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I L 14 R iota
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1.1 iz
Bt CFEARERE2EET 5.
EF 1.1.1.

1. Z2o0@m#E p, ¢ 1%, TOEMBN BT 2L ERBABETHLIEV-T, p=q
/<.

2. AILAZFRE D DOBGE P, Q &, ZEIZE DL S 2 fHEZRALTH, TDHEM
N—HT 5L ERBABTHLIL VLT, P=Q EL.

1.11 e RERS

EZoN—20H50VWIEZo0MENPSH LU VWmEEELZ L 2F 2 5. TOR, Hk
O ERHILE L OMBEOEHBIZITTEES EDITEDZW. IF1IEEZ, 0 1ZA%
bhobid.

—DDME p DEMBIZH U TEBEZED D HIEIFRD 22 = 4580 . (0) 1E p DEMBIZ X

o]

1 0 0 1 1
0 0 1 0 1
#1.1

5FM, (3) 1 p DRI & 5T, (2) 1k p LR LEDSH7 I 4FTE DT B EHAD b
25RO (1) TH3.



Bl1E £E

& 1.1.2. ROEMRTEBNELZL2@E —p & p DEE (negation) &\ 5.

p
1

0

-p
0
1

ThbL, Dk p BEDOL EHE pWMEDL EETHS.
—p lEEE [p TRV L.

ZOOME p,q DEBITIN U TESAZED D HIEIFRD 21 = 168D .

TOBED (n) & EOBO (15 — n) EHN
IZEITE, (12) 1 p DEMHEF L, (1
%2 QfFHYL 3IFHEANNZS) LBOAD DT, Hilo

DI (14), (11),(9),(8) D 4 .

% 1.1.3. ROEHEREZZZ 5.

p g O] @M@ |G | @G |67
1 1 0 0 0 0 0 0 0| O
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

THDTEEDS FOBETEZLELS. (15)
0) g DEMBERL, (11) & (13) 12 p, g  ANH R

A EDTDRERED D Z S

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

1. (14) CEBPEXSmEEZ pV e LEE, p & ¢ DFREM (disjunction) » 2\ i

tAFA

EEEWVD.



1.1 GwHEsl

pVqldEdE Tp 721k ¢l i
2. (8 )“’Cﬁi\ﬁ%ﬁ‘ﬁiénni’& pAq &EZ, p L q DiRETRR (conjunction) H %\ i
BEr.

pAgIEEE Tp D ql LHD.
3. (11) CEMPEESmEE p —» q £ EL. Fhids = i%ﬂ%(lmphca’uon) %
L kiEhs.
p— g 3@ Tp sl ql &
(bRAIZ (13) 1k q—pThH3.)
4. (9) CEBDPEE5MmEEZ p <+ g £ FEL.
per g 3@ Tp & g lXEME] &HT.

FLE o, VA, =, > Z2HRIEES T (logical connective) £\,

HR! . SHEEM > TVWAEEIE 6] X 2014 FEOHF FimDOMECIIEELH oI
FEUT =] ZHOWTWAD, ZO#ETIE -] 2H0VWS

ZDHETIE p=ql % [p=gPETHE] , T0bE, p BRI TIE g HEKD 37
DEWVSERTHES.

R . BT TEMAH D Z 5501 (14), (11),9),(8) D4 LA

1. FBRIZIFMOBEDIZEHZFIRDVT WS, FIZIX (7) IFEERERE, NAND %L
FiEh, plg LV ozilBETHhobING.
INSBHEWCEBFEAD I TRAEL PR p o qB AL > BT (p—
q)/\(q—)p) Ethobds.
FIENAND ZF2HWTE 1.1, 1.2 ITHTLK 302 L THoLT I ENTE 3.
BIZE —p = plp, A g = (plg)l(plg) Vo7 B A,

£1.1.4. 02 1 hon2HEA%E 2] 8L

2] := {0, 1}.

EF 1.1.2, 1L13 0HEEREZR L L VA, —, < FES [2] B (RUEPHITED K&
57%) ZIEEE (binary operation) %, - 3B IEFHE (unary operation) % & & T
WHERBZIENTESL. OVI=1&2-0=1tWVo7EA.

pVyq PAQq P—q D q
Palo 1 palo 1 P01 pg o0
0 |0 1 0 |0 O 0 |1 1 0 |1 0
1 |1 1 1 10 1 1 |0 1 1 |0 1
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O p— q ZBRWT p & q IZBEUTHITH 5.

EHE 1.1.5. p,q,r ZaEE T 5. IRDBKD LD,

1.

2.

3.

4.

5.

6.

(Z#3EH], commutative law)

(i) pVg=qVp.

(ii) pAg=qAp.

(¥E&TEHT, associative law)

(i) pV(gVvr)=(Vaq) Vr.

(i) pA(gAT)=(PAg) AT
(BRI, distributive law)

(i) pA(gVr)=(@AgV(pAT).
(i) pV(gAT)= (Vg AP VT).
~(=p) = p.

(i) pV(-p) =1

(ii) pA (=p) = 0.

(K - ENHYDIEA] de Morgan’s law)
(i) =(pVa) = (=p) A (mq).

(i) =(pAq) = (=p) V (—q).

EIE 1.1.6. p,q 2L T 5. IRDBW Y LD,

1. p—qg=(-p) Vg
2. p—=q=(-q) — (—p).

3.

=(p—q) =pA(~g).

FEEH. Wb BEHEREZEITIE SN S.
B, FH 1156 1I2OWTHE, 4 221, —HEnEEAIET<Hr 5.
F7- EM 1.1.6.2, 3 1%, FH 115 & FH 1.1.6.1 Ao TRTILELTES.

O

HRE! . FEZDZADPELSWED, p— ¢ DBEEE A (-q) TH->T, p— (0g) TREZRW.

HE . 9<H25L51 5 3uHTciEi< (p - q # ¢ = p), BAKNTERL
p—=(q—=r)Z(p—q) —r). EH LIS EEH 1.1.6.1 221X -5 2502050

5y

ETEs.

W . pgre2={0,1} 2T HLEM 115 LEM11.6 DRAT=% = L L= 0ON
| AVAC I



1.1 GwHEsl

1.12 #BEEELF

(2 IMEBTH D] FDLIIIEMz 2EL LT, 2 ITEEZRAT D LEBPHETE S
H D% ikEE (predicate) & \WS DTH o7z, EH 1.1.5, EH 1.1.6 1FBFEITH L THIA
BRIZ D 3D,

T 1.1.7. p,q,r ZBREEL TS, IRV D LD,

1. (R#RAD)
(i) pva=qVp.
(i) pAg=qAp.
2. (REGTRA)
(i) pVigVvr)=mVa Vr.
(i) pA(gAT)=(PAG) AT
3. (4rHdiEAD)
(i) pA(gVr)=@Aq)V(PAT).
(i) pV(gAr)=@Va A(pVr).
4. =(—-p) =p.
(i) pV(-p) =1
(ii) pA (=p) = 0.
6. (K - €AY (de Morgan) DEHI)
(i) =(pVa) = (=p) A ().

(ii) ~(pAq) = (=p) V ().

EE 1.1.8. p,q ZdBFEE T 5. IRV D LD,

I.p—=qg=(—p) Vg
2. p—q=(—q) = (—p)
3. 2(p—=q) =pA(—9).

i 5 éf( ﬁ%ﬁ)\?ét AL 7250, RGED S E%f’ﬁé%ﬂ@ﬁ(ﬁﬁ)%é 2

2 BT 2383 P(2) IS U, 2 ICRA LY 12 Pla) AELE 55 &5 7% a D&, [#5%
ERTHD.

Bl 1.1.9. z € {1,2,3,4,5} B9 5ih3E P(z) = [z 3B TH B T LU TFOXE%E
HERD.
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s
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Plx) WEE:B5 &5 e {1,2,3,4,5} Z1METH 5.
Plx)BWELZDE 5 x e {1,2,3,4,5} 1 2MHTH 5.
Px)WEL%D X5 xe{1,2,3,4,5} ZETTH 5.
Px) WEEZD XS5 x e {1,2,3,4,5} 1F72\.

()

Pla) BEes2 55k e e {1,2,3,4,5) Bdnd ed 1HEH 5.

A A

P(z) BEY %5 z € {1,2,3,4,5}, D% 0 1,2,3,4,5 D5 HEBKTHZDE 2,4 D 2 {H
Ehe 1,3, 4148, 2, 5 I 3ETHS. LLIZINSDONEIFILETHETHS.

ZDEDIZHEE P(x) I L, ZNHREL R 2550 2 OREIBET 5 Z &L Tz
LZEeNTEL. BEETHIERELUTREEANTHEDIE 27T & W] THAS. &
BRUZEETH S BRICIE TV KD IEZDBRETHS (A es 1K) 5] OF
BEVWEW., 20 [2T) & THs] ZO0TIEHEEVHEINTWS.

# 1.1.10. P(x) 2Z Wz IZHET2B5EL 9 5.

1. 2Tz LT P(x) WETHD] LWVWHamE%
Va : P(x)

ERU, Tl TERED 2 TR UT, P(z) RO D] & EED ¢ ITH LT,
P(x)l &5,
2. [P(x) BETHB L% e WD ed 1HEZH L] LS mdEz

Jdz : P(x)

ERU, Tl THD o WFELT, Pla) DO D] &2 THD o BFEL T,
P(x)) &#L

ﬁ/»b;?’);?bb

5. V IZ2FE1LF (universal quantifier), » 2 WIEE2MES L FIENS. I &
VY&

A L

FE . TS IRENE Y 5D &S ABMOREEE T 570 B % BLF (quantifier)
&
7 % E?(emstentlal quantifier), » 3 W IFERLR S L IFIENS.

A

=7

RS <

# 1.1.11. P(z), Q(z) 2Z 8« BT 2 hFE L 5.
1. Vz: P(x) = Q(x) WO and %

Va(P(z)) : Qz)

LELZENDB. 5O INE [Pr) B DD LS REED ¢ (SH LT,
Q(z)] Hr it



1.1 GwHEsl

2. dz: P(x) ANQ(x) WD %

Fx(P(x)) : Q)

LELZEDDHD. SOOI NE [Pla) BWEONDEd b b o BWFEAELT,
Q)] F L.

HE . ZBDP DU EHBZREEICOVWTHRKRI L Z2B VR THEEESL I ENT
B0, EEROBMIC LB T 5. BlRIE Ple,y) WER 2,y LT 5B TH
Brx,

Yy : P(z,y)

BB x IZBT5BFETH D,
Vo : (Yy: P(x,y))

BETHL. ZomEx
Vo, Vy : P(x,y) &» VaVy: P(x,y)

FrEL,
FLFV, 3 DIEFIZDWTIRDR D ALD.
EE 1.1.12. P(z,y) 228z, y BT 2HRGEL T 5. KA D LD,

1. Vo,Vy : P(x,y) =Vy,Va : P(x,y).
2. 3z,3y : P(x,y) =y, 3z : P(x,y).

AEH. R EE AL S 2. O

HR! . —MIT Ve, 3y P(x,y) £ 3y,Vo : P(z,y) TH5.
BTV, 32 ETHEDOREITDWTIRAE D VLD,

EE 1.1.13. P(x),Q(z) 22 x 1ZBT2RGEL 5. IKAED LD,
L =(
2.
3. =(Vz(P(z
4.

AEH. 1, 2 kAR E NS S A, 3 bEKAEEZNESND LES A D UBRIICR
3
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s
A
op

=(Vz(P(z)) : Q(z)) = ~(Vz : P(z) — Q(z))

4 % Ak, O

BTV, I eWmEEET V, A, 5> OBERIZODVWTIEHZEFHD / — b (http:
//www.math.u-ryukyu.ac.jp/~tsukuda/lecturenotes/joron-note.html, §12) IZ
DULEEDTHED, ZOBTSMBITHAS LD, FREVPBELREDEZ WL DNZEIFT
b<.

EHE 1.1.14. P(z), Q(z) 228 x (2T 2888, r 2@ (HD2VWIFEH z 2 EE LW
WEE) & B. DD LD,

LVr:rvQ(x)=rV (Vr:Q(x)).
2. dz:r AQ(z) =7 Az : Q(x)).
3. Va(P(x)): 7V Q(x) =rV (Ve(P(z)) : Q(z)).
4. Jz(P(z)) :r ANQ(z) =r A (Fz(P(x)) : Q(x)).
5. Vo : P(z)ANQ(z) = (Vo : P(z)) AN (Vo : Q(x)).
6. dz: P(x) VQ(z) = (Fz: P(x)) VvV (Fz: Q(x)).

AERA. 1, 2 I3EW®EEZE RS, HHWVWIEr ODEB/THES T U THLDOESAZ LR E5E T
IFEWV. 3BREBIZEZTE LW,

p=> (Vg =(p)Vrvg=rVv((-p)Vg=rV(p—q)

WZEETE L 2T

Va(P(x)):rVQ(x) =Vz: P(x) — (r vV Q(x))
=Vr:rV(Pr) — Q(x))
=rV (Vz: Plx) = Q(z))
=7V (Vz(P(z)) : Q(x))
4 BFEAREZPESIDLPI LWV, 56 EKREEZEZAD, HD5WVIEILDEBEEERDETN
F L. O

HFE!. EO56TVYE 32 ANNLZIZEDIE—MITITEL < ARV,


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

1.2 &4

1.2 &&

EHDREFOHEEHENPNTT Yy EILD/NNS Ky U X (Russell’s paradox) % #{/T L
£5.

EF 1.2.1.

. B DEZDONFTHREDIZ-EV LEZHDDEED %%A (set) & &3,
2. SEHEGLTHLE, SEMKT A DbDE S DT E 7 I ER (element) &
W,
e MSDILTHEI L%, xR SITETS], RS IEENE], [SH
rEEL] FewvwoT,zeSEhIES>r &RT.
e (zeS)THDHIL, ThbLbLrNSDILTHEVWIL%EZ, lzidSITEIR
W, Tzix SiIzEEhkwn] , ISikazEFEhv] FewoT, g S 72
RS FHr L ET.

EHE 1.2.2. ABE2HEALTD.

1. Al¥ B DERES (subset) TH 5 < ADEREDITL 2 IZH LT, 2 € BTH5.
Ao TETX, Ve iz e A2 e B (MoEFEEHEITNEVre Az €
B) METHB LS Z L.
cDrE ACBEFRIEBOALET.

2. £ A K%éBCi%bVﬁACB#OBCAT“%%.

ZDeE A=B rEL.

# 1.2.3. £EORL /.

PNZATE

1. #HEM (extensional) 2%
KAEDILEITANTHEL, Tzl {} TS,
T ERE D 256, D5 VWIEARETE R TE2IEHRLWG A,
BLTOBET N ... 2D,

2. %ﬁﬁ’;(intensional) Eap
P DRMEE AT DKL UTEAEZRT A P(r) 228 « BT 53k
ML 9D, Plx) PELIRDEIBRIRTD e o d%E6% {z | Pla)} £&X7.
B DEBENRHIELR U ICHIRINTWSE L E, Pla) PELZLD X574
TRTD z (7EZLzeU) »o%b%6% {rcU | Pla)} &RYT. DF0,
{reU|Plx)}={z|zcUANPx)} TH5.

=

REZLEL S

ﬂml
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Bl1E £E

HE . Plx)=Q(x) TN, {z | P(z)} ={z | Q(z)} TH 5. EE, P(x) =Q(z) T
HdLE,

a€{x|P(x)} & Pla) K
< Qa) M E
sSae{r]|Qz)}

P11.2.4. neNIZHU n KON WIEEBHEEADLTHEEE n) L &L
n]={0,1,...,n—-1}={i€eZ|0<i<n}.

0] 1 n MO T ERSEATH D, HlxIE

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

EWVoBAE n=0D58bI0RTEMS ZLNDH5.
0={ieZ|0<i<0}=0.
Bl 1.2.5 (7 vV D/XF Kv 27 X Russell’s paradox). IROEH
S={X|X¢X}

2525, DEVEAEX THhoT, X HERZ X DL TREBRVWE I REDEZLDEF O A
STH5 HIZENENEZNPSNeSTHD. T, 5120w TiIESeSE S¢S eEs
SO DDA DD ?

ScSedrL, SOEDINS S ES &b S¢S edTdL, SOEDHINS
SecSehkd TRbLbLSIESDILTHYND, SODITTIEHBRVWEWNWIZ LIZR->TL
5.

CDESIEEGXTOMBIEEDEVRIMIBEATVDL LRI ENBEETLES.
BAETIRINS O % [ 5 72D RIBRE SR (axiomatic set theory) (Z& D&
GEDHDOMD ZNL . FTH Zermelo-Fraenkel D AER+EIRAE (ZFC) &\
SNER (BEEHONITZHDIL—IV) B—RKZHVSNT WS, (D5 flizh 14
WAL, HENR S 5.) ZFCIZOWVWTIRESGIHROAIZIZLTHoTWVWA L, 2] FIZHEW
fREIN DD, THDOBFERDHFITIEHED IO Vo2l L2 HlT 2 HEIZMNL, Z
IWVIHKEREDLWV. ZOHEBTEIENLETESZH OS2, BRABIZOWTIX
PLINSD.



1.3 RADHE 11

1.3 £50EE
B CHEA R OWE A BN HE S,

& 1.3.1. 1. A, B2HERL LI E, A BDOARKEE—FHILET HEZEL 2
Db D%E AL BOEHES (£7213MEA (union) , &) £Wo-T, AUB
THY.

DED
AUB={z|ze€ AVzx e B}.

2. AL BOWHIZES 2 EHZE22HEDZLDE AL BOXBES (72138, X
Hl) (intersection) ) £\W-> T, ANB TKT.
DED
ANB={z|z€ ANz € B}.

ANB=00r %, AL BIREWCHE (disjoint) £\ 5.
3. AZJBLT, BZESIZRWERDEKE AN S B 25l\WiE&S (difference)
Yo, A~ B £7-1% A\ B TET.
DED
A-B={z|zec ANz & B}.

4. HHPEE X 2ETLT, X OWDESIZIODVWTODAEZLLE, X —A%2 AD
(X 1289 %) #E&ES (complement) 2\ >T A THHDLT. Thbbd

A={zeX|z¢gAl={zecX |- (xeA}.
ZDeE X 2EEESE (universal set) H 25 WVWIEL2FEE LV S.
EH 117 2 SIRB 5.
EHE 1.3.2. A,B,C 2HRELT 5. KRB SLD.

1. (Z#EHT, commutative law)
(i) AUB=BUA.
(i) AnB=BnA.

2. (KEGIERN, associative law)
(i) AuU(BUC)=(AuB)uUC.
(i) AN(BNC)=(AnB)NC.



3. (4BdikRY], distributive law)
(i) AN(BUC)=(ANnB)U(ANC).
(ii)) AU(BNC)=(AuB)Nn(AUCQC).

L. 3.(1) 2 RLTHES.

AN(BUC)={z|z€ ANze BUC}
={zx|z€eAN(zeBVvVzel)}
={z| (x€e ANz eB)V(ze Anze ()}
={z| (x€eAnNB)V(zre AnC)}
=(ANB)UANC).

fbFEKETHD. ©BBA, TOME 1.3.5 F2 Mo T, EUWELIZEEN, HilA L
IZEENDEWVWS ZEZRLTHE KW, O

T 1.3.3. X 22h%EE, A BC X 235, IRDBKD LD,

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

3. (N - EIH>DEH] de Morgan’s law)
(i) (AUB)¢ = A°n B“.
(ii) (AN B)c = A° U B-.

A 2.) RLTARES.

AUA={ze X |ze€e AV e A%
={reX|zcAVv-(ze A}

x €AV (xeA) FHIZEENS
= X.
flbe AR TH . O

EH 1.8.4. A B,C 2HBL 5. RAWY LD,

. A—(BNC)=(A-B)U(A-0C).
2. A—-(BUC)=(A-B)n(A-C).
3. A-(B-C)=(A-B)U(ANn<Q).
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AERA. 1.

reA—-(BNC)sxe ANz g BNC
r€(A-B)UA-C)erxecA-BVzeA-C

TH5.

reANzgBNC=cec AN-(xe BNO)
=rxecAN-(zeBAxeC)
=rxcAN(x € BV-zel)
=zcAN(x ¢ BV gQO)
=xecANxgB)V(re ANz &)
=rxc€cA-BVvzeA-C

reA—-(BNnC)sxe(A-B)Uu(A-0)

re€ANrgB-C=xeAN-(x € B-C)
=rxcAN-(zxeBAzgC)
=rxcAN(—~x e BV-z¢C)
=rxcAN(xgBVvzel)
=(xecANx¢gB)V(ze ANz e ()
=rxrcecA—-BVvVzre AnC

O

HE . ZOMBCTIRELT © BELLAUPRETHS Z 2R, Thbb, LK

DALTIEABEE OIS, HADPEO L TEELB RO LD nWS T e, S0z L

[/ < Al LWHMEPETHEI NS T L.

IROMREIZESDUEHEBREEZEZDL L EIZHANTHY, BIEZ LD R fHS.

Al

BERPOIFEALEWPSLTHS. (FEZURBEADOLR TIEHL & 5 &35 &bk mmE

ThH5H. DTRHRWVIFEI VLWL
8 1.3.5. A, B,C 2HE6L 95, IRDEDY L.

1. AcB»»BCC=AcC.
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2 AcCh»»BcCc(C=AUBCC.
3. A>DCH»O>DB>C=ANnBDC.

1. ED2 3 TEFEHEYILDI & ERE.

2. UN -, °OMOERERT GEM 132 1.34%0k57%) (AR 2/F-T, %
N HHE &
RSB . 4(1), 6, 7(1)(2)(3)(4)

EE 1.3.6. X 286295, X ONDEEOET2ERL L THR>HEEGE X 0F (N
&) £4 (power set) L\Wo T P(X) TXY. DFD
P(X)={A|Ac X}.
EFD SIS DUTIRDIFK D LD,

EE 1.3.7. 1. AcX & AeP(X).

2. D e P(X).

3. X e P(X).
f11.3.8. 1. P([2]) =P({0,1}) = {0, {0}, {1},{0,1}}.

2. P([1]) = P({0}) = {0,{0}}.

3. P(0) = {0}. HBIFEELETIERY. BEEL WS R —DROELSTHD.
B 3. P([3]) &k &.

EFE 1.3.9. “ODONR a,b iz L, ZNZIRICHRTHEIMRTL L 225D (a,b) Z a &
LwAL L&D
b D& F * (ordered pair) &\ 5.
“O DR (a,b),(@ V), a=d BOb =V ThHBEIIEELWE WST,

(a,b) = (d', V) LB

W . CODMEN S BES {a,b) IZOWTH, {a,b) = {ba} THB. —F, IEF#
DB, a# b THNIE, (a,b) # (b,a) TH 2.

W . HEARTIE e & b OIEFHE (a,b) = {{a}, {a,b}} KX DEHTZZ LN,

E#F 1.3.10. X, Y 25HA/L T2 MTHEAONIEA X XY 2 X Y OTHILME
(Cartesian product) ¥\5. TAHNVMEO I L ZERL VWD 2L HZ\.

XxY:={(z,y) |lze XNyeY}.

X=YDr& X xX%X2rEILZLDZ\.



1.3 RADHE

1 1.3.11.

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

B 1.3.12. X x0=0=0xX. EBE, yc &byl 3D T,zcXAycixH
2.

O EDEEDT AN INEDLEZD I EMNTE S,

% 1.3.13. neN 2L, X;, Xo,..., X, #EA LT 5.

(X1 X Xo) x X3 %, X1 x Xox X3 &FEL. 72, X7 x Xo x X3 DI, ((z1,72),23)
LAFENTZ, (21,10, 73) & EL.

X — %Iz, IR

X1 X x X=Xy x-x X, 1) x X,

c\_’.i&)é if:,Xl ><---><Xn Dtk (IEl,(EQ...,J}n) &%<
Xi= =X, =XTharLE, X x--xX% X" eEIILIHPE,
N————

n &

B4 T=[0,1]CR, S ={(z,9) €R? |22 +y? =1} LT 5. WEMYIHRE L.

1. I x 1.
2. St x I.
3. St x St
4. N x N.

FE . R?2 % Gauss Vi C 2A—H (z,y) eR2 & x+yic CEFA—H) LTS cC
LR2E, S'={2€C||z|=1} TH 5.

S . 13, 14
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1.4 BEREER
1.41 BEf%

T% 1.4.1. XY 285275,

RM® X &Y oD ZIEREfR (binary relation) Th 2
< RMPX XY OHMPEETH 5.

7z, (r,y) e RTHD L &, xRy £EL.

& UZRERDAE U2 1 nIE —IHBIR D Z & 2 BIZER (relation) &\ 5.
fl 1.4.2. X =Y =R &35,

1.
A ={(z,r) | z € R} C R?

LebL, Ay s x=y.

2.
L={(z,y) eR* |z <y} CR
Ed5e, vlys v <y.
3.
[ ={(z,20+1) | z € R} C R?
t95e Ty y=2x+1.
1.42 TBi&

Bl 1.42 OFBEOT I, B f(z) =20+ 1 D777 Ths. ~MIBEENGZ 5N
EEDT T THRAENDD, BT T TGP NES L DOBEBESNSE. 5 WS EKRT, 7
TIERBEZADILLEBAEEZEZLZLIEFAUTHS. EEGWMNICI, 77 7DAPEED
KIKTHBLEZSL. (ODTIEHZIITNE, KEEOANIZL >TIEZD LS IZHEZTYEN
BIPORTLBREZDITTERVDT, 5ETEED X DK LENTNIZ y DLz T272—
DG I E LA - o TEW)

E&F 1.4.3. X,V 285L75.

[P X »5Y ~NDOE (map) TH5
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=

Y2 ROz e X ITHLU, Dy € YV K -DFHELT,

{L¢HiXtY®ﬁ®%%T%b
(x,y) € f &b,

FBRXDPOY NDEETHEIEE, f X oYV 550X LY SekL, X % f0
E&FE (domain) & 5 W 3R, source F& WS . YV IZHHTEZ DT TERZ Liddan
2, #15, codomain, target F &\ 5.

[ X XY OESEALE ST E, ZOMAEEEEH f DU Z 7 (graph) &0
5. MUHEEMS LRI LVOT [ X Y DFI7 7% FLEHEL.

2, (z,y) e, THBEE, y%& f(x) LEHEE, v D f ICLBR (image) £\ 5
y = f(a:)(%(a:,y) el 6Ty ={(z,y) e X xY |y= f(z)} TH 5.

BE . f2 XY NDEHETS. ERLD, (v,y),(x,y) el oldy=y TdH
5. UznioT, #1422 D LIFEHTIERN. DD DIFEHRTH 5.

EE 144, f,g: X =2 Y 25HBLT5. EEDz e X ITHU f(z) =g(z) £BD L E,
B fLgldFELVLWEWVWHoT f=g&&EL.

TE . f:g@Ff:Fg’G‘Z?)é.
Bl 1.4.5. G f,9: {0,1} =R % f(z) =z, g(z) =22 LW EDD L, f=g ThH5.
Bl 1.4.6. X /LT 5.

1. ZHRE D25 X NOFEBRNT-7Z—DHFET 5.
X #DTHNIE, X 25 ) ~NOBEHIFFEL R,
2. 1 Mo 5%A 1) ={0} 2EZ5.
X 6 [1] NOEBRP 172 —DFET 5.
1] 76 X "NDE/REEDD L L, X Ditek—DEETLILIFRLI L THS.
EHHA, TN6DIZ {0} IZREOMETIERL, TOMBA 1 ETHL2EE
ETIINUTHEY LD, LOBEBN IETHL2EEE (ZDEAEEN) 1 TEE
(singleton) &\ 5.
0el]z2zeXIT5DF (1] 26 X NOE{R%EZ z: [1] - X £ELSZ DD B.
X E2HE X AD2T5. 5fs: X 5> PX) Zs(z)={z} TEVEDD. Th
% singleton map &£ \5.
X =00t &x BERSI, 727Z—D2FET 554 ) — P(D) % singleton map
EERBD.
(s I ZHHFTHS.)
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EE 147 X 2V, Y - Z25HET5. ZDLE (go f)(z) = g(f(z)) I
FOVEEDFEHgof: X > Z% f & g DEK (composition) » 5 W IEEMER
(composite map) X\"5. go f & gf LML T DL EH 5.

& 1.4.8. L. X =Y, Y >Z h: X > Z%25%c35. h=gf Th?
& EMDHANIZAH# (commutative) TH D, H 5 WIFAHEERA (commutative
diagram) THd &\ D :

X h Z
Y .
NiZA# (commutative) TH 5, H 5 W ITA#EN (commutative diagram)

ThHhdEWND
x -y

Y2 — 7.
g2

Bl 1.49. B f: X Y IX, Bdy € Y DFEL T EED x € X IZHL, f(r) = o
LB E, (y IZEZ L) EEEMR (constant map) &\ 5.
BB f: X Y BEMEBGRTHLZI e, HDyy €Y WFEHELT, ROXRD A &

HAHEZEIXEMETH S :
X ! e
AN
1] :

BIZE, ceRELIELE, f(o) =c TEHBINDITEHEBM fR-RIK cllfiz L b
EMEBRTH 5.

HE . EED 2 € X TR/ f(x) = f(2) THIH L ZIEMEHRLTIRELD 5.
CODERIFX =Y =0 DHRIC (DAR) #b.

EE 1.4.10. £E X OKBEREZZNHAZICO 2T X 726 X ~"OEHE X OEEER
(identity map) &\ 5. [HEEEG%Z idy ¥ 1y EWVWo 235 TRT I &AL\,

idy: X — X,

idx(z) = x.
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MHEGRD T Z 73N BIRES (diagonal set) TH 5 :
Tigy ={(z,2) |z € X} C X x X.
R 1.4.11. [ X =Y, q:Y - Z h: Z W 2G5BT 5H. ZOLZRBEDLD.
1. ho(gof)=(hog)of.
2. foidx = f =idy o f.
AER. B S 7. O

B*5. f: X =Y, qg:Y -Z h: Z W 2EH2 35,

1. B gf DT T T Ty lEED XS EED?
2. h(gf) = (hg)f %522 % 277 7% HVTHHT X,

& 1.4.12. X 2848, AC X 2HnELELT5.

L ADRF acAZ X DEFac X LRLHEZLIZEVEOND AS X ~NDE
%% BEEH (inclusion map) &\W5. 20 i: A - X 2085 HKL T L
i(a) = a.

7, i A X DEEGBRTHELE, i A X EIILLDS.

2. f: X =Y 2B T5 AEEHRI:- A XL fOEK foi% fDANDH

R (restriction) &\, fla, fIAFEERT :

fla=foi: A=Y,
T 1.4.13. f: X > Y 25455,
1. X OEWHESE AITHLUT, Y OENES
{flz)|zeA={yeY [TreX:y=f(z)}

2,88 A @O f IC& 5% (image) £\Wo T f(A) TKRY.
2. f(X) & f O (image) » %W IHEE (range) & W\ Im fF & EHL.
3. Y DENES BIZRLT, X OWHES

{zr e X[ f(z) e B}

% f IC&k?d B O#ig (inverse image) £\, f~1(B) TKT.
BA1AhoRsES (b Thde s, BMOBZNAAARTIIE, LIZLE
b} & F71(b) L HEELT 5.
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F7HO) = fH({bY)
={r e X | f(z) e {b}}
={zeX | [f(z)="b}

ThHb.

B 1.4.14. f: X Y 258/, A A, Ay C X, B,B1,B, CY £55%. ZDLEXN
A% D LD,

1. f(A)CB@ACf_l( ).
2.

B, C By = f (Bl) C f71(Ba).

SN (B1UBy) = f~1(B1) U f~1(Ba).
SN BiNBy) = f~1(B1) N f~1(Ba).
f=H(B°) = f~Y(B)".

AEHT. L IEEEE DHIS A 2.3iv) BHIS A BIRIE 2.Gi) £ D F(X) = (AU A°) =
FIAUF(A°) 2 F(X)N F(A)° C FAS). 3.(iv) BIEBZL DTS, Ek

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

il k3 O
RAZELE . 16(1)(2)(3)(4)(5)(6)
TE 1.4.15. f: X oY 256K 75,

L fRX25Y ~NOLH (surjection) F72IE EA~DE (onto map) TH 5
érngerElxeX flx) =
SV f fr/\ﬁtf%é g, f(X)=Y &2wsZ e,
2. f M E&t (injection) £721% 1 X 1(one-to-one) TH 5
C<1:>erx1,x2 € X(z1 #x2) : f(x1) # f(22).
3. f »2E5 (bijection) TH 5
< flxefnr>8HTth 5.
X "o Y "OLBEFIRFEHAT I LE X &YV IIHE (equinumer-
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ous,equipotent) & \5.
COHEHTIE (DK sFEIBEOMIEEZLL) X LY PNETHEL L
XYy &¢&EL.

BEE 1.4.16. [ X Y 284 A A, A CX T35, ZDLERIDBEH D,

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

AEHA. R . O
BEE . 16(7)(8)
R 1.4.17. [: X =Y, 9: Y > Z 25HET5. ZOLZRMEY LD,

1. f,g BITHFZRSIE go f HHSTH S.
2. fglbizefhollgof bEFHTHS.
3. go f WHHELRLILX fHHHETHS.
4. go f MWERFZSIX g B EFITHS.

ER. A, 0
6. 01,2 kRt
RIS . 18(2)(3)

& 1.418. BB f: X - Y BPHEFOLE L ye f(X)ITHLUT flx) =y &4 5
v € X WE—D2FETE. 20z %k fiy) £ELL fLIX X)) D6 X ANDOEHE
75, T f OFER (inverse map) &\ 5.

YD fRAREBETHNIE, TLIRY 25 X ~ADERICES.

M 1.4.19. B4 f: X - Y 22t & 256 g: Y - X DMFEL T, go f =idy,
fog = 1dy ’207){7-:3—

AER. IR 73(1). 0

7. fz Xz — Y; (’L = 1,2) %é%%ﬁ, gi: Xl —>X2, go: Yl —)YQ %E"fg‘%tjé ZD
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LE goofi=faog e fylog=giof

f1 ot
X —Y; X1 <—N"
gll O lgz S gll O lgz
XQT>Y2 XQ%IYQ.
2

2

EF 1.4.20. f: X =Y 25K T35,

1. &r:Y - X C,rof =idx 2A7%THD% f DL k372 3 (retraction)
H5WVIFEHER (left inverse map) &\ 5. EEGHRIILHEH LD T, f 2L
FS oY avERTIE fEBHTHY, LT 2 avideich s,

2. 54 s:Y 5 X T fos=idy 2ALTHD%E [ OYIK (section) H 5 W ZHH
Ef% (right inverse map) £ \5. f BWYIW 2T f x2S TH O, UIKHIEHR
HThs.

W . X oY 2ERELBCY %2 f(X) C BTH3ES BN EALTE. 20
YEFIEX DS BADEREEDS. HIRO &S ISHYALERHNIE VO, B
B LTURLIECNERUEET f: X — B L &T.

M8 f: XY, g:Y = Z%25#H23s5. frefchbihidingof=Img TH5Z
& xRt

RSB . 15(1)(2)(3)(4), 17(1)(2), 18(1), 19(1)(2)(3)(4), 25,26, 73(1)(2)(3)

143 THILNEEERK

ZD 143 TIRES IR TERESTIIRVWEEDAEZ S, (EHEAIZOVWTHEY
WHRZITE WA Z ZTIEEKT 3.)

EF 1.4.21. 1. X1, Xo 285275, i =1,21Z80U, pi(zy,20) = 2, \CXDEZE

L5EM pi: X1 x Xo = X; 2% i D ~DEF (projection) &\ 5.
(BRI IE pi((w,y)) EEBLRETH DIV BB ETROTEHEID LS IT
<)

2. [i: Y =5 X, (1=1,2) 25495, G (f1,fo): Y = X1 xXo & (f1, f2)(y) =
(f1(¥), f2(y)) L L DEDD.

3. X 2HELT2. BH A= (1x,1x): X - X x X 23ARE# (diagonal
map) W5, A(z) = (z,2) e X x X TH 5.
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4. fz Xz — Y; (Z = 1,2) %g@tj—é E{% f1 X fg: X1 X XQ — Y1 X Yé e
(f1 x fo)(z1,22) = (fi(z1), fa(ze)) ICE D EDS.

LB (fr, f2): Y = X1 X Xo & (f1, fo) WS RETHEIANDS Z LM,
EREESGOTLLFAULERDOT, BiLE I 57202 2T () 2o 7208, FEiT,
#%T (K PBNIE) W2 (d#E 1.4.34) K512, BRALTHH FE 0 MEIZEN.
2. ZODEBRBPELVWI L, ZODEFRABELWVWILDEREID, B
firgi: Y = X; 1I220WT, fi=¢9; (1 =1,2)& (f1, f2) = (g1,92) TH 5.

o
Gy

Bl 1.4.22. 1. a,b>0& L, R? DEDES

2 2

(2 () =1}
(FEM) OHF pi: R2 5> RICEBHBEZRS. pi(F) = [—a,a], p2(E) = [-b, ]

2. fi: R - R % f1(t) = acos(t), fo: R — R % fo(t) = bsin(t) TED B &,
(f1, f2): R = R2 & (f1, f2)(t) = (acos(t),bsin(t)) &\ Gl (FEMHOBENZES
K1) TH5.

3. I =100,1] 2FAKME 5 &, NAMEGE AT - I x I DG AI) IZELET x T
D 5F YRR

4. 9: 81— R? j: I =[0,1] > R2EBEGEHLTS. ZOrEixj: S xI—
R? x R = R? 04

E:&%wew

{(m,y,z)GR?’|x2+y2:1,0§z§1}.

LHZEFAREBHIZFELI ETHBEENWHI I R WVW-TWS (M 1.4.34 21R1) .

M 1.4.23. f:Y - X; (i=1,2),9:Y - X1 x Xo 25/ ETE. DL ZRMPK
YRVASH

L. pio(fi, f2) = fi (i=1,2).

2. g=(p1og,p20g).
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JZO“CE@Q 75§piog: fz (’L = 1,2) %ﬁf:‘t}ftig: <f1,f2> Thb.

Y

f1 f2
<f1,f2)l9

X1 TXI X X2 T‘XQ
&Iz 1X1><X2 = <p1,p2> Thd (BEPSHSHLTIEHEDY) .

At L ERO y e Y IZHU, (pro (fi, f2)) (¥) = p1 (f1(y), f2(y) = fr(y)-
2. BIDEHRL D, ROy e Y IZX U, g(y) = (p19(y), p29(v))-
U

% 1.4.24. f,g Y—)Xl XXQ %E@t?é pZOf:p,LOg (l: 1,2) VC}JMCi, f:g
Thb.

AEH. f=(p1ofipeof)=(pog,p2og)=g. O

9. fi:Y X, (i=1,2),h: Z—=Y 25K T5. (fi,fo)oh=(fioh, f0h) %
R
Z

h

fih v f2h

f1 f2
(f1,f2)

XITXI XXQTXQ

B10. 1. fi:X;, =Y (i=12) 258 p: X1 x Xy = X;, ¢;: Y1 x Yy = Y]
(i=1,2) L35,
(i) gio(fi X f2) = fiop; (i =1i,2) &ZRE.
(ii) f1 x fa = (f1op1, f2op2) ZE.

X1$X1 XXQp;XQ

fll lleh lf2

N Nxh—

(i) (f1 x f2) o(g1,92) = (fiog1, f20g2) ZRE.
(i) (g1,92) = (g1 X g2) 0 A ZRH.
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(f191,f292) Y; x Yy (91,92) Xy % Xo
sm A \ %:
X1 X Xy Zx7

B 11, 1 XY 288235, 1x x 1y = Lxyy 25E.
2. fir Xs = Y, 0 Y = Z; (i=1,2) 2EKRETE. (g1 X g2) o (fi X f2) =
(910 f1) X (g2 0 fo) ZRE.

X, % Xs g1f1xg2fe 71 % Zo
m A
Y1 X Yé

I 12, /it X 5 Y, g0 Xs = Y, 25K T5. DFOEERELFTEHL, ELL
ARSI % 21T &

f1, fo WTNRDEE LS IE (f1, f2): X — V) x Yo b B4,

Fio fo BRE BRI SIE (f1, fo): X — Y1 X Y b2,

G1,92 WTNDDHEE R S51E g1 X go: X1 X Xo = Y] x Yo & Hb,
1,92 MEBITHEF R SIX g1 X go: X1 x Xo — V] x Yy & HGF,
g1, G2 MEBIZEH 51X g1 X go: X1 x Xo = Y] x Yy 25

AN e

M 13. X,V 28A8L95. R X XY 2 Y x X % 7(x,y) = (y,2) TLXDEDS
ETIXEHSTHS.

14 X, Y 288, yeY &95. Bfi,: X -5 X XY % iy(zx) = (x,y) ITLDE
5.

L iy ZHHTH S,
2. ¢y X =Y 2 ylliz L 2EMEEGHRE T 5. iy = (1x,cy) ZRE.

VIFUIE, Z2OBH i, I X & ZDB X x{y} C X xY Z2F—HHL, X 2 X xY
DU EL L BT 2 L hB 5. R, X & X x {+} RUELIER—HEhs,

A 15. fz X —)1/1', gi: Xz —)1/1 %E@, q;: )/1 X Y2 — )/z ’Eﬁﬂl%, Bz C }/1 %%Béj\%/ﬁ\
95, MERE

1. Bl X 32 = ql_l(Bl) ﬂq;l(BQ).
2. (f1, f2) 71 (B1 x Ba) = fi 1(B1) N f3 ' (Ba).
3. (91 X g2)"Y(B1 x By) = gy "(B1) % g5 *(Ba).
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Bl 1.4.25. B p: R — St % p(t) = (cos 2nt, sin27t) TED 5.

pIEEHTHY, p 1 {(1,0)}) =Z TH5. £/z,p % [0,1) IZHIRLEZHD (b prE
ZEizdd) BEHEHANTHS.

