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Our RO start up — what, why and how@

ROs In the Large — The Vision ROs in the Small - The Implementation
A new form of Scholarly Communication. Packaging digital components.
RDM support throughout the research cycle. Referencing physical components.



Our World of FAIR Thematic Research Infrastructures (Z.S )
(aka Cyberinfrastructure) — Biology, Biodiversity

da EI{X;'

EOSC-Life | A\

Research
Software
Engineers

“facilities that provide resources and services for
research communities to conduct research and
foster innovation....they may be single-sited,
distributed, or virtual.

* major scientific equipment or sets of instruments
 collections, archives or scientific data
* computing systems and communication networks
* any other research and innovation infrastructure
of a unique nature which is open to external
users”
European Commission

https://ec.europa.eufinfofresearch-and-innovation/strategy/european-research-infrastructures_en



FAIR Data Commons 2

A European Open Science Cloud (EQSC-Life) call for projects
sharing data, 1ools and workflows in the cloud

Cloud deployment

and resources ‘ 3,
A EOSC-Life

workflows and
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Assemble and share large scale, multi-
element datasets. Secure referencing
and moving of sensitive data. Zoo of
catalogues & resources.

Across 13 Research Infrastructures.

Cancer Research
Data Commons

g o &
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Clastie Data Anadyus

NIH Data

S ommons

Data Contributors & Consumers

Reproduce, port, share, and execute analytics & pipelines

Diverse Research Objects — models, data, pipelines, lab
protocols and SOPs, provenance... citable, exchangeable,
publishable, preserved, executable objects and
collections of objects.



Findable

FAIR Digital Objects ©

Indexed data
repositories

Standard Authentication,
communications where necessary
protocol

— |
sl )

Vocabularies are
FAIR
A"/.‘\l

Usage license Provenance

OO
-
/QCJ

PIDs + Metadata

Sounds like Linked
Data!

The FAIR Guiding Principles for
Data Stewardship and

Community
standards

— Management
Scientific Data 3, 160018 (2016)
doi:10.1038/sdata.2016.18



The narrative paper The narrative paper
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Construction and validation of a dotalled kinetic model of
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The different objects that are the research  Structured;interrelated-objects in context
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From Manuscripts to Research Objects (t=

"An article about computational science in a scientific publication is not the scholarship itself, it is

merely advertising of the scholarship. The actual scholarship is the complete software
development environment, [the complete data] and the complete set of instructions which

gene rated the figures." David Donoho, *Wavelab and Reproducible Research,” 1995

Digital Object
Data, code and other
research outputs

research outcomes more than just
publications

data software, models, workflows, SOPs,
lab protocols are first class citizens of
scholarship

added information required to make
research FAIR and Reproducible (FAIR+R) ...

Identifiers
‘ Persistent and Unigue

@® StandardsandCode

Open, documented formats

Metadata

Contextual documentation



Any
research
roduct

Selected ( Publish J
products

Deposit &
Licence

-

Disserainate ] Public Marketplace (@@ Project Research %
\ Services ¥ Infrastructure Services

{ Track and Credit L -

ROs all the way along,
not just the end

Science 2.0 Repositories: Time for a Change in Scholarly Communication Assante, Candela, Castelli, Manghi, Pagano, D-Lib 2015
Ainsworth and Buchan: e-Labs and Work Objects: Towards Digital Health Economies, EuropeComm 2009, pp 205-216



ot et Digital Objects

Physical Object Digital Surrogate
FAIR Digital Object

— electric butterflies
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Digital Objects as First Class Entities

FAIR Digital Object Framework
A Knowledge Graph of FDOs

(GEDE @)

Digital Object
Data, code and other
research outputs

Identifiers

. Persistent and Unigue - EOSC
TURNING ®© RMORVS SO
. FAIR INTO
@® StandardsandCode REALITY L4

Open, documented formats

' Metadata

Contextual documentation

Schwardmann (2020), Digital Objects — FAIR Digital Objects: Which Services Are Required? Data Science Journal
EOSC Interoperability Framewaork Draft (2020)

