
ETSN01 Exam

August 22nd 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 9 pages long. It is out of a total of 100 marks.
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Question 1 (10 marks)

(a) (5 marks) Consider a wireless network which is used for tracking moose in a forest. Each node
spends most of its time in sleep mode to save energy, but when a moose is detected nearby, the
node wakes up and sends data about the animal and its movements to the base station. The amount
of data sent is fairly large as it includes images of the moose as well as its movement recorded at
short intervals. On average, three nodes are within sensing range of each moose, and the number
of moose typically seen at a time is small — only one or two in the entire network area. In total
there are around 200 nodes in the network.

Which kind of medium access protocol would you choose for this network, random access (e.g.
ALOHA, CSMA) or resource reservation (e.g. polling, FDMA, TDMA)? Justify your choice.

(b) (5 marks) Now consider a wireless network where the nodes (aside from the base station) are
monitoring a factory floor. Every 500ms, each node sends a data packet to the base station reporting
the status of the piece of machinery it is attached to. The amount of data sent each time is small
— a few numeric values and an 8-bit status code — which means the time taken to transmit the
packet is only a few milliseconds. The network needs to have high reliability and low latency for
receiving the status packets. The total number of nodes is relatively small, about 50.

Which kind of medium access protocol would you choose for this network, random access (e.g.
ALOHA, CSMA) or resource reservation (e.g. polling, FDMA, TDMA)? Justify your choice.

Question 2 (8 marks)

(a) (3 marks) In GSM, what is the reason for the HO MARGIN (handover margin) when performing
handover between cells? Why does handover not occur as soon as the base station in the new cell
has a higher signal strength?

(b) (3 marks) In GSM, why is the there a time shift (of 3 time slots) between the base station’s TX
and RX frames?

(c) (2 marks) What is the main difference between the core network architectures in LTE and UMTS?

Question 3 (14 marks)

(a) (3 marks) Explain what is meant by a collision in a random-access wireless network. What happens
to the packets involved in the collision?

(b) (3 marks) Why do collisions occur in random-access wireless networks, but not in typical (modern)
wired networks?

(c) (8 marks) Briefly describe each of the following types of medium access protocols and explain how
each one addresses the problem of collisions.

• Resource reservation protocols (e.g. TDMA, FDMA, CDMA)

• Pure random access (e.g. ALOHA)

• CSMA (e.g. 802.11 (WiFi), p-persistent CSMA)

• CSMA/CA (e.g. 802.11 with RTS/CTS)

Question 4 (19 marks)
Consider the Markov chain of a queueing system shown in Figure 1, where λ = 8.0 packets/second and
µ = 10.0 packets/second.

(a) (3 marks) What type of queueing system is this, in Kendall notation? What do each of the parts
of the notation signify?

(b) (4 marks) Find the blocking probability for the system

(c) (4 marks) Find the average queue length for the system

(d) (4 marks) Find the average waiting time for non-blocked packets

(e) (4 marks) If we instead wanted a blocking probability of no more than 0.05, how many packets
does the queue need to be able to hold?
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Figure 1: Figure for Question 4

Question 5 (5 marks)
Two TCP entities communicate across a reliable network. Let the normalized time to transmit a fixed-
length segment equal 1. Assume that the end-to-end propagation delay is 4, and that it takes a time 1
to deliver data from a received segment to the transport user. The sender initially grants a credit of 5
segments. The receiver uses a conservative flow control policy and updates its credit allocation at every
opportunity. What is the maximum achievable throughput?

Question 6 (6 marks)
A computer is calculating the round-trip time for a TCP connection, using the smoothed round-trip
time method.

(a) (3 marks) Choose α = 0.75 and SRTT(0) = 2.0 seconds, and assume all measured RTT values =
0.5 seconds and no packet loss. What is SRTT(4)?

(b) (3 marks) Now let SRTT(0) = 0.5 second and assume all measured RTT values are 2.0 seconds and
no packet loss, α = 0.75. What is SRTT(4)?

Question 7 (8 marks)

(a) (3 marks) Explain what is meant by starvation in strict priority queueing.

(b) (5 marks) A router employing weighted fair queuing has three flows. Flow 2 receives 2 times the
bandwidth of Flow 1 and Flow 3 receives 4 times the bandwidth of Flow 1. Assume the following
packets arrive at the router at about the same time and with the same output link. In what order
will the packets be sent?

