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Quantifiers

A Predicate con become a proposition when we assign it a
Pixed value from the universe of discourse.

But there’s ancther Power‘Pul tool: quantification. This

allows us to determine whether the pre_dico:te, is true (or
Ralse) for all possilple_ values in the universe of discourse
or for some specific valuels).

@ Universal Quantifier (V) True or Ralse for all values in the
universe of discourse.
e Existential Quantifier (3): True or false for some values in the
universe of discourse.
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Universal Quantification: Examples

Universal quantification (V) is like o magic Spe_“ that
makes statements apply to every member of a set.

Let’s see some fun examplesz

oV Cats: Love noapping in sunbeams.
® V Programmers: Drink coffee by the 3al|on.

@ V Professors: Claim their sub\“e_c't is the wmost :n'te,rest}ng.

o
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Universal Quantifier - Exowxple_

Let PGA= x must take the Discrete Structure course',
and Q= "x is & Computer Science student”.
The universe of discourse is “all students of ITU G

@ Express the statement in symbolic Porm: Al compu‘tef science
students must take the Discrete Structure course

iu
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Universal Quantifier - Exowxple_

Let PGA= x must take the Diserete Structure course',
and Q)= "x is & Computer Science student".

The universe of discourse is “all students of ITU G)".

® Express the statement n St/mbohc form: "All Qompu‘tef‘ science
students must take the Discrete Structure course

vr(Q(z) = P(z))
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Universal Quantifier - Example_

Let PGA= x must take the Discrete Structure course',
and Q= "x is & Computer Science student”.
The universe of discourse is “all students of ITU G

@ Express the statement in symbolic form: "Eve_rybody must toke o
diserete mathematics course or be a computer science student"’

o
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Universal Quantifier - Exowxple_

Let P()= "x must take the Discrete Structure course',
and Q)= "x is & Computer Science student".

The universe of discourse is “all students of ITU G,

@ Express the statement in St/ml:ohc form: "Eve_rybodc/ must toke a
diserete mathematics course or be a compu'ter science student

va(Q(z) vV P(z))

o
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S
Existential Quantifier

Definition
The existential quantification of a pre,dicod:e P(x) is the proposition

"P(x) is true For some of the values of x in the universe of
discourse'’. We use the notation

JxP(x)
which is read as '"there exists x'.
Sim}larlt/, if the universe of discourse is Finite, say

{nl, N9, N3, ..., nk}, then the existential quantifier is simplt/ the
d]s\]unc‘tion of all the elements

JzP(x) = P(ny) V P(ny) V P(ng) V ...V P(nyg)
o
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Existential Quantification: Examples

Existential quantification (3) allows us to find at least
one instance where a statement holds true.

Let’s e,xplore some pract?cal examp|es:

o 7 Students Who Love Mothi In a class of 60, some are
PaSS?ona‘te about math.

o I Available Parking Spotsi In a bust/ Arfa Tower, there are
spots waiting to be found.

o
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"""« L
Truth values of Quantifiers

In 3e_ne_roJ, when are quantified statements true/false?

H Statement ‘ True When ‘ False When H
VaP(x) PO is true for | There is an x
every x for which P() is
Po.lse
dx P ([/U) There is an x For | PG is Ralse for
which PG is true every x

Table: Truth Conditions of Universal and Existential Quoantifiers

o
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"""« L
Example_ - Express in Mathematical Notation

® The product of two negative integers is positive.

0 The difference of two negative integers is not v\ecesswﬁlt/
nego:tive_.

o
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"""« L
Exownple_ - Express in Mathematical Notation

® The product of two negative integers is positive.

Ve,ye Z~,x xy >0

@ The difference of two negative integers is not necessw‘}lt/

negative.
Ja,beZ ,a—b>0

o
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Precedence of Quantifiers

The quantifiers V and 3 have higher prece,dey\ce, than all the other
los,ico«l ope_r‘o:tor‘s.
For @(ample,

JaP(a)V Q(a) = (JaP(a)) VQ(a)

daP(a) vV Q(a) # Ja(P(a) v Q(a))
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Mindful of the Domain

Always be mindful of the domain when Je_alimj with quanti-
fers. The same statement can be true or false based on
the domain.

For exc\mple:

o Vz(a? > x)
© Dowmaini 7 is a positive integer
o This statement is False.
° Coun‘te,re)tample_: 7= 1l

o Vz(x? > x)
o Domain: T is a positive integer greater than 1
o This statement is true.
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Pr‘oving/DISPr‘ov?ng Quantifiers

To prove WﬁVef‘So\“y quantified state-
ments, we need to show that the state-

ment is true for all Possible values inthe
domain.




Pr‘oving/DISPr‘ov?ng Quantifiers

To d?sprove_ unIve,FSOJ lt/ quom't?PRe,d
statements, we need to showthat the
statement is False 'Por\‘\us‘t one value

inthe domain. (also referred to as the
QOunterexample).




