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Standardization efforts to ensure result reproducibility . BIOINFORMATICS

ROSTOCK

BIOMDO000000127 - Izhikevich2003_SpikingNeuron

Download SEML | Other formats (auto-generated) | |Actions
Model | Overview " Math || Physical e
[zhikevich EM.

Simple model of spiking neurons.
IEEE Trans Meural Netw 2003;14(6):1569-72.
The Meurosciences Inst., San Diego, CA, USA

Publication ID: 18244602
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Fig.: Izhikevich (2003) Fig.: COPASI simulation result
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Standardization efforts to ensure result reproducibility . BIOINFORMATICS

Use cases:
— Storing simulation experimental setups (“lab book”)

— Exchanging simulation experimental setups (collaborations)
— Using other people's simulation setups (published and standard models)

—  Working with multiple simulation tools (import, export, re-import...)

Needs:

— Description of simulation setup

—  Simulation algorithm

— Result data (?)

— Behavior of the model in a particular experiment
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Standardization efforts to ensure result reproducibility . BIOINFORMATICS

ROSTOCK

— Kinetic Simulation Algorithm Ontology (KiSAQ)

— Terminology for the Description of Dynamics (TEDDY)

— Minimum Information About a Simulation Experiment (MIASE)

— Simulation Experiment Description Markup Language (SED-ML)

— Numerical Markup Language (NuML)

timecourse
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Fig.: Izhikevich (2003) Fig.. COPASI simulation result
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Kinetic Simulation Algorithm Ontology (KiSAO) . SYSTEMS BILOGY

ROSTOCK

— Ontology for simulation algorithms used in computational biology
— OWL2 format

— http://www.biomodels.net/kisao/

— biomodels-net-support @lists.sf.net

— Courtot et al., Molecular Systems Biology (2011)
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Kinetic Simulation Algorithm Ontology (KiSAO) BIOINFORMATICS

ROSTOCK

Browse KiSAO http://bioportal.bioontology.org/ontologies/4 7524

Kinetic Simulation Algorithm Ontology

Jump To: Visualization Notes (0) Term Mappings (0) Term Resources &
L’EI modeling and simulation algorithm
=+ modeling and simulation aleorithm Preferred Name LSODA
characteristic
L. hybridity Synonyms (skes-altl abel) Livermore solver for ordinary differential equations with automatic method switching
. spatial description o . ) ) i ) ) )
.. symplectcness Definitions (skes definition) LSODA solves systems dy/dt = f with a dense or banded Jacobian when the problem is stiff, but it automartically selects between
i symp . . non-stiff (Adams [http://identifiers.org/biomodels _kisao/KISAO_0000289]) and stiff (EDF [http:/ /identifiers.org/biomodels_ kisao
#- type of domain geometry handling JKISAO_00002E88]) methods. It uses the non-stiff method initially, and dynamically monitors data in order to decide which
#- type of methad method to use.
#- type of problem
#- type of progression time step ID kisao:KISAO_00000E8E
#- type of solution ) ) o _ )
., Full Id http: /[ f'www_biomodels.net/kisao /KISAQFKISAC_0000088
#- type of system behaviour
#- type of variable Creator dk
= modeling and simulation algorithm parameter
#- clusterization parameter Label LSODA
[+ trol t
srror contrel parameter See Also http: / fidentifiers.org/doi/10.1137/0904010
1#- granularity control parameter ~ — -
#- method switching control parameter http: / /identifiers.org/isbn /97 8-0444866073
- number of N-way partial least squares http:/ fwww.nea. fr/abs (html/uscd] 227 html
regression factors
number of partial least squares Alt Label Livermore solver for ordinary differential equations with automatic method switching
i components
- partitioning control parameter Definition LSODA solves systems dy/dt = f with a dense or banded |acobian when the problem is stiff, but it automatically selects between

non-stiff (Adams [http://identifiers.org/biomodels kisao/KISAQ_0000289]) and stiff (BDF [http://identifiers.org /biomodels.kisao

/KISAQ_0000288]) methods. It uses the non-stiff method initially, and dynamically monitors data in order to decide which
method to use.

