
ETSN01 Exam

May 8th 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 8 questions and is 8 pages long. It is out of a total of 80 marks.
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Question 1 (6 marks)

(a) (2 marks) What does it mean that subcarriers in Orthogonal Frequency Division Multiplexing
(OFDM) are othogonal?

(b) (4 marks) How can OFDM be used in medium access control in wireless networks?

Question 2 (6 marks)
How is medium access controlled when using the Point Coordination Function in 802.11

(a) (2 marks) during a contention-free period?

(b) (2 marks) during a contention period?

(c) (2 marks) The following figure shows the delay in a PCF system for various numbers of nodes N .
Why does the delay increase as we add more nodes, and what is the cause of the large increase in
delay when moving from 22 nodes to 23?

Question 3 (8 marks)

(a) (3 marks) In IntServ, what do each of the following functions do?

• Reservation protocol

• Admission control

• Management agent
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(b) (2 marks) In DiffServ, what parts of the protocol are the following network components responsible
for?

• Edge/boundary router

• Core/interior router

(c) (3 marks) What are the functions of the PATH and RESV packets in RSVP? Which party sends
each of them and why?

Question 4 (12 marks)
Four nodes are sharing a wireless channel. They are all within range of each other and time on the
channel is divided into slots. Each node has a 20% chance to transmit in a slot if it did not attempt
transmission in the previous slot. If a node suuccessfully transmits in a slot, its likelihood of transmitting
in the following slot is 40%. If a node experiences a collision, its likelihook of transmitting in the following
slot is 10%.

(a) (3 marks) If no node attempts transmission in slot 0, what is the probability of a collision in slot
1?

(b) (3 marks) If no node attempts transmission in slot 0, what is the probability of any one node
transmitting successfully (i.e. without collision) in all three of slots 1, 2 and 3?

(c) (3 marks) If all four nodes attempt transmission in slot 0, resulting in a collision, what is the
probability of another collision occuring in slot 1?

(d) (3 marks) If no nodes attempt transmission in slot 0, what is the expected number of consecutive,
successful transmissions for any given node, starting from slot 1?

Question 5 (13 marks)
A router has a single incoming link and two outgoing links, which it can use simultaneously. All packets
received on the incoming link can be transmitted on either of the outgoing links. The outgoing links
each have a capacity of 100kbps. Packets arrive at the router according to a Poisson process, wiith an
average interarrival time of 200ms. The packet sizes follow a negative exponential distributiion, with
average size 1000B. The router has enough memory that the number of packets it can hold in its queue
is effectively unbounded.

(a) (3 marks) Draw a Markov chain representing the router’s queueing system.

(b) (4 marks) What is the average delay between a packet arriving at the router, and the packet
completing transmission on one of the outgoing links?

(c) (4 marks) What is the average number of packets in the router’s queue?

(d) (2 marks) The company that owns the router wants to reduce the delay of packets it processes.
They have the option of either adding two more outgoing links identical to the existing ones, or
upgrading the existing links to be twice as fast. Which of these will result in a better improvement
to the delay, and why? Note: You do not need to actually calculate the new delay.

Question 6 (10 marks)
Consider a network with a single link modeled by an exponential server with service time Ts = 0.5 s,
and consider two classes of flows with Poisson arrival rates of λ1 = 0.2 packets/s and λ2 = 0.5 packets/s
and that have utility functions U1 = 5−4Tr1 and U2 = 5−2Tr2 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) (5 marks) Assume that the two classes are treated alike and that first-in-first-out queueing is used.
What is V?

(b) (5 marks) Now assume a strict priority service, so that packets in Class 1 are always transmitted
before packets in Class 2. What is V?
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Question 7 (10 marks)
Given the network of M/M/1 queues shown in the diagram, and the external arrival rates and transition
probabilities listed, determine the total arrival rate for each node in the network.

P11 

λ 5e 

λ 1e 

λ 3e 

P12 

P13 

P32 

P24 

P44 

P35 

P4e 

P5e 

Node 1 

Node 3 

Node 2 

Node 5 

Node 4 

External arrival rates:
λ1e = 3 packets/s
λ3e = 4 packets/s
λ5e = 2 packets/s

Transition probabilities:
P11 = 0.2
P12 = 0.7
P13 = 0.1
P24 = 1.0
P32 = 0.2
P35 = 0.8
P44 = 0.6
P4e = 0.4
P5e = 1.0

Question 8 (15 marks)

(a) (10 marks) Consider a wireless sensor network where the sensors are deployed in such a way that
each sensor overlaps in coverage with 3 other sensors. The sensors use a slotted ALOHA-based
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protocol where there are no retransmission attempts at the link layer, instead, the transport layer
is left with the task of providing error correction. The WSN uses a multi-hop routing strategy to
forward the data from an originating sensor to a gateway with an average of 5 hops from source
to destination. Given that the mean error probability over a single hop due to noise and fading is
5% and the probability that a sensor will transmit data in any given timeslot is 15%, what is the
probability that TCP will not have to ask for retransmission of a packet? All packets have uniform
length equal to the length of a timeslot, and all events are independent.

(b) (5 marks) Consider now the total load put on the network including TCP retransmissions. If the
rate of generated sensed data is the same for all nodes = 2 kbps, and acknowledgements, other
protocol overhead etc. is negligible, what is the total data rate put on the network including
retransmissions?
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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− !
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Selective Reject:
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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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