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ABSTRACT

In this report, we discuss an approach to construc-
tion of information searching systems based on dy-
namic chaos for use in computer networks, local area or
Internet. Also we discuss an application of this technol-
ogy to the problems of searching for information in
unstructured text databases with natural-language re-
quests.

1. INTRODUCTION

Recently, our efforts, aimed at the problem of in-
formation processing in dynamic systems, resulted in a
novel technology of information-searching systems.

The use of dynamic systems for storing and search-
ing information implies information to be associated
with a dynamic object, such as an attractor of a dy-
namic system, a piece of a trajectory, a part of the phase
space, etc. For example, in neural-like systems the in-
formation represented by graphic patterns is stored as
equilibrium states. That is, static attractors (i.e., points)
in the system phase space play the role of the informa-
tion carriers. Information is searched for by means of
forming initial conditions according to a given pattern
and by watching the system evolution to this or that
equilibrium state, which is treated as recognition.

2. THEORY

The basis of the technology that we discuss here is
the method for storing information proposed in 1991 by
one of the authors [1–2]. The idea of the method is to
use dynamic attractors (periodic orbits) in the dynamic
system phase space as information carriers. This
method allows us to store and to efficiently retrieve
information of any kind that can be represented by dis-
crete sequences, e.g., texts, digital signals, digitized
pictures, etc. The method imposes no restrictions on the
volume and structure of the information.

The use of dynamic attractors as information carri-
ers allows us to naturally accomplish associative access
to the stored information, because only a part of infor-
mation about the object is necessary to form the initial
conditions (a point) on a periodic orbit; the orbit can
then be recovered by means of integration (or iteration)
of the dynamic system, hence the related information
image can be restored.

The information to be stored is represented in the
form of discrete sequences composed of the elements
from a finite-length alphabet. In the original version of
the method, one-dimensional maps of a segment into
itself xn+1 = ƒ(xn) were used. The phase space of this
system, the unit interval, is divided into zones, each
unambiguously associated with an alphabet symbol. An
occurrence of the system trajectory in this or that zone
with the system iterates is treated as generation of the
corresponding alphabet symbol, thus, as the system is
iterated, it produces an information stream.

(a)

(b)
Fig. 1. Two strings "dad" and "babe" stored in a 1-D
map at the second level. The alphabet is five first Latin
letters.
(a) the map function
(b) two cycles related to corresponding strings.

If we had to choose a known dynamic system and
derive the initial conditions each time we had to obtain
an orbit going through prescribed zones of the phase
space, the problem would have been impossible to
solve. Therefore, in this method we use quite a different



approach. First, we form periodic orbits (cycles) in the
phase space of the future system, corresponding to the
stored information images, and then synthesize a dy-
namic system having these orbits in its phase space. We
can control the stability of these cycles, e.g., we can
make them all unstable and have a system with chaotic
behavior, or make only one of them stable and then it is
the only attractor of the system, attracting the phase
trajectory from everywhere, etc. Besides we construct
the orbits so as to ensure unambiguous relations be-
tween the orbit points and sequential fragments of the
stored images, which greatly simplifies further associa-
tive search for information.

The procedure of the synthesis of piecewise-linear
1-D maps is simple and is easily implemented as a
software algorithm. As a result, a dynamic system with
a prescribed-structure phase space is built, with each
stored image related to its own periodic orbit (Fig. 1
illustrates the main ideas of the method. The details can
be found in the references).

Information is retrieved as follows. For a given re-
quest, e.g., an excerpt, we form initial conditions for
the phase trajectory, and if the given excerpt is a part of
a stored image, these initial conditions occur directly
(by the procedure) in the corresponding point of the
necessary trajectory, and after the system is iterated
until the orbit is closed, the entire stored image is re-
covered. In this technology we do not use correlation
methods, and to retrieve an image we do not compare
the given excerpt to all the fragments of all stored im-
ages. The necessary image is found practically in-
stantly, and the retrieval time expenses associated with
iteration of the system equations are due to the sequen-
tial nature of the information carrier, i.e., the closed
periodic orbit.

Fig. 2. Exemplar of the 2-D function ƒ(x,y) of a 2-D
map.

