Propositional LLogic

Section 1.1



Definition

B A proposition is a declarative
sentence that is either true or false
but not both nor neither

B Any proposition has a truth value
{T, F}



Examples

Statement

Today is Friday

1+1 =2

| know that you hate this course
|s that correct?

Do not answer quickly

I'm a liar

X+2=0
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Proposition Types

B A proposition could be either simple or
compound.

m Simple: without logical operators

B Compound: with logical operators
(connectives)



Logical Operators

mLetp & g be propositions, then the
following are compound propositions:

B Negationof p: —p =notp

B Conjunction: pAQ( = p AND g
B Disjunction: pvg =pORqg
mExclusive OR: p®qg =pXORq
B Implication: p—>q =ifptheng
mBiconditional: p<q =piffqg



Negation
B p=ltisraining

B — p = Itis not raining
= it is not the case that it is raining

B [ruth table

P — P
T F
F T




Conjunction

B p=itis Friday

B g=1itisraining

B pAqQ-=itisFriday and itis raining
m Truth Table:

p q pAQ
T T T
T F F
F T F
F F F




Disjunction

mp=1>0
B g = monkeys can fly
B pvg=1>0 or monkeys can fly

B [ruth Table:

m|m|—|d|o
mn|H|m|d|o
||| <




Conditional Statement: Implication

mp = | think

m g = exist

B p— q=if | think then | exist
m Truth Table:

P
T
T
F
F

n|<|m|d|e

—|d|T||]




If p, then g

B p = hypothesis
B g = conclusion (consequence)

B There are many ways to write a
conditional statement
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Other Rephrasing of Implication

m Ifp,thenq

mIfp,Q
mqgifp
B pis sufficient for g
B a sufficient condition for g is p
B a necessary condition for p is g
B in order to have p true, g has to be true also
B qwhenp
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Other Rephrasing of Implication

®p—>q
B p implies g
B ponlyifg
B pis true only if q is also true
B g follows from p
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Examples of Implication

B |f you get 98% then I'll give you A+
m 98% is sufficient for A+

B If you get A+ then it doesn’t mean you have
98%

B A+ is necessary for 98%

m 98% however is not necessary for A+
m 98% only if A+

m A+ follows from 98%

m 98% doesn’t follow from A+
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Examples of Implication

B Notice that if p is true then q must be
true, however if p is not true then q may
or may not be true.
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Examples ot Implication
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Examples ot Implication

68 - 59 LVl 5 su

B |t Is very clear that the prophet Ebrahim
didn’t lie because he said that

If they speak, then the biggest one did it
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BiConditional Statement

Bp=1<0
B g = monkeys can fly

B p < q=1<0if and only if monkeys can fly
B [ruth Table:

M| m|H|[d|[T
M| |m|H|o

—H|m|m|4|]
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BiConditional Statement

B p«g=pifandonlyifqg
=pifg and ponlyifq
="q—>p and ‘p—>q’
=P—>qQ Aq—>p

B pis necessary & sufficient for g

B p and g always have the same truth
value
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Theorem

B p and g are logically equivalent, i.e.,
p=qif and only if p <> q Is always true

p g p=q | pe
T T T T
T F F F
F T F F
F F T T
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Example

Logically equivalent

—PVQ=EpPp—>(Q
p q p | -pva | p>
T T F T T
T = = = =
F T T T T
= = T T T
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Precedence of Logical Operators

B The following operators are sorted according to
their precedence

=, N,V ,—> 6 <&

B This means for example

(((pA(ﬂq)) vpva ) q) ((pr(-@) vp)
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