Name: ID:

Return to

10:30 a.m. 1:30 p.m.

class

PMath 330 Assignment 3

Mark Bonus

PMath 330 Assignment 3 page 1/4

Give the number of the Fundamental Equivalence used for each step below. When justifying item n you may use the fundamental equivalences on page 44 as well any of those on the extended list list below whose number is less than n (e.g., do not use item 38 to justify item 33):

32 ¬ 0 ∼ 1

¬ 0 ∼ ¬ 0 ∨ 0 ∼ 0 ∨ ¬ 0 ∼ 1

33 ¬ 1 ∼ 0 ¬ 1 ∼ ¬ ¬ 0 ∼ 0 34 P → 0 ∼ ¬ P

P → 0 ∼ ¬ P ∨ 0 ∼ ¬ P

35 P → 1 ∼ 1

P → 1 ∼ ¬ P ∨ 1 ∼ 1 36 0 → P ∼ 1

0 → P ∼ ¬ 0 ∨ P

∼ 1 ∨ P

∼ P ∨ 1 ∼ 1

37 1 → P ∼ P

1 → P ∼ ¬ 1 ∨ P

∼ 0 ∨ P

∼ P ∨ 0 ∼ P 38 P → P ∼ 1

P → P ∼ ¬ P ∨ P ∼ P ∨ ¬ P ∼ 1

39 P ↔ 0 ∼ ¬ P

P ↔ 0 ∼ (P → 0) ∧ (0 → P ) ∼ ¬ P ∧ (0 → P ) ∼ ¬ P ∧ 1 ∼ ¬ P 40 0 ↔ P ∼ ¬ P

0 ↔ P ∼ P ↔ 0 ∼ ¬ P

41 P ↔ 1 ∼ P

P ↔ 1 ∼ (P → 1) ∧ (1 → P )

∼ 1 ∧ (1 → P ) ∼ 1 ∧ P

∼ P ∧ 1 ∼ P 42 1 ↔ P ∼ P

1 ↔ P ∼ P ↔ 1 ∼ P

43 P ↔ P ∼ 1

P ↔ P ∼ (P → P ) ∧ (P → P )

∼ 1 ∧ 1 ∼ 1

PMath 330 Assignment 3 page 2/4

Adequate Sets of Connectives

Circle (or highlight) the formulas among 0, 1, P, ¬ P that can be represented by a formula F (P ) using the connectives in C:

Given C = {∧; ∨} 0 1 P ¬ P C = {∧; 0} 0 1 P ¬ P C = {0; ↔} 0 1 P ¬ P C = {¬; ↔} 0 1 P ¬ P C = {→; 1} 0 1 P ¬ P

Circle (or highlight) the connectives that can be realized using the connectives in C:

Given C = {∧; ∨} ∨ ∧ → ↔ C = {∧; 0} ∨ ∧ → ↔ C = {0; ↔} ∨ ∧ → ↔ C = {¬; ↔} ∨ ∧ → ↔ C = {→; 1} ∨ ∧ → ↔ Substitution/Replacement

In each of the following inferences you are to choose the best answer for how the inference could be accomplished. The four choices are: substitution, replacement, both, neither. 1. P ∼ Q P ∧ P ∼ P ∧ Q 2. P ∼ Q Q ∼ P 3. P → Q ∼ ¬ P ∨ Q ¬ P ∨ Q ∼ P → Q 4. P → Q ∼ ¬ P ∨ Q Q → (P → Q) ∼ Q → (¬ P ∨ Q) 5. P → Q ∼ ¬ P ∨ Q Q → P ∼ ¬ Q ∨ P

PMath 330 Assignment 3 page 3/4

Exercise 2.5.8 (page 57 in LMCS):

Prove (by induction) that {∨, ∧, →, ↔, 1} is not adequate. Conclude that any adequate set of standard connectives must have either ¬ or 0 in it.

PMath 330 Assignment 3 page 4/4

BONUS (Do not expect any help from the instructor or TAs on this one—you are on your own!)

Show that a ternary connective τ is adequate iff at least one of τ(P, Q, Q), τ(P, P, Q), and τ(P, Q, P ) is equivalent to either P |Q or P f Q.