Spatial Extension
for SBML Level 3

Jim Schaff, Anuradha Lakshminaraya

Center for Cell Analysis and Modeling
UConn Health Center, Farminton, CT, USA

COMBINE meeting 2010, Edinburgh, UK



Compartment

N

Physiology

CompartmentMapping

/

DomainType

cytosol

1

Domain —
[] cytosol 1

aTs

Interior Points

“local” reactions|| diffusion ||IC’'s|BC’s
Coordinate System
bounding box
Geometry extentorigin
Analytic Geometric
X2+ y?+72<R? Object
Definitions

Surface
Based




Madel : SBase 1

$ 1 $ ] T 1 T 1 T 1 ¢ 1
ISt QTP ararmeters listOTCompartments list OfReactions listOfSpecies ListOfCompartmenth appings
? 1 T i ’ 1 ’ 1 $D1* 1
Parameter Compartment : SBase Compartmerthd apping Geometry - SBase
Id: Sl - — mathOverridden © string compartment © Sid coordinateSystem ; String
Crierriden : i , .
coreHasAlkernated ath - boolean damainType : Sid
careHasAlkernated ath : boale o
1 unitSize ; double
$ 44 spatialld : Spld
17 17 1 1 Reaction
1 shml_compartment: Sid
mathOverridden @ string
spatialSyrnbolReferarnce spatial_local - boolean 1
. coreHasAternatemath  boolean
Spat?alld S Spld . Species
spatilComponert Ty pe ; string 1
id:Sid
DiffusionCoefficient spatial_LocalkineticLaw spatial_isSpatial : hoolean
mathCverridden © String
— coordinatelndex ©int corversionFactornit © LinitSid coreHasAternateM ath - hoolean
variable ;. Sid

AdvectionCoefficient

|| coordinatelndex : int M@@]@” (m]
variable : Sld o

Boundary Condition

patial parameters (X, D, velocityX, BC),

variable ; Sid
houndary : Integer
houndaryDomain : Sld

local reactions,
compartment-geometry mappings




Madel : SBase 1

* ] $ 1 T 1 T 1 T 1 ¢ 1
st QTP ararmeters listOrCompartments listOfReactions list OfSpecies ListOfCompartmenttd appings
1 g ¥ TR T 1
Parameter Compartment : SBase Compartmernthd apping Geometry - SBase
o Sl . e rmathOwerridden © string compartment : Sid coordinateSystem : String
mathOverriden : String i . .
coreHasAkernated ath ;- boaolean domainType : Sid
coreHasAternateM ath ;- hoolean ]
1 unitSize ; double
$ 44 spatialld : Spld
17 17 1 1 Reaction
1 shiml_compartment ;
r mathCwerridden © string \
spatialSyrmbolReferernce spatial_local - boolean 1
. coreHasAlernateMath © boolean
Spat?alld S Spld _ Species
spatialComponentType : string 1
id:2ld
DiffusionCoefficient spatial_Localkinetic Lawy Spatial_isSpatial : boolean
mathOwerridden © String
— coordinatelndex ©int corversionFactorlinit © Linit Sid coreHasAkernateMath - hoolean
variable ; Sid

S Model:
—______ spatial parameters (%, D, veloclityX, BC),
local reactions,

houndary © Integer

houndaryDomain : Sld @@m [;@@ﬁt“’]ﬂ]@mﬁng@@M@&“y [ﬂﬂ]@[@[@ﬁ [mgg




Madel : SBase 1

* ] $ 1 T 1 T 1 ’ , ¢ 1
st QTP ararmeters listOrCompartments listOfReactions list OfSpecies ListOfCompartmenttd appings
x 1 T i ’ ’ ’ 1 $D1* 1
Parameter Compartment : SBase Compartmernthd apping Geometry - SBase
o Sl . e rmathOwerridden © string compartment : Sid coordinateSystem : String
mathOverriden : String i . .
coreHasAkernated ath ;- boaolean domainType : Sid
coreHasAternateM ath ;- hoolean ]
1 unitSize ; double
$ 44 spatialld : Spld
17 17 1 1 Reaction
_/

shml_compartment : Sid

1
mathOwerridden © string

spatialSyrmbolReferernce spatial_local - boolean 1
. coreHazARernatemath | hoolean
Spat?alld S Spld _ Species
spatialComponentType : string 1
id: Sl
DiffusionCoefficient spatial_Localkinetic Lawy Spatial_isSpatial : boolean
mathOwerridden © String
— coordinatelndex ©int corversionFactorlinit © Linit Sid coreHasAkernateMath - hoolean
variahle ; Sid

