
Exercise Multinomial 

p  Consider the following training set 
n  D1: "American Boston American" -> Class=Y 
n  D2: "American American Chicago" -> Class=Y 
n  D3: "American Washington" -> Class=Y 
n  D4: "Rome Italy American" -> Class=N 

p  Estimate P(xk|c), the probability of occurrence of the word 
xk in documents in class c as described in the next slide (α 
=1),  

p  What is the predicted class of the following test document? 
n  D5: "American American American Rome Italy" 

p  Remember that  
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Multinomial Naïve Bayes: Learning 

p  From training corpus, extract Vocabulary 
p  Calculate required P(cj) and P(xk | cj) terms 

n  For each class cj in C do 
p  docsj ← subset of documents for which the target 

class is cj 

n  Textj ← single document containing all docsj 

p  for each word xk in Vocabulary 
p  njk ← number of occurrences of xk in Textj 

p  nj ← number of words in Textj 
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Exercise Multivariate 

p  Consider the same training and test set of the previous 
example 

p  Predict the class of the test set using the Multivariate 
Bernoulli model 

p  What are the features Xi in this model? What are the values 
xi of these variables? 

p  Estimated P(Xi=xi | cj) as follow – k is the number of 
possible values for Xi 

p  N(Xi=xi, C=cj) is the number of documents that have value 
xi for features Xi and are in class cj. 
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Exercise 13.1, 13.2 

p  13.1: Training time for NB is O(|C||V| + |D|Lave). 
Why is |C||V| < |D|Lave expected to hold for most text 
collections? Use the Heap's Law: |V|=knb, where 
k=70, b=0.5, and n is the number of tokens in the 
collection 
n  |C|-#classes, |V|-voc. size, |D|-#documents –Lave 

is avg. document length 
p  13.2: Which of the documents in Table 13.5 have 

identical and different bag of words representations? 
Do they have the same representation for (i) the 
Bernoulli model, and (ii) the multinomial model? 



Exercise 13.3 

p  Table 13.3 gives the Bernoulli and multinomial 
estimates for the word "the"  

p  Explain the difference: 
n  P(X = the | c) ≈ 0.05 Multinomial 
n  P('the' is present | c) ≈ 1.0 Multivariate 



Exercise  

p  Consider the example 13.3 (in the book) 
p  Compute the Chi-square statistic using equation 

(13.19) (use excel) and check that it is 284 
p  Compute E10, E01, E00 and check that you have 

the same results as in the example 13.4. 



Exercise 13.6 

p  Assume a situation where every document in the 
test collection has been assigned exactly one 
class, and that a classifier also assigns exactly 
one class to each document. 

p  This setup is called one-of classification (Section 
14.5, page 306).  

p  Show that in one-of classification the total 
number of false positive decisions (for all classes) 
equals the total number of false negative 
decisions (for all classes). 


