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Setting the Stage




Information Ecosystem (IE)

Complex adaptive system in which information is created, managed,
transformed, shared, & disseminated

It encompasses:
* information infrastructure
* information tools

~Itincludes dynamic social relation
between: F2i

» information producers
\\\\ '..-U’ﬁ « information consumers

 |nformation curators
 |Information sharers
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Elements of IE

== - | Organizations & Society

* Physical & institutional
infrastructure

» Trust networks around
information

» Influencers who shape
the information
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The User

* |nformation needs
 |nformation use

The Information

|« Production

 Flow

|+ Access

* Impact

https://commons.wikimedia.org/w/index.php?search=ecosystem&title=Special:MediaSearch&go=Go&type=image
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Example of IE Map [t |
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. Informal Educators
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Curriculum Builders
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Knowing the |IE helps you...

Listen to your community
what information they need, use, communicate
Understand the challenges
that exist and how you can address them
Design strategies
that support information creation, use, and dissemination

fr:Utilisateur:Photopunch.com, Public domain, via Wikimedia Commons TENNESSEE T
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A timeline of notable artificial intelligence systems

(TD-Gammon: This software learned
[ to play backgammon at a high level,

/Theseus: A small robotic mouse [
| that could navigate a simple maze | just below the top human players.
[ " o ’ | : N W A |
| and remember its course. | 1 AlexNet: This was a pivotal early ‘deep learning
| system - a neural network with many layers - that
| could recognize images of objects such as dogs and

| Perceptron Mark |: Regarded as |
| the first artificial neural network, |
' it could visually distinguish cards I' cars at near-human level.

| (Artificial intelligence with language and image recognition

' marked on the left side from those
y capabilities that are comparable to those of humans

First digital~ |
computers \ | ' marked on the right. * ¢
__*—___
2040 2050 2060

Y
2030

Y
1940 1950 1960 1970 1980 1990 2000 2010 2020
|
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Strategic
Documents
Timeline

UN Interregional Crime
and Justice Research
Institute

Nations and
international
organizations
are seeing the
need for Al
public policies
& regulations
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CC BY-SA 4.0, https://en.wikipedia.org/w/index.php?curid=64804639
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The rise of artificial intelligence over the last 8 decade:
computation has increased, Al systems have become more pow

The color indicates the domain of the Al system: @ Vision ® Games ® Drawing ® Language @ Other

Shown on the vertical axis is the training computation

: As training

Our World

in Data

erful

Minerva: built in 2022 and trained on 2.7 billion petaFLOP

that was used to train the Al systems. Minerva can solve

at the college level.

PaLM: built in 2022 and trained on 2.5 billion petaFLOP

10 billion petaFLOP
mputatior
FLOP |

One equiy

DALL-E
DALL-E can generate high-quality im

100 million peta
Thed

FLOP
1 on a logarithr
e to the next it

tems like Facebook’s NEO determine what

Recommendation s
your social me

1 million petaFLOP

AlphaFold: 2020; 100,000 petaFLOP
10,000 petaFLOP AlphaFold was a major advance toward solving the protein-folding problem in biology.
MuZero: 2019; 48,000 petaFLOP
MuZero is a single system that achieved superhuman performance at Go,
chess, and shogi (Japanese chess) — all without ever being told the rules.
100 petaFLOP AlexNet: 2012: 470 petaFLOP
A pivotal early “deep learning” system, or neural network with many layers, that
could recognize images of objects such as dogs and cars at near-human level.

NPLM

1 petaFLOP = 1 quadrillion FLOP Y

Decision lrcc.
TD-Gammon: 1992; 18 trillion FLOP @  STMe

TD-Gammon learned to play backgammon at a high
level, just below the top human players of the time.

10 trillion FLOP
® LeNet-5

® RNN for speech

100 billion FLOP NetTalk: 1987; 81 billion FLOP @ @ ALVINN
NetTalk was able to learn to pronounce some English text by being given ® ZipCNN
text as input and matching it to phonetic transcriptions. Among its many
limitations, it did not perform the visual recognition of the text itself.
1 billion FLOP Q7 andemonium (Morse) ® System 11
smuel Neural Checkers °
' ® Back-propagation

Neocognitron: 1980; 228 million FLOP

A precursor of modern vision systems. It could recognize

handwritten Japanese characters and a few other patterns.
® Fuzzy NN

10 million FLOP

® Perceptron Mark I: built in 1957/58; 695,000 FLOP
Regarded as the first artificial neural network, it could visually distinguish cards marked on the left side

100.000 FLOP from those marked on the right, but it could not learn to recognize many other types of patterns.

©® ADALINE: built in 1960 and trained on around 9,900 FLOP
An early single-layer artificial neural network.
1,000 FLOP

® Theseus: built in 1950 and trained on around 40 floating point operations (FLOP)
Theseus was a small robotic mouse, deveioped by Claude Shannon,
that could navigate a simple maze and remember its course.

