
 !"#$ %& !"#$%&!"'() !" #$%&'()$% &*+,*-. !"#$%&!"  !"#!$%& '!()%*  (!+, !)!(,*,) -./,( 0!/-!1 2,(,$ ". 3. ),/,) 04 5).$(, !#!0(!#%)-!) 2,#,+,-,#6 78 ).-.)(.& 28 25(9$-. :4) +,'4)  !"#!$%)% !'#%);3%(!#%'(! 4(!#! ,).(,'.../,*6=4) +,'4)& 2!/%)3%)%) 5*.( 2,# 39#9-9#6 !"#$ %&'%'%' 741 4($!'!) X ". Y  9$.(.#, ,(. 2,# f ⊂ X × Y 2!/%)3%+%".#,(+,)6 >.# x ∈ X ,0,) (x, y) ∈ f 4(!) 2,# ". '!()%*! 2,# 3!). y ∈ Y 5?.+,"!#+!& f 2!/%)3%+%)!& X '(" Y &( )%* +!"#$%&!"',*& -.),(,#6=4) +,'4)(!#& ?.).((, (.& f, g, h, ... ?,2,  909 @!#A.#(. ?5+3.#,(,#6 !" " #$%$& '()*(%&(*7,# f 2!/%)3%+%)%) :4) +,'4) 4(-8/8)8 2.(,#3$. ,0,)& f ⊂ X × Y '.#,).
f : X → Y '! -! X

f→ Y BCD6CE+,$?.(.#, ".
(x, y) ∈ f, xfy'.#,).&

y = f(x) , f : x→ y , x
f→ y+,$?.(.#,)-.) 2,#,+,  8((!)%(%#6 78 -.#+3.& 04/8)(8 (!&

y = f(x) (2)+,$?.+,),  8((!)!!/%*6 78 +,$?.(.#& x 5/.+,),)& f 2!/%)3%+%'(!& y '. .1(.)-,/,),2.(,#3,#6F.1,3(,  !')! (!#-! :4) +,'4) 3.#,$, '.#,). '-"./.01 2*3"$+!*03$&!"1 4-"5'(*%01 *($0(20( 60377%"48 ?,2, .1!)(!$(% 3.#,$(.#  8((!)%(%#6GH



 !  !"#$ %&' ()*+,-.)*"/0
f : X → Y "#$%&'(#$) '*'$+
X %,-.&'$./  !"#$ %&$'()/
Y %,-.&'$./ *'+', %&$'()-
x 01.&'$./ .!+#$(#/ *'+)0%'"/
y 01.&'$./ .!+#$1# *'+)0%'" 234,&" &- ,'()$5 / !"#$ %&'%'(' A ⊂ X '*'$ f(A) = {y | y = f(x), x ∈ A } ⊂ Y %,-.&'$./ A$2$ f 3452$63%' 34,&" &(&/ A %,-.&'$. '&. f $'$ 4" 34,&" &(&/ 6.$'4'78
f : X → Y "#$%&'(#$)$)$ 9.4'74' #4-3&2 '*'$/ y = f(x) 9312$52&2$2$ :.7'4-';#4-3&2 <.7.%'78 =)$)$ :.7'4-.&' 6.-.%/ x ∈ X 01.&'$'$ f "#$%&'(#$) 3452$63>3$<' y ∈ Y 01.&'$. .;4.$6'1'$'$ 9.4'74' %242$-3&2 6.-.%5'78)*"+,
X = {−2,−1, 0, 1, 2} :. Y = {0, 1, 2, 3, 4, 6, 8, 10} #4-3% ,?.7./ f : X → Y"#$%&'(#$)$) y = f(x) = x2 9312$52&2 '4. 53$2-43(342-8@.7'4.$ f 9312$52&2 A%)7342B/ x → x2 6'7+ (3$'/ x 6.1';%.$'/ f 3452$63 x2 (..;4.$..%5'78
X 53$2- %,-.&'$'$/ f 3452$63%' <07,$5,&,/ f(X) = {0, 1, 4} %,-.&'6'78D07,46,1, <'9'/ 53$2- %,-.&'$'$ <07,$5,&, 9,5,$ 6.1.7 %,-.&'$' 075-.(.E9'4'78F#$%&'(#$ 53$2-2$2/ &'-<.4.74. '"36. .5-.% )(<)$ #433%5278 +-*+$ %&'%'%' 670 71$!8!" X 9' Y %&$'1',) )1' .), f ⊂ X × Y .!+#" #(#9',)1()": f $'$ 9'7 "#$%&'(#$ #4-3&2 '*'$ <.7.%4' :. (.5.74' %#;)4/ 3;31263%' '%'0?.4'1'$ &3143$-3&26278FG8 H.7 x ∈ X 01.&'$'$ Y '*'$6. 9'7 <07,$5,&, :376278FI8 H.7 x ∈ X 01.&'$'$ Y '*'$6. 3$3% 9'7 53$. <07,$5,&, :376278=) '%' 0?.4'%/ "#$%&'(#$) 9.4'74.(.$ $'5.4'%4.76'78 J $.6.$4./ 9)$4372/ -35.E-35'%&.4 &'-<.4.74. '"36. .5-.% )(<)$ #433%5278 K,$%,/ 9'7 *#% L7#94.-'$ *0?,E-,$6./ &0?4, '"36.4.7 (.7'$./ -35.-35'%&.4 &'-<.4.7' %)443$3312?8M;31263%' '"36. *'"54.7'/ "#$%&'(#$ 53$2-2$3 6.$%5'74.7N
f1. (x ∈ X)⇒ ∃y(y ∈ Y )(y = f(x))
f2. (x1 = x2)⇒ (y1 = y2)(3 63/ 53$2- :. 6.1.7 %,-.4.7'$'$ 3L3*2% 9.44' #46)1) ?3-3$43763/
F1. ∀x∃y(y = f(x))
F2. (y1 6= y2)⇒ (x1 6= x2)(3?2439'4'78 !" "# $%&'()*%&+& ,-./0)='7 f : X → Y "#$%&'(#$) 9'7 9312$526278 =) 9312$52$2$ <73O1'/ "#$%&'(#$)$ 63<73O1'6'78
f $'$ <73O1'$'/ graf(f) (3 63 Gf &'-<.&'(4. <0&5.7..1'?8=) 6.7&5. .4. 343312-2? "#$%&'(#$437/ *#1)$4)%43/ <.7*.% &3(24372$ 9'7 345%,-.&'$6.$ <.7*.% &3(24373 53$2-42 #433%5278 P#43(2&2(43/ 9) "#$%&'(#$4372$<73O%4.7'/ 3$34'5'% 6,?4.-6. (.7 3433%5278



