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Tyson et al (1991) PNAS 88(1):7328-32 

Which models do we mean?

biochemical model mathematical model

computational modelsimulation
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What is a model

A model is a mathematical description of the components 
of a system, their relationships, and the  evolution of both.

ordinary differential equations (system evolution) dX/dt = f(X)

partial differential equation (system description) X = g(X)

algebraic equations (conservation laws) h(X) = 0

probability distributions PX = i(X)

master equation dPX/dt = j(PX)

..



MLSB09 Ljubljana, Slovenia 5-6th September, 2009

 

Common formats for model storage and exchange 

SBML http://sbml.org/

CellML http://www.cellml.org/

BioPAX http://www.biopax.org/
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Common formats for model storage and exchange 

SBML http://sbml.org/ quantitative 

CellML http://www.cellml.org/ quantitative 

BioPAX http://www.biopax.org/ kinetic unsupported

General and abstract – range of problems

● inference of components
● automated conversion
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http://sbml.org 
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SBML

machine readable XML format for encoding models

software neutral

developed since 2000 as an exchange format 
levels / versions

● commonly used format allows:

sharing of models
sharing of tools 
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<?xml version="1.0" encoding="UTF8"?>
<sbml level="2" version="1" xmlns="http://www.sbml.org/sbml/level2">
  <model>
    <listOfCompartments>
      <compartment id=”cell” />
    </listOfCompartments>
    <listOfSpecies>
      <species id=”A” compartment=”cell” initialConcentration=”1”/>
      <species id=”B” compartment=”cell” initialConcentration=”0”/>
    </listOfSpecies>
    <listOfParameters>
      <parameter id=”kon” value=”1”/>
    </listOfParameters>
    <listOfReactions>
      <reaction>
        <listOfReactants>
          <speciesReference species=”A” />
        </listOfReactants>
        <listOfProducts>
          <speciesReference species=”B” />
        </listOfProducts>
        <kineticLaw>
          <math xmlns=”http://www.w3.org/1998/Math/MathML”>
            <apply>
              <times />
              <ci>kon</ci>
              <ci>A</ci>
              <ci>cell</ci>
            </apply>
          </math>
        </kineticLaw>
      </reaction>
    </listOfReactions>
  </model>
</sbml>
 

SBML : A → B

http://www.sbml.org/sbml/level2
http://www.w3.org/1998/Math/MathML
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SBML-compatible software
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>170 tools supporting SBML
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Is SBML enough? What's missing?

 lists participants, but does not identify them

 contains mathematical expressions but does describe meaning

 model constructed for a modelling approach cannot be easily cast

SBML models not easily converted

SBML models not easily merged

layer of semantics necessary to capture missing knowledgelayer of semantics necessary to capture missing knowledge
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Models    Simulation    Results              

Minimal 
requirements

Example
Data-model

Ontology

SED-ML

?

implemented by

adds meaning to

SBRML
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Models    Simulation    Results              

Minimal 
requirements

Example
Data-model

Ontology

SED-ML

?

implemented by

adds meaning to

SBRML
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Annotations to provide missing information

 Annotation of model components are essential at 2 levels: 

unambiguously identify model components

improve understanding of model structure  

allow easier comparison of different models

ease the integration of models

add a semantic layer to the model

improve understanding of the biology behind the model

allow conversion and reuse of the model

ease the integration of model and biological knowledge



MLSB09 Ljubljana, Slovenia 5-6th September, 2009

 

Global coordination of reporting guidelines
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Models    Simulation    Results              

Minimal 
requirements

Example
Data-model

Ontology

SED-ML

?

implemented by

adds meaning to

SBRML

MIBBI
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What are standard reporting guidelines?

MI standards provide standard reporting guidelines.

List of the core set of information that has to be provided 
with a data-set, so that a user is able to make sensible use 
of it.

