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FHE 1 (Hausdorff). 7— AR Po/Fin 1290T, KEMZT {aaacor (batacw, BEET S

(1) aq < ap <bg <y (@ < B <wy)
(2) ao << by (@ <wy) BT X9 % bePuw/Fin FFEEL RO,
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Fact 1. (i) [4] =1 & AIZHIGIR
(ii) [A] < [B] < A\ B € Fin
(i) [A] # [B] & A A B ¢ Fin

HEL o, <appm1<l(n<w) %B561F, 0, <b<1l(n<w) LHR2XI7% bIPFET S,

Proof. [Ap] =an %259 7% A, Cw M, RDXIICLT, jo <jnr1 & AN [jn,w) C Ay (i <n)
Zil X ) ICHRINICED 5.
£, jo=0&F2. Z2ITj, £TAN[n,w) CA, (1 <n) ZHiZTEIIENTVELELT, ju
ZED v, I,
Jnt1=min{ j, <j<w|A,N[j,w) C Any1}

WED forr ZEDE ). b LALDEADEEATHIUE, EAK j> 5, KHLTH A, N[jw) € Ay
ERBDT, A\ Anp1| =N £ 2. LoL, IKELD [A] < [Apy1] THoZDT, A, \ Apyr € Fin
TRATUEEST, P, o Tn<w I LUEICERZHZT j, 2505,

RIZ, jn < knskn < kng1 (n <w) ZWZTEIC by ¢ Ay ZBEIRLZV, 5, JKELD A, FHERT
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T2E, m>n5ib ky ¢ Ay DIRZT B, RS, m >n O Ay [jm,w) C Ap THD, % jm < km



CHSTDT Ap N k) € A THB. 2T hn € An LT 2 E, Fom € A N [k w) C Ay &5 525,
km € w\ Ay D TFIE.

220 A=w\{kn|n<w} EBFIE, b=[A] kD2 LOTHS, 2T, WKL S A HHHERTEL
DT, b=[A]<1ThHb. £7, A, = A, N[ky,w) EBTIE, A, \ A, C[0,k,) € Fin X0 [A4,] <[A]].
Fre Al C A, kD [A) <A EkoT[A)] =[4)) =a, THS. je A, £32L, j>k, 2D
JFkm (m>n). 2T, A Cwol\{kp|n<w} t%BDT, a,=[4,] <[4 =bTdH53. O

i 2. ap < api1,0n <bpi1,an Aoy =0(n<w) 6, a, <cPDb,Ac=0(n<w) %5 c
WEET 5,

Proof. an = [An],bn = [By] €95, ay Aby,=0&D A, NB, €Fin(n <w) TH2.
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BT XN Jp < g1 WD 720, 3, A,NB, €Fin £, AgN By C[0,70) %5 &I RihD
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Jnt1=min{j, <j<w|Ay1NB; C[0,j) (i<n+1),A,N[jw) C Apt1}

ZIC, Api NBiCl0,)) E2 k7% j AN Z &3S 1 DFWICHITR L7, %72, ApyiNB; €
Fin (i <n+1) 26, il C[0,)) £Ah2LI7% 5 P25, 2MEFHEL Y 2T b0k
HEPICHEET DD T, jup1 1E well-defined TH 5. LAEDS, j, < jnp1 DYHLS,

CIZTA, =A,Njw) £BE, ABROELPZVOT (A =[4,)=a, THS. ZIT,

C:U{A;|n<w}:U{Anﬂ[jmw)\n<w}
LT c=[C] £EBTIE, ay, <c Ziiild. £,

Bm NnC = U (An N Bm N [.]nvw))

n<w

= J @anBunljinw)u |J (40N Buy0[jn,w))
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W 3.\ 2R ET 2. X Cw Xa Cw(a< ), [X]<[V] 2¥2, Coks, bLAEKD
k<wiowT{a<A|[XaNX Ck} DHRES, YV SHROWEE 2T

Proof. MBZxR9. 2%, [X|<[Y] &ELT, $2 k<wTNL, YNX,, Ck(j<w) Zilizd LI %
a <w BHNI LT3, 4, [X]<[Y] XD X\Y €Fin, 22T, {=supt(X\Y)<w LEL. ZOH,

XNXy, =(XNY)U(X\Y))NX,,
=(XNYNX,,)UX\Y)NX,,
C kUl =max(k,{)

EoTm=max(k,f) EBFE {a< | XNX,Cm}¢Fin L%, XkoTr3Ink, O
PLE, =-20%i@EDs, LT DI E W TAREN 2 &85 2 17,

