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THE HARDEST NATURAL LANGUAGES

ARNOLD L. ROSENBERG
IBM Research Center

“Come, let us 80 down and there confound
their language, that they may not understand
one another’s speech.”

Genesis xi. 7

1 Introduction

In the mid-1950s, Noam Chomsky 1956, 1957 revolutionized the linguistic
world by introducing mathematical models suitable for studying the process
of generating and checking syntactic validity of purported sentences in a lan-
guage. Little time elapsed before workers in the then-embryonic field of theoreti.
cal computer science began studying Chomsky’s classes of so-<called formal
languages (see, e.g., Bar-Hillel, Perles, and Shamir 1961) which promised to have
more relevance to the study of computer languages than of natura] languages.
Almost imnediately, the theoretical computer scientists began discovering
intimate relationships between Chomsky’s classes and certain variants of Alan
M. Turing’s (Turing 1936) mathematical models for computational processes
(Evey 1963, Schiitzenberger 1963, Kuroda 1964). The two fields of formal
language theory and so-alled automata theory were thereby united by a bond
that has yet to be sundered. As time went by, researchers began to investigate
the cornputational complexities — e.g., time and Space requirements — of the
computational processes associated with classes of formal languages. In the
course of such investigations, certain languages in a given class Were on occasion
found to be maximal in consumption of resources among languages in the class;




















































