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SA402 - Dynamic and Stochastic Models Fall 2013
Asst. Prof. Nelson Uhan

Lesson 23. Lab - Helicopter Maintenance

Instructions. You have the entire class period to complete this lab. You must work in teams of 3 or 4.
Submit only 1 completed lab per team.

You have been asked to take over the task of staffing maintenance teams at a facility that repairs and maintains
SH-60 Seahawk helicopters. The helicopters arrive at the maintenance facility at a rate of 16 per day, and are
processed on a first-come-first-served basis. It takes a maintenance team 4 hours on average to process 1
helicopter. The facility currently has 3 teams working simultaneously at any given time. Your predecessor left
you some MATLAB code that simulates the arrival and repair process as an M/M/3 queue.

1. First, get acquainted with what the code does. Download the code from the course website. Read through
experiment.m, simulation.m, and event.m.

a. What does event (1) do? What about event (4)?
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b. What do these lines in simulation.m do?

25 % Simulation stopping time
26 T_stop = 365;

78 % Stopping condition
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2. What is the expected delay per helicopter? Use the formulas established in previous lessons.
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3. In experiment.m, write code that estimates the expected delay per helicopter via simulation. Do this by
following the steps below — write your code snippets here.

a. First, right before the main for loop, create an empty vector delay that will eventually hold the delay
per helicopter in each generated sample path:

delay = [];

b. Next, in the main for loop, right after the simulation is run, make things simpler and create R_path,
the sample path of the number of helicopters in the system:

R_path = S_path(4,:)

c. Use R_path to compute Q_path, the sample path of the number of helicopters in the queue.
Hint. This can be done in 1line in MATLAB.

Q path = max(R _path - s, 0)
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Q path = R path - sum(S path(1:3,:))



d. Use T_path and Q_path to compute total_delay, the total delay of all helicopters for a given sample
path. (No need for fancy MATLAB constructs — a simple for loop will do.)

total delay = 0;
for i1 = 1 : length(Q path) -1

total delay = total delay + (T path(i+l) - T path(i)) * Q path(i);
end

e. Use S_path to compute total_arrivals, the total number of helicopter arrivals in a given sample path.
(A simple for loop will suffice here as well.)

total arrivals = 0;
for 1 = 1 : length(R path) -1
if (R _path(i+l) == R path(i) + 1)
total arrivals = total arrivals + 1;
end
end

t. Compute the delay per helicopter for a given sample path and add it to the vector delay:
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g. Right after the main for loop, compute expected_delay, the average of all the delays per helicopter
from each sample path. This is an approximation of the expected delay per helicopter. What value do
you obtain? It should be relatively close to your answer to question 2.

expected delay = mean (delay)
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h. Why might the value you obtained through simulation differ from the value you obtained analytically
in question 2?
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4. After analyzing the data, you determine that the service times are better modeled as a uniform random
variable on [1/24,7/24] (in days). Use Whitt’s approximation with your answer to question 2 to approximate

the expected delay. Note that the expected service time is still the same.
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5. Modify the simulation code to incorporate this new model of service times. Run the code to compute the
expected delay over all generated sample paths. What value do you obtain? Is it close to your answer to

question 4?
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6. (Bonus) If the service times are exponential, how can you rewrite the simulation code to be more compact?
Describe the changes that you would make. Why do your proposed changes work? Hint. You only need 3

events, instead of 5.
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