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Digital Objects Wholes & Parts in an
Expanding Ecosystem

D °°° Ziu A Digital Package Object Type composed of many

T =g’ interrelated elements

A Digital Object that

& represents properties
' in common across all
research artefact
types, Common PIDs
and Metadata

A Digital Package Object that Nested content

bundles together and relates Heterogeneous elements.

digital resources of a scientific Distributed and embedded content.

investigation with context Externally stewarded content.
Checklists + Checksums

Citable Reproducible Packaging



Workflow driven Data Analytics:

Research Components are Many and Various

L~ Journal of Biogeography

Mapping present and future potential distribution patterns for a o‘!;
meso-grazer guild in the Baltic Sea
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Abstract Jumpto... [+]

Aim
The Baltic Sea is one of the world's largest semi-enclosed brackish water bodies characterized by many special features, including
endemic species that may be particularly threatened by climate change. We mapped potential distribution patterns under present and

future conditions for a community with three trophic levels. We analysed climate-induced changes in the species’ distribution patterns
and ined il for the chosen food web.
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Bioclim workflow

Craatsa

Last updstsd: 2

) Downioad Workfiow % Open In ONMiNeHPC:

This workflow takes 2= input 3 file containing SpECies ooCUMENCE Points to creste 3 model with the openModalier Web O Workflow Type
Sarvice using the Biociim algorithm, Environmental layers and mask are selected during the workflow. Points are filtered 5o Taverna 2
that only environmentally unique points are used to create the model

You can use this workflow to sither fiiter 3 set of species occurrence points exciuding redundant points with the same © Uploader

environmental conditions (you can get the result in the output

ed

_points”) or to know the en

nmental ranges

for each variable considering all input points. In the later case, you can inspect the “model_xml" to find this information in
the Maximum and Minimum attributes of the Bioclim element. Values are separated by 3 space in the same order of the
layers. Please note that there are no model tests or projections in this workflow.

" o . ¢ Renato
For more information about the input file format, please look at the documentation for the corresponding parameter. |f you e
use th It occurrence points you should know that Gammarus tigrinus is an aqua . 50 you need to choose Giovanni
marine environmental layers during the modelling procedure.
Workflow requirements: When running on Taverna workl this workflow requires Internet connection and the Taverna © License

n plugin instalied

A versions of this Workfiow ars Bosnsed undsr:

© Preview
Wontiow Ingues. © Version 4 (latest) (of 4)
Vewvemen dimes
© Credits (2)
e cov_ponts %)
& Renaw De Gloaml
e e e e | By
s (0)
et layors [ cogtiond | wnchudn_tayers ~
[ sgenen ot N ssbect_or_cronta_masi | o || ety siieg | you | torg wgns | © Tags (13)
B Uploader tags
Dio-oracke | oioctim | oiostr | ewrois | filter
narmontzed worid soll datadbase mwsd | ncatd
neans | incofish | openmodelier | polnts | range
woriaclim
o el o e e
[ I I I 1 v Log In 1203 Tags.
Download as scalable diagram (SVG) © Shared with Groups (2)
© Run & BoveL

Run this Workflow in the Taverna Workbench...

Option 1:

© Featured In Packs (2)

Copy and paste this link into File > ‘Open workflow location ) Mapping precent 2nd dre

http://vwarw. myexperiment.org/work flows/3725/download?version=4

thore 10 ()1

prediciad Glstrioution pamems r
meso-grazer guild In e Satic Sea

) Appiication of Ecological Nicne

Run this Workflow on the cloud with OnlineHPC... Mogelling and Eamn Opsenation for e



n\1experiment

Added by Biodiversity eLaboratory ... sbout one hour ago (04/08/14 @ 11:26:52)

more
\j File: Fucus vesiculosus current distribution (Bicdiversity eLaboratory)
0 Alow-resolution PNG image of the predicted current niche of Fucus vesilosus
Added by Biodiversity eLaboratory ... about one hour ago (04/08/14 @ 11:28:2€)
more

\j File: Fucus vesiculosus current and 2050 difference (Biodiversity eLaboratory)

) Alow resolution PNG image for the difference between the curre
Fucus vesiculosus

gnd predicted 2050 niches for

Added by Biodiversity eLaboratory ... sbout one hour ago (04/08/14 @ 11:35:41)!

bre (¥

Local files

L‘j File: Fucus vesiculosus occurrences from GBIF (Bicdiversity eLaboratory)

) Aspreadsheet indicating the source of occurrences of Fucus vesiculosus retrieved from GBIF

Added by Biodiversity eLaboratory ... sbout one hour ago (04/08/14 @ 11:25:26)

more
Workflow: Bioclim workflow with interaction [2] (Rensto De Giovanni)

) Taverna 2 BioClim workflow developed as part of the BioVeL project. The workflow filters for
environmentally unique points and generates a BioClim model to calculate the environmental
range for each variable. The workflow uses the OpenModeller framework

Added by Biodiversity eLaboratory ... 2 hours ago (04/08/14 @ 10:05:40)

more

Workflows

Workflow: BioVeL ESW DIFF Basic [2] (Robert Kulawik)

) Taverna 2 ENM Statistical Workflow developed as part of the BioVe
the spatial computation of changes in potential distribution maps,
between two raster layers using the R statistical environment

Added by Biodiversity eLaboratory ... 2 hours ago (04/08/14 @ 09:52:25)

more

{(5} Workflow: Ecological niche modelling workflow [20] (Renato De Giovanni)

) Taverna 2 Ecological Niche Modelling Workflow developed as part of the BioVeL project. The

Workflow Commons

Added by Biodiversity eLaboratory ..

