
EE 3025 S2005 Homework Set #6
(due 10:10 AM Friday, March 11, 2005)

Directions: Work all 5 problems. We will grade Problem 1 and will randomly choose two
of the other problems for grading.

1. Go to Example 10 of the Recitation 6 instructions. You are going to use the discrete
channel given there. The PMF of the channel input RV X is speci�ed. From this, you
can compute the joint PMF of (X; Y ) where RV Y is the channel output in response to
input X. In this problem, you are going to simulate the performance of every possible
detector that can be inserted at the receiving end of the channel according to the
following block diagram:

X ! channel ! Y ! detector ! X̂

Each detector takes the form

Y = 0 ) X̂ = a

Y = 1 ) X̂ = b

Y = 2 ) X̂ = c

where a; b; c are each chosen from the set of possible channel inputs f0; 1; 2g. There
are therefore

3 � 3 � 3 = 27

di�erent detectors that could be used. Of course, exactly one of them will give the
minimum probability of error performance P [X 6= X̂]; this is the MAP detector.

(a) Using the technique of Section 17.2 of the class notes, determine the a; b; c values
for the MAP detector and calculate the prob of error P [X 6= X̂] for the MAP
detector.

(b) Using the Matlab script given in Example 10 of Recitation 6, generate (using
Matlab) a vector x and a vector y, each consisting of 50000 entries, simulating
50000 independent trials in which a channel input (value of X and entry of x) is
simulated and the resulting channel output (value of Y and corresponding entry
of y) is simulated. There is nothing for you to hand in regarding part(b) just
stated, but as a result of part(b), you will have stored the vector x and the vector
y in Matlab memory.

(c) Write a Matlab script which will estimate the probability of error for each of the
27 possible detectors. The script should estimate the 27 error probs P [X 6= X̂]
using the same x and the same y generated as the result of part(b). (That is,
do not re-generate x and y each time you are testing a new detector.) Turn in
printout of your script as part of your solution to this problem.

(d) Run your script from part(c). Form a table with two columns. In the left column
of your table you list the 27 possible a; b; c values. In the right column, you list
the estimated prob of error P [X 6= X̂] corresponding to each left column entry.
Turn in your table as part of your solution to this problem.



(e) Did the MAP detector in your left column give the smallest right column entry?
(If it did not, this may have happened not because of an error on your part but
because the MAP detector has a close competitor which beat it on this particular
set of 50000 independent trials. In that case, you can re-run part(b) and part(d)
to see if the MAP detector comes out best this time. Of course, if your MAP
detector continues to lose out on run after run, then you've probably made an
error somewhere.)

2. Let R be the triangular region in the �rst quadrant of the xy-plane bounded by the lines
x + y = 2, x = 0, and y = 0. Suppose (X; Y ) is a pair of RV's jointly continuously
distributed in R. Suppose the joint CDF satis�es

FX;Y (x; y) = Cx2y2; (x; y) 2 R;

where C is a positive constant.

(a) Find C and �nd the expression for the joint PDF fX;Y (x; y) valid in R.

(b) Let S be the L-shaped region formed by connecting up the points

(0; 0); (0; 1:5); (:5; 1:5); (:5; :5); (1:5; :5); (1:5; 0); (0; 0) (1)

with straight line segments (these straight line segments form the perimeter of S).
Compute P [(X; Y ) 2 S] by taking the appropriate linear combination of the joint
CDF evaluations at the points(1). (DO NOT USE the joint PDF to compute this
probability.)

(c) Compute FX;Y (1:5; 1:5).

3. With regard to a certain electrical circuit, we have a current I and a resistance R which
are modeled as RV's that are jointly continuously distributed with joint density

fI;R(i; r) =

(
Cir(1� r); 0 � i � 3; 0 � r � 1

0; elsewhere;

where C is a positive constant.

(a) Determine whether or not the RV's I and R are statistically independent.

(b) Compute E[IR], the expected voltage that is generated by the circuit.

(c) Compute E[I2R], the expected power that is dissipated by the circuit.

4. Let U; V be discrete RV's satisfying

P [U = 2; V = 0] = 0:1

P [U = 1; V = 1] = 0:1

P [U = 3; V = 1] = 0:4

P [U = 2; V = 2] = 0:4

Let X be the RV X = U + V .



(a) Compute P [X = 2jU = 2] and P [X = 2jU = 1]. Are X and U independent?

(b) Compute the correlation E[XU ].

(c) Compute the covariance Cov[X;U ].

(d) Compute the correlation coeÆcient �X;U .

5. Let R be the triangular region in the �rst quadrant of the xy-plane bounded by the lines
x+ y = 1, x = 0, and y = 0. Let (X; Y ) be jointly continuously distributed with joint
PDF as follows:

fX;Y (x; y) =

(
6(1� x� y); (x; y) 2 R

0; elsewhere

(a) Compute the correlation E[XY ].

(b) Compute the covariance Cov[X; Y ].

(c) Compute the correlation coeÆcient �X;Y .

Supplementary Problems: (not to hand in) From the textbook, you can try Problems
4.4.4, 4.7.1, 4.7.3, 4.7.8, 4.7.11


