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Logical Equivalence:

Other logical equivalences:

p— q =-p Vq
p—q={@—oq9 A(Qq—Dp)
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TABLE 6 Logical Equivalences.

Eqguivalence Name

prAnT=p Identity laws
pVvF=p

pvT=T Domination laws
pAF=F

pvp=p Idempotent laws

P A [) == p

—~(—=p)=p Double negation law

pNvNg=qVp
PAgQ=qAp

Commutative laws

(pvg)vr=pvilgvVvr)

(PAG)AT palgAar)

Associative laws

pvignary=(pvg)A(pVvr)
p/\(qu)z(p/\q)v(p/\r)

Distributive laws

{pAg)=—pV—9qG
~(pVg)=—pAr—q

De Morgan’s laws

pv(pAg)=p
pAlpVvVqg)=p

Absorption laws

s 3
F

PN
pPA—p

|

Negation laws
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Verify this logical equivalence ==

-(pV(pAQqQ) =-pA-q

“(pV (=pAQq)) = (—-pA-(=pAq)) De Morgan law
=(-pA(pV-q) DeMorgan law
(=ap Ap) V(=p A =q) distributive law
= FV(=p A —q) negation law
=-pAq identity law
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Verify this logical equivalencess

(b—r)v(q—r)

(b—r)v(q—r)

=(pAq) — T

(=p vV r) Vv (=qVr) conditional law
—-pVrv-agqVvr associative law
-pV-aQqQVrVvr commutative law
(=.pv-q)Vv(rvVv r) associative law
(=pVvV-q) Vr idempotent law

- (pAqQ) VT De Morgan law
(PAQ) — 1 conditional law
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Verify this logical equivalence

(rvp) — (rvq) =rv(p — q)

-(rvp)Vv(rvq) conditional law
(=rA=p)VvV(rvaqg) De Morgan law
=(-rA—p)Vr)vqg associative law

= ((arvr)A(=pVvr))vqg distributive law

(rvp) — (rvq)

=(TA(=pVr)) Vg negation law
=(apVvr)vg identity law
=pVrvgqg associative law
=rv-apVvgqg commutative law
=rVv(-pVq) associative law

rv(p — q) conditional law
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Verify this logical equivalence:

g— (-pVr)=p—(qVr)

Ag— (pVr)=qV (apVvr) conditional law
gVv-apVvVr associative law
-pVvqVr commutative law
-pV(qVr) associative law
p— (gvr) conditional law
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Verify this logical equivalence:

“((pA@QV(—pATQ)) V(PAQ) =D

(= pA(qVq)) V(p Aq) distributive law

(=p AT) V(P Aq) negation law

(=p) V(p A q) identity law
pV(p AQq) double negation law
absorption law

—((=pAqQ)V(—pA7Q)) V(P AQ)

<
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Show that this statement is Tautology -2

(PA(P— @) —0 (Bsiaq)

(pA(p — q)) —( PA(=PV q)) —Q conditional law

(pA=pP)V(PAqQ)) —q  distributive law

(FVv(pAq)) —q negation law

(p Aq) —( Identity law

-(pAqQ)VQ conditional law
-pV-aq)VQ De Morgan law

-pV(aqV Q) associative law

-pVvT negation law

T (tautology) domination law

AN

https://manara.edu.sy


https://manara.edu.sy/

W

degln
0)liaJl

Show that this statement is Tautology
(qA(PV Q) —op (RBsuas)

(~qAN(pVvq)—p=((~qAp)V (=g Aq))—p distributive law
= ((nqApP)VF)—p negation law
= (~qAp) —p identity law
(g ADP)Vp conditional law
=(qV-p)Vp De Morgan law
=qV (—.p vVp) associlative law
qV negation law
T (tautology)

https://manara.edu.sy


https://manara.edu.sy/

v

Show that this statement is Contradiction

(P— q) A(=q A p) (028)

(p— q) A(~qAp) =(=p Vq) A(—q ADp) conditional law
=({(=p Vg ANq)AD associative law
(=pA—=q)V(@A—-q)) ANp distributive law

(-pAq@Q)VF)AD negation law
=(-pA—-q)AD identity law
=(—qA-p)AD commutative law
=g A (=p ADp) associlative law
= gAF

F (contradiction)
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Show that this statement is Contradiction
DA A=(pV q) (028

(pAg)NAN=(pVq) =(pAq) AN(=pA-q)) De Morgan law
=pAqA-pA-q distributive law
=pA-pAqQA-q commutative law
= (p A—=p) A(qQ A —q) distributive law
=FAF negation law
= F (contradiction)
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Determine if the following expressions are equivalent by using truth tab

(pb—qvrAp — n=q—r1 (?)

