44.006 — University of Seoul, Spring 2026

Lecture 4: Probability Measure on a Metric Space
June, 30, 2025

Lecturer: Jong-June Jeon Scribe: Jong-June Jeon
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| 30[C}. O] ZoM=E ST

StE ol 0= SMEX|7|2RE DHE0{X|= the HES

HX|7| HEol|lM S25t0], MAS| rescaling® HEHYITF S0 CHHAZ A 2E 2XE #E=lh=
ArelE AYstct Olof st =2|= of AT} St ALt E B + 2D, HLEe2
DS HEHCE K| = &E37tE M2tst7| {IEo|ct. eEHTL /e &ES7H (Q, F,P)9
OlM =2|Z (R, B(R), P)= SAHFTRUCIH X|F L2(7} 5t 10X} 5H= Hh= i &E37H (Q, F,P)2
MEFEZE HEZUCR 7HX|= o SEJZ7HE o{HHA o= XIAARHA| MZhet o~ UStof| Cist
Z0[Ct. EEHS= S| B2 wE StLte| 2 HelICHH, O oAM= SHte| & w7t stte
&gl 2 Hete| = ObY 2lo|M =HEZ7HE ATHE 20|Ct

X I&et~2 HEHE preimage Q| wE F2|SH7| floll 3 STE Foto| EHA[= HEE MZIStiCt
Zt A&l AME w; € {0,1}, i = 1,2,... 2 LIEILHH otLte| A& A (experiment outcome)=
25t w = (w1, ws,ws, ... )OICE 28t AIME SHEHSHES Sall F2SHCt

JBHP(X, =1) =P(X; = —1) = 1, E8H {X;};»,= 11.d.0I{ E[X;] = 0, Var(X;) =1
Che SHEs Sof the HEYIE Folsitt S, = Xy + -+ X, n > 1. § 5,2 ntH STS
HZI Fof /IX|o|od, o AlOrCt +18HF O] STHCt.
SM3ste|of 2l8l 5,2 37|= th2k \/n BEE HZICH(S, = 0,(v/n)). M2t 25tS ZHEst|
I3l CHaat 20| S2tS FABICE ¢ € [0, 1ol Thal W, (%) == J=Sk, k= 0,1,...,n 2 F2I5t0,
2t 2k [E E ol M= MEE7is] AL o 2 SHFsitt £,

W (t) = %(Sﬁr(nt—k)xkﬂ), te [%kzl}



kM W, e C[0,1] ((471M C[0,1]2 [0, 1]I0l HlEl &et+2| Eeh)o|td, ARl M= 22y

2fici9|0t AR/Bik
k 1
Wn(—> - Ls
n n

?l Bl BULE R, (1) == (0t — k) Xy BHFH, 0 < nt — k < 10|21 X}, | = 10|22
|Ru(t)] < - TN sup,c ) [Ra(t)] < o7 — 0. 53] 2l DHE A- 1., 1,0l CH3

maxR < sup |R,(t)] — 0.
max IR0 < sup |1, ()
eIy
1 1
(Wn<t1), cey Wn(tm)) — (%SLRHJ? ey %SL”th) — 0.
Slutsky H2|0| 2|3l finite- dlmensmnal distribution2| 38t2 & e BZHE 24 W, () thid
0

%
\/_ﬁSLntJ E A3l T RHSICE (X, 4 x ag|o Y, Z0HM X, +Y, <L X) = finite-dimensional
limit & T 1V, (1) ~ LS|, 2 4218 2 9k

O[F oAl A 0 <ty < -+ < b, < 12 DFHSLHE (W, (t1),..., Wy(ty)) & 22 +E
S TRSICE ZH 0l ThaH &y = [nt; |2EBHH W, () & =S = =307, X & AIE 1, t,0
CHaH Cov(Wi,(t,), Wi(t,)) = LCov(Sy,, Si,)OIEk JBIE S, = S X, Sy, = S0, X,
O|2Z Cov(Sk,, Sk,) = S07, ZFl Cov(X;, X;). s Qs Cov(X;, X;) = I(i = j) O|E&E

Cov(Sk,, Sk,) = min(k,, k,) O|0{ &

1
Cov(W,(t,), Wa(ty)) = ﬁmin(k’p, k,) — min(t,,t,).

Cramér-Wold F2|0f| 2[at, 2|2 « € R™OI| B3l 577" | oW, (1) = N(O, D p.q Apq min(ty, tq)>.
2t
(Wa(tr), ..., Waltn)) = N(0,%)

