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 ! "#$ $%&#' ()*)) +, -%.$%++%) /0'.&1 2%& %'  !"#$ /%'#$ 3!

%' %!&$'(")'*+$ (#/4!'. #3 5-6%7) %44%$ '&' '",1 8$&%) 9304&%:'!%;

$#&9 (<=)#$ +, #)) /#' =*$ 3#$6% )0'7-#$) 5-6%7) x 5)3%)<&!.) (7#44
7>''# #3.*$# 5/ x "*$ )!44 /0'.&%' %44%$ %61 ?)) -#$# (0.# #))
%' /0'.& 0$ %' (#/4!'. %4%/%') 0$ !')% (, +$5-4%/=$!)) (5/ /#'

(7>44% 7>''# )$5@ 3#& (5/ (%$ >) #)) 3#$# %' /0'.& 7#' !()044%)

3#$# %' +#$#&5A +, (#//# (0)) (5/ 9+,(),%'&%)9 9&%))# +,(),%';

&% 0$ =#4(7)9 0$ %' +#$#&5A 5B" !')% %' 45.!(7 >)(#.#1 C)) +$5-4%/

4!..%$ ! #)) %4%/%')%' ! %' /0'.& (6043# 7#' 3#$# /0'.&%$1 D-4#'&

7#' %' /0'.& )!44 5B" /%& 3#$# %)) %4%/%') ! (!. (60431 2#' 7#'

)!44 %A%/+%4 )0'7# (!. /0'.&%' #3 #44# /0'.&%$1 2%& &%))# (5/

.$>'& 7#' /#' (7#+# +#$#&5A%$1 E!4&# )!44 %A%/+%4 9/0'.&%'9 A
(5/ /0'.&%' #3 #44# /0'.&%$ (5/ !')% 0$ %4%/%') ! (!. (6043#1 2%$

+$%B!()F A 0$ /0'.&%' (5/ -%(),$ #3 #44# /0'.&%$ B (5/ 0$ (,&#;

'# #)) B !')% 0$ %)) %4%/%') ! B1 G,) 5(( '> =$,.# 5(( 5/ A (6043 0$
%)) %4%/%') ! A1 H, =,$ 3! %' +#$#&5AF 8/ A !')% )!44"*$ AI (, =*46%$
#)) A )!44"*$ A +%$ &%:'!)!5' #3 A1 8/ A )!44"*$ AI (, =*46%$ #))
A !')% )!44"*$ A #3 (#//# (7041 J#$#&5A%$ #3 &%''# )<+ >)3%B7;

4#&%( >'&%$ (%'#$% &%4%' #3 KLMM;)#4%) #3 &%' !)#4!%'(7% 45.!7%$'

E>$#4!;N5$)! 5B" (%'#$% 5B7(, #3 E%$)$#'& O>((%441 H%))# +,7#44#;
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 ! !" #$%!&'()"* +% ,-"* (-.+" /0, !$$ +1)0,+$)/'$ /2/$!,  -.

3+.+ 01!. #" %)'/4 5!$ 6""/ 7!.+ 0()'+ /8 +"+ /2/$!,9 :!.,!(0;

<.+!"'!(;%0" =!#,+"";/2/$!,!$> ?@ !(;A)(B!.$;C!."+2;/2/$!,!$>

D#//!((;EF)$!F!+ ;/2/$!,!$4 G) *8. )  !" F-. H.+,/$-((")"*!" )"$!

)" 38 "8*0$ +%  !$$+ #$+" /03+. 3.0B(!,!$ ,! !" .)*0.@/  !6");

$)0" +% ,-"* B!*.!33!$ #" !. ,+$$+" *!"0, +$$ F!($ !"'!($ /-*+

+$$ !" ,-"* -. !"  !"#$%&'$()# /+,()"* !(!,!"$4 G) '0,,!. )"$!

+$$ /$@$+ 38 3.0B(!, 38 *.#" +%  !$$+4

I-"* (-.+" '+"> ()'/0, (0*)'!"> !*!"$()*!" )"$! /-*+/ %+.+ !"  !(

+% ,+$!,+$)'!" #$+" -.> 0&'/8 ()'/0, (0*)'!"> !" H@.#$/-$$")"*

H@. ,+$!,+$)'!"4 5! -. B8 + !"  !( +% ,+$!,+$)'!"/ /$.#'$#. 0&F

/3.8'4 G) F+. .! +" /!$$ +$$ ,-"* B!*.!33!$  2'!. #33 ) !"  !(

+% ,+$!,+$)'!"/ +1)0,4

5!$ !"'(+/$! /-$$!$ +$$ +"*! !" J)"$! +(($H@. /$0.K ,-"* -. +$$ F!($

!"'!($ ()/$+  !.+/ !(!,!"$ )"0, '(+,.+.4 L1!,3!(%)/ -. {1, 2, 3}
,-"* !" /0, F+. $+(!" M> N 0&F O /0, !(!,!"$> ,! +" {I+.)+>

P""+> Q!$!.> ?@.+"} -. ,-"* !" /0, F+. "+,"!" I+.)+> P""+>

Q!$!. 0&F ?@.+" /0, !(!,!"$4 I-"* !. -.  0&' 0H$+ /$0.+ !((!. $)((

0&F ,! 0-" ()*+ 0&F  8 B.#'+. ,+" +"*!  !, *!"0, +$$ #$"2$$R+

!$$ ,@"/$!. !((!. F!($ !"'!($ $+(+ 0, %)('+ !(!,!"$ ,-"* !" F+.4

L1!,3!(%)/ '+" ,-"* !" Z+ +% +((+ 30/)$)%+ F!($+( +"*!/ /0,

{1, 2, 3, 4, . . .}

!((!. F!($ !"'!($ B+.+ /0, R#/$ S,-"* !" +% 30/)$)%+ F!($+(S4 L$$

+""+$ !1!,3!( -. ,-"* !" +% B0'/$-%!. )  !$ /%!"/'+ +(H+B!$!$

/0, %) '+" +"*! /0,

{+>B>&>4 4 4 >T>8>->@}.

L$$ $.! R! !1!,3!( -. ,-"* !" +% +((+ /%!"/'+ ,! B0.*+.!> !"

,-"* /0, '"+33+/$ '+" +"*!/ 38 +""+$ /-$$4 U  !//+ !1!,3!( /!.

%) ,-"* !. /0, +"*!/ +% +$$  !.+/ !(!,!"$ F+. !" %)// !*!"/'+3> E4
L$$ +""+$ /-$$ +$$ /'.)%+ !" /8 +" ,-"* -. {x : x F+. !*!"/'+3!"

E}4 V0, !1!,3!( '+" %) $+ +$$ Z+ = {x : x -. !$$ 30/)$)%$ F!($+(}4
I+" B.#'+. +"%-" + %!./+(!. A> B> C !$& /0, "+," 38 ,-"* !.4
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 ! x "# $%% $&$!$'% ( !"')*$' A +, +-#(.$# !/'

x ∈ A

.(&-$% 0%&"+$+ +1! /%% 2x %(&&34# A25  ! x ('%$ "# $%% $&$!$'% ( A
+, +-#(.$# !/' x 6∈ A 6*5 .5 +5 x 6∈ A "# $-.(./&$'% !$* ¬[x ∈ A]75
84# /%% -199&/ (319 *$%%/ !$* &1)(-$' '1%$#/# .( /%% x ∈ A "# $%%
9#$*(-/%: *5 .5 +5 ;4# ./#<$ 1=<$-% x )"&&$# /%% x ∈ A "# $%% 9,+%,$'*$
!$* $%% ."&*$>'($#/% +/''(')+."#*$5

 !"#$"% &'(' ?$% >''+ $%% /'%/& %/&!"')*$# +1! /'."'*+ 1;%/ (

!/%$!/%(-$' 1@3 +1! *"#;4# ;,%% .$*$#%/)'/ 1@3 ;/+%/ =$%$@-'(')A

/# +1! "# =#/ /%% -"''/ %(&&5 B( -1!!$# /%% /'."'*/ *$! C(%()%

;#/!4.$#5 D"# ;4&<$# $' &(+%/ 4.$# *$ .(-%()/+%$E

R = !"')*$' /. #$$&&/ %/&,

C = !"')*$' /. -1!9&$F/ %/&,

Q = !"')*$' /. #/%(1'$&&/ %/&,

Z = !"')*$' /. 3$&%/& = {. . . ,−2,−1, 0, 1, 2, . . .},
Z+ = !"')*$' /. 91+(%(./ 3$&%/& = {1, 2, 3, . . .},
N = !"')*$' /. '/%0#&()/ %/& = {0, 1, 2, . . .},
∅ = *$' %1!!/ !"')*$' = {}.

�

B( /.+&0%/# /.+'(%%$% !$* $' 9#/-%(+- =$%$@-'(')5  ! A "# $' "'*A
&() !"')* +, =$%$@-'/# !/' /'%/&$% $&$!$'% ( A !$* |A|5 G%+/)/'
/%% A "# $' 1"'*&() !"')* -/' !/' *, -1#% +-#(./ |A| =∞5  =+$#A
.$#/ 1@-+, ( *$% 3"# +/!!/'3/')$% /%% $%% $&$!$'% -/' ('%$ 2>''/+

!$* C$#/ ),')$#2 ( $' !"')*: +, /%% %5 $F5 "# |{1, 2, 3, 2, 1}| = 35

 ! "#$%&'()#*

)"*+,-,.+ &'&'  ! A 1@3 B "# !"')*$# +,*/'/ /%% *$% ;4# /&&/

x )"&&$# /%% x ∈ A ⇒ x ∈ B: +, +")$# .( /%% A "# $'  !"#$%& /.

B 1@3 /%% A "# '%%!()""!% $&&$# '%*"+ !,- ( B 1@3 .( +-#(.$#

A ⊆ B.
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 ! "#$ %&"# '())#* +$$ A ⊆ B ,-. B ⊆ A/ 0& 0('#* 12 +$$ A = B3
 ! A (* #4 "#)!(4'" +1 B ,-. A 6= B/ 0& 0('#* !+4 +$$ A (* #4
 !"# "#)!(4'" +1 B ,-. 05*21#* A ⊂ B3

 !"#$%!&!' ()*) 61 "#742$2,4#4 89* "#)!(4'" 0& 89):#* "#$ +$$

A ⊆ B ,-. B ⊆ A/ "3 13 03 A = B/ ,! ,-. #4"+0$ ,! "#$ 89* +))+

x '())#* +$$ x ∈ A ⇒ x ∈ B ,-. x ∈ B ⇒ x ∈ A3 ;#" +4"*+ ,*"
0& (* A = B ,! ,-. #4"+0$ ,! x ∈ A⇔ x ∈ B3

< #4 "#) %9-5#* %#$#-54+* 0=!%,)#4 >⊂? "#)!(4'" ,-. 24$# (5$+
"#)!(4'"/ 0& !+4 %9* 1+*+ )2$# @AA!(*50+! A& 1+" 0,! +10#03 �

B@* '9* !+4 "& 89* +$$ 120+ +$$ #4 !(4'" A (* #4 "#)!(4'" 2 #4

+44+4 !(4'" BC D,/ !+4 5+4 +41(4"+ "#742$2,4#4 "2*#5$ '#4,!
+$$ $+ #$$ ',"$=-5)2'$ #)#!#4$ 2 A ,-. 0#"+4 120+ +$$ "#$ ,-50& 7440
2 B3

+,-".-/ ()0) E2 +41(4"#* $+)!(4'"#*4+ 2 #F#!A)#$ ,1+4 $2)) +$$

2))@0$*#*+ "#)!(4'"0%#'*#AA#$3 G9*0$ 0#* 12 +$$ ∅ ⊆ A 89* +))+

!(4'"#* A/ #8$#*0,! x ∈ ∅ +)"*2' (* @AA8=))$ 0& x ∈ ∅ ⇒ x ∈ A
,+10#$$ 1+" A (*3 H#"+4 240#* 12 +$$ 12 .+* 89):+4"# 245)@02,4#*I

Z+ ⊂ N ⊂ Z ⊂ Q ⊂ R ⊂ C.

6$$ Q (* #4 (5$+ "#)!(4'" $2)) R (* 24$# 0:()15)+*$3 J#$ (* 24$#

@AA#4%+*$ +$$ "#$ 7440 *##))+ $+) 0,! 24$# 5+4 05*21+0 0,! 51,$#4

!#))+4 $1& .#)$+)3 ;,$ 0)@$#$ +1 5+A2$#) K ,! .#)$+)#4 5,!!#* 12

+$$ 5@44+ 120+ "#$$+3 �

;+4 .+* ,8$+ +4)#"424' +$$ %#$*+5$+ 0A#-2#))+ "#)!(4'"#* +1 "#

*##))+ $+)#4/ 4(!)2'#4 $%"&'(#))3 L$$ 24$#*1+)) (* !(4'"#4 +1 $+)

!#))+4 4&',$ !240$+ 1(*"# ,-. 4&',$ 0$9*0$+ 1(*"#3 M#*,#4"# A&

,! !+4 !#4+* +$$ "# $1& '*(40A@45$#*4+ 05+ 24'& 2 24$#*1+))#$

#))#* 24$# 8,*!@)#*+0 "#$$+ A& ,)25+ 0($$I N&$ a ,-. b 1+*+ $1& *##))+
$+) 0&"+4+ +$$ a ≤ b3 E2 "#742#*+* "& #$$ 0)@$#$ 24$#*1+)) [a, b] 0,!
!(4'"#4

[a, b] = {x ∈ R : a ≤ x ≤ b},
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 !" #$$ %&&#$ '($#)*+,, (a, b) - . ./(01#(

(a, b) = {x ∈ R : a < x < b}.

2#1 +(1)+  )13 4+5&+)#($#- 6#$71#) 8$+ .#1 0)/(-&9(5$#(8 .#:

1+( *+(,'0 &+)#($#- 6#$71#) 8$+ '($# .#1 0)/(-&9(5$#(8; 2#1 1#(

&)'(!'&#( 5+( .+(  !5-< 5 (-$)9#)+ 1# *+)'+($#) 1/) 1#( #(+

0)/(-&9(5$#( =((- .#1 .#( '($# 1#( +(1)+> 1; *; -;

[a, b) = {x ∈ R : a ≤ x < b}  !" (a, b] = {x ∈ R : a < x ≤ b}.

?(1)+ '($#)*+,, /) -<1+(+ - . 6+)+ /) 6#0)/(-+1# <$ #(+ "<,,#$3

(−∞, a] = {x ∈ R : x ≤ a}  !" [a,∞) = {x ∈ R : x ≥ a},

*',5+  !5-< @%)-$<- @%)#5 ..#) .#1 *+(,'0 &+)#($#- *'1 aA#$ .#1

&)#!'- 1#( 6#$71#,-# .+( $) );

B .<(0+ -+..+("+(0 /) 1#$ (+$9),'0$ +$$ -# 1# ./(01#) .+( +)6#:

$+) .#1 - . 1#,./(01#) $',, (<0 $ 9('*#)-9.> U ; C. $',, #D#.&#,

K /) ./(01#( +* 5 (- (+($#) ' 1#$ -*#(-5+ +,@+6#$#$  !" V /)

./(01#( +* * 5+,#) /) 1#$ (+$9),'0$ +$$ -# 1#--+ - . 1#,./(01#)

+* ./(01#( U +* +,,+ 6 5-$/*#); C. .+( +)6#$+) .#1 ./(01#):

(+ Z> Z+  !" Q /) 1#$ (+$9),'0$ +$$ -# 1#--+ - . 1#,./(01#) +*

./(01#( U = R; B @ )$-/$$('(0#( 5 ..#) *' +,,$'1 +$$ -# ./(01#)

- . 1#,./(01#) $',, #$$ 9('*#)-9.;

 !" #$%&'()*+,-(+*+

E)#!'- - . '( . , 0'5#( -< =((- 1#$ #$$ +($+,  &#)+$ )#) &< ./(0:

1#); F . *' 5 ..#) +$$ -# -< =((- 1#$ #$$ .7!5#$ '($'.$ -+.:

6+(1 .#,,+( , 0'5 &#)+$ )#)(+  !" ./(01 &#)+$ )#(+; G<$ A  !"

B *+)+ $*< 1#,./(01#) $',, #$$ 9('*#)-9. U ; H' 1#=('#)+) @%,I+(1#

./(01 &#)+$ )#)3

• F('$$3 A ∩B = {x : x ∈ A ∧ x ∈ B}>
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•  !"#!$ A ∪B = {x : x ∈ A ∨ x ∈ B}%

• &'!())"*+,+!-$ A \B = {x : x ∈ A ∧ x 6∈ B}%

• .#/01+/+!2$ Ac = U \A%

• 34//+2,"-5 /'!())"*+,+!-$ A∆B = (A \B) ∪ (B \A)6

A B

U U U

U U

A B A B

A

A B

     Snitt Union Mängddifferens

Komplement Symmetrisk mängddifferens

7"(8, 96:$ ;+ #1"5< /'!()#0+,<2#,+,!<6

=22 <!!<2 #,) >?, @-!"22@ ', @-5',!"!(@6 7?, <22 #,)+!21"(2 2< 2"11 -"(

A<) #1"5< /'!()#0+,<2#,+, A+,51"(+! "!!+B', C<, /<! /4D5+2 CE'10

<A "118-2,<2"#!+,% -F 5<11<)+  !""#$%&'%(6 G H(8, 96: "118-2,+,<- )+

#A<! )+H!"+,<)+ /'!()#0+,<2#,+,!<I )+ -58((<)+ #/,F)+!< <!(+,

,+-812<2+2 <A ,+-0+52"A+ #0+,<2#,6

JF(,< A"52"(< ,'5!+,+(1+, >?, /'!()#0+,<2#,+,!< (+- " 2<B+11+!

