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On Time Bounded Oracle Turing Machines

Hisao TANAKA

Abstract

Various time-bounded oracle Turing machines are considered and we shall
show that Baker-Gill-Solovay’s results can be extended to other classes of langu-
ages. Here we consider the class DELT (resp. NELT) of languages accepted by
exponential-logarithmic time-bounded oracle deterministic (resp. nondeterministic)
Turning machines and the class DEXT(resp. NEXT)of languages accepted by expon-
ential time-bounded oracle deterministic (resp. nondeterministic) Turing machines.
For example, among other things, we show that there cxist oracles A, B, C and

D such that (1) DELT4=NELT4, (2) DELT2#NELT?, (3) DEXT¢=NEXT® and
(4) DEXT?#NEXT?”. Exact definitions of terminology and notation will be
stated in Introduction of this paper.
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PBELTHOT, BHEFHzBN BB,

§1. #8 i@

o IHABEEOHAY, STIERT7TL7 <y t2RbT, ST I={0,1} £ 15,
Z* R0, 1O AEMI (FED) BLWS) 240OREEXEL, S* ORI BEALEELV

o BLEHLZOHMEAY L TRT  L=3*—L, Bz LEDEEY |z| THT, 55
BOEFAMELT, $7 -7 72— V73 EBEAGVS, 5. — ) v 7HEEY TM EBRRT
Ho FICREMLF = — Y v 755 M% DTM, FREMTF -V v 7 HEEY NTM L8851
5. TMT & fro—e EBRELHATWAELE, RE2DEBOAD x (lzl=n) @XHLT
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NTM &5, REDHE, x L TOTOHAREEY bH5M, FOFHRELEAx f(z]) A5
y TTEETH 0L TS, THEEXBKEMBRE DTM (resp. NTM) Th 5 &k, 52 HER
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THL, EeMb b HBLMBETHS B (3] £8B). LoTohbOMEOMA
AL /T 5,

Oracle TM (OTM &®g3ET %) Lk, HMF - 7L h a8k 5 — 7L, BERE &
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66 (FMESS. 3) #HMb =kt HRHEIBIE O i3tk oWC

T&#T. ChbiRWT, P4 NP4 DELT4 NELT4, DEXT4, NEXT4 %0 7 5 24340 & Rk
CEEIKD, FHRTHBXALS51C [1] 2 PA=NP4, P»+NP? /£ % oracle A, B #E1ET5
&M Uico A$3C T DELT & NELT, DEXT & NEXT DBIfRicBI UMkl B i
H3%, Tbb

FE [. DELTA=NELT“ 7% oracle A ZELET 5,

FE 1. DELT2+NELT? 7/¢% oracle B BT 5,
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ECElat%, NMOD pz oSBT 5700, | DOSMIEYEY, FOHED oracle ©HE
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BRE Zna>filn) TH2) VNEDHAETHMINL Z LB RV LTHD, (B THL
SCABYAERS DEBIBEMINLVCEBTHLEhLET LAV, LT
NMSE 5 0™ % FWT5 & NMCW 5 on % ZSET %

= CRES n OFYEL

&= 0 < L) & & L(O).
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DELT? B#BEREOTTCH L W5, 6, EH L1565 DELTC4NELT® &% %,

£¥E3.2. (=%EN) DELT?#NELT? TH»52, NELT? SHiREO FCH U515
7t oracle D B fFEET A, O

ERDIDE—2>OHELI L, MHTERLL K(X) RHLKDOZ EMREY LD

fif3.3. NELTY 2#li¥{50 T CH LTV 200 BB+-4r &

K(XIENELT*
BEOIUDZETCHB,

(8 #WE2.2)kXh K(X) & NELT*5%£Th b, & >T K(X) i co-NELT*-5£C
Hbo TDOZLEHE2.1L 6 K(X)ENELTT hbif NELTY HHBEEO FCH LT3
T EAES, FaesT, O

EE3.2DHEH L(D)ENELTP—DELT? CH-T, z€R(D) & z & |yl=2lz| 5 D
DEDBHHFE y DTN THSB ] LV 5 (BB OLSL 51 oracle D %fEb, cDE EWE
i K(D)ENPPSNELT? TH5, DOWRL (1] ® Theorem 5 ic1F 5 & D & fak L AR
THEND, FEMrLnTs, O

§4. HWEEHMBEEICEAT MR

AT

1={n[2"] | cew)
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gi() =2 (o<1 << e <y < v)
TH5,
EH4.1. (=FEV) DEXTE=NEXTE %% oracle E HHETS,
WEA EE24TEELCALABCLTRRC LDV EHEERES ¢
E={0'1210" |[NEE XnAT » 7REET 2 2 TB+5)
K(X) eHfL<
JX)={0'1210" INEE I n AT » 7REC 2 ZIHT 5)
EEHTIE, J(E)=E Lith, ESPE Chinb, JE)SPE, HE 2.2 DEWE AT L
T, J(X) # NEXTY RH\T @2 THHI e hmb, L-T JE) it NEXTE s
W @r-BETHD, D2 NEXTECDEXT/® =DEXT? TH 5%, fedleh, SHROIK
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A @ OBBERALLLDRRLY v, RETHSHETHINLLTHS, [