. type of validation
#- variables preprocessing parameter

Disjoint With LSODPK
LSOIBT
L50DI
LSODES

BioPortal
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Terminology for the Description of Dynamics (TEDDY) . BIOINFORMATICS

ROSTOCK

— Ontology for dynamical behaviors, observable dynamical phenomena,
and control elements in computational models

— OWL format

— http://biomodels.net/teddy/
— biomodels-net-support @lists.sf.net

— Courtot et al., Molecular Systems Biology (2011)
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Terminology for the Description of Dynamics (TEDDY) BIOINFORMATICS

ROSTOCK

Explore TEDDY at htip://bioportal.bioontology.org/ontologies/46199

Terminology for the Description of Dynamics

Jump To: Visualization Notes (0) Term Mappings (0) Term Resources
= TEDDY entity
L-El _obsolete Preferred Name (rdfs:fabef) limit cycle
- behaviour characteristic
- behaviour diversification Synonyms (skos-altLabef) Grenzzyklus
|_+j functonal motf isolated closed path
= temporal behaviour o . ) . ) ) ) )
. . Definitions (skos definition) A closed orbit which is isolated, i.e. neighbouring orbits are not closed.
- asymptotic behaviour
# fixed point ID TEDDY_0000051
- limit behaviour
|_¢_‘| non-periodic orbit Full Id http: [ /biomodels.net/teddy / TEDDY#TEDDY 0000051
=+ periodic orbit
L+:| limit cycle Label limit cycle
+ non-isolated eycle See Also urn:miriam:isbn:0738204536
Alt Label isolated closed path

Grenzzyklus
Definition A closed orbit which is isolated, i.e. neighbouring orbits are not closed.

Disjoint With double-positive feedback loop
two—node positive feedback loop
hyperbolicity
uniform stability

homoclinic orbit

heteroclinic orbit
stability characteristic
Poincaré stability

unstable degenerate node

non-periodic orbit
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Minimum Information About a Simulation Experiment

(MIASE)

Search articles... GO ‘ Zearch

SYSTEMS BIOLOGY
BIOINFORMATICS
ROSTOCK

Advanced

.@' PLos COMPUTATIONAL

. . BIOLOGY & peerreviewed, open access journal

. “VBrowse |'NRSS
Home Browse Articles About For Readers For Authors and Reviewers Journals Hubs PLOS.org

PERSPECTIVE

OPEN a ACCESS

Minimum Information About a Simulation Experiment

(MIASE)

Article Metrics Related Content Comments: 0

Dagmar WEI|tEI'I"IEIthl, Richard Adamsz'g,. Daniel A. Beardi,
Frank T. Bnergmamni’gIr Upinder S. BhEI"EIl, Randall Britt:engIr
Vijayalakshmi Ch-elliahgIr Michael T. Cuulingg, Jonathan
Cunperﬂ, Edmund 1. Crz-lmpingIr Alan Garn\‘lrgIr Stefan
HnupsE, Michael HI.ICI(EIH, Peter Hunt:ergIr Edda I{Iippg,
Camille Laiheg, Andrew K. I'-"IilllergIr Ion Huraruﬂ, David
l'«li-t:k-arsﬂrngIr Poul Nielseng, Macha l'ﬁlil'c:]rlslvcigIr Sven SEIth:-‘:EIr
Herbert M. Saurui, Henning Schmidtg'g, Jacky L. Snuepﬂ,

- a 18 . 5. OF
Dominic Tolle=, Olaf Wolkenhauer=, Nicolas Le Novére—

1 Database and Information Systems, Graduate Resesarch School dIEM
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&2 To add a note, highlight
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C? Make a general comment

Jump to
Meeds for a Standard...

Scope of MIASE
The MIASE Guidelines

Conclusion and...
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Simulation Experiment Description Markup Language . Eﬁg‘gﬁ;&ﬂﬁ%&"
(SED-ML)

Simulation Experiment Description Markup

SED-ML L1 V1 Lﬂ:éﬂ:;g‘e J;SEEDTI;J :

Levels: major revisions containing substantial
changes

Versions: minor revisions containing corrections
and refinements

Editorial board: coordinates SED-ML development
(elected by sed-ml-discuss members)

Scope:
— multiple models @ML

— multiple simulation setups
— time course simulations

WWW.Ssbi.uni-rostock.de




Simulation Experiment Description Markup Language . Eﬁg‘gﬁ;ﬂﬂﬁ%&"
(SED-ML)

Simulation

Reports

Data Generators

" AARAAARR
, f’f”" UL

TN

VVI‘VVV!

