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This documentdetailsthe userrequirementdor cell model documentghat conformto v1.0 of the
CellML standardThemainusergroupis biologicalmodelersvhowill be creatingcell modelsin CellML.
However, the needf biologistswhowill berunningandviewing modelscreatedn CellML andprogram-
merswhowill bewriting programghatuseCellML arealsoconsidered.

Therequirement&xpressedn this documenimay be implementedisingoneof two primary methods:
(1) by directincorporationinto the CellML datamodel(which will be serializedto CellML elementsand
attributes); (2) by including a separatdanguagethat handlesthe informationrequired(as we have done
with MathML). Thisdocumentloesnot detailwhich methodwill beused sincethisis not of interestto the
biologicalmodelersvho arethe mainusergroup.

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

Not all modelswill containmath. Thesemodelsarequalitatve modelsconstructedolelyto helpthe user
organizehis informationabouta biological system.The CellML documentmustbe ableto containall of
theinformationneededoy processingsoftwareto accuratelyrepresenthe model. Note thatthis doesnot
meanthatthe CellML documentmustcontainexactinstructionsabouthow every pieceof software must
renderthe model. It meansonly thatthe CellML documenimustcontainenoughinformationto allow the
softwareto applyits modelrenderingrulesandcreateanaccurateepresentationf themodel.

Whena modeldoescontainmath,the CellML documenidescribingthe modelmustcontainall of the
informationneededy the softwareto runthemodel.

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

Usershave requestedhe ability to de ne generictypesof componentsand limit how componentf a
giventypemaybeusedin amodel. Thiswill speedipthemodelbuilding processandfacilitatethereuseof
modelcomponentsHowever, it would bevery dif cult to de ne oneuniversalsetof rulesandde nitions
that could be incorporateddirectly into the CellML datamodel,and even more dif cult to getuniversal
acceptancef theserulesandde nitions. Insteadwe will make it possibleto associate setof rulesand
de nitions with a model. Theserulesandde nitions may be usedby processingoftwareto limit theuse
of certainmodelcomponentsandto support‘biologically smart”behaior of the softwareduringthemodel
building process.For instance PhysiomeSciencesnight de ne a setof rulesandde nitions for cardiac
modelingin which two typesof componentsgchannelandmembranesarede ned. Physiomesrulesmay
specifythatacomponenbf type“channel’canonly beusedn conjunctionwith anothercomponenof type
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“membrane” A softwarepackagecouldusetheserulesto requirethateachchannekreatedn anewv model
be associatedvith a membrane.Othercompaniesor labs might alsode ne a setof rulesandde nitions
for cardiacmodeling,and therewould be no requirementhat thesetwo setsof rules agreeor even be
compatible.Ilt would beupto theuserto choosea setof rulesfor his or hermodelsto follow.

Notethattheserulesareonly importantduringthe procesf building amodel. Oncethe modelis built,
it mustbepossibleto runthemodelwithoutaccessingherules(to allow interoperabilitybetweersoftware
applications).How theserulesandde nitions are usedis left entirely to the discretionof the processing
software. Someapplicationgnay chooseo ignoretherules,othersmaychooseo strictly enforcethem.

3 It must be possibleto representqualitati ve as well as quantitati ve
information.

As statedin Sectionl, somemodelswill notactuallycontainmaththatwould allow themto be solved. In
thesesortsof models,jt mustbe possibleto representjualitatve informationsuchas”A activatesB through
someunknavn pathway”.

Whenbiologistsare rst elucidatinga signaltransductiorpathway, they drav diagramsndicatingtheir
understandingf which proteinsare involved in the pathway, and how they interact. At this point, they
probablywon't have enoughinformationto putin equationsdescribingthe mechanismsf interaction but
they will be ableto draw a diagramthatwould shav the known eventsin the pathway, suchasthe model
shawvn in Figure 1 for theinitial stepsin vision (moreinformationaboutthis signaltransductiorpathway
canbefoundin mostbiochemistrytexts).

FIGURE 1. An exampleof a pathway model wherethe reactionpathways may containno mathematical
relationshipsbut containonly qualitative information.

The biologist will probablyalsobe ableto Il in somemetadataaboutsomeof the elementsn the
pathway. We have arequiremento be ableto storetheinformationthatwould allow the exchangeof these
pathways. Note that we mustbe storeenoughinformationto allow a processingporogramto reproduce
a correctrepresentationf the pathway, but we do not wantto storeinformationaboutspeci ¢ rendering
details,suchaswhethertheline connectingwo elementss solid or dashed.
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4 It must be possibleto group portions of a model.

