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!
Instructions!!
Clearly label each handed in page with your name and the page number in the bottom right hand 
corner. 
Materials allowed: Non-Programmable calculator, writing material. No other material or notes are 
allowed in the examination hall. !
The Exam consists of two parts:!!
Part 1, questions requiring short answers with or without calculations as chosen; 
Part 2, questions requiring worked solutions where all steps should be included. !
The exam comprises 8 questions together and the paper is 3 pages long plus formula sheets. 

 
Part 1, Short answer questions !
1) [5 p] !
A programmer wants to generate some events according to an exponential probability distribution: 

The programming API however, does not provide any random generation apart from a uniform 
random number generator. Name the method (s)he can use to generate the wanted events (1 p) 
and describe the steps (including the resulting formula) to generate the events (4 p). !
2) [5 p] !
Explain the concept of label stacking in MPLS and why it is used (5p) !
3) [5 p] !
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• Explain why the link paradigm may fail in wireless networks (2p) 
• Is there any technical trick that can make wireless networks behave more like a network 

of links? (1p) 
• Is there any inherent utilisation / efficiency limitation in using licensed spectrum? (hint 

consider circuit switching vs. packet switching) (2p) !!
4) [5 p] !
Briefly explain what is meant by the following terms: 

• Hetnets (1p) 
• Self-Organizing Networks (SON) (1p) 
• Ad-Hoc On Demand Distance Vector (AODV) (1p) 
• Wireless Sensor Networks (WSN) (2p) !

5) [5 p] !
Briefly explain Random Early Discard (RED), why it is used and how it works (4p) 
RED uses two parameters Pa and Pb why? (1p) !!!!!
More questions on the next page! 



Part 2, Worked examples !
6) [15 p] !
a) 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 simple ALOHA based 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 4 hops from source to destination. Given that the mean error probability 
over a single hop due to noise and fading is Eh is 20% and the mean fraction of time a sensor spends 
transmitting data Tn is 10% what is the probability that TCP will not have to ask for retransmission 
of a packet? All packets have uniform length and all events are independent. (10p) !
b) 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 = 1 kbps, and acknowledgements, other protocol 
overhead etc. is negligible, what is the total data rate put on the network including retransmissions? 
(5p) !
7) [15 p] !
A router implements a scheduling mechanism that aims at keeping the delay of a certain type of 
traffic at a low level. If the traffic queue has zero or one packets the scheduler uses a single server 
to serve the queue but if the queue grows to two packets the scheduler assigns two servers to the 
queue. Given that the traffic inter-arrival and processing time distributions are both Markovian, and 
the queue length is limited to two packets  !
a) determine the state probabilities of the system (10p) 
b) determine the average number of packets in the system (3p) 
c) determine the necessary condition for the system to be stable (2p) !
8) [15 p] !
Imagine that K users share a link (e.g., Ethernet or Wi-Fi) with throughput rate R bps (i.e., R 
represents the actual number of file bits that can be transferred per second, after accounting for 
overheads and retransmissions). User’s behavior is random and we model it as follows. Each user 
requests a file and waits for it to arrive. After receiving the file, the user sleeps for a random time, 
and then repeats the procedure. Each file has an exponential length, with mean A × R bits. Sleeping 
times between a user’s subsequent requests are also exponentially distributed but with a mean of B 
seconds. All these random variables are independent. Write a formula that estimates the average 
time it takes a user to get a file since completion of his previous file transfer. (15p) 

!!


