Part 1I1. B{&

H:H sk
201345 H 11 H, 2019 #£8 H9 H

(LEOLEHTDHERZ T 0D/ —FLEE)IILLHH-T), 7XFAPEL TS ITIEE
FPEFHBAT DR EEZTCOETN, BEICREEA) EEZTRLTVWET, — £dh.
CHUSEHAD M Z LD FWERTd 4,

HHIHIZ TRHE BHTRLITINE, ZHUIRRNCSREBDIH > TRBMENTIEEEZ 9 22K 6
WDHDHEDT, AFxy 7L THVWEYA,

H R
1 RUsHIC 1
2 Efeabh 2
2.1 B R, M AESOEE 2
2.2 HERBAFOBBAEGHRERART 5
2.3 MARBIROB] . . . 6
3 BHE&K 7
4 H5, 25, 85 8
5 HEH& 15
6 HIAESOHREER 17
T J37 23
A BOBEE 24
B #E§ (&L\FiEA) 27
C f:X—=>Y DY OFUHZ 30

1 ELU®IC

H£H5 EHBIE, BROBAITE > T, Wiliz 2 TEEME LS 25, B4 (a mapping, a
map) &) DI, P BELTESBEE (function) 24 L (?) —#ILL 7@ TH %,
KHEHIZE > T, BUSNDb D2 2 L) I Z —BRILL 7 b DNE/RTH %,

WiIRKIE, 208, ZOHDT7FY TLEEISDNELL ., 22123 ECTEVW—T, vtz 7y 7
VEWTHSDLET,




RH#IIE&THS
BERICIE (BREFTSED) UMD DHHS

Bl 1.1 (CABDBER) X={ AL — - V=R 9%} Y ={a—VvA—T AZi}
DEGELTUREL TS (L, AL—, S—FY—R, I RHHIEIMHELRS) LREL T,

fAVv—)=a—vZ2=7 f(E—FrV—R)=a—VvA=7, [f(I%IH) =sZIt
ET5E. BB X Y PEES, =

RK 1.2 (BAHEVWSSEZLETCHLEVWERTES DB D — HEXTRE) Hid. BiE
DREEDEEED T F A b TlE, BABDERICOWT, RO ODIVENH 5,

(1) BI%UE (BRI BN T FLOEE L W) Rl AEHRTH 5,
(ZU2Ick3 i E?, BB EBBICHELLZEGHRDIETH D, )

(2) BUBCE AR & R ARTDSE S 2T, 57 AL bOTH D, FRBROEBIHOEET
B THRIBE S,

COMBETHRA L HRBE (B 1) TIE. 1) DMEER->TWwE, ZOXETH, 20T
Bxl5,

B TORE. BAR N
S DEBBEIE, BEBETEZ G (5 L), L LERER, R, AR DS
w35,

Fix, GHIZ, DETEESEARTHZI N TH I L H D, REFEDD LD DH
BIETIE, ZOZEZREL TEDIPNTVLIGAHEDH D,

y

w (% = PR

5 \T-:laj:t o |‘*r\?;‘? \J
_

A NS

——

B 1: SO h 5 K)o TR L (—IRE DY THHT %)

2 EfeAh

2.1 Ef, TRE, &, EEOER

EEEACLEROBRNZER L, LoD Il wEEOLNIOTHEDLLICLT (R
H24), TITIE, FTRENEREZABRS,

2function 1. ASRIFEE & VW IREPIEL VDL ZH) T, B E VI DM TFRDEZFITT, ZIH\0)
BREZBRbLONELST B E, TBUCED S, BATDIE, DEWILDITLEI, TAHAEEA,
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XEYREGLETD, fORX DY NODERTHLLEIF, X DELAD (fEED) #HE ¢
WS LT, Y OHEFE f(o) BE—DEELI LRV,
FRX LY ~DERTHEIEE, 1 XY, 550k X LYy e,

PPRHOORIZIE, X 25 Y ODHFANDER, LIFVHTbdH 5,

"fX oY) % TX oY ~DER f mm«\%% b4,
TODEBR f1: X1 -V b fr: Xo s Yo BEL W E

(X1 =Xo) A (V1 = Y2) A (Vo € X3) fi(x) = fa(2))

DO EZF I3,

fle)y D2 &%, fI2k 5 2 DR (the image of z under f), f D z 2T 5B (the mapping
value at ) EFRS, WEETIE, f(z) &2 “f of 27 &

fIRED 2Dy ltIBT A2 E%2, fra—ny EBRT, fra—yld, y=f(z) EEALE
WRTH %,

X #E/ f OFFE (the domain of f, the domain of definition of f) & o fHICHRI,
WS, source set M E LRI bbb, (BHBRTNAF 3] Tk, X | 4{, U%Efzjc\,)
2\, )

ETAD, Y ITIFES L 4TI 0, ﬁﬂi(th%[]) T, Y DZER TfOLA Y
Yy EMEATW A3, range [FLA N TN T 2 EBOFRGEICS IO LVWEEL DT, ZOMHE
TEEHLZY, COEETRY D2 Lz Tf o, LRI EIZLTEL, L4 VP
LTHIRICLTH, COBRONTHNTZFEIDEIECGEIZ, TCOY Ol E% f
DOOEMEZ EIZLET) LMo TR,

X DIEEDEHITEAS A KL T,
fA) ={y|FreAd)y=Ffla)} (ST {f(x)|ze A} LLEI)
EEE, AD fI2X 2, (the image of A under f) EWES, K, EFBE X O fI2k 2K
fX)={y|FreX)y=f(x)} (I {f(z)|zeX} &bHE)

DT EIFHIT f DR (the image of f) & 5\ IE f DfEIK (the range of f) &W-5,
RSB T ESBBOMEIRIE, BIB2ER AL LIGE, CITEMERE—ET2LE
A TRV,
il 3 a4 e R D %

fOEE =fOB=FfIckd X DF = f(X) ={f(z) | z € X} = Image([).

EE 2.1 (lOWER) fE2EREEHINED, R X, K Y, WIS f, 3o0fE F L
DTEREEZLTBREG, I TR i L LrHOTuARLTH, X LY 2MIThsh
DERBFOT RS (BE-OTVDE) EEZLZRETHS, =

3ZDIBL Y, =Yy ZERL WD H 2, B2 IXH - =K (2],

1HEEDGAE, domain (EFR) ISHIE L 72 codomain (FWTERT E R ?2) RN T2 L9 TH
% (target set & WIS H H 508, T source set EXIZHRDEDTHA)), HAFETIE, AP ¥ —LFZ
55000, REGL VI DDH LD, CHIRIREAGENICAZFET, 77 7052 T 550 R b
%i DI, EEEHEBAbARVE I Oo

AT T G)Eg%(@fﬁiﬁ%*&)ij B0t &, AFATHOLEMZEZLLTHoTDTEHDT,

WLT%% EHEICIERZE A 0od Litkv, RYEOHATHINE S AITEATH> T, BEZED LEMHTIX
B, 2EDHIZIF1<y<2THNUL, {yeR|1<y<2} LHFELIRETH %,
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Bl 2.2 (BfrERXDcETREW — BRBIATAUEGIERINDIILEH D) Z1Ul
BEEE (B 1) IKH25DTT, X ={1,2,3}, Y ={4,5} DELEE, f: X -Y ZTXRTK
DEI, x=1,2,3 1023 f(z) ZIWETIE f PEE S, RD8D f; (j=1,2,---,8) »3
H5,

Fi) 1 fi2) | fi3)
1 4 4 4
2 4 4 5)
3 4 ) 4
4 4 ) 5)
) ) 4 4
6 ) 4 5)
7 ) ) 4
8 ) ) 5)

i Z X
f(1)=4, f(2)=4, [f(3)=5.
g(z) =max{zr+24} Tg: X - Y ZEDB L

g(1) =max{1+2,4} =4, ¢(2) =max{2+2,4} =4, ¢(3) =max{3+2,4} =5.

ha):=["] Th: X Y ZiEDD L

h(1) = {g} _4 h(2) = [g] —4 B3 = {19} 5.

FEIR. fa, g, b 1Z, AREEL O
fo=g=h.