 “Minimal” - only the essential information is given

 “Standard” -  information should be provided in a form that can 
be fully interpreted by community
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 http://www.mibbi.org
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The Minimum Information Required 
In the Annotation of a Model

http://biomodels.net/miriam
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MIRIAM compliance

Models must :

be encoded in a public machine-readable format

be clearly linked to a single reference description 

reflect the structure of the biological processes described in the 
reference paper (list of reactions etc.)

be instantiable in a simulation (possess initial conditions etc.)

be able to reproduce the results given in the reference paper

contain creator’s contact details

annotation to unambiguously identify each model constituent 

MIRIAM guidelines
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Annotation - how?
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Why annotations should not be raw text

EMBL bank version 45 (04-DEC-1995 ): 
/db_xref="PID:g984120"

EMBL bank version 47 (07-JUN-1996):
/db_xref="PID:g984120"
/db_xref="SWISS-PROT:P49581"

EMBL bank version 60 (03-SEP-1999):
/db_xref="SWISS-PROT:P49581"
/protein_id="CAA58766.1"

EMBL bank version 73 (30-NOV-2002):
/db_xref="SWISS-PROT:P49581"
/protein_id="CAA58766.1"
/db_xref="GOA:P49581"

EMBL bank version 79 (08-JUN-2004):
/db_xref="UniProt/Swiss-Prot:P49581"
/protein_id="CAA58766.1"
/db_xref="GOA:P49581"

EMBL bank version 84 (12-SEP-2005):
/db_xref="UniProtKB/Swiss-Prot:P49581"
/protein_id="CAA58766.1"
/db_xref="GOA:P49581"



MLSB09 Ljubljana, Slovenia 5-6th September, 2009

Why annotations should not be raw text

EMBL bank version 45 (04-DEC-1995 ): 
/db_xref="PID:g984120"

EMBL bank version 47 (07-JUN-1996):
/db_xref="PID:g984120"
/db_xref="SWISS-PROT:P49581"

EMBL bank version 60 (03-SEP-1999):
/db_xref="SWISS-PROT:P49581"
/protein_id="CAA58766.1"

EMBL bank version 73 (30-NOV-2002):
/db_xref="SWISS-PROT:P49581"
/protein_id="CAA58766.1"
/db_xref="GOA:P49581"

EMBL bank version 79 (08-JUN-2004):
/db_xref="UniProt/Swiss-Prot:P49581"
/protein_id="CAA58766.1"
/db_xref="GOA:P49581"

EMBL bank version 84 (12-SEP-2005):
/db_xref="UniProtKB/Swiss-Prot:P49581"
/protein_id="CAA58766.1"
/db_xref="GOA:P49581"

vanishes
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Why annotations should not be raw text

EMBL bank version 45 (04-DEC-1995 ): 
/db_xref="PID:g984120"

EMBL bank version 47 (07-JUN-1996):
/db_xref="PID:g984120"
/db_xref="SWISS-PROT:P49581"

EMBL bank version 60 (03-SEP-1999):
/db_xref="SWISS-PROT:P49581"
/protein_id="CAA58766.1"

EMBL bank version 73 (30-NOV-2002):
/db_xref="SWISS-PROT:P49581"
/protein_id="CAA58766.1"
/db_xref="GOA:P49581"

EMBL bank version 79 (08-JUN-2004):
/db_xref="UniProt/Swiss-Prot:P49581"
/protein_id="CAA58766.1"
/db_xref="GOA:P49581"

EMBL bank version 84 (12-SEP-2005):
/db_xref="UniProtKB/Swiss-Prot:P49581"
/protein_id="CAA58766.1"
/db_xref="GOA:P49581"

Name change
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Why annotations should not be uncontrolled 
URLs

http://srs6.ebi.ac.uk/srs6bin/cgi-bin/wgetz?[swissprot-
AccNumber:P01133]+-e

http://www.ebi.uniprot.org/uniprot-srv/uniProtView.do?proteinId=P01133

http://www.ebi.uniprot.org/entry/P01133

http://www.uniprot.org/uniprot/P01133?proteinId=P01133

http://www.uniprot.org/uniprot/P01133
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Annotation needs to be 

 Unambiguous

 Persistent

 Consistent or reproducible form

 Machine interpretable
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MIRIAM annotation

Data-type
identifier
(required)

URI

Not a URL, 
not a “Web-
address”!

