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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 9 question together and the paper is 4 pages long.

Part 1, Short answer questions

1) [5 p]

The IEEE 802.11 standard has listed the following three functions since the first incarnation: 
• Point Coordination Function
• Enhanced Distributed Coordination Function
• HCF Controlled Channel Access

Explain which problem each function addresses, how the function operates and compare/contrast 
the approaches.

2) [5 p]

Describe what is meant by the following two terms and draw an illustrative example of each: (2 p)
• The hidden node problem
• The exposed node problem

A mechanism called MACA has been designed to alleviate the problems associated with hidden 
nodes, how does this operate and how does this address the problem? (1 p)



Give two examples of network topologies when this mechanism does not work and what the 
problem is in each case. (2 p)
3) [5 p]

• In UMTS a new Radio Network Subsystem is introduced, the UTRA network (UTRAN). 
Draw a picture of the UTRAN with its elements. Describe the main functions of these 
elements. (1 p) 

• In UMTS spreading and scrambling codes are used. Describe how and for what purpose 
these two types of codes are used. (3 p)   

• In GPRS, two new types of backbone elements are introduced, the SGSN and the GGSN. 
Describe the main functions of the two. (1 p)

4) [5 p]

Briefly explain the following terms:
• Kleinrock’s conservation law (1 p)
• Priority Queuing (1 p)
• Fair Queuing (1 p)
• Weighted Fair queuing (2 p)

5) [5 p]

The IETF has standardised two main architectures for QoS management in IP networks, IntServ and 
DiffServ. 

• Explain how the two differ, name their main advantage/drawback. (2 p)
• The RSVP signalling protocol can be used in both architectures, why is this protocol 

receiver based instead of sender based? (1 p)
• RSVP implements PATH and RESV messages. Why are they used and what do they 

achieve? (1 p)
• Why is RSVP implementing soft states on routers? (1 p)

More questions on the next page!



Part 2, Worked examples

6) [15 p]

(a)     Draw the state transition diagram for an M/M/2 queue with arrival rate λ and service rate µ in 
each server. Explain what is different in your diagram compared to the M/M/1 diagram. (3 p)

(b) For an M/M/2 queue with arrival rate λ and service rate µ in each server, is the probability of 
empty system:

 (1) higher, lower, or the same as in M/M/1 queue with arrival rate λ and service rate µ?
 (2) higher, lower, or the same as in M/M/1 queue with arrival rate λ and service rate 2µ?
 (3) higher, lower, or the same as in M/M/∞ queue with arrival rate λ and service rate µ?
 (Can be shown by working out or through strong intuitive arguments). (6 p)

(c) Now, consider a system with two servers and no queue (that is, if a customer arrives when a 
server is available, it begins to receive service immediately; if a customer arrives when both 
servers are busy, the customer is lost and leaves the system immediately).
The arrival is exponentially distributed with rate 1 customer/second and the customer service 
time is exponentially distributed with a mean of 1 second.

 (1) Find the probability that no server is available (i.e. both servers are busy) when a customer 
arrives. (3 p)
(2) Calculate the average number of available servers as seen by an arriving customer. (3 p)

7) [15 p]

Two routers, A and B, are connected via a point-to-point communications link with a data rate of 
12Mbps and a propagation delay  of 12ms in each direction. Router A transmits frames of fixed size 
1500 bytes to router B over the link, using the Go-back-N protocol with a window size of 
25 frames. The link is noisy, such that every  frame has a probability  of 0.05 to be corrupted by noise 
(independent of other frames). Assume that all overheads and processing times inside the routers are 
negligible, and that the Go-Back-N acknowledgments are never corrupted by noise.

(a) Calculate the actual throughput achieved between A and B. (4 p)
(b) Suppose that the link data rate is increased to 20Mbps, while all other parameters in the 

question (propagation delay, frame length, window size, and frame error probability) remain 
unchanged.
Will the achievable datarate between A and B increase? Explain why or why not. (4 p)

Now, router B forwards the frames it receives from A to a third router, C, over another point-to-
point communications link. The link between B and C is error-free, with a data rate of 40Mbps. The 
flow control method between B and C is stop-and-wait.

(c) Calculate the maximum propagation delay on the link between B and C so that packets are not 
dropped due to congestion at router B. (7 p)



8) [15 p]

A router handles 3 different flows. Flows 1 and 2 consist of elastic TCP traffic which follow a 
Poisson process with arrival rate λ1 = 20 packets / s each, and where the sizes of packets follow a 
negative exponential distribution with mean size 1000 bit. The third flow consists of a service 
which sends a packet of fix size 100 bit according to a Poisson distribution with mean arrival rate λ2 
= 200 packets /s. 

The outgoing rate of the router is effectively120.000 bps (old ISDN link in a poor student’s 
apartment). 
Calculate the following:

a) The average number of messages in the router buffer (10 p)
b) The average time spent in the router (5 p)

9) [15 p]

Consider the following network of wireless routers where the concept of opportunistic forwarding is 
applied where each router that receives a packet forwards it towards the destination without 
consideration if another router also forwards the data:

B

C

DA Receiver

Router A has a probability Pa = 0.9 of successful transmission to both B and C. B and C both 
forward each message they receive to D and the probability of successful transmission over link B-
D as well as link C-D is Pb = 0.8. The link from D to the receiver is fixed and 100% reliable. All 
link failures are independent. D has an input buffer of  26.000 Byte. The wireless links A-D are all 
much faster than the link D-Receiver.

Given that the incoming traffic is generated following a negative exponential distribution with mean 
arrival rate λ = 900 packets/s, the size of each packet is also negative exponentially distributed with 
mean 1000 bit and the link rate from D to the receiver is 10 Mbps, what is the probability that a 
message coming in to A is successfully forwarded on to the receiver?

10 Mbps


