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Mathematical modeling and computer simulation have become crucial to biological fields from genomics to ecology. However, multi-cell, tissue-level simulations of development and disease have lagged behind other areas because they are mathematically more complex and lack easy-to-use software tools that allow building and running in-silico experiments without requiring in-depth knowledge of programming. 

Biologically relevant simulations should capture key cell-level behaviors, providing a phenomenological description of cell interactions without requiring prohibitively detailed molecular-level simulations of the internal state of each cell. While an understanding of cell biology, biochemistry, genetics, etc. is essential for building useful, predictive simulations, the hardest part of simulation building is identifying and quantitatively describing appropriate subsets of this knowledge. In the excitement of discovery, scientists often forget that modeling and simulation, by definition, require simplification of reality. 
In this talk I will give an overview of the approach taken by IU and UW groups to deploy truly multiscale simulation environment for building, testing and running multi-cell models which require user-selectable modeling resolution, from sub-cellular compartmental models to continuum models of tissues.
I will show examples of concrete modeling situations where the ability to model at the sub-cellular level is a prerequisite for building realistic tissue-level models.

In the context of multi-scale multi-cell modeling I will briefly discuss our needs to develop standard way of describing "what a cell is", "what it does" and "what phenomenological properties it has" in a way that would be independent from underlying modeling methodology. 
