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D @& 33

4 EB
4.1 FUIC

£H EHBIT, BROBAICE > T, Wiz 2 TS LS A %, B4R (a mapping, a
map) &\ DIF, H - AT SBE (function) 24 L (?) —ILL Z2BE&TH 5,
REHUCE > T, BUND D2 WZ 5 &) 1ICBIBZ —BILL 72 b DBERTH %,

BE#IEE&RTHS
BRICIE (BREFTED) UMD D55

Bl 4.1 (CABDEER) X ={HL— = V=R I BH} Y ={a—vr—7 Hzi}
DEAELTHEL TS (L, ALb—, S—bY—2Z, I M EMRL2) EREL T,

fAVv—)=a—vZ2=7 [(E—FV—R)=a—VA=7, [f()%&IH) =sZIt
ET5E. BB X Y DPEES, =

KK 42 BAREVSEEZLTHLRVERTHES LN B S — HXTRHK) K3, BlfE
DRLADEFADT XA LTI, BBDERICOVT, RO DDV H 5,

(1) BIBUS (BB HIEDELE R PLVOEALE V) KR EHRTH %,
(ZU2Ick3 i e?, BSERBICEL 2GR ETH B, )

(2) BIBL BB EZARIDNED 7210 T, FoRKAL LD TH %, ERBPCHIEIHDOELT
ELTHREBER S,

COMECRA L 2HEBRE (B 1) T, (1) OVEEIR->TWwE, ZOXHETH, 2D
~ EIRTORK, FH ~
SOEBBEAE, BEBE TRV (5 L), L LERER, i, Gz s
QCi%%o

Fix, GBI, DHTIEESERTHA OGN TV I b H ), REEFEDOD LD DH
\ﬂ%ﬁ@\%@Ck%ﬁ%bf%#ﬂfm%%é%%%o

J

4.2 Eff&lI@h
4.2.1 E§, T, &5, EEHOFER

EEEHOIEROBRINAZER I, PearhicdwtlElbnsochEb LI LT (R
k4.6), ZITIk, FTIEIRENRERELBXRS,

X LY ZEGLETD, fRXDOY NODERTHLLEIF, X DELZD (EED) B ¢
WCHRIBEL T, Y OEE flo) DL DOEELI LRV,

2function 1Z. ARIZEE EVIREPEL DL ZI T, B EVRI)I DM TFELEDEZITT, FH\0)
BREZBRbLOEPT B L, THICEDLZ) BATDIZ, DEWIULDTLEY, TAELA,
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L. ZOREDTHD5 X )5 THIRL W (—INZ DN THBIT %)

FRXHOY "DEHTHLILE, [ X oY, H0IE X LY E£T,
PRHDORIIE, X 55 Y OFADER, LI EVHLH 2,

"fX =Y, % TX oY ~DER |, &mm«\%% %,
:’)O)g{%f1X1—>Y1 & fg:Xg—)Yé 7\17;\%[/1/) X,

(X1 =Xo) A (Y1 = Y2) A (Vo € Xi) fi(2) = fa(2))

BROHOZ EEEH3,

flm) Dl Lz, f uJ: % = DR (the image of x under f), f @ x IZF |} 5 {# (the mapping
value at z) EWES, FEFETIX, f(x) &2 “f of 27 LEEdr,

FIED 2By BT L2, framy EBET, frooyld, y=f(z) EAUE
IKTH 5,

X 2B/ f OFHFBE (the domain of f, the domain of definition of f) & o fIZHRI,
A, source set R E LRI LD H B, (HHLBR TN AF 3] TlE, X | % U’E%X_’Cbl
"\, )

ETAD, Y ITIFEE LA v, BRlE (EP%[ DTk YDl TfOLAY

Y k"jt/v‘flﬂ%f\)\ range [FPA T TN T 2EBDOIGEICS I D LWEELRD T, ZDifi#E
TEEHLZY, COEZETRY D2 e Tf O LRI EICLTEL, L4 VP

LTHEIRICLTH, OB CHHTZERIBIENELGAEIE, TCOY OZE% f

DOOEMRZ EIZLET) LMo TR,

X DEEDOMDHEE A TR L T,
fA)={y|FreA)y=Ffla)} (ST {f(x)|ze A} LHE)
EEE. AD FICX B (the image of A under f) EFEE, Frc, EHHR X 0 Fick 2z
fX)={y|CGreX)y=fa)} (S {f(z)|ze X} LHE)
Z LIFHUT f D (the image of f) & %\ I f OfEIEK (the range of f) L FESR,

3ZDIB Y =Ys ZERLAZWIED H 2, B2 IXWH - =K (2],

YEEED YA 1E, domain (EFR) 1CHE L 72 codomain (BRWTERT R ?) BRAfFbNTW2 L) TH
% (target set £ WIS H H 503, Z4Ld source set EXICBR LD THA)), HAFETIE, AP v —LFZ
5000, EGL V) DDBH LD, THRBBEGENICAZEET, 77 70527 250 R(fEbN
XD, EREE IFADRVEIIIES,



BB CE SO, B2 BB EAL LGS, T2 T EE T35 E
ZTCTRW,
[jﬁﬁm@a&%ﬁﬁﬁé j

O = f O =fIckd X O = f(X) ={f(z) |z € X} = Image(f).

ER 4.3 (MDVWER) f 2GRESHITINE D, BRI X, #&IL Y, Wt f, 3o0fl% F &
DTEREZEZ LTIV RE G, B2 TR fi L LrFH0OT0uAELITH, X LY 2MITh s
DIERPFET RS (RFEF-T0D) LEZLIRETHS, =

Bl 4.4 (BRERRDZ ETREBW — BBEZATRUERLERINDIEHH D) Zud
BEE (PE M) IKH25DTT, X ={1,2,3}, Y ={45} DLE, f: X Y ZTRTK
DEI, 2=1,231NT2 flo) ZIBETIE f BEE S, XKD8D f; (j=1,2,---,8) W
b5,
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w
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U O B R O OT R [

0~ O O W N
U CU O O i R [~
U O W Ol s O~

P RES
f(1) =4, f2(2)=4, f((3)=>5.
g(z) :=max{z +2,4} Tg: X =Y ZED B &

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

ha):=["] Th: X Y Z2iEDD L
h(1) = {g} — 4 h(2) = [g] — 4 h(3) = {19} 5.

FERI. fa, g, b 1Z. ATIREEL o
fa=g=h
FHROMEFF ETERL L ) IT, EHEE X, BIKY, EROMED 3 232z Zhn—KT 5 Z
ET, fo) ZERTAAD KT A LTRBOIEICHERETS (212D fo 13, folz) D
K THZ TR,
EH X DoAY ~"DEBRERDEEE YN ERTIEDVDH 5!

YX ={f|f: X =Y}

S DEE L
YX = {11, o, f3. f1, [5, foo o, fs}

SEBEAT T OB ZRD L) LB E AFATHOLZMZ2ELL L THHLDTEDT,
FILTH 2 EMEICIIEA L0 LAV, RYEOBFCHEE SAREATH > T, EOZED ZRMETIE
B\, DFE D PIZIZBIBOM y O 1 <y <2 THIUR, fllklF {ye R |1 <y <2} EELIRETH S,
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RK 4.5 (BRIEHRA?) 4, X OFADEK 2 2. YV DIE—2DFRITHIG S & 2 HH
DIEZR, X oY NDEHRLEVI | LHHTEAPVE (FASEFETHZELEL I LN
Hot), Ll THHL ZBEREPREVWERTH 2, ERIEFEZTHS, THEL &,
BIZIFKD L )2, 2RO 7-DDFIHZHMBEICHHL 72b DD Z 72, EZTHSNSH]

B2 D 5, LooL, BT (30) 22822 > TOF U ERPERI NI GHVBH L, L)l L
X, BHRZBAZDOLDEZEZ Z2XRETIE RV, LWw) ZLitkhs,

ZnkiFlc, BEBEF ST Lidar-oTh, HARH 22 oBAZFH T, LwH vy
AIREZONLVEADRH L EEERL TEL, Hl2 Mo R oETE, R (Zh
B TH 2) BBINICEET 208, 2 BRI ARTEC 2 LEATRETH S, )
RMBIEFIZLIZLIEH S, =

R 4.6 (FEDSEICELIEROER) LOGHROERITOPICHIEKRTH S, FHIZBHRD
BETIE, FEHZHOT, XRDOXH)ICERZELRT 5,

~ 7771k B GBROER ™~
2ODETHVES X LY OEBES X xY OFTES f

(i) VzeX) (FyeY) (r,y) e f. (HAEED z ITHNIET S y DFET 5)

(i) (V(z1,y1) € f) V(wg,p2) Ef) m1 =23 = y1 =92 (2D 2 IIHBT S y 1F1D
L2 7520)

Zii7zTEE, f 2 X DO Y NOEREN), 2e X ITWHLT (r,y)ef &b yeY
\f:m@#%%mﬁﬁﬁ5)%f@)&§?o

J
CORERD f(CXxY)IF, WOWIEED I 7ThHs, 77 73EERDT, TTIYE
ATEGICET 2505 Calib 95 2 L2k 2, =

4.2.2 ESRHZOMEMZEREHLRT

L @ TIE, flz) =2 O, 2FHWT Tf(z) BREBTH S, LB 2B, MEDIC
BL2D x ITNLT, 120D f(z) DEF 5.

