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(57) ABSTRACT 

A method and an apparatus operate like a human neural 
network to analyze and store input information and form 
patterns according to the input and stored information. The 
apparatus has a preprocessing unit (3), an activity compu 
tation unit (5), a mutual repression unit (6), and a compo 
sition unit (7). The apparatus receives an input pattern, 
calculates the similarity and activity levels of each stored 
pattern with respect to the input pattern, and repeats a 
predetermined number of times the activity calculation of 
each stored pattern according to the calculated activity level 
(A(i)), a negative repression coefficient, and the activity 
levels of the other stored patterns. The apparatus applies 
final activity levels to cell values of the stored patterns, totals 
the cell values through the stored patterns, and generates a 
new pattern according to the totaled cell values. 
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METHOD OF CREATING PATTERN FOR INPUT 
INFORMATION 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an input informa 
tion analyzing method that receives an input pattern, stores 
the input pattern, analyzes the input pattern based on pre 
viously stored patterns through processes that model human 
sensibility, thinking, and intuition, and provides a resultant 
pattern. The present invention also relates to an apparatus for 
achieving the method. 
0003 2. Description of the Related Art 
0004 There are some computers that model human neu 
ral networks to process information. Such computers store 
molds or characteristics of letters such as a letter of '2' to 
recognize handwritten characters. When a handwritten “2 
is entered, the computers find similarity between the hand 
written “2 and the stored data and recognize the handwrit 
ten character as “2 if satisfactory similarity is found. To 
achieve human-like processes, the computers store codes or 
symbols representing various types of information in 
advance, and when information is entered for recognition, 
retrieve most likely information from the stored data as a 
recognized result. 
0005. This technique must convert many pieces of infor 
mation into symbols in advance, store the symbols, and 
retrieve a suitable one from the stored symbols whenever 
information is entered for recognition. Namely, this tech 
nique is capable of handling only information that is encod 
able into symbols. 

0006 Humans are able to recognize even information 
that is not encodable. The prior art, however, is capable of 
handling only encodable information, and therefore, the 
prior is not the true realization of a human neural network. 

SUMMARY OF THE INVENTION 

0007 An object of the present invention is to provide a 
method of and an apparatus for storing, analyzing, and 
providing information through a mechanism that assimilates 
a human neural network. In order to accomplish the object, 
the present invention provides an information analyzing 
method. The method receives an input pattern, finds an 
activity level for each stored pattern based on the input 
pattern, represses the activity levels by repression coeffi 
cients, and repeats the repression a given number of times. 
0008. When receiving an input pattern, the method finds 
a similarity level for each stored pattern with respect to the 
input pattern and calculates a correlation strength or an 
activity level for the stored pattern according to the simi 
larity level. 

0009. The method uses the activity level of each stored 
pattern, a negative repression coefficient, and the activity 
levels of the other stored patterns, to calculate a new activity 
level for the stored pattern in question. This calculation of a 
new activity level for each stored pattern is repeated a given 
number of times. A final activity level calculated for each 
stored pattern is applied to each cell of the pattern, to 
determine cell values of the pattern. The cell values are 
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Summed up through the stored patterns, to provide cell 
values that form a new pattern representing the input and 
stored patterns. 
0010. The method of the present invention may provide 
an input pattern with a temporal depth to form a set of new 
input patterns. The new input patterns are Supplied to a 
network of elements that are arranged at given intervals and 
have each a refractory period. In response to the input 
patterns, the elements form routes representing response 
rules for the input patterns. 
0011. Upon receiving an input pattern, the method finds 
a similarity level for each stored pattern and calculates a 
correlation strength or an activity level for the stored pattern 
according to the similarity level. The method uses the 
activity level of each stored pattern, a negative repression 
coefficient, and the activity levels of the other stored pat 
terns, to calculate a suppressed activity level for the stored 
pattern in question. This operation is repeated a given 
number of times. A final activity level thus calculated for 
each stored pattern is applied to each cell of the pattern, to 
determine cell values of the pattern. The cell values are 
Summed up through all stored patterns, to provide cell values 
that form a new pattern representing the input and stored 
patterns. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 schematically shows an apparatus for ana 
lyzing input information according to a first embodiment of 
the present invention; 
0013) 
0014 FIGS. 3 and 4 show exemplary operation of the 

first embodiment; 

FIG. 2 explains a concept of the first embodiment; 

0015 FIG. 5 shows the details of an activity computation 
unit and a mutual repression unit according to the first 
embodiment; 

0016 
0017 FIG. 7 shows exemplary operation of a composi 
tion unit according to the first embodiment; 
0018 FIG. 8 shows a flow of processes according to the 

first embodiment; 
0019 FIG. 9 is a graph showing an effect provided by a 
collection of traces according to the first embodiment; 
0020 FIG. 10 shows the processing of another type of 
pattern according to the first embodiment; 
0021 FIG. 11 shows a method of processing an input 
pattern according to a second embodiment of the present 
invention; 

FIG. 6 shows an example of a similarity table: 

