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o A= BlX, AP VDRSIXBHEBO DI L EZEKRT S, (2011 £ 2014
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RXF | INF BT SLRERE
A Q TNVT 7 alpha
B 6] N—X beta
r ol = gamma
A ) TR delta
E €, € A 7uy, =7uy | epsilon
Z Yr—% zeta
H n I—XR 1—X eta
S 0, ¥ V=&, T—X theta
I L 14 R iota
K K AR kappa
A A N4 lambda
M W Ja— mu
N v —a— nu
= ¢ PHA, e — xi
O 0 N/ w IV omicron
I1 T, W NA pi
P P, 0 o — rho
b)) o, s Ve sigma
T T 2 tau
T v ayvuy, vw7ruy | upsilon
P o, 774 phi
X X 714 chi
1\ P T A psi
Q w FAH omega
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A\
=

1.1 iz
Bt CFEALRERE2EET 5.
EF 1.1.1.

1. ZD2O0m#Ep, ¢k, TOEMBF—HT 2L EMBABECTHL L V-T, p=q
/<.

2. MIUEHEZRED —DOBEE P, Q 1F, ZEIZED LS R fEZNRALTH, TDOER
N—HT 5L ERBAMBTHLLV->T, P=Q &EL.

1.11 e RERS

EZoNT—2H50WEoOmEPSH L WamEEELZ L 2B X 5. TDOR, Hik
D ESEILE L DMEOEBIZ T TEE L LIIMEL -V, IR 1IEEZR, 0 13A%
Hobd.

—DDME p DEMIZIE U TEBETD S HIEIZIRD 22 =480 . (0) & p DEMHIZ &

o]

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

591, (3) 1E p DEMBIZE ST, (2) I p L UEH S 4N % DT 3 kA S D
25RO (1) TH3.



Hl1E fEH

% 1.1.2. ROEHRTHEMBIEE M8 —p % p DBE (negation) £\ 5.

p|p
110
0] 1

ThbLL, Dk p BEDOL EHE, p WMEDL EETHS.
—p lEEE [p TRV L.

ZOOME p,q DEBITN U TESAZED D HIEIFRD 21 =16 @D .

p g O] @M@ |G | @G |67
1 1 0 0 0 0 0 0 0] 0
1 0 0 0 0 0 1 1 1 1
0 1 0 0 1 1 0 0 1 1
0 0 0 1 0 1 0 1 0 1
p q| (15) | (14) | (13) | (12) | (11) | (10) | (9) | (8)
1 1 1 1 1 1 1 1 1 1
1 0 1 1 1 1 0 0 0] 0
0 1 1 1 0 0 1 1 0] 0
0 O 1 0 1 0 1 0 1 0
#1.2

TOED (n) & LOED (15 — n) IZAWICMOBELZ» S FOEEZITEZ LS. (15)
FEICE, (12) X p DEMALFEL, (10) kg OEBEHED, (11) & (13) i p, g Z ANPZ
5 QITHE3ITHZANDZ D) EBOVEDI DT, Fikil4iiz D2 2 E®KAH 0 < 5
A DIE (14), (11),(9),(8) D 4 .

EF 1.1.3. ROBEHEXEZEZ 5.

o O = o=
o = O =

_ o O =
S o o =

1. (14) CEBVPEX MmEZ pV ¢ &EE, p & ¢ DFRIEF (disjunction) H % \»
HATA

TES WS,



1.1 EwHsl

pVqldEdE Tp 721k q) i
2. (8) CTHEHMALNEZ S mEEZ pAq &EEZ, p & q DFREMRE (conjunction) » 5 W

nAFA

FES LD,
pAqlEEE Tp hDql LHD
3. (11) CEMMPEF 2MaEE p— ¢ £EL. $hids = | 3EE (implication) %%
L kigns.
p—q I p sl ql it
(bRAIZ (13) 1k q—=pThH3.)
4. (9) CEBMPEE S@EE p+ g LEL.
p &g 3@ Tp & g 1XFEME] .

FLE o, VA, =, > RIS T (logical connective) £S5 .

FER! . SEEM->TWARHRIE 6] ¥ 2014 EEOREFMOBETIIEREZ2HObT
EELT =] 2ZHVWTWASD, ZO#ETIE (=] 2HWS

ZOHEEHETIE Ip=ql 2 Tp = gDETHE] , T2b5, p BRIV TIE g KDL
DEWVD ERTHS .

WE . BT TEMAD D Z 5501 (14), (11),9),(8) D4D) LA

1 EBRITIO B DIZEHFTRDVT WS, FlZIE (7) IZBERER, NAND &
FiEh, plg L Vo zilBETHhobIND.
INSIEEWVICHBERRD T TR R FlZEp o qgld AN E - 2T (p —
q)/\(q—)p) EhHhobds.

FZIENAND 721 2HWTE 1.1, 1.2ICHTLK 323D 22THo LT I LN TE 5.
BIZ & —p = plp, p A g = (plg)|(plg) LV o7zEA.

£1.1.4. 02 1 hon2HEA% 2] L8

2] := {0, 1}.

EF 1.1.2, 1L13 0HEBERER L L VA, —, < FES [2] B (RUBEPHEITED &
572) ZIAEE (binary operation) %, — 3B IEHE (unary operation) % & & T
WHERBIENTESL. OVI=1&2-0=1tWVo7EA.

pVyq pPAq p—q P g
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 10 1 1 10 1
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O p— q ZBRWVWT p & q IZBEUTHITH 5.
EHE 1.1.5. p,q,r zaEE T 5. IRDBKD LD,

1. (3 #EHI, commutative law)
(i) pVg=qVp.
(ii) pAg=qAp.
2. (kEE1ERI, associative law)
(i) pV(gVvr)=(pVaq) Vr.
(i) pA(gAT)=(PAG) AT
3. (4HidikH], distributive law)
(i) pA(gVr)=(@Ag V(pAT).
(i) pV(gAT)= (Vg AP V).
4. =(=p) =p.
(i) pV(-p) =1
(i) pA (=p) = 0.
6. (R - EIH>DLHA] de Morgan’s law)
(i) =(pVa) = (=p) A (7q).
(i) =(pAq) = (=p) V (—q).

EI 1.1.6. p,q 2L T 5. KDWY LD,

L.p—qg=(-p) Vg
3. 2(p—=q) =pA(-q)
FEHA. Wit BEER A2 EITIEN 1S,

B, FH 1156 1I2OWTHE, 4 221, —~HERmEEMAIET<Hr 5.
F7- EM 1.1.6.2, 3 1, FH 115 & EH 1.1.6.1 Ao TRTILLTES. O

HR! . FEADADPEIS VDD, p— ¢ DEEIX pA(—q) TH>T, p— (—g) TR,
HE . 9<H25L51C 5 3uHTciEi< (p - q # ¢ = p), BAKNTERWL
p—=(qg—=r)Z(p—q) —r). EH LIS LEH 1.1.6.1 221X 5 250K2050
ALERTES.

HE . pgrel2={0,1} 92 EH 115 EH 116 DANT=%2=L7-DN
I AVAC SN



1.1 EwHsl

1.12 #BEEELF

[z JMBEHRTH L] FOL DLz 2E5LXT, v IEZ2RAT D S:Ei\fi'émfﬂfﬂi’é‘%%

H D% kiR (predicate) X \WS D TH -7z, EH 1.1.5, EH 1.1.6 1

PRIZAR D AT D.

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

1. (3 HyEAD)
(i) pVg=qVp.
(ii) pAg=qAp.
2. (WEGEAD
(i) pV(gVvr)=mVa Vr.
(i) pA(gAT)=(PAG) AT
3. (FEEAD

(i) pA(gVr)=(Aqg) V(pAT).
(ii) pV(gAr) =@V A(pVrT).

4. =(=p) =p.
(i) pV(p) =1
(ii) p A (=p) = 0.

6. (K - €A (de Morgan) DEHI)

(i) ~(pVaq) = (=p) A (—9).

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

EIE 1.1.8. p,q dBFEE T 5. IRV D LD,

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

i 5 éﬂ( ﬁ%ﬁ)\?ét AL 2B, 3
2B 2EE P(x) I L, 2 ITRA L& &I

EATHD.

5l 1.1.9. z € {1,2,3,4,5} 123 23t
E25.

IR G

REE P(x) =

XU THE

5 i EM’E%BU@%&#%% 2
Pla) WEL2Z X575 0 D, @8E

z IMBEETH B I

N ULANDXHEZ
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Pla) BEE A5 557 2 € {1,2,3,4,5} X 1IHTH 5.
Pla) BEE A DX 57z e {1,2,3,4,5} X 2{HTH 5.
Pla) BEEHRB X575 2 € {1,2,3,4,5} 32 TTH 5.
(z)
(z)

T

NE
AN

Plx) WEE:DE57% 2 e {1,2,3,4,5} 1F720.
Plx) WEE:D X572 e{1,2,3,4,5} WA &d 1E#lddH 5.

A

Pz) BEE %5 e {1,2,3,4,5}, D% 0 1,2,3,4,5 DS LEMTH B DIE 2,4 D 2 f
Ehb 1,3, 41 2,5 3ETHSE. LIZINSDNERLTHETH 2.

ZDOEDIZHEE P(x) I L, ZNHREL B2 L5 OREIBET 5 Z &L Tz fF
LIEeNTEL. BEETHIRELUTREEANTHEDIE 27T & W] THAS. E
BRUZEETHSBRICIE TV XDIEZDOBRETHS (A es 1K) 5] OF
BEVWEW, 20 [2T) & THs] ZO0TIEFEEVHEINTWS.

# 1.1.10. P(z) 2Z& Wz 1T 2B5EL 9 5.
1. 2Tzt LT P(x) WETHD] LWHamE%
Va : P(x)

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

Jdz : P(x)

ERU, Tl TH2 o WFELT, Pla) DO D] &0 THD o BFEL T,

P(z)] L@d
YsdmL
BE . ZOLDICHREVPELRD LS BREROEZRET 5552 2/LF (quantifier)
ﬂ’/ub&?‘)i?ﬁl,
WS, VIZEMEILTF (universal quantifier), » 5 WIFLMESLITIEN L. 3
TASL

BEEILT (existential quantifier), &3\ ZAFAEES L IHEh 5.
#% 1.1.11. P(z), Qr) 228 o (LT 32 T 5.
1. ¥z : P(z) = Q(z) ¥\ 5 firfiz
Vz(P(z)) : Q(z)

YELIENRDE. 5OS5INE [Pla) KD 2O LS BEED 2 1L LT,
Q(z)) Hr#p



1.1 EwHsl

2. dz: P(x) AQ(x) &\ %

Fx(P(x)) : Q)

LELZLEDDHD. SOOIk [Pla) BPEONDEd b b o BWFEAELT,
Qz)] F L.

HE . ZHEPZDOUEHZRBEEIZOVWTHRKRI L 24 0RL THEEZIESL Z LT
20, GRIRIROBMNIC LB Z 2 T 5. BRI Plx,y) DA x,y (BT 2R5ETH
3L x,

Yy : P(z,y)

LBz BT BBFETH Y,
v (Vy: P(z,y))

BETHL. ZomdEx
Vo, Vy : P(x,y) &5 VaVy: P(x,y)

FrEL,
FELFV, 3 DIEFIZDWTIRDR D ALD.

EE 1.1.12. P(z,y) 228 z, y BT 2HRGEL T 5. KA D LD,

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

AER. R EE AL S 2. O

R .~z Ve, 3y P(x,y) # 3y, Vo : P(x,y) TH 5.
BTV, 32 ETMEDOEREITDWTIRAE D VLD,

EE 1.1.13. P(x),Q(z) 2Z8 x 1ZBT2RGEL 5. IRAED LD,
L =(
2.
3. =(Vz(P(z
4.

AEH. 1, 2 Rk AR E NS S A, 3 bEKAEZNEHND LES A D UBRIICR
3
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—(Vz(P(z)) : Q(z)) = ~(Vz : P(z) — Q(x))

4 % Ak, O

BTV, I eWmEEET V, A, > OBERIZODVWTIEFHZEFHD / — b (http:
//www.math.u-ryukyu.ac.jp/~tsukuda/lecturenotes/joron-note.html, §12) IZ
DPLEEDTHED, ZOBRTSMBITHAS LD, FREVPBELREDZ WL DNZEIFT
b <.

EIE 1.1.14. P(z), Q(z) 2 x [ZET 258, r 2@l (HEWIFEH 2z 2 EH5F 00
WEE) LT B DD LD,

LVr:rVvQ(x)=rV (Vr:Q(x)).
2. dz:r AQ(x) =7 Az : Q).
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)) A (Vo : Q(x)).
6. dz: P(x) VQ(z) = (Fz: P(x)) VvV (Fz: Q(x)).

AEWL. 1, 2 BEWAEE XD, HBVIE r OREBTHAN T L CHLOEBEE LA 2%5TN
LWV, 3BFEBIZEZTE LW,

p—=> (Vg =(p)VIrvg=rVv((-p)Vg=rV(p—q)

WZEETE L 2Hi-T

Va(P(x)):rVQ(x) =Vz: P(x) — (r vV Q(x))
=Vr:rV(P(x) = Qx))
=rV (Vz: P(x) = Q(z))
=7V (Va(P(z)) : Q(x))
A BFEAREZPESDLPI LWV, 56 bEKREEZEZXD, HDVIIMLDOEREZILNSETN
L. O

FE! . EO56 TVE IZANDZZEDIT—MRITIZIEL <22V,


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 &&

EHDREFOHEEHE PN TT Yy EILD/INS Ky I X (Russell’s paradox) % 4T L
£5.

EF 1.2.1.

. B2 DEZEDONRTHREDIZ-EV LEZDLDDEED ’E%A (set) & &5,
2. SEHEALTILE, SEMEKT A DED% S DRTE - HER (element) &
W,
« 1 WS DRTHBILE, (xRS KET S, 2R SIGENE] , 157
rEEL] FewvwoT,zeSEhiTS>r &RY.
e (€S THEIL, ThbbaNSDILTHRNILE, lzldSITESIXR
W, Tzix SiIzEEhkwn], ISikaezEFEhv] FewoT, g S F7-
RS FHr L ET.

EHE 1.2.2. ABE2HEALTD.

1. Al B DEPESE (subset) TH 5 < ADEREDITL 2 IZH LT, 2 € BTH5.
Ao TETX, Ve :2 € A2 e B (MoEEHEITNEVre Az €
B) METHB LS Z L.
cDrE ACBERIEBOALET.

2. £ A K%éBCi%bV{i};ACB#OBCA'@%%.

ZDeE A=B rEL.

# 1.2.3. £EORLS.

PNZATE

1. 4HEM (extensional) 5Ei&
KAEDILEITANTHEL, T2l {} TS,
TR D 256, H5WIEARMETS 2T E2AFELRLVEGE,
BETORET NI ... &S,

2. WILH (intensional) &%
P DRMEE AT DKL UTERAEZRT A P(r) 228 « BT 53k
ML 95, Plx) PELIRDEIBRTIRTD e o d%E6% {z | Pla)} £&RT.
B DEBENRHIER U ICHIRINTWSE L E, Plx) PELZLD X571
TRTD x (EZ L e U) okdEG% {recU|Pla)} &XRI. DF0,
{zeU|Plx)}={z|zcUANPx)} TH5.

=

RiEELL S

ﬂml
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Hl1E fEH

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

a€{r| Plx)} & Pla) K
& Qa) BE
saci{r|Q)}

Bl 1.2.4. n e NIZHU n KON WIERBHEERORTEEE n] L FHL:
n]={0,1,...,n—1}={i€Z|0<i<n}.

n] EnflDzR>EETHL. HIZIX

[1] = {0}
2] ={0,1}
[3] = {07 L, 2}

EWVoBE n=0DH&5HI0REEMS I LNH 5.
0={ieZ|0<i<0}=0.
Bl 1.2.5 (T v ELD/NT Ky 7 A Russell’s paradox). IRDES
S={X|X¢X}

BEZD. DFVEEX THHo>TC, X HEE X ODXETIERVWESIREDEZEDEE DM
STH?. BIZENEZNEZNSGNe S THS. T, 5220 TiESesSeSgses
SME DDA SN ?

SeStdaL SOEDANS S LS einbd SESETrL, SOEDHENS
SeSehsd IO SIESDODILTHYND, SDILTIEBRNEWNWS I LIZZR->TL
5.

CDEIIZEAPTOMEEEZDHEVRIMIBATVE LRI ERBEETLES.
BETIEINS O % Bk 2 72D RIBHESH (axiomatic set theory) (X D&
GrDHOND I LBE . hHTH Zermelo-Fraenkel D AER +:ERAE (ZFC) &\
INHR (EEEDHONI DD =) R—REIAICHNSNT WS, (B, flucb iz
a8, HEDRH5.) ZFCIZOWTIREGROAIZEBTH-TWD L, 2] FIZTHEW
RN D D, HEDOHF 2 RHIRIEHEN IO VoI L 2 EHBTAHEIZENL, Z
IV HESE DN, ZOHEBTIIZNRTIGTESEZ DO DN, BRAHIZOWTIX
PLINS.
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1.3 £50EE
B CHEA RO DM A BN HE S,

& 1.3.1. 1. A, BEHEA/RL Lz E A BOARy—~HIIBET 2EEZL2 2
KDt D% AL BOAHES (£721ZMEA (union) , ##) &\Wo-T, AUB
T&RY.

e
AUB={z|z€ AVze B}.

2. A BOWHIZET 2EZ22HMEDEDE AL BOHBEES (213, X
Hl) (intersection) ) £\W-> T, ANB TKT.
DED
ANB={z|z€ ANz € B}.

ANB=00r %, AL BIREWCHE (disjoint) £\ 5.
72, AL BPEWIETHLLE, HMESG AUB % AIIBLEE, AL BOD 3k
Z#0 (disjoint union) ¥ \W5 Z 2 23H 5.
3. AIZJBULT, BIZRIZWERDEIKkE A S B 25l\WE& S (difference)
Y\oT, A- B %713 A\ B TET.
DFED
A-B={z|ze ANz ¢ B}.

4, HHPELHE X #FETLT, X OMHEZIZODVTDOAEZSLLE, X - A% AD
(X 12B9 %) #ES (complement) 2\Wo>T A THHDLT. Thbbd

A={zeX |zgAt={zeX |- (ze€i)}.
ok E X 2EEES (universal set) 5 WIEL2EEEF L V.

IROMHEITEADAUEHBREZZD L ZITHEANTHY, BI04 fS5. L
BEENSIFLALHONTHS.

78 1.3.2. A, B,C 28£E£L T 5. MK LD,

1. AcB»»BcCcC=AcCC.
22 AcCh»»BcCc(C=AUBCC.
3. ADCH»>DB>C=AnNBD>C.
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H
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A
op

Bl 1. D2 3 TRFEEHEMDIIDI & z2RE.
T 117 D omRB DI 5.
EE 1.3.3. A, B,C #8523 5. IRV D LD,

1. (B #IERI commutative law)
(i) AUB=BUA.
(i) ANB = BN A.
2. (kE&1ERI, associative law)
(i) Au(BUC)=(AuB)UC.
(i) AN(BNC)=(AnB)NnC.
3. (4 EdiER], distributive law)
i) AN(BUC)=(ANB)U(ANCQO).
(i) AU(BNC)=(AuB)N(AUCQC).

AL 3.(1) ZRLTARES.

AN(BUC)={z |z € ANz e BUC}
={z|zecAN(zeBvxel)}
={z| (xr€e ANz eB)V(ze Arnz e ()}
={z| (x€eANB)V(re ANC)}
=(ANB)U(ANC(C).

fMHEERTHD. BHAHA, fli#H 1.3.2 2 Mo T, LAV E TN, FlA /01

EFNHENWDITLERLTH KW,

EE 1.34. X 28KkEE, A BC X &35, IRMBEKD L.

1. (A%)° = A.
2. (i) AUA®=X.
(i) AnA°c=0.

3. (F - EILH VDA de Morgan’s law)
(i) (AU B)c = A° N B-.
(i) (AN B)¢ = A°U B,

FEH. 2.(1) & RLTHL S,

AUA={ze X |zec AVre A%
={zeX|zeAV(zxe A}

Cl

-
-

O
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€AV -(x e A)IXEIZEENS
= X.
bt FAETH 5.

£ 1.3.5. A, B,C 251275, IRDED LD.

AERA. 1.

reA—-(BNC)sxec ANz g BNC
r€(A-B)UA-C)erxecA-BVreA-C

ThH5.

reANzgBNC=xe AN-(x € BNC)
=rxecAN-(zeBAxeC)
=rxcAN(x € BV-ze()
=rxcAN(x¢BVxgl)
=x€eANcgB) V(e ANz &)
=rxc€cA-BvrzeA-C

reA—-—(BNnC)sze(A-B)U(A-C)

reEANzEgB-C=xc€AN-(xe B-C)
=rxcAN-(zreBANzgC)
=rxcAN(—~x € BV-z¢C)
=rxcAN(xgBVzxel)
=(rxeANxgB)V(xze ANz e )
=rxc€cA-BVvzeAnC
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Hl1E fEH

ERE . ZOHEBETEHES « BELEEAPEETH A Z 2RI, bbb, LD
DNCTIEAELER OIS, AUREY L TIREELB RV WS 2. S0tz g
[/ < ] EWHMEPETHLILEWVWS Z L.

M 2. unN —, <OMOBEFRERT (CH 1.3.3,1.3.5%FD&>%) A 2fE-T, %
NZEGEHE L.

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

E#E 1.3.6. X 285275, X DDELEDETR2EZL L TR >ELSZ X DE (R
&) &4 (power set) £\Wo> T P(X) THT. Db

PX)={A| AcC X}.
EFHZD SIS MITIRDE D LD,
EE 1.3.7. 1. ACcX & AeP(X).

2. 0 e P(X).
3. X e P(X).

Bl 1.3.8. 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 —DRO>ELTHS.
B 3. P([3]) &k k.

EFE 1.3.9. ZDODXR a,b 1T L, ZNZIEICHARTHEIRTL K 225D (a,b) % a &
S AL &EDW
b O IE 7 (ordered pair) &\ 5.
ZODNERX (a,b),(d, V) &, a =a Db =VThHsdrLZIZHFELLEWVST,

(a,b) = (', ') £E<.

HE . ZOORRPSRBES {a, b} 1IZDWVWTIX, {a,b} = {b,a} THB. —H, EFX
DG, a # b ThHNIX, (a,b) # (bya) TH5.

HE . BEMTlEa & bDIEFEN%E (a,b) = {{a},{a,b}} KL DEHRT B AL\,

EF 1.3.10. X, Y 25HEA/L T2, MTHAONIEA X XY 2 X Y OTHILME
(Cartesian product) 2\5. THNV MEOZ L EZBERL WS 2L H L\,

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

X=YDr& XxX%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. EB, yc &b yl3DT,zcXAycixH
245,

O EDEEDT AN MNEDLEZDIENTES.

®% 1.3.13. neN 2L, X;, Xo,..., X, 24T 5.

(X1 X Xo) x X3 %, X1 x Xox X3 &FEL. 72, X; x Xo x X3 DIt ((z1,72),23)
LAFEN TN, (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 (xl,azg...,xn) c\f_%<
Xi= =X, =XTharLE, X x---x X% X"eEIILIHPEW,
N————

n &

B4 T=[0,1]CR, S ={(z,9) €R? |22+ 2 =1} LT 5. WEMYIHRE L.

1. I x 1.

2. St x I.
3. 81 x St
4. N x N.

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

MEE . 13, 14
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1.4 BEREER
1.41 Bk

T% 1.4.1. XY 284075,

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

7z, (r,y) e RTHD L &, xRy &EL.

& ATRERDPAE U I NIE —IHBIR D Z & 2 BIZEfR (relation) &\ 5.
fl 1.4.2. X =Y =R &35,

1.
A ={(z,r) | z € R} C R?

LTbL, tAy s x=y.

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

Bl 1.42 OFBEOT I, B f(z) =20+ 1 D777 Ths. ~MIBEENEGZ 5N
EEDT T TERAENDED, T T TGP NES L DOBEBESNSE. £ VWS EKRT, 7
TIERBERDILLEBAEEZEZLZLIFZFAUTHS. EEGWMAICI, 77 7DAPEED
KIKTHBLEZSL., (ODTIEHZIITNYE, KEEOANIZL >TIEZD LS IZHEZTYEN
BIPORTLBREZDITTERVDT, 5ETEED X DR LENTNIZ y DLz T272—
DRI ELHAIE B> THW)

E&E 1.4.3. X,V 285L7T5.

[P X oY ~NDOE& (map) TH5S
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EEDz ¢ XIZXL, By cY BZ—2FELT,

{1. fRX Y OROBEKRTH 5.

<42,

def
(r,y) € f &2 5.

FRXDEY ~DERTHEILE, X oY d2viEk X LySmekL, X % f
DEFY (domain) » 5\ 3IAE, source F& 5. YV IZH4RT 2 DT TLIZ &g
WA, #8148, codomain, target &\ 5.

[ X XY ORHEGLE L E TOWAEESEEM f DU 57 (graph) &\
5. FLEFTEMS LI LWVOT f[: X > Y DV 7 7% T FrHEHL.

7z, (z,y) ey THBEE, y % fo) LEHEEZ, ¢ O f ICX 5K (image) &\
y = f(x)ﬁf(x,y) ely. WonlZTy={(z,y) e X XY |y= f(x)} TH 5.

BRE . fe X0 Y NDEHETD. ERLY, (v,y),(x,¢) el Zoldy=y Td
5. UleddoT, #1422 D L IZEHRTELW. FHOD DI EHRTH 5.

& 1.4.4. f,g: X > Y 25H{BE T3 TEDOz e X ITHU f(z) =g(x) 725 L &,
Bl f Y g RELWE VST fog LB

Wi . f=geol;=T,Th5.
Bl 1.4.5. 5% f,g: {0,1} =R % f(x) =z, g(x) =22 ICLVEDB L, f=g Th5.
Bl 1.4.6. X 2584657 5.

1. ZEE OO X NDE{RZ—DF T 5.
XA)THNE, X 25 0 ~NDERIIHFIEL 72\,
2. 1o 2%E 1) ={0} 25X 5.
X 25 1] NOEBRD 72— DFET 5.
1] 226 X "DBEH{EEDD e, X Diue—2HEETSILEFAULILTHS.
LHAA, ZNO6DZ EF {0} IZREOHEETIEZRL, KOMBA 1 ETHHHES
ETIINUTHED D, wDlEEP 1 HTHLEEEZ (ZDEAXED) 1 TEE
(singleton) &\ 5.
0el]z2zeX T2 (1] 26 X "NDE{%Z x: [1] > X £ELIZNH 5.
B XEELG X #0292 5B s: X > PX) &2 s(z)={z} TV EDS. Th
% singleton map &\ 5.
X=00t& &L, =217 554 0 — P()) % singleton map
EERD.
(s IFHHTHS.)
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EE 147 X 2V, Y - Z25HE35. 20L& (go f)(z) = g(f(z)) I
FVEEDFEHgof: X > 2% f & g DA (composition) » 5 W IIEMER
(composite map) X\"5. go f & gf LML T DL EH 5.

& 1.4.8. . [: X =Y, gY >Z h X —>Z%25%c35. h=gf Th?
& EMDHANIZA# (commutative) TH D, H 5 WVIFAHEERA (commutative
diagram) TH 5 &\ 5 :

X h Z
Y .
XA (commutative) TH 5, H 5 W IEA#EK (commutative diagram)

ThHhbdHENWI :
x -y

Y2 — 7.
g2

Bl 1.49. B f: X Y X, Bdy € Y DFEL T EED x € X 1IZHL, f(r) = yo
LB E, (y IZEZ L 5) EEEMR (constant map) &\ 5.
BB X Y BEMEBHRTHLZIL e, HDyy Y WFEHELT, IROXRD A &

WAHEZEIXEMETH S :
X ! e
AN
1] :

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

HE . EED 7 € X TR/ f(x) = f(2) THIH L ZIIEMEHRLTIRELD 5.
CODERIFZX =Y =0 DH/IC (DAR) #rb.

EH 1.4.10. 65 X OFBERETNEFIZS DT X 26 X ~ADOEH{%E X OEEFER
(identity map) &\ 5. [HEEEL%Z idy ¥ 1y LWVWo 235 TRT I &AL\,

idy: X — X,

idx(z) = x.
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MHEGRD T Z 73N BIRES (diagonal set) TH 5 :
Tiay ={(z,2) |z € X} C X x X.
R 1.4.11. [ X =Y, q:Y - Z h: Z W 2G5HeT5H. ZOLZRMBKEDILD.
1. ho(gof)=(hog)of.
2. foidx = f =idy o f.
AER. B S e O

B*5. f: X =Y, g:Y - Z h: Z W 254235,

1. B gf DT T T Ty EED XS EED?
2. h(gf) = (hg)f %2522 % 277 7% HVTHHET X,

& 1.4.12. X 2848, AC X 2HnELELT5.

L AD#RF ac AZ X DEFac X LRLEZLIZEVEOND AS X ~NDE
%% BEE& (inclusion map) &\W5. 2%V i: A - X 2085 HKL 5L
i(a) = a.

7, i Ao X DEEGBRTHELE, i A X 2EIILLDS.

2. f: X =Y 2B T5 AEEHR I A XL fOEK foi% f D ANDH

R (restriction) &\, fla, fIAFERT :

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

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

{zre X[ f(z) e B}

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

Thb.

B 1.4.14. f: X Y 258/, A A, Ay C X, B,B;,B,CY 255%. ZDLERN
I ARVASR

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

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

AEHT. 1 IEEEE D BIS A 2.3iv) BEIS A BIRIE 2.Gi) £ D F(X) = (AU AS) =
FIAUF(A°) 2 F(X)N F(A)° C FAS). 3.(iv) BIEBZL DI S, Ek

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

il 83 O
RAZELE . 16(1)(2)(3)(4)(5)(6)
TE 1.4.15. f: X oY 256K T35,

L fRX 5 Y ~O25H (surjection) 72X EADER (onto map) TH 5
érngerElxeX flx) =
SWHZNIEX f fr/\ﬁtf%é g, f(X)=Y 2wHZ k.
2. f HE&t (injection) £721% 1 X 1(one-to-one) TH 5
C<1:>erx1,x2 € X(x1 #x2) : f(x1) # f(22).
3. f 72 E5 (bijection) TH 5
((j:gff TEHPOBEHTH S.
X "o Y "OLHBEHPNFAET I ELE X &YV IdF (equinumer-
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ous,equipotent) & \5.
COHEHTIHE (DK sFEIHEOMIEEZLL) X LY PNETHDL L
XYy &&EL.

BE 1.4.16. [ X Y 284 A A, A CX 235, ZDLERIDBEH LD,

L f(A1NAg) = f(A1) N f(A2).
2. f(A°) = f(X)N f(A)".

AEHA. R . O
fEE . 16(7)(8)
R 1.4.17. [: X =Y, 9: Y - Z 2535, ZOLZIRMKY LD,

1. f,g LBITHFZRSIE go f HHSTH S.
2. fgldbizefhollgof LEHFHTHS.
3. go f WHHELRLIX fHHETHS.
4. go f MBS X g B EFITHS.

AR, SR . 0
6. Lo 2 %Rt
PIEELE . 13(2)(3)

E&E 1.4.18. B f: X - Y PHEHFOLE Kye f(X)THULT flz) =y &2 5
v € X WE—DFETE. 20z %k f iy £ELL fFLIX X)) D6 X ANDOEHE
5. I f OFER (inverse map) &\ 5.

YU fRREHTHNE, LIRY 25 X ADTRIZERD.

M 1.4.19. B4 f: X - Y 22t & 25K g: Y - X DMFEL T, go f =idy,
fog = 1dy ’5:07){7-:3—

AER. L 79(1). 0

7. fz Xz — Y; (’L = 1,2) %é%%{l‘, gi: Xl —>X2, go: Yl —)Yz 75:51'%%&3‘6 ZD
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YE goofi=faog e fylog=giof

f1 mt
X —Y X1 <—N"
gll O lgz S gll O lgz
XQT)YQ XQ%IYQ.
2

2

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

1. B r:Y - X C,rof =idx 2&72THD% f DL k372 3 (retraction)
H5WVIFEHER (left inverse map) &\ 5. EEGHIILHEH LD T, f 2L
FS oY avERTIE fEBHTHY, LI 2 avizaich s,

2. 5% s:Y 5 X T fos=idy 2ATHD%E f OYIK (section) H 5\ IZHH
Ef% (right inverse map) £ \5. f BWYIW 2T f XS TH O, UIKHIZHR
HThs.

Wi . X oY %2F%RELUBCY % f(X)C BThREIBHMAtEALTE. 20
YEFIEX DS BAOEEEEDS. HIRO XS I#EYATRERBNE L VDA, B
B LTUIELIEZNERLEET f: X — B K7,

M8 f: XY, g:Y = Z%25#HB23s5. frefchiiingof=Ing TH5Z
& xRt

RSB . 15(1)(2)(3)(4), 17(1)(2), 18(1), 19(1)(2)(3)(4), 25,26, 79(1)(2)(3)

143 THILMNEEERK

TD 143 TIRESGIIRTERESTIIRVWEEDAEZ S, (BEHIZOVWTHEY
WHRZITE WA Z ZTIEEKT 3.)

EF 1.4.21. 1. X1, Xo 285275, i = 1,212/ 0U, pi(zy,20) = 2, \CLDEZF

556 p;i: X1 x Xo = X; 2% i o~ DHEF (projection) 15,
(B pi((m,y)) LB RETHEDPALK LK BRI ETROTHBZD LS I
<)

2. [i: Y =5 X, (1=1,2) 2495, G (f1,fo): Y = XixXo & (f1, f2)(y) =
(f1(¥), f2(y)) L L DEDD.

3. X 2HELT5. BHA = (1x,1x): X - X x X 20AKRER (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—;@ E{% f1 X fg: X1 X XQ — Y1 X Yé e
(f1 x fa)(z1,22) = (fi(z1), fa(ze)) ITE D EDS.

o
gy

LB (fr, f2): Y = X1 x Xo & (f1, fo) E VWO RETHEIANDS Z LM,
BEREESGOTLLEFAULERDOT, BiLE2 I 57202 2T () 2o 7208, FEiT,
#%T (K PBNIE) W5 (dlE 1.4.34) K512, BRALTHH FE 0 MEIZEN.
2. ZODEBRNPELWI YL, ZODEFNRELVWILOEHE LD, &
firgi: Y = X; 1I22WT, fi=¢9; (i =1,2)& (f1, f2) = (91,92) TH 5.

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

N 2 2

() () =1
(KM OHF p: R? 5> RICEDHBEFRS. pi(F) = [—a,a], p2(E) = [-b, ]

2. f1: R = R % fi(t) = acos(t), fo: R — R % fo(t) = bsin(t) TED D &,
(f1, f2): R = R2 & (f1, f2)(t) = (acos(t),bsin(t)) &\ 5 Gl (FEMHOBENZES
K1) TH5.

3. I =100,1] 2FAKMEE 5 &, NAMEGE AT - I x I OGHAI) IZELET x T
D 5xF FHER.

4. 9: 81— R? j: I =[0,1] > R2EEGEHLTS. Z0rEixj: S xI—
R? x R = R3 O

E:&%wew

{(m,y,z)ERS|x2+y2:1,0§z§1}.

L2 FAREBHRIZFELI ETHDEENWII R WVW-TWS (M 1.4.34 2R) .

W 1.4.23. f:Y -2 X; (i=1,2),90:Y - X1 x Xo Z25HETE. ZDL ZRMPEK
YRVASH

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

2. g={(p1og,p20g).



H
gl
A
oy

24

JZO“CEQ%Q 75§piog: fz (’L = 1,2) %ﬁf:“@fﬁ:g: <f1,f2> Thb.

Y

f f2
<f1,f2)l9

X1 <—p1 X1 X X2 —>p2 X2
&Iz 1X1><X2 = <p1,p2> Thd (BEPSHSHLTIEHEDY) .

At 1L ERO y e Y IZHU, (pro (fi, f2)) (¥) = p1 (f1(y), f2(y) = fr(y).
2. WDEHLD, TEDye Y IZXL, g(y) = (p19(y), p29(v))-
U

%1424, fg:Y 5> X1 x Xo 25He T2 pjof=pog(i=12)ThhX, f=9g
ThHb.

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

9. fi:Y 5 X, (i=1,2),h: Z—=Y 25K T5. (fi,fo)oh=(fioh, foh) %
R
Z

h

fih v f2h

f1 f2
(f1,f2)

XITXI XXQTXQ

B 10. 1. fi: X, =Y (1 =1,2) 254 pi: Xi x Xo = X;, ¢;i: Y1 x Y = Y,
(1=1,2) 2L T5.
(i) gio(f1 x f2) = fiopi (i=1,2) 2RE.
(i) f1 % fa = (f1op1, f20p2) ZRE.

Xl&Xl XXQAXQ

fll lleh lfQ

Mg Nxh—h

(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 Ys (91,92) X1 x Xo
A A \ %:
X1 X Xy ZxZ7

11, L XY 288235, 1x x 1y = lxxy 25t
2. fir Xs = Y, 0 Y = Z; (i=1,2) 2EKRET DS, (g1 X g2) o (fi X f2) =
(910 f1) X (g2 0 fo) ZRE.

X, % Xs g1f1xg2fa 71 % Zo
m A
Y1 X Yé

12, fi: X =Y, 0;: Xy =Y, 258295, UTFOFEFPELFNIFFEHL, EL <
IRF LB 22T &

Fi fo WA DEEE S (f1, f2): X — YV x Ya b Hs.

Fio fo DRE BRI S (f1, fo): X — Y1 x Y B2,

g1,92 WTNDDHEE R S51E g1 X go: X1 X Xo = Y] x Yo & b,
1,92 MEBITHEF R S51X g1 X go: X1 x Xo — V] x Yy & HGF,
g1, G2 MEBIZEH 51X g1 X go: X1 x Xo = Y] x Yy 24

AN e

B 13. X,V 286L95. B X XY 2 Y x X % 7(x,y) = (y,2) TXDEDS
ETIX RS THS.

14 X, Y 288, yeY &95. Bi,: X -5 X XY % iy(zx) = (2,y) ITLDE
5.

1. i, R TH 5.
2. ¢y X =Y 2 yllize L 5 EMEEGHRE T 5. iy = (1x,cy) ZRE.

VIRUIE, Z2OBH i, 1I2&D X & ZDB X x{y} C X xY 2FH—HHL, X % X xY
DHNEELBBETZLNBS. HRI, X & X x {+} BUIELEA—EEh3.

A 15. fz X —)1/1', gi: Xz —)1/1 %E{g‘%, q;: )/1 X Y2 — )/z ’2%9‘?3, Bz C }/z %%B'ﬁj\%é
95, Mert

1. B1 X B2 = ql_l(Bl) ﬂq;l(BQ).
2. (f1, f2) 71 (B1 x Bz) = 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. £7z,p % [0,1) IZHIRLEZHD (b prE
LZLizd5) BERHTHS.

FoT, G pxp: RXR — SIxSHEEHTH Y, (pxp)~! ({((1,0),(1,0))}) = ZXZ.
E7, B pxp:[0,1) x[0,1) » St x ST ide#HTH 5.

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

1.44 YX

TH 1.4.26. X,V 248462 T5. X 75 Y ~ADEELADLETHEEE Map(X,Y) &
B0 YX e ET. (Hom(X,Y), F(X,Y) EVorkil 8252 55.)

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

Bl 1.4.27. #l 1.4.6 S8
FEEOEBY ITHL, 0 55 Y NOGENE—2FETLOTY? =2 [1]. &<ic
p0 =~ [1).
XADDEEF, X 55 0 AOEMHIIFIEL 2D T X = (.
F7o, EROES X T, X 225 [1] NOBEED 7272 —DFET 5D T [1]X 2 [1].
Yz DWW T 1.4.36 2 H &,

B 1.4.28. HARBEIAN 25 R ~NDEH

a:N—R

ERHEF LS. FiEa(n) & a, EEVT, BIE {antneny 2 {a,} EERT.
RY = Map(N, R) ZEHBFN 2O THEETH 5.

T 1.4.29. f: X Y 254, 7 28527 5.

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

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

Map(Y, Z) ——~ Map(X, 2)

w w
Y;>Z ——— X?Y?Z.

B f., f* % fIZXDFEEINZER (induced map) &\ 5. Bk f., [ IXEA Z
WZHEKAFELTWS. f, & Map(Z, f), Map(idg, f), Hom(Z, f) &, f* % Map(f, 2),
Map(f,idz), Hom(f, Z) e ELIZ L HH 5.

YX L WS EHERHESIGA, L2 P, ezl veELZEEDS

fZ=f:X%2 Y%
Zr = z2¥ -5 7%

| . BOMEIZHE.