10 FLOP

Pre Deep Learning Era
The first electronic computers Training computation grew in line with Moore’s law, doubling roughly every 20 months.
were developed in the 1940s

1960 1970 1980 1990 2000

1956: The Dartmouth workshop on Al, often
seen as the beginning of the field of Al research

19240 1950

and Data Trends in Machine Learning.
timates to be correct within a factor of t

Parameter, Compute,

The data on training computation is taken from Sevilla et al. (2022)
It is estimated by the authors and comes with some uncertainty, The

OurWorldinData.org - Research and da

a to make progress against the world’s largest problems.

NEO: 2021; 1.1 million petaFLOP
i you see on
ia feed, online shopping, streaming services, and more.

AlphaGo: 2016: 1.9 million petaFLOP
AlphaGo defeated 18-time champion Lee Sedol at the ancient and highly
complex board game Go. The best Go players are no longer human.

1997: Deep Blue beats
chess champion Garry Kasparov

Licensed under CC-BY by the authors
Charlie Giattino, Edouard Mathieu, and Max Roser

PalM can generate high-quality text, explain some jokes, cause & effect, and more.
GPT-3: 2020; 314 million petaFLOP
GPT-3 can produce high-quality text that is
often indistinguishable from human writing.
021; 47 million petaFLOP
s from written descriptions

Systems are
becoming more
powerful with

Rt training.
o S
2 s Training systems

requires access to
data.

Deep Learning Era
Increases in training computation
accelerated, doubling roughly
every 6 months

2010 2020

world
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EEVEGRGORS . NET
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The Promise of Al




Stages of Al Development
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Information
used for

Improved
Outcomes

&
New Insights

Ecosystems
Health

Environment
Education

Industry
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Image: Mstyslav Chernov, CC BY-SA 4.0 <https://creativecommons.org/licenses/by-sa/4.0>, via Wikimedia ‘]l*[i:f\;f\‘;gé‘é‘Eoé T
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~ Qp,ei7 Sciednce ist the ;
rinciple and practice o

YEAR OF né)akiné9 researgh products

and processes available to

all, while respecting
diverse cultures,

0 P E N maintaining security and
privacy, and fostering
go l%blc%ratiogs, ’
SCIENCE ’repro ucipliity, ana equity.
ot - U.S.0OSTP

Image: NASA https://www.earthdata.nasa.gov/news/year-of-open-science fﬁN&lﬁéS:Eoé T




Plan S

g full & imm

C ,'[.IL ) ACCess area |

cOALITION S (2018)

EU initiative for all pubs
from public funding to
be open by 202

International Open Science

/A o%e .
e o International
u N [ s E ” eoe e Science Council
o0 . .
The global voice for science

Global consultation on
open science (2019)

Open science key in 2019-
2021 action plan

UN Sustainable
Development Goals

Open report in 2020

FEARESHE



Data = Foundation of Al

Characteristics for Sharing Data

Edable Accessible nteroperable Reusable
99
LY de O

THE UNI\VERSITY OF
Image: Microsoft 365 free library TENNESSEE T
KNOXVILLE




Al Ready Science Info Ecosystem

Science as a global public Capacity building. aiigning data

from around the world and across
disciplines. Recognize different cultures of
practice and societal readiness levels

gOOd. Leveraging at the national level
by science funders and policymakers

Open science. promoting Data

Sharing Principles

Early career researchers.

Supporting the next generation & asking

Trust in science. peveloping for their ideas.
events to address trust in science and Certified data rEPOSitOﬁES.

thwart mis/disinformation Encouraging certified data repositories.

FEARESHE




Al Ready Repositories

Common data elements
Provenance management
Machine readable

THE UNIVERS\TY O¥
Image: Microsoft 365 free library TENNESSEE .
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Affiliated body of the
International Science Council.

Mission: to enhance the capabilities,
\ WORLD impact, and sustainability of our member

DATA SYSTEM data repositories and data services

IPO hosted at UT and UT-ORII

. U.S. DEPARTMENT OF Office of

@ ENERGY Science

Digital Research Alliance de recherche
\ Alliance of Canada ' numérique du Canada

ITO hosted by Ocean Network Canada, University of
Victoria

FEARESHE




WDS Mission-Driven to:

Lo

&&4
Create Strengthen Advocate
Communities of trusted The scientific enterprise For repositories that make
scientific data repositories. throughout the entire lifecycle trusted data accessible to
of data by holding first-class support transparent and
data in trusted repositories reproducible science.
that support first-class research
output.
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Fulfilling the Promise

Strategic Objective 1.

Advanced Computing Ecosystem as a
Strategic
National Asset

Strategic Objective 2.

Robust, Sustainable Software and Data
Ecosystem

Strategic Objective 3.

Foundational, Applied, and
Translational R&D

Strategic Objective 4.

