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1. Zo0miE p, ¢ 1%, ZOEMBP—HT 2L EHREBERMBETH20-oT, p=ql
/<.

2. MILEBEFOZODMREE P, Q %, ZREICC D L5 REZRAL TS, ZOEME
P—HT 2L EREFEMETHLI VLT, P=Q EL.

1.1.1 MECRELS

BEZoN7—0H 50V EZo0a@Er b L W@ R E52 2 2 E X 5. 2D, Kk
o mEDEMEID L OMEOEMIZITITEE S X5 IED v, DIT 1IEEL, 0 3%
HobHT.

—DODE p DEBIIE U TEBEED 2 TIRIERD 22 = 438D, (0) iEp DEMBICE

o]

1 0 0 1 1
0 0 1 0 1
#F1.1

BT, (3) 1k p DEMIZESTH, (2) 13 p LR LEDBEHICHHTZ DT 2 EESH b
Z3R0E (1) TH3.
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& 1.1.2. ROEMRTEBIEE 2mdE —p % p DEE (negation) £\ 5.

p|p
110
0] 1

TROE, plEpPEDL X, pBMMADL XETHS.
—p 3 Tp THRV eFd.

ZOoDmE p,q DEBIZIEC TEBEED S HIEFRD 21 = 16D .

p g O] @M@ |G | @ 6B |6
1 1 0 0 0 0 0 0 0] 0
1 0 0 0 0 0 1 1 1 1
0 1 0 0 1 1 0 0 1 1
0 0 0 1 0 1 0 1 0 1
p q| (15) | (14) | (13) | (12) | (11) | (10) | (9) | (8)
1 1 1 1 1 1 1 1 1 1
1 0 1 1 1 0 0 0] 0
0 1 1 1 0 0 1 1 0] 0
0 O 1 0 1 0 1 0 1 0
# 1.2

TOED (n) & EOBD (15 — n) BEWCHOEELE2SH FOBREFIEZ LS. (15)
EHICHE, (12) X p DEMBEFLL, (10) 1k g 0EBEFET, (11) & (13) & p,q E AL Z
5 QITHE 3fTTHZ AW Z3) EBMDES DT, MLCHHZDOT2E®REH D Z 5
RO (14), (11),(9),(8) D 4.

EFE 1.1.3. XOEMEEEZZ 5.

p g | (4 ] (A1) | (9) | ()
11 1|1 [ 1|1
1 of 1] o fo]o
0 1| 1| 1 ]07]0
0 0|l 0| 1 | 110

1. (14) CEMPEE 2T pV g FEZ, p & ¢ OFREMN (disjunction) & %\

g -
FES 2V,



1.1 s

pVglIEHE lp £71% q1 i,
2. (8) TEMMIELZ2MmEL pAq tHEEZ, pt q D5RERE (conjunction) % W\

NATA

ES: =R IN
pAqlEEE Tp 2D q) EHide.
3. (11) CEBIPEL2mdEZ p — q b EL. £hidsE — Gigg (implication) %
L Xidns.
p—qiFEE Tp ol qr Lt
(BbRAIZ(13)1dq—>pTHB.)
4. (9) CEMBIEX 2mEZ p+ q £ EL.
P& g 3@ (p & g IXFEME Fide.
R o, VA, &, & ZERIEFES T (logical connective) &\ 5.
TR BEFHROZRE [T CREEEZHoLITHFL LT =) ZHOVWTWSD, 20
HERTIE T—) ZHVW3.
COH#ETE p=>q) 2 Ip o gPETHS) , bbb, p DL TIE g DI
DEWVHEIRTHES .

. BT TEWAD D 2 55013 (14), (11),(9),(8) D45 LEunips

1. ERIZIHMO b D12 b HHIDDONT WS, FlZIZ (T) 3B ERERE, NAND 2 b
XEN, plg LV o REETHEbENS.

2. TNOHIEHWIHEBARZDITIERL, fIREpo g3 AN -5 2T (p —
ON(@—p DODES.
FUINAND Z0Z2HVWTE 1.1, 12 CHTL 33 D2 R THOLDLT I ENTES.
BIZ & —p = plp, p A a = (pla)|(pla) &V o 72BG.

ff* 1. pvVqg%Z NAND ZIF ThHoHbDE.

& 1.14. 0 1 2oR28E% 2] tEHL:

2] := {0, 1}.

EF 1.1.2, L130BEHERERZ 2, VA, —, < ZES 2] Bic (RLESHIED X

57:) ZIEHEE (binary operation) %, - [3HIEEE (unary operation) Z & T
WHERZZENTES.0VI=12-0=10wo7EH.



i

PV PAq p—q P g
P\ |0 1 P |0 1 P |0 1 P\ |0 1

0 0 0 |1 1 0
0 1 1 10 1 1

HHOIZp — ¢ ZBRVWT p & ¢ ICEALTNIRTH 5.
EE 1.1.5. p,q,r ZaE L T 5. R D LD,

1. (R, commutative law)
(i) pVag=qVp.
(i) pAg=qAp.
2. (K5&1EHl, associative law)
() pVigvr)=(@Vvae Vr.
(i) pA(gAT)=(PAg) AT
3. (ECEERI, distributive law)
() pAgVr)=(@AqV(pAT).
(ii) pV(gAT)=(mVg A(pVr).
4. =(=p) =p.
(i) pV(-p) = 1.
(i) p A (=p) = 0.
6. (N« E)LH DRI de Morgan’s law)
(i) ~(pVq) = (=p) A (mg).
(ii) =(pAg) = (=p) V (=9).

EIE 1.1.6. p,q ZmEL T 5. XKD ILD.
Lp—=q=(-p) Vg

2. p—q=(~q) = (—p).
3. 2(p—=q) =pA(—q).

FERH. WS BEEREZETIE 0 5.
P, B 1156 12Oo0WTE, 4 2218, 2RGS0 5.

T/ EH 1.1.6.2, 3%, EH 1152 EH 1161 2o TRTILdTES.

O

FE! . HEZZADEILVED, p— g DEEE pA(-q) TH-T, p— (—q) TIFRW.

TR . 322 L518 - BAETIERLS (p = ¢ £ ¢ — p), MANTBHRL
p=(g—=r)Z(pP—q) —r). 115 EEH 1.16.1 221X - 280Xz 05Hs0
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HEERTES.

WE . pgrel2={0,1) TBLEM 1L LEH 116 ORT=% = £ LEbOn
LT %

1.12 MR ElLF

(2 MEBTH 51 FOXSIER (5056 ) 20T, ZRICEZNATS LE
BHETE 2D D% uhEE (predicate) L \W\WH D ThH -7z, EH 1.1.5, EH 1.1.6 13d
AN LT B RBRICE D 32D,

EE 1.1.7. P,Q,R ZGEr 5 5. XD ILD.

1. (BZHiEAID)
(i) PVvQ=QVP.
(i) PANQ=QANP.
2. (RHETEAD
i) PV(QVR)=(PVQ)VR.
(i) PA(QAR)=(PAQ)AR.
3. (BiERl
(i) PA(QVR)=(PAQ)V(PAR).
(i) PV(QAR)=(PVQ)A(PVR).
4. =(=P) = P.
5. (i) PV (-P)=1.
(i) PA(~P)=0.
6. (K« ELH > (de Morgan) DiEHl)
(i) =(PV Q) = (=P) A (=Q).
(ii) ~(PAQ) = (=P)V (=Q).

EIE 1.1.8. P,Q ZiRFEL § 5. KA D LD,

1. P>Q=(-P)VQ.
2. P—=Q=(-Q)— (—P).
3. =(P - Q) =P A(-Q).

AFEIERBICEZRAT 2 L L 72 508, dGEh 62 E2 MO END 5. 228
z WS 2G5 P(x) 1T L, 2 IWKRALZLE ZIZ Pla) BDELR S X574 a OF, HlZ
FERATHD.
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B 1.1.9. z € {1,2,3,4,5} BT 21858 P(x) = Tz 3B TH 2 ) KR LU TOXEY
EZ5.

Px)EEZ2 X5k xe{1,2,3,4,5} Z1ETH 3.
Plx)EE 22 X5k xe{1,2,3,4,5} 1Z2TH 3.

Plx) BEER5 X570 ¢ €{1,2,3,4,5} 3BTTH 5.

P(x) BEEr%5 X557 x e {1,2,3,4,5} 1372,

Px)PEr 22 E5% € {1,2,3,4,5} Pk d 1lEH 3.

ANl O e

P(z) BEE 7%z € {1,2,3,4,5}, D% D 1,2,3,4,5 D3 BEHMTHBDIF 2,4 D 2 A
Eho 1,3, 4135, 2,5 3ETHE. LICINLDONEIRTHETH 5.

ZDXIITHREE P(x) T L, ZADELRZ X5 v ODRZIEET 2 Z e TadrfE
ZZENTEL. FHETH RELTHRDERNTHS2DIF 2T & W) THAS.
PRICEFA TS BRICIE TN KDIEZ0BEETHE T(Dirded 13 51 OF
BENIW. 2o 2T & 5] KonWTEEErHESIATVS

EF 1.1.10. P(z) 2Z « BT 255§ 5.
1. 2Tz I LT P(x) PETHZ] tWVWHandE%E
Vo : P(x)

L HRL, WE LB o ISR LT, Plz) BRD o) b LR 2 128 LT,
P( )1 e,
2. TP(x) BETH2 L5 e P ed 1HEH2) Loz

Jz : P(x)

LR, ME (55 BEELT, Pla) BRI eh (B2 2 BEELT,

W . COX S CHRESE L BB XS AEROREET T s BT (quantifier)
EALLSID&LSAL
LS. Y IRSTEIEE (universal quantifier), » 2 WIS L FIXN 2. 3
AZTVD &5HL
TR (existential quantifier), » 2 WIFELS & MHIEN 5.

TEE . % BB R DR, T, ZEICRATEZ2500HIHAZH O UDHRDTEL.
Bz, T2 > 1) zmaf@xec TDAZ) BRALE ThAZ? > 1) twiRIE
(ﬁfo#@%ﬁ%%w&m#% D) BRERIRV. FRICEBRZHETE 25D TIERW.
e BB EDHOOLITERTHL2HRLTBIIE, Ve 22> 1) BEOGETH 3.
e DREBEDHLOLITERTHL2 R LTBIIE, Vo222 > 1) BBOMETH 3.
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E#&E 1.1.11. P(z), Q(x) 2ZE R « (BT 5055 5 5.

1. Vz: P(z) = Q(z) W%

V(P (z)) : Qz)
LEFELZEHB. 5050 % TP(x) DD EI BRERED x XL T,
Q(z)) FLHl.
2. Jz: P(x) ANQ(z) WV amdE %
dz(P(2)) : Q(x)

YELZEHDB. 205 NE [P) BRDIOES BH S o BEFIELT,
Qlz)) Tyt

FE . ZBDP O LD 2B ICOWTHRRR I ZRDIERL TMEZIES Z LT
X250, BIRIEROBNIcE D e 35, HIZIE P(e,y) DEB x,y BT 2iR5ETH
HEE,

Vy : P(z,y)

R 2 BT 2FETH D,
Vo : (Vy: P(z,y))

WEMETH L. ZOmE%
Vo, Vy : P(x,y) &2 VaVy: P(x,y)

Fr#EL.
LTV, 3 DIEFIZOWTRHE D L.
FIE 1.1.12. P(z,y) 228z, y KT 258 5 5. RO D ID.

1. Vo,Vy : P(x,y) =Vy,Vx : P(x,y).
2. 3z,3y : P(x,y) = Jy, Iz : P(x,y).

AR, B E Z DU S 2. O
FE! . —ic Ve, 3y : P(x,y) # Jy, Vo : P(z,y) TH 5.
BLF VY, 323 0MmEDMEICOVTRID LD,

FE 1.1.13. P(2),Q(z) ZEB x I3 2B5EL 5 5. RO D LD,
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1. =(Vz: P(z)) = 3z : ~P(z)
2. =(3z: P(z)) =V : ~P(z).
3. ~(Ya(P(a)) : Q@) = 30(P(@)) : ~Q(a)
1. ~(32(P(2)) : Q) = Yo (P(@)) : ~Q(x)
AERA. 1, 2 I3ERZE ZNIIAL . 3 b EKRZE ZUI T2 5 50, L LI
5k,
—(Vz(P(z)) Q(m)) = (Vo : P(z) = Q(x))
=dx —|(P(:c) — Q(a:))
=3dx: P(x) A =Q(x)
= 3u(P() : ~Q(x)
4 % [FIRk. O

BitrV, 3 L@MBEEE SV, A, = OBRROVWTIEREAFHD / — b (http:
//www.math.u-ryukyu.ac.jp/~tsukuda/lecturenotes/joron-note.html, §12) IZ
PLELDTHLEH, ZORTSMEITHA D0, EEPDLEZSDZ2 WL O0ZETT

L.

FIE 1.1.14. P(x), Q(z) ZZ R » BT 24058, r 2@ (H25WVIFEK z 2 EERW
WEE) T 5. RO D IO,

A

AEFH. 1, 2 3EMEEZE RS, HHAWE r OEBTEHEETI L THLDOEREE R ETH
W, 3BFRBEICEZTD W0,

p=> (Vg =(p)Vrvg=rVv((-p)Vg=rV(p—q)

WHEETHUE L 2T

Vae(P(x)) :rVQ(x) =V : P(x) — (r vV Q(z)
=Vr:rV(Px) = Qx))

~—


http://www.math.u-ryukyu.ac.jp/~tsukuda/lecturenotes/joron-note.html
http://www.math.u-ryukyu.ac.jp/~tsukuda/lecturenotes/joron-note.html

1.1 s

=rV (Vz: Plx) = Q(x))
=71V (Vz(P(z)) : Q(z)).

4 BERRZEDR S 5D LREI LV, 56 bEKEEZ S, HAWVXMLDOEBZ LR EFEITN
XX, O

FE! . E0 56TV IZANDL I DIE—ITITIEL < R,
M 2. ROZODMEDEMRN RS XS54 P(x), Q(v) DHIZZT X.

1. Vz : P(z) V Q(z)
2. (Vx: P(z))V Vz:Q(x))
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1.2 &4

EEOHEFOEE O PQTITvEILD/NS Ky P X (Russell’s paradox) Z#3/7T L
£95.

# 1.2.1.

frit

L A DBEDOHRTHRADIZ-ED LI DDEE D ZEEG (set) & L5
2. SEHEALTHLE, S EMKETE2EADLDE S DT E/IZEE (clement) &
w9,
e s NSDTETHZZ%, laBSIEBT2), laMNSIcaEns,, [SH
rZ2a] FrwvwoT, zeSEREFTSo>r LT,
o ~(ze€S)THBTYL, ThROB e MS DETRVI L%, 21k SIBER
W, Tz ix SwcEEhiwng, ISExzeE&Fhv] FrwoT, 2 ¢S E/h
XS Fx eET.

E& 1.2.2. A BZHERLT5.

1. Alx B OEIES (subset) TH 3 < ADEEDILz I LT, 2 € BTH5%.
wHRXZH > THEINE, Ve :2 e A2 e B (lloEZAFZTNAIVr e Az €
B)AETHBENS Z L.

DX ACB%¥/7IEBDAYET.

2. £5 A Z%é\B&i%LL\@ACB#oBcA“G%%.

IDrE, A=DB rEL.

EFE 1.2.3. REDOKRLT.

NNWIATE

1. #ER (extensional) F0i&
LAEDTLETRTHNIZEL, 20ethil {} T 3.
TCHERE D 2355, H25WEERETS 2 TRINZELRZVWES, BMEE4ET 5
BT ... Z2ES.

2. RAER] (intensional) 52i&
ML DR ZE AT DRKE LTEREZRT IR P(r) 22 o BT 51k
B35 Plo) DELRDZEIBINTO ok 2%EE% {z | P(x)} RT.
ZRB D 2EPD2EEU CTHIRESNTWDE X, Plz) EERZ K5 7%
TRTCD z (L2 eU)2okd8E8% {xcU| Pla)} eRT. DFD,
{reU|Plx)}={z|zcUANP(x)} TH3.
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FE . Plr)=Q(z) THNZ, {z | P(x)} ={z | Qx)} TH 3. FEFE, P(x) =Q(x) T
HbrE,
a€{x|Plx)} < Pla) DE
& Qa) BE
sac{r|Q)}

Bl 1.2.4. n e NIZHL n KD/PSWIFEBB AR THEER 0] 6 EHL:
[n]={0,1,....,.n—1}={i€Z|0<i<n}.

n] EnlOTEROEETH L. HIZIX

[1] = {0}
2] = {0,1}
3] = {0,1,2}

EWVWoBE n=0D55b 0K SEMS D 5.
0]={ieZ]|0<i<0}=0.
Bl 1.2.5 (7 v LD T Ky 7 X Russell’'s paradox). XRDOEH
S={X|X¢X}

EZ35. DOFDVEEX THoT, X HHEZ X DILTRRVWEIRDIDEHDEF HH
STH?. FIZENENENLLNESTHS. XT,SIOoVTIESecsSeSgses
LD NLDIEA DD ?

SeStIdL, SOEDIPSLSELS s SE€Se3TdL, SOEDHT»D
SeStha. ThbbSESOILTHYI2D, SDOILTERNVEWVS ZLIZKR->TL
£5.

COEIICRERZDOMBIEZDEDRMTEZATVEL LW EBBETLED.
BETIR IO OWEEZ AT 5 7- 0 N IERIE SR (axiomatic set theory) 2 & D%
BEHOHD S ZehEWV. T Zermelo-Fraenkel DRIER +:ZRNE (ZFC) W
SNER (BEBEEDHOMIT=DDNL—IL) B—RINICHWSLNTWS., (B, ich kg
RN, HiEDD B.) ZFCIZOWTIIEAROARIZIFISTEH TV L, [3] FITdEW
fEiiid 5. HEOBMEZRDTITIEDHED I5WVok I 2EMT 20EIENL, Z
IWVIHIER DLWV, COEBBETERINZDETEEEZ HOH S50, BIRANEIZOWTIE
LLINS.
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1.3 K50ER
HER T AR RE OB R B 5.

£ 1.3.1. 1. A, BB Ll E A BoYiRb—HIIBIT 2EEY N
Db D% At BOEHES (£743MES (union) , &) tWwWoT, AUB
TKT.

DED
AUB={z|ze€ AVze B}.

2. At BOWMBET 2 ER 2 RHMEDLb D% At BOHBES (F7213K, X
HD (intersection) ) \WoT, ANBTXT.
2D
ANB={z|z€ ANz € B}.

ANB=0ot %, At BIZEWIR (disjoint) &\ 5.
E/, AL BPHWIKRTHZ L E HRGE AUBZ AIBHEE, AL BO 3k
R# (disjoint union) W5 Z WD 5.
3. AWBLT, BIBSRWEREDEKERE AD DS B Z25|WEEE (difference)
Y\WoT, A— B ¥/ A\ B THT.
DED
A—-B={z|ze€ ANz ¢ B}.

4. HEEE X ZEELT, X OHTEEFIIOVTOAEZIDILE, X - A% AD
(X 123 %) #HES (complement) ¥ \WoT A° THHLDLT. ThbH

A={zeX |z g A}={zeX |- (ze€A}.
ZOrE X FEBRES (universal set) H 2 WVWIEREEST L WS,

ROMEIESOUETHEBREEZ 2 L ZJITERNTHY, DIEZ LD LS. FEHH
WBERPDHIFLEAEHLNLTHS.

fiE 1.3.2. A, B,C 28/ 3 5. XKD ILD.

1. AcBh»™WBcCcC=AcCC.
22 AcCh»»»BcCc(C=AUBCC.
3. A>DC»»DB>C=AnNnB>C.
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M 3. L2 3 TRFEDHMHILDZ L ERE.
EH 117 2O RB T 5.
EIE 1.3.3. A, B,CZHE/LT 5. XDPEDILD.

1. (BH#EHN, commutative law)
(i) AUB=BUA.
(i) ANB=BnNA.
2. (F5&TEHI, associative law)
(i) Au(BUC)=(AUB)UC.
(i) AN(BNC)=(AnB)NnC.
3. (ECIEAN, distributive law)
(i) AN(BUC)=(ANB)U(ANC).
(i) AU(BNC) = (AUB)N(AUC).

FEMA. 3.(1) 2RLTAES.

A
A

AN(BUC)={z|z€ ANze BUC}
={z|zeAN(zeBvxel)}
={z| (x€e ANz eB)V(zre Anze ()}
={z| (x€eAnB)V(ze AnC)}
=(ANB)UANC).

bR TH 2. bHAA, i 1.3.2 F%2 Mo T, LAPGNIEEN, HAPEDIZE
FNZHEWVSZEZRLTH KW, O

T 1.3.4. X 2206858, A BCX 235, XKD ID.

1. (A9)° = A.
2. (i) AUA® = X.
(i) AN A°=0.

3. (KN« A > DiEHI de Morgan’s law)
(i) (AuB)¢ = A°n B°.
(i) (AN B)¢ = A°U B°.

FERA. 2 13 X o2 RT e 325 (BEBOEBEEZAROEE T X £ 35) . 2Ot &,

re A -(x e A

TH5.
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(A ={z e X | -(x e A%}
={ze X |-(=(z € A))}
={zreX|zeA}
=A

AUA={ze X |ze AVre A%
={zeX|zecAV(zre A}

r €AV -(xe ) FETELE,S
= X.
b FEKTH 5. ]
REGITOVTRAE S 2d LARWHEAZ F O THL.

I 1.3.5. A, B,C 28/ 3T 5. XBHEDILD.

1. A- .
22 A-(BUC)=(A-B)Nn(A-0C).
3. A-(B-C)=(A-B)U(ANn<Q).

HE . FiL1,2T, A=X,BCCXtLEbDNF -EALHFYDEH. 3T
A=B=X,CcXt35L, (C)=Cruvi k3.

ZFRH. 1.

reA—(BNC)esxec ANz EgBNC
r€(A-B)UA-C)execA-BVreA-C

Ths.

reANzgBNC=cxec AN-(xe BNCO)
=rxcAN-(zeBAxeC)
re€AN(~z e BV -zel)
re€EAN(x & BV gl)
=xecANxgB)V(re ANz &)
=x€A—-BVzxeA-C
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re€A—-(BNC)sze(A-B)U(A-C)

re€ANzgB-C=xcAN-(x e B-C)
=rxcAN-(xe€BAxg(O)
r€AN(—xe BV -z ¢C)
r€AN(x g BVxel)
=xcANxgB)V(re ANz eC)
=rxc€cA-BVvzrze AnC

O

HE . CO#BRTREE ©« BEHELEUNRMETH 2 2 2R T. Thbb, EUNK
DAL TCEELDB R LE, BAPED VL TCEELABMH IO nwS 2. Wz T
Tl < Gl LWOMENETHI NS L.

4. U.N,—, °coOMoOBRERT B 1.33,1.35%0Xk>5%) Ay 2T, 2
VR REIHE X

fRESE . 4(1), 6, 7(1)(2)(3)(4)

& 1.3.6. X 28G5 35, X OMAEAOLTE2ERL LTHOEAZ X 0B (N
F) %4 (power set) LWoTP(X) TRT. 2FD

P(X)={A|AcC X}.
EH A S B B HITRAE D 7.

EE 1.37. 1. AcX&e AePX).
2. 0 e P(X).
3. X € P(X).

# 1.3.8. 1. P(12)) = P{0,1}) = {0, {0}, {1},{0,1}}.

2. P([1]) = P({0}) = {0,{0}}.
3. P(0) = {0}. GiFIZ=EEGTIER. ZRERAL WS —2ROEAETH 5.

B 5. P([3]) Bk &.
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FB1E 5

EE 1.3.9. “ODKNE a,b 1K L, ZREIBICUNTIHEMTL L 575D (a,b) R a b
LAl sLDOW

b DIERF * (ordered pair) &\5.
ZODEFN (a,b), (V) &, a =d Db =V THsLZFXHFELLEWVST,
(a,b) = (', V) &EL.

FE . ZOONMEP R IEE {a, b} ITOWTI, {a,b} = {b,a} THS. —7, HF
DA, a #b THHUIE, (a,b) # (b,a) TH 5.

FE . £8TlEa & bOIEFNE (a,b) = {{a},{a, b} } KL DERT 2 Z HZW.

& 1.3.10. X, Y 28555 RTEZALNIEEX XxY 2 X Y DTAILLE
(Cartesian product) £\W5. 7HL MEDOZ L ZERE VWS 2 HZ0.

XxY ={(z,y) |lre XNyeY}.
X=YODrE X xX%X2rEIZed20.

5 1.3.11.

3] x [4] = {0,1,2} x {0,1,2,3} = {

w N = O

f 1.3.12. X x0 =10
115

Dx X. FEE, yecled yldBENDT, 2 X AycDZH

=DM EOREDT AN I EDEZ LI ENTES.

EFE 1.3.13. ne N L, X1, Xs,...,. X, 2ZEE LT 3.

(X1 X Xo) x X3 %, X1 x Xox X3 &FEL. £, X1 x Xo x X3 DT, ((21,72), 23)
LIEFFEDITI, (11,22, 23) £EL.

& b — Bz, IR

Xy X x X =(Xy x -+ x X, 1) x X,

CREDD. Fz, X1 x - x X, DI (11,22 ..,1,) EFL.
Xi= =X, =XThbrrE Xx---x X% X" 2ELIMNZW.

6. I=[0,1CR,S" ={(z,y) eR? |2 +y* =1} T3 REBFELIKRE L.
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1. I x1.
2. St x I.
3. 81 x St
4. N x N.

FE . R?2 % Gauss FHIC 2[A—H#H (z,y) eR2 x+yic CERFA—) LTS cC
Rz, S1={eC||z|=1} Th3.

FgELE | 13, 14
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1.4 BEREER
1.4.1 B8f%

& 14.1. X, Y 28E{rT5.

R X t'Y oo 1A% (binary relation) T® 2%
S R2BX XY OHARETDHS.

¥7, (r,y) e RTHDL %X xRy £EL.

& ATREMRDAE U PR IHRR D Z & % BBk (relation) & W1 5.
B 1.42. X=Y=R¥&353.

1.
A ={(z,r) | z € R} C R?

EIBHE, Ay ax=y.

2.
L={(z,y) eR* |z <y} CR
3Bk, xly e <y.
3.
I ={(z,20+1) | z € R} C R?
e3d, 2y y=2c+1.
1.42 FEig

Bl 1.4.2 DRFBEDOT X, B f(2) =22 +1DF 77 TH 5. —RICBEEIEGZ 513
CEEDT T TREND D, T T IRThULD E DD D, ZHWVIEKT, 7
TI%BEZDILLEBEEZ L LIIALTHS. EEMNICIE, 77 7DHBEED
KETHZEEZS. (DTEHZITNE, KEBOANIZE o TEZED XS ZEZTYED
BRI BREZDITITHRVDT, FFTEED X O LtNFNC y Diuk 72—
OX L X2 A o TXW.)

EFE 1.43. X, Y 28857 5.

X 25Y NOEM (map) TH 3
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=

512 EEDr e X THL, %y € Y B —D2FELT,

{1. fEX Y OMOBFRTH 5.
(z,y) € f i3,

FRXHEY ADERTHEZL%, X oV dsvid X Ly®meiL, X & f
DEHEH (domain) H 2 WA, source Fr 5. YV AR ZDFTLARZ iddRi
W3, #1%, codomain, target F¥ 5.

[ XxY OHBHEALE o 2, ZOWMHEEEEHR f DJ 57 (graph) & W
5. ALHBEHS LRI LVOT [ X 5 Y DFI7 7%, FrHiHL.

72, (x,y) e, THEEZE, y % f(z) LFE, 2 @ f ICLB% (image) LD
Y= f(x)ﬁf(x,y) ely. oDl ={(z,y) e X XY |y= f(x)} TH 3.

TR . f2X20Y NOFEHETS. ERLD, (z,y),(x,¢) ey bl y=y TH
5. Lo T, ] 1.422 D LIFEHRTIEIRWV. BHODZDOIXERTH 5.

& 144. fg: X > Y 2EBRr 35 EEDr e X ITHL f(z)=g(x) 7R5 L X,
B frgl3FELWEWoT f=gb&EL.

R . f=gel;=T,Tbh3.
B 1.4.5. B f,9: {0,1} =R % f(z) =2, g(x) =2> KL DEDZ L, f=9gTh5.
Bl 1.4.6. X 2REL T 5.

1. ZRE 025 X NOBE/BPI12—DFET 5.
X A0 THNZ, X 205 ) NOBEBRIIFEL RV,
2. 1 S BRAEE (1] ={0} 25X 5.
X 26 1] NOFARD 72— DIFET 5.
1] 25 X ADEBEEDZZL L, X DTk —oETLZLIEAL I THS.
bBHAHA, ZTNHDZ X {0} KRAEOHETIERL, TOMEBS 1 HTH 2EE
ETIMNUTHKD D, TOEED 1ETH2EELY (ZDEAERED) 1 TES
(singleton) &\ 5.
Vel Zre X I230F 1] 5 X ~"DEEE 2: [1] » X LELZLHDH 3.
3.XEEE X A0 T3 HlEs: X 5 PX) % s(z) = {2} LEDEDS. Zh
% singleton map £\ 5.
X =00t 2 SERLR, I/ —D2FET 55K 0 — P(D) % singleton map
EEZ5.
(s ITHHTHS.)
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FB1E 5

EE 147 [ X Y, 9:Y 5 Z2F5HETS. ZOLZ (go f)(x) = g(f(z)) I
IV EEDERgof: X - Z% f & g DEMK (composition) » 3 WIXERER
(composite map) ¥\W5. go f & gf LML TE2ZrdDH 5.

£ 1.4.8. . : X =Y, qg0Y > Z h X - Z%2B{%v3%5 h=gf TH5?
L ZROKAIIAH (commutative) TH %, H 2 WVIFA#EEKT (commutative
diagram) TH2 &\ 5 !

X i Z

Y .
2. fz X — Y:L‘, g;: Y; — Z (Z = 1,2) %5{%tj—5 glfl :ngg VC%% & %5(0)
3 T# (commutative) TH %, H 2 WVIXAERE T (commutative diagram)

ThHdEWVD .
x -y

Y2 — 7.
g2

B 1.4.9. B2 f: X Y X, 2y €c Y BPEEL T EED 2z € X ITHL, f(z) =yo
LB E, (y iz ) EEER (constant map) £\ 9.
BRf: X Y PEMBERTHEZIL L, B2y €Y PEELT, ROKRp Ay

K% L IXFAETH S
X ! e
AN
[1] :

BIZIX, ceRELIEE, f() =c TERINDIEHEB R >R, clTfEizt ?
EEBARTH 5.

FE . EED 2,2 € X AL f(z) = f(2/) TH2 L EWXEMESRL T2MELDH 5.
TODERIFIX =Y =058 (DA) B3,

EE 1.4.10. £5 X ORBEEEZZNHBIZO>OT X 26 X NOEH%E X OIEEEH
(identity map) &\ 5. [HEEBRZ idy 1y LWVWo kil S TRIT Z L.

idy: X — X,

idx(z) = x.
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EEEFHRD 77 713 AERES (diagonal set) TH 5 .
Fidx :{(.’E,ZC) |ZZ?EX}CXXX.
ME 1411 [ X =Y, Y - Z, h:Z W 2532, ZDOL ERXHMBWH LD,

1. ho(gof)=(hog)of.
2. foidy = f =idy o f.

AIERH. BH S 2. O
B*7. X =Y, 0:Y =2 h: Z W %REHr35.

1. B gf DT T 7 Ty EED K REEGH?

2. h(gf)=(hg)f 2 %277 7% HVTHHAYE X,
EFE 1.4.12. X 285, AC X 2EHHEEL T 5.

1L ADEF ac A2 X DHEFRac X LRZ2ZICEDELONSE A0S X NDE
%% B2 ER (inclusion map) £\WWH. 2% i: A - X ZUBFEH/RL T L
i(a) = a.
T/t A X DEEBEBRTHILE, i A X ELZLbH 5.

2. [ X > Y ZEBr T3 OB A X fOAK foi% f D ANDH
PR (restriction) W\, fla, fIAFELRT !

fla=foi:A=Y.
& 1.4.13. [ X =Y 25/ T35,
1. X OESHEE AT LT, Y OEES
{fl) |[zeAy={yeY |[Tre X :y=f(z)}

Z, &8 A D f ICELBH% (image) L W\Wo T f(A) TKRT.
2. f[(X) % f off (image) » 5 WIIMEH (range) £ W Im [ FEFHL.
3. Y OHpHEE Bt LT, X OffTHES

{re X | f(x) € B}

% f IC&3 B OFf (inverse image) W\, f~1(B) TXRT.
BA1AD»bRZES b THoL %, MEROBZANRTIUE, LIZLIE
f7HEbY) & fL(b) EMEELT B.
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F7HO) = FH({bY)
={r e X | f(z) e {b}}
={zeX | [f(z)="b}

Ths.

EE 1.4.14. f: X Y BEf, A A, Ay C X, B,B1,B, CY £35%. ZDX ERN
IDAIRYASN

f(A)CB@ACf_l( )-
Ap C Ay = f(A1) C f(A2).
f(A1U Ag) = f(A1) U f(A2).

1.
2.

B, C By = f (Bl) C f71(Ba).
f7H(B1UBy) = f~1(B1) U f~1(Ba).
SN BiNBy) = f~1(B1) N f~1(Ba).
f=H(B°) = f~1(B)".

HEHL. 1 I3EFRE DS, 2.(v) BBBA. BRI 2.30) £D f(X) = f(AUA°) =
FIA) U F(AS) @2 F(X) N FIA)S C F(AS). 3.(iv) biEFE DHIS A, R

z € f7HB) & f(z) € B = (f(z) € B)
ze fYB) e~ (ze f1(B) &~ (f(z) €B).

fil V3 57 T O
RISELE . 16(1)(2)(3)(4)(5)(6)
ETE 1.4.15. f: X =Y 2B{Hr ¥ 5.

L f2X 256 Y NO25 (surjection) %7213 EANDER (onto map) TH 3
érngerElxeX flx) =
Sz f #é%n‘fz% LiE, f(X)=Y rni e,
2. f 2E54t (injection) £7:13 1 ¥ 1(one-to-one) TH 5%
C<1:>erx1,x2 € X(x1 #x2) : f(x1) # f(z2).
3. f 2i2H5t (bijection) TH 5
< fIZEHPOHETH 3.
X 206 Y NOLBEHIFET I L E X Y IWHF (equinumer-
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ous,equipotent) 5.
COMBRTIE (DRI FIEOMIEIBZLL) X Y 2INETHS & X
XYy &L,

R 1.4.16. f: X =Y BHE A A, AACX 235, 2O ERHMBWD LD,

L f(A1 N Az) = f(A1) N f(A2).
2. f(A°) = f(X) N f(A)e.

AlEAA. R . O
MEE . 16(7)(8)
i 1.4.17. [ X =Y, ;Y > ZZ2E{e 35, 2O ZRHPMD ILD.

1. f,g EDICHFLEDIE go f DHEHFTH 5.
2. f,g &dITeH B go fIEFHTHS.
3. go fRHELRLE f AHEHTHS.
4. go f BEFZHIX g DENTH 5.

FERH. . O
B8 Lol,2%mt.
PIEELE . 18(2)(3)

E& 14.18. Big f: X - Y PHFOL E Fye f(X)IINLT f(oz) =y &hkd
v € X B/Z—D0BETS. Z0a%k f~l(y) eFHLL f7LIE f(X) 2o X ~NDOEH{E
%5, Zhz f OFER (inverse map) &\ 9.

2R fEBESTHIR, fLIRY 25 X ANOBRIZKRS.

i 1.4.19. BR [ X > Y 232 & H2F% g: Y - X DPFELT, go f =idy,
fog=idy ZA7=T.

GERF. IR S0(1). 0

Fl:ﬁ 9. fz Xz —)Y; (’L: 1,2) %éi%ﬂ‘, gi: Xl —>X2, go: Yl —)Yz %E{%tj_% ZD


exercise.pdf{}{}{}#Item.62{}{}{}
exercise.pdf{}{}{}#Item.69{}{}{}
exercise.pdf{}{}{}#Item.70{}{}{}
exercise.pdf{}{}{}#Item.74{}{}{}
exercise.pdf{}{}{}#Item.76{}{}{}
exercise.pdf{}{}{}#Item.77{}{}{}
exercise.pdf{}{}{}#Item.269{}{}{}
exercise.pdf{}{}{}#Item.270{}{}{}

24

#
o
»
i

Y& gofi=faogi e fylog=giof

f1 mt
X —Y X1<=—N"
gll O lgz S gll O lgz
X2—>YQ XQ%YQ.
fa f;l

& 1.4.20. [ X =Y 5B 335,

1. Br:Y - X C,rof =idx 2A733dD% f DL b3 3> (retraction)
H 5 VWIEIEEER (left inverse map) &\ 5. EEFEBRIILHHLROT, f L
N2 arvERTR fFIZEFTHD, L7 aideflTh 3.

2.5 s:Y - X T fos=idy AT HD% f DU (section) » 5 WIIHE
B4R (right inverse map) £\ 5. f DU ZE T f 132 TH D, UIKIZH
HTH5.

BE . [ XY Z2FBeLBCY % f(X)CBTH2L5RE0EEETE. 20
EE I X D56 BADEREZEDS. RO XS5 ITHLRELSBHIUT L NDRED, #H
HeLTLRLULEINAZFRILEST f: X - B &R7.

M 10. f[: X =Y, 9:Y - Z%2BBr35. f PN THIUI Ingo f =Img TH 3
Tt ZmE.

RISEEE . 15(1)(2)(3)(4), 17(1)(2), 18(1), 19(1)(2)(3)(4), 25,26, 80(1)(2)(3)

143 THILLECE®R

ZD 143 HTIIERIILETERESTRELVIEREEDAEZ S, (BEHIZOVTHEY
WHRZIZ X OB Z ZTIEEKRT )

EE 1.4.21. 1 X, Xo ZEALT5. i =120, pi(z,22) = 2 ICEDEE

2B51% p;: X1 x Xo = X; B8 i KON DHE (projection) &1 5.
(BEWZE pi((x,y)) EEBLANRZTHEDPRWCLKLKRBLITROTEHAZIDLSIKZ
#<)

2. [i: Y = X, (i=1,2) 2B 35. BB (fi,f2): Y = XixXe Z (f1, f2)(y) =
(f1(y), f2(y)) K& DEDS.

3. X BHEAY T3 BB A = (1x,1x): X - X x X 2RAKRER (diagonal
map) W5, A(z) = (z,2) e X x X TH 5.
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A4 fir Xi > Y (i =1,2) 2582352, B fix for X1 x Xo > Y1 x Vs %
(fr x f2)(@1,22) = (fi(z1), f2(22)) KL DEDS.
FE . L BERULL):Y 5 X1 x Xold (fi, fo) LWIHETEINS ZEHZL.
BEREESOILLFALLERDT, BRELZ X T 27202 2Tk () 2o 7225, Fig,
%t (FEAHIUD) B2 (W 1.4.34) X512, BRAL TS HE D REIZEN.
2. ZODEM[RPFELVI L, ZODIEFRPFELVWILDOERLID, 5B
firgi: Y = X; 20T, fi=¢9; (1 =1,2)& (f1, f2) = (91,92) TH 5.

5l 1.4.22. 1. a,b>0 % L, R OEHESE

FE = {(x,y) € R?

N 2 2

(2) () =1}

(F5H) Ot p;: R? > RICKk2B%2EZ2%. pi(E) = [—a,a], p2(E) = [-b, 1]
TH5.

2. fi: R — R % f1(t) = acos(t), fo: R — R % fo(t) = bsin(t) TEDH S &,
(f1, f2): R = R2 & (f1, f2)(t) = (acos(t),bsin(t)) &\ 5 ER (FEMADOBENEE
FR) TH5.

3. I1=100,1] ZPAXHE T2 &, MARERA: T - I x 1 DBRAU) FESEI I
DX FFR.

4. i: 81— R? j: I =[0,1] > R2EEEHRL T2, ZOorZixj: S xI—
R? x R = R? 0f%ix

{(m,y,z)ERS|x2+y2:1,0§z§1}.

ROMEZ X, X Xog NDEMBEEZ Dy, X1 NDEH{Y Xy NOELDHE#E 2
5ZWARENCFRICZETHZE VI I EWVW-oTWS (fiE 1.4.34 BIR) .

MR 1.4.23. f:Y - X; (i=1,2),9: Y = X1 x Xo 5B T3. 2D ERIK
yIya

D.

L pio(fi, fo) = fi (i =1,2).
2. g=(p1og,p20g).
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XoTEBR g piog=/f; (i=1,2) A g=(f1,f:) TH3.

Y

fi f2
<f1,f2)l9

X1 <—p1 X1 X X2 —>p2 X2
YU 1x,xx, = (p1,p2) THZ (EBHSHEHITIEHZD)

A, 1L AERD y € YITHL, (p1o (f1, f2) (y) = p1 (f1(v), f2(v)) = f1(y).
2. BHIEOERLD, TED y e Y ITHL, g(y) = (p19(y), p29(y)).
O

Rl4.24. f,:Y 5 Xy x Xo BB T 5. pjof=piog (i=1,2) THIX, f=g¢g
TH5.

AERH. f = (p1o fipeof)=(piog,p2og)=g. O]

Fl:ﬁ 11. fl Y — Xz (’I, = 1,2), h: Z =Y %g{%(\:?E) <f1,f2> oh= <f1 Oh,f20h>
ZRE.
Z

h

fih v f2h

f1 f2
(f1,f2)

XITXI XXQTXQ

12, 1 fi:Xi =Y (i=1,2) 548 pi: X1 x Xo = Xi, ¢;: Y1 x Yy = Y,
(i=1,2) 25¥L¥5.
(i) gio (f1 x fo) = fiop; (i =1,2) BRE.
(ii) f1 X fo = (f1op1, f2a0op2) ZE.

Xl&Xl XXQAXQ

fll lleh lfQ

Mg Nixty——>Y

(1) (f1 x f2) o (g1,92) = (f1 091, f2092) ZRE.
(ii) (g1,92) = (g1 X g2) o A Z/RE.
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(f191,f292) (91,92)

Y1><YP2 X1XX2
A A \ %:
X1XX2 Z X Z

B 13. L XY ZHRELT 5. 1x x Iy = Ixxy 28,
2. fir Xi = Vi, 900 Y = Z; (i =1,2) ZHERET L. (g1 x g2) 0 (f1 X f2) =
(910 f1) x (g2 0 f2) &t

X, % Xs g1f1Xg2f2 71 % Zo
m A
Y1 X Yé

Ml 14. fi: X =Y, 9;: X; = Y, 25ReT5. LTOFRMELFIUIGEEAL, IEL <
IR BZZET &

L f1, fo WTNDDEHFROIX (f1, fo): X — Y7 x Yo HHG

2. f1, o DR LSIZ (f1, f2): X = Y] x Yo 24T,

3. 91,92 WINDDHHE L SIE g1 X go: X1 X Xo — V] x Yo & HG]
4. g1,go BEDICHH R SIE g1 X go: X1 x Xo = Y] x Yo B HE
5. 91,92 DEDBITEFE S g1 X go: X1 X Xo = Yy x Yo 24T

M 15. X,V 28535, BB X xY 2 Y x X & 7(x,y) = (y,2) TEDED S
E T BRHHTHS.

f16. X, Y 288, yeY &35 BRi,: X > X xY & iy(r) = (x,y) CEDE
H5.

L iy ZJHGTH B,
2. ¢p: X =Y &2y lZER L 2EMEEHRET S, iy, = (1x,¢y) ZRE.
3.p0: X XY =Y 2HELTS. X ¥ p,(y) OROLHS %2 —oFh.

LIFLIE, COEB i, TkD X e Z20B X x {y} C X xY ZR—HL, X & X xY
DEMPEELARTIENDHS. RIS, X ¥ X x x} LR LIRFE—HEN 3.

s 17. fz X —)Yvi, gi: Xz —>Y; %g{g%, q;: Yl X YQ — Y; %%ﬁ%ﬁ, Bz C sz %%Bﬁj\%é
55 RenE.

1. B1 X B2 = q;1<B1) ﬂq;l(BQ).
2. (f1, fo) "H(B1 x By) = f1 '(B1) N f5 ' (Ba).
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3. (91 X g2)"Y(B1 x B2) = g7 " (B1) x g5 ' (B2).

Bl 1.4.25. % p: R — S % p(t) = (cos2nt,sin27t) TED 5.

pREREHTHD, p~1({(1,0)}) =Z TH%. %7, p%&[0,1) HIRLZ=DD (b p &
ZriTs3) BEHRHFTHS.

EoT, 5 pxp: RxR — STx ST E2HTH Y, (pxp)~t ({((1,0),(1,0))}) = ZXZ.
F72, B px p: [0,1) x [0,1) — St x ST IZLHEHTH 3.

HE . S'={z€C|z|=1}cC R, p(t) =exp(2mit) = e*™* TH 5.

