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Problem  1.  Unsupervised Learning by Clustering [20 points] 
 
Consider the following information about distances (in kilometers) between pairs of 9 cities:  
 

  TYO DEL SHA  BJ MUM OSA DHK CCU SEL 

TYO 0 5847 1767 2099 6740 403 4894 5138 1156 

DEL 5847 0 4243 3777 1163 5476 1425 1304 4686 

SHA 1767 4243 0 1070 5039 1364 3161 3403 871 

BJ 2099 3777 1070 0 4756 1777 3026 3266 956 

MUM 6740 1163 5039 4756 0 6355 1895 1664 5608 

OSA 403 5476 1364 1777 6355 0 4500 4744 821 

DHK 4894 1425 3161 3026 1895 4500 0 244 3793 

CCU 5138 1304 3403 3266 1664 4744 244 0 4038 

SEL 1156 4686 871 956 5608 821 3793 4038 0 

 
The (latitude, longitude) locations of these cities are: TYO (35.7, 139.7), DEL (28.7, 77.2), SHA (31.2 
121.5), BJ (39.9, 116.4), MUM (19.1, 72.9), OSA (34.7, 135.5), DHK (23.8, 90.4), CCU (22.6, 88.4), and SEL 
(37.6, 127).   
 
 
(a) [10]  Perform (manually) hierarchical agglomerative clustering using single-linkage and the distance 

data in the above table.  
(i) [8]  Show the resulting dendrogram.  
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(ii) [2]  What clusters of cities are created if you want 3 clusters? 
  

(DEL, MUM) – (CCU, DHK) – (BJ, OSA, TYO, SEL, SHA) 
 
(b) [10]  Show the results of one (1) iteration of k-means clustering assuming k = 2 and the initial cluster 

centers are c1 = (38.0, 127.0) and c2 = (27.0, 117.0).    
(i) [3]  Give the list of cities in each of the initial 2 clusters.  

 
c1=(TYO, OSA, SEL, BJ), c2=(DEL, SHA, MUM, DHK, CCU) 

 
(ii) [4]  Give the coordinates of the new cluster centers.  

 
c1_new = (36.975,129.65), c2_new =  (25.08, 90.08) 
 

(iii) [3]  Give the list of cities in the 2 clusters based on the new cluster centers computed in (ii).  
 

c1=(TYO, SHA, OSA, SEL, BJ), c2=(DEL, MUM, DHK, CCU) 

 
 
 
 
 
Problem 2.  Decision Tree Pruning [15 points] 
A given classification task has two classes, C1 and C2.  There are two continuous, real-valued attributes 
called A and B.  Given a set of training examples (aka instances), the following decision tree was built:    
 

 

Each non-leaf node represents a test using one of the attributes. The numbers in braces at each non-leaf 
node correspond to the number of training examples that reach that node, where {x:y} means that a 
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total of x+y training examples reached a node, x of them were in class C1 and y of them were in class C2.  
Each leaf node contains the class associated with all examples that reach that node.   
 
Given the above tree, you are provided with the following Tuning Set:   
 

A B Class 

0.5 0.27 C1 

0.41 0.54 C2 

0.95 0.3 C2 

0.25 .62 C1 

0.32 0.81 C2 

 
Now answer the following questions: 
 
(a) [3] What is the classification accuracy of the Tuning Set using the given decision tree?   

3/5 = 60% 
 

(b) [10] Show the classification accuracy on the Tuning Set after removing each non-leaf node (including 
the root) and replacing it with a leaf node that has the majority class of the training examples 
associated with that node.  Since there are four non-leaf nodes in the above decision tree, your 
answer should show four new decision trees as a result of removing each of the four non-leaf nodes 
independently.   

 
2/5 = 40%            2/5 = 40%                          3/5 = 60%                                    4/5 = 80% 
 
(c) [2] Based on your answers in (b), which non-leaf node should be pruned first?  

The A>= 0.35 node should be pruned first because it leads to the highest accuracy 


