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FEI fchadic (TS BOX G B ) o G Y TREP U L onto § OBFE o
BTARAPAL- BREY KFEP - B % SHS onto 7 jF o

Theorem 5.3.5. B& f:X =Y 5 functione B f % onto ZE*EE 3 g: Y —>X %
function 7% &_ fog=idy °

Proof. (=) % f:X—Y % ontopF > AP R * fHI - BIdeg:Y >X B E fog=idy °
it BEPHF B RFEE LY Axiom of Choice % J&IZ » # igd P APy XA LET -
AR P R AT AL c A A REE T OEP AR ALLTE o F
Ad f Gontor ArEHEE yeY ¥ () A0 P EEL yeY o AP
Bogly) a2z e D) P PR - BERAE o AP RET - BILY B X G
fogo BPTHEAPG fog:Y 5V PHEMNEIR yeY F gly)=x M Fxef1({y}) &
fE)=y = G fog(y) = f(g() = f(x) =y Wi fog=idy -

(<) miBK g:Y > X % function ¥ /& & fog=idy » AP EZEP f:X—>Y 5 onto-
SR EL yEY RH I xEX BT y=f(x) #F FyeY  AG g(y) X 7
FETR x=80y)€X Rl f(x)=f(gy)=fog(y)=idy(y) =y~ F@EFmET FhxeX ¥
y=f(x) #&& f: X =Y % onto ° O
Example 5.3.6. ¥ & X ={1,23}~Y={ab} "2 f:X =Y &% f(1)=f2)=a-
fB)=beo ks %k f: XY S ontoe APESI g: Y X 18 fog=idy o ¥ W& T &
Y P X ehdde s S E B Y ¢ A MR LR Ao it o R 2 1 ({a}) = {1,2}
Az fl({a)) P oe- BAE o BB 2 FP R gla) =20~ d 3 fI({p}) ={3}
WF - BAZo AP EE gb)=3 L EEAPF g:Y >X 5 @ function ¥ % &
fogla)=f(g(a)) =f(2)=a r12 fog(b)=[f(g(b))=f(3)=0b  #® fog=idy

Theorem 5.3.5 ¥ M AP % & * onto (HE_&KAILF M onto G7EM o Gl4eA P F 1T

Proposition 5.3.7. & f1: X =Y, f»,:Y = Z ¥ 5 onto function > P frofi: X —Z 7 &

onto °

Proof. |* Theorem 5.3.5° &#P frofi:X —>Z % onto> AP HEHI g:ZX & 1F
(frofi)og=idzy ¥ o Km ¢ & f1:X =Y, LY —>Z ¥ 5 onto’ #t&d Theorem 5.3.5 &+
Fhga Y =X g:Z—-Y BE flogi=idy W% frogy=idz W4t g=giog:Z—X>
A3 (faofi)og=(frofi)o(grogr) > FI* & = ddcenis & & (Proposition 5.1.6) 12 %
Lemma 5.1.5 > 25 (f20f1)0(g1082) = f20(fiogr)oga= fro(idyog2) = froga =idz = W
# (f20/f1)0g=idz U

Question 5.6. #4|* onto ez &ZZEM Proposition 5.3.7 °
& ;1 % Proposition 5.3.7 0k & % — T2 o 4 II‘*u{;fu P fhofi & onto & H &7 f1,/

® 5 onto e bl4r e Example 5.3.6 ® g:{a,b} — {1,2,3} =& 5 gla)=2,g(b)=3> * &_

onto; & fog=idg, = ontoe A FA[PF LT 2 5% .
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Corollary 5.3.8. % f1: X =Y, L:Y =Z ¢ 5 function & frofi: X —Z % onto> P] f»

%L onto o

Proof. 4 foofi:X —Z % onto> §1* Theorem 5.3.5 =5 & g: Z—X & &_(frof))og=
o FlM I 2 Sl 5 B fro(fiog) =idz e M4 g2=flog’ AP ogiZoY E
;%’ifzogngzo(f]og):idzo il £ =2 41 * Theorem 5.3.5 #% f,:Y —Z % onto- [

Question 5.7. F | * onto shET_ & FEM Corollary 5.3.8.

£ ;1 % Corollary 5.3.8 F1F &4 % — & 3 o 4 ,Th{;;u D H WEX L, 5 onto ¥ A

%% frofi » onto

Question 5.8. % & X ={a,b}, Y ={1,2,3} - EH 36|+ fi: X =Y, f:Y =X 5 functions
HP f, 5 onto> wH_frofy * &_onto-

fronto sfiR- o AP G - BA LD LEFEM - B % I# i one-to-one 7 jE o

Theorem 5.3.9. 3% f:X =Y 5 function° B| f % one-to-one &2 *iE 3 h:Y =X
% function % &_ho f=idy °

Proof. (=) é f:X—=Y i oneto-one pF > NP EJ[* fH I - BaBch:Y X &
hof=idy - 5 #44d f % one-to-one’ Mg HE R yel » #(f *1({y})) 1o TPt ix
Lyey ¥ f OH=02rx&H ny) 2 X 2-BALEE ca% () A0 8
D)) I - BRd e B D)) = () S RE AO) e R
- BAHY FIX ehddiche e TENFG hof XX T IR xeX & f(x)=y> Rl
Rlxe fH {0} > 4w h(y) =x o2 A58 ho f(x) = h(f(x)) =h(y) =x > ¥ hof=idx °
(&) MK h:Y - X i function £ & & hof=idy - AP EEP f:X =Y % one-
to-one > + II%{;’L%’ X, €EX BE fx)=f(x) > NMPBFEP xyj=xp° R FlxyeX - RN
3 xp=idx(x;) =hof(x;) =h(f(x1)) e FPEF xp € X > A F xp=h(f(x2)) o Rd XK
fx1))=f(x) €Y M2 h:Y =X 5 function & h(f(x1)) =h(f(x2)) o FI* (B2

x1 =h(f(x1)) = h(f(x2)) = x2.
]

Example 5.3.10. ¥ & X ={a,b}, Y ={1,23} M2 f:X Y 2% 5 fla)=3, f(b)=1¢

L EE XY 5 onetoonee A EPBF| h:Y X @1 hof=idy o d 3B TEHK
Y Bl X ihsdic ST E R Y P inAF g LR Eaem st o B 0w fI({2)) =00 2
EB X ¢ ch- B A % St B g0 TR RE h(2) =a- x o 3 fI{1)) = {b} #rras
& h()=b;a B ={a} #t AP E hB)=a- B, TENPF Y =X 3
- B function * 7% ihof(a):h(f(a)):h(Z’)):a 2 hof(b)=h(f(b))=h(1)=b> ¥
ho f =idy
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Theorem 5.3.9 ¥ 14§24 {7 3 & * one-to-one (N &K 2} M one-to-one eFER o (]4e

