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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)

cell automata/finite elements

...
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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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Examples from BioModels DB and COPASI

Edelstein et al 1996 (BIOMD0000000002)
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Examples from BioModels DB and COPASI

Edelstein et al 1996 (BIOMD0000000002)

Huang & Ferrell (BIOMD0000000009)

Ueda, Hagiwara, Kitanol 2001 (BIOMD0000000022)

Bornheimer et al 2004 (BIOMD0000000086)
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Minimum Information 
About a Simulation Experiment (MIASE)

https://sourceforge.net/projects/miase

MIASE aims at describing 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

What base model to use & which modifications to apply

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

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

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 
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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>

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

  

  

  <listOfDataGenerators>
    <dataGenerator id="time" name="Time">
      <mathExpression>
        <math>
          <apply>
            <plus />
            <csymbol encoding="text"
            definitionURL="http://www.sbml.org/sbml/symbols/time">time
            </csymbol>
          </apply>
        </math>
      </mathExpression>
    </dataGenerator>
    <dataGenerator id="tim1" name="tim mRNA (total)">
      <listOfVariables>
        <variable id="v1" taskReference="task1"
        target="/sbml/model/listOfSpecies/species[@id='Mt']" />
      </listOfVariables>
      <mathExpression>
        <math>
          <apply>
            <plus />
            <ci>v1</ci>
          </apply>
        </math>
      </mathExpression>
    </dataGenerator>
   ...
  </listOfDataGenerators>
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Production of results
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Production of results

  

    <listOfOutputs>
    <plot2D id="plot1" name="tim mRNA with Oscillation and Chaos">
      <listOfCurves>
        <curve logX="false" 
               logY="false" 
               xDataReference="time"
               yDataReference="tim1" />
        <curve logX="false" 
               logY="false" 
               xDataReference="time"
               yDataReference="tim2" />
      </listOfCurves>
    </plot2D>
  </listOfOutputs>
</sedML>
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Production of results
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Models    Simulation    Results              

Minimal 
requirements

Data-model

Ontology

SED-ML

?

implements

Makes 
sense of

SBRML
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