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“You should not develop standards and easy to use 
modelling software. It allows biologists to write models, and 
they don't know how to do it properly.”

influential British biomathematician, EU Syst Biol centres meeting, 2007 

“By developing BioModels you harm the cause of modelling 
in biology. My students do not learn how to make a model, 
they download it ready to use instead”

Famous theoretical biologist, BioScope 2006
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Why using mathematical models?

Describe

1917
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What is a mathematical model?

Wikipedia (October 14th 2013): “A mathematical model is a description of 
a system using mathematical concepts and language.”
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What is a mathematical model?

variables

[x]

Vmax

Kd

EC
50

length

t
1/2

What we want to know
or compare with experiments

Wikipedia (October 14th 2013): “A mathematical model is a description of 
a system using mathematical concepts and language.”
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What is a mathematical model?

Wikipedia (October 14th 2013): “A mathematical model is a description of 
a system using mathematical concepts and language.”

 
variables relationships
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then

What we already know
or want to test
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What is a mathematical model?

Wikipedia (October 14th 2013): “A mathematical model is a description of 
a system using mathematical concepts and language.”

 
variables relationships constraints

[x]

Vmax

Kd

EC
50

length

t
1/2

If
then

[x]>0

Energy conservation

Boundary conditions
(v < upper limit)

Objective functions
(maximise ATP)

Initial conditions

The context or what 
we want to ignore



BioModels Database growth (published models branch) since its creation

Computational models on the rise

http://www.ebi.ac.uk/biomodels/

20 relationships 
per model

200 relationships 
per model



ParametrisationsParametrisations

Simulation descriptionsSimulation descriptions

Model descriptionsModel descriptions

We need to

Therefore we need to share

Re-useRe-use

Build uponBuild upon

VerifyVerify ModifyModify

Integrate withIntegrate with



What are standards good for (1)?

Formal languages can be read and written by computers

<int/>
  <bvar><ci>x</ci></bvar>
  <lowlimit><cn>1</cn></lowlimit>
  <uplimit><ci>t</ci></uplimit>
  <apply>
    <divide/>
      <cn>1</cn>
      <ci>x</ci>
  </apply>
</int>

Z t

1

dx

x



What are standards good for (2)?

N tools require N conversions for exchange and not N(N-1)/2



What are standards good for (2)?

N tools require N conversions for exchange and not N(N-1)/2



What are standards good for (3)?

Open standards are more stable than proprietary formats



What are standards good for (4)?

Open standards can be built on. They generate new science 

SBML

libSBML

SBMLToolbox

SBToolbox2

JSBML

CySBML

MatLab

Cytoscape



Three types of standards

Minimal 
requirements

Data-models

Terminologies

What to encode in order to
share experiments and 
understand results 

How to encode the  information defined
above in a computer-readable manner

Structured representations
of knowledge, with 
concept definitions 
and their relationships

OBO
foundry
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Minimal 
requirements

Data-models

A matrix of standards

Simulations
and analysis

results

Terminologies

Model
descriptions

NuML
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A language to describe computational models in biology

Data-models

SBRML

Born in Caltech 2000Model
descriptions

Mike
Hucka

Hamid
Bolouri

Andrew
Finney

Herbert
Sauro

Hiroaki
Kitano

John
Doyle
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What can we encode in SBML (core)?

c
n

McG Mn

PP'

arbitrary rules discrete events



Systems Biology Modelling Cycle, 13 May 2014, EMBL-EBI

 

Why the Extensible Markup Language (XML)?

 HTML
A <strong>strong word</strong> and an 
<a href=”http://www.w3.org/”>hyperlink</a>

 SVG
<circle r="100" fill="red" 
stroke="blue" stroke-width="10"  />

 MathML
<apply>
  <int/>
  <bvar><ci> x </ci></bvar>
  <lowlimit><cn> 0 </cn></lowlimit>
  <uplimit><ci> a </ci></uplimit>
  <apply><ci> f </ci><ci> x </ci></apply>
</apply>

 Excel
<row r="1">
  <c r="A1"><v>1</v></c>
  <c r="B1">
    <f>C11*E11</f>
    <v>102</v>
  </c>
</row>

A strong word and an hyperlink

Z a

0
f(x) dx
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Why the Extensible Markup Language (XML)?

