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;G,] 9

B X = Yo gt A B7F ZHzE X, Y R E R uj

(a) foll & A9 Aol&t thx A<= 9 mgirh:
f(A)={f(x)|x € A}




2] 9
By X o Yo e A B7 22 X, YO RERAEA )

(a) fol mE A9 Aol th3 A¥< onl ek
f(A) ={f(x) |x € A}
(b) foll & Bo| S/4fol&t thz A= o vk
F=1(B) = {x|f(x) € B}




3.5 28] Ara}p o3 A}

H B o b e}

e 9
4 f: X — Yol tlsho] thgo] A 3ot




35 A% 43t 94

Ae 9
[ £ X o vol st thgol 43t
(a) f(p)=¢




35 A A 44

-1 O

Ae 9
[ £ X o vol st thgol 43t
(a) f(p)=¢

(b) Vx € X f({x}) = {f(x)}




3.5 Aslo] Aly} A AF

o -1 O

e 9

B4 £ X o Yol thate] thol 47 e,
(2) ()=

(b) ¥x € X f({x}) ={f(x)}

)
(c) AC BC Xold, f(A) C f(B)




35 A 81-94 /\1-34. o A}

H d o —1 O

g2 9

T £ X — Yol thate] thge] A4 gt
(a) f(¢)=1¢

(b) Vx e X f({x}) = {f(x)}

(c) ACBC X9, f(A) C f(B)

(d) CCDCYold, f}(C)Cf (D)




35 A% 4 94

e 9
s f: X = Yol tiste] t2 o] A3}
a) f(¢)=¢

b) Vx € X f({x}) = {F(x)}
c) AC BC Xol|, f(A) C f(B)
)

(
(
(
(dy cCDCyold, f(C)Cf D) J

=
'G‘Ug

Leave to students.




32 10
B4 F:X > Y A X REARY 5 (A, |y e}l
thako] Theo] 4 Gk




x%ﬂ 10
B X > Y AR X9
tiato] thso] A H gt

(U A = U f(4)

yer yer

FE A

Z {Ay |y e}l

31



A 10
F5FiX - Y B X REAT = (A, | € Yol

o sto] thao] A H ot
(a) f(U Ay) = U f(Ay)

yer

(b) F((A) S ) f(A)

yer

vel

yer
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=
%7

<] 99} A27g A2 6(111%) 0| 2 8o

(a) y € f(U Ay) &y =f(x) for some x € LJA7
yelr yer

&y =f(x) for some x € A, for some vy €T

& yef(A)) forsomeyel
syelfA)

yel

adez f(JA)=Jf(A)

yer yer

31



(b) Zr vy el tisted N A
A o| 2 kel
Zy v e o o 3] ver Ay € Ay 122, 2] 9(c)ell o5t

F([) A)) € F(A,)

yel
JHEE, 27 H 7(113%)9] 2 5l

() A) S () F(A).

yel ~yelr
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3.5 Reke] A A4

g Aol Bol A2 10(b)elNe ERAT C B S
5= 2 B 4 flE 497 Aok
o Al 11

X ={ab}, Y ={c} [ ={1,2}, A = {a}, A, = {b}} 3}z
f:X = Y7} f(a) = f(b) = c& BE31= A5} st
a9

F(ALN Ag) = F(8) =

ojt}. REHo

(A1) N f(Az) = {c} n{c} = {c}

ot} uwizlA f(Al N A2) = f(Al) N f(Az)O] c}. L]