FOF, R 27T £ 912 Ay, B (o < w1) 2IRAIIHRT 3

(a) [Aa] V[Ba] <1

(b) [Aa] A [Ba] =0

(¢) [Aa] < [As]; [Ba] < [Bs] (a < f < wn)
)

(d) Bhk<w,f<w ITHL, {a<B|AgNB, Ck} IFHR

a=0 @H%Li, A():B():@ EBFIE X,
a DEHIEFEDE:, Agt1,Bat1 2122 E2EZS. f<a tT2E, NEDIRELD Ay UBg &
HAERTIER Y, 22T, w\(AqUBy) ={ni|k<w} <k=>mnp<ng) £LT,

P={n;|k=0 (mod3)} Q={nk|k=1 (mod3)}
Ap+1 = Ao UP Bai1=B,UQ

L5, COLE, w\ (Aagyi UBayy) = {ng | k=2 (mod 3)} £%2DT, [Aas1]V [Basi] <1 ThH 2,
X o THME (a) WRAL 72, &IE () 12DV T,

Ant1 N Bat1 = (Ao UP)N (B, UQ)
=(AaNBa)U (A NQ)U(BL,NP)U(PNQ)
=0 =0 =0
= A, N B, € Fin

X9 [Aag1] A[Bas1] =0 £ % 20T OK.

RERBEL D Agir \ Aq = P,Bay1 \ Ba = Q BOTHOMPEALDT, [An] < [Aasi], [Ba] < [Bagi
ThH 5. WMEOREL D [A5) < [Ad],[Bs] < [Ba] (B < @) BIRET 20T, Zhsdrflaabeind
[As] < [Aat1]s [Bp] < [Ba1] (B<a+1) &40, FfF () bHRAIL
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£oT (d) bEIZ UEXD, o PEEIEFBDRE, &M (o) ~ (d) 27235912 Ay, Bo 21E5 2 L3
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a = [ DHRIEFBOR, v < DEE, FNEDIRED (a) EXLW (¢) EME 1 225 [A,]V[B,] <
(X]<1(y<pB) 277 X Cw MU, FEEICHIELD

(A, ] < 18], [BAAISI=0 (v <B) (1)

2z g S DHEL FHIC S C X E LThw (B [XIA[S] & 24U, [XIA[S] > ([A,]V[B,))ALS] = [4,)]
THY, XIAN[SIA[By] =0 oTHEMERMT. £, [XIA[S]C[X] &0 [9]=[X]A[S] TS CX
Ziile$ X% S BN G),
M2 2fioT Ag ZED\, 22T, £71F f=w OBAICOVT, [B,] K2 THIE 2 OHiHE % i
72 gH S C[Sk] ZED 7w
[Sk] < [Sk41] (K <w)
[Bn] < [Buy1]  (n<w) (2)
[SIA[Br]=0 (n<w)

Gy Iy={n<w|SNB,Ck} (k<w) LBE IhZHTS 2o EeINefrLtu2E25.
LO%H R 7T [Se] #1570, [Se]A[Bu] =02 {nely| Spr By Ch}Y BHBREAD kI I
[S] ZIFAINICED 2. k=0 DIEE, So =5 ETIULRV., 22T, Sp £ OHMAZMT X ITHBER
7ELT, Sy 21EAI.

I, WHEREADRHZ, Sy =Sk EBL. I PEREAOR2EZ5. {n<m|SNB, Ck} IZAR
BETHLDT, (I, <) ZBEWYVIFDPERESTH 2 &) RERBEIEATH S, 20k ) RMEEZROIA
R w DHRTHZDT, A e:w— I B, KT e ZREHRFVEM AL 2B TH 5, HIi, ZoL
sup{e(n) | n<w}=wThHd. INZRTICTE, e WEHTHE I D5 sup{e(n) | n<w}=suply &
BHDT, suply =w ZRFIEL L, bLlsupr=m<w ETNUE, FlZ,={n<m+1|SNB,Ck}
EHITHIEILRD. G, m+l<wTHY, (x) X0 I BERESGLELD, REICKT S, koTsuply =w
&5,

ST, [Bo] BT 2NEDRE (¢) £ D [By] < [Bug1] (n < w) TH S, XoT, BANW
HEIZED 0 < [Ben) \ Uicn Bey] < [X] £42 283005, 65T Beny \ Ujcp Be(iy D3I D
Ty pn € (Ben) \ Ujcp Bei)) N X 27§ &9 % n < p, BN, KIS py < ppy1 £ TED. ZC
Ty Sk = {pk | k<w}US, LS. 2O, Begy N{pn|n<w} C{pn|n<m} € Fin &V
[Been)| A{pn | n<w}] =0 TH2DT, EMEDIRE L AHET

