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Why must America remain the world
leader in computer science?

"A key driver of economic competitiveness”

"Crucial to achieving our major national and global
priorities in areas such as energy and transportation,
education and life-long learning, healthcare, and
national and homeland security”

"Accelerates the pace of discovery in nearly all other
fields"

"The dominant factor in America’s science
and technology employment”

An intellectual agenda "as rich as that of
any other field of science or engineering"”




How did we gain the lead, and how can
we retain it?

A few examples
Timesharin CTSS. Multics, BSD
’S Unix
(ARl RRRRRRER— = SDS 940, 360467, VMS
Graphics hpad. Utah
GM/IBM, LucasFilm
E&S, SGlL
worki
Networking -
’Illv ‘ \(ll wvrrs Ethemet, Pup, Datakit
SEEEREREN DECnet, LANs, TCPP
Workstations i Lisp machine, Stanford
IIIIIIIIIIIIIII\. Xerox Alto
Ao
Windows Englebart, Rochester
111174 2 Alw, Smalltalk
lllItlllllg Star, Mac, Microsoft
RISC Berkeley. Stanford
CrrIIIIIIIIY IBM 801
EEEEEE==== 5w SGLBM.WP
VLSI design Mead/Conway, Mosis
CHIEEIISIIIIIIIIS S
LY .
RAID / Berkeley
LIIIII122s i )
Striping, Datamesh I:\'n|\‘in::'||u'
| N B l§ many
i I “g’ll |’cr[()l'nmm'c(‘mnpuling’
Parallel computing i
"' ﬂhxl::,nmp.HPC and Communications
IBM . Intel
\\. Initiative to Support the
snnnnfuneE M1 Tendsa TID
Nation's Information
1965 1970 1975 1980 1985 1990 1994 Inf
nlrastructure
Gov't rescarch “—— Industry rescarch  #2ssssss. Industry development = = = $ 1B business === 1995
Transfer of ideas or people -*




1965 1970

Timesharing

1975

1980 1985 1990 1995

Clienllsgrver >
computing XA AN A\ A”
u*
Graphi(s >
R AR WA R WA W<
.l L N J
Entenatnme
Internet \
Ty
LANSs
Y
Workstations
Graphical user interfaces
e as
VLSI design
RISC processors
to World Wide Web

CTSS, Mutics / BSD
Unix
SDS 940, 360/67, VMS

Berkeley, CMU, CERN
Parc, DEC, IBM
Novell, EMC, Sun, Oracle

Sketchpad, Utah
GMIBM, Xerox, Microsoft

E&S, SGI, ATI, Adobe

Spacewar (MIT),
Trek (Rochester)

Atari, Nintendo, SGI, Pixar]

Arpanet, Aloha, Internet
Pup
DECnet, TCPAP

Rings, Hubnet
Ethernet, Dalakit, Autonet
LANs, switched Ethernet

Lisp machine, Stanford
Xorox Alto
Xerox Star, Apollo, Sun

Engelbart / Rochester
Alto, Smalitalk
Star, Mac, Microsoft

Mead/Conway, Mosis
Berkeley, Caltech
many

Berkeley, Stanford
18M 801

SUN, SGI, IBM, HP

1965 1970 1975 1980 1985 1990 1995 2000
from hremol

Relational databases >

2 3 VM \ Y A N0

Parallel databases

\k\i. .\.\\

Data mining

Parallel computing

\

RAID / disk servers

=
\‘.*-..i

—/v

Portable communication
g X X \
%- » I
World Wide Web
; Q’
\- » GE——
Speech racognition

