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Forty five years ago ...

Credit: Peter Lee, Microsoft Research
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With 4+ decades of hindsight, which had
the greatest impact?

 Unless you’re big into Tang and Velcro (or sex and drugs) the
answer is clear .. 4

e Andsoisthereason.

EXPONENTIALS $ US



YA UNIVERSITY of WASHINGTON

Exponentials are rare — we’re not used to them, so
they catch us unaware

9,223,372,036,854,780,000
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Every aspect of computing has experienced
exponential improvement

* Processing capacity

* Storage capacity

* Network bandwidth

* Sensors

e Astonishingly, even algorithms in some cases!



YA UNIVERSITY of WASHINGTON

You can exploit these improvements in two ways

* Constant capability at exponentially decreasing cost

* Exponentially increasing capability at constant cost
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The 1970s to today

1970 Ford Mustang 2014 Ford Mustang

Size: roughly comparable

Speed: roughly comparable

Efficiency (MPG): roughly comparable

Value (cost relative to performance): roughly comparable
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The 1970s to today

! L

1971 Intel 4004 2014 Intel Xeon
(2,300 transistors) (4,300,000,000 transistors)

Size: area occupied by a transistor reduced by 1,000,000x
Speed: operations per second increased by 100,000x
Efficiency (operations per watt): improved by 6,750x
Value (dollars per instruction): improved by 2,700x
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The 1970s to today

Xeon® E7

1970 Ford Mustang 2014 Intel Xeon

What if cars had improved as rapidly as microprocessors?
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The 1970s to today
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Size: A car would be smaller than an ant!
(About 1/5t of an inch long!)
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The 1970s to today

Vancouver ©
o iy J\
; North B N\
Washington Yontana Dakcia R N N N
Minnesota 1 /. Brur
<hg Ottawa Montreal |
&) (o] b ol
South Wisconsin 7 ——{" Maine
Dakota e ¢
Oregon Michigan

. /
Idaho Wyoming 2 ) New, Yotkk
lowa Chl%ago \/ 1\
GPTEIR i DEDraSkA llinois '.'rcnnsylvania
O . |~,~\‘ INoIs y ,'(‘\lu
: Nevada i United States LEY NCAX S Philadoelphia

tah

S YT 4 ; West
; a Kansas Missouri irainié
San Francisco, CA O° Rentucky - S
entucky
Las \{)egas Nort
: ; Tennessee orth
oty & Oklahoma NPT Carolina
n9 Arizona Raitinad o1 Atlanta g4
ew Mexico 58iSS ;
o 1 Phoc:?nix Dal(!as eI Carols
San Diego Texas Georgia
__San Antonio Louisiana
) g ()
Houston
Gulf of \ Florida
California Monterrey Gulf of
AMavian

Speed: A car would go 6,000,000 miles per hour!
(San Francisco to New York in 1.7 seconds!)
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The 1970s to today
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Efficiency: A car would get 100,000 miles per gallon!
(San Francisco to New York on 1/2 cup of fuel!)
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The 1970s to today
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Cost: A car would cost less than $10!
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More then and now ...

e 20 vyears ago, microprocessors had 4 million transistors
— Today they have 4 billion

20 vyears ago, the Internet had 1 million users
— Today, it has 1 billion
* 20 years ago, only 15% of households had a computer

— Today, nearly everyone owns a mobile phone

— In the past year, more than half of all mobile phones purchased
worldwide were smartphones — putting the Internet in the owner’s pocket
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Searching for information
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Searching for directions
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Searching for love




YA UNIVERSITY of WASHINGTON

Reading books
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Listening to music
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Watching movies
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During the decade of the 2000’s ...

xconomy * Search

Business + Technology In the Exponential Economy ° Sca Ia b| I |ty
e Digital media
* Mobility

* eCommerce

e The Cloud

* Social networking and crowd-
sourcing
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During the current decade ...

xconomy * Smart homes

Business + Technology In the Exponential Economy ° Sma rt cars

e Smart health
e Smart robots

e Smart crowds and human-
computer systems

* Smart learning

 Smart interaction (virtual and
augmented reality)

* Smart cities
 Smart discovery
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Smart homes (the leaf nodes of the smart grid)

ElectriSense

Determining Electrical DevVice usage with a Single Sensor

ElectriSense monitors EMI on the powerline to provide whole home
device-level usage data using a single easy-to-deploy sensor.