A 11
f:X = Y7t @012 (B, |y )7} Yo REAHES)
Zolet st 12w




A 11
f:X = Y7t @012 (B, |y )7} Yo REAHES)
Zolet st 12w

(@) FHUB) =8

yel yer




A 11
fiX = Y7k @502 (B, |y €T}7} Yo REATES

Zolet 82 1™
(@ F2 (U &) =5

yel yer

(b) (B = F(B)

ver yer
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o|\

3
A 2] 99} xﬂzﬂ 2] 60l «16}04
(a) xef Y(UB)eflx)elB

~er ~yer

& f(x) € B, forsome~yel
& xef}B,) forsomeyerl

S x E Uf‘l

yer

adez Y JB)=JF(By)elth

yel vyer

31
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3.5 Agto] Ak} AAF

H d o —1 O
e 12
f: X = Y7l @golal Be C7F Yo B2 F ol siat.
a2 ™

fY(B-C)=fYB)-f1C)
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35 A% 4 94

A 12
f:X o Y7h 4013 B9} €7 Yo RER Tl 54
EE

fY(B-C)=fYB)-f1C)

"
g ] 99} Al27¢ A 50 o] 5t
xefYB-C)e f(x)e(B-C)

s f(x)eBAf(x)¢€C
sxefYB)Axgf1(C)

sxefY(B)-f1(0)
ayE® fY(B-C)=f"1B)-f1(C)o|t} 0|
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L2 A <A

z9

1,4,5 6,9, 10, 11 A :
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A9 10
T4 X = YA xi,x € Xol| thato]

Aol U (one-to-one) = THALA

& 7h43| HAK(injection) kAl H

4 (injective) o] 2F

=
~ “T-
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2] 10
T X = YOlAEY x,x € Xl T3t

A o, o] 4= Ao A (one-to-one) = THALA (injective) o] 2t
stoh. dAbA & 7hds] ©hA(injection) 2kl RE T
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39 11
B4 £ X = Yol JolA Q919 y € Yol thate] Hojx
te) x € X7F £A8S y = F()L l, =

fX)=Y
A uff, o] F+E 9 Z(onto) == AAH (surjective) o] 2} ST}
AAA g5 73] A AR(surjection) B 21}
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3.6 THA}, AAL ATHA}

of| A 12

f(x) =sinxZ Z A & f: R — [-1,1]2 AAro] A gt 1
39 [-1,1]& I RE vHY 2 35 g R — RE AAL
obu k.
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3.6 THA}, AAL ATHA}

A 12
T X — Y7 DA} R o)l 1 AAFA A ) o] 3=
A AL (bijective) o) 2} k3L 73] A TAK bijection) T

A Y th-5-(one-to-one correspondence) ©] 2+3l $Hr}




42 10(b)(173%) 9} The A2 )@

A 13
f:X = Y7} ©AFol T {A, |y € T}7F X9 REFFS I Zolg}
<) > =

([ A) =[] f(A,)

~yer ~yer
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3] 99} A2 A9 7o) o] theol 4 ATk,

ye[)f(A) e Vyel yef(A)
yer

S Vyel [Ix, € A, st. y = f(xy)]

7AHONA f: X - YE BAERE BRE x, € A, 5L 2t

1AL X Fow
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ye[)f(A) e Vyel [3x €A,y sty =f(x)]
yel
& 3dx € ﬂAAY s.t. y = f(x0)

yer

syef([)A)
yer

adez f(()A) =) f(A)elth O

el yel
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3.6 AL AL AA}

Az 14
S f X — Y7 AGAE 312 289E L Y 5 XE
Aol
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3.6 TAL AAL, ATEAL

A 14
5 X = Y7 Akater skab 28 E 1 Y - X &

=
o
231 WA e volA X2 B4l

Fle AAFIX o YY) gBAe|nz
Dom(f~!) = Im(f) = Yolt}.