2 f(z) = x DR DB B E X, ZAUCHIAT, ERK X, &k Y 2EDIUSTLE B
5,

(a) X FHEIN TRV I ENRL VR, ZOHAIE, X & f(o) PERZEO LI &
TRTDEB x DEGLETE, OBIAHE (FRONLV—)IV) 5 L, EFIEII4L S
NCRZVEELT2D3MEHTH S, LEZATHREDTHA ),

(b) Y IZOWTRERINTWE I LIZEN, BROEEZ T 570 Y BHERY;
B, f DR EL Y ZEXXX X0, f OERZRET 203HE LRSS H 5
D3, Ll f(r) eERTHEE, LDVHATY =R ELTEITIFRV,

DF D, “RMEBEFOBBC I, X LY LT UL, TR (ZDHEFETO) BIC
5,

Bl 4.7 LTFTDODITRTTY =R &7 3,
@) =22+ 20+ 3 DBA. TRTOFEE 2 IS LT, 22+ 2z + 3 BEKRZH>DOT, R
 fOERE (X =R TH2) T2, TNTER [ X Y »BEFons,



f@p:i@%é\m:omﬂufuiu%kaXT%%ﬁixeR\m}?%ﬂﬁiﬁ
BERZRHODT, X =R\ {0} T2, CNTEHR f: X - Y BEoN3,

f(x) =z DEHAE X =[0,00) T2, TNTER f: X - Y HfEs5N3,

f(x) =logz DEHIE X = (0,00) ETNEER f: X - Y 2MFoNn 5,

1 (z>0)
f@)=¢ 0 (=0 DHAZ X =R T, B f X Y BEFS5N 2, =
-1 (z<0)

EER 4.8 #I Y OHUD FHITIZHMED H 2 5603% 003, HEIE 1 DICEE 5, EEET
b MEREZ RO L) LI REIEH-7, =

BIE L 13 ? S OBEREE (hE (1)) D5,
BHERER (D11E) T, ERE X & BHY B RY OBAESTHSHODI L

(BRI T, &2 RY OWMAEG LTS, 2% D EROMEIE 72 13BART P LT
DGRBS, LwI)TiELH D, )

4.2.3 BREBEHODH

Bl 4.9 (BEFEEHR) X 2B THRVERLTLLE, idy: X - X Zidx(z) =2 (z € X) TE
5, Iz X OEFER (the identity mapping of X) &S, =

5l 4.10 (Dirichlet DBA%EY) f: R — R,

)1 (zeQ)
It >_{0 (x €R\ Q).

BIZIE F(1) =1, f(1/2) =1, f(V2) =0, f(r) =0. 2O f % Dirichlet OB L IES, =

Bl 4.11 (H®) X, Y PEATHI L E, HEES X xY DERTE S,
pri: X XY — X, pry(z,y) = x.
pry: X XY =Y, pry(z,y) = y.

LeAw

I 12, pr; BB T2 BT ERTH S, 2T X ~OHF, ¥ ~DOHY LW
B |

Bl 412 (R2 D1REM) a,b,c,de R ETHLEE, [:R2 R ZUTDXIICED B,

flzy)=(a',y") £ LT,
x a b x
()= (5 C)

CHOIHIWELL fEZRZDIREBRE V), ad—bec#0 D EE, EFEEZERIC, B2
T, =R AT (NEREAERIC, IEREI), FlEafkz Fraedic s s, & Zasi
ICIR->TH, FHom ) olnls, Kz ERICBET 2 B8 % Etsdh s, n



Bl 1. ad —bc#A0DELE, f:R? > (x,y) = (ax + by, cx +dy) € R? 3N THE I L %
N,

Bl 4.13 X = FHNOZAREEOES Y =R, f(A) = ADHE, LT, f: X =Y P
TFE5, m

Bl 4.14 (M%) C*(R;R) Z R 225 R ~D C™ D (MR FIHEL) BIfD 2L T3,
X :=C®(R;R),Y :=C*R;R), D: X =Y 2

D(f)=f (feX)

TEE2, L 13 fOEEKETS, »

Bl 4.15 (EfEER) X,V 3R THRVEHRT, ceY L§5LE, [ XY %
fl)=c (zeX)

TEDD, D)% f ZEEEBR (constant map), EHBRETSR, =

Bl 4.16 (FFERE) X 3BTLRVLES ACX L95LE xa: X >R %

(z) = 1 (zeA
70 @ex\a)

TEDD, 2D ya & A DFFMEBEL (the characteristic function of A) % 7z X TEEEL & I
5., m
Bl 4.17 (BEEHR) X CY DLE, i: X Y %ilx) =z (v € X) TEDS, 2D i %

BINAL2ZES

BEEMR (the inclusion map) &M, ¢ DRDODICT L EELILEBL WV (L IFF Y ¥ ¥ XFD
AF5), m

[ 2. §14.9~4.17 OERDOMERIIE Z X (T p. 25),
[ 3. LT OREHROMESRZ KD X,

(1) X =R, f: X =R, f(z) =2 -3z +4 (z € X).

(2) X =R\ {0}, 9: X =R, g(z) =z + 1 (z € X).

3) X =R, h: X - R, h(z) =sinz (z € X).

(4) X =[0,00), p: X 2 R, p(z) = Vz (v € X).

Bl 4.18 (¥3) FEHI
a17a27”. 7aTL7..'
3. N 225 R ~DER
fi N>R f(n)=a, (neN)
EHRERE, DT, ZO#FHEETIIEINISRICEBRE AL T LT 5, EEYDOLEIE RY

LR D,
SRS 25D LB, THE {a,}, . D (FBE LTO) I {a, | ne N} TH3 ),



4.3 BHE®
EIRBIB DT EHRICERIC b IETE 3,

a N
& 4.19 (BHRER) X =Y, Y - Z LT25LE,
hz) =g(f(x)) (z€X)
Th: X > ZDPEDons (BEANZMZHZ)), 2O h % f L& g DA (the compo-
sition of f and g), & % W IFHBRREMR (the composite mapping) &M, go f THT:
gof: X =2, (gof)(x)=9(f(z)) (ze€X).
N J

f 2 nfE
R4 gof ZHUZ gf LESILDH B, £ fofo-rofzz M EESILEDHS, C
DiFETIE, ) V) itT bk,

ER 4.20 (BEREROAMDER) FHITAHEGERDOERICOVTIE, 7FA T LICMrvE
CAHTEVWYH L, ZOFEERTIE, BRE (hE [1]) LRI LD, BIEHofEE TR, X
DEHIITEEREL T3S,

~
[ X =Y, gV - Z f(X)CY ThHEEE, i)
h: X = Z, hz)=g(f(z)) (zeX)
Kybi‘ﬁ%“@% 2, DO h% fEqgDARGHRE LR, )

—fRIC F(X)CY THDZD6, V=YDEERZ f(X)CY DO LICERL LI,
V=Y % Th f(X) Y THHUL g(f(v)) DEHEEZFFOOT, h WERTES, =

R 4.21 (ARERICETIZHERE) (X =Y, .Y 2 Z h Z W ET5EE,

ho(gof)=(hog)of.

Al gof: X =7 7T, (gof)(x)=9g(f(x)) (e X) THB, AT ho(gof): X - W
SN

(ho(gof))(x)="h((ge f)(x))="h(g(f(z))).
—Ji. hog:Y =W T, (hog)ly) =h(g(y)) (yeY) TH%, PZIC (hog)of: X - W
T,

((hog)o f)(z) = (hog)(f(x)) =h(g(f(x))).

