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RELATIVIZATIONS OF THE 2 =? /%2 QUESTION*

THEODORE BAKERfY, JOHN GILL} aND ROBERT SOLOVAYY

Abstract. We investigate relativized versions of the open question of whether every language
accepted nondeterministically in polynomial time can be recognized deterministically in polynomial
time. For any set X, let 2* (resp. #2*) be the class of languages accepted in polynomial time by
deterministic (resp. nondeterministic) query machines with oracle X. We construct a recursive set 4
such that 24 = #24. On the other hand, we construct a recursive set B such that 28 % 428
Oracles X are constructed to realize all consistent set inclusion relations between the relativized
classes 2%, #2*, and co /2%, the family of complements of languages in .#2*. Several related open
problems are described.
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(EXPTIME: classically solvable in exponential time

Unrestricted chess on an nxn board

(PSPACE: classically solvable in polynomial space )

Restricted chess on an nxn board

>

QMA: quantumly verifiable in polynomial time

" NP: classically verifiable in polynomial time

/NP-Complete: hardest problems in NP

KTra veling salesman problem

J
4 )

P: classically solvable in polynomial time

Testing whether a number is prime

Integer factorization

BQP: quantumly solvable in polynomial time )

A

QMA-Complete: hardest problems in QMA

Quantum Hamiltonian ground state problem
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