!+)<!6 K'/>?, )+!!< /+) 2<B+11+! 0F -")<! :L /+) ,'5!+,+(1+,

>?, )+ 1#("-5< #0+,<2#,+,!<6 ;+ 0F/"!!+, +! )+1 #/ A<,<!),<% +11+,

C8,M

NN



 !!" #$%&'#'(!'# ) *"+'!!'& ,*-. /'& 0)0*"1 A \B = A∩Bc
1 2"# '&

.-*03"#"&/' #'('! ) *"+'!!'& 45 0)/"& 678 9:# "** +'3)0" #$%&'#'(;

!'#&" <:# .$&(/-4'#"*-#'# 05 %"& ."& ,*&=**>" /'00 .-*03"#)(2'*

) !-()%*"+'!!'&8 ?'00" 2"# 3) >, #'/"& +'3)0"* 05 /' %"& 3) "&3$&/"

<:# "** 3)0" &=" 0"*0'#8 @) +'3)0"# /'& <:#0*" "3 /'A-#("&0 !"("#1

(A∩B)c = Ac∪Bc
1 -B2 !$.&"# /' :3#)(" 0-. 2"# '& .-*03"#"&/'

#'('! ) *"+'!!'& 45 0)/"& 67 0-. :3&)&(8  !!" +'3)0'& <:!>'# 'C"%*

0".." .:&0*'#8

D"+'!! E86F G$%&'#'(!'# )&-. .$&(/!$#"&8

G'('! H".&

A ∩ U = A )/'&*)*'*

A ∪ ∅ = A

A ∪ U = U /-.)&"&0

A ∩ ∅ = ∅
A ∪Ac = U

A ∩Ac = ∅
A ∪A = A )/'.4-*'&0

A ∩A = A

(Ac)c = A /,++'!* %-.4!'.'&*

A ∪B = B ∪A %-..,*"*)3)*'*

A ∩B = B ∩A

(A ∪B) ∪ C = A ∪ (B ∪ C) "00-B)"*)3)*'*

(A ∩B) ∩ C = A ∩ (B ∩ C)

A ∪ (B ∩ C) = (A ∪B) ∩ (A ∪ C) /)0*#)+,*)3)*'*

A ∩ (B ∪ C) = (A ∩B) ∪ (A ∩ C)

(A ∩B)c = Ac ∪Bc
/'A-#("&

(A ∪B)c = Ac ∩Bc

A \B = A ∩Bc

IJ



 ! "#$!%%&' ()'*+ ,$ -++ ()' -++ .!*- (A ∩ B)c = Ac ∪ Bc
/ *#

0122&' 3&+ -++ .!*- -++ x ∈ (A ∩ B)c ⇔ x ∈ Ac ∪ Bc
()' -22- x4

5#+ x .-'- &++ 0,3+6782!0+ &2&$&%+ ! &++ 9%!.&'*9$ U 4 :&%,$ -++

9+%6++;- 3&<%!+!,%&'%- -. $1%03,"&'-+,'&'%- ,7= 3&% ()'*+- -.

3&>,'0-%* 2-0-' ()' 3& 2,0!*8- ,"&'-+,'&'%- *# (#' .!?

x ∈ (A ∩B)c ⇔ ¬(x ∈ A ∩B)⇔ ¬(x ∈ A ∧ x ∈ B)

⇔ ¬(x ∈ A) ∨ ¬(x ∈ B)⇔ x ∈ Ac ∨ x ∈ Bc

⇔ x ∈ Ac ∪Bc.

@(+&'*,$ x .-' 0,3+6782!0+ .-2+ *# 0122&' *29+*-+*&% ()' -22- x ,7=
3&+ 1' 31'$&3 A&.!*-+ -++ (A ∩B)c = Ac ∪Bc

4

B&% *!*+- '18%&'&0&2% ! +-A&22&% =-' !%0&% 3!'&8+ $,+*.-'!0=&+ &(C

+&'*,$ .! !%+& 3&<%!&'-+ %#0,% $,+*.-'-%3& 2,0!*8 ,"&'-+,' ()'

$1%033!D&'&%*4  ! 0&' 31'()' &++ A&.!* ,78*# -. 3&%%-4  ! *8- .!*-

-++ A\B = A∩Bc
/ 34 .4 *4 x ∈ A\B ,$ ,7= &%3-*+ ,$ x ∈ A∩Bc

()' -22- x4  !228,'&+ x ∈ A\B A&+63&' "&' 3&<%!+!,% x ∈ A∧x 6∈ B4
@(+&'*,$ x 6∈ B "&' 3&<%!+!,% -. 8,$"2&$&%+ A&+63&' x ∈ Bc

*#

1' 3&++- &8.!.-2&%+ $&3 x ∈ A ∧ x ∈ Bc
4 B&++- ! *!% +9' 1' ;9*+

A&+63&2*&% -. x ∈ A ∩Bc
4 @(+&'*,$ x .-' &++ 0,3+6782!0+ .-2+ &2&C

$&%+ *# 0122&' ()' -22- x -++ x ∈ A \ B ⇔ x ∈ A ∩ Bc
4 B1'$&3 1'

3&+ A&.!*-+ -++ A \B = A ∩Bc
4

E%%-% $-% A)';-' ()'*)8- A&.!*- F&22&' 0& $,+&G&$"&2 +!22H &++ "#C

*+#&%3& ,$ -++ +.# $1%039++'678 1' 2!8- 1' 3&+ &% 0,3 !3I -++

).&'+60- *!0 *;12. ,$ -++ "#*+#&%3&+ 1' 8,''&8+ F&22&' (&2-8+!0+H4

B&+ 1' 3# &% 0,3 =;12" -++ 8,%*+'9&'- +.#  &%%3!-0'-$ 31' $-%

'!+-' 3&% .1%*+'- $1%03&% ! 3&+ &%-  &%%3!-0'-$$&+ ,7= 3&%

=)0'- ! 3&+ -%3'-4 J$ 3& +.# A!23&'%- .!*-' *!0 !229*+'&'- *-$$-

$1%03 1' 3&++- #+$!%*+,%& &% 0,3 !%3!8-+!,% "# -++ "#*+#&%3&+ 1'

8,''&8+/ $&3-% +.# A!23&' *,$ .!*-' "# ,2!8- $1%03&' ! *!0 9+0)'

&++ $,+&G&$"&2 $,+ "#*+#&%3&+4 E <09' K4K !229*+&'-* 3&% -%3'- -.

3& 3!*+'!A9+!.- 2-0-'%- ! +-A&22&% "# *!3-% LM4 B&% .1%*+'- A!23&%

=-' A ,7= B ∪ C 2;9*+ *8900-3&/ $&3-% A ∩ (B ∪ C) 1' $)'8+
*8900-34 N# 3&% =)0'- *!3-% 1' $1%03&% (A∩B)∪ (A∩C) $)'8+
*8900-34 >-% *&' -++ 3& $)'8+ *8900-3& $1%03&'%- "# 3& A10C

0& A!23&'%- *+1$$&' ).&'&%*4 O22+*# .&'8-' 3&+ *,$ ,$ -++ 3&%

"#*+#33- 2!8=&+&% 1' 8,''&8+4

LP



U U

A B

C

A B

C

 !"#$ %&%' ()* +,-$.) /!01)2)* +$3* 4/#2)2 ! 256)//)* 73 4!.5* 89

!//#42$)$5. :). 1,-/7 5; <)**.!5"$5:&

()2 -$ +$)425*.) 522 =>043 2$= 522 =: .)* 73423..5 /!01)2)* "-//)$

+?$ 6!/.)$*5 43 "-//)$ .)* =>043 ")*)$)//2@ :)* 2A;-$$ -$ 6!/.)$*5

65$5 )22 )B):7)/ 73 1#$ .) !*"3)*.) :-*".)$*5 40#//) 0#**5 4)

#2@ :).5* 73423)*.)2 "-//)$ +?$  !! 2-*065$5 !*"3)*.) :-*".)$&

C22 $!"=$?42 6);!4 :342) 6)423 5; =64)$;52!=*)$ 4=: "-//)$ =5;4)22

1#$.5*5 .) !*;=/;)$5.) :-*".)$*5 $305$ ;5$5& (-$+?$ -$ )22 6);!4

.-$ :5* )*65$2 5*;-*.)$ .)D*!2!=*)* 5; =7)$52=$)$*5 =>1 /="!0

.)D*!2!;2 522 +?$).$5 =: :5* ;!// 0-**5 522 :5* 15$ 1)/2 2=$$2

#*.)$ +?22)$*5& E);!4 4=: 65$5 #2*A22,5$ 6!/.)$ 405 :5* 5//2!. ;5$5

0$!2!40 2!//& E!/.)$ -$ #2:-$025 4=: !//#42$52!=*@ :)* .)2 -$ /-22 522

/325 4!" /#$54 5; )* 6!/.& F="!405 5$"#:)*2 05* :5* .-$):=2 5//2!.

0=*2$=//)$5 =: .) -$ 0=$$)025&

C* A22)$/!"5$) :-*".=7)$52=$ 4=: ;! 0=::)$ 522 +3 5*/).*!*" 522

5*;-*.5 =44 5; -$ .)* 4& 0& " #$%&'&" (#)*+"$%, 5; 2;3 :-*".)$'

F32 A =>1 B ;5$5 :-*".)$& (3 -$ .)* 05$2)4!405 7$=.#02)*@ A×B@
.)* :-*". 4=: 15$ 4=: )/):)*2 5//5 =$.*5.) 75$ (a, b) 43.5*5 522
a ∈ A =>1 b ∈ B& G). 5*.$5 =$.

A×B = {(a, b) : a ∈ A ∧ b ∈ B}.
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 !"#!$  !"#$% &$! %!&'(!" )!*& !$+!*& ,&& -"($.$/!$ 01!*," "-**2 03

,&& (a, b) = (c, d) -# -4) !$(,0& -# a = c -4) b = d5  .** !6!#1!*
7" (0, 1) 6= (1, 0)5

 !"#$"% &'(' 85  ,*1*,$!& R2
7" (!$ +,"&!0.0+, 1"-(9+&!$

R× R = {(x, y) : x ∈ R ∧ y ∈ R}.

:5 ;# A = {<.*02 =-'} -4) B = {>$$,2 ?-@!}2 03 7"

A×B = {A<.*02>$$,B2 A<.*02?-@!B2 A=-'2>$$,B2 A=-'2?-@!B}
�

;%0!"C!", . (!& DE"0&, !6!#1*!& ,&& #,$ 0+.*F!" 13 1,"!& (x, y) -4)
1,"!& (y, x)G (! 0C,"," F9 #-& -*.+, 19$+&!" . 1*,$!&5 H$ +-$0!+C!$0
,C (!&&, 7" ,&& #,$ . ,**#7$)!& #30&! 0+.*F, 13 1,"!$ (a, b) -4)
(b, a)5 ?1!4.!**& -# A -4) B 7" -*.+, #7$/(!"2 03 %*." A × B -4)

B ×A -*.+, #7$/(!"5

I$$,$ C. *7#$," (!&&, +,1.&!* %E" C. 0*9&*./!$ +7$$, &.** 1-&!$0#7$/J

(!$2 P(A)2 0-# 7" '(#)"*# $+ $,,$ "*,'(#)"*! %-,, A5 K!& )7" 7"
(!& DE"0&, !6!#1!* C. 0&E&!" 13 (7" !$ #7$/( )," !*!#!$& 0-# 0F7*J

C, 7" #7$/(!"5 K!&&, 7" .$/!& 0-# %E" 0+"7##, -00G ,&& #7$/(!"

7" !*!#!$& . !$ #7$/( 7" .$&! +-$0&./,"! 7$ ,&& %.*," !**!" #7$$.J

0+-" !**!" &,* 7" (!&5

 !"#$"% &')' 85 ;# A = {1, 2, 3} 03 7"

P(A) = {∅, {1}, {2}, {3}, {1, 2}, {1, 3}, {2, 3}, {1, 2, 3}}.

:5 ;# B = {%,$,$2 711*!} 03 7"

P(B) = {∅, {%,$,$}, {711*!}, {%,$,$2711*!}}.
�

I 0,#%,$( #!( (!&&, 7" (!& 13 0.$ 1*,&0 ,&& 131!+, ,&& #7$/(!"

0-# %,", .$$!)3**!" !&& !$(, !*!#!$& .$&! 0+, 0,##,$%*,$(,0 #!(

!*!#!$&!& 0F7*C&5 ?! &.** !6!#1!* 13 (!& DE"0&, !6!#1*!&5 I P(A)
@$$0 #7$/(!$ {1} #!( 0-# !*!#!$&2 #!$ (!&&, %!&'(!" .$&! ,&&

&,*!& 8 @$$0 0-# !*!#!$& . (!$$, #7$/(G &,*!& 8 7" .$&! 0,##, 0,+

LM



 !" "#$%&'$ {1}( )$ *+, -./$'- ' #+ !* '+0,1.!$'$ ,11 2'$ -3&,

 !" .$$'43--'+ '$ 4,11 #+ .$1'  ,"",  ,/  !" '$ 4,112(

531 !  !* '+0'+, ,11 !" A #+ '$ #$&-.% "#$%& "'& n '-'"'$16

&( 0(  ( |A| = n6  3 .$$'43--'+ P(A) 7+'8. 2n '-'"'$1( 9'11, :;-<'+

,0 ,11 !" ",$  /, 0#-<, =1 '$ &'-"#$%& B 1.-- A  3 4,+ ",$ :;+

0,+<' '-'"'$1 a ∈ A 103 0,-> 1, "'& a . B '--'+ 1, .$1' "'& a . B(

):1'+ !" ",$ 4,+ &'11, 0,- :;+ 0,+<' a . A *'1?&'+ &'1 $#+ ",$

%3+ .%'$!" '-'"'$1'$ . A @$$ &'1 1!1,-1 2n 0#%,+ ,11 %3( A,+ !84

'$ ,0 &'  ,  0,+,+ "!1 !-./, &'-"#$%&'+ B( B3-'&' @$$ &'1 2n

!-./, &'-"#$%&'+ 1.-- A(

 !" #$%%$&'$((&)&*

C'& '$  !"#$ "'$,+ 0. '$ %!&$'(")'*+$  ,"-.$% ,0 !*<'/1 '--'+

'&' '",( D+&'1 20#-&'@$.'+,&2  ?:1,+ 73 ,11 ",$ :;+ 0,+<' 1#$/*,+1

!*<'/1 x !10'1?&.%1  /,-- /=$$, ,0%;+, !" x 4;+ 1.-- "#$%&'$ '--'+

'<( D" x #+ '11 '-'"'$1 . "#$%&'$ A  3  /+.0'+ ",$

x ∈ A

0.-/'1 =1-# '  !" ,11 2x 1.--4;+ A2( D" x .$1' #+ '11 '-'"'$1 . A
 3  /+.0'+ ",$ x 6∈ A(

9'1 '$/-, 1'  #11'1 ,11 ,$%' '$ .$1' ,--1:;+  1!+ "#$%& #+ ,11 4'-1

'$/'-1 -. 1, &'+, '-'"'$1 .$!" /-,"+,+( C#$%&'+  !" ,$%' ,0

,11 &'+, '-'"'$1 4,+ '$ 0.  '%'$ /,76 E6 /,$  /+.0,  !" {x : x
4,+ '%'$ /,7'$ E}(
A./1.%, "#$%&'+ "'&  7'8.'--, *'1'8/$.$%,+E

C = "#$%&'$ ,0 /!"7-'F, 1,-,

R = "#$%&'$ ,0 +''--, 1,-,

Q = "#$%&'$ ,0 +,1.!$'--, 1,-,

Z = "#$%&'$ ,0 4'-1,- = {. . . ,−2,−1, 0, 1, 2, . . .},
Z+ = "#$%&'$ ,0 7! .1.0, 4'-1,- = {1, 2, 3, . . .},

GH



N =  !"#$%" &' "&()*+,#& (&+ = {0, 1, 2, . . .},
∅ = $%" (-  &  !"#$%" = {}.

 !"#$%$&#' . A -/0 B !*  !"#$%* 12$&"& &(( $%( 34* &++& x
#!++%* &(( x ∈ A ⇒ x ∈ B5 12 1!#%* ', &(( A !* %"  !"#$%& &' B
-/0 &(( A !* '%%!()""!% %++%* '%*"+ !,- , B -/0 ', 16*,'%*

A ⊆ B.

. $%( 72$% #!++%* &(( A ⊆ B -/0 B ⊆ A5 12 1!#%* ', &(( A = B8

. A !* %" $%+ !"#$ &' B -/0 A 6= B5 12 1!#%*  &" &(( A !* %"
$*.- $%+ !"#$ &' B -/0 16*,'%* A ⊂ B8

9(( '%.!,/-"" !*  !"#$%" &' *%%++& (&+  %++&" "2#-(  ,"1(& '!*$%

-/0 "2#-( 1(4*1(& '!*$%8 :%*-%"$% ;2 -  &"  %"&* &(( $% ('2

#*!"1;)"6(%*"& 16& ,"#2 , ,"(%*'&++%( %++%* ,"(% 3-* )+%*&1 $%((& ;2

-+,6& 1!((8 9(( 1+)(%( ,"(%*'&++ [a, b] !*  !"#$%"

[a, b] = {x ∈ R : a ≤ x ≤ b},

-/0 %(( 4;;%( ,"(%*'&++  !"#$%"

(a, b) = {x ∈ R : a < x < b}.

<2* !'%" &(( 0& 4;;%( , %" !"$& -/0 1+)(%( , $%" &"$*&8

=,6(,#& -;%*&(-*%* ;2  !"#$%* !*>

• ?",((> A ∩B = {x : x ∈ A ∧ x ∈ B}5

• @",-"> A ∪B = {x : x ∈ A ∨ x ∈ B}5

• A!"#$$,B%*%"1> A \B = {x : x ∈ A ∧ x 6∈ B}5

• C- ;+% %"(> Ac = U \A5

• ?D  %(*,16  !"#$$,B%*%"1> A∆B = (A \B) ∪ (B \A)8

EF



 !"#$%& '() &%*+,-'"%& .%**+" $%//+ 0+" -**1/,&%&+/ .%$ )2!*3 +4

/5 05  !""#$%&'(&)5

6%" *&(+!,%,*& -(.$/*+!" +4 ,47 .!"#$%& A '() B !&

A×B = {(a, b) : a ∈ A ∧ b ∈ B}.

