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ABSTRACT
This paper continues the investigation of the fundamental properties of alternating re-
bound Turing machines (ARTM’S). In particular, we shall introduce a simple, natural
complexity measure for ARTM’S, called “leaf-size”, and provide a hierarchy of com-
plexity classes based on leaf-size bounded computations. Leaf—size, in a sense, reflects
the number of processors which run in parallel in reading a given input.

We Show that for any positive integer k 2 1 and for any two functions L : Ν ->
NU {O} and L/ : N -+ NU {0} such that (i) L is space constructible by a deterministic
rebound Turing machine, (ii) [άνω)]ς+1 = 0(logn), and (iii)L’(n) = 0(L(n)), there exists
a language accepted by a strongly L(n) space-bounded and L(n)k leaf-size bounded
ARTM, but not accepted by any weakly L(n) space-bounded and L’(n)’c leaf-size
bounded ARTM.

We further show that for any positive integer k 2 1,there exists a language accepted
by a 2k:+4 leaf—size bounded alternating rebound automaton, but not accepted by any
weakly o(log n) space-bounded and k leaf-size bounded ARTM.
Keywords: Alternating rebound Turing machine, rebound automaton, computational
complexity, leaf-size hierarchy

1. Introduction

The rebound automaton (RA)introduced by Sugata et al. [18]has the same structure
as a two-dimensional finite automaton [1, 6, 15], but an input to it is a square tape
whose top row is a word to be recognized, and Whose other symbols are all blank.
It was demonstrated in [18] that many nonregular languages (e.g., the languages
{anbncn |n Ξ 1} and {ww |w E {0,1}*}) are accepted by RA’s.

In papers [7, 17], investigations of RA’s have been continued, and it was shown,for
example,that (1) there is a language accepted by a two-way nondeterministic counter
automaton, but not accepted by any nondeterministic RA, (2) one-marker RA’s are
more powerful than RA’s, and (3) the classes of languages accepted by deterministic
and nondeterministic RA’s are not closed under concatenation and Kleene closure.

Recently, Petersen [13, 14] solved long-standing open problems on RA’s, and
showed that (1) there is a language accepted by a deterministic two-way counter
automaton, but not accepted by a nondeterministic RA, (2) the class of languages