Corresponds to a namespace
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MIRIAM annotation

Data-type
identifier
(required)

URI

Not a URL, 
not a “Web-
address”!

Corresponds to a namespace

urn:miriam:uniprot
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MIRIAM annotation

Data-set 
Identifier
(required)

text string

Not a URL, 
not a “Web-
address”!

Format depends
on the resource

identified by
the data-type

Data-type
identifier
(required)

URI
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MIRIAM URI

Data-set 
Identifier
(required)

text string

Not a URL, 
not a “Web-
address”!

Format depends
on the resource

identified by
the data-type

urn:miriam:uniprot:P62158

urn:miriam:ec-code:1.1.1.1

UniProt P62158 (human calmodulin)

EC code 1.1.1.1 (alcohol dehydrogenase)

Data-type
identifier
(required)

URI
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Qualifier

Annotation
qualifier

(optional)

text string

Controlled 
vocabulary

established by
the community

defines relationship between model entity and annotation
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SBML and MIRIAM

<species id="Ca_calmodulin" metaid="cacam">
  <annotation>
    <rdf:RDF
        xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
        xmlns:bqbiol="http://biomodels.net/biology-qualifiers/">
      <rdf:Description rdf:about="#cacam">
        <bqbiol:hasPart>
          <rdf:Bag>
            <rdf:li rdf:resource="urn:miriam:uniprot:P62158"/>
            <rdf:li rdf:resource="urn:miriam:obo.chebi:CHEBI%3A29108"/>
          </rdf:Bag>
        </bqbiol:hasPart>
      </rdf:Description>
    </rdf:RDF>
  </annotation>
</species>  
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Some BioModels.net Qualifiers

bqmodel:is The modelling object represented by the model component is the subject of 
the referenced resource. 

bqmodel:isDescribedBy The modelling object represented by the component of the 
encoded model is described by the referenced resource.

bqbiol:is The biological entity represented by the model component is the subject of the 
referenced resource.

bqbiol:hasPart The biological entity represented by the model component includes the 
subject of the referenced resource, either physically or logically.

bqbiol:isPartOf The biological entity represented by the model component is a physical 
or logical part of the subject of the referenced resource

bqbiol:isVersionOf The biological entity represented by the model component is a 
version or an instance of the subject of the referenced resource.

bqbiol:hasVersion The subject of the referenced resource is a version or an instance of 
the biological entity represented by the model component.

bqbiol:isHomologTo The biological entity represented by the model component is 
homolog, to the subject of the referenced resource, i.e. they share a common ancestor.

bqbiol:isDescribedBy The biological entity represented by the model component is 
described by the referenced resource.

http://www.biomodels.net/qualifiers/
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MIRIAM Resources

MIRIAM Database 
Core element of the resource, storing all 
the information about the data-types and 
associated information;

MIRIAM Web Services
SOAP-based application programming 
interface (API) for querying MIRIAM 
Database

MIRIAM Library 
Library to use MIRIAM Web Services

MIRIAM Web Application 
Interactive web interface for 
browsing and querying 
MIRIAM Database, and 
submit or edit data-types.

http://www.biomodels.net/miriam/ 
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requirements for a MIRIAM-compliant data type

 Open access 
Anybody can access any public data without restriction (no commercial 
licence; no login page etc.)

 Atomicity
The granularity of the data distributed has to be appropriately selected (A 
database of “reactions” distributes reactions and not pathways) and 
consistent (e.g. classes or instances but not classes AND instances)

 Identifier
An atomic data is associated to a unique and perennial identifier  

 Community recognition
The resource has to be “recognised” by the corresponding experimental 
community, be reasonably supported etc
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Tools developing support for MIRIAM identifiers

Data resources

BioModels Database (kinetic models)

PSI consortium (protein interactions)

Reactome (pathways)

SABIO-RK (reaction kinetics)

Yeast consensus model database

Human consensus model database

E-MeP (structural genomics)

Application software

ARCADIA (graph editor)

BIOUML (modeling and simulation)

COPASI (Simulation)

LibAnnotationSBML

LibSBML

SAINT (semantic annotation)

SBML2BioPAX

SBML2LaTeX

SBMLeditor (model editor)

SemanticSBML (annotation and merging)

Snazer (Network analysis, Simulations)

Systems Biology Workbench 
(model design and simulation)

The Virtual Cell (Simulation)

MIRIAM Resources statistics

 ~5000 web page requests per month

~550000 web service requests per month
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Are we almost there yet?