GEORSE ETER L2 X9 I, ERI X, BIRY, FROMD 3 002 h T —8T 5 2
LT f(2) BEETBRD KT ST L TEAVC LICHEET S (2525 f B, folz) O
ATHEATOLAY), =

Rk 2.3 (BREBAW?) KL, X OFLADEHE ¢ 2, Y DLE—D2DEFITHIGSH 5 il
DIEZ, X oY ~NOEHREV) LFHWTIAPCE (IASEETHZBLE S I LR
H5), LrL THHL BEEZHEESLRQROERETHS, LRIEEZI TS, THHL LiE,
BIZIFAD L) IZ, 2RO 7DDFIHZHMEICHHAL 72boD Z L7, ¢TSS
BE2H 5, LrL, #Hl () PERLS>THHUERIERINIGERH L, L)L
X, BREBAZDOLDEZEZZXRETIERV, EWHZ LILR D,

zEENNC, BEPEEF 5 L3> ThH, THADH 22 o HAIZEH T EvwH Yy
ALK ZONBOEAEDL LI ERERL B, iz My AEAoMETIE, @ (Z2h
FBIBTH B) D—RHNITHIET 20, 2Nz BRI TE S I LIEIATRETH S, L)
RMDFEFHIZLIFLIEDH S, m

R 24 (BEDEEICLDIERDER) LOFGBROERITOPICHBEIRTH 5, FIFHNRD
g, fHZMAT, XD X)) ICERZEERT 5,



-
2ODETHRVES X LY OEBEA X xY OFTHES [ 28
i) VzeX)(FyeY) (zv,y) e f. (HEEDzIZHIRT 2y BFIETS)

(i) (V(x,11) € f) V(z2,00) Ef) T1 =20 = y1 =y2. (—2D z ITHIET S yld 1
L7

Zii7lzTEE, f R X DO Y NOEREFN, e X ITNLT (v,y)ef &b yeY
\f:hﬁg%%ﬂﬁﬁ?%)%f@)k%?o

J
COEED f(CXXY)IE, WOWBREED T I 7THb, 77 713EERDT, TTILE
ATEGICET 2505 CTolih 95 2 L23HIR S, =

2.2 EBRBEZEOBEMZEEREMFLRT

1 @eTid, f(z) =2 DR, 2FHNT Tf) BBEEKTH 2. L5) 2 0%\, HEDIc
BL2D x ITNLT, 120D f(z) DEF 5.

2. flx) =2 DX BH B LE, ZHIMAT, EHW X, K Y 2EDIULEHR L A
3,

(a) X FHHGEEEINTVRWI L% 0D, ZO85EIE, X % fo) PE®EZFIO LI &
TRTDOER » DEGLET L, DBIAEHS L v,

(D) VIZDOWTRERINTWEZ LIFEN, BROERLZ T 57010 Y BhERY;
G, f DfigE &L Y ZENXIT LV, f OEBEZRET 20 HELREELH S
D, LXK f2) ERTHEDE, EDHATY =R ELTEFIZR,

“ERBCEOBIEC 1T, X &Y RAETIUE, TR (Z0HERIETO) BBk S,

Bl 25 LTFTOTRTTY =R £7 3,

f(z) =22 +22+3, HEPICVr e RICSHLT f(z) eR, X =R ETHUIOK (B f: X - Y
DMF S ).

flr) =, RIS Ve € R\ {0} LT f(r) € B, X = R\ {0} & THUZOK

f(z) = /z, DT Ve € [0,00) I LT f(z) e R, X =[0,00) & T UL OK.

f(x) =logx, MENIZ Vo € (0,00) IR LT f(z) €R, X = (0,00) &L OK.

1 (x>0
fx)=2 0 (z=0).2HF X =R
-1 (z<0)

EFBIE 7 2R EREVEA L VLIBROL =)L (7) THROZ, =

AR 2.6 KIHY O HICIZHBEED H 2568 03% \0H5, [l 1218 5, BRECAT
H MEEZRD L LWIHEIZHH-72, =

B L 13 ? 2 oZEREE (hE (1)) D5,
EHEREHR (D11E) T, ERE X & BBY HRY ORPEETHZIBODI L

(BEEBUIAR T, #IKZT RY OETHRE LT 5. DF D EROMEPBEEEZHE~7 LT
HLLEITBHBES, EWI)HELH B, )



2.3 BRIEBEHOH

Bl 2.7 (BEFEEHR) X 222 THRVERLTLLE, idy: X - X Zidy(z) =2 (z € X) TE
D5, Iz X OEFEE (the identity mapping of X) L5, =

il 2.8 (Dirichlet DBEH) f: R — R,

)1 (zeQ)
ﬂ>_{0<xeme

BIZE f(1) =1, f(1/2) =1, f(v2) =0, f(x) =0. 2O f % Dirichlet DB L L3, m

Bl 29 (B®) X,V BMEETHLLE, HEES X xY BIERTE 2,
pri: X XY — X, pry(z,y) = x.
pry: X XY =Y, pry(z,y) = y.

LeZw
I 12, pr; B3R jETEZMO T ERTH S, 2L X ~OHF. ¥ ~DOHY LW
S m

B 2.10 (R> D1 REH) a, b,c,dc R ETHLEE, [R2Z S R2EZUTDXIICED D,

flzy)=(2",y") £ LT,
x a b x
()= (5)C)

COWIBELL fERZD1IREBREV), ad—bc#0 D EE, HEHMZEMRT, B2
T, ZAEE AT (PERIENEI, AR, Friedkz FEeficss, aas
IR > TH, Aol ) ol FHAZ2@E2ERICET 2B R trsdH 5, u

Bl 1.ad—bc#A0DLE, f:R? > (z,y) = (ax +by,cx +dy) € R? 3EHHNTH LI L %
Ny

Bl 2.11 X = FHNOZABEEDOES Y =R, f(A) = ADmHME, LT, f: X =Y »
TE5, m

Bl 2.12 (M%) C*(R;R) Z R 25 R ~D C D (MR FIRER) BBD kL T 5,
X =C*[R;R), Y :=C*R;R), D: X =YV 3

D(f)y=f" (feX)

TEES, 2L f1F f OEEKETS, m

Bl 2.13 (EfEER) X,V 3R THRVEHRT, ceY LT2LE, [ XY %
fle)=c (zeX)

TEDZ, ZDkI % f & EEEM (constant map), EHEMHK LTS, =

Bl 2.14 (FFIERE) X BRTHVES ACX LT2LE xi: X >R %2

{1 (z € A)

@ =1, (z € X\ A)

TEDS, 2D ya 2 A ODFFMERE (the characteristic function of A) ¥ 7 |3 EFREIEL &
BN



Bl 215 (BEEH) X CY DLE, i X - Y Zi(x) =z (r € X) TEDS, 2D i %
EHIDBALRZE D

BEER (the inclusion map) EMES, m

M 2. % 2.7~2.15 DEMRDEEIIAH2E Z X,

Bl 2.16 (#31) EES

A1,0A2,+ ,Qp, """

X N 225 R ~DEH
f*N—=R, f(n)=a, (neN)

ERZEYS. m

3 BRE&
A RBEB O 2 HRICEBRICOIEETE 5,

-
EX 31 (BRER) [ X =Y, 00 Y 2 Z LTHLE,

W) =g(f(x)) (z€X)

Th: X > ZPEDons (BEAWZMNZHZ ), CDO L%z f L g DA (the compo-
sition of f and g), & %\ IFBREKBR (the composite mapping) EMF, go f TET:

g gof: X =2, (gOf)(I)Ig(f(:“)) (z € X). )

Ri% gof ZHUT gf EL 2LV HD, T/ fofo-wof  fr tELILELDH D,

R 3.2 (ARERICEIZHER) (X =Y, .Y 2 Z h: Z W LT5LE,
ho(go f)=(hog)o f.

B gof: X = Z T, (gof)(x)=9g(f(z)) (e X) THB, WAIT ho(gof): X - W
<.

(ho(gof))(z)="h((ge f)(x))=h(g(f(z))).
—Ji. hog:Y =W T, (hog)(y)=h(g(y)) (yeY) TH%, WZAIC (hog)of: X - W
T,
((hog)o f)(z)=(hog)(f(x)) =h(g(f(x))).
WZIZ ho(gof)=(hog)of. m
B3 f XY ET5LE,

feoidx =f, idyof=Ff

IR LD T LRI,




4 B, 25, £HE

KE% 4.1 (B, 254, £H5H) h

Al ®
(i) f: X =Y DSBS} (an injection, B3 injective) & %\ 13 1 (one to one) T

(1) (Vo € X)(Va' € X)  (zv#2" = f(x) # f(2'))
BEOVIDZ EERE D,

AL ®
(i) f: X — Y D85 (a surjection, B4 surjective) & % 13 EADER (an onto
mapping, onto) TdH % & I,

() (VyeY)(FzeX) y=f()
B DD EZE I,

(iii) f: X - Y ’2HHDH 2 0T (a bijection, BT bijective) & 50k 1% 1
¥t (one-to-one correspondence) TH % &k, f BEHP OB THL I LE2F I,

y
M 4. (1) f: X =V 23 Thu L 2mBllTRbE, (2) [ X >V 22N ThLD
& 2w TRbYE,

g (1) 1

(Ve e X)(Va' e X :x #£2")  f(x) # f(2)
EEHCZEBHIRD, Fh, DKM (1) F

Ve e X)(V2' € X) (f(z) = f(a') = x=2)

EFMETH 2 (v # 2" = f(x) # f(2) DRHBIZ, f(z) = f(2)) = 2 =2' THEDDB),
G () 1%
Y = f(X)

