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Abstract

Based on the biological key-lock-principle common in various biological systems such as the
human brain, this paper relates to a method and device for creating problem-solving complexes
from individual elements that can be coupled with one another and that have different properties
to solve problems. The problem solution can be carried out either serially with a large computer,
or with several independent, hierarchically joined computers. In this system, an independent
control unit that assumes a multitude of tasks and also acts as an interface with access to all
participating computers, is assigned to each problem or object class according to the amount of
potential problem-oriented solutions. Such a unit prepares the partial solutions found in its
computer for the totality of the solutions computed in the associated computers, finally leading to
a total problem solution.
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1. Introduction

The key-lock principle is a principle from biology [1]. The principle can be applied to many processes such as in
neurotransmitters acting on perceptors or hormones and hereby requiring specialized hormone receptors for the
hormonal system to work. Therefore, a function must be embodied in a material composition [2]. Conrad [3]
also focused on the key-lock-principle in molecular computing.

Berkholz et al. [4] showed that protein structure determination and productive modeling have long been
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guided by the paradigm that the peptide backbone has a single context-independent ideal geometry. In the
present paper, elements or bodies with an inverse geometrical structure fit to one another building a composition
of a larger structure (body).

In the past years, attempts have been made to replace conventional electronic computers which incorporate
their computer programs with new computer devices in order to solve even very complex problems if required.
Adleman [5] describes “Computing with DNA” by building words from the four letters A, T, G and C
(corresponding to the nucleotides Adenine, Thymine, Guanine and Cytosine) of the DNA alphabet corre-
sponding to the partial sequences of the deoxyribonucleic acid (DNA) and then processing these words by an
“enzyme” corresponding to polymerases, that is, forming complements, combining words, etc. This method can
be applied, for example, to solve the known traveling salesman problem. In this problem, a path must be found
through various cities, where the path begins at a city of origin and ends at a defined city of destination. The
object is to identify a path where each city is visited but only once [6].

Although this DNA computer uses new data components corresponding to the four DNA molecules
mentioned, these components are connected using known nexuses corresponding to conventional electronic
computer programs able to solve a known problem. Interestingly, a method is described by Koza [7] for solving
problems using a non-linear genetic algorithm to find a fit compaosition of functions.

Another process has been recommended by Kauffman [8] in “The Origins of Order”. Kauffman uses several
symbols that are connected to one another in pairs using a fixed grammar in order to build symbolic chains that
contain a desired statement in their final form. In their basics, the systems and methods mentioned use the
principles of a universal computer already prescribed by Turing, but always with the objective of solving a
known problem with known means. The methods are always goal-oriented, where the procedure is determined
by a development engineer based on his knowledge and strict specifications.

2. Outline of the Apparatus

The principal object of the present paper is to provide a method and apparatus where solutions can be found for
problems that are not accessible to conventional computer programs and where surprisingly new results can be
obtained. The model allows for a creative interaction of the individual elements which leads to new results with
conventional methods that were unattainable until now.

The general principle of the method proposed is that a large number of elements with different shapes is
generated by a generator according to a randomization principle, where statement parameters, coupling para-
meters, and, if required, program parameters are assigned to the individual elements. In particular, the coupling
parameters are selected by a complementary principle, i.e. the lock/key principle of a lock such that virtual
elements with complementary coupling parameters can dock to one another. The elements generated in this
manner are provided with individual parameters and then “mixed” in a limited space according to a randomi-
zation principle using a processor, i.e. in a manner where the individual elements are turned and shifted within
the prescribed space, and where at each contact the elements can check among each other if the elements can be
coupled with one another at this contact based on the assigned parameters.

When a particular problem is specified, each element can be assigned a special symbolic content, where the
elementary symbolic content units are selected according to the problem to be solved. The symbolic content may,
for example, be an elementary logical proposition, a word, an activity command, a component of a mathematical
equation or fractional description of sections of a path to a certain destination that a robot has to take.

The solution of the problem is carried out as follows: during the course of the random mixing and coupling of
the individual elements chains of elementary components come into existence that are indeed meaningful. To
test this, the “mixing process” is interrupted at prescribed intervals to evaluate the obtained result, and if
necessary, the process is repeated until a satisfactory result is obtained (Figure 1).

A significant difference to the other calculating methods, such as described above, is that no end point is
given for the solution of the problem and that the steps of the process are not goal-oriented. With the method
based on the present model, new and surprisingly meaningful results can be achieved in solving a problem,
where relevant results can also be implemented positively in reality. Such unexpected and meaningful solutions
are closed to other methods.