SBML gives us :
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The model revealed

bqbiol:isVersionOf   
UniProt 
CDC2_SCHPO

bqbiol:isVersionOf   
InterPro 
IPR006670

bqbiol:hasPart
   UniProt CDC2_SCHPO
   InterPro IPR006670

bqbiol:isVersionOf 
Gene Ontology 
GO:0000079

bqbiol:isVersionOf   
Gene Ontology GO:0006468
EC 3.1.3.16

bqbiol:isVersionOf   
Gene Ontology GO:0006470
EC 2.7.11.1

bqbiol:hasVersion 
  Reactome  REACT_6216
  Reactome  REACT_6308
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<listOfCompartments>
  <compartment id=”C”>
</listOfCompartments>
<listOfSpecies>
  <species id=”A”/>
  <species id=”B”/>
  <species id=”C”/>
</listOfSpecies>
<listOfReactions>      
  <reaction>
    <listOfReactants>
      <speciesReference species=”A”/>
    </listOfReactants>
    <listOfProducts>
      <speciesReference species=”B”/>
    </listOfProducts>
    <listOfModifiers>
      <speciesReference species=”C”/>
    </listOfModifiers>
    <kineticLaw>
      <math></math>
      <listOfParameters>
        <parameter id=”U”/>
        <parameter id=”V”/>
      </listOfParameters>
    </kineticLaw>
  </reaction>
</listOfReactions>

Lack of biological semantics in SBML

“what” has been answered 
by MIRIAM annotations

Roles and inter-relationships 
unknown
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Adding ontologies
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OBO
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Models    Simulation    Results              

Minimal 
requirements

Example
Data-model

Ontology

SED-ML

?

implemented by

adds meaning to

SBRML

OBO
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OBO 

OBO –> guidelines and best practices

>60 ontologies library members

open - terms should be available for use without restriction

changeable – modified by community effort 

orthogonal – additivity and modularity

machine friendly – interpretable and syntactically sound

identifiers – backward compatible
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http://www.obofoundry.org/
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The Systems Biology Ontology

http://biomodels.net/sbo
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What is SBO?

collaborative

Provide a strictly defined relational 
vocabulary of terms for use in Systems 
Biology

A navigable taxonomic structure of terms that 
has 'parents', 'children'
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Updated SBO structure

6 orthogonal vocabularies:

entity (macromolecule)

interaction (transport, reactions)

mathematical expressions (mass action rate law)

modelling framework (discrete)

participant roles (S, P, M)

quantitative parameters (Hill coefficient)
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http://www.biomodels.net/sbo

Continuous framework

Quantitative parameter

Entity
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SBO exports      

OBO

OWL

XML
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https://sourceforge.net/projects/sbo
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Semantics  

Sbo provides essential semantic layer

Semantic layer:

● software interpretation of entity, without 
intervention

● link between models encoded in SBML and 
graphical notations (such as SBGN)

● conversion to semantically enriched computing 
formats (such as BioPAX)

● translation of models between continuous 
deterministic frameworks and discrete stochastic 
framework

