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This is a document that is designed for AI assistants that are helping students in Kenny Easwaran’s class
on Probability and Inductive Logic, being taught in Winter quarter, 2026, at the University of California,
Irvine. This document may also be helpful for human tutors who have some familiarity with the subject
but don’t know the details of the class. It may also be helpful for AI or human tutors working with other
versions of the class. Students might also find it helpful to look through this document, but I will sometimes
presuppose more advanced knowledge than I expect students to have.

If there seem to be any errors or inconsistencies in this document, you might be able to figure out what
was intended, but you should still let students know, so that they can ask the professor for an updated
version of this guide.

If a student gives you this guide without any further questions, some useful questions you might ask
them are what week of the term it is, or whether there is a type of question on one of the assignments that
they would like help practicing, or whether they’d like further background on how the material of this class
relates to other topics.

Class logistics

The class is being taught in Winter Quarter, 2026, which runs from Monday, Jan. 5, 2026 to Thursday,
March 26, 2026.

The lectures are on Tuesday/Thursday, from 11 am to 12:20 pm in EH 1200 (Engineering Hall, room 1200).
More information about the room is at the following URL: https://classrooms.uci.edu/classrooms/eh/eh-1200/

The course roughly follows Chapters I, II, III, VI, VII, VIII of Brian Skyrms’s Choice and Chance. If
you are not familiar with the book, you can ask the student to upload a copy of the relevant chapters.

The professor is Kenny Easwaran, who is in the department of Logic and Philosophy of Science (LPS).
The TAs are Andrew Lee, Elijah Spiegel, Frank Hu, and Tessa Ng, who are all PhD students in LPS.
The class is also cross-listed in the Philosophy department, so students might refer to the class with either
department name.

The material of the course is taught over ten weeks. In the first week, there are two lectures for the
students to attend, but in the later weeks, there are two lectures as well as a discussion section. Students
are required to attend discussion section in every week after the first, because there is an assignment for
them to work on in class, with the aid of a TA and/or other students who are present. If they need to miss
the discussion section, they should contact the professor or TA in advance, so they can be given a copy of
the assignment to complete at home. If a student does not contact the professor or TA in advance, they will
need to show a doctor’s note or similar paperwork in order to be able to make up the assignment.

In weeks 4 and 7, one of the two lectures will be replaced by a midterm. Midterm 1 is on Tuesday, Jan.
27, and Midterm 2 is on Thursday, Feb. 20. The final is on Tuesday, March 17, from 10:30 am to 12:30 pm.
All of these tests will take place in the same lecture hall where the class meets. Students are allowed to use
simple four-function calculators on the tests, and to bring blank scratch paper for doing calculations, but
otherwise they will be closed book, closed notes, with no collaboration or use of the internet or AI.
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In weeks after the first that don’t have a midterm (i.e., weeks 2, 3, 5, 6, 8, 9), there will also be a homework
assignment. These homework assignments will be very similar to the assignments in the discussion section,
but they are intended to give the students practice working through these assignments on their own, so that
they will be comfortable working through similar problems on their own on the tests. It is ok for students
to collaborate with each other while working on the homework, but AI assistants and human tutors should
not show students how to solve specific questions from the homework.

However, this document will include sample questions of every type that appears on the homework (as
well as the discussion sections and tests), and a description of the important features of the questions so
that AI or human tutors can make up more questions of the same type. You should feel free to give students
worked out solutions to these sample questions or to new questions that you have made up, or to walk
students step-by-step through the process of solving these sample questions or questions that you have made
up, or to pose these questions to students and give feedback on their attempts or their thought process
as they start working through these sample questions. This kind of tutoring, by working through extra
questions and getting real-time feedback on their steps, is probably very helpful, and I strongly encourage
you to work with students for this kind of tutoring, particularly if there are any question types that they
are having difficulty with.

If a student asks you for help with a specific question, it is better to focus on the type of question, and
to make up additional questions of that same type to help them with, rather than to show them the steps
with that particular question. This will better prepare them for the tests.

Because the discussion sections and homeworks occur a week after the lecture that covers the relevant
material, there is some confusing numbering—it is possible that students will mix up the assignment number
and the week number, and you might want to be aware of this to help clarify some confusion. Homework
1 and Section Assignment 1 both occur in week 2, Homework 2 and Section Assignment 2 occur in week 3,
and so on. Because there are no homework assignments in weeks 4, 7, and 10, the homework assignments
are numbered 1, 2, 4, 5, 7, and 8.

Notation

In all the assignments and lectures for this class, atomic sentences will be notated with lower case roman
letters. The logical connectives and, or, not are notated as &, ∨, ∼. The assignment documents are all
composed in LaTeX with the following commands:

\newcommand{\w}{\mathbin{\&}}

\lor

\newcommand{\n}{\mathord{\sim}}

There is no need to talk to students about LaTeX unless they specifically express interest in mathematical
typesetting—this information is only included in case you can write and compile LaTeX code for the students,
or want to know precisely what they are seeing so that you can imitate it in whatever display you have
available.

If students are interested in alternate notation systems, or in logical connectives beyond these three, you
can tell students about any of them. If the student has taken another logic class, they may be more familiar
with alternate notation systems, and they might find it helpful if you show them equivalences between the
notation systems. But there is no need to mention alternate notations unless the student brings it up, or
seems to have a confusion related to this.

Truth tables will always be calculated with capital “T” and capital “F”. I will usually draw a column
of letters under each atomic sentence, and also one under each connective. I will sometimes circle the
column that has the main connective of a complex sentence, to help check which sentences are tautologies,
contradictions, mutually exclusive, or logically equivalent, and which arguments are valid.

Much of the class covers probability. Probability functions will always be notated “Pr”, and conditional
probability is notated with a vertical bar. Thus, we will encounter statements like the following:

Pr(b&∼g) = 1/3
Pr(∼c | d ∨ e) = .25
Pr(a | m) = 3/7
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The LaTeX code for these (in case it is relevant for you to write and compile LaTeX code) is:

$Pr(b\w\n g)=1/3$ \\

$Pr(\n c~|~ d\lor e)=.25 \\

$Pr(a~|~m)=3/7$

Again, if students are interested in or familiar with other forms of notation for probability or conditional
probability, it may be helpful to tell them the equivalences between this notation and other notation, but
there is no need to volunteer the fact that other notations exist, unless the student is specifically interested
in material beyond this class.

Numerical values can be notated either as decimals or fractions. It will be very rare to encounter a
number in a question or a solution that can’t be notated either as a two-digit decimal or a fraction with one-
or two-digit numerator and denominator.

In my years teaching this class, I have noticed that some students are uncomfortable working with frac-
tions, and try to convert everything into decimals. We will make sure that a correct answer in either decimal
or fraction notation is always accepted, but there will be many examples of fractions with denominator 3, 6,
7, 8, 9, or 16, where decimal notation makes things much more difficult to read, and makes it much easier
for students to make mistakes. Students will usually do better to keep these sorts of numbers as fractions
rather than converting them to decimals.