 !" " #$%&'()$% &*+,*-.  !"#$ %&'()#*&'+' ,-.#$.# &./0)1 2-/-(3 40'1/ ,5.6-)#'#'3 2-7-$ ,5.6-)#'#' 8--9.-/- (+$0.1'1' ,#.#'/-)# 2-/-(4#$: *0'#3
f : X → Y, y = f(x)'#' ,#.#'/-)# 2-/-(4#$;"0<0'3 %&'()#*&' 8-$#.#$(-'3 *0.'1<0 y = f(x) -9.-/- ,071'41)1 >(+$0.1? 8-@$#.#$: 40'1/ 8- 2-7-$ ,5.6-)# ,-.#$4#./-<; "+ 2+$+/.0$203 %&'()#*&'+' X 40'1/,5.6-)# y = f(x) ,071'41)1'1 0'.0/.1 (1.0' ,A4A' x 6-$B-( )0*1.0$121$; Y 2-7-$,5.6-)# &.0$0( ,A4A' R 6-$B-( )0*1.0$ (A/-)# 0.1'0,#.--7# 6#,#3 Y = {y | y =

f(x), x ∈ X} (A/-)# 2- 0.1'0,#.#$; C$04#(4-3 2-7-$ ,5.6-)#'# /A/(A' &.2+7+'0(ABA( )-B/-( (&.0*.1( )07.0*0,#.#$;"071'41.0$20 )5*.-2#7#/#< 6#,#3 f : X → Y, y = f(x) %&'()#*&'+ 40'1/@.0'2171'203 ,+'+' 6$0D7# (-)#'(-) ,-.#$.# &.+$;E-$)#'- &.0$0(3 6$0D7# 8-$#.-' %&'()#*&' 20 (-)#'(-) ,-.#$.#2#$; "+ '-2-'.-3*-$# 6-.2#7#'2-3 f #.- graf(f) )#/6-.-$#'# -9 0'.0'20 (+..0'0,#.#$#<;
f : X → Y, y = f(x) %&'()#*&'+'+' 6$0D7#3

