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Increasing Complexity of the Scientific Enterprise

Large number of Community
co-authors as author

Single authorship Co-authorship

Evolution of the scientific enterprise from [Barabasi, 2005] extended with the
ATLAS Detector Project at the Large Hadron Collider [The ATLAS Collaboration, 2012].



Human Limitations Curb Scientific Progress [Gil DSJ'17]

* Not systematic
* e.g., [Peters et al PLOS 2014]

* Errors
* e.g., [Herndon et al CJE 2013]

* Biases
* e.g., [Rassbach et al IAAI 2010]

* Poor reporting
* e.g., [Garijo et al PLOS 2013]
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Science Ontologies and Linked Data on the Web

http://bio2rdf.wiki.sourceforge.net
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Web Publication of Science Products

http://www.nanopub.org/

Nanopublication
[ Nanopublication ID -
e AT g Provenance h

http://www.researchobject.org/

@ Enabling reproducible, transparent research.
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Low-Cost Creation of Scientific Vocabulary Standards &

L

[Gil et al ISWC 2017; Khider et al PP 2019; Emile-Geay et al PAGES 2018]

AGU100

https://commons.wikimedia.org/wiki/File:Gravity-corer_hg.png

https://commons.wikimedia.org/wiki/File:An_ice_core_segment.jpg

ADVANCING
EARTHAND
SPACE SCIENCE

Problem: Diversity of requirements for metadata

Approach: Semantic technologies used for
controlled crowdsourcing facilitate creation of
community standards to describe highly
heterogeneous scientific data

* Organic growth: As scientists annotate their
datasets, they propose new metadata properties

* Crowdsourcing: Scientists proposed properties
for reuse, vote on priorities

* Editorial oversight: Editors decide what
properties will be in future versions

Results: A new standard for paleoclimate (PaCTS
1.0) with one (!!) single initial face-to-face meeting




Controlled Crowdsourcing to Support
Continuous Ontology Growth

Africa-LakeTanganyi.Tierney.2010
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The Linked Earth Ontology a

Release 10 August 2016

This version:
http://linkedearth.github.io/O
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Latest version: (Dataset) (Position) (Position) (Observation) (Person) (Derivation) (Publication)
http:/linked.earth/ontology# | ---------#-------oeoe- oo B
Previous version: | _ , |
http:/linkedearth.github.io/Of | . Linked Paleo Data Ontology (LiPD)
. . ) .
RQVIS;O;\(:) i —8 { ProxyArchive ] [ ProxyObservation } { ProxySensor } [ Instrument ] [ InferredVariable ] i
i ! "E
Authors: B~ ! { ! 1 1
Julien Emile-Geay, (Universi{ | 5 EXTENSION EXTENSION EXTENSION EXTENSION EXTENSION
Deborah Khider, (University ¢ | © | (Coral, Wood, (Spectral, (Rock, Snow, (Spectrometer, || (Precipitation,
Nick McKay, (http://nau.edu/ i Lake Sediment...) Chemical ...) Tree ...) Spectroscope ...) time ...) i
Contributors: e e S A e ’
Daniel Garijo, (Information S
Yolanda Gil, (Information Scil Crowd Vocabulary Extension
Varun Ratnakar, (Information

Download serialization:
Format RDF/XML | Format N Triples

License:

License Creative Commons Attribution NonCommercial ShareAlike 2.0 @
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Representing Scientific Software Metadata

[Gil et al eScience’16; Carvalho et al eScience’18]
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OntoSoft Ontology

Release 01 May 2015

This version:
http://ontosoft.org/software 20150501 (Alternate link)

Latest version:
http://ontosoft.org/software

Previous version:
http://ontosoft.org/software_20150329 (Alternate link)

Revision
1.0.1

Authors:
Varun Ratnakar, USC/ISI
Yolanda Gil, USC/ISI

Contributors:

Daniel Garijo, C Classes

Imported Ontologiey

OntoSoft Categ |agent  Benchmark Information  Citation ~ Citation Text =~ Community Information

Complex Entity
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File I/0
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The Open Provenance Model

Core Specification (v1.1)

Luc Moreau (Editor)®*, Ben Clifford®, Juliana Freire®, Joe Futrelled, Yolanda Gil®, Paul Groth!, Natalia
Kwasnikowska®, Simon Miles®, Paolo Missier', Jim Myers?, Beth Plale’, Yogesh Simmhan¥, Eric Stephan', Jan Van den

used(R)

