
 !"#$ %& !"#$%&!"'()'(&(*+'(" %,'-) !" #$%&'(& ! "#$!% &#$'$ ( )*+!*%  !"#$%# %&'(&)*+* ,&-!./# &+"&.)&% !/!+ ,!( 0(+#%"# ,&$"&1&"*)2
f : R→ R , f : x→ 2x34+%-!14+5 !"#
g : R→ R; g : y → y + 134+%-!14+"&(*+*6 &(%& &(%&1& 5175"&(-&%6 ,!( x 08#-!+!+ 70(9+.9-9+9
x

f→ 2x
g→ 2x+ 1,!/!)!+:# 1&;&,!"!(!;2 5 4"75 ,!"#$%# 34+%-!14+5+5+ .#)#"!:!(2  !( 34+%-!14+5+ 70(9+.9-9+# ,&$%&,!( 34+%-!14+5 5175"&)&%< 4+5+ 70(9+.9-9+# :# ,&$%& ,!( 34+%-!14+5 5175"&=)&%6 . . . !"#$ %&'%'%' f : X → Y 0(.#+ ,!( 34+%-!14+ 4"-5+ '# g : Y → Z 34+%-!14+5'#(!"-!+2 y = f(x), z = g(y) 4")&% 9;#(#6 &(: &(:& 1&>*"&+

x ; y ; z ?@A2@B70+:#(!)"#(!+! ,!("#$.!(#(#% .#% ,!( 70+:#(!) !)!$ 7!,! :9$9+9(-#%
x ; z ?@A2AB70+:#(!)! 4(.&1& /*%&(2  5 70+:#(!)6 0+
#%! !%! 70+:#(!)!+ ,!"#$%#-!:!(2  5,!"#$%#1! 34+%-!14+ -!)7#"#(!1"# $01"# 1&;&,!"!(!;2

h : X → Z; (x ∈ X ⇒ h(x) = z = g(f(x)) ?@A2DB@DD



 !"  !"#$ %&' ()*+,-.)*"/0"/ ./12"/* -3"40#$%&'&() h *+,(-).+,$,&/ f )01 g *+,(-).+,0&%2,2,  !"#$%# &'(%)!*'(+ '1,)0)% 31
h = g ◦ f4)5)6),'1 78-91%)0)%:#$,$ , g  !"#$%# f ” ').1 +($.&
&<2=: g ◦ f .&=202>2,'& -2%& 8,160)')%? @,
1

f *+,(-).+,$/ -+,%& g *+,(-).+,$ $.7$0&,&
&( '161(9)%: A&4))/
g ◦ f : X → Z B C:"D')%: (1) )*&'1-),)/ 4&<2,92 78-91%)601%) )01 '1 )*&'1 1'14)0)%)=? !"#$ %&'%'&' f : X → Y 8%91, 4)% *+,(-).+,/ g : Y → Z E1%E&,7) 4)%*+,(-).+, +0-$,: f = (X,Y,Gf ) 4&<2,92-2 )01 g = (X,Y,Gg) 4&<2,920&%2,2,4)01>(1-),1 f )01 g *+,(-).+,0&%2,2,2,  !"#$%# &'(%)!*'(+ '1,)0)% 31 g ◦ f -)671F-).01 78-91%)0)%: #)01>(1 4)% *+,(-).+, +0'$<$ )5),/ +,$ '& 4)% *+,(-).+, -)671-).0178-91%14)0)%)=? h = g ◦ f G .&,)

H = g ◦ f : X → Z B C:HD')%:#)01>(1,), 1>'1<1% 9&,262,2/ 4)01>1, *+,(-).+,0&%2, 7%&I(01%),) ($00&,&%&( '&.&J&4)0)%)=: !"#$ %&'%'(' f : X → Y 8%91, 4)% *+,(-).+, +0-$, 31 g : Y → Z *+,(-).+,$31%)0-),:
(x, y) ∈ f ∧ (y, z) ∈ g ⇒ (x, z) ∈ g ◦ f B C:KD*+,(-).+,$/ f )01 g 4&<2,920&%2,2, 4)01>(1-)')%:
(g ◦ f) : X → Z, (g ◦ f)(x) = g(f(x)) B C:LD+0$%: !" " #$%&'(& )'%&*$+$+ ,-&%$(%&.$M1%1(-)= 91(%&%'&, -&(2,6&( )5),/ 4$,'&, 48.01/ g◦f .&='2<262='&/ f ,), 8%91,+0'$<$,$G h ◦ g ◦ f .&='2<262= '& '& f )01 g ,), 8%91, +0'$<$,$ 3&%-&.&
&<2=:N+,(-).+,0&%2, -&.2-&0 '1<1%01%),), 31%)0')<) .1%01% 4$,$, '2>2,'&'2%:)*+ ,*-./.$ 01*2.-. )3456+-!"#$%# !$"#.! *#/ 0#1!$!. 2%'.+343!5!%6 78#"!1!(! )41"4.489#$,$ 4)% 8%,1( O=1%),'1 78%14)0)%)=:



