LANGUAGE INFINITIES
G F R Ellis and W R Stoeger

Mathematics Department, University of Cape Town.

The ability to use spoken and written language is one of the most significant attributes
that separates humans from the rest of the animal kingdom;' consequently, it is
inevitably the subject of major academic disputes. In particular, there is a disjunction
between those who propose a biologically based embodied-language approach, see for
example Feldman’s book From Molecule to Metaphor, * and those utilising a much more
abstract formal language theory, see for example a recent survey by Komarova and

Nowak,3 hereafter KN.

While the latter approach throws interesting light on some aspects of language (reflected
for example in various papers published in Nature®), one may query whether its formal
nature, centering on a proposed algorithmic implementation of a Universal Grammar,
adequately reflects the biological underpinnings of the workings of the human mind. We
here illustrate this unease by focusing on a strong claim made by KN: namely that there
are an infinite number of languages containing an infinite number of sentences (KN,
p.320).” This is not just proposed as a statement about formally defined languages; it is
explicitly claimed that natural languages are infinite (KN, p.323). This is based on the
idea that sentences can have an unbounded length: you can just keep adding subsidiary
clauses ad infinitum to obtain arbitrarily long sentences. But such a *“sentence" is not
really a complete thought -- until it is complete. However, it never will be, because that

is what infinity means — something that is never completed! Thus, from some common
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points of view, it is not really a sentence to begin with. In any case this viewpoint has
nothing to do with real-world biologically usable languages, for the simple reason that
the human brain has finite storage capacity and only survives for a finite length of time,
and so can only carry out a finite number of operations in its lifetime.® Hence there is a
finite limit to the length of a possible sentence in a biologically realistic language
context; while sentences actually usable for communication purposes, the raison d’etre

of language, are very much shorter

One can calculate an absolute limit on what a human being can possibly read in their
lifetime by estimating how many words can be read by a machine doing so continuously
for 24 hours a day every day for say 120 years at a rate of say 10 words a second (giving
37,843,200,000 words). This is obviously not infinite. No real person can exceed this
limit in their lifetime (inter alia because they have to sleep). But in a realistic approach,
one recognizes that if a sentence has meaning, the reader must remember the beginning
by the time they reach the end.” Given the famous features of short term memory,® one
can estimate that a maximum length readily understandable sentence has 7 subclauses
each with a maximum of 7 words, so 49 words. As sentences become longer than this,
they become increasingly un-understandable as a function of the sentence length, and
hence unusable for communication purposes; one is probably safe in saying that a
sentence more than an order of magnitude larger than this (10 x 49 =490 words) is of no
use for communication purposes and will not occur in any real language except as a
possible flowery demonstration of verbal dexterity rather than being intended for

genuine communication.” Thus the number of practically usable sentences in any real
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language is finite and they can in principle all be listed, contrary to what is envisaged by
KN (“Natural languages are infinite: it is not possible to imagine a finite list that
contains all English sentences”, KN, p.323). This alleged infinity is simply not a realistic
description of genuine languages as used for communication by the human species. It is
true that sentences will appear in contexts where long range dependencies occur, so
meaning is not confined to single sentences. But then the maximum number of sentences
that can be contained in a conversation or a book is also finite, for a single author
perhaps the equivalent of 30 volumes of 1500 pages each might be a upper limit for their
coherent presentation of theories and thoughts over their entire life, so that the maximum
number of combinatorial sentences in such presentations is also finite. The possible set
of human thoughts expressible in written or spoken language is large but finite. As many
have remarked, infinity is not just a very large number: it is a magnitude that is never
attained, is always beyond reach. To be real, something has to be completed or have
definite boundaries -- but the essence of mathematical infinity is that it's never

completed; consequently what is complete in the real world is always finite.

This is of course a rather abstract argument, but in our view this strongly stated use of
the concept of infinity in formal language theories definitively demonstrates their lack of
realism as compared with embodied-language theories. It indicates that the underlying
theory does not take seriously the fundamental purpose and context of language use
(communication between living people).'’ Indeed, the great mathematician David
Hilbert remarked "the infinite is nowhere to be found in reality, no matter what

" 11 We believe this stricture

experiences, observations, and knowledge are appealed to.
should be taken seriously, and used to separate fanciful from realistic theories, be they

theories of language or of physics.'?

' The fundamental definition of a sentence KN employ really does not represent any sentence in any
language -- it has neither syntax nor meaning, nor does it need to be complete.
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