
 !"#$ % !"# $%&'(&)&' !" #$%&'% ()$*+,-)$./&0 !"#$%  !" X #$%&'! (&"!)'!*+ X #$%&'!*!* ,&" - ./&'!*& #0"12)2# p(x) !)&3.'4&"!)&* 5!" .*&"%& 5&)!")&*%!1'&6 p 7&6 X #$%&'! $8&"!*9& 40*2%)0*%21 5!" !"#$" %&!'()*&!+ ,-./'  !"#$"06 9&*!)!"+1!"#$" %&!'()*&!+2 3"4)5'"!)! 6"# 3"4"#) ).)! *- 9:/"; *- 3- 70*)21 3"4"#-7/#8&'"()
p(x) ≡ (x + 5 > 7)5"'7)!3" 9-!/$7-!-! p  !"#$" %&!'()*&!+2 Z )7" 9"$()7 "3"
"4)$); <-$(-*/7-#=>$"() >;"#)!3" 9-!/$7/3/#8 ?+#-3-! 6"$"! @ #>7"
"4) >;"#"A x > 2 )(" p(x)3&4#+2 x < 2 )(" p(x) *-!7/5 B)#  !"#$"3)#8?)# '>$" >;"#)!3" 9-!/$7/ B)#  !"#$"2 '>$"*" -)9 6"#  4" ).)! 3&4#+ &7C$-*-B)7)#8 D*@+7-$-3-2 B *7" B)#  !"#$"!)! 6"#  4" ).)! $)2 B-;/  4"7"# ).)!$)2 B)# 9"'  4" ).)! $) 3&4#+ &73+4+!+ *- 3- &7$-3/4/!/ B)7$"' @"#"'"B)7)#8 E"#("%"#)!3" B+!+ ( ;7" -!7-9$-' @>.7>4>!3"! (-'/!$-' ).)!2 B+ '-F#-$7-#/2 -3/!-!)
"7)' B"7)#9".7"#) 3"!)7"! B-;/ ()$@"7"#7" )%-3" "3"
"4);8 !"!" #$%&'(&) *&)+%,&-?)# A '>$"() >;"#)!3" 9-!/$7-!$/5 B)# p  !"#$" %&!'()*&!+ F"#)7()!8 G4"# A'>$"()!)! 6"# x  4"() ).)! p(x) 3&4#+ B)#  !"#$" )("2 B+!+ '/(-
-2

∀xp(x)

(∀x ∈ A)p(x)

∀x(x ∈ A)⇒ p(x)) ,H8I0()$@"7"#)!3"! B)#)()*7" @ (9"#"
"' F" J6"# x ∈ A ).)! p(x) 3&4#+3+#J2 3)*" &'+C*-
-4/;8 ∀ ()$@"() "F#"!("7 !)
"7"*)
)3)# F" <,&"< 3)*" &'+!+#8KL



 !  !"#$ %& '()* !+,-$,",- !"!# $%&'() *+',&-+
,"#$ A %&'()# &*($#+,( -.+/'0.+'/1 2#$ p 3+($'( 45+%)#65+7 8($#0)#+9 :;($ p(x)3+($'()# ,5;$7 50.
.% 1(%#0,(= A %&'()#+#+ 2.*/ >,50.6/)/60. (+ .* 2#$ -.+(? x3;(0($# 8.$).= 27+7 %/).
.=
∃x p(x)

(∃x ∈ A)p(x)

∃x(x ∈ A) ∧ p(x)) >@9A?)#'B(0($#+,(+ 2#$#)#60( B3)-($(
(% 8( C2.*/ x ∈ A #D#+ p(x) ,5;$7,7$C ,#6( 5%7E6.
.;/*9 ∃ )#'B()# 8.$0/% 2(0#$-(
#,#$ 8( 6($#+( B3$(=  !"#$%# 6. ,.  &"'% ,#6(5%7+7$9 ".*/ F.00($,( 2#$ -(% x ∈ A #D#+ p(x) 3+($'()#+#+ ,5;$707;7+7 2(0#$-'(%B($(%(2#0#$9 "7 ,7$7',.= 8.$0/% 2(0#$-(
#+#+ &)-&+( 2#$ 6/0,/* %56.
.;/*G 6.+#
(∃∗x ∈ A)p(x), ∃∗x(x ∈ A ∧ p(x)) >@9 ?)#'B(0($#= p(x) 3+($'()#+# ).;0.6.+ 2#$ 8( 6.0+/*
. 2#$ -.+( x ∈ A 3;()#+#+8.$0/;/+/ 2(0#$-(
(%-#$9 (1), (2) 6. ,. (3) 1(%0#+,(%# #4.,(0($( +#
(0(+'#1 #4.,(0($,#6(
(;#*9 !"!/ 0,
+'+1+'+&,2 3+4,''+21+5, !
#$#%&!' ()*+#$#,!% -$.&/.0$*%&*/1