Hardisty A, et al (2020) Conceptual design blueprint for the DiSSCo digitization infrastructure RIO 6: e54280.
DONA Digital Object Architecture Digital Object Interface Protocol (2018)
https://fairdigitalobjectframework.org/




From Manuscripts to FAIR+R Research Objects @

research objects related and

bundled together &5 @ internal content and references T

one shareable, cite-able,

exchangable resource that can be g_L m [_»\,L\ /L [ﬁL\ [.5 ﬁ
Article Data

versioned and sna PS hot ... SOPs | Workflows  Software Madels  preseqations

F——L 0 S, (il : — =)
metadata describing context W
o W e

and content of objects &
dependencies, versions

' / d @
relationships, provenance... “ | f\l*){\

m

LN

enough to be reproducible

virtual objects, links to physical objects (people, specimens, equipment)
integrated view over fragmented & scattered specialised repositories



From Manuscripts to FAIR+R Research Objects @

- - internal content and references

o
SOPs WO kﬁows Software quels p,,,q,,b,,,, Article ‘ Data |
e .
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Bigger on the inside
than the outside Packaging




RDM role

Commons

Currency
Credit

Archival preservation
Reproducibility

Portability
Virtual Witnessing

@ | Releasing
O/ \é)\O Living Objects

Findable

Accessible

FAIR ROs

Analogous to software
FAIR Enough

Structure: Composite
Dynamic: Versioning
Executable: Portability
Virtual: References
Maintenance: Decay

PID resolution?
Metadata?
Access?
Licences?

Goble, De Roure, Bechhofer, Accelerating Knowledge Turns, DOI: 10.1007/978-3-642-37186-8_1




2@1@ Packaging of Digital Objects @

Driver: Computational Workflows

§=/COVID-19 PublBeq Pangencre Preservation of computational workflows in data-
iIntensive science

(el e * Workflow-centric Research Objects
| (= « Computational workflows, provenance of executions,
e~~~ | interconnections between workflows and related
T — resources (e.g., datasets, publications, etc.), social
/| === | aspects in the experiments.
e e e e e

00000

- * Wf-centric RO creation & management best practices
ey

’v-vr N Q% * analysis and management of decay in workflows.
W EISTETD  Biovel

http://wf4ever.org/



Data pipeline & analysis
reporting & reproducibility

Methods
(.)
De novo assembly and binning

Raw reads from each run were first assembled with SPAdes v.3.10.0%° with option --meta®:,
Thereafter, MetaBAT 2% (v.2.12.1) was used to binthe assemblies using a minimum contig
length threshold of 2,000 bp (option --minContig 2000) and default parameters. Depth of
coverage required for the binning was inferred by mapping the raw reads back to their
assemblies with BWA-MEM v.0.7.16% and then calculating the corresponding read depths
of eachindividual contig with samtools v.1.54 (‘samtools view -Sbu’followed by *samtools
sort’) together with the jgi_summarize_bam_contig_depths function from MetaBAT 2. The
QS of each metagenome-assembled genome (MAG) was estimated with CheckM v.1.0.7%
using the lineage_wf workflow and calculated as: level of completeness - g x
contamination. Ribosomal RNAs (rRNAs) were detected with the emsearch function from
INFERNAL v.1.1.2%7 (options -Z 1000 --hmmonly --cut_ga) using the Rfam*® covariance
models of the bacterial g5, 165 and 235 rRNAs. Total alignment length was inferred by the
sum of all non-overlapping hits. Each gene was considered present if more than 80% of the
expected sequence length was contained in the MAG. Transfer RNAs (tRNAs) were identified
with tRNAscan-s.e.v.2.0%? using the bacterial tRNA model (option -B) and default
parameters. Classification into high- and medium-quality MAGs was based on the criteria
defined by the minimum information about a metagenome-assembled genome (MIMAG)
standards® (high: >go% completeness and <5% contamination, presence of g5, 16S and 235
rRNA genes, and at least 18 tRNAs; medium: = 5o% completeness and <10% contamination).
(..