Bl 1.4.30. X 286, AC X, i: A > X z2ad8564B¢35. *: Map(X,Y) —
Map(A,Y) 35H f: X Y IZHL, 2D ANDHIR fla 2SI EL2EHTHS.

5 1.4.31. 1. 5% f:N - N% f(n) =2n CEDD &, f*: RY - RY 3541

{an}nen % {antnen (TROBH n D ag, THBEH) 125 DT ERTH B,

2. 5 g:R = R % g(x) = 220 TEDD L, g.: RY — RY (3B {a, ey %
{2an nen (THDBE 0 HD 24, THEIEHN) 125 O0FEHTH 5.

el 1.4.32. [ X =Y, q:Y - Z%25H W E2EH5LT 5.

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

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

oW

FEE . 24 3oEBES HEdnEEnEN (gf )V =gV Y, Wl =wiwe

N~ N A

FEA. h € Map(W, X) IZxf U,




28

H
gl
A
oy

(idx)«(h) =idx o h = h,
(gof)s(h) =(go f)oh
=go(foh)
= g«(foh)
= g«(f«(h))
= (g« o f2)(h).

] 16. 3,4 #/RY.
%1433, [ X 5 YV RRBEHNTHNEL f, [FHEITHS.

GEMH. g1 Y - X Z gof =idx, fog=idy ZA=TEH (f ODFEH) L45&,
geofe=(g0f)=(ldx)s =id, fi0ogs = (fog) = (idy)« =id &V, f, FRHH
T, g« B [ DHEEHRTH 5. f* LR O

i 1.4.34. X1, X0, Y 25HE5LT 5.

1. Pi: X1 X X2 — XZ (’l = 1,2) %%ﬁ?ggj—é &, <p1*,p2*>2 Map(Y,X1 X XQ) —
Map(Y, X;7) x Map(Y, X) ZEHHNTH 5 :

Map(Y, X; x X5) ——— Map(Y, X;1) x Map(¥, X»),

(P1x,P2x)

(X1 x Xo)¥ —— XY x XY,
(pY.pY)

7, (f,g) € Map(Y,X1) x Map(Y, Xo) iZXf UL (f,9): Y — Xi x Xy €
Map(Y, X1 x X3) 22X 2B (prs, pox) DHEBRE 52 5.

2. XiNXo = 0 2L, in: Xp = X1 Xo (k= 1,2) 2B&5H&ET S L,
(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) = yXn o yXe,
(Yi1,yiz)

FIERA. 1. ZHIIAEMIZ X 1.4.23 TH B, FEBE, il 1.4.23.1 £ (prs, pos) B
ERTHEILBOND, R 1424 POBETHEZ L300 5.
DUTEIZENTAS. B o: Map(Y, X1) x Map(Y, X3) — Map(Y, X1 x X»)
% o(f,9)=(f,9) & VEDS.

(f,9) € Map(Y, X1) x Map(Y, X5) IZxf U,
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((P1+,p2x) © ) (f19) = (P, P24) (@( [ 9))

= (p1«, D2x) ({f, 9))

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

f,9)-

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

(¢ 0 (presp2:)) (h) = @ ((P1x, P2:) (R))
= ¢ (p1x(h), p2+(h))
= p(proh,paoh)

= (p1oh,pyoh)
= h.

7272 UBRBRDOZER I MmE 1.4.2321255%. £oT po (pra, pas) = id.
2T (pra, pos) FEHHITHY @ BNEDHEH{RTH 5.
2. G 4p: Map(X1,Y) x Map(Xs,Y) — Map (X; 1 X»,Y) %

2 = f(ﬁl]), .’17€X1
(w(f,9))(x) {g(x), re X,

TEDEDBEEBIT B (it 0L OWFMELGRB LA DS

ER . BB, (f,9) % (f,9) &&E<.
EF 1.4.35. X, Y 28E, XY A0 &35, ev(f,z) = f(z) TELEZEH
ev: YA Xx X Y

%S (evaluation map) £\5. (X Y R QDL EFMERS ev: Y x X =
D—Y Z2—RITFHETIEHR) Y LEDS.)
Frxo € X 1T, evy, (f) = f(zo) TE X 256

Ve YX =Y

ERro € X ICBITBEER (evaluation map) £\ 5.
B S 2T evy, W ev &g YN =YX X X, iy (f) = (f,m0) EOEHRTHS. SV
BANIE ov % VX x {20} KHIRL (TYX x {20} & VX 2A—HIL) 22 0THS :

~

Y¥ S Y X x{zg} =Y ¥ x X &Y.
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B 1.4.36. X =[1] = {0} DIFE2E2EZxS. 2oL EfEEGEReEN YN 2y 252 %
(] 1.4.6 1) -
vy Y

1%
IR

Y [1]

Bl 1.4.37. n e NIZR L, ev,,: RY = RIZEINZH L ZDHE n HEMNSSELE5HTH
. e<iZev: RY 5 RIBEBHNIOWIEE 52554 TH 5.

B 1.4.38. X 2886235, £4 2] ={0,1} 5 X ~OEHek X 2Ex 2. 5
(evo,evi): X[ 5 X2 (evo,evi)(f) = (£(0), f(1)) RIHS 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))

2k e XN Xn B e B,

B 17. 1. B (evy,evp): X = X2 6 2HHTH 3.
2. 0:[n] = [n] ZEBH LT DH. ZDLEER

(evg(o),evg(l),...,eva(nfl)); xnl  xn»
LEHHTHS.

B 1.4.39. Z=[1] DEGEEEZXS. IROKXFTH-TH S :

Thbb evg ik XM e X Yl v vV 22znfhA—EHInZ, f.= iz fer
—fHTE 3.

Bl 1.4.40. X, Y, Z 2HH5L 5. BEROABRITER
¢xy,z* Map(Y, Z) x Map(X,Y) —— Map(X, Z)

W Y

(9, f)1 gof
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1.4 BfRE 5

EEDD.
EFE 1.4.29 DEHIZEHKZ {9} x Map(X,Y) ¥ Map(Y, Z) x {f} IZHIRL =& DT

H5
g«: Map(X,Y) = {g} x Map(X,Y) — Map(Y, Z) x Map(X,Y) — Map(X, Z),
f*: Map(Y, Z) = Map(Y, Z) x {f} < Map(Y, Z) x Map(X,Y) — Map(X, Z).

1] DGE2ExA5 L (ARZE—-HOD &) EHERIIEXDORHN2EE L ALED

X =
7Y oyl < 7[]
ldxm,lg j
Z¥ xY ——Z.
BEBROEHIIFEEGHRTH L2006 ex zw o (Id X exy,z) = cxy,w o (ey.zw X id) D
URVASRH
Map(Z, W) x Map(Y, Z) x Map(X,Y) —— "% _ Map(Z, W) x Map(X, Z)

cm,wxidl lcu,w

Map(Y, W) x Map(X,Y) pr— Map(X, W).

WY —Ho s & i 1.4.32, 1.10.1, 1.10.2 X2 ORI ZRIGETH 5.
T 1.4.41. XY, 7 28687 5.
G ®: Map(X x Y, Z) — Map(X,ZY) %
((2(¢)) () () = ¢(z,y)
WZEVEDSD.
E72, G4 U: Map(X,ZY) —» Map(X x Y, 2) %
(T () (z,y) = (¥(x))(y)
WZEDEDS.
IDLE, OIFLHMHNTHY UNZOWEHTH S :

®: Map(X xY,Z) ——> Map(X,Z").

HOFLETHETIE
o: 7Y 2 (2v)"
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FFBHDRNZ, ZDEH & DE L 2O L7l E2ZIF LS.

Bl 1.4.42. 1. W< 2 DHH X = {x1,...,0,} WBI2HZ2FED5H D =
{1,2,...,30,31} DR W ={ & &, T} DT —ENH5 LT 5 :

I e In

1 o | ... | e

2 o« || &

30 i e
31 | e | ... | e

fexe X LHMNdeE DIZRHU, TZTOFORDO XKL Z )G B 5 544
f: X xD—>W

YREZENTES. f(r,d) €W ZEDOED 2 5] dTFHORLTH 5.
(i) £72, K5 o € X KL, ZOHEHFTORLGDLEAERT GG f,: D > W
BEZSNTVS, Thbb 54k

F: X — Map(D,W), F(z)=f,

CHRBEZEEHETES. bHLAA [L T EDXRD 2 SIHEZRLUTWEERTHD,
fo(d) FZ EDRD z 5| dIFTHDODRKATH 5.

WIFNDORGHHORIZ L TWEEITT, AERFEILTH 5.

Bl S 2z, EHL 1.4.41 @

®: 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) DR AIZ

(i) DRFZ (1) ORFGICESHMZ B4 TH 5.

2. 5D LEEN (ZUNEFERL) Hle UT, m x n FT0EEK My n(R) 2%

ZATHES. m={1,....m},n={1,...,n} &3 5.

(1) m x n1750E% (i,)) P2 EONIXRES. T35, & (i,j) Em x n (T
U a;; € RZ2EDNIE, 1751 M = (a;;) € My (R) BEE 2D T, 54

Map(m X n, R) — Mm,n(R)
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NESN, HOEPIZEHEHRNTH S.
(ZHIZ& D, Map(m X n,R) & My, »(R) ZIEEAERUBDZEES Z &
MTELDTHEN, ZOLFEHIE, mn DEL ST TES SHSNTHIGT
LZDEEETDHILTEEDL I LIZHER.)

(i) m x nA7FNE n IRTTATRZ bv e m R o R THHEOoNS. £z, nik
TATRI M e = (21,...,2,) ER"IF, FjeniTN Lz, e REEDE L
TEEXS, TbLRDFEE->TIW (Bl 1.4.38281, LHALE 17E5

ai

WMoZe) . 32bb&iemiZHL, a; € R* ZEDNIXITHI M =

NEEDDT, G
Map(m,R™) = M,,»(R)

PESN, HONZRBEHNTH 5.
INns (EZ2DHEH) OGEPZDGEDEM 1.4.41 DEH O, ¥ TH5 :

Map(m x n,R) = M, »(R) = Map(m, R").

DFD, ZORBHIE, THEE (i,)) RADHDFED L RBFEFG L, 177 bn
BROATEEDERLEFORONLE 5 ZTWS.
ZOFMRED 1 EEERIZFUTHE2DIEHONTHS S.

3. 2B OWMS (PR 2EVWHZ S, R2 TEHS Nz 2 BEERUHE
BIEL f(z,y) D, & (a,b) € R? IZB1T 2 y IZBT 2RIBDHREL fy(a,b) 1, z = a
ZEELTC, y DB 2z = fla,y) 2FER, ThE y=bTHNHTL2DTH - 7.
ZD, % a e RIZHU fla,y) € Map(R,R) Z/RIE 5, LW D EHNE, EOE
B 1.4.41 0 O(f) TH5 :

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

fz,y) a f(a,y) .
EH 1.4.41 OFEH. ¥(Y) =evo (¢ xidy) THB I LITHERT 5. :

T(p): X xY —— Z¥ xY — Z.

Y xidy ev

FeEMap(X XY, Z) IZ:L Wod(f) e Map(X x Y, Z) &R 5.

(¥ o &(f)) (z,y) = (L(R(f)) (2, y)



H
gl
A
oy

34

= f(z,y)
WA Vod(f)=f, $7abb Vod =id.
F € Map(X,ZY) 12U ® o U(F) € Map(X,ZY) 24 % 5.

((@oU(F)) (x))(y) = (P(T(F)))(x))(y)
(U(F))(z,y)
(F(2))(y

bz (o U(F))(z) = F(z), PR @0 W(F) = F, T7bb do ¥ = id. O

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

EE . YX Lo EEIzOVnT.
YX b WSHERES DIRBOEEOHLNPE VIO LIZLS.

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

(INSDOEHEHEN THRZ] BEHRTEZOSNDZ L WD ZERKRYZDTH DB EFNIZD
WTIREZF oMo LbHEDINBNI LIZT5)
B HRBOBEREBEE L OEENBRIZOVWTWTINRR S,

1.45 BELCHUREHK
EH 1.4.43. X 254527 5.

ILLACX 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 HHTH 5.
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AEFH. BAR p: 2% — P(X) % pla) = a H(1) TEDD &, HODIZ x DFEEHRTH 5.
FBE, a € 2X iIzxfL,

THBH, z e X IR,
Xa-1()(®) =1l& € a'(1) e alz)=1
ER5 Xe-11) = 0. £2T xop=idyx. =i, A€ P(X) IZHL,
(pox)(4) = ¢ (x(4))

= (xa)
)

= x4 (1
— A

J:Ofgpoledp(x) U

S 1.4.45. [ X 5 Y 254255, BeP(Y) 2L, f~1(B) € P(X) &thtx ¢
BEEPY) = P(X) % [ L8
ZDEE, xof*=f"ox WEDID:

PY) = P(X)

Xlg glx

Y — 2%,

j_fdij/)i:‘), f_l(B) cX 0)%‘[‘%55%&53: Xf_l(B) == f*(XB) = XB© f Iz & le_l:‘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(a™H(1)).
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BE . LPY) 2 PX) 2BVTEHEEIVDOTHED, WAWALRILTAZ DD
DT, ZOHMBTIXYME f* LWVWIRBEMS. fOFETIEL2Y - 28X & f v#L
DTHZBM, Y WEOVFA—HITNEALRDT, 2TH5IFJIFEWRD Z 2.

TIE 1.4.46. [: X =Y 25K T3,

1. RIE[EME.
(1) fIZHLAT.
(ii) f* 2V — 2% I 45,
) [ PY) = P(X) 24,

(iii
2. {Mil_ﬁl_
(i) f
(ii) f*' 2Y — 2X (X
) [P P(Y) = P(X) 1254

(iii
AEBH. Wb (ii) & (i) AEMETH B Z & IXdE 1.4.45 K DB S A,

L (i)=(ili). A€ P(X) &T5. fIFBHRDOT fI(f(A) = A, T42bbL f(A) €
PY) KL, f*(f(A) = A.

(iil)= (). z1,20 € X, f(21) = f(x2) T 3. {x1} € P(X) IZX U, f* HI&HT

BBNS, f*(B)={x1}, Thbb f7H(B) = {21} £7% Be P(Y) BELET 3.

f(za) = f(z1) E BTH DM 5, 20 € fHB) = {1}, ThbEL, 19 = 21.

2. ()=(ii). by,by € 2V, f*(b1) = f*(by) £ T 5. ZDELEbiof = f*b) =

f*(ba) =byo f THD. yecY &35, fIERATHENS, D re X BFHEL

Tfla)=y &mb. 2T, bi(y) =bi(f(x)) = ba(f(x)) = ba(y). P X by = bo.

(ii)=(1). f(X),Y € P(Y) 2L, f(f(X) = fTHf(X) =X = f1(Y) =

YY) ThHO, IKELD f* IZHHRDT, f(X) =

(BBAA Xy, Xfx) EHFAT (1i)=(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, HEIEBHEANDEHE, A THRFMIT ONIEEH (indexed family
of sets) &\5.
AT ONTERER A A - A, BilE, AN e Az Ay 2EVT, {Ar}ren
LEIPNDZ L.

HE . BREMNT ONEEEL, EEBRORMN GG TIERV. £EFEL, REMNIT SN
AR ORRIE, BOEALBF L OBBREFEKRTH 5.

nB, AR, TNHETRFAMNI SN ELE (X0, EEFEHId: A— A) L&
ZBHIEMTED.

EHTHLDLUT, BREMNITONTEGHED Z &%, BIZEGHEE L RXZ & B8% 0.
E#E 1.5.2. {A\}rer 2HEAKLE T 5.

1. &4
{z|INEAN:z€ A\}

A {Ax}acr DFIESE (union) Vo T,

U4

AEA

Er£T,
A={1,2,....,n} DBE

A =N DGE
U
=1

LELZEDRZV.
2. &
{z|VAeA:xze A}

ZEOH {Ax}acr DHBES (intersection) &\ o T,

N 4

AEA
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sy RT.
A={1,2,....,n} DBE

A =N O5E
A
=1
EEL T ENRL.

B U, A N2, A b B2 3, Ay LW EADEZ SN T WA DI TIRAL

HE . REEEDVEEEAN=0THI2RFNONEEGEHE A ) > AITDVWTEAT
k5.
UJAi={z|Ier:zeci}

AEA
={z|3INel:zec Ay}

B M TINEDx e Ayl BHIZHTHE 0o
=0
TH5.
—0, WBESIZOWTIHIEEDBETH 5. M5 1D5RMg, XREZREL T

(JAx={z|VAcA:zeA,)}
AEA

={z|VAel:zec Ay}
ERBD, M IV NeD:ze Ay) IEEIZETHENH
= {:U | x 13 TH Jib\}

o TLEWY, INRZEALEZDILETERWV. LEN>TA=0DEEZESIC
X, FZABHZLDTEZRIZIDVTMS DRI ZRTHBENRDHL. A =0 DEEHED
7=, IEHEIZ X, L@ %

m Ay = {33 € U B
AEA BeA
CREETD. (FxE, BRFNONEEKE, 74005, BHR AN AZFEAXATVDD
T, ADAVN—DIEDHEZEZDZDIFARTHAS.) AAPDEZIZIFEOEFZLFL
Thb. A=) DGE

‘V’)\EA:xEAA}

(]AA:{xeLJB

€D Be A

VAE@:I‘GA)\}
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:UB

Be A

Y755, LIELIZROS O, AW, »2HEE X OBES A=P(X) 08

L&

UB=x

BEP(X)
BROT, BAHBE A A — P(X)ZHL,

ﬂ Ay=<Xz€ U B
AEA BeP(X)

={reX|VAeA:xe Ay}

\V/)\GAZCEEAA}

THH, A=DDLZiF

NAa=JB=X

€D BeP(X)

LIRS,

5 1.5.3. 1.

Cm

4= ] A

=1 1€{1,2}
={z|Fie{l,2}:x€ A}
={z|zeA Vvrec A}
= A; U A,.

2
A= () A
=1 ie{1,2}
={z|Vie{l,2}:z€ A;}
={zx|zeA Nx e Ay}
= A; N As.

7

AN
=

TH5.

ZD

Bl 1.5.4. L AMERELIE CTHRAEB L OEAHEZ KL T D &, AIEAZ & 5 L\ BiF

i, PEIOFER ([, ) B0 LW S BETH 3.

LJ‘{{1,2},{1,3}} —{1,2,1,3} = {1,2,3)
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2. X zEHLd5e
Urx)=Ja=x
AcP(X)
PX)=(A=0
AcP(X)
HEBEOMEAPILALAIIN L, ZDOESEDOMELGCILALE L AR Z & DD
VA®)

BT 1.5.5. {A\)aca 2HEOHE, B 2HEAET 5. KD 15

1 RO A € ATH L, Ay € Uyepn Ar.
2. ERD A e AT L, Ay D (Nyen An
3. MERD A e AU Ay C Bl & Uyep 4Ar C B.
4. MERD A e AU Ay D Bl & (yep 4x D B.

FEBH. 12 1S A. 34D [« X 12 XVHS». BOEHSNTHEN3ID =] %
RUTALD.

T € Uyepndn 8T8, BELY, DDA APFELT, € Ay 2725, RELD
Ay CBTbHhsh»oxeB. O

I 1.5.6. A &ES, {By)) 2 EAIKET 3.

L. AU (Nyea Br) = Naen (AU By)
2. AN (Uyea Br) =Ujep (AN By)

AT EEL 1.1.14.1,2 5 LRSS,

AU(ﬂ B)\>:{I|:L‘€A\/(\V/)\€AZIEEB)\)}

AEA
={z|VA€A:zc AVa e By}

={z|VAeA:x€ AUB,)}
= (AuBy)
AeA
B 5 IME 1.55 2o TRLTAHLS.
) AN (Usea Br) D Usea (ANBy) THBZ 2.
EEDONe AL, B\C B\ Th2d256, ANBy,CAN(UB,)). £-T
Ur(ANBy) c An (U, Br)-

2.

(i
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(i) AN (Uyen Br) CUyen (ANBy) THBZ L.
€ AN (Uyepr Br) &35, 2 €Uycp By TH2D5, 5 N € A WEIEL,
r€B\THd. £Tlex c ADTr e ANBy. oTxeJANB,).

O

I 1.5.7. X 284, {Ax}acr 2 X OHBEADOME, T70b5, LED X e AL
ANCXThHsLT5. (BHREEZIXA:A—PX), AN = Ay)

1.

FEH. 1 2R 5.

(ALEJAAA>C = {x €X |z ngLEJAAA}

:{xeX ﬁ(a:eALEJAAO}

={zeX |3 eA:xe€ A)}
={zeX |VAeA:x g Ay}
={reX |VAeA:ze A}

= (1 45.

2Bk HEVIEITEL>TRLTH IV, 1 2HoTH L. O

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

T 1.5.8. [: X > Y 254, {A}ticr & X OHDEEDME, {B,}jes &Y OHSE
BDHEE TS, IRHL D L.

L f (Uiel Ai) - UiEI f(4).
2. f (miel Ai) C mie] f(Al)
3. f1 (UjeJ Bj) = UjeJ f_l(Bj)'
4. f1 (ﬂje] Bj) =Njes f7H(By).
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FERH. GERHIE = DD L ZLFHLUTH 5.

LA, cUA P& f(A) C f(UA), FoTUS(A) C f(UA).
—~Ji,y e fUA) 328, 5z e |JA MEHEL, y = flz) %5, &
Dxlzo2nT,zeJA WA, Hdic I PFEL, z e A &b, £oT
y = f(z) € f(A;). @R yelf(A).

2. MEE.

jeJ
(x| et f(2) € By)
= {z | JjeJ:ze fH(By)}
= By

jed

f(z) € UBa}

4. FHE M.
O

ER . 2554, 1 23 LABKIZIEHTZZHTEDL, 3% 1 LEKIZFEHT L
LTES.

f(UAz) - {y Ju € UAz-:yzf(x)}

i€l

:{y Jdz - (:cEUAi>/\(Z/:f($))}

={y|Jz:(Fiel:xeA)A
={y|3x:Fiel:(vei)A
={y|Jiel:Tx:(reA)A
={y|Jiel:TxcA  :y=f
{y|3el ye f(A))
=J ra).

i€l

Z OFEHIFAEIZ EOFEHE R U TH 5.
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nE, ATHPSSTHDOAE T, Ir L I el ZANBIATWEZ L IZERE L.
2 CEHESVEO NV DIE Tr & Viel Z ANEZRSZ &R —RIZIFHRRZNZ
iz 5.

f(ﬂAi) ={y axeﬂAi:yzﬂx)}

i€l

:{y Jz (xe ﬂz‘h) /\(y:f(it))}
il

={y|Jx:VMiel:ze A)N(y=f(x))}

={y|Jz:Viel:(xeA)N(y=f(x))}

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

={y|Viel:ye f(A)}
:ﬂf(Ai)-

el
7 19. 1. ko2 zxRE.
2. f KB THD L E 2 TEHERIIKD LD,
3. LD 4 #R4E.

fERem (ML) TR <HONDIEED EMIR, THR2ZMEMLTEL.

TE 1.5.9. {A)ien 2EOHRET 3.

n=1 \i=n
n n=1 \i=n

2 ENENELTE {Aitien D EMBIR (limit superior), T4BRR (limit inferior) &\ 5.
# 1.5.10. N OB EEDE {A;}ieny %

i L2, i

L2, 4 i A

Lk DEDD. A = {1}, Ay = {2,3,4,...}, A3 = {1,2,3} L\ o= B&THB. neN
Wz L Aopq = {1,...,271—1}, Ao, = {271,271—#1,}(35575)6 Agy_1 UAg, :N,
Agpo1NAg =0 THBEZLIZEETS. 2n—1>nTHENH
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EinDAQn_1 UAs, =N ﬁAiCAZn—l mA2n:®
gL B h
Thd. J:;_’Z B
n=1 \i=n " n=1 \i=n
— ﬁ N = G 0
N 0.

B 1.5.11. 6K {X; ey &

X;={IcNJ|iel}CP(N)

+5]
S
3
I
DX
A
-
[
N———

3
I
_
<
I
S

I
DL

(G{IcNMeI})

1=n

3
Il
—_

{ICN|Ji>n:1el}

I
DX

[y

n

={IcN|VneNJi>n:icl}
={I CN| I 3MREL],

wn-5 ()

n=1 \i=n
U< {IcNueI})

1
=| J{IcN|Vi>n:iel}

n=1
={ICN|3IneNVi>n:icl}
= {I CN|I° FHMEA] .



1.5 HE5#E

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

EE 1.5.12. X = {Xo}aer 2HEABELT L. ADS Uyep Xo "NOEH f TH- T,
EEO N e AZHL, fA) € X\ 252550502 %E {X\}er DEM (direct

product) £ \W> T,
[[x. I~
AEA

LRI DFD

HXA—{]’E<UXA>A

AEA AEA

VAGA:f(A)eXA}.

LIZUIE, BROTE f % (2x: A€ A) EVWSRETET. 72720 2y = f(\) TH5.
72, A€ AL, m(f) = f(\) THR SN B EH

TN II‘X-—>}(A
fe=f

OB AD) FUERHT &S
A={1,2,... 0} R A=NOEE [, Xa & [ X 2 [[2, X; L 5L

HRE . \NBRAONOEENSFTITEETEHR EMEEROEHRTH S -

H X i X

AEA
N N
A
(Ux) =Ux
AEA AEA

Bl 1.5.13. X "2 THU X) =X Ths L &,

HXA:XA

AEA

Thb.

B 1.5.14. {X,}icp 2EAKE TS, 72720 [2] = {0,1} TH 5. BHENFEEHNT
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T = (71'0,7'('1)2 H Xz —_— XO X X1
1€[2]

[ (f(0), f(1))

ZHI S TR EHTH S, UL D H;OX- ¥ Xox X1 & UIELIEA T 3.

FARIC AL LT [Ty Xi & Xo X Xy X - X X, q 13575 5%, BMERISRT Y %
THZ NS 2R
n—1
HXZ —_— XOXX1 X"'XXn_l
1=0

o (f(0),f(1),..., f(n—1))

Z&D, LRALIERA—#HT 22 e2H 5.
BB, Xy = - = X, ThdeE ZOR—MBIEH 1438 THZ -
(evo,...,evp_1): XM — X7 otz 5 7,

£ 1.5.15. X = {Xa}aen 2HAKE T 5. BER A x Uycp X) DIDES [1cn Xn
ZLARTED, {Xa}rear DEF (direct sum) % 72133ERH (disjoint union) &\ 5.

HX)\:{(A,Z')|)\€A/\CL'€X)\}
AEA

ZU({)\}XX,\) C Ax UX)\.

AEA AEA
) 1.5.16. AWK {Xi}icp L, B
WZHXZ'—>UXZ':X0UX1
1€[2] 1€[2]

% mw(i,x) =x TEDD L 7 3LHTHS.
oI, XoN Xy =0 ThhiXn lZ2HHTHS. 20, m1i12&D Hze[Q P
XoII X; ZUIKULIEA T 5. (ZoTied kv, MEE 29 2R)

Bl 1.5.17. X0, X, BENENEAKH [0,2],[1,3] CR TH 5 & &,

HX {(i,z) |i€{0,1} Nz € X}
1€{0,1}
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% . 29

={(,x) | (i=0Az€[0,2))V(i=1Az€]L,3])}

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

BEZMEDT, V=R T5L 0T RAETHROENPSBRUATHAS. HU
fffiTch b2 \VS BRI TIN=TRITE2DOTHEIN, EEEEBLAL TN —T4531}
TED (FDAUN=EWVWTNRDIN—=TIZA->TED, /B8R IN—-TIELDS
BN, DEDEDAUN=E L —DDTN—TIZAD) 12DIZIZZ0 TBF%E] i2Xok
DIREMEDINB DN, LWVWSDEME LDV FEREGRE KIENEBEBRTH 5.

FITITN—=THRFeVnI 02EBLAEEAMELES.

EH 1.6.1. X 25295 X OEDPEEOHEP (bbb P CP(X)) XRDOFEME
ZHIzTEE X OFE (partition) THD LW D @

1.0 ¢P.

2. Upep A=X.
3. fLED A, BeP, A4 BIZsL, AnNB =0.

EH50, FM21%, EDAUN=EWVTNDRDITIN—TIZABENIZETHD, K
SIIBRZRDLZIN—TEROLBRNENWS L THDL. M1, AV N=—DWRWT )L —
Tz nws Z e,

5 1.6.2. 1. £4 3] = {0,1,2} O ENI
o {{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} DaENX
o {{0,1}}
o {{0} {1}}
DD,
3. & 1] = {0} o ENIE
. {{0}}

D—271F.

eIt

W RS 0 ONEEEXTALS. PO) = {0} £ 5, P(0) OB EAIL 0, {0}
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DD, Pe{d Thsrrs {0} FEELEONETIEAR. —F, ) C P0) i22W\WTIE,
00, Upcp A=0TH%. 72, Ach 275 ARBVOTHEDEM 3 R L-T
Wa. Tbb 00 DRETHS. Lo TEEEDHFENIZ—D.

5] 1.6.3. 1. Cy = {n <Y/ | n 514&«“3%&}, C, = {n =/ | n Ci’fj%ﬂ(} BT
{Co,C1} X Z DEEG5 2 5.
2.C,={nelk | n%&3TH-HEVH r} LBITIE {Co,Cr,Co} 1EZ DHEE
5Z25.

FEF 1.6.4. £5 X FOBEERIIRD =20 5A::

1. (k5112 reflexive law ) z ~ x,
2. (#HE, symmetric law ) v~y =y~ z,
3. (¥R, transitive law ) z~y D Dy~2z=>ax~2

EAIzTEE, BfR~ IZES X LORERR (equivalence relation) TH2 &\ 5.

@ 20. 1. Z 28 2B% ~ %xwyézgf 2,y MEBLLHE] ITEVEDSL. ZD
BALR ~ (TSR, R, R Z A0 7
2. MOEMITFIEL < RW, EZAR?
X 28G5, X LOBBK ~ PAMFREHBELZALZTETE. 2D E ~
IRPREL AL UAMEBERTHS. FEE, v e X &35, AMELD 2~y
Bolly~s THDE. LoTHRBELD 2~z 275,

E# 1.6.5. Bk~ 2HE X LORMEREKRE TS X DEHae X ITHL, a LEMHEZ
HREARDIRT X DD EE

Co={reX|x~a}
% a DEMESE (equivalence class) &\ 5. a DEMEREZ [a], a FeHLZ & HL\.
relC, z—D2,%Zt%, z%& (C, DK (representative) L LTE& DLW\,
8 1.6.6. FMEEIZIXOMEEZFFD:

1. a € Cy,
2. RIL[FAME

(i) a~b.
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(i) a #b.
(i) Cy # Ch.
(iii) C, N Cy = 0.

AIERH. 1. KHHEEI D a~a®D X acC,.

2. ()=@1). a~b&d5. 2€C, 35 ~aPAHBREIY 2 ~bEAD
reCy, $205 C, CCy. WIMELD b~aih b Cy C O,
(i)=(iii) C, =Cp £T5. TDEEZacC,=C,NC, WA C,NCy # 0.
(ili))=(1) CaNCp £ D &T25. ceCoNCpz—2, 5. crvadDc~bDAX
FMREE LD a ~ 0.

3.2 XDHHSM.

O

% 1.6.7. AfEHEOREDRTEL {Cy | ae X} 1E X OREEEZ 5. ZDnEI% [FHE
Bk ~ 12 &% X D4R (classification) &\ 5.

FEH. R 166 £ D, a € Cu WX, Co 2D THY X = J,exfa) CUpex Ca C X 7
25 Uyey Ca=X. £72, Co £ Cy 25 Cy N Cy = . O

FERfR 2 526 2 e nE25X 52 LIEFAUTH 5.

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

r~pysJAePxye A

CEVEDB L, ~p BAMBKRTH Y, 2 OFRMEBIKIC & BENE P TH5.
2. ~ % X LORMBFREL, P={C,|ac X} & ~ICEBEMETE. 2D P b
512k 0 EBRAMBEG ~p &~ THB.
INRROESILERE I ETES.
Iy 2 X ORI KO THEEG, Ex 2 X LORMEREROLRTHEE LT 5:

IIx = {PCPX)|Pxn#l}
Ex ={RC X x X | R iZF{tBI%}

(LxoEPRZI LW Iy CP(P(X)) TH3.)
BEfe: llx — Ex & e(P) =~p, 5B p: Ex - Ux % p(R) = Pr, 272U Pr & R
WX BHER, LEDDBE e & plFEWIWTH D 2L

[ 21. GEHIE X,
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& 1.6.9. X 288, ~ %2 X LOFREREFRLT 5.

1. AfEEHO K {Cy |lac X} 2 X/ ~ & EE, AMEER ~I2X5 X OBES
(quotient set) &\ 5.
2.a€e X% C, e X/~1Z5D9EH
X— X/~

W W
at+—C,

ZERBER H25VIEEER, BRBHE LR L WS,
3. AC X "2 KR (complete system of representatives) TH %
< WE B L GRDE K
A= X = X/~

AN
SV NE, A DR ERERTH DL IZROORHOILDEND T L.
eVre X,dJae A:x ~a.
o Va,be Ala#b):ab.
ThOL, X OEDTLE ADTOVWTNALFAMTH Y, £/, A Ot[HELIXFE
TR,

EE . 3554, TEREBRIE—MIZI—RIZEE 2D TIER V.
B 22. EAGEIE X o X/~ BAMTHS & &R,

1 1.6.10. £E X XHFH2FLVE VIR = (X x X OFnEAG L U T AiReE
B Ax) FFEMERERTHS. v € X ORMEEHI {z} TH O, BEE X/= FHARIZ X &
FA—fEnsd. (EEIZSZIE, X/=C P(X) & singleton map s: X — P(X) DB TH
D, s PERH X - X/=%2525.)

B 1.6.11. EE5 X TBIlF~ %2, FED z,y e X T Lz ~y TEDD (X x X
DEMAEELLTE X x X) &, HoZFAEREFRTH D, FAEHEIZ X OAT, RS
1 ROAPORBEAE X/ ~={X} ThH2.

B 1.6.12. neN&T5. 2,y € ZIZHL, xwycﬁn\(x—y) CED DL, ~ IX[EMERE

BRTHB. EBR,

LLz—2z=0EFnDERTHEDTx~ 1.
2. x ~y THDBLTDL, c—yldnDEETHENLS, y—x=—(x—y) HEIT
bhb. oTy~u.
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. x~yMDOYy~2 THDB 295 ZDLEx—y,y—zEnDEEATHE. £oT
r—z=(x—y)+{y—2) nDEHTHS. DR,x~ 2.

Z BT 5 Z O FEMERE R %

r=y (mod n)
z=y (n)

HFrHEEZ, 2z & yldn%iEE LTER (congruent modulo n) THB L\ 5.
Z DFRMERFRIC & B RMERZ n 27k § 5 BR%R (congruence class) » % W IFEIR
#8 (residue class) ¥\ 5. z € Z OFfE¥%

x mod n T +nZ

FrELZEHZ.
F7, ZORMEEKRIZESEEES %

Z/n Z/nZ
Fr#L<.

1 1.6.13. £EAENU{0} & Ny &&ELS. (HOF—fRIZZ S E S DIFTII AW, FEFEEE
TIEN EHFVTWD, 5] 1o TNy EFHWTADZ LT U7) £A4 N2 2B 5 B%
~ % (l,m) ~ (p,q)(ﬁl—kq =m+pIlXDEDD LFAMEERTHSD. EFE,

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

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

3. (Im) ~ (p,q) 2 (p,q) ~ (s,t) &Td&, l+qg=m+pPDp+t=q+s7Zh
S, l+t+p+g=m+s+p+qgPAXl+t=m+s &0 (I,m)~ (s,t).

Bl 1.6.14. EEZ x NIZBIT 2B ~ % (I,m) ~ (p,q)é:)flq =mpllXDEDD L
fERARTH 5. FEBE,

L.Im=ml7Z»5 (I,m) ~ (I,m).

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

3. (I,m) ~ (p,q) 2 (p,q) ~ (s,t) £TD&, lg=mp P2 pt=qs THS. p=0
DEER, (A0EZ20)l=s=0&20,lt=0=msPA (I,m) ~ (s,t).
p#£0DEZIX, ltpg=mspg PZ It =ms &80 (I,m) ~ (s,t).

# 1.6.15. RIZBWT, z ~ yer—ye ZIWZEXOER~ 2EDD L, ZNIXFAMERKRT
»H5. ZORMERIZL2HEAE R/Z L EL.
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EIEEs . 33

Bl 1.6.16. G 28, H C G 2 DNkt 35, G EOBfR~, % g ~, g’(ﬁg_lg’ cH
WWEODEDD L, ZNIXFAEBERTHS. e G ZHAILE T 5.

l.glg=ec HDZX g~,g.

2. gr~p g £TBE gl eH ZDLE (¢ lg=(g7g) L eHDR g ~, 9.

391 ~r g2, G2~ g3 T DY gilge, g9z € Ho X o T gilgs =
(91 '92) (97 ' g3) € H DA g1~y gs.

Z ORMEBIRIC L 2R%EE % G/H 2 B<.
Bl 1.6.12, 1.6.15 13 2 ORI BETH 5.

f23. G2, HCG 2 XD Lds. G LORFE ~ & g~ g'c(l:)fgg’_1 € HIiZ
LODEDS.

1.~ BFMERIRTH 2 2 £ 2Rt ~ 1Tk BHEAE H\G L8,
2.~y ~ I2 B g € G OREEIZZNEN

gH :={gh|he€ H}, Hg:={hg|hec H}

ThdIerRHE.
3. GWT —RIUETHDLE, ~ &~ 1F—HT B L ERYE.
4 rop & o =T HDRED LS 70 E0?

R T2 RHEL UTELFES DI (ARDREUL] THE2EWHI EBETHAS. I
BRo kS IzERETE .

& 1.6.17. X, Y 284, [ X - Y 25H 7 5.

L. X IZBIT58FE~ %z ~ yf}eff(x) = fly) TV EDZ L, THIXFAMERERT
H5.

2. m: X - X/~ Z2ZOBRIZLIGEANDHARGHY, I 0bbre X 1T,z %
BUHEMEME C, € X/~ 2RI E 25 6LTE. ZOLE B f: X/~ YV W
FAELT, f=form &REIN5:
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ZOEH fE FIZEVEEINEER (induced map) £\ 5. (fE 1.6.24

ZHa.)
A A R
f: X/~ —=Imf
nEoh s
.1 (i) f(a:):f() Ax~ .

y) = f(

(y) = f(Z)fok5f($)=f(Z)-

: Cp) = f(x) T&VEDZ. C, =C, DL Ex~yaDT
f(x) :f( )'@%é?ﬁ‘b, f(x) 12 C, DRFTDE D [IZEST, ZOERIZEKE
2RO, (&5 ELIXLIE [f 1% well-defined THB] &5, )
oM f=for THD (form(z) = f(Cy) = f(x)) .
£ f(Cp) = f(C)) T2, fl)=fly) Zhbr~yDRCp=C,. THD
5 f XS

Ol

B 24. ZORMEERIZE S v € X OFEEREIE f~1(f(z)) THS.

#11.6.18. neN&$5. Gffgr:Z—[n]={0,1,...,n—1} 22 €ZIZHLax%iknT
FloleRVENIGIEDEH LTS, T0bb, r(x) € [n] IF

r=nq+r(z), gqrx)ezZ 0<r(x)<n

KD EEZEHEDTHD. RY DI L %FIR (remainder) £\ 5.
HoMZ e =y (modn) & r(x) =r(y) TH5H, 20 n ke ULTERAE WD BEFR
I n CTHSZRVDBEALC L WIEKRTHS.
BE{RE r DK [n] = Z 5 [n] FEEGEHBZOTr 32HTHDE. XoT
T:Z/n — [n] FEEHTHL. £72{0,...,n—1} C Z IZFEEIZET 2EL2RKRT
H5.

W/T\T ]
Z/n !

5 1.6.19. 54 d: N2 5 Z % d(l,m) =1—mic&EDS. 7272L Ny =NU{0} T
»5.
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dilym)=d(p,q) ©l—-m=p—q<l+qg=m+p TH5H»5, #il 1.6.13 DFREFHR
~ 1 (I,m) ~ (p,q) & d(l,m) =d(p,q) ZH7=F, D0, ZBRELCEVWIEKRTH 5.

O d IZ2HTHENS, d: N2/~ = Z IZEHHTH S, £H2RERLLT
(No x {0}) U ({0} x No) = (N x {0}) U{(0,0)} U ({0} x ) A& 15,

f5] 1.6.20. 545 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) ZHA7=F, DL 0, FEHRHEHL L VWHERTH 5.
S DN p 2R THE05, p: (ZxN)/~ = QIEFEHHTHS.

