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[Z Predicates

doola
0jlioJi )
P(0),p(6),p(3) < 4diaal) 4ad ax sle p(x) = (x+1<3 ) S
p(3): 341 <3 False

p(6): 6+1 < 3 False

p(0): 0+1 <3 True

Q(2),Q(5) 4 A&l dad ax 5l Q(x) = (x>4 ) S

Q(5): 5>4 True

Q(2): 2>4 False

p(1,2),p(3,0) 0o SV sl Aad 2a gle p(x,y) = (x£y+3) oS
p(3,0): 3 #0+3 False

p(1,2): 1 # 2+3 True
Q(Damascus,Syria),Q(Baghdad,Lebanon) ¢» ISV 48l 4a8 aa 5l ¢ Q(x,y) =(x is the capital of y ) oS3
Q(Damascus,Syria): Damascus is the capital of Syria  True

Q(Baghdad,Lebanon): Baghdad is the capital of Lebanon False
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!Z Universal quantifier(V)

deola
0)liaJl

VX P(X) aaSill 3 5lial A58l dad aa 5l (R 4iial) dlac V) de gana 98 iy il Jlae 5 ¢ p(x)=(x+1>%) oSS »
L True s 058 VX P(X) (ol sadd) apaSill UL ¢ x dgigal) dlae Y1 IS Jal (e dagaa P(x) 3kl

VX P(X) pxeSill 3 )laa] 4333a1) 4a gl ¢ Zdaaall dae V) de gaaa 9 iy gaill Jlaa g p(X)=(X2>O) O
. False Sl A ()5S5 5 grana d3e S Jal e davna Gl p(x) b 5 x=0 dal e 2kA 585 p(x) O

VX P(X) eSSl 3Ll d88al) 4o 2a 6 <D={1,2,3,4} 2 <y aill Jas 5 p(x)=(x2 < 10) oSS »

0S5 5 D A sanall 8 aia ae S dal (e daiaia Gl p(x) JUb 5 ¢ x=4 da) e Akla 5SS p(x) O
. False ax<all 4ad
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a% Existence quantifier(3)

&)liai

X p(X) axaSill 3 jlial A58} 4o 2a o) (R 4iial) dlacY) de gane s iy il Jlae 5 ¢ p(x)=(x>3) oS4 >

ﬁﬁﬂ\w&m\gjc:\;ﬁup(4);4>3 OSS x=4 q.;ﬁ’v&“ Rz\.cj.c;d\‘;éﬁﬁ'édc Jal (e dasaa x>3 )
. True 4apsa X p(X) @25

X P(X) Sl 5 jlead daall e an gl (R Agdall dae Yl de gena 4 iy il Jlas 5 ¢ p(x)=(x+1=x ) oS4 >
. False 25 o) aaeSill dad ) K5 53 jlaall 028 (Biay yeaie 22 oY ML 5 ¢ R (e x 4ad S Jal (e kA p(x) O

X P(X) Sl 3 lead daall e an ol <D={1,2,3,4} 2 <2l Jlas 5 ¢ p(x)=(x% < 10) oSd »
CTrue @asa sl aaeSill dad Mg 32 < 10 4l Gaaix=3 € D Y e 2 g
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0)liaJl

: False L gad daaSal) A0 ¢ jLall A88aY) dad o) <y (counter example) Lustes Yia aa f

VX ER, X >xi :
. False b\A (65 1>1/1 55kl lé x=1 Jal (e

-1) .
VX € Z,(a ) IS not an integer =

a
TN ) ~1-1 . ;
. False 4ahla apeSill 5 )Le UL { - ) =2ez ix=-1 Jal s

V positive integersnand m,nm=n+m =
False h& 1.1 >1+1 5okl Sin=1,m=1 Jal
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Let D ={—48, —14, —8,0, 1, 3,16, 23, 26, 32, 36}, De-
termine which of the following statements are true and
which are false. Provide counterexamples for those state-
ments that are false.

¥x € D,if x is odd then x > 0,

Vx € D, if x is less than O then x 1s even.

Vx € D,if x 1seven then x < 0.

. ¥x € D, if the ones digit of x is 2, then the tens digit is
3or4.

Vx € D, if the ones digit of x 1s 6, then the tens digit 1s
1 or 2.

oeop

o

LZV Predicates and Quantifiers

Solution:
a True
b.  True
C. False, 3x =16 € Diseven butx > 0
d. True
e. False, 3x = 36 € D ,ones digit=6 but

tens digit=3

https: /] manara.edu.sy/



https://manara.edu.sy/

Wy

0)liaJl

Predicates and Quantifiers

* Let D={-2,-1,0,1,2}, p(x,y)=(x+y>3)
Write the truth value of the following statements:

1-Vx p(x, 2)

False , Ix=-2 € D : p(-2,2)=(-2+2<3)=(0<3)
2- 3x p(x,3)

True , Ix=2€ D : p(2,3)=(2+3>3)=(5>3)

3- Ax p(x,y)

Not proposition , because y is not bound by a quantifier or value.

4-VxVy p(x,y)
False , 3x=0€ D , dy=1€ D : p(0,1)=(0+1<3)=(1<3)
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a%? Predicates and Quantifiers
)lia

LetD = E ={-2,—-1,0, 1, 2}. Explain why the following

Statements are truc.

a. Yx in D, 3y in E such that x 4 y = 0.

b. v in D suchthatYyin £, x +y = y.

