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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)

Finite Difference Method
Finite Element Method
System Dynamics




Machine Learning

e Dataset and Data Files

Price dataset

2020.10.31 65473 65722 65720
2020.11.01 64869 66125 65946
2020.11.02 65835 66358 66128

Sampling, variety of characteristics

- Scan improvement mmm

Dosage 1
Dosage 2 + + + +
Dosage3 + + + -

Dosage 4 - + - -



Machine Learning

* Images and Photographs

Processing
A=imread(‘golub.jpg’) and image(A)
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* One-Hot Encoding

red
green
blue

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



Machine Learning

* Linear Regression

Python codes

Simple Linear Regression

2-dimentional form
Y = AX




* Principal Component Analysis

Model order reduction
Eigenvalues decomposition



Machine Learning
* Singular-Value Decomposition

Model order reduction
Feature selection
Visualization

Noise reduction



* Latent Semantic Analysis

Natural language processing
Sparse matrix

Columns: words

Rows: address



e Recommender Systems

Product recommendation based on previous choices

Selection similarity between people



* Deep Learning

Design of neural networks



Machine Learning

* Page Rank
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Optimization

* Modeling
mintr(DX — T)T (DX —T)

X>0

XAX =B

area = |a-b/x|

|b-ax|

|a-b/x|

area =

(ax — b)?

, x>0

b/x



Optimization

* Modeling

Inverse approximation

min||AX — I||?

Steepest descent and BB step length



Optimization

* Optimality conditions

m p
minimize f(z) uVH(X) + Y uiVEi(R)+ Y viVhi(X) =0
subject to fi(z) <0, i=1,---,m i=1 i=1

h,’(Z):O, I:]-v:p (UO,U)EO, (UO,U, V)#O
|z—x|]| <R uifi(x) =0, i=1---,m
Second order necessary condition KKT sufficient conditions (convex)

Vi) =0 and Vf(%) =0  ygz)+ zm: u V(%) + Xp: viVhi(X) = 0

ur-0, ufi(x)=0 i=1---'m



Optimization
* Active set

min f(z) + prni
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Optimization

* Hessian Approximation - BFGS

z(k+1) 2k _ Hk—l vV (z®),
s(k) k1) _ (k)
vy = Vi) - vi@E"),
Hks(")(s(k))THk y(k)(y("))T
O RO )

Hy,

Hiyy

Hs



Optimization

* SQP

( Begin )

Set the initial parameters x”, B’, »°

=|Solve the QP subproblem

Yes

No

Solve the QP subproblem

9

Update the penalty factor r

Update the penalty factor r

Update the Matrix B
k=k+1

Search the step size ak

|

L

Search the step size ak

l

update the optical parameters
xH =y kpat gt

update the optical parameters

= xF gt 4 (a ) (8 -a¥)

No C/

onvergence ?




Optimization
* Interior Point Method

Perturbed KKT

Vf(z)+ Dh(x)lu+ Al

r(x,u,v) = —diag(u)h(z) — (1/t)1 =0
Az — b
hl(x) | Vhl(QZ)T 1
h(x) = . , Dh(z) = .
P () | Vhp(z)h




Optimization

* Nonlinear matrix equation

X — Zgl A:F(X) A = Q,

Linearization
Newton approach
PDEIV approach



Optimization

* Minimum rank

minrank(X)
|IAX — B|| < §
Control

Stability

Graph theory
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PDE

* FEM

Governing .
Phypical —* | equalions & — St S aR
‘phenomenon | ¢ BCs Approximation equations
* Solid Mechanics Ji{ _-LEE gz
c.g. Axially loaded elastic bar dv X
* Fluid Mechanics i[ ’ .l:: dp “0=D
c.g. Poiscuille flow in pipe dvl 324 dv S_}'.ifel?l’ O_fé'qtiﬂffﬂﬂ.i'.‘

= Thermal Conduction i 4

.4.’:%]+Q={] >+BC:: s [K]{u}={F}

eg. 1-D heat flow d-‘f[ Lo
{Boundary S G
- : - il ness Moda orce
: DEfﬁ.ISlm‘l .LL( AD E ]+ Q =1 C Dndmunbl matrix  vector vector
c.g. 1-D diffusion dx dy
= Electrical Conduction d [ dr

eg. 1-D electrie current flow dy



PDE , e

Vancouver

e System dynamics

Richmond
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\/L
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