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[E4.05-S07]

Especial Information for Invigilators: NIL

Information for Candidates:

1. Erlang Loss formula recursive evaluation:

PEy_(p)
Ep)=——"—"—
) N+ pEy_(P)
E\(p)=1.

2. Engset Loss formula recursive evaluation (for a fixed M and p=a/l+a):

o o (M-N+Dae,,
YT N+(M-N+Dae,,
e =1.
a=ifu.

3. Traffic capacity on basis of Erlang B formula (next page).
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[E4.05-S07]

a) For the system in Figure 1.1 assume:

- The M sources act independently.
- The call arrival rate from a free source is Poisson with parameter A .
- The link is composed of N channels.
- The channel holding time is a negative exponential with
parameter 1/ .
- There is full availability access.

i) Derive the Global balance equations.

(6]
[6]

ii) Derive the Local balance equations.

b) Consider the system of part a) and assume the following parameters:

- N =4 (channels link).

- M= 6 (sources of traffic).

- The call rate of a free source = 0.5 [calls/minute].
- The mean holding time = 2 [minutes].

Determine the total traffic carried by the link.

(8]

M sources N Channels

Figure 1.1
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[E4.05-S07)

a) A 15-channel communication link is offered pure chance traffic with an
arrival rate of 3 [demands/minute] and a mean holding time of 3 [minutes].

If blocked calls are allowed to overflow onto a single-channel overflow

link:
i) Determine the mean of the traffic offered to the overflow link.
i) Determine the mean traffic carried by the overflow link.
[10]
b) In practice a local access switch may not give full-availability access to the
link. That is, an arriving demand may be blocked even when the link is not
saturated.
i) Using a known definition of “loss factor”, describe and discuss a
restricted availability model.
ii) For the model described in b) i) derive the birth and death
coefficients.
[10]
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[E4.05-S07]

a) For an M/M/K/N system
i) Show that the probability that the system is empty can be
expressed by:

_ 1 { (1= P)E¢(4) }
o =T7T7%x B
(/K (1= p)+ p(1- p")E, (4)

i) Define 4,B,K,pand E, (4).
iii) Derive the probability that new arrivals are delayed.

iv) Derive the probability that new arrivals are blocked.

State clearly all the assumptions made.
Explain all the steps of your derivations.

[10]
b) For the following priority schemes:
i) For the pre-emptive priority scheme: determine the expected value
of residual time seen by class k traffic.
i) For the non-pre-emptive priority scheme: determine the mean
waiting time for class k traffic.
State clearly all the assumptions made.
Explain all the steps of your derivation.
[10]
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[E4.05-S07]

a) Consider a fluid flow model. The stationary probability F(x) that the
buffer occupancy is less than or equal to x, given i sources in talkspurt, can
be obtained from the following equation:

(f—C)aa—‘}’L[N—(f—l)uﬁ_l(x)—[(w—f)z+fa]F,-(x)+(f+1)aF,+, )
X

This can be written in matrix form as

. @)y F(x)M
de

The dimension of D and M is NxN, where N is the number of traffic
sources, and hence the general solution is given by:

Fey= Yage

:Re[Z; <0]

where z,is the i-th eigenvalue and ¢, is the corresponding i-th eigenvector
of the eigenvector equation z, ¢, D=¢ M.

i) Define the traffic source model and explain the meaning of the
parameter o .

ii) Define and construct M and D for the system when N = 1.
iii) Obtain the eigenvalues for the system when N = 1.

iv) Discuss your results.

[10]
b) In ATM admission control mechanisms, the measure of equivalent
capacity is frequently used.
i) Describe the motivations for using a stationary approximation of
equivalent capacity
ii) Derive the stationary approximation of equivalent capacity.
iii)  Describe the motivation for using a fluid-flow approximation of
equivalent capacity.
iv) Derive the fluid-flow approximation of equivalent capacity.
State clearly all the assumptions made.
Explain all the steps of your derivations.
[10]
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[E4.05-507]

a)
i) Describe a way in which a composite Performance/Reliability
assessment could be realised using the Performability model.
it) Describe and discuss assumptions made on a Markov Reward
Model (MRM).
iii)  For the system in Figure S.1.
assume:
- The Link 1 failure rate isex .
- The Link 2 failure rate is 8.
- The system can only be fully repaired at a rate y if both links are
simultaneously in failure condition.
a) Define the state space of the system.
b) Derive the Markov chain representation of the fault tolerant system.
[10]
Link 1
Link 2
Figure 5.1
b) For a stochastic knapsack problem:
i) Derive the blocking probability of an arriving class-k object.
ii) Discuss the relationship between the knapsack problem and the
Erlang loss system.
[10]
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