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CSCE-235

Introduction to Discrete Structures

Catalog Description:
 

Survey of elementary discrete mathematics.  Elementary graph and tree theories, set theory including relations and functions, propositional and predicate logic, methods of proof, induction, recurrence relations, principles of counting, elementary combinatorics, and asymptotic notations.  Homework will emphasize theoretical concepts and will be augmented with programming assignments.
Textbooks(s) and/or Other Required Materials:  

· K. A. Ross and C. R. B. Wright (1988). Discrete Mathematics, 2nd Edition, Englewood Cliffs, NJ: Prentice Hall

or  

· K. H. Rosen (2003).  Discrete Mathematics an its Applications, 5th Edition, McGraw Hill.

· C. Hall and J. O’Donnell (2000).  Discrete Mathematics Using a Computer, London, UK: Springer-Verlag. (supplement)

Prerequisites by Topic:  

1. Mastery of college algebra.
2. Familiarity with a high-level programming language, problem analysis and specification, algorithm development; calculus.
3. Exposure to recursion in programming languages, simple search and sort.
Course Objectives:

1. Mastery: Discrete structures such as set relations and functions, propositional logic, induction, and elementary combinatorics.
2. Familiarity: The objective of this class is to familiarize students with some fundamental Mathematical structures that are useful for problem solving in computer science.  Essentially, this class aims at equipping students with powerful tools for their further study in computer science in general, and sound reasoning mechanisms (e.g., proof techniques) for solving programming problems in particular, in part through computer programming assignments.
3. Exposure: The objective of this class is to expose students to recognition of problems and how a different representation (e.g., trees, graphs) of a problem may lead to a better or more intuitive solution.  Essentially, this class aims at showing students how to apply knowledge to solve problems, and how formal mechanisms can support such application in particular.

Topics Covered:

1. Graphs: Basic definitions, properties, and concepts; Euler circuits, Hamilton paths (1 week)

2. Trees:  Basic definitions, properties, and concepts; Binary trees (1 week)

3. Sets and Relations (1 week)

4. Functions: Properties, Inverse (1 week)

5. Logic: Propositional Logic and Predicate Logic (3 weeks)

6. Methods of Proofs (0.5 week)

7. Mathematical Induction (1.5 week)

8. Recurrence Relations:  Solving with substitution or iteration (1 week)

9. Principles of Counting:  Addition and multiplication rules, Inclusion-exclusion, Pigeon Hole,  (1.5 week)

10. Combinatorics: Permutations, Combinations, Repetitions, Derangements, Binomial Theorem (2 weeks)

11. Asymptotic Notations: Upperbounds and lowerbounds on growth rates (1 week)

Programming Assignments:

The objectives are (1) to help students learn the discrete structures better by preparing them (tutorials), (2) to learn how to apply these discrete structures to some real-world examples through programming (applications), and (3) to allow students to keep up with programming (toolbox).  The amount of programming assignments should be around 40-60% of the total homework assignments.   A general guideline is to have 5 programming assignments in total, and at least one from each of the following categories:

Sample programming assignment topics:  

Toolbox: Some examples include: (1) Implement the principle of inclusion and exclusion, (2) Implement the function inversion and composition,  (3) Implement set operators, (4) Implement all combinatorics operations, etc. 

Tutorials: All topics.  Each tutorial should have a description of a topic, an example that steps through the concept of the topic, an interactive program that allows users to plug in numbers, and several problems (with randomized numbers) and answers.  These tutorials can make use of the tools built for the aforementioned toolbox category.

Applications: These are some examples for reference: (1) A statistician for ESPN, to find interesting statistics to report every night on the SportsCenter (set relations and functions, inclusion and exclusion), (2) A data analyst for a website that sells books, to recommend books to Web users based on the books that they buy (set relations and functions, inclusion and exclusion), (3) A puzzle game of The Towers of Hanoi (recursion), (4) An inventory manager for an IT company selling computer products (principle of inclusion-exclusion), (5) A field trip manager, to figure out how many busses are required to accommodate N students (Pigeon-Hole Principle), (6) A travel agent for N tourist attractions in New Zealand, to plan different economy tour packages (permutations), (7) A summer camp basketball coach, to schedule teams from kids enrolled in the camp (combinations), (8) A grant manager for a charity, to give out monetary grants to students from different regions (repetitions), (9) A probability computer, to compute the probabilities of events (combinatorics), etc.

Class/Laboratory Schedule:

Lecture 3 hours/week, Recitation 1 hour/week

Prepared by:  

Leen-Kiat Soh, Vinod Variyam

September 2002
