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Motivation

Chaos and Birhythmicity in a Model for Circadian Oscillations of the
PER and TIM Proteins in Drosophila
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Motivation

— Changes in model

plot

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 ...




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

Data Generators
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Repeatable simulation experiments

Simulation

Model class

o reference to
model source

o model type

o changes to be
applied to the

Data Generators model
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Repeatable simulation experiments

..

oSimulation experiment type

oUniform TimeCourse
osimulation algorithm =
Reports KiSAO
oSimulation duration, start
time....
|

Simulation class

|
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Repeatable simulation experiments

y

Simulation
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Data Generators

Task class

O

Connector of
one Model

object and one

Simulation
object
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Repeatable simulation experiments

Simulation

DataGenerator

Data Generators

M

o Definition of how
to generate the

necessary data for

the output from
the simulation
results

|
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SED-ML Main Concepts

o No storage of simulation
results

o SBRML

o No description of the
layout of the output
curves
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SED-ML L1 V1 Released!

* final version available
f r O m Simulation f:np:l:l‘n;:rz; I;g?:\:nrli-[))t:ion Markup

Level 1 Version 1

http://sed-ml.org

Editors
Dagmar Waltemath University of Rostock, Germany
Frank T. Bergmann University of Washington, Sea ).

Richard Adams University of Edinbur
Nicolas Le Novere European Bioinformatics Institute, UK

The latest release of the Level 1 Version 1 specification is available at
http://sed-ml.org/

To discuss any aspect of the current SED-ML specification as well as language
details, please send your messages to the mailing list
sed-ml-discuss@lists.sourceforge.net.

To get subscribed to the mailing list, please write to the same address
sed-ml-discuss@lists.sourceforge.net.

To contact the authors of the SED-ML specification, please write to
sed-ml-editors@lists.sourceforge.net
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<?xml version="1.0" encoding="UTF-8"?>
<!-- Written by edML v1.1.4092.21172 see http://libsedr
<sedML xmIns="http://www.biomodels.net/sed-ml":>
- <listOfSimulations=
- =uniformTimeCourse numberOfPoints="1000" outputEndTime="380" outputStartTime="0" initialTime="0" id="simulation1">
<algorithm kisaoID="KISA0:0000019"/>
<funiformTimeCourse
</listOfSimulationsz
- <listOfModels=
=model language="urn:sedml:language:sbml" id="modell" source="urn:miriam:biomodels.db:BIOMD0000000021" name="Circadian
Oscillations"/ >
- =model language="urn:sedml:language:sbml" id="model2" source="model1" name="Circadian Chaos">
- <listOfChanges>
<changeAttribute newValue="0.28" target="/sbml:sbml/sbml:model/sbml:listOfParameters/sbml:parameter[@id="V_mT"]/@value'/>
<changeAttribute newValue="4.8" target="/sbml:sbml/sbml:model/sbml:listOfParameters/sbml:parameter[@id="V_dT"]/@value"/=
</listOfChanges>
</model>
</listOfModels=
- <listOfTasks>
<task id="task1" simulationReference="simulation1" modelReference="modell1"/=
<task id="task2" simulationReference="simulation1" modelReference="model2"/=
</listOfTasks>
- <listOfDataGenerators>
- =dataGenerator id="time" name="time">
- <listOfvariables=
<variable id="t" symbol="urn:sedml:symbol:time" taskReference="task1"/>
</flistOfVariables>
- <math xmins="http://www.w3.0rg/1998/Math/MathML">
<ci> t </ci>
</math=
</dataGenerator>
- =dataGenerator id="tim1" name="tim mRNA">
- <listOfvariables=
<variable id="v1" target="/sbml:sbml/sbml:model/sbml:listOfSpecies/sbml:species[ @id="Mt']" taskReference="task1"/>
</flistOfVariables>
- <math xmins="http://www.w3.0rg/1998/Math/MathML">
<ci> vl </ci>
</math=
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SED-ML