 !" " #$%&'(&  !"
R #$% R &$ f(x) = 2x '$ g(y) = y + 7 ()%*+,&)%-./0 '$/,-+,%1 g ◦ f '$ f ◦ g()%*+,&)%-./0%0 .&/0 .&/0 &.2.-034

(g ◦ f)(x) = g(f(x)) 56,-$7*$ 8.%0309
= g(2x) (f %,% *:/.-09
= (2x) + 7 (g %,% *:/.-09
= 2x+ 7

(f ◦ g)(x) = f(g(x)) 56,-$7*$ 8.%0309
= f(x+ 7) (g %,% *:/.-09
= 2(x+ 7) (f %,% *:/.-09
= 2x+ 146:-:%:/1 ;)-.&0+0&-.<

(f ◦ g)(x) = 2x+ 14
(g ◦ f)(x) = 2x+ 7

}

⇒ (f ◦ g)(x) 6= (g ◦ f)(x))-:/1 = >.-#$<
f ◦ g 6= g ◦ f 5 ?1@9#,/1 !"#$% A.20 B2$- >.--$/#$< f ◦ g = g ◦ f $7,8-,C, +.C-.%.6,-,/D .%
.* 6: F$%$-$7,8+,2-,* *:/.-0%0 6)23.21&'#()*+) ,-)('.'A,-$7*$ ,7-$3,%,%  !"#$%&$ '($#!)! 5.+)+,8.8,G,*9 './#0/1

f → B, g : B → C, h : C → D()%*+,&)%-./0%#.% ,-* ,*,+, B/8$% ,+$<
[h ◦ (g ◦ f)](x) = h[(g ◦ f)(x)]

= h[g(f(x))]'$
[(h ◦ g) ◦ f ](x) = (h ◦ g)(f(x))

= h[g(f(x))])-:/1 H.%,<
[h ◦ (g ◦ f)](x) = [(h ◦ g) ◦ f ](x) = h[g(f(x))]



 !"  !"#$ %&' ()*+,-.)*"/0"/ ./12"/* -3"40#$%&'%(% )*+,-+./ 0*',# 12345%623'*+ 478#5% 79#+%3,# :%'#$4# %$'#8%3%3  !"#$%&$ '($#!)! )*+,-+.;*,#'%(% 5*('*8*4 %<%3= >*+*3&#9'#+% 4*',-+->=
f ◦ (g ◦ h) = (f ◦ g) ◦ h = f ◦ g ◦ h ? @.AB6*9*:%'%+%9. !"!# $%&'(!)%&*&+"#+ ,-.,.,. A *+&$,!-.$- *$-.!,!-$ /0-1&#1 23-*,!43-#0" *+&$,! !5!-.$*!'(.$%#!* 23-*,!43-67  !#$%*$ !%#$&!-$ 8'"$ :%+%8 ?#&4%5%9B ')$.!"9 !"#$% A :2$ 2'8*6*3 :%+ 478# 2'8*4 79#+#=

I : A→ A, I(x) = x ? @. CB12345%623D3* :%+%8 ?E9,#$'%4B 12345%623 ,#8%$&%4. F#+0*3G% :%+ f : A→ A 1234H5%623D %'# I E9,#$'%4 12345%623D3D3 :%'#$4#5%3% ,7$73#'%8.
(I ◦ f)(x) = I(f(x))

= f(x))#
(f ◦ I)(x) = f(I(x))

= f(x),%+. / 0*',#
f ◦ I = I ◦ f = f ? @.  B2'D+. ID %5&#3#3 #$%&'%4&%+. !"! #$%& '()*&+,()&'( )*+,!'-*+.+ /0(!'/0&1# ,-.-.,. f : X → Y 12345%623D3D f = (X,Y,Gf ) :*(-3&-5- 2'*+*4,7$737+5#4=
f−1 = (Y,X,G−1

f ) ? @. @B&#+5 :*(-3&-5-= f 12345%623D3D3 &#+5%,%+.
f 12345%623D3D3 f−1 &#+5 :*(-3&-5-3-3 :%+ 12345%623 2'8* 42$D''*+-3- 5*('*H8*6*:%'%+J 6*3% :%+ 12345%623 2'8*6*:%'%+.



 !"!" #$%& '()*&+,()  !" !"#$ %&'&'&' f #$%&'()$%*%*% f−1 +,-' ./01%+1'1 #$%&'()$% $23/ &$4*22/-1%1'/021)$- (',5 f−1 +,-' ./01%+1'1%/ f #$%&'()$%*%*%  !"# $%&'#()%&* 6,%(2(-7 8*6*-*3 9/-'/5 f #$%&'()$%*%/  !"#(&!+(,(" .(- #$%&'()$%6*- 6()$-*:78* 6*-*3*
f−1 : Y → X ; <7 !='(3>,'()2, >?'+,-,
,0(:7

