
Assignment 2: Naïve Bayes Classifier and Optimal Bayes Error
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Answer for (b)
a) P(Hike) = P(~Hike) = 0.5

Conditional Probability P(Sunny | Hike) and P(Sunny | ~Hike):

	Hike
	Sunny
	

	
	T
	F

	T
	0.8
	0.2

	F
	0.7
	0.3



Conditioinal Probability P(Windy | Hike) and P(Windy | ~Hike)


	Hike
	Windy
	

	
	T
	F

	T
	0.4
	0.6

	F
	0.5
	0.5




Joint Probability and Loss

	Sunny
	Windy
	P(Hike)
	P(~Hike)
	Loss - P(error)

	0
	0
	0.06
	0.075
	0.06

	0
	1
	0.04
	0.075
	0.04

	1
	0
	0.24
	0.175
	0.175

	1
	1
	0.16
	0.175
	0.16
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1. [5 points] Consider the learning function X — Y, where class label Y € {T, F}, X = (X1, Xs,..., Xa)
where X, is a boolean variable and {Xa,...,Xa} arc continuous variables. Assume that for cach
continuous X;, P(X;[Y’ = y) follows a Gaussian distribution. List and give the total number of the
parameters that you would need to estimate in order to classify a future example using a Naive Bayes
classifier. Give the formula for computing P(Y|X) in terms of these parameters and feature variables
X.

2. [15 points] Consider a simple learning problem of determining whether Alice and Bob from CA will
go to hiking or not Y : Hike € {T,F} given the weather conditions X, : Sunny € {T,F} and
X, : Windy € {T,F} by a Naive Bayes classifir. Using training data, we estimated the param-
cters P(Hike) = 0.5, P(Sunny|Hike) = 0.8, P(Sunny|~Hike) = 0.7, P(Windy|Hike) = 0.4 and
P(Windy|~Hike) = 05. Assume that the true distribution of Xy, X, and Y satisfies the Naive
Bayes assumption of conditional independence with the above parameters.

(a) Assume Sunny and Windy are truly independent given Hike. Write down the Naive Bayes
decision rule for this problem using both attributes Sunny and Windy.

(b) Given the decision rule above, what is the expected eror rate of the Naive Bayes classifier? (The
expected error rate is the probability that cach class generates an observation where the decision
rule s incorrect.)

(¢) What is the joint probability that Alice and Bob go to hiking and the weather is sunny and windy,
that is P(Sunny, Windy, Hike)?




