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This documentdetails the userrequirementsfor cell model documentsthat conform to v1.0 of the
CellML standard.Themainusergroupis biologicalmodelerswhowill becreatingcell modelsin CellML.
However, theneedsof biologistswhowill berunningandviewing modelscreatedin CellML andprogram-
merswhowill bewriting programsthatuseCellML arealsoconsidered.

Therequirementsexpressedin this documentmaybeimplementedusingoneof two primarymethods:
(1) by direct incorporationinto theCellML datamodel(which will beserializedto CellML elementsand
attributes); (2) by including a separatelanguagethat handlesthe informationrequired(aswe have done
with MathML). Thisdocumentdoesnotdetailwhichmethodwill beused,sincethis is notof interestto the
biologicalmodelerswhoarethemainusergroup.

1 It must be possibleto unambiguouslyspecify in the CellML docu-
ment all information neededto run or representthe model.

Not all modelswill containmath. Thesemodelsarequalitative modelsconstructedsolely to help theuser
organizehis informationabouta biologicalsystem.TheCellML documentmustbeableto containall of
the informationneededby processingsoftwareto accuratelyrepresentthemodel. Note that this doesnot
meanthat the CellML documentmustcontainexact instructionsabouthow every pieceof softwaremust
renderthemodel. It meansonly that theCellML documentmustcontainenoughinformationto allow the
softwareto applyits modelrenderingrulesandcreateanaccuraterepresentationof themodel.

Whena modeldoescontainmath,theCellML documentdescribingthemodelmustcontainall of the
informationneededby thesoftwareto run themodel.

2 It must be possibleto indicate the biological rules and de�nitions
to which the modeldescribedin the CellML documentadheres.

Usershave requestedthe ability to de�ne generictypesof componentsand limit how componentsof a
giventypemaybeusedin amodel.Thiswill speedupthemodelbuilding processandfacilitatethereuseof
modelcomponents.However, it would bevery dif�cult to de�ne oneuniversalsetof rulesandde�nitions
that could be incorporateddirectly into the CellML datamodel,andeven moredif�cult to get universal
acceptanceof theserulesandde�nitions. Instead,we will make it possibleto associatea setof rulesand
de�nitions with a model. Theserulesandde�nitions maybeusedby processingsoftwareto limit theuse
of certainmodelcomponentsandto support“biologically smart”behavior of thesoftwareduringthemodel
building process.For instance,PhysiomeSciencesmight de�ne a setof rulesandde�nitions for cardiac
modelingin which two typesof components,channelsandmembranes,arede�ned. Physiome's rulesmay
specifythatacomponentof type“channel”canonly beusedin conjunctionwith anothercomponentof type
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“membrane”.A softwarepackagecouldusetheserulesto requirethateachchannelcreatedin anew model
be associatedwith a membrane.Othercompaniesor labsmight alsode�ne a setof rulesandde�nitions
for cardiacmodeling,and therewould be no requirementthat thesetwo setsof rules agreeor even be
compatible.It wouldbeup to theuserto chooseasetof rulesfor hisor hermodelsto follow.

Notethattheserulesareonly importantduringtheprocessof building amodel.Oncethemodelis built,
it mustbepossibleto run themodelwithoutaccessingtherules(to allow interoperabilitybetweensoftware
applications).How theserulesandde�nitions areusedis left entirely to the discretionof the processing
software.Someapplicationsmaychooseto ignoretherules,othersmaychooseto strictly enforcethem.

3 It must be possibleto representqualitati ve aswell asquantitati ve
information.

As statedin Section1, somemodelswill not actuallycontainmaththatwould allow themto besolved. In
thesesortsof models,it mustbepossibleto representqualitativeinformationsuchas“A activatesB through
someunknown pathway”.

Whenbiologistsare�rst elucidatingasignaltransductionpathway, they draw diagramsindicatingtheir
understandingof which proteinsare involved in the pathway, andhow they interact. At this point, they
probablywon't have enoughinformationto put in equationsdescribingthemechanismsof interaction,but
they will beableto draw a diagramthatwould show theknown eventsin thepathway, suchasthemodel
shown in Figure1 for the initial stepsin vision (moreinformationaboutthis signaltransductionpathway
canbefoundin mostbiochemistrytexts).

FIGURE 1: An exampleof a pathway model wherethe reactionpathways may containno mathematical
relationships,but containonly qualitative information.

The biologist will probablyalso be able to �ll in somemetadataaboutsomeof the elementsin the
pathway. We havea requirementto beableto storetheinformationthatwould allow theexchangeof these
pathways. Note that we must be storeenoughinformation to allow a processingprogramto reproduce
a correctrepresentationof the pathway, but we do not want to storeinformationaboutspeci�c rendering
details,suchaswhethertheline connectingtwo elementsis solid or dashed.
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4 It must bepossibleto group portions of a model.

