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Requirements

1. Facilitate the reuse of existing models
(as components)

2. Easy adaptation of existing software

2.1. Algorithm for conversion of composite
(hierarchical) models into flat SBML model

2.2. Simple API (for example in libSBML)
2.3. Maximum backward compatibility

3. User interface should be intuitive and
straightforward for biologists.



Main ideas

Starting point:

Hierarchical Modelling spec. by Stefan Hoops and lon
Moraru
http://ntcnp.org/twiki/bin/view/VCell/HierarchicalModeling
Contact concept

Differences with initial proposal:
listOfReplacements -> listOfChanges
listOfPorts -> listOfConnections
conversionFactor -> connection.transferFunction

Algorithm for conversion of composite (hierarchical) models
into flat SBML model



Contact concept

e Contact between two models specifies that two species in
these models are the same entity
(for example, chemical substance or protein).

* Contact relationship between substances can not be replaced
by port or input-output relationship.

 Example — 2 metabolic pathways where ATF is used and
produced.
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Contact — alternative (CellML)

contact model 1 model 2
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iInput — output
(like CellML or messages between agents)

model 1 . model 2
out

This approach is hardly suitable for SBML.:
- there is no concept of delta variable in SBML

- it does not supported by SBML software

- computational problems
(stability of numeric solution of ODE)



XML elements

e <[|istOfSummodels>
e <|istOfChanges>
— <propertyChange>
— <added>
— <deleted>

e <|istOfConnections>

<connection>
<contact>



<|listOfChanges>

All models changes are divided into 3 groups:

e propertyChange — changing some parameter value, initial value,
species property (bound, const).

edeleted — deleted model elements or array items
(for example, <assignment> element in event)

eadded — newly created model element or array items
(for example, <assignment> element in event)

This approach allows to minimize modeler efforts when only
some properties of model element should be changed.

Alternative approach with adding/deleting element is much
more complicated from modeler view point. Let us suppose that we
need to change boundaryCondition property for one specie that is
involved in 12 reactions. In this case for semantic integrity we need
to delete previous 12 reactions and create 12 new reactions.



DTD: <listOfChanges>

<!ELEMENT 1listOfChanges (propertyChange*, deleted*, added*)>

<!ELEMENT propertyChange>
<!ATTLIST propertyChange

elementID CDATA #REQUIRED
property CDATA #REQUIRED
newValue CDATA #REQUIRED
oldValue CDATA #REQUIRED
comment CDATA

>

<!ELEMENT deleted>

<!ATTLIST deleted
elementId CDATA #REQUIRED
comment CDATA

>

<!ELEMENT added (SBML top level element | Event.Assignment)* >



<propertyChange>

<!ELEMENT propertyChange>
<IATTLIST propertyChange

elementID CDATA
#REQUIRED

property CDATA #REQUIRED
newValue CDATA #REQUIRED
oldValue CDATA #REQUIRED
comment CDATA

>

Attributes:

e elementld — SBML model element identifier

e property — name of property that was changed
e newValue — new property value

e oldValue — old property value

e comment — comment about changes

Suggested approach allows to change only properties, that are:

e simple, that is can be represented by simple string value. This value can be
further parsed as number or boolean if necessary;

e meaningful for executable model generation.



SBML elements and their properties

that can be changed using <propertyChange>

SBML component Property Comment
compartment Size
species initialAmount
initialConcentration
boundaryCondition
constant
reaction kineticLaw
reaction/specieReference | Stoichiometry
parameter value reaction parameters are
constant also mapped into
parameters
initial Assignment Math
function Lambda
rule Math
type ?
event Trigger
delay
assignment[i]/math
constraint Math

message




<deleted>

Allows to delete model elements or array items (for example,
<assignment> element in event)

<!ELEMENT deleted>
<!ATTLIST deleted
elementId CDATA
#REQUIRED
comment CDATA

Attributes:

‘elementld — SBML model element identifier
comment — comment about changes



<added>

Allows to add any top level SBML element (compartment,
specie, reaction, parameter, initialAssignment, function, rule,
event, constraint) as well as event assignments.

<!ELEMENT added (SBML top level element |
Event.Assignment) * >

SBML_top level element:

compartment | species | reaction | parameter | initialAssignment |
function | rule| event | constraint



<!ELEMENT

<!ELEMENT

<!ATTLIST
input
output

comment
>

<!ELEMENT

<!ELEMENT

<!ATTLIST
input
output
comment

<listOfConnections>

listOfConnections (connection|contact)>

connection (transferFunction) >

connection
CDATA #REQUIRED
CDATA #REQUIRED
CDATA
transferFunction (mathML) >

contact>
contact
CDATA #REQUIRED
CDATA #REQUIRED
CDATA



Algorithm for conversion of composite
(hierarchical) models into flat SBML model

For each submodel:

1. Provide that all ID in flat model are unique: replace ID by
modellD_componentID (species, reactions, events, parameters, ...)

2. Apply <listOfCahanges> to each submodel

3. Move all assignements, functions and events from submodels to top
model

4. Replace all connections:

- generate an assignment out = in

- in (specie) — set bondaryCondition = true
5. Replace all contacts:

replace out ID by in_ID for all expressions

6. Convert submodel into compartment with volume 1
- create compartment with name equal to submodel name

- move all elements (species, reactions, etc.,) into corresponding
listOf...
- set up for them corresponding compartment (former submodel)



Initial implementation
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