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HEBRMRBICBIICRESHOMEIZONT

EBAT Hjx ( Hisao Tanaka ) -

WREGRTE->EETOMAAXHBBHRADDAL. TITRRO=Z20
FHIZOWTHRRS,

1) {Xx =2 : PIX]l # NPIX] } D&5% W2O»PDENZI TR
® Arithmetical (or Borel) Hierarchy ICBIJBMUBEDORE : TDEIB 7 I AW
proper II° V75X ThHhBZLHBREN5B.

2) EHEBMRICBITS Uniformizatvio.n Problem OEE : —H({b
Unif (PIA]), Unif(NPI[A]), RV Unif(CcoNPIA]) DDk 5% oracle A
DHEEZEMTHS. &oT, E5THW oracle A OFEFMATHS. I
T, a) B S € PIA] LT, TOMENE I Us »¥ NP[A] icEa%
Wk 5% oracle A BEETSBZL; b) nif(CcoNPI[A]l) PWERIMLEZWE 5%
oracle A FHET B ; BEERT.

3 ) Reduction Principle RU .Separation Principle‘ DFEHEERICE Y
23790y —: a) NEXT {28 U T Reduction Principle T B2 & ;
b) NP[A] BT 3 _-D0O¥ A& T PIlAl-inseparable b ONFET H L 5%
oracle A BBk ; RERRT.

Frh, WSODPDORBREAEZEXRS.
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{1113

§‘ 1 . #HWHFEH. %‘f%%ﬂ!%‘ﬁt CHRESHICB T A2FEN2ES EHW
% . 2 ={0,1} BZLI77Rywb, Z* & I LOEBELXKDOEGCEE
A 250ed5. u, v, W, x, ... XEEEXL,A B, ..., kY, ... BEOK
GE2&FT. ROXO>%, BOBEEF ( << ) #HW3:
A, 0, 1, 00, 01, 10, 11, 000, 001, ...
M Xx OREE Ixl TR, Zor%E, Ixl £n 26 x<<0™' Thi.
Wk ZUXIM > 2t RAZEANMGETRERLSHMAMEEK, o L, EE
DEHEARFHE BTz SEHTH 5 : |
n( nwo(z), m1(2) ) = 2z for any z € X*,

n(x,y) OfKbNiz <x,y> t#EL., H#-T, Z*X3I* OBIEEGIE 2™ OF
SEGCEXTEL.

P(Z") ik Z* ORTOBIREGORETHS. 0BG ('HES" v
5&5BEAERVWT ) P2 ORFIRGEITRAEESE.  P(ED @AV
NWERETH S .

E<HGERE P, PIA], NP, NPIA], etc D&ES5RT7F7AHD2WTik, X

Wk [BDG 88], [BDG 90] ZY &I hiEwn,

§1. HUBWOPDOISADGH. RKRIZARZIFTAD, HEWKEIZ

BUBSVANVERET S :
E, = {(Xx&s 2*: P # NP},

. = { X : coNPI{X] # NPI[X] },
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BEs: = { X : DEXTI(X] # NEXTIX] },

E. = { X : coNEXTI[X] # NEXTIX] },

Es = { X : PIX] # PHIX] },

e = { X : NPI[X] # PHI) },

B, = { X : NP[X] # PSPACEI[X] },

Es = { X : NP[X] # EXPTIMEIX] },

. = { X : PH[X] # PSPACEIX] },

o= { X : PSPACENI] # EXPTIMEIX] }.

BL. ThHoOHMOBERRIBIKRDOLITHS (¢ BHOBEMREERT)

Ezz Eoc Ex——' Es, E4C P s C El# E'I,
e« Es € E, € Ea., Fe« C IEs, 2,0 Es.

2T, S M C THhEPEIDPARETBZILDB—DOOMBETHS.

ER 1. & E. & IO°% ‘C‘Eé?ﬁ,‘Z"z T&Ww. EPBE Borel EEICEH
3% Foe TEZX%W., O

COEBIFIRO-HBERDORLLTELNS.

