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Al's Coming of Age

IBM Watson Google Knowledge Graph Apple Siri
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What can | help
you with?

Thomas Jefferson

Thomas Jefferson was an American Founding Father, the principal
author of the Declaration of Independence, and the third President of the
United States. Wikipedia

Born: April 13, 1743, Shadwell, VA

Died: July 4, 1826, Charlottesville, VA

Presidential term: March 4, 1801 - March 4, 1809

Spouse: Martha Jefferson (m. 1772-1782)
Party: Democratic-Republican Party
Awards: AIA Gold Medal

Get updates about Thomas Jefferson Keep me updated

People also search for
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e
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Hamilton
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DISK: Automated DIscovery of Scientific
Knowledge

Work with P. Mallick, R. Adusumilli, H Boyce (Stanford U.)

® Long-Term Goal: Human directs automated intelligent
system to explore hypotheses of interest

- Hypothesis-driven data analysis and discovery
- Systematic and reproducible analyses
- Report of findings with explanations (“Friday” meeting)

®m Approach: Intelligent system that captures common data
analysis strategies used by scientists in a domain

- Build on WINGS intelligent workflow system that can adapt data
analysis given the constraints of algorithmic steps

®disk
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Scientific Data Analysis Today:
Inefficient, Incomplete, Irreproducible, One-Shot

{ Hypothesis

/

Meta-analysis
of results

/

(select method) (methods)

Formulate | Run
line of inquiry workflows
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| Hypothesis

New data

Formulate
line of inquiry
(select method)

Capturing Data Analysis Strategies

of results

wems through Lines of Inquiry

Run [ New Hypothesis 1

workflows

~ (methods)

" Lines of Inquiry

Specify relevant analytic methods
(workflows), type of data needed,
and how to combine results

DATA
CATALOG

Data

®dis

k

Workflow
\ Library /

/ ’
QUer to \
Retrieve

(] Meta-Workflows\\

Confidence
Estimation

\/ Analytic \\\ / [ ]
Workfl Benchmarking
orkflows ) /L /
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Knowledge about Multi-Omics Data Analysis
Captured in Workflows
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Knowledge about Evidence Aggregation
Captured in Meta-Workflows

[
comparison
LI L

L |
\u

v
[l

/ compositingResults |

LI

h ypothesis
conﬂdenceResu Its
Peptide Peptide Prophet Protein
me RESALEPGPVPEAPAGGPVHAVTVVTLLEKL 09958 NP_659477_rs2682123:R8Ps1051992:L158P
09797 NP_659424_W¢
NP_002446_677:AGG

hypotheS|sReV|S|on

. |
@dlsk

\% l ' : Workflow 0| 1.00 0.96 0.72

m After running the workflows,
meta-workflows analyze
their results and generate a
combined confidence value

Workflow 0 | Workflow 1 | Workflow 2

Workflow 1| 0.96 1.00 0.84

Workflow 2| 0.72 0.84 1.00

9401 MAEYLASIFGTE!

KISNPWQSPSGTLPALRT 09975
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Sean Peptide Peptde Prophet Proten Confidence




Knowledge about Data Analytic Strategies
Captured in Lines of Inquiry

hypothesis

Protein PRKCDBP is expressed
in samples of patient P36

@ Lines of Inquiry

Name

Protein association with patient

Description

This line of inquiry is used for protein->patient association

Query (Ctrl-Space for suggestions) ___/

1 ?x :expressedIn ?sample
3 ?sample :collectedFrom ?p
4 ?p a :Patient
5 ?sample a :Sample
5 ?el :experimentedOn ?sample
?e2 :experimentedOn ?sample
8 FILTER(?el != ?e2)
5 ?el :produceData ?d1
10 ?e2 :producedData ?d2
11 2d1 a :MassSpecData

12 ?2d2 a :RNASeq
Workflows to Run +
proteogenomic_analysisBasic

- __/

]
"% Variable Bindings: InputFASTQ = 2d2, input-file = ?d1

/

. proteomics_analysis

=l
Variable Bindings: input-file = 7d1

Meta-Workflows to Run +

—

BS Protein_Diff_WF

data

revision

lnature.__._._

Proteogenomic characterization of
human colon and rectal cancer

IR T

Bing Zhang, Ji
C. Chambers,
Davies, Sean » | Rivers,
Henry Rodrigu Carr,
David L. Tabb, bler & the
NCI CPTAC