EoT, 5t pxp: RxR — SIxSUIE2HTH Y, (pxp)~! ({((1,0),(1,0))}) = ZxZ.
E7, B pxp:[0,1) x[0,1) » S x ST ide#HTH 5.

HE . S'={zeC||z2|=1}CcC eR2¥E, p(t) =exp(2mit) = e*™* TH 5.

1.44 YX

TE 1.4.26. X,Y 2852 T5. X 15 Y ~AOE{LEKDORTESE Map(X,Y) &
B0 YX 2 ET. Hom(X,Y), F(X,Y) L Vo kB> 2 th5.)

Map(X,Y)=Y* ={f | fIE X 5 Y ~DE}.

Bl 1.4.27. #l 1.4.6 S8
FEEOEBY ITHL, 0 55 Y NOGENRE—2FEETLOTY? =2 [1]. &<
p0 =~ [1).
XADDEEF, X 55 0 AOEMHIIFIEL 2D T X = 0.
F7o, EROES X T U, X 25 [1] NOBEED 7272 —DFET 5D T [1]X 2 [1].
Yz oW Tl 1.4.36 % L X.

f 1.4.28. HRBEIAN 25 R ~NDEH

a:N—R

ERHI 2S5, Hilaln) & a, BT, BIE {a, ey 0 {a,} 2T
RY = Map(N, R) X EHHN RO L TEELETH 5.

EFE 1.4.29. f: X Y 254 7 28575,

1. B f.: Map(Z,X) - Map(Z,Y) % f.(9) = fog TEDS :
Map(Z, X) —2" = Map(Z,Y)

w w
Z—>X|—>Z—>X7>Y.
g g



1.4 BfRE 5

2. Bl f*: Map(Y,Z) — Map(X, Z) % f*(h) = ho f TED

Map(Y, Z) ——~ Map(X, Z)

W W

B f., f* % fIZXDFEEINZEHK (induced map) &\ 5. Bk f., f*I3EAE Z
WZHEIKAFEL T WS, f, & Map(Z, f), Map(idg, f), Hom(Z, f) &, f* % Map(f, 2),
Map(f,idz), Hom(f, Z) FeEIZ L HH 5.

YX L WS EHERHESIGA, L2 P, ezl eELZEEDS

fZ=f:X%?2 Y%
zh = z2¥ -5 7%

ER! . BROREI2E

B 1.4.30. X 2886, AC X, i: A - X z2ad8564B¢35. *: Map(X,Y) —
Map(A,Y) 35/ f: X Y IZHL, 2D ANDHIR fla 2SI ELEHTHS.

5 1.4.31. 1. 5% f:N - N#% f(n) =2n CEDD &, f*: RN - RY 13541

{an}nen % {aontnen (TRDEE n HEHD ay, THEEF) 25 DT EHRTH 5.

2. 5% g:R = R % g(x) = 220 TEDD L, g.: RY — RY 138 {a,}nen %
{2an nen (THDBE n HD 24, THEEHN) 1250354 TH 5.

il 1.4.32. [ X =Y, q:Y - Z25H W E2E5LT 5.

(idx )« = id: Map(W, X) — Map(W, X).
- (g0 f)x = g« 0 fur Map(W, X) — Map(W, Z).
(idx)* = id: Map(X, W) — Map(X, W).

(go f)* = f*og*: Map(Z,W) — Map(X, W).

W e

FEE . 24 3loEBES HETEEREN (gf )V =gV Y, W =WIwe

N~ SN A

FEBA. h € Map(W, X) IZxf U,
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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)(R).

M 16. 3, 4 Z/RE.
%1433, [ X 5 YV PRBHFNTHNEL [, [FHEITHS.

FEH. g: Y - X Z gof =idyx, fog=idy ZA=TEHR (f OFEHR) 35L&,
g« o fe = (g0 f)s = (idx)« = id, fu0 g = (fog)s = (idy)s =id &7, f TR HH
T, g B f. OWERTHB. f* LK. 0

i 1.4.34. X1, X0, Y 25HEHLT 5.

1. pi: X1 X X2 — XZ (’l = 1,2) %%ﬁ%ﬁtj—é &, <])1*,p2*>2 Map(Y,X1 X XQ) —
Map(Y, X1) x Map(Y, Xo) IZ2HHNTH 5 :

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

<p1* ap2*>

(X1 x Xo)¥ ——— XY x XY,
(pY .pY)

7, (f,g) € Map(Y,X1) x Map(Y, Xo) iZX UL (f,9): Y — X1 x Xy €
Map(Y, X1 x X3) ZXIe S 2B (prs, pox) DHEBRE 52 5.

2. XiNXo =0 2L, in: Xp = X1l Xo (k= 1,2) &5 H&ET 5L,
(it,45): Map (X1 11 X5,Y) — Map(X;,Y) x Map(Xo,Y) EREHTH 5 :

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

(i1,13)

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

FIERA. 1. ZHIIAEMIZ X8 1.4.23 TH D, FEBE, al 1.4.23.1 £ (prs, pos) B
EHTHDEZ DN, R 1424 DSHFTHEZ LNV 5.
DUTEIZENTAS. B o: Map(Y, X1) x Map(Y, X3) — Map(Y, X1 x X»)
Zo(f,9)=(f,9) ICEDEDS.

(f,9) € Map(Y, X1) x Map(Y, X5) IZxf U,



1.4 BfRE 5

((P1+,p24) 0 ) (f19) = (P1s, P24) (0( [ 9))

= (p1+,D2x) ({f,9))

= (P ((f, 9)), p2(([. 9)))
= (p1o(f,9),p20(f,9))
= (

f,9)-

7272 UEDZER FaE 1.4.23.1 12K 5. o5 T (pr, pos) 0 p = id.
h e Map(Y, X1 X XQ) XL

(¢ 0 (presp2:)) (h) = @ ((P1s, P2:) (R))
= ¢ (p1x(h), p2+(h))
= p(p1oh,p2oh)

= (p1oh,pyoh)
= h.

172 LR OB M 142321255, & >T o (pra,pas) — id.
2T (pra, pos) EEHFITHY @ NEDHFEHRTH 5.
2. B4 Map(X1,Y) x Map(Xs,Y) — Map (X; 11 X,,Y) %

f(:l)), J?GXl
g(z), xe€ Xy

(v(f.9)(x) = {

TEDEDBEEBIT B (it iL) OWEMELGRB LA DS

EE . D, (f,9) 2 (f,9) &&F
EF 1.4.35. X, Y 28E, XY A0 &35, ev(f,z) = f(z) TELEDEH
ev: YA Xx X Y

% BB (evaluation map) £\ 5. (X Y B0 DL EFMELRS ev: Y x X =
D—Y Z2—RITFETIEHR) Y LEDS.)
Fr o€ X 1T, evy, (f) = f(zo) TE X 254

Ve YX =Y

ERro € X ICEITBEER (evaluation map) £\ 5.
O evy, 1 ev &g YX =YX X X, iy (f) = (f,20) EOEHRTHS. SV
BANIE ov % VX x {20} KHIRL (TYX x {20} & VX 2A—HIL) =L 0THS :

o~

Y¥ S YX¥ x{zg} =Y ¥ x X &Y.
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Bl 1.4.36. X =[1] = {0} DEFE2E2EZxS. 2oL EfEEGReEN YN 2y 252 %
(] 1.4.6 ZH18) -
vy Y

1%
IR

Y 1]

Bl 1.4.37. n e NIZR L, ev,,: RY = RIZEINZHR L ZDHE n HEMNSSEL5HTH
%, 2<liZevy: RY S RIZBHIOHIEEZ 52 52 58 TH 5.

B 1.4.38. X 286235, £4 2] ={0,1} 5 X ~OEHek X 2Ex 2. 5
(evo,evi): X125 X2 (evo,evi)(f) = (£(0), f(1)) RIS ML HEITH .
RS, n O TR OES 0] = {0,1,...,n— 1} 28X 5L, B

(evg,...,evy_1): XM X"
w w

fr——=(f(0), f(1),..., f(n—1))

ke XN o Xn B e B,

B 17. 1. B (evy,evp): X = X2 62 HHTH 3.
2. 0:[n] = [n] ZEBH LT L. ZDLEER

(€Ve(0),€Va(1)s- -+ s Vg (n—1))" xnl  xn»
LEBEHTHD.

B 1.4.39. Z=[1] DEGEEEZXS. IROKXNFTHRTH 5 -

Thbb evg ik XM e X, Y v vV 22znfhEl—EHInE, f.= fix fer
—fHTE 3.

fl 1.4.40. X, Y, Z 2HEH5L 5 5. BEROABHKIIER
¢x,y,z* Map(Y, Z) x Map(X,Y) —— Map(X, Z)

W Y

(9, f)1 gof
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EEDD.
EF 1.4.29 DEB/RIZEH%E {9} x Map(X,Y) ¥ Map(Y,Z) x {f} iZHIRL7=HDT
H5:

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

o7

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

X =[] DEE*ERLE (AREH OB &) MERIE RO RS L S :

g@@é)ﬂﬂiﬁ%éﬂ@f%é yaR 6 CxX,ZW © (ld X CX,Y,Z) = CX,y,Ww © (CY,Z,W X 1d> 75352
DALD :

idXCX7y7Z

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

CY7Z’WXidl lCX,Z,W

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

CX,Y,W

WY eE—fHob & M 1.4.32, 1.10.1, 1.10.2 X Z ORARGETH 5.

EH 1.4.41. XY, 7 2586875,
G ®: Map(X x Y, Z) — Map(X,ZY) %

((@(0)) (2)) (y) = ¢(,y)

& DEDS.
E7z, G4 U: Map(X,ZY) — Map(X x Y, 2) %

(W () (2,y) = (¥(x))(y)

IZEhEDS.
IDLE, O ILHHFTHY UNZTOREHRTH S :

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

o: 7Y = (2)".
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FFBHDRNZ, ZDEM & DEL 2O L=l E2ZIF LS.

Bl 1.4.42. 1. W< ODPDHH X = {21,...,2,} BT BHBEDEH D =
{1,2,...,30,31} DR W ={ & &, T} DT —ENH5 LT 5 :

I e In
1 2 3 ... S 3
2 2 3 . &
30 | ™| ... ™
31 | e | ... |

foxe X EHMNde DIZRHUL, TZTOZFORDOREZ IG5 544
f: X xD—>W

CRBZZENTED. f(o,d) e WIFEDORD 2 dFTHORKTH 5.
(i) £72, &Gz € X T L, TDOHTORKDEMNMERTEHR fo: D - W
MEZSNTWS, ThbbE4

F: X — Map(D,W), F(z)=f.

ERBZLETES. BEAA [ FEDRD 2 5IHZRUTWAE/RTH D,
fo(d) FZ EDORD z F dIFTHDORKATH 5.

WINDORGHHORRZ L TWEEZITT, AERFEILUTH 5.

IS 2z, EHL 1.4.41 O

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

LD O(f)=F, U(F)=fThs. 2F0 L (i) DRAZ (il) DRAIC
(i) DRF%Z (1) ORFGICESHMZ B4 TH 5.
2. 5D LEEN (ZUNEFERL) Hle UT, m x n FAT0EEK My n(R) 25
ZATHES. m={1,....m},n={1,...,n} &3 5.

) m x nA75E% (i,)) M2 EONIXRES. T0b5, & (4,j) Em x n Il
U a;; € RZ2EDNIE, 175 M = (a;;) € My (R) BEE 2D T, 54

Map(m X n, R) — Mm,n(R)
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PEoN, HONIZERHNTH 2.
(ZHIZ& D, Map(m X n,R) & My, »(R) IZIEEAERUCBDZEES Z &
MTELDTHSD, ZOERHEHIE, mn DEL ST TE S SHBFNHIGT
2EEETSHILTEED I LICHER.)

(i) m x nf7FNE n IRTTATRZ bve m R o R THHEOoNS. £z, nik
TATRZ b x = (21,...,2,) ER"IE, K jeniZH L, eREEDDZ L
TEES, bR DLZEe BT (il 1.4.38 2, LALM 1712

ai

HoZy) . Thbb&iemiZL, a; € R® 2EDNIXITH] M =

NEEDDT, BB
Map(m,R™) = M,,»(R)

NEoN, HODIZEHETHS.
e (EZDWEMR) OERPZDGEDEM 1.4.41 DEHR O, U TH5 :

Map(m x n,R) = M, »(R) = Map(m, R").

DED, ZORBRE, 1THEE (1,)) KPDOHDOEVERDIRF L, fTXT PR
ROATZHEDERDROMONIEEEATWS.
ZOFMRED 1 EEENIZFAUTHE2DIIHONTHS S.

3. 2B OMMS (PR 2EVWHZ S, R2 TEHS Nz 2 BEFERUHE
BIEL f(z,y) D, & (a,b) € R? IZB1T 2 y IZBT 2RI HREL fy(a,b) &, z =a
ZEELT, y DB 2z = fla,y) 2FR, ThE y=bTHHTL2DTH - 7.
Z0, % a e RIZHU fla,y) € Map(R,R) 2RI E 5, &S EHME, EOE
1441 0 B(f) THD :

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

fz,y) a+— f(a,y) .
FEH 1.4.41 DI, U(y) = evo (¢ X idy) THD I LIZEET 5.

U(e): XxY—>ZY><Y—>Z
P xidy

FeMap(X xY,Z) 2L Wod(f) € Map(X x Y, Z) 22 3.

(¥ o o(f)) (z,y) = (L(R(f)) (2, y)
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= f(z,y)
WA Vod(f)=f, 9745 Vod =id.
F € Map(X,ZY) izxtL @ o U(F) € Map(X, ZY) 252 5.

((@oU(F)) (x))(y) = (P(T(F)))(x))(y)
(U(F))(z,y)
(F(x))(y

bz (o U(F))(z) = F(z), PR ®oW(F) = F, T7bbH do ¥ = id. O

B 18. ¥: Map(YX,YX) = Map(Y¥ x X,Y) i2&5id: YX =YX O U(id) %k
H X,

HE . YX L waHEEIzO>VnT.
YX b WSEERES DIRBOEEOHLNPE VIO LIZLS.

X% =1 x = x
0% =0 (X #0) [1]* = [1]
(X xY)22XZxY? ZXWY) o 72X o 7V

(INSDOEHEHFN THRL] BEHRTEZOSNDZ L WD ZERRYZDTH DB EFNIZD
WTIREZF oMo HEDINBNWI LI2T5)
B HRBOBEREBEE L OEENBRIZOVWTWTINRR S,

1.45 BELCHURHK
EH 1.4.43. X 254527 5.

ILACX 2 X DAL T L. RTERINDEH xa: X - 2] ={0,1} 2 A
D (X kD) FERBE (characteristic function) &\ 5.

)1 (xeA)
XM@_{O(xgm.

2. g v: P(X) — [2]X % y(A) = x4 KEDEDS.
W . LIZLIE )Y % 2X EET 3.

EE 1.4.44. 5% : P(X) = 28 2 ¥HTH 5.
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A, BAR p: 2% — P(X) % pla) = a 1(1) TEDD L, HODIZ x DFEEHRTH 5.
FBE, a € 2X 1IzxfL,

THHH, z e X IR,
Xa-1()(®) =1l& € a ') e alzx)=1
EBD5 Xe-1(1) = a. £2T xop=idyx. =/, A€ P(X) IZHL,
(pox)(4) = ¢ (x(4))

= ¢ (xa)
)

=x1 (1
— A

J:Ofgpoledp(x) [

I 1.445. [ X 5 Y 2564235, BeP(Y)IZXL, f~1(B) € P(X) & thtx ¢
BEEPY) = P(X) % [ L8
ZDEE, xof*=f"ox WEDID:

PY) L P(X)

Xlg glx

Y — 92X,

j_fdij/)i:‘), f_l(B) cX 0)%‘[‘%55%&63: Xf_l(B) == f*(XB) = XB© f Iz & D%‘i ‘5%5

FEHH. x DWEHE o LEL po f* = ffop BREIXKW.

e(f*(a)) = p(ao f)
= (a0 f)7H(1)
= a1 (1)),
[ (pla)) = f~H (a1 (1))
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BE . LPY) 2 PX) 2BVTEHEEIVDOTHED, WAWALRILTAZ LD D
DT, ZOHMBFTIXYE f* L WVWIRLBEMS. fOFETIESL2Y 28X & f* &L
DTHZHN, X WEOVFA—HITNEALRDT, 2TH5IFJIFEWRD Z 2idk\.

T 1.4.46. f: X > Y 25425 5.

1. RIZIFEE.
(1) f IXHG.
(ii) f* 2V — 2% I 44,
) [ PY) = P(X) &4,

(iii
2. {Miﬂﬂ_
(i) f
(ii) f*' 2Y — 2X (T
) [P P(Y) = P(X) 1254

(iii
FERH. WD (i1) & (i) AFEETH B Z & iddE 1.4.45 K OIS A

1 ()=(iii). A€ P(X) T 5. fIEEHZDOT fTL(f(A) = A, ThbDL f(A) €
P(Y) AL, f*(f(A)) = A.

(i) =(i). 21,22 € X, f(x1) = f(x2) £ 5. {21} € P(X) TR L, f* BRI T
B2505, f*(B)={x1}, THhbb f7YB)={x,} L3 Be P(Y) LT 5.
f(za) = f(x1) € BTH DM 5, 20 € fHB)={x1}, ThbEH, 15 = 21.

2. ()=(ii). b1,ba € 2Y, f*(b1) = f*(ba) T 5. ZDEEbiof = f*(b) =
f¥(by) =bgof THB. ycY &95. fIIBHTHEZNS, D xc X MWFEEL
Tfla)=y &mbd. 5T, bi(y) = b (f(@) = ba(f(x)) = ba(y). DX by = bo.
(iil)=(i). f(X),Y € P(Y) IZRL, f*(f(X) = [Hf(X) =X = f1(Y) =
YY) ThO, IKELD f* IZHEHRDT, f(X) =
(BBAA Xy, Xfx) EHAT (li)=(1) 2ZRLTH &)
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1.5 K&k

E# 1.5.1. L. BRI RTHRATH D &5 0EEE2EAIR (family of sets) &\ 5.
2. BB ADPS, HEIEGHEANDEHE, A THRFMITONIEEH (indexed family
of sets) &\ 5.
AT ONTERER A A - A, HilE, AN e Az A, 2EVT, {Ar}ren
LEIPNDZ EHL .

HE . BRENT ONEEEL, REBRORMN GG TIERV. £EFEL, REMNT SN
AR OBRIE, BOEAEL BT L OBBREFEKRTH 5.

BB, AR, TNHETRFMNIONELE (00, EEFEHId: A— A) L&
ZBHIEMTED.

BHTHEDPLT, RPN ONT-ER/BED I L%, BIZEAHRL IRIILEHS.
EE 1.5.2. A={A\}ren 2EAKET .

1. &4
{z]|INEAN:z € A\}

2HEAH A DHES (union) £\ o T,

A4, A

AEA

e HRT
A={1,2,...,n} DHE

A =N DOEGE
U
=1

LELZENRZV.
2. B4
{z|VAeA:xze€ A}

2GR A DHBES (intersection) &\ 5T,

N An [)A

AEA



sy KT
A={1,2,....,n} DBHE

A =N DG4
[ A
=1
EELZ ENE.

R U, Ay 0 A 8 BN & Ay EWIEAREZ ST WS DI TIRA.
B . RFEADEES N =) THERTENONEESE A ) > AILDVTHERT
BB,

UJAiv={z|IeAr:zecA}
AEA

={z|3INeb:zec Ay}
LB Gl TINED z € Ay REIZBTHEHS

0

THb.
—7, WBEAIZOWTIHIEEDPBETH 5. M5 DM, XREZEL T

(N Av={z |VAcA:zec A}
AEA

={z|VAel:ze Ay}

YHBI Gl YA CD z € Ay REIZETHEMS
= {:E | x I TH J:L\}

EHOTUEWY, TNEELELEZLZZLETERY. LERSTA=0DEEEHEDIC
X, EZBHZLDTELRIIDOVTAS2DHIKIZRTBENDH 5.

B2, RN oNTZEEE, 7205, R A N> AZ2FZZTVEDT, ADAY
N=DITEDAEZZDLDBHRTHAI05

ﬂA,\:{xe A

A€EA AcA

VAeAzxeAk}
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EEBTDIDOVPZEPDB LN, AAPDEZIZEFLEOERLFELTHS. A

Bt

I
=
N

{erA

VAG(ZJ:xeAA}: UA

AcA AcA
EiRb.
5 1.5.3. 1.
2
A= A
i=1 ie{1,2}
={z|Fe{l,2}:xe A}
:{I‘|ZL‘EA1\/I‘€AQ}
= A; UAs.
2.

2
A= (] 4
=1 i€{1,2}
={z|Vie{l,2}:x € A;}
={zx|ze A Nz e A}
= A1 N As.

(3

Bl 1.5.4. 1 AMERELIE CHREB LR EZ KL T 5 &, MIEAZ &5 L\ ) B
i, ISR ({, ) Z2EDERL LW EETH 5.
U{{n2n (18} = {1,2,1,3) = {1,2,3}

2. X 2&RAGLT B
0.

UrPx)=Xx, [PX)

LEBROMEAPHELAIIH L, ZDOEAOMESPHBES L AL Z LAKD

& 1.5.5. {A)\})\GA %%é\ﬁ/ﬁ, B EHEEETH. IR LD,

L AEBD N e ATHU, Ay CUyep 4n
2. fEFED X € AZH L, Ay D (Nyep Ar-
3. MERD A e AL Ay C Bl & Uyep 4x C B.
4. MEED A e AT U Ay D Bl & (),er 4r D B.
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FERH. 12 1FHSH. 34D T X 12 EVHSH». BOEHSPTHEN 3D =] %
ARUTHAXD.

2 € Uyepdr ET5. ERLD, DDA ADPFELT, v € A\ &hd. REXD
A\ CBTbhsh5 2 € B. O

EIE 1.5.6. A 285, {Bajs 2EAHELT 5.

1. AU (m/\GA B)\) = m/\GA (AUB)\)
2. AN (UAGA BA) = U)\GA (AﬂB)\)

AR, EEE 1.1.14.1,2 25 U735,

AU(ﬂB)\)={$|ZL‘€A\/(V)\€A:.CEEB)\)}
AEA
={z|VAeA:x€ AVx € By}

={z |V eA:x € AUB,)}
= () (AUB))
AeA
5o EMHE 1.55 2o TRULTALS.
) AN (Uyen Br) D Uyen (ANBy) THBZ L.
EEDONe AZHL, B\CUB\Ths»5, ANByCAN(UB,). £-T
Us(ANBy) C AN (U, By).
(i) AN (Uxea Br) CUsen (ANBy) THBZ L.
€ AN (Uyer Br) £3%. 2 €Uycpn By TH225, 5 N e ADFIEL,
T EB\THD. $Tlcx € AIDTrx e ANBy. oTzxelJ(ANBy).

2.

Z
(i

O

EE 1.5.7. X 284A, {Ar}aer &2 X OHEEOM, T0bb, LED N e AU
ANC X TH2LT5. (BHRXEZIZA: A - P(X), AN = Ay)

() -

AEA

(ﬂ AA>0: LJ 45

AEA



1.5

C3=13

41

AL

2HFMk HEVIFILELS>TRLUTELIVL, 1 2foTH L.

1 Z2/RT5.

(ALEJAAA): = {x €X | ngLEJAAA}

:{xex (UA>}

={reX |3 eA:xe€ Ay}
={zeX|VAeA:x g Ar\}
={zeX |VAeA:xec A}

= (1 45.

AEA

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

EE 1.5.8. f: X =V 254, {A}ics & X OWMHEGONK, {B;}ijes & Y OHsHE

BOREE T D, IRDL D LD,

=~ W NN

A

- (Uiel Ai) = Uier f(4).
- (Nier 4i) € Nyeg £(Ad).
S (UjeJBj> =Ujes [71(B))-
L (ﬂjeJBj> =Njes I71(B)).

FERIE DD S LHUTH 5.

—J,y e f(UA) &T5&, b c A BPEFIEL, y= f(x) 3. Z
Drxll2nWT,z e | JAWR, il BFEL, x € A; 785, £oT
y=f(z) € f(A). W2 yelf(di).

f(flf)EUBj}

()

={z|3jeJ: f(z) € B;}
= {a: | =) EJ:fo_l(Bj)}
= sy

JjeJ

. R L
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4. #HE .
0

EE . 2b5A, 1 23 LFABKIZGEHTZZHTEDL, 3% 1 LEKIZFEHT L
LTES.

(Ua)={s|zeUnci-ro)

iel iel

:{y Jx : (erAi>/\(y=f(l‘))}

={y|Jz:(Fiel:xecA)A
={y|3x:Fiel:(vei)A
={y|Jdiel:To:(reA)A
={y|Jiel:TxcA :y=f
={y[Jiel:ye f(A)}
=J r).

icl

Z DEFIHIIARBENZ FOFFEHEE U TH 5.

7B, 4i7HPSTHDOER T, Jr L el ZANFEIATVWD I LIZEER L.
2 CHEESNKO VRV DIFAr & Vie Il ZANEZ S Z A —BIZIZHER T
Lizk B,

f01&>={yaxeﬂAwy=ﬂ@}

i€l

:{y Az : (mEﬂAi>/\(y:f@))}

={y|Tz:Viel:x € A)AN(y=f(x))}

={y|Tz:Viel:(x€A)AN(y=f(x)}

C{y|Viel:3x:(xeA)AN(y=f(x)}
(

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

i€l
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7 19. 1. ko2 zRE.
2. fRHETHD L E 2 TERBIIR LD
3. ED 4 #RE.

ffERGm AR TR LN EAED EMR, THR2ENLTEL.

B 1.5.9. {A}ien 2EEKE T 5.

EENETNEEIE {Ai}ien D EBR (limit superior), TR (limit inferior) £\ 5.
B 1.5.10. N OB EEDHE {A;}ieny %

o {i,i+1,i+2,...} @: 1

L {172772} i: W

LEVEDD. A = {1}, Ay ={2,3,4,...}, A3 ={1,2,3} L\ o-EETHB. neN
G:iirb Agnfl = {1,...,2%—1}, Agn = {271,271—{-1,}'(;)575‘6 Agnfl UAQn :N,
Aop_1NAy, =0 THEZLIZFEETS. 2n—-1>nTHH01H

GAz‘DAzn—lUAzn:N ﬁAiCAQn—l NAs, =10
AL - -
ThHsb. JijiC -

(14

1=n

N

1C3

=
2

~

I
(G

[y

I
=i

Bl 1.5.11. E£HK { X, }ien %

X, ={IcNJ|iel}cCP(N)
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H
s
A
op

WZEDEDB.

lim X,

iDe i

(0x)
(g{ch K eI})

= (V{ICN|Ji>n:iecl}
n=1

={ICN|VneN,Ji>n:iecl}
= {I CN| T IJERES},

wre-0(0x)

n=1 \i=n

G <ﬁ{ICN|iEI}>

i=n

:U{IcN|WZn:7L€I}
n=1

={ICN|IneNVi>n:iecl}
={I CN|I°FHRES].

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

EFE 1.5.12. X = {Xo}rea 2HRABHETE. A0S (Jycp X0 NDEH f THo T,
FEEDO N e ATHL, f\) € X\ &2 E50bD8K%E {X\lear DERE (direct

product) & \"> T,
II1x. I~
AEA

FHERT. OFD

AEA AEA

HXA—{fE(UXA)A

V/\GA:f()\)EXA}-

LIEUIE, EROTE f % (zr: A€ A) EVWIRETET. 270U 1) = f(\) THS.
72, A€ ACH LU, m(f) = F(\) THRSNBEH

TN H.)C'—>X,\
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fe=f)

& OAHHAD) BHEET 20 5.
A={1,2,... 0} R A=NOEX [, Xa & [l X % [[2, X, L 5L

AR NBRONDOEENHEIIEEEHR EMEEHROEHKTH S ¢

H X ik X

AEA
N N
A
(Ux) U
AEA AEA

Bl 1.5.13. X, "2 THU X\ =X Ths L %,
I[]x =x"
AEA

ThH5.

Bl 1.5.14. {X,}icp 2HAKE TS, 72720 [2] = {0,1} TH 5. BHERHEEZHNT
HBZonbEH
™ = (7'('0,7'('1)1 H Xz —_— X() x X1
1€[2]

[ (£(0), f(1))

ISP RRETHS. ZHITED [[_, X; & Xo x X3 2 LIFUIEHE—#T 5.
FABCHEAE LTIy Xi & Xo x X1 X -+ x X,oy 35752590, BHMERS 2
THA SN 52

n—1
HXZ E—— X0XX1><"'><X7L_1
1=0

[ (f(0),f(1),..., f(n—1))

&0, LRLIERA—HT2Ze2H 5.
me, Xg = - = X1 THHBEE ZOR—-MHIEFH 1438 TEHZ %
(evo,...,evp_1): XM = X7 izfhzm 5 7,
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£ 1.5.15. X = {Xa}rea 2HAHE T 5. ER A x Uycp X) DIDES [[cn X
EZUTTED, {X)}rea DEFM (direct sum) F7-133ERXH (disjoint union) &\ 5.

[TX={(\z) [ AeAnze X}
AEA

= J (A} x X0) cAx X

AEA AEA
YIZTODHEE A, B OFEME A[[B <. BRI, HIXIE, A £ B OB,
A, B moDHEEN S50 (1K) % [ = {A,B L, {ABY 2 1 (D¥hZhHY)
CHRFNITSNEEAREERS. A=BOEEE Xg= X1 = A £ 5 EAKROEA
YEZB.)

B 1.5.16. 6T (X, }icp 1ML, G

7 Xo Il X; = ]_[Xi—> U X, = XoUX;
1€[2] 1€[2]

% n(i,z) =2 CEDD L m I ZLHTH 5.
THIL, XoNX; =0 THNEr F2FHTHD. 0L E, LIEUIE, m iz kb FE—#
LT XoUX; &2 XogII X &FEL. (ZoTz< s k. MEE 29 2H1)

Bl 1.5.17. Xo,X; B2NZNHIKE [0,2),[1,3] CR THB & %,

[[xi={Gx2)|ic{0,1}rzeX;}

1€{0,1}
={(i,z) | i=0Az€0,2)V(i=1Aze]l,3])}

= ({0} x [0,2]) U ({1} x [1,3])
c {0,1} x [0, 3.

e . 29
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1.6 FEERAR®

BEEZMEDT, TN —=TRFT2L VST EAIETFHOENRSBREATHAS. HU
ffiTh B2 WD TER] TONV=TRITE2DOTHEIN, BEEELAL IV —TH
TED (FDAUN=EWVWTNHRDIN—=TIZA->TED, £/-BRE7N—-TEED S
BN, DEDEDAYN=H2E—=DD TN —TFIZAS) 7=dI12idZ0 TR 28Dk
DIREMERNBEDD, L VWS DEME LU 7-DOAEMEREGRE KIS EEBRTH 5.

FTION—TRFEe I 0EEbLALENMEL L.

E#E 1.6.1. X 288295 X ODHDPEADEP (bbb P C P(X)) XRDEME
ZHIzTEE X OFE (partition) THD LD -

1.0 ¢P.

2. Upep A=X.
3. (TP A BeP, A4 BIzxfL, ANB =0.

EH2A0, FM21, EDAVUN=EWVTNDRDITINV—TIZABLENWIZETHY, Kt
JIFRZRDZIN—TEROLRNEWVWS L THDL. M1, AV NN=—DWERWT )L —
Tz nws Z e,

5l 1.6.2. 1. %4 3] ={0,1,2} o4&k
e {{0,1,2}}
o {{0},{1,2}}
o {{1},{0,2}}
e {{2},{0,1}}
o {{0} {1}, {2}}
D5 D.
2. 4 2] = {0,1} Da#ENx
o {{0,1}}
o {{0} {1}}
DD,
3. £E& 1] = {0} oaEN
o {{0}}

D—271F.

eIt

W RS 0 ONHEEXTALS. PO) = {0} £ 5, P(0) OBHEAIL 0, {0}
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DD, Pe{d Thrrs {0} FEELEOHLETIEARY. —FH, ) C P0) iz2\WTIE,
00, Upcp A=0TH%. 72, Ach 75 ARBVOTHEDEM 3 BRH LT
Wa. Tbb 00 DRETHE. Lo TEEEDFEIZ—D.

f11.63. 1.Cy = {neZ|ndEf}, ¢ = {(neZ|nd3&Hk} £BITE
{Co,C1} BRZ D5 %525,
2. Cr = {nE 7 | n 7“<_‘C 3(%”’)f:%i D7b§T} K?BU'Ci {00,01,02} X Z 0)53\%”7:‘3
525,

FEF 1.6.4. £5 X FOBBRHIRD =D 0D 5A::

1. (k5112 reflexive law ) z ~ z,
2. (W#HE, symmetric law ) v~y =y~ z,
3. (FBE, transitive law ) 2~y D y~z=x~2

EHIzTEE, BfR~ I3ES X LORERR (equivalence relation) TH5 &\ 5.

& 20. 1. ZIZB1F5E% ~ %xwyé?f le,y MEBLSHAH ITEKDEDS. ZD
BELR ~ (TSR, R, R Z A0 7
2. MOFEFMIFEL <R\, ETHT
X 28G5 L, X LOBBKR ~ PAMFREHEBHELZALZTETE. 2D E ~
IRAREL AL UAMEBERTHS. FEE, v e X &35, WMELD 2~y
Bolly~o ThHDE. Lo THRBELD 2~ 275,

EFE 1.6.5. Bk ~ 24 X LORMEREKRE TS, X D¥FE ae X ITHL, a &FAfEZ
LRERDIRT X DD EE

Co={reX|x~a}

% a DFEFE (equivalence class) £\ 5. a DFERZ [a], a FLHELZLEHZ .
reCy2—D2,blt%, x% C, DRERIT (representative) LT DL\ I,

i 1.6.6. [FEHIZROMEZRF>:

1. a €y,
2. IRIE[FMH

(i) a ~D.
(il) Cy = Ch.
(i) Cy N Cy # 0.
3. RILIAfA
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(i) a £ b.
(i) Cy # Cy.
(iii) C, N Cy = 0.

AERA. 1. LD a~a®R acC,.

2. )=(@). a~b&T3 zeC, T2l a~aPAWBMHEID 2 ~bLiD
xe€Cy, ThbH C,CCp NMMEEID D~a?Zb Cy C Cl,.
(ii)=(ii) C, =Cp T5. 2O EacC,=C,NC, WX C,NCy # 0.
(ii)=(1) CaNCr #D £ TB. c€CanNCZ—2,B. cvahDc~bPRX
PR HERBA KD a ~b.

3.2 X DS .

0O

% 1.6.7. AfEEOREDOLRTEL {Cy lace X} I X DREEEZ 5. Z D0 % [FE
Bk ~ 12 &% X ORI (classification) £\ 5.

AL B 166 X0, a€Cy WA, Co 20 THY X =, xfa} € Uyex Ca C X %
mo UanCa:X. ifl, C’a#Cb A5 C’aﬂC’b:@. (|
FEBAfRE 5 A5 2 e REI 25 A5 Z L IEALUTH 5.

8 1.6.8. 1. P2 X ONEET5. Bk ~p %

r~pysJAeP xye A

CEVEDBE, ~p FAMBERTH Y, Z OFRMEEIKIC & 2EHIE P TH5.
2. ~ % X LORMEBKREL, P={Cs|ac X} % ~ICEBEMETE. 2D P b
51X 0EEBFAMBEGE ~p &~ THB.
INRROESIERE I HETES.
Iy # X ORE2EORTES, Ex 2 X LORERBEBROLRITEES LT 5:

IIx = {P CPX)|Pi&nil}
Ex ={RC X x X | R \ZF{tBI%}

(Lxo&PRZ LW Iy CP(P(X)) TH3.)
BEfe: llx — Ex & e(P) =~p, 5B p: Ex - Ux % p(R) = Pr, 272U Pr & R
WX BHEN, bEDDE ek plFEWIZHTH D LG

A 21. GEHE &,
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E# 1.6.9. X 288, ~ & X LOREREKE T 5.

1. FAfEEHO 2K {Cy |lae X} 2 X/ ~ & FHE, AMEMAR ~ I2X5 X OBES
(quotient set) &\5.
2.a€e X% C, e X/~1Z5D9EH
X— X/~

W W
a—C,

ZBARLGER H5VIEEER, BRAGHREREE WS,
3. AC X "2 KX (complete system of representatives) TH %
< WEGHR LGB DGR
A= X — X/~

AN <R N
SV NE, ADRERERTH DL IZTROOBRHOILDEND T &,

eVre X, da€ A:x ~a.

o Va,be Ala#Db):ab.
ThbL, X OEDTLE ADTDOVWTNALFAMTHY, £/, A OtHELIXFME
TR,

W . b oA, HERERIE M EICEEBDITRAL.
B 22. FAREHE X o X/~ REHTH S D L AR

1 1.6.10. £E X XHFH2FLVE VIR = (X x X OFnEG L U T AieE
&G Ax) FAMERFRTHS. v € X ORMEREI {z} TH Y, fES X/= FHRICX &
F—fEnsd. (HEIZSZIE, X/=C P(X) & singleton map s: X — P(X) DB TH
D, s PEBRH X - X/=%2525.)

Bl 1.6.11. FA X BB~ Z2, TED 2,y e X THL 2~y TEDS (X x X
DEAEALLTIE X x X) &, HoNIZFEMEREBRTH D, FEEHIZ X OAT, BESIX
1 MDA PSIRBEA X/ ~={X} TH 2.

B 1.6.12. neN&T5. 2,y € ZIZHL, xwy(ﬁn\(x—y) CED DL, ~ IZ[EMHERE
BRTHD. FEE,

LLz—2z=0EFnDFEHTHEDT 2~ 2.
2. x ~y THDLTDL, c—yldnDEETHENS, y—2=—(x—y) HEST
HB. EoTy~uzx.
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B x~yMDOYy~2 THD 295 ZD&Ex—y,y—zEnDEHTHE. £oT
r—z=(@—-y)+(y—2) bnOFEETHE. DAz~ 2

Z 2B 5 Z O FEMERE R %

LLeHEZ v L yldn%iiEE LTEMB (congruent modulo n) TH5 &\ 5.
ZOFRMERRIZ X DR Z n 21k L § 5 AR (congruence class) ® 2 W IZEIR
#f (residue class) £\ 5. x € Z DOAfEXH %

x mod n T+ nZ

HrEI T LEL .
72, ZOFRMERRRIZ L 28 G %

Z/n Z/nZ
Fr &L

Bl 1.6.13. £ANU{0} 2 N &EL. (Hodh—@icz>ELbITIEARV.) £4 N2
B BER ~ % (I,m) ~ (p,q)(ﬁl—l—q:m—i-péicl: DED D L EMEBIRTH 5. KB,

Ll+m=m+17Z55 (I,m)~ (I,m).

2. (I,m)~(p,q) & l+qg=m+pesp+m=q+1l& (pq) ~ ([,m).

3. (I,m) ~ (p,q) 2 (p,q) ~ (s,t) &I DL, l+qg=m+pPDp+t=q+s7Zh
S l+t+p+g=m+s+p+qgPAXl+t=m+s &R0 (I,m) ~ (s,t).

Bl 1.6.14. EEZ xNIZBIT28FE~ % (I,m) ~ (p,q)((i:)flq =mpIZEVEDD LH
R TH 5. HER,

L.Im=ml7Z»5 (I,m) ~ (I,m).

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

3. (I,m) ~ (p,q) 2 (p,q) ~ (s,t) T D&, lg=mp D pt=qs TH5. p=0
DeEE, (A07EZPS)I=s=0&20, lt=0=ms DX (I,m) ~ (s,1).
p#0DEZIX, ltpg=mspg DA It =ms &2 (I,m) ~ (s,1).

5 1.6.15. RIZHBWT, T~yST—ye ZIZEVBER~ Z2EDD L, ZNILFAEMEREGRT
H5. ZORMEERIZLIEESE R/Z L EL.
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BEE . 33

#11.6.16. G 28, H C G 2Dt 35. G EOBfR~, % g ~, g’cﬁg_lg’ cH
WEDEDB L, ZNIXFAMERBRTH 2. ec G 2L E T 5.

l.glg=ec HDZX g~,g.

2. gr~p g TR gl eH ZDLE (¢ lg=(g7g) L EeHDR g ~, g.

391 ~r g2, G2~ g3 T DY gilge, g3lgs € Ho X o T gilgs =
(91 '92) (97 ' 93) € H DA g1 ~r gs.

Z ORMEBIRIC L 2R%EE % G/H £ 8L
Bl 1.6.11, 1.6.15 12 2 ORI ARBETH 5.

M 23. G2#, HCGZ2ZOHNHLTS. G LOBR ~ & g~ g'éli)fgg'_1 € HIiZ
FOEDD.

1.~ ZAMEBRTH 5 2 L 2Rt ~ I & BRHEAE H\G &8 <.
2. ~p, ~ LB g € GORIBEIZZNEN

gH :={gh |he€ H}, Hg:={hg|hec H}

ThdI Lzt
3. GWT—RIUVHETHDLE, ~p &~ 1F—HT B L ERYE.
4 ~op & o =T EHDRED LS 70 E0?

T T 2RAEL L TEL A5 DI (A RELU] THE2EWHIBEBRTHAS. Zh
RO LS ITERMNTE S,

R 1.6.17. X, Y 284, [ X =Y 254275,

L. X 2B 50FE~% z ~ y((i)ff(a:) = fly) TEVEDZ L, THIXFAMERERT
H5.

2. m: X - X/~ 2 Z0OBRIZLIGEANDHRLBHY, I 0bbre X 1T,z %
BUFEMEME C, € X/~ ANIBEE2EHLTE. ZOLE B f: X/~ =YV W
FAELT, f=fom &RINS:
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ZOEG fE fIZLVFEEINDER (induced map) £\ 5. (fiE 1.6.24
2

i, TR D R
f:X/~—=1Imf

FEEA. 1. (i) f(x):f(x)@ix x.

