
C
S

-F
41

5:
D

at
a

M
in

in
g

08
Su

pp
ort

Vec
tor

Ma
chi

ne
(SV

M)
D

r.
K

am
le

sh
Ti

w
ar

i
A

ss
oc

ia
te

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

Fe
b

19
,2

02
4

M
/W

/F
4:

00
pm

61
01

@
B

IT
S

-P
ila

ni
[J

an
-M

ay
20

24
]

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

G
eo

m
et

ry
D

et
er

m
in

e
th

e
le

ng
th

of
th

e
pe

rp
en

di
cu

la
rd

ra
w

n
on

a
lin

e
ax

+
by

+
c
=

0
fro

m
a

po
in

t(
x 1
,y

1)

d
=

|a
x 1

+
by

1
+

c|
√

a2
+

b2

P
ro

of
:

(b
y

ge
om

et
ry

)

x

y

ax
+b

y+c
=0

P
(x

1
,

y 1
)

Q

d

R
(x

1
,
−

ax
1
+

c
b

)

U
(x

2
,

y 2
)

V
(x

2
+

b,
y 2

)

W
(x

2
+

b,
y 2

−
a)

P
Q

P
R

=
U

V
U

W

d
y 1

+
ax

1
+

c
b

=
b

�
a2

+
b2

d
=

ax
1
+

by
1
+

c
�

a2
+

b2

D
at

a
M

in
in

g
(C

S
-F

41
5)

M
/W

/F
(4

:0
0p

m
)6

10
1@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

08
(F

eb
19

,2
02

4)
2

/1
1

G
eo

m
et

ry

E
ss

en
tia

lly
;d

is
ta

nc
e

of
a

po
in

tX
=

(x
1,

x 2
,.
..
,x

n
)

fro
m

a
hy

pe
rp

la
ne

re
pr

es
en

te
d

by
(b
,w

1,
w

2,
..
.,

w
n
)

is
gi

ve
n

by

W
T

X
+

b
||W

||

w
he

re
||W

||
is

L 2
no

rm
1

C
la

ss
ifi

ca
tio

n
H

yp
er

pl
an

e
ha

ve
tw

o
si

de
s

(s
ay

+v
e

an
d

-v
e)

w
hi

ch
si

de
a

po
in

tX
=

(x
1,

x 2
,.
..
,x

n
)

lie
s?

S
ub

st
itu

te
co

or
di

na
te

s
in

th
e

eq
ua

tio
n

W
T

X
+

b
an

d
ch

ec
k

th
e

si
gn

N
ot

e:
W

de
fin

es
sa

m
e

hy
pe

rp
la

ne
as

2W
,3

W
,.

..,
kW

1
W

=
(w

1
,

w
2
,
..
.,

w
n
),

an
d

th
e

L 2
no

rm
is

||W
||

=
�

w
2 1
+

w
2 2
+

..
.
+

w
2 n

D
at

a
M

in
in

g
(C

S
-F

41
5)

M
/W

/F
(4

:0
0p

m
)6

10
1@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

08
(F

eb
19

,2
02

4)
3

/1
1

S
pe

ci
al

C
as

e
of

C
la

ss
ifi

ca
tio

n

C
on

si
de

ra
lin

ea
rly

se
pa

ra
bl

e
da

ta
se

t

H
yp

er
pl

an
e

is
de

fin
ed

by
W

M
ar

gi
n

is
th

e
di

st
an

ce
of

ne
ar

es
td

at
a

po
in

tf
ro

m
th

e
se

pa
ra

tin
g

hy
pe

rp
la

ne

m
in

x i
∈D

|W
T

x i
+

b|
||W

||

M
os

to
ft

he
re

al
-w

or
ld

pr
ob

le
m

s
ar

e
N

O
T

lin
ea

rly
se

pa
ra

bl
e

S
om

et
im

e
da

ta
co

ul
d

be
tra

ns
fo

rm
ed

to
a

hi
gh

-d
im

en
si

on
al

sp
ac

e
w

he
re

cl
as

se
s

m
ay

be
lin

ea
rly

se
pa

ra
bl

e
C

au
tio

n:
th

is
co

ul
d

le
ad

to
ov

er
-fi

tti
ng

D
at

a
M

in
in

g
(C

S
-F

41
5)

