
Instructor: Minchen Li

Midterm Review
15-369/669/769: Numerical Computing



Midterm Exam

• Time: 80 min, in-class on Wednesday, Oct 8


• 7 questions in total


• 1 double-sided letter-size cheat sheet allowed (can be printed)


• Calculator allowed


• A highly relevant practice exam with answers will be provided today.


• Assignment answers will be provided today.



1. Mathematics Review
Vector Spaces and Linearity



1. Mathematics Review
Linear Maps and Matrix Representation



1. Mathematics Review
Differential Calculus and Nonlinearity



2. Numerics and Error Analysis
Representing Numbers in Computers



2. Numerics and Error Analysis
Representing Numbers in Computers (cont.)



2. Numerics and Error Analysis
Error Analysis and Conditioning



3. Linear Systems and the LU Decomposition
Solving Linear Systems



3. Linear Systems and the LU Decomposition
Gaussian Elimination and Row Operations



3. Linear Systems and the LU Decomposition
LU Factorization and Practical Use



4. Designing Linear Systems
Parametric Regression



4. Designing Linear Systems
Least-Squares Formulation and Normal Equations



4. Designing Linear Systems
Regularization and Applications



5. Analyzing Linear Systems
Positive Definiteness and Cholesky Factorization



5. Analyzing Linear Systems
Sparsity



5. Analyzing Linear Systems
Sensitivity Analysis and Conditioning



6. Column Spaces and QR
QR Factorization and Orthogonal Matrices



6. Column Spaces and QR
Gram-Schmidt Orthogonalization



6. Column Spaces and QR
Householder Transformations and Reduced QR



7. Eigenvectors
Motivation and Applications of Eigenvalue Problems



7. Eigenvectors
Properties of Eigenvectors



7. Eigenvectors
Computing Eigenvalues and Eigenvectors



7. Eigenvectors
Finding Multiple Eigenvalues



8. Singular Value Decomposition
Core Concepts



8. Singular Value Decomposition
Applications: Pseudoinverse and Low-Rank Approximation



8. Singular Value Decomposition
Matrix Norms and PCA



9. Nonlinear Systems
Root-Finding in One Dimension



9. Nonlinear Systems
More Root-Finding Methods



9. Nonlinear Systems
Multivariable Systems



10. Unconstrained Optimization I
Motivation and Problem Setup



10. Unconstrained Optimization I
Optimality Conditions



10. Unconstrained Optimization I
One-Dimensional Strategies