Zfz)fcﬁ)f(x):f(z)-

. Cr)=fx) IT&VEDSE. C, =Cy DELE x~y7RDT
f(x)=fly) THB»o, f(r) 1T C, DRETLDE D FIZLST, ZOERIZEE
2RiD. (Z0&5%22ELIXLIE If 1 well-defined THB] 5. )
HOMNZ f=for THDE (form(x)= f(Cr) = f(x)) .
7z f(C) = f(C) &T 3L, fla) = fly) EDnbr~ydZx C, =C,. THD
S

]

B 24. ZORMERARIZES 2 € X OFMEEIZ f~1(f(z)) TH 5.

#11.6.18. neN&$5. Bffgr:Z — [n]={0,1,....n—1} 22 € Z I L2z % nT
HolzRDZMNIGIEEEH LTS, Thbb, r(z) € [n] X

r=nqg+r(z), g¢rx)eZ, 0<r(x)<n

WEVEEZHDTHS. RYODI L %FR (remainder) &\ 5.

HoniZz=y (modn) & r(z) =r(y) TH3, 2F0 n 2iEL UTHRE VS BERK
En THSZRODVPFALEWSBFETHS.

WEBHBE r DEK [n] = Z 5 [n] ZESEEHZOTr 32HTHE. LoT
T:Z/n — [n)] FEEHTHD. £72{0,...,n—1} C Z ZEFEIZET2BEREKRT

H5.

Z/n

B 1.6.19. B d: N> - Z % d(l,m) =1 —m IZXDEDHS. 277U N=NU{0} T
»H5.
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dil,m)=d(p,q) ©l—-m=p—q<l+q=m+p TH5H»5, il 1.6.13 D[FREREFR
~ X (I,m) ~ (p,q) & d(l,m) =d(p,q) ZH7=F, DD, ZBELCEVWSEKRTH 5.

O d IZ2HTHE0S,d: N2/~ - ZIZEHHTH S, £HE2RERLLT
(Nx {0}) U ({0} x N) = (N x {0}) U{(0,0)} U ({0} x N) »&xh 5.

5] 1.6.20. G5 p: ZxN—Q % p(l,m) =L TED2.
p(l,m) = p(p,q) & L = Eolg=mp TH205, #l 1.6.14 OFRMERIR ~ &

(I,m) ~ (p,q) < p(l,m) = p(p,q) ZHAT=F, DL 0, FEARHEHL L VWHERTH 5.
SN p 2R THE05, p: (ZxN)/~ = QIEEHHTHS.

Bl 1.6.21. p: R = St ={2€C||z| =1} & p(f) = 2™ TED 5.

p(0) = p(1) & 20 = 2™ o 20T = 1 & ) — 7 € Z TH BN 5H 1.6.15 D
R ~ X0~ 7 < pl) =p(r) 2H7=T. plEEFTHE056, p: R/Z — ST IFLH
HTHb.

) 1.6.22. G, H 2%, f: G — H 2¥EFRREHK L T 5.

flo)=rflg)ee=rf9) ' fld)=flg'd) g 'y eKerf
THD)5, f IR
f:G/Ker f —Im f
AT 5. (RETEIESC, G/Ker f, Im f1EBHC R D, fIZFAMESRTHS.)

Bl 1.6.23. XY 284, ~ 22N X, Y LORMERER, p: X - X/~, ¢: Y —
Y/~ 22N ZThBERGHR LT 5.
EHEX XY B2~ % (x,y):(x’,y’)((i:e)f(azwx')/\(yzy’) WZEDEDD.
Efpxq: X xY = X/~ xY/x%2FERDL,

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

THH05 ~ FAEEBRTHY (HBAAEZHNPDOTH L) | (z,y) € X XY DO[FEMH
I C,xCy THD. pxq3EHTHLS0 5, RS

pXq: (X XY)/[/~—= (X/~) x (Y/=)
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ZAD. bbAA, BEKIZETIE

pxq (C(x,y)) = (p X q)(:c,y) = (p(x),q(y)) = (vaoy)

WUV —=TDAUN=DERUMEEZFF> TV, TO7 NV —TIxZDWHE 2K -
TWbEWVWoTEIWTHAS. MOmEIFZINEZERMELZ2DTHD. NE, ifHHE
WA 1.6.17.2 L IZIEE L TH 5.

il 1.6.24. X 284, ~ % X FoORMERAKREL, 7. X = X/~ 2 ZOBRIZX 50
EANDHERBEY, $0bbre X 12, 2 2B0RAMEEC, € X/~ 2RSS E5 54
L35,

f: X =Y 258235, RIZEMHETH 5.

L.z ~a' = f(x) = f(2).
2. f=fom &RBEIREL f: X/~ =Y BFET 3.

f

X——Y

ﬂl Ly

X/~

X510, DL AREH fFIZ—EHTHS. ZOEH %2 fIZE0FEINBEER
(induced map) &\ 5.
BARMICE T £(C,) = f(z) TH 5.

AEEH. 1 = 2 OFEHIEME 1.6.17T YAL. 2= 1%25R%S. f=forn ThHbL7 5.
x~r &Tde w(r)=n(2) THZINo,

flx) = (fom)(z) = f(n(x)) = f(n(z)) = (fom)(z') = f(a').
TIREHBEDOTIDE> BB f IZ—BHTH 5. 0O

% 1.6.25. X\ Y 2846, ~, =2 ZhZTn X, Y LOFRERR, p: X - X/~, ¢: Y —
Y/~ 22N ENEHRBHE LTS,
f: X =Y 258295, RIZAMHETH 3.

l.z~2a' = f(z) = f(2).
2. qof=fopRBEIBREM f: X/~ =Y/~ PFHET 5.
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X—>Y

)

X/N """ E|f>Y/N .

O FIEF(Cy) = Cpay K& DGR ENG,
A go f: X — Y/~ 12 @0 1.6.24 &AL E . 0

Bl 1.6.26. BHEOME +:Z xZ — Z, (I,m) —1l+m E2FZX5. =1 (mod n) "D
m=m' (mod n) THNIX I+ m=1U'+m' (mod n) THBH»5, HIEEITGH

Z/nxZL/n —— Z/n
w w
(Z,m) ——— [l+m
EEDD. HE5DULTEIZETE, ROMAD FOITDERNZDERTHS. 72721, ~
&

(I,m) ~ (l',m’)c<1:>fl =1" (mod n) »2>m=m' (modn)

XD EE SFRMERGR, TOTOLEMDEEE I1ZH] 1.6.23 DELBEHFOWHEMHRTHD, TOD
TOEMOERITR 1.6.25 THAZONEEHTH S :

Ix7—F o7

]

LZin x Zjn ——_>= (L x L)] ~ ——ZL/n.

WilZDERS + 2o TRT. ThbbI+m:=1+
FRRICIEBORIEZ X Z — Z, (I,m) = Im b |- = XD Z/nTREEEDD.
Z/n O Z DHNE & FIRIZ, BEEOMIE, %Ec‘.’.lﬁlﬁﬁ‘l‘ig (%“Sé?i, A, D RdEE)

ZATZL, TNIZXD Z/n 3RHEIRE 2 5.

|3

Bl 1.6.27. N2 Lo ©: N2 x N2 = N2, (I,m) © (p,q) = (I + q¢,m + p) &4l 1.6.13
D FEBHRI & BHEA EOEE N2/~ xN2/~ — N2/~ R ED 5.

B 25. FOHES o e ELZ 2T 5. dxEH 1619 OB LT L X,
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d(d'(x)od\(y) ko .

dxdl% %ld

A/ ~ 7.

FISESE . 41(1)(2), 42(2)(3)(4), 43(1)(2)(3), 212
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1.7 BFER®

£ 1.7.1. FE X IBT 0BG < PROFMEAT LS, ZORFKEZIER (order)
» 5V ITEIRRF (partlal order) ¥ \5.

1. (R§1E, reflexive law ) z <=z
2. (RW#E, antisymmetric law ) z<y2»2y<azxsolf, z=vy
3. (B, transitive law ) z <y 22 y<z%holE, 2 <z

BB X ITBIBEF <P S5ICREALT L E, ZOMHT %2 2IEF (total order) &
%W HREER (linear order) &\ 5.

4 FEOz,ye X IR, 2 <yhry<az Dbl d—ARBTHIT 5.

£ 1.7.2. £5 X L 20 LD < Offl (X, <) ZIEFEE (ordered set) 5\ i
Y|EFEA (partially ordered set, poset) &\ 5.
BELOBZNARVWE EF < 2HIBL THRIZEFES X £HE L LB,

FEE . EPBEfRERITHEELTBT < 25 205 DI TiEAL.
ZOiE < 2HVSEE, LU FORESHWLNS.

e <yDLEy>g EL.
e rx<ymDrxAyDrE o<y FEL.
e <yNEEy>gEL.

B 26. c<yr2y<ziolE, z<z.
% 1.7.3. XY 2IEFHEE, 1 X oY 25&ET 5.

I FRED z,2' e X 1T U, 2 <2’ 0olf f(x) < f(of) &5 L &, f 2IEF%ERD
E{%& (order preserving map) £\ 5.

2. 2R DOEHR f X, IHFZRD2EHR g: Y - X T,go f=idx, fog=idy %
AT EDPFET B & &, IBFAEER (order isomorphism) THD &\ 5.

3. X 25 Y ~OFRABMGENSFET L% X &Y BIBERETHS 2\ 5.

TR . Hp 2RO RHEINT UBIEFRBESRTIER V. # 1.7.4 2.
B 27. X,)Y 2BEFEEG, - X Y 22535, Z0L EMERYE.

L fOEFRAERTH S ODBETDFRER, ERD 2,2 e X IZH Lz <2’ &
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fl2) < f(a') 2B THA.
2. X BRMEFEST, f HIEFERTIE, f RIEFRNEETH 5.

Bl 1.7.4. X 284035, BF = 3B SHCIHFBERTSHS. X Atk oM Ea®
12, Z DIEFF I ANEF Tl
<% X LOMEFLT 5. BSMEEGTE d: (X,=) — (X, <) RIEFE 5.

Bl 1.7.5. (X,<) 2lHpHEEGLT5. BHR< %z < yow >y L DEDD L, < IZJH
FFERTHS. Tz < ORNK (dual) H %\ 1% opposite &\ 5.

TR ZDIEF 2 (X FIHDT) > eEL. <P eHEIZLDDH .

EFEA X ICACHER 2 Wi 2R G % XP LB I LhRDH 5.

Bl 1.7.6. (X,<) 2EFHEE, AC X 280HEAELT5. A LOBKR <% a < bifa <b
(FllZa,be A% X DLEATVWDS) ITkbEDZ L, < RIEFHEGETH L. T@IFZ
DIEFZ (< ZiXfEbF) < B 2ITZboRITNT, HFEEDENES % E
FEEGLEZDEZIIZIDIEFEZHES.

X BP2elEFpEETHNE, ZOEFIZLD A 2EFREETHS. X BelEFELET
ey, ZOERIZEY ADPRIEFRESELRLIZILEDHS.

B 1.7.7. N Z OE@DNEF (BOKNER) XRIEFTH 5.
Bl 1.7.8. NIZBIT2m»Pnz2E0Y2 L 0S8 FEmn ZIEFTHS.
B 28. Z 12513 B B% min 1XIEEH 2

Bl 1.79. X 2%E5295. P(X) LoWERERACBRIEFTHS. <IZZtbb
BITNEP(X) 2IHFREELEZXD L SIIIDIHFEMES.
X Dtk O EEDIX, P(X) O Z DER E2IER TIER .

WlJJ&(Rg)%@ﬁ%égX%%é&?é.PX®ﬁngﬁL,f§gﬁVxeX:
flx) <g(z) @Ebde, PX LOIEFTH 5.

il 29. Izt

Bl 1.7.11. [2] = {0,1} ICIX Z DIHEA L LTEF (0<1) 2A%.
2X DIt a, b IZX L, a < beVee X a(x) <b(x) LEDDLIEFTH 5.

Bl 1.7.12. x: P(X) — 2% X Lol 1.7.9, #l 1.7.11 OJERF B U CIEF B4 T
H5.
EB,ACBCX ThdLd%. 0€c ADLEIX, ACBThdrH,2€ B
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20 xp(z) = 10X xa(x) < xpx). o€ ADEEF xalzr) =07%26, HHoNIZ
xa(x) < xp(x). EoTEED z € X ITHU xa(x) < xp(x), 7205 xa < xp TH
5. L7ehioT x(4) = xa < x5 =x(B).

X DHEEHE ©: 25 - P(X)2T5. pla) =a (1) THB. a<bec2X T3,
a(z) =125 b(x) > alx) =105 bx) =1ThHb. £oTyla) =a (1) C
b7H(1) = @(b).

Bl 1.7.13. P,Q 2HpHELELT 5.

1. BEEPxQ LD (p,q) < (p’,q’)ci)}p <pANq<q¢ TEZHIERIEFTHE. Z
% BREIRF (product order) &\ 5.

2. Bff P xQ LD (p,q) < (p’,q’)é:gfp <p'V(p=p Nq<{q) TEZ?BERITNET
Thd. ZhziEERXERF (lexicographical order) &\ 5.
LELBA, ZNIE (2XFNSRDHEFEZITI VK-> TWD) BHHETHIENIATH
LIHEFETH 5.

BIZIZP=Q={a,bc}iTa<b<clWEFEzEzViizt &, {a,b,c}? [CERIERF%
W 72HDERIR UNEWARS KREWHANKHINREZENTH L. ZOXIBHENY 2H
EWH. EE 1716 2R K.) T4

(¢,a) — (¢, b) — (¢, ¢)

(b,a) — (b,b) —— (b, ¢)

(a,a) — (a,b) —— (a, c)

Y755, ZOEFTEBZIE (a,b) & (b,a) ORI RNEHRIZEE. —F, FEERIES %
nEbow

(¢,a) — (¢, b) —— (¢, ¢)

(b,a) — (b,b) —— (b, ¢)

(a,a) — (a,b) — (a, c)

N A
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EfEr & HENER =M EDOIHFEED T AV MREICH U THRBRICERI N
5. 7z, HEANEF X 2IEFEEIZHLUTHOWONDE Z ERE.

Bl 30. P,Q 2lHFHEEGL L, Px Q LOEBIEFZ <)o, #HaHFE < TR

1. <prod & <iew PIFTHSB Z L % RE.
2. lHS5 (%

id: (PXQ, prod) (PXQ <lew)a
id: (P x Q, <jex) = (P x Q, prod)

WSIER %2 R DDy 2
3. P,QWeHIl2lEFELETHNE, <o, DRIEFTH S Z L 2RE.
Bl 1.7.14. P 2IEFHEG LT3, £46 PR ZH 1.7.10 DIEF %, P? ICEBEIET 2 \Wih
%. ‘B

e=(evg,ev;): PP — - p?
w w

[ (f(0), f(1))
FIEF B ERTH S .
& 1.7.15. X 2JHFESG, a,be X & T 5.

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

% a,b zigi & § 5HKXME (closed interval) &\ 5.

(a,b) :={r e X |a<z<b}

% a,b Ziis & 9 5FAKME (open interval) &\ 5.
3.a<b»D (a,b)=0ThHsLE, a%bDER (predecessor) Dit, b % a DE

# (successor) DILE N D,
Z DMK [a,b) FE Wo kB S5, BRIZMSNTHASS.

ERE! . BAXMEORLE (a,b) FEBES X x X Ox2 RIS LA URO THERENBE
TH B, WE RS EH 5 DRI ITEWTE 5.

BARD=D® exercise TlX, z >b &b k5% v c X PMFHET HGEDARET X
V., (BBBA, TOITHRVWEELEZITE L WITINY)



62

H
s
A
op

M 31. X ZlHFEA, a,be X, a<bll,A=) x) &£BK.

m>b[a’

1. AD [a,b] THB I & ERE
2. X DIEFALIEF THNIE A= [a,b] TH B I & &R
3. A+#[a,b] £BHIEET L.

1 32. X 2IEFHES, a,be X, a<bl L, A=
ERD.

espla ] LMD ZODEME

(i) A =1a,b].
(ii) Yy > b,z > b:x < y.

1. X "2EFEAETHD L E, (i) & (i) XAETHE Z L2 RYE.

2. X OEFP2IERF THRWE &, (1)=(il) [EE D22 ? OO S, &Y
ALY TRk I

3%, X OIEFARIET TRWE &, (i)=1) KDoA ? RO L2RSIHL, KD
STV IR R 2T K.

E#E 1.7.16 (/v £, Hasse diagram). ARIEFEEG 2RI 2 DIZAEMR/NY £H
(Hasse dlagram) ZRALTEL. (EIFVWAR, ADRFTHEFETEIT S DIFILOHAN
TAABVEHEIZRONETHAI L, o L RTERZHANND DEITTOHNZNIF
&%<@ﬁh%afﬁéoiﬂtJ

(X,<) 2 HIRIEFEG LT3, X OREELE L, 2 DEEDTN y ThB L 2 1 h
5y ~NKHIZEL, 22U, RHEFALREAREDATEIZD>TE L. KAIZEHE &
TEMEZ 22 B DT, KEIZ LT REVWTA EIZARE L5ICELZEEEZ N,

B2 SNEMEFESIR L, Ny LA 2B 2 bITTEAVA, (FL L Eh
Wiz) Ny P SNEFREGREETT S8R TES.

BRI el e 25T & 5.

1. BESIZAEEBRTIERE Z2 VW NZE D,

P([]) {0} P([2]) {0,1}
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{0,1,2)

TN

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

PGy
{0} {2} {1}

N

0
2. 2] ={0,1} i20<1 2WIJHFZ VN2 DOOEBICERIET 2 VW70,

2] 1 2]
l / \(O, 1)
\\\\\\\ ///////
2] (1,1,1)
N
(1,0,1) (1,1,0) (0,1,1)
> >
(1,0,0) (0,0,1) (0,1,0)
SNl

3. WS ODDOHEARBOESIZEDYINE L WS EFZWVN7ZHD.

({1.2}.) T ({1,2,3.6},]) /////es\\\\\
1 2 3
\\\\\]/////
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({1,2,3,5,6,10,15,30},]) ({2,3,4,5,6},|)

*)
S S

A X/

10 15

AN

N\

N —m
w—

_—

S
i
i
i
<
Or
H

FEZRVZHDICAEBEBTIHE Z\W7zH O,
P[]\ {0} {0}

P([2]) \ {0} {0} —{0, 1} =— {1}
P([31) \ {0} {2}

/

{0,2} {1,2}
N e
{0, 1,2}

{0}

E&E 1.7.17. X 2HFHEG, AC X 2inEELT5.

{0,1} =<— {1}

1. me X 2 ADLEFR (upper bound) TH 3 (<i:}~fVa eA:a<m.
2.1 X " ADTH (lower bound) TH 5 (<i:>fVa€ A:l<a.

ERE! . B, FRES—-DETE VI DI TR,

3. AV ERZFDL E AIXLEICER (bounded from above) TH2 L\ 5.
ANFHREZFEDOE E AIXTICER (bounded from below) TH2 &\ 5.
EIZHTFIZEARTH S L EHR (bounded) THDHE WS,

ERBLID APER I meX VacA:l<a<l<m] BOhr5.
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HE . I e XDPADTFTRTHEZILLIc XPHRADERTHAHILIFFALILTH
5., 2D, HFEZZDUNTEENZTESNS (DFVARESDAE 2L THIZ
LTEOND) fMaz2bl0b00 WS, FRIZERD, EFRIETRONUNTH 5.
AEDIEFELIIN U TR T 2@k, (XP2FX5ILT) AEBOME 2T
U7zt H s 5. ZNZIEFIZNT 2 WFRE (duality principle) &0 5.

M 33. X ZlHFHESAG, AABC X &3 5%.

1. BWERT, AC B7iaoiE, A HER
2. X 2RHFHEEG LT 5. A, BRELLLERLGIEX, AUB BES.
3. A, BYBIZERTH LM, AUB ZERLIRSNE S D s Iz &

B 1.7.18. X £ ) 2EHFHEEELTS. FEDzc X Z0C X DERPDODTFRTHS.
KB Vach:a<z,Vach:z<ald&EHo6E (FifEXABTHEHNS) HKDOILD.
YIZX#£A0DrE 0 C X WERTHS.

& 1.7.19. X 2JHFHEG, AC X 2inEELT5.

1. M € X 7 A D&®RKIT (maximum element) T»H 2

o (i) MeA
def | (ii) MIZADERTHL. §72bbVacA:a< M

ZDELE M =maxa=maxa =max A FLEL.
acA A

2. me X M AD&NIT (minimum element) TH %

o (i) meA
def | (ii) mIZADTHRTHS. §hbbVac A:m<a

1®t%m:mi£1azngna:minz4%t%<.
ac

W . BATEERANTIREWICUETH .
&8 1.7.20. AC X ORAE (B/Nt) RIFET LN TH 5.
AL B My, My % 610 A DBARIGET B EEHRL DIRAR D .

(i)
(iil) Ya€e A:a < M,
(i2) M, e A

(ii2) Va € A:a < M,
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(i1) & (ii2) & » My < M,. [FREIZ My < My. S o> CTIEFEOME L0 My = M.
BRANTCIZDOWTHERBRIZUTRLUTE LWV, FOIEFERB L O DD, 2F D, me X

WADRNTETHEILEmEXPRADRATLTHEILRALILTHEILIC

HETNERERTOL EDARLTEBFEFHTHS. O

5l 1.7.21. N2 m|n TIEF%\Wh3. minN =1 Th5. —4, min(N\ {1}) 2GS
Lz, EE p e NBEBTHNE, mp 222 meNIZLpDATHD. &<IT,
2,3e N\ {1} 2L, m|2 222> m|3 &7%% m e N\ {1} IZFHEL R,

Bl 1.7.22. maxP(X) = X, minP(X) = 0.
B 34. ZhzhErd k.

Bl 1.7.23. 2] 120<1 & WSEFEZ VNS L, min{p,q} = pAq = pg. max{p,q} =
pVg.
B 35. TNEHELID L.

B 36. X ZHFPES, a,be X, a <b&T5. max|a,b| = b, min[a, b] = a ZRE.

Bl 1.7.24. Q IZHDOK/NEBRTIEFZ Wb, a,b € Q a < b¥d 5. max(a,b),
min(a, b) 1F& HITHEEL RN,

FES, EED x € (a,0) 1ZOWT, 2 BBR/NETIRABAVWZ EATFDOLIIZL TR 5.
z€(a,b)Wra<z<b c=2f2 B,

cC—a= >O r—CcC=x — — >0

EZhba<c<z. x<bBDTec<b £oTce€(a,b) PDc<x. £oTuxldHENiT
TR, ATTIZ DWW TS Ak

B 37. mATIZDOVWTRE.
EFE 1.7.25. X 2HFHEEG, ACX 95,

1. ADERBEROESIIR/NTHFET 2L EZN%E2 A D LR (supremum) &

i96)

supa £7z1% sup A
a€A

TRT. Thbb ADLEREHKE

UA::{JJGX|:U6;]:A0)J:5‘?~}
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EH< L, supA =minUy.

2. ADTFREEKROEGITHRRITCHFEET DL EZNn%E A DTFR (infimum) & kO

inf a £7/21% inf A
ac€A
TET. I2bb AD Rk
Ly = {x€X|xiiA0)7<5'?~}

B &, inf A=maxLy4.

HE . BB, FRIZEWIZHNTHS. £72, R, FIREBIHEETNIE-ERNTH 5.

Bl 1.7.26. X ZIEFEGL T 5. min X PEETNIE supd) = min X THS. max X

PEAET X Iinf) = max X TH 3.

FEEE, min X 2 max X BEFEETNIE X L0 THE206 0 C X FERTHY, Uy =

LQ) =X k5.
fRE 1.7.27. max A BFEETNIL sup A = max A.

G, M =max A T3, ADLRSKDHETEEE Uy LEL.
BATEDES (i) £ MIZ ADERTHZ, Thbb M e Uy,

FRAILDER 1) KO M e A HoT, ADERED ER- m e Us T L M < m.

o T M=minUy, $%b5 ADLERTHS.
d 1.7.28. X 2 2lHFHEE, ACX £ T5.

(i) YaeA:a<s,

= A&
s {(ii) VeeX:(r<s—Ja€A:x<a).
ER! . ZOREO T IR2EFEETRITIIEBRIZIZEL < W,

GEH. St () s A ADERTHEZEENS>T NS,
S EMEEE R B LA () 1 Tz A A D ERESIE, s <) LI,
Fhbb (1)) s B ADEROBNTTHS I LR V>TINE.

& 38. 1. EOFEHDOEZ T X BRIEFEATHE I L 2HNTWDEM?

O

2. —MDIEFESTHE 1.7.28 D = IZK DDA I 0?7 KOO SIFFEH L,

J D ST TN IR SIX R R T K.

¥, —RDIEFES TE 1.7.28 D < FE DDA 507 YLD SIFFEHL,

D ST IR S IX R R T K.
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B 1.7.29. Q ZHDOKXK/NARTIEFZ VNS, a,b € Q,a<b&T5. sup(a,b) = b,
inf(a,b) =a TH 5.
AEAH. b = sup(a,b) THDH I L%, M@ 1.7.28 2> TRE 5.

z € (a,0) 51X a<x<bTHZENS b (a,b) DERTHSZ. T20bH b I
W 1.7.28 D&M (1) BT

G (i) ZANRES. e < b &5 d=max{a,c} B &, d<b &oT
y=0b+d)/2ecQrBLLd<y<biAd. a<dilFEETDLa<y<b Thbbd
y€ (a,b) TH5B. Flece<dTHEINS c<y. EoTHRM (1) BEVZo>TWS. Ko
T b=sup(a,b).

inf(a,b) = a B [FAK. O
B 39. FROTZxRE.

f 1.7.30. A C P(X)iZxU, supA = Jyes A, inf A =y ATHS. 7L,
A=0DEEFE N4 A=X HHKT 5. (§1.5 D Remark Zfi.)

FEHH. TIROBEZRZED. AADDEE2FEX5.

BcXﬁiAwTﬁcﬁVAeA:BcA

&BcC []A
AcA

THEINPD pen AT ADTHROIAIT, §405 inf A THS.
A=0 DL EF maxP(X) =X THS» 6 inf() = maxP(X) = X D AT O

B 40. LRV Z2xRE.
& 1.7.31. X 2lHy%a, AC X 2in%EaLd5.

1. M € X 7' A D#ATT (maximal element) TH 53
(i) MeA,

=

def | (ii) Vae€ A: M £ a.

DED, MMPADIKTHY, DO M IO REVWITIFADHFIZZRVWEESITMIFA
DMRITLTH .
2. me X » A DIB/NIT (minimal element) TH %

o (i) meA,
def | (i) Va e A:a £ m.
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DD, mMMWADTETHD, O m VNI VT ADHIZARVE ZiZm i A
DIR/NTTH 5.

@ 1.7.32. BXATCRMATLTH Y, B/Noid/NcTH 5.

FEH. a < M = M £ a. O
& 1.7.33. RNEFHIEA TRMATTIIRATTH D, M/NCIXENTTHS.

A, RIEFEATIEM £a= M > a. O

Bl 1.7.34. —MIZIEMATE, B/NTIE—E TR, NIZmin CTEFZWNS. n €
N\ {1} 2N THZZ L n BERTHZZ LIEFAMBTH 5.

EE 1.7.35. ~MOBFEAITHUTERT S 2 LEHE 0 AVA, B, FRIELE
T 556 MR, THRZ2E#RTES. X 2EHFES, a: N = X 25K 945. (ITh
& X OAFIENS) BHIOBE LM, Wl a(n) € X % a, EHE, % {0} nen,
{a,} FL&KT.

1. 549 {a,} % a, := sup{a;|i >n} € X TEDS. X OFNES {a, |ne N} D
THEZ A4 {a,} ©ERMEE W, limsupa, »%WElima, £ EL. bbb

lim sup a,, = inf{@, } = inf {sup{a;|i > n} | n € N}.
2. 5l {a,} % a, :=inf{a;|i > n} TEDD. X OWHESE {a,, | n € N} D L%
FA {a,} O TR E WO, liminf a, &2 W lima, £ EHL. 005
liminf a,, = sup{a,,} = sup {inf{a;|i > n} | n € N}.
Bl 1.7.36. P(X) DSl {Ap ey XL, 22 TEHL 7z EMIR, TR EH 1.5.9
TEHLEZDBDIFFALTH S.
B 41. XY 2HFSREG, [ X =Y 2 2ROEH, ACc X &9 5.
1. me X #ADERTHME f(m) 13 f(A) O LRTH S,
2. m=max A 725X f(m) = max f(A).
3. ERIZOWTHMARZENEZ S0 ? XY, fFIZHEYSIZEZME2DIF5 M0 E R

557
4. m B A DIBKIETH BH, f(m) 1E FA) DIAIEE 13755\ & S 2l 22615 X

R 42. X 284, P #HEp%E4, PX IR EOIEE (F] 1.7.10) 2Wihb. Fc PX &
I 5.
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.max F PFEAETHETE. ZOLEIERED 2z € X T, (max F)(z) =

max{f(z) | fe F} TH5.

MEDO e X ITHU, max{f(z) | fE F} D FETSHL TS, 2D E max F I

FIES 2 M7

.supF BPEFEETSHEL95. ZOLEIERED 2z € X ITHLU, (supF)(x) =

sup{f(z) | fe F} TH5.

MEEDO x e X U, sup{f(x) | fEF} WHEHETHLL, f, € PX % f(r) =

sup{f(z) | fEF} TV EDSL. TDLE fy=supF TH5.
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COHITIRECDEEZDHONS. IBELVWSDRBBI S IFXIZE ZITESDTOEK
DZETH5. BIETIRIERESEZ DO, TOREIRESZHONS.

O TIFFABBEANU{0} 2 NTRT. (MENCHERE LD, 05 I3EE
(726 D TIEZRW.)

EEX DS Y ANEHERENFEETI LI X LY RS vnwoT X 2Y BV
(B2 1.4.15) . ZoxtEEE WS BUHR? X EMHEEZ A7

T 1.8.1. X,Y,Z 2442 T 5.

1. X =2 X.
2. X=2Y=Y=X.
3. X2YANY=/Z=X227.

AEHA. 1. MEEE G e B
2. BEEOUEHS 2HEL
3. ERK DG KIT 2.

1.8.1 HEMIFWNEEEIIRR

FRECIRARES & 13Th, ARESOTOMEB L 3 2#HT5. 22 THhRBE LS
IR DN R A 2 HRICBIT B5kEmIE, M2 RIRICEEZ 2002 1E-o & b IER VL,
AR TVNEDNEL PSRRIV PETHS.

A EZDDTHRE (£ 0) ZHAWVWS. 2T, T4 V2L T2DIXHAKDOM
H, & UZEEEIRHNE, TROBIRONETH S,

NE 1.8.2 (Peano). 4 N ZIROMHEE AT

1. 0 e N.
2. MD%M % AIzT 5 suc: N = N DT 5.
(i) 0 ¢ Imsuc.
(i) suc I H 5.
(iii) NCN2'0€ N D suc(N) C N #A72%E, N =N.

FEE . neNIIZxtL, suc(n) 2 n+1 &EL.
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Eid, ZONHEAZTEEDHFEZIGE, HAWVIFHO (KOEARHEEZOSNS) N
Hob e, ZORMEAZTEAOFAELZIMPIL, TO XS 2ELEE N EL. 2.(ii) 2
KA HRINE D R L W S

1B 1.8.3 (BCEREE). P(n) 2 N OIZBT 2R L L, WA D oL ¥ 5

1. P(0) 122
2. P(n) "ELS5IXP(n+1) A,

ZDLE MFEDOneNIZHL, P(n) 3ETH 5.
AEEH. P(n) WEL 25 &5 ne N&hE N 2 §5.
N={neN|Pn)}
FMH1ED0eNTHE. $725MF21F, ne NiaoSiEsuc(n) € N, 2%V suc(N) C N
ThHdL\nd L. ko THFWRMEDOAI LD N =N. O
HAMOMERETIOAM 1.82 15 ZeATES. (5] S8 HIxIZRAT
5.

8 1.8.4. Imsuc = N.

n € NIIZHL, suc™t(n) 2 n—1 &L,
T 1.8.5. NiZiX, n <suc(n) (P2FHn<n+1) WMEEDOn e NI UKD LD &
DRINEFE 7720 e DIFET S, 61T, ZOIEFIXIRE A7

1. ZOMEFIE2IEFTH 5.

2. suc BEFEZHED. DFOhm<nBZoEdm+1<n+lEn52E)
3.m<nZolEsuc(im)<n. (DFEVm<nZBom+1<n&\niI&)
EIZmDEZDTIEM+1THY, m DEADOIEIEm —1Thb.

4. 0 = minN.

[ 43. RIEFESIIEWTE, B (EHT) O, AT IE—E0.

UTFoERTIE, ZhomiE 1.8.4, B 1.8.5 dW v 2 < HW 5.
INFEFTEMoTELD, Ho-OTHEA[n] ZEHL THL.

& 1.8.6. n e NiZxtL, N OUNES [n] &

[n]:={meN|m<n}
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TED B,
72, [n] RIEFEE L EXB L 2iE, LS RIFNIEN 25 ABIEF £ ANS

WE 187 1[0 —0.
2. [n+1] = [n]U {n}.
3. min[n + 1] = 0, max[n + 1] = n.
LA, (2016 FEEIF/SR)
1. 0=minN 7255,
2. m<n+lem<nBEROD. cldn<n+1 VS =X m>niEsld
m>n+1Tho, NOEFIZZIEFZ2S. £oT [n+1] =[n]U{n}.
3.0=minN®Wx0<n+1l.n+lclmsucF0ODI0#An+1. £oTO0<n+17=15
0€n+1. £>T0=minn+1].
n<n+1®WAnen+l1. Fmehnh+l]Bom<n+1PAm<<n £oT
n = max[n + 1].

ZZFETNR. [

E 1.8.8. AC[n| %o, BZmeN m<nWELEL, AL [m| ZEFAMTHS:
Ax[m]. 72720, AIZiE [n] P ABIHFZ ANS.

AEAH. n iZBITARINE. n=0D L ZIZ 0] =025 A=0=[0] TO.K.

n THT5E LT, ACn+1]={0,....n} =nU{n}D&EEEX5 ngA
DEEFAC [n] BOTRMEDIREELD OK.ne ADEEIF A\ {n} C [n] 72
D5, HIEORELY, HE m e N, m < n BPELELUTIERBHEY f: A\ {n} —
m] = {0,1,...,m — 1} PFEETE. m < nBDODTm+1<n+1ThHb. FEH
f:A=m+1]=mlu{m} %

=g

TEDB LWL fIRIEFFANCH S, O
%189. neN&FT5. AEDD#AC[n]ZxtL, min A BFET .

A 0 #ACn] &35, 5 m<n LIHFPFRM g: [m] - ADPFETS. AADDPX
m >0 T 0 =min[m]. 552 g(0) = min A. O

E& 1.8.10. [HFES (X, <) OEBDOETHRWRAEAVR/INTER DL &, ZOJERF
< 2z BIEF (well-order) &\, (X, <) 2EIE S (well-ordered set) &\ 5.

ETRZESIC, ERDO n e NIZHLU, n] ZEIEATHS. SSITRBDNS.
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EI 1.8.11. N2 KXK/NEBRTIER 2\ Wizt DIFEBHIESTH 5.

. ACN, A£0 &35 . ncA%s—225%. A, ={acA|a<n}=AN[n+1]
LB A, Cn+1]Thh, ned, BOTA, £0. k>TH 189 X0 A, 2135
INEDIFEAET S, m:=mind, B E m=minAd TH5. EE, mec A, CAPX
mecA ac AT a<nThiE, ac A, 215 a>minA, =m. a>n ThHh
E,nc A, ITEETSE, a>n>mind, =mWPZa>m. O

AE . LOMBHTR NOEEREEHFETHL I 2HVTWS (¥2T?) . #F0R->T
TERZEL-TIE, BIHFTHD I ZRLTENWT, T 6 2EFTHEL I L 28
{GELH 5.

i 1.8.12. BIHFII2HFTH 5.

AERH. (X, <) 2BHIELELTD. v,y e X T 5L min{x,y} BFEAET S, min{z,y} =
rDEEF <y min{r,yl=yDe&Fy<zThs. O

@ 1.8.13. BINEED» S O EFIIYVINZ2FD. Thbb, X BEIES - X -V B
ERHTHNE, B4 s: Y - X T fos=idy ERDB2EDVHEET 5.
LU, EED n e NIZHRU, [n] 225 O24HZEIM 2 RO,

AL Y £ 0 0BEEZEZNEE. G s Y - X & s(y) =min [T (y) TEDS. (f
WERHZDOTHEED y e Y IZNU fl(y) #0 ThH O, X »WEIEEZHS min 1 (y)
DEET 5. ) s(y) € [ (y) BDT fos=idy. O

1.82 AR&EA

INEFTICLARESGLVWIEEEZ I LD RLfioTERD, 2 I TERLEARNL
MHEE2SZTHL.
EFE 1.8.14. 4 X PHRES (finite set) TH 5

Cﬁ%é#ﬁ%i&n ENDFAELT, X X [n] LXETH 5.

HEE . ABREEDOEBZBDOAGIZIZVWAWARFENRD . WU EDE L TIEVWTd
FETHE. ZITHRREZERIIRDDOLIPTVEDZ BN, —FEHERLE VWS D
Tl

i 1.8.8 KO IRV D5,

% 1.8.15. BREGDEIEEITIERELSTH 5.



1.8 RE

75

W X 2ERES, ACX 295 EHLOVDHDEne N E2WH f: X — [n] HBFE
T5. fOANDHIBIZED A~ f(A) C[n] THB. 5 me NMPFEL f(A) = [m]
ThHHNS A [m] 0

% 1.8.16. X 26RES, Y 2865235, 28 X -V MFEETNE Y FHEREST
H5.

AL Y AQLLTEWN. [n)2X 2L, 80X Y LOAK f:[n] > X Y 2%%
Y fIIRHTHS. LoT ME 1813 L0 f I3 s: YV — [n] 2FD. (V) C [n]
Erd s(Y) RABRES. fos=idy X s IZHH. XoTY 2s(Y) 3AHRES. O

i 1.8.8 LIF & A LFBRIZRE 2 2%, RO 1.8.17 IZtDfEEE2 & A 5 L THAR

WE 1.817. mneN&T L. ZDLERMPHED LD,

1. B4 f: [m] — [n] BPFEET S & m < n.
2. B TEBRVEY [ [m] — [n] PFEET S < m < n.

FERH. 1,2 &3 < FEEB/REE ZANIXHS .
(2016 FEIF/IR) = %57

1. nIZBT2RMIETRED. n=0DLEX[0] =0 EZ02S55H f: [m] — [0] BFET 5D
Em] =0, TRbbm=0DLEDHA K> THK.
n CTHYLT2LIRETS. f:m] = [n+1]=[nuU{n} 28 ds. ngf(lm]) D%
&. f(Im]) C [n] DT f & [m)] ER [n] = [n+ 1] ERRT 5. IRIEDIKE LD m < n.
FoTm<n+1¢%0 0K ne f([m]) OEE. ZOLE f(Im]) 0D, [m] #0072
Pom>0.lem], f()=n&dTb. 0:m|—>[mlElEm-—-10HH Tbb

m—1, k=1
o(k) =141, E=m-—1

k, k#*l,m—1

THALNBEMHLE L, & fi[m—1] < [m] D [m] L n+1] 2825, f 2Hs
DEWEPSHEFTHY, ng f/(Im—1]) TH2. o THLEDOFER”AS> m—1<n L&
D, m<n+1TH5.

2. WH 1 [m] > [n] AEHTRAVET S, Le ]\ f([m]) 8 —DL5. Bl f: [m+1] =

{0,...,m} — [n] %2
oy JF(R), k<m
f(k)_{z, k=m

TEDITIHS 2T f IR, doT1E0m+1<ndPAm<n.
ZZETNRA. O
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% 1.8.18. mneNtd5. ZDLE

1. 28 f: [m] = [n] EET D < m >n.
2. BEITIRZRWERS f: [m] — [n] PEET S < m > n.
A R LV, (mo> 00X X ILEE [m] - [n] B LRV Z LIS

(2016 F£EIF/XR) = ZRT. f:[m] — [n] 22435, @HEH 1.8.13 J: D, f Uk
g: [n] = [m] 2>, fog=idp,) THE95 g l3HS. EoTn<m.

51T f G TRINE g ZEH TRV, £oTZDeEiEn<m. (g2 (R) fHxns
fd (&) BEER2 HHWVIEgDEDNLS) TIETHRR. O

FE . =>@3m=0F~ZEn=00EHLEL .
B 44. mn e N, m>n &35, 24 [m| — [n] ZEH.
% 1.8.19. X XY 2D XX DY = [m| &5 Em=n.

FEHH. REDH & [m] = [n] 75, & <IZHE [m] — [n], [n] = [m] PFETLHDT
m<n»P2n<mwypim=n. O

% 1.8.20. X 26RELGLTE. X 2n]THBLE neNZ2 X OLOBHD S\
ILBE (cardinality) W\, 1X, |X| %L KT, R 1.819% X =Y OEAICHEZII,
ZOniE X ITHUL—RIZEE 5.

% 1.8.21. X,Y 2 AMEALTE. Z0orE X2V < [X| =Y.
R 45. ZhE R

% 1.8.22. X, Y 2 |X|=|Y| ThHHAMREGLL, f: X =Y 25K & 95, RIZFEE.

ERIZ X DPERELETHEEE, B f: X - X ITRLZNS IXFEE.

Bl 46. ZhzRE. (kY b X =Y =[neLT& (BRE?) . X =Y = [n] DHA
I 1.8.17 2, & 1.8.18 2 54372 5.)