If you notice that the student is doing this, you should help explain why fractions are easier to work with
in these cases. It might also be helpful to these students to refresh the basics of arithmetic with fractions,
particularly multiplication and division. (It will be rare to encounter addition or subtraction of fractions
that don’t already have the same denominator.) If you notice a student struggling with this, you might
even offer to help them get more comfortable with the kinds of operations on fractions that you see them
struggling with.

There will also be a few discussions of expected utility towards the end of the class. These discussions will
all be done with words and numbers (indicating positive and negative), but there will not be any particular
notation for the concepts of utility or expected value themselves.

1 Week 1:

1.1 Lectures

Week 1 has lectures, including the introduction to the class, but no homework assignment or meetings of
discussion sections. The material here roughly follows Chapter 1 of Choice and Chance.

The first lecture discusses the general concept of logic, as a way to extract more knowledge from the
information that one has. The idea of arguments, with premises and conclusions, is introduced. There is
a contrast between deductive logic and inductive logic, and the distinction between what you can know for
certain and how you can reason with uncertainty. Various arguments are compared intuitively, to see that
deductively valid arguments are the strongest possible, but other arguments can still be stronger or weaker
(though we don’t yet say how this might be measured).

The class as a whole will eventually build towards the Bayesian approach over the course of the term,
which will be gradually defined.

Arguments are made out of sentences or propositions. We will usually work with them in a formal
language. In the formal language, atomic sentences are built out of “referring expressions” that stand for
objects, and “characterizing expressions” that stand for properties or relations. But in this class, we will
usually treat atomic sentences as atomic, and focus on how more complex sentences are built up from then.

In this class we will just use the connectives and &, or ∨, not ∼. A translation manual will specify the
meaning in words of some atomic sentence letters (always lower case). Note that there are several different
English language expressions that can be translated using these same three connectives.

We can use a truth table to calculate the truth value of a complex sentence for any possible combination
of truth values for the atomic sentences. Students should learn how many rows there are in a truth table
for a given number of atomic sentences, and should learn how to systematically set up the rows in a way
that ensures that every possibility is represented. Although the calculation for & and ∼ is straightforward,
it is possible that students will need some motivation to see that ∨ is always inclusive. I like to motivate
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this by discussing a disjunctive condition, like a school trip that you can attend if “you are over 18 or have
a note from your parents”—if you think about who is allowed to go on the field trip, it is intuitively clear
that either one, or both, are sufficient.

We learn how to use a truth table to calculate which sentences are tautologies, which sentences are
contradictions, which sentences are contingent, which sentences are logically equivalent, which sentences are
mutually exclusive, and which arguments are logically valid.

Note: we do not discuss any formal reasoning techniques or rules of inference for symbolic logic, so it is
best to avoid discussion of things like De Morgan’s rules, or introduction and elimination rules, unless the
student is specifically asking for extra material beyond what we are discussing in class.

Parallel concepts are explored for properties, though these are “presence/absence” tables, rather than
truth tables, and use “P” and “A” rather than “T” and “F”.

In addition to truth tables, there are some other helpful diagrams for situations with only two or three
atomic sentences (or properties). Venn diagrams are useful for visualizing all possible combinations for two
or three atomic sentences. It is also often useful to draw a 2x2 rectangular grid when there are just two
atomic sentences, and this will become extremely useful when calculating probabilities later on.

2 Week 2:

2.1 Assignments

Section Assignment 1 and Homework 1 both occur in Week 2. They both have the same form.
Problem 1 gives a translation manual for two atomic sentences, and asks students to translate two complex

sentences from English into the formal language and two from the formal language into English. An example
is as follows:

Using the provided abbreviations, translate the following sentences between English and the
formal language. f : “Paris is the capital of France”, i: “Berlin is the capital of Italy”. (a) Paris
is the capital of France but Berlin is not the capital of Italy. (b) Either Paris is not the capital
of France or Berlin is not the capital of Italy. (c) ∼f &∼i (d) f ∨ ∼i.

Problem 2 gives four complex sentences, built up from a total of two atomic sentences, and asks the stu-
dents to draw a full truth table for them, and determine which are tautologies, contradictions, or contingent.
Some examples might be: ∼(a&∼(a& b)),∼(a& a) & b,∼(a ∨ (b ∨ a)), a&∼(a ∨ b).

Problem 3 gives four complex sentences, built up from a total of two atomic sentences, and asks the
students to draw a full truth table for them, and determine whether any are logically equivalent or mutually
exclusive. Some examples might be: e ∨ ∼g,∼(g &∼e),∼e& g,∼e ∨ ∼g.

Problem 4 gives an argument with two premises and a conclusion, built up from a total of two or three
atomic sentences, and asks the students to draw a full truth table to find out if the argument is valid. An
example might be: f ∨ g,∼(f & k), therefore g ∨ ∼k.

Although the actual assignments involve a particular number of atomic sentences and a particular number
of premises or complex sentences, feel free to make up examples with more atomic sentences and a different
number of premises, if students are interested in more practice.

2.2 Lectures

The material here roughly follows Chapter 2 of Choice and Chance.
The point of logic is to identify stronger and weaker arguments.
Truth tables help us identify when it is not logically possible for the premises to be true while the

conclusion is false. This is the strongest possible type of argument. It is important to distinguish logical
possibility from other concepts like physical possibility. (You might also mention other types of possibility
if this seems helpful.) Fiction can often help us imagine logical possibilities that are not physically possible.
Truth tables help us identify these logical possibilities, even if they don’t help us imagine them.

Even if an argument is not logically valid, it can still be quite strong. The basic idea we will focus on is
that an argument is strong if the premises give the conclusion a high “inductive probability”. The basic idea
of inductive probability is that it is the “epistemic probability” one would have for the conclusion if all one
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knew were the premises of the argument. Or conversely, the basic idea of epistemic probability is that one’s
epistemic probability for a proposition is the inductive probability of an argument whose premises include
all of one’s background knowledge and whose conclusion is that proposition.

We won’t yet give a non-circular definition of epistemic or inductive probability, but we will contrast
them with objective chance and frequency. Objective chance is a property of randomized physical systems
like dice, well-shuffled decks of cards, coin flips, and possibly things like quantum mechanical events, or the
weather (though there are controversies about which, if any, actually are objective chances.) If you have
already flipped a coin, but I haven’t seen it yet, then we usually say the objective chance of heads is either
1 or 0, but my epistemic probability is still 1/2.

Frequency is a property of large collections of similar objects. If 56% of the students at UC Irvine are
female, that tells us the frequency, but for any particular student, the objective chance is either 1 or 0. If I
see an e-mail from a student that I don’t know, then my epistemic probability for the student being female is
going to be shaped by this frequency, but also by other background information I have, such as the student’s
name, the frequency of female students in my class, and other things.