Themodelemustbeableto groupa portionof the model. The organizationof thesegroupsmustbe atthe
discretionof the modeler unlessheis working undera setof rulesthatlimits the allowablemodelorgani-
zation(seeSection2). Thesegroupswill be calledmodelcomponentsor simply componentsthroughout
therestof thisdocument.

4.1 It must be possibleto createa logical hierarchy of components.

Themodelermustbe ableto de ne a hierarchicalorganizationof componentsThis allows the modelerto
grouptogethera setof relatedcomponentsandtreatthemasa singlecomponent.However, the detailed
informationaboutthe individual componentsn the group mustnot be lost: the modelermustbe ableto
“drill down” from thetop level to thelower levels. Theremustnot bealimit to the numberof levelsin the
hierarchy

Notethatthesehierarchiesieednot have ary spatialconnotation.

Thisrequirements particularlyimportantfor reactionpathways. For instanceconsiderthe setof reac-
tions:

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

It shouldbe possiblefor themodelerto representheseas:
A+B+C-> AB+ D

But thedetailedbreakdavn of reactionsshouldbe presered“underneath’this representation.

Supposdhe modelerwishesto groupthe reactionsshavn in orangein Figure 1 into a singlenodein
anew model(shovn in Figure2). This hasthe effect of hiding the detailsabouthow activatedrhodopsin
(rhodopsin*)catalyzegshe decompositiorof transducirninto its sukunits (transducin- andtransducin- ).
Notethatthedetailsshavnin Figurel arenotremoved,they areonly hidden.Thedetailsmustbe presered
as“subreactions’df thereactionsshowvn here.

4.2 It must be possibleto encapsulatemodel components.

Themodelemustbeableto de ne thenecessarynputsrequiredto usea componentandde ne theoutput
thatwill beproducedy thecomponentOthermodelersnustbeableto usethis componentvithoutworry-
ing aboutanything morethantherequiredinputsandprovided outputsif they choose Notethatit will also
be possiblefor amodelerto take anothermodellers encapsulatedomponenaindbreakthe encapsulation.
The CellML documenmmustmake it possiblefor the original modelerto createthe encapsulationThe be-
havior of a particularprocessin@pplicationwith respecto allowing laterusersto breakthe encapsulation
is notpartof the CellML speci cation,i.e.,it will beleft to thediscretionof the application.

The pathways shovn in Figure 1 and Figure 2 are only part of the signal transductionsystemthat
regulatesvision. Given sucha pathway with the necessargquationsncluded,it mustbe possiblefor the
modelerto encapsulat¢his pathway andallow anothemodelerto useit essentiallyasa "black box”, and
addit to a larger pathway. In the exampleshawvn, the inputs might be: the concentratiorof rhodopsin,
transducin-GDPGTR, PDE(i), andcGMR aswell asthe wavelengthandintensity of light. The outputs
might be: the concentratiorof 5'-GMP, GTR, GDP, andPi.
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FIGURE 2: Thepathway modelfrom Figurel, wheretheorangeoortionof thenetwork hasbeenencapsulated
by asinglenodein thenewv model.

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

Themodelemustbeableto de ne connectionbetweerhis modelcomponentén whaterer way hedeems

appropriate However, he may chooseto build his modelaccordingo a previously de ned setof rulesand

de nitions (seeSection2) thatwould limit how modelcomponentsnay be connectedNotethatit will be
possibleto passvariablesbetweercomponentsyia theseconnections.

6 It mustbepossibleto de ne a componentonceand reuseit in mul-
tiple locationswithin the samemodel.

Themodelersvantto beableto reuseacomponentithoutresortingto physicallycopying thatcomponent.
It mustbe possibleto modify the valuesinputinto thecomponentvhenit is reused.

7 It must be possibleto de ne variable scopeand accessrivileges.

For modelingconvenienceand model concisenessnodelersneedto be ableto de ne the scopeandac-

cesgprivilegesfor their variables.Variablescopedeterminesvherethe variablecanbe referencedandthe

lifetime of the variable.Possiblescopevaluesinclude:local, global, function, le, andclass.Variableac-

cessprivilegesdeterminevhich objectscanaccesshevariable.Possiblevaluesinclude: private,protected,
friend, andpublic. Notethatthesevaluesfor scopeandaccesgrivilegesareincludedonly asexamples.
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8 It must be possibleto de ne a group of properties and to assign
thesepropertiesto model components.