EA 7; T m.]v_tfé‘r °

Proposition 5.3.11. % f1: X =Y, »,:Y —Z ¥ 5 one-to-one function> B frofi: X —Z

7* 4 one-to-one °

Proof. 41* Theorem 5.3.9 > £ fof;: X —Z % one-to-one> AP HEB I h:Z—-X
#® ho(frofi)=idxy ¥ o &Km e & fil:X Y~ fr:Y—Z % % onetoone’ txd
Theorem 5.3.9 % & h Y =X hy:Z =Y B X _hofi=idxy "% hyof,=idy °
£ h=hohy:Z—=X> 305G ho(fzofi)=(hoh)o(faofi)e fI* & = S dkcehls ¢
# (Proposition 5.1.6) 12 %2 Lemma 5.1.5°> 2 5 (hjohy)o(frofi) =hio(hofr)ofi =
hyo(idyofi) =hyofi =idy » @2 ho(frofi)=idy ° O

Question 5.9. #41* one-to-one ME_&FEP Proposition 5.3.11 -

£ 71 & Proposition 5.3.11 #F & % — T = > 5 ij‘aiﬁu f>0f1 & one-to-one T % %
= f1,f2 ¥ 5 one-to-one o #]4r & Example 5.3.10 ¥ h:{1,2,3} = {a,b} & 5 h(l) =

T S
b,h(2) = a,h(3) =a > * &_one-to-one ; & hof=1id; & one-to-one° # W F 11T 2

Corollary 5.3.12. & fi: X =Y, 1: Y =>Z ¢ % function ® frofi: X —Z % one-to-one>

Rl fi % one-to-one -

Proof. 4 f,ofi:X —Z 5 one-to-one> §|* Theorem 5.3.9 4v5 & h:Z — X & & ho
(faofi)=idy o Flet 1% & = Sfics & E=E (hofa)ofi=idx > b hy=hofy i3
h:Y =X 2% hofl=(hof)ofi =idy » “r2f % 4]* Theorem 5.3.9 F% fi:X > Y

% one-to-one ° O
Question 5.10. #4|* one-to-one fhz &P Corollary 5.8.12 -

£ ;1R Corollary 5.3.12 ehF w4 % — & & o 4 %&{;& © H 3K fi 5 one-to-one
I 7 iy ¥ frofi & one-to-one °
Question 5.11. % & X ={a,b}, Y ={1,2,3} s EH 3 b3+ fL: XY, /HL:Y =X 5

functions £ ¢ fi & one-to-one> € &_frof; * &_one-to-one °

B {8 24 i k47 31 one-to-one and onto i #ic o ip kS Bo- A P2 L bijective
function & bijection  B3K f:X — Y &_bijective ¢ f i onto FvF A g:Y - X & &
fog=1idy (Theorem 5.3.5) = * & f % one-to-one %33 & h:Y — X # {8 hof =idy
(Theorem 5.3.9) ¢ ]yt d % & E=12 2 Lemma 5.1.5 > 2 5

h=hoidy =ho(fog)=(hof)og=idyog=g.
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» ﬁ%{;ué; f:X =Y % bijective FF» AP ¥ M55 g:Y X FPEEE fog=idy ¥
gof=idy « 9 tigthindlic g Ari- o B A FIZBK g1V =2 X frg:V =X ¥ % &
fog=fog =idy 1% gof=gof=idy  fI* k4 4pk Fuld i3

=goidy =g'o(fog)=(gof)og=idyog=g.
%WQLE fehdndic g BrE-chf X fo f M AP T - BERBEE 1 2 W2 i f
e inverse o d 3Tz R F] 0 AP AL bijective function % dnvertible function o

Question 5.12. IF)\ f X =Y EY anectl'[}e" pé")& ? gY—>X /%&fogzldy , EI'J
g=fleor P BUEE Y >X BT hof=idy Bl h=f"1o

£1R 8 & e inverse image 8 1 0 - & hd Bt 11 T inverse image
- i}u{":ﬁ“ © 3 F f:X—Y E72 E bijective » #E R Y 1 subset C » inverse image f~(C)
A THE D REWY A& y’fj-*‘—”’ﬁ % f 5 bijective B f71(y) 13 &K - 73 £ F
LIHER yeY o fo ({)’D‘m"‘ TE G (>’T} 3% f 5 Dijective ¥ § T & o

% f:X—=Y 5 Dijective pF » 2 i ¥ 124 % inverse image # f1:Y X BT o ¥

?’J-;}Lli&yEY’dfaonto ™2 % one-to-one » 2 3 #(f1({y})) _1°+,TL7\1—\FR_,
FUON Bt -BAE - A0 E ) ={x) BIAPTE fIy) =xe kit k> A
Fofx)= %’ E () =x0 TR E fof ' =idy  flof=idy -

Example 5.3.13. # #4534 Example 5.3.2 7 #7 bijective function # inverse % .

(A) ¥ g sdc g : R\ {3} = R\ {1} =& 5 g(x) =(x+1)/(x—3), VxeX - & Example
5.3.2 fv Example 5.3.4 3 i &v g(x) 5 bijective > ¥ % Example 5.2.2 ¥ 2 i frig $1 §
yeR\{1} g (Y ={Gy+1/(p— 1} At s g iR\ {1} = R\ {3} &5 5 ¢ '(x) =
Bx+1)/(x—1), Vxe R\ {1} -

(B) ¥ g f: Z—NU{0} =& 3

2n, if n > 0;
f(”)_{ —2n—1, ifn<0.

% Example 5.3.2 ¢ 2 oes ke NU{0} 5 e B £ 1({k}) = {k/2} 5 @ & ke NU{0}
sddo P IR ={—(k+1)/2} - F1p ® FNU{O} = Z %4 5
1, | n/2, if n is even;
f (”)_{ —(n+1)/2, ifnis odd.
Ajpaesg § f:X =Y 5 bijective BF o f dhinverse 1 e o F 2. 0 F f fhinverse i1 &
THE Y X #® fof'=idy ¥ flof=idy > Bld Theorem 5.3.5 f= Theorem
5.3.9 & f % bijective o F]pt i F 1T 2 B %k

Theorem 5.3.14. Bk f:X =Y % function e B f 5 bijection & f v&E 5 & 1Y =X
®® fofl=idy ¥ flof=idy -

Question 5.13. E% f:X =Y % bijective function - 3FZEP f~1:Y =X 7 4 bijective
(=
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41* Proposition 5.3.7 = Proposition 5.3.11 # i § F § 12T enfd ¢

Proposition 5.3.15. & f1: X =Y, /:Y —Z ¢ % bijective function> B frofi: X >Z

7t 5 bijective function » ¥ }tPF
(rofi) ' =filofs!