Gaal) o8 3 IS e 23 Haiall U s s

cudball 5 &l N G pland) (B G bl G
Lahie (idlSia pee oy lal) UL

plag|r|qur|p-sgur) |[PTT (,/o\;q_)vrr)) q—oT
T|T|T| T T T T T
T|T|F| T T F F F
T|F|T| T T T T T
T|F|F| F F F g T
FIT|T| T T T T T
FIT|F| T T T T g
FIF|T| T T T T T
FIF|F| F T T T T
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Determine if the following expressions are equivalent by using logical Equivalences

(p—qvr)A(p = =q—1r (?)

(p—qVr)A(p — 1) = (=pv(gvr)A(=pvr) conditional law
= (—-pV ((qVvr)Ar)distributive law

=-apV/ absorption law
=p - r conditional law
q —r
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Use De Morgan ‘s law to write negations for the statements :
* Tom is 6 feet tall and he weighs at least 60 kg.
* Negation:Tom is not 6 feet tall or he weighs less than 60 kg.

* The bus was late or Tom’s watch was slow.

* Negation:The bus was not late and Tom’s watch was not
slow.

¢ 1<x< 4
* Negation:1=x or x>4
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Writing logical formu

a for a truth table%v

formula | p | g |r O:j:p
pAgAr | T | T | T T
pAgA-r | T | T |F T
pA-gqAr | T | F | T T
pA-qA-r | T | F | F F
-pAqAr | F | T |T|] T
-pPAqA-r | F | T |F F
-pA-qAr | F | F |T| F
~-pA-qA-r | F | F |F| F

0)liaJl

Idea 1: Look at the true rows
and take the “or’”.

(PAGQ ATV (PAGA-F)V(PA=GQAF)V(=pAqAT)

Idea 2: Look at the false rows,
negate and take the “and”.

—|(p A=qA —|l‘)/\ —|(—|p ANqQA —|l‘) N —|(—|p A=q A l‘) N —|(—|p A=q A —|l‘)
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Write (inverse ,converse,contra-positive) for these conditional
sentences:

* If (x> 0) and (y > 0) then (x+y > 0)

* Inverse: if (x< 0) or (y< 0) then (x+y <0)

* Converse: if (x+y > 0) then (x > 0) and (y > 0)

* Contra-positive: if (x+y < 0) then (x < 0) or (y < 0)
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Valid argument
Valid Argument Forms
Modus Ponens P—>q Elimination pVag pVg
P ~q ~P
. q P 5. q
Modus Tollens pP—>q Transitivity p—>g
~q q—=>7r
SLvp P
Generalization p b. ¢ Proof by pVg
L pVg L pVg Division into Cases p—>r
Specialization PAg b. pAg qg—>r
C. D S q ¥
Conjunction p
q
S.PAG
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Use truth table to prove that the following argum alid:

deola
ool
1. p— (qVvr) p q r qvr p—(qV 1) -q p—or
2. —q
i T | T | T T T F T
T | T | F T T F F
T F | T T T T T
T F F F F T F
F | T | T T T F T
F | T | F T T F T
F F | T T T T T
F F F F T T T

Argument is valid (Aalla 4aal))
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Use truth table to prove that the following argumemvalid:

o

deola
0)liol
L. pvr vr r | =@ r@G—T1)
r — — —> —
2. (p— q) AN(q— ) p q p p—q q p q q —1q
e —|q
T T T T T T T F
T | T | F T T F F F
T F T T F T F T
T | F | F T F T F T
F T T T T T T F
F | T | F F T F F F
F F T T T T T T
F | F | F F T T T T

(Argument is invalid) 3alla e daall of asi Gealall Sl o J30 Jhaull ) ol
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Use truth table to prove that the following argum alid:

1. pVvq
2. pV(q
o p—)q

p q -p ~q pv-q | =pVa |p—q
T T F F T T T
T F F T T F F
F T T F F T T
F F T T T T T

Argument is valid (Aalla 4aall)
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prove that the following argumentis valid:

argument

a. " pAq

b.r—p

C. A r—s

d s—t
ot

dsaoln
0jlioJi
1. . pAq from (a)
S =P by specialization
2. r—op from (b)
—p from (1)
SoAar by modus tollens
3. —mr—s from(c)
- r from (2)
.S by modus ponens
4 s—t from (d)
S from (3)
st by modus ponens
Argument is valid
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