Solution:
a. VxinD, dy =-xin E : x+y=x+(-x)=0
b. 3x=0inD, VyinE : O+y=y
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a%vNegating guantifications

&)liai
Negation Equivalent Statement
—3Ax P(x) Vx—P(x)
—-Vx P(x) dx—P(x)

Cuall GO e gana 1 iy il Jlaay p(x)=( 72003 2l g0 o0 X”) 1 1L

Vx p(x) 2003 ple 2l ga (e caall & Qllla JS

¢ dalull 3 bl &5 s L

VX p(x) = Ix—p(x): 2l apelill 5 jlmy die 2y 2003 ale 2l o (g Gl Caall 8 e JEY) e aa g5 lal) &

aall Ol Ao gana 1 =l Jlaws p(x)= (72003 2 5o e X7) 1 26

Ix p(x) 2003 ple 2l g (0 ciall & lla 3a g

QM.\LA\ BJ\.}:J\ @J 9 e

—3x p(x) = Vx—p(x) @ AUl aseSill 3 jliny ade a2y 52003 2l 50 el Canall 8 Qllla JS7 5 L) i
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a%vNegating guantifications

)Ll

—Vx (x%>x) »
-Vx (x2>x) = 3Ix (x? < x)

—3x (x*=x) »
—3x (x°=x) = Vx (X* # X)
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Nested quantifiers

deol
gl . . L.
ey Ae gana 7 g <l jlad) JS8 iy i) Jlae O Lalec Jalail) aa AUl anasil) ) Ll A88aY) Aad aa o

dasaall

vnam (n* < m) »

4z 30 e S m e 22 zesaa e S il e ¢ True
vndim (n+m=0) »

. N+mM=0 ¢usy m=-n el 22 5 n e JS ol e ¢ True
vnvm (n> = m?) »

13 =12 0S8 n=1,m=1 2% « False

AnvVm (nm = m) »

1*m=m g m <ul€ U aé n=1 Jal o ¢ True
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deola
ojlioJl
damall el de gana 7 ga &l jlaadl IS8 Gy ail) Jlaa ¢of Lale e Jalatl) aae A0 agagil) & jlaad A88at) Aol aa f

Nested quantifiers

Indm (n? + m? =5) »

Al 3 e (385 n=],m=2 2 & ¢« True
vnvm(n+m=m-+n) »

Abadll aeall de Gaatinm € Z e JS dal e ¢ True
Invm (n < m%) »

N oS s m dad gl @ i n=-1 dal (e dss ¢ Trye
vnvm (if n* = m?,thenn = m) »

2#2 N y2%4 = (=2)% usSSn=-2,m=2 3> « False
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Suppose the universe is the collection of numbers (1,2,3,4,5)
and the following grid gives the truth value of the proposition

P(X,Y) where x is the row and y is the column

p 1
1 p(1,1):T
2 | p(2,1):T
3 F
4 F
- T

Nested quantifiers

1-Vx 3y p (x, y): True
2-dy Vxp (x, y): True
3-Vy3dxp (x, y): True
4- Ix Vy p (x, y): False
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Negating Nested quantifiers

—(VxVy p(x,y)) = Ixy = p(x,y) °
—(Vy3dx p(x,y)) = IyVx-p(x,y) *

_'(vyvx [p(x' Y) VQ(X/y)]) = Jdydx— (p(x, y) \ Q(X/y)) *
= Jy3x (=p(x, y) A =Q(xy))
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Negating Nested guantifiers %V
Byl
Let D=FE ={-2,-1,0,1,2}. Write negations for each
of the following statements

a. Vxin D,3yin £ such that x 4+ y = 1.
b. 3x in D suchthatVyin E, x + y = —y.

Solution:
a. AxinD,VyinE:x+y# 1
b. VXinD,AyinE:x+y # -y
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Predicates and Quantifiers H%V
o)lioJi
Translate from English statements to quant'ﬁvi‘ga statements
* the sum of two positive integers is always positive.
s Vx €EZVy€ETZ, (x>0)A(y>0)— (x+y > 0)
 There is a real number whose square equals 5.
« 3x €R, (x%=5)
* The square of real number is greater than or equal O.
« Vx €ER, (x?>0)
* If aninteger is divisible by 2, then it is even.
* Vx € Z,(xisdivisibleby 2 — x is even)
e A product of two real numbers is 0 if one of number is O.

* Vx e RVy€eR, (x=0)V(y=0)— (xy = 0)
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Predicates and Quantifiers a%v

)Ll

Translate from English statements to quantifieﬁd statements

The difference between two positive integers is not necessarily positive
dx € Z3y € Z, (x>0)A(y>0)A (x —y < 0)

Every positive real numbers has exactly two square roots.

Vx € R, (x>0) — x has two square roots

For every odd integer number n ,there is integer number k :n=2k+1
vneZ3ik € Z, (nisodd) — (n=2k+1)

The product of two negative real numbers is positive.

Vx € RVy € R, (x<0)A(y<0)— (xy > 0)

For every non zero real number n,there is real number m : nm=1.

vn € RIm e R, (n # 0) —=( nm=1)
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. Determine the truth value of each of these statements if
the domain consists of all real numbers.

a) Ir(x’ = -1) b) Ix(x* < x?)

¢) Vx((—x)? = x?) d) Vx(2x > x)

. Determine the truth value of each of these statements if
the domain for all variables consists of all integers.

a) Yn(n® > 0) b) 3n(n® = 2)

¢) Yn(n* > n) d) In(n’ < 0)

. Determine the truth value of each of these statements if
the domain of each variable consists of all real numbers.

a) dx(x? =2) b) Ix(x? = -1)

¢) Vx(x2 +2>1) d) Vx(x? # x)
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Let Q(x, y) be the statement "z+y = z—y”. If the universe of discourse
for both variables is the set of integers, what are the truth values of
the following?

a) Q(1,1)

b) Q(2,0)

¢) dz Q(z,2)
d) vz Q(z,y)

Prove YOUT alSWETS.
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