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Wf4Ever 
Digital Science  - Towards the Executable Paper 

1.  Intelligent Software Components (ISOCO, Spain) 
2.  University of Manchester (UNIMAN, UK) 
3.  Universidad Politécnica de Madrid (UPM, Spain) 
4.  Poznan Supercomputing and Networking Centre (Poland) 
5.  University of Oxford and OeRC (OXF, UK) 

6.  Instituto Astrofísica Andalucía (IAA-CSIC, Spain) 
7.  Leiden University Medical Centre (LUMC, NL) 
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Wf4Ever  
Advanced Workflow Preservation Technologies for Enhanced Science 
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2011 – 2013 EU FP7 
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Wf4Ever 
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IAA – CSIC contribution through AMIGA Group 
•  User Functional Requirements 

•  BioGenomics /BioInformaticians 
•  Astronomers /AstroInformaticians 
•  Publishers /Librarians 
•  Computer Scientists 

•  Software Development 
•  AstroTaverna Plugin 
•  AstroTaverna Starter Pack and Workflows 

•  Community Engagement and Collaborations 
•  Spanish Virtual Observatory 
•  International Virtual Observatory Alliance 
•  Action Spécifique Observatoires Virtuels France 
•  Observatoire de Paris-Meudon 
•  EU FP7 Projects : Er-Flow and VAMDC 
•  SAO NASA /ADS Digital Library 
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CANUBE 
CANube 
Ciencia Abierta en la Nube 
Mars – Dec 2013 

Digital Science  - Towards the Executable Paper 

Open Science Project granted by the 
Second Call for Proposals of the Bio-TIC 
Campus of International Excellence of 
the University of Granada.  

•  Universidad de Granada 
•  Instituto Astrofísica Andalucía - CSIC  
•  Campus CEI-BioTic 

•  Red del Sur 
•  Fidesol 
•  Intelify 
•  Grupo Trevenque 
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Astronomy research lifecycle is entirely digital 
 
»  Observation proposals 
»  Data reduction pipelines 
»  Analysis of science ready data 
»  Catalogs of objects and data archives 
»  Publish process 

›  Final data results 
›  Experiment in DL 
    ADS/arXiv 

Reproducible research is still not 
possible in a digital world  

 

A rich infrastructure of data is not 
efficiently used 

A normalized preservation of 
methodology is needed   

Tools 

Digital Astronomy 
Digital Science  - Towards the Executable Paper 
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Reproducibility 
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“I think you should be more explicit in step two”�
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Open Science 

Reproducibility is achieved when access is granted for all resources 

                    Reproducibility                Open Access 
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Clamorous fake methods and results published in 157 out of 304 Journals 
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Open Science 
Digital Science  - Towards the Executable Paper 



9 

Open Science 
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Tools 
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Open Science 

Repeatable 
The methodology is clearly exposed  
I could repeat the experiment 
 
Reproducible 
Clear methodology and available resources 
I could reproduce the results 
 
Reusable 
I know how it could be useful for my needs 
I could use all or some parts as it is 
I could modify and adapt it even for other purposes   
 
 

Digital Science  - Towards the Executable Paper 
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Visibility, Efficiency and Reuse 

Optimize return on investments made on big facilities 
»  Avoid duplication of efforts and reinvention 
»  How to discover and not duplicate ? 
»  How to re-use and not duplicate ?  
»  How to make use of best practices ? 
»  How to use the rich infrastructure of data ? 
»  Intellectual contributions encoded in software 

More data in archives do not imply more knowledge 
»  Expose complete scientific record, not the story 
»  Allow easy discovery of methods and tools 
 

Digital Science  - Towards the Executable Paper 
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Visibility and Social Discovery 
Paper discovery: the social dimension 
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The Executable Paper 

Time has come to go beyond the PDF 

Digital Science  - Towards the Executable Paper 
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Digital Astronomy in the Local Desktop 

  Going beyond automation 
Organization!

Digital Science  - Towards the Executable Paper 
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Digital Astronomy in the Local Desktop 

#  CIG  Vhel  e_Vhel  r_Vhel  Dist  MType  e_MType  OptAssym  r_MType  Bmag  e_Bmag 
       1   7299.0    3.0   1    96.9    5.0   1.5   1   1    14.167   0.271   0.173  0.571  0.040  13.383    
       2   6983.0    6.0   2    94.7    6.0   1.5   0   1    15.722   0.324   0.255  0.278  0.031  15.157  
       3                                4.0   1.5   0   1    16.057   0.507   0.246  0.354         15.457    
       4   2310.0    1.0   3    31.9    3.0   1.5   0   1    12.818   0.424   0.252  0.863  0.017  11.685    
       5   7865.0   10.0   3   105.9    0.0   1.5   0   1    15.602   0.364   0.225  0.131  0.118  15.128     
      72   5164.0    9.0   2    68.5    5.0   1.5   1   1    14.445   0.325   0.315  0.367  0.028  13.735  

Capture !
Actions, Tasks, Dependencies, Provenance!

