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SREBHRICBIIIRBESHEIMFAEICONT

HEBAT HrhEx ( Hisao Tanaka )

WREGRTE->DEETOMEAXHBEHEADDAYL. CITRHRRO=Z20
BHIZOWTHRNRS,

1) {X =2 : PIX] # NP[X] } OD&>5% W<OPORKNEIFTX
@ Arithmetical (or Borel) Hierarchy ICBIJBAMBEDORE: ZDLI3% T I AN
proper II° V75X ThHhBHZ LRI N5.

2) EaBgaM®BcBITa Uniformizatio‘n Problem OEFEE : —HIik
Unif (P [A]), Unif(NPI[A]), RV Unif(coNP[A]) BN ILD & D% oracle A
DEEXEAWTHS. &£oT, E5THW oracle A OFEHMATHS. =
Tk, a) S € PIAl] LT, TOREMERZ—FE{L Us »* NPIA] icE&zn
Wk 5% oracle A BFEET AL ; b) nif(CcoNPIA]) BRILEWE S %
oracle A FETHZL ; BEETRT.

3 ) Reduction Principle MU Separation Principle\ OFEEMHFHICHB T
3740V —: a) NEXT 28U T Reduction Principle MMM T 32 & ;
b) NPIAl i2BT 520D %E&T PlAl-inseparable ZHDOWHFET L 5%
oracle A PH B2t ; BREERY.

Frh, WSODPOXRBREAEZBXRS.
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§’ 1. HEFH. FSBHFZLEAESHICBIIEENRRESEMAL
5. % =1{0,1} B7A79y}wt, 2" i 2 LOELUROESTEE
A 280 dBH. u, v, w, x, ... XEEEL,A B, ..., X ¥, ... BEBEOE
GERT. RKOLO%, BoBEEEF ( << ) #Hw3:

A, 0, 1, 00, 01, 10, 11, 000, 001, ...
Ex ORXE Ixl TEY. 2oOrx,Ixl £ 26 x<<0™' Thi.
ik ZTXIT > I RAZEANHEETRERSBEAMNEAR, o L, X F
DOZHEARFHGETH LKL TH S : |
n( no(z), ma(2) ) = 2z for any z € 2™,
m(x,y) Kbz <,y HEL. #-T, T*XI* OWIEAIR =" O
SEGLEIXTEW.

P & 2° ORTORIKGOKETHS. 2LOBE (HEE tv
5£5BEAERVT ) P2 oBRIEEGEITALELE. P2 @AV
WEHETHD.

L<HBRE P, P, NP, NP, etc DESB2 I XiconTIiE, X

Wk [BDG 881, [BDG 90] &AM XhEun.

§1. HHNBZBWOPDIFADHH. RIZHEXZI5XAD, BikieIREEIC

BUAVRNIVERET S :

®E., = {X < 2*: PI[X] # NPIX },

E.

1]
——
-

coNPI[X] # NPIX] },
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B = { X : DEXTIX] # NEXTIX] },

. = { X : CoOoNEXTIX] # NEXTIX] },

E. = { X . PIX] # PHIX 1},

E. = { X . NPI[X] # PHIX },

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

s = { X : NPI[X] # EXPTIMEIX] },

.. = { X : PHIX] # PSPACEIX] },

E o = { X : PSPACEI[X] # EXPTIMEI[X] }.

B, ThoOMOTEHRIIXRDOLITHS (¢ FEOBAMERERY)

Ezz s C E1

E s, E.c E:c E., # K.,

e FHs € IE, € Ea,, Ee« C Es, .o € Es.
TZTC, S M C THhEPEIDPARETSZILDB—DORBATHS.

EH 1. & Ex X 0% THsHM, 2°% ThHWw. FEB Borel BEICH
3% F« TEZA2ZW., O

COEBIIRO-BWERDORLLTIELNS.

JEM 2. BIXl, CIX] 2 X-recursively presentable 275X ¥ T, I
= {X: BIX] # CIX]1 } LU, ROFHPWHEZZIATWELT S :
(a) (al) BIX] € CI[X] for all X, Xix (a2) B[X] = coCI[X] for all X,
(b) (b1) P-m-EiMicOWT, Xt (b2) MESETIHEICOWT CHXI-FL242HE

H(X) BFET B,

(c) BIX] 1x (cl) 2HEAMICBHLTWS, »XIE (c2) HEBICBHLCTW3S 2,
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(@) X i meager THEL, £~ %M P(Z") THEW,

() X I tail set ® Th 3. |
BEDFEHDFIZ, E & proper 1%, V5 ATHBH. EB, #hixz F,
TXRBW. EEL, (b)) & (c1) H#labIh, (b2) & (c2) HHE&bEIh 3.

