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DISCRETE MATHEMATICS

I. CATALOG DESCRIPTION:

MATH 10 — DISCRETE MATHEMATICS — 4 units

Sets and logic, methods of proof, induction, combinatorics, analysis of algorithms, relations, recursive definitions, recurrence relations, graph theory, trees.  Applications include Boolean algebra, logic circuits and automata.  Designed for majors in mathematics and computer science.  Prerequisite: Mathematics 1(completed with a grade of “C” or higher).  4 hours.

II. NUMBER OF TIMES COURSE MAY BE TAKEN FOR CREDIT: One    

III. PREREQUISITE AND/OR ADVISORY SKILLS:

Before entering this course, the student should be able to:

A. demonstrate a working knowledge of the Cartesian coordinate system including: slope of a line, equation of a line, delta notation;

B. understand the nature of a function;

C. graph algebraic and trigonometric functions;

D. understand limits and continuity of functions.

IV. EXPECTED OUTCOMES FOR STUDENTS:

Upon completion of the course, the student should be able to:
E. Apply principles of propositional logic to set theory and Boolean algebra;

F. use principles of logic, rules of inference and quantification in the construction of formal proofs;

G. describe the time complexity of an algorithm using big-O notation

H. use the Principle of Mathematical Induction to prove statements about sequences, series and algorithms

I. solve counting problems using elementary counting techniques (Sum and product rules; combination and permutation; principle of inclusion/exclusion);

J. write a recurrence relation to model a sequence; solve linear homogeneous recurrence relations of degree K with constant coefficients; use recurrence relations to analyze the complexity of divide-and-conquer algorithms;

K. represent a relation in both graphical and set forms; determine if a relation is an equivalence relation or a partial order relation; find the equivalence classes of an equivalence relation; draw the Hasse diagram of a partial order relation;

L. demonstrate a knowledge of basic graph theory terminology; apply graph theory to shortest path problems;

M. use properties of trees to solve sorting problems; find minimum spanning trees;

N. find the input/output table of a Boolean function; find the sum-of-products expansion of a Boolean function; construct the combinatorial circuit of a Boolean function; determine the Boolean function represented by a table or combinatorial circuit; use a Karnaugh Map in two variables to simplify a sum-of-products expansion;

O. determine the state table of a finite-state machine; construct a finite-state machine that gives a specified output for specified inputs.

V. CONTENT:

P. Propositional and predicate logic; quantifiers.

Q. Sets and set operations; laws of set theory.

R. Sequences and functions; growth of functions (big-0 analysis).

S. Complexity of algorithms.

T. Elementary integer number theory.

U. Boolean matrix theory.

V. Rules of inference; methods of proof; mathematical induction.

W. Recursive definitions and algorithms; recurrence relations; divide-and-conquer relations.

X. Fundamentals of counting:  Sum and product rules; permutations and combinations; principle of inclusion/exclusion.

Y. Binary relations: representation of relations; closure; equivalence relations and partial order relations.

Z. Graph theory: terminology and representation of graphs; connectivity; Euler and Hamilton paths; shortest path problems; planar graphs.

AA. Trees: terminology and applications; traversal and sorting; minimum spanning trees.

AB. Boolean functions: tables; sum-of-products expansion; logic gates.

AC. Formal languages, grammars and finite-state machines with output.

VI. METHODS OF INSTRUCTION:

AD. Lecture/demonstration

AE. Classroom discussion

AF. Collaborative learning activities where applicable

VII. TYPICAL ASSIGNMENTS:

AG. Homework assignments form textbook (Rosen)

1. Section 1.1, exercise set pages 11-14, 1, 3, 7, 9, 15, 17, 19, 21 (a, b, e), 25 (a, b), 28, 29

2. Section 4.1, exercise set pages 242-244, 1, 3, 9, 15, 17, 19, 25, 29, 31, 37, 39, 51

AH. Typical collaborative activity

3. The lights in a classroom are controlled by two switches: one at the back and one at the front of the room.  Moving either switch to the opposite position turns the lights off if they are on and on if they are off.  Assume the lights have been installed so that when both switches are in the down position, the lights are off.  Design a circuit to control the switches.

4. Male bees, which have a mother but no father, hatch from unfertilized eggs.  Female bees hatch from fertilized eggs.  How many ancestors does a male bee have in the tenth generation back?  How many of these ancestors are male?

VIII. EVALUATION:

AI. Methods

5. Examinations

6. Quizzes

7. Homework

8. Collaborative Learning Activities

9. Writing Assignments

AJ. Frequency of evaluation

10. Recommend three or four exams plus a final examination

11. Homework for each section covered

12. Recommend at least eight collaborative activities

13. Recommend three or four writing assignments

AK. Typical Problems

14. Homework:  For each of the following relations on the set {1, 2, 3, 4}, decide whether it is reflexive, whether it is symmetric, whether it is antisymmetric, and whether it is transitive.

a. {(2,2), (2, 3), (2, 4), (3, 2), (3, 3), (3, 4)}

b. {(1, 1), (1, 2), (2, 1), (2, 2), (3, 3), (4, 4)}

c. {(2, 4), (4, 2)}

d. {1, 2), (2, 3), (3, 4)}

15. Quizzes: Let U = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}.

e. Write the bit-string representations, for the sets A = {0, 2, 3, 4, 5, 6} and B = {2, 3,5, 7}.

f. Using the bit-string representations find the bit-string representations for the sets A(B and 
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.

16. Examinations: Let F(x, y, z) = xy + x(y + z) and G(x, y, z) = xyz + 1.x be two
Boolean functions.

g. Find F(1, 0, 1) + G(1, 1, 0).

h. Find 
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(x, y, z), the complemented of F.  Simplify your answer so that no expressions are complemented.

i. Find Gd (x, y, z), the dual of G, and write it as a sum of products;

j. For what values of x, y, and z will G(x, y, z) = 1?  Give a reason for your answer.

k. Construct a circuit from inverters, AND gates, and OR gates that represents the function F.

IX. TYPICAL TEXTS:

AL. Rosen, Kenneth H., Discrete Mathematics and Its Application, 4th Edition, Boston, WCB McGraw-Hill, 1999.

AM. Epp, Susanna S., Discrete Mathematics with Applications, 2nd Edition, Pacific Grove, Brooks/Cole Publishing Company, 1995.

AN. Grimaldi, Ralph P., Discrete and Combinatorial Mathematics: An Applied Introduction. 4th Edition, Reading, Addison Wesley, 1999.

X. OTHER MATERIALS REQUIRED OF STUDENTS: 

A calculator with combinatorial functions.
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