EH 2. BIX], CIX] #» X-recursively presentable Z 75 X > T, I
= {X: BlX] # CIX] } L, ROEFEHVHEZIRTWDHLET S :
(a) (al) BIX] € CI[X] for all X, XX (a2) B[X] = coCI[X] for all X,
(b) (b)) P-m-BEifEicoWT, Xt (b2) HEEHEKHEICOWT CHRI-F242%4

H(X) BFET 3,

(¢) BIX] & (1) B2HAMIHALTWS, »XE (c2) BEMICALTHWS 2,
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(d) T iF meager THH L, £~ %M P(2") ThHiun,
() X I tail set ® ThH 3. |
UEDERHOTIZ, E I proper I1°% 75X TH 5. %%.%hﬁFa
TXZXRW. EEL, (b)) & (c1) H¥#labIh, (b2) & (c2) Hl&bXh 3.
(i) 1) [Sch 82] F /=ix [BDG 88] %AW,
2) f(y) PEEARHGETRXEHREHEGETETHSD, L € BIX]
Thhi¥x, (L) € BIX] ThsZk.
3) [0x 711 # B,
ﬁﬁﬂﬂdjfﬂmﬁ. EMIcBIF5%ME b),() 2bbWT, ¥ € E &
H(X) ¢ BIX] »xrXh3. BIlX] » X-recursively presentable TH o » 5,
Al 0° BTEED. 2T, BE M F, ThdselLsd. #Hi%d - E
BRZETHW tail set THD, > TEhiL dense TH 5. 13 meager %
Fe £G67%»56 {EED dense set é:ﬁbé. IoTHiz, En-1E # ¢.
ZhigAEH. Wi, E & F. T, #E>THH 2% TE2W. O
EBIQHN : & F. RER20BKMLHET . TOEWER,
[BG 811, [Po 85] Y OERMVFIH NS, O
LREDEBIIAUANRHEBU RV I AP B2 5. HlixE B = {X: PIX]
# BPPI[X] } #%x&5. BPPHX] OERICHE> THEMNICFHFBTIZ LR
D, BE » 2% TharZehpRrazhsd. L»L, #htt 1% THE30EHN
FEbPHZW. LEFARERET Fo ThwIlidb23d., ZOEMZHMUE

HRETDHIELBEKRMRTHS.
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8 22 . Uniformization Of8#H. Uniformization & separation O

A BESHOPLOIEATH S, hIBEECHESZ0T, FHRERRICE
28X (GH8E8) MR se0TES. S e 2 BExbhiE ik,
(1) U € 5,

(2) 3y (x,y> € ) = 3Fly (x,y € U)

HAaFET U3 S #—5{kb4 % (uniformize) E\WwWw, U % S @ unifomizator &

i, U WBERM Ds = {x: <x,90 € S} TERIWEALRIHEBRDOT 57
TH5. XC, MEIFE U %2 5 73‘68’@:1:56#[/‘(5}?&)5#‘(“256. s, s »
B ERBIITARET DL &, YARY T AD uniformizator U 2Kk bhdne
WORMTH S, HREESHICBWT, ThitMHT35BEERERIE Novikov-
Kondo-Addison DEMTH 55 : II' £/ I KA EH>TC—EILTE 5.
(ZAHZOBERXFAME N X N OFFEEGITOWTE>TWS. [Mo 80])
EFE. Uhif(C;K) BROFEKEE2ELYT: &5 € C LT, () RY (2)
WM U e K BFEETS. H->TEKD (3) HRIILT S :
3) 3y (x,y> € §) © Jly (x,y> € U) & 3Ty (<x,y> € U).
¥/, Unif(C;C) % Unif(C) ¢tWiv 5. O
#i#3. C %% conjunction jlEl, #HiESHE, RUAREHENR Vz <y

DFTHULTWAZ B, Unif(C) WD,

E‘r"ill

M. S ecC &93. Us #2KATEHRT S :

(4) x,y> € Us & <x,y9 € S A Vz (z<<y > <x,z2> ¢ S).

Us (B 512 S @ uniformizator THH, C ICETH. O
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5%0EDIZ, Us # S OEMBLEPRZEIZT S.

4. Unif(DEXT) DI o.

%ﬂ(

M. DEXT X #f#3 oxtkx#irzd. #{z:z2<<y} sz 2vm
WCiEE. O

E2AT, Vo<<y[...] & Vzllzl Slyl > (z<<y=...)]
t%ﬁ%i)\%, HL NP = coNP ( ¥%2iX P = NP ) 6,
Unif(NP) ( ¥/ Unif(P) ) PWk¥>D. &-o7T, [BGS 75] i2&D

MM5. Unif(NPI[A]), Unif(coNPIAl), MU Unif(PIA]l) KD LD

d 57 oracle A PHFELET S. O

wiz, MoK f: Z* > 3" HPEHEANHIABUGEEIX, TOEREK

Dom(f) ¥ P 2L, $XRCD x € Dom(f) icnt Ll £(x) R EAKMEE
Turing machine &:J:?‘(%‘f%’f‘%é:k. ZTOLEROMPEZ B :

HEl. P REEIIEGRLILHAKHEGETHMARICL>T—ELbTE S
» v

CHhIEErRPRREVEBETHSLHOCEDRSE. UL, P ICEHE %R
Mz 2%561E, BEMICKRITS :

6. logP = {Q : For some c>0 and some SeP, <x,y>€q &
lyl £ c-loglxl A <x,y> €5} ¢95. D&%, lgP KEITHIEAIXZHA
HHEGETREET—-FILTES.