03/14 @ 10:23:23)
<@ External: Idotea chelipes - (http:/ —taxdetails&id=119042)

0 Aspecies of isopod that is prey
of Fucus algae.

e two species

Added by Biodiversity eLaboratory ... 2 hours ago (04/08/14 @ 10:22:
(@  External:ldotea balthica - (http:/www.marinespecies.org/aphia.php?p=taxdetails&id=

CD) A species of isopod that is prey for Gasterosteus aculeg nd which feeds on the two species

of Fucus algae.

Added by Biodiversity eLaboratory ... 2 hours ago (04/08/14 @ 10:21:4

<@ External: Fucus radicans - (http://’mww.marinespecies.org/aphig

Pointer to 3™
Party Data

<@ External: Fucus vesiculosus - (hitp://iwww.marinespecies.org/aj C o | I e Ct I o n

C)  Aspecies of brown algae that is eaten by Idotea

Added by Biodiversity eLaboratory ... 2 hours ago (04/08/14 @ 10:19]

0 A seaweed/algae that is eaten by Idotea

Added by Biodiversity eLaboratory ... 2 hours ago (04/08/14 @ 10:17:53)

(@ External OpenModeller ecological niche modeling experimentation framework -
(http://openmodeller.sourceforge.net/)

Added by Biodiversity eLaboratory ... 2 hours ago (04/08/14 @ 10:00:28)

@ Relationships (5)

Pointer to 3™
Party Code

1. Fucus vesiculosus 2050 distribution is an output from Ecological
2. Fucus vesiculosus 2050 distribution is an input to BioVelL ESW D
3. Fucus vesiculosus current distribution is an input to BioVelL ESW'D 7
4. Fucus vesiculosus current distribution is an output from Ecological niche modelllng workflow.
5. Fucus vesiculosus current and 2050 difference is an output from BioVel. ESW DIFF Basic-

@ Download

B Download Pack Items (ZIP archive)
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Home | Workfiows | Bioclim workfiow

Bioclim workflow

Creatsd:

Last upatea:

3 Downiosa Worttiow | | 5, Open in OninstipC

This workflow takes s input 2 file containing spe

5 occurrence points to create a model with the openhodeller Web @ Woridiow ype
Servioe using the Biockim algorithm. Environmental layers and mask are selected during the workflow. Points are filtered so Taverna 2
that only environmentally unique points are used to create the model.

You can use this workflow to ither fiter o= points excuding resundant goinis with the © Uploader
environmental conditions (you can get the _points") of to know the environmental rang
for each variable considering all input points. In the later case, you can inspect the "model_xmI" to find this information in
the Maximum and Minimum attributes of the Biociim 'y 2 space in the same order of the
layers. Please note that there are no model tests o projections in this workflow
Renat

For more information about the input file format, please look at the documentation for the corresponding parameter. If you e

the default occurrence points you should know that Gammarus tigrinus is an aquatic species, S0 you need to choos Giovanni
marine environmental layers during the modeliing prooedure.
Workflow requirements: When running on Tavema workbench, this workflow requires Internet connection and the Taverna © License

interaction plugin instalied A8 Versions of this Workfiow s Bcsnsed undsr:

0 Preview

Woniow s © Version 4 (latest) (of 4)

Vewweson steesy

© Credits (2)
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© Attributions (0)
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woriscim
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Logint a0 Tags

Download as scalable diagram (SVG) © Shared with Groups (2)

) BhoveL
© Run I
& BhoveL memal
Run this Workflow in the Taverna Workbench...

© Featured In Packs (2)

Option 1:
Copy and paste this link into File > ‘Open workflow location. [ :"3”';;_”3'96::-3\1 ‘-»'-4:
it myesperiment o orklons T2 Gowrload?verson=4 e S ]
) Aopikcation of Ecological Nicne:
Run this Workflow on the cloud with OnlineHPC... Moseling 20 £arm Oosenation

Workflows of local or remotely
executed codes

: WoRMS

World Register of Marine Species

feme WOoRMS taxon detail
Abot
scerchiaxs . Gasterosteus aculeatus Linnaeus, 1758
Taxon tree Aoat0: 120803
Oumtribution sl ) > # Gomreces fBe) > G e (B
T Accepted  + Gastaostous acsests acieanis e
canors e
statintics Rank Speces
users Typetaxon of
Webservice
Protogatiery
tnbe dowdeads T omas

- - .
Gloscary

Vernacelar
Hames

GLOBAL
= e : BIODIVERSITY
INFORMATION
FACILITY

Collection in a Data
Catalogue

. Third party remote
' \ web services or
command line
tools




Systems and Synthetic Biology:

Research Components are Many and Various

£FEBS
Journal @
Construction and validation of a detailed kinetic model of

glycolysis in Plasmodium falciparum

Gerald Penkler'?, Francois du Toit', Waldo Adams', Marina Rautenbach', Daniel C. Palm’,
David D. van Niekerk' and Jacky L. Snoep'??

in the Embden-Meyerhof-Parmas pathway o

Introduction
Despite seves
th

RIS Sourmal 202 0018 1A-1611 © 2016 PR -

Penkler, G., du Toit, F., Adams, W., Rautenbach, M.,
Palm, D. C,, van Niekerk, D. D. and Snoep, J. L. (2015),
Construction and validation of a detailed kinetic model
of glycolysis in Plasmodium falciparum. FEBS J, 282:
1481-1511. doi:10.1111/febs.13237

16 datafiles (kinetic, flux inhibition, runout)

f(x) 19 models (kinetics, validation)

E 13 Standard Operating Procedures

E 3 studies (model analysis, construction,

validation)

24 assays/analyses (simulations, model
characterisations)



=»  Systems & Synthetic Biology Commons for Projects

FAIRDOM

Yellow pages
Programmes
Projects
Institutions

People

Experiments
Investigations
Studies

Assays

Assets
Data files
Models
SOPs

Publications

Activities
Presentations

Events

amples
Sample types

Organisms

ex  Glucose in PL

, Glucose metabolism in Plasmodium
falciparum trophozoites

The investigation entails the construction and validation of a detailed mathematical model for glycolysis of the malaria parasite Plasmodium falciparum in the
blood stage trophozoite form.

1D:58

Projects: Whole body modeling of ghucose metabolism in malaria patients

Selected item: Investigation Full graph (¥

Study. Model construction

Investigati

Investgation’ Ghucose metabolism in
falciparum

isatab®*"

Related Items

| DatLa

Data file: PFK Kinetic data ‘

4. PFK Kinetic model

notebook for the of the PFK rate equation based on SEEK in

1 item (and an image) are associated with this Model:
. EK D ® &

e - P L (6D
WPFK = v'm”‘ Kare Krer
v = ap ). (14 6D 166p ) . atp adp
M+ g %) (L Kyer + Kynens) " (1 + Kagp + Kaop)
S d item: Mods

https://fairdomhub.org/investigations/56

Citation G. Penkler; F. du Toit; W. Adams; M. Rautenbach; D. C. Palm; D. D. van Niekerk; J. L. Snoep; (2014): Glucose

metabolism in Plasmodium falciparum trophozoites; FAIRDOMHub.

http://dx.doi.org/10.15490/seek.1.investigation.56




Multi-results & Versions

Data of many types...Primary,
secondary, tertiary...

Methods, models, scripts ...
Physical objects: samples, strains,
specimens

Structured
organisation

Distributed: Span repository silos,
regardless of location and ownership
In house and External

Multi-site + multi-stewardship

Retaining context
over fragmentation



Spanning across the Ecosystem

£(x) ;—]]

1 Publishing & Exporting
2 HUB Snapshot versions and

@ﬁé'“" elements

DOl proliferation

Context



Digital Object Perspectives

L\
A)

~ Narrative

execution

workflow engine .
environment

Parameters
Configs




preserved, portable research products.
inter-platform exchange
multi-platform content & context dependencies

New Treatment! The Power of the Commons: . )
> To dramatically decrease the length w
of inter-lab knowledge turns and A o }
optimize the pace of discovery ® e a‘ ,4.’,*‘ e flgShare
4 \
e v \
1 L ’
@ %.3,/ ,.:’\ = ‘y\/ / \\\
1’;2;’ bt Lab 2 o-o-¢ \ s :b
} / ll . )‘/ '\, ,/, \ /
\
Lab3 / Y / FAIRDOM
'I ,, \‘ ,,/
II II h 1,
} } } t i

[Josh Sommers]



researchobject.org @

@ Enabling reproducible, transparent research.

} - Linked . )
ﬁ Opler; E"ata Executable Discoverable Reproducible

& saentlflchypothe5|s
PUBLICATIONS ;1 SLIDES @

[N
DATA METADATA

[ !

[\ = 0B
™| RESULTS ==| LOGS
(A
WORKFLOWS

« Dataused and results produced in experimental studyf
* Methods employed to produce and analyse that datal
* Provenance and settings for the experiments

||
D @&

* Peopleinvolved in the investigation
* Annotations about these resources, to improve understanding & interpretation

Workflow

WFE
Bechhofer et al (2013) Why linked data is not enough for scientists https://doi.org/10.1016/j.future.2011.08.004 P
Bechhofer et al (2010) Research Objects: Towards Exchange and Reuse of Digital Knowledge, https://eprints.soton.ac.uk/268555/



Atomicity,
Granularity,
Aggregation
Composition
Fragmentation
Versioning
Forking
Cloning
Portability
Dependency
management

Research Objects
Analogous to
Software
artefacts and practices
rather than
Data or Articles



Research Objects

t,+1 Architecture Framework

/“Iogical” view W (“development” view
LIFECYCLE
METADATA
PROFILES STEWARDSHIP
o Drivers /
A /
POLICIES & SERVICES &
GOVERNANCE TOOLS
k“process” view . _ "physical” view .