144 YX

& 1.4.26. X, Y 2EELT5. X oY NOEKLEKRDRITESE Map(X,Y) H
Z2W0NEYX v £T. (Hom(X,Y), F(X,Y) twokidB2fiosr 85 3.)

Map(X,Y) =YX = {f | fiZ X 225 Y ~DFf%} .

fl 1.4.27. #] 1.4.6 ZI4.
TEOEAY ITHL, 0 2256 Y NOE/RYEE—OHEETIOTY? = 1], v
0 = [1].
XA£D)DrEZ, X 25 ) NOEMRIFELRVDT X = 0.
T, FEOES X THRL, X 225 1] NOBBEHI7Z—2FET 2D T [1]¥ 2 1]
Y izowTiafl 1.10.2 2 B X.

5] 1.4.28. HAREAE N 25 R NDEMH

a:N—R

ZREH) LS. Hila(n) & a, eEFNT, BIIZ {a,}neny D {an} LT
RY = Map(N, R) IZEHIN RO THEETDH 5.

& 1.4.29. [: X - Y 25K, Z2HE555.

1. B f.: Map(Z,X) = Map(Z,Y) % f.(g) = fog TED S :

Map(Z, X)

Map(Z,Y)

w w
Z—>X|—>Z—>X7>Y‘
g g
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2. H% f*: Map(Y, Z) — Map(X,Z) % f*(h) = ho f TED % :

Map(Y, Z) ——~ Map(X, Z)

w w
Y;>Z ——— X?Y?Z.

B fo, [* % [ICEDFEEINBZER (induced map) &\ 5. B f,, f*I3HEE Z
WHKFELTWS. f. Z Map(Z, f), Map(idg, f), Hom(Z, f) &, f* % Map(f, 2),
Map(f,idz), Hom(f,Z) FeHLI L b dH 5.

YX L WSRIERMESGE, o fA e, [fRZ B DS

fZ=f:X?2 Y%
zF = z2¥ -5 7%

TR/ . BROMEFICER.

Bl 1.4.30. X #8486, AC X, i: A - X 2A&EBRE T 5. i*: Map(X,Y) —
Map(A4,Y) IZE% f: X - Y i L, 2D ANOHFIR fla ZRHICXEIEHTH .

M 1.431. L BN N%Z f(n) = 20 TEDSB L, f*: RY - RY 350

{an}tnen & {aantnen (FTROBE nHD ay, THIEH)) XH5DFTERTHS.

2. 5 g:R = R % g(x) =22 TEDD YL, go: RY — RY 1ZHFH {a,}nen %
{2an}nen (TROBE nHHD 2a, THEIEI) 50T BB/ THS.

R 1.432. [ X =Y, q:Y > Z52E% W 2HEEL T 5.

. (idx)« = id: Map(W, X) — Map(W, X).

- (go f)e =gso fu: Map(W, X) — Map(W, Z).
. (dx)* =id: Map(X, W) — Map(X, W).

. (go f)*=f*og*: Map(Z,W) — Map(X,W).

B~ W NN =

FE . 24 130oEE TR ehen (gf )V =gV WY, wel =wiwe .

f WX
e

Y

XW (g™ ZW WZ w9
yw w

FAERA. h € Map(W, X) iZxfL,
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(idx)«(h) =idx o h = h,
(gof)s(h) =(go f)oh
=go(foh)
= g«(foh)
= g«(f«(h))
= (g« o f2)(h).

R 18. 3, 4 B,
3 1.4.33. [: X > Y 2RHEFITHNI [, [*DZEITH 5.

AEFH. g1 Y - X 2 go f =idx, fog =idy 2A7=3E5H (f OMEHR) 35,
gxofe=1(90f)s=(dx)s =id, fxo0gs = (fog)e = (idy ). =id &R D, f. IT2HG
T, g« D f ODWERTH 5. f* bFEIEK. O

R 1.4.34. X1, X,,Y ZHEELT 3.

1. pi: X1 x Xo = X (’l = 1,2) T35 t, <p1*,p2*>3 Map(Y,X1 X XQ) —
Map(Y, X1) x Map(Y, Xo) I3 2HHTH 5 :

Map(Y, X; x X5) ——— Map(Y, X1) x Map(Y, X»),

(P1x,P2x)

(X1 x Xo)¥ —— XY x XY,
(pY .pY)

7, (f,g9) € Map(Y,X;) x Map(Y, Xz) XL (f,9): Y — X; x Xy €
Map(Y, X1 x Xo) ZXHEEE 2 EARDY D1y, pos) DWERE 5 X 5.

2 X1NXo =D L, in: X = X111 Xy (k= 1,2) ABHEGLRET 2L,
(it,45): Map (X1 11 X5,Y) — Map(X;,Y) x Map(Xo,Y) I Z2HEHTH 5 :

Map (X I X,Y) —— Map(X1,Y) x Map(Xa,Y),

(i1,13)

yalXe) = yXn o yXe,
(Yi1,yiz)

ZFHA. 1. ZHUIAREMNCIEME 1.4.23 TH 5. FIE, E 1.4.23.1 £ D (prs, pos) D
EEHTHZZeDbrD, R 1424 DOHETHDE Z L Th 5.
DLUTEIZENTAS. 5§ o: Map(Y, X1) x Map(Y, X3) — Map(Y, X1 x X»)
Zo(f,9)=([,9) TEHEDS.

(f,9) € Map(Y, X1) x Map(Y, X5) iZXf L,
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((P1s, P24) 0 @) (f9) = (P14, 24) (0(f, 9))
= (p1+, P2+) ({£, 9))
= (p1({f,9)), P2 ((f, 9)))
= (p1o(f,9),p20(f,9))
= (f,9)-

7272 UIRZROEIEIMRE 1.423.112% 3. &5 T (pra, pos) 0 p = id.
h € Map(Y, X7 x Xo) IR L

(¢ o (P1s,p2x)) (B) = @ ({p1+, P2x) ()
= ¢ (p1x(h), p2+(h))
= @(p1oh,paoh)
= (p1oh,pyoh)
= h.

7272 LERIR DA innL 1.423212&%. 5T po (prs,pas) = id.
2. Bi% p: Map(X1,Y) x Map(Xo,Y) — Map (X; I X,,Y) %

2 — f(ac), Tz € Xy
(w(f,9)) (=) {g(x), e X,

ICEDED B LEBIC B (05,15 OWFEEGZ B EDBIHB.

TR . LR, (f9) &2 (f.9) &5

T 1.4.35. X,Y,Z 28E5 75,
B ®: Map(X xY,Z) — Map(X,ZY) %

((2(p) (2)) () = »(z,y)

WEDEDS.
F72, B U: Map(X,ZY) — Map(X x Y, Z) %

(W) (z,y) = (¥(2))(y)

WEDEDS.
O X OIIRHHTHY U DBZOHEBRTH S !

&: Map(X xY,Z) —> Map(X,Z").
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MOFIETEFIE

o

B: 72X 2 (2)"
FAEFHDRNC, ZDOBR & DKL 2oL/l EZIF X 5.

B 1.4.36. 1. WS ODEHT X = {z1,...,2,} WBIB3HB3ED5H D =
{1,2,...,30,31} DR W ={ & . AL DT —=E0H5LT 5 .

I . In
2
30| A ... ™
31 | @& | ... | &

DT =&,
() Bire X tHffde DKL, 22 TOZDRORKENIEEE 254

f: XxD—->W

YRZ2ZeNTES. f(r,d) e W EDERD 2 ¥ dITHORKRTH 5.
(i) 7z, BTz € X L, ZOHETORKDENERTES fo.: D - W
WHEZONTWS, TbbEBER

F: X — Map(D,W), F(z)=f.

CRZ2ZIHBTEL. 3BAA [, ZEORD 2 FIHERL TWEE/RTHD,
J2(d) B EDORD 2 5 dITHORKTH 5.

WIFRDO R FOERIFEZ L TWBEITT, ARIZRICTH 5.

BHS 22, EH 1.4.35 D

®: Map(X x D, W) — Map(X, Map(D, W))
U: Map(X,Map(D,W)) — Map(X x D, W)

WKEY O(f)=F,Y(F)=fTdbs. 2Fbh & (i) DRA% (i) DRFIZ, Ui
(i) DRAZ (1) DRFICHEZMMZ 254 TH 5.

2. 5D LEHN RN EFERIL) Hle LT, m x n FATHIRE My, o (R) 2%
ZATAES. m={1,....m},n={1,...,n} £ T 5.
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(i) m x n {TANI (i,)) A ZEDIUIIRE . T72D5, & (i,j) Em X n I
j‘TJ‘L a;; € R %ﬁ@h({i, ??5” M = (aij) S Mm,n(R) ﬁ)ﬁi %)O)"G‘, 3{%

Map(m x n,R) — M, »(R)

PESN, HOEPICEHHTH 3.

(ZAUZE D, Map(m X n,R) & My, »(R) ZIEFEAERTLBDIZEES 2 &
MTELZDOTHEP, TOREHII, mn DB LBXTTE S SHFNIXIGT
BZEIEET B TEES I LICHER)

(ii) m x n f750E n KIATRZ Lk m AR S5R2 2 THELNS. £/, n K
TR bv e = (21,...,2,) ER"IF, FjeniTWLz; e REEDZ L
TEZXS, bbb RDITFELE-TIWY (F] 1.10.4 2, L2 LR 62 3%

ai
Bozr) . 3hbBbKiemIiTHL, a; € R* ZEDIUITEHI M =
A
MWEZX DT, 54
Map(m, R™) — M, n(R)

HESN, HS ISR TH .
e (EZ20WER) OBEMEZDHEDEM 1.4.35 DE{ O, U TH5 !

Map(m x n,R) = M,, ,(R) = Map(m,R").

DF D, ZORKHNX, T% % (i,)) BRADOH2oF D e R RG L, ITXT FAd
BROARED D RZAAOMONEEEZ TS,
ZOPIB ED 1 EFENCFEILTH2DIFHLHNTHAS.

3. 2EFBBORMS (REXMED) 2EVWHZS. R?2 TEZEIN 2 ZHFERIE
BI% f(z,y) @, & (a,b) € RZ B2 y 1B 2 WM REL fy(a,b) &, z =a
ZEIELT, y OB 2z = fla,y) ZEZX, The y=b THMATT2DTH -7
D, %K acRIZHL fla,y) € Map(R,R) ZXIE X2, W EED, LOE
14350 ®(f) TH5 :

®: Map(R?, R) ———= Map(R, Map(R, R))
w w

f(z,y) a— f(a,y) -
SEM 1.4.35 OFFFH. f € Map(X x Y, Z2) I L o ®(f) € Map(X xY,2) &2 5.

(T o ®(f)) (z,y) = (¥((f)))(,y)
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WZ Vod(f)=f, $hbb Vod =id.
F € Map(X,ZY)IZHL ®oU(F) € Map(X,ZY) &% 5.

Wz (P oU(F))(z)=F(z), ®F Do U(F) = F, /bbb dol = id. O

FE . YX WS EICHOVWT.
YX LW EERES ORBOBEROHELLPEO IO LI LS.

X0~ xM~x
0% =0 (X #0) % =1
(X xY)? = X% xY? ZXIY) o 7 X o 7Y

(B0 EHHD THRZ BEHRTEZONIZ LW B RYILDOTH 2B ZFHICD
WTRKFEZ oMo EaIcihdEDINBZNI LIZTS.)
72 BHEHARK O HAREGE 0 EENERICOVWTWITNIENR 3,

1.45 EBEBESCHFEBEE
Tk 1.4.37. X 2HEHL T 3.

lLLACX 2 X OENHEEET 5. RTERSINDIGH xa: X - 2] ={0,1} & A
D (X ko) F4EBI (characteristic function) 5.

)1 (xe A
XM@_{O(xgm.

2. B x: P(X) = 21X &2 x(A) = xa KK DED S
FEE . LIRLIR[2)X & 2% LWL T 5.

I 1.4.38. Bff x: P(X) — 2X ZEHETH 3.
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AR, B 0: 2% = P(X) % pla) = a (1) TED D &, HLDIZ x DWBEHRTH 5.
FEBE, a € 2X 1L,

THHHN, x € X ITXL,
Xa-11)(z) =1z €a (1) & a(z) =1

TIPD Xg-11) = a. 2T xop =idyx. =/, Ac P(X)ITHL,

(pox)(A) = ¢ (x(4))
=y (xa)
= xa (1)

J:OTQOOX:ldp(X) U

mE 1.4.39. f: X =Y 2533 BeP(Y) XL, f~1(B) € P(X) 25X+
2EB/{PY) = PX) % f* v &L,
DL E xof* = f"oxBRHID:

PY) = P(X)

Xlg glx

Y — 2%,

?Zﬁb%, f_l(B) cX @?ﬁ'l‘iﬁﬁﬁéi Xf—l(B) = f*(XB) = XBO f 12 & D'—:?i b,

AEBH. x DHERE o LEL. po ff = ffop BREIX LW,

e(f*(a)) = p(ao f)
= (a0 f)7H(1)
= a1 (1)),
[ (pla)) = f~H a1 (1))



36 FH1E H£H

i

HE . L PY) o PX) EBVTHXVDTHED, WAWA LIRELT 22255
DT, TOFEFRTIYE f* L WVWIHIRLBEEMS. f OFETZEMHR2Y - 25 § f* vEL
DTHHD, Y TEVFE—MHMINUIFRLCZDT, 2EHIESIFERS Z &l3RW.

EIE 1.4.40. f: X =Y 25/ 335,

1. KX FHE.
(i) fVXHG.
(i) f*: 2V — 2% 324
(i) f*: P(Y) = P(X) i325.
2. XiZ[FE.
(i) f 259
(ii) f*:2Y — 2% | ZHiG
(iii) f*: P(Y) — P(X) X H4.

AERH. WIS (ii) & (i) 2EETH 2 Z ki 1.4.39 X H S .

1. (i)=(iii). AeP(X)F5. fIEIHEMNZOT [THf(A) =4, Tbb f(4) e
PY) L, f5(f(A)) = A.

(iil)=(). z1,22 € X, f(z1) = f(z2) £ T 5. {x1} € P(X) TR, f* BEHT
HBD6, f*(B)={m}, T%bb5 fTY(B)={n1} %2 BePY)BFLET5.
f(xe) = f(x1) € BTH 205, 20 € fHB) = {11}, T7bB, 15 = 1.

2. ()=(ii). bi,by € 2V, f*(b1) = f*(ba) €T 3. TODrZbiof = f*b) =
f*(ba) =bao f THB. ycY 52, fIIRHTHE2H,S, H5 xe X BPEEL
Tflx)=y &3, £oT, bi(y) =b1(f(z)) =b2(f(2)) = ba2(y). X by = bs.
(ii)=(0). f(X),Y € P(Y) ML, F(f(X) = [ (f(X) =X = f1(Y) =
(Y)Y Thh REXD fFI3HEFZOT, f(X)=Y.

(BBDA Xy, Xfx) ZEAT (i)=(1) ZZRLTBH LW)
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15 &8k

E&E 1.5.1. 1. THRIRTEETDH 2 L5 REEGZERHE (family of sets) &\ 5.
2. BEADS, DEIEAHANDEFSZ, A THRFMTONIEETE (indexed family
of sets) £\ 5.
RENIONTRBEBH A: A - A, Hil, AN) e Az A, eFE T, {Ar}biea
LEINDEZEDBZ.

% NI N EEBL, BEBROFRRIZGE TRV, £EGL, RFENIT R
KEBE OBRIX, BOEE LB DR EFAKTH 5.
Z,cj'o’, KEBZ, ZhHBETHRTFNIONLESE (0% 0, HEEERId: A - A) &
ZABIEMTES.

BEHTH2D0UT, RENITONLEEHEDO Z &%, FUIZEEHEL XXZ 2.
& 1.5.2. {A)\})\EA PEREHE T 5.

1. 4

5

{z|INEAN:z€ A\}

7&?7%&/5\7]49_6 {A)\})\EA @*ﬂ%é (union) ZL‘O’C,

U 4,

AEA
FrRT.
A={1,2,...,n} DHE

A =N o5Es

L Z B\,

o> I

{z|VAeA:xze A}

Bl {Ax aen DHEBES (intersection) W5 T,

N 4

AEA
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EYHT
A={1,2,....,n} DHE

A =N oOHH
A
=1
rELZEHZ.
B UZ A NS A e B E AL LWSEEDEZ SR TV S DI TR
TR . RFREVZEREA=0TH3HRFNONLEEHRA: ) - A RXODVWTEZT
5%,
UJAi={z|Ier:zeca}

AEA
={z|3INel:zec Ay}

B M TINeD:x e Ay BHEIHTDHZ225
=0

TH5.
—77, HEEEZOVWTRIEEIRETDH 5. oD%, SRZE LTI

[JAr={z|VAcA:zeA,)}
AEA
={z|VAel:zec Ay}

CRBM, FEIVANeD:x € Ayl EEITETHAHDH
= {:U | 2 X TH J:L\}

LHROTLEY, INEEELEZBZZLETERWL. LEN>TA=0D5EEEKSIC
X, BEZDZDTEZRIOVT S rDOHINZHRITDEND L. A =0 DHEHINS
7=, IEREICIZ, ThmaEs %

ﬂ Ay = {l‘ € U B
AEA BeA
LEFET D, (BAW, BTN ONLEGE ThbD, FR AN 5 AREZTNDO
T, ADA Y N=DILDAZEFEZZDIZARTHA5.) AAD DL ZWIF LOEREFT
TH2. A=) DHE

VAEA:Q@EAA}

\V/)\E(Z)II‘GA)\}

(]AA:{IGLJB

€D Be A
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= LJ B

Be A

£33, LIELIERS O, AN, B2EE X OBES A= P(X) 05

e

UB=x

BeP(X)
ROT, BEBE A A — P(X) XL,

ﬂA,\—{xGUB

AEA BeP(X)

‘V’AGA::UEA,\}

={reX|VAeA:xe Ay}
THH, A=0DZX

A= JB=X

XeD BeP(X)

5.
Bl 1.5.3. 1.
2
Ua= U 4
i=1 i€{1,2}
={x|Jie{l,2}:xze A}
:{x|x€A1\/x€A2}
= AU As.
2.

Na= ) 4

i=1 ie{1,2)
={z|Vie{l,2}:x € A;}
={zx|zeA Nz e Ay}
= A1 N As.

Bl 1.5.4. X /L T5¢L

JAa=x

AeP(X)

A=0

AeP(X)

AN
=

TH5.

ZD
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HEBONEEPLHBEBEESIIHNL, ZO0EEGOMNEECHEES LR Z L HAD
YASN

2 1.5.5. {A\}ien ZHEWE, BE2HEEL T 5. RO DILD.

L AEED A€ AL, Ay CUjep 4Ar
2. TED N € AITHL, Ax D (yep A
3. MEED AN e AMTHL Ay C Bl & Uyep Ar C B.
4. MEED X e AL Ay D Bl & (yep 4x D B.

AERH. 1,2 13HS . 34D T X 12 XVHS . D BHLLTH I3 0D =] %
RLTALS.

T € Upepdr 55 ERID, DB N ADFELT, 2 € Ay 245, RELD
A\ CBTH»%»5 z € B. O

EIE 1.5.6. A ZHE, {Balr ZEAWL T 5.

1. AU (n)\e/\ B,\) = ﬂAEA (AUB)\)
2. AN (Uyea Br) =Uyep (AN By)

FERH. EFE 1.1.14.1,2 225 LS.

AU<ﬂ3A>:{x|xeAv(VAeA:xeBA)}
AEA

={z|VAeA:x€ AV € By}
={z|VAeA:z€ AUB)}

AEA

2. THHIMHE 1.55 2o TRLTALS.
(i) AN (Uxea Br) DUyepr ANBy) THZ Z L.
EEDOANe AL, B\CUByTH2056, ANByCAN(UB)). £oT
Ur(ANBy) c An (U, Ba).
(i) AN (Uyen Br) CUyen (ANBy) THZZ k.
€ AN (Uyea Br) €35, 2 € Uyep By TH2025, 2 X € ABIFEL,
rEB\THB. £l c ADTr e ANBy. £oTzxelJANB,).
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FIE 1.5.7. X Z8E, {Abrer Z X OWMDEE DM, Thbb, FED N e ATHL
ANCXTHBLT5. (BHREEZIZA: A P(X), A\ = Ay

1.

(U AA>C: ) 45

AEA AEA

(ﬂ AA>C: L 4.

AEA AEA

AR, 1 Z2RE 5.

(ALGJAAAY = {x €cX|x ngLEJAAA}

:{xGX ﬁ<xeAL€JAAA>}

={reX |- eA:xze A}
={reX |VAeA:z g Ay}
={zeX |VAeA:zec A}

= () 4.

2[EAMk HEHVITLZ L > TRLTHIWVL, 1 Z2HoTDH L.

O

MIRESE . 8(1), 10(1)~(7), 11

EIE 1.5.8. [: X =Y 5], {A}icr & X OEREREDIE, {Bj}jcs & Y OHEHTE
BORE T 5. KD ILD.

- f (Uiel Ai) = Uz‘e[ f(Ai).
F(Nier 4i) € Nier £(A).

Y (UjeJBj> =Ujes f1(By).
: f_l (ﬂjeJBj> = ﬂjeJ f_l(Bj)'
GERH. FEFHIE oD X 2RI TH 5.

~ W N =

—H,ye f(UA) T2, b2 e A PEEL, y = f(x) %&b, Z
DrxlZonT, ze|JAWR, HBiec I PHEEL, x € A, £hbD. £oT
y = f(z) € f(A). WX yelf(d).
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exercise.pdf{}{}{}#Item.27{}{}{}
exercise.pdf{}{}{}#Item.39{}{}{}
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2. R .

3.
() [ roeus]

JjedJ jEJ
={z|3jeJ: f(z) € By}
= {z | djedJ:ze f_l(Bj)}
=UJ s

jed
4. FE S

O

TR . 3b2A, 123 LFARICHEAT A2 TEZSL,3 %2 1 LAMRICEEHAT S Z L
HTED.

(Ua)={s|zeUnci-ro)

el

:{y Jx : (:ceUAi>/\(y=f($))}

={y|Jz:(Fiel:xc A)N(y=f(x))}
={y|Jz:Fiel:(xeA)N(y=f(x))}
={y|Fiel:Fx:(xeA)AN(y=f(x)}
={y|Jiel:TxecA  y=f(x)}

={y|Fel:ye f(A4)}
=J r).
el
Z ORI ARENC EDFEFH Y RILTH 3.
7B, 4TS 5THDOZERT, e & Jic I Z ANBATWVWS L ICHEYR L.
2 CHEENWMDIIZRVDIF Tz b Vi € I ZANEZ 2 Z eIk WwE

PR
f(ﬂAi) = {y Jz € ﬂAi:y:f(x)}
iel

iel
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:{y

h:(mqjm>A@:f@»}

icl

={y|Jz:VMiel:zcA)N(y=f(x))}

={y|Jx:Viel:(zeA)N(y=f(x))}

C{ly|Viel:3z:(xe A)AN(y=f(x)}
(

={y|Viel:ye f(A)}
=) f(4).

el
3 19. 1. ko2 %ZRE.
2. fBHETHZ L & 2 THEEIIMDLOD.
3. ko4 #RE.

fERG (R CL O 2RED MR, THIRZHENLTEL.

E& 1.5.9. {A}ieny ZHREWE T 5.

ZENENEEHE {A;}ien DEMBIR (limit superior), TR (limit inferior) 5.
1 1.5.10. N OEDEEDHE {Ai}ien %

g+ i4+2,000 0 fEEK
‘ {1,2,...,i} i AR
WEOEDSZ. Ay ={1}, A ={2,3,4,...}, A3 ={1,2,3} LWV o BEHTHS. neN
WXL Agpor =4{1,...,2n—1}, Ay, = {2n,2n+1,...} TH 225 Ag,—1 UAs, =N,
AgnflﬂAQnZQVC%%:t&:?_}I_%ﬁj—%271—12711%575)’5

UAiDAanlLJAQn:N mAiCAan N Az, =10

i=n i=n

ALY

GAZ-:N (A4i=0
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oy

Thbd. £oT
@An:Fj(GAi) h—mAn:G(
n=1 \i=n n n=1
n=1 n=1

B 1.5.11. A1 {X; }ien &
X, ={IcNJ]iel}cCP(N)

WCEDEDS.

3
I
—_

£
>
3
|
ID):
<N
-
o
~_

N
Il
S

D LAY

<G{ICN|@'EI})

i=n

{ICN|Ji>n:iel}
n=1

={ICN|VneN,Ji>n:iecl}
— {1 CN| LIHEREA]

.- U ()

n=1 \i=n
LJ( {IcN|ieH)
n=1 \i=n

:U{ICN|Vi2n:i€I}
n=1

={ICN|IneNVi>n:iel}
={IcN|I°3HERES}.

RISEE . 12(1),(2),(3)

EE 1.5.12. X = {Xy}aen ZREBE T 2. ADDS Uyep X NOER f THo T,
EED XN e AL, f(N) € Xy 22 E5B8bDEH%E {X)}ren DEFRE (direct

product) £\ o T,

I1x. II~

AEA
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FrRIT. OFD

V)\eA:f(A)eXA}.

HXA{fe(UXA>A

AEA AEA

LIZLE, BROTE f % (2x: A€ A) EVWSTHETET. 2721 oy = f(\) TH 5.
T, A€ AHL, m(f) = f(\) TR 5h3E4

T HX—>X>\
fe=f)

Z \RAA~D) BHENHE L WS,
A:{1,2,...,%}’%’1\:1\1@2%,HAEAX)\%H?:lXZ“%QH?ilXi Z?é)%<

i 1.5.13. X, BETHL X, =X ThHd L %,

I[[]x =x*

AEA
Bl 1.5.14. {X,}ic ZRAEHE T 5. 720 2] ={0,1} TH 2. EENGE2HWT
Bz bh3EH

7T:(7T0,7T1)I H Xz e X() x X1
1€[2]

[ (f(0), f(1))
FHSHICREHTHZ. ZAUTED [[_ X, & Xo x X1 ZLELERA—HT 3.

FREICEA L LTI Xi & Xo X X1 X - x X1 13872 253, EEHERISTE % U
THEZ BN 2 2

n—1
HXi — s XoX XXX X1
1=0

[ (f(0), f(1),..., f(n—1))

WKED, LALEFA—HT2Zehd 5.
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FB1E 5

oy

E#E 1.5.15. X = {Xo}aer ZEEEE T 5. B A X U cp Xo OEIES [11c4 X
ZUTTED, {X)}rer DEM (direct sum) % 7213FFXAH (disjoint union) &5,

[TX={\z) [ AeAnze Xy}
AEA

= J (A} x X0) cAx X

AEA AEA

Bl 1.5.16. LA {X}icp 1ML, BB

T HXZ—) U XZ‘:X()UXl
1€(2] 1€(2]
Za(i,r) =x TEDDIE 732N TH 5.
O, XoNXy =0 THhE m BRBHTHS. ZOE m &) [[jgXi &
XolI X; Z LIELIERE—WT 5. (ZoTRED LW, REE 29 BIR)

B 1.5.17. Xo,X; BZNZAHIKE[0,2],[1,3] CRTH 5 & &,

HX {(t,x) |ie€{0,1} ANz € X;}
1€{0,1}
={(i,z) | i=0Az€[0,2)V(i=1Aze€]l3])}
= ({0} < [0,2]) U ({1} x [1,3])
c {0,1} x [0,3)].

IRE& . 29
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1.6 [AfERIfR

RERMEDT, IN—=T3F T2 0 TRIEEFHROENISBRUEATHAS. FAL
METH2 WS 1Bk TOLV—TRIT2DTHE0, EGEEBEALTL—T7
TEDL (EDXYN=p VTN DIN—TIZA->TED, $7RBRE5I7V—-T3EXD5
BN, DEDEDRX N2 —DD TN —FIZAB) 12DI2iEZ0 M%) 1I28o X
IREHEPVBEDD, WS DEMR L0 FEEEGRE KIZN 28R TH 5.

FITN—=T RV D EHEALEREL LS.

& 1.6.1. X 28G5 T5. X OETESOBEP (Tbb P CP(X)) IFROFEME
ZAIT L E X ORE (partition) THZ WS

1. 0¢P.

2. Unep A= X.
3. TED A BeP, A4BITHL, ANB = 0.

bHEAA, 5 21F, EDXUAN=b0TNDDIN—TICABZENS I THY, &
SWERRZIIN—TERDLOLRNENWS e THD. 11, XoN—DWHRWI I —
TRV WVwS Z L.

B 1.6.2. 1. #£5 (3] = {0,1,2} o7&
e {{0,1,2}}
o {{0}{1,2}}
o {{1},{0,2}}
o {{2},{0,1}}
o {{0}{1},{2}}
D5 D.
2. £5 2] = {0,1} o77ENX
e {{0,1}}
o {{0},{1}}
Do.
3. A [1] = {0} omENX
o {0}
D—DF.

Eﬁi
gl

(. ZREG V0N HZEZTALD. P0)

{0}y 255, P(0) oEfmEEE 0,{0}
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DD, P e{d} TH225 {0} FEESOHETIERV. —7, ) C P0) i22WVWTIE,
D0, UpcpA=0TH%. 572, AcDred AZBRVOTHEIDGRMA3 HEHILoT
W5, TROEDIE0OREITDHS. Ko TEEAEDHENT—D.

f11.63. 1.Co = {neZ|nixl}, ¢ = {neZ|nBHFK} BT
{Co,C1} X Z D852 5.
2.C, ={nelk | n%3THoLHEDH r} L BIE {Co,Cr,Co} 1 Z D5EIE
52%.

EE 1.6.4. £5 X LOBZEDBERD =2 DM

1. (&2, reflexive law ) x ~ z,
2. (X#fE, symmetric law ) z~y =y ~ z,
3. (##812, transitive law ) s~y DD y~z=2~2

AT E, BfR ~ 13RS X LoORBER (equivalence relation) TH2 &\ 5.

R 20. 1. Z 2B 2% ~ %xwyé?f (e, y DEBLLBER WKEIDEDS. TD
BifR ~ 13, RN, HERSTRE 2 A7 30 ?
2. ROFEIFIEL SRV, ¥ 22372
X zHEae L, X LOBFR ~ WML HERFEZAT-T LTS, 2O X ~
FRAEH D A LAMERGRTH 2. EBR, ce X 328, BMEHEID o~y
Bolly~axThHE. XoTHBFELD 2~z 25,

E#&E 1.6.5. HR ~ 2HEE5 X LORMERMZRE TS, X OBEZXaec X IZXL, a &FfEXR
BE2RDLT X OHTES

Co={reX|x~a}

% a D[EELE (equivalence class) £\ 5. a DEfEE% [a], a FrELZLBZW.
reC, z—D2r5bZt%, x% C, DRI (representative) £ LT& 2L\ 5.

& 1.6.6. [FMEMHIIXOME % Fio:

1. a € Cy,
2. XiZ[FE
(i) a ~b.
(i) C, = Cy.
(iii) C, NCy # 0.
3. KiZ[FE
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(i) a £ b.
(i) Cy # Cy.
(iii) C, N Cy = 0.

AlERH. 1. R§HEEID a~a Wz a € C,.

2. )=@1). a~btF%. 2€C, T2 ~a@AMRBHEID 2 ~bEiD
re€Cy Thbb C,CCy. WIMEED b~a s Cy C C,.
(i)=(iii) Co = Cp £ F 5. 2OLZaeCy=CanCy Wi CoCy 4.
(ii)=(1) CaNCp D T 2. c€e CoNCrZ—DL 3. c~adDc~bWAN
PR BRI D a ~ 0.

3. 2 XOHAS M.

O

% 1.6.7. AEEOLKRDORTEE {C, |ae X} X X ONEE 52 5. Z05E % FHE
Btk ~ 12K 2 X DR (classification) &5,

ALRH. M 1.6.6 &D,ac CoWR, Co #DTHD X =Jex{a} CUpexCa C X 72
25 Upex Ca=X. £72,Ca #Cp 25 CoNCy = 0. 0

FERRZ G225 e nHZ2525ZI3FALCTH 5.

foZ 1.6.8. 1. P2 X DnEle35. Bfg~p %

r~pysJAePxye A

WEDED S L, ~p IFAMERGRTHD, ZORMERERICKZ2EHNE P TH 5.
2. ~% X LoFRfEREFRE L, P={C, |ae X} & ~ 1T 2HET 5. ZOPH
51ICEDEELFEERBR ~p 1~ TH 5.
CHERDESICHRZ e HTES.
Uy % X ORHERORTES, Ex & X LORERGRORTEAL T 5:

IIx = {P CP(X)|PiamnEl}
Ex = {RC X x X | RIZFMHERIH}

(B r otz LWdiIly C P (P(X) TH3.)
Bifge:llx — Ex & e(P) =~p, B8 p: Ex — lx % p(R) = Pgr, 7272L Pr ¥ R
WEBEF, CEDBE e & p AW TH 5 EHEHT

21, AR &



#
o
»
i

E#& 1.6.9. X 2845, ~ % X FoORMEREKRE T 5.

1. AfEEO 2K {Cy |lae X} & X/ ~ tFEZ, FAEBEFK ~ T2 X OBES
(quotient set) £\ 5.
2.a€ X% C, € X/~IT5DFER
X— X/~

v W
a——C,

ZBARBER »H5VWIEMER, BABHELLE WS,
3. AC X PREEARERR (complete system of representatives) TH %
e UEGBREEEBRDEK
A= X — X/~

DI LG,
SWEZ UL, ADPTEEREBERTH 2 LIEROZOPWHILDE NS Z L.

eVre X,da€ A:x ~a.

o Va,be Ala#b):ab.
ThOLE, X DOEDILD ADTTOVWTALEFEETH D, £z, A DITFETIXFE
TIX7RW.

HE . 3B A, BERERIZRIC—EITEZ 2D TIE R0,
M 22. HAREE X - X/~ E2HTH 2 2R,

B 1.6.10. £E X BT 2FLVEWLSHR = (X x X OETEREG E L TIEINARE
A Ax) FFRAMERGRTHZ. v e X OREER {2} THD, BES X/= BHARIC X &
A—fxhs. (EHEICEZX, X/=C P(X) & singleton map s: X — P(X) DBRTH
D, s DRHEH X - X/=%252%.)

f 1.6.11. A X CBI2BE~ %, TED 2,y c X 1L x~y TEDS (X x X
DEIEREL LTI X x X) &, L ICFAEREFRTH D, FfEEIE X OAT, RS
1EDAEPORBES X/~ ={X} TH .

f 1.6.12. ne N3 5. x,y € ZITHL, xwy(ﬁn\(x—y) YED DL, ~ ZIAfERE
BRTH 3. EIE,

L.Lz—2=0E&nDEHRTHLDT 2~ .
2.2~y TH2L328, 0—y3ndfFTHE00, y—ax=—(x—y) BbZST
Hb. XFoTy~ux.
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3. x~yYPOY~2THDB2T5. ZOLErx—y,y—zidnDEHTHS. XoT
r—z=(@—-y)+y—2) dbnoOBEETHZ. Wx,x~ 2

212381 % Z DRMER R % i

r=y (mod n)
z=y (n)
HrEX 2 ¥ yldnZiEE LTAMR (congruent modulo n) TH2 LS.

C DRMERIRIC X 2 FfEfZ n 27k L 5 %2 B[F%E (congruence class) & 2 W IIEIR
8 (residue class) £\ 5. x € Z OFfEE%

x mod n T + nZ

FrELZEHZW.
F 72, ZORMERRIC X 2EES%

Z/n Z/nZ
FrEL.

7 1.6.13. EENU{0} 2 Ny £EL. (HoP—RICZ S FLI DI TRV, FEEEF
TN 2FEOTWVRED, 6] fflo TNy eFEWTAZZ LI L) £ NG ICBIT %%
~ % (l,m) ~ (p,q)((i:)fl—l—q =m+pllXDED S LFMEERTDH 5. EE,

Lil+m=m+17E»5 (I,m)~ (I,m).

2. (I,m)~(pq)=el+g=m+pSp+m=q+1l< (p,q) ~ (Il,m).

3. (I,m) ~ (p,q) »2 (p,q) ~ (s,t) £ T2, l+qg=m+phDp+t=q+sh
Hy2l+t+p+g=m+s+p+q@Rl+t=m+s &Y (I,m)~ (s,t).

Bl 1.6.14. £EEZ x NIZBUI 28R~ % (I,m) ~ (p,q)c<1:>flq =mpIZEXDEDS L
fERAfRTH 5. FHIR,

L. Im=ml7ZH»5 (I,m) ~ (I,m).

2. (I,m) ~ (p,q) & lg=mp & pm =gl < (p,q) ~ (I,m).

3. (I,m) ~ (p,q) 2 (p,q) ~ (s,t) & TB&,lg=mpDpt=qs TH2. p=0
DeEIF, (#0E2B)Il=s=0R2D, It=0=ms®Z (I,m) ~ (s,1).
p#0DE XX, ltpg =mspg ®Z It =ms 72D (I,m) ~ (s,t).

WlﬁaaEmu&vaxwyﬁx—yezm;b%%N%E@éz,:mwﬁ@%%f
H5. ZOMRMERERICK2HEEAE R/Z £ &L
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#
o
»
i

&% . 33

5 1.6.16. G 2#f, H C G 2 ZDHn#r35. G LOBfR ~,. & g ~. g’ﬁg_lg’ €eH
WEDEDZ L, THIFRMEBGRTH S, ec G ZHNAILE T 5.

l.glg=ec H®ZX g~,g.

2. gr~p g 8T B2 gl g eH ZDLE (¢ lg=(g7g) e HOZ g ~, g.

3.91 ~r g2, g2 ~r 93 ETBY gilge, 9393 € Ho £oT gilgs =
(91 '92)(95 'gs) € HWZ g1~y g3.

ZOFRMERRIC X 28GR G/H £ EXL.
B 1.6.12, 1.6.15 X Z DRPIRIGETH 5.

M 23. G%28f, HC G220kt 35. G LR~ & g~ g’éli)fgg’_1 cHIZ
EDEDS.

1.~ ZAMEBEGRTH 2 Z 2Rt ~ K DPHESE H\G £ EL.
2. ~p, M I2K D g e GOREEIZZEN TR

gH :={gh |he€ H}, Hg:={hg|hec H}

TH5IZmnE.
3. GVT =RV THDB L E, ~p &~ IF—HT 22 L 2RE.
4. rop & B=HT2DOREDX S En?

T T 2HEEL LTELHS DI MArRFELE] THE2LWHIEFHRTHAS. Zh
BRD XS IERLTE 3.

R 1.6.17. X, Y 288, [ X > Y 25K 35

L. X IZBU28k~% o ~ y((i)ff(a:) = fly) CEDhEDZ &, ZHIFFAMEERT
H5.

2.m: X - X/~ 2l ORI BPHEENDODHALGE, $hbbre X I,z %
BURMEEC, € X/~ BB 2EH T2, O E Hbt f: X/~ > Y B
FELT, f=form bFRIN%:


exercise.pdf{}{}{}#Item.127{}{}{}
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ZOEBR fE FICKDFEINSZER (induced map) W5, (i 1.6.24
Z.)
¥, fiTk b &g

f:X/~—=Imf

HEoNS.

AIFEH. 1. (i) f(z)=fx) ®Z z ~ .
(ii) f(z) = f(y) 25 f(y) = f(z).

(ili) f(z) = fly) 222 f(y) = f(2) 25 f(z) = f(2).

2. 5 f: X/~ =Y % f(Cp) = f(z) TEDEDZ. C, =Cy DL Ex~yRDT
fx)=f(y) TH225, f(z) & C, DRFTOL D HITL ST, ZOERIIEK
BEio. (Zo ko7 & LIELIE [f1d well-defined TH 3| £\, )
OIS f=for THB (form(x) = f(Cy) = f(x)) .
£ f(Co) = f(C) 2T B, fla)=fly) BB~y ®ZC, =C,. Thb
5 fI3HE,

O

B 24. ZORMERIRIC L3 » € X ORIEENE 1 (f(z) TH 5.

B 1.6.18. ne N2 $3. Effr:Z —[n]=1{0,1,...,n—1} 2z cZif L%k nT
Hoh ) EMEEEEERL T, RO, r(2) € [n] 1

r=nqg+r(z), qrx)eZ 0<r(x)<n

WEDEEZDDTHS. RHDZ L %FIR (remainder) ¥\ 5.

o2 e =y (mod n) & r(z) =r(y) THB, DFD nZiEe LTARE WS BERK
En THSZLRDDBFETL EWSBERTH 3.

WEEHRY r DA [n] = Z 5 [n] ZEEEBRZOTr Z32HTHZ. £oT
7 Z/n — [n] ZEREFNTHE. £72{0,...,n— 1} C ZIIEFICHET 27ZE2RERT
H5.

id

M(/T\T ]
Z/n :

Bl 1.6.19. B d: N2 > Z % d(l,m) =1—-mICXDEDS. 7272L Ny =NU{0} T
H3.
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i

FB1E 5

dil,m)=d(p,q) ©l—-m=p—q&l+q=m+p TH2r56, il 1.6.13 DFRMER
~1E (I,m) ~ (p,q) & d(l,m) =d(p,q) ®AT, 2F D, ZHBFEIC L VSEKRTH 3.

HLPIZ dIZBEHTHZ00,d: N2/~ = Z IZEHHTH S, TEe2RE\ERELT
(No x {0}) U ({0} x Ng) = (N x{0})U{(0,0)} U ({0} x N) 23e#L3.

B 1.6.20. 5§ p: ZxN—- Q% p(l,m) =L TED 3.
p(l,m) = p(p,q) & L = Eolg=mp THL25, il 1.6.14 OFRIERIR ~ i3

(I,m) ~ (p,q) © p(l,m) = p(p,q) ZH7=T, 2% D, FRFRL L WIBEFRTH 5.
S p ERHTHZ05, p: (ZxN)/~ - QIZLHHTH 2.

Bl 1.6.21. p: R = St ={2€C||z| =1} % p(#) = > TED 3.

p(0) = p(1) & 20 = 2™ o 20T = 1 o ) — 7 € Z THBH5H 1.6.15 DFE
HRER ~ X 0~ 7 < pld) =p(r) AT, pEFTH 205, p: R/Z — ST IZ2H
5ThH5.

5 1.6.22. G, H 2%, f: G — H Z¥EFAEHR Y 33,

flo)=Fg)ee=f9) " fl¢)=Fflg7'd) e g g cKerf
TH D05, fIFLHE
f:G/Ker f —Im f
EHET S, (REBCERE 512, G/Ker f, Im f 3EHCRZ D, fIZFAMEHRTH2.)

] 1.6.23. XY 2HA, ~, 22N X, Y LOFRERER, p: X - X/~, ¢: Y —

Y/~ 2 ZNENHALRHE LT 5.
%/E:\XXYK:BD‘%BQ%:%(:z:,y):(az’,y’)(@(azwx’)/\(yzy’) WEDEDS.
Efpxqg X xY =5 X/~ xXY/m%2EZDL,

(px q)(z,y) = (pxq) (=", y)

THBDE ~ RAMBEHTHD (35 5AMEEEIDTS W) | (2,y) € X x Y ORI
HilE O, x C, TH3. px q ZREHTH 205, 2HE4

pXq: (X XY) /== (X/~) x (Y/=)
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2Z25. bbb A, BEMCEITR

< q(Clayy)) = (0 x D)(@,y) = (p(x),4(y)) = (Cz, Cy)
T®H b, UL L (Cm, Cy) — C(%y) THzoh3.

U ZN—TDX U N—p R CHEZR > TWHUE, 2070 —F 320t E 2 -
TRV TEVTHAH. ROMEIFINEERELLZbDTHE. WA, itHHE B
Wi 1.6.17.2 2IXIZREICTH 5.

ied 1.6.24. X 284, ~ % X LORERMFZREL, 7: X - X/~ 2 ZOBRICX 57
EENOHARHE, $hbbrc X2, v 2ECREH C, € X/~ ZEXH %54
£95%.

f: X =Y 2B%r32. RIFMETDH 3.

L. x~a' = f(z) = f(2).
2. f=fom e RBEIBREM/Rf: X/~ =Y DEFET 3.

I, COXIREH fI—BNTHS. COEGR %2 fICEVBEINZIER
(induced map) &\ 5.
BRI ETR f(C,) = flz) TH 3.

AEAH. 1 = 2 OFEBHIZAE 1.6.17 AL, 2= 1%2R%S. f=forn ThHhirT 3.
x~r 2T w(x)=n(2) THEINH,

f(x) = (form)(z) = f(n(x)) = f(n(z")) = (fom)(a’) = f(a').
TIERFRDOTIDEIRER fIZ—ENTH 3. O

% 1.6.25. XY Z8HA, ~, ~ 2220 X, Y LORMERER, p: X - X/~, ¢: Y —
Y/~ 22 ZNBERREF LT 5.
[+ X =Y 2BBe35. RIFETHS.

L. z~2a' = f(z) = f(2).
2. qof=fop b BRBEIBERf: X/~ =Y/~ DFET 3.
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x—1 .y
» lq
X/~ 3f>Y/%

ZOfIEf(C)=Ciy iCEDEZBNS.