[Sk+1] A [Bemyl = ([({ P | B < w A [Begm)]) V ([Sk] A [Bem)])
=0v0=0

2135,

BBICL<wiZowT{nely|Sy1NB, ClL} WERTHLZLE2RT. 7, LROEMREID ¢
w5 Iy ~OMFFARZDT{nely | Ses1NBy ClY = {n<w|Sky1NBeny SL} THS. 4,
Sk+1 N Beny = { pr |k <w } N Ben)) U (Sk N Bey) BDT, THH CL EBITIE, {pp|k<n}Cl
ERDIEDRDHY, KR p, <l THLS TSRV, p, DIDF LD n<p, IKI>TWEDT, n</
THRATEES BV, £oT, Sppi N By CLIKEEND L) % n DEMIZEL LRV, XoT,
{nel,|SpiNB, Cl} BHRTH 2.



Pk, (2) 2T X1 S, (k< w) 205 2 EAMKE, ko>C, Mll2 X0 b2 (A BHEL,
[Sk] < [Aw]a [Aw] A [Bn] =0 (n < w)

L5, B, RS 2o EFAMAHERICE D A, CX ELTHw, ko7, FC [A,] < [X] <1
TH 5.
ZIT, B,=X\A, £BVT, INUDEE (a) ~ (d) 2T 27T

(a) [A,] V [Bo] = [X] <1 %D THEAL,

(b) [AL] A [By] = [0] =0 & DIRIZ,

(c)n < w ETHUE, WEDOIREICED [A,)] < [Ant1] < [So] < [Aw] &0 [4,] < [AL]. 7,
B,\ B, = B,NA, € Fin 2D 7T [B,] < [B,]. £-> 7T, %&fi L HKEDOHEHRIC XD [B,] < [Bnii1] < By
&%, ko TOK.

dFEED k < w L, {n<w|A,NB,Ck} BDERTHLILEEZRT. b L I, =

{n<w|SNB,Ck} BERTHNIE, [S] < [A)] THDZ Lo hidE 3 28K
{n<w|A,NB, Ck} bERELR2,
Z2IT, Iy BPEBROBGEZEZ L, ZOR, #EEPS {nel,| Sk NB, Ck} FARTHS, X
2T, WRIFICfE o7 e 1I220WT, {n<w | Skp1 N Bemy Sk} AW, 5, [Sk] < [Au] &, Hl
305 {n<w|AwﬂBe(n)§k} bHRERS. 22T, nozsup+{n<w‘AwﬂBe(n)§k}
EBFIE e(ng) <w BDT, {n<e(ng) | AuNB, Ck}IFHAEWERS. ng DO E I, DEFRE
D, {n<w|A,NB, Ck}={n<elny) | AwNB, Ck} LB 2DTRINT,

BRI L >w DHAEZEZS. w<f<w &V, fIRIEETHZVOTRICHRIETFETH S, £, § 137
BRWRIETFEHTHZ2DT, cf(f)=w % 5. ZIT, f:w— [ ZRBRFANMBLEEGHRE T2, Z O,
Al = Afny, B, = By 2B A5 &, Ag, Bo \ICBET 25iEDIRGED 6, L&z @ T &, A, B, »3H
3.22CAg= AL By = B, £ B CABEREWET OO EA>T0DZ LBHBD (), (b) DD
VD Z RS, (0) IZDow T, a< B ETELE,wD B TOREEDLS n<w Ta< f(n) £4%%5HDHEL
1%, % 5T [Aa] < [Aym)] < [Ag] £ 75 [Bs] oo T bABTS 5. (d) 12T, b LHHLETH S
FEBk<wIiHL J, = {n <w | Ag N By(ny C k:} BHERETHZ. 22 Cn=maxJ, B L, f Dt
WL B, OHINED S {a < B|AsNBa Ch}={a<f(n+1)| AN Ba Ck} E%%. 2, REEDHK
EED {a< fn+1)]AppiyNBa €k} EHR f(n+1) <B &0 [Apgin)] = [A]4,] < [AL] = [Ag]
THEDT, HE3 S {a< f(n+1)|AgNB, Ck} bHRELZ, DLEXD, EEOMRIETE 5 < w
IZDWThEL Ag, B DHERIR S,

L&D, (a)~(d) Z2WG72T k9 %I Ay, Bo (0 < wy) BEELTZ, 22T, aq = [Aa],ba = —[Ba] &8
JiE, CNEBOFTIRT 55452 2T,