<?xml version="1.0" encoding="UTF-8"?>
<!-- Written by libSedML v1.1.4092.21172 see http://libsedml.sf.net -->
<sedML xmIns="http://www.biomodels.net/sed-ml":>

- <listOfSimulations=

- CUpHesRRRes berGfReintes 0005y utEndTime="380" outputStartTime="0" initialTime="0" id="simulation1"=
<algorithm kisaoID="KISAO:0000019"/>
<!r' L = o I

</flistOfSimulations=
- <listOfModels=

=model language="urn:sedml:language:sbml" id="model1" sou ‘urn:miriam:biomodeisxdh:BIOMD0000000021" name="Circadian
Oscillations"/ >
- =gnodel language="urn:sedml:language:sbml" id="model2" source="model1l" 1 ="Circadian Chaos">
<listOfChanges>
<changeAttribute newValue="0.28" target="/sbml:sbml/sbml:model/sbml:listOfPara sbml:parameter[@id="V_ value'/=
<changeAttribute newValue="4.8" target="/sbml:sbml/sbml:model/sbml:listOfParameters/s :parameter[@id="VvV_dT"]/@va =

UULPULJLUI Crirrrea=—
<

bt <algorithm kisaocID="KISA0:0000019"/>

<

- f

</listOfTasks>
- <listOfDataGenerators>
- =dataGenerator id="time" name="time">
- <listOfvariables=
<variable id="t" symbol="urn:sedml:symbol:time" taskReference="task1"/>
</flistOfVariables>
- <math xmins="http://www.w3.0rg/1998/Math/MathML">
<ci> t </ci>
</math=
</dataGenerator>
- =dataGenerator id="tim1" name="tim mRNA">
- <listOfvariables=
<variable id="v1" target="/sbml:sbml/sbml:model/sbml:listOfSpecies/sbml:species[ @id="Mt']" taskReference="task1"/>
</flistOfVariables>
- <math xmins="http://www.w3.0rg/1998/Math/MathML">
<ci> vl </ci>
</math=
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<?xml version="1.0" encoding="UTF-8"?>
<1-- Written

bSedML v1.1.4092.21172 see hittp ibsedml.sf.net -->

Oy

<sedML xmIns="http://www.biomodels.net/sed-ml":>
- <listOfSimulations=

zuniformTimeCourse numberOfPoints="1000" outputEndTime="380" outputStartTime="0" initialTime="0" id="simulation1">
<algorithm kisaoID="KISA0:0000019"/=>
<funiformTimeCourse

<flistOfSimulations=
- <listOfModels=

il language="urn:sedml:language:sbml”
ssne="Circadian Oscillations"/>

- <listOfData

<maodel - N - y smodell” source="urn:miriam:biomodels.db:BIOMD0000000021" name="Circadian
Oscillations"/ >
=model = = = = ""id="model2" source= " name="Circadian Chaos">
- <lis§OfChanges>
<changeAttribute newValue="0.28" target="/sbmwssbml/sbml:model/sbml:listOfPara sbml:parameter[@id="V_mT"]/@value"/>
<changeAttribute newValue="4.8" target="/sbml:sbm ml:model/sbml:listOfParameters/sbmit neter[@id="v_dT"]/@value"/=
</ligtOfChanges=
</mod

=task id

“llanguage="urn:sedml:language:sbml”

