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e Answer all questions. Please give clear and rigorous answers. The logic you use in
drawing conclusions and completing your answers is most important.

e Use extra paper to determine your solutions and then copy them neatly onto these
sheets.

e Make sure you clearly write your name and EID on this page.

GoobD Luck
Question | Score | Maximum
la 3
1b 4
1c 3
2 15
3a )
3b 5
4a 6
4b 6
4c 6
da 8
5b 15
6a )
6b 4
6¢ 15
Total 100




1.

(a) Describe the direct proof technique for proving an implication of the form P — Q.

(b) Give a truth table for implication P — @, and explain, based on this truth table,
why our direct proof technique works, i.e., why does this proof technique actually
verify that P — (@) is true?

c) Explain how the rule of universal generalization is used to prove a universall
g y
quantified implication of the form VzVy[P(z,y) — Q(z,y)] is true, where U is the
universe of z and y.



2. Use an equivalence proof (not a truth table) to show that [P A (P — Q)] — Q is a
tautology.



3. Translate the following statements into logical notation. Clearly define all propositions
and predicates.

(a) The product of three negative integers in negative. (Universe is Z)

(b) Some student in this class grew up in the same town as some other student in
this class. (Universe is the set of all students in this class)

4. True or false? Prove your answer. For each statement, U = Z.

(a) InVm[nm = m]

(b) Indm[n? + m? = 10]

(c) Ynadm[n? < m)|



5. Consider the following argument:
All pet owners are cool.
Anyone who doesn’t own a pet is lonely.
There is some person who is not lonely.
Therefore someone is cool.

(a) Re-write this argument in logical notation. Define your own predicates and uni-
verse.

(b) Is this argument valid? Prove your answer. If your answer is no, give a coun-
terexample. If your answer is yes, give a step by step validity proof.



6. Theorem: For any integers a,b and c, if a|b and alc, then a|(b+ ¢).
Recall: For integers r and s, we say r|s if s = kr for some k € Z.

(a) Re-write the theorem in logical notation. Define the universe.

(b) State both the givens/assumptions and goal(s) for a direct proof of this theorem.

(c) Give a formal direct proof of the theorem.