Themodelermustbeableto groupaportionof themodel.Theorganizationof thesegroupsmustbeat the
discretionof themodeler, unlessheis working undera setof rulesthat limits theallowablemodelorgani-
zation(seeSection2). Thesegroupswill becalledmodelcomponents,or simply components,throughout
therestof thisdocument.

4.1 It must bepossibleto createa logical hierarchy of components.

Themodelermustbeableto de�ne a hierarchicalorganizationof components.This allows themodelerto
grouptogethera setof relatedcomponentsandtreat themasa singlecomponent.However, the detailed
informationaboutthe individual componentsin the groupmustnot be lost: the modelermustbe ableto
“drill down” from thetop level to thelower levels.Theremustnot bea limit to thenumberof levelsin the
hierarchy.

Notethatthesehierarchiesneednothaveany spatialconnotation.
This requirementis particularlyimportantfor reactionpathways.For instance,considerthesetof reac-

tions:

A + B -> AB
AB + C -> ABC
ABC -> AB +D

It shouldbepossiblefor themodelerto representtheseas:

A + B + C -> AB + D

But thedetailedbreakdown of reactionsshouldbepreserved“underneath”this representation.
Supposethe modelerwishesto groupthe reactionsshown in orangein Figure1 into a singlenodein

a new model(shown in Figure2). This hastheeffect of hiding thedetailsabouthow activatedrhodopsin
(rhodopsin*)catalyzesthedecompositionof transducininto its subunits(transducin-� andtransducin-

���

).
Notethatthedetailsshown in Figure1 arenotremoved,they areonly hidden.Thedetailsmustbepreserved
as“subreactions”of thereactionsshown here.

4.2 It must bepossibleto encapsulatemodel components.

Themodelermustbeableto de�ne thenecessaryinputsrequiredto useacomponent,andde�ne theoutput
thatwill beproducedby thecomponent.Othermodelersmustbeableto usethiscomponentwithoutworry-
ing aboutanythingmorethantherequiredinputsandprovidedoutputsif they choose.Notethatit will also
bepossiblefor a modelerto take anothermodeller's encapsulatedcomponentandbreaktheencapsulation.
TheCellML documentmustmake it possiblefor theoriginal modelerto createtheencapsulation.Thebe-
havior of a particularprocessingapplicationwith respectto allowing laterusersto breaktheencapsulation
is notpartof theCellML speci�cation,i.e., it will beleft to thediscretionof theapplication.

The pathways shown in Figure 1 and Figure 2 are only part of the signal transductionsystemthat
regulatesvision. Givensucha pathway with thenecessaryequationsincluded,it mustbepossiblefor the
modelerto encapsulatethis pathway andallow anothermodelerto useit essentiallyasa ”black box”, and
add it to a larger pathway. In the exampleshown, the inputsmight be: the concentrationof rhodopsin,
transducin-GDP, GTP, PDE(i), andcGMP, aswell as the wavelengthandintensityof light. The outputs
might be: theconcentrationof 5'-GMP, GTP, GDP, andPi.
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FIGURE 2: Thepathwaymodelfrom Figure1,wheretheorangeportionof thenetwork hasbeenencapsulated
by asinglenodein thenew model.

5 It must be possibleto connect model componentstogether. The
waysin which modelcomponentsmay beconnectedmust be left to
the discretion of the modeler.

Themodelermustbeableto de�ne connectionsbetweenhismodelcomponentsin whateverwayhedeems
appropriate.However, hemaychooseto build his modelaccordingto a previously de�ned setof rulesand
de�nitions (seeSection2) thatwould limit how modelcomponentsmaybeconnected.Notethat it will be
possibleto passvariablesbetweencomponentsvia theseconnections.

6 It must bepossibleto de�ne a componentonceand reuseit in mul-
tiple locationswithin the samemodel.

Themodelerswantto beableto reuseacomponentwithoutresortingto physicallycopying thatcomponent.
It mustbepossibleto modify thevaluesinput into thecomponentwhenit is reused.

7 It must bepossibleto de�ne variable scopeand accesspri vileges.

For modelingconvenienceandmodelconciseness,modelersneedto be ableto de�ne the scopeandac-
cessprivilegesfor their variables.Variablescopedetermineswherethevariablecanbereferenced,andthe
lifetime of thevariable.Possiblescopevaluesinclude: local, global,function,�le, andclass.Variableac-
cessprivilegesdeterminewhichobjectscanaccessthevariable.Possiblevaluesinclude:private,protected,
friend,andpublic. Notethatthesevaluesfor scopeandaccessprivilegesareincludedonly asexamples.
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8 It must be possibleto de�ne a group of properties and to assign
thesepropertiesto model components.