@ Drivers within the Ecosystem

FAIRDOM
Commons & Catalogues Replication
Publishing, Reproduc?bility
Exchange between _ Pl’eser\_/i_atlon
people and platforms 1 Portability
Sharing, i
Training e
\A
SR
I,

resed® | | —/——
D) et | ——

Active Research Release
Evolution & Snapshots
Remixing, Comparison, Review
Automated processing

Conservation
Repair
Archive

gf@% Workflow
\WF)
Goble, De Roure, Bechhofer, Accelerating Knowledge Turns, DOI: 10.1007/978-3-642-37186-8_1 N 4Ever



(Inter)National Commons

Public Community Archives ROS WO rk|ng

Publishers

i across the
ecosystem

NIH Big Data to
Knowledge (BD2K)

@Q& EOSC»piIot
S L) e Macro Level

research
object.org

@ Boundary
Meso Level Micro Level O bJ e CtS

Institutional repositories Personal Electronic Lab Notebooks,
Project / Group Commons

Research Context
Knowledge Exchange Report: http://www.knowledge-exchange.info/event/ke-approach-open-scholarship
The ‘last mile’ challenge for European research e-infrastructures https://doi.org/10.3897/rio.2.€9933




FAIR ROs Desiderata

Graceful degradation. 1o -

)
Technology Independent. Sqé/e

- C
0\&\,9\0 Odity tooling
The least possible. '
The simplest feasible. Low tech.

Low user overhead and thin client



Manifests of Metadata

Manifest Manifest Profile

Construction Description

Identification
to locate and cite
Aggregates

Type Checklists
what should be there

Provenance
t(? enumerate where it came from
& link together Versioning
ROs and elements its evolution

Annotations
about RO, elements &
their relationships

Dependencies
what else is needed

resea‘cgl

Container



Standards & COTS Platforms

Identifiers: URI, RRI, DOI, ORCID @ Identifiers.org

Open Archives Initiative

) Object Exchange and Reuse W3C Web Annotation Vocabulary
Construction Aggregation Annotation

/\

reseamgl |
@ obiect©f e
~— — PBaglIt CONDA BIOCONDA

Container

VAGRANT

@ bioboxes
docker v \SJ O 0




Linking across ROs and into the
Linked Open Data Cloud

* Recording & linking together
the components of an
experiment

* Linking across experiments.
* Linked ROs

* Semantic Web + Digital
Objects




D

Goldilocks Profiles & Progression

Levels to define and interpret content

\, S
where it what else what should be
its evolution came from is needed there for types
Versions Provenance Dependencies Checklists
® : Fedora D .@p H
* @Apache Taverna ('\\ ‘ PFOJect / Lab
&A, MENDELEY DATA C%F 5\?@ Specific

— DIGITALCOMMONS®

oﬁenBIS caianimed = Galaxy
wfprov ek 7 st ¢4 Community-
- BIOCONDA Q mioor
J OGltHUb ProvONE & bt $ based Types,
SEEK o . isatab®™*  Context
§ ( A\ l ReproZip Ea Bioschemas.org
<DATS>

Package
d DC! W Al

P AV ® .* A 3 : Data Citation Principle
W3CPROV £
#RO HUB VO I D vagrant

Gamble, Zhao, Klyne, Goble. "MIM: A Minimum Information Model Vocabulary and Framework for Scientific Linked Data",
IEEE eScience 2012 Chicago, USA October, 2012), http://dx.doi.org/10.1109/eScience.2012.6404489




= Profiles & Progression Levels

— simplify the solution space
| — — but still encode data types

Manifest

— ~N—
Cardinalities on relations
apply to a single
evaluation result. Agraph
may contain multiple

evaluation res

Minim model for
defining checklists

SHACL Metamodel

mmmmmmmmmmmm

Gamble, Zhao, Klyne, Goble. "MIM: A Minimum Information Model Vocabulary and Framework for Scientific Linked Data",
IEEE eScience 2012 Chicago, USA October, 2012), http://dx.doi.org/10.1109/eScience.2012.6404489




Validation and Monitoring Tools
interpret the content

Overview Content Relations Quality Notifications History
Earth Science data-centric RO key requirements v Reload RO | I l ' B

x Target Analyzing gene deregulation in Huntington's disease with respect to epigenetic information does not satisfy checklist for ready-
to-release.

Research Object has title

Research Object has description

Research Object has creator

Research Object does not have editor

Research Object does not have indicated purpose

Workflow-centric RO with provenance requirements v Reload

Research Object has subject Target Analyzing gene deregulation in Huntington's disease with respect to epigenetic information does nc
Research Object does not have copyright holder complete

Data artifact is present (e.g., dataset, document, file, image)
One or more data artifact has no format indicated. including

e N

Experiment hypothesis or research question is indicated
Experiment description paper is indicated

Experiment design sketch is indicated

Workflow is present

No workflow definitions found

No workflow process software dependencies indicated
No workflow service references found

No workflow sample run data indicated for any workflow
No workflow selected input data indicated for any workflow
No workflow results data run indicated for any workflow
Experiment conclusions are indicated

Earth Science workflow-centric RO key requirements v Reload

Target UNAVCO GPS Timeseries minimally satisfies checklist for ready-to-release.