Nature S68 499-504{2019)

A new genomic blueprint of the human gut
microbiota

EMBL-EBI

132 Cita 667 Altmetric | Mef
()

Assignment of MAGs to reference databases

Four reference databases were used to classify the set of MAGs recovered from the human
gut assemblies: HR, RefSeq, GenBank and a collection of MAGs from public datasets. HR
comprised a total of 2,468 high-quality genomes (>go%completeness, <g% contamination)
retrieved from both the HMP catalogue (https://www.hmpdacc.org/catalog/) and the
HGG®. From the RefSeqdatabase, we used all the complete bacterial genomes available (n
= B,778) as of January 2018. In the case of GenBank, a total of 153,359 bacterial and 4,053
eukaryotic genomes (3,456 fungal and 597 protozoan genomes) deposited as of August
2018 were considered. Lastly, we surveyed 18,227 MAGs from the largest datasets publicly
available as of August 20183352839, including those deposited inthe Integrated Microbial
Genomes and Microbiomes (IMG/M) database. For each database, the function ‘mash
sketch' from Mash v.2.053 was used to convert the reference genomes into a MinHash
sketch with default k-mer and sketch sizes. Then, the Mash distance between each MAG
andthe set of references was calculated with *mash dist’ to find the best match (that is, the
reference genome with the lowest Mash distance). Subseguently, each MAG and its closest
relative were aligned with dnadiff v.1.3 from MUMmer 3.23% to compare each pair of
genomes with regard to the fraction of the MAG aligned (aligned query, AQ) and ANI.

()

https://doi.org/10.1038/541586-019-0965-1




Data pipeline & analysis

reporting & reproducibility
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Analysis of Metagenomic Species (MGS)

Scrpts used for characterzing metagenome-assembled genomes (MAGs) used in the following publication

A new genomic blueprint of the human gut

microbiota
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Packages
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A Almedda. AL Michel M Boland, SC Forster, GB Gloor, A Tarkowska, TD Lawley and RD Finn (2018) A new - R * Pythen
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Assocated data can also be found In our FTP serve

https://doi.org/10.1038/541586-019-0965-1

@ human gut microtsota. Nature 568 499-504

Lots of scripts &
datasets
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Workflow description

Input data files

Command line tools,
‘containerised tools,

- workflows

EBI's MGnify
metagenomics workflows as
~ workflows using a WfMS

Output data files

WORKFLOW
LANGUAGE




researchobject.org (&)  timk oata-'j @

@ Enabling reproducible, transparent research
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Standards-based metadata framework for bundling resources (physically

and logically) with context into citable reproducible packages.

ﬁ Workflow
D

Bechhoferet al (2013) Why linked data is not enough for scientists https:/doi org/10.1016/ future.2011 08,004
Bechhoferet al(2010) Research Objects: Towards Exchange and Reuse of Digital Knowledge, https:/feprints.soton.ac.uk/26855 5/



A Research Object bundles and relates digital resources (Z.S )
of a scientific experiment/investigation + context

Data used and results produced in experimental study
Methods employed to produce and analyse that data
Provenance and settings for the experiments

People, specimens, equipment etc involved in the
investigation

Annotations about these resources, to improve
understanding and interpretation

cesear™)

\/




Research Objects => Metadata Objects @

Manifest Manifest - Base Profile,
Construction Description Profiles for

RO types

Identification

to locate things
Aggregates

to link things together

Type Checklists
what should be there

Annotations Prhover?ance f
about things & their ;//V ere it came from
relationships Fersioning
its evolution

Dependencies
what else is needed

7IP

Package iﬁ [ Baglt




We are in a Semantic Web Conference....
Linked Data Middleware

* Manifests described using Linked Data
— Identifiers to resources, including people (orcid)
— OWL / RDF /| SPARQL/JSON-LD

* Mismash of specialized ontologies

— Construct the manifest itself
*  W3CWeb Annotation Vocabulary
* OAIl Object Exchange and Reuse

— Describe manifest content
*  Wf4Ever RO ontology, Wf4Ever ROEvo ...
* Dublin Core, FOAF, SIOC, Creative Commons, PROV, PAV...

* RDF shapes (SHACL, ShEXx)

— Capture requirements, expectations and validate profiles

— Hard to express checklists
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Workflow: Detect Vanants workflow
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Influence? Publishers...

