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Abstract

In essence, there is a big rift between uncertain,
approximate, or analogical information and
certain, precise, or deterministic information.
They reflect two aspects of information:
continuity and discreteness, or infiniteness and
finiteness. Moreover, uncertainty and certainty
constitute the basics of information and cannot
be separated. They represent a dual property or
dialectic contradiction of information. However,
both symbolism and connectionism cannot
represent this kind of contradictory property.
They present only a discrete and consistent world
that cannot meet the nature of a dynamic world.
So a new methodology is required for an
information representation system to solve this
problem.

Introduction
An information system comes into being with computers.
It is a representational system of the information
processing part of a physical system. The first-order
information system is built so-called passively or
analytically. Information is organized and represented in a
form, processed by a kind of algorithm, and then produced
in a new form. It can be called a transformation system, the
information entropy of which will not be changed in the
whole system (Ash 1990). Now cybernetic systems are
garnering attention in the research of artificial intelligence.
An intelligent system is considered to be a complex
system, with many cooperated, reflexive and autonomous
components. This kind of information system should be
established constructively or systematically. In other
words, it should not only be an information transformation
system, but also an information generation system, called
second-order information or cybernetic system (Geyer and
Zouwen 1991).

How can a second-order information system be able to
generate new information? If an information system can
produce original information, it must be able to
understand information itself. Otherwise, it will be
definitely limited by the requisite variety law of
information theory. That will raise a basic question.

What is the essence of information? Can the current
representational schemes support the understanding of
information? Or is the current representational system is
strong enough for building an intelligent system?

Essence of Information
Information has both form and content. In the research
of chaos theory, it has been recognized that noise is as
important as information itself. In fact, noise is a kind
of information that belongs to the form of information
and must accompany information. It is at least as
important to the understanding of a subject as the
information itself. The form of information has finite
and fixed nature, and the content infinite and
approximate property.

Take GO game as an example. It consists of only
two kinds of chessmen: white and black stones. And
two players alternate in placing black and white stones
on a large (19" by 19" line) ruled board, with the aim 
surrounding territory. One stone is put on a game board
in one step. Stones are never moved after they are put
on a game board, and only removed if they are
completely surrounded. Each stone has a position and
relations to other stones on a game board. That is the
superficial information. Behind it, there exist the
purpose of a player and possible effects. Sometimes, a
stone that seems not useful may play an important role
in a game, and a stone that seems dangerous may not
matter at the end. That may be a trick made by a player.
There also exist both form and content for a group of
stones on the board. These two aspects are necessary to
the understanding of a group of stones. Given a picture,
there is a form consisting of color, space, size, and other
objects. There is also a content behind the form, like its
subject and its meanings. Given a program, there are
meanings behind the codes or symbols. So both form
and content are important to the understanding of
information.

Information can also be divided into certain and
uncertain categories. Uncertainty is necessary part of a
dynamic system. Certain information represents the
precise or clear nature and uncertainty approximate or
fuzzy side of information. In the GO game playing,
there is certain information such as the position of
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stones and their physical relations to other stones, basic
rules, limitations, common knowledge and so forth. The
uncertainties include the purpose of stones, effects of
stones, possibilities of success or failure, the influences
of a group of stones, and possible territory. These
uncertainties make it very difficult to decide a step. The
hardest uncertainty is that there does not exist a clear
relation among these uncertainties and certainties, and
that uncertainty is more important than certainty to the
understanding of a system.

Form and content of information constitute a (dialectic)
contradiction (Hegel 1969). A contradiction consists 
two sides, both of which are inseparable, interdependent,
and interpenetrated. They are fundamentally different and
come as a unity, just as particles and wave of light. Any
information cannot exist without a form or a content. And
the form of information may be the content of other piece
of information, or vice versa. Certainty and uncertainty of
information is also a contradiction. Behind a certainty,
there exists an uncertainty, and vice versa. There is no
absolute certainty or uncertainty. In other words,
understanding uncertainty needs information from
certainty, and will be helpful to the cognition of certainty
reversely. There are other contradictions of information
such as finiteness and infiniteness, discreteness and
continuity, concreteness and abstractness, and static and
dynamicness. They are not the same contradictions as in
formal logic in which two sides of a contradiction are
only negative to each other, can cannot coexist at the same
time. They are dialectic contradictions. All these
contradictions prove that the essence of information is a
contradiction. Representation of information needs to take
a contradiction as its basic element (Rescher 1977).

Basic Problems
There are two basic methodologies to represent
information of a dynamic system: symbolism and
connectionism (Minsky 1990). Symbolism uses discrete
sequences of states to simulate continuous states. And
connectionism can mimic the continuity, but to a limited
degree.

Symbols are basic elements of symbolism. Symbols
can be assigned to any values to be used to represent
continuous or discrete information but not both at the
same time, otherwise they will be in contradiction or
paradoxes. Suppose there are two things with same
appearance but different meanings. We have to use two
different symbols, for example, At and A2, to represent
them. Suppose also there exist some relations among Aj
and A2 and others, for example, AI--->B and A2---~D. Is
A, equal to A2? If AI;~A2, it is not completely true. If
At=A2, A,~D. It is wrong. It is not allowed to have
both A,= A2 and A~;tA2. However, this is a real case.
The basic elements of a dynamic system are a unity of
both form and content. So the current symbolism is not

suitable for a dynamic system. That is related to symbol
grounding problem (Harnad 1990).

