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Chaos and Birhythmicity in a Model for Circadian Oscillations of the
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Motivation

plot

— Changes in model

parameterization

— Use of a number of
different models in
one experiment

— Choice of correct

simulation algorithm

— Post-processing of the
result data, e.g.
normalization,
logarithmic scale ...

wviews 70,0000, 42,0000 scaley 1,00000, 1,00000



HOW DOES SED-ML HELP?



Repeatable simulation experiments

Simulation Experiment Description — Markup
Language (SED-ML):

Is a language that aims to standardize the exchange
of simulation experiments, independently from
the model description language and the
simulation tool.



Repeatable simulation experiments

Simulation

Reports

Data Generators




Repeatable simulation experiments

Simulation

Model class

oreference to model
source

Reports omodel type

ochanges to be
applied to the model

Data Generators




Repeatable simulation experiments

B

oSimulation experiment type

oUniform TimeCourse

osimulation algorithm =
Reports KiSAO

oSimulation duration, start
time....

Simulation class




Repeatable simulation experiments

Simulation

Task class

Reports
oConnector of

one Model object
Data Generators and one

Simulation object
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Repeatable simulation experiments

Reports

Simulation

Data Generators

DataGenerator

oDefinition of how to
generate the
necessary data for the
output from the
simulation results
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SED-ML Main Concepts

o No description of the
simulation results

o SBRML

o No description of the
layout of the output
curves
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SED-ML

<?xml version="1.0" encoding="utf-8" 7>
- <sedML version="0.1" xmlns="http://www.biomodels.net/sed-ml" xmlns:math="http://www.w3.0org/1998/Math/MathML">
<notes>Changing a system from oscillation to chaos</notes>
- <listOfSimulations>
<uniformTimeCourse id="simulationl1" algorithm="KiSA0:0000071" initialTime="0" outputStartTime="50"
outputEndTime="1000" numberOfPoints="1000" />
</listOfSimulations>
- <listOfModels>
<model id="modell" name="Circadian Oscillations" type="SBML"
source="urn:miriam:biomodels.db:BIOMD0000000021" />
- <model id="model2" name="Circadian Chaos" type="SBML" source="modell">
- <listOfChanges>
<changeAttribute target="/sbml:sbml/sbml:model/sbml:listOfParameters/sbml:parameter
[@id="V_mT']/@value" newValue="0.28" />
<changeAttribute target="/sbml:sbml/sbml:model/sbml:listOfParameters/sbml:parameter
[@id="V_dT']/@value" newValue="4.8" />
</listOfChanges>

</model>
</listOfModels>
- <listOfTasks>
<task id="taskl" name="Baseline" mode|lReference="modell" simulationReference="simulationl" />
<task id="task2" name="Modified parameters" modelReference="model2" simulationReference="simulationl1" />
</listOfTasks>
- <listOfDataGenerators>
- <dataGenerator id="time" name="Time">
- <listOfVariables>
<variable id="time" taskReference="task1" target="time" />
</listOfVariables>
<listOfParameters />
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SED-ML L1 V1

* Spec Release
Ca n d i d a te 1 Simulation Experiment Description Markup

Language (SED-ML) :
Level 1 Version 1 (Release Candidate 1)

* available from Source
forge

Dagmar Waltemath University of Rostock, Germany
Frank T. Bergmann University of Washington, Seattl
Richard Adams [niversity of Edinbu
Nicolas Le Novére European Bioinformatics Institute, U

The ls

To discuss any &
details, pl

sed.

T ger subsoribed
sed.

To contact the
5

http://sourceforge.net/projects/sed-ml/files



http://sourceforge.net/projects/sed-ml/files
http://sourceforge.net/projects/sed-ml/files
http://sourceforge.net/projects/sed-ml/files

This Session

* Update on available software
implementations

— LibSedML (.net implementation)

— jlibsedml (java implementation)



