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A computational platform for research in Systems Biology

SBML Enabled Software 
A user’s perspective



Henning Schmidt

Vision
 The Systems Biology Toolbox for MATLAB offers systems

biologists an open and user extensible environment, in which
to explore ideas, prototype and share new algorithms, and
build applications for the analysis and simulation of biological
systems.
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User – ”what user”?

Graphical 
Modelling

All kinds of
analysis methods

Mathematical 
Modelling

Simulation

Biologists, ...
Biochemists
phycisists, ...

Engineers, 
physicists, ... 

There is, of course, more ...

”Target User”
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Focus of the SB Toolbox

Modelling

Simulation,  
Analysis, Identification

(SB Toolbox)

Model import 
to SB Toolbox

Model export to 
modelling tools

Model modification
Measurement data

SBTs target user often an engineer



Henning Schmidt

Design of the SB Toolbox
GUI Functions

(Model editing, visualization, etc.)

Functions
(Analysis, Identification, etc.)

Low-Level Functions
(creating, converting 

SBmodel / SBdata objects)

SBmodel / SBdata

Maple

SBML
Toolbox

SBML
Models

C / C++

JAVA / JANET

XPPAUTMATLAB ODE FILE

..., ..., ...
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SBmodel
 An SBmodel is realized as an object of class SBmodel
 The internal data structure of an SBmodel object is given by

events.name
events.trigger
events.assignment
events.notes

functionsMATLABfunctions.name
functions.arguments
functions.formula
functions.notes

reactions.name
reactions.formula
reactions.notes

variables.name
variables.formula
variables.notes
variables.sbmlnotes

parameters.name
parameters.value
parameters.notes
parameters.sbmlnotes

states.name
states.initial
states.ODE
states.notes
states.sbmlnotes

name
notes
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SBML compatibility
 Import: L1V1 L1V2 L2V1
 Export: L2V1 (experimental)

 No algbraic rules
 No units
 No non-zero delay for events
 Only simple style of event trigger conditions ... e.g.: lt/gt/le/ge(expr1,expr2)

 That’s not really limiting at the moment
 As soon as more and more models have these features they can be implemented

...
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SBdata
 A data object is realized as an object of class SBdata
 The internal data structure of an SBdata object is given by

measurements.name
measurements.stimulusflag
measurements.data
measurements.noiseoffset
measurements.noisevariance

timenotesname
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Functions Overview
 Model Creation and Manipulation
 Measurement Data Creation and Manipulation
 Model Information
 Import/Export of SBmodel/SBdata
 Simulation
 Plotting
 Simple Analysis
 Identification / Parameter Estimation
 Model Reduction
 Bifurcation Analysis
 Parameter Sensitivity Analysis
 Specialized functions …
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Model Import
>>  model = SBmodel('sunemads.txt')

SBmodel
=======
Name: sunemads
Number States: 8
Number Variables: 20
Number Parameters: 26
Number Reactions: 11
Number Functions: 0

>> model = SBmodel('BIOMD0000000014.xml')
SBmodel
=======
Name: Levchenko2000_MAPK_Scaffold
Number States: 86
Number Variab les: 0
Number Parameters: 302
Number Reactions: 300
Number Functions: 0
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Model Import
>> model = SBmodel('BIOMD0000000008.xml');
??? Error using ==> SBmodel.SBmodel

No size for compartment 'cytop lasm' given

>> model = SBmodel('BIOMD0000000007.xml');
??? Error using ==> SBmodel.SBmodel

The effect of event 'Start' is delayed. This can not be handled by this toolbox.
Trigger expression for event 'Start' probably contains unsupported operator.
Allowed is only le/lt/ge/gt(expression1,expression2).
The variab le affected by event 'Start' is not a state.
The effect of event 'Division' is delayed. This can not be handled by this toolbox.
Trigger expression for event 'Division' probably contains unsupported operator.
Allowed is only le/lt/ge/gt(expression1,expression2).
The variab le affected by event 'Division' is not a state.
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model = SBmodel('BIOMD0000000034.xml');
 ********** MODEL REACTIONS
 reaction_0000001 = compartment_0000002 * (parameter_0000027 * parameter_0000021 + parameter_0000031)
 reaction_0000002 = compartment_0000001 * (parameter_0000028 * parameter_0000020 + parameter_0000032)
 reaction_0000003 = compartment_0000001 * delay(parameter_0000029 * parameter_0000022 + parameter_0000034, parameter_0000039)
 reaction_0000004 = compartment_0000001 * (parameter_0000030 * (power(species_0000009, 2) / (power(species_0000009, 2) +

power(parameter_0000010, 2))) * (power(parameter_0000008, 2) / (power(species_0000007, 2) + power(parameter_0000008, 2))) +
parameter_0000033)