graf(f) = {(x, y) | y = f(x)}(A/-)#2#$; E0,##3
graf(f) ⊂ X × Y21$; F$0D( (08$0/13 ,071'41.0$20 #'-.-'2#7# #B#'3 ,+ (-)#/#3 0907120(# 5<-.#7#)5*.-*-$-( (0G040,#.#$#<; !"#$" %&'%'%' "#$ %&'()#*&'+' 0'0.#4#( 2A<.-/2-(# 6$0D7#3 2A9-* 2&7$+.0$.0-' B&( ,#$-$ '&(4020 (-)#9#$; !"#$% X (A/-)#'2-' Y (A/-)#'- 40'1/.1 f ,071'41)1'1' 6$0D7#'# Gf #.- 65)@4-$#$)-(3 ,071'41*13 )#/6-)-. &.0$0( (f = (X,Y,Gf ) )1$0.1 AB.A)A #.- 65)4-$#*&$+<;"+ 65)4-$#/.-$ 0.41'203 *+(0$120(#.-$- -92-7-$ &.0' 9+ 5<-.#7# )5*.-*-,#.#$#<;(")#"$ %&'%'*' (f = (X,Y,Gf )  !"#$%#&#$#$  '( )*$+&',*$ *-.!&# '/'$ 01(1+-'21 ,1%1(-' +*34--!( 34$-!(5#(6>#? izd1(Gf ) = proj1(Gf ) = π1(Gf ) = X>##? (x, y1) ∈ Gf ∧ (x, y2) ∈ Gf ⇒ y1 = y2(")#"$ %&'%'+' f : X → Y )*$+&',*$4 '-1 X +7.1&'$'$ !-% +7.1-1('$51$*-43!$  '( {Aı | ı ∈ I} !'-1&' 21('-5'"'$51 !3!"#5!+'  !"#$%#-!( &!"-!$#(6
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 !  !"#$ %&' ()*+,-.)*"/0 !"#$% "#$%&'$() *+,-)(-,.',/ 0&($.1
y ∈ f
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⇔ (∃x ∈
⋃

ı∈I

Aı : y = f(x)

⇔ (∃j ∈ I)(∃x ∈ Aj) : y = f(x)

⇔ (∃j ∈ I) : y ∈ f(Aj)

⇔ y ∈
⋃

ı∈I

f(Aı)

y ∈ f
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⇒ (∃x ∈
⋂

ı∈I

Aı : y = f(x)

⇒ (∃x∀ı(x ∈ Aı) ∧ y = f(x)

⇒ (∀ı ∈ I)y ∈ f(Aı)

⇒ y ∈
⋂

ı∈I

f(Aı) !"#$ %&'%'%' 2,3.,4)/ )()/) 6$%&/7&8&/&/ ,#)7-)( ',%)-9 ($:8$4$ 6$%&/7&8& 3-';%;/$')(($7 ,')/)+< =; 6$%&/7&'$ ,#)7-)( 3-4$'&%&/& 6). ($.#&7 *./,(-, )8:$7-$>$6)-).)+<
X = {a, b, c}, Y = {s, t}, A = {a, b}, B = {b, c}3-4$( ?+,., f : X → Y @3/(8)>3/;/; #*>-, 7$/&4-$>$-&41

f(x) =











s, x = a

t, x = b

s, x = c=;/$ A*.,9 f(A ∩ B) = {y} 3-';%; B$-', f(A) ∩ f(B) = {s, t} 3-;.C >$/)
f(A ∩B){y} 6= f(A) ∩ f(B) ').< !" "# $%&'()*)()+D< X = {1, 2, 5, 9} E, Y = {a, b, c, d, e} E,.)-)>3.< "#$%&'$() 6$%&/7&-$.'$/B$/A)-,.) @3/(8)>3/';.F G,',/-,.)>-, $0&(-$>&/&+<H$I β1 = {(1, a), (2, b), (5, c), (9, d)}H6I β2 = {(1, a), (2, b), (5, c), (5, d), (9, b), (9, d)}HI β3 = {(1, b), (5, a), (9, d)}H'I β4 = {(1, d), (2, d), (5, d), (9, d)}H,I β5 = {(1, c), (1, d), (2, b), (5, a), (5, c), (9, a)}



 !" " #$%&'()$% &*+,*-.   !" #$%&'()&%* +&,(-.(/&'(- 01'+*'*2*-*- 3'&4,*-* 5*6*-*6" 78-%2*98- 8/&-/&'(-3'&4%/1'*-*-: );<19 )8,'$/&'/& 1-58% +*' -8%.&)& %12*<.*,*-* 3=';-;6">" X = {−2,−1, 0, 3, 5} ?1 Y = {−10,−7,−5,−3, 1, 2, 3, 4, 10} %;@1/1'* */1
f : X → Y, f(x) = 2x− 3 A8-%2*98-$ ?1'*/*98'"B&C f A8-%2*98-$-$- .&-(@ +=/312*-* 9&6(-(6"B+C f A8-%2*98-$-$- )1,1' +=/312*-* 9&6(-(6"BC −1 =,12*-*-: f &/.(-)&%* 3=';-.;2;-; 9&6(-(6"B)C A = {−1, 0, 5} %;@12*-*-: f &/.(-)&%* 3=';-.;2;-; 9&6(-(6"B1C X %;@12*-*-: f &/.(-)&%* 3=';-.;2;-; 9&6(-(6"E" X = {1, 2, 3, 4}, Y = {1, 2, 3, 4, 7} %;@1/1'* ?1'*/*98'" X %;@12*-)1- Y%;@12*-1 .&-(@/&-&-

