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Al's Coming of Age

Netfix Recommenders Teala AutoPilot RoboCup Soccer
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Al Transforming Science:
Data and Knowledge Threads

1.

A Tradition of Al and Scientific Discovery:
Data and Knowledge Threads

® [Simon 1955]

® [Lenat 1976)

m [Lindsay, Buchanan,
Feigenbaum & Lederberg 1980]

m [Langley & Simon 1981)

m [Simon et al 1983]

m [Falkenhainer 1985]

m [Langley et al 1987] 4 J

m [Kulkarni and Simon 1988] 3

m [Cheeseman et al 1989]

87

o -
m [Zytkow et al 1990] f 1
m [Valdes-Perez 1997) ¢ ¢
m [Todorovski et al 2000] '

Knowledge technologies are increasingly important
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Thirst for Knowledge Technologies is Growing:
1) Industry-Scale Knowledge Bases

m Google’s Knowledge Graph (1B) [Noy et al 2019]
m Microsoft’s Satori (2B)

® Amazon’s Product Graph (100M) ),

m Facebook’s Social Graph (50M) wetawes

= eBay (100M) —ran

= IBM (100M) ~ Freebase
= Many others yaGo*

« Thompson Reuters

o |II II|I||

WIKIDATA

Thirst for Knowledge Technologies is Growing:
2) Natural Language

m Extracting common sense

knowledge from text Aricles Superliowi S0
“Pey e
* [Forbes and Choi ACL2017] || Iirerie st vy s seoms o e Soer
Mo ln o wlne W garse rb
« [Rashkin et al 2016] 4 Swper Bowd o age I9 e st ...,'.'.'2:.'1‘.'.}

ey John Ldwy, wits led e Broncon 1o viekery in Saper
Bvad XXXIH ot g I8 snd in omrrently Dewver’s Evevw
Wew Vice Prosidens of Foosboll Operptions wnd General

m Adversarial examples Mg Quivtechint 2o Dotes i Jorvey semsher 37
+ Diaand Liang EMNLP 2017] || Quetien: “Wher & the same of the guarieriuck o

Original Prediction: ©- | o)
'ﬂ_*ml lef? v

Figure 11 An example from the SQuUAD dataset.
The BiDAF Essemble model originally gets the
mwuwtmi hnhfwledbythe-ddtuondn

rial & ng (in blue).

Thirst for Knowledge Technologies is Growing:
3) Computer Vision
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Challenges on Content and Updating
-- Jamie Taylor, Google Knowledge Graph Group, ISWC'17
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In this project, we attempt to study how many articlos are noeded to cover the sum of all
human knowledge. As of 20 October 2019, English Wikipedia has 5,958 910 articles and
Wikidata includes 64,116,.277% itema. This page, still in expansion, estimates that the total
notable articles figure is over 104,701,020

At current creation rate, 8,000 new items per day, Wikidata singularity will occur in the 20405
[...] 1t will be the first time in history that all human knowledge Is stored in a machine-
readable format and ready to be consumed, understood and used by computers or any device.

(" was 27,721,774 as of July XN7)

1. Knowledge technologies are increasingly important

2. Al offers systematic, correct, unbiased
approaches and rigorous reporting
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The Need for Knowledge Technologies in
Scientific Discovery [Gil DSJ 2017]

Human limitations curb scientific progress:

= Not systematic: o= A
= c.g., [Peters et al PLOS 2014) L o S

m Errors: ’: R P |
N T L )
® c.g., [Herndon et al CJE 2013) Tl

= Biases: i

® c.g., [Anderson et al ACS 2014)

m Poor reporting:
m e.g., [Garijo et al PLOS 2013)

Artificial Intelligence offers systematic, correct, unbiased
approaches and rigorous reporting

Automated vs Manual Hypothesis Testing

With Parag Matich, Ravall Adwswwilti, Hunter Boyee (Stanfordl; Arunions Srivastavs (OSU);
Dawicl Garifo, Varun Ratwakar, Rajio Mayani (USCAS; Thomas Yu (Sage Bionetworks)

(G ot 2) ACS 2006; Gil #t al AAALZNT; Garljo ot 2] 2017; Selvastava ot al PSE 2009 Mallick et al 2000)

A5% of protein identifications are

0 [)ng Avtssmnated Discovery of Sclentifiv Knowledge
. through Hypothesbs-Driven Data Analysis not robust to changing just one
analysis step, eg scarch engine

MO U
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Analyzing the Scientific Discovery Process

