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Data-Intensive Computing in Science
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Artificial Intelligence and Scientific Discovery

Pittsburg Post Gazette Archives
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Computational Scientific Discovery

B [Lenat 1976]

B [Lindsay, Buchanan,
Feigenbaum & Lederberg 1980]

Langley & Simon 1981 ]
Simon et al 1983]
Falkenhainer 1985]
Langley et al 1987]
'Kulkarni and Simon 1988]
Cheeseman et al 1989]
Zytkow et al 1990]
'Valdes-Perez 1997]

B [Todorovski et al 2000]
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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: Apiil 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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Adams asl ington Fr'lrklm Madison Hamilton
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Before There Was the Knowledge Graph...

Google Knowledge Graph

(2012)

"% More images

Thomas Jefferson

3rd U.S. President

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

John George Benjamin James Alexander
Adams .\aslvmgton Franklin Madison Hamilton

Linked Data

(2007)

~ Freebase
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ONTOLOGIES

@
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0OS OpenData™ |._

T
Ia

Ordnance Survey Linked

Data
36,773,687 triples

GeoNames
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Giving Meaning to Hyperlinks on the Web

Alice Leonardo Da Vinci

%
.

Semantic

Person 14 July 1990 ‘ _ Web
La Joconde a Washington

is interested in

The Mona Lisa

Z

http:/ /www.w3.org/TR/2014/NOTE-rdf11-primer-20140624/
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The Semantic Web

https:/www.wikidata.org/wiki/

[ http://example.org/bob } Special:EntityData/Q12418

Leonardo Da Vinci

Alice http://dbpedia.org/resource/
http://example.org/alice$me Lecnarde_da_Vinci

foaf:topic_interest

>

dcterms:title

» “Mona Lisa”

The Mona Lisa
http:/fwww.wikidata.org/entity/Q12418

La Joconde a Washington

hitp://data.europeana.eu/itermy/04802/243FA
8618938F4117025F17A8B813C5F9AA4DE19

— Person "1990-07-04"""xsd:date
U foaf:Person //



Data and Ontologies on the Semantic Web

<Bob> <is a> <person>.

<Bob> <is a friend of> <Alice>.

<Bob> <is born on> <the 4th of July 1990>.

<Bob> <is interested in> <the Mona Lisa>.

<the Mona Lisa> <was created by> <Leonardo da Vinci>.

<the video 'La Joconde a Washington'> <is about> <the Mona Lisa>.

<Person> <type> <Class>

<is a friend of> <type> <Property>

<is a friend of> <domain> <Person>

<is a friend of> <range> <Person>

<is a good friend of> <subPropertyOf> <is a friend of>

USC Information Sciences Institute Yolanda Gil gil@isi.edu
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Interlinked Data and Ontologies in the
Semantic Web
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"Linking Open Data cloud diagram 2014, by Max Schmachtenberg, Christian Bizer, Anja Jentzsch and Richard Cyganiak. http:/ /lod-cloud.net/"
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Interlinked Data and Ontologies on the Web
-

~ Freebase
Datasets 294 3426

WIKIDATA Triples 2B 31B  85B

Cross-refs 2M 500M
B E Ordnance Survey Linked
0S OpenData‘V Data
O NTO LO G I ES 36,773,687 triples

74% of datasets in a weakly
= connected component

DL . GeoNames
FOAF: from 27% to 59%
DC: from 31% to 56%

r’
C
http:/ /lod-cloud.net

http:/ /stats.lod2.eu

PROTEIN DATA BANK

USC Information Sciences Institute Yolanda Gil gil@isi.edu 12



Interlinking Scientific Knowledge

Taxonomical
Networks
craml.n‘..‘( Adenine
Animals Fungi
Slima moulas | [ Chlamydiae
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Complexity of Scientific Endeavors
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Focus: Intelligent Systems for Data Analysis

What is the state of the art?
What is a good problem to work on?
What is a good experiment to design?
What data should be collected?
What is the best way to analyze the data?
What are the implications of the experiments?
What are appropriate revisions of current models?

What to focus on next?
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Capturing Scientific Knowledge

Data Software Provenance

%2:? n to W3C PROV

, WWorkﬂow repository
oft

a

Workflows

Meta-Workflows

DISK
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Knowledge about Data: Linked Earth Wiki

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

Sart?

