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Abstract—This paper takes a philosophical view as axiom, and
reveals the relationship between information theory and Natural
Intelligence and Artificial Intelligence under real world conditions.
This paper also derives the relationship between natural intelligence
and nature. According to communication principle of information
theory, Natural Intelligence can be divided into real part and virtual
part. Based on information theory principle that Information does not
increase, the restriction mechanism of Natural Intelligence creativity is
conducted. The restriction mechanism of creativity reveals the limit of
natural intelligence and artificial intelligence. The paper provides a
new angle to observe natural intelligence and artificial intelligence.
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[. INTRODUCTION

HE research on Natural Intelligence and Artificial
Intelligence has a long history. Generally, there are three
main areas for the method of its research:

1) Computer simulation — Al: This method is to take both
human and computer as black box and observe the results
of input and output. [8]-[10] And to establish a computer
mathematical model based on the results. Then modify
their mathematical model further, until the results of input
and output are closest to the results of human. The most
famous example is the Turing test [7]

2) Study human intelligence through psychology: This
method is to study human intelligent behavior by applying
the measurement of IQ and EQ. [11] It is to take only
human as black box and observe the results of input and
output [12], [13].

3) Biological neural network research: This method is to
study the response of neural network and observe the
reaction of the biological neural networks (the results of
output) when there is input [14], [15].

All these just belong to experimental theories. If we want to
explain what are the limitations of natural intelligence and what
is the relationship between natural and natural intelligence, it is
necessary to go further to build a solid base of theory. In order
to do so, it needs an axiom to support this theory by using the
imagination given by nature to reach a higher level of study.

If we say that natural intelligent is the procedure and results
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of information processing, no one would say no. Therefore,
information theory should be considered as an optional tool to
research Natural Intelligence. A number of researchers have
tried to do related research. Some of them tried to take care of
measurement for both Natural Intelligence and Artificial
Intelligence to reveal the intelligent behavior. [16] However,
the calculation is too complicated. Most researchers just pursue
to implement Artificial Intelligence more close to Natural
Intelligence.

There are many different views on the Natural Intelligence.
We try to put it aside and make basic concepts more clear in
order to push the research of Natural Intelligence and Artificial
Intelligence to a higher level.

The purpose of this paper is to explore learning mechanism
of natural intelligent system and the limit of natural intelligent
system. The basic features of the natural intelligent system and
origin of Natural Intelligence are studied. This paper is to
observe Natural Intelligence and Artificial Intelligence from
another angle.

11. QUESTIONS

There are some questions as follows: Origin of Natural
Intelligence; The relationship between NI and nature; The
restriction mechanism for NI and creativity of NI; The
relationship among those; The suitable tools for the related
researches. In order to answer these questions well, some
philosophical points have to be considered. Because NI system
can be described as an information processing system,
information theory should be a suitable tool to explain the
questions, including the relationships and restrictions.

III. PHILOSOPHY (AXIOM)

The existence of NI is resulted by the truth that universe and
nature has its own rules
1) The causal relationship between NI and nature: If there is
no rule in universe and nature, means the universe and
nature is chaotic and random, there will be no NI. This is
because the NI will be meaningless under this situation.
The rules of nature are the cause and NI is the result.
2) NI cannot change the rules of nature: What NI can do is to
observe, to learn and to apply the rules of nature.
NI cannot create or change rules of nature because it is not
God.

IV. REVIEW OF INFORMATION THEORY

Information source is described by Information Theory as
follows [1]-[3].
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Fig. 1 Venn diagram
A. Entropy

For a discrete random variable X with possible values {x;,
..., Xp } and probability mass function P(X) as:

H(X) = E[I(X)] = E[-In(P(X))] M

Here E is the expected value operator, and I is the information
content of X. I(X) is itself a random variable.
The entropy can explicitly be written as

H(X) = X P(x )I(x; ) = - X P(x )log,P(x;) ()
where b is the base of the logarithm used.

B. Condition Entropy

One may also define the conditional entropy of two events X
and Y taking values x; and y; respectively, as

HX/Y) = Zi,j p(Xin )log plz)((i};j)) (3)

where p(x;, yj) is the probability that X =x; and Y =y;. The
expectation value of condition self-information is conditional
entropy.

C. Maximum

The measure should be maximal if all the outcomes are
equally likely (uncertainty is highest when all possible events
are equiprobable).

Ha(py,Pn) < Hy (2., 2) = logy(m) (4)

D Additive Property
For positive integers b; where b; + ... + by =n,

n n

) )y B2 Gd) O

If k = n,b;= ... =b, = | That means that the entropy of a
certain outcome is zero: Hy(1) = 0.

E Joint Entropy

The joint entropy and condition entropy have relationship
can be written as:

H(X,Y) = HX/Y) + H(Y) = H(Y/X) + H(X) (6)

When Y=f(X) and f is deterministic, then H(f(X)|X) = 0.
Using the previous formula to get H(X, f(X))

H(X) + H(f(X)/X) = H(f(X)) + HX/f(X)) 7)

When H(f(X)) < H(X), the entropy of a variable can only
decrease when the latter is passed through a deterministic
function or system. That means information is not increased
after information comes through any processing.