% 1.8.23. X 2HHES ACX T3 Z0LE A2 X o A=X.
i, BIREAIEZDOEBSESG & NE TR,

FEBH. < 1ZH S D,
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S ERT. AR X ETE. ZOLE A= |X| ThHE. it Ao X 2ARELRLT S
YiENHTH NS, R 1.8.22 k0 i 3. AATENLEADT A= X, O

% 1.8.24. X 25848 Y 26RELG LT 5.

1. RIZFE.
(i) X SHEEAT |X| < Y],
(i) X 2256 Y ~NOHHPFET 5.
2. IRIZFEMH.
(i) X 3AREAT |X| =Y.
(i) X 6 Y ~NOLHRHVPFET 5.
(i) X 2256 Y "NOHHFL Y 0o X NORHFPFET 5.
3. IRIZ[EE.
(i) X BAREAT |X| <|Y].
(i) X 6 Y NOBRFNPEFETIN, X 126 Y ANORRFIIFIEL R0,
(i) X 2256 Y NOBRFVIEET DD, Y 226 X AOBEFIFIAEL R,

P

A, 11353 1.8.15, Mi#E 1.8.17 X D HI S %,
2131 2% 1.8.21 XS A, 31X 1,2 X VIS A 0

% 1.8.25. X () #8EA Y 2 AREGLTH. ZD& ZRILMELE.

1. X 26 Y "OHBENIPIFETS.
2. Y 26 X NOLREWEMLET S,

AERH. R 1.8.15, & 1.8.16, fifiidd 1.8.17 & 1.8.18 K D HH S 2. O
AIRESDIREIZET 2 EARN L EE 22T TEL.
EHE 1.8.26. X, Y 2AREGLT L. TDLE,

1. XIIY 8 ARESGT | XTY|=|X]|+ Y]
2. X xY HAREAT |X x Y| =|X]|Y].
3. YX L HREST VX = |V |XL

WINHEKNZIZHS L THAS. 2, EbALHHL IS T2, ARBON, HE,
HEZLEDEIDIZERTEINIE SV IEEILENRD L. ZOHEHRTIXZOEHDIEHIX
Bz, ([5] HBIR)

% 1.8.27. X #AREALTE L, P(X) bARELT [P(X)| = 21X
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AL, P(X) = 2X. O
% 1.8.28. A,B2#HAREALTE. 2O E |[AUB|=|A|+|B|-|ANB|.

EIRED

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

fE 47. 1. AB,C zflREGFLTDH. ZOLE
|JAUBUC|=|A|+|B|+|C|—|ANB|—|BNC|—|CNAl+|AnBnNC|.

2. Ag, Ay,..., A1 ZEBRESLTSE. ZDLE,

Ual= ¥ nal- 5 |nal
1€[n] Ic[n] liel 0#£IC[n] liel
|I]| is odd |I] is even
R . Mg Ai = Usepy A ERHT N (15 HIOHERSI) Lo
2 [NAl= 2 N4
IC[n] liel IC[n] liel
|I| is even |I]| is odd

LEHIT5.
B 48. X # 0 2IHF8EAG, AC X 2 AR EGL T 5.

1. ADPEREE RS0 E S B HNIEZET K.

2. X "2 HEAETHELE, AP 0IE, max A, min A BFETEI L%, AD
JCDEBUZ B 5 ek z W TRE.

3. X MRIHFEATH DL E, AVARBIEETHER0IE, ARERTHL L
TRt

1.83 #ERES

EFE 1.8.29. 4 X MERES (infinite set) TH 5
e X FHBRES TR,
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Bl 1.8.30. N IZEREATHS. EBE, f: N N%Z f(n)=n+1TEDNE, fITHE
THEINEHTIIARV. LoTHR 1.8.22 £ NIFABRELSTIEAR W,

EH 1.8.31. £45 X & Y 3F URE (cardinality) %D
e Xy RS (X 2Y) ThD.
¥LZ0rE |X| =Y e&EL.

FE . EHZLV (X =YW I XY 2w Zeifihsiwn. £55AKK
i, BE X 2L, (BREGOLAITCOMEBE L2 L57%) |X| &wd TR 2EHK
LT ZNERELIF, X LY OREENFELVWI L X 2Y FAMBETHE Z L 2RT
EWVWIDNRELWEBETHSS.

BRFE6] 1IZHD XD, NFELWSFEME BIMR] 12&25 X o [FEEH] 2 | X| &ED
LWV DONEmBERBEZSTH BN, —MITiE, £EH X LNELREGLERITESG LT
RO,

GREADHE, | X|=n & RD2EADREKL LT [n] 2F27. AL ES1CLT, KK
EEHEDGED, BEPELVWESOT T DOEERNLEOZHEKR LT, (DFDFEL W
S AMERRDERNEKRRE —DEBRLT,) TNERIBELERT L2ON0EHENEZ X/ TH
5. W, HEDL L BELRDDTIDHEBETIEINZ,

B 1.8.32. |[N|=|N|. £, N> N,n—>n+ 103 eHH%2525.

Bl 1.8.33. B (0,1) € R X ERIKRE (0,1] ¢ R OEEES L. HEE, 54
f:(0,1] = (0,1) &

L JneN:z=1
— n+1? n
T {% Zof

CEDEDBE [IFLEHTH B,

Bl 1.8.34. BIKM (0,1) CR & Rog = {w € R | 2 >0} DEEEEL . EIE 5%
f:(0,1) 5 Ry Z f(z) =2/(1 —2) IT X DEDNIX f X4 BT,

f 49. IRD R DI EAITN U, RS2 BREICHER L TIREPEL W & 2 RE.

1. B (0,1) & BKE [0, 1].
2. BIKIH (0,1) & R.

T 1.8.35. XY AL TE. X 05 Y ~ORHFNMEET DL &, |X| < Y| 2 #L.
X| < Y| 20 |X| £|Y| ThBLE (Thbb, X 55 Y ~OHGIFET 5214 g
BHEIELRNEE) | |X| < [V] EEE, X OEEEY OEEL YRS VE VS,
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Bl1E £E

HERE . 21824 kv, AREAIZHL, ZOIRED K/NMNIBDK/NE —FHLTW5.
EREOEAIIRL, TNL O KRERBEEZROELSVEFET S.

EH 1.8.36 (Cantor). [LEDES X XL, | X| < |P(X)].

G, X =0 0 X P(X) = {0} D THHS 2.

X #0 &9 5. singleton map s: X — P(X),s(z) = {z} ZEHFTHE2H2 5 |X]| <
P(X)]. 2T, X 256 P(X) ~NOEFRIHFLELLENWZ 2 REE IV, f: X - P(X)
2EHET5.

A={reX|og f@) e P(X)

B L ALImf THD. EE ETBDOye X IR/, ye fly) DEEITy g AD X
F) # Ay & () DBEEy € ABA f(y) £ A 0
ZDRENZ BT S5tk (A Ogk) 2 A#RERE (diagonal argument) &\ 5 (&

B 1.8.53, 1.10.20 &) .
BEOAXNERIE TEE) TH5.

B 1.8.37. X,V 248, [ X 5V, Y » X 254rT5. Corx MHES
ACX,BCY T, f(A) = B, g(B) = A° £ %52 6 DIEIET 5.

SIS C X IS U F(S) C X % F(S) = g(f(S)°)° € X Itk hiEdd. F(A)=A &
BHEA ACX 2BOIFT B = f(A) EBIFIEEW.
F:P(X) = P(X) BIEF&ED, $4b5, S, T C X KL,

ScT= F(S)cF(T)

MK DT, FERE

X O EE S
A={SeP(X)|SCF(S)} CPX)
EEAD.

GEHTEES DI TEZRWD) HoPZDC FO) WA De A EXIZA#DTHS.
A=UgeaS B (B 1.730 TRALSIZA=supATH%.)
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F(A) = A %25%Z5.
SN, EEDSc AR UL SCATHEZ LIZHERET .

1. TED Se AL S C F(A).
HEBEScALTBE, SCATHY, FRIEFZESDT F(S) C F(A). £7-
SeAENS SCF(S). £oTSC F(A).

2. Ac A, 972bb AC F(A) Th 5.

FBE 1 &Y SeAmS S CFA)ENS, A=Uge, S C F(A).

3. (LD S € AITHL F(S) € A
2 S e ALTBHL SCF(S)ThHY, FRIEFEHEODT F(S) C F(F(S)).

4. F(A) C A.

H 2 LD Ac ADZ, 350 F(A) e A XoTADEDS F(A) C A

2,4 £, F(A) = A. O

f 50 (Tarski’s fixed point theorem). P ZIHFHESE, f: P — P ZIHF 2R DOGH &
T 5.
A={aeP|a< f(a)}

NERZEEDE L, a=supA &BL. a=max A THIZ LK, fla)=aTH>BZ
& % LN DJEIZ R,

I fla) FADERTHS, $hbbVaec A:a< f(a).
2. a€e A, T%bb a< f(a). £<IZ a=maxA.

3. Vae A: f(a) € A.

4. fla) < a.

5. fla) = au

B 51. X,)Y 284, [ X =Y, q0:Y - X 25495,
A={SC X |SDF(S)}
EBL. Rt

1L A#DTH5.
2. A=geuS EBLE F(A)=AThHS.

B2 BB LT Z OiE 1.8.37 DFfHHIZH 2 HIETF(A) = A 75 A %R
B —MTIEE LW (RS L f 403 g BNHEHOBE, MO LS IZT B L RD S
N6ZedbdHs. b, (X=Y, f,g L UTHEHEFEERZEZEZ NI 1S L512) ZD&
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7 AIF—EBWIZEE 2D TRV, fif# 1.8.37T TEDZHDIE, 2D &5 RNtk
BEDIHLRADED, LD exe. TEDZELDIITNDEDTH 5.

52 X,Y 288, - X > Y, 9:Y > X 25r35. £ F:P(X)—>PX) %
F(S)=g(f(S)9)cic&vEd, i € NIZH U FI(S) Iz, FO(S) =S, FTH(S) =
F(FI(S) L&k VEDD. {Salrer 2 X ODMAEEOKEE TS, 2EUA#D 2T 5.

1. g PR THBLT5. DL EWaErE.
(i) F(UySx) =Uy F(Sy)
(i) A=U;2, F'(0) L BFIX F(A) = A.
2. [RHRHTHB LTS, ZDEETRERE.

(i) F(ﬂx SA) - ﬂA F(SA)-
(i) A =2, Fi(X) £BUIE F(A) = A.

ER . EPMERLTWED, 0%, U Fi(0) W50k, Fil0) o2 Tdh
5. F20) WO EEE2EZDL5DF TR,

% 1.8.38 (N ¥ a&A v, Bernstein). XY 28G9 5. T0D& EIRIZFEE.

1. XY,
2. X oY NOHEE Y 5 X NORHMPFET S,

AL 21 AREIE LY. X oY, Y o X 2HEE TS, B 1837 kb,
ACX,BCY Tf(A)=DB, g(B)=A° £ 25LDWb5. f,g ZHEHTHE05

fla: A= B, g|lpe: B¢ =5 A°
Thd. h: X >Y %

(glpe) (@), z¢A

IZE D EDNIE b IZEHES O

h(m):{f(x)7 re A

% 1.8.39. EEOKRK/NEBRIIRE AT, XY, Z 2HEE5LT 5.

1. |X] < |X].
2. |X| < |V 22 Y] < |X| &5 |X] =Y.
3. 1X| < Y| 2o |V < 2] %51 |X| < 2]

ZEAA. 11X S A . 2 1% Bernstein D EH. SIIHEHFNOSRITEN THE I L OHHS
A3, O
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% 1.8.40. X,Y 2HAL 3 5. KIFFEAME

L [ X| <Y
2. X o Y NOBEFEWPEET B, X 56 Y NORHEIFE L 7\,
3. X5 Y NOHEHPEFELETEN, Y o X AOHEEIELEL R,

O
% 1.8.41. XY, Z #6255,
X| < |Y| 22 |Y|<|Z| oK |X] < |Z].
X< |Y|22Y C ZmsiE |X] <2
B 53. ZNERE.
% 1.8.42. XY, Z #8525 5.
| X| <|Y| 22 |Y|<|Z]| 2D |X|=|Z| moiX | X|=Y]|=|Z]. O

% 1.843. X 288 ACX L, A2 X ThHdrT5. 20L& ACBCX k5
¥ B~ X.

AL WE GRS O

Bl 1.8.44. 1 49 TR~ZE>12 (0,1)=XR TH5. (0,1) C (0,1] C[0,1]]CRERSZ
NS DREEIFETEHELL.

0, B2 a,beR, a<bMPFELT (a,b) CACRTHNIZAXR TH 2.
(DY, HFELL RV, DD, AXRTHEEI5L ACRT, AFARMAZEEZVE
S DMWEIET 5. KO ETINBZNERSWEZZLDELTAY h—ILES
(Cantor set) 2*% %.)

152 Z VT2 HH (0,1) — (0,1] Z2fE>THES. f:(0,1) — (0,1] zE@EEHL
U,g:(0,1] = (0,1) 2 g(z) =2/2 TED D &, WThdHH.

F@)° = (0,1]
g(f(®)°) = (0,1/2] F@) = (1/2,1)
FEW@) = (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(F(0))°) = (0,1/8] U{1/4} U{1/2} F*(0) = (1/8,1/4) U (1/4,1/2)U(1/2,1)

7R EHH DM
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o0

(0,1) D A= U (1271 172 229 | J(1/274,1/2%) = B € (0,1]

1=0 =0

(0,1)3AC:{1/21|¢21}fT:“>{1/2i|¢20}:BCc(0,1]

®18%. h: (0,1) — (0,1] %

h(z) = x, x€A
2¢, v ¢ A

TEDNIL h IX2 G,
g: (0,1] = (0,1) LT g(x) = /(x4 1) 2> TH UM E THIZH 1.8.33 D4
5 (D#EH) HEonsd.

1.8.4 AEEKS, EMADRE

#F 1.8.45. N L RENELVWESZATEES (countable set) &5, X 2[R
BTHDLE, X DREITEERRETCHL 2V, | X| =Ry (7L 7¥H) &XT.

NN NN

X WARESGTHE L IF, HEMIZEZEZ X OneTIiz, BRI nHIIHES %
1,2,3,... &fF i%btb)fé‘% (X 226 NANOEHEFNRH L) , HDHWE X OzE
KRB ZEMNTES (N9 X ADREHABHZ) LWL THS.

E#E 1.8.46. £H X WA REATHLINEREATHL L &, 4~ HTE (at most
countable) TH S &\ 5.

EE . AcaflTh2EAEZTRELELVI 2L HD. Z0LEF (FRTRY) W
HEH % REMERES (countably infinite set) & K&

Bl 1.8.47. EDMBM AN Neyer, = {neN|n 3MEH}, EOHFBENK Nogg =
{neN|nEZHE} BUWIhEAHESGTH S, EB, Newen = {2,4,6,...1,
Noaa = {1,3,5,...} iR L. BEIZATEITIE f: N = Nepen, f(n) = 2n,
g: N = Nygg,g(n) =2n — LIV ned 2L,
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Bl 1.8.48. BH2KZ FWHELATH L. EB, Z=1{0,1,-1,2,
%, HBHNEZ DITIT

LHEFEMTNIX IV, BRIz ATELLE, [ N> Z %

n—1 N2
_ )t nhEE
fm {%, n HMEE

viEnnd f ZEMHTHY, g: Z - N %

2 +1, 1<0,
I = =
9() {2z, >0

TEDD L gh f OHGH,

—2,3,-3,...} 2R

Bl 1.8.49. Nx N3 HEATHS. 7205 [N x N| = |N| =Rg. EE, Nx N DI

D &S IzFSE 2T L.

R 54. #l 1.8.48 DO E G52 55 NXx N —- N 2ATEIT.

B 55. fF:NxN—=N#% f(l,m)=2"12m —1) TEDZ L fIIE¥HTHLI L%

ZAyc
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# 1.8.50. HEE 2K Q FHHESTHS.

FEE Q= ZxN%re QIEMNEKTp/g, g e NERINBEEIT f(r) = (p,q)
YEDD (7L f0) = (0,1) 2F3) & fREHTHS. (p:ZxN - Q%
p(l,m) =1/m TEDNIX pof =idg.) > T|Q| < |ZxN|. Z=NZDTZxN=NxN
THY, FTREESIIENXNENZEZRS |ZxN| =R, T4bb Q| < R.

¥ NCQZZENS R <|Q. &5 |Q| = No.

BRI A B A IEIZ R 2 120, WA r € Q #BWABT plg b BELEL &
| + |g] ANZ VB DD S, |p| + |g] AR LB DIZDOWTIERARAKRE VS D2 SIE
2, FEARHIZERNIEI W, BT I0-ZOEOFHBIZTROERNEL

EWo7-BEA.

AR PR IREE IFIRE DO KNI L THUNT H 5, $ab b iR & 0 /NS 2 fERIRE
7. (RTERDERAHZET NVXRNTH L Z EHRED.)

EE 1.8.51. JRESDHPESGIIE A EELETHS.

i, N OEAESE ACNRBEXARTH L I L2 RmBX IV, FIRIX A Dz /N
WD BIHIZ 2 5 RAUT K.

LD UBBIZIE, IROESIZTEHLI V. 0#£ACNETS. ac AITHL A, CA
A, ={leA|l<a} tEDBEL, a€ A, Cla+1]7Z056 A, FETHRVWEREST
H5. Fffc: A—>N%Ecla) =|A, TEDS.

a,be A a<bleolF A, C A, U{b} C Ay 7206 c(a) < ¢(b) &72%. £o T c 3
FEROBNTH L.

c XIEF ZRDODT ¢(4,) C {1,...,c(a)} THB. EE e A, 2T5d¢, 1 <a
DT c(l) < cla). Eo2Te(l) € {1,...,c(a)}. |Aa|l = c(a) = |{1, - ,c(a)}| TH
D,ci Ay — {1,...,c(a)} EHFHZPS5R 1.8.22 &0 c¢(A,) ={1,...,c(a)}. &<IT,
meNIZDWT, BB ac AVFHELTm <cla) £527%01E, mec(A) TH5.

cMEFTHRVWETSE. mgc(Ad) Z2—DLb. ZOLEc(A)Cm|THH, AIFAER
4. (Fae A:c(a) >m)=mec(A).)

cMEFZS X e A > NIFEEHNDZ A FARES. O

B 56. ETCEDzce: A NBHEKFNTHDEZLZ2MHEID K.
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EH 1.8.52. X 20[HEL Y 2EcqBLELELTS. DL

1. XUY ZafHES.
2.Y £0 %5518 X x Y XA EHES.

A L XUY =XUY\X), XN \X)=0Thbv, % 1.8.15, & 1.8.51 &
DY\X BE4AE. 5T, XNY =0 DBEEEANEL . Y NERESD
BAEEPI LY. Y ATEOESE42%25. NS X, ¢: NS Y 2488 d
5. h:N= XUY %

), nAEE,
hln) = {g( ), n MEE

n|3

EEDIE h TR HG.
2. Y WARESGDGHEEPI LWV, YV 2AIHEEGDSE X x Y 2 Nx NN,

B 57. X 2/HEAR Y 2AREEGLT 5.

1. XNY=0233. XUY FABELELETHD I L2 RHE.
2.V £0h5IEX xY BWHESTHS I L2t

EIH 1.8.53 (Cantor). FEHEAE R IFWIHEESTIE AW,

FEAH. 1 KD NSWIER DR T, DHTR UL EEHIZON LI L2dHobNRnHED
®fk% B 95,

B={zeR|z=0ayas... (772U VneN:aqa, € {0,1})}

:{xeR

Rg < |B| & REE I

G i: N — B % i(n) = 107" TEDS LB 57T ¢ REEHD X Ry < |B].

N#mb5 BAORHAGFELEWI L2 REiEd v, 1N 5 BE25HEL,
FQ), F(2),... ZMZAEAB.

xr = Zanlo_” (7z7ZUVneN:aq, € {0,1})}.

n=1

f(l) = O.analgalg PN
f(2) = 0.@21&22&23 N

f(3) = 0.a31a32a33 . . .
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neNIZHU b, € {0,1} %

bn

0, Gnn =1,
1, an, =0

b=0.bbybsg-- = Z b,10°" € B
n=1

WZEDED,

#EZD.AERED N € NIZHU apy # by 2535 f(n) #b. - T fix@fcidzy. O
EE . ZOMMN T A OXABGRIETH B,
j: 2N 5 BCR% jla)=>""a(n)10" TEDNIFHS 2 j ZEHFTHE0 5
[P(N)| = |2"] = [B] < |R|

THY, ZZTOFHIZ N < |[P(N)] 2 0% |N| < |2V 2L TCWB 2 AaBRE S
D, ISR BLII1Z, ZZTOHEHMIZ1836 TX =N&LEZED, HD5WVILE
BL11020 T X =N, Y =[2], 7=—: [2] = [2] £ LD DIflize 57\,

EF 1.8.54. £H X LEHEARR OEENFLVWE E, X OREITIEREDREE
(cardinality of continuum) TH 3 &\, | X| =N &&KT.

ETHERBULEZLSC2N SR THED, HXIh S IFF L.
EH 1.8.55. N = |21

AEEH. N < 2N 2 RBE IV BHR R PQ) % f()={reQ|r<az} TEDS.
ryeR o<yl ddla<r<yilBRdre QWEFEHETLZIDOTre f(y )\ f(z) &
By f(x) £ fly). £oT fIRHEE. (ZZTEQORIZBIIZMWMELEZH V. R %
Dedekind QYW & UTHET S W VG201 f RUEFHRICMAS72Wnw.) Q=N
ThHolms P(Q) =220 =N, O

% 1.8.56. |R?| = [RY| = N.

A HAT R — R2 R2 —» RY 242010 LV,
IR| = |RY| 2R IX VDS, EHE 1.855 TREZLSICR22VNTHY, F/ZNx NN
EhoER 1441 &0,

RN o (2N>N ~ oNXN v oN v -
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Ml 58. it R — R2 R2 — RY 2>< 1.

Bl 1.8.57. p: (0,1] = St ={2cC||z| =1} % p(f) = > TED B L p IFLHE T
H5. (0,1]2T=[0,1]2RTHZH»5

SleToRYRxREIx TS xT>2g8l x 6!

FW TN EADRE 25D,
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1.9 ZFRAHE

R 1825 THRZESIZ, XY WETHRVARESTHD L E, X 6 Y NOHEHHTE
ETEZ2Y 2o X NOERWPEFEHET I IXEHETH -7, ARZIZES WS
EEZTHED.

W CIXRE O E THb D o 7208 T 1.10.7 26 f BEETHEZ L TS
VavEROIZILFEMETHE I VNS, BEERALTEID.

B8 1.9.1. XY 22 THRVELEL, f: X - Y 254235, RIZEMETH 5.

1. f X HE,
2. flIV NIV avERD.

AL 1=2 Z2REIE L.
fIRHEEROT, BEL [ f(X) > X »Hb. e X 2—DL 5.

o ) ye fx),
W) {330 y & F(X)

i gAY O
& AZIRDIE D 32D,

% 1.9.2. XY 2ETRVESGLTE. X S Y NOBRFPELETNX Y 26 X ~D
ERPFET .

— 1, [ PR S IXUW 2R ON? 2FEZATHAS. R 1.8.16 X% 1.8.18 DIFHD &£
20, [+ X 2 Y PR THLE2N6, HyeY I, f(o)=y BRdL5Bre X M
FHETEDT, TDES%x 2—DF T s(y) =2 ETNIEXE W, KHITES P, Zhdri
MIEPHELUN, ZOESIRIENTEDL I L ERGET 2DERAMTH S,

NIE 1.9.3 (GERLNH Axiom of Choice). IRDOEMIXFHETH 5.
N5 Al 5 % IR N IR (Axiom of Choice) &\ 5. 7z, 3 DEMEATE
% ¢ % EIREH (choice function) &\ 5.

1. [EEOEH XYW %D,

2. BTRWELSDERIZZETIZAR.
FTbE, {Xatea B, FED N €A KL X\ £ 0 TH2 LS BESKTHN
&, [Thea X0 # 0.
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3. BTIHRVELD SR DEATHEILERINBERE RO,
ThbE, {Xatea B, [EED N €A IZHL Xy £ 0 TH 2 E>RELKETHN
12, G5 o1 A = Uyep Xa T, EED X € AITH L, p(\) € Xy EmD &5 4%
DIFAET 5.

i 1.9.4. X|)Y 2B TRHRVELSLT . BRAMOE L, X o Y ~NOHBEKNBFHET
L2l Y 5 X AOERPVEAT D LIFEE.

SEHH. L b S 2 avid e Thy, UMISHENTH S. O

EORDOAIZDOVTI SRR TR VDITERAT 2 I b X b X —fi% & WTIHAT
200, EHIHES H2DTH 2N, ZOAHALN & FEH 2 WA 22 2 & h37-
KEABBENSIZ L L, ZD—ff, ZOAHERD D LEBICKTS (X5 IT&L3) 2
PAGHATETCLES (BAEDIIAF v - RLAFOWE) N5 Z2iihd (DOF
YD)

SEIUNR & FER SN BN B E RIS NT WA,

1.9.1 Zorn D&
E#E 1.9.5. X 2lHFHEEGL T 5.

1. A% (X @) $(chain) TH3
< Al X ORIEFHSEEGTHD. (X ODWMHELETH Y, RIEFBLER TR -
TWw5.)

2. X OEBOWEN LIZERTH S L &, X 2 1RWMIEFES (inductively ordered

set) £\ 5

%1 1.9.6. 1. Q IZHDOK/NEBTIER Z2\Wivd. B S H5IC Q IXRWINIEFR £ 4 Tl
AN
Qco={reQ|r<0} B, IS Qo FFWHIEHFTERSTDH 5.
2. P(X) XIRMANEFEETH 5.

M 59. LoFlOEREMNPD K.

ERRNHEREST DL (ZF DB L) WBWO LD ERFoNT WS, ZDFHEZTIE
AEATIZ AN 5.

EIH 1.9.7 (Zorn O, Zorn’s lemma). WWHIETESIIDR & H—DDMKT%
0.



92

H
s
A
op

Zorn DFHEZ DB, RO Z LIZEEL THL & L.
fHE 1.9.8. X 2 TCRVIHFPEAL TS, ZOL EZWIIFAMETH 5.

1. X BRMEREETH 5.
2. X DEEDOETHRWEIEFR RIS EEIT ER 2D,

A, 1=2 1FH S FRRTIZIE O C X P EICERTHDE Z 2B XL\ (0 132E
FHAEETHS.) B 1718 TRZLSIL, X A0 ThhE)cCc X IZGRTHS. O

WHZ Zorn DffiEZIRE T 2 &, EIRNMZRT I LN TE %, Zorn DFFEDHE NG D
FWHITHBDTIHIAL TALS.

EIHE 1.9.9. Zorn DRIEZIET 3. ZDL E (EEOLY f: X - Y 3k 2.

A X ¥ Y BEEGOBARE f=idy £ RDDTHS 2.
X, Y EHI0ETRVESEERERS. f1 X oY 2542 T 5.

S={B.g)|BCY, g: B— X, fog=1g}
L1,

I.SA0THd. F,ze X 2—2,Dy=f(x)eY &B<L. g:{y} > X %
g(y) =z TEDD &, BloniZ {y},9) €S TH 5.
2. (B,g),(B',¢yeSizxLT

(B,g) < (B’,g’)fefB CB 2 ¢lp=g

CEDDLE HSMI < IZSWZIEFRZED .
3. ZOEFIZEAL T S IXRMMIEFEEGTH S, EBE, T C S 22l R HEE L

T5.
T= |J B
(B,9)eT

EBEE, t:T > X %, (B,g) e TIZNLye BThdLE, t(y) =g(y) TED
%. t 1% well-defined TH 5. FEEE, (B',¢) e TIZX¥Lye B ThdeT5L,
T Z2EpEERDT (B,g) < (B,g) £721% (B',¢') < (B,g) D\W§ D3
DD, (B,g) < (B,¢) e LT&\W. ZDeEye BCB Thb,¢|B=gk
DTG (y) =9gy). FEOHEPS fot=17p78DT(T,t) e STHY, £/EED
(B,g) e TIZXUBCT M2t B=gTbhdm25 (T,) T OERTHS. (T
DERTHEZLETSHNSB.)
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4. Zorn OFHBE LY, S TIIBATHFET S, (Y,s) € S #iikte 3 5. f e
WHThNEY =Y Thd. EB, Y £Y THhb232L, Y\Y #0)Th.
Yo EY\Y' 2—Dr B fREHEDT f(z) =y 7425z € X DIFIET .

§:Y’U{y0}—>X7Zt
gwyz{dw,er

xz, Y =1
LB (Y, 5) < (Y U{yo),3) €S &m0 A KT 3.
]

AR . RWNIHFRSEG 2 EEORIHEFPHIRAEN EREZ2FHDIHFEES] CELRT DI
BEHD. KillT257-0, TOEHREALZTHOEZ 2D TEHPESG] £EHELIZ &I
T 5.

oz TEDS TEMHPES] BIHMNIHFPEAE TH 5%, I SLzm\wv. filx
X6 1.9.6 D Qo1& TEDSTE] TRV, LA L, Zorn OFEITE S 5 DEFHE % H
WTHED LB, LFIXFEETH 5.

1. EIRAH,
2. IEMIEFEESIZD L b —DDM AL 2R D.
3. TEDSCEEFESL] 3D —DDMKITEFFD.

TR 2=3 1 TEDHTE] RS ITRMNTHL2Z oSN TH Y, EH 1.9.9 DFE
I, S WEPERELZZehS DS TEHRPES] LR >oTWVWADT, 3=1 DA
2> TW5A.

Zorn O fi g8 o LAY 1A {5 FH 451].
EE 1.9.10. BRAHZRET 5.
R % (BRI 2HNcEFFD) AR T5. RO TFTT7IVIC RIZHL, T %

BUMKA T TIVHRFIET 5.
£ <IZ R#{0} DEE, RICIFWKRA T 7 IVDFIHET 5.

FE . RECHEAFZEESN, ROWMDPEGINATTIVTHLEIE TN RD RS
HThdrenwrZr, 2%D

l.zy2yel=x+4+yel
22.ac R, zel=axrel

EARIZTEVNIZ L. ET-mBMAKA T TV TH S LIk, WEBEBRICBEL THMATH S &
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SIHEMDATTNTHEENSHIT L, DFD

1. mCR
2 mMCICRERDESAT TN IIFFELZD

twsZ k.

. ICRZATTINVET S, I ZE50BEES A T 7 VLK
S={J|ICJCR, JIIITTI}

WAEBEBRTIHEPZ WS, S BIFHNIHFEAETHE I L ZRT .
HOSPMZ T €S ENS SADTHENS, 04T CS 2REFHMIEALTLLET
W EFREREDZ L 2 REIT L.

K=]JJ

JET

L. KeS %rY.

o T#D7EMSIC K ThH5.

e yc K32 5 J,J €T WEEL,veJ,yeJ TH5E. TIZ2EFE
GRrOTJCI DT CJDVTNRHREDLD. J CJELThw. Z0LE
r,y€ JTHY, JIATTNVEDTao+ye JCK. acR,zeK &35, H5
JeTHWEELx e JThHD. JIFATTIVTHENPSbareJC K. £oTK
FITFTNTHS.

« FEDJeTIHL, JCRTHENS 1 & JThs. £oT1gK LAY
K CR.

DEPS KeSTHhY, oMK IZT QLR 9A S BIRMNIETERERETHS.
Zorn DFFE X D S ITIEMAITT m BMFEET 2D, TNHRDDEDTH 5. O

AEHNE L 20, ARG CTIRDIRE .

EE 1.9.11. B RAHEZNET 5.
kxEKET5. E EORY MVERIZEEZED.

BEE . 59
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1.9.2 EIIAgeEE

Bl 1.74 TRZE212, FEOELSICHHRIET 2 W5 Z e TE 508, EIRAH %
RET 2 EBINEFZVWNEIENTEDLI LD 5.

ERRNMZRET DL (ZF DB L) A O IO EVRHoNT WS, ZOFEHTI
AERHIZAEIR T 5.

EHE 1.9.12. % AREEH (wellordering theorem) {EEOESIE, 5> L HFZEHZL
TR I THRIES (EHK 1.8.10) IZT25ZLWTES.

BHNES TIRBEN RN E & Ak GBRIEHE (transfinite induction) & I
EN5) WA 720, BRAHAFHAT 2 HHE T b 5.
FiFInd ZF b ) BERABEFAETH S Z LRES.

EIE 1.9.13. A ATREE L 2 E T NEER ALK D 32D,

A f X oY 2REET A KELD X CBAETEVNE I LN TELDT, @
1813 k0, f XYM AR,

O

1.93 FBRAEBERE

SR B0 S BT 1, SR AT (R L0 2R D T80 B S Ad B

2 OFITIRIRAR £ RiET 5.

EOHX DS Y ~NOREBPEETZEE [X| < Y| LB DTH-7 GEH 1.8.35) |
i 1.94 o726k %E1E5.

EHE 1.9.14. X|Y 22T WELEE T 5. IRIZIAEHE.

1. |X| <|Y).
2. X 15 Y ~NOHMBFET 5.
3.V 75 X NORHMAET 5.

EE 1.9.15. B4 BLZESGOENMEIE4ABEEEGTHL. I40bb, X; (i e N)»
A ARLREAETHNE oy Xs DRZAHRLEATHS.
ELICAREGOHREMIIEESETHS.
A X, A0 LTEv. X = ey Xi &84
% X, IF@EAAEBROTN 2SS X; NORFPFETS. & X, 1T LeH f: N - X,
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Bl1E £E

oS (ZZTRIRATEMS) . B4 f: NxN— X % f(i,n) = fi(n) K& b
BHHEWSNT fIZEHTHS. ko THEM1.9.14 9 [X]| < [NxN| =R, (FEix
DR LBIUABZ U TH 78 5.) Lihio TEE 1.8.51 &0 X (3754 i 4.

S22 X, C X ROT X, BEEATHNIE R = | X1| < |X| THB. Lid-
T |X| = No. O

B 60. X 2r]HEEL Y 2865295, 28 f: X - Y JUM 2K >Z & 2 #RAH %2
i3 R, (Hint: € 1.8.11 TRZLSIZN ZBIEESTHS. & 1.9.13 DIFH
ZEMLEX)

ETHEMo 2, ARMERIEE XN, $hbs A RME L /NS R ERIRE XA L
BODTH-7- (EH 1.8.51) . BIRAHZNE T 5 & nBMRIRE TR/ NOMEIRE T
HBHIeWRES. (ZOFHFEM 1.9.17 (REOHKAREEH) o nndn, ZOE
H 1.9.16 OFEINIZIEA U\ VB IR A (MRHERAHE) ik v, )

EE 1.9.16. FTEOHERESIAHETLEESZEL. T20bb X PWERELSLSIE
No < | X].

AERA. FAMZI, RO LS T LY. X BSIEICERRD TR ©1,20,... CHOH
LTWE, o, ECTHOHLZETSE. X DERESZD2S X —{z1,..., 2, Z DDA
Tpi1 € X —{1,...,0,} ZIOHES. ZO LI U CHEERFDES {21,...} C X
"REons.

Z Dk T EINAH & PN IRNE I X 2 BEHROERICEI D EXLEI NS [6, €FE 3.13]
DTH BN, BFENRINIEIZ LD EBRDERIIOVWTEBLALBRTEN VWS, T H
B IRRNTE Z S 7213 TIEZO T, EBRAMZ DRV W RnworR i< bhs
BRNDTIXRWRrERS.

AERNZIEFAUTHEDH Lo L AZHDOESRIZLTALD. X OFRTSEESEAK

PrX)={ACX | AIHRES}

v A
¢ PHX) = N, c(A) = |A]

EZL. X IJERESLRDOT c I E2NTHS. (DFEVEEDne NIZHL, X iEn
HOMHREZLILE2ED. EDALRTITRBANREWIEZMS. B TEMIIZ) DT
EEPITHLE T D, ) BIRAEIZED c 3UIN 2D, Gl s: N = Pp(X) 2—Dr 5.
A, =sn) BLE, A, CXTHY,c(4,)=nThbb |A,|=nThbs. (DFHHK
neNIZHU, X »otHERS n iz EALZENS L) A=, A, C X BT
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X, € 1.9.15 £ ARZEAHBEESTHS. FLERDn e NITHU |4 > |4, =n
THH06 AFERESTITRY., LoTEM 1.851 &0 AFAEELSTH 5. O

FE . FOFEHTIEEH 1.9.15 27208, AU T ERZ T2 DRV THRES.

% 1.8.39 TIREDOK/NERIIIET DRI E AT I L2 Al ERNAEERET S L,
“RIEF” THDILDVRESD.

EE 1.9.17 (BE LA FEE M, Comparability theorem for cardinalities). X,Y %
BHEETHE (X| <Y DY < |X| DWT AR LD,

G XY EBITETRWGEEEZEZ T L.
S={XY, | X cX, Y CY, f: X' = Y'I3&¥s}
YL, B 1.9.9 OFH L ARIORE S, FElIEEE L LS. O

161, 1.S#£0THBILERY.

2. SITBIFBIEFEE < %, (XY, f), (X", Y" ") € SzxL, (X', Y, f) <
(X" Y", ") & X' C X", Y CY", fI|X = f b, (ZAHIEFREHT
HBHILIEFREDTEIN.) Z0OLE, SIIEHIIETFESTH S 2 L 2 7E.

3. S OlikTLE (Xo, Yo, fo) £T5. CDLE Xg=X 3 Yo=Y ThBI L%
T

4 |X| < Y] 2 |Y] < |X]| OWFRBBELD V2D T & F R

1.9.4 FERNIHE

COHEBHTIHIUTE ITZ 2SRV BINAM 2 KET 5.
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1.10 R
1.10.1 FBEBIN3EHROEAM
1.4.4 HiOHHR.
W 1.10.1. [ X Y, h: Z > W 25HET5L h*of, = f,oh*:

Map(W, X) > Map(W, Y)

.| B

Map(Z, X) o Map(Z,Y).

2O B Map(h, 1x) oMap(Lyy, f) = h*o f. = fooh* = Map(1z, f)oMap(h, 1x)
% Map(h, f) £EFELZ DD 5. GEH» 525 X512, Map(h, f)(g) = fogoh T
H5

Map(h, f)

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

FERA. g € Map(W, X) 12X U,

(h* o fi)(g) = h*(f+(9))
=h*(fog)
= (fog)oh

(fi o h™)(g) = fe(h"(g))
= f*(g © h)
=fo(goh).

O

R 1.10.2. XY Z 284, [ X Y 25/, e Z, xge X 95, IROFAIZA
mThs.

1.

XZx gz vz g

Y.

X — >

!



1.10 A

2.
XZ fa YZ
X?Y.
3.
7Y x X &i ZX x X
idxfl Lev
Z¥xY ———= 7.
4.

7y X
er(zo\ Ao
A .
AIERA. 1. he X% ke ZizxtL,

(evo (fe xid)) (h,z) =ev ((f. x id)(h, 2))
= ev(fi(h),z)
=ev(foh,z)
= (foh)(2)
= f(h(2)),

(foev)(h,z) = flev(h, 2))
= f(h(z)).

¥ [FIBR.
B 62. 2, 3, 4 2Rt

fned 1.10.3. f: X1 — XQ, g: Y: —)YQ, h: AR B LT 5. Yki)’ﬁk@ﬁg
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H
s
A
op

1. Po(f xid)* = f*o®, Vo f*=(f xid)* o U:

Map(X; x Y, Z) —2> Map(X;, Z¥) —2> Map(X, x Y, Z)

(ind)*T Tf* T(fxid)*

Map(Xs x Y, Z) —> Map(Xo, AR —> Map(X; x Y, Z).
2. Doh, = (he)s0o®, Vo (hy)y =hyoWU:

Map(X x Y, Z;) —2> Map(X, Z}) ——> Map(X x Y, Z1)

l |1 l

Map(X x Y, Z) —> Map(X, Z;") — > Map(X x Y, Z,).
3. Po(idxg) = (g")xo®, Yo (g"), = (id x g)* o U:

Map(X x Yi,Z) —2= Map(X, Z"*) —%> Map(X x Y7, Z)

(ing)*T T(g*)* T(idxg)*

Map(X x Y2, Z) —= Map(X, Z¥2) —> Map(X x Y2,2).
EE . 1103 13RD &S ICETI L TES,

(i) EED p: Xo xY = ZIZHL, ®(po (f xid)) = ®(p) o f,
EHED ¥ Xy — ZY 1ITH L, U(yo f) = U(4) o (f x id).
(i) FEED p: X XY = Z1 IZH L, ®(hop) = h, o P(p),
RO Y: X — ZY 1T U, U(h, 09)) = hy 0 U(9).
(iil) FEFED 0 X x Yo — Z 12X L, (o (id x g)) = g* 0 B(e),
RO : X — Z2 123U, U(g* ovp) = ¥(¢) o (id x g).

% 1.10.4. 1. fin—)Xg ZHEHETSH.
(i) @i: Xy xY = Z (i=1,2) 2B5HLT5. ZDLZ,
w1 =20 (f xid) & ®(p1) = P(p2) o f:

X, xY Pd X, kY

Xl ! X2
O O
R % = ‘I>(m A@z)
A A .
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(i) ¥: X; x Y > Z (i=1,2) 254255, 2Ov %,
Y1 =1go0 f e V(1) = U(h2) o (f xid):

fxid f

Xl XY X2 XY X1 X2
O O
‘Pm A) < w\\\ ;/w
Z A .

() pi: X xY > Z; (i=1,2) 2555, ZDLE,
XxY

w2 = hopy & P(p2) = hy o P():
X
% P ‘D(Sy sz)
- A ™ zy.