A )<

p

p

wasGeneratedBy(R) @

Ag < wasControlledBy(R) P

wasTriggeredBy

P1

-

p2

(@)

A

wasDerivedFrom Q

Bussche®

c
R
-
]
O
c
]
£
£
(o]
0
]
o
O
g

This version:
http://www.w3.0rg/TR/2013/REC-prov-0-20130430/
Latest published version:
http://www.w3.0org/TR/prov-o/
Implementation report:
http://www.w3.0rg/TR/2013/NOTE-prov-implementations-20130430/
Previous version:
http://www.w3.0rg/TR/2013/PR-prov-0-20130312/
Editors:
Timothy Lebo, Rensselaer Polytechnic Institute, USA
Satya Sahoo, Case Western Reserve University, USA
Deborah McGuinness, Rensselaer Polytechnic Institute, USA
Contributors:
(In alphabetical order)
Khalid Belhajjame, University of Manchester, UK
James Cheney, University of Edinburgh, UK
David Corsar, University of Aberdeen, UK
Daniel Garijo, Ontology Engineering Group, Universidad Politécnica de Madrid, Spain
Stian Soiland-Reyes, University of Manchester, UK
Stephan Zednik, Rensselaer Polytechnic Institute, USA
Jun Zhao, University of Oxford, UK




The W3C PROV Provenance Standard

[Gil and Miles 2013; Groth and Moreau 2013; Moreau et al 2014]

- wasInfluencedBy / ;
’ xsd:dateTime wasQuotedFrom / xsd:dateTime
| wasRevisionOf / '
generatedAtTime hadPrimarySource invalidatedAtTime
Xvalue O
Sscs ﬁ Entity alternateOf /
e N N . specializationOf
Person Collection ‘ ~ Bundle ’ ~ Plan ‘
Organization [ f
L | hadMember wasInvalidatedBy
i wasStartedBy /
N\ i wasEndedBy tlon
l Activity atLocatlon

https://www.w3.org/2011/prov/



Publishing Provenance as Linked Data on the Web

[Garijo et al FCGS'17]

9021\ | Workflow repository

5 oo oh o b i o

hehchchanana

Work with Daniel Garijo and Oscar Corcho (UPM)

ParenTDT_Workflow a

http://www.opmw.org/export/resource/Workflow Template/PARENTDT_WORKFLOW

P isi ge-arug Page

Property
dcterms:contributor
is ompw:correspondsToTemplate of

ompw: "Wor y
prov:hadPrimarySource

ompw:hasDocumentation

hacNati
ompw:k ystem’

ompw:hasTemplateDiagram
is ompw:isStepOfTemplate of

is ompw:isVariableOfTemplate of

rdfs:label
de:rights
rdf:type

ompw:versionNumber

Value
<http://iwww.opmw.org/export/resource/Agent/GIL>
<http:/iwww.opmw.org/export/resource/WorkflowExecutionAccount/ACCOUNT1348875527527>

http//wings.isi.edu (xsd:anyURI)

http//wind.isi.edu/marbl / /workflow_portal/ 12/ ics/ontology/s /ParenTDT_Workflow.owl
(xsd:anyURI)

This is variant of the basic family-based association testing for disease traits that also ir pi | ph inf

the ParenTDT function in PLINK.

Input: [PEDFile], [MAPFile]
Output: [Output TDT], [OutputTDTPerm]

CreateBinaryPEDFile: This component converts hapmap format into efficient binary format used by Plink.
plink --file [InputPEDFile] --make-bed --out [OutputBPEDFile]

ParenTDT: This is the same as a basic TDT test except the permutation output is based not on the standard TDT, but the parenTDT.
plink --bed [BPEDFile] --bim [BIMFile] --fam [FAMFile] --parentdt1 --out [OutputTDT]

http//wind.isi.edu/marbl P kflow_portal/t g i tology/ /ParenTDT_Workflow.owl
(xsd:anyURI)

http//wind.isi.edu/marbl /comp kflow_portal /2 ics/ontology /ParenTDT_Workflow.owl.png
(xsd:anyURI)

