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Teaching Staff
Erik Ström (examiner), 772 5182
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Material Allowed material is

• Chalmers-approved calculator

• L. R̊ade, B. Westergren. Beta, Mathematics Handbook, any edition.

• One A4 page with your own handwritten notes. Both sides of the page can be used.
Photo copies, printouts, other students’ notes, or any other material is not allowed.

• A paper-based dictionary, without added notes (electronic dictionaries are not al-
lowed).

Grading A correct, clear and well-motivated solution gives a maximum of 12 points.

An erroneous answer, unclear, incomplete or badly motivated solutions give point reduc-
tions down to a minimum of 0 points. No fractional points are awarded.

Answers in any other language than Swedish or English are ignored.

Solutions Are made available at the earliest at 19:00 on the course web page.

Results Results are posted no later than March 26, 2014. The grading reviews are on March 26
and April 2, 2014, 12:00–13:00 in room 6414 in the ED-building.

Grades The final grade on the course will be decided by the projects (maximum score 46),
quizzes (maximum score 6), and final exam (maximum score 48). Project and exam must
be passed (see course-PM for rules). The sum of all scores will decide the grade according
to the following table.

Total Score 0–39 40–59 60–79 ≥ 80
Grade Fail 3 4 5

PLEASE NOTE THAT THE PROBLEMS ARE NOT NECESSARILY
ORDERED IN DIFFICULTY.

Good luck!



1. Consider a PAM transmission system with symbol alphabet A = {−3,−1, 1, 3} and pulse
shape h(t),

h(t) =

{
1, 0 ≤ t < 1 µs

0, otherwise

(a) Suppose we insist on ISI-free transmisssion. What is the maximum possible data
rate? (3p)

(b) Suppose the channel noise is neglible, n(t) = 0. Sketch the matched filter output if
the matched filter is causal, the symbol rate is 0.5 Msymbol/s, and the transmitted
symbols are a0 = 1, a1 = −1, and a2 = 3. (3p)

(c) Repeat part (b) when the symbol rate is 1 Msymbol/s. (3p)

(d) Assume an additive white Gaussian noise channel and equally likely independent
transmitted bits. Which is the systems in part (b) and part (c) will have the best
symbol error probability? Motivate carefully. (3p)

2. (a) Explain why slotted Aloha has better maximum throughput compared to unslotted
Aloha. (2p)

(b) What is the purpose of the application layer in the OSI reference model? Give an
example of a TCP/IP application layer protocol. (2p)

(c) What is the purpose of the demodulator block in Shannon’s model for digital com-
munications? (2p)

(d) Under what circumstances is Go-Back-N competitive with Selective Repeat? (2p)

(e) Mention an ICT application that contributes to a sustainable society and motivate
why. (2p)

(f) What is the most important communication property for networked control systems:
high data rates, low average delays, or low standard deviation of delays? Motivate.
(2p)

3. Consider a binary (n, k) code C = {00000, 00101, 01011, 01110, 10010, 10111, 11001, 11100},
which is used for error detection when transmitting frames over a noisy channel. A frame
is represented with a code word and consists of k equally likely and independent infor-
mation bits and n − k redudant bits (check bits). The channel introduces independent
bit errors with probability p.

(a) Suppose the coded bits are transmitted with a rate of R = 1 Mbit/s. What is the
information bit rate when p = 0? (2p)

(b) What is the frame error rate (before error detection) when p = 0.01? (4p)

(c) Suppose that the transmitted bit pattern is [00000]. Compute the probability that
an undetected frame error occurs when p = 0.01. (6p)
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4. Consider a LAN with three connected hosts A, B, and C. Suppose that d = 100 m and
that medium propagation speed is c = 2c0/3, where c0 = 3× 108 m/s is the speed of light
in vacuum. The medium bit rate is R = 100 Mbit/s.

A CB

d d

The link layer uses a stop-and-wait ARQ protocol to provide a reliable, in-sequence,
packet transmission service for the network layer. The link layer information frames are
nf bits long, including a 26 byte header and 32 CRC parity bits. An acknowledgement
frame is 74 byte long. The medium introduces independent bit errors with probability p.

We assume that the error-detection is perfect (i.e., that no erroneous frames are accepted
by the receiver link layer) and the receiver and transmitter processing times are negligible.
The ARQ protocol ignores any information frames or ACK frames with detected errors.

Nodes use persistent-CSMA with sensing time 4 µs to share the channel. For simplicity,
we will assume that only host A has data to send. Hence, there will be no collisions on
the medium.

(a) How should the frame length and timeout be chosen such that the bit rate experi-
enced by the network layer is 80% of R when p = 0? (2p)

(b) Assuming p = 10−5, what is the experienced bit rate for the network layer for the
frame length and timeout calculated in part (a)? (4p)

(c) Assuming p = 10−5 and that we double the timeout time calculated in part (a). The
frame length is the same as calculated in part (a). What is the experienced bit rate
for the network layer? (4p)

(d) Repeat part (c) with p = 10−4. What can be said about the importance of choosing
the time out? (2p)
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