(ii) ¥i: X = Z) (i=1,2) 2535 ZOLE,
Yo = hyothy & U(1hg) = ho W(yy):

Z1 Z2

X xY X
Zl h ZQ Z}/ h Z%/

3. g:Yl—)YQ %E{%K@‘%
(i) pi: X XY, > Z (i=1,2) 25He35. ZDLZ,
p1 =20 (id x g) & P(p1) = g" 0 P(p2):

idxg

XXY1 XXYQ X

5 N @ (p2) @ (1)
P1 ®2 O
A

VAL AL

g

(ii) i: X — ZYi (i=1,2) 25H%LT5. 2oL X,
1 =g" othy & W(ih1) = U(2) o (id X g):

idxg

XXY1 XXYQ X

P o
O < /o\
I
7 A

Y2 Z Yl
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FEEA. 1.(1) OART. e AR TH S, i 1.10.3 £ D P(pa0 (f xid)) = ®(p2) o f T
Hb.

1 =p20(f x1d) THLHELTBL, P(p1)P(p20 (f x1d)) = B(p2) o f.

—Ji, B(p1) = P(p2) o f THD LT DL, O(p1) = P(p2) o f = B(p20(f xid)). ©
FHHTH DD S 1 = a0 (f x id). O

HFE . 2oz 20flAadbEZE0d X< Hbhs. HIZIX, f: X - Xo,
h: Zy — Zy 258, ¢ Xy — ZY (i =1,2) 25235,

X xYy — o xoxy X, ! X,
\I}(wl)t O ‘P(ibz)l g wll O l%
A h Zo Zf 3 ZQY.

YR X, =2Y, f=h* ¢ =id T 5 LS HICHDORRIEATH. Ko TS .

7Y xy N gy sy [ L §
\Il(id):evl o \Il(id):evl & idl O lid
Z - Zs zy ™ zy

ThbbamdE 1.10.2.1 OR#MAE 2 5. (W, T4 ke 1.10.3 OFEIC A 1.10.2.1
ZHWZOT, ZHiEaE 1.10.2.1 OBEERHIZIZE B A AR > TWARW.)

fnd 1.10.5. fki X — Y, (k? = 1,2) %E%Q, 7 2RE5LT 5.

1. Pk : X1 X X2 — Xk, gk - Yl X Y2 — Yk (]C = 1,2) AR LT H ZDEE
(f1x X f2x) © (P14sP2+) = (q1s, G2x) © (f1 X f2)

Map(Z, X1 x Xa) —2P2) Map(Z, X1) x Map(Z, Xa)

(f1><f2)*l lfl*XfQ*

Ma’p(Z7 Yl X YQ) ﬁ Map<Zv Yl) X Map(27Y2)
q1x,92x

2. X1 NXy =®=Y1ﬂYé tb, Z]ng; —)XlﬂXQ,ij Yk —-Y 1Y, (k: 1,2)
2UEGRETS. ZOLE (ff x f3)o (i1, 43) = (if,i3) o (f1 I f2)"

Map(X; 11 X5, Z) — 20 Map (X5, Z) x Map(Xs, Z)
(flﬂfz)*T Tfl*Xf;

Map(Y; 1Y, Z) G Map(Y1, Z) x Map(Y2, Z).
J15J2



1.10 fiiR 103

FERA. 1 ZRT.

J1x © P14 fou OP2*)

fropi)s, (f20p2)4)

q1 0 (f1 X f2))xs (g2 0 (f1 X f2))«)
g1 © (f1 X f2)x; g2« © (f1 X f2)x)
1+ G2+) © (f1 X f2)s

(f1x X f2x) © (P14, P2+)

= (
= (
= (
= (
= (
2HFAKTH 5. O

1.10.2 FESIN2EROEHME 25N
f OFEET 2 BARD B,

EH 1.10.6. f: X - Y 254, 7 28E5L75.

(11 E (DB ZITHU, fo: Map(Z, X) — Map(Z,Y) D3 H4.

(1) f iﬁﬁf

(ii) EREOES Z 1T L, f*: Map(Y,Z) — Map(X, Z) A3 H4.
AERH. CHUMEE 73(2)(3) DEWHA TH B.

1. ()=(i) g.h: Z > X, fog=foh &F 5. (L&D 2 € Z IZHL,

f(9(2)) = (f o g)(z) = (f o h)(2) = f(h(2))

THY, fIZHEHRDT, g(z) = h(z). J:o’Cg:h.
(i)=() Z = [1] gz E> &, fo0 XU - YO g, fil 1.4.39 TRZX S
RIFHHTH 205 f B B4

xSy
evo | = Elevo

X ——Y.

AU Z&THDN, EHEPL, TABREL.
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Bl1E £E

[

1,00 € X W f(x1) = f(12) AT LT 5. Bfg: [1] > X % g;(0) = x;
EOEDD L,

(f+(92))(0) = (f 0 91)(0) = f(92(0)) = f(21) = f(x2) = (f+(92))(0)

720, fi(g1) = felg2). f« FBHEZDS g1 =g o Ty = 91(0) = g2(0) =

9.

2. ()=@{i) g,h: Y = Z, gof=hofed5 RELD fIZBRHNTHS. £oT, 1
BOyeY ITHL, b5 re X WFHEL, y= f(x) &7 5b. DAIT
9(y) = 9(f(x)) = (g0 f)(x) = (ho f)(x) = h(f(z)) = h(y)
U7z o>Tg=h.
()=() Z = 2] WIRE AR M2 X, f*: [2]Y — [2]X 1T, L o> TEH 1.4.46 &
D flxEs.
EHRTITE xpxy, xy Y = [2] 2F AN LW,
U
[ DFEET 25RO EGE.

EHE 1.10.7. X 22 TRVWEAR, [ X Y 254, Z 28527 5.

1.

A

R IR

RSN

fiEV I oY avaRD, $42b5,Ir: Y - X :iro f =idyx.
f*: Map(Y, X) — Map(X, X) »3247.

EEOESE Z 1IZH L, f*: Map(Y, Z) — Map(X, Z) 325,

fixagt.

fl3Ulr 2>, 94bb, 3s: Y — X : fos=idy.

fuo: Map(Y, X) — Map(Y,Y) hi%4.

EREOEA Z 1ZH U, fo: Map(Z,X) — Map(Z,Y) 2324,

1)
ii)
iii)
iv)
2. (i), (iil),(iv) IXFAMETH 5. 7z, (il)=(i) HED 2D,
i)
ii)
iii)
iv)

1 ()=(v) 2RRIEEV. Z=0 DBARTHNE. Z4£0DBEERERD.
h: X = 7 254235, MOMANTH#EADE5RE5K g: Y — Z &2Fhig
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W, (ZD&5%EH g% h DIRREND )

X",z
Y .

fIRHEEROT, BEL L (X)) > X 2B, 20 Z 2 —DL 5D,

h(f=* € f(X),

oly) = (f W) ye fX)

20 y & f(X)

A N (=P AR
2. (i)=(iv) ZREIE LV, frios, = (fos), =id, =id DR f, (247
]
R ER L1072k, fFRBEFTHE IV NI IV a v ERDZ EILEMET
b5, —h, f PR OIXUMERONT? 2FEZATAHDS. [: X Y BEeFTHEH, S,
ByeY IR, f(z)=y &b &5% e X BFIETEDT, ZD&S>% v & — D%
Cs(y) =z &FTNIEX IV, K5 ITESH. ..

VZ . foBS < B o VZ: 2k < 12V — 2% 4t
VZ . [l = 28 o VZ: 8 < 2V — 2% Hg

1.10.3 ZIEEE

E#& 1.108. X 2HA5L T2, X x X 26 X ~"DEH%2 X EOZIHEHE (binary
operation) & XXZ e 0HB. B pu: XxX - X 2 HBERA L RD L & u(x,y) € X
auy Loy LELILDHB.

p: X x X - X 2ZHBERE U, pu(z,y) =2 oy &FL<.

L ROMAPWTHEL &, Thabb, plux1lx)=p(lx x p) BEHILDEE p
I35 A B (associative) THD L\ :

Xx X x X% vy o x



106

Bl1E £E

DED u BFEEHTHBI L, EED z,y,2 € X THLU, pwp(r,y),z) =
w(z, p(y, 2)), $ab5 (vy)z = x(yz) RO LD ENWD T &,

ROV TH B L E, T0bb, p=pur PRV VEDEE p IZTH# (com-

mutative) THB &\ 5 :

X x X

ZEUT: X XY -5 X xY ld7(z,y) = (y,x) TEHRINDEMH. DD puhiaf
MTHdLld, ERED x,ye X 1T, plr,y) = pulr(z,y)), $HbdE zy =y A
KOEDE NS Z L,

. ROBADLE (5) O=MKew#izd 5 &5 REH

n:[1] - X

PEET B L&, TbB p(n x 1x) = Ix (n(lx xn) = 1x) WD X5 7%
N DEAET B L ¥, pldke () BETERD LV, e =n(0) € X & u Ok ()
BHIE (unit) X\ 5. WAOSABATHITH S L ¥ p BEREERD L0, e
ZHATE WD,

P ¥ X 2 X w1

s

DED e () BAiThHD L, ROz € X THL, un(0),z) ==z
(u(z,n(0)) =2) , §4bber=x (ze=2) BEHIZDENVS T &.

# 1.10.9. EHOARXR - R, (z,y)—~z+y, BRXxR =R, (z,y) = 2y VI h
LAGEH, TR LZ R D, BEAARAIFENETN0 L 1 THD. F-MEH T
2RO,

#1 1.10.10. v, A, = & [2] ={0,1} LOTHHEBE 252 5. v, A ZKEEH, ATHCHEAL
TERD. VORA T 0, A DHAITIE 1. — IIEENTEIHTE WD, E¥AT 1
2RO (1-0=0,1—1=1) .

Bl 1.1011. u: Y XY =Y 28£EY EOZHEBE L U, uly,y2) & y1 -y EEL.
ZODEBR f,g: X - Y IIRUL, B f-9g: X Y % (f-g)(x) = f(x) g(x) TE
O, f&gDERBOIE (pointwise multiplication) & L., EHEOEKTE T IX
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frg=po(f,9)=po(fxg)oAThHS:

(f,9)

f-g Y xY sy
X x X
( 9 EYXXYXIZHU f-geYX 23EEEEILTYX LOZHERNTEES. 2

AT ﬁciunélmzxo)ﬂ FOHL L, uWFEETHEHTHS

Y YY — = (Y xY)¥ Y.

(pl»qu*)_l

T, (px © (pro,p2:) ™) (Fr9) = e ((fr9)) = o (fr9) = f - g-

X O zRAUTEHAETNET S o050, & & O IHER 1 BFEA (ars, BT
2FD) THHLE, n DEDD _IHFEE AN (AT, BAT2FED) THD. 2D
X, HIZIETEBMEIZ DWW T, OB TR TH L Z o b o0 5

o Xid

Y xY ¥ xyY — (Y xY)* xy¥ YX xy¥

~ ~ ~

(nxid)«
B ———

Y¥Xx (Y xYV)X —= = (Y xY xY)¥ Y x V)X

id X (idx ) « s

— (Y x V)X p v,

Bl 1.10.12. F5EORM, B, $7405 a,b € RNIZH U, (a+b), = an+by, (ab), = anby,
WO EEZRHEFNEMIGEE D Z LT, EHFIOM, B RY x RN — RN 2@ % 5.

51 1.10.13. X 2HE5L7T5. A
c=cx x,x: Map(X,X) x Map(X, X) — Map(X, X)

i& Map(X, X) RIZREGHN TR 2R >DTHER 25X 5. Bl idy TH5. —K
AT AR,
X o X ~NORBHRAEE Aut(X) &EFL. G

c: Aut(X) x Aut(X) — Aut(X)

i Aut(X) BITHAEWTHRALE dy 2RO HER 252 5. 5612, 20O IHEA
FWLEFED. Tabb, BEROAGKIZE D Aut(X) X8 (group) &5, £H5A4
feAu(X) Dk f OWER f~1 TH5.
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X ={1,2,...,n} (neN) 04, Aut(X) % S, £EZ, n XIHE (symmetric
group) &\ 5.

1.10.4 ‘4R

Bl 1.10.14. X 284, P(x) 2d5Ee U, X OWHES
P={zeX|P)}

2FRXB. x € P50 EMBIZIE Px) BED LS BREDRETHN P(x) HEL
REPEEBRDZDEIRSPNITLN. ZOXSBEBEDP ST B L P(x) 2IKCTEES X
5 [2] ={0,1} NOEH P: X - 2] LEZBILNTES:

_ . J1, P(z)»E
P(‘”)_{o, P(x) D4

HH & 9z
ﬁ:{x€X|15(aj):1}

Thbb, xp=P Thb.

FrrACXIZHU, Toc Al LWVWHBGER 2X Ot Ab &, A DREBIE 4 (At
ANCRAQN
Bl 1.10.15. X x Y OHNELE%2E25Ze, X 6 P(Y) NDE/{EH5Z 5 1%
FALZ&ThHS:PXxY)2P(Y)X.

EE RCX XY IZHL, dR): X = P(Y) % ®(R)(z) = {yeY | (z,y) € R} IZ
F0EDNIE, ZONIE O BRBEHEEZS. W, : X - PY)IZHL, U(y) =
{(z,y) € X xY |y €(x)} ZRIETENEL V. SICROMRIIAIRTH 5:

PX xY) 2= PY)X Yo p(X xY)

HKEE,
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1, ye)

0, y&y(x)

= Xy(2)(¥)

= (x¥(2))(y

=V(xy)(z,y) = U(x«(¥))(z, y).

X o W()(2,9) = Xg ) (@) = {

Bl 1.10.16. X 254, X #0 &9 5. singleton map s: X — P(X), s(x) = {z} 2%
2%.se P(X)X T 3.
s U PX)X S P(X x X) Ik BT RES Ay THS:

W (s)

{(z,y) € X x X | y € s(2)}

{(z,y) € X x X |y € {a}}

{(z,y) e X x X |y =2} = Ax.

Bl 1.10.17. #E p: 2] x 2] = [2], p(p,q) =p-q BEZO6NTZETB. u DEDBE A
BOMEE 25 x 2% = 2%  Fhbb a,be2X 1T/, (a-b)(x) =a(z) - b(z) ICXVEZF
Ba-be2X MG EDEHEEZZD. u BHFEEH (AT, BAITTERFD) 61, K
BOHRAEZ I THD.

COHBEIFEHES v P(X) - 2X 2BLT PX) LOHBEERZEDD. TRhbD,
A,BEP(X)IEHL, A-BeP(X) % x (xa-x5) L&D EDD. SWHANE, A B
ERYETBRD xaB = Xa - XB, $HDD, xap(x) = xalz) xplx) ITED5ZA605
£

A-B={rec X|xa(z) xp(z) =1}

Thb:

XX

P(X) x P(X) 225 2% x 2X

P(X) 2.

X
LH5 A, u BEEGH (AT, BATERFD) 2o, 2O P(X) EOHEESLZ5TH 5.
f: X =Y 256235 HSMT f*:2Y = 2X Z{MBOHEE LMD,
DFD a,be2Y iITxtL,
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FHbb fra-b) = f(a) - f*0).
Ko THgIL, Nind 2EHAPEGOHEEZHED. bbb

Xf-1a-B) = f*(xaB) = f*(xa-xB)
= f*(xa) - f*(xB) = Xf-1(4) - Xf1(B)
= Xf-1(A)-f~1(B)

Y, f~YA-B)=f1(A) f1(B) TH5.

W 1.10.18. X 2848295, £4 2] LOHEHE -, V,A, — 1%, FEOHERIC LD 2X
LOBEEED S, TNIHIET S P(X) LOBEIRRTE X505,
ERD A, B C X IZH UIRDEK D 7.

1. xac = —xa.

2. XAauB = XA V XB-
3. xanB = XA A\ XB-
4. XAeuB = XA — XB-

P(X) X 2X P(X) x P(X) 225 2% x 2X
b ]
P(X) N 2% P(X) N 2
P(X) x P(X) 225 9% x 2% P(X) x P(X) 225 92X x 2%
l l <>°U] iﬁ
P(X) 2% P(X) 2.

A xa(z) =1 © 2 € AREETNEVTNEELALTSHTHEH, 1 L 2 %5
z3.

(~xa) " (1) ={z € X | ~xalz) =1}
={z e X [~(xalz)) =1}
={r € X | xa(z) =0}
—(reX|zdA)
= A°.
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(xaVxs)(r) =1 xa(r)Vxp(r)=1
SrcAVzeB
sSrecAUB

= XAuB(I') = 1

E 63. 3,4 2zt

B 1.10.19. #£H 2] = {0,1} 1T Z/2 L HRICFA I Nd. iz kb [2] Ik, &
EREES. G- TH80MEE Q1 +1=0) , BEIF2EBIIMEE (0-1=0) F&
Wo72BEAETHS.

p+yq P-q
P\ |0 1 p\g |0 1
0|0 1 010 0
1 |1 0 1 |0 1
TN BLEDIT
pP-q=pAgq
Thsb. ¥7-
p+q=-(p<q)
==(p—qANqg—p)
=(pA-q)V(¢gN D)
Thsb.

ERBOR, A& D 2% RICB, MIEE 5. X OMAEE A, BITHL

XAXB = XANB
XA + XB = X(ANBe)U(BNA<) = XA®B

THhb. [2] D, £>T 2% O, FAH, A, SEMTH 0 INES & FEED HAL
TLEHODTESOILET Y N W2 o il #EEW, SR TH D BALITERED.
(Z X 7)2 OIGE, FTyE WL, A1, ST 0 IES K OFEO R TERDOZ L
EWENPDODEILE NEPIIHLINGZEEHEIDDEZLDELOAHEN LNV &S
DHHED XS HRKRIET 2N L)
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1.10.5 SEAHED LMBIR, TR

Bl 1.5.11 % B#ICBAHED L, FHIEOEKED LEXTAES. {A )y 254
e, A=UZ, A &85, ac AL, NOBMHES I(a) &, A; Ba 2 BDES %
FEibORAELT S, Thbb,

I(a)={ieN|acA;}.

HorZac A< iel(a) THS.

(09

={a|VneN,3i>n:ac A}
={a|V¥neN,Ji>n:icl(a)}
= {a | I(a) FfERES}

-0 (0)

n=1 \i=n

:U{a|Vi2n:a€Ai}
n=1

={a|IneNVi>n:aec A}
={a|IneN,Vi>n:icl(a)}
={a | I(a) IXAREL].

2% 0, lim, 4, 1%, EREOFES i I LTaec A; 20555k al-bDHELT,
lim, A, &, BREOFERS i 2R\ Tac A, (DED, A, Paz2EE VLS 0E SN
GRETHS) 5K alzbDEATHS.
EOREHEXDESIZRZZLHTES. I(a) CN, 2% 0 I(a) € PN) Zr 5, I
% AD 5 P(N) ~DEH
A—L-pN)

at+——sI(a)

ERBIENTES.
X, ={JCNJ]ieJ}CcPN)
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Thorkirbic (o) o Ia) e X;oacl X)), $bb A =1"YX,) TH5.
£oT
lim A, = lim I~ !(X,)
— ! (an)
=TI ' ({ICN|IZmRES})
= {a | I(a) XMIREL] .

lim A4, = h_ml_l(Xn)

n

=I1"! (h_an)

={a|I(a)® FARES].

1.10.6 XS A#RERIE

7Y Y ZEEY S Y BEANDERETS. 7(y) =y &HhbdRyecY & DA
ER (fixed point) L\WH. FEDy e Y IIRU 7(y) £y THHL &, 1 IEEREZH
7272\ (fixed point free) &\ 5.

EHE 1.10.20 ([1, Cor.7.13]). X, Y 2HE£H5L T 5. Y HPEEMEF-2\VHCGH % R
D, FTROLLAEED ye Y /U 7(y) £y BB EIREHB Y Y BPEET D LT
5. 20E X056 YX ADEHIFFIEL R,

A X ADDeE2E2 NIV, ¥ X 2 YX 25HLTE. o=U@)): X x X —
Y 8L, 9405 p(z,2') =¢(z)(2). BHa: X Y %
a=T0po A X B XxXLY LY
WWEOEDS. 72720, A: X - X x X INAMERTHS. ZOeZadlmy THD.
EE, LR D a € X IZxfL,
a(a) = 7(¢(a,a))
¥(a)(a) = ¢(a, a)

THY, 7 IEXEEMERZRNDT ala) # Y(a)(a). £2Ta#v(a). O

ZDFEIHIZ BT BEmiE (o ORERL) %X A#RERE (diagonal argument) &\ 5. &

i 1.8.36 OFEMIEAEIIZIE Z OER 1.10.20 I2BWCTY =[2], 7=-:[2] = [2] ¥ L
EHDTHB.
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64 X#£0, f: X > P(X) 254U, A={ze X |z ¢ f(z)} £BK.
¥ 72, R 1.10.20 DO E xf: X — P(X) = 2X & —: [2] — [2] 12 Li#A
X
LT N5 54

a=-o0U(xf)oA: X 2 X x X XX, 19) 2 9]

BEZD.
IDEExa=aThdILzZrE.

FE.YADTHrrE Y PEECHER-LRVWEAHCESREZRE>Z e, Y BDBER
EEOZCIFAMETH S Z LICERT L, L 1.10.20 1ZEH 1.8.36 o RT I ENT
5.

B 65. Y A£D&T5. VAREREZREZLRWHSEREZFE DI L, Y DM k%
BULILRAETHS
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i
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2.1 E¥

I RT F T, FAOBEHETITATHAIDO K2 M- TEBGROEZ %2 L T\W\Wizhd, 581X
R OHE TR 5\, B OMT PR THEL <E-72 B 50T, EHOMEEIZOW
TlEZb o235 L. b, ~WEELFIORDFHEE /) —bd web IZBWVWTHED T,
DBERHNIXZNZSIRDZ L.

COHITEBIZOWTAERI L2 FHTEL. EHERRIIN? (WAVWAREZ
Fihidp 208, BIE R &AM » b 55 2 /T it oA H %2 A7 2lEp k% 5
BIRE W, ZOILEFEHRE NS,

% 2.1.1. THRAK IZ2EFREGZ2 5N TED, LED a,b € K IZH UL N OZMA5K
Dok &, K 2 2lEF% (totally ordered field) £\ 5.

L.a<biold, FEDceKiZlLa+c<b+ec
2.a>0m2b>07%561F, ab>0

EIEFERIZBNTIIEFBOBIZ B I 2 AFX R REZ T8N TES.

FER . ERBUR C X2 Rk e 25 &S RIEF 2 \\Witd 2 ik, EB, 2IEY
IZBWTIEa#£0451Ea®>>0THY,1=12>04HDT -1<0TH5.
SRR 22 K5 RIERERHZ 2 T5L,icCIlZO2VWTiP=—-1<0&R)FE.

% 2.1.2. ROEHEDONE 24T 2EFEZ2ERE E LOR THO DT, EHUK
DLE R VD,

C 1 (EHRMEOAE). ZTRWRAIEAD LIZARE ST ERPEET .

FE . “HEDO” BEWMObD &, WYREWRTEEZ D7, EBUAPHFEAET 52 L HR
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5.
AR . REFPARCSWTEEMEO AR L FETH 2 R(MEPNBE NS Lo T NS,

E& 2.1.3. K2 2HphRET 5. KPROWE (FIVFEATRAORE ) AT L&,
KIETZILFATZAHTHD LS.

e TEDa>0,b>0IZRNUTHLIERB N PFIELTna>b 5.
8 2.1.4. K z2EpARE T 5. IXFEMETH 5.

1. KIZTLVFATAMTH 5.
2. NCKIx (KizBW\WT) FIizERTARW.
JMEDe>0IZHLTHLIARB n WMFELT I/n<e &b,

FEAH. 1= 2) TUVFATAORBEIZEWTa=1 23Xk,
2=3)0<eeK&95. e£0DAMI1/e WFETD. NAERTIELRVWDOTneN
T, 1/e <n 22 LDPFLETD. n,e >072DT1/n<e.
3=1)a,beK,a>0,>0,95.a/b>0TH5s. [RELDDH2HERE n VHFIEL
Tl/n<alblisd. nb>0WA na>b. O

Bl 2.1.5. FEHELK QIZTIVFATANTHS. EB,r>0232Lr=p/q, pgeN
EFETFDL. 1< pEho1/2g<1/q¢<p/q.

Gy

HR . TUF AT AN TR RIEFARDEIA (2] 125 5.

8 2.1.6. EEARIFZTLVIFATAKNTH 5.

AFA. NCR W EIZERTRVWI L2 RmEIX L.

BHIETRES. NCRVECERTHZLTE. N#£ ) RO THEGEHEOAH LD N
I ERPEFERET S, s=supNeR &EBL. s—1<sZh5, HD5 N e NPEFEHELT
s—1<N& %5 XEoTs<N+12RHEZNV, N+1eNAEDT, ZHiE s BN D ER
ThHhdILIINKT 5. O

PABEATEE M S D TIROFFEZZFFAL TH L.

e 2.1.7. 1. FEOEH r e R EMAEBDER e > 0T L, s <r<z+eiAhlz
THER r c Q BWFET 3. T72bb (v,0+¢)NQ # 0.
2. TREDFEM x c R ELMAEBDOER e > 018U, 2 <y < x4+ e &ATHELK
y € Q¢ BFETS. Thabb (v,0+e)NQ° # 0.
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a1 %<5 Y RBEMEN eNE DL B,
l
n::max{leZ‘ Sw}

LB IDEEEDA NS << THB.

n+1 n 1

— =r— — ——>0.
xr+e€ x +é N

N N
foT 2l <z te WSHIZ B €Q.
2. FARRIZLT

m:zmax{lGZ

L pgIE, 2ot ¢ (32 4+6) N Q°.
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2.2 AR

EFE 2.2.1. X 285275,
X x X EEHR ST N7 RZBUHBR

d: X x X > R
BRDZDODEME AT L%, d% X LOEME (metric) 2\ 5.

D1 (i) R D z,y € X IZD2WT d(z,y) > 0.
(ii) d(z,y) =0 &z =y.
D2 D z,y € X IZ2WT d(z,y) = d(y, ).
D3 (ZAFRER) (FED x,y,2 € X IZD2WT d(z,y) + d(y, 2) > d(z, 2).

EE 222 FH X 2O LOHEMEB d P EA N &, Ml (X, d) ZFERZEE
(metric space) £\5.
o xye X T UFERd(x,y) % v & y OEEHEE (distance) £\ 5.

BELOBZND0NE Eid d 2BIE L THRICHERZEM X 2 ELSZ 2% 0.

EE 2.2.3. (X,d) 2z, A C X 2in%Eas 95, MBS dz2 AIZHIRL -
LD, bbb,
Ax A>(a,b) —d(a,b) eR

EEADLE, ZNE A LOBEMBEBIZLY, ZORMIZLD A IZEEREZEFEICZ 5.
OO EEZ2 I DX ST U Tl e R e &, BOBEEZER (metric
subspace) X7zI3HIZERDZEME (subspace) £\ 5.

T 2.2.4. (X,dx), (Y,dy) ZHizEME 3 5.

B X oY PER#ERDD 5 VWIEERER (isometry) TH 5 e ERD z, 2’ €
X ZHU, dy (f(z), f(2') =dx(z,2') TH 5.

X oY "OERERGHBPHFAET L L E, X & Y FHEZEM L U TER (isomet-
ric) , 5 WIRAZE (isomorphic) THD &\ 5.

HE . 2HTHI2EDDAEZEREGHREVIGELHD.
B 66. FRELDEHKIIFEGHRTHS.

B 67. MMM OEEEMRIIERERTH S.
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] 68. 1. EREBRIIHHFNTH 5.
2. [+ X - YV DeHNEEEHLOIX, f OWFEHEEREFHRTH 5.
3. X LY DEMEMELULTERTHLI S FREHB [ X oY &g Y -5 X W
TELUT, gof=1x, fog=1y DD D.

M 69. G4 f: X - Y MPHEEEZMATE, X & f(X) ZHE#EfMe LTERTHS.
£ 2.2.5. X ZFHER, r e X, e > 027 5.

1. X OWAHEE
Uc(r) ={y € X | d(z,y) < e}

x ke d 5% e OB (open ball) , FM# (open disc) % W\ if e
B runs.
2. X OEIEE
Be(z) ={y € X | d(z,y) < e}

ZRz 2R e T 2% e DK (closed ball) %7z 13EAM# (closed disc) &
W,
3. X OMnEG
Se(z) ={y € X | d(z,y) = ¢}

o Z2HLe T 5% e OBKE (sphere) &\ 5.
BIREEE . 78(1)(2), 79(1)(2), 81(1), 86, 91(1)(2)
Bl 2.2.6 (n ko1 —2 Y v FZEM, n-dimensional Euclidian space). R @ n {0 EE
R" = {(z1,2a,...,2n)|z; € R}

D2 = (21,...,Tn), Y= Y1,...,yn) XU z & y OFF# d(x,y) %

n

d(z,y) = Z(fﬁi — yi)?

TEDDLE dIZR” FOFEEKTH 5.

FEHA. D1 S22 d(x,y) >0 TH Y,z =y & 61X d(z,y) =0 TH 5.
dlz,y)=0&95&,

0< (i —w:)* <Y (wi—w:)* =0
=1
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Thdror,—y; =0 EoTzr=y.

D2 A & 7>,
DSR”ODS)JJ\?:c:(xl,.. ) Y= (Y1, s Yn)y 2= (21,...,2n) XU a; = x; —y;,
bi=vy;, —z &BL . v, —zi=x;, —vy;+yi—zi=a; +b; THHNH

d(z,y) af d(y, 2 Zb?, (x,2) az~|—b
1 =1 1= 1

(d(z,y) +d(y, 2))* — d(x, 2)* Za -I-ZbQ-l—QJZa JZbQ Zaz-l—bi)z

=1 =1 =1

I I CTHEDAESIFIRITRT Schwarz DAERZE B W2, d(x,y), d(y,2) 1d&dH
IZHATHED 0 d(x,y) +d(y,2) > d(z,2) &2 5. O

N A

8 2.2.7 (Schwarz DARERX). a4, b; (1=1,...,n) ZFEHE T2 LIROARLEXD AL

(B0) = (54) (52)

AR . R"IZBI5 (BN, 2—2Y v F) A (a,b) &/ VL4 |a

= Zazbz
i=1
lall = v/{a, a)

% f#i5 & Schwarz O AEF AL
|{a, b)| < [lall|[b]]
LAETHS.
A ST =0R5IFETO D2V Th =0THI5DTHALHIZ0 LBRVELT 5.
b2 £0ET D ATEOFER L ITHLT

OSi(ai—f—tbi)Q a2+2tZab +t2Zb2
i=1

=1
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THY, B >0THENS, WHREEXS L

(Eee) - (£4) () =

N A O

CDEHE -2y ROEEEE W, R 22 DOiF#EE 52 THE S NS IEEEZEM %2 n
Wota—2 )y RZER 2\,

n=10D&&
d(z,y) = V(z —y)* = [z —y|
Uc(z)=(x —e,x+¢)
Se(z) ={z —¢e,z +¢}
n=20&%

U((z0,%0)) = {(z,9) | (z —20)* + (y — y0)* < £}

e e e g

2.1 Uy((0,0)), #i 2.2.10, 2.2.11 28

B 70. 12 —2Vy REFMR PSS ZTNHEANDEREBEHRIIED LS E00? (X
30,1 DEEFRTHAL.)

Bl 2.2.8. 2,y € Q (BHDWVIX Z) iU, d(z,y) ER Z d(z,y) = |z —y| LEDBD L, d
X Q (H2\WVIX Z) LOHMBEKTHY, ZOHHIZLY Q (HE\WVIEZ) I (1 R —
70w RZEH R O5) R TH 5.
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5 2.2.9.
R* := {(xl,acg, o)

o
r; € R, Zx12<oo}
i=1

35, TiHbH R OJIEEBH {1;} TH > THRED 22 BINKHT 2 £ D,
T = (371,1'2,...),3/: (y17y27~--) c R® iZxf L

d(z,y) = Z(fﬂz —yi)? = J”h—{go Z(ﬂfz — ;)2

TEE AT R FOEMEKTH 5.
(R® Z iy &FELZEBEZ V. FER® LWHEHFRNOBKRTHONEGZ LEHZHD

AERH. 3 d(x,y) ?¥ well-defined § 72D BRI D (z; — y:)? PIORT B Z L %2 RZES.
Sn =y (wi —y)? &BLL s} FHEFAWMTHS. nikot2—2 Y v NZEMR" O
3 (1, ymn), (0,...,0), (Y1, -y yn) ICHT B =ZMAELDNS

2 2

0<sn=(vsn) < (sz“r\lz(if) < (JZ‘”Q?LJZ?JQ)

THDP0 {s,} FARTHS. ToTPHT 5.

I D1, D2 2ATZEIIHONTH S, “MAEREALZT I LIXEEFERBRIC n
Koua—27Vy REMIZET 2 =ZMAERNEEZZATETOMREZE DI ETRTIENTE
5. O

M 71. EO=MARER2RE.

5l 2.2.10. R* 2B\ T

d(z,y) = max |z — vl

ZEZ5E R LOFHEKTHS. (ZOHBIZFzESY = 7R (Chebyshev
distance) & ki3 ZEH3.)

ENH. D1, D2 120 5 2.
FED1<i<niZ2O2WVWT |z; —y| <d(z,y) YLD, £oT
d(z,y) + d(y, z) = |z — yil + |yi — 2] = |25 — 2.

L7=h->T
d(x,y) +d(y, z) > max |z; — z;| = d(x, 2).
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n=20&&U(0,0)) ={(x1,x2)| max|z;| < e}.
i 2.2.11. R" I2HBWT

d(z,y) = Z |z — il
i=1

TEFEERAR T H 5. (Z Ok~ /vy 4 VB (Manhattan distance) & XiEh 3
ZENHB.)

FFHA. D1, D2 128 5 7.

i=1 i=1

n
Z(m‘ =¥l + lyi — i)
i=1

lx; — z;| = d(=, 2).

M-

S
Il
—

n=20&&U(0,0) = {(z1, z2)||z1]| + |22| < €}
R 72. R IZHWTHI 2.2.10, 2.2.11 IS 2 2 & 2 Z 54 k.

Bl 2.2.12 (HEERIEREZEM], discrete metric space). X 28EA5L 5. Bfd: X xX - R
%
d(z,y) = {(1)’ ’ f Y
) r=1y

CHEDBE dIE X LOEMEEC S, (FEE81(1) 2.
(X, d) %= BEEEREZ2 [ (discrete metric space) £\ 5.

U.(z) = {{x}’ ==l

X, e>1

0, e#£1
Se(@) = {X—{x}, e=1

Bl 2.2.13 (p EEFFHE, p-adic metric). p 2EH LT 5. 1 € ZITHL

o (1) = {max{n€Z|n20, p"|l}, 1#0

00, [=0



124 2 FE AR & A AH 22

EBLIA0DEE v,() W pt|l, p"T fle%2 k5 neZ THhDS. Tiabbl%2Hk
N fRLT-E ED p DEEE.
dp: Zx7Z =R %

—vp(l—m)

dy(l,m)=p

TEDD. 722U p =0 ,WRTZ. d, $Z EOFMEKRTHSD. ZOHEE p
RAREN

AEAH. D1, D2 3B S 2. D3 2% 5. £7
op(l+m) 2 min{uy(1), oy(m)}
THBHILIZEETS. RS I p" T, m D pk TN [+ m 1T prininkl g

NENRS. p @ dz LU THBRDTH S Z 2 IcEET L

do (k. 1) + dy(1,m) > max{dy(k, 1), dy(I,m)} (£5 5HIEEFEHS)
— maX{p_v”(k_l),p_vp(l_m)}

— p— min{v, (k—1),vp(l—m)}

> pop(hmitl=m) — dp(k, m).

R 73. -0 D1D2 %5t
M 74. LOHITp=2D5%2EZX%5. neN&T5.

1.1=0,1,2,...,10 iZ5 U da(1,0) %K &.
2. da(27,0) B LV dy(2n — 1,0) &3k &.
3. 81(0) BEUU,(0) R k.

4. Sy /9n(0) BEV Uy jgn (0) kD &.

HE . oL, SARERL D BIEWAER (GBI =ARER)
max{d(z,y),d(y,z)} > d(z,z)

ZATZLTWS., ZO&KDLEMEZIETIVF AT ABIER (non-Archimedean met-
ric) £\ 5.

B 75. X 26L& 95, B8 d: X x X - RDPIEA (Vo,y € X, d(x,y) > 0) T, #@pE
H=ARERE AR, ZMARERE AT I L 2RE.
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HRE . ZOEMIE QITHETES. B v, Q\{0} > Z ZLATFTO LS ITERT 5. (TR
DO THRWEHE r & r=p"s/t, (n,s,t €Z, s, t & p THNGZWV) ERE, TDnldr
W& —FIZEES. vp(r)=n &95. £720,(0) =00 LEDD (p ENHH).
d:QxQR%
dy(l,m) = p~r(=m™)

TEDD. 122U p > =0HHKT 5. d, 13 Q LOHEMEKTHS. ZDHiEx p EErE
AR

AEHA.
op(l +m) = minfu, (1), v,(m))

THbHILrREE HLIXZDOLE LM | =prs/t, m = pFu/v T s, t,u,v € Z 1%
p CEINEWE T D, n<k&LTHEEEDR.

[+m=p ¥+pkﬂ
B U
= (G40 0)
_ L US + tpF Ty
B tv

THDEIN vs +tpF"u € ZHDTus+tpP"u=pw £ E IS, 2ELewcZ,e>0,
w ik p TENBRNY. LB oTl+m=p"Tw/tv &80 tv ik p TENRNZ LITER
T v,(l+m)=n+e>nThHdILDFN5.

]

Bl 2.2.14 (/NI > Z##E, Hamming distance). X 28£4&4& 95, z = (21,...,7,),
Y= (Y1, yn) € X7 IZHFL,

d(a,y) = 4{i [ #: # yi}
LEDDE di X" EOFEBEKICRS. oY /NI Y ViR (Hamming dis-
tance) &\ 5.

B 76. TNHHEEBEATH S Z & 2RE.

Bl 2.2.15. (X;,d;) (i = o) ZEREEZER T 58 (21,...,1,), (2),...,2)) €
XX x X, IZRLUT

Lo/ diwi, 7))

2. max{dy(z1,2}),...,dn(zpn,2))}

n
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3 Zz 1 (’T“ z)
TEEAMEHITVTND Xy x -+ x X,, LOIHEMEKRTH 3.
B 77. ED 1,23 R TH 5 Z & 2RYE.

RS 78. X ZEEREEEEM 35, #l 2.2.15.3 TEZ oS X" FORMEAKE NI VT
HEE (B 2.2.14) L OBRERHR K.

£ 2.2.16. (X,d) 22N, AC X 22 DETHRVENEAL TS, DL E

0(A) := sup{d(z,y) | 2,y € A}

(ZELIZDWTIEBIER S §(0) = —c0 L EZ D)

% A DER (diameter) &\ 5.
&
§(A) < oo TH B L E AIFER (bounded) THBHE WD,

B 79. AC B7%5IE5(A) < 5(B).

Bl 2.217. 2—2 Vv RZEBOR 2 = (21,...,2,) ZHDETEEE r(> 0) DFAER
U,(x) DEREIX 2r TH 5.

AEH. D 2 Ky, 2z € Up(x) I22WT
0<d(y,z) <d(y,x) +d(z,z) <r+r=2r.
UL7oT0<6(U,(x) <2r TH5%.

FEOEDOE e < 2r 2L R™ O 2 £

€
Ty = (xr1 £ (r— Z),xg,...,a:n)

EBEADE dxg,x) =r—e/47Z05 xy € Up(x). dlxg,z_) =2r —e/2 > 2r — e,
£oTHU.(x)) =2r. O

L BOEHEMICZBVT (U (2) <2r THBZ LD EOFEHDARE LD 505
7b>, %ﬁ IBTUHMIT D LIENE SR,

B 80. ETHEAMT LAV, Thbb §(U(x) < 2r £ 5H%%T &

8 2.2.18. (X,d) ZFEHEZEH, AC X 2ZDETHRWHAEGL TS 20 E AN
Ao AEDRre X 1ZHL, 2 r >0 FHELTACU,(x) L7425,
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FEH. =) d(A)=s, 2 € X &95. ac Az—2lEETS. r=s+d(z,a)+1&795
L AERED o € AITHU

d(z,a") < d(z,a) +d(a,ad") < d(z,a) +s<r

Zhroad eUp(r). oTACU(x).
<) ACUp(z) 2olX 6(A) <6(U.(z)) < 2r. O

M 8l. AVAR & Hdfire Xk, Hdr>0MFELTACU,(v) L5,

M 82. (X,d) #IFMEZEM, AC X 2 DETHRVWERINELGLTE. 0L E AlXE
RThsrZ ezmrt.

EFE 2.2.19. (X,d) 2@, A, BC X 2T DETRHRVENELGLTE. 20L&
d(A, B) := inf{d(a,b) | a € A,b € B}

AL B O &\,
YIZAD o e X hohdEa A={2) ThHBL=Fd{z},B) % d(z,B) &
EF]NWT, ({2} & BOHfe WbTIZ) 2 & BOEEH 2\,

d(z, B) = inf{d(z,b) | b € B}
Tho.
HOEMZANB A0 251X d(A,B)=0Td3H, HIE—MRIIFEL < 2\,
Bl 2.2.20. 2kt —2 Vv RZER R2 OHRES A, B 2RO LS ITEHT 5.
A={(z,0)| z € R}

() 1o

DL EIEEDODEDE x 12X L

d(A,B) < d ((:c,O), (a; i)) _ %

THBENS d(A,B)=0ThH5M, ANB =0,

RS9 83. l.reRETE. [FEEDEDH cIZHLr<eThr<0ThdIl%
e
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2.

EOBRBOES, ThbL, AROEDH 2 IZHL d(A,B) <1 a5,
d(A,B)=0Th?ILirt.

R* 84. (X, d) AHEMEZEIIL L, PT(X) T X OB THROERIBMES 2 KO BT AL

*T:

PHX)={ACX | ARHRES}

A, BePf(X)IZhL,

d(A, B) = max d(a, B)

ac

LEDD. 272U d(a, B) = inf d(a,b) (= mind(a,b)) TH 5.

