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1. (a)

(b)

(©)

2. (a)

(b)

In the context of an automatic repeat request (ARQ) scheme, it is known that the
probability of a single frame being in error is P = 0.1.

1) What is the probability that one frame will take exactly i re-attempts to be
successfully received.

(i1) What is the expected number of re-transmissions, Nr, of one frame. [5]

For a Go Back N ARQ scheme, and assuming that each frame in error will generate
K re-transmissions:

(1) derive the expected number of re-transmissions, Nr, of a frame.

(i) Derive a simple expression of the performance of this scheme for N > 2a
+land N < Za +1.

Clearly state the meaning of a and N. Clearly state your assumptions and

approximations. [5]

A network is composed of N nodes and L links. Assume you know all possible
traffic demand pairs ¥ ; (from origin i to destination j) in Kbits/seconds.

Derive an expression for the mean network packet delay, 7, as a function of the
traffic flow F; (in Kbits/seconds) carried by link i, and the capacity C; (in

Kbits/seconds) of link i.

Clearly state any assumptions made at each stage of your derivation. [10]

Describe and discuss the relevance of the following Internet routing protocols:
(1) Reservation Protocol (RSVP).

(ii) Next Hop Resolution Protocol (NHRP).

(i11) Multicast routing.

@iv) Dynamic Host Configuration Protocol (DHCP) and Mobile IP. [8]

Describe and discuss the following Internet service class models:
(1) IntServ model.

(ii) DiffServ model. [12]
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3. (a) Describe an application of market-based load control mechanisms and discuss its
implementation.

(5]

(b)  For the network of Figure 3.1, consider the cost function D defined by:

L F()

= CO-FQO)

where C(i) is the capacity of link i, F(i) is the flow carried by link i and L is the
maximum number of links in the network.

(1) Solve the optimal routing problem (ORP) where the network capacity values
are C(1) = C(2) = C(3) = C(4) = C(5) = 10 Kbits/seconds, and the offered
load is R_14 = 10 Kbits/seconds. {5]
(i1) Suppose that you are asked to choose between two alternatives:

- increase the original capacity of C(5) to 20 Kbits/seconds, or
- increase the original capacity of C(I), C(2), C(3) and ((4) 10
C(1) = C(2) = C(3) = C(4) = 20 Kbits/seconds. [5]

Which one would you choose? Discuss your findings. [5]

Figure 3.1
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4. (a) (1) Describe and define three ATM traffic management functions known to you

(6]

(i1) Discuss the importance of Equivalent Capacity functions in ATM call
Admission Control schemes. (4]

(b)  Consider the network of Figure 4.1 where L(i,j) is the link length between nodes i

and j.
Show all the iterations of the Bellman-Ford shortest path algorithm. {10]
Li3.6)=11
L(1,3) Li34)=9 Li4.6)=1

L(3.2)=1
Li54)=4

L(1.2)=4 L(56)=6

Figure 4.1
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5. (a)

(b)

For a single-voice source, the packet-arrival process can approximately be taken to
be a renewal process with an inter-arrival time distribution given by

FO)=[1-al)+oT(1-e P U@-T)

where « is the mean talkspurt period, 3 is the mean silence period and T is
the voice packetisation period. For this process the expression for the squared
coefficient of variation cl2 (which is the variance divided by the square of the
mean) of an inter-arrival time is given by

c2 _ (I_PZ) '
' [TB+(1-p)F

Given that: @' =352ms; B =650ms and o =1-p =1/22.

1) calculate the value of C12 . [5]

(ii) discuss the significance of your findings. [5]
In the context of Rate Adjustment Congestion schemes, explain and discuss:

1) the Time Window flow control scheme. [5]

(i) the Leaky Bucket algorithm. [5]
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