(i£) 1) [Sch 82] F &% [BDG 88] %#BM.
2) f(v) PEEFHERTROREREFRTERTHD, L € BIX]
Tthhi¥, (L) € BIX] Ths2¢t.
3) [0x 711 %W,
GEH O . FEEICBITS2EMH (B),(c) 2BbbWT, ¥ e E o
H(X) ¢ BI[X] 2Rr&Nh 5. BIlX] » X-recursively presentable TH 3 » 5,
G0k 1% BTEED. 2T, BE » F, ThdelLxrd. #HESLS B

B Thw tail set THhH, > TCEhit dense ThH 5. = |3 meager 7z

Fo £6705 (TE® dense set ¢ b35. IoTHIZ, EnN-E # ¢.
Zhizra

H. Bz, B & F. T2, ##>T8H 2% THW. O
EHRLOFY 2 & B« BER2OBRMEZWRT S, ZO@WII,

[BG 81], [Po 85] Y OFERVAAENS. O

LROBEITIALUA O H U RIS AN E2HS. HXE E = {X: PIX]

# BPPIX] } 4% x&5. BPPIX] OERIHE-> TEEMNICFWMI L 212

k0, BE 2 3% ThHHrIEHREIRE. LU, Thd 1% THILEDP

FEb»rBEEZW. LEABRZRET Fo ThwItikbrsd., ZOEHREZME

HRETDHIELWERBRRTH S .
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8 22 . \Uniformization D). Uniformization & separation DI[¥

AR R KGR OB OLRFATHS. ChiZREIEET 0T, FRERHRKS

JAHNX (BHEE) bBEHEIOTAENTESE. S € ™ MhExbhiE X,

(2) Jy (<x,y> € §) = 3Ily (<x,y> € U)
AT U WS #—E{kd 5 (uniformize) &WWw, U % S @ unifomizator &
g, U WBERM Ds = {x: &, € S} TERINEZRIHERERDOT 57
TH 5. XC, MAIFX U %2 5 i)‘Bt’@J:ﬁb:leSk&)ZaiJ‘T‘f)%). s, s »
BRI ITARBET DL &, YA%RY T XD uniformizator U 2RkdDbhdzne
WORIMTH S, HBREESHICBWT, ThicHET35bEE 2RI Novikov-
Kondo-Addison OFEMTH 55 : II', G I EHGIcd>T—EILTE 5.
(DwWZDOHBEXHZIE N X N OFIEGIKOVWTE> TS, [Ho 80])
EFE. Unif(C;K) BRXDFEKR%EKRYT: £S5 € C iexLT, (L kU (@)
w4 U € K ¥FETD. > TRKD 3) PRILT 5 :
(3) Fy («x,y> €§5) & Aly (xy> €U) & 3FJy (<«x,y> € U).
¥/, Unif(C;C) % Unif(C) ¢Mid 5. O
#i3. C % conjunction {HE, #WHEAHE, RUARLSHEMAR Vz <y

DFTHLTW3%2 b6, Unif(C) MWEILD.

E-l‘l

i, S € C ¢95%5. Us #%hATEET S :
(4) X,y> € Us © <x,y> € S A Vz (z<<y = <x,2> ¢ S).

Us (B 62 S @ uniformizator THH, C BT S. 0O
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SHOEDIC, Us 2 S ORMBEIFERZ EIZT 5.

4. Unif(DEXT) »Ppkhio.

GtW. DEXT 1k #i#3 ox#F%2iiEd. # {z:z<<y } = 22
CiEE. O

L2AT, Vo<<y[...] & Vzllzl Syl > (z<<y=...)]
&%ﬁ%zpa, HL NP = coNP ( ¥k P = NP ) Z6if,
Unif (NP) ( ¥ 72ix Unif(P) ) KD, &-T, [BGS 751 i2&D

M5, Unif(NPI[A]), Unif(coNPIAl), MU Unif(PI[A]) MDD
& 9% oracle A BELAT S. O

wiz, BHMER f: Z° > 27 HFEEANMIAETEEEIE, TOERS

Dom(f) % P 2L, 3XTCH x € Dom(f) loxf Ll £(x) PR EAXKHMEZE
Turing machine L:J:?T%‘f%'(“%élé:. ZDELEROBMPEZ 3 :

HEl. P REIIEGRLILHANMETHRMAKICE>T—EILTES
m?