: , Matthew

PRKCDBP mutation
is expressed in P36

/

workflows

meta-
workflow
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Representing Hypothesis Evolution as New
Data is Available and Analyzed

----------------------------------------------------------------------- QUERY
H1 N | Genomic Line of Inquiry | >
Protein has | (LOI1) ' Genomic datfa
PRKCDBP Hypothesis - - - - - \ \ becomes available

RNASEQ
data

e

________________________

revisionOf Proteomic data
becomes available

Proteomic

data

confidence
Value
@

e




Addressing Problems with Current Cl | S I(

Science Data Analysis Practice

m Integrative studies of multi-source data are rare

- Requires collaborations to cover all the specialized
expertise needed, so they take years

“Automated Hypothesis Testing with Large Scientific Data Repositories.”

Y. Gil, D. Garijo, V. Ratnakar, R. Mayani, R. Adusumilli, H. Boyce, and P. Mallick.
Proceedings of the 4" Annual Conference on Advances in Cognitive Systems (ACS), 2016.

® Data resources are constantly growing

- Scientists rarely re-evaluate evidence for hypotheses
as new data becomes available

“Towards Continuous Scientific Data Analysis and Hypothesis Evolution.”
Y. Gil, D. Garijo, V. Ratnakar, R. Mayani, R. Adusumilli, H. Boyce, A. Srivastava
and P. Mallick. To appear in the Proceedings of the 31* Annual Conference of the
Association for the Advancement of Artificial Intelligence (AAAI), 2017.




Representation Challenges in Hypothesis-Driven
Discovery from Scientific Data Repositories

B A domain-independent framework that works across
scientific disciplines

B Hypothesis representation and evolution

B Meta-reasoning strategies to select and prioritize
analyses

Aggregation of evidence from multiple types of
data/observations

Generation of explanations from provenance records
Learning to improve from user feedback

Identifying “interestingness” in results

Designing new data analysis methods

Incorporating science knowledge and theories to guide
hypothesis formation ®
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m Artificial intelligence and scientific discovery
- The knowledge systems tradition

® Our recent work on capturing knowledge about
data analysis strategies

- Hypothesis-driven data analysis

» Representing and capturing data analysis
knowledge

- About data, software, methods, meta-analysis

® Summary of Al challenges
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Representing and Capturing Scientific Knowledge

Data Software Workflows

% o

Meta-Workflows

Provenance

W3CPROV
027\ Workflow repository
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Knowledge about Data: Linked Earth Ears?

Work with Julien-Emile Geay of USC and Nick McKay of NAU

| Pamyra Aten ot Palmyra coral 20C
WIKIDATA .
Structured Properties
L. Data
ook main type (GND) geographical feature [edit]
e * DOWNLOAD
Random tom is in the administrative unit United States Minor Outlying [edit]
e Islands From: http://www.ncdc.noaa.gov/paleo/metadata/noaa-coral-1865.html
Porites red Properties
f
&) - \
i :f i Palmyra (By Julien)
Structured Properties Web of Data XK (]  SiteName y
[x]  Archive Coral By Julien
addfact ) (aad source)
(X Property:Name Topic:Finger Coral R Sppcca el (x] Domain(s) Climate,geochemistry By Julien
o (x)htpdbpedia orglesourcelPorites e Ny [x]  Forward model 10.1029/2011GL048224 By Julien
® [add source) .
casss  Col X  Genus Porites By Julien
ki i +3 i iinadi . familia Poritidae
Wikipedia Entry ) go to original Wikipedia article - o (X Interpretation SST.SSS (By Nick
Porites is a genus of B — s | 5 R R
stony coral; they are SPS L <o cortes 4 o B
ooy - | AI opportunities:
(Small Polyp Stony) e FigerCor {{I "ffl‘;’k- [Is a--data;etll_ MeasurementMaterial
corals. They are ] : ?Domain=geochemis °
characterised by a o e | ?Archive 2 MeasurementStandard = COllectlon
finger-ike morpholog order Scleractinia | ?MeasurementMaterial . .
inger-li y. > .
' ordo Scieractinia | ?MeasurementStandard MeasurementUnits -
Membe.rs of this genus sy v ‘ | ?2MeasurementUnits}} normallzatlon
have widely spaced T rx] Reference . .
|/ — - organization
: X pecies
Geochemistry datasets /
Credits
Archive v |Interpretation 4 MeasurementMaterial 4 MeasurementStandard 4 MeasurementUnits 4
Lake Bosumtwi LakeSediments|Lake Level Authigenic Calcite VPDB Permil Users who have contributed to this Page:
Quelccaya IceCore lce VSMOW Permil e Julien (43 Edits)
Palmyra coral 20C Coral SST,SS8 Skeletal aragonite VPDB Permil ) )
e e * Nick (34 Edits) i