OlH, 07| 23t ZEA L (%), = min(t,, 1,2 FOIZICH

(Wa(t1), ..., Wy(tm)) = N(0,%), (X)pqg = min(t,, t,)



7t JEEE "RISIACE (W (t1), ..., Wa(tn))2 process {W,(t) : ¢ € [0,1]} & DFE Az
(t1,--+ , tm)0IA HILEl Finite-dimensional distribution O|Ct. 28 o = (wy,ws, ws,...) Ol CH
SHAM W, (+)(w)= otLte] LG E(ALEH)E BED, HEE W, ()= IAE LIS AL S
MR AXZ QS t = k/n, k= 0,1,--- ,n 0N W, (t) 222 2Hs| ZHEICE AHM 22|=
25t EX|7| HEo| mEo| JhFo| o8l [0, 1] RloA] 2Bt &4 W, ()2 D27t ofe TEho
S8 SES e 5 QUO) D S E F2o| B S5 WZist A2 52| EETE A2 M2stH
diEst 27} sliE REE 0| 2atE SES oot 20| £ =+ US AO|Ch

"U
——
&

:Wa()(w) € A}

0{7|M RE|= AHATIE AS A TfOtoF & ZiQI7tof| CHEt E X0l SHA| EIC} i g2 2
olM etrE0| REXEE T EEl AE El= W F ottt gt 32tof| fERI(metric)S =Rt
JXe=REH R & gl 32 ot g2l 32 =&lst= 71 212 A|ant t-E 2tst= ZA0|Ct
AO2 XAAZA O|0X|= ZE2 ofH BHEZ| 2 YRl I Fo|g Zi1vtol chist Zio[Ct. W, (-)oll
Oist SHERZE p,2t 21 2= P,0| $8ot= 2XE MZet & J=X[0f| CHal| & 2ot}
$tCt O|E flsiM = HZ710| Ql=4| Prohorov FE2[0f| HEM P, = Pt £7| I8k = {P,} Ol
uniformly tight S{OFSHCt. 22| & > 00f| CiSt0f 0% compact TeF K. ¢ S7+ EXYSH0]

infP,(K.)>1—¢

0{7|M HF Sxfet flg7x (ZRITe S Z)E HEA =M 0[2{8h K compact set O] ZEX5HA|
Fe =k ot E3] A £ A= A4z et MHEe 2148 ZAE = A= separability 2F
o
=

metricOll 2|&SHCt T2 M

Cl0,1))2| HetE BE2B7CR AE5tE A uniform metric O AHZSHH 0] (40N EEZZIE
separable O &K QU0 O] metric2 EE| AHE EICt. scaled random walk = Eel1ZH0| A 2| El

AA&5H40[2 2 0| metric2 ALESICE OF2H2| & 7HA| metric2 =AM S AL st Z7H0j|A

Example 2.1. (1) Topology7t HTHHOZ X2 ZHL

GIE 20 LIS metrice MZI5HKt:

0171M {t,, trmm1= [0, 1]2] ZRISH ZHA BRE S (O]: ¢, € QNI[0, 1)OICE &==2f ZAtof Chist 2|o|7t



uniform metric 2 M-S SUECE HAUSHK| ZSICH

Example 2.2. (2) Topology?t U2 2 42

OJ
d(f,g) = ,

Ol metric 22= C|0, 1]0| non-separable O|2t 2Z2EHE Fo|ot=H| Xe5tA| 4Tt

etrice=
ompletedtA| THE = U= GEISS YZotXH= AO|CH.

|
Cco
2t == QUL}. 0|0{X|= ZE2 tt32t 2ot

E

017| M HHW L[| AZ2 W, ()2 BEExLSES =517 M| MAZHO = &8s Z719
uniform= AFE5t0{ 1 Z7F3 separabledtd A4
ol gzl 32 Sdll REl= Ado|2t= AE o

« QM 2T EIG AMM2 AU AFH 0 <ty < -+ - < 1y, < 10f| CHSH
(Wa(tr), ..., Waltm)) = N(0,5), (2),q = min(t,, t,)

nite-dimensional convergence2t2 2 1M FA|o| Fot, & A= It

2 Fi
9lo| HBREE OB 4 YLTP

« MEO0| Z2 metric 2 T510] 14842 FTHE EEZZHS seperable 5t11 complete SHA|
DFEALCL O|A2Z W, (1) T2 LEEQl AKUFHF2(AL5et4)2| uniformly tightness S
HEkeh = A=k

3 Wiener Process

¢l 220l gst7| fleiME UM Setez 7|tE= SEES Fold It ATt Fetitd 229

FENERE XIAAZH SESH= 22 Wiener processO|LCt.