Experiences in integrated data and rescarch object publishing
using GigaDp
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European Open Science Cloud
Interoperability Framework

ref

FAIR Digital Object Conceptual/framework Semantic Artefact
Legal <« ot
\‘\__ | el :
Organisatlongzl_\_\ rot Class of objects Semantic Artefact |
Semantic < o o
- Qblect Representation Semantic Artefact
Technical & - ret |
Object Semantic Artefact
Contest - Time

f - |
e J——— ——

Examples of Digital Objects that have been proposed in the past are Research Objects? 2%

and some of its implementations (e.g., RO-Crate'’, the Baglt specification''). Another ’ '.'.‘
potential definition of Digital Object is the one provided by the RDA Data Foundation & ‘ FAIR DO ecosystem
Terminology (DFT) Core Terms and Model'2, which states that “a Digital Object is .
represented by a bitstream, is referenced and identified by a persistent identifier and ‘ : L™

has properties that are described by metadata”. e

EOSC Interoperability Framework (v1.0) - P bi
May 2020, Draft for community consultation R =022 e Staletd.comaine

Chair: Oscar Corcho, UPM e

(RN



Used? VYes......... .

[ USTRRITAIO N o

BIG

DATA
BAG

NIH Data Commons
transferring and archiving
very large HTS datasets
in a location-
independent way

keep the context of data
content together when
its scattered. Scalability

https://doi.orgf10.1109/BigData. 2016 7840618

A MENDELEY DATA

Seven

Bridges

NIH DataSTAGE RO
Composer to
exchange between
Seven Bridges
Platform genomics
platform and the
Mendeley Data
repository

e
™ B
T
Rl LG

Objects
FILYA

A framework for
standardizing and
sharing computations
and analyses generated
from High-throughput
genome sequencing.

. |" % | . £ (R B2
SRR EFREEEE
ED WSS 'rﬁ

Standardized as IEEE
2791-2020

https://doi.orgl1o.1371 /journal . pbio. 3 0o009g

everest

:?:‘:aoHUB

Virtualized collaborative
working environment for
Earth Science researchers
to share resources (data,
workflows), ideas,
knowledge, and results.

https://doi.orglio.1016/] future.2019.03.046



Used? Yes

[ CUTCUTTIRIITEC o)

BIG

DATA
BAG

Exchange /

Reproducibility

Archival (

Active Objects

Seven
Bridge

BioCompute
Objects

EDA

AL
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everest

§¢ROHUB
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Activation &
Research

Championing

Adoption




time to reflect....



Machin e-pro cessable

Standards
EXAMPLES

Low tech Incremental
Multi-platform

Graceful degradation
Commodity tooling
Technology Independent

KEEP It Deve[oper
simple  friendliness

Desiderata & Norms @

Balance and prioritise

"just enough complexity" or “just
enough standards” so...

sufficient extra benefits from what
already exists (Linked Data,
vocabularies, tooling, validation,
transformation

without compromising the developer
entry-level experience so much that
they rather do their own thing.
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Research Object Tensions
Research Infrastructures sit in the middle

Academic
Viewpoint

Green field site

Theoretical purity

Use latest thing

Proof of concept
Sophistication

Narrow developer audience
Strive for super generic

The end

Exposing the tech

Infrastructure
Viewpoint

Pre-existing platforms
Practicality

Use things that work
Production

Simplicity

Wide developer audience
Several specific is ok!
The means

Hiding the tech

©)




value Ladder Model of OSS Adoption
a2 zbecieeps (adapted from Carbone P., Value Derived from Open
A Source is a Function of Maturity Levels)

champion

Time

>

engineering driven business driven
‘ R ———= - —

single product T multiple projects

[FLOSS@Sycracuse]

@)

"it's better, initially, to
make a small number of
users really love you than
a large number kind of
like you"
Paul Buchheit
paulbuchheit.blogspot.com




Not really mortal developer friendly @

* "“Easytomake, hard to use...”
* Daunting Linked Data tech stack

* Beingtoo clever

— Infer what is in the object and what
kind of object it is

— Massive reuse of ontologies

* Make developers (and researchers)
ives easier not more demanding....



