CISC 1002 [CORC 3310, CC 30.10] Paradoxes and the Limits of Knowledge
3 hours; 3 credits

Paradoxes and limitations arising in computer science, the physical
sciences, and mathematics. Paradoxes created by using reason alone.
Linguistic and philosophical paradoxes like “This sentence is false.”
Limitations of reason, logic and computers. Reasoning about infinity. The
inability to prove everything that is true. Problems that cannot be solved by
computers in a reasonable amount of time. Unsolvable problems. The
boundary between what can and cannot be known. [Not open to students
who are enrolled in or have completed CORC 3310]

Goals Addressed by Core Course:

1. Be able to think critically and creatively, to reason logically, to reason
guantitatively, and to express their thoughts orally and in writing with clarity
and precision.

5. Acquire the tools that are required to understand and respect the natural
universe.

6. Understand what knowledge is and how it is acquired by the use of differing
methods in different disciplines.

Objectives of this Core Course:
1. Students will be able to recognize and create self-referential paradoxes.

2. Students will be able to understand the difficulties of certain famous
philosophical problems.

3. Students will be able to determine whether a set is finite, countably infinite or
uncountably infinite.

4. Students will be able to tell if certain computer problems are solvable or
unsolvable.

5. Students will be able to tell if a solvable problem is effectively solvable or not.

6. Students will be able to describe Godel's incompleteness theorem.



Outcomes:

1.

2.

3.

4.

Students will understand many self-referential paradoxes.

Students will know the power and the limitations of many parts of modern
science.

Students will learn what are the effective and absolute limits of computers.

Students will be able to describe their work both orally and in writing.

Syllabus:

Week 1) Linguistic paradoxes
Basic linguistic paradoxes such as the liar paradox (“This sentence
is false”). Other possible paradoxes that can be used are Russell’s,
Grelling’s Berry’s and Richard’s. This will show the frailties of
language and meaning. (Suggested readings from Poundstone).

Week 2) Philosophical paradoxes
Simple paradoxes about space, time, change, and movement
(Zeno’s paradoxes, time travel, heap paradox). (Suggested
readings from Sainsbury, Salon, Wright).

Week 3-5) Infinity
Sets and their sizes will be discussed. We will show basic
counterintuitive notions such as the set of all whole numbers is the
same size as the set of all even numbers. Different levels of infinity.
Independence of the certain properties of set theory (proven by
Paul Cohen of Brooklyn College). (Suggested readings from
Rucker, Ross and Wright).

Week 6) Scientific limits
Limitations of scientific knowledge such as the butterfly effect. The
implications of Bell's theorem, Heisenberg’s uncertainty principle,
the collapse of the wave function. (Suggested readings from
GellMann, Mermin, Morton).

Week 7-9) Computers and their effective limits
Easy and hard problems that computers can solve. Certain
problems that can be solved by computers but not in any
reasonable amount of time (such as the traveling salesman
problem, the Hamiltonian graph problem). The relationship
between these problems. (Suggested readings from Davis).
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Week 10-11) Computers and their absolute limits.
Problems that a computer can never solve. Halting problem,
printing problem. (Suggested readings from Davis).

Week 12-14) Mathematical limitations
Mathematical problems that are unsolvable. Trisecting an angle,
solving the quintic, Godel’s incompleteness theorems. (Suggested
readings from Barrow, Dawson, Hofstadter, Nagel and Newman).
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Text:

The text of the course will be a course-pack that will consist of several of the
articles in the references and chapters from books. The articles will be on the
level of Scientific American articles.

Web Resources:
* http://ocw.mit.edu/OcwWeb/Linguistics-and-Philosophy/24-118Fall-
2006/Readings/index.htm

* http://www.nd.edu/~jspeaks/courses/20229/syllabus.html

Method of Assessment:
1. Students will be asked to answer short answer questions as well as multiple
choice questions. There will also be short essay questions.

2. Students will be presented with infinite sets and will be asked if these sets are
finite, countably infinite or uncountably infinite.

3. Students will be asked to produce their own self-referential paradoxes.

4. Students will be presented with computer problems and will be asked to
determine if they are effectively solvable or not.

5. Students will have to write a short paper on some contemporary discussion
about a limitation of computation or modern science.



Methods of evaluation:
The two tests (25% x 2), a short paper (15%) and a cumulative final (35%) will be
used to assign grades.