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

() = p(1) & 2™ = 2™ o 2™ 0-T) = 1 o ) — 7 € Z THEh5H 1.6.15 DIFE
R ~ X0~ 7 pd) =p(r) AT, plEEFTHE056, p: R/Z — ST IFLH
HTH5.

Bl 1.6.22. G, H 28, f: G — H 2#FEH LT 5.

fo)=fg)ee=flo ' fld)=flg'd) =g 'y eKerf

THENo, fIFEis
f:G/Ker f —Im f

EAETS. (RECEIE S, G/Ker f, Im f I3BHZZ2 0, fIXABESRTH S.)

Bl 1.6.23. XY 2846, ~, ~ 22T X, Y EOREMERR, p: X — X/~, ¢: Y —
Y/~ 22N ENERBHE LTS,
EEX XY IIBTREBE~ % (1,y) ~ (@) @~ )A(y~y) ICEVEDS.

def
Efpxq: X xY = X/~ xXY/x%2FEZDL,

(px @)(z,y) = (px ) (2", y)

THH05 ~ FFAEBEBRTHY (HbAAEZHENPDOTH LW) | (z,y) € X XY DOFEMHA
IO, xCy ThHD. pxq3EHTHLS05, RESH

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

PXq(Clayy) = (px @)(x,y) = (p(x),q(y)) = (Cx, Cy)

WU N—TDAN=PERUEEZR> TV, 2D 7 )V—TIxZoEE %2R -
TWbHEWVWoTIWTHAS. MOMEIZIINE2EANMELZ2DTHD. NE, ifHHE
W2 1.6.17.2 L IZIEFRILTH 5.

i 1.6.24. X 284, ~ % X LORERAREL, 7: X - X/~ 2 ZOBRKRIZ L 20
EAENDHERGEY, $0bbrec X 12, 2 2R0RAMEE C, € X/~ 2GS 554
L35,

f: X =Y 258235, RIZEMHETH 5.

l.x~a' = f(z) = f(2).
2. f=fom &BRBEIREL f: X/~ =Y BFHET 3.

f

X ——Y

Wl T

X/~

T5IT, ZDEIREH fI3—HENTHD. ZOFH f% fICLVFEINBER
(induced map) &\ 5.
BARMICE T F(C,) = f(z) TH 5.

FEEH. 1 = 2 OFEMIEME 1.6.17 YFAL. 2= 1%25R%S. f=for THbLT 5.
x~z &TBE w(r)=n(r) THBENL,

f(x) = (fom)(z) = f(r(x)) = f(n(a)) = (fom)(z') = f(z).
TIXEHZDTIDE > BELE fIZT—ENTH 3. 0O

% 1.6.25. X\)Y 284, ~, 2 ZhZTn X, Y FLORERER, p: X - X/~, ¢: Y —
Y/~ 22N ENHRBHZ LTS,
f: X =Y 258235, RIZAMETH 5.

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

)

X/N """ 3f> Y/N .

O FIEF(Cy) = Cpay CEDEXENG.
A qo f: X — Y/~ 2@ 1.6.24 &AL E . 0

Bl 1.6.26. BEOME +:Z xZ — Z, (I,m) = 1l+m E2FZX5. =1 (mod n) "D
m=m' (mod n) THNIX I+ m=10"+m' (mod n) THBH5, MEITEH

Z/nxZL/n —— Z/n
w w
(Z,m) F——— [l +m

2HEDDL. HIDLTHEICHETRL, MOKKADTOITOERBIDERTHS. 720, ~
[
(I,m) ~ (I',;m") C<1:>fl =/ (modn)»2>m=m' (modn)

IZ & D EE BRMERMR, TOTOLMOEEL 1Z6] 1.6.23 DEHEHFOHEMH{THD, TOD
TOEMOERIZR 1.6.25 THEZONEEHRTHS -

Ix7—F o7

]

LZin x Zjn——_> (L x L)] ~ —ZL/n.

il Z DEGHE + 2o TRT. I2bb I +m:=1+m.
AR ORIEZXZ = Z, (I,m) = Imb-m:=Im 2LV Z/n IZREZED .
Z/n ®Z DML & TR, BEONE, TIE L RKRLEE (e, g, Sidss)

AL, THUTED Z/n 3B L 2B,

Bl 1.6.27. N2 Eoj& ©: N2 x N2 = N2, (I,m) © (p,q) = (I + q¢,m + p) &4l 1.6.13
DOFRMERRIC L 2EES EOBEA N2/~ xN2/~ 5> N2/~ Z2ED D,

25, LOMAES o 2ELZEIZT S, d %26 1619 DLHE & §5 & X,
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d(dY(z) o d 1 (y)) Bk k.

©
NG/~ xNg/~ —=Ng/~

dxdlE %ld

YA/ ~ 7.

PRSESE . 41(1)(2), 42(2)(3)(4), 43(1)(2)(3), 44



1.7 i BAfR

1.7 BFEAR®

£ 1.7.1. FE X TBT 0BG < PROFMEAT LS, ZOREBKEZIER (order)
H5VIFHEIERF (partlal order) ¥ \5.

1. (R§1E, reflexive law ) z <=z
2. (RW#ME, antisymmetric law ) z<y2»2y<zxolf, z =y
3. (MR, transitive law ) 2 <yn2y<z%HolE, <2

BB X ITBIBEHY <P S5ICRG AT L E, ZOMHT %= 2IEF (total order) &
%W IHRE)ER (linear order) &\ 5.

4 FEOz,ye X 1T/, 2 <yhry<az Db d—ARBTHLT 5.

£ 172 £ X 20 LDOJEE < DM (X, <) ZIEFEE (ordered set) » 5\
T ¥IEFES (partially ordered set, poset) &\,
EILOBZENDA 2 WL EE < 2B U THRIZIEFES X LELZ 2L\,

CEFRBEGRERTHELE LTSS < 25 WD DI TR,
DEE < ZHWEEE, LIEVIELFOREXIHWSNS.

(w tfmtf

e <yDLEy>g EL.
e x<yhDrAyDrE o<y F#EL.
e <yN&Ey>u EL.

Bl 26. x <y 2y<ziold, z<z.
% 1.7.3. X,Y 2IEFEA, f: X oY 25T 3.

. FED x,2' €e X TR U, 2 <2 ol f(z) < f(o) &b L &, f 2IEFERD
E{%& (order preserving map) &£ \5.

2. [ 2R DEHR f 1%, IHFZRDEH g: Y - X T, g0 f=idx, fog=idy %
AlzTHLONFET S L | IRFREER (order isomorphism) TH2Z &\ 5.

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

R . Hp 2RO 2HGINT UBIEFRBESRTIZR W, # 1.7.4 2.
B 27. X,)Y 2lEFES, [ X =Y 2285595, 20D ERERYE.

L fOEFRABERTH S ODBETDEFRMER, ERD 2’ e X IZH Lz <2’ &
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fl2) < f(a') 2B 22 ThHA.
2. X BRMEFEET, f HIEFEHRTIE, f RIEFRNEETH 5.

Bl 1.7.4. X 284035, BR = RBSHACIHFBERTSHS. X 2k oM Ea®
12, Z DIESF A NEF Tl
<% X LOMEFLT 5. BSMEETG d: (X,=) = (X, <) RIEFE 5.

Bl 1.7.5. (X,<) 2lHxHEEGLT5. R < %z < yow >yllkDEDD L, < IFIH
FFEGRTHS. Tz < ORK (dual) H %\ opposite &\ 5.

BEIEZOEFZ (< FIIflDT) > e&HL. <P eEHELIILHHD.

A X ICAHER 2 Wi 2B G % XP L ELILhRDH 5.

Bl 1.7.6. (X, <) 2EFHEE, AC X 280HEE2T5. A LOBR < % a < bea<h
(Gillixa,be A% X DREATVS) LV EDD L, < FIEFBRTHS. HilidZ
DIEF % (< ZEZEHT) < EL. 2IzZeboRiTNTE, HFESDHOES % HE
FREAGLEZERDLEXIDIEFZMHES.

X B2elEpEETHNE, ZOEFIZLD Ab2EFEETHS. X BelEFpELST
mled, ZOERIZE D ADVREFEGLRE2ILEH 5.

Bl 1.7.7. N Z O @EDNEF (BOK/NER) Z2HrTH 5.
Bl 1.7.8. NIZBIT2m»nz2E0Y2L0WS8FEmn ZIEFTHS.
9 28. Z (2B1F 5 E%E min 3IEFH 2

Bl 1.79. X 2%E5L95. P(X) Lo@&ERRACBRIEFTHS. &<IZZtbs
RITNEP(X) 2IHFEGEEAD L EIXIDIEF 2.
X D% O EEDIE, P(X) O Z DER E2IER TIER .

Bl 1.7.10. (P, <) 2lHF7HEE, X 285235, PX O fgizxtL, f < gcﬁVx €X:
flx) <g(x) LEDBL, PX EOIEFTHS.

B 29. Izt

B 1.7.11. 2] = {0,1} i1 Z OWAHEA L LTIEF (0< 1) 2AB.
2X DIt a, b 1IZx L, a < b(<j:>fV:1: € X :a(z) <blzx) LEDDLIEFTH 5.

Bl 1.7.12. x: P(X) — 2% X Lol 1.7.9, #l 1.7.11 ONEF B L CIEF R G T
H5.
EB, ACBC X Thd295. 1c ADLZX, ACBTHSE06,x € Bk
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20 xp(z) = 10X xalx) < xplx). o€ ADEEF xalr) =07%2o6, HHoNIZ
xa(z) < xp(x). o> TEED z € X (T U xa(z) < xp(x), $758b5 x4 < xp TH
5. LED>Tx(A) =xa < xB = X(B).

X DHEEHRE ©: 25X - P(X)2T5. pla) =a (1) THB. a<bec2¥ T3,
a(z) =1%5E b(x) > alx) =125 bx) =1ThHb. £oTyla) =a (1) C
b1 (1) = @(b)-

B 1.7.13. P,Q 2HFHELEL T 5.

1. BEEPxQ LD (p,q) < (p’,q’)é?fp <pANq<q¢ TEZ IEARIEFTHE. Z
% BFEIRF (product order) &\ 5.

2. B P xQ LD (p,q) < (p’,q’)c<1:e>fp <p'V(p=p Nq<{q) TEZ?HERITNET
Thb. ZnziFEERIEF (lexicographical order) £\ 5.
LELAA, ZNE (2XFPORDHEFELZITIVEK->TVWD) HETHIENIATY
LIHFETH 5.

BIZIXP=Q={a,bctila<b<clWIEFEzEzViizt &, {a,b,c}? [CERIER%
W 72EDERIR UNEWARS KREWHAANRHINREZENTH L. 2O XS BHE N NY 2
EWH. EE L1716 2R K.) T8

(c,a) (c,b) (c,c)

(b, a) (b, b) (b, c)

(a,a) — (a,b) —— (a, c)

Y75, ZOMEFTIRBIZIE (a,b) & (b,a) DRI A/NERIZIE. —75, BERIER %
Nt 0l
(c;a) (c,b) (c;c)

(b, a) (b, b) (b, c)

(a,a) — (a,b) — (a, c)

VA
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ERENE & & EEAEFIE =D EDIHFEAD T AL MRIZH LT AKISER S N
5. i, HEAEF Z2EFESG L THYS NG Z EAZ 0.

B 30. P,Q ZMFHEAL L, P x Q LOERIHEE <ppoq, BERATF % <), TET.
1. <prod & <iex PIEFTHSB Z L & RE.
2. lHS%5 (%

id: (P x Q, <prod) = (P X Q, <iex),
1d (P X Q7 SZEI) — (P X Qa Sprod)

INEP % DD 7
3. P,QeHitelEFELEThNE, <, DERMEFTHEZ L 2RE.

Bl 1.7.14. P 2IEFESLT5. £46 PRIZH 1.7.10 OIEF %2, P2 IZHEMEIET 2 Wi
%. B
e = (evg,evy): PPl — 5 p?
\)) W
f———(f(0), f(1))
WSERF R ELRTH 5.
EF 1.7.15. X 2IHFHEES, a,be X T 5.

1.
[a,b] :={r € X |a<x<b}

% a,b &l &9 SEFKXMAE (closed interval) &\ 5.

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

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

#% (successor) DILE NS,
Z DAMEFHXE [a,b) FLWo kil S S . BRIZHAS»TH A .

W FIRREOE (0,b) BWERES X x X Otk RTHE LA UAOCREANNE
TdBH, SRS S B B DI LU C X 5.

Bl (EHE%EM) . 1. NIZEBEDIEF 2 A5 &
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[1,4] = {1,2,3,4} (1,4) = {2,3}
[1,5] = {1,2,3,4,5} (1,5) = {2,3,4}

Tho.
2. NiZmln & VIEFZ ANS (H] 1.7.8 B &

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

I
= A
]
——

ThHhs (B 1.7.16.3 2 .

B 31. X 2IEFHEA, a,be X, a<bl$3 &k o>bThdL5% ze X IME
95T 5. A:ﬂm>b[a’x) L.

1. AD[a,b] THBZ L %R
2. X QIEFLIEIEFTHIE A= [a,b) TH3I & %Rt
3. A#a,b] 7B HEET L.

B 32. X 2zlHFHEA,a,be X, a<bsdb. £/, 2>bTHhsEO% v e X MFIE
T5L95. A=,upla, 2] LB RDZDDEMEZEZXS.

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

1. X BLEFEATH L=, (1) & (i) RAMTH S Z L 2Rt

2. X DIEFALIEF TR E &, ()= (i) R D oM ? D o5 S L, KD
S BN R T &

3% X OIEFRLIEFTRWE %, (i)=(1) R o7 2 FD o4 SFML, Kb
SEF TN A R 20T &

E# 1.7.16 (/v X, Hasse diagram). FRIEFESZXRT 5 DICHHL/NY R
(Hasse diagram) ZfA L THEL. (IEWVWR, ADRFTHEHETEIT 2 DIETLOHAN
TLADBRVWGEIZRONETHA I U, o L RTEKZHAINND DEHITLOBNTNIE
ELZ RN GAETHA S IThE)

(X, <) #AREFEALTD. X OLE2FENE U, x DEFZEDOILD y THDH L EZ o h
5y ~NKHlZEL. 22U, REFALBEKAR LA TEIZD>TE L. KAlZE &
KM 725 DT, REIZ DT REVWTHA LIZRD LS IHESZ LB L.
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BEZONLEFEREIZHU, Ny M (DHZH) =@ IZEIT 501 TRV,
(EULSEPNE) Ny 2P SIHPBEREZETT SN TES.
BRI 22250 & 5

1. EEESIZAEBEBRTIER 2 WNZE D.

P([1]) {0} P(P])/{O, 1}\
0 {0} {1}
\@ /
73([3])/{0,12}\
{0,2} {0,1} {1,2}
> >
e AN
{0} {2} {1}

7

2. 2] ={0,1} i20< 1 WS JEFZ\WN72E DDERICERIET 2 \Wi/zd 0.

2] 1

[2)* (1,1)
| N
(1,0) (0,1)
\(O O) s
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2] (1,1,1)

(1,0,1) (1,1,0) (0,1,1)
> 2]
(1,0,0) (0,0,1) (0,1,0)
\(0,(‘),0)/

3. W O DHRBOESIZE v YINDE LW EHFEZ\WINTZED.

({12} 1) 2 ({1,2,3,6}, 1)

| N\

N

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

30

/‘\ ) ;
‘/\ \/\
2/5\ 2 3

e

4. BELISBELSEZBRW D OICAEHEBRTIEE 2 Wi-E 0.

—_

P[]\ {0} {0}
P([2D)\ {0} {0} —={0,1} =— {1}
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P(BD)\ {0} /{2}
{0,2} {1,2}
N e
{0,1,2}
{0} {01} =———{1}

E&E 1.7.17. X 2HPEEG, AC X 2nEELT5.

1.me X 7 ADLER (upper bound) TH5 éz‘;VaE A:a<m.
2.1 X " A DTF5 (lower bound) TH 5 C<1:>fVa€ A:l<a.

WA . LR, FREB—OEIFEVI DI TIEE.

3. AN ERZFOL E AIXLICER (bounded from above) THB L\ 5.
ANFHREZFEDE E AIXTICER (bounded from below) TH2 &\ 5.
EIZHTIZEARTH L L EHR (bounded) THDHE WS,

ERLID APER I, meX VacA:l<a<l<m] Bohr5.

HE . IeXDPADTFTRTHEZILLIc XPPADERTHLHZLIFIFALILETH
5. ZDESI, EFEZZDURNTEENZATEONDS (DEVAESDOMRE 22 THIZ
LTEOSNS) a2 0b00RG WS, FRIZERD, ERIETROETH 5.
EREDMEFEGITN U THALT 2mEIE, (XP2EASILT) AEB5OME ZHIT
Uz K2 s 5. ZHENEFRITN T 2 R (duality principle) &\ 5.

[ 33. X 2lEF%4E, ABC X &95.

1. BIWWERT, ACBkolE, AL AR
2. X 2RHFEG LTS, A BRELLBLERLSIE, AUB bES.
3. A, BLBHIZERTHBM, AUBBERLBRSLVE S RN HNIXET XK.

B 1.7.18. X £ 0 2EpHEELTS. TED2zc X Z0C X DERPDTFTARTHS.
EBE, Vach:a<z,Vach:z2<ald¥b53 (FEPMBTHEH5) B ILD.
EIZX AP E, 0 Cc X IFERTH .

EFE 1.7.19. X 2lEpHEE, AC X 2H0EELT 5.
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1. M € X 7 A D&RKIT (maximum element) T»H 2

o (i) MeA
def | (ii) MIZADERTHS. $hbbVacA:a< M

DL E M =maxa=maxa =max A FLEL.
acA A

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

o (i) meA
def | (ii) mIFZADTHRTHS. §ubbVacA:m<a

ZDLE m:miga:mjna:minA%t%Q
ac

AR BRI EBRINTIEEWINNTH 5.
e 1.7.20. A C X DA (B/Mt) B ETNE—ENTDH 5.
AEAH. SEER, My, My 22 B2 A DRARILE THEERL DIRDED VLD,

(i1)

(iil) Yae A:a < M

(i2) Mp € A

(ii2) Va € A:a < M,

(i1) & (ii2) £ My < My, [FWKIC Mo < M. > TIEFOME LD My = My,
BNTTIZDWTHEBRIZUTRUTS L0, SR L OO ID. 2F0D, me X

WADBNTTHBEILEme XP W ADRRLTHAILERALIETHSB I LIC

FERTNERATOL EDARLTBHIETATHS. O

Bl 1.7.21. NiZ m|n CTEF%ZWH 5. minN =1 Thb. —7, min(N\ {1}) IZ1F4E
L., B pe NBREETHNE, mpadmeNIiZlLpDdATHS. £<IT,
2,3e N\ {1} 1T UL, m[2 2D m|3 &725 m € N\ {1} IZFEEL R0,

Bl 1.7.22. maxP(X) = X, minP(X) = 0.
B 34. TNZMEPD K.

Bl 1.7.23. 2] 120 <1 &EWSHFZ W5 &, min{p,q} = p A ¢ = pg. max{p,q} =
pVag.

f 35. Tzl L.

M 36. X ZIHFHES, a,be X, a <b &F 5. max|a,b] = b, minfa,b] = a Z/RE.



68

Hl1E fEH

Bl 1.7.24. Q IZHDOKR/NEFKTIHFZ VNS, a,b € Q, a < b ¥T5. max(a,b),
min(a, b) 1F& HITHEEL RN,
FEBE, ALED x € (a,b) IZDWT, 2 BER/INETIEFERWI EDAMUTFD LS IZLTH”S.
ze€(a,b)Wra<z<b c=2f2 B,
Tr+a r—a Tr+a r—a

5 5 >0 r—c=x— 5 = 5 >0

cC—a=

EZhba<c<z. x<bBDTec<b £oTce(a,b) PDc<x. £oTaxldHmNMiT
TR, RATTIZ DWW TS Ak

B 37. AITTCIZDODWVWTRE.
EF 1.7.25. X zEpSEE, ACX &9 5.

1. ADERBEOESIZERNTHPFLET S EXTNE A DLER (supremum) &
196}

supa £7z1% sup A
a€A

TRT. Thbb ADLEREHKE

UA::{x€X|x6;]:A0)J:5‘?}

<L, supA =minUy.
2. ADFHREEKROESITHmRARIGVFET S L EZN%E A DTFR (infimum) & LT

inf a £721% inf A
acA
TET. I2bb AD LK%

Ly = {x€X|xliA®Tﬁ}
EHL &, inf A=maxLy4.
ERE . ER, FRIZEWICHETHS. 72, ER, FREBIFAETNVIE-ENTHS.

B 1.7.26. X 2EFEALTS. min X PEETNIE supd) = min X THS. max X
PEAETNIE Iinf) =max X THB.

FEEE min X 2 max X BFEETNIE X L0 TH2»ro 0 Cc X FERTHY, Uy =
Ly=X A

fRE 1.7.27. max A BFETNIL sup A = max A.
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GEBH. M =max A &£ 95. ADEREBHROLITELEEZ Uy &EL.
BRITGDES (i) O MIFADERTHS, $hbb M e Uy.
FRAITDER 1) D M e A [>T, ADERD ER- m e Uy 126U M < m.
XoT M=minU,, 7205 ADLERTH . O

iR 1.7.28. X 2 2JHFHEA, AC X 9 5.

(i) VaeA:a<s,

= As
s {(ii) VeeX:(r<s—3Ja€A:x<a).

EE! . ZOREO T IERERESTRITNIE—RITIZIEL < 2.

AR () X s P ADERTHEILE VN STWVS.
— i BEZE 2D LM (i) 1k Te W ADERZSIE s <zl LFEHE
T2bb (1)) X s B ADERDOBRNTETHEILEN->TWVD. O

7 38. 1. EOFEHDOEZ T X PEHFEAETH LI L 2HWNT WS DY
2. ~MRDIEFELSTHE 1.7.28 D = KO ILD7EA D017 L2756 IXFHA L,
B O AL T2 7N SRR B 2R &
3*. ~MDIERES T 1.7.28 D < (XKD NLDEA DM KO D4 SIXFEH L,
BR D SE T2 TR\ R S IE R R T &

il 1.7.29. Q IZHDOK/NMAFRTIEFZ VN5, a,b € Q,a<b&T 5. sup(a,b) = b,
inf(a,b) =a TH 5.

AERH. b= sup(a,b) THBZ &%, M 1.7.28 Z{H>TRZT S,

z € (a,b) Bl a<x<bTHE2NS b (a,b) DERTHD. $T2bH b iddy
R 1.7.28 DA (1) 2 AT

G (i) ZANRES. e <b &5 d=max{a,c} B &, d<b &oT
y=0b+d)/2eQeBLlLd<y<biBd. a<dlFEETDILa<y<b T72bH
y € (a,b) THB. £/ c<dTHBMS c<y. LoTERM (i) BRIV ZoTWVWD. fo
T b =sup(a,b).

inf(a,b) = a & [k O

i 39. TRROGZxRE.

Bl 1.7.30. A C P(X) 1AL, sup A = Uy g A, infd = (|, A THB. #=EL,
A=0DeEF Nyes A=X EHHKTSH. (§1.5 D Remark Z.)

FEAA. TIROGEZRZED. AADDEE2FEA5.
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BcXﬁ§A®T5?GﬁVAeA:BCA

&BcC[]A
AcA

THENS (yea AIFADTROEKI, $hbb inf ATHS.
A=0DLZE maxP(X) =X TH2»5 inf ) = maxP(X) = X DAL, O

B 40. LRV Z2mRE.
EE 1.7.31. X 2lHp%a, AC X 2Hn%ard5.

1. M € X 7 A D#ATT (maximal element) TH 5

o (i) M e A,
def | (ii) Vae€e A: M £ a.

DED, MMPADIKTHY, DM EIOREVTIFEADHIZRVWEESIZM T A
DIBERICTH 5.
2. me X ¥ A OB/NT (minimal element) T®H 2

o (i) meA,

def | (ii) Va € A:a £ m.
DED, mMBPADIKTHY, Om EV/PAIVDIFE ADHFIZZVWEZIImIF A
DIB/NTTTH 5.

R 1.7.32. AITGIEIMAKILTH Y, BUNGIERMUNTTH 5.

FEHH. a < M = M £ a. 0
d 1.7.33. RIEFHIES TIIMBATIIRKRITTH D, MUNTIIER/NTTH 5.

A, 2IEREATIEM £a= M > a. O

Bl 1.7.34. — IR T, B/NTIE—ETIEARY. N2 min TEFZ2 WS, n €
N\ {1} BN THEZ L L n BEMTH L L RAMTH 5.

€& 1.7.35. —MOHEFPEAICH U TEET DI LEdE O RVA, LR, FRAEE
TG LR, THRZERETES. X 2IHFES, a: N X 25K295%. (Zh
Z X ORAIEND ) BHIDGE LAk, Tl an) € X % ay, £EFE, K% {an}nen,
{an} E XN

1. 55 {a,} % a, := sup{a;|i >n} € X TEDS. X OFNES {a, |ne N} D
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THEZ A4 {a,} ©EREE W, limsupa, »%WElima, &L, bbb
limsup a,, = inf{a, } = inf {sup{a;|i > n} | n € N}.

2. KAl {a,} % a, :=inf{a;|i > n} TEDZ. X DHIES {a, | n € N} D LR%
#A {a,} O TR E WD, liminfa, 25\ lima, £ EHL. T40b5

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

Bl 1.7.36. P(X) DiFl {Ap ey XL, 22 TEHKLZ MR, FHEEEH 1.5.9
TEHELEZHDIXRILTH 5.

M 41. XY 2HEFEE, [ X > Y 2P 2RO/, AC X £T5.

1. meXMADERTHNE f(m) X f(A) DLERTH 5.

2. m=max A 72 51% f(m) = max f(A).

3. ERIZDOWTHMARZENEZ DD ? XY, fFIZHEMSIZEZMEE2DIFE D1 E X
Y e

4. m DB A DWKRITLTHBH, f(m) 1 f(A) OWRITE 17250 & S el z 30T &,

M 42. X 284, P 207 %EG, PY C&sEBOlEY (B 1.7.10) 2\Wwhb. F C PX &
5.

l. maxF "EETH T2 ZOLEHERED 2z € X ITHL, (maxF)(z) =
max{f(z) | fe F} TH5.

2. FED x € X IZHU, max{f(z) | fE F} PWEETHLTSH. ZDLE max F I
FAET 507

3.supF AT HLT S ZOLEREED 2 € X ITHL, (supF)(z) =
sup{f(z) | fe F} TH%.

4. fTRED x € X &ZH U, sup{f(x) | fE F} BEAET B LU, f, € PX % f,(2) =
sup{f(z) | fEF}ITEVEDD. TDLE fy=supF TH5.
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1.8 RE

COHMTIRECDEELZHOND. BELWVWIDIEREBI S IXIZE A ITESD IO
DZETH5. HiIETRERESZDOD, TORERESEZDHONS.
ZOMiCIXIFEBBEAR NU{0} 2 Ng TRT. (LARTIZHERLEZD, 2055 13
R DT W)

EEX DO Y ANEHERENFEETIEEIC X LY RS woT X XY EWE
(FB# 1.4.15) . ZORFEL WS BIR” XEMEHEE AT

T 1.8.1. XY, Z #8627 5.

1. X = X.
2. X=2Y=Y=X.
3. X2YANY=2/Z=X22.

AEHA. 1. MEFEGR L4 AT
2. RRHFOWEHRL 2L
3. RHHOGKIT TS

1.8.1 HEEMIFWNEEEIIRR

FRETIRARES L 3M), GERESOTOMEB L a1 2HdT 5. 2 ThERSE LS
R DN R A 2 FRICBIT BikEmiE, M2 RIRICEE 2 T2D021E-o & IERVE,
iR TVNEDNEL PSRRIV ETHS.

A EHZADOTHRE (£ 0) ZHAWVWS. 2T, T4 DR T 2DIEHAKDOM
H, & UTHFEWNIRRIE, TRbBRONMTH 5.

NI 1.8.2 (Peano). £4H Ny ZIROMEZ A7

1. 0 € Np.
2. MDEM% AT 5 suc: Ng — Ng BEHET 5.
(i) 0 ¢ Imsuc.
(ii) suc I H 5.
(iii) N CNygA0€ N 22D suc(N) C N ZAEIEX, N =Ny.

HE . neNgIZHLU, sue(n) 2 n+1 &FHL.
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Wil Z OATE B THEADEEIE, HBHVIRAO (X0 EANEEZSND) A
BOL Y, ZOAMEHLTEADFHEEANL, Z0 X5 afEAE Ny L #<. 2.(ii)
B IRHNIE D AFLE NS

TIHE 1.8.3 (BUAIIRINIE). P(n) % Ny OEiCT 23 U, A D 1oL T 5.

1. P(0) 122
2. P(n) "ELS5IX P(n+1) A,

ZDLE AERDn e Ny IZXHL, P(n) IZFETH 5.

S, P(n) BEERD LS mn e Ny 2k%E N 245,
N ={neNy|P(n)}

FMHE1ED0eNTHS. £725%M0421F, ne N7%2oidsue(n) € N, DD suc(N) C N
THHEWVWIZ L., Ko THFNRNIEDAI LD N = Ny. O

ARBOMEIZRTIORM 1.82 0 56E L Z e TES. ([5] FSMR.) HlZIXRAR
5.

8 1.8.4. Imsuc = N.
neNIIZHL, suc™i(n) 2 n—1 &L,

EIE 1.8.5. Ng iZid, n <suc(n) (2F0 n<n+1) MMEEDn € Ng IZH UKD LD
EORIEE D270 L DFET S, 61T, ZOIEFIXIRE 2727 .

1. ZOMEFIE2IETTH 5.

2. suc BEFEZHED. (DFOhm<nBoEm+1<n+l&n52E)
3.m<nZEoldsuc(m)<n. (DEVm<nZBZom+1<n&\niI&)
EIZmDEZDTIEM+1THY, m DEFDOTIEm -1 TH5.

4. 0 = min Ng.

B 43. RIEFESICBWTE, B (EHT) OJtid, FETIE—E0.

UTFoE#RTIE, ThomiE 1.8.4, B 1.8.5 W 2 < HW5.
INETEMSTELD, HhoOTHEAE[n] ZEHRL THL.

E# 1.8.6. n e Nog lZx L, Ng DN EA [n] 2

[n] :={m €Ny | m <n}
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oy

TEDS.
$70, [n] RIEFEA L EX B L X%, £ TS RIFNE Ny 5 ABNEFE ANS.

HE 1.8.7. 1. [0] = 0.
2. [n+1] = [n]U {n}.
1]

3. min[n + 1] = 0, max[n + 1] = n.

CIRUER 1. 0 =minNgy 725 5.
2. m<n+lem<ndPEOyD «ldn<nt+l1X0HSD. =X, m>nis
Em>n+1THY, Ny DIHFERIEFTZN»S. Ko T [n+1]=[n]U{n}.
3.0=minNgPAZ0<n+1l.n+lelmsucF0DPZ0#n+1. oTO0<n+1
Zr50€(n+1]. £-TO0=min[n+1].
n<n+1WAnen+l. Fmenh+1]E2om<n+1PIm<n Lo
T n =max[n + 1].

O

& 1.8.8. AC [n] %5, D me Ny, m<n WFEL, A& [m| ZIEFFRETDH
%: A [m]. 72720, AiZiE [n] 26 ABIEHFPEZ ANS.

FERH. n BT AIRIIE. n =00 X [0 =075 A=0=[0] TO.K.

nTHLT2ELTC, AC[n+1]={0,...,n} =n]U{n} DLEE2&EZ5. ng A
DEZFIFAC [n] BOTHRMEDIREELD OK.n € ADEEIF A\ {n} C [n] =
Do, RHEDIRE LY, 5 m € Ngy, m < n PFEELUTIEFPRE f: A\ {n} —
m] = {0,1,...,m — 1} PFETE. m < nBDODTm+1<n+1Thd. EH
frA—=[m+1]=[mlu{m} %

=g

TEDZ LS fIFIEFRNTH 3. O
%1.89. neNy 295 FRHDD#AC[nIZHL, minA DPFHLETS.

AL DA ACn] &35, 5 m <n LIEFPRM g: [m] - ADPFETS. AADDPX
m >0 T 0 =min[m]. IS5 g(0) = min A. O

T 1.8.10. [HFES (X, <) DEROZETRWRAEEN RN RO L & ZOJEF
< 2 BIEF (well-order) &\, (X, <) 2EFEE (well-ordered set) £\ 5.

ETREES I, HED n € Ng IEX L, [n] REIEATHE. & 5ITRBD)S
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75

EE 1.8.11. Ny 2D K/NEBZRTIERE 2 Wiz 6 DIFEBIELSETH S.

A ACNy, A£0 2 F5 neAr—or5. A, ={acAla<n}=AN[n+1]
EBHEA, Cn+1]THY, ned, BOTA, #0. £>TH 189 kv A, ITIEK
INEDIFEAET S, m:=mind, B E m=minA TH5. EE, mec A, CAPX
meA acAeTb. a<nThhE, ac A, 25 a>minA, =m. a>nThHh
X, nc A, ITEETSL, a>n>mind, =m PR a>m. O

EE . LOHATIE Ny ODIEFE 2R THhdZ e 2HWTWS (¥ZT?) . #FEDFF->
TITEHIZEL->TE, BIEF THDZ 2 RLTBVWT, TN SRIEFTHL I L %
HIGEEH 5.

frd 1.8.12. BJEHr I 2EFTH 5.

A, (X, <) 2BIEAL TS, v,y e X T2 L min{x,y} PMFET S, min{z,y} =
rDE&E R <y min{z,yl=yDe&Fy<zThs. O

e 1.8.13. BIELGP SO RHIZUWERD. 7205, X PBIES [ X Y B
ERHTHNE, B s: Y - X T fos=idy ERD2EDNVFHET 5.
U, EED n e Ng IZH U, [n] 26 DEGHIYIK 2 FED.

A, Y £ OBEEZINE L. Bffs: Y — X % s(y) = min f(y) TEDS. (f
NERZOTHERDOy e Y IZHL fHy) A0 TH O, X BEHESZHDS min f~1(y)
WFEET S, ) s(y) € [ y) BDT fos=idy. O

1.82 AR%EAE

INFEFTIZEAEREGL WIS EZZI OO R fHioTELD, T TES & HANL
MHEE252TH<.
EE 1.8.14. £E X PERES (finite set) TH S

(ﬁ%é#ﬁ?&ﬁn ENg BWFAELT, X X [n] LW ETH 5.

HEE . AREEOEBDOAGIZIZVWAWARFENRD . LN EDS L TIEVWTNd
FECTHSE. ZZTRREZERZITIHRDDODPOIRPTVEDLZ LB S A, —FEHERE NS D
T,

i 1.8.8 KD IRDB 5.

% 1.8.15. BREGDOEIEEITIERELSTH 5.



76

Hl1E §f

oy

)

AWl X AAMRES, ACX 235, EHLDHB neNy LaNH f1 X — [n] BF
T5. fOANDERIZED A2 f(A) C[n] THB. % m e Ng BEFEL f(A) 2 [m]
THENS A= [m). 0

% 1.8.16. X 2AMRES, Y 28535 2 X - YV 2PMFEITNE, Y BEREST
H5.

AL Y AQL LTIV 02X L, 8 X Y LOAK f:[n] > X Y 2%8%
5L fRRENTHS. LoT @ 1.8.13 &0 fI3UMrs: Y — [n] 2FD. s(Y) C [n]
Eis s(Y) ERES. fos=idy WA s ZHH. LoTY 2 s(Y) RERES. O

i 1.8.8 LIF & A LFBRIZRE 20%, RO 1.8.17 IZtDfE# %2 & A 5 L THAR
Thb.

8 1.8.17. myn e Ny &35, ZDL XM LD.

1. B4 f: [m] — [n] BFEET S & m < n.
2. R TIEFBRVEY [ [m] = [n] PFEET S < m < n.

AERH. 1,2 &6 < A EEHRZEZ ZNILHS .
= Z/RT.

1. nIZET 2RMIETRED. n=00DLZZ[0]=07Z»55H f: [m] — [0] »77
HT2DE[m] =0, Thbbm=0D&ETDA. &> THKL.
nTHINLT D EMRETSD. f:m] = [n+1]=[n]U{n} Z2BHETS. ng f([m])
DBE. f(m]) C 0] DT fiEm] D 0] = [+ 1] EHMT 5. LD
BRELD m<n. EoTm<n+1&7%0 0K ne f(lm]) oG Zo&Z
f(Im])) 0@z, m] A0 7=ZPSm>0.1€[m], fI)=n&T5. 0:[m] = [m]
Zlem-—10HE T4bb

m—1, k=1
o(k) =<1, Ek=m—1
k, k#Il,m—1

TEASNBLHH L L, B [ m—1 < [m] D m] L [n+1] 2Ex5. f
FEHEOEKENSEHTHY, n g f'([m—1]) TH5B. ko THPELEOHER,S
m—1<n&Zh m<n+1TdhH5b.

2. B f: [m] — [n] EHTIEZVWETS. [ € n]\ f(Im]) 2—2& 5. BH
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7'(k) = {{(k)’ o

TEDNITHS DI fIFHS. FoT1EDm+1<nPX m<n.

% 1.818. mneN&d5 ZDLE

1. 28f f: [m] = [n] FEET S & m>n.
2. BEITIRZRWERS f: [m] = [n] PEIET S < m > n.

AEAH. <= 1FR I LV, (m>n D& ZEHES [m] — [n] BEFEELRWI LIZER)

= ZmRT. f:[m] = [n] 22 e TS5, mE 1.8.13 k0, fIZUIWr g: [n] — [m] 2
D. fog=idy THLENL g ldHH. LoTn <m.

IO f BEHTRITNIE g ZE2HTIERY. EoTZDeEiEn<m. (ghe (B)
Wzo fd (&) BHERD, HDWE g DIEL fins.) O

HE . =>Em=0F7ZEn=0DLEELEL L.
B 44. m,n e N, m >n &3 5. 24 [m] — [n] Z/EN.
% 1.8.19. X XY 2D XX »DY X [m| &5 dm=n.

FEHH. REDH & [m] = [n] 75, & <IZHE [m] — [n], [n] = [m] PFEETLHDT
m<n»2O2n<mwPAm=n. O

T 1.8.20. X 26REALTE. X2 [n| ThdLE, neNg% X OOBEHD S\
IR E (cardinality) & W\, X | X|F KT, R 1819 % X =Y OBEITHERIL,
ZDOniE X IZHUL-EITEES.

% 1.8.21. XY 2HREALTS. Z0LE X 2Y < [X|=[Y]

i 45. Zhzrt.

% 1.8.22. XY 2 |X|=|Y| ThHAMRESGLL, f: X =Y 254K 95, RIEFEE.
1. f IXHE.
2. f x4t
3. f X HE
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LI X NERESTHEEE B f1 X - X 3L 2h s 3EE.

B 46. ZhEzRE. (v b X =Y =[n]2LT&» (B¥?) . X =Y =[n] DHE
I$AHRE 1.8.17 2, R 1.8.18 2 63410 5.)

% 1.8.23. X 2HRES ACX T3 Z0LE A2 X o A=X.
2, BARESIZZOEBSES L NETIER V.

R < BT S A
= ERT. AR X £T5. ZOLE A= |X|ThE. it Ao X 2AEFHEET S

LB THENS, R 1.8.22 L0 i 32 H. BEEENEHEDT A= X. O

% 1.8.24. X 2848 Y 2 ARELE LT 5.

2. IRIZEMH.
1) X FHREST | X| =Y.

(11) X2oY ~NDO2 ﬁ%ﬂrﬁ@@'é
iii)

) X REEREET |X]| < [V
(ii) X 2256 Y NORFPFET 2D, X 2o Y NOLRSHIIEEL R\,
(ili) X 26 Y NOHBRHFVPFET 22, Y 756 X NOBHIFFLEL R,

AEAH. 1135% 1.8.15, M 1.8.17 K OB S 2,
2131 %1821 KB S 313 1,2 K DBHS . O

% 1.825. X #£0D28AE, Y 2AREAL TS, Z0& SRIZFAE.

