
ETSN01 Exam

March 20th 2015
8am–1pm

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.

• All questions should be answered in the booklets provided.

• The exam contains 9 questions and is 6 pages long. It is out of a total of 50 marks.
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Question 1 (4 marks)

(a) (2 marks) Explain, with the help of a diagram, how a mobile phone is located in a mobile-terminated
call in a GSM system.

(b) (2 marks) What are the functions of the home location register and vistor location register?

Question 2 (2 marks)

(a) (1 mark) Explain what is meant by soft handover in UMTS networks.

(b) (1 mark) What is the advantage of soft handover compared to hard handover?

Question 3 (4 marks)
In Transmission Control Protocol (TCP):

(a) (1 mark) What is the purpose of the retransmission timeout (RTO)?

(b) (1 mark) What is meant by an adaptive retransmission timeout?

(c) (2 marks) Give two reasons why we can’t include the round trip times of all segments in the
calculation of an adaptive RTO.

Question 4 (5 marks)

(a) (1 mark) When running discrete-event simulations of networks, why is it necessary to repeat the
same simulation more than once?

(b) (2 marks) What is meant by transient data in a simulation and how can we avoid transient data
affecting simulation results?

(c) (2 marks) After running a simulation 5 times, you get the following values for throughput (in Mb/s):
6.51, 5.27, 7.18, 6.72, 5.90.

Calculate the sample mean and 95% confidence interval for the throughput from this simulation.

Question 5 (3 marks)
Cisco are testing their latest router which will automatically scan outgoing traffic for illegal filesharing
activity. However, this function affects the packet processing time. They have conducted some experi-
ments where the incoming traffic is Poissonian with an average of 50 packets/s. The experiments show
that the per-packet processing time has an average of 8 ms and a variance of 2 ms.

(a) (2 marks) What will be the average length of the queue of packets waiting to be processed (including
the packet currently being processed)?

(b) (1 mark) What is the average time a packet will spend in the router (including processing time)?

Question 6 (5 marks)

(a) (3 marks) Explain the three equivalent viewpionts of a Poisson arrival process. Draw a diagram for
each.

(b) (1 mark) For a Poisson arrival process with λ = 0.5packets/s, what is the probability that no
packets will arrive during a period of 4 s?

(c) (1 mark) For the same process as in part (b), what is the probability that at least 3 packets will
arrive during a period of 4 s?

Question 7 (8 marks)

(a) (4 marks) Briefly describe the methodology used in

• the Kleinrock and Tobagi model of p-persistent CSMA.

• the Bianchi model of the 802.11 Distributed Coordination Function.

(b) (2 marks) Describe the packet arrival process used in each of the two models.

(c) (2 marks) Which model allows for more tractable analysis and how was this achieved?
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Question 8 (5 marks)
A wireless network uses the following MAC protocol:

Time is divided into two periods. In the first period, each node receives one slot of length T , where T is
the packet transmission time. (Assume all packets are the same length.) The first period therefore lasts
for T ×N seconds, where N is the number of nodes.

In the second period, nodes may access the channel at random, following the (pure) ALOHA protocol.
The second period has the same length as the first. Nodes do not attempt to retransmit any packets
lost to collisions.

This cycle then repeats indefinitely.

Each node has a 50% chance to transmit during its slot in the first period, and during the second period
the nodes collectively form a Poisson packet arrival process with rate λ. All nodes are within range of
each other.

(a) (2 marks) Explain the pure ALOHA protocol.

(b) (2 marks) What will be the utilisation of the channel under this system?

(c) (1 mark) When does this system achieve the maximum channel utilisation?

Hint: The normalised throughput of an ALOHA system is given by:

S = λe−2λ

You may assume that N is sufficiently large that this formula can be applied.

Question 9 (14 marks)
A router has two incoming traffic flows. Flow 1 consists of delay-sensitive traffic, whereas Flow 2 consists
of best-effort traffic. The router has two queues. Queue 1 is used for Flow 1 and takes strict priority
over queue 2, which is used for Flow 2. Queue 1 can hold up to 5 packets and queue 2 can hold an
unlimited number of packets.