W71z, ho(gof) & (hog)of Ti. &b, iR, FRRIIBT 544 DELOMK, 2h
FNHELVLDT, ho(gof)=(hog)of. m

Bl4. f: XY £ET5LE,
feidy =f, idyof=Ff

i A RYAS R TRt



4.4 Hig, 25, £H5

4 N
EE 4.22 (BH, £5, £H5)
(i) [: X =>Y 75’%5& (an injection, TE45 % injective) & %\ >3 1 ¥ 1 (one to one) T
b5 LT,
(%) (Vz e X)(Va' € X) (z#2'= [f(z) # f(2'))

DRI DZERED,

AL
(i) f: X — Y D25 (a surjection, B4 surjective) & % 13 EADER (an onto
mapping, onto) TH % & &,

() (VyeY)(FzeX) y=f(v)
BRSO EEZED,

(iii) f: X =YV DEHEHFDH 50 IEWE (a bijection, JTEAF L bijective) & 5\ Id 1% 1
& (one-to-one correspondence) ThH % L1, [ BRHIPOHFTHELILZE ),

B5 (1) f: X =Y PHEHTRZ E2mTtRbe, (2) [ X >V PR THENn
&z TR DA,
(1) 1
Ve e X)(Va' e X :x#2") f(x) # f(2)
EESZELHKRD, . D&M (F) 1

Ve e X)(V2' € X) (f(z) = f(2)) =2 =12)

LIAMETH % (x # 2 = f(z) # f(2/) DAHEIZ. f(z)=f(@) = z=2" THED5H),
Mt () 1%
Y = f(X)

ELFEIT D, FHEE (MBI F(X) CY DIRD DT EICHERT )
MyeY)TreX) y=f(z) & Y Cf(X)
& Y =f(X).
I CRIERICTHAT 2,
o GRVPHHTH S LIZ, 1 DD 2O EDORDBHSI > Tl &,
o GENPERHTH 2 LIF, TXNTOMICRPFS > TWB I L,
R 4.23 ( OFMHH) HAOEK TR, o/ % T2y 7R ¥y, LGOI, Bl
ROFEFETIE “x prime” Ty 7R 544, Lo @ THS, ¥y 2 (dash) &
k. A 7y 7 KD EORE <7 (en-dash), “—7 (em-dash) D2 EE2F I (ZDZDDF vy

S a DGR L v RIS 2 51T ),
Tz LIXoEE1835 ¥y a8 ickst

Shttps://www.ytv.co.jp/announce/kotoba/back/1801-1900/1831.html
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BOIE, Ty ay & NEEEE, |, MY - —g 1985411 H%5, p. 13
IZH BREFE L WEBE->TW 2 Lo, (AANIZ, HIEEE (England Tff>TWw2%D) T
X, dash EFAZZS LW, EW)DIFETHTHICLAZRADVH > DT, KL,

Bl 4.24 X = H2RRTOIERLEDEERE, f: X = R, f(z) = %4 o OFEFK S &7
L&, fIRHESTHL, (BLZH)THRVE, E)PEREICALPEFTVIRON TS I L
k%, ZNTIIFERSOGRHEZR LS LVLDOT, FHICAZ X) RO THZIET, ) m

Bl 4.25 (RBERLS IFHEE) Hih EOXME T CERI N FEEMEBIE f: T — R 25, k#E
HFRINTH % & 13,

(Voy € IN(Vag € 1) (21 < 22 = f(x1) < f(22))
ZWilz T ERT ), Fle. f OREHFATH 5 L 13
(Ve € (Vg € 1) (11 < 29 = f(21) > f(22))
il TIERE D,
PEERFVMBEE, PR BIBUI RN TH 5, PIZAIE f: R - R, f(z) =23 ITHHTH
5, &

F 6. PEFPGRMBISBITH TH 5 Z L 2R, (X p. 26)
B 7. f: R=R, f(z) =2 3REBHRIPEMTH 5 2 &2, (EEIL p. 26)
M8 [ ZRODOXH, f: TR ETB, f23

Vo, € N(Vay € 1) (21 < 22 = f(21) < f(22))
Zlg7 9 & &, fFHEFAEME 9, FHERIC f 28

(Vo € I)(Vag € 1) (21 < 29 = f(21) > f(22))

Zife g E & fATHFNRAD L v THEIRIN . o SRS THFTRA 7 S TS 13T
b5, KhZmRE,

Bl 4.26 f1, fo, f5, fr ZUTO X HICEHRT 2,
e f[1:R—=R, fi(z)=2?
o fo:[0,00) = R, folz) = 22
o f3: R —[0,00), f3(z) = 2?

o f1:[0,00) = [0,00), fa(z) =

fi FHE TRV, FEHE r=-1,2=1 B LE, o £ 2 DD filx) = fi(a)) DD L
D, FHRICL T, f3 SHEHTIE LW,

—Ji. fo ZHETH D, FEEE, fi(r)=20>0 (x € (0,00) THEHD 5, fo 1F[0,00) T
HHPFEMTH DT, HITh S, FRICLT, fi DHHTH S,

fi FEFETRG, FEE gy = -1 LBELEE, ye RTHY, fLED 2 € R ICHL T,
filz)=22>0> 1=y THEH»5, fi(r) £y FARICLT, fo DREHTIIRV,

—J. f3 B TH 2, %Bﬁ’% [ 00) BT 2EED y LT, o=y EBL L,
2€[0,00] CRTHY . folx) — (V1) =y AL T, f RHTH B,

FEHBHLE,



BI% | B | A | S
il x X X
Ja O X X
I3 X O X
fr | O] O O

Ehb, =

Bl 4.27 o X ZETHVWELLETS, HEER idy: X - X IEHHTH S,

%B%\%\ X1,To € X 0:5(?“/‘(\ ldx(l'l) = ldx(l'g) 7’:}?662}5\\ 1 — X2 iﬁhﬁ@ﬁ’)@’é\ ldX
THETH B,

¥, ERBDO ye X ITHL T, o=y £EBLE, 2€e X THY, idy(z)=2=y TH
L2006, idy EEHTH 5,

DE>»S, idy 3EHSTH 5,
e ) AXCY LT2LE, UFEERI: X - Y IFHHNTH 2,
o THWVELS X, YV ITHL T, WHEHRE pry: X xY - X 32HTHS, m

ROEIIZHANTH 2, FEINZ 0L 13, (6) BIHZEE LIS LTHEY (LaL (5) %
TIIAEMTE 2V,

4 N
EIE 4.28 (EHEHREESFE. 25E) (1 X Y, Y - Z LT3,

(1) f & g BHSHZESIE, gof IZHHTH 2,

2) f &g BB SIE, gof 34HTH S,

(3) f & g BEHHER S, go f BEMHTH S,
(4) go f BHEHZSIE, [ IZNMHTH 2,

(5) go f BEHLEGIE, g BRHTH 5,

(6) go f HETEH, g FHE L IFRS 20,

(7) go f MEHTY, [ 324 EIZRS 22w,

(8) go f VMDD fBEFEHSIE, g FHHTDH 5,
\J%gofﬁé%#@gﬁ%%&éﬁ\f@é%@%%o

J

slEEA

(1) f&gDPRFLRET S, v,/ € X Do #£2 ZildTET5, f BDHEHFETHLH05
fl@) # f(@'). g CHETH D65 g(f(2) # g (f(a'). THBDE go f(z)#go fa'). @
ZIZ go f ITHETH 5,

(IREER) f & g DR EIRET 5, z,2/ € X D3 go f(x) = go f(!) Z2ii7lcT LT 5,
g(f(x)=g(f(2) THEDPO, g BHEFTHLDT f(x) = f(a!). £ f BHEHTH 5
DTax=a. WA go f ITHHFTH 3,
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(2) f L& gDPEWERET S, LED 2c ZITHLT, g WEHTHL DS, gly) = 2
27T yecY BWEET S, fBRETHLI L6, f(r)=y 27T v € X DMEE
95, CDOLE,

goflx) =g(f(x)) =gy ==

WZIT go f IZEHTH S,

(3) f & g BEHHEIKET S, go f X (1) »OHYE, (2) »o2FThiT, £HLT
b5,

(4) gof D EIRET 2, z,2/ € X ¥ f(x) = f(2) 27T LT 5, gof(x) =g (f(2)) =
g(f(a))=go f(a). go f BHINTH L0 6, x =12 WAIZ fITHEHFTH 5,
(AIGERH) go f DY ERET %, x,0' € X D w # 2 ZhilcT LT 5, HHIET f(o) #
f@) 2Rz, bLY f(x) = f(o) DRV -TETBE, go f(x) = g(f(z) =
g(f(@)) =go f(z). gof PHFTHALIEDH, x =2/, THIEFETHD, WAL
flx) # f(a)) THD, WAIT fIZHHTH 5,

(5) go f DR ERET S, (FED 2€ Z ITNLT, % v € X DFEL T, z2=go f(z)
DD LD, TDOEE, y:=f(z) B L, yeY THD,

WZIT g IZEHTH S,

6) X ={1}, Y ={-1,1}, Z={1}, f) =1, 9(1) =1,9(-1) =1 &£LT, f: X =Y,
g:Y - Z ZEDBE, gof: X - Z gof(l)=17TdHb, gof IFHFTH %3,
g(1) =g(=1) THHDT g IFHF TR,

() X = [0,00), Y =R, Z = [0,00), f(z) =2 (r € X), gly) =y* (yeY) LT
[ X =Y, gY 5 Z2EDbE, gof: X =7, gof(x)=2> TH5bB, TDgofIlIHt
HChs03, g(1)=g(—1) THEHDT g IFHH TR,

(7) (6) EMUESEBHERSL, X = {1}, Y = {-1,1}, Z = {1}, f(1) = 1, g(1) = 1,
g(=1)=1&,LT, 1 X=>Y, g0V 5 ZZ2EDSL, gof: X > Z, gof(l)=1Td
%, gofl3EETHIH, fITEHF TR,

(6) DHIRDEGRIZ, D (7) DB H %3,

(8) go f DXL D fIBZEHENRET S, y,v/ €Y By #Ay Z2WileT &5, fBEHT
HHMPO, flr)y=y D f(2)=y ZiilT .2 € X BHET S, y#£y THHIHD6,
r#x TH5DH, gof BDHEHFTHL05, go f(x)#go f(z). TIN5

go f(x) #go f(a') =g (f(2)) =9().