Model;
| e spatial parameters (X, D, velocityX, BC),
local reactions,

houndary © Integer

boundaryDarrain : Sld =@l p@ﬁm@@ﬁn@@@m@ﬁw I_‘ﬁTD@[@[@ﬁ m]gg




Geometry . SBase

roordinateSystermn : String

i 1

$ 1 ¢ 1 w 1
| LisgtofDomainTypes | ‘ ListofDomains ‘ | List oA djacentD omains | ‘ ListOfCoordinale G omponents
§o ¥ )
Geometr | it 1
4 DCImEmT'}"F:IE DDmam AdjacemDDmamS CDDrdinateCDmpDnent
spatialld ; Spld spatialld - Spld domain : Spld min : dauble
i o darmainType - String damainZ : Spld .
spatialDimension ; integer ) max ; doutble
. spatialld . Spld e
Geometry is reusble 1 urit  String
4 coordinatetype © String
|nteriorPoint | list OfG eometryDefinitions coordinatelndex ;int
- - - spatialld : Spld
y coord? © double 1_10‘ ListOfl rteriorP oints ‘ ? i
Doesn’t refer to rest coord2 | doutle I
f d | coord3 : double geormetry Definition
O mo e - spatialld - Spld
Pl

ParametricGeametry © SBase | | CsGeaometry : SBase | | SarmpledF ieldG eometry | SBase | | AnalyticGeometry | SBaze ‘

¥ b, ¢ 4

| list OfP rimativeO biects | SampledField : SBase ‘ ListCfAnatticy olumes |

.

ListOfO bjects

numSamples! ;. Long

| ListOfSpatialpoints |

2

SpatialPoint

spatialld @ Spld
caordl : double
coord2 . douhle
coord3 ; double
damain : SpldRef

primitiveType : String

CRGOperator

operationType : String

AffineTransformation

trpe ; String
companents - daoubledrray

? 1"*
1

Sampledolurme

mirtalue ; double
maxyalue ; double
domainType @ SpldRef
spatialld ;. Spld

1 —— 1 childpen : CSGObjectarray | |NUMSamples2 : Long
PararmetricOhject 1 { numSamples?  Long v
spatialld : Spld 0= interpolationF unction : String
polygonType ; string C5G0hject encading ; String functionType : String
damain : SpldRef spatialld ; Spld dataType  string ardinal : int
7 dormain - SpldRef sarmples : DoubleArray dDmglnType: SpldRer
’ 1 yiy spatialld : Spid spatialld : Spld
polyObject éﬁ T ]
1 = GeornetricPrimative 1
pointindex : intArray ‘ ListOfSampledy olurmes |




Abstract

Geometry . SBasze

GeOmetrlC roordinateSystermn : String
Concepts i i $1 9 f1
; | ListOofDomainTypes | ‘ ListOfDomaing ‘ | ListOfa diacentDormaing | ‘ e
ponents
(domains/ ﬁ - §o § 1
. . 1
domainTypes 1 t - - ¢
yp DomainTy pe DTTED A EBE BBTE TS CoordinateComponent
- - spatialld © Spld domaint ; Spld —
2E:tt::::§)jir;niﬁla?nn sinteger IS - i dnmgini .: Sl m:]}{.:ddunl:bt;:ge
Independent of swatall: Spld , urit - String
. 4 coordinatetype © String
parUCUIar InteriorP oIt | IstotGeametryDefintions | | coordinatelnd - in
i coordl : double |1 1o | ListOfinteriorPaints 1 spaialld : Spld
geometric ke
. (s uge ge ) AU l _
representa‘uon coord3 : double FEEE AR
spatialld - Spld
P

ParametricGeametry © SBase | | CsGeometry © SBase | | SarmpledF ields eametry | SBase | | AnalyticGeometry © SBaze ‘

Multiple

1
¥ T\ ¢
Geometnc | ligt OfPrirnatived hiects | SampledF ield : SBase ‘ ListOfAnaktic olumes |
f. - . numSamples! ;. Long T
Definitions In ———— 1 children - CSGObjectaray | |nUmSamnles2 : Lang ?
PararmetricOhject 1 { numSamples? : Long — timemE
spatialld © Spld * interpolationF unction : String ¥
same mode p p _ 0.
polygonType ; string C5GOhject encading ; String functionType : String
damain : SpldRef spatialld ; Spld dataType  string ardinal : int
7 domain - SpldRef sarmples : DoubleArray dornainType  SpldRef
W”te as many as ’ 1 YAy spatialld ; Spld spatialld : Spld
polyObject éﬁ 1 ]
1 - e —
yOU Can pointindes - intArray Gzl iz ‘ ListOfSampledy olumes | !

Read the most
convenient one.

| ListOfSpatialpoints |

2

SpatialPoint

spatialld @ Spld
caordl : dauble
coord2 . douhle
coord3 ; double
damain : SpldRef

primitiveType © String

CRGOperator

operationType : String

AffineTransformation

trpe ; String
companents - daoubledrray

? 1"*
1

Sampled olurme

mirtalue ; double
maxalue ; double
domainType @ SpldRef
spatialld © Spld




Geomefry (Abstraction)

Geometry © SBase

coordinateSystem ; String

¢

List OfDomainTypes

0
g

DiomainTy pe

spatialld - Spld
spatialDimension ; integer

InteriorPoint

!