!
Improve !

Clarity and Reproducibility!

Digital Science  - Towards the Executable Paper 
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Scientific Workflows 
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Scientific Workflows 

Living Tutorials!
Templates for Re-use!

Expedite Training!
Reduce time to insight!

Avoid reinvention!

Digital Libraries of workflows may boost the use 
of the existing infrastructure of data (VO) !

Digital Science  - Towards the Executable Paper 
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!

 
Software 

›  Taverna 
›  Kepler 
›  Pegasus 
›  Triana 
›  ESO Reflex 

Scientific Workflows 

Related Initiatives 
›  ER-Flow 
›  VAMDC 
›  HELIO 
›  Cyber-SKA 
›  IceCore 
›  Montage 
›  Astro-WISE 
›  AstroGrid 

IVOA 
›  AstroGrid 
›  Grid&WS WG 
›  VO France Wf WG 

Self descriptive WS 
›  PDL 
›  SimDAL, S3 

Digital Science  - Towards the Executable Paper 
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AstroTaverna: Create, annotate and run a workflow 
 
 
 
 
 
 
 
 
 
 
     
    http://amiga.iaa.es/p/290-astrotaverna.htm 
 
 

Astronomical Research Objects in Action 
Digital Science  - Towards the Executable Paper 
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AstroTaverna: Create, annotate and run a workflow 
 
 
 
 
 
 
 
 
 
 
     
    http://amiga.iaa.es/p/290-astrotaverna.htm 
 
 

Astronomical Research Objects in Action 
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Research Objects 

Distributed  

Technical Objects Social Objects 

Expose experimental context in a structured way in order to be understood 

Digital Science  - Towards the Executable Paper 
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Research Objects 
Digital Science  - Towards the Executable Paper 

The IPython Notebook 
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Research Objects 

IPython Notebook solutions 
»  Web-browser as the working desktop 
»  Python code, plots and data, living with rich-text documentation 
»  Cloud-based adaptive scalable computing environment 
»  Fully shareable, re-usable and executable wikis  
»  Social platform and Git versioning 

Digital Science  - Towards the Executable Paper 
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Research Objects 
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Research Objects 

ADSLabs 
ADO Linked Components 
»  Authors 
»  Publications 
»  Journals 
»  Objects SIMBAD 
»  Tabular data behind the plots CDS 
»  Observing time Proposals 
»  Used facilities, surveys or missions 
»  ASCL reference of used software 

http://labs.adsabs.harvard.edu/ 

Incentives 

Digital Science  - Towards the Executable Paper 
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The Incentive 
Papers with data links are cited more than those without 
 
 

Research Objects 

Effect of E-printing on Citation Rates in Astronomy and Physics 
2006. Edwin A. Henneken et al. 

Digital Science  - Towards the Executable Paper 
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Research Objects 
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Conclusions 
»  AMIGA group invested in reproducible science projects 
»  Reproducibility is at the very heart of the scientific method 
»  Open data – access to all resources involved must be granted 
»  Re-use needed in highly specialized science to achieve efficiency  
»  Improving visibility is key in order to avoid reinvention 
»  Social dimension of science stressed in the discovery process 
»  Time has come to go Beyond the PDF 
»  Capture provenance and structure in the local desktop 
»  Scientific workflows go beyond automation – provide clarity and structure 
»  Research Object 

›  Modular distributed aggregation of digital resources 
›  Executable, re-usable, documented, socially curated and inspected.. 

»  Other initiatives 
›  IPython notebooks-based solutions 
›  Elsevier Paper of the Future 
›  ADSLabs, .. 

Digital Science  - Towards the Executable Paper 
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Conclusions 
How NOT to be a good Astronomer in XXI Century 
 

»  In marketing just advertise your results – do not say how to reproduce them 
»  Do things quickly and forget about them once you’ve submitted the paper 
»  Be untidy – spread your code and data in a variety of formats, folders and disks 
»  Do not provide data results – including the plots is just fine  
»  Practise the “data mine-ing” – input data and/or results are mine 
»  Practise the “data flirting” – please call me, if you want to know more 
»  Always cite the same authors and papers or those that cite you 
»  Do not reference other resources than published papers – never provide URL links 
»  Do not search info on Internet with other tools than ADS or arXiv  
»  Do not contact others if you re-use – duplicate and reinvent for your own 

    http://amiga.iaa.es/p/212-workflows.htm 
    http://www.wf4ever-project.org 
    http://canu.be 
    jer@iaa.es 
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