-

Definition 3.1. Wiener process &I {W (¢) }iep0,1) 2 TS HE S 2ESh= B Wiener process
2t shct

1. W(0) = 0 almost surely.
2. W) —W(s) ~N(0,t —s)for0 <s<t<L1.

3. M2 2 27t 22 =glojtt



4. 2| BE wof| sl ¢ — W (t)(w)E AEE0|CE

2| F2lofl 2|3 Wiener process= W (+) ,

el HEHSO|TE S5 YA AH 0 < ¢ < -+ < b, < 10 CHEH (W (th),..., W (tn)
N(0,%), (8)p, = min(t,,t,), & BHESICE M2t M &elst W,(-)2l finite-dimensional
convergence= Wiener process2| FetXH2l =22t UX|GHC} oAM=

HX|2EOfst W (-, w) 2 BE7ISIZULCE.

Wiener process sample paths: different w give different continuous functions

1.0 1 — wys b WL wy)

— s b WL )
— w3z bt WL ws)

0.5 4 — wyz bR WL wy)

0.0 4§

wit)

—0.5

1.0

-1.5

T T T T T T
0.0 0.2 0.4 0.6 0.8 10

L0 = m o o

0.5 4
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wit)
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~1.5

0.‘0 0:2 0.‘4 0:6 0.‘3 1.‘0
Figure 1: (?]) Wiener process2| sample path, (Ot2l) AtZd(event)2| Al1ZH 8fiA]

Wiener process= SEE W : [0,1] x Q — R, (t,w) — W(t,w) B GEIC} 0{7[X 3Ht2|
w € QE DFSH ¢ — W(t,w) = [0,1] /e AT EERE W(L,w) € C0,1] 2 42t
%= ULk & Wiener process= W () : Q — C[0,1] & C[0, 1]-f EEHSO0|CL M2t ME CHE
wi,ws, . .. Ol CHslf MZ C}E sample path T (-, w;)7F LIEHCACE



4 Convergent Determining Class

SEZEE {P,}0| FOT ISt S f0M 22E p, = P E o W, Ol= QEHFC=E 2=
Borel && A c SOl Chsli P,(A) — P(A) & @+5t= 20| OtL|2t E- AfdSel| ettt S5l
ME EHEE 2 QI TFEE C ¢ B(S)7t convergence-determining class2t 82, 2| S ESE Y
{P,}&EZE POl Cis P,(C) — P(C) VC eCO|H p, = P 7t d&ste WS 20|t} &
ZFHo| Folof| M 0|218 EetE0| SR8t 0|R=, Borel o-His= TAHIE 2T CHR= UiA ATHE =
Chest AASS| 2302 SIENHEO| 7S T o Q7| IZ0|C
Projection (W(t;), W(t;)) with t; =0.3, £, =0.8
Cylinder set C = ng}rz(Bl, empirical P(C) = 0.133
Not in B
2 In B (cylinder event)
— Bing?
1__
g o =
=
14
21
20 15 10 05 0.0 05 10 15
wity)
Cylinder event selects paths by constraints at finitely many times
C={w: W(t, w) €[ay, b1], W(t;, w) € [az, by1}
= Paths withw€C : ;
24 Paths with w&C i i
g ' i

Figure 2: () m =22l 42 B Cc R™, (Of2H) W (-,w) € 7! , (B)2l sample path 2| A|Z{5}

Polish space S (separable and complete space) ?/0|A Portmanteau &0 EM CH2 HEEFS2



% convergence-determining classE O|Z2LC}:

« BE FRIFF G ¢ SOl thal liminf,, o P, (G) > P(G),
il

O[H| Rt ST HX[7| A™oA "Helst [0, 1]LHe] H&5EtS0l Cisl O EHef2 dzistH 2282
Holgh 4 =X AHEICE 22372 S = C|0, 1]2 T uniform topologyE 12{5lAf. O] 42
gzidete geldse /hite s MEED, HEXRIAMAR {f € Cl0,1] : || f — follo < 5} L2
SENZ 7HEICE 017 |ME W, ()2 BEE P, ()2 EXE patn EXb B8 W,() S W()
S2 P, = PE TS| sl 2= 7tstt d2AISE eold o= i, O[2{st HEIZESE dH
= AHIS0E Sl 8 0|22 Z2™E &+ Ut