(By Julien)
By Julien
By Julien
oy Ju

Bv Nic
By NI

| Pamyra Aton oot Palmyra coral 20C
WIKIDATA .
Structured Properties '
L. Data
Z‘:;‘::"nfw o main type (GND) geographical feature [edit]
e : * DOWNLOAD
Random tem is in the administrative unit United States Minor Outlying [edit] o
- Islands m From: http://www.ncdc.noaa.qov/paleo/metadata/noaa-coral-1865.html
Porites red Properties
@
@)
0 - i Palmyra
Structured Properties Web of Data E ; [x]  SiteName y
[x]  Archive Coral
addfact ) [add source]
: , Porites Syinaica <smek [x] Domain(s) Climate,geochemistry
[X]  Property:Name Topic:Finger Coral [hide)
o bt bpecda orglesoucaPories mo:ass _ dbpodia 6\ [x] Forward model 10.1028/2011GL048224
* [add source) a
classis Coral [x] Genus Porites
et i "““ 2t T ¢ familia Poritidae
W|k|ped|a Entry _) go to original Wikipedia article . o (x] Interpretation SST,88S
Porites is a genus of =
nu ’ Iy
stony coral; they are SPS Finger Coral f;g;m ;: "‘:: y Measurement AI o 0 .
(Smal Polyp Stony) e e [ [#asks [T asdataset]] e opportunities:
corals. They are | ?Domain=geochemisl2 ~ 11 R
order Funglina .
. | ?Archive MeasurementStandard | =
:::;arcltii:s;:g:{\;ogy order Scleractinia | ?MeasurementMaterial CO eCtlon
) " ' ordo Scleractnia | ?MeasurementStandard MeasurementUnits o °
Membe.rs of this genus o ncara | ?MeasurementUnits}} = normallzatlon
have widely spaced | | 1 [x] Reference . .
]  Spedes - organization
Geochemistry datasets / |
Credits
Archive v |Interpretation 4 MeasurementMaterial 4 MeasurementStandard 4 MeasurementUnits 4
Lake Bosumtwi LakeSediments| Lake Level Authigenic Calcite VPDB Permi Users who have contributed to this Page:
Quelccaya IceCore lce VSMOW Permil e Julien (43 Edits)
=| Palmyra coral 20C Coral SST,SS8S Skeletal aragonite VPDB Permil - ) )
i v onin nmpan Yol * Nick (34 Edits)




Linked Data and Linked Knowledge

‘II ‘I I Isotopes
WIKIDATA \

Quelccaya  Oxygen -16
Ice Cap A

) g

%

Quelccaya

20C

LiPD

Ice
Core
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Capturing Scientific Knowledge

Data Software Provenance

%2:? n to W3C PROV

, WWorkﬂow repository
oft

a

Workflows

Meta-Workflows

DISK
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o

Knowledge about Software:
OntoSoft

©
-

Work with C. Duffy of PSU, C. Mattmann of
JPL, S. Peckham of CU, and E. Robinson of ESIP

Locate
unique description

Trust

\dentify

cont"bUte quality and ratings
evolution |
| &
g < Relate
Track S ‘3; domain knowledge
versions r-% |

Discuss
support and community

USC Information Sciences Institute

Do Dnennfc\\

Experiment
run with other data

Compose
run with other software

Cite

Access
download

Install

execution requirements

Run
testing execution

scientific publications

gil@isi.edu 20



Knowledge About Software: ,:g
Physical Variables and Assumptions ~ (Sloft

|4 Software
@) Add v [5] Rename (& Delete
(] App
= (] SoftwareComponent
=) [_] DataProcessingComponent
= (L] ForceAnalysis
& mklcmat.m
= [_] ModelComponent
=) [_] ReaerationModels
=) ] ReaerationModels-Empirical
|5 BatchReaerationCM
-5 ReaerationCM
|- ReaerationODM
|- ReaerationOGM
=) (] ReaerationModels-Physics
|- ReaerationEDM
= (] VisualizationComponent
& Plotk2
-4 ploticprofiles.m
=[] SoftwarePackage
= [_] ModelPackage

L PIHM

|- TopoFlow
(] VisualizationPackage

AN RIG UL IIVMVEUIY A VEVIEU UL A IVD VLS LRy

Describe Software & PIHM

% Make suggestions &

4= gE I1/0 Assumptions Standard Names Summary Cor
%= Inputs | CF CSDMS

@) Add @ | Standard Names

[C] Identifier] () Add Standard Name @ Delete

(] ProjectNal 7] Object Quantity Operators
[C]  MeshFile § 7 air relative_humidity
[C] AtFile | [ air temperature