1. X 25 Y "OHEKNPELET S.
2.Y 7o X A"NDLEIPEFEETS.

AEHH. % 1.8.15, % 1.8.16, ffi# 1.8.17 % 1.8.18 K S A O
AIRESDREEICET 2 HANLIEE 22T TEL.
EIE 1.8.26. X, Y 26REGLTE. ZDLE,

1. XY $AREST | XTY| = |[X|+]|Y]
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2. X xY HABREAST |X x Y| =|X]|Y].
3. YX b HREST YY) = |v|IX

WINHEKKIZIZBHSNTHA S, 2, EbALIHHLES T3, HABOM, H#,
BEZEDIIIZEHBTINE STV IEIBERDH L. ZOHESHETIZIZOEHEOIFHIX
w7z ([5] FSHL)

% 1.8.27. X 2 AREA LT B L, P(X) bARELT |[P(X)| = 21X
AL P(X) 22X, O
% 1.8.28. A,B2HAREALTE. 2O & |[AUB|=|A|+|B|-|ANB|.

AL

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

RS 47. 1. AAB,C zEREALTE. ZDLZ
|JAUBUC|=|Al+|B|+|C|—|ANB|—|BNC|—|CNAl+|AnBNC|.

2. Ag,A1,..., A 1 ZARESELTS. ZDLE,

U A = Z ﬂAi - Z ﬂAi .
1€[n] ICc[n] liel 0#£IC[n] liel
|I] is odd |I| is even

R Niep Ai = Uigp Ai SRS (15 BiORRSR) EoRE

> |nal- ¥ na
IC[n] liel IC[n] lierl
|I| is even |I] is odd

LEHIT5.
f48. X #0 2HFHEA, AC X 2 ARMBAEELT 5.

1. ADPEREIER S0 E S B HNIEZET XK.
2. X N2 EETHHLE, AZ£DHSIE, max A, min A DFETEI L%, AD
JCDMEEIZ BT 5 ik 2 W TRE.
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Hl1E fEH

3. X W2MHFRATHL LS, AVAREDEETHL Lo, ARARTHEHZ L
e

1.8.3 #HER&EA

EFH 1.8.29. 4 X MWERES (infinite set) TH S

< X FAEREATEZV.

Bl 1.8.30. N IZfEREATHS. EBE, f: N NZ f(n)=n+1TEDNE, fITHE
THHEINEHTITARV. £oTHR 1.8.22 £ NIFARELSTIZARW.

E# 1.8.31. £4 X & Y 13[F URE (cardinality) %z 5>

ﬁfX Y IIHE (X 2Y) THA.

¥ E |X| =Y &L,

FR . EZELD | X| =YW 22X 2Y WS Z il sin. 55 A%
X, A X L, (BRESGOLAIFCOMEBE L2 L57%) |X| &wD TR 2EHK
LT ZNEZRELIF, X LY OREEFELVWILE X 2Y FAMBETHE Z L 2RT
EWVWIDNIELWRBETHAS.

BRF6] 12D L5010, HEE WS FEE BEFR] I&5 X o TREHE] %2 | X| &ED
2LV DONREBERBEZSTHBEN, —MITiE, £EH X LNELEGLEITELSG LT
ANCYAQRN

HREADHE, | X|=n L5 2EA40REXL LT [n] 2F X ALL312LT, R
KEDHEL, IREPIFELVWEAOH T DEENLRL D2 LT, (DFDFLW
S FAEEIRDE 2R ERE —DHKLT, ) TNE2RELERT 2OV EHRNEZ S TH
5. W, MEEDZ L BEL R DDTID#HETIEINZ,

5 1.8.32. |No| = N|. B, Ny - N,n—n+ 1 BEHH %2525,
Bl 1.8.33. BXM (0,1) ¢ R &EHKXM (0,1] € R ODREIXEFEL V. EE BH&
f:(0,1] = (0,1)

n+1’ n

L meN:z=1
ﬂ@_{% Zof

CEDEDBE fIIEHBHTH .

Bl 1.8.34. BAXM (0,1) CR & Ryg = {z R |2 >0} DEEIFFLV. EE, GH
f:(0,1) 2 Reo % f(z) =2/(1 —2) TE D EDNIX f IX2HE
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fE 49. XD R OIFMDEEITN U, EHMH 2 BARICHEE L TIREZEFELWI & 258,

1. BT (0,1) & B [0, 1].
2. BIKM (0,1) & R.

E&H 1.8.35. X, Y 2856295, X 26 Y NOHHANFET L &, |X| < Y] £EL.
X| <Y 22 |X|£|V| ThodLE (ThbL, X 25 Y AORHIIFIET 5 hi% Wit
BEELRVWEE) X <|YV] eEEZ, X OREERXY ORELD/NIVENS.

AR . R 1824 &0, ARESGIINL, ZOREBORNIBDORNE —FLTWD.
FEREOERIIHL, TNV RERREZFOESVHELT S.

EH 1.8.36 (Cantor). {LEDOES X XL, | X| < |P(X)].

A X =0 0L EIEP(X) = {0} DO THS».

X # 0 &9 5. singleton map s: X — P(X),s(z) = {z} EHEHTHEH 6 |X]| <
PX)]. £oT, X 75 P(X) ~OREEAEL VT L2 REEEL. f: X - P(X)
2EHET5.

A={reX |z ¢ f(z)} € P(X)

B L AZImf THD. EE EBOye X ITHL, ye fly) DEEITy g AD X
F)#A yd fy) DBER Yy ADX f(y) # A O

ZOFBIC B Bk (A O %% (diagonal argument) ¥ 15 (&
B 1.8.53, 1.10.20 i) .
IHE D KNI TIEF ) Th 5.

BE1.8.37. X,Y 288, [ X 5V, ¢V - X 254235, Zorx @ahs
ACX,BCY T, f(A) =B, g(B) = A° 27255 DWFAET 5.

S, S C X TR U F(S) C X % F(S) = g(f(S)°)° C X Itk biEe 5. F(A)=A &
BHEAACX 2HOIFT B = f(A) EBIFIEEW.
F:P(X) = P(X) BIEFZED, $4bb, S, T C X LKL,

ScT=F(S)cFTT)

WA D LD, FEEE



82 BlE BBh
= 9(f(5)°) 2 g(f(T)%)
= g(f(8)°)° C g(f(T)°)".
X DD EETH
A={SeP(X)|ScCF(S)} CPX)
EEZD.

GETEHS DI TlrARVD) IS0 C F@) W 0e A EXIZA£LDTHS.
A=UgeaS &BL. (B 1.730 TRAELSIZA=supATH%.)
F(A)=A%RZ5D.

S PIZ, EED S e AL SCATHD I LITHET 5.

1. £BD S e AL S C F(A).
ERSeALdTdL, SCATHY, FIRIEFZREODT F(S) C F(A). £7=
SeAl"S SCF(S). £oTSCF(A).
2. Ac A, 972bb AC F(A) TH 5.
EE,1ED SecABS SCFA) KPS, A=JgeaS C F(A).
3. fEED S e AITHU F(S) € A.
FEE, SeALTBHLSCF(S)THY, FRIEFZHEDDT F(S) C F(F(9)).
4. F(A) C A.
FEE, 25D Ac ADZX,3LD F(A) e A koTADEDS F(A) C A

2,4 kb, F(A) = A. 0

B 50 (Tarski’s fixed point theorem). P ZJEF&EA, f: P — P 2HF 2R DEH/ L
T 5.
A={acP|a< f(a)

MERZFEDEL, a=supA £BL. a=maxA THE2Z LK, f(a)=aThHbZ
& & LN DIEIZRE.

L. fla) T ADERTHS, bbb Vac A:a< f(a).
2. a€ A, %05 a< fla). £<IZ a=maxA.

3. Vae A: f(a) € A.

4. f(a) <a.

5. fla) = a.

B 51. X,) Y 284, f: X =Y,q:Y - X 254L95%.

A={SCc X |SDF()}
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L. Rert.

1. A£)TH3.
2. A=(Nge S L BLL F(A)= ATH 3.

BRI BARIZH LT 2 OMiRE 1.8.37 DIFHICH 5 HILT F(A) = A L5 5 A 2k
L2l LW (2D . f £ g BWEHEHOEA, MO LS5 I12T5LKkD S
N52ebd5. ke, (X =Y, f,g 2 LTHEHEEGZEZZNEINNSE512) 20k
7 AIF—BWIZEE 2D TRV, fil#E 1.8.37T TEDZH DI, 2D &5 RHnHE
BDILEHRADHLD, ED exe. TEDZHDIIHNDEDTH 5.

52 X, Y 288, [ X >V, Y - X 25%cd%5. £/ F:PX) - PX)
% F(S) = g(f(9)9)c itk bED, i € Ng 2t U Fi(S) 2Rz, FO(S) = S,
FHUS) = F(F(S)) Ik W EDB. {Si}rer &2 X OHNELAOHLET S, 72720
A#£D &9 5.

1. g WHEFTHELTEH. 2O EWERE.
(i) F(U/\ SA) = U,\F(SA)
(ii)) A=, F'(0) L BFIX F(A) = A.
2. [RGB THB LT D, TDEERERE.
(i) F(ﬂ)\ SA) = ﬂ,\ F(SA)
(i) A= F'(X) £ BT F(A) = A
ERE! . MEPERLTVWEY, B0&. Ul F'(0) &5 D Ujey, F/I(0) DZETH
5. Fo0) LW HEEEEZDDIT TR,

%* 1.8.38 (N> aXA v Bernstein). X, Y 25295, 2D & ZRILFEE.

1. X~Y.
2. X 5 Y NOHE L Y o X AOHEERNEET S.

F. 221 AR EV. f1X oY, ¢ Y - X 2¥E YT 5. M 1837 &0,
ACX,BCY T f(A) =B, g(B°) = A° L5 6DWH 5. f,q 1 3HHTH B0

fla: AS B, g|lge: BS S A°

ThAHA. h: X =Y %
f(), reA
h(z) =
) {<g|Bc>—1<x>, vy A

IZEDEDNIE b IZ R HS. O
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oy

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

1. |X| < |X].
2. |X| < |Y| 2o |Y] < |X| 51 |X] =Y.
3. X[ < |Y| 20 Y] < (2] oI X < |Z).

ZEEH. 11X 5 2. 2 1% Bernstein OFEH., 3 IFHEHNOSKITENTHE I LSS
7. O

% 1.8.40. X, Y 2HAL 3 5. KIXFEAME

L |X| <|Y]
2. X 5 Y NOHBPEFEETED, X 5 Y AOEHFHIIFEL R\,
3. X oY NOHBBELETIN, Y o X ANOHEHIFLE L .

U
% 1.8.41. XY, Z 28&5L5 5.
X|<|Y| 22 |Y|<|Z]| %5 |X] < |Z].
X <|Y|2»2Y CZ%5|X| <|Z|.
B 53. Zhizrt.
* 1.8.42. XY, 7 ##EH5L T 5.
(X| < [Y[ 22 Y] <|Z] 22 |X] = |Z] o [X]| = Y| =|Z]. O

% 1.843. X 2B, ACX U, A2 X ThbL95. ZOLE, ACBCX ko
i B~X.

AL, EE BRI O

Bl 1.8.44. ] 49 TR~ZE 12 (0,1) 2R TH5. (0,1) C (0,1] C[0,1]]CRERSZ

NoDREIZETEL .

EO—IZ, B a,beR, a<bPFIELT (a,b) CACRTHNIXFAXR TH 5.
(M, BIFELLS W, 2FED, AXRTHEEL22 ACRT, AFAREZEZHR VK
BB DPELET S, WHDOHMAETINAZVWE-RSIPELLEDELTAHY h—ILESR
(Cantor set) 2'% 5.)

[ 52 Z HHW T2 HE (0,1) — (0,1] ZfE>THALS. f:(0,1) — (0,1] zAEEHL
U, g:(0,1] = (0,1) 2 g(x) = x/2 TEDD &, WTNE HE.

f((b)c = (07 1]
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1.8 RE
g(f(®)°) = (0,1/2] F@) = (1/2,1)
FE@) = (0,1/2]u{1}
g(f(F(0))°) = (0,1/4] U {1/2} F2(0) = (1/4,1/2) U (1/2,1)
FF2(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)

&7y HG DR

(0,1) D> A= LJ (1/21+1,1/21) L=, LJ(1/2“4,1/26::_B<:(0,H

1=0 1=0
(0,1) > A° = {1/2' | i > 1} E:%§35>{1/21|i;i0}::486(:(0,ﬂ
2135, h: (0,1) > (0,1] %
A
h(m): x, T e
2z, ¢ A

TEDNIE h 132 Hibt.
g: (0,1] = (0,1) U T g(z) = z/(z+ 1) Z2ffi> TH UM Z 316 1.8.33 D2 H
o (DHEH) BRFoNSD.

1.8.4 AEES, EMADORE

& 1.8.45. N LIEENELVWEAZAEES (countable set) &\ 5. X A aJHE
LGThHBEE, X OEEITERREETHL LV, [X| =8, (FL7¥D) £%£T.

NN N X

X WHHEELETHLE, BEIMNIZEZIEX OxeTIs, BERSZ kL HIIES %
LZ&”.Kﬁié;Z#T%éCX#bNA@%i%ﬁ%é),%@MiX@ﬁ%ﬁ
AR BZENTES (N2H X ANDRBFNVRHD) LWHI L THD.
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EE 1.846. B4 X WAREATHHINEREEGTHL L E, ®2AE (at most
countable) TH D &\ 5.

ER . @4 dHTHIEGETREAL VWS bHD. T Ed (ARTRY) A5
EE % RMERES (countably infinite set) & &3

5l 1.8.47. EDMMB MK Newen = {neN|n 3MEH}, EDHFHEAK Nygg =
{(neN|niEZ&HH} BUWIThE A HELGTH S £, Neen = {2,4,6,...1,
Noga = {1,3,5,...} iRNiF L. BEMIZATEITIE f: N = Negen, f(n) = 2n,
g: N = Nygq, g(n) = 2n — 1 idWINnd 2 HE,.

5l 1.8.48. BE 2K Z FAHEATHS. B, Z={0,1,-1,2,-2,3,-3,...} LR
%, 550V Z DI

-3 -2 -1 1 2 3
7 5 3 1 2 4 6

LESEMFNE RV, BRI TECY, NS Z %

_nol gk
fn) = { 5= N AEL,

2 n DME

YiEbdihud fIERUHTHY, g: Z > N %

o [An <o
T =N, 1>0

TREDD L g W f DHEGH.

Bl 1.8.49. Nx N ZW[HEATHS. 77205 [N x N| = |N| =Ry. EE, Nx N DG
MO &S IZHFSZ DT L.



1.8 RE 87

R 54. #l 1.8.48 DO E G52 554 Nx N —- N 2ATEIT.

B 55. f[: NxN-=>N% f(lm)=2"12m - 1) TEDZ L fIILHEHTHEI L %
~H.

1 1.8.50. AEH A Q FHHEEATHS.

FB, - Q—=ZxN%Zre QNS Tp/q,qe NERINBELZIZ f(r) = (p,q)
LEDDB (270 f(0) = (0,1) £$53) & fIIEHTHE. (pZxN > Q%
p(l,m) =1/m TEDNI pof =idg.) > T|Q| < |ZxN|. Z=ZNZDTZxN=NxN
THY, ETREEDIINXNENERS |ZxN| =R T74b5 |Q| < R.

F-NCQENS R <|Q|. £oT|Q| = No.

BRI A ZIEICERD020E, flAiEr e QBN Tp/lg bR LEZLE
Ip| + |g| NI NE DD SIEIZ, [p| + || PR LBHDIZDOWTIEDEEARZE VDM SIH
I, EARAIZEANE IV, BRXTI02OEOFREEZITRoNS L

W7 BEE.

AIRRERRIRE IXIRE O KNI L THUNT H 5, $ b b i BMIR X 0 /N & 2 M RIRE
W, (BRTRARNDERAEZETNIRNTH L Z EDWRED.)

FIE 1.8.51. JRAEEDHDPESILIEG 4 NEELETHS.
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A, N OWAEAE ACNBIEXARETHS I L2 RmE XL 0D, HIZIX A DILE/NE

‘7575‘6)”5 MR (=G AN

IDUBEIZIE, IROEDIZTHEIV. 0 AACNETE. ac AITHUL A, C A
% Aa —{leA|l<a) LEDBE, ac A, Clatl] Ehd A, BECREREST
H5. Gc: A—->N%cla) =|A,| TEDS.

a,b€ A, a<b’RolX Ay C AgU{b} C Ay 727225 c(a) < c(b) &785. &> T cliFlE
freROBRTHS.

c FMEFZHRDODT c(4,) C {1,...,c(a)} THD. EEE e A, £95&, 1 <a
DT c(l) < cla). £o2Te(l) € {1,...,¢c(a)}. |As| = ¢la) = |{1,---,c(a)}| TH
D,c:Ag = {1,...,cla)} BEHZ2S5% 1.822 £V ¢(4,) ={1,...,¢c(a)}. &<IZ
meNIZDWT, Hdac AVFELTm<cla) 7227 51E, mec(A) THS.

cMEFTHRVWETE. mgc(Ad) Z2—D&b. ZOLEc(A)Cm|THh, AIFAER
4. (Jae A:cla) >m)=mec(A).)

c PRSI e A - NIZERFD R A IXnHRES. O

B 56. FCEDc: A NPHEKFNTHBEZ & E2MEID L.
T 1.8.52. X 2WHES Y 2840 HARELSLTE. 20k E

1. XUY IFaHEES.
2.Y A0 %51 X x Y BWHES.

A L XUY =XUY\X), XNY\X)=0Thbv, % 1.8.15, &H 1.8.51 &
DY\ X E&E~cHHE. o7, XnY:Q)@iﬁa%%zm L. Y BERESD
BAEPE LV, Y RAEOBE2 225, NS X, ¢ NS Y 2488805
5. h:-N—= XUY %

h(n) = {f(L)’ o

2
(), nAMER

EEDNIE h IZ D EET.
2. Y BWAREADOLEIZPRPI LWV, Y BRAHELDEAE X x Y 2N x N2N.

B 57. X 2a[RES, Y 2AREGLT 5.

1. XNY=02795%. XUY BZAHEELETHD L EZRE.
2.Y A0 RSIEX xY BWHESTHS Z L 25t

EIHE 1.8.53 (Cantor). EHEIR R IFAHEESGTIE AR,
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FEHH. 1 KO /NI WIEADEHT, PETRLUEZEEEHIZO» 1L L2rdosbNRneE D
k% B 95,

B={zeR|z=0aa... (zZLVneN:a, €{0,1})}

:{mER

No < |B| &R &,

G5 i:N = B & i(n) = 107" TEDZ LB SN i BHEHD X R < [B].

N#5S B AORMBGEEL G e EREEEC. i N = B 2g&eL,
F(1), £(2),... MRS,

n=1

T = Zanlo_" (z7ZUVneN:aq, € {0,1})}.

f(l) = 0.@11@12&13 N
f(Q) = O.a21a22a23 e

f(3) = 0.(131&320,33 c.

neNIZXHUb, € {0,1} %

Ik DED,
b=0.b1bybs - = anm—" €B
n=1

EEXD.ATED 0 € NITHU app # by 55 f(n) £b. koT fiEEHTREY. O
R . DAL A O ARETSH 5.
j: 2N S BCR % jla) = 5%, a(n)10~" TEDNITH ST j REMFTHEH5

n=1
[P(N)| = |2V = |B| < |R]

THY, T TOHBIE N| < [P(N)| 501 [N < |2V 2R LTWS & AEE DD,
ECRBENMBESIT, T TORBITTIN 1.836 TX =N L LABD, b5 VIEE
B 11020 T X =N, Y =[2], 7= —: [2] = [2] £ Li=d DIz flize 570\,

58, Lo j:2Y - BORHETHDZ & 2MELD K.

EE 1.854. £H X LFEHB R R OBENEFLVLWEE, X OREIEREDRE
(cardinality of continuum) TH 3 &\, | X| =N &7,
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ECHELAEESIZ2N <R THED, EFINsFEL .
£ 1.8.55. N = [2)].

FEFH. R < 2N 2 REIEEV. BB R - PQ) % f(x) ={reQ|r <z} TEDS.
TyeER x<ytddla<r<ylBRdreQMWFHETLIDOTre f(y)\ f(z) &
BY fx) # fly). EoT fIFHESE. (ZZTRQORICBIZMWELEZMNE. R 2
Dedekind O Y& UTHERL T 2 & WO 6 1F fIFAEGEH MRS 2 vw) Q2N
ThHolzns P(Q) =220 =N, O

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

AEEH. B R — R?2, R?2 —» RY 28320130 L.
R| = |RY] 2R &0, B 1.855 THRAZLSICR22NTHY, £~ NxNx2N
o ERM 1441 &0,

RN o (2N)N ~ 9NXN v oN v -

B 59. B R — R?2 R?2 - RN 22o<h.

Bl 1.8.57. p: (0,1] = St ={2cC||z| =1} % p(f) = > TED B L p IFLHE T
H5.(0,1]=21=[0,1]|=ZRTHLEH5

SleToRYRxR2TIx T8 x T8 x 6!

FN TN A DR 2 KD,
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1.9 ZFRAHE

R 1825 THREZESIZ, XY WETHRVARESTHZ L E, X 6 Y NOHEHDITE
ETHZelY 2o X NOERPEFEHET I IZEHETH -7z, ARLIIES BWiGEE
EEZTHED.

I IR OHE THD D o 7208 EH 1.10.7 235 f BHENTHBE LV NTF 2
VavEROICEFEMETHE I Vo s. BEERLTEID.

@@ 1.9.1. XY 22THRVWELEL, f: X - Y 254235, RIZEMETH 5.

1. f I ZH5F,
2. flIV NIV a v RO,

AL 1=2 Z2REIE L.
fIRHEEROT, MEL [ f(X) > X Wb . rpe X 2Dk 5.

) ye px),
) {2170 y & F(X)

i g =Y O
& AZIRDIE D 2D,

% 1.9.2. XY 2ETRVWESGLTE. X S Y NOBRFPELETNX Y 06 X ~D
B PFET 5.

— 1, f DR S IXUE 2RO ? 2EFEXTHAS. % 1.8.16 X% 1.8.18 DD &
2, [+ X 5 Y DPERRTHLE2NS, KyeY I, f(o)=y tBRdL5Bre X M
FHETEDT, TDES7% x 2—DF T s(y) =2 ETHIXI W, KDITES P, Zhdrz
DR, ZDEIRIENTEDLZ L ERHEIHTL2DOMERNETH S,

AN 1.9.3 (GERAH, Axiom of Choice). IRDOFMFZFETH 5.
N6 Ml 5 % B IR A (Axiom of Choice) &\ 5. 7z, 3 DEMEAZTE
% p % ZIRE (choice function) &\ 5.

1. RO IZUIM 2R,

2. ZETHRWELSDERKIZETITR .
TbE, {Xotea D, FEDOANE A THU X, A0 THB IO RELKTHN
&, [Liea X #0.
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3. BTIHRVELD SR DEATHEITERNBEBE RO,
ThbE, {Xatea 25, EED N EAITHL X\ £0 TH D &I RESKETHN
iE, Gt o A = Uyep Xa T, EED X € AITHL, p(\) € Xy EmD &5 4%
DIPFIET 5.

i 1.9.4. X|)Y 28ETRHRVWESL TS, BRAMOL L, X o Y ~NOEKNBFET
522l Y 5 X NOERFPFLET B Z L IXEH.

AL VRS oY a v EEHTHY, UMIHNTH 5. O

EEHMDOREIZOWTMEBRRTWARVDIGERAEZ T bI b —fiz T WTHNT
5DF, BEWHEAHEHE2DTH S0, ZONEN LW EIEIHE R WAL Z & 237
READZENIZ e, ZD—F, ZORMERDD LEBIZKTS (LSITELB) Z
EMFEHTETCLE S (BARDIEFANF YN - ZAVAFOHH) WS ZLithd (D7
LS .

BN L FAMEZRZEDPNA NS EHIONTWVWS.

1.9.1 Zorn DA
E% 1.9.5. X 2lHFHEGL T 5.

1. A% (X @) $ (chain) TH 3
o ARX DENEFHWIEETHD. (X DMIEATH Y, BIHFRIEEIZE 5
TW5.)

2. X DEROEP LIZEHRTH B L &, X 2R WMMNIEFES (inductively ordered
set) £\ 5

i 1.9.6. 1. Q IZEHOX/NEARTIEF Z\ V5. BHSHIZ Q IXIFMIIERF£4 Tk
AN
Qco={reQ|r<0} &BL&, BISHMZ Qo FEWHIHFEESTD 5.
2. P(X) BIEHIEF RS TH 5.

B 60. EOFIDFEREZMEDID K.

RN ZREST DL (ZF DB L) WBWH LD ERFoNTWS., ZDHEZTIE
AEAHIZ AN 5.

EIH 1.9.7 (Zorn O, Zorn’s lemma). WFHIHTES TP & H —DDMKT%
0.
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Zorn DFEEZH DB, RO Z LIZEEL THL & L.
#eE 1.9.8. X 2 TRVIHFPEAL TS, ZOL EZWIIFAMETH 5.

1. X BRMNEREETH 5.
2. X DFEEDOETHEWLEIEFR RO EEIT ER 2D,

. 1=2 1S 2. WRRTIIED C X D EIZERTH L Z L2 &V (0 1Z2)E
FHAEETHE.) B 1718 TRZLSIZ, X A0 ThhEDc X IERTHS. O

Wz Zorn DFfEZMNET 5 &, BIRAMEZRT I LN TE 5. Zorn OEDH NG D
FWHITHDDTHHL THALS.

T 1.9.9. Zorn OMBRKET 2. COLE AHORH f: X — YV ZYIM 2R,
AL f: X S Y 2G5BT 5.
S={(B,g)|BCY, g:B—=X, fog=ip}

L. 7ZLig: B=Y 3EEEA.

1. (B,g),(B,g) € S iZx LT
(B,g) < (B’,g')ng CB 2 ¢|p=g

CEDDE HOMNI<IZSIEFEZEDD.
2. ZOIEFIZBEL T S XRMNIEFREEGTHD. KB, T C S 2 2lHFMaHEE L
35,

B,

Bgt: T - X 2 TFTOLIICEDS. yeT &35, 5 (B,g) € T »17
fEL,ye BTHd. 20L&, t(y) =gly) £EDS. t 1% well-defined TH 5.
EBR, D (B,g)e T Lye BB ThsdLd5L, TIERIEFELRRDT
(B,g) < (B',¢") £7=1% (B',¢') < (B,g) DWW hndkb 2. (B,g) < (B, q)
LTV, ZDeEye BCB THY,d|B=gBDT4 (y)=9(y).
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EO M OEED y e TIZHU fot(y) =yRDT fot=1ir. £oT (T,t)eS
Thd. (T=00%GE%IHERT 2BBEIERENITIZHBODPRUITREADZD
WERBLTEE, T=0084,T=0t:0— X I—RIFETEIEHLERD
(T,t) e STH5.)
¥7EHED (B,g) e TIZHUBCTH»2tB=gThsdh05 (T,t) & T O L5
Ths. (TOLEETHZZLHETSHN"S.)

3. Zorn DFHE X D, SITIIBKITCHFET B, (Y,s) € S 2Rt T 5. f 22
WHThNEY =Y Thd. EB, Y £Y THZ232L, Y\Y #)Ths.
Yo EY\Y' 2—2r 2t f REELDT f(z) =y &85 2 € X BFHETD.

$:YU{y}— X %
_ , ey’
“w:{dw y
x, Y =1%o

YBIE (Y, s) < (Y U{y),5) €S £ 0iAMIIKT 5.
]

HE . RWNIERES 2 [EEORIEFHRAEEP ERERDIEFESG] LEHT D
BEHD. KilT257-0, TOEHEAZTHIDOEZ 2D TEHPESG] £ELZ &I
5.

HOMZ TEDS TEIEFEEG] I ZTRMNIEFES TH 205, BIXE O Lz, fFilZ
11 1.9.6 D Qo 1E TEDSTE| TIEZRW. LA L, Zorn OFIFEIR LS 5DEFHE M
WTHHO LS, ANIXFETH 5.

1. ERAH,
2. IiIHP R & 13D L =D DAL E R .
3. [EDS TEHFEE] B RS Ld —DODMARIuZERD.

EEEL 22313 [ED5TCE] oMW THL I oo TH Y, EH 1.9.9 OIF
I, S BRFEBELEZZ LS DS TEEFES] &> TWHDT, 3=1 DOIFH
IZ72 > TW5.

Zorn 0Dt fgE o> HiL A AR F 451

EHE 1.9.10. FERAFEZRET 5.

R%Z (EERICEAT2HAcE2RD) WERE T 5. RO TTVIC RIZHL, T %
BUWRA T T IVIBFIET B,

Y <IUZ R #£ {0} OBE, RICIEBAAL 57 VAT .
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R RECTHEARLESD, ROWMAES I BATTIVTHBLIETH RO RESM
HThdrenwd> 2, 2%FD

l.zy2yel=x+4+yel
2.a€R, zel=axrecl

EAZTEVWD 2L, F-mAMRA T TANTHS L, SEBEBRIZEALTHATH S &
IBEMDIA T TN THBENSIT L, DFD

1. mCR
2 mMCICRERDESBATTN IFFELZD

rws k.
. IC RAATTNET . I 280ETNA T T IVERK
S={J|ICJCR, JiEATTN}

CAGBRTIEF 2 \Wh3. S ASRMIKIEFEETHE Z L 2 RTS .
HoMZ I cSENPSSADTH2. EoT, 04T CSERMEFHNEALT L
X THEREHOZ LA REE L.

K=|]JJ

JeT

LBEL.KeS zmrd.

o TH#D7EMSICK Th5.

e, yce K &3%. 25 JJ €T WFEL, v e J,yeJ THD. T Z2MEFTE
ElrOTICI T CTDODVTNRRKOED. JCcJELTLN. ZOLE
T, y€JTHY, JIZFAT TNV 2D Tr+yeJCK.aceR zxeK 35 H3
JET WHEEL2 e J THD. JIIATTNTHENbarecJC K. £o>TK
A1 TFT7IVTH5.

e TREDOJeTIZXHL, JC RTHhHENPH1¢JThHD. EoT1g& K eib
K CR.

UE»rS KeSTHO, HOMZ KX T O LS DA S IZRMHNIEFESTHS.
Zorn O L D SIZIIMKITT m DMFEET B0, TWBRDBE2EDTH 5. O

AEANE U W3, ARG TR RE .

I 1.9.11. ERAHZIRET 5.
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kxkEd5. k ORI MVERITEE 2R D.

& . 65

1.9.2 EIFReEE

Bl 1.7.4 TRZE5Z, FEOEAICHPERIEF 2\ W25 Z DN TE L0, #IRQNH%
IRET 5 EBIEFZ DB EDRNTELI RN D

HIRNHZIRETSHE (ZF DB L) RBKO LD EPHoNTWS, ZOHEETIE
AEFE AR T 5.

EIE 1.9.12. 5| HEEH (wellordering theorem) EEOEAIL, 5> ELIHF2EHEL
TP2 I e TRIRE (E# 1.8.10) IKTHILHTES,

BHNEA TIIBER IR & A2k GBRISWE (transfinite induction) &I
END) BHERA 70, BRAHZFAT G T HbOND.
FEIhe (ZF Db l) ERAMEEMETH S EWRES.

EE 1.9.13. BEHIATaEE 2 e 9 NVER ALK D 32D,

AL f X S Y ARB LTS RELD X CEHIEFE VNS I EBTESDT, @
B 1.8.13 £ 0, [ iGN &R, 0

1.93 BRABERE

SRR & % 405 BT 1, BIRATLE RE LR\ SR D SN 2 Y S S Ad .
_@ﬁ@i%mﬁﬁéﬁmﬁa

BEX DO Y ~ORHBEETLEE (X <|V| b BLDTH-7 (E5 1.8.35) .
M 1.94 o 7-72b IR 155.

EIE 1.9.14. XY 2ETRVWVESLSL T 5. RILEMAE.

1 |X| <Y
2. X oY NOBEBEFEET S.
3.Y 5 X NOLHDFIET B.

FI 1.9.15. S4B REEONEMIE«aIHESTHS. T4bb, X; (i € N) 2
A RBEETHNE o X bEXATRBEATHS.
CHEESOHEAIZEESATH 5.
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G X, £D 2 LTEW. X =,y Xi 8K

B X BEAAREROTN PG X; NOERPFEET S, & X, ITHUEH f: N— X;
oOBR (ZZTERAMAEMS) . B fFNxN—= X % f(i,n) = fi(n) ICX0E
DBEWHSNZ fIFEFRTHE. FoTEM 1.9.14 &0 |[X| < |INxN| =8, (FixZ
DIFTEINAB AR L THRES.) Lo TEM 1.851 &0 X 3@« af.

S X, C X 20T Xy NAEESTHNIER, = | X1 < |X| THB. LEdio
T |X| = R,. O

Bl 61. X 2]BES, Y 286575, 24 - X - Y I3UIW 2O Z & 2 # RN %2
i3 mE. (Hint: ©H 1.8.11 TRZLSIZ N ZBHELSTHS. TH 1.9.13 DiFH
ZEMLLEX)

ETH Mo /2H, AR IR TN, b b Al E MR & 0 /N A R IXAFAE L
BWDTH-o7- (EH 1.8.51) . ERANHZINET 5 & r]BMRIEE IXR/NDMREE T
HBHZLeWRES. (ZOFIFEH 1.9.17 (REDOHIRATEEEM) Nonhsdhn, ZOE
H 1.9.16 OFEIZIEA USS\VGEIRAHE (A BELEIRAE) Ahhid kv, )

EE 1.9.16. TEOEBRESIANAELENESZ2EL. T20bb X DPERESL ST
No < |X].

FEHA. F|AMZIE, RO &S 2T LY. X BSIEICRARSTE 2,20,... CHLDH
LTWE, o, ETWMOHLALTE. X BERESEDIS X —{z1,..., 2.} 20D X
Tny1 € X—{z1,..., 2, } ZHOHES. 2O L2 L THEMBEBHSES {21,...} C X
"EoNns.

Z DFHEILER AT & BUANRINEIC L 2 EHROERIC L D EXLI b [6, EHE 3.13]
DTHDH, BEFWRINEIZ LD ERDERBIZIOVWTEBLALRRTEN WS,
WZEUEIRANIE 2 S 721 TIZD T, BIRAHE Z b2 Wn e W RV RN L bh o
BNDTIHRWrEES.

AEWIZIZFAIUTHEDN B Lo L RZHDESRIZLTA LS. X OERBIEGEER

Pr(X)={ACX | AFARES)}

& B
c: Ps(X) = Ny, c¢(A) = 4]

2525, X 3EEEERDOTclI2HTHE. (DFVAEDOn e Ny izxtl, X iEn
EOMEZR B LEED. EBALRTITIIBFANRNEZME S . Lo [FEMTIX] OFFF
TN T S, )
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N =Imc C Ny &85K.

0 e PrX) EZh50=c(D) €N.

nENETRE, 5B ACPHX)BEEL Al =n &85, X BEHEREPS ACX. z€ X\ Az —Dr3L,
Au{z} e Ps(X) THY, c(AU{z}) =n+1®Xn+1€N.

Lo THENIFNEL Y N =Ng. T74bb c lda24.

ERABIZ LD ¢ 132 R, YIl s: Ny —» Pp(X) 2—28 3. A, =s(n) £B<
YA, CXTHY, c(Ay) =nThbb |A,|=nThs. (DF0&neNIZNL, X
MOMELRE nlDTEEIZATZENSIZ L) A= U, 4, C X EBITIE, E8 1.9.15 &
D AFEZTHEESTHD. FHAEBEOn e NIZHU |A| > |4, =nTh056 Al
GIREATIEGN. EoTEM 1851 kb AZWBEELSTHS. O

N . LOHBHTIIER 1.9.15 2fi-70, ALTEKZ2 T2 HibRWTHRES.
% 1.8.39 TIEEOK/NERIKNER ORNEE AT-T Z &2 A7z, BIRANEENET 5 L,
“lEFE” THEH I EWRED.

EHE 1.9.17 (BE DL EEH, Comparability theorem for cardinalities). X,Y %
BHLTH L |X| < V] 5 [V] < |X]| OUFRDAHED 75,

GIERA.
S={X" Y, )| X' cX,Y CY, f: X' > YV ZeHs}
rHL e, L 1.9.9 OFEH E FRIORE S, FEISHEMEE Lk . O

 62. 1. SITBT2HEFER < %2, (XY, f),(X"Y" [ € SITxL,
(XY ) < (XY fYe X cX' Y cY" X =f LEDD. (Z
NHERFERTH D Z L IFADTEIWV.) 20 E S RIRMNIEFESTHLZ L
v
2. S DIATLE (Xo, Y0, fo) £T5. 2OLEXg=X F-3 Y=Y THhDI L%
~E.
3. X[ < Y| 2 |Y| < |X| OWFHHHEL DD Z L R

1.9.4 BRNIE

COHEHETHUTE I b bRV BIRAME KET .
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1.10 R

1.10.1 FBBIN2EHROEAM

1.4.4 HiOH .

®® 1.10.1. f: X =Y h: Z W 25H2 35 h*of, = f,oh*:

Map(W, X) > Map(7, Y)

.| B

Map(Z, X) o Map(Z,Y).

Z DEBEG Map(h, 1x)oMap(lw, f) = h*o f. = faoh* = Map(lz, f)oMap(h, 1x)
% Map(h, f) & ELZ DD 5. GEH»S525 X512, Map(h, f)(g) = fogoh T
H5:

Map(h, f)

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

FEHH. g € Map(W, X) IZx U,

(h* o fi)(g) = h*(f«(9))
=h*(fog)
= (fog)oh

(fi o h™)(g9) = f«(R"(9))
= f*(go h)
=fo(goh).

O

R 1.10.2. X\ Y. Z28A, [ X Y 25/, 2pe Z, z0 € X T 5. IRDOBANIEH
mThs.

1.

XZxz i yz g

X—Y.

f
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oy

XZL>YZ

7Y x x I gx o x

idxfl Lev

Z¥xY ——— 7.

7y X
er(;pO\ AO
A .
FERA. 1. he X%k zecZizxtL,

(evo (fe xid)) (h,z) =ev ((f. x id)(h, 2))
ev(fe(h), 2)
v(foh,z)
foh)(z)
(h(z)),
(foev)(h,z) = flev(h, 2))
f(h(z)).

I
@

I
~

{{URSYCIEES

R 63. 2, 3, 4 R,

fied 1.10.3. f: X1 = XQ, g: Y; —))fg, h: 1 — o %E@t?é ‘(9_\’73)520120
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1. Po(f xid)* = f*o®, Vo f*=(f xid)* o U:

Map(X; x Y, Z) —2= Map(X1, Z¥) ——= Map(X; x Y, Z)

(ind)*T Tf* T(fxid)*

Map(Xs x Y, Z) —> Map(Xo, zZY) —> Map(Xz 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)

h*l |1 j

Map(X x Y, Z) —> Map(X, Z;") — > Map(X x Y, Z).
3. Po(idx g) = (g")xo®, Yo (g"), = (id x g)* o U:

Map(X x Yi,Z) —2= Map(X, Z"*) —%> Map(X x Y7, Z)

(1ng)*T T(g*)* T(idxg)*

Map(X x Y2, Z) —= Map(X, Z¥2) —> Map(X x Y2, Z).
EE . o 1103130 &S ICETI L TES,

(i) EED p: Xo XY — ZIZX L, ®(po (f xid)) = (p) o f,
EFED ¥ Xy — ZY 1IH LU, U(yo f) = U(4) o (f x id).
(il) fEED p: X XY — Z1 IR U, ®(ho ) = hy o ®(p),
TED Y: X — Z7 12U, U(h, 0tp) = hy o U(1)).
(iil) FEHED 0 X x Yo — Z 12X L, B(po (id x g)) = g* 0 B(e),
ERD Y: X — Z2 123U, U(g* ovp) = ¥(9) o (id x g).

% 1.10.4. 1. fZXl—)XQ ZEH/{ET S,
p1 =20 (f xid) & ®(p1) = ®(p2) o f :

X, xY Pd X, kY

X, / X,
O O
x % = Q(R Apz)
A zY )
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(il)) v: Xy xY = Z (i=1,2) 25H L35 ZDLE,
Y1 =1ao0 f e V(1) = U(y2) o (f xid):

fxid f

Xl xY X2 XY Xl X2
O O
‘PM A) < & A
Z z :

() i: X xY = Z; (i=1,2) 25%LT5. ZOLE,
2 = hopr & P(p2) = h. o @(py):

XxY X
% \z\\ q’(‘iy Wz)
- Zy zy - zy.

*

Zy

(ii) ¥i: X = ZY (i=1,2) 2535 ZOLE,
77[]2 = h, o ¢1 = \IJ(wQ) =ho \P(@Dl)

X xY

X
Zy zy - zYy.