R . \f\f\\f\A

Broadband last mile

Berkeley, Wisconsin
1BM
Oracle, IBM, Sybase

Tokyo, Wisconsin, UCLA
1BM, ICL
ICL. Teradata, Tandem

Wisconsin, Stanford
IBM, Arbor
IRI, Arbor, Plato

Iliac 4, CMU, Carech, HPC|
IBM, Intel
CM-5, Toradata, Cray T30

Berkeloy
Striping /Datamesh, Petal
many

Berkeley, Purdue (COMA)
Linkobit, Hughes
Qualcomm

CERN, lllinois (Mosaic)
Alta Vista
Netscape, Yahoo

CMU, SRI, MIT
Bell, IBM, Dragon
Dragon, IBM, L&H

1965 1970 1975 1980 1985

1990

1995 2000

Stanford, UCLA
Belicore
Amati, Alcatel, Broadcom

University Industry r

IT research areas are ordered roughly according to when they b

ssses Products . $18 ma
$1 bilion indust

in INFORMATION

2003

TECHNOLOGY




IT Sectors Wi e Economic Impact

Motorola — AMD Intel ——— eBay Akamai Yahoo! IBM Electronic Arts
Qualcomm HP  Symantec Juniper Facebook Twitter VMware HP Adobe Autodesk Nuance
Texas Instruments Microsoft XBox
nVidia Apple — Cisco— Amazon —— Oracle nVidia Pixar iRobot
iPhone Dell Google iPod Intuitive Surgical
Broadband Personal Internet Cloud Enterprise Entertainment  Robotics & Assistive
& Mobile Microprocessors Computing & Web Computing Systems & Design Technologies
N A NS A ”» A ”» A ”» A ' ”» A » A »N A
- v
. .
™ L]
= L]
m -
N m
. -
Ll
- -
Ll -
- L
- .
‘. .
oL -
'l - -
- -
- -
- -
" . [
L] - ‘m
. ] v
-
. [
- -
.- =
- -
- L]
= o =
- -
- -
- -
- L
- -
- -
- -
[ .
‘l
ntinuing
Digital Computer Software Networking Parallel & Databases Computer Graphics Al & Robotics
Communications Architecture Technologies Distributed Systems IN INFORMATION TECHNOLOGY

Areas of Fundamental Research in IT

= Jniversity mmm |ndustry R&D === Products = §1 Billion Market Il $10 Billion Market

2012




Key takeaways:

America is the world leader in information technology due to
a rich interplay of government, academia, and industry

Every major market segment bears the clear stamp of
Federal research investments

The path from research to major market segment is not
linear: ideas and people flow in all directions

Unanticipated results are often as important as anticipated
results

The interaction of research ideas multiplies their impact
Entirely appropriately, corporate R&D is very heavily tilted

towards D: engineering the next release of a product, vs. a
5- 10- or 15-year horizon



How should our competitiveness be
defined?

"At the time of the High-Performance Computing Act
of 1991, the importance of high performance
computing and communication (HPCC) to scientific
discovery and national security was a major factor
underlying the special attention given by Congress to
NIT. Although HPCC continues to contribute in
important ways to scientific discovery and national
security, many other aspects of NIT have now risen
to comparable levels of importance.”

N.B. This does not say that the importance of HPCC is
decreasing! It simply notes that other aspects of the
field have risen to comparable levels of importance,
and must be weighed in assessing our competitiveness.




The coming decade: Dramatic improvements in
technology and algorithms enable "smart everything”

A proliferation of sensors
Think about the sensors on your phone

More generally, the creation of almost all information
in digital form
It doesn't need to be transcribed in order to be processed

Dramatic cost reductions in storage
You can afford to keep all the data

Dramatic increases in network bandwidth
You can move the data to where it's needed



Dramatic cost reductions and scalability improvements
in computation

With Amazon Web Services, or Google App Engine, or
Microsoft Azure, 1000 computers for 1 day costs the same as
1 computer for 1000 days

Dramatic algorithmic breakthroughs

Machine learning, data mining - fundamental advances in
computer science and statistics

The "big data” revolution is what actually puts the
“smarts” in "smart everything”



Smart homes

ElectriSense

Determining Electrical DeVice 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.
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Smart cars
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DARPA Grand Challenge DARPA Urban Challenge

Google Self-Driving Car



Smart health
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Lar'ry Smarr - Evidence-based
“quantified self” medicine
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Smart robots
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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 Intel 05X 10.4 Linux
contribute to science by
playing Foldit.
. RECOMMEND FOLDIT
David Baker, |
UW Biochemistry
USER LOGIN
Username: *
Password: *

What's New 5 |

Small Update

We've posted a small update today, here's what's in it:
Some stability fixes, particularly with crashes when canceling recipes.
Improvements to scoring of sequence 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 puzzles.