p = ()# *+,"+ -./#03+($'()#+# )#'B(0($0( #4.,( (,(0#'9 H #+).+0.$ %&'()#+# B3)-($'(% &*($(=
p ≡ ∀x(x ∈ H ⇒ x okur.)50.
.%-/$9 H#',# p +#+ ,(;#0#+# >507')7*7+7? ,&1&+(0#' I

p ≡ ¬ >()# *+,"+ -./#01
≡ 2./3"4"+ *+,"+5"# !"#$%#0
≡ 6"'% *+,"+5"# -./3"'0
≡ ∃x(x ∈ H ∧ x 5%7'.*9?,#6(2#0#$#*9H#',# 27+7 B(+(0 50.$.% ,&1&+(+(0#'I

∀x(x ∈ A⇒ p(x)) (4)3+($'()# 6. ,5;$7 6. ,. 6.+0/1-/$9 "7 3+($'(+#+ ,5;$7 50'.)/ ,('(%= F($ x ∈
A #D#+ p(x) 3+($'()#+#+ ,5;$7 50'.)/ ,('(%-#9 J.+0/1 50'.)/ ,('(% #)(= p(x)3+($'()# 6.+0/1 >,50.6/)/60. ¬p(x) ,5;$7? 50.
.% D(%#0,( (+.* 2#$ x ∈ A 8.$,('(%-#$9 KF.0,(

¬[∀x(x ∈ A⇒ p(x))] ≡ ∃x(x ∈ A ∧ ¬p(x)) (5)



 !"! #$%&'% ()$*+,-)$./&0  !"#$%& '()% A *+,)-././ 0.% 012*1-34#1 *1%32,1 "#1-3#3(3 4"*-15 0$/$5 6"* 7181*3-1 "#1%1*5
¬[∀x p(x)] ≡ ∃x ¬p(x) (6)2)*#./7) 7) 41910.#.%.9& :.,7. 7)
q ≡  !"# $%&!%'!( )*+(,;/)%,)-./. 7+6+/)#.,& <$/$/ -.,=)#)%#) .>17)-.5 4./) H ./-1/#1% *+,)-. "#,1*+9)%)5

q ≡ ∃x(x ∈ H ∧ x )*+(,? "#1
1*A3%& <$/$/ "#$,-$9$
¬q ≡ ¬  !"# $%&!%'!( )*+(,

≡ -$./$( $%&!% )*+0!",
≡ -1( $%&!% )*+0!"
≡ ∀x(x ∈ H ⇒ x ) )*+0!",?"#1
1*A3%& !"#$% 2-1( $%&!% )*+0!",2 .>17)-. 7.#.,.97)5 6"($ *)9 2-$./$( $%&!% )*+0!",24)%./) 7)(.#5 23*+0!4!% $%&!%'!( 5! 6!(5#(,2 1/#1,3/71 *$##1,#3%& B/
1* 0$/$/-.,=)-)# ,1/A3* 163-3/71/ 41/#32 "#7$($ 1C163*A3%& <$/1 =;%)5 0.9-1( $%&!% )*+0!" ≡ -$./$( $%&!% )*+0!",7)/*#.(./. D1%-141
1(39& :.,7. 0$/$ =)/)# "#1%1* 7+2+/)#.,E

∃x(x ∈ A ∧ p(x)) (6);/)%3/)-././ 7"(%$ "#,1-3 7),)*5 p(x) ;/)%,)-. 7"(%$ "#1
1* 2)*.#7) )/19 0.%
x ∈ A ;()-. D1% 7),)*A.%& <$ ;/)%,)/./ 41/#32 "#,1-3 7),)*5 8.60.% x ∈ A .6./
p(x) 7"(%$ 7)(.# 7),)*A.%F 41/. 8)% x ∈ A .6./ ¬p(x) 7"(%$ "#$4"% 7),)*A.%&G4#)4-)5