● merging/integration of models
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<listOfCompartments>
  <compartment id=”C” sboTerm=”SBO:0000289”>
</listOfCompartments>
<listOfSpecies>
  <species id=”A” sboTerm=”SBO:0000247” />
  <species id=”B” sboTerm=”SBO:0000247” /
  <species id=”C” sboTerm=”SBO:0000014” />
</listOfSpecies>
<listOfReactions>      
  <reaction sboTerm=”SBO:0000172”>
    <listOfReactants>
      <speciesReference species=”A” sboTerm=”SBO:0000015”/>
    </listOfReactants>
    <listOfProducts>
      <speciesReference species=”B” sboTerm=”SBO:0000011”/>
    </listOfProducts>
    <listOfModifiers>
      <speciesReference species=”C” sboTerm=”SBO:0000014”/>
    </listOfModifiers>
    <kineticLaw sboTerm=”SBO:0000031”>
      <listOfParameters>
        <parameter id=”U” sboTerm=”SBO:0000027”/>
        <parameter id=”V” sboTerm=”SBO:0000025”/>
      </listOfParameters>
    </kineticLaw>
  </reaction>
</listOfReactions>

SBML and SBO
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<listOfCompartments>
  <compartment id=”C” sboTerm=”SBO:0000289”>
</listOfCompartments>
<listOfSpecies>
  <species id=”A” sboTerm=”SBO:0000247” />
  <species id=”B” sboTerm=”SBO:0000247” /
  <species id=”C” sboTerm=”SBO:0000014” />
</listOfSpecies>
<listOfReactions>      
  <reaction sboTerm=”SBO:0000172”>
    <listOfReactants>
      <speciesReference species=”A” sboTerm=”SBO:0000015”/>
    </listOfReactants>
    <listOfProducts>
      <speciesReference species=”B” sboTerm=”SBO:0000011”/>
    </listOfProducts>
    <listOfModifiers>
      <speciesReference species=”C” sboTerm=”SBO:0000014”/>
    </listOfModifiers>
    <kineticLaw sboTerm=”SBO:0000031”>
      <listOfParameters>
        <parameter id=”U” sboTerm=”SBO:0000027”/>
        <parameter id=”V” sboTerm=”SBO:0000025”/>
      </listOfParameters>
    </kineticLaw>
  </reaction>
</listOfReactions>

SBML and SBO

catalysis

substrate

product

Briggs-Haldane equation

Km
kcat

functional compartment

simple chemical
simple chemical
enzyme

catalyst



MLSB09 Ljubljana, Slovenia 5-6th September, 2009

 

<listOfCompartments>
  <compartment id=”C” sboTerm=”SBO:0000289”>
</listOfCompartments>
<listOfSpecies>
  <species id=”A” sboTerm=”SBO:0000247” />
  <species id=”B” sboTerm=”SBO:0000247” /
  <species id=”C” sboTerm=”SBO:0000014” />
</listOfSpecies>
<listOfReactions>      
  <reaction sboTerm=”SBO:0000172”>
    <listOfReactants>
      <speciesReference species=”A” sboTerm=”SBO:0000015”/>
    </listOfReactants>
    <listOfProducts>
      <speciesReference species=”B” sboTerm=”SBO:0000011”/>
    </listOfProducts>
    <listOfModifiers>
      <speciesReference species=”C” sboTerm=”SBO:0000014”/>
    </listOfModifiers>
    <kineticLaw sboTerm=”SBO:0000031”>
      <listOfParameters>
        <parameter id=”U” sboTerm=”SBO:0000008”/>
        <parameter id=”V” sboTerm=”SBO:0000025”/>
      </listOfParameters>
    </kineticLaw>
  </reaction>
</listOfReactions>

catalysis

physicalEntityParticipant

GO annotation

Small molecule
Small molecule
Protein

SBML to  BioPAX conversion using SBO

physicalEntityParticipant

physicalEntityParticipant

Generic vs specific class mapping
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<listOfCompartments>
  <compartment id=”C” sboTerm=”SBO:0000289”>
</listOfCompartments>
<listOfSpecies>
  <species id=”A” sboTerm=”SBO:0000247” />
  <species id=”B” sboTerm=”SBO:0000247” /
  <species id=”C” sboTerm=”SBO:0000014” />
</listOfSpecies>
<listOfReactions>      
  <reaction sboTerm=”SBO:0000172”>
    <listOfReactants>
      <speciesReference species=”A” sboTerm=”SBO:0000015”/>
    </listOfReactants>
    <listOfProducts>
      <speciesReference species=”B” sboTerm=”SBO:0000011”/>
    </listOfProducts>
    <listOfModifiers>
      <speciesReference species=”C” sboTerm=”SBO:0000014”/>
    </listOfModifiers>
    <kineticLaw sboTerm=”SBO:0000031”>
      <listOfParameters>
        <parameter id=”U” sboTerm=”SBO:0000008”/>
        <parameter id=”V” sboTerm=”SBO:0000025”/>
      </listOfParameters>
    </kineticLaw>
  </reaction>
</listOfReactions>

