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Data=signal + noise
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Data=signal + noise




Linear regression model

£:
(1).independent random variable
(2).identical distributed

(3).zero mean and finite variance

So vy is also a random variable, the linear

regression model is E(y|x)= f(X)+E(g) = f(X)




Linear regression model

The conditional expectation of y is given by

ECY, | X0) = Wy + W, X, + o+ Wy X




Data Generation Model

yn — f(xn)_l—gn — E(yn |Xn)+gn :[19XT]W+gn

if :x eR

then:w=[w,,w ]& f (X )=wW,+WwX

slope —> w,
intercept - w,

Wl
normal vector — |



Linear Regression

Given N observations x1,...xn and the corresponding
v1,...,yn, respectively.
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Linear Regression

1. Linear regression analyzes the relationship between two
variables, X and y

2. For each subject, we know both X and y, and we want to find the
best straight line through the data

3. In some cases, the slop and/or intercept have a scientific
meaning

4. In some other cases, we can use the linear regression line as a
modal to find new x fromy, ot y from x.



Linear Regression Model in Matrix Form

Given N observations x1,...xn and the corresponding
v1,...,yn, respectively.
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Estimating Linear Regression Model

The target objective of this problem is

W=argmin ||y — Xw|[
w
RSS: residual sum of squares is minimum




Estimating Linear Regression Model

Solve this problem Iy — XW|P=(y — Xw)T (y — Xw)

=y'y-2w' X'y+w' X' Xw

9
oW
= 2X'y+2X" " Xw=0

p—— =
— X Xw=X Y Normal Equations
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Estimating Linear Regression Model

Solve this problem

X'Xw=X"y
S>W=(X"X)"'X"y
> P=XWw=X(X"X)"'X"y



Kernel based Linear Regression



Kernel-based Linear Regression

Given N observations x1,...xn and the corresponding
v1,...,yn, respectively. And a feature mapping and its

kernel function
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Kernel based Linear Regression
0 0 _ e
Normal Equation @_W” Yy — XW||2:a_w(yTy_2WTXTy+WTXTXW)

=2XTy+2X " Xw=0

-S> X"'Xw=X"y
1 Dual form 2 Again from normal form
X' Xw=X"y X' Xw=X"y
Sw=(XTX) 'Ky — X' XX'a=X"y
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XTXw=X"y
Kernel based Linear Regression — X™XXTa=X"y

VAVZAIRVAVZIPVEERVAVAL
ote K — X7 - XX XX T = XXy

=

— 1 X 11><N ~ K a—_ Ky
s> X ] X7 —>a=/Ky

=1, + XX

=1.n T K

o = IZ_ly — (leN + K)_ly
y= Xw = Iy +K)a



Kernel based Linear Regression

For a unknown x
f(x)=[Le(x)" w
=[Lo(x)'IX &

_ [l,co(X)T]&?}a

= (L +(Xo(x)er
=[1+ K(X;, X)...]1 + K(Xy, X)]ex
=(a, +...+ )+, KX, X) + ...+ o  K(Xy, X)