ChE R rRRVEETCHSLOCBDbRSE. ULrL, P ISR %EZ
Tz sz6lE, BEMICKRITS :

6. logP = {Q : For some ¢c>0 and some SEP, <x,y>€Q &
lyl £ c.loglxl A, y2€8} ¢935. ZOt%, logP ICETIEGEZHEA
KHG R REEET-FLTES.

M. # {y : lyl< c-logixl } S 2ixl® TH32»56,0Q € logP %5

It

X, Da {x: Ty (x> € Q)} I P IcEd5. h&b, @ o
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lo "Z2HAKHFIETERRR CHI22rbrs. O

chicx L,

W7 . DX D% recursive oracle A WHELET S : PtA] CEY 5E
B S PH-oT, S O¥o unformizator b A-ZBHKXBFHIGFETREMK TR —FELT
Ehwn.,

GEH. NPAI-Z2%HEE KQ) ¥ PIA] I2EXZWE 5% recursive
oracle A %t %. KN i, ®R € Pl LREHL p(1) koW T

x € K(A) & 3y ( Iyl £ p(Ixl) A <x,y>€ R)

LEELZNMH,S ELT S = { &,y Iyl p(Ixl) A x,y>€ R} #%th
Ekw. O

CheaibLT, ROBWIFALBELWEIIE RS :

B2 . Unif(PIA]) MWD AEZWE D% oracle A MWHET M 2

HOoMMELLT,

EM8. KOLS%H recursive oracle A MFLET S : K S € PIAl b o
T, S OEMB Us & NPIA] @& w. O

S 5 NP ORATEWED, EH8DIEANBERTHE: TOEDI,
NPI[A] - coNPI[A] . # ¢ 7425 recursive oracle A ¢ D, E 2DV 5 R
OD—oDEGLHE. S ={%yy :(x € EAyYy =0) Vy=1} &3hif
S O Us & NP[A] it hw. (Zomkid, BlzBEIcowWTo H.
Enderton X DORFFICHEK I L. )

EMB8OIW. X < ™ loxL,
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LA = {<x,y> : Tz (z<<y A <x,y>€ X))}

B . oracle A ZERFETESFL, [BGS 75] icBiF 5L
(5) L(Q) € coNP|[A]
BEDIEDESICT S, AGS) B s KDHOBBETII A ARDRAEREE
2RDESET, AO0) = ¢ LLUTHETS. F/,s CTHRUTHAK n. 2E%
5. no=0%¢93%. Fiz, () = I<1™, 0™ > B, 2 &En
D—KBEBTHHELTEW.

BFE s 2 0. n% n>ne D pa(L(n)<2” 25N OEETSH.
U ps(n) & s HHDIEREHZHAIFMHEFE oracle Turing machine NPs~ DU
MBGERKTH 5.  %¥. B() = AU {<1° 0" >} 2L, AJ
<1, o»? >v LT NPB® %ZEHLHSE. dDLERITHEHITIE, SHIITEEE
DRV (MEDEDEFROEH%HESE) 2OFEHP oracle [CEB X hE
<17, u > BBBOFEE—DED B(s) AMRT A(s+l) %165 (2B u
g2, MEDEDZTIhY < -Bhei22db0%28E). DHBLIHEULRITIE,
fMHLAEW: HIb A(s+l) = B(s) T B. neex =27 BL. BEXOBR
S TAAMALGNEZFE s IDHOBRBTONBEICEELLE X2 W.

AEdXRTOD A(s) FHLbOMEETHHLEFLTSH. A X H5H»IC recursive
set THd. {HEED s 2220

NPA % <1, 07t > A5FHld 5 ©  NPGBS 5 < 1™, 0™ > LA FHMT 3

< Ju (lul = n A <1™, 0™*> € A)

© FJu (u<<y ACI?, 0™T> € A) © <17, 0™*> € L(A)
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S <17, 0™ > ¢ —L(A).
2T, (8) DA D. FIZT, A DEKMB Ua 2H X5 ¢
X,y> € Ua © <Xx,y> € A A Vz (z<<y > <x,z2> ¢ A).
LCA) 1k Ua LD EICH DA <x,y> OEAETHS. 4,R % Ua ITICH B84 HK
DEGLLED:
x,9> € R & Fz (y=1z A &x,2> € Ua).