0022 FIG. 12 schematically shows an apparatus for 
forming patterns from input information according to a third 
embodiment of the present invention; 
0023 FIG. 13 shows a concept of a MAN element 
according to the third embodiment; 
0024 FIG. 14 shows a preprocessing operation accord 
ing to the third embodiment; 
0.025 FIG. 15 shows a network of MAN elements 
according to the third embodiment; 
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0026 FIG. 16 shows the creation of routes in the MAN 
element network of the third embodiment; 
0027 FIG. 17 shows a string of neurons forming a 
neuron band; 
0028 FIG. 18 shows parallel strings of neurons forming 
neuron bands; and 
0029 FIG. 19 explains information processes by MAN 
elements. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0030. An information analyzing method of the present 
invention analyzes input information as well as stored 
information (Such as handwritten patterns) and composes 
new information according to the analysis result, unlike the 
prior art that compares input information with stored infor 
mation Such as character symbols, and retrieves suitable 
information from the stored information according to the 
comparison result. Instead of conventionally analyzing input 
information, the present invention carries out mutual repres 
sion and composition when recognizing input information. 
General Repression Method (UZUME) 
0031. A general repression method according to the 
present invention is referred to as UZUME. A first embodi 
ment of the present invention is based on UZUME and 
handles input information such as handwritten characters 
entered with a mouse. FIG. 1 schematically shows an 
analyzer according to the first embodiment. The analyzer 1 
has an input unit 2 that receives an image pattern P(j) to 
process. The pattern Pi () or a pattern from a pattern/scalar 
composition unit 7, which provides a composed pattern or 
Scalar, is preprocessed in a preprocessing unit 3. The output 
of the preprocessing unit 3 is stored as a trace tc.) in a storage 
unit 4. According to information P() from the preprocessing 
unit 3, an activity computation unit 5 calculates a similarity 
level S(i) for each trace T(i,j) stored in the storage unit 4. 
According to the calculated similarity level S(i), the activity 
computation unit 5 calculates an activity level A(i) for each 
trace T(i,j). A mutual repression unit 6 represses the activity 
level A(i) of each trace T(i, j). The details of the repression 
will be described later. The composition unit 7 composes a 
pattern C(i) or a scalar according to outputs R(i) from the 
mutual repression unit 6 and the traces T(i, j) from the 
storage unit 4. The pattern C(i) is Supplied to an output unit 
8 which provides a pattern or scalar. 
0032. The pattern C(i) may be fed back to the prepro 
cessing unit 3 or the activity computation unit 5. In this way, 
the analyzer 1 receives handwritten information as shown in 
FIG. 2, calculates, based on the received information, 
activity levels for all traces stored in the storage unit 4. 
represses the calculated activity levels, and composes a 
pattern according to the repressed activity levels and the 
traces read out of the storage unit 4. The composed pattern 
representing an image of '2' in FIG. 2 is newly created 
information that is not stored in the storage unit 4. 
0033. An input pattern captured by the input unit 2 may 
be a character made of dots and may be written in a display 
memory through a mouse. Mouse movement is captured in, 
for example, 64x32 cells each representing “1” or “0” to 
form an input pattern P (). 
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0034. The preprocessing unit 3 preprocesses the input 
pattern P() with a two-dimensional Gaussian filter, shifts 
cell values of the input pattern P() to Zero the sum of the 
cell values, and normalizes the cell values in the range of 
-1.0 to +1.0. The preprocessing unit 3 provides a converted 
input pattern P(j), which is stored as a trace to) in the 
storage unit 4. In this embodiment, the storage unit 4 is 
storing M traces T(i, j; i=1 to M). 
0035 Upon receiving the pattern P() from the prepro 
cessing unit 3, the activity computation unit 5 reads each 
trace T(i,j) from the storage unit 4 and calculates a similarity 
level S(i) for the trace T(i,j) according to the pattern P() 
as follows: 

where N is the number of cells each having an absolute value 
exceeding a threshold value in the pattern P() and trace 
T(i, j), or only in the trace T(i, j). 
0036). According to each similarity level S(i) thus calcu 
lated, the activity computation unit 5 calculates an activity 
level A(i) for each trace T(i, j) as follows: 

A(i)=S(i). (eq.2) 

Although this embodiment employs an exponent of 3, any 
other value is employable as an exponent. The activity 
computation unit 5 may directly receive a pattern C(i) from 
the composition unit 7, carry out AND, OR, or other 
operations between the patterns C(i) and P() to provide a 
new input pattern P(), and calculate activity levels for the 
traces T(i, j) according to the new input pattern P(). 

0037. The mutual repression unit 6 receives the activity 
levels A(i) from the activity computation unit 5 and 
represses them. Namely, after the activity levels A(i) are 
settled, the mutual repression unit 6 changes each activity 
level A(i) by ÖA(i) to provide R(i)=A(i)+öA(i) as follows: 

where Pt(x) is X if X is a positive value and is zero if x is null 
or a negative value. This embodiment employs a repression 
coefficient W(i) of -0.1. ÖA(i) may be calculated in consid 
eration of A(i). In each trace T(i, j), each cell value is 
multiplied by a corresponding Suppressed activity level R(i), 
to provide new cell values for the trace T(i, j). 
0038. It is possible to specify a focal range in both input 
pattern and traces and then carry out the activity and mutual 
repression computation for cells in a similarity range and a 
repression range respectively. The similarity range is set in 
each of the input pattern and traces and is defined by a 
distance from the focal range. The mutual repression may be 
carried out on cells in the repression range. In this case, the 
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repression coefficient may be weakened in proportion to the 
distance from the focal range. Results of the activity level 
calculation and repression are applied to the cells in the focal 
range. The distance that defines the similarity range is not 
always limited to a physical or spatial distance. 
0.039 The composition unit 7 composes a new pattern 
from the suppressed activity levels R(i) and traces T(i,j) as 
follows: 

i (eq. 5) 
C(i) = X. f(A(i)). T(i, j). 

i=l 

The composition unit 7 may compose a new pattern as 
follows: 

i (eq. 6a) 
C(i) = X. if (A(i)). T(i, j) 

i (eq. 6b) 
C(i) = X. iA(i). (T(i, j)). 