f #$%&'()$%*%*% f−1 +,-' ./01%+1'1 #$%&'()$% $23/ &$4*22/-1%1 '/02/31)$-'/5
f #$%&'()$%*%/  !"#(&!-!. .(- #$%&'()$%6*- 6()$-*:7 f #$%&'()$%* +,-'(%,3,:.(- #$%&'()$% (',5 f−1 )/2%1:
/ Y 6,% X &A3,'(%, .(- ./01%+1 $23/ (42,9(%,'/B(C+(-7D$%&'()$%2/- (2, >-/E&2,-( .(-,F.(- ,42,%,.(2(-G )/%( B,- #$%&'()$%*% .(- +,&>-/E0( 9/-61-G B,- >-/E& .(- +,& ./01%+1)/ ;#$%&'()$%/= /(++(-7 8* %,6,%2,5 #$%&F'()$%2/-2/ (2>(2( ?:,2(&2,-( >-/E&2,-(%6,% 6, H1&/-/.(2(-(:7 8*%/ >?-,5 )*&/-16/'?)2,6(&2,-(3(:( >-/E&2,-2, ),%(6,% (#/6, ,6,.(2(-(:I(")*$) %&'&'%'

f−1 = {(y, x) | (x, y) ∈ f} ; <7 J= !"# +/01& 1#1&1& +(" $%&#()%& %,-/#1 (2(& 3!"!',( 4! )! !",( '%5*,
f = {(x, y) | x ∈ X ∧ y ∈ Y } ; <7 K=$%&'#()%&*&*& +("!6+("67" !& %,-/#181"9(")*$) %&'&'&' :&
!'( 7&!"-!&(& 4/"#/)1-1 /, 1&8/ < f−1 8! +("! +(" 7" !&+(" $%&#()%&8*"=

f : X → Y, f(x) = y ⇐⇒ f−1 : Y → X, f−1(y) = x ; <7 L=(")*$) %&'&'+' f−1 : Y → X  !"# $%&'#()%&*&*& 4/"%,-/#1 (2(& 3!"!',( 4!)! !",( '%5*,< f : A→ B $%&'#()%&*&*& +("! +(" 4! 7" !& %,-/#181"9 !"#$%
(x, y) ∈ f ⇔ (y, x) ∈ f−1./01%+1'1%6/%5
y = f(x)⇔ x = f−1(y))/:12/.(2(-7



 !"  !"#$ %&' ()*+,-.)*"/0"/ ./12"/* -3"40 !"# $%&'(') *+(',+ !"#" $%&'(') *+(',+-+- $.)/'01'- 2.)34&4#$
&'( )*+,-+&./& ('( 01 /1 23$+4 2105/1 ',-&$($ '1.6&70&$ 81.95-5$5 61$5-:+1-5;65'< =$5-21$1
1>5 ,7&.& A1, A2, . . . , An ',-&+&.($($ '1.6&70&$ 81.95-5 n:25.1+5+1./1$ 3+4;1$
A1 ×A2 × · · · ×An = {(a1, a2, . . . an) | ai ∈ Ai, 1 ≤ i ≤ n} ? @< ABC1.+5' 3+1.1' 61$5-+1-5;65'<D(-/( )4 '1C.1-5 E&.E1$F( )(. ',-&+&.  !"#$!%!% & '(#)*#% + ',-.- '1C.1-5$1F&$&++&;6(.&
&>(7< G4$4$ (8($ *$
& ? @< AB ($ *>&+&.( 3+1$ n:25.1+5+1.5 I = {l, 2, ..., n}',-&2($/&$A = ∪i∈IAi ',-&2($& )(. H3$'2(03$ 3+1.1' /,;,$&)(+&
&>(-(7( F*26&.&:+(-< I&.8&'6&$ E&.E1$F( )(.

(a1, a2, . . . an) ∈ A1 ×A2 × · · · ×An ? @< "B*>&2($& '1.;5+5'
a : I → A; ∀i(i ∈ I) (8($ a(i) = ai ? @< JBH3$'2(03$4$4 61$5-+101+5-< G1;'1 )(.
(b1, b2, . . . bn) ∈ A1 ×A2 × · · · ×An ? @<@KB*>&2( 2&8&.2&'
b : I → A; ∀i(i ∈ I) (8($ b(i) = bi ? @<@ BH3$'2(03$4$4 61$5-+101)(+(.(7< ? @< JB C& ? @<@ B (H1/&+&.($/&$ E&-&$ F*.,+&:
&>( F()( a (+& b H3$'2(03$+1.5$5$ &;(6 3+1)(+-&2( (8($ F&.&'+( C& 0&6&.+( '3;4+

(a1, a2, . . . an) (+& (b1, b2, . . . bn) *>&+&.($($ &;(6 3+-125/5.L 01$(
a = b⇐⇒ (a1, a2, . . . an) = (b1, b2, . . . bn) ? @<@@B3+-125/5.< #0+&02& ? @< AB '1.6&70&$ 81.95-5$5$ E&. *>&2($& '1.;5+5' ? @< JB ;&':+($/& 61$5-+1$1$ )(. 6&' H3$'2(03$ C1./5.< G4 H3$'2(03$4$ )&+(.6F&$ *7&+(>(