IMPLEMENTATION



libsedml

ibSedML - Libraries and Tools supporting SED-ML

« + | @ hup:/ /libsedml.sourceforge.net ¢ | (Qr

Welcome Screenshots Libraries SedMLScript Simulation Tool

libSedML - Libraries and Tools
supporting SED-ML

version .07 encoding 8"
version="0.1" xmlns="http://www.biomodels.net/sed-ml"
<notes>Changing a system from oscillation to chaos</notes=
<listOfSimulations>
<uniformTimeCourse id="simulationl"
algorithm="KiSAQ:0000071" initialTime="@" outputStartTime
</1istO0fSimulations>
<listOfModels>
<model id="modell" name="Circadian Oscillations" type="SB
<model id="model2" name="Circadian Chaos" type="SBML"
<list0fChanges>
<changeAttribute target="/sbml:sbml/sbml:model/sbml:1

SED-ML - Simulation Experiment Description - Markup Language

The SED-ML format allows to store in silico simulation experiments independently from the
simulation tools. While the format is still in its early stages, it has immense potential. Thus, the
libSedML project was launched, in order to provide libraries and tools supporting SED-ML.

On this site, you will find screenshots, ideas and sample applications supporting SED-ML. If you
are interested in SED-ML, join the discussion at: sed-mi-discuss [at] lists.sourceforge.net.




SED-ML Script Editor

me1’, ‘s21°]1);

Simulation Tool

libsedml|
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libSedMLScript

2

libSedML

\2)

libSedMLRunner

http://libsedml.sf.net

<
-

Other SBW enabled
Simulators

RoadRunner


http://libsedml.sf.net/

libsedml|

_“E(ED-ML Script Editol_“

< . .
> libSedMLScript

\Z
libSedML
v
7
. . (/@>COPASI
_ : > libSedMLRunner > JSIm
IBioSim

Simulation Tool

http://libsedml.sf.net 19



http://libsedml.sf.net/

Libsedml script

<?xml version="1.0" encod
- <sedML version="0.1" xml|
<notes>Changing a sys
- <listOfSimulations>
<uniformTimeCourse id
outputEndTime="10
</listOfSimulations>
- <listOfModels>
<model id="modell" 1

source="urn:miriam
- <model id="model2" 1

- <listOfChanges>
<changeAttribute t
[@id="'"V_mT']/
<changeAttribute g
[@id="V_dT']/¢
</listOfChanges>
</model>
</listOfModels>
- <listOfTasks>
<task id="task1l" nam
<task id="task2" nam
</listOfTasks>
- <listOfDataGenerators>
- <dataGenerator id="tin
- <listOfVariables>
<variable id="tim

AddTimeCourseSimulation('simulationl’, 'KiSA0:0000071', 0, 50,
1000, 1000)

AddModel('modell’, ‘'urn:miriam:biomodels.db:BIOMDO0000OLO21")

AddModel( 'model2', 'modell")
AddParameterChange('model2', 'V.mT', '0.28")
AddParameterChange( 'model2', 'V_dT', '4.8")

AddTask('taskl', 'simulationl', 'modell')
AddTask('task2', 'simulationl', 'model2')

AddColumn('time', [['time', 'taskl', 'time']])
AddColumn('Mt_original', [['vl', 'taskl', 'Mt']])
AddColumn('Mt_chaotic', [['v2', 'task2', "Mt']])

AddColumn('Mt_combined', [['vl', 'taskl', 'Mt'], ['v2', 'task2',

'Mt'], 'vl - v2 + 20'])

AddPlot('plotl', 'tim mRNA with Oscillation and Chaos',
[['time', 'Mt_original'], ['time', 'Mt_chaotic'], ['time’,
'Mt_combined']]);

AathML">

</listOfVariables>
<listOfParameters />

http://libsedml.sf.net
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http://libsedml.sf.net/

&3 SED-ML Script
File  Edit Wizards

NG| % 2@|@®Rn

SED-ML script editor

==

AddColumn('time

AddTimeCourseSimulation('simulationl’', 'KiSAO:eeeee71', e, ©, 2560, 1eee)

AddModel('modell', 'urn:miriam:biomodels.db:BIOMDEOGEOEO148")

AddTask('taskl', 'simulationl',|'modell')

', [['time', 'taskl', 'time']])