Z -

3.9: Y1 =Y, ZEH{ET 5.
(i) oi: X xY; > Z (1=1,2) 25/ L35 ZDLZ,
p1 =20 (id x g) & P(p1) = g 0 P(p2):

X x Y, X9 X x Y, X

. - @ (p2) @ (p1)
®1 P2 O
A

zZ" AR

g

(ii) i X — ZYi (i=1,2) 25H%reT5. Z0LX,
1 =g" othy & V(1) = ¥(2) o (id X g):

X x Y, X9 X x Y X

P1 P2
o < //Qj\\
I
Z Z

Yo ZY1
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AEH. 1.(1) DARY. MMBERTH L. @i 1.10.3 £ D O(pz0 (f xid)) = P(p2) o f T
bH5.

1 =20 (f Xid) THBLT DL, (p1)P(p2 0 (f xid)) = B(p2) 0 f.

—Ji, ®(p1) = (p2) o f THB LT DL, O(p1) = P(p2) o f = (w20 (f xid)). ©
FHHTHBH5 o = @y o0 (f xid). O

EE . IS 2 0L OopfllaebErbob k<fibnd. XX f: X —» Xo,
h: Zy — Zy 258, Xy — ZY (i =1,2) 254235,

X xYy — xoxy X, ! X,
‘If(lﬁl)l o) \I/(?Z)z)t = wll O lwz
Z h Zo Z%/ 3 Z%/.

YR X, =2Y, f=h* ¢ =id £ T 5 LIS HICHORRIETTH. Ko THEMS .

7Y xy gy Ly [ L §
\I!(id):evl o ‘I/(id):evl & idl O lid
7 - Zs zy ™ zy

bbb 1.10.2.1 O X% 2 5. (B, FxldanE 1.10.3 OFEHIC @@ 1.10.2.1
ZHWZOT, ZHiEdmE 1.10.2.1 OREERIZIZE B A AR > TWARWY.)

fned 1.10.5. fkt X > Y, (]{7 = 1,2) %E@, 7 2R E5LT5.

1. Pk : X1 X X2 — Xk, qr - Yl X }/2 — Yk (k = 1,2) AR LT H ZDEE
(f1x X f2x) © (P14;P2+) = (q1s, G2x) © (f1 X f2)

Map(Z, X1 x Xa) —2P2) Map(Z, X1) x Map(Z, X5)

(lefz)*l lfuxfz*

Map(Z, Y1 X Y2) T Map(Z, Y1) x Map(Z,Y>).
q1x,92x

2. X1 NXs :Q):Ylm)/Q é:b, 1k Xk —)XlﬂXQ,jkI Y. - Y1 Y, (]{32 1,2)
ABGRET L. ZOLE (fT x f3) o (j1,43) = (i1,i3) o (i L f2)*

Map(X; 11 X5, Z) — 2L Map (X3, Z) x Map( X, 2)
(lef2)*T Tffxfz*

Map(Y1 U Y2, Z) ———— Map(Y1, Z) x Map(Y2, Z).

(41:42)
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oy

FEFH. 1 ZRT.

f1x Opl*,f2*0P2*)

(fiopi)s, (faop2)s)

(g1 0 (f1 % f2))«, (g2 0 (f1 X f2))«)
g1 © (f1 X f2)x; g2« © (f1 X f2)s)
1+ G2«) © (f1 X f2)s

(f1x X f2x) © (P14, P2+)

= (
= (
= (
= (
= (
2B FARTH 5.

1.10.2 FESINZ2EHROEHMHEE 25N
f OFEET 2 BARD HEHE.
EIB 1.10.6. f: X — Y 25, Z AHEGLT 5.

1. R [FME.
(i) f IZHLST.
(i) EEDOEE Z ITHU, f.: Map(Z, X) — Map(Z,Y) D3 H4.
2. YKIIF .
(i) flx24t.
(ii) EREOES Z 1T L, f*: Map(Y,Z) — Map(X, Z) 23 #4.

FEHE. 2 NIRIRERE T9(2)(3) DEVWHA TH .
1. ()=(ii) g,h: Z > X, fog=foh &F 5. (L&D 2 € Z 1IZHL,
f(9(2)) = (fog9)(z) = (f o h)(2) = f(h(2))

THY, fIZHEHLRDT, g(z) = h(z). J:o’Cg:h.
()=() Z = 1] TREZRME> &, f.: XU o VI i3st, §l 1.4.39 TR LS
WIZAHTH B0 0 [ 5 H4.

AL ZETHEH, BEEDPNE, AR,
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21,09 € X D f(x1) = f(w2) AT LT B, Bffg: [1] > X % ¢;(0) = 25
LVEDD &,

(N

(f+(921))(0) = (f 0 91)(0) = f(91(0)) = f(z1) = f(x2) = (fi(92))(0)

&Y, fulgr) = fu(ge). fu IEZBHEDRS g1 = go. £ T a1 = g1(0) = g2(0) =
Ta.

2. ()=@{i) g,h: Y > Z, gof=hofldad RELD fIIENTHE. LoT, I
BOyeY WL, dxe X BEEL, y=f(z) 725, DRI

9(y) = 9(f(x)) = (g o [)(z) = (ho f)(z) = h(f(z)) = h(y)

L7z o>Tg=h.

(ii)=() Z = [2) WiKEZHEZ K, f*: 2] — [2]% E¥4. L > TEH 1.4.46 &
D fixeg.

EHRTITE xpxy, Xy Y = [2] 2F AN L.

[ DFET 2 550G
EE 1.10.7. X 2ETRVWES, [ X =Y 25, Z 26527 5.

L. PRI [FE.

(i) f IZHG.

(i) fRV NI Y avzhRo, 97205, Ir: Y - X :ro f =idx.
)
)

|

(iii) f*: Map(Y, X) — Map(X, X) » 44
(iv) EREOESG Z 1T L, f*: Map(Y, Z) — Map(X, Z) 3441
2. (ii),(iii),(iv) IXFEMETH 5. £z, (ii)=(i) 2D L.
(i) flida4t.
(ii) fi3UkrzsE>, $74bb, Is: Y - X : fos=1idy.
(iii) fo: Map(Y, X) — Map(Y,Y) 23247
iv) EROES Z 1T L, fo: Map(Z,X) — Map(Z,Y) 23241

AL L (D)=(v) EREIEEN. Z=0 DBARTCANDE. Z L0 DEEEERD.
hi X = Z 2582 T 5. ROMANTHE 25 &5 856 g YV — Z 20
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FW. (ZDXS5LE/ g% h DIFREND )

X",z
Y .

fIEHHZRDT, FEHK 71 f(X) > X VDb, 50€Z% DL 5.

() y e f(X),
g(y)— {Zo y%f(X)
Tk,
2. (il)=(iv) ZREIEE. fios, = (fos), =id, = id DX f, 125,
O

ER . B 1107k, fABEETHEZ L NI Y a v ERDZEIEEMET
b5, —H, [ RPN E2REONT? 2EXATAHS. [ X Y B2 THEINS,
ByeYIIRL, f(r) =y &5 &57 2 e X PEETEIDT, TDL 57 2 —D%
Cs(y) =z TnX L0, X5ICES ...

A=Y
EE .

VZ: foH < (BB S VT e e 12V o 2% a0
VZ . [l = 28 o VZ: 8 < 2V — 2% g

1.10.3 —IE®RE®

E#& 1.108. X 2HE5L T2, X x X 76 X ~O5H% X EOZIHER (binary
operation) & KRXZ e NH 5. B pu: XxX - X 2 _HERE L R5 L &, u(x,y) € X
auy Loy LELSIEDHB.

p: X x X —» X 2 ZIHEE L U, u(x,y) & oy £EFEL.

L ROMANPTTHZ L&, Thbb, plux1x)=plx x p) BEHIDEE p
IZ#E AR (associative) THD L\ :

Xx X x X% vy ox
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DED u BHEEHNTHB X, EED v,y,2 € X ITRU, plp(e,y),z) =
w(z, pw(y, 2)), $abb (vy)z = x(yz) KD LDENVWD T &,

2. WOBIANRATH L L &, ThbL, p=pur BWEOIDLE pu lEXA# (com-
mutative) THB &\ 5 :

X x X

U X XY 5 X xY E7(z,y) = (y,x) CERINDIER. DX pdirf
WThdeld, D x,ye X ITHU, plr,y) = p(r(z,y)), $HbHE zy =y A
IDAIRVACRA RS WP

3. MOHARDLE () OD=MAKzEA#IZT 5 &5 RER

n:[1] - X

PEETEHLE TbE unx1x) =1x (u(lx xn) = 1x) B ILD & 574
nBEET L E, pldk (F) BUxEE2L V0, e=n(0) € X % p Dk (F)
BAIST (unit) WS, WHDO=ZMERAMTH D L & p IFRATCERFD LWV, e
ZHEATE WD,

M) x X P X x 257 x « [1]

A

X

DED e (F) BALTHD L Id, FED 2 € X ITHLU, un(0),z) =«
(u(z,n(0)) =2z) , bbb er=x (ze=2) BEHIZDENWS Z &.

#l 1.10.9. EHOAR xR - R, (z,y)—~z+y, BRXR =R, (z,y) — zy iF\WTh
LAGAH, TR LE R D, DL AABRAIFENETN0 L 1 THD. FMEH T
2RO,

#1 1.10.10. Vv, A, = & 2] ={0,1} LOTIHHEBRE 252 5. Vv, A ZKEEH, ATHCHEAL
TERFED. VORMITIE 0, A DBMITIE 1. — IEEANTE TS 2WAS, E¥AIT 1
%5 (1-50=0,1—1=1) .

Bl 1.10.11. u: Y XY =Y 288 Y EOZHEBE L U, ulyr,y2) & y1 - yo £ EL.
ZODEBR f,g: X - Y IIRUL, BH f-9g: X Y & (f-g9)(x) = f(x) g(x) TE
b, frgDERBORE (pointwise multiplication) & & L., EHEOEKTE I IX
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frg=po(f,g)=po(fxgoATHS:

(f.9) Vxy -ty

g: X
x %

X x X

f .

(f,9) eYXxYX izl f-ge YX Zxtibd¥3Z2TcYX LOTIHBEENEES. 2
O _IEHBRITGE 1.4.34 OF—HOb &, n KFETLE5HTH D ¢

YA xY¥ —— = (Y x V)X
(P1x,p2s) "
FEE, (4 © (P1e,D24) ") (F,9) = 1 ((f,9)) = o (f,9) = f - g-
X OERAUTCHETNIET o020, © & O IHEE 1 SFEE (HL, AL
2RD) THHLE nDEDD IHFERE AN (AT, BT 2 D) THD. 2D
CiE, HIZISHEEEIZOWTIE, MOV TH L Z o005 ¢

yX,

o

o Xid

Y XYY xYX — (Y x V)X xY¥X YX xy¥
o id) «
YXXx (Y x Y)Y —= (Y xY xY)X (hid) (Y x )X
id X (idx p) « s
Y xv¥ — (Y x V)X p v,

Bl 1.10.12. FEORM, B, $4805 a,b € RNIZH LU, (a+b), = an+by, (ab), = anby,
XD EXLHEFNENIGEED 2T, EHHIOM, ERY x RY - RN &% 5.

1 1.10.13. X 2529 5. A
c=cx x,x: Map(X,X) x Map(X, X) — Map(X, X)

i¥ Map(X, X) BIZHAMCRACER D “HER 252 5. Biixididy TH5. —#
ICATHTIE AR,
X 2o X ~OLFH2RE Aut(X) 2 EL. G

c: Aut(X) x Aut(X) — Aut(X)

X Aut(X) LICTHREAWTHEAT dy 2RO THERE 252 5. 617, 20O “HEHA
WL ERD. Tbb, BEROAEHIZED Aut(X) 138 (group) &4 b, BB A
feAut(X) DHFTIX f OFEH/ f~1 TH5.
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X ={1,2,...,n} (neN) 054, Aut(X) % S, £EHZ, n XAIHE (symmetric
group) &\ 9.

1.10.4 %R

Bl 1.10.14. X 284, P(x) 2d5EE U, X OWMHES
P={zeX|P)}

%FXB. x € P50 EMBIZIE Pz) BRED LS BREDRETHN P(x) HEL
REPBEBRDZPEIRDPNUTE V. ZOXSBEBEDPSTHE P(x) 2IKCTEES X
M5 2] ={0,1} NOEHEP: X - 2] LEZDZENTES:

_ SH
Bls 1, P(x) 73“,‘\
0, P(x) »%.
B 202
P:{x€X|]5(x):1}

$hbb, xp =P ThH5.
FrrACXITHL, Tec Al WO RBFEE 2X Dt A5 e, A DREBE 4 (At
RO IR,

Bl 1.10.15. X x Y OMNELE%2E25Ze, X 6 P(Y) ~NDE/EH5 25 21k
ALZ&THS:PXxY)2P(Y)X.

EBE, RC X xY IZxL, ®(R): X — P(Y) 2 ®(R)(z) ={y €Y | (v,y) € R} Z
E0EDNIE, ZOHIE ¢ BREHNEL XS, WX, v: X - PY) XL, U(y) =
{(z,y) e X xY |y €d(z)} ZRmIENIXI V. TSITROBNIAHRTH 5.

PX xY) 2= PY)X Yo p(X xY)
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] - L yed(x)
X oW (W) (z,y) = Xg(y)(®,y) = 0, y¢&(z)
= Xy () (¥)
= (x¥(z))(y

= U(x¥)(z,y) = U(x(¥)) (2, y).

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.
sDU: PX)X S P(X x X) 12 & 2BIEHHHES Ay THS:

W (s)

{(z,y) e X x X [y € s(z)}

{(z,y) € X x X [y € {z}}

{(z,y) e X x X |y =12} = Ax.

Bl 1.10.17. #HE p: [2] x [2] = [2], u(p,q) =p-q WHEALNIZET D, p DED DKM
BOBERA 2% x2X 52X  Fhbb a,be2X 1T/, (a-b)(z) =a(z) - b(z) ICXVEZF
Ba-be2X AT EDEHESZ RS, u BFEEH (AT, BATERFD) 251, &l
BOWAEHZ I THS.

COHBEIXEHES v P(X) - 2X 2BLT PX) LOHBEA2EDD. Thbb,
ABeP(X) XL, A-BeP(X) % x (xa-xp) LLVEDS. SVHANZE, A-B
FREEBDY xa.B = x4 XB, THDD, xap(x) = xalz) xplx) ITEbEZSND
£

A-B={rec X|xa(z) xp(z) =1}

Thb:

XX

P(X) x P(X) 225 2% x 2X

P(X) 2.

X
L5 5 A, p BEEGH (AT, BAcE2RD) 2o, 20 P(X) LoEEEZ 5 TH 5.
f: X =Y 256235 HSMT f*:2Y = 2X ZBABOHEEEMED.
%D a,bec 2V izxfl,
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Tabb fr(a-b) = f(a)- [ (D).
ko THERIE, HIET BHAEAOWPLED. TADDL

Xf-1a-B) = f (xaB) = f"(xa-xB)
= f"(xa) - f*(xB) = Xp-14) - X5-1(B)
= Xf-*(A)-f~1(B)

Y, f-Y(A-B)=f1(A)- f1(B) TH 5.

E 1.10.18. X 285275, 4 [2] LOFEE -, V, A, — I, FAEOEEIZ X b 2X
LOERZEDS. 2R S P(X) LOEFIFIRTHEA 6N 5.
FED A, B C X IZRUIRDEKD LD,

1. xae = —xa.
2. XauB = XA V XB-
3. XanB = XA N XB-

4. XAcUB = XA — XB-

P(X) X 2% P(X) x P(X) 22X 29X x 2X
A
P(X) N 2% P(X) N 2
P(X) x P(X) 225 2% x 2¥ P(X) x P(X) 225 2% x 2X
l l “C“l lﬁ
P(X) 2% P(X) 2.

A xa(z) =1 2 e AICHERTNRVTNDIFLALHSNTH S, 1 & 2 2R
9.

(~xa) " (1) ={z € X | ~xalz) =1}
={z e X [-(xalz)) =1}
={zr € X | xa(z) =0}
—(reX|zdA)
= A°.
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(xaVxs)(@) =1 xa(r)Vxp(r)=1
SrcecAVzezeB
sSrxecAUB

= XAuB(.’E) = 1

[ 64. 34 ZRE.

B 1.10.19. &4 2] = {0,1} 1T Z/2 L HRIZFA—fINnd. i kb [2] 2L, ®
EREE S, G- TH8MEH 1+1=0) , BB IF2HFEIMEE (0-1=0) FE
Wo72BEAETHS.

p+yq P-q
Pal0 1 |0 1
0 [0 1 010 0
1 (1 0 1 |0 1
TN BLEDIT
P-q=pAgq
Thsb. £7-
p+q=-(p+q)
==(p—=>qNqg—p)
= (pA=q) V(g —p)
Th5.

RO, Nz & 0 2% RICHE, MIEE 5. X ONES A, B IZHL

XAXB = XANB
XA + XB = X(AnBe)U(BNA¢) = XA®B

Tha. 2] D, £oT2X O, BHP A, AN, DB TH 0 INTEB X CEED HEAL
TEHODTESOILER ) N LW & &, #EEW, SR TH D BALITERED.
(Z % 7.)2 OIGE, FTyEA W, A1, SN TH 0 INES K OFEOH-NTERDOZ L
EMENPDDI L NEPIIHLING ZEEHEIDDZZLDELOAHEAN VWD &S
DHHED X S HRKIET 21N E.)
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1.10.5 HEHKEO LR, THHBAR

Bl 1.5.11 % B#ICEAED LR, FHIEOEKED LEXTAES. {A )iy 254
e, A=US, A B ac ATHU, NOBMES I(a) %, A B a 2 B0 LS55
BEibOEALTE, Thbb,

I(a)={ieN|ac A;}.

BHoMrZac A< icl(a) THS.

a1 (U)
n=1 \i=n

:ﬂ{a|3i2n:a€Ai}
n=1

={a|VneN,3i>n:ac A}
={a|V¥neN,Ji>n:icl(a)}
= {a | I(a) FfEMLES]

n=1

:U{a|Vi2n:a€Ai}
n=1

={a|IneNVi>n:aec A}
={a|IneN,Vi>n:icl(a)}
= {a | I(a)° WHRES) .

2%, lim, A, 1&, HRMEOEFES i 2L Tac A, L5 E5% alzbDHEAT,
lim, A, &, BREOERS i ZBR\Tac A, (DED, A, Paz2EE VLS 0EF TN
BRETHZ) £5RalzbDELSTHS.
EORBRIFMDESIZRE 23 TE3. I(a) CN, 2% 0 I(a) € P(N) 225, 1
% Aho P(N) ~DE
A—>P(N)

a+——I(a)

ERBIENTES.
X, ={JCcNJ]ieJ}CcPN)
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Tholzhoicl(a) e Ia) e X; &acl NX;), THbb A, =11(X;) TH5.
£-T

lim A, = lim I~ !(X,)
— ! <MX,L>
=TI ' ({ICN|IERESY)
= {a | I(a) XMREL] .

IRk
lim 4, = h_ml_l(Xn)

n

=7 (h_an)

={a|I(a)® FARES].

1.10.6 X A#RRIE
Y Y Z2ZEEY oY HEANDERETS. 7(y) =y bR yeY &2 7 DE

E R (fixed point) LW, FED y e Y IZHUL 7(y) £y THH L &, 71 IEEREH
7272\ (fixed point free) &\ 5.

EIE 1.10.20 ([1, Cor.7.13]). X, Y 245 T 5. Y HEEMEF/-2VE G H % R
D, FTROLBAEED ye Y IZHU 7(y) £y BB EIREHB Y Y BDEET D LT
5,20 X056 YX ADEHFIFFEL R,

A X A0 De E2EFEINFEEIV. v X - YX 25K T35 o =0(Y): X x X —
Y 8L, 9405 p(z,2') =¢(z)(2). BHa: X Y %
a=T10poA: X B XxX LY LY
ICEDEDS. 272U, A: X - X x X FWHAMEBRTHS. ZOLEagdImy) THD.
B, EED a € X IZxL,
a(a) = 7(e(a,a))
P(a)(a) = ¢(a,a)

THY, 7 IXEEMERZ2VDT ala) # YP(a)(a). £>Ta#v(a). O

ZOFEHNZ BT ZEwiE (o DHEK) %X A#RERE (diagonal argument) &\ 5. &

B 1.8.36 OFEMIEAEINIZIEZ OEH 1.10.20 I2BWCY =[2], 7=-:[2] = [2] 2 U
ELDTHB.
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B165. X #0, f: X 5 P(X) 2542 L, A={zecX |z ¢ f(x)} £B<.
¥ 72, B 1.10.20 DFBOMEE xf: X — P(X) = 2X & —: [2] — [2] 1oh Li#f
X
LTES N3 5

a=-o0U(xfloA: X 2 X x X XX, 9] 2 9]

BEZD.
ZDEExa=aThdI Lzt

FE.YADTHreE Y PEECHER-LRVEHCESREZE>Z e, Y B2 B
ZEOZCIFAMETH S Z LIER T, CH 1.10.20 1ZEH 1.8.36 o RT I NT
5.

B 66. Y A£D&d5. YVAHEREZREZRVEAEREZFEODZ L, Y WDl Exz
BULILEAETH S
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PRREZE A & A FE 22 ]

H
i

‘&

21 E¥

fTAEPRT £ T, AAOEZRCTITATHIO R 2 > TEEBGROBEEZ L TW2h, S4EIE
REOHAE TR SR\, WO ETM TH LS ko72 B 5 DT, EHOM %-ichou\
TRHELLESFIIE L. BB, ~WFELDHIORDOHEE ) — b web ITBWVWTHEDT,
BERHNIXZNZSIRDOZ L.

COMTEBRIZOWTAHERI L2 FHTEL. FHERFRIIN? (WAVWAREZ
Fihidp 208, BUEREIEHER L b 55 2 A TI) Mgt oA H %2 A7 3 2lEp K% 5
BUAE W, ZOTLEERE NS

% 2.1.1. THRAK Z2EFRGZ2 5N TED, LED a,b € K IZH UL FOZMAAK
Dok &, K 2 2lEF% (totally ordered field) £\ 5.

L.a<bioll, FEDceKiZxlLa+c<b+c
2.a>072b>07%561F, ab>0

EIEFERIZBNTIIEBOBIZ B I 2 AFXEFAMRLEREZ T8N TES.

HE . EFEBUKC Izl ke 22 X5 RIEFZ VD Z 2 IdHRAW, EEE, 2lEp
IZBWTIEa#£0451Ea®>>0THY,1=12>04DT -1<0TH5.
SRR 02 K5 RIERERH L2 T5L,icCIlZOP2VWTiP=—-1<0&RDFE.

£ 2.1.2. ROEGMEORNE 2 AT RIHFARZRBUE L LU R THSDT. HEUK
DLEREL NS,

C 1 (EHREOAE). ZTRWRIEAD LIZARGE S IX ERVEET 5.

HE . “HEDO” BEWMOb &, WYREWRTEEZ -2, EBUAIFAET 52 L HR
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5.
AR . 2EFPARCSWTEEMEO AR L FETH 2 R(MEPNB NS Lo T NS,

E& 2.1.3. K2 2EHpAhRET 5. KPROWE (FIVFEATRAORE ) AT L&,
KIETZILFATZAHTHD LS.

e TEDa>0,b>0IZRNUTHLIERB N DFHELTna>b &b,
8 2.1.4. K z2EpARE T 5. IEFEMETH 5.

1. KIZTLVFATAMTH 5.
2. NCKIx (KizBW\WT) FIizaR TR,
JMEDe>0ITHLULTHLARB n BFMELT I/n<e &5,

FEAH. 1= 2) TUVFATAORBEIZEWTa=1 23Xk,
2=3)0<eeK&95. e£0DAMIT1/ec BFETD. NAERATIELRVWDOTneN
T,1/e<n &B25HDMPFETS. n,e >072DT 1/n <e.
3=1)a,beK,a>0,0>0&F%.a/b>0Ths. KELDDHZHRE n BIEFEL
Tl/n<alblisd. nb>0WA na>b. O

Bl 2.1.5. FEHEEK QIZTIVFATANTHS. EB,r>0232Lr=p/q, pgeN
EFETFDL. 1< pEhro1/2g<1/q¢<p/q.

il

HR . TUF AT AN TIEIRWRIEFARDEIN (2] 125 5.

8 2.1.6. EEARRIFZTLVIFATANTH 5.

AEA. NCR W EIZERTRVWI L2 RmEIX L.

BHIETRES. NCRWVECERTHZLT 5. N#£) RO THEGEHEOAE LD N
I ERPEFEET S, s=supNeR &BL. s—1<sZh5, HD5 N e NPEFEHELT
s—1<N& %5 £oTs<N+12RHEZNV, N+1eNAEDT, ZhiEs BN D ER
ThdILIINKT 5. O

PABEATEE M S D TIROFFEZZFFIAL TH L.

fHRE 2.1.7. 1. FEOEH r e R ELAEBDER e > 0IZH L, s <r<z+eciAhlz
THER r € Q BWFET S, T72bs (v,0+¢)NQ # 0.
2. TREDFEH x c R EMAEBDOER e > 018U, 2 <y < x+¢e &ATHELK
y € Q¢ BFETS. Thbb (v,x+e)NQ° # 0.
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S L % e LBBUBRBNENE DOLD.

N
LBL ZOLEED SIS £ <o <L ThD
+¢€ n+1_ n+s 1>0
& N TN

foT 2l <z te WSHIZ B €Q.
2. FARRIZLT

m:zmax{lGZ

g, 2ot ¢ (p 2 4+6) N Q°.
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2.2 [hEE

EFE 2.2.1. X 2595,
X x X EEHRI N FEBUHBEE

d: X x X > R
BRDZDODEM % AT L%, d% X LOIEME (metric) 2\ 5.

D1 (i) R D z,y € X IZ2WT d(z,y) > 0.
(i) d(z,y) =0 &z =y.
D2 fEED z,y € X IZ2WT d(z,y) = d(y, ).
D3 (ZAAFRER) IED 1,y,2 € X {22V T d(x,y) + d(y, 2) > d(z, 2).

EE 2.2.2. FA X 20 LOBEHEK d 5ok &, M (X, d) ZEE#ZEE
(metric space) £\5.
o x,ye X T UFERd(x,y) % v & y DEEHEE (distance) £\ 5.

BELOBZNDR N E Eid d 2BIE L THRICHERZEM X 2 ELS 2220,

EFE 2.2.3. (X,d) 2z, A C X 28n%Eas 95, MBS dz2 AIZHIRL 2
LD, bbb,
Ax A>3 (a,b) —d(a,b) eR

EHEZDE, INF A LOEBBEBICZ D, ZOERICKD A FIERMZEFIZRS.
OO EEEZ I DX ST U Tl e R e &, BOBEZER (metric
subspace) X7zI3HIZERDZEME (subspace) &\ 5.

T 2.2.4. (X,dx), (Y,dy) ZHgEzEMe 35,

B f: X oY PERERDD L VWIEEFERER (isometry) TH 5 e FEED z,2' €
X ZHU, dy (f(z), f(2') =dx(z,2') TH 5.

X oY NOERERGBEVPHMAT 5L &, X &Y FEpEZER & U TER (isomet-
ric) , 5 WIIRAZE (isomorphic) THD &\ 5.

HE . 2HTHI2EDDAREREGHREVIGELHD.
B 67. FRELODEHKIIFEEHRTH 5.

B 68. MM OB EEMRIIEREHRTH 5.
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& 69. 1. EREBRIIHHNTH 5.
2. [+ X - Y DeHNEEEHLOIX, f OFEHREEEFHRTH 5.
3. X LY DHEHEME L TERTHE c FREBR [ X 2V L g Y - X 2
TELUT, gof=1x, fog=1y DK LD.

B 70. 5% f: X - Y PEEEEZHETCE, X & f(X) 3HE#HEfMe LTERTHS.
EFE 2.2.5. X 2FHEM, re X, e > 0275,

1. X OWHHEE
Ue(r) ={y € X | d(,y) < ¢}

x ke d 5% e OB (open ball) , FM# (open disc) % W\ id el
B runs.
2. X OEIEE
Be(z) ={y € X | d(z,y) < e}

ZRor 2R E T 2% e DK (closed ball) %7z 13EIM# (closed disc) &
W,
3. X OMnEG
Se(z) ={y € X | d(z,y) = ¢}

%z & 5% e DBKE (sphere) £\ 5.
BIRESE . 84(1)(2), 85(1)(2), 87(1), 92, 97(1)(2)
Bl 2.2.6 (n¥Xot1—2 Y v FZE[], n-dimensional Euclidian space). R @ n {f#DEFE

R" = {(xl,l'z, . ,l’n)|IL‘Z € R}
D28 x=(21,...,Tn), Y= Y1,...,yn) XU z & y OF# d(x,y) %
d(z,y) = | > _(xi — y:)?
i=1

TEDDH L dIER™ EORREREETH 5.

FEEA. 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—u:i)* =0
=1
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Thdror,—y; =0 EoTzr=y.

D2 A & 7>,
D3R”@3,ﬁ§:c:(x1,.. ) Y= (Y1, s Yn), 2= (21,...,2n) XU a; = z; —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 i=1 1= 1

(d(z,y) +d(y, 2))* — d(x, 2)* Za -I-ZbQ-l—QJZa JZ()Q z:az-l—bi)2

=1 =1 =1

I I CTHEDAESIFIRITRT Schwarz DAERZE B W2, d(x,y), d(y,2) 1¥&dH
ZIHATHED O d(x,y) +d(y,2) > d(z,2) &2 5. O

VA

8 2.2.7 (Schwarz DARERX). a4, b; (1=1,...,n) ZFEHE T2 LIRORLEXD AL

(£0) < (54) (5#)

AR . R™ B (BN, 2—2Y v ) A (a,b) &/ VL4 o

= Zazbz
=1
lall = v/{a, a)

%5 & Schwarz O AE AT
[(a, b)| < |lall||b]|

CEMETH S.

. ST =0R5IFETO D2V Th =0THI5DTHALHIZ0 LBRVETLT 5.
b A0 LT B ALEDER ¢t ITH LT

OSi(ai—f—tbi)Q a2+2tZab +t2Zb2
i=1

=1



2.2 JHEE 123

THY, B >0THENS, WHREEXS &

(Eee) - (£4) (E2) =

N A O

ZO#E -2y NOFHEE W, R IZZDOHREE 52 TR O NS EHZEMZ n
ot —27 )y RZERE & W5.

n=10D&&
d(xz,y) = V(z —y)* = [z —y|
Uc(z)=(x —e,x+¢)
Se(z) ={z —¢e,z +¢}
n=20&%

Uc((z0,%0)) = {(z,9) | (z —20)* + (y — v0)* < £}

e e e g s

B 2.1 U:((0,0)), #i 2.2.10, 2.2.11 2

B 71, 12 —2 Uy REBM R PSS ZTNHEANDEREBEHRIIED LS E00? (X
30,1 DEEFRTHAL.)

Bl 2.2.8. 2,y € Q (BHBWVIX Z) iU, d(z,y) ER Z d(z,y) = |z —y| LEDBD L, d
X Q (H2\WVIX Z) LOHMBEKTHY, ZOHMIZLY Q (HEWVIEZ) I (1 R —
20w RZEH R OH5) FEEEZERTH 5.
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5 2.2.9.
R*° := {(xl,acg, o)

o
xz; € R, Zw?<oo}
i=1

35, TibH R OJIEEBH {x;} TH > THRED 22 BINKHT 2 £ D,
T = (a:l,:z;g,...),y: (y17y27---) c R® iZx L

d(z,y) = Z(l’z —yi)? = J nh_{go Z(ﬂfz — ;)2

TEX5EBITR® EOHBEKTH 5.
(R® Z iy &FELZEBHELZ V. FER® LWHEHFRINOBKRTHONEGZ LEHEHD

AERH. 3 d(x,y) »¥ well-defined § 72D HAEE > (z; — y;)? PIURT B Z L %2 RES.
Sn= Yo (w; —y)? &BL. s} FHEFAWMTHS. n kot —2 Y v NZEMR" D
3 (1, ymn), (0,...,0), (Y1, -y yn) ICHT B =ZMAREDNS

2 2

0<sn=(vsn)? < (sz“r\lz(lf) < (JZ!B%LJZ@/Q)

THDP0 {s,} 1FARTHS. FoTPHT 5.

I D1, D22ATZEIIXHONTHS. “MAEFEREZALZT I LIXEEFEBRIC n
Toua—27Vy REMIZET 2 =ZMAERNEZATEOMREZ L DI ETRTIENTE
5. O

M 72. EO=MARERN2RE.

5l 2.2.10. R* 2B\ T

d(z,y) = max |z — vil

25 R FOHMBAKRTHS. (ZOFMIEFEY = 7R (Chebyshev
distance) & KiEN2 ZE2H3.)

FE. D1, D2 1X 5 2.
AEED1<i<niZO2WT |z; —y| <d(z,y) BEDLID. £oT
d(z,y) + d(y, z) = |z — yil + |yi — 2] = |25 — 2.

L7=h3->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}.
fl 2.2.11. R* 2BV T
= Z [zi — vl
i=1

EERERER T H 5. (ZDHEEE~ /Ny 4 VBB (Manhattan distance) & XiEh 3
ZENHB.)

FEHH. D1, D2 120 5 7.
d(z,y) +d(y,z

_yz|+2|yz_21|

|xz yz|+|yi_zi|>

v

Il
M= M: I M:

&
Il
—

|x; — 2| = d(=, 2).

n=20&&U(0,0) = {(z1, z2)||z1]| + |22| < €}
R 73. R 2B WTHI 2.2.10, 2.2.11 ITHPY T 2 = & & Z52

Bl 2.2.12 (HEEIEREZEM], discrete metric space). X 245235, Bfd: X xX - R
%
(e y) = {1’ Ty
0, z=y

THEDBE dE X EOEMESIC RS, (MEE87(1) 214
(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 ¢EFFHE, p-adic metric). p 2EHEL T 5. 1 € ZITHL

0, =0

op(l) = {max{n€Z|n20, Py, 1#0



126 2 FE AR & A AH 22

EBLIA0DEE v,() & pt|l, p"T fl %2k 5 neZ THhD. Tiabb | %2Hk
N LT ED p DEEE.
dp: Zx7Z =R %

—vp(l—m)

dy(l,m)=p

TEDD. 72U p =0 ,WRTZ. d, \$Z EOFMEKTHSD. ZOHEE p
[ RPAREN

AEA. D1, D2 i3S ». D3 2T 5. 9
op(1 4+ 1) 2 mingu, (1), vy(m)}
THBHILIZEETS. RS 1D p" T, m D pk TN [+ m 1T prininkl g

NEPS. p @ dz LU THHFRDTH S Z 2 IcEET L

do (k. 1) + dy(1,m) > max{dy(k, 1), dy(I,m)} (5 5HIEETEHS)
— maX{p_vp(k_l),p_vp(l_m)}

— p— min{v, (k—1),vp(l—m)}

> pop(bmitl=m) — dp(k, m).

P 74. -0 D1D2 %5t
M 75. Lol Tp=20%F25. necN&d 5.

1. 1=0,1,2,...,10 {3 L da(1,0) & 3ked k.
2. dy(2",0) BET do(2n — 1,0) & 3ked &,
3. 81(0) BEU UL (0) Zked k.

4. 8190 (0) BEV Uy jpn (0) ZRD K.

W C O, SARSAE DS RS A (R R
max{d(z,y),d(y,z)} > d(z,2)

ZATZLTWS., 2O LD RIEMEZIETIVF AT ABIER (non-Archimedean met-
ric) £\ 5.

B 76. X 28£6¢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 . ZOEMIXQITHEETES. B v, Q\{0} > Z ZLAFO LS ITERT 5. (TR
DO THRWEHE r & r=p"s/t, (n,s,t €Z, s, t & p THNZV) ERE, 2D nldr
RO —FIZEES. vp(r)=n &95. £720,(0) =00 LEDD (p ERHH).
d:QxQR%
dy(l,m) = p~r(=m™)

TEDD. 1L p =0 HKT 5. d, 13 Q LOHEMEKTHS. ZOHiEx p EErE
e,

AEHA.
0p(l +m) = minfu, (1), v,(m))

THbHILiREE HLIXZ DL E LMK | =pts/t, m = pFu/v T s, t,u,v € Z 1%
p CEINEWE T D, n<k&LTHEEEDR.

[+m=p E—l—p’fg
B U
= (G +0 )
_ L US + tpF T
B tv

THDENvs +tpF"u € ZHDTus+tpF"u=pw £ E IS, 27ELewcZ,e>0,
w ik p TENRY. LB oTl+m=p"Tw/tv £72 0 tv ik p TENRNZ LITER
ThiXv,(l+m)=n+e>nTHdILDFN5.

Il

Bl 2.2.14 (/I v 7, Hamming distance). X 28£A& &35, = = (z1,...,7,),
Y= (Y1, Yn) € X" ITX L,
d(z,y) = £{i | z; # yi}

LEDDHE dIx X" EOFFMBEKICRS. ZoFHE/NI Y JE# (Hamming dis-
tance) &\ 5.

B 77. TNHHEEBESRTH 5 Z & 2RE.

W'J 2.2.15. (Xl,dz) (Z = ].,. ) %Eﬁﬁﬁwﬁﬁtj—éa (xl,...,xn), (il}'&,...,.fC/) S
Xy XX X, iTHLUT

Lo/ dilwi, 7))

2. max{dy(z1,2}),...,dn(zpn, 7))}

n
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3 Zz 1 (’T“ z)
TEEAMEBITVTND Xy x -+ x X,, FOIHEMEKRTH 5.
B 78. LD 1,23 »EEEEATH 5 Z & 2RHE.

RS 79. X ZEtEEEEEM 35, #l 2.2.15.3 TEZ o5 X" FORMEAKE NI VT
FEE (B 2.2.14) & OBREFHR K.

# 2.2.16. (X,d) 22l AC X 22 DETHRVENEALTS. DL E

0(A) := sup{d(z,y) | z,y € A}

(ZELIZDWTIEBIER S §(0) = —c0 L EZ D)

% A DER (diameter) &\ 5.
&
I(A) < oo TH DL E AIFER (bounded) THBHEWND.

R 80. AC B7%5IE5(A) < 5(B).

Bl 2.217. 2—2 Vv RZEBOR 2 = (21,...,2,) ZHDETEEE r(> 0) DB
U,(x) DEREIX 2r TH 5.

AL, AEED 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%.

FEEOEDOE e < 2r 2L R™ O 2 £

€
Ty = (xr1 £ (r— Z),xg,...,xn)

EEADE dxg,x) =r—e/4 7205 xy € Up(x). dxg,z_) =2r —e/2 > 2r — e,
£oTHU.(x)) =2r. O

O EHEMICBVT (U (2) <2r THBZ LD EOFEHDARE L D 525
7b>, %ﬁ IBTUBERNLT B L IENES .

B 81. ETHEAMT LAV, T4bb §(U(x) < 2r £ 5H%%T &

8 2.2.18. (X,d) ZPEHEZEH, AC X 2ZDETHRWHAEGLTE. 202 E AN
Ao AEDORre X IZHL, 2 r >0 GFHELTACU,(x) &5,
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FEBH. =) §(A)=s, 2 € X &95. ac Az—2lEETS. r=s+d(z,a)+1&95
L AERED o € AITHU

d(z,a") <d(z,a) +d(a,ad") < d(z,a) +s<r

Zhroad eUp(r). oTACU(x).
<) ACUy(z) 251X 6(A) <6(Uy(x)) <2r. O

82 ANER © bofoeX e, b5r>00WFELTAC U () £ 5.

M 83. (X,d) #iFMEZEM, AC X 2 DETHRVWERINELGLTE. 20L& AXAE
RThsrZ ezmrt.

EFE 2.2.19. (X,d) 2@, A, BC X 2 DETHRVWENELGLTE. 20L&
d(A, B) := inf{d(a,b) | a € A,b € B}

AL BODIER 5.
YRIZAD o e X hohdEa A={2) THBL=Fd({z},B) % d(z,B) &
ENT, ({2} & B OHEE WO TIZ) x & B OFERE 20 5.

d(z, B) = inf{d(z,b) | b € B}
Thd.
HSMMZ ANB #0251 d(A,B) =0 TH 55, HIE—MICIFEL < 22\,
Bl 2.2.20. 2kt —2 Vv 2RI R2 OERES A, B 2RO XS ITEHT 5.
A={(z,0) |z € R}

() 19

DL EIEEDODEDE x 12X L

d(A,B) < d ((:c,O), (a; i)) _ é

THBNS d(A,B)=0TH5H, ANB =0,

R 84. l.reRETH. [FEDOEDH eIz Lr<eThhiEr<0ThdI iz
N
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2.