β = {(x, y) | y = x+ 1}+&,(-.(2(-(- 3'&4,*-* 5*6*-*6" F*' A8-%2*98- 8/$G 8/@&)(,(-( *-1/19*-*6"H" f = {(1, a), (2, b), (3, c)} ?1'*/*98'"B&C f -*- 3'&4,*-* 5*6*-*6"B+C f -*- +*' A8-%2*98- 8/)$,$-$ 3=2.1'*-*6"BC f -*- .&-(@ +=/312*-* 9&6(-(6"B)C f -*- )1,1' +=/312*-* 9&6(-(6"B1C I&-(@ +=/312*-*-: f &/.(-)&%* 3=';-.;2;-; 9&6(-(6"J" f = {(−2,−1), (−1,−1), (0, 1), (1, 1), (2, 3)}+&,(-.(2( ?1'*/*98'"B&C f -*- 3'&4,*-* 5*6*-*6"B+C K'&4,* %$//&-&'&%: f -*- +*' A8-%2*98- 8/)$,$-$ 3=2.1'*-*6"BC f -*- X .&-(@ +=/312*-* 9&6(-(6"B)C f -*- Y )1,1' +=/312*-* 9&6(-(6"B1C n(f) */1 n(X) -*1/*% 2&9(/&'(-( +$/$-$6"L" X = {1, 2, 3, 4}: Y = {u, v, x, y, z} %;@1/1'* ?1'*/*98'" M<&,()&%* +&,(-N.(/&'(- 3'&4%/1'*-* 5*6*-*6" O&-3*/1'*-*- A8-%2*98- 8/)$,$-$ +1/*'/19*-*6"B&C f = {(1, x), (2, x), (2, y), (4, z)}B+C g = {(1, y), (2, y), (3, t), (4, z)}BC h = {(1, y), (2, z), (3, x), (4, t)}B)C k = {(1, y), (2, y), (3, y), (4, y)}P" #$%&'()&%* A8-%2*98-/&'(- 8% )*9&3'&@/&'(-( 5*6*-*6"



 !!  !"#$ %&' ()*+,-.)*"/0"# $% &'()*+),- ./+'0/1 231%4'(3156 !"#$ %&'()*+"+, -).)/ %&'()*+"+0) y = f(x) )1')$) 23/!'#"# %)4'+/')5)/)2, 7)1-,0)(-1-8# !# 9:);-&)%' 231%4'(310)+-1 7)1-, ./ &/;/+ <=0*/0/+'1' <505158#>)? y = −2x+ 5><? y = 1

x−1>? y = x2>&? y = |x|>/? y =
√
x  # A/+ 231%4'(3151 <'+ <);-17- 30&5;5156 ),) B/+ <);-17-1-1 231%4'(31 30C,)&-;-1- *=47/+/1 =+1/%0/+ ./+'1'8# !"# $%&'()*%& +,-./-) !"# $%&'(")%&*+,A/+ %D,/&/ 30&5;5 *'<'6 231%4'(310)+&)1 305:)1 <'+ %D,/ D8/+'1&/ /:'70'% %).+),-.)+&-+#-+&./ 0123202 6!"#$ 27$)')/+ 0)  !"#$ 27$)')/+") !+ 8)/ "92 !-!2+ (&/7"4 7')/+ !5"# 9'!" +2+ :9"2*+59" )1+  +/;E5156 4',*/0/+0/ ()8)+4)%6 :=(0/ &'(/<'0'+'8F

X ./ Y <3: 30,)()1 '%' %D,/ ./ f : X → Y1 6 g : X → Y2 '%' 231%4'(3130451#
f = g ⇐⇒ [∀x(x ∈ X) ⇒ f(x) = g(x)] > !#G?305(3+4)6 f +') g %+/%+/+") )1+  +/, &/1'0'+# f = g /:'70';' (/+'1/6 <)8)1

f ≡ g > !#H?<'I','1&/ /:&/;/+0'% 4',*/4' ()8-0-+# E5 /:'70';'1 7)1-,-1&)6 231%4'(310)+-1 Y1./ Y2 &/;/+ <=0*/0/+'1'1 /:'7 30,)4- %3:505 */+/%0' &/;'0&'+J ID1%D6 *=+D17D%D,/0/+' /:'77'+F f(X) = g(X)# K47/1'+4/6 3+7)% &/;/+ <=0*/4' 30)+)%6 3+7)%*=+D17D %D,/0/+' () &) = Y1 ∩ Y2 4/I'0/<'0'+# E5 4/I',6 231%4'(310)+-1 1'7/C0'%0/+'1&/ <'+ &/;':'%0'% ()L,)())%7-+#4,&5' X = {−1, 0, 1}, Y1 = {−1, 0, 1, 2}, Y2 = {−2,−1, 0, 1, 2, 3, 5, } %D,/0/+''0/ f : X → Y1, f(x) = x ./ g : X → Y2, g(x) = x3 231%4'(310)+-1-1 /:'730&5;515 *=47/+'1'8#<&=7$>)# M)1-, <=0*/0/+' /:'77'+#



