Complexity of Array Languages^?

Henning Fernau^1 and Markus Holzer^1 and Rudolf Freund^2

1 Wilhelm-Schickard-Institut für Informatik, Universität Tübingen Sand 13, D-72076 Tübingen, Germany email: ffernau,holzerg@informatik.uni-tuebingen.de 2 Institut für Computersprachen, Technische Universität Wien Resselgasse 3, A-1040 Wien, Austria email: rudi@logic.tuwien.ac.at

We consider the complexity of (d-dimensional) array Chomsky-type grammars, see [1, 2]. Briefly stated, we observe that there is a huge complexity gap between one-dimensional array languages (whose complexity results can be mostly inferred by the well-known string case) and the case of two and more dimensions.

There, as main results, we obtain that both fixed and general membership for regular and context-free array languages, even in the unary case, is NP-complete, while the nonemptiness problem is undecidable for regular array languages. This result nicely fits into the picture observed in other picture describing formalisms [3, 4].

Moreover, every recursively enumerable string language can be obtained via an at least two-dimensional #-context-free array grammar, so that the membership problem for this grammar and language type is undecidable, while it is PSPACEcomplete for monotonic array grammars and languages.

References

[1] C. R. Cook and P. S.-P. Wang. A Chomsky hierarchy of isotonic array grammars and languages. Computer Graphics and Image Processing, 8:144–152, 1978.

[2] R. Freund. Control mechanisms on #-context-free array grammars. In: Gh.

Păun (ed.), Mathematical Aspects of Natural and Formal Languages (World Scientific Publ., Singapore, 1994), pp. 97–137.

[3] D. Giammarresi and A. Restivo. Two-dimensional finite state recognizability.

Fundamenta Informaticae, 25:399–422, 1996.

[4] I.H. Sudborough and E. Welzl. Complexity and decidability for chain code picture languages. Theoretical Computer Science, 36:173–202, 1985.

[5] J. van Leeuwen. The membership problem for ET0L-languages is polynomially complete. Information Processing Letters, 3(5):138–143, May 1975.

?First author supported by Deutsche Forschungsgemeinschaft grant DFG La 618/3-1.