EOBRBOEHS, ThbL, AROEDH 2 ICHL d(A,B) <1 t#zamsid,
d(A,B)=0Th 5 I &%t

I* 85. (X,d) iz U, P/ (X) T X OETRVERBAEARADLTESE

*T:

PHX)={ACX | ARXHRES]

A, BePf(X)IThL,

d(A,B) = max d(a, B)

ac

LEDD. 272U d(a, B) = inf d(a,b) (= mind(a,b)) TH 5.

ANl e

beB beB
d(A,B)>0T®Y, d(A,A) = 0.
d(A,B)=0< A C B.
d(A, B) = d(B, A) 1&/& 0 12 H?
d(A,B)+d(B,C) > d(A,C).
du(A, B) = max{d(A, B),d(B,A)} &5 & dy 1& P (X) LOIEHEET
»%

dp ¥ Hausdorff BEff & 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 5D < EED 2 € OIZHL, HBIEDE e > 0 D7
LT U(2) CO L5

Bl 2.3.2. BAEK U, (x) EBES, < 1kota—2Y v FZEHE R ORKXME (a,b) (&5
£AE.
FEHH. y € Up(z) 55, d(z,y) <r THdhroe=r—dz,y) £BLLe>0Th5.
Us(y) C Up(z) ZRED.

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—d(z,y)=r

720 zeUp(x) TH5S. £oTU(y) CUp(z). LA >T U, () IFFAEA.
1ot —2Yy REFRIZEWTHKXH (a,b) & (a+b)/2 ZH0 & 5 K5 (b—a)/2
DHERTH 2D LHESTH 5. O

£ 2.3.3. X 2HHEMEd5. X OEAREK» 505 P(X) OWMIES
O={0]0 ik X OB%ES}

EAD. O %M d DESD B (topology) ¥\ 5.

TR 2.3.4. (X,d) 2 HEHEZER, O 288 d DD DAY $ 5 LA D VLD,

01 X,0eO.
02 01,026(9?0100260.

O3 {OA}AeA cO= U O, € 0.
AEA

AHA. Ol X € O BHHS . 0 i22oWTid oz e ) &5 o WEAELBZ VWD THEAT
H5.

022€0,N0y £95E,i=121220WTC,z€0; T, 0, ZEEEENPS, HBIE
e WIEELT UL, (z) CO; 7%, ¢ = min{ey,en} 5L &, e >0ThHDY
U.(z) C U, (x) THE05, U(z) CO1NO0y. 5T O N0y IXFEA
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032 €Uy Or £FBL, 85 A € 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 BBISEATH B,
O
B . 02 B SIRRIEIZ X 0, AIMEOISES OILBEIXIIES L BB 2 LB BN,
SRR T 1 — AR 132 5 TR, (ROFTESIR.)

FIRESE . 91(1)
EE 2.3.5. HHEEEMIZBWTIE, O DHES < O I3HROMES.

FEAH. <) ETRZ XS ICHRIIFEESTH B0 5 EM 2.3.4 03 &b ZOMES XM
£5.

=)0 2HEAL TR, FED 2 € O IZDPVWTHDERM e, WFELT U, (z) C O
7%, x € U (x) ITHERLT

oc |JU.(co,

zeO

FoTO=U, (x). O
EREs& . 87(2)

F 86. 1 —2 Y v F%f] R” OfnHEE

[T(ai. i) = (a1, b1) x - x (@, by) = {(21,...,20) ER™ [ 1 <Vi<n:a; < < b}
=1

BEESTHAE I L a2RE. 2hE R DXL WS,

M 87. (X,d) ZEFMiEM, x € X 95, E.(z) ={y € X |d(z,y) >r} 1 X OFEA
ThbdILERE.

—DODHRE LORLDIHHEBAFE CAHEZEDD I L H 5.

5l 2.3.6. #i 2.2.6, 2.2.10, 2.2.11 TH 2 SNz R Lo JhRk
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da(z,y) = Z [z — il
=1

2EZD. 0,01, 0 2ZNENd, dy, dy DEDBAHETEHE O=0, =04 TH 5.

GEHH. O = 0 Z2RZED.
EED z,y € R" IZD2WT di(z,y) < d(z,y) < /ndi(z,y) THD I LITERTS. E
BUERED i 12D\
[zi —yil = v (Ti —yi)? < Z(l‘z —yi)? =d(z,y)
i=1
THEM6 di(r,y) = max |v; — y;| < d(z,y). EIEED i 1IZDWT
(z; — yi)* < (max|z; — y;])* = di(,y)

THDho

d(l’,y) - J Z(IZ - yi)2 < J Zdl(l'>y)2 - \/ﬁdl('ray)

=1
Bl dy 12T B BIERAE U (2), THT.

OcOtds HEDzecORNUBZERr BHEELT Up(z) C O L4 3.
e=r/yn&ELLe>0 FEDy e U (a) IZHL

d(%,y) < \/ﬁdl(‘ray) < \/ﬁg = \/ﬁ?‘/\/ﬁ =T

ZroyeUy(r). £52TU(z); CU(z) COTHY O€Oy. LER>TOCO.
W20 e O, THNE, FED 2 € OTHUDHLZEH e WHFELT U(z); CO &
5. di(z,y) < d(z,y) THZH»5 U (z) C Us(x) %D O € O THB. £oT
O, CO. Do O =0, BREr.
O =0y % d(z,y) < do(z,y) < nd(z,y) IZHEETTAKIZRES. O

B 88. LOARERX d(z,y) < do(z,y) < nd(x,y) ZmH.

P 89. %4 X ORI d (K U, Bl d (B9 2Bk E Ul (z;d), Bl d DEH 2
k% Od) L <.

1. X FOEBERE di & dy &AM T3k > 0,Vz,y € X : kdl(x,y) < dg(l’,y)J % A
723295 ZOLEMLAED e X YEED e > 012X L,

ng(l’; dz) C UE(I'; dl)
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ThDILERY.
£72202E O(d) C O(dy) THBZ L HRE,

X EOHEMBEB d L dy HEMAx [3M,m > 0,Ve,y € X : mdi(z,y) < do(x,y) <
Mdl(x,y)J %&f:?(‘i% d1 ng c‘i§< Z t&:j—é

2. BAfR ~ IZFEMHEEARTH 5 Z & 2 RE.
3.dy ~dy THHLEEINSDEDBAMIIHELW, T7bb O(dy) = O(dy) TH
Z e xRE.

3 90. #] 2215 128175 X; x - x X,, EO=ZDODF BB DED HAMHITZENEEL
WZ & ERE.

B 91. R" iIZHW\WT, 2—2 Y v NEEEEDOED % AiMH & BEEEERED 2 2 (i HI3 50 5 Z
et
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2.4 f(IMEZEME

BIfi CHBOED ZMHEWSIEDEEA L. TOMWE (EH 2.34) 21 212D
EZxEDI-RA5.

& 241 X 2856295 X OEREADK O ($74bb5 O C P(X)) BPRD=D
DM 01,02,03 AT E O X ICMBEEEDS VW, Ml (X,0) %422/
(topological space) &\ 5. BILOBZNDRNE 1T O 2EKL T, MAHZEM X &
FHLZEDBZ V. F72, LIELIK, O DZ 2% X OfIHE (topology) & & .5

01 X,0e0.
02 01,02602>01ﬂ02€0.

03 {OA}AeA cO= U O>\ c 0.
AEA

O Dtz X DFESEA (open set) & L5,

AR HEMAROEE IR X 512, 02 » SIRMEIC X 0, HIRE OIS S DI
FIEHER LR D 2 Do 2 0, R TIX—ITIEZ 5 TR,

TR . UFBVBVIRRE S LW, £E5ITMHEZED 5 HILIXHEGHEEED 5
PAMZE WA WAHD. TD2H, X ODAMERTDIZO LidplicidszZzHELT, 1O
DEDBNAHT] E\WVWo72EVWHETEILEHD. ZOEBETIZZVTVDEE, O D
e RAMHE LRI EIZTS.

B 2.4.2. TH 2.3.4  SHEEERIZEWT THEEOE D 20 BfuHTH L Lhb
5. $bbIEEER X 1281 2READRKIE X ITAHEZED 5.

BIF, &Ii2Z b oaninE ) i X 3HEE o2 2 AHIC &0 fHZER e &
A%,

Bl 2.4.3. X 2492 BEAPX) ZbEo5»ic X THEzEDD. ZONMHE%E
X OBEEIAIAE (discrete topology) &\ 5.

Bl 2.4.4. X 2845235, O={0, X} X IZfifHzED L. ZOMMHE X OBENL
¥ (trivial topology, indiscrete topology) &\5.

Bl 2.4.5. X 28595,

O={ACX|A RERES) U0}
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&35, OF X ITMMHEZEDS.

AP, O1 X© =0 I3AREAPA X € O.

02 A1, Ay € 0O T 5. A, Ay WTNDDEELEDBEIX, AiNAy=0¢€ 0.
EHLobEREATEHRVGA, A7, A5 Y555 AREA. Ko T (A41NA)° =
ASUAS BERES. LzdioT A N4y e 0.

03 A\ €O £T5. TRTDAEAIKL, Ay =0ThhiF, | Ar=0c0. 55
AEA

No € MK Ay, # 0 THBEE, AS, BHRELTHS.

(U AA) = (1 45 C 45,
AEA AEA
THENS, (Unep Ar)° EHRES.

O

&<z, X =R 04, ZOMMHEZ R OHY X% —4148 (Zariski topology) &\5.
(V) 2% —HHIERIZHNDOE NI TERI NS, REEMPDOREZROZ L)

INosDHINSBDLNDE LI, —DDES X IZABMMIE—D2721F LIERS 7.

EFE 2.4.6. X 288G, 01,0, & X DfifHE T 5. Oy C Oy THDE &, Ak O 134
Oy & D5 (weaker) F721F W (coarser) , H 2\ &, fitH Oy 13AiHH O & V&
L (stronger) X7z (finer) & \Wo T, O < Oy & EL.

DEVHEGN L T ADH LD E A,

HESMPITAMHORE L, BE X ITAND Z EOHRSMHEERIIETEGZ 5 X, &
AN RS, T7405 ZOIEF TR/ANDMNHETSD O, BEEGHEP R, $70bb 2 DJHF
THRADMMHTH 5.

R . 129, 130, 132, 135.

B 92. X WERESD L X, # 2.4.5 DNAIZEHBNETH 5 Z & 2RE. X DHERE
HDBEIZESIM?
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25 F&EE

T 2.5.1. (X,0) 2AfHER, F C X 20 HEALT5. DL E
F 23 X OFRA%KAE (closed set) TH 2 < F OW&EE FC P X O%EATH S,

EI 2.5.2. F={F|F & X OH%EA } TRkEART

F1 X,0 e F.
F2 I, Fo e F= FiUF, € 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)*=FfNFs5eO.
EF3) (NFy)° = U(FY) € O.

O

HE . F2 ItV ARIEOHEGONMESIIMEATH S Z B n» 50, HREDCG &
H—iziEZz 5 cidiv. (FAfEAEDL E25R)

HESHEZIEET AL THNIHEZEDD Z N TE 5.

EH 2.5.3. X 286295, X OHAEADOE F BEH 2.5.2 D=D20D5M F1, F2,
F3%2A-dTET5. Z0LE X ODESESDR
{OcCc X |0°eF}

F X M EED, FIRIOAMBIZET 2HEAE2AKRTH 5.
E72, MHZEMOHEGEEN SO ZD LI IZ U TEDAMITS L DAitHE —3T 5.

FERH. W5 . .

Bl 2.5.4. BHEEZEFIZBE VT 1 KOADPS L DHAE {o} BIALETH L. Lo TF2

LD ARBDEEGEHEATDH 5.

At {2} =X — {2} PHEATHEZ L2 AL,
yeX—{a}eddta#y £oTe=dxy &B<Le>0ThbO, HEMIZ

€ U(y). $o2TU(y) C X —{z}. O
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Bl 2.5.5. X 2L T2, B (2)° = E,(z) ThoHH5M 87 £ v, BERIZHEL T
H5. LT IYGEL—2 )y REBR 2BV CHEBIZHESTH 5.

B 93. FHEEZEMIZ B W TCERE S, (v) IXHEATH S Z L 2 RE.

[ 94. 2—2 YU v FZE[E R™ DD EE

[[lai,bi] = [a1,01) x -+ X [an, b) = {(21, ..., 2n) €ER™ [ 1 <Vi<n:a; < i < b}
=1

FHEATHBZ L2 RE. ZhEe R* ORI & WS,
HE . X,0 P OHEETHS. F-HESTEHEATHLR WL ESLH D,

B 95. 1ot —2 Uy FZEM R OPRKE (a,b] 1da < b6 IXHEEGTELHEST
R0,

RIZEL . 89(1)(2) 90(1)(2), 137, 138, 139, 140
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2.6

Uik

EF 2.6.1. X ZAitHEME T 5.

LUCX zHnEd, reX &35 D&

I ==
3
= .

U H x DiEfE (neighbourhood) T» % Sre OCUtdE>7% (X D)H
£H O BHEIET 5.

I, M 2 BUHES Xz DEFETHS. v 2ECHEAZ v DRERE (open
neighbourhood) &\ 5.

x DEFETHOMELGTHEED%E ¢ DFERE (closed neighbourhood) &
W,

. 8RA

Ux)={U C X | U &z DiEfs}

% x DIEfER (system of neighbourhoods) &\ 5.

CAUCX 2GS D E

U » A DiifE (neighbourhood) TH % ) ACOCUEtH5E57% (X D)
S O BIFEET 5.

EEDERINAHIZE EDVWT WG, HEEDOED S(iHZEE R 5 & &, IR

575 5 TWT b AT BT i U (e) 1308 5.

Bl 2.6.2. BHEEZEFMIZEWT, e3ifE U(z) (72720 e >0) iZz 250HESRDT, ¢
DIEFETH 5.

ARG ITERSEZHWTRED T oS,

T 2.6.3. OCX 2¥HNnHEAELTS. ZOLESRIIFMETH 5.

L. O BHEETH 5.
2. FED 2z € OZXHL O € U(x).
JMEED 2z e OITHL, DU cU(x) WHFIEL, U CO Li5.

GERA. 1=2 =3 X8 5 7.
3=1%2mR9. 2€ 03B, RELVDU, CO &id x Dl U, WEHLETD. L

EDRE

#rorxe0, CU, LRZ2M%EE O, PWFEIETS. HONZ 0, COTHD. &
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T €EOIIR/LZIDLSRHESO, 2L DL,

O=J{z}c|JO.cO

zeO zeO

ThHcd715,0 =00, &40, HEGONESGZDT, O IZHES. O
[ 96. BREEZEMICEWTIE, U e U(x) & Je > 0s.t. U(x) C U.

# 2.6.4. X BNMER, e X 2L, U(x) 2 2 DEFHERLTE. ZOLE
U*(x) 7Yz DERIAFEFR (fundamental system of neighbourhood) TH %

L0 W) cuw
(i) EHDO U eU(z) THU, 55V eU*(z) BFELT,V CU &5 5.

HE . EREERIE 2 U —ERITE £ 20T TIERW.
Bl 2.6.5. X ZEHEfEZER, x € X &9 5.

U (z) ={Uc(z) [ e > 0}
FEAEHERTH S (] 96 ).

U™ (z) = {U (x) ‘ n e N}

3=

FHEEREERTHS.

FERA. UM (z) C U(z) 1EZHT S Do
TROU eU(z) ITHUL, M6 »n5dHbe>0MFHELT U (z) CU L7485, 1/n<ce
Y73 neN%EEnE UL () C Ude) CU. 0

U™ (z) = {B%(x) ‘ n e N}
FHEREAMHEERTH 5.
B 97. LD U™ (x) BEALHERTH S Z L 2RE.

B 98. U*(z) % x DHAEHER, U™ (z) & U () DENEL LTS, HED U € U*(z)
CXL, 3V e U™ (2) BEIELTV CU 45525, Z0rE, U™ (2) ik z D
KR TH 5.

# 2.6.6. fIfHZEMH X DE—AEH N (first axiom of countability) % A7- 9 <
E B0z € X W~ ATRUE O & 72 B AR R 2 R 2.
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Rl 2.6.7. FEEEZEFIEE B R E AT O
Bl 2.6.8. 2L —2 1V v RZEM R2 IZBWT,
{(x —e,x+e)x (y—e,y+e)|e>0}

A (z,y) OREREHERTH D, EBE, (v —c,v+¢) x (y—¢e,y+e) (IHl 2.2.10 TH R
MBI BT 28 (2, y) D edifETH Y, ZOHMOED HAMHE 2—2 ) v NiFEEDE
D BHMIE 30T 5 (] 2.3.6).

€ > 0}

FREIZ n IRoe2—2 1) w RZER R IZ2BWT
EH 2.6.3 THRZX S ICPHESIEEZHWTREO I S b h, ERIEREZHWT
Bsfir 22 TE5.

{ (xl —&T; + 8)
=1

1

A (21, n) OHASEHERTH S,

8 2.6.9. U (z) & z DEREHERLET 5.
O WHESGTHE & TEDz e OITHL, 2V e U*(z) WHEIELT, V CO &
AN

AEFH. EHE 2.6.3 X0, O BHHEATH L Z L LRD 1 IXFAMTHS. LoTRD 1 & 2)
MEETH S Z L2 REIX L.

. FEDz e O, 25U el(x) PFELT, U CO &5,
2 EED € O LKL, B3V € U (x) BEIELT, V C O L7 5.

1=2)2e0 T K& (1) &0, UCO %25 U el(x) BFET D, HAERE
ROEHLOVV CU 82V el (z) BHET 5. WSV C O,

2=1)U"(z) CU(x) PAWHS . FHLIHITIE,

TEOLTRHE ER) XV V CO LBV el (a) WMEtET 5. HAEHRDE
HEOV iz DEHERDOTV € Ux). O

HE . ZOHIHO L SIZ, 2 DEERICET 28402 EAEERICET A RMIEE X
ZENTEBGENLIELIEDH D, (EALFEREIZZOLISICERINTVWS.) ED
TEREZRETDH L THNHEEDD I EMNTE 5.

EXE 2.6.10. X ZAHHZER, U(z) 2 2 € X OEMHERET D, IRDKD LD,
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UlUecel(z)=zecU.

U2 Uy, Us € U(z) = Uy NUs € U(x).

U3 Uy € U(z), Uy C Uy = Us € U(x).

U4 EEDO U elU(z) ITRL, B2V el(x) PFIELT, VCU D, {EEDyeV I
SWCTU eU(y) 755,

HE . U435 & LT, i, ;& Oixir.

AERH. U1 BH S 20,

U2 U; eU(z) b 32L, EHED 2 €0, CU, Lm2BEE O, BEIETS. DL &
r€01N0; CULNU; THY, 01 N0 IFFHEATHZH S Uy NU; € U(x).

U3 U, elU(s) £T2L, HBRECOMHEL T cOC U, 45, U CUy, THH
X, 2€0CUy THB»5 Us €U(x).

UsU cU(n) T2, 0c0CULARBBELONBHE. V. i=0r3hE, VIiX
r 2B UHEERDOTV 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, &
ER 2.6.10 D UL~U4 23K DD T4, ZDe &, HMAEAEO C X ITRL,

O WHEATH S e AEBDxc OTRL O eU(x)

EEDDE, HEGRERIT X ITNMHEZED, U(x) ZZDORMHEIZET S 2 e X DEfERT
»H5.
7, MAZEROEER?S ZD XS IZUTED AT & DA E —8T 5. O

BIEE . 152
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2.7 AR, WEB, 488, TR

£ 2.7.1. X 2R, ACX 2H0HRELT S ACEEND X ORIEET AT
@%ﬂ%é\ﬁ: A ORER (interior) X\, A° TKT.
U o

OCA
O:open

DX AZEENIREETHE2D0, AITEENIHERIIDLRLLE—DIIFHET S
TEITHER) £/ 241031280, A° IFHEATHS. £/ AITEEND (BEBRK
WHELT) RKOHEATHS. (HSHMZ A°C ATHDY, OcAblF'aﬁ%/\fZém g
OCA TH3))

M 99. AC B= A° C B°.
ff 100. A: open & A = A°.

EE 2.7.2. ACX 2HnEs, e X 2T 5.
x 7 A DAK (inner point, interior point) TH % S D5 U WFIELT,
UCA (B0WrzsL UNA°=0) .

TAMBEEIIT, W ADHNRTHEI L L, AN x DEHETH D Z LIFFAMETH 2.

Bl 101. 2 D" A DA & ANz DEHETH S, Thbb, HEHES O PEHELT,
z €O C A.

A 102. U*(z) 2 x DERERERE TS DL &,
xﬁfA@m5<:> B3V U (x) BEELT, V C A
2, BRI B VT
DR ADHE & H5e>0MNFHELT, U(z) C A
([ 96 Z.)

EIE 2.7.3. ADNER A° X A ODNEBEKDRTELTHS.
Aoz{x€X|miiA®V\],ﬁ}.
bbb, xe A° ©x DHHEMHE U PFHELT, UNAS=0.

FEHH. 2 DY A DOHNERSIE, 2 €O CARBHES O PEETS. ORAIZEEND
BHEAZDS O C A°. k- Tz e A°.
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—FHrecALtTEL, 2 e A° CATHY, A° IFPELRDT Ald x DIERE, T4ab
Bz ld A DR O

Bl 2.7.4. nkGE2—2 Y v RZERE R TIEERO NI, $4b5 B.(z)° = U (2)
ThH%.

AEH. U, (z) 3BEETH D, HSMZ Uy (z) C Bo(z) TH S5 5, U.(x) C B.(2)°.

B.(z)° C U.(z) 2% 5. y € B.(2)° £95. y=zR5IEWHSHITy e U(x).
y#£x&3d ZDEE d(x,y) #0. B (2)° EHEELZDT, 5 e > 0P FEMELT,
U.(y) CBo(z)° £%5. z=y+—— (y—z) R B &,

2d(z,y)

19 g 19
d(yaz) = HZ—yH = HQd(x,y)(y_x)H = m”y—x\\ D) <eg

=06, 2 € Udly) CBe(z) 7220, d(x,2) <r. FEVADS d(x,2) = d(z,y) _|_§ 7
DT

d(z,y) :d(x,z)—ggr—g<r
WX yeU.(x). O

QBN SN MB &SI, M EEEEZEIIZ BV T Uy (z) C By (z)° B D 0. U
A USERIEB T U D 70,

fl 2.7.5. X &2 DOl ke & OHBEEIZM L 5. Bi(z) = X DT, Bi(z)° = X.
~J5 Ui(z) = {a} £#5, Us(z) C Bi(z)°

Bl 2.7.6. 1ot —2 Yy 2R R OFDES Q DNEIFZELES, $742bbQ° =0T
H5.

FERA. Q AR ER 2RV L EZREIEL V. reQ T 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 DHWATIEA. O

EI 2.7.7. AABC X 2HOHEELT DL SIRHPEY LD,

11 A° C A.

12 (AN B)° = A° N B°.
13 (4°)° = A°.

14 X° =X, (°=0.
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AEEA. 11,014 133 5 20

2. (ANB)° C ANBCAT®YH, (ANB)° FHEAPZ (ANB)° C A°. [k
2 (ANB)° € B°. £->T (ANB)° Cc A°NB°. —/H A° C A»DB°C BWYx
A°NB° C ANB. A°NB° 3% ELDT A°NB° C (AN B)°.

I3 A° XA IZEBENZHEATHEDS A° C (A°)°. 7211 &b (A°)° c 4°. O

S 103. £ 11,14 &RE.
MESONEIZOWTIZIANZ 5.

B 104. (AUB)° D A°UB° 2K DD, ULnUL (AU B)° = A° U B® i3 —MITIZRT
L7,

EBRARE oD 3@ 40 D NERIZ D W TIFIRDAEBARDIAL D 2D, UL UEFIT—MRIZITE
VA DRANAN

S 105. (m AA) C ) A3 &RE.

AEA AEA

Bl 27.8. R%Z 1 kouxa—27 Yy N2, x e R&dT%5. ne NIZHU A, =
(z—Liz+l)ycRes 0L, A4, = {2} TH2H95, (Moo, 4,)° = {z}° = 0.
—H An, BBESGRDOT AL = A,. £oT N2, A2 = {z}.

B 106. EOFIDOHFER N A, ={z} BXO {z}° =0 2xE.

EE 2.7.9. ACX 2nHEEGLT 5. ADHEADONEEZ A DAER (exterior) & \»
W, A¢ THET.
A = (A°)°.

A D% ADHREWVD.

A DRI, A LZDOIRWRKRDHEATH S, EBE A 13 A ONERZ1 SHES
THO, A° C A DS A NA=0TH5. O O0ONA=0ThHhsHEGLT DL,
O C A 215 O C (A9)° = A

EE 2.7.10. AT ;= (A° U A°)° % A DIEFR (frontier) &\ 5.
A° A F L EILHEATH B0, TORMELGTHD AN BHELSTHE. £
A°NA =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 ODEAREFHERET L. IFFAMETH 5.



2 FE AR & A AH 22

1. z € Af.
2. x DIEROEBHE U IZOWT, UNA#D 2D UNAC£0).
3. MEBOU ceU* () IT2PWT, UNA#D»DUN A # (.

A 12 FERL273 &0,
reA°<3IU el(x) : UnA®=0.
M Uiamz A 1IZfio T
reA°=(A) «Wel(x):UNA=1.
L7zhoT
reAl cxd A° o g A°

SYU elU(x):UNAZQ 2D UNA® £ 0.

23R L.
B 107. 2 & 3 2.
% 2.7.12. A = (4.

AEHA.
reAl eVU clU(z) - UNA£DHDUNAS#(
SVYU eU(z):UN(A) AP D UNA#D
&z e (A%
B2V E (A°)° = ((A9)°)° = A° KR LT,

(A9 = ((A9)° U (A9)°) = (AU A°)° = A/,

O

EIE 2.7.13. X 245275, B (—)°: P(X) —» P(X) »EH 2.7.7 D [1~14 % H

deds ZoeE HAEREACXITHLU,

ADHEETH S cﬁA =A°

CEDDLE, FARARKRIE X IThitEzED, A° ZZOAMMHIZET S A DHNETH 5.
F 7z, MMZERONE PO Z DX ST TEDAMITD L DML —HT 5.

BB . 86(1)-(5) (WNEE, SN, Bift ke &) |, 163 (NiBZRKD &)
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28 Mg, MR

EFE 2.8.1. X 2hifH%H, AC X 2HnHEaL 5. A280 X OfEEIRTO
WERD % A OFE (closure) X\, A £721% A THT.

ﬂ F
F: closed

(X FHEARDT, A 2ECHERIDRLE —DIEHFHET 5 Z LIER.) T 2.5.2
3IT&D, A FHEATHD. £72 A 260 (AEBERKRIZEALT) NOBEATH 5.
(Hﬂbfa> A*DATHY, FOADPMEATHNIF D A TH5.)

M 108. AC B = A® C B“.
f 109. A: closed & A = A,

EFREHD L5 L ITHIEATICIZRERLED 5.
T 2.8.2. A% = A,

AEHH. A® D A YD Z A% C A°. A IFRRAET A ITEENBHDT A% C A,
—J, A° D AC PR AC A®C. A IFHEAT AZEATVWEDT A% C A°°°. &»
T A%c 5 Aco.
BE, EBORNEZEELEK L THH05. O

% 2.8.3. A°c = Ace,

FEH. EOEHZ ACITHEHET U X V. O
% 2.8.4. A% = A°c = A° Ly AS,

FEHH. A% = A = AT, X = A°UATUA® Thothd, A*=Ac=A°UA. O

#£285. ACX 2 0HEA, rc X 75,
z A Ot (adherent pomt) Thb o DAL DR U XL, UN A # 0.

EHLOVHSHI, 2 W ADMETHZZ L L, 22 A° DHETIEARW T L IZFRET
»H5.

K e UTid (MM OGE IR OMEMENP S 305 K IEBRIZES THBH M)
TP ADMBTHZLVIDIE, x DWW LTHIELKIZADRDHDE NS T L.
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B 110. U*(x) & x DEAEHERE TS D&
x W ADOMK < VU eU*(z) : UNA#D.

EIE 2.8.6. A DA A% X A DS 2EDLTELTH S.
A“:{xEX|xCiA0)@Eﬁ\}.

FThbb, 1€ A% &z DIEFEDNEE U 2L, UN A £ 0.

ERiE

x €AY & x e A
S axd A
&z ld A° ONE TR RN
& ox ik A Dfilis.

% 2.8.7. 1kca—2Y v RZEH R OETRWVERAE S IR KAIT, /NG ERD.

. ACRZ2ZETHRVWERBAEEG LTS, AXETRVWARESED S ERMEET
5. s=supA B WELIT28 LD, FEEDe>0ITHUL (s—e,s]NA#£) THEH
5 sIEADEDPZR s e A% ARG A=A THbd. koTsecALirb,
s = max A. B/NGIZDWTH AR O

% 2.8.8. X MHfzEMOL & xre A & d(x, A) = 0.
AEH. X ZBHEEZEH & $ 5. {Ue(2)}og 2z OEAEHRTH S 2 L ITERT UL, &
A 2.8.6, [t 110 & v,

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 FZEHE R” TEHROMTIEHARTH O, HHIIRMTH 5,
305 U.(2)® = B,.(2), Up(z)f =S, (x). (7z7ZL 7 >0.)

FERH. BIZX e 2.8.6 A, # 2.7.4 LREMKIZLT U, (2)* = B,.(z) B 5.
AR IE. U () = U (2)*\ Uy (2)° = B, (2) \ Up(2) &9 Uy(z)f =S, (x). O
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M 111. n=20¢ &, LOEFEA U, () =B,(z) 2R, 7z, EEEZEMIZBE VT
U, (2)* = By(z) (& D 2D 07

Bl 2.8.10. 1 XL —2V v REMR OEAEAEQIZO2WVWT, QF =Q* =R TH53. &£
B, W 2.1.7 B I OUEH 2.7.11 725 QF = R 205 5. FEMlIZ 2 R .

112, %R Q =Q¢ =R ZxRtE.

EIE 2.8.11. A, BC X 20 EELTH L IIRDED LD,

Al) A® D A,

A2) (AUB)" = A*U B“.
A3) (A ) = A"

Ad) Xe =X, 0*=0.

AERA. wHL 2.7.7, 2.8.2 21X
(AUB)* = (AU B)”° = (A°N B°)°° = (A% N B®)® = A°°° U B®°° = A* U B®
FLUTRES. £86A3A0MDAEEH 5. O

W . B OWTIE, (ANB)® C AN B* A D SO A E S IF— I XA L
2\,

L —2 Yy RZEH R OHHHES A =[-1,0), B= (0,1 2&Fx5¥&, A* =
[—1,0], B*=[0,1] TH2h 5, AN B* = {0} 725 (AN B)* =0* = 0.

bo il UTiE, Q Q CREEZXD L, TItAhzL D! :@f Q*=R. &»
TQY=Qf =RZED5Q=R. LEMN>TQ*NQ*=R. —#5 (QNQ°)* =0.

f 113. Lol (0,1]* =[0,1] Z2RE.
B 114. (AN B)* C A* N B* 2/"¥.

T 2.8.12. X 2846575,
Gl (<) P(X) — P(X) AUEH 2.8.11 D Al~AL 2 BT T2, 20L&, HH
E£HACXITHL,

ADHAEETHS (ﬁA = A¢

EREDDI LTI X ITRMEPAD, A% X OAMIZE T2 A DU THS.
F 7z, MAHZERIOAEN S ZD X S5IZUTEDZAMHIFZE & DM E —3d 5. O

BIREE . 86(1)-(5) (FHEZk® &.) , 163 (FHazZkd X.) 7k, MWEETIE A DHEZ
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5N

EENTVAS.
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29 xR Ik ERE

EFE 2.9.1. X 2AitH2EM, AC X 2HnHEEeLd5.

r € X 2 ADERES (accumulation point) TH 5 S DIERDER U XL
(A—{z})NU #0.

A DERROEEE A DBEE (derived set) L\, A THHDT.

ADfae AN ADERMTRVWEE, Thbbac ANA) ThdLE, a%k A
DI (isolated point) £\ 5.

fill DT (K 2.8.5) LHKTARLNNEE510, 2 RN ADERETHELVWS T
i,z WA —{z} DR THD L \WD Z itz s, (Ml 2.9.4 Z18)

X DHEEEM OGS, 2 BN ADERERTHELVIDI, 2 DWW 5 THELIZ 2 TlE
BWADERDBZL WD Z L, (i 2.9.6 21)

HE . A—{z}=An{a} =225, (A—{z})NU = (An{z})nU = An({z}NU) =
ANUN{zx}c 2DT,

(A—{z)NU=ANU — {z}) = ANU — {z}.

A 115. U*(z) 2 o DEAKEHERET L. ZOLE
x W ADERER & VU elUd*(z): ANU — {x} # 0.

WL LUOE—2 Uy RERRIZBWT, 550 {a,) OEBIE (375 54 51 DR
) &, {a,) #EOE R Y 2 OERUEE BHIOMATHS.

M 116. 1t —2 Vv RZEMRIZBEWVWT, a, =1 THEX 5N EHH {a,} DERIEL
FERRERD K.

fl 2.9.2. 1ot —2 Yy FEBR OBAESG A= {1 |neN}izonwT, 4 = {0}
THb. £<ITADRIFETMILIA.

ZFHA. L.0eA THEIL. RO e>0IZHL, B2 ne NOBEFELT, L <&
5. £oTLeANU(0)— {0} #£0 DR 0 A.
2. TEDx A0 L, 2 g A THBZ L.
i)z<0DeE e=—alBFTEX,e>0T, ANU(z)=0DR g A
ii)0<z<1DLE,
Lr=1€cADrE e=1 -5 tBFE, e>07T, AnUc(x) = 2.
FoTANU(z)—{z} =0z g A
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iz g ADrE N=min{neN|l<z} 2BFEX N>27T, <

T < gy THB e =min{o-f gy -af LBYE > 0T,
ANU.(z) =0 A x g A.
(ili) 2>1D&&E. e=2—-1BFX,e>0T, ANU(z)=0WDx g A

O
B 2.9.3. 1k —21) v REFR OEHESLEQIZOVWT, Q) =R TH 5.

. Yz € R, Ve > 01T L, M 2.1.7 X0, QN (Us(@) — {z}) D QN (2,2 +¢) #
0. O

M 117. 1kt —2V vy RE[M R OHKPEEZIZOWT, Z =0 ThHb.
i 2.94. re A s xe(A-{z})".

A, ER 2.8.6 LEBMDOERNS x € (A—{2})" & 2z DEEDERHE U ITDOWT
UNn(A—{z)#DezecA. O

ADHEI, Al ADERMRZETHNIMNAZBDTHS.
g 2.9.5. A= AUA".

A, AC A THhD. £/ EomBE 294 k0 re A e (A—{z})" C A koT
A C A%, UL7zh>T AUA C A2

—Jire A O g AT L, A—{a}=ATHEh5, z€ A% =(A—{z})" D
ZxeA. UlzhoTA*C AUA.

(cf. A =A"N(AUA%) = (A"NA)U(A*NA°) =AU (A% N A9)) O

H 2.9.6. X ZHMEMETS. COLE se A o LD e > 01CHL Ul(z) N A
DAL

AERH. < I S 7.

=. WNHzE2RT. HEIEDOE e WHFIELT, Ul(x) N ADPERESEZLT S, Z
DeEU(x)NA—{z} BAEMREAETHS. Ua)NA—{z} =0 D ETFEHEE
Do g A, Uf(x)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
x g A O

A 118. 1. EO <« ZmrE.
2. LT U (2)NA—{z} =0 ThoDIXRENHIE L,
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B 119. 2 € X 2 X O < {2} 7' X ORES.
B 120. A:closed & A’ C A.
M 121. x € A = (A—{a})" = A% (FHEXHHBAAEL LR

PRZESE . 86(1)-(5) (M#EAERDX.)
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210 R®m 2R

EFE 2.10.1. X ZAMHZEM, AC X 208462 T 5.
AN X CTHE (dense) TH 5 (ﬁA“ =X.

EFE 2.10.2. DL BEENEEREFEMLELT, TN X THETH»I LS, X 379
(separable) TH 5 &\ 5.

©& 2.10.3. A M X TH
SHEEDrze X &, s DERBOEHE UKL, UNA A
& BTRWEEOHESR O IZH L, ONA # (.

. A ORMEIZEE 2.8.6 X OIS A. =D HORMEI,
=)0 RETHVEEALTS. €0 % DL, Oldr 2EDHESENS ¢ DF
B XoTHENMS ONA#0D.
S)reX TR UrksDEHETEE, 2 €0 CU LAEBHES O BEETS.
2 EOENS0£D. EoTHREEY ONA£D. LEA>TUNAZD. O

M 122. 1. EOROFEMEZHIE L.
22 AV X THE c fEDze X &, FEDOU e U (x) IZHL, UNA#D. 272U
U* () 1F 2 DERERER.

% 2.10.4. A,BC X % X THWELZMIEALT, BIIHESZLTS. 20L& E ANB
tH X CTHETHS.

G, O 228 THRVWEESL UL E, ON(ANB) £ 0 TH2Z i REE IV, KE
5 BIEMEZDT,ONB#0. O,BIEHAESEZ?S ONB IZETRVWHESTH 5.
AFWEZ»S (ONB)NA#D. O

IEARIE CE DR300 5.

% 2.10.5. AC X & X THZERESES, O1,...,0, C X % X THELRHES LT
5. 20L& AN(N,0:) d X THHETHS. LT, 0; b X THETH .

5l 2.10.6. 1 Xt —2 Yy FZEMRIZEWT Q IXHED 2, R IXA[4.
QQUEEFR THWETHANQNQ°C = 0 IEFIZE TIX AW,
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Bl 2.10.7. X ZEEEAFHERET5. TOLEAEEDAC X IZDODWT A= ATHS
o X DaEESETRITIE X Ao TiEwn, &I RICHEHEPEHS 2 Wiz d O ldaA]
DTN,

5l 2.10.8. n XL —27 V) v RZE R” O EE
Q" ={(z1,...,2n) |z, €Q (Vi)} CR"
IEFAZ 5 R™ 13 A[47.

FEHH. ERED x = (21,...,2p) ER™ & fERED e > 0 ITH L, fi 21.7 X0 L2TD i I
MU (v, —e,xi+e)NQ#0. £oT

(f[(:zcZ —e,x; + €)> nQ" # 0.

=1

XoTaxze QM) (cf #l2.6.8.) O
Bl 2.10.9. il 2.2.9 D R® DU EE A ZIRTED 5.
A={(21,...,21,0,0,...) | 2, € Q1 <i<k), ke N}

Thbb ADIX, FUODOERMITIEHE, HOIFETOTHS LI HFER. Zok
X ARNEELETHH R® THETHS. L>TR>® A4,

GEFH. ke NIz LT
Ap ={(z1,...,2,0,0,...) | 2, € Q (1 <i < k)}

B, EELLTA2QPTHY, A=UX A Zh o, AZWTREATHD.
x=(21,22,...,) ER® ETBH. Ve >0IZNL U () NAADTHBEIL%ERT.
e>029%5. keNztnRkE<es

) k 2
> e
1=1 1=1

ERB5. y,..,u € Q% Jy, — x| < &&E%J:ib:&%. DL Ey =
(y1,--+,Yx,0,0,...) € A & = OFEEIX

k %
d(%y)J‘ (-szz)QJZ(xzyZ)Q—i— Z xf<\/k’%+§:8.

i=1 i=k+1
£oTyeUl(r) 2720, U (x)NA#£D. LIzA>Taxe A O

WK

1
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% 2.10.10. ABC X &7 5.
AP BlzBW\WTHS% (ﬁAa O B.

fl 2.10.11. R%Z 1k —2 Vv RZE[{E 9 5.

1. (0,1) € (0,1] R 22T, (0,1)* = [0,1] D (0,1] 725, (0,1) 1% (0,1] 2B W
TH%.

2. QQ°CRIZOVWT,Q*=RDOQ5 Q“=RDO>Q7%Z»5, QI Q°IzHVT, Q°
X QITBWVWTENETNHE.

& 2.10.12. AC X 95%.
A 2R (nowhere dense) < (A4 =,

PRE 2.10.13. A 22 < A° » X TH%.

AIEHA.
(Aa)o — (Aa)C(IC — Aacac — (Aac)ac — (Ae)ac — (Aea)c

M,

ADNEH & (A = (A")° =)
S A =X
& ACHIFHE.

O

A 2.10.14. A B2l & EEDOETRVWHES O C X ITHL, O ITEENHETKR
WEHESE O COT,ONA=0 22500 EHET 5.