Research Object has title

Research Object has description

Research Object has creator

Research Object has copyright holder

Research Object has keywords

Research Object has sketch

Research Object has subject

Research Object has ancillary documentation

Workflow resource is present

No workflow definition found. The wf definition is the resource understood by a wf engine (e.g., t2flow, ga
resource of type Workflow. To solve this issue in ROHub: select the resource annotated with type Workflo

AR XXX CNNNS

See quality history with RO Monitoring Tool

AN NN NN

"Annotate and Transform”; otherwise add the annotation (hasWorkflowDefinition). Workflow . P~ :
No workflow run has been indicated. To solve this issue, aggregate an execution run provenance in ROH me This application ha‘s beer] ‘deve‘bped by PSNC a? part of the Wi4Ever project
generated RO bundle; otherwise aggregate and annotate (WorkflowRun) the provenance resource | ke Research Object Digital Library Portal, version 4.8.16-SNAPSHOT.

All Web services found are accessible (or none found): (no values)

No workflow process software dependencies found Icons by Glyphicons and the Noun Project.

All processes (e.g., workflows) have input defined
All processes (e.g., workflows) have output defined
All data artifacts have format indicated

All data artifacts have filesize indicated

http://www.rohub.org/ KPSNC

KNS =S

=

=
n =
2

@sa €Veresl  [raul palmal

=

\,~
&
&



Generic Viewing Tooling

interpret the content

ro-show About API Explore

Research Object Viewer Tool

This is a tool for top level viewing of the resources in a research object and annotations about them. Ro-show is still under development and
subject to change without warning!!

Zip File Input
Choose file No file chosen

Choose a research object zip file to upload

Submit

You successfully uploaded bundle.zip!

230e941-c6ba-4a59-8ed8-23371da30323
Authors{Jason Walker, Thomas Mooney, Jason Walker, Feiyu Du, Thomas B. Mooney, Susanna Kiwala]
Profile [ Workflow Research Object (can be viewed by Common Workflow Language Viewer))
Date Created([2017-08-24T10:42:11.5872]
acd651ee-810d-43¢9-9b3e-56598b0b78e
Authors{Jeremiah H. Savage]
Profile [ Workflow Research Object (can be viewed by Common Workflow Language Viewer))

Date Created(2017-08-24T10:36:43.9752]

794db2fa-c126-4c99-9a90-31409ee3c07
Authors{Pau Andrio]
Profile [ Workflow Research Object (can be viewed by Common Workflow Language Viewer)]

Date Created[2017-11-127T02:07:21.9522)

.
La n d I n g Pa ge 4beb2162-1891-456f-987a-4a524d9f00ea

Authors{Thomas B. Mooney, Susanna Kiwala, Jason Walker]

R O P I D R | t . Profile [ Workfiow Research Object (can be viewed by Common Workflow Language Viewer)]
esolution AR, A

Making use of these various objects will depend on available

preview

retrieved from annotations

Jason Walker
Thomas Mooney
Jason Walker
Feiyu Du

Thomas B. Mooney
Susanna Kiwala

profile

Workflow Research Object (can be viewed with Common Workflow Language
Viewer)

preview

structure

[under development]

Preview Page

Interpreting the.Content...... ...

infrastructure & tools etc.

[Lilian Gorea, Oluwatomide Fasugbal]

API

Explore

Use the “conformsTo” Property



[ ore:Proxy J [ ore:AggregatedResource ] [ ore:Aggregation ore:ResourceMap

\ \ ore:aggregates
oreiroxyFor
\ oredescribes
V'S
I ro:Rs

|‘°=F°|dEfE"ﬂ'Y] esource ] / l ro:ResearchObiectJ ro:Manifest J

rozentryName / L ro:Folder ] Lm:AggregatedAnnctation ]
anno esource

J I
ro:SemanticAnnotation dcteredtor
aobody \ det:created
l rdfg:Graph P foaf:Agent

Research Object Manifest Model

http://[www.researchobject.org/specifications/

’h Bioschemas.org
>

<DATS> F/II?

/J‘r"

wﬁCUS Dockeronto

ONTOLOGIES

ﬁ isRepresentBy [ - am

isRepresentBy

aggregates | s
md repository
isStoredin
persistentID
isResolvedBy contains
isPartOf
isa
‘ isa
PID resolver PID record " propeny |
y {rco 4, o,
isGeneratedBy 0‘0,»@ %0, isa

I 0’0'
{nnc information - { checksum

RDA Data Foundation and
Terminology WG Core model.