Themodelerneedsto beableto de�ne a setof propertiesonceandthenassignthesepropertiesto asmany
componentsashe wants. Propertiesare thingssuchasstatevariables,processessuchasdiffusion, and
structuralconstraints.

9 It must be possibleto de�ne a hierarchical organization for access
to properties.

The modelerneedsto be able to specify that by default onecomponentinheritsa setof propertiesfrom
anothercomponent.

For instance,the modelermight de�ne two components:onethat representsthe cytosol, andanother
thatrepresentsthenucleus.Themodelermaywish to representthefact thatsomesmallmoleculesdiffuse
freely acrossthe nuclearmembraneby having the nucleuscomponentinherit the concentrationsof these
moleculesfrom thecytosolcomponent.

10 It must be possibleto representcertain typesof biological infor-
mation.

This informationcanbesplit into speci�c informationneededto handleknown models,andgeneralinfor-
mation,whichoftensupportsstorageof someportionof thespeci�c information.

Speci�c Information

1. Electrogenicandnon-electrogenictransportprocesses[Examples:Hodgkin-Huxley, Luo-Rudy, etc.]

2. Reactionpathways[Examples:Michaelis-Mentenkinetics;BhallaandIyengar, Science283,pp381-
387(1999)]

3. Signallingpathways[Example:BhallaandIyengar, Science283,pp 381-387(1999)]

4. Cell/compartmentstructure[Example:Virtual Cell; Schaff etal,BiophysJ.73,pp1135-1146(1997)]

GeneralInformation

1. Spatialvariationof state

2. Spatially-varyingprocesses

3. Geometricrelationshipsbetweencomponents(suchascomponentA is insidecomponentB) [Exam-
plesfor items1-3: Jafri andKeizer, BiophysJ.69,pp 2139-2153(1995);Jafri,J.TheorBiol 172,pp
209-216(1995)]

4. Non-geometricrelationshipsbetweencomponents(suchas componentA modi�es componentB)
[Example:BhallaandIyengar, Science283,pp381-387(1999)]

5. Inhomogeneous/stochasticdistribution of molecularspecies(whenthe numberof moleculesis too
small to be handledwith a continuousvariablefor concentration)[Example: Morton-Firth et al, J
Mol Bio 286pp 1059-1074(1999);seealsoMcAdamsandArkin, Trendsin Genetics15 pp 65-69
(1999)]



http://www.physiome.org.nz/cellml/private/fundamentals/requirements.pdf 6

11 It must be possibleto representcertain typesof mathematical in-
formation.

Most Important

1. Ordinarydifferentialequations(stochasticanddeterministic)[Examples:deterministic= DiFrancesco-
Noble,etc;stochastic= Predictingtemporal�uctuationsin anintracellularsignalingpathway. Morton-
Firth andBray, JTheoretBiol (1998)]

2. Discreteand logical algorithms(includesBoolean)[Exampleof needfor algorithms: Luo-Rudy
(Ca2+-dynamics)]

3. Dif ferential-algebraicexpressions[Example:ModellingMyocardialIschaemiaandReperfusion,Ch'en,
Vaughan-Jones,Clarke,Noble,Proc.Bioph. (year?);Section5.3of Murray, “MathematicalBiology”,
2 Ed.,Springer(1993)]

4. Linear algebra/matrixmath[Example:The Escherichiacoli MG1655in silico metabolicgenotype:
its de�nition, characteristics,andcapabilities.EdwardsJS,PalssonBO ProcNatl AcadSci U S A
2000May 9 97:105528-33]

5. Partial differentialequations(stochasticanddeterministic)[Example:Chapter9 of Murray, “Mathe-
maticalBiology”, 2 Ed.,Springer(1993)]

CanBe Postponed

1. PetriNets[Example:Hybrid PetriNet Representationof GeneRegulatoryNetwork, Matsuno,Doi,
Nagasaki,Miyano,Paci�c SymposiumonBiocomputing5:338-349(2000)]

2. Integral-differential equations[Example: Integro-differential equationsand the stability of neural
networkswith dendriticstructure.Bressloff PCBiol Cybern1995Aug 73:3281-90]

12 The modelermust beableto de�ne the units to beusedin a model
or modelcomponent.

A modelermustbeableto choosehisor herown units.

13 It must bepossibleto storethe data producedby running a model
and the con�guration of the modeland simulation conditionsthat
producedthis data.

This informationis notpartof themodelitself, but themodelerswantto beableto connectadatasetto the
modelandinitial conditionsfrom which it wasproduced.Themodelersneedto beableto exchangethis
informationwith otherusersin conjunctionwith themodel.

14 It must bepossibleto associateformatted text and graphical doc-
umentation with the modeland its components.

This refersto unstructureddocumentation,asopposedto morestructuredmetadata(which is dealtwith in
Section16). Themodelerswant to beableto addformattingto their text documentation(suchasbold or
italicizedtext, headings,lists,etc.).
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15 There must be a mechanismby which extensionscan be safely
addedto CellML.