ZFEH. M 2.10.13, M 2.10.3 £ 0, A DL o A° BHE o FEOETRWHEES
OCXIZHLONA £DTHDI LITHE,
=)0 ' =0NAc &BELL, LOEEPS O I3ZETR. 72 A ZHEELRDOT O
HLHEAT, HODMZ O WZEENS. O C A C A6 O NA=0.
<) O &% f&mﬁ-ﬂ%/\t?é ONA®# ) ZREIFLV. RKEL D, BTRVEE
HO0 COTONA=0,RB2EDPEFHETSE. O XA LRDLBRVHESRES
O' CA®. £5T,0NA°DO #0. O
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211 RHDINH

£ 2.11.1. X 285275, HREO2AKNPLS X NOEHEZ X ORFE WD,
MHLFN = X & f(n) =2, THDLE, LIZUI, 855 21, 20,... H5 VIS
{z,} eREINB,

#F 2.11.2. X 2MMHERE TS, X O8] {z,} o e X RT3 @ DIEED
HREUIZHL, DEEARBN e NBHFELT, n>N%B6Ez,eU 8&5

FA {xp} e e X ITRT 2 & &, 2 255 {x,} DBRA (limit point) &\,
lim z, =z ®»2%W\Ez, >z (n—o0)FLEL.

n— oo

M 124. U*(z) 2 x DEREFHERET5. ZDE ESREZTRE.
lim z, =2 S{EEDO U e U*(x) IZH L, HEHARB N e NBFIELT, n> NS

n— oo

Xz, cU kb,

M»—-

WAL X ABEEE T 5. 1€ X THU {Ul(n)} oy BEO {
TERTH BN S,

(z )}kEN EROE TN

lim z, ==z
n—oo

<Ve > 0,dN € N,Vn > N, z,, € U (x)
<Vk e N, AN € N,Vn > N, x, EU%(CL‘)

Thsd. LI 1WmLa—2Y vy NEH R OF] (FZHH) OPRIZOWT, EDOE
% 2.11.1 L EFEOFEBFIOIRDEREIIFMETH 5.

B 125. d kot —2 Vv REM R O 84 {2,}, 2, = (Tn1, T2, ..., Tna) B a =
(a1,a2,...,aq) € RUZHERT 272D DBEFRFMEFETO i (1 <i<d) IZD20WT, £
ﬁﬁ” {xni}nEN 7b§ a; € R LZlIXﬁiTé Z af%é

rA{z, e e X TPRTZHLE lim 2, =2 £EFELDTH B, DA AHZER

n—oo

WZBWTIRIBEAERN —BEIZEL DI TIERVDT, ZOHEICRTEENBLETHS.

R 126. X 2ZEMMHEM LT, 20 E, X OFEEDSHIE X OFEED FIZINK
35,

EE 2.11.3. FFREEM X 2BV TIE, SAOMRSIE, FETE, E—DThs. (X
7% Hausdorff 22[] (%% 3.3.1) THNIT L)

FEH. € X 2R {x,} DMREATHELT5. ye X, x££y &3 5.
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e=d(x,y)/2 B &e>0.
z € Us(x) = d(z,2) < e = d(x,y) < d(z,2) +d(z,y) < e +d(z,y) = d(y,z) >
dz,y) —e=ec=2¢ U(y) 2o

Ue(z) N Ue(y) = 0.

G ax= lim z, THEINO, HBEIZHRBN PEELT, n> N %5z, € U(x) &7

n—oo

5. > Tn>N7%bilz, €Uy 2720 y X {z,} OMBMHETIER. O
EHE 2.114. ACX &T5.

1. ADgid {a,} Ge. VneN:a, €A NareX ITPORTNIEz e A* TH5.
2. v € X WAREARRFERZFTIE (2 <I2 X DEERZEMZRSE) FEELVL. §
whb

re A’ ADRS {a,} T lim a, =x L7225 DIPFET 5.
n—oo

GIERH. l.a, €A, a, 2 &35 2 DEEDOHEEUIZHL, HEER N BPEEL
T, n>N7%5Ea, cUTH3. £<iZay cUNADZ, UNA#D. &oTHE
B 286 £ xe A%
2. {Upn}tneny % x DATREREHERE TS,

EBELE {(Votnen o OHREAREHERTH D V), D Vg DD LD,
EH 2.8.6, i 110 &0

reA*SVneN:V,NA#£(]

TH5. ZEneNIZHNL, a, eV, NAZ =D, 55 {a,} 225 L, WS
IZ lim a, =z. ([ 124 214)
n—oo

O

HE . JAITIRZRL, 7402 —DURE WS Eaz2 M2, —OAMHZERTE 1)
HE D ILD.

B 127. ED {V,}pen 22 OEREHERTH D Z L 2RE.
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* 2.11.5. 1. A: closed = A @ g% {a,} PHER r e X 2£ TiEz € A.
2. X DEE—AHEAM (E# 2.6.6) 2A-EE (& ICHEMZRIZEWTIR) #H K
DALD. T7bb

A :closed & A DS {a,} PSRz e X 2HTidz € A
FEAA. A closedes A=A THdHI L e, T 2114 K 0HES. O

B 128. X ZpHiixfe 95, ZoeE

reA o ADridl {a,} T,a, #z (Vn €N) DD lim a, =z £R5ELEDVFET 5.

n—oo
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2.12 FAW{IAE, B0 ZEME
T 2.12.1. (X,0) 2AFHEM, AC X 2M0EELT 5. ADWNEATE Ox %
O,={AN0O |00}

CEDDE, Oy 1T ADAIMERS., ZOMMHEZ X I2L5 A DBEXAME (relative
topology) &\ 5.

FALAHZEE O L EITHNAEZ W TRAHZER & Rz & &, 892/ (subspace) &
W,

B9 129. O4 2 A IZHRiHZED D Z & Z2RE.
ERA BEEEZE I DA A Z AR TA LS.

B 2.12.2. o PEEEZEE O A IZHENAAETH 5.

Thbb, X 2R, A C X 202N, B C A 2R HEEG LT 5 & IRDEK
URVASR

BlZ ADHEATHS & X OES O BPFELT, B=0NA.

A, a € AT U, a 2T B R r D AITBIT HHBK
Uy(a)a ={z € A |d(a,z) <r}
1%, a 2L ETHHEEr 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. HHMZERORESIZHRONESTH -7 (EH 2.3.5)
"o

B:QUM:%MJHA (UU)

YD, E L Una, Uy BENTN A, X TBTF2MKTHS. 0=, U, EBFIE
L.

WIE EOFMmE P ZENIXTI WD, MFOLSZLTH LWV, O C X »EST,
B=0NATHhbL95. 2c6BETHL, 2cOTHY, OHEEDX, HDec>0
WEELT, Ud(z) cO %53, Ulz)a=U(e)NACONA=BWx, Bld ADH
£4H. O
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161

iR 2.12.3. X Z{itHZEM, A Z2ZDHnEME U, BCALTA. ZDLE,
Bl ADHELTHE & X ObHLHES F BFHELT, B=ANF.

A BC ACHL, BO X 283 5HMiEA% B, Albh 3 aHMiEa%s BT v &Lz
129 5%.

B={rxeX |z¢ B}
B ={zreA|x¢B}=ANB"

CcXetay,
(ANC)® = AN(ANC) = AN (A°UCY) = ANC®

ThHhdILIZHER.
—) B ADHEETHHLTHL, BY ¥ ADBEAS. k>T X OBES O HMEAE
LT, B =AN0O k%%, F=0°tBI}E, F ik X OHEATH Y,

/

B:(Eﬂcz@ﬁwnd:AmOW:AmR

S) PR X OBHEAT, B=ANF TH5295. O=F B 01X X OFES
Thsb.
BY = (ANF)¥ =ANF=ANO

Y70, BY 13 ADBES, WA Bl A DBES. O

HE . BCACX ¥ 945. B=ANBTHADOT,BH»R X O (F) £&ThHNL, B
W 2e A b (B) £8TH5. UL UHIE—MRITIEEZ L, EEE AB X O
B (BA) & TIERWvwE &, AIXEn%EM A Tk (B) 8 TH 50, X TIEZ S5 Tk
A

ADFEED D WIZHEEGD & SIHIRDVE D LD,

Rl 2.12.4. X AR, AC X 220 () £#6& LU, BCALT5. ZDLE,
B2 A of () £6Th5 < BlX X OF (H) £6TH5.

M. < I Z ETHELEZ. = 2R%ED.

AN X OHES, B ADHEATHDLTEH. 20L&, X OHES O BWEFEHELT,
B=ANO & %%. A, 0Ltz X OBEAETHENS, BEH X ORIES.

FHEEA D 5 & [k O

B 130. ARG D/ 2.
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M 131. X Z{MHZ%EM, A 22D %EM, r€e A, VCALTS ZOLE
VRAIZBIS 2 DEFE < 2D X IZBIT5EEU BEELT, V=UNA.

M 132, X ZAiAMHZEM, A 22 0Ea%Efe 35, 22 FTIZHEo I2Bk4 RE&IZO0N
T, AICBII2EDE X IZBII2HD0L DEBREERT K.

BZE%E . 185

Bl 2.12.5. n+ 1 ke —2 Y v RZE/M R OfR4 22 [H

n+1
Zx? = 1}

=1

Sm = {(wl, o Tpg1) € R

(Fiz b &4 548 1 OBKA) % n RITHKME (n-dimensional sphere) &\ 5.
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2.13 ERER
Bl 2.13.1. WAMDFTHEAL, BEOEEEZ B VEZ 5.
1ZHEB fR>RAPRaecRTERETHS LI
Ve > 0,36 > 0,Vx (Jx —a| <0) : |f(x) — fla)] <€
MWD NDZ L TH o7z,
Riza—27Vy FE#iZ N5 &, ZD5MIE
Ve > 0,30 > 0,Vx € Us(a) : f(x) € Us(f(a))

HBHWNE
Ve > 0,30 > 0: f(Us(a)) C Uc(f(a))

LETDL. XI5, e IHERRPEREERE LT I L ITERT L, Zhik
YV eU(f(a)),3U eU(a): f(U)CV
LIRETH 5.
IS F XA TRAHZEMBDHE OGO ERMEZIRD LS IZEDS.

T 2.13.2. XY 2= T 5.

B f: X =Y D a € X TEHE (continuous)

(%f(a) DIEBDERHE VTR U, a DEFE U PFLELT f(U)CV &iRb.

[ X =2 Y P X OKHATHEGETHD LT f 2 EHEMR (continuous map, contin-
uous mapping) &\ 9.

T 2.13.3. HEEH f: X - Y X, 2@HETHO 1O EGL [~ b Th D L &,
E# 5 (homeomorphism) TH3 &\ 5.

X 75 Y NOHEMEEGVFET DL &, X &Y XA (homeomorphic) TH 5 &
W,

M 2.134. G f: X - Y 2 fHa € X THft & fla) DEBOLE V ICRL,
fYV) ik a DEFETHS.

. fFU) Cc Ve UcC fAY(V) Thy, BE2E50HEGEHETHEZL (B
B 2.6.10 U3) &, f(f~1(V)) C V TH5 T LT AU S . O
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fE 133. GERH DG % .

B 134. X %#fiHZEM, (YV,d) 2iE#ER e T35 ZoeE B8 X - Y PR
a € X Tl S EFEDe >0 L, HaDHBEHEU PFELT, 2 €U s
d(f(x), f(a)) <e £73.

AARZEE D[ D HEE EAR T LA R D & 5 IR T 51 5.
TE 2.13.5. f: X Y 2552 T 5. RILFEME.

1. f idad.
2. FIEAD fIZ k24 IIFHES.

Tbs Y OEEOES O L, f71(0) 1k X OBEETH 5.
3. FIEAD fIZ X2 BIHA%ES.

ThbL, Y OABOBES F iz, f71(F) I X oMEETH 5.
4. X ODREBOWHES ATNL, f(A%) C f(A)™

AL 1= 2) fAEEE L, O 40D 2 Y ORELELT S, EED x € f71O) ML,
fz) €O THY, O BHELGERS, O X f(x) DEBETHS. fldMx THEHBERDT,
M 2.13.4 &0 f7YO) ik z OEHETHE. Ko TEM 2.6.3 &b f71(O) FFHEAT
»H5.

2=1) TEOHEADHBRIIHEEGTHLLTD. 0e X &L,V & f(x) DiifEL T
5. EEDERNPS, f(x) €O CV LRBHES O VEFETS. U= f10) LB,
WELY U BEATHY, 2€ U THE05,U ks DEHETHS. f(U)COCV T
HBWPS, fIEM r TElE o MERICE 5720 T f IR

2&3IPI L.

3= 4) EBEOHECOHGEIBHELETHE LTS, f(A) C f(A* THENS
AcC 7L (f(A)Y). fA BBEATHEROMELD f7H(f(A)) BHIEA. £oT,
At C fTH(f(A)Y), $75DB, f(AY) C f(A)".

4= 3)EED AT, f(AY) C f(A)e THBLTB. FCY 2HELELTS.
FUfYP) CFIERT R, RELY f(fHF)) Cf(fHF) CF*=F. &>
T YR C fYF) &b, fFHF) = f~YF). LEd->T f~YF) 13HE4s. O

B 135. D2 < 3 ZRE.
i 2.13.6. f[: X - Y D aec X Tl & VAC X(a e A%) : f(a) € f(A)™.

. =. YV e U(f(a),3U e Ua) : f(U)C V. ac A 235, UNA£DD
ZFUNA) 0. VNf(ADfONFA)DFUNABZVNFA) #£0. £oT
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fla) € F(A).

e BHEEAT. f e THETEWET S, IV € Uf(a),YU € Ua): f(U) ¢ V.
A=Y V)= YV s, UV aU¢fIV)aeUNA£DIT
ERETHL, a€ A THBH. i, WoHHIT f(A) CVEDX F(ANV =0 2D
fla) & f(A)". O

Bl 2.13.7. X ZAiMZERE, A 22 DOHAERE T E, AEER I A - X 1FEKET
H5.

R 136. Z2Eh.
SVZIRDIER D VLD,

I 2.13.8. X #MHEM, Az 2 DMoEAEL TS, A OHENMMEIK, S&5H
1t A= X PHEBIZRDEED ADNHOS bRHITTVWEDTH 5.

FERH. Ef 2.13.7 THR7Z X512, A ITHNMHEZ NS & 4 3ERTH 5.
Frz, i (A,0) = X Wl THNE, X OERORES O Li~H0)=AN0 %
BIEEGZ06 AN0 € O. $7%bb, HXAHIX O L 55w, O

Bl 2.13.9. XY ZfiMHZEHRE $5.

1. X Do &, FEOEHR f: X — YV IXER{KTH 5.
2. Y NEEMMHER DL &, FEDEML f: X =Y 3#ETHS.

B 137. 8.

#l 2.13.10. X 285G, 01,0, & X OfitHE 956, Z0& SHEEGH 1x: (X,01) —
(X,0:) i ThHHI e, 0, <O THHZLLIIFAETH 5.

M 138. ZaEh.
EHE 2.13.11. XY, Z Atz & 5.

1. : X =Y, q:Y 5 Z2editHlfinolX, 6figof: X - Z 1k TH 5.
2. HEER 1x: X — X J#EHETH 5.

ZEHH. 2 1341 2.13.10 TR 7=, 1 13 E. O
R 139. 1 Z/xRY.

LHD A, LORL, IRDIEKD L.
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B9 140. XY, 7 ARHIZER, f: X =Y, g: Y — Z 25835, f 25 a € X Tl
ThHY, gl fla) e Y THEBETHNIE, Ak gof: X > Z1dMae X THETHD.

MR ZETRI N DG D i M 2 R BB, RIFAHTH 5.

fRd 2.13.12. XY ZfiMZER, BCY 2802, i: B—>Y 2085/t 75.
& E,
G f: X — B2kt & Glio f: X — Y M3,

] 141. FERAE K.
HEAA L B L TROBEES LIXLIREbN 5.
# 2.13.13. X,Y ZAitHZEM, f: X =Y 254295,

1. f B (open mapping) TH 53 & X OILEOHEGDOBRNY OREET
H5.

2. f WEE& (closed mapping) TH2 <& X OLEOMHEEDENY OHES
Thd.

EENS 1 (F) BEchhud f(X) XY O () £4TH 5.
BEHHELE, B, HEHRTHEL VI DIEIZTNFIHLL S TH S,

Bl 2.13.14. X OEWHEH A DTEGH - A — X 3dETH D (H 2.13.7) 5, A HBH
() £aTmiFrudh (B) T4 Tidawn.

B 142. ADFEED L &, AEEHRIIFAGERN? HAEEDEEIXE S 1?7

fl 2.13.15. 1. Y DA O 2 & FREOES f: X — YV Zf» M54 T
bH5.
2. X WEEMHEEROLE, BB f: X Y ¥ (B) BhTthHsle f(X)»
B () £ATHBZLIXAMETHS.
(ffl 2.13.9 & kbt &)

Bl 2.13.16. X 285, 01,0, & X OfitHe 956, Z0e SEEGH 1x: (X,01) —
(X,05) 200 (F) BrchdZre, 0 <O, THBHI L LIFFAMETHS. (fl 2.13.10
e &)

Bl 2.13.17. ALFHZER X OEEEGILHEG DB DEAEHRTH 5.

B 143. BEEOEGKIIFEEERD ?
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FHBHRIZDONTERS.
EE 2.13.18. X,Y ZMMHEM, f: X =Y 2@ 5 6L 35, IRIZFEH.

1. f RS

2. BG4 g: Y - X T,gof=1x, fog=1ly 2A=THLONEFHLETS.
3. flFEHH ORI E 4.

4. fIXEHH»OHGA.

AEBH. 1=2 S D (g = f e BITIEEV) . 2=1 LD EBIDL S REHKyg
R, fIZEHEHTHY g=f1 Ths. 134 WD, BB, f Be¥sTH S
rE, FOHEG (BB ThHhErIre fIRNERTHEZEIIFAMTH . O
FER . EG AR RAHINT U RMEEHR IR S 2\, FEBR 01,02 2 X OMAT Oy <
O THHHDLT DL, # 21310 THRAZX S, HEEGH 1x: (X,01) — (X,0,) &
ERERREETH DM, W 1x: (X,00) = (X, Or) EHGETIXAR .

FEE . [ (X,0x) = (Y,0y) Mifi ThiE, 2B 56 f*: P(Y) - P(X) 1
f* (Oy) C Ox AT T

PY) - p(x)
U U
Oy > Ox

FA Gl SRETHIE, f5 P(Y) = P(X) LHMHTH B, f*(Oy) = Ox
THBLIERSA. fARAMTEDBEE £ (Oy) = O0x L% 5.

I 144. G4 £:0,1) — St % f(0) = > TED B &, fIREFEREHHTH ZH, [
ME&TIEZRW., 22T, [0,1) ZiEa2—2 Yy NF#» S EF 202 VN TWS. 72
CER2ZHAICA—HLTSI CcCLrARTWVS.

Bl 2.13.19. 1 %ou2—2 Y v RZEBOEFHSZER (-1,1) 56 1 %2 —2 Y v FZH R
~NDEB f:(-1,1) 2 R % f(z) =tanJz TEDD &, f IZAMHEERTH 5.

Bl 2.13.20. nXTEL—2 Vv RZE/ R Ofiz = (v1,...,T,) L, R IZEWT
S™ DI N = (0,...,0,1) &1 (21,...,2,,0) ZFEIEREN S? 2Xb 5 (N LSD)
MEpz) 95 ZRIZEDEH o: R — S — (N} BEE D, ZNEFAHEEGHRTH 5.
ZDOEBRDYGHE N 55 DILKE S (stereographic projection) &5,

& 145. 1. o(z) Z BN (21,...,2, ZFHVT) H5DOL, o PR THEZ L %
R
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2. o DWEHERD, o DWFHEAMEETH S 2 & &5t

EFH 2.13.21. FAHEHKRIZ L > THRZENDEE Z M E (topological property)
W,
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2.14 EFEEEZEE DB DERER

FREEZ2 O M O G41L, IO ED SMAHICE L CHETH L &, HETH D 0.
TROE,

B 2.14.1. (X,dx), (Y,dy) % iF#Ef L 3 5.
B f: X - Y D a € X TEHE (continuous)
ézgff(a) DAEEDERE VTR U, a DG U BFELT f(U)CV &5,
[ XY B X OERTEGETHD L E f 2&EHEEMR (continuous map) &\ 5.

PRI B W T e IEENEREHERZ LT I IIERET S L, (X, dx), (Y,dy) %
gl T e &,
G f: X =Y Dfiac X Ttk
SAEEDe> 0126, %6 >0MHFHLT f(Us(a)) C U(f(a))
SERDe>0I1IML, 5 6> 0DPFELT, dx(z,a) < BolX dy (f(z), fla)) <e
ThHDILEVDN5.

f 146. 2z,
Bl 2.14.2. f:R—-R % f(z) =22 TEDD L, fITHEETH 5.

. a € R &T5. f 2 a THERTHDZLERT.
e>0&9%. 0=min{l,e/(2a|+ 1)} &BLELI>0THY, [z —a] <IHEoX

f(x) = f(a)| = |2* — a®| = 2a(2 — a) + (v — a)*| = |z — al[2a + 2 — a
< |z — al(2lal + |z — al)

13
< —° (Qal+1)=c.
2|a|+1( lal +1) =

FEE . EORXZRIZOWT.

22 —a? DREXI R 2 —a DREITIEL 72\, fAEHTHEZ L E2RTDIZ, fD
T— 7 —BEAZMES 0D OIFMHYAREETEHLIINE, f(r) =222 r=aDFED
DTT—7—EBHT 5L, 2?2 =a® + 2a(z —a) + (v — a)?.

MOFEZFHL LT, 22 =(x —a+a)? = (z—a)? + 2a(z —a) + a®. 7B, ZHEAD
GE, BIZIEZD LS AR AFZE, T—F7—DEHIZE ST ICT—T— BN TE3
ezt s.

|
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Bl 2.14.3. (X,d) ZiEREZEM, 20 € X &9 5. x0 25 Ot Z I 588, T74bb,
dyo () = d(zg,x) TEELE DG/ dyy: X - RIZEHTH 5.

AEH. ZMAAERK D FED g,z € X ITHL
—d(z,a) < d(xg,x) —d(xg,a) < d(z,a) (2.1)

TRDE |d(xg, ) — d(xg,a)| < d(z,a) THBZ VN5, EoT, EED e > 01TH
U,d=ec&BL &, d(x,a) <d BolX,

|dso () — dyy (@) = |d(20,x) — d(zg,a)| < d(z,a) <6 =e.

P 147. FER (2.1) 2R

EIE 2.14.4. XY ZEHERE 5. Tk
f: X Y Hae X Tilifiies Hae X TNKRTZEEDHN {z,} XL
Tim_ f(za) = f(a).

oib fRAEGETHBE VS ZLiE, lim ZFIZVWNDEIENTES, §48bL

n—oo
lim f(x,)=f{( lim :z;n> LRBEVDIIETHD.

(
n—o0 n— 6o
A, =) A ae X TEBTH D, 8 {z,} D a ITNKRT D LT 5. fa) DIEEDE
BYVICHL, a DIEU T f(U)CV 2B5LD0MREETS. ZOU KL, 5 N €N
DHEHEL, n>NRoIEr, eU kb, ULEho>Tn>NRHBSWE f(z,) € f(U CV
THb. 2T f(zn) — fla).

<) Wl 2136 KD VAC X :a € A = f(a) € f(A* ZREIX LV, AC X,
a€ A® &9 5. X FPEEEZER7Z0 6, B 2.114.2 K0, A D% {a,} T lim a, =a
LBBLONBDD. AGEEY, lim f(an) = f(a) THE. {f(an)} & f(A ) D R
5, EH 21141 X0, fla) € f(A)". O

ER . AR AN S LD, = MEEOMBERTEV. <1}, Mae X 2 TH
BAERERZ S TIX XV,

P 148. f(v,y) = 2 +y, g(z,y) = 2y TEASNEI—2 ) v FEHOHO G4
fr9: R? 5 RZ#EHETH 5.

B 149. R,R™ R" #2—27 Vv NZER], X Z2AMHZEME U, p;: R® - R 2588 1 i~
DR, T80 5 pi(x1,...,1,) =2; THEZAONDIEHR LT L. RERE.

1. p; TS B
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2. f: X =5 R 2k & T RXTO 2L po f: X — R AVHE.

3m>n, 1<i) <ig< - <i, <m&35. plry,...,2m) = (xsy,..., ;) TG
ZoN5EH p: R™ — R™ 1355,

4. BCR" %420, f: X - BE5HLT5. [ B R OEEEH>T f(z) =
(fi(@),..., fulzx)) ERIND L E, [ 28K < & fi: X — R HAEK.

RIRESE . 91(2) 105 112

Bl 2.14.5. (X,dy) ZEEEZER, (Y,dy) 28R, T5bb §(Y) < co, Th 5 Hilll
AL T X 15 Y AOFEGLKE FX,Y), 85624 E C(X,Y) TET.
foge F(X,Y) ZxL, 8 d(f, q) %

d(f,g9) = sup dy (f(z),g(z))

WCEDEDD (Y IFEREZD»S A(f,g9) <o) &,dF F(X,Y) LOMEH#BEKTH 5.
{fn} %2 F(X,Y) D4, $7205 X oY ~NOEHDOH LT 5. {f,} B ETE
OB LT f e FIX,Y) IZPURT 5 & &, {f,} & fIZT—HRIR (uniformly
convergent) 95 &\ 5.
R ERDF] {f,} PEE fIZ—FRIDCRT 22 561F, fIXERTHS. LoT K 2115
L0, ZOHEHOEDBMMIZEAL T CX,Y) I F(X,Y) OBEAETH 5.

AERA. EREREARDF {f} DEAG fIT RN T 58 &, fI3ETHD I L 2RT.

ac€X ZEEDRETS. ac X T fHAERTHLIL, Thbb, [LED e > 012X
U,a DHBEHEU BPFHELT, 2 € URoIEdy(f(x), fla) <e 722 &ZREIE
AN

e>02T3. {f} 1 fIT—KHETZDT, 55 N e NBWEFELT, n> N 251E
d(fn, f) <e/3 &b, XoT, EBD 2 € X ITRU dy(fn(2), f(z)) <e/3ThH3. fy
THEBETH D5 a DHLEHEU BEHELT, 2 €U RS dy(fn(z), fv(a) <e/3 &
5. ZDUIZOWT, 2 e U %HI1E

dy (f(2), f(a)) <dy (f(2), fn(2)) + dy (fn(2), fn(a) + dy (fn(a), fla) <e.

RS 150. £ d 2 F(X,Y) EOEMBERTH 2 L &Rt

T 2.14.6. (X,dx), (Y,dy) ZiF#ZEM L 3 5.
B f: X =Y P—#E#H (uniformly continuous) TH 5 ﬁff%@ e > 0ITx
U, % 6> 00 FHELT, dx(z,2) < Bold dy (f(z), f(2) <e & 5b.
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AE . sl LIN X DIz TIN5,
HE DMz — ke 7 & 156 TH 5.
R 151. —kodike o IXEHTH B Z L 2Rt

Bl 2.14.7. f:R 5 R % f(z) = 22 TEDB L, f IR TIER. (B 2.14.2 &
i)

FE. ATHED S > 01K L, o =1/0 T 5L, [(x+0/2) —a| =6/2 < 5 THBN,

f(a+8/2) — f(z)] = (H g)z 2

=6z 4+ —
x+4

> dx = 1.
O

5] 2.14.8. X DA£0D 2T 5. da(z) =d(z,A) TEF I da: X — R IZ—RER
Thd. &<zl 2.14.3 D% d,, 13 —FRERETH 5.

FEH. D x,ye X &, EED a € AITHU d(z,y) + d(y,a) > d(z,a) > d(z, A), T
fbb dey) +d(y,a) > d(z, A) B, dlr,y) +d(y, A) > d(z, A) BHED LD, X
Td(z,y) > d(z,A)—d(y,A). v &y Z ANWHZ Td(x,A)—d(y,A) > —d(z,y). £>T

|[da(x) = da(y)| = |d(z, A) — d(y, A)| < d(z,y).

RIZESE . 103 109(1)(2)



B3E

(WRERA

3.1 fIEDEEHEE

mfi 2.3.5 TRZX 512, M OMESIZFRONES L UTREMNIT 2 Z &2 T
. —ROAMHEBIZEWTE, bR TVWEASTHESZRKMMN TN TES
a@iﬁlmabz).

& 3.1.1. (X,0) #fifHzfE§ 5.

BCcO»O ODE (base) » %\ IFE (open base) TH % e EEORES O 2 B
CIRT B HEADHS L LTRES: 0 =0 (0x € B).

fiFEZEE X DR E WS 2 H 5.

Bl 3.1.2. EH 2.3.5 05, FHEEEZER X IZBWT e ik
B={U.(z) |z € X,e >0}
FHETH 5.

i 3.1.3. (X,0x), (Y,0y) Z#AitH%EM, Bx 2 X O, By 2 Y O&EL L,
[ X =Y 25/HETE. ZOL ERMBED LD,

1. f 25 < [TED O € By /L f71(0) € Oy.
2. [ WHER < EED O € By T L f(O) € Oy.

At MG OWBR IV BEONES, MESGDOKRIZEONES. HEADMES IXHHE

=y O
ARG DIENHE L 22D DBETDRMEE—DEZ LS.

T 3.1.4. (X,0) &Rk%EM, BCO 2§53,

173
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BHROOHETHS o HEOMES O LEED 2 c O ITHL, H5 O € B BMFE
LC,2€0 CO ¥%R5B.

AbH. = 135 B
)0 EZHEGLTS. RELD, H2xcO0lZXH L2re0, CO %5L570,€B
PEFEETD. F2xeOIlHLIDEI %R0, € B % —DENRE,

0= |J{ztc|JO.cO

zeO z€O

D%, 0 =Uzeo0, L7535, O
152, = &g,

E#E 3.1.5. MHZEMIX, meAnBEaizRor & FZAERE (second axiom of
countability) Z A7z &\,

5 3.1.6. nkjL1—2 Vv RZEF R IZBWT,
B={U.(z) | z€Q",reQ,r>0}

EPLEBIRABETHE. Lo TR IZE_ARAME AT,

FEEH. O Z2BES, 1€ 0 295, ZDLE, H5e>0MHFHELT, U(n) CO L7 5.
O<r<SendE>mrcQz—ors (Ml 21751 . Q" KR" THETH-
7= (B 2.10.8) 225, U (2)NQ" #0. 2/ e U (z)NQ* 2—D& 5L U.(2/) e BTH
5. MEED ye U () ITH U,

d(z,y) < d(z,2")+dz',y) <r+r=2r<e

2056y e Ul(x), 405 U.(2)) C Us(x). £72 2 € Up(x) 2026 2 € U (). &»o

TreUl(a)CO iy, EH 31475, BIREETHS. O
T 3.1.7. MHIZERIANE = AT B % A AR AT

AERH. B 2 AAHZEM X OnfFEREE TS re X L, U (z) ={VeB|zeV} &
BL. U (x) 12 BDEREEE P omA2 W EEET, U () DL, z 2B CHREEGH
O, DIEHETHD. UZxDiiffeddl, e 0 CULiRdER O VPHFETS.
BlZRETH 200, 0O=UV,, Ve BLHobEd. 2 €0 7ENS, H5iPFELT
T EV, BB Vi €U (x) THY, V, CUTHBMS, U(z) o ® (AIE) HATHE
RTH5. O



3.1 fiAH oD FE & HERL

BE5 X TN MHEZED DB, XD Lemma (AR TH 5.

i 3.1.8. X 2HALL, 0\ & X DML TS, 20L& 0=, Or® X Ofi
e

AEAH. O BRMHORGEE AT I L2 F oy 7T IE L. O
f 153. GEHIE K.

HE . X I2WhdZeDTELNMHEROLTIHFESGIZBENT, O =inf{O0,} TH 5.

FBEX L, ZOHDEEP VS ODPREZoNZLE, TN DI EENVHEG LS
OB ZEEZEZT-WIBERD B, HHAAMMBAIIHIEZZED X S RAMETH 503, Bl
EZoNEHMOEEGOERED > ERKMUEZDDEE X\, MHE 318 12XV IRDES
SRR H 5.

T 3.1.9. X 28452795, BCP(X)IZRL, B2&EUHMNHETOIERS, Thib
B OnES L85 &S REFOMMEE B BERK (generate) 3 2418 & W\ O(B)
THXY.

O(B) DREBIZE LI WBEND 5.

EZ 3.1.10. (X,0) #AifHEME T 5.

BC OMO DEE (subbase) ThH 2 < B OARMEDcDHE @RS & LTREIND
FERERN O DEL RS,
£ U, 0 HOES DIEE 2tk X Th D, 55 IEZ S KT 5.

DED BWEETH S LI, EEOHEESH, B DxOERMED @S 725 OMES
TEIFZL WS THS.
HH S 202 B SRR ThNITHERTH 5.

TR 3.1.11. X 284, BCP(X) 5. Z0r&E Bk, BOEKT M OB) O
WHTHD. $4bb, OB) Dt (HES) X, BOxOHBMEO @RS 725 DRES
TETE2ED-TH 5.

B, BISHZ BC O(B) Th 5.
BORAREOIELH S LTEITSE X OUNESLARORTESE B &L,

B:= {UCX U= () B, F:AR%EA, B EB}

el
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B OERMED DO ILEIRNE B DR THSE I LICEETS. £/, BOTOMESTEY
% X OUDESEEKRDOLTHELSY O &L

O::{OCX

0= UUA,U)\EB}

AEA

O=0(B) THBILERTD.
BCOMB) #Zhs (02&0) BCcOB)THY, (03&h) Oc OB) TH5.
OB) C O ZFETITE, BCOREETNE, O PRHTHEZ L 2REIX LW

(O(B) & B 2 &L HRBOMMETH>7.)

Ol DI OMEDEADHELGPZ Ve O, X IZ0HOITOILERFTHENH X € O.
02. 01,02 cO 5. 04 :U)\U)\, Oy :UHVM’ U)\,VH EB EEITA. J:Of,

ONnb:<QUOm<me=LﬁAmm

A p

THY, U\NV, € BEPS 0,N0; € 0.
03. BOTOFELSOHESIELE A A B DLOMES

O

R . ZOEEA S, [EHO B C P(X) BES SN0 L 55 2 L AHD M, BT
LB 132 s, MEE 196 2.

i 3.1.12. X, Y ZfitHZ=E/], B2 Y O¥EL L, f: X > Y 2543456 20k Z
f D3t < ERD O € BizxtL f~1O0) IZFEA.

AER. GRS, @iy 2R D, HEAEOHES IIFES, FHESARMED L@y
HHES. O
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32 EREEM

& 3.2.1. (X,0x), (Y,Oy) Z2fitHZEME T2, BERES X xY I, BAEAEDE
={UxV |UeOx,VeOy} b‘%ﬁk’é‘émméb\mtmm”‘“?ﬁ% XY OE&
EE # (product space), » %\ ZF A1)l b & (Cartesian product) & W\, Z DOA7HH
% BENI#8 (product topology) &£ \5.
i, L ITZ L5 RITNE, ERESICIZERMMHEEZ VNS,

@8 3.2.2. B={UxV |UcOx,VecOy) BERMMMHOBMETHS. Trbb, EHl
FAIDBES 1L X OREA L Y OREAOERONELTET S 02K THS.

FERH. 2016 EE X O A TEB 3.1.11 28 A L7720 T, &H 3.1.11 26b S EETN L 2.
EEP > THZWUAEFRTEARWL, GUAMHRARKDTE2, AL LRI LE2PEDI4HDT
EH 3111 ICREAZE D 2o Th L, EH 3.1.11 2Hniznwe 2 A,

BOILONEESGTE TS X xY OMAEEGLERDOLTEAZ O &L

={UUA><V,\ UAxVAeB}
A

O=0B)THBILERES.

BC OB)EZH»5 (03&b) OcCOB) TH5.

BCOIZRETS L, OB) C O &25ETIZIEOMBRMTHEZLErEEL N (OB)
X B2EUHBHDMNHTH-7-) .

01. 0=0x0eBCO.
XEO)(,YEOYV))KXXYEBCO.
02. O =, Ux x Vi, O’:UMULxVéeBt?Zx

ono = (UUAXVA> N (UULXV11>
UUAva U, x V)

U UNNU,) x (VanVy)
A1

VC&)@, U)\QULEOX, V)\QVI:EOY 7256 0N0 € 0.
03. O DILDOHELGDOHEERITEHAA B DILOFES.
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H

EMAHEIE B OEKT SMMHTH S0 6, B 3.1.11 & » BIRERETHS, $4bb,

B:= {UCXXY U= ﬂBi,F:ﬁﬁﬂﬁé\,BieB}

el

WM THE. B=BTHdILi2rt5. BCBEREIELV. X €Oy, Y €Oy T
HHMS X XY eBTH5 (OHDTOI@EIBS) . U; x V; € B(1<i<n)ZxL,
HIREDBIE S OIBE S IXEESTH EH0 5,

ﬁ(UiXVi):<ﬁUi> X (ﬁ%)eb’

FE . MEE 196 2> T BAREROFMEAZTILE2F v 7L TH KW,
T 3.2.3. X,Y,Z ZRHZEE, px: X xY > X, py: X xY =Y 28 T35,

1. X x Y OEREAAIZ, px & py BEBSBEBITAD &5 BEFOMMHTH .
2. px,py BHEETH 2.
3. BB [ Z -5 X XY DHEfTHSD < px o f,py o f BWEH S B .

A X x Y o ERMHEEZ O £ 5.

L px: (X xY,0) = X, py: (X xY,0) = Y DBl TH B 2 L I3 S
O % X XY ODMHT px: (X xY,0) - X, py: (X xY,0) = YV »¥
Lo THLIEDET S O L O THhsILiErREDS. OFB =
{UxV|U€eOx,VeOy} WERTBMM, bbb, B%ZaTHHDAH
THho7=2ho, BCO THE2ZLarRBEEWw. UeOx,Vely T3, K
ES p(U),py' (V) €O THB. £oT

UxV=UxY)N(XxV)=p(U)Np, (V)€ O.

2. FEDITCOBIPHESGTH LI L 2R/ EL WD, px(Ux V) =U, py(UxV) =
V THENHHS .

3. KGR DG RIT KR DT = 1ZIH S H.
pxof,pyof NELLBHEGTH D LT L. HEDTLOFGLVHAELETHEI L%
REIEEW. UeOx,VeOy &322 IKENS (pxof) L(U), (pyof) (V) e
Oy ThH5. £oT

FHUX V)= (U Y) N (X x V)
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R 154. WABMEHR A: X -5 X x X 138HETH 5.
B 155. px: X xY — X BB 1372250l 2 20) &,

B 156. yoeY £ 95, Gy, X — X X {yo} & iy, (x) = (z,90) TEDEDD. iy,
FFRMEGRTHE L Z2RE. 72720, X x {yo} KIE X x Y 26Oz N5,

A 157. X1, X5, Y1, Y, ZAitHZEM & 5.

1L fi: X; > Y; 2865535, 20X E, (f1 x f2) (#1,22) = (f1(21), fo(22))
THZ 5N 5 ERZEH DM D54

fixfor XixXo =Y xYs

FHERETH B
2. X1 b Y17 X2 & ng #Iﬁﬂ‘ﬁ‘fﬁ)é’wi X1 X X2 b Y1 X ng tilﬁ]*ﬁfa’éé

B 158. (0,1) x [0,1) & [0,1] x [0,1) EFHAMTH B Z & E2RE. H~LEL
(0,1),[0,1),[0,1] CRIF 1 yma—2 V) v NZEROE D2 H.

AE . (0,1) & [0,1] REMTELRW (BOHIZK). X xZ &Y xZ PEAMHTH-T
b, X LY PREMICARZDIT TRV, HIOS0HETE, X &Y IZRMETIERWD,
XXZEYXZMWAMEREZILEEHS.

FRESE . 202, 203, 204, 205

EE 3.2.4. {(X5,00)}ep ZMHEHOKEE §5. HEEAR [[cp X 1T, BOES
DI

U {px0) |0 €0}

AEA

DT B K (2 R & BRERAE £\ 5) 2V R 2, 5 {(Xy O} hen
DERBZE[MZ /- 6i551ﬁ$ﬁt:$él_§$$wlaﬂtb\ 2. 72720 pa: [] X — X (SEHER
ERE AT I & <122 &b 5 R I AUSERIH 2 Wi 3.
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fned 3.2.5.
B:{HAA a@éﬁﬂﬁ%ﬁthMfﬁEuf,Aethec;c“AAeoA,}
o ANELESIE A =X,
IZEREMAHDOBETH 5.

. Unen {07 1(0) | O € 0, O OERIEDIGER S & LThH SbENDMAEAR
Lk BTHB. 0

RISELE . 199, 200
WA ERUES [, Xo 190,

BY" = {H O

V)\EA:OAEOA}
AEA

DERT B (225846048 (box topology) W5 ) 2#\WibZ b TES. AN
GIRES DA IZFNAE & ERAMIE 30 208, —BITIIHAMEO AR ERAMME LD £
SR, — I TIXRTESE 200(4),(5) 1AM T 5 Z &AL .