Motivation
= pa s » Most modern consumer electronics use a
4 1l > Switched Mode Power Supply (SMPS) that
mh 2 generate Electro Magnetic Interference (EMI).
A
[ = e

> SMPS based devices are becoming pervasive.
> Leverages existing infrastructure.

Event Detection & Feature Extraction
Shwetak Patel, et 1
University of Washington M . A —
Applications Performance
2011 MacArthur Fellow ety oraning e Hards RN S ——

——
I I L., s
Al Ay P

» Disaggregated Energy
Feedback te
> Smart Homes je

The John D. and Catherine T. MacArthur Foundation _ 7
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Smart cars

DARPA Grand Challenge

Google Self-Driving Car
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Smart health

(/“ = 3
Evidence-based medicine

MEDICINE
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P REDICTIVE R' ONE E R 100

e for Systems Biology

REVENTIVE
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Smart robots
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robofiCS
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| Solve Puzzles
- for Science BLOG & GROUPS PLAYERS PUZZLES » RECIPES FORUM WIKI FEEDBACK ABOUT

GET STARTED: DOWNLOAD
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Win Beta Mac Beta

Linux Beta

Click to learn how you Win XP/Vista Intecl’ 9sX 104 Linux
contribute to science by
playing Foldit.

Zoran Popovic,

UW Computer Science & RECOMMEND FOLDIT
Engineering [ Send
USER LOGIN
Username: *
Password: *

What's New [

Login I

® Create new account
® Request new password

Small Update

We've posted a small update today, here's what's in it
® Signinusing Facehook

Some stability fixes, particularly with crashes when canceling recipes.
f Connect with Facebook

Improvernents to scoring of seguence alignment. The scores of your existing
alignments will change in the Sequence Alignment Tool due to this, but it won't affect
your actual scores for the puzzies.

David Baker,
UW Biochemistry



YA UNIVERSITY of WASHINGTON

Smart learning

Algebra Challenge iodusion  Organiseing  Vanligespm  Blog  Kontakt  Statistikk

13. - 17. Januar 2014

Likninger lost
Zoran Popovic, - ' 36 110 elever loste likninger sammen
UW Computer Science & m 1711 Klasser deltok i utfordringen
Engineering 03% oppnadde “mestring” innen 1% time

@ @ @ Center for Game Science En uforglemmelig

matematikktime!

s E l Fra 13. til 17. Januar 2014 ble en
n e a r n tilpasset versjon av DragonBox gjort
: gratis tilgjengelig for alle skoler i

Norge. Les om hvordan det gikk
her.

Ressurser til hjelp

Ekstra-materiale
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Smart interaction

KINECT

for €
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Smart cities
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Smart discovery (data-intensive discovery, or eScience)

Nearly every field of discovery is transitioning
from “data poor” to “data rich”

OCEAN OBSERVATORIES INITIATIVE

Oceanography: OOI

Biology: Sequencing

Neuroscience: EEG, fMRI

e ot 0 o 53 preseppmaa——

Sociology: The Web Economics: POS terminals
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A 215t century view of Computer Science:
A field that’s unique in its societal impact
Medicine & Global Health

Energy &
Transportation &

Sustainability

mobile K robotics

Education natural computer
language  vision
processing
human
computer
interaction
K Technology for
. Development
machine
Neural data cloud learning
Engineering computing

Interacting with the

Physical World
Elder Care Accessibility
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Computer Science: The ever-expanding sphere

Credit: Alfred Spector, Google
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Students are figuring this out!