ELHEHIT B, EE (MBI F(X) CY DD D T L IERTIUR)
VyeY)3reX) y=flx) & Y Cf(X)
< Y = f(X).
I CRIERICTHIAT 2,
o EMPHHTH S LIX, 20DKRDHZ 50T L (RIZ1DDMITL2HIE > Tz,
o GERPEHTHL LIZ, TRTOWIZRIFS > T3 &,

RKX 4.2 ( DFEHAH) HROEK T, o/ 2 T2y IR ¥y o, ERUOPEELED, 3
FETCIE “xprime” TZv 7R 794 Ly LG OPETH S, ¥y a (dash) LiEk, ~A
7V w7 X RWEE “ (en-dash), “—” (em-dash) DZ %2 F ) (ZDDODF v 2 Dffi
WO IEAEREEE L e BARIC R 21 E), -



Bl 4.3 X = & 2K COHBRADFERE, f: X - R, f(z) = P4 o O¥EFRS L7535
EE, fIFHATHS, (bLZ)ThVE, PEFRSOREHZELI B VDT, HHIIL S
RO THZIET, ) m

Bl 4.4 (PEBERGS IFBES) Hih LoOXME I TERI N FEEMERES - 1 — R 25, it
HEINTH B L 1F

(Vo € X)(Vag € X) (11 < g = f(21) < f(x2))
il I ERT D, Tl f PIREBHFHATH 5 L3
(Vo € X)(Vas € X) (21 < 22 = fla1) > flx2))
27T ERT I,
P IFMBISL, FE R BB TH 2, BIZIE [ R - R, f(z) =25 REHTH
%5,
B 5. PR MBIE I i Th 2 2 L 2R,
6. f: R—-R, f(z) =23 BREHFEMTH 5 2 & 2R,
Bl 4.5 fi, fo, f3, fa ZUT DX ) ITERT %,
e f1:R=R, fi(x) =2?
e fy:[0,00) = R, fo(x) =22
o fs: R—=1[0,00), fs(x) =
® f1:]0,00) = [0,00), fu(x) =

fi IFHHE TRV, FHEE o=-1,2=1 B EE, o # 2 DD filx) = fi(a)) DD L
D, FARRIC LT, f3 DHEETIEZR W,

—Ji. fo ZHNTH D, EEE. fi(r) =22 >0 (z € (0,00)) THED 6, fy 13 [0,00) TH
RGN TH 2D T, FFIThHh 5, FARICL T, f1 DHNTH S,

fi BRETRY, HEE y= -1 E8LE, yeR THY, fEED 2 € R ITHL T,
filr)=22>0> 1=y THEPH., fi(z)#y. FERIC L“C\ fo BAEFTIER Y,

—h. f3 T TH B, FEEE. [ o) WWETAERED y I LT, 2 := NTIRE AR =N

z€[0,00] CRTH Y., fi(z) = (V) =y FABRIZL T, f, b2HTH 2,
FLDHDE,
AT RS RS
fi X X X
fo O X X
f3 X O X
i | O O] O

t%%5, m

Bl 4.6 o X ZETHVWELLETS, HEEHR idy: X - X IEHHTH 5,

%%‘%\ T1,T2 € X :j(il‘bfx ldx(l‘l) == ldx(l'g) &E)Ci\\ 1 = I9 ﬁiﬁibﬁ“)@’c\ ldX
THATH B,



¥, FEDO ye X IIHLT, 2=y £BLE, 26 X THD, idy(z)=2=y TH

PLED S, idy ZEHETH 5,
e DAXCY ET2LE, UEER: X ->Y 3HHETH 2,
o ZETHRWVES X, YV ITNLT, IMFEHFE pry: X xY - X Z2HNTHS, u

f?‘iiﬂ 4.7 (EREHREEHE., 25) fF. X Y, 9. Y =2 Z £ T35,
(1) f & g BSHEESIE. go f ZHHTH S,
(2) f & g DEERSIF, gof IEHETH B,
(3) f & g BEHH L SIF, go f IZEHETH D,
(4) go f DHHR ST, fIFHHTH 2,
(5) go f WEHNEGIX, g 3BHTH S,
(6) gof PHETY ., g IXHEH L IXHS 2w,
(7) go f BEETY, f 2Ve8 £ IZIRS 70,
(8) go f WWHE D f 32H 2 oIX, g ZHHTH S,
\(9) go f DBEMDD g BHR LRSI, [ 1IN TH 5,

J

FIEEA

(1) f&gDPRFLRET S, v,/ € X Do #£2 ZhilkTET5, f BWHFETHL05
fl@) # f(@'). g CHETH D5 g(f(2) # 9 (f(a"). THBDE gof(z)#go fa'). @
ZIZ go f ITHETH 5,
CIIEERR) f & g DRI EIRET %, 2,2/ € X DY go f(x) = go f(2)) 2T & T 5,
g(f(x)=g(f(2)) THEPL, g WHEFFTHEDT f(x) = f(2). 7 f PHNTH 5
DTax=a. WZIZ go f ITHHETH 3,

(2) f &g ERERETS, FED 2€ ZITHLT, g BWRFTHLI DS, gly) =2
Ziilc T yeY BEET S, fRRETHLIENS, f(o)=y ZWiT v e X VHE
5, TDEZE,

gof(x)=g(f(z))=g(y) ==z
WZIZ go fIZEHTH 2,

(3) f & g BDEWEERET S, gof i (1) »SHE, (2) o2 THZDT, &2HHT
b5,

(4) gof DHPFLARET 2, 2,2’ € X 2% f(x) = f(2') ZWi7eT ET B, gof(z)=g(f(x)) =
g(flx))=go f(a). gof DHNTH L2056, x =12 WAIZ fITHEHFTH 5,
(AIRERR) go f DS ERET 2, 2,2/ € X Do # 2/ ZWiic§T T 5, HHIET f(r) #
fl@) 289, bLY f(x) = f(@) BDRYI->7ETBE, go f(x) = g(f(x)) =
g(f(@") =go f(a). gof PHHNTHEI LD, =20, TNEFETHS, DRI
Flx) £ f(2) THB, WA fIZHEHTH B,
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(5) gof WEKNERET 2, FED 2€ ZITNHLT, % 2 X BFEL T, 2=go f(x)
DIRONED, TDOEE, y:=flz) LBLLE, yeY THD,

WZIT g 3B TH S,

6) X={1},)Y ={-1L1}, Z={1}, f(1) =1, 9(1) =1, g(-1) =1 &LT, f: X =Y,
g Y 5 ZFBEDDLE, gof: X = Z, gof(1)=1TdH2, gofIZHFTHLH, g
HH TR,

(7) (6) LM UEHRBKH LD, X = {1}, Y = {-1,1}, Z = {1}, f(1) = 1, g(1)
g~ =1,LT, 1 XY, Y 5 Z ZEDD L, gOf:X—>Z,gOf( )=1
5, goflFBNTHIH, fIIEFTE,

1,
5

A

(8) go f BHHDD fIIEHEIRET %, y,y €Y Dy #£y 2T T2, fBEHT
HDWO., flr)y=y 2D f@)=y ZiilT 2’ € X LTS, y#£y THHID S,
r#1 THb, gof PRI TH S0 5, go f(x)#go f(2'). Zns

9g(y) =g (f(x)) =go flx)#go f(z') =g (f(z) =g¥/).

W22 g ITHFITH 5,

(BIGEBA) g o f DIHF DD f IZBH ERET %, v,y €Y 23 g(y) = g(v) Z2Wi7=§ &F

b, fIREFTHLIEDS, f(r)=y, f(2))=y ZhilcT 2,2 € X DFET S, D

=N

go f(x) =g (f(x) =gy) =g(y/) = g(f(2') = go f().

go fIFHHTHED6, v=2'. WA y=f(z)=f(2)=y. WA g 3HNTH 3,
(9) gof DNEHDD g IFHHERET S, FED yec Y IIHL T, 2=9g(y) EBLE, 27

ThHb, gof WEFTHE006, go flx)=2 2ii7lcd v e X BWEAET S, TDLEE,

g(f(x)=2=g(y) THBM, g BRI TH L2056, f(z)=y. WIIT [ IFEBHTDH 5,

|
B 7. (1) gof DHGITHD, 2D f TRV SIX, g ZHFTIER WL,

M 8 ROZFHEAHIC, X 26 Y "DEREZEITRTKkD, ZOH)LHHNTHEHD, 25 TH
565D, EHHETH DL DODEEERD K,

(1) X ={1,2,3}, Y = {4,5,6} (2) X ={1,2,3}, Y = {45} (3) X = {1,2}, ¥V =
{4,5,6}

& SHHLERDEL
(2 ISR RO H ISR T 25, Ay b T3 2 LTk B TTHEMEASA 1)
FILR D GEDIR D 31,
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/ﬁﬁEE 4.8 (EREADHDEHROSH ., BHMYE) X,V 2WFREATH S LT 5, %ﬁ?ﬁ?\
DEE ZNFh | X, |Y] £FL,

(1) X 226 Y "OHEBFET 2 < |X| < Y]

(2) X 2256 Y NOBREBFET 5 < |X| > Y]

