
EE126: Probability and Random Process Problems for Discussion Week #4

Problem 1. The joint PMF of two discrete r.v.s X and Y is

pX,Y (x, y) =
{

1/9, 1 ≤ x, y ≤ 3;
0, otherwise.

Now define a new r.v. Z = X + Y , compute PZ(4). Compute E(Z) using
∑6

z=2 zpZ(z) and
∑

x,y(x +
y)pX,Y (x, y). By looking at a 2D plot where horizontal axis is x and vertical axis is y, can you explain why
intuitively those two quantities are equal?
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Problem 2. (Motivation of looking at the functions of r.v.s)
Now we have two transmitting antennas on base station and one receiving antenna on cell phone, creating
two independent wireless links from base station to a cell phone. Each link has a probability 0.9 to be in
good state, in which the link speed is rg = 100kbps, and a probability 0.1 to be in bad state in which the
link speed is rb = 1kbps. At any time, base station can only use one transmitting antenna to transmit bits
to a cell phone. To get a good performance, the base station measure the qualities of two wireless link1 and
always transmit bits on the best link. To transmit a packet of 10000 bits from the base station to a cell
phone, what is the average transmission time? What is the average transmission rate? Compare them to
the case always using only one antenna, what do you get?

Problem 3. (Why X + Y interests us)
On Internet, an e-mail will go through n routers to reach the receiver. Suppose now a router has a probability
p to be in congestion state, in which the queuing delay is 10 second, and a probability 1 − p to be in non-
congestion state, in which the queuing delay is 0.01 second. Assuming the end-to-end delay consists of
queuing delay only, we are interested in the end-to-end delay of an e-mail for the case n = 2, p = 0.1.
a) Suppose the routers are independent to each other, what is the average end-to-end delay of an e-mail?
b) Suppose in one day these two routers are under hacker’s attack. The second router is congested with
probability q1 = 0.8 if the first router is congested, and it is congested with probability q2 = 1/45 if the first
one is not congested. What is the average end-to-end delay of an e-mail?
c) Of the two variances of the end-to-end delays in part a) and b), which one do you think is larger?

1thus base station know whether a link is in good state or not
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