Fig.. SED-ML structure Waltemath et al., BMC SysBiol (2011)
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Simulation Experiment Description Markup Language . E@g‘%‘ﬁ;&ﬂﬁ%&*
(SED-ML)

Model class
— unambiguous link to a model in an open repository

— model preprocessing, e.g. updated or additional model parameter,
substituted mathematical function

<model 1d="modell" name="spiking neuron"
language="urn:sedml:language:sbml.level-2.version-3"
source="urn:mirliam:biomodels.db:BIOMD0O000000127">

<listOfChanges>

<changeAttribute
target="/sbml/model/listOfParameters/parameter

[@name="c']/@value" newValue="-55">
</changeAttribute>
</1listOfChanges>
</model>

WWW.Ssbi.uni-rostock.de




Simulation Experiment Description Markup Language . E@g‘%‘ﬁ;&ﬂﬁ%&*
(SED-ML)

Model class
— unambiguous link to a model in an open repository

— model preprocessing, e.g. updated or additional model parameter,
substituted mathematical function

<model 1d="modell" name="spiking neuron"
language="urn:sedml:language:sbml.level-2.version-3"

source="urn:miriam:biomodels.db: BIOMDOOOOOOOlZ7":(’,r' aML

<listOfChanges>

<changeAttribute
target="/sbml/model/listOfParameters/parameter

[@name="c']/@value" newValue="-55">
</changeAttribute>
</1listOfChanges>
</model>
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Simulation Experiment Description Markup Language . E@g%‘g;ﬂﬂﬁ%&*
(SED-ML)

Model class
— unambiguous link to a model in an open repository

— model preprocessing, e.g. updated or additional model parameter,
substituted mathematical function

<model 1d="modell" name="spiking neuron"
language="urn:sedml:language:sbml.level-2.version-3"
source="urn:miriam:biomodels.db:BIOMD0000000127">

<listOfChanges> BIOMD0000000127 - Izhikevich2003_SpikingNeuron
<changeAttribute
targ’et: " / Sbml /mo de l / l Download SBML | |Other formats (auto-generated) | Actions
[ @name: ' c v ] / @Value " n Model | Overview | Math | Physical e1
</ChangeAttribute> Izhikevich EM.
. Publication ID: 18244602 Simp'e:;’f e'ezfr:pikj:g TN
< / l l S t O f Change S > !I'EhiENLumsr:lienoelsh:n;‘:iionsgiigsg:105:gj;

</model> o e

www.sbi.uni-rostock.de 14




Simulation Experiment Description Markup Language . E@g‘%‘ﬁ;&ﬂﬁ%&*
(SED-ML)

Model class
— unambiguous link to a model in an open repository

— model preprocessing, e.g. updated or additional model parameter,
substituted mathematical function

<model 1d="modell" name="spiking neuron"
language="urn:sedml:language:sbml.level-2.version-3"
source="urn:miriam:biomodels.db:BIOMD0O000000127">
<listOfChanges>

<changeAttribute
target="/sbml/model/listOfParameters/parameter

[@name="c']/@value" newValue="-55">
</changeAttribute>
</1listOfChanges>
</model>
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Simulation Experiment Description Markup Language . Eﬁg‘gﬁ;&ﬂﬁ%&"
(SED-ML)

Simulation class

— type of simulation
— simulation algorithm to apply and its settings

<uniformTimeCourse id="simulationl"
initialTime="0"
outputStartTime="0"
outputEndTime="1000"
numberOfPoints="1000">
<algorithm kisaoID="KISAO0:0000088" />
</uniformTimeCourse>

WWW.Ssbi.uni-rostock.de




Simulation Experiment Description Markup Language . Eﬁg‘gﬁ;&ﬂﬁ%&"
(SED-ML)

Simulation class

— type of simulation
— simulation algorithm to apply and its settings

<uniformTimeCourse id="simulationl"
initialTime="0"
outputStartTime="0"
outputEndTime="1000"
numberOfPoints="1000">
<algorithm kisaoID="KISAO0:0000088" />
</uniformTimeCourse>
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Simulation Experiment Description Markup Language . Eﬁg%‘g;ﬁﬂﬁ%&*
(SED-ML)

Simulation class

— type of simulation
— simulation algorithm to apply and its settings

<uniformTimeCourse id="simulationl"
initialTime="0"
outputStartTime="0"
outputEndTime="1000"
numberOfPoints="1000"> 77,
<algorithm kisaoID="KISAO: 0000088" />
</uniformTimeCourse> : ; '

LSODES

LS D DER L3ODI LSO DAR LSQDIS LSQDPK

LSOIBT
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Simulation Experiment Description Markup Language . Eﬁg‘gﬁ;&ﬂﬁ%&"
(SED-ML)

Task class
— groups 1 simulation and 1 model at a time

<listOfTasks>
<task 1d="taskl" name="spiking with initial
parameters" modelReference="modell"
simulationReference="simulationl" />

<task 1d="task2" name="spiking with updated
parameters" modelReference="model2"
simulationReference="simulationl" />
</listOfTasks>
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Simulation Experiment Description Markup Language . Eﬁg‘gﬁ;&ﬂﬁ%&"
(SED-ML)

