Introduction to
Electrical and Computer Engineering
(ECE)

Gina Adam, Assistant Professor
Suresh Subramaniam, Professor and Chair

Department of Electrical and Computer Engineering



Greatest Engineering Achievements of the 20t Century
National Academy of Engineering
(Wwww.greatachievements.org)

1. Electrification 11. Highways

2. Automobile 12. Spacecraft

3. Airplane 13. Internet

4. Water supply and distribution 14. Imaging

5. Electronics 15. Household appliances

6. Radioand TV 16. Health technologies

7. Agriculture mechanization 17. Petroleum and petrochemical
8. Computers technologies

9. Telephone 18. Laser and fiber optics

10. Air conditioning and refrigeration 19. Nuclear technologies

20. High-performance materials
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ECE — Who are we?

High Performance Computing Nanotechnology & Light
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Camera (= Photodetector)

(Photonics)

Gyroscopes
(microelectromechanical
system - MEMS) (&N

Battery

(Energy & Power)
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ECE’s Making Good...




@ Mid Career
|
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S- $20,000 $40,000 $60,000 $80,000 $100,000 $120,000

Q: Who makes more than ECE’s? : Petroleum Engineers = Energy
That’s ECE again! ©



High Performance Computing &
Computer Architecture
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$220 Billion over 6 years
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Worldw1de Hloh Pel tormance
Computing (_HPC) Market
Forecast 2015 - 2020

Technical Operations Manager, AV Engineering Events

Google 368 reviews - New York, NY

Google isn't just a software company. The Hardware Operations team is responsible for
monitoring the state-of-the-art physical infrastructure behind Google's...
13 days ago - save job - email - more...

[~] Get email updates for the latest Google Data Center Technician $110,000 jobs

Defining the
Infrastructure




Cloud Computing &
Cyber Security

Over 1 Million Cyber Crime Victims a Day in 2010 \

A depressing set of statistics; 2011 looks to be even worse ...

Making IT
secure and

. _ High job security in
I T B tgecccy . Cybersecurity
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- i ——899%

of IT security
staffers say they
feel at least
somewhat secure
in their jobs

rFrom Nextgowv.com



Communications and

Wireless




Defining the
Energy

reen jobs boom forecast

Tuesday, September 09 2014
Updated: Tuesday, September 09 2014

European renewables contractors expect a steady rise in the number of
new jobs as countries rush to achieve their 2020 renewables targets.

Professional services consultancy Frocorre says the European Commission estimates
that reaching the 20% renewables target would create more than 400,000 jobs between
2011 and 2020.




Microelectromechanical

devices (MEMS),
Electronics & Pho onics

- ..

Inventing
Smart
devices for

Wearable Device Market

2013 2015 2017









Q: How do various wireless devices
communicate with each other?

Q: How does traffic get through the internet?

A typical online, networked life.



A Brief History of Telecommunications



Guglielmo Marconl
and wireless
telegraphy

A few bits/sec




First Telephone in 1876
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Cray-2, a supercomputer

released in 1985 IPhone 4's in 2010



© Cablemap.info

World optical backbone



WORLD-WIDE-WEB
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2 0 2 0 This Is What Happens In An 2 0 2 1 This Is What Happens In An
Internet Minute Internet Minute
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Q How Email Appears to Work
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Internet of Things
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Roadside base station s

Inter-vehicle
commumications
-
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Wireless everywhere



Artificial intelligence

Driven by algorithms and server farms

checkRe 121 St

Cid;

extractMessagpe(res);

Google's Al Can Dream, and Here's What it Looks Like

258 current

= Al Innovation 55




9,000 terawatt hours (TWh)

~  ENERGY FORECAST 20.9% of projected””
Widely cited forecasts suggest that the electricity demand

_ total electricity demand of information and
communications technology (ICT) will
accelerate in the 2020s, and that data
centres will take a larger slice.

Problem: Server farms and data
centers are resource intensive
(electricity and water for cooling)

B Networks (wireless and wired)
B Production of ICT

Consumer devices (televisions,
computers, mobile phones)

W Data centres

Global electricity demand

- 2015 - I I Other demand
- Best case
2030 | I I
Expected
) 2030 ]
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 0 40,000 TWh

Waterlogged

A midsize data center uses roughly as much water as about 100 acres of almond
trees or three average hospitals, and more than two 18-hole golf courses.

Approximate annual water usage, in gallons®

Data Center
(15 megawatt)

130M

*Use varies depending on climate and other factors

Sources: California Department of Water Resources (orchards); James Hamilton

(data centers); U.S. Department of Energy (hospitals); Golf Course

Superintendents Association of America (golf courses) THE WALL STREET JOURNAL.




Goal: Build Al hardware that has the performance and
efficiency of the brain

#  IBM TrueNorth
M (made of transistors)

102 neurons 10¢ artificial neurons
104 synapses 256 *10¢ artificial synapses
~ 20 W of power Simulating

: 12 ified
(~10 fJ/synaptic event) 10 4 artificial synapses

~4kW

Continuously learns from unlabeled data Analog-digital spiking architecture
Drives actions, predicts consequences of (5.4 billion transistors | 4096 cores)

actions and plans ahead to reach goals



Goal: Draw inspiration from biology




Focus: Developing compact and efficient electronic devices
that behave like artificial synapses

input
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Memristor Iayers‘!
(artificial synapses)
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https://adam.seas.gwu.edu/

memristors at the nanoscale
;

( @ GWU: Use advanced equipment to manufacture

G NANOFABRICATION
AND IMAGING CENTER

https://nic.qwu.edu/



https://nic.gwu.edu/

Questions ??7?

ginaadam@gwu.edu

https://www.ece.seas.gwu.edu/
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