(3) X 6 Y ~NORHRAVBFLET 5 < |X| =[]

4) |X]|=|Y| &5, EEDEM f: X - Y IZOWT, AT (i), (i), (i) EHIZH
fET®H 5,

(i) f ZHEHTH S, (i) f BEHTH S, (i) f BEHEHTDH 5,

J
SEE n=|X|,m:=Y|, X ={z, -z}, Y ={y1, - ,ym} EBL (ZNZTN, LD
DHEFZESHVITHER 2),

(1) f: X =Y PHEETHIUL, f(z) (1 <i<n) I ZEDTOGMHELD {f(2:)|1 <i<n}C
Y THEho, BEOMEKZHELCT|X|=n<|Y]. BZnm ET2E, f(z)=w
(1<i<n) &EBLIET, 1 X =Y 2ERTIE, fIEIHRERD,

(2) f: X =Y BFTHIUL, {f(x)|1<i<n} =Y THE206, |X|=n>]Y] ¥
n>m &95E, fo) =y (1 <i<m), fla) =y (m<j<n) EBIIET,
[ X =Y ZERTDE, flZeFEis,

(3) X 205 Y NOEHHEIEAETIUE, (1) 26 |X| < |V, (2) 25 |X| > Y| THEH95
X|=|Y]. #|X|=|Y] £T5E, (1) 226 X 226 Y ~OHEH f DEET 5, (3) »
5 fIZRHHTH B,

(4) (1) & (i) 2RV (203K S & ()=(ii) & (i)=(iii) 2’E»rNn %),
X o YDHEETS, f(r,) (1 <i<n)PMHRELRLZDT, |[{f(z;) |1 <i<n}|=n1k

EDPLZND Y ICHELL {f(z) | 1<i<n} CY THEDS, {f(z)|1<i<n}=Y.
WZIZ fIERHTH S,

—J. £ X =Y DPEFETE, {fe)1<i<n} =Y. REPS n=|Y| THE25,
flz) 1<i<n) BEDTOHHWIIHELR L Z &0 5, WAL fIZHHATH S, »

4 . N
R 4.9 (8 BEABN—YaY) X, Y M K EoBRXIGEIEERTH 2 LT 2,
EROXILE ZNFIN dim X, dimY EEL,

(1) X 26 Y ~NOHRLPLGEERPFELET 5 < dim X <dimY.
(2) X 26 Y "R LEGEERVBFELET 5 < dim X > dimY.
(3) X 226 Y "ORHRHFLEEBRIHFET 5 & dim X = dim Y.

(4) dmX =dimY %56 1E, FEEOMEGH f: X - Y IZ2owT, UTMNEFAETH %,
(i) f BHEKEHTH S, (i) f3EHTHS, (i) [ IZEHRETDH S,

J

COEIREE, WyeY IKHLT, fla)=y £5b e X D HBINCEET S, L8

Vo BIBIC T—FNICHEET 2, i THEZIFEET 2. T8tz 75 00BN 1
Thbd) EnH I ETH D,

12



—HWICHEET A2 % 3 TRT I E2'H 56,
s sl 3! DRI ~
"P(x) 27z « B—BHIHET 5, LiF

Jz(P(z) AVy(P(y) = y = x)).

Iz (Jz) P(x) LT,
NS J

oW E, X Y BPEHETHL L X

(%) MyeY)3lze X) f(z)=uy.

WIS (%) IR VOB SIE, f OERHTH S 2 L EINS,
B 9. (%) D IOR I f BEHHETH S I LE2RY,

WZIZyeY ITXLT
(1) g(y) = “flx) =y ZWi7cT 27 (fICXBBDy THD LI % 1)
ETHILET. FRg: Y - X WEDOLNS, 2D g% f DBEM (the inverse mapping of
f) MO, Gl f THRT, NI “finverse” Eaids,

Thbb, B f: X - Y T LT,
(2) [ y) = fla) =y ZWiTT 2 € X (yey)
TEES fL:Y - X % f OWE/RENS,

RiF, (ETZDLHICEERELZDEDG)HOGLTH A, ML TEL,
(Q) WAL DERI & MESIE, ZNZIUnDOGHROEE L ERBTH 5 -

[T OER = f O, [ O = f OEFEEL
[ DWMERDIAET 5 & &,

(3) (Ve e X)(VyeY) (y=flz) &= [f"(y)

Ths, THEHUGH [ OEHOLIBLDOT, HiAZ L ThrINE, METEL
TEABI L, (f DEYHTHZBAIC, GAoNk y ITHLT, y= fl2) IRHIZO K
DI E% [y EESDEST, )

EE 4.10 f OUEBRPEET IDEIDPTLORVEEIC, b re X, yeY ITRLT
y=f(z) D Z>TVTH, 2= f1(y) LB ERIELS ARV, FIZIF f:R-R %
fl)=22 (z eR) TEDD EE, f(2)=4TH 32, f14)=2 LELTEVIT RV (EE
B F L BEELRVDEDS), n

(8) 55
@)=z (@eX), f(f W)=y WeY)
B DO, EBEBROZE > THESHZ % &

(fTlof)@)=2 (xeX), (fof Ny =y eY).

S DRODICIL EECADBVEY, FEDLS LVLEANHZDT, TITREAL AL,
TROID: Ve e X WNLT, yi=f(z) EBLE, 2= f1(y) PEDZODT, f~1(f(2))
FFRIC Vy e Y ISR LT, o= f1y) EBLE, y=f(z) DD EODT, f(fHy)) = f(x)

[ y) =
y

13



WZIZ (SR f[lof: X = X, fof7:Y =Y LHDEQ)
(4) flof=idx, fof™'=idy.

—Ii, FEDTEL,

411 [ X - Y BDEeHETH B L x,

() flof=idx, fof™'=idy.

HHLERTI DWW LD, RDOMMEIZ, g 25 f DWEMRTH 5 2 & ZAHT 2 553
HDLGEIT, DT EDBL 0,

4 ~
ME412E58 - X>Y,q:Y - X B

(1) gof=idx, fog=idy

BT 56013 ([ DEYHTH S 2 EIRRELTORY), [ IZRHHT, g=f!
TH5,
(RIFBEDEMR f & g ITOWTHFADT, g bEHHT f=g7! KDY IO, >/

SEER IS EEERIE AR TH S 2 E2ERE L TEL, gof=idxy PHFTHL I L)
5. fIZHETHY (BB 4.7 (4). fog=idy BWEHTH LI L6, fIIEHTH S (M
4.7 (5) WA fIZEHETHD, I PEET S, RO y IINLT, o= f1(y) &
BOE y=flz) THBY. g(y) = g(f(2)) = idx(z) = 2. DZIT g(y) = fH(y). PAIC
g=f1ThH%, m

CDFEHDEZEIE, RDOXIICHHKS, gof=idx £ (gof)ofl=idxoft. TH
"o g=fL

R 413 (MEROEE (TFAMCLZEW)) [ X - Y BE2ohkt &, Zo%kMkt
(1) ZWi7ZTER gD L% f OWBHREEETLTIA I BL WV (22T THERDOEERE
FHiF) VIR, ZIVIEIRKEZATHRVILIILTS), 2IRITREETHEDLE
U 200 LZwed, G S X GEPHFET 5 L v )iz A5 2 & IdHKkZ
WDT, TEPHK S DITTIE R, »

Bl 4.14 (BHEKL) n ZHARBEL T, X :={1,2,--- ,n} LB, n KOHALEL L% 1
MEBLE, BB . X - X DEZL 50, fIIEHHNTHE, — HHZOHALELDED S
% g: X - X £33L, gof=idy, fog=idy DIV IZDODT, MEB3 LD, f
FEHEHPD g=f"! n

G ()13, f E gIIODVTHIRTHAZ LICHERET S L, g IFBHFHT, gl=fThH3
EWTnE, WAL, RP\FoN5,

% 4.15 TEOERE f T LT, f OB 1 ZEE T, [~ OWERIX f T
b5,
(F =1

Bl 4.16 f,: [0,00) — [0,00), fu(x) = 2% IZRHHTH 205, WEH f7:[0,00) — [0,00)
PIAET %, EiF f7(y) =y TH5., =

14



[ 10. BEEEOBE f(x) = ® O RPHLER [ X - Y 2/ (X, Y Z2@EY)IC (X
IR BRCREL, FOIRBGELRD X)) ELEL, fORRFTH 2 I L2l K), ¥
FAR [ DEREE TV A o) 3, fHy) 2 ED K ) ITEH D,

b LHM=MBE sin™! Z22ATHARS, ZRIFE ) VI BROWBHRTH 2 03T X,

EBE 417 [ X =Y, 0V - Z I BRFNTH %561, gof: X — Z SAEHHT,

(gof)'=flog™

fERR gof: X = Z, flog i Z =X THE06, ANETH 5,
(gof)o(ftog ™) =((gof)of Nog t =(go(fof'))og " = (goidy)og™ =gog ' =idg,