DataGenerator class
— entities needed for output
— post-processing of result data after simulation

— use: explicitly defined model entities and predefined variables, e.g.,
sed-ml:time

<dataGenerator id="v" name="voltage">

<listOfVariables>
<variable id="v1" taskReference="taskl" target="/sbml/
model/listOfParameters/parameter [@id="v']"/>
</listOfVariables>

<math:math>
<math:ci>vl</math:ci>
</math:math>
</dataGenerator>

WWW.Ssbi.uni-rostock.de




Simulation Experiment Description Markup Language . Eﬁg‘gﬁ;&ﬂﬁ%&"
(SED-ML)

DataGenerator class
— entities needed for output
— post-processing of result data after simulation

— use: explicitly defined model entities and predefined variables, e.g.
sed-ml:time

<dataGenerator id="v" name="voltage">

<listOfVariables>
<variable id="v1" taskReference="taskl" target="/sbml/
model/listOfParameters/parameter [@id="v']"/>
</listOfVariables>

<math:math>
<math:ci>vl</math:ci>
</math:math>
</dataGenerator>
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Simulation Experiment Description Markup Language . Eﬁg‘gﬁ;&ﬂﬁ%&"
(SED-ML)

DataGenerator class

— entities needed for output
— post-processing of result data after simulation

— use: explicitly defined model entities and predefined variables, e.g.
sed-ml:time

<dataGenerator id="v" name="voltage">

<listOfVariables>
<variable id="v1" taskReference="taskl" target="/sbml/
model/listOfParameters/parameter [@id="v']"/>
</listOfVariables>

<math:math>
<math:ci>vl</math:ci>
</math:math>
</dataGenerator>
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Simulation Experiment Description Markup Language . Eﬁg‘gﬁ;&ﬂﬁ%&"
(SED-ML)

DataGenerator class

— entities needed for output
— post-processing of result data after simulation

— use: explicitly defined model entities and predefined variables, e.g.
sed-ml:time

<dataGenerator id="v" name="voltage">

<listOfVariables>
<variable id="v1l" taskReference="taskl" target="/sbml/
model/listOfParameters/parameter[Q@id='v']" />
</listOfVariables>

<math:math>
<math:ci>vl</math:ci>
</math:math>
</dataGenerator>
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Simulation Experiment Description Markup Language . E@g‘%‘ﬁ;&ﬂﬁ%&*
(SED-ML)

Output class
— output type
— plot definition

<plot2D id="plotl Basic" name="voltage change over time">
<listOfCurves>
<curve 1d="el" logX="false" logY="false"
xDataReference="timeDG" yDataReference="v" />
</listOfCurves>
</plot2D>

timecourse

— Values[v][Time
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Simulation Experiment Description Markup Language . E@g‘%‘ﬁ;&ﬂﬁ%&*
(SED-ML)

Output class

— output type
— plot definition

<plot2D id="plotl Basic" name="voltage change over time">
<listOfCurves>
<curve 1d="el" logX="false" logY="false"
xDataReference="timeDG" yDataReference="v" />
</listOfCurves>
</plot2D>

timecourse

— Values[v][Time
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Simulation Experiment Description Markup Language . E@Eﬁ&ﬂﬁ%&"
(SED-ML)

Output class
— output type
— plot definition

<plot2D id="plotl Basic" name="voltage change over time">
<listOfCurves>
<curve id="cl" logX="false" log¥="false"
xDataReference="timeDG" yDataReference="v" />
</listOfCurves>
</plot2D>

timecourse
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SED-ML in model repositories. SYSTEMS BIOLOGY

BIOINFORMATICS
ROSTOCK

An OpenCell 0.8 session file is available. SED-ML can also be used to simulate this model, the simulation description is in

Lorenz_1963_sedml.xml, and the simulation experiment can be run using the SED-ML Web Tools. The figures below show
the results fro OpenCell and from using SED-ML.

BioModels Home Models Submit Support About BioModels Contact us

BIOMDO0000000005 - Tyson1991_CellCycle_6var

Download SBML | Other formats (auto-generated) | Actions

Maodel Overview Math Physical entities
— Representative curation result(s)

Curator's comment: (updafed: 08 Feb 2010 10:29:04 GMT)

The model reproduces figure 3A of the reference publication. The model was integrated

—Additional file(s)

This SED-ML file alfows you to reproduce the curation result (Fig 3a), for example,

Fig.: CellML models in PMR2 with POMDIIIE SO ) T YRR T
supplementary SED-ML files.