*1 '1

ListOfDomains ListOfAdjacentDiomains
n.= 1
; 1
Diomain AdjacentDomains
spatialld © Spid damaint : Spld
damainType : String daomain ;. Spld
spatialld - Spld

]

. 1 1
coord? ;- double -

ListCfl rteriorPaints

coard 2 daubla
coord3 : double

1

T 1

ListOfCoordinate Components

list OfG eormetry Definitions

? i
1.%

peometry Definition

spatialld ; Spld

'

Coordinate Componert

tmin : double

rmax : double

unit © String
coordinatetype © String
coordinatelndex ;int
spatialld - Spld

domains, domainTypes, connectivity,

coordinate system, geomefry definition




Geometry (Description)

|
peometry Definition

spatialld ; Spld

Fily

| FarametricGeometry - SBase
1 ? !

1
ListOfr bjects

'

Pérametric@hject

spatialld - Spld
polygonType | string
domain ; SpldRef

t

paly Ohject

pointindex © intArray

List Ofﬂpatialﬁ'nints

&

SpatialFoint

spatialld ; Spld
caord1 : douhle
coord2 : douhle
coord 3 douhle
domain : SpldRef

CeGeometry  SBase

$:

listOfP rimatived bjects

1 child{en - CSGOhjec
1

—

5G0hject

spatialld - Spld

domain : SpldRef

il le

n.=

SampledF ield3 eametry © SBase

N

GeametricP rimative

¢

, 1
1 1

AnalyticGeometry - SBase

SampledField : SBase

numsSamplest : Lang
numsSamples? : Lang
numsSamples3  Long

encoding ;. String

interpolationF unction ; String

t

ListOfAnakticv olumes

!

Analtich olume

functionType : String

primitive Ty pe : String

dataType © string ardinal ; irt
samples : Douklefrray domainType : SpldRef
spatialld : Spld spatialld : Spld
|
E
ListOfSampledy olumes
Mt ath

CEGOperator

aperationType ;- String

AffineTransfarmation

type : String
components  doublefrray

*1..*
.1

Sampledyolume

rhirtfalue - double
rmaxvalue : double
domainType . SpldRef
spatialld : Spld




required elements extension

Only SBML Core elements (e.g. Parameters, Species, Compartments) may define an
identifier for use within a MathML expression or as the target of a rule.

But spatial models need to be able to define additional identifiers
(x,y,z,domainSize,diffusionCoefficient) with semantics provided by the extension.

Required Elements extension (Lucian Smith) allows other extensions to declare that they
are changing the mathematical interpretation of an SBML Core element. So we can alter
reactions to make them local and we can define new SBML Core parameters and but define
them as attributes of the geometry.

<sbml xmIns="http://www.sbml.org/sbml/level3/versionl/core" level="3" version="1"
xmlns:req="http://www.sbml.org/sbml/level3/versionl/requiredElements/versionl"
xmlns:spatial="http://www.sbml.org/sbml/level3/versionl/spatial/version1"
req:.required="true" spatial:required="true">

<sbml:parameter sbml:id="x" req:mathOverridden="spatial”’ req:coreHasAlternateMath="false”>

<spatial:spatialSymbolReference spatial:spatialReference="coordl”
spatial:spatial Type="coordinateComponent”/>

</parameter>



 “Practical reconciliation of compartmental and
spatial modeling
— compartment topology only in geometry

— Generalized spatial mapping
(compartments/domains)



Richer prototype
(VCell / Smoldyn integration)

e VCell

— explicit volumes (analytic or image-based)

— Implicit surfaces (compute approximate surfaces)
— Deterministic modeling (pdes)

— Concentration fields

e Smoldyn
— Implicit volumes (with interior points)

— explicit surfaces (polygonal)
— Particle distributions (in progress).




IbSBML 5.0 plugins

e required elements (implemented)
— C++ and Swig Java binding

o spatial extension (partial implementation)
— C++ and Swig Java binding

— Partial model implementation
o Compartment mappings
» Other concepts via required elements package

— Complete Abstract Geometry

— Partial Concrete Geometry
e Analytic only.
e Images (sampledFields very soon).



Status

 Documentation
— Draft proposal (12 pages and counting)
— UML
— XML Schema

e Prototype implementation
— liIbSBML required elements extension (C++/Java)
— libSBML spatial extension (C++/Java)
— VCell Alpha / libSBML 5.0 / Smoldyn

« Community

— Discussion (sbml-discuss - workshop)
— Documentation (= SBML wiki)
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