 Easy to define and validate

 Rapid prototyping, processing tools can be generated and thrown away

 Existence of a very large toolkit 

 Libraries in every programming languages

 A very large number of description formats in life sciences are in XML 

 Associated technologies

 Definition: XML Schema, Schematron (themselves XML)

 Conversion: XSLT (using XSL in XML)

 Linking: XPath and XQuery
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variables

relationships

Structure of SBML



Systems Biology Modelling Cycle, 13 May 2014, EMBL-EBI

 

A very simple 

SBML file (A → B)

MathML
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A more realistic example ...
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RDF

XHTML

biological semantics: macromolecule

A more realistic example ...
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    SBML is not limited to biochemistry!

 A species is a pool of entities participating to a reaction, not always a 
chemical entity

 It can be a pool of molecules

 It can be a pool of cells

 It can be a pool of organs

 It can be a population of organism

 Rate Rules can describe the temporal evolution of any 
quantitative parameter, e.g. transmembrane voltage, 
tumour size etc.

 Events can describe any discontinuous change, e.g. 
neurotransmitter release, repolarisation, cell division etc.
 

SBML (Core) is about process descriptions  



Biochemical models
Fernandez et al. DARPP-32 is a 
robust integrator of dopamine 
and glutamate signals 
PLoS Comput Biol (2006) 2: e176. 

BIOMD0000000153BIOMD0000000153

reaction:



Conductance-based model

Hodgkin AL, Huxley AF. 
A quantitative description of 
membrane current and its 
application to conduction 
and excitation in nerve.  
J Physiol  (1952) 117:500-544. 

rate rule:

assignment rule:

BIOMD0000000020BIOMD0000000020
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Pharmacometrics models

Tham et al (2008) A pharmacodynamic 
model for the time course of tumor 
shrinkage by gemcitabine + carboplatin in 
non-small cell lung cancer patients.
Clin Cancer Res. 2008 14(13): 4213-8.

assignment rule:

rate rule:

BIOMD0000000234BIOMD0000000234



Single-compartment neurons

Izhikevich EM. Simple 
model of spiking neurons.  
IEEE Trans Neural Netw 
(2003) 14(6):1569-1572. 

rate rule:
dv

dt
= 0:042+ 5£ V + 140¡ U + i

event: v = c

U = U + d

BIOMD0000000127BIOMD0000000127



Spread of infection diseases ...

Munz P et al. When zombies attack!: 
Mathematical modelling of an 
outbreak of zombie infection. in 
"Infectious Disease Modelling 
Research Progress",  (2009 )133-150

MODEL1008060001MODEL1008060001
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 8 compartments

 5 063 metabolites

 2 194 proteins

 7 440 reactions

A not so simple 
SBML file (Recon2)

MODEL1109130000MODEL1109130000
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SBML Level 3 
is modular

 Core package – public specification

 Flux balance constraint – public specification

 Qualitative models – public specification

 Model composition – public specification

 Graph Layout – public specification

 Graph rendering – specification finalised

 Complex species – specification finalised 

 Groups - specification finalised

 Distributions and ranges - specification under discussion

 Spatial diffusion – specification under discussion

 Enhanced metadata – specification proposed

 Arrays and sets – specification proposed

 Dynamic structures - discussed
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Logical model 
with SBML Qual

A

B
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CytoCopter
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CySBML
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Adding the semantics to the syntax

Minimal 
requirements

Data-models SBRML

Terminologies

Model
descriptions Born in Heidelberg 2004
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Minimal Information Required In the Annotation of Models