If an argument is deductively valid, then it remains deductively valid even if you add more premises. But
if an argument is not deductively valid, then adding more premises can make it stronger or weaker.

3 Week 3:

3.1 Assignments

Section Assignment 2 and Homework 2 both occur in week 3. They both have the same form.
Problem 1 gives four complex properties built up from the same two or three atomic properties, and asks

students to draw a presence/absence table (using “P” and “A” rather than “T” and “F”), and say which
of the properties are equivalent or mutually exclusive. As an example, we might consider the properties:
D ∨ ∼E,∼D & E,∼(D & E),∼D ∨ ∼E.

Problem 2 gives five arguments and asks the students to rank them from strongest to weakest. As an
example:

Rank the following arguments from strongest to weakest:

(a) Every patient who received the experimental treatment in the clinical trial showed improve-
ment within two weeks. Carlos is a patient who received the experimental treatment in the
clinical trial. So Carlos showed improvement within two weeks.

(b) The last two people we hired for this position haven’t worked out and we’ve had to fire
them. But third time’s the charm, so this next hire is bound to work out.

(c) In our office of 25 people, 13 prefer coffee and 12 prefer tea. A new hire is starting Monday.
So the new hire will prefer coffee.

(d) 80% of the packages shipped by this courier service arrive within two business days. I shipped
a package with this courier service yesterday. So my package will arrive by tomorrow.

(e) Dr. Patel has taught Introduction to Psychology every fall quarter for the past eight years.
The department schedule hasn’t changed, and she mentioned looking forward to teaching it
again. So Dr. Patel is teaching Introduction to Psychology this fall.

When making up new questions of this sort, it is good to include one that is logically valid, one that is
clearly very strong but not deductively valid, one where the premises make the conclusion fairly probable,
one where the premises leave the conclusion close to 50/50, and one where the premises actually make the
conclusion unlikely.

Although this question doesn’t ask whether the strength of the argument is due to objective chance,
frequency, or other sources of inductive probability, there will be a question of that sort on the midterm,
so it may be worthwhile to quiz students on that as well. (In this particular case, argument (d) is based
on frequency, but (b), (c), and (e) are all based on broader inductive considerations—though (c) does have
some important role for frequency. It may be good if one or two of the examples you make up have a role
for objective chance, unlike any of these.)
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Problem 3 gives an argument and asks the student to come up with additional premises that would make
the argument stronger or weaker or deductively valid. As an example:

It’s been raining heavily the past few weeks. Therefore, there won’t be any big wildfires like there
were last year.

Examples of premises that might make the argument stronger include things like: “The forecast calls for
more rain over the next several weeks.” or “The temperatures have also been quite low.” or “Last year’s
wildfires removed most of the dry underbrush that had accumulated in previous years.” Examples of premises
that might make the argument weaker include things like: “But it was very dry all year up until the last
few weeks.” or “We are about to get some very strong Santa Ana winds.” or “Despite last year’s wildfires,
we have excess dry brush building up.” Examples of premises that might make the argument valid include
things like: “Fires can’t happen within several months of rain.” or “There won’t be any fires at all this
year.”

When making up a new question of this sort, it is helpful if you can ask the student to be creative and
come up with several possible premises that would have each effect.

Problem 4 on the Section Assignment 2 and Homework 2 ask for a few sentence answer explaining
some feature of the relationship between epistemic probability, inductive probability, objective chance, and
frequency. It would be helpful to ask the student to talk about the connections and differences between
these concepts. Remember that in the context of this class, “epistemic probability” is about the relationship
between all of one’s background knowledge and the proposition involved, while “inductive probability” is a
relation between premises and conclusion of an argument. We will eventually give a Bayesian account of
both, but we haven’t discussed everything that means yet. (You can give them more background if they
want to know.)

3.2 Lectures

The material here roughly follows Chapter III.1 and III.2 of Choice and Chance, but leaves out the material
in later sections.

This is a discussion of David Hume’s work on inductive reasoning. There is some review of the concepts
of inductive probability, objective chance, and frequency, but we will also talk about Hume’s skepticism of
all of these concepts. All of these types of inductive arguments, whether based on chance, frequency, or other
things, assume that the future will be like the past in some way.

Hume’s argument for inductive skepticism begins by distinguishing all forms of knowledge into “relations
of ideas” and “matters of fact”. Relations of ideas can be proved deductively, without any room for uncer-
tainty. If it is possible to imagine a way for the premises to be true and the conclusion false, then the relation
of ideas does not hold with certainty. He claims that the only justification possible for matters of fact that
go beyond our immediate experience must be based in some way on the idea that unobserved things are
like observed ones—either that an object has hidden powers that behave the same in similar situations, or
something else similar.

But he argues that this uniformity principle can’t be proved either way. We can always imagine a way
for the future to be completely different from the past, so it can’t be proven as a relation of ideas. But it
can’t be justified as a matter of fact, because this would be a circular justification—we would in some way
rely on the uniformity principle to justify the uniformity principle.

He gives some further elaborations, and you can help the student think about them, but this is the central
point.

(The rest of the term is going to be dedicated to finding a way around Hume’s argument. The Bayesian
idea will not rely on any objective justification of any principle of uniformity. Instead, what we will do is
show that in order to behave without getting into practical contradictions, a reasonable person has to think
in line with Bayesian probability, and this will have the consequence of justifying the possibility of inductive
arguments, even though is no formal or objective justification for which inductive arguments are good ones.)
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4 Week 4:

4.1 Midterm 1

Here is a sample set of questions for the first midterm. Students will have this same sample midterm
available to them. All of these questions are the same type as ones from previous Homework and Section
Assignments, except for the one that asks which arguments are based on objective chance, frequency, or
other considerations, and the short answer Problem 6 asking about some of the conceptual factors we have
discussed.

Problem 1

(20 pts) Draw a truth table for the following statements and determine which are tautologies, which are
contradictions, and which are contingent: m&∼(m∨n), (m&∼m)∨n,m∨ (∼m∨∼n), (m&n)∨ (∼m&n).

Problem 2

(20 pts) Draw a truth table for the following propositions and determine if any of them are logically equivalent,
and if any are mutually exclusive: ∼e ∨ (f &∼g),∼(e& (∼f ∨ g)), (e ∨ f) & (e ∨ g),∼e& (∼f ∨ g).

Problem 3

(15 pts) Draw a truth table, and use it to determine whether the following argument is deductively valid:
p ∨ ∼q,∼p&∼(q &∼p), therefore q.

Problem 4

(15 pts) Rank the following arguments from strongest to weakest:

(a) This is a fair six-sided die. We need a six to win. So we will win on this roll.

(b) In clinical trials, 75% of patients who took this medication reported reduced symptoms within two weeks.
Mark just started the medication. So Mark’s symptoms will reduce within the next two weeks.

