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http://www.arts-humanities.net/event/repository_preservation_infrastructure_reprise
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“Virtual experimental science” (DCC'09)
Full-fledged data-mediated collaborations

W workflow A+ |
20 inputA-. . . J workflow B +
| A inputB- .
[resultA—» input BJ ~ mex yerinent
: — (
. S resut’ g result Q¥
[N datasets esult provehance
/ A wtasets A (E{ ﬂ

Provenance composition
accounts for implicit
collaboration

[LMB+10]




Outline

1. Workflow and their provenance

— Janus: workflows + provenance + semantics for _

* (+ LOD) [MLB+12, ZSM+11]
— The PROV Semantic data model for provenance (ongoing) Wsc

— PROV-W: unofficial workflow extension (and semantic annotations)

2. Packaging and sharing: data + methods + provenance

— Research Objects in the  WF . project

- Data®N

and Data Packages




1: Workflows and provenance

- The Janus provenance ontology for Taverna
- The W3C PROV ontology
- PROV-W




MANCHESTER Example workflow (Taverna)

chr: 17 QTL —

start: 28500000
end: 3000000 Ensembl Genes

Ensembl Gene — Ensembl Gene —
Uniprot Gene Entrez Gene

Uniprot Gene — Entrez Gene —
Kegg Gene Kegg Gene

»
.

. merge gene IDs )

!

path:mmu04210 Apoptosis,
@ l Gene — Pathway ' > path-mmu04010 MAPK, ...

Janus -- IPAW, Troy, NY, June 15-17, 2010




MANCHESTER Baseline provenance of a workflow run

QTL — mmu:12575

Ensembl Genes .
... Vn

Ensembl Gene — Ensembl Gene —
Uniprot Gene Entrez Gene
path mmu04012
exec
Uniprot Gene — Entrez Gene —
Kegg Gene Kegg Gene - .
~mmu: 2641 6 4

merge gene IDs )

' Gene — Pathway ' path:mmu04010 @

path:mmu04010—derivedFrom—mmu:26416

path:mmu04012—derivedFrom—mmu:12575

* The graph encodes all direct data dependency relations

* Baseline query model: compute paths amongst sets of nodes
* Transitive closure over data dependency relations

Janus -- IPAW, Troy, NY, June 15-17, 2010




MANCHESTER Janus: a semantic provenance model

agent PROVENIR: Upper-level Provenance Ontology

has_participant parameter

data— spatia I_

domain_ temporal_
collection parameter

parameter parameter

P

-
o -—"-“
L

has_value_binding —

\ hds_order
has_iteration % %
1

SO : Sequence Ontology :
Time : OWL Time ontology biopax:pathway
NCI : National Cancer

Institute Thesaurus
BioPax : BioPax Ontology JANUS Ontology: Taverna
fma: Foundational Model of

Semantic Provenance Ontology
Anatov has_temporal_parameter
Janus -- IPAW, Troy, NY, June 15-17, 2010




MANCHESTER Janus: a semantic provenance model

~

value

T
|
\

\
|

’,l " . g .
i/ \\ a
is a . \ N
processor_spec ) - i ’ \ is_a 7
4 \ . _has_source T
] domain entit
processor_exec

e
! has_port_type

part_of .
has_value_binding “

\  has_order
has_iteration ¥

SO : Sequence Ontology :
Time : OWL Time ontology biopax:pathway
NCI : National Cancer

Institute Thesaurus
BioPax : BioPax Ontology JANUS Ontology: Taverna
fma: Foundational Model of Semantic Provenance Ontology
Anat has_temporal_parameter
Janus -- IPAW, Troy, NY, June 15-17, 2010




MANCHESTER Annotated provenance

Annotated workflow um ) Annotated provenance graph

QTL —
Ensembl Genes

Ensembl Gene — Ensembl Gene —
ﬁ Uniprot Gene Entrez Gene

Uniprot Gene — Entrez Gene —

Kegg Gene Kegg Gene
- merge gene IDs ) ﬁ

Gene — Pathway

& Find all genes within the input QTL region that
are involved in a given KEGG pathway.

List relevant PubMed publications for the
pathways listed in the result set.

