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Please come and sit in the front. I won’t pick on you.

We will begin when the music stops.
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Let’s begin!
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Who am I?

My name is Alice Gao. I grew up in Beijing, China, and have lived in
Vancouver, Toronto, Boston, Cambridge (UK), New York City, and
Kitchener.

My research interest is at the intersection of artificial intelligence and
education. I am particularly interested in developing theory and software
on peer evaluation in large classes.

My work/education history:

• Lecturer, Computer Science, University of Waterloo.
• Postdoc, Computer Science, UBC.
• Ph.D., Computer Science, Harvard University.
• Undergraduate, Computer Science and Mathematics, UBC.

Some of my hobbies: board games, escape room games, hiking, swimming,
and traveling.
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Meet your peers

In the next 2 minutes, introduce yourself to someone you don’t know.

What you can talk about: courses, co-op, summer activities, dorms,
extracurricular activities...

For the first few lectures, I encourage you to sit in a different section of the
classroom every lecture and get to know the people around you.
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I’d like to learn your names

Ask/answer questions in lecture and come to office hours so that I could
learn your names!

When I ask your name, please let me know how you prefer to be called.
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The reputation of this course

I’ve heard that this course doesn’t have a very good reputation...

Coming into this course, what’s your expectation of the quality of this
course?

a. Wonderful
b. Good
c. Average
d. Not good
e. Horrible

Within my power and constraints, I’ve done a few things to make your
experience better: learning goals, a roadmap of the course, interactive
lectures, talking about applications.
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What CS 245 is about...

First-order logic (predicate logic)

• a formal and precise language that we can use to model and to reason
about real world scenarios.

• fundamental to many disciplines and has many applications in
Computer Science.

and its applications:

• (Program verification) Prove whether a piece of code meets its formal
specification.

• (Limitations of computers) Prove that some problems cannot be
solved using computer algorithms.
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A roadmap of this course
Four units: (1) Propositional Logic, (2) Predicate logic, (3) Program
verification, (4) Undecidability.

Essential questions:

• (Modeling) How do we use first-order logic to model real world
phenomenon?

• (Syntax) How do we formulate well-formed formulas in this language?
• (Semantics) How do we interpret the formulas written in this

language?
• (Reasoning) How do we perform reasoning and inference using this

language?
• (Program verification) How do we make sure that a piece of code

does what it’s supposed to do?
• (Undecidability) Are there problems that cannot be solved by

computer algorithms?

The schedule of lectures is on the course website.
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Logic from two perspectives

You will learn about first-order logic from two perspectives: a logician and
a practitioner.

A practitioner cares about:

• How can I use logic to model specific things?
• How do I determine whether two formulas are logically equivalent?
• How do I prove that a conclusion logically follows a set of premises?

A logician cares about:

• Does every well-formed formula have a unique interpretation?
• What is the smallest set of connectives that is sufficient to formulate

all possible formulas?
• Is everything that I can prove true? Can I prove everything that is

true?
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Is this course only about logic?

Not quite! We also want you to develop these skills:

• Thinking and communicating precisely and clearly
• Problem solving
• Creative thinking
• Critical thinking
• ...
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Where do I find things?

Main components: lectures, tutorials, assignments, midterm, final exam.

• Piazza: discussions.
• Learn: tutorial notes, assignment solutions, exam solutions, and

marks.
• Web page: everything else including policies, assignments, office

hours. https://www.student.cs.uwaterloo.ca/ cs245/
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What I do to help you succeed in this course

My lectures:

• Center around learning goals.
• Use active learning, e.g. clicker questions, solving problems,

discussions, etc.

Please come to lectures prepared to participate (i.e. to think, to work on
problems, to ask and to answer questions).

My office hours: (time TBD)

• Please come talk with me (regardless of whether an assignment is due
soon.)

• Some things you could talk with me about: course material, study
strategies, life advice, grad school, co-op, research, teaching...
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How should I study and collaborate?

• Focus on the learning goals.
• Read with questions in mind. After reading, summarize. After

studying, test yourself. (Study strategies)
• Spend time struggling before looking at the solutions/asking for help.

(Dealing with failures)
• Academic integrity
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Learning goals

By the end of the lecture, you should be able to

• Give a high-level description of logic.
• Give examples of applications of logic in computer science.
• Define propositions.
• Classify English sentences into propositions and non-propositions.
• Give multiple translations of English sentences with ambiguity.
• Translate English sentences with no ambiguity into compound

propositions.
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Introduction to Logic

What is logic?
Why do we study logic in computer

science?
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What is logic?

Logic is the science of reasoning

• Etymology: Logykos (Greek) - pertaining to reasoning
• Logic = The science of reasoning, proof, thinking, or inference
• Logic = The systematic study of the form of arguments
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Why study logic?
• Logic is fun! Think about logical puzzles.
• Logic improves one’s ability to think analytically and to communicate

precisely.
• Logic has many applications in Computer Science.

“I expect that digital computing machines will eventually stimulate a
considerable interest in symbolic logic . . . . The language in which one
communicates with these machines . . . forms a sort of symbolic logic.”
(Alan Turing, 1947)
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Applications of logic to computer science

• Circuit design

• An electronic computer consists of digital circuits, formed out of logic
gates.
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Applications of logic to computer science

• Logic programming
• PROLOG (PROgramming with LOGic) has roots in first-order logic.
• Theorem proving, expert systems, and natural language processing
• On February 14-16, 2011, IBM Watson won the Jeopardy Man vs.

