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e A: Too Easy
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e D: Hard
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Unsupervised Learning

Motivation

e Supervised learning: (@.(xz.yg),.... (Xn, Yn) -

@ Unsupervised learning: Xty X2, o0y X &

e There are a few common tasks wuthout labels.

’ 01,2, k.
(0 Clustering: separate instances into groups. jMVf (/\olem 4

@ Novelty (outlier) detection: find instances that are different.a'/

© Dimensionality reduction: represent each instance with a lower
dimensional feature vector while maintaining key

Aracterictic . ‘ ‘ 1.}
characteristics ( OOL ) (3}5 ) (1'2)

—_—_———
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Hierarchical Clustering

Description

e Start with each instance as a cluster.
@ Merge clusters that are closest to each other.

@ Result in a binary tree with close clusters as children.
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Hierarchical Clustering Diagram

Description

[ 2 3 4 5§
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Single Linkage Distance

Definition

e Usually, the distance between two clusters is measured by the
single-linkage distance.

d(Ck, Ck/) = minédi%,-,x,v) » Xj € Ck,x,'/ € Ckf}

@ It is the shortest distance from any instance in one cluster to
any instance in the other cluster.
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Complete Linkage Distance

Definition

@ Another measure is complete-linkage distance,

d(Cy, Cpr) = max{d(Xi,Xi') : X; € Cy, Xjr € Ck’}

e It is the longest distance from any instance in one cluster to
any instance in the other cluster.
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Average Linkage Distance Diagram

Definition

@ Another measure is average-linkage distance.

1
dC,CI - dX,',X,'/
(G ) = TG oo, @)

- ———

—_—

e It is the average distance from any instance in one cluster to
any instance in the other cluster.
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Hierarchical Clustering 1
Quiz

e Spring 2018 Midterm Q5 ///l—%
@ Given three clusters A = {3.9}.C {11}
What is the next |terat|onwmstermg with

Eucludean distance and single linkage? 5“5[( 0“”,0(%(

* A: Merge A and B. @b dut
I

e B: Merge A and C. 0]‘

e C: Merge B and C. J.B/C' 2, 8)

Ac 'y [\

N 4\ B C"IANW(ITQ [ Inkeye
o 2°7( O messe B andC -
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Hierarchical Clustering 2
Quiz Q 2

S\SpMrg 0 T8AMdter Q5 7

@ Given three clusters A = {0,1},B = {4,8}, C = {10, I1}.
What is the next iteration of hierarchical clustering with
Euclidean distance and complete linkage?

@ A: Merge A and B.
e B: Merge A and C.
@_C: Merge Band€——
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Hierarchical Clustering 3
Quiz

Qe

e Spring 2018 Midterm Q5 /Q>\

e Given three clusters A = {0,1},B = 4’}_ C = {10 11}.
What is the next iteration of hierarchical clustering > with
Euclidean distance and single linkage?

e A: Merge A and B.
—o B: Merge A and C.

QMerge B a@
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Hierarchical Clustering 4
Quiz

e Spring-2018 Midterm Q5

@ Given three clus .2, 3,9}, C = {11}.
What is the next iterati |erarch|cal clustering with
Euclidean distance a

érge B and C.
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Hierarchical Clustering 3

iz 4 B CP &
o 195 Zo3 994

Zé?] 2037
e Spring 2017 Midterm Q4 w % ’057

@ Given the distance between t Iusters so far. Which palr of
\74\, clusters will be merged using[single Jinkage. - [ .stor

- A | B [[CCY[IDY E
A| 0 | 1075 {201 996
B | 1075 | 0 2687 || 2037 i
( \ 2013 | 3272 808)] 1307 |, in
"y /2054 | 2687 1059 Lot
| \V/ el A
Ui~ E 9% 2 AT, o
- ol CD’”)V\"/Q &OS{—

25y
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K Means Clustering
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@ Given the distance between the clusters so far. Which pair of
clusters will be merged using complete linkage.

A

‘RILEEOR

E

0

1075

2013~

2054

996

1075

0

3272

2687

2037

2013

3272

(808
=0

1307

OO @ > |

2054

2687 |

808

1059

e,
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Hierarchical Clustering 5

Quiz

clusters will be merged using single linkage.

- A B )

Al 0 | 1075 2013 f 9962:
Xél

B|1075| 0 | 2687 1 2037

CD| 2013 | 2687 | 0 | 1059

E| 996 | 2037 | 1059 | O

62 | 7 @S

e [a“\szL LB swaller ndyx

K Means Clustering

QT
Seloot one o ve(aem

@ Given the distance between the clusters so far. Which pair of
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Hierarchical Clustering
Algorithm

o Input: instances: {x;}/_;, the number of clusters K, and a
distance function d.

@ Output: a list of clusters C = (1., (, ..., Ck.

@ Initialize for t = 0.

cO =9 . cl? where €9 = {x}, k=1,2,...n

@ Loopfort=1,2,....n—k + 1.