8',%"/.!"#$%" +4 %" .!"#$ A9 P(A)9 !& )0"'$!" &1 &22& $!2#
)0"'$!( +%22 A5

 !"#$ 3) A 0( !" 0"$2%' )0"'$ )!$ n !2!)!"+4 ,5 %""!6522!(

P(A) -(!7%, 2n !2!)!"+8

:;



 !"#$%&%'!(

 !"#$%% &'( ) &'&'

&'(  !" #$%&' () *%*+*,-*, $ ./%0',1* +(,21*)3

'" {x ∈ Z+ : 7 < x < 12}4
5" {x ∈ Z+ : x > 12 ∧ x < 7}4
6" {x ∈ Z+ : x2 > 8 ∧ x > 8}4
1" {x ∈ Z+ : 5 ≤ x < 9}7

&'&  !" 89- A = {0, {1}, ∅, {2, 3}}7 #$%&' ': ./%0',1* ;9!-9*,1*,

() !',,'3

'" ∅ ⊂ A4

5" ∅ ∈ A4

6" 1 ⊆ A4

1" {1} ∈ A4

*" {1} ⊆ A4

." {{1}} ⊆ A4

2" {1, 2, 3} ⊆ A4

<" {0, 1} ∈ A7

&'*  !" 89- A = {x ∈ Z : x2 = 4}4 B = {x ∈ Z : 3 < x < 11} =6<

C = >+(,21*, ': '%%' ?11' <*%-'%@7

'" #'1 () A ∪B3

5" #'1 () A ∩ C3

6" #'1 () B ∩ C3

&'+  !" 89- A = {5, a, 32, A=1<(!-, r}4 B = {f, l, o, d}4 C =
{h,  , s, t} =6< D = >B(,21*, ': '%%' 5=&!-(:*) $ !:*,!&'

'%.'5*-*-@7

'" C*!-(+ A ∩ Z7

5" C*!-(+ B ∪ C7

6" C*!-(+ A ∩ C7

1" C*!-(+ (B ∪ C ∪A) ∩D7

DE



 !"#$%% &'('

&')  !" #$% A = {1, 2}&

'" ()!%*+ ,-%).!+*./0). P(A)&
1" ()!%*+ 0). 2'3%)!4!5' ,3-065%). A× P(A)&

&'*  !" 7+ A *3 ). +*./0 +)0 +)0 m )8)+).% -9: B *3 ).

+*./0 +)0 n )8)+).%; :63 +$./' )8)+).% <..! 0)% 0$ 4

A × B=  >)0 '.03' -30 -+ |A| = m -9: |B| = n; ?'0 1843

0$ |A×B|=" @63 +$./' )8)+).% <..! 0)% 4 P(A×B)=

&'+  !" 7+ A ⊆ B; ?'0 1843 0$ A ∩B; A \B -9: A ∪B=

&',  !" A.%'/ '%% A \B = {a, c, k}; B \A = {b, f} -9: A ∩B =
{s, t, v, x}& B'0 *3 0$ A -9: ?'0 *3 B=

&'-  !" A.%'/ '%% |A| = a; |B| = b -9: |A ∩ B| = c& B'0 *3 0$

|A ∪B|=

&'./  C" #$% A; B -9: C ?'3' 0)8+*./0)3 %488 )%% 6.4?)3!6+ U &

'" D886!%3)3' 0) %3) +*./0)3.' A ∩ (C \ B); B ∩ (C \ A)
-9: (A∆B) ∩ C +)0 B)..E04'/3'+&

1" >-%4?)3' '%%

(

A∩(C\B)
)

∪
(

B∩(C\A)
)

= (A∆B)∩C&

&'..  !" A.%'/ '%% A; B -9: C *3 %3) +*./0)3 FG3 ?485' 0)% /*88)3

'%% |A| = 14; |C| = 27; |A∩B| = 4; |A∩C| = 6; |B∩C| = 16;
|A ∩ B ∩ C| = 3 -9: |A ∪ B ∪ C| = 41& @63 +$./' )8)+).%

<..! 0)% 0$ 4 B=

 !"#$"$% &'#(#)"*

&'.&  8" B4!' '%% -+ P(A) = P(B) !$ /*88)3 '%% A = B&

&'.(  8" ()?4!' )%% ,'3 '? 0) 845:)%)3.' 4 %'1)88). ,$ !40'. HI !-+

4.%) 1)?4!'0)! 4 %)J%).&

&'.0  8" K3 0)% !'.% '%% 0)% FG3 '88' +*./0)3 A; B -9: C /*88)3 '%%

A∩(B\C) = (A∩B)\(A∩C)= K3 0)% !'.% '%% A∪(B\C) =
(A ∪B) \ (A ∪ C)= ()?4!' )88)3 /) +-%)J)+,)8&

IL



 !"#  !" #$% A& B '() C *+,+ %,- ./012-, 3$2+0+ +%% A '() B
/, 2435607%+  2*3 A∩B = ∅"& |A∪B ∪C| = 30& |A \C| = 10
'() |B \ C| = 58 9+2 /, 2-% ):13%+ ,-3;-7%4*- .403%+ +0%+<

-<-.-0% 3'. C 7+0 400-)$<<+=

 !"$  3!" #$% A& B '() C *+,+ 2-<./012-, %4<< -%% 604*-,36. U 8

94<7+ +* >:<5+02- ;$3%$-02- /, 3+00+  >:, +<<+ .:5<41+ *+< +*

./012-, A& B& C '() U" '() *4<7+ /, >+<37+=

+" A∆Ac = U

?" (A∪B)∩C = A∪ (B ∩C)

(" A×B = B ×A

2" (A \B) \ C = A \ (B \ C)

-" (A ∪B)c = Ac ∪Bc

@A



 !"#$%& '

 !"#$%&"'( &)* ('+,$%&"'(

 !" #$%&'()%*+

 !"#!$$!% &'()%*+( ,-# .' /0)!#% /%1%% $2 %*.*"-#!3 !4!5$!67*/

* "85(-/*!)'#/!# * 5-%!5-%*)3 &8/*) +9, )!5*: ; !( /2.-( )'#/

60# 5-( /*" <&1#5+.6*"!(= -%% !( &'()%*+( 0# !( #!"!6 &1# -%% %*66

!%% !66!# >!#- %-6 +#.(- !4-)% !%% %-6: ?4!5$!67*/ 0# &'()%*+(!(

f(x) = x2 .!( #!"!6 /+5 %*66 7-#@! %-6 x +#.(-# %-6!% x23 /2 -%%
%: !4: f(4) = 16 +9, f(

√
2) = 2: ?%% -((-% !4!5$!6 0# &'()%*+(!(

g(a, b) = a+b+4 /+5 %*66 7-#@! %-6$-# (a, b) +#.(-# %-6!% a+b+43 /2
-%% %: !4: g(0, 0) = 4 +9, g(4.3, 7.2) = 15.5: A+%!#- /$!9*!66% ,0# -%%
.! /$!9*B)- C+)/%07!#(- x3 a +9, b 0# +7*)%*"-3 .: 7: /: &'()%*+(!(
f * !4!5$6!% +7-( )-( $#!9*/ 6*)- "0#(- -("!/ 7*- f(c) = c2 !66!#
7*- f(r) = r2 !%93 +9, g )-( 6*)- "0#(- -("!/ 7*- g(j, q) = j+q+4:

D* /)- ,0# *(%! 0(.#- $2 "85(-/*!%/ %+6)(*(" -7 &'()%*+(/C!"#!$E

$!%3 5!( 7* /)- "1#- .!% !( -(*(" 5!# -6650(% +9, )(8%- *,+$ .!%

5!. 7-. 7* * 17#*"% ,-# 60#% +//: F!% -6650((- &'()%*+(/C!"#!$$!%

0# /+5 &16@!#G

 !"#$%$&# '()( ?( &'()%*+( f &#2( 50(".!( A %*66 50(".!( B
0# !( #!"!6 /+5 %*66 7-#@! !6!5!(% a ∈ A +#.(-# !%% !(%8.*"% !6!5!(%
f(a) * B:

H*%! 61/% /-"%G I-( /%+$$-# *( !%% !6!5!(% &#2( A * f +9, &2# '% !%%

JJ



 ! " #$ % B& '$$ f ()  # *+#,$%-# *).# A $%!! B /,)%0/ 1. /2"3-!%/,

*-)" /-"

f : A→ B.

4" "5# 0%!! 3 $ 6,#5 057 /-" 8(#7 ) " 7  $$  ! " #$ a ,5# "5#

/,)%05

a 7→ f(a)

0%!, $ +$!(/ / /-" 5$$ 9a 503%!75/ 1. f(a)9& :# %!!+/$)5$%-# $%!! *+#,;

$%-#/3 <) 11 $ =##/ % =<+) >&?&

a

t

x

z

f(a)

f(x)

f(t)=f(z)

fA B

@%<+) >&?A :# %!!+/$)5$%-# 50 *+#,$%-#/3 <) 11 $A B+#,$ )#5 aC tC
x -68 z % A 503%!75/ 1. 1+#,$ )#5 f(a)C f(t)C f(x) ) /1 ,$%0 f(z)
% B&

D(#<7 # A ,5!!5/ *E) f F/  !"#$%$&#'()#*  !! )  !"#$%$&#'&(+, !C

" 75# "(#<7 # B ,5!!5/ *E) f F/ (,-()#* & 4" C ()  # 7 !"(#<7

50 A 7 =#% )5) "5#

f(C) = {f(x) : x ∈ C} ⊆ B,

7& 0& /& f(C) () "(#<7 # 50 5!!5 "EG!%<5 0()7 # 50 f(x) -" x *.)

0(!G5/ *)%$$ % C& D5# ,5!!5) f(C) *E) .$- !# /0 C& D(#<7 # f(A)C

HI



 ! "! #! $%& '( )" *'&)  '+(%,%-(#./(0 '(1 2)&&)# 345 f 6#  !"#$%!&'#

-7* *)5 -72#8 $','72(%(0'( Vf ! 9$#'5"'5) ),, f(A) ⊆ B1  ! "! #!
"/5 './(0 '( /5 '(  '&./(0 ,%&& .8&./(0 '(! :', +((#  -72

%(0', #-. #/0'5 ),, f(A) = B! ;:', 2)( "'52) -(4 %0, ),, *8&&) #%0

.' '( .8&./(0 #-. /5 #,455' /5 3<(2,%-('(# "/5 './(0 ! :',

+((#  -72 ='5) #2/& ,%&& ),, %$&)( 045) #81 '>'.?'&"%# $'*)( &)5

.)( %$&)( ='5) -&%2) 3<(2,%-('5 #-. ?8 ',, (),<5&%0, #/,, *)5

#)..) .8&./(0 1 .'( %(,' #)..) "/5 './(0 !@

 !"#$%!&!' ()*) 9$#'5"'5) ),, "85, 3<(2,%-(#$'05'?? /5 % '(A

,%#2, .'  ', #-. $5<2)5 )("/( )# %(-. ?5-05)..'5%(0! :'+A

(%,%-(#./(0 '( #")5)5 .-, B,C?'(6 *-# %( ),) -7* .8&./(0 '(

#")5)5 .-, B,C?'(6 *-# <, ),)! �

+,-!&.&/! ()() D"8 3<(2,%-('5 f : A→ B -7* g : C → D /5 ()*+1

f = g1 -. -7* '( )#, -. A = C1 B = D -7* f(x) = g(x) 345 )&&)
x ∈ A!

01,"2,3 ()4) E8, f : R→ R -7* g : R→ R .' 

f(x) = sin(2x) -7* g(x) = 2 sinx cosx.

:8 *)5 f -7* g #)..)  '+(%,%-(#./(0 -7* #)..) .8&./(0 

-7* '(&%0, '( "/&2/( ,5%0-(-.',5%#2 % '(,%,', /5 f(x) = g(x) 345
)&&) x ∈ R! F&&,#8 /5 f = g!

9. .)(  /5'.-, #/,,'5 f1 : [0, π]→ R 5'#?'2,%"' f2 : R→ [−1, 1]
-7*

f1(x) = sin(2x) -7* f2(x) = sin(2x).

#8 /5 f 6= f1 )( f 6= f2 '3,'5#-. )(,%(0'(  '+(%,%-(#./(0 '&&'5

.8&./(0 #2%&G'5 #%0 8,! �

H,, ")(&%0, #/,, ),, %&&<#,5'5) '( "%## 3<(2,%-( /5 0'(-. ),, 5%,)

 '## '"+,! I-5.'&&,  '+(%'5)# 05)3'( ,%&& '( 3<(2,%-( f : A → B
#-.  '&./(0 '(

05)3(f) = {(x, f(x)) : x ∈ A} ⊆ A×B.

JK



 ! "#$%&'"( "#$)!''*' +*, *'' ")'"% *-*+.*% $/+ !%%&$'(*("( ,* )0"

1*2(*..*)3

 !"#$"% &'(' 45' A = {4/''"67"(!"68/)"$} /9: %5' ;&)<'!/)*)
f : A → R 2*$ "# ,* '(* .*($/)*()"$ %=)2, ! 9*)'!+*'*(6 $5 "''

f(4/''") = 1646 f(7"(!") = 176 /9: f(8/)"$) = 1793 >5 =(
Vf = f(A) = {164, 176, 179} /9: *-*+.*%#!$ f({4/''"68/)"$}) =
{164, 179}3 ? @2&( A3B @))$ f C$ 2("; &'(!'",3 �

160

Lotta Maria Jonas

164

168

172

176

180

x

f(x)

D!2&( A3BE F(";*) '!%% ;&)<'!/)*) 2!#*) "# 4/''"$6 7"(!"$ /9: 8/)"$

%=)2,3

 !"#$"% &')' 45' f : R→ R /9: g : R→ R 2*$ "# f(x) = x+ 5
/9: g(x) = x2 − 13 >5 =(

Vf = f(R) = R,

*;'*($/+ *<#"'!/)*) f(x) = y :"( %G$)!)2 x /"#$*'' #", y =(3  !
:"( /9<$5

Vg = g(R) = [−1,∞),

HI



 ! x2 "# "$ %&"' "((" )*'%#%+" )," $%%(("  "(- .&%/0%( 01 2)(3%$ ",

3%(/4#+3%$  )(( R 4$

f(Z) = Z,

f([0,∞)) = [5,∞),

g((0, 1)) = (−1, 0),
g(Z) = {−1, 0, 3, 8, 15, 24, 35, . . .}.

5%("$ ", 3% 67#' )8#%$#"9 +$"6%$ :##9 ) :+7$ ;-; �

−4 −3 −2 −1 0 1 2 3 4
−2

0

2

4

6

8

10

12

14

16

<)+7$ ;-;= 5%("$ ", +$"6%$#"  )(( 67#' )8#%$#" f(x) = x + 5 8*>

g(x) = x2 − 1-

 !"#$"% &'(' ?# "+ "  3% ) 6"/)(@%# A%$998#9 6$7' 9'1( ()++%$

%# 2"#"#B %  400(% 8*> %  04$8#- 51 '8//%$ 9!9'8#%# .(9" 8*>

C"  )"9 8*>  "$ 6D$ 9)+ 91 "  .(9" 61$ 2"#"#%# 8*> 04$8#% /%E

3"# C"  )"9 61$ 400(% - 5%  " '"# 2%9'$),"9 ", %# 67#' )8# 34$

3%:#) )8#9/4#+3%# 7 +D$9 ", 3%  $% 6$7' %$#" 8*> 34$ 67#' )8#%#9

,4$3% 6D$ %# ,)99 6$7' +%9 ", 3%# 0%$98# 98/ 4 %$ 700 3%#- C%3

"#3$" 8$3= f : A→ B 34$ A = {2"#"#B 400(%B 04$8#}B B = {.(9"B

C"  )"9}B f(2"#"#) = .(9"B f(400(%) = C"  )"9 8*> f(04$8#) =

FG



 !"#$ %&#'() *+!! () ',)-*+.) #/ 0(**# "!#1 -#) 2#) 1( + *#3(!!'.&24

"( 51,& 6$7$ �

banan

äpple

päron

Elsa Mattias
x

f(x)

8+1,& 6$79 %&#'() *+!! ',)-*+.)() 1+/() #/ -.)",2*+.)() #/ '#2+!:()

;(&"".)" '&,-*"-<!$

 !"#$"% &'(' =<* A /#&# 2>)10() #/ #!!# ,*"#1.&$ =<* f(p)4
p ∈ A4 /#&# p?" "#))+)1"/>&0( @+ (** 1+/(* "#22#)A#)1B$ C< >&
f () ',)-*+.) '&<) A *+!! 2>)10() B = {S, F}$ D3"(&/(&# #**
/+ + -#E+*!(* .2 !.1+- 'F& #** 'F&()-!# )<1.* +0()*+5(&#0( ,*"#1#)

2(0 0("" "#))+)1"/>&0($ C(* >& 2(& '.&2(!!* -.&&(-* #** ".2 A>&

3(*&#-*# ,*"#1.&)# ".2 () 2>)10 A .GA #)/>)0# /<& ',)-*+.) #**

3(&>-)# 0("" "#))+)1"/>&0($

8F& /#&:( E#&4 (p, q)4 #/ ,*"#1.&4 ">** g(p, q) = p ∧ q$ C< >& g ()
',)-*+.) 2(0 A×A ".2 0(5)+*+.)"2>)10 .GA A ".2 2<!2>)10$�

 !" #$%&'()*)(&(+ ,-.%&'()*)(&(+ /)%&'()*)(&( 012

)$*&.,

D2 2#) /+!!4 -#) 2#) *>)-# E< () ',)-*+.) f : A → B ".2 ()

H2#"-+)H 0>& 2#) "*.EE#& +) (** 1.0*IG-!+1* (!(2()* a ∈ A .GA

'<& ,* (** ()*I0+1* (!(2()* f(a) ∈ B$ J#) -#) 0< *>)-# "+1 #**
2#) "-,!!( /+!:# -,))# -F&# H2#"-+)()H 3#-!>)1("$ J(0 0(* 2()#&

/+ #** .2 2#) "*.EE#& +) )<1.* b ∈ B4 "< /+!! 2#) #** a ∈ A
"<0#)* #** b = f(a) "-# -.22# ,*$ 8F& #** 0(**# "-# ',)1(&# -&>/"

KL



 !! !"# "$%%&'( )( *++,-%%. / .0%1  !! " (20 0%0304! $ B 5441 $ f 61
")(.03)47. ,8(  44 (1 & 4 3 4 $4!0 9$!! 4#7'! 1#. 4! a: .0%1  !!
.0! ,8( " (20 b ∈ B ; ( 5441 0!! 0%0304! a ∈ A 30. f(a) = b
,8(  !! a 1& " ( 04!-.$7!< =011 !"# "$&!$7 07041& +0( & %% 1 ,8(

 !"#$%&'('&$& '>9 ')#$%&'('&$&< ?)( ,8%20( .0 ,'(30%% .054$!$'40(4 @

 !"#$%$&# '()( A#! f : A → B< B3 f(A) = B: 1# 1)701 f " ( 

 !"#$%&'(< B3 .0! ,8(  %% + ( a1, a2  " 0%0304! $ A 7)%%0(  !!

a1 6= a2 ⇒ f(a1) 6= f(a2),

1# 1)701 f " ( ')#$%&'(< B3 f )( ;#.0 1*(20&!$" '>9 $420&!$" 1# )(

f *'#$%&'(<

=$1&*11$'404 ,8(0 .054$!$'404 3-44 .0  %%!1# *! $  !! ,8(  !! 3 4

1& &*44 C&8( 3 1&$404 ; &%)4701C &()"1  !! f )( ;$20&!$"< D'E

!0( '>&1#  !! '3 f : A → B $4!0 )( 1*(20&!$": .< "< 1< f(A) ⊂ B:

1# & 4 3 4  %%!$. 3$41& 3#%3)47.04 ,(#4 B !$%% f(A) '>9 ,# 04

1*(20&!$" ,*4&!$'4<

F44 4 "$ !$!! ( +# 0!! + ( 0G03+0% 1# &'330( 9)( 0!! + (  %%3)44 

(#. $ &'41!04  !! *4.0(18& '3 ,*4&!$'40( )( $420&!$" (01+0&!$"0

1*(20&!$" < H8(  !! "$1  !! 04 ,*4&!$'4 f : A → B )( 1*(20&!$":

1# ! ( 3 4 0!! 7'.!->&%$7! 0%0304! b ∈ B '>9 "$1 ( +# 4#7'! 1)!!