Zoran Popovic,
UW Computer Science & Engineering

Login |

® Create new account
® Request new password

® Sign in using Facehook

f Connect with Facebook



Smart interaction
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Smart discover'y (data-intensive discovery, or eScience)
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Computational
Science

eScience

(Augment, not
replacel)

DIGITAL SKY SURVEY



eScience is enabled by data more than by
cycles

Massive volumes of data from sensors and networks
of sensors

As‘rr'onomy LSST

AL Biology: Sequencing Economics: POS Neur'osciencé
Socuology The Web terminals Hawkmoths



eScience is about the analysis of data

The semi-automated extraction of knowledge from
massive volumes of data
There's simply too much of it - and it's Yoo complex - to
explore manually
It's not just a matter of volume - it's "the 3 V's™
Volume
Velocity (rate)
Variety (dimensionality / complexity)

It's not just a matter of data movement and data

storage - it's about data analysis - "from data to
knowledge to action”



eScience utilizes a spectrum of computer
science techniques and technologies

Sensors and sensor
networks

Backbone networks
Databases

Data mining
Machine learning
Data visualization

Cluster computing
at enormous scale

(the cloud)

Collaboration and
crowd sourcing




eScience is married to the cloud: Scalable
computing and storage for everyone

The McGraw-Hill companies

T
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eScience will be pervasive

Simulation-oriented computational science has been
transformational - and will continue to be of great
importance - but it has not been pervasive
As an institution (e.g., a university), you didn't need to excel
in order to remain competitive

eScience capabilities must be broadly available in any
institution

If not, the institution will simply cease to be competitive




My personal story, and the story of the
UW eScience Institute

Late 1990s






Neptune
Canada

x
Portland

o Pacific City

Newport
Regional Scale Nodes W ==

Potential Expansion Nodes

NEPTUNE Canada Nodes g
Shore Stations #h &

Coastal Mooring

Cabled Coastal Mooring ®

Credit: John Delaney, University of Washington



Mark Emmert

4 )
Ed Lazowska Tom Daniel Werner Stuetzle
Computer Science & Engineering Biology Statistics




UW eScience Institute

"All across our campus, the process of discovery will increasingly
rely on researchers’ ability to extract knowledge from vast
amounts of data... In order to remain at the forefront, UW must
be a leader in advancing these techniques and technologies, and
in making [them] accessible to researchers in the broadest

imaginable range of fields.”
') }

In other words:
Data-intensive discovery will be ubiquitous

We must be a leader in inventing the

capabilities .
We must be a leader in translational activities - N,
in putting these capabilities to work Nstiture

It's about intellectual infrastructure (human capital) and
software infrastructure (shared tools and services - digital capital)



This was not as broadly obvious in 2005
as it is today

But we asked UW's leading faculty - across all ages
and fields, regardless of “label” - and they confirmed

this view of the future

From the start, this effort

has been bottom-up,
needs-based, driven by the

scientists

Center for Applied Research

Information Technologies
for eScience:
A Preliminary Report from the

University of Washington

Louls Fax, University of Washington and WICHE
Cara Lane, University of Washington

E£d Lazowska, University of Washington

with

Janice Fournier, University of Washington

Greg Koester, University of Washington

Valliam Washington, University of Washington




We're at the dawn of a revolutionary
new era of discovery and of learning




Implications for academia

A modern view of computer science
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Quest for fundamental understanding

I

On the methodology side, seek faculty in "Pasteur’s

quadrant”

>

Bohr

Pasteur

Edison

Considerations of use

—

Computer Science & Engineering %

UNIVERSITY of WASHINGTON

Senior hires catapult the University of Washington
in machine learning and “big data”




Strive to educate students who are "Pi-shaped”

—)