 !"#" $%&'()*%& +,-./-)  ! "# $%&'( ")*+,*,-.&, %./ &01/%*%-2%3 40&15.60&*%-'& %*2'7' 2,7,-*,- 2,3 %8%7'2%+)-9*2979 +.".3 1%-8'*'1*' 0*%-%1 ".-".-*,-.&, ,8.//.-#
f(−1) = −1 f(0) = 0 f(1) = 1
g(−1) = −1 g(0) = 0 g(1) = 1: ;%*2,3 f = g 2.-# <5/,-5,13 ;,- .1. 40&15.60&=& /%&'( ")*+,5. 0*%-%13 0-/%1+)-9&/9 19(,5. 0*%& Y = {−1, 0, 1} 19(,5.&. %*%".*.-.># ?= 5,@.(3 40&15.60&A*%-'& &./,*.7.&. 2,7.8/.-(,># B(%3 /%&'( ")*+,*,-.&. 2,7.8/.-.-5,13 40&15.60&*%-'&&./,*.1*,-. 2,7.8.-# C-&,7.&3 f &.& /%&'( ")*+,5.&, 2 &01/%5'&' 1%/%-5%13 40&15.6A0&*%-'& ,8./*.7. "0>=*=-D f 6= g# !"#$ %&#'(")&#E)-9&/9 19(,5.3 2,7,- ")*+,5.&.& ".- ;%5 %*/ 19(,5. 0*2=7=&2%3 40&15.60&  ! "#$ % &'"() *'"+2=-# ?=&= 5.(+,*,-*, .4%2, ,2,-5,13

(f : X → Y ) ∧ (f(X) 6= Y ) F !#GH.5,3 f 4015.60&= X (,-#) ".#" Y (,-#)  ! "# $ % &'"() *'"./%0 2.6,,7.>#*+,$# %&#'(")&#E)-9&/9 19(,5.3 2,7,- ")*+,5.&, ,8./ 0*2=7=&2%3 40&15.60& 1%2#" $ % &'"() *'"+2=-#?=&= 5.(+,*,-*, .4%2, ,2,-5,13
f : X → Y .@.&3 f(X) = Y F !#JH.5,3 f 4015.60&= X (,-#) ".#" Y (,-#) ,3#% "# 41%2#"5 $ % &'"() *'"./%0 2.6,A,7.>#-"+$./"+ %&#'(")&# 0//℄$%&'( ")*+,5.&2,1. 4%-1*' )7,*,-, ,8*,&,& 40&15.60& 2,7,-*,-. 2, 4%-1*' .5,3 40&15.60&$ %#6$ % 4$ 7#2 9#5 &'"() *'"+2=-#?=&= 5.(+,*,-*, .4%2, ,2,-5,13

f : X → Y .@.&3 (x1 6= x2)⇒ f(x1) 6= f(x2) F !#KH.5,3 f 4015.60&= X (,-#) ".#" Y (,-#) "# 2:";-<; $ %#6$ % 4$$5 &'"() *'"./%02.6,,7.>#-"+$./"+."!"#$ 2&#'(")&# 0//"℄?.-,A".- L, .@.&, F"".H 0*(% &./,*.1*,-.&, 5%;.M 40&15.60&2=-#-"+$./"+.3+,$# %&#'(")&# 0//3℄?.-, ".- L, )-/,& 0*(% &./,*.1*,-.&, 5%;.M 40&15.60&2=- F5=-N,/.L,H#
f : X → Y 40&15.60&= "") .5, X .*, Y 19(,*,-.&.& )7,*,-. %-%5'&2% $ %#6$ %#=<#=-# L%-2'-# ?=&=3 1'5%%3 X .*, Y 19(,*,-. $ %#6$ % #=<#= %<#% 2.6, ",*.-/,A,7.>#



 !"  !"#$ %&' ()*+,-.)*"/0 !"#$ %&'()#*&'#$%&'(& )&*+,- .-% (+) '/)(010' /2340' 5/'),-6/'783'3 ,-*9+2+%2+ -501+ +1+%,+):
f : X → Y -;-' ∃∗c(c ∈ Y )(x ∈ X ⇒ f(x) = c) < !7=>-,+: f 5/),-6/'3 X  !"#$%&'#& {c}  !"#$% !(#)%&# $*+%, +%) -.& $%/.&'0)1 1-6+?+A-B7 +,+- %&'()#*&'