¬[∃x(x ∈ A ∧ p(x))] ≡ ∀x(x ∈ A⇒ ¬p(x)) (7)"#1
1*A3%& '()% A *+,)-././ 0.% 012*1-34#1 *1%32,1-3 "#1-3#3(3 4"*-15 0$/$5 718101-.A "#1%1*5
¬[∃x p(x)] ≡ ∀x ¬p(x) (8)2)*#./7) 7) .>17) )7)0.#.%.9& !"! #$% &'(%)$'*+% ,*'-.' /0*$1%20*+3-4

A .#) B 8)%81/=. .*. *+,) "#-$/& H)% x ∈ A D) 8)% y ∈ B .6./5 x .#) y ;()#)%./)01(#3 0.%
p(x, y);/)%,)-. A1/3,#1/,32-15 p 4) .*. 7)(.2*)/#. 0.% ;/)%,) >"/*-.4"/$7$%5 7)/.#.%&&"'$(%

P (x, y) ≡ ∀x(x ∈ A⇒ [∀y(y ∈ B ⇒ P (x, y))])¬ (8)



 !  !"#$ %& '()* !+,-$,",- !"#$"%&!&' ()%*
*'
p(x, y) ≡ ∀x∀y p(x, y) (9)%&$,"%&-." , %/"#"
"0&12"#$% A &$ B '()$*$%+,+ -$*+%.)$' /$%$'+01%23 456 0$%+,$

P (x, y) ≡ (∀x ∈ A)(∀y ∈ B) p(x, y) (10)7+0$-+*+%+89 :; <+=$%)$0+ ><0*$ 1';03
3#=8 @34"# x ∈ A 5" 6"# y ∈ B &7&! p(x, y) 890#:8:#32 !"#$%
Q(x, y) ≡ ∃x(x ∈ A ∧ [∃y(y ∈ B ∧ p(x, y))]) (10)<,$%)$2+,+

Q(x, y) ≡ ∃x∃yp(x, y) (11)+*$ /<2.$%$
$' &$3;*1) x 5" ;*1) y &7&! p(x, y) 890#:8:#37+0$ 1';03
3#=89
A +*$ B '()$*$%+,+ -$*+%.)$' /$%$'.+#+,7$ 4AA6 0$%+,$B

Q(x, y) ≡ (∃x ∈ A)(∃y ∈ B)p(x, y) (12)0383-+*+%+89 !"#$%
R(x, y) ≡ ∀x(x ∈ A⇒ [∀y(y ∈ B ∧ p(x, y))]) (13)<,$%)$2+,+B
R(x, y) ≡ ∀x(x ∈ A⇒ [∃y(y ∈ B ∧ p(x, y))]) (14)+*$ /<2.$%$
$' &$ -;,;34"# < &7&!  -." ;&# - 5*#8)# (&' p(x, y) 890#: 9.:#237+0$ 1';03
3#=89

A &$ B '()$*$%+,+ -$*+%.)$' /$%$'.+#+ 83)3, 4A 6 0$%+,$B
R(x, y) ≡ (∀x ∈ A)(∃y ∈ B)p(x, y) (15)7+0$-+*+%+89 !"#$%

S(x, y) ≡ ∃x(x ∈ A ∧ [∀y(y ∈ B ⇒ p(x, y))]) (16)<,$%)$2+,+
S(x, y) ≡ ∃x∀yp(x, y) (17)2+)/$2+0*$ /<2.$%$
$' &$ -;,;B3 -." ;&# x 5*# (& 6"# y &7&! p(x, y) 890#:8:#237+0$ 1';03
3#=89

A +*$ B '()$*$%+,+ -$*+%.)$' /$%$'+01%23 4AC6 0$%+,$
S(x, y) ≡ (∃x ∈ A)(∀y ∈ B)p(x, y) (18)



