Biconditionals and Logical Equivalence

Definition: Logically Equivalent (2)
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: De Morgan’s Laws and Programming
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Common Logical Equivalences (1 / 3)

Table I: Some Equivalences using AND (A) and OR (V):

(a)

(b)

(c)

(d)

(e)

(N

(@)

pAP=p., PVDP=P

PVMT=ET;, pNE=E

pANT=p, pPVF=DpP

PAG=qgAPp

pVg=qVPp

(pAg)AT=pA(gAT)
(pvag)Vr=pVv(gVvr)

pA(gvr)=(rgVpar)
pV(gAar)=(pVa)A(pVr)

pA(pPVg)=p
pV(pAg)=Dp

Idempotent Laws

Domination Laws

Identity Laws

Commutative Laws

Associative Laws

Distributive Laws

Absorption Laws

Table Il: Some More Equivalences (adding —):

(a) —-(-p)=p Double Negation %__

(b) pV-p=T, pA—-DP=EF Negation Laws

(c) —(pAg)=-pV g De Morgan’s Laws%__
~(pVg)=-pPAg
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Common Logical Equivalences (2 / 3)

Table llI: Still More Equivalences (adding —):

(a)
(b)
(c)
(d)
(e)
(f)
(9)
(h)
(i)
@
(k)
U]
(m)
(n)

prqg=-pVg

P=¥P==g =P

=T =

—p=p—F

p=2p=T
pra=(pA-g)=>F
“pPHe=pVy
~(p—>q)=pA—g

—(Prg) BN
(prg)r=p—3g—>T1)
(pAg) >r=@P—=7)V(g—T)
(g —sr={p-=F)A @ F)
p+(gAr)=(p—=gA(p—rT)
p—=(gvr)=(p—>qV(p—r)

Law of Implication

Law of the Contrapositive
“Law of the True Antecedent”
“Law of the False Consequent”
Self-implication

Reductio Ad Absurdum

Exportation Law
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Common Logical Equivalences (3 / 3)

Table IV: Yet More Equivalences (adding @ and <):

(a)
(b)
(c)
(d)
(e)
(f)

porg=@—9AN(@—p)
p®g=(pPA-gV(-pAg)
peqg=-(p®q)
perg=@AQV(-pATg)
P g=-De g

—(perg)=pe g=Ppegq

Definition of Biimplication

Definition of Exclusive Or

Remember: You do not need to memorize these three tables ...

... But you do need to know how to use them!
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Applications of Logical Equivalences (1 / 6)

Question: Is (p A ¢) — p a tautology? (1)

By use of a Truth Table; we’ve seen this before: %LL

p qglpAqg p (PAg)—Dp M/LV
=TTy T
R | B T T
o %) <E T
P El | F T

Because the expression evaluates to true for all possible ar-

rangements of truth values, the expression is a tautology.
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Applications of Logical Equivalences (2 / 6)

Question: Is (p A ¢) — p a tautology? (2)

(e —>p = (p> pvig= P [Lel

—
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Applications of Logical Equivalences (3 / 6)

Question: Is (p A q¢) — p a tautology? (3)

%tj (ﬂaﬁoa\nﬂ‘.
\A)M(\ P % W:
s T,
whea P s Lolse:
([Z /\CLS ~F = F—=F
Becamse F—=>F 27T G

}

Applications of Logical Equivalences (4 /6) d/1/ 12
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