Proof. #§ £ 2 &M (frofi)o(fi'ofy)=idz M2 (filofy)o(frofi) =idy o F
f1* Theorem 5.3.14 37 # frof1: X —Z % bijective - * #] inverse function g - |+ >
S @@ (hofi) =Sl o R

(hof)o(fitofs ) =frolfiofi)ofy ! = (Loidy)ofy ' = frofy! =idz,

(fitofsNo(faofi)=file(fylof)ofi=fiolidvofi) =fi o fi =idx.
l” pﬂﬂ\ KIW ° D
Question 5.14. BX fi: X =Y, Y —>Z % % function ® frofi: X —Z % bijective

WP LR 1 XY e Y ->Z A5 bijective? * F 2 &v fi, fh B¢ 5 — B bijective >
P - BET 5 bijective?

5.4. Equivalent Sets and Cardinal Number

FAPATE-BREEAFOREP BF AL R Aol FilenF B A2 R A- B
—H- ARG MABERREEA G R BAE O FAP- B Bl A R
g A e ﬁ*«i\:ﬂ i — @ A F| {l,...,n} & bijective function o #7124 AP Repg 0T h

>

2
TR °

Definition 5.4.1. &3 A,B 5 set > ¥ 3 &— { bijection f:A — B R A is equivalent
toB> 2% |[A|=|B| %7 °

AR E A G finite set » ¥ 1L |A] ff’u‘i}fﬂ i F Bl H(A) o 3D AR R HE
‘;} A % finite set i > ST AP H |A| gD EEL 0 ¥ fL2 5 A 0 cardinal number o %]

pL AP E 3R A s equivalent to B ¥ vEF A fr B 3 — #& 0 cardinal number °

Equivalent set 2. [ ehff i E % + € — 1 equivalence relation °
Proposition 5.4.2. 3%z & 7 sets A,B,C 34 '3 11T SEIER A
(1) |A[=|A] -

(2) # |A[=|B| R] |B] = |A] -

(3) % |4l =Bl * |B]=IC| » 71 |A] =

Cl -

Proof. (1) =R & A> ¥ b idy:A—A - P A ehidy 5 bijective » 28 |A| = |A] -

(2) # |A|=|B|» #7% & f:A— B % bijective t&x¥ g f!:B— A 7 % bijective
(%2 Question 5.13)» {#% |B|=A| -
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(3) # |A|=|B| £ |B|=]|C|" %75 & f:A—B-~g:B—C ¥ 5 bijective > #z d
Proposition 5.3.15 4 go f: A — C 7% 5 bijective » ¥ |A| =|C| - O

28650 2 (AT R E L e AP L AR 130 2 BTt TS
ik & ™ [ ={1}, Lh={1,2},...,I, ={1,...,n} - ¥ A &3 n B ~ %  finite set »
APy b Al=|L|c FIFAFFB T nBAE > PG |Al=|L| 4% |Bl=
F] ¢ Proposition 5.4.2 v ]A| =|B| -

¥¢hE A B ¥ % finiteset @ A chaZ Bd#en 2 X3 B~k Blioms 7RG 7 i
|A|=|B| %8 2?3 F7F i AL g |L| fo |L,| £ F40%E c 5 Ad 3t ntEm- 34 - L APE
X m>neo BE |y =, > %7 % % bijection f:1, — 1, 227 ¢ 84 & I2 Theorem 2.2.3
(B &P, 277 m L4 ’ﬁﬁi’» L 27 nB#E3F) & f:l,—1, 27 3
one-to-one (%83 #icx >~ $ 3 #co - - BHEIFIAO EA ] B ) pe f i
bijective ik Ap 4 ' » #WHE |L| # || ° IFL—E |A|=|B| > Bld |A|= L] & |B| =Ly ™%
Proposition 5.4.2 #5.1« \L| = [In| 225 % > #&4r

v

P w520 & finite set R 0 AP A cardinal number 3E R & AP HE &~
[ gk 01 BEE A L
B tBrFZnE st HAatamiz- B- BHE - 7/ ¥ - B nonempty set A 4%k ¥z
L neN¥3 Al#|L] > 2 PH A 5 infinite set -

7

7 4] * cardinal number % %_% infinite set o » )I*u—k;m %] A ’;‘a

H 4 cardinal number B # £3F 5 H 5 @i R B o Bldr i F ANB=0~-CND=0 *
A|=|C|~ |B| = |D| » A4 3 HeshR Al » & § 5EH [AUB| = cER A A
Py T TR e

\h

Lemma 5.4.3. B3k [ % index set> {A;,i€l} ~{B,i€l} » % i A~ B 0 partition > &
Her3 oiel> w3 |Ail=|Bi| > B |A|=|B] -

Proof. w jf— = > {Aji €I} 3 A ¢hpartition 27 A=|JA; 2§ i jel  Fi#j>
iel
AlANA;j=0° iR > #5975 i€l> % F |[A]=|Bi|lo 2 F&7 58 fitAi—=Bi 5

bijective function o # i g4 * g f; > ZH - B bljectwe function f: A — B~ & i{ ¥
# |Al=1B| -

TE fASBAeT IR acA d 3 {Aiel} i A 0 partition 0 AP A rE
—hicel B acA; - rFEE fla)=fila)eB;i~d > {Aiel} 5 A ¢ partition » & f
NEEPF-BAGAFEF EREPRERAE B CBe TR €& - BI_A T
B & function o 2\ i# & f :A — B % one-to-one and onto °

B¥iEZ beB> d > {B,iel} % B ¢ partition » #& 75 fert— enjel> @ ¥ beB; o
A FE fitA; =B 5 oontor A acA RE fila)=be Wik f e Ak > ¥HIWNEB b
AP RN gecA BTG acA0d [T &ZET fla)=fila)=b- F&H f:A—B i

onto °
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B adeAr atd > & acA,dcAj BlirE A fla)=fila)eB ¥ f(d)=
fild)€Bje ¥ i#j RIF BNB;=0" 4 fi(a) # fi(d) - & fla)# f(d)em % i=]
Rl T fi=f; & injective ¥ a#d » # fi(a) # fi(d) - &=# fla)# f(d')> FIEE f

one-to-one °

~.
ETIS

O

% X cardinal number fef £ F BHcG M o AP F ARF LU s o] o & finite
set iR o A "Sfrz,ﬁ, ~FH Wb el £ F 1 one-to-one HIpE BT F Lk F ol £ o

