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Problem 1 (20 points): A doctor has scheduled two appointments, one
at 1:00pm and the other at 1:30pm. The amounts of time that the ap-
pointments last, are independent exponential random variables, with mean
30 minutes. Assuming that both patients are on time, find the expected
amount of time that the 1:30 appointment spends at the doctor’s office.
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Problem 2 (30 points): Consider a network of three stations with a single
server at each station. Customers arrive at stations 1, 2 and 3 in accordance
with Poisson processes having respective rates 5, 10 and 15. The service
times at the three stations are exponential with respective rates 10, 50 and
100. A customer completing service at station 1 is equally likely to go (i)
go to station 2, (ii) go to station 3, or (iii) return to station 1. A customer
departing service at station 2 always goes to station 3. A departure from
station 3 is equally likely to either go to station 2 or leave the system.

i. (10 pts) What is the average number of customers in the system (i.e.,
in all three stations)?

ii. (10 pts) What is the average time a customer spends in this system?

iii. (10 pts) What is the expected number of visits to station 1 by any
customer that enters this network?
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Problem 3 (20 points): In a stable M/G/1 queue,

i. (10 pts) what proportion of departures leave the queue with zero work-
load?

ii. (10 pts) what is the average remaining workload seen by & departure?

Please, define carefully the notation that you use in your responses.
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Problem 4 (30 points): Consider an M/G/1 queue where parts arrive at
a rate of A parts per time unit, but the parts are processed in batches of
k parts per batch. The expected batch processing time is equal to ¢ time
units, and the corresponding coefficient of variation is equal to cg. Adapt
the mean value analysis for the M/G/1 and G/G/1 queues presented in
class to this new case. In particular, perform the following tasks:

i. (10 pts) First determine the stability condition for this new queue.
What are the implications of this condition for the minimal batch
size?

ii. Next assume a stable instantiation of the considered queue that oper-
ates in steady-state, and compute the following performance measures:

(a) (10 pts) The expected cycle time for an arriving part.
{b) (5 pts) The throughput of this queue.
(¢) (5 pts) The average number of parts in this queue.

Remark:— Notice that, in general, an arriving part goes through three
phases during its sojourn time in this queue: (i) Unless it is the last part of
a newly formed batch, it will wait for a certain time until a complete batch
is formed; (ii) then, it will move, together with the rest of its batch, into a
queue of batches waiting to be processed at the by the server; and (iii) it
will go into the server to be processed with the rest of the parts in its batch.
Compute the expected cycle time by computing the expected time length
for each of these three phases.
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