Q
—~
<
N~—
I
<
/
~~
—~
&
N~—r
N~—
I

WZ I g IFHHTTH B,

(IEERH) g o f DXH DD f I BN EIRET 5, y,v €Y 28 g(y) = g(y) ZHilcd & T
5, fIEFTHLIEDG, f(x)=y, f(2/)=y ZiilT v, € X BFEET S, D
& E,

go f(x)=g(f(x)) =g(y) =9(¥) = g (f(a") =go f(z).
go fIZFHHFTH A6, v =2 WA y= f(z)=f(2)=vy. WAIZ g ITHEHFTH 5,
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(9) go f WARKDD g FHHFERET 5, EFED ye YV ITHLT, 2=9(y) LB L, 27
ThHb, gof BWEFTHE056, go flz)=2 ZiilcT o€ X DFET S, TDEZE,
g(f(x)=2=g(y) THED, g PR TH 205, f(z)=y. AT fIZTBHTDH 5,

M 9. ROZLEIZ, X 26 Y "NDEGHZTXRTKD, Z20IH)bHETHI D, 25 TH
52H0D, EHETH DL DD ERD X,

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

[ 10. go f BHHTH D, 220 [ R THROARGIE, g B TIEI LW I E2TE,

&% SHEEEROEL

(2 ZIFBERRIC AR HIUTHER T 205, Ay b T2 2 IR AHEMESRE V- fE
DRYILTHIEIRH D, )

FILRDGEDEL D 37D,

4 A
s 4.29 (BRESOHEOE&KOEHE. HE) X,V 2"FREATHL LTS, X &
Y OBEZOESZ ZNZN | X|, Y| £FHLS, TOEE, DITD (1)-(4) DY 32D,

(1) X 6 Y ~OHRADBIET 5 < |X| <Y
(2) X 26 Y ~OERPIET 5 < |X| > Y]
(3) X 56 Y ~OEHRDPIHET 5 < |X| =[]

4) |X| =Y %613, EEOER f: X =Y IZ20wT, BT (i), (i), (i) A\ H
iTh 5,
(i) f x¥FTh s, (i) f 3eHTHE, (i) f TR TH S,

)
SEER n=|X|,m: =Y, X ={21, 2.}, Y ={y1, ,ym} EBL (FNZEN, ED_D
DEFED HWICHEL 2),

(1) f: X =Y BPHEETHNUL, f(2;) (1 <i<n) FEDZOBHHELD  {f(z)]1 <i<n}C
Y THZ 0, BEOMBAEMKEL T | X|=n<|Y]. #HZn<m ETBE, f(1;) =y
(1<i<n) EBLILET, XY ZELTDE, fIFHAF LR S,

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

(3) X 25 Y NORHBPREAETIUL, (1) 2256 | X| <|Y], (2) 226 |X|> Y| THI05H
X|=|Y]. #|X|=Y] £T5L, (1) 226 X 26 Y ~OHH f BHEET 5, (3) »
5 fIIEHETH 5,

(4) (1) & (i) ZREIFERV (203K 2 £ ()=(iii) & (i)=(iii) 232N 2),

[ X Y DPHEENETS, f(r) (1<i<n)PMHREZZ2DOT | {f(x;)|1<i<n}|=n1R
5 2N |V LS {f(m) | 1<i<n}CY THBME. {f(z)|1<i<n} =Y.
W2 fIFEHTH 2,
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. X Y BPRFETE, {f@)1<i<n} =Y. KREPS n=|Y]| THID5,
flz) 1<i<n) BEDTDOHLHWIIHRELR L Z L350 D %, WAL fIZHHATH S, »

a I
i 4.30 (B%F: REABN—YaYy) X,V Mk K LoARXITHIBZEMTH % LT
%, ZBHEOXRILEZNZFN dim X, dimY EFHL,

(1) X 226 Y ~"OHRLPLGEERPFELT 5 < dim X <dimY.
(2) X 226 Y "R GEEERVPFENLT 5 < dim X > dimY.
(3) X 226 Y "ORHRRFLEEBRIHFET 5 & dim X =dim Y.

(4) dmX =dimY %56 1E, FEEOBEGH f: X - Y IZOwT, LTMNRFEETH 5,
(i) f IEHHFTH S, (i) f BEHTHS, (i) f ZEHRETH 5,

4.5 MER
4.5.1 HEHRODEE
EREE CWBIBIZER LA TH A I, TN —BILL 7-DBWERTH 5,

; N
EE 431 (BER) 1 X =V, 0: Y - X LT3, g f OWEER (the inverse mapping

of f) THBEIE

(1) gof=idx A fog=idy

A RYAS N A
N y

WERIZIERMETIIFEL R\, f OUEBRPIAET 2701213, [ P3REHTH S 2 L8
WA TH D (RTAMT %),

4.5.2 HEHOHERWHET

Bl 432 X =Y =[0,00) LT, f: X =Y % f(z)=2® (r € X) TED 2,

flEeHTHs, T4bb, FED yeY = [0,00) KNLT, flz) =y ZWiT x €
X = PAET 2 GEW (1) () ZRAISTR256) 0 = fy LESE 2 e ¥ 2D
flz)=a2*= (\/Q)2 =y. 2BV (i) (/) ZHSZVEG) £(0) =0, xh_{lolof(x) = oo & HhfHlfiE
DEBZHV5, ),

F7 f IFHENTH D, FHE, ff(2)=22>0(x>0) THEHPH, flF X = 2T
REHFIMTH D, f IZHHTH 5,

W, fEED ye YV ITNLT, f(z)=y 27T v e X 3 —D2FET S (bLAA
r=\y TH2), D& gly) ELT, Bfg: Y - X 2%EE 2, Iz f OERE LW
SEDTHoT,

COEEDPL, EED ye YV IIHL T, 2:=g(y) LB &, f(z)=y. AT fgly)) =
f(x)=y. L3> T fog=idy.

—NMEED 2 e X ITHLTy:=f(z) £BILE, RID g DEEDIDS g(y) =x. ®AIC
9(f(x)) = g(y) = x. WZIZ go f =idx.
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PLEDS, g0V - X 1 f OWERTHS, =

IVEROE &5

e X=R, Y =[0,00), f(z) =€, g(y) =logy

o X =X:=(-7/2,7/2),Y =R, f(z) =tanz (z € X), g(y) = tan"'y

IZDOWT, 1FEAEFEBRICHEKD D,
Il cE S, LwWHiEEMUTIT TR S,

4.5.3 HITHDFEELARTHES

TIN5 T 25T, FIERECH O E XRITws, EEI S Lk, Z00THkH
DLTHHLTEL,

n REEHFF A KR LT, G R - R 25 f(x) = Az (z € RY) TEHRTES,
DEE, XD EDD D,

o A DWITHNFHIET 2011 DL %w, (F1z A~ TET, )
o [ VIEHG & A DWITIIDHIET 5,

o A DWTHINHET 2% 51F (A1) = A

o A, BWLBICHITIIZR D% 61X (BA)™ = A7 1B7L.

PEDZ EiF, FREHDb>TRLRE LNARITNE, ZOI)BIHDLDBIZT, ZDiELEH
U9l EDWBIRICOWTYHR D LD,

4.5.4 YEHKO—EMH

[ﬁ%4&ﬂﬁ5@®—§ﬂ)ﬂXF#Y®ﬁ§@@ﬁE?ﬂ@10L#&mo ]

EE 9,9 Y - X B

go f=1idx A , Jof=idxAfog =idy
27z Eds, TNoD e, MEND2S
g=goidy=go(fog)=(4of)og=idyog=g.

WZIZ g =g m

[E%4&HEE@®%%)ﬂxz»ywﬁgﬁﬁﬁﬁﬁék%\flﬁﬁﬁo J

[ X =Y OMERPEETLLEE, LY 2 X THD

(2) flof=idy A fof ' =idy.
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4.5.5 ZHE o PEREFEE

i 4.35 (BEEHRHIHEE < SH)
(1) f: X =Y OWGRBIFEET 275613, f I3REHTDH %,
(2) f: X =Y BEYHROIE f OWMGEIEET 5,

SEER (1) —MRICEFERIEIEFFTH S I EZ2BOMT, fof ! =idy BRI S, f
BEHTH S, flof=idy FHHELZDS, fITHKNTH D,

(2) fIFEBHREPS FRED ye Y ITHLT, 2 re X BFEELT y= f(z).

