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Outline

• Introduction to clustering

• K-means



What is clustering?

• The organization of unlabeled data into  

similarity groups called clusters.

• A cluster is a collection of data items which  

are “similar” between them, and“dissimilar”  

to data items in otherclusters.



Historic application of clustering



Computer vision application:  

Image segmentation



What do we need for clustering?



Distance (dissimilarity) measures

 They are special cases of Minkowski distance:

(p is a positive integer)

m

jkik

1



p 

p




 x xk1
dp(xi,x j)



How many clusters?



K-Means clustering

• K-means (MacQueen, 1967) is a partitional clustering 

algorithm

• Let the set of data points Dbe {x1, x2, …, xn},

where xi = (xi1, xi2, …, xir) is a vector in X  Rr, and r isthe

number of dimensions.

• The k-means algorithm partitions the given data into

k clusters:

– Each cluster has a cluster center, called centroid.

– k is specified by the user



K-meansalgorithm

• Given k, the k-means algorithm works asfollows:

1. Choose k (random) data points (seeds) to be theinitial 

centroids, cluster centers

2. Assign each data point to the closestcentroid

3. Re-compute the centroids using the currentcluster  

memberships

4. If a convergence criterion is notmet, repeat steps 2 and 3



K-means convergence (stopping)  

criterion

– Cj is the jthcluster,

– mj is the centroid of cluster Cj (the mean vector of all the  
data points in Cj),

– d(x, mj) is the (Eucledian) distance between data pointx
and centroid mj.

• no (or minimum) re-assignments of data pointsto  
different clusters, or

• no (or minimum) change of centroids,or

• minimum decrease in the sum of squarederror (SSE),
k
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K-means clustering example:  

step 1



K-means clustering example –

step 2



K-means clustering example –

step 3



K-means clustering example



K-means clustering example



K-means clustering example



Why use K-means?

• Strengths:

– Simple: easy to understand and to implement

– Efficient: Time complexity: O(tkn),  

where n is the number ofdata points,  

k is the number of clusters,and

t is the number of iterations.

– Since both k and t are small. k-means is considered a linear

algorithm.

• K-means is the most popular clusteringalgorithm.

• Note that: it terminates at a local optimum if SSEis used.  

The global optimum is hard to find due tocomplexity.



Weaknesses of K-means

• The algorithm is only applicable if the meanis  
defined.

– For categorical data, k-mode - the centroid is  
represented by most frequent values.

• The user needs to specifyk.

• The algorithm is sensitive to outliers

– Outliers are data points that are very faraway  
from other datapoints.

– Outliers could be errors in the data recording or  
some special data points with very differentvalues.


