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The Cyberinfrastructure of 2021

Will Be Radically Different from 2016

e Wireless

Wired

e Sensors

« Computer Architecture

e Visualization




NSF Has Funded Over 100 Campuses to Build
Local “Big Data” Optical Fiber Freeways 1000x Shared Internet Speed
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Optical Fibers Linking Big Data Researchers at 10-100Gbps

In U.S., Australia, Korea, Japan, and the Netherlands
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Global Scientific Instruments Will Produce Ultralarge Datasets Continuously:

New Services and Applications Needed for Data Scientific Discovery

Square Kilometer Array
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IBM to build exascale supercomputer for the
world’s largest, million-antennae telescope
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Large Synoptic Survey Telescope

Tracks ~40B Objects,
Creates 10M Alerts/Night
~ Within 1 Minute of Observing

Archive Site and U.S.

Data Access Center
NCSA, Champaign, IL

Base Site and Chilean

Data Access Center
La Serena, Chile




5G Will Enable a Wide Range of New Wireless Applications and Services
Connecting People and Things
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The Jump from Wireless 4G to 5G Will Be Transformative:

ITU’s International Mobile Telecommunication (IMT) System
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Massive Changes in Our Ability to Quantify the World
Simultaneously Explosively Decrease in Sensor Cost and Increase of Use

India hits 1 billiqn mobile phone users

—

Cost per Raw Megabase of DNA Sequence by: JOHN DYE SR AN D Rl“ |]
DECEMBER 31, 2015

Mational Human Genome
Research Insttute

JENOMEe gowsequencingoosts

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

T T v IESSPA A
Announcing 75 Million MyFitnessPal Users!

v
www.genome.gov/images/content/costperMb2015 4.jpg "l_)



New Computing Architectures Are Developing Rapidly

From the End of Scaling Which Drove Moore’s Law
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The Future of Supercomputing

“High Performance Computing Will Evolve
Towards a Hybrid Model,

Integrating Emerging Non-von Neumann Architectures,
with Huge Potential in Pattern Recognition,
Streaming Data Analysis,
and Unpredictable New Applications.”

Horst Simon, Deputy Director,
5% u.s. ,J_n#aimdu.lrr.l
U.S. Department of Energy’s (LJ 'ENERGY
Lawrence Berkeley National Laboratory =25
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Left & Right Brain Computing:
Arlthmet|c VS. Pattern Recognltlon
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Massive Public Private Partnership
to Accelerate Brain-Inspired Computers

. Atrtificial Brains

The quest to build sentient machines

Over $100 Million
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Brain-Inspired Processors
Are Accelerating the non-von Neumann Architecture Era

Each TrueNorth chip contains
5.4 billign transistors wired into
an array of 1 million neurdns and
v 256 million synapses. Efforts are,_
already under way to tile more
than adozen such chips tugetherf -

August 8, 2014
“On the drawing board are collections of 64, 256, 1024, and 4096 chips.
‘It's only limited by money, not imagination,” Modha says.”

Source: Dr. Dharmendra Modha
Founding Director, IBM Cognitive Computing Group




Contextual Robots With Neuromorphic Processors That
Can See and Learn Will Tie Into the Planetary Computer

“We think robotics is the killer app

for neuromorphic computing.”
Todd Hytton, Brain Corporation

brsin

CORPORATION

Qualcomm launches robotics
accelerator

Qumcozww

Minds of their own

Novel neuromorphic chips and software should
provide robots with unrivaled perceptual skills

SCience 10 October 2014

Technology
Review

April 2014



If You Are Planning New Applications and Services On a Ten Year Horizon,

It Helps to See What Unexpected Change Can Happen In a Decade...
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Collaborating in Virtual Reality at 10Gbps
University Research Frontier Today-What About in Five Years?

St % Source: NTT Sponsored ON*VECTOR Workshop at Calit2 March 6, 2013



Why Would a Social Network Company
Buy a Consumer Virtual Reality Company?

TIME

Facebook Buying Oculus Virtual-Reality
Company for $2 Billion

[ 4 ")
Step into the Rift "t



One Year Later...

