprocessor Families

•• Pipelined / nonPipelined / non--pipelined processorspipelined processors

•• InIn--order / outorder / out--ofof--order processorsorder processors

•• Scalar / superscalar processorScalar / superscalar processor

•• Vector processorsVector processors
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•• Multithreaded processorsMultithreaded processors

Microprocessor SegmentsMicroprocessor Segments

•• ServersServers

•• DesktopDesktop

•• MobileMobile

•• EmbeddedEmbedded
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Processor Processor UarchUarch OverviewOverview
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Reorder
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L/S Queue
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Fetch Decode Issue Execution Write-back Commit

InIn orderorder
or Outor Out--ofof--OrderOrder

InIn--orderorder InIn--orderorder

Seattle
Hillsboro

Santa Clara
Berkeley

Pittsburgh Barcelona

St. Petersburg

Beijing

Bangalore
Guadalajara

Braunschweig

Intel LabsIntel Labs
Intel’s Central Research OrganizationIntel’s Central Research Organization

Saarbrueken
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Nearly 1000 researchersNearly 1000 researchers

Twelve locations globallyTwelve locations globally

Innovative research modelsInnovative research models

Future Technology ChallengesFuture Technology Challenges

WIRELESSWIRELESS NEW NEW ENERGYENERGYMEMORY MEMORY 
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>10X>10X>10X>10X NEW DEMANDS NEW DEMANDS HIGHERHIGHER
PERFORMANCEPERFORMANCE

LOWERLOWER
POWERPOWER

WIRELESSWIRELESS
ANDAND

COMMSCOMMS

NEW NEW 
PLATFORMPLATFORM
CLASSESCLASSES

ENERGYENERGY--
EFFICIENTEFFICIENT

PLATFORMSPLATFORMS

PARALLELPARALLEL
COMPUTINGCOMPUTING

MEMORY MEMORY 
ANDAND

STORAGESTORAGE

New Technology for the Sake of New Technology for the Sake of 
New User ExperiencesNew User Experiences
•• In the past: ComputingIn the past: Computing

•• At present: Computing + communicationAt present: Computing + communication

•• In the future: Computing + communication + In the future: Computing + communication + 
perceptionperception
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COMPUTATIONAL PERCEPTION

The expansion of human capabilities through 
improved machine understanding of our world
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Computational PerceptionComputational Perception

Perceptual User Interfaces Machine Autonomy
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Augmented Reality/World 
Mashups

Robotics
Audio-Visual Speech 

Recognition
Health care

TeraTera--Scale ProcessorsScale Processors

Scalable On-die Interconnect FabricScalable On-die Interconnect Fabric

Special
Purpose
Engines

Integrated IO
devices

Cache Cache Cache
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Integrated
Memory

Controllers

High Bandwidth
Memory

Off Die 
interconnect

IO
Socket
Inter-

Connect

Last Level
Cache

Last Level
Cache

Last Level
Cache

TeraTera--Scale MemoryScale Memory

80 tile processor 80 tile processor with Cu bumpswith Cu bumps

“Polaris”

Denser than C4 
pitch
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Package

C4 pitch

Thru-Silicon
Via

MemoryMemory “Freya” 

PackagePackage

Memory bandwidth to match the compute power

TeraTera--Scale IOScale IO

Laser
Filter Modulator
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Passive
Alignment

CMOS
Circuitry

Photodetector

Silicon Photoncis

TeraTera--Scale ProgrammingScale Programming

•• Languages & Languages & programming programming 
abstractionsabstractions
–– Transactional MemoryTransactional Memory
–– Data parallel operations Data parallel operations 
–– Lightweight tasksLightweight tasks
–– FineFine--grain grain synchronizationsynchronization

Libraries & 
frameworks

Concurrency 
front end

Languages & abstractions

Tools
• Design
• Test

D b

Parallel RMS workloads

Libraries & 
frameworks

Concurrency 
front end

Languages & abstractions

Tools
• Design
• Test

D b

Parallel RMS workloads
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•• CompilersCompilers
–– MultiMulti--language supportlanguage support
–– Dynamic compilationDynamic compilation
–– Speculative Speculative multithreadingmultithreading

MCA HW & scalable execution environment

frameworks
• Language-specific
• RMS
• Game engine

front end

Single-core
compiler

• Debug
• Tune

Many-core runtime

MCA HW & scalable execution environment

frameworks
• Language-specific
• RMS
• Game engine

front end

Single-core
compiler

• Debug
• Tune

Many-core runtime

We Can’t Do it AloneWe Can’t Do it Alone
Collaborative R&D Model

Intel
Labs

UNIVERSITIESUNIVERSITIES

INTEL PRODUCTSINTEL PRODUCTS

GOVERNMENTGOVERNMENT

START UPSSTART UPS

ECOSYSTEMECOSYSTEM

Standards Standards 

SuppliersSuppliers

CustomersCustomers

Exploratory Research Core Research Technology Transfer


