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ISYE 7201: Production & Service Systems
Spring 2019

Instructor: Spyros Reveliotis
2nd Midterm Exam (Take Home)

Release Date: March 25, 2019
Due Date: April 1, 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, Homework 2 and 3 posted at the course website, as well
as some of the past midterms also posted at that website, can be
provide useful complementary material (and experience) to the
in-class lectures while working on the exam problems.
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Problem 1 (20 points): If Xi, i = 1, 2, 3, are independent exponential
random variables with rates λi, i = 1, 2, 3, compute

i. P [X1 < X2 < X3];

ii. P [X1 < X2 | max{X1, X2, X3} = X3];

iii. E[maxXi | X1 < X2 < X3];

iv. E[maxXi].

Problem 2 (20 points): Consider a game that is played as follows: Events
occur according to a Poisson process with rate λ. Each time an event occurs,
we must decide whether to stop or not, with our objective being to stop at
the last event that will occur before some specified time τ . This time τ
is defined with respect to the initiation of the current round of the game
(i.e., at the initiation of the current round, time is reset to zero), and it also
holds that τ > 1/λ. If no event occurs during the interval (0, τ ] or if we stop
prematurely (i.e., at an event that is not the last event in the interval (0, τ ],
then, we loose; otherwise, we win.

We want to play a strategy where we shall stop at the first event that will
occur after some fixed time s ∈ [0, τ ]. You task is to choose the value of s in
a way that maximizes the probability of winning, and also to compute the
corresponding probability.

Problem 3 (20 points): Potential customers arrive at a full-service, one-
pump gas station at a Poisson rate of 20 cars per hour. However, customers
will only enter the station for gas if there are no more than two cars already
in it (including the car that gets serviced). Also, suppose that the time
required to service a car is exponentially distributed with a mean of five
minutes. Determine the following:

i. What fraction of the attendant’s time will be spent servicing cars?

ii. What fraction of potential customers are lost?
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Problem 4 (20 points): Consider a manufacturing workstation that oper-
ates as follows: Parts to be processed are drawn from a local ‘raw-materials’
inventory according to a non-idling policy, and each part is processed as
follows:

1. The part first goes through a processing stage with a processing time
that follows a normal distribution with a mean of 10 minutes and a
st. deviation of 3 minutes.

2. After the completion of the first processing stage, the part is inspected
with the corresponding inspection time being normally distributed
with mean 4 minutes and st. deviation 2 minutes. Furthermore, it
has been observed that 70% of the parts pass successfully this inspec-
tion step, another 5% has to be scrapped, and the remaining parts
must be reworked through an additional processing stage.

3. The processing times of the rework stage are uniformly distributed
from 5 to 15 minutes (the rework process is stopped if it exceeds this
time), and the success rate of this rework step is 80%. A part that
fails this additional processing stage is scrapped.

Model the operation of the considered workstation as a semi-Markov process,
and use this representation to determine the effective throughput of this
workstation.

Problem 5 (20 points): Consider a state i of a CTMC {X(t), t ≥ 0},
where the corresponding service time Ti is determined by the “exponential
race” between two independent events ek and el with corresponding instan-
taneous rates λk and λl. Furthermore, let k and l also denote the states of
{X(t)} that result from the execution of the corresponding events at state
i. Prove or disprove the following:

P (Ti ≤ t | i→ k) = P (Ti ≤ t)

In the above expression, ‘i → k’ denotes the event that the process transi-
tioned from state i to state k.
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