Linked Data and Entities:
Semantic Web Objects as RDF + URlIs

Isotg
RDF

Palmyra Oxygen -16
Atoll A

) 2o

@

Palmyra Coral
20C

\

LiPD
Sediment
Core
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Knowledge about Software:

OntoSoft

[Shoft £ Software

& Community

Compare Software

DrEICH algorithm, PIHM, PIHMgis, TauDEM, WBMsed

PIHM

\dentify

0 Reseat®

PIHMgis
\dentify

@
,'v g
=
<, <
% !

(4
© Reseat®

= Training

Work with C. Duffy (PSU), C. Mattmann (JPL),

DrEICH

\dentify

What are domain specific keywords for this software ? (eg: hydrology, climate)

Geomorphology, Hydrologi-

cal, Bedrock channel ero-

Basins, Continental

What Operating Systems can the software run on ?

Unix
Linux

Unix
Windows
Linux
Mac 0S

Is there any test data available for the software ?

Test Data Location:
http://onlinelibrary.wiley.-
com/doi/10.1002/2013W
RO15167/full

Test Data Description:
Two test DEMs are in-
cluded in the repository,

Test Data Location:
http://source-
forge.net/projects/pih-
mmodel/

Test Data Description:
Upper Juniata River 875
kmA2: see: http://source-

Basins, GIS

Unix
Windows
Linux
Mac 0S

TauDEM

\dentify

Hydrologivally corrected
DEM, Watershed

Unix
Windows
Linux
Mac 0S

Test Data Location:
http://csdms.colorado.e-
du/wiki/Model:Tau-
DEM#Testing

Test Data Description:
The Logan River DEM is a
small test dataset useful

S. Peckham (CU), and E. Robinson (ESIP)

WBMsed

\dentify

2 o

Al opportunities:

- functional descriptions
- organization

- linking to data

Test Data Location:

http://csdms.colorado.e-

du/wiki/Mod-

el:WBMsed#Testing

Test Data Description:

Extensive input dataset is o3
available on the CSDMS



Knowledge About Analytic Methods:
WINGS

Knowledge about data and analytics:
“This TDT method works for
familial genomic datasets

with more than 50 families”

\ e
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Boteb | \mwy' || =
bchdnao ::m e m@f’m b -t M E L L LT L
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| o o o o o o o - abstraction
B - mining
o = oo ab @b o oo "
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Knowledge About Provenance:
W3C PROV

Workflow reposit
SensorData- m OrXTOW repostiory

TimePerio

Al opportunities:
| - explanation

FilterTimestampsAndData

Fitareioee - reuse
CalculateHorlyAvemges II - up dating

O
O
| CreateParametersFile |[|

?ﬂetersﬁle >

?arametersFlle ’

{ReaeratioEmpin‘cal} II {ReaeratioEmpirical} ||

ReaerationParams __} ReaerationParams

P
MetabolismCalcEmpirical

Metabolism-

=
MetabolismCalcEmpirical ||]

