
C
lustering 

C
lustering: 
– U

nsupervised learning 

– R
equires data, but no labels 

– D
etect patterns e.g. in 
• G

roup em
ails or search results 

• C
ustom

er shopping patterns 

• R
egions of im

ages 

– U
seful w

hen don’t know
 w

hat 
you’re looking for 

– B
ut: can get gibberish 
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B

asic idea: group together sim
ilar instances 
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C
lustering 

• 
B

asic idea: group together sim
ilar instances 

• 
E

xam
ple: 2D

 point patterns 

• 
W

hat could �sim
ilar� m

ean? 
– 

O
ne option: sm

all E
uclidean distance (squared)  

– 
C

lustering results are crucially dependent on the m
easure of 

sim
ilarity (or distance) betw

een “points” to be clustered 

d
ist(�x

,�y)
=

||�x
−
�y|| 22
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&Im
age+segm

enta3
on&

G
oal:&Break&up&the&im

age&into&m
eaningful&or&

perceptually&sim
ilar&regions&

[S
lide from

 Jam
es H

ayes] 
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K
-M

eans 
• A

n iterative clustering 
algorithm

 

– Initialize: P
ick K

 random
 

points as cluster centers 

– A
lternate: 
1. 

A
ssign data points to 

closest cluster center 
2. 

C
hange the cluster 

center to the average 
of its assigned points 

– S
top w

hen no points
� 

assignm
ents change 
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• 
P

ick K
 random

 
points as cluster 
centers (m

eans) 

S
how

n here for K
=

2 11 
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Iterative S
tep 1 

• 
A

ssign data points to 
closest cluster center 

12 
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Iterative S
tep 2 

• 
C

hange the cluster 
center to the average of 
the assigned points 



K@m
eans&clustering:&Exam

ple&

• Repeat&unDl&
convergence&
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ProperDes&of&K@m
eans&algorithm

&

• G
uaranteed&to&converge&in&a&finite&num

ber&of&
iteraDons&

• Running&Dm
e&per&iteraDon:&

1. 
A

ssign data points to closest cluster center 

O
(K

N
) tim

e 

2. 
C

hange the cluster center to the average of its 
assigned points 

O
(N

)&