M
/W

/F
(4

:0
0p

m
)6

10
1@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

08
(F

eb
19

,2
02

4)
4

/1
1

W
hi

ch
de

ci
si

on
bo

un
da

ry
is

be
tte

r

M
an

y
de

ci
si

on
bo

un
da

rie
s

w
ith

pe
rfe

ct
cl

as
si

fic
at

io
n

ar
e

po
ss

ib
le

A B C D

E

W
hi

ch
of

th
em

ar
e

be
tte

r?
O

ne
th

at
m

ax
im

iz
es

th
e

m
ar

gi
n

ar
g
m
ax

W
,b

� m
in

x i
∈D

|W
T

x i
+

b|
||W

||
�

Fa
tm

ar
gi

n
is

be
tte

r

R
eg

ul
ar

iz
e

us
in

g
cl

as
si

fic
at

io
n

ac
cu

ra
cy

,o
th

er
w

is
e,

it
m

ak
es

no
se

ns
e.

m
ar

gi
n

is
m

ax
im

um
at

ex
tre

am
∞

N
ot

e:
Th

e
se

pa
ra

tin
g

hy
pe

rp
la

ne
w

ou
ld

be
in

m
id

dl
e

D
at

a
M

in
in

g
(C

S
-F

41
5)

M
/W

/F
(4

:0
0p

m
)6

10
1@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

08
(F

eb
19

,2
02

4)
5

/1
1

Le
t’s

Lo
ok

C
lo

se
r

ar
g
m
ax

W
,b

� m
in

x i
∈D

|W
T

x i
+

b|
||W

||
� =

ar
g
m
ax

W
,b

1
||W

||� m
in

x i
∈D

|W
T

x i
+

b|
� =

ar
g
m
ax

W
,b

1
||W

||

H
yp

ot
he

si
s

is
a

hy
pe

rp
la

ne
re

pr
es

en
te

d
by

W
;

sc
al

ed
pa

ra
m

et
er

k.
W

al
so

re
pr

es
en

ts
th

e
sa

m
e

hy
pe

rp
la

ne
Fo

rt
he

po
in

ts
on

hy
pe

rp
la

ne
W

T
x i
+

b
=

0
Fo

rp
oi

nt
s

N
O

T
on

hy
pe

rp
la

ne
W

T
x i
+

b
ch

an
ge

s
if

k.
W

is
us

ed
in

st
ea

d
of

W
.

Le
ad

in
g

to
di

ffe
re

nt
m

in
x i
∈D

|W
T

x i
+

b|

O
ne

ca
n

ge
ta

ny
va

lu
e

fo
r

m
in

x i
∈D

|W
T

x i
+

b|
by

ch
an

gi
ng

th
e

va
lu

e

of
k

w
ith

ou
tc

ha
ng

in
g

th
e

hy
pe

rp
la

ne

S
o

w
ith

ou
tl

os
s

of
ge

ne
ra

lit
y,

le
tu

s
fix

m
in

x i
∈D

|W
T

x i
+

b|
=

1

D
at

a
M

in
in

g
(C

S
-F

41
5)

M
/W

/F
(4

:0
0p

m
)6

10
1@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

08
(F

eb
19

,2
02

4)
6

/1
1



S
up

po
rt

Ve
ct

or
M

ac
hi

ne
(S

V
M

)

S
V

M
is

a
lin

er
de

ci
si

on
m

ac
hi

ne
;u

se
s

si
gn

(w
T

x(
i)
+

b)
fo

rd
ec

is
io

n

W
e

w
an

tw
T

x(
i)
+

b
≥

γ
fo

r+
ve

(a
nd

<
−
γ

fo
r−

ve
)

D
is

ta
nc

e
of

a
po

in
t(

x,
y)

fro
m

hy
pe

rp
la

ne
w

T
x
+

b
=

0
is

|w
T

x+
b|

||w
||

D
is

ta
nc

e
ca

n
be

m
ax

im
iz

ed
,b

y
ei

th
er

m
ax

im
iz

in
g

b
or

by
m

in
im

iz
in

g
||w

||

W
e

ne
ed

s
w

T
x
+

b
≥

γ
||w

||
le

tγ
||w

||
=

1
�

w
T

x
+

b
≥

1
if

x
is

+
1

�
w

T
x
+

b
≤

−
1

if
x

is
−

1

It
le

ad
s

to
y(

i)
(w

T
x(

i)
+

b)
≥

1

Po
in

ts
w

ith
y(

i)
(w

T
x(

i)
+

b)
=

1
ar

e
ca

lle
d

su
pp

or
tv

ec
to

r

X

Y

S
up

po
rt

Ve
ct

or
S

up
po

rt
Ve

ct
or

D
at

a
M

in
in

g
(C

S
-F

41
5)