∀i(i ∈ I)⇒ a(i) ∈ Ai ? @<@!B3+-125/5.<M&.2($& 3+1.1' )4 *7&+(>( 21>+101$ E&. a : I → A H3$'2(03$4$4$ /&>&. )*+F&2(
{a1, a2, . . . an} ',-&2(/(.< G4 ',-& ? @< AB '1.6&70&$ 81.95-5$5$ (a1, a2, . . . an)*>&2($($ )(+&;&$+&.($/&$ 3+4;-1'61/5.< D4E1+/& ? @< JB ;&'+($/&'( E&. H3$'2(03$? @< "B ;&'+($/& )(. *>&0( )&+(.+&.<N&-&' '( ? @< AB '1.6&70&$ 81.95-5$5$ *>&+&.( (+& ? @< JB ;&'+($/&'( H3$'2(0:3$+1. E(.&:)(. &;+&$&)(+(.< G4 $&/&$+&O

a = (a1, a2, . . . an) ? @<@PB



 !"#" $%&'(') *+(',+  !"#$%&
&($)* +, -./-01- ,%-23.
-4 -2536 7 8* 9: 6-25&)%&. ;-2<313.3. =(&/&2$.$ I#-1>-/-%-. 6?1&@$.#&. A A$/&0$1 6?1&@$.& 7 8*8B: 6C0,/,., @-(/-%-. DC.6@$E%C./-2 C/-2-6 #?0?.&A$/$2$)*F2536 I #-1>-/-%-. 6?1&@$ .& C/,2@- C/@,.4 A, 6-G2-13 >&.&//&05$2&A$/$2$)* !"#$ %&'('%' +$2 = {Aı | ı ∈ I} 6?1&/&2 -$/&@$ G&2$/@$.* +, -$/&.$. 6-25&)%&.;-2<313 H&2 ı ∈ I $;$. a(i) ∈ Aı 6C0,/,.. @-(/-%-.
a : I → ∪ı∈IAı 7 8*8I:DC.6@$%C./-23.3. C/,05,2#,(, 6?1&#$2*+,., #-H- -;36 %-)-2@-6

∏

ı∈I

Aı = {a | a : I →
⋃

ı∈I

Aı, ∀ı(ı ∈ I ⇒ a(ı) ∈ Aı)} 7 8*8J:C/,2* 7 8*8B: $. A$2 >&.&//&1&@$ C/-2-6 A-)-. a ∈ Πı∈IAı =(&@$.$ 7DC.6@$%C,.,:4H&2 ı ∈ I $;$. a(ı) = aı C/1-6 ?)&2&4
a = (aı)ı∈I 7 8*89:0&6/$.#& %-)-
-(3)* +,2-#- H&2 j ∈ I $;$. aj =(&@$.& a .3. jE$.
$ A$/&0&.$ #&.$/$2* !"#"! $%&'(')K,6-23#-6$ @$1>&/&2 G-2@-%3/-2-6 H&2 j ∈ I $;$.

πj :
∏

ı∈I

Aı −→ Aj , πj(a) = aj 7 8*8L:DC.6@$%C.,., 5-.31/-%-/31* !"#$ %&'('&' 7 8*8L: $/& 5-.31/-.-. πj DC.6@$%C.,.-Πı∈IAı 6-25&)%&. ;-2<313.E#-. jE$.
$ A$/&0&. 76C.-;4 6CC2#$.-5: ?)&2$.&  !"#$#% #$%&
&($)*F0-(3#-6$ =)&/$6/&2 6C/-%
- $@<-5/-.32*)"*+$* %&'('%' I & ' "(%)( * +",-. /#%,0 12%(/ #!,', 3,' ı ∈ I  4 + Aı = A 0,
∏

ı∈I

Aı = AI 7 8*8":#32*)"*+$* %&'('&' {Ai | i ∈ I} 5, {Bj | j ∈ J} ( 2,2,'  4 +
(

∏

i∈I

Ai

)

∪





∏

j∈J

Aj



 =
∏

(i,j)∈I×J

(Ai ∪Bj) 7 8*!M:
(

∏

i∈I

Ai

)

∩





∏

j∈J

Aj



 =
∏

(i,j)∈I×J

(Ai ∩Bj) 7 8*! :



 !"  !"#$ %&' ()*+,-.)*"/0"/ ./12"/* -3"40#$%&'%('#)% *+,'+-.)/ !"#$ %&'('(' A,B 0#)0+-1% %(% (23# %*# A 4+- B 5# &+-.3'. 6'+- 72&2-86-(*%56-'+).- 6'9$&9)49,9 (23#5%
BA = {f |f : A→ B} : ;/<;=*%31#*%5'# 1>*&#)#
#,%@/)"*+$* %&'('(' A,B,C  !" #$%& '( )'*! &+!
AC ∪BC ⊂ (A ∪B)C : ;/<<=
AC ∩BC ⊂ (A ∩B)C : ;/<!=
AC −BC ⊂ (A−B)C : ;/<A=7+,.-&.'+). *+,'+-.)/ !"#"# $%&'()'* +,-./(.,,-!+#.B9)+4+ #'# +'+
+,.3.@ 86-(*%56-'+)C +(*% *>5'#-3#4%(D#CR -%- 7%) +'& (23#*%-E4#- R -%- 7%) +'& (23#*%-# &+-.3'. F+)*+5.'+
+(&.)/ G6'+5.*.5'+C &+-.3 7>'1#*%7#'%)&%'3#4#- y = f(x) 7+,.-&.*.5'+ F#)%'#- 7%) f 86-(*%56-9-9- &+-.3 7>'1#*%C

