
IE 336 Room: CIVL _____ Seat: ______ Name (clearly) __________________________

Closed book. Three pages of hand-written notes, front and back.
No calculator. 120 minutes.

Cover page and four pages of exam. Eleven questions.

Each question is worth nine points (and one point is a gift).

To receive full credit, show enough work to indicate your logic.
Always state the units of your answers.

Do not spend time calculating. Unless specifically noted, you will
receive full credit if someone with no understanding of probability
could simplify your answer to obtain the correct numerical solution.

This test covers through Chapter 6 of Solberg (August 2005) as well
as some basic simulation concepts covered in lecture.

Recall: The Poisson pmf with mean µ is f (x ) = e−µµx / x ! for x = 0, 1, 2,....

Recall: The geometric pmf with probability of success p is f (x ) = p (1 − p )x −1 for x = 1, 2, 3,....

Recall: The exponential pdf with mean 1 / λ is f (x ) = λe−λx for 0 ≤ x .

Recall: The exponential cdf with mean 1 / λ is F (x ) = 1 − e−λx for 0 ≤ x .
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Recall: Coefficient of variation is the ratio of standard deviation to mean.

Recall: Kingman’s approximation: For the GI/G/1 queueing system, Lq =
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where ρ the traffic intensity, Ca is the coefficient of variation of
the interarrival times, and Cs is the coefficient of variation of the service times.
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For Questions 1–4, consider the four-state continuous-time Markov process that measures
time in hours, is initially in state zero, and has rate matrix
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1. Sketch the corresponding transition digraph, showing all states and rates.
Shade the transient states.

2. This rate matrix corresponds to a queuing situation. Describe it in words.

3. If the process has been in State 0 for 7.3 hours, state the distribution of the length of the
next visit to State 1.

4. Does the system (either continuous time Markov process or the queueing interpretation)
have a steady state? yes no
How do you know?
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For Questions 5–6, consider the MSexcel M/M/1 queueing simulation that we discussed in
lecture. The interarrival times are exponentially distributed with rate λ per hour. The service
times are exponential with rate µ per hour. The system is empty at time zero.

5. In the simulation we used the Lindley equation Wq ,i +1 = max{0, Wq ,i + Si −Ai +1}.

(a) Choose one. Is Wq ,i a random variable, an event, or a mean?

(b) Does the equation require the Markov assumptions to be true? yes no

(c) Does the equation require steady-state to be true? yes no

(d) What is the relationship between µ and Si ?

6. We used the inverse-cdf transformation to convert a U(0,1) random number u to generate
a random variate x (such as the interarrival and service times).

Suppose that we want to generate a service time from the exponential distribution with
mean 2 years. Suppose that the random number is u = 0.2. What is the corresponding
service time?
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For Questions 7–8 are based on Solberg’s Question 18, Chapter 6, where a single-server
infinite capacity queue has Poisson arrivals with a rate of λ = 10 customers per hour. The
service-time distribution is approximately log-normal with a mean of four minutes and
standard deviation of one minute.

7. Use Kingman’s approximation to determine the steady-state average queue length.
(See the front cover. Your task is to determine the values of Ca , Cs , and ρ.)

8. Discuss the effect of changing the service-time distribution to exponential with a mean of
four minutes.

Exam #4, Fall 2005 Page 3 of 4 Schmeiser



IE 336 Room: CIVL _____ Seat: ______ Name (clearly) __________________________

For Questions 9–11 are based on Solberg’s Question 9, Chapter 6, where a parking lot has a
spaces for 100 vehicles, which arrive according to a Poisson process with rate 80 per hour and
stay for a random time that is exponentially distributed. Vehicles that arrive to a full lot go
elsewhere.

9. Quick questions.

(a) Write the Kendall notation for an appropriate queueing model.

(b) Write the Kolmogorov forward equation for the situation in which the lot is full.

10. Quick questions.

(a) Determine the value of Lq , the expected number in the queue?

(b) For steady state to exist, what is the relationship between the rate at which vehicles
arrive to the parking lot (maybe to be turned away because the lot is full) and the
average time that a vehicle stays in the lot?

11. Quick questions.

(a) If the steady-state probability of the lot being full is π100 = 0.1, determine the rate R
that would be used in Little’s Law L = RW .

(b) If there are now 55 vehicles in the lot and the average stay is 20 minutes, what is the
probability that there is an arrival before a departure?
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