CDEI e X BREIDLPB, v, e X D y=f(x) D y=f(a)) &F
e, flx)=f(2) THY, [fPHRHNTHL16 =12

Y > XZgly)=x(xldreXAflz)=y Zid) TEDDE, g=f' FHE

gof=idy A fog=idy
N A RVASR
Z DI, THREEOH 2 BWHT, ol 432 DR EFRIL TH 5, m

456 (O ' '=f,(gof)  =fTlog!

-
B 4.36 (LEHROBERIBTOER, AREHEDOEER)
(1) f: X =Y OWER f L B3FET2LE, (f) ' =7

2 f X=Y &gV = Z OUWERPEDITHETSI%LIX, floglikgof Dii
BRTHB: (gof) ' =flog L.

MIEAET, A & B 23 n RIEAITA17 618 AB  IEHIT
(AB) '=B7'A"!

DK LD, L) EHBH LD, ZNEFLTH 5,
slERA

(1) g=f1teE{LE gV > X 2D
go f=idx A fog=idy.
CHUE F S g DB THZ I ERRL TS, WAL f=g = (1"
(2) WEBRDERDEMNZHED» D 5,
(Frog ) olgo f)=((f g og)of= (/"o (s 0g)) o f
= (f'oidy)o f=f""of=idy,
(gof)o(flog)=((gof)of )ogt=(go(fof ")) og!
= (goidy)og™' =gog ' =ids.

WA (gof) ' =flog . m
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4.5.7 y=f(z)ez=f"Yy)
ROBRIZLIFLITHV 2

R 437 [ X =Y OMER [ DPEAETLLEE, FED 2 € X, fEED y e YV ITX
LT

SR (=) y=fla) m50E

(=) z=f"y) &S
f@)=f(f" W) =1fof (y)=idy(y)=ym

B 11. R2 OEAES D, E ZRXRDEICED S ({} dFDAh = IFA EERT 3),

D = (z,y) € R?

EF = {uv ER2

£ f(z,y) = (@ — v y/z) £BL,
() D ZHmR¥k, () (r,y)eD DEE, flz,y) e E TH5ILERHE,
B)fZ DS E~DER f: D E LARETEEZ, fIIAHSTH S I LE2TRY,

>0, 1<a?—y? <2, ——Sysi},

1<u <2, —L<v§—

V3T 3

4.6 FRREOHEREER

TTIZT7 74 v I7RIRIC f(X) & Iiatmz2lio T a0, B f OERE X DEEDOH
DG ACKNLT, TfItks AR, f(A) 2EHEL T, BEANAREEZIEX2,

\

~
E&E 4.38 (BBAES DG, EHROG (EF)) f: X - Y £T5,

(1) AC X ITHLT, ADEED fIZLkrBD8f% f(A) TRL., AD fITL5
(the image of A under f) 7z IZ MR (the direct image of A under f) & M55,

flA) ={y[FreA)y=f2)} ={f(z) |z e A}.

(2) FRICER f OFERK X O FICL 2 f(X) 2. f DR (the image of f). & D\
[ O (the range of f) EMFO, Tmage(f) & HFET,

g Image(f) == f(X) ={y | Br € X) y = f(z)} = {f(z) |z € X}. J

f1X =Y aeX, ACX £T2LZE, fla) & f(A) EWIHIRBEMMHEZ LI LICkD, &
L6 fICkD To—) DBRTHDH, fla)lZY ODEE, f(A) 1Y OFTELATH S, &
AR LT, BRI BRI RWEHUESE WS 2 L E2, TR508M, &
W HEHDRCBWIE EINED, LORTIIEADEMD T * A b 23l 7z O I3
% 2 DR O,
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BreAd)y=flx) LI DIE Yy ICBATEEMFTHL I LITHERL LY. {y| Ply)} (Py) &
y BT 25M04) LwIEZLTwEbIITHSL, {f(x)|zve A} F{y| Bre A) y= f(x)}
DHEELETH 5,

FriC f oz % Z2ids, WOATERI NS,

F(X) = Image(f) = “f DI = “f DR = {f(z) | v € X}.
ROTOHERL THL:
[ DEZEEF. [ DEDOLEFETH S,
G X =Y DPEFTH L E0IFEME, f(X)=Y LELED,

EEK 4.39 (FBRESDER) f: X Y £ T2, BCY KHLT, X OHFET f ok
2803 B Il s2b02kz f~1(B) TEL, B D fIZX 28 (the inverse image of
B, pull-back) & W53,

f7(B):=={r € X | f(z) € B}.

Bl 4.40 f: R - R, f(z) =sinz LT HLE

faop =10y, f({o.5}) =101, somh =10}, f(|0.3]) =M1
£ (10,7 = [0,1],
fHOY ={zeR|Ene)z=nr}, S ({2 =0

f ({%}) :{g+2nﬂ‘n€Z}U{%+2nﬂ' nEZ},
-1 1 o (s 5%8
/ (lg,ﬁ])—U{g%—%m,F—i-%wr}.

neL

WG fBIFHEL BT, (2R f1(0) B Y ey ATHL, -

/ﬁ%?‘%&%@f:&)ﬂ?ﬂ%@"“?i t ~
reA = f(x)e f(A).
yef(Ad) & (Fzed) y=[fla)
ref'(B) & z€X A f(z)€B.
N Y
[ ORBEHTERVE G, 2F0 f OMER [~ BWEELZCHEICS, f71(B) £v)
AEEHWS Z EICHEEPBRETH L, Bk ERLT 22 Litawy, #BE (hE (1)
TlE, TORZMCOFERL TV 5,
f DWERR 71 DBEET 256, fUB) LwIHidEid, fIcks Bow&k, fLicks
B DIEB, 5780 IR TE 5, LHrL, EE5THRRL TORAUEGEZRT (ROfE
4.41), W ZATARENZIRELIZA U v,

B 4.41 - X Y RS BCY L325LE, BD fICk2#iRE B OWER
Uik a MBI 3T 5,
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slLEA

BO LItk ={y|(FeBy=,"'0}={y|@FeBb=f(y)}
={y| fy) e B} =B D fICL DR

(i 4.36 X D ZOHOESMLT 5, ) m

SEE 4.42 (BRE (BB 1)) OBSEIOWT) [1] TR f(A) P [YB) L) @B 2l
FZEDFAY Y FEEHLT, f(A) DI EE f(A), fY(B) DI E% f*(B) EELTV,

fo(A) = f(A) = “AD fITk 2B ={y|Falac ANy = f(a)},

F1(B)=fYB)=“BD fIck 3% = {x € X | f(z) € B}.

LU, f(A) R fYB) Ew)idadd ) Pt AL TLE>TT, #IFCEs LR
FEAHBETH S LA, ok omfld o ZDilsZzHTENTL ) TRV EFA (FE
M) 132 3%,

e X DHF 2 D fITLkDE f(z) L. X DEAEEG AD fFITLBB f(A) ZIRFAL %W
£ MUEZRP D ATRHTNE, BEREINTVwS, 20D, EHEOEFZLE
TN LT %, (B BEERTDICRARLTFEZ2FH T30 TH S, FLERT
OBl & L CTLIHT 0 THD EER D,

o f*(B) Lt fu(A) LWIHIFEERMEIGE, £ 6K, HRTH 2 H, IRELT % ARk
ZBWEA) 2?2 fFUB) EWwIHidEIE, fiIckd B () BRTHRWI EDHEATR Y
é:/Elg\io

o MHDIRALZEET 272D E VI, FiRDEI A, ilGzHe L TAHLHPLTLE
IDTIEBNIEA ) D [ OEIK () 2K T DIT, Image(f), f.(X), f(X) &il5% 3
DHHEZ % TUIZR B % (Image(f) &I ddaid, Bl & “imageof f7 (Tf D& 1)
T, ZOHDANY, INHBRIFELIEI I, ),

b AHA, BRENRHTA2ESICIERVWI LY H 5, HlZ2I1T EOGE4.41 OFSHES %
(BETHL). (f)(B)=f(B) tARTHEHLZENHKS, =

MR 443 - X oY £T 3, A
(1) f(0)=0, () =0.

(2) fFIY)=X.

(3) (vz € X) f({z}) = {/f(2)}.