Since its appearance in 1991, the method was es-
sentially developed [5–10]. In particular, the method
capabilities were essentially extended by means of us-
ing multi-dimensional maps as the information store-
houses. For example, the function of a 2-D map is de-
scribed as
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An example of the piecewise-linear two-dimen-
sional function ƒ(xn, yn) of a 2-D map is shown in
Fig. 2.

Also, storing information as chaotic attractors and
storing multidimensional information as cycles of vec-
tors were demonstrated. All these enhancements retain
such important features of the method as simplicity,
compact structure, and consequent computational effi-
ciency.

This technology was patented in Russia (No.
2050072 from Dec. 10, 1995) and USA (No. 5774584
from June 30, 1998).

3. INFORMATION AND SEARCH SYSTEM
"FORGET-ME-NOT"

Here we present a "Forget-Me-Not" software prod-
uct (Fig. 3). It is intended to manage unstructured fac-
simile electronic copies of paper documents (e.g.,
books, newspapers, incoming and outgoing business
correspondence, etc.) and text documents in MS Win-
dows systems. To work with facsimile electronic copies
of paper documents, their OCR-processed text content
versions are prepared in advance, which are then used
by the information searching.

Fig. 3. The "Forget-Me-Not" program can operate with
a collection of electronic books. The text base choice
window.



The product is used to search documents using
natural-language requests. Unlike many other search-
ing systems, the main search mode here is not the
search by keywords but a search using rather large
document fragments or even the whole document. Cor-
respondingly, the result of the search is not the docu-
ments containing keywords, but the documents most
close by content to the given request.

The array of the stored text documents is processed
by the program and transformed into a dynamic ar-
chive. The array is analyzed, and an internal artificial
language related to the stored document contents is
created. The combination of this language and the dy-
namic system provides the search for information by
contents (associative search).

Here, the use of the program is illustrated on exam-
ple of an imaginary collection of electronic books. To
compile the collection, the books are scanned page by
page, OCR-processed, and arranged in chapters, each
chapter in a separate directory. Then the program proc-
esses the array of text pages and builds a 2-D map with
the pages running on separate orbits in the common
phase space.

(a)

(b)
Fig. 4. (a) A book from the virtual collection.

(b) Book contents can be browsed as any HTML-
document.

Reading an electronic book is somewhat similar to
reading a paper-printed one (Fig. 4). The "book" pages
can be turned over, forward or backward, accessed

(browsed) through the table of contents, etc. The user
can view facsimile pages, or prefer to look at their text
content (Fig. 5).

However, the most valuable feature of the "Forget-
Me-Not" system is its capabilities of searching infor-
mation, especially, the content-sensitive, associative
search.

(a)

(b)
Fig. 5. Both (a) facsimile (scanned images) and (b) text
page versions can be viewed.

Three different search modes —  unique, search for
links, and search by keywords —  are realized (Fig. 6).

In the unique search mode, the system seeks for a
document containing the required text fragment. If the
required fragment is present in the stored document
archive (and unique), it will be found, even in the case
of a certain mismatch between the request and its
counterpart in the archive (e.g., some words changed by
synonyms, missing or extra words, spelling errors,
etc.). Typical minimum of the request length in this
search mode is approximately of 1-2 lines of the text.



Fig. 6. Request window of the "Forget-Me-Not" pro-
gram with three available search methods.

In the links mode (content-sensitive or associative
search), the request is converted using the artificial
system language corresponding to the information
stored in the archive. Then the request is parsed by the
stable "words" of that internal system language, and the
parsing results are displayed. Each element ("word") of
the parsed request is a link to at least one document of
the archive (Fig. 7). Visual examination of the parsed
request allows the user to choose the most informative
(from his viewpoint) links. Besides, parsing the request
gives user useful hints and helps him to understand
which words and combinations can be keys to the
documents from this particular archive.

Fig. 7. Request from Fig. 6 parsed, thus forming a set
of hyperlinks.

The search by keywords is a standard search mode.
The documents are looked for in a usual way for a sepa-
rate word or a combination of keywords with logical
relations.

The software product “Forget-Me-Not” is accom-
plished as a search engine running on a Web-server
(e.g., Personal Information Server for MS Windows 9x
or Internet Information Server for MS Windows NT)
which is accessed by network clients by means of ordi-
nary browsers such as Netscape Navigator or MS Inter-

net Explorer. The program can be used on a personal
computer, on a local area network or on Internet.
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