 !! .0! 5441 a ∈ A 1#. 4!  !! b = f(a)< I?*( "$1 ( 3 4  !! 04

,*4&!$'4 $4!0 )( 1*(20&!$"JK D)( .0! 7)%%0( $420&!$"$!0!04 1# )( .0!

',! 1! 04&% 1!  !! 78( 0!! &'4!( +'1$!$"! ;0"$1: .< "< 1< "$1  !!

f(a1) = f(a2)⇒ a1 = a2.

*+!,-!. '(/0( A#! A = {0, 1, 2} '>9 B = {2, 3, 4} '>9 %#! f :
A → B 701  "  !! f(0) = 2: f(1) = 4: f(2) = 2< =# )( f " (&04

1*(20&!$" 0%%0( $420&!$": !- f(A) = {2, 4} ⊂ B '>9 f(0) = f(2)< B3

3 4 ;0!( &! ( f 1'3 04 ,*4&!$'4 ,(#4 A !$%% {2, 4} ;%$( .04 .'>&

1*(20&!$" $ 04%$790! 30. ';10(" !$'404 '" 4< �

*+!,-!. '(//( H*4&!$'404 f : R → R 701  " f(x) = 2x − 5<
L&" !$'404 f(x) = y: .< "< 1< 2x−5 = y: 9 ( %814$47 x = (y+5)/2<
=0! ;0!-.0(  !! ,8(  %% y ∈ R 1# 5441 x 1#. 4!  !! f(x) = y<

MN



 !" #$"%# &%" '% f(R) = R () f '% (*%+!,-./0 1% f '/!$ .$+!,-./2
3$-#4 #-- f(x1) = f(x2) 56% %!!77# -#7 x1 &89 x20 :) '% #77-()

2x1 − 5 = 2x2 − 5,

/.7,!- ;!"56% #-- 2x1 = 2x2 () #-- x1 = x20 <5-!%(&; x1 &89 x2
/#% 4&"-=8,7.4- /#7"# 9#% /. /.(#- #-- 56% #77# x1 &89 x2 4'77!% #--

f(x1) = f(x2)⇒ x1 = x2,

/.7,!- '% !,/./#7!$- ;!" #-- x1 6= x2 ⇒ f(x1) 6= f(x2)0 >)7!"!(
9#% /. /.(#- #-- f '% .$+!,-./0 <5-!%(&; f &8,() '% (*%+!,-./ '% "!$
#77-() ?.+!,-./0 �

 !"#$"% &'()' @)- f : [0,∞)→ R 4!( #/

f(x) =
1

1 + x+ x2
.

A*$,-.&$!$ '% .$+!,-./ -= #$-#4 #-- f(x) = f(y)0 :) 4'77!%

1 + x+ x2 = 1 + y + y2,

"0 /0 (0

x− y + x2 − y2 = 0

&89 !5-!%(&; x2 − y2 = (x+ y)(x− y)B () 4'77!%

x− y + x2 − y2 = x− y + (x+ y)(x− y)

= (x− y)(1 + x+ y) = 0.

 !$ &; C%&"*,-!$ '% 0 ;)(-! !$ #/ 5#,-&%!%$# /#%# 00 :!$ #$"%#
5#,-&%$ ,#$ "&8, .$-! /#%# 0B !5-!%(&; 5*$,-.&$!$ ?#%# '% "!D$.!%#"
56% .8,!$!4#-./# %!!77# -#7 () #-- x ≥ 0 &89 y ≥ 00 >)7!"!( 567+!% "!-
#-- x− y = 0B "0 /0 (0 x = y (&; 6$(,#-0

A*$,-.&$!$ '% "&8, .$-! (*%+!,-./B -= 1+x+x2 ≥ 1 ;!" 7.,9!- ")
x = 0 () f(x) ≤ 10 :!((*-&; #$-#% 1 + x + x2 #77# /'%"!$ (-6%%!

EF



 ! 1 "# f(x) $!%$& $''$ ()"*%*+$ + &,-! "%.&&-  ! 0/ 0 &1-,  &

f([0,∞)) = (0, 1] 6= R/ 21 +* *"% ''-% 3-%&$4%$& f ")1 -! 56!4%*)!

5&#! [0,∞) %*'' (0, 1]7 "# 3'*& ,-! "6&8-4%*+/ 95%-&")1 ,-! +$& *!8-4%*+

3'*& ,-! * "# 5$''  +-! 3*8-4%*+/ �

:*8-4%*+*%-%  & $''%"# (&-;*" ,-! -<-!"4$( ")1 4& +" $+ -! 56!4%*)!

5.& $%% ,-! "4$ 46!!$ =4.&$" 3$4' !<-"=/ >-& 5)&1-''% " <-& 1$!

$%% )1 f : A → B  & -! 3*8-4%*+ 56!4%*)! "# ?$& f -!  !"#$%

g : B → A ")1 <-" $+ $%%

f(x) = y ⇔ g(y) = x.

@!+-&"-! %*'' f 3&64$& 3-%-;4!$" 1-, f−1/ >-, $!,&$ )&,A @!+-&"-!

f−1  & -! 56!4%*)! 5&#! B %*'' A ")1 <-" $+ $%% f−1(y) = x ,#

f(x) = y BC<6& D/E *''6"%&-&$&F/ 9! "G!)!G1 %*'' 3*8-4%*+ ")1 )5%$

$!+ !,"  & ?-'% !$%6&'*<%  !"#$&#$'($/

f

f

BA

f

f

y=f(x)

w=f(z)
z=f  (w)

x=f  (y)
-1

-1

-1

-1

H*<6& D/EA @!+-&"-! %*'' -! 56!4%*)!/

 !"#$"% &'(&' I* 3-"% 11-& *!+-&"-! %*'' 56!4%*)!-! f(x) =
2x − 5 ")1 +* * -%% -J-1(-' )+$! "#< +$& -! 3*8-4%*+ 56!4%*)!

5&#! R %*'' R/ H.& $%% 3-"% 11$ f−1(y) "4$ +* 3-"% 11$ 5.& +*'4-%

x ")1 f(x)  & 86"% y7 ,/ +/ "/ '."$ -4+$%*)!-! f(x) = y ")1 * ,-%%$

5$'' 3'*&

2x− 5 = y.

KD



 !""# $#% &' %!(#" )*+, -.$ &' /.0 12 #,, x = y+5

2
3 4)),+5 6%

f−1(y) =
y + 5

2
.

78,!%+-9 +16)&# :-0+,#&!" y +-9 &' #";!% 82"0,'-"!" 9!( 6% 2,<

:=,:#% 0#" &' -9 &' &')) :=,# 2, (!" 9-, >,')) !?!9@!)A x -.$ $#%
#,, f−1 6% (!" 82"0,'-" 8%5" R ,')) R +-9 ;!+ #&

f−1(x) =
x+ 5

2
.

�

 !"#$"% &'()' B5, -++ -.0+5 :!+,699# '"&!%+!" ,')) 82"0,'-"!"

+-9 (*0 2@@ ' (!, ,%!(1! !?!9@)!, -&#"3 C2 6% 12 (!" 82"0,'-"!"

'",! +2%1!0,'& +5 (!" +#0"#% '"&!%+3  -.0 6% (!" 12 :'1!0,'& -9 &'

9'"+0#% 95)96";(!" -.$ :!,%#0,#% (!" +-9 82"0,'-" f : [0,∞)→
(0, 1] +5 )5, -++ ;*%# (!,3  5 6% '"&!%+!" f−1 (!" 82"0,'-" 8%5" (0, 1]
,')) [0,∞) +-9 ;!+ #& #,, x = f−1(y) 6% )*+"'";!" ,')) !0&#,'-"!"
f(x) = y3 D (!,,# 8#)) 85% &' !0&#,'-"!"

y =
1

1 + x+ x2
⇔ x2 + x+ 1− 1

y
= 0.

 !""# #"(%#;%#(+!0&#,'-" $#% (!" #))96""# )*+"'";!"

x = −1

2
±

√

1

y
− 3

4
,

9!" !8,!%+-9 '"&!%+!"+ 95)96";( 6% (! '.0!"!;#,'&# %!!))# ,#)!"

6% &' :#%# '",%!++!%#(! #& (!" '.0!"!;#,'&# )*+"'";!"3 E' 85% #,,

f−1(y) = −1

2
+

√

1

y
− 3

4
, y ∈ (0, 1].

C-,!%# $6% #,, 1/y ≥ 1F +5

√

1

y
− 3

4
≥

√

1− 3

4
=

√

1

4
=

1

2

-.$ &' 85% !,, '.0!<"!;#,'&, ,#)3 �

GH



 ! "#$$#%&#''# ()%*'+,%-.

 !"#$ #"" f %& '! ()!*"+,! (&-! A "+.. B ,/0 #"" g %& '! ()!*"+,!
(&-! B "+.. !-$,! "&'12' 3%!$1 C4 15 65 75 1'" 7,3 8*,33'& )"8

(&-! f $-& #"" 87",99# +!8 +! g5 :#! *#! 1- ;+.1# '! !< ()!*"+,! h
(&-! A "+.. C $'!,3 #"" (=& 6#&2' x ∈ A 7%""#

h(x) = g(f(x)).

>)!*"+,!'! h *#..#7 (=&  !""!# $%%#&#'(# #6 f ,/0 g ,/0 3#!
7*&+6'& h = g ◦ f 4 15 65 75 3#! 0#& g ◦ f : A → C ?7' @$)& A5BC5

D3 3#! #!6%!1'& .+*!'.7'! 3'1 ()!*"+,!'& 7,3 3#7*+!'&4 7- *#!

3#! "%!*# 9- ()!*"+,!'! g ◦ f 7,3 1'! 3#7*+! 3#! (-& ,3 3#!

*,99.#& +0,9 )"$-!$'! 9- 3#7*+!'! f 3'1 +!$-!$'! 9- 3#7*+!'!
g5

  
  
!!
!!

  
  
!!
!!

 
 
!
!

A B C

f
g

h(a)=g(f(a))

f(a)

a

>+$)& A5BE F'! 7#33#!7#""# ()!*"+,!'! h = g ◦ f 5

F'" %& 6+*"+$" #"" ,;7'&6'&# #"" g ◦ f ,/0 f ◦ g + &'$'. %& ,.+*#
7#*'&5 F'" %& 2) +!"' 7%*'&" #"" f ◦ g '!7 'G+7"'&#& ;#&# (=& #""
g ◦ f 'G+7"'&#&H 1'" 0%!$'& 9- ,3 )"$-!$'! "+.. g 9#77#& +0,9 3'1
+!$-!$'! "+.. f 4 15 65 75 ,3 A = C5 I 1'" #..3%!!# (#..'" $%..'& +!"'
1'""# 7- 1'" 7*# 7!#&#&' ;'"&#*"#7 7,3 )!1#!"#$ %! &'$'. #"" %6'!

f ◦ g 'G+7"'&#&5 J6'! ,3 ;-1' f ◦ g ,/0 g ◦ f 'G+7"'&#& 7- %& 1' +
#..3%!0'" ,.+*#5

 !"#$"% &'()' K-" A 6#&# 3%!$1'! #6 #..# )"7#$,&4 .-" g : A×
A→ A $'7 #6 g(p, q) = p∧q ,/0 .-" f : A→ {S, F} $'7 #6 #"" f(p)
%& 7#!!+!$76%&1'" #6 p5 F- %& h = f ◦ g 1'! ()!*"+,! (&-! A × A
"+.. {S, F} 7,3 $'7 #6 #"" h(p, q) %& 7#!!+!$76%&1'" #6 p ∧ q5 �

BL



 !"#$"% &'()'  !"

A = {#$%%$&  '()}
B = {*+,,'& *')"'& -$.'.}
C = {700, 900, 1100}.

 !" f : A → B /$) '0 f(#$%%$12*+,,'& f( '()12-$.'. 345 %!"

g : B → C /$) '0 g(*+,,') = 1100& g(*')"') = 900 345 g(-$.'.) =
7006 7! 8( h = g◦f 9:;-"+3;$; 9(!; A "+%% C )3< /$) '0 h(#$%%$) =
1100 345 h( '()) = 7006

=>'? .$"@??$ ?$""'A B3& f ';/$( 0'? -3<*+)'(;' #$%%$ 345  '() !"
"+%% %:;45 $; 0+)) ?'/ 345 g ';/$( $;$(/++;;$5!%%$" + ?$ 3%+-' (8""$(;'
)3< 9';;) '"" 08%C' <$%%'; *! ?$; *+,,$(+' ?8( ?$ "0! -3<*+)'(;'

!" ?$;;' ?'/6 78(<$? ';/$( h 5:( <@4-$" $;$(/+ #$%%$ 345  '()

D4- + )+/ 0+? %:;4561 >+ ;3"$('( '"" )'<<';)8"";+;/$; f ◦ g +;"$

$E+)"$('( + ?$""' 9'%%6 �

 !"#$"% &'(*'  !" f 345 g .!?' 0'(' 9:;-"+3;$( 9(!; [0,∞) "+%%
[0,∞) 345 /$) '0 f(x) = x2 345 g = 1/(1 + x)6 7! 8(

g ◦ f(x) = g(f(x)) = 1/(1 + f(x)) = 1/(1 + x2).

F ?$""' 9'%% (!-'( 80$; f ◦ g 0'(' 08%?$D;+$('? 345

f ◦ g(x) = f(g(x)) = g(x)2 = 1/(1 + x)2.

>+ )$( '"" ?$ "0! )'<<';)8"";+;/'(;' + ?$""' 9'%% 8( 3%+-' 9:;-"+3G

;$(6 �

7$" 8( ;'":(%+/"0+) +;"$ :"$)%:"$" '"" f ◦g 345 g◦f (!-'( .%+ )'<<'6
HE$<*$%0+) )-$( ?$""' ?! A = B = C 3< ';"+;/$; f(x) = x $%%$(

g(x) = x6 7$" -'; 34-)! )-$ + ';?(' )+":'"+3;$(6  !" $E$<*$%0+) f
345 g 0'(' 9:;-"+3;$( 9(!; R "+%% R ?8( f(x) = x3 345 g(x) = x56
7! 8( .!?$ f ◦ g 345 g ◦ f 9:;-"+3;$; x 7→ x156 H"" "(+0+'%" <$;
0+-"+/" 9'%% 8( ;8( f : A→ B 8( .+C$-"+0 345 g : B → A 8( +;0$()$;

"+%% f 6 7! 8( .!?$ f ◦ g(x) = x 345 g ◦ f(x) = x6

II



 !"#$%!&!' ()*+)  !"#$%&"'" f : A→ A (&) *'( +, f(x) = x
#+--+( ./0  !"#$ $"$%&'#($ )#"# 12 A &34 ,% 5'$'3#"+0 6'" )'6 idA7
8'""+ 4+0 '*'"(#+1'" +$$ &) g : A→ A (2 *9--'0 :! +$$

f ◦ g(x) = f(g(x)) = g(x) &34 g ◦ f(x) = g(f(x)) = g(x),

67 ,7 (7 f ◦ g = g ◦ f = g7

;) g : A→ B 90 '" 5%:'#$%, .!"#$%&" )'6 %",'0( g−1 : B → A (2

121'#+6' ,% &,+" +$$

g ◦ g−1(x) = x &34 g−1 ◦ g(x) = x,

67 ,7 (7

g ◦ g−1 = idB &34 g−1 ◦ g = idA.

8'$$+ *'0 '$$ +-$'0"+$%,$ (9$$ +$$ #+0+#$'0%('0+ %",'0('" $%-- '" 5%<

:'#$%, .!"#$%&" g : A → B (&) '" .!"#$%&" f : B → A (26+" +$$

g ◦ f = idB &34 f ◦ g = idA7 �

;.$+ ,%-- )+" (9$$+ %4&1 ='0 9" $,2 .!"#$%&"'0 &34 6'$ *20 +--6'-'(

!$)90#$7 ;) f : A→ B> g : B → C &34 h : C → D (2 .20 ,% +$$

h ◦ (g ◦ f) : A→ D &34 (h ◦ g) ◦ f : A→ D.

8'((!$&) 4+0 ,% +$$

(h ◦ (g ◦ f))(x) = h((g ◦ f)(x)) = h(g(f(x))),

((h ◦ g) ◦ f)(x) = (h ◦ g)(f(x)) = h(g(f(x))).

8'$ (1'-+0 +--$(2 %"*'" 0&-- 4!0 ,% (9$$'0 1+0'"$'('0"+ &34 ,% #+"

)'6 *&$$ (+),'$' (#0%,+ h ◦ g ◦ f 7 8'$$+ 5'$?6'0 &3#(2 +$$ ,% !$+"
+$$ ($/$+ 12 10&5-') #+" 6'@"%'0+ 1&$'"( +, '" .!"#$%&" f : A→ A
(&)

f2 = f ◦ f, f3 = f ◦ f ◦ f '$37
,-."/.0 ()*1) A2$ f : R→ R )'6 f(x) = x27 82 90 $7 'B7

f4(x) = f(f(f(f(x)))) = f(f(f(x2))) = f(f(x4)) = f(x8) = x16.
�

CD



 !" #$%&'()&%&

 ! "#$ $%&#' (!((#( )*  !"#$% #"# )* +(,#-.$ /∧0 ∨0 %(12 .1" 34'-5
&%$ /∩0 ∪0 %(12 .1" ,%&#' (!&!-#$% 64'&% '! 7+ (!88 .)%$#(.$%$ )*
(#8 /+0 ·0 −0 %(129 :+ ,6# ;! <.$3#8!,%$# =%-$%))%( .1" ,% #(( &%( !
,748;# ;%$6%( 6#' =%($#6(#, ,.3 %' ,)%1!%88 (>) #; <+'6(!.'%$9

 !"#$%$&# '()*( ?*( A ;#$# %' -.&(>168!- 34'-&9 @' &'(#  !")