0040. The details of the first embodiment will be 
explained with typical values. For the sake of clear under 
standing, each pattern is represented with three cells. In 
FIG. 3(a), the preprocessing unit 3 preprocesses an input 
pattern P(; j=1, 2, 3, . . . ) and provides a preprocessed 
pattern P(j). Namely, the preprocessing unit 3 converts the 
pattern P(i) having cell values of {0, 1, 0, ... } into the 
pattern PG) having cell values of 0.2,0.8, 0.2, ... }. 
0041. The activity computation unit 5 calculates similar 
ity levels S(i) for traces T(i, j, i=1, 2, 3, . . . ) stored in the 
storage unit 4 with respect to the pattern PC). In FIG.3(b), 
the traces T(i,j) are T1:0.1, 0.5, 0, ... }, T2:0.1, 0.8, 0.2, 
... }, T3{0.1, 0.5, 0.1, ... }, and the like. 
0042. In FIG. 3(c), each cell value of each trace T(i,j) is 
multiplied by a corresponding cell value of the pattern P(), 
and the products are totaled. The total is divided by N (the 
number of cells each having an absolute value that is greater 
than a threshold), to provide a similarity level S(i) for the 
trace T(i, j) in question. 
0043. In FIG. 3(d), each similarity level S(i) is cubed 
according to Equation 2, to provide an activity level A(i). In 
this way, the activity level A(i) of each trace T(i, j) is 
calculated according to the pattern P (). In FIG. 3(d), the 
traces T1, T2, and T3 have activity levels of 0.4,0.7, and 0.3, 
respectively. 

0044) The mutual repression unit 6 multiplies the calcu 
lated activity levels A(i) (first activity levels) by a repression 
coefficient Wi. The repression coefficient Wi is a negative 
value, is determined in advance, and is -0.1 in this embodi 
ment. 

0045. In FIG. 4(a), the mutual repression unit 6 multi 
plies the activity levels of peripheral traces around a given 
trace by the repression coefficient Wi without multiplying 
the activity level of the given trace. For example, for the 
trace T1, the mutual repression unit 6 multiplies the activity 
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levels of 0.7 and 0.3 of the traces T2 and T3 by the 
repression coefficient Wi without multiplying the activity 
level of 0.4 of the trace T1 by the repression coefficient Wi. 
As a result, ÖA(1) and R(1) are calculated for the trace T1. 
0046. In FIG. 4(b), the calculated products R(i) serve as 
second activity levels. Namely, the traces T1, T2, and T3 
have the second activity levels of 0.30, 0.63, and 0.19, 
respectively. The second activity levels are again repressed 
by the mutual repression unit 6 so that the traces T1, T2, and 
T3 may have third activity levels 0.22, 0.58, and 0.10, 
respectively, as shown in FIG. 4(c). 

0047 FIG. 5 shows a flow of the above-mentioned 
processes. Upon receiving an input pattern P(), a similarity 
computation process. 5a reads traces T(i,j) from the storage 
unit 4, calculates similarity levels S(i) for the traces T(i, j) 
according to Equation 1, and stores the calculated similarity 
levels in a similarity table. The similarity table relates the 
similarity levels to the traces. FIG. 6 shows examples of 
similarity levels calculated for traces. 
0048. An activity process 5b calculates first activity lev 
els for the traces T(i, j), respectively, according to Equation 
2 based on the calculated similarity levels and stores the 
calculated activity levels in an activity table. 
0049. A repression process 6a multiplies the first activity 
levels by a repression coefficient Wi according to Equation 
3, to provide the activity process 5b with the products A'(i). 
The activity process 5b stores the products A(i) as new 
activity levels A(i) in the activity table. 
0050. The above processes are repeated a predetermined 
number of times, and a repression output process 6b pro 
vides the composition unit 7 with the last activity levels A(i) 
as resultant activity levels R(i) for the traces T(i, j). 

0051. The composition unit 7 reads the traces T(i,j) from 
the storage unit 4, multiplies each cell value of each trace 
T(i,j) by a corresponding one of the activity levels R(i), and 
Sums up the products cell by cell to create a new pattern. 

0.052 FIG. 7 shows results of the above processes. The 
traces T1, T2, and T3 have final activity levels R(i) of 0.22. 
0.58, and 0.10, respectively. Each of cell values of 0.1, 0.5, 
0} of the trace T1 is multiplied by the activity level R(1) of 
0.22, to provide cell values of {0,022, 0.11, 0.00. Similarly, 
each of cell values of {0,1, 0.8, 0.2} of the trace T2 is 
multiplied by the activity level R(2) of 0.58, to provide cell 
values of 0.058, 0.46, 0.12}. Each of cell values of {0,1, 
0.5, 0.1 of the trace T3 is multiplied by the activity level 
R(3) of 0.10, to provide cell values of 0.01, 0.05, 0.01}. 
0053. The cell values of the traces T(i,j) are summed up 
cell by cell. The resultant cell values may be displayed as 
final results, or may be fed back to the activity computation 
unit 5 or the preprocessing unit 3 for further activity and 
repression processes. This embodiment repeats the feedback 
operation three times. 

0054. In one example, the storage unit 4 of the first 
embodiment stores many numeric characters ranging from 0 
to 9 in advance with use of a mouse, as shown in FIG. 8(a). 
Each pattern of the numeric characters includes no data 
about the numeral the pattern represents such as its character 
code. In other words, the pattern does not need to include 
Such meaningful data but is optional. It is natural that 



US 2006/019541.0 A1 

encoded meaningful data can be also treated as a pattern 
itself in the procedure of the present invention. 
0055. In FIG. 8(b), a numeric pattern is entered into the 
analyzer of the first embodiment with a mouse. The input 
pattern is preprocessed to provide a preprocessed input 
pattern P() of FIG. 8(c). A mutual repression process is 
carried out between the pattern P() and traces T(i,j) stored 
in the storage unit 4, and a first composite pattern C(i) is 
created as shown in FIG. 8(d). 
0056. The first composite pattern C(i) and the prepro 
cessed pattern P() of FIG. 8(c) are used to prepare a new 
pattern P(), which is Supplied to the activity computation 
unit 5. The activity and repression processes are repeated 
between the new pattern P(j) and the traces T(i,j), to prepare 
a second composite pattern C(i) of FIG. 8(e). 
0057 The second composition pattern C(i) and first com 
position pattern C(i) are used to again prepare a new pattern 
P(), which is supplied to the activity computation unit 5. 
The activity and repression processes are repeated between 
the new pattern P() and the traces T(i,j), to prepare a third 
composite pattern C(i) of FIG. 8(f) serving as a final output 
pattern. 