© ScienceMetadata

String title

String abstract a a
String(] author

D:

s
ate beginDate
Date endDate
Float eastBoundingCoord
Float westBoundingCoord a a a c a g e
Float northBoundingCoord
Float southBoundingCoord

55

© DataONEObject T~a

0..* -
String id ~
Integer size " .
String formatld qe— (:)5"5"‘9[’3‘3 © Relation
String AuthoritativeMN URI cito-d a
Date dateUploaded cito:documents
Boolean isp?mnc URI cito:isDocumentedBy
String obsoletedBy

© ResourceMap

Relation(): relations

Lots of roads from A to B



A publishing trend.... JSON(-LD) + schema.org

https://dokie.li/

dokieli

https://linkedresearch.org

dokieli is a clientside editor for decentralised article publishing, annotations and social interactions.

Write and publish articles in a space you * Save a
control edit in
" t

Publicat Unique Identifiers Reusability and Links
Annotate, reply to and share articles. . ‘ Get notifications
22 'S % i
Announcement Feedback User expe
[ ] !
@
Embed live data, scripts, stats and multimedia. @ % Add identifie antic ma f & -
for tul | concept Question current practices Help and motivate Resources
[~~~} o= o

science.ai

»DataCrate Specification

BagIT data profile +
schema.org JSON-LD
annotations

Manifest: Schema.org, Reproducible
JSON-LD, RDF Document Stack project

Archive: .tar.gz eLife, Substance and Stencila
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simple structured metadata markup on web pages & sitemaps
Finding, Citing, Bioschemas Profiles
Metadata Exchange Schema.org Types
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Bioschemas.org

schema.org tailored to the Biosciences
simple structured metadata markup on web pages & sitemaps
don’t register — harvest & index

e
%ip

Bioschemas Data Profiles

New proposed
Bioschemas profiles

*  Specific for life sciences

» Extends existing Schema.org types

* Focused on few types and well defined relationships
* Minimum properties for finding and accessing data
Best practices for selected properties

Managed by Bioschemas.org

Catalogue Dataset

\ 4
Catalogue Dataset Record Entity LabProtocol
Schema.org types Types proposed to Schemas.org by Bioschemas
Schema.org Types

* Generic data model
* Generous list of properties to describe data types
* Managed by Schema.org
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h Research schemas

<

Common Research Types
Common Research Profiles
Specific Research Profiles

Proposyy
O“!j\ EOSC pilot

The European Open Science
Cloud for Research Pilot Project

Bioschemas .
- Bioschemas.org
Agroschemas
Astroschemas
Earthschemas
. . o @AG U- @‘;Ej;f\\“ glssue‘ D\recltocry and
B I Od Ive rS ItySCh e m a S. .e American Geophysical Union ﬁj@s OOOOOO ation Centre

Maintain common profiles across scientific domains focused on
finding and accessing data and exchanging metadata in catalogues.
Serving Cloud Services & Supporting Boundary Objects
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Q Objects

NIH Big Data to
Knowledge (BD2K) D

: IS USC
THEGEORGE  Precision medicine I\/.Ieta_genomlcs !
universiTy  NGS pipelines regulation Elpelmes and LARGE
WASHINGTON, DC atasets
the [
Ctle
° ;’ - Asthma Research e- @ — ng]
A B o2 Lab sharing and M ombineArchive\We
¢ ‘\" computing statistical \ / . ——
STELAR *  cohort studies FAIRDOM wonk__pportasa .
X—p ISA based packagin B
\ -~ P 9ng, srerreni=ft U Rostock

snapshotting, exporting
and publishing for Systems
Biology models

Public Health Learning Systems

\&\i“ie#sa

ROHUB s
European Space
Agency RO Library
Everest Project

Manifest description of
CWL workflows

Standardised
packaging of Systems
Biology models

Research Object
Bundles for Data
Releases S

| |
Dataset “build” i—‘\
tool Open PHACTS



Platform & user buy-in from the get-go ROS

Passionate, dedicated leadership
acceptance
in the
ecosystem

Community

Seeding critical mass

Reproducibility | Computational
Commons Workflows &

research o
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object.org (o
Q

x5

)
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C
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2,
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X

Multi-
Driver disciplinary
Easy to make Complex Objects types inVEStigationS

Hard to consume Multi-artefact Objects
Generic vs Specific

Don’t be too flexible!
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Computational Workflow Research Objects

e researchobject.org
L ANGUAGE «a
Community led standard way Gathers CWL workflow
of expressing and running descriptions together with rich
workflows and the command context and provenance using
line tools they orchestrate, multi-tiered descriptions
supporting containers for Snapshots the workflow.

portability. Relates to other objects.

CUROVERSE. ) Sever
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Reports + Machines

Linked — '_‘
Data est
JSON-LD
RDF
- y
Checksum

k.

Narrative

?

attrlbutlon

ORCID

workflow engine

: Workflow Research Objects

@ 53

(((0

y%
7
\

execution
environment

-
= | =

Community
ontologies & formats

(((0 E

references

Belhajjame et al (2015) Using a suite of ontologies for preserving workflow-centric research objects,
J Web Semantics doi:10.1016/j.websem.2015.01.003
Hettne KM, et al (2014), Structuring research methods and data with the research object model:
genomics workflows as a case study. J. Biomedical Semantics 5: 41
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creates genome coverage bigWig file from .ba!