#$% # )* A 4$ %' <+'6(!.' f : A → A9 @' *+'(#  !"#$% # )* A 4$

%' <+'6(!.' f : A×A→ A9

A%$ #8834'( 6#88#$ 3#' %' <+'6(!.' f : An → A <B$ %' n54$ .)%5
$#(.$9 C &%''# <$#3,(488'!'- 6.33%$ ;! &.16 %'&#,( #(( ,% +'4$#

.1" =!'4$# .)%$#(.$%$9

@' +'4$ .)%$#(.$ 4$ #88(,* %' <+'6(!.' ,.3 "#$ ,#33# &%D'!5

(!.',34'-& ,.3 3*834'-&9 EB$ %' =!'4$ .)%$#(.$ -488%$ #(( &%D5

'!(!.',34'-&%' 4$ &%' 6#$(%,!,6# )$.&+6(%' #; 3*834'-&%' 3%&

,!- ,748;9  ! "#$ ,.3 ,#-( $%&#' ,%(( %F%3)%8 )* ,*&#'# <+'6(!.'%$9

@F%3)%8;!, 4$ <+'6(!.'%' f : R→ R -!;%' #; f(x) = x+5 %' +'4$
.)%$#(.$ )* R9 E+'6(!.'%' g : R2 → R -!;%' #; g(x, y) = x+y−4
4$ %' =!'4$ .)%$#(.$ )* R9 G%( D'', &.16 #'&$# ;!6(!-#$% .1" 3%$

'#(+$8!-# %F%3)%8H

+,!-.!/ '()0( E+'6(!.'%$'# f(x, y) = x + y .1" g(x, y) = x · y
4$ =!'4$# .)%$#(.$%$ )* Z+0 Z0 Q0 R .1" C9 E+'6(!.'%' h(x) = −x
4$ %' +'4$ .)%$#(.$ )* Z0 Q0 R .1" C9 /G.16 %7 )* Z+9  #$<B$I2�

+,!-.!/ '())( ?*(A ;#$# 34'-&%' #; #88# +(,#-.$9 G* 4$ f(p, q) =
p∧ q .1" g(p, q) = p∨ q %F%3)%8 )* =!'4$# .)%$#(.$%$ )* A9 E+'65
(!.'%' h(p) = ¬p 4$ %(( %F%3)%8 )* %' +'4$ .)%$#(.$ )* A9 �

+,!-.!/ '()'( ?*( U ;#$# %' !16%(.3 34'-& ,.3 ;! =%($#6(#$

,.3 +'!;%$,+3 .1" 8*( B = P(U)9 EB$ A,B ∈ B0 ,4(( f(A,B) =
A ∪ B0 g(A,B) = A ∩ B0 h(A,B) = A \ B .1" i(A) = Ac

9 G* 4$

f 0 g .1" h %F%3)%8 )* =!'4$# .)%$#(.$%$ )* B 3%&#' i 4$ %' +'4$
.)%$#(.$9 �
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 !"#$"% &'()'  !" A #$%$ &' ()*"+,-./( 01'(* ),2 .!" F #$%$

01'(*&' $# $..$ 3'1%$ )4&%$")%&% 4! A5 *6 #6 76 $..$ 83'-"/)'&%

f : A→ A6 9:% f, g ∈ F 7! 71""&% #/

h(f, g) = f ◦ g.

;! 1% 1#&' h(f, g) &' 83'-"/)' 8%!' A "/.. A6 ;1%0&* "$% h &"" 4$%
$# &.&0&'" / F 7)0 $%(30&'" ),2 (&% &"" '+"" &.&0&'" / F 7)0

7#$%5 *6 #6 76 h : F ×F → F 6 <&* $'*%$ )%* 1% h &' =/'1% )4&%$")%
4! F 6 �

>/ 7&% $"" / $..$ &?&04.&' =&"&,-'$7 *& =/'1%$ )4&%$")%&%'$ 0&*

&' 7+0=). @+, ·,∩,∨, ◦, . . .A 0&..$' 7/'$ "#! $%(30&'"6 ;&""$ 1%

&' 4%$-"/7- -)'#&'"/)' 7)0 0$' $'#1'*&% 8:% =/'1%$ )4&%$")%&%

/ $..01'2&"6 B1% #/ =&"%$-"$% &' $..01'5 /,-& '$0'(/#&'5 =/'1%

)4&%$")% 7-$ #/ =&"&,-'$ *&''$ 0&* ∗6 <)"7#$%$'*& -)'#&'"/)'
8:% 3'1%$ )4&%$")%&% 1% $"" 71""$ )4&%$")%' 8%$08:% 7/"" $%(30&'"6

C' $..01' 3'1% )4&%$")% =&"&,-'$% #/ 0&* ∼6 >/ 7-$ '3 .1%$ )77
'$0' 4! &' *&. &(&'7-$4&% 7)0 3'1%$ ),2 =/'1%$ )4&%$")%&% 0&%

&..&% 0/'*%& )8"$ =&7/""&%D

*"+,-.-/, &'(0'  !" A #$%$ &' 01'(*5 .!" ∗ #$%$ &' =/'1% )4&E
%$")% 4! A ),2 .!" ∼ #$%$ &' 3'1% )4&%$")% 4! A6

F6 C"" &.&0&'" e ∈ A 1% &'  !"#$ $"$ 8:% ∗ )0 e ∗ a = a ∗ e = a
8:% $..$ a ∈ A6

G6 H'"$( $"" e 1% &' /*&'"/"&" ),2 a ∈ A6 I0 b ∈ A 1% 7!*$'"

$"" a ∗ b = b ∗ a = e 7! 71(&% 0$' $"" b 1% &'  #%"&' "/.. a
06 $6 46 ∗6

J6 K#! &.&0&'" a ),2 b ()**+$"&,& 06 $6 46 ∗ )0 a ∗ b = b ∗ a6

L6 I4&%$")%' ∗ 1% ()**+$,$ % )0 a ),2 b -)003"&%$% 8:% $..$
a, b ∈ A6

M6 I4&%$")%' ∗ 1% ,'')- ,$ % )0 *&" 8:% $..$ a, b, c ∈ A (1..&%

$"" a ∗ (b ∗ c) = (a ∗ b) ∗ c6
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 ! "#$ %$&'( )*#'(+)'$ ∼ &' #$  !"#$%& #! ), -#+ ./' (00( a ∈ A
1&00#' (++ ∼ (∼ a) = a!

 !"#$"% &'()' 23-# + )45 · &' (66)47(+78( )45 9),,%+(+78(

)*#'(+)'#' *3 Z+: Z: Q: R )45 C! ;(0#+ < &' #$ 7-#$+7+#+ ./' +
)45 +(0#+ = &' #$ 7-#$+7+#+ ./' ·! >3 Z: Q: R )45 C 5(' (00( #0#,#$+

x 7$8#'6#$ −x ,! (! *! +! >3 Q: R )45 C 5(' (00( #0#,#$+ x 6= 0
7$8#'6#$ 1/x ,! (! *! ·! "#$ %$&'( )*#'(+)'$ − &' #$ 7$8)0%+7)$

#.+#'6), −(−x) = x ./' (00( x! ?@7 %+$A++B(' 5&' 9%$69(*#' 6),

,($ 5(' ,#- 671 '#-($ .'3$ 1'%$-69)0($! C 9(*7+#0 D 1/'6 '71)'/6(

-#E$7+7)$#' (8 (00( F#1'#** )45 '#6%0+(+#$ F#876(6 %+7.'3$ >#($)6

(G7), #$071+ 0)179#$6 7$.#'#$6'#10#'!H �

 !"#$"% &'(*' "# 0)1769( )*#'(+)'#'$( ∧ )45 ∨ &' 638&0 (66)I

47(+78( 6), 9),,%+(+78( F7$&'( )*#'(+)'#' #$071+ +(F#00#$ *3 67I

-($ =J! K$071+ -#$ +(F#00#$ .'(,13' -#+ )4963 F0! (! (++ %+6(1($ S
&' #$ 7-#$+7+#+ ./' ∧: +A p ∧ S = p ./' (00( p: ,#-($ F &' #$ 7-#$I

+7+#+ ./' ∨! "#$ #$-( %+6(1( 6), 5(' #$ 7$8#'6 ,! (! *! ∧ &' S 8('6

7$8#'6 &' S 6B&08+: +A p∧ p−1 = S 5(' F('( 0/6$7$1#$ p = p−1 = S!
"#+ #$-( *36+3#$-#+ 6), 5(' #$ 7$8#'6 ,! (! *! ∨ &' F 6), 5(' 671

6B&08 6), 7$8#'6: +A p ∨ p−1 = F 5(' F('( 0/6$7$1#$ p = p−1 = F !

L#1(+7)$#$ ¬ &' #$ 7$8)0%+7)$! �

 !"#$"% &'(+' C #G#,*0#+ ,#- %$78#'6%,#+ U )45 B = P(U)
&' ∩ )45 ∪ 9),,%+(+78( )45 (66)47(+78(! M*#'(+)'$ \ &' -)49

8('9#$ 9),,%+(+78 #00#' (66)47(+78 +A #G#,*#0876 U \∅ 6= ∅\U )45

U \(U \U) 6= (U \U)\U ! N&$1-#$ ∅ &' #$ 7-#$+7+#+ ./' ∪ )45 U &'

#$ 7-#$+7+#+ ./' ∩! "#+ E$$6 7$1#$ 7-#$+7+#+ ./' \! C$8#'6#' 6(9$(6
7 (00,&$5#+! O),*0#,#$+)*#'(+)'$ &' #$ 7$8)0%+7)$! �

 !"#$"% &'(,' 2#+'(9+( 3+#'71#$ ,&$1-#$ F (8 (00( .%$9+7)$#'

f .'3$ #$ 178#$ ,&$1- A +700 671 6B&08! M*#'(+)'$ ◦ &' (66)47(+78:

+A ./' (00( x 1&00#' (++

(h ◦ (g ◦ f))(x) = h((g ◦ f)(x)) = h(g(f(x)))

= (h ◦ g)(f(x)) = ((h ◦ g) ◦ f)(x),

,#$ 6), 87 +7-71('# 6#++ #G#,*#0 *3 &' -#$ 7$+# 9),,%+(+78! C-#$I
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 ! " #$%&' !(&"& idA )*+ #',- $*+ #!  &./&0 $*+ #(/ 1! +"2.& 343"5

'. ,+

f ◦ idA = idA ◦ f = f

$*+ .--. f ∈ F (67 idA ,+ .-- #4 "& !2"& ! " /8 .8 38 #.//.&#,  5

&!&)8 �

9&&.& 1! -,/&.+ 2"  . .1#&!  3.##.+ 1! 34 .  )*+.  14 "&'-. (:5

#"+1. !(&"+0 &,/-!)"& .  !2"& ! " "+ ,+ %&!'. (67 .  2" #.//.

),--"+ $*+ !&1"+#"+ $*+% #.  .  (3"+. (+& ,+ .##(6!. !1;

 !"# $%$&%  !" ∗ #$%$ &' ()&%$"(% )! &' *+,&"(- -.'/0 A1 2&"
3''4 56/4" &' *0&'"*"&" 76% ∗ * A1 8- a ∈ A (+5 ∗ .% $44(+*$"*#9
4! 5$% a 56/4" &' *'#&%41

:&#*41 <& .) .  e (67 f ,+  14 !2"& ! " "+8 =4 ),--"+ "&-!) 2">5

&! !(&"& .1 !2"& ! " .  

e = e ∗ f = f,

2,+ 2"& $*+# . -!'7" "& $*-?"+ .1 .  f ,+ "& !2"& ! " (67 2"& .&2+.

.1 .  e ,+ "& !2"& ! " 8

@4 #&.+-!' #,  #4 ),--"+ .  (/ b (67 c ,+  14 !&1"+#"+  !-- a0 e ,+

!2"& ! " "& (67 ∗ ,+ .##(6!. !1 .  

b = b ∗ e = b ∗ (a ∗ c) = (b ∗ a) ∗ c = e ∗ c = c.
�

 !" #$%%&'(%)*+,- *./ ),'+012&3, '(%)*4

+,5

=" ,+ 7,+ 34 #!& 3-. # .  -,+. #!) &4)+. #A/:(-"+ #(/ .&1,&2# $*+

.  $*+'(+ . -4&). %  +A6' 2,+ #.//. (3"+. (+ .&1,&2# "  # (+ 

.& .- )4&)"+8 <& .) .  1! 7.+  .-"& a1, a2, . . . , a100 (67 .  1! !
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 !"#$ %&$'%&$()*$ +$$,-.* /'012', & 23 4& )+%%& &2 4'%5 6!

*& 2( )*,(2&

a1 + a2 + . . .+ a100.

6#.* ( )', %&  3, %& )*,(2($ 4'$$&  !",& "! "', &$$ 4'$ 3,

'$$ "& )*& #$-%78("$ )3$$ &$$ )*,(2& 7!5 6'$$& 3, )*38'$ $(88 &$$

%& ( 91,$ )+%%&)-%/#8' 

∑

91, &$$ ()$388'$ *+  & )*,(2& 7! 4'$

/'$-48("$ )%(4("&,' )3$$'$

100
∑

k=1

ak.

:#8* ( "' &2 )*,(2)3$$'$ 3, &$$ %& )*& 8!$& /#*)$&2' k 817&

"' #% 0'8$&8' 9,! ; $(88 ;<< #.0 91, 2&,$ #.0 '$$ &2 4'))& ;<<

23,4' 7! k 83"") $',%' ak $(88 4' )+%%& %& 3, ( $,'))',&4

&25 =#*)$&2' k ( 4'$$& '>'%7'8 *&88&) 91, )+%%&$(# )( 4'>5 ?&8'$

&2 4' )7'.(@*& /#*)$&2' k 3, 91,)$!) #2(*$("$A 45 25 )5

∑

100

i=1
ai #.0

∑

100

n=1
an &2)', 7,'.() )&%%& )+%%&5 B+2+4)&*' 3, &$$ ( 4'>'$

0#) $',%', & )$3%%', 12',' ) %'4 )+%%&$(# )( 4'>'$ 2(4 )+%C

%&)-%/#8' 7! &2)'$$ )3$$5 DE>'%7'82()

∑

100

n=1
ak /8(, /&,& 100akF

n 2&,(',&,A %' ( $' k5 6'$$& 2&, 91,%#48("' ( $' 2&4 %& &2C

)'$$5G H1, &$$ 7#3 "$',& 4'$$& 2&,(',&) )+%%&$(# )( 4'> 9,()*$ (

'>'%78' )#% 918I',5

 !"#$"% &'&(' J!$ #)) )*,(2& )+%%& 1 + 2 + 3 + . . .+ 75 %'4

0I387 &2 )+%%&)-%/#8' 5 E9$',)#% $',%  +%%',m ( 4' &*$+'88&

)+%%& 3, I+)$ m )*,(2', 2(

75
∑

m=1

m.
�

K/8& 4 3, %& ( $,'))',&4 &2 )+%%#, &2 #3 48("$ %! "& $',%',A

45 25 )5 )+%%#, &2 $-7' a1 + a2 + a3 + . . .5 6! & "', %& 0'8$

' *'8$ #3 48("0'$' )#% )8+$%!8 91, )+%%& L

∞
∑

k=1

ak.

MN



 !" #$$%&'!()&% )*"&) $!''+,''%* ,& -!$.)$!/*%* -0")* )$$ $%&1%&*)

20 %$$ *)$.&'!($ -,$$ 3)& )*"&) /45%6$ ,* 3%'$)' -/1 !*"%78 "9 :9 -9

1)* 3)& *0(/* 1,*(" M  !" #$% &'%() )*)+),- i ∈ M .,,/ ),

-)%+ ai0 12 3', +', #$% /4++', '& '**' -)%+)%,' /3%5&'

∑

i∈M

ai.

 !"#$"% &'&(' 62- M &'%' +7,89), '& '**' +7,,5/3 % / + :);

-'*'% /3'-- -5** 9), /&),/3' /-'-), )-- &5//- 2%  !" *2- ai &'%' 9),

/3'-- / + <)%/ , i :)-'*'%0 12 ',8)%

∑

i∈M

ai

/-'-),/ - -'*' /3'--)5,-73- #%2, <%5&'-<)%/ ,)% 9)--' 2%0 �

=+ +', 3', -7,3'/ &'%' 5,-%)//)%'9 '& /4++ % '& +2,8' -)%+)%

3', +', ,'-4%*58-&5/ 5 ',9%' *78), 5/-7**)- -7,3'/ &'%' 5,-%)//)%'9

'& <% 943-)% '& +2,8' -)%+)%0 >&), 92 .,,/ ), 3 %-/?+: *@

∏

0

1), #4,8)%'% <%)!5/ / + /4++'/?+: *),0 AB)+<)*&5/ 3', +',

/3%5&' <% 943-), 1 · 4 · 9 · 16 · . . . · 100 / +

∏

10

n=1
n2

 !"  + &5 "'%

)-- -'* aj #$% &'%() j ∈M 3', &5 /3%5&'

∏

j∈M aj #$% <% 943-), '&

9)+0

C4 5,/)% +', #$%/-2/ '-- 9)--' /7-- '-- /3%5&' *2,8' 4--%?!3 <2

3 %-# %+ 7% +?!3)- +)% 8),)%)**- 7, '-- 87**' :'%' /4++ %  !"

<% 943-)%0 D', 3', 4-', <% :*)+ )%/7--' '995-5 , %)/<)3-5&) +4*;

-5<*53'-5 , +)9 &5*3), 3 ++4-'-5&  !" '// !5'-5&  <)%'- % / +

")*/-0 E5** )B)+<)* 8$% +', 9)-  #-' #$% 3 ,(4,3-5 ,  !" 95/(4,3;

-5 ,  !" ',&7,9)% 92 *5-) /-$%%) &)%/5 ,)% '& 9) -)!3), +', %)9',

"'% #$% 9)+0 =+ )B)+<)*&5/ p1, p2, . . . , p20 7% * 85/3' 4-/'8 % 3',

+', /3%5&'

∧

20

i=1
pi #$% p1 ∧ p2 ∧ . . .∧ p20  !"  + +', -5** &'%() )*);

+),- n 5 +7,89), D "'% ), * 85/3 4-/'8' qn /2 /-2%

∨

n∈D qn #$%

95/(4,3-5 ,), '& 9)+0 F /),'%) 3'<5-)* 3 ++)% &5 '-- /) )B)+<)*

<2 ?--)%*58'%) 3 %-# %+)% '& 9)--' /*'80
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 !"# $%&&%'(%))'*'+

 !"#$%$&#'  ! "#!$%&'! f "()! *+!,-.! A %&// *+!,-.! B +( .!