QAOI[AH O <t < -+ < t,, < 10| CHaH, CIS AbA

Tt eistn C[Oa 1] — Rm? ﬂ-t17~~~,tm<f) = (f(tl)a SRR f(tm))

2 finite-dimensional projectionO|2} StCt. O|= ALet=Z 70| REH 7HS| A|FOIM 2| ZITtE =&
=

AH&OICE. Of projections O|23tH R™2| Borel & B € B(R™)0H CH3H

Tt (B) ={f € C0, 1] : (f(tr), ... f(tm)) € B}

o Z2 AHAE Holg &~ UCL 0[2{§t &EHZ finite-dimensional cylinder setO|2t £ ELCL S8t

AH&l2 O[2{g} finite-dimensional cylinder set=0| C[0, 1]2| Borel o-Ci+E dMstCH= FOICL &,

EQEm BEANAY,...  t, BE B ¢ BR™)0| Cisl PtESHH, P = Q 7t dEIstC). kA
finite-dimensional =X =52 £Hol= SESL 7L 2K ZH a
2{Lt O|2{st REIRIA f+HEUUCZE= C0, 1] ?lel HESE +HE Exol7|o| 525K ke, 0|

aiM= =Y {P,}2l tightness?t F7I2 HQ3ICL & 22|=

Py(mt . (B)) = P(r;! , (B)) forallm € N, m, _, and B € B(R™)

7t771/

SrRISIQIL} SHEEtE P, = PE 28 4= QITf. ALISHH finite-dimensional AFZAS0] 2f 7FE
FAIEOIMS 22 = +—SIEEE, 271 AIFE ALO[of|AM OEA S2]0[=X]= € %= 817| M=o
ofof it =4{0] ER3SIT}.

Ol & Ert MM 22 0|al5t7| I8, finite-dimensional EE& $=E5HX|Zt A23Zt C[0, 1] {2
xR Mot MHHOl MBS MZIs) HXL 2 nof Cis &&= f, € C0,1]E T3zt 20|



Fofstrt. f,2 RS FZH0l[M= 00l Z7FZX[2E 7212F ZO[7F 1/n2l 01 B2 F2H0[M =0[7F 12!
St “spike’E HEF FHEHCE Ol spike| -r|X|E [0, 1]0lM F&te[= MEREICE D SEXE O]216t

E [=] SI=7 o =
SEPE HolE SENHE Wn()al' SHAF.
Step-spike processes W,(-): finite-dimensional convergence but no tightness

n=2, spike width 1/n = 0.50 n=10, spike width 1/n=0.10 n =20, spike width 1/n =0.05
step spike, center U ~ Unif(0, 1) step spike, center U ~ Unif(0, 1) step spike, center U ~ Unif(0, 1)

i i
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Figure 3: n = 2,10, 20 2| 42 sample path 2| A|Z}S

b

mjo
o
gt

O] A2 olo] IHE AH ¢ < [0,1]0l CHEH, spikeZt &S| O AHES =
W, (t NG| asn—>oo I:‘| LIOt7F oo RS AI® 0 < ¢, < ---
(Wa(th), .. ) ..,0), & finite-dimensional 22 & 25 X}
JgLE= ’Hiﬂ | nggmw E':” ME2 CHECE ZH W, ()= 712 &HalstA o

SES 1/n0|E22
m < 10 CHSHM =
Sete = +FHeH.
Of < 22 LZHoll M
37| 19| 245 TS 7IXI2E, 0|25t TS n0| HNE AIRIXIX| G=Ct W2t {W, (1)} =
uniform topology St0ilA{ 19]2| compact HEOll HEHYS LEAFIX| R5tH, 2ZE {P,}2 tight

StX| 2Lt Of G|l A tightness7t ATi5H= 34 O] F= compactnessE totally boundedness ! 273

Ol A OfaliEr =~ ULL 10, 1]& uniform metric Ofl CHSH complete spaceO|222, e K ¢ €0, 1)7t
compactStCHe 242 = K7} totally boundedstChe 2t SXICE = 19|90 § > 00f| CHa K= finitely
many J-balls2 B == U0{OF StCt.