Themodelemeeddo beableto de ne a setof propertiesonceandthenassignthesepropertiedo asmary
componentsas he wants. Propertiesare things suchas statevariables,processesuchas diffusion, and
structuralconstraints.

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

The modelerneedsto be ableto specify that by default one componeninheritsa setof propertiesfrom
anothercomponent.

For instance the modelermight de ne two componentsonethat representshe cytosol, andanother
thatrepresentshe nucleus.The modelermaywish to representhe factthatsomesmall moleculediffuse
freely acrossthe nuclearmembraneby having the nucleuscomponeninherit the concentration®f these
moleculedrom the cytosolcomponent.

10 It must be possibleto representcertain types of biological infor-
mation.

This informationcanbe split into speci ¢ informationneededo handleknown models,andgeneralnfor-
mation,which oftensupportsstorageof someportionof the speci ¢ information.
Speci ¢ Information

1. Electrogenicandnon-electrogenitransporfprocessefExamples:Hodgkin-Huxley, Luo-Rudy etc.]

2. Reactiornpathways[Examples:Michaelis-Menterkinetics;Bhallaandlyengar Science283,pp 381-
387(1999)]

3. Signallingpathways[Example:Bhallaandlyengar Science283,pp 381-387(1999)]
4. Cell/lcompartmenstructurgExample:Virtual Cell; Schaf etal, BiophysJ.73,pp 1135-11461997)]

Generalnformation

1. Spatialvariationof state
2. Spatially-\aryingprocesses

3. Geometricelationshipsetweencomponentgsuchascomponen is insidecomponenB) [Exam-
plesfor items1-3: JafriandKeizer BiophysJ. 69, pp 2139-21531995);Jafri,J. TheorBiol 172,pp
209-216(1995)]

4. Non-geometricrelationshipsbetweencomponentgsuchas componentA modi es componentB)
[Example:Bhallaandlyengar Science283,pp 381-387(1999)]

5. Inhomogeneous/stochasticstribution of molecularspeciegwhenthe numberof moleculesis too
small to be handledwith a continuousvariablefor concentration]Example: Morton-Firth et al, J
Mol Bio 286 pp 1059-1074(1999); seealsoMcAdamsandArkin, Trendsin Geneticsl5 pp 65-69
(1999)]
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11 It mustbe possibleto representcertain typesof mathematicalin-
formation.

Most Important

1. Ordinarydifferentialequationgstochasti@anddeterministic|Examples:deterministic= DiFrancesco-
Noble,etc;stochastic Predictingtemporal uctuationsin anintracellularsignalingpathway. Morton-
Firth andBray, J TheoretBiol (1998)]

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

3. Differential-algebraiexpression$Example:ModellingMyocardiallschaemiandReperfusionCh'en,
Vaughan-Jone§larke, Noble,Proc.Bioph. (year?);Sections.3of Murray, “MathematicaBiology”,
2 Ed.,Springer(1993)]

4. Linear algebra/matrixmath[Example: The Escherichiacoli MG1655in silico metabolicgenotype:
its de nition, characteristicsand capabilities. EdwardsJS, PalssonBO ProcNatl Acad SciU S A
2000May 9 97:105528-33]

5. Partial differentialequationgstochasti@anddeterministic)Example:Chapter9 of Murray, “Mathe-
maticalBiology”, 2 Ed., Springer(1993)]

CanBe Postponed

1. PetriNets[Example: Hybrid PetriNet Representationf GeneRegulatory Network, Matsuno,Doi,
NagasakiMiyano, Paci ¢ Symposiumon Biocomputing5:338-349(2000)]

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

12 The modelermustbeableto de ne the units to beusedin a model
or modelcomponent.

A modelemustbe ableto chooséhis or herown units.

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

Thisinformationis not partof the modelitself, but the modelersvantto be ableto connecia datasetto the
modelandinitial conditionsfrom which it wasproduced.The modelersneedto be ableto exchangethis
informationwith otherusersin conjunctionwith themodel.

14 It must be possibleto associatdormatted text and graphical doc-
umentation with the modeland its components.
This refersto unstructuredlocumentationasopposedo morestructuredmetadatgwhich is dealtwith in

Sectionl16). The modelersvantto be ableto addformattingto their text documentatiorfsuchasbold or
italicizedtext, headingslists, etc.).
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15

There must be a mechanismby which extensionscan be safely
addedto CellML.