(.,./ 0'* %&// 12(3. ./.*.!% a ∈ A '(-!2( .%% .!%4-&,% ./.*.!% f(a)
& B5

6%% f +( .! "#!$%&'! "()! A %&// B 0$(&10 7) 04*8'/&0$ "'(* 0'*

f : A→ B.

9* *2! 1&// 8.%.:$!2 12- 0'* ;+!-.( *.- .%% ./.*.!% a $2! *2!
0$(&12

a 7→ f(a)

1&/$.% #%/+0.0 0'* 2%% <a 218&/-20 7) f(a)<

=+!,-.! A $2//20 ">( f ?0  !"#$%$&#'()#* @ *.-2! *+!,-.! B
$2//20 ">( f ?0 (+,()#* 5 9* C +( .! -./*+!,- 21 A -.A!&.(2(

*2! -$, !# ./ C 0'*

f(C) = {f(x) : x ∈ C} ⊆ B.

=+!,-.! f(A)@ -5 15 05 8&/-.! 21 ;./2 -.A!&%&'!0*+!,-.!@ $2//20
">( f ?0 /)0 !()#* 5

B(2".! %&// .! "#!$%&'! f : A→ B -.A!&.(20 0'* -./*+!,-.!

,(2"(f) = {(x, f(x)) : x ∈ A} ⊆ A×B.

 !"#$%$&#' C)% f : A → B5 9* f(A) = B@ 0) 0+,.0 f 12(2

'102!3%$/5 9* -.% ">( 2//2 72( a1, a2 21 ./.*.!% & A ,+//.( 2%%

a1 6= a2 ⇒ f(a1) 6= f(a2),

0) 0+,.0 f 12(2 $#2!3%$/5 9* f +( 8)-. 0#(3.$%&1 ':; &!3.$%&1 0) +(
f -$2!3%$/5

DE



 ! f : A→ B "# $% &'($)*'+ ,-%)*'.% /0 12# f $%  !"#$% g : B → A
/.! 3$/ 2+ 2**

f(x) = y ⇔ g(y) = x.

4%+$#/$% *'55 f &#-)2# &$*$6)%2/ !$7 f−18 4%+$#/$% f−1 "# 255*/0
,-%)*'.%$% ,#0% B *'55 A /.! 3$/ 2+ 2** f−1(y) = x 70 f(x) =
y8 9% /:%.%:! *'55 &'($)*'+ /.! .,*2 2%+"%7/ "# 1$5* %2*-#5'3*

 !"#$&#$'($8

;%*23 2** f : A → B .61 g : B → C "# *+0 ,-%)*'.%$# 7"# f </
!05!"%37 "# /2!!2 /.! g</ 7$=%'*'.%/!"%378 )(**(!%+&&! !,#!

h = g ◦ f : A→ C 7$=%'$#2/ 2+ 2** ,># +2#($ x ∈ A 3"55$# 2**

h(x) = g(f(x)).

?+$% .! &07$ f ◦ g .61 g ◦ f $@'/*$#2# AABCC /0 "# 7$ ' 255!"%1$*
.5')28

D-%)*'.%$% f : A → A /.! 3$/ 2+ f(x) = x )2552/ ,>#  -#!& &#&%.

/0!1& 2!#! .61 +' &$*$6)%2# 7$% !$7 idA8 9% ,-%)*'.% g : A→ B
.61 7$// '%+$#/ -EE,:55$# ,>5(2%7$F

g ◦ g−1 = idB .61 g−1 ◦ g = idA.

G2!!2%/"**%'%3 2+ ,-%)*'.%$# "# 2//.6'2*'+H 78 +8 /8

h ◦ (g ◦ f) = (h ◦ g) ◦ f.

 !"#$%$&#' I0* A +2#2 $% 3.7*:6)5'3 !"%378 9% 0!+$ 23#$(&2$

E0 A "# $% ,-%)*'.% f : A → A8 9% ' !+$ 23#$(&2$ E0 A "# $%

,-%)*'.% f : A×A→ A8

 !"#$%$&#' I0* A +2#2 $% !"%37H 50* ∗ +2#2 $% &'%"# .E$#2*.#
E0 A .61 50* ∼ +2#2 $% -%"# .E$#2*.# E0 A8

J8 9** $5$!$%* e ∈ A "# $%  -#!& &#& ,># ∗ .! e ∗ a = a ∗ e = a
,># 2552 a ∈ A8
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 ! "#$%& %$$ e '( )# *+)#$*$)$ ,-. a ∈ A! /0 b ∈ A '( 12+%#$

%$$ a ∗ b = b ∗ a = e 12 1'&)( 0%# %$$ b '( )#  !"#$% $*33 a
0! %! 4! ∗!

5! 672 )3)0)#$ a ,-. b &'(()*#$+$ 0! %! 4! ∗ ,0 a ∗ b = b ∗ a!

8! /4)(%$,(# ∗ '( &'(()*+* " ,0 a ,-. b 9,00:$)(%( ;<( %33%

a, b ∈ A!

=! /4)(%$,(# ∗ '( +%%', +* " ,0 +)$ ;<( %33% a, b, c ∈ A &'33)(

%$$ a ∗ (b ∗ c) = (a ∗ b) ∗ c!

>! ?)# :#'(% ,4)(%$,(# ∼ '( )#  !"'-)* '! ,0 +)$ ;<( %33% a ∈ A
&'33)( %$$ ∼ (∼ a) = a!

@:00%1A0B,3)#

n
∑

k=m

ak

$,39%1 1,0 %$$ 0%# 19% 32$% B,91$%7)# k 3<4% &)#,0 .)3$%3)# ;(2#

0 $*33 # ,-. ;<( 7%($ ,-. )$$ %7 +)11% 7'(+)# 42 k 3'&&1 $)(0)#

ak $*33 1:00%#! C%# 1$%($%( D12 93%($E 42 0 #'( 0%# $%( ;<(1$%

$)(0)#! @:00%# B3*( 0 ,0 n < m! F2 1%00% 1'$$ ;:#&)(%( 4(,G

+:9$1A0B,3)#

n
∏

k=m

ak,

0)+ +)# 19*33#%+)# %$$ 0%# 1$%($%( 42 1 ,-. 0:3$*43*-)(%( 1:--)1G

1*7$ 0)+ 7%(H) ak ;<( k B3%#+ .)3$%3)# ;(2# 0 $*33 #! F(,+:9$)# B3*(

1 ,0 n < m!

 !"#$%$&#' I2$ A ,-. B 7%(% 0'#&+)(! J# ()3%$*,# R ;(2# A
$*33 B '( )# +)30'#&+ $*33 +)# 9%($)1*19% 4(,+:9$0'#&+)# A× BK

+! 7! 1!

R ⊆ A×B.

/0 A = B 12 1'&)( 7* %$$ R '( )# ()3%$*,# ./ A!

LM



 !"#$%$&#'  !" #$%&' !(( &" '&)!(*+" R ,- A $'

•  !"!#$% +. ∀x ∈ A : xRx/

• &'((!) $&* +. ∀x, y ∈ A : xRy ⇒ yRx/

• +,)$&'((!) $&* +. ∀x, y ∈ A : (xRy ∧ yRx)⇒ x = y/

• ) +,&$)$% +. ∀x, y, z ∈ A : xRy ∧ yRz ⇒ xRz/

 !"#$%$&#' 0" '&)!(*+" #+. $' '&1&2*34 #5..&('*#6 +78 ('!"#*(*3

6!))!# 9:' &" !*%$%+-!,& !-+)$.,/

;-( R 3!'! &" '&)!(*+" ,- A +78 x ∈ A/ /*%$%+-!,&*-+&&!, !3 x %&#
!3

[x] = {y ∈ A : xRy}.

 $"%<&'"! [x] ($76&' 8&)! A +78 9:' (3- +)*6! &)&.&"( x +78 y * A
%$))&' !"(*"%&" !(( [x] +78 [y] $' )*6! &))&' !(( <& $' 0$&12,*)+/ 0"
=,,<&)"*"% !3 &" .$"%< * <*#>="6(! <&).$"%<&' #+. ($76&' 8&)!

.$"%<&" 6!))!# 9:' &" 3+ )$)$.,/ 063*3!)&"#6)!##&'"! =(%:' !))(-

&" ,!'(*(*+" !3 .$"%<&" A/ ?.3$"( #- %$))&' !(( &" ,!'(*(*+" !3
&" .$"%< A %&' =,,8+3 (*)) &" &63*3!)&"#'&)!(*+" %&"+. !(( .!"
#$%&' !(( (3- &)&.&"( $' '&)!(&'!<& +. +78 &"<!#( +. <& $' * #!..!

<&).$"%< * ,!'(*(*+"&"/

 !"#$%$&#' 0" '&)!(*+" R ,- &" .$"%< A #+. $' '&1&2*34 !"(*@
#5..&('*#6 +78 ('!"#*(*3 6!))!# 9:' &" 3+ )$!-- . 0,$,4/ 0" ,!'(*&))

+'<"*"% � ,- A 6!))!# 9:' &" ).)+- . 0,$,4 +. <&( 9:' !))! x, y ∈ A
%$))&' !(( x � y &))&' y � x/ ?. A $' &" .$"%< +78 � $' &" ,!'@
(*&)) +'<"*"% ,- A4 #- #$%&' 3* !(( (A,�) =(%:' &" 3+ )$!--) . 0,+0

(5,40/

?. (A,�) $' &" ,!'(*&))( +'<"!< .$"%< #- #$%&# &(( &)&.&"( m ∈
A 3!'! &((

• ($,$(+-) !-!(!,) +. <&( %$))&' 9:' !))! a ∈ A !(( a � m ⇒
a = m/

AA



•  !"# !$% &$& &'%  ! "#$ %&''#( )*( +''+ a ∈ A +$$ m � a⇒
a = m,

•  #'(%! &$& &'%  ! "#$ %&''#( )*( +''+ a ∈ A +$$ m � a,

• (%)*(%! &$& &'%  ! "#$ %&''#( )*( +''+ a ∈ A +$$ a � m,

-.$+% +$$ R1 &( #. (#'+$/ . )(0. A $/'' B  12 +$$ R2 &( #. (#'+$/ .

)(0. B $/'' C, 3#. (!  !'(!%%! *&$!%#+'&' S = R1 ◦R2 )(0. A $/''

C 40 )*'5+."# 6&$$7 8+. 6&%#( +$$ aSc9 )*( a ∈ A  12 c ∈ C9  !

"#$ :..6 .0% $ #'#!#.$ b ∈ B 60"+.$ +$$ aR1b  12 bR2c,

;<



 !"#$%&%'!(

 !"#$%% &'('

&'(  !" #$ %&!'($)!'%*+,, -. !/0 *+1%$' +$ '%*+,, !/0 %$2+.

%&!'($)+$ 0+,,%$ /,31% /.'+.  3 4+,% 13,/0+'+."5 6(' A &%.%

0-$2)+$ %& /.'+. 3 )+$$% '%*+,,5 7%*+,,+$ 1%$ !+! !/0 +$

89$1'3/$ 8.($ A×A '3,, N5 :9. )(;

&')  !" 6(' M = {1, 2, 3}5 <3,1% %& 8=,>%$)+ 89$1'3/$+. -. ,31%;

f1 : M → Q, f1(x) = 1/x,
f2 : M → Q, f2(1) = 1, f2(2) = 1/2, f2(3) = 1/3,
f3 : M → Q, f3(x) = −6/(x3 − 6x2 + 5x− 6),
f4 : M → Q, f4(x) = 5/(x2 + 3x+ 1),
f5 : Z+ → Q, f5(x) = 1/x,
f6 : M → R, f6(x) = 1/x,

&'&  !" 6(' f /?4 g &%.% '&( 89$1'3/$+. !/0 *()% 4%. R !/0 *()+

)+@$3'3/$!0-$2) /?4 0(,0-$2) /?4 !/0 -. 23&$% %&

f(x) = x2 − 1 /?4 g(x) = |x+ 1| · |x− 1|.

A=. &3,1% x 2-,,+. %'' f(x) = g(x) /?4 &%) -. )+' !'=.!'%

&-.)+' !/0 |f(x)− g(x)| %$'%.;

 !"#$%% &')'

&'*  !" 6(' f : R → R 2+! %& %'' f(x) = 3 − x )( x ≥ 0 /?4

f(x) = x2 )( x < 05 <%) -. f(7) /?4 f(−7); B$2+ Vf 5 B$2+

f((−∞, 4])5 C. f 3$>+1'3& /?4D+,,+. !9.>+1'3&;

&'+  !" A=,>%$)+ .++,,&-.)% 89$1'3/$+. 4%. %,,% R !/0 )+@$3'3/$!E

0-$2) /?4 0(,0-$2)5 <3,1% -. 3$>+1'3&%F !9.>+1'3&%F .+!G+1E

'3&+ *3>+1'3&%; B$2+ 3$&+.! 3 )+ 8%,, )( )+$$% +H3!'+.%.5

IJ



 ! f(x) = |x|"
#! f(x) = x2 + 4"

$! f(x) = x3 + 6"

%! f(x) = x+ |x|"

&! f(x) = x(x− 2)(x+ 2)'

 !" ()! *+, A = {n ∈ Z+ : n = a2 -./ 0+12, 3&), ) a}'

 ! 456  ,, A ⊂ Z+'

#! 701& &0 #58&9,5: -;09,520 f : Z+ → A 2$3 %&66 50:&/6

f−1 : A→ Z+'

 !# ()! 70, 1  ,, |A| = a 2$3 |B| = b 2$3  ,, f : A → B 2$3

g : B → A'

 ! <= a < b" : % 9 0 = 0 %+ 6>1 2= 508&9,5:5,&, 2$3

6;/8&9,5:5,&, 326 f 2$3 326 g?

#! 70, 1  ,, a = b' 456 %+  ,, f >/ 508&9,5: 2= 2$3 &0% 6,

2= f >/ 6;/8&9,5:'

 !$ (6! 4 % ;,=>/9&/ 1/ -&0  : &0 508&9,5: -;09,520?

 !% ()! *+, A : / =>01%&0  :  ))  0%/ 1/ %6@2)A02= =&% /&B

&)) 92&C$5&0,&/ 2$3 B =>01%&0  :  )) -./6, 1/ %6@2)A02=

=&% /&&)) 92&C$5&0,&/" %:6

A = {f : f : R −→ R, f(x) = a+ bx+ cx2, a, b, c ∈ R}
B = {f : f : R −→ R, f(x) = a+ bx, a, b ∈ R}

 !"#$!"#%& >/ &0 -;09,520" D : A −→ B %&D05&/ %  :

D(a+ bx+ cx2) = b+ 2cx.

 ! E/ D : A −→ B 508&9,5:?

#! E/ D : A −→ B 6;/8&9,5:?

$! F / D : A −→ B 50:&/6? G&6,>= 5 6+ - )) 50:&/6&0'

HI



 !"#$%% &'&'

&'()  !" #$%&' f◦g ()* g◦f &+ f(x) = x2+1 ()* g(x) = 1/(x2+1),

&'((  !" -+. f : R→ R /0& f(x) = x+a &12 a ∈ R, 3'& 12 fn(x)
&+ n ∈ Z+4

&'(*  !5" -+. A = {a, b, c} ()* B = {1, 2, 3, 4}, 3$ &067$02'2 .8+

9:7;.$(702

f : A −→ B /0& 20<0%7 f(a) = 1, f(b) = 2 ()* f(c) = 3

()*

g : B −→ A /0& 20<0%7 g(1) = a, g(2) = b, g(3) = c ()* g(4) = c.

'" =2 f $7>0;.$8 ()*?0%%02 !:2>0;.$84 @(.$802' &$.. !8'2,

A" =2 g $7>0;.$8 ()*?0%%02 !:2>0;.$84 @(.$802' &$.. !8'2,

)" #0!.1/ !'//'7!1..7$7<'27' f ◦ g ()* g ◦ f , B%C/ $7.0

'.. '7<0 &067$.$(7!D ()* /+%/17<&027',

&" =2 f ◦g ()* g◦f $7>0;.$8' ()*?0%%02 !:2>0;.$8'4 @(.$802'

&$7' !8'2,

 !"#$%% &'+'

&'(&  !" E067$02' 07 (F02'.(2 ∗ F+ R <07(/ '.. !1..'

x ∗ y = 2xy − x− y + 1.

'" =2 G ;(//:.'.$84

A" =2 G '!!()$'.$84

)" H$77! &0. 7+<(7 $&07.$.0.4

&" 3$%;' 0%0/07. *'2 07 $7802! ()* 8'& 12 $ !+ 9'%% &074

&'(+  !" -+. A 8'2' 07 /17<& /0& /$7!. .8+ (%$;' 0%0/07., E06D

7$02' 07 (F02'.(2 G 8$'

a ∗ b = a.

#0!8'2' !'//' 92+<(2 !(/ $ C87$7< I,JI, 3'29C2 .$%%9(<'&0 8$

8$%%;(20. '.. A !;:%%0 $770*+%%' /$7!. .8+ 0%0/07.4

KL



 !"#  !" #$% A &'(' )* +,-%./012+ 34*+- ,/5 1$% ∗ &'(' )* ,6)('%,(

6$ P(A) +2&)* '&

C ∗D = C∆D = (C \D) ∪ (D \ C).

7)!&'(' !'33' 8($+,( !,3 2 9&*2*+ :;<:;

$%&'())  !#!

 !"*  !" 7)(40*' ,/5 89()*01' !$ 1$*+% -)% +$(;

'"

2
∑

k=−3

k + 1

3
="

∣

∣

∣

∣

∣

1
∑

k=−4

1

k + 1

2

∣

∣

∣

∣

∣

 !"+  !" >0(2& ,3 !?33'*

1

2
+

1

4
+

1

8
+

1

16
+ . . .+

1

4096
3)- 5@416

'& !?33'!.3=,1)*;

 !",  !" >0(2& ,3

21
∑

n=1

1

n+ 1
!$ '%% !?33'%2,*!2*-)A +$( 8($* 0;

 !"-  !" #$% M &'(' 34*+-)* !,3 =)!%$( '& %'1)* BC DC E ,/5 <<;

F'- =12(

∑

i∈M iG F'- =12(

∏

i∈M i2G

$%&'())  !*!

 !./  1" #$% A &'(' )* 34*+- 3)- n )1)3)*%; H?( 3$*+' ()1'%2,I

*)( 6$ A J**! -)%G

 !."  1" #$% M &'(' 34*+-)* '& -) !&)*!0' *'3*)* 6$ $()%! <B

3$*'-)(C -; &; !;

M = {@'*?'(2C 8)=(?'(2C 3'(!C . . .}.