(frog™olgof) = ((fTTog)og)of = (fTlo(g 0g))of = (floidy)of = flof =idx.
WZIZ ftog tidgof DMEBIRTH %:

(gof)'=flog'm
Bl 4.18 (RAE) A, B 51IEAIZ n XITHITHDL L E, (BA) '=A'B 1. =
5 WE&

-
EE 51 (FEER) [ X =V, .Y - XDBH2BLE, gb f OEBKTH S L IL,

gof=idx A fog=idy

A RYAS R A
\_ J

4 N
iR 5.2 (EEGHRHBFEINE2ESR) 54 [ X - YV OUEERBIAHET 24613, f 13
\éﬁ%ﬁ Th 5, y

BEE  [ESETRII RN TH S 2 LITHEREL X9,
gof=idy DWHHETH 2 L6, fIFHHETH S,
fog=idy BEHTHL I o6, fIIEFTH S,
WZIT f IR THL, =

[ﬁﬁ%ﬁ 5.3 (EEHRO—EMH) f: X - Y OWERIE, FELTH 1Ok, ]

GEER g Y = X, h: Y = X DI f OMEHRET S,
fog=idy =foh THINE, EED ycY ITHLT

flg(y)) = fogly) =idy(y) =y =idy(y) = foh(y) = f(h(y)).
fIRHEHTHLIDS gy) =h(y). @A g=nh. =

{E% 5.4 (BERDEES) f: X - Y OWEBRNIEET 2 L&, WEGE f-1 TET, ]

15



ME 5.5 [ X =Y OB/ f1 BFET S L E,

(F "=t

SEB g =fl EBLE, Y 2 X THD,
gof:idX A fog:ldy

UL f g DHGEHRTHL I 2R LT 5,

B (=) y=f(z) BolF

f@)=f(fy)=fof (y) =idy(y) =ym

[iﬁiEE 5.7 [+ X =Y BWRESFL G, f OUWEBRIBIEFET 5, ]

B RO ye Y ITANL T, fPEHNTHLI LD 0, HD e X DFEL Ty = f(z)
NS ARVASH
CDEI) % x B—RNICEE S, FBE, /e X, y=f(a/) £T5¢&

f@)=y=f@@)

THDHD, fIFHEFTHE06 =2 DEIPND,

ZIToly) =2 LT, ¢: Y - X ZEDDL I ENHEKS,

gof=idxy ROV D, FEffr e X LT2LE, y=fla) £BLE, g DERICKD
gy) =z ®ZIT g(f(x)) =2z ®ZIT go f=1idx.

fog=1idy DD D, EE ye X ETBLE, gly) & flo) =y EHBEI% a2 T
Hb, VrZbE x=g(y) EBLLE f) =y BEDILD, DRIT f(g(y) =y WAIT
fog=idy.

DEXD, g3 f OHEHRTHS, =

MRS58 [ X =Y & g Y = ZPEBICHEREZFFORGIE, go f bMERERL

(gof) ' =flog™

16



siEEA

(ftog™)olgof)=((ftog)og)of
= (flo(gtog))of
= (foidy)of
—fof
= idy
AR I
(gof)o(flog™)=go(fof)og=gog'=idy.
D210 EEROERDS)

AT, A & B 23n KIEHIfTH17: 513 AB I1EHIT
(AB) ' =pB7'A7!

DX LD, L) BHDBH 5, Z2NzFELTH 5,

6 BRDESDEHREFER

TTILT7 74 Y 7RIRIC f(X) £V IEdE2lioTW20, B f 1T X 2 ERROA 5%
H AR f(A) ZEEL T, HANGWEZIBXS,

[E% 6.1 (MRAESDKR, BHOK (EX)) /- X -V LT3, h

(1) ACX IZHLT, ADEED fIckrBDeEkz f(A) TRL, AD [tk
(the image of A under f) F 7z X MER (the direct image of A under f) & WS,

fA)={y | Br e A)y=flz)} ={f(z) |z € A}.

(2) RICHR f OEEBR X © fI2E2K f(X) 2. [ D (the image of f). & 5\
[ O (the range of f) EMFO, Tmage(f) & bET,

L Image(f) := f(X) ={y [ Gr € X) y = f(2)} = {f(2) |z € X}. )

f1X =Y aeX,ACX £T2LE, fla) & f(A) EWIHIREMHEZ LI LICkD, &
L5568 fICks To—) DBTHEH, fla) Y OFEE, f(A) RY OFTELATH D,
AMERICHR LT, BRI S BXRARMr A LRSEHVE 2 L2, TFISOHEH, &
W HEDRS BV EEINED, LORGEEFDOEED T X X b 25T 72913k
5 2 EDHR R,

BreA)y=flz) LVIDEF, y TETIRMAETHL I LITHEEL LI, {y]| P(y)} (Py)
Wy BT 25M4) LwITEZ L TwbEbIITHS, {f(z) |[re A} 13 {y| Bxr e A) y= f(x)}
DMEFHETH %,

RriC f o4 Zils, MOATERI NS,

f(X) =TImage(f) = “f DEI" = “f DR = {f(x) |z € X}.

17



[ DIEEE I}, [ DEDEETH S,

EEK 6.2 (BPREBDHER) [ X Y 7%, BCY IZHLT, X DHEFET fIck?
B2 BIL/T 20024 % f~1(B) TEXL., BD fIZX 2 (the inverse image of B,
pull-back) & FES,

FUB) = {r € X | f(x) € BY.

fOENHTIEAVEE, DF) f OWER [ BEELAVBAIL, fU(B) L)
SSRGS O L IOEESBETH S, B LRI 2000 Lk, BREE (R (1)
TIE. COREROEELTVLS,

Bl 6.3 f:R—R, f(r)=sinx £T5LZ
faop =10y, f({o.5}) =101, somh =10}, f(|0.3]) =M1

f(10,7) = [0,1],
) ={zeR|(EneZ)z=nx}, [ ({2})=0¢

! ({%}) :{g+2nﬂ‘nEZ}U{5§+2nﬁ nEZ},

#1 ([%,6}) = U {%4—271%,5%—#2714 .
fFVIEFELEVDT, f712), f7Y0) bF vV ATHS, =

nez

IR 6.4 (BBIE (RE (1) DESEIDOWT) [1] TiE, f(A) R fY(B) EvwIidszli)
CEDTAYy FRERLT, f(A) DZEZ f(A), [[{(B) DI EZ f4(B) ££LTw5,
flA) = f.(A) = “AD fICX BB = {f(a) |la€ A} ={y | Jala € ANy = f(a))}.

' B)=f(B)=“BD flcks# ={z e X | flx) e By ={z |2z € XA f(z) € B}.
UL, f(A) R fYB) Ew)idmdd ) it AL TLE>TT, #IFCEs L
FRATRETH 2 L), Koo 6 2055 EZHVTENLTLE ) R &L (B

H) I35 2 %,
e X DHEFE 2 D fITXBB f(o) £, X DEDEAE AD fITLBB f(A) ZIRFAL Z2\»
£, MUEZLY TTlEdsiine, IEIFINTws, 20, LHoHEELE

FOIINCT R, (55 B2 ETOICRALT R >TOBDTH %, PILEAT
OB E L CHImt+ o TH B EEZX D,

o f*(B) & f.(A) LWIHIEFERMEIGE, £ OHIEGER, WRTHh 50, IRELT % nlaEk:
Z2 DI P2WER f 30 EZIC fYB) EELDIKIREFAOD & &) DED,
WERR f~LEET B EEIC, BO fICXk3WkE, BO LIk 288 —KT 3,

flickz Bo={zeX ’ (Fy) (ye Bhrz=f""(y)}
={zeX |3y (ye BAy= f(z))}
={reX| f(z) € B}
= f 2k % B O,
DFEDHBFORFICLSE L (fH)UB)=f(B) LwH T ETHD, fUB) LIl
FE f OBRTIROHY AR ERHATREWE-R T,
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1

o B DRAELZET 27D L VI, FRDE A, FiEEEP L TEOAHEZHEC L
TWAHINH 5 I EIEHOL, f O (B) 2K DIC, Image(f), f.(X), f(X) &
ﬁ%%BO%%iﬁ(TM&%ﬁmﬂm%%ﬂkm5ﬁﬁﬁ¢iﬁib<@5fﬂk)
|

B f X =Y BRETHZ E VIS, f(X)=Y LERED,
[: X =Y DEYPSITHAHEE, BCY D, MEHR LY - X I2k3BiZ. BD fi
LB T 5, FERE

{f'®o)beBy={y[3beBAry=Ff"(1)}={yFbbeBrb=f(y)}

={ylf(y) € B}.
AT S L EDDIFIHTREI L ~
yef(A) & (@Hred) y=[f(z)
L ref(B) & z€X A f(x)EB )
/ﬁﬁﬁﬁjEX—nfa?%o h
(1) f0)=0, [10) =0.
2) f[FI(Y)=X.
(3) (Ve e X) f({z}) = {f(2)}.
\K4)(VyEEY)f‘lHy})Z:ﬂUG‘X|fTI)==y} ,

B 11. @@ 6.5 ZAEHYE X,
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/ﬁﬁ% 66 f: X >Y, AL, A CX T35,

(1) Ay C Ay = f(A)) C f(A2).