AERA. go f: X —» Y/~ 12 1.6.24 21T LW, O

B 1.6.26. BEOME +:ZxZ —Z, I,m) = 1l+m%E&EZ5. =1 (modn) D
m=m' (mod n) THIUXI+m=1U'4+m' (mod n) TH2Hh 5, TEIZFH

Z/nxZL/n —— Z/n
w w
(Z,m) ———— [l+m

BEEDD. IV LTEIZEIZE, KOO TOITOERNZDEHRTHS. 12721, ~

¢
(I,m)~',m)el=10" (modn)»D>m=m'" (modn)

def
WX DIEE BFEEREGR, TOTOLEMO2ESHIH 1.6.23 DEHSFOHEHRTHD, TO
TOHERDEBIZR 1.6.25 THEZONIBIRTH S .

Ix7—F o7

]

Zin X Zjn——_> (L x L)] ~ ——ZL/n.

3

EHZDEH/S + 2o TRT. Thbbl+m:=1+
FRICEEBDIRIEZ X Z — Z, (I,m) = Im b [-m:=Im & D Z/n TREEZED 5.
Z/n O Z DOINE L FHEZ, BREOME, X FRLMEE GEEE, Al oEHESE)

AL, 2K D Z/n FEHIRE 72 5.

Bl 1.6.27. N2 LoEE o: N2 x N2 = N2, (I,m) © (p,q) = (I + ¢,m + p) &M 1.6.13
DFRMERRIC X 2 THEES LOHEBE N2/~ xN2/~ - N3/~ BED 5.

B 25. FoEES o tEL T 3. d %26 1619 OLHE T3 L X,
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d(d\(x) o d '\ (y)) 2 KD k.

S
N3/~ XN /e~ N2

dxdl% %ld

/A ~ 7.

FESESE . 41(1)(2), 42(2)(3)(4), 43(1)(2)(3), 44
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1.7 ERER

EE 1.7.1. £85 X B 8% < 23R0O&EM AT Z, ZOMFEZIER (order)
»H 25 VIFHFERF (partial order) &\ 5.

1. (RE11E, reflexive law ) z <=z
2. (RXI#5fE, antisymmetric law ) z<y»2oy<zXZHE z=1y
3. (B, transitive law ) z <y 2o y<zk51%, 2 <2

BB X ZBIBEF <BEHIRbALT L E, ZOIEFZLIERF (total order) &
% WHREYER (linear order) ¥\ 5.

4 FED 2,y e X 1L, 2 <y y <z DD ed—HBLITHILT 3.

& 1.7.2. £FE X 20 LoJEF < Ol (X, <) ZIEFESE (ordered set) H %W
FHEFES (partially ordered set, poset) £\ 5.
BiELOBZhp 770 23 < 2EAB L THRICEFES X tFEL 2220,

TR . EFREfREERTLSE LTET <25 w5 b TR,
Zoits < ZHVWS5E, LALEUTOREIHWSNS.

e r<yDrZXFy>ax EL.
e x<ybhorFydtZFr<ylb&L.
e <yt X y>ax EL.

Ml 26. x<y22y<zRBolX z <z
& 1.7.3. XY ZJEFERE, [ X > Y BB 35,

I EFED z, 2/ €e X ITWL, 2 <2/ %olX f(x) < f(2)) b, f 2IEFZRD
Ef& (order preserving map) £\ 9.

2. EFZROEL f 1, HFZ2ROE% g: Y - X T, go f=idx, fog=idy %
BT DT % & &, IEFFEZEER (order isomorphism) TH2 W\ 5.

3. X oY NDIEFFRMNEGITFETI X, X Y ZIEFRETHZ V.

W NER R RO RMENEL S L b IEFERAEES TR . il 1.7.4 B,
9 27. X,V 2IEFES, f: X - Y 22HH L T3, ZOr 2XERE.

L. f DEFRAERTH 570 DREFHEMHR, FED 2,2" e X 1T Lz <2’ &
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fle) < f(2') 2B TH5.
2. X BRIEFEET, f PIEFEZRTE, f ZEFFRAEEEHRTH 5.

Bl 1.7.4. X 28533, Bk = 3HSICEFREGZRTHS. X Bxr 2l EED
12, ZOERIZ2IERE TR,
<% X LolEFr$%. Ho2EES G Id: (X,=) — (X, <) 3IEFEZHED.

B 1.7.5. (X, <) ZlEFEEGLT2. i< 2z < yew >yllkDEDLE, < I13IH
FFREGRTH 2. 2z < DR (dual) H %\ & opposite £ 5.

I ZDEFZ (R FIHEDT) > bEL. <P LELIILHD5.

IEFEE X ICHONEFE Z Wh T HEFEE T XP L HL LD 5.

Bl 1.7.6. (X, <) ZIEFES, AC X 2in%kar 5. A LoBFR <% a < b((ifa <b
(FHdiZa,be A% X DILEATVWS) XD EDB L, < FIEFHEGTHS. F@EZZ
DIEF%Z (< FiZHbHT) < r&EL. 2 boRINE, HFEADERIES ZIE
FHRERELEZ DL ZIIDIEFREHES.

X BPREFEETHIUL, ZDIEFICED A DRIEFEAETHZ. X BREFEAT
Bled, ZOEFICEY ADRIEFERLRZ b H 5.

P 1.7.7. N Z oE@BONEF BOKRNER) B2EFTH 5.
B 1.7.8. NIZEIT2 ndm OEETH2 W S5BFE mn 3IEFTH 5.
28, ZIiZHB1T 2Bk m|n (3NEF D ?

Bl 1.7.9. X 28E555%. PX) LoUgBR AC BRIEFTHS. £IZZtbbH
BIFIUEP(X) ZIEFRELEZ 2L TR ZOEFZES.
X 2t oL EEDIR, P(X) O Z DIERFIZEIERF TR,

Bl 1.7.10. (P, <) ®HFHEE, X #E£E5LT5. PX DI f,gITHL, f < gé:)fV:E €X:
flx)<glx) tEDB L, PX LOIEFTH 5.

fl 29. ZhzrRt.

B 1.7.11. [2] = {0,1} KX Z OEHEAL LTIAF 0 <1 2943,
2X DIT a, b ITH L, a < b(<i:>fV:1: € X:a(z)<blx) LEDBLIEFTH 3.

Bl 1.7.12. x: P(X) — 2% & Lofl 1.7.9, fil 1.7.11 OJEFICBE L CIEFRBIESR T
H5.
EE, ACBC X ThHd232. €6 ADLEI, ACBTH206, 2 € B
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%Y xp(x) =1WZ xa(z) < xpx). € ADEEF xa(x) =0705, HLDIZ
xa(x) < xp(x). EoTEED z € X ITHL xa(x) < xp(x), T48D5 xa < x5 TH
5. LI 2T x(A) =xa < x5 =X(B).

X DHBEHE ¢: 25X - P(X) T3, pla) =a (1) TH3. a<bec2¥ T3,
a(z) = 17253 b(x) > alx) =125 bx)=1TdH3. XoTyla) =al(l) C
b1 (1) = (D).

) 1.7.13. P,Q *EFEAEL T 5.

1. B P XxQ LD (p,q) <,q) ©p <p ANqg< ¢ TEZIBERIEFTHS. Z
N x BB (product order) £\ 5.

2. B P xQ LD (pg) <) op<p'Vp=pNg<q) TE % % BERIZIER
Ths. ZhzHERIERF (lexicographical order) £\ 5.
bBAA, ZHFE (2XFDoRZHFELIDEH->TWVWD) FFETHELITATL
BIEHRTH 5.

FIZIXP=Q={a,bcliTa<b<cWiEFEVihit &, {a,b c}? CHMEEF%
Wb DR VNEWADPHLREZVWINRHANENTHS. ZD X5 R%KZ Ny K
YW EELITITEREK) T3¢

(c,a) —— (¢, b) — (¢, ¢)

(b,a) — (b,b) —— (b, ¢)

(a,a) — (a,b) —— (a, c)

5. ZOMEFTEM AR (a,b) & (b,a) DFICK/NEFRIZEEN. —77, FEERET 20
Nnd Dk

(¢,a) — (¢, b) —— (¢, ¢)

(b,a) — (b,b) —— (b, ¢)

(a,a) — (a,b) — (a,c)

&%,
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EEER & HEERNEF =2 EDIEFEED T AL PRI LT RRICER SR
5. £, HEAERFEEEFRES IS L THWSRS 2 ehZ0.

B 30. P,Q ZIHFEAEL L, Px Q FLOBEMIETF%Z <, 04, B RIEFZ <) TERT.
L. <prod & <iex DIEFTH 2 Z L 2T,
2. 1T G
id: (P % Q, <prod) = (P X Q, <iex),

ld (P X Q7 SZELE) — (P X Qa Sprod)

B 2 R ?
3. P,Q W dIceEFEETHNZ, <, DRIMEFTH 2 Z & 2RE.

Bl 1.7.14. P 2EFEE L T5. £4 PR cHl 1.7.10 oEFE %, P? ICEMAEIEFE 2w
3. e(f) = (f(0), f(1)) THz BN 2B

e: PBI — - p?

Y W

f——(f(0), f(1))

BIEFRREHRTH 5.

E& 1.7.15. X ZJHFHES, a,be X £ T 5.

1.
[a,b] ={r e X |a<x<b}

% a,b Zhir e § 2FHXM (closed interval) £\ 5.

(a,b) :={zr e X |a<xz<b}

% a,b Zhnrie 3 2HXME (open interval) 5.
3. a<b»D (a,b) =0 TH2L %, a% bDEH (predecessor) DIL, b & a DE

% (successor) DILE WV S.
Z OMERAIXR [a,b) FE W oGS H S . BERIZHLLTH S S.

FE! . FAXMEORLSE (a,b) 1ZIEMEEAS X x X OILERTLE LR L RO THERILE
THEH, BHEXD» S EE 5 DEERMITHMTE 3.

) 1.7.16. 1. NI @D Z2 AL b L
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1

»
i

1,4] = {1,2,3,4} (1,4) = {2,3}
[1,5] = {1,2,3,4,5} (1,5) = {2,3,4}

TH5.
2. NZmn ik EFZ AL (Bl 1.7.8 ZH) &

[1,4] ={1,2,4}
[1,5] = {1,5} (1,5)

Il
=

THs» (EH 1.7.17.3 2M1) .

M 31. X ZIEFES, abe X, a<b¥iT3. ¥/, 2>bTH2E5% v € X DHE

T35 A= ,la 1) EBL.

1. A>[a,b] TH3 T L BRE.
2. X OIEFEHLMEFETHIUL A = [0,b] TH3 T L ERE.
3. A#[a,b] LRBHIEET L.

M 32. X ZIEFEA, abe X, a<b¥iT3. ¥/, 2>bTH2E5% v € X DHE

T35 A=upla,2] EBL. ROZODEMNEEZ .

(i) A =1a,b].
(i) Vy > b, > bz <y.

1. X BREFEETHL L, (1) & (i) ZAFTH 2 2 L 2R,

2. X OIEFBEIEFTRVE 2 (1)=0) IZMRD o0 ? BOIZDOHROEAL, KD

STV R B ZET X

3. X OIEFHRMEF TR L X, (il)= (1) BR D 7om? M 1o% S, )Y

ST TR WG E B T K.

E& 1.7.17 (v kX, Hasse diagram). ARIEFESZMRT 2 DICHEHAZNYEH
(Hasse diagram) Z#M L TEL. (2IFWVWE, ADPFTHEHETET 2 DIEITTOD
TP BNGETRENETHAI L, 1Eo L RTEREFHANN S DB ILOBMB U

EZLBEVGAETHL S TN

(X, <) zHREFESG LT 2. X OIL2HKRE L, 2 DERDILY y THDH L El x
5y ~NKHZELS. 2L, RHFELEERRLDATIEIZD > T Jv. REIZEL &

TEHEC 2 B DT, KEHIZEDTREIVITTA LI B3 X5 12EL 22 E .
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BzohERESIINL, Ny 2N (DRZH) B—@8DIZET 2 DT TRV,
(IELLErN) Ny e oEFMEREEITT 2 e TES.
BRI 20T & 5.

1. RS ICUESHGRTIEF 2z D.

P([1]) {0} 7’([2])/{07 1}\
0 {0} {1}
\@ /
P([BD/{OTQ}\
{0,2} {0,1} (1,2}
> >
e .
{0} {2} {1}

N

2. 2]=40,1} 10 < 1 WS JEFZ VI D OOERICEMBEIET Z\Wizd D.

2] 1 2 (1,

[ 1)

| PN
(1,0) (0,1)
\0)/

1
o,
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2] (1,1,1)
(1,0,1) (1,1,0) (0,1,1)
> >
(1,0,0) (0,0, 1) (0,1,0)
Nl

3. W OO HARBOERITEHID YN D L WIS EFEZ R H D.

({1.2}.) T ({1,2,3.6},]) /6\
1 2 3
\1 /

({1,2,3,5,6,10,15,30}, ) ({2,3,4,5,6},])
4 6
2 3

4. FHEGD O ZEEERV D O AMFRTIER 2 VWi b o.
PI)A\A{0} {0}

P([2D)\ {0} {0} —={0,1} =— {1}



P(BD)\ {0} {2}

/N

{0, 2} {1 2}
{0, 1, 2}

{0}
& 1.7.18. X ZJHFHES, AC X 2HnHEEL 5.

{01} =———{1}

I.me X2 ADLER (upper bound) TH 3 (ﬁVaeA:agm.
2. 1€ X 28 ADTFHR (lower bound) TH % (ﬁ‘v’aeA:lga.

FE! . B, TR —DEF VI DI TIERV.

3. A ERZEFROL % AIZEIZER (bounded from above) TH2 L\ 5.
ANRTHRZFO L 2 ATTICER (bounded from below) TH2 &\ 5.
FIZHTIBERTHS & ZBR (bounded) THS W5

EELD TAER A, meX VacA:l<a<m ] Bohs.

HE . e XDPADTHTHZ2Z 1l e XPHRADERTHEZZEEFALILETH
5. ZDEI, EFEZDNNTEBENZTELNDE (DFEHAFEZSDOREEZLTHIC
LTiEon?) HExdb b0 ns. THRIZERD, FFIETROMNTH 5.
EiE"ODHET'—EAKﬁL“CﬁEfL?‘% X, (XP%2EZ5ZLT) ANHESOMEZHIC
et b ALY 5. T zIEFICH T 2 W RE (duality principle) &0 5.

fl 33. X ZIEFHEE, ABCX 75,

1. BO¥HSRT, AC B%boIE, A bHF.
2. X 2RAFHEEL 5. A, BB ERLLIE, AUB A
3. A, BEBIZHERTHBD, AUBEHEREBRSRWE S LB HIUIEET K.

B 1.7.19. X £ D ZIEFEEL TS FEDz2e X E0C X OLADPOTRTHS.
K, Vach:a<z,Vach:2<aldbB56d (FHENBTH2H00) KO ID.
CRIZX AP, 0Cc X IERTH 3.

EE 1.7.20. X ZHFHEAR, AC X 2HnEALT 5.
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1. M € X 28 A D& AJt (maximum element) TH %
o (i) MeA
def | (i) MIZADERTHS. §72bbVacA:a< M
DL E MzmgzcazmgxazmaxA%K%(.
2. me X AD®NT (minimum element) TH %
o (i) meA
def | (i) mIZFADTHRTHS. §2bbVacA:m<a
D& E m=mina=minag =min A FrFH<.
acA A
IR . BARIT e BNTTE AW TH 5.

faed 1.7.21. A C X ORAIT (F/JT) BFETIE—ENTDH 5.
AERH. B, My, My 22 DI A DRAILE T2 L EFRE DRI D 1D,

(i1) M; € A
(iil) Va e A:a < M,
(i2) My € A

(ii2) Yae A:a < M,

(i1) & (ii2) &b My < My. R My < My. K-> TEHFOWHE LD My = M.

BRANTCIZOWTHFEBRICLTRLTD S0, FOHERE X DD IO, 2FEh, me X
BADENCTHEIZILEMEXPRADBRRKILTHAILIERILIETHBEI LT

FEITIEIRAITO L 2OARLTBFRE D THS.

O

Bl 1.7.22. NiZ m|n TIEHF %2V 3. minN =1T»H3. —J7, min (N\ {1}) IZ7FE
LW, EBE p e NOZEBTHIUE, mp B2 meNEFLpDATHS. LI,

2,3 e N\ {1} iZHL, m2 D m|3 £7% m e N\ {1} EFEELRW.
f 1.7.23. maxP(X) =X, minP(X) = 0.

M 34. ThzhEred k.

il 1.7.24. 2] 120< 1 WIS EFZ VNS L, min{p,q} = p A q = pg. max{p,q} =

pVaq.

B 35. Th &l K.

fl 36. X ZIEFESR, a,be X, a <b kT 5%. maxfa,b] = b, minfa,b] = a Z7RE.
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ffl 1.7.25. Q IZHDOK/NEFRTIEFEZ VNS, a,b € Q, a < b kT 3. max(a,bd),
min(a, b) 3 & BITFEL K.

EBE, EED x € (a,b) IZ2WT, 2 BE/NMTTIEBRWZ EBRUTD XS IZLTHH 5.
ze(a,b)WRa<z<b c=2f2 B,

T+ a :r—a>0 T+ a x—a>0
r—C=T — =
2 2 2 2

cC—a=

Ehrba<ce<z. x<biRDTc<b oTce (a,b) Dec<z £oTaldmit
TRV, BATTITOWT B [

B 37. AICICOWTRE.
E&E 1.7.26. X *IEFES, ACX 3T 5.

1. A ER2EROESITR/NTHEET 22 Z20% A O LR (supremum) &

BeN

supa £7z1% sup A
a€EA

TKRY. $72bb A LEReEE

Us={zeX|zdADER}

B, supA=minUyh.
2. AD THEROESITRARILOFET S Z2Z2h%e A DT (infimum) & X¥

inf a £721% inf A
a€A
TRT. Thbb ADTR2KE

Ly := {m€X|x6iA0)T5?}
B, infA=maxLy.
HEE . EBR, TRIZEWIZWNNTH 2. £72, ER, TR BIHEETNUEI—ENTD 3.

B 1.7.27. X ZJEHFEEL T 5. min X PEETIUL supd = min X TH 3. max X
PFET U inf ) = max X TH 5.

FEEE, min X > max X DFEITNUREX X 20 TH2»6 0 Cc X IEHRTHD, Uy =
Lo=X 75

g 1.7.28. max A D’FET UL sup A = max A.
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GFRH. M =max A & 35. ADEREEOLTEEEZ Uy £EL.
BATEOER (i) D MIZ AD FRTHS, ThbB M e Ua,
FLBATOER (1) KD M e A [>T, ADERED LR m e Uy ITHL M < m.
XoTM=minUy, 358205 ADLRETH3. O

el 1.7.29. X 22JHFEES, AC X 3 5.

s — sup A (i) VaeA:a<s,
- P (i) VeeX:(z<s—dacA:z<a).

FRE! . ZOREO T REEFES TRITIUIRITIFIEL <72,

AR, RE () 1E s D ADERTHEZ VSTV,
—FHEEEZ B () Tz ADERE SR, s <2l &[FEME.
Tbb (1),0) 1F s ADERORNTTHE I 2V oTWND. O

& 38. 1. LoD Y ZT X 22EFRETH 52 e ZHWTWE 57
2. ~RDIEFESTHE 1.7.29 ® = EK DDA 50?7 DOk SIXFEAL,
% D 372707 B IR R T K.
3*. ~RDIEFEESTHE 1.7.29 D < IO A 507 MOILOk HIXFEHL,
BR D 372707 IR B E T K.

ffl 1.7.30. Q KHDOKR/NEAFZTIEFZWVWNS. a,b € Q,a < b &F 5. sup(a,b) =D,
inf(a,b) =a TH 5.

FAEAA. b = sup(a,b) TH 2 Z %, fnd 1.7.29 2o TRZS.

r € (a,b) "ol a <z <bTH3225 bl (a,b) DEFRTHS. Tibb blddn
B 1.7.20 D&M () B AT

S (i) Z#ANRK S, e <b¥d5. d=max{a,c} B, d<b £oT
y=0b+d)/2cQeBld<y<bihd. a<dWXFEET2a<y<b TibH
y € (a,b) TH2. ¥/0c<dTH2hH c<y. XoTHM (i) bEDIZoTWS. fEo
T b =sup(a,b).

inf(a,b) = a HIFAKE O

i 39. TR ZRE.

B 1.7.31. ACPX)WTHL, supA = Uy A infA =Ny ATHS. L,
A=0DEZEZN4esA=X EHHRTZ. (§1.5 HiD Remark i)

AR, TIROFTZRES. ALV DLERERS.
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BcX7bi‘A0)T5'%é:)fVAeA:BCA

eBc[]A
Ac A

THBE oy AlEADTFROBAT, T755B inf A TH .
A=0Dr ZZE maxP(X) =X TH225 inf ) = maxP(X) = X @ 2. O

R 40. LR ERE.
E&E 1.7.32. X ?IEFES, AC X 2EnEEr 5.

1. M € X 7 A DKL (maximal element) T» %

o (i) M e A,
def | (ii) Va€ A: M £ a.

DED, MMPADITTHD, DO M EDREVITIE ADOHFIZRVEZIIMIF A
DHRILTH %
2. me X H ADWNT (minimal element) T» %

o (i) meA,
def | (ii) VYa € A:a £ m.
DFED, mBADTLTHY, 2Oom ED/PEVTTIE A DHIZRVEZIImIZ A
DRVNTTH 5.
faed 1.7.33. RATTEMAITLTH D, R NTENTTH 5.
AEBH. a < M = M £ a. O
el 1.7.34. 2IEFHDEE TEIMATIIRATTDH D, M/NTIZRINTTDH 5.
AERH. 2IEFEETIE M £ a= M > a. O

Bl 1.7.35. —fBICiIMATE, fM/NTIE—E TR Y. NI min TIEFZWNS. n €
N\ {1} PN THZ L & n HRWTH 2 ZLIFFAETH 5.

EE 1.7.36. ~ROMEFESIH L TERT 2 L@ZHE O ARV, LR, FTRMPEE
T 556 LR, THRZERTEXS. X ZIHFES, a: N - X 2E{H{r35. (Zh
X OEFIE WD) BHOGE L R, @ a(n) € X % a, £ EZ, S5% {an}nen,
{a,} FERT.

1. 54 {a,} % a, :=sup{a;|i >n} € X TED 3. X OFBEE {a, | neN} D
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TR%Z 55 {a,} OLMR Y WO, limsupa,, %W lima, 2 EL. Thbb
limsup a,, = inf{a, } = inf {sup{a;|i > n} |n € N}.

2. KAl {a,} % a, :=inf{a;|i > n} TEDS. X DEREE {a, | n € N} D LREZ
A {a,} DR W, liminf a, % Wi lima, £EHL. ThOE

liminf a,, = sup{a,, } = sup {inf{a;|i > n} | n € N}.

B 1.7.37. P(X) Oridl {Aptneny KL, 22 TERLZ MR, TR E&K 1.5.9
TERLZDDIEFELTH 3.

B 41. XY ZHFRE, f: X - Y 2IEFZ2ROEHR, ACX £75.

1. me X 8 ADEFRTHNUL f(m) & f(A) DEFRTH 3.

2. m=max A 725X f(m) = max f(A).

3. EBRICOVWTHBERZEDNEZ 22 ? XY, fICHBICKEEDT D LIS X
%07

4. m D A DWKRITTH 5703, f(m) 1F f(A) ODMKRITTEITR SRV K S 2Fl2ZT X.

R 42. X 284, P 2EFES, PX K& H80EFE (B 1.7.10) 2vwh3. Fc PX ¢
T 5.

. max F WEET 232, ZOLrE2EED 2z € X XL, (maxF)(x) =
max{f(z) | fe F} TH 5.

2. EED z € X ITHL, max{f(x) | fEe F} DPFET ST 5. TDLE max F i
FIEST 2D 7

3.supF DHEMET 5L T2 ZOLEEEDz € X XL, (supF)(x) =
sup{f(z) | fe F} TH%.

4. TED x € X WL, sup{f(x) | fEF} BFEETBLL, f, € PX % f(x) =
sup{f(z) | fEF}IREDEDS. TDOL X fi=supF TH5.
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1.8 BE

COEITIRESDEER2DHONS. BEL WS DRBBEI2FICE ZITESDITTOMEE
DI TH5. Wit TIIERESEEDHOIWV, ZORERESEZHONS.
COFITIIIFARBE 2R NU{0} 2 Ny TRT. (AN ER LD, 20353
HERR D D TIER W)

HEX DO Y ANRHERGFEETILERXCX LY BRFrwoT X @Y v EWE
(B 1.4.15) . ZOMNEFEXWS” BFR XFAERE AT

T 1.8.1. X\Y,Z 28857 5.

1. X =2 X.
2. X=2Y=Y=X.
3. XE2EYANY=EZ=X=2.

AIFEA. 1. [EEEHRIIEHEE
2. EHEOMER D SHET
3. BHEOE I ST

O
1.8.1 HRES
INFETIXHAMRES L VO BFTEEZZI ORI fHoTE D, ZZTEREEANR
HEE52TBL.

HolDTHEE 0] ZERLTBID.
& 1.8.2. ne Ny kL, Ng DEAES [n] &
[n] :={m e Ny | m <n}

TED 5.
$7=, [n] ZIEFEELERZ L 21d, L QWS RITNE N, (DEEDIER) 5 A
BIEFE ANS.

E#& 1.8.3. £E5 X »ERES (finite set) TH 5
§ﬁ%%#ﬁ%ﬁn€N@ﬁﬁEbwauhﬂXﬂ%f%%.

TR . AREEOERDETITZVAWARREND L. HURFEDD L TIRVWINS
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FB1E 5

FMETH 2. ZIZTHRRNZERIIRDODLDILTVHDELESH, —HBEENL VWS D
JTIE R,

EE ] OVWTOWEZ WL DH0ZET 5. GEHEBENRWIEIC X 5 (1.10.8 fHiz
RE) .

18 1.8.4. AC [n] %5, 5 m e Ng, m <n PFEEL, Ak [m] ZIEFEETDH
%: A2 [m]. 72720, A [n] 2o A3 EHFZ ANLS.

i 1.8.4 LIZt A CRBRITRE 228, ROME 1.8.5 3TTOME 2% 2 5 L THAR
TH3.

8 1.8.5. mneNy &332, ZDE&ERMAD O,

1. B4t f: [m] — [n] DFET 2 < m < n.
2. BHEFCIERVEY f: [m] — [n] PFET S & m < n.

*186. mneN¥rIT5 ZOrx

1. 25f f: [m] — [n] BFFET 5 < m > n.
2. BT WEE f: [m] — [n] BEET 2 < m > n.

EE . =2@3m=0FkEn=00EHIEL L.
] 43. mne N, m>n &3%. 2% [m| — [n] ZEh.
i 1.84 KO X DH 5.
% 1.8.7. AREEGDOHIEEIAREETDH .

AEH. X R HIRES, ACX ¥ T3, EHRIVDHB n e Ny L2 1 X - [n] BELE
T5. fDOANDHIRIZED A f(A) C [n] THB. B3 m e Ny HBIFHEL f(A) = [m]
THENH A [m], o

% 1.88. X 2HRES, Y 28535, 25 X - YV BFETHIL, Y 3EREST
H%.

AR Y A0 LTIV ]2 X 2L, 2 X 5 Y LOaK f:[n] > X Y 22
2t fIRENTHS. XoT i 1.9.15 &b fI3UINr s: Y — [n] ZFD. s(Y) C [n]
76 s(Y) BERES. fos=idy WX s 3. XoTY =s(Y) 3ARES. O

i 1.8.5 KO KB h 5.



1.8 JEfE

% 1.89. XY HDO X2 2OY =[m]Bo5Em=n.

AERA. RED D & [m] = [n] &7 5. & IZHY [m] — [n], [n] = [m] BFEET Z2DT
m<nP2oOn<m®I m=n. O

E#&E 1.8.10. X 2 HREALT2. X2 [n| THsr&E neNy % X OILOEHD 3V
EBE (cardinality) W, (X, [ X|FEERT. R 189% X =Y OHEITHRIE,
DnlFE X THL—RITEE 3.

% 1.8.11. XY 2AREALT2. 2oz X2Y & |X| =Y
M 44. ZhERE.
%18.12. X,V Z | X|=|Y|TH2HREELL, f: X - Y 2EHL T 2. KIIFEHE.

1. f i ZHGS,
2. f 25,
3. flxEHig

ERE X DPEREETH2E, B f: X —» X ITHL Th5IEFEE.

I 45. ChETHE. (¥ b X =Y =[n] LLTEW (BE?) . X =Y = [n] oHE
AR 1852, R 186205695 5.)

% 1.8.13. X 2HMREE, ACX 235, ZOrx A2 X o A=X.
R, EREB IR ZDERDES L METIZ R,

FFRH. < ZRH & 2o,
= ZRT. AXX T3 ZOrE|A=|X|Th3. i: A X 2UEEHRL TS
OUHEETH LIS, R 1.8.12 kD i 32E. UEEGIEELDOT A= X. O

% 1.8.14. X 288, Y 2 EREEL T5.

1. ZI[FE.

(1) X ZHBEAT|X| <Y

(i) X 2256 Y NOHRFBEFHET 5.
2. KX [FEHE.

(1) X BAEREAT |X|=[Y].

(i) X 25 Y NOEHHITFET .

(iii) X 225 Y NQOHE L Y 2256 X AOHHBEET 3.
3. KIZFE.



74

#
o
»
i

(i) X 3HERESET |X| <|Y]
(i) X 25 Y NOHHFNFET 25, X 225 YV NORHEFNIIEE LR,
(iii) X 226 Y NOHHFHIFEET 2, Y 205 X NOHFHIFFTE LR,

LR, 113% 1.8.7, #ilii 1.8.5 KBS 2.
2131 % 1811 XDHSD. 313 1,2 KDL, O

% 1.8.15. X L0 28E Y 2ARESGLTZ. Z0 & ZRIZEH.

1. X 2256 Y NOHHNNFET 5.
2. Y 26 X NOLHDBEET S.

AERH. % 1.8.7, % 1.8.8, fli’d 1.8.5 % 1.8.6 K AL 2. O
GIREGOREEICHET 2 RN EEEEZIFTEL.
T 1.8.16. X, Y 2HRESLTS. ok X,

1. XIY dEREST | XTY| = |X|+]|Y].
2. X xY bEBREST|X x Y| =|X]|]Y].
3. VX S HREST VX = [v|IX.

WENDHERIICIZHALLTHAS. 23, EHALIHL LS &35 L, BRABOH, 4,
HEREEDIICERT I o ED SV IMENDHS. ZOHFTIEZ DEMDIEHIZ
Rz ([6) F2HR)

% 1.8.17. X 2HB%EAL T8, P(X) dHBEAT |P(X)| = 21X
. P(X) = 2X. O
% 1.8.18. A, B HREAL T3, COL S |[AUB|=|A|+|B|—|ANB.

AlEFA.

AUB = (A\B)II(ANB)II(B\ A)
A= (A\B)II (AN B)
B=(B\A)I(ANB).

R 46. 1. A,B,C Z6RESLTE. 2O =

|JAUBUC|=|A|+|B|+|C|—|ANnB|—|BNC|—|CNAl+|AnBnNC|.
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2. (TBREED) Ag, Ay,..., A1 ZARESLTZ. oL,

> Na- ¥

ICc[n] lierl 0#IC[n]
|I] is odd |I] is even

PR . Mg Ai = Uyepy Ai ERIRFTIUE (L5 BONESI) Lotz

2 [NAl= 2 N4

IC[n] liel IC[n] liel
|I| is even |I] is odd

U=

1€[n]

(4

icl

LET5.
Ml 47. X # 0 ZEFRE, AC X 26REBHREL T 5.

1. AR RS20 E S RHNHINEET X.

2. X BREFEETH2E, A£DH51F, max A, min A DPFETZI8%, AD
TCDEBUZBE S 2 IEiRNiEZ W TRE.

3. X BREFEETHH X, APFRIBIEETHL2L0I1E, AZERTHLZ L
R,

1.8.2 #ERES

& 1.8.19. £E X MERES (infinite set) TH 2
§:>f X FHRES TR,

B 1.8.20. NIIEREETH 2. FHEE, [: N> NZ f(n) =n+1 TEDIK, fIFHE
THHIDBEHFTIERV. EoTHR 1.8.12 &b NIFARBREATIER W,

E& 1.8.21. £E X ¢ YV Z[F UIEBE (cardinality) 2>
d¢>fX Y IIMNE (X 2Y) THS.
$hCorE (X =|V| L EL.

FE . 21811 &0, X, Y ERESOL X BE |X| e Ny 2 |Y] e Ng2d el
T) HFLWIeky, X2Y THEZZLREAEMETHZ Z L ICHEREE X

CITHERRZERTE, | X| =Y 20wo 22l XY 205 2ok, 65
AAARRKEZ, BE X THL, (BRESOHEITOMEBEZR2X5%) |X| v T&#]
ZERELT, ZhZ2REELLE, X Y OREFFLVWI L X 2Y BRETHZ L
ZRTEVIDNIELVWEETHAS.



76

FB1E 5

i

BEE B ICHB X511, MFEEWSFEE MBfR) 10&s X o IFEEE) % | X| L ED
LWV DN HARBREZTTH D0, —fRITIE, BE X EEFELREESE2HRIIEES LI
2B,

BRESGDHE, | X|=n & R2EEGOREKL LT [n] 2EZA%. FALXSTLT, KR
REDHED, REVPFELVESORT—OEENZRSOZHMM LT, (D DhIFEL WL
O FMERR OB ER T —2OMHL T, ) ZhrEELERT 200G HENEZ T TH
5. 0, WEENZ L RE L 725 DT ZO#ETIEINLZL.

Bl 1.8.22. |Ng| = |N|. 5, No > Nyn = n+ 1 P32 E252 5.

Bl 1.8.23. BAXM (0,1) € R z¥BHXMH (0,1] ¢ R OEEIFFEL V. FEE 5
f:(0,1] = (0,1) %

n+1’

L EInEN:x:%

WEDEDDE fIFEHSTH 5.

Bl 1.8.24. BAXM (0,1) CR & Ryg = {r €R |z >0} DREFFLV. EE G
F:(0,1) = Rog % f(z) = /(1 — 2) T X D EDIUD fITRHET.

i 48. XD R DFHEEITHN L, £HLZ BRI L TIREXF LW L Z2RE.

1. B (0,1) & BAXE [0, 1].
2. BIXM (0,1) ¥ R.

& 1.8.25. X, Y AL T2 X 26 Y NOHRAPFETI L X, [X| < |Y| eEL.
X|<|V| 22 |X|£ Y| THaLE (Thbb, X 25 Y NOHFHITFET % D2 Hi
BEELRVWEE) X <|Y]| tEZX, X OBERXY OBREID/NIVEWNS.

EE . 21814 &b, BRESIIHL, ZOEBEDOKNIEOK N —HLTWS
EEOEFIINL, 2N LD RERBEELFROEAVFET 5.

FIE 1.8.26 (Cantor). fEEOHES X ITHL, |X]| < [P(X)].

A, X =0 0t 23 P(X) = {0} O THS .

X #0 23 %. singleton map s: X — P(X),s(z) = {z} ZEHTH 2556 |X]| <
P(X)]. £2T, X 756 P(X) NOEFIFELBZN EZREBE IV, f: X - P(X)
ZHBET 5.

A={zeX |z & f(x)} € P(X)
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YELL AdImf THE. EE TEDy e X 1L, ye f(y) DBEEyd AR
fly) # A, y & fly) DEGIZy € AWZ f(y) # A O

Z ORI B B (A DM EXBEERE (diagonal argument) X135 (F
FH 1.8.43, 1.10.26 ) .
BEOK/NERE TEF) TH5.

WRE 1.8.27. X, Y 384, f X oY, Y - X 2E{Br33. 2oL HMoEs
ACX BCY T, f(A)=B, g(B®) = A® £ 23 b DWIFIET 5.

IR, S C X USH L F(S) € X % F(S) = g(f(S)°)° € X Tk DiED 2. F(A)=A ¥
BBHEE AC X BHDFT B = f(A) EBHZ L.
F:P(X) = P(X) BIEFEHED, $4b5, S, T C X KL,

ScT=F(S) cFT)

DR D LD, R

A={SeP(X)|ScCF(S)}cCPX)

BEZD.
GERATHES DI TIERVD) L0 C FO)WR e A EXICA#ADTHS.
A=UgeaS tBL. (B 1731 TREZESICA=supATH?%.)
F(A)=A%RZES,
O, EED S e AITRHL SCATHS ZLITHERT 5.

1. fEED Se AL S C F(A).
FESeArTsL, SCATHY, FIRIEFEZRODT F(S) C F(A). %7
SecAEPS SCF(S). XoTScCF(A).
2. Ac A, $7sbb AC F(A) TH5%.
E 1 XD SeABD S CF(A)EHS, A=Ug S C F(A).
3. MEED S e AL F(S) € A.
EBE SeArTBL SCF(S)THh, FRIEFRHESDT F(S) C F(F(S)).
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4. F(A) C A.
FB,2ED Ac AWZ,3LD F(A)e A XoTF(A) C A

2,4 kb, F(A) = A O

A 49 (Tarski’s fixed point theorem). P ZEF8ESE, f: P — P ZIAFZ2ROEH{ L
5.
A={aeP|a<f(a)}

PDERZEOE L, a=supA &BL. a=max A TH5Z e kU, fla)=aTH5Z
2T DIHITRE.

@) FADERTHS, $hbbVac A:a< f(a).
acA T2b5 a< f(a). &< a=maxA.

. YaeA: f(a) € A.

fla) <o

fla) = a.

B 50. XY 285, f X =Y, Y - X 25Hr35.

A A

A={SC X |SDF(5)}
EBL. RerE.

1. A£DTH%.
2. A=(ge S tBLL F(A)= ATH5.

BRI BRI LT DM 1.8.27 DAEHICH 2 HIET F(A) = A 2745 A %KD
22— ICIEEHELWY (ES) . f 2 g WEF OGS, DX ST 3 ERD 5
N3y ds. kb, (X=Y, f,g et LTEEEREEZNEDH»Z L5112 2D X
I AF—EBINTEE 2DITTIER. il 1.827T TEDLDDIX, 2D X5 REnEE
BEDIBHRADHD, LD exe. TEDDDIIRNDDIDTHS.

51 X, Y 288, [ X >V, ¢:Y - X 2BB 55 ¥k F:PX)— PX)
% F(S) = g(f(9)) &k bED, i € Ng wwxntL Fi(S) 2RI, FOS) = S,
FiT(S) = F(F(S) IC&EDEDS. {Sa}rer & X OFAEROHELE T5. /2L
A£D LT3,

1. g PN THZLT 5. 2O XREE.
(1) F(UyxS2) =Uy F(Sh)
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(i) A =2, Fi(0) £ BIHE F(A) = A.
2. [AHSTHELTD. ZOL ERERE.

(1) F(MySx) =Ny F(SH).
(i) A=, Fi(X) £B13E F(A) = A.

R EPERLTOEH, ZO%. U F'(0) £ W5 D Ujey, F'(0) D22 TH
3. Fo) LW EEREZ 3 DI TR,

% 1.8.28 (X)L ¥ a2 &4 >, Bernstein). X,Y ZHEAL T 3. TD¥ EXIEFME.

1. X VY.
2. X oY NOHEY Y 25 X NDOHEBEET .

AEFH. 2=1 ZREBIE LV, 1 X =Y, 1Y - X ZHE T 5. M@ 1.827 &b,
ACX,BCY T f(A)=B,g(B)=AcR22dbDD%. f,g 3BFTHE05

fla: AS B, g|lge: BS S A°

TH5. h: X =Y %

o) = f(x), r€eA
) {<g|Bc>—1<x>, vy A

WX hEDIUR b IZ S O
% 1.8.29. BEOKXNEREIRE AT, XY, Z 2G5 T 5.

1. |X| < |X]|.
2. |X| < |V H2 Y| < |X| 751 |X| = Y]
3NX| < Y| 22 |Y| <|Z] 25 | X] < |Z].

ZFEA. 1 1A S 2. 21X Bernstein O EH. 3 IXHEHFOAKRITEHNTHBZ 155
. O

% 1.8.30. X\Y 2HE£E5 3 5. RIIFEME

L | X| < Y]
2. X 0B Y NOHFMBEET 2205, X 205 Y NOLHFHIFEE LR,
3. X o Y NOHGFNEIET 253, Y 6 X NOHGHIFEE LR,

% 1.8.31. X,Y,Z #8573 5.
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X| < |Y| 22 Y| <|Z]| %25 |X] < |Z].
eI X|< Y| 22Y CcZRzoiF|X|<|Z].

fl 52. ZhznE.

% 1.8.32. X,Y,Z 2857 5.
I X| < |Y|22|Y|<|Z| 22 |X|=|Z| %o |X|=Y|=]|Z| O

%1833 X 2HEH ACX L, A2 X ThHrL3%. ZOE ACBCX kb
X B X.

ALRH. T BB EGT. O

B 1.8.34. F148 TH7Z= X312 (0,1) R TH%. (0,1) C (0,11 C [0,1] CR=EHS =
NoDREIFETELL.

XD, DB a,beR, a<bDPFELT (a,b)) CACRTHNITAZRTDH 5.
(D3, BREELL RV, DFED, AZRTH2L572 ACRT, ARGHKMZEER VX
SBODHFET 5. FKHOHETINBZVWEESWELLR DL LTAY F—ILES
(Cantor set) 3% 5.)

il 51 Z HWTRHE (0,1) — (0,1] ZfFoTAH LS. f:(0,1) — (0,1] ZAEEH L
L,g:(0,1] = (0,1) Z g(z) =2/2 TED S &, WIhdHG

f0)¢ = (0,1]
g(f(0)°) = (0,1/2] F(0) = (1/2,1)
fE®)° = (0,1/2] U {1}
g(f(F(0))°) = (0,1/4] U {1/2} F2(0) = (1/4,1/2) U (1/2,1)
FE2(0))° = (0,1/4] U {1/2} U {1}
g(f(Fe(0)) = (0,1/8] U {1/4}U{1/2} F3(0) = (1/8,1/4) U (1/4,1/2) U (1/2,1)
L7 b 2HG Ol

oo

(0,1) > A= LJ (1/2i+1,1/21) 124 LJ(1/2H4'1/20 c (0,1]

=0 =0

(0,1) > A°={1/2" | i>1} ﬁi%§31>{1/2i|¢;i0}::ABC<:(0,u

Z18%. h: (0,1) = (0,1] %=

h(z) = r, =T€EA
2z, x & A
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TEDIUS h LG,
g: (0,1] — (0,1) ¥ LT g(@) = o/ (z + 1) %Mo TH UMM E THZH 1.8.23 DA
5 (DOWFIE) HEENG.

1.8.3 AIRES, EfADERE

E& 1.8.35. N L EENELVWEEZAEES (countable set) &\ 5. X NA[HE
ATHsrE, X OREBEINEEREETHLI VW, |X| =Ry (FL7¥R) ERT.

NN NN

X DAEEETHZ 1, BEBENICEZIE X OLETIZ, ERS I BIECESER
1,2,3,... effF2Z2enTES (X 26 NANOELHRFLRDHZ) , HE WX X OILEIE
WKARZZEDNTES (NS X NOLHHFNRDHZ) L WH L TH5.

£ 1.836. £A X PEEATHI2rEMESTHS L %, E4ATHE (at most
countable) THS &\ 5.

ER . BAARTHLEGZAREKLEL VWS 2 dH2. Zor Eid (ARTRW) AlE
H£EZ A HEMEES (countably infinite set) & X3

B 1.8.37. EDMEEB LM Neyery = {neN|n 3B}, EOFHEAE Nogg =
{(neN|n3FH} BOWINIAHEEETDH 2. EIE Newen = {2,4,6,...1,
Noga = {1,3,5,...} rafiAud kv, BEMICKTEFIRE £ N = Neyen, f(n) = 2n,
g: N = Nygq,9(n) = 2n — LIV d 2 HE

) 1.8.38. B RIRZ InHEETH 5. EE, Z=1{0,1,-1,2,-2,3,-3,...} X
%, HBNEZ DITIT
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LHRSEMNIAR IV, BRicATtECL, {1 N Z %

B
fn) = { 5 n DAL,

2 n DEEL

EEDINI f ZREHTHD, g: Z—-N%

oo 2L iso
T =N, >0

TEDD L g f DHFH.

B 1.8.39. Nx NIAJHEARTHS. 37405 [N xN| = |N| =Ry EE NxNODITIZ

D &S ICHERSZOFIUT L.

R 53. i 1.8.38 DXIDOXIEE 5 X 254 N x N - N 2 TET.

B 54. fF: Nx N N% f(l,m)=2"12m - 1) TED? L fIEHHTHI I %

.

