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How Computing May Change Our World

While computing has already changed how we communicate, work, and play, more big impacts are
afoot. Prof. Hill will define and discuss impacts of three important examples on the horizon:

(a) why artificial intelligence will free humans from more repetitive tasks,
(b) how quantum computing will eventually enhance discovery, and
(c) how computing and very human issues like fairness will increasingly interact.

This talk assumes no background in computer science and is based on visioning work Prof. Hill
collaborated on when he led the Computing Community Consortium (CCC) (https://cra.org/ccc/about/).
He will seek to finish early to enable time for questions and discussion on computing's directions and
would value any questions submitted in advance.

Mark D. Hill (http://www.cs.wisc.edu/~markhill) is Gene M. Amdahl and John P. Morgridge Professor
Emeritus in Computer Sciences at the University of Wisconsin-Madison. His work targets computers
with complex memory systems, multiple processing cores, and systems which do not yet exist so they
have to be simulated. Over three decades, he has collaborated with over 160 co-authors, has over 40
patents, and has held several visiting positions in the computer industry, most recently as a 2018
Google Intern. He serves as Chair Emeritus of a national computing think tank--the Computing
Community Consortium--and he was Wisconsin Computer Sciences Department Chair 2014-2017.
Mark won the highest award in computer hardware--Eckert-Mauchly—in 2019. Mark is a fellow of his
two major professional societies (ACM and IEEE), and has a PhD from the University of California,
Berkeley.
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WIKIPEDIA

The Free Encyclopedia
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Why is computing so effective? Universal Hardware
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\WV) Computing: One Tool for Many Problems
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Software (Algorithm)

Instructions to divide
any number A by
any other number B
to get quotient C

_oad Software on Hardware

é
< Data In: A=1200, B=50
Q..“.‘:“““i%;e%j; - Data Out: C=24

One hardware for many tasks selected by software!
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hidden layer 1 hidden layer 2 hidden layer 3

deep neural natwork

Self-Driving Vehicles Via Deep Neural Networks
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/(‘w\ Computing Community Consortium:

) Catalyzing I.T.’s Virtuous Cycle
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“  Government

Academia

Pre-competitive white papers & workshops
catalyzing L.T. research for the nation’s benefit
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3 Artificial Intelligence (Al)
\\\\w & Machine Learning (ML)

Artificial Intelligence (Al)

Machine Learning (ML)

Popular press synonyms, but technically different
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1. Training
In advance

Input:
example

data with
answers

2. Inference with unseen, new data
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Train
network
to learn
correct
answer
as
output

See Supervised Learning & MNIST
http://yann.lecun.com/exdb/mnist/

Compare with linear regression
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http://yann.lecun.com/exdb/mnist/

Classification Instance
+ Localization Object Detection Segmentation
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Machine Learning &
Recommender Systems
@ Netflix Scale

BAN FRANGIBCO 2053
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REPETITIVE

Movie: Hidden Figures

COGNITIVE MANUAL

IT & Al moving humans toward the unique/creative
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Amazing success with learning from patterns
How to also use human-like symbolic reasoning?

Research Priorities

Integrated Intelligence Meaningful Interaction self-Aware Learning
- Science of integrated intelligence - Collaboration - Robust and trustworthy learning

- Contextualized Al - Trust and responsibility - Deeper learning for challenging tasks

- Open knowledge repositories - Diversity of interaction channels - Integrating symbolic and
numeric representations

- Understanding human intelligence - Improving online interaction e
- Learning in integrated

Alfrobotic systems

https://cra.org/ccc/visioning/visioning-activities/2018-activities/artificial-intelligence-roadmap/



https://cra.org/ccc/visioning/visioning-activities/2018-activities/artificial-intelligence-roadmap/
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[
\' )) Today’s (Classical) Computing

\7

8 bits = ONE of 256 possible values (called a “byte”)
N bits = ONE of 2N possible values
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o .
\W/ Quantum Computing Setup

\

with some probability

Example: 10% Tails-Tails, 35% Tails-Heads,
25% Heads-Tails, & 30% Heads-Heads

That would be .......... bizarre & counter intuitive
Quantum mechanics is bizarre & counter intuitive

