
B
IT

S
F4

64
:M

ac
hi

ne
Le

ar
ni

ng

26
K

e
rn

e
l

S
V

M
D

r.
K

am
le

sh
Ti

w
ar

i
A

ss
is

ta
nt

P
ro

fe
ss

or
,D

ep
ar

tm
en

to
fC

S
IS

,
B

IT
S

P
ila

ni
,P

ila
ni

C
am

pu
s,

R
aj

as
th

an
-3

33
03

1
IN

D
IA

M
ar

ch
24

,2
02

1
O

N
LI

N
E

(C
am

pu
s

@
B

IT
S

-P
ila

ni
Ja

n-
M

ay
20

21
)

h
t
t
p
:
/
/
k
t
i
w
a
r
i
.
i
n
/
m
l

R
ec

ap
:

S
up

po
rt

Ve
ct

or
M

ac
hi

ne
(S

V
M

)

S
V

M
is

lin
er

de
ci

si
on

m
ac

hi
ne

;u
se

si
gn

(W
T
x(

i)
+

b)
fo

rd
ec

is
io

n

W
ith

lin
ea

rly
se

pa
ra

bl
e

da
ta

A
fa

tm
ar

gi
n

cl
as

si
fie

r

ar
g
m
in

W
,b

W
T

W

su
ch

th
at

y(
i)
(W

T
x(

i)
+

b)
≥

1

W
he

n
da

ta
is

N
O

T
lin

ea
rly

se
pa

ra
bl

e
(tr

y
so

ft
m

ar
gi

n)
U

se
sl

ac
k

va
ria

bl
e
ξ
≥

0
to

op
tim

is
e

ar
g
m
in

W
,b

� W
T

W
+

C
m � i=

1

ξ i

�

su
ch

th
at

y(
i)
(W

T
x(

i)
+

b)
≥

1
−

ξ i

W
ha

ti
s

rig
ht

C
?

H
ig

he
ro

rl
ow

er
va

lu
e

M
ac

hi
ne

Le
ar

ni
ng

(B
IT

S
F4

64
)

M
W

F
(1

0-
11

A
M

)o
nl

in
e@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

26
(M

ar
ch

24
,2

02
1)

2
/8

Tr
ul

y
no

n
lin

ea
rly

se
pa

ra
bl

e
da

ta

x

y
S

om
e

tim
e

th
e

da
ta

is
tr

ul
y

no
n

se
pa

ra
bl

e
H

er
e

sm
al

ls
hi

ft
in

de
ci

si
on

bo
un

da
ry

w
ou

ld
no

th
el

p
W

e
ha

ve
to

pr
oj

ec
td

at
a

in
su

ita
bl

e
hi

gh
di

m
en

si
on

al
sp

ac
e

W
e

ha
ve

se
en

,t
ra

ns
fo

rm
at

io
n

of
2D

po
in

ts
(x

(i
) ,

y(
i)
)

in
3D

as
(x

(i
) ,

y(
i)
,z

)
w

he
re

z
=

(x
(i
)
−

x c
)2

+
(y

(i
)
−

y c
)2

x

y

x

y

M
ac

hi
ne

Le
ar

ni
ng

(B
IT

S
F4

64
)

M
W

F
(1

0-
11

A
M

)o
nl

in
e@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

26
(M

ar
ch

24
,2

02
1)

3
/8

Im
pl

ic
at

io
ns

of
fe

at
ur

e
tra

ns
fo

rm
at

io
n

R
ec

al
lL

(w
,b

)
=

�
α

i
−

1 2
�

α
iα

jy
(i
) y

(j
) x

(i
) x

(j
)

C
om

pu
ta

tio
na

lc
os

ti
s

O
(d

2 )
,i

fd
in

cr
ea

se
s

w
e

ha
ve

to
pa

y
m

or
e

K
er

na
lf

un
ct

io
ns

ca
n

he
lp

in
th

e
φ
(x
)

tra
ns

fo
rm

at
io

n
Th

ey
ha

ve
a

pr
op

er
ty

th
at

F
(x

(i
) ,

x(
j)
)
=

φ
(x

(i
) )
.φ
(x

(j
) )

Fu
nc

tio
n

F
de

pe
nd

s
on

φ
.

It
sh

ou
ld

be
ea

sy
to

co
m

pu
te

S
o,

th
e

ex
pa

ns
io

n
of

φ
(x

(i
) )

an
d
φ
(x

(j
) )

is
no

tn
ee

de
d

fo
rt

he
co

m
pu

ta
tio

n
of

do
tp

ro
du

ct
φ
(x

(i
) )
.φ
(x

(j
) )

L(
w
,b

)
=

�
α

i
−

1 2

�
α

iα
jy

(i
) y

(j
) F

(x
(i
) ,

x(
j)
)

M
ac

hi
ne

Le
ar

ni
ng

(B
IT

S
F4

64
)

M
W

F
(1

0-
11

A
M

)o
nl

in
e@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

26
(M

ar
ch

24
,2

02
1)

4
/8

E
xa

m
pl

e
of

a
ke

rn
el

fu
nc

tio
n

K
(x

i,
x j
)
=

(1
+

x i
.x

j)
2

C
on

si
de

r2
-D

ve
ct

or
s

x i
=

(x
i1
,x

i2
)

an
d

x j
=

(x
j1
,x

j2
)

(1
+

x i
.x

j)
2

=
(1

+
x i

1x
j1
+

x i
2x

j2
)2

=
(1

+
x2 i1

x2 j1
+

x2 i2
x2 j2

+
2x

i1
x j

1x
i2

x j
2
+

2x
i1

x j
1
+

2x
i2

x j
2)

=
(1
,x

2 i1
,x

2 i2
,√

2x
i1

x i
2,
√

2x
i1
,√

2x
i2
).