Y = R 60 10 Y = C /2*0) &B+%+: 9$%&'(& )&*+,- f(X) = {0} /20' f : X → Y,0.-( ,0.-( 5/'),-6/'3783'3 ,-*9+2+%2+ -501+ +1+%,+): f : X → Y -;-'
f ≡ 0⇐⇒ [∀x(x ∈ X)⇒ f(x) = 0)] < !7 !>-,+: f 5/),-6/'3 X  !"#$%&'#& {0}  !"#$% !(#)%&# +%) $2-2) -.& $%/.&'0)1 1-6+?+A-B7.#-#/ 0123456#(7 %&'()#*&'8C0'D* .$29+,-'1+)- E+% $A+6- )+'1-,-'+ +42+6+' 5/'),-6/'783'3 ,-*9+2+%2+ -501+ +1+%,+): X ⊂ Y /2*0) &B+%+:
I : X → Y -;-': (x ∈ X ⇒ I(x) = x)-,+: f 5/),-6/'3 X  !"#$%&'#& Y  !"#$% %3%&# +%) 45""# 65('#78% 1 +%)%"9-.& $%/.&0'0)1 1-6++A-B7 X ⊂ Y /213A3'10 45""# (+%-*-'-F X = Y /213A3'10-,+: ;/A3'23)20: 5('#78% 60 10 +%)%" (+%-*-'- )3220'D%DB79+)+$6!'/+5 %&'()#*&'

f : X → Y 5/'),-6/'3 -2+ A ⊂ X 02( )&*+,- G+%-2,-'7
∀x(x ∈ A)⇒ f|A(x) = f(x) < !7  >1-6+ (0'D*20'0' f|A : X → Y 5/'),-6/'37:1//4 %&'()#*&'8

A ⊂ X /2*0) &B+%+
∀x(x ∈ A)⇒ gA(x) = x < !7 ">)/4323'3 ,0A2060' gA : A→ X 5/'),-6/'37H+*+' 9$%&21&A& 9-.-: I : X → X .-%-* 5/'),-6/'3'3' A ⊂ X 02( )&*+,-'+

I|A )D,D(D 45""# 6#"+#''%&49 -.& $%/.&0'0)7 #$**+ 5/'),-6/'20%D: $B+22-)2+ X&B+%-'1+ .-% *0(+*0(-),+2 60ID G0% /213A3'10 -42+G,+22-) )0B0'D%20%7



 !"#" $%&'()*%& +,-./-)  !" !"!#$%"&'$&# ()*#'&+)*#$%&'()* +*% X ,-.$/*(0$( {0, 1} ,-.$/*($ 1'(2.32 43'(
χA =

{

1, x ∈ A

0, x ∈ A′
5 !6 "7

χA → {0, 1} 84(,/*94(:(' ; (2(  !"! #$"%&#% '($)%"#*$+, 84(,/*94(: 0$(*3*%6,!*-. /012121 Y ,-.$/*(0$( X ,-.$/*($ 1'(2.32 43'( +-1-( 84(,/*94(3'%2(,-.$/*(* XY /*.)$/*93$ )</1$%$$>*?6@*.)$/$3 43'%',
XY = {f | f : Y → X} 5 !6 A70*%63"*%#4%" 6 X = {0, 1, 2, 3} ,-.$/*(0$( Y = {−7,−4, 1, 6, 11, 15} ,-.$/*($ 1'(2.3243'( f(x) = 5x − 4 84(,/*94(: B$%*3*94%6 f(X) = {−4, 1, 6, 11} )<%-(1-,-.$/* Y 0$>$% +<3)$/*(*( +*% &'/ '31 ,-.$/* 430:>:(0'(C f *D*($ +*%84(,/*94(0:%6E: 84(,/*94(C '9(2 ?'.'(0'C +*%$ +*%0*%6 F43'92/293'C (%"$ (%" %-%+$ +*%84(,/*94(0:%6G6 X = {0, 1, 2, 3} ,-.$/*(0$( Y = {−4, 1, 6, 11} ,-.$/*($ 1'(2.32 43'(

y = 5x−4 84(,/*94(: <%1$( +*% 84(,/*94(0:%H D-(,- f(X) = {−4, 1, 6, 11})<%-(1- ,-.$/* Y 0$>$% +<3)$/*($ $I*11*%6E: 84(,/*94(C '9(2 ?'.'(0'C +*%$ +*%0*%6 F43'92/293'C (%"$ (%" ."#$+ +*%84(,/*94(0:%6 E:%'0'( '(3'I2302>2 )*+*C (%"$ (%" %-%+$ +*% 84(,/*94(:( 0$>$%+<3)$/*(* )<%-(1- ,-.$/*($ 0'%'31'%', <%1$( +*% 84(,/*94( $30$ $0$+*3*%*?6E: *I3$.C 84(,/*94(:( (*1$3*>*(* 0$>*I1*%.$?6"6 X = {−2,−1, 0, 1, 2}C 43.', -?$%$C
f : X → X, f(x) = x84(,/*94(:C <?0$I3*, 5+*%*.7 84(,/*94(0:%6A6 N 04>'3 /'923'% ,-.$/*(0$( Q %'/94($3 /'923'% ,-.$/*($ 1'(2.32 43'(
f : N→ Q, f(x) = x84(,/*94(:C +*% )<..$ 84(,/*94(:0:%6 #$% r 04>'3 /'92/2(2( r

