
Solutions to the Final Exam, ETSN01 March 2013

1)

The PCF is a centralised polling mechanism controlled by the AP whereby the AP hands 
out a transmission opportunity according to a polling list. This enables resource 
assignment but no traffic separation.

The EDCF is a distributed probabilistic function in which the STAs alter some parameters 
to achieve different probabilities in successfully accessing the channel at contention. The 
parameters are CWMIN/CWMAX, AIFSN and TXOPLimit. Traffic is divided into 4 access 
categories and given different treatment (priority) based on their classification.

HCCA is akin to PCF contention free but extended to provide traffic separation whereby 
the AP hands out a TxOP with different sizes to different flows using Traffic specifications. 
The scheme still suffers from the overheads associated with the PCF.

2)

Example illustrations of the hidden end exposed node problems are given in the lecture 
slides. 

MACA introduces the RTS and CTS frames for notifying all nodes within transmission 
range of the sender and receiver of the intent to transmit. If a node overhears either 
message it should refrain from transmitting for a set period.

Examples were given in the slides of situations where the RTS/CTS frames produced 
overhead but little or no benefit (both internal and external HN scenarios were given). The 
problems named were the probability of lost RTS/CTS frames due to collisions and the 
symmetry properties of traffic.

3)

The UTRAN introduces the notion of Radio Network Subsystems (RNS) each served by a 
Radio Network Controller (RNC). The RNC in turn controls one or several NodeB which 
serves one or several cells. The RNC is responsible for:

• Call admision Control
• Congestion Control
• Encryption/decryption
• Radio Bearer setup and release
• Code allocation
• Macro handover

NodeB is responsible for local inter-cell handover, power management (near far problem) 
and channel measurements.

The spreading codes are used to separate different signals in CDMA systems so that 
several transmissions can occupy the same spectrum. The scrambling codes are codes 
used by a RNC to overcome a limitation of maintenace of orthogonality among spreading 
codes.



4)

Kleinrock’s conservation law (sum of the utilisation x delay for each node is constant) 
simply states that for a work conserving system, id delay is lowered for a node (flow) then 
the delay for other nodes (flows) must increase.

Priority Queuing is a simple system with n queues in order of priority where a queue of a 
higher priority that holds a packet is emptied before any queue of lower priority. The 
system provides traffic separation but no fairness and low priority queues can be starved.

Fair Queueing is a system with one queue per flow served in a round robin fashion. FQ 
provides load balancing among flows (no point in being greedy) but flows with smaller 
packets are being penalised since they get to send lower number of bytes per round.

Weighted Fair Queuing is a system that first achieves equal bit rate per flow (as in bit 
round fair queueing) but then also has the capability to achieve service differentiation 
among flows so that higher priority flows receive more expedited forwarding. WFQ 
achieves this by calculating a finishing time for each packet and then serving the packets 
from different flow in order of finishing time.

5)

IntServ is a scheme that emulates the behaviour and function of the ATM system with 
virtual curcuits. In IntServ, each flow is classified and states are maintained for each flow in 
accordance with a flow specification at each router along a path. This achieves great 
granularity and predictability for the performance of each flow. DiffServ on the other hand 
classifies each flow as belonging to a small set of traffic classes where each class receives 
separate treatment along a path. In DiffServ, most of the heavy lifting is done at the edge 
which results in lower overheads for the core routers. INtserv provides great granularity but 
suffers from scalability problems whereas DiffServ scales well but only provides statistical 
guarantees.

RSVP is receiver based in order to support varying reservation levels among flows in a 
multicast scenario, to enable differentiated cost levels to be controlled by the receivers etc.

PATH messages are used to detect the forwarding path from sender to receiver so that the 
receiver can make reservations along the correct path. The RESV messages are used to 
make reservation requests along the path discovered by the PATH messages.

RSVP uses soft states because routing paths may change during a session. When this 
happens, routers must detect that a flow has terminated and thus remove reservations and 
free resources.



