
80-110 Nature of Mathematical Reasoning
Summer 2 2013

Instructor Information

Instructor: Rebecca Morris
Office: Doherty Hall 4301-E
Phone : 412.268.8148
E-mail: rebeccam@andrew.cmu.edu
Office hours: Mondays: 1:45pm-2:45pm. Tuesdays: 10am-11am.

1 Course Information

Time and Location

Mondays through Fridays, 3:00pm – 4:20 pm
Baker Hall 150

Required Texts

Tarksi’s World Revised and Expanded, Dave Barker-Plummer, Jon Bariwise and John Etchemendy in col-
laboration with Albert Liu, CSLI Publications, 2007, ISBN-10: 1-57586-484-3, ISBN-13: 978-1-57586-484-6.
Please do not purchase a used copy of this book-it contains software we’ll be using for the course and
you need a new copy to get access to all of the features.

How to Prove it, Daniel Velleman, Cambridge University Press, 2006, ISBN-10: 0-521-67599-5, ISBN-13:
978-0-521-67599-4.

2 Course Description

In this course we’ll examine deductive reasoning and, more specifically, mathematical reasoning. In order
to do this, we’ll learn some formal logic and basic set theory. Formal logic allows us to express statements
precisely and ensure that our reasoning is fully rigorous. Set theory provides a foundation for modern
mathematics. As we’ll see, these tools can be applied to some interesting examples which would be
difficult to analyze otherwise. In particular, we’ll see how to: solve logic puzzles, interpret seemingly
nonsensical statements like “The present King of the United States has a mustache”, and analyze the
notion of “infinity”. Throughout the course we’ll be paying attention to the historical context against
which mathematical reasoning developed.

3 Course Objectives

By the end of the semester you should be able to:

• Define important logical and mathematical terms, such as validity, soundness, proof, derivation, subset,
injective, surjective, bijective, equinumerous etc.

• Translate English statements into formal statements of propositional or predicate logic and translate
formal statements back into English.

• Use truth tables to solve problems.
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• Write simple mathematical proofs.

• Write simple formal derivations in propositional and predicate logic.

• Evaluate the sizes of various sets.

• Describe some of the contributions of important mathematicians and philosophers to the develop-
ment of logic and set theory including: Georg Cantor, Gottlob Frege, Bertrand Russell, Alfred North
Whitehead, Ernst Zermelo.

4 Pre-requisites

There are no pre-requisites for this course.

5 Course Requirements

Attendance. Please attend all of the lectures and be ready to participate in class discussion.

Problem Sheets. There will be two short problem sheets set per week. These assignments will give you the
opportunity to apply material you learned in class.

Exams. There will be two exams for the class: a mid-term exam and a final exam. These exams will give
you the opportunity to apply what you’ve learned in class so far.

6 Evaluation and Grading Policy

Component Contribution to Final Grade
Preparedness and Attendance 10%
Problem Sheets (2 short problem sheets per week) 50%
Mid term 15%
Final 25%

7 Course Policies and Expectations

Attendance

Your attendance and preparedness for class will form part of your grade, so please attend all the lectures.
If you cannot attend a lecture, please be sure to notify me in advance. If you do miss a class, it will
be your responsibility to find out and catch up on the material you missed, what assignments were set
etc. Additionally, if you miss a class when an assignment is due, you will need to make arrangements in
advance to hand in the assignment: if you do not hand in an assignment because you miss class, it will be
counted as late (see below for penalties), unless you make prior arrangements with me.

Late Assignments

In general, problem sheets will be due on Mondays and Fridays at the start of class. Please turn in a hard
copy unless you are asked to submit part of your assignment electronically. In cases where an assignment
has a component which is to be submitted via hard copy, and a component which is to be submitted
electronically, please submit both parts by the start of class. If you think that you won’t be able to submit
an assignment by the deadline, please contact me in advance. If you don’t submit an assignment on time
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and don’t contact me in advance, a lateness penalty will be applied. In particular, starting at the beginning
of each 24 hour period your work is late, 10% of the total points you can earn for that assignment will be
deducted. This means that if you do an assignment perfectly, but hand it in after class on the day that it is
due, you can only receive a grade of 90

100 for that assignment, and if you hand it in after class the next day,
you can only receive a grade of 80

100 etc.

