1. The following figure shows a single class queueing network of three queues

that has a product form solution.

04 712
e [ [[D— I
06— 112 08

Jobs arrive from the outside with rate A =1/200. Jobs leaving queue 1 go to

queue 2 with probability 0.4 or to queue 2 with probability 0.6. Jobs leaving
queue 2 or queue 3 leave the system with probability 0.8 or go to queue 1
with probability 0.2. The per visit demands for queues 1, 2, and 3 are 50,
100, and 200, respectively.

(a) What is the steady state probability that queues 2 and 3 both have 0 jobs

or both have 1 job or both have 2 jobs?

Since this is an open product form queueing network, the joint queue length
probability distribution is of the form

Pt n,,nyn,]= p* (1= p,)p5 (1= p,)05 (1= ps)

where n, and p, are, respectively, the number of jobs in and the utilization of
queue i. To obtain the utilizations, find the queue arrival rates.

A, =044
A, =0.62,
A =A+024 = A = 2/0.8=125A

A, =052
A, =0.752

Since A =1/200, the utilizations are

p,=A-50=03125
p, = A,-100 =0.25
Py = A,-200=0.75

Note that all of the queues have utilizations less than one; the network has a
steady state solution.



The probability that queues 2 and 3 both have 0 or 1 or 2 jobs is

)

Y {Pr[n,,0.0]+ Pr[n,.1.1]+ Prn,.2,2]}

n =0

= Do (1= )= )1 1)+ ML= )1 py) + P21 )31 o)}

ny =0

=(1-p,)(1- )1~ p5) X, 01" {0303 + P30 + P33}
n =0

= (.6875)(.75)(.25) E p {1+ (:25)(75) + (25)(75)'}

ny =0

~ (1289)(12227) 1 = 1370 _ 099

1-p, .6875

(b) If the arrival rate is from the outside is doubled, what is the steady state
probability that queues 2 and 3 both have 0 jobs or both have 1 job or both
have 2 jobs?

The system does not have a steady state, since the utilization of queue 3 would
be greater than 1.