Kf4)(Vye?Y)f‘lHy})=:%t€4¥|fTw)=:y} )
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B 12. My 4.43 ZHFHYE X,

~
444 [ X oY, AL AACX ET 5,
(1) Ay C Ay = f(A)) C f(Ay).
(2) f(A1NAs) C f(A1) N f(A2).
(3) F(A1U Az) = f(A1) U f(A2).
(4) f(AL\ Ag) D f(A1) \ f(A2).
(5) f DHETHIUL, (1) DD L, (2) & (4) DEAN—2 a VPR T 5, T
bbb,
(1) f(A)) C f(Ag) = Ay C As.
(b) f(A1N Ag) = f(A) N f(Ag).
(h) f(Al \ A2) = f(Al) \ f(Az)-
(6) f ASHHTARIFIUE (1), (0), (1) DENEFHUCOWT, ZRHIRD TV K9 % A,
Ay DHFIET 5, )

ARFEHICHEVWTHLZ E2HENT 5,

(3) TIRFEADIL D IZODIT, (2), (4) TIEFERITH > TRV, (5) TERHEHLS
FEADBRD O LECTH D, 2Nk S IFHH TR 5 1 5FRH Y 327 7%
VCOTIE WA EHEITE 2, ZNDY L%\ 2 &2 H R T % B3
WRFETH 5,

YT 212 (6) THOAILZHAZTHIT 2 X959, EWwHILTHb, k< H5D

3. B BBz H T L. L) METH 205, ETRESTRITIUL, BT

DiL7z7e v &) fndEIc L7z,

EL

(1) Al C A2 %{’iﬁj‘éo Y € f(Al) kj‘% &.\ (Elx € Al) Yy = f(ZL') Al C Ag T\%%ﬁ)%\
X € AQ. @2.‘: Yy < f(AQ) @26: f(A1> C f(AQ)

(2) (BHMCHE-T, Tye f(ANA) ET2E) THROTIMT 22 L bHEZ2, (1) 2f
) LR TH D, )

AlﬂAg C Al VAN AlmAg C AQ "5‘37')%7536\ (1) ;C‘E)Eﬁl/)% &\ f(AlmAg) C f(Al) VNG
f(A1 N Ag) C f(Ag) W Z 12 f(Al N AQ) C f(Al) N f(AQ)

(3) (CHHEPIGES>THMTE 225 (1) 2FMT 2 L. D LIEHICA S, )

(a) A1 - Al UA2 VI A2 C Al UAQ T‘%%b)g\ (].) £ b f(Al) C f(Al UAQ) Vi)
f(A2) C f(A1U Ap). ®ZIT f(A1) U f(A2) C f(A1U Ay).
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(b) Yy E f<A1UA2> Z’.j—% }.\ <E|$ € A1UA2) Yy = f(I) T e Al o)%é\bi Yy < f(Al) T\%%
D6,y € f(A)Uf(As). © € Ay DEEIZ y € f(Ay) THED 5, y € f(A)Uf(A).
LTNOEED ye f(A)U f(Ay). WAIT f(A1UA) C f(A) U f(A).

(a), (b) £V f(A1UA) = f(A1) U f(Ay). (REWIHE)
(AIGE) FEED y e Y 1T LT,

y€ f(AAUA) & (Fz)(re AUA Ny = f(z))

S (Jx) ((r e Ayve € Ay) Ny = f(x))

& (o) ((z € Ay = f(z)) V(z € A2 Ay = f(2)))
& ((Fr)(xe Ainy = flz) Vv (Tz)(z € A2 Ay = f(z)))
A1) Vy € f(Aq)

A1) U f(Ag).

/-\/-\

D2 f(A1UA) C (A1) U f(Ag). GEE) GETT ((3)P(x) V Q) & ((Fx)P(x)) v
(F2)Q(x)) MW7, )

(4) ye f(AD\f(A2) £T DL ye f(A)AY & f(A2). y€ f(A) THHI DS (Fr € Ay)
y=f(r). 2D xld A ITIFEI BV, FEr e A, ET2Lye f(A) LERDFENE
L%, @Z).c:IEAl\AQ T‘%%ZI))Q\ yEf(Al\AQ)

(5) BT %, ZRHE (hE [1]) @ pp. 137-138 128> T 3,

(6) f DHHTHRIFIUE, Ty € X) Bry € X) 2y # 29 A f(11) = f(29). 2T T Ay = {11},
Ay i={x} EBL L&,

f(A) = {f(z1)},

f(Az) ={f(z2)} = {f(z1)} = f(A1),
flAI N Ag) = f(0) =0,

flA) N f(A2) ={f(x1)} #0

THHDNHG,
f(A1) C f(Ax) NAL & Ay,

F(ALN Ag) # f(A1) N f(Ag),
Ay i={x, 10}, Ay = {ao} B L,

f(AL\ Ag) = f({z}) = {f(21)},
FADN f(A2) = {f(z1), fz2)} \ {f(z)} = {fz)} \ {f(z1)} =0
THH D5
F(AL\ Ag) # (A1) \ f(Az)m

f O FU) BT A ARET 5 Ly v IAT, AHL R I L, BAIECAZN, T
A b CHEE N 5. HHSEDE L < B WLICEZTHL L,

I v 2 A LR -RIEED LR, £ I Oorbhic vV IKLkE I
(Vz)P(z) A Q(z) & (Vz)P(2)) A (V2)Q(2))) \&—MITE D ZDD3, A 2 VIS LI D 27,
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/ﬁ%4myﬁX—nQ&chyk7%o
(1) Bi C By = f~1(B1) C f~H(B).
(2) f7H(BiNB2) = f~H(B1) N fH(Ba).
(3) f7H(B1UB2) = f~H(B1) U fH(B2).
(4) fYBy\ By) = f1(By)\ f(By). ¥ilc B Y icx LT, fY(B°) = (f1(B))".
(5) f BEFESIE, (1) DHMHELT 5,

Bi C By & f7H(B1) C fH(By).
N )

slEEA

(1) By C By ZIRET %, z€ fYB) £32&, f(z)€By. BIC By &1 f(x) € By. WA
IZx € fTH(Bs). AT f7H(B1) C f7H(Ba).

(2) v € X ITHL T,

r€ fY(BINE) < f(r)€ BN B,
< f(z) € BN f(x) € By
sae T (B) Az e fH(B)
S xe [TH(B)N [ (By).

@ZCC f_l(Bl N Bg) - f_l(Bl) N f_l(BQ).
(3) (2) LABRICETTE 2,
(4) (2) EFBRICFEHTE %,

(5) (1) DXH2DT, fBEFERETEEE, f1(B) C f1(By) %513 By C By DK IL
DI ERFIHTIUE R, ye B ET2L, fARRFEVHIREDPS (Fre X)y = f(z).
f(x) € By THBH6, ze€ fHB). IRE f(B1) C fH(Bs) &0 z € f1(By). WAIC
y=f(z) € By. WZIT B; C By. m

e N

MR 4.46 f: X >Y, ACX,BCY £33,

(1) f[FL(f(A) DA fORHEERSIE 71 (f(A) = A

(2) f(fY(B)CB. f»egzs f(f(B)=B.

3) f(ANn f1(B)) = f(A)N B.
\() ( (B)) = f(4) )
GFEA 9

yef(A) & (Jxed) y=[f(v),
recfY(B) & f(x)eB

Z BT,
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() zeALTBE, flo)€ f(A). ATz e fAUf(A). AT AC fH(f(A)).
IR f DB ERET 5, v € f7Uf(A) €55 L, flz) € f(A). ®ZIT (T2 € A)
flx) = f(@). fOPRFTHLI LS x=2/. WAz e A WRAIZ f1(f(A)) C A
fiE>T f7L(f(A)) = A.

2 yef(f/'(B) &¥5L, Frxef'(B)y=f(x).z€f(B) THI»L, f(r)EB
WZIZyeB. WAIT f(f ' (B)CB
AT, f PN ERET S, ye B &¥5¢, (FveX)y=f(z). flz) e BTHBZ
Y6,z e fUB). $2E y=f(z) € f(fUB)). WAL B C f(fY(B)). it>7T.
f(f=1(B)) = B.

B) ye f(ANfY(B) £95 &, (Fx e ANf~ ()) =
re fTYB) THHH6, f(r)e B. WAIC flx
F(A)N B.

Hicye f(LAAINB ET 2L ye f(A) THEIErH. (Fred)y=f(x). flx)=y€ B
THEDE. v fYB). WA z€ ANfNB). WAIZ y=f(z) € f(AN fY(B)). W
212 f(AYnBC f(An f~YB)).

