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Morin et al Shining Light into Black Boxes 
Science 13 April 2012: 336(6078) 159-160  

Ince et al The case for open computer programs, 
Nature 482, 2012 

[Adam Farquhar, 
14 March 2016] 



The Research community 
produces software 

scientific software is important 
for their own research 

91% 

developing scientific software is important 
for their own research 

84% 

claimed to spend more time developing 
scientific software than they did 10 years ago 

53% 

spend at least one fifth of their time 
developing software 

38% 

2000 scientists. J.E. Hannay et al., “How Do Scientists Develop and Use Scientific Software?” Proc. 
ICSE Workshop Software Eng. for Computational Science and Eng., 2009, pp. 1–8. 



 “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 
generated the figures.”   

 David Donoho, “Wavelab and 
Reproducible Research,” 1995 

 



Preservation of Method 

https://twitter.com/intent/user?screen_name=ianholmes&tw_i=288689712636493824&tw_p=tweetembed


Transitory 

Long Lived 
Computational 
Chemistry – CASTEP 
Since 1990s 



http://usefulchem.wikispaces.com/page/code/EXPLAN001 

http://www.mygrid.org.uk/tools/taverna/ 

Sharing, publishing 
and preserving 

pieces of process 

software 

SOPS 

computational 
workflows 

http://openwetware.org 

models 
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Sharing, publishing 
and preserving 

pieces of process 

software 

SOPS 

computational 
workflows 

http://openwetware.org 

models 



Complex Assemblies 



Raw data 

Secondary data 

Raw data 

Tertiary data 

Source 
Data + Process 

What if we removed some of these 
steps? 



[Scott Edmunds] 

Workflow + History  
Publishing 



 
"Mapping present and future predicted distribution patterns for a meso-grazer guild 

in the Baltic Sea" Sonja Leidenberger et al 
 

Workflow Commons 



Sys Bio Commons 
data+ models + ops 

Data 

Models 

SOPs 

Samples 

Publications 

https://doi.org/10.15490/seek.1.investigation.56 



Scholarly Record: Crossing Silos, Compound  Object 
Datasets, Data collections 
Standard operating procedures 
Software, algorithms 
Configurations,  
Tools and apps, services 

Codes, code libraries 
Workflows,  scripts 
System software  
Infrastructure  
Compilers, hardware 

Config Libraries Codes 

Preserving the Process 

Test Data Web 
Services 

Preserving the Experiment 



Computational “Datascope” Instruments 

Input Data 

Software 

Output Data 

Config 
Parameters 

Methods 
techniques, algorithms, 
spec. of the steps 

Materials 
datasets, parameters, 
algorithm seeds 

E
xp

er
im

en
t 

Instruments 
codes, services, scripts, 
underlying libraries 

Laboratory 
sw and hw infrastructure, 
systems software, 
integrative platforms 

S
et

up
 

Drummond, Replicability is not Reproducibility: Nor is it Good Science, online 
Peng, Reproducible Research in Computational Science Science 2 Dec 2011: 1226-1227. 



Computational Instrument Preservation 
 

Preserve by Reporting 
Archived Record 

Preserve by Maintaining 
Active  Instrument 

Document Preserve/Conserve/Reconstruct 

preserve or sustain?  form or function?   prepare to repair! 



Method Preservation and Access 

• Encapsulation 

• Black Box 

• Change 



• Encapsulation 

• Black Box 

• Change 

Method Preservation and Access 



• Encapsulation 

• Black Box 

• Change 

Method Preservation and Access 



Instrument Entropy  
 

Zhao, et al. 2012  
Why workflows break - 
Understanding and combating 
decay in Taverna workflows,  
8th Intl Conf e-Science 2012 

Mitigate 
Migrate 
Adapt 
Die 
 
Detect, Repair, Preserve 
Partial replication 
Approximate reproduction 
Verification, Benchmarks 



[Norman Morrison] 

Instrument entropy 
 



Instrument Evolution 

• Fork. 

• Merge. 

 

• Version. 

• Cite 

• Snapshot. 

• Live. 

 
[Martin Scharm,  
Rostock University] 

Haus et al, BMC Systems Biology, 2011, 5:10 
Solvent production by Clostridium acetobutylicum 



Dependency 
 multi-part and multi-sourced 

availability & volatile activity of resources, 
services, systems, components 

Selective retention 
 sustained compared to preserved 

what is “forever” clock cycle of software? of method? 
 



service Science as a Service 

Integrative frameworks 

Open Source 

Workflows/Scripts 

Models 

 

Virtual Machines 

Portable Packaging 

Portability 

Transparency 

 researchobject.org 



Pre-configured pre-
packaged Docker 
containers  



Method Preservation and Access 

• Describing method 
apart from execution 

• Run provenance, 
Parameter provenance 

• Relating data and 
process Run Run Run 
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Preservation Potential of Provenance 
Untapped Big Data 

• Track versions 
• Partially reproduce 
• Reverse engineer 
• Repair 
• Alternates 
• Black box recovery 
• Calc data quality & trust 
• Track contrib / credit 
• What data to keep 
• Track error propagation 
• Optimisations  

 



Method Preservation and Access 

• Describing method 
apart from execution 

• Run provenance, 
Parameter provenance 

• Relating data and 
process 

– Validation 

– Construction 

– Predicted 

 



Method Preservation and Access 

• Describing method 
apart from execution 

• Run provenance, 
Parameter provenance 

• Relating data and 
process 

 

http://co.mbine.org/specifications 



Common Workflow Language 
workflow mark up 

• Community grassroots effort 

• Portability of data analysis workflows 

• Describe analysis tools and workflows 

• Builds on pre-existing technologies 

– JSON-LD and Avro for data modelling  

– Docker for portable runtime environments. 