HL <x,2> € Ua LB 1zl £ Izl + 1 THEH»PH,
(6) <x,y> € R & 3Fz [lzl £ Ixl +1 A (y=1z A <x,z2> € Ua )]
%%, %IT,Un € NPIA] ERELELD. $5L (6) IckD R € NP[A]
a5, Mk, fENE»H A O domain Da € PIAl THYD, fE->T LW =
DAXZ* ~ R € CONPIAl &%o>TLES. chid (5) LFEFS. o
T, Ua ¢ NPIAl TRIFhELZBLZW. A € PIAl THa2»5H,8 =4 &k
S>TERFHEMZhE. O

COFEBIZBWT, ¥F O uniformizator XN RDBOTHS. S & PIA]
BT A2HEAT—BILHERZ DD HENZNW., FE, EMOEHTHWSNIE S
(= A) X PIAl KRB HHEST—EILZNhDE., H2ES OY AR unifomizator
b Pl CRBE2WEI2 A LS 2KRKDEVWDTHD. ZhHFH#EH2THS.

TiX, Pl BRI HBEGEHEALRIFTADEGICE>T—BILTELZDES S
n 2

_ﬂ;’?_;‘s'{_i_S_ Unif(P;coNP) 2phiio.

EW. S e P k¥bH. S OEMEU BROIDICKRZIND
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<KX,y € Us & <x,v0 € S A Vz [zl £ 1yl = (z<y = <x,2> ¢ 9)].

HoT, Us € coNP Thas. 0O

1S (ME1DOFHWIE) Unif(P) WRkiio» ?

8 3. ExFHErH#EHNEE. C 2-o20REIIRLTS.

Red(C) & VX,YEC IX,Y.€C I XCX A 1SV A KaUYa=RUY
AN XinYi=¢ 1,
Sep(C) ©® VIX,YeC [ XnY=¢ =
3ZeCncolC (X”EZ AINY =¢ )]
&EBLS. EFOrx,
C izMd5BaBEMEIX: Red(C) WRIMT B L,
C It d208BMEIE: Sep(C) WKL T B2 L.
FEHIZILWTEHD 7 5 XA bz LT
n Unif(C) = Red(C) = Sep(coC)
MDD eBHAIGERTWS ([Ho 80]) .
¥ € NEXT ¢ 3a>0 3ReP Vx
[ xeX & Jy( lyl£28'*' A <x,y>€R )]

ThHdZeHHATHIE, XKOERIGHN S :

g1 0. Red(NEXT) M»K¥NT 5. €5 T Sep(CoNEXT) M

Do, O

F#3. Red(NP) WL dTIH» ?

- 10 -
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K2, C L E % ECC 2538875 ¢LL, Bl € C ThHo

HizkZoz#¥Ged5d. B & C» E-QBEHE £, R € E, B <R, RNC =
¢ BAEESRDPELETSHZLETHD. FDThweE, Be Cld E-28F

A ThHhdHEWSH., TTHOE X,

EM11. kOFEHAMET recursive oracle A HELET S : NPIA) &

PAl-BEA v g% disjoint sets Z b .

LW OBERE.  Ko(A) = {x: 3y (0y € A A 10yl = Ixl )}, K.(A) =
{x: 3y (ly € A A Ilyl = Ixl )} &BL. COTODEENVHIZHT,

PlAl KBS 2EAGTRABMTERWEDIIC, BRIET A #E£T 5. O

Shid, BHRE D recursively enumerable disjoint sets T recursively
m%%mﬂe&%@ﬁ#&?ﬁ,8h5ﬁﬂwiﬂkﬂmié%mfﬁé.

COEMIE, COFFETIE -Sep(NPI[A]) #&ELEW. Z¥ER5, Ko(h)
¢ Ki(d) ¥ NPAINcoNPIA -~ PIAl KEIIEATHEETEI0bMN
ZWwhrbTHsb. L»L, [BGS 75] @ Theorem 6 DI ABIET B LiIcko> T
ROBERPEHELHNI S :

EFE1 2. Sep(NPIA]) WY U%Z Wk 9% recursive oracle A HFAET
5. 0O

COfREE () rEHAEDELIZEIZED, KOEMETGS :

M1 3. Unif(coNPI[A]) iKY UZRwd 9% recursive oracle A
#ETSH. O

ZF, FHI1I1IHIBULTXKOREADBEONS :

..11_
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EH 1 4. XOFEU%Z#7T recursive oracle A BHFEET S : NEXT [A]

X DEXTIAI-9J8A0 % disjoint sets 2#H-H. O

B 4. Sep(NEXTIA]) PRI LZEWE D% oracle A BEHET B 2

[BGS 75]

[BDG 88]

[BDG 90]

{BG 81]

[Mo 80]

[Bx 71]

[Po 86]
[Sch 82]
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