(1
,x

2 j1
,x

2 j2
,√

2x
j1

x j
2,
√

2x
j1
,√

2x
j2
)

If
φ
(x
)
=

(1
,x

2 1
,x

2 2
,√

2x
1x

2,
√

2x
1,
√

2x
2)

Ve
ct

or
is

tra
ns

fo
rm

ed
to

si
x

di
m

en
si

on
al

sp
ac

e,
an

d

K
(x

i,
x j
)
=

φ
(x

1)
.φ
(x

2)

M
ac

hi
ne

Le
ar

ni
ng

(B
IT

S
F4

64
)

M
W

F
(1

0-
11

A
M

)o
nl

in
e@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

26
(M

ar
ch

24
,2

02
1)

5
/8

Po
pu

la
rly

us
ed

ke
rn

el
fu

nc
tio

ns

Li
ne

ar
K

er
na

lK
(x

i,
x j
)
=

x i
.x

j

Po
ly

no
m

ia
lK

er
na

lK
(x

i,
x j
)
=

(1
+

x i
.x

j)
p

G
au

ss
ia

n
K

er
na

l(
ra

di
al

-b
as

is
fu

nc
tio

n)

K
(x

i,
x j
)
=

e−
||x

i−
x j
||2

2σ
2

N
ot

e
th

at
ex

=
1
+

1 1!
x
+

1 2!
x2

+
1 3!

x3
+

..
.
+

1 ∞
!x

∞

P
ro

je
ct

in
g

th
e

da
ta

in
an

in
fin

ite
di

m
en

si
on

al
sp

ac
e.

S
ig

no
id

K
er

na
lK

(x
i,

x j
)
=

ta
n
h
(β

0x
i.
x j
+

β
1)

Fu
nc

tio
ns

sa
tis

fy
in

g
M

er
ce

r’s
co

nd
iti

on
,c

an
be

us
ed

as
ke

rn
el

fu
nc

tio
ns

(p
os

iti
ve

se
m

i-d
efi

ni
te

)

       

K
(x

1
,

x 1
)

K
(x

1
,

x 2
)

K
(x

1
,

x 3
)

..
.

K
(x

1
,

x n
)

K
(x

2
,

x 1
)

K
(x

2
,

x 2
)

K
(x

2
,

x 3
)

..
.

K
(x

2
,

x n
)

K
(x

3
,

x 1
)

K
(x

3
,

x 2
)

K
(x

3
,

x 3
)

..
.

K
(x

3
,

x n
)

. . .
. . .

. . .
. . .

. . .
K
(x

n
,

x 1
)

K
(x

n
,

x 2
)

K
(x

n
,

x 3
)

..
.

K
(x

n
,

x n
)       

M
ac

hi
ne

Le
ar

ni
ng

(B
IT

S
F4

64
)

M
W

F
(1

0-
11

A
M

)o
nl

in
e@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

26
(M

ar
ch

24
,2

02
1)

6
/8



K
er

ne
lf

un
ct

io
ns

R
ep

re
se

nt
s

si
m

ila
rit

y
be

tw
ee

n
in

pu
tv

ec
to

rs
1

S
ym

m
et

ric
in

na
tu

re
Fo

rS
V

M
,i

tb
rin

gs
ef

fic
ie

nc
y

an
d

pe
rfo

rm
an

ce
M

ul
tip

le
ke

rn
al

fu
nc

tio
ns

co
ul

d
be

co
m

po
se

d
to

m
ak

e
ne

w
on

es
M

er
ce

r’s
co

nd
iti

on
� i,j

K
(x

i,
x j
)c

ic
j
≥

0

1 � a
.� b

=
||� a

||.
||� b

||c
o
s
θ

M
ac

hi
ne

Le
ar

ni
ng

(B
IT

S
F4

64
)

M
W

F
(1

0-
11

A
M

)o
nl

in
e@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

26
(M

ar
ch

24
,2

02
1)

7
/8

Th
an

k
Yo

u!

Th
an

k
yo

u
ve

ry
m

uc
h

fo
r

yo
ur

at
te

nt
io

n!

Q
ue

ri
es

?

(R
ef

er
en

ce
2
)

2
[1

]T
ex

tB
oo

k:
M

ac
hi

ne
Le

ar
ni

ng
,b

y
To

m
M

M
itc

he
ll

[2
]M

od
-0

1
Le

c-
29

S
up

po
rt

Ve
ct

or
M

ac
hi

ne
ht

tp
s:

//w
w

w
.y

ou
tu

be
.c

om
/w

at
ch

?v
=S

R
V

sw
R

H
5Q

7E

M
ac

hi
ne

Le
ar

ni
ng

(B
IT

S
F4

64
)

M
W

F
(1

0-
11

A
M

)o
nl

in
e@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

26
(M

ar
ch

24
,2

02
1)

8
/8


