Machine Learning Lecture Note

This lecture note is based on the CS229 lecture materials from Standford University.



Lecture 2. Linear regression; Gradient descent; Normal equation
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Linear regression (M%) : ZtEHe X[ =5t

Living area (feet?) | #bedrooms | Price (1000$s)
2104 3 400
1600 3 330
2400 3 369
1416 2 232
3000 4 540
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How to represent hypothesis A ?
hy(x) =06, + 0,2, + 0,2,

Generalized form n(z)= Y 6z, =67z, where z,=1

i=0

0 =[6,] parameters; x = [z,] inputs/features; y output/target value; m # training example
0, x1
0, Lo

(z',4') i™ training example # # input features

How do we learn?
hy(x)=h(x) =y

Cost function; Object function; Error function

m

J0) = %Z(hH(:ci)*yi)2 (ordinary least squares)
i=1

Choose # to minimize the cost function.
min,/(6)
Gradient descent € 112|F : X£7| 90A AESIH g8 BZASIHM j()E EOLI7I= WHE
—p 0
0,:=0,—a 8€j](0)

This update is simultaneously performed for all values of j =0, ..., n.
a (learning rate; 0 ~ 1)
implementation

2k, 6, :=0,+a(y'—hy(z'))z,  (least mean squares (LMS) update)
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Training algorithm

Batch gradient descent

Repeat until convergence {

6;:=0;+a Z (yi —hy (xl)>x; (for every j)
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Stochastic gradient descent
Loop {

for i=1 to m {

6;:= 6j+a/<yi—h6(xi)>x§» (for every j)

Batch gradient descentZ2Ct HW=H L2t0|E YUOIO|EZL 7tS3ELL; never converge to the
minimum Z2{L} minimum A0 =St

X Normal equation

Gradient descent €12|EF2 FHets JE XAzt
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T3, trAE nxn(ZAFLE) BE Ao tiol,, A9 tracezty sti, s§Ho] thzt
o] stct.
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trA=Y_A, (If 4is a real number, then tr 4 = A4)

i=1
trace PA2 st 22 SAZ 7HI:
i A9} BO| tisto], trAB=trBA. E£3t, tr ABC=trCAB= trBCA.
trA=1trA T;z‘r(A + B)=trA+trB;traA= atrA
V  trAB= BT
arnf(A)=(V 47 (4)7

V atrABATC= CAB+ CTAB",V ,#rABATC=(V 44rABATC) = BTATCT+ BATC

76)= 5 Xt~

v, J6) = 0 (go to the global minimum)

x=[H7], xX0=[H)70 = [n, (1) ], y=[4"
<x2>T (IZ')TG h9(12> :[/'2
(l'm)T (Im)Te h,g ixm) ym

J0)= 2(X6- )T (X0—y), (e, Te= 1)

VoJ(0)= ¥y (X0— )T (X0~ y)

:% g (07X —y")(X0—y)

:%Ve[ﬁTXTXﬁ—(9TXTy—yTX0+yTy] (cf.(ax—b)(ax—b):azxz—axb—bax-l-bz)
:% i 07XTX0— 07X y—yTX0+ 4Tyl  (cf.A=0":B= XX AT=6;C=1)

= %[XTXﬁ-I—XTX@—XTy—XTy]

=XT"xX6-x"y=0

¥ d9 traces THA| 22t 22 EES 0|&%HCH

XTxp=Xx"y (normal equation)
L0=(XTx) xTy




