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The next example establishes an extremely important equivalence. It allows us to replace

conditional statements with negations and disjunctions. TABLE 6 Logical Equivalences.

EXAMPLE 3 Show that p — ¢ and —p V g are logically equivalent. (This is known as the conditional- Equivalence Name
disjunction equivalence.) pAT=p Identity laws
pvF=p
Solution: We construct the truth table for these compound propositions in Table 4. Because the
truth values of -p V g and p — g agree, they are logically equivalent. < pvT=T Domination laws
pAF=F
pVp=
TABLE 4 Truth Tables for —p V ¢ and p=r Idempotent laws
PApP=p
p—4
p q —-p —pVvyq p—q ~(p)=p Double negation law
T T F T T PVa=qvp Commutative laws
[ T F F F F PAG=gGAP
‘ F T T T T pvge)vr=pvigvr) Associative laws
F F T T T @ADAT=pA(gAT)

pVGANE=@EVPA(PVT)
PAQGVE@AQDV (AT

Distributive laws

‘ We will now establish a logical equivalence of two compound propositions involving three
different propositional variables p, ¢, and r. To use a truth table to establish such a logical

| equivalence, we need eight rows, one for each possible combination of truth values of these

| three variables. We symbolically represent these combinations by listing the truth values of p, ‘

S(pAQ)=-pV g
S(pVg =-pAgq

De Morgan’s laws

- g, and r, respectively. These eight combinations of truth values are TTT, TTF, TFT, TFF, FTT, i pVAQ=p Absorption laws

i FTF, FFT, and FFF; we use this order when we display the rows of the truth table. Note that we PAPVE =p

! need to double the number of rows in the truth tables we use to show that compound propositions !

‘ are equivalent for each additional propositional variable, so that 16 rows are needed to establish pvp=ET Negation laws
pA-p=F

the logical equivalence of two compound propositions involving four propositional variables,
and so on. In general, 2" rows are required if a compound proposition involves n propositional
variables. Because of the rapid growth of 2", more efficient ways are needed to establish logical
equivalences, such as by using ones we already know. This technique will be discussed later.

The identities in Table 6

Table 6 contai i : )
B <pecial case of ontains some important equivalences. In these equivalences, T denotes the com-

EXAMPLE 4

i i £

Show that p vV (g A1) and (p V g)A(pVr)are logically equivalent. This is the distributive law
of disjunction over conjunction.

Solution: We construct the truth table for these compound propositions in Table 5. Because the
truth valuesof p V (g Ar)and (p V q) A (p V r)agree, these compound propositions are logically
equivalent. <

TABLE 5 A Demonstration Thatp V{g AT) and(pV@)A(@Vr) Are Logically
Equivalent.
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Boolean algebra
identities found in Table
5 of Section 12.1. See
Table | in Section 2.2
for analogous set
identities.

E;)ll;:d vgl‘;osgzlt:j(.m ;hat is alwaysftrue and F denotes the compound proposition that is always
. isplay some useful equivalences for compound iti i i i
tional statements and biconditional i g D ety THe-Cader
: statements in Tables 7 and 8, respectively. Th i
asked to verify the equivalences in Tables 6-8 in the exercises. ’ ¥ T IR

TABLE 7 Logical Equivalences
Involving Conditional
Statements.

TABLE 8 Logical
Equivalences Involving
Biconditional Statements.

pog=-pVv
g=-pVyq peoq=@E->q9Ag—p)

pegEpe g
Ppeg=@PAQV(PATg)
"'(P‘—)q)EpHﬁq

P=qE=g—p
pVg=Ep-g
PAG=E—(p - —q)
po@=pAr—yg
@=>PAP-o>nN=p->(@GAr
P-NAGg-onN=@EVe -
P>V -o>n=p->(@qVvr

P->nNV@-=>nN=p@PAg->r