About API

Explore

Download as a Research

« Verified with cwlitool version 1.0.23

]
Object Bundle
o 0@
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1 Workflow Inputs |
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Over an active GitHub
mappedreads Double (Optional)
[ ]
entry for an actively
split Boolean (Optional) y
pairchip Boolean (Optional) n
bigWig String (Optional) d eve I o p I n g WO r k | OW
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Special Tooling:
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D Runs Label Doc
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BioCompute Precision Medicine
ObjeCtS High Throughput Sequencing, from a biological
= U.s. FooD & Drug  S@mple to biomedical research and regulation

ADMINISTRATION Q

file transfer

too large to keep
forever; not
standardized

difficult fo

Riaduceadies . : validate/verify
are massive in transfer is

size slow

computation
pipelines

how can
industry and
FDA work

togetherto 3
avoid regulation analysis

mistakes?2 and review Q BioCom pute
Objects

[Vahan Simonyan] FDA BAA contract HHSF223201510129C (PI: Raja Mazumder)
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Objects

ADMINISTRATION

pJY U.S. FOOD & DRUG

BioCompute Precision Medicine High Throughput Sequencing, from a

biological sample to biomedical research and regulation

Emphasis on parametric domain and robust, safe reuse.

CAG repeat detection for Huntington's disease

submission date 2/29/2017

I

Lifecycle domain

parametrized pipeline with all
internal arguments well defined

workflow — defined
in CWL

Linked Data, JSON-LD,
Ontologies (EDAM, SWO)

+

/" | complexity AA-calls )

alignment

@ researchobject.org

+

WORKFLOW
LANGUAGE

o
S, ;
//A 5 é\:' ‘v,-% Global Alliance
¢ S 47 for Genomics & Health
g DX 4

data formats, elements and APIs for EHR & genomics

=

variant calling _I

entropy 1.6 &

comparative
mutation profiler

X

output domain

alignment

consensus consensus.fa
sequence :

AA Call table

confirmed AA
calls

514682

SRR4243395
NG_009378.1

SNPProfile.csv
SNP Summary

Alterovitz, Dean Il, Goble, Crusoe, Soiland-Reyes et al Enabling Precision Medicine via standard communication
of NGS provenance, analysis, and results, biorxiv.org, 2017, https://doi.org/10.1101/191783



Ecosystem of tools and services for
big data analysis and sharing in an ecosystem

Assemble, share, and analyze large and complex multi-element
datasets to integrate into biomedical HTS analytic pipelines

Secure large scale moving of patient data

research
minid <= ' 0 e
object.org
|S|mp.le, rich structured archive with
_ , ocation descriptions of checksums
Big Data independent contentin the of individual
collections persustgnt bag and files
referenced identifiers outside it
1000s of images and data distributed across multiple
genome sequences locations, referenced because big
assembled from diverse and persisted, efficiently moved
repositories, by Grid technologies B),..
Chard et al I'll take that to go: Big data bags and minimal identifiers for exchange of large, 50 Dt e
complex datasets, https://doi.org/10.1109/BigData.2016.7840618 m> Knowledge (80219



° ° Identifier: .
m I n ld ark:/57799/b9j01d Archival Minimal

Created: Resource metadata,
2016-08-06 15:02:12.180428 Key Checksums
Creator:
BDBag Service (None)
Checksum:

8bdc4180dd08ff5bf21cdB8a20096e0c44cab9d38e95337e1a72edb0c0c817¢15

Status: <
ACTIVE / research
Locations: O bJ ect.o rg
https://s3.amazonaws.com/encode-bags/c5c7084b-bf91-4b5a-b673-07de38d8388a.zip
Titles:
ENCODE BDBag

Annotations,

provenance,
relations

1.Query and
discoverdata

2.Transfer bags

Alignment  Analysis

o~ ‘ (STAR)  (F-Seq)  (Wellington) (bedtools)
B )D 3. Execute DNase-seq analysis workflow

Analysis Analysis -

4.Publishresult bags

NIH Big Data to . .
m Knowledge (BD2K) ™\ 5. Discover published data

Chard et al: I'll take that to go: Big data bags and minimal 6. Execute other
identifiers for exchange of large, complex datasets, \W°'kf'°W

https://doi.org/10.1109/BigData.2016.7840618 Other

analysis




Management in the Ecosystem
whole > ) (independent)parts

Related Items

0

People Studies (2 Assays
I _ amino acid auxotrophy for streptococcus py SysMO-LAB
amino acid auxotrophy for streptococcus pyogenes in CDM-IMIKRO (not CDM-LAB) as function of final growth yield (OD600 at stationary phase) in 96well 4 Download
plates (200 ul culture)
| Contributor: Araz Zeyniyev
Created: 5th Apr 2012 at 17:10, Last updated: 12th May 2016 at 16:25
I | Characterization of chen s wild type vs. arcA- and ginA-deletion mutants SysMO-LAB
o S. pyogenes was grown in C-limited cultures at pH 6.5 and 7.5 and at a growth rate of 0.05 4 Download
The gIinA mutant strain shows decreased growth in low glutamine and excess glutamate conditions and no growth at all in low glutamine and low glutamate
conditions. Preliminary results of glucose-limited chemostat cultures indicate a reversion of the pH dependency of the shift from homolactic to more mixed acid
fermentation
wild type - lactate/formate ratioatpH 6.5=11.8, atpH7.5=2.8
glnA mutant -
Contributors: Antje S Silvio Hering, Martijn Bekker
Created: 3rd Apr 2012 at 11:26, Last updated: 12th May 2016 at 16:25
lnveslggbcm
n [ ] Results ridlow
u
ortond