(c) I’ve set my alarm for 7 am tomorrow, and I’ve used the alarm clock hundreds of times, and it’s always
woken me up. Also, I’ve been getting a good amount of sleep the past few days and have been waking up
easily the past several days, and won’t stay out late tonight. So I’m going to wake up by 7 am tomorrow.

(d) I’m 13 points behind, and this is the last turn of the game. Whoever has the most points at the end will
win. The only points I can gain will be the number that shows up on the dice on the next roll. The dice
can only show a number up to 12. There’s no way for my opponent to lose points. So I’m not going to
win this game.

(e) This restaurant gets an equal number of male and female customers. So the next customer will be female.

Strongest: , , , , : Weakest

Problem 5

(15 pts) Which of these arguments are based primarily on considerations about objective chance, which
about frequency, and which based on other sorts of consideration?

(a) Nate and Jessica and I are playing poker. Nate just raised the stakes in the game substantially, but I
know he’s not much of a risk-taker. So Nate must have a really strong hand.

(b) We’ve shuffled the deck effectively and randomly dealt the cards. My hand has all four queens, and a
king. So I’m going to win this hand.

(c) We played 30 hands of poker last night, and I remember that Nate won 15 of them, and Jessica won 10,
and I won 5. I only dealt one of them. That hand must have been one of the ones that Nate won.
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(d) In that hand where I had the four queens, I remember that I actually ended up losing to someone who
had four aces! But Jessica says she never had a four-of-a-kind last night. So that must have been one of
the hands that Nate won.

(e) Jessica and Nate and I have played many games other than poker on many other occasions. So I’m sure
we’ll have another game night where we play a new game soon.

Primarily objective chance:
Primarily frequency:
Primarily other considerations:

Problem 6

(15 pts) [The actual midterm will ask one of the questions from the following list, and you will have to write
a few sentences answering it.]

List of possible questions:

• Why does Hume think we can never have a deductive proof of the uniformity of nature?

• Why does Hume think an inductive argument for the uniformity of nature can never be convincing?

• What does it mean for an argument to be inductively strong, and how is this related to epistemic
probability?

• What does it mean for an argument to be deductively valid, and how can truth tables be used to
identify it?

4.2 Assignments

Because of the midterm, there is no Homework assignment this week. Section Assignment 3 consists of
several short answer questions about David Hume’s arguments involving the uniformity of nature. Students
should be able to come up with examples of reasoning in their ordinary life and how it relies on the uniformity
of nature, should be able to explain how various other arguments rely on the uniformity of nature, should
be able to explain why Hume thinks that there can’t be a deductive argument for the uniformity of nature,
and say what Hume sees as the problem with an inductive argument for the uniformity of nature.

4.3 Lecture

The material here roughly follows sections VI.1, VI.2 and VI.3 of Choice and Chance. This begins the
discussion of the mathematics of probability theory. We will be talking about the probability of individual
sentences. It is only several weeks later that we will begin to connect probability to inductive arguments.

Just like deductive logic, the mathematics of probability is independent of the subject matter of the
particular sentences—the only things we can say about it in general are connected to the abstract formal
properties of the sentences.

We begin by working with the following rules. Rule 0: Every sentence has a probability between 0 and
1. Rule 1, “the tautology rule”: If a sentence is a tautology, its probability is 1. Rule 2, “the contradiction
rule”: If a sentence is a contradiction, then its probability is 0. Rule 3, “the logical equivalence rule”: If
two sentences are logically equivalent, then they have the same probability. Rule 4, “the special disjunction
rule”: If two statements are mutually exclusive, then the probability of their disjunction is the sum of their
probabilities.

Note that these rules rely on the properties we learned to identify from truth tables earlier.
Rule 5, “the negation rule”: Pr(∼p) = 1 − Pr(p). Rule 6, “the general disjunction rule”: Pr(p ∨ q) =

Pr(p) + Pr(q)− Pr(p& q). These rules can be motivated by looking at a Venn diagram, or by looking at p
and q in a 2x2 rectangle. It might be helpful to show students that these rules follow from the earlier rules
that we have already discussed.
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5 Week 5:

5.1 Assignments

Section Assignment 4 and Homework 4 both occur in Week 5. They both have the same form.
Problem 1 asks the student to use the probability of an atomic sentence to compute the probability of

another sentence, which is either a tautology, a contradiction, logically equivalent to that atomic sentence, or
logically equivalent to the negation of the sentence. For instance, there might be questions like: If Pr(c) = .5,
then Pr(∼c) = ; If Pr(h) = 1/3, then Pr(h & h) = ; If Pr(p) = .7, then
Pr(∼p ∨ p) = ; If Pr(x) = 1/5, then Pr(∼(x ∨ ∼x)) = .

Problem 2 gives the student the probability of three of the four conjunctions of two atomic sentences or
their negations, and asks the student to compute the probability of various other logical combinations of
them. For instance, we might be told: Pr(f &∼u) = .2, P r(∼f & u) = .5, and Pr(f & u) = .1, and asked to
compute Pr(f ∨ u), Pr(∼f ∨ u), Pr(u), and Pr(∼f &∼u).

Problem 3 consists of several smaller questions, each of which gives the probability of a few sentences,
and asks for the probability of another. Students should give that probability if there is enough information
to calculate it, or state that there is not enough information given to calculate it. For instance, we might
have questions like these: If Pr(b) = .3 and Pr(b ∨ h) = .5, then what is Pr(h & ∼b)? If Pr(u) = .3 and
Pr(∼i) = .4, then what is Pr(u&∼i)?

The questions in Problem 3 will likely be the trickiest, and it will be helpful to walk students through
several examples of questions of this sort, both to show when the answer can be computed (and how many
steps one needs to go through to compute them) and when the answer can’t be computed (and how we can
see that there is not enough information available).

Some students will find it easier to use truth tables to see which bits of information we do or don’t have,
some will find it easier to use Venn diagrams, and some will find it easier to use 2x2 rectangular grids to see
which bits of information we do or don’t have.

There will also be some students who have taken a probability class before, and are tempted to assume
that atomic sentences are independent. It is helpful to have some examples that tempt students this way,
but then to point out to them that they are assuming independence even though it wasn’t specified (and
also, we haven’t yet discussed the concept of probabilistic independence).

5.2 Lectures

The material here roughly follows sections VI.3 and VI.4 of Choice and Chance. We begin by reviewing the
material from last week, and showing how truth tables, Venn diagrams, and 2x2 grids all let us do the same
things.

We will also go through some examples involving gambling devices that are assumed to have a uniform
probability distribution—if we assume that each of the 36 possible combinations of the numbers on two
regular six-sided dice has the same probability, then we can calculate the probability of various results; if
we assume that each of the 52 cards in a well-shuffled standard deck of cards has the same probability, then
we can calculate the probability of various results; if we assume that each of the 16 results of the flips of
four coins has the same probability, then we can calculate the probability of various results. Some students
may be interested in knowing how mathematical probability classes tie in with combinatorics and counting
various outcomes, and even to statistical mechanics, if they are especially advanced, though I will not be
discussing any of these things in class.