Janus -- IPAW, Troy, NY, June 15-17, 2010



VRN From structure annotations to values annotations

protein

/’ sequence

interpro
match
report

N
processor

interpro
scan

Janus -- IPAW, Troy, NY, June 15-17, 2010



VENOEENS From structure annotations to values annotations

protein

/ sequence

interpro
match
report

I
processor

interpro
scan

protein

sequence\/ %
Vi V2 :3/7 value

T R
X1 | Xz | X5~ 4
T port

: Y Y
InterpI’O \ 1 ? /% interpro

scan
match
report

W1 W2 >

Janus -- IPAW, Troy, NY, June 15-17, 2010




MANCHESTER Annotations propagation rules

X rdf:type Port C' ={c} X has_value_type ¢
X has_value v v rdf : type PortValue

v rdf :type C denotes
data type

in the PL
protein sense

has_value_tyﬂ sequence

interpro
match
report

N
processor

interpro
scan

Janus -- IPAW, Troy, NY, June 15-17, 2010



MANCHESTER Annotations propagation rules

X rdf:type Port C' ={c} X has_value_type ¢
X has_value v v rdf : type PortValue

v rdf :type C denotes
data type

in the PL
protein sense

has_value_tyﬂ sequence

interpro
match
report

N
processor

interpro
scan

/

interpro
scan

interpro
. match
report

Janus -- IPAW, Troy, NY, June 15-17, 2010




MANCHESTER Annotations propagation rules

X rdf:type Port C' ={c} X has_value_type ¢
X has_value v v rdf : type PortValue

v rdf :type C denotes
data type

in the PL
protein sense

has_value_tyﬂ sequence

interpro
match
report

/
/\ protein
processor sequence

interpro 55”
scan Vi e Na— value

N D\
X1 | X2 | X373 VU N
T port

: Y Y
InterprO \ 1 ? /w interpro

scan
match
report

W1 W2 >

Janus -- IPAW, Troy, NY, June 15-17, 2010




MANCHESTER Annotations as semantic overlay

@\ /@

Provenance graph has_port_value has_port_value

fragment \@
V4

N

has-input-type Pathway
search
service

has-output-type

instance-of

instance-of \

instance-of _—
@\ ~ @ Pathway
as-source o A

has_port_value

instance-of

Ke |
99 e Kegg

has-source

Janus -- IPAW, Troy, NY, June 15-17, 2010




MANCHESTER
1824

Annotated workflow

QTL —
Ensembl Genes

Ensembl Gene — Ensembl Gene —

i Uniprot Gene Entrez Gene

‘)4" ........

K’

Uniprot Gene — Entrez Gene —
i Kegg Gene Kegg Gene i

merge gene IDs

' Gene — Pathway ’

Janus -- IPAW, Troy, NY, June 15-17, 2010

Extensions to Linked Data

Annotated provenance graph




MANCHESTER
1824

Annotated workflow

QTL —
Ensembl Genes

Ensembl Gene — Ensembl Gene —

i Uniprot Gene Entrez Gene

‘}4’ ........

K’

Uniprot Gene — Entrez Gene —
i Kegg Gene Kegg Gene i

merge gene IDs

' Gene — Pathway ’

Janus -- IPAW, Troy, NY, June 15-17, 2010

Extensions to Linked Data

Annotated provenance graph




MANCHESTER | - Mapping data values to LoD URIs

In our prototype we map data values to Bio2RDF as follows:

— IF isType(d;) == Gene AND isSource(d;) == Entrez THEN
uri(d;) = http://bio2rdf.org/geneid: + value(d;)
[F isType(d;) == Gene AND isSource(d;) == UniProt THEN
uri(d;) = http://bro2rdt.org/uniprot: + value(d,)
—IF isType(d,) Gene AND isSource(d;) KEGG THEN
uri(d;) = http://bro2rdf.org/kegg: + value(d,)
— IF 1sType(d;) == Pathway AND isSource(d;) == KEGG THEN

uri(d; = http://bro2rdf.org/path: + value(d,)

Linked Data Query example:

List relevant PubMed publications for the
pathways listed in the workflow result set

Janus -- IPAW, Troy, NY, June 15-17, 2010

Entrez Genes

Uniprot Genes

KEGG Genes

KEGG Pathways




The PROV ontology from the W3C

-

PROV Model Primer
W3C Working Draft 24 July 2012

This version:
http/www.w3.ora/TR/2012/WD-prov-primer-20120724/

Latest published version:
http //www.w3.org/TR/prov-primer/

Latest editor's draft:
http://dvcs.w3.org/ha/proviraw-file/default/primer/Primer.ht

