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L.

)

(a)

(b)

(@)

(b)

Derive the equilibrium equations for the Erlang model when the number of channels

N is infinite (N =o0); and when N <co. In the case of finite buffer (N <o)

derive the probability of link saturation. State and explain any assumption made.
[10]

Describe the interrupted Poisson process (IPP). Explain how this model can be used
for the analysis of traffic offered to an overflow link. Use Markov chains if
necessary.

[10]

Explain what is meant by the balance equations of a stationary, continuous-time
Markov chain and discuss the relationship between global balance and local
balance. How is the property of reversibility related to the validity of the balance
equations ?

(10]

A circuit-switched telephone network is to be operated with automatic alternative
routing subject to a trunk reservation constraint. Suppose that one of the links in the
network consists of N channels operating with a trunk reservation parameter m: this
means that first-choice traffic is accepted by the link whenever there is at least one
free channel, but second-choice (i.e. re-routed) traffic is accepted only when the
number of free channels is greater than m (where m < N).

Assuming that call holding times are exponential with a mean holding time of &,
and that the first-choice and second-choice traffic streams can be regarded as
independent Poisson streams with mean rates A4, and A, respectively, set up a birth-
death model for the total traffic carried on the link. Draw the state transition
diagram for your model and write down the equilibrium equations for the system.
Indicate briefly (full detail not required) how you would compute the blocking
probabilities for the first-choice and second-choice in terms of the link idle

probability 7z, .
(10]



3. (a)

(b)

4. (a)

(b)

Show that the mean waiting time for an M/G/I system is

AE(S?
2(1-p)
1) State the meaning of A, S, p.
(3]
(i) State clearly all intermediate steps and any assumption made.
7]

A single-channel communication link is used for transmitting data files from one
computer to another in a low-rate data network. The file length can be assumed to
be exponentially-distributed with a mean file length of 700 kbytes and files arrive
for transmission in a Poisson stream with a mean rate of 1 file/100 secs. The link is
buffered by a FIFO buffer of sufficient capacity to hold all files awaiting
transmission. If the channel transmission rate is 64 kbits/second:

@) Determine the probability that a file will not have to wait for transmission

(4]

(i) Determine the probability that the file will have to wait for more than 10
minutes before being transmitted

(4]

(iii) Would the overall mean waiting time be improved by giving “short” files
(e.g. files less than 700 kbytes in length) non-pre-emptive priority over
“long” files?. A brief discussion will be sufficient.

(2]

For an N-voice source multiplexer, and using a Markov modulated Poisson process
(MMPP) as your aggregated traffic model, obtain:

(1) The conditions on the maximum capacity of the multiplexer (assume
service time distribution to be exponential with mean = IA)
(5]
(i1) The state space representation (or Markov chain).
(5]

Derive an approximated model for an ATM leaky bucket policy scheme. Discuss
any underlying assumptions made.
(10}



5. (a)

(b)

A system with C = 8 resource units is offered a mixture of Poisson traffic
A, requiring b, =1 resource units and Poisson traffic A, requiring b, =2 resource

units. The resources b, (k = I,2) holding time is exponentially distributed (1/ u, ).

1) State the expression and represent the state space, S, of the system on a two
dimensional graph
(2]
(i1) State the expressions and identify the admission set, S, for traffic class &,
k=12
(2]
(iii) State the expressions for the blocking probability, B, , for traffic class £,
k=12
2]
(iv) State the expression of the steady state distribution of the system.
[2]

A well known measure of Equivalence Capacity is given by the following
expression:

C, = min[C,,C;]

where Cj is a fluid-flow approximation of Equivalent Capacity and C,, is the

stationary approximation of the equivalent Capacity.

(4]

1) State the underlying assumptions and models used to derive Cj, and Cj,
(ii) Explain the relevance of the Normal distribution approximation and main
points in the derivation of Cj ‘
[4]

(ili)  Explain the relevance of the survivor function and the main points in the
derivation of Cj; .

(4]

4[End]
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