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Interpolation and approximation: 

Trigonometric interpolation and approximation, fast Fourier transform; 

approximations by rational functions; polynomial and spline interpolations 

and approximation; least-squares approximation.  

Nonlinear equation solvers: 

Convergence of iterative methods (bisection, Newton's method, 

quasi-Newton’s methods and fixed-point methods) for both scalar 

equations and systems, finding roots of polynomials.  

Linear systems and eigenvalue problems: 

Classical and modern iterative method for linear systems and eigenvalue 

problems, condition number and singular value decomposition, iterative 

methods for large sparse system of linear equations 

Numerical solutions of ordinary differential equations: 

Single step methods and multi-step methods, stability, accuracy and 

convergence; absolute stability, long time behavior; numerical methods for 

stiff ODE’s. 

Numerical solutions of partial differential equations: 

Finite difference method, finite element method and spectral method:  

stability, accuracy and convergence, Lax equivalence theorem. 

Mathematical modeling, simulation, and applied analysis: 



Scaling behavior and asymptotics analysis, stationary phase analysis, 

boundary layer analysis, qualitative and quantitative analysis of 

mathematical models, Monte-Carlo method.  

Linear and nonlinear programming: 

Simplex method, interior method, penalty method, Newton’s method, 

homotopy method and fixed point method, dynamic programming. 
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