
CS 434a-654b
Assignment 1 (Due Feb. 1)

Problem 1 (15%): Suppose random variable X has density proportional to 1000-x3 on the 
interval from 0 to 10, and 0 outside this interval. That is the density  of  X is 
p(x) = const*(1000- x3) between 0 and 10. 

(a) Find the value of const.
(b) Find the mean and the variance of X. 
(c) Find the Pr[-1< X <3]

Instructions: Hand in all the work you do.  This should include matlab code, print outs of graphs, if any, and 
written answers.  Also, the matlab code should be emailed to me as scripts or function files.  Make sure your email 
includes your name in the subject, and explanation which scripts go with which problem in the body of the email. The 
paper copy of the homework should be put in the locker #87 in the basement of the Middlesex college building by the 
midnight of the due date. Please note that for the undergraduate students, the maximum score is 100, and for 
graduate students, the maximum score is 120. (Of course, a score of 100 for undergrads is 100% on the homework, 
and for graduate students the score of 100 is just 83%)

Problem 2 (20%): The following distribution is called a one dimensional Cauchy distribution. 
It has parameters a and b. 

(a) Write a matlab function which takes as an input parameters a and b and plots Cauchy 
density with these parameters. Your function should choose the appropriate range 
automatically.  That is the graph should be centered at the peak of the distribution, and 
the area under the plotted curve in the range that you chose should be close to 1.  Since 
p(x) is a density function, this means that all the interesting range will be on the plot. To 
find out the area under the plotted curve, use matlab function trapz, which performs 
numerical integration. Another way to choose an appropriate range is to make the range  
depend on parameters a and b (this dependence you should figure out on your own). 
Your function should return the approximate area under the plotted curve using the 
matlab function trapz.
(b)  At what value of x the density has it peak (the maximum value)? 
(c)  What is the role of parameters a and b ?  In other words, how does the density 
change with the change of a and b ?
(d) Compare the Cauchy distribution with a normal distribution
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Problem 4 (35%): Suppose we have a three class univariate (one feature per example) 
classification problem, with 
P(x|c1) having N(1,2) distribution, 
P(x|c2) having N(3,2) distribution, 
P(x|c3) having N(0,2) distribution, 
Assume that prior probabilities for all the classes are equal.
(a)  Determine the optimal decision rule for minimizing the probability of error and give 
decision boundaries
(b)  Approximate the theoretical probability of error using numerical integration in matlab 
(use matlab function trapz or quad).
(c) Generate a test of 100 examples (using matlab function randn()) from each class and 
classify each example according to the decision rule in (a). Compute the error rate (the 
proportion of all misclassified examples. An example is misclassified if the class you 
assigned it using the rule in (a) is different from the true label).
(d) Repeat (c) for 1000 and 10,000 examples per class and discuss your results.

Problem 3 (30%):  Suppose we have a 2 class univariate (one feature) classification 
problem. The probability distributions for the 2 classes are given, respectively, by N(20,4) 
and N(10,8).  The prior probability of class 1 is 1/3 and the prior probability of class 2 is 
2/3. 

(a) Design the  MAP classifier for this problem. Plot the decision regions for class 1 
and class 2 (that is for which range of x you are going to decide class 1 and for 
which range of x you are going to decide class 2)?

(b) Suppose now we add additional information that the loss of deciding class 1 when 
a sample is actually of class 2 is 100. The loss of deciding class 2 when a sample 
is actually of class 1 is 2. The loss for deciding the correct class is 0.Use the 
likelihood ratio (slide 51 in lecture 2) design the optimal Bayes classifier. Plot the 
decision regions for class 1 and class 2. Discuss the difference in decision 
boundaries between (a) and (b).

(c) Draw 10,000 samples from each distribution and label each sample according to 
the class it came from.  Now classify each sample using the likelihood ratio in step 
(a).  Compute the classification error.  Look at the misclassified samples. What 
percent of misclassified samples is classified as class 1, and what percent is 
classified as class 2?

(d) Suppose now that the prior probabilities changed. The prior probability for class 1 
is 0.99, and the prior probability for class 2 is 0.01.  Repeat steps (c) under the 
new condition. Look at the misclassified samples .What percent of misclassified 
samples is classified as class 1, and what percent is classified as class 2?  Can 
you make any conclusions?

Hint: Matlab function randn()  gives one sample from N(0,1).  If X has density N(0,1), then
aX+b has density N(b,a2) for constants a and b.



10.

Problem 5, 10% (extra credit for undergrads, required for the graduate 
students):  Problem 10 on page 67.  Note that the textbook uses notation wi for the class, 
and we use ci

Problem 6, 10% (extra credit for undergrads, required for the graduate 
students): Problem 12 on page 68. Note that the textbook uses notation wi for the class, 
and we use ci .Also c is the total number of classes.