 

http://json-ld.org/
http://json-ld.org/
http://json-ld.org/
https://avro.apache.org/
http://docker.com/


[Adapted from Freire, 2013] 

provenance 
dependencies 

steps, features 

transparency 

portability 

robustness  

preservation 

access description 

standards 
common APIs 

licensing 

standards, 
common 

metadata 

change, sensitivity,  
versioning 

packaging 

Machine  
actionable 

FAIR 
Summary 



 
 
 
 

Technology Independent. 

The least possible. 
The simplest feasible. 

Low tech. 

Graceful degradation.  

systematic way of dealing 
with workflow 

reproducibility, preservation, 
portability, repair  



Multi-various products, platforms, resources.  
First class citizens - id, manage, credit, track, profile, focus 
 

Framework to bundle, port and link local and referenced 
resources. 
Metadata Objects that carry Research Context and 
honour externally hosted resources 
Units of exchange. 



BioSTIF 

 

 

Except the bits 
are somewhere 

else 



Metadata objects 

Container 
Packaging content and links to content:  
Zip files, Docker images, BagIt, … 
Catalogues & Commons Platforms:  
FAIRDOM SEEK, STELAR eLab, … 

Manifest 
Metadata 
Describes the aggregated 
resources, their 
annotations and their 
provenance 

Manifest 



Metadata and Manifests 

Manifest Construction 
• Identification – id, title, creator, status…. doi, epic, orcid, purl, 

RII, identifiers.org 
• Aggregates –to link things together…. OAI-ORE 
• Annotations – about things & their relationships…. W3C OADM 

Manifest 

Manifest Description 
• Checklists –  what should be there 
• Provenance – where it came from 
• Versioning – its evolution 
• Dependencies – what else is needed 

 

Manifest 

http://w3id.org/ro/ 



Manifest Content Profiles 
Workflow RO, Sys Bio RO …  

Gamble et al (2012) 
MIM: A Minimum Information Model 

vocabulary and framework for Scientific 
Linked Data 10.1109/eScience.2012.6404489 

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


RO Unzip 

Preserved 
Model 
SOPs 
Data files 
Links with data files 
Experimental context 

Living Snapshot 

https://doi.org/10.15490/seek.1.investigation.56 

https://dx.doi.org/10.1111/febs.13237 

archive 



ATLAS Collider  
Data Analytics 

Portable, lightweight 
application runtime 
and packaging tool.  

Image 

ATLAS and CMS detector data 

Charles Vardeman, Da Huo 
University of Notre Dame  

All data and files 
of the execution 
+ Instructions 

convert 

bundle 

manifest 

Relate files  
and layers 

Add provenance 
and annotations 

Link in other 
content 

archive 

Preserved 
Same data 
Same code 
Same run time 
environment 

CDE 



Asthma Research 
e-Lab 

Research Object Bundles 
for Data Releases 
As if they were software 
Dataset “build” tool  

Standardised 
packing of 
Systems Biology 
models 

European Space 
Agency RO 
Library 

RO Workflow Run 
Bundles 

Metagenomics 
pipelines and 
LARGE datasets 



Manifest  
Core model 

using standards 

Annotation 
profiles 

progressive 
 extensions 

Implementation  
Profiles  

using legacy & 
commodity 
platforms 

Policies Tools 

Lifecycle 
Steward 

Ship 

Training 

Principles & Conventions 

API specification Metadata formats 

Credit Repositories 

Multi-Owned 



Technical 
Preservation 

Emulation 

Migration 

Cultivation 

Hiberation 

Depreciation 

Software 
Sustainability 
Approaches 

http://www.software.ac.uk/resources/approaches-software-sustainability 



56% Of UK researchers develop their own 
research software or scripts 

73% Of UK researchers have had no formal 
software engineering training 

Survey of researchers from 15 Russell Group universities conducted by SSI between August - October 2014.  
406 respondents covering representative range of funders, discipline and seniority.   

Software Artisans 





Get Credit 



People depend on 
 my software?!  

But I’m a researcher not a 
service provider… 

[Scott McNealy, 2005] http://www.zdnet.com/open-source-is-free-like-a-puppy-is-free-says-sun-boss-3039202713/ 

Software is free,  
like free puppies. 

[1960s Boeing 747-100 
Software Configuration] 

The invisibility of 
infrastructure. 



Links 

• http://www.researchobject.org 

• http://www.wf4ever-project.org 

• http://www.fair-dom.org 

• http://seek4science.org 

• http://rightfield.org.uk 

• http://www.software.ac.uk 
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