Demand is booming at colleges and universities nationwide
— For introductory courses

— For the majo

r

— For upper-division and graduate courses by non-majors

3000

2500

2000

1500

University of Washington
CSE 14x annual enrollment
(1-year moving total)

/

CSE 142
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CSE 143
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Top 25 concentrations at Harvard

2007-08 2013-14

Economics
Government

Economics

Government

Social Studies
Psychology (PSSR)

English & Amer Lit & Lang
History

Anthropology

History and Literature

Applied Mathematics
Neurobiology
History

Biochemical Sciences English
Applied Mathematics Human Developmental & Regener. Biol
Molecular and Cellular Biology Sociology

Human Evolutionary Biology History and Literature

Neurobio Statistics

Biology Human Evolutionary Biology
Mathematics Organismic & Evolutionary Biology
Sociology History and Science

Chemistry Chemistry

Physics Mathematics

Visual and Environmery
History and Science
Computer Science

Engineering and Applied Science (AB)
Chemical & Physical Biology

Environ. Sci & Pub Policy

Fine Arts / History of Art & Arch

Fine Arts / History of Art & Arch

Biomedical Engineering
Visual and Environmental Studies

UC Berkeley Upper Division CS Enrollment from L&S

)
e —

Outside of CS

LES: Undedlared

LES: Math & Phys Sc
W LES: Social Sciences
j?.&: Undergraduate
j?.s: Arts &
Humanibes Div

W LAS: Bio Sciences Div

LE&S: Admin-CS
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Demand for introductory courses: Students are realizing that
every 215t century citizen needs to have facility with
“computational thinking” — problem analysis and decomposition
(stepwise refinement), abstraction, algorithmic thinking,
algorithmic expression, stepwise fault isolation (debugging),
modeling

— Computational thinking is not “this particular
operating system” or “that particular
programming language.”

— Computational thinking is not even
programming. It’s a mode of thought — a way
of approaching the world.

— Programming is the hands-on, inquiry-based

way that we teach computational thinking
and the principles of computer science.
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Demand for upper-division and graduate courses by non-majors:
Students are realizing that computer science is great preparation
for anything! Fields from Anthropology to Zoology are becoming
information fields, and that those who can bend the power of
the computer to their will = computational thinking, but also
computer science in greater depth — will be positioned for
greater success than those who can’t

— Data science is a perfect example
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* Demand for the major: Students are realizing that computer
science is not Dilbert —it’s an intellectually exciting, highly
creative and interactive, “power to change the world” field
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e Students are realizing that pretty much all of the STEM jobs are
in computer science

— While fluency with computational thinking and with computer science are
important to all fields, the job prospects in the field of computer science
itself are extraordinary

* The U.S. Bureau of Labor Statistics recently released its job projections for the decade
2012-2022. Computer occupations will be responsible for 71% of all the job growth in
all fields of STEM (Science, Technology, Engineering, and Mathematics) — the many
dozens of fields that comprise the life sciences, the physical sciences, the social
sciences, engineering, and the mathematical sciences — and for 57% of all available
jobs, whether newly-created or available due to replacement

* In Washington State, the workforce gap in computer science is greater than the
workforce gap in all other fields (not just STEM fields!) combined
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Job Growth, 2012-22 - U.S. Bureau of Labor Statistics
Computer Occupations = 71% of all STEM

4%
4%

& Computer Occupations

i Engineers (Aerospace, Biomedical, Chemical, Civil, Electrical,
Electronics, Environmental, Industrial, Materials, Mechanical,
Other)

i Life Scientists (Agricultural & Food Scientists, Biological Scientists,
Conservation Scientists & Foresters, Medical Scientists, Other)

i Physical Scientists (Astronomers, Physicists, Atmospheric & Space
Scientists, Chemists & Materials Scientists, Environmental
Scientists & Geoscientists, Other)

I Social Scientists and Related Workers (Economists, Survey
Researchers, Psychologists, Sociologists, Urban & Regional
Planners, Anthropologists & Archeologists, Geographers,
Historians, Political Scientists, Other)