1
+*D*.*(0$+*% %'/94($3 /'92 43'%', '3)23'(.'/2(2 /'>3'%6



 !"  !"#$ %&' ()*+,-.)*"/0#$ X = [2, 3) %& Y = {0, 1, 2, 3, 4} '()*+ ,-&.&/
f+ : X → Y, f+(x) = (x 0*1202323 4*) +20)2)5676)638& 4*32)(*3*3 9'3+061'3/ [2, 3) *.*(2:238*+6 ;&. x <&.7&+ 0*120232

{2} +,)&06 ,-&.63& .&0)&8&.= (x ∈ X ⇒ f+(x) = 2)$ >1(&10&/ f+/ 0*56456. 9'3061'38?.$@$ X = (−1, 0] %& Y = {0, 1, 2, 3, 4} '()*+ ,-&.&/
f− : X → Y, f−(x) = k, [(k ∈ Z) ∧ (x ≤ k < x+ 1)]5676)638& 4*32)(*3*3 9'3+061'3/ (−1, 0] *.*(2:238*+6 ;&. x <&.7&+ 0*120232

{0} +,)&06 ,-&.63& .&0)&8&.=
(x ∈ X ⇒ f−(x) = 0>1(&10&/ f−/ 56. 0292. 9'3061'38?.$ !"# $%&'(&)*$%$) $ f : {−1, 1, 2, 5} → {−5,−1, 1, 2, 5, 6} 9'3061'3? y = f(x) = x 5*:234202 6(&%&.6(61'.$ f 363 4,.,3, 5&(6.4636-$A$ f(x) = 3x − 1 5*:234202 6(& 4*32)(*3*3 f : {−1, 0, 1, 3} → {−4,−1, 2, 8}9'3+061'3?3?3 4,.,3, 5&(6.4636-$B$ X = {1, 2, 3, 4}, Y = {a, b, c, d} %&.6(61'.$ X×Y 363 *(4 +,)&06 '(*3 *C*:2D8*+6 5*:2342(*.23 4,.(&.636 5&(6.4636-$E*F β1 = {(1, a), (2, b), (2, c), (3, a)}E5F β2 = {(1, a), (2, c), (3, b)}EF β3 = {(1, b), (2, c), (3, a), (4, b), (3, c)}E8F β4 = {(1, b), (2, d), (3, c), (4, c)}E&F β5 = {(1, c), (2, a), (3, b), (4, d)}"$ f(x) = x2 + 1 5*:234202 6(& 4*32)(*3*3 f : {−1, 2, 3} → {−3, 1, 2, 5, 10}9'3061'3?3?3 4,.,3, 5&(6.4636-$#$ f(x) = 2x2 − 1 5*:234202 6(& 4*32)(2 f : {−3,−1, 0} → {−3,−1, 0, 1, 2, 17}9'3061'3?3?3 4,.,3, 5&(6.4636-$@$ f(x) = x2+3 5*:234202 56. 9'3+061'3 4*32)(21'. )?H I&8&3H J*32)(21'.0*/4*32) 5K(<&0636 %& 8&:&. 5K(<&0636 5&(6.(&1636-