Credit: Alex Szalay, Johns Hopkins University



Resurrect the water cooler! (Data is today's unifying
forcel) f




Implications for research policy

NSF has a unique role in driving advances in
computer science
Computer Science does not have an NIH or a Department
of Energy
NSF provides 75% of Federal support for academic

computer science research
Other fields are becoming information fields, not
just computational fields

The intellectual approaches of computer science are as
important to advances as is cyberinfrastructure

New approaches will enable new discoveries



Meeting evolving cyberinfrastructure needs requires
research, not merely procurement
This is tfrue for HPC ... and for data-intensive discovery ...
and for cyber-enabled advances in education and assessment

Meeting evolving cyberinfrastructure needs requires
investment in intellectual as well as physical
infrastructure



Advancing data-intensive discovery requires broad-
based programs that strive to create a "virtuous
cycle” - and that drive institutional change

Bridges Data Science
- Methodologies

Scientific
Theme Areas
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Sciences 4 T R J
Career Paths a ative Metrics N Data Management

Environmental et
Sciences e : ata Visual |'zanon/
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Physical Statistics

Sciences

Social
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Programming

PN .New Data Science Methodologies~ ;
Discove L Environments

Sensors

Scalable Hardware &

Software Systems



Nationally and institutionally, there are various
policies that distort behavior
One example: Appropriate use of cloud resources is
discouraged by
Indirect cost on services
MRTI viewed as a pot separate from Directorates/Divisions
Institutional subsidies (power, cooling, space)



Implications for K-12 education
Computer Science in K-12, 1983

A
Nation
AtLRisk

Our Nation is at risk. Our once unchallenged preeminence in
commerce, industry, science, and technological innovation is
being overtaken by competitors throughout the world. This
report is concerned with only one of the many causes and
dimensions of the problem, but it is the one that undergirds
American prosperity, security, and civility.

If an unfriendly foreign power had attempted to im-
pose on America the mediocre educational performance that
exists today, we might well have viewed it as an act of war. As
it stands, we have allowed this to happen to ourselves.

Recommendation A
Content

We recommend that State and local high school graduation
requirements be strengthened and that, at a minimum, all sfz-
dents seeking a diploma be required to lay the foundations in the
Five New Basics by taking the following curriculum during
their 4 years of high school: (@) 4 years of English; (b) 3 years of
mathematics; (¢) 3 years of science; (d) 3 years of social studies;

and (¢) one-half year of computer science.

,HIIIIIIIIIII/////

IBM PC XT
4.77 MHz 8088
128 KB RAM
PC DOS 2.0



Computer Science in K-12, 2013 eNaad

Energy (see also Forces and motion)

binding energy in molecules, 109, 110, 111, 112,
239-240

cause-and-effect mechanisms, 125-126, 237

chemical energy, 111, 122, 123, 148, 223

in chemical processes and everyday life, 128-130

conservation of, 110, 120-121, 123, 124-126, 128, 148,
153, 154, 175, 223, 238

crosscutting concepts, 84

definitions of, 120-124

electric and magnetic fields, 64, 109, 121, 122, 133,
135,239

electrical energy, 123, 125, 128

and forces, 126-127

grade band endpoints, 122-124, 125-126, 127, 129-130

kinetic (motion) energy, 110, 111, 121, 122, 123, 124,
126

mechanical energy, 122-123

modeling and mathematical expressions, 123-124, 126

patterns, 121

photosynthesis, 104, 128, 129, 130, 146, 147, 148, 153,
154, 180, 187, 189, 223

“producing” or “using” in everyday life, 128-130

scale of manifestations and, 121, 122, 123-124, 127, 238

in systems, 120-121, 123, 124-126, 128

terminology, 96, 122

thermal energy, 121, 122, 123, 125, 130, 136, 180, 181
(see also Heat)

