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Modularmodelingis especiallynecessaryfor modelingandsimulatinglargerbiologicalsystemsandfor connectingdifferent
models.Themostimportantgainsof amodularapproachare:

1. The whole (complex) systemis divided into comprehensiblemodules that areeasierto understandandto debug.
Thesystemasawholeis describedby interactionsof afew modules,notby theinteractionsof hundredsof substances
andreactions.This is espeaciallycrucial for working towardswhole cell modelswhich canonly begeneratedin a
collectiveapproachwherebydifferentcontributorswork on partsof thesystem.

2. Modulesmake it possibleto separateinterface (structur e)and implementation (equations)of a model.As inter-
faceswe areusingsocalledterminals, which representsignals(mostlyconcentrations)or substanceflows insidethe
network. Normally thereareconnectionsbetweenthedifferentmoduleson onelevel of thehierarchy. Unconnected
terminalsare thenpropagatedas terminalsof the subsystemfor connectionson a higher level. In Figure 1 these
principlesareshown.
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Figure1: Hierarchicalstructuringof modulesandconnections

text may have multiple different im-
plementationswith the same inter-
face. This makes it easierto under-
standthe system,becausethe struc-
ture of the interactions(in the sense
of connectedterminals) remainsthe
same. With modularityonecaneas-
ily changethe implementationof a
module without botheringabout the
surroundingcontext. Gene expres-
sion,for example,canbedescribedby
a detailedPDE submodelrelying on
polymerasemovement,but thiscanbe
simplifiedusinga time delayfor tran-
script formation or by deriving tran-
scriptionsfrequency simply from ini-
tiation frequency. Especiallyin largersystemsthis is necessaryto adaptthedetail level of themodelto its purpose.

3. Usingstandardizedabstract modulesfor differentcommonpartsof themetabolicandsignaltransductionnetwork
canimprove the understandingof larger modelsvery much. Thesemodulesform modelingknowledgebasesor li-
braries that enablethe reuseof modulesand thus reducethe users’efforts for establishingthe commonand well
understoodpartsof his model.

Accordingly, for upcomingextensionsof SBML, thereshouldbe a conceptfor the definition of abstract,namedmodules
with explicit interfaces(terminals).Thesemodulesshouldhave the ability of being(multiply) instantiated,connectedand
parametrizedin thesystem-modelunderconsideration.

For theimplementationof thesefeaturesinto SBML, wesuggestthefollowing extensionsto theproposalsgivenin [1]:

1. Definition of a <listofTerminals> environmentfor the definition of eachmodule’s (<model>) interfacesin
analogyto the<listofSpecies> environmentfor thereactants.

2. Definition of a<listofLinks> environmentfor specifyingtheconnectionsbetweenthenamedterminalsand/ or
species.Eachconnectionwouldbedescribedvia <link> link definition</link>.

3. A <terminalReference terminal=terminalname> commandis proposedfor referencingto terminalssim-
ilar to the<specieReference specie=speciename> commandusedfor reactants.This couldbe usedin the
following environments:<listofReactants>,<listofProducts> and<listofLinks>.

References

[1] Andrew Finney. Possibleextensionsto theSystemsBiology MarkupLanguage.InternalDiscussionDocument, Version
of November27,2000.