5l 1.8.40. EHE LK Q InHESTDH 5.

FWE, Q= ZxN%Zre QBT Tp/q,qe NeRZNDZ L ZIT f(r) = (p,q)

yiEd s (270 £(0) = (0,1) £ 53) & fIZHETH 3.
p(l,m) = I/m TEDIE pof = idg.) k5T |Q| < |ZxN|. Z 2 NEDTZxN 2= NxN
THY, FTREESIENx NENE?S |Zx N| = Ro. T5bB Q] < .

FENCQENS N <|Q. 5T Q] = R,.

(p:ZxN — Q%
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BARMICEBB RN 2120, fliiEr €e QBN Tp/lg bR L &
Ip| + [g| DINE VB DRBIEIZ, [p| + |g] BRI D DIZONWTE TR KREVS D2 HH
2, IEERHEIHARIUE LV, AR T 20D IEOFHKIE T RS L

*W\Woil-BE.

Al EAERR AR I ZEE O AN L THUNT H 2, 7205 Al B MR X b /N & 72 R E R
Faw. (BTN ERNHERETIUIRNTH S Z L HRES.)

I 1.8.41. MJEHESOHDTEEIEGAHEELSTH 5.

At N O HEE ACNBESAARETH 2 Z e 2mBid v, flZiE A oz /ha
Wi BIEIZ 72 5 _RAUT KW,

HIHIDPUBEICIE, RDEIICTE2IWV. 0AACNETE. ac AITHL A, CA
ZA,={lecAll<a}tEDDE,a€ A, Cla+1] 7205 A, ZETHRVWEREST
H5. Gfce: A NZcla) =|A,] TEDS.

a,be A, a<brbHiX Ay C A, U{b} C Ay 72525 cla) < c(b) £72%. Ko TclIlA
FPefROBHTH 2.

cFEFZRODT c¢(A,) C {1,....c(a)} TH2. EE e A, 35k, 1<a
BDT c(l) < cla). £oTe(l) € {1,...,c(a)}. |As| = ¢cla) = |{1,--- ,c(a)}| TH
D,c: Ay = {1,...,cla)} WHEED2HHR 1.8.12 &b c(4,) = {1,...,c(a)}. LT,
meNZOWVWT, Db ac ADPFELTm <c(a) £722101F, mec(A) TH3.

cMEFTIRVETS. mgc(A) Z—DL 3. 2D ZEc(A) C[m|THbhH, AFER
£E. (Jae A:c(a) >m)=me c(A).)

cDEHLHIX e A - NIZEHEFWZ A ZARES. O

B 55. FCTEDc: A NPHEETHZ 21D K.
I 1.8.42. X 2n[HER Y 2E4AELREEGL TS, ZOL %

1. XUY ZrfEES.
2. Y A0 751 X x YV IZATEES.

. 1 XUY =XUW\X), XN(Y\X)=0TshDh, % 1.8.7, FH 1.841 kb
Y\ X EEAAIE., XoT, XNY =0 0HE2FEZI L. Y DEREGDY
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FB1E 5

BRI LWV. Y PABEOBREERE23. NS X, ¢: NS Y 2285 52,
h:N—> XUY #%
ntl SZ5%
h(n) — f( 2 )7 n Z)\\Tika
(%), n DMEEL
Y EDIUD h XL HET.
2. Y WERESDHEZIRPI LWV, Y AEEEOHEE X xY 2N x N=N.

 56. X zr]RES, Y 26REGL T 5.

LXNY =033 XUY ZAREEETHZ L ERE.
2. Y AP R X xY BFAJEESTHS Z 2R,

I 1.8.43 (Cantor). FEHEMA R FAJEESTIZRW.

FFEH. 1 KD /PNXWIEEDERT, PHTRLEZLEEZMHIC0 1 LErDH5bRBR VDB D
k% BT 5.

B={zeR|z=0aaz... (2L VneN:a,c{0,1})}

:{:L’EJR

Ro < |B| Z7REIE L.

Fi%i: N— B%xi(n) =10"" TED 3 LI i IZHHW X Ry < |B].

N»5 BADODEFRFELEVWZZRER LWV, [N - B %Z2E{#Hr L,
f(), £(2),... ZIECIHNRD.

x = ZanIO_" (z7ZLVneN:aq,c€ {0,1})} .

n=1

f(l) = O.a11a12a13 ..
f(2) = 0.a21a22a23 NN

f(?)) = 0.&31@32&33 Ce

neNEHL b, € {0,1} %

WKEDED,
b=0.bbybsg-- = Z b,10°" € B
n=1

ZEZD. EEDn e NITHU apy # by, 72206 f(n) £b. £oT fREEHFTEZV. O
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EE . ZORHDTTA DINAGERETDH 5.
j: 2V 5 BCR % j(a)=> 0" a(n)107" TEDIIHS DI j IZRHHFTH 255

[P(N)| = |2"] = |B] < |R|

THD, ZZTOAHIZ IN| < [P(N)] H20iE IN| < 28] Z7RL T3 2 ARE S0,
KRB BE1C, ZZTOHEMIEH 1826 TX =N&L72dD, HDEWVWIIE
11026 CTX =N, Y =02, 7=-:[2] = [2] & LZzdDIcfiiz 50,

R 57. Lo j: 2N  BOHETHZ Z L 2hEHrD L.

EE 1.844. B8 X LEHERR ORENFLVE &, X OREIEREDREE
(cardinality of continuum) TH2 W\, |X| =R KT

EOHEBELZEIC 2N <RTHEH, EEohsidHELn
I 1.8.45. N =[2].

AERH. R < |2V 2RI &Y. B R - PQ) % f(x) ={reQ|r <z} TED3.
TyeER s <ydTda<r<ylBRareQRFEETZIDOTre fy)\ f(z) &
KD flz) # fly). XoT fiads (ZZTRQORIBIZMEEEZH VL. R%
Dedekind QYW UL THERT 2 2 WH G2 H1F fIFEEERICMRSRW.) Q=N
Tholnd P(Q) =220 = 2N, O

% 1.8.46. |R?| = |RY| =N,

AEPH. HHT R — R2, R? — RY 2R3 2 DIxX L.
R| = |RN| 2R8I X0, B 1.845 TRAZLXISWCR22YThHD, ¥ Nx NN
EhoER 1.4.35 kD,

RN ~ (QN)N ~ 9NXN & oN v -

R 58. Hift R — R?, R? — RN o< h.

Bl 1.8.47. p: (0,1] = St ={2€C | |2] =1} & p(d) = ¥ TED 2 & p TLHE T
H5.(0,1]=21=[0,1]|=RTH2»r56

SleToRYRxR2Ix TS x T2l x 6!

FW SN HEBHADIRE 2RO,
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1.9 FRRE

31815 TRZLSZ, XY ZETRVAREETHZ L =2, X 200 Y NOHHHTE
T2 Y 20 X ANOEFRBFET S I EAETH 7. AR ERS2VWEE
BEZTALD.

EETIRREOEETHRD R o720 EFH 1.10.13 225 [ BHETHEZZ L 5
72 avEREOILIRFAMETHZ e nh5d. BERLTEIS.

HE1.9.1. X,V #ETHRVERL L, [: X =Y #5&r 35, REAMBTH 3.

1. fIXHE
2. flFVv o> arviEo.

FEA. 1=2 BREE X
FIZHHEOT, WEE 1 f(X) > X B3B3, zpe X DL 3.

o ) e px),
) {330 y & F(X)

Ly . O
& AR D 3LD.

% 1.9.2. XY 2ETHVWESLTE. X 256 Y NOHFREETHUE, Y 26 X AD
EHENTFEET 5.

—77, [ BEFZ LUK 2RO ? 2EZATAHS. KR 1.88 %% 1.8.6 DALAHD X 5
W, X 5 Y DEETHIND, FycY ITHL, fz) =y D LIk 2 € X HF
ET2DT, ZO L5 R 2 2—0F U s(y) =2 £ FTUI IV, KB, Zhd R
BOHELWD., COXIRIENTEL I EHRIET 2 OMEIRNETH 5.

NIE 1.9.3 (GEIRNHE, Axiom of Choice). RDZEMIIFEMETH 5.
S AMER S % BRI (Axiom of Choice) W5 . 7z, 3 DEMFEATE
% ¢ % EIREH (choice function) 1 5.

1. EEO2FNIVINT 2D,

2. BTRWESDERIIZETIZRW.
ThDB, {Xatrer 7, EEDO A € AMITHL X\ £ 0 TH2 &5 hEAHETHI
i, [Dea X # 0.
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3. BTRVWESH) S 2 EEHRIGERBEREF-D.
ThbB, {Xatea 7, FEED N € AITHL Xy £ 0 TH2 &5 RESHETHI
X, BB o: A = Uyepr Xo T, EED N € AITHL, p(N) € X\ &2 X578
DHIFIET 5.
i 1.9.4. XY ZHTRVWERL T2, BRAMEObE, X 26 Y NOHNBFEET
22, Y 25 X NOEHPEFEET S Z L IXFEHE.
AERA. L RS v a videSTh D, YINNIHESTH B, O
EEMORNEIZOWTH H IR TV VDISEIRNHZ T OO —Hize W THITT
200, BRENHEEDDZ2DTH 50, ZONENLWEFEIAH R WEARN R Z 27
CEADBENSZ e, ZO—F, ZORNMERD D LEBICK TS (L5 EL3) Z
EOEEFATETLE S (AARZDIEANAF v N ZLAZOHHE) W52 ichs (0F
eES) .
EIRNE Y FMEREEDR NS NB EHI ST WD,
1.9.1 Zorn Of#EE
EE 1.9.5. X »lEFEE T 5.
1A (X 0) (chain) T» %
< AZ X O2IBFHREETHS. (X DB EATH Y, 2IEFMIEE I -
TW3.)
2. X OEEO#HD LICHERTH 2 L &, X 2mMNIEFES (inductively ordered
set) W9

7 1.9.6. 1. QEOKNAGRTIEHFZWNS. IS Q IXImMHIVIEFEE T
20,
Qco={reQ|r<0} B L, HL2IZT Qg BIFMIIEFEAETDH 3.
2. P(X) 3IMHIIEFEETH 5.

E 59. LoP|DFRZMEDD XK.

RN ZRET 2 (ZF DD L) RMBWDILOZ RSN TVWS. ZDHEETIE
ALRIZ AN S 5.

EIHE 1.9.7 (Zorn D, Zorn’s lemma). IRHVIEFESIEZD7Z &b —D DAL
FFO.



i
1
A
op

88

Zorn OEZME SR, XD Z L IWCEELTEBL & L.
fHRE 1.9.8. X 2EBTRVIEFESEL TS, 2O EXRIFAMETH 3

L X 3mIEFRETH 2.
2. X OEEOETHRVWRIEFHIES T ERERF.

AEFA. 1=2 3L . WERTIZ O C X B LEICERTH 2 Z e 23X (0 1x2)E
FER%EETH5.) M 1.719 TRZE5, X A0 THhIF0Cc X IZERTHS. O

W Zorn OFEZIRET 2 &, BIRRNMZRT DB TE 5. Zorn DFIEDENVTT D
FWHITHZDTIFAL TA LS.

EIE 1.9.9. Zorn OEEZNET . COL &, TEORE f: X — Y 3k z£-o.
A, f: X - Y BEBE T 5.
S={(B,g)|BCY, g:B— X, fog=ig}

LBL. X Lig: B—=Y 3WUaER4.

1. (B,g),(B',¢') € SIzHLT
(&méwﬁﬂ@Bcg#09%=g

CEDDE,HOPII KIS KEFEED .

2. ZOMEFIZEALT S BIFMIEFRETH 5. EBE, T C S 22EFHEE L
T5.

T= |J Bcy
(B,9)eT

eBXL.
Figt: T - X ZUTOXSREDS. ye T 3dk, 5 (B,g) € T 217
fEL,ye BTH5. ZOr %, t(y) = gly) LEDS. t 1 well-defined TH 3.
EEE D (B,g) e T Lye B Thdedsre, TIEREREFEERDT
(B,g) < (B',¢") £721% (B, ¢') < (B,g) DWIFNHKD LD, (B,g) < (B, q')
ELTRW. ZOeZyeBCB THY,¢d|B=gHDT g (y) =9(y).
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ED D BEBED ye TITHL fot(y) =yRDT fot=ip. £oT(T,t) €S
ThHb. (T=0D5E%NHET 2 DEEEENICITEN DK S AND 20
WHEBLTEE, T=0D58,T=0,t: 0 > X 3—RBIFEET I2EHRLRZD
(T,t) eSTH3.)
EFFED (B,g) e TICHULBCT D t|B=g ThHa0s (T,0) & T O
ThHsb. (TOERTHZZHTSOHN5.)

3. Zorn DFIE KL D, S ICIIMRKTITHFEET 2. (YV,s) € S ZMAILE 5. fH2
FThHhXY =Y ThH3. ERY £Y TH22322, Y\Y A0 Th53.
Yo EY\Y' B—Dr 22 f REFZDT f(x) =y 2% x € X DEHET 3.

$:YU{y}—= X %
_ , ey’
ﬂw:{ﬂw y
x, Y =1Yo

EBFE (Y, s) < (Y U{y),3) €S RO HAMICKT 3.
O

EE . IWWIEFRES 2 EEO2IEFMrREA ERZFROMFES) L ERT 5
BLHD. KHlT27D, COEREALTDIOE 205 TEIHFES) tEL L
5.

o2 TE0 5 TEIERFES) BIRWNIERES T 2205, WA D L2720, HlZ
3B 1.9.6 D Qe iF TZDSTE Y TRV, LI L, Zorn DFIEIZE S b DEFEZ
WTHADILE, LLMEFETH 5.

1. RN,

2. IFIEFFE S DL 2 b —D2DMATTE £,

3. TZDHTEIEFES) 3P R —2DMKRILERD.

EBE 2=3 13 T&EDS5TE] BRI TH2 ol THD, EH 1.9.9 OFE
B, S EFERELEZers (205 TEIEFES 2> TW0WADT, 3=1 DA
I2HoTW\W5,

Zorn D ffiE D B 5.

EIE 1.9.10. FERNHEZRET 5.

R % GRIEICHET2HALEZRD) AR 35, FEOAT7AVIC RIINML, [ %
BUWAA T 7 NADBEET 5.

2RI R#{0} DHBAE, RIIIMKA T7ADEET 5.
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i

FE . RECEATZLE S, ROEDES I BATT7ILVTHBE I H RD RIET
HThrWnwdH Yk, 0%

l.zy2yel=x+4+yecl
2.a€eR, zrel=axrcl

PARETEVWS I, ElmBAA FTTALTH S T, AEERICEL THRATH % X
IBREHDA T TNTHIE NS, OFD

1. mCR
2 mMCICRERDBEIBATZNTIFFELRD

cws e,
. ICREATT7ALT S, I 2 EOHEESA 77 L2k
S={J|ICJCR, JEATTN}

WAEBEFRTIERFRZVWIE. S WIRMWIEFESTHE I L ERED.
oL [ €eSEPSLS£DTH2. £oT, 04T CS2RMEFEHIEELT B
X T HERZHEHOZ 2B L.

K=|]JJ

JeT

£BL. KeS ZERT.

e T 40P ICK TH5.

e, yce K235, 3 JJ cTHEEL, x€J,ycJ Th. TZLIEFE
EroTcJCcI T CJDODOVTRLHBEYILD. JJCJELTEN. ZOEZ
r,y € JTHY, JEIATTINRDTor+ye JCK. aeReeK LT3 5
JeETPHFELxz e J THD. JIEIATTNTHErbareJ C K. EoTK
BFATTNLTHS.

e FED JeTIHML, JC RTHE0H1¢€JThHb. koT1lgKeEhkD
K CR.

bt KeSTHY, oI KiZT LS, WX S BIFHHIEFELETH 5.
Zorn OB X D S ITIIMATT m HIFET 205, TN RD 2B DTH 5. O

AEARLE U 72023, [FIRRR G CRDRE 5.

T 1.9.11. EIRNHEZIRET 5.
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kxR 5. kK EORZ MLZERIZEIERFD.

EIRE&E . 66

1.9.2 E7|AJpeEiE

B 1.7.4 TRZXSIC, (EEOERICHHRIEF Z W2 Z e TE 30, ERAHE
RET 2 L EBINNEFENND Z DB TELERTh5.

E&E 1.9.12. JHFES (X, <) DEEOETHRWHSTEAPRINTER O &, ZOHF
< ZE5EF (well-order) W\, (X, <) ZEFEES (well-ordered set) £\ 5.

e 1.9.13. BSEF I 2HFTH 5.

AR, (X, <) 2BHEEL T 5. 2,y € X 328 min{x,y} BFEET S, min{z,y} =
rDeEF <y min{r,y}=yDeZ2Fy<xrTh5. O

RN 2 EST 2 (ZF Db L) RBMDIULD I eHHHNT VDS, ZOHETIE
AL BT .

T 1.9.14. ZF|n[HEERE (wellordering theorem) (EEDESIX, 5 L IEFEER
LTS TEIIES (EFK1.9.12) ITTBHIeNTES,

BINER A TIRBEAIRWNIEL & A7k (BFRIFWIE (transfinite induction) &
3N5) BEZ D7D, R EZANA T 25H T L HDND.
FIInd ZFodr) BERNEEFEETH L Z ERES.

i 1.9.15. BIIEED 5 023V Z2HRD. 34205, X 28IKE, [ X >V
EHETHNE, BB s:Y - X T fos=idy LR2DDMBEET 3.

AEH. Y £ 0 0BEEEZNRIV. Bifs: Y — X % s(y) =min f~1(y) TED 3. (f
NEFZDOTEREDy c Y IIHL f1(y) A0 THH, X BEFIES2 S min fH(y)
DFET 5. ) s(y) € f7H(y) DT fos=idy. O

EIE 1.9.16. Y ATREEH 2 0E 5 AUXBEIRNFDIL D 32D,

AR, f: X > Y 22fte 35 RELD X KBIEFZ VWIS Z B TELDT, @i
i 1.9.15 &b, fi3Ylrzeso.

O
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1.9.3 ZFERRECEE

RES 2O BRICIE, BIRANEERE LRV E D R W D7 XA 3.

O CITERAN 2 IRET 5.

EAEXDOY NOHHEMFET I E |X|S|Y| eELDTH-/2 (EF 1.8.25)
M 1.94 0525 IREH5.

EIE 1.9.17. XY 2ETRVWERL T 5. XIXFEHE.

1 |X| <[y
2. X 2256 Y NOHNDBEET S.
3. Y 5 X NOLHMBIEET 3.

EHE 1.9.18. mAAELBEEOWAMEEAWHEEETHS. Thbb, X; (i € N) H
EAAHBREATHNE ;o X DEAFARESTDH S,
e ARG ORI EMIATREETH 2.

A, X; A0 e LTEV. X =, Xi EBX.

B X, ZRAAEBZOTNDS X; NOBREHBFEET 5. & X, T L24t fi: N— X,
Z—OBRR (ZZTERREZMES) . BB - NxN—= X % f(i,n) = fi(n) ITXDE
2L fFIIEFHTHE. KoTEMH 1.9.17 XD | X| < INxN| =8y (EiZZ
DFITTFEIRNHIR L THRES.) Lo TERM 1.841 &b X 3E4A[AE.

O X1 C X DT Xy DA[EEETHNUI Ry = | X1 < |X| TH3B. Lido
T X = Ro. 0

f60. X R]HES Y 285235, 28 f: X - Y BUKERKOZ L 2B RNHEY
I /RE. (Hint: ¥ 1.10.34 TRZ XS ICNZBIEESTHS. T 1.9.16 DILHH
PEMX)

ETd oy, TEMRIRE I/, 3405 il EER X D /NS R EREEIITFEEL
WD THolz CER 1.8.41) . EBIRANHZRE S % & Al BIERIRE IR/ O EREE T
HHZeHTEL. (ZOFTEH 1.9.20 GREOHEATREEHE) 2560050, TOE
H 1.9.19 OFEIIIED LFTVEIR A (ATRGERAE) dhiul kv, )

TIE 1.9.19. (FREOEREFINNELTEELEL. Thbb X PEREESZ SIX
Ny < |X].

AEAA. |AMCIE, RO K5 F i E v, X »olEICER S IL% 21,20,... EHDH
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LTWE, 2, $STMOH LT 5. X PERESTZDPS X —{11,..., 2, DD X
Tpi1 € X —{x1,..., 2, ZHOHES. 2O XS U TRIBMIRETERSE {21,...} C X
NELND.

Z DFEISER N & BEENIRIEIC K 2 BIROERIC L D IEM ka3 [9, EHE 3.13]
DTH 30, BEENRNEICEZ2EBDERICOVTEBALBRTEIPZVE, HEH
WHEARIEANEZ S 720 T2 T, BIRAEZEDR VL WITRVWDOLBR LS b2 S
BOVDTE RV EES .

AREZEFRICTH 205 1ot RHDESRICLTALS. X ORREITERE K

PrX)={ACX | AZARES)

RERE S
c: Pr(X) = Ny, c(A) =|A]

EZL. X TERESLRDOT e Tchrs. (OFHEEDn e NgIiIHNL, X i&n
HOMEZ 22 EL. THALRTIIIBENENEZMES . Lo TFEMTE) O
B icHE T 5. )

N =Imc C Ng £BX.

0 ePs(X) 77205 0=c(d) €N.

nENEFTEL, 55 Ac Py(X)BHEL |Al =n £55. X ZERESEDPS ACX. € X \AE—DL 5L,
AU{z} € Ps(X) THY, c(AU{z}) =n+1DZn+1€N.

Ko THHENIRNIE LD N = Ng. kbbb c id24f.

RN LD c I3V 2 £ED. U1 s: Ny — P(X) 2—2r 3. A, = s(n) £B<
L, A, CXTHY, ¢(A,) =nTRhDE|A,|=nTHs. (DFEHEneNITHL, X
DOMRZL DL n O EALEVWSI L) A=, A, C X BT, EH 1.9.18 X
D AREATIEELTHS, EREEOn e NIEHL [A] > [A)] = n THB25 A

AIREETIEIRV. Ko TEM 1.841 K ARAHEESTH 5. O

EE . FOFBHTIREHE 1.9.18 2o 720, DL I RE T3 bR VWTHRES.

% 1.8.29 TIREOKNERIIEFOREZ AT e Al BRIEZRET 2 L,
“RIEF TH 2 ZEDPRES.

EIE 1.9.20 (BEoEATREEM, Comparability theorem for cardinalities). XY %
BALTBE [X| < [Y] 2 |Y] < |X]| OWTADDD 0.

alEFA.
S={XY, | X cX, Y CY, f: X' = Y 3RHH}

B, EM 1.9.9 OFEA L [ARIRE 5. FEMMIECEMEE L X S. O
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7 61. .S BT Z2EFMEFR < %2, (XY, ), X" Y ) € Swxtl,
(XY ) <(X"Y' fYe X cX'Y cY" f'IX =f vED3. (Z
NDNEFBRTH 2 Z LIFERHTLIWV.) o E, SBIFWNIEFRESTHL
Rt

2. SOMKILE (X0, Y0, fo) £T5%. 2O E Xg=X ¥R Yo=Y ThHdZIr%
.
3. 1X| < V|2 Y| < |X| DWFRHMHED LD T & R
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1.10 #%

1.10.1 fEER

FE 1.10.1. X, Y 2HEE XY #0 25 5%. ev(f,z) = f(z) TEZE 2 54%
ev: Y¥x X =Y

ZEEMR (evaluation map) W5, (X 2Y B0 DL ZERBELDS ev: VX x X =
0 =Y Z2—RIHFETIEHRI Y LEDD.)
¥z 10 € X T, evy, (f) = f(zo) TEZE Z2EH

Ve YX =Y

ZR 1 € X ICBITBEER (evaluation map) £\ 5.
ST eve, i ev & iy YX =YX X X, iy (f) = (f,70) EDEKTHS. W
iz ev 2 YN x {20} KHIRL (CTYX x{xo} &YX ZRA—HHL) 23DTH53 :

YX Sy ¥ x{zg) o V¥ x X Y.

B 1.10.2. X =[1] = {0} DFEEEZ 3. 2oL HEGHEIEYHHF Y 2y 252 2
(] 1.4.6 ZH) :

y !l Y

1%
IR

)

v % (1]

] 1.10.3. n € NIZH L, ev,: RY — RIIEINH L Z D5 n HEXMEXHZEHTH
3. 2<iCevy: RY » RIIBHIOWIEE G5 X 258 TH 5.

B 1.10.4. X 2B 5. 852 ={0,1} 25 X ~DELLE XB 2E2 5. 54
(evo,evi): X — X2, (evg,evi)(f) = (£(0), f(1)) i3SI EHETTH 5.
FRRIC, n EOTTEROES 0] ={0,1,...,n -1} 2E X2k, Gf

(evg,...,evp_1): XM X"
W w

f|—>(f(0)7f(1)77f(n_1))

kb ey X s xn B ns.



96

#
o
»
i

R 62. 1. BAR (evy,evp): X1& = X2 $ RHETH 3.
2. 0:[n] = [n] 2B TS O EER

(€Vo(0),€Va(1)s- -3 Vg (n—1))" XM xn
EHHTH 5.
ffl 1.10.5. X, Y, Z 28EL T 5. BROEHIIES
cx,y,z* Map(Y, Z) x Map(X,Y) —— Map(X, Z)

w

\Y
(9, f)! gof

ZEDD.
EFE 1.4.29 ODBEMRIIERKZ {g} x Map(X,Y) % Map(Y, Z) x {f} ZHIRL7=d DT
b5

g+: Map(X,Y) = {g} x Map(X,Y) < Map(Y, Z) x Map(X,Y) — Map(X, Z),
f*: Map(Y,Z) — Map(Y, Z) x {f} — Map(Y, Z) x Map(X,Y) — Map(X, Z).

IIZ \an

X =[] DBEREZ 2L (AABAHOD L) HEBEEROBANLEEE L HRES :

Yyl <5 zI

idxevg l% levo
Z.

Y'xYy —
Ef@@é\ﬁmi%/ﬁ?ﬁ’ﬂfé 505 CxX.,ZW © (ld X nyyyz) = CX,Yy,W © (CY,Z,W X ld) 75)52
DILD .

idxex.v.z

Map(Z, W) x Map(Y, Z) x Map(X,Y) ————— Map(Z, W) x Map(X, Z)

CY’Z’WXidl ch,Z,W

Map(Y, W) x Map(X,Y) Map (X, W).

CX,Y,\W

WY E—fHod &, mE 1.4.32, 1.10.6, 1.10.7 X Z ORBIRGETH 5.
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1.10.2 FBEINZ3EGOBAM

i 1.106. f[: X Y h: Z > W 2BBe 35 h*of, = fioh*:

Map(W, X) — > Map(W,Y)

.| B

Map(Z, X) — Map(Z,Y).

Z DEREB Map(h, 1x)oMap(lw, f) = h*o fu = froh* = Map(lz, f)oMap(h,1x)
% Map(h, f) e &L e dH 5. GEA» L7225 X 512, Map(h, f)(g) = fogoh T
5

Map(h, f)

Map (W, X) Map(Z,Y)
w w
W-—-X —— Z?W—>X7>Y
g g

FEAA. g € Map(W, X) IZH L,

(h* o f)(g) = b (f<(9))
=h*(foy)
=(fog)oh

(f o h™)(g9) = fe(h"(9))
= [«(goh)
= fo(goh).

BEROERM
R 1.10.7. XY, Z 2%E, [ X > Y 2F5R o€ Z, 20 € X £ 3 5. ROXAIIA]
Th 3.

1.

xX2xzi vz, g

X—Y.

f



98 W1 A
2.
XZ e YZ
X ——Y.
f
3.
7V x x I gx o x
idel/ Lev
Z¥xY ———=7
4.
Al d zX
Z .
A, 1. he X2 ¥ ze ZIiTHL,

(evo (fi xid)) (h,z) = ev ((f« x id)(h, 2))
= ev(fi(h),z)
=ev(foh,z)

= (foh)(z)
= f(h(2)),
(foev)(h, z) = flev(h,2))
= f(h(2)).
it & [FIEK. O
B 63. 2, 3, 4 Z/RE.
7 1.10.8. Z = (1) DEEEZS. RORNIAETH 5 !
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bbb, evo kb X X, YU 2V 22henfl—MRTnZ, f. =N f el
—HTx3.

O, v DEAM
ﬁ% 1.10.9. fi X1 — XQ, g: Yi — YQ, h: Z1 — Z2 %E{%(\:Té %ﬁ’)ﬂzbﬁ’)

I. Po(f xid)* = f*o®, Vo f*=(f xid)* o U:

Map (X x Y, Z) —2> Map(X1, Z2Y) —"> Map(X; x Y, Z)

(ind)*T Tf* T(fxid)*

Map(Xs x Y, Z) —> Map(X3, Z") —> Map(Xz x Y, Z).
2. Pohy = (hy)xo®, Vo (hy)s =h,oWU:

Map(X x Y, Z;) —2= Map(X, Z)) —%> Map(X x Y, Z;)

h*l l(h*)* jh*

Map(X x Y, Z) —> Map(X, Z; ) —— Map(X x Y, Z»).
3. Po(idx g) = (g")xo®, Yo (g"), = (id x g)* o U:

Map(X x Y3, Z) —2= Map(X, Z"*) —%> Map(X x Y7, Z)

(idxg)*T T(g*)* T(idxg)*

Map(X x Y2, Z) ——= Map(X, Z"2) —— Map(X x Y2, 2).

FE . il L1093 RDESRRTILHTES.

g

(i) BED p: Xo xY = ZITHL, &(po (f xid)) = ®(p) o f,
X c Xy = ZY XL, U(po f) = U(Y) o (f xid).
(ii) EED p: X XY — Z1 XL, ®(hop) = h, o P(yp),
BOY: X = ZY &L, U(heotp) = hy o ().
(iii) FEED p: X x Yo = ZITH L, ®(po (id x g)) = g* o D(¢),
FED : X — Z¥2 2L, U(g* 0oyp) = ¥(¢)) o (id x g).

B
gl
S
<

% 1.10.10. 1. [+ X1 - Xy BB 3 5.
() i: Xy xY = Z (i=1,2) 35K T3 ZOrE,
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i
1

A
op

p1 =20 (f xid) & @(p1) = P(p2)o f:

X, xY 4 X, xY

X1 ! X2
O O
R % < @(k Apz)
7z AS .

i) v: X; xY = Z (i=1,2) 25K T5. ZOLE,
Y1 =1go0 f & V(Y1) = U(Pe) o (f xid):

X, xY P X, xY X, ! X,
O O
Z AS )

2. h: Zl — Z2 %E{%Z?%
() i: X XY = Z; (i=1,2) 5% 35 Zor i,
w2 =hop) < P(p3) = hy o D(p,):

XxY X
y X @(V Wﬁ
Z - Zs zY - AR

(ii) ¥i: X = ZY (i=1,2) 5B 55. ZOLE,
77[]2 = h, o ¢1 = \IJ(wQ) =ho \P(@Dl)

X xY

X
7 - Zy zY - zy.

3. 9: Y1 - Y, 2ERET 5.
1) pi: X XY= Z (i=1,2) ZEBr 35 ZOL X,
w1 =20 (id x g) & ®(p1) = g* o P(ip2):

idxg

XXY1 XXYQ X

o s ‘D(y wf“
1 2 ©
7

AL . AL

g
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(ii) i X = ZYi (i=1,2) 5% 353 Zor i,
U1 =g" oty & W(ih1) = U(Y2) o (id X g):

idxg

X X Yl X X Y2 X
P1 P2
O < / o\
N
Z AL AL
g*

AERH. 1.(1) 0 ART. b FERTH 5. i 1.10.9 £ D P(pa0 (f xid)) = @(p2) o f T
»H5.

pr =20 (f xid) THB LT 2L, P(p1)P(p20 (f xid)) = P(p2) o f.

—77, ®(p1) = P(p2) o f THEETHL, P(p1) = P(p2)o f = P(pa0(f xid)). ®
WBHSTH D025 o1 = po o (f xid). 0

FE . 2hozuwioHlaabELDOL XI{fHbhd. HIZE f: X1 = Xo
h: Z1 — Zs %E{%,QZJZXz—)ZF (i=1,2) %E%%ZT%Z,

XoxYV — 2 xowy X, ! X,
\Il(wl)l 0) \P(wz)l = wll O l¢2
Zy - Zs zy zZy.

YW X;=2ZY, f=h* 1 =id £ F 3 LBASICAHDRRIZAH. X o THERS Al

h, xid hy

Z7 xY Zy xY zy zZy
\Il(id)_evl O ‘I/(id)_evl = idl O lid
Z - Zy 2 7

Thbbad 1.10.7.1 oM r 2 5. (53, FxldaE 1.10.9 OFERHICA#~E 1.10.7.1
PHWEOT, ZAUIMmE 1.10.7.1 ORIFEERICIZD B A AR - TWRLW.)

B, BEMcBRM%
8 1.10.11. fi: X —» Y (k=1,2) 2544, Z 286523 5.

1. Pk : X1 X X2 — Xk, qk - Y1 X )/2 — Yk (k? = 1,2) %%ﬁ?ﬁt?‘é NEORE-1



i

102

1

»
i

(f1x X fox) © (P14sP2+) = (@1, G2+) © (f1 X f2)s

Map(Z, Xl % Xz) (p1*7p2*)

Map(Zv Xl) X Map(Z7 X2>
(flez)*l lfl*XfZ*

Map(Z,Y; x Ys) Map(Z,Y7) x Map(Z,Y>).

(q1%,92+)

2. leXQZ(b:Yleé ZL,ikZX]C—)XlﬂXQ,ijYk—)YlLIYQ (k:]_,Q)

EEAEFRET L. O E (ff x f3)o (i1, 43) = (i7,i5) o (fr Ll f2)"

Map(X1 I X3, Z) ) Map(X1, Z) x Map(X2, Z)

(flUfz)*T Tfikxfz*

Map(Y: 11Y3, Z) G Map(Y1, Z) x Map(Ya, Z).
J15J2

AERH. 1 &R,

fix © D1y fou OPZ*)
fropi)«, (f2 0 p2)+)

(fix X fax) © (P14, P2:) = (
((
= ((q1 0 (f1 x f2))s; (g2 0 (f1 x f2))«)
= (
= (

q1x © (f1 X f2)x, G2+ © (f1 X f2)s)
Q15 q2+) © (f1 X f2)s-

2H[FETH 5.

1.10.3 FEINIBEROEHME 25
[ OFET 2 BR 0BG
FE 1.10.12. f: X Y 2E{%, Z 2%EE52 35,
1. KiZ[FMAE.
(i) fIXHEGT.
(i) EEDOESR Z 1T, f.: Map(Z,X) — Map(Z,Y) 23H4t.
2. JUXFH.

(i) f@iéﬁ%a‘
(i) EREOES Z 1IZxtL, f*: Map(Y,Z) — Map(X, Z) A3 Hi4.

SEH. Z AR 80(2)(3) DEWIATH B,


exercise.pdf{}{}{}#Item.269{}{}{}
exercise.pdf{}{}{}#Item.271{}{}{}
exercise.pdf{}{}{}#Item.272{}{}{}
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1. )=@i) g,h: Z =X, fog=foh T2 EEDz€ ZITHNL,

f(g(2)) = (f o g)(z) = (f o h)(2) = f(h(2))

ThY, fIFHEHFZDT, g(z) = h(z). £>Tg=h.
(i)=() Z = Q] WRERMES &, f.: XU = VI 385 # 1.108 TRAELS I
REAHETH 2005 f b HGT

evo | = >~ | evp

X ——Y.

AL ZeTHBH, HERIUL, TARKEL.
x1,To € X » f(xl) = f(xg) %&7‘2?2?5 g{g% g;: [1] — X 72‘? 91(0) = Z; -
XDEDD L,

(f+(91))(0) = (f 0 91)(0) = f(91(0)) = f(x1) = f(x2) = (fi(92))(0)

eRY, fulgr) = fu(g2). fo BHELEDS g1 = go. £oT a1 = g1(0) = g2(0) =
9.

2. )=(ii) g,h: Y - Z,gof=hof¥rT%. RELD fIFEFTHS. XoT, (£
BOyeYIIHL, b5 rxe X BEEL, y= f(z) £725%. BRI

9(y) = 9(f(2)) = (9o [)(x) = (ho f)(x) = h(f(2)) = h(y)

L7zh3-> T g=h.

(ii)=() Z = 2] WREZRMZIZ, f*: [2]Y — [2]F 1384, Lo TEE 1.4.40 &
b f a5

EFRIIE xpx), xy: Y = 2] 2F XX,

[ DFET 2 BB LGHE.
I 1.10.13. X 2ZTRVWES, f X Y 2544, Z 25255,

1. RiZ[FMHE.
(i) fIXHE
i) fERV 27> arzfio, 34bb, Ir:Y - X iro f=idx.
(iii) f*: Map(Y, X) — Map(X, X) 2324.
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i
1
A
op

gl

(iv) f£]
2. (if), (iii

DEE Z1ZXL, f*: Map(Y, Z) — Map(X, Z) H324f.
(1v) BREMETH 5. %7z, (il)=(i) 23D LD.

) R

(i) fR3UMizH>, $74bb, 3s: Y - X : fos=idy.

(iii) fo: Map(Y, X) — Map(Y,Y) 2344t

(iv) EEOES Z TR L, fo: Map(Z, X) — Map(Z,Y) 23241

~—

(i

—

FIERA. L ()=@1v) 2B IV, Z=0DBFEREITT0r%. Z#£0)DGEZEZ5.
h: X —» Z 25H%e 32 ROKAPAIRE L2 X585 % g: Y — Z 2ERR
X, (ZOXk5%B% g % h DIERE VS )

xX-—r.z
fl T
Y .

fIEEG DT, 5 f1: f(X) > X DBDb. 20 Z%E—DL 5.

_ () v e (X)),
90w} = {Zo y & f(X)
L k.
2. (i)=(iv) ZRBIX IV, fios, = (fos), =id, =id WZ f, IT25F.
]

EE . B 11013 kL, fRBEFTHL L NI 7Y a vy RO Z LIXFEMET
Hb.—H, [ PEFRBROIUIMERON? 2EZATAHS. [ X 5 Y REHFTHE0 5,
ByeYITHL, fa) =y 22 E5K 2 X PHEAETEDT, 20 &5k v 2—0%
Ls(y) =z &FTHUIEV, KHITEID. ..

==
a =

VZ . f B < fHES oV 28 < 2 — 2N 2
VZ i fo bt = 24 oV e 2 52X Higt

1.104 —“IERE

& 1.10.14. X A2 T2. X x X 256 X NOEHR% X LOZIEEH (binary
operation) ¥ XXZeDHE. B u: XxX - X 2 IHER L B2 % u(r,y) € X
oapy & ay EELIEDNDHB.
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pr X x X —» X BTIHBEEY U, u(r,y) & oy £ &L

1. RORAPFHTHZ &, 405, plux1x) = p(lx X p) DO IDOE ZF o
IIFEERY (associative) TH D &S .

pXx1x

XX XxX—7XxX

XxX———>X

DFED u AN TH2E, EED 2,9,z € X ™ML, plu(z,y),2) =
p(x, w(y, 2)), $%bb5 (xy)z = x(yz) BMDILDEWVWI T k.

2. ROKAKXD A TH 2 X, T2DB, p= pur DYDY Z u lF0#E (com-
mutative) TH2 5 .

X x X

LT X XY 5 X XY E7(r,y) = (y,2) CTERSINDIEHR. DFD u»A]
BaThHod 23, EED z,y € X WL, pu(z,y) = p(r(z,y)), $H8DB xy = yx H
U RTACRANE NP

3. XOKK Dk () O=AFEAHICIT 5 X 572514

n: (1] - X

PIIET L&, TBOB uln x 1x) = 1x (u(lx x 1) = 1x) PMH IO &5 %
N HEET B L &, 03k (F) BRTEZO LW, e=1(0) € X % u 0% ()
BT (unit) V3. FAOSABAAITS S L & p ZHATERO L VL, e
EWLITEL NS

1] x X 28 x x X 220 x x 1]

s

DED ek () BAXTHs eid, HED 2 € X XL, un(0),z) =«
(u(z,n(0))=2) , Thbber=1 (ze=2) PEHIDLWVS T L.

Bl 1.10.15. EHORMR xR - R, (z,y) »z+y, BRXxR = R, (z,y) — 2y iFVT
NBHEER, AR CTHAITTZ RO, D BEAAHMITRZAZN0 L 1 THS. T
TLERFD.
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oy

i 1.10.16. vV, A, = X 2] ={0,1} LOZIHEE 252 5. Vv, ANMIKEER, AIHATH
TCEFD. VOHEMNITIX 0, A DENITIX 1. — XEENTHATH WD, AHAIT 1
HO 1—-0=0,1—-1=1) .

Bl 1.10.17. p: Y XY =Y 28EE5Y FOZHER L U, puly,y) &y -y 8L
ZOoDER f,g: X 2 Y IINL, B -9 X =Y & (f -9)(z) = f(x) g(x) TE
B, f g DERBOFE (pointwise multiplication) & kX, BEBROAEKTHEITIX
frg=no(fig)=po(fxgoATHS:

fog (/:9) Y xY oy

N A

X x X

(f,9) eYXxYXITRHL f-geYX Z2RIGXEZ 22 TYX LOZIHBERNEE S,
O _TEEHFE I ME 1.4.34 OR—HOb &, u BFET2ERTH 5 ¢

Y¥xy¥ — = (Y xY)¥ Y¥,

(pl* 7P2*)7

T, (s © (Pres p2«) ") (f,9) = p((f,9)) = o (f,9) = f - g.

X OERALTHETNE T SO0 505, b O IHEE 1 DA (AT, BT
ZHED) THHE X, u DED D ZIHEE DGR (A, $ﬁﬂ:%\3h’)) ThHb. ZDZ
v, R IREA MOV TIE, RORRASAIRTH S 225D

®

o Xid

YXxYExYyY — (Y xY)* xy¥ YX xy¥
o id)
VX % (VY x V)X —Z e (v x ¥ x V)X 0y )X
id X ps (idx )« Hox
Y¥ xy¥X (Y x V)X Y.

o~ Hox

B 1.10.18. FLHEOH, #E, T4Hbb5 a,b € RN IIHL, (a+b), = an+bn, (ab), = anby,
WEDEF 22BN EMIGEEZ 22T, EEINOM, BRY xRN - RN EX 3.

f 1.10.19. X #5353, A
c=cx x,x: Map(X,X) x Map(X, X) — Map(X, X)

¥ Map(X, X) LICHAENTHRATTZ RO TIHER Y5 2 2. Bl idy TH 5. —K
WA TR,
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X 756 X ~OEHR2KE Aut(X) e &L G
c: Aut(X) x Aut(X) — Aut(X)

F Aut(X) RICHENTHRAIT dy 2F2ZHERE 252 %, 2512, ZOIHEA
BHIL R0, $2bb, BROAMIZED Aut(X) 138 (group) £ %. B AHA
f € Aut(X) OWILX f OWER f~LTH3B.

X ={L2,...,n} (neN) OFE, Aut(X) & S, L EFZ, n ZNFEf (symmetric
group) &£\ 9.

1.10.5 %F4RIRK
B 1.10.20. X 284, P(z) 2iEr L, X OMOHER
P={zecX|Px)}

#EZD. x € PhrES0RAIBICIE Plx) YD LS BNEDRETHN P(x) HEY
BREDBERDPEINIPIUEEN. TOXSRBEILTEE Pl) ZRTEES X
25 2] ={0,1} NOEHR P: X - 2] £ EXBILNTES:

_ )1, P(x)»HE
P@) = {0, P(x) 2.
B & 2012

P={eeX|P)=1)

Thbb, xp=P TH2.
FACXITHL, Tee Al VWHIbiEER 2X ot B2 2, A ORFEREE v 4 1B
AV

B 1.10.21. X xY OMHEEEZEZLIL L, X 55 P(Y)\DER{EEZ 21k
ALz TH3:PX xY)=2PY)X.

EEE,LRC X xY IZHL, ®(R): X - P(Y) %2 ®R)(z)={ycY | (z,y) € R} 1T
EDEDIL, OGO BEHHEE5 R 5. WZ, : X - PY)IIRL, U(y) =
{(z,y) e X xY |y € ()} ZRBIEUI L. EHRROMAIAHRTD 5.

PX xY) 2= P¥)X Lo p(X xY)

LX

2X><Y.

=
-

1R

[l
-

=

*

[l

IR
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FBE,
X © ®(R)(2)(Y) = Xap(ry(a) (V) = {(1J Z z; Z g
= ® o x(R)(x)(y),
X 0 W) (2, y) = Xy (,9) = {(1) i Z Zg;
= Xy () (¥)
= (x¥(2))(y)

f 1.10.22. X Z8EH, X # 0 &3 3. singleton map s: X — P(X), s(z) = {z} 2%
2%.scP(X)X TH%.
sOU: PX)X S P(X x X) IC&BBUIMAMES Ax TH5:

W(s)

{(z,y) e X x X |y € s(x)}
{(z,y) e X x X |y € {z}}

{(z,y) e X x X |y =2z} = Ax.