Both flows have Poissonian arrivals, with arrival rates λ1 = 30 packets/s for Flow 1 and λ2 = 10 packets/s
for Flow 2. The router can only process one packet at a time. The packet service time is negative
exponentially distributed with 1

µ = 20.0ms.

Packets from Flow 1 that don’t fit in Queue 1, i.e. are blocked, can overflow into Queue 2 and be
processed as low-priority traffic.

For each queue, calculate:

(a) (1 mark) Draw a diagram of the router’s queueing system.

(b) (1 mark) Calculate the blocking probability for Queue 1.

(c) (2 marks) Calculate the average length of Queue 1.

(d) (1 mark) Calculate the average delay (including service time) of packets in Queue 1.

(e) (2 marks) Calculate the proportion of time Queue 1 spends empty.

(f) (2 marks) Calculate the average length of Queue 2.

(g) (1 mark) Calculate the average delay (including service time) of packets in Queue 2.

(h) (2 marks) What is the average delay for all packets in Flow 1?

(i) (2 marks) What is the average delay for all packets passing through the router?
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Queuing Theory

General:

Little’s Formula: 
r = λTr

w = λTw

Tr = Tw + Ts

Single Server:
ρ=λTs, Ts = 1/µ
r = w + ρ

Multiserver:
ρ = λTs/N

M/M/1:

r =
⇢

1 � ⇢

w =
⇢2

1 � ⇢

Tr =
Ts

1 � ⇢

Tw =
⇢Ts

1 � ⇢

Pr[R = N ] = (1 � ⇢)⇢n

Pr[R  N ] =

nX

i=0

(1 � ⇢)⇢i

Pr[TR  t] = 1 � e�(1�⇢)t/TS

M/M/1/n:

M/M/n/n

Offered traffic A = λh Erlangs

Carried Traffic: Ac = A(1-PB)
Lost Traffic = A - Ac

M/G/1

Probability

Pr{Ω} = 1
0 ≤ Pr{A} ≤ 1
Pr{A∪B} = Pr{A} + Pr{B} - Pr{A∩B}

E{R} =

nX

i=0

ipi =
1 � ⇢

1 � ⇢n+1

nX

i=0

i⇢i

E{Q} = ⇢ +
�2h2

2(1 � ⇢)
= ⇢ +

⇢2 + �2�2

2(1 � ⇢)
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If A and B independent

Pr{A∩B}=Pr{A}Pr{B}

Probability Functions

Negative Exp.

p(x) = µe�µx

Pr{X  x} = 1 � e�µx

Gaussian N(μ,σ)

Poisson
P (�) =

e���x

x!
; x = 0, 1, 2, 3...

Mean = variance = λ

Random Variables

E[aX + b] = aE[X] + b
Var[aX + b] = a2 Var[X]
E[X + Y] = E[X] + E[Y]
Var[X] = E[X2] - E[X]2

For independent variables X,Y
E[XY] = E[X]E[Y]
Var[X + Y] = Var[X] + Var[Y]

ARQ Performance

S = Normalised Throughput
W = Window Size
P = Probability of error in a single frame
a = Propagation time/Transmission time

Stop and Wait:

a+
P=S
21

1− !

Go-Back-N:

( )
( )( )!
!
"

!!
#

$

−

−

≥
−

=
12

112
1

12
21

1

+a<W
WP+P+a

PW

+aW
aP+
P

S !

Selective Reject:

( )
!"
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#
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12
12

1
121

+a<W
+a
PW
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=S !

Geometric series
n�1X

k=0

axk = a · 1 � xn

1 � x
; x 6= 1

1X

k=0

axk =
a

1 � x
; (�1 < x < 1)

1X

k=1

kxk =
x

(1 � x)2
; (�1 < x < 1)

Inverse method#

F(x) = Pr{X ≤ x}
X = F-1(Y)

Confidence Intervals

0.9 for α ≈ 1.65
0.95 for α ≈ 1.96
0.99 for α ≈ 2.58
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