
Instructor: Mehdi Maadooliat

Department of Mathematical and Statistical Sciences

MATH 4750 / MSSC 5750

K-MEANS AND 
HIERARCHICAL
CLUSTERING

Slides are mostly borrowed from 
Ryan Tibshirani Data Mining 

Class Notes



OUTLINE

 K-Means Clustering
 Dissimilarity and within-cluster scatter

 Hierarchical clustering
 Agglomerative vs Divisive
 Single linkage
 Complete linkage
 Average linkage
 Centroid linkage
 MiniMax linkage

 Choosing the number of clusters
 Within-cluster variation
 Between-cluster variation
 CH index
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DON'T CONFUSE CLUSTERING AND 
CLASSIFICATION!

• In classfication, we have data for which the groups are 
known, and we try to learn what differentiates these 
groups (i.e., classification function) to properly classify 
future data

• In clustering, we look at data for which groups are 
unknown and undefined, and try to learn the groups 
themselves, as well as what differentiates them
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DISSIMILARITY AND 
WITHIN-CLUSTER SCATTER
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SIMPLE EXAMPLE
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FINDING THE BEST GROUP ASSIGNMENTS
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REWRITING THE 
WITHIN-CLUSTER SCATTER
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REWRITING THE MINIMIZATION
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K-MEANS ALGORITHM
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K-MEANS EXAMPLE
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PROPERTIES OF K-MEANS
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K-MEANS EXAMPLE, MULTIPLE RUNS
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FROM K-MEANS TO 
HIERARCHICAL CLUSTERING

13



AGGLOMERATIVE VS DIVISIVE
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SIMPLE EXAMPLE
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SIMPLE EXAMPLE CONT…
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WHAT'S A DENDROGRAM?
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LINKAGES
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SINGLE LINKAGE
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SINGLE LINKAGE EXAMPLE
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COMPLETE LINKAGE
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COMPLETE LINKAGE EXAMPLE
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AVERAGE LINKAGE
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AVERAGE LINKAGE EXAMPLE
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SHORTCOMINGS OF SINGLE, COMPLETE 
LINKAGE
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SHORTCOMINGS OF AVERAGE LINKAGE
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EXAMPLE OF A CHANGE WITH 
MONOTONE INCREASING TRANSFORMATION
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CENTROID LINKAGE
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CENTROID LINKAGE EXAMPLE
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SHORTCOMINGS OF CENTROID LINKAGE

30



MINIMAX LINKAGE
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MINIMAX LINKAGE EXAMPLE
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PROPERTIES OF MINIMAX LINKAGE
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LINKAGE SUMMARY
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HOW MANY CLUSTERS?
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THIS IS A HARD PROBLEM
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REMINDER: WITHIN-CLUSTER VARIATION
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THAT'S NOT GOING TO WORK
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BETWEEN-CLUSTER VARIATION
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EXAMPLE: BETWEEN AND WITHIN 
CLUSTER VARIATION
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STILL NOT GOING TO WORK
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CH INDEX
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EXAMPLE: CH INDEX
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QUESTIONS?

•ANY QUESTION?
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