_ (t-1) ~(t-1)
(ki, ky) = arggu‘gd(Ckl G, )

c® = (o™, Y, no it k..., D



Unsupervised Learning Hierarchical Clustering K Means Clustering
Q0 0000000000000 )O( O ‘ O

Number of Clusters

Discussion

@ K can be chosen using prior knowledge about X.
@ The algorithm can stop merging as soon as all the
between-cluster distances are larger than some fixed R:

@ The binary tree generated in the process is often called
dendrogram, or taxonomy, or a hierarchy of data points.

M . . . .
@ An example of a dendrogram is the tree of life in biology.
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K Means Clustering

( . .
Description

@ Thisis not K Neighbor.

@ Start with random cluster centers.

@ Assign each point to its closest center.

e Update all cluster centers as the center of its points.
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K Means Clustering Diagram

Description
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Distortion
Distortion

@ Distortion for a point is the distance from the point to its
cluster center.

e Total distortion is the sum of distortion for all points.

- " )
\/W\',\ \ Dy =’§d(Xi,Ck*(x,-) (x:))

k* (x) = arg %

k=1.2,..K
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Objective Function

Definition

@ When using Euclidean distance, sometimes total distortion is
defined as sum of squared distances.

Ly 6D

e This algorithm stop in finite steps.

@ This algorithm is trying to minimize the total distortion but

S;ails. ) N4
(tar T il wl‘“?‘* o | o

l -

Contey
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Objective Function Counterexample

Definition
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K Means Clustering 1
Quiz

¥
@ Spring 2%18 Midterm Q5

o Given data {5,7.10.12} and initial cluster centers

B~ {5 and {7, 10, 12}
o C: {5,7,10} and {12}




Unsupervised Learning Hierarchical Clustering K Means Clustering
00 00000000000000 0000000000000

K Means Clustering 2
Quiz

e Spring 2018 Midterm Q5

o Given data {5,7,10, 12} and initial cluster centers \)

hat am iteration?

\,gCB‘:{Srn and (10, 13] c=b,  G=)
{5} and {7,10.,1

o C: {5,7,10} and {12}
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K Means Clustering 3
Quiz

—

K Means Clustering
0000000e000000

QS

@ Given data -2,0, 10 and initial cluster centers ¢c; = —4. ¢ = 1,

what is the initial clusters? —
o A: {#} and -2,0, 10
@ B: -2 and {0,10

e C:-2,0 and {10}
e D:-2,0.10 and {&}

o)
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Total Distortion 1

Quiz R 6

e Given dat@nd initial cluster center 1= —4, CQ;;
what is the witial-total distortion? / /
o A: 0

g 2 1 f’O A% 3,
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/0 K Means Clustering 4
Quiz N A 74

T
;éw)sfcm Ve
—=) k/@m@)
[ e }fw* )j7"/%/ Lo 2 Mbnees

@ Given data -2,0,10 and initial cluster centers aq=-40 =1,
what are the clusters in the next iteration?

o A: {Z} and -2,0,10
e B: -2 and {0, 10} C O/“qu

o C: 2,0 and {10}
ISR

< e D:-2.0.10 and {¥} IO/AU&"’%"Q[ ) )j/(\,
QChnate o
\M W ip(gy@ Pf <7/: S WzY\LL/PM?J

Ft 2= Ao % ¥~
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/\)WTotal Distortion 2\, :
Quiz -

i
e N Ver 610
Ky Yo 2 X Vw2

e Given data -2, 0, 10 and initial cluster centers ¢; = —4. ¢ = 1,
what is the final total distortion?

o A: 0

9 .

e D:13
e E: 15

2
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K Means Clustering

Algorithm

K Means Clustering
00000000000800

Input: instances: {x;}_;, the number of clusters K, and a
distance function d.

Output: a list of clusters C = (7, G, ..., Ck

Initialize t = 0.

(O

K random points

Loop until ¢(t) = ¢(t=1),

CiEt_l) _

(1) _

Cy

{x:k:arg min

1

K'€l2,....

‘Cf(t_l)

Y x

XEC‘,Et_l)

el

(t=1)

X, Cy

)
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Number of Clusters

Discussion

@ There are a few ways tg pick the number of clusters K.
K can be chosen using\@or kn@about X.

© K _can be theone that minimizes distortion? No, when
K =n7distortion = 0.
Bl —

© K can be the one that minimizes distortion + regularizer.

K* =argmkin(D,< +A-m-k-logn)

~—

& Fro-de Qﬂ ﬁ c M
Qsajed constant chosen arbitrarily. e
1
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Initial Clusters
Discussion

@ There are a few ways to initialize the clusters.

@ K uniform random points in {x;}_;. V?f’/f@wo W7

s
F@ 1 uniform random point in {x;};_, as c1 ) then find the

farthest point in {x Xi}i 1 from c{o) as cé ), and find the

farthest point in {x;};_, from the closer of cf ) 9 a

___ cgo), and repeat this K times.

tim Ya

and Cs