08 A
o o

m

—

J2{L} spike 2FHOM = spike2| SIX|7 [0, 1]0lIM AFREAH S2I0|H, MZ CHE 2|X|0]| spikeE H=
T ZEZ= uniform norm0i|A H2| 12H2 BO{A UL} M2kM § < 1/221 22 o2t H25= 7
QIS 25H5| TS AIT0| WRSHA| £|T, ZIFHOZ (I, (-) 1= totally bounded3HX| STt =
SEAUTFZ BHE compact HefE AU = gleE2 ExY {P,}2 tightSHX| SLCF.
0| Ol A|= finite-dimensional 2% $H2 SESTE ZHSV|0l= SEHXITH dE237t 22l 2=
+EE B0 = 2o 2 EE5HH, |§ Hets7| 2[5l tightness £2710| HRgHS A AISHCL.
finite-dimensional cylinder set=S0l|A 2| ~ZH0| Z=2| HLK-40|L} 2lZ5S SEHotXA| XZot7| WE0|
'HEz] 37t (X, d)2 B2&E A C X7 totally boundedstCHe A2, &2|2| ¢ > 00 CHsto] REHEH 72 A
z1,...,xNn € X7t 7<J(H°f0:| A U | B(wi,e) 7t dElst= AS 2L 0{7IM B(x,e) = {y € X : d(z,y) < e}
< W2 ol @2lZolct
T



= XS Qo FIHXQ dEeo| X7 HRsiChs WS & + UL Ol &9
HEHQIT} (modulus of continuity) 12|10 S| AX ZHMO|ME uniformly

tightness & HFESHA|7|= compact set2 TS &= J}=X| F 7HX| SHO|M 22+H 7

7 UCL KAAZA A 2Eo|M = ERZ =27 Lot LA QU7 st 262

A 2E2| Equicontinuity £ He[ot= EX|7t =EEICEL F WM 2E|M= o 22

topology &2 metric 2 F0{0F Z27} ALK0(2t 1 et 4= AU=710]| CHst 2X|7

CHSE M2 Arzela-Ascoli H2|2t compactnessOf| Ci§t Zat=2 & 22X Q)

H ol AZEL2 O3 ZLL 237 [0, 1] YoM 2

dimensional =2 S0| S5t} YX[SH0{ FEF T X[AH|7H FAR/UX|E

2ZH { P,}0| uniform topology StOlIA] tightnessE THEsI0 = FHA[2| ZIF 1t A4540| HEo| A|

O1%[0{OF SICE. Finite-dimensional cylinder setS2 &L E AH(determine)st?[0ll= &
=

i
ol
ro

X| et w2t o, 1] |lel Eud +38E H&ESH| I8 M = finite-dimensional convergence®2t

271l equicontinuityS S8t tightness ZUS F7t2 22I5K0f 5104, 0| &£ =710| ZghE M H|=4

o Z2 steS7t fI2| EXxEHE UE o= QUL Ol

ol
rir

™2 0|F Wiener processE 28t

st
functional central limit theorem?| A X E O| 2L},

5.1 Wiener Process 2| MZ!
<

ZY (5 MHEQ HR). 0 < s <t < 12} 5FX}E. Wiener process2| F2|0f| 2f5H

W (s

~—
Il

=
V2

) W(0) ~ N(0,5),  W(t) — W(s) ~N(O,t—s),

J2|0 W (s)2t W (t) — W(s)e ME FEO|CL

W(s)\ (10 W (s)
w))  \1 1) \w(t)—Ww(s)



0|1 S0|H YAREE 2= SHEHSLEL| MIZAYS L FAREE MEERE (W(s), W(t)) "
= O|HY YHEEE MELCE HH2 (0,0)'0]|1 S22
Var(W(s)) = s, Var(W(t)) = t,
Cov(W (s), W(t)) = COV(W(S), W(s)+W(t) — W(s)) = s.
(A
0 s S
(W (), W (1) ~ N((O) , ( )) ,
s t
E A #HEO| (1,2)-822 min(s, t) 7t EICL

5.2 HEz2! ZZHIM Compact setdl] CHgH SX|=A

HE=2 37t (X, d)0M compactness= 012] 7HX| MZ CHE %EHE SAHoZ 7|28 £ Qlon,
Ol2{8t SXZUE2 SEFT2| tightnessLt 43710 A2
SHC

(1) "9 BE22§t K ¢ X7t compactstChs A2, oo Azl &Iy

N
K c| )G,

i=1
7t st AS 2|0[StCt Ol= compactness?| 7+ 72X Q1 @{&f& FolO|Ct.