19



Until looked at or “measured”

One quantum bit or qubit can be
In ALL values “from” O to 1

Like at all latitudes & longitudes
at once (with some probability)

Two qubits can be at ALL
combinations latitudes &
longitudes for both

(with some probability)

See coherent & entangled qubits,

Dirac notation & Bloch sphere 2°



Great for hard search when easy to check answer

E-commerce depends on factoring being hard
Example: Given 15, can you find 3*5? Yes, but:

1071508607186267320948425049060001810561404811705533607443750388370351051124936122493198378815695858127594672
9175531468251871452856923140435984577574698574803934567774824230985421074605062371141877954182153046474983581

941267398767559165543946077062914571196477686542167660429831652624386837205668069375

To be great for hard searches for chemicals/materials
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Cold: < -459.68°F

=0.01°K = -

T

Small: # qubits - (< ]

2006: 12 : i

2019: 53 ‘ -
,b,q,, ”

Not reliable: correctmg errors expensive (7x,49x,...)

Programming/debugging: next slide
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3 Making Quantum Computer

\W’ Programming More Accessible

Programming
quantum comp.
somewhat like
specifying 1940s
hardware

Want more
accessible:

A + B (8 bits)

See https://cra.org/ccc/events/quantum-computing/ 03



https://cra.org/ccc/events/quantum-computing/

. Al Paa
Quantu m Com pl_ ti ng —> Quantum Computing

Expectations

Hype Cycle for Emerging Technologies Gartner

‘ Digital Twin

Deep Neural Nets (Deep Learning) GAI wW Dee p N e u ral N etWO rk@u will be reached in:

Carbon Nanotube © lessthan 2 years
loT Platform . 2105 years
Virtual Assistants @ 5to10years
Silicon Anode Batteries than 1
Blockchan /\ more than 10 years

Biochips

Smart Workspace
Brain-Computer Interface
Autonomous Mobile Robots
Smart Robots:

Deep Neural Network ASICs
S

Connected Home
Autonomous Driving Level 4

Volumetric Displays
Self-Healing System Technology
Conversational Al Platform

Autonomous Driving Level 5 Mixed Reality

Edge Al

Exoskeleton
Blockchain for Data Security

Neuromorphic Hardware
Knowledge Graphs
4D Printing

Artificial General

. Smart Fabrics
Intelligence

Augmented Realit:
Smart Dust uame ety
Flying Autonomous Vehicles

Biotech — Cultured or Artificial Tissue

As of August 2018

Peak of
Inflated

Innovation
Trigger

Trough of
Disillusionment

Plateau of

Slope of Enlightenment Productivity

Time

gartner.com/SmarterWithGartner

Source: Gartner (August 2018)

© 2018 Gartner, Inc. and/or its affiliates. All rights reserved. Ga rtner®
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Technologies

Expectations

Secure Access Service Edge (SASE)
Social Distancing Technologies

epeinebiesl &~ A| expanded in pieces here & elsewhere
Quantum Computing is missing ??7?

Carbon-Based Transistors

Embedded Al
Data Fabric

Composable Enterprise
Al Augmented Development

Responsible Al __

Multiexperience __

Digital Twin of the Person
Packaged Business Capabilities .
Generative Al _

Composite Al

Citizen Twin

Bring Your Own Identity

Adaptive ML
— Social Data
- Private 5G
Generative Adversarial . Differential Privac .
Networks ™ Biodegradable Y Ontologies and Graphs
2-Way BMI (Brain — Sensors

Machine Interface)
Health Passport
Self-Supervised Learning
Low-Cost Single-Board — :
Computers at the Edge — DNA C_omputlng‘; and Storage
~ Al-Assisted Design
Authenticated -,

Provenance
Peak of
Innovation Inflated Trough of Slope of Plateau of
Trigger Expectations Disillusionment Enlightenment Productivity
M
Time
Plateau will be reached:
() less than 2 years ® 2to5years @ 5to 10 years A more than 10 years ® obsolete before plateau As of July 2020

gartner.com/SmarterWithGartner

Source: Gartner
® 2020 Gartner, Inc. and/or its affiliates. All rights reserved. Gartner and Hype Cycle are registered trademarks of Gartner, Inc. and its affiliates in the U.S. G a rt n e ro
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Use computing for:

Better solar panels

More efficient supply chains
Remote communication

Use computing for:

Facial recognition of terrorists or citizens?
Recommending movie or surgery?

