Logical Equivalences

Trivial Equivalences

p with T and F: pvT=T, pAT=p, pVF=p, pAF=F

p with p and —p: pVp=p, pAp=p, pV-p=T, pA-p=F

double negation: —(=p)=p
Commutatiity pVqg=qVgqg, pAg=qADp
Associativity (pVgVr=pVigVvr), EAQATr=pA(gAT)
Distributivity pV (gAr)=(@V g A(PVTr), pAVr)=pmEAqgV(pAT)
De Morgan “(pAg)=-pV—g, ~(pVg)=-pA—g

~(FzP(z)) = Vo(-P(x)), —(VaP(r))=3x(-P(z))

Absorption pV(pAg =p, pADPVe=p

Equivalences Involving Implications
basic: p—=>q=-pVgqg, p—>q=-qV-p
one implies two:  (p—=> @) A(p—=>71)=p— (gAr), (P—=>q9Vp—=>7r)=p—(qVr)
two implies one:  (p = 7r)A(¢ = 71)=(pVq) =71, (P—=>1)V(g—7r)=(pAg) =7

Equivalences Involving Biconditions
basic: poa=@P—=9OANg—=p), pPg=-perg
other intuitives: pqg={pPAqQV(pA-q), —(p+q) =p< —q

Inference Rules

Modus Ponens pA(p—q) infers ¢

Modus Tollens —q A (p—q) infers —p
Hypothetical Syllogism (p—>q AN(qg—r) infers p—r
Disjunctive Syllogism (pVq) A—p infers ¢
Addition p infers pVgq

Simplification pAq infers p

Resolution (pVag)AN(-pVr) infers qVr

(Remark: by “p infers ¢”, we mean that p — ¢ is a tautology.)

Suggested Reading

Please read the entire Chapter 1 of the textbook.