A

beB beB
d(A,B)>0T®Y, d(A,A) = 0.
d(A,B)=0< A C B.
d(A, B) = d(B, A) l&/& 0 1 2H?
d(A,B) 4+ d(B,C) > d(A,C).
du(A, B) = max{d(A, B),d(B,A)} &5 & dy 1& P (X) LOEHEBEET
»%

dp ¥ Hausdorff i & K1XN 5 (£ DORRIRBETH 5).
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23 HRES, EHOED S UMHE

T 2.3.1. (X,d) 2EE#ER, O C X 20 HEALT5. 20L&
O 7 X OF%A (open set) TH 2 < EED 2z € OITXHL, HBIEDH ¢ > 0 D7

ELT Ul(z) CO L7253,

Bl 2.3.2. BAEK U, (x) EZHES, < 1ota—2Y v FZEHE R ORKXIE (a,b) (&5
£AE.
FEHH. y € Up(z) 95, d(z,y) <r THdhroe=r—d(z,y) tBLLe>0Th5.
Us(y) C Up(z) Z2RZED.

2€U(y) &52Ld(y,2z) <e THEN"H

d(z,z) < d(z,y) + d(y, 2)
<d(z,y)+e
=d(z,y)+r—dz,y)=r

720 zeUp(x) THS. £oTU(y) CUp(z). LA > T U, () IFFAEA.
1ot —2Yy REFRIZEWTHKXH (a,b) & (a+b)/2 ZHb & 55 (b—a)/2
DHERTH 2D LHESTH 5. O

£ 2.3.3. X 2L d5. X OEAREK» 505 P(X) OWMIES
O={0]0 ik X oB%Es}

AEAD. O %IEH d DESD B (topology) ¥\ 5.

TR 2.3.4. (X,d) & HEHEZER, O 2HEEEd DD DAY $ 5 LA D VLD,

01 X,0eO.
02 Ol,OQEOiOlﬂOQEO.

O3 {OA}AeA cCO= U O, € 0.
AEA

AHA. Ol X € O BHHS D, 022w Tk oz € ) &5 o WEAELZ VWD THEAT
H5.

022€0,N0y &T5,,i=121220WT,z€0; T, 0, IEELEENPS, HBIE
e WIFELT U, (z) CO; 7%, ¢ = min{ey,en} B &, e >0ThHDY
U.(z) C U, (x) THE05, U(x) COL1NO0s. 5T O N0y IXFEA
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032 €Uy Or £FBE, 85 Ay € ADIHELT 2 € Oy, Oy, HBEATHZ N
5, BBEDK e WEELT Us(z) C Oy 2783, Oy C Uyep Or THED S
Uo(2) C Uyep Ox 870 Uyep O BBSEATH B,
O
W 02 B SIRRIEIZ X 0, AIRMEOISES OILBE S IXIES L BB 2 LB B,
SRR T I — I 122 5 TR, (RORTESR.)

FIREE . 85(1)
EE 2.3.5. HHEEEMIZBWTI, O D HES < O IZHROMES.

FEAH. <) ETRZ XS ICHRIIFHESTH S0 5 EH 2.3.4 03 & h ZOMES XM
£5.

=) 0 2HEAL TR, FED 2 € 0DV THDBERM e, BWFELT U, (z) C O
7%, x e U (x) ITHERLT

oc |JU.(@co,

zeO

FoTO=U,(x). O
EREs& . 81(2)

E 85. 21—V v F% R” OfnHEE

H(ai,bi) = (a1,b1) X -+ X (an,bp) ={(x1,...,2n) ER" |1 <Vi<n:a; <x; <b;}
i=1

BEESTHAE I a2 RE. 2hae R DXL WS,

M 86. (X,d) ZFFMiEM, x € X £95. E.(z) ={y € X |d(z,y) >r} Z X OFEA
ThdILzmrt.

—DODRE LORLDIHHEBAFE CAHEZEDD I L H 5.

B 2.3.6. ] 2.2.6, 2.2.10, 2.2.11 TH x 517z R* LD
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n
= Z |z — il
i=1

2EZD. 0,01, O 2ZNENd, dy, dy DEDBAHETEHE O=0, =0, TH5.

GERH. O =01 ZRZT 5.
EED z,y € R"IZD2WT di(z,y) < d(z,y) < vndi(z,y) THDHI LITERET L. &
BAERED i 122\ T

— il = V(i — y:)? —y;)? =d(z,y)

1= 1
THDM6 di(r,y) = max |v; — y;| < d(z,y). EERED i IZDWT
(25— y3)* < (max |z — yi])? = di(,y)°

THLEHNH

=1

d(x,y) = J Z(:E’L - yi)2 < J Zdl(xay)2 = \/ﬁdl(xay)

PRt dy (2B BFAERE UL (2); TR
OcO0tdsd AEDzc OIZRULDIERr WFEMLELT Uy (x) C O 5.
e=r/yn&BELLe>0 FEDy e U (x) ITHL

d(%,y) < \/ﬁdl(xay) < \/ﬁg = \/ﬁ?‘/\/ﬁ =T

Zr6yeUy(r). £oTU(z); CU(x) COTHH O Oy. LEA>TOC Os.
W20 e O THNE, TED 2z € O ZHULBHLELH e WHEELT U (z); CO &
5. di(z,y) < d(xz,y) THZH»5 Us(z) C Us(z), %D O € O THSB. £oT
01 CO. DS O =0, REr.
O =05 % d(z,y) <ds(x,y) < nd(z,y) \TEETHLFRKICRES. O

M 87. EOARERX d(z,y) < do(z,y) < nd(x,y) Zmt.

B 88. £4 X LO DD HEE di & dy &M% [IM,m > 0,Vz,y € X :
mdi(z,y) < ds(z,y) < Mdi(x,y)] AT Ed ~do &ELZEIZT 5. HE#Ed; 12
B9 208k % UL (2);, Bl d;, DEDB0M%E O; & &EL.

1. Bk ~ IXFMERERTH 5 Z & 2 RE.
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2. dy & do WERMGXxEATETE, ZOLELEDre X LEED e > 0I1TX L,

Umg(x)2 C UE(SIZ’)l
Uﬁ(l‘)l C UE(CE)Q

ThHhbdILZRHE.
3.d1 ~dy THDLEINSDEDDAMIFLY, $74bb5 O =0, THDHI L
A

f 89. #i] 2.2.15 12HB1F B X x---x X,, FO=ZDDIFEHEAMDED AAiMIZENEEL
WZ & Z2RE.

B 90. R" iIZ2HW\WT, 2—2 YU v NEEEEDOED % AiMH & BEEEERED 2 2 (7 HIF R0 5 Z
et
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2.4 f(IMEZEME

B CHMDOED 2R E VS B DEEA L. TOMWHE (Thm. 2.34) 2B LIZRD
EREDIAD.

EE 24.1. X 2HA295. X ORDEADK O (§74b5 O C P(X)) MRD=D
DZM 01,02,03 24732 & 03 X ITBEEEDZ LV, #l (X,0) ZAHZEMH
(topological space) £\ 5. JRELDOBENDLRNE Eid O 2EMEL T, MiMHZER X &
FHLZEDBZ W, F2, LIELIK, O DZ 2% X OfIHE (topology) & & .5

01 X,0 e 0.
02 Ol,OQEO?OlﬂOQGO.

03 {OA}AGA cO= U O>\ c 0.
AEA

O Dtz X DFE%EA (open set) & L5,

FE . HEMAROEE IR X512, 02 o RMEIC L0, GIRMEDOBHES O L@
SRR GLRBZ 375%975%753 ﬁﬁiﬁﬁil'& X—MIZIEZE S TiEZw.

TR . UFBLBVIRRE2E LW, 5 IMHEZED 5 HiLIXHEGHEEED 5
DAz E WA WBEDH L. DD, X OAHEZERTOIZO &5z HELT, 10
DEDBNAHT] E\WVWo72EVWHETEIEHL. ZOEBETIIZVTVDEE, OD
e RAMHE IR EIZTS.

{ﬁu 2.4.2. Thm 2.3.4 »» SEREEZEHIZBEWT THEOE D BA60H] IMMETH B Z &b
TR BEIREEER] X 2B AHEAORKIE X IThHEED 5.
LXT, RIZZ LoV E D 2] X IZEE O DA X 0 AiFHZE & &
25,

Bl 2.4.3. X 262925 HEGPX) ZHEoM X IThMHEzEDS. ZOMH%E
X OBERAIAE (discrete topology) &\ 5.

Bl 2.4.4. X 2841275, O={0, X} 1T X Ichifz2EDS. ZOMMHE X OBREN
¥ (trivial topology, indiscrete topology) &\ 5.

Bl 2.4.5. X 28595,

O={ACX| A RERES) U0}
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L5, O X ITAiHEZED S.

AEHl. O1 X =0 3AREADPA X € O.

02 A1,A5 € O 25 5. Ay, Ay VTN DEELDBEIE, AiNA, =0 € O.
EHHELEELATIHRVES, A[,AS EB 6 EHMEAR. KoT (A1NA)° =
ASUAS BERES. LzdioT A N4y eO.

03 A\ €O £T5. TRTDAEAIKL, Ay =0ThhiF, | Ar=0c0. 553
AEA

Mo € ATHL Ay, # 0 THEEHA, A, FEREATH .

(U AA) = (1 45 C 45,
AEA AEA
THENS, (Unep Ar)° EHRES.

O

&<z, X =R 04, ZOMMEZE R OHY X% —4148 (Zariski topology) &\5.
(V) 2% —(HHIERIZHNDOE NI TERSI NS, REEMPDOREZHOZ L)

INoDHINSHDLNDE LI, —DDES X ITABMMIE—D721F LIFRS 7.

#F 2.4.6. X 25885, 01,0, # X OHitHE TS, O C Oy THB L E, fitH Oy 1347
Oy & D5 (weaker) F721FH W (coarser) , H 2\ &, fitH Oy 136HH O L D&
L (stronger) X7z (finer) & \Wo T, O < Oy & EL.

DEOHEED T TADH D[RO,

HESMPITAMHOMR L, BE X ITAND Z ORI MHEERIIETEGZ 5 X, %
AN RS, T7405 ZOIEY TR/ANDMNHETSD O, BEEGHEP R, $70bb 2 DJHF
THRARDAMHTH 5.

FEEEL . 124, 125, 127, 130.

B 91. X BERESD L &, Ex. 2.4.5 OMNMIZHSNAHTH 5 Z & 2Rt X HMERE
GEIXEIM?
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25 F&EE

T 2.5.1. (X,0) 2AiHER, F C X 2M0HEALT 5. ZOLE
F 3 X OFR%KE (closed set) TH 2 < F WS FC P X OEATH S,

T 2.5.2. F={F|F & X OH%EA } dkEAR=T

F1 X,0 e F.
F2 I, Fh e F= FLUF, € F.

F3 {F)\})\GA CF= ﬂ F\ e F.
AEA

AEHH. O1, 02, O3 &b

F1) X¢=0€0,0c=X € O.
F2) (Fy, UF)*=FfNFseO.
EF3) (NFy)° = U(FY) € O.

O

FE . F2 ItV ARIEOHEGONMESIIMEATH L Z B nh 50, HREDOG &
F—iziEE S cldawn. (a0 L 22251

HESHEZIEET AL ThNIHEZEDD Z N TE 5.

EH 2.5.3. X 286295, X OHAEEDOHEF BEH 2.5.2 D=D20D5M F1, F2,
F3%2A-dTET5. Z0LE X ODESESDR
{OcCc X |0°eF}

F X M EED, FIRIOAMMIZET 2HEAERAKTH 5.
E72, MHZEMOHEGEEN SO ZD LI IZ L TEDAMITS L OfitHE —3T 5.

FER. WS B O

Bl 2.5.4. BEREZEHIZBE VT 1 ROADPS L DHAE {o} BIAEETHS. Lo TF2

LD ARBDEEGEHEATDH 5.

At {2} =X — {a} PHEATHLZ 20 A X0,
yeX—{a}eddta#y £oTe=dxy &B<Le>0ThbO, HSMIZ

€ U(y). 2T U(y) C X —{z}. O
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Bl 2.5.5. X 2BEZEEE T2, B (2)° = E,(z) ThHoHH5M 86 £ 0, FERIZHEL T
H5. LT LYGEL—2 )y REBR BV CHEBIZHESTH 5.

Bl 92. FHEEZEMIZ B W TCERE S, (z) IXHEATH S Z L 2 RE.

[ 93. 2—2 YU v FZE[H R™ DD EE

[[lai,bi] = [a1,01) x -+ X [an, ba) = {(21, ..., 2n) €ER™ [ 1 <Vi<n:a; < i < b}
=1

BHHEATHAZ L2 RE. Z2hE R O E WS,
HE . X,0 P OEHEETH L. F-HESTEHEATLR VWL EELH D,

B 94. 1 oca—2 Yy FZEM R OPRKM (a,b] 1da < b6 ITHEGTELHEST
20,

RIRESE . 83(1)(2) 84(1)(2), 132, 133, 134, 135
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2.6

s

EF 2.6.1. X ZAHEME T 5.

LUCX z2HnEs, reX &35 ZDEZ

3 ==
3
= .

U H x DiEfE (neighbourhood) T» % S € OCUt%dL57% (X D) H
£E O BMFET 5.

I, M 2 BUHES Xz DEFETHS. v 2ECHEAZ v DRIERE (open
neighbourhood) &\ 5.

r DEHBETHOHESTH 2B D% v DRAERE (closed neighbourhood) &
W,

)

Ux)={U C X | U &z Dt}

% x DIEfER (system of neighbourhoods) &\ 5.

AU CX 20 EGETE. Dk E

U » A DiifE (neighbourhood) TH % < ACOCUE2E57 (X D)
A O BMFET 5.

EEDERISNAHIZE EDVWT WD, HEEOED S (iHZEE R % & &, IR

575 5 TWT b AT BT i U(e) 1308 5.

Bl 2.6.2. BEEEZERMIZEWT, e30fE Us(z) (2720 e >0) iZz 250HESRDT, ¢
DIEFETH 5.

ARG ITESEZHWTRED T 6N 5.

EH 2.6.3. OCX 2HNEELTS. ZOLESRIIFEMETH 5.

L. O BH%EETH 5.
2. FED € 0L O € U(x).
JMEED 2z e OITHL, BB U cU(x) WFIEL, U CO Li35.

GERA. 1=2 =3 IXHH & 7.
3=1%2mR9. 2€ 03B, RELVDU, CO &%da Dl U, WEHLETD. L

EDRE

#rorxe0, CU, LRZ2M%EE O, PWFIETS. HONZO0, COTHD. &
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T €EO0IIR/LZIDLS>RHESO, 2L DL,

O=J{z}c|JO.cO

z€O €0

THENS, 0=U0, 750, HEAGONESRDT, O REHES. O
B 95. BREEZEMICB W TIE, U e U(z) < Je > 0s.t. U(x) C U.

# 2.6.4. X BNMER, e X 2L, U(x) 2 2 DEFHERLT D, ZOLE
M*(a:) M x ODERNEFER (fundamental system of neighbourhood) TH %

L0 W) cuw
(i) (EEDO U eU(z) ITHL, 55V eU*(z) BEELT,V CU &5 5.

ER . BEAREERIE 2 128U —EWIZEE DI TIERL.
5l 2.6.5. X ZHH#fZEM, r € X £ 5.

U*(z) = {Ua(x) | = > 0}
FEAEHERTH S (] 95 ZH).

U™ (z) = {U (x) ‘ n e N}

3=

FHEEREERTHS.

FERA. UM () C U(z) 1ZHT S Do
EREOU cU(@) T/, 95 126db2de>0RFHELT U () CU %45, 1/n<e
YiBneN%2enE Us(z) Cc Ulz) CU. O

U™ (x) = {B%(x) ‘ n e N}
FHEEAMHEERTH .
B 96. LD U™ (x) BEALHERTHE Z L 2RE

R 97. U*(2) & x DEAEER, U (2) & U (z) DEHEELT 5. [LHEO U € U ()
ISR, 5V e U (2) BFELTV CU £RBETE. 20 U™ (z) Ik v D
KEHERTHS.

# 2.6.6. fIfHZEMH X DE—AE N (first axiom of countability) % A7- 7 e
E B0z € X W~ ATRUE O & 72 B AR R 2 R 2.
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Rl 2.6.7. FEEEZEFIEE B AR E AT O
Bl 2.6.8. 2kt —2 Vv RZEM R2 IZBWT,
{(x —eg,x+e)x (y—e,y+e)|e>0}

A (2, y) ODREREHERTH S, EBE, (v—c,v+¢) x (y—¢e,y+e) (IH 2.2.10 TH R
MBI R 28 (2, y) D edifETH D, ZOHMOED HAMHE 2—2 ) v NiFEEDE
D BHMIE 30T 5 (] 2.3.6).

€ > 0}

FREIZ n IRoe2—2 1) w RZE[ R 12 WT
EH 2.6.3 THRZL S ICPHESIEEZHWTREO T s h, ERIEREZHWT
BAir 22 TE5.

{ (xl —&T; + 8)
;=1

(2

A (21, ) OHASEHERTH S,

8 2.6.9. U (z) & z DEAREHERLET 5.
O WHEEGTHD & LEDz e OIZHL, H2V e U*(z) WHEIELT, V CO &
AN

AEFH. EHE 2.6.3 K0, O BHHEATH L Z L eRD 1 IXFAMTHS. Lo TRD 1 & 2)
MEETH 5 Z L2 REIX L.

L. FEDze O, 25U el(x) PFELT, U CO &5,
2 D € O KL, 5V € U (x) WEIELT,V C O &7 5.

1=2)2e0 &3 K& (1) 0, UCO %25 U €l(x) BFET D, HAERE
BOEHLDV CU LHBV el (z) BEETS. HSHIZV CO.

2= 1)U*(x) CU(x) PAHS». FHLLHITIE,

T E0LTBL HE(2) &V V COLRDV elU(v) WIS 5. HARHERDE
HEDV iz DEHERDOTV € U(x). O

HE . ZOHIHO L SIZ, 2 DEERICET 258402 EAEERICET I RMIEE X
ZENTEBHENLIELIED D, (EALFEREZZOLISICERINTVWS.) ED
FERZIRET DI TCHRNHZEDD I ENTED.

EIE 2.6.10. X ZAHHZER, U(z) 2 2 € X OEMHERET D, IRDKD LD,
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UlUecel(z)=zxzeU.

U2 Uy, Us € U(z) = Uy NUs € U(x).

U3 Uy € U(z), Uy C Uy = Us € U(x).

U4 EBED U elU(z) IT]L, B2V el(x) PFIELT, VCU DD, {EEDyeV I
SWCTU eU(y) 755,

HE . U435 & LT, &, ;& Oixfr.

AEBH. U1 BH S 20,

V2 U; eU(x) &328, EBHBED 20, CU; LRIBES O, WEETS. DL E
r€01N0Oy; CULNU; THYH, 01 N0 IFFHEATHZ NS Uy NU; € U(x).

U3 Uy eU(z) T 5L, bBMELEOMPFIEL T2 e O CU, &%5. U C Uy THH
X, 2€0CUy THBN"S Uy € U(x).

Ud U clU(z) 32, 2€0CULBn3MEAONHE. V=0 ThiE, VIiE
r 2B UREERDOTV eld(r) THY,V CU. $-EEDy e VIZDOWVT,
yeV cU»D, VIIHEEADZ, Uecl(y).

U

EIE 2.6.11. X 2846295, Kz e X 12WL, 0 #U(x) C P(X) BER 5h, &
EM 2.6.10 D UL~U4 23K D e T35, 2D &, HMAEAO C X ITRL,

O BWEATHS & RO v € O 1ML O e U(@)

LREDD L, HEAGEEIE X ITMHEZED, U(z) 12 OMMEIZEYT 2 2 € X OIEMFERT
H5.
7o, MHEMOERERPS IO LI U TEDLAMIZD L OMHE—d 5. O

BIEE . 147
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2.7 AR, WEB, 488, TR

£ 2.7.1. X 2R, AC X 2H0HRELT S ACEEIND X OREET AT
@%H%é\% A ORER (interior) X\, A° TKT.
U o

OCA
O:open

DX AZEENIHREETHE2D 0, AITEENIHERIIDLRLLE—DIIFHET S
TEITHER) £/ 241031280, A° IFHEATHS. £/ AITEEND (BEBRK
WELT) RRKOHEATHS. (SN A°C ATHDY, OcAblF'aﬁ%/\fdém g
OCA TH3))

il 98. AC B= A° C B°.
B 99. A: open & A = A°.

EE 272 ACX 2¥nHEA, v X &35,
x 7 A DAK (inner point, interior point) TH % S D5 U WFIELT,
UcA (§7%bb, UNA =) .

BSOS BN ADHNETHEI L, ARz DEHETHDZ LIXAETH 5.

B 100. 2 " A DA & AN x DEHETHS, Thbb, HEHEES O PEHLELT,
z €0 C A.

A 101. U*(z) 2 x DERERERE TS DL &,
xﬁon)V\]'E@ B3V U (x) BEELT, V C A
2, BRI B VT
DB ADHER < H5e>0MNFHELT, U(z)C A
([ 95 Z.)

EIE 2.7.3. ADNER A° 13 A ODNEBIEKDRTELTHS.
A ={zeX|zid ADN}.
ThRbb, xe A° & x DHHEMHE U PFHELT, UNAS=0.

. 2 DY ADOHERSIE, 2 €O CARBHES O PEETS. ORAIZEEND
BHEAZDS O C A°. k- Tz e A°.
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—HarecAtTbL, 2 e A°CATHY, A° FBELRDT Ald x DERE, T4ab
Bz ld A DR O

Bl 2.7.4. nRota—2Y v FZEH R TREABRDONIBIXFIER, 37405 B, (2)° = U, (2)
TH5.

AEH. U, (z) ZBEETH D, HSMZ Uy (z) C Bo(x) TH S0 5, U.(x) C B (2)°.

B.(z)° C U.(z) 2% 5. y € B.(2)° £95. y=zR5IEWHSHITy e Ux).
y#Ax &b ZDEE d(x,y) #0. B (2)° EHEELZDT, H5 e > 0P FAELT,
U.(y) CBo(z)° £%5. z=y+—— (y—z) R &£BL &,

2d(z,y)

S £ 9
102) = =l = gt — )| = s =l = § <

B, 2 e Udly) © Bo(z) %0, d(z,2) < r. MED 555 d(z,2) = d(z,y) +% e
DT

d(m,y):d(x,z)—ggr—g<r
WX yeU.(x). O

QBN SN B &SI, M HEEEZERIC 5V T Uy (z) © B, (z)° B D 0. U
A USERIEB T U D 70

Bl 2.7.5. X 2 =2l ke &OHBEEIZM L 5. Bi(x) = X 2D T, Bi(z)° = X.
— A Ui(z) = {z} 7295, Us(z) € Bi(2)°

Bl 2.7.6. 1ot —2 Yy 2R R OFDES Q DNEIFZELES, $74bb Q° =0T
H5.

FERA. Q IR ERZRVWZ L EZREIEL V. reQ 5. LED e > 01X L,
Uc(r)NQ°=(r—e,r+e)NQ° D (r,r+e)NQ°#10

WA U(r)NQ°#£0, 7205 U (r) ¢ Q. £-oTr ik Q DWATIEZA. O

EIE 2.7.7. AABC X 2H0HEELT DL SIRMPEY LD,

11 A° C A.

12 (AN B)° = A°N B°.
13 (4°)° = A°.

14 X° =X, (°=0.
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AEEA. 11,014 138 5 20

2. (ANB)° C ANBC AT®YH, (ANB)° FHEADZ (ANB)° C A°. [k
i (ANB)° € B°. £->T (ANB)° Cc A°NB°. —/ A° C A»DB°C BWYx
A°NB° C ANB. A°NB° 3% ELDT A°NB° C (AN B)°.

[3. A L A° IZEBENZHESTHENS A° C (A°)°. 7211 &b (A°)° c 4°. O

R 102. Lo 11,14 23R4,
HESDONEIZOWTIZRANZ 5.

B 103. (AUB)° D A°UB° Y iD. LAL (AU B)° = A° U B &I Ik
L7,

FEBRARE oD 3@ 0 D NERIZ D W TIFIRDAEBARDIAK D 2D, UL UEFIT—MRIZITE
N U 7R,

R 104. (m AA) C ) A3 &REE.

AEA AEA

Bl 2.7.8. R % 1 Wik —2Yy R%EM, r e R2$5%. ne NIHL A, =
(z—Lfz+i)ycResL 0, A4, = {2} TH295, (Mo, 4,)° = {z}° = 0.
—h A, WBIEEGRDT AL = A, XoT N, A2 = {x}.

B 105. EOFIDER N, A, = {z} BXO {z}° =0 25E.

B 2.7.9. ACX 2MnELEL TS ADHEADONEZEZ A DAE (exterior) &\
W, A° THET.
AC = (A%)°.

A D ADHREND.

ADHRIE, A LZDOIRWRKRDHEATH S, EBE A 13 A ONERZ 1 SHES
THO, A° C A DS A NA=0TH5. Oz O0ONA=0ThHsHEGLT DL,
O C A 7215 O C (A9)° = A-.

EE 2.7.10. AT ;= (A° U A°)° % A DR (frontier) &\ 5.
A° A F L EILHEATH D00, TORMELGTHS AN BHELSTHE. £
A°NAS =0 THDHILITEET DL, X 1T A°, AT, A° @ disjoint union 272> T\ 5.

X = A° U Af U A-.

EIE 2.7.11. U*(z) 2 z € X DEREHERET L. IFFAMETH 5.
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1. z € AL,
2. z DEEDEHE U IZDOWT, UNA#D D UN A # 0.
3. MEBOU eU*(2) IT2WT, UNA#D»DUN A # (.

A 12 FHM273 LD,
reA° < 3IU el(x) : UNA®=0.
[ Uiz A (IZffio T
reA°=(A) IV eld(x):UNA=1.
L7=oT

reAl s xd A° D d A°
eVYU elU(x):UNA#D D UNAS#0.

2 31FRET L. O
B 106. 2 & 3 =t
% 2.7.12. AT = (4.
=IERA.
reAl eVU el(z) - UNAADHDUNAS#(
SVYU eU(x): UN (AN £D D UNA D
s ze (A9
BB WNE (A9)° = ((A9)°)° = A° IZHEEL T,
(497 = ((A°)° U (A49)")° = (A°u A°)° = A,
O

EIE 2.7.13. X 2845835, B (—)°: P(X) = P(X) BEH 2.7.7 D I1~14 % A
Teds Z0LE MRS AC X ITXU,

ADHEETHD (ﬁA = A°

LREDDE, FARGRERIE X ITMHEEZED, A° X OMHIZETS A DHNETH 5.
F 7z, MMZEBONE»O Z DX ST TEDAMITD LD E —HT 5.

FRESE . 80(1)-(5) (MR, AN, Bist2sked &) | 157 (WEfZ2KRD &)
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28 Mg, MR

EFE 2.8.1. X 2{itHZEM, AC X 2H0%EAEL TS5 A280 X OMEEITATOR
WERD % A OFE (closure) &\, A £721% A THT .

ﬂ F
F: closed

(X FHEERDOT, A2 GTCHERIDRLLE —DIEGFHET 5 Z LIHER.) T 2.5.2
3IT&D, A BHEATHD. £7- A 250 (AEBERIZEALT) NOHEATH 5.
(Hﬂbfa> A*DATHY, FOAWHEATHOHNEF D A" TH%.)

M 107. AC B= A® C B“.
] 108. A: closed & A = A“.

EFREHD L2 L ITHIEATICIZRERLED 5.
EHE 2.8.2. A% = A%,

FEBH. A D AW R A% C A°. A% IFFARET A ITEENHDT A% C A,
—Ji, A D ACYDZR AC A A IFHEAT AZBEATVWSEDT A% C A°°°. &Ko
< Aac 5 Aco.
BE, EBEORNEZEELEK L THH05. O

% 2.8.3. A°° = Ace,

FERH. EOEHZ ACITEATIIE X V. O
% 2.8.4. A% = A°c = A° Ly AS.

FEHH. A% = A% = A° T, X = A°UAT WA Thothd, A=A =AU A O

#£285. ACX 2HNHEA, rc X 95,
z 2 A Ot (adherent pomt) Thb o DAL DR U XL, UN A # 0.

EHRLOVPESII, 2 W ADMETHZZ L L, 22 A DHNETIEARW T L IZFRET
»H5.

K[ e UTid (MRS E IR OMEMENP S 305 KOIEBRIZZES THBH M)
TP ADMBRTHLLVIDIE, 2 DWW LTHIELKIZADRD DD L NS T L.
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B 109. U*(x) & x DEAEERE TS ZDEE
x W ADOMK & VU elU*(z) : UNA#D.

EIE 2.8.6. A DA A% X A DS 2EDLRTELSTH S.
A“:{xEX|xCiA0)@E,ﬁ}.

FThbb, 1€ A% &z DIEFEDINERE U 2L, UN A £ 0.

AR

r €AY & x e A°
S axd A
&z ld A° ONETIE RN
& ox ik A Dfils.

% 2.8.7. 1kt a—27Y v RZER R OETHRWVERAE S IR KAIT, /NG ERD.

. ACRZ2ZETHRVWERBAEEG LTS, AFETRVWARESED S ERMEFEET
5. s=supA B WELT28 XD, EEDe>0I1THUL (s—e,s]NA#£) THEH
5slF ADfEDZ s € A%, AXHEESEDS A =AThHb. E>TseAknib,
s = max A. B/NGIZDWTH ARk O

% 2.8.8. X WHEHEROL E v e A & d(x, A) = 0.
AEF. X ZBREEZER & § 5. {Us(x)}o 2z OEEAREERTH B Z LITIHERT R, &
# 2.8.6, 11109 &b,

r €A S Ve>0:U(z)NA#0
&Ve>0,dac A:d(z,a)<e
< inf d(z,a) = 0.
acA

O

Bl 2.8.9. nXom2—2 Y v FZEH R” TEHROMTIEMHAKRTH O, HHIIERAMTH 5,
3405 U.(2)® = B,.(2), Up(z)f =S, (x). (7z7ZL r>0.)

FEW. BIAIE O 2.8.6 2 MR, B 2.7.4 L FEIZ LT U (2)° = B, (2) B9 5 5.
AR, U, (2)f = Up(2)*\ Up(2)° = B,(2) \ Up(z) £ 9 Up(2)f =S, (). O
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B 110. n=20¢ &, EOEFEAU,(2)* =B,(z) 2R, F7z, EHEEZEMIZB VT I
U, (2)* = By(z) (& D 2D 07

Bl 2.8.10. 1 XL2—2 Y v RZEMR OWMHELEQIOPVWT, Qf =Q* =R Th5. &
B, W 2.1.7 BIOUER 2.7.11 725 QF = R 205 5. FEMlIZ 2 R .

B 111. Eo%ER Q = Q¢ =R &R,
EIE 2.8.11. A, BC X 2N EELT 5L IIRDED LD,

Al) A° D A.
A2) (AUB)* = A*U Be.
A3) (A ) = A%,
Ad) X=X, (* =
FEHH. EFR 2.7.7, 2.8.2 Bffx1E
(AUB)" = (AU B)”° = (A° N B°)°° = (A% N B®®)® = A°°° U B*®°° = A* U B*
FHLXLUTRES. 8bAA0DLHEEH 5. O

EE . BRSOV TE, (ANB)* C AN B B30 LD WEBIE —MRITIZEL L
2.

L1 —2Vy REM R OEHES A =[-1,0), B= (0,1] 2Ex5&, A =
[—1,0], B =[0,1] TH 375, AN B*={0} 72 (AN B)" =0 = 0.

Ho Liilzafle LTk, Q Q°CREERD L, itHhzL S| :@f Q*=R. &o
TQY=Q =RZE»5Q=R. LE»H>TQ*NQ**=R. —%4 (QNQ°)* = 0.

S 112. Eoflo (0,1] = [0,1] %5
B 113. (AN B)* C A* N B* Z/R"¥.

EHE 2.8.12. X 2G5 LT 5.
Gl (<) P(X) — P(X) AUEH 2.8.11 D Al~AL BT T2, 20L&, HH
E£HACX TR,

ANVHEATHS (ﬁA = A®

EREDDI LTI X ITRHMEPAD, A% X OAMIZE T2 ADHUTHS.
F 7o, MR OE» S5 ZD XS I U TEDAMIED & DAt —8d 5. O

PIZESE . 80(1)-(5) (Ao k) , 157 (Marko k) 45, MEETE A OMA%
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5N

EENTWAS.
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29 R Ik ERE

EE 2.9.1. X 2AMHZEH, AC X 2H0HEELT 5.

r € X MM A DEMER (accumulation point) TH % o DIERDER U IZX L
(A—{z})NU #0.

A DERROE2EE A DBEE (derived set) L\, A THHDT.

ADHae ANV ADERMTRVWEE, Thbbac AN(A) THDLE a% AD
MiIs (isolated point) &\ 5.

fill DT (K 2.8.5) LHKTALNNEE51Z, 2 BN ADERETHELWVWS T
i,z WA —{z} DMETHD L \VWD Z itz s, (il 2.9.4 218)

X DHEEEM OGS, 2 BN ADERETHELVIDI, 2 DWW 5 THELIZ 2 TlE
BWADERDBZL WS Z L. (dE 2.9.6 21)

HE . A—{a}=An{a} =205, (A—{z})NU = (An{z})nU = An({z}NU) =
ANUN{zx} 2DT,

(A—{z)NU=ANU - {z}) = ANU — {z}.

f 114. U*(z) 2 ¢ DEAKEHERE TS ZOLZE
r W ADERR & VU elUd*(z): ANU — {z} # 0.

WAL 1UGE2—2 Uy RERRIZBWT, 551 {a,)} OEMIE (37555 #4551 ORI
) &, {a,) AHEAE - Y 2 OERUE L ZHIOMATHS.

M 115. 1t —2V v RZEMRIZBEWVWT, a, =1 THEX 5N 585 {a,} DERIEL
FERERD K.

fl 2.9.2. 1Yot —2 )y FEBR OBAESG A= {1 |neN}izonwT, 4 = {0}
THb. £<ITADRIFETMILA.

ZFHA. LO0eA THEIL. RO e>0IZHL, H2ne NOPEFELT, L <&
5. £oTLeANU(0)— {0} A0 DR 0 A
2. TEDx A0 L, 2 g A THBZ L.
) z<0DeE e=—alBTEX, e>0T, ANU(z)=0DR g A
i) 0<z<1DrE.
Lr=1€ADrE e=1 -5 tBFE, e>07T, AnUc(x) = 2.

n

koTANU(z) — {2} =0 Wx ¢ A",
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iz g ADrE N=min{neN|Ll<z} &BIJE N>27T, ;<

T < gy THB e =min{o-f gy -af LBYE >0,
ANU(z) =0 A x g A.
(ili) 2 >1D&&E. e=2—-1BFX,e>0T, ANU(z) =0 DX g A

O
B 2.9.3. 1k —21) v REF R OEHLESEQIZOVWT, Q) =R TH 5.

A Yz € R, Ve > 018 L, M 2.1.7 &0, QN (Us(@) — {z}) D QN (2,2 +¢) #
0. O

M 116. 1kt —2V v REM R OWHPEEZIZOWT, Z =0 ThHb.
i 2.94. re A s xe(A-{z})".

AEW. I 2.8.6 L ERMOEREDS v € (A— {2))" o 1z DIEEDERE U 122WT
UN(A—{z}) £0 o ze A O

ADHEIE, AT ADEMRZETHNIMNAZHLDTHS.
R 2.9.5. A= AUA".

A, AC A THhD. £ EomBE 294 k0 re A e (A—{z})" C A koT
A C A% UL7zD>T AUA C A2

—Jire A O g AL TEL, A—{a)=ATHEh5, z€ A% =(A—{z})" ®
ZxeA. ULlzhoTA*C AUA.

(cf. A=A"N(AUA°) = (A NA)U(A*NA°) =AU (AN A%)) O

8 2.9.6. X 2HMEMETS. COLE se A o LD > 01CHL Ul(z)N A
DAL

AERH. < 1EH S e,

=. WNHE2RT. HEIEDE e WHFAELT, Ul(x) NADPERESRZLTS. Z
DeEU(x)NA—{z} BAMREETHS. Ua)NA—{z} =0 D EFEHE
Do g A, Ufx)NA—{z} #0 D& & U(x)nA—{a} = {a1,...,a,} &F
5. ¢ = minj<i<pd(z,a;) 2B, >0THY, Un(z)NA—{z} =0. £oT
xg A O

B 117. 1. EO <« 2Rt
2. LT U (2)NA—{z} =0 Th2DIXRENHIE L,
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M 118. z € X 7' X Dvim & {z} 7' X DR%EA.
8 119. A:closed & A’ C A.
M 120. x € A = (A—{z})" = A% (FEXHHBAAEL LR

RAZESE . 80(1)-(5) (M#EAERDX.)
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210 R®m 2R

EFE 2.10.1. X ZAMHZEM, AC X 20846 T 5.
AW X CTHE (dense) TH 5 (ﬁA“ =X.

EFE 2.10.2. DLABEHEDEENREFEMLELT, TN X THETHI L E, X TS
(separable) TH 5 &\ 5.

©& 2.10.3. A M X TH
SHEEDrze X &, s DEREOEHE UKL, UNA#]
& ETRWMEREDORES O T L, ONA# 0.

. A ORMEIZER 2.8.6 X OIS A. =0 HORMEI,
=)0 RETHVEEELTS. €0 % DL, Oldr 2GDHEAENS ¢ DF
. ko TRENS ON A 0.
S)reX TR UrksDEHETEE, 2 €0 CU LAEBHES O BEET .
2 EOENS0£D. EoTREEY ONA£D. LEA>TUNAZD. O

M 121. 1. EORMOFRMEZHIE X
22 AV X THE «c fEDze X &, FEDOU e U (x) IZH L, UNA#D. 272U
U* () 1Tz DERELER.

% 2.10.4. A,BC X % X THWELZHIEALT, BIIHESZLTS. Z0LE ANB
tH X CTHETH 5.

G, O 228 THRVWEESL LA E, ON(ANB) £ 0 TH2Z i REE IV, KE
»5 BIEWEZDT, ONB#0. O,BIEHAESEZ?S ONB IZETRVWHESTH 5.
AFWEZ»S (ONB)NA#D. O

IEARIE CE DRI 30 5.

% 2.10.5. AC X &2 X THELHEIES, O1,...,0, C X & X THWELHESL T
5. 20L& AN(N,0:) X THHETHS. LT, 0, b X THHETH .

5l 2.10.6. 1 Xt —2 Yy FZEMRIZEWT Q IXHED 2, R IXA[4.
QQUEEFR THWETHAN QNQ°C = 0 IEFIZE TIX AW,
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5l 2.10.7. X ZEEEAFHERET5. TOLEAEEDAC X IZDODWT A= ATHS
o X DNaEESETRITIE X Ao TiEiwn, &I RICHEIERS 2 Wi /zd O ldaA]
DT,

5l 2.10.8. n XL —27 V) v RZEH R” DU EE
Q" ={(z1,...,2n) |z, €Q (V7)} CR"
IEFAZ 5 R™ 1R[54y,

FEHH. AERED x = (21,...,2,) ER™ & fERED e > 0 IZH L, i 21.7 X0 L2TD i I
WU (v, —e,xi+e)NQ#0. £oT

(ﬁ(:&z —e,x; + 5)) nQ" # 0.

=1

XoTaxze QM) (cf #2.6.8.) O
B 2.10.9. #l 2.2.9 D R® DU EE A ZIRTED 5.
A={(x1,...,25,0,0,...) |2, €Q (1 <i<k), ke N}

Thbb ADIX, FUODOERMIIEHE, HOIFETOTHS LS HFEH. Zok
EARNEEETHH R® THETHS. L>TR>® A4,

FEFH. ke NI/ L T
Ap ={(z1,...,2,0,0,...) | 2, € Q (1 <i < k)}

B, EELLTA2QPTHY, A=UX AL Zh o, AZWTREATH D,
x=(21,22,...,) ER® &TBH. Ve >0IZNL U () NAADTHBI L%ERT.
e>029%. keNztnRkE<ese

) k 2
> e
1=1 1=1

ERB5. Y.,y € Q% Jy — x| < \/‘;fkkfaiéi56:&5. DL Ey =
(y1,--+,Yx,0,0,...) € A & = OFEfIX

k oo

i=1 i=k+1
£oTyeU(r) 2720, U (x)NA#£D. LzA>Tx e A% O

WK

1
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% 2.10.10. A BC X &7 5.
AP BlzBW\WTHS cﬁAa O B.

] 2.10.11. R%Z 1 kca—2 Vv RZE[HE T 5.

1. (0,1) C (0,1] c RZ2WT, (0,1)® =[0,1] D (0,1] ZH 5, (0,1) 1 (0,1] iZB W
THI%.

2. QQCRIZOVWT,Q*=RDOQ5Q*=RDOQ7%EZ"5,QIEQ°izsVT, Q°
X QITBVWTENETNHE.

K 2.10.12. AC X 95%.
A 2R (nowhere dense) < (A4 = .

PRE 2.10.13. A 22 & A° B X TH%.

AIEHA.
(Aa)o — (Aa)cac — Aacac — (Aac)ac — (Ae)ac — (Aea)c

o,

ADNEH & (A = (A")° =)
s A =X
& ASHTE.

O

A 2.10.14. A B2l & EEDETRVWHES O C X ITHL, O ITEENHETKR
WEESE O COT,ONA=022bEDBREHET 5.