Developer friendliness matters @

Reinvent with fewer features

Easy to understand and simple
conceptually...

... with strong opinionated
guide to current best practices

... using software stacks

A WELL THOUGHT OUT AND NEARLY SUCCESSFUL

EXPERIMENT BY EARLY RAILWAY PIONEER W|de|y Used on the Web



Future Generation Computer Systems
Volume 29, Issue 2, February 2013, Pages 596.611

Why linked data is not enough for scientists

Soan Bechhofer * 5 & lain Buchan ¥, David De Roure . ©, Paclo Missier *_ John
Ainsworth ¥, Jiten Bhaga! *, Philip Couch ¥, Don Cruickshank ©, Mark Deiderfield ¥, lan
Duniop * Matthew Gambile *, Danus Michaelides ©. Stuart Owen * David Newman
Shoal Suft * Carole Goble *

@ Show more

hetps Jdol org/ 10 10164 future 2011 08 004 Gt nghts and contant

Abstract

Scientific data represents a significant portion of the linked open data
cloud and scientists stand to benefit from the data fusion capability this
will afford. Publishing linked data into the cloud, however, does not
ensure the required reusability. Publishing has requirements of
provenance, quality, credit, attribution and methods o provide the
reproducibility that enables validation of results. In this paper we make
the case for a scientific data publication model on top of linked data and
introduce the notion of Research Objects as first class citizens for
sharing and publishing

Indeed.
Linked Data is not enough.

Research Infrastructures:

“digital technologies (hardware,
software), resources (data, services,
digital libraries, standards), comms
(protocols, access rights, networks),
people and organisational
structures”
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Linked Data and a Spec is not enough\ @

and sometimes too much

J

Use Driver Community

Exchange, reproducibility, executable objects
Portability between platforms, Archiving

Platform & user buy-in & consensus
Passionate, dedicated leadership
Active engaged community, seed Support

”l"/L' ﬁir é&\ x 2\

Reference
examples

Tools Guides

Developer friendly — so possible
Incentives — so rewarding
Adoption path — so acceptable

Metadata capture
Early benefit



Research Object
Reboot
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: : DataCrate ,@
Swing Back to Basics  from the Open Repository com y

BaglT data profile
+ schema.org
o % JSON-LD annotations

Semantic Web world vs Real World

" o~

"As a researcher...I'm a bit b****y fed up
with Data Management", Cameron Neylon




Archivist and library people know the
importance of metadata and standards...

...and for things to work 5, 10, 20 years later.

End-users need to have their own way to
“bypass the system”...

.... their field, repositories, institutions , journals
etc. will always be lagging behind the curve

Most who want to make their datais FAIR ...

...do not have the resources or knowledge to
start championing all of this to all levels & need

tools and ramps.

Be Humble

http://www.lisbdnet.com/

https:/fischools.org/



Tl A RO-Crate Community! A Merger (Z.S)

RO-Crate Community
g
Team

RO-Ceate ) | https://www.researchobject.org/ro-crate/#contribute

ey
Neey

https://github.com/researchobject/ro-crate/issues/1

« Adiverse set of people

* Avariety of stakeholders

* Aset of collective norms

* Aopen platform that facilitates
communication (GitHub, Google Docs,
monthly telcons)




RO-Crate

Specifications and Tooling

It o recommendeod that new Reseanch Obpect users adapt the BO-Crate
specification

RO-Crate is a community effort to establish a lightweight approach to packaging research data
with their metadata.

It is based on schema.org annotations in JSON-LD, and aims to make best-practice in formal
metadata description accessible and practical for use in a wider variety of situations, from an
individual researcher working with a folder of data, to large data-intensive computational
research environments.

RO-Crate is the marriage of Research Objects with DataCrate. It aims to build on their respective
strengths, but also to draw on lessons learned from those projects and similar research data
packaging efforts. For more details, see RO-Crate background.

The RO-Crate specification details how to capture a set of files and resources as a dataset with
associated metadata — including contextual entities like people, organizations, publishers, funding,
licensing, provenance, workfiows, geographical places, subjects and repositories.