TN %% “We're working on VR because
The - : - :
sé;l}g%?smg d \X | think It's the next major
N computing and communication platform
Rea = after phones...”
E;?tﬁiéd“ﬂ@“ __ -Mark Zuckerberg, Facebook CEO
" - July 1, 2015
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Examples of Massive Markets That Are Being Disrupted

by a Combination of These Cyberinfrastructure Advances

 Quantified Machines Lead to the Industrial Internet
 Quantified Cars and Drones Lead to Self-Driving Vehicles
 Quantified Houses Lead to the Smart Electric Grid

 Quantified Selves Lead to Personalized Preventive Healthcare
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The Planetary-Scale Computer Fed by a Trillion Sensors

Will Drive a Global Industrial Internet

Trillion Sensor Visions
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The Industrial Internet

Bring together Brilliant Machines, Advanced Analytics and People at Work

“Within the next 20 years
the Industrial Internet
will have added
to the global economy
an additional $15 trillion.”
--General Electric

www.ge.com/docs/chapters/Industrial_Internet.pdf




Realtime Data Mapping Will Transform

The Transportation Industry

How Uber's Autonomous Google Pairs With
Cars gViII Ddestro 10 M'i1llion Ford To Build Self-
Jobs and Reshape the Ivi
Economy by 2025 Driving Cars
Zack Kanter Justin Hyde and Sharon Carty, Yahoo Autos

December 21, 2015

"

ENDING
CAR OWNERSHIP
AS WE KNOW IT

REDESIGNING AMERICA'S CITIES

R

Elon Musk Says Tesla Vehicles

Will Drive Themselves in Two
Why General Motors Is Investing $500 Million Years

in Lyft by Kirsten Korosec @kirstenkorosec DECEMBER 21, 2015

FORTUNE
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Traffic Control for Drone Air Delivery

IS Under Development by NASA, Amazon, & Google

BLAGHE
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Amazon proposes drones-only airspace 200t [ZEE
to facilitate high-speed delivery Low-risk

location

Model Rural Suburban Urban Airport
flying

Guardian graphic Source: Amazon
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First public demo of Snapdragon Flight
robotics dev platform in one of world'’s
smallest 4K drones

Drone traffic control? NASA, Amazon,
= Google partner to manage self-
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The Electric Grid Is Becoming

More Like the Internet

San Diego Vows to Move Entirely to Renewable Energy in 20 Years

By MATT RICHTEL DEC. 15, 2015 Erljl? New ﬂork Jimes

Electric Grid, You Have Software
Updates Available AMERICAN-

Researchers are developing software that will let renewable energy flow info and out of a
decentralized power grid like data on the Internet

Power Grid Cyber Attacks Keep  You think the power grid isn't
the Pentagon Up at Night sexy? Think again.

by Barb Darrow @gigabarb SEPTEMBER 29, 2015
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From One to a Trillion Data Points Defining Me in 15 Years:

The Exponential Rise in Body Data

My Body Data _ _
Microbial Genome
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| Decided to Track My Internal Biomarkers
Just As | Did My External Body

Calit2 64 Megapixel VROOM



A New Generation of Human Body Sensors
Will Provide Continuous Readouts

FASHION & STYLE  DISRUPTIONS Ght Ncw Hork &mcs n am r e Linda Geddes

Wearable Technology That Feels Like Skin 27 January 2016

By NICK BILTON  OCT. 8. 2014 . _ Wearable sweat sensor paves way for real-time
tun E 0 ‘ analysis of body chemistry

Startup MC10 Working With UIUC




Consumer Internal Self-Tracking Tools

Are Growing Rapidly
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The Emergence of P4 Medicine --

Predictive, Preventive, Personalized, Participatory

How Will the Quantified Consumer
Be Integrated into Healthcare Systems?

Systems Biology & Consumer-Driven

Institute for Systems Biology Systems Medicineg Social Networks

P4
MEDICINE

The secret to

wellness isn"; a
secret. It's science.