FE4.2, (=EHV) DEXTFANEXTF /¢4 oracle F BT %,

R EBLSOMBHELUT S, SEII FREEH F EVIBDEORE ST X STHR
Ths, BM: L0 FOPRCROAERICEORAY FG) L L, F(O)=¢ &T%,

B 0 LT TFO DY . V- g vk 20088 X5, TGRS, ZTORIK T.FO 2%
#2 U EDBEIDEY oracle WHT 5 b, FHHLOFETRTCEEEVA LI A~AR S, L
TFEO RNEORicEl LT 0t #EFThE, B 20/ T LI A MW O% 1D2FBAT
F(D) ~inx FG+1) &T5%, (bLEZ £ OhrbERWieh FG+D=FGE) £T5%.) %
e TFO PRED Y I o U=y v 08 RIER LigVieh, FGHD=FQG) &35, BB i O
B D,

F=U FG)

i=0

L35, EE2.5DMHEREEC LT, B ¥ CICE L Xh5FEOBEEL

i
2 2logj<L . Ot log e
i=1

BHEZIV Lo Th L 202008t gl 25>+ logi b, B £ OFETHELE)Y
APV ORBTERET L,
L(X)={0¢| X kX & 0oFr et}
LEHETDHE, L(F)ENPF ThH5, iis AT LT L(F&EDEXT? Adinhd, £ORK,
52 Hhic ODTM Ty LB céeML, i+ ARELEST
2V >>;.gtlogt giloginoci Ty =T

BHLDIBHECSBEAFIAING, 5T LIF)ENPF—DEXT?, LB - T L(F)e
NEXTF—DEXT? TH5 c &AmRdhic, [

F#24.3. (=FHV) DEPT®=NEPT? /c% oracle G BHEHET 5,

i BEALIOEHCKL Y,

“.={n(2"] | I€0)
RAHBBD 7 5 AREL, Z.-FHEBRE ODTM £, ONTM &2 k4=7 2727 4 -7
T
{DEP. | i€}, {NEP; | ico}

&ET%, G={0'1z10" |NEPC X n A7 » 7RMCa L BET 5} 3 BHEGCRE %, LHI(XD
={0'1z10* | NEPF X n A7 o 7R CaxiZB T3} LThit, J(G)=G Thh, Li
Do T JI(GEP? Lieh, Ji(X) 73 NEPTY i\ T @,-RETHH T &, LHEADFIHA~
7y DBEEXRALTELOALBKERIBY @ REBTHZ EIGRINENG, §id Bigitise
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X »T NEPTScDEPT? A#ihhs, [J

wE4.4, (=FRW) NEPTZ—DEPTZ#¢ /2% oracle H H#TFET 5,

W EEAZOFBRIEDL S5, B X OHIC HORARYAFhAEORESE HG) &
L, HO)=¢ 35, SEZHIRIN 2" LWHHBDOBELT G I TH, BR: T,
AN 0F BT THD LS, ZOHEY 2 257, 7RFT5, £TOBE THD REX =2
DOELHMT BB, PPBEB/TNTCEELEYV A AARD, D> i . b—v 3 VHRCHE
PEST O REFTHERZ 2 OFECEL YV A P RA-TEVWEE (BALBIIE) 198-5T
HG ~x HGHD &5 5 Chibhug HG+D=H® &+5. H=UH® &<,
MEMBZ LT (LA LSER =2 ThHE) Biky A ritie VB X 2% ”J?E‘ﬁe%'fzbla AP S
bbb,

L{(H)={0' | H 3 & 2" OFx &L}

ET5, ILME L(H)ENEPT? ThH5, Wi Rtkicihth © L,(H)YEDEPTY THaH Lh
RENB. TOB, 526 cBHHR p(n) £ ODTM T LWL, +HKkEVixEoT
2°>(+1)2%, 2#>2M0, Tu=T,

DB HIUDLSCTEHERFIATS. O
CORE, EE25CTERA2OTHCISTS L5, NPY—DEPTH#¢ fcb oracle H H°
FETHZEQREFETE L, BEELILHLAT VB L9
NPCDEPT
THBENLTHB, Ll
NPc? DEXT
EVS HIELRBRTH D, ZhiREAL

*324.5. (=FHEEK) NPF—DEXTF#¢, DEXTZ—NPZ+#¢ 7t5 oracles F, Z "FHET S,

O AMIEREEL2OTEMORRRENT B, BEDZLLT [1] ® Theorem 4 THi
BInt oracle e D, L(D={0"|Z 3RI nDOFL2ET%Y) 2%, £ DEHAT LT
L(Z2)ENP? Ch b, BiTtHbLAR L(Z)EDEXT? Thhhh, L(Z)EDEXT? thHb, ¥
i~ DEXT?—NP2+¢ TH5, I

X A

1) T. Baker, J. Gill and R. Solovay, Relativizations of the P=? NP question, SIAAM J. Computing,
4 (1975), 431-442,

2) J. Hoperoft and J. Ullman, Introduction to automata theory, languages, and computation, Addison-
Wesley, Reading, Mass., (1979).

3) A.Selman, P-selective sets, tally languages, and the hehavior of polvnomial time reducibilities on
NP, Math. Systems Theory 13 (1979), 56-65.