E»S f(ANfYB)=f(A)NB. m

fz). 1 € ATHBLS, fz) € FIA).
)€ F(A)NB. WAIZ f(ANfYB) C

4.7 EBERICEIDHE
4.7.1 fHIBR
GBR X =Y & X OWARE A, f(A)CBCY Ziild BHPGAoN e, R
g:A— B %
g(x) = f(z) (z €A
mibi%@%%o:®g%fan4«@ﬁmkiw\ﬂA&%?o
LIFLIE B=Y OBAICIEL TEREINLD T 508, EREM A 2okl #E B

BIRETAHZLETg DWEZRE T2 BIZAIXEHHTH S Lo, MOFEMHTHS LH) 2 &
i?‘é'?l/)

4.72 937
DR, B D 77 7138 UATH A, BBED 777 Lix, BIBERR L7 b D,
EWOHHfEE L TR EEBTE, 22Tk 4%@5@f§Y%Y INLT, fDTT7T

ZERT D, %mi_XxY@ﬁ“%éf%b XURTE 28500k, PARDCRAI>Tw» 3
K E 3T 250, BT LOHKRHES D DTIE AR,

f: XY E95LZ,
graph f == {(z,y) [z € X ANy = f(2)} = {(z, f(z)) | z € X}
EBE, fDTZT LS,
graphf C X xY Th 3,
GCXXY BHDEFHRDTZ7ThHbIdITIE,
(%) Ve e X)(3z € G) pry(z) ==
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DK DD EDBRTEH I TH B, TITpry 13 X ~DOEEEHETSH 3,
X5 Y ~NOEHREIZ, X xY OWITHEE G T, (x) Z2HiTHDTHS, LF-TH
Ry,
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A [OREE

BB 1. A=ad—be, g: R2 3 (2,y) — dm;by,_”:“y eR? EBL L, gof = idge,
fog=idg: THDIEBTDS, AT fIFEHHT, g=f1 TH%, =

BE 2.

o idx(X)={ldx(z) |zre X} ={2r|2r e X} =X.

e D(R) = {D(z) | z € R} = {0,1}.

o pry(X xY) ={pr((z,y)) | (z,y) e X xY}={z|(z,y) € X xY} = X. FBRICL T,
pri(X xY)=Y.

¢ 2D fIZOWTad—bc=1-4—2-3=4—-6=-2+#0Th205, f(R?) =R
(FZHETIE f(R?) =R? % 2B ZHHL o720 T, 2T THHLTEL, f(R?) C
R? IZHS 706, R C f(R?) ZRZ ), (a,b) € R? &£F 5 & &, 1 X5EK

<Z> _ (; i) @ iE. REATAIDNATH % o DO (v,y) e R2 %2 FfFD, ZDE X

F((,y) = (a,b). ®AIZ (a,b) € f(R?). ®AIZR? C f(R?).)

o f(X)={f(A)|Ae X} ={f(4)| ARV LDEAIL} = TXTOLHVOHBEDES
(0, 00).

o DIX)=A{D(f) [ fe X} ={f"|f e C*(R;R)} = C*(R;R).
(B DERDFHIZP LE L Wb, —IBECTHAS, Z:={f|feC*RR)} t&
&, Z=C®R;R) ZitHT 2D HETH %, (a)ge Z LT 2L, (3f € C°(R;R))
g=f. fPOTHEHITELI LD, g %)ﬁ[lﬁl’é‘%)f";ﬁ’é‘% 5, bbb gc
Co(R:R). (b) g€ C=(R:R) EF %, DL E. f(z) ::/ o) dt B L. D
re€RIHLT, f(z)=g(z). g MARITHHITES Z 2:073»6\ f b fmEch T
5%, Thbb feC®R:R). WAIZ ge Z. (a), (b) 25 Z = C®(R;R).)

o xa(X)={xalz) |z € X} T, oz XITMNLT, yalz) 130 Xx&F1ThH5%,

— A=X D86, FBED 2 e X ITHWHLT, 2 € A LB EDTya(z) =1. WZIZ

xa(X) = {1},
- A=0D5A. TED 2 e X ITN LT g A LBREDT ya(zr) =0. ®ZAIC
xa(X) = {0}.

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

o i(X)={i(x)|zeX}={z]|zeX}=X.nm

BE 3. HiRDART, (a) f(X)={yeR|y>1}, (b) g(X)={yeR|y>2Vy< -2},
() h(X)={yeR|-1<y<1},(d) p(X)={yecR[y>0} =
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BES5 (1)(FzeX)(FTeX: a2 flo)=f(2). 2) FyeY) VreX)y# f(z). m
BBE 6. 113RDOWITHEE. [ ] — RIPEEHIHFEM, T4bb
(Vl‘l € I)(VZEQ S ]) 1 < Tog = f(xl) < f(ZEQ)

DD LD EIRET 5,

vl € I DB w A2 2T ETE, TOLE o< (i)z>2 DELLDLDRD
YASN

(i) DY, f(z) < f(2') THEDH., f(x) # f(a).

(i) DEA f( ) > f(&) THBEDS, flz)# f(2).

1133'2}1@*737 b f(z) # f(a) DD LD, 2T fIFHFTHS, =

BBE 7. fl(r) =322 >0 (r e R\ {0}) TH 525, flF (—0,0] &, [0,00) THEHFIHY
m<cd s (FEEOERZHVTIHHATE %), WAIC f1d R CHREHRFMIMNTH 2, FEE,
r1, Ty € R, 2y < 9 ETHLEE,

e 71,75 € (—00,0] THIULX, e € (w1,79) s.t. f(aa) — f(x1) = f'(c)(x2 — 1) > 0. WZ

o 11,15 € [0,00) THIUX, e € (w1, 22) s.t. fxa) — f(x1) = f(c)(xg — 1) > 0. ®ZIZ
fa1) < f(x2).

e 11 € (—00,0), 22 € (0,00) THIUX, (Fe; € (21,0)) (Fez € (0,22)) f(0) — f(z1) =
f(e)(0 —z1)), f(za) — f(0) = f(cQ)(xQ—o) 0. f(z1) < f0) < f(z3) THEDS,
f(x1) < fla).

D ZICWTHROBEDS f(21) < fla) DD TZD,

BRE 8. B, BIZAIE f: R =R, f(z) =1 (v € R) X, BFPEM D HFA TH % 23,
f(1)=f(2) TH 25 HETIEZR:, -

RE 9.

(1) RD fi~ for D 33 = 2T HDERDIH %,
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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
Ji8 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
foa | 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, 23T 2 (f(1), £(2), f(3) 284,5,6 DIEFICZ>T WS H D), f,
I3, fi2s fi6, foo, foo @D 31 =6 i,

(2) RD fi~fs D 2° = 8MHDEZRDH 5,

T T 7@ T 73) | st | 48t | 4
fil 4 4 4 No | No No
fal 4 4 5 No | Yes No
f3| 4 5t 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
fr1 5 5 4 No | Yes No
fs| 5 5 5 No | No No

ﬁgﬂ“ é%%ﬁ&iﬁﬁt&b)o é%j‘ci f27 f37 f47 f57 f67 f7 D 6{0

(3) RD fi~fy D 3?2 = 8MHDERDH %,
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fO) | £(2) | & | &5 | U
fi 3 3 No | No No
fol 3 4 Yes | No No
fs1 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

P, ERBHIFEL 2v, BN fo, f3, fa, fo, fr, fa D 6 1A,

R 10. (EfiEH)
BRE 11. (M)

B #E{& (HUVLEEA)

(2016 FFJEF TIE, 2 ITH G L ) ITHIIL TOZeds, 2017 EE2 YDA, %
TICHELTE L, JHRINT, TR 2372 L85, )

[ X =Y 22N ERET 5,
fORERTHLIEDPS, Vye Y ICNLT, fo)=y &% % v € X BHIET S,
ZOEI Tk, FORHEETHLIEDLS, (1 2Dyl LT) 122k, EEy=
fla)=f(@) %o, fORHHTHEI LS o =2

—BHICFEETS1 0L H)REE, WeY THNLT, fa)=y thD 2 X W
—BICHFET S, E59. B3I T—BWICHFET 2 &3 NTEEZIEET 5. T8
il T HDODHEN 1 THD LWwH I ETH S,
—BNICHFET A2 % 3 TET I EDDH B8,

/%ﬁ%mwﬁﬁ ~
"P(x) 2729 o B—HEWICHET 5, &k

Jx(P(z) AVy(P(y) = y = z)).

Iz (Jlz) P(x) £&RT,
\ J

ZoitE WL E, [ X Y BN THDL EE

(%) VyeY)3Tzre X) flz)=uy.

WIZ (%) DR TR B2, f BRHEITH B Z LA D,

83l Db DIz Il EELADBVEY, FEFDLS LWEARH LD T, T I TIEFEAL &V,
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M 13, () DRDUOA I [ HRHHTH S T L BT,
WZIZyeY ITRLT
(3) 9y) = “flo) =y BTG 27 (L 2Ry THB LI % x)

ETBILT.BfRg: Y - X DEDOND, 2D g% f DWER (the inverse mapping of
f) LMY, s f TR, U IE “finverse” & Eir,
Thbb, B f: X - Y ITHL T,

(4) fHy) = “fla) =y ZiliTeT 2 € X" (yey)
TEED [LY 2 X % f OWEREMES,
Rix, (ECZDLHICERL DL S)HO»TH DD, ML TEL,
(V) WHEBRDERE LS, ZNZIILOEROMEE L ERETH 5 -
[P OERE = f O, ! O = f OERIE
[ DWGARDFAET 5 L &
(5) Vze X)(VyeY) (y=fla)sz=["(y)

ThHhb, TNRUER [~ DEZED LI LHOT, ik Lt ThrINE, ETESF
TEABILE, (f DERETHIEAIC, BA6NT y THLT, y= f(z) BRH DX
ZaxDIlt% [y EELSDEST, )

EE B f OMBBBEETINE I DTN OHBVWEEIL, b rec X, yec Y ITRLT
y=f(x) BDEDIZo>TOTH, 2= fy) LHFELZIEBELL WY, HIZIF f-R-R %
flz)=2? (x €R) TEDDZELEZE, f(2)=4ThH2D, f14) =2 LtFOTIViTirw (HE
& fLDBEELRVDOEDS), =

(5) 25
@)=z (@e€X), f(f7'W)=y (eY)
B DY, EBEROBEEZ > THESHZ % &

(fTlof)@)=2 (ze€X), (fof Ny =y eY).
WAIZ (Honk flof: X 5 X, fof 1Y Y EALET)
(6) flof=idy, fof ' =idy.