< /iSTOTVariables=
- <math xmins="http://www.w3.0rg/1998/Math/MathML">
<ci> t </ci>
</mathz
</dataGenerator>
=dataGenerator id="tim1" name="tim mRNA">
- <listOfvariables=
<variable id="v1" target="/sbml:sbml/sbml:model/sbml:listOfSpecies/sbml:species[ @id="Mt']" taskReference="task1"/>
</flistOfVariables>
- <math xmins="http://www.w3.0rg/1998/Math/MathML">
<ci> vl </ci>
</mathx>
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<?xml version="1.0" encoding="UTF-8"?>
<!-- Written by libSedML v1.1.4092.21172 see http://libsedr
<sedML xmIns="http://www.biomodels.net/sed-ml":>
- <listOfSimulations=
- =uniformTimeCourse numberOfPoints="1000" outputEndTime="380" outputStartTime="0" initialTime="0" id="simulation1">
<algorithm kisaoID="KISA0:0000019"/>
<funiformTimeCourse
</listOfSimulationsz
- <listOfModels=
=model language="urn:sedml:language:sbml" id="modell" source="urn:miriam:biomodels.db:BIOMD0000000021" name="Circadian
Oscillations"/ >
- =model language="urn:sedml:language:sbml" id="model2" source="model1" name="Circadian Chaos">
- <listOfChapaac
<chan "V_mT"]/@value"/>

L=t symbol="urn:sedml:symbol:time" e

</model>
</listOfModels=
- <listOfTasks>
<task id="task1\si
<task id="task2" i
</listOfTasks>
- <listOfDataGenerators=
- =dataGenerator id="%i
- <listOfvariables=
<variable id="
</flistOfVariables>
- <math xmIns="http://www.w3.0rg/1998/Math/MathML">
<ci> t </ci>
</math=
«</dataGenerator=>
- =dataGenerator id="tim1" name="tim mRNA">
- <listOfvariables=
<variable id="v1" target="/sbml:sbml/sbml:model/sbml:listOfSpecies/sbml:species[ @id="Mt']" taskReference="task1"/>
</flistOfVariables>
- <math xmins="http://www.w3.0rg/1998/Math/MathML">
<ci> vl </ci>
</math=

ulationReference="simulation1" modelReference="modell1"/=
ulationReference="simulation1" modelReference="model2" L

e"' name="time">

symbol="urn:sedml:symbol:time" [ask nce="task1"/=
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IMPLEMENTATION



http://libsedml.sf.net

®NnO libSedML - Libraries and Tools supporting SED-ML

| < I ' [i‘“ http://IibsedmI.sourceforge.net/i

Welcome Screenshots Libraries SedMLScript Simulation Tool

¢ l(ar

libSedML - Libraries and Tools
supporting SED-ML

</xmlL version . encoding="u
<sedML version="0.1" xmlns="http://www.biomodels.net/sed-ml"
<notes>Changing a system from oscillation to chaos</notes>
<listOfSimulations>
<uniformTimeCourse id="simulationl"

algorithm="KiSA0:0000071" initialTime="0" outputStartTime
</11st0fSimulations>
<l1stOfModels>

<model id="modell" name="Circadian Oscillations" type="SB

<model id="model2" name="Circadian Chaos" \;@@:“SBML” sou



Implementation

g libSedMLScript
Ve
libSedML
‘ o s libSedMLRunner g JSim
IBioSim

Simulation Tool

http://libsedml.sf.net 20




Implementation

<?xml version="1.0" encoding=
tten b bSedML v1.1.4
- <sedML xmins="http://www.
- <listOfSimulations=
- «<uniformTimeCourse ny
<algorithm kisaolID
<funiformTimeCourse =
< /flistOfSimulations=
- <listOfModels=
=<model language="urn
Oscillations"/ >
- =model language="urn
- <listOfChanges=
<changeAttribu
<changeAttribu
</listOfChanges=>
=/model=
</flistOfModels=
- <listOfTasks>
<task id="task1" simul
<task id="task2" simul
</listOfTasks>
- <listOfDataGenerators>
- =dataGenerator id="tin
- <listOfvariables=
<variable id="t]
</flistOfVariables>
- <math xmins="httyg
<ci> t </ci>
</mathz
</dataGenerator>
- =dataGenerator id="tin
- <listOfvariables=
<variable id="v
</flistOfVariables>
- <math xmins="httk