GroupsdevelopingsoftwarethatusesCellML mustbeableto addextensionsto thecorelanguagein such
a way that othergroups' softwarewill not breakwhen it readsa CellML �le that usesthe �rst group's
extensions.

16 Metadata Requirements.

16.1 Modelsand Model Components.

This list indicatesonly the informationidenti�ed by usersasrequired.All referencesto “model” canalso
referto amodelcomponent.

1. Name= primarynameof themodel

2. Alias = alternativenamefor themodel(canhavemorethanone)

3. Modelbuilder= personresponsiblefor codingthemodelin CellML (canhavemorethanone)

4. Primaryreference= reportin which themodelwasoriginally described

5. Additional reference= referencethat providesfurther informationrelevant to the model (canhave
morethanone)

6. Species= thespeciesfor which themodelis relevant

7. Sex = whetherthemodelwasde�ned for male,female,or eithersex

8. Classi�cation = classifyinginformation aboutthe model (Note: this will likely be linked in with
thesolutionto therequirementfor theability to de�ne a setof rules/de�nitionsto which themodel
adheres)

9. Description= ashort,unformattedtext descriptionof themodel

10. CellML codingdate= dateonwhich themodelwascodedin CellML

11. Model-buildercomments= commentsof thepersonwhocodedthemodelinto CellML

12. Limitation = brief text describingthe limitations/scopeof themodel(canhave morethanone;each
limitation needsto beassociatedwith theauthor(who is not necessarilythemodelbuilder) andthe
dateon which thelimitation wasnoted)

13. Biologicalentity= theentity thatthemodelrepresents(canbemorethanone)

14. Copyright = thecopyright protectingthemodel

15. Publisher= theentity responsiblefor makingtheCellML modelpublic

16. Modi�cation = text describingachangemadeto amodel(canhavemorethanone;eachmodi�cation
needsto be associatedwith the modelbuilder makingthe modi�cation and the dateon which the
modi�cation wasmade)

17. Derivation= thederivationof themodelfromanothermodelor modelcomponent(canhavemorethan
one;eachderivationmustbeassociatedwith informationaboutwhetheror notderivationsweremade
to the parentmodel/component.Eachderivation canalsobe associatedwith an optionalcomment
aboutthederivation.)
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18. Mathematicalproblemtype= thetypeof mathematicalproblemencodedin themathassociatedwith
themodel.Theproblemtypecouldbeidenti�ed usingacontrolledvocabularyor someotherexisting
classi�cationscheme.

Additional metadatamay be accepted.For instance,if we chooseto usethe Dublin Coreschemafor
someof ourmetadata,it alsoincludes:

1. Subject(similar to thekeywordslist ideafrom earlyCellML documents)

2. Contributor (entity thatcontributesto theresource)

3. Type(“the natureor thegenreof thecontentof theresource”-thiswouldalwaysbe“CellML model”)

4. Format(“physicalor digital manifestationof theresource”)

5. Identi�er (A uniqueidenti�er for theresource.ThismaybeaURL or it maybesomeotheridenti�er)

6. Language(The“languageof theintellectualcontentof theresource”.Weshouldconsideraddingthis
to therecommendedmetadataif weallow modelsto havedescriptions,etc. in non-Englishlanguages.

7. Relation(“A referenceto a relatedresource”)

8. Coverage(thescopeof theresource:thiscouldbemaderoughlyequivalentto our“species”metadata,
but I donot think weshouldforcethematch.)

16.2 Variables.

It shouldbepossibleto associatethefollowing metadatawith variables:

1. VariableStatus:Modelersmaywish to indicateto theuserthestatusof avariablewithin their model
(or partialmodel). For instance,somevariablesmaybe importantinputs,which a usermight want
to play with whenrunningsimulations,while othervariablesareimportantoutputs,which the user
might wantto keeptrackof duringasimulation.

16.3 Supporting Inf ormation.

1. CellML mustbeableto storethefollowing informationaboutaperson:

(a) Name

(b) Contactinformation

i. Mailing address
ii. Phonenumber(s)

iii. Faxnumber
iv. E-mail address

(c) Af�liation (institution/corporationfor which thepersonworks)

2. CellML mustbeableto storeidentifying informationaboutreferences.It mustbeableto storethis
either asa completereference(title, author, journal, etc.) or as a uniqueidenti�er from a public
databasesuchasMedline.
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17 TestCases.

1. Luo-Rudy

2. Jafri-Rice-Winslow

3. A pathwaymodelwith no associatedmath

4. A pathwaymodelwith associatedmath

5. An examplemodelfrom AdamArkin

6. An examplemodelfrom DennisBray

7. HMT

E-mailquestions,criticism,submissionsor info to info@cellml.org
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