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Jerry Cain
with questions by Tim Gianitsos

Quiz #2
May 12-14, 2021

CS109 Quiz #2

Take-Home Quiz information
Each quiz will be a 47-hour open-book, open-note exam. We have designed this quiz to approximate
about 1-3 hours of active work (before typesetting).

• You can submit multiple times; we will only grade the last submission you submit before
10:00am (Pacific time) on Friday, May 14th. No late submissions can be accepted. When up-
loading, please assign pages to each question.

• You should upload your submission as a PDF to Gradescope. We provide a LaTeX template
if you find it useful, but we will accept any legible submission. You may also find the CS109
Probability LaTeX reference useful:
https://www.overleaf.com/project/5f650a577489e90001f065be

• Course staff assistance will be limited to clarifying questions of the kind that might be allowed
on a traditional, in-person exam. If you have questions during the exam, please ask them as
private posts via our discussion forum. We will not have any office hours for answering quiz
questions during the quiz, and we can’t answer any questions about course material while the
quiz is out.

• For each problem, briefly explain/justify how you obtained your answer at a level such
that a future CS109 student would be able to understand how to solve the problem. If it’s
not fully clear how you arrived at your answer, you will not receive full credit. It is fine for
your answers to be a well-defined mathematical expression including summations, products,
factorials, exponents, and combinations, unless the question specifically asks for a numeric
quantity or closed form. Where numeric answers are required, fractions are fine.

Honor Code Guidelines for Take-Home Quizzes
This exam must be completed individually. It is a violation of the Stanford Honor Code to commu-
nicate with any other humans about this exam (other than CS109 course staff), to solicit solutions to
this exam, or to share your solutions with others.

The take-home exams are open-book: open lecture notes, handouts, textbooks, course lecture videos,
and internet searches for conceptual information (e.g., Wikipedia). Consultation of other humans in
any form or medium (e.g., communicating with classmates, asking questions on sites like Chegg or
Stack Overflow) is prohibited. All work done with the assistance of any external material in any way
(other than provided CS109 course materials) must include citation (e.g., “Referred to Wikipedia
page on - for Question 2.”). Copying solutions is unacceptable, even with citation. If by chance you
encounter solutions to the problem, navigate away from that page before you feel tempted to copy.

https://www.overleaf.com/project/5f650a577489e90001f065be
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If you become aware of any Honor Code violations by any student in the class, your commitments
under the Stanford Honor Code obligate you to inform course staff. Please remember that there is
no reason to violate your conscience to complete a take-home exam in CS109.

I acknowledge and accept the letter and spirit of the Honor Code:

Name (typed or written):
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1 Pokemon Master
You don’t need to have a love of Pokemon to become a Pokemon Master. You just need to under-
stand probability so that you can exploit the game!

a. (7 points) Tim’s best Pokemon is Charizard, and his sister Pauline’s best Pokemon is Blastoise.
Assume that Charizard’s skill level is a random variable - ∼ # (1070, 600) and that Blas-
toise’s skill level is . ∼ # (1000, 300). The skills of two Pokemon engaged in battle are inde-
pendent of each other, and the Pokemon with the higher skill wins. Compute the probability
that Charizard defeats Blastoise.

Answer.

Please compute a numeric answer:

b. (5 points) Let the probability you computed in the last question be ?. Assume that Tim and
Pauline battle 1000 times with their respective best Pokemon. Use an approximation technique
to compute the probability that Pauline wins at least 30 matches, in terms of ?.

Answer.

c. (6 points) To obtain new Pokemon with the best stats, you must put strong Pokemon in the
daycare and wait for an egg to appear. The normal way to make this happen is... to pace in
front of the daycare as you wait (Tim has wasted many hours of his life doing this). On each
step that you take, there is some probability ? that an egg will appear in the daycare. You de-
cide to pace in a straight line along a path in front of the daycare. This involves pacing 3 steps
along the path (starting at the daycare and moving away from it), and then on the 3rd step, you
are teleported back to being immediately in front of the daycare (i.e. 0 steps away from the
daycare). You never actually turn around (this is nice because you can just hold down the ar-
row key in one direction). The total number of steps you take to obtain an egg consists of (1)
walking until an egg appears at the daycare, and (2) continuing to walk along the remainder of
the path until you teleport back to the daycare (unless the 3rd step along the path resulted in an
egg, in which case you don’t take any more steps).

Let the random variable - be the number of steps you take until an egg appears at the daycare.
Let . be the total number of steps for you to obtain an egg. Express . as a function of - .
That is, . = some expression 6(-) that could be in terms of plus, minus, multiply, divide, ex-
ponent, and/or modulus.
Explain your reasoning behind each term.

Answer.

d. (8 points) Let ? = 1
10 be the probability that an egg appears on a step. What is the expected

number of steps you take to obtain an egg? Provide a numeric answer. Hint: if you find your-
self summing a large number of terms that get gradually smaller, feel free to compute the first
few dozen terms with a computer to obtain a good approximation (i.e. use enough terms to
where you would be confident you are accurate to 3 significant figures after the decimal).
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Disclaimer: This question is tricky!

Answer.

Please compute a numeric answer:
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2 Multivariable Distributions
Consider the following Bayesian Network.

The value of each node is True or False (in the case of values that are normally continuous like
blood pressure, they are thresholded to force them to be True or False). The following are the con-
ditional distribution tables for the network.

Gene 1
T F

0.95 0.05

Gene 2
T F

0.9 0.1

Blood Type
Gene 1 T F

F 0.4 0.6
T 0.35 0.65

Metabolism
Gene 2 T F

F 0.15 0.85
T 0.5 0.5

Symptom 1
BT Metab T F

F F 0.4 0.6
F T 0.02 0.98
T F 0.2 0.8
T T 0.01 0.99

Symptom 2
BT Metab T F

F F 0.1 0.9
F T 0.5 0.5
T F 0.25 0.75
T T 0.3 0.7
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a. (4 points) What is %((H<2 = ), �1 = � |�) = ), "4C01 = �)?

Answer.

Please compute a numeric answer:

b. (6 points) What is %(�1 = ), �2 = ), �) = ), "4C01 = ), (H<1 = ), (H<2 = ))?

Answer.

Please compute a numeric answer:

c. (8 points) What is %("4C01 = � |(H<1 = ), (H<2 = �)? Be sure to utilize the law of
total probability when necessary. Disclaimer: this expression may require a lot of work to fully
evaluate.

Answer.

Please compute a numeric answer:

d. (5 points) Consider a new setting; Assume the random variables - and . are independent. Fill
in the values for 0 and 1 in the following joint distribution table.

- = 0 - = 1
. = 5 0.1 0.5
. = 10 0 1

Answer.

Please compute a numeric answer:

e. (3 points) Consider the same table from part (d). Now, assume X and Y are not independent,
and the figure represents a conditional distribution table . |- . Fill in the values for 0 and 1.

Answer.

Please compute a numeric answer:
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3 Inspecting Random Code

Consider the following recursive code.

Algorithm: Recursive Printing
import numpy as np

def recurse():
p = np.random.rand()
if p < 0.10:

recurse()
print(’!’)
recurse()

elif p < 0.40:
recurse()

else:
print(’!’)

a. (7 points) What is the expected number of times that recurse prints an exclamation mark?

Answer.

Please compute a numeric answer:

b. (7 points) What is the variance of the number of times that recurse prints an exclamation
mark?

Answer.

Please compute a numeric answer:


	Pokemon Master
	Multivariable Distributions
	Inspecting Random Code