FIp PR P 0T g o

Definition 5.4.4. #B3& A,B 5 set> 2% |A| <|B|] %% % o— B one-to-one function
f:A—Bo

TRHEEY RBEAPHERL - bldcr ACB MY B f:A— B T8 5 fla)=a,
VacA- x% % %% f 5+ one-to-one function > #7127 figfimz & A5 o Fr )
0 % mmeNE m>no Bld 3 [, CLo #T3N g (L] < |Ly| o @ ok 2 :F“ﬂ WE R
®AeiE 3 F Ay 7 oone-to-one function f L, — I, 0 #TIA e drig L, <L) F w2 e

FHER I AFVRIDAF I USRI DIEFREI A F R DEE

cardinal number &+ E ¥t NP T g% o

Proposition 5.4.5. &3k A,B % set° B| |A| <|B| & X &% 5 & onto function h: B —A °

Proof. (=) ¢ |A| <|B| > &4 i# 473 i~ T one-to-one function :A — B » ¢ Theorem 5.3.9
w3 h:B—>ABE hof=idg ° 8@ idy : A — A ¥_onto function » #d Corollary 5.3.8
srh:B—A i onto e

(<)d h:B—A i onto v F# g:A—B % ¥ hog=idy (Theorem 5.3.5) - ¢

idg » one-to-one ¥4 g:A — B % one-to-one (Corollary 5.3.12) o F]}* ¥ 3 O

T kA PR P Definition 5.4.4 % & ) cardinal number 2. [ ¢ partial order (% §
% ¥ 7 % I cardinal number z_ ¥ &7 total order ; # #i&E * ¥] Axiom of Choice @ ¥
A2t B g T AT IEAEE A ) o B A E reflexive e L E R &
A> AP iEE+ ) idy:A—A-d 3 idy & one-to-one > & F %
T % A
H gof:A—=C I " anti-symmetric
f“* %‘r JI‘ it fiAg fe o ip A 73 Cantor-Schroder-Bernstein Theorem s KA T I L F
. f:A—> B2 g:B—A % % injective> |3 & h:A— B % bijective o & >t T ez P
D EAGE R o PR AR o

o I %t transitive
<I|Bl * |B|<|C|> Rld 5 f:A—B %2 g:B—C ¥ i one-to-one’ ¥

one-to-one ( Proposition 5.3.11) » & #% ¥

E'D

T
o

3

S

% M

Theorem 5.4.6 (Cantor-Schroder-Bernstein). 3% A,B % sets i X_|A| < |B| * |B|<|A| >
I |Al =B

B 1 > AP ¥ % & cardinal number 2. [ e “strict order” ¥ A,B % sets » & &_|A| <
|B| ® |A| #|B| P > Fp e Al <|B] %477 o5& ¢ % mn 2 & F#k? m>nfF > R
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5 | <l 2 B # L] > #7022 00 ¥ rh§ A % infinite set > ik LHEH
LneN¥F |LI<|Al & |LI#]A] ¥ er“ | <A< % B % finite set » 3 i 4o
neN @@ |B|=|L| > #7121 [B] <|A] = F]* & 4% i strict order 4% i & A B BAH B

d:_
Et R E -

5.5. Countable and Uncountable Sets

- i finite set 7 cardinal number » # * frig if‘u—fd\ﬂ ~ % i #o; ¥ infinite set H
cardinal number ¥ 2 X F - fA“ #H " a ¢ o X R €5 &5 7 B infinite set v e
cardinal number FHE 22 )T* H3A1* cardinal number » A G ¥ U BB A7 F A S
FRAB e P EEAERY AP EF O THBERRE AP THAREGE DRSS E
4 2 countable set fr uncountable set & F& o
W i R AP A VRS S Bk B AN B - i fiS > Nef
PLAT SRR N A TR LT

Definition 5.5.1. E4c § £ - B set % & [S| < N|» RIFE S 5 countable set o F 2. PIFE %

uncountable set °

Question 5.15. & S,T 5 sets *® o % T %5 countable > &_.F ¥ & S % count-

able ?

i H k! £ 75 - B one-to-one function f:S— N> B| § ﬂ} . ¥ _— 1B countable set °
d g & AP i S AL finite set 0 78— & countable © % ¥ § ¥ i — 1 infinite set
4 F_countable o B4 N & & » &8 F 4o 2N (& hig #cor = chf &) jF’rin-\inﬁnite set ¥
% countable - 7 i uncountable set ,T* - %_¢ 4_infinite set - *7 § - 1 infinite set &_
countable B¥ » 2 & K2 F L countably infinite FF %] #-i% 44 infinite set fr uncountable
set T Ak o

BAAPEREOI & finiteset v N 2 F £ F:#5 # & o cardinal number ? ¥ %
HE e x )‘I‘u{;ﬁ.iﬁ*“ infinite set % 3 |N| ,T*u{ﬁx /] &7 cardinal number o % i P 12
TUHER o XK S - B infinite set ¥ |S| <IN
F:SoNeF g T=F(8) PEpvF ik fiRiE- Bd S I T 5 one-to-one ¥ onto e
k'R P |S] = ] od 3T {N 7 infinite subset » #7120 2P E i P ppF |T| = N| > 7%

xf =i = %

o ik ¥_3& 7 iv— B one-to-one function

° ¥ ,1* #9773 ¢ countably infinite set # cardinal number ¥ & **

Lemma 5.5.2. &*) T CN ¥ % infinite set > B| |T|=|N

Proof. d ** TCN» s |T| <|N
pld gt e o yzd Theorem 5.4.6 ( Cantor-Schroder-Bernstein) ## |T|=|N] °

cILR EBHP 3 f:N—-T % one-to-one function °

AR N &- & order “<” 227 § - B well-ordered set (Well-ordering

Principle) %M o whg- T ! g4 n % - @ N & nonempty subset ¥%73 least element
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(2 minimum element) o % S 5 nonempty subset of N> s * min(S) # 7 § 7 least
element ° » )Tk{?fu Fa=min(S)> 27 a€S T HEZ S F s F s#£a B

a<se

S50 f()=min(T)» A PG f(1) €T - doim & f(2) %2 (e A 4 T =
PV} - 215 & £(0) = min() - L4 BB To£0r 3 B3 TC () B T 3
infinite set 2 = 3 4p 4 F > FTrL A (7 T f(Z)ET dopt— BT > AP L T =T\
{f(1),....f(n)} = % f(n+1):m1n 41) 0 i Jj‘u’ié‘& J- B d N ¥ T ¢ function f:

N—T 3 o

BEFLHP f:N—T ¥ one-to-one- » ,T*zgpyuiﬁ’»nl,nzGN Y onpFEnp o RNPE P
fln)# f(na) o 3 % = Sl MPEK ny <ng o P 32 T =T\{f(1),...,f(m1),..., f(n2—
D} =% fm) €Ty, > % 294 f(no) =min(Ty,) € T, ¥4 f(n2) # f(m) » W& f:N=>T
4_one-to-one ° O

T frit > 4 Lemma 5.5.2 # i P_fgl 3T IR o

Theorem 5.5.3. X S 5 - B sete Bl S 5 countably infinite & * v& % |S

=|N| -

Question 5.16. B3 S 7 infinite set > FFHEP S 5 uncountable & & v& %

i P& countable set (1E & » P Arig i - B countable set e subset 7 5 countable °
TEF 5 E S 5 countable > Rl &N (S| <IN & FrE S CSe pld |5 <]S]
2 |S|<IN|> 7 # || < N| o % i & 2 E hE countable set + ek & > v oAy A

countable o 2\ i § 12T A o

Proposition 5.5.4. 7 "% B countable set 1% & 7 % countable set 7* ¥ F S§p,....S,

% countable set > B Ui Si i7 % countable set e

Proof. % i * % ﬁr?pn A | LM E 51,5 % countable > B] S;US, % countable o

T & S1,5, 4 countable > 33 & fi '51 = N2 f:85 =N § & oneto-one func-
tions  J F_& #7¢0 function f:S;US; - N» H . % 5

f(s):{ iﬁ&l iiig\sl

i # > f & well-defined function F] &z * S;US =S U(S2\S81) % SN ($2\81)=0" 7
PHEL SeSIUS s - TS frHN\S B -B 22 EREYAEY o@F sES
B fi(s) e~ A P e (5 f1:S - NI - B functlon)’ AT pE f(s) B 21 (s)
HFE o I SESQ\Sl , rﬂsESQ # fols) B~ g P FERE R0 4TI wfﬁf( ) B
2f(s)+1 rE e AP HFITREP f:5US — N & one-to-one > » ,T%{Q iEB
StESIUS £ s# y éir f(s)# ft) o 2P a & 10T A 4B cases | "b“’féfi"/ﬁ}“a
st Rt Sp & AR B S\ e st A uG f(s) =2/(s) #2A() = f() (F] fi &
one-to-one) £ f(s) =2f(s)+1#2f()+1=f(t) (F] fo 5 one-to-one) o % = faf A
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sES L reSH\S HEreS B seSH\S o D fls),f(t) R E-FH - B FETE
Fls) £ f@) e 2Pz ET £:5US, - N % one-to-one » ## ¥ S;US, % countable »

BEEFAPE ﬁf:?ﬁﬁ]ﬁ NEEP N EL neNE n>20 % S1,....5, & countable

set > Bl UL, S; @ % countable set o 24 ¥ g n=k+1 enfFa) o % BF 0 BRE ST, Sk

-

% countable set #7114 Uf 1 Si % countable set © X F Sp4; & countable set © 1% g
k=2 i) Apde (UL, S)USk & countable set « #d (S!S, = (U, S)HUS @@
Uk+1S, % countable set o ]

Proposition 5.5.4 3 3% % & * > & fj H - ﬁé)ﬁ A HE A st ek £ 5 count-
able o T _F| L 7 BT ARG I 25953‘2 R Z Ol Eanm oo Ram f R
Borrd il S ol KBTS nB 8 N4 - B $— B BRM G (T —nn) o oL

countable ; m {0} 4_finite set » 7= ; countable v Flpt EHE
Corollary 5.5.5. Z is countable °
B g 2ot el £ Q» & countable e AP g L5 - B H L o
Lemma 5.5.6. The Cartesian product N x N is countable °
Proof. wig- T NxN g~ 3% 5 T & et (n,mp) > £ ¥ nl,ngeN’ e (n,m) =
(ny,nh) FEvEFE np=n) 2 m=n)e By gk [ANxN->N> 2z &5
f(ny,np) =2"3"" Vnp,ny €N

2 arig f:NxN—N 5 function 7 @& &% f % one-to-one-° ILFE (n,m) #
) 3 B e a5

flni,ny) =2M3" £ 23 = f(n,nh).
#% f:NxN—=N % one-to-one #x NxN #_countable ° .

-~

Lemma 5.5.6 Z#P 7 [NxN| <|N|» # s 2% % 522 NxN 3 infinite set > #712
NxN Z countably infinite > 7% ¥ |N x N| = |N| o Proposition 5.5.6 > & ¥ L g * £+ 11

213 *T % B countable set 7 Cartesian product 7 % countable °

Proposition 5.5.7. # S1,...,S, & countable set B S| xSy, x---x 8§, @ & countable set °

Proof. § £# &M §; xS, 5 countable > ]* 81,5, i countable ik » 2 i 4rif 3
.._fl.S—>N\f2:S2—>N % one-to-one function » .4 g f:S1 xS - NxN #H % & 2

f(s1,82) = (fi(s1), f2(s52)), V1 € S1,5 € Sa.
RF by S xS —>NxN i function » 27 ¥ & ¥ 5% f 5 one-to-one o 3t i g,

(51,52),(57,55) € S1 XSy & (s1,8) # (s],85) > i 4 sy #s) & soF#sho BF s1#s) o
fi:81 =N % one-to-one & fi(s1) # fi(s}) > #st pF

fs1,82) = (fi(s1), fa(52)) # (fi(51), fa(s2)) = f(s1,52)-
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FIZg soFsh B AT & fs1,8) # f(s),55) e @& f:81 xS - NxN 3 one-to-one » 7
TSI X8| <|INXN|=|N|» Flpt &P 7 S xS, 5 countable °

2% S1,...,8: & countable set > B * S} XSy X+ xS, = (S XS X+ xS,_1) XS,
"R FE Eﬁ?ﬁ\ EVEP S| XS x---xS, & countable set » fr“;*]&% SRR T e O

