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 (1)
The bottleneck in a network of service centres is the one with the maximum demand, i.e. average amount of service required by all tasks in unit time.  It can be shown that demand is proportional to server utilisation.


(a)
In a closed network, i.e. one with a constant population of tasks, K, what happens to the location of the bottleneck as K increases?


(b)
What happens to the bottleneck’s utilisation as K?


(c)
What happens to the population at non-bottleneck servers as K?


(d)
Which servers should you speed up to best improve performance?


(e)
What should the server utilisations be for optimal performance?

 (2)
Consider a simple queue with arrival rate , mean service time m and standard deviation of service time .  


(a)
If  is always proportional to m, what would you expect to happen to response time if the arrival rate and service rate both double?  


(b)
If  doubles whilst  and m remain fixed, what would you expect to happen to average response time?


(c)
If and , (1/m) double, what happens now?

(3)
Consider a queue in steady state with arrival rate , service rate and utilisation U.  What is the throughput?  How is this related to the arrival rate?  Hence prove that U = /.