AddColumn('Total NFkBn', [['Total NFkBn', 'taskl', 'Total NFkBn']])
AddColumn('Total_IkBbeta', [['Total_IkBbeta', 'taskl', 'Total_IkBbeta']])
AddColumn('Total_IkBeps', [['Total_IkBeps', 'taskl', 'Total_IkBeps']])
AddColumn('Total_IkBalpha', [['Total_IkBalpha', 'taskl', 'Total_IkBalpha']])

AddPlot('plotl', 'BM14© Total NFkBn', [['time', 'Total_NFkBn']]);
AddPlot('plot2', 'BM14© Total_IkBbeta', [['time', 'Total_IkBbeta']l]);
AddPlot('plot3', 'BM148 Total_IkBeps', [['time', 'Total_IkBeps']l]);
AddPlot('plot4', 'BM14® Total_ IkBalpha', [['time', 'Total_IkBalpha']l]);

http://libsedml.sf.net



http://libsedml.sf.net/

SED-ML script editor

&3 SED-ML Script
File  Edit

NG| % 2@|@®Rn

Wizards

AddTimeCourseSimulatidg

AddModel( 'modell’, 'un

AddTask('taskl', 'simu
AddColumn('time', [['t
AddColumn('Total_NFkBn
AddColumn('Tetal_TIkBbeg
AddColumn('Teotal_IkBep
AddColumn('Total_IkBal

AddPlot('plotl', 'BM14
AddPlot('plot2', 'BM14
AddPlot('plot3', 'BM14
AddPlot('plot4’', 'BM14

a5l Create Simple Time Course Experiment

Specify Model:

RN [ROR (=5

Model Source: ||

Browse

Define Simulation:

Imitial Time: 0.0  Output Start Time:
Mumber of Poirts: 1000 Output End Time:
MNumber of Copies: |

Define Output:

Create Output For Floating Species
[[] Create Output For Boundary Species
[ Create Output For Compartments

[7] Create Output For Parameters

Generate Plot
[ Use separate plot for each Graph
[ Generate Report

ca
ca

=1

http://libsedml.sf.net

©009)

);
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http://libsedml.sf.net/

SED-ML script editor

@ Gruplot (window id : 0) El@
Hle#H@aaln?

39 SED-ML Script
File Edit Wizards
N E | % B2 @] Run

AddTimeCourseSimulation('siml', 'K

Z_1

AddModel( 'medell’, '/Users/fbergma

g S WL WLN WO
L e N e N o NP [ DN )

AddTask('taskl', 'siml', 'modell’)

AddColumn('time', [['time', 'taskl :
AddColumn('X_1', [['X', 'task1l', ' d =15
AddColumn('Y_1', [['Y', 'task1l', '

AddColumn('z_1', [['Z', 'taskl', '

view: 80,0000, 30,0000 scale: 1,00000, 1,00000

AddPlot3D('plot1', '', [['X_1', 'Y_1', 'Z_1'11);

http://libsedml.sf.net 23



http://libsedml.sf.net/

<?xml versig

Libsedml - runner

L=l _|I

- <sedML very
<notes>C

- <listOfSim
<unifort
outpu
</listOfSi

- <listOfMo
<model

sourcy
- <model

- <listQ
<ch

[

<ch

</list
</mode
</listOfM(

- <listOfTag
<task id
<task id
</listOfT4d

- <listOfDat
- <dataGf

- <listQ
<vg

</list
<listQ

o5 SED-ML Description

mlﬁlﬂ

tim mRNA with Oscillation and Chaos

[—— Mt original

— Nt chaotic —— Mt combined |
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http://libsedml.sf.net

NathML">
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http://libsedml.sf.net/

Simulation Too

I Simulation Tool: ReadRunner

File Tools Opticns Data

SBW  Help

DEEES T e | & & . B | o

|Anah'sis I Scripting| SED-ML |'I"|mecourse | Steady State | Preferences

=)o

&

SED-ML
Support
[ Open SED-ML File ] e —
( Run SED-ML file |
[ Dpen Selected SEML file ]
Contained Models:
madell
BM140 Total _lkBeps BM120 Total_lkBalpha
I:‘ Fix Y Axis 0 10

http://libsedml.sf.net

SED-ML Support .:
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Outlook

e Research how to encode more simulation
experiments

* Add Advanced Post processing

* Performance improvements
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