Reference correspondence

1. In a public, standardized, 
    machine-readable format

2. Comply with the standard
    in which it is encoded

3. Clearly related to a single 
    reference description

4. Reflect biological processes

5. Instantiable in a simulation
    all numbers provided

6. Able to reproduce results

Attribution External resources

1. Has to be named

2. Citation must be provided

3. Model creators details

4. Date and time of creation 
    and last modification

5. Link to precise statement 
    about terms of distribution

1. Annotation unambiguously 
    model constituent to data

2. Link to external information 
    as a triplet 
 {collection, identifier, qualifier}

3. Annotation written as a 
   Uniform Resource Identifier

4. Identifier considered within 
    framework of the collection.

5. Collection namespace and 
    record identifier in one URI

6. Qualifiers to refine the link 
    between model constituent 
    and external knowledge

7. Standard set of valid URIs
    agreed upon by community 

http://co.mbine.org/standards/miriam
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                         (aka new MIRIAM URIs)

http://identifiers.org/namespace/identifier

protocol type of URI collection record

Camille Laibe Nick Juty Sarala Wimalaratne
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http://identifiers.org/namespace/identifier

http://identifiers.org/pubmed/22140103

http://identifiers.org/ec­code/1.1.1.1

http://identifiers.org/go/GO:0000186

protocol type of URI collection record

                         (aka new MIRIAM URIs)
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http://www.ebi.ac.uk/miriam/
http://identifiers.org/registry

http://www.ebi.ac.uk/miriam/
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SBML and MIRIAM cross-references
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Available as HTML or RDF, 
through browsers or Web Services
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BioModels Database – http://www.ebi.ac.uk/biomodels

>140 000 models, >10 millions mathematical relations

Deposition advised by >300 journals, database ~1000 citations

1 million page requests per year

Submission in SBML and CellML; Export in SBML, CellML, XPP, SciLab, BioPAX, 
Octave, PDF, VCML, SBGN

Systems biology

Mathematical models

curated
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Live demo ...
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Was it worth it?
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What interoperability can do: the Path2Models project

 To re-use existing pathway data to generate biochemically based models

 To provide a starting point to model as many biochemical pathways as possible 
in as many species as possible

 To provide models in a standard format readable by most systems biology 
software

_x = f(X)

Pathways
In proprietary 

formats

Pathways Models

Graphical 
representations

Büchel et al (2013).  
Path2Models: large-scale generation of computational models from biochemical pathway maps. 
BMC Systems Biology (2013) 7: 116
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Three parallel workflows

 Signalling 
Pathways

+  
Logical models

of individual signalling pathways
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Three parallel workflows

 Metabolic 
Networks

 
 Chemical kinetics models 

of individual metabolic pathways

 Signalling 
Pathways

+  
Logical models

of individual signalling pathways
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Three parallel workflows

+
 Metabolic 
Networks

 Metabolic 
Networks

 

 
 Chemical kinetics models 

of individual metabolic pathways

Flux Balance Analysis
of whole genome reconstructions

 Signalling 
Pathways

+  
Logical models

of individual signalling pathways
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KGML

Core
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KGML
Which type?



Systems Biology Modelling Cycle, 13 May 2014, EMBL-EBI

 

KGML

KEGG
API

Missing reactants and modifiers

Which type?
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API

Missing reactants and modifiers
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Supercurated pathway =
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KGML

KEGG
API

Missing reactants and modifiers

Which type?

Which one?

Ab initio kinetics

Supercurated pathway =
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KGML

KEGG
API

Missing reactants and modifiers

Which type?

Which one?

Ab initio kinetics

 =
Chemical kinetics model

Supercurated pathway =
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All the collaborators listed during the presentation

Editors of COMBINE standards

Developers of BioModels Database

Developers of related ontologies and software

Organisers of meetings and efforts to support our standards

The community of Computational Systems Biology

You for staying awake

I am grateful and indebted to
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