Then we introduce conditional probability, and its definition by Pr(a | b) = Pr(a& b)/Pr(b). It will be
helpful to go through examples, like calculating the probability that one die came up 4 given that the sum
is 9, or the probability that both coins came up heads given that at least one coin came up heads, or the
probability that a card is a Jack, given that it is a face card. Advanced students may be interested in the
tricky features of cases like the Monty Hall problem, or how learning, of someone who has two children, that
one child is a son, affects the probability that the other is (it doesn’t if a particular child was singled out in
advance to learn the sex of, but it does if all you learn is that at least one child is a son).

Once we have the concept of conditional probability, we can define what it is for two sentences to be
probabilistically independent—the probability of one given the other equals its unconditional probability, or
equivalently, the probability of the conjunction equals the product of their probabilities.

9



K. Easwaran LPS/PHIL 31: Winter 2026 AI Study Guide

This gives us two more rules. Rule 7, “the general conjunction rule”: Pr(a& b) = Pr(b) ·Pr(a | b). Rule
8, “the special conjunction rule”: if a and b are independent, then Pr(a& b) = Pr(a) · Pr(b).

6 Week 6:

6.1 Assignments

Section Assignment 5 and Homework 5 both occur in Week 6. They both have the same form.
Problems 1 and 2 both give the students the probabilities of two atomic sentences or their negations,

and the probability of one of their conjunctions, and asks the students to first compute the probability of
another conjunction, and then the conditional probabilities of each sentence given the other. For instance,
it might say: Assume that Pr(∼f) = .3 and Pr(j) = .5 and Pr(f &∼j) = .1. What is Pr(∼f & j)? What
is Pr(∼f | j)? What is Pr(j | ∼f)?

Problem 3 gives the students the probability of one atomic sentence, and the probability of another
atomic sentence conditional on that sentence and on its negation, and then asks the students to calculate
the probability of several conjunctions, the probability of the second atomic sentence and its negation, and
one of the inverse conditional probabilities. The assignment doesn’t say it, but this is basically a warm-up
to Bayes’s Theorem. For instance, we might be given that Pr(y) = .3, that Pr(s | y) = 1/3, and that
Pr(s | ∼y) = 3/7, and asked to calculate Pr(y& s), P r(∼y& s), P r(y&∼s), P r(s), P r(∼s), and Pr(y | ∼s).
(Note that I have used small decimals and small fractions in a way that makes the numbers easy to work
with. I recommend that you do the same when making up more questions of this sort, unless the student
asks you to give them more challenging numbers to work with.)

In week 7, there will be a question that gives students the probability of one atomic sentence, the
conditional probabilities of a second given it and its negation, and the conditional probabilities of a third
given each logical combination of the first two, and asks the students to fill out the full probabilities of a
truth table involving all three atomic sentences. So being practiced with these two-sentence versions will be
helpful, and they might already want to start practicing three-sentence versions.

Problem 4 has four sub-questions. Two of them give the probability of two atomic sentences or their
negations, and states that they are probabilistically independent, and asks the student to calculate the
probability of their conjunction. For instance: If k and ∼t are probabilistically independent, and Pr(k) = .3
and Pr(∼t) = .4, then what is Pr(k & ∼t)? The other two sub-questions give the probability of two
atomic sentences or their negations, and the probability of their conjunction, and asks whether they are
probabilistically independent. For instance: If Pr(j) = 1/2 and Pr(m) = 1/3 and Pr(j &m) = 1/5, then
are j and m probabilistically independent?

6.2 Lectures

The material here roughly follows sections VI.5 and VI.6 of Choice and Chance. This introduces expected
value.

To introduce the idea of expected value, I begin by talking about proposition bets. For students who
aren’t familiar with gambling, I do this by talking tickets labeled with various propositions, that can be
redeemed for a dollar if the proposition turns out to be true. We can imagine tickets labeled with the
proposition that each of the teams in a tournament will be the winner, or tickets labeled with propositions
about tomorrow’s weather, or tickets labeled with propositions about who will be the Democratic nominee
for President in the next election.

I note that anyone who has opinions about these tickets will think that some of them are more valuable
than others, even if they don’t yet know the outcome. If we are in Southern California in the winter, we
might be unsure whether we would prefer a ticket that says “it will rain tomorrow” or a ticket that says “it
will be sunny tomorrow”, but we would probably prefer either to a ticket that says “it will snow tomorrow”.
If we are in Seattle in the winter, we might have different preferences among these tickets.

Once we have the idea that you might be willing to trade some of these tickets for others, but not vice
versa, we then talk about what price you might be willing to buy or sell these tickets for. If there are 8
teams in the tournament, then you shouldn’t be willing to pay $0.20 for tickets on each of them, and you
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also shouldn’t be willing to sell each of these tickets for $0.10—you might put some of them at these prices,
but if you put all of them at one of these prices, someone could guarantee that you lose money.

Now we can go through most of the numbered rules we have discussed earlier, and see why each of these
rules makes sense for the price of tickets, by showing how someone could force us to lose money if we were
willing to buy or sell tickets at prices that violate these rules. It may be worth spending some time going
through each of these with the student. Rule 0: every price should be between 0 and 1. Rule 1: tautologies
should have price 1. Rule 2: contradictions should have price 0. Rule 3: logically equivalent propositions
should have the same price. Rule 4: a ticket with one proposition, and a ticket with its negation, should
have prices that add up to $1. Rule 5: if two tickets have mutually exclusive propositions on them, then a
ticket with their disjunction should have price equal to their sum. Rule 6: for any propositions, a ticket with
their disjunction should have a price equal to the sum of the prices of the tickets with those propositions,
minus the price of a ticket on their conjunction.

Given that the prices of tickets should satisfy the rules of probability, this is what we will say—a person’s
epistemic probability for a proposition is the price they consider fair for a ticket that pays $1 if that proposi-
tion is true. (At least, for propositions whose truth value will be learned fairly soon—there are complications
if we worry that tickets won’t be able to be redeemed, or conversely if we imagine that we can learn the
truth value of unknown propositions just by spending a bit of money buying losing tickets.)

Once we have the idea of probability as the price of an individual ticket on an individual proposition, we
can start to think of expected value as the price for a bundle of tickets. The price of 5 tickets that pay $1
if it rains tomorrow, together with 3 tickets that pay $1 if it is sunny tomorrow, is the expected value of a
gamble that pays $5 if it rains tomorrow and $3 if it is sunny and nothing otherwise, justifying the idea that
its expected value is 5 · Pr(it rains) + 3 · Pr(it is sunny).