Bl 1.10.23. B u: 2] x 2] = [2], u(p,q) =p-q BEZONTE T 5. u DED B H R
BOFE 25 x2X 52X Fhbba,be2X 1T, (a-b)(2) =a(z) - b(z) TXDEF
%a-be2X BMIGXBIEMSEEZ S, u FEEN (AT, BATEED) o1, &M
BOBEHEDZSITDH 5.

COBEBEIELEM v P(X) - 2X ZELTPX) LoEHEREDS. Thbb,
ABeP(X)IZHL, A-BeP(X) % x xa-xp) CEDEDSZ. Sz iUX, A-B
WERHEEBD xaB = xa-xB, SKEDE, xap(®) = xalr) xsl@)iEbE52603
®£a

A-B={x e X|xalz) xplz) =1}

THb:

P(X) x P(X) 225 92X x 2X

P(X) 2,

X

B3 A, u HESH (AT, BATERED) Re1E, 20 P(X) LOMESZ5Th 3.
FiX Y BEELTS. Fnmie fr:2Y — 2% 3R AEOEEE RO,
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2% D a,be 2V 1ITHRL,

TDB [*(a-b) = f(a)- [7(b).
Ko TR, MBS 2R EOHEZRD. T2b5

Xf-1a-B) = f*(xaB) = f"(xa-xB)
= f"(xa) - f*(xB) = X7-1(4) - X5-1(B)
= Xf-1(A)-f~1(B)

Y, fYA-B)=f"YA)- - f~Y(B)TH3.

R 1.10.24. X 2HEAT5. £5 2] LOMHE - VA, — 1%, FrRBOEEICED 2X

LOEEZED L. 2T S P(X) LOEEIIRTEZ 6015,
FED A, B C X IR LA D 3D,

L. xae = —xa.

2. XauB = XAV XB-
3. XanB = XA A\ XB-
4. XAeUB = XA — XB-

PX)—X 59X P(X) x P(X) 25 92X  oX
()Cl l l l
P(X) 2% P(X) 2%
P(X) x P(X) 225 9X x 9X P(X) x P(X) 225 29X x 20X
ml l/\ ()Cul
PX) ———=2" P(X) ———2%.

Z9.

(=xa) " (1) = {z € X | ~xalz) = 1}

lﬁ

. ya(z) =12 e ATHEETREVTABIELALHOLTH S, 1 £ 2 25
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={reX |- (u@) =1}
= {r € X | xalx) = 0}
—{reX|zdA

= A°.

(xaVxs)(@) =1 xa(r)Vxp(r)=1
sSrxecAVvzezeB
sSreAUB

= XAuB(Z') = 1.

fE 64. 3,4 2/t

Bl 1.10.25. %5 2] = {0,1} X Z/2 L BARFE—HSN 2. ZHUT XD [2] iThk,
ENEE D, AR THBIER A+1=0) , BEH»T2F8IEK 0-1=0) Fr

WoBEETHS.
p+gq pq
P\ |0 1 p\g |0 1
0|0 1 0 [0 0
1 11 0 1 |0 1
TS5 EI1C
pP-q=pAg
ThH5. £/~
p+q=-(p<q)
==(p—=>qNqg—p)
= (pA=q) V(g —p)
TH 5.

FRBOR, ANk D 2% LIckE, MIEE 2. X OFIES A, BITHL

XAXB = XANB
XA + XB = X(AnBe)U(BNA¢) = XA®B
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Th3. 2] D, XoT 2% OMl, BHIFHL, KEW, FEMNTH D INESL X CFIED AL
TR ODTREOIEE T N L AFRE ¢ AR, #ER, BT b BAT 2o,
(Z % Z)2 DIk, FIEHI AL, G0, DB TH D INEB X OFEOHRAMTE RO Z &
ZWENPDZILE, NE GINLINOZEEEIDZ DL LAHFEIrE VS &%
DHTED &5 75ITT 20 L)

1.10.6 EEHED MR, THRR

B 1.5.11 2BB IR EHED LR, THROBE®RZD LEZTALS. {4 ey ZHRE
HelL, A=U2 4 B ac AL, NOHBEE I(a) 2, A, D a2&L X5 %
KB i bOEAL TS, Thbb,

I(a)={ieN]acA}.

BHo»iCace A;oicl(a) THA.

:ﬂ{a|3i2n:a€Ai}
n=1

={a|VneNJi>n:aec A}
={a|VneN,3i>n:icI(a)}

we-0(0)

n=1 \i=n

— U{a|W2n:a€Ai}

n=1
={a|IneNVi>n:ac A}
={a|3neN,Vi>n:icl(a)}

={a|I(a)® 3ERES}.

2% D, lim, A, 1%, EREDOES i WL Ta€ A 2RD2EIK alzbDBEAT,
lim, A, & BREOES i ZFRWTac A, (DFED, A, D a2EBERVEIRES i D
EBRETHZ) 5% alzbDBEATHS.

FOREBIIRDESICREZ B TES. I(a) CN, 2% I(a) € P(N) Zho, I
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#
o
»
i

% Ao P(N) ADER
A—LspN)

at+——sI(a)

ERHIENTES.
X, ={JCNJ]ieJ}CcPN)

ThHolzhrbic I(a) =4 I(CL) € X, & ac I_l(Xi), Tikhbb A, = I_l(XZ) TH5.
Lo T

lim A, = lim I~*(X,,)
=71 (HXQ
=I"'({ICN|I3mREL})
— {a| I(a) BHERES]

Gil= 3
lim A,, = lim I~ (X,,)

n

=1 (h_an)

={a|I(a)" FHERES} .

1.10.7 N AIRE

Y Y ZREY oY BENOERE TS, 1(y) =y %2R yeY = OE
EM (fixed point) WS, FEDye YV ML 7(y) #y TH2 L X, 7 FEERZHF
7272\ (fixed point free) £\ 5.

FIE 1.10.26 ([1, Cor.7.13]). X, Y Z2HALT5. YV PEEREZFLVWECER 2
D TROBEED ye Y ITNUL 7(y) £y RD2EIBEBEH Y Y DFEET ST
5. 20% X 5256 YX ANOLFIIFEL R,

A X £ D EEEZEIV. : X 2 YX 2EBr 55 p=U(y): X x X —
Y 2 BL. TRDE o(x, 7)) =¢(z)()). Gl a: X - Y %

a=T0po A X B XxXLY DY

WEDEDD. 72720, A X - X x X BNAREBRTHS. 20 Eadimy TH5.
TR ATEED a € X ITXfL,
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a(a) = 7(p(a, a))
P(a)(a) = ¢(a,a)

THY, T IFEERZFZ2VDT ala) # P(a)(a). o T a#a). O

ZDFEIC BT i (o DMK ZXA#RERE (diagonal argument) & W 5. E
# 1.8.26 DREIIZABEMITIEZ ZOERE 1.10.26 KBWTY =2, 7=-:[2] = [2] & L
72bDTH5.

B9 65. X £0, f: X > P(X) 25 L, A={ze X |z ¢ f(z)} £B<.
it;i@lﬂﬂ6@ﬁ%@%&%xﬁxz+mxy§2Xtﬁﬁm—wﬂmﬂbﬁ%
L TR FE

a=-0U(yfloA: X & X x X 219 7y 9]

BEZD.
DX xA=aTHBILZRE.

WE .Y A0 ThHaLE, Y BEEAEHEACEOE SRRSO, Y S0l T
PEateZ LIXFEMETH 3 Z 2 ICERETIUR, EF 1.10.26 1 3EH 1.8.26 25/RT I EMNT
%3,

B166. Y £D 232 Y MBEEREHR-ZZRVHCE®REZR v, Y B2l %
G2 L IXFAETH B

1.10.8 HEHNRWECBRESDEE

BIREADTTOMEE L W o 72472 DRNIC R X 2 FICEE 3 2 amE, M2 RiRIciExr 3
ZDOMEIFZSZENDIERVE, MERLoTWVWEDNIL LR BONBETHS.

B EZ 2DTHRE (¥ 0) ZHWS. 22T, RADHIHEL T2 DEARBOMHE
B, b ITBEFENIRNE, TROBRORNETH 5.

RIE 1.10.27 (Peano). £E Ny BROWEZ AT .

1. 0 € Np.
2. ROZEM% A= 5 suc: Ng — Ng DIIFHET 5.
(i) 0 ¢ Imsuc.
(i) suc IZHLG.
(i) N CNpg230€ N 2D suc(N) C N ZAEX, N =Ny.
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HE . neNg XL, suc(n) Zn+1&EHL.

i, CORHEBLLTEREDFEZBE, HEWVEIHIO (KDEANEEZSND) B
Hodbl, ZORNMEALTREORFEZIEAL, ZOX54EE%2 Ny b #FH . 2.(1i) &2
BCAIRIED N v S .

EIE 1.10.28 (BFMIRNIE). P(n) % Ng OICICBE S 28588 L, IO DO T 5.

1. P(0) 135
2. P(n) HERZSIE Pln+1) HE.

ZOLEAEDneNgITHL, P(n) l3ETH 3.

AEAA. P(n) DE 7325 X5k ne Ny 2Kz N £ §5.
N={neNy| P(n)}
FHE1ED0eNTHS. $5&M421F, ne N7&bidsue(n) € N, 2% D suc(N) C N
THBEWVI L. Lo THFNFWED R LD N = No. O
HABOMHHEIZETZIORM 1.10.27T »5EL Z e TE 5. ([6) F2H) HlZIEX
RS,

fied 1.10.29. Imsuc = N.
neNIWHL, suc™(n) Zn—1rHEHL.

FEH 1.10.30. Ny 12i&, n <suc(n) (DED n<n+1) PMEED n € No 0 LD AL
DEIRIEFDVIZOEDFET L. BT, ZOEHFIERE AT .

1. ZOMEFI2IEFTH 5.

2. suc FEFZAED. (XY m<nBoldm+1<n+lewsIk)
3. m<nBolEsuc(m)<n. (DEDm<nBom+1<ntwnsIt.)
I m DERDITTEm+1THY, m DERDITTIEm -1 TH 5.

4. 0 = min Ng.

M 67. 2IEFEAICBVTE, BEf (BRI O, FE3TUI—=N.
DTo#imTld, chomi@ 1.10.29, EF 1.10.30 13K b 2 HW 3.

& 1.10.31. 1. [0] = 0.
2. [n+1] =[n]U{n}.
3. min[n + 1] = 0, max[n + 1] = n.
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ZIERA. 1. 0 =minNy 720 5.

2. m<n+lem<ndBEDIID «l3n<n+l1 XOBHL2. =, m>nkd
Em>n+1THH, Ny QIEFIZRIEFZD2S. Ko T [n+1] =[n]U{n}.

3. 0=minNg Wz 0<n+1l.n+l1eImsucZ0WDZ0#n+1. XoTO0<n+1
7255 0€[n+1). £o5TO0=minn+ 1].
n<n+1WZnen+l. menh+1]Zom<n+1®WZm<n Ko
T n =max[n + 1].

U

fRE 1.8.4 OFEA. n ICBEFTRIFNE. n =00 XX 0] =072 A=0=2][0] T
0.K.

nTHRILT2E LT, ACn+1]={0,...,n} =njU{n} o Z2&E2%. n¢g A
DEEIFZAC [ BDOTHWAEDRELD OK.ne A EF A\ {n} C [n] 7%
Do, RNEDIRELD, % m € Ng, m < n PFELTIEFHEE f: A\ {n} —
m] = {0,1,....m — 1} ’FETS. m < nZDTm+1<n+1Th3. E&
f:A—=[m+1=[mu{m}%

f) =

- f), l#n
m, l=n
TEDZ LI fRIEFRATH 3. O

% 1.10.32. neNg 55, fEED D # A C [n] KL, min A BFFET 5.
Thbb, EEO n e Ng L, [n] 3BIIEETH 3.

AR 0 £ ACn) &35, 5 m<n JEFFAEg: [m]| > ADFETS. A#DOZ
m >0 T 0 =min[m]. BH5 5T ¢g(0) = min A. O

% 1.10.33. 2D n € Ny IZH L, [n] 225 DRI YIK 2+,
EHIZRBITH 5.
FIE 1.10.34. Ny IZBOKNEFZRTIEF 2Rz DIXEIEESTH 3.

AEH. ACNg, A#£Qr33. necA%k—or3. A, ={acA|la<n}=AN[n+1]
EBIEA, Cn+1]THY, ne A, BDTA, #0. >TH 1.10.32 &b A, 2
BINTTOFEST . m:=minAd, B m=minATH3. EE, mec A, CADZ
mecA acArT5. a<nThX, ac A, 725 a>minA, =m. a>nThHiL
X, necA, TFEETS L, a>n>mind, =m®W3 a>m. O
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oy

FE . LOSIHTIE Ny QIEFA2EFTH 2 2 ZHVWTWS (Y2 T?) . 5E0fo
TITEHIRE TR, BINNEFTHE 2R LTV, 20062 EFTHE %
BLGEDHD.

i 1.8.5 DFMAA. 1,2 £ < 1XEEBEH5E2E Z UL S 5
= Z/RT.

L nIZHEFT2/METRES. n=0DXZ 0] =07205%H f: [m] — [0] 27
ET2DE [m] =0, THhbDEmM=0DL ZDA. ko THKIL
n TS5 ERETS. f:[m] = [n+1]=[nU{n} ZHHE T 2. n g f([m])
DBE. f(m]) C 0] BOT fiE[m] D [n] = [0+ 1] L2RT 5. RNED
REEID m<n EoTm<n+12%Y 0K ne f(m]) DFE. o=
f(Im])) Z0@Z, [m] A0S m>0.1€[m], fI)=n&$5. 0:[m] = [m]
Zlem—10HE $hbb

m—1, k=1
o(k) =<1, k=m-—1
k. k£l m—1

THERZLNZRME L L, AR f m—1 = [m] S ml L nt+1] 223, f
FHHOBRE D S MHTHD, n g f(Im—1)) TH3. ko THLOHAH 5
m-—1<nt¢ZzZb m<n+1ThH5s.

2. HiFf f:[m] — [n] BEHTERVETS. | € 0]\ f(jm]) 2—Dt 5. Fif
flim+1={0,....,m} — [n] Z

(ﬂm:{%m,k<m

k=m
TEDIUIHSL I fIHS. XoT1 XD m+1<n®x m<n.
]

R 1.8.6 DFEH. < FRX LWV, (m>n DL ZEFHE [m] — [n] ZEELRNI 2
= ZRS. f:[m] = [n] Z2Fte T 5. an@ 1.9.15 X b, f 130K g: [n] — [m] 2FE
D. fog=idy TH225 g lFHE. XoTn<m.
O f DHEHETRITIUL g 1IZEHTIERY., KoTZDe EEn<m. (g% (H)
Bs fb (2 BHekd, 5503 g DIED RS
U
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$2E
EpEEZEfE] & i ABZEfE
2.1 R¥
COHEHITEBICOVWTRER I 2T HTEL.
I THRRTWARWZ &

[ e ==¢.3
RENWZOWTIIRTHADNEFm Tt Lo/ BS5 DT,
BEBLESHEICHE X B, 2012 FEDFIOFMDHFE / — MO ERICOVTEOTY

5. web IZBWTHLDT, REDPDUEZNZSRDZ &
FRZRITH? (WBWBREZHFDD 50, BERDIZEEN L Bbh 35 X5 TRE)

DRI Z AT 3 RN A2 ERA W, ZOIREFRE WS
& 2.1.1. A K C2IEFP5Z 60 TED, FEED a,b € KT LT OZEMADIK

hito¥ %, K Z2lEF&K (totally ordered field) &\ 5

1.a<bolX, FEDce KX La+c<b+c
2.a>0020>07%51%,ab>0

RIEFHRICBNTIEE BRI BT 3 AER L AR

FSTEETZILNTES.
 BEBR CIlE2EFRRE 25 K5 RIEFREZ WIS Z iRV, EEE, 2lEF

%kkmfua%Oﬁaiﬁ>OT%DJ:J?>OE@T—1<OT%%
RIEFEER L 122 X5 REFE D2 T2L,ic CIZOVWTi2=—-1<02RDFE

EE 2.1.2. XROEHFREDORNE AT 2IEFEEZREE L XOR THobT. FEEK
DILERHE VS,
D EICER 2 SR ERBIFET 5.

1 GEHEDRIE). 22 TRWETH
“EED” BEWOD &, WY REKRTRLE =272, BEAEIFET 2 Z L2k

HFE .
H 3.
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FE . 2EFFRCBWTHEGEEO R L FETH 2% VL0L LN TN S.

E& 2.1.3. Kz2lHEFhe 32, KBPXROUWE (FPILFATIAORE ) AT LE,
KIZ7ZILEFXTIAHTH 205,

e EEDa>0,b>0IINLTHL2ARBn BFELTna>beiR5.
B 2.1.4. K 22lEF ke 35, XIEETDH 5.

1. KIZ7ZNLVFEXTFTRANTH 5.
2. NCKZ (KizBWwT) RicERTRW.
3MEDe> 0N LTHL2ERBn DFEL T I/n<e 5.

A, 1= 2) ZAFRXTFTRAORBIIBNTa=1FHF X,
2=3)0<eeK&9%. c£0WRAHIT 1/ e DFETS. N2FEHRTELRVDOTneN
T, 1/e <n eR2BDHBFETS. n,e >072DT 1/n <e.
3=1)a,beK,a>0,b>0t3F%.a/b>0TH%. [RELDDHZERE n BFEL
Tl/n<a/btizbd.nb>0WWZ na>b. O

ffl 2.1.5. FHBAEKQUETNVFATANTHS. EE, r >0 322 r=p/q, pgeN
EFEFB. 1< pho1/2q<1/q¢<Dp/q.

HEE . 7AFXTFTANTIEROEIERROFIN 3] 125 5.
R 2.1.6. EBIEARIZITILIXTANTH 5.

AEAA. N C R 28 FICER TRV Z 2 ZREid L.

HHETRZS. NCRDPLEICEHRTHET%5. N£)RoTHExEONHELID N
WIS ERBIFET 2. s=supNeR &BL. s—1<sZho, 35 N e NBFELT
s—1<NE&ZR5. KoTs<N+1tR2HHP N+1eNRDT, 2RI s BN D L5
THDHZEIIRT 5. O

DARE[REDME S5 D TROFEFEZFEH L THL.

e 2.1.7. 1. EEOFEH z c R 2 IEEDER e > 0L, o <r<ax+e kAl
THEB rc QVFEET . TRODE (v,2+e)NQ # 0.
2. EEDEH 2z e R EIEEDER e > 01, 2 <y < x+¢e BATHEEK
yEQDBFIET 5. T4bDB (z,x+e)NQ° £ 0.
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. 1 "
AIERA. 1. N<EZZ,C%>E%§&NEN%~OZZ>.

l
n::max{leZ‘—<x}

LB O EFEDSMS L <z < THE.

n n—l—l_ n+ 1>0
Tr+e N =z N € N .
FoT 2 <x+e WS B €Q.
2. [ARRICLT
V21
= leZ | — <
m max{e ZN_x

rBHE, Y2 ¢ (2 46) N QC.
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22 [hBk

E& 2.2.1. X 2RELT 5.
X x X BERS N7 TR EBR

d: X xX —=R
PDRO=ZDDFM AT % d% X LOERHEEE (metric) &\ 5.

D1 (i) EED 2,y € X I2WT d(z,y) > 0.
(i) d(z,y) =0 &z =y.
D2 FED z,y € X IZ2WT d(z,y) = d(y, ).
D3 (ZAXRER) TED 1,y,2 € X IZOWT d(z,y) + d(y, 2) > d(z, 2).

& 222 £FEX 20 LOKMEK d PG 2oz 2, M (X, d) ZEEBEZMH
(metric space) £\ 5.

¥ x,y e X TNLFER d(z,y) & x & y DB (distance) &\ 5.
RELOBZND 700 Zld d ZEM L CTHICHRZER X £ E B0,

& 2.2.3. (X,d) ZHHEEZEM, AC X 28R EL T 5. HEEREE Jd %2 A CHIRLZ
D, Ihbb,
Ax A> (a,b) —d(a,b) eR

BEZD L, XA LRSI D, COERIC XD A IZEREZEMICR .
PREEZEE DM EAZ DX ST U THMER e A &, S0 EHMZER (metric
subspace) %7z13HICERDZEM (subspace) £\ 5.

& 2.24. (X,dx), (Y,dy) =R T 5.

g f: X Y PEHMZERDD 2 VIIERER (isometry) TH S e EED z,2' €
XL, dy(f(x), f(2') =dx(z,2") TH 5.

X 25 Y NORNERBEBRNPFET S X, X & YV IIHEHZERM Y U TEHEER (isomet-
ric) , » 2 WIEEE (isomorphic) TH2 &\ 5.

TR . EHTH2H00H2EREREVILELDHD.
 68. FREBRDGMIIFREHRTH .

B 69. EHEEEZEHOUEERIIFRFBRTH 2.
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A 70. 1. FEBHRIIHESTH 5.
2. [ X =Y DPERERBB{LLIX, f OWERVEREBHRTH 5.
3. X v Y HHHEME LTERTH2 « FRER - X Y v g: Y - X 23fF
ELT, gof=1x, fog=1y ARHILD.

M 71. Bi% f: X — Y 2P HEEEE R TCIE, X & f(X) 3R LTERTH 5.
E& 2.2.5. X ZHHHZH, v € X, e >0 3 5.
1. X ofn%Es
Uc(z) ={y € X | d(z,y) <&}

% x BHiDE T 51 1% e ODFIER (open ball) , FIF# (open disc) & %\ ¢ it
% ruvs.
2. X OB E
Bo(2) = {y € X | d(z,y) <}

Zriz ZHDLE T 5% e OFEK (closed ball) % 7:13EM% (closed disc) &
W,
3. X O EE
Se(x) ={y € X [ d(z,y) = ¢}
Zr eFubh e 354 e DK@ (sphere) 10 5.
RISELE . 85(1)(2), 86(1)(2), 88(1), 93, 98(1)(2)

5 2.2.6 (n Xt —2V v F2EfH, n-dimensional Euclidian space). R @ n {EDEFE
R" = {(xl,l'g, .. ,l’n)|IL‘Z € R}
D2z =(T1,...,Tn), Y= (Y1,...,yn) AL z & y ODEHE d(z,y) %
d(z,y) = | > _(zi —p:)?
i=1
TEDZ L dIFR" LOFRBEMTH 5.

AtAH. D1 S d(z,y) > 0 TH D, 2 =y %&b d(x,y) =0 TH 5.
dlz,y) =035,

0< (i —w:)* <Y (wi—u:i)* =0
=1
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TH506x, —y;=0. KoTx=y.

D2 BH S 2>,

D3R"D3Kz=(21,-..,Zn), Y= (Y1, Yn), 2 = (21, .., 2n) WXL a; = z; —y;,
bi=vy;, —z &BL. v —zi=x; — vy +vyi—zi=a;, +b; THHHDPH

d(z,y) = , Zaf, d(y,z) =, _Zb%, d(z, 2) = Z<ai+bi)2

(d(z,y) +d(y, 2))* — d(x, 2)* Za -I—ZbQ-I—QJZa JZbQ Zaz-l—bi)z

=1 =1 =1

I I THREBEDAEFESIEIRITRT Schwarz DAEFEXEZ D bW, d(x,y), d(y,2) 1ded
WIIEATH 2056 d(z,y) +d(y, 2) > d(z,z) £725. O

&%,

178 2.2.7 (Schwarz DAER). a;, b; (i =1,...,n) ZEEEL T2 2 ROARERD L

I 5. . ) . §
(Sen) =(E) (o)

FE . R" 2B (FEN, -2V v F) Wi (a,b) &/ V4 ||a

= Z aibi
i=1
lall = V/{a,a)
{95 ¥ Schwarz DAFERIX
[(a,b)| < |lall|o]|
CRMETH 5.

A 2 =0R561IBRTH i IOV Th =0THZOTHELHIC0 LARDFRTT 3.
S0 A0 LTS, EEOFR L ICHLT

OSi(ai—f—tbi)Q a2+2tZab +t2Zb2
i=1

=1
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THD, 2 >0 CTHENE, HWHREELS L

(Eee) - (£4) (E2) =

&35, O

COfEir2—21) v FOFERE WO, RP 2O 5 2 TN 2 HEEZER % n
KoeA—2o 1)y RZER W,

n=10¢ =%
d(z,y) =/ (zr —y)? = |z — y|
U(z) = (x—e,z+¢)
Se(z) ={z —¢e,z +¢}
n=20¢=x

Uc((z0,%0)) = {(z,9) | (z —20)* + (y — v0)* < £}

............................................................

2.1 U1((0,0)), il 2.2.10, 2.2.11 BH

Bl 72. 1002 —27 VY v RZEM R 2L ZNHBANDERBRIIEDE 52D ? (F
30,1 DIRZEFARTAL)

Bl 2.2.8. 2,y € Q (HE2WVWIX Z) IR L, d(z,y) eRZ d(z,y) = |z —y| LEDD L, d
2 Q (H5WVE Z) FOBEMBERTHD, ZOEMICED Q (553 W3 Z) 1 (1 KEL—
7V v FZE[E R OFR7) FEEZERITH 5.
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Bl 2.2.9.

o
xz; € R, Zw?<oo}
i=1

R*° := {(xl,xg,...)

33, Tibb R OICIEEEI| {1} TH o> TRE D 22 BPINKRT 2 H .
r=(r1,22,...),y = (y1,92,...) € R®ITHL

oo

d(z,y) = Z(l’z —¥i)? = J”h—{go Z(ﬂfz —vi)?
i=1 i=1

TE X 58U R OB TH 2.
(R® %2, bELSZEHZW. L R® LVISAFEHNOERTHEDLDNLZ ZdH DD

AEPH. F£3 d(x,y) 2 well-defined T2 D BHEL D (x; — y:)? DINKT 2 Z L ERZS.
Sp= Yo (zi —yi)? BL. {s,} IFHFEMTH 2. n KoL —27 U v FZEMR™ O
3R (1, m0),(0,...,0), (Y1, - ., yn) WHTT 2 =AAELDS

2 2

0<8n(¢%V<i(J§:x?+J§:%j <1<J§:$3+J§:ﬁ)

THIDH {s,} BERTHZ. LoTIEHRT 5.

I DL, D2%2ATIIEHLLTH . =AREREALT I EEFAKIC
Ko —27 1)y FEMICBIT 2 =AFAERELEZTCZOMBRZL 2 TRTIENTE
%. O

B 73. LO=AAREERE

5] 2.2.10. R* iI2BWT

ﬂ%y%=gg§Mr—w

ZEZ5 R LoBEEBTH 2. (ZOEMIZFIES T 78R (Chebyshev
distance) £ XiZhsZe»dH 3.)

AEAH. D1, D2 138 & 2.
FED1<i<niZ2WVWT |z —yi| <d(z,y) BRDIID. £oT

d(z,y) +d(y, 2) > |z — yil + lyi — 21| > |2s — 2.

L7=moT
d(x,y) +d(y, z) > max |z; — z;| = d(x, 2).
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n=20&&U0,0) ={(z1,z2)| max|z;| < e}.

Bl 2.2.11. R* i2HBWT

n

d(mvy) = Z |IL‘1 - yz’

i=1
GEERERIEL T H 5. (Z DBEEEIEI Y > /Ny 2 2 EERE (Manhattan distance) & XiZh 3
DD 5.)

SEE. D1, D2 1385 2.
d(z,y) +d(y,z

_yz|+2|yz_zz|

|xz yz|+|yi_zi|>

v

Il
M= M: I M:

&
Il
—

|90z' - Zz| = d(l‘az)-

n=20t%U.0,0) = {(z1,22)||1| + |22| < €}
B 74. R IZBWTH 2.2.10, 2.2.11 ITHY T2 Z e 2ELE &

B 2.2.12 (BEBEEREZZM, discrete metric space). X 2 AL 5. B d: X xX - R
%
Aa.0) = {1’ vy
0, z=y

TEDZE dIiF X Lo 5. (K 88(1) B,
(X,d) = BtEIEEREZER (discrete metric space) &\ 5.

Us(z) = {{x}’ =

X, e>1

0, e#1
Se(@) = {X—{x}, e=1

Bl 2.2.13 (p EEHFEE, p-adic metric). p ZEHE 5. 1€ ZITHL

0, [=0

op(l) = {max{n€Z|n20, Py, 1#0
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EBL.IAF0DEE v(1) 1 E pn|l, p"tL Nl B X5k neZTHE. Thbbl iR
KR L T= 2 &D p DEEE.
dp: 7x7—R%

—vp(l—m)

dp(l,m) =p
TEDD. 7272 Lp > =0fMRT 2. d, 13Z FLOWEBBEKTH 2. ZoEL p fEE
IANEN
AEEH. D1, D2 i3S, D3 2% 5. £3
up(l +m) > min{vy (1), v,(m)}
THBILIEETS. RERE I p" T, m B pb THANR 4+ m & prin{nkl ©H|

N6, p7 @ 3z KHALTHERBADTH 2 Z e iEFEETUL

do (k1) + dy(1,m) > max{d,(k,1),dy(1,m)} (255 bIEEEDS)
— max{p_vp(k_l)’p_vp(l_m)}

= p_ min{vp(k_l)7vp(l_m)}

> p—vp(k:—l-l-l—m) — dp(k:,m)

B 75. Lo D1,D2 ZRE.
Bl 76. LOBITp=205E%2E2%. ncNT5.

1.1=0,1,2,...,10 K L do(l,0) 23K X.
2. dy(27,0) B do(2n — 1,0) KD X.
3. $1(0) BEUUL(0) 2Rk &.

4. 81/20(0) BXU U, /20 (0) ZRD &.

W . OB, SARSRE D SRR (B A RER)
max{d(z,y),d(y,z)} > d(z,2)

ZAHILTWS. ZO XS REZIETILF X T ZHER (non-Archimedean met-
ric) £\ 5.

B 77. X 28G5 35, Bfd: X x X - RPIEH (Vo,y € X, d(z,y) > 0) T, #@E
M= ANERXZ A BE, =AAER 2 AT I L E2RE.
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FE . ZOREE QIHERTE %, B v,: Q\{0} > Z ZUTO LS ITERT 5. (FE
DO TRHRVERE r X r=p"s/t, (n,s,t €Z, s,t & p THNZWV) & RE, ZDnidr
CED—EITEES. vp(r)=n &T5. £/ 0,(0) =00 EEDS (p #AHH).
d:QxQ—R%
dy (1, m) :p—vp(l—m)

TEDDS. 1 Lp ©=0rMRT5. d, 13 Q LOWEMENRTHZ. ZDfl% piiE
BEY WS

ZFHA.
0p(l +m) = minfu, (1), v,(m))

THZIeERER, HLIEZOr &R | =ps/t, m = p*u/v T s, t,u,v € Z iZ
p CEINEWE TS, . n<k&LTBEEZRDRV.

[+m=p ;—l—]okg
B DU
= (G +0 )
_ L US + tpF T
B tv

THEMvs+1p" "u € ZHDT s+ tph—"u=pw £EIF3, 727 LeweZ, e>0,
w i p TENROV., Lo Tl+m=p"Tw/tv 272D, tvidp TEINRWZ 2ITHER
THUX v(l+m)=n+e>nTHEIEDRTPS.

O

B 2.2.14 (3 ¥ ZHEE, Hamming distance). X 2882 3%, z = (21,...,7,),
Yy = (y17"'7yn) S X" &:;ﬁj‘b,
d(x,y) = 4{i [z # yi}

LEDDE dIF X" FoRMEBICK . ZoE#Y /NS > JERE (Hamming dis-
tance) £\ 5.

Rl 78. ZODHEHERAETH 5 Z & BIRE.

Bl 2.2.15. (X;,d;) (i = 1,...,n) ZHEEZEMEE T2 L (21,...,2,), (2),...,2]) €
X XX X, IZHRLT

L. \/zz 1 ‘T“ 1)2
2. max{dy(z1,2}),...,dn(zpn, 7))}

n
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3 Zz 1 (x’w z)
TEE ST TNS Xy x -+ x X, FOREEREETH 3.
B 79. LD 1,23 2EHRAKTH 2 2 & Z2RE.

fEl 80. X ZHEEAEREZEM 5 5. I 2.2.15.3 THZ 62 X" LOEREBIKE NI V7
FEEE (B 2.2.14) & OBfRZFANRX.

E&E 2.2.16. (X,d) ZHEREZEM, AC X 2Z2D0RTHRWHPHESGL T2, Zor X
6(A) == sup{d(z,y) | z,y € A}

% A DB (diameter) &\ 5.
(ZBEEZOVWTRERELS 0()) = -0 &EZX5.)
I(A) <+oo THB L ZE AIFER (bounded) THZ LWV,

S 81. AC B72513 5(A) < §(B).

Bl 2.2.17. 2—2 Vv REBOE 2 = (21,...,2,) ZHDE T 2EE r(> 0) OREEK
U,(x) DEREEZ 2r TH 5.

AR, EED 2Ky, 2z € Uy (x) I22WT
0<d(y,z) <d(y,z)+d(z,z) <r+r=2r
L7oT0<0(Up(x) <2r tdhHs.

EREDEDE e <2r I L R" © 2

5
T4 :(azlj:(r—z),xg,...,xn)

ZEZDE dry,x) =r—c/Ah o xy € Up(z). dlwg,x_) =2r —e/2 > 2r —e.
EoToU,(x)) = 2r. O

FE . —BOBEEEMICBWT (U (2) <2r TH 2 Z B LOFHDFIE I D 505
2, EFEIRT LSBT 23 0ES R0,

B 82. L THEMMITLAEW, Thbb 6(U,(2) < 2r &7 3H%%51F k.

R 2.2.18. (X,d) ZHFREZM, AC X ZZDETROVEITEEL TS, 2O E AR
G o FROR e X THNL, 52 r>00BFELTACU,(2) &R5.
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A, =) 0(A)=s, 2 € X T 5. ac AZ—2DETS. r=s+d(z,a)+1&353
CAEED d € AWTHL

d(z,a") <d(z,a) +d(a,ad") < d(z,a) +s<r

72hba €Up(x). £oTACU, ().
<) ACU,(x) BIE6(A) < (U, (x)) < 2r. O

M 83. AVER & HsmzreX b, b5r>00FELTACU,(v) &h5.

M 84. (X,d) AR, AC X 2 ZDZETHRWAERETEEGL TS, 2o X AXH
RTHod Ik ERE.

E&E 2.2.19. (X,d) ZHEEEZEM, A BC X 2 ZDETHRVWIDHESLT5. 2o &
d(A, B) := inf{d(a,b) | a € A,b € B}

Z At BOHE# WS,
YRICADB LIz e X hondER A= {2z} THsxi3d({z},B) % d(z,B) ¢
FWTC, {2} & BOEir wWhITIZ) x & B OERE 205,

d(z, B) = inf{d(z,b) | b € B}
TH5.
O ANB #0753 d(A,B) =0 TH %%, Hld—MICIXEL < 2.
Bl 2.2.20. 2 KT2—2V v FZEF R2 OFDER A, BERD XS ITEHKRT 5.
A={(z,0) |z € R}

() 19

DL EEBDIEDR 2 12X L

d(A,B) < d ((:c,O), (a; i)) _ é

TH2H5 d(A,B)=0TH35, AnB = 0.

R9 85. 1.reRETH. FEDODEDHE c L r<e ThHhEr<0ThHsZr%
.
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2. LomBOES, Thbb, FEOEOH 2 ITHL d(A,B) <1 k237575613,
d(A,B) =0Tdh3 I iRt

fI* 86. (X,d) ZEEMEZERI L, P (X) T X 0ZTRWARBIESRED R THES
I
PH(X) = {ACX | AHRE

A,B € P} (X) ITHL,
d(A,B) = max d(a, B)

ac

LEDD. 7272 L d(a, B) = inf d(a,b) (= mind(a,b)) TH 3.

beB beB
1. d(A,B)>0T®»b, d(A,A) =0.
2. d(A,B)=0< ACB
3. d(A, B) = d(B, A) 13D LD 7
4. d(A,B)+d(B,C) > d(A,C).
5. dy(A, B) = max{d(A,B),d(B,A)} ¥ E® 5t dy & Pf(X) LoHEMEEET
»H5

dy & Hausdorff iR K32 (b DDFHIZRIGAETH ).
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2.3 &S, HEEDOESD B1UE

EFE 2.3.1. (X,d) 2HEEEZER, O Cc X 208635, ZOr
O 7 X OFI%EE (open set) TH 3 (ﬁ&’%ﬁ@ T €O WML, HEIEDH e > 0 27
FELTU(z) CO 72 5.

Bl 2.3.2. BBR U, (z) BF%RE, <1 X2 —2Y v FZEH R ORKXH (a,b) (&5
£E.
AtA. y € Up(z) &35, d(z,y) <r TH2hbe=r—d(z,y) £Be>0Th53.

Ucs(y) C Up(z) Z7R% 5.
2€U(y) £32Ldy,z) <e THBD1H

d(z,z) < d(z,y) + d(y, 2)
<d(z,y)+e
=d(z,y)+r—dz,y)=r

%D 2eUu(z) THS. XoTUL(y) CUp(x). LD >T U, (2) lFFAEA.
1 XL =21 v RZE- RICBWTHXM (a,b) & (a+b)/2 ZHLE F 5 44F (b—a)/2
DHFIRTH 20 LHEETH 5. O

EE 2.3.3. X 2HHEMr 5. X OFESLED» 5122 P(X) OEFDHES
O={0|01F X O%A

REZD. O I8 d DESD BN (topology) LS.

EIE 2.3.4. (X,d) ZHEREZER, O 2R d OED 2HMHE 2 L RHILD LD,

01 X,0eO.
02 Ol,OQEOiOlﬂOQEO.

O3 {OA}AeA cO= U O, € 0.
AEA

AEFH. 01 X € O3S, DoV Tld o € ) &2 M o DIFELRVOTHEST
H5.

02z2€0, N0 252L,i=121IZ20WTC,z€0; T, O, IFEELE»S, HBIE
e WIFELTU.,(r) CO; 7%, ¢ = min{eg,e2} £BL L, e >0 THD
Uc(z) C U, (x) THBH 5, Us(x) CO1NO02. £oT O NOy IFHES.
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032 €Uy O EFBE, B3 Ny € ADTFELT 2 € Oy, Oy, BHESTH 5%
’5, HHIEDE e BEFELT Ug(a?) C O)\O eRb. O/\o C UAeAO)\ THH0NH
Ol

EE . O2 2 ol@NEIcE Y, BIRMEDRES OHEHTIHES &R 5 Z &30 h 503,
ST o127 5 TR, (RO BIESIR.)
REEE . 92(1)

EIE 2.3.5. HEEEZEICBWTE, O %S & O BHRONES.

AEAA. <) E TR XS5 ICHRIIMAESTH 20 6EM 2.34 03 K h ZOMESIZH
£E.

=) O RHEAL T, TED 2 € O RDOVWTHEZ1ER e, PEALT U, () CO
%%, x e U (x) THFEELT

oc |JU.,(@@co,

zeO

ko>TO=U.. (2). O
RIEELE . 88(2)

R 87. =—2 VU v FZER R” OEHES

[T(ai. i) = (a1, b1) x - x (@, by) = {(21,...,20) ER™ [ 1 <Vi<n:a; < < b}
=1

BHEETHL 2 Z2mnE. 2hz R* OXEE WS,

M 88. (X,d) ZHFfEZEfM, v € X £ 3%. E.(z) ={y € X | d(z,y) >r} ¥ X OBEA
THDZERE.

—ODHEG EDRL 2 HHEBAFR CMHZED L b H 5.

) 2.3.6. fi] 2.2.6, 2.2.10, 2.2.11 THE X 61 /= R™ LD
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n
= Z |z — il
i=1

BEZD. 0,01, 02 ENd, di,do DEDBNMHET 2L O=0,=0,TH5%.

AEEH. O = Oy ZIRZE S
FED z,y € R" IZOWT dy(x,y) < d(z,y) < Vndi(z,y) THZZLIWXFEETE. E
BERD i 12D\ T

ri —yil = /(x5 — yi)? —yi)? = d(x,y)

1= 1

THE050 di(r,y) = max|z; —y;| < d(x,y). FEED i 1IZDOWT
(i — yi)* < (max |z; — y;|)? = da(2,y)°

ThH2H»H

d(l’,y) - J Z(IZ - yi)2 < J Zdl('ray)Q - \/ﬁdl('rvy)

i=1
FElE dy WCBET 2Bk R Ul (), TR

OO0 tds EEDz e ORXHMLDAIERr ZFEELT Uy(x) C O 725,
e=r/yntBLte>0 EEDy e U x) &L

d(%,y) < \/ﬁdl(‘ray) < \/ﬁg = \/ﬁ?"/\/ﬁ =T

b yeUl(x). £oTU(x)1 CUp(z) COTHH O€Or. LToTOC O
W20 e O THNE, FRED 2z € OXNLDHBIER e BHFHELT U (z)1 CO &
%5, di(z,y) < d(z,y) TH5H25 U (z) C Us(z) D O OTHB. £oT
O, CO. Blbnrs O=0, 2RET.
O =0 % d(z,y) < dy(z,y) < nd(x,y) KEETUIFRRITE 3. O

M 89. LOARER d(z,y) < do(z,y) < nd(x,y) ZRE.

FS 90. 44 X -ORREERIS d <3 U, B d BT 3 BIERE UL (2;d), Bl d OED %
k% O(d) &L

1. X LRI di & dy 235 T3k > 0,V2,y € X : kdy(z,y) < do(z,y)) &H
7253 ZOLETEDre X EEED e > 01T L,

ng(l’; dz) C UE(I'; dl)
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THB L ERE.
FHIDLE O(d) C Olds) TH B L RE.

X Lo d & dy DX T3M,m > 0,Ve,y € X : mdi(z,y) < da(x,y) <
Mdl(m,y)J AT di ~ do rELZLIZTS.

2. B ~ XFAMERIRTH 3 2 & &Rt
3.d~dy THBLEZNLDED BMMEE LY, TbB Ody) = O(ds) TH3
L ERE,

B 91. 22151282 X x - x X,, FOZ2>0EEBEBOED 2N DEL
WZkERE.

B 92. R IZBWT, 2—27V v FEEHEDED 2 (it & BESEEEE D E D 2 MitHIX Rz 5 2
LRI
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2.4 {UMEZERE

AIETCHMOED 2MMHE VWS B DOEEA L. Z0oWHE (EH 2.34) 23 2ITRD
EREDHI-Z5.

EE 24.1. X 2HREL TS, X OEREDE O (§7%05 O C P(X)) BRD=D
D&M O1, 02, 03 #A7=F L &, 01 X ICAHBEESD 3 L v, M (X, 0) &A%
(topological space) &\ 5. [BELOBZNDR Ve 213 O ZAM L T, (HZERH X &
FELZEMBV. e, LIELIE, O D Z % X Ofitf (topology) & X.5.

01 X,0e0.
02 Ol,OQEO:>O1ﬂ02€O.

03 {OA}AeA cO= U 0, € 0.
AEA

O Otk X ODFES (open set) & KA.

FE . R OBE IR X 512, 02 2 5IRNEIC & D, GRMEOBES O BN
DIFAEE LR Z e 50, FRIETIE—KIIEZ 5 TIERWV.

HE . UTBVBVRERRZ 2D LAV, BEINHEZED 2 TIRIIBHESTEED 3
DAz WA WAEH L. 2D, X OMHZRTDIZO Gl EZHELT, 10
DEDBMNHT | Vo8 WAETEZIdHE. ZOHFBETEZVTVWOHS, OD
CeERMMEE IR ICTS.

Bl 2.4.2. FEH 2.3.4 5 EEEEZERICEBWT THEEEOED 20iH0) M TH 2 Z e hb
M5, TibbIEREZER X 2B 2HESEDOEKRIE X IhiHE2ED .

DITF, 2R1I2Z2eboR\WHhE D FEEEZH X 13 ED B MHIC & D AiHZER e &
ZB.

B 2.4.3. X 25235 BEAPX) EZdEo0ic X IThitHzZED 3. ZOfitH%E
X OBEERNIAE (discrete topology) &\ 5.

Bl 2.4.4. X S T2, O={0, X} 1 X ZNMHEEDZ. ZONHE X OBEEN
# (trivial topology, indiscrete topology) &\ 5.

Bl 2.4.5. X #EEL T 5.

O={AcX|A FERES) U0}
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E32L, O X INHEED 3.

AEAH. 01 X© =0 3 AREAWZ X € O.

02 A1, A €0 25 3. A, Ay WFENLDRZELSDBEIE, AiNA, =0 € O.
YH LD REATIERVES, AS AS ¥ h 5B HRES. XoT (41 NA)° =
ASUAS SERES. LdioT A NA €.

03 A\ €c0td%. TRTODAc AL, Ax=0TdHE, J Ax=0€0. %
AEA

Ao € AITHL Ay, # 0 TH255, A, BAREEGTH 3.