Fostering a Diverse, Capable, and
Flexible Workforce

FUTURE ADVANCED COMPUTING
ECOSYSTEM STRATEGIC PLAN
FY2022 IMPLEMENTATION ROADMAP

A report by the
Subcommittee on Future Advanced Computing Ecosystem
Committee on Technology

and the
High End Computing Interagency Working Group

Networking & Information Technology Subcommittee
Committee on Science & Technology Enterprise
of the
National Science and Technology Council

May 2022
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The Perils of Al




Risks &
Dangers

High Data &
Compute Cost

Environmental
Harm from
Compute

Misuse/
Disinformation

Lack of Social
Equity
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Scientific Credibility

IS THERE A REPRODUCIBILITY CRISIS?

3% 52%
Don’t know Yes, a significant crisis

7% !
No, there is no
crisis —

1,576

researchers
surveyed

38%
Yes, a slight
crisis

eonamre

https://www.nature.com/articles/533452a
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Public confidence in scientists and medical scientists
has declined over the last year

% of U.S. adults who have of confidence in the following groups to act in
the best interests of the public

® Agreatdeal @ A fairamount Not too much/No confidence at all
Medical scientists Scientists The military
87 89 86 87
84 C o 85 78 76 79 83 84 - 79 80‘ 83 82 83 83 -

43 39|39] 39 41 5138|39

N I cii I g &
' ' 11 12 | '
15 SN 03 21 1|7 e 20 19 17 18 16 in
Jun Apr Dec Jun Dec Apr Dec 16 ’18 ‘ 20 ‘
16 '20 21 16 18 20 24, '18 '19 '20

Jan Nov Feb Jan Nov

'19 '20 '18 '19 '20

Pew Research Center conducted 30
Nov-12 Dec 2021

THE UNIVERS\TY O¥

TENNESSEE

KNOXVILLE




% of U.S. adults who say ...

Government . Itis __forthe U.S.
investments in to be a world leader
scientific ' in scientific
research are.... achievements
Very
important
Worthwhile
81% investments
for society
over time
Somewhat
important
8
18%

When it comes to
scientific
achievements,
compared with other
countries, the U.S. is....

_ﬂ Gaining ground

Staying about

4l the same

38

The public values
investing in
science.

Al is the next-gen
for science.

Note: Respondents who did not give an answer are not shown.

Source: Survey conducted Sept. 13-18, 2022.

“Americans Value U.S. Role as Scientific Leader, but 38% Say Country Is Losing Ground
Globally

PEW RESEARCH CENTER




Strong Repositories support Credibility

* Rich Data Documentation
» Long-term Data Storage
» Responsible Data Sharing

* Focus on FAIR
* Information Literacy

FERESE I



Info Pros & Trusted Al




Al ready Info Ecosystem...

Values all data and believes it is an important asset no matter how it is held.

Believes missing data can reduce the effectiveness and potentially creates
bias and inequity of Al outcomes.

|dentifies the need for developing and sustaining mature data repositories
that can transition data into holdings that make it accessible for Al processes.

Acknowledges that managing data is important for interoperability — a key for
high-quality Al activities.

FEARESHE




Fostering strong Al
*avoiding Garbage In/Garbage Out

Data is robust (valid & scientifically
sound)

Data is persistent

Data is secure (can’t be corrupted /
hacked)

Connections are secure for data
pulls and data contributions

Workflows are created to foster
reproducibility

Image: Microsoft 365 free library
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TRUSTed Repositories

How we hold data assets matters:

TRUST - international movement to
improve data repositories

 Transparency
* Responsibility
« User focus

« Sustainability
 Technology

THE UNIVERS\TY O¥
Image: Microsoft 365 free library TENNESSEE .
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Keys to Move towards Trusted Al

« Treat data as a valuable asset beyond the life of a specific project.
« As with any asset — data should be intentionally managed

* Include data specialists as partners throughout the Al design
process

« Support international organizations for data management and
sustainability

FEARESHE




Suzie Allard, Ph.D.
sallard@utk.edu
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Image credits for
Stages of Al Development

Chessboard
ILA-boy, CC BY-SA 3.0 <http://creativecommons.org/licenses/by-sa/3.0/>, via Wikimedia Commons
https://commons.wikimedia.org/wiki/File:AAA_SVG_Chessboard _and_chess pieces 06.svg

Open Al
OpenAl, Public domain, via Wikimedia Commons
https://commons.wikimedia.org/wiki/File:ChatGPT _logo.svg

Mind
Rflor, CC BY 4.0 <https://creativecommons.org/licenses/by/4.0>, via Wikimedia Commons
https://commons.wikimedia.org/wiki/File:Noun_mind_366997.svg

Cyborg
Rhetos, CCO, via Wikimedia Commons. Robot
https://commons.wikimedia.org/wiki/File:Cyborg_(Computerphantasie).jpg
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Image credits for
Improved Outcomes through Al

Star of Life2
Verdy p, Public domain, via Wikimedia Commons
https://commons.wikimedia.org/wiki/File:Star_of_life2.svg

Environment
Free for use
https://pixabay.com/photos/environmental-protection-environment-683437/

Education & Industry
Microsoft 365 free library
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