SBML to  SBGN conversion using SBO

http://www.sbgn.org/

entities

processes
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SBML to  SBGN conversion using SBO

A

C

B
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Simulation
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What is a simulation

A simulation is the instantiation of a model over time, using 
a given algorithmic approach, and a particular software: A 
model can beget simulations giving different results!

Logical (boolean or discrete) approach

Deterministic approach

Stochastic approach

Fixed timesteps

Adaptative timesteps

...

Plus ... range of simulations

parameter scan

parameter search/optimisation

phase-plane analysis

bifurcation analysis 

...
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Minimum Information 
About a Simulation Experiment (MIASE)

https://sourceforge.net/projects/miase

MIASE describes the information needed to run and repeat a 
numerical simulation experiment derived from a given quantitative 
model. The project is divided into three parts:

 
MIASE - The list of requested information to repeat a simulation 
result

 base model & modifications applied

simulation task to run on models (algorithms, see KiSAO; simulation 
parameters)

How to post-process the numerical results and to present them 



MLSB09 Ljubljana, Slovenia 5-6th September, 2009

 

KiSAO and SED-ML

KiSAO - Kinetic Simulation Algorithm Ontology

Classification of simulation algorithms & methods

Definition, literature references

Relations between different simulation algorithms & methods

The Simulation Experiment Description Markup Language 
(SED-ML)

Formal encoding of a subset of MIASE guidelines 

http://www.ebi.ac.uk/compneur-srv/kisao/

http://www.ebi.ac.uk/compneur-srv/sed-ml/
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MIASE – Motivation 

Aims
researchers should be able to exchange and share their 
results

Problem
most models plain SBML/CellML/BioPAX 
curator lacks information about validation simulation 
settings 
after curation, the model is made available on 
biomodels.net
the next consumer of model must re-identify the 
parameters

Solution:
Provide information about the simulation settings along 
with the model
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https://sourceforge.net/projects/miase
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More KiSAO motivation

Users often have to decipher free-text explanations 
accompanying models

Authors may provide simulation scripts, which are often 
software-restricted

Many algorithms available, with many variants

Algorithms may be restricted to a limited number of simulation 
tools (or 1)
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KiSAO 

Precise identification of simulation approach is 
required.

Classifies approaches by :

Model characteristics 

discrete or continuous variables used in simulation

spatial resolution

Numerical characteristics

deterministic or stochastic system behaviour

fixed or adaptive time steps
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KiSAO branches

Model 
characteristics

Numerical 
characteristics

Spatial resolution

Adaptive / fixed timesteps

Deterministic / stochastic

Continuous / discrete variables
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KiSAO term info
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SED-ML : Description of models

<?xml version="1.0" encoding="utf8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
  <notes>Changing a system from oscillation to chaos</notes>
  <listOfModels>
    <model id="model1" 
           name="Circadian Oscillations" 
           type="SBML"
           source="urn:miriam:biomodels.db:BIOMD0000000021" />
    <model id="model2" 
           name="Circadian Chaos" 
           type="SBML" 
           source="model1">
      <listOfChanges>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_mT']/@value" newValue="0.28">
        </changeAttribute>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_dT']/@value" newValue="4.8">
        </changeAttribute>
      </listOfChanges>
    </model>
  </listOfModels>

● MIASE guidelines implemented in SED-ML
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<?xml version="1.0" encoding="utf8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
  <notes>Changing a system from oscillation to chaos</notes>
  <listOfModels>
    <model id="model1" 
           name="Circadian Oscillations" 
           type="SBML"
           source="urn:miriam:biomodels.db:BIOMD0000000021" />
    <model id="model2" 
           name="Circadian Chaos" 
           type="SBML" 
           source="model1">
      <listOfChanges>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_mT']/@value" newValue="0.28">
        </changeAttribute>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_dT']/@value" newValue="4.8">
        </changeAttribute>
      </listOfChanges>
    </model>
  </listOfModels>

Any model description 
in XML such as SBML, CellML
VCML etc.