<http:/iwww.opmw.org/export/resource/Workflow TemplateProcess/PARENTDT_WORKFLOW_CREATE_BINARY_PEDFILENODE>
<http://www.opmw.org/export/resource/WorkflowTemplateProcess/PARENTDT_WORKFLOW_PARENTDTNODE>
<http://www.opmw.org/export/resource/DataVariable/PARENTDT_WORKFLOW_BIMFILE>
<http://iwww.opmw.org/export/resource/DataVariable/PARENTDT_WORKFLOW_BPEDFILE>
<http://iwww.opmw.org/export/resource/DataVariable/PARENTDT_WORKFLOW_FAMFILE>
<http://www.opmw.org/export/resource/DataVariable/PARENTDT_WORKFLOW_MAPFILE>
<http://iwww.opmw.org/export/resource/DataVariable/PARENTDT_WORKFLOW_OUTPUTTDT>
<http:/iwww.opmw.org/export/resource/DataVariable/PARENTDT_WORKFLOW_OUTPUTTDTPERM>
<http:/iwww.opmw.org/export/resource/DataVariable/PARENTDT_WORKFLOW_PEDFILE>

ParenTDT_Workflow

http:// i Ml foy-sa/3.0/ (xsd:anyURI)

ompw:WorkflowTemplate

prov:Plan

2 (xsd:int)

This page shows information obtained from the SPARQL endpoint at http://wind.isi.edu:8890/sparg|.
As Turtle | As RDF/XML | Browse in Disco | Browse in Tabulator | Browse in OpenLink Browser
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Execution Provenance vs Reusable Workflow
[Gil et al IEEE-IS’11; Gil et al JETAI'11]

Template@ Instance@ Execution@

Dataset File: File:
Dataset123 Dataset123

startTime 31 July 2014 20:30:00
Stemmer LovinsStemmer LovinsStemmer ‘
algorithm algorithm execution ‘
. 31 July 2014 20:30:05
endTime
\ 4 \ 4 \ 4
CRGSD Id:resultaal Id:resultaal — /local/resultaal.txt
v 4 v startTime_y| 31July 2014 20:30:10
Sort QuickSort Quicksort ‘
algorithm algorithm execution ‘ _
endTime 31 July 2014 20:30:15
A\ 4 \ 4 \ 4
FinalResult Id:fresultaa2 Id:fresultaa2 YT [local/fresultaa2. txt

Q_~> Q2>



Workflows as Web Objects: PROV, P-PLAN, OPMW
[Garijo et al FGCS'17]

Work with D. Garijo and O. Corcho (UPM)

Generic Provenance OPM, PROV

Plan Execution Plan Definition P-Plan

Workflow executio OPMW

Workflow templa

: >
Execution of



WEST (Workflow Ecosystems through STandards)
[Gil et al WORKS’14]

° 9 Workﬂow Workflow Execution Repository . tonito e e _ ini WEST
. L. LONI Pipeline (.pipe) "7 peplan !
functionalities _ -
1 Workflow Generation WT(Pq:PIan)
* 6 different A E
research groups Wi (Wings) '\ '\ oot H
Wings to WME to DAXEC PPlan N Repository
e 2_5 CO n S u m e r P-plan Wings to Wings WE+WT (PR(())\F/"I\:-VTIEAN'
\ ~
syste MmS per
exchange Wi p-Plan)
(P-Plan
e 4 workflow p -
. A 4
representations PN ~ J
prov|de CAS-PGE (OPMW&PR?):'\)AW Al RO Model application ,‘/
. Workflow Mapping v ::: . -
d |ffe re nt and Execution Workflow e D-PROV application = S
H Pegasus/Condor Execution SN ~
g ra n u Ia rlty fo r h Apache OODT O EcosystemTool o oommmmmmemsmT
CO n S u m e r __________ I:] Working converter
\ ) ' ! Planned converter ¢~~~ ) Other workflow tool
\ ' J K ----- J —_— I - —
SyStemS : \ : ( ) Repositories SPARQL construct
K ' H — > Current dataflow converter
: > Planned dataflow




Functional Heterogeneity in WEST

Generation

USC/1SI ISD

Mining
FRAG
FLOW

UPM

Repository

)21/ Workflow repository

USC/ISI ISD

Execution Visualization
APACHE
Q Q [ST PROV-0-Viz
NASA/JPL & Apache VUA
Execution Browsing
55 wew
USC /TSI CST UrM

