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ISYE 7201: Production & Service Systems
Spring 2023

Instructor: Spyros Reveliotis
Final Exam (Take Home)

Release Date: April 27, 2023
Due Date: April 30, 2023

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.

Please, send me your responses as a pdf file attached to an email.
Name the pdf file by your last name (only). The pdf file can be
a scan or photos of a hand-written document, but, please, write
your answers clearly and thoroughly. Also, make sure that the pdf
file is not too big; you can reduce the size of your file by loading it
into Adobe Acrobat and saving it with the “reduced” size option
before emailing it to me.

Finally, report any external sources (other than your textbook)
that you referred to while preparing the solutions.
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Problem 1 (25 points): Consider a serial workflow consisting of m single-
server workstations, WSi, i ∈ {1, . . . ,m}, with corresponding processing
times exponentially distributed with rate µi. This workflow is fed by a
Poisson process with rate λ < mini µi.

i. (5 pts) Explain that the operation of this workflow is stable.

ii. (10 pts) Assuming that this workflow is operating in its limiting regime,
determine the probability that there are n items in it.

iii. (5 pts) Specialize the result in part (ii) assuming that µi = µ, ∀i.

iv. (5 pts) Compute the probability required in part (ii) when m = 3,
n = 10, λ = 5 hr−1, µ1 = µ3 = 6 hr−1 and µ2 = 7 hr−1.

Problem 2 (25 points): Consider a counter with a single clerk that serves
customers arriving according to a Poisson process with rate λc = 8 hr−1

following a FCFS protocol. The serving of any given customer by the clerk
involves the processing of some paperwork and the required time for this
paperwork is normally distributed with mean tc = 5 min and st. deviation
σc = 3 min. However, while serving a customer, the clerk might need
to make some clarifying phone calls, and past observations have shown that
these phone calls occur according to a Poisson process with rate λp = 5 hr−1

and their duration is exponentially distributed with mean tp = 3 min.

i. (5 pts) Show that the counter will serve the arriving customers in a
stable manner.

ii. (5 pts) What is the throughput with which customers are serviced at
this counter?

iii. (15 pts) Also, provide a Mean Value Analysis (MVA) of this counter
with respect to the serviced customers; in particular, compute: (i)
E[W ], the expected waiting time by any customer before she is picked
up for service by the clerk; (ii) E[S], the expected total time spent
by a customer at this counter; (iii) E[Xq], the expected number of
customers waiting for service; and (iv) E[X], the expected number of
customers present at the counter when considering also the potential
customer in service.
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Problem 3 (25 points): Consider a counter with a single clerk that serves
customers arriving according to a Poisson process with rate λc = 8 hr−1

following a FCFS protocol. Besides serving the arriving customers, the
clerk also answers incoming phone calls that occur according to a Poisson
process with rate λp = 5 hr−1. Furthermore, the phone calls have preemptive
priority over the served customers, i.e., whenever the phone rings while a
customer is in service, the clerk must answer the phone call and subsequently
she resumes servicing the customer. Customer service times are normally
distributed with mean tc = 5 min and st. deviation σc = 3 min, while
the duration of each phone call is exponentially distributed with mean tp =
3 min.

i. (5 pts) Show that the counter will serve the arriving customers in a
stable manner.

ii. (5 pts) What is the throughput with which customers are serviced at
this counter?

iii. (15 pts) Also, provide a Mean Value Analysis (MVA) of this counter
with respect to the serviced customers; in particular, compute: (i)
E[W ], the expected waiting time by any customer before she is picked
up for service by the clerk; (ii) E[S], the expected total time spent
by a customer at this counter; (iii) E[Xq], the expected number of
customers waiting for service; and (iv) E[X], the expected number of
customers present at the counter when considering also the potential
customer in service.

Problem 4 (25 points): Consider a local shop operating on a 12-hour
daily shift that serves orders arriving according to a Poisson process with
rate λ = 5 per day. The shop processes the incoming orders according to a
FCFS protocol, one order at a time, and each order is filled by manufacturing
and delivering a certain part. The manufacturing of a part takes two hours,
but a part can be damaged while in processing, in which case, a new part
must be started for the satisfaction of the corresponding order.

Assuming that such a catastrophic failure can occur uniformly over the 2-
hour interval that is required for the complete processing of the part, do the
following:
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i. (10 pts) Compute the maximum failing probability p̄ for the processing
of any single part that will lead to a stable operation of the considered
shop.

ii. (15 pts) Perform a mean-value analysis of the shop operation assuming
that the failing probability is p = 0.5p̄. In particular, provide the
utilization, the throughput, the expected lead time for an order, and
the average number of standing orders at any time point.







































1 0.833 0.693889 0.57800954 0.48148194 0.40107446 0.33409502 0.27830116 0.23182486 0.19311011 0.16086072
1 1.547 1.798447 1.8621007 1.81102184 1.69414405 1.54371388 1.38051287 1.21751105 1.062413 0.9194236
1 2.38 3.780987 5.01166287 5.98573701 6.68026298 7.10837294 7.30178753 7.29990006 7.14322975 6.86973398
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