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Background: Simulation of solid-state physical systems is used in many modern applications.  The required efficiency and accuracy of a given simulation vary depending on the purpose for which it is developed.  Scientific modeling tends to demand exact representations that include a high level of structural detail, possibly as far as the atomic or sub-atomic realm.  Video game and entertainment-oriented physics needs less accuracy but may have to evolve in real time, and therefore generally makes gross approximations of collisions and interactions between physical bodies.  This project aims to develop a simulation method that is real-time runnable but allows greater-than-normal precision and simulation state flexibility.

Description: The project entails the implementation of two representational paradigms: discrete-particle and discrete-space.  In the first case, each object is stored as a collection of characteristically uniform particles, much like real-world bodies consist of atoms and molecules.  Forces are calculated between individual particles instead of entire bodies.  In this project, these particles are paired within an object by spring-like relationships; this approximation tends to preserve an object's shape even after collisions.  However, such a simulation must be guarded against instability, and it requires major optimization to reduce the number of necessary calculations.


Discrete-space simulation partitions space into uniform n-dimensional cells, each of which has a unique, fixed position and can contain an arbitrary amount of matter moving with some velocity.  Instead of monitoring the position and velocity of each of a set of particles, the physics engine monitors the transfer of mass between cells.  Optimization of this method focuses on minimizing storage space needed by eliminating from calculations cells that contain no mass, while keeping a simple means of creating and deleting cell objects as mass moves from one location to another.