0.058 Although this final output pattern is not found in 
the storage unit 4, the final output pattern is related to all 
traces stored in the storage unit 4 because the final output 
pattern is prepared through the similarity, activity, and 
mutual repression processes between the input pattern PC) 
and the traces stored in the storage unit 4. 
0059 For example, if an input pattern of character “2 is 
entered and if the storage unit 4 stores numeric characters 
other than 2, the present invention analyzes the input 
pattern by relating the input pattern to all data stored in the 
storage unit 4 and provides a final output pattern. The final 
activity levels 0.22, 0.58, and 0.10 of the traces T(1), T(2), 
and T(3) of FIG.7 may be totaled. The total corresponds to 
a liking, familiarity, or other intensities of basic human 
sensibility. 

0060 FIG. 9 shows a simulation result showing the 
number of learned times of a given word and corresponding 
familiarity levels (the strength of a sense that the word has 
been seen). At the start of the learning of the word, the 
familiarity improves according to the number of learned 
times. Thereafter, the familiarity decreases, and then, again 
increases steeply. The familiarity is the strength of a sense 
that the word has been seen and corresponds to a human 
sensibility Such as the liking of words. 
0061 The present invention handles input information as 
a unit and is capable of generating a standard pattern from 
the input and stored information even if the input informa 
tion is hardly symbolized. Although the first embodiment 
has been explained in connection with numeric inputs, the 
present invention is capable of handling any type of input 
information. For example, the present invention can handle 
road images shown in FIG. 10. 
0062 FIG. 10 shows a technique of automatically ana 
lyzing a path to go through a road. Several road patterns 
shown in FIG. 10(a) are stored in the storage unit 4 in 
advance. In each road pattern, left and right shaded parts 
indicate obstacles, a central white part indicates a road, and 
a center line indicates a path along which a person may walk 
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by avoiding the obstacles. The road patterns stored in the 
storage unit 4 include no information other than the patterns 
themselves. Namely, the present invention requires no rules 
to calculate intermediate points between the left and right 
obstacles and draw a path along the intermediate points. The 
road patterns stored in the storage unit 4 resemble road 
traces learned by and memorized in a human. 
0063. In FIG. 10(b), a new road pattern is drawn with a 
mouse and entered into the activity computation unit 5 
through the input unit 2 and preprocessing unit 3. The 
entered road pattern corresponds to a new obstacle a person 
will meet. The road pattern of FIG. 10(b) is stored as a new 
road pattern in the storage unit 4. The activity computation 
unit 5 receives the road pattern of FIG. 10(b) as an input 
pattern P(), and the similarity, activity, and mutual repres 
sion processes are carried out between the pattern P() and 
the traces ti) stored in the storage unit 4, to create a 
composite pattern C(i). The composite pattern C(i) is fed 
back to the preprocessing unit 3 and activity computation 
unit 5 several times, to provide a final composite pattern C(i) 
of FIG. 10(c). In this way, the present invention receives a 
new road pattern and creates a new path for the received 
road pattern according to the received road pattern and 
stored road patterns. 
Partial (Cell) Repression Method 

0064. A second embodiment of the present invention is 
based on a partial repression method. Unlike the first 
embodiment that represses all cells of traces in accordance 
with the whole of an input pattern P(), the second embodi 
ment partially activates and represses the cells of traces in 
accordance with a part of an input pattern P(). In FIG. 
11(a), the second embodiment determines a range {H(j)} 
around an activated cell in an input pattern P() where 
{H(j)} C{P(j)}. The range H() is a focal range Hj, which is 
set in each of the input pattern and traces. Around the focal 
range H, the similarity level and activity level of each cell 
of each trace are calculated and repressed, to provide a final 
activity level. The final activity level serves as a represen 
tative value for the focal range Has shown in FIG. 11(b). 
0065. The second embodiment determines a focal range 
H containing a set of cells to which a process result is 
applied and a similarity range, an activity range and a 
repression range for input information as well as for each 
trace stored in a storage unit. Each of the similarity, activity, 
and repression ranges is defined by a distance from the focal 
range and contains a set of adjacent cells. 
0066. A similarity range H is defined as 
Hic Hjc{P(j)}, and a similarity level S (i,j) is calculated 
for cells contained in the similarity range Hj. When calcu 
lating a similarity level for a given similarity range, the 
influence of a cell on the calculation may be decreased in 
proportion to the distance of the cell from a focal range. On 
the contrary, the influence of a cell on the calculation may 
be increased in proportion to the distance of the cell from the 
focal range. At the minimum, a similarity range consists of 
a single cell (with a focal range consisting of a single cell), 
and at the maximum, a similarity range consists of the whole 
of input information or a trace. 
0067. After the calculation of a similarity level for each 
similarity range, an activity level A (i,j) is calculated based 
on each similarity level. Thereafter, the activity level A (i. 
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j) is applied to the value of each cell T(i,j) in an activity 
range that is defined by a distance from a focal range in each 
trace, instead of applying the activity level to all cell values 
of the trace. The activity range is optional and may be equal 
to the similarity range. 
0068 A repression range I (HCIC{P(j)}) is defined 
by a distance from a focal range. Mutual repression 6A (i. 
j) is applied to cells in the repression range I. A repression 
coefficient applied to a cell in a repression range may be 
changed according to the distance of the cell from a focal 
range. After the repression, cell values that overlap one 
another around focal ranges are Summed up to provide a new 
cell value. As a result, a set of new cell value or a scalar 
being obtained by summation of the activities will be 
provided. New structure of pattern or scalar can be also 
provided, for example, by Summing up plurality of cell 
values within the related focal range to make up one cell 
value as a new pattern. 
0069 Exemplary calculations according to the partial 
repression method will be explained in connection with the 
simple model of FIG. 3(a). Adjacent three cells in an input 
pattern P() will be explained. The three cells are L1, L2, and 
L3 having cell values of P(L1), P(L2), and P(L3). A focal 
range is made from a single cell, and therefore, there are 
focal ranges H., H2, and H. For the sake of simplicity, 
there are three traces (M=3) including T1={T(1, j)}={T(1, 
1), T(1, 2). . . . . T(1, L1), T(1, L2), T(1, L3), . . . . 
T2={T(2.j)}, and T3-T(3,j)}. The traces T2 and T3 are 
expressible like the trace T1. 
0070 Similarity ranges Hs and Hs are defined 
around the focal ranges H and H, respectively, where 
HL CHs. The similarity range His contains the adjacent 
cell L2, i.e., L1, L26Hs. Also, the similarity range Hs 
contains the adjacent cell L2, i.e., L2, L36Hs. The cell L2 
is contained in both the similarity ranges Hs and Hs. 
0071. A similarity level S (i, j) is calculated for each 
focal range and for each similarity range H. as follows: 