(2) f(A1NAs) C f(A1) N f(As).

(3) f(A1U As) = f(A1) U f(As).

(4) f(Ar\ A2) D f(A1) \ f(A2).

(5) f DHEHETHIUL, (1) DHEBRDLE, (2) & 4) DHERXN—T a VIR T 5, T

bbb,

(#) (A1) C f(Ay) = Ay C A,
(b) J(A1N Ag) = f(A1) N f(Ag).
(h) f(Al \ A2) = f(Al) \ f(Az)-

(6) f DMUHTERIFIUL (1), (), () DZRFRCOVT, ZHDRD L0 KD 5 Ay,
Ay DTFET B,

J

ABEIZEWTHLZ EZ2ENT 5,

(3) TIFEHADIR D 2oDIT, (2), (4) TRFEARIH>TO0RY, (5) TIEHHZ S
FEXPED IO LEHOTH S, 206 IFHH TR VA SIFEXPED 17 %
VOTRZVCLEHITE 2, ZUBRD L Rw T &2 o ClERY 2 BN
WBRFTDH %,

T 212 (6) THEWAILZADTHNT2 X1k, LwHTETHb, K< H5D

. DS K ) B EEH T L, LI ETH 2D, LTI TRITIUL, BT

DALTz70 0 B v ) fndEIc Lz,

ZERA

(1) Ay C Ay ZIRET %, ye f(A) £€F5L, (Fred)y=f(x). Ay C Ay THH1H,
X e AQ. @X).CC Yy S f(AQ) @26: f(Al) C f(Ag)

(2) (EPRIHEST, Tye f(ANA) T2 L) THROTIENT 2 2 & bk, (1) &M
5 LHiNTH B, )

AlﬂAQ C Al VING AlﬁAz C AQ T%%ZI))‘;\ (1) %Fﬁb)% &\ f(AlﬂAg) C f(Al) VNS
FUALOAy) C F(Ay). DRI (AN Ay) © F(Ay) O F(Ay).

(3) (SN bEBRCHE> THMITE 225, (1) ZRAT 2 &, S LIHICA S, )

(a) Ay C AL UAy 26D Ay C A UA, THZD5, (1) &0 f(A) C f(AL U Ay) B
F(A9) C F(A U Ag). WAIT F(A) U F(As) C F(A U Ay).
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(b) y € f(AJUA) £ T 5L, (Bxe AJUA) y= f(z). 1€ A, DRIy e f(A) THSD
XS (TS f(A1>Uf(A2) x € Ay DA X Yy < f(AQ) THHNHG, (TS f(Al)Uf(Ag)
WTNDEED y € f(A)U f(Ay). WAIT f(AL U Ay) C f(A) U f(Ay).

(a), (b) £ D f(A1UA) = f(A) U f(As). (AEWHHE)

(AIGE) FEED y e Y ITR LT,

y € f(A1UA,) & (Bz) (z e ALUA Ay = f(z))
< (Fr) (e Ayve e AY) Ny = f(z))
& (Fr)(re Ainy = f(2)V(z € ANy = f(x)))
& ((Fz) (r e Ainy = f(x)V (Fx) (z € A2 Ay = [f(2)))
Sy € flA)Vy € f(As)

A1) U f(Ag).

D ZIZ f(ALUAy) C f(A1)UF(Ay). GEWIRE) GEHT (32)P(z) Vv Q(2)) < ((3x)P(x))V
((F7)Q(z)) ZHWTS, )

(4) ye FAD\F(As) EFTBE. ye F(ADAY & f(As). y e f(A) THBZEHS (Fz € Ay)
L%, ”@2_¢Cx€A1\A2 T%%ﬁ)%\ yEf(Al\Ag)

(5) AMET %, FREE (B (1)) @ pp. 137-138 IZ# > T 5,

(6) f DHHTRITFIUL, (v € X) (Frg € X) 11 £ 29 A f(21) = f(22). 2T T Ay = {11},
A2 = {.TQ} &#5( k\

ThHHNG,
f(A1) C f(A) NAL & A,

f(A1 N Az) # f(A1) N f(A2),
Al = {Il,l’g}, A2 = {IQ} & io) < é'_\

f(ALN\ Ag) = [ ({z1}) = {f(21)},
FAADN f(A2) = {f(21), f(z2)} \ {f(z1)} = {fz)} \ {f(z1)} =0
THHD5
J(AL\ A2) # f(A1)\ f(Az)m

fOWER ) BT 2ARET oL v AT, HHLRE L, BAEICELH, T
AP CHBI NS ISR X 0, K SWLICELTHRL L,

Sz v 2 A LB MBI Zhv, £/ 3 OrbhIZ V ITLkEFE,
((Vz)P(z) A Q(z) & (Vz)P(2)) A (V2)Q(2))) \&—MITE D ZDD3, A 2 VIS LI D 27z,
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/ﬁ%GJfLX%YQ&J%CY&?5O
(1) Bi C By = f~1(B1) C f(Ba).
(2) F~HBINBy) = f~Y(By) N fHB,).
(3) F~HBLUBy) = f~Y(B1) U f~H(B,).
4) fUBN\By) = fHB)\ [U(By). BHIC BCY ISL T, f7Y(BY) = (f1(B))".
(5) f eFn oI (1) DHMHILT 5,

B CB & —1Bl C _lBg.
L 7 (B1) C [ (By) )

slEEA

(1) By C By ZIRET S, 2€ fYBy) £T5&, f(x)€By. BiC By £V f(x) € By. WA
Iz € fH(By). WA f7H(B1) C f7H(Bo).

(2) € X ITXHL T,
T € f_1<Bl N FQ) = f(l’) € B1 N BQ
< f(x) € By A f(z) € By

sre [H(B)Axe [TH(By)
S xe fTHB)N fH(By).

WA fTHBINBy) = fH(B1) N fH(Ba).
(3) (2) EFBRICEEHTE %,
(4) (2) EFBRICEEATE %,

(5) (1) BH2DT, fPEFERKETSHLEE, [UB) C [UB) %51F By C By 23D 3L
DI EEAHTIIEE G, ye B T3 L, fRRHEVIREDPS (Jre X)y= f(x).
f(x) € By THBP6, xe f[HB). IRE f(B1) C f(Bs) &b z € f71(By). WAIC
y=f(zr) € By. ®ZIT B C By. m

Kﬁ%ﬁ!fi.sf:X—>Y,AcX,BcYM“%o h

(1) [T (f(A) DA fOHEERSIE 71 (f(A) = A

2) f(f"(B) CB. freFE%zsE f(f(B)=28.

3) f(ANf~Y(B)) = f(A) N B.
k() ( (B)) = f(4) )
SEER 7

yef(A) & (Jred) y=[f(v),
refY(B) & f(x)eB

Z W,
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(1) zeAETBE, f(z)e f(A). WAIZ z e f(f(A). WAIT AcC f1(f(A).
DIN f DHG ERET 2, o € fHF(A) T2 &, f(z) € f(A). ®WZIT (T € A)
flx) = f(2). f PHEETHLI L0 2 =0 WIIZ 2z e A WZIZ f1(f(A) C A
fEoT f7H(f(A) = A

2)yef(ff'(B) tT%L, (Fzeft(B)y=f(x). z€ f1(B) THH»L, f(r)€B
WZIZye B Ww2IZ f(f1(B)) CB.
DUR, f DN ENRET S, ye BETbE, BreX)y=f(x). flzx) e BTHHZ
ES, v e fFUB). T5& y=f(x)e f(fTY(B). WAIZBC f(fYB)). >7T,
fUH(B)) = B.

(3) ye f(ANfYB) &£95 &, (Fre AnfH(B ))

= f(x). 2 € ATH BN, f(z) € f(A).
xe [7Y(B) THBH, f(v) e B. ®ZITy = f(z) €

FA)NB. WAIZ f(ANfY(B) C
F(A) N B.
Wicy e fANB LT3 L, ye f(A) THDI EDD, ngA)::() fla)=ye
BTHa0e, ve fY(B). WAIZ 2 € AN fYB). WA y= f(z) € f(ANfY(B)).