 reaction_0000005 = compartment_0000001 * parameter_0000036 * species_0000008
 reaction_0000006 = compartment_0000001 * parameter_0000038 * species_0000009
 reaction_0000007 = compartment_0000001 * parameter_0000037 * species_0000007
 reaction_0000008 = compartment_0000002 * (parameter_0000040 * species_0000004 / (parameter_0000041 + species_0000004))
 reaction_0000009 = compartment_0000002 * (parameter_0000040 * species_0000005 / (parameter_0000041 + species_0000005))
 reaction_0000010 = compartment_0000002 * (parameter_0000044 * species_0000006 / (parameter_0000045 + species_0000006))
 reaction_0000011 = compartment_0000001 * (parameter_0000042 * species_0000001 / (parameter_0000043 + species_0000001))
 reaction_0000012 = compartment_0000001 * (parameter_0000042 * species_0000002 / (parameter_0000043 + species_0000002))
 reaction_0000013 = compartment_0000001 * (parameter_0000046 * species_0000003 / (parameter_0000047 + species_0000003))
 reaction_0000014 = compartment_0000001 * parameter_0000048 * species_0000008
 reaction_0000015 = compartment_0000001 * parameter_0000048 * species_0000009
 reaction_0000016 = compartment_0000001 * parameter_0000048 * species_0000007
 reaction_0000017 = compartment_0000002 * parameter_0000048 * species_0000004
 reaction_0000018 = compartment_0000002 * parameter_0000048 * species_0000005
 reaction_0000019 = compartment_0000002 * parameter_0000048 * species_0000006
 reaction_0000020 = compartment_0000001 * parameter_0000048 * species_0000001
 reaction_0000021 = compartment_0000001 * parameter_0000048 * species_0000002
 reaction_0000022 = compartment_0000001 * parameter_0000048 * species_0000003

Reasonable SBML ”id”s
would be nice  

Almost all models I found 
in the database have nice ”id”s!!! 
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>> SBedit(model)

Model editing based on 
ODEs
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>> SBeditBC(model)

Model editing based
on reaction equations



Henning Schmidt

>> SBsimulate(model,400)

Display of 
simulation results
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>> output = 
     SBsensdataosc(model,200)
>> SBsensperiod(output)

Parametric sensitivity analysis
(here: period)



Henning Schmidt

>> ss = SBsteadystate(model)
>> SBlocbehavcomp(model,ss)

Localization of mechanism leading
to oscillations



Henning Schmidt

>> SBxppaut(model)
>> SBplotxppaut(’bif.dat’,’semilogx’)

Bifurcation analysis using XPPAUT
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Toolbox Documentation
 Full MATLAB type

of documentation

>> help SBTOOLBOX
>> help ”functionname”

 Extensive documentation
on the webpage ... including
examples for each function
and getting started examples
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Future Features and where to get the SB Toolbox
 Stochastic Simulation

 Parameter Estimation

 ...

 Scalability
 right now for models up to 100 states and 200 reaction
 strcat(’String1’,’String2’)     vs.   char([double(’String1’) double(’String2’)])

 The toolbox is freely available and can be found at

http://www.sbtoolbox.org

more then 100-200 times faster!!!
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SBML Enabled Software - A user’s perspective
 SBML has become a widely supported model description format

 Many software tools are
available supporting SBML

 BUT:
For a user new to SBML
it is very hard to find the
tool he needs

 A classification of tools would be useful

? ?

?

?

?
? ?
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Once the user found a tool
 There are very useful tools
 But there are several things to be noted

 Installation is sometimes to complicated (requires
more knowledge than the target user has)

 Getting started examples and a good documentation are often
missing, leading to deinstallation

 Analysis tools are most often not extensible (by the target user),
leading to the search for a different tool or own implementation

 Many tools do not ”complain”

SBtoolbox
statistics



Henning Schmidt

Possible Classification of SBML Tools

 Targeted user group / task (modelling, simulation, analysis, etc.)
 Open source / Non open source

 For open source tools: Profile of the user that is able to extend the tool
(relates, e.g., to the programming language)

 Ease of installation (dependent on target user)
 User targeting implementation
 Getting started examples available?
 Detailed documentation with examples available?

Useful Requirements for Software Tools
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User targeting implementation of tools
 Modeling tools: Biologists, Biochemists, etc.

 very simple installation process
 => no extensibility by user necessary
 (analysis and simulation tools can be present)

 Analysis tools: Engineers, Mathematicians, Physicists, ...
 they expect an analysis tool to be flexibel and easily extensible
 Systems Biology is a very young scientific disciplin
 (modeling can be present)
 reason for us to use MATLAB

 Simulation tools: Most involved user groups
 depends ...