(U AA) = (1 45 C 45,
AEA AEA
THED D, (Upep Ar) 1FARES.

O

£, X =R 0%E, Zofiiflz R 0 ¥ —1{it8 (Zariski topology) Y\ 5.
(FV 2 F (BT IIAOS VW TERSINS. REBERAZOAZSHDZ L))

CNHDRPSHD»S LT, —DDEE X ITABNMMHIE—272F L IERS .

T 2.4.6. X 28E, 01,0, 7 X OfitHe 35%. O C Oy TH 2B & %, it O 13ML
H Oy D55V (weaker) F7213 W (coarser) , H % Wi, fitH O W EitH O LK h &
L (stronger) X 7z13#H'\W (finer) W5 T, O < 0, EEL.

DFE DHEED T EAD BT 05 fld .

HESLINHDRINZ, £E X ITAND Z ORI NHESHICIEFREGRE S X, &
EBNUHE»ERSS, 3205 ZDHFTRNDMHETD D, BEENAHD R, $hHDH ZDIEF
THRAKDNHETH 3.

FISEL . 130, 131, 133, 136.

B 93. X 2HREGD L &, Bl 2.4.5 DAAMZBERAAMHETSH 5 Z & 2RE. X HERE
BOLERE SN


exercise.pdf{}{}{}#Item.428{}{}{}
exercise.pdf{}{}{}#Item.429{}{}{}
exercise.pdf{}{}{}#Item.431{}{}{}
exercise.pdf{}{}{}#Item.434{}{}{}

2.5 PAES 137

25 HE&ES

EFE 2.5.1. (X,0) 2MHHZ%EM, F C X 208635, 20L&
F 5 X OFF%SE (closed set) TH % o F DRIEAE <2 X OMBEETH 5.

EE 2.5.2. F={F|F 13X OM%EA } 3REAIZT.

F1 X,0 e F.
F2 I, Fo e F= FiUF, € F.

F3 {F)\})\eA CF= ﬂ F\ e F.
AEA

AbAA. O1, 02, O3 &b

F1) X¢=0€0,0c=X € O.
F2) (Fy UF)*=FfNFs5eO.
EF3) (NFy)° = U(FY) € O.

O

EE . F2 XD AREOHESDHESIZIHAEETH S Z e 30h 50, EREOSE
FHHCI3E S TRV, (EED L 225,

PAREGHEZIEET 2 2 CHEEZED S Z MR TES.
EIE 2.5.3. X 2HRELT5. X OMAREDOE F »WEH 2.5.2 D=2D%MH F1, F2,
F3 2423255, DL E, X OEHIEE DN
{OcCc X |0°eF}

X WhiHZED, FidZoMHICE S 2PARERATH 5.
F 7, MHZEBOEEREN S5 DXL TEDLNMEES & DfifHe =T 3.

AR, BH 5 720, O

Bl 2.5.4. FEEEZERICBEVWT 1 OADP LR IEA {z} BHEETHS. LizA>TF2
WEDARMIEELHEETDH 5.
A {z} =X — {2} PHEESTH 22V A I,

yeX —{atrddtar#y koTe=dxy tB8{e>0ThHbh, HoHIZ
x €U (y). £oTU(y) C X — {x}. O
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Bl 2.5.5. X ZHEEZEMY 3%, B.(2)° =E.(z) TH22 50 88 L b, BHEKIZEAEAT
Hb. W1 XLL—27Y vy FEB R ICBWTHARBEIXFAEETH .

M 94. BEEEZERNCBWTERE S, (z) XSG TH 5 Z L ZiRE.

B 95. 2—2 U v R R" OFIES

[[lai,bi] = [a1,01) x -+ X [an, b) = {(21, ..., 2n) €ER™ [ 1 <Vi<n:a; < i < b}
=1

BEEETHAZ 2. 2% R OB VS,
EE . X, 0 380 oHEETHD. T-HEEGTOIHESTIRVWETEEDL D S.

M 96. 1 Xt —27 Y v P2 R OFHXM (a,b] 13 a < b BROIXHAEETHHEAT
IR,

FEEEEE . 90(1)(2) 91(1)(2), 138, 139, 140, 141
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2.6

iR

EFE 2.6.1. X ZNHZERML T35,

L. UCX 280G, 2e X 35, ZOLE

U Pz OiifE (neighbourhood) T % Sre OCUt%Z3X5k% (X D)H
E£E O DVHFIET 5.

R, R Z2BUCHES T 2 D TH 5. ¢ Z3HER%T » DRI (open
neighbourhood) &\ 5.

x DEFETHLOMEETH2HD% v DFIEE (closed neighbourhood) ¥
Wi,

LS

Ux)={U C X | UZz Dilif}

% x DIEfER (system of neighbourhoods) &\ 5.

AU CX 2EInEELE TS ok E

U 25 A OEfE (neighbourhood) TH % < ACOCU (X577 (X D)
RS O BFIET 5.

FE . EFOERIMVHECD EOVTWS. HHEOED 2MMHEE Z 5 & =, HEERRIE
B TOWTHMHEI =TI U(x) 13—HT 5.

Bl 2.6.2. FEEEBICBWT, e 55 UL(z) (727 L e >0) ik 2EOHESRDOT, o«
DIEHETH 5.

PG IRaEE W TRES o h 5.

EIE 2.6.3. OC X ZERHEELTE. ZOLERIIFEETDH 5.

L O BFRETHS.
2. EED € O WXL O € U(x).
3 MEED 2z e O IIML, 25U cU(x) BFIEL, U CO tiz5.

FERH. 1=2 =3 1ZBH & 7.
=1 %2R T. 2€0 32, IREXDU, CO id x Dt U, BPIFET 5. ik
BEOERIPO €0, CU, L1RZ2HES O, PEETS. HLNICO0, COTHS. &
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reO0RMNLIDESLHAEE O, 2L 2L,

O=J{z}c|JO.cO

zeO zeO

TH25056,0 =00, t7%), FESGOMESLDT, O FHES. O
M 97. BEEEZRICBWTIX, U e U(x) & Fe > 0s.t. Us(z) CU.

& 2.6.4. X ZHZEM, re X 2L, U(x) & x DIEFERETS. 2O X
U*(z) ¥z DEXRIFEFEZR (fundamental system of neighbourhood) TH %

L0 W) cuw
det | (i) EEOU € U(z) ITHL, 5% V e U (z) PEIELT,V C U L5 5.

FE . EARGERE 2 I L —EBMIZEE 2 DI TlERW.
5 2.6.5. X ZHEREEM, x e X T 5.
U'(z) = {Ua(a) | > 0}

U™ (z) = {U (x) ‘ n e N}

3=

B REALFERTH B,

AEAR. U (z) C U(z) 1ZBH & 20
EEOU cU(z) ML, 972052 e>0PFHELTU(z) CU k3. 1/n<e
E%bdneNzZzeUIX UL(x) Cc Ul(z) CU. O

U™ (z) = {B%(x) ‘ n e N}
SR REEARPLFRTH 5.
M 98. Lo U (z) BEALFERTH 2 Z L 2nt.

M 99. U*(z) & x DEARERR, U (2) & U (2) DEDEEG LT 5. RO U € U*(x)
WXL, 2V eU™ () DIELTV CU 24K523%. ZOLE U (x)ldz D
KtERTH 5.

E&E 2.6.6. (MHZEM X E—AHLIE (first axiom of countability) % %4723 <
ERED 2z € X 24 RO & 74 % AR ZF5O.
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iRl 2.6.7. FEEEZERNIE — BT AT O
] 2.6.8. 2 Xt —2 U v RZER R2IZBWT,
{(x —e,x+e)x (y—e,y+e)|e>0}

W (2, y) DEAREHERTH . EIE, (v —e,x+¢) X (y — e,y +¢) &M 2.2.10 TH5 %
ToHEEEICRE S 2 8 (2, y) D e dif5TH D, ZOHMOED ZMiHE 2—2 1) v FHEEEOE
D B MAHE—8T % (B 2.3.6).

5>0}

FIREIC n Kot —27 U v RZE/E R™ 128 W T
EH 2.6.3 TREXSICHES AEEZ HVWTHES T o 3D, EAEERZHWT
BT 2 2 TS,

{ (x; —e,z; +¢)
=1

1

B (21, ..., ) DEAEFERTH 5.

i 2.6.9. U*(z) & z DEREHERL T 5.
O DHEATHZ2 c EFEDOzc OTMNL, B2V e U*(2) PFIELT, VCO L
85

AEEA. B 2.6.3 &0, O BHEEGTHZ I XD 1 IFFAMETH 5. Ko TRD 1 & 2)
DFMETH 5 2 & ZReid L.

. FBED 20 L, 2 U cU(z) BPIFELT, UCO &5,
2. TED e O, B2V eU*(z) PIFIELT,VCO K3,

1=2)2€0F2L, RE(L) &, UCO %% U € Ulx) BEIET 5. HAEH
FOERIDV CU BBV el (a) MEETS. HOEIZV CO

2=1)U"(z) CU(z) @RS, FHLHITI,

r€eE0 TR REQR) XDV COLRZV el (v) PFET L. HALHERDE
£ED VI DEFEBZOTV e U(x). O

EE . ZOEHD X 512, 2 DIEFBERICET 2582 HATHERICET 2B &2
LZEMTEZGEPLIRLIEDS. (EAEFERLIIZDOLSIICEREINTVWS.) £
Al Z D X S RIGEDIHOMATH .

EERERRES 2 e THNHEZED S IV TES.

EIE 2.6.10. X ZAMHZEM, U(x) 2 2 € X DIEFHERE T 5. XD ILD.
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UlUecel(z)=zecU.

U2 Uy, Us € U(z) = Uy NUs € U(z).

U3 Uy € U(z), Uy C Us = Us € U(x).

Ud EEDO U cU(z) 1L, B2V cU(x) BIFELT, V CU 2D, TEDyeV IC
SWTU €Uly) 725,

AR . U4id&0m0 e LT, B, B Diuarr.

AERH. U1 BA S 20,

V2 U; el(z) 32, ERED 20, CU, L R2BER O, WEETSZ. ZOL X
r€01NOCULNU;THYH, 01 N0 BHEETHZH 5 Uy NU; € U(x).

U3 Uy clU(z) T2, HBMESEODFIELTCeecOCU %25, U CUy Thh
X, 2€0CUy TH20H U €U(x).

U U clU(z) 32, 0€0CUBZMEFONDHS. V=03, Vid
T EEUOHESROTV cU(z) THY,VCU. EREEDYy € VIZDOWT,
yeV cU»o, VIIHEAR®WZ, Uecl(y).

U

T 2.6.11. X 2EALT 2. Kfic e X CHL, 0 £ Ux) C P(X) BER BN, &
M 2.6.10 D Ul~U4 23 Hiio35. O =, Ho9EEO0 C X IaxL,

O DHEETDH 2 e EED 2z € O WTML O eU(x)

LED DL, BHEASEIT X WMEEZED, U(z) ZZOMHEIET 2 2 € X OIEFRT
H5.
F 7z, MM OEHERDP S ZDO XS LTED NS Lo —K$ 5. O

fIRE&% . 153
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2.7 WK, AR, N6, 17

EFE 2.7.1. X 2z, AC X Z2HnHEEL 35, AICEENS X OREETNRT
DOHESEZ A DREB (interior) & W\, A° TRT.
A= 1] o

OCA
O:open

DT ARCEENIHEETDHL200, ATBENLIHERIDPRIE D —DIEIFETS
CEIER) EF2410312kD, A BHESTHS. £ A B2 (LEHRF
WKHELT) RRKOMEATHZ. (LI A C ATHY, O Cc ADPHEATHIR
OCA°TH53.)

@ 100. AC B= A° C B°.
] 101. A: open & A = A°.

EFE 2.7.2. ACX ZEn%RE, re X &35,
x A DHR (inner point, interior point) T® % ST D 5 U BHFELT,
UcCcA (BWZz22, UNA=0) .

TGP EEI, e N ADHNETHZI e, APz DEFETHZZLIXFETH 3.

B 102. 2 D3 A DN Az DEFETH S, Thbb, bEEHES O PEELT,
€0 CA.

M 103. U*(z) & x DEREFERL TS, 2Ok %,
tHADOHE & H2V el (2) BEELT, VCA
& I, BRI B VLTI
DB ADHR S H%e>0DFELT, U(z)C A
(f5 97 ZI8.)

EIE 2.7.3. A DWNHEF A° 13 A ODNELEEROLRTHEETH 3.
A ={zeX |zl ADHNK}.
Thbb, rec A xDHEEUPFELT, UNAS=0.

AFRH. 2 Y A ONEREBIE, 2 €O CALRIBEEODPHFEETS. OlFAEETNS
S5 O C A°. koTax e A°.
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—fHxc A TBL, 2 A°CATHY, A° ZIFESKRDT Al x OiEfE, T74b
B,z A DA O

B 2.7.4. n XTL—2 Y v FZEE R TIREARROMIRIZBIER, T72bb B, (2)° = U, (2)
TH5.

AERH. U, (2) I3BEETH D, HSDIZ U(z) C B (z) TH 2225, U.(z) C By (x)°.

B, (2)° C Up(z) ZRES. y € Bp(x)° £55. y =2 R63HAL2ITy € U.(z).
y#x&3b ZOEdwy) #0. B.(x)° ZHEERDT, % e > 0 BFEELT,
U(y) CBo(2)° ¥ 83, 2=y+ —— (y—a) cR* £ B &,

2d(z,y)

£ 5
ly —zll =5 <e

i02) =l =9l = | sz 0= 9| = 5 :

o5,z € U(y) CBy(x) &Y, d(z,z) <r. fEVSiDD d(z,2) = d(x,y) + g 7
DT

d(z,y) :d(x,z)—ggr—§<r
Wz ye U (x). O

FORIR B S B & 51T, —RICHEREZERIC BT U, (z) C B, (2)° AR D70, L
B LSERZMT LS IR D R0

Bl 2.7.5. X & "ol btz & CERPEREZEM E 35, Bi(x) = X DT, Bi(z)° = X.
—h Ui(z) = {2} 7255, Us(z) C Bi(2)°

Bl 2.7.6. 1 Xt —2 U v FZEE R OEDEE Q OWERIZZEES, 405 Q° =0T
H5.

AEFH. Q IR EE-BRVWZ L ERBR LWV reQ T3 (EED e > 01X L,
Uc(r)NQ°=(r—e,r+e)NQ° D (r,r+e)NQ°#10

WX U(r)NQ°#0, KDL U(r) ¢ Q. XoTridQ DWETIEARW. O

EIE 2.7.7. ABC X ZH9HEAL T 5L XXM LD,

11 A° C A.

12 (AN B)° = A° N B°.
13 (4°)° = A°.

14 X° =X, (°=0.
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AERH. 11,14 13BH & 20,

2. (ANB)° C ANBCAT®YH, (ANB)° ZHEAWZ (ANB)° C A°. [k
2 (ANB)° C B°. £->T(ANB)° Cc A°NB°. =}/ A°C A»DB°C B®x
A°NB° C ANB. A° N B° I3B%EER DT A°NB° C (AN B)°.

[3. A°1Z A° ICEENBBEETHE0 5 A° C (A°)°. 7211 kb (A°)° c 4°. O

9 104. Lo 11,14 ZRE.
MEES DRI OWTIERNINZ 5.

9 105. (AUB)° D A°UB° 2D 1o, LA L (AU B)® = A° U B® i3 —MICIZFOT
L7z

REFRAE D 385 0 D NERIC O W THIIR D EERRI D 2D, L LEFEEIT MBI
LU,

B3 106. (m AA) C N A3 BRE.

AEA AEA

Bl 278. RZ 1 X2 —2YVy N2, 2 c R¥¥%. nec NIZHL A, =
(z—Larz+l)ycReBL N A, = {2} THE2D, (N, 4,)° = {z}° = 0.
—J7 A, BBEERDT A = A,. XoT(—, A5 = {z}.

B 107. FofloFEX N, A, = {2} BT {z}° =0 2RE.

& 2.7.9. ACX 2HNEALTS. ADHEEGONEE A DIEB (exterior) &\
W, A THRT.
A = (A9)°.

A DfEE ADHEL WS,

A DIERIE, A E ROV RKDHESTH 5. FHE A 13X A ONERZ D HBIES
THDH, A C AT ANA=0TH5. OZ0NA=0THIHEGLTEL,
O C A 25 O C (A°)° = A-.

EFE 2.7.10. A7 = (A°U A°)° % A DER (frontier) ¥\ 5.
A%, A° BB ICHEETH 00, TOMEATHZ AT BHESTHS. X
A°NA =0 THBILIFEET L L, X 1Z A°, AT, A° @ disjoint union 1272 > T\ 3.

X = A° U Af U A-.

EIE 2.7.11. U*(z) Z 2z € X ODEFEHERE T 5. RIFETD 5.
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1. z € Af.
2. x DIEEDEFHE U IZOWT, UNA#D 2D UN A £ 0.
3. EEDOU eU*(2) IZOWT, UNA#D»DUNAC £,

AEAH. 1< 2. EB 2.73 & D,
re A< U el(x): UN A =0.
A Cakamz A 1IZffio T
reA°=(A) «Wel(x):UNA=1.
L7zhioT

reAl cxd A° o g A°
SYU elU(x):UNAZD 2D UNA° £ 0.

2& 3EFeELwv. O
il 108. 2 & 3 Z/RE.
% 2.7.12. Af = (49,

AFRA.
reAl eVU eclU(z) - UNA£D»DUNAS#()
SVYU eU(x): UNA) AP »DUNA#D
&z e (A%
B25WE (A9 = ((A9)°)° = A° ITEEL T,
(497 = ((A°)° U (A49)")" = (A°u A°)° = A,
O

EE 2.7.13. X 2EAr$5. BF (—)°: P(X) —» P(X) 25EH 2.7.7 D 11~14 %2 A
723235 ZoeE HoES AC X ITXL,

ADFREETH S cﬁA =A°

CEDD L, AREEEERIT X ITHMHEED, A° X OMHICET 2 A DNETH 5.
¥ 7z, MHZEBONED S 2D X S5 L TEDAHIED L DitHE —5T 5.

MIREE . 87(1)-(5) (NER, 4458, Hift e kD X.) , 164 (NEZRD X.)
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2.8 FAg, fim
8.1, X 2AMEZEME, AC X ZE08EEr 35 AZ80 X OFRSEITXRTOH

2
BEHD % A DBE (closure) ¥ W\, A 7213 A THT.

A= () F
FDA
F:closed

(X SHEERDOT, A ZEUCHESIP R LD =D FET S I L ICHER.) &8 2.5.2
F3i2&h, A I3ARETHS. £/ A2 &80 (AEMRICELT) hOBEATH 5.
(BHSPIC ADATHY, FOADPHEATHNIEF D A TH3.)

fl 109. AC B= A* C B“.
f 110. A: closed & A = A®.

ERZRD 005 X5 ICHE L PATLICIZBIfRD D 5.
EHE 2.8.2. A% = A,

AERH. A* D AW R A% C A°. A IZRHEET A ITEEN DT A% C A

—Ji, A D ACWRZ AC A®C. A BBRETAZEATVSDT A C A Ko
T A% D A,

BB, EROXNZEELE L TH I 5. O

% 2.8.3. A°¢ = A%,

AERH. EoEHEE A EA UL LWV, O
R 2.8.4. A® = A = A° U AT,

AERH. A% = A = A° T, X = A°UAT UA® THolzh b, A= A= A°uAf. O

& 2.85. ACX ZHnHRAG, 1 X 95,
x5 A OfisR (adherent point) TH % S DIEEDEFHE U L, UNA#0.

ERIDELLIZ, 2B ADMISTHZ Iy, o2 A DNATIERNI L IXFEET
H5.

Sore LT (BEEEZER 05 E I ROME ED» 59025 LS ICEBRICZESTH D) ,
e ADMBETHELVIDIE, 2 DV BLTHELICADEDLDHZ LWV Z L.
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M 111. U*(z) & z DEREFERL TS, 2O X
DA < VU elU*(z) : UNA#D.

FIE 2.8.6. A DAL A 13 A OfiE kDO THEETH 5.
A = {xEX | x&iA@ﬁﬂ)ﬁ}.

Thbb, xe A & x DEBOEFHE U WXL, UNA #0.

AlLPA.

r € A & xe A°
S axd A
& i3 A° ONFR TRV
S ld A D,

% 2.8.7. 1 Xgt2—27V v RZER R OZETRWERBEESIRATT, R/t zHo.

AFBH. AC R ZZETROWVERAELEEGLT5. ARETRWERESED» S LRBFET
5. s=supA B A 1LT7T29 XD EEDe>01ZMNL (s—e,s|NA£DTH2ZH»
sl ADMRWR s € A% AWHEETED»S A =AThH5. EoTsec ARk,
s = max A. H/NTIZTOWT B [AIER. O

% 2.8.8. X pHEHZEMOr ¥, v € A & d(z, A) = 0.

AW X RBEZEE L 5. {Ul(2)} Pz ORASEBRTH 5 T LM TAUL, E
B 2.8.6, 1 111 & D,

r €A S Ve>0:U(z)NA#0
&Ve>0,dac A:d(z,a)<e
< inf d(z,a) = 0.
acA

O

5l 2.8.9. n Xyt —727V v FZEM R® TIXBAEROEATIIEARKRTH b, HHRIIEKETH %,
THbb U (2)* =B, (2), Us(z)) =S,.(z). (7z7ZLr>0)

AERA. B Z X EoEM 2.8.6 2213, Bl 2.74 L FRRICL T U.(2)* = B,(z) B30 5.
AR ME. U () = U (2)*\ Up(2)° = B, (2) \ Uy (z) &Y Up(2) =S, (z). O
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M 112. n=20¢ %, LOFAU,.(2)* =B, (v) 2t £z, BEEEEMICBWT—HKIC
U, (2)* = By(z) &Y LD 7

Bl 2.8.10. 1 Xt —2V v FEMR OWIEAQIXOVWT, Qf =Q* =R TH3. &
B, R 2.1.7 BROVEH 2.7.11 205 Qf = R 2302 5. RIS R,

M 113. Eo%EX Q/ = Q¢ =R ZRE.
T 2.8.11. A, BC X Z¥0HEEL T 5L TR ILD.

Al
A2
A3
A4

) A* D A.

) (AUB)* = A*U B“.
) (4 )=Aa

) X=X, 00 =

AFRA. L 2.7.7, 2.8.2 BfEZ1E
(AUB)* = (AU B)° = (A° N B°)°° = (A®° N B*®®)® = A°°° U B®°° = A* U B®
Fr L TRES. 35540 5. O

FE . HEEICOVWTIE, (ANB)* C AN B®* MY SLOMRHEEE—MRITIZRAL L
AN

1 XE2—27 Vv RERM R OFTEAS A =[-1,0), B= (0,1 2&Ex5%t, A* =
[—1,0], B =[0,1] TH 205, AN B* = {0} 5 (AN B)* = (* = 0.

o e LT, Q QCREEZ DL, HICALLI @f Q*=R. ko
TQY=Qf =RZEH»5Q®=R. LEA>TQ*NQ=R. =45 (QNQ°)* =0.

3 114. Eoflo (0,1]* = [0,1] ZRE.
M 115. (AN B)* C A* N B* Z/E.

FIE 2.8.12. X AL T5.
B (—): P(X) = P(X) 25EH 2811 D Al~Ad 2 AT T3, 2ok X iy
HBEHEACXITHL,

ADVHRAETH S (ﬁA = A¢

LEDDZILICED X IHHEBAD, A2 X2 OMHICET 2 A DFIETH 5.
F 72, MHZEBOBE2 5 DX S IC L TEDMHEED L DMHE —3T 3. O

IRESE . 87(1)-(5) (FA@%ZXRD X)) |, 164 (FAEZRD X)) b, MEETIE A DPAEZ
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ArENTNES,



2.9 R, LA, HES

2 9 %*ﬂf/n\y %ﬂ_L/n\, %%é

EE 2.9.1. X ZHZEM, AC X 2HIEELT 5.

r € X A DEREA (accumulation point) TH 3 S DEROER U 2R L
(A—{z})NU # 0.

A DEHERO2ERE A DBES (derived set) LW\, A THLHDT.

ADEac AN ADERETRNEE, $hbbac AN(A) THHLE, a% A
DHIIA (isolated point) 5.

S DER (EFE 2.8.5) T2 902 &512, 2D ADEFEETHZ VWS T
ik, e BN A - {z} OfETHZ 0D Z ik s v, (M 2.9.4 BR)

X DM OGS, a B ADEBERTHZ VI DX, 2 DWVWL H5THILL I 2 TIE
BWADERHZL WS Z k. (iE 2.9.6 )

FE . A—{a}=An{a} 72056, (A—{z})NU = (An{z})nU = An({z}NU) =
ANUN{zx} DT,

(A—{z)NU=ANU — {z}) = ANU — {z}.

M 116. U*(z) & z DEAREFHERE TS, ZOL %
e ADEER & VU eU*(x) : ANU — {x} # 0.

FE .10t —2V v FZER R IZBWT, 83 {a,} DEMEMHE (372055 DOMER
) &, {a,} ZHREL Rl 20ERA 3RO ETH 5.

M 117. 1 Xt2—2 Y v RZEM R IZBWT, a, = 1 TEX 5N 285 {a,} DEMHEEL

B 2.9.2. 1 XL2—27 Y v FEB R OEHIES A= {1 |neN}iconT, A = {0}
TH3. I ADRIETHA.

AIERA. 1L.0e A THsZL. FEDe>01HL, 2 ne NOFELT, L <cet
%%, EoTLeANU(0)— {0} #£0 WX 0 A
2. EED A0 L, x g A THBZ L.
() 2<0DLE c= 7 BFE e>0T, ANU(2) =0 WX o ¢ A
(ii)0<x<10)}i%
lLz=lecAdorE e=1- 1 BIE e>07T, AnU.(z) = z.

n+1
J:o“CAﬂUE( )—{z}=0wWz g A
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iz g ADrE N=min{neN|l<z} 2BIJIE N>27T, &<
r < ﬁ TH5. ¢ = min{x—%7ﬁ—m} EBIJIE, ¢ > 0T,
ANUg(z)=0Wx g A'.
(i) z>1DeE. e=x—-1BFEX, c>0T,AnU(z) =002z ¢ A'.
O

f 2.9.3. 1 XTL—2 VY v FZEH R OFTEE QIXOVWT, Q' =R TH 3.

FAEWL. Vo € R, Ve > 04K L, 88 217 XD, QN (Us(z) — {2}) D QN (z,2 + ) #
0. O

M 118. 1 Xt —2V v RZEM R OFRER ZIZOWT, Z =) TH 5.
i 2.9.4. r € A s xe (A—{z})".

AERH. B 2.8.6 L EBEOERDPS x € (A—{2})" & 2 DEEDER U IOV T
UNnA—-{z})#£0=xeA. O

A DX, AT ADERBEEETHIMAZdDTH 3.
fnE 2.9.5. A= AU A’

AEBH. AC A TH3. ¥ bomBE 294 kb ee A =ve(A—{z})" C A" XoT
Al Cc A Lo TAUA C A%

—FHaxeA"hrorgArTdL, A—{2}=ATHd»rb, € A=(A—{z})'®
ZrveA. LZdoTA*C AUA.

(cf. A=A"N(AUA°%) = (A NA)U(A"NA°) =AU (AN A°%)) O

il 2.9.6. X ZHEHEML T2 2orEx re A S FEEDe > 0L U(z)N A
DIEIREE S

AERH. < 3B S 2.

=. MEZRT. D2EDO e PEELT, U(x) N ADERESLETZ. 2
DrEU(r)NA- {2} DEREATHZ. Ua)NA—{z} =0 D TFERE
hae g A, Ule)NA—{z} #0 Dt & U(x)NA—{z} = {as,...,an} &F
5. ¢ = minj<i<pd(z,a;) EBLE, e >0THD, Us(z)NA—{z} =0. £oT
x g A O

fE 119. 1. o <« &Rt
2. FTUL(2)NA—{z} =0 ThHsDIREPHIIE X,
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B 120. z € X »* X Oflhif < {2} 27 X OBES.
R 121. A:closed & A’ C A.
f122. 2 € A = (A— {2})" = A%, (FEdBAAIELL W)

RIZELE . 87(1)-(5) CHEAZERDX.)
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2.10 WE £

& 2.10.1. X ZHZEM, AC X 2H0EEL T5.
A D X CHE (dense) TH 5 (ﬁA“ =X.

E&E 2.10.2. LA TEERFELT, 20 X THETHZ L =, X 377D
(separable) TH2 &\ 5.

fEE 2.10.3. AP X TH%
SHEEDrze X b, o DEEDEF UL, UNA#D
& BTRWMEEOBES O WXL, ONA # 0.

FERH. Ao FMEIZER 2.8.6 X DS 2. —DHDFIAELE,

=) 0 ZETRVHESGLT2. 2c0%2—2r 3. Oldx 2EUHELSEDLS o D
B o TIREDS ONA %D

SxeX 32 UZzaxoilifieds, 200 CUR2MES O DPEET S.
€0 O0#D. XoTRELD ONA#(D. LiedioTUNAZI. O

M 123. 1. FoROIOFRIEZHHE X.
2.ANX THE « EFED2e X &, FEOU e U*(z) THL, UNA#D. 7z72L
U*(z) 1F 2 DEAREFR.

fl124. 2 € X ' X OffS & X\ {2} 25 X TH%. (cf. @& 2.9.4, [ 120)

% 2.104. A,BC X % X CTHWERLRID?EST, B3HESFLT 3. Z0ortx ANB
H X THETHS.

AEAH. O ZZETRVHEGE L2, ON(ANB) A0 TH3 Z e enBid kv, RE
5 BERAELZDOT, ONB#0. O,BIEHESE2»S ONBRBZETRWVWHESTDH 5.
AGWEZ»S (ONB)NA#D. O

WAL CHE IR T 5.

A 2.10.5. AC X = X THWEREITESR, O1,...,0, C X & X THELRHAEEGLT
. 20 EANNL,0) X THAETH5. 22N, 0; b X THETH 3.

fl 2.10.6. 1 XT1—2 Y v 2/ R ICBVT Q EHE® X, RI1ZA4.
Q QB R THETHS2 QNQ° =0 IHFETELL,
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Bl 2.10.7. X ZEERIAHZERIE T3, COLEHEBED AC X IZOWT A= ATH53
Db X DPRBEES TR TR X RO TIERW. I RICHEEEERE 2wtz Dldn]
IR,

B 2.10.8. n Xyt 2—27 VU v FZERH R™ OEDEES
Q" ={(z1,...,2n) | 7 € Q (Vi)} CR"
R0 6 R A7

A EED x = (21,...,2,) ER® X AEED e > 01X L, fli# 2.1.7 XD ETD i I
MU (s —e,2;+e)NQ#D. £oT

(f[(:zcZ —e,x; + €)> nQ" # 0.

=1

LoTze (QM. (cf. i 2.6.8.) O
fil 2.10.9. ffi] 2.2.9 D R® OEFHESE A BZRXTED .
A={(21,...,21,0,0,...) | 2; € Q1 <i<k), ke N}

Shabb ADIE, ZULDOERMEIHEEL, KD IEIETOTHL X5RFEY. Zok
ZARAEESTHD R THETDHS. Ko TR™FA7.

AEAH. ke Nigxf LT

B, EELLTA2XQFTHY, A=UX AL 7205, AZRTREATDH 5.
x=(21,2,...,) ER® &FT2. Ve>0IZML U (x) NA#ADTHBZ%ERT.
e>033. keNEt+pREL DY

) k 2
> e
1=1 1=1

ERB5 y,..u € Q% Jy — x| < \/“;—kkﬁéi5biké. D&y =
(y1,--+,Yx,0,0,...) € A & = OFEEZ

00 k >
d(x,y)JZ(xiyi)QJZ(xiyi)gjL Z 7} < \/k%+§:8'

=1 i=k+1

FoTyeUl(z) %D, U(z)NA#D. L7zhoTae A% O



156 52 F  PRAEZER & A2

E# 2.10.10. A BC X t35.
A 2 B lZBWTH#E (ﬁAa O B.

5] 2.10.11. RZ 12Xt —27V v RZEfE L 5.

1. (0,1) C (0,1] CRIZDWT, (0,1)* =[0,1] D (0,1] 2% 5, (0,1) & (0,1] IZBW
TH%.

2. Q,Q° CRIZDPVWT,Q*=R>OQ,Q=R>Q7%EH»5, Q& Q°IcB\T, Q°
13 Q KBV TZEh 2%

E#& 2.10.12. ACX t¥5%.
A DLEf (nowhere dense) §:>f(Aa)o = 0.

Rl 2.10.13. A 2B & A Y X TH%.

AIERA.
(Aa)o — (Aa)cac — Aacac — (Aac)ac — (Ae)ac — (Aea)c

BEme,

ADRB < (A = (A")° =)
S A =X
& AT,

O

& 2.10.14. AP & EEDOZETRVWHESE O C X 1ML, O IT&FENBH2ETR
VWHESG O COT, ONA=0723bDO0FET 3.

AERA. dv 2.10.13, A 2.10.3 £ D, A 2B & A° PWE & EEOZETRVWHES
OCXIZHNLONA®ADPTH?ZLITHEE.

=)0 =0NA° B, LOFEEDIDS O IFZETR V. £z A IHERZDT O
HEHEST, HOPIZ O WXEENS. O C A C A 7=06 O'NA=0.

<) O ZZETRVHERE TS, ONA® £ ) ZRBIEIV. REXD, ZTROVESE
HO COTONA=0R2DBDPFETS. O FALRDLLRVHESTE,S
O' CA®. XoT,0NA*DO #0. O



2.11 FBIDOIR

211 SFDUEER

EFE 2.11.1. X 2885235, BREOE2ERN 25 X NOEMHfE2 X ORI VS,
BALFN—= XX f(n) =2, THREE, LIFLIE, Al 21, 20,... D50VIEHT
{z,} EREINS.

& 2.11.2. X ZMZEMEe 5. X O8F {x,} Dz e X ITPHT S S DEED
UL, BEZEREN e NDBFELT, n >N %oz, cU k5.

RO {x,} e € X ITINRT 2 L %, ¢ 24 {z,} DERR (limit point) & W\,
lim z, =2 2V z, = = (n — 00) FrEL.

n— oo

B 125. U*(z) & z OEARERERE T 5. 2O TREZRE.

li_>m Tp,=2EEDOU cU*(z) ITRNL, DEERBN e NBFEELT, n>N7Z5H
Fx,cUlinb.
FE . X 2HEEEZEME 5. e X 1L {U(x)}

HHERTHED 0,

B[S

> N %
Dﬂin{U(@}%mew A

lim z, ==z
n—oo

<Ve > 0,dN € N,Vn > N, z,, € U (x)
<Vk e N, AN € N,Vn > N, x, EU%(CL‘)

Thad. 21 XE2—27Y v REM R o5 (EZEFY]) OIFEICOWT, LOE
F 2.11.1 2 BEHEOFEBINDOICRDERIXFETH 5.

B 126. d o2 —2 Y v RZEM R O 55 {2,}, 20 = (Tn1,Tn2,. .., Tna) D5 a =
(a1,az,...,aq) € RUINERT 2720 OMEHDEMHFIEILTD i (1 <i <d) K2WT, E
B {xnitnen D a; ERICIKETZ2Z2TH 5.

BO{z,} B x e X ITPORT 5 & & 1i_>m T, =7 EELDTH 20, —KDMHHZEM
WWBWTEIMRAS—EBICEE 2D TIERVDT, ZORREKIEFEENLETH 5.

B 127. X Z2EEMHEZERETE. 20 E, X DMEEDORINIE X DIEEDRIZICR
5.

I 2.11.3. HEREZERH X BV T, RYoMR A, FETHR, E—DoThb. (X
%3 Hausdorff 22f#] (€% 3.4.1) THAUI X))

HER. 2 € X BB {o,) OMRATHI LT3, ye X, a4y L5 3.



158

o2 F BREEZER & A ZEM
e=d(z,y)/2 Bk e>N0.

z € Us(x) = d(z,2) < e = d(x,y) < d(z,2) +d(z,y) < e +d(z,y) = d(y,z) >
dz,y) —e=ec=2¢ U.(y) 225

Ue(z) N Ue(y) = 0.

LG = ILm T, THEIDNO, HBHARBN PFELT, n> N %ol z, € Ul x) &2
5. 9oTn>N%EbEx, ¢U.(y) 2Byl {x,} OMERETIERW.

O
FIE 2.11.4. ACX &9 5.

1.

A DI {a,} Ge. VneN:a, € A) Dre X IZPHRTUI x € A* TH 3.
2.

r € X PA[REAEHERZR T (& I X 2HEREZEHZ 51 #HIELWw. §
BHbH

re A’ Ao {a,} T lim a, =x £R252HDVEET 5.
n—oo

ZFRH. l.a, €A, a, 2235 x DIEEDEREUIIHNL, H2EHRE N BPFEL

T,n>N%E51a, cUTH3. 2{WQanceUNA®ZI, UNAAD. XoTE
286 XD xec A%

eBLE {Vitnen d 2 OAJREEAAHERTH D V,, D V,uq DD IO,
EF 286, 111 kb

reASVneN:V,NA#D

ThHb. ZFneNIHL, a, e V,NA%Z—D2t b, f¥l{a,} 2EZ 5L, HLH
12 lim a, =z (5 125 Z8R)

n— oo

O
EE . TR, 7402 =GR WS HERZ# 21X, —RONMAHZERTS )
HALD LD,

M 128. LD {V,}nen ¥z DEAEFEFRTH 2 2 & 2Rt
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% 2.11.5. 1. A: closed = A OrF {a,} PWRK[ 2z € X 2 Tidz € A.
2. X BE—AHNHE (B 2.6.6)) AR (& ITHEREZERICEWTIE) b AK
DALD. ThbbH

A :closed & A DR {a,} PMRF[ 2z € X 2HTidz € A
AEEH. A:closedes A= A*Thb e, €8 2114 XHHES. O

R 129. X ZiEEEERIr 5. 2ok =

re A o Ao {a,} T, an, #x (Vn e N) »D lim a, =2 L85 DDVFET 5.

n—oo
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2.12 1BxIIE, BRI ZEM
T 2.12.1. (X,0) BMMHZEM, AC X 2H0EAEL T2, ADHRESE O %
O4={AN0O|0€0O}

CEDDE, Op lF ADiHER S, ZofiHZ X ITK2 A OBEMAE (relative
topology) £\ 5.
fEZE R DR R G TR 2 W THRIEZER & Rz & %, BB ZEM (subspace) &
W,
f 130. O, 2% AWhiHZED 2 Z & 2Rt

o FERE 2 DN Z AR T AL 5.

I 2.12.2. #57FEREZZ R OAARISAHEAETSH 5.

Thbb, X wHEHEZERE, A C X 20 HEREZER, B C A 2R E LT 5 & ZRDIK
YRVASR

Bl ADOHESETHS & X OBESE O PFHELT, B=0nNA.

AEAH. a € AL, a ZHDE T2 F r D AIZBIT 2Bk
Ur(a)a={z € Al|d(a,z) <7}
X, o ZHUDE T2 FE r O X ITBIT HHIER
U,(a) ={z e X | d(a,z) <1}

A roib@isg, b5, U(a)a=U(a) NATHBZLICHEET 3.
B2 ADHEATHZ 3 5. HHEZEHOMESIIHRONEESTH -7 (EHE 2.3.5)
yIRRS)

B=|JUsa=JU.nA4)= (UUa) NnA

¥72%. 2L Upg, Uy ZZHZN A, X BT THS. O =, U, EBFR
X,

W EoEimEicz R X0, LTo LS5 cLTd v O c X BHEEET,
B=0ONATH323%. 2€cBL3T22,2c0THDY, O 3MEAR®Z, HBe>0
DEELT, U(z) CO k3. U(x)a=Ul2)NACONA=B®WX, Bix ADMH
£, O
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iRl 2.12.3. X M2, A 22002 L, BC AL $5. ZDL X,
BIXADHEETHS & X DHIHAEE F PFHELT, B=ANF.

HHH. BC AICKL, BO X eBII2MiEAE B, ACBI2Mi%ES% BT v &z
23 5.

B={rxeX |z¢ B}
B ={zreA|x¢B}=ANB"

CcXeval,
(ANC)® = AN(ANC) = AN (A°UCY) = ANC®

TH5HZ LITHEE.
=) B ADMEATHSLT 5L, BY 13 AOHES. XoT X OBES O BF(E
LT, B =AN0 %% F=0°tBIHE, F i3 X OFEGTHD,

/

B= (Bc'>c = (ANO) =ANO°=ANF.
SV FBXOHEET, B=ANFTH5t35. O=F BFHIE 013 X OMES

Th5s.

BY = (ANF)¥ =ANF=ANO
YD, BY i3 ADBES, WA Bl A DBES. O
HE . BCACXt32. B=ANBT»2DT,BH» X 0k () £&ThiuX, B
FEB e A OB (BA) £E5TH 5. L LiFE—MICITBIZ LRV, EE AHDX X O
Bl (B #£AETIRARVE X, AZED%M AT ) £8TH55, X TRZES TR
QRS

ADHEED 2 WEHRED & IR L.

e 2.12.4. X ZAMHZEM, Ac X 220 (BA) £882 L, BCAtT%. Tk =,
B 3ERm 7 A 0B (B) £8TH% < BlZ X 0 () £85TH 5.

AERH. < 13 ETHELEL. = Z2RZE 5.

AP X OBES, B ADBESTHZLT5. 2O E, X OBES O PFHELT,
B=ANO t7%%. A,OtdIZX OEESTHZI05, BdH X OFEA.

PASE S DT b Rk O

B 131. A& D 2t



162 52 F  PRAEZER & A2

R 132. X ZAMHZER, A 2D ZEM, x c AL VCALTE ZOL =
VBARBIS 2Dl < 2D X B2 U BEELT, V=UNA.

B 133. X ZAiMHZER, A 2 Z2DE72E M e 55, 22 ETIF - MELx BBERIZOW
T,ARXBIZH5DE X KBTI DEREERE X.

fElREsE . 186

Bl 2.12.5. n+ 1 Xgt2—2 VU v FZER R O 722

n+1
Zx? = 1}

=1

Sm— {(wl, o Tpg1) € R

(B 32 1 OFKH) % n X7tEE (n-dimensional sphere) ¥ 5.


exercise.pdf{}{}{}#Item.531{}{}{}
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2.13 EHEH
B 2.13.1. WO THEAR, BB OEM 2 BV Z 5.
1ZFBEE f R R aeRTEBETH S LI
Ve > 0,36 > 0,Vx (Jx —a| <90) : |f(x) — fla)] <€
MDD THoTz.
RiZ2—27V v Nz 2 &, 2O
Ve > 0,30 > 0,Vx € Us(a) : f(x) € Us(f(a))

H 5V
Ve > 0,30 > 0: f(Us(a)) C Uc(f(a))

EETB. 26T, e iFREPEAREERZRT I EIERETUL, 2
YV eU(f(a),3U eU(a): fU)CV
LEMETH 5.
e S F A THHMEZEB OB O ERDOERMEZRD XS ITED 5.

E&E 2.13.2. XY ZhitH%EME 5 5.

FE f: X =Y »rlaec X TER (continuous)

é:gff(a) DIEEDERE V ITNL, a DIEFE U BFELT f(U)CV x5,

[ X =2Y 2P X OBRTHEBITHS L Z [ 2EREMR (continuous map, contin-
uous mapping) £\ 9.

E&E 2.13.3. HEi5MH f: X - Y X, 2HEFTH O roWESR -1 dEETHD & X,
FEEESR (homeomorphism) TH % &\ 5.

X 25 Y NOFEMEESRPTFET S L =, X Y 1AM (homeomorphic) TH 3 &
W,

M 2.134. BB f: X - Y Ppia € X TiEfit & fla) DIEEDEG V KL,
V) & a DiEBETH .

AEH. f(U) cV & U C fFY(V) Thh, ithraUCBrEaaEiths e (8
H26.10U03) &, f(f7H(V)CV TH2ZrEETIUIHSD. O
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R9 134. ZFBHO % .

M 135. X Z{itHZEM, (YV.d) 2HE#EMe 32 20 BB X - YV PR
a € X THE S EEDe >0NL, MaDH2EFEU BFELT, v e U KoIX
d(f(z), fla)) <e &7%.

AHZEE DM DOHEREBITILLT O X 5 IR s 3.
EE 2.13.5. f: X - Y BB $5. RIIFEH.

1. f .
2. G D fITX 20 RIIFEES.

Thbb, Y OEBEORES O XL, f71(0) & X OEETH 5.
3. FHEAD fIT X 2 BRIIHES.

TibBL, Y OEEOHES F oL, f~Y(F) & X OMEETH 5.
4. X OFEBOMIESES ATKL, f(A%) C f(A)

AEEH. 1= 2) f 2L, O£ 02 Y OREEL T2, TED 2 c f1(0) THL,
f(x) €O THY, O ZHESEDPS, 0% f(x) DLFBETH 3. fIid3mx THEERZDT,
M 2134 XD f7HO) iZ z DEFBETHD. ko TEH 2.6.3 kb f~1(0) ZFHELEET
H5.

