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 Partition a collection of documents into a given 
number of clusters 

 Try to find inherent structure in the data 

 Expose this structure as a set of groups 

 Elements of a group should be similar 

 Different clusters should be disimilar 



 A document is a point in multi-dimensional space 
represented by a vector 

 Each dimension corresponds to a term in the 
document 

 The position along a dimension is based on the 
frequency of the term in the document compared to 
the frequency in the dataset 

 Term i  weight in document j: 

 

 

 



 Two most common metrics: 
 Euclidean distance 

 

 

 

 Cosine  correlation 
 



1. Randomly select cluster centroid vectors to set an 
initial dataset partition 

2. Assign each document vector to the closest cluster 
centroids 

3. Recalculate the cluster centroid vector using 

 

 

4. Unless convergence is achieved GOTO 2 



 Common convergence conditions: 
 Maximum number of iterations reached 

 No change from previous iteration 

 Deterministic – execution on the same dataset with 
the same initial centroids will give the same result 

 Poor selection of initial centroids can cause K-means 
to get trapped in a local optima 

 Very fast! Usually 10-20 iterations required 



 Each particle represents a complete clustering 
solution, i.e. a collection of cluster centroid vectors. 

 The fitness function computes the average distance of 
documents to the cluster centroid (ADDC) 

 

 

 

 

 Stop after max iterations or average change below 
threshold 



 K-means very fast, but can get trapped in local optima 
 10-20 iterations for convergence 

 PSO very parallel and better results, but needs many 
more iterations 
 500+ iterations for convergence 

 What to do? 



 Stitch them together into an optimizing monstrosity 
of course! 

 Do PSO for a while to get particles near global 
optimum (50-100 iterations) 

 Then finish with K-means to converge 



 Datasets from Text Retrieval Conference (TREC) 
collections 

 Stripped of very common words (a, the, in, to, I, he, 
she, it) 

 Different forms of a word are reduced to one canonical 
form using Porter’s algorithm (things -> thing) 

 Each algorithm gets 100 iterations 
 Hybrid PSO split: 90 PSO, 10 K-means 