0072 The sum total is calculated for all cells Lcontained 
in a given similarity range Hsk where the number of related 
cells is N. For the trace T1, S(1, L1)=P(L1)T(1, L1)+ 
P(L2)T(1, L2)+ . . . /N, and S(1, L3)={P(L2)T(1, 
L2)+P(L3)T(1, L3)+... }/N. Each activity level A(i,j) is 
calculated as A (i,j)=S(i,j). For example, the focal range 
H (the cell L1) has an activity level of A (1, L1). 
0073. Three focal ranges for each of the three traces 
provide nine activity levels, which are repressed to provide 
final activity levels. Mutual repression is carried out accord 
ing to Equation 3 among the activity levels A (i, L1), A(i. 
L2), and A(i, L3) in the same trace, or among the activity 
levels A (1, Lk), A(2, Lk), and A (3, Lk) whose focal 
ranges correspond to one another. It is also possible to carry 
out mutual repression among all activity levels. 

0074. A repression range I may be set for each cell Li 
like the similarity range. In this case, the number of repres 
sion ranges is equal to the number of cells for each trace. A 
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repressed activity level R (i,j)=A(i,j)+6A (i,j) is applied 
to each cell value in a corresponding repression range, and 
corresponding cell values of all traces are Summed up to 
provide a new pattern C () as follows: 

Network of MAN Elements 

0075 A third embodiment of the present invention is 
based on a network made of two- or three-dimensionally 
connected MAN elements. A MAN element is an element 
that has a refractory period which starts when the element is 
activated and in which the element outputs no information. 
The refractory period continues for a predetermined time or 
until a predetermined number of impulses are applied to the 
MAN element. The concept of the MAN element network 
will ultimately be integrated with UZUME of the first 
embodiment. 

0076) The MAN element network stores a wide variety of 
information pieces for a long tine and realizes the activation 
and mutual repression functions of UZUME in real time. To 
achieve this, the MAN element network employs informa 
tion processing and expressing techniques used by human 
neurons that transmit binary data, i.e., OS and 1s to express 
a variety of information pieces. 

0077 Humans keep effects of a wide variety of learned 
information for a long time due to neuron's expressing 
ability. To express as many data as possible, the neurons 
store data as neuron combinations as Hebb contended in a 
cell assembly theory or a population theory. 

0078. A problem is how to model neuron combinations. 
In humans, there are limitations that neurons that are dis 
joined from each other are unable to combine together and 
that neurons involve directivity. For example, information 
into a receptor Such as a retina is directed toward an effector 
Such as the Vocal cords. When an impulse is transmitted to 
a neuron of the Vocal cords, this neuron has no direct 
connection with the retina. To excite the neuron of the vocal 
cords, preceding neurons must be excited. This means that 
a combination of a visual cell and a vocal cord neuron has 
no way to express information because they have no direct 
connection. 

0079 A set of neurons forms a neuron band, a neuron 
route, or a neuron stream that extends from an input end to 
an output end, and the number of expressible information 
pieces by neurons is determined by the number of neuron 
bands the neurons can form. Present neural network models 
express information with a neural network as a whole. 

0080. An input pattern to a neural network determines a 
neuron route in the network. It is understood, therefore, that 
an input pattern is replaceable with a set of neurons in the 
neural network. This is to express information with a net 
work. The present invention expresses patterns or informa 
tion pieces with sets of elements that may form many routes. 
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(A) Branching Problem in Maximizing Neuron Combina 
tions 

0081. How to maximize neuron band variations will be 
considered with a simple example. FIG. 17 shows neurons 
A, B, C, D, X, and Y. The neurons A to Dare lined from an 
input end toward an output end, and the neuron D has 
branches to the neurons X and Y. With use of the neurons. A 
to D, X, and Y, expressible information pieces must be 
maximized. There will be three neuron bands A-B-C-D-X, 
A-B-C-D-Y, and A-B-C-D-X&Y Upon receiving an 
impulse, the neuron D must decide whether the impulse 
must be directed to X, Y, or both X and Y 
0082 If the impulse has a discriminating function, such 
branching will be realized. Namely, if the impulse is x, then 
it is oriented toward X. If the impulse is y, then it is oriented 
toward Y. If the impulse is xy, then it is oriented toward both 
X and Y 

0083. However, the impulse is binary data to represent 0 
or 1, and therefore, the neuron D is only capable of trans 
ferring the impulse to the neurons X and Y, or nowhere. The 
branching problem is to find a way to branch an information 
impulse from the neuron D based on the all-or-none prin 
ciple. 
(B) Are Information Expressing Sources Only Receptor Cell 
Combinations? 