<!-- Written by

AddTimeCourseSimulation('simulationl', 'KiSAO:0000071', 0, 50,

1000, 1000)
AddModel('modell’', 'urn:miriam:biomodels.db:BIOMDO000000021")
AddModel( 'model2', 'modell')

AddParameterChange( 'model2’,
AddParameterChange('model2’,

'V_mT',
'V _dT',

'9.28")
'4.8")

AddTask('task1l',
AddTask('task2',

'simulationl’,
'simulationl’,

"modell")
'model2")

AddColumn('time', [['time', 'taskl',
AddColumn('Mt_original', [['vl', 'taskl',
AddColumn('Mt_chaotic', [['v2', 'task2',
AddColumn('Mt_combined', [['vl', 'taskl',
'Mt'], 'vl - v2 + 20'])

"time']])
‘Mt']])
‘Mt ]])

'Mt'], ['v2', 'task2',

AddPlot('plotl’,
'Mt_original'], ['time’,
'Mt_combined']]);

"tim mRNA with Oscillation and Chaos',
'Mt_chaotic'], ['time’,

[['time",

alue"/=

<ci> vl </ci>
</mathx>

=2

http://libsedml.sf.net

walue'/>
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Implementation

<?xml versigp—2—2+ == -l ~
<I-dl\\'1|r_‘xr;7’|1 o SED-ML Description @m
<listOfS
- -ﬂmi tim mRNA with Oscillation and Chaos
<ﬂ”;$g [—— Mt original _—— Mt chaotic __—— Mt combined |
- <||st‘?:.|]\,; 25 | LA LN L B B L B B B B
q
- <=<mMo
2t { E
</m
</listOfM
B || IET-
<tas +
</listOfT]
- <listOfD3
- «daf 1
0T
=/da 5 -
B | I :
0 1 lmummuuumummmmuu |
0 100 400 500 900 1000 1100

http://libsedml.sf.net




SED-ML script editor

& SED-ML Script

iﬂ@‘

File Edit Wizards
DG | % @ | @R
AddTimeCourseSimulation('simulationl', 'KiSAQ:@000071', ©, ©, 2500, 1000)
AddModel( 'modell’', 'urn:miriam:biomodels.db:BIOMDOR©OGOR140")
AddTask('taskl', 'simulationl',|'mode11')
AddColumn('time', [['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']]);
AddPlot('plot3', 'BM14© Total_IkBeps', [['time', 'Total_IkBeps']]);
AddPlot('plot4', 'BM14© Total_IkBalpha', [['time', 'Total_IkBalpha']l]);

http://libsedml.sf.net
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SED-ML script editor

& SED-ML Script
File Edit Wizards

DE | % 2@ @R

AddTimeCourseSimulatiog

AddModel( 'modell', ‘'un|

AddTask('taskl', 'simu

AddColumn('time', [['t
AddColumn('Total_NFkBn
AddColumn('Total_IkBbe
AddColumn('Total_IkBep|
AddColumn('Total_IkBal

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

o~

| 85" Create Simple Time Course Experiment | = || (=) ]|&|

Specify Model:

Model Source: |

Browse

Define Simulation:

Inttial Time: 0.0 Output Start Time: 0.0
Number of Points: 1000  Output End Time: 10.0
Number of Copies: 1

Define Output:

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

[7] Create Output For Parameters

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

http://libsedml.sf.net
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SED-ML script editor

' [E Gnuplot (window id : 0) == o~
sl e#@aald?

&3 SED-ML Script
File Edit Wizards

DEE| % @ @R

AddTimeCourseSimulation('siml’, 'K %E
z_1 i f
AddModel ( 'modell’', '/Users/fbergma ﬁf
AddTask('task1l', 'siml', 'modell') o f )5

AddColumn('time', [['time', 'taskl -
AddColumn('X_1', [['X', 'task1l', ' _ =15
AddColumn('Y_1', [['Y', 'task1l', '
AddColumn('z_1', [['Z', 'task1l', '

view: 60.0000, 30,0000 scale: 1.00000, 1.00000

AddPlot3D('plotl', "', [['X_1', 'Y_1', 'Z_1'1]);

http://libsedml.sf.net 25




Available in SBW!