Pr‘oving/DISPr‘ov?ng Quantifiers

To prove exist ential ll/ quantified state-
ments, we need to showthat the state-

ment is true Por*jus‘t one value in the do-
maan,




Pr‘oving/DISPr‘ov?ng Quantifiers

To JISPPOVQ existential ll./ quantified
statements, we need to showthat the
statement is False for every value inthe
domain.




__________________________________________________________
A question:

Ifa un?versally quantified statement is True,
does that mean the existential lc/ quantified
statement is alww,s true?
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"""« L
Free and Bound VQr?alaleS

o A variable xin the precicate PO is called o Pree variable
because the variable is Free to take on any value in the

domain.

0 The variable x in the statement Vo P(z) or IzP(z) is o bound
variable because the variable is bound to the quantifier
within the domain.

o A statement with no free variables is o proposition because
the statement’s truth value can be determined.

® The part of logico\l expression to which o quantifier is
o\pphe_d is called the scope of the quantifier.
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______________________________________________
Fpee o\y\d Bound Vo ;O\L:)les

@ VzP(x) A Q(x) is not a proposition.

@ But Vz(P(z) A Q(z)) is & proposition.

iu
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e
Quantifiers - A/e_s,o:t?on (DeMorgan’s Low)

VzP(z): Every student in this class has
token a caleulus course.

ifu
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e
Quantifiers - A/e_s,o:tion (DeMorgan’s Low)

Vo P(z): Every student in this class has
token a caleulus course.
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e
Quantifiers - A/e_s,o:tion (DeMorgan’s Low)

VzP(z): Every student in this class has
taken a caleulus course.

What is the negation of the above statement, that is, neg(Vz P(x))?

ifu
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"""« L
Quantifiers - A/es,a‘t?on (DeMorgan'S Low)

VzP(z): Every student in this class has
taoken a caleulus course.

What is the negation of the above statement, that is, neg(Va P(x))?

It is not true that every student i this class has taken caleulus.

iu
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e
Quantifiers - A/e_go:tion (De_Morf,om’s Low)

VzP(z): Bvery student in this class has
taken a caleulus course.

What is the negation of the above statement, that is, neg(Ve P(x))?

It is not true that every student in this class has token caleulus.

ifu
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e
Quantifiers - A/e_go:tion (De_Morf,om’s Low)

VzP(z): Every student in this class has
taken o caleulus course.

What is the negation of the above statement, that is, neg(vVz P(x))?
It is not true that every student in this class has token caleulus.

<
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e
Quantifiers - A/e_go:tion (De_Morf,om’s Low)

VzP(z): Every student in this class has
taken a caleulus course.

What is the negation of the above statement, that is, neg(Va P(x))?

It is not frue that every student in this class has taken caleulus.
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e
Quantifiers - A/e_go:tion (De_Morf,om’s Low)

Vo P(z): Every student in this class has
token a caleulus course.

What is the negation of the above statement, that is, neg(Ve P(x))?

It is not true that every student in this class has token caleulus.

X
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Quantifiers - A/e_go:tion (De_Morf,om’s Low)

Vo P(z): Every student in this class has

& X

taken a caleulus course.

Mudassir Discrete Structures



"""« L
Quantifiers - A/es,a‘t?on (DeMorgom'S Low)

Domain of discourse {7, x9,...,7,}

—VzP(x)

iu
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e
Quantifiers - A/e_f,o:tion (DeMorgan’s Low)

Domain of discourse {1, 29,...,2,}

—VzP(x)

u
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"""« L
Quantifiers - A/e_ﬂo\‘t?on (De_Morgom’s Low)

Domain of discourse {1, zq,...,x,}

—VzP(x)

S
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e
Quantifiers - A/e_f,o:tion (DeMorf,an’s Low)

Domain of discourse {7, 29,...,7,}

BEREE (e Pl P Pl

dx—P(x)

«
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e
Quantifiers - A/e_f,o:tion (DeMorf,an’s Low)

Domain of discourse {7, 29,...,7,}

BEREE (e Pl P Pl

dx—P(x)

«
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"""« L
Quantifiers - A/es,a‘t?on (DeMorgom'S Low)

Domain of discourse {1, z9,..., 2, }

—dzP(x)

iu
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e
Quantifiers - A/e_f,o:tion (DeMorgan’s Low)

Domain of discourse {1, zq,...,x,}

=3z P(x)

u
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"""« L
Quantifiers - A/e_ﬂo\‘t?on (De_Morgom’s Low)

Domain of discourse {T,Ts,...,T,}

ERE — (e P P v )

q

9
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e
Quantifiers - A/e_f,o:tion (DeMorf,an’s Low)

Domain of discourse {7, 29,...,7,}

—dxP(x)

«
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