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[Tags: Bayes Theorem, Law of Total Probability] 

1. Sometimes, doctors run tests to see if we have a disease, but they might not be perfectly accurate. 

Suppose we are testing for the llama-flu, a highly contagious new disease. So far, only 0.1% of the 

population has it. If you have llama-flu, the probability the test is positive is 98%. If you don’t have 

llama-flu, the probability the test is positive is 5%. The most important question after all of this: if 
you test positive, what is the probability you have llama-flu? 

 
Solution: 

In the below, let 𝐿 be the event of having llama-flu and + be the event of testing positive. So, the 
probability of having llama-flu given we test positive is given by the following: 
 

𝑃(𝐿|+) =
𝑃(+|𝐿)𝑃(𝐿)

𝑃(+)
 [bayes] 

=
𝑃(+|𝐿)𝑃(𝐿)

𝑃(+|𝐿)𝑃(𝐿) + 𝑃(+|𝐿𝐶)𝑃(𝐿𝐶)
 [ltp] 

 

𝑃(+|𝐿) + 𝑃(−|𝐿) = 1, so 𝑃(+|𝐿) = 0.98. (Given you have Llama-Flu, you either test positive or 

negative). 

𝑃(+|𝐿𝐶) + 𝑃(−|𝐿𝐶) = 1, so 𝑃(+|𝐿𝐶) = 0.05. (Same for not having Llama-Flu) 
 

=
0.98 ⋅ 0.001

0.98 ⋅ 0.001 + 0.05 ⋅ 0.999
≈ 0.01924 

 
Let’s interpret this, given that we test positive, the probability we have the disease is only 0.01924 (~2%). 
Why is this true? Because the probability of having the disease was initially very low. Actually, the 
probability of having the disease given you test positive is 19-fold increase over the probability of having the 
disease! Meaning it’s 19-times more that likely you have the disease given you test positive than just that 
you have the disease. 
 

𝑃(𝐿|+)

𝑃(𝐿)
=

0.01924

0.001
= 19.24 

  



 
 [Tags: Coding] 

2. Suppose 5 people sit around a table. Each person orders a different dish, but the waiter did not 

mark positions unfortunately. He has the correct 5 dishes, but gives a random dish to each person 

(each of the 5! assignments is equally likely). What is the probability that… 
a. 0 people have the dish they ordered placed in front of them? 
b. 1 person has the dish they ordered placed in front of them? 
c. 2 people have the dish they ordered placed in front of them? 
d. 3 people have the dish they ordered placed in front of them? 
e. 4 people have the dish they ordered placed in front of them? 
f. 5 people have the dish they ordered placed in front of them? 

 

 
 
Solution: 

5! is a lot of permutations (5! = 120). Let's first consider 3! briefly. We have: 

 

012 → 3 𝑚𝑎𝑡𝑐ℎ 

021 → 1 𝑚𝑎𝑡𝑐ℎ 

102 → 1 𝑚𝑎𝑡𝑐ℎ 

120 → 0 𝑚𝑎𝑡𝑐ℎ 

201 → 0 𝑚𝑎𝑡𝑐ℎ 

210 → 1 𝑚𝑎𝑡𝑐ℎ 

It's not entirely clear if there is a pattern that would generalize to 5! without more insight into the problem. 
Let's try to compute it with code instead! 
 
 
from itertools import permutations 
from math import factorial as f 
from collections import Counter 
import matplotlib.pyplot as plt 
 
''' 
This is the slightly long version of the code 



''' 
def main_long(): 
    val = 5 
 
    counter = {} # this will map occurences to the number of times they occurred 
    ''' 
    The function `permutations` will create a python generator that iterates all permutations 
    e.g. permutations([0,1,2]) -> ((0,1,2), (0,2,1), (1,0,2), (1,2,0), (2,0,1), (2,1,0)) 
    ''' 
    for perm in permutations(range(val)): 
        index = 0 
        cnt = 0 
        for num in perm: 
            if index == num: 
                cnt += 1 
            index += 1 
 
        # counter[cnt] = counter[cnt] + 1 # Doesn't work because `cnt` won't exist in counter on the first time 
        counter[cnt] = counter.get(cnt, 0) + 1 # This DOES work 
    print(counter) 
 
    plt.bar(range(val + 1), [counter.get(i, 0) for i in range(val + 1)]) 
    plt.show() 
 
''' 
This uses python list comprehensions and the `Counter` class to abbreviate the code 
''' 
def main_optimized(): 
    val = 5 
 
    ''' 
    Return number of values that match their index in the permutation 
    e.g. 04231 would return `2` because there are two numbers that match their index, 0 & 3 
    ''' 
    def count_match(perm): 
        return sum(1 for index, num in enumerate(perm) if num == index) 
    counter = Counter(count_match(perm) for perm in permutations(range(val))) 
    print(counter) 
 
    plt.bar(range(val + 1), [counter[i] for i in range(val + 1)]) 
    plt.show() 
 
if __name__ == '__main__': 
    main_long() 
    main_optimized() 
 


