Warm Up Exercises

Section 1.1



5.h

m p = “Swimming at the New Jersey shore is
allowed”

m g = “Sharks have been spotted near the
shore”

mpA(Pv—-Q)="2"

= Swimming at the New Jersey shore is not
allowed and either Swimming at the New
Jersey shore is allowed or Sharks have not
peen spotted near the shore



7.f

m P = “lt is below freezing”
m g = “It Is snowing”

m [t is either below freezing or it is
snowing, but it is not snowing if it is
below freezing = ?

=(pva)ar(P—->-0q)



7.9

m P = “lt is below freezing”
m g = “It Is snowing”

m Below freezing is necessary and
sufficient for it to be snowing = ?

=pP<q



m p is necessary for g means q — p

m p is sufficient for g means p — q



True or false:

m13.a: If 1+1=2 then 2+2 =5
False

m 13.b: If 1+1=3 then 2+2 =4
True

m 13.d: If monkeys can fly, then 1 +1 =3
True



Truth Tables

m Have fun with this Java Applet



Propositional
Equivalences

Section 1.2



Definitions

m Tautology is a compound proposition that
IS always true (independent of the truth values of
the single propositions)

m Contradiction is a compound proposition
that is always false.

= Contingency Is a compound proposition
that is neither a tautology nor a
contradiction.

= p and g are logically equivalent (p = q)
Iff p <> g Is a tautology.



Examples

mpv-p Iisa tautology
BEpPA-pP Isacontradiction

Proof

p —p Pv—=p | PA=P
T F T F
F T T F




Use T for Tautology
& F for Contradiction

Bpvap=sT s (pv-ap)AQq=q
BEPA-P=sF B (PA=pP)VP=P
m I A-T=F B po>T=T
mTvp=T B Fop=T

BT Ap=p BpAQqQop =T
mFvp=p

mFAp=F



Examples of Equivalences

"PpP—>qQq=Qqv-p

P | 9 - p P—>d | qv=-p
T| T F T T
T| F F F F
F| T T T T
F| F T T T




Examples of Equivalences

B-(pArQ)=—-qVv-ap De Morgan’s Law
P|q|-P|—~aq|-(PAQ | —-qv=-p
T | T | F F F F
T | F | F T T T
F| T | T F T T
F| F | T T T T




Known Equivalences

= Double Negation Law:
—~(=p) =p

m |dentity Laws:
PAT=p
pvF=p

= Domination Laws:
PAF=F
pvT=T

= |[dempotent Laws:
PAP=p
Pvp=p



Known Equivalences

m Commutative Laws:
PAQ=QAD
Ppvq=qvp

= Negation Laws:
PpA—-pP=F
pvap=T

m Associative Laws:
pAr@Aar)=(prg)nar
pv@vn=(pvag)vr



Known Equivalences

m Distributive Laws:
pv@an=(pEvaA(pvr)
pr@vn=(pEarq)vipar)

m De Morgan’s Laws:

- (pPpArQ)=—-DpVv-—q NAND

-(pvqyd)=-pAr—Q NOR
m Absorption Laws:

Pv(PAQ)=p

pA(pva)=p



Known Equivalences

All of these laws can be proved
easily by using truth tables.



More Equivalences

BpD—>Q0=-pvVvq
BEp—>0=-0—>—-p contrapositive
m-(p—>q)=pr-q
mpo>PAr(po>nN=p>(QAr)
m(p>gv(pP-o>nN=p>(Qvr)

B (po>nNA(@->nN=(pPvy->r
m(po>nNv@-o>nN=pPAg)or
apoq=PE->9A@->p)

s -(peq)=poq



Example

Provethat —(p > q)=p A —qQ

Proof

-(Pp>q)=-(pva)
=—(-p)~r—-q De Morgan's
=pAr—-(q double negation



Example

Prove that (p A g) — (p v q) Iis a tautology

Proof
Prd)—>(pvVva)

=-(prg)v(pva)
= (—pv—-q)v(pvag) DeMorgan's
(~pvp) Vv(-=9qvQq) Associative
TvT =T



Example

Simplify

~(Pv(E=pAaa)
=-pAr-(=pArQq) De Morgan's
=-pAr(pv—-0) De Morgan'’s
=(-pAp)v(=pA-0q) Distributive
=Fv(-pAr-0) Negation
=(-pAr-Q) Identity

=-(pvQ) De Morgan'’s



Wake-up Exercises



11.d

Provethat(pArqQ) > (p—>q)=T
Proof

=(P~q)—>(p—>q)
—~(PAQ)v(p—a)

(—~pv -9 v(=pva)
—pPpv=pv-(Qqvq

=—-p vi=T



1l.e

Provethat—-(p > q) ->p=T
Proof

=-(=(@PE—>q))vp
=(p—>q)vp
=(-pvaQgvp

=(-p vp)v q
=Tvqgs=T



15

Determine if (~gqA(p—>Q))—>—-p
Is T, F, or contingency

Tautology !

Prove it.



25

Prove (p >r)v(@—->r)=(pAq)or
Proof

(P->r)v(@->n
=pvnv(=qvr)
—“pv-aqvr

—(pAqQ)vr

(PAQ) >



Definition

m Dual of a compound Proposition Is the same
proposition but

each A Is replaced with v
each v is replaced with »
each T is replaced with F
each F is replaced with T

mDualof (wpAT)v (QVF) s
(—w—pVvEF) A(QAT)



