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Review: regression

Linear regression

Riinear () = 0pxg + 011 + Oyx, + -+ 0,x, = 0T x

Polynomial regression
Rpory(X) = 0px® + 01 + O,x% + -+ 0, x™ = 0" x
consider the feature vecgtor z,, = x™, then

hpoly (x) = Njinear(2)

Logistic regression
1
1+ e 0"x

hlog (x) =
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Review: regression

Consider

value=[10 8 9 13 15 18 14 20 24]T

time=[1 2 3 4 5 6 7 8 9]T

Prediction (linear)

hlinear(x) = 90X0 + 91x1 + 92x2 T+t ann

h(X) = 90 + Blt

90"‘91:10
90"‘281:8
00+901=24‘
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0= (XTX)1XTy

h(x) = 7.8611 + 1.1167t




Review: regression

Consider

value=[10 8 9 13 15 18 14 20 24]T
time=[1 2 3 4 5 6 7 8 9]T

Prediction (polynomial)

Rpory(x) = Opx® + 01x1 + 0,x% + -+ 0,x™ = 0"x
h(x) — 80 + Hlt +62t2

60"‘61"‘92:10

6, + 20, + 46, = 8 11 1frg,] |10
my|l 2 Hlle|=|8] e=xrxxmy
1 9 sg1]l%] |24

0, + 96, + 816, = 24
o T 901 + 3810, h(x) = 5.0238 + 2.6643t — 0.1548¢2
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Review: regression

Past Today

value=[10 8 9 13 15 18 14 20 24]T value = [18]7

time=[1 2 3 4 5 6 7 8 9]T time = [10]

20

15 - 7

10 - 7

5 \ \ \ \ ! \ ! \ !
0 1 2 5 4 5 6 7 8 9 10

How about tomorrow?
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Review: regression

Consider additional feature

value=[10 8 9 13 15 18 14 20 24]T

time=[1 2 3 4 5 6 7 8 9]

index =[27 29 30 30 31 28 26 22 24]T

Prediction (linear)

Riinear () = 0pxg + 01x1 + Oyx, + -+ 0, x, = 0T x

h(X) — 90 + Hlt +82l
00 + 81 + 2702 — 10
00 + 201 + 2902 - 8

m |l 2 2

00 + 981 + 24‘02 — 24‘

1 9 24]t | 4%
h(x) = 9.1808 + 1.0862t — 0.0425i

i)

8

24

0= (XTX)1XTy

Prediction (polynomial)  h(x) = 6y + 0.t + 0,t% + 031 +0,i*
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Review: regression

value=[10 8 9 13 15 18 14 20 24]T
time=[1 2 3 4 5 6 7 8 9]

0 = sell
. . . T
decision=[0 1 1 1 1 0 1 0 1] 1= buy
Classification (linear)
20 h 1
log(x) - 1 + e—g(9,x)

Decision boundary
g(@, x) = 90 + glt +02v

10~

or

| ! | ! | | | | | g(e,x) =60 +61t +92t2
0 1 2 3 4 5 6 7 8 9 10 +03U + 04172
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Review: SVM

1 5
min—||w||

\ >< 2
. Subjectto y(w-x;+b)—1=0
X
O
O
\\ N\ w-x+b=1
W-X+b=-—
w-x+b=0

o]

OolX Lol ;1
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Review: SVM

minEIIWIIZ subject to y;(W-%;+b) —1=0
- b
1. o
Lw,b,@) = IWII? = ) ailyi (% +b) — 1]

subject toa; = 0 Z @y =0 w= z A;YiXi

QP problem
maxL=Zal——zzaa]yly]x X Z“i)’i=0 a; =0
a

o]

"ﬂ_

.I

(o] br.c
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Review: SVM

Conditions for optimal solution of Lagrangian dual problem (w, b, a)

KKT (Karuch-Kuhn-Tucker) conditions

1. Stationarity

dL dL

55 =0 » W=zai3’ixi ET » zaiyi=0
2. Primal feasibility

yi(V_V'.fi'Fb) >1

3. Dual feasibility
a; >0

4. Complementary slackness
ai(yi(w-%;+b)—1) =0
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Review: SVM

a;(y;(w-x;+b)—1) =0

1. ;>0 and yw-x;+b)—1=0

X; are on the boundary => Support vector

2. a; =0 and yiw-x;+b)—1+0
X; are not on the boundary

Only the support vectors construct Hyperplane

W = Z a;yixX; wmp w = z a;yixi

i€S
w*-xg+b" = yg

= z a;yixixs + b*

LES
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Review: SVM

value=[4 6 1 1 2 5 2 5 0]

time=[0 0 1 -1 1 1 -1 -1 o]

class=1 1 -1 -1 -1 1 -1 1

2 —+
1 +—- m nm ®
0 N | I | I >
14 H o ®
-2 L
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1 (Positive class)

-1 (Negative class)
V1 = [2 1]T
VU, = [2 —1]T
V3 = [4‘ O]T



Review: SVM

On the decision boundary

W'fi+b:—1

2wy +w, +b =-—1
2W1_W2+b:—1

However, we need to calculate

1
mo.?xL = Z a; — Ez z al-a]-yl-ijixj
z a;y; =0

C(iZO
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Review: SVM

However, we need to calculate

(1,2/-1)
1

1
mcleL = 2 a; — Ez z aiajyl-ijixj

zaiyi =0

O{iZO
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erver-Stwn11-(2).0)
2w (). ()

s --(3. ()

=a; +a,— E(Sa% — 8aya, + 5a%)
a1y, +azy, =0
a; =0

a, =0

0(1=a2=1




Review: SVM

However, we need to calculate
(1,2/-1)
]

[
»

W*=2a7yixi=1' 1'G>+1' (_1).(;)
-(1)-(G)= ()
b* =y5—zafyixixs = 1_(1' 1< (i)'(i
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Review: SVM

value=[10 8 9 13 15 18 14 20 24]T

time=[1 2 3 4 5 6 7 8 9]
decision=[0 1 1 1 1 0 1 o 1]

8 10 12 14 16 18 20 22 24
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0 =sell (Negative class)
1 =buy (Positive class)



. 1 N N N
Lla) = — b Z Zaz‘a_ftftj (z; T;) T E i

i=1j=1 i

v

h(z) = Za.iti +b

i=1
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