SED-ML : Description of models
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<?xml version="1.0" encoding="utf8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
  <notes>Changing a system from oscillation to chaos</notes>
  <listOfModels>
    <model id="model1" 
           name="Circadian Oscillations" 
           type="SBML"
           source="urn:miriam:biomodels.db:BIOMD0000000021" />
    <model id="model2" 
           name="Circadian Chaos" 
           type="SBML" 
           source="model1">
      <listOfChanges>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_mT']/@value" newValue="0.28">
        </changeAttribute>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_dT']/@value" newValue="4.8">
        </changeAttribute>
      </listOfChanges>
    </model>
  </listOfModels>

SED-ML : Description of models
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BioModels Database

<?xml version="1.0" encoding="utf8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
  <notes>Changing a system from oscillation to chaos</notes>
  <listOfModels>
    <model id="model1" 
           name="Circadian Oscillations" 
           type="SBML"
           source="urn:miriam:biomodels.db:BIOMD0000000021" />
    <model id="model2" 
           name="Circadian Chaos" 
           type="SBML" 
           source="model1">
      <listOfChanges>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_mT']/@value" newValue="0.28">
        </changeAttribute>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_dT']/@value" newValue="4.8">
        </changeAttribute>
      </listOfChanges>
    </model>
  </listOfModels>

http://biomodels.net/database
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Description of models

<?xml version="1.0" encoding="utf8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
  <notes>Changing a system from oscillation to chaos</notes>
  <listOfModels>
    <model id="model1" 
           name="Circadian Oscillations" 
           type="SBML"
           source="urn:miriam:biomodels.db:BIOMD0000000021" />
    <model id="model2" 
           name="Circadian Chaos" 
           type="SBML" 
           source="model1">
      <listOfChanges>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_mT']/@value" newValue="0.28">
        </changeAttribute>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_dT']/@value" newValue="4.8">
        </changeAttribute>
      </listOfChanges>
    </model>
  </listOfModels>
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Description of models

<?xml version="1.0" encoding="utf8"?>
<sedML version="1.0" xmlns="http://www.miase.org/">
  <notes>Changing a system from oscillation to chaos</notes>
  <listOfModels>
    <model id="model1" 
           name="Circadian Oscillations" 
           type="SBML"
           source="urn:miriam:biomodels.db:BIOMD0000000021" />
    <model id="model2" 
           name="Circadian Chaos" 
           type="SBML" 
           source="model1">
      <listOfChanges>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_mT']/@value" newValue="0.28">
        </changeAttribute>
        <changeAttribute target=
             "/sbml/model/listOfParameters/parameter[@id='V_dT']/@value" newValue="4.8">
        </changeAttribute>
      </listOfChanges>
    </model>
  </listOfModels>
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Simulation approach

  <listOfSimulations>
    <uniformTimeCourse id="simulation1"
                       algorithm="KiSAO:0000071" 
                       initialTime="0" 
                       outputStartTime="50"
                       outputEndTime="1000" 
                       numberOfPoints="1000" />
  </listOfSimulations>
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Simulation approach

  <listOfSimulations>
    <uniformTimeCourse id="simulation1"
                       algorithm="KiSAO:0000071" 
                       initialTime="0" 
                       outputStartTime="50"
                       outputEndTime="1000" 
                       numberOfPoints="1000" />
  </listOfSimulations>
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Simulation task

  

  <listOfTasks>
    <task id="task1" 
          name="Baseline" 
          modelReference="model1"
          simulationReference="simulation1">
    </task>
    <task id="task2" 
          name="Modified parameters" 
          modelReference="model2"
          simulationReference="simulation1">
    </task>
  </listOfTasks>
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Production of results
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