9w 4] * Proposition 5.5.7 #P § Ttk & Q 5 countable ¢ = H F G F
TgE T 0 AT - B a/b R P acZ bEN 2 ged(ab) =1 T (R4
PEREGAE) YR Q- ZxN> 2 &L f(0)=(0,1); 7% ¢q€Q,q#0 *F a/b
5oq B mPE REER f(@) =(a,b) o d 22F G Wik A ek arE- o APa
f:Q—ZxN % functione @ % q#q > % ¢¢ £7 5 - B 5 OpF > APy ¥ - B2 3
0 ZHEGATATHLBF 0/1 FIL 0 flq)#f(d)> A% qq ¢ 5 0P KE A
fi o~ s g=a/bg =d /b - d 2 albFtd /b > 2iaw flq) = (ab) # (d,V)=f(q)*
Flpt o f:Q—ZxN 5 one-to-one » {82 |Q| <|ZxN
5.5.7 & Zx N % countable » * ZxN % infinite set & |Z x N| =|N

T I

o d 7 % countable 17 2 Proposition
° Fl QI <IN| >

Corollary 5.5.8. Q s countable °
1% Lemma 5.5.6 » #* if*» ¥ - Proposition 5.5.4 & & | { - &% -
Proposition 5.5.9. 2= & i€ N, S, ¥ 5 countable set > B] U=, S; ™ 5 countable set

Proof. % » iz ieN ¥ 5 & fi:S,— N i one-to-one function % & f: U7, S —
NxN%&: #EidsclU, S £ b5 EHRsscS ML fis)=(f(s)
fep b kdE UL Si > NxN i function » ¥ EE 5,8 € U S0 K i » % 5 &

et BHGR K _se S, s €Sy F iF£T 0 pRE f(5)=(,fi(5)# T, fr(s))=f(s) e @ &
i=i> PFs,s €S * fi:Si—N i one-to-one> 2 F fi(s) # fi(s) » & f(s) = (i, (s));«ré
(i, fi()=f(s") > 8% f:U2,Si— NxN 3 one-to-one » ¥ ||J=, 8| <|NxN|=|N

U= Si 5 countable set °

o IE,’

O

Boan 2N e m’Kn\countable sets » % % &% uncountable set ¥t ? ¥ Z ¥ TLo
%4 Proposition 5.5.7 # Cartesian product ¥ % it 4B - %3e R P& 5 7 B & & ohfF
A5 0 ,ij»i}\fﬁu’i v S1,...,8,,... & countable £ §_§; x---x 8, x--- % uncountable &
3 N & power set Z(N) » &_uncountable - W gg—- T : - B % & A 5 power set F(A) »
& A 973 subsets Tl & o 'g AN F T gk o

Theorem 5.5.10. & A 5 - B set> % g P(A) 5 A & power set > B |A| <|P(A)| -

Proof. ¥ gl 1:A — P(A) L& 5 1(a)={a},VacA- AP ERF L2 g0 1:A— P(A)
% one-to-one function > Flpt 17 |A| < |ZP(A)| - L B FEP |A| < |P(A)| > ;IJ' EEREP
Al # | 2(A)] -
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NP RFEP TR function f1A - P(A) A F i fonto o FEFEB. *%T‘uz\/

7 ¥ it F e function f:A — P(A) 4_one-to-one ¥ onto > F|p FH |A| £ | P(A)| o BE
iz i@ function f:A— PA) T g Aci- BFEE S={scA|s&f(s)} LT S ELF 7 i
;%?,‘;9:4‘ v A i A ? ERAPIG SEPA) APERP AT g - BrF acARY
S“vﬂ* S g il fiA— P(A) chimage P o0 FIRFF] f1 A P(A) 7
¥ bn‘onto f* EFHEZ BERacARE fla)j=S- Pk & LT aESQTFi?J{ acs>

%57 ac fla) (7] fla)=8); Lit S hTKZF acS %7 af fla)» F* B F 7> &
agZSo%i@d a¢5’?-5'0§Zf()”‘fi%Sﬁﬂii%.§'aeSif’iuﬁ‘a;ﬁ "at acA
@@ fla)=S € a\aeﬁragw’m gL ad g ((LLTR Sz e B
2R 7 %\:.)OELrHFg_T« Se PA) * t f:A— P(A) chimage ¥ > B% A P(A) * £
onto ° ]

Question 5.17. £ A={1,2,3} > ¥ g f:A— P(A) =& %

f)=A{12}, f2)={13}, FB)={2}
£ S={scA|s€f(s)} FBT SE®m?2THH%S* & f:A—- P(A) 0 image ® -
Corollary 5.5.11. N 7 power set Z(N) 4_ uncountable °

Proof. £ = &2 » & Z(N) i countable > ¥ |Z(N)| <|N| - ix & & |N| < |Z(N)| > & d
Theorem 77 # 3| |N| = |Z(N)| ¢+ & Theorem 5.5.10 [N| < |Z(N)| 4p4 5 - #5& Z(N) &

uncountable ° O

A 5 'S B countable set ¢ Cartesian product i % countable (Proposition
5.5.7), * #BiE¥>T & & % B countable set ¢ Cartesian product ¥ 7 = = . F 5 F i g 12
T

Proposition 5.5.12. #*t iz & neN, £ §,={0,1}. Rl & & 0 Cartesian product
S XSy X o X8, x---

% uncountable.

Proof. 7 1 #8523 40> £ =8 xH X X§ X A PR2EP |V =|2(N)
(7T g - H-2padhiik [ - P(N)) > Ftd Corollary 5.5.11 ## 7 &
uncountable °

H@wERL s=(51,5,...,80,... ) €S AL f(s)={neN|s, =1} € P(N) o ik 3;%“
AR frS — P(N) £~ B function A PR FP f I - H- P pmdidce
S= (81,0 ySpyee ) FES = (8,8, ) AT deneN & E s, #s, °+i+un-\p}u41r'-‘3< sn—l’
Bl s, =0 thfﬁfw@:’rhr“ﬁ nef(s) &ngf(s)  F@ fls)#f(5) FEE 5, =0
ATE )AL BRS A -- AN ARS BT SeP(N) (FFTICN) - H
WEZ nEN, FneS, Bl osy=1; F 2, B4 5, =0 FHE s=(51,...,5,...) €S>
FEf5)=8S FINEEf SR F o O
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% T kA ¥ Proposition 5.5.12 kP F #icdr= %k &£ R ¥_uncountable o
Proposition 5.5.13. R is uncountable.