R 3.2.6. {(Xa, 05}y, ZRMEROKE T2, FH X = [, Xo 10, fik

O={0OCX |VAeA:0NX,)e€ Oy}

={0=]_[0A

O)\ € O)\}
AEA

&5 2RI (X, 0) %15 {(Xr, Ox)}yep PRARRIZ 5.

FIE 3.2.7. X =[] o) X BOLHAL ix: Xo — X 2EEENTEGHRE TS, MHRO
RiARIE, BTD iy DNEKEE 705 & 5 BREGEOMIHTH 5.

B O BMAMOMBE TS, HSHIZiy: (X,0,) = (X,0) 3lfiETh 5. EE,
Oc0eFT3L, i (0)=0nNX, € O,.

O % X ORHT, FED N € AZH U iy: (X,0)) = (X,0) W Th iDL
2. 00<OTHBHILERTI. 00 T35 KA AIIHL, ONX),=i,'(0) €
O\ THEN5,0€0 TH5. O

E 159. i) IZFAEE»OHERTH 5.

B 160. & X, & X =[] X, O»2HEATH 5.
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B 161. RZ& 1 oca—2 0y REME L, ROMAEM A B%2 A={zxcR |z >0},
B={zecR|z<0} 2k EDE. 20L& HEEHKId: A[[B - R FEKETH S
2, FHEGR TR, (FIIAMHEA A]IB & RIEFRMETERWZ EH0505.)

B 162. (X,0) MMM E T 5. 42 LT X = [[ Xy LHESRIZADPNT NG &
b, %X)\ NN QNIRRT g Wil =P SE VR R O,\ A I NN ) B %,

O D {(Xx, 0x)} DRMHAOMATH 2 o [FFED N ITH L Xy 2 (X, 0) OHES
Th5.

% . 201
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3.3 Hausdorff Z2[&

211 HiTHEELZ L2112, —ROMNAHERIZBWTASIOBIRIIBHT LE —BIZEE S
DT TR, —BILEEZAOD—D2D%M 252 5.

£ 3.3.1. k%R X » Hausdorff (/N2 A RJILT) ZERE TH B (ﬁﬁ%@*ﬁfﬁti%
2,y e X UL,z DBEU & yDilifEV T, UNV =0 L2 EDDFET 5.

B 163. fFHZEM X A Hausdorff B ThH b S ATEDHELR S 2z, y e X XL, x
EECHEE 0 Ly 2EOAEE 0 T, 0N0 =0 L0 5EDPFIET 5.

FE . Hausdorff TH 5 L\ DIFAHKWMEETH S, T45bb
B 164. X, Y ZFEMHBNMAER 35, X 28 Hausdorff THNIEXY £ 25 Th 5.

5 3.3.2. PEEEZEMIE Hausdorff ZE[ETH 5. FER X 2%, c,ye X, v £y & T
2, e=d(z,y)/2> 07T, Us(z) NUc(y) = 0.

Bl 3.3.3. HEfEEZE[H]IE Hausdorff M TH 5. EBR X @M, r,ye X,z Ay &7
&, {x}, {yt BRAEAET, {z}n{y} =0. (52 AHBEMZERE A>T LWV.)

5] 3.3.4. ji%& — DL EELEEZEM X Hausdorff T2\,
£ 3.3.5. Hausdorff 222 B W T iL, MFIOMRIL, FAET X, ~BEWNTH 5.

AL GERNEERE 2.11.3 b D EE U, (R, GEO R 1 > M2 H 2 Hausdorft
THHEILERTIETHo7. EWVWI &0, 55 A, Hausdorff ZEfE &\ 5 DI Z DLk
DS < WK KD REMELTEASNLDD.) O

T 3.3.6. Hausdorff iz WTC, | fUIFAEETH S,

AEAH. X % Hausdorff 22f], x € X £ 95, RO ye X\ {z} T,z 4y THEH
S, e DEHEU &,y DEFEV CUNV =0 E22ED0H5. &Iz gV THEH»
LV CX\{z} &£7%20, yld X\ {z} DANK. O

EHE 3.3.7. Hausdorff 22D ER4r 22+ Hausdorff.

FEBH. X % Hausdorff Z4ft], A ¢ X 20 %EfEd5. a,be A,a£beT5HE, a
BB EHU &, bD X BB EHEV TUNV =0 LR25D005 5.
U :=UNnAV =VNALBFX U,V EENENa,b D AIZBT5E67T (1 131)
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Unv =40. O

EHE 3.3.8. X\Y 2R T5. ZDeE X xY » Hausdorff & X, Y & $H1Z
Hausdorff.

FEH. =) 1156 K0, X, Y 3 X x Y OFpZEE e FAMETH L9 6, €8 3.3.7 kb &
5 6% Hausdorff.

<) (21,11) # (T2,92) € X XY &9 5. 21 # 2o U TEW., X X Hausdorff 72
Mo x; DEBEU; TULNU; =0 £R22BDPFETS. U; x Y iF (w4, y;) DT,
Uy xY)N({UyxY)=0Th 5. O

R . EREOERICN U THRMAZ EAD ED. GEHBIZIER L.

EE 3.3.9. X 2MMHEMET S 20 &, X » Hausdorff & WAKESE 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,
ABCXERU, ANB=0o (AXxBNA=fo AxBCA°Thb. £oT

X »' Hausdorff & V(z,y) € A, U e U(x),IV eU(y) : U x V C A°
A V(.’B,y) S A (l',y) i* A° O)W’Iﬁ‘
& ACITHESR.

O

B 165. (Z ®D exerceise IENMiMH & IXEHEIFERLR W) XY, Z 284, [ Z7 - X,
g: 72 =Y BEH{RETE. GH(f,9): Z - X xY % (f,9)(2) = (f(2),9(2)) itk &
5. ¥ ACX,BCY 2MAEELTE. 20Lx (AxB) NIn(f,q) =0 <
FTHANg Y (B) =0 ThdZ Lzt

% 3.3.10. X ZAifH%EM, Y % Hausdorff 5fi], ACc X & U, f,9: X — Y Z#iEEMH
Y35 ZDEERMPED LD,
1. X OFDES
C:={zeX|flz)=yg)}
HHEATH 5.
2. f & ghibnEs A E—BT L, A E—HT 5.

FEHA. 1. Y »* Hausdorff 2D CTHAMRES Ay XY xY IHELATH D. EH
(F.9): X >V x Y BEEERS C = (f,9)) (Ay) ZHES.
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2. fLghAL—HThEACCThHS. CRHEAEMS A C C.
O

Bl 3.3.11. R%Z 1yt —2Vy REMET S, SR f,g: R>RA»PQ L—7 5
RO f=gThB.
% 3.3.12. X ZAifHZEM, YV % Hausdorff 2 & 95, B4 f: X — YV HEfRolXs
=7

I'y:={(z,y) e X xY |y=f(x)}
T X xY OF%ES. (cf. EE 90)

FEEA. f X 1y: X xY = Y x Y 38k TH v ([ 157), Y 2" Hausdorff D & & A =
{(y,9) |y e Y} RY xY OBEETHZ. EoTly=(f x1y) H(A) IZHEA.
U

B 166. [® Corollary &% 5D UEE(LTEZ 5. X A%, Y % Hausdorfl 24 &
T5. B4 f: X 5Y Wlae X THERSIX EEDOeY (b# f(a) T, (a,b)
Iy ODHARTHS.

Bl 167. YV WEEZEMO L &, f: X - YV IXEHREZS T FHTERWHE2ZT X (5
IRAZZDEE ALED fidH#fE.) Iy PHEREIIRE I EH507

B 168. (X,0) ZHausdorff Efij& L, O' 2 O X0\ X OfifHE 95, ZDL &,
(X,0") & Hausdorff.

B 169. R IZY V) ZAFAifHZ Wi 5 & Hausdorff Tld7z\.
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3.4 EiEH

& 3.4.1. 1. fiFHZEM X 39F&#E (disconnected) » 5 WIIRERETH 5 <:>X

E, ETHRVWDDOREEDIERANIRT I LN TES, Thbb, HBH% ’C&b\ﬁtﬁl
%601,02 ﬁlﬁﬁbf,

X201U02, 01002:(2)

L5,
¥, TOXOBHES 01,0, 2 X OEIE NS,
2. fifHZEM X H%E#E (connected) TH % <:>X IS TR,
3. frFHZEM X DD EE A HiE Ff%é@IwwﬁAﬁx#f%é

AR . ZOEZRICEINE, BEAS QO IREETH L. B, BESITEETIIRVWEE XS
PEBE NI W D%\, (cf. 1 IRBEHTIH ARV, BELEDEEL TR S RWVWE S ITE
HBEWYNBIET S (BB WVIFEESITERETIERVWEHNERT E) Z2EAFETH 2 D5,
CDHEBTIREELSOHEEMEIZOWTIZHSAEEZ T A I LIZT 5.

i 3.4.2. X ZAMHZERE 5. (RIZFEETH 5.

1. X 3@ TH 5.

2. X X ZETHRVWDDOHEADIERHICERT Z R TE R,

3. X DR EATHLOHTHZEDIZ0, X DA,

4. X #BTRVW.DDOHESDOHMES L L TERE, TODOHESOILERD X
NG TAAY
X =01UO9, O; #0, O; :open = O1 N O3 # ().

5. X 2ZE TR W DDOHESONELE L L TEREIE, 2O >OMELOH @B S X
NG AT
X =FUF,, F;, #0, F; :closed = F; N Fy # 0.

6. X 15 {0,1} ~OEERRHFIFIEL 2. 272U, {0, 1} IIFERA 2 Wi 5.

GEHH. 122 ©3 <4 &5 XS H.
16 ZRTIIIIXDVEETH 5 Z & ZmEiE I,

X3 IR
6 X 25 {0,1} N 2HNPEAET 5.
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6’=1) f: X - {0,1} 2dfmne2fed5. O;=f1(),i=0,1 8L 2
WDTO; 0 ThY, fHuERKET {i} 1£{0,1} DREAZL»S O; IFHEATHS. 1
5D, 00NOL =072 X =00U0; THEH5, X IFFEHEE.

= 6") X 2IFdiEE U, 00,0, 2 X ONET5. B f: X —{0,1} %

o 0, x€0Oy
f(.’E) B {1, x € O

Lk EDB. O £ D Thcdho flREFTHE. £/ {01} OELIX
0,{0},{1},{0,1} T, ThZThDH&IL 0,00,01, X N SHEETHS. Lo T fiH#
foe. O

B 170. FD 12 &3 4 <5 2Rt
B 171. AC X &35, RIXFEH.

1. A EFRAG.

2.AC0O1UO02, ANO; #0, ANO1NOg =0 &725 £ 57 X ODRHKE O; HHFE
5.

3B.ACRHUR,, ANE #0, ANFINEF, =0 285 &57% X QMBS F; B
5.

B 172. AC X &9 5. RIXFAMAE.

1. A EHERS
2. X@B‘ﬁ%é\@ 73§AC01U02,AmOi%méﬁf:ﬁli‘AﬂOlﬂOQ#@ bR AN
3. X@Fﬁ%é\Fz fJ§ACF1UF27AmFi#@%&f:ﬁai“AmFlﬂFb#@ LB,

EIE 3.4.3. w22 E O EE EARIT & B HRIFER.

L f: X oY B2EEEGET5. RME, $habb f(X) AFEERR S 1E X 13RS T
BHBHIrERES. [(X)DIEREE LTS f &2 X DS f(X) ADELEE RS & 28h
DR TH B (il 2.13.12). f(X) FFEFEZ0S f(X) 926 {0,1} ~DHfE e 2503
HIET S, e fLroalEEZB L, X 75 {0,1} ~OHEfER2EIMESNS. Lo
TX FFEERTHS.

HENME, RDESITRLTH LW Y OHEAS U, T, f(X) CULUU,, f(X)NU; #0
fX)NUINU =0 72255005 5.

o U; 13Y OBIEAT f IRk h 5 f~1(U;) 1k X OBEA.
o f(X)NU,; # 0 7=r5 f_l(UZ') # .
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o f(X)CULUU ZH5 X = f~HU, UlR) = f~1U1) U fH(Uy).
e F(X)NULNU; =0 7=ZhS f~HU) N fFH(U) = [~ 1(U1ﬂU2)—®

EoT YY), F7HUs) & X on#ElE 52, X (ZIEKETH 5. O
% 3.4.4. HEEEIIAHEAOEBETH B . O

FI 3.4.5. X 2fMZ%EH, A, B% X OMNEATOI#AACBC A THEEDLT
3. 20k E AN SIE B B

AERA. f: B — {0,1} 2EBEHRE TE. f AR TIEARVWI L E2RT . A MPEER
@fﬂAiA%fimm,?Ab%f;L4Lmﬁf%é.f()zoabf;m.gﬁ
g: B = {0,1} & gb) =0 12X VEDB LIS g IFHFETH D, fla=gla TH5.
{0,1} % Hausdorff ZZff]TH D, Ald B THWELDTHR 3.3.10 L0 f =g, T4hbbL f
FEN NI E TN

H 50

ONX DHEATHELE, ANO=0AN0=0THdZ IZHET 5. E,
O¢ BHHELGTH S Z L IzERTR

ANO =0 ACO“= A CO°= ANO =0.

O; %X@Sﬁ%é'@BCO;{UOQ,BﬁOZ‘#@ EiBbDEd 5. BﬂOlﬂOg#Qf‘
HBZeEREIEEV.

° ACBZPOBCO]_UOQ 7L”\\7b‘6AC01U02 Ths.
« BCA 7D BNO, 2075 A N0; £ 0 THY, LOWEEDS ANO; £ 10 &
85

WEAEZRDTANOLNOy 0D &7, AC BHDTBNO,NOy # 0. O

B 173. ACBC A ThdL &, iBn%EM B DMAER AX BIZEWTHETH S
ZEERE.

1t —2Y v RZEHE R OEFERSESIZTOWVWTIHNEL .

# 3.4.6. ROHHES CIE, EED a,be C (a<b)ITHL, [a,b] CC b L &M
%4 (convex set) THdD LS.

(R™ DI EE C1E, TOEED 2 /KUIH L, ZNo 2fESH0E CIZEEND L &
MEATHDH LD )

EIE 3.4.7. 1R —2 V) v N2 R OF S X B IdEks.
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FERA. a < DT, KM A = [a,b] IZERETHEZ L2 RTD.

FI,E5 CADPADETRVWHEETA=FUF, TH3L925. INFK#£)TH5
ZrERFEIV. AFROMERZENS, F I ERO (BTHRVWER) HAEATH 5.
be INF, D& EE FLNFy #0.

bg FiNE, &35, . beFy,bg Fy ELTEW. F IFZETHRVWERESELRDTLERA
FHETS. c:=supF) £BL. ce F =F. (cf. £287.) ce 1 CA®Zc<b.
bEFL RS c#b PR c<b (¢, CF, THDILzaRT. E c<z<biolX
(z>c=supF) BDT) v & F1 D (AIFXMZDT) re A=FUF DX e F,.
FoTceleb)=(c,b* CF¢=F,. £oTce Nk kb, N #0D.

Ol

% 3.4.8. 1k —21) v K22 R OYES 1FEHE.

. C CR % (TR MES, f:C — {0,1} 254G E TS, [ BRE TR
Ty, ThbbEMEHTH DI L2 RATEIV. TED a,be Cla < b) 12X L, C &M
DT, [a,b] C C TH. [a,b] ZHEEEDS fllay FEMGHEDR f(a) = f(D).
H BT
FEHAE LI ESIINTERVWZ 2 REIEEV. ACR %2 (EBTR\W) FEEERES
HE£EHELT 5.
ACFRURANF, A0, ANFINFE, =10

Y75 R OMES Fy, Fy BEET 5. 0, € ANF, 225, ANFINF, =0 DX ay # as.
a; <ag EUTEW. [ag,a0]  ATHDI EERED.

la1,a0]  FHUF, D& ZiZ (ACFHLUF, Z255) [a1,a0] ¢ A TH 5.

la1,a2] C FiUFy, &3 5. [ay,a2] 13HEFET, a; € [ar,a2]NF; # 07255, [a1, a]NFIN
Fo#0. ANFINE, =0 &0 [ay,a2] NA® D [a1,a2] NFLNEFy 72005, [ag, as] N AC # ().
TR b, [a1,a2] ¢ A. O

R 3.4.9. 1kt —2Y vy FER R OEGEHIEES TNMESETHS.

AEBH. MTTTARWHAESIIIEERETH L Z e 2 REIE LIV, ACR Z2MTRWESES L
T3 [ab ¢ ArhBESRabe ADVFETS. € a,lNAE2—DE3. o d A
a,be APRa<z<b £oTAN(—0c0,z), AN (z,00) X ADRE%EE5Z5. O

i 3.4.10. R DMNMES L IIKETH 5.

AR, XEANYTH B DIZHH S .
ACRZZETHEWIEEGL TS, AVERTHEGEE2EZA LS. (AVERTR
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WIHABREBRZEBDLRPILW.) A RETRVWERELEDLS LR, TRMEET 5.
m:=inf A, M :=supA &BL. (im,M) CATHBIL%RT. m<ax< M &35,
m=infAZPSm<a<zidac ADPFEETS. AR, 2 <b< M li?
be ABEIET B, ABOEDS [a,b] C ARX e A LidioT AMETHEWERY
£E525E, (m,M) C AC [m,M] &7%0 Alx (m, M), (m,M], [m, M), [m, M] D\
Thh, DEOKRETHS. O

UEzixe®dTREZD.

FIE 3.4.11. 1k —2 Vv RZE/BR O (ZZTHR\W) MoES AT URIZFEMET
H5.

1. A3k
2. AlZMES.
3. A XX, O

% 3.4.12 (hHMEDER). X K. f: X - Rk 2,20 € X, f(21) < f(z2) &7
5. Z0CE, [f(x), f(z2)] C f(X).

GEHT. F(X) C R SR S 0. 0

VRS . Z OO IO AT IR A S 1 (A 3.4.9) FEND T B IS A, K
s M: (EH 3.4.7, & 3.4.8) IAETH 5.

Z OHEHEDEI D 5, B T O EME O I A 8 < 70121, E T H B K
DA BT 125,

Bl 3.4.13. HBAXIHE [0,1) L BIXM (0,1) XFAMTIEZRW. K oiE<, [0,1) 25 (0,1)
~NOEE R R BHHIFIEL RV, (ke 2iEH 5 osin - L ERIE. L) FEE,
F:00,1) = (0,1) &tz 235, f % (0,1) =[0,1)\ {0} ICHIBR L5 DixiE
e (BB B f:(0,1) = (0, 1)\ {f(0)} 252 5. (0,1) 1T 2 5 2 DG H ERET
H5. (0,1)\{f(0)} RIFEFEEDT f((0,1)) # (0, D\{f(0)}. £=>T £([0,1)) # (0,1)
R0, IR TIER.

EFE 3.4.14. X ZAMHZER], a,be X &35, 1ot —2 ) v FZEHE R OFXIH [0, 1]
"o X ~NOERHEH ¢: [0,1] > X Tp(0)=a, p(1) =b&2b5ED% a & b ZFESE
(path) &\ 5. a ZEDIA, b ZEDRK L WD,

FE . BLEIEBReDILTHY, TDH p([0,1]) C X DI L TIHRL.

EE 3.4.15. f7HHZEH X HEIIRER (path-connected) TH % Cﬁ&'%ﬁ@ a,be X Iz
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MU, a&bEKESEPFLET S.

£ . arcwise connected £\ 5 & ¥ H H 5. path-connected & arcwise connected %

HOBE®RTHES> Z b H 5.
EIE 3.4.16. REKE 7 S I 5EETH 5.

AEH. GEBIIER 348 LEETH S, X &2 (HETAWV) IMRERZEM, f: X — {0,1} &
WG EBRE T D, fRRFETERNVIEZ2REEEV. a e X 2—DREET L. I
DxeXITHU f(z) = fla) THDZ 2RI, X IFIREREZ1S a & 2 ZFHER
o, ThbbEHKEGEH p: [0,1] > X Tp0) =a, p(l) =z L2250, BFHT 5.
foep:[0,1] = {0,1} IZEHKLTH D [0, 1] 1FEFEZRD T, fop(l)=fop(0) THD. &o
T f() = Flp(1) = f o p(1) = [ 0 9(0) = (p(0)) = fa). a

Bl 3.4.17. HEEZDELRESE TIZ AR WG, 22— 2 ) w K22 R2 O 5422

A={(z,y) eR* |0 <z <1,y =sin(l/z)}
B={(0,y) eR*| —1<y<1}
X=AUB

REZD L, X 3T H 5 AR TR,
Y 174. 2hE (HHCHEIE-> TER DD, S H-> TVWAAZELT) RE.

EIHE 3.4.18. X ZAiFHZEM, {Ax}aer &2 X OEFEGH LSO, THhbH ALED N € A
ICRU Ay C X B CchdLd D ZOLE RO Npe AITHL AxNA, £0 7=
5iIE A=, A, bk

FERH. f: A — {0,1} 2ERRBEGH L TE. f BRERFTRVWI L, 4005, TEDa,be A
XU fla) = f(b) THEZLZREIEEIV. a,be A T2, H5 \pueADPFEL,
a€Ay\,be A, 275 RENPS ANNA, #DTHB. ce Ax\NA, 2—DL5. O
B f: Ay — {0, 1} 138K T, Ay FHEFEZD S f(a) = f(e). FRRIZ f(b) = f(c). 5T
fla) = f(b). 0

& 3.4.19. X ZfitHZEM, x € X £ 95, 0 2 50HEER DI EEG T RTONES

CQC:UC

zeC
CCX g

%2 288 X OEfES (connected component) &5 .
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PR 3.4.20. HIEHD Iz Z2EORADHEEESTH 5.
GERH. B 3.4.18 X 0 HEKER S ILERTH B, mARMEIIER K VIS D O
R 3.4.21. HiEER D IIFAEETH S.

AL Cp & o 2 EUERKA LTS, Oy C CO T, Oy 1 EFKEZh o 3.4.5 Kb C8
LG ¢ e C2 T CLIFHEREZ ) SHFERDDEHRLY CL C Cp. 2T, =0 &
7Y C, I ZPHES. O

Bl 3.4.22. X ZAMHZEME T2, X 2858 ~ %,
r~y sy e C LRBEMETIESC C X BWFHET D

CEDDE, ZNIFEMERBRTH D, v € X 25T FAMEHEIT 2 280 EER S TH 5.
ZOFRMEBIFRIZ & 5 X OFER % EAEK S NDDREE NS .

GEBH. FEBHIZIR @D exercise IZ & 5. O
B 175. X 2MMHZERIE U, x € X 250 HEMEKR S %2 C, TRT.

L. {z} 3HEFETH 5.
2. fini 3.4.22 O ~ (X[FAMEEARTH 5.
.r~ysye .

#l 3.4.23. 1 koux1—2 Y v FZEM R OFD2EMH R = R\ {0} OEFEEDIE Ry =
{reR|z>0}R_={zeR|z<0} D=D. E Ry, R_IERORXRMZH55H
# R, CACR EA=R, U(ANR_) L A%IX N30 THEMETEAL,

EFE 3.4.24. fiMHZERH X PFELTER (totally disconnected) TH % <:> S D A
ETIRDPSRD.

Bl 3.4.25. HEFZERIZ5E 2 AR,
HEWLUP TV, B THE L VWD Z e 2R REETHEL VWD ZEIES. il
W, 1Rt —2 9w R2E[ R OS2 Q X2 REAETH 5 0%, BERZER T,

AEH. ACQ,8A>2295. rscAr<skzildl, r<xz<sliR2EHB N
a9 5. {geAlg<a} & {geA|l¢g>z} FADNENZH5ZXLHDT AIZHKETIIZ
W, Ko THEreQizxL, r 250 HEAEKD X {r}.

ERAEED e > 0 LU, (r—e,r+e) ¢ QTHBENS, {1} 1 Q OHEATIEA
A% Il
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TR . ZOHI» SRR 16T UBRES LIRS v U, Rk Z2 M2 s DAL
MEZRBDITTIEBENENWD Z DN 5.

B 176. X OEREEDPERETH 2 & &, KEREEAD LG TH D Z L 2RE.
B 177. Z %2 R T Zariski fitHZ2 Wi 7 AHZER & 5.

1. Z 3 ThH b & a2RE.
2. 7 OEFEINEBRIFTED LI REDN?
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3.5 v/ MNZEME
E& 3.5.1. X 2846, A 2H0EE, {Ex}ren & X D EEDHEE T 5.

1. ACUyecr Ex THB L&, {Er}aer % A DIEE (covering) &\ 5.

2. {Ex}ren WADWETH Y, A WAREAD & SBARWE (finite covering) &
W,

3N CAETE. M {Elren B ADWETHZLE, {Exbaen %, (A OWE)
{Ex}ren DEBS#E (subcovering) &\ 5.
ELIIZN DWEREAD L SBREBIHEE &0 5D.

4. A DB {Ex}ren DERESWE 2D < HLAWHAEES T C ADPFELT,
(Elics 75 A DU L 15,

5. X HMUAHZEM, {Ex}aca 2 A OWE T, LED N € AT U B\ X OBEAT
HBEE, {Ex}ren & A DFIEE (open covering) &\ 5.

6. EROEMMAEE T CAITHL, Ve, B #0 THDLE, JE{Ex}ren FER
XX (finite intersection property) 2> &\ 5.

£ 3.5.2. 1. frFHZEM X 83> /32 b (compact) TH % <:>X DAL D FAHE
WA B 2 R .

2. MZFHZEME X OAEEG APV b THS (ﬁ%ﬁﬁ”’“lﬂ'ﬁ ARV T NTHSD.
IR . ZOEROWNEDEKE (§5& A 3RMFHMLUIZSWALESREN) FEd
W<, EHED X DR R B
AR . 2282 b Hausdorff ZEfElD Z & 2 a7 h W, ZOERE 3.5.2 DEA:% A
72322 /XY k (quassi-compact) E\WS ZEHH 5.

8 3.5.3. fitHZEH] X OEAEE ANV NI M THD < HAEHEAD (X IZET
%) (LR ORWEVP AR WE 2R,

AEHH. A DD EAE {E\} WA %M A ORWETH 5 < HoEEG A OF#E {O\}
TE\N=ANO) L2505 5. O

TE 3.5.4. X KAV N & X OMESE [Fles WERE U2 ES %513
Macn Fr # 0.

W, X OWHEAE B\ ISR, (B} BB THE e B =0 Th3 I Ll
FCH 2. £72, {Ex}rer BHRIAWEL RO © b2 HRIBAES [ C A DEEL,
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ﬂiez Ef =0 < B {ESaen WABRZEXMEZ B 727000,
X ORNEAS EVHEATHLI L L B WHEATH L ZLIZFAMTH L Z LIz
ISE RPN O

5l 3.5.5. BEMNMMEMIEI VN7 b THD. FAEEBX X & 0 ZTE1S.
) 3.5.6. X ZEEEAIAHZEME 3258, X iar 87 b & X DBERES.

Bl 3.5.7. n XL —2 V) v REF R 13287 N TiEAw. EBE {U,L0)} ey & R?
DHWMETH D NERIBAHEZ 72720, 72720 0 € R™ IFJFH AL

FRIZ U TR D 55
8 3.5.8. HEtZEMOa Y s MBS ESIAEREEAETH D,

AERH. X ZPEEEZERH, AC X 2a Vs b e 5.

T ANERTHEILERT. € X 2—285. AC U, Unlz) B0, 53
NeNPFELTAC Uy(z) &0 AFHESR.

ADBHES, Thbb, A WHEATHEILERES. 2c A, DV g AL T 5.

UE@=J{yeXx|dzy>r}=X-{z} DA

r>0 r>0

25 {E.(2)}rso (& A DBME. AZar X7 bEROoARED E, (2),i=1,...n T
Bbohd. e =minr; BT e >0T

AcC U E, (z) = E.(x)

A
U.(z) C Ec(x)¢ C A,

& O —f%IZ Hausdorft 22D 3 > 87 MESERERIHLETH LS L 2L TRY.
2=V FEMTIEFEERD IO, £T 1RGO GEEZRZTD. B TIVINT 2B
DOWEZ AT n IRuDEGEZ R .
£ 3.5.9 (Heine-Borel). 1 ¥kt —2 Y v RZEM R OFRFALEGIZI VNI M THS.
ELIZARHRMIFZa N7 v Th S.

At A C R 2HEFHEALE L, A DBHEGE {F \len PERZXM2ZRDET 5
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A£0DEEEERNTEV) &,

a := inf {max ﬂ F;

i€l

Q);éICA,tiI<oo}

EBITIE EED N e AL

a — inf {maxﬂ F;

)\GICA,J:U<OO}EF,\
el

D Myen Fr £ 0 LD, AFIVRZ L THB. O
LS5O LTHIIBNTALS. RDETAVARMESREAT, BNTERHDZ LI

EET S (R 2.8.7).
P={ICA|IT#08I<oc}iBE AecAlzdL P ={IeP | xel}&sKL.

¥/ PIlzHL

F]:mFi, a; = max Fy € Fy
i€l
BEL. ADPROEFRBALEEZDTEF b ROEFHEST, IRELY I BERES
DEEFEF 40 THENS F KRRRTEWFEETS) ICJDLE F D EFy R

ar > a; THHIZEIZHERETS. I ol

a = inf ay, ay = inf ay
IeP IePy

EBL. A£D7EPSPAOPTHY, a1 € ATAIFEREL»SZDOFRRIFGFIETS.)
ITeP\DE NelZro FiCF\®ZXare Fy THb. £oT

ay :inf{aj | IEP)\}E {a[ | IGPA}CL CF;\l:F)\.
L7dto T, ERED A € AL, a = ay THB I LEREIE, a € Nyep Fr #0555

N5,
PyCP7EMNPSay>aThb.
—HEED T e Pz, I CIU{A} € P\ THENS, ay <ajupy <ar &89,
O

ay < Iig}fjal = a.
AREWNZIZ EDOF#E B U TH DY, a € Fy ZRIDIFLLFD ISz TH L. (2

01 2FEDH#HEBETIIUUTDHERZEH W)
EED e > 0L, [a,a+e)NFy #0 THsBI&rEREBITLW.
F\ 2750 56.) a 3 TFBRELS, DE2ERTDEES T C A BVFEEL,

(Zpe =

a € Fy =
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ar<a+e kb TU{N}ZEREESTITI 2E500T
a<aupy<ar<ate
LY apupay € la,a+¢). e
aru{r} € Frua C Fy

WA arupny € [a,a+¢e)NFy # 0. O

EE . ORI TIIARERS 3V P RATZ 23R, (0,1) & H BRI
22 e M. ..

Bl 178. Z % R T Zariski fifHZz WA AHZER & 9 5.

1. ZFayNNo  NThaHIZ L zRE.
2. Z DAV NEPEBIZEDESBREDHN?

TN MEROVEZFNELS.
8 3.5.10. A;, Ay C X BaAVRIMROIE A UA BIAVART N THD.

FEEA. {Ox}aen ZEAHEA A1UA ORE, 37005, O\ 13 X OREAT, AjUA, C
UOs TH2ETE. HISAIZ {0} 13 A OBIETH D, LD A, Ea V52 ki
DTHBARMAES J; CADPFHELT A CUjey, 05 £7%5. J=J1UJy CARH
REETHY Ay UAs CU e 05 &%, D&Y, {0} jes 13 {Or}ren DEREHHE
Thsd. FoTAUA FaVNIMNTHB. O

FI 3.5.11. I N7 NEBOMEOESIZa VN7 N THS.

AEFL. X 23V REREL, AC X 2HHDEE LTS, {Ox}aer & A DHBHE,
T30 0\ 1E X OHEAT, ACUONTH2Ld5. Z0e&E {0,}U{4A}IE X D
FETHS. X 13Za2 "7 b DT, HE5HARMAIEE T C AT, X =J,;0iUA°
ERBZEDNVDHL. WO AC ;0 TH5. O

EE 3.5.12. I NY NEMOEGE/RIZE BTN T NTHS.

A X, Y BACAHZER, f X - Y 2EBEAE L, X 3V R0 THBET D,
fX)DavRI v THBEIERTD. {Orlaer & f(X) OBME, T72bL O, X
Y OBEET, f(X) CUypOr THDLT 5. X OBDESHE {f71(O\)}rer &
FEAZBD. fAREEE»S 710N X X OFEATHD. £/, f(X) C JON NS
X C f7HUON) = UfH0N). &oT{f7H(0\)}1F X ORfEETHZ. X 132
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YR NENS, BEFERMAIEET C AT, X =U;e, [TH(0) 22005 5.
f(X):f(UzeIf_l(Oz)) CUZ‘e]OzW O

AR . a7 VEAGOEREHRIZE 2HBIT a7 P EREBS W, FIZIER EO
ERBBZEZTAHL.

% 3.5.13. a3 X7 MERAHEETH 5.
% 3.5.14. I 2T e EOFERUEES BT R AME L R/MEE & B

FEHE. X AV RZ b fr X S RASBBEEE T2, & f(X) RR OV NES

EhSERBES. & oT f(X) BRI, BNTHIEET 5. 0
% 3.5.15. A FEIXE O MEEEISIEAE L BMEE L 5. 0

EFH 3.5.16. X, Y £HI2aV R hes X xY a2 b,

GiERA. {OA})\GA X XY O#iEEL T 5.

U={UxV |U€eOx,VeOy,INeA:UxV CO,}

LIBHeUDB X xY OFETHS. (X xY OFELX, X OBESL Y OF
ELEDEBOMEEL L TRINIZDTHo77) U BWEREIWEZRHDOZ L 2R
5. z2eX %22k {a}xYRY LAME,PSIVARZ L. EoTU DA
BRAE D IE Upr X Viry ooy Upny X Vi, DEAEL, {2} x Y C U2 Ui X Vi 72 5.
{2} XY NUy x Vg 02 LTR0. W, =N, Uy B (FRIEOHES D ILE
HR7eDdT) W, 3 X OEATHY e W, THD. 17

Y :pg({l’} X Y) C p2 (U U,i X sz) = UPQ (U;m X V:m) = U Vi
=1

i=1 i=1
Zh 5 . . .
meY:WxxOVmi:OWxxVMCUUwiXVM
1=1 =1 1=1
Thd MEHNTAL) . e X ITHLIDESIZLTW, 2l X ORIHE
{Weteex WROND. X ZI VNI NEPSHIARMEDR 21,. .., 2 € X DMFLEL,
X=U~L W, &%85%. Xo<T

m Nz,

XxY:GWwixYCUUUxiijmij
=1

i=1j=1
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L) U DBERIBIHEENZ SNz, %"L,j Wz U Umij X inj C O)w.j AN /\ij cA
EEAIE X x Y C Uy, Ox, £ {0y} OHBEBHHEANGS NS, 0

. LOREHTIRERABEZ Z 5 Z Do TWED, 5 F LRI DERABZ D
BWEDIZTES. HEMHEOEMDGE SRR Z LAWK D> (F3/ 7 (Tikhonov)
DEH) B, 25 oIEIRRNMHY . CGERAB L [FE) TH Y EEHIES 54 U

B 179. X £0,Y #0, X xY AV 2 heF 5. Z0OLE X, Y I V87 kT
BB L ERY

NP SRIPTRES.

EIE 3.5.17 (Heine-Borel). 2 —2 1 v RZEF R™ OBEERI VNI N THB-HD
BEV DI ERHAEATHEZ L.

Gt 2N MR o ERHEETH S T LIFBRITR L .
ACR'BPERHAEGTHILT S ARTHE2NOHD K € R PHFIHELT,
AC[-K,K]" k75, #H 359 &0 [-K, K| 33> 7 v ThHsh 5, @8 3.5.16 &
D [-K,K]"bavx27 s ThHb. (R* &R x---x RIZAM, FEE 202 2H.) A
:!//\7 NEH K, K|" OFEETH L0 5 3511 KD a2V THS. O

Bl 3.5.18 (cf. [ 144). St 225 [0,1) N A LRFHIFEL RV, &<z ST & [0,1)
FFEMETIERN. ST R OFRBEEGEZAS53a V87 M THD, [0,1) IR @Eﬁ%’a\f
FRVWDOTI VR TRV S.

I 327 b Hausdorff ZRENIZDWTHHANREL S.
EE 3.5.19. Hausdorff 22l a > X7 MESIZBHELETH 5.

FFAH. X % Hausdorff 5[, AC X 23827 MEDHES, z € AT 3. 2 h A° DN
HTHhBEILERES.

a€ArddL, x#aTHhO, X H Hausdorff DT, v DFLERE U, & a DFEME
Vo CU NV, =0 RBEDPFHETS. Fac ATHLIDESMU,,V, 22—
B (HEVIFZDO LI BMETEEZ 2ETHILERAIZV S W, Hil 21X

A={(a,V)|a€ AV: open,a € V,z € V°}

) {Vidaca 12 ADBBETHY, ATV A2 NEDT, 5 ar,...an € A BFLEL,
Ac U,V &%, U=, U, £83E, Uz OBEETHY, UNV,, C
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Usy NV,, =0 72DT

UﬂACUﬂOVai:OUﬂVai:Q)

=1 i=1

2D (fRefiVWTAhE) UC A 1S o ld A° DAL 0

% 3.5.20. 2> /%7 | Hausdorff 2R DM EEN I VNI N THB1-DDBEA+43%
HIEEETHE Z &,

HEHE. EH 3.5.11, 3.5.19 X D HA S Ae. O
% 3.5.21. 3> %7 FZE[E D 6 Hausdorff 22D HEAGGEEARISEAEHRTH 5.
HEHE. EHL 3.5.11, 3.5.12, 3.5.19 & D HH & % O

% 3.5.22. 2> \Z hZE[]D 5 Hausdorfl 2~ D2 2 BHGIFEMEEGTHS. O
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%R 5|

BE/H8EF
€ neighbourhood 121
151 20
A
accumulation point 151
adherent point 147
antisymmetric law 59
Archimedean
non — metric 126
axiom
first — of countability 140
second — of countability 174
B
bijection 20
binary relation 16
bounded 66, 128
— from above 66
— from below 66
box topology 180
C
Cartesian product 14, 177
characteristic function 34
Chebyshev distance 124
classification 50
closed
— ball 121
— disc 121
— interval 62
— mapping 166
— neighbourhood 139
— set 137
closure 147
coarser 136
compact 193
quassi- — 193
complement 11
composition 18
connected 185
continuous 163, 169
— map 163, 169
uniformly — 171
continuous mapping — continuous map
convex set 187

countability

first axiom of — 140
second axiom of — 174
covering 193
finite — 193
open — 193
D
dense 154
derived set 151
diameter 128
difference 11
direct sum 46
disconnected 185
discrete
— metric space 125
— topology 135
disjoint 11
— union 11, 46
distance 120
Chebyshev — 124
Hamming — 127
Manhattan — 125
E
equivalence class 49
equivalence relation 49
Euclidian space 123
exterior 145
F
field
totally ordered — 117
finer 136
finite covering 193
finite intersection property 193
frontier 145
H
Hamming distance 127
Hausdorff space 182
Heine-Borel 194, 198
homeomorphic 163
homeomorphism 163
I
identity map 18
image 17, 19



inverse — 19 open
inclusion map 19 — ball 121
indiscrete topology — trivial topology — covering 193
inductively ordered set 92 — disc 121
infimum 68 — interval 62
injection 20 — mapping 166
inner point 143 — neighbourhood 139
interior 143 — set, 131, 135
intersection 11 order 59
interval linear — 59
closed — 62 partial — 59
open — 62 total — 59
inverse image 19 ordered
inverse map 21 — pair 14
isolated point 151 — set 59
isometric 120 inductively — set 92
isometry 120 partially — set 59
isomorphic 120 totally — field 117
L P
linear order 59 partial order 59
lower bound 66 partially ordered set 59
path 189
M path-connected 189
Manhattan distance 125 poset — partially ordered set
map 16 power set 14
continuous — 163, 169 product topology 177
identity — 18
inclusion — 19 Q
inverse — 21 quassi-compact 193
onto — 20 quotient set 51
mapping
closed — 166 R
open — 166 range 19
maximal element 70 reflexive law 49, 59
maximum element 67 relation 16
metric 120 binary — 16
— space 120 equivalence — 49
— subspace 120
discrete — space 125 S
non-Archimedean — 126 Schwarz’s inequality 122
minimal element 70 separable 154
minimum element 67 set
closed — 137
N inductively ordered — 92
n-dimensional sphere 162 open — 131, 135
neighbourhood 139 ordered — 59
€ — 121 partially ordered — 59
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