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At macroscopic scales, continuous models in the form of partial-differential, integral or integro-differential equations are used to study biological problems. Developing multi-scale biological models requires a connection between discrete microscopic stochastic models, including the Glazier—Graner—Hogeweg Model (GGH), and macroscopic continuum models. We derive the continuum limit of a two-dimensional GGH with excluded volume, for cells moving in a medium in an external chemical field, in the form of a Fokker-Planck equation describing the evolution of the cell probability density function. This equation without an excluded volume interaction reduces to the classic macroscopic Keller-Segel model. Numerical simulations confirm a very good agreement between the GGH and macroscopic equations. 

At cell scales, most current GGH implementations use a sequential Metropolis algorithm which restricts the size of simulations. We have developed a parallel GGH algorithm for simulations of morphogenesis, which includes cell-cell adhesion, a cell volume constraint, cell haptotaxis and cell differentiation. The algorithm uses multi-grid decomposition and checkerboard subgrids for parallelization. Communications and updating algorithms synchronize the properties of cells simulated on different processor nodes. Tests show that the parallel algorithm has good scalability, permitting large-scale simulations of cell morphogenesis (107 or more cells) and broadening GGH applications. 