(v,x1) €L (y,x) e f it =od

(x1,¥) € f, (x2,y) € FOIBZ y = f(x1) = f(x2) © .
7HE oA f DA BER x = xp0| T}
a8EE f 1Y - XE ottt
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FA2: f11Y 5 XE Aotk

yi, yo € YO thdted () = () = x2t o9
f(x) =y, f(x) = y2°I

7} fE ol BR, y = otk Wk e
HALo o}
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3.6 SA}, AAL, ATk}

=23 f1:Y 5 X= AAo|t).
.

lx fo @Al
Im(f 1) = Dom(f)

283 f= FolB g, Dom(f) = Xo|th whahA
Im(f~1) = Xolth. F, f1& AAtolth

F71, 2, 300 2l3te] F71: Y = X&= Aghatoltt 0
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3.6 SA}, AAL, ATk}

=23 . f1.y 5 X= AAfo|t)

N

f e o @A
Im(f 1) = Dom(f)

283 fE F5olB®, Dom(f) = Xo|th whehA]
Im(f~1) = Xolth. F, f1& AAtolth

FL, 2,300 93te] 1Y - X& Aatelth O

o F7FATAL w, F1:Y = XE Fo] 9T (inverse
function)2} &t}

22 /31



1,589 12,139 : ~Ax2 32 |
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3.7 g2 &4 (Composition)

49 13
FHF X2V g Y = Z9 o], £} g9
34 (composition)& T3} Zo] Ao H &4
gof: X — Zo|th
(gof)(x) =g(f(x)) vxeX
gofE otefel Zo] yetd = Ut
gof={(x,z) eXxZ|Iy e Y[(x,y) € fA(y,2) € g]}

24 /31



3.7 &9 &4 (Composition)
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3.7 g2 &4 (Composition)

of| A 13

Vx €R f(x) =x+1, g(x) =x?2 & AJHA 3
f:R—-R, g:R—-R

o tistel A A (g0of)(x). (fog)x)E T3k
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3.7 &9 &4 (Composition)

of| A 13

Vx €R f(x) =x+1, g(x) =x?2 & AJHA 3
f:R—>R, g:R—>R

off thsto] 3T (g0 f)(x), (fog)(x)E 3oz}

ST

= 9|

(g0 f)(x) =g(f(x)) =g(x+1) = (x +1)
(fog)lx) = flg(x)) = f(x*) =x* +1

(g0 f)(0) = (fog)(0) =1l A%t

x # 001/, (g o f)(x) # (f o g)(x) eI H.(why?)
J#B & gof #fogo|Tth
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3.7 &9 &4 (Composition)

xha] 15
f:X—=Y, g:Y—=Z h:Z— W7 35e sz 2184
(hog)of=ho(gof)
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3.7 g2 &4 (Composition)

g2 15
F:X—>Y g:¥Y—>2Z h:Z— W7 &5 32 284
(hog)of=ho(gof)
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3.7 &9 &4 (Composition)

BT Bl o5t

((hog)o f)(x) = (hog)(f(x)) = h(g(f(x)))
o] 11

(ho(gof))(x)=h((gof)(x)) = h(g(f(x)))
o1,
TebA ((hog)o F)(x) = (ho(goN)(x) Vx € X.
J#3 B2 (hog)of=ho(gof)o]t}.
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3.7 &9 &4 (Composition)

2] 16
f:X— Y7}stet 52 234
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3.7 &40 A4 (CompoSItIOn)
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3.7 &9 &4 (Composition)

;Ga] 16

f:X— Y7 g

S =L

(a) gof =Ix(FFF)= AFst= 5 g: Y = X7

A5k,

(b) foh=1ly

f:X—

=
= TE3|

Y whapol o,

3= g h: Y — X7F 25

f:X = Y= Arpoltt.
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3.7 g2 &4 (Composition)

=H
(a) 999 xq, xp € Xol| th3lod f(x1) = f(x)2F F=F 289

x1 = Ix(x1) = g(f(x1)) = g(f(x)) = Ix(x2) = x.
JHEZ fE DAt
(b) y e Y sk&. I8 h(y) = xQ x € X7} EA gt
w2} A

f(x) =f(h(y)) = (foh)(y)=Iv(y) =y.

BB g fE= AAbolTh O
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056790 227 52

ocf) 6 M. F:R—-R, g:R—->RY uf,
(Fog)(x) = (gof)(x) = xo| & f Arkatelt}.
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