2= 1) EEOHESOHBRIMAEETHI2LT2. 2 X 2L,V % f(x) Diiffr
5. EEOERDS, f(x) €O CV LRZMES ODFETS. U= f"1(0) e B,
RELD URBHEETHY, 2 cU TH205,U s DFETHS. f(U)COCV T
HB)5, fI3E THEFE. o 1 3MERICE 2 720T fI35E.

2 3T LV,

3= 4) TEOHEGOHBRIPHEATHZ TS, f(A) C f(A* THID25
AC fHf(A)Y). FA IZBEATH 20 LIREID 1 (f(A)*) LS. XoT,
AT C fTH(f(A)), Fbb, f(A?) C f(A).

4 = 3) EED ATHL, f(A4%) C f(A)* TH2r T3 FCY 2HEALT 3.
FUYP) CFIREBT B, IREXD f(fHF)) Cf(fUF)  CF=F. ko
TR c fYF) b, fFUF) = f71(F). LEMoT f~4(F) 3HESs. O

i 136. LD 2 < 3 2Rt
(2020 FEIL/NR)
il 2.13.6. f: X - Y daec X Tt & VAC X(a € A?): f(a) € f(A).

A, =. YV € U(f(a),qU € U(a) : fU) CV. a € A> 552, UNA#DPOZ



2.13 GBS 165

FUOUNA)#AD. VNf(ADFU)NFA) D FUNA)DZVNFA) £D. k5T f(a) € f(A)".
= MEERT. f A e THETRVWET . IV e U(f(a),YU € Ula) : fIU) ¢ V.

A=fH V)=tV esL. fO)gVeUZ fH(V)eUNA#DICEETSL,

a€A*TH3. —H, LI fF(A) CV WX f(ANV =025 fla) € f(A)™ O
CZETIRA.

Bl 2.138.7. X ZitHZEM, A 220 nEMe T2 &, dE8F B i A - X 3dEkKRT
bH5.

Fliﬁ 137. 7287
X BITRDAD 31D,

EIE 2.13.8. X ZAtHZEM, A 220 nEEL T 5. A OHEXNEIZX EEEBR
it A= X DEBICKEE LS9 ADMNHDS BEIFTVWBDTH 5.

AFEH. Eofl 2.13.7 TRZ X512, A WHMMiIEZ RS L (1 3ERETH S.
¥72,0: (A4,0) - X P cHIUR, X OEBEOHESG O Il i~ 1(0)=ANn0 &
BHEEGTZ0 ANO € O. kbbb, HMHEIZ O X b i, O

5 2.13.9. XY AMHZER 3 5.

1. X DEEEZEE O &, FEOE/R f: X — YV I$ERETH 5.
2. Y WEEMMHEMO L &, TEOER f: X - Y I3#EGETH 3.

Fl:ﬁ 138. 72"@'75)

ffl 2.13.10. X Z85H, 01,0, % X OfitHe §2. ZOr 2EEER 1x: (X,0;) —
(X,05) BERHETHZ LY, 0, <O, THZI L LIZFAMTH 3.

R 139. 285D,
EIE 2.13.11. X,Y, Z #AitHZEM v T 5.

L. f: X =Y, 0:Y > Z2e bR, Bflgof: X > Z b TH 5.
2. EFEEH 1x: X - X 13#fHETH 5.

AIERA. 21361 2.13.10 TH7Zz. 1 136 . 0
f 140. 1 ZRE.

bBBA, KDEL, RHWD LD,
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R9141. XY, Z 0%, f- X Y, g: Y - Z 2544235, fhmac X Tiifi
THY, g2 fla) e Y THIETHIUE, B gof: X = Z1dmaec X THiETH 5.

D EHEANOEBROEM 2 AR, KIFEATH 5.

fied 2.13.12. XY Z{UtHZER, B CY ZH024#, i: B - Y 2085 H%e35. 20D
L E,
BAR f: X — B Wl & Bllio f: X — Y Ay

R 142. FFAE &
HAE R B L TROMED LIZLIE#HEbI 3.
EFE 2.13.13. XY ZMHZEM, f: X =Y 2B{Rr 3 5.

1. f BB (open mapping) TH 3 & X ODEEOHESDIEHS Y OHEET
»H5.

2. f BEER (closed mapping) TH 23 & X OEEOHAEEOENY OFHES
Th5.

ERDS fHH B BBRThR F(X)12Y o () £&5TH5.
BAGHGESE, BIEG, BB THE L VI DI ENZTHH LR TH 5.

Bl 2.13.14. X OEEHZEM A DAEEMR i A — X 1ZEkETH 2 (Fl 2.13.7) 25, A H54
(B &E&TRIUIR (B BBHETIERW.

] 143. ADHEGO L &, UEFHRIIMAESGDL? PAEEDHERZL S0 ?

%l 2.13.15. 1. Y DB O &, TEOBH f: X — Y 3B OHBHRT
»H5.
2. X PEEMHEEBO &, B f: X - Y » () BRTchszry f(X)
Bl (B) £ TH2ZLIIFAMETH 3.
(] 2.13.9 ¥ Ltigd X.)

fl 2.13.16. X 285, 0,0, 2 X OfifHe 5. oL 2EFEER 1x: (X,0:) —
(X,0,) 2380 (B) BIgTH2Zre, 0, <0, THBZLZRAMTHS. (B 2.13.10
Y &)

B 2.13.17. (iAHZEH X OEFEBRIIE DO OMEHRTH 5.

R 144. BBBOERIZBESRD ?
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FIMHBRICOVTER .
EH 2.13.18. XY ZMHZER, f: X — Y 25 R e 3 5. KIIFEME.

1. fZFHEER.

2. HiiEMR g: Y - X T,gof=1x, fog=1ly BALTHDONFET 5.
3. fIZRHEHHOES.

4. fI3ZRHHHHOPAES.

A, 122101385 (g= fLeBFRIV) . 221 . EBEZOISRER g
RHNE, fRREHHFTHD g=f1 TH2. 134 bW, EEE f HLHEHTH 2
x fFABES (BAEHR) Thrzry fAlaEERTHIZLIZAETH 3. O

HEE . ERZSHEIINT UBREMEBEHR RS2 W, EBE 0,0, % X ONHET 0, <
O, THZbDLF2L, il 21310 TRZ X512, HEFH 1x: (X,01) = (X,0) &
MR RHHTH 205, W 1x: (X, 0s) — (X, O1) 13T

W . [ (X,0x) = (Y,0y) ST HIUE, WREIZ B f*: P(Y) —» P(X) &
F*(Oy) C Ox B&HIT:

PY) - p(x)
U U
Oy > Ox

FAs GligEz) RMETHIUE, [+ PY) = P(X) LHETH B, f*(Oy) = Ox
THBLERLAV. fBAHEEOHBEE f* (Oy) = Ox L7553,

B 145. Bi% f:[0,1) = S' % f(0) = 2™ TEDZ &, fIIEFREHETH 24, [
ME/TITRW. 22T, [0,1) IKIE2—2V v FEHE»SEE 2MMHZ VN TWS. £
CYr R2EZHARZE—HMLTS CcCrATWS.

f 2.13.19. 1 Xjn1—2 Y v FZEMOEDZEM (—1,1) 226 1 Kot —2 U v FZE/- R
ANDOFR f:(-1,1) > R %Z f(x) =tan Jx TED D &, f BRMEEBRTH 5.

B 2.13.20. n Kyt —27 Vv FEB R Oz = (11,...,7,) KL, R*TLIZBNWT
S™ oAt N = (0,...,0,1) &5 (21,...,2,,0) EREIRERD ST X3 (N LSD)
MEo(r) 2 T3 ZHUTEDER o: R* - S"— (N} EZ D, ZHIFAMEEHRTH 3.
ZDEBBROFESRE N 6 DIEREE (stereographic projection) £\ 5.

R 146. 1. p(z) ZBEINC (21,..., 0, ZAWVWT) 0L, p BEfTHZ %
R
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2. p DWBEARZRD, o DM BEURDEHTH 5 Z & ZRE.

EE 2.13.21. FAHEERIZ X > TRN 2 HEZAMENMEE (topological property)
JARLN



2.14  FRBEZERT o o A% 169

2.14 EEREZEE DFE DEHER

FEEEZEE oM O GBI, BEREDOED 2 IR L THEiTH 2 L &, EfHiTH D LW I.
ERAS P25

EE 2.14.1. (X,dx), (Y,dy) ZHHZEM e 5 5.
Fg f: X - Y drla € X TEfit (continuous)
c<1:e>>ff(a) DEZEDEFE V ITHNL, a DEHE U BHFELT f(U)CV k5.
[ X > YD X OBRTERTHS L Z f 2EHRER (continuous map) £\ 5.

FRMEZERNIC BN TIE e IEBDPEAROHERERT I L ICERET S &, (X, dy), (Y,dy) %
FREEzEE e T3 L &,
BRf: X =Y PEac X THEl
SEEDe>0INL, 26> 0MBFELT f(Us(a)) C Uo(f(a))
SEBEDe> 01U, 56> 0MBFELT, dx(z,a) <8 72513 dy (f(z), fla)) < e
THBEZLDDh5.

B 147. 2 zRtE.
(2020 F£EIL/VR)

Bl 2.14.2. f:R >R % f(x) =2 TEDZ L, fIFEFRTH 2.

AFH. a e R &3 5. f2a THMTHE I EEZRT.
e>0r3%. 0 =min{l,e/(2la| +1)} B I>0THY, |[x—a| <dKRBIX

[f(@) = f(a)] = |2* = a’| = [2a(x — a) + (z — a)*| = |z — al|2a + z — q
< |z —a|(2la] + [z — a)
g

S [+ 1

(2lal +1) =e.
IR . LoXZERIzoOWT.

22—’ DREZXR 2 —a DREXITIMLIW. fBEHRTHEILEZRTDIZ, fDTF—F—
BEZMES 205 DIIMHUARERTIEIH 20N, f(o) =2 2 r=a DEbHTTF— 75— &M
T3r,2°=a’+2a(zr —a) + (v —a)®.

MOEZHE LT, 22 = (xr —a+a)* = (x — a)® +2a(x — a) + a®. %8B, ZHEROGHE, Hi
ARIDESBREREHRR, 77 —DEHICEILTICT -7 —EBHNTELZ L 2RE 5.

O

CCETNR.



170 52 F  PRAEZER & A2

B 2.14.3. (X,d) ZFEBEZEM, 20 € X &5 5. x0 S OHREZ I 288, T42bb,
dyo () = d(zg,2) TEFEF dyy: X — RITHEKTD 5.

A, =AAERE D, £ED a, 2 € X ITHL
—d(x,a) <d(xg,x) — d(xg,a) < d(z,a) (2.1)

TRDB |d(xg, z) — d(x0,0)| < d(z,0) THZZ 5. KoT, FED e > 01X
L,0=c Bt d(z,a) <d %D,

|dyo () — dyy ()| = |d(xo, ) — d(x0,a)| < d(z,a) < =e¢.

f 148. ~%FEK (2.1) 2L,
(2020 F£EF/VR)

I 2.14.4. XY ZHRE2EEE 35, ok
[ X—>YPae X THEHE S fae X INPCRT 2ERDRI {z,} 1L lim f(zn) = f(a).
OFD, fAEFETHZ VI LI, lim FHIRVWAZZ LD TE 3, FRbE lim f(zn) =

n— oo
f(lim a:n) YRBEND L THB.

n— oo

FEAA. =) f2Ya e X THEFBTHY, f¥l {z,} 25 a TWNHT 22355, fla) DIERDER V IC
MU, aDFEFEUTFU)CV ERDIZBONPEETS. ZOU KL, 825 N € NDBEIEL,
n>N%BsEe, eUtksd LENoTn>NESE flz,) € f(U) CV TH3. £oT
f(@n) = f(a).
<) i 2136 KDVAC X :a€ A% = f(a) € f(A)* ZREBIFEWVW. ACX,a€ A% &
5. X IZEBEEmZ» S, B 2.114.2 &b, A 0% {an} T lim a, =a 22253 0DD
2. AELD, lim f(an) = f(a) THB. {f(an)} & f(A) @,ﬁﬁffzaa, SEFE 21141 kb,
fla) € f(A)*. O
FE . GEHZRZ2 259023 X512, = IMEEOMEZERT L V. < 1%, K a € X D AIEEAEFE
REHTUT I,
CZETNZ.

i 149. f(l‘,y) =+ v, g(:l,‘,y) = xy "C“%.}\;_ ENBL—21 v }‘%FHEJODF'E:?O)'E}{%%
f,9: R 5 RIGHERTH 2.

B 150. R, R™ R" 21 —2 1V v FZE] X ZMHZERE L, p;i: R™ - R 28 ¢ Bl

L p 3EHRTD 5.
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2. f: X = R? 25 & TRXTD XL pjof: X — R HHEH

3m>n, 1<iy <ig<--<i,<m&35. plry,...,Tm) = (xi,..., ;) TG
ZBHNBEMH p: R™ — R™ 1358

4. B CR" 2WH%EM, [ X - BEEHRET 5. [ 25 R" QBRI T f(z) =
(fi(x),..., folx)) EREND L Z, fHHEH < % fi: X — R DE.

fIREEE . 92(2) 106 113
(2020 FEIZ/NR)

Bl 2.14.5. (X,dx) ZHEEZEH, (Y,dy) 267, 74205 §(Y) < oo, TH LML T5. X
oY NOEGeERE F(X,Y), BEERehE C(X,Y) TR, f,ge F(X,Y) IIxL, EK
d(f,9) %

d(f,g) = sup dy (f(z),9(x))

zeX

X DEDS (VY BEREDS d(f,g) < 00) ¥, did F(X,Y) EOMMETS 5.
{fn} % F(X,Y) D55, b5 X 206 Y NOEBRDIN T3, {f,} D LETEDIFHEEC
LT fe FX,)Y)IJIET 5%, {f,} & fIT—HRIER (uniformly convergent) 35 &
AR
HHEROH {f,} BEG fIC—RIGRT 245613, fIdEKETHS. XoT HR 2115 kDb, Z
DD D BN LT C(X,Y) & F(X,Y) OHEATH 3.

AERH. HEEEBR O {frn} DEBR f IR T 2 L &, fI3EKETH L I L Z2RT.
a€ X ZEEDRYTS. ac X T fEMRTHLEIL, THOLE, EEDe >01XHL,a DD
B U BHELT, 2 € U K513 dy (f(z), f(a) < e L7553 2 L R L0
eS0T B {fud ik fIe—RIET 20T, 55 N € NAHELT, n > N 2513
d(fn, f) <e/32725%. XoT, FED z € X I L dy(fn(z), f(x)) <e/3 TH3. fy FHk
THBDE aDBBEEU BFELT, 2 € U K o1E dy (fn(z), fn(a)) < e/3 £55. 2O U
WZOWT,xzeU%BIE

dy (f(x), f(a)) < dy (f(2), fn(2)) + dv (fn(2), fn(a)) + dv (fr(a), fa)) <e.

B9 151. Lo dA F(X,Y) EOEMENTH 3 2 L &2RE.

E&E 2.14.6. (X,dx), (Y,dy) ZEEREZEME 5 5.
B f: X = Y »—F&E#Ht (uniformly continuous) T» 2 < TEDe > 0L, 3

§ > 0DFIELT, dx(z,2') <6 BB dy (f(z), f(2') <e &723.

HE . cltMLIB X oflicksFicens.
B 12 —REE G 2 S 13 TH 5.

R 152. —HHEGLSIERETH L 2 L 2Rt

B 2.14.7. f:R >R % f(z) =2 TEDD &, f I3 HEFKETIZRW. (F] 2.14.2 1)
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AR (T 6> 0L, 2 =1/0 £ 3L, [(w+0/2) — x| =6/2 < 5 TH B,

\f(z+6/2) — f(z)| = <x+ g)2 2

62
> dxr = 1.

O

Bl 2.14.8. X DA#AD 235, da(z) =d(z,A) TEZZE da: X — RIZ—FH#FETH 3.
& IThl 2.14.3 OB dy 1 —FRERTDH 5.

A EED 2,y € X &, fEED a € AKX L d(z,y) + d(y,a) > d(z,a) > d(z,A), T
BbB d(,y) + dy,a) > Az, A) S, dzy) +dy, A) > dlz, A) FRD LS. E>T
d(z,y) > d(z,A) —d(y,A). = & y ZARIZ Td(x,A) —d(y, A) > —d(z,y). £oT

|[da(z) = da(y)| = [d(z, A) — d(y, A)| < d(z, y).

RIZEEE . 104 110(1)(2)

CCEFTNR.
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F3E

UFEZEfE]

3.1 UMHDOECER

EH 235 TR X 51, HMZEHOBESIHROAES L LTRENT 5 Z e pT
E5. ~ROMHEMICBENTS, bh DT VESTHEAZHHNI 2 2 LHTE 2
CERTH 2.

E& 3.1.1. (X,0) 2hifHZEME T 5.

BcC O 0O D& (base) %\ IFE (open base) TH 3 < EEORESE O D B
BT BEEORIES L LTHEZ: 0 =U0, (Os € B).

NIAHZER X OB WS 285 %.

Bl 3.1.2. EH 2.3.5 225, FEEEZER X 2B WT e ImFERIE
B={U.(z) | z€ X,e>0}
WBHETH 3.

W 3.1.3. (X,0x), (Y,0y) 2NitH%ER, By % X OB, By # Y Of#EE L,
f: X =Y BEBRETE. DL ERPLHILO.

1. f 255G < FED O € By KR L f71(0) € Oy.

A MEAOWRISEEONES, MEEORIEONES. LS ONEA A%
a. =

(2020 FEIZ/VR)
BES DML L 72 2 12D DB+ &2 —252 X 5.
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FIE 3.1.4. (X,0) 2AiMHZERM, BC O 25 5.
BH»OOHETH? < (TEOHES O LIEED x € OXXL, 5% O € BBFHELT,
reO0' CcOtrirs.

AEBH. = 3B S 2.
S)OZHEAEL TS RELD, B2 cO0ITHL2 €0, CO ER2 K57 O, € BHFET
5. B52€0TMLIDEI%R O, € BZ—DFENX,

O=J{z}c|JO.cO

zeO €O

WA, O =Uze00; £ 5. O
A 153. = ZmnRE.

E&E 3.1.5. UHZEMX, S4B LRELFOr &, ETAHEALNE (second axiom of count-
ability) Z&7=TEVS.

fll 3.1.6. n Xt —2 VY v FZEM R IZBWT,
B={U,(z) |z €Q",r € Q,r > 0}
B BEAFEETHD. LoTR" IZE_rELNHP AT,

A O ZBIEG, 2 €O LT3, ZOLE HBe>0MFELT, Us(e) COLRB. 0<r <
L2585 reQre—ok s (M 21.72MK) . Q" BZR" THHETH -7 (Bl 2.10.8) 75,
Ur(z)NQ"#0. 2’ e Up(z) NQ" 2—2r 2k Uy (2') e BTH5. EED y € Uy (') ITHfL,

d(z,y) < d(z,2') +d(z',y) <r4+7r=2r<e

2oy € Uslx), 37b5 Uy(x) C Uc(x). ¥ 2" € Up(x) Zd 5z € Up(z'). &oT
2 U () CO LR, EFM 31450, BIEHETHS. 0

EIE 3.1.7. (MHZEMAE A RRHE2 AR, F—ABRH 2 AT

AEH. B RAIMEZER X OFMEEE LT3, z € X CHL, U(x) = {(VeEB|zeV} B,
U (z) & B OESEET D o4 A EEAT, U (2) DTEE, © 2 BUEEEL S, ¢ OREHT
5. U%cDEHBETHE, 2 €0 CU LBRLMESODPHFETS. BEEETHZH5,
O=UV,, VieBrdob¥3. 0 € OFEDD, B3 iHVFELTz eV ¥ %5, Vi € U (z) T
BY,ViCUTHEDE, U (z) ke (A5 BAEHRTH . O

__FXTNR.
B£E5 X 1THHEZED BB, XD Lemma 1A TH 5.

B 3.1.8. X 2HREL L, O\ 2 X DL T5. TDLE O :=),c,Ox d X DN
HE 7% %

AR, O IO 2 AT 2T = v 7 TR K. O
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Y 154. FFFE k.

FE . X IT0Wh3Z D TELMHE2KRORTIEFESICBWT, O =inf{0,} TH53.

BEX L, ZOHWBEEP VL OnE2 o0z &, ThSDHPEREDVHESG L S
EXORNMNMEEEZEZT-WGERDZ. B AABBNMETZZD XS BAHEHTH 25, BN
EZ N EEDERED > L KM L2 DZ2EZ -\, fifE 3.1.8 Ik D RDEFH
FERELED 5.

& 3.1.9. X 28BL 35, BCPX) ML, BzEUGMUEE2TOMEERY, $Hikb
B OILHRKE L 25 & O R DNMHE B %R (generate) 3148 &\ O(B)
THT.

O(B) DILZEGIIRLIZWHEDRD 5.

E# 3.1.10. (X,0) 2fiHz=ME 5 5.

BCO»O OEE (subbase) TH 5 < B OoARMEDITOHER T LTRE NS
EERED O DRL 1235,
72720, 0 HOEAFOHBEETIIEER X TH S, HHWVIEZIHHRT 5.

DFh BAHERTH 2 X, TEOHEESD, B OO EREOIEH 7 7-5 OMES
TEFZ232 VW52 THA.
HH S22 B SBETHUIHERTH 3.

FIE 3.1.11. X 2845, BCP(X) 3%, ZorE, Bk BoERT30ME OB) D
WETHZ. Thbb, OB) ot BHES) X, B OO BRBEOIEE D75 ONES
THFIZ2DLBTH 5.

FEHE. B35 C BC O(B) TH 5.
B OitEREQLER S L LTHIT 2 X OBSEALHORTESE B L&,

B:= {UCX U= () Bi, FHR%ES, B; EB}

1EF

B OERMEDTOIBEHESNE B OILTH 2 L ICHEET 5. £z, BOTLORESTEY
% X OHAEAEEERORTELSE O bEL:

O::{OCX

0= UUA,UAEB}

AEA

O=0B)THBLERES.
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Bc OB)#Hhs (02&h) BCOMB)THY, (03Xh) OcOB)TH53.
OB) C O %ZFRTIE, BC OREBTIL, O BMHETHZ 2R L0
(O(B) & Bz &LHRIIOMNMHTH - 72.)

Ol D X0 HDEADHELRWZ 0 e O, X 120 HooI@HnTchsh2s X € O.
02. 01,0, €0 5%, O1 =, U, O2=U,V,, Un,V, € BEEF 5. o7,

@m@:(QUOm0£m>=mem

A

THDH,UxNV, €BEH»E0,N0, € 0.
03. BOTLOHESOHNEG I B AA B OTORNES.

O

HE . COEHED»S, FED BC P(X) ZEYRAUHOUER Y 722 Z e B30 h 203, #4675
LHBE IR 572w, MEE 197 SR,

R 3.1.12. X, Y ZMHZEM, B2Y OMERY L, f: X Y 25 3%. Zor =
f H%EfE < RO O e BIZRL f71(0) ZBES.

ALRH. WBIAIE S, ol 2 R0, RS OMESIRES, HESHRE DS 7

yal
HHES. O
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3.2 EfRCEA

E&E 3.2.1. (X,0x), (Y,Oy) ZhitHZEM e 5. EFEES X xY I, BEnBEAO®E
B={UxV|UcecOx,VeOy} »ERTZMUMHZVALMHZERZ X Y ODETR
ZEf (product space), » 2\ I T )L & (Cartesian product) & W\, Z DOfitH
% BEfafIt (product topology) &\ 5.

W, 2z bo TR, EREESICIZERMEEZ VNS,

i 3.2.2. B={U xV |U € Ox,V € Oy} BEFNHOMETH 2. $2bb, EM
MAHDBESIX X OESL Y OESDEMEOHNEESTHEITIZDDLRTH 5.

AEBH. (2020 FEIE/NR) 2016 FE IR E OIS TER 3.1.11 A LD T, EH 3.1.11 &

FOTEELH L. BEERP-> T W LAETHTRZVWL, D LAMEZKL T2, AL LS5 %

RO BOTER 3.1.11 KiFHZ U o Thiu, EH 3.1.11 ZFniwne 25,
BOIEONEETEIT S X x Y OHPEE2ERORTHEEE O v EL:

O:I{UU/\XVA
z

O=0B)THHILERES.
BcCOB)Zrs (03&D) OCOB) TH5.
BCOWREETSL,0B)COZRTITOPUHETHSE Z e Z2nBldiw (OB)EB%
BURFOMETH-7) .
0L 0=0x0PeBcCO.
XeOx,YeOy WA X xYeBCO.
02. O=U,UxxW\,0' =, U, xV,eBrT5.

oNno' = (UUAXVA> N (UU,@xV,i)

U(UMVA (U, x V1)

UAXVAGB}

UUmU (Vanvy)
Al

Thh, UAOUL € Ox, V,\ﬂVli EOy E2re0Nn0 €0.
03. O DILOHMEADOFES T DB A A B OILOMES

CCETNR.

EFENAHE B LR T 2MHTH 225, € 3.1.11 &b BIZEETH 2, Thbb,

B: {UchY U= (B FHR%ES, B; GB}

el
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DHEETHE. B=BTHIILERED. BCBERBIEIWV. X €Ox,Y € Oy T
H20H X xY eBTH5 (0OfHomoH@ERD) . U; xV; € B(1<i<n)lZHL,
HIREDOBES OHER D IHESTH 205,

(v - ( )(ﬂv>e[5

R . BEE 197 2o T BAHEOEMZ2A-T 2Ty 7 LT L.

D:

FIE 3.2.3. X,Y, 7 ZfiMHZER, px: X XY - X, py: X xY >V Z2HEg L35,

1. X xY OBEFMHIZ, px & py D355 HHEHITR D K5 BREFOMNHTH 5.
2. Px,Py Ci&ﬁg{%fﬁé
3. B f: Z - X XY DHEETHS < pyxo f,pyofBEH 5 b HE.

AL, X x Y oEMEMHEZ O £ 95,

L px: (X XY,0) = X, py: (X xY,0) =Y HEEETH 2 2 LIZH S 0.
O % X xY OfMETpx: (X xY,0) = X, py: (X xY,0) - Y ¥
LE53EHETHE2bDLT S 0O < O TH3IrrkmeS OB =
(UxV|U€eOx,VeOy) BERTZMM, Thbb, BEELREOMM
THolero, BCO THAHZeZREBREIW. UeOx,Vely 358, 1K
Ep o pt(U),py (V) €O THB. £oT

UxV=UxY)N(XxV)=p(U)Npy, (V)€ O.

2. HEDOTOBIHEETH 2 Z e 2RBE XV, px (U X V) =U, py(Ux V) =
V TH206H6 0.

3. HEEBROEMIZERL DT = 1ZHH S H.
pxof,pyof BELELBEHTH 2T 2. BMEOTOMENHESTHL L%
REIREV. UcOx,VeOy 2328 RE,S (pxof)(U), (pyof) (V) €
Oz TH%. koT

FFHUXV)=fHUXY)N(X xV))
fmUxmmf (X xV)
[~

LX) N (v (V)

=(pxof)” (U)ﬂ(pyofyﬂﬂﬂeéOz.
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A 155. WMAREHRA: X - X x X 13EHKETH 3.
B 156. px: X x Y — X DB 1372 5 0WHl 22T K.

Bl 157. yo €Y 52, Blfiy: X — X X {yo} & iy (x) = (z,y0) L DED . iy,
BFMEETH 5 2 L . 72751, X x {yo} 12iE X x Y 7 & ORSEHAHE VLS.

R 158. X1, X0, Y,,Ys ZiHZERE 5.

L fi: X; =Y, Z#fE5H%Be 35, Z0LE (fi X fo)(21,22) = (fi(z1), fo(xa))
ThHZ 6 2 EREZER O D ES

f1><f21X1XX2—>Y1XY2

FERTH S .
2. X1 & Yi, X2 e Yé ZIPEH‘H’C‘Z@%L@ X1 X XQ & Yi X Yé &ilﬁ”ﬂf%%

B 159. (0,1) x [0,1) ¥ [0,1] x [0,1) WFAMETH 2 z2xRE. EEL
(0,1),[0,1),[0,1] CRZ 1 Xgt2—2V v FZEHDERDZ2M.

FE . (0,1) & [0,1] GEMETERW (BROHIZHK). X xZ Y x Z2FEMETH-T
b, X LY BEHICEZDIITIERW. JloEnWhE23iUE, X & Y BRMETIERWS,
XXxZeYxZDBAMHeR2Zdbd5.

fIRES . 203, 204, 205, 206

EE 3.2.4. {(Xa, 05}y ZMEHOBE T 5. HREES [[\o) X 1, BOHRE
DI
U {pr'(0) | 0 0,}

AEA
AAERT 2600 (2 ORI EERAME L1 5) 2LREMEZEEE, B (X, 00)}hes
OEREEE 7 3B L BEREBME 5. 2721 pa: [[ X — X (SEEREH .
EAEAITEEE L <122 L b & BT ZER AT E W 3.

il 3.2.5.
5 {HAA 265ﬁf5ﬂs.ﬁ<éthA7bi‘ﬁT£L’C, ANeL%iBIE A €O, }
or AN LRSIE A =X,
GERBMNHOBMETH 5.

A, Usen {p3'(0) | O € 01} dTL0HREOLEHL S L LTH b INZHNES
22U BTH 5. O
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EREMAHIZEH 3.2.3 LREREE Y A5 (REE 201 251R) .
(2020 F£EIZ/VR)
RIRE& . 200, 201

TR . EEE HAeA X W2,

Bboac — {H O)\

V)\GAZO)\EO)\}
AEA

BAENRT 20 (ZhEfEMME (box topology) £\W9) ZWVWhbZrdTE5. A WERES
DOEEVIFENAM » BEREMAHIZ—ET 20, —RIIEFEMNE O AP ERAAMH L D v, — B3 FEAL
FCIERIESE 201(4),(5) ITHE T2 Z & AL LRV,

CCETNR.
EE 3.2.6. {(X)\,0)\)}\cp ZAHEEMOBEE 35, M X =[], Xa 1T, LA

O={0OCX |VAeA:0NX)e€O,}

={0=]_[0A

O)\ € O)\}
AEA

%5 Z T RHZER (X, 0) 215 {(Xx, 0\)}yep OREFME WS,

' 3.2.7. X = [[,op X0 ZAAHAL ix: Xn —» X ZEENTEEHRE T 5. HMO
(EAE, BTO iy ML 722 X 5 REROMMHETH 2.

FFEH. O BMABMIONMEE T2, BSHIC iy: (X,0,)) — (X,0) 3HEfETH 5. B,
O0cOtr¥T5L,i'(0)=0nNX, € O,.

O % X ONMET, [ FED A e AL iy: (X,0,) = (X,0) DEfHiTH 25D T
2. 00<OTHBILERED. OO T3, FAre AL, 0NX,=i,'(0) €
O\ TH215,0cOTH5. O

E 160. iy 3G EPOMHEHRTH 5.
f161. & X\ & X =[[ X\ O OHEATH 3.

M 162. RZ1Xjma2—2V v FZERE L, R OEnZEM A, B % A={z e R |z > 0},
B={zeR|[z<0}C&bEDD. ZorZ HEGHRId: A[[B - RIZHEKETH 2
B3, FEEGTIER Y. (EIEAHEM A B £ RIZFEAETERNZ 502 5.)

M 163. (X,0) ZMiHZEME T2, £AL LT X =][[ X, IEZMTIrNLTVS L
L, & X\ IZODoW0WRENHEEZ O\ 855, 2O,
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O B {(Xx, 0))} OHEHFOMMTH 2 & HHED ML X, 23 (X, 0) OBIEE
TH3.

IREL . 202
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3.3 EZEM

E& 3.3.1. (X,0x) ZAtHZM, Y 2848, [: X oY 2B5R55. Y OnEEE
O;={0cCY|f'0)e0Ox}

RY %S RSB, ZOMEE £k 2BAE L W, MEZER (YV,0,) & Fik

LFCERE VS,

E& 3.3.2. Bk ~ 2fiMH2EM X FLoRERFRET 2. BES X/~ 12, BAZS
o X > X/~ ICX2F TS 2 72d D2 FERR ~ 12X 2FZM (quotient
space) W\, ZOfitH%Z {48 (quotient topology) &\ 5.

ERICED, TOCX/~HHES & 1(0) DHES TH5.

TE 3.3.3. X,V A%, f: X Y 225 $5. Y OS2 X3S LA
Y MT AL E, ThDB [ O CY BHES o [~1(0) BEEE) BRH oL X |
ZFER H5VWIEEER (quotient map) &\ 5.

LA, ZERT XSS /RERDIROMEETH 5.

EIE 3.3.4. X, 7 ZAMHZEM, Y 288, f: X =Y 2E{Hr L, Y I fI2X2%H N
EAND. g Y - Z BB T35,
DL ZE gDHBTHETDDRENIFME gof: X - Z M THLIETH5.

gof

| A

Y

% 3.3.5. X, Y 220, ~ 2 X FoORMEER, X/~ 2r%H, X - X/~ %H
RHE e 35,
[ X =Y 2BBe L, Xyaichs 35 (A 1.6.24 ) .

f

X——Y

| A

X/~
COLE, fHIEGETHE-DDOREF LM fEFRTHE I THS.

M 164. 1. €% 3.3.1 0 O IIMMHTH 3 Z L 2t
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2. TF 3.3.1 T, f X 2F(NMZ, f 2HERICTIRMONMMHETH 3 Z ¥ E2RE.
3. EH 3.3.4 ZEFAYE X
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3.4 Hausdorff ZEfs

211 FiTHEE L LS, ~RDONMAHZERICEWTESOMRBIZSNT LD —EBICEE S
DTN, —BICEEDR-DD0—2D0%& 252 5.

EFE 3.4.1. (itHZER X 5 Hausdorff (/AR RJLT) ZEfE TH 3 (ﬁﬁ%’f@*ﬁﬁ%ﬁ%
2R,y e X XL,z DiiEU & yDiiEV T, UNV =0 &2 DDDVFET 5.

R 165. (tHZ2R X 2% Hausdorff 2 CTH 25 < (EEOMHELZ 228 v,y e X ITNL, o
ZEUOHERO Ly 28RSO T, 0N0 =0 tR255DBPFET 5.

EE . Hausdorff TH 2 &\ 5 DIXMHNEETH 2. Thbb
R 166. X, Y ZFEMELAMMHEZER L 3 5. X 2 Hausdorff THIUXY 325 TH 5.

B 3.4.2. FEEEZERTIE Hausdorff 2 CH 5. EHFE X RN, s,ye X, o4y & F
2t,e=d(z,y)/2>07T, U (x) NUs(y) = 0.

5 3.4.3. BERLZEENE Hausdorff 26 TH 5. FEIE X ZHEHZEM, v,y e X, 2 Ay & T
By, (o) {y) BHEAT, ()0 {y} = 0. (b5 2 AMERMEZER L HoTh X))

ffll 3.4.4. L% — O L ETEEZE /I Hausdorff TR,
EIE 3.4.5. Hausdorff ZZEI2BWTIE, sAIOMIRIE, FETIUX, —BENTDH 5.

FERH. FERHIZEH 2113 Db D FRT. (R, SEFHDO R A » M EEEZERE 2 Hausdorff
THBILEZRTIETHoT. WS KD, B AA, Hausdorft ZZH & W5 DIF Z DiFEE
BADIS L WL KO RZE/BE LTEZILNTZDD.) O

EI2 3.4.6. Hausdorff ZZEICBNT, 1 HIIZFHEETH 3.

AEAH. X % Hausdorff 22f], x € X £ 95, EED ye X \ {z} XL,z #y TH 2D
B r DEBEU L, y DEEV CUNV = b RBH00H5. ¥icedV Thoh
5V CX\{z} &%&bD,yid X\ {z} DR O

EIE 3.4.7. Hausdorff 22/ DER57 226 3 Hausdorft.

AERH. X % Hausdorff 2%f, A ¢ X ZHn M 5. a,be A, a£b¥t T2k, a
DX WKZBI2EHFEU L, 0D X IZBI2H5V TUNV =0R2bD0H5.
U =UNA V' =VAALBHE, U,V 2202 ha,b® AI2B 25E6HT (1 132)
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Unv =40. O

T 3.4.8. XY ZMHZEMET5. ZOrE X xY » Hausdorff & XY &I
Hausdorff.

AEAA. =) B 157 &0, X, Y 3 X XY O nZEE e FHTH 2006, EH 347 XD Y
5 5 % Hausdorff.

<) (21,11) # (T2,92) € X XY 5 3. 11 # 2o &€ L TEW., X X Hausdorff 72
Do, DEFEU;, TULNU; =0 RZ2DBDBHEETS. U x Y & (x4,y;) DT,
U xY)N (U xY) =0 TH 3. O

ER . EREOERITN L TBRMR Z &2 D 0. FEH S IZIEFR L.

T8 3.4.9. X 2AMHZERME T2, Z0or &, X » Hausdorff & WHAHAKRES A
{(z,2) |z € X} 23 X x X OIS,

AEAA. zyy € X WL, 2 £y & (1,y) € A & (v,y) € A ThHhb. Lbh—ig,
ABCXIZHL, ANB=0(AXB)NA=0AXxBCA“TH%. xoT

X 7% Hausdorft & V(z,y) € A, 3U e U(x), IV e U(y) : U x V C A°
S V(z,y) € A%: (z,y) & A° DK
& AYTHES.

O

B 167. (Z D exerceise ZMiH & FEHEIFZBEFRRV) XY, Z 284, [ Z - X,
9: Z =Y REBET B G (f,9): Z = X xY & (f,9)(2) = (f(2),9(2)) & DE
5. ¥RACX,BCY ZHAHEALTS. O E (AxB)Nin(f.g) =0 &
FTHA) NG Y(B) =0 TH 3 LEriE.

% 3.4.10. X ZAifHZER, YV % Hausdorff ZZff], AC X v L, f,9: X — Y %ZiiE 4
E55. 2D ERDKD LD,
1. X Offnea
C:={zeX|flz)=yg)}
WBRAKETH 5.
2. frghEntEs A E—BF X, A E—HF 5.

AIERA. 1. Y 2% Hausdorff " D CTXAMRES Ay XY xY OFFEETH 5. BB
(f,9): X = Y x Y Z#EEE25 C = (f,9)" (Ay) ZHEA.
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2. FLgMAF—HFTIIACCTH. C BHEEENS A° C C.
0

B 3.4.11. R % 1 Xt2—2 Vv RZEML 2. HiEEK £, R >R Q F—HF 2
RelE f=gThH5.

% 3.4.12. X ZNitHZEM, Y % Hausdorff 22 5 2. B f: X — Y 25#EkHikZ 51X
Z7
I'y:={(z,y) e X xY |y=f(x)}
3 X xY OIS, (of. ML 91)
AR, fx 1y: X XY = YV x Y & TH D (M 158), YV 2% Hausdorff D& & A =

{(y,9) |lyeY}IRY xY OFEETHS. XoTly=(f x1y) 1 (A) IZBEA.
U

B 168. L£d Corollary 133 5D UIEE(LTE 5. X BAitHZER, Y % Hausdorff Z2f &
5. 5B [ X > YDdPRae X THEEZLE, EEDbeY (b# f(a)) IHL, (a,b)
BTy OHRTH 3.

Bl 169. Y 2EAZEMO L 2, f: X — YV 3@ Ty BT RWElZzZETF L. (B
BAWZIDE E AEED f i) Ty PFAREICR ZdH 507

M 170. (X,0) ZHausdorff ZZfi L, O’ 2 O X bW X OfifHe 35. Zot &,
(X,0’) & Hausdorff.

B 171. RV ZAFMMHEZ WIS & Hausdorff Tld7zw.
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3.5 EiEHE

E#& 3.5.1. 1. fMHZEM X 23E&#E (disconnected) H % WIIRERHETH % (ﬁX
&, ETHRVWODREEDIFLZMNIRT e N TES, T48bb, H 252 TRVH
BE 01,0 BHEIEL T,

X201U02, OlmOQZ(Z)

L%,
F72, SOXIRHES 01,0; 2 X &Iz v,
2. (itHZER X 29%E#E (connected) TH 2% (<1:e>fX FIEERG TR,
3. MitHZEM X O ERE ADSERTH 2 < o2 A HNEAETH .

FE . COEFRICINR, ZES 0ESTH S, 2, ZESIEETRRVWEEZS
DA IV A2V, (cf. 1 ZEBTIERV.) ZESPHE L IR 570 E S ITE
REBUNCBIET 2 (B2 WVIEEEAITEETEIRVWENRT Z) Z bAEETH 5753,
ZOBBECRBELSDHEMEICOVTIEASOAHEEY TS Z 21T 3.

faed 3.5.2. X ZfitHZEM e 3 5. RIIFEETDH 5.

. X I3EMTH 5.

2. X I3ZETROVODAEEDIFLZINTEK T Z e AT ER.

3. X DHFREETH»POMHTHZ2HDIT0, X DA,

4. X ZZETROVCODHEEOMESG L LTEREIX, 20 20MEEOLEER 71X
22T
X =01UO9, O; #0, O; :open = O1 N O3 # ().

5. X ZZETRVW.ODHEEDOHNEA L LTREZ, ZO2ODAEAEDHEH 7
ZETIE 0
X =FUF,, F;, #0, F; :closed = F; N Fy # 0.

6. X 205 {0,1} NOEHREFNIFE LRV, 72721, {0, 1} IFBESNAAHZ WL 5.

FERH. 12 3 <4 <5 XS 5.
16 ZRTICWEIXNBEMETH 5 Z & ZRBiX K.

1 X iIES.
6 X 228 {0,1) NOEKR M DT 5.
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6’=1) f: X - {0,1} 252, O, = f1(),i=0,1 2B, fiIx
DT O; 0 THY, f258KT {i} 13 {0,1} DBEARLDLS O; 1IHEATHS.
52, OgNOL =052 X =00U0; THZ25, X FIEHT.

= 6") X ZIEEEE L, 00,0, % X ONEe 35, 58 f: X - {0,1} %

o 0, €0y
f(.’E) B {1, x € O

WKEDEDS. 0, # 0 TH2»5 fE2HTH2. T/ {0,1} OBHEAIZ
0,{0},{1},{0,1} T, ZhZhOWRiZ 0,0¢, 01, X EZLHEETHS. Lo T fIi3#
. O

B 172. FD 12 <3 4 <5 ZRE.
B3 173. AC X 35, XIZFEH.

1. A IEERS.

2. ACO1UOy, ANO; #0, ANO1 N0y =0 %5 k57 X ORIES O; HFE
35.

3. ACRUR, ANF,#0, ANFINF, =0 27%2 X5k X OMERE F;, M7E
T5.

B3 174. AC X 35, XIZFEH.

1. A FERS.
2. X DG O; M ACOLUOy, ANO; D BABBIZANO N0, £ 0D 2725,
3. XOMEAE P ACRHUFR, ANF, £0 %4783 ANF N £08%k5.

EIE 3.5.3. HIFZZR O EHRIC K 5 5RIZE.

AEEH. f: X — Y ZERERE 3 5. ME, 3405 f(X) 23R 51X X 1I3IRERT
HBIEETES. [(X)BIBERE LTS, f 2 X 05 f(X) ANDEKE R 3 25
O TH 5 (Al 2.13.12). f(X) 3IBEFEZ2 5 f(X) 226 {0, 1} ~NOEiER 25D
FETS. Zhe frOEREEZZ L, X 25 {0,1} N0l 2HEMELNE. Lo
T X 3R TH 5.

HBENNE, RDEITRLTH KWV Y OHESU; T, f(X) CULUU,, f(X)NU; #0
fX)NUINUs =0 &722bD0H 5.

o U; I3Y ODREAT fIi3EB/ZH 5 fﬁl(Ui) Z X OBES.
° f(X) NU; # 075 f_l(UZ') * 0.
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° f(X) cUiulU; 26 X = f_l(Ul U UQ) = f_l(Ul) U f_l(UQ).
o F(X)NUINUy =078 F1U) N F 1 (Us) = £ (Uy N Us) = 0.

XoT YY), F~UU) 3 X o0 #EE5A, X 3IERETH 5. O
% 3.5.4. EHEMINMHENEETH S. O

EIE 3.5.5. X ZNiMHZM, A, B% X DD HEETO#AACBCA* THZ2dDLT
3. ZDrE ADEKSE B k.

AEAA. f: B — {0,1} ZEHBHRE T 5. fBRERFTERNIEZRES. A DEKR
DT fla BEF TR, DL fI1d A LEKRTHZ. f(A) =0t LTI E%
g:B—{0,1} 2 g(b) =0ICXDEDZEHLIIC g ITHHTHD, fla=gla TH3.
{0,1} 1% Hausdorff ZZfITH D, A1d B THERDTHR 3410 kb f =g, Thbb |
XS CIER W,

H BNV

OV X DHEETHILE, AN0O=0ANO0O=0ThHsZICFEETS. FEIE,
O DEAEAETH 2 Z 2 ICEETIR

ANO =0 ACO“= A C O = AN0O =0.