Previous version:
hitp //www.w3.0orq/TR/2012/WD-prov-primer-20120503/
Editors:
Yolanda Gil, Information Sciences Institute, University of
Simon Miles, King's College London, UK
Authors:
Khalid Belhajjame, University of Manchester
Helena Deus, Digital Enterprise Research Institute (DERI
Daniel Garijo, Universidad Politécnica de Madrid
Graham Klyne, University of Oxford
Paolo Missier, Newcastle University
Stian Soiland-Reyes, University of Manchester
Stephan Zednik, Rensselaer Polytechnic Institute

PROV-0: The PROV Ontology

W3C Working Draft 24 July 2012

This version:
hitp //www.w3.0rg/TR/2012/WD-prov-0-20120724/
Latest published version:
http ./ www.w3.org/TR/prov-o/
Latest editor's draft:
hitps://dves.w3.ora/ha/proviraw-file/default/ontology/Ove
Previous version:
hitp //www.w3.0ora/TR/2012/WD-prov-0-20120503/
Editors:
Timothy Lebo, Rensselaer Polytechnic Institute, USA
Satya Sahoo, Case Western Reserve University, USA
Deborah McGuinness, Rensselaer Polytechnic Institute,
Authors:
(In alphabetical order)
Khalid Belhajjame, University of Manchester, UK
James Cheney, University of Edinburgh, UK
David Corsar, University of Aberdeen, UK
Daniel Garijo, Universidad Politécnica de Madrid, Spain
Stian Soiland-Reyes, University of Manchester, UK
Stephan Zednik, Rensselaer Polytechnic Institute, USA
Jun Zhao, University of Oxford, UK

» Plus a growing catalogue of examples from group members:

http://www.w3.0rg/2011/prov/wiki/PROV_examples



http://www.w3.org/TR/prov-o/%23narrative-example-simple-1-figure
http://www.w3.org/TR/prov-o/%23narrative-example-simple-1-figure
http://www.w3.org/2011/prov/wiki/PROV_examples
http://www.w3.org/2011/prov/wiki/PROV_examples

PROV Ontology (PROV-0)

» “PROV-0 defines the normative OWL2 Web Ontology Language encoding
of the PROV Data Model” [1]

http://dvcs.w3.org/hg/prov/raw-file/default/ontology/ProvenanceOntology.owl

state as of Oct., 2012: Last Call -- now closed to public comments
wasDerivedFrom

Core elements: 1: ;

wasAttributedTo

. - wasGeneratedBy

( Agent

actedOnBehalfOf 4
wasAssociatedWith

Activity

4
startedAtTime/ \MedAtTime
< 4

wasInformedBy

' xsd:dateTime

xsd:dateTime

[1] Current version: http://www.w3.org/TR/prov-o/



http://dvcs.w3.org/hg/prov/raw-file/default/ontology/ProvenanceFormalModel.html
http://dvcs.w3.org/hg/prov/raw-file/default/ontology/ProvenanceFormalModel.html
http://dvcs.w3.org/hg/prov/raw-file/default/ontology/ProvenanceOntology.owl
http://dvcs.w3.org/hg/prov/raw-file/default/ontology/ProvenanceOntology.owl

PROV-0O encoding: simple example

Examples drawn from the PROV Primer document

ex:
dataSet1

ex: ex: wasGeneratedBy used ex: wasGeneratedBy /[ ex:
regionList compose composmon illustrate chart1

 PROV-N:

(ex:compose, ex:dataSetl, -)
used(ex:compose, ex:regionList, -)
wasGeneratedBy(ex:composition, ex:compose,
used(ex:1llustrate, ex:composition, -)
PROV-O (Turtle): wasGeneratedBy(ex:chartl, ex: J_llustrate,