 !"#" $%&'(&)*$%$)  !"#$ %&'()*'+, -'()./)0'1). /'.)20) 30*4(4 +'1/5675. 8'19)20'1) -404.46$ :'().;/)0'1). <1'=+051,., 8,6,.,6$ >?1051,., -50,1/,.,6$
β1 = {(a, 1), (b, 2), (c, 3)}
β2 = {(a, 1), (a, 2), (b, 3), (c, 3), (d, 3)}
β3 = {(a, 1), (b, 1), (c, 1), (d, 1)}
β4 = {(1, a), (2, a), (3, a)
β5 = {(1, a), (2, b), (3, c), (2, t)@$ g(x) = 2x2 + 1 +41'0) ,05 /'.)20) f : {−2,−1, 0, 1} → {−1, 1, 5} A3.+B,73;.4.4. /?1?.? -50,1057,.,6$ C1'=(,., 8,6,.,6$D$ %&'()*'+, -'()./)0'1) -50,1057,.,6$E'F β1 = {(a, x), (b, z), (c, z), (d, t)}E-F β2 = {(a, y), (b, y), (c, y), (d, y)}EF β3 = {(a, z), (b, x), (c, y), (d, z)}E*F β4 = {(y, a), (y, b), (y, c), (z, d)}E5F β5 = {(x, a), (x, b), (x, c), (x, d)} !$ f(x) = x− 3 A3.+B,73.4 ,05 A = {−2,−1, 0, 1, 2} +?25B, H51,0,731$
f : A→ B .,. -,15 -,1 H5 I1/5. 302'B) ,8,.J B .5 302'0)*)1K  $ A = {a, b, c, d}J B = {x, y, z, t} +?25051, H51,0,731$ A *'. B 75 /'.)20)30'. '&'()*'+, /?1051*5 A3.+B,73.0'1 -50,1057,.,6$ L(5051,., 0,B/5057,.,6$E'F f : A→ B ,8,.5 A3.+B,73.JE-F g : A→ B -,15 -,1 H5 I1/5. A3.+B,73.JEF h : A→ B B'-,/ A3.+B,73.JE*F s : A→ B B)A)1 A3.+B,73.JE5F t : B → A /51B A3.+B,73.J M$ f : N→ N A3.+B,73.4 f(x) = (a− 3)x+ 2− b -'()./)B) ,05 H51,0,731$ f .,.-,1 I6*5&0,+ A3.+B,73.4 302'B) ,8,.J a H5 b .5 302'0)*)1K N$ f : N→ N A3.+B,73.4 f(x) = (a− 5)x+ 3− b -'()./)B) ,05 H51,0,731$ f .,.B)A)1 A3.+B,73. 302'B) ,8,.J a H5 b .5 302'0)*)1K O$ f : N→ N A3.+B,73.4 f(x) = (a− 1)x+ 4+ b -'()./)B) ,05 H51,0,731$ f .,.B'-,/ -,1 A3.+B,73. 302'B) ,8,.J a H5 b .5 302'0)*)1K "$ f(x) = x+1

x−1
-'()./)B).). -,1 A3.+B,73. -50,1057,9 -50,10525*,(,., B'9/'7).)6$:50,10,731B'J A3.+B,73.4. /'.)2 H5 *5(51 -I0<5051,., 7'6).)6$ P$ A = {a, b, c, d} 302'+ ?6515 f(x) = x +41'0) ,05 /'.)20) f : A→ A A3.+B,;73.4.4. /?1?.? -50,1057,.,6$ C1'=(,., 8,6,.,6$



 !"  !"#$ %&' ()*+,-.)*"/0 #$ ♮(A) = n %& ♮(B) = m '(&) A *+,&('-.&- B *+,&('-& */0 1/-& 2'3&42'356-*('76- %/3.839 :$ f : R→ R; x 7−→ f(x) = x2 56-*('76-; 22' ,'.'3$ <&.&-9 =$ f : R→ R+; x 7−→ f(x) = |x− 1| 56-*('76-; 22' ,'.'3$ <&.&-9>!$ f : R− {0} → R; x 7−→ f(x) = lnx 56-*('76-; 22' ,'.'3$ <&.&-9> $ ?6@/A (/78A/3 *+,&('-.&- B&30&A (/78A/3 *+,&('-& 2'3 22' 56-*('76-; 1/-8,4A/78-8C$>>$ N× N *+,&('-.&- N *+,&('-& 2'3 22' 56-*('76-; 1/-;,A/78-8C$>D$ Z .&- Z 7& 1/-8,A/-/-
f(x) =

{

x+ 2, x 0'51
x+ 4, x 1&*56-*('76-; %&3'A'763$E/F f 56-*('76-; 22G ,'.'39E2F f−1 1&3( 2/@8-18(8 2'3 56-*('76- ,;.;39>H$ R .&- r 7& 1/-8,A8 6A/-

xβy ⇔ y = x22/@8-18(8-8- 2'3 56-*('76- 6A,/.8@8-8 BG(1&3'-'C$ I; 2/@8-18-8- J/3/26A .'7&/.A/-.838A/- B3/K@'-' 0'C'-'C$ I; 2/@8-18./- 56-*('76- 6A/- '*' /A1 2/@8-1808*/38-8C$>L$ R .&- r 7& 1/-8,A8 6A/-
xβy ⇔ 9x2 + 4y2 = 162/@8-18(8-8- 2'3 56-*('76- 6A,/.8@8-8 BG(1&3'-'C$ I; 2/@8-18-8- &A'J( .'7&/.A/-.838A/- B3/K@'-' 0'C'-'C$ I; 2/@8-18./- 56-*('76- 6A/- '*' /A1 2/@8-1808*/38-8C$>"$ f : X → Y ) A ⊂ X ) B ⊂ Y '(&E/F

A ⊂ f−1of [A]E2F
B = fof−1[B]EF

f [A ∩B] ⊂ f(A) ∩ f(B)