Connectionism is supposed to stand for continuous
systems through multi-layer perceptrons or
connectionist networks. It can build a relation between
infinite cases and finite results. However, it is only a
continuous model at data level. That means that all data
in a connectionist system are the in essence. Although
many different kinds of connectionist networks can be
established in one system in order to reflect different
kinds of continuities, the number of the networks is only
static. Different dynamic system may be related to
different number of connectionist networks. The
dynamics of a dynamic system is not only related to
data changes but the changes of system architecture.
And different architectures of a system may be
contradictory. So if a connectionist system is supposed
to cover the dynamics at both data and system levels,
the learning methods for connectionist networks should
not be based on a consistent rule. Otherwise it cannot be
dynamic at system level. So there is also a limitation in
connectionism.

Consequently, there is not a formal representational
system that has ability to describe both discrete and
continuous information of a dynamic system. One
reason is that the relationship between discrete and
continuous information in a dynamic system occurs at
different levels. In order to represent this relation, a
symbol system should have two types of symbols, one
for a system itself and the other for the data related to
the system.

The relationship between discrete and continuous
information in a dynamic system also goes as a
contradictory unity. Consistency is only a static property
occurring in a dynamic system and contradictory nature is
its essence. So either symbolism or connectionism is
impossible to capture the essence of information. Both
symbolism and connectionism are based on a consistent
rule. There are some basic assumptions predefined in a
consistent system. This kind of system only allows for
limited dynamics. In other words, the dynamics of such a
system is constrained in the consistency of the system. In
fact, a real dynamic system will go through different levels
of consistency, which may be incompatible or
contradictory. A consistent system only represents a static
view of a dynamic system. This evidence is obvious from
what our human beings have invented in the science. Take
the operating systems of computers as an example, it went
through several stages. Between a single-user operating
system and a multi-user operating system, there are such
basic concepts as "processes" and "time-sharing". For a
single user system, all resources of a system belong to one
user. However, the resources of a multi-user operating
system should be shared among many users at the same
time. This is impossible for a single-user operating system.
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A New Methodology for Information
Representation

A new methodology for information representation
should be able to represent information at any kinds of
levels of relationships between continuity and
discreteness, and able to handle the contradictory
natures of information (Zhou 1997a).

To meet the first criteria, the basic elements or
symbols of a new methodology should include two
sides: discrete and continuous properties, or both
extension and intension. Extension represents certain
information; intension describes the natures of uncertain
information. In other words, extension of a symbol
represents the values of an object, and intension of a
symbol the natures of an object. Both extension and
intension will present two worlds that are not reachable
but inter-dependent on each other. That means a value
in the intensional world may correspond to unlimited
values in the extensional world. And without the values
in the intensional world, the values in the extensional
world are meaningless, and vice versa. So the element
of a new methodology should be a unity of both
extension and intension. This way the new methodology
will be able to support any kinds of relationship
between discreteness and continuity.

A new methodology should be able to assign values
to an element dynamically. That means the
representational system and semantic system should be
together as one system. In addition, there should be
some basic elements, the meanings of which are self-
explained. And basic elements can be used to describe
new elements. Each element has its own extension and
intension. And all the elements in the new methodology
will be self-explaining dynamically. There is no need to
provide another system for its semantic purpose. This
will make a system possible to be dynamic at both data
and system levels.

To meet the second criteria, the new methodology
should take (dialectic) contradiction as a meaningful
element. Actually the intension and extension of a
symbol constitute a contradiction. So it provides a
foundation for a system to be able to handle
contradictory cases (Zhou 1997b). Current formal
systems are only based on extensions of symbols, and
cannot get rid of paradoxes (Mendelson 1964 and
Penrose 1989).

level. So a new methodology is required to be able to
process contradictions for an information system so that
it can not only transform but also understand the nature
of information.

References

Ash, R. B., 1990, Information Theory, New York: Dover.

Geyer, F. and J. van der Zouwen, 1991, Cybernetics and
Social Science: Theories and Research in
Sociocybernetics, Kybernetes, Vol. 20, No. 6, pp. 81-92

Harnad, S., 1990, The Symbol Grounding Problem,
Physics, D42

Hegel, G.W.F., 1969, Science of Logic, translated by A.
V. Findlay, George Allen & Unwin.

Mendelson, E., 1964, Introduction to Mathematical Logic,
D. Van Mostrand Co.

Minsky, M., 1990, Logical vs. Analogical or Symbolic vs.
Connectionist or Neat vs. Scruffy, in Artificial Intelligence
at MIT., Expanding Frontiers, Patrick H. Winston (Ed.),
Vol 1, MIT Press.

Penrose, R., 1989, The Emperor’s New Mind, Oxford
University Press, Oxford

Rescher, N., 1977, Dialectics, a Controversy-Oriented
Approach to the Theory of Knowledge, State University
of New York Press, Albany.

Zhou, J., 1997(a), An Intelligent Logic System, the Second
China-Japan Symposium on Advanced Information
Technology, HuangShan, China, March.

Zhou, J., 1997(b), How to Extricate Artificial Intelligence
from a Difficult Position, Global Chinese Computer
Conference on Education, Guanzhou, China. May

Conclusion
Information has both form and content. And dialectic
contradiction is the essence of information of a dynamic
system. However, the contemporary representational
systems treat information as the same in essence. That
makes an information system only dynamic at data
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