("] GeoFile | [7] air_water_vapor partial_pressure
"] RiFile | 7] atmosphere_water precipitation_rate
("] ForcFile | [7] atmosphere_water_vapor partial_pressure
7] 1berile | [ ground_water_table " depth

] Init 1 land_snow "melt_rate
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OntoSoft:
Comparing Software Implementations

: (;t £ Software

% Community

= Training

Compare Software

DrEICH algorithm, PIHM, PIHMgis, TauDEM, WBMsed

PITHM

PIHMgis

DrEICH

TauDEM

WBMsed

\dentify

@ %,
¥
S
£

s
S

A
<,
%o
I?
0 Reseat®

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

Geomorphology, Hydrologi-

cal, Bedrock channel ero-

\dentif,
4 4,

@
o

Z
2
“p, <
4
0 Reseat®

Basins, Continental

What Operating Systems can the software run on ?

Unix
Linux

Unix
Windows
Linux
Mac OS

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
km*2: see: http://source-

Q 0
5 %,
S ?,
S )

o
3
S

\dentify

<
&
£y
o
o
2,
2,

%

Basins, GIS

Unix
Windows
Linux
Mac OS

\dentif;
.,
(A

()
‘ }
»
=
o
5
<
<
<r
0 Reseat®

Hydrologivally corrected
DEM, Watershed

Unix
Windows
Linux
Mac OS

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

\dentify
%,

g (A
s
2 -

° /A X
=
ol
> 2
=
< S
’ o

0,
(4
0 Reseat®

Sediment flux, Global mod-
el, Hydrological model

Unix
Linux

Test Data Location:
http://csdms.colorado.e-
du/wiki/Mod-
el:WBMsed#Testing
Test Data Description:

Extensive input dataset is

available on the CSDMS isi.edu
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coupled using the semi-discrete finite volume method. PIHM is a physical model for surface and

OntoSoft: :-t@_
Publishing Software Metadata as RDF @@ﬁ

©@into

(Shoft

PIHM

[Christopher Duffy]

RDF/XML

Identify

Al opportunities:
Locate - unique description - functional desc.
- organization

- linking to data

What is the software called ?

o PIHM
What is a short description for this software ?

o PIHM is a multiprocess, multi-scale hydrologic model where the major hydrological processes are fully

@ |

US



Linked Data and Linked Knowledge

‘II ‘I I Isotopes
WIKIDATA \

Quelccaya  Oxygen -16
Ice Cap A

%:k,;," n:@
q @ft

Quelccaya Neotoma
i Navier-Stokes
Ice
Core
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Capturing Scientific Knowledge

Data Software Provenance

%2:? n to W3C PROV

, WWorkﬂow repository
oft

a

Workflows

Meta-Workflows

DISK

USC Information Sciences Institute Yolanda Gil gil@isi.edu 25



Knowledge about Data Analysis: =
WI N G S Work with V. Ratakar (UsC)

. DailySensorData
sormattedDats g N — isa Hydrolab_Sensor_Data
siteLong rdf:datatype="long”

Filtei‘ﬁmestla_lmpsAndData “
E’T'é] siteLatitude rdf:datatype="lat”

FitteredData 3 dateStart rdf:datatype="date”

—

& forSite rdf:datatype="site”

CalculateHourlyAverages “.
I‘E’fé] numberOfDayNights rdf:datatype="int”

avgDepth rdf:datatype="depth”
avgFlow rdf:datatype="flow”

HourlyData J

— dlow
I{Reaeratio':Empirical}m — 0 Connor-Dobbins

ReaerationParams __J
- ———

Churchill | [FApENE

SR :
Owens-Gibbs | et
=g LilT 1 A

| |
[ CreatePlots |

T P B b 3=

USC Information Sciences Institute Yolanda Gil gil@isi.edu 26



WINGS Dynamically Customizes the
Workflow Based on Daily Sensor Readings

Net Daily Metabolism Rate
(g O2/m*-day)