——

~ex:compose a prov:Activity;
| prov:used ex:dataSetl
| prov:used ex:regionList
ex:composition a prov:Entity;

prov:wasGeneratedBy ex:compose .
ex:illustrate a prov:Activity;

prov:used ex:composition
ex:chartl a prov:Entity;

prov: wasGeneratedBy ex: 1llustrate

17

[2] Current editor’s draft: http://dvcs.w3. orq/hq/Drov/raw f|Ie/default/prlmer/Prlmer html



http://www.w3.org/TR/prov-primer/
http://www.w3.org/TR/prov-primer/
http://dvcs.w3.org/hg/prov/raw-file/default/primer/Primer.html
http://dvcs.w3.org/hg/prov/raw-file/default/primer/Primer.html

Plans in PROV-0O

- PROV deliberately does not deal with program structure
— workflow, processor, port

. wasAssociatedWith
edith
N\
ex.
dataSet1

ex:correct a prov:Activity; prov:used ex:dataSetl.
ex:edith a prov:Agent, prov:Person .
ex:instructions a prov:Plan .

ex:
dataSet2

ex:correct prov:qualifiedAssociation [

a Association ;

prov:agent ex:edith ;

prov:hadPlan ex:instructions ].
ex:dataSet2 prov:wasGeneratedBy ex:correct .
ex:dataSet2 prov:wasRevisionOf ex:dataSetl .

R ————————————————————————————————————————————————————————




One possible rendering of the Janus example

@\ /@

has_port_value has_port_value

O

< used P ot wasGen By
wf:port = "X1" wf port =

wasAssoc!i tedWith
v\zlan prov:type = prov:plan




PROV-W:. Workflow pattern with annotations

used P wasGenBy
@4 wiport="X1" | 2t [“wfport = "v1" < ai )

a prov:Plan, prov:Entity; v

a PathwaySearchService. wasAssociatedWith
:P _exec a prov:Agent.
:P act a prov:Activity;

prov:used :V1; |
prov:qualifiedAssociation [ |

prov:type = prov:plan

a prov:Association;
prov:agent :P _exec;
prov:hadPlan :P; 1;

prov:qualifiedUsage | « —
a prov:Usage ; | has-input-type Pathway
prov:Entity :V1; §§WQ
wf:port “X1" ].

a prov:Entity; instange-of

instance-of
a :Gene; :hasSource :Kegg. { <:::%\\\\\
a prov:Entity; < source

prov:qualifiedGeneration | has_port_value
. instance-of
a prov:Generation;
prov:activity :P_ act;
wf:port “Y1” ‘ has-source

:Pathway; :hasSource :Keqgq.




The complete suite of PROV specifications

- -

PROV-DM: The PROV Data Model

W3C Working Draft 24 July 2012

This version:
hitp://www.w3.0ora/TR/2012/WD-prov-dm-20120724/
Latest published version:
hitp //Awww.w3.org/TR/prov-dm/
Latest editor's draft:
http.//dves.w3.ora/ha/prov/raw-file/default/model/prov-dm.html
Previous version:
http:/www.w3.0rg/TR/2012/WD-prov-dm-20120503/ (color-coded diffs)
Editors:
Luc Moreau, University of Southampton
Paolo Missier, Newcastle University
Contributors:
Khalid Belhajjame, University of Manchester
Reza B'Far, Oracle Corporation
James Cheney, University of Edinburgh
Sam Coppens, IBBT - Ghent University
Stephen Cresswell, legislation.gov.uk
Yolanda Gil, Invited Expert
Paul Groth, VU University of Amsterdam
Graham Klyne, University of Oxford
Timothy Lebo, Rensselaer Polytechnic Institute
Jim McCusker, Rensselaer Polytechnic Institute
Simon Miles, Invited Expert
James Myers, Rensselaer Polytechnic Institute
Satya Sahoo, Case Western Reserve University
Curt Tilmes, National Aeronautics and Space Administration




The complete suite of PROV specifications

: -

PROV-DM: The PROV Data Model ‘

W3C Working

Constraints of the Provenance Data Model

This version:
hitp /AWWW. .