I Mathematical Science Occupations

Data from the spreadsheet linked at http://www.bls.gov/emp/ep_table_102.htm
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Job Openings (Growth And Replacement), 2012-22 - U.S. Bureau of Labor Statistics
Computer Occupations = 57% of all STEM

3%
5%

& Computer Occupations

i Engineers (Aerospace, Biomedical, Chemical, Civil, Electrical,
Electronics, Environmental, Industrial, Materials, Mechanical,
Other)

i Life Scientists (Agricultural & Food Scientists, Biological Scientists,
Conservation Scientists & Foresters, Medical Scientists, Other)

i Physical Scientists (Astronomers, Physicists, Atmospheric & Space
Scientists, Chemists & Materials Scientists, Environmental
Scientists & Geoscientists, Other)

i Social Scientists and Related Workers (Economists, Survey
Researchers, Psychologists, Sociologists, Urban & Regional
Planners, Anthropologists & Archeologists, Geographers,
Historians, Political Scientists, Other)

I Mathematical Science Occupations

Data from the spreadsheet linked at http://www.bls.gov/emp/ep_table_102.htm
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High Demand Fields in WA State, Baccalaureate Level & Above
WSAC / SBCTC / WTECB, October 2013

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Computer
Science

Engineering

Health Professions* Current Completions

B Additional Annual Completions Needed, 2016-21

Research, Science,
Technical*

*Gap exists at the graduate and/or professional level only

Data from Table 2 of the report linked at http://www.wsac.wa.gov/sites/default/files/2013.11.16.Skills.Report.pdf
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UW Computer Science & Engineering

 Ranked among the top 10 programs in the nation (of >200)

— MIT, Stanford, Berkeley, Carnegie Mellon, lllinois, Cornell, Washington,
Princeton, Georgia Tech, Texas, Caltech, Wisconsin, UCLA, Michigan,
Columbia, UCSD ...

* Two undergraduate programs

— Computer Science (College of Arts & Sciences)

— Computer Engineering (College of Engineering) Q}s /)
.\A \9)
> 300 degrees per year S S 2
— ~200 Bachelors (growing to ~250)
— ~85 Masters Q ?
— ~25 Ph.D. 2 g
% S
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* Extraordinary students

— Fully 1/3 of the UW class medalists since 2000 have been CSE majors
* QOur “fair share” would be 2%

— 3 of the past 5 Graduate School Medal recipients

* “Academic expertise and social awareness”
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* A deep commitment to providing a top-tier education
— Winner of 5 UW Distinguished Teaching Awards
— Winner of the inaugural UW Brotman Award for Instructional Excellence
— Winner of two UW Distinguished Graduate Mentor Awards

— In atypical quarter, CSE has 2/3’s of the top-performing instructors in the

10-department UW College of Engineering, according to student course
evaluations

* 9 of the top 10 instructors in the most recent quarter
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 We produce students who can design and build stuff

Emphasis on teamwork and design
80% of undergraduates do at least one internship

50% of undergraduates participate in faculty-guided research

* #1 school in the nation in students recognized in the past 10 years in the
Computing Research Association “Outstanding Undergraduate Researchers
Award” competition

A top-5 supplier of students to Amazon.com, Google, and Microsoft (along
with MIT, Stanford, Berkeley, and Carnegie Mellon)

The predominate supplier to many leading smaller firms headquartered
here
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2012-13 UW CSE Student Destinations




UNIVERSITY of WASHINGTON

300

250

200

150

100

50

Tech companies that can be choosy, choose CSE
2011-12 Permanent & Internship Hires from UW by Amazon.com, Facebook,
Google, and Microsoft

Core Tech Hires

___ I

Non-Core Tech Hires

Business Hires

M Other Units

W CSE
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What can we uniquely do?

e Get students into the lab

 Make them our partners in discovery

* Prepare them for life-long learning at the forefront of
knowledge and society

* There is no field in which this is more important!
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Community: Undergraduate TAs
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Community: Grace Hopper Celebration of Women in Computing
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Community: Grace Hopper Celebration of Women in Computing