GroupsdevelopingsoftwarethatusesCellML mustbe ableto addextensiongo the corelanguagen such
a way that other groups' software will not breakwhenit readsa CellML le thatusesthe rst group's
extensions.

16

Metadata Requirements.

16.1 Modelsand Model Components.

This list indicatesonly theinformationidenti ed by usersasrequired.All referenceso “model” canalso
referto amodelcomponent.

o b~ 0N PR

Name= primary nameof themodel

Alias = alternatve namefor the model(canhave morethanone)

Model builder = personresponsibldor codingthemodelin CellML (canhave morethanone)
Primaryreference= reportin which the modelwasoriginally described

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

6. Species thespeciedor which themodelis relevant

13.
14.
15.
16.

17.

. Sex = whetherthe modelwasde ned for male,female,or eithersex

. Classi cation = classifyinginformation aboutthe model (Note: this will likely be linked in with

the solutionto the requiremenfor the ability to de ne a setof rules/de nitionsto which the model
adheres)

. Description= a short,unformattedext descriptionof the model
10.
11.
12.

CellML codingdate= dateonwhich the modelwascodedin CellML
Model-tuilder commentss commentf the personwho codedthe modelinto CellML

Limitation = brief text describingthe limitations/scopeof the model(canhave morethanone; each
limitation needso be associatedvith the author(who is not necessarilyhe modelbuilder) andthe
dateon which thelimitation wasnoted)

Biological entity = the entity thatthe modelrepresentg¢canbe morethanone)
Copyright = the copyright protectingthe model
Publisher= the entity responsibldor makingthe CellML modelpublic

Modi cation = text describingachanganadeto amodel(canhave morethanone;eachmodi cation
needsto be associatedvith the model builder makingthe modi cation andthe dateon which the
modi cation wasmade)

Derivation=thedervationof themodelfrom anothemodelor modelcomponen{canhave morethan
one;eachderivationmustbeassociateavith informationaboutwhetheror notderivationsweremade
to the parentmodel/componentEachderivation canalsobe associatedvith an optionalcomment
aboutthederivation.)
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18. Mathematicaproblemtype = thetype of mathematicaproblemencodedn the mathassociateavith
themodel. The problemtype couldbeidenti ed usingacontrolledvocalulary or someotherexisting
classi cationscheme.

Additional metadatamay be accepted.For instancejf we chooseto usethe Dublin Core schemdor
someof our metadatait alsoincludes:

Subject(similar to the keywordslist ideafrom early CellML documents)

Contributor (entity thatcontributesto theresource)

Type (“the natureor thegenreof the contentof theresource”-thisvould alwaysbe“CellML model”)
Format(“physicalor digital manifestatiorof theresource”)

Identi er (A uniqueidenti er for theresourceThismaybeaURL or it maybesomeotheridenti er)

o gk~ w h e

LanguagdThe“languageof theintellectualcontentof theresource” We shouldconsideraddingthis
to therecommendedetadataf we allow modelsto have descriptionsetc.in non-EnglisHanguages.

N

Relation(“A referenceo arelatedresource”)

8. Coverage(thescopeof theresourcethis couldbemaderoughlyequialentto our“species’metadata,
but I do notthink we shouldforcethe match.)

16.2 Variables.

It shouldbe possibleto associatehe following metadatavith variables:

1. VariableStatus:Modelersmaywish to indicateto the userthe statusof a variablewithin their model
(or partialmodel). For instance somevariablesmay be importantinputs,which a usermight want
to play with whenrunning simulations while othervariablesare importantoutputs,which the user
mightwantto keeptrackof duringa simulation.

16.3 Supporting Information.

1. CellML mustbeableto storethe following informationabouta person:

(&) Name
(b) Contactinformation

I. Mailing address
ii. Phonenumber(s)
iii. Faxnumber

iv. E-mailaddress

(c) Af liation (institution/corporatiorfor which the personworks)

2. CellML mustbe ableto storeidentifying informationaboutreferencesit mustbe ableto storethis
either as a completereference(title, author journal, etc.) or asa uniqueidenti er from a public
databassuchasMedline.
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17 TestCases.

Luo-Rudy

Jafri-Rice-Wnslow

A pathway modelwith no associatednath
A pathway modelwith associatednath
An examplemodelfrom AdamArkin

An examplemodelfrom DennisBray
HMT

N o o bk wDdPRE
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