Execution Documentation

LONI Pipeline
UCLA/USC USC/ISI ISD




The P-PLAN Ontology

Release 12 March 2014

This version:

http://vocab.linkeddata.es/p-plan/version/03062014/

Latest version:
http://purl.org/net/p-plan#

W3C

PROV-O: The PROV Ontology

c
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o
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W3C Recommendation 30 April 2013

Previous version:

http:/ivocab.linkeddal The OPMW-PROV Onto]ogy D130430/

Revision

1.3 hplementations-20130430/

Release 22 December 2014 30312/

Authors:

Daniel Garijo, Ontolo This version: “g;jst?y UUSSAA

. . iy,

Yolanda Gil, Informa http://www.opmw.org/model/OPMW_20141222 hinic Institute, USA
Extended Ontologies: Latest version:

PROV-O: The PROV http://www.opmw.org/model/OPMW 4 UK

Previous version

@ ® mp y /www.opmw.org /model/OPMW_20140711 lp:,stLEJ}:?’i\beésidad Politécnica de Madrid, Spain
EY NC A Revision nstitute, USA
Revision 6
Authors:

Imported Ontologies:

Daniel Garijo, Universidad Politécnica de Madrid
Yolanda Gil, Information Sciences Institute, University of Southern California, US

The Open Provenance Model Ontology (OPMQO)

The Open Provenance Model Vocabulary (OPMV)_(indirect import)
The PROV-O Ontology

The P-plan Ontology
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Automated Discovery in DISK .
[Gil et al AAAI'17; Gil et al ACS'16] ®disk

With Parag Malick, Ravali Adusumilli, Hunter Boyce (Stanford); Arunima Srivastava (OSU);
Daniel Garijo, Varun Ratnakar, Rajiv Mayani (USC/ISI); Thomas Yu (Sage Bionetworks)

hypothesis |Protein PRKCDBP is expressed
in samples of patient P36

lines of inquiry |

@  Lines of Inquiry data I'eViSiOIl
Name e PRKCDBP mutation

Protein association with patient |S expressed |n P36

Description
This line of inquiry is used for protein->patient association \
/ cor

Query (Ctrl-Space for suggestions) __/

1 ?x :expressedIn ?sample

3 ?sample :collectedFrom ?p

4 ?p a :Patient

5 ?sample a :Sample

6 ?el :experimentedOn ?sample
?e2 :experimentedOn ?sample

8 FILTER(?el != ?e2)

9 ?el :produceData ?d1

10 ?e2 :producedData ?d2

11 2d1 a :MassSpecData

12 ?d2 a :RNASeq

Workflows to Run  + _/
. PP

= P —analy
1]
"% Variable Bindings: InputFASTQ = 7d2, input-file = 2d1

workflows
— Workflows

u= P .
1]
*% Variable Bindings: input-file = 2d1

Meta-Workflows to Run +\

23 Protein_Diff_WF




Representing Hypotheses ®disk

________________________________________________________________

'I HGl I/_—_—:::::::::::: __________ I—; E—1~\I\‘
: : ( Executionl ' |
Statement i el - - ¥
. . I wasGeneratedBy L)
Qualifier | R ‘|
1 T T T T T T T T T T T T T T T T T T Ty st s s e s e s s s e — - A |
. i [ Hs1 Associated 1 -——_ HOQ1 '
Evidence U o) With (o) LthasConfidence r . N
: : oron 11Report i ' ) : :
. | EGFR Cancer I - S 1
Evolution % ! SR asConfidenceLevel ’”
""""""""""" revisonof +

[ HG2 - . HEZ\:‘,
, Execution 2 ) 1
L S~ - o 11
! wasGeneratedBy |
: wasGeneratedBy A~ - -} . A
) S 1
: | HS2 Associated hasConfid HQZ : !
: asConfidence !
i i Wwith Cancer : :Report Q_’( | :

. . |
DISK Hypothesis Ontology: \ PO SubtypeA ) :\ asConfldenceLevel /',,'

________________________________________________________________

http://disk-project.org/ontology/disk



The DISK Hypothesis Ontology ,
[Garijo et al SciKnow’17] ®disk

The DISK Ontology

Release 2016-09-02

This version:
http://disk-project.org/ontology/disk/disk-1.0.0

Latest version:

http://disk-project.org/ontology/disk#

Revis:?aa Classes

:
£
5
2
S
z
a

Authors:

