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1.

(a) For the Engset model:
) Describe and list the basic assumptions underlying the model. [2]

(ii) Derive the death and birth coefficients. 2]

(iii) Derive the equilibrium traffic distribution if N < M. Where M is the number of
independent active Poisson sources that is offered to an N-channel
communications link. [6]

(b) Two telephone exchanges are connected by a multi-channel link operating with a
loss probability of 0.005. If the aggregated calling rate in the two directions is 1200
calls/hour, and the average call holding time is 180 seconds:

1) Determine the total offered traffic and the total carried traffic for the link. [5]

(ii) Estimate the size (i.e. number of channels) of the link. [5]

Hint: you can assume that for large values of the offered traffic, the B-curves are
approximately linear.
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2. (a) For the M/M/K/N system, derive the Queue-length distribution. [10]

(b)  The two dimensional Birth and Death process represented in Figure 2.1 represents
the traffic being offered to an overflow link. If we define the state of the system by

(N,,Y,) where N, is the number of busy channels on the overflow link, and Y, is an
ON/OFF switching process:

@) define and explain the meaning of all parameters, [5]
(ii) calculate the blocking probability for the overflow link. [5]
A

o =0.145
B =7.08
A=3

u=033

7, = P(N, =0,Y, = 0)
7, = P(N, =1,Y, = 0)
o, =P(N, =0,Y, =1)
6,=P(N, =17, =1)

Figure 2.1
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(a) (i) For queuing systems define and explain two types of priority schemes
known to you. 4]

(ii) Derive the expression for the mean waiting time of class k traffic in a non-
pre-emptive priority scheme. Explain all variables involved in the derivation
and clearly state and discuss any assumptions made. {6]

(b) A Poisson stream of messages with rate A is fed into a single-channel
communication link via a large input buffer. The message stream consists of a
random mixture of 1-packet messages and 2-packet messages, each packet being of
length B bits. If A = 1800 messages/minute, B = 60 bits, and 60 % of the messages
are single-packet messages:

determine the overall mean message transit time across the link (i.e. waiting time

plus transmission time) when the queue discipline is FIFO-and the channel
transmission rate is 64 Kbits/seconds. [10]
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4. (@) (i) Define the stochastic Knapsack problem. [4]
(it)  Figure 4.1 represents a Knapsack problem. The resources required by n_1
type traffic is B/= 1 [unit] and by n_2 type traffic is B2= 2 [units].
What is the capacity of the system ? | [2]

Suppose the probabilities associated with the state space (n_1, n_2) are given
by:

P(i,0)=0.05fori =0, ...8
P(i,1)=005fori=20, ...6
P(,2)=003fori=0,.,4
P(i,3)=001fori=0,..,2
P(i,4)=0.02 fori = 0.
Derive the blocking probability of n_2 type traffic. 4]
e o
® © o e
e © o e ®
@O0 —@ @O
2
| 2 3 4 5 6 7 i [n_1]
 Figure 4.1

(b)  In broadband networks, admission and access control schemes play important roles.
Discuss briefly the importance of admission and access control in broadband
networks. Give examples as necessary. [10]

E4.05/S07 Page 5 of 6



5.

(a)

(b)

For the N- sources stochastic fluid model represented in Figure 5.1:

@ explain the meaning of the random variable x, {3]

(ii) explain the relationship between the parameter C and the system capacity
VC cells/seconds, [3]

(ili)  derive the stationary probability that the buffer occupancy is less than or
equal to x given that i sources are in talkspurt. [6]

Figure 5.1

A well known measurement of equivalent capacity is given by the following
expression:

where
C, =mR, + R 0/~ In(27) - 2In¢
1-kY, o [(1-kY
Cy=RN — |+ RN, | — +kp .
? 2 P 2
) Explain the meaning of all parameters of C,, . [4]
(ii) Explain the meaning of all parameters of C, . [4]
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