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Standardization efforts to ensure result reproducibility 
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Fig.: Izhikevich (2003) Fig.: COPASI simulation result 
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Standardization efforts to ensure result reproducibility 

Use cases: 

– Storing simulation experimental setups (“lab book”) 

– Exchanging simulation experimental setups (collaborations) 

– Using other people's simulation setups (published and standard models) 

– Working with multiple simulation tools (import, export, re-import...) 

 
Needs: 

– Description of simulation setup 

– Simulation algorithm 

– Result data (?) 

– Behavior of the model in a particular experiment 
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Standardization efforts to ensure result reproducibility 

 Kinetic Simulation Algorithm Ontology (KiSAO) 

 Terminology for the Description of Dynamics (TEDDY) 

 Minimum Information About a Simulation Experiment (MIASE) 

 Simulation Experiment  Description Markup Language (SED-ML) 

 Numerical Markup Language (NuML) 

Fig.: Izhikevich (2003) Fig.: COPASI simulation result 
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Kinetic Simulation Algorithm Ontology (KiSAO) 

 Ontology for simulation algorithms used in computational biology 

 OWL2 format  

 

 

 http://www.biomodels.net/kisao/ 

 biomodels-net-support @lists.sf.net 

 Courtot et al., Molecular Systems Biology (2011) 
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Kinetic Simulation Algorithm Ontology (KiSAO) 

Browse KiSAO http://bioportal.bioontology.org/ontologies/47524 
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Terminology for the Description of Dynamics (TEDDY) 

 Ontology for dynamical behaviors, observable dynamical phenomena, 

and control elements in computational models 

 OWL format 

 

 

 http://biomodels.net/teddy/ 

 biomodels-net-support @lists.sf.net 

 Courtot et al., Molecular Systems Biology (2011) 

7 

http://www.biomodels.net/kisao/
http://www.biomodels.net/kisao/
http://www.biomodels.net/kisao/
http://www.biomodels.net/kisao/
http://www.biomodels.net/kisao/
http://www.biomodels.net/kisao/
http://www.biomodels.net/kisao/
http://www.biomodels.net/kisao/
http://www.biomodels.net/kisao/
http://www.biomodels.net/kisao/


www.sbi.uni-rostock.de 

Terminology for the Description of Dynamics (TEDDY) 

Explore TEDDY at http://bioportal.bioontology.org/ontologies/46199 
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Minimum Information About a Simulation Experiment 
(MIASE) 
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Simulation Experiment Description Markup Language  
(SED-ML) 

SED-ML L1 V1 
 

Levels: major revisions containing substantial  

changes  

 

Versions: minor revisions containing corrections  

  and refinements 

 

Editorial board: coordinates SED-ML development  

(elected by sed-ml-discuss members) 

 

Scope: 

 multiple models 

 multiple simulation setups 

 time course simulations 
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Simulation Experiment Description Markup Language  
(SED-ML) 

Fig.: SED-ML structure Waltemath et al., BMC SysBiol (2011) 
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Simulation Experiment Description Markup Language  
(SED-ML) 

Model class 
– unambiguous link to a model in an open repository 

– model preprocessing, e.g. updated or additional model parameter, 

substituted mathematical function 

<model id="model1" name="spiking neuron"   

  language="urn:sedml:language:sbml.level-2.version-3" 

  source="urn:miriam:biomodels.db:BIOMD0000000127"> 

    <listOfChanges>    

      <changeAttribute 

        target="/sbml/model/listOfParameters/parameter 

        [@name='c']/@value" newValue="-55"> 

      </changeAttribute> 

    </listOfChanges> 

</model> 
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Simulation Experiment Description Markup Language  
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Simulation Experiment Description Markup Language  
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Simulation Experiment Description Markup Language  
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Simulation Experiment Description Markup Language  
(SED-ML) 

Simulation class 
– type of simulation 

– simulation algorithm to apply and its settings 

<uniformTimeCourse id="simulation1"   

  initialTime="0" 

  outputStartTime="0"  

  outputEndTime="1000"  

  numberOfPoints="1000"> 

 <algorithm kisaoID="KISAO:0000088" /> 

</uniformTimeCourse> 
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Simulation Experiment Description Markup Language  
(SED-ML) 

Simulation class 
– type of simulation 

– simulation algorithm to apply and its settings 

<uniformTimeCourse id="simulation1"   

  initialTime="0" 
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  outputEndTime="1000"  

  numberOfPoints="1000"> 
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Simulation Experiment Description Markup Language  
(SED-ML) 

Simulation class 
– type of simulation 

– simulation algorithm to apply and its settings 

<uniformTimeCourse id="simulation1"   

  initialTime="0" 

  outputStartTime="0"  

  outputEndTime="1000"  

  numberOfPoints="1000"> 

 <algorithm kisaoID="KISAO:0000088" /> 

</uniformTimeCourse> 
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Task class 

– groups 1 simulation and 1 model at a time 

Simulation Experiment Description Markup Language  
(SED-ML) 

<listOfTasks> 

  <task id="task1" name="spiking with initial   

   parameters" modelReference="model1" 

   simulationReference="simulation1" /> 

 

