Soft SVM

Dr. Fayyaz ul Amir Afsar Minhas

PIEAS Biomedical Informatics Research Lab
Department of Computer and Information Sciences
Pakistan Institute of Engineering & Applied Sciences

PO Nilore, Islamabad, Pakistan
http://faculty.pieas.edu.pk/fayyaz/

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab


http://faculty.pieas.edu.pk/fayyaz/

Matrix formulation of SVM Problem

N N N
ma(?({Zai—%Zz oy, y X" )} max, 1Ta—%aTXTXa
slt . . o Subject to:
' % < a>0
- T
Zaiyi =0 y a= 0
i=1

* If we define the following:

—a=[a; ay - aN]T
—y=[y1 Y2 - In]'
—1y=[1 1 .. 1]7
— Xaxn) = [X¥1Y1 X222 = XNYN]
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Solving the SVM using QP

 CVXOPT is a Python package that implements a quadratic programming
solver

— http://abel.ee.ucla.edu/cvxopt/userguide/coneprog.html#tquadratic-
programming

» cvxopt.solvers.qp(P, ql, R, s[, U, v|, solver], initvals]]]])
— Solves the following problem for z:

SVM Problem
1 T, 1 _ TyT
mianZTPZ+qTZ maxe 1'a —-a’ X' Xa
- z=a Subject to:
Subject to: Pa -
a>0
Rz<s q=—1y T
Uz=v R = —Iyxy y a=20
S=0N
U=yT
v=0
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Programming the SVM
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Example: Solution of the OR problem

[ Optimal separating boundary
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One of the 3 SVs ]
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Handling Non-Separable Patterns

e All the derivation till now was based on the

requirement that the data be linearly
separable

— Practical Problems are Non-Separable

* Non-separable data can be handled by

relaxing the constraint

y. [WTX—I—b) >1

[ Slack Variables ]

V

} Y, (WTx(i)+b)21—§i

 This is achieved as
wixV+b>1-¢ vy =+1

wxV+b>-1+¢ vy =-1
£ >0
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Handling Non-Separable Patterns (Soft Margin)

¢ tells us about the .

extent of margin

violation of example i 0< é’l <1
g >1
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Handling Non-Separable Pattern

* Our objective in designing a SV

s (Soft Margin)

M here is to

maximize the margin while minimizing the

misclassification error
* The misclassification error can

N

2©=16-1) 19

oe written as:

0 ¢<0

=1

1 else

e Since this function is non-linear and non-
convex, therefore we choose to use an

approximate given by .

®(L)=2.¢

=1
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Soft Margin SVM as an Optimization Problem

* The overall optimization problem can be
written as

min 1WTW+CZ§i

w,b ? =
\ T Weight of the penalty
S.t. Y; (WTX(') + b) 24, O due to margin violation
g 20

Or

The objective function \
L . 1 -

now optimizes two min  =w W+CZ§i
conflicting objectives: w.b 2 )
Maanlzatlon of the - 1-£ -y (WTX(i) - b) <0
margin and ! !
minimization of the ~£ <0

margin violations
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Soft Margin SVM as an Optimization Problem

* Writing the constraints as losses, we have
] 1 . N N N
min - M=Zw W+Ci§§i +;g +§zi

L = maax o {1_ y (WTX(i) +b)} > {O 1-& -y, (WTx(i) +b) < O’

00 else

) [0 —¢ <0
Z,= max ﬁi{—g}_{w s 20
Thus
minmax %WTW+C;§i +;ai {1—.§i—yi (WTx(i)+b)}—iZ_l:,Bi§i

st «>0,8>0

* This is the primal form of the optimization
problem
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Soft Margin SVM as an Optimization Problem

e The Dual Form is

max min %WTW+Ci§i +io¢i {1—4’i -, (WTx(i>+b)}—iﬁi§i

o f; Wbg i—1 i=1

st a>0,820

* Since the optimization problem is convex,
therefore the optimal values of the dual and
primal are equal

* Therefore the optimization problem can be
written solved in its dual form
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Soft Margin SVM as an Optimization Problem

max min %w W+CZ§+Za{1 -~ y,(wx +b)} Z,B§

a.f W,bJ( )

=max 6 (a,B)

0, (4,) = min = w' w+CZ§+Za{1 &=y, (wix +b)| - iﬁig

b§2 =1 =1

Solving
N

00,
06,

=C-a -4 =0 =a+p
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Z = =W = iai y.x®
N
D:Z:l:aiyizo j;aiyi:

=C
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Soft Margin SVM as an Optimization Problem

max{Za——ZZa o y,y X" >}

a.£i20 | 5o -1 j=1

st @ >0 >0

N
o, + f =C, Zaiyizo
=1
Simplifying further

max{Za 23y X }

@, ;20 =1 =1 j=1

N
st 0<g<C, > ay =0

i=1
* This problem can be solved using standard optimization packages
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Soft Margin SVM as an Optimization Problem

e Some Observations

— o, will be non-zero (positive) only for the points
that are support vectors

— B,= C - o, will be zero for the points that violate
the margin condition

— Cis the upper bound on a.

— Cis the weight of the penalty of the term
representing margin violation

* If Cis small, then more margin violations will occur
* If Cislarge, lesser margin violations will result

— C can be found out through cross-validation
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Example
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C =100
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Example...

C =100 CcC=1

CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab 16



SVMs uptil now

* Vapnik and Chervonenkis:
— Hard SVM (1962)
— Theoretical foundations for SVMs ! -
e Corinna Cortes ?mfé‘:; 1958 1071
— Soft SVM (1995)

* Enter: Bernard Scholkopf (1997) 7SN R4

— Complete Kernel trick! -/ 19382014

— Kernels not only allow nonlinear
boundaries but also allow
representation of non-vectoral
data

.‘ N\
C. Cortes Scholkopf
1961 - 1968 -

http://www.svms.org/history.html
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Reading

e Sections 10.1-10.3
* Sections 13.1-13.3

* Alpaydin, Ethem. Introduction to Machine
Learning. Cambridge, Mass. MIT Press, 2010.
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We want to make a machine that will be
proud of us.

- Danny Hillis
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