O’Connor-Dobbins

60

50

1 40

30

20

Churchill model Owens-Gibbs
model model
2.00 |
Flow
0.00 |
/
200 | N/
X400
E
T -6.00 > - ——
—&— Dynamically selected model
8.00 € O'Connor-Dobbins model
o A Churchill model Al opportunities:
-10.00 | .
| O O Owens-Gibbs model = generatlon
12,00 — . - ‘ - 11.11n1.ng
3/2/10 3/6/10 3/10/10 3/14/10 3/18/10 3/22/10 | = llnklng to data

Time




Describing Execution (Provenance)
vs General Method (Workflow)

CPROV
WWOrkﬂow repository
CiterTimestampsAndbatal) FiferTimests mpeAnate]]
Al opportunities:

- abstraction
- repurposing
- assembly

CalculateHourlyAverags
]

{ReaeratioEmpin'cal} II

£
MetabolismCalcEmpirical

Metabolism-

MetabolismCal(l:_émpirical ||l
Metabolism-

CreatePlots CreatePlots

@ e baPas & b & b =

UoL 1ryormanorn sSciericey rnsiiuLe YOlunuu uu suwist.eau



Linked Data and Linked Knowledge

|II ‘I I Isotopes
WIKIDATA \

Quelccaya  Oxygen -16

Ice Cap A
Vegetatlon
%:';o Estimates
q Qnto \WSC PROV
Sloft
Quelccaya Neotoma 0211/ MWorkflow repository
20C /
LiPD
Ice Nav1er-Stokes
Core
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Capturing Scientific Knowledge

Data Software Provenance

%2:? n to W3C PROV

, WWorkﬂow repository
oft

a

Workflows

Meta-Workflows

DISK
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Knowledge about Meta-Processes:

DISK

DISK

Work with P. Mallick (Stanford U) and S. Pierce (UT Austin)

up ?x% at ?L1

[Pumping rate J

Confidence Value = ?n /

Evidence ={ ....... }

"%

at ?L2 ?y%

ExpectedResponse S [Springﬂow J

Input: Simulation models for ?L1
with pumping rate parameter ?x

Workflows generate data for
springflow at ?L2 by y%

USC Information Sciences Institute

Yolanda Gil gil@isi.edu 31



DISK:

DISK
Hypotheses
Pumping rate up ExpectedResponse > {Springﬂow at J
10% at Kemp Cayuga 50% lower

33 groundwater
models for Texas

USC Information Sciences Institute Yolanda Gil gil@isi.edu 32



DISK:

DISK
Hypotheses
Confidence Value =0
Evidence = { }
Pumping rate up ExpectedResponse {Springﬂow at J
> 0
10% at Kemp Cayuga 50% lower

USC Information Sciences Institute Yolanda Gil gil@isi.edu 33



DISK:

DISK
Confidence Value = ?n /
Evidence =1 ....... }
Pumping rate ExpectedResponse Springflow
up ?x% at ?L1 at ?L2 ?y%
Input: Simulation models for ?L1
with pumping rate parameter ?x
Workflows generate data for
springflow at ?L2 by y%
USC Information Sciences Institute Yolanda Gil gil@isi.edu 34



DISK:
Lines of Inquiry

DISK

Meta-workflows
Confidence Value = ?n

Evidence ={ ....... }

%

Pumping rate ExpectedResponse S Springflow onfidence Cross-method
up ?x% at ?L1 at ?L2 ?y% IR assessment

Input: Simulation models for ?L1 Data growth Novel
with pumping rate parameter ?x assessment results

Workflows generate data for
springflow at ?L2 by y%

USC Information Sciences Institute Yolanda Gil gil@isi.edu 35



DISK:

DISK

Matching Hypotheses Against Lines of Inquiry

Hypotheses

Lines of Inquiry

Confidence Value =0

Evidence ={ }
Pumping rate up ExpectedResponse
10% at Kemp

Springflow at

Confidence Value = ?n
Evidence ={ ....... }

"

Cayuga 50% lower

Y @

Input: Simulation models for ?L1
with pumping rate parameter ?x

Workflows generate data for
springflow at ?L2 by y%

[ Pumping rate up }
10% at Kemp

Confidence Value =.7

Evidence = ||==| [==

}

ExpectedResponse [
>

Springflow at
Cayuga 80% lower

|

USC Information Sciences Institute

Yolanda Gil

gil@isi.edu
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DISK:

DISK

Matching Hypotheses Against Lines of Inquiry

Hypotheses

Lines of Inquiry

Pumping rate up
10% at Kemp

]

Confidence Value =0
Evidence ={}

vV

ExpectedResponse

Confidence Value = ?n /

Evidence ={ ....... }

N

Pumping rate
up ?x% at ?L1

Springflow at

ExpectedResponse N Springf low
at ?L2 ?y%

Cayuga 50% lower

Y @

Input: Simulation models for ?L1
with pumping rate parameter ?x

Workflows generate data for
springflow at ?L2 by y%

[ Pumping rate up }
10% at Kemp

Confidence Value =.7

Evidence = {|== = !

