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Consider the binary communication channel shown in the Fig.1. The channel input symbol
X may assume the state 0 or the state I, and, similarly, the channel output symbol ¥ may
assume either the state 0 or the state 1. Because of the channel noise, an input 0 may
convert to an output 1 and vice versa. The channel is characterized by the channel
transition probabilities pg, go, p1 and g, defined by po= P(y1[x0), p1 = P(volx1), ge=P(0lx¢) and
q1=P(y1[x1), where xo and x; denote the events X'= 0 and X = 1, respectively, and y, and y;
denote the events Y= 0 and ¥'= 1, respectively. Notethatpy+qgo=1=p|+gq.
Let P(xp) = 0.5, po= 0.1, and p;=0.2.
(a) Find P(yp) and P(yy).
(/) If a0 was observed at the output, what is the probability that a 0 was the input state?
(¢) 1Ifal was observed at the output, what is the probability that a 1 was the input state?
(d) Calculate the probability of error P,.

o
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P1
X Y
Po
1 1
q:
Fig. 1 (15%)
A mixed type(continuous and discrete) random variable X is defined by the cumulative
0 =x<0
distribution function (cdf) F,(x)={7x 0<x<l.
k 1<x

() Find the value of k.
(b) Find the probability density function(pdf) corresponding to the cdf.

(¢) Find (1) P(—i— <X = 1) ;i) JP(,,1 <X <1); and (ii1)P(X > 2). (15%)

Arandom variable X is uniformly distributed in the interval [1, 4]. Find and sketch the

probability density function(pdf) of the random variable ¥=-3X+ 5. {(10%)
(@mmAAE)
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. Afair dieisrolled. Find the expected number of spots up and the variance of the number of
spots up. {(15%)
. Two random variables have joint pdf
fﬂ(x,y):{c, X4yt Sl,x>.-0,y>0
0, otherwise

(@) Find the constant C.

(b) Find E(XY), E(X), and E(Y).

(¢} Are these random variables uncorrelated? (15%)
. Let Y=sin(X), where X is uniformly distributed over [0, 2r]. Find the mean and variance of
Y. {15%)
. Let X and Y be independent random variables, each uniformly distributed over [0, 1].
LetZ=X+Y, W=X-Y. Find the marginal pdf’s of Z and V. (15%)