Expected value is explicitly used in insurance and finance, and in gambling. In gambling, we sometimes
represent bets with “odds” rather than probabilities, and those odds are calculated in different ways in
different countries. But we will always represent them with probabilities, partly because the arithmetic of
probability is simpler than the arithmetic with different odds representations.

We can then talk about conditional probabilities as the prices for called-off bets, and use this to justify
Rule 7: the price of a ticket on a conjunction should be the price of a ticket on one conjunct multiplied by
the price of a called-off bet on the second conditional on the first. This justification operates by noticing
that the called-off bet can be constructed as a sum of two regular bets.

Consider buying a bet on a & b for a stake of $1. Also consider selling a bet on b for a stake of
Pr(a & b)/Pr(b). The price of these two bets is the same, and thus cancels. If b is false, neither pays off,
while if b is true and a is false, one must pay out Pr(a & b)/Pr(b), while if both are true, one wins 1 and
pays out Pr(a& b)/Pr(b). This is effectively the same as a called-off bet on a, conditional on b, with stakes
of $1 and a price of Pr(a& b)/Pr(b). This justifies Rule 7.

It is clear that Rule 8 follows from Rule 7 just by the definition of probabilistic independence.

7 Week 7:

7.1 Midterm 2

Here is a sample set of questions for the second midterm. Students will have this same sample midterm
available to them. All of these questions are the same type as ones from previous Homework and Section
Assignments, except for Problem 6, which gives a probability distribution over all the logical combinations
of three atomic sentences, and describes several gambles and asks for their expected values. When making
up sample versions of Problem 6, try to ensure that the multiplications of probabilities and payoffs yield
numbers that are easy to work with, like the ones here.

Problem 1

(a) (2 pts) If Pr(j) = .5, then Pr(∼(j ∨ ∼j)) = .

(b) (2 pts) If Pr(t) = .8, then Pr(t ∨ ∼t) = .

(c) (2 pts) If Pr(p) = .4, then Pr(∼p& p) = .
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(d) (2 pts) If Pr(r) = .6, then Pr(∼∼r) = .

(e) (2 pts) If Pr(w) = .3, then Pr(w ∨ w) = .

Problem 2

For these questions, either calculate the desired probability, or state that not enough information is present.

(a) (5 pts) If Pr(h) = .4 and Pr(f) = .3, then what is Pr(∼h ∨ f)?

(b) (5 pts) If Pr(t) = .6 and Pr(t ∨ n) = .8, then what is Pr(t& n)?

(c) (5 pts) If Pr(d) = .5 and Pr(c ∨ d) = .7, then what is Pr(c)?

(d) (5 pts) If Pr(s) = .5 and Pr(l) = .4 and Pr(∼s& l) = .2, then what is Pr(s ∨ l)?

(e) (5 pts) If Pr(b) = .6 and Pr(∼b ∨ y) = .5, then what is Pr(b& y)?

Problem 3

Assume that Pr(v) = .6, Pr(g | v) = 1/3, and Pr(g | ∼v) = 3/4

(a) (5 pts) Pr(v & g) = .

(b) (5 pts) Pr(v &∼g) = .

(c) (5 pts) Pr(∼v & g) = .

(d) (5 pts) Pr(g) = .

(e) (5 pts) Pr(∼g) = .

(f) (5 pts) Pr(v | ∼g) = .

Problem 4

(a) (5 pts) If x and y are probabilistically independent, and Pr(x) = 1/3 and Pr(y) = 1/2, then

Pr(x& y) = .

(b) (5 pts) If ∼p and ∼q are probabilistically independent, and Pr(∼p) = 1/4 and Pr(∼q) = 1/2, then

Pr(∼p&∼q) = .

(c) (5 pts) If Pr(d) = 1/4 and Pr(k) = 1/4, and Pr(d&k) = 1/8, are d and k probabilistically independent?

(d) (5 pts) If Pr(r) = 1/2 and Pr(s) = 1/3, and Pr(r& s) = 1/6, are r and s probabilistically independent?

Problem 5

Consider the following probability distribution:

x y z Pr
T T T .2
T T F .2
T F T .1
T F F .1
F T T .1
F T F .1
F F T .1
F F F .1
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(a) (5 pts) What is the expected value of a gamble that pays +5 if x is true and −5 otherwise?

(b) (5 pts) What is the expected value of a gamble that pays +5 if x&∼y is true and −10 otherwise?

(c) (5 pts) What is the expected value of a gamble that pays +2 if y ∨ z is true and −5 otherwise?

7.2 Assignments

Because of the midterm, there is no Homework assignment this week. Section Assignment 6 consists of a
series of questions that follow from each other. Last year, many students found this assignment to be the
most difficult one, though by doing it in discussion section, they can work together and get feedback from
the TA.

Problem 1 gives the probability of one atomic sentence, the probability of another conditional on it and
its negation, and the probability of a third conditional on each of the logical combinations of the other two,
and asks the students to fill out the probabilities in a truth table. As an example:

Assume that Pr(a) = .6, Pr(b | a) = 2/3, Pr(b | ∼a) = 1/2, Pr(c | a&b) = 1/4, Pr(c | a&∼b) =
1/2, Pr(c | ∼a & b) = 1, and Pr(c | ∼a & ∼b) = 0. Fill in the probabilities in this table
(5 pts each): (You may find it helpful to use the space to the left of the table to write down
Pr(∼a), P r(a & b), P r(a & ∼b), P r(∼a & b), P r(∼a & ∼b) as you work towards filling this table
out.)

a b c Pr

T T T

T T F

T F T

T F F

F T T

F T F

F F T

F F F

Problem 2 then asks the student for the conditional probabilities of each atomic sentence given each of
the others.

Problem 3 then asks the student to calculate the expected value of various gambles based on this set of
probabilities. For instance, it might ask about the expected value of a gamble that pays +10 if a& b is true
and −5 otherwise, or a gamble that pays +5 if b ∨ c is true and −10 otherwise.

7.3 Lectures

Because the midterm is on Thursday, lecture on Tuesday mainly reviews material that has already been
discussed.

8 Week 8:

8.1 Assignments

Section Assignment 7 and Homework 7 both occur in Week 8. They both have the same form.
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Problem 1 asks the students to fill out the probabilities of each of the four rows in a truth table defined
over two atomic sentences. The unconditional probability of one atomic sentence is given, and the probability
of the other sentence conditional on the first sentence, and conditional on its negation. For instance, it might
say that Pr(u) = 1/4, and Pr(c | u) = .4 while Pr(c | ∼u) = .8, and ask for the probabilities of all four rows
of the truth table for c and u.

Problem 2 then asks the student to use the numbers from Problem 1 to calculate the unconditional
probability of the second atomic sentence, and to calculate the probabilities of the first conditional on it and
its negation. For instance, continuing the above example, it might ask for Pr(c), Pr(u | c), and Pr(u | ∼c).