ZEn . # {y : lyl£ ¢c-loglxl } £ 2ixl®e THha0hH, Q0 € logP &2 H

i

X, Da {x: 3y (x,y> €N} X P ICETAS. Zhib, @ o
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Vo "ZHAKBHFETEREAR T I b®r3. O

chizx L,

WA T . WDOKD% recursive oracle A BHFELET S : PtA] WWET 5%
B S PH->T, S OXD unformizator b A-BHEKXBFHIF BT MK CE—ET
Ehan,

. NPIA-%2%2%4 K@) ¥ PA] 2EX WX 5% recursive
oracle A % & 3. KA) i, 88 R € PIA]l HZHEK p(n) 12OV T

x € K(A) © 3Fy ( 1yl £ pUxl) A <x,y>€ R)

EREDZMH,S LT S = { &y : lyls p(xl) A x,y>€ R} %th
XEw. O

CTheNBELT, XKOBMWIEZALHELWESIRE XS :

Bl 2. Unif(PI[A]) bfﬁE‘U MEZRWE D% oracle A BELET HH» ?

BOOMELLT,

EB 8. KOED% recursive oracle A MBFELET S : K S € PlAl »Ho-
T, S QKM Us 1Z NPA] KEXZ2Ww. O

S 5 NPIA ORATEWED, EM8DENBERTHE: TOEDI,
NP([A] - coNPI[A] - # ¢ 7% recursive oracle A &1, E %DV 5 R
D—oD%GLHEL., S ={xy:(x € EAy =10) Vy=1l} eghik
S O Us 13 NPIA] It 2w, (Zo@mEKiE, BzBEIcOWTO 1.
Enderton & DRFEICHDI <. )

EMB8OIHW. X < Z* izxL,
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LA = | <x,y$ : Jz (z <<y A <x,y>€ X )}

B . oracle A ZEBFETERL, [BGS 75] BB LI
(5) L(A) € coNPIA]
BEDADESICT 5. M) B s IDFHOBRBETI A AIDAZRES
2RDESET, AO0) = ¢ LULTHRETS. F/H,s CKHUTHAK n. 2E%X
$5. no =0%¢93%. ®Eiz, 2(n) = I<1I™, 0™ > B, 2() i&n
D—RKEBTHBELTEWN.

BF; s 20. n% n>ns D p(2(M))<2” 5N OKLTS.
U ps(n) & s HHDOIEREMHZHAKMBRE oracle Turing machine NPs~ DU
MBERKTH 5.  %¥. B() = AGIU { < 1% 0" > ) &L, AN
< 1=, omt? >v LT NPE %ZELHEHS. HLERITHITIE, RHITEEE
% —=DRT (HEDEDEDBOBEMEESL) TOFHESP oracle KEBShEZW
1™, u > RBWOEE—DED B(s) AMRXT A(s+l) %D (P2 3B3E v 117
g2, EDEDZThY < -Bhehddb0xESR). DHLIHELRITHIE,
fMbLBW: HH A(s+l) = B(s) €95, neex = 20 BL. BEXOER
s TAAMAGNEFR s IDHORBTOHBICEEELE X2 .

AT XRTO AG) ZFHLOMEETHHLEFKTS. A X 5002 recursive
set TH5H. HEHD s 220 T

NP A 8 < 1™, 0™ > A4 5 © NP B> % < 1™, 0™ > A FMT 3

© 3Ju (lul = n A <1I?, 0> € A)

© Ju(u<<y AC1I®, 0> e A) &© <17, 0™*> € L(A)
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S <17, 07t > ¢ —L(A).
EoT, (6) N>, FIC, A OEME Ua 2525 ¢
X,y> € Ua & <Xx,y> € A A Vz (z<<y = <x,z2> ¢ A).
LA W Ua D LIZHDIR <x,y> ORETHS. 45,R % Ua UTICHBHL1K
DEGELED:
<x,y> € R & 3Fz (y=1z A «x,2> € Ua).