35%

Computer Science % Female Degrees Granted

30%

/ 25%
\ A\ .
e J\W CS % F
e NSF CS % F

15% CRACS % F

10%

5%

I T T T T T T T T O%
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
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Community: Spring picnic
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Community: Summer Day Camps for Middle School Girls

A TASTE OF C5E
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There are some OK reasons to go out-of-state for college

e Get away from your boyfriend/girlfriend
* Get away from your parents
 Get away from the rain

Getting a better Computer Science education
is not one of them!
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e Erin Earl

Overlake School -> Robinson Center Transition School -> Robinson
Center Early Entrance Program

Triple major in Music, Piano Performance, Computer Science

UW Dean’s Medal for the Arts

Indiana University Conservatory (3 months)

Google (5 years)

Harvard Law School

Clerkship in the United States District Court for the Eastern District of
Virginia

Clerkship in the United States Court of Appeals for the Ninth Circuit

Headed home to Seattle this fall to focus on privacy and security in
Perkins Coie’s commercial litigation group
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* Raymond Zhang

— Robinson Center Transition School -> Robinson Center Early Entrance
Program

— Double major in Biology, Computer Science
* Undergraduate research in computational biology

— Goldwater Scholar
— Piano performances at Carnegie Hall, Lincoln Center, Benaroya Hall
— 2013 UW Dean’s Medal in Engineering

— Google
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The McGraw-Hill Comparies OECEMBER 24,2007 | BUSINESSWEEK COM

usinessWee

GOOGLE’S
NEXT BIG DREAM..

Imagine what you could do with the world’s mightiest computer
BY STEPHEN BAKER pes

MEXICO: THE

* Christophe Bisciglia st

— Gig Harbor High School , ‘
— UW CSE GO Ogle

— Google (5 years)

|‘|I“‘I|‘i .
Pl i |
CINNJMone'ywm Nows Markets | Technology | Personal Finance  Small Business | CNN.com

FORTUNE

— Cloudera, Inc. (Founder) (2.5 years)
— WibiData (Founder and CEO)

L E r a The smartest people in tech
Smartest Engineer: Christophe Bisciglia

Co-Founder, Cloudera r

What kinds of problems could we solve if
everyone had access to the computing heft
that powers Google? Christophe Bisciglia
joined the search giant as a software
engineer when he was just out of college and
quickly realized that if he shifted his digital
workload from an individual computer to a
cluster of networked computers, he could
crunch data faster. Problem was, most
scientists didn't have access to the kind of
web-based, or “cloud,” computing power of
Google.

After teaching a class called Google 101
which taught software engineers at the

University of Washington to program on a
® (] cloud-size scale, Biscigia, 29, became
obsessed with the possibilities emerging from
an open-source project called Hadoop.
® Hadoop lets engineers take advantage of the

massive computing efficiencies that come

from networking hundreds of computers. He

left Google in 2008 to help start Cloudera,  How we chose the smartest people in tech

which makes it easier for customers to tum

their data into insights using Hadoop

Bisciglia resigned from Cloudera in June but tells Fortune he remains committed to hamessing the
massive power of the cloud in new ways. Brains and brawn are definitely a potent combination
~JH.

NEXT: Engineer runners-up: Cheever and D'Angelo
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. 5.5 Foe

e Emma (Lynch) Nixon
— Ballard High School ‘07
— UWCSE ‘11

* Undergraduate research on Games for Learning — Refraction
e SDE intern at Microsoft

— SDE at Microsoft

Microsoft®

~10.0ffice 365
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Preparing for CSE

* Not necessarily a high school computer science course!

 Deep comfort with algebra
* Scientific reasoning
 Reading comprehension

* Attention span
* Resilience when faced with challenges
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Is this a great time or what?

http://lazowska.cs.washington.edu/Aspirations.pdf,pptx



