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Problem Definition: 
At times, complex physical problems are not analytically solvable even if a describing 
equation is known. The method for solving these equations is to program a computer to 
solve the equation numerically using an iterative scheme to converge on a solution. If 
the scheme converges, then each iteration is closer and closer to a real solution where 
accuracy can be nearly infinite if enough computer resources and time are dedicated to 
the computation, thus defining the problem. 

There are multiple solvers out there, and naturally some are more complex and some are 
more efficient. As problems without analytical solutions are becoming more complex 
and over larger domains, the need to investigate faster solvers with achievable 
convergence criteria is paramount. 

Problem Solution: 
Our investigation requires that we write two algorithms to iteratively solve a physical 
problem. The first will use Gauss-Seidel a relatively simple method. The second solver 
will use a method known as GMRES or Generalized Minimal Residual Method. The 
idea of GMRES is based on Krylov subspace in linear algebra, where the best solution to 
the physical problem is sought for as a vector in a space of n dimensions. If a significant 
error exists, the number of dimensions is increased by one, systematically extending the 
search domain for a better solution vector. If the solution exists, then GMRES is 
guaranteed to converge. 

We compare these two methods on a set of criteria: iterations necessary to reach a 
certain error tolerance, and time spent to get the acceptable result. This data will provide 
us with a quantitative measure of efficiency for both methods 

Progress to Date: 
Presently, the Gauss-Seidel method is already coded and functional. The GMRES 
method is still in progress. Since it is impossible to understand GMRES without 
concepts of linear algebra, my partner and I have investigated and are in the process of 
fully understanding the concepts behind each step of the iteration. 

What needs to be finished is the code for GMRES and the trial runs on a physical 



phenomena. 

Expected Results: 
Since the more iterations performed, the more accurate the results, overall accuracy 
cannot be tested as a criteria since each method will eventually become infinitely 
accurate. What can be tested is the amount of time and iterations necessary to reach a 
certain error tolerance. We expect that GMRES will be far more efficient than Gauss-
Seidel since the numerical theory behind it is more advanced. GMRES is proven to have 
a high convergence rate compared to Gauss-Seidel. What we aim to do is quantify this 
difference. 
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