6)

(a) State transition diagram for M/M/2: 
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 In M/M/2, when (and only when) there is more than one customer in the system, both servers 
are busy, and the departure rate becomes 2µ.

(b) (1) Higher. There are two servers instead of one, so for the same arrival process, customers 
are processed more quickly and the system is empty a larger percentage of the time.

 (2) Lower. When there is a single customer in the system, M/M/2 serves it with a rate of µ 
instead of 2µ, so the system takes more time to become empty. 

 (3) Lower. In M/M/∞, customer don’t wait in a queue at all and are always served, so are 
processed more quickly and the system is empty more often.

(c) (1) This is an Erlang system with 2 servers (M/M/2/2) and a load rate of A=1 Erlang. Using 
Erlang’s formula for the blocking probability, we get
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 (2) From (1), the arrival rate of customers who actually get served by the system (are not 
blocked) is

1*0.8 = 0.8 customers/second
 and each such customer remains 1 second in the system on average.
 Using Little’s formula, we get that the average number of customers in the system (equal to 

the average number of occupied servers) is 1*0.8 = 0.8.
 Therefore, the average number of available servers is 2 - 0.8 = 1.2.
 
 Alternative solution of part (c): use direct analysis of the state transition diagram
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Thus blocking probability is 
Average number of available servers is 
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7)

(a) Here, W=25, and                                      . Therefore W≥2a+1. Using the formula for Go-
Back-N throughput,

 
and, therefore, the throughput is 0.432⋅12Mbps≈5.182Mbps.

(b) Since the window was exactly equal to 1+2a previously, increasing the link rate will not 
matter much since the throughput is constrained by the window – it will still be 25 frames per 
round-trip period. There will be a very negligible improvement because the frame 
transmission time is lower (applying the formula yields approximately 5.26Mbps).

 [Both a “yes” and a “no” answer are acceptable – to get full marks, the important thing is to 
mention that the throughput is constrained by the window which doesn’t change, so there is 
no significant improvement.]

(c)     The throughput on the second link must be at least 5.182Mbps ⇒  
so that router B can avoid congestion.

 Using the formula for Stop-and-Wait (no errors on this link ⇒ Pbc=0),

 Since ,                                                      , the propagation delay must be no more than:

8)

Fraction of time spent on the three flows:

λ = 2λ1 = 40 packets/s λ2 = 200 packets/s
Time packet type 1 = 1000/120000 = 8.333 ms; Time packet type 2 = 0.833 ms
Fraction type 1 = 40/240 = 1/6; Fraction type 2 = 5/6 
Ts = (1/120)(1/6) + (1/1200)(5/6)  = 2.083 ms
Define S as the random variable that represents service time. Then

σ2s =E[S2]−E[S]2 =(8.3332)(1/6)+(0.8332)(5/6)−4.339=7.81[ms2 ]

Pollaczek-Khinchine gives:

ρ=λTs=0.240×2.083=0.5
L = 0.5 + (0.25 + 0.242*7.812)/ 2*0.5) =  4.26

a. E{Tr} = E{R}/λ = 4.26/0.24 = 17.76 ms

L = ⇢+
⇢2 + �2�2
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9)

Start by investigating what fraction of traffic reaches Router D. Condition: forwarding from A needs 
to be successful to either B or C and at the same time, forwarding from B to D or C to D has to be 
successful. The probability of forwarding being successful for one path is Pa*Pb = 0.9*0.8 = 0.72

Then, the probability of failure is path one and path two failing = (1-0.72)2 and the probability of 
success thus 1 - (1 - 0.72)2 = 0.9216.

The load offered into D is thus λ*0.9216 or 0.9216ρ.

Router D can be modeled as a M/M/1/n queue where the packet loss probability PB is:

In our case, ρ = λ/µ = λTs = 900*1000/10e6 = 0.9 and resulting load into D becomes 0.9*0.9216 = 
0.829

PB then becomes: 

Finally, delivery to the receiver becomes 900*1000*0.921 ≈ 829 kbps

1� 0.829

1� 0.829208
· 0.829207 ' 0