0084. The number of brain cells is huge to form an 
unlimited number of cell combinations, and it seems that the 
branching problem is a problem not necessary to solve. 
However, if each neuron functions to transfer only binary 
information, the number of expressible information pieces 
will be limited by the number of combinations of input-end 
neurons such as of receptors including retinas. 
0085. If each neuron only transfers binary information, a 
set of neurons that follow a receptor neuron forms a neuron 
band to transfer or not transfer information supplied to the 
receptor neuron. 

0.086 The number of such neuron bands is limited by the 
number of combinations of receptor (input) neurons because 
each neuron only transfers information or not. Namely, the 
route of an impulse is determined at an input-end neuron to 
which the impulse is applied. That is, the same pattern 
selects the same route. 

0087 Human neurons seem to have solved the branching 
problem. This will be studied. A simple solution is that an 
impulse selects a shortest distance. The neuron D, for 
example, has an input end and output ends, which are 
connected to synapses of the neurons X and Y. Among the 
paths between the input end and the output ends, an impulse 
to the neuron D selects the shortest one. If the paths are 
equal, the impulse flows to both the neurons X and Y This 
Solution is applicable only to a neuron having two output 
ends. This solution transfers no impulse to a farthest one 
among three or more output ends, and therefore, is unable to 
maximize the number of neuron combinations. 

0088. When the neuron D, which only transfers binary 
information, determines the destination of an impulse, it will 
be said that the impulse itself contains information to 
determine the destination. It will also be said that an impulse 
to the neuron C that transfers the impulse to the neuron D 
contains information to determine the destination thereof 
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because the neuron C is unable to determine the destination. 
This means that an impulse to the first neuron A must contain 
a key to determine an entire route. With neurons having no 
discriminating function, the present invention reconsiders 
the meaning of input information to solve the branching 
problem. 

(C) TimeAxis 

0089. One idea is to introduce a time axis on input 
information. Conventionally, input information or an input 
pattern is grasped as OS and is within an instantaneous unit 
time. This idea is unable to increase the number of neuron 
bands. 

0090. To increase neuron bands, it is effective to provide 
input information with data to make a neuron (e.g., the 
neuron D of FIG. 17) select a path. To achieve this, input 
information must be enhanced or complicated. Input infor 
mation may be complicated by introducing a time axis. With 
the time axis, input information is grasped as a set of binary 
data (1s and Os) distributed over a given time. This will solve 
the branching problem. The branching problem will be 
Solved by introducing the concept of a refractory period. 

(D) Refractory Period 

0091. The introduction of a time axis becomes useful 
only when a refractory period is introduced for neurons. If 
neurons have no refractory period, they simply pass input 
information through a network. 

0092. If a time axis is introduced without refractory 
period, input information will be a set of identical data 
arranged along the time axis, and therefore, a set of patterns 
is transferred and output through specific neuron bands 
without correlation among the patterns. If the same patterns 
are continuously provided to a neural network at fixed 
intervals without correlation among the patterns, neuron 
bands that transmit the patterns through the network will be 
monotonous. If an input impulse is passed from one neuron 
to the next neuron in the same manner, the introduction of 
a time axis will be useless. In this case, the number of input 
element combinations determines the number of expressible 
patterns. Even if the network contains many elements, the 
number of patterns expressible by the elements is restricted 
by the number of elements existing at input ends of the 
network. 

0093. To utilize a time axis in handling information, a 
network must have a mechanism for relating information to 
the time axis. To achieve this, the present invention employs 
a refractory period. The refractory period can relate different 
patterns with one another along a time axis, to express more 
information. The refractory period provides a finite number 
of neurons with a temporal dimension to increase express 
ible information variations. 

0094 FIG. 18 shows a string of neurons C, B, Y, and 8 
arranged along the neuron string of FIG. 17, where the 
neuron 6 is connected to the neuron Y. In FIG. 18, it is 
assumed that an impulse transferred to the neuron D through 
the neurons A to C is passed as it is to the neurons X and Y. 
This, however, does not solve the branching problem. 
Before the impulse passed through the neurons A to D, it is 
assumed that an impulse has been transferred to the neuron 
Y through the neurons C. to 8. At this time, a refractory 
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period is applied to the neuron Y so that the neuron Y may 
ignore input impulses during the refractory period after it 
passes an impulse. 

0.095 Namely, after passing the impulse provided 
through the neurons C. to Ö, the neuron Y accepts no impulses 
during the refractory period. If an impulse is transferred to 
the neuron D through the neurons A to C during the 
refractory period, the neuron D passes this impulse as it is 
to the neurons X and Y, and the neuron Y ignores this 
impulse. As a result, the impulse in question flows only to 
the neuron X. In this way, introducing the time axis and 
refractory period solves the branching problem. 

0096). If the refractory period provided for the neuron Y 
is an hour, the neuron Y will be inactive for an hour after 
receiving the impulse through the neurons C. to 6. During the 
refractory period, all impulses transferred to the neuron D 
through the neurons A to C are passed only to the neuron X. 
In this case, it is understood that synapses between the 
neurons D and Y pass no impulses. 

0097. The branching problem between the neurons Ato D 
and the neurons X and Y is solvable by adding the string of 
neurons C. to 6. This is not a simple addition of new 
expression by an added neuron combination of 
ABCDXYC. Byö. If there is no time axis, the neurons A and 
C. will simultaneously receive impulses. In this case, the 
input is expressed with the neuron combination of 
ABCDXYo?yö and an output is expressed with the neurons 
X and Y both being excited. 
0.098 Combining neuron strings will be possible only 
when a time axis and a refractory period for relating infor 
mation along the time axis are introduced. Introducing the 
time axis and refractory period adds an information express 
ing dimension and increases the number of combinations of 
UOS. 

