
CSE 814, Fall 2014, Homework 1 Name: 1

First Order Predicate Logic (Due: Wednesday, Sep 10)

Note: The exercise sheets uses the symbols: ∀ for “for all”, ∃ for “there exists”, ¬ for negation, ∧
for conjunction, ∨ for disjunction, ⇒ for implication, ⇔ for double-implication, and ≡ for logical
equivalence.

1. Write out the following argument in FOL. Indicate the hypotheses, axioms, rules of inference,
logical equivalences, and prior conclusions that justify each step. Assume the universe of quan-
tification is all people.

Everyone from Detroit is a Tigers fan. Someone from Detroit is not a Wolverine fan.
Therefore someone who is a Tigers fan is not a Wolverine fan.

2. Using the definitions of the quantifiers, it is straightforward to argue that, if Q does not contain
the variable x and the universe is non-empty, then the following equivalences hold:

(1) ∀xP (x) ∨Q ≡ ∀x(P (x) ∨Q) (2) ∃xP (x) ∨Q ≡ ∃x(P (x) ∨Q)

Explain how these equivalences can be used to demonstrate the following:

(a) ∀xP (x) ∨ ∀xQ(x) ≡ ∀x∀y(P (x) ∨Q(y))

(b) ∃xP (x) ∨ ∃xQ(x) ≡ ∃x∃y(P (x) ∨Q(y))

(c) ∃xP (x) ∨ ∀xQ(x) ≡ ∃x∀y(P (x) ∨Q(y))

Clearly, similar equivalences can be shown to hold when ∨ is replaced with ∧.

3. A statement is in prenex normal form (PNF) if and only if it is of the form:

θ1x1θ2x2 · · · θkxkP (x1, x2, . . . xk)

where each θi, i = 1, 2, . . . k, is either the existential quantifier or the universal quantifier and
P (x1, x2, . . . xk) is a predicate involving no quantifiers.

The results of the previous exercise are used in rewriting a wff so that it is in PNF (assuming all
quantifiers have the same non-empty universe).

Show how to put the following statements in PNF.

(a) ∃xP (x) ∨ ∃xQ(x) ∨A, where A is a proposition not involving any quantifiers.

(b) ¬(∀xP (x) ∨ ∀xQ(x))

(c) ∃xP (x) ⇒ ∃xQ(x)


