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General

SBT2 is a platform, providing needed functionality

Platform independent since based on MATLAB

Allows users to publish new results in a directly useable form

Easily extensible (by the user!)

GUI Functions
(Model editing, visualization, etc.)

Functions
(Analysis, Simulation, etc.)

Low-Level Functions
(creating, converting objects)

SBmodel / SBmeasurement/SBexperiment

SBML
Toolbox

MEX XPPAUTMATLAB ODE FILE
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Functions Overview
Installation of Toolbox
Model Creation and Handling 
Measurement Creation and Handling 
Experiment Creation and Handling 
Simulation
Plotting
Simple Analysis
Bifurcation Analysis
Parameter Sensitivity Analysis 
Localization of Mechanisms leading to Complex Behaviors
Model Reduction
Optimization
Solvers
Statistics
Compilation of Fortran and C/C++ Code MEX Functions using MinGW
Other Functions



Example ODE Model

********** MODEL STATES
d/dt(A) = -R
d/dt(B) = R
A(0) = 1
B(0) = 0
********** MODEL PARAMETERS
k1 = 0.5
********** MODEL REACTIONS
R = k1*f(A)
********** MODEL FUNCTIONS
f(x) = x^3

********** MODEL EVENTS
event = lt(A,0.3), A, 1, B, 0



Example Reactions Model

********** MODEL STATE INFORMATION
B(0) = 1
********** MODEL PARAMETERS
k1 = 0.5
********** MODEL REACTIONS
A+B => 2*C : R1  % comment

vf = k1*A*B
B <=> A+D : R2

vf = 5.1*B
vr = 3*A*D

2*A => A2 : R3
vf = 2.7*A^2



Import of SBML Models
SBML Level 1 and 2 models can be imported

The SBML Toolbox needs to be present

>> model = SBmodel('CellCycle.xml')
SBmodel
=======
Name: CellCycle
Number States: 13
Number Variables: 2
Number Parameters: 41
Number Reactions: 23
Number Functions: 1

>> SBsimulate(model,400)



Export of SBML Models
Additional information can 
be added in the text / textbc 
format

********** MODEL NAME
example

********** MODEL NOTES

********** MODEL STATES
d/dt(s1) = -re1 {isSpecie:cytosol:amount} % comment
d/dt(s2) = +re1 {isSpecie:cytosol:amount}
d/dt(s3) = -re2+re4 {isSpecie:cytosol:amount}
d/dt(s4) = +re2-re5 {isSpecie:cytosol:amount}
d/dt(s5) = (-re3)/nucleus {isSpecie:nucleus:concentration}
d/dt(s6) = +re3 {isSpecie:nucleus:amount}

s1(0) = 1

********** MODEL PARAMETERS
s7 = 1 {isParameter} % comment
s8 = 1 {isParameter}
cytosol = 1 {isCompartment:}
nucleus = 0.1 {isCompartment:cytosol}

********** MODEL VARIABLES

********** MODEL REACTIONS
re1 = 3 * s1 - 2 * s2 {reversible} % comment
re2 = s3
re3 = s4 * (s5 - s6) {reversible}
re4 = 1
re5 = s4



Export of SBML Models
To simplify the definition of the additional information a GUI can be used

>> model1 = SBmodel(’novaktyson1.txt’) % load an example model

>> SBexportSBMLgui(model1)

>> model2 = SBmodel(’novaktyson2.txt’) % load another example model – differences?

>> SBexportSBMLgui(model2)

Amount
due to definition of ODEs

>> edit novaktyson1.txt

Concentration
due to definition of ODEs

>> edit novaktyson2.txt



Main Differences in the Two Models

d/dt(Cyclin) = R1-R2-R3  
d/dt(YT) = R4-R5-R6-R7+R8+R3  
d/dt(PYT) = R5-R8-R9-R10+R11  
d/dt(PYTP) = R12-R11-R13-R14+R9  
d/dt(MPF) = R6-R4-R12-R15+R13  
d/dt(Cdc25P) = R16 
d/dt(Wee1P) = R17  
d/dt(IEP) = R18  
d/dt(APCstar) = R19

d/dt(Cyclin) = (R1-R2-R3)/compartment
d/dt(YT) = (R4-R5-R6-R7+R8+R3)/compartment
d/dt(PYT) = (R5-R8-R9-R10+R11)/compartment  
d/dt(PYTP) = (R12-R11-R13-R14+R9)/compartment  
d/dt(MPF) = (R6-R4-R12-R15+R13)/compartment  
d/dt(Cdc25P) = (R16)/compartment 
d/dt(Wee1P) = (R17)/compartment  
d/dt(IEP) = (R18)/compartment  
d/dt(APCstar) = (R19)/compartment 

novaktyson1.txt novaktyson2.txt

=> Amount units => Concentration units



Measurements
The toolbox can handle 2 representation formats

Excel
Comma separated value (CSV)

One Excel file can contain measurements of several experiments

One CSV file can contain measurements of a single experiment



Measurements – Excel format

Measurement name

Notes about the measurement

Extra notes about 
the components

Names of the measured
components. ”time” appears 

here also in an arbitrary column

Measurement data
Leave blank if unmeasured

max (+) and min (-) values 
allowing the representation 

of error bounds

Worksheets in an Excel book can contain any data. BUT if A1 is set to ”Name”
then the above format is expected.