%a"’f‘ka? gm Bundle Confidence report Data Execution Hypothesis
mg(lgﬁ Line of Inquiry Metaworkflow Plan Statement Triggered line of inquiry
’ “ | Variable  Variable binding  Workflow  Workflow binding

Extended Ontologies:

W3C PROV-O

Wings Execution Ontology
Wings Workflow Ontology

Download serialization:

License:

License Creative Commons Attribution NonCommercial ShareAlike 2.0 License -
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MINT: Model INTegration NV

[Gil et al IEMS 2018; Garijo et al eScience 2019] mint

model integration

Collaboration with Daniel Garijo, Deborah Khider, Craig Knoblock, Ewa Deelman, Rafael Ferreira (USC/ISI), Vipin
Kumar (UM), Scott Peckham (CU), Chris Duffy & Armen Kemanian (PSU), Kelly Cobourn (VT), Suzanne Pierce (UT)

Mediation at
many levels

Administrative Level 2 regions Level 3 regions

»ns in Ethiopia.

®
Khartoum
syl

Modeling
scope

Model
set up
Variable
mapping

/
/
/ Data
J

South Sudan

Birth: 101 Birth: 107 Birth: 108 Sirth- 113
Death:174 | Death 177 Death: 187 Death 194

Birth: 125 | Birth: 127
Death 208| Death.205

4 children. ..

ingestion

Spatial
gridding




From Modeling to Decisions

/
[{

et

mint

model integration

Expert Modeler

Modeler

Analyst

Decision

Maker

Prepare
Models

Identify
Objectives

Transform
data

Explore

results

Drill down on
analytic products

eLocate, catalogue, and curate potentially relevant data h
eGenerate new data when possible (eg from remote sensing data, improve
data quality, automated data transformations for interoperability, etc.) )

~

* Define useful regions for different modeling domains

J

* Create configurations of models for different modeling situations )
* Create model set ups to customize model to specific areas or limited scope

* Run models to determine sensitivity to parameters and inputs y

* Decompose problems based on responses of interest and modeling regions)
* Coordinate model and data choices for integrated modeling
* Identify ranges of drivers, adjustable parameters, and interventions )

* Find appropriate data for the region given the modeling problems
* Transform the data needed by the models

N
* Find appropriate models to address modeling problems
* Run model under different drivers and adjustable parameters to expose
patterns of system behavior )
g

* Generate report for decision maker
* Run model under different assumptions to characterize uncertainty

* Inspect details of quantitative analyses to understand patterns of behavior,

causal relations, impact of interventions, etc. )
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The Software Description Ontology for Models

/
[

et

mint

model integration

Release March 31st, 2020

This version:
https://w3id.org/okn/o/sdm/1.4.0

Latest version:
https://w3id.org/okn/o/sdm

Previous version:
https://w3id.org/okn/o/sdm/1.3.0

Revision:
1.4.0

Authors:
Daniel Garijo
Deborah Khider
Yolanda Gil
Contributors:
Armen Kemanian
Christopher Duffy
Kelly Cobourn

Scott Peckham

Imported Ontologiel Classes
sd

Download serializat | Configuration Setup

I B NG| | Farming practices

ICASA Variable

data structure definition
Funding_ Information = geo coordinates
Image Index Intervention Model

Dataset Specification
GeoCoordinates
Model configuration

Empirical model Emulator
GeoShape Grid Hybrid model
Model configuration setup

License: organization  Organization = Parameter person Person PointBased Grid region  Sample Collection
Sample Execution = Sample Resource  Software  Software Configuration = Software Image  Software Version
Source Code  Spatially Distributed Grid ~ Standard Variable =~ Subsidy =~ SVO Variable = Theory guided model
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www.scientificpaperofthefuture.org

[Gil et al ESS 2016; Essawy et al EMS 2017; Goodman et al PLOS CB 2014]

[ Sci . ) - :
cientific Paper of the Future A N Earth and Space Science
) &(\AG U \ AN OPEN ACCESSAGU JOURNAL

American Geophysical Union
Text: Sharing:
ez Cf ke s v Deposit data and software NATURE REVIEWS | NEUROSCIENCE
some data is in tables, (and provenance/workflow) i .
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Benchmarking for DREAM Challenges

[Srivastava et a

PSB 2019]
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