
ETSN01 Exam

March 12th 2014
2-7pm

Instructions

• Clearly label each page you hand in with your name and the page number in the bottom right hand
corner.

• Materials allowed: calculator, writing material. No other material or notes are allowed in the exami-
nation hall. If your calculator is programmable, the memory must be erased prior to the exam.

• Your answers must be given in clear, legible handwriting. If an answer is not able to be read, it will
not be marked.

• Questions 1, 2 and 3 should be answered on the exam paper. All other questions are to be answered
in the booklets provided.

• The exam contains 8 questions and is 6 pages long. It is out of a total of 55 marks.

Question 1 (12 marks)
For each of the following reservation schemes:

• Briefly describe how the scheme separates multiple users.

• List one advantage and one disadvantage of the scheme.

• Give an example of a system in which the scheme is used.

(a) (3 marks) Space Division Multiple Access
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(b) (3 marks) Time Divison Multiple Access

(c) (3 marks) Frequency Division Multiple Access

(d) (3 marks) Code Division Multiple Access

Question 2 (6 marks)

(a) (2 marks) What is the global synchronisation problem in TCP (Transport Control Protocol) con-
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gestion control and why does it occur?

(b) (2 marks) How does RED (Random Early Detection) avoid this problem while still controlling
congestion?

(c) (2 marks) In RED, what is the reason for the conversion from Pa to Pb? That is, why is the packet
drop probability not simply linear as a function of the queue length?

Question 3 (3 marks)
Consider the following multi-hop wireless network. Assume a unit disc model for transmission with
ranges for each node as pictured. The channel capacity is C bits/second. If node 1 transmits a constant
stream of packets to node 6, and there is no other traffic on the network, what will be the capacity of
the network? Explain why.
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Question 4 (5 marks)
Given the network of M/M/1 queues shown in the diagram and the external arrival rates and transition
probabilities listed, determine the internal arrival rate for each node in the network given λe

1 = 4
customers/s, λe

2 = 2 customers/s, P34 = 0.2, P35 = 0.8 and P44 = 0.4.
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Question 5 (5 marks)
Consider a network with a single link modeled by an exponential server with service time Ts = 1, and
consider two classes of flows with Poisson arrival rates of λ1 = 0.3 and λ2 = 0.1 and that have utility
functions U1 = 5−3Tr1 and U2 = 5−Tr2 where Tri

represents the average service delay to class i. Thus,
Class 1 traffic is more sensitive to delay than Class 2 traffic. Define the total utility of the network as
V = U1 + U2.

(a) (2 marks) Assume that the two classes are treated alike and that first-in-first-out queueing is used.
What is V?

(b) (3 marks) Now assume a strict priority service, so that packets in Class 1 are always transmitted
before packets in Class 2. What is V?

Question 6 (6 marks)
Consider a system where there are k stations sharing a channel using CSMA/CD (Carrier-Sense Multiple
Access with Collision Detection). One of these is a gateway that provides a link to the Internet to
the other stations and has double the transmission probability (per slot) of any other station, i.e. a
transmission probability 2p. All other stations have the same transmisison probability, p. Assume all
packets are the same size and there is no exponential backoff.

(a) (1 mark) Find an expression for the probability that the gateway acquires the channel in a given
time slot without collision.

(b) (1 mark) Find an expression for A, the probability that any one station (gateway or not) acquires
the channel in a given time slot without collision, i.e. the probability of a successful transmission
in that slot.

(c) (2 marks) What is the expected number of slots in a row with a collision before achieving a successful
transmission, in terms of A? Explain your answer.

(d) (2 marks) Define a as the ratio of the propagation time to the transmission time for a packet, i.e.
a = tprop

ttrans
. What is the utilisation of the channel, as a function of a and A?

Question 7 (8 marks)

(a) (2 marks) Explain the steps of the Reservation ALOHA algorithm and draw a diagram of its
operation.

(b) (2 marks) What are the advantages and disadvantages of using this algorithm over slotted ALOHA?

(c) (1 mark) Consider a Reservation ALOHA system with N nodes. Assume a Poissonian packet
generation process for each node with parameter λ. The round length is Ts seconds — that is, every
Ts seconds contains a reservation phase and a data transmission phase. Each data transmission
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phase contains k timeslots. What is the probability that a given node will have at least one packet
to send in the second round? You can assume that all nodes begin the first round with no packets
queued to send.

(d) (1 mark) What is the expected number of nodes with at least one packet to send in the second
round?

(e) (2 marks) Each node that wishes to transmit selects a slot to reserve at random (with a uniform
distribution), and each node may only send one packet per round, even if it has more packets queued
to send. For N = 3, what is the probability of a collision in the reservation phase of the second
round?

Question 8 (10 marks)
The owner of a nightclub in Malmö has noticed the following pattern for the queue of people standing
outside waiting to gain entry into the club:

• When there are no people outside the club, new people join the queue with a rate λ.

• When there is at least one person outside the club (either waiting in line or having their ID checked),
new people join the queue with a rate 3λ (the line of people waiting makes passers-by think it must
be a good club).

In all cases, the arrival process is Poissonian. The service time (the time taken for the bouncer to check
someone’s ID and let them in) is negative exponential with average service time 1/µ.

(a) (2 marks) Draw the state transition diagram for this queueing system.

(b) (3 marks) Derive expressions for the equilibrium probabilities.

(c) (2 marks) Derive an expression for the average number of people waiting to get into the club at
any given time (including whoever is currently having their ID checked by the bouncer).

(d) (3 marks) Derive an expression for the average time spent waiting for entry into the club (including
the time for ID checking).
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