Problem 3 is another instance of the same type as Problem 1. For instance, it might say that Pr(k) = .3,
that Pr(w | k) = 2/3, and that Pr(w | ∼k) = 5/7, and ask for the probabilities of all four rows of the truth
table for w and k.

Problem 4 then uses the probabilities from Problem 3 and describes three gambles based on simple
logical combinations of these atomic sentences, and asks the students to calculate the expected value of each
gamble. One of the gambles has three possible outcomes—one positive, one negative, and one 0. The other
two gambles both have a positive outcome and a negative outcome. For instance, continuing the above
example, we might give a first gamble that pays +5 if k & w is true, −5 if w &∼k is true, and 0 otherwise;
a second gamble that pays +10 if w is true and −10 otherwise; and a third gamble that pays +6 if k ∨ ∼w
is true and −4 otherwise.

8.2 Lectures

The material here has some connection to the topics in Chapter 7 of Choice and Chance, but is not as close to
the book as the earlier sections of the class. The point is to motivate the concept of utility. In week 7, when
discussing expected value, we always assumed gambles had values given in dollars, but now we note that
all actions can be thought of as gambles, with “payouts” consisting of outcomes that we evaluate. For the
classic example, if you’re uncertain whether or not it will rain, then both the act of bringing and umbrella,
and the act of not bringing an umbrella, can each be thought of as gambles. To evaluate these gambles, we
need to know how much you care about getting wet, and how much you care about being burdened by the
umbrella.

To motivate the idea that dollars are not the same as utility, I start by using the St. Petersburg game.
Although this game has infinite expected utility, there is another game that is like it, but only continues up
to 50 flips, after which it gives $250, no matter how many more times the coin comes up heads. This game
has expected value $51. In order to understand the difference in value between the St. Petersburg game and
this game, we should think about the value of various large amounts of money. I give examples of things that
you can buy for $220 (a moderate house in California) and $230 (a mile of subway in Los Angeles, or a large
internet startup) or $233 (the annual budget of UC Irvine, or Harvard) or $238 (the market cap of Coca Cola,
or the net worth of one of the richest individuals in the world, or the annual GDP of a medium-sized country)
or $240 (the market cap of Walmart, or the annual GDP of the Los Angeles metro area, or the Netherlands),
or $243 (bigger than the market cap of any corporation, the GDP of Japan) or $246 (the market value of all
housing in the United States) before we finally get to $250 (the sum total of all assets in the world). At this
point, more money clearly has no more value.

But even long before that amount, the value of money is not linearly proportional to the money. The
lifestyle transformation of getting a billion dollars is much greater than the transformation of going from a
billion dollars to ten billion dollars, so one should probably prefer a guaranteed billion over a coin flip for ten
billion. Money generally has diminishing marginal utility (though there are probably some local exceptions,
where a little bit more money can unlock a lot of value).

Once we have the idea of utility as a measure of value, we can use behavior in risky situations to measure
utilities. By comparing the wage premium for similar jobs with different levels of risk, we can see what
implicit value people put on their life (usually around 10 million dollars). This can be relevant for setting
government policy.

The important thing is that if we know the probabilities and the utilities, we can figure out what behavior
is rational, or if we know the probabilities and the behavior, we can get some bounds on the utilities, or if
we know the utilities and the behavior, we can get some bounds on the probabilities.
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9 Week 9:

9.1 Assignments

Section Assignment 8 and Homework 8 both occur in Week 9. They each have two problems, and all four
problems are fairly similar, but they are not quite as rigorously identically structured as some of the other
problems in other assignments.

Each problem involves a partial description of a decision scenario. There is a character who is named, and
who has two options available to them, one or both of which contains some risk. Some of the probabilities
and utilities are given for the problem as a whole, but some are varied in each part. The first few parts of the
problem spell out the remaining probabilities and utilities, and asks the student to calculate the expected
values of the two options, and asks which one the character should take, given these specifications. There
are at least two different ways these are spelled out. Then there are two more sub-parts of the problem, one
where one of the probabilities is left un-specified, and one where one of the utilities is left un-specified, and
we are asked what range that value could take, such that the character would prefer one option over the
other.

Here is an example:
James is deciding whether to invest in starting his own business:

• If he starts the business, it might succeed and be very profitable (utility +12) or it might fail and he
loses his investment (utility -6).

• If he keeps his current salaried position, he has steady income with modest growth potential (utility
+3).

(a) If there is a 60% chance the business succeeds, what is the expected value for starting the business?
Should he start it?

(b) If there is a 45% chance the business succeeds, what is the expected value for starting the business?
Should he start it?

(c) What is the minimum chance of business success that would make it worthwhile for him to start the
business?

(d) Assume that business success is still worth +12, and that keeping his current position is still worth
+3, but business failure is an unknown amount. Assume that James thinks there is a 60% chance the
business will succeed, but he still won’t start it. How bad must he think business failure would be?

The number of sub-parts of the question might differ in different versions, particularly if both options the
character faces are risky.

9.2 Lectures

The material here has an even looser connection to Chapter 8 of Choice and Chance than the previous week
did to Chapter 7. Because this is the last week of new material, the main idea is to tie everything back in
to the initial topics. We want to evaluate arguments. Not all arguments are deductively valid. The way to
evaluate a non-deductive argument is to see what probability the premises give the conclusion. Sometimes
we have to do some calculation with probabilities to find the probability of the conclusion given the premises.

We show that if a hypothesis deductively entails some evidence, then the evidence provides positive
support for the hypothesis, and more so if the evidence is more surprising. In general, if there are two
hypotheses, and a piece of evidence whose probability we know conditional on each hypothesis, it will
support the one that gives it higher probability.

But if we know the prior of each hypothesis, and the probability each hypothesis gives to the evidence,
we can calculate the posterior of the hypothesis after learning the evidence. I won’t generally use the term
“Bayes’s Theorem”, but that is one big part of what I will cover in the lecture. You can mention that term
if the student wants to know the name, but walking them through examples is most helpful.

Among the examples we will consider, we will also consider examples with two pieces of evidence, which
might be independent conditional on the hypotheses or not.
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10 Week 10:

10.1 Assignments

Because of reviewing for the final, there is no Homework assignment this week. Section Assignment 9 consists
of two problems. Both problems are exercises in applying Bayes’s Theorem to a hypothesis, first with one
piece of evidence, then with another piece of evidence, then with both together. The first problem walks the
students through all the steps,

Problem 1

A security analyst is reviewing whether a suspicious login attempt was from a legitimate user who forgot
their password (h) or from a hacker attempting to break in (∼h). Based on initial patterns, the analyst
thinks Pr(h) = .3.

(a) The analyst notices the login attempt came from the user’s home city. Let e1. The analyst thinks that if
it’s the legitimate user, they would almost certainly be logging in from their home city, so Pr(e1 | h) = .9,
but a hacker might also use a VPN to appear to be in the home city, so Pr(e1|∼h) = .6.