f(x) 4#,#)'#)%-%- F+) 6'49,9 72&2- x >,#'#)%-%- 6'9$&9)49,9 (23#4%)/ H+7%%C f-%- 1>)2-&2 (23#*% 7#'%)'#-%-
#C 4#,#) (23#*% 4# 7#'%)'#-3%$ 6'+
+(&.)/ / graf(f) = {1, c)(2, b), (3, a), (4, d)} F# graf(g) = {(a, 1), (b, 3), (c, 4), (d, 2)}F#)%'%56)/ I)+J('#)% D%@%-%@/ g ◦ f %'# f ◦ g 7%'#$(# 86-(*%56-'+).-. 5+@.-.@/B%'#$(# 86-(*%56-'+).- -%&#'%('#)%-% 6)&+5+ D.(+).-.@/,-.'*/ f F# g 86-(*%56-'+).-.- 6( 1)+J('#)%-% D%@%-%@/ A = {1, 2, 3, 4} F#
B = {a, b, c, d} 6'3+( 2@#)#C

f : A→ B, f(1) = c, f(2) = b, f(3) = a, f(4) = d

g : B → A, g(a) = 1, g(b) = 3, g(c) = 4, g(d) = 24%)/ K#) %(%*% 7%)# 7%) F# >)&#-4%)/ G6'+5.*.5'+C 0#) %(%*%-%- &#)* 86-(*%56-'+).F+)4.)L
graf(f−1) = {(a, 3), (b, 2), (c, 1), (d, 4)}
graf(g−1) = {(1, a), (2, d), (3, b), (4, c)}B%'#$(# 86-(*%56-'+).- &+-.3'+). +$+,.4+ F#)%'3%$&%)L

g ◦ f : A→ A, g ◦ f(1) = 4, g ◦ f(2) = 3, g ◦ f(3) = 1, g ◦ f(4) = 2

f ◦ g : B → B, f ◦ g(a) = c, f ◦ g(b) = a, f ◦ g(c) = d, f ◦ g(d) = b



 !"#" $%&'(') *+(',+  ! "# y = f(x) = 3x+1 $%&'()*%&+&+&, -.-'.& %/0& 1& 2.*.' 30&4- 25/61()&)2+/+&+7# 8191: 25/61()&) 21/):/1*)&)7# ;0:(0, 31:( $%&'()*%&+&+ 2+/+&+7# !"#$% y = f(x) = 3x+1 2094&34(4 <1: 61:=1' x )=)& 0&/0-/4>4:# 8%/0*4(4*/0,
f &)& 30&4- 25/61() R >):#

(x1 6= x2)⇔ (f(x1) 6= f(x2))⇔ (y1 6= y2)%/>+9+&>0&, $%&'()*%& 2):1 2):>):# ?1: y ∈ R )=)&,
f

(

y − 1

3

)

= 3 · y − 1

3
+ 1 = y%/>+9+&>0&, f : R → R 5:31& 2): $%&'()*%&>+:# 8%/0*4(4*/0, f &)& 31:($%&'()*%&+ ;0:>4:# @1:( $%&'()*%&+ 2+/-0' )=)& ABC 2094&34(4&4 '+//0&02)/D):)7E

y = f−1(x) ⇔ x = f(y)

⇔ x = 3y + 1

⇔ y =
x− 1

3

⇔ f−1(x) =
x− 1

3F# a 6= 0 )/1 b (02)3 61:=1' (0*4/0: %/-0' .71:1,
y = ax+ b$%&'()*%&+&+&, -.-'.& %/0& 1& 2.*.' 30&4- 25/61()&) 2+/+&+7# 8191:25/61()&) 21/):/1*)&)7# ;0:(0, 31:( $%&'()*%&+&+ 2+/+&+7# !"#$% G+'0:4>0') (0*4(0/ 5:&1'31 *0H34'/0:4-474& 21&71:)&) 31':0:/0*0D2)/):)7# y = f(x) = ax+b 2094&34(4 <1: 61:=1' x )=)& 0&/0-/4>4:# 8%/0*4(4*/0,

f &)& 30&4- 25/61() R >):#
(x1 6= x2)⇔ (f(x1) 6= f(x2))⇔ (y1 6= y2)%/>+9+&>0&, $%&'()*%& &'()*&'(+'(, ?1: y ∈ R )=)&,

f

(

y − b

a

)

= 3 · y − b

a
+ 1 = y%/>+9+&>0&, f : R → R !(-). 2): $%&'()*%&>+:# 8%/0*4(4*/0, f &)& 31:($%&'()*%&+ ;0:>4:# @1:( $%&'()*%&+ 2+/-0' )=)& ABC 2094&34(4&4 '+//0&02)/D):)7E

y = f−1(x) ⇔ x = f(y)

