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Semiconductor Technology
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Exponential Increase in Transistors

Sun SPARC M7, 10 billions
Transistors per Chip
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Future Feature Size
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THE EVOLVING FOUNDRY MARKET: Chips built with 10-nanometer technology will come first. But
ternational Business Strategies projects that Apple and others will be drawn to the next nodeiin line: 7nm.
Source: Spectrum, Jan 2017 a IEEE
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Semiconductor Technology

Advances

> Exponential decrease in the transistor
size over time gives:

—Exponential increase in the number of
transistors per chip

—Exponential decrease in the transistor cost
—Exponential increase in the switching speed
—Exponential decrease in switching energy

v

Resulting more powerful, cheaper,
smaller, power-efficient computers
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100x every 10 years
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10 times performance improvement
doubles the computer applications.

Relative Performance
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Higher Performance

Petcamance

11

Projected Performance Development
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Recent Processor Advances

Relative Performance
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100x every 10 years
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Driving Forces in Performance

Improvement Performance Equation

1. Semiconductor Technology Advances
= Faster transistors — Higher processor frequency

= Larger transistor budgets

2. Architectural Innovation Clock Processor

= Pipelining
= Multiple issue
= Multiple cores
= Integrating fast memory and other circuits

Performance = Frequency * IPC

IPC: Instructions Per Cycle
<IEEE < IEEE
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Processor Frequency Conventional Processor

Instruction 1
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Source: Computer, Jan 2017



Pipelined Processor
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Frequency = f,IPC=1
Perf. = f
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Superscalar Processor

Instruction 1

Instruction 2

Instruction 3

Instruction 4

Instruction 5

Instruction 6

Frequency = 5f, IPC = 2
Perf. = 10f SIEEE
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Super-Pipelined Processor
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Frequency = 5f, IPC =1
Perf. = 5f
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Multiple Cores

Core 2
Instruction 101
Instruction 102

Instruction 1

Instruction 2

Instruction 3 Instruction 103

Instruction 4 Instruction 104

Instruction 5 Instruction 105
Instruction 6 Instruction 106

Frequency = 5f, IPC
Perf. = 20f

2x2
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Example Modern Processors

1. Embedded Processor (microcontroller)

2. Mobile Processor

3. Desktop Processor

4. Server Processor

‘ QIEEE



7/26/2017

Embedded Processor: Intel 8051 Mobile Processor: Apple A10
» Microchip AT89C51AC2 > Apple A10 Fusion
—8-bit processor —2(+2) cores
—20 MHz —2.34 GHz
—1.25 KB RAM —L1: 128 KB per core
—34 KB Flash Memory -L2: 3 MB
—2 KB EEPROM -L3: 4 MB
—Variety of I/0 —Hexa-core GPU
-50 mwW —Low power
—50 k transistors (8051) —-16 nm
-$5 ) —3.3 billion transistors
-~$100
$IEEE $IEEE
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Desktop Processor: Intel Core i7 Server Processor: Sun SPARC M7

» Core i7-7700K » SPARC M7
—4 cores x 2 threads —8x4 cores x 8 threads
—-4.2 GHz —Up to 16 sockets
—L1: 4 x 64 KB -4.13 GHz
—L2: 4 x 256 KB —-L1: 32 x 32 KB
-L3: 8 MB —L2: 8 x 3 x 256 KB
—HD Graphics 630 -L3: 64 MB
-91 W -~100 W

New ecia Capubilte —-14 nm -20 nm

—Several billion —10 billion transistors

transistors : - —~$10,000 per system
-$339 <$I1EEE < IEEE
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Emerging Disruptive Technologies

> > Artificial Intelligence (AI)
—Deep Neural Networks
> —Machine Learning
» —Machine Vision
» Autonomous vehicles: cars, truck, ships, drones,
> etc.

~

Automation of jobs
—Blue-collar jobs

» Disruptions to Our Lives ~White-collar jobs

» Emerging Disruptive Technologies
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Automatic Diacritization of Arabic

Deep Neural Networks

Text
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-0+ Google DeepMind
‘ Challenge Match

8 - 15 March 2016

+0: AlphaGo v Lee Sedol

Match 1- Livestream
9th March 13:00 KST, 04:00 GMT
-1day (8th March) 20:00 PT, 23:00 ET
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Convolution Fully connected
Emerging Disruptive Technologies
)
— » Autonomous vehicles: cars, truck, ships, drones,
LO (Input) L1 L2 L3 etc.
512x512 256x256  128x128 64x64 32x32 (Output) ) .
> Automation of jobs
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Autonomous Ships

» Safer, more efficient,
and cheaper to run

> Larger cargo capacity
and lower wind
resistance

v

Difficult to board and

Source: Spectrum, Feb 2017 easier to free
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Google Waymo

hd

Started in 2009

2.5 million miles

v v

1 billion simulated
miles

v

Spectrum, Jan 2017
—The Dawn: now-2020
—Mixed Mode: 2020-2040
—Autonomous Era:

2040 and beyond < IEEE
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Emerging Disruptive Technologies

>

Automation of jobs
—Blue-collar jobs
—White-collar jobs
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Singapore’s nuTonomy

US $0.93/km
Conventional
taxis (2016}

US$0.31/km
Autonomous taxis
(2030)

ROBO-TAXIS COME CHEAP

Source: Spectrum, Jan 2017
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Amazon’s Drones

-

Source: Spectrum, Jan 2017 ¢|EEE
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Droid Drivers

Source: Spectrum, Mar 2017 ¢|EEE
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Safe Robots
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Source: Spectrum, Jan 2017 ¢|EEE
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3D Vision: Industrial Perception’s
Boxes robot (Acquired by Google)

Analytical Robots: Narrative
Science Quill
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» Disruptions to Our Lives
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Disruptions to Our Lives

R4

Abundance of high-quality products and services

A4

Improved Quality of life
—Physical and psychological health
—Social relationships
—Environment

~

Negative effects on the individual income

> Mass elimination of jobs

v

Killer robots
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Thank you

» Email: abandah@ieee.com

» Facebook: gheith.abandah

¥ Twitter: @abandah

» Website: http://www.abandah.com/gheith
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Processor technologies continue to
advance

Enabling more computer applications
Big disruptions are expected

Big threats

Big opportunities
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