M
/W

/F
(4

:0
0p

m
)6

10
1@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

08
(F

eb
19

,2
02

4)
7

/1
1

S
up

po
rt

Ve
ct

or
M

ac
hi

ne
(S

V
M

)
M

in
im

iz
at

io
n

of
w

is
sa

m
e

as
m

in
im

iz
at

io
n

of
Φ
(w

)
=

1 2
w
.w

O
th

er
co

ns
tra

in
ts

ar
e

y(
i)
(w

T
x(

i)
+

b)
≥

1
H

ow
ev

er
,f

or
su

pp
or

tv
ec

to
rs

y(
i)
(w

T
x(

i)
+

b)
=

1
D

efi
ne

a
La

gr
an

gi
an

M
ul

tip
lie

rt
o

op
tim

iz
e

L(
w
,b

)
=

1 2
w
.w

−
�

α
i(

y(
i)
(w

T
x(

i)
+

b)
−

1)

D
er

iv
at

iv
e

∂
L

∂
b
=

−
�

α
iy

(i
)

th
at

sh
ou

ld
be

eq
ua

te
d

to
ze

ro

m � i=
1

α
iy

(i
)
=

0

D
er

iv
at

iv
e

∂
L

∂
w
=

w
−
�

α
iy

(i
) x

(i
)

eq
ua

te
d

to
ze

ro
gi

ve
s

w
=

m � i=
1

α
iy

(i
) x

(i
)

D
at

a
M

in
in

g
(C

S
-F

41
5)

M
/W

/F
(4

:0
0p

m
)6

10
1@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

08
(F

eb
19

,2
02

4)
8

/1
1

La
gr

an
gi

an
w

ith
op

tim
iz

ed
va

lu
es

L(
w
,b

)
=

1 2
w
.w

−
�

α
i(

y(
i)
(w

x(
i)
+

b)
−

1)

L(
w
,b

)
=

1 2
w
.w

−
�

α
iy

(i
) w

x(
i)
−

�
α

iy
(i
) b

+
�

α
i

L(
w
,b

)
=

1 2
w
.w

−
�

α
iy

(i
) w

x(
i)
+

�
α

i

L(
w
,b

)
=

1 2
�

α
iα

jy
(i
) y

(j
) x

(i
) x

(j
)
−

�
α

iα
jy

(i
) y

(j
) x

(i
) x

(j
)
+

�
α

i

L(
w
,b

)
=

�
α

i
−

1 2
�

α
iα

jy
(i
) y

(j
) x

(i
) x

(j
)

O
ne

ha
ve

to
m

ax
im

iz
e

L(
w
,b

)
su

bj
ec

tt
o

th
e

co
ns

tra
in

ts
α

i
≥

0
an

d
�

m i=
1
α

iy
(i
)
=

0
A

tra
in

in
g

sa
m

pl
e

is
su

pp
or

tv
ec

to
r,

if
co

rr
es

po
nd

in
g
α

i
is

la
rg

e.
O

th
er

w
is

e,
w

he
n
α

i
is

ne
ar

to
0

it
is

no
ta

su
pp

or
tv

ec
to

r
O

pt
im

iz
ed

α
i
pr

ov
id

es
th

e
va

lu
e

of
w

=
�

m i=
1
α

iy
(i
) x

(i
)

to
be

us
ed

in
lin

ea
rd

ec
is

io
n

bo
un

da
ry

Th
is

w
ca

n
fu

rt
he

rb
e

us
ed

in
eq

ua
tio

n
y(

i)
(w

T
x(

i)
+

b)
=

1
to

ge
t

th
e

va
lu

e
of

b
us

in
g

a
da

ta
po

in
t

D
at

a
M

in
in

g
(C

S
-F

41
5)

M
/W

/F
(4

:0
0p

m
)6

10
1@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

08
(F

eb
19

,2
02

4)
9

/1
1

Tr
an

sf
or

m
at

io
n:

A
n

E
xa

m
pl

e

x

y

Tr
an

sf
or

m
al

l2
D

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

D
at

a
M

in
in

g
(C

S
-F

41
5)

M
/W

/F
(4

:0
0p

m
)6

10
1@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

08
(F

eb
19

,2
02

4)
10

/1
1

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

?

D
at

a
M

in
in

g
(C

S
-F

41
5)

M
/W

/F
(4

:0
0p

m
)6

10
1@

B
IT

S
-P

ila
ni

Le
ct

ur
e-

08
(F

eb
19

,2
02

4)
11

/1
1


