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Applications of Propositional Logic

1. Translating English Sentences

« There are many reasons to translate English sentences into
expressions Involving  propositional  variables and logical
connectives. In particular, English (and every other human
language) Is often ambiguous. Translating sentences into compound
statements removes the ambiguity.



Applications of Propositional Logic

Example 1

You can access the Internet from campus only If you are a
computer science major or you are not a student.

Solution:

Let p, g and r be the propositions:

p: You can access the Internet from campus.
q: You are a computer science major.
r: You are a student.
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Example 1

(You can access the Internet from campus) only if (you are
a computer science major or you are not a student).

Solution:

p—q

Let p, g and r be the propositions: _
“ponly if g”

p: You can access the Internet from campus.
q: You are a computer science major.
r: You are a student.

The sentence can be represented by logicas | P — (qV )



Example 2

The automated reply cannot be sent when the file system is full.
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Let p and g be the propositions: p-q
uq when pn
p: The automated reply can be sent .

q: The file system 1s full.




Example 2

(The automated reply cannot be sent) when (the file system is
full.)

Solution:
Let p and g be the propositions: p-q
uq when p'.l'!'
p: The automated reply can be sent .
q: The file system 1s full.

The sentence can be represented by logic as q——p




Applications of Propositional Logic

2. Logic Circults

* A logic circuit (or digital circuit) receives input signals
P1, P2, - ,Pn, €ach a bit [either 0 (off) or 1 (on)], and
produces output signals s4, S5, ... , S, €ach a bit.

* In this course, we will restrict our attention to logic
circuits with a single output signal; in general, digital
circuits may have multiple outputs.



Applications of Propositional Logic

2. Logic Circuits

« Complicated digital circuits can be constructed from three
basic circuits, called gates.

OR gate

J'Ij—’DO—_'II”> ‘II'} H 1'” A {.Ir'

g ———P

Inverter
AND gate



Example 1

« Determine the output for the combinatorial circuit in the
following figure.
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Example 1

« Determine the output for the combinatorial circuit in the
following figure.
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Example 2

* Build a digital circuit that produces the output
(PpV-ar) A(=p Vv (gV —r))

when given input bits p, g, and 7.



Example 2

(pVAar)A(=pV (qV r))
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Example 2

(pV—ar) Al(-p V (@ V 1))
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(pVar) A(=p Vv (qV r))

p pVr
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q pV(gVr)
r qVr
=y




Compound Propositions Classification

Compound Propositions

|

.

Tautology

/

A compound proposition
that is always true

v

Contradiction

T

A compound proposition
that is always false

v

Contingency
A compound proposition

that i1s sometimes true
and sometimes false



Example

Show that following conditional statement is a tautology by using
truth table.

(pAq) —p



Example

« Show that following conditional statement is a tautology by
using truth table.

(pAq)—p
“» | @ | pra | 0rop
T T T T
T F F T
F T F T
F F F T




Logical Equivalences

¢ Logically equivalent

The compound propositions p and g are called logically equivalent if p < g 1s a tautology.
The notation p = g denotes that p and g are logically equivalent.

Compound propositions that have the same truth values In
all possible cases are called logically equivalent.



Examplel

Show that —(p Vv q) and —p A —q are logically equivalent.
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Truth Tables for —(p v ¢) and —p A —g.
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Show that —(p Vv q) and —p A —q are logically equivalent.
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Examplel

Show that —(p Vv q) and —p A —q are logically equivalent.

Truth Tables for —(p v ¢g) and —p A —g.

pVvVq
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Examplel

Show that —(p Vv q) and —p A —q are logically equivalent.

Truth Tables for —(p v ¢) and —p A —g.

p q PVyq —(pVaq) —p g —p Agq
T T T F F F F
T F T F F T F
F T T F T F F
F F F T T T T




Logical Equivalences.

Equivalence Name

pAT=p Identity laws
pvF=p

pvT=T Domination laws
pAF=F

pPVP=EDp [dempotent laws
PAP=Pp

=(p)=p Double negation law
pVg=qVp Commutative laws




Logical Equivalences.

(pvgVr=pVvi(gVr) Associative laws
PAQDQATr=pA(gAT)

pV@Ar)=(pPVg APV Distributive laws
PA@VH)=p@PAqQV(pPAT)

“(pAg)=-pV g De Morgan’s laws
“(pVg) =pAg

pVY(PAgQ =p Absorption laws
PAPVq=p
pvp=T Negation laws

pA-p=F




Logical Equivalences
Involving Conditional
Statements.

p—=g="pVgqg
p—qg=7q—p
PVG=E"p—yq
pAg=-(p—gq)

Logical
Equivalences Involving
Biconditional Statements.

peqg=pP—9 AG—p)
pegqg=E-peq
Ppog=@PAqV(pATg)
peg=pe g




Example 1:

Show that =(p V (=p A q)) and —p A —q are logically equivalent.
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Example 1:
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Example 1:

Show that =(p V (=p A q)) and —p A —q are logically equivalent.
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by the second De Morgan law
by the first De Morgan law

by the double negation law

Double negation law




Example 1:

Show that —=(p V (=p A q)) and —p A —q are logically equivalent.

(pV(pAQ)=EPpA-(pAQ)
= e o gl
= pA(PVq)

= {n A o Al )

by the second De Morgan law
by the first De Morgan law
by the double negation law

by the second distributive law

pV@AN=pPVgaApVr)
pPA@VI)=pPAqQ V(AT
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Example 1:

Show that =(p V (=p A q)) and —p A —q are logically equivalent.

(pV(EPpAg)=E-pA-(TpAQg)

by the second De Morgan law

=-p A[~(p)V ¢q] by the first De Morgan law

—fe) 7030 § o Vilm. 7 ) by the double negation law
=(pAp)V(p Ang) by the second distributive law
=FVv(pA-g) because "pAp =F

— It (22l a2 DA 0 o by the commutative law for disjunction
=it Al by the identity law for F

pAT=p Identity laws

pvF=p




Example 1:

Show that =(p V (=p A q)) and —=p A —q are logically equivalent.

“(pV(pAQg)

PA(pAQ)

p A[~(=p) V¢l
2N VA%")
=(pAp)V(pAq)

=FV(pAgq)

=(ﬂp/\_'Q)VF

PATq

by the second De Morgan law

by the first De Morgan law

by the double negation law

by the second distributive law

because " pAp=F

by the commutative law for disjunction

by the 1dentity law for F



Homework 1

Find the output of each of these combinatorial circuits.

El) 4

i

b) » 4>| h}
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Homework 2

Showthat (pV g)A(-pV r)— (qV r)Is atautology.




	Slide 1: Discrete Mathematics
	Slide 2: Applications of Propositional Logic
	Slide 3: Applications of Propositional Logic
	Slide 4: Applications of Propositional Logic
	Slide 5: Applications of Propositional Logic
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44: Homework 1
	Slide 45: Homework 2