0099) Unlike the prior art that handles information by 
accepting or rejecting the information, the refractory period 
technique is capable of creating new patterns and expressing 
motions and information changes. The present invention 
grasps, for example, lines, shapes, colors, and odors as a set 
of patterns received by receptors in a given time. This 
corresponds to humans recognizing information pieces as 
motions. 

0100. In addition to the refractory period, there is another 
technique of complicating input information. This technique 
divides identical information pieces by time units, and 
oscillates the divided information pieces in given directions 
according to given rules. This technique allows a network to 
express more discriminable information pieces. This tech 
nique corresponds to an information conversion function 
achieved by human eyeballs. Human eyeballs oscillate or 
make saccade four or five times a second, to complicate 
visual stimulation. 

(E) Method of Storing Information 

0101 Introducing a time axis for input information and a 
time sensitive characteristic Such as a refractory period for 
neurons maximizes neuron combinations to express infor 
mation. To store information expressed with use of the time 
axis and refractory period, a network must have a structure 
to express information and... select specific neuron bands. 
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0102) In such a network, each neuron is provided with 
characters to change the transmission performance of an 
impulse and the length of a refractory period in response to 
an input impulse. For example, a neuron is characterized to 
more easily transmit an input impulse as the number of 
impulses to the neuron increases. The refractory period of a 
neuron may be changed in response to the number of 
impulses applied to the neuron during the refractory period, 
or the number of impulses applied to the neuron during a set 
period without regard to the refractory period. 
0103) The refractory period of each MAN element in a 
MAN element network may be changed in response to input 
impulses thereto, to store many information pieces in the 
network. In the MAN element network, changing a refrac 
tory period in response to an input pattern results in chang 
ing an output pattern that corresponds to the next input 
pattern. This is equal to storing information in the network. 
0.104 Extending a refractory period in response to input 
impulses is equal to extending the temporal width of an 
output pattern with respect to an input pattern, to elongate a 
processing time. This, however, greatly increases the infor 
mation storing capacity of the network because the extended 
time axis is used to store information. 

(F) Refractory Period and Method of Instantaneously Real 
izing UZUME 
0105) To realize UZUME in real time, it is necessary to 
provide a method of storing many information pieces and a 
method of instantaneously calculating similarity levels and 
carrying out mutual repression according to the stored 
information pieces. One measure to achieve this is to pro 
vide an information storing structure with a processing 
function. This is the generalization of UZUME having 
activation and mutual repression mechanisms. 
0106 UZUME carries out similarity level calculations, 
mutual repression, and composition according to discrete 
information sources. Namely, UZUME assumes that all 
information Sources are separately stored. Instantaneously 
processing all information sources will be difficult if the 
number of the information sources is large. 
0.107 Information on which the similarity level calcula 
tions, mutual repression, and composition are carried out 
will be examined. UZUME assumes that every information 
source has an identical cell structure. The inventor thinks 
that each cell serving as an information node may have 
functions of activation, mutual repression, and composition 
like UZUME, to eliminate the operations of fetching many 
information pieces and causing interactions among them. To 
achieve this, processes achieved by UZUME are applied to 
each cell, unlike the general repression method of UZUME 
that handles input information as a whole. 
0.108 For example, the general repression method of 
UZUME handles a pattern of 32x32 cells as a whole. 
Instead, the third embodiment handles every cell as a 
processing target. The third embodiment assumes a set of 
cells in a given range around a target cell and carries out 
similarity level calculations, mutual repression, and compo 
sition within the range. Namely, the third embodiment 
processes individual cells, integrates process results into 
one, and creates an output pattern. Assuming a processing 
range, carrying out UZUME for the range, and creating an 
output pattern according to the third embodiment will be 
explained. 
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0109) A focal range is a set of cells to which process 
results are applied. The focal range is set in input informa 
tion and traces. A similarity range, an activity range, and a 
repression range include each a set of cells and are each 
defined by a distance from the focal range. 
(G) Cell Repression 
0110 (1) Similarity and Activity Levels 
0111. A similarity range includes a set of cells and is 
defined by a distance from a focal range. The similarity level 
of each cell in the similarity range is calculated. It is possible 
to employ a rule that a farther cell from the focal range is 
provided with a smaller similarity level. A smallest similar 
ity range consists of a single cell. In this case, a focal range 
also consists of a single cell. A largest similarity range 
consists of the whole of input information, or the whole of 
each trace. 

0112. Once the similarity level of a given similarity range 
is calculated, an activity level is calculated accordingly. All 
cell values of each trace are multiplied by the activity level, 
or alternatively, cell values in an activity range defined by a 
distance from the focal range are multiplied by the activity 
level. 

0113) (2) Mutual Repression 
0114. A repression range is defined by a distance from the 
focal range, and a repression coefficient is applied to cells in 
the repression range. The repression coefficient may be 
changed according to the distance from the focal range. 
0115 (3) Composition 
0116. After the mutual repression, cell values are 
Summed up through corresponding focal ranges. 
(H) Information Processing by MAN Element Network 
0117 Information expression by network (neuron bands) 

is applied to the activity, repression, and composition ranges. 
Calculating the similarity level of every trace with respect to 
input information corresponds to specifying a neuron band 
representing the input information among similar neuron 
bands. A MAN element transfers an input impulse to the 
next element on the output side thereof, to activate one of 
similar neuron bands that start from the MAN element. 

0118. A neuron band starting from a specific element is 
defined by an impulse provided by the element. Namely, 
similar neuron bands are activated and dissimilar neuron 
bands are not activated. 

