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Special instructions for students

1. Erlang Loss formula recursive evaluation:

__PEv.(P)
BN o)

E,(p)=1.

2. Engset Loss formula recursive evaluation (for a fixed M and p=a/l1+a):

o = (M -N + e, _,
Y N+(M-N+1)ae,_,
g =1
a=i/u.

3. Traffic capacity on basis of Erlang B formula (next page).

Note: for large p , N is approximately linear: N =1.33p+5
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a) For an Engset traffic model with M sources and N channels

i) Describe and discuss the underlying assumption of an Engset model.
ii) Derive the birth and death coefficients of the system described in 1).

iii) Assuming M > N, derive the steady state distribution for the system
described in 1).

b) The total offered traffic of 45 Erlangs is offered to a link with a loss probability of

0.005.
i) Estimate the total income call rate if the average call duration is 150
seconds.
ii) Estimate the number of trunks of the link.
111) Derive the total carried traffic.

[4]

[4]

(3]

[2]

[3]

(2]
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In an M/M/K system let the variable O, represent the number of items in the buffer.

i) Derive the unconditional queue length distribution P[Q, = i].
[10]

i1) Derive E[Q,].
[10]

a) In a K-channel message transmission link the arriving message stream consists of
2 separate arrival streams:

- Arrivals from stream 1 are Poisson with rate A, and are allowed to wait if all
channels are busy.

- Arrivals from stream 2 are Poisson with rate A, and are discarded if K channels
are busy.

- All messages have exponentially distributed length with mean length A.

Find the probability that an arrival message will not be transmitted immediately
[10]

b) Assume that the offered traffic to the system under analysis is pure chance traffic
with parameters (A, &).

i) Define the state space for a 2-D Birth/Death model for overflow traffic if
you know that

- the firth choice link has a maximum of M channels
- the overflow link has a maximum of N channels
[5]
ii) Draw the state transition diagram for the system.

(5]
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a) Consider a discrete-state, continuous-time Markov chain {N,} with state space
E ={0,1,2,..., N}. The process can be further characterised by the following
transition probabilities.

Al j=i+]
P[N,, =J|N,=il=qAt j=i-1
0 |j-iP>1
And A, =0, 4,=0.
i) Draw the transition diagram.
(2]
ii) Obtain the equilibrium balance equations.
(3]
iii) Obtain the steady state distribution of &, .
B3]
iv) Is the process reversible? Discuss your answer.
(2]

Question 4 b) Continues next page
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b) A 3-processor / 2-buffer stage system is shown in Figure 4.2.
The system can only be repaired if it is in a Faulty state.
The system is in a Faulty state if any one buffer or any one processor is not

operational.

For the Failure and Repair processes:

- Failure rate of a buffer stage: A,
- Failure rate of one processor: A,

- Repair time of j faulty components: j/R

i) Define the state space of the system.
(3]
i) Derive the state space transition diagram of the system.
[3]
—.
/ ¢
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i o
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Figure 4.2: Three-processor / two-buffer stage system.
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a) The generic rate algorithm (GRA) proposed by ATM Forum has a number of
equivalent representations one of which is the Leaky Bucket algorithm.

i) Using the close queueing system of Figure 5.1. Explain the main
underlying characteristics of the Leaky Bucket algorithm.
(3]
ii) Discuss the meaning of the Queue 1 service rate 4 .
(2]
iii) Discuss the meaning of the Queue 2 service rate r.
[2]
iv) Discuss how this model represents a finite token buffer of maximum
capacity M cells.
[3]
A
i — *
-ax.__H_ M A
o
/ 3
< H
\‘--._.-/ i
-1
oz 1D
Figure 5.1: Closed queueing network model. Leaky Bucket.
Question 5 b) Continues next page
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b) Figure 5.2 represents an MMPP model of N multiplexed voice sources.

i) Define and discuss the meaning of the parameters A, and f.

[3]

ii) Assume that the voice source defined in 1) is offered to a voice
multiplexer with service rate v cells/second.

- define a state space which can account for the number of voice sources
and the state of the multiplexer.

[3]

- draw the state transition diagram of the multiplexer and clearly identify
the transition rates.

(4]

NA (V-4 - o - A
g Ty T S T
~C AN NN 7Y
(\ 0 L ) 2 ] ( i j |\ N)
\"""—/'\\“_ﬁ_‘/,b\ ”‘x\ /)‘ A g //{ ;\ b _,.-w"\ P &\ //'“ ?
l94 2a a Na
B 20 i Np

Figure 5.2: MMPP model N multiplexed voice sources.
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6. A simple equivalent capacity expression is given by

C, =(m+Ko)R,

Where m and o can be obtained from an ON-OFF source model and K is dependent

on a specified QoS.
a) Using an ON-OFF source model as the underlying traffic model; derive a simple
expression for mand o .
[6]
a) K is dependent on a specified QoS. Here QoS can be regarded as a measure of
cell loss probability P, or the probability of being in an overload state & .
i) The probability of being in an overload state can be estimated by:
N
e=Yr,
i=Jy
Derive an approximation to £ assuming that a large number of sources
are multiplexed. ThatisN>> l and p<<1.
| [7]
ii) The cell loss probability can be conservatively estimated by:
Y (i-O)x,
P=)-—"+-
Where 7, is the probability that the system is in state i and J is called
the overload state.
Derive an approximation to P, assuming that a large number of sources
are multiplexed. Thatis N >> | and p << 1.
[7]
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