transfer between objects or systems, 93, 110, 120, 121-
122, 124-126

stored (potential) energy, 96, 121-122, 123, 124, 126,
127, 128, 129, 130, 221

Forces and motion

K-12 SCIENCE

EDUCATION

Practices, Crosscutting Concepts, and Core Ideas

NATIONAL RESEARCH COUNCIL

cause-and-effect mechanisms, 113, 114, 115-116, 127

Coulomb’s law, 117, 118

electromagnetism, 88, 109, 111, 113, 116, 117-118,
121, 123, 126, 127, 239

energy transfers, 116, 120, 127

friction, 115, 116, 117, 122, 125, 128-129, 130

grade band endpoints, 115-116, 127

gravity/gravitational forces, 64, 88, 92, 100, 113, 116,
117-118, 121-122, 123, 126, 127, 169, 173, 175,
176, 179, 180, 181-182, 184, 185

measurement, 114, 115

models, 93, 116, 117, 118, 127

momentum, 115, 116

Newton’s laws, 114, 115, 116, 118, 175

patterns in, 115, 116-117, 118, 119, 121, 127, 130,
173,174,175, 178, 181, 185

scale and, 114, 116-117, 118, 175

strong nuclear force, 88, 111, 113, 116, 117, 1

and structure and function, 117

in systems and system models, 88, 94, 113, 11S
119,120, 127, 176

weak nuclear force, 88, 111, 112, 113, 116, 11

401 page report
15 page index

Computer science, 10, 14-15, 299, 334, 336



NEXT GENERATION

CIENCE

STANDARDS

Storylines: K-2 3-5 PDFs: K 1 2 3 4 5

Animals, Plants, and Their Environment
K. Weather and Climate
1. Waves: Light and Sound

1. Space Systems: Patterns and Cycles

Middle School (6-8) Storyline PDF

K-2. Engineering Design
3. Forces and Interactions

K. Forces and Interactions: Pushes and Pulls 2. Interdependent Relationships in Ecosystems 4. Waves
K. Interdependent Relationships in Ecosystems: 2. Earth’s Systems: Processes that Shape the Earthd. Structure, Function, and Information Processing
4. Earth's Systems: Processes that Shape the Earth

5. Structure and Properties of Matter

3. Interdependent Relationships in Ecosystems 5. Matter and Energy in Organisms and
1. Structure, Function and Information Processing 3. Inheritance and Variation of Traits Ecosystems

3. Weather and Climate
2. Structure and Properties of Matter 4. Energy

5. Earth's Systems

5. Space Systems: Stars and the Solar System

3-5. Engineering Design

High School (9-12) ~ Storyline  PDF

MS. Structure and Properties of Matter
MS. Chemical Reactions

MS. Forces and Interactions

MS. Energy

MS. Waves and Electromagnetic Radiation

Middle School (6-8) Storyline PDF

HS. Structure and Properties of Matter
HS. Chemical Reactions

HS. Forces and Interactions

HS. Energy

HS. Waves and Electromagnetic Radiation

High School (8-12)  Storyline  PDF

MS. Structure, Function, and Information Processing

MS. Matter and Energy in Organisms and Ecosystems

MS. Interdependent Relationships in Ecosystems

MS. Growth, Development, and Reproduction of Organisms
MS. Natural Selection and Adaptations

Middle School (6-8) Storyline PDF

HS. Structure and Function

HS. Matter and Energy in Organisms and Ecosystems
HS. Interdependent Relationships in Ecosystems

HS. Inheritance and Variation of Traits

HS. Natural Selection and Evolution

High School (9-12)  Storyline  PDF

MS. Space Systems
MS. History of Earth
MS. Earth's Systems
MS. Weather and Climate
MS. Human Impacts

Middle School (6-8) Storyline PDF

HS. Space Systems
HS. History of Earth
HS. Earth's Systems
HS. Weather and Climate
HS. Human Sustainability

High School (9-12)  Storyline  PDF

MS. Engineering Design

HS. Engineering Design




In 9 out of 10 high
schools nationwide,

computer science is not
offered

In 36 of the 50 states,
computer science does
hot count towards the
math or science
graduation requirement

Yet computer science - "computational thinking" - is a key
capability for just about every 215t century endeavor



Is this a great time, or what?!?!
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