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1 Question 1
A nationwide programme has began to test for a rare, symptomless, disease. We know that around
3% the the population has the disease. Let 𝐷 represent the event of a patient having the disease,
then ℙ(𝐷) = 0.03. The test returns either a positive or negative result, let 𝑇 be the event that the
test is positive. The test is good, but not always accurate: when tested on a patient who has the
disease, the test returns a positive result 95% of the time, that is ℙ(𝑇 | 𝐷) = 0.95; when tested on
a patient without the disease, it returns negative 85% of the time, that is ℙ( ̄𝑇 | 𝐷̄) = 0.85.

Use Monte Carlo simulation with 10,000 trials to estimate the probability of ℙ(𝐷 | 𝑇 ).
Solution: First define some functions to represent the random events 𝐷 and 𝑇 | 𝐷:

[1]: import random

[2]: def has_disease():
"""
Samples the event D, whether a patient has the disease
"""
return random.random() < 0.03

[3]: def test_for_disease(diseased):
"""
Samples the event T given D.
"""
if diseased:

return random.random() < 0.95
if not diseased:

return random.random() > 0.85

[4]: random.seed(0)
N = 10000
patients = []
for i in range(N):

diseased = has_disease()
test = test_for_disease(diseased)
patients.append((diseased, test))
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[5]: number_of_true_positives = sum(p[0] for p in patients if p[1])
number_of_positives = sum(p[1] for p in patients)
p_disease_given_test = number_of_true_positives / number_of_positives
p_disease_given_test

[5]: 0.17337278106508874

2 Question 2
A computer repair shop has three engineers, each specialising in a different aspect of the com-
puter: software, hardware, or connectivity. Customers arrive at the shop according to a Poisson
distribution with rate 10 per hour. first arrive and queue at the inspection desk, manned by four
apprentice engineers. Inspection takes exactly 15 minutes. Computers are then labelled according
to which specialist they need to see: 50% require the software specialist, 30% require the hardware
specialist, and 20% require the connectivity specialist. Computers are sent to separate queues for
each specialist.

The repair times of the software specialist are Exponentially distributed with rate 8 per hour. The
repair times for the hardware specialist are Uniformly distributed between 5 and 20 minutes. The
repair times for the connectivity specialist are Uniformly distributed between 5 and 25 minutes.

The computer repair shop is open for 10 hours a day, and any jobs incomplete at the end of the
say are lost.

By running a discrete-event simulation of the system, find the probability that a computer spends
more than 30 minutes waiting for both the inspection and repair combined? You will need to show
the conceptual model.

Solution:

The conceptual model is:

This is a terminating scenario, and so we will run many trials. Let’s run 30 trials:
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[6]: import ciw
import pandas as pd

[7]: N = ciw.create_network(
arrival_distributions=[

ciw.dists.Exponential(1/6),
None,
None,
None

],
service_distributions=[

ciw.dists.Deterministic(15),
ciw.dists.Exponential(8/60),
ciw.dists.Uniform(5, 20),
ciw.dists.Uniform(5, 25)

],
number_of_servers=[4, 1, 1, 1],
routing=[

[0.0, 0.5, 0.3, 0.2],
[0.0, 0.0, 0.0, 0.0],
[0.0, 0.0, 0.0, 0.0],
[0.0, 0.0, 0.0, 0.0]

]
)

[8]: def simulate_ten_hours(N):
Q = ciw.Simulation(N)
Q.simulate_until_max_time(60 * 10)
recs = pd.DataFrame(

Q.get_all_records()
)
proportion_over_30_mins = (recs.groupby('id_number')['waiting_time'].sum()␣

↪> 30).mean()
return proportion_over_30_mins

[9]: ciw.seed(0)
proportions = [simulate_ten_hours(N) for _ in range(30)]
estimated_proportion = sum(proportions) / 30
estimated_proportion

[9]: np.float64(0.1118326708742412)

About 11.2% of computers wait longer than 30 minutes.
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