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Presentation Outline

But first, a bit of retrospective ê
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Youõre Becoming An Old Timer When ê

Disk platter

ÅYou toggled absolute binary intoê

ê the front panel and read the I/O lights

ÅYou whistled into an acoustic couplerê

ê and got a carrier signal

ÅYou used an iron to smoothê

ê a card deck after a thunderstorm

ÅThe numbers 11, 360, 780 and 6600ê

ê are special

ÅYou remember when ê

ê a gigaflop was a really high end supercomputer

ê and a gigabyte was a lot of data

Dan Reed

(with hair)

ILLIAC IV 



Itõs Easy To Forget That Not Very Long Ago ê

There were few or no experiences withê

Å Web sites, email, spam, phishing, computer viruses

Å e-commerce, digital photography or telephony

Cell phones were rare and expensive

A portable cassette player was still cool

HiFi was more common than WiFi

A òfriendó was someone you actually knew
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The Questions Donõt Change, But the Answers Doê



Why? Because Orders of Magnitude Change

These are systemic problems

An insight from Jim Gray ê

Delivering 

questions 

and answers

Transforming 

information to produce 

new information

Access to information 

needed by the 

computation

Long term storage 

of information



Å Processors and fabrication

Å Coming end of Dennard scaling

Å Rise of dark silicon

Å Devices

Å Hardware/software fusion

Å Diversity and proliferation

Å Services

Å Heterogeneous data fusion

Å Intelligent assistants

Å Communications

Å Spectrum pressures

Å Cognitive communication

Ratios and Future Shock: Dramatic Change Coming
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Pre-PC Era
(1980)

PC Era
(1995)

Internet Era
(2000)

Consumer Era
(Today+)

Computing Eras: The Road Ahead ê

21st century implicit and natural computing

ÅIncreasingly natural interfaces

ÅEmbedded intelligence in everyday objects

ÅUbiquitous network access and cloud services

Mainframe
Era 
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Pre-PC Era
(1980)

PC Era
(1995)

Internet Era
(2000)

Consumer Era
(Today+)

Computing Eras: Exponential Change

21st century implicit and natural computing

ÅIncreasingly natural interfaces

ÅEmbedded intelligence in everyday objects

ÅUbiquitous network access and cloud services

Mainframe
Era 

HPC
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Disruptive Technologies and Trends

Client + Cloud

New software models

Computing Consumerization

Many device world

The Internet of Things (IoT)

Computing everywhere

System on a Chip Designs

Powerful devices

Ubiquitous Sensors and Media

Explosive data growth

Natural User Interfaces 

Moving beyond GUIs
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Mooreõs òLawó and Limiting Exponentials ê

Intel 4004

Intel Core i7

Trouble in River City



Dennard Scaling: What Made Mooreõs Prediction AòLawó

Å Power proportional to CdV
2F+ S

Å Tox is now

Å ~5 atoms thick (1.2 nm)

Å Major source of static current leakage
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ÅSimilar, modulo 

process variation

ÅYou must eat lots 

to be satisfied

ÅLegacy and new code

ÅProgramming heterogeneity

ÅSystem software and services

ÅDiversity is a feature

ÅForrest Gump was right

Multicore, SoCsand Function-Specific Accelerators

Remember:
ÅPower management dominates
Å!ƳŘŀƘƭΩǎ [ŀǿΥ  Speedup = (S + (1-S)/N)-1

Dark Silicon

Coming To A

Chip Near You
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Integrated Capabilities Are Increasingly Common

Applications

Languages, Compilers, Operating Systems

Specialization 
(ASIC, GPUs, FPGAs)

Architecture (ISA)
(x86,  ARM, EDGE)

Microarchitecture

Chip Fabrication
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Rich, Diverse Clients Create The Experiences