Metabolism-

o TimePeriod g

CreatePlots CreatePIots

S e e aEs & b b o




Knowledge about Meta-Processes:
Organic Data Science

) ) Your Overdue Tasks
Page Discussion r Q

J Write about the evaluation

a 03y ago

2 P Work with P. Hanson (U Wisc) and C. Duffy (PSU)

- ) Write paper about the initial framework design
, \: | -2t Draft paper about the initial framework design 6/ ©
rganic Data Science @

o Develop paper outline _
All Tasks My Tasks €) ‘& Draft initial versions .
t " v of key sections - 26%
m r end
computer scie Q Assemble first full A
Ao draft of the paper 0%
Collect final evaluation
Framework Design data 0%
Sl ' Disseminate results from the Organi chmaIu:e viriting

i e paper

J ..... , Write paper about the initial fra ) Write paper about the initial framework design

| (2a) - 2% Draft paper about the

TypeM medium - ‘ Develop paper outline
. Design user evaluation of i
‘ e ® Draft initial versions of key sections
i Assemble first full draft of the paper
S StartdateM  22nd Aug 2014 i
..... o Draft paper about the initiz Collect final evaluation data
i cut Target dateM 13th Oct 2014 e Review first full draft of the paper
{b Owner™ John Smith ------ Finalize writing the paper
£} Participants  James Williams, Steven Johnson | |

ABB Rename

& Delcte Expertise  computer science collaboration Al o PP ortunities:

e o - collaboration

The plan is to write a paper with some initial results of our work. If you waf

@;ask and make sure you contribute to it with text or feedback on whatoff = group formatlon

roperties - Community

SMw _
Semantic MediaWiki [x]  Submittedto 1UI-2015 he alth )




Capture and Interlink Scientific Knowledge

Estimate

Isotopes e
E‘;‘ Age of BisK
\ RDF water
Genomics
Palmyra Oxygen -16 / 2 of crops
Atoll N =

Vegetation

\é:"ﬂv Estimates
& @into \W3C®PROV

Palmyra Coral

20C /
GeolLink \

Ph ° l Li P D e ‘? t?‘ /i ; CONMU‘N”VS.URFAGE DYNAMICS MODELING SYS‘IS/
sica \ .
Y Sediment Navier-Stokes

Core
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Linked Data and Linked Knowledge

ol Lstimate
‘II ‘I I e Dy Age of DISK
\ &YW Water
WIKIDATA )
Springflow
bl e x> levels
Atoll A

Vegetation

%:kr:‘v Estimates
\ ~PROV

q n:@ /
@Qﬂ Al opportunities:

Palmyra Coral Neotoma - interlinking
20C - analysis
\ / - recommenders
GeolLink el X =
Phvsical LiPD o s v s
ysica \ Sediment Navier-Stokes
sample Core
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/

Scientific Paper of the Future

r

Modern Paper

\

Text:

Narrative of the method,
some data is in tables,
figures/plots, and the

software used is mentioned

Data:

Include data as
supplementary materials
and pointers to
data repositories

o

D/

R

eproducible Publicatio

n)

Software:
For data preparation, data
analysis, and visualization

Provenance and methods:
Workflow/scripts specifying
dataflow, codes,
configuration files,
parameter settings, and
runtime dependencies

\\

[

Open Science

Sharing:
Deposit data and software
(and provenance/workflow)
in publicly shared repositories

Open licenses:
Open source licenses for
data and software
(and provenance/workflow)

Metadata:
Structured descriptions of the
characteristics of data and software
(and provenance/workflow)

(.

(

Digital Scholarship

Persistent identifiers:
For data, software, and authors
(and provenance/workflow)

Citations:
Citations for data and software
(and provenance/workflow)

29



Outline

m Artificial intelligence and scientific discovery
- The knowledge systems tradition

® Our recent work on capturing knowledge about
data analysis strategies

- Hypothesis-driven data analysis

B Representing and capturing data analysis
knowledge

- About data, software, methods, meta-analysis

@ Summary of Al challenges
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Artificial Intelligence and Scientific Discovery:
Challenges for Knowledge Systems

Knowledge Representation Challenges

Metadata: Software: Methods:

- collection - functional - abstraction
- normalization || descrs. - mining

- organization - organization - composition

Provenance:
- explanation
- reuse

- updating

Meta-analysis:
- collaboration
- group formation

- community health

- linking to data

Problem Solving Challenges

Hypothesis-driven discovery:

- A domain-independent framework across scientific disciplines

- Hypothesis representation and evolution
- Capturing analytic knowledge

- Meta-reasoning strategies to select and prioritize analyses
- Aggregation of evidence from multiple types of data/observations

- Generation of explanations from provenance records

- Learning to improve from user feedback
- Identifying “interestingness” in results
- Designing new data analysis methods

- Incorporating science models to guide hypothesis formation

31




