The Second Homework

March 24, 2025

1. Compute the truth tables for
(@) p= (pAQVa
(b) (=p—=q) AgAT.
SOLUTION:

(@) p— (-pAg Ve

plagl| p|-PAg| (-pPAQ Ve |p—(-PAg Vg

1|1 o 0 1

1ol o 0 0 0

o1 1 1 1 1

0lo0f 1 0 0 1

() (=p =g AgAr.

plg|r| wp|woq|(p=2>qAgAT
1]1]{1] o 1 1
1j1]{o] o 1 0
1jof1] o 1 0
1]ofo] o 1 0
0l1 1] 1 1 1
ol1]0] 1 1 0
ojof1| 1 0 0
ojlofolf 1 0 0




2. Show that the following are tautologies:
(a) ==p —p.
(b) (p—=q) = (=g = —p).
(©) (p—=q) < (=pVa)
SOLUTION:

(a) ==p —p.

plp|-p| pop

0 1 1
0 0 1
(b) (p = q) — (=g = —p).
pla|lp|q|p=q|qg—=-p|({—=>q—=(~qg—=p)
111] 0ol o 1 1
1ol ol 1 0 0 1
o1l 1] o0 1 1 1
ololl 1] 1 1 1 1

(c) (p—q) < (=pVa).

pla||p|p—=q|-pVeg| (p—q < (-pVa
11 o 1 1 1
10| o 0 0 1
0|1 1 1 1 1
0|0l 1 1 1 1

3. Show that (p =)V (g—71) <& (pAg) — 1.
SOLUTION:
p—=r)Vig—=r)e (cpvr)V(mgVr)
< (-pV-q)Vr
S a(pAgVr

< (pAg) =



4. Find equivalent normal disjunction formulas for:

(a) (pAq)Vr.

(b) (-p—=q) AgAr.

SOLUTION: First get the basic conjunction terms via the truth table.

m; basic conjunction terms || p | ¢ | 7 | (pAg) VT | ((<p—=q) AgAT
M000 “p A g AT 01010 0 0
moo1 “pAGAT 0]0]|1 1 0
mo10 “pAgA-r 01110 0 0
mo11 “DAGAT 0111 1 1
mM100 pPA—-gA-T 11010 0 0
mio1 PATGAT 1101 1 0
mi10 pAgA-T 11110 1 0
mi11 PAGAT 111 1 1

Then take disjunction of the terms corresponding to “1” to get the equivalent normal form:

(@) PAQVr e (pA=gAT)V(ZpAGAT)V (PA=GAT)V(DAGA=T)V (PAGAT).

(b) (Fp= @ NgATE (mpAgAT)V (DAGAT).

5. Show that {1} and {|} are complete.

SOLUTION:

(a) Since pTp<e ~(pAp) & —pand pt g & ~(pA—q) & —pVgs p— g, we can know that

{1} is complete because {—, —} is complete.

(b) Since plp < —~(pVp) < —pand =(-p | q) & pVqgs p— g we can know that {]} is

complete because {—, —} is complete.