- representation
- interestingness
- evolution

Al opportunities:

ExpectedResponse [
>

Springflow at
Cayuga 80% lower

USC Information Sciences Institute

Yolanda Gil

gil@isi.edu
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SMW Add

Knowledge about Meta-Processes:
Organic Data Science

o Workwith P. Hanson (U Wisc) and C. Duffy (PSU)

ARG Your Overdue Tasks
A| Page ' Discussion r o [Sear Q
O J Write about the evaluation

‘\t}»<

a day ago

) Write paper about the initial framework design

Organic Data Science

quP, Draft paper about the initial framework design 6 ©

o Develop paper outline _
All Tasks My Tasks €) ‘- Draft initial versions .
t . v of key sections - 26%
Com?u erscen Q Assemble first full
P draft of the paper 0%
i Collect final evaluation
Framework Design data 0%
4. ’ Disseminate results from the Organi Finalize writing
i the paper o
‘ """ , Write paper about the initial frai ) Write paper about the initial framework design
A (2a) - 2% Draft paper about the
H TypeM medium . Develop paper outline
. Design user evaluation of e
- ----- ® Draft initial versions of key sections
: Assembie first full draft of the paper
> StartdateM  22nd Aug 2014 ; ' o
Y Draft paper about the initiz e Collect final evaluation data
h Cut Target dateM 13th Oct 2014 ------ Review first full draft of the paper
{b Owner™ John Smith ------ Finalize writing the paper
A3 Rename £} Participants James Williams, Steven Johnson | — a
[ ] [ ]
o 2 2 L[]
oo Eiperise  computerscience  colaboraton Al opportunities:
e o collaboration

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

@jsk and make sure you contribute to it with text or feedback on what off = group formation
roperties - community health

Semantic MediaWiki [x] Submittedto UI-2015



Linked Data and Linked Knowledge

Estimate

Isotopes Age of DISK

WIKIDATA ‘\

)' f Water
Quelccaya  Oxygen -16 / f’elz:lrégﬂow
Ice Cap A -

Vegetatlon

Estimates
% ‘ \WSC PROV

nto
@ ft 0218 Workflow repository

Quelccaya

20C /Neotoma
\ .5 yCSDMS
LiPD L5 i
Ice Navier-Stokes
Core
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Linked Data and Linked Knowledge

Estimate

Isotopes Age of DISK

WIKIDATA ‘\

Water
Quelccaya  Oxygen -16 / » fe}z:lr;gﬂow
Ice Cap A i

Vegetatlon

Estimates
%;% ‘ \WSC PROV

nto
@ ft 0218 Workflow repository

2Q011Celccaya Neotoma
. \ / ) ) EARTH SYSTEM BRIDGE
GeolLink 7 ']‘
Ph ° 1 \ LiPD £ "’f g A CONMUN\WS;RFACEDvmwcsmoosuwssv;w
S1Ca
. 1 Ice Navier-Stokes 7\
sampie Core
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Linked Data and Linked Knowledge

Estimate

Age of DISK

‘II ‘I I Isotopes
WIKIDATA \

Water
Springflow
?utgccaya Oxygen -16 / \ S / lelzfelsg
ce Cap

>

Vegetation

%:krt‘hv Estimates \
W3 PROV

q n:@ /
@@ﬂ Al opportunities:

Quelccaya Neotoma - interlinking
20C - analysis
_ \ / o - recommenders
GeolLink T 1"&? 7 T
::2’1;1;: T ggre Navier-Stokes -

USC Information Sciences Institute Yolanda Gil gil@isi.edu 41



Capturing Scientific Knowledge

Data Software Provenance

%2:? n to W3C PROV

, WWorkﬂow repository
oft

a

Workflows

Meta-Workflows

DISK
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Focus: Intelligent Science Assistants for
Data Analysis

What is the state of the art?
What is a good problem to work on?
What is a good experiment to design?
What data should be collected?
What is the best way to analyze the data?
What are the implications of the experiments?