Arivale™

Digital Revolution
Big Data

Lee Hood, Director I1SB

The 100K Person Wellness Project:
A Data-Rich Longitudinal v
Study for the Digital Age "t)



A Vision for Healthcare

In the Coming Decades

Using this data, the planetary computer will be able
to build a computational model of your body
and compare your sensor stream with millions of others.
Besides providing early detection of internal changes
that could lead to disease,
cloud-powered voice-recognition wellness coaches could provide
continual personalized support on lifestyle choices, potentially
staving off disease
and making health care affordable for everyone.

Ehe New JJork Eimes

ESSAY Science
An Evolution Toward a Programmable
Universe

By LARRY SMARR
Published: December 5, 2011




Deep Learning Will Provide
Personalized Assistants to Each of Us

Where Personalized Coaching is Going




Is the Release of Google’s of TensorFlow

as Transformative as the Release of C?

) () (o) (=) From Programming Computers
(LJ = Step by Step To Achieve a Goal
T @ g To Showing the Computer

o ED Some Examples of

= What You Want It to Achieve
X g and Then Letting the Computer
"|§ | o Figure It Out On Its Own
Tensor . JE_J;?;.; --Jeremy Howard, Singularity Univ.
IR 2015
PEe>o,

https://exponential.singularityu.org/medicine/big-data-machine-learning-with-jeremy-howard/




Al Is Advancing at a Amazing Pace:
Deep Learning Algorlthms Worklng on Massive Datasets

VI YSTERY OF GO, I
ANCIENT GAVIE THAT
COMPUTERS STILL CAN'T WIN

Exclusive: Google to Buy

Artificial Intelligence Startup

DeepMind for $400M 1.5 Years!
ry 26, 2014, 4:25 PM PST

IN A HIUGE BREARTHROUGH
e o ey GUOGLE'S Al BEATS A TOP
PLAYER AT THE GAME OF G0~ ai?®




Reverse Engineering of the Brain
Is Accelerating Under the Federal Brain Initiative

the WHITE HOUSE

PRESIDENT OBAMA IS CALLING ON THE SCIENCE COMMUNITY

BRAIN RESEARCH
THROUGH ADVANCING
NINOAVNRAVAS

INITIATIVE ot L

www.whitehouse.gov/infographics/brain-initiative



Kurzwell’s Theory of Mind.:

The Human Neocortex is a Self-Organizing
Hierarchical System of Pattern Recognizers

NEW YORK TIMES BESTSE

[ ]

HOW TO

CREATE
MIND

THE SECRET OF
HUMAN THOUGHT REVEALED

- - .-.

RAY KURZWEIL

AUTHOR OF THE SINGULARITY IS NEAR

November 13, 2012

“There are ~300M
Pattern Recognizers
INn the Human Neocortex.”

In the Emerging
Synthetic Neocortex,
“Why Not a Billion?

Or a Trillion?”




The Defining Issue in IT for the Coming Decades

August 25, 2015

THE QUEST
FOR COMMON
GROUND

BETWEEN
HUMAMNS AND
ROBOTS

JOHN MARKOFF

May 5, 2015
MARTIN FORD

RISE OF




This Next Decade’s Computing Transition

Will Not Be Just About Technology

L - "Those disposed to dismiss
an 'Al takeover' as science

Ditwe a ,‘ ﬂCt'O_n maY thlr_]k_ again after Worth reading Superintelligence by Bostrom. We need to
' gl reading this original and well-

= | ) be super careful with Al. Potentially more dangerous than
B argued book." —Martin Rees, ..

Past President, Royal Society

Elon Musk % Follow
@elonmusk

7:33 PM - 2 Aug 2014

NICK BOSTROM

SUPERINTELLIGENCE

Paths, Dangers, Strategies

Success in creating Al would be
the biggest event in human
history. Unfortunately, it might
also be the last, unless we learn
how to avoid the risks.

— Steven Hawking

If our own extinction is
a likely, or even possible,
outcome of our
technological development,
shouldn't we proceed with
great caution? — Bill Joy
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