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2010 – Research Objects not PDFs

Research has many 
components, of 
many types

Exchange of all the components of 
an investigation

Computational instruments break or 
need to be maintained 

Science, and its products, evolve



Overcome 
fragmentation

Bundle and relate 
components 

Support preservation, 
reproducibility, reuse

Release 
evolving 
research
Accelerate 
exchange



Research Object Framework
Bechhofer et al (2013) https://doi.org/10.1016/j.future.2011.08.004
Bechhofer et al (2010) https://eprints.soton.ac.uk/268555/

carry machine processable
metadata common and specific  
to  different object types

bundle together and relate digital resources 
with their context

snapshot, cite, 
exchange

Standards-based generic metadata framework

Data used and results produced
Methods used to produce /analyse that data

Provenance and settings, People involved,
Annotations understanding & interpretation

https://doi.org/10.1016/j.future.2011.08.004
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Howard Ratner, 
Chair STM Future Labs Committee, CEO EVP Nature Publishing Group

Director of Development for CHORUS (Clearinghouse for the Open Research of US) STM 
Innovations Seminar 2012

http://www.youtube.com/watch?v=p-W4iLjLTrQ&list=PLC44A300051D052E5



Container

“Unbounded” Objects
Bags of things and external references to things

A Digital Package Object 
Type composed of many 
interrelated elements that 
bundles together and 
relates digital resources of 
a scientific investigation 
with context.

A Metadata Object 
that represents 
properties in common 
across all research 
artefacts types, 
common PIDs and 
metadata



Output FilesInput Files Intermediates

Parameters
Configurations

Workflow 
Run

Provenance

Narrative

ExecutionWorkflow
Engine

Tools / Codes
Resources

Author Workflow

Container

Metadata

Workflow RO



Workflow RO
Describe and run workflows, and 
the command line tools they 
orchestrate, supporting 
containers to be portable, 
transparent and interoperable .

Describe the workflow inputs, 
outputs, tools and data with 
controlled vocabularies / 
ontologies

EDAM

Describe the provenance of 
the workflow

Software components are 
containerised to be portable

Workflow systems run the 
CWL workflow

Gather the CWL 
workflow 
descriptions + rich 
context, provenance 
using multi-tiered 
descriptions

Snapshot workflow.

Relate it to other 
objects.

Archive formats 
to contain the 
objectContainer

Metadata

https://www.commonwl.org/



https://view.commonwl.org/workflows/github.com/mnneveau/cancer-genomics-
workflow/blob/master/detect_variants/detect_variants.cwl

Manifest

CWL

Annotations

Under the hood 



https://osf.io/h59uh/

https://doi.org/10.1101/191783

Inspect and replicate the 
computational analytical 
workflow to review and 
approve the 
bioinformatics

Standardize exchange 
of HTS workflows for 
regulatory submissions 
between FDA, pharma, 
bioinformatics platform 
providers and 
researchers

https://osf.io/h59uh/
https://doi.org/10.1101/191783


Technology 
Independent.

The least possible.
The simplest feasible. Low tech.

Low user overhead and thin client 

Graceful 
degradation.

Desiderata

IDENTIFIER



Container

Manifest Profile  
Descriptions

what
else 

is needed
Dependencies 

Versioning
its evolution

what 
should 
be there
Checklists

Provenance
where it

came from

ids

Tailored metadata profiles to describe a RO

All
Type Specific

Implementation 
specific



Validate

Container

Manifest Profile  
Descriptions

Tailored metadata profiles to describe a RO
general purpose to drive scalable infrastructure 

towards generic approaches …



Container 
Profile

Tailored metadata profiles to describe a RO
general purpose to drive scalable infrastructure 

Manifest 
Construction

Manifest
Profile 
Description



https://w3id.org/ro/2016-01-28

Manifest Construction

Includes wfdesc and wfprov
Basis of CWL and CWLProv

Time for a review….?
e.g. RO type to help tools..

https://w3id.org/ro/2016-01-28


Container Profiles

Specification for a structured ZIP-file, based on the ePub and Adobe 
UCF specifications

Research Object Bundle 1.0

https://researchobject.github.io/specifications/bundle/

Specifies a file system structure for transferring and 
archiving a collection of files, including their checksums to 
verify and validate content and brief metadata.

https://github.com/ResearchObject/bagit-ro

mechanism for serialization 
and transport consistency,

capture identity, annotations and 
provenance of the resources

Big Data 
collections 
of arbitrary 
referenced 
content

https://github.com/fair-research/bdbag



Manifest Profile Description
general construction & validation tooling

Linked Data and RDF Shapes
Validate graph-based data against a set 
of conditions 

Shapes Constraint Language

Gamble, Zhao, Klyne, Goble. IEEE eScience 2012, 
http://dx.doi.org/10.1109/eScience.2012.6404489

Minim model for defining checklists

ro-show

• RO pre-processing to merge to 
single graph

• RDF Shape that indicates to 
follow links 

• Bespoke validators / unpackers 
to iterate over the RO

[Lilian Gorea, Oluwatomide Fasugba 2018]

http://dx.doi.org/10.1109/eScience.2012.6404489


Research Object drivers

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

Exchange & Commons 

Preservation and fixed point publishing

Reproducibility and execution

Active “release” research



Workflows Models Data



NIH Data Commons European Open Science Cloud

CWL Workflow Collaboratory



Seeding critical mass

Community

Tools Driver

Research Object Gaps

RO Profiles
– Templates & Standard types

General tooling 
– Construction, Validation, Viewing

Handling RO composition
– Nesting,  Complex & mixed types
– Less flexibility -> easier tools

RO Life cycles stewardship
– Fixed snapshot
– Living objects
– Rot, mutations,  cloning
– References

RO Circulation
– Credit, tracking

Community fragmentation

Digital object 
initiatives (e.g. GEDE)

Specification



Build a Community
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