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Study Exercises

E 1. Consider the two fragments of code given below, where 𝑃1, 𝑃2, 𝑃3, and 𝑃4 are blocks of code.

Fragment #1

if ( a || ¬b ) {
if ( a && b ) { 𝑃1 }
else if ( ¬b ) { 𝑃2 }
else { 𝑃3 }

}
else {

𝑃4
}

Fragment #2

if ( a && b ) {
𝑃1

}
else if ( b ) {

𝑃4
}
else {

𝑃2
}

For each of the fragments, express in propositional logic the conditions under which each of the
blocks of code 𝑃1, 𝑃2, and 𝑃4 will be executed. For any unreachable (dead) code, use the logical
identities to prove that the condition under which the code would be executed are a contradiction
(equivalent to false). For any reachable code, use the logical identities to prove that the conditions
under which the code would be executed are equivalent in both fragments.

E 2. Let the symbol ‘∘’ be a binary connective, with the truth table
shown at right. Show that {∘} is an adequate set of connectives.

𝑝 𝑞 (𝑝 ∘ 𝑞)
T T F
T F T
F T T
F F T

E 3. H&R 1.5.7, pp. 88–9.

E 4. Convert each formula below to an equivalent formula in conjunctive normal form (CNF).
Simplify when possible, by using the appropriate logical identities. (Note: There are many possible
orders in which to do the conversion. Although any order will ultimately work, you can simplify
your conversion, and do less, by doing the “right” ones first.)

(a) ((𝑞 ∨ 𝑟) ↔ 𝑠).

(b) ((𝑝 ↔ 𝑞) ↔ ((¬𝑟) ↔ (𝑝 ∧ 𝑞))).



E 5. Two of the classical rules of inference are

Modus ponens: “Given (𝑝 → 𝑞) and also 𝑝, infer 𝑞.” [In symbols, {(𝑝 → 𝑞), 𝑝} ⊨ 𝑞.]

Modus tollens: “Given {𝑝 → 𝑞} and also (¬𝑞), infer (¬𝑝)”. [In symbols, {(𝑝 → 𝑞), (¬𝑞)} ⊨ (¬𝑝).]
(a) Justify modus ponens by using resolution; that is, show that {(𝑝 → 𝑞), 𝑝} ⊢Res 𝑞.

i. Write down the CNF formulas you need, to start the resolution.

ii. Do the resolution.

(b) Justify modus tollens by using resolution; that is, show that {(𝑝 → 𝑞), (¬𝑞)} ⊢Res (¬𝑝).
i. Write down the CNF formulas you need, to start the resolution.

ii. Do the resolution.

Note: combine the two parts together, if you want. If one of your proofs doesn’t seem to work,
check to make sure that you are using the correct CNF formulas to start.

E 6. Give a proof by resolution refutation of the following.

(((¬𝑝) → 𝑞) ∧ ((¬𝑝) → 𝑟)) ⊢Res (𝑝 ∨ (𝑞 ∧ 𝑟)) .

Note that you have done some of the work already, if you did the previous exericses.

You may give either a sequence of formulas with references, or give a tree to show the relationships.
Or do both.

E 7. Give the following proofs. In each, remember to negate the conclusion and then convert to
CNF.

(a) {(𝑝 ∨ (𝑞 ∧ 𝑟))} ⊢Res ((𝑝 ∨ 𝑞) ∧ (𝑝 ∨ 𝑟)).

(b) {(𝑝 ∧ 𝑞), (𝑝 → 𝑟), (𝑞 → 𝑠)} ⊢Res (𝑟 ∧ 𝑠).


