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Support Vector Machines
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FIGURE 3.9

2 An example of a linearly separable two-class problem with two possible linear classifiers.
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What 15 a good Decsion Boundary?

Consider a two-class, linearly separable
classification problem

Many decision boundaries!
Are all decision boundaries equally good?
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The decision boundary should be as far away from the
data of both classes as possible
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FIGURE 3.10

An example of a linearly separable two-class problem with two possible linear classifiers.
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1. Having a margin of mgr + mgp = g
2. Requiring that

w! x + wo = —1, Vx € w

17



18

yi (F1forwy, —1forwz) 2oy pa oIS s Xi S5 Sy 2l »
J)JJA‘}}J:{J‘)\:M\)Q\:M‘jd)j)‘bjwbulﬁjlfJ}&@g_ﬁ.iﬁ:

A 1
minimize J(w,wg) = §||w||2

subject to ,)"i(wai +awwp)=1, =1.2...., N

S LI ol 0l o anils ogeidiion 4 e B89 90 p 0,5 J8los >
o] GL:? Sglual 3518 (golows b L,’Ja}).\.c & sl diygs



395 oo J YU akzews Karush-Kuhn-Tucker (KKT) Lf,s »

d
—L(w,wy,A) =0
Jw

d

d Wy

E(w, H’[],)t) =0

A =0, i=1,2,..., N

Nilyi(w! x; +wo)—11=0, i=1,2,...,N

el FIEY 5 38 o by Y Ll 55V

N
L7 r
Law,wo,A) = Sw'w =) Ny’ x; + wo) — 11

i=1
2 Llss ol S S L g

19



20

N
w = E AiYixi
i=1

N
Z Aiyi =0

i=1

23581 S 1y 039 013 5 Ol oo 6 351,8Y O 93 3l oalizal L YL &Yslas Jo gl p »

maximize L(w,wy,A)

N
subjectto w = ZA,-y,-x,-
=1
N
Z)\,‘_}’,‘ =0
=1

A=0



N
‘ 1
i=1 = ij

N
subject to Zx\ Vi =0

i=1
A=0
o b oAb 3 gir Soga sl bl sens 4 e gL P
C'_.ww:: M‘j (6299 LQL.QJ J\Ju‘ 4.:‘_}.6\5)}1@ 6\...3.]& cu ‘Lfl}b

5 FIING S G Gl e p iyl GG (E e P
2 3 g Ol (Slas1a 1 e 055 Sl OT pa

21



'J b
S B33 1y Adl oo 23 Bl Jold 45 4uDlS” 55 dlio

wi: 11171, —117

wr [-1.117. -1, —1]

X1=0 o9 ppendd L= SVM J})&JQ} s 03l dwdn @ 4:;-};*\{\/
g(x) = wixgtwyx,twyg

LS"*'i ] oo Cow o W= 1} W2=W0=OL§U\ 4

g(x) =x1 =0

.oym\? Vol S sl Ko s



gx)=0 *g(¥)=0

FIGURE 3.12

In this example all four points are support vectors. The margin associated with g;(x)=10is
smaller compared to the margin defined by the optimal g(x) = 0.
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Example 3.6

Figure 3.13 shows a set of training data points residing in the two-dimensional space and
divided into two nonseparable classes. The full line in Figure 3.13a is the resulting hyperplane
using Platt’s algorithm and corresponds to the value € = 0.2. Dotted lines meet the conditions
given in (3.82) and define the margin that separates the two classes, for those points with
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FIGURE 3.13

An example of two nonseparable classes and the resulting SVM linear classifier (full line) with

the associated margin (dotted lines) for the values (a) € = 0.2 and (b) € = 1000. In the latter

case, the location and direction of the classifier as well as the width of the margin have changed
27 in order to include a smaller number of points inside the margin.
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