FERA. W 2.10.13, M 2.10.3 £ 0, A B2 o A° PPE o TEOZETRVWHEES
OCXITHLONA®£0ThHIZ LI
=)0 ' =0NAc &BLE, LOEENPS O I3ZETR. 72 A ZHEELRDOT O
LEHELET, HONZOWZEEND. O CA*CA LS O NA=0.
<) 0 %% ’C?&L\E‘uﬂ%/\t‘ﬁ“é ONA®# D ZREFIXIWV. (RELD, ETHVEE
HO0 COTONA=0,R2EDPFHETSE. O XA LRDOLBRVHESE»S
O' CAc. X5T,0NA°DO #0. O
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211 RHDINH

EE 2.11.1. X 284535, HRABO2EKN D26 X NOEHEZ X ODRIIE NS,
FAL N = XX f(n) =2, THBHEE, LU, 58 21, 20,... HDWVIERF
{z,} tRIN5,

#F 2.11.2. X 2AMHZERE TS, X OR8] {z,} Pz e X W%T5¢¢x®E%®
EREUIZHL, DEEARBN e NBHFELT, n> NS5z, eU 8&5

RA{z,} e e X ITPURT 2 & &, ¢ 255 {x,} DWBRK (limit point) &\,
lim z, =z ®2%WiEz, >z (n—o0)FLEHL.

n— o0

M 123. U*(x) 2 x DEREHEREL TS, 20L& TRz RYE.
li_>m Ty =0 S EEOU eU*(z) ITHL, HEIERBN e NPFELT, n > N7Ko

Xa, cU i3,

e>0

FE . X Z2HERE 5. e X 1L {U(x)}
EERTHDEN 5,

BEO {U ( )}kEN i DA

==

lim z, ==z
n—oo

<Ve > 0,dN € N,Vn > N, z,, € U (x)
<Vk e N, IN e N,Vn > N, x, € U%(sc)

Thd. LI 1w —2Y vy NZEH R O] (FHH) OPRIZOWT, EDOE
# 2.11.1 L EFEOFEBINOINKEDERIZFETH 5.

B 124. d ko2 —2 Vv REM R O 855 {2,}, 2, = (Tp1,Tn2, ..., Tpg) B a =
(a1,a2,...,aq) € RUZHERT 272D DBEFRFMEFETO i (1 <i<d) IZDWT, £
ﬁﬁ” {xni}nEN 73§ a; € R LZlIXﬁiTé Z &’C%é

rA{z, e e X TPRTZLE lim 2, =2 LEFELDTH B, DA AHZER

n—oo

WBWTIIBEEAN —BIZEE 2D TIERVDT, ZOREZIFEZENPBRETH .

B 125. X 2ZEMMHEM LT3, 20 E, X OFEEDSHIE X OEED SR
5.

EIE 2.11.3. FHEEEZEH X (2B WTE, RAIOMERAIE, FETHE, —D>Thd. (X
73 Hausdorff 22/ (%% 3.3.1) THNIT L)

FEH. € X 2R {x,} DMREATHELT5. ye X, x4y &3 5.
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e=d(x,y)/2 B Le>0.
z € Us(x) = d(z,2) < e = d(z,y) < d(z,2) +d(z,y) < e +d(z,y) = d(y,z) >
dz,y) —e=ec=2¢ U(y) 2o

Ue(z) N Ue(y) = 0.

S ax= lim z, THEINO, HBEIZHARBN PEELT, n> N %5z, € U(x) &7

n— o0
B.ftoTn>NESIEr, ¢ Ud(y) 2720 y i {2,} OBIRMETIEA. O
(2016 FEIF/XR)

EE 2114, ACX ¥ 5.
1. ADgid {an} (le. VnEN:a, € A) Dz e X ITPURTIIEz € A TH 5.
2. x € X WHEEREHERZRCE (<12 X PHEEERZSIE) FHELWL. Thbb

z€ A ADFH {ap,} T lim a, =2 £R2EDNVFET .
n— oo

ZFRH. l.an € A, an > x 235, x DEEDEEE U XL, H5HEHRE N PFHELT,
n>N7%olXa, cU THd. &{IZan e UNADPZ, UNA#D. LoTEH 2.8.6 &
D xe A”.
2. {Uptnen & x OAREREHERE TS,

w:ﬁw
i=1

B E (Vitnen & 2 OUERAEHERTH D Vi O Vigs BURD 120,
EH 2.8.6, 1 109 &9

reA"eVneN:V,NA#(D

Thd. EFneNIZHL, a, €V, NAZ—DLD, fdl{a,} 2FEZAD L, HONIT
lim a, =z. ([ 123 2M1R)
n— oo

O
HE . JAITIERZRL, 74V R DGR WS Rz M A1, —MOfMHZE/TH %] LD LD,
Flfﬁ 126. J:O) {Vn}nGN f)i‘ X @gzﬁﬁ{%%f%é & %i’\"ﬂ.‘

% 2.11.5. 1. A:closed = A D% {an} PBRFAz e X 25Tz € A
2. X W wHAH (£ 2.6.6)) 2 A (& ITHEBZERIZBWTIE) MLl 7>, ¢
mhHH
A :closed & A DG {an} PBRAz e X 25 Td z € A

FERA. A :closeds A=A THHI Ly, @H 2.11.4 K OHES. O



2.11 B DR 157

R 127. X 2l e 35 2o &

r€ A & ADFH {an} T, an #x (Vn € N) 22D lim an, =x L85 HDHFIET 5.

n—oo

ZZFET/NRA.
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2.12 FEW{IAE, B840 ZEME
T 2.12.1. (X,0) 2MFHEM, AC X 2M0EEL TS5, ADWNEATE Ox %
O4={AN0O |00}

EEDDE, Op T ADMMENRDS., ZOAMHEZ X I2X5 A OBENAHE (relative
topology) &\ 5.

LA O LG ITHNAEZ W TRHZER & Rz & &, 892/ (subspace) &
W,

B 128. O M AIZfitHEED D I & Z2mt.
R BRI DALAH Z SR T AL S .

B 2.12.2. o PEEEZEE O A ITHENAMETH 5.

Thbb, X 2N, A C X 202N, BC Az REAEL T 5L TMDK
URVASR

Bl ADHEATHZ & X ORESE O PMFELT, B=0NA.

A, a € AT U, a 2T B R r D AIZBIT HHBK
Uy(a)a ={z € A|d(a,x) <1}
X, a 2L ETHHEr O X 128 SHBR
U,(a) ={z e X | d(a,z) <1}

A roEsy, 3405, Ula)a =U(a) NATHEZ LITHERT 5.
B ADHEATHZ LT 5. BHHEZHEIOHES IIHROMEEGTH o7 (EH 2.3.5)
"o

B:L&JUA,QZL&J (UaNA) = (UU)

2725, 12U Ung, Uy BENFN A, X I2BTF20KTHZ. 0=, U, £BITIE
L.

WE EOFMmE P ZENIXTI WD, MFOXSZLTH LWV, O C X »EST,
B=0NAThdL95. 2cBETHL, 2cOTHY, OHEEDX, HDec>0
WEELT, Udz) cO %5, Ulz)a=U(e)NACONA=BWx, Bld ADH
£4H. O
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159

iR 2.12.3. X ZfitHZEM, A Z2ZDHnEME U, BCALTA. ZDLE,
Bl ADHELTHE & X ObHLHES F BFLELT, B=ANF.

. BC ACHL, BO X 283 5HiEA% B, AlB 3 aHMiEa%s BT v &Lz
129 5%.

B={xe X |z ¢B}
B ={zreA|x¢gB}=AnNB"

CcXxitae,
(ANC)" = AN(ANC) = AN(A°UC) = ANCE

ThHhd I EITEE.
=) B)W ADHHELGTHEL 35, BY 13 ADHES. £oT X OES O BIFE
LT, BY =ANO &%, F=0° L B, F & X OB%EATHY,

/

B:(Eﬂc:@ﬁwnd:AmOV:AmR

S)FRX OBEAT, B=ANF ThH5LT5. 0=F° B, 013 X O%ES
Th5b.
BY = (ANF)¥ =ANF=ANO

Y70, BY 13 ADBES, WA Bl A DBES. O
HEM.BCACX&t94%5. B=ANBTH5DT, BH» X O () £ATHNE, B
FE 7 A OB (H) A4 TH5. L ULE—MICIi3RzLaw. EE AN X 0
B (B HaTRmwe &, A% A TR (B) #4TH52, X TIRES TR
AN

ADFEED D WVIZHEEGD & SIHIRDVE D LD,

R 2.12.4. X 2%, AC X 220/ () 65L& L, BCALT5. ZDLE,
B3 Ao () £64TH% < B3 X O () £4TH 5.

FERH. < I Z ETHELEZ. = Z2R%ED.

AN X OBES, B ADHEATHDLTE. 20L&, X OHES O BWEHELT,
B=ANO %%. A, 0Ltz X OBEATHENS, BEH X ORIES.

FHEEA D & [k, 0O

B 129. RGO/ 2T,
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M 130. X Z{iMHZEM, A 22D %EM, r e A, VCALTE ZOLE
VRAIZBTS 2 DEFE < 2D X IZBIT5EEU BEELT, V=UNA.

M 131. X ZAiAHZEM, A 22 OMaEfe 35, 22 FTIZHEkos I2Bk4 RS IZO0N
T, AILBI2EDE X IZBII2HD0L DEBREERT K.

BEE . 179

Bl 2.12.5. n+ 11— 2 V) v RZ2f] R OEk4> 22

n+1
> -1
=1

(et &4 548 1 OBKA) % n RITHKME (n-dimensional sphere) &1 5.

Sn = {(acl, o Tpg1) € R
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2.13 ERER
Bl 2.13.1. WAMEDFTHEAL, BEOERVEEZ B WEZ 5.
1 2B fR>RPHaceR THEIGETHD L IX
Ve > 0,36 > 0,Vx (Jx —a| <0) : |f(x) — fla)] <€
MO NDZ L THo 7.
Riza—27V vy FE#iZ N5 &, ZD5MIE
Ve > 0,30 > 0,Vx € Us(a) : f(x) € Us(f(a))

HBHWNIE
Ve > 0,30 > 0: f(Us(a)) C Uc(f(a))

LETD. IS, e IERARPEAREERE BT I L ITERT L, Zhik
YV eU(f(a)),3U eU(a): f(U)CV
LIRETH 5.
IS F XA TRHZEBDE OGO ERMEEZIRD LS IZEDS.

T 2.13.2. XY =M 5.

B f: X - Y Dia e X TE#H (continuous)

(ﬁf(a) DERDER V IINU, a DR U BMFELT f(U) CV k5.

[ X =Y DR X OK[ATHGETHD LT f %2 EHRESMH (continuous map, contin-
uous mapping) &\ 9.

T 2.13.3. HEEMH f: X - Y X, 2@HETHO 1O EGR [~ b Th Db L &,
E# 5 (homeomorphism) TH3 &\ 5.

X 75 Y ~NOHEMEEGEVFAET DL &, X £ Y IXEHE (homeomorphic) TH 5 &
W,

M 2.134. G f: X - Y 2 fa € X THft & fla) DEBOLEV ICRL,
YV 1 a DEETH 5.

B f(U) CV e UC fYV)Thb, iz abRsEaifchds e (&
B! 2.6.10 U3) &, f(f~1(V)) CV THB I LICHETNIZHS . O
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E 132. GERH O % .

M 133. X %#Ar4H2EM, (YV,d) 2HH#fEfe 5. 20 & BB f: X - Y D5
a € X Tl S FEDe > 010, HaDHDEFEU PFELT, 2 ¢ U s
d(f(x), f(a) < L75.

AARZEE D] D HEAE EAR T LA R D & 5 IR T 51 5.
T 2.13.5. f: X > Y 25He T 5. RIEFEME.

1. f 1.
2. FIEAD fIZ k2 IIFHES.

Tbs Y OEREOES O L, f71(0) 1k X OBEETH 5.
3. FEAD fIZ k2 BITHAES.

ThbL, Y OAEBOBES F iz, f7YF) 12 X oM%EETH 5.
4. X OEBOWHES AT, f(AY) C f(A)™

AL 1= 2) fAEREE L, O#£0) 2 Y OFELELT S, EED x € f71O) ML,
flx) €cOTHY, O FFEEENS, O f(z) DEFETHS. fl1dm o THEERDT,
M 2134 &0 f7YO) Tz DEHETHD. ko TEH 2.6.3 &b f~1(0) XFIEELET
»H5.

2=1) TEOHEADHBRIIMEEGTHL2LTD. ve X &L,V & f(x) DiifEL T
5. 0EDERDS, f(r) €O CV EHBHES O WHEAETS. U= f"10) BT,
WELY U BEATHY, 2€ U THE05,U ks DEHETHS. f(U)COCV T
HHDS, flIm e THFE o I3MEZICL 572D T f I35k,

2&3IFPI L.

3= 4) AROMEGOFERIVHEEGTHD LTS, f(A) C f(A* THEINH
AcC f7H(fA)Y). fA BBEAETHEROMELD f7H(f(A)) BHIEA. Lo T,
AT C fTH(f(A)Y), TabB, f(A?) C f(A).

4 = 3) EED AITKHL, f(A%) C f(A)* THD LT FCY 2HELGLTS.
FOUFUR) CPIRERT2E, REXY F(FUF)Y) Cf(fHF)" CF*=F. &5
TFUR)*C fYF) &b, f~HF) = f~YF). LEA->T f~YF) 3HE4s. O

[ 134. ED 2 < 3 Z2RE.
(2016 FEIF/NR)
i 2.13.6. f: X - Y W ae X Tl & VA C X(a€ A%) : f(a) € f(A)".

A, =. VYV € U(f(a),qU € U(a) : fU) C V. a € A T2, UNA#DDR
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FUNA)£D. VNf(ADFUNFA) D FUNA)BZVNFA) £D. £oT f(a) € f(A)".
= MNMEERT. fH e THEHSETREWET S, AV e U(f(a),YU € Ua) : f(U) ¢ V.

A=fHve)y=ftWV)eesl. fO)gVeUZ fH(V)eUNA#DITEETSE,

a€ A" THD. —FH, HSMZ fF(A) CVBR f(ANV =0 705 fla) € f(A)™ O
ZZETIRA.

Bl 2.13.7. X ZfiMHZEM, A 22O DEMET L E, AEEH ¢ A - X 13T
H5.

M 135. 2.
T SITIRDIEL D LD,

I 2.13.8. X #fitHEM, A 2z xDMoEALTS. A OHNMMHEIK &5 H
it A— X DNEBIZRB L5 ADRMHD S bELEFHVEDTH 5.

AR BBl 2.13.7 TR L5112, A CHXMHE NS L I3ERTH B.
E72,i: (4,0) —» X i THNIE, X OEROHES O IZHL i 1(0)=AN0 i
FEGZ20 AN0 € 0. T74bb, MHIMHEIKX O L0550, O

#l 2.13.9. XY ZAtHZERE 9 5.

1. X DI Efo L &, TR0/ f: X - YV IXEKRTH 5.
2. Y BWEEMMHEMOL E ABOEH f: X - YV 3 TH 5.

M 136. ZHED.

#l 2.13.10. X 285G, 01,02 & X OfitHe 956, Z0& SHEEGH 1x: (X,01) —
(X,0:) WL THEZ LY, 0, <O, THEZ L LIFEETH 5.

B 137. Eh.
B 2.13.11. XY, 7 ZAiHZER & T 5.

1. : X =Y, q: Y 5 Z20editHlinslX, &figof: X - Z 1k TH 5.
2. HEER 1x: X — X J#EHETH 5.

ZEEH. 2 1341 2.13.10 TR 7=, 1 136 E. O
R3 138. 1 ZxRH.

LHB A, LORL, RO D L.
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B9 139. XY, Z ARHIZEM, f: X Y, g: Y — Z 25835, f2a e X Tl
ThHY, gl fla) e Y THBETHNIE, A gof: X > Z1dmMae X THiETHS.

R BRI DG D i M 2 RSB, RIFAHTH 5.

fRd 2.13.12. XY ZAiM%EM, BCY 2802, i: B—>Y 2085K & 75.
L E,
G f: X — B2kt & Glio f: X — Y Mg,

B 140. FERAE K.
TR & BE L TIROBEERD LIFUIEHDLNS.
#F 2.13.13. X,Y ZAitHZEM, f: X =Y 254295,

1. f BB (open mapping) TH 53 & X ODLEOHEGDOBRNY OAELET
H5.

2. f BB (closed mapping) Th 5 < X OLEOMESEDOENY OHES
Th5.

EENS 1 () BHchu f(X) XY O () £4TH 5.
BB, G, HEHRTHEL VI DIEFZTNFNHLL S TH 5.

Bl 2.13.14. X O 2EM A DWEGE i A — X (Z#kiTd D (Fl 2.13.7) 23, A H35d
(B #aTHRITINIEH () B&Tidmn,

M 141. ADPHESDO L &, WEGRIFFAGHE»? HEADOGEIIE SN ?

% 2.13.15. 1. Y DB D L & (FEDOER f: X — Y 3B 2HEB4&T
H5.
2. X WEENMMEMOLE, B4 f: X - Y » () GHTchdI e f(X)H
Bl (B EBATHDZLIZAMTH 3.
(f5l 2.13.9 & Heigd &)

Bl 2.13.16. X 285, 01,0, & X OfitHe 956, Z0e SEEGH 1x: (X,0:1) —
(X,0,) 351 (B) BpThbre, 0, <0, THAHZLLIEFAMETHS. (il 2.13.10
i racl

Bl 2.13.17. ALFHZER X OEEEMILEG D DEAGHRTH 5.

B 142, FEEO G KIIFEEERD 7
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FMHBHRIZONTEZS.
EE 2.13.18. X,Y ZMMHEM, f: X =Y 2#K5 6L 35, IRIZFEHE.

1. f RS

2. BG4 g: Y - X T,gof=1x, fog=1ly 2A=THLONEFLETS.
3. f X2 HE DG4,

4. f X2 HH P OHGA.

FEEA. 1=2 BHIS D (9= f7LeBIHE &) 221 5. EBZIDE S REHK g
R, fIIEHEHTHY g=f1 Ths. 134 WD, EE, f Be¥sTH S
&, fOBES (B4 Thrlrr fALANERTHLZLIZAMTH 5. O

HERE A BT U S R Y RIR S . EER 0,0, & X ORHKEIT 0y <
O, THBEDETEHY, i 21310 TREE 512, HEGH 1x: (X,01) — (X,0,) &
M R M TH B, W 1y (X, 00) — (X, O1) IZHHETIRZ .

WL (X, 0x) = (Y, Oy) BT h g, BEE B 5 £ P(Y) = P(X)

f* (Oy) C Ox AT
#*

PY)——P(X)
U U
Oy oo >Ox

FO8 Gl s ThNE, £ PY) - P(X) 22U TH B, f*(Oy) = Ox
Thad LIRS, f BRAEEROBEE f* (Oy) = Ox 215,

I 143. G4 f:[0,1) — St % f(0) = > TED B L, fILEGEZEHHTH EH, [
MEGTIERW., 22T, [0,1)IZida—2Vy NE#»rSEE 2 MMHEVNTWS, £
CErR2ZHAIA—HLTSI CcCLrARTWVAS.

Bl 2.18.19. 1 &oca—2 V) v FEFROESZEM (-1,1) 226 1k —2 Y v RZEH R
~NDEB f:(-1,1) 2R % f(z) =tanJz TEDD &, f IZAMHEERTH 5.

Bl 2.13.20. n Yot L—2 Uy RZEB R O & = (21,...,2,) KA L, R BT
S™ QI N = (0,...,0,1) &1 (21,...,2,,0) ZFEIEREN S* 2Xb 5 (N LSD)
MEp(z)2T5. ZRIZEDEHR o: R — S — (N} BEE D, ZNIEFAHEEGHRTH 5.
ZDOEBRDYGHE N 55 DILKE S (stereographic projection) &5,

B 144. 1. o(z) BEURIIC (z1,... 20 2FVT) H5DL, o NEETHZ T L %
T
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2. o DWEHERD, o DWFHEAMEETH S 2 & &5t

EFH 2.13.21. FHEGHRIZE > TRZNSMEE Z MM E (topological property)
W,
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2.14 EEEEZEE DB DERER

FREEZ2 O M O G41L, IO ED SMHICE L CHETH L &, HETH D L0,
TRDOE,

B 2.14.1. (X, dx), (Y,dy) #iF#EM L 3 5.
B f: X - Y D a € X TE#HE (continuous)
§:>eff(a) DIEZEDERE V IZH U, a DiEfE U BFELT f(U)CV &5,
[ XY BRX OER[RTEGETHD L E f 2&EHEEMR (continuous map) &\ 5.

FREEZE I B W TR e BV BRI RZ2 T 2 L ITEET S &, (X, dx), (Y.dy) &
gl 35 e &,
G f: X =Y Dfiac X Ttk
SMAERDe> 01T/, 26> 0DFHEL T f(Us(a)) C Ue(f(a))
SERDe>0I1IML, 5 6> 0DPFELT, dx(z,a) < RolX dy (f(z), f(a)) <e
ThHDILEVDN5.

B 145. Zhz R,
(2016 FEIX/RR)

Bl 2.14.2. f:R—-R% f(z)=2> TEDZ L, fI3HEFETH S,

A a€R YT B, [ a CHSETHSZ YRR
e>0&795%. 6 =min{l,e/(2la| +1)} LBLLI>0THY, |[x —a| <d 2oL

[f(@) = f(a)] = |2* = a’| = [2a(x — a) + (z — a)*| = |z — al[2a + z — q
< |z —a[(2]a] + [z — a)
g

< 2]a| +1

(2la] +1) =e.
IR . LORERIZONWT.

22—’ DREZZ 2 —a DREITIHMLIZW. fHEHTHEILERTDIZ, fOF—F—
JBRZMES WD ORMYAREE TR L INY, f(z) =22 c=a DEb Y TTF—F— &
T25&, 2° =a®+2a(x —a) + (x — a)’.

MOEZFHE LT, 22 = (xr—a+a)* = (x — a)® +2a(x —a) + a®. B, ZEADOHE, H
ZEZDEIBEREMHEAE, T—F7—DOEMIZLSTIZT—F—RBEAVTELZ L E2RES.

g

ZZFETNRA.
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Bl 2.14.3. (X,d) ZiEREZEM, 20 € X &9 5. xo 25 Ot Z E0 588, T74bb,
dyo () = d(zg,x) TEE DG/ dyy: X - RIZEHTH 5.

AEH. ZAAERK D FED g,z € X ITH L
—d(x,a) <d(xg,x) — d(xg,a) < d(z,a) (2.1)

Thbb |d(xg,z) — d(zg,a)| < d(z,a) THEIWRNd. XoT, FED e > 012K
U,d=ec &BL &, d(x,a) <d o,

|dyo () — dyy ()| = |d(xo, ) — d(x0,a)| < d(z,a) < =ec.

f 146. £%X (2.1) Z2RE.
(2016 F£EIF/\R)

EHE 2.14.4. XY zH#ERE TS, 0L E
[ X =Y Pae X Tl < mlac X IZTPRTBEREDEH {z,} 1T L lim f(zn) = f(a).
DFED, fAEBETHELE NS, lim Z2HIZVWNDEZENTE S, 3‘&?}9% hm flxn) =

n— oo

f(lim xn) LRBEND ZETHB.

n— oo

GEH. =) fAa e X THBTH Y, 58 {z,} D a lZINKRT B2 LT 5. fla) DIEEDERFE V T
MU, a DEBEUTFU)CV ERBLODBEHLETS. 2O U ICHL, 35 N e NBFEL,
n>N7kuoEe, eU kb, LEP>Tn> NS f(zn) € f(U)CV THD. £oT
flan) = f(a).

<) i 2136 KO VAC X :a€ A% = f(a) € f(A)?* ZREIXEV. AC X, a€ A% &
T35, X IFEEEERZ» S, € 2.11.4.2 &b, A DS {a,} T Jlim a, =a LRBEDONH
5. UEE D, lim f(an) = f(a) THE. {f(an)} & f(A) QRFIZED 5, EH 21141 &b,
fla) € fF(A)". O
HE . EHERZ2 D75 L5101, = BEROAMHEER TV, < &, fa € X WAl EEARLE
REHLTEL .

ZZETINNZAR.

B 147. f(z,y) = =z +y, glz,y) = oy TH2 LMD —2 1) v REMOK DB
fg: R2 5 RIZEHTH 5.

R 148. R,R™,R" 22— 2 ) v FZE[, X ZRHIZME U, pi: R® — R 255 i B~
DR, T80 5 pi(x1,...,2,) =2; THEZAONDIEHR LT L. RERE.

1. p; 3HEHETH 5.
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2. f: X - R DG & T R_XTO 2L po f: X — R AVHE.

3m>n, 1<iy <ig<--<i, <m&35. plry,...,2m) = (vsy,...,z;, ) TG
ZoN5E 6 p: R™ — R™ 13585,

4. BCR" %420, f: X - BE5HLT5. [ B R OEEEH>T f(z) =
(fi(@),..., fulzx)) ERINBE L E, [ 28K < & fi: X — R HAHEK.

RIRESE . 85(2) 99 106
(2016 FEEIX/SR)

Bl 2.14.5. (X,dx) ZiE#ZEH, (Y,dy) 2B, $7205 0(Y) < oo, THHHHEME TS, X
oY NOEHEKE F(X,Y), #5682k %E C(X,Y) TRT. f,ge F(X,Y) IZRL, £
d(f,g) %

d(f,g) = sup dy (f(z), g(x))

reX
LR D5EDB (V IRAREDS d(f,g) < 00) ¥, d & F(X,Y) EOWEMERTH 5.

{fo} % F(X,Y) Q55 Tbb X 25 Y ~AOEH{OFETE. {f,} B ETED IR
LT fe FIX,)Y)IZIERT 2L &, {f,} 1& fIZ—HINKR (uniformly convergent) 35 &
Wi,

EAEGEHEDF) {fo} DVEG fIZRRNEKRT 22561, fI3ERETHS. £oT K 2115 &b, Z
DD ED ZAAHIZE LT C(X,Y) X F(X,Y) OM%EAETH 5.

AEH. BB DI] { frn} PER fIT-RRINERT S & &, fIERTHL Z L 2mRT.
a€ X ZEEDHEL TS . ac X T fHERTHEIL, ThbDL, TEDe > 012X, a DH
B U DEIEL T, o € U 5518 dy (f(2), f(a) < & 7252 L AR L\,
e>08F5. {ful i fIE—RIGKT 20T, 55 N € N AHELT, n > N 551
d(fn, f) <e/3 273, XoT, EED x € X THU dy(fn(z), f(x)) <e/3 TH 3. fn 12l
THEMPO aDHBEHEU PFELT, 2 e URSIXdy(fn(x), frn(a) <e/3 &b, ZOU

»

WZOoWT,ze U %oid

dy (f(x), fa)) < dy (f(2), fn(2)) + dv (fn(2), fn(a)) + dv (fr(a), fa)) <e.

M 149. EDd 2 F(X,Y) EOF#EKTH 2 Z L 2R,

T 2.14.6. (X,dx), (Y,dy) ZH#EME T 5.
B f: X — Y P—#:&EHE (uniformly continuous) TH % (ﬁ4f%f@ e>01ZxL, %
5> 0 MEELT, dx (2, 2') < 8 1512 dy (f(x), f(z')) < & L725.

EE . el X oiizksdizens.
AN —FfE e 7 S IXESR TH 5.

R 150. —kdiie S5 I3 TH 5 Z & 2 RE.

Bl 2.14.7. f:R >R % f(z)=2> TEDD &, flIF—HEFKETERV. (H 2.14.2 Z2]7)
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A RO S >0, 2 =1/ 2T5L, [(x+6/2)) — x| =6/2 < 5 THEHH,

1z +6/2) — f(z)| = (m+ g)2 2

62
> dxr = 1.

O

Bl 2.14.8. X DA£D T 5. da(z) = d(z, A) TEX MM da: X - RIZHHEETH 5.
Y <Azl 2.14.3 DB dyy B—BEESTH B

A EED 2,y € X &, EED a € AU d(z,y) + d(y,a) > d(z,a) > d(z,A), §
mbhb dx,y) +dy,a) > dlz,A) Z» 5, d(z,y) + d(y, A) > d(z,A) BEOLD. £oT
d(z,y) > d(z,A) —d(y,A). v &y Z ANEZ T d(z, A) —d(y, A) > —d(z,y). £>T

|[da(z) — da(y)| = [d(z, A) — d(y, A)| < d(z, y).

PIZESE . 97 103(1)(2)

Z ZETINRA.
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(WRERAE

3.1 fIEDEEHEE

M 235 THZLD iz, PREEZC R DOBES IR O AIES » U THESAMA T 2 2 & 23T
5. MOMMEMIZBNTH, D20 R T VRS THES BN IS Z 2 NTES
LERTHB.

T 3.1.1. (X,0) 2hiMzEle 3 5.

BcC O»O D (base) 2\ ik#E (open base) TH 5 < EEORES O 2 B
CIRT B HEADHES L LTRES: 0 =0, (0s € B).

PEAEZER X OB WS 2 H 5.

B 3.1.2. EH 2.3.5 2o, FEEZEH X I2EWT e infFEREK
B={U.(z) |z € X,e>0}
ZFIETH 5.

wm@ 3.1.3. (X,0x), (Y,Oy) A%/, Bx % X OB, By # Y OB E L,
[ X =Y 25/HET5. Z0OLERIMBPED LD,

1. f 25 < [TED O € By /L f71(0) € Oy.
2. [ WHAEHR < ZED O € By T L f(O) € Oy.

AL FIEA QW BRIV B ONES, MEEDOKRIZEONES. FHEADMES IXHHLE
=y O

(2016 FEEIX/SR)
FES DRI L 2B 2D BRET N2 —D52 K5,

171
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EHE 3.1.4. (X,0) 2hifH2M, BC O £ §5.
B»O @Fﬁ%fﬁ)é &S TEOMES O LAEED 2 c OTRL, 5 O € BWFIHELT,
re0 CcOtib.

FERH. = (XA S Do,
)OO %2EALTE. HELD, K2z ec Ol lrzeO, CO LBRB L% 0, € BIWFHET
5. %0/ LIDES% 0, € B%E—DENZ,

O=J{z}c|JO.cO

zeO €O
WA, O =UrcoO, &725. O
B 151. = =/t

& 3.1.5. fitHZEMIE, SR LEZFFOL & FTTELIE (second axiom of count-
ability) ZA7 325,

Bl 3.1.6. nXot2—2 Y v REMR" IZEWT,
B={U,(z) | z€Q",reQ,r >0}

LB E BRARETHS. Lo TR B AHEAME AT,

A O 2B, r€0LT5. ZOLE HDe>0MFHELT, Us(z) COLRB. 0<r < £
LB & reQir—ors (fiE 21721 . Q" IE R THETH-72 (Fl 2.10.8) 75,
Ur(z)NQ"#0. 2’ e Up(z) NQ" 2—D2, 2, U, (2') e BTHD. [EED y € Uy (z') ITX L,

d(z,y) < d(z,2') +d(z',y) <r4+7r=2r<e

Zhoy e Ulx), %205 Un(z') C Usz). £z 2" € Up(z) Z6 z € Up(a'). &oT
zeU(z)CO iy, B 3.1.4 05, BIIHETH 2. O

EIE 3.1.7. FMMHZEMPHE RN Z AL, B R E AT,

A B 2N X OWEREE TS, s e X ITHL, U(x) ={VeB|lzeV} &BX.
U (x) 1 B DEREEEDP @A AREAST, U (x) D, x ZELHESED S, o DEMHET
H5. Uk zDifELT5L, €0 CULR3MERODVEFHETS. BIRIFEEXTHZ 2S5

O=UV, V,eEBLdobtd 2cOENs, b2 iBFEHELTCz eV, &5, V;, c¢U (x) T
b, V,CcUTHH05, U (z) ZxD (TH) EALERTH 5. O

T ZETNZR,
£E X ITMiHZED BB, IRD Lemma (AN TH 5.

R 3.1.8. X 2HAEL, 0\ % X DAMHE T . 20O E O =), Or & X Ofi
HExs

FEHH. O DRIMHD R E AT I e 2 F oy 7T E L. O
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M 152. G L.

EE . X ZWhd D TELMHEEROLTIHFESIZBVWT, O =nf{0,} TH5.
BEX L, TOWREEGP W ONEZoNTL &, TN DM EEGVHES LIRS
LB EEZEZ T VGERDH D, BB AAMBNMIZZED XS BAMHTH 50, Bl

B Z NN EEDERZL S KMUZEDE2EZ -\, i 3.1.8 12X D IRDES
IXEWRDED 5.

T 3.1.9. X 2546L7 5. BCP(X) XU, BxEUGAMEETOIERS, THib
B DA L5 &SmO E B BERK (generate) 3 5418 & W\ O(B)
THRY.

(2016 FEIL/%R)
O(B) D% BIZRUIZWGENRD 5.

T 3.1.10. (X,0) AR LT 5.

B C O»O DOEE (subbase) ThH 5 & B O BEDco L@y & L TR D EAERKEK
MO DRLLS.
720, 0 HDEEDIERD EZ2E X THD, HEWELINHRT S,

DED BHHEETH D X, MEOHESD, BOOARMEOILERS - OHELATEITS
WS THSB.

HONZ BAHETHNIXHERTH S.
T 3.1.11. X 2848, BCP(X) 295, 202 E Bl BOAEKT 20 O(B) DH¥ERTH

5. Tmbbh, OB) O (FEE) 1, BOxOARMEOILERS -5 DHELSTEITIZEDE
Thd.

. IS HIZ BC O(B) Th 5.
BOGEREOIELL S L LTEIT S X OUDESLROLTHESS BLrEL:

B::{UCX

U= m BZ,FﬁBE%/ﬁ\,BZ S B}
1€EF

B OEBREDTEOIE LML BDOTTHZ I LIZEET S, £7-, BOTORELSTEITSZ X O

NELBERDOLTELSE O LEL:

O::{OCX

O = UU)\,UAGB}

AEA

O=0B)ThdILiERES.

BC OB)#Zh5 (02&0) BCOMB)THY, (03&h) OCOB) TH5.

O(B) C O ZFRTI2iE, BC O IXHETHIE, O BRMTHZ Iz RitiEE v, (OB) I
EEUCRBOMMTH > 72.)
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=
—

v AH 22 ]

Ol DX 0HDEADHMELSDPZ D O, X X0 Hoxoit@fEsThsiro X € O.
02. 01,0: €0 &F%. 01 =, Ux, 02 =U, Vi, Ur,V, e BLETB. £,

01N 0y = <LAJUA> N (L#JV,L> :HUmVM

THY, UsNV, € BENPS0,N0s €O,
03. BOGEOHELOFERITEH A A B OLOHES.
O

W . COEEDS, EED B C P(X) REY AN Y 55 2 B ah B, BT L b I
Y7 5. [ 190 B,

&5 3.1.12. X, Y 2%, B2 Y QWL L, [ X Y 25HET5. 0L x f il
o [LED O e BIZHL f71(0) IZHEA.

AW ARG, JORIA B RO, A DN AP, A IR SCE S b
#. -

Z ZETINRA.
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32 EREEM

& 3.2.1. (X,0x), (Y,0y) 2z L T5. ERES X xY 2, BaEEDE
B={UxV|Ue€Ox,VeOy} PWEKRTZMMHEENIAHZEHZ X é: Y OBEEZE
fE (product space), » %\ ZF A1)l b & (Cartesian product) & W\, ZDAitH%
EME{IME (product topology) &\ 5.

eIz bhoRiFud, ERESICIZERMEZ WIS,

& 3.2.2. B={UxV |U € Ox,V €Oy} ZEBMHDOHETHS. T72bb, B
MMHOHERIX X OEAL Y ORESDERDONESTEITILZLD2ATH 5.

GEHH. 2016 A IZHEM O S TER 3.1.11 282 L7=0T, EH 3.1.11 2ib S EBEIFH L 7.

EHEP->THZWUAEFMTIEARWL, GULAMRLRLAET I, HLLIRILE2PEDIIRDT

ER 3111 ICEFHZ DIz Th L, EH 3.1.11 2fn/znwe 2 5,
BDGOMNEGTEITS X XY OMAEGEEROLTESE O LEL:

:{UUAva UAxVAeB}
A

O=0B)THBILERES.

BCOB)#h»5 (03&1D) OcCOB) TH5.

BCOIZEET2E, O(B) CO%2FTIZIEOMBRMTHSZLErEEL W (OB)
X B2ELHmBHDNHTH-7-) .

O01. 0=0x0eBCO.
XEO)(,YEOYV;DXXXYEBCO.
02. O =, Ux x Vi, O’:UMUIQXVJGB&?‘Z).

ono = (UUAXVA> n (UULXV;1>
UUAXVA U, x V)

U UNNU,) x (VanVy)
A1

VC&)@, U)\HULEOX, V)\QVAEOY 7256 0N0 0.
03. O DILDOHELGDHIERIZTHEBEAA B DIOHIES.
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il
=
i
i

(2016 FEEIX/SR)
EREAAIE B DERKT 20 MHTH D00, € 3.1.11 v BRR¥ERTH D, Thbb,

B:= {UchY U= () B, F-aAl%ES, B; eB}

i€EF

DR THE. B=BThdILa2rZ25. BCBarEIElWw. X €Ox,Y €Oy THEZNH
XXxYeBTHs (0fDxoI@Hs) . U xV, e B(1<i<n)lIdL, HRIEDFHES DI
W IIHESTH E0 5,

ﬁ(UiX‘/i):<ﬁUi> x(ﬁ%)elg.

=1

ZZETI/INR, ]
EE . MEE 190 2> T BYHEOERMAEAI-TZIEE2F v 7L TH L.
EE 3.2.3. X\Y, Z #MHZEM, px: X xY - X, py: X xY =Y 28 L9 5.

1. X xY OERMHEI, px & py BDEDBSHEHIZRD KD LHEFOMHTH 5.
2. Px,Py Cirgﬁg@"cf)é
3. BB f: 7 - X xY PETHS S pyof,pyof WEHL LD HR

AEM. X x Y OEMMHEZ O 95,

1 px: (X xY,0) = X, py: (X xY,0) = Y DHETH B Z 213 S 2
O % X XY ORHTpx: (X xY,0) = X, py: (X xY,0) = Y ¥
Lo G THLIEDLET S O < O THAEZLZEZRZEDS. OB =
(UxV|U€eOx,VeOyt WERT BMHM, T75bb, B 2ALREDHRH
THolhb, BCO THEILAREIZEV. UecOx,VeEOy tT5L, K
ES p(U),py' (V) €O THB. £oT

UxV=UxY)N(XxV)=p(U)np;' (V) € O.

2. FEDOTOBPHESTH D L 2RBTIVD, px (U X V) =U, py(UxV) =
V ThHBNOHS M.

3. GO G HIZE R DT = 1ZH S A
pxof,pyof BELLBEKITH D LT 5. HEDOTOUEIVHEATHE I L%
FREEEW. U eOx,VeOy £32L REDS (pxof) H(U), (pyof) H(V) €
Oz Th5b. £oT

fFAPOxV) =1 (UxY)N (X xV))
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NFHX xV)

) (ot (V)
)"HU) N (py o f)"H(V) € Oy.

LU xY
1

~—

|
s
>

O
~s

R 153. WAMEHR A: X - X x X 138G TH 5.
B 154. px: X xY — X BB 1372250l 2 20) &,

B 155. yoeY & 95. Gy, X — X x {yo} & iy, (x) = (z,90) ITXDEDD. iy,
WHHESRTH B Z L &2mE. 72720, X x {yo} ITIE X XY 256 OMMMHEZ NS,

f 156. X, X5, Y7,Ys ZAifHZER & 9 5.

L fi: X; = Y, 2HEBEHETE. ZOLE, (fi X f2) (z1,12) = (filx1), fo(z2))
THZ 6N 5 EREZEM D D B4

f1Xf21X1XX2—>Y1X}/2

ZHERTH S
2. X1 b Yl, X2 e ng ﬁ“lﬁﬂ‘ﬁ‘fﬁ)é’wi X1 X X2 b Y1 X Yé tilﬁ]*ﬁfa’éé

B 157. (0,1) x [0,1) & [0,1] x [0,1) FFAMHTHZZ &% rE. 77~ L
(0,1),[0,1),[0,1] C RIF 1 ot —2 Y v FZEHIDHFIZ2[H].

AE . (0,1) & [0,1] EEMTELRW (BOHIZK). X xZ &Y xZ PEAMHTH-T
b, X Y ARAMIZZRZ DI TIERY. HIOZWAETIE X &Y IZFAMETIEARVS,
XXZeYXxZWAMHERBEZLEDHS.

RIREE&E . 196, 197, 198, 199
(2016 FEIL/XR)

EE 3.2.4. {(Xr, 00}, ERMEMOBE T5. HRES [, , X 12, BAELOM

U {»'(0) | 0 € 0r}
AEA
AR B A (Z O ZBERAE &) 20N fHZERZ, B {(Xx,Or)}cp PEEZE
BE7ZIEBMBICE2EREBE V. 72720 pa: [[ X — X ISEHER SR
EEEAICIFHRE 22 b o RITNIEERMEZ WIS,
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e 3.2.5.
5 {H " %éﬁﬁﬁ%é‘L CAMPFIELT, Ae La5IE Ay € O, }
AL s AL = X
FEFNAHORETH 5.

. Uycr {p5(0) | O € 02} D0 AREDIERS & LTSI N3 AL LI B
TH5. m

FRIZEL . 193, 194
PR . ERES [, X 94,

Bbow — {H O)\

V)\GAIO)\EOA}
AEA

NEKT B0 (Zh%FEAHE (box topology) £\W5) 2052 b TES. A VWHERES
OGE RN & ERAMIE 8T 228, — IO AR ERAA & b BV, —BIIEFEA
FC X B 194(4),(5) IHI% T3 2 & ASHRE L 720,

ZZETNRA,
EE 3.2.6. {(Xn,00)} cp ZRMAHZEROIEE T 5. FERF X =], X I, AiAH

O={0CX |VAeA:0NX,e€O,}

:{0:]_[0A

O>\ € 0)\}
AEA

&5 2RI (X, 0) %15 {(Xx, Ox)}yep PRARRIZ 5.

