Syllabuses on Computational Mathematics and Applied Mathematics 
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.
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.
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Ordinary differential equations and dynamical systems

ODE and dynamical systems, critical points, phase space & stability analysis; Hamiltonian dynamical systems; ODE system with gradient structure, conservative ODE’s. 
Partial differential equations and applications
Basic theory for elliptic, parabolic, and hyperbolic PDEs; calculus of variations: Euler-Lagrange equations; shock waves and rarefaction waves in scale conservation laws; method of characterization, weak formulation, energy estimates, maximum principle; Hamilton-Jacobi equations, Lax-Milgram, Fredholm operator.
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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Graph theory and Discrete Mathematics

Hamiltonian, coloring, network flow, network algorithm, connectivity, spanning tree, connectivity testing, bipartite graphs, trees, breadth/depth first search.

Computational Number Theory

Primality, integer factorization; greatest common divisor; Chinese Remainder Theorem; modular arithmetic.
Computational geometry and discrete geometry

Convex hull, Delaunay triangulation, Voronoi diagram, arrangement, discrete curvature, discrete Ricci flow.

References:

[1] A. Bondy and U. S. R. Murty: “Graph theory”, GTM, Springer, 1976.

[2] T. H. Cormen, C. E. Leiserson, R. L. Rivest, & C. Stein, “Introduction to Algorithms”, MIT Press, 2009.

[3] S. L. Devaloss and Joseph O’Rourke, “Discrete and Computational Geometry”, Princeton University Press, 2011.
[4] Mark De Berg, “Computational Geometry: Algorithms and Applications”, Springer, 2008.
[5] Xianfeng Gu and S. T. Yau, “Computational conformal geometry”, International Press, 2003.