™

STRUCTURE e " wl ‘ ] .( ' ¢ |.-'
or of or <
SCIENTIFIC =

REVOLUTIONS

Computation,
ALISAON,
Discove ry

(9

1 Knowledge technologies are increasingly important

2 Al offers systematic, correct, unbiased

approaches and rigorous reporting

3. Al will excel at assembling fragmented knowledge
about complex systems and pursue interdisciplinary
frontiers | =
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Tackling Complex Phenomena

community

large number of
as author

co-authors

single-authorship co-authorship

Scientific Data Analysis: The Case of Proteomics

ePZHEmZ=RmUXm
wzOo=+=%0

C>ZO=H>-HCWZON
hWZO=="%0

Mallick, I & Kuster, B. Proteomics: & pragmatic perspective. Nat Biotechnol 38, 695709 (2010)
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The Need to Capture Data Analytics Expertise
Science, Dec 2011

YES

4% Y ES, thoegh
collaborators

Artificial Intelligence systems should be partners that excel at
assembling fragmented knowledge about complex systems
and pursue interdisciplinary frontiers

¥ MINT: Model INTegration

Coliaboration swith Damiel Gango, Debwrak Khider. Cratg Kmobloch, Lave Docdman, Bafact forvevs (SCAN), Vipin
Kuwmar (LIME Sewtt Pockhase ACLL Choie Dty & Asen Kowawiaw (PSUL Kelly Cobowrn (VT), Susenne Miowce (IT)
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2. Al offers systematic, correct, unbiased

'+’ Capturing Modeling Knowledge to Accelerate

Model Integration

Model ‘:“‘ = 1

choices -

Knowledge technologies are increasingly important

approaches and rigorous reporting

Al will excel at assembling fragmented knowledge
about complex systems and pursue interdisciplinary

frontiers %L
B ._"m

[
Thoughtful Al will exploit knowledge

technologies for effective human-Al
partnerships
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The Importance of Process

Freestyle Chess Champion Anson Williams

“The winner was revealed to be not a
grandmaster with a state-of-the-art PC
but a pair of amateur American chess
players using three computers at the
same time. Their skill at manipulating
and “coaching” their computers to look
very deeply into positions effectively
counteracted the superior chess
understanding of their grandmaster
opponents and the greater
((‘ll\"uhl'l(’“-\l puwrr of other
participants. Weak human + machine +
better process was superior to a strong
computer alone and, more remarkably,
superior to a strong human + machine +
inferior process.”

- Gary Kasparov, 2010

Thoughtful Artificial Intelligence [Gil DSJ'17)

1. Rationality principle: knowledge to behavior

2 Context principle: purpose and significance

3. Initiative principle: self-driven learning

1. Network principle: seek more resources

5. Articulation principle: respond + ask

6. Ethical principle: uncertainty + unknowns
Systems principle: compositionality
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Thoughtful Al:
1) Rationality Principle

‘m From knowledge to behavior

Ontologlu & Data Models Causal Graphs Variable Characterizations
M?t‘ﬁs" e -
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Thoughtful Al:
2) Context Principle

'I Capture the purpose and significance of tasks l

N e s i< Y 55 S [
==

I8 et al IEMSa 2018]
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Thoughtful Al:
3) Initiative Principle

m Self-driven learning
+ From the scientific record
« Through independent inquiry

o DISK hypothesis  Proten PRKCDER s exprossod

|Gl et al AAAL201T)
" sampies of pationt P36

4
B - —

data revision i [
{ PIRCOOF muteson '
Swraeeetu—r € nopresmsedn P3| | 0

Thoughtful Al:
4) Network Principle

E- Seek resources from a knowledge web of the scientific i
. record J

[GAl vt al ISWC 2017; Garljo et al FGCS 2017, Gill et al eScience 2015 Gil et al IEEE 1S 2011)
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Thoughtful Al:
5) Articulation Principle

'm Communicating findings to different audiences
'm Respond, but also ask and discuss!

(Gl and Garijo IUT 2007)
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Thoughtful Al:
6) Ethical Principle

m Behavior that conveys awareness of scope and limitations

e

& DISK ::::‘. Ty

Thoughtful Al:
7) Systems Principle

'm Compositionality, abstraction, connectivity
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Thoughtful Artificial Intelligence [Gil DSJ'17)

Rationality principle: knowledge to behavior
Context principle: purpose and significance

3. Initiative principle: self-driven learning

1. Network principle: seek more resources
Articulation principle: respond + ask

6. Ethical principle: uncertainty + unknowns
Systems principle: compositionality

Thoughtful Artificial Intelligence:

Forging a New Partnership for Data Sclence and Sclentific Discovery

1. Knowledge technologies are increasingly important

2 Al offers systematic, correct, unbiased

approaches and rigorous reporting

3. Al will excel at assembling fragmented knowledge
about complex systems and pursue interdisciplinary

frontiers =2

4. Thoughtful Al will exploit knowledge

technologies for effective human-Al

partnerships
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