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Big Data Analytics
— Week 3: Hierarchical Clustering —

Knowledge Discovery and Data Mining
Prof. Dr. Emmanuel Mdller
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From Partitioning to Hierarchical Clustering ﬂ Inatinat

m Global parameters to separate all clusters with a partitioning clustering
method may not exist

hierarchical largely differing
cluster structure densities and sizes

» Need a hierarchical clustering algorithm in these situations
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Hierarchical Clustering: Basic Notions ﬂmﬂti?ftr

Hierarchical decomposition of the data set (with respect to a given similarity measure)
into a set of nested clusters

Result represented by a so called dendrogram (greek dsvépo = tree)
m Nodes in the dendrogram represent possible clusters

m can be constructed bottom-up (agglomerative approach) or
top down (divisive approach)

Step O Step 1l Step2 Step3 Step 4
' ' ' ' ' > agglomerative

divisive
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Hierarchical Clustering: Example ﬂ |n§ti?§tr

Interpretation of the dendrogram

m The root represents the whole data set

m A leaf represents a single object in the data set

m An internal node represents the union of all objects in its sub-tree

m The height of an internal node represents the distance between its two child nodes

distance
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Agglomerative Hierarchical Clustering

Initially, each object forms its own cluster
Compute all pairwise distances between the initial clusters (objects)

Merge the closest pair (A, B) in the set of the current clusters into a
new clusterC=AuUB

Remove A and B from the set of current clusters;
insert C into the set of current clusters

If the set of current clusters contains only C
(i.e., if C represents all objects from the database): STOP

Else: determine the distance between the new cluster C and all other
clusters in the set of current clusters; go to step 3.

Requires a distance function for clusters (sets of objects)

Hasso
Plattner
Institut

Prof. Dr. Emmanuel Miller 5



Hasso
Single Link Method and Variants ﬂ Inetitut

Given: a distance function dist(p, g) for database objects

The following distance functions for clusters (i.e., sets of objects) X and Y
are commonly used for hierarchical clustering:

Single-Link: dist _slI(X,Y) = min_dist(x,Yy)
xeX,yeY
Complete-Link: dist _cl(X,Y) = max dist(Xx, y)
) 1 ]
Average-Link: dist_al(X,Y) = - D dist(x,y)
| X[ 1Y | wexTer
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