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A typical multiscale model

Network Cell Biophysics Molecules
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Biophysically-detailed network
model
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The Multiscale Object-Oriented Simulation Environment

http://moose.ncbs.res.in,
http://sourceforge.net/projects/moose/

LGPL but uses GPL modules
C++/Python/Qt/GSL/OpenGL and many many more...
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User interfaces

. [ st |
= o]
External = "=
1/O ~_

Model

Data-
bases

3 molecules

Simulation
: : I entities, e.g.,

L

PO
= u ]
;;je/l<: .................................... :> Shell <:> 1 —>(_j<:>— Solvers

files

K s =

Multiprocessor scheduler
SBW, —
other Internode messaging
model —

systems To other nodes



Modelling across scales
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Multiscale language requirements

Composition specification:
» Single NeuroML model
= Multiple SBML models
= Diffusion specification
= Entity mapping
Interface specification
= Molecules -> channel properties
= |on flux ( Ca) -> Signaling effects ““"“
= Synaptic input -> Ligand
molecules

= Molecular gradients/junctions

Geometry specification
= Spines
= Junctions
= Caps
= Mapping to detailed morphology
= Spatial transforms and writhing
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Mechanics specification PKC™_Cam
PN, b
Control specifications: ERKII_CaMKiIl
= Solvers
= Runtime

= Qutput variables



1. Composition specification
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1. Composition specification

a. Identify model sources

b. ldentify where each one goes

c. Diffusion along compartments (=)
d. Diffusion into spines
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1. Composition specification
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|dentify model sources

Identify where each one goes
Diffusion along compartments
Diffusion into spines

Entity mapping: Uniqgue4«——>
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2. Interface specification

Molecules->Channel conductance

Molecules-> Channel kinetics

lon flux ( Ca ) -> Signaling effects

Synaptic input -> Ligand molecules ““"“
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2. Interface specification

Molecules->Channel conductance
Molecules-> Channel kinetics

lon flux ( Ca ) -> Signaling effects
Synaptic input -> Ligand molecules
Molecular gradients/junctionsI

All involve scaling, offset,
unit conversion and so on.




Geometry specification

a. Spines
b. Junctions
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Geometry specification
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Detailed morphology: mappings
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Geometry specification

a. Spines

b. Junctions

c. Caps

d. Detailed morphology: meshes
e. Detailed morphology: mappings
f.  Spatial transforms

g. Writhing

G Cells, 20,000 cells
ORN-->PG, mitral-->PG

. PG--|mitral

Granule Cells; 20,000::ells
mitral-->granule, granule--|mitral L l' =




4. Mechanics specification
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5. Control

Solvers Vs.

. N
Runtime control

Output
variables and
formats D




Multiscale language requirements

Composition specification:
» Single NeuroML model
= Multiple SBML models
= Diffusion specification
= Entity mapping
Interface specification
= Molecules -> channel properties
* |on flux ( Ca) -> Signaling effects
= Synaptic input -> Ligand
molecules
= Molecular gradients/junctions

Geometry specification
= Spines
Junctions
Caps
Mapping to detailed morphology
Spatial transforms and writhing

Mechanics specification
Control specifications:
= Solvers

= Runtime
= Qutput variables



Multiscale language requirements

Composition specification:
= Single NeuroML model

= Multiple SBML models
= Diffusion specification
= Entity mapping

Interface specification

= Molecules -> channel properties Ease Of Use:

= |on flux ( Ca) -> Signaling effects
= Synaptic input -> Ligand
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Geometry specification
Sp
Sintions defaults

Caps
Mapping to detailed morphology
Spatial transforms and writhing

Mechanics specification
Control specifications:
= Solvers

= Runtime
= Qutput variables



Options

Will SEDML handle arbitrary model
control?

NeuroML vs composition ML?

Problem-specific compositionML, or are
there generic ways to assemble MLs?

Forget the compositionML.

— Use Python or script, local to simulator
— Push for modularity in other MLs.
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