Latest p"ub,i‘s”,mg W3C Working Draft 11 September 2012
hitp //Awww.w

o This version:
Latesr:t?: ;gcczt\i; ; hitp:/www.w3.orq/TR/2012/WD-prov-constraints-20120911/

: ry— Latest published version:
Prevuﬂ:: J\;\z\rNs\Lo\r; hitp //www.w3.ora/TR/prov-constraints/
Editors: Latest editor's draft:

Luc Moreau, http.//dvcs.w3.org/ha/proviraw-file/default/model/prov-constraints.html

Paolo Missie Previous version: . .
Contributors: . hitp //www.w3.0org/TR/2012/WD-prov-constraints-20120503/ (color-coded diffs)

Khalid Belhaf ~ Editors: _— .
Reza B'Far. ( James Cheney, University of Edinburgh

’ Paolo Missier, Newcastle University
Sam Coppen Luc Moreau, University of Southampton
Stephen Cred  Author: . -
Yolanda Gil, | Tom De Nies, IBBT - Ghent University
Paul Groth, VUURIVETSIy O1 7 21g0f:
Graham Klyne, University of Oxford
Timothy Lebo, Rensselaer Polytechnic Institute
Jim McCusker, Rensselaer Polytechnic Institute
Simon Miles, Invited Expert
James Myers, Rensselaer Polytechnic Institute
Satya Sahoo, Case Western Reserve University
Curt Tilmes, National Aeronautics and Space Administration

James Chengd




The complete suite of PROV specifications

: -

PROV-DM: The PROV Data Model ‘

W3C Working

Constraints of the Provenance Data Model

This version:

hitp //www.w -
Latest published W3C W

http JAvww.w PROV-N: The Provenance Notation

Latest editor's dra 1 NiS Vers
hitp

htipJidveswy | iestpd W3C Working Draft 24 July 2012

Previous version:
http

http //www. . .
Editor::D WW.W Latestedl This version:

hitp hitp //www.w3.0ora/TR/2012/WD-prov-n-20120724/
Previous] Latest published version:
: . hitp http //www.w3.ora/TR/prov-n/
Contr}u(t:\:tl%rsB.elha Editors: Latest editor's draft: .
Reza B'Far, Ja .httpJ/dvcs:,.ws.orq/ha/Drov/raw-flIe/defauIt/model/orov-n.html
James Chend Paoj] Previous version: .
Sam Coppen Luc hitp://www.w3.0ora/TR/2012/WD-prov-n-20120503/ (color-coded diffs)
Stephen Cres Author: Editors: ‘ .
Yolanda Gil. | To Luc Morgag, University of Soythampton
Paul Groth, T ——— o tlf’;\otlo Missier, Newcastle University
: : ontributors:
%ﬁlg?hrzﬂyénoe,; enr:\s/gcreslggrol James Cheney, University of Edinburgh
Jim McCuske;, Renssalaor Stian Soiland-Reyes, University of Manchester

Simon Miles, Invited Expert

James Myers, Rensselaer Polytechnic Institute

Satya Sahoo, Case Western Reserve University

Curt Tilmes, National Aeronautics and Space Administration

Luc Moreau,
Paolo Missie




The complete suite of PROV specifications

: -

PROV-DM: The PROV Data Model ‘

W3C Working

Constraints of the Provenance Data Model

This version:
http /www.w W3C V\‘
Latest published '
o o vww w PROV-N: The Provenance Notation

Latest editor's dra 1 NiS Vers
hitp

htipJidveswy | iestpd W3C Working Draft 24 July 2012

Previous version:
http

hitp ://Awww. .
Editor:.p V.Y Latest ed This Ver'i

hitp htt
LucMoreau, § - o Laestp  PROV-AQ: Provenance Access and Query
hitp htty

Contributors: . )
Khalid Belhaff Editors: | Lateste} \W3C Working Draft 19 June 2012
Reza B'Far, ( Ja o L
James Chené Ea rev'ﬁ: This version:
Sam Coppen| o~ Editors: http /Awww.w3.0rg/TR/2012/WD-prov-aq-20120619/
Stephen Cres ut 9rr' o[s. Latest published version:
Yolanda Gil, | 0 > http //www.w3.org/TR/prov-aq/
Paul Groth, VU URVETSIY 0 Contr't? Latest editor's draft:
Graham Klyne, University o \;a hitp://dvcs.w3.ora/ha/proviraw-fileftip/paq/prov-aq.htmi
Timothy Lebo, Rensselaer | St Previous version:
Jim McCusker, Rensselaer : hitp //www.w3.0orq/TR/2012/WD-prov-aq-20120110/
Simon Miles, Invited Expert Editors:
James Myers, Rensselaer Polytechnic Graham Klyne, University of Oxford
Satya Sahoo, Case Western Reserve Paul Groth, VU University Amsterdam
Curt Tilmes, National Aeronauticsand § Authors:
Luc Moreau, University of Southampton
Olaf Hartiq, Invited Expert
Yogesh Simmhan, Invited Expert
James Myers, Rensselaer Polytechnic Institute
Timothy Lebo, Rensselaer Polytechnic Institute
Khalid Belhajjame, University of Manchester
Simon Miles, Invited Expert