Fig.. SBML models in BioModels Database with
supplementary SED-ML files.
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SED-ML & KiSAO software support.

2
71 [ S20-£0 Perspeciive
I SED-ED project view 5

SED

Web Tools

¥ i eyrare
WL SEDNG examples

¥ | CechSeaMxrel
» Oata Ceneriiors
vModel

» Osuns
- »SecdVL Drory
Simulate s
ClockSecVLA s

IeboupSrd.am|
L README tat

Steady State Scan (Boris 2D)

YY wwywvw

Steady State Scan (Boris 2D)

— MKK_F |

[ MKk

300

1 Cleck_SXOMO2 1 el

ode!L, Narve = iCircadion C ‘i _
rode2, Nare«|Circadian C | —_—
a

.

Hlowitz 2000, llpvnullhr i
ExampleSedMLl xemi

RepressiameSEDNL wmi I
RepressionarSEDMUArchive e |

SYSTEMS BIOLOGY
BIOINFORMATICS
ROSTOCK

SED-£D SED-ML edtor

x|
= 0|17 Clackseiniiani 53 -5
n < — - case - |
000 Add properties to mode El
Ld | mogea ]i

Name

Langsage:  SEML Levei2 Versien 2

Cocadan Chaos

modell

b m-unnan
—N »ASIOMUNIDe feitions
% » hSIOIC omparTivents.

T roblemss 10 tetn L‘l

20 30 40

Seve Condition

Time soan Error tokvance Solyes Graph | Table
& sosib
i = Bx l -[ ® Concentration [ran ¥ [)Speces [JFuxes []Parameters [ Compartments § ‘o= S| G
Num, of P...| 100 % ! = M jsua |
) Sh
fFe—— — —— \ [ jse:c | mm
Speces Paameters \ ummuhmms@\ nlerackve S, \\ ol o7 (o
2] Name Compartm... | Quantity... Inifial Qua... Subs D4r \ Mic |mm
s1 sLA Hefault IAmount \ 5. = X Mo [mm
s2 528 jefault mount 0. N
s7 S7F lefauit
si1 c Hefadt A
s12 2] Hefaut Jam) \lr) Saved simuiation condition (_sec. xml) and resuts (_result) files.
\\’\,
i N i
vl 0.0 [ —
[ 20 a0 50 80
Time
sy Unselect al
- ww speces search

< \ > [ ]

— )

http /Isysbioapps.dyndns.org/SED-ML Web Tools

Fig..SED-ML import/export in CellDesigner.
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Future work . SYSTEMS BIOLOGY

ROSTOCK

— Changes at runtime
— Linking to experimental/simulation data - NuML
— XML format
— Standardized exchange of numerical results
— http://code.google.com/p/numl/
— http://groups.google.com/group/numil-discuss/

— Improved post-processing / working with > 1 models
— Nested simulations
— What else?

WWW.Ssbi.uni-rostock.de



http://code.google.com/p/numl/
http://code.google.com/p/numl/
http://groups.google.com/group/numl-discuss/
http://groups.google.com/group/numl-discuss/
http://groups.google.com/group/numl-discuss/
http://groups.google.com/group/numl-discuss/

ROSTOCK

How to contribute to SED-ML . SysTEs sloLocy

1. Have alook at the current SED-ML L1 V1.
Specification document on hitp://sed-ml.org

2. Try out some examples.
http://sed-ml.org, http://sourceforge.net/projects/libsedml

3. ldentify what is missing for you to encode your simulation experimental setups.
What can you not express?

4. Submit a feature request & post it on the list.
feature request tracker: http://sourceforge.net/projects/sed-m

mailing list: sed-ml-discuss@lists.sourceforge.net

5. ... submit a proposal with example files and prototype.
proposal tracker: http://sourceforge.net/projects/sed-mi

WWW.Ssbi.uni-rostock.de
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SYSTEMS BIOLOGY
Summary BIOINFORMATICS
ROSTOCK

Needs:

— Description of simulation setup @ ML
—  Simulation algorithm @
A

— Result data N U] M &

— Behavior of the model in a particular experiment
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Thank you for your attention!

SED-ML editors

Frank Bergmann
Jonathan Cooper
David Nickerson
Nicolas Le Novere
Dagmar Waltemath
Richard Adams
Andrew Miller

NuML developers

Joseph Dada,
Frank Bergmann,
Nicolas Le Novere

TEDDY developers

Christian Knupfer
Anna Zhukova
Nicolas Le Noveére

KISAQO developers

Anna Zhukova
Nicolas Le Novere
Dagmar Waltemath

http://biomodels.net
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