DI f(A)NBC f(ANfY(B)).
PLEDS f(ANfYB) = f(A)NB. m

T 27
[ X=>Y ETBLEE,
graph f == {(z,y) |z € X Ay = f(2)} = {(z, f(x)) | z € X}

EBE, fOTZT7ERL,
graphf C X xY TH 5,
GCXXY DBHEBRDTZ7ThHbHDITIE,

() Vee X FzeG pry(z) =2

DY LD T E DA TH B
X055 Y ~NOFEJRLEIEF, X XY OFIHESE G T, (x) 2WTdD, LE>THRY,
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A [BORE
dex —by —cx+ ay

BE 1. A :=ad—bc, g: R2> (z,y) — XA eR? LB L, gof =idpe,
fog=1idge THEI EVTD 5, YZIT fIFEHEFT, g=f1ThH%, =
mBE 2.

o idx(X) ={idx(z) |z e X} ={z |z e X} =X.

e D(R)={D(z) | xR} ={0,1}.

o pry(X xY) = {pr((z,9)) | (x,9) e X xY} = {2 | (z,y) € X x Y} =X. FHERICL T,
pry(X xY)=Y.

e IO fIZOVTad—be=1-4-2.3=4—6=—-2+407TH325., f(R?) =R
(FRETIE f(R?) =R? L4 2BHZFM L 5070 T, S THULTHEL, F(RY) C
R? 355705, R2 C f(R?) 2% 9, (a,b) € R? £ 2 & &, 7 1 RARR

@)z(éi)@)M\%ﬁﬁﬂﬁﬁﬁﬂ%%owfﬁwwﬂﬂy%ﬁooZ®k%

F((z,y) = (a,b). WZIZ (a,b) € f(R?). WZIZR2C f(R?).)

o f(X)={f(A)|Ae X} ={f(A)| AFVH FLDLMIE} = TRXRTOLAHILDOHBEDOLES =
(0, 00).

o DIX)={D(f) [ fe X}={f| € C*(R;R)} = C*(R;R).
(REDEADIIID LE L wirdb, —IBEVTAS, Z:={f"|fcC*R;R)} ¢ &
&, Z=C%R;R) #itHAT 2D03HETH %, (a)ge Z £95L, (3f € C°(R;R))
g=[. [BAETOHITELI L6, g BMEITLHIITE S, T4bS g€
C=(R;R). (b) g € C®(R;R) £T 3, ZDEE, f(z) ::/ g(t)dt EBL &, FED
P ERISHLT, f(2) = g(z). g DIHITHOMAITE S ZL2E. f T LHST
2, Thbb feC®R;R). WZIZge Z (a), (b) 225 Z=C®R;R).)

o x4a(X)={xalz)|z€ X} T, e X ITHLT, yalz) 10 F7IF1TH5,

— A=X D6, BED 2 e X ITHLT, 2 € A LB2HDT ya(z) =1. WZIZ

xa(X) = {1},
— A=0D56. FED 2 e X ITNH LT g A LREDT ya(z) =0. ®ZAIC
xa(X) = {0}.

— ZNLADEA, Thbb ALONA#£X OBA. xa(X) = {0,1}.

o i(X)={i(z) |zeX}={z|zeX}=X.m

BE 3. (M)

BEA4 (1) (FreX) (@ eX:xtd) f(2)=f(). 2) FyeY)VzeX)y# f(z). m
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BE 5. 113 R OWDEA. [ 1 — R IPEREFEM, T4bb
(Vl’l € I)(VZL’Q S ]) T < T9g = f(.Il) < f(l‘g)

DR NLD ERET B,

v, €I D x A2 2T ETE, TOLE <2 (i)z>2 DELLLDIRD
YASR

i) DHE. f(z) < f(2') TDHED6., f(x) # f(2).

(i) DB, f(2) > f(a) THBDE. f(z) £ f(&).

WINDGEED f(z) # f(a) DR IZD, WA fIZHHTHS, =

BBE 6. f(2) =322>0(x e R\ {0}) TH5H5. [l (—00,0] &, [0,00) THEZHFIY
m<d s (FAEDOEHZHGTRAHTZ %), AT fI1F R CTHRERFHEMNTH 5, FEE,
X1, T ER, 1 < Ty é:-a_%kg{\

o 11,15 € (—00,0] THIUL, Jc € (x1,79) s.t. f(w2) — f(x1) = f(e)(x2 —21) > 0. WZ
IZ fla1) < f(x2).

o 11,75 € [0,00) THWUX, dc € (w1, 22) s.t. f(w2) — f(x1) = f(c)(x2 —x1) > 0. AU
fa1) < f(x2).

o 1, € (—00,0), 13 € (0,00) THIULX, ey € (71,0)) ez € (0,29)) f(0) — f(x1) =
()0 =), flx2) — f(0) = f(c2)(x2a—0) £V, flz1) < f(0) < flxs) THZHH,
fa1) < f(x2).

WZIZOWTNDEAED f(21) < f(zy) BEDIZD, =
R 8.

(1) RD fi~for D 3° = 21 D EE B %,
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FQ) | F(2) | f(3) | B | &5 | BHH
fi 4 4 4 No | No No
fo 4 4 5 No | No No
f3 4 4 6 No | No No
fa 4 5 4 No | No No
fs 4 5 5t No | No No
fe 4 5 6 Yes | Yes Yes
fr 4 6 4 No | No No
fs 4 6 5 Yes | Yes Yes
fo 4 6 6 No | No No
fio| 5 4 4 | No | No | No
Jul| 5 4 5 | No | No | No
f12 ) 4 6 Yes | Yes Yes
J13 D 5 4 No | No No
f1a d 5 5 No | No No
J15 D 5 6 No | No No
Ji6 ) 6 4 Yes | Yes Yes
fir | 5 6 5 | No | No | No
Jis d 6 6 No | No No
fio| 6 4 4 | No | No | No
Jo | 6 4 5 Yes | Yes Yes
fo1 6 4 6 No | No No
foo | 6 5 4 Yes | Yes Yes
foz | 6 5 5 No | No No
fas | 6 5 6 | No | No No
Jos 6 6 4 No No No
Jos 6 6 5 No | No No
for| 6 6 6 No | No No

B, 28, 2FEHE—T 2 (f(1), f(2), f(3) 2%4,5,6 DIEFNICE>TW5H D), f,
fs, fi2, fi6, f20, f22 @ 3! =6 i,

(2) RD fi~fs D 23 = 8MHDEMRDD 5,

FQ) [ f(2) | f(3) | & | 25 | 2
Ji] 4 4 4 No | No No
fal| 4 4 ) No | Yes No
fal| 4 5 4 No | Yes No
fi| 4 5 5 No | Yes No
fs1 5 4 4 No | Yes No
fel 5 4 5 No | Yes No
f71 5 5 4 No | Yes No
fs| O 5 5 No | No No

Hg, ERBHIIFEL B\, BT fo, f3, f1, 5, f6, fr D 61,

(3) RD fi~fy D 32 = SMHDENRDH %,
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FQ) | f(2) | A | 5| e
fi 3 3 No | No No
fol 3 4 Yes | No No
fs] 3 5 Yes | No No
fal| 4 3 Yes | No No
fs| 4 4 No | No No
fe| 4 5 Yes | No No
f71 5 3 Yes | No No
fs| 5 4 Yes | No No
fol 5 5 No | No No

it ERENITAHEL 2\, B fo, fi, f1, fo, [, fs D 61,

BB 9. (MEfii)

B #E& (HULEREA)

(2016 FFFEF TIF, Z ZICH VAL ICHIHAL Tw7eds, 2017 EE» U F 27, &5 F
TIERLTEL, )

[ X =Y 22BN ERET 5,

[IERTHEI LG, Vye Y IIHLT, flr)=y &% % € X DFET 5,

ZOEI B lE, fPHEFATHLIEDLL, (12D y IZRHLT) 12k, EEy =
flz)=f(') RS, fHHHTHLI LS =21

—BMICFEET D1 ZDLHIREE, 'WeY IWNLT, fo)=y £hD e X N

—BWNICHEET 5 EE9), HT 212 T—-BWICTHET 2, i "MBEIZTEET 5., T5&MF
Zii7z T O DODMEBS 1 TH L, L) L ThHD,
—HNAET 22 L Z N TRTILEDVH DY,

fﬁﬁ%ﬂ®%% ~

"P(z) Zifi72§ oz 23— EWICHFET 5, L3

Jz(P(z) ANVy(P(y) = y = x)).

ZhE (Qle) P(x) LET,
_ y,

ZoitEEHWL L, [ X oY BN THD L E

(*) (vyeY)Ele e X) f(z)=y.