HL <x,2> € Ua BB lzI 2 1xl + 1 ThHidho,
(6) x,y> € R © 3Fz [zl £ Ixl +1 A (y=z A x,2> € Up)]
&%, XIT,Un € NPIA] ERGEL LS. $5& (6) IckD R € NP[A]
¢ 5. L, fED A5 A @ domain Ba € PIAl ThHD, f#£>TC LA =
DaX3* —~ R € coNPIAl &%->TULES. chid (5) EFETH. &o
T, Ua ¢ NPIA] THFHIEZELZW. A € PIA TH595,5 = A ke
S TEHREIENE A, O

COEBIZBWT, %% uniformizator ML DBDOTHSH. S & PIA]
RES 22K T-BIEREPBHNEN. FX, EROABPTHWLRE S
(= A) X PIA] CEBYHEEGT—ELZhE., HKxiX S OXA% unifomizater
b Pl CRBERWEDIR A LS 2KRKDEWDOTHS., ZhIR#E2TH 5.

Tk, PNl LT ARG RBEARIITIADKEGILLE>»T—BILTEBZDESS
»o?

ﬁ"u_ﬂ:ﬁ hnif(P;coNP) #KN-D.

MW, S e P &35, S O Us BXkDEHicERXh B :



135

<X,y> € Us © <X,v> € S A Vz [ 1zl 2 1yl =2 (z<<y = <x,2> ¢ S)].

HoT, Us € coNP Ths. 0

A1 (ME1OFWE) Unif(P) Bpkiio» ?

8 3. ExFHrHEE. C 220 BBISRALTS.

Red(C) & VX, YeC 3IX,,Y,eC [ Xlgk A YiEY A X2UY,=XUY
AN XiNnY.i=9¢ ],
Sep(C) & Vi, YeC [inY=¢ =
dJZeCncolC (X’SZ AZINY =¢ )]
eBL., 2OEE,
C Iizxd 28 xFEMEIE: Red(C) PRILT B2 L,
C iz d208FMEIX: Sep(C) WRILT B2 L.
JEHIZIEWEHO 7 5 A bz LT
@) Unif(C) = Red(C) = Sep(colC)
PDIADZ WAL TWS ([Ho 80]) .
¥ € NEXT <& 3ZJa>0 IReP Vx
[ xeX & Jy( lyl g22'=" A <x,y> €R )]

TH3ZeHHATHIE, RKOFBERPEOHN D :

w10, Red(NEXT) MR T 3. H-T Sep(CeNEXT) »

Ehiyo. O

M@ 3. Red(NP) Jiiﬁﬁ?‘%iﬂ ?

- 10 -
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Kz, C L E % ECC 2%8875X¢0L, Bt € C Thot
HicKRazr#¥EGLd5. B & C» E-BHE i, R € E, B <R, RNC =
¢ BAHAES R DPEFELETSHZLTHS. EFODTRWEE, Be& CWE E-L8A

AlfE THHEWSDS., ZOE X,

EM1 1. KOFMH%A2WMi<EF recursive oracle A W{FEHET S : NP[A] &

PlAl-5 8k AWt disjoint sets % & .

LW OB . Ko(A) = {x : Ty (0y € A A 10yl = Ix1)}, K.(A) =
{x: 3y (ly € A A ilyl = Ixl )} &BL. COZODEEVHIIHET,

PlA] WS BZ3EETROETERNLDIC, BT A #E#£9 5. O

ZhiE, BRMD recursively enumerable disjoint sets T recursively
inseparabie BODOVFLET S, LWOHMWERIZH BT IZ2IDTH 5.

COERIE, COFETIE -Sep(NPI[A]) 28ELAEW. ZHELZH, Ko(h)
E Ki(A) % NP[AINcoNPIA] — PlA] REIIEEGTHETEXSZ20bHAN
ZwhrbThHsd. LUL»L, [BGS 75] & Theorem 6 DI A#EIET B2 8I2&»T
ROERVGEOHN D ¢

EH 1 2. Sep(NPI[A]) PRI U%Z WL 5% recursive oracle A WHFLET
5. O

COREE () tixHeEDbEIZEICED, ROEMERGS :

EM1 3. Unif(CoNPI[A]) MKV U%& W 5% recursive oracle A 2%
#ETSH. O

ZB, FH1 1ML TKORRDGONS -

- 11 -
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EP1 4. KOZUA#H 7~ recursive oracle A WHELET S : NEXTIA]

X DEXTIAl-S8A0/fE% disjoint sets #HH. 0O

4. Sep(NEXTIA) PRI LB WE D% oracle A BWHEHET I ?

[BGS 75]

[BDG 88]

[(BDG 90]

[BG 81]

[{Mo 80]

[Ox 71]

[Po 86]
[Sch 82]
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