Packet Size (bits) Flow
1 100 1
2 50 1
3 200 1
4 100 2
5 120 2
6 90 2
7 160 3
8 100 3
9 240 3
10 40 3

Question 8 (15 marks)
Consider a wireless network that uses the following medium access protocol. Time is divided into slots
and each packet takes exactly one slot time to transmit. Each node transmits at random (as soon as
a packet arrives). If a collision occurs, each node chooses a number uniformly at random from 0–9
inclusive, and waits that many number of slots before retransmitting its packet. For example, if a node
has a collision in slot 1, then chooses the number 3, it will wait 3 slots, and then retransmit its packet
in slot 5 (see Figure 2).
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Figure 2: Backoff protocol for Question 8

This process repeats until all nodes in the collision have successfully retransmitted their packets: there is
an unlimited number of retransmissions allowed. Nodes not involved in the collision do not transmit any
new packets until backoff has been completely resolved, i.e. all collided packets have been successfully
retransmitted without collision.

Assume a collision has occurred.

(a) (3 marks) If there are two nodes (and thus two packets) in the collision, what is the probability of
a second collision occurring after backoff?

(b) (3 marks) If there are five nodes (and thus five packets) in the collision, what is the probability of
a second collision occurring after backoff?

(c) (3 marks) What is the expected time that the first round of backoff will end, if there are two nodes
in the initial collision?

(d) (3 marks) If there are two nodes in the initial collision, what is the expected number of rounds of
backoff until both packets are successfully retransmitted?

(e) (3 marks) What is the expected total time spent in backoff (in all rounds), if there are two nodes
in the initial collision?

Question 9 (15 marks)
Transmission from a node A to a node B occurs over two links, with a router in between (see Figure 3).
The first link, from node A to the router, is a wireless link, with a capacity of Cw bits per second and
an end-to-end (propagation) delay of dw seconds. The second link, from the router to node B, is a fixed
(wired) link, with a capacity of Cf bits per second and an end-to-end delay of df seconds.

Figure 3: Network for Question 9

On the wireless link, it is possible for transmission of a packet to fail either due to collision, with
probability pc, or due to noise, with probability pn (but not both at the same time). In both cases, the
packet is retransmitted after a fixed delay: dc seconds after a collision, and dn seconds after failure due
to noise. Assume retransmissions are always successful.

The offered load node A attempts to transmit is λ packets per second, with an average packet length of
L payload bits. Each packet also has an overhead of H bits for the header, checksum, etc.

The router has a single queue for packets from A to B, and there is no other traffic on the fixed link
from the router to B. Assume the packet arrivals and service time at the router are both Markovian,
and that the router has enough memory that its queue length is effectively unbounded.
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(a) (3 marks) What is the average delay per packet on the wireless link from node A to the router?

(b) (3 marks) What is the maximum throughput, in packets per second, achievable on the wireless
link, i.e. what is the maximum value of λ A can use? (Hint: What is the average time needed to
transmit each packet given that some will experience collisions or noise?)

(c) (3 marks) What is the minimum capacity required on the fixed link from the router to B, if A
transmits at the maximum throughput derived in part (b)?

(d) (3 marks) What is the average queueing delay, including service time, at the router?

(e) (3 marks) What is the average total delay (i.e. including both links and time spent in the router)
for all packets sent from A to B?
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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:

( )
( )( )!
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=
12
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1

12
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1
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WP+P+a
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+aW
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Selective Reject:

( )
!"

!
#
$

−
≥−

12
12

1
121
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+a
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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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TCP Congestion Control

S =

{
1 W ≥ 2RD
W

2RD W < 2RD

ARTT (K + 1) =
1

K + 1

K+1∑

i=1

RTT (i)

SRTT (K + 1) = αSRTT (K) + (1 − α)RTT (K + 1)

DRTT (K + 1) = (1 − α)DRTT (K) + α(SRTT − ERTT )

RTO = ERTT + 4 ×DRTT

Acronyms

• CDMA: Code division multiple access

• CSMA: Carrier-sense multiple access

• CSMA/CA: Carrier-sense multiple access with collision avoidance

• CTS: Clear to send

• FDMA: Frequency division multiple access

• GSM: Global system for mobile communications

• HO: Handover

• LTE: Long-term evolution

• RTS: Request to send

• RTT: Round trip time

• RX: Reception/receive

• SRTT: Smoothed round trip time

• TCP: Transmission control protocol

• TDMA: Time division multiple access

• TX: Transmission/transmit

• UMTS: Universal mobile telecommunications system
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