O0; % X DBIEATBCO1UO, BNO; #0) 272D 3%. BNO;NOy #() T
HdZeREIR L.

° ACB%POBCO]_UOQ?:{%))%ACOlUOQT%%.
e BCA* DD BNO; #0726 A°N0O; #DTHYH, LOFEHNIS ANO; #0 &
85

AZEFEZRDT ANOINO D &I H, AC BDT BNOLNOy # 0. O

M 175. ACBC A ThHd e %, f7%EM B OEBES AX BIZBWTHETD %
Z R,
1 X2 —2 1 v RZEHE R O@EFERTESITOVTIHANEL S,

E& 3.5.6. ROFDES CE, HEED a,be C (a <b)ITWL, [a,b] CC &b L =
%5 (convex set) THZ LWV,

(R" OFDERE C &, ZOEED 2 FITHL, ZNH 2RI CITEG8ENd & &
MEATHLEVS)

EIE 3.5.7. 1 gt —72 Vv FZER R OF FEAX B ER.
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AERH. a < bz L, BAXM A = [a,b] ZEETHZ e ERES.

FI,E CADPADETRVWHRETA=FRUF, TH3255. FINFKA)0TH5
ZeERBIEIV. AZR OBESE2S, F, 13RO (BTRVWER) FHESETH .

be MNFE, D XTI NEFy, #0.

b€ NF,35. bely,bg Fil ELTEWV. Fl IR DZETHRVWERALEGRDT
R 287 XOERAITLEFD. c:=maxF; £ BL. ce FF CA=[a,b]WR c<b b F
o c#AbWR c<b (¢,b] CF, THs. ERE, c<x<bibiE (r>c=maxF| &
DT) 2 & Fy 0 (AZXERDT) e A=FLUF, ®X x € Fy.

XoTcele,b = (c,b* C Fy =Fs.

YoTce FLNF, ¥R, FyAF, £0.

% 3.5.8. 1 gt —72V v FZER R OMESIIERS.

AEEH. C C R % (ZBT2RW) MMER, f: C — {0,1} ZEHE/RE T 5. f PR TR
ZY, ThDbBEMEMETH S I 2RIV, FED a,be Ca < b)ZHL, C
KRDT, [a,b] C CTH 5. [a,b] 1FHEREED S flap EEMBFHROZ f(a) = f(b).
BBV
IEHERE R ESIINTIE RV I e ZRBIE LWV, ACRZ (BTRY) IEER R E D
KELT5.
ACRHUFRANFE 0, ANFINF, =10

ERBZROMAERE F, o DFET 3. a, € ANF, 22 %. ANFINF, =0 ®WZ ay # as.
ap <ag ELTRWV. [ar,a0]  ATHDZIEHRRED.

la1,a0] U, D EIE (AC FLUF 250 5) [a1,a0] ¢ ATH 5.

[a1,a2] C F1UFy &5 %. [a1,a] I3EAET, a; € [ar,a2]NF; # D705, [ar,a]NF1N
Fo 0. ANFINFy =0 &Y [a1,a2] N A D [ar,a2] N FLNFy 7205, a1, az] N A° # (.
Tbb, [ar1,a0] ¢ A. O

a8 3.5.9. 1 Xt —2V v FZE/ R O TERSIZMEETDH 5.

AL ITRWEI D EREGRIFER TH 2 T 2 BRIV, ACR ZINTRWEIDEEG L
2. (a,b] ¢ A2 E570a,be ANPFETS. v €la,bjNA°Z—Dtd. v ¢ A
a,be A®WZ a<z<b KoTAN(—o0,z), AN (z,00) F ADNEEEZ 3. O

HE . RTOMEENHEETHZ2 22 FR 3.5.8 LRI RE S (EM 3.5.16 Z2) .
—7, n > 2 DHE, R* OEERSESIXNTH 2 LIZB SRV, I TRWHERERSE
Bl EADB.
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e 3.5.10. R OMEA L IXIXBETH 5.

AERH. XREIDSMT D % DIEHH S 0.

ACRZZETRVWHESGL TS, ADVARTHLI25E2EZLS. (APARTR
WIEE BRI DZDLRE LWV ARETROVERESTED S LR, TIRAFET 5.
m:=inf A, M :=supA &BL. (m,M) CATHBI%EmRT. m<ax<M&35s.
m=infAZ2bm<a<ztBbac ADPFETS. AR, 2 <b< M¥id
be ADPFIET S, AZNEDD [a,b)| CAWZ x € A L7ho>T ADBETHROVERMN
£E5LLWE, (m,M) C AC [m,M] &72b AlZ (m,M), (m,M], [m, M), [m, M] D
T, DEDXHETH 5. U

MDEzFedTREZS.

EIE 3.5.11. 1 X2 —2 Vv REF R O (TR HoEE A LUXIZFEET
H5.

1. A,
2. AZMES.
3. A XX, O

% 3.5.12 (FifEDEH). X s [ X —» R#EH. 21,20 € X, f(x1) < f(22) &F
2. ZOLE, [f(z1), f(x2)] C f(X).

FEHR. f(X) C RIGEREH 5. O

FE . ZoPTHEOEMOGEHICIEER L o (fd 3.5.9) 22 WwS Z i3S, X
M oEs CEH 3.5.7, & 3.5.8) IFLETH 3.

ZOHMEDEED S, MES TOFREDEEZEL 729121, ERTH 2 XM
DHEAEEDRNEI D .

Bl 3.5.13. FBAXHE [0,1) ¥ XM (0,1) IZFEMHETE RV, L5k, [0,1) 225 (0,1)
ANDEE R EEAIFEE LRV, EEE f:[0,1) — (0,1) ZEfiikEHFgLL T2, f
% (0,1) = [0,1) \ {0} WHIR L7z d odidi: (HEH) Bk £:(0,1) — (0,1) \ {£(0)}
5 2%, (0,1) 3EEE2SZDOBBEHETH L. (0,1)\ {£(0)} FIEHEKE DT
F(0,1) # (0, D)\ {f(0)}. &oT f([0,1)) # (0,1) &b, fIFEETIERW.

3, R EFEH 2R vsin - BEEENS.

E#& 3.5.14. X Z{iMHZEM, a,be X &35, 1 Xjm1—2 Y v FZEHE R OAXME [0, 1]
P X ANOEFEMR 0: [0,1] > X Te(0)=a, p(l) =bekddD% at bEiHIE
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(path) &5, a ZEDIR, b ZEOKRE WS,
TR . BL3EBR DI THY, ZDB ¢([0,1]) C X DT TR,

E#& 3.5.15. iz X 23IKERE (path-connected) TH % (ﬁﬁ%ﬁ\@ a,be X 12
XL, at bZRSENTFET .

EE . arcwise connected ¥\ 5 ¥ X4 H 5. path-connected & arcwise connected %

AOBEKRTHES e ddH 5.
EIE 3.5.16. JURERER SIDEETH 5.

AEPA. GEAAIER 3.5.8 LABRTH 5. X & (ZETZRW) RER 2/, f: X — {0,1} %z
HERE T 5. [ ARRHTERVIEZRERIELV. a e X Z—OETS. (£FE
DxeXITHL f(r) = fla) TH2ZZRZS. X FMRERTZD2S a & o ZHER
B, TROLEEEBR 0: [0,1] > X Tp0)=a, p(l) =2 R2dD, BFEET 5.
fow:10,1] = {0, 1} 1ZEHFBTH D [0, 1] IFEREZDT, fop(l)=fop(0) THS. Lo
T flz) = fleQ)) = foe(l) = fop(0) = f(v(0)) = f(a). O

Bl 3.5.17. EFEZZAIIRERETIERWH]. 2 —2 1) v FZE/H R? OF852ERH]

A={(z,y) eR* |0 <2 <1,y=sin(l/z)}
B={0,y) eR*| —1<y<1}
X=AUB

ZEZ DY, X 13HEKET D 2 235URER TR,

-1
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B 176. e (HOTHlik-> TEZ 2D, AN EH > TWAAZEL T) RE.

T 3.5.18. X%MHWF“? {AA}AGA%XOD %Kﬁzﬁ%:.@ﬁ% ThOE EED e A
roci‘A:UAAA B A

AERH. f: A — {0,1} 2HEEHR e T5. f BPERFTRVWIE, §bH, EEDa,be A
KL fla) = f(b) THRZILRRBFEEIV. a,bc ALT3. H5 \puc ADFEL,
a€A\,be A, &% EHND ANNA, #DTH2. cec Ax\NA, &—Dot 5. [ ODil
BR f: Ay — {0, 1} IZ58HT, A\ IBEEZD S fla) = fo). AR £(b) = f(c). o
fla) = f(b). O

& 3.5.19. X ZNHZERM, € X £ 35, 2 280 HEETSDEE TR TONES

Cx:UC

zeC
C'C X it

Z o 2t X ORI (connected component) £\ 5.

o

7 3.5.20. HiEN T x ZEVRAKOHEEEETH 5.
FERH. B 3.5.18 X D HEAERITEETH . AIIERE X DS . O
A 3.5.21. HIENIIEHESTH 5.

AEH. Cp % x ZELEMSER T L 5. C, C C2 T, C, 3HEMEZ, HEM 3.5.5 kb C2
bHEfE. 1 € Cf T CLOTEREh LEBRTDEREID CL C Cy. £oTC, =C &
Y C, IZBES. O

e 3.5.22. X ZAMHZEME 35, X 1B 58% ~ %,
x~yexy € C ERIZEMETES C C X BHEETS

YEDDZ Y, CRIZFREBERTH Y, x € X Z2E0RIEEZ z 2 80EER I TH 3.
ZORMEBRIC X 2 X ORI ZHEEROAND TR WS .

GERH. FEFHIZR D exercise I & 5. O
Rl 177. X ZAMHZEME L, v € X 280N % C, TET.

L {z} 13HEETH 2.
2. fiifE 3.5.22 ® ~ X[FMERRTH 3.
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3. x~ysyelC,.

#l 3.5.23. 1 Xt —27 U v FZEH R OF7722H R* = R\ {0} O#ERGHRTIE Ry =
{reR|z>0} e R_={zeR|z<0} DD, EE Ry, R_ IR OXMELEH & H
iR, CACRXIEIA=R, UANR.) 7EXN 2D THEMETIZRW.

E&E 3.5.24. (HHZEH X HeTER (totally disconnected) TH % < ARG A 57 3
ET1IHEDPBRS.

B 3.5.25. HERLZERISEEERS.

EREVWLR TV, B TH 2 VWS T LEETEGETH L 2 W0WS ZRITES. HlZ
X, 1 ota—2 1 v FZEHE R OF7 22 Q 35BN HER T H 225, BERZEH TR0,
AR, ACQ,8A>2833. rnsc Ar<skldb,r<uz<sRBREHEE N
BIEST 2. {qeAlg<ztt{qeA|q>z} FADHEZEEZ5DT AITERTIIR
V. XoT&re QITHRL, r ZE TR IE {r}.

FEED e > 0L, (nr+e)NQ #0DTH2H6, {r} 1 Q OMEATIIR
W, O

FE . Zof ok I3 LB HES I3RS U, AAHHZ2H AERE R DA
MERZDIFITERVEWVWDS 2D 5.

R 178. X OGN OIERETH 2 & &, FEERTIIHESTH 2 Z L 2Rt
R 179. Z % RIZ Zariski M2 W 7= iHZER © § 5.

1. Z S TH 2 Z e 2RE.
2. Z DHAERDTEEZLEDIOI R DMN?
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3.6 dA2/\7U +ZER
T 3.6.1. X 2HA, ALWMAES, {Exlrer & X OHAEAOBTEL T 5.

L ACU,er Ex THB L Z, {Er}aer & A DHEE (covering) L\ 5.

2. {Ex}ren D ADHETH D, A WARESD & ZERWE (finite covering) &
W,

BN CAETB. B{E  ren DADWETHS L E, {Extren &, (A DHHE)
{E\}ren DB #HE (subcovering) &\ 5.
AN DERESDO L BREBOEE 2\ 5.

4. A DWE {E)\}aen DAREBIHE 2 o e HHEREBREE T C A DFELT,
{E;}ic1 D ADHEL 5.

5. X DMIFHZEM, {Ex}ren 3 A OWET, EED X € ATH L E\ % X OBEET
H5LE, {E\}rer & A DFHE (open covering) &\ 5.

6. ERDARMALE T CATHL, e, BEi #0 TH2 L E, B {Ex}ren 3AR
XXM (finite intersection property) ZHor 5.

E#& 3.6.2. 1. f7AHZEM X 233> /N2 b (compact) TH 3 o X DIEE DB E
DA RER 1 2 F5D.

2. NiMHZEH X O ADaL T FTH B (ﬁ%ﬂﬁj\%%ﬂ A7 b THS.
FE . COEBONBEDOEKR (T2 ZA3HRINIHEBRLICC WL EESBZH) T D
22K, EFRD X DR Z IEMEIC PR K.

HEE . 2y b Hausdorff EE D Z 2B a > X7 bW, ZDERK 3.6.2 D% A
o3 ZEM OV /NY b (quassi-compact) WS b HB.

8 3.6.3. (AHZEM X OFDEE AN a7 b ThHDE S HHEEAD (X 128
%) EROFBEHIRER T HE Z R,

AERH. A OFDEEHE {E)\} DE2EHE A OFWETH 2 < HRE A OREE {0}
TEN=ANO) &R5bDDDH5%. O
EIE 3.64. X Bar 2t o X OPFAEETE {Falrer DAERZXEZFEDOR 5
MNaea Fr # 0.

A, X OEOEATE {Ex} L, {E\} MEETHZIL ,ES=0Th3Z LI
FMETH 3. %72, {Ex}ren WERBOWEEHO o H2ERBHIES [ C ADEEL,
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Nicr Bf =0 < B A{ESren DERZXMZ 72700,
X OEHNES EPHERTHBEI Y ECDHESTHAZLIFFEHETH B Z 2 I12iE
J=Sc I gi =P AN 0

Bl 3.6.5. BENMMEZERNZa 7 b TH3. FESIX L 0 FELL.
) 3.6.6. X ZHEESNMHZERIE T2, X pary 7 b < X WERES.

Bl 3.6.7. n KTE2—2 Y v FZEM R 1322527 FTERW. FEE {U,(0) nex 13 R
DHIWETH 2 DEBRH AR b 7272\, 271 0 € R IZBUA

FIREIC U TRD D 5.
e 3.6.8. JHEEEE D a v T VD ESIIERHEETH S.
AFEA. X ZREBEZERY AC X ZavRr b T 5.
ETAPERTHLILETT. 0 € X 2285, AC U,y Unla) 5, 5

N eNDPFELTAC Uy(z) 272D AFHGR.
ADBHER, TR, ADPHEEGTHELEILERED. € A, DFED g AT 5.

UE@=J{yex|dzy >r}=X-{z} DA

r>0 r>0

0o {E.(2)}rs0 & A DRHHE. AlZar 7  ErLERED E,, (2),i=1,...n T
BbOND. e=minr; 2BIFIXe >0T

ACUEM@:&@

i
U.(z) C Ec(x)¢ C A°.

X b —&iz Hausdorff ZEE]D a %7 M EBIIEHEESTH S Z e 2B TRT.
2—27 Yy REMTEHDMD D, £3 1 XTOHEELRZ S, R Tar 7 b2ERH
OHEZHNT n ZTOHEERT.
EIE 3.6.9 (Heine-Borel). 1 Xyt —2 VU v FZE R OFRAR S > 7 +TH 5.
YRIERHAXEZa Y 7 b TH 5.

At A C R Z2EHRHAEGE L, A OMESHE {F\}en VAR 2RO 5%
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A£DDLEREZILIV) &,

a := inf {max ﬂ F;

i€l

Q);éICA,tiI<oo}

EBTIR, EED A e ARl

a — inf {maxﬂ F;

)\GICA,J:U<OO}EF,\
el

O Myep Fr £ 0 28D, AlZaYRZ b THS. 0
HIHPLTEICHENTALS. R OB TRWVERBIEERBAT, RILERHO LI

TR % (R 2.8.7).
P={ICA|IT#08I<oo} &BENcARIML P ={IcP | el}rBL.

F/-1€ Pzl

F]:mFi, ar = max Fy € Fy
el
B, ADPROEFRHARERDOTF, 3 ROARMALET, IRELD I 2ERES
DX F A0V TH200 Fr KWEERRITHFEETS) I CJDEXFI D F 1D

ary ZCLJ ’C@é:t@:@%ﬁ?% X BT

a = inf ay, ay = inf ay
IeP I€Py

B, A£D7EEDPSPAOPTHY, ar € ATAFTERED»S ZOTRIIFET S.)
ITeP\OE NclIZZhoFiCF\®Zare F\ ThHs. XoT

ay :inf{aj | IEP)\}E {a[ | IGPA}CL CF;\l:F)\.
LEDo T, ERDANE AL, a =ay THZZLZREE, a € Nyep Fr #0257

nN5b.

PyCP/7Ehlrbay>aTdh5b.

—H, EED I PIINL,IC TU{A} € P\ T®2h056, a) < aru{ay < ar &b,
Il

ay < inf a; = a.
IeP

KEINZ LOREREFUTH LD, a € F\ Znd DIILLTOESIC LTS kv, (2
01 2FEOHBETIILLTOH R EH W)
(e =

EED e > 0N, [a,a+e)NFy # 0 TH3ZZrEIXLW.

a € F = F\ tR25»5.) a 3 FTREDS, BE2HEBHATEE I C A BREEL,
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ar <a+e kb ITU{ BEREATI 2E5LDT
a<aupy<ar<ate
ER2D apupay € la,a+¢g). T
aru{r} € Frua C Fy

@K)_CLIU{)\}E[CL,G—I—&)QF,\;A@. Ol

FE . —BOEHEMTIIERMARSa Y 7 PRATZ 2IERW. (0,1) & BERERE
ZEE ...

R 180. Z % R IT Zariski (ilHZ W 7= HHZER T 5.

1. Z3ary 7 b ThHsZ e ERE.
2. Z DAy MR EBIEDI IR DN?

a2y FEEOWEZFANRE S.
’F%iaii\ 3.6.10. Al,AQ CX»Bar,s }\7;(6&31A1UA2 AT NTH 5.

AERH. {Oa}aen ZEAEE ALUA, OBIHE, 3hbb, O\ X X OFEAT, AjUA, C
UOLTH2 2T 5. BILDIC {0} 13 A, OBIBETH D, IEXD A 1l3a> "7 b i
DTHLARBAEE J; CADFELT A CUje,, 05 £7%%. J=J1UJy CABRH
REATHD AyUAy C U, 05 813, 2% D, {O)}jes & {Or}ren ORI HE
ThHd. XoTAUAIFay I INTH5. O

FIE 3.6.11. 2> %7 FZEHOHEHESIZa Y 7 FTH 3.

AEH. X Za vy bEME L, AC X ZHEOEE L 35, {Ox}rer & A OBINE,
TROEONE X OBEAT, ACUO,TH2T%. ZOLE{O\JU{ATIZ X D
FRETH 2. X 1327 b ROT, HAMRMIEE T C AT, X =J;c;0iUA°
LR2BOHBHD. FHITAC Uy, 0 THS. O

EIE 3.6.12. a2 %7 MEROBEGEMRIC L 2B1Za > 0 b THS.

AERA. X, Y 2AAHZERM, f: X - Y REEERE L, X Za v 7 THB LT 5.
FX)Mav Rz v THBZeRTFES. {Orzlhen & f(X) OFHE, bbb Oy &
Y OBEAT, f(X) C UyenOr TH2ET 5. X OETEEE {f71(Ox)}rer %
EZ25. fREEELS 710, E X OEAETHZ. £, (X)) c U0\ 25
X C U0 =UF 0y koT{f 1O} & X oB#ETH2. X 132
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VRSB, BAHRBAEAT C AT, X = Uy, [ N0, LB260ND 3.
FX) = f (Uier F7H04)) € Use; O O

FE . a7 VEEBDOHEGEMRICE 2 BIEa s 7 P 23BEL2W. FIZIER LD
EREBEEZ TAK.

% 3.6.13. a7 MEENHEIMETH B.
& 3.6.14. a > %7 b+ ZEH L SERBUEE BRI R KE  /IMEZ © 5.

AEH. X a8z b fr X o REEGHMME T2, & f(X) IZR 0a vy MES
EirbERBES. koT f(X) CERATE, B INTHEET 5.

O 0O o

% 3.6.15. AAAXME EoEGEBIIRKE L R/MEZ & 5.
FH 3.6.16. X, Y 2diCar X7 b X xY av7 b,

AIEEH. {O)\})\GA X XY O)Eﬂ*ﬁ%Zj—é

U={UxV |U€eOx,VeOy,INeA:UxV CO,}

3B UD X XY OWBETHS. (X xY OBESE, X OESAE Y O
HEEODEBOMESL LTRINZDTHo7%) U DPERBOHEEZREOZ L 2R
5. 2 € X% —2r3 {2} xY QY LRAMEELSEaY I koTUDE
BRIEDTC Uyt X Vi, ooy Upny X Vi, DIFETEL, {2} x Y C U2 Upi X Vi £ 725
{2} XY NUy x Vi 20 2L TR0 W, = N2, Uy 2B & (AREOBES OIS
H37mDT) W ld X OBEETHD 2 e W, TDHS. £/

Y =p2({z} xY) Cpo (U Ui X Vm) = UPQ (Ui X Vai) = U Vai
i=1 i=1 i=1
o . . .
W, xY =W, x UVm:LijmeC UUMXVM
i=1 i=1 i=1
Thd (RBe#HVTAHAL) . Fre X ITHLIDLSRRLTW, 2eiud X OHE
{Weteex BREOND. X 1Za X7 M EDLH2BREDR x1,. .., 0, € X DIFEEL,
X=U~ W, £7%2%. £oT

m Nz,

XxY:OWwixYCUUUxiijmij
=1

i=1j=1
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e U DBERERTENZ SNz, %'L,j WAL Umij X inj C O)w.j A /\ij cA
EHEAIZ X x Y C U, Or, £ D {0)) OHRHAWEN DN, 0

FE . LORATIRERAHEZ Z > Z D fioTwa D, 5 TRIIDBIRNHEZ b
BWEOIWZTES. BREOEROBE S FIkZZ &M D LD (2 7 (Tikhonov)
DEH) 723, TH HIFFRRFSRBE GERNF L [FfE) TH DEAEHED 5 L.

Bl 181. X £A0, Y 40, X xY ar X7 te55%. ZOLE X, Y &diZary 7 T
HbHZEhRE.

TP ERBITES.

EIE 3.6.17 (Heine-Borel). 2 —27 1V v FZE/[ R OEBEEN AL 7 N THE720D
DETDEMTIESRARETHL L.

AL, a7 PR o ARBBRETH S 2 LIZRITRL .
ACR'DPEFRHAEETHZ2LT5. ERTH206H% K € RDPFEELT,
AC[-K,K|"t75. M 369 &0 [-K,K] 32> 7 b ThH 205, FH 3.6.16 &
D [-K,K]" %a>z7+ThHs. (R™ 2 Rx---x RIFFAM, MELE 203 20.) A
av oy bEM K, K" OBBEAETH200EM 3.6.11 Xhary 7 b ThH 5. O

) 3.6.18 (cf. [ 145). S 225 [0,1) ~DHEHERBFIIFE LRV, ¥ 2 S e [0,1)
EEETERV. ST I R?2 OBFRBESELS Y RZ FTHD, [0,1) X R OFHEAT
BRVWDTIY R FTIERODS.

a %7 b Hausdorff ZEICOWTHHNRE .
T 3.6.19. Hausdorff ZZfid a7 VESIZEHESTH 3.

AEFH. X % Hausdorff 28R, AC X 2a v 7 MBS, v € AT 5. o A° DN
MTHBILERED.

a€Ar33r,2#aTHY, X H Hausdorff DT, v DBHERE U, & a DL
Vo TCU NV, =0 R22bDPBFETE. Fac AIHLZIDESRMU,,V, Z—DiF
A (BAINVEZD LS BHETEE Z2FTIUSERNHITV S W, Fl 2R

A={(a,V)|a€ AV: open,a € V,z € V°}

) {Vitaca Z ADBBETH D, AZav 7 v DT, 3 ay,...a, € ADTFEL,
AcCc UL Vo, 242, U= Uy EBIR, Uz ofEHETHY, UNYV,, C
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Uy, N Vo, =0 720DT

UmAcUﬂChczﬂﬁUmmuzﬁ

=1 i=1

i) (RBREMOTAX) UC A DS o ld A° ODNA.

O

& 3.6.20. 2% b Hausdorff ZEEDERPEEDR A RT b TH B 72D DRE+ 75
RIIFAEETH D Z L.

AFRA. EFR 3.6.11, 3.6.19 K D HA & 2. O
% 3.6.21. a7 22 & Hausdorff ZZREIADEH EBRIZEEIRTH .
AFRA. EFH 3.6.11, 3.6.12, 3.6.19 X H HH & 0. O

% 3.6.22. a7 b2ZER 5 Hausdorff ZZEIANOEGi e £ BGHIFMEESRTH 5. O
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FLE
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4.1 Selmtt

E& 4.1.1. (X,d) 2HEHEMEE 35 X 085 {z,} PEAXF| (fundamental se-
quence) » %W d——% (Cauchy sequence) TH % ?fﬁﬁf%‘n\@ e>01IXL, »
LZHARB N e NBEFEELT, EED m,n € N (myn > N) ML, dlxg,,z,) <e&
25,

BEI OB E L Bk, BEEZEMC BT 2 IRINEEATITH 2 2 L, RATIZERTH
52 EDTHh5.

FRE R IZBOWTEERTNZNRAN T D - 7203, —MROFEREZERICBWTIINT LS 2
I TIERW.

Bl 4.1.2. BIXRE (0,2) C R % R O#f42em v LCHMZmM L B35 &, (0,2) @55
{1/n}nen EEARFIZZ DR L 0,

Fl:ﬁ 182. 7&"@‘75‘7

EFE 4.1.3. HEEZEME X X, SRXTOERIIMPIRET % & %, 5EfE (complete) TH 2 &
Wy,

S 183. BEAEREZEMIZCHTH 5.

EE 4.1.4. X %R < X O THRWVHAEEORDIN X D, DD ---DF, D ...
A lim 6(F,) =0 &&=, (), Fy # 0.
n—oo

. =) Fne N LE x, € F, =226, Ot &85 {z,} FEARF|T
B, EE, lim 6(F,) = 025, FEO e > 0 XML, 55 N € NHEELT,

203
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n>NROIXI(F,) <ec &b ZONIKZNL, mn>NROIEXF,, F, CFy7E»2b
T, Tp € FN TH D, d(z, ) < 0(Fy) < €.

REELD X 135HTH200 {2,} 3R e X TINRTSZ. neN&T5. i>n
BOIWEF, CF,®Z2 x; € F,. F DA {z;}i>n &2 QPORL, F, 3FARERED2S
zel, XoTaze, F, X&), Fn#0.

<) {z,) B X OHAIET 3. A, = {;}ion C X, F = A% 5%, BBHICF,
W THRVWHEATH D, F, D Fyq.

{2, } BEATNTHZ200, TEDe >0 XML, B3 N e NMWHFEELT,i,j > N 72
S d(zi,zj) <e &’b. n>NIEHIX A, CAN THE05H

0(Fn) =0(A3) =6(A,) <I(An) = sup d(zi,zj) <¢

i >N
LD, lm 6(F,) =0TH5.
FoTREELD N, Fn #0TH2. €, F, £35%. z,2, € F, ®Z d(zp,z) <
§(Fn) =0 (n—00) 72D {z,} 1F 2 TPHT 5. O

R9SEE . 102, 107(1),(2),(3), 108(2),(3), 111(1),(2),(3), 118(2),(3)

E&E 4.1.5. UHZEM X OFDHEE A PE1LEES (set of the first category,
meager set) T»H 5 < A B EHO 2B EEONEE:

A=JA (43X TEB).
1=1
T 4.1.6 (R—)L (Baire) D& EHE). SEMEREZM X 12BWT, 5 1 HESGOM
EEE X THETH 3.
R 4.1.7. ZZTHRWEHIEAEZEEE 1 HESTER V.
EMOFHDO /- D i —DOHET 5.

e 4.1.8. X ZHEEEZEHE, A C X 22BN ES, O C X 2ETRVHESG T 5.
ZOrEUICONA LRB XD R, BTHRVHES U BHET 5.

AEAA. A 2B omE 21013 £ h A BB TH . ko T 2103 &b
ONA®#ADPTHYH, O, A ZHEEZED25 ONA° LS. 1 e ONA%Z2—DL 5.
ONA® BHBERD»OH2 e >0PFELTU(2) CONA® %%, U=Us(z) &F
X k. O

EH A4.1.6 DA, X D A=, Ay (AR 2B 1 HEE LT 5. A DHETH 2
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ZrxRRES. i 2103 kD, BTHEWERORHESE O WTHL, ONA 4D THSZ
R EIR LW,

OCX BZETRVHESGELTZ. Uy=0 &35, kE>11ZxL, IS, Z2ThRWVEE
B UL 2 UL CU_1NAS S(Up) < 1/k 72 k51ce 5. (8 4.1.8 3].) X 1357
HCHzh0, EHA414 XD, N UL £0TH5. U, DL Hhickb, Ul C A C Af
THBEDE, ey UL CNMrey Af = (Une Ap) = A° £ N, Uf CUE C Uy = 0.
EoTONA DN Ut #0. O

% 2.10.5 TRZ X512, EREOFE LS OB IIFETH - 2. iRtz
RIZBWTIIRBERETH L.

% 4.1.9. X Z5ElMiERESEM, O & X THELRHESL T2, E=(10, 0. 3 X T
MzETH 5.

RERH. A = Of ¥ B b, Ay BHISBET, Oy PRELD S, (AR)° = Ay = O =
O =Xe=0 ), Ay BRETH 2. E=N0, =NA; = (UAr) D5, "=
DEBED, B I3HE. O

IR . Lo Corollary WBWTHEME WO REIVETHS. Q %2 R OFEDZEME LT,
PREEZERI Y 3. Q Tl 1 MIIFEAZE L SEED r e QITHL Q\ {r} ZBHEETH
b, ¥ 1 AEHESTERVWOTQ\ {r} BHEATIERVYS Q\ {r} BHETH 2.
A, SRS FTRTO (AIF) BB ), eq (Q\ {r}) = 0 BHHETERL,

EFE 4.1.10. FHEEZER X OEEE A D5 Gﬁ(%ﬂﬁ) FRAEZER A D35
EIE 4.1.11. FEEEZEME X OE0HERE A D7EH7Z 613, AZHARETH 5.

At {an} 2 A DRAIE L, lim a, =z € X 5%, {ay} & X ORI TH 255,
X OHAYTH 2. X o THEEZER A ORI Bz BEAGTH 5. AIFSEMEDT,
{a,} B ADHICIRT 2. koTao= lima, € Ak, R 2115 kh AZHES

n—oo

TH3. O

M 184. X ZHEEEZEM, A C X ZHAHRE, {an} & ADRIIE T 5. {a,} D3 X OFEA
FITHdZ ey, Motz A oRdle LTEARYITH S Z LIZFRETH 3.

R 4.1.12. A C X DPWEZ 51X A TEHTIER V.
AERH. A% = X £ AW X AZFAEATIERWV. O

fl 4.1.13. RZ 1202 —2V v FZEME L, Q CR % R OE5Z4Em & U C LM &
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Ra. $kbbd(qr)=|¢—r| TQRHEMEzV AL 20Ot Z QIR THELRDOTE
fETIER.

FIE 4.1.14. X 5w 5. AC X DPHESL LT A XREHTH 5.

AERA. {a,} % A DFEAINE T3, AL {a,} 13 X OFFIEATIERSNTHS. X
ESEMERE DS {an} 1 X Do e X WIURT 2. AGHESTEPS e A XoT AR
SEHTH 5. O

% 4.1.15. X Z5EMEREM, ACX 235, 2ok %, AD5%EHR < AZHES.

Bl 4.1.16. (Y, dy) 23ESelmEREZER 72 51F, Bl 2.14.5 OFEBEZEM F(X,Y) 5T
H5. FoTZDrECX,Y)d (F(X,Y) DHHEERDT) ZEHTH 5.

. {f,)} % F(X,Y) ORASIE 5. (E50 2z € X ICHL,

dY(fm(x)7fn(x)) < sup dY(fm(x)7fn(x)) - d(fnafm)

zeX
THED5, {fu(x)} BY OEARITHS. YV IIZMTH 205 {f(x)} BINKT 3. &
BfX->Y % f(x) :nli_{gofn(x) EYITEKDEDS.
(f) 28 f12 (B WURT 2 2L 2R S, {f,) ZRATITH 25, FED & > 0
XL, 53 N e NDEEL, mon > N B d(fom, fr) < /2 L7335, EED z € X
WAL, n>N &I

dy (f (@), f(@)) < dy (fu (@), fa(@)) + dy (fa(@), f(@)) < 5 +dy (fula), f(@))

THhh, li_)m fo(z) = f(x) THEH15,

dy (fx(2). f(@)) < 5.
L7=53-T
d(fn, f) < g.
XoT,n>N7=Z6iIX
A(fu, f) < d(fu, IN) + d(fn, ) < g +o=e

O

I 4.1.17. X ZEREZEME, Y 22z, A ¢ X 28908 E, [ A - Y Z—k
RS T A, COLE, £k A FTEFICIEIRS N, ZOMRR—ENTH 5. ¥
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bbb, HEESR f: A S Y T, fla=f e R2BDOBLE—DOFETS. X512 fi
—REEBETH 5.

AltFA.

3.

1 SR RIGRIZI-ENTH S 2 . (THhERT O —Holkilt ® 72tk b
b7z,
g,h: A* = Y ZHEHERT, FED a € AITHL g(a) = f(a) = h(a) AT D
DI 5.
reA* 35, Aogdl{a,} T lim a, =z LI HDNBHET S. g, h LB
i 0T o
g(z) =g(lim a,) = lim g(a,)= lim h(a,)= h(lim a,)= h(zx),

n—oo n—oo n— o0 n—oo

XoTg=h.

CERERIRRIE —RERE T H B 2 8. (THERT DM ED R N.)

FBfg: A* =Y & gla = f LR 2EHMEHRE T2, g ¥~ TH 5 I L &R
z5.

e>0&795%.

f: A=Y 3—HEBZRDOT, 56 > 0DBFELT, FED a,b e AITHL,
d(a,b) <36 25X d(f(a), f(b) <e/3 &725.

ZDHIINL, z,y € A* D d(z,y) < AT LT 5.

g IIERLDT, % 0 > 0 BFEL T, g(Us, (v)) C Ugys(g(x)) &%, 6, <0
L UTEW. IS, 52 0 <6, < 0 BTFELT, g(Us, (1) C Usys(g(y)) L7555,
x € Ao Us () NAADTHS. £oTae ATd(a,z) <o, £722DD
BB 5. FAHICbe AT d(y,b) <3, LH3HDBHS.

d(a,b) < d(a,x) + d(z,y) + d(y,b)
<0y +0+0y <30

THY, gld f DILRZDT

d(g(a),g(b)) = d(f(a), f(b)) <e/3

A ZIRRAFET B Z L.
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4T SelmnEzEE

i 185.

(i) A D55 {a,} PIWNHHITHIUR, Y D5 {f(a,)} DICEHITH % Z & %R

(i)

(iii)

3. (e, SEETEE D & HAAE.)
Y BRMHBRDT {f(an)} BERIITHZ Z e 2RBIRXEV. ¢ > 01T 5.
fRER—FREHRTDHE200H2 0 > 0 BFEELT, FED a,b € ARXL,
d(a,b) < 0 %olXd(f(a), f(b) <e &725. {a,} FIERFNZDTEARIITDH
5. £oT, 5% N e NPEELT, myn> NZoIEdlam,a,) <0 &£7R5.
XoT,mn>N7ZEolXd(f(am), flan)) < e.
A DWHH {a,}, {bp} B3 hm an = hm b, & HTzEIZ, ll)m flan) =
nh_)ngof( n) THSZ Z’a?ﬂ"?‘
A DOFH {cy} & cop1 = ag, cop = b TEDD. (DFD {c,} &
ai,bi,as,ba, ... EWVWIHHITH3.) LI ILm Cn = ILm Ay, = le b,
TBD [} BIGRIITH 5. £oT (1) &0 Y GG {f(cn)} HILHIITH
5. {flan)}, {f(bp)} EZEBSD {f(cy)} DERIFITD %0 & Z DHGFR L
lim flcn) TH 5.
B AT o Y 2RO ESICED D, ¢ € A KL, A DEF {a,) T
lim a, =2 2RodD AEH 2ILARIDFETZDTEN) 2L D,
f(z) = ILm flan) EEDS. (1) &b ZOMPRIZFEL, (i) & D o TIPS
3 ADEFIOL DT E SR
fiE (—8) i ThHhB I EBRED.
e>089%. [ A-Y B —HERKTDHEIZNPLDHD 6 > 0 BFELT,
FEBD ab € AL, dlab) < 26 7512 d(f(a), f(b) < £/2 L7 5.
z,y € A% d(z,y) < T 3. 2 TIRT 2 A DA {a,} & y KIRT 3
ADgFI{b,} 23, fOEFELD hm fla,) = f(x), lgn f(by) = f(y)
THb. £oTHB N € Nﬁ’ﬁfbf EE’@ n >N &7?’_5(;‘)01/, d(an,r) <
6/2, d(bn,y) < 6/2, d(f(an), f(z)) < /4, d(f(bn), f(y)) < €/4 &7 5.
dlan,by) < d(an,z) + d(z,y) + d(y,bn) < 6/2+ 5+ /2 = 20 TH
255 d(f(an), f(bn)) < /2. Ko T d(f(z), f(y) < d(f(x), flan)) +
d(f(an), f(bn)) +d(f(bn), f(y)) <e/d+e/2+e/d=¢.

U

Z DEHOHALHEFRD —EEE D o & RN THALT 5.

X, Y #0412, A C X BRERBIES, f.g: X — Y 2#E§EHT A -
—HT 3 (TROBIED a € AWK fla) = gla) £752) bDEF 5.

1. Y 7 Hausdorff ZZEETHIUL f =g TH 2 Z & 2Rt
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2. f=gtBRohnwEoix (X,AY, f,g D) BleZEiT X,
TR HRR DRI IE —RoE R T H 5.

M 186. R # 1 Xjt2—27 1V v FZEM, R* = R\ {0} &L, B f: R* - R %
f(x)=1/x TED 3.

1. fIESETH B Z & ZRE.
2. fRRECTHFIHIRT 22 TERWY, TBOEER R - RD flgx = f
AR fIREE TRV & ERE.

F /G RARIRDIFEICIX Y DEMTHE I bR ETH .
B 187. RZ 1Xt1—2 Y v FZEH, A C R 2RI G T 5.

1. AEE TR W L 2R,
2. HEER14: A — A% RETHFIHIRT 2 Z2IEXTERV, ThbbEGER
fRSATfla=14 2ALTHDOREFELREVI L E2RE.

EEXDPOLZNEHEBNDEBR f: X - X THL, f(a) =z 2R2Hre X % fOR
#R (fixed point) FLBEERE VS . AHROFEICET 2 VWA WA LEHIH S
NTWVWED, RFZD—HKHHRDDD—DTH 5.

FIE 4.1.18 (fi/NEB D JEHE (contraction principle)). X Z5EfEfEZEM, f: X — X
Z#E/NE1]R (contraction map) , $8b5E, 5 0 < a < 1 BEELT, £FED
z,y € X WAL, d(f(x), f(y) < ad(z,y) AT ERTHZLT5. 2O Z fldk
RP—oDAEH ac X B, X512, [EED 2 € X ITHL Jim f(r)=aThH?.

. 2 € X B0t 3. oy = [M(2) ICED X OB {2,) BEDS. {2, 1ZIHEAFIT
BB LRTES.

d(@n, Tnt1) = d(f(zn-1, f(zn))) < ad(n-1,2n)

25 d(Ty, tpe1) < ad(x,z1) THB. 0< a< 1226, EFEDe >01IHNL, N %
+aRkE e aVNd(z,z1)/(1 —a) <e ¥#%. n>m> N 513

n—1

d(xmvxn) < Z d(xiami+1)
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a™ — «

i d(z,xy)
N

@ d(z,z1) <€

LD {2,) BHATITH .
X B0 R {2, ) BIGHT 5. f BN S (—H) HEFTHE. koT

f(lim x,)= lim f(z,)= lim x,41 = lim x,
n—oo n—oo n—o0 n—oo

&b nh—>r20 T EAREETHS. T2DE, [EED € X ITHNL, nh—>I20 f™(x) BETEL,
ZRE f OFHETH 5.
a,be X % f OFRHHE TS,
d(a,b) = d(f(a), f(b)) < ad(a,b)

WZ (1-a)d(a,b) <0. a<1IZFEETZL d(a,b)=0. XoTa=0. O
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4.2 Baire ODFEIEDIEAB

COMBETAHZ DT LEHD S BAHTZ DT THEMN L EHIE, FHEDEH
(% 3.5.12) , Heine-Borel O (G 3.6.9, € 3.6.17) , Baire DM EH (&F
H 4.1.6) , $/NEBROFEE (EH 4.1.18) O 423 TH 2. ZRIBOVTNS L BV
Mo ENBIELRICHZHOEEREHE RO TH 57, Baire DFFEMEEH (Baire DA 7
V=M JENE I DABZVDS LARY) ZIEUHTRLE ZIEBZ26 AR
HYPTVDRHLZE DT ORVDTIEZRW AL ES . K<HsNZIGHE LT
FRNT AT B T 2HBIERE, A2 7 7EEDH 20 N 5IX I DR TH S 1T (EFD
T2 EAREEL) SZ3DLLAARW. ZZTERUTOMEZITES. (B%Z5< Baire &
N2k 3. 2] BIR)

421 RHIIERAEEETHD L

A 4.2.1. X # 0 2K Z2d 7500 (4205, 1 KRR IMAEETIX
W) ElEiEREzE e T2 e, X 3RS LTIFAARETDH 5.

FERH. IRE LD 1 S o3 nEBI2HTHS. Lo T X ORJEIPESIIE 14
EETHS. L7zdo>T Baire DEH LD X ZrJEEESTITR V. O

% 4.2.2. RIZFEEEETDH 3. O

4272 BEAHOER R ESS
ILHLENTVWARESICHEB f:R—-R %

¢ Q

r €L
xreQ-17Z, x—[x]:%, p,q €N, p,q I FEWVITHE

fz) =

Bl= = O

(72720 [2] 3 2 ZBRARVERRKOBE, 374505 (2] <z < [z]+1Z2AKT X5 LB
CEDDZE, [IRETORMATAER, 2 TOMMATHERTDH 5.

T, ETORBATHEN, 2 TOMHE R CNERLEBIED 200 ? W5 DIFHA
REEMITH A 5.
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Thh, ETCOEMETHAERTH S XKD DIXFEELRL.
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QRWHEATHZ20 N L ORICEHPNIEIET S. Q= {rytneny (L i#£j
Bo T Er) L35,

neNe35. flir, e R THEHERDT, HEIEKI, >0 PFELTREALT.

o~ 7l < 20 = f(@) ~ Fra)| < 5- (1)

ZneNIZHL, ROHPES U,,0, ELLTTED .

U,=(rn —0n,Tn +0,) CR
On=J Uj—{ra}
j=n

CDLZE O, IR THELRRESTHD. FEBE, { U, BRXHETHL b, 0, B
BEGTHZ 3L, £720, D {rj}jsn TH2. FED >0 LFEDzeRIC
MU U () N\QIFIEIREETH 205, Uo(2)N{rjtjsn Z0TH 3. LD oT{r;}jsn
R THE, Lo TZh2E80 0, bFETH 5.

C=()0.CR
n=1

55,

RIIZEMTH 256, Baire DFEHE D, C 13 R THE, & JITZETIERWV.

aeCt3d, EFEDneNIMNLae O, £oTa#r, (VneN). bbb
agdQThHb. KoTCCQ-.

a€C 35 fEMaTHETHLILERELI. e>0LF 3. L <ecbhdkd
RERBneNZ—Dr 2. acC=2,0; 25

aEOn:UUj—{Tn}C UUJ
j=n

j=n

FoTN>NTHDEIOBRERBM N e N2BFELT

GEUN:(TN—éN,TN—F(SN)

DL E|la—1N| <IN <208y THEDH,0y DEDF (4.1) kD

1

£@) = Frw)l < 5 (42)
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foi=j,goj =1 BAETIOBRETNENE—DFET 5.

foglg: X - X 1ZE¥bodHHEROBHRTHD,
(foglej=fol(goj)=foi=1]
lgxoj=
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L7zioTi(X) 13 X TBLWTHETH 3.
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