Predicting human behavior?
Example: after parole, return to prison or not?
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the body Hish!}!Coiorudo,dosedfoEUwpnndemn': students protested their computer-as-  tions like “Computers make neutral deci- both or)
dwide —  ; her Spanish li lasshad  Signed grades online and in person. High- sions™and “Computers are objective be-  studen
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Nor was the International Baccalaure-
ate the only organization to use a comput-
er program to assign students grades
amid the pandemic. Brita!ndm's in-person A-
level exams, which help determine which
tafieda was shocked. “Everybody be- universities students £0 10, were also can-
lieved that I was going to score very high,”  celed and replaced with grades by algo-

she told me. “Then, the scores came back rithm. Only after an uproar did the gov-
and I didn’t even score a passing grade. |

rithms can't monitor or detect hate wee
speech, they can't replace social workers this
in public assistance programs, they can't apt
predict crime, they can't determine which g0
job applicants are more suited than oth-
ers, they can't do effective {acial recogni- \
tion, and they can't grade essays or te-
place teachers.

ish class.
And yet, she failed her International
Baccalaureate Spanish exam this year.
When she got her final results, Ms. Cas-

LA P ernment change course, though many stu- In the case of the International Bacca-

scored well below passing. dents were left in limbo without university  laureate ,grades could have been
How did this happen? An algorithm as-  admission. : .mmumw materials

signed a grade to Ms. Castafieda and  The lesson from these debacles is clear: that students had already submitted by
160,000 other students. The International  Algorithms should not be used to assign  the time schools shut dow:
Baccalaureate — a global program that  student grades. And we should think organization decided to use
awards a prestigious diploma to students  much more critically about which seemed
in addition to the one they receive from decision-making overall, ined- cheaper and easier.

their high schools — canceled its usual in-

ucation. The pandemic makes it tempting
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¥ Computing for Societal Issues Hard:
\W} Fairness as Example

Which
Is FAIR?

In education,
employment,
accessibly?

A start: https://cra.org/ccc/events/economics-and-fairness/

29


https://cra.org/ccc/events/economics-and-fairness/

Computing & Society: Fairness

Automatic credit scoring, etc., half century old

What's new?

Scale: Err a million times rather than several
Ubiquity: Credit score used beyond original purpose
Accountability: Who explains or takes appeals?

More questions than answers:

* How to consider factors a person can/cannot control?

* What to do when training data has unfair bias?

* How to best make computing a tool for human deciders?

30



Computing professionals should
* |ncorporate ethics & other viewpoints
 Learn themselves & work with other disciplines
* Build in computing mechanisms to implement policies
« E.g., implementing EU’s policy “right to be forgotten”
* Be aresource for citizens & government

Society must remember that computers are amoral:
lacking a moral sense; unconcerned with the rightness or wrongness

We humans should aspire to be moral, not immoral,
with computing as a tool; Shall we?
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) Some Quotes

All computers do is fetch and shuffle numbers, but they
do it fast enough that the results appear to be magic.

—Steve Jobs, Apple Founder
| think, therefore | am. —Descartes

God does not play dice. —Einstein re quantum physics

Any sufficiently advanced technology is
iIndistinguishable from magic. —Arthur C. Clarke
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- Computing amoral; humans moral & immoral
1. Press Chat 1 2. Enter Question 33
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‘) Some Questions

\

\\o;»,

1. What are issues in protecting the national
power grid against cyberattacks?

. What are emerging opportunities for "hackers?”
Is the USA the leader in Artificial Intelligence?

. Will guantum computing replace my computer?

o A W N

Does computing make misinformation,
disinformation, or propaganda worse?

34



