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Processing of written and spoken human language is computation. However, language
processing is not a single type of computation. The different levels of information
encoding in our language as well as the spectrum of applications for language technology
pose a range of very distinct computational tasks. Therefore a wide variety of
mathematical methods have been employed in human language technology. Some of
them have led to specialized tools for a very restricted task, while others are part of the
mathematical foundations of the technology. In this overview a very general map is
drawn that groups the different approaches. Some particularly relevant classes of
methods are highlighted in the remaining sections of the chapter.

In the early days of language processing, most if not all researchers underestimated the
complexity of the problem. Many of them tried to bypass a mathematical
characterization of their tasks and solve the problem simply by looking at the envisaged
inputs and outputs of their systems. Purely procedural early approaches to machine
translation fall in this category. These attempts failed very badly. However, there is one
major difference between language processing and most other areas with highly complex
calculation tasks, e.g., computational meteorology. One system exists that can handle
human language quite decently, i.e., the human cognitive system. Moreover, there is a
scientific discipline that strives for a formal description of the human language faculty.
Very soon the great majority of researchers became convinced that one needed to utilize

389



390 Chapter 11: Mathematical Methods

insights from linguistics—including phonetics and psycholinguistics—in order to make
progress in modelling the human language user.

Modern linguistics tries to characterize the mapping between a spoken or written
utterance and its meaning. Linguists do this in roughly the following way. They break
up the complex mapping into suitable levels of representation, specify representations in
dedicated formalisms, and they employ the same formalisms for specifying the implicit
linguistic knowledge of a human language user. Traditionally their main data are
collected or invented example sentences, judged and interpreted by introspection.
Almost exclusively, discrete symbolic methods have been employed for representing
different types of information in linguistics. (The only exception was phonetic signal
processing, where Fourier transformations converted the two-dimensional acoustic signal
into a three-dimensional spectrogram.)

11.1.1 High-level Linguistic Methods

The mathematical methods of syntax, morphology and phonology are suited for
describing sets of strings, especially hierarchically structured strings. Most of these
methods came from formal language theory. Most notable is the formal theory of
languages and grammars emerging from the Chomsky hierarchy, an inclusion hierarchy
of classes of languages. Each class of languages corresponds to a certain level of
computational complexity. For these classes of languages, classes of grammars were
found that generate the languages. Each class of languages also corresponds to a type of
automaton that accepts strings of a language. Typical for this research was the close
interaction between theoretical computer science and formal syntax with strong
influences in both directions. Much investigation has gone into the question of the
proper characterization of human language with respect to the Chomsky hierarchy.

The grammars and automata of formal language theory can rarely be applied to natural
language processing without certain modifications. The grammar models developed in
linguistics do not directly correspond to the ones from formal language theory. A variety
of grammar models have been designed in linguistics and language technology. Some of
these models are mentioned in section 3.3. For a comprehensive description you will
have to resort to handbooks such as Jacobs, v. Stechow, et al. (1993). A long tradition
of work was devoted to efficient parsing algorithms for many grammar models. This
work is summarized in section 11.4.

The grammars of formal language theory are rewrite systems with atomic nonterminal
symbols that stand for lexical and syntactic categories. However, in human language
such categories have complex properties that influence their syntactic distribution.
Therefore mathematical tools were developed for expressing linguistic entities as sets of




























