@45

software development & &=
old skool data integration CREEEE
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Tragedy of the Commons

Manifests of Metadata
* profile making

* template making

* template elements
* auto manufacture

* spreadsheet tooling

https://metadatacenter.org

& CEDAR

"The challenge for all the data-commons initiatives — is
that many online datasets are annotated with metadata
that are simply terrible.... Creating good metadata takes
considerable work ....

When investigators act in their own self-interest,
taking short cuts to generate metadata as quickly
as possible, we should expect that the overall
utility of the resource will decline.

The creation of a data commons requires the ability to
deal with extremely varied — and often unanticipated —
metadata patterns and data types .... a need for easy-to-
use solutions that are generic to provide guidance over the
entire life cycle of metadata — streamlining metadata
creation, discovery, and access, as well as supporting
metadata publication to third-party repositories”

https://ncip.nci.nih.gov/blog/face-new-tragedy-commons-remedy-better-metadata/



Stewardship in a multi-component,
evolving ecosystem

Dependencies & Responsibilities with
multi-stewardship at different

granularities

Who manages the RO and who
manages and governs the parts?

Who maintains the manifests?

Delegation and trust!
Expect component rot
A new career?



research

object org Multi-Stewardship of ROs and Elements
& and the stewardship of manifests.....

Different granularities
Domain and type specific

standards, lifecycles, behaviours Stewardship hand-offs

Atomici : .
tomic t.y. Multi-stewardship guarantees

Composition * Content change

Dependency Content decay
PID and Resolution services
Provenance attribution
Credits

!:|X|ty, verlfyln.g Degrees

intended versions

of contents,

element change

detection, Lifecycles Distribution

snapshots Volatile Autonomous

Who is responsible? Spectrum of governance?
Delegation and degradation.
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object.org

® Creation, Credit, Curation

% W 2 Authenticity, Tamper-proofing
. /gx g * Hashing & Checksums
& (&> | > "+ Secure signature & probity services
o J ©\

_ TP * Block chain & Ethereum
S e, W 4

\/ 3 DOl proliferation
o] * Channelling for Counting

Missier, Data Trajectories: tracking reuse of published data . di
for transitive credit attribution, IDCC 2016 Lan Ing Pages

Katz and Smith “"Contriponents”

* Micro-credit and citation aggregation

* Tracking RO usage & indirect contributions

* Awarding fractional weighted credit to contributors
* Networked Credit maps*

** D.S. Katz, "Transitive Credit as a Means to Address Social and Technological Concerns Stemming from Citation and
Attribution of Digital Products," Journal of Open Research Software, v.2(1): €20, pp. 1-4, 2014. DOI: 10.5334/jors.be



Trend - bottom up initiatives sheltered
by big umbrellas

Grassroots community activities .

Fostered by Infrastructure l ‘

Initiatives
Don’t swash the start up!

Open standards and lightweight
Practical engineering

Keeping it simple and real
Ramps rather than Revolution
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Semantic Bindings for non-embedded metadata
Bind Grid Entities and Knowledge Entities

Grid Entity Semantic Binding Knowledge Entity
John Doe with a Distinguished Name Assertions about John Doe VO Ontology

8 Digital Certificate Chiversity of Manchegid.-— ~ ~
QN=John Doe, Affliated with Is of type

B - e

= o )

o N=lohnDoey=— " Iofyme™

v
A TT A

Instiution

Affiliated with

Takes part in

C=lLK
8 Takes partin h
> ~ . _Isoftye .
Migration Store  Create Use Manage Provision
Lifecycle
Patterns

An overview of S-OGSA: A Reference Semantic Grid Architecture
Oscar Corcho, Pinar Alper, loannis Kotsiopoulos, Paolo Missier, Sean Bechhofer, Carole

Goble (2006) https://doi.org/10.1016/j.websem.2006.03.001




Beware the Bucket

@ Kathleen Fitzpatrick & s N
: \ Follow |V
@kfitz o J/

One of the mistakes that's been made
repeatedly in open scholarly communication
projects has been the attempt to create the
bucket of everything.

5:20 AM - 10 Nov 2017

4 Retweets 34 Likes @ ‘@ e \.,% ‘f} 3 ‘

Q s 1 4 Q 34

https://twitter.com/kfitz/status/928975762081898496



RO based ecosystems

Beyond islands with the odd special ferry-
services (e.g. GitHub software releases
archived in Zenodo to get DOI)

Bridges to connect anything-to-anything.
ROs carried between or collected in depots

Ecosystem evolution Ecosystem incentivisation
* Mitigate * Love

* Adapt * Money

* Migrate * Fame

* Die * By Side effect



