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EP2200 Queuing Theory and Teletraffic Systems

Monday, June 3", 2013.

Awailable teacher: Vitkoria Fodor

Allowed help: Calculator, Beta mathematical handbook or similar, provided
sheets of queuing theory formulas, Laplace transforms and Erlang tables.

1. You decide to model a stochastic system with a three state continuous
time Markov chain, with states Sy, S, and S3. The system can move from S
to Sy or to Sz, from S to Sy and from S5 to S;.

a) Does this system has stationary solution? Motivate your answer. (1p)

b) The transition rates are g2 = 1, q13 = 1 go3 = 1 gz; = 1. Give the Q
matrix and the matrix equation of the stationary solution. Calculate the
stationary state distribution. (3p)

c) Assume, the system is in S} at time zero. Give the distribution of time the
system stays in S, before moving to another state. Prove or motivate your
answer. Give the probability that the system does not move to another
state in the first 2 time units. (3p)

d) The system is actually an ice cream machine. In S it is in perfect state
and produces 100 ice creams per time unit. In S, it is half clogged, but
still produces 40 ice creams per time unit. Finally, in S; it needs to be
stopped and cleaned. Considering the parameters in part b, what is the
average time of cleaning? How many ice creams are produced per time
unit in average? (3p)

2. You would like to move to the cloud computing business with low prices
(and on small scale). For that you need to dimension your servers very well, such
that you can provide fast response with the delay users still accept. For that
you model the cloud computing service with a queuing model. You consider
exponential service time, with an average of 12scc, and you assume that in
average one request will arrive per second, according to a Poisson process. You
decide to install NV = 15 servers, so your cloud service can serve N requests
at the same time. If all servers are busy, requests wait in a buffer that is not
limited. Waiting requests are served in FIFO order.

a) Define the queuing model of the system, and draw its Markov chain. (2p)

b) What is the offered load in your system? What is the utilization of a
server? Is the system stable? Motivate your answer. (2p)

c) Give the probability, that an arriving request can not be served imme-
diately and the average time the users need to wait for answer (that is,
waiting plus service time). (2p)

d) Consider a request that arrives when all the servers are busy and there
are 2 requests waiting. Give the distribution of the waiting time of this
arriving request in transform form and in time domain. (4p).
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