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Lab4.1 – Goals

• Load microarray data from a MySQL
database into a data structure in memory

• Implement a k-means algorithm to cluster the 
data into 2 clusters

• Address inherent problems with k-means
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Introduction to the data – Science 286:531-537. (1999).

• Golub 
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Introduction to the data

• Golub et al Science, 1999
– http://www.broad.mit.edu/cgi-bin/cancer/publications/pub_paper.cgi?mode=view&paper_id=43

• 6817 genes tested in leukemia patients
• 2 known classes of leukemia for training data

– ALL (acute lymphoblastic leukemia) 
• 19 samples

– AML (acute myeloid leukemia)
• 11 samples

• Training data are ‘labeled’ with these classes
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Scientific question

• Can molecular profiles of the ~7000 genes be 
used to cluster the patients into 2 distinct 
‘groups’ or classes?
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Introduction to the database

• All data are pre-loaded into a MySQL
database

• 4 tables to model the data
– class, sample, gene, expression
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Database relations
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Data Structure

• GolubSample class 
– Holds the expression data for all genes for 1 

sample
– Has a String sampleName
– Has a String cancerClass
– Has a HashMap geneExpressionMap

• Keys = gene_id’s from the gene table
• Values = value from expression table
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Database API

• GolubDb.java
– Methods to interact with the database

• ArrayList getAllSampleIds()
• String sampleId2SampleName()
• String sampleId2ClassName()
• GolubSample sampleId2GolubSample(int sampleId)
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KMeans.java

• ‘Global’ variables:
private static int ITERATIONS = 10;
private static GolubDb golubDb;
private static HashMap sampleData;
private static HashMap clusterAssignments;
private static HashMap distanceToAssignedCluster;
private static GolubSample mean1;
private static GolubSample mean2;
private static GolubSample std1;
private static GolubSample std2;
private static ArrayList cluster1;
private static ArrayList cluster2;
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Exercises
Implement 
a) KMeans.calculateMean(ArrayList cluster, 

Collection keys)
• Take the mean of the expression values for each gene in the cluster
• Use the keys to iterate through the geneExpressionMap HashMap

b) KMeans.calculateStandardDeviation(ArrayList cluster, 
Collection keys)

• Take the standard deviation of the expression values for each gene in 
the cluster

• Use the keys to iterate through the geneExpressionMap HashMap
• Sum(x_i-u_i)^2/(N-1)
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Exercises

Implement
c) GolubSample.normalise(GolubSample mean, 

GolubSample standardDeviation)
• Normalise the data in ‘this’ by subtracting the mean and dividing by the standard 

deviation

d) GolubSample.computeDistance(GolubSample golubSample)
• Compute the Euclidean distance from ‘this’ to the parameter golubSample
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Run the program

1. Use random intialisation of the centroids
2. Set the centroids manually as arguments to 

the program
3. Observe the differences

• What is different and why?
4. Try different numbers of iterations

• How many iterations are needed to converge?
• Why is this a good/bad thing?
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Code location

• http://www.bioinformatics.ca/dtt2004/lab4_1
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