Currently, we are developing a program applicable for music composition. In a space for tones, 19 elements
(from D to a;) of a Doric music mode provide for the computation. In order to do this, one needs
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Figure 1. Block diagram of a computer system creating problem-solving complexes.

“accord-elements, melody-elements, pause-elements and time-elements”. A more detailed description and
discussion of this problem-solving program would require a separate publication.

The test of the problem-solving complexes created during the mixing process can be carried out, for example,
with the aid of an analyzer that tests if the problem-solving complexes formed of elements coupled to one
another would be able to achieve a meaningful effect based on the parameters assigned to the individual
elements, or if there are contradictions.

The statement parameters, coupling parameters, and potentially the program parameters that are assigned to
the individual elements are decisive for the result, i.e. the creation of new problem-solving complexes. Also
decisive is the stringent application of the key-lock principle that otherwise has great significance particularly in
the fields of microphysics and microchemistry on the nuclear and molecular plane (Figures 2(a) and (b)).

The state parameters are, for example, statements about the entropy of the elements that is determined by its
complex shape. Depending on this application, these parameters may be symbols or activity commands such as
those used in recognition theory or in robotics.

For instance, the coupling parameters define the type of spatial coupling of differing elements. Additionally,
they can be linked with the statement parameters for the individual elements such that conditions that are more
rigorous are set for coupling two elements. The program parameters may be sequences of several logical
statements, for instance IF-THEN statements.

3. Discussion

The model proposed can be applied advantageously to robotics, where the elements are activity commands to
the robot, and where relevant commands can build a complex or an activity chain only when two elements meet
both the statement parameter, such as activity commands, and the related coupling parameters fit to one another.
It is possible to install such activity chains directly into the program of a control centre of a robot such that the
control centre virtually becomes the “brain” of the robot.

It is further possible to employ the described method and apparatus to explain a new network of neurons with
their axons and dendrites or of glia cells, such as oligodendrocytes or astrocytes [9]. As generally known, such
cells constantly disappear due to their short life span and are replaced by new cells which then again must be
integrated and correspondingly linked into the cell conglomerate [10]. Such a new linking can be explained
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through the respective selection of elements with their parameters. At a minimum, one receives stimulation for

new explanations through the creation of the problem-solving complex.

It is also possible to change the entered parameters based on the evaluation of the respective problem-solving
complex in order to optimize the creation of problem-solving conplexes. In this manner, a certain learning effect

is achieved (Figure 3).

An additional step, if required, is to implement the problem-solving complexes created to solve a problem in
practical applications, such as in testing the chain of activity commands derived from the problem-solving
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Figure 2. (a) Schematic diagram of individual elements (E1...E3); (b) Schematic diagram of

coupled elements.

SIMULATION

PRACTICAL

%

INPUT

(b)

|

ELEMENT
CREATION

|

ELEMENT
MIXING

INPUT
MODIFICATION

|

EVALUATION OF
CREATED
COMPLEXES

|

ACCEPTANCE OF
COMPLEXES
EVALUATED
POSITIVELY

OUTPUT

IMPLEMENTATION

EVALUATION

Figure 3. Flow diagram for the individual steps in the
calculation phase and in the phase of implementation
into practical applications.




B. Mitterauer

complex on a robot in reality. In putting the problem-solving complexes into practical application, it is also
possible to provide feedback to the computer in order to achieve a learning effect and to optimize the problem-
solving complexes, i.e. the activity commands.

The model can also be employed in the field of recognition theory. In this case, ideas are in existence about a
semantic feature listing; i.e. to classify a concept according to semantic axes. The specified elements may each
have shapes corresponding to semantic axes. With elements that are shaped in star or zigzag shape, each point
may be assigned a semantic feature. Statement parameters can specify that the further the point is from the
centre of the element, the more effective the semantic element will be. When mixing these elements, features
complementary to each other will dock to one another and combine to form a new semantic concept. The
described method may be observed on a monitor, for example. Of course, three-dimensional presentations are
possible as well (Figure 3).

For a full understanding of the present model, reference should also be made to the detailed description of the
preferred embodiments (see [11]). Admittedly, genetic algorithms can be efficient for function optimization [12].
The present model may also work in a “biomimetic” manner, since the key-lock principle is technically
implemented [13].

The computer system proposed here needs the experience of its technical implementation. Since it does not
work algorithmically and is not goal-oriented, we must learn from its problem-solving results where it must be
optimized and if it shows advantages in comparison with conventional computers.
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