FI 3.2.7. X =[] o) X BOLHAL ix: Xo — X 2RO EGHRE TS, MHARO
PiARIE, BTD iy DNEKEE 05 &5 BREGEOMIATH 5.

. O ZMMRIOMM ET 5. S M iv: (X,0)) — (X,0) 3l TH 5. FHE,
Oc0eF3L, i (0)=0nNX, € O,.

O % X ORMHT, EED X € AMTHL iy: (X,0,) = (X,0) Bl ThrE0LF
2. 00<OTHBHILERTI. 00 T35 KA AIIHL, 0ONX)=i,'(0) €
O\ThHodho,0c0TH5. O

[ 158. i\ BHEGEPOHERTH 5.
B 159. & X, i X =[] X, 0> 2HEATH 5.

B 160. R % 1oca—2 Yy RZEfe L, R DS %EH A, B% A={zeR |z >0},
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B={zeR|z<0}T&hEDZ. ZDL& [EEEHId: A][B - RIiFEKTH 2
2, FEMHBG TR, (EIIAHE A][B & REFEETRERZNWI 3 005.)

M 161. (X,0) 2hifHEMET5. £HL LT X = [[ X\ LA TNE L
U, & X\ ITOPSWNEMHENGEEZ Oy &35, 2O E,

O D {(Xx, O0y))} ODHRAFFRIDOAAMTH 5 < [TED N ITHL X\ ¥ (X,0) OBES
Thsb.

8% . 195
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3.3 Hausdorff Z2[&

211 HiTHEELZ L2112, —ROMNAHERIZBWTASIOBRIIBHT LE —BIZEE S
DIFTIERN, —BILEFZAOD—D2D%M252 5.

£ 3.3.1. fiFHZER] X H Hausdorff (/N9 A RJILT) ZERE TH B Cﬁﬁ%@*ﬁfﬁii%
2,y e X IR U, o DB U L yDlfEV T, UNV =0 05500 FHET 5.

M 162. fifH22[H X 2% Hausdorff ZZf]TH % < LEOMHELS 2 Ko,y e X 12U, z
ZEUCHEAEO Ly 2B 0HAEAE 0 T,0N0 =0 %225 DPFET 5.

FE . Hausdorff TH 5 L\ DIFAHKWMEETH S, T45bb
B 163. X, Y ZFEMHLNMAER 35, X 28 Hausdorff THNIEXY £ 25 ThH 5.

5 3.3.2. PEEEZEMEIX Hausdorff ZE[ETH 5. FEE X 2%, c,ye X, v £y & F
2, e=d(z,y)/2>07T, Us(z) NUc(y) = 0.

Bl 3.3.3. HER(ZE[M % Hausdorff B TH 5. FEBE X ZEE2M, v,y e X, v £y &7
&, {x}, {yt HRAEAT, {z}n{y} =0. (52 AMBEMZERE A>T LWV)

5] 3.3.4. ji%& DL L& L EEZEM X Hausdorff T2\,
£ 3.3.5. Hausdorff 222 B W TCiL, MFIOMRIL, FAET X, —BEWNTH 5.

AER. GERIZERE 2.11.3 DB D LE L. (FEEE, GO R~ > MIEEEEZER S Hausdorf
THHEILERTIETHo7. EWVWIED, 55 A, Hausdorff ZEfE &\ 5 DI Z Dk
S < W KD REMELTEASNLDD.) O

T 3.3.6. Hausdorff ZZfizBWTC, 1 fUIFAELETH S,

AEAH. X % Hausdorff 22f], x € X £ 95, D ye X\ {z} XL,z 4y THEH
L, x DIEFBEU &, yDEHFEV TUNV =0 858008 H5. £<XIZagV THB)P
LV CX\{z} &0, yld X\ {z} DANK. O

EHE 3.3.7. Hausdorff Z2f{ D R4 22+ Hausdorff.

FEBH. X % Hausdorff Z4ft], A € X 20 %EME 95, a,be A,a£beT 5L, a
CBUBEHU &, bD X BIREHEV TUNV =0 LR55D005 5.
U :=UNnAV =VNALBFX U,V EZZENZEN a,b D AIZEIT 58T (M 130)



3.3 Hausdorff Z=fH] 181

Unv =40. O

I 3.3.8. X\Y ZAMEMETE. Z0eE X xY » Hausdorff & XY & H1Z
Hausdorff.

FEH. =) 1155 K0, X, Y 3 X x Y OFpZEE e FMETH L0 6, €8 3.3.7 kb &
5 6 % Hausdorft.

<) (21,11) # (T2,92) € X XY &9 5. 21 # 2o LU TEW., X X Hausdortff 72
Mo x; DIEMHEU; TULNU; =0 £R22BDPFETS. Uy x Y iE (2, y;) DT,
Uy xY)N({UyxY)=0Th 5. O

R . EREOERIN U THRMARZ &AW DED. GEHBIZIER L.

EE 3.3.9. X 2MMHEMET S 20 &, X » Hausdorff & WAKES A =
{(z,z) |z € X} P X x X OFES.

FEH. 2y € X TR U, 2 £y & (v,y) € A & (r,y) € A THD. £z,
A BCXIZHU,ANB=0 (AXxB)NA=0=AXxBCA“THb. £oT

X »' Hausdorff & V(z,y) € A, U e U(x),IV eU(y) : U x V C A°
& V(z,y) € A% (z,y) 1 A° DN
& ACTHES.

O

B 164. (Z D exerceise IEMiAH L IXEHEIFBERLR W) XY, Z 284, [ Z - X,
g: 72 =Y BEH{ETE GH(f,9): Z - X xY % (f,9)(2) = (f(2),9(2)) itk &
W3 ¥ ACX,BCY 2MAEELTH. 20Lx (AxB) NIn(f,q) =0 <
FTHANg Y (B) =0 THhd I Lzt

% 3.3.10. X ZAifH%E/, Y % Hausdorff Efi], ACc X & U, f,9: X — Y Z#iEEMH
ETBH. ZDEERHMPED LD,
1. X OfDES
C:={zeX|flz)=yg)}
XHHEATH 5.
2. f & ghinEs A E—BThE, A E—HT 5.

FEHA. 1. Y »* Hausdorff 2D CTHAIMES Ay XY xY IHELETHS. BEH
(F.9): X >V x Y BEEERS C = (f,9)) (Ay) BHES.
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2. fLghAL—HThEACCThHS. CRHESEMS A C C.
O

B 3.3.11. R%Z 1¥oea—2 Yy NEMET L. @GR f,g: R>RAQ L3735
BOIE f=gThB.
% 3.3.12. X ZAifHZEM, YV % Hausdorff 2 & 95, B4 f: X — YV HEfiRolXs
=7

I'y:={(z,y) e X xY |y=f(x)}
T X xY OIS, (cf. [HEE 84)
FEEA. f X 1y: X xY =5 Y xY 38 TH Y ([ 156), Y »' Hausdorff D & & A =

{(y,9) |lye Y} RY xY OBEETHZ. EoTy=(f x1y) H(A) IZHEA.
O

M 165. E®d Corollary &% 5 A UKE(TE 5. X ZAifHZEM, Y % Hausdorff 22 &
T5. B4 f: X >Y WHae X THERSIX, EED LY (b# f(a)) T, (a,b)
5T, DINETDH 5.

B 166. Y BWEEZEMO L &, [+ X - Y 320 Ty BT 2WEZZET L. (B
BAZZ DL E ALRED fididki) Ty PHEGICRE ZLEH507

B 167. (X,0) ZHausdorff Efij& L, O’ 2 O L0V X OfifHE 95, ZDL &,
(X,0’) & Hausdorff.

B 168. R IZY V) ZAFAifHZ Wi 5 & Hausdorff Tld7z\».
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3.4 EiEH

& 3.4.1. 1. fiMHZEM X 23FE&#E (disconnected) & 2 WIEREFETH 5 @X

d, HETHRVWZDDORESEDIERANIRT I ENTES, Thbb, HBH% ’C&b\ﬁﬁ
%6\01,02 ﬁlﬁﬁbf,

X:OlLJOQ, OlmOQZ(D

LR 5.
¥, TOXIRHES 01,0, %2 X OHEIE NS,
2. fifHZEM X H%ERE (connected) TH % <:>X FFEEAE TR,
3. PiAHZER] X OEDES AVERTH S <:> I%J\WF'? ADHEFETH 5.

AR . ZOEZRICEINE, BESQIREETH L. B, BESITEETIIRVWEE XS
DEBE NI W D%\, (cf. 1 IXBEHTIH A, BELEDEE L TR S RWVWE S ITE
BEMEYNBIETZ (HEWVIFEESITERETIIRVWENERTZ) 2L EHHETH D5,
I DB TIREELSOHEEMEIZOWTIZHSAEEZT A I LIZT 5.

i 3.4.2. X ZAMHZERE 5. (KIZAETH 5.

1. X I3#EETH 5.

2. X XZETHRVWDODOHEADIERHIIEKRT Z N TE R,

3. X O EATHLOHTHZEDIT0, X DA,

4. X #BTRVW.DDOHESDOHMES L LTERE, TODOHELOILERD X
NG AT
X =01UO09, O; #0, O; :open = O1 N O3 # ().

5. X 2ZE TR W DDOMESONELE L L TEREIE, 2O >OMELEOIH @B S X
NG AT
X =FUF, F;, #0, F; :closed = Fy N Fy # 0.

6. X 15 {0,1} ~NOEERRHHIIFIEL 2. 772U, {0, 11 IIFEEBRAA 2 Wi 5.

GEHH. 12 ©3 <4 <5 XS .
16 ZRTIIIIXDBEETH 5 Z & ZmREIE X0,

X IS
GMX#bﬂyumw Gk AN NPy 6 A Ao
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6’=1) f: X - {0,1} i efed5. O;=f1(),i=0,1 8L 2
WDTO; 0 ThY, fHEKT {i} 1£{0,1} DREAZL»S O; IFHEATHS. 1
5T, 00NOL =072 X =00U0; THEH5, X IFFEHEE.

1I'=6) X 2IFEFEL U, 00,0, 2 X ORE$5. G f: X - {0,1} %

. 0, €0y
f(x) B {1, x € O

LEDEDSE. O # 0 THEMS flkaftchs F7 {01} OFEAIX
0,{0},{1},{0,1} T, ThZThDH&IZ 0,00,01, X N SHEETH L. Lo T fidH#
foe. O

B 169. FD 12 &3 4 <5 2Rt
B3 170. AC X &3 5. RIL[EE.

1. A FIEERS.

2. ACO1UOy, ANO; A0, ANO1 N0y =0 75 k5% X OFEE O; MFIE
5.

3.ACRHUR,, ANE #0, ANFINEF, =085 &57% X OMEA F; B
5.

B 171. AC X &35, IXFEH.

1. A RS
2. X@B‘ﬁ%é\@ 73§AC01U02,AmOi%wéﬁf:ﬁli‘AﬂolﬂOQ#@ bR AN
3. X@Fﬁ%é\Fz fJS‘ACFlUFQ,AﬁFi#Qéﬁf:ﬁﬂiAﬂFlﬂFQ#Q b,

EIE 3.4.3. 22 O EE BRI & 2 R IFER.

. f: X =Y 2R T, 588, Tabb f(X) AR 51 X 13RS T
BHBIEERES. [(X)DIEREE LTS f &2 X D5 f(X) ADELEE RS & 28h
DR TH B (i 2.13.12). f(X) FFEEFEZ0 S f(X) 225 {0,1} ~DHfEa 2503
FIET S, Zhe fLoalEEr5L, X 15 {0,1} ~OiEfERE2H™Es N5, Lo
T X FFEERTHS.

HENME, RDESITRLTH LW Y OHEAS U, T, f(X) C U UU,, f(X)NU; #0
fX)NUINUs =0 &72255D0H 5.

o U; 13Y OBIEAT f IRk h 5 f~1(U;) 1k X OBEA.
° f(X) NU; # 0 7= 5 f_l(UZ') =+ 0.
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o f(X)CULUU ZH5 X = f~HU, UlR) = f~1(U1) U f1(Uy).
e F(X)NULNU; =0 7=Zhs f~HU) N fFH(U) = f~ 1(U1ﬂU2)—®

EoT YY), F7HUs) & X on#ElE 52, X (3IEkETH 5. O
% 3.4.4. HEEEIIAHGOEETH B . 0

T 3.4.5. X A%, A, B% X DEDEATOAACBC A THHH0DLT
5. ZOEE ANEERSIE B bk,

GEHL Fi B — {0,1) AMEEE&E T, f ARHTRANI LERT S, A SRS
@TﬂAiA%TiEm,T&b%f:LALEﬁT%é.f()zotbfim.%@
g: B—{0,1} 2 g(b) =0IZXDEDB LS g ITHEFHETHY, fla=gla TH5.
{0,1} % Hausdorff ZZ[f]TH D, Ald B THWELDTHR 3.3.10 L0 f =g, T4bb f
IE2H TR,

H 5V

OMNX OBEATHZLE, ANO=0A'NO=0TH3ILIZERETS. EE,
O° WHEATH 2 Z LITERET L

ANO =0 ACO“= A C O = AN0O =0.

O; %X@Sﬁ%é’C‘BCO;{UOQ, BF\IOZ#@ ERBEDETS. BNO;LNOy %@'C
HBHZLEREIEID.

° ACB%))OBCO]_UOQ 7L”\‘7b‘6AC01U02 Ths.
« BCA DD BNO, 2075 A N0; £ 0 THY, LOWEEDS ANO; £ 10 &
85

WEAEZR DT ANOLNOy 0 &7, AC BHDT BNO,NOy # 0. O

Bl 172. ACBC A* ThdL %, Hn%EH B OWMAES AL BIZBWTHETH S
Z et

1 a—2Y v RZEHE R OEEERDPESIZTOWVWTIHNEL .

# 3.4.6. ROWAEA CIE, FED a,be C (a <b)ITNL, [a,b] CC &2B L&
&4 (convex set) THB L\ ).

(R" O ES CIE, TOEED 2 KL, TNO6EZFHEIMAE CITEEND L E
MEATHDE VD)

EIE 3.4.7. 1R —2 V) v N2 R OF S X B IdEks.
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FERA. @ < DXL, KM A = [a,b] IZERETHEZ L2 RTD.

FI,E5 CADPADETRVHEETA=FUF, TH3L95. INFK#£)ThH?
ZraERTEEIV. AFROMERZENS, F I ERO (BTHRVWER) HAEATH 5.
be INF, D& EE FLNFy #0.

bg FiNE, &35, . beFy,bg Iy ELTEW. | IFZETHRVWERESERDTLERA
FHETS. c:=supF) £BL. ce FP =F. (cf. £287.) ce 1 CA®Zc<b.
bEFL RS c#b PR c<b (¢, CF, THDILzERT. E c<z<biolX
(z>c=supF) BDT) v € F1 D (AIZXMZDT) re A=FUF, DX e F,.
FoTceleb)=(c,b* CF¢=F,. £oTce Nk kb, FiNE#0D.

Ol

2016 £EIZZ Z £ T.

% 3.4.8. 1kt —21 v RZH R OMES I HERS.

FEEA. C C R %2 (ZETRHRW) MES, f: C — {0,1} 2545 L 75, fAEH TR
LY, ThObLEMERTHZ Z 2RI IV, fEED a,be Cla <b) IZHL, C &'
BDT, [a,b] CC TH%. [a,b] FHEFELZD D fliq BEMEBRD Z f(a) = f(b).
HBHNIE
FEEAE LRI ESITNMTIERVWZ L2 REIEEWV. ACR % (ZETRW) FEEE RIS
HE£EHELT 5.
ACFURANF, #0,ANFNF, =1

L5 ROMAEE F|,F WEHETS. a, e ANF, 285, ANFINFE, =0 DX a; # as.
a; < ag EUTEW. [a,a0] ¢ ATHDILZRTD.

la1,a2)  FLUF, D2 EE (ACFLUF, Z55) |a1,a2] ¢ A TH5.

la1,a2] C F1UFy &5 5. (a1, as] 1&#AET, a; € (a1, ae|)NF; # 0 72925, [ar,ax]NEFLN
Fo#£0. ANFINF, =0 &0 [ay,a2]NA® D [a1,a] NFLNFy 72005, [ag, as] N AC # ().
Thbb, [a,a0] ¢ A. O

R 3.4.9. 1ot —2 Y v NZEHM R OEETE 2 EEINEETH 5.

ZEHH. TR WA ESIIEERETH A I A RBEIEL V. ACR ZINTHRWEOEL L
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5. [a,b)| ¢ ALeBdES7abe ADPFHETS. z € a,bjNA°E—DL 5. x & A,
a,be APZa<xz<b XoTAN(—o00,z), AN (z,00) X ADREN%EEZ5. O

i 3.4.10. R OMEAR L BIXHETH 5.

FEEH. XD TH B DI S 2.

ACRZETHRVWVNERGL TS, ADPARTHILEZZEZLS. (APEFRTE
WA B HEBRZEDRZDLPILWV.) A FETHRVWEREESELS LR, FRPIFEET 5.
m:=inf A, M :=supA &BL. (m,M) CATHBIL%RT. m<ax<M&T5s.
m=infAZ»PSm<a<ziBbacADPFETS. FAKIZ, 2 <b< Mli3
be ABEIET S, ABMEDS [a,b] C ARX z e A LEA>T AMETHEWAETRY
BELOWE, (m,M)C AC [m,M] &7%0 Al (m, M), (m,M], [m, M), [m, M] D\
T, DEOVXMTHS. O

UEZEEOTREAS.

FIE 3.4.11. 12 —2Vy RZEH R O (ZBTHRW) HoES Al LUxkikEET
H5.

1. A FERE.
2. ARMES.
3. A ZIX[H. O

% 3.4.12 (Epﬁﬁﬁflﬁo)ifi) X Hg. f: X =R M. 1,20 € X, f(1'1> < f(l'g) e B
5. Z0EE, [f(21), f(x2)] C f(X).

FE. (X)) C R IGEFE D S . O

VERE . 2 oD B O AERIT I A S (A 3.4.9) 2 E S T X IRMS A%, K
IO GERL 3.4.7, % 3.4.8) RAETHS.

Z OPBEMEDEE D S | B TR RMED TR B < 72017 1%, i HIHC b B K
DEREMEA BB B

Bl 3.4.13. MBI [0,1) & BIKMH (0,1) RAMTEAW. o<, [0,1) 25 (0,1)
NOMEFE RSB EEE LR, GRS B psin L L MERIE. L) HE
Fo10,1) = (0,1) &MFEAREZ L T2 Y, £ 2 (0,1) = [0,1)\ {0} ICHIB L7 b DI
G (BED G £ (0,1) — (0,1)\ {f(0)} 252 %. (0,1) IZMEEEH 5 Z DM T
55, (0,1)\ {£(0)} BIBEREEDT £((0,1)) # (0, )\ {£(0)}. £>T £(0,1)) # (0,1)
LD, fIERETIRA,
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% 3.4.14. X ZAMHZERM, a,be X £ 95, 1ikoea—2 ) v FZEHE R OPHKXE [0, 1]
o X ~NOEGREBR ¢:[0,1] > X Te(0)=a, p(l) =b 825D % a & b ZFEIE
(path) W5, a ZHEDIEA, b ZHEDK L E NS,

HE . BEEBEBReDIETHY, ZDH o([0,1]) C X DI & TIEARL.

# 3.4.15. fuMHzM X 2 IKER (path-connected) TH % < EED a,be X 1T
ﬁb, al bEFEISEPFET S,

{ER . arcwise connected £\ 5 & ¥ H H 5. path-connected & arcwise connected %
MOFEERTHES 2 H 5.

EIE 3.4.16. 5UREKEZ S IXHAETH 5.

AEH. REHIESR 348 LEMRTH 5. X & (ETZAW) JRRERZM, f: X — {0,1} %

HRERE TS, fOARHTERVWILEZ2REBREL V. a e X 2—DBEET L. (T
DxeXITHU f(z) = fla) THEZZ2RTI. X FIREFRKEZ2PS a & 2 ZFEXR
o, THROLHEBGEER ©: [0,1] > X Tp0) =a, p(l) =x 221D, BFET .
fow:10,1] = {0,1} ZH#HKTH VD [0, 1] 1FEFELDT, fop(l)=fop(0) THS. &-o
T fz) = fle(1)) = fop(l) = fop(0) = f(e0)) = fla). O

Bl 3.4.17. FAE7ZHENRERE TIERWEL 2—2 ) v N2 R? OB 22

A={(z,y) eR*|0<z <1,y=sin(l/z)}
B={(0,y) eR*| —1<y<1}
X=AUB

BEZDE, X 1HEEETH D HEMREEETIX AR,
9 173. 2z (D THlliR-> TEX S0, Gt H > TWA AZELT) wiE

T 3.4.18. X ZAiAMHZEM, {Ax}aen & X OEFHEDEL DMK, T70bE [LED N EA
IZHU Ay C X B THE LT D ZOLE, RO A pe NTHL AxNA, #0 7%
SIE A=, Ay bk

A f A {0,1) BESEGRET . fASHTRVI E, ThbL, [LED abe A
XU fla) = f(b) THEILEFREEEV. abc AL T3, 55\ pueABFEL,
a€AybeEA, LB MUENS A\NA, A0 THS. ce AxNA, 2D 5. f OH
B f: Ay — {0,1) IBEEET, Ay EEEZDS fla) = fc). AR £(0) = f(c). £-T
f(a) = £(b). 0
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% 3.4.19. X 2AMHZEM, x € X 295, 2 250 HEROEST RTONES

.= |J C

zeC
CC X HfE

%2 288 X O (connected component) &\ 5.

PR 3.4.20. RS T z 25O RADHEEESTH S.

h=)

FERA. EH 3.4.18 & D HAEE M ITEAETH B, mAMEIXEER KL VIS D, O
Rl 3.4.21. HiEK D IXAEETH S,

AL Cp & ¢ 2 EUERKD LTS, Cp C CO T, Oy 1 EKEZh o  3.4.5 Kb C¢
b, © e C2 T CLIFHEREZ D SHFERDDEHRLY CL C Cp. 0T, =0 &
7Y C, I FPHES. O

Rl 3.4.22. X ZNHERET5. X 1281358 % ~ %,

x~yexy € C ERBERERATES C C X BFETS

LEDDE, INRFEMERERTHY, v € X 2ECAHEEIE z 250 EREIDTH 5.
Z DFRMERBIFRIZ & & X DR Z2 WAL R N DR LN D .

GEBH. FEBHIZIR @D exercise IZ & 5. O
Bl 174. X ZAMHZEME L, 2 € X 2 &R S %2 C, TERT.

L. {z} I3HEFETH 5.
2. it 3.4.22 O ~ (X[FAMEEARTH 5.
. x~ysyel,.

fl 3.4.23. 1 Ryt —2 Y v F2EHE R OO %M R* = R\ {0} OE#EFKDIZ Ry =
{reR|z>0} R ={zeR|2xz<0} D=D. EE Ry, R_IZR O oH
fi. Ry CACR IFA=RLU(ANR_) & HE N5 D THEKETIEZR.

EF 3.4.24. (%M X DTELTER (totally disconnected) TH % © TG D A
ETIRP07R5.

Bl 3.4.25. HEFZERIZ5E 2 AR,
EENLP TV, B TH DL VWD Z L e RERERETHD L VWD ZEIXES. #HlX
X, 1Rt —2 9w RZEME R OS2 Q X2 REAETH 503, BERZER TlEmn.
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AEH. ACQ, A > 229 5. rseAr<skzidl, r<xz<siRMWHB N
71595, {qeAlg<z} & {qeA|qg>z} T ADHEELGZDDT AITHEKTIIR
W, Ko THEreQIiTxL, r 2E KD X {r]}.

FEED e >0IWL, (r—er+e) ¢ QTHE2H5, {r} 1 Q DRHEATITA
Ly, O

R . 2O SRS 36T USRS & IS U, A7FH 220 A% E5ES B 4 DAL
MEZR2bLITTIERNE WD ZED3nd.

B9 175. X OEFEROVERETH S & &, ZHEROIIHESETH D I L 2R,
B 176. Z % R T Zariski fifH %z WivzfifHZER & 3 5.

1. Z I#EsEThHhDZ & 2Rt
2. Z DEFNEZIFTEDL I LEDN?
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3.5 v/ MNZERE
E& 3.5.1. X 2846, A 2H0EE, {Ex}ren & X D ELEDHEE T 5.

L. ACUycr Ex THB L&, {Ex}aer % A DHEE (covering) &\ 5.

2. {Ex}ren WADWETH Y, A PWAREAD & SHARWE (finite covering) &
A%

3N CAYTE. B {Exben BWAOWETHZ L E, {E\bren %, (A OWHE)
{Ex}ren DEBS#E (subcovering) &\ 5.
ELIZN PERESGD L S HREBOWE L\ S.

4. A DWW {Ex}ren WA % £ D < HL5HABMDIES T C ADPMFELT,
(E)ier 5 ADWEL 525,

5. X DMIAHZEM, {Ex}ren B A DHET, [FED N € AITHU E) 2 X OREAT
HBHEE, {Ex}ren # A DEFEMEE (open covering) &\ 5.

6. EREDOAERMAEA T CAITHL, N, B #0 THBLE, K {Er}ren FAR
XXM (finite intersection property) 2> &\ 5.

£ 3.5.2. 1. frAHZEM X 3> /82 b (compact) TH 5 <:>X DALE D FAH:E
AR B 2 R .

2. MZFHZEE X DA EE ARV NI b THS (ﬁ%ﬁﬁ”’“lﬂ'ﬁ ARV T NTHSD.
IR . ZOEROWNEDEKE (§5& ZAFRMFHMBLUIZSWALESREN) FEd
<, FEFED X DRI & EMEIZ PR &

AR . 2282 b Hausdorff ZEfED Z & 2 a7 h W, ZOERE 3.5.2 DEA:% A
7232 &2 /XY k (quassi-compact) E\WS ZEHH 5.

8 3.5.3. fitHZEH] X DA EE ANV NI M THD < HREEAD (X IZET
%) (LR OFWEVP AR WE 2R >,

AEHH. A OERD AR {E\} A %M A ODRWETH 5 < HoEEG A OF#E {O\}
TE\N=ANO) L2505 5. O

FE 3.5.4. X KAV N & X OMESE [Fles WERE U2 E5 %513
Macn Fr # 0.

. X DEAEETE {EAL IS, {Ex} BETHZ L B =0 THBI LIF
FAETH 5. £72, {Extaea WERBHWE 2D o b2 HRBHES T C A BEEL,
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ﬂiez Ef =0 < B {ESaen WABRZEXMEZ S 72700,
X DN ELS EDPHESTHBI L ECHPHEATHAZLIIFAETH B Z &I1TiE
B3 L. O

5l 3.5.5. BEMMZEMIZa VN7 b THD. HEBSIZX & 0ZFENS.
B 3.5.6. X ZEEEAIHHZEME T2, X OV r b o X BNERES.

Bl 3.5.7. n XL —2 Vv REF R 13287 b Tk, EEE {U,0)} ey & R?
DHEMETH D NERBAHEZ 72720, 72720 0 € R™ IFJFH AL

FRIZ U TR D 5B
iR 3.5.8. HEtZEM O a Y Xy MBS ESIAEREEAETH D,

AP, X 2R, AC X 23V R e T 5.

T ANERTHEILERT. € X 2—285. AC U, Unlz) Z05, 53
NeNPFELTAC Uy(z) &0 AFHESR.

ADHES, Thbb, A WHEATHEILERTES. 2c A, DV g AL T 5.

UE @) =fyeX|day >r}=X—-{z} DA

r>0 >0

Z0 0 {E.(2)}rso X A DBIEE. AlZav I NEPSHRED E,, (2),i=1,...n T
BbHbNb. e =minr; B IFEe >0T

AcC U E, (z) = E.(x)

A
U.(z) C Ec(x)¢ C A,

& O —f%IZ Hausdorft 22D 3 > 87 NS ERERIHALETH S I L 2R TR,
=27V REMTIEFEERD LD, £9 1 RGOEEEZRZTD. T3V INT b 2EH
DOWEZ AT n RGO EZ R .
£ 3.5.9 (Heine-Borel). 1 ¥kt —2 Y v RZEM R OFRFAEGIZI NI M THS.
ELIZARHRMFZa Yy N7 v Th B.

At A C R 2HFHEAL L, A DHEGE {F \len PERZXM2Z2RDET 5
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A£0DEEaZERNEEV) &,

a := inf {max m F;

i€l

Q);éICA,tiI<oo}

EBITIE D N e ATHL

a — inf {maxﬂ F;

)\GICA,J:U<OO}EF,\
el

DA Myer P #0 ERD, ATV NI L THS. m
LA THIHENTALS. R OETHRVARMESIZEAT, BAEEEOZ i

EET S (R 2.8.7).
P={ICA|IT#08I<oc}iBE, AcAlzdL P ={IeP | xel}tsKL.

F/-IecPIlzHL

Fr=F, a; = max Fy € Fy

i€l
BEL. ADPROEFRHAELEZDTEF b ROEFHEST, IREXD I BERES
DEEFF ADTHEDS Fr iZ3BRRITBEFELETS) ICIJDEE F D Fy RS

ar >a; THHZLIZHERETS. I ol

a = inf ay, ay = inf ay
IeP IePy

EBL. A£D7EPSPAOPTHY, a1 € ATAIFEAEREP»SZDOFRRIFGFIETS.)
ITeP\DeE NelZro FiCF\®WZXare Fy ThHb. £oT

aA:inf{aI | IGP)\}E{CL[ | IGPA}GCFQZF)\.
Lo T, EFED A € AL, a = ay THBZ L a2 REE, a € Nyep Fr # 0 235

nb.
PyCP7%EMNPSay>aThb.
—H,EED T e P, I CIU{A} € P\ THENS, ay <ajupny <ar &89,
]

ay < Iig}faaf = a.
AREWNZIZ EDOFE#E B U THED, a € Fy ZRIDIFLLFD ISz TH L. (2

01 2FEDHEETIIUUTOHEREH\W.)
ERED e > 0L, [a,a+e)NFy #0 THsBI&rERBIEL.
F\ 2750 56.) a 3 TFBRELS, BDE2ERTDEES T C A BVFEEL,

(Zpex

a € Fy =
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ar<a+eld. TU{D} IERESTI 2E500T
a<aupy<ar<ate
LY apupay € la,a+¢). e
aru{r} € Frua C Fy

WA arupay € [a,a+¢e)NFy # 0. O

EE . ORI TIIARERS 3V P RATZ 23R, (0,1) & H BB
22 M. ..

Bl 177. Z % R 2 Zariski fifH 2 WA AHZER & 9 5.

1. ZFayNNo  NThaHIZ L zRE.
2. Z DAV NEPEBITZEDESIBREDHN?

3N FEBOWEZFNLS.
8 3.5.10. A, Ao CX BaAVRIFROIE A UA A VART N THD.

FEAH. {Ox}ren ZEBAEEG A1 UAs OFAME, $70b05, Oy 13 X ORBELT, AjUA, C
UOL THB LT 5. BISHIZ {0} 1 A BB TH Y, UELD A 33V "0 v
DTHBARMIES J; CADPFIHELT A CUjey, 05 £7%5. J=J1UJy CARHE
REATHD AyUAy C U, 05 &%, 2% D, {0} jes 1E {Ortren DEREDHE
Thd. £oTAUAFIUYNINTHS. O

FI 3.5.11. I N7 NEBOMEOESIZaI VN7 N THS.

AEFL. X 23 YN EREL, AC X 2HEDEEG LTS, {Ox}aer & A DHBHE,
T50H 0\ 1E X OEAT, ACUONTH2Ld5. Z0e&E {0,}U{4A}IF X D
FWETHS. X 13Za2 "7 b DT, HE5HRMAIEE T C AT, X =J,;0iUA°
LRBZEDNVDHL. WO AC ;0 TH5. O

EHE 3.5.12. a7 MEMOHEBGERIZLLBEIZI NI FTHS.

AEEA. X, Y RNAHZER, f: X - Y 2GR L, X 33V 7 b ThB LTS,
fX)Dav NI v THBEIEERTD. {Orlaer & f(X) OBME, T72bL O, 1X
Y OEAT, f(X) C UyenOr THB 295, X OBBEARKE {f71(Ox)}ren %
FEAZB. fAREEE»S 10N X X OBEATHD. £, f(X) C JON ENDS
X C f7HUON) = UfHO0N). &oT{f7H(0N)}1Z X ORfEETHZ. X 131
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YR NENS, BEERMAIEET C AT, X =U;e, [H(0) £22HD0H 5.
f(X>:f(UzeIf_l(Oz)) CUZ‘E]OZ’- (|

HR. v VEGOEREHRIZE 2HBIT a7 P ERBS . FIZIER EO
ERBEMEZEZTAHL.

% 3.5.13. a2 X7 MERAHEETH 5.
% 3.5.14. I X7 e EOFERUEES BT R AME . /MEE & B

FEHE. X ATV RS b fr X S RASSERE T2, & (X)) RR OV NES

EhSERBES. & oT f(X) ICIERATE, BNTHIEET 5. 0
% 3.5.15. A FEIXE O EEEIESIEAE L BMEE L 5. 0

EFH 3.5.16. X,Y £HI2aV R hes X xY a2 b,

GIERA. {O)\})\GA X XY O#EEL T 5.

U={UxV |U€eOx,VeOy,INeA:U xV C Oy}

L35 UDB X xY OBAETHS. (X xY OHEAIZ, X OHEEL Y DO
ELEDEMBOMELSL L TRINDIZDTHo77) U PEREIWEE2FEDOZ L 2R
5. zeX%2—2r3b {a}xYRY LAME,PSIVAZ L. koTU DA
BRAE D IE Uyt X Vit ooy Upny, X Vi, DAL, {2} x Y € U2, Upi X Viy &7 5.
{2} XY NUy x Vg 202 LTR0. W, =N, Uy B (FRIEOHESDILE
HR7eDT) W, 3 X OBEATHY e W, THD. 17

Y :pg({m} X Y) C p2 (U U,i X sz) = UPQ (U;m X V:cz) = U Vi
=1

i=1 i=1
205 . . .
meY:WxxUVm:OWxmeCOUwiXVM
1=1 =1 1=1
Thd #EHNTAL) . e X ITHLIDESIZLTW, 2l X ORHE
{Weteex WROND. X ZIV NI NEPSHIARMEDR 21,. .., 2, € X DMFLEL,
X=U~L W, &%5%. Xo<C

m Nz,

XxY:GWwixYCUUUxiijmij
=1

i=1j=1
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) U DBERRIBIHEENZ 5Nz, %"L,j Wz U Umij X inj C 0)\1.]. AN /\ij cA
BN X x Y C Uy, Ox, £ {0y} OHBBHHEANGS NS, 0

. LOREHATIRERAEEZ Z 5 Z Do TWED, 5 F  TRTIDERABZ D
BWEDIZTES. HEMEOEMDGE® MR Z LAWK D> (F3/ 7 (Tikhonov)
DEH) B, TH o IERIRNRMHY . CGERAB L [FE) TH Y EEHIES 54 U

B 178. X £0,Y #0, X xY AV 2 heF 5. Z0OLE X, Y £HIa VS kT
BB ERY

NP SRIPTRES.

EIE 3.5.17 (Heine-Borel). 2 —2 1 v RZEF R™ OB EERI VNI FTHB-HD
BEA DI ERAEATHE Z L.

Gt 2N MR b ERHEETH S Z LIFBEITR LU .
ACR'BESRHAEGTHILET S ARTHEINO6HD K € R BPHFIHELT,
AC|-K,K]" &5, #H 359 &0 [-K, K| Za>:X7 v ThHs0 5, @8 3.5.16 &
D [-K,K]"bavx27 s ThHs. (R* &R x---x RIZAM, FEE 196 2M1H.) A X
:!//\7 NEH K, K|" OFEETH 505 3511 KD a2 THS. O

Bl 3.5.18 (cf. [ 143). St 225 [0,1) ~OEfEARRFHIFEL RV, & <i2 ST & [0,1)
FFEMETIERN. ST R OFRBEEGEZAS5a V87 M THD, [0,1) IR @F;ﬁ%é}f
FRNDOTAV NI FTEHBRVHRS.

I 327 b Hausdorff ZRENZDWTHANREL S.
EIE 3.5.19. Hausdorff 2] a v\ 7 NESIZHEETH 5.

. X % Hausdorff 5[, AC X 23827 MDHES, z € A T3, 2 h A° DN
HTHhBEILERES.

a€ArddL, x#aTHhO, X H Hausdorff DT, v DFLERE U, & a DFEME
Vo CU NV, =022 EDPFETS. Fac ATHLIDESBMU,,V, 2—Di%E
B (HEVIFZDO LI BMETEEZ 2ETHILERAIZTV S W, Hil 21X

A={(a,V)|a€AV: open,a € V,z € V°}

) {Vidaca 12 AQBBETHY, ATV A2 NEDT, 5 ar,...an € A BFLEL,
AcUr Vy, &%, U=, U, £B3E, Uz OBEETHY, UNV,, C
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Usy NV, =0 72DT

UﬁACUﬂOVai:OUﬂVai:Q)

=1 =1

720 (VW TAhE) UC A S o ld A° DAL O

% 3.5.20. 2> /%7 k Hausdorff 2R DM EEN I VNI N THBT-DDBE+4%
HIXEEETHDH Z &,

HEHE. EHL 3.5.11, 3.5.19 X D HA S Ae. O
% 3.5.21. 3> %7 F2E[E D6 Hausdorff 22D HEAGGEARIIEAGEHBRTH 5.
HEHE. EHL 3.5.11, 3.5.12, 3.5.19 & D HH & % O

% 3.5.22. 3282 hZ2[H 5 Hausdorff 22 A O 2 2 A I FEMHESH TH L. O
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%R 5|

e/ HF
€ neighbourhood 119
151 20
A
accumulation point 149
adherent point 145
antisymmetric law 58
Archimedean
non — metric 124
axiom
first — of countability 138
second — of countability 172
B
bijection 20
binary relation 16
bounded 64, 126
— from above 64
— from below 64
box topology 178
C
Cartesian product 14, 175
characteristic function 34
Chebyshev distance 122
classification 49
closed
— ball 119
— disc 119
— interval 61
— mapping 164
— neighbourhood 137
— set 135
closure 145
coarser 134
compact 191
quassi- — 191
complement 11
composition 18
connected 183
continuous 161, 167
— map 161, 167
uniformly — 169
continuous mapping — continuous map
convex set 185

countability

first axiom of — 138
second axiom of — 172
covering 191
finite — 191
open — 191
D
dense 152
derived set 149
diameter 126
difference 11
disconnected 183
discrete
— metric space 123
— topology 133
disjoint 11
distance 118
Chebyshev — 122
Hamming — 125
Manhattan — 123
E
equivalence class 48
equivalence relation 48
Euclidian space 121
exterior 143
F
field
totally ordered — 115
finer 134
finite covering 191
finite intersection property 191
frontier 143
H
Hamming distance 125
Hausdorff space 180
Heine-Borel 192, 196
homeomorphic 161
homeomorphism 161
I
identity map 18
image 17, 19
inverse — 19
inclusion map 19
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indiscrete topology — trivial topology — covering 191
inductively ordered set 91 — disc 119
infimum 67 — interval 61
injection 20 — mapping 164
inner point 141 — neighbourhood 137
interior 141 — set 129, 133
intersection 11 order 58
interval linear — 58
closed — 61 partial — 58
open — 61 total — 58
inverse image 19 ordered
inverse map 21 — pair 14
isolated point 149 — set 58
isometric 118 inductively — set 91
isometry 118 partially — set 58
isomorphic 118 totally — field 115
L P
linear order 58 partial order 58
lower bound 64 partially ordered set 58
path 188
M path-connected 188
Manhattan distance 123 poset — partially ordered set
map 16 power set 14
continuous — 161, 167 product topology 175
identity — 18
inclusion — 19 | Q
inverse — 21 quassi-compact 191
onto — 20 quotient set 50
mapping
closed — 164 R
open — 164 range 19
maximal element 68 reflexive law 48, 58
maximum element 65 relation 16
metric 118 binary — 16
— space 118 equivalence — 48
— subspace 118
discrete — space 123 S
non-Archimedean — 124 Schwarz’s inequality 120
minimal element 68 Separable 152
minimum element 65 set
closed — 135
N inductively ordered — 91
n-dimensional sphere 160 open — 129, 133
neighbourhood 137 ordered — 58
g — 119 partially ordered — 58
closed — 137 sphere 119, 160
fundamental system of —s 138 stereographic projection 165
open — 137 stronger 134
system of —s 137 subcovering 191
non-Archimedean metric 124 subspace 118
nowhere dense 154 supremum 66
surjection 20
o symmetric law 48
one-to-one 20
onto map 20 T
open topological
— ball 119 — property 166



202 £l
— space 133 N AR RS 166
topology 129, 133 — BRI 169
box — 178 — ks 169
coarser — 134 € i fE 119
discrete — 133
finer — 134 P
product — 175 EADE# 20
stronger — 134
trivial — 133 Z
Zariski — 134
total order 58 »
totally disconnected 189 i
totally ordered field 115 g e 119
transitive law 48, 58 g 171
trivial topology 133 7%“% 119
U i 137
uniformly continuous 169 :g{[ﬂg lgéll
uniformly convergent 169 TP 129. 133
union 11 —*&'% ’ 191
upper bound 64 st 143
W AR 143
weaker 134 iiﬂg gi
wellordering theorem 95 A
/ B 138
Zariski topology 134 /_\{#;Z o 1’17?
Zorn 91 ;MJ\ = 152
Zorn’s lemma, 91 Bl 16
Zorn DA 91 Mlﬁlfﬁf 48
» —I 16
:—L—»é \‘ﬁr\u 189
M 13q | AR
TIFRATF A x
—1 116
— e | o
IR e 124 e 173
w IRAARIIE R S & 91
s 21
oA 133 | G
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