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Clustering



Clustering(Refresh)

• Clustering techniques apply when there is no class to be predicted.

• The instances are to be divided into natural groups.

• These groups reflect some common properties (patterns) of the
instances grouped together.

• Clustering naturally requires different techniques than classification.

• What algorithms do you already know?
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Clustering - Hierarchical Clustering

• Creates a hierarchical structure above the objects from the dataset.

• The different levels of clustering granularity provide different
application-specific insights to the data.

• Hierarchical organization of the data allows even better flat cluster
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Clustering - Hierarchical Clustering - Algorithm types

• Bottom-up (agglomerative) methods
• Individual data objects are agglomerated into higher level clusters.
• Objective function is used for computing similarity.

• Top-down (divisive) methods
• Partitioning of the data objects into tree-like structure.
• A flat clustering algorithm may be used for the partitioning in a given
step.

• A trade-off in balance of the tree between number of clusters and the
number of objects in each cluster/leaf.
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Clustering - Hierarchical Clustering - Agglomerative Methods
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Clustering - Hierarchical Clustering - Agglomerative Methods

• Iterative approach starting with individual data object.

• Two clusters are merged in each iteration.

• Each merging step reduces the number of clusters by one.

• A carefully selected measure for computation of the distance between
individual objects need to be defined.

• A proper strategy for measuring the distance between clusters need
to be defined also.

• A distance matrix should be stored in a memory, the computational
complexity increases when not.
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Clustering - Hierarchical Clustering - Agglomerative Methods

Algorithm 1: AgglomerativeMerge(Dataset: D)
1 begin
2 Initialize n× n distance matrix M using D;
3 repeat
4 Pick the closest pair of clusters i and j using M;
5 Merge clusters i and j;
6 Delete rows/columns i and j from M and create a new row and

column for newly merged cluster;
7 Update the entries of the new row and column of M;
8 until termination criterion;
9 return current merged cluster set
10 end

6



Clustering - Hierarchical Clustering - Agglomerative Methods

Group Similarity Computation
• Distance between two groups of objects need
to be computed.

• The distance is a function of the distances
between all pairs of objects from different
clusters.

D(Ci, Cj) = func∀x∈Ci,∀y∈Cj (d(x, y))

• Each criterion has different advantages and
disadvantages.
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Clustering - Hierarchical Clustering - Agglomerative Methods

• Best (single) linkage.
• The distance is equal to the minimum distance between all pairs of
objects.

• Its corresponds to the closes pair of objects between the two groups.

• Very efficient approach in discovering clusters of arbitrary shape.

• Very sensitive to noise that connects different clusters.

D(Ci, Cj) = min
∀x∈Ci,∀y∈Cj

{d(x, y)}
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Clustering - Hierarchical Clustering - Agglomerative Methods

• Worst (complete) linkage:
• The distance is equal to the maximum distance between all pairs of
objects.

• Its corresponds to the farthest pair of objects between the two groups.

• This criterion attempts to minimize the maximum diameter of a cluster.

D(Ci, Cj) = max
∀x∈Ci,∀y∈Cj

{d(x, y)}
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Questions?