Proof. 45 S % #4 BHNA 3 0, @ | BB & CBcR 0 & | r i cnd gt i & o
#]4r 0.1011010 4+ 0.101101 PES P hak o BALAPRS DA F MBS w8 U e (F
AU A PR B AR Y 5 0 R Ho Blde 0.101101 =0.1011010) -
SRAL S ARG VAR H 4§ R R (1R AU R 4 S
#) > ¢ Proposition 5.5.12 2 i 4rig § 4 uncountable > #1124 SCR> 7 #& |§] <|R
ot RISIN| 27 sz (FRI g~ [S|<IN| 05 F) FE R & uncountable o O

o

Theorem 5.5.10 ezg f = ;2 § #c& R _Cantor #r#% J1 e & I * Sgienfg iz » #H I F 8
ek £ R 5 uncountable » iz B = /2 i}u@’ fal E o

BISA PR BRA D - LB IF G- B infinite set S E_countable # ¥_uncountable i
FEE o FAAPLEAY - B FAAHET L countable 2 & uncountable o % | ¥ &
countable > i}“‘/‘ BHEP L H5EF- B S— N & one-to-one function ; @ & 2| %7 % uncount-
able > £z M H % uncountable > — J@;t‘FK EYREFEE 2 i*u{;fu Bk H 5 countable > #X 18
(U BRI S S S S dbE ;?L%Uirﬁﬁ B o P T S — N &0 function ‘f‘;’fi‘/% € A
onto °
Exercise 5.7. BH3& f:X =Y & - B bijection ¥ g:Y —-Z & - B function - FFM :

(1) gof is surjective if and only if g is surjective.

(2) gof is injective if and only if g is injective.

Exercise 5.8. B3 h:X —Y % injective o
(1) For A C X, prove |A| = |h(A)|.
(2) For BCY, prove |h~'(B)| <|B|.

Exercise 5.9. 3% A,B,C,D ‘¥ 3 nonempty sets * |A|=|B| 1% |C|=|D

o gﬁpq
|AxC|=|BxD|.
Exercise 5.10. £ X % nonempty set ¥ Y, ZCX.

uncountable ¥ Z % countable - P Y \Z 5 uncountable °

e

(1) Bx Y
(2) B3K Y xZ % uncountable e M Y & Z ¥ 3 - 1 % uncountable °
Exercise 5.11. 2 neN, £ P,(Z) 5 #7F ¥ |3 n Gk b w8 vk &5 P(Z)
B0 GBS AN & Pu(Z) 9T P il power series ((Fiadi) T
SRR
1) #2f1* B £47287 PuZ)~P(Z) ~Pu(Z) -
2) #FWP Py(Z) ~P(Z) ~ Pu(Z) ® » o8- §_countable ? ¥Rt §_uncountable ?

(
(
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Exercise 5.12. 4 § 5 #73 F#I%A 5 0 @ | #cB {8 & i 0 & 1 #re S hf fiedr
FE L BR INSSE- BT g S? i s=0a1aa3...0;... > B¢ HZ i
ieN> XL 5 0] BEBIS S | E g &
I, % f(i) | HBEES i =5 0
ai: - . Ly KA.,
0, % f(i) ) 8% i
BEM s & f:N—=S éimage # » T & EHP S ¥ uncountable -

¥4k ¢ Cantor-Schroder-Bernstein Theorem

Bt e 0 AP 3R iR Cantor-Schroder-Bernstein Theorem szg P 12 2 &) 3+ o

Theorem (Cantor-Schroder-Bernstein). #3k A,B 5 sets & %_|A| <|B| * |B| <|A|, Bl
Al = |BJ.

Proof. d &% |A| <|B| v & f:A — B % one-to-one function. * d |B| <A, %73 ?
g:B— A 5 one-to-one function. # i & | * f ¢ ¥ 3] A B & partition, £ 4] * Lemma
5.4.3 1B 1] |A| =|B|.

FAHNEL acA APEH - Bd AUB A & ot s B e

Bt 4 ¥ - 3 x; =a, ¥ & inverse image g~ !({a}). 4 ** g &_one-to-one, & i i g~ ({a})
;‘; 4

B - BFAE. *1({a})— Plie BB @B~k % ¢ '({a})={b}, Pl
L xy=b. d bEB =% Y ' ({b}). FHeh, F1 i f % one-to-one, & i f71({b})
BiWg-BAEk. FSf ({b})= Rl REAIEG X0 s BAd. A F f1({b})={d},

A 2 BARMD g RN s (PR R E RS ROEI DA G FEYRT

Example 5.5.14). i&#d 7% a€A @ & d#c?)] (a )—xl,xz, e N Y . |

4+ HF i} LA, GldoE acA P g—l({a}) 0, P < > T3 - 0, - Mg

Her). § - AG BEIT G US| bldracA X g ({a})={b} © fl({p}) =0, s

(@) 3 a,b A 3%, Fpig- gehis]. ¥ = iT“ﬂJ EE M, 2 AR acA St
R

e 7| & — 3 fhinverse image ¥ 3 £.5 & &

Z
54
M2 xs=d. ~d 3 d €A Apa Ty E g ({d)), Atk mv e RBEH- 274, £ (a)

Ap={acA:{(a)F + 83}, A.={acA:{(a)} B#&HE}, Ao={acA:(a)7 &5 57}

d3E - B acA BV RGBARNSHEN - wrk- B (a), F oa - LE L ALAL AL B
P2 -chak, P Ea R EG L E. T A AL Al A 59— B partition.

BRAREHERNOES, A H - T AP A E A REkIE- £ B¢
&4 ’)I}“%L'éu%’ (@) =xi,x2,..., BI% i 3% A ~ »pEFF el ({xna}), &
fOi)=xic1. @ % i 5 B#PF ;eB X rEF g ' ({nal}), &1 glu) =xi1.

