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Background: 

An emerging trend in computer science is the use of physical systems to solve computationally hard problems. Currently, there are no accurate generalizations of these solution systems. For example, it is difficult to tell if a particular system can exactly solve a problem for all inputs. Also unclear is the effect of varying the ways we present the problem for solution to the system. Moreover, its not certain whether computational modeling of a system results in a much-increased asymptotic runtime. Because current literature and knowledge in this area is sparse, the objective of this project is to establish a working base and produce some preliminary results on rigorous modeling of physical systems as solutions to computationally hard problems. 

Description: 

This project will investigate the action of soap films on solving the Euclidean Steiner Tree Problem (ESTP). ESTP basically asks us to find the weight of the minimum spanning tree for a set of points, given that we can add extra points. The system that I have put together first generates a random set of points and calculates the exact Steiner Tree. This is accomplished using a program called GeoSteiner '96. Next, the original set of points is used to build a mesh dictionary for OpenFOAM, the computational fluid dynamics engine that I am using. The simulation that takes place within OpenFOAM looks like this:




A glass box filled with soapy film has pegs inside corresponding the coordinates of the random points originally generated. The soap drains out, but some remains, connecting the pegs. This represents the soap's "solution" to the problem:




A program extracts the image of the final solution and gives the numerical answer. This is compared to the solution given by GeoSteiner and the runtime is recorded. The system is then repeated many times across varying graph sizes and the runtime and similarity to the exact solution are recorded.