Collaboration

You can work on the problem sheets together, but you must each write up the solutions on your own and
submit them individually, both for parts of the assignments to be submitted via hard copy and parts of
the assignments to be submitted electronically.

Religious Observance

If classes or assignments for this course conflict with a religious holiday, please contact me in advance so
that we can make alternative arrangements.

Learning Disabilities

If you have a learning disability, the class can be tailored to fit your learning style. Please contact
me to let me know of your needs at the start of the semester, and contact Equal Opportunity Services
(http://www.cmu.edu/hr/eos/).

Plagiarism and Cheating

Please make sure that the work you submit is your own. As mentioned above, collaboration is allowed, but
you must not simply copy another student’s work or allow another student to copy your work. If I find out
that you have plagiarized or cheated in any way, you will receive a grade of 0 for that assignment, and other
appropriate measures will be taken. Please see http://www.cmu.edu/academic-integrity/index.html for
more detailed information about CMU’s policies regarding academic integrity.

8 Course Calendar

Below is a tentative weekly outline of the topics to be covered in the course, along with tentative key dates
to keep in mind. These are subject to revision so please let me know if you think the course is going too
fast or too slow, or if you think there is too much or too little work, and I can make changes accordingly.
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Weekly Outline

Date Summary
Week 1 Introduction to deductive reasoning. We’ll look at some examples of deductive arguments,

including mathematical proofs, and will learn some important terminology, including valid-
ity and soundness. We will introduce the logical connectives not, and, or, if . . . then, if and
only if and their truth tables.

Week 2 Introduction to propositional logic. We’ll learn how to formalize statements and arguments
into propositional logic (and back again). We’ll use the computer program Tarski’s World to
help us explore the world of propositional logic. We’ll also look again at truth tables, and
see how they can help us solve some interesting problems including knights and knaves
puzzles.

Week 3 Proof systems for propositional logic. We’ll look at two systems of formal proof for the
propositional calculus: an axiomatic system and natural deduction.

Week 4 Predicate logic, sets and functions. We’ll look at ways to deal with statements involving
quantifiers such as for all and some. To do this, we’ll first learn about sets and functions.
We’ll use Tarski’s World to help us explore the world of predicate logic.

Week 5 Proof systems for predicate logic; Sets, functions and the infinite We’ll look briefly at how
to extend natural deduction for propositional logic to deal with quantifiers before coming to
look more closely at set theory and how it can be used to analyze the infinite.

Week 6 Sets, functions and the infinite, plus review sessions. We’ll continue our study of set theory
and will also review material that will be on the final.

Key Dates

Note that all problem sheets should be submitted at the start of class on the day they are due.

Week 1

Tuesday 2nd July: Problem sheet 1 set.
Thursday 4th July: Independence Day—No class.
Friday 5th July: Problem sheet 1 due.
Friday 5th July: Problem sheet 2 set.

Week 2

Monday 8th July: Problem sheet 2 due.
Tuesday 9th July: Problem sheet 3 set.
Friday 12th July: Problem sheet 3 due.
Friday 12th July: Problem sheet 4 set.

Week 3

Monday 15th July: Problem sheet 4 due.
Tuesday 16th July: Problem sheet 5 set.
Friday 19th July: Problem sheet 5 due.
Friday 19th July: No problem sheet set today—Revise for midterm on Monday.

Week 4

Monday 22nd July: In class mid-term exam.
Tuesday 23rd July: Problem sheet 6 set.
Friday 26th July: Problem sheet 6 due.
Friday 26th July: Problem sheet 7 set.

Week 5

Monday 29th July: Problem sheet 7 due.
Tuesday 30th July: Problem sheet 8 set.
Friday 2nd August: Problem sheet 8 due.
Friday 2nd August: Problem sheet 9 set.

Week 6

Monday 5th August: Problem sheet 9 due.
Tuesday August 6th: No problem sheet set today—Revise for final on Friday.
Wednesday 7th August and Thursday 8th August: Review sessions—bring questions!.
Friday 9th August: In class final exam.
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