CSC 4-151 Discrete Mathematics for Computer Science

Exam 1  December 5, 2008





____________________

name

For credit on these problems, you must show your work. On this exam, take the natural numbers to be N = {0,1,2,3, …}.

1. (6 pts.)  State and prove one of DeMorgan’s Laws for propositional logic, using a truth table.

2. (6 pts.) Show how to eliminate the implication logical connective by giving an expression that is equivalent to p ( q and proving your expression is equivalent. Use a truth table.

3. (4 pts.) Let P(m,n) be “n is greater than or equal to m” where the domain is the set N
a. What is the truth value of (m (n P(m,n)? Justify.

b.  What is the truth value of (n (m P(m,n)?  Justify.

4. (10 pts.) Let K(x,y) be the predicate: “x knows y”, where x is a Cornell student and y is a subject of study.  Let D(x) be the predicate: x is a student in this discrete class with domain Cornell students.
Express the following statements using those predicates and any required quantifiers:

a. Every Cornell student knows some subject.

b. Every student in this discrete class knows predicate logic.

c. There is no Cornell student who knows every subject.

d. Express the negation of the expression in part a, using both predicate logic and English.

5. (8 pts) Give a deduction for the following hypothesis and conclusion, justifying each step by giving the inference rule used. Introduce appropriate notation for the relevant propositions.

Hypothesis: Everyone in the class either has a laptop or a desktop PC. Paula, who is in the class, doesn’t have a laptop.  Conclusion: Paula has a desktop PC.

5. (20 pts.) Prove the following.

a. If n2 is even, then n is even. What proof technique did you employ?
b. 3n + 7 is O(n).

c. The function f:N ( N given by f(n) = n3 is 1-1 but not onto.
d. For any sets A and B, A (B ( A.
6. (2 pts. each) True or false?  You don’t need to justify your answers.
_________a. For any sets A and B, 
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_________b. For any set A, ((A.

_________c. {(,(,(} is a complete set of logical operators.

_________d. x is O(log x).

7. (8 pts.) a. Describe an algorithm which will determine if a function from a finite set to a finite set is 1-1.
b. What is the complexity of this algorithm where the domain is a set of cardinality n when applied to a function that is 1-1? Briefly justify your answer.
8. (3 pts each) For which one of the growth functions, g(n), is f(n) 
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? Briefly justify your answer. For this problem choose among the following growth functions g(n): n, n2, n3, log n, n log n, 1, 2n.

a. Let f(n) represent the worst case complexity of binary search for a list of length n.
b. Let f(n) represent how many times the statement ExecuteMe is encountered in the following code:

 for (int i = 1; i  <=n; i++) {

for (int j = i; j <= n; j++){


ExecuteMe;

}}

f(n) = 
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9. (3 pts. each) Give an example of the following.  Carefully explain why your example satisfies the given conditions.  If no example exists, state this and briefly explain why.

a. A function f: N ( N that is 1-1 but not onto.

b. A function, other than the identity function, f: N ( N that is 1-1 and onto.

c. Functions f and g such that g is O(f(x)) but f is not O(g(x)).

d. A set A such that |P(A)| = 5.

e. A statement which is false, but whose converse is true (give the converse!)

f. A statement which is true, but whose contrapositive is false.

g. A set that is not countable.
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