If X and Y are two independent events, then knowing the
value of Y does not influence our knowledge of the value of X.

H(X/Y) = H(X) (®)

The joint entropy should be not more than the sum of
entropies of each individual events. Then

H(X,Y) < H(X) + H(Y) )

It is easy to prove the equation from the previous two
properties of entropy.
If X and Y are not independent, there will be:

H(X | Y)< H(X) (10)

In the information processing, the more conditions there are,
the smaller information entropy is [4]-[6].

V.NI SYSTEM AND INFORMATION PROCESSING SYSTEM

NI system is absolutely an information processing system. It
has the following relationship:

NI systems belong to information processing system. This
relationship should be no objection.

NI-system € Information-system

Here, NI-system is natural intelligent
Information-system is information processing system.

According to information theory: for any information
processing system, the output information is not more than the
amount of input information.

systems;

Information-system-output < Information-system-input (11)

Here, Information-system-output is output information of
information processing system; Information-system-input is
input information of information processing system.

- Nl-system € Information-system

Here, NI-system is natural intelligent
Information-system is information processing system.

systems;

~ Nl-system-output < NI-system-input (12)

Here, NI-system-output is output information of natural
intelligence system; NI-system-input is input information of
natural intelligence system.
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VI. THEOREMS

A. Theorem 1

For any natural intelligent system, output information is not
more than the amount of input information when the natural
intelligent system is in the certain natural environment.

Follow (12)

NI-system-output < NI-system-input

This theorem may bring controversy and doubt. Some people
may think that the creativity of intelligent systems would break
this rule. According to the principle of information
communication, it is provable that output entropy is not more
than input entropy, under a condition that the information
processing system is in a closed environment.

Let’s start with the basic concept of traditional information
theory. The source and receiver of any information
communication processing system are fixed. It means that both
the receiver (output) and the source (input) have a unified
protocol  specification. Otherwise, communication is
meaningless.

When a natural intelligence system tries to understand
(communicates with) the nature, the protocol specification is
just from one-side. It means that only nature gives the protocol
specification to NI system unilaterally. Referring to the above
philosophy axiom, NI system can just observes and learns the
protocol specification given by nature. NI system is not the
creator of the protocol specification. However, when the NI
system change the protocol specification internally, which
means the NI is source and receiver at the same time, wonderful
things will happen, that is creativity. Therefore, NI system has
duality. NI system can reflect not only the real outside world
but also the internal virtual world.

1) Nature is source and NI system is receiver: When NI
system is only a receiver to solve external problems, it has
to keep consistence with the external natural environment
by following the rules of nature. Otherwise, it is impossible
to solve the external problems.

2) NI system is source and NI system is receiver too: When
NI system is source and receiver, NI system can define the
source by itself. When it increases its own entropy of the
source, creativity will be appeared.

B. Theorem 2

It is possible using information entropy to measure the
maximum entropy for creativity of NI system.

When information source elements and source entropy are
confirmed, maximum source entropy minus source entropy is
equal to maximum entropy of NI system creativity. Maximum
entropy of NI system creativity is limited under the above
conditions.

According to the features of information theory

Ha(py, s Pn) < Hy (3,.,2) = Hy, max (13)

Here, H n is entropy of source; H n maxis the maximum

entropy.
H, max - H, = H, Nl-creativity-max

Here, H, Nl-creativity-max is the maximum entropy of NI
system creativity. That is the maximum creative space.

Because nature has its own rules, the occurrence for the
source elements will not be an equal probability. The source
entropy should not be more than the maximum source entropy
(equal probability source).

If NI systems do not comply with the theorem 1 that is
mentioned in this paper: For any NI systems, output
information is greater than the amount of input information.
Some strange things will happen. In this way, if the NI system
is just being input the initial information, the NI systems will be
able to grasp all the information and knowledge without
inputting any new information (learning new things). So far in
our real world, we have not yet seen such NI system. This
shows that NI system comes from the rules of nature. If there is
no rule in nature, NI will not exist, because it is not necessary to
predict anything.

VII. CONCLUSIONS

Based on the philosophy axiom that is proposed in this paper,
and applying information theory and its basic concepts, we
derive basic concepts and theorems for natural intelligence and
creativity of natural intelligence.

The theorems in this paper answer some questions about
natural intelligence and creativity of natural intelligence. A
theory frame is set for nature, natural intelligence and creativity
of natural intelligence. It will be very helpful for artificial
intelligence research and could be used as a guide for the
research direction. From this paper we already know there are
some limit for natural intelligence and creativity. Following the
restriction mechanism of natural intelligence creativity and the
concept of virtual world of natural intelligence system, the
creativity could be duplicated. We believe this paper will bring
inspiration for natural intelligence and artificial intelligence
research.
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