Machine Challenge by defeating two former grand champions, Ken
Jennings and Brad Rutter. Watson relied on natural language
processing technology to analyze the vast amount of unstructured text
(encyclopedias, dictionaries, news articles, etc.). Prolog was the ideal
language for this due to its simplicity and expressiveness.
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Applications of logic to computer science

• Expert systems (knowledge base + inference engine)
• Medical diagnosis systems: The user describes their symptoms to the

computer as they would to a doctor and the computer returns a
medical diagnosis.

• MYCIN: acceptable therapy in about 69% of cases, which was better
than the performance of infectious disease experts who were judged
using the same criteria.

• MISTRAL: an expert system for the monitoring of dam safety
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Applications of logic to computer science

• Databases
• Core of modern database systems (e.g. SQL) uses first-order logic
• Efficient query evaluation based on relational algebra
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Applications of logic to computer science

• Formal verification
• Designs are increasingly complex, and errors are costly and dangerous.
• Hardware example: Intel’s Pentium FDIV bug (1994) cost them half a

billion dollars. Intel is now heavily invested in formal verification.
• Software examples: Death of cancer patients who received severe

overdoses of radiation due to a software error in the Therac 25 (1985
– 1987)
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An analysis of arguments

• Logic is the analysis of arguments.
• An argument is a set of statements, namely one or several premises

and a conclusion, usually connected by “therefore”.
• An argument here isn’t a quarrel or fight. Rather it is the verbal

expression of a reasoning process.
• Consider the following argument:

Every pig can fly.
Aristotle is a pig.
————————————
Aristotle can fly.

The argument is valid. It is impossible for all the premises to be true but
the conclusion to be false.
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The form of arguments

• Logic studies forms of reasoning.
• The content doesn’t matter. We want the reasoning process to apply

to any subject - water purity, mathematics, cooking, nuclear physics,
ethics, or whatever.

• Consider the following two arguments:
Every pig can fly.
Aristotle is a pig.
————————————
Aristotle can fly.
All humans are mortal.
Socrates is human.
————————————
Socrates is mortal.

A logician considers these two arguments to be the same because they
have the same form.
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Propositional logic: An informal
introduction
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Propositions

A proposition is a declarative sentence that is either true or false.

A proposition can never be both true and false.
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Are these propositions?

Choose a sentence that is a proposition. If there are multiple correct
answers, pick the best one (or your favourite one if they are equally good).

a Where is the student life center?
b There are infinitely many pairs of primes that differ by 2. (This is the

famous twin prime conjecture.)
c Open the window please.
d 𝑥 ≤ 0.
e The sum of 3 and 5 is 35.
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Key ideas about propositions

• Many English sentences are not propositions, for example, commands,
questions, paradoxes, and non-sensical sentences. We cannot use
propositional logic to model these sentences.

• To be a proposition, the sentence must have sufficient information for
us to determine whether it’s true or false. For example, it cannot have
an unspecified variable 𝑥.

• A sentence can be a proposition even if nobody knows whether it’s
true or false, e.g. the twin prime conjecture.
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Examples of propositions

• The sum of 3 and 5 is 8.
• The sum of 3 and 5 is 35.
• −1 ≥ 5.
• Program 𝑝 terminates, on any input. (𝑝 is a known program.)
• If the input to program 𝑝 is a non-negative integer 𝑥, then 𝑝 outputs

the square of 𝑥. (𝑝 is a known program, and 𝑥 is a known integer.)
• Every even number greater than 2 is the sum of two prime numbers.

Introduction to Propositional logic 29/1



Examples of non-propositions

• Question: Where shall we go to eat?
• Command: Please pass the salt.
• Sentence fragment: The dogs in the park
• Non-sensical: Green ideas sleep furiously.
• Paradox: This sentence is false.

We cannot use propositional logic to model and reason about these
sentences.
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Modeling relationships with logical connectives
Connective Meaning Some alternative expressions

Negation ¬𝑝 not 𝑝 𝑝 does not hold; 𝑝 is false;
it is not the case that 𝑝

Conjunction 𝑝 ∧ 𝑞 𝑝 and 𝑞 𝑝 but 𝑞; not only 𝑝 but 𝑞; 𝑝
while 𝑞; 𝑝 despite 𝑞; 𝑝 yet 𝑞;
𝑝 although 𝑞

Disjunction 𝑝 ∨ 𝑞 𝑝 or 𝑞 𝑝 or 𝑞 or both; 𝑝 and/or 𝑞; 𝑝
unless 𝑞

Conditional 𝑝 → 𝑞 if 𝑝 then 𝑞 𝑝 implies 𝑞; 𝑞 if 𝑝; 𝑝 only if 𝑞;
𝑞 when 𝑝; 𝑝 is sufficient for 𝑞;
𝑞 is necessary for 𝑝

Biconditional 𝑝 ↔ 𝑞 𝑝 if and only if 𝑞
(𝑝 iff 𝑞)

𝑝 is equivalent to 𝑞; 𝑝 exactly
if 𝑞; 𝑝 is necessary and
sufficient for 𝑞
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Translating from English to Propositional Logic

Translate the following sentences to propositional logic formulas.

1. She is clever but not hard working.
2. I will eat an apple or an orange but not both.
3. If he does not study hard, then he will fail.
4. He will fail unless he studies hard.
5. He will not fail only if he studies hard.
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English can be ambiguous.

Give multiple translations of the following sentences into propositional logic
and argue that they are not logically equivalent.

1. Pigs can fly and the grass is red or the sky is blue.

2. If it is sunny tomorrow, then I will play golf, provided that I do not
feel stressed.
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