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Numerical Linear Algebra Group
Department of Mathematics, The University of Manchester
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Machine Learning

Dataset and Data Files
Images and Photographs
One-Hot Encoding
Linear Regression
Regularization
Principal Component Analysis
Singular-Value Decomposition
Latent Semantic Analysis
Recommender Systems
Deep Learning
Page Rank

Optimization

Modeling
Optimality Conditions
Active Set
Hessian Approximation
SQP Method
Interior point Methods
Nonlinear Matrix Equations
Specific Objectives (MR)

PDE

Finite Difference Method
Finite Element Method
System Dynamics



Machine Learning
• Dataset and Data Files

Price dataset

Date Min_Price Max_Price Close

2020.10.31 65473 65722 65720

2020.11.01 64869 66125 65946

2020.11.02 65835 66358 66128

Sampling, variety of characteristics

Scan improvement Pain Nausea Edema

Dosage 1 + + ++ +

Dosage 2 + + + +

Dosage 3 + + + -

Dosage 4 - + - -



Machine Learning
• Images and Photographs

Processing

A=imread(‘golub.jpg’) and image(A)



Machine Learning
• One-Hot Encoding

red
green
blue

red green blue
1       0        0
0       1 0
0 0        1



Machine Learning
• Linear Regression

Python codes

2-dimentional form
𝑌 = 𝐴𝑋



Machine Learning
• Principal Component Analysis

Model order reduction
Eigenvalues decomposition



Machine Learning
• Singular-Value Decomposition

Model order reduction
Feature selection
Visualization
Noise reduction



Machine Learning
• Latent Semantic Analysis

Natural language processing
Sparse matrix
Columns: words
Rows: address



Machine Learning
• Recommender Systems

Product recommendation based on previous choices

Selection similarity between people



Machine Learning
• Deep Learning

Design of neural networks



Machine Learning
• Page Rank



Optimization
• Modeling

்

𝑋 ≻ 0

𝑎𝑟𝑒𝑎 =
𝑎𝑥 − 𝑏 ଶ

𝑥
, 𝑥 > 0



Optimization
• Modeling

ଶ

Inverse approximation

Steepest descent and BB step length



Optimization
• Optimality conditions

KKT sufficient conditions (convex)Second order necessary condition



Optimization
• Active set



Optimization
• Hessian Approximation - BFGS



Optimization
• SQP



Optimization
• Interior Point Method

Perturbed KKT



Optimization
• Nonlinear matrix equation

Linearization
Newton approach
PDEIV approach



Optimization
• Minimum rank

Control
Stability
Graph theory



PDE
• FDM



PDE
• FEM



PDE
• System dynamics



Thank U


