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Reproducibility crisis

Baker, Nature May 2016, Vol 533, 453 



  

Reproducibility efforts
 Replication studies of 100 

experimental and correlation 
studies (psychology studies)

 97% original statistically 
significant results, 37% of 
replications

 Replication effects half the 
magnitude of original

Open Science Collaboration, Science, August 2015, Vol 349, Issue 6251



  

Publications are advertisement
“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 ... set of instructions 
and data which generated the figures.” 

David Donoho, 1998 
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Standard Formats
 Exchangability, reusability, interoperability

– Encoding information in computer readable format

 Annotations to ontologies
– Knowledge integration (biological, computational)
– Documentation (what is my model component)

 Reproducibility
– Identical results in multiple tools

(roadrunner, COPASI, JWS)

 Model quality
– Minimal Information for models and simulation 

(MIRIAM, MIASE)
– Automatic validation (unit checking, model 

consistency)

 Large ecosystems of tools
– Simulation, parameter fitting, model analysis, 

visualization, …



 initiative to coordinate the development of the various community standards and 
formats for computational models

 COMBINE meeting & HARMONY hackathon

 Core standards
http://co.mbine.org/Standards#Core_COMBINE_standards

– SBML Systems Biology Markup Language

– SED-ML Simulation Experiment Description Language (SED-ML)

– SBGN Systems Biology Graphical Notation

– CellML

– SBOL Synthetic Biology Open Language Data

– NeuroML 

http://co.mbine.org/Standards#Core_COMBINE_standards




 De facto standard for encoding computational 
models

 Libraries: libsbml (C++, python, R, JavaScript, ... & 
JSBML (Java)

 TestSuite and Validators
 Components

– UnitDefinitions
– FunctionDefinitions
– Compartments
– Species
– Parameters
– InitialAssignments
– Rules
– Constraints
– Reactions
– Events



SBML comp 
 Hierarchical model composition
 Coupling of models



Annotations
 Ontology

– definition of controlled vocabulary with 
clear meaning and relationships

– allows to precisely describe objects

 Annotation
– process of attaching ontology terms to 

objects
– important for mapping data onto models
– important for automatic methods (model 

merging, reuse of components

 RDF triples
– (subject, verb, object)

 Examples
– CHEBI (chemical entities)
– UniProt (proteins)
– Ontology Lookup Service



Modeling Tools
 libRoadRunner: High performance 

SBML simulator
 tellurium: Python based modeling 

environment (library & notebook)
 COPASI: GUI based tool for 

working with SBML models
 JWS: web based tool for 

simulations



Analysis and Visualization



Model databases
 Biomodels

– large collection of freely 
available models (SBML 
and others)

– curated & uncurated
– https://biomodels.org 

 JWS
– similar database, allows 

for online simulations
– https://jjj.bio.vu.nl/model

s/experiments/elowitz20
00_fig1c/simulate
 

https://biomodels.org/
https://jjj.bio.vu.nl/models/experiments/elowitz2000_fig1c/simulate
https://jjj.bio.vu.nl/models/experiments/elowitz2000_fig1c/simulate
https://jjj.bio.vu.nl/models/experiments/elowitz2000_fig1c/simulate


SBGN
 high quality, standard 

graphical languages for 
representing biological 
processes and 
interactions
– PD: process description
– AF: activity flow
– ER: entity relationship 

 http://sbgn.github.io/sbgn
/about
 

http://sbgn.github.io/sbgn/about
http://sbgn.github.io/sbgn/about


 Map of drosophila 
cell cycle



SED-ML
 Simulation Experiment Description Markup 

Language (SED-ML)
https://sed-ml.github.io 

 SED-ML is an XML-based format for 
encoding simulation setups, to ensure 
exchangeability and reproducibility of 
simulation experiments.

https://sed-ml.github.io/


COMBINE archive

 A COMBINE archive is a single file 
bundling the various documents 
necessary for a modeling and 
simulation project.

 The archive is encoded using the 
Open Modeling EXchange format 
(OMEX). 



Executable simulation model
https://matthiaskoenig.github.io/exsimo/ 

https://matthiaskoenig.github.io/exsimo/
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