
Purdue University School of Electrical and Computer Engineering
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Name:

• No calculators/computers/handhelds of any sort are allowed.

• No books/notes are allowed except three A-4 size sheets (both sides) is
allowed, two of which you may have from previous exams. Note: after
the exam, you may want to save this sheet.

• Please show all of your work. Answers without justification

are subject to receiving no credit. If you need extra space, you
may use the back of the previous exam page.

• The exam is 90 minutes long. Good luck!

Score:

1. (15 pts.)

2. (20 pts.)

3. (15 pts.)

4. (30 pts.)

Total: (80 pts.)
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Problem 1. (15 points) A random point, P = (X, Y ) is chosen uniformly
on the pictured triangle (with corners at (0,0), (0,1), and (1,0)). In the
following questions, X is the x-coordinate and Y is the y-coordinate of
P .

0 X 1
0

Y

1

P

(a) (3 points) What is the PDF of X? What is the PDF of Y ? Give
the proper limits of where each is zero.

(b) (3 points) What is are the variances V ar[X], and V ar[Y ]? (Your
answers should be numerical values, not variables!)
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(c) (6 points) What is the covariance of X and Y ? What is the cor-
relation coefficient?

(d) (3 points) If it known that the x-coordinate, X, of the point is 0.3,
what is the conditional expectation of its y-coordinate, Y ?
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Problem 2. (20 points) X1, X2, . . . , Xn are n independent random variables,
uniformly-distributed on [0, a]. We have the following estimation rule
for a:

â(x1, . . . , xn) =
2

n

n∑

i=1

xi

(a) (3 points) If the true value of the parameter is a, what is Ea[â(x1, . . . , xn)]?

(b) (2 points) Is the estimation rule unbiased? Show your reasoning.
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(c) (5 points) What is V ar[â(x1, . . . , xn)]? (Hint: First find the vari-
ance of each Xi, then use the formula for the variance of a sum of
variables).

(d) (10 points) Let n = 100. Use the Chevyshev Inequality to find
the interval which has a confidence of 0.99. That is, find δ so that
Pa[|â(x1, . . . , xn) − a| ≤ δ] ≥ 0.99.
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Problem 3. (15 points) Every day, the stock market either goes up by 100
points or down by 100 points. Either outcome is equally likely. We
would like to find how much the market can change in a month (30
days). Let Xi be a random variable represnting the market change in
one day, i.e. P (Xi = +100) = P (Xi = −100) = 1

2
.

Let Y30 = X1 + X2 + . . . + X30 be the market change over 30 days,
where the Xi’s are independent.

(a) (4 points) What is V ar[Y30]? (Hint: First find V ar[Xi]).

(b) (3 points) What is E[Y30]?
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(c) (8 points) What is an upper bound on the probability that the
stock market has changes by more than 1000 points in 30 days?
(Hint: Use Chebyshev).
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Problem 4. (30 points) A stick of length 1 is broken at a random point Y ,
where Y is uniformly-distributed on [0, 1]. Next, the first part of the
stick is taken and broken at a point X chosen uniformly.

(a) (3 points) What is the conditional PDF fX|Y (x|y)? (Make sure
you have the correct ranges where the PDF is zero).

(b) (8 points) We wish to estimate y, given x. What is the maximum
liklihood (ML) estimate of y from x? (i.e. for every value of x,
what is ŷML(x))?
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(c) (8 points) Is the ML estimate biased? Show your reasoning.

(d) (4 points) What is the prior PDF of Y ?

(e) (7 points) What is the maximum a-posteriori (MAP) estimation
rule?
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