-
) Simulation Tool: RoadRunner - NewModel 5~ o p— . v E@M

- a
File Tools Options Data SBW Help
DEEHAS Tle # & . 8|0
I Analysis [ Scripting ] SED-ML I'I‘lmecourse ] Steady State [ Preferences
D '
SED-ML
Support

[ Open SED-ML File ] tim mRNA with Oscillation and Chaos tim mRNA limit cycle (Oscillation)

( Run SED-ML file ]

( Open Selected SBML file ]
Contained Models:

Circadian Oscillations
Circadian Chaos

tim mRNA limit cycle (chaos)

[[] Fix Y Axis 0 10 ! ' !

(161.547, 6.931) Curve under mouse: tim mRNA (changed parameters) SED-ML Support |V .:

http://sys-bio.org
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SBML Test Suite

* Next release of the
SBML Test Suite will
come with SED-ML
models for all test
cases:

e That's 4872 SED-ML
models!

» 00775-model.html|

00775-model.m
00775-plot.jpg
00775-results.csv
00775-results.csv.jpg
00775-sbml-I2v1_sedml.xml
00775-sbml-I12v1.xml
00775-sbml-I12v2_sedml.xml
00775-sbml-12v2.xml
00775-sbml-I12v3_sedml.xml
00775-sbml-12v3.xml
00775-sbml-I12v4_sedml.xml
00775-sbml-I12v4.xml
00775-sbml-I3v1_sedml.xml
00775-sbml-I3v1.xml
00775-settings.txt
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Posted 2 Mar 2010

Nature Precedings : doi: 10,1038/npre 2010,4257.1

Outlook

A Simple Nested Simulation for SED-ML

About this document

This document describes a simple nested Simulation Experiment for SED-ML [1] that is easy to
implement and will help to broaden what SED-ML is able to encode. Currently, SED-ML effectively
describes the exchange of time course i Through ions made at the Super
Hackathon in New Zealand® last year, this general uniform time course simulation was extended, by
applying different ranges to simulation experiments (Figure 1).

Range

[ I
UniformRange VectorRange FunctionalRange
+stan : double +value : double [1.7] +unction : MathML
+end : double e fr—
+numberOfPoints ; int

Fig Extending Simulations Through sed SED-ML object mode!’

snippet from current propo

However, by directly applying these ranges to the TimeCourse simulation element (and other future
simulation types), it will be arguably harder for the community to implement this standard. Currently
available simulation tools do not have this functionality. Moreover, a custom implementation will be
necessary for each simulation experiment encoded this way. Here, an aiternative will be presented that
will allow for the same functionality as the current proposal and, perhaps even more important, make it
easy for developers to implement. it will also allow for the to novel si
experiments.

rw.celiml.org/community/events/workshop/2009

ed-ml.zvn.courceforge zedeml, /zed-om: p.pef

Nested Tasks

More Simulation
Experiments

Advanced Post
processing

http://dx.doi.org/10.1038/npre.2010.4257.1
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More Information

YoXe) Simulation Experiment Description Markup Language

[ < | > ] [il@ http://sed-ml.org/ C] (Q' Google

@ML Simulation Experiment Description
Markup Language

m Document Contact

The Simulation Experiment Description Markup Language (SED-ML) is an XML-based format for encoding
simulation experiments, following the requirements defined in the MIASE guidelines. SED-ML allows to define the
model to use, the experimental task to run and which result to produce. SED-ML currently only covers part of MIASE
compliant simulations. On the other hand, the formalisation of SED-ML forces the information to be more precise than
the bare MIASE requirements.

+ SED-ML Overview
+ Avalilable Resources
+ Language URNs

+ Example

2

http://sed-ml.org
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