What are appropriate revisions of current models?
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Al Technologies: Use in Science

Netfix Recommenders
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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: Apiil 13, 1743, Shadwell, VA
Died: July 4, 1826, Charlottesville, VA
Presidential term: March 4, 1801 - M:

Spouse: Martha Jefferson (m

Party: Democratic-Republican

Awards: AIA Gold Medal

Thomas Jefferson

Tesla AutoPilot

1772-1
Party

Get updates about Thomas Jefferson Keep

People also search for

2
7/

John
Adams

hings-you-need-to-know

e
/ashington

Benjamin James
Franklin Madison

oboCu

\ | ] P

Soccer
'

eeee0 vodafone UK 4G 08:58 7 © 73% >

What can | help
you with?

me updated

Alexander
Hamilton
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( s A Research Agenda for Intelligent Systems
: in Geosciences (http://www.is-geo.org)

Robotics and Sensing Machine Learning

Theory-Guided
Learning

- Model-Driven

Knowledge
Representation & Capture

Knowledge

Incorporating knowledge
Combining simulation |

Information Integration

j Trusted |
Threads

Distributed repositories
Threaded resources
Recommender systems
Trust and provenance
Literature extraction

Intelligent User Interfaces

Interactive
Analytics

isualization-rich processes
Automated visualizations
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Capture and Interlink Scientific Knowledge

Estimate

Isotopes Age of DISK

WIKIDATA ‘\

S Water
Quelccaya  Oxygen -16 / » fe}z:lr;gﬂow
Ice Cap A i

Vegetatlon

Estimates
%;% ‘ \WSC PROV

nto
@ ft 0218 Workflow repository

2Q011Celccaya Neotoma
. \ / ) ) EARTH SYSTEM BRIDGE
GeolLink 7 ']‘
Ph ° 1 \ LiPD £ "’f g A CONMUN\WS;RFACEDvmwcsmoosuwssv;w
S1Ca
. 1 Ice Navier-Stokes 7\
sampie Core
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Estimate

|II |I I e Age of DISK
WIKIDATA \ & Water .
3:22‘;% Oxygen -16 / \ / lSe;‘)/rellI;gﬂow
Vegetatmn
‘é:k,;,’ Estimates
@ @into \wr PROV
8ot

Quelccaya
20C

GeoLink
L|PD

Physical \ Tce

sample Core
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Thank you!

httpy//www.isi.edu/~gil
http://www.ontosoft.org

http://www.wings-workflows.org

http://www.organicdatascience.org

Wings contributors: Varun Ratnakar, Ricky Sethi, Hyunjoon Jo, Jihie Kim, Yan Liu, Dave Kale
(USC), Ralph Bergmann (U Trier), William Cheung (HKBU), Daniel Garijo and Oscar
Corcho (UPM), Pedro Gonzalez & Gonzalo Castro (UCM), Paul Groth (VUA)

Wings collaborators: Chris Mattmann (JPL), Paul Ramirez (JPL), Dan Crichton (JPL), Rishi
Verma (JPL), Ewa Deelman & Gaurang Mehta & Karan Vahi (USC), Sofus Macskassy (ISI),
Natalia Villanueva & Ari Kassin (UTEP)

Organic Data Science: Felix Michel and Matheus Hauder (TUM), Varun Ratnakar (ISI), Chris
Dufty (PSU), Paul Hanson, Hilary Dugan, Craig Snortheim (U Wisconsin), Jordan Read
(USGS), Neda Jahanshad (USC), Julien Emile-Geay (USC), Nick McKay (NAU)

Biomedical workflows: Phil Bourne & Sarah Kinnings (UCSD), Parag Mallick (Stanford U.)
Chris Mason (Cornell), Joel Saltz & Tahsin Kurk (Emory U.), Jill Mesirov & Michael Reich
(Broad), Randall Wetzel (CHLA), Shannon McWeeney & Christina Zhang (OHSU)

Geosciences workflows: Chris Duffy (PSU), Paul Hanson (U Wisconsin), Tom Harmon &
Sandra Villamizar (U Merced), Tom Jordan & Phil Maechlin (USC), Kim Olsen (SDSU)

And many others!




