
Final exam contents:


Chapter 1: 


the concept of round-off errors, chopping/rounding with decimal machine numbers.


Chapter 2:


how to find the root of a nonlinear equation by applying bisection method, fixed point iteration, 
Newton’s method, secant method.


justify that the fixed point iteration converges using the Fixed-Point Theorem (Theorem 2.4), for 
a given function, and give error estimate (Corollary 2.5).


knowing that the convergence rates of bisection method, fixed point iteration, Newton’s 
method (linear or quadratic).


Chapter 3:


the definition of Lagrange interpolation and Lagrange interpolating polynomials.


how to compute the Lagrange interpolation of a given function at given base points, using 
Lagrange interpolating polynomials, Neville’s method, and divided differences.


use Theorem 3.3 to estimate the error of the Lagrange interpolation at a given point.


Chapter 4:


how to approximate the derivative of a given function by forward/backward differences, 3-point 
midpoint and 3-point endpoint formulas, and the second derivative by midpoint formula. 
Knowing the order of accuracy of these methods.


how to derive a numerical differentiation formula (for possibly high order derivative and with 
possibly high accuracy order) using Taylor expansions.


how to approximate the integral of a given function by trapezoidal/Simpson rules, and their 
composite counterparts, and estimate its error.


knowing the concept of ‘degree of accuracy’ for a quadrature (this includes quadratures with a 
weight function w(x)), and derive the equations satisfied by unknown parameters in a 
quadrature formula, if certain degree of accuracy is required (this includes Gaussian 
quadrature).


how to use Richardson’s extrapolation to improve the accuracy order of a given numerical 
differentiation method.


Chapter 5:


how to numerically solve an ODE (possibly system or high-order) by (forward) Euler’s method, 
second order Taylor method, midpoint method, modified Euler method.


how to estimate error for Euler’s method using Theorem 5.9.




how to derive a multistep method with required accuracy order using Taylor expansions. (this is 
not in the textbook, but it is in lecture notes, and it is similar to the derivation of numerical 
differentiations)


Chapter 6:


how to solve a system of linear equations by Gaussian elimination (possibly with partial 
pivoting).


how to compute the LU decomposition of a given matrix (without row exchanges), and use it to 
solve a system of linear equations, and use it to compute the determinant of a matrix.


how to justify whether a given matrix is (possibly strict) diagonally dominant or positive definite. 


Chapter 8:


how to write down the equations satisfied by the polynomial coefficients in a discrete or 
continuous least square problem.


knowing the definition of orthonormal polynomials (on a given interval with a given weight 
function), their relation to continuous least square problems, and how to construct them using 
the Gram-Schmidt procedure.