(2) Sequential compactness. | E2! Z7t0| A= compactness?t =82 Sl SEX|{E = QULCL

& K C X7} compactstClE A2, K 22| le|e| = {z,}0] K 2ol =& EE4+AS Z= At

SXI0|Ct. O] dE2 et-S2t0lLt 2tEnrEe| EE=F=E LE I £3| RESIC,

(3) Complete and Totally boundedness. HIE2! 37t (X, d)0l|A LIS SXI7} Q&S]
K compact <= K is complete and totally bounded.

017|M totally boundedstCh= A2, 2|2 ¢ > 00f| CHall KE Rt 71| c-ballZ2 EHE & USE

10



olo|gtct. £5| X XtA|7t completedt 32101 AR0=

K compact <= K is totally bounded.

Ol

(4) 320l M2 E8H->EN. £3] (C0, 1], ]| ||oo) 2t 22 B3 Zt0IM = compactness?t Arzela—
Ascoli 2|0l| olsf HCt AHH 2 7|SEICE & A C C[0,1]7F compactst?| gt HREER2
A7} uniformly boundedSt1! equicontinuous®t Zi0|CL. O Ait= Z2Z 7t 20| 2] tightnessE

BEZAR0| ALY Z7SZ siME 4= QA si=CL

Theorem 5.1 (Arzela-Ascoli). (C[0,1],] - [|)0A 228 A C C[0, 1) CH5H0] L2 SX
o|C}.

1. A9| closure A= compactSILL.

2. A€ totally boundedstCt.

op=
— "

o

cre &= = C}:

dlo
fjo

3. A

rr

(i) (Uniform boundedness)

sup || floo < 00
feA

(ii) (Equicontinuity) 2[2| ¢ > 00l CHall O § > 07t EXHsI ZE f € A% 2E
s,t € [0, 1]0fl cH3toq

t—s[<d = [f()-f(s)l<e

A

o
1o
I
1

6 Xt

lxl

X = p: S xS — [07 oo)7|' metricO| &[7| et ZHE A&otat

uﬂ'
ook

S Qe

2. Metric 82t (S, p)0IM B4 z € St BHX|E » > 00 Cist0] CHE S F2lst2)

* Open ball B,(x)

* Closed ball B, ()

+ Muistat

fufn

~

A S| N

ZF H9| Aloz M7 = J{E0o| X10|

M
Jtob
Cl
1

11



. T

3. C[0,1]F [0, 1] le| &gt SZH0[2t SHAL L1t 22 Lo-distanceS F2|StCt:

- ([ - a)

&4 f(t) = toll th5t0] ¢ > 0 H open ball

1/2

BP(f)={g€C[0,1]:p(g, f) < e}

o flA7} Bl B4 gl OfE TS BESH=IR A7

oA et~ &= 7HE H|AlISHEL.

fjo

BEAOZ WEE| M1, N2 CIE

=/

2| 2X|0f|A metricE uniform metric

Poo(f>9) = sup |f(t) —g(t)]

te[0,1]

O = HHAUZ M open ball

BE(f) ={g € Cl0,1] : poc(g, f) < &}

of faE O ZUS UFSI=7 ef2f S O 202t et (3)Ho| A2t H| W50

2
5 open ball AO|2| ZEHAE =5|2}.

| RY (M2 23k 27001 TS £ 842 Folstat

27" min{17 |xn - yn|}a

o0
dy(x,y) = Z 27" arctan(|x,, — yn|)-
(a) Zf 47t metricO| EES ZH5I2L
(b) O| metricE0| fot= &2 2|0|E HYsl2}.

2 of M2 CtE F metric p2t p'7t FOIRCLD SEXLE O =& {z,,}0] p-metric
ZHAEO|M = -JFE.':.%f |2 p/-metric #H 0= £ESHX| Z=CH= 2|0 ZH2t Fel= dHolz}.

LEsh o218 Yol N = st AHel oS dstat.
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10.

. Metric 32t (S, p)0ilM CtE H2|E M2t

AO=|

* Cauchy &=

» Complete metric space

Completeness?t T metricOll 2|EetE dHst2}) 22 T S {0l M2 CHE F metricS
2|50, BHF2 completeO| 11 CHE Z2 complete?| OHEl O] Z FM|A|S|EY.

2

Topology2| H2|E M&5t2El Topology®@t o-algebral| ZEX I} X}0|™H S BH&l HE Q| HH|
M H|mstzt,

Metric p7t §E=5H= topology2| HlE M&3tz}.
St {1, }0] 2 $HSICH= 20|12

* metric?| ZtH

* topology2| X

ol 2zt B¥sta, & Fo7t M2 SX[S =35t=t.
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