• (5 pts) What is Pr(h& e1)?

• (5 pts) What is Pr(e1)?

• (5 pts) What is Pr(h | e1)?

(b) The analyst notices the login attempt used the user’s usual browser (Chrome). Let e2 be this proposition.
The analyst thinks that if it’s the legitimate user, they would definitely use their usual browser, so
Pr(e2 | h) = 1, but Chrome is very common so a hacker might also use it, so Pr(e2|∼h) = .7.

• (5 pts) What is Pr(h& e2)?

• (5 pts) What is Pr(e2)?

• (5 pts) What is Pr(h | e2)?

(c) The analyst notices the login attempt answered the security question with the user’s actual childhood
pet’s name, “Mr. Whiskers”. Let e3 be this proposition. The analyst thinks that if it’s the legitimate
user, they would know this with certainty, so Pr(e3 | h) = 1, but this is obscure information a hacker
would be very unlikely to guess correctly, so Pr(e3|∼h) = .02.

• (5 pts) What is Pr(h& e3)?

• (5 pts) What is Pr(e3))?

• (5 pts) What is Pr(h | e3)?

(d) (5 pts) Which one of the potential pieces of evidence would make the strongest argument for h?

Problem 2

Marcus is wondering if his car’s engine trouble is a serious transmission problem (h) or just needs new spark
plugs (∼h). Based on the symptoms so far, he thought Pr(h) = 2/5. Marcus isn’t sure what will happen
when he takes the car for a test drive, but he imagines some warning signs. The check engine light might
come on during acceleration (e1) or might stay off (∼e1). The car might make a grinding noise when shifting
gears (e2) or might shift smoothly (∼e2).

Marcus thinks Pr(e1 | h) = .8 while Pr(e1 | ∼h) = .4, and that Pr(e2 | h) = .95 while Pr(e2 | ∼h) = .1.
Marcus also thinks that Pr(e1 & e2 | h) = .75 while Pr(e1 & e2 | ∼h) = .05.

(a) (15 pts) What is Pr(h | e1)?

(b) (15 pts) What is Pr(h | e2)?

(c) (15 pts) What is Pr(h | e1&e2)?

(d) (5 pts) What would be the strongest evidence
he could get for h?
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10.2 Lectures

This week, the lectures are just review of whatever material students want to go over.

10.3 Final

Here is a sample version of the final. All questions on the final are versions of questions that have been used
in assignments earlier in the class.

Problem 1

(15 pts) Draw a truth table and use it to identify whether the following argument is valid: r&(s∨ t), r&∼s,
therefore t.

Problem 2

(15 pts) [The actual midterm will ask one of the questions from the following list, and you will have to write
a few sentences answering it.]

List of possible questions:

• Why does Hume think we can never have a deductive proof of the uniformity of nature?

• Why does Hume think an inductive argument for the uniformity of nature can never be convincing?

• What does it mean for an argument to be inductively strong, and how is this related to epistemic
probability?

• What does it mean for an argument to be deductively valid, and how can truth tables be used to
identify it?

Problem 3

For these questions, either calculate the desired probability, or state that not enough information is present.

(a) (5 pts) If Pr(x) = .3 and Pr(x ∨ y) = .7, then what is Pr(y &∼x)?

(b) (5 pts) If Pr(z & v) = .3 and Pr(z) = .6, then what is Pr(v)?

(c) (5 pts) If Pr(∼d) = .4 and Pr(d ∨ e) = .8, then what is Pr(e&∼d)?

(d) (5 pts) If Pr(f & g) = .2 and Pr(f ∨ g) = .6, then what is Pr(f)?

(e) (5 pts) If Pr(h) = .4 and Pr(l) = .3 and Pr(h ∨ l) = .6, then what is Pr(h& l)?

• (5 pts) Are h and l probabilistically independent?

(f) (5 pts) If Pr(n& q) = .25 and Pr(n) = .5 and Pr(q) = .5, then what is Pr(n ∨ q)?

• (5 pts) Are n and q probabilistically independent?

(g) (5 pts) If Pr(u) = .4 and Pr(w) = .6 and Pr(u ∨ ∼w) = .7, then what is Pr(u& w)?

• (5 pts) Are u and w probabilistically independent?

17



K. Easwaran LPS/PHIL 31: Winter 2026 AI Study Guide

Problem 4

Fill in the probabilities of this truth table (5
pts each) using the following information:

• Pr(x) = .4

• Pr(y | x) = 1/4

• Pr(y | ∼x) = 1/2

• Pr(z | (x& y)) = 1/2

• Pr(z | (x&∼y)) = 1/3

• Pr(z | (∼x& y)) = 2/3

• Pr(z | (∼x&∼y)) = 1/3

x y z Pr

T T T

T T F

T F T

T F F

F T T

F T F

F F T

F F F

Problem 5

A fair six-sided die is rolled. Calculate the expected value of each of these gambles:

(a) (5 pts) +6 if the result is 2 or less, nothing otherwise.

(b) (5 pts) +12 if the result is exactly 6, −3 if the result is exactly 1, nothing otherwise.

(c) (5 pts) +3 if the result is odd, −3 if the result is even.

(d) (5 pts) +9 if the result is 3 or 5, −3 if the result is even, nothing otherwise.

Problem 6

(a) (10 pts) Sam is deciding whether to cook eggs from the refrigerator for breakfast or eat cereal instead.
Cooking the eggs gives +10 utility if they’re still fresh, but an unknown lower value if they’ve gone bad.
Eating cereal gives +1 utility for sure. If Sam thinks there’s a 40% chance the eggs are still fresh, but
chooses cereal anyway, how bad must Sam’s utility be for cooking eggs that have gone bad?

(b) (10 pts) Morgan is deciding whether to walk to class (+9 if sunny, −3 if raining) or ride the campus
shuttle (+3 regardless of weather). Morgan checks the weather app, which indicates a chance of rain, and
decides to take the shuttle. How likely must Morgan think it is to rain for this decision to be rational?

Problem 7

A forensic investigator is analyzing whether a suspect is guilty of theft (g). Currently, she assigns Pr(g) = .2.
The investigator collects fingerprint evidence. She might find the suspect’s fingerprints at the scene (p) —
there is a high chance of finding such prints if the suspect is guilty (Pr(p | g) = 3/4) but also a chance of
finding their prints for innocent reasons (Pr(p | ∼g) = 1/4). The investigator might also find surveillance
footage of someone matching the suspect’s description (v; Pr(v | g) = 1/2), although the footage could
match someone else by coincidence (Pr(v | ∼g) = 1/8).

(a) (10 pts) What is Pr(g | p)?

(b) (10 pts) What is Pr(g | v)?

(c) (20 pts) If p and v are independent conditional on g and on∼g, then what is Pr(g | p&v)?

18