⇔ x = ay + b

⇔ y =
x− b

a

⇔ f−1(x) =
x− b

a



 !"  !"#$ %&' ()*+,-.)*"/0"/ ./12"/* -3"40# $%&'()
f(x) = ax+ b ⇔ f−1(x) =

x− b

a'*+,!, a, b, c, d -%.*/ 0(+1(2 -%34&%+ 5&6%2 78(+()
y = f(x) =

ax+ b

cx+ d95:2-*35:;:;:) 67627: 5&%: (: .7372 /%:46 .<&0(-*:* .;&;:;8, =(>(+.<&0(-*:* .(&*+&(3*:*8, ?%+-%) /(+- 95:2-*35:;:; .;&;:;8, !"#$% @(+*&(: y = f(x) .%>4:/4-4) A%3'%:4: -494+ 5&6%'4>4 $(+ 0(+1(2 x*1*: %:&%6&4'4+, =5&%34-43&%) f :*: /%:46 .<&0(-* cx+ d 6= 0⇔ x 6 − d
c
5&%:0(+1(2 -%34&%+ 276(-*'*+,

f(x1) = f(x2) ⇔ ax1 + b

cx1 + d
=

ax2 + b

cx2 + d

⇔ (ax1 + b)(cx2 + d) = (cx1 + d)(ax2 + b)

⇔ adx1 + bcx2 = bcx1 + adx2

⇔ ad = bc'*+, B;+%'%: C;:; -<3&(3(.*&*+*8D&' ()*)$% E>(+ ad = bc *-() ?(+*&(: 95:2-*35:) f(x) = a
c
-%.*/ 95:2F-*35:;';+, G<+7:/7 276(-*) /(2 <>(&* {a

c
} 276(-*'*+, H5:2-*35:;: /(+-*352/;+,+' ()*)$% E>(+ ad 6= bc *-() ?(+*&(: 95:2-*35:) .*+( .*+'*+, G<+7:/7276(-* 78(+*:'() /(+- 95:2-*35:; ?%+'4+, I(+- 95:2-*35:; .;&6%2 *1*: JKL.%>4:/4-4:4 2;&&%:%.*&*+*8D

y = f−1(x) ⇔ x = f(y)

⇔ x =
ay + b

cy + d

⇔ x(cy + d) = ay + d

⇔ y =
−dx+ b

cx− a

⇔ f−1(x) =
−dx+ b

cx− a# $%&'() ad 6= bc 5&';>;:'%)
f(x) =

ax+ b

cx+ d
⇔ f−1(x) =

−dx+ b

cx− a5&;+, B;+%'%:) 0<+7:/7 276(-*:*: cx− a 6= 0⇔ x 6= a
c
25C;&;:; -%>&%3%:0(+1(2 x -%34&%+4:4: 5&;C/;+';>; 276( 5&';>; 0<+7&7+,



 !"#" $%&'(&)*$%$)  !"#$ A = {1, 2, 3} %& B = {1, 6, 11} '()&*&+, ,*& f : A → B, f(x) = 5x − 4-./'0,1./2 %&+,*,1.+$345 f -./'0,1./2/2/ 6,+& 6,+ .*7282/2 9:0;&+,/,<$365 f−1 ;&+0 -./'0,1./2/2 62*2/2<$3
5 f ◦ f−1 ,*& f−1 ◦ f 6,*&>'& -./'0,1./*4+?/? 62*2/2<$ !"#$%
f(1) = 1, f(2) = 6, f(3) = 11&>*&)&*&+,/7&/@ f /,/ 6,+& 6,+ %& :+;&/ .*7282 9:+(*(1.+$ A&+0 -./'0,1./262*)4' ,B,/@ (8) 648?/;?0?/? '2**4/4*?)C
y = f−1(x) ⇔ x = f(y)

⇔ x = 5y − 4

⇔ x+ 4 = 5y

⇔ y =
x+ 4

5D1*&10&@
f(x) = 5x− 4 ⇔ f−1(x) =

x+ 4

57,+$
f−1 ◦ f = IA : A→ A, (x ∈ A⇒ IA(x) = x

f ◦ f−1 = IB : B → B, (y ∈ B ⇒ IB(y) = y.*7282 4E4B?';?+$ !"# $%&'(&)*$%$) $ F,+& 6,+ %& :+;&/ G&+ -./'0,1./2/ ;&+0,/,/ ;&+0,@ '&/7,0,/& &>,;;,+H 14/,@
(f−1)−1 = f&>,;*,8, %4+7?+$ I:0;&+,/,<$J$ f ,*& g -./'0,1./*4+?/?/ 9+4K'*&+,@

graf(f) = {(a, 4), (b, 3), (c, 1), (d, 2)} %&
graf(g) = {(1, b), (2, d), (3, a), (4, c)}.*02/$345 f -./'0,1./2/2/ ;4/?) %& 7&8&+ 6:*9&*&+,/, 14<?/?<$365 g -./'0,1./2/2/ ;4/?) %& 7&8&+ 6:*9&*&+,/, 14<?/?<$