2: Packaging and sharing:
data + methods + provenance

- The Research Object model from Wf4Ever

with: Khalid Belhajjame, University of Manchester

- The DataONE data preservation architecture




Research Objects

ﬁ, Workflow
i 4Ever

ST RO model specification:
Scientists e http://wfd4ever.github.com/ro/
RO primer:

Research http://wf4ever.github.com/ro-primer/

Obiject .
Electronic Results
paper

Datasets

t tatesR
' WorkflowResearchObject k} aggregates B[ AggregatedResource | annotatesResource

' Artifact ' WorkflowTemplate l WorkflowRun l Annotation

< instanceOfWorkflowTemplate
l AnnotationBody '



http://wf4ever.github.com/ro-primer/
http://wf4ever.github.com/ro-primer/

Example

i o] i o]
O—( GetKeggGeneld ) O >O—<GetKeggPathway>—O

Legend

O Parameter Process

b- Example of a workflow template

GetGeneldRun GetGenePathw@

asGeneratedBy V wasGeneratedBy
up:P11005 @pcc7942_0655 path:syf00195

Legend

Run c- Example of a workflow run




Research Objects as ORE resources

* ORE = Object Exchange and Reuse

— a small vocabulary and patterns for modelling generic “aggregation”

( ore:Resource )
ore:aggregates —» :pathway_wi_sp
( ore:Aggregation )

C  WorkflowResearchObject ) ( ore:Resource )

ore:aggregates ——— :;pathway wf run
—

ore:Resource

ore:aggregates »
_




Annotations

( ao:AnnotationGraph )
¢ Annotation )

( ore:Resource )

ao:target
= :pathway wf sp

pathway wisp :pathway abs wf

:hasAbsWorkflowTemplate




Wf4Ever project partners
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DataONE: Preservation of Observational Data

Data Life Cycle Tool Support

Data®\

MATLAB ||

l Collect J

.

DMP-Tool

Vae L Integrate J

» Kepler
Kepler = %a
--.—

Data@

\

[ Discover

|

. ‘experiment ,

l Preserve

\

Assure ]

[ Describe ] e

/

[ Deposit J

~ ]/

A
1|\ VEGBANK

@Ecify 6




Data®\

Components

Three components for a Member Nodes
flexible, scalable, sustainable :
network

Coordinating Nodes

Investigator Toolkit
M MENDELEY ¢ vegpank

RESEARCH NETWORKS

experiment @
Exéel:mac= Zote "0
4\ MATLAB >3




Data Model

Package

System System
Metadata Metadata

—T —T

Any data object XML documents:
1ISO19115, EML, FGDC, ...

Granule:
e Manageable by DataONE
* Has unique identifier
System
* Content does not change Metadata
OAI-ORERDF |




Data packages in DataONE
Data®\:

Package Content Associations Using OAI-ORE

e
—

-
Add your semantic

annotations here
\_

~

)

http://mule1.dataone.org/ArchitectureDocs-current/design/DataPackage.html



http://mule1.dataone.org/ArchitectureDocs-current/design/DataPackage.html
http://mule1.dataone.org/ArchitectureDocs-current/design/DataPackage.html
http://mule1.dataone.org/ArchitectureDocs-current/design/DataPackage.html#id10
http://mule1.dataone.org/ArchitectureDocs-current/design/DataPackage.html#id10

Summary: Putting it all together

Research objects fit well with DataONE packages
Workflow and provenance fit well with Research Objects
PROV for provenance

PROV-W for workflow and provenance

Semantic annotations fit well with PROV-W

workflow A + |
inputA- ' workflow B +

inputB- . I

[result A — input B} .
‘ :r;"e"s_ult:;v = result
datasets gyt provehance
. A : /’A +/B\

wutasets

' B \/I l\/ ﬂ
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