#$% R &'(' ()1'%2,*)* 6$ M -)J*2)('- '&

R = {(a, b) ∈M ×M : !2!%' =,0!%'&)* 2 a J**! 2 b}.

K&+9( &210' '& -) 8.(' )+)*!0'6)(*' ()L)A2&C !.33)%(2!0C '*I

%2!.33)%(2!0 ()!6)0%2&) %('*!2%2& !,3 R 5'(; M,%2&)(2*+'(

0(4&! 2 8,(3 '& =)&2! '%% -)* 5'( )+)*!0'6)* )11)( 3,%)A)3I

6)1 ,3 -)* 2*%) 5'( )+)*!0'6)*;

N:



 !"#$"$% &'#(#)"*

 !   !" #$% f : A → B &'(' )* +,*-%./* /01 !$% X /01 Y &'('

2)!34*52)( '& A6 7.8' '%% f(X ∪ Y ) = f(X)∪ f(Y ) /01 '%%

f(X ∩ Y ) ⊆ f(X) ∩ f(Y )6 9) )%% ):)3;)! 8/3 &.8'( '%% 2)%

.*%) '!!%.2 54!!)( '%% f(X ∩ Y ) = f(X) ∩ f(Y )6

 ! "  !" #$% f : A → B &'(' 8,(<)-%.& /01 2)=*.)(' +>( &'(<)

Y ⊆ B

f−1(Y ) = {x ∈ A : f(x) ∈ Y }.

 ?4*52)* f−1(Y ) -'!!'8 +>( 2)*  !"#$%& ' ()#! '& Y 6" 7.8'

'%% 2)% '!!%.2 54!!)( '%% +>( '!!' Y ⊆ B 4( f(f−1(Y )) = Y 6

7.8' '%% f−1(f(X)) = X +>( '!!' X ⊆ A /3 /01 )*2'8% /3

f 4( .*<)-%.&6

 ! #  @" 7. &)% '%% 8'33'*84%%*.*5)* '& %&$ A.<)-%.&' +,*-%./B

*)( 4( A.<)-%.&6 C)* 14( ,;;5.+%)* 1'*2!'( /3 '%% ,*2)(8>-'

/3&4*2*.*5)* %.!! 2)%%'D 26 &6 86 &.!-' 8!,%8'%8)( 3'* -'* 2('

/3 f ()8;)-%.&) g /3 3'* &)% '%% g ◦ f 4( A.<)-%.&6

'" 9) ):)3;)! ;$ +,*-%./*)( f, g /01 34*52)( A, B, C
3)2 f : A −→ B /01 g : B −→ C 8$2'*' '%% g ◦ f 4(

A.<)-%.& 3)* &'(-)* f )!!)( g 4( A.<)-%.&D 2&86 &.8' '%%

.*5)* '& .3;!.-'%./*)(*'

g ◦ f A.<)-%.& =⇒ f A.<)-%.&

)!!)(

g ◦ f A.<)-%.& =⇒ g A.<)-%.&

54!!)( 1)!% '!!34*%6

A" 7.8' '%%

g ◦ f A.<)-%.& =⇒ f .*<)-%.&

/01

g ◦ f A.<)-%.& =⇒ g 8,(<)-%.&.

EF



 ! "  !" #$% M &'(' )*+,-.+ '& '!!' (*%&/+0!/,' %(/'+,!'( &'(1

0'%.%.( 2'( !*+,-.( 13) *( 431/%/&' 2.!%'!5 6&$ %(/'+,!'( /

M '+1.1 &'(' !/0' 3) 372 .+-'1% 3) -.('1 0'%.%.( *( !/0'5

8.9+/.(' .+ :;+0%/3+ f : M → R ,.+3) '%% !$%' f(T ) &'('

'(.'+ '& T 5 <&,=( 3) f *( 1;(>.0%/& 372?.!!.( /+>.0%/& 372

@.1%*) @/!-.+ f(M) '& f 5

 ! #  1A" B/ -.9+/.('( .+ :;+0%/3+ g : R −→ R ,.+3)

g(x) =

{

2− 3x x < 0,

2− x2 x ≥ 0.

'" C3%/&.(' '%% g *( @/>.0%/&5

@" D.1%*) /+&.(1.+ %/!! g5

 ! $  1A" #$% M &'(' )*+,-.+ '& '!!' 4.(13+.( 13) 2'( .%%

1&.+10% 4.(13++;)).( 372 !$% Pn &'(' )*+,-.+ '& '!!' 43E

1/%/&' 2.!%'! ).- n 1/F(3(G 1$ %5.H5 *(

P4 = {n ∈ Z : 1000 ≤ n ≤ 9999}.

5

'" 8.9+/.(' .+ :;+0%/3+ f : M −→ P12 ,.+3) '%% !$%'

f(x) &'(' x 4.(13++;)).( ).- 12 1/F(3( 4$ :3().+

IJJJJCC88KKKKI5 L( f /+>.0%/& 372?.!!.( 1;(>.0E

%/&M

@" 8.9+/.(' .+ :;+%/3+ g : M −→ P8 ,.+3) 1;@%('0%/3+.+

g(x) = JJJJCC88EKKKK

3) x 2'( 4.(13++;)(.% JJJJCC88EKKKK5 65.H5

3) 4.(13+.+ p *( :=-- -.+ N >'+;'(/ $( NOOP 372 2'(

:Q(' 1/1%' 1/F(3(+' RSON 1$ *( g(p) = 19900101−4691 =
198954105 L( g /+>.0%/& 372?.!!.( 1;(>.0%/&M

 ! %  1A" B/ -.9+/.('( .+ :;+0%/3+ ϕ : R2 −→ R2
,.+3)

ϕ(p, q) = (a, b),

-*( x2 + ax + b *( -.% ;+/0' '+-(',('-143!Q+3) ).- x2E
03.T7/.+% !/0' ).- 1 13) 2'( p 372 q 13) +3!!1%*!!.+5

OU



 ! "# ϕ $%&'()$*+

,! "# ϕ -.#&'()$*+

/! 0'-)12  33 4 # (p, q) -56 %  )) ϕ(p, q) = (p, q)7

 !"# 8-! 9%  !"#$"%&' :.%()$;% 1# '% :.%()$;% h : R → R <$*'%

 * h(x) = ax2 + bx + c :=# %5<# #''33 (;%-) %)'# a> b ;/?

c7 @5) f(x) = x+1 ;/? ,'-)12 21%<6'%  *  33 (* 6# )$-( 

:.%()$;%'# g -;2 1# -56 %  )) f ◦ g = g ◦ f 7

 !"$ 83! A$ 6'B%$'# # '% ,$%1# ;4'# );# ⋆ 45 R <'%;2

x ⋆ y = x− 2y + 3xy.

 ! A$-  )) ⋆ $%)' 1#  --;/$ )$*+

,! A$-  )) ⋆ $%)' 1# (;22.) )$*+

/! A$3( 4 # x, y ∈ R (;22.)'# # 2'6  *-''%6' 45 ⋆7

 !"% 8-C! @5) M = {f : f ,$&'()$* ;/? f : N → N}7 A$ 6'B%$'# #
'% ,$%1# ;4'# );# ⋆ 45 M <'%;2

f ⋆ g = f ◦ g ◦ f−1 ◦ g−1.

"# ⋆ (;22.) )$*+ D;)$*'# 6$)) -* # %;<<# %)7

 !" 8-C! @5) A * # 21%<6'%  *  33 :=#-) <# 6-4;3E%;2 2'6

#''33 (;'F/$'%)'#> 6*-

A = {f : f : R −→ R, f(x) = a+ bx, a, b ∈ R}

A$ 6'B%$'# # '% ;4'# );#> ⋆> 45 A <'%;2

(a+ bx) ⋆ (c+ dx) = (ac− bd) + (ad+ bc)x

 ! "# ;4'# );#% (;22.) )$*+

,! "# ;4'# );#%  --;/$ )$*+

/! G$%%- 6') %5<;% $6'%)$)')+ 0'-)12 $ -5 : 33 6'%% 7

6! A 6 1# 6') '<'%)3$<'% :=# '% ;4'# );#+

HH



 !""  !" #$% R &'(' )*+ (*,'%-.+ /$ Z2
+ !.0 1( 2-&*+ '& '%%

(a, b)R(c, d) .0 a + d = b + c3 4-!' '%% )*%%' 1( *+ *5&-6

&',*+!(*,'%-.+3 7*) )*++' (*,'%-.+ 5'+ 0'+ /$ *%% +'%8(,-2%

!1%% -)*+%-9*(' &'(:* /'( (a, b) ∈ Z2
+ 0*) *%% *,*0*+% - Z3

4-,5*% )$;

 !"#  !<" 4- )*9+-*('( *+ *5&-&',*+!(*,'%-.+ R /$ R2
2*+.0=

(x1, y1)R(x2, y2) ⇐⇒ ∃c 6= 0 x1 = cx2 .>? y1 = cy2.

#$% E &'(' 01+2)*+ '& *5&-&',*+!5,'!!*( 03'3/3 R .>? ,$%

[(x, y)] @*%*>5+' *5&-&',*+!5,'!!*+ '& (x, y)3

'" 4-!' '%%

f([(x, y)]) =

{

x
y .0 y 6= 0,

0 .0 y = 0,

2*( *+ &1,)*9+-*(') A8+5%-.+ f : E −→ RB )&!3 '%%

)*9+-%-.+*+ -+%* @*(.( /$ &-,5*+ (*/(*!*+%'+% 0'+ &1,:*(

- *+ *5&-&',*+!5,'!!3

@" 4-!' '%%

g([(x, y)]) = xy

$%&' 2*( *+ &1,)*9+-*(') A8+5%-.+ g : E −→ R3

>" C( A8+5%-.+*+ f -+:*5%-&;

)" C( A8+5%-.+*+ f !8(:*5%-&;

 !"(  ," D* *%% *E*0/*, /$ *+ /'(%-*,,% .()+') 01+2) (A,�) !.0

?'( *E'5% *%% 0-+-0',% *,*0*+% !.0 1+)$ -+%* 1( *%% 0-+!%'

*,*0*+%3

 !")  <" #$% ⋆ &'(' *+ '!!.>-'%-& ./*('%.( /$ *+ 01+2) M 3 F+%'2

.>5!$ '%% )*% 9++! *+ -)*+%-%*% 0 .>? '%% &'(:* *,*0*+% a ∈M
?'( *+ -+&*(! −a 03 '3 /3 ⋆3 G+ )*,01+2) P %-,, M 5',,'! AH(

*+ /.!-%-& 01+2) 03 '3 /3 ⋆ .0 AH( ',,' a, b ∈M 21,,*( '%%







0 ∈ P,
a, b ∈ P =⇒ a ⋆ b ∈ P,
a ∈ P =⇒ (−a 6∈ P ∨ a = 0) .

IJJ



 ! "#$%!#&'& %( #% &#)'*!+% R ,- M .#%+/

R = {(a, b) ∈M2 : ∃p ∈ P 01'1 a = b ⋆ p}.

 !0' '** R 2& #% ,'&*!#)) +&"%!%. ,- M 1

 !"# 3045 6-* M = {1, 2, 3}1

'5 7# #% &#)'*!+% R ,- M 0-"'% '** |R| ≥ 3 +89 Rn = ∅
:;& %-.+* n > 11

<5  '" 2& "#* 0*;&0*' '%*') #)#/#%* 0+/ #% &#)'*!+% R ,-

M ='% !%%#9-))' +/ Rn = ∅ :;& %-.+* n > 11

>+*!?#&' "!%' 0?'& %+..&'%*@

 !"$ 305 A#*&'=*' +,#&'*+&% 0'//'%02**%!%.B C◦CB ,- /2%."#% '?
&#)'*!+%#& ,- #% /2%." M 1

'5 D& ◦ =+//(*'*!?E
<5 D& ◦ '00+8!'*!?E
85 F!%%0 "#* %-.+% !"#%*!*#*E

"5  !)=' #)#/#%* 9'& #% !%?#&0 +89 ?'" 2& ! 0- :')) "#%E

GHG



 ! "! #$% &' ()* *+,)- .'/)0 )00 .)*1+ /)--'-2/0)$+33 4)- 56/ 7+,

(1839 ). ¬ :;( ∨! < #)% .'/),+ .' )00 7)- 4)- +*/800) $6,)

,+//) 0.6 7+, +-$)*0 =>=?@:9+*)0:*- :;( )330/6 4)- .)*1+

/)--'-2/0)$+33 56/ 7+, (1839 ). +-$)*0 ,+--)!

#;% &'/) )00 ¬p⇔ p&p :;( p ∨ q ⇔ (p&q)&(p&q)!

 !"#$%& '

A! ! #)% "B CB  DB   #$% 78-2,+- 8* 0:7 #;% )33) (+30)3 /0E**+ 8-

" #,% FB GB HB "

A!A! #)% /)-0 #$% /)-0 #;% 5)3/40 #,% /)-0 #+% 5)3/40 #5% /)-0 #2%

5)3/40 #(% 5)3/40

A!I! )% A ∪B = {−2, 2, 4, 5, 6, 7, 8, 9, 10}
$% A ∩ C = ∅
;% B ∩ C = {5, 7, 9}
,% P(A) = {∅, {−2}, {2}, {−2, 2}}

A!J! )% A ∩ Z = {5, 32}
$% B ∪ C = {f, l, o, d, h,  , s, t}
;% A ∩ C = ∅
,% (B ∪ C ∪A) ∩D = {f, l, o, d, h,  , s, t, a, r}

A!F! )% P(A) = {∅, {1}, {2}, {1, 2}}
$% A× P(A) = {(1, ∅), (1, {1}), (1, {2}), (1, {1, 2}),

(2, ∅), (2, {1}), (2, {2}), (2, {1, 2})}.

A!G! |A×B| = mn :;( |P(A×B)| = 2mn
!

A!H! A ∩B = AB A \B = ∅ :;( A ∪B = B!

A!"! A = {a, c, k, s, t, v, x}B B = {b, f, s, t, v, x}!

A!C! |A ∪B| = a+ b− c!

A!  ! AI +3+7+-0!

IJ 



 !" ! #$ A 6= B %&&' ()* )** )+)$)&* x ∈ A ',$ -&*) %&&' - B.

)++)/ *01/*,$! 2 ()* 34/'*5 35++)* 61++)/ 5** {x} %&&' - P(A)
$)& -&*) - P(B) ,78 - ()* 5&(/5 35++)* 61++)/ ()* ,$01&(5

34/89++5&()*!

 !":! ;- *5/ ()* 3)$*,&() <9'*9)&()* ',$ )=)$<)+> x ∈ A ∩ (B ∪
C)⇔ x ∈ A∧x ∈ B ∪C ⇔ x ∈ A∧ (x ∈ B ∨x ∈ C)⇔ (x ∈
A∧ x ∈ B) ∨ (x ∈ A ∧ x ∈ C)⇔ x ∈ (A∩B) ∪ (A ∩C). (1/
()& 5&(/5 )?0-05+)&')& 34+@)/ 50 ?1&* 35?*A$ ,$ ,<)/5*,/)/

$)( +,6-'?5 <9'*9)&()&!

 !"B! C)& 34/'*5 +-?8)*)& 1/ ?,//)?*. $)(5& ()& 5&(/5 -&*) 5++*-(

61++)/! D** $,*)=)$<)+ $,* ()& 5&(/5 +-?8)*)& 39/ $5& ,$

$5& '1**)/ A = B = C = {1}! E4/ 5** 0-'5 ()& 34/'*5>

x ∈ A∩ (B \C)⇔ x ∈ A∧x ∈ B \C ⇔ x ∈ A∧x ∈ B ∧x 6∈
C ⇔ x ∈ A∧x ∈ B∧x 6∈ A∩C ⇔ x ∈ A∩B∧x 6∈ A∩C ⇔
x ∈ (A ∩B) \ (A ∩ C)!

 !"F G5/5 5H 1/ '5&&!

 !"#$%& '

:!"! D3*)/',$ A×A = {(x, y) : x ∈ A∧y ∈ A} ?5& 0- +9*5 f(x, y)
05/5 50'*9&()* $)++5& x ,78 y!

:! ! EA&?*-,&)/&5 f1. f2 ,78 f3 1/ +-?5!

:!:! C) *09 3A&?*-,&)/&5 1/ +-?5 (9 x ≤ −1 )++)/ x ≥ 1! 2 40/-65
35++ 61++)/ 5** |f(x) − g(x)| = 2(1 − x2) ',$ I+-/ ',$ '*4/'*

 . 0-+?)* '?)/ (9 x = 0!

:!B! EA&?*-,&)& 1/ 'A/@)?*-0 $)& -&*) -&@)?*-0! f(−7) = (−7)2 =
49. f(7) = 3− 7 = −4. Vf = R. f((−∞, 4]) = [−1,∞)!

:!J! 5H 05/?)& -&@)?*-0 )++)/ 'A/@)?*-0. IH 05/?)& -&@)?*-0 )++)/ 'A/K

@)?*-0. 7H I-@)?*-0. -&0)/')& 1/ f−1(x) = (x−6)1/3. (H 05/?)&
'A/@)?*-0 )++)/ -&@)?*-0. )H 'A/@)?*-0 $)& -&*) -&@)?*-0!

:B 



 !"! #$$ A ⊆ Z+ %& '( )*+,-*+&$ .&/0 12304$45020 ,/ 6+0 7289:2&

7+&+ :4,+ +$$ 12$ 300, 2$$ ;5,4$4:$ 82*$+* b ,56 40$2 *4))2& 4

A! <$$ ,/1+0$ %& $4** 2=26;2*  2.$2&,56 12$ 40$2 )%**2& +$$

3 = a2 .9& 0/)5$ 82*$+* a! <0 74'2-$4: .(0-$450 %& f(a) = a2

:+& 40:2&, %& f−1(a) =
√
a!

 !>! ?+@ <.$2&,56 |f(A)| ≤ a < b -+0 40$2 f :+&+ ,(&'2-$4:! A/

,+66+ ,%$$ -+0 40$2 g :+&+ 40'2-$4: $B 56 ,/ :5&2 .+**2$

,-(**2 12$ )%**+ +$$ |g(B)| = |B| = b :4*-2$ 65$,%)2&

+$$ g(B) ⊆ A! C 9:&4)$ -+0 :4 40$2 ,%)+ 0/)5$ 12304$4:$

($+0 -%00+ $4** f 5D8 g ,;2D43-$!

