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ABSTRACT

This paper presents languages and images as sharing the
fundamental property of self-similarity. The self-similarity
of images, especially those of objects in the natural world
(leaves, clouds, galaxies), has been described by mathe-
maticians like Mandelbrot, and has been used as the ba-
sis for fractal image compression algorithms by Barnsley
and others. Self-similarity in language appears in the guise
of stories within stories, or sentences within sentences (I
know what | know™), and has been represented in the form
of recursive grammar rules by Chomsky and his followers.
Having observed this common property of language and im-
ages, we present a formal mathematical model for putting
together words and phrases, based on the iterated function
system (IFS) method used in fractal image compression.
Building (literally) on vector-space representations of word
meaning from contemporary cognitive science research, we
show how the meaning of phrases and sentences can like-
wise be represented as points in a vector space of arbitrary
dimension. As in fractal image compression, the key is to
find a set of (linear or non-linear) transforms that map the
vector space into itself in a useful way. We conclude by
describing some advantages of such continuous-valued rep-
resentations of meaning, and potential implications.
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INTRODUCTION: SELF-SIMILARITY

Self-similarity is a property by which an object contains
smaller copies of itself at arbitrary scales. As noted by Man-
delbrot (1988), this property is ubiquitous in the natural world,
appearing in objects as diverse as leaves, mountain ranges,
galaxies, and clouds. Figure 1 shows a mathematical abstraction
of this concept, in which the original image is arrived at through
a sequence of zooming operations.?

Self-similarity is also a hallmark of human language.
The following verse, from a poem by Wallace Stevens (Stevens,
Kermode, and Richardson 1997), meanders through a sequence

1Supported by a grant from the Keck Foundation.

2| mages reproduced with permission from
http: // ww. chanceandchoi ce. com

Figure 1: The Mandelbrot Set at various scales.

of relative clauses, arriving ultimately at self-description:

I know noble accents

And lucid, inescapable rhythms;
But I know, too,

That the blackbird is involved
In what | know.

THE TWO CULTURES

The author and scientist C.P. Snow famously described the
modern rift between the humanities and sciences as representing
“two cultures”, each having its own distinct vocabulary and
methodology, and frequently hostile to the other. (Snow 1964) A
similar, if less dramatic, divide exists between the mathematical
approaches used to understand cognition and language on the
one hand, and most natural phenomena on the other. Cognitive
science, linguistics, artificial intelligence, and formal logic have
traditionally relied on the use of atomic symbols and the graph
structures, grammars, and discrete calculi that operate on them.
Electrical engineering and dynamical systems theory (among
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