Universiti
Malaysia
PAHANG

DISCRETE MATHEMATICS AND
APPLICATIONS

l_ogic 2

Intan Sabariah Sabri (intansabariah@ump.edu.my)
Adam Shariff Adli Aminuddin (adamshariff@ump.edu.my)

Faculty of Industrial Sciences & Technology

Intan Sabariah Binti Sabri

http://ocw.ump.edu.my/course/view.php?id=443




Chapter Description

« Chapter Outline
3.4 Predicates and Quantifiers
3.5 Rules of Inference

 Aims
» Find the truth values of predicates and quantifiers

» Apply modus ponens and modus tollens in identifying valid
arguments
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Predicate

Predicate is essentially a sentence that gives information about

the subject.
~ S1=1li el e Yusuf is a computer science student at UMP. >

-x is a computer science student at UMP. >
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The Truth Set of P(x)

If P(x) is a predicate and x has domain D, the fruth set of P (x)
is the set of all elements of D that make P (x) true when they
are substituted for x.

The truth set of P (x) is denoted by:
xeD|P(x)}

The set of all x such that

We read as "the set of all xin D such that P(x)" .
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The Truth Set of P(x): Example

Let Q (n) be the predicate "nis factor of 6". Find the
truth set of Q (n) if:
(a) the domain of n is the set Z* of all positive integers
(b) the domain of nis the set Z of all integers.
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Quantifier

 Quantifiers
’ 4 v
Unbvera

There is at least one element
under consideration for which
the predicate is TRUE.

A predicate is TRUE for
every element.

0 e @ Intan Sabariah Binti Sabri

arrayw http://ocw.ump.edu.my/course/view.php?id=443

Communitising Technology



Universal Quantifier

» Symbol of universal quantifier, \y .
* Read as "for all”.

« Can also be read as "for any"," for every” or “for each”.

+  The universal quantification of Q (x) is the statement

"Q (x) for all values of x in the domain (D) ”
VxeD,0(x) or VxQ(x)

« True if and only if every x in D is true.

 False if and only if Q (x) is false for at least one xin D.

« Counterexample : A value of x for which Q (x) is false.
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Universal Quantifier: Example 1

LetD={1,2,3,64,5).

Show that this statement is true.

Solution:
Check that”x* = x” is true for each individual xin D.

Pz, 2222, 323, 4424, 525
Hence “¥Wxe D, x° 2 x” is true.
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Universal Quantifier: Example 2

Consider the statement

VxeR,x*>x

Determine the counterexample to show that the
statement is false.

Solution:

Counterexample: Takex = % Then x1s in R (since %is a real number) and
]- : ]- 1 13 2 L
— | == —_ Hence “¥xelR, x* = x7 15 false.
2 4 2
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Existential Quantifier

« Symbol of existential quantifier, 5 .
* Read as "there exist".
* Can also be read as “there is at least one" or "for some".

« The existential quantification of Q (x) is the statement

" There exists an element x in the domain (D) such that Q (x) *

dxe D, 0O(x) or dxQO(x)

« True if and only if at least one xin D is true.
* False if and only if Q (x) is false for all xin D.

« Counterexample : A value of x for which Q (x) is false.
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Existential Quantifier: Example 1

Consider the statement
Am e Z .m* = m
Show that this statement is true.

solufion:
Observe that =1, Thus “mi” = m”is true for at least one integerm . Hence “ Ime T

such that m* =m” is true.
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Existential Quantifier: Example 2

Let E={B, 6,7, 8, 9, 10} and consider the statement
Ame E,m* =m

Show that this statement is false.

Solution:
Note that #° =m is not true for any integers m from 5 to 10.

5 =25#5,6° =366, 77 =497, 8 =6428, ¥ =8129, 10° =100« 10.
Thus, “ Ime £ such that m* = m”1s false.
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Combining quantifiers

For every xin Z, thereisyin Z ,so that x+y=0

In symbols

VXeZ,dye Z,X+y =0

This is a true statement. Why?

This sentence makes a claim about an arbitrary integer x. It says
that no matter what x is, something is true, we can find an integer
y so that x + y = 0.
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Combining quantifiers: Example

Determine whether the following sentences in integers
either true or false.

VX,Vy,x+y:O X, Vy,x+y=0
X, 3y, x+y=0 Sl VX, Vy,xy=0

vx,3y,xy =0 Rl 3x,Vy,xy =0

3x, 3y, Xy =0
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Argument (i)

« Argument - sequence of propositions that end with a conclusion.

Pi 0\

> premises

P, J

;> concuson

* The argument is valid if and only if all the premises are true and
conclusion also must be true.

Intan Sabariah Binti Sabri
http://ocw.ump.edu.my/course/view.php?id=443




Argument (ii)

If Yusuf 1s a handsome boy, then he 1s an engineer.
~OnEr e » Yusuf 1s a handsome boy.

argument:
Yusuf 1s an engineer.
Then, the p —> q
argument
form: » P
q
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Valid and Invalid Argument: Example 1 ()

 Determine whether the following argument is valid or

invalid.
P—>r
~ Qv ~ T
P—(
I
* How to determine whether the argument is valid or
invalid?
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Valid and Invalid Argument: Example 1 (ii)

P | q I p—}r -~ |\~r|~gqVv ~r | p—>q |r
T|IT|T| T |F|F F T T Critical
row.
T T|IF| F |F|T T T |F to check
T FIT| T |[T|F T F |T the
validity of
T F|F| F |T|T T F |F an
F/T|T| T |F F| F T |T | @rgumen
F T F|[(T [F|T[ T T (D). g
FIFITI(T [T FIl T T 17)— .
, —- 7 rows
FIF|IF|[T [T|T T T [(F)
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Valid and Invalid Argument: Example 2 (1)

 Show that the following argument is invalid.
qor
p—(
~qvr

g

* How to show the argument is invalid?
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Valid and Invalid Argument: Example 2 (ii)

Pl4|r|gor|P>q|~q|~qVT|q
T|T|T|(T_ [ T [F[ T [T)
T|T/F| F | T |[F| F |T
T|F|T| T | F |[T| T |F
T|IF/F| T | F |[T| T |F
FIT/TI(CT [ T [F[ T [T)
FIT/F| F | T |[F| F |T
FIFITI(T [ T [T| T (F)
FIF|F|(T | T [T| T

Q

(@0
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Syllogism

Syllogism - an argument consisting of two
premises and a conclusion.

Syllogism

'4 \

Modus Modus
Ponens Tollens
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* Modus Ponens: method of affirming.

The P—q
argument P
form: » q

P\ 9|pP—>9|P | 4

T|T| (T |T]|T]

T | F F T | F

F|T T F T

F|F T F | F
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Modus tollens

* Modus Tollens: method of denying.

The p—9q
argument ~
form: ‘ _

P—>4q|~4q
T

Eo el B B N
ol e B I N
—~
~ | = T

T
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