?7@ f %& 40'2-$4: 56 5D8 201+,$ 56 f(x) 6= f(y) .9& +**+

x 6= yE 4 12$$+ .+** 56 5D8 201+,$ 56 |f(A)| = |A| = |B|
:4*-2$ ,-2& 56 5D8 201+,$ 56 f(A) = B 1! :! ,! 56 f %&

,(&'2-$4:!

 !F! #**+ ;(0-$2& ;/ )&+.20 8+& 5*4-+ yG-55&140+$2&!

 !H! +@ I2&4:2&40)20 %& 40$2 40'2-$4: 1/ $ 2= D(1+x) = D(x) =
1!

7@ I2&4:2&40)20 %& ,(&'2-$4:E $B $+) )51$BD-*4)$ ;5*B056

f(x) = a + bx ∈ B! I/ )%**2& +$$ 12&4:+$+0 +: ?120

;&464$4:+ .(0-$45020@ ax+ b
2
x2 (;;.B**2& ;&2D4,

D(ax+
b

2
x2) = a+ 2

b

2
x = f(x).

D@ <.$2&,56 .(0-$45020 40$2 %& 40'2-$4: ,/ %& 120 40$2 40G

:2&$2&7+& 5D8 ,+-0+& +**$,/ 40:2&,!

 !JK! f ◦ g(x) = f(g(x)) = g(x)2 + 1 = 1/(1 + x2)2 + 1E g ◦ f(x) =
g(f(x)) = 1/(f(x)2 + 1) = 1/((x2 + 1)2 + 1)!

 !JJ! fn(x) = x+ an

 !JL! +@ 40'2-$4: 620 40$2 ,(&'2-$4:E 7@ ,(&'2-$4: 620 40$2 40'2-$4:E

D@ g ◦ f 74'2-$4:E f ◦ g :+&-20 40'2-$4: 2**2& ,(&'2-$4:!

 !J ! M/12 -566($+$4: 5D8 +,,5D4+$4:! N+*2$ J %& 4120$4$2$! #**+

2*2620$ x 6= 1/2 8+& 40:2&,20 x−1 = x/(2x − 1)! O9& 1/2
,+-0+, 40:2&,!

 P 



 !"#! $%%&'()*(+ ,-. (.*- /&,,0*)*(+! 12-.*(*-* %)/.)% &'3 2456

,-2 4+-. (.+-5%-5! 7, ,4.82-. 9)5) (..-3:;;(* -** -.2)

-;-,-.* %/0;;- &<-5)*&5. *5(+();* +)5(* /&,,0*)*(+ &'3 3)=*

(2-.*(*-* &'3 (.+-5%!

 !">! $%%&'()*(+ &'3 /&,,0*)*(+! ?&,,) ,4.82-. 45 (2-.*(*-*!

@-..) 3)5 %(8 %A4;+ %&, (.+-5%B ( C+5(8* %)/.)% (.+-5%-5!

 !"D! )E 1B 9E 24

35

 !"F!

1

2
+ 1

4
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8
+ 1

16
+ . . .+ 1

4096
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∑

12

k=1
1
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 !"G! H:* k = n− 1! I( =:5 2:

21
∑

n=1

1

n+ 1
=

20
∑

k=0

1

k + 2

 !"J!

∑

i∈M i = 2 + 4 + 7 + 11 = 24B
∏

i∈M i2 = 22 · 42 · 72 · 112 =
379456!

 !KL! M. 5-;)*(&. 45 A0 -. 2-;,4.82 *(;; A×AB 2! +! %! -** -;-,-.*

( P(A×A)! M=*-5%&, 2-* N..% n2
-;-,-.* ( A×A N..% 2-*

);;*%: *&*);* 2n
2

&;(/) 5-;)*(&.-5!

 !K"! @-. 45 5-O-P(+B *Q aRa 9-*Q2-5 A0 )** R%(%*) 9&/%*)+-. ( a
:*-5N..% ( aS +(;/-* A0 0<<-.9)5;(8-. );;*(2 45 %).*!

@-. 45 (.*- %Q,,-*5(%/B *Q *! -P! 45 R&/*&9-5S 5-;)*-5)2 ,-2

R,)5%S ,-. (.*- +('- +-5%)!

@-. 45 (.*- ).*(%Q,,-*5(%/B *Q *! -P! 45 RA).0)5(S &'3 R=-950)5(S

5-;)*-5)2- *(;; +)5).25)!

@-. 45 (.*- *5).%(*(+B *Q *! -P! 45 R,)5%S 5-;)*-5)2 ,-2 R%-<6

*-,9-5SB R%-<*-,9-5S 5-;)*-5)2 ,-2 R)<5(;S ,-2). R,)5%S (.*-

45 5-;)*-5)2 ,-2 R)<5(;S!

 !KK! R 45 *5(+();* 5-O-P(+ 2: A0 a2 + b2 = a2 + b2! TQ,,-*5(. 45

&'/%: 0<<-.9)5! ?5).%(*(+(*-*-. 45 &'/%: 54**=5),U a2+ b2 =
c2 + d2 &'3 c2 + d2 = e2 + f2

,-2=C5 *5(+();* )** a2 + b2 =
e2 + f2

! M/+(+);-.%/;)%%-5.) 0*8C5% )+ );;) '(5/;)5 '-.*5-5)6

2- /5(.8 &5(8&! M. ,4.82 ,-2 -P)/* -** -;-,-.* 05 +)5A-

-/+(+);-.%/;)%% 45 {(x, 0) : x ≥ 0}!

 ##



 !" ! #$%$&'(')$)$* +, ),'('-./ .'0123 1433$),'*! 56, -)) ('1- ),-*7

1')'(')$)$*8 93 (a, b)R(c, d) 2:; (c, d)R(e, f) <+..$, -))max(|a|, |b|) =
max(|c|, |d|) 2:; max(|c|, |d|) = max(|e|, |f |) =, ('.0$) >$) ?6.7
@$, -)) max(|a|, |b|) = max(|e|, |f |)/ >! (! 1! (a, b)R(e, f)! A07
('(-.$*10.-11$,*- +, 3+*<>$* -( 0(->,-)$, :$*),$,->$ 0,'*<

2,'<2! A* ,$B,$1$*)-*) ?6, 0(->,-)$* 3$> 1'>-* 2x +, )'..

$&$3B$. (x, 0)!

 !"C! -D 56.@$, >',$0) -( -)) .'0;$) +, $* $0('(-.$*1,$.-)'2*!

ED {2, 11, 20, 101, 110, 200}
:D F$11- +, '*)$ 02,,$0)- >$G*')'2*$,! H' ;-, )! $&! -)) [7] =

[16] $?)$,123 EI>- ;-, 1'J$,1=33-* 7! F+,$32) <+..$,

)! $&!

[7]⊕ [3] = [10] 2:; [16]⊕ [3] = [19],

3$* [10] 6= [19] 1I K->>')'2*1>$G*')'2*$*L E$,2, BI ,$7

B,$1$*)-*)$*! MI 1-33- 1+)) E$,2, K3=.)'B.'0-)'2*$*L

BI ,$B,$1$*)-*)$* ?6, (' ;-, )! $&!

[7]⊗ [7] = [49] 2:; [16]⊗ [7] = [112],

3$* [49] 6= [112]!

 !"N! #$%$&'(')$)8 a|a )4 a = 1a! O*)'1433$),'8 93 a|b 2:; b|a
<+..$, ?6, )(I ;$.)-. m 2:; n -)) b = ma = m(nb) = mnb
(-,?6, mn = 1! A?)$,123 a 2:; b +, B21')'(- <+..$, >$) >I -))

m = n = 1 2:; >+,?6, -)) b = a! P,-*1')'(')$)8 93 a|b 2:;

b|c <+..$, -)) c = nb = n(ma) = nma >! (! 1! a|c! Q$ E$('1$*

-( Q-)1$,*- N!C7N!R!

 !"S! F$* +, ,$%$&'(/ )4 A = B ∩ A $?)$,123 A ⊆ B 2:; B ⊆ B
1I (A,B)R(A,B)!

F$* +, -*)'1433$),'10 )4 -*)-< -)) (A,B)R(C,D) 2:; (C,D)R(A,B)/
>(1! A = B∩C, B ⊆ D, C = D∩A 2:; D ⊆ B! 5,I* B ⊆ D
2:; D ⊆ B 1I ?I, (' B = D! F$) <$, A = B∩C = D∩C = C
$?)$,123 C ⊆ D! O..)1I +, (A,B) = (C,D) 2:; R -..)1I -*7

)'1433$),'10!

F$* +, ),-*1')'( )4 -*)-< -)) (A,B)R(C,D) 2:; (C,D)R(E,F )/
>(1! A = B ∩ C, B ⊆ D, C = D ∩ E 2:; D ⊆ F ! 5,I*

 CN



B ⊆ D  !" D ⊆ F #$ %$& '( B ⊆ F ) *+##,- . A = B ∩C =
B∩ (D∩E) = B∩E +%-+&# . B ⊆ D /+& B∩D = B) 011-#$

"2& '( 2-- (A,B)R(E,F )  !" 34&.+3 2-- R 4& -&25#(-('

6)78) 29 *+5 4&  !"!#$%: -; a ≤ a  !" s(a) ≤ s(a) %<& 2112 a #$

aRa) *+5 4& &'($)*++!( $),: -;  . aRb  !" bRa #$

4& #=+!(+11- a ≤ b  !" b ≤ a: #$ a = b) *+5 4& ( &')$($%:

-; aRb  !" bRc 4& +>'('21+5- .+3 2-- a ≤ b ≤ c  !"

s(a) ≤ s(b) ≤ s(c)) *+--2 /+& ?, -2!> '2&+ 2-- ≤ 4&

-&25#(-(' 2-- a ≤ c  !" s(a) ≤ s(c): 3'#) aRc)

@9 A+?: -; -)+B) 9 < 10 .+5 s(9) = 9 > 1 = s(10) #$ 9  !"

10 4& (5-+ 211# &+12-+&23+ -(11 '2&253&2)

6)6C) D2/ -(11 +B+.=+1 R2 = R1) *$ @1(& R2 ◦R1 = R2
1 = {(1, 3)})

6)6E) F. R 4& -&25#(-('  !" (x, y) ∈ R ◦R /411+& 2-- 3+- G55# +--

+1+.+5- z #$325- 2-- xRz  !" zRy '(1>+- -2!> '2&+ -&25#(-(H

'(-+-+5 .+3%<& 2-- xRy: 3) ') #) (x, y) ∈ R) 011-#$ /411+& 2--

R◦R ⊆ R) I 253&2 #(325  . R◦R ⊆ R: xRy  !" yRz /411+&

=+& 3+G5(-( 5 2' R ◦ R 2-- (x, z) ∈ R ◦ R '(1>+- 3$ .+3%<&

2-- (x, z) ∈ R: 3) ') #) xRz) 011-#$ 4& R -&25#(-(')

6)66) J<&#-  @#+&'+&2& '( 2--  . C1 ⊆ C2 ⊆ A /411+& 2-- f(C1) ⊆
f(C2)K 3+--2 %<1?+&  .+3+1@2&- 2' 3+G5(-( 5+5 2' 3+##2 .45/H

3+&) *4&%<& /411+& 2-- f(X ∩ Y ) ⊆ f(X)  !" 2-- f(X ∩ Y ) ⊆
f(Y ) '(1>+- ( #(5 -,& .+3%<& 2-- f(X ∩ Y ) ⊆ f(X) ∩ f(Y ))
L-- . -+B+.=+1 M@1253  4531(/- .$5/2 253&29 . - 3+5  .H

'4532 (5>1,#( 5+5 /+# 2' f : R→ R: f(x) = x2: X = (−1, 0)
 !" Y = (0, 1))

J<& 2-- '(#2 2-- f(X) ∪ f(Y ) ⊆ f(X ∪ Y ) 25'453# #2..2

-+>5(> # . 5;##) J<& 2-- '(#2 2-- f(X ∪ Y ) ⊆ f(X) ∪ f(Y )
 @#+&'+&2& '( 2-- %<& 2112 y ∈ f(X∪Y ) /411+& 2-- y = f(a) %<&
5$/ - +1+.+5- a ∈ X ∪ Y ) 0-- a ∈ X ∪ Y @+-;3+& 2-- a ∈ X
+11+& 2-- a ∈ Y ) N 3+- %<&#-2 %211+- /411+& 2-- y = f(a) ∈ f(X)
 !" 3+- 253&2 2-- y = f(a) ∈ f(Y ) #$ 2-- 3+- ( @4//+ %211+5

/411+& 2-- y ∈ f(X) ∪ f(Y ))

6)6O) P( -2& 3+5 %<&#-2 3+1,==/(%-+5) L%-+&# . f 4& #,&?+>-(' /411+&

2-- f−1(Y ) (5-+ 4& - . #$'(32 (5-+ Y #?41' 4& - . M !" 3$ 4&

6OQ



 !"#$%$& f(f−1(Y )) = Y %'!(!) % *)&&+, -. &/ y ∈ Y 0&&*

1$% )  %*2 $%% x ∈ A *21)&% )%% y = f(x) *2 3$' 1$0&!%!4&

56  $' )%% x ∈ f−1({y}) ⊆ f−1(Y ), 76'89' 56  $' )%% f(x) ∈
f(f−1(Y )): 1, (, *, y ∈ f(f−1(Y )),

; )&1') *!1)& 4. y ∈ f(f−1(Y )) *2 56  $' )%% y = f(x) 89'

&254% x ∈ f−1(Y ), <%% x ∈ f−1(Y ) =$%>1$' 3$' 1$0&!%!4&

)%% f(x) ∈ Y : 1, (, *, y ∈ Y ,

?,?@, -. T #)' ")%$%$' 6&51$'&) a 4A# b 56  $' )%% f(T ) = ab/2,

B/&"%!4&$& 6' !&%$ !&C$"%!( $8%$'*4. $D$.3$ (!* $& %'!)&5$ 

.$1 ")%$%$' 6&51$'&) E 4A# F #)' *)..) )'$) *4. $& 16'

=655$ ")%$%$'&) #)'  6&51 G, 7$& 6' !&%$ #$  $' */'C$"%!( $8H

%$'*4. )  ) %6&"=)') )'$4' )( %'!)&5 )' ! M 6' )( %>3$& c/2
16' c 6' $%% #$ %) , I! 1$& 6' C/*% f(M) = {c/2 : c ∈ Z+},

?,?J, =+ g−1(y) = 2−y
3

89' y > 2 4A# g−1(y) =
√
2− y 89' y ≤ 2,

?,?K, )+ !&C$"%!( .$& !&%$ */'C$"%!(: =+ ()'"$& !&C$"%!( $  $' */'C$"H

%!(

?,?L, )+ &$C: =+ &$C: A+ (0, 0) 4A# (1,−2)

?,FM, 7$& *9"%) .6&51$& 6' {x+ c : c "4&*%)&%},

?,FE, )+ N! #)' %,$D, )%% 1 ⋆ (2 ⋆ 1) = 1 ⋆ 6 = 7: .$& (1 ⋆ 2) ⋆ 1 =
3 ⋆ 1 = 10,

=+ N! #)' %,$D, )%% 1 ⋆ 0 = 1: .$& 0 ⋆ 1 = −2,

A+ N! #)' )%% x ⋆ y = y ⋆ x 4. 4A# $&1)*% 4.

x− 2y + 3xy = y − 2x+ 3yx⇐⇒ 3x = 3y ⇐⇒ x = y.

<  %*2 "4../%$')' x 4A# y =)') ! 1$% %'!(!) ) 8)  $% 12

x = y,

?,FG, 7$& 6' !&%$ "4../%)%!(,

?,F?, )+ C): =+ C): A+ C): e = 1+0 ·x: 1+ ./ %!3 !")%!4& )( "4.3 $D)

%) 4. .)& *6%%$' x = i

?,FF, O')&*!%!(!%$%P (a, b)R(c, d) ∧ (c, d)R(e, f) ⇒ a + d = b + c ∧
c+f = d+e⇒ a+d+c+f = b+c+d+e⇒ a+f = b+e⇒

?FJ



(a, b)R(e, f) !"# $"# %&'#(%)'*" &'((" +'& "(( (a, b)R(c, d)
,+ a− b = c− d !"# $"# &,-$ %#(' &')#%'*" *'."(%,#'# /0

&'((" 12(( &0 34 &'( %#(' "..(%& 52..'* "(( a − b ∈ Z+ '..'*

c − d ∈ Z+ 6!"# $"# (72*(,+ /0 &'((" 12((  !"#$!%& Z

4(%8*0# Z+ 9' $"/%('. : ;

< => -; #'3? &; 3"

< =@ A"5 Z ,-B .255 (%.. '(( '.'+'#(? a? 1,+ C"*" 2* *'."('*"( (%..

1%5 132.7 ,-B %#5'( "##"( '.'+'#( !"# 80* &0 &'# /"*(%'..(

,*&#"&' +2#5&'# (Z ∪ {a},�) &2* x � y ,+ ,-B '#&"1( ,+

x 6= a? y 6= a ,-B x ≤ y D.'+'#('( a C.%* +%#%+".(? (E x � a
52..'* %#(' 8F* #05,( x? ,-B 2* '#1"+( ,+ &'##" '5'#1$"/? (E

8F* ".." "#&*" '.'+'#( x 52..'* 34 (%.. 'G'+/'. "(( x− 1 � x 

< =H "; ( 'G R = {(1, 2), (1, 3), (2, 3)}? C; <

< =I :11,-%"(%7 +'# %#(' $,++4("(%7 J%$B'(1*'."(%,# 2* %&'#(%K

('( L' *'."(%,#'* 1,+ B"* %#7'*1 2* &' 1,+ 17"*"* +,( 5*"8'*

(%.. %#7'*('*C"*" 84#$(%,#'* ,-B %#7'*1'# 2* &'# *'."(%,# 1,+

17"*"* +,( 5*"8'# (%.. &'# %#7'*1" 84#$(%,#'# 

 !"#$%& '

= M N2* n = 1 2* &'# 1F$(" .%$B'('# 1"##? (E 13 = 1 = (1(1 +
1)/2)2 :#("5 #4 "(( .%$B'('# 52..'* 8F* '(( )G( +'# 5,&(E-$K

.%5( 7".( n O+ 7% 4(%8*0# &'((" "#("5"#&' $"# 7%1" "((

n+1
∑

k=1

k3 =

(

(n+ 1)(n+ 2)

2

)2

,

10 8F.3'* &'( F#1$"&' *'14.("('( "7 %#&4$(%,#1/*%#-%/'# 

N4 2* 34

n+1
∑

k=1

k3 =

n
∑

k=1

k3 + (n+ 1)3

<=H


