Proposals for IMAG Model Sharing workshop

Proposal 1: Accept the modelling standards SBML & CellML and get on with building the model databases and open source tools around these standards. Also encourage journals to require models to be submitted to the SBML &/or CellML model repositories at the time of paper submission and to be available in working order in one of these two formats at the time of publication and, with restricted access, for reviewing purposes prior to publication. 
Discussion

1.1 There are two reasonably well accepted standards for encoding lumped parameter (ODEs & algebraic eqtns) models – SBML & CellML. SBML’s strength lies in its extensive user base in the biochemical reaction network community and the large number of application packages designed for that community that have adopted the standard. CellML’s strength (in CellML1.1) lies in its facilities for importing submodels to create mode complex composite models across a broader modeling spectrum. Currently (12 June 2007) the Biomodels database has 113 curated and 33 non-curated SBML models while the CellML model repository has 473 models from 243 peer reviewed publications, but only 42 of these are currently curated to the point that they work, have consistent units and reproduce the published results.
1.2 A CellML1.1 API has been written in IDL (Interface Description Language) to facilitate the creation of multiple language bindings. The current API is in C++ but bindings for Java, C, Fortran and Matlab are planned in the ‘fairly near’ future. The API is used in the Auckland open source CellML1.1 model simulation code PCEnv (available under Windows, Linux and Mac OSX). Other programs that can read and write CellML1.0 files are JSim (the U Washington, Seattle, program written by Jim Bassingthwaighte’s group  – note that this also handles 1D PDEs), COR (the Oxford cardiac electrophysiology application package from Denis Noble’s group), CMISS (Auckland PDE code) and Continuity (Andrew McCulloch’s PDE code at UCSD). The Virtual Cell package from Les Loew’s group can also read CellML1.0 files but I’m not sure how actively maintained this is. 
1.3 The next release of the CellML standard (CellML1.2) will add support for additional data types such as complex numbers, vectors and tensors (useful for CellML encoding of continuum constitutive laws and also for better handling of models involving cell division). 
1.4 Currently the curated CellML models (indicated by a star on the model repository website) can be run directly from the website by clicking on the PCEnv link. Very shortly this facility will be extended to provide the same function for JSim and COR.
1.5 Models in the CellML & SBML repositories are being annotated (via the metadata) with bio-ontologies (GO, BioPax, SBO) so that the model repositories will be available via web services in order to express the quantitative phenotype of biological systems as part of bioinformatic workflows.
1.6 Given the availability of these model encoding languages and the ability to upload models to their respective repositories (www.biomodels.org and www.cellml.org/models), a useful and realistic goal for the next 12 months would be to expand the database to include around 1000 models, with all or nearly all in a level 2 curated form (units consistent, works, matches results in publication). 
1.7 We now need to develop a library of modules so that models can be built by importing small well validated modules. This was the primary purpose of developing CellML1.1 and I think it will greatly improve the model creation process, particularly if coupled with biophysically based constraints applied within the model authoring tools. The Auckland group is beginning this now for ion channel models & signal transduction models and Dan Beard is planning a similar strategy for metabolic models. It requires the authoring tools to include parameter estimation procedures.
Proposal 2: Develop the FieldML standard & associated software. 
Discussion

2.1  FieldML is a markup language standard for encoding parameterised ‘spatial’ fields. ‘Spatial’ here means in 3D space (& in some cases time) but also including parameterisation of multiple spatial scales or even encompassing complexity reduction. An initial version of this standard has been developed in Auckland and has been used with our open source 3D graphical display software, Cmgui, but now needs input from a much broader community. An API also needs to be developed to facilitate use of the standard by a wide range of PDE modeling packages.

2.2 The following groups have expressed interest in being involved in the development of FieldML:

1) Auckland Bioengineering Institute. (Peter Hunter & Poul Nielsen)
2) European VPH project (Marco Viceconti & Alex Frangi)

3) Indiana Univ. (Jim Glazier)

4) Japanese Physiome Project (Yoshi Kurachi)

5) Oxford UK eScience program (David Gavaghan)

6) UCSD Bioengineering (Andrew McCulloch & Wilfred Li)

7) Utah SCI institute (Chris Johnson)

8) Washington U, Seattle, Bioengineering (Jim Bassingthwaighte)

9) UNSW, Sydney, Biomedical Engineering (Nigel Lovell)  

2.3 An OpenGL-based open source 3D graphics program (Cmgui) is available to display the FieldML files and will be kept uptodate with the evolving standard. This program includes sophisticated tools for rendering 3D anatomy and dependent variable solution fields. It also includes interfaces to the ITK library for image processing so that data and models can be handled within the same pipeline. Cmgui comes with two alternative windowing interfaces – one based on XUL and one based on wxwidgets – both available for Windows, Linux and Mac OSX operating systems. Current developments for this program include data fitting and mesh generation facilities.
Proposal 3: Develop APIs for a library of computational tools that use the above model encoding standards.

Discussion 

3.1 Some of the major types of equation systems used in bioengineering modeling are: 

a. Reaction-diffusion equations (including bidomain) based on conductivity tensors defined for anisotropic, inhomogeneous tissues. 

b. Large deformation mechanics with material constitutive laws defined for anisotropic, inhomogeneous tissues.

c. CFD, including 3D Navier-Stokes for blood flow and respiratory air flow, and simpler forms such as Stokes flow. 
d. Advection-diffusion gas dynamics

e. Eqtns governing cell motility 

f. …

It would help software interoperability to have clearly defined APIs, based on the model MLs to allow code modules to access common FieldML-encoded fields. 

3.2 All of the above is a prelude to the real challenge – how to do multi-scale modelling. Having a set of exemplars from the MSM community will help in the development of more generic methods for bridging scales. 
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