 !!  !"#$ %&' ()*+,-.)*"/0"/ ./12"/* -3"40"
$ f %&'()*+&',',' -*./ -*. 0/ 1.2/' &34,5,', 61)2/.*'*78"4$ g %&'()*+&',',' -*./ -*. 0/ 1.2/' &34,5,', 61)2/.*'*78"/$ f %&'()*+&',',' 2/.) %&'()*+&',', -,3,',78"%$ g %&'()*+&',',' 2/.) %&'()*+&',', -,3,',78"6$ f−1 ◦ f -*3/9(/)*'* -/3*.3/+*'*78":$ f ◦ f−1 -*3/9(/)*'* -/3*.3/+*'*78"*$ g−1 ◦ g -*3/9(/)*'* -/3*.3/+*'*78";$ g ◦ g−1 -*3/9(/)*'* -/3*.3/+*'*78"($ g ◦ f -*3/9(/)*'* -/3*.3/+*'*78"3$ f ◦ g -*3/9(/)*'* -/3*.3/+*'*78"<$ (g ◦ f)−1 2/.) %&'()*+&',', -/3*.3/+*'*78"'$ f−1 ◦ g−1 -*3/9(/ %&'()*+&',', -/3*.3/+*'*78"&$ (g ◦ f)−1 = f−1 ◦ g−1 /9*23*5*'* 61)2/.*'*78=8 A = {−2,−1, 0, 1, 2} (></)* 0/.*3*+&.8 f : A → B, f(x) = 3x − 1 0/
g : B → C? g(x) = 2x+ 5 -*./ -*. 0/ 1.2/' %&'()*+&'3@.A 2@'A<3@'A+&.8"@$ B 0/ C (></3/.*'* -,3,',78"-$ g ◦ f : A→ C %&'()*+&',', -/3*.3/+*'*78"
$ f, g, g ◦ f %&'()*+&'3@.A'A' 6.@B(3/.*'* C*7*'*78!8 D/. f : A → A 1.2/' -*. %&'()*+&', *)/? (A)@3A5A )@53@<@( *C*'? @.4A9A(-*3/9(/3/.?

f2 = f ◦ f, f3 = f ◦ f ◦ f, f4 = f ◦ f ◦ f ◦ f · · ·-*C*<*'4/ >)2/3 *%@4/3/.3/ 61)2/.*3*.8 f : R→ R? f(x) = −x+ 5 %&'()*+&',0/.*3*+&.8 I -*.*< %&<()*+&' &3<@( >7/./?
I = f2 = f2 = f4 = f6 = · · ·&34,5,', 61)2/.*'*78E8 f−1(x) = 2x+ 3 0/.*3*+&.8 f %&'()*+&',', -/3*.3/+*'*78F8 f : R → R, f(x) = x − 5 %&'()*+&', *C*' f4(x) = 0 /9*23*5*'* )@53@+@' x)@+A)A'A -,3,',78G8 A = {−3,−2,−1, 0, 1, 2, 3} 0/ B = {0, 1, 4, 9} (></3/.* 0/.*3*+&.8

f : A→ B, f(x) = x2 %&'()*+&',',' 2/.)* 0@. <A4A.H I/4/'HJ8 A = {−1, 0, 1, 2, 3, 4, 5} (></)* *3/ f : A → B, f(x) = 5x − 1 -@5A'2A)A0/.*3*+&.8"@$ f '*' -*. %&'()*+&' &34,5,', 61)2/.*'*78



 !"#" $%&'(&)*$%$)  !"#$% f &'& ()(*)& +,-& .& $)/)* 0-&1( $2,3.4'&' 5. 6.7.8 $2,3.4'&'$.,'8,./'&'9:#
% f &'& $'8. $'8 5. 280.& $'8 <+&*4'/+& +,6=7=&= 3240.8'&'9:#6% f−1 0.84 <+&*4'/+&=&= $.,'8,./'&'9:#.% f ◦ f−1 6= f−1 ◦ f +,6=7=&= 28&.*,.8,. 3240.8'&'9:>: f(x) = 3x+ 1 5. g(x) = 2x <+&*4'/+&,-81 5.8','/+8:#-% f ',. g &'& ()(*)& +,-& .& $)/)* 0-&1( $2,3.,.8'&' 5. 6.7.8 $2,?3.,.8'&' $.,'8,./'&'9:#$% g ◦ f $',.@*. <+&*4'/+&=&= $.,'8,./'&'9:#
% f ◦ g $',.@*. <+&*4'/+&=&= $.,'8,./'&'9:#6% g ◦ f 6= f ◦ g +,6=7=&= 3240.8'&'9:#.% f−1 0.84 <+&*4'/+&=&= $.,'8,./'&'9:#<% g−1 0.84 <+&*4'/+&=&= $.,'8,./'&'9:#3% f ◦ f−1 6= f−1 ◦ f +,6=7=&= 28&.*,.8,. 3240.8'&'9:#A% (g ◦ f)−1 = f−1 ◦ g−1 +,6=7=&= 28&.*,.8,. 3240.8'&'9: B: f(x) = 3x + 1 <+&*4'/+&= ',. B = {1, 7, 10} *)(.4' 5.8','/+8: f−1(B)*)(.4'&' $=,=&=9:  : f(x) = x3 + 1 <+&*4'/+&=&=& 0.84'&' $=,=&=9: C: f(x) = 2 3
√
x+ 5 <+&*4'/+&=&=& 0.84'&' $=,=&=9: D: f(x) = 1

x−1 <+&*4'/+&=&=& .& $)/)* 0-&1( $2,3.4'&' $.,'8,./'&'9: E.84<+&*4'/+&=&=& +,=F +,(-6171&1 -8-@0181&19: !: f(x) = 1
x
, (x 6= 0) <+&*4'/+&=&=& 0.84'&'& *.&6'4' &. .@'0 +,6=7=&=G /-&'H

f(x) = f−1(x), (x 6= 0) .@'0,'7'&'& 5-8,171&1 3240.8'&'9: ": f(x) = (x − 3)3 <+&*4'/+&=&=& 0.84'&' $=,=&=9: I: f(x) = −x+ 3, g(x) = x+ 1, h(x) = 3x+ 2 <+&*4'/+&,-81 5.8','/+8:
f ◦ (g ◦ h) = (f ◦ g) ◦ h +,6=7=&= 3240.&'&'9: J: f(x) = ax+ 1 5. f−1(x) = f(x) '4. f−1(1) *-K018L M: f(x) = ax+2

3x−1 5. f−1(x) = f(x) '4. f−1(1) *-K018L >: f(x) = 3x−1
2x−4 <+&*4'/+&=&=& .& $)/)* 0-&1( *)(.4'&' 5. 5-84- 0.84 <+&*4'/?+&=&= $=,=&=9:CB: f(x) = (x + 1) · f(x− 1) 5. f(1) = 5 '4. f(4) *-K018LC : f : A → B <+&*4'/+&= 5.8','/+8: f(x) = (x − 1) · f(x + 1) 5. f(5) = 5 '4.

f(2) *-K018L



 !"  !"#$ %&' ()*+,-.)*"/0"/ ./12"/* -3"40##$ f(x) = 2x+ 1 %& g ◦ f(x) = 6x− 2 '(& g(x) )&*'+,#-$ g(x) = 3x− 2 %& g ◦ f(x) = 2x '(& f(x )&*'+,#!$ f(x− 2) = 3x+ 1 %& A = {−1, 0, 1} '(& f(A) %& f−1(A) )&*'+,#.$ f(3x− 1) = x2 − 3 '(& f(x) )&*'+,#"$ f(x) = 3x+ r %& f−1(3) = 1 '(& r /0123+,#4$ A = {−1, 1, 3} %& f(x) = 2x+ 1 '(& f−1(A) )&*'+,#5$ f(x) =
3x− 1

x− 3
'(& f−1(x) )&*'+,#6$ A = {1, 2, 3} /78&(')*&) /&)*'(')& 20)3893 :'+& :'+ %& ;+2&) <&+ =>)/('?>)@

A )3) :'+ A&+8720(?>)B*B+$ C'+ A&+8720(?>)B D;(2&+8&/ '1')@ 0E0F3*0/'D':' 802+'(9&+ /B990)393+$ CB)B) 0)9083 EB*B+G H(2 (023+*0/' <&+ ;F&@ /&)*'*7E&? (72B)B)0 /0+E393/ D&9&) 092 (023+*0/' ;F&?& &E9&)'+$I0J A )3) :727) A&+8720(?>)90+3)3) 0E0F3*0/' =>)/('?>)90+*0) >9BE0)
P = {f1, f2, f3, f4, f5, f6} /78&(' >9*BFB)B D;(2&+')'K$I:J CB A&+8720(?>)90+ 0+0(3)*0@ :'+:'+9&+')') 2&+(' >90)90+3 :&9'+9&?')'K$I
J M&+8720(?>)90+3) :'9&E/& 'E9&8')& D;+& /0A093 >9*BFB)B D;(2&+')'K$I*J C'9&E/& 'E9&8')') ?&+ *&F'E'8 ;K&9'F')') >980*3F3)3 D;(2&+')'K$I&J C'9&E/& 'E9&8')') 20:9>(B)B ?0A3)3K %& ;K&9'/9&+')' ')
&9&?')'K$I=J (P, ◦) ('(2&8' :'+ D+BA 8B*B+, N&*&),
f1 =

(

1 2 3
1 2 3

)

, f2 =

(

1 2 3
1 3 2

)

, f3 =

(

1 2 3
2 1 3

)

f4 =

(

1 2 3
2 3 1

)

, f5 =

(

1 2 3
3 1 2

)

, f6 =

(

1 2 3
3 2 1

)>90+0/ %&+'9'?>+$ ◦ I:'9&E/&J 'E9&8'@ 0@0F3*0/' D':' 20)3890)3+G
f2 ◦ f3 =

(

1 2 3
1 3 2

)

◦
(

1 2 3
2 1 3

)

=

(

1 2 3
3 1 2

)

= f5-O$ PB/0+3*0/' 20)3890+0 D;+&@ (f3 ◦ f5)−1 <0)D' A&+8720(?>)0 &E'22'+,- $ PB/0+3*0/' 20)3890+0 D;+&@ (f−1
5 ◦ f−1

3 )−1 <0)D' A&+8720(?>)0 &E'22'+,-#$ Y /78&(')*&)X /78&(')& 20)3893 :727) =>)/('?>)90+3) >9BE2B+*BFB /78&
XY '9& D;(2&+'9'+G

XY = {f | f : Y → X} I #$-"J
Y = {1} >90+0/ 093)3+(0@ X{1} /78&(')' :&9'+9&?')'K$