WRIZ (%) DR OB B IE, f BRHEITH B T LA D,

[ R NIZ I EELADBVEY, FEFOLS LVEEABH LD T, T I TIEFEAL &V,
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fl 12. (x) B D DR BI1E f BEFETH 2 Z L ERE,
WZIZ yeY ITxLT
(6) g(y) == “f(x) =y ZWiTT 27 (fICL2EPy THB X% )

ETBILET. B g Y - X BWEDLNSE, 2D g% f DWER (the inverse mapping of
f) EWO, B RS, 1 IE ¢ inverse” & Fid,
Thbb, BHH f: X > YV ITHL T,

(7) fHy) = “fla) =y 27T 2 X7 (yeY)

TEES 1Y - X % f OHBEBRES,

Rix, (ETZDEHICEELZDEDPS)HOLTH A, ML TEL,

Q) WERDEFRR & EkIZ, ZNZFILOEROME L ERIBTH 5 -
[ OEFEK = f OfEils, [ OfEk = f OERIK

f DWEBRIEHIET S & &,

(8) VeeX)(VyeY) (y=f(x)ez=[1"(1)

ThHhb, TNRUER [~ DEZED LI HHOT, ik Lt ThrINE, METESF
TEZHZE, (f BEFHTHIGAIC, G260k gyl LT, y= f(z) DD LH
ZaxDIlt% [Ty EELSDEST, )

EE B.1 f OWEBRBHEET LI EI DTSR VEEIL, b re X, yeY IZHLT
y=f(2) DD ZoTOTH, o= fl(y) LHSIERIELL AR, fIZIE f:R-R %
f(x)=22 (z €R) TEDBLEE, f(2)=4TH2H, f14)=2 tHOTRWITHWV (HE
& fLBEELEVDEDLS), =

(8) H 5
' f@)=2 (xeX), f(f )=y WeY)
DD DO, ERBBROSIER > TEEWZ 5 L
(flof)le)=2 (xeX), (fof Ny =y WeY).
WZIZ (AR fflof: X 2 X, fof:Y =Y EHDET)
(9) flo f=idx, fof ' =idy.
—Bb. TEHTEL,

WMEB2 f: X Y BeHETH B L E,
(10) fhof=idx, fof '=idy.

HBHBERTIDOWDKY LD, ROMEIZ, g 23 f OWELTH 5 2 L 2T 305
b HGET, RILDOZ LS\,

WRDHD: Ve e X I LT, yi=f(z) £BE, 2=
FFRIC Vy e Y ISR LT, o= f1(y) EBL &, y—f x)

/- ()7555“)4’)@“( FH(f (@)
BEDLODT, f(fHy) = f(=)
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[ N
MEB3EFEHRfX—>Y, g0V > X H

(1) gof=idx, fog=idy

BTG (0 f SRR TH D C LR GEL TLAV). | IBEHHT, g = f1
b3,
CRBIUEDRI [ & g LOCTHIEOT, g SRIHT f=g! LRDID. ) |

SEEA  RAICESERIIEHEFTH L L EFRELTEL, gof=idx DVHHTH L Z L»
5. fIXHHETHD (EH 4.7 (4), fog=idy DEFTHZ I L6, fIZEHTH S (fy
4.7 (5))e WZIZ fIZRHHTHY, L DHET S, EED y ITHLT, o= fy) &
BOE Y= flz) THBH. g(y) = g(f(2)) = idx(z) = x. DZIT g(y) = f'(y). PZIC
g=f1ThHs, m

COFFHOB X, RDOXHIICHHEHK S, gof=idxy £V (gof)oft=idxo ft T
"o g=fL

HE B4 (BEROTEE (TFAMCEBZEW)) [ X - Y BEAONLEE, ZOEME (1)
il TER g DI L% f OWEBRLEERTLITXIA IS (22T TWEROERLH
Ji EVIRIC, ZIVIXIICEZTHORVWIEILTR), Z2IRETRZETHED LK
U3 2008 LN\ 0ds, RESG O 1 XWEERPHFET 2 L )iz R 5 2 L IdHEZR W
DT, WEPHKZDITFTIE R, =

Bl B.5 (BHEKU) n ZABRBEL T, X :={1,2,--- ,n} LB, n KOHALL L% 1
OEZE. B X - X DEEDLD, f IEHHRTHE, — HREDOHALLLDED S
% g: X - X £33L, gof=idy, fog=idy DIV IDODT, fEB3 LD, f
FEHRHN»D g=f"!. n

Gt 3. fEgRODOTHMTHE I LICHERTSE, g 3RHEHT, gl=f TH3
ZEDVGD D, WAL, R NG,

% B.6 {LEOEHE fITRN LT, f OBER 1 IZEHE T, f~! OB f TH D,

(FhH "=t

B B.7 f,:[0,00) = [0,00), fu(z) = 2? ERPHTH 06, MEH f71:]0,00) = [0,00)
WEES %, FEi [y =y TH%, =

B 13, ESEECF OB f(r) = ¢ 26 2HUHAEE f: X Y 2N (X, Y 2EIc (X
BRBNCKE L, fORMBE RS L I0) L, [ HBRUETH S L RERE L), W
T OERIRE LA YY) i, fly) ZEEED X 5 ISEL b,

b LH=MABE sin™! Z22AT0RS, 2RI E ) VI BROWFETH 2 03FHE X,

EE B8 [: X =Y, g:Y - ZBHRICEHFTHLH 01, gof: X — 7 SEHHT,

(gof) ' =fTog™

BB gof: X = Z, flog:Z—>X ThHdho, ARAETH 3,
(gof)o(ftog™)=((gof)of og 't =(go(fof'))og ' =(goidy)og ' =gog ' =idg,
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(ftog Nolgof) = ((fTog ) og)of =(ftolg tog))of = (f toidy)of = flof =idx.
WZIZ ftog i gof DWMEBIRTH %:

(gof) '=flog'm

Bl B.9 (#RAALE) A, B SIERIZ n XITHITH B L E, (BA) '=A"'B ' =

C XY DY OFEU#

R C.1 (Y OER) Ho@piiiciids LIRELL 220700 T, FHICEIRD 2 1T UEHE £ 5w
Ltz s,

o ZHLZHL AN ZEF VTR VLADLL Y,

o HAGET, iz HNTHIATIE, T, |, TR&ES, , Ml |, "Ry, M3
etk 4IRS Tw 5, KEEH S Tw2 0k, HBE [4), 7K [5]. %9 TR
LRIC A 258, THEES ) 12 TIRtES) sl i, Vo 7 Cfibn (?), TT&
S % target DFRGEE L THli> T A ARITFARZIR D 1727 ¢, EA PRV K
IRRDTHH, Ty R RS X)) RBENLVWE THEER r DfT &0 f(r)) LR
[ Lotz whrd Litkvy, GhRriEf Ttz v,

o JFETIE, Y D Z L% “the codomain of f”, “the target (set) of f7, “the range of f” 7
E LIRS,

o 'f OfilH, (“therangeof f7 DIR?) LI EHH 22N, PEIRTH S, &
WECAFEEE A fTE, {y | Jz(r e X,y = f(2)} (PFED LDFRST f(X) DT L) %
fOMEBREFR, Y Dl Lz Tf OMERENSZ LD H 2D THEENSETH S, LH
WTH 5,

SEEWICE L TIHEIZHE) DBRVL, L 0»IDITTRDODLHIICLTEL,

Mg, VI BEIR f(X) 2ETLDIHONDE Z EBLVDT, ¥V 2K
TODSELE LTi) DIZEET S 2 & 2HERET 2

o ZOWBDEBRE (TE ) TR, Y DIEZfD LAV, LIFATWVDS, bk
PL=—=T7ThH5 (bHLAAEMDBFEB VLT ARV, BZ o ELZOHME T
¥ “range” EWESDOEETH D, HRIUEZ DIRGEETH 2 ik, 2L 720>
D3, 23U BT FE W XS ITERECARIT O ZHFFR I NTHEDT, 2k
WEVT T “range” DFiA TLA P BRALKL EHET 3,

ESEH
[1] hEIE— B4 - B4R - Pl — BEOHARZz 258 S HIR (2012).

9] TR, = RHERE © BURECEIESE I, S5 (1065), H\7 % 2 b Th 225, FriZem
o ki - L DS E ORE RIS NT VLA 0T, B L LTl O IBETH B,

NZDUDFEEB X, BFEOTTHHHIC K > TEY), FEPERGO T X A b, SoUSHITORS Mifilh
“range” 13 TRT f(X) DEHRTHZ2DOT, Y O &% M Lt iddid o afkfizl&L %,
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N Y O f(X) D4

EAEE (B | 2 AT D Z 700 BAL f(2) DfEIsk
ERBCERE | AETR 52 TR | f O, fI2X B X O
BBE LAY LIRS flcks X ok

NEOY 5 TELEFOLIE | f offif, fick2 X O
TwiiBo
T, ZOMHHETIE
F ORRIRE IR

ElZd 5,
#£1FLD
3] 7Nk L B AT R, R (1968), REHE S GR.
v E F &L R
[4] FEIWEE © Ba & amBE, FrlEtk (1979).

ot
\1/
m
O

CBOMR B AP (1972).
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% 5l

bijection, 8
bijective, 8

composite mapping, 7
composition (of mapping), 7

identity mapping, 6
inclusion map, 7
injection, &
injective, 8

one to one, 8

one-to-one correspondence, 8
onto, 8

onto mapping, 8

surjection, 8
surjective, 8

fie, 3
1 RZEHA 6

LR (B, 8
1A S, 8

ENDE/, 8

PR HERIRAD, 9
PR H BN, 9
ak (BRD), 7
ARG, 7
MHELE, 6

W, 6

5 8
EHH 8

B (54812 % %), 3
BUH, 8

B 8

EFI, 3
EFRBEL, 6
TERER, 6
EMEER, 6
Dirichlet DBE%K, 6
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