  <task id="task2" name="spiking with updated 

   parameters" modelReference="model2" 

   simulationReference="simulation1" /> 

</listOfTasks> 
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Simulation Experiment Description Markup Language  
(SED-ML) 

DataGenerator class 
– entities needed for output 

– post-processing of result data after simulation 

– use: explicitly defined model entities and predefined variables, e.g., 

sed-ml:time 

<dataGenerator id="v" name="voltage"> 

  <listOfVariables> 

    <variable id="v1" taskReference="task1"   target="/sbml/ 

     model/listOfParameters/parameter[@id='v']"/> 

  </listOfVariables> 

  <math:math> 

    <math:ci>v1</math:ci> 

  </math:math> 

</dataGenerator> 
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Simulation Experiment Description Markup Language  
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Simulation Experiment Description Markup Language  
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Simulation Experiment Description Markup Language  
(SED-ML) 

Output class 
– output type 

– plot definition 

<plot2D id="plot1_Basic" name="voltage change over time"> 

  <listOfCurves> 

    <curve id="c1" logX="false" logY="false" 

     xDataReference="timeDG" yDataReference="v" /> 

  </listOfCurves> 

</plot2D> 
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Simulation Experiment Description Markup Language  
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Simulation Experiment Description Markup Language  
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SED-ML in model repositories. 

Fig.: CellML models in PMR2 with  

supplementary SED-ML files. 
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Fig.: SBML models in BioModels Database with 

supplementary SED-ML files. 
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SED-ML & KiSAO software support. 

http://sysbioapps.dyndns.org/SED-ML_Web_Tools 

SED-ED (Bioinformatics. 2012 Feb 25) 

Fig.:SED-ML import/export in CellDesigner. 

28 

http://sysbioapps.dyndns.org/SED-ML_Web_Tools
http://sysbioapps.dyndns.org/SED-ML_Web_Tools
http://sysbioapps.dyndns.org/SED-ML_Web_Tools
http://sysbioapps.dyndns.org/SED-ML_Web_Tools
http://www.ncbi.nlm.nih.gov/pubmed/22368254
http://www.ncbi.nlm.nih.gov/pubmed/22368254
http://www.ncbi.nlm.nih.gov/pubmed/22368254
http://www.ncbi.nlm.nih.gov/pubmed/22368254
http://www.ncbi.nlm.nih.gov/pubmed/22368254
http://www.ncbi.nlm.nih.gov/pubmed/22368254
http://www.ncbi.nlm.nih.gov/pubmed/22368254
http://www.ncbi.nlm.nih.gov/pubmed/22368254


www.sbi.uni-rostock.de 

Future work 

 Changes at runtime 

 Linking to experimental/simulation data - NuML 

 XML format 

 Standardized exchange of numerical results 

 http://code.google.com/p/numl/ 

 http://groups.google.com/group/numl-discuss/ 

 Improved post-processing  / working with > 1 models 

 Nested simulations 

 What else? 
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How to contribute to SED-ML 

1. Have a look at the current SED-ML L1 V1. 

Specification document on http://sed-ml.org 

 

2. Try out some examples. 

http://sed-ml.org, http://sourceforge.net/projects/libsedml 

 

3. Identify what is missing for you to encode your simulation experimental setups.  

What can you not express? 

 

4. Submit a feature request & post it on the list. 

feature request tracker: http://sourceforge.net/projects/sed-ml 

mailing list: sed-ml-discuss@lists.sourceforge.net 

 

5. … submit a proposal with example files and prototype. 

proposal tracker: http://sourceforge.net/projects/sed-ml 
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Summary 

Needs: 

– Description of simulation setup 

– Simulation algorithm 

– Result data  

– Behavior of the model in a particular experiment 
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Thank you for your attention! 

SED-ML editors 

Frank Bergmann 

Jonathan Cooper 

David Nickerson 

Nicolas Le Novère 

Dagmar Waltemath 

Richard Adams 

Andrew Miller 

 

NuML developers 

Joseph Dada,  

Frank Bergmann, 

Nicolas Le Novère 

MIASE co-authors 

Dagmar Waltemath, Richard Adams,  

Daniel A Beard, Frank Bergmann,  

Upi Bhalla, Randall Britten,  

Vishi Chelliah, Mike Cooling, 

Jonathan Cooper,  Edward Crampin, 

Alan Garny, Stefan Hoops,  

Mike Hucka, Peter Hunter,  

Edda Klipp, Camille Laibe,  

Andrew Miller, Ion Moraru , David 

Nickerson, Poul Nielsen, Masha 

Nikolski, Sven Sahle, Herbert Sauro, 

Henning Schmidt, Jacky Snoep, 

Dominic Tolle, Olaf Wolkenhauer, 

Nicolas Le Novère 
http://biomodels.net 

TEDDY developers 

Christian Knüpfer 

Anna Zhukova 

Nicolas Le Novère 

 

KiSAO developers 

Anna Zhukova 

Nicolas Le Novère 

Dagmar Waltemath 
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