Measurements – CSV format

[Name]
Measurement Example CSV

[Notes]
Notes about the measurement / experiment

[Components]
time,A,A+,A-,B,C

[Componentnotes]
A: Component A
B: Component B

[Values]
0, 0.0172, 0.01892, 0.01548, 0.0116, 0.0009
49.0552, 0.0171892, 0.0189081,  , 0.0115591, 0.000865671
98.9524, 0.0170854, 0.0187939, NaN , 0.0114354, 0.000858473
128.814, 0.0173518, 0.019087, 0.0156166, 0.0118688, 0.000825422
151.362, 0.0169693, 0.0186663, 0.0152724, 0.0109388, 0.00104578
160.548, 0.0181534, 0.0199687, 0.0163381, 0.0125635, 0.00104271

Measurement data
Leave empty or set to 
NaN if unmeasured

Good practice
Give a useful name and 

document the measurement 
data with telling notes

Important:
The measurements 

should be given in units 
that are to be used for 

the models components!



Handle Measurement Data
Visualizing the data

Extract information

>> SBvisualizedata(data)

>> [time, componentNames, values, minvalues, maxvalues] = SBmeasurementdata(data)



The System The Model 

The Experiments
Knockout 
Overexpression
Change of concentration 1
Change of concentration 2
etc.

Experiment Descriptions

One slightly different 
model for each experiment?



Model Model 1Experiment 1+

Model Model 2Experiment 2+

Model Model NExperiment N+

.

.

.

manual coding

manual coding

manual coding

Experiment Descriptions – Why?
Typically many different biological experiments 

Coding each experimental setting in the model leads to 
very complicated models or
a large number of models to keep track of

Model

Simulation
Model 1

Experiment 
Description 1

Simulation
Model 2

Experiment 
Description 2

Simulation
Model N

Experiment 
Description N

. . .

Working model

automatic combination

+ + +



Experiment Descriptions
Experiment descriptions allow to define experimental settings insilico

Experiment descriptions in the SBTOOLBOX2 allow to
change initial conditions
change parameter values 
change parameter values over time
change parameter values as a function of other variables
change state variables at given time instants

more is planned



Experiment Descriptions – How does it work?
********** MODEL NAME
Simple model
********** MODEL STATES
d/dt(A) = -R
d/dt(B) = R
A(0) = 1
B(0) = 0
********** MODEL PARAMETERS
k1 = 0.5
********** MODEL REACTIONS
R = k1*A

********** EXPERIMENT NAME
Simple Experiment for simple model
********** EXPERIMENT INITIAL PARAMETER AND STATE SETTINGS
k1 = 2
********** EXPERIMENT PARAMETER CHANGES

********** EXPERIMENT STATE CHANGES
time=10, A=1

********** MODEL NAME
Simple model
********** MODEL STATES
d/dt(A) = -R
d/dt(B) = R
A(0) = 1
B(0) = 0
********** MODEL PARAMETERS
k1 = 2
********** MODEL REACTIONS
R = k1*A
********** MODEL EVENTS
StateChange_1 = ge(time,10),A,1

The result is a 
new model where
the experimental
settings have been
added



SBPD - General
SBPD is an addon package for the SBTOOLBOX2

Providing functionality crucial for parameter determination

Parameter estimation
Manual parameter tuning 
Fit analysis
Model reduction
Identifiability analysis

Improved modeling features (kinetic rate laws)

High speed computation via SUNDIALS CVODE 

GUI Functions
(Model editing, visualization, etc.)

Functions
(Analysis, Simulation, etc.)

Low-Level Functions
(creating, converting objects)

SBmodel / SBmeasurement/SBexperiment

SBML
Toolbox

MEX XPPAUTMATLAB ODE FILE

SBPD

(parameter       
determination
functionality)
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Projects
A project is a container for

Models
Measurement data
Experiment descriptions

Modeling information

Parameter estimation, etc., can directly be run on projects



Projects – An Example
Experiments and corresponding measurements

R1

R2

R3 R3
R4 R5

R6

R7

R1

R2

R3 R3
R4 R5

R6

R7

R1

R2

R3 R3
R4 R5

R6

R7

R1

R2

R3 R3
R4 R5

R6

R7

********** ...
Vin = 0.5

********** ...
Vin = 0.5
K4f = 0
K4r = 0

********** ...
Vin = 0.5
V6 = 0

********** ...
Vin = interp0SB(
[0 10 20 30 40 50],
[0.2 0.5 0.1 0.3 0.6 0.1], 
time)

Vin_increased Vin_increased_R4delta Vin_increased_R6delta Vin_varying



Projects – Representation
Representation of the project

Folder structure, containing 
Models
Experiments
Measurements Experiment folders containing 

experiment description file and 
corresponding measurement data

Folder containing model
TEXT (ODE and/or BC) 
and/or SBML models



Projects – Visualize Measurement Data
Measurement data can be plotted by

>> SBPDplotmeasurements(sbp)



Projects – Simple Simulation
Simulation of the experiments in the project
Comparison with the measurement data

>> SBPDcomparemeasurements(sbp)

Measurements (-o-)

Simulations (–)  



Projects – Advanced Simulation / Manual Tuning
Manual tuning of parameters

>> SBPDmanualtuning(sbp)
>> SBPDmanualtuning(sbp,1)



MEX Simulation Functions
What are MEX Simulation Functions?

Standard SBmodel

Converted to C-code

Compiled

Simulator library

Staticly linked

Executable MEX Simulation Function 
that simulates the model for given 
parameters, initial conditions, and options



MEX Simulation Functions – Why?
Parameter estimation requires many repeated simulations

=> Simulation speed matters a lot 

Benchmark (SBPD (MinGW) vs. ODE15s)



www.sbtoolbox2.org
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