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Changing the World

Initial Developments

+ 1946: ENIAC by J.P. Eckert and memory
J. Mauchly
* 1945: Stored program by J.V. I
Neuman
+ 1949: EDSAC by M. Wilkes (Processor)
* 1952: UNIVAC I and IBM 701 I
1/0
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Computing Evolution

The beginning
(ENIACI - 1946)

« Thousands Ops/sec
«Tens of data

( Mainframes and
Supercomputers
(CDC 7600 - 1969)

* Millions Ops/sec
\’ Millions of data

( Mega-scale
Computing
(IBM PC - 1980)

* Millions Ops/sec
\* Millions of data

( Giga-scale
Computing
(Mobile - 2000’s)

«Billions of Ops/sec

«+ Billions of data




At the Heart of This Evolution:
The Microprocessor

)

The Microprocessor
(Intel 4004 - 1971)

« 2300 transistors
« Tens of thousand ops/sec

High Performance
(Intel Core i7)

* Around 800M transistors
« Billions of ops/sec

Ultra Low Power
(Intel Atom)

« Around 50M transistors

«Billions of ops/sec
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Intel’s Tick Tock Model
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Gordon Moore “s Law

» The number of transiston in a chip doubles every
2 years

— Based on 4 points (year/transistor count) (1959, 1),
(1962, 8), (1964, 32), (1965, 64)

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

» Revised in 1975 in IEEE International Electron
Device Meeting
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Technology Scaling Theory

GATE 2= Oxide

SOURCE

X Dimension

X & Y Dimensions scale
down by 30%
Z-Oxide thickness scales Faster transistor, higher
down performance

Doubles transistor density

Vce & Vit scaling Lower active power

Technology scaling is a great thing
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Technology Scaling Trends
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Scaling Will Continue
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Today’s Computers

[ Multiple levels

Memory

Instructions + Data

<> Memory
Instructions + Data

Instructions load R, := M[A]

store M[A] := R,
e mmms e
Branches Control |:||:| H

Unit 1< Register File

L > R;:=R; 0p Ry
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Microprocessor Families

« Pipelined / non-pipelined processors
» In-order / out-of-order processors

» Scalar / superscalar processor

« Vector processors

« Multithreaded processors
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Processor Uarch Overview

TU—

t-of-Orde

Fetch  Decode Issue Execution ~ Write-back ~ Commit
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Microprocessor Segments
» Servers
» Desktop
» Mobile
» Embedded
Intel Labs
Intel’s Central Research Organization
. St. Petersburg .
Seste - Braunscheig " o
Hillsboro sbure arcelona’ . * L
AN A N ) |
Guadalajara N e / -
. / Bangalore
f
Z )4
Nearly 1000 researchers); R
Twelve locations globally);
Innovative research models;_

Future Technology Challenges
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New Technology for the Sake of
New User Experiences

* In the past: Computing

» At present: Computing + communication

 In the future: Computing + communication +

perception
Vs
COMPUTATIONAL PERCEPTION
The expansion of human capabilities through
improved machine understanding of our world
. v
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Computational Perception

Augmented Reality/World
Mashups
1
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Audio-Visual Speech

19 Designing Tomorrow’s Microprocessors

Health care

Tera-Scale Processors

Special
Purpose Integri}ted 10
Engines devices
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Tera-Scale Memory

80 tile processor with Cu bumps

«"Polaris”

i Denser than C4

#"Freya”
<~ C4 pitch

Package

Memory bandwidth to match the compute power }
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High Bandwidth iﬁ:le(f_t
Memory Connect
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Tera-Scale IO
Laser
Fitter Modulator

Silicon Photoncis
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Tera-Scale Programming

- Languages & programming
abstractions
. — Parallel RMS workloads —
— Transactional Memory — ——
— Data parallel operations
— Lightweight tasks

Languages & abstractions
Tools

- Fine-grain synchronization Libraries & Concurrency | $ 22SI9n
frameworks front end « Debug
. « Language-specific oT
« Compilers «RMS Single-core une
+ Game engine compiler

— Multi-language support

— Dynamic compilation Many-cors runtime

— Speculative multithreading

MCA HW & scalable execution environment

Designing Tomorrow's Microprocessors.

We Can’t Do it Alone

Collaborative R&D Model

UNIVERSITIES
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