0119 Patterns successively supplied to an element are 
subjected to a refractory period specific to the element. If a 
first pattern activates a given element and if a second pattern 
that is similar to the first pattern is provided, the given 
element activated by the first pattern will not be activated by 
the second pattern. This prevents the identification of a 
neuron band starting from the given element. 
0120 When a pattern a' resembling a stored pattern a is 
provided, a neuron band corresponding to the pattern a' is 
specified, and at the same time, other neuron bands are 
Suppressed depending on their similarity levels with respect 
to the specified neuron band, due to refractory periods. 
0121 An activity range according to the partial repres 
sion method is substantially on the output side of a MAN 
element, and a repression range is Substantially on the input 
side of a MAN element. 
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0122) In other words, the MAN elements provide pattern 
information with a depth, i.e., a time axis and carry out 
mutual repression in connection with the depth. Each MAN 
element employs a repression rule to restrict transmitting the 
Succeeding inputs to the next element until predetermined 
conditions are met. The refractory period of an element is 
affected by the path of an impulse to the element, i.e., by 
another neuron band or pattern. This means that each 
impulse contains the influence of patterns. Changing the 
refractory period conditions of an element in response to an 
input impulse means to store pattern information. 
0123. Accordingly, the MAN elements are capable of 
carrying out repression. Namely, the MAN elements having 
refractory periods are capable of carrying out the activity, 
mutual repression, and composition processes of UZUME. 
(I) Information Processing by Single MAN Element 
0.124 FIG. 19 shows MAN element functions corre 
sponding to the similarity and activity level calculations, 
mutual repression, composition, and pattern storing of the 
general repression method and partial repression method. In 
FIG. 19, elements 10x and 10y are adjacent to each other in 
a network (FIG. 15). The elements 10x and 10y receive 
input patterns P1 and P2 and change their states according 
to time points t1 to t6. The patterns P1 and P2 are 0-1 
patterns and each contains pattern information expressed by 
a route reaching the element 10x. As explained above, the 
pattern information indicates when a corresponding impulse 
arrives at which element. 

0.125 Attl, the pattern P1 activates the element 10x. At 
t2, the element 10x activates the element 10y that is spatially 
connected to the element 10x. At this time, the elements 10x 
and 10y are each not in a refractory period. At t3, the element 
10x enters a refractory period. The activation and entering 
into the refractory period of the element 10x are not always 
determined by the pattern P1. They may be determined by an 
input from another element. For example, an element that 
represents a similar spatial pattern may influence the acti 
vation and mutual repression of the element 10x. This 
corresponds to changing the activity and repression levels of 
a cell depending on the distance from a focal range. 
0.126 If the element 10x that enters the refractory period 
att3 receives the pattern P2, the element 10x does not accept 
the pattern P2 during the refractory period. This means that 
the pattern P2 is repressed by the pattern P1 and the state of 
the element 10x. The fact that the pattern P2 is directed to 
the element 10x into which the pattern P1 has entered 
indicates that the patterns P1 and P2 are similar patterns. The 
fact that the pattern P2 advances toward the element 10x at 
t4 corresponds to the calculation (activation) of the similar 
ity and activity levels of the patterns P1 and P2. Providing 
an impulse from the element 10x to the element 10y through 
these processes is equal to providing a new pattern. 
0127. Namely, the single MAN element 10x functions at 
t4 to carry out activation, mutual repression, pattern com 
position, and pattern output. 
0128. The element 10x that entered the refractory period 
due to the pattern P1 transfers no impulse due to the pattern 
P2 to the element 10y. This state continues at t5 and reaches 
t6. In this example, the element 10y has no refractory period. 
0129. It is possible to change the refractory period of the 
element 10x between til and to. The entered pattern P1 
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influences the refractory period. The element 10x is capable 
of representing pattern information and storing data about 
the number of times the pattern information represented by 
the element 10x has been entered. 

0130. The refractory period of an element may be deter 
mined not only by the conditions of the element itself but 
also by a distance between elements, the shape or size of the 
element, the conductivity of the element, etc. Adding new 
elements greatly improves the possibility of activation or 
repression, to greatly change network functions as will be 
understood by persons skilled in the art. The refractory 
period of an element may be changed, for example, on 
receiving an impulse, on outputting an impulse, during the 
refractory period, on receiving a new impulse during the 
refractory period, on receiving a predetermined number of 
impulses. 
0131 The general repression method and partial repres 
sion method assume that patterns are discretely stored. On 
the other hand, the MAN element network of this embodi 
ment stores patterns as network structures by linking the 
activity levels, repression coefficients, etc., of the patterns. 
Configuring MAN Element Network 
0132 FIG. 12 shows a MAN element network according 
to the third embodiment of the present invention. Each MAN 
element transmits binary impulse information. Namely, a 
MAN element transfers an input impulse from an input end 
to an output end thereof and has a refractory period that 
changes in response to an input impulse. The MAN element 
network of the third embodiment is a three-dimensional 
network of such MAN elements. 

0133) A preprocessing unit 11 carries out the below 
mentioned processes instead of Gaussian filtering and shift 
ing. FIG. 14 shows processes carried out by the preprocess 
ing unit 11 of the third embodiment. FIG. 14(a) shows a 
plane pattern P(i) continuously provided over a given 
period from an input unit 2 to the preprocessing unit 11. The 
preprocessing unit 11 accumulates the input patterns P(i) 
along a time axis as shown in FIG. 14(b). This results in 
forming a set of patterns P(i, j, Z) having a depth in the 
direction Z, i.e., the temporal direction. The patterns P(i., I, 
Z) are divided into blocks Phz in the direction Zas shown in 
FIG. 14(c). The blocks Phz are alternately shifted (oscil 
lated) in the directions of for example, +Y by one cell as 
shown in FIG. 14(d), and the shifted blocks are combined as 
shown in FIG. 14(e). The