A growing list of RO-Crate tools and libraries simplify creation and consumption of RO-Crates,
including the graphical interface Describo.

The RO-Crate community help shape the specification or get help with using it!

https://w3id.org/ro/crate

Research Object Crate (RO-Crate)

by 1) '

ro-crate

What is RO-Crate?

| rate | ot

Where did RO-Crate come from?

Who s it for?

ooy sinained iy When can 1 use it?

» A0 Crate 1 0 Inewest release)
DRAST
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Reinvent as Lightweight Underware
Linked data but Developer Friendly

Easy to understand and simple
Conceptua l Iy . Data entities are files/directories or web resources

Boundness of elements is explicit
Single graph, data structure depth 1

... with strong opinionated guide to
current bESt praCticeS Example driven rather than strict specification

Implementers add additional metadata using schema.org
types and properties

... using software stacks widely used Swung a bit far....

and swung back...
on the Web BaglIT data profile, schema.org, JSON-LD, JSONSchema &

Flattened compacted JSON-LD, no need for RDF libraries




X Tooling!

How can | use it?

While we're mostly focusing on the specification, some tools already exist for working with
RO-Crates:

Describo interactive desktop application to create, update and export RO-Crates for
different profiles. (~ beta)

CalcytelS is a command-line tool to help create RO-Crates and HTML-readable
rendering (™ beta)

ro-crate - JavaScript/NodelS library for RO-Crate rendering as HTML. (™~ beta)
ro-crate-js - utility to render HTML from RO-Crate (~ alpha)

ro-crate-ruby Ruby library to consume/produce RO-Crates (~ alpha)

ro-crate-py Python library to consume/produce RO-Crates (~ planning)

These applications use or expose RO-Crates:

Workflow Hub imports and exports Workflow RO-Crates

OCFL-indexer NodelS application that walks the Oxford Common File Layout on the
file system, validate RO-Crate Metadata Files and parse into objects registered in
Elasticsearch. (~ alpha)

ONI indexer

ocfl-tools

ocfl-viewer

Research Object Composer is a REST API for gradually building and depositing
Research Objects according to a pre-defined profile. (RO-Crate support alpha)
... (yours?)

=

o https://uts-eresearch.github.io/describo
emcrEtor °
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O CcCY O

This item is connectad 0
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== Under-ware @

* RDF and schema.org
but you don't need to
know.

e Extend RO-Crate....

— Add your own schema.org
types and properties.

— Add inyour own ontologies

...and it still works!

https://arkisto-platform.github.io/case-studies/




concepts  https://aboutworkflowhub.eu/Workflow-RO-Crate/
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Driver! Profile for workflows 2 ,Lv /50‘3\

Infrastructure families dD boScel DISKT
EOSC-Life
' = Galax : oumon Y=
On-boarding developers = Galaxy nexciflow § 0 oo

%&B " Shakemake agworkflowHub

Web and dev friendly

a Bioschemas.org EEnrxl
Workflow-RO-Crate profiles

RO In pra ctice External references — logically & physically contained —
versions, snapshots, multi-typed, active, multi-
stewarded, multi-authored, governance...



More than plain JSON, Just Enough Linked Data @

Retain benefits of Linked Data in the toolbox

* querying, graph stores, vocabularies, clickable URI
as identifiers)

* customization and conventions

Plus all the other stuff a developer expects
* documentation, examples, libraries, tools

* simplifications rather than generalizations (less
flexibility frees up developers)

* “Just enough standards” cf. schema.org

Linked Data “exotics” there for when the time is right
if needed by the right people.



Keep your eye on the target

How do we make RQO’s normative?

— Propaganda and incentive models to scientists,
target the Research Infrastructures to deliver.

— Digital library community allies!

Developer friendliness matters

— Underware, incremental, ramps, embed, metadata
automation, persuasive design

Linked Data has arole

— As ameans but itis not an end.

— Simpler version of Linked Data makes an adoption
path (cf. Knowledge Graphs, schema.org, JSON-
LD)

FAIR principles for Research Objects....

— Unifying the vision with the practical




http://researchobject.org
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