ISYE 7201: Production & Service Systems
Spring 2019
Instructor: Spyros Reveliotis
Final Exam (Take Home)
Release Date: April 19, 2019
Due Date: April 28, 2019

While taking this exam, you are expected to observe the Geor-
gia Tech Honor Code. In particular, no collaboration or other
interaction among yourselves is allowed while taking the exam.

You can send me your responses as a pdf file attached to an email.
This pdf file can be a scan of a hand-written document, but, please,
write your answers very clearly and thoroughly. Also, report any
external sources (other than your textbook) that your referred to
while preparing the solutions.

Finally, the homeworks and past exams that are posted at the
course website can be provide useful complementary material (and
experience) to the in-class lectures while working on the exam
problems.



Problem 1 (20 points): Consider a small call center that provides two
types of services, A and B. All calls for each type of service are answered by a
single employee. Customers calls occur according to a Poisson process with
rate A = 20 hr~!, and each arriving call is directed to service A or B with
corresponding probabilities 0.6 and 0.4. A customer who received service of
type A might be directed to service B at the end of that first transaction
with probability 0.2; otherwise she completes her call. Similarly, customers
who received type-B service are routed to service A with probability 0.1,
and they complete their calls otherwise. Also, a customer who has received
both types of service just completes her call upon completion of the second
service. On, the other hand, the employee who supports the call for each
of the two service types, answers these calls on a First-Come-First-Serve
basis, according to the order with which these calls appeared on his con-
sole. Finally, calls concerning type A service are exponentially distributed
with a mean duration of 4 minutes, and calls concerning type B service are
exponentially distributed with a mean duration of 5 minutes.

Answer the following questions:

i. Model the operation of this call center as a queueing network. Try to
be as detailed as possible regarding the features of your model.

ii. What is the average wait for each service?
iii. What is the average number of calls waiting for each type of service?
iv. What is the utilization of each of the two employees?

v. What is the expected duration of a call that receives (a) only type A
service, (b) only type B service, (c) both types of services?

Problem 2 (20 points): A local plant possesses two power generators that
are desired to be operational all the time. However, each of these genera-
tors experiences outages according to an exponential distribution with mean
time to failure equal to 2 weeks. When one of these generators breaks down,
there is a probability p=0.7 that the damage can be repaired locally. The
plant avails of two technicians that can take care of such a local repair, and
the corresponding repair time is exponentially distributed with mean value
71 = 1 week. If the damage cannot be fixed locally, the generator must be



sent out for service, to a contracted external expert, and the corresponding
service times for this expert are exponentially distributed with mean value
Te = 3 weeks. Furthermore, there is a probability ¢ = 0.2 that the local
technicians might not be able to address effectively the experienced dam-
age, in which case the generator eventually must be sent out for external
service. A generator that is sent out for external service is always restored
successfully back to its operational mode.

Answer the following questions:

i. Model the operation described above as a closed queueing network.

ii. Use mean value analysis in order to determine the percentage of time
that (a) both generators are operational, or (b) at least one generator
is operational, in steady-state.

Problem 3 (20 points): Consider a non-preemptive priority queue with
two customer classes operating in steady-state, and suppose that service
times for both classes are exponentially distributed with the same rate u.
Show that the average wait time in the queue across all customers has the
form of the average wait time of an M/M/1 queue. Characterize the param-
eters of this M/M/1 queue.

Problem 4 (20 points): In class we defined the notion of the “busy period”
for a stable M/G/1 queue as a maximal time interval T during which the
queue is non-empty, and we showed that the expected duration of such a
busy period is equal to 7/(1 — A7), where 7 is the mean service time and A
is the rate of the arrival process. In this problem you are called to establish
the following:

i. Show that the number of customers that are served during a busy
period, N, is geometrically distributed, and define the parameter of
this distribution.

ii. Use the results in item #1 above in order to compute E[N] and
Var[N]. Also, show that your results for this part are in agreement
with the aforementioned result that was derived in class for E[Tg].



iii. Use the results in items #1 and #2 above in order to compute Var[Tg].

iv. Briefly describe how the above results could be used in order to support
an alternative approach for the mean value analysis of a two-class
priority queue with preemptive priorities, similar to that discussed in
class.

Problem 5 (20 points): Consider a workstation with 2 servers and a
total buffering capacity (including the buffering capacity of the servers) of
4 parts. Processing times at the two servers are exponentially distributed
with corresponding rates p; and pe parts per hour, and with u; > pe.
Parts arrive according to a Poisson process with rate A parts per hour, and
those parts that find the station full just leave. On the other hand, parts
that enter the station are joining a single queue and they are processed on
a first-come, first-serve basis. Furthermore, the entire operation follows a
non-idling policy for the system servers, and an arriving part that finds both
servers idle is directed to the fastest server.

Prove or disprove the following statements:

i. Under the operational regime that is described in the previous para-
graph, the faster server will experience a higher utilization than the
slower one.

ii. The adopted routing policy maximizes the throughput of this work-
station over all routing policies that will route an arriving part that
finds both servers idle, to the fastest station with some probability
p € [0,1].
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Problem 4 (30 points): Consider a queueing station with 2 servers and a
total buffering capacity (including the buffering capacity of the servers) of
K units. Processing times at the two servers are exponentially distributed
with corresponding rates uy and po parts per hour, and with py > po.
Parts arrive according to a Poisson process with rate A parts per hour, and
those parts that find the station full just leave. On the other hand, parts
that enter the station are joining a single queue and they are processed on
a first-come, first-serve basis. Furthermore, the entire operation follows a
nonidling policy for the system servers, and an arriving part that finds both
servers idle is directed to the fastest server.

$

i. (10 pts) Model the operation of the above station as a CTMC. Under
what conditions will this MC possess a steady-state?

ii. (10 pts) Is it true that under the considered operational scheme, the
fastest server will experience a higher utilization than the slowest one?

iii. (10 pts) How can we modify the above scheme in order to attain equal
server utilization while maintaining the nonidling policy for this sta-
tion? Will such a modification always be possible?

Please, provide a complete analysis for all the above questions.
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