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Arrays: Level 3 Proposal

e http://www.sbml.org/wiki/arrays
— Proposal 1 May 2003 by Andrew Finney et al

— (One) Goal: Support developmental models of multicellular
systems including dynamic arrays of compartments and
other objects

 MathSBML.: http://sbml.org/software/mathsbml/

— Mathematica package for SBML model manipulation &
simulation

— Includes partial implementation of Array Proposal
 Computable Plant Project: www.computableplant.org

— Observe and model plant meristems
— Cellerator (Mathematica) models

— MathSBML for SBML
@ML Systems Biology http://sbml.org/software/mathsbmil/
Markup Language http://www.computableplant.org
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OSBML
model

Table of values

time, GMO™C, GMO™M, GHO*H

18, 8. 24685386327605252, 0, AROSOA2E091 371 4862, A, ABISEO2E0T1 3714862
18.1,8,2401 §364480053008, 0, 000731 10463441 B266, 0, 00731 1 045344102
18.2,@.251351 115033852, 6. AA9964 71 689691 918, A, HA99H471 6B9A31 18
18.3, 8. 25359629551 151 64, 8010081 133194099902, 6. 616631 13319489990
18.4, 8. 2558391 8777700323, 0. 01 9260575934437542, 001 02605 750344375
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18.8, 8. 264757004 7550002, 8. 811 G501 5544242637, 0. 01 100201 554424563
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11.,0.2602485724225347, B.81 140260021481 4635, 8011 40260021 4014635
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Array — Compartment| | integerParameter
dimension Qeaction name, Sid, value
exists:math :
A A \ Llnk
Species Rule | |Instance
Parameter AssignmentRule
foreach: Sid matrixResult:boolean
foreachlink:objectref

ObjectRef
Dimension index:math
1d:Sid
name:string

lowerLimit:math
upperLimit:math

&ML

Systems Biology

Objects defined in the
Array Proposal
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Array — Compartment| | integerParameter
dimension Qeaction name, Sid, value
exists:math :
A A \ Llnk
Species Rule | [Instance
Parameter AssignmentRule
foreach: Sid matrixResult:boolean
foreachlink:objectref

ObjectRef
Dimension Index:math
Id:Sid
name:string

lowerLimit:math
upperLimit:math

In MathSBML 2.4.0

GBML

Systems Biology

Current Model Builder
Implementation
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Array — Compartment ConnectionRule
dimension [ ——] from:Sid
‘\ to:Sid
t t ’\ id: Sid
: math: math
Species Rule
RateRule
Parameter AssignmentRule SOmAEEonEle
foreach: Sid L -
connection:Sid N !n(;tla_l,AdSS|gnmentRuIe
Inaex:naex
Dimension index
d:Sid id: Sid, type:cn | ci
name:strlng
lowerLimit: Sid|Integer
upperLimit: - Sid|integer Used by Computable Plant

In MathSBML 2.4.0

Computable Plant Extensions

\BML Systems Biology
Markup Language
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Array features in MathSBML

e Options for newModel
Arrays->False,
ArraysAreAnnotations->True

e Options for addx or xToSBML
ArrayDimensions->
{i->{imin,imax}, j->{jmin,jmax},
k->{kmin,kmax},...}

where x=comp artment, species, parameter,rule,
(reaction wnder development)

faML Systems Biology http://sbml.org/software/mathsbml/
Markup Language http://www.computableplant.org



New lower level features

dimensionToSBML dimensionToSBML
generates <dimension ... >, <istOfDimensions...>

indexToSBMIL, indicesToSBML
generates <index...>, <listOfIndices ...>

vectorToSBML, matrixToSBML
generates vector or Matrix MathML

dimensionToSymbolicSBML, mdexToSymbolicSBML

generates XMLElement [“"dimension”,{...},{...]1,
XMLElement [“index”,{...},{...}]
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array of species X,...,Xq

Input: setAnnotationPackage["arrays"];
setAnnotationURL ["http:/Ay ww.foo.com"] ;
speciesToSB ML [x, compartment > C,
ArrayDimensions -> {foo -> {5,10}}]
Output:
<species id="x" name="x" compartment="C"
boundaryCondition="£false” constant="false"
substanceUnits="substance” hasOnlySubstanceUnits="false">
<annotation xmlns:foo="http:/www.myfoo.com" >
<distOfDimensions>