 !"! #$%&'% ()$*+,-)$./&0  !"#$%&#'#(#)* !"#$%+, ∀x ∀y p(x, y)∀y ∀x p(x, y)&, ∃x ∃y p(x, y) ≡ ∃y ∃x p(x, y) -'"./.0. 1+(2+$+
+/4)*&!'(!)%  !"#$%"&' ("#$)*$ +",%$,-
∀x∃y p(x, y) 6≡ ∃y∀x p(x, y)./0"*15%(6%78%09 &. #7# :0%(;%0#0 "%07 -';+"4/4 <=*>, #'% <=*!?, "+0 @:(A'%&#'#(*B#) &.0. &#( :(0%7'% +647'+$+'4; C A #02+0'+( 7A;%2# 1% B "% 7#8+D'+( 7A;%2#-'2.0* x ∈ A 1% y ∈ B #2% p(x, y) :0%(;%2#0#9
p(x, y) ≡ (x, y 2' 3&4%4)"#$% 8+04;'+$+'4;* B.0+ @:(%9

∀x∃y p(x, y) ≡ 56, ')/") 6)"7 (', &'*"0 3&4%4-
∀x∃y p(x, y) ≡ 8296 (', &'*"0 +",%$, &' :6, ')/") (4 &'*"($ 3&4%4--'+
+784(*E#;"# P,Q,R, S #F+"%'%(#0#0 -'.;2.)'.7'+(4; +(+$+'4;** +#+ '",)-,.,%

F (x) ≡ ∀y(y ∈ B ⇒ p(x, y))"%(2%7 <=*!, #F+"%2#
P (x, y) ≡ ∀x(x ∈ A⇒ F (x)G%7'#0# +'4(* B.0.0 -'.;2.).9 < *H, @%(%/#0
%9
¬p(x, y) ≡ ∃x(x ∈ A ∧ ¬F (x))"#(9 7# &.(+"+
¬F (x) ≡ ∃y(y ∈ B ∧ p(x, y))"#(* B.0. $.7+(4"+7# $%(#0% $+)+(2+79

¬p(x, y) ≡ ∃x(x ∈ A ∧ [∃y(y ∈ B ∧ p(x, y))647+(* I%;%7 7#
¬[∀x∀y p(x, y)] ≡ ∃x∃y p(x, y)-'.(*B%0)%( $-''+ +G+/"+7#'%( "% @:28%(#'%&#'#(*&!'(!)%  !"#$%"&' ("#$)*$9", +",%$,-
∃x∃y p(x, y) ≡ ∀x∀y ¬p(x, y)

∀x∃y p(x, y) ≡ ∃x∀y ¬p(x, y)

∃x∀y p(x, y) ≡ ∀x∃y ¬p(x, y)



 !  !"#$ %& '()* !+,-$,",- !" #$%&'%()#$#("# $%&'()&*+ ,-./0 +1&)2/23+ ,+452/23/2 5-,623+7+. 82 ,973& )& 9/:4,:./&%6(3(7(.#;23<+3+,+7+7 9/:4,:.:7: ,-./2 +1&)2 2)+7+.#&= ;23 +7,&7 )0%0703#<= >&.( +7,&.(/&3 )0%0703#
= ;23 +7,&7 )0%0742.#)= >&.( +7,&7/&3 )0%0742.#!# $%&'()&*+ -72342/23+ ,-./2 +1&)2 2)+7+. 82 ,973& 9/:4,:./&%6(3(7(.#&= ∀x(x ∈ R⇒ x2 > 0<= ∃x(x ∈ R ∧ x2 < x
= ∀x(x ∈ R ⇒ x+ 1 > 0)= ∃x(x ∈ R ∧ 3x− 2 = 0@# $%&'()&*+ -72342/23+7 )9'3:/:* )2'23/23+7+ <:/:7:.# A973& B23<+3+7+7 9/:4C,:.:7: D&.(7(.#&= (∀x ∈ R)(∀y ∈ R)(x+ y = 1)<= (∀x ∈ R)(∃y ∈ R)(x+ y = 1)
= (∃x ∈ R)(∀y ∈ R)(x + y = 1))= (∃x ∈ R)(∃y ∈ R)(x+ y = 1) # x ∈ R +*27E &%&'()&*+ -723427+7 )2'+/+7+ <:/:7:.#
∀x ((x − 5 ≤ 0) ∨ (∃x(5x− 3 ≥ 0)))