—Ii, FEOTEL,

ME B2 [ X Y BeHETHB L =,

(7) flof=idx, fof '=idy.

HHBEWRTIDOWMBH DD, ROMEIZ, g S f OWEBRTH 2 2 & Z2AlHT 2 05H
HAHBEIT, DI L%,

YRDTD: Ve e X ITNL T, yi=f(z) LB E, o= f"1y) DY ZODT, f71(f(2))
FRRIC Vy e Y ISR LT, 2= f1(y) £BL L y=flz) BRDIZODT, f(fHy)) = f(z)
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BEB3IGER XY, ¢:Y - X B
(1) gof=idx, fog=idy

Zhi7 TR 6E GE: f BREHERHTHSL I EIFREL TRV, fIFEHRHET, g= f!
Th 5,
(%Mﬁ%@%@ﬁf&gmﬁmfﬁ%ﬁ®ﬁ\g%éﬁ%?f:gq%ﬁbﬁooX/

SEEA  EWICIESEGRIIEHFTH S Z 2R L TE L, gof=idy DHHFTH S I LD
5. fIZHETH D (EH 4.28 (4))., fog=idy PEETH L Z 05, fIZEHETH 2 (fr
428 (5)), WA f IR THY ., [ BEET S, {LED y KL T, o= f(y) &
BLEL y=f(2) THBH, gly) = g(f(2) = idx(z) = 2. ®AIT g(y) = (). ®AIC
g=f1TH%, =

COREADERIE, KDX I ICOHKD, go f=idy &V (gof)ofT =idxof. Zh
"o g=fL

SEE B4 (EEHROEE (FFAMCEBBW)) /1 X =V BEASNE LS, ZOKME (1)
EMT R g D% f OWEREERTZT XA S0 (22T WEKROEREH
F1 LIRS, 290 I XIICEATHROILILT ), Z22RTRZ LT oE ) L
U9 500 Litawds, R S I EGERPIAHET 2 L v )ikmz IR 5 2 & IFHRR
DT, EEDHKLZ BT TRZG,

Bl B.5s (BHEKL) n ZARKEL T, X :={1,2,--- ,n} £BL, n KDHALELI L% 1
MEBE, B [ X - X BEFE DD, f I3 RTHs, — WHAZDHAL LDED S
Bk g X > X £F5E, gof=idy, fog=idy DD ZODT, MEB3ICLD., f
F RSO g=f1. =

)1, fE gIIODVWTRIHTHEZ LICERTSE, g 3EHST, ¢gl=f TH2
ZEDGND, WAL, RS NS,

% B.6 EROEHS [T LT, f OWER f~1 IZREH T, [~ OWERIZ f TH 2,

(F )=+

Bl B.7 fi:[0,00) = [0,00), fa(z) = 2% FRHEHTH 206, MEH f7':[0,00) = [0,00)
PHET B, it [ y) = 5 THD, m

[ 14. BEEEOBE f(x) = ® OoRBHLER [ X - Y 2/ (X, Y Z@EY)IC (X
ZleBRXCREL, fFORBEFELRD X)) EREL, [ PIERHENTH S I L 2MERT L), ¥
G ORI E TLA V) 3, [T (y) 2HEED X ) ITEL

b LH=MBM sin ! Z2FEATRAS, ZRIFE ) VI BROVEHRTH 2 0FiHE X,

EFEBS 1 X =Y, g Y = Z PR TH L 01F, gof: X — Z HAHL T,
(gof) '=flog™
BB gof: X = Z, flog:Z—-X ThHdho, AR TH 3,

(gof)o(ftog™ )y =((gof)of Nog t =(go(fof"))og " = (goidy)og " =gog ' =idg,
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(fho
%

g Nolgof) = ((fog ) og)of =(folg log))of = (floidy)of = flof =idx.

IZ flogtid gof DMEBIRTH 5.

(gof) ' =fTog'm

Bl B.9 (#RAAXE) A, B ’1ERIZ n XITHITH B L E, (BA) '=A"'B ' =

C

fiX=Y DY OFUH

R C.1 (Y OER) Ho@pimiciids LIRELL 220\ 00T, FHCEIRD 2 I UEHE £ 5
Lz s,

ZHZHAEZHOTRLADL S,

FEEETIE, Y DT &% “the codomain of f7, “the target (set) of f”, “the range of f” 7
ELMIOPEE? (HF ) HBPRV, )

HAGET, AilizHoTh AT, T, THRES, , My | "Rl , MrEdk
EL GRS TG, BEEH-TwL Dk, HEE 4], 35K 5. £ TR
ERIC 2 2EE, TREEA ) 1 TIREES) EHlick BEET, Vo 7 offibng (?), i
WZOWTUE AT TR 2 DMl AR 172 K v, TR, XU Tl R3 codomain
DRGEID LNz, TNUDHAED T FA L TCERTIH261E, TNZEHHATD08
BWEEID, FLZI0IELTIEROLIIKIEL B, ITE0%) 1F, b2 TLT
RBWE )BT 508 (target DIGER DD ?) o T ARIFFARLIR Y T 1721
Thole, 2528 M © TS DXI)BSENLRVE THEE 2 DfTE% f(o)) &
BE L2z udrd Lk, B hREH B v,

"f Offilg, (“the range of f7 DA ?) L) T L HMEPITH D30, LEIRTIEAR W0 E

B, HIERECATHEE AT, {y | Jz(r € X,y = f(2)} (O F D LDOFSET f(X) D
8 & fOMEBER, Y OZ % Tf OEBREFESRZ EDLH 2D THEENPBHETH
5, LENTH B,

SEEEWICBE L TEIHEEIZHE ) DR\, LI DT TRDEIIZLTEL,

MER, LWIBEER f(X) 2RTHDIEONL LB VDT, V 2K
THODFLEL L) oidltT 5

COMBOPREE (TR [1]) TR Y DILZ fO LA vy, LIFATR S, Bh7%s
PLZ—T7ThHb, BZOEEDHMITH T “range” LSOV EETH D, HiK
WEZDFGEETH 2 Ml ZHA Lo 7228, 23 RicdbEniz X ) IcamlEes
LT R FRICIN TV EDT, ZN2ildl) T “range” Dais 'L A v 2
L7 &HE%ET 5,

WZDUDFEE VI, BAOTTOFHICX > TE), FEEPERGOG T X A b, SIS TORS Tl
“range” 1ZTRT f(X) DEHRTHZ2DOT, Y O &z M Lt iddid o nlkiizl&l %,
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VA" Y DWW f(X) O

AR (B | 2 A DEZ 0 BE%L f(2) DfEisk
BBCARE | AETE G2 TR | f O, f Itk b X o
AplE LAY EESR ficks X o

Zo#E | EELEWNOAIR | f O, fIcks X of
LTwitFo7- L
T, | ORI LT
ST LITT 3,

ZL XY DY ZMEESD, LD
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D @
EEICHLZZWER S o T, 22 TIRIERABE L 7,

SE 3
1] PRI A TR I BEOREARE R, JHIR (2012).

hbEYEEL

[]HEMﬁrgﬁ%ﬁ BIARBCABEEE T, FA0ENE (1965), &7 ¥ A M TH D05, %
MR CRF R Z EMEHME TRICHEEIN TV, #FELTE) DICiFET
b5,

3] 7OLoNF L BUEEG BOH Y, SRINE (1968), RTEIE . FR

wEE F XL

4] FEREREE ¢ S0 LR, B (1979).
5] HKED : BOMWFR b, EHEFIE (1972).
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% 5l

bijection, 9 Dirichlet DBI%L, 6
bijective, 9 .
RerERI%, 7
composite mapping, 8 .
b pme WEEG, T

composition (of mapping), 8

identity mapping, 6
inclusion map, 7
injection, 9

injective, 9

one to one, 9

one-to-one correspondence, 9
onto, 9

onto mapping, 9

surjection, 9

surjective, 9
fid, 3
1 RZHE, 6

1R (B85, 9
168 1 RHIE, 9

EADE/R 9
WEAR, 14

P HGINA, 10
PR HENEM, 10

G (5B o), 8
BRER, 8
THETR, 6

B, 6

259
EHYE 9

B (Bfick %), 3
B, 9

B9
EFRI, 3
EFRBE, 7
EBER, 7
EHEER, 7
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