<dimension id="foo" lowerLimit="5" upperLimit="10"/>

</listOfDi mensions>
</annotation> MathSBML allows
</species>
arrays to be
annotations if desired
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parameter x;,1=0..4,]=0..5,k=0..9

Input:parameterToSB ML [x,
ArrayDimensions -> {foo -> {0, 4},
moo -> {0, 5},
goo -> {0, 9}}]
Output:

<parameter id="x" name="x">
<distOfDimensions>
<dimension id="foo" lowerLimit="0" upperlimit="4"/>
<dimension id="moo" lowerLimit="0" upperlimit="5"/>
<dimension id="goo" lowerLimit="0" upperlimit="9"/>
</listOfDimensions>

</parameter>
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irmtboalAssign mentRule

input: ruleToSBML [type -> "initialAssignmentRule",
variable->u, data->{{2,4,6}, {3,6,9}]]
output:
<dnitalAssignmentRule variable="u">
<math xmlns="http://www.w3.0rg/1998/Math/MathML" >
<matrix>
<mathbxrow>
<cn>2</cn>

<cn>4</cn> (2 4 6\
<cn>6</cn> u — L J
</ matrixrow >

<ma trhxrow> 3 6 9

<cn>3</cn>
<cn>6</cn>
<cn>9</cn>
</ matrixrow >
</matrix>
</math>
</initdal AssignmentRule>
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Matrix initdal Assign mentRule
The Computable Plant

<initialAssignmentRule variable="u" >
<math xmlIns="http://www.w3.0rg/1998/Math/MathML"">
<ch type="'integer''>2</cn>

</math>

<listOfIndices>

<index 1d=""0" type="‘cn"'/> L‘ — 22
<index 1d=""0" type='‘cn''/> 0,0

</listOfIndices>

</initialAssignmentRule>

<initialAssignmentRule variable="u" metaid=""rule2'>
<math xmlIns="http://www.w3.0rg/1998/Math/MathML"">
<ch type="'integer''>4</cn>

</math>
<listOfIndices>
<index id="0" type="cn"/> uO 1= 4

<index 1d=""1" type='‘cn''/> ’
</listOfIndices>
</initialAssignmentRule> . _.
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connectionRule
In the Computable Plant

* eXpresses a connection between compartments

<connectonRule from="cell" to="cell” metaid="embnbrfar'">

<math xmlns="http:/www.w3.0rg/1998/Math/MathML" >
\

(from < tO) N (\/(Xfrom o Xto)2 + (yfrom _ yto)2 < kl(rfrom + rto)]

</ math>
</connectdonRule > A @2 (rfrom + rto) < \/(Xfrom - Xto)2 + (yfrom o yto)2 )

<rateRule variahle="x" metaid="x from far” connecton="embnbrfar">
<listOfIndices>

<index id="1" type="ci"/>

</Hg0fIndices >
<math xmlns="http:/Ayww.w3 .arg/1998/Math/MathML ">
[ — dr. 1-Kk,(r+r,
</math> d—t' = K, (X, — o0 )
</rateRule> \/(X — X ) +(y, yJ)
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Array Implementation Summary

Proposal MathSBML Computable
Model Builder Plant
compartment arrays 4 4 4
species arrays v v 4
parameter arrays v v v
Implied via foreach v v v
rule arrays
rateRule v v v
assignmentRule v v v
algebraicRule v v
initialAssignmentRule v v V¥ [a]
connectionRule v ¥ [d]
Birth/death rule ®
matrixResult v ®
reaction arrays v * ®
MathML matrix/vector v v
Objects as annotations Level 3 v@ (optional)
<index> MathML MathML,C V¥[b,e]; C (®@MathML)
<dimension> limits MathML MathML,C V¥[b,e] C (®@MathML)
objectLinks v v ¥ [c]
<exists> v ®
integerParameter object v ® V¥ [e]

v Implemented; ¢ Under Development; @ Planned

V¥ Implementation deviates from array proposal. (a) no matrix/vector support; some
syntactic differences (b) *<index> replaces <dimensions> in rules; (c) implied arrays
without object links (looks for specific index references) (d) uses reserved fields "from"
and "to" as implied indices; (e) Allows any parameter for integer parameter
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<!-- Systems Biology Markup Language -->

&= Syitemi Biology Markap Languasge =

<sbml xmiIns="http://sbml.org/>

<shmd mina="hitpzfibmlorgi=

it Ressslterg Ganmany, 1004°> <model id="SBMLWorkshop9"
— name="Heidelberg, Germany, 2004">
</model>
</sbml>
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