FietiZ g beEB, AP * AR AP I - Bd bAdoandes|, 7y =b, Rig¥
T{pY) kT - E, - BT 4 (b) 27 b AIF B AR ER D ). F
theh, A F] B ¢h— B partition By,B,,Be, H ¥

B,={beB:(b)} #8E}, B.={becB:(b)} m¥T}, Bu={bcB:(b)} &% 7).
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% J& restriction map fla, : A, — B, » iﬁ{ﬁf{r& a €A, fla,(a)=f(a). ¥ f &
one-to-one, 1% f X flu 17 5 one-to-one. # & WP f|u range fla,(A,) 5 B.. ¥tz
R aEAO’ 25 fla,(a)=fla) €B. *FH Rk f(a) “i& 0 sequence, F ¥ & y1 = f(a),

{f@}) ={a} (71 fa) €{f(a)}), & (f(a)) 24> XA G yo=a #7 2,
g‘;'] (f(a)> TR Ly =f(a),yp=a, X 4T - (FHE=3)y; = 2d g '({a}) Tt
Lo frd B oa et (o) ¥ 98 xp £- ke #3 2, & (fa) ® A5
(@) % - F2 W E F 4 IF f( )@ . MacA, 7 (a) 3 B ET, w2 (fla)) §F B
#3%, #cd f(a) €B #v f(a) €B.. W& fla, (Ao)CB. F 2, % beB,, #7 b “iiEiinik
7] (b) 7 1@,@:15 Fpb (b) % ~1§ﬁ R (BRI -, B ¥ R erd (b) au
e (o)) 2 s R e, - PAETG L acARE fla)=b FF 1 apL (b) B
B2, Bl e i, (o) L (b) = (f(@)) - TR AR, 4 R (0) B ROT,
F i achA, APEEIHEIZL DEB, ¥ 3acA, #EF fla)=fla,(a) =b. F i
Be € fla,(A0), = W3 fla, e range fla,(Ao) A Be. #75 2, fla, 7 ARG Ao BILA

3| B, 1 one-to-one and onto function. # P E 7 |A, | |Be|.

PEIEI, 4 g:B—A & B, ¢ restriction g|g, : B, —» A, &P ¥ 1217 ] |B,| = 4
Bt om R f g THTE) BEAPY R g b B ¥ ehrestriction glp, (¢ VA R f &
A

|
ES
L3

g

Aw  ehrestriction). M PF g|p. &R 5 one-to-one. @ HITEE bE B, A G g(b) BT
4 aiges) (g(b)). d ¥t g(b) €A, @ g ' ({s(b)}) = {b}, & <g(b)> ¥ -5 gb), ¥
b, i?éfi\'ﬁﬁ‘%{ (by ehf is 238, F]p*d beEBs, T (b) 7 &% 53818 (g(b)) ™7 £ & FIE.
## g(b) € Aw, 7~ EE glp, P range g|p. (Bx) ¢ 77 Aw. FL, %TaEAN, %7 a PriE
Helicr| (a) 3RS 598, Tt (o) % - - RF b frred (o) daE S g ({a))
Z{i%@”##‘{F FrbeB it gb)=a %

)

ﬂ'F} N

!

7t b,ifu{ ) % 2 38, F e A

@, (b) A () ¥ ;% 4 AR (B) ) RS T, FI @ bEBa. APEH
THER acAL, T t+_b o &7 g(b) =glp.(b) =a. Fl¥ 4 Ao Cglp.(Bw), » H# T
glp. frange glp. (Bw) #H_Aw. $F 2, glp, ¥ ARG A~ BJ_Bw ¥l Aw £ one-to-one

and onto function. # P EF 7 |Bw| = |Ac|.

B {8 ¥l Ap,ApyAee » A 0 partition ™ 2 B, B,,B.. 5 B 1 partition, * %] |A,| = |B.],
|Ae| = |By| %2 |Aw| = |Bw|, 1 * Lemma 5.4.3 {¥2 |A| = |B|. O

Question 5.18. Theorem 5.4.6 Wz P ¢ | |A| = |B,| eh#E M 5 P &% g ¢ & B, N
restriction m * £ % B f & A, 1 restrzctwn? * % Ja f A, &0 restriction fl|a, 1 A. — B,
2 range 5 @ ? * |Aw| = |Bu| FTEM ¥ UL G f B Aw i restriction fla, i Aw — B 5 7

Example 5.5.14. ¥ g A={1,2,...} 5 & =g & B={-1,-2,...} 5 § B
dehE s YR fASBEEL fla)=—1—-a,VacA % g:B—A %% 5 glb)=1—b,
VbeB. s il * i ip 6]+ 3P Theorem 5.4.6 # 22 Hfics|eh™ 5. F AP 1T FF %
F 7 & B S Boehph SRR T
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PRK,

ARITRY D AT ARSI foad T A A g

RE g 3€A 4 g (3 ={-2} fI{-2H={1} m2 g '({1}) =0, & v {17
3 erEfpands] (3) & 3,-2,1. FlipdkA G 398, friidr 3eA, R, d F BlE
1% 4 orEfpengr] (4) 5 4,-3,2,—1, @ 4€A,. B PT FEQD § acA i
WPFa€A,, @ % €A GBI aCA,. & Tl A =0. TR F 0 PF A A A -
B partition (5 %‘ﬁ‘&{% #2218 Hoen partition).

A —3eB ({3 = (2 g (2D = (-1 xS =0, S )
v 3 erd gl (—3) 5 —3,2,—1. Fi e sl 39, #Trtde —3€B,. B, 4 ¢
Bopeg NI —4 opEqpandr] (—4) 5 —4,3,-2,1, F —4€B,. {PehA P gFELR D,
% beEB i+ HPFbEB,, "4 beB i BEPFbEB,. » FlM + Bo=0. ¥F } ' By, B,
,T!'L—E‘LB eh- ¢ partition.

B
e

i<l

BEAPG f T - H- A, P AT B, (¥ f£2 & one-to-one correspondence).
FEE acA, 27 a it A1t fla)=—(1+a) & f(a) 5 f B¥#, ¥ f(a) €B.. F f
FEF - - A, PI B, AW DEB, AP Db L Bl S ga=—b—1 3P
a>0(Fb<-2)% aid¥, facA, ¥a=—-b—-1€A, *» f & fla)=—(1+a)=0>.
AT f FEF - H- A, PRI B AR fREMA PRSI B, AL RFLB, PG T
$ ~#% ¥ inverse image €5 # &. bldcizA PG —1€B, ¥ fI({-1})=0. #r1zms
mE* ¢ K#E I B, 2 A, 2. [ e one-to-one correspondence. ¥ F ¥ EZ R beB,, A F b
ShhE P gb)=1-b ik Bl Tgb)EA,. F 2, $EZR acA, * T} b=1-a<0
(Fla>2) ® L4 ¥ b=1-acB, *» g, 8 gb)=1-b=1-(1—a)=a, &%
gFEF - - ¥ B, P 3 A,

Question 5.19. #4|* Example 5.5.14 © 0 f fv g BT - i A I B 1 bijective function
h:A— B % & hls, = fa,.