£, a0 < ap,bg < by (a0 < B) 1ZG5HME (¢) POIEBITHE) . £72, & (b) £ an Ao = [A]A[Ba] =0
BDT, 7=NWREBO—MBERmD»S aq < by E7D. FTo, FHERIZEME (a) 225 aq V by = [Aa] V [Ba] < 1
BDTby Lo THD, 25T ag <by (a<wy) £%2%. LLEXD ay <ag <bg <by (@< <wy) TR
Int,

OB DR E TR, TG T TS, 20T, aa <b<ba (@ <wi) EHBEI b BEELEL LT,
FEZEZ), $3 {a<w |BNB, Ck}PHRTH2 I L2Rd. GEHICIE, R0z



R 1. & EHIEEL X, C X (< B <k) £T5. ZOI,
( Xo | o<k} CAEBIRICET 2 BATEHEE L 20 = |U{ Xa |a <k} > &

Pmd6W:Q%:nm{7<nL&\UM$X%#®}(6#@&%(.C@ﬁ,ﬁ%@ﬁ<nuﬂb%
ﬁﬁi%.%L%55<HKNL{7<nya\uwﬁx%¢w}:wa&otaﬁéa

V7<K,X7§U{X5a|a<6}

DRALT B, 4, k IFIEMIZDT, {§, |a<B} id x TERERSZ, £koT, d=sup{do|a<B}<r D
EFED, FMEPS X5, < Xs £45. 2L, LoiEno X, P { X, |a<k} DRAILERDPE, Lo
T b3 I3 well-defined TH2, 22T, zpe X5, \U{Xs, |a<p} Z2HIUL, % ap BZNZNRLZD
T, {zp|B<k}=rTHb., koT{zg|B<r}CU{Xala<r} ZDT|U{Xa|la<kr} >k
&5, O

B2, ROMEDHKLT S -

Rl 2.k HECF,  ARES (a<k), FaCFs(a<fB<k) = |U{Fala<r}<w

Proof. £, WEBHRICE L CIEIPERN AR [ F, | o < x ) OIEESEAZNG, HEIELD, 20
SHEEE LA DORIEA ETEOEA DR E—HT 205, L, n XEABEES & BAE L,
ZZC, fimdE 1 Icfito T

5020,5g:min{7<n

XW\UXmé@} (8#0)
a<f

LEE, o 261 EFRRICERT 2. 0 BERIND LI K L OREBEHSHIIEFREAZDT, Th
ZaltBEl, ZOR a<wThH2. bLIDa>w tT2L, k>wTHY, 2OLE {2, | n<w} CE,
EoTLEY, F, 0OABREIIKT2256TH2. bL k<w %o, MHEAOWEMIZEAWHTH 2
ZEOFRIIHS D, Z2IT, k>w T3, kIZIEAIE LT 27D T, § =supt i, < v DE, |
DHERPORIC 6 <w &h2. bL, d=w &T2E, 6, DMH LD F5, CFs (n<m) DT, F,
DIEREA L RO FIE. £oT, TOHAR I<w &H2DT, DRI HVEIICN=§ HIZLILT
5. ZOLE, F5, CF,(n<N) ,h259% v <k BEETIUE, F,\U{F, In<N}#0 &DT,
y=0n EBRDFIE, £oT, {F5, |n< N} BIFEARLDT, ZOMZITGOEEGONIC L, FIHRE
HBOHBRAE 20T, 2L LTHRICR S, M EXD, EiinRInk, O

DEoZo0mEzEE A<, y={a<w |BNB, Ck} DERMEZIHT 2. £3 A,, By, DKL
0, B<w 122V, {a<B|AgNB, Ck} IFARTHS, £koT, #il 3 BLORED [Ap] < [B]
kb {a<B|BNB.,Ck} bEMREL 2,



ZIT, Fs={a<B|BNB,Ck} (B<w) £B8TE, {Fs|B<r} BHEREAKETHD, WS
MICF, CFz (a<B) thsd, g, He»il Jy=U{Fala<w } TH3. T2k, @mE2 XD
U{Fsla<k} <w<w TH2. £oT, w DIEAELME 1 OWNELD, {F,|a<w } FRATE
F, 28> koT, F,CF (a<w) &Y Jy=U{Fala<w }=F, t%5. F, BARE>7»5,
& J, bERER S,

T2E, Upew Jn BAREGOUEMZDOTHAWETHS, £oT, ap € wi \ U,y Jn PP, % Ji
DEFLY BN By, BHEREAL%S. X5T, bA-[bay] = [B]A[Ba >0 £%2DT, 7—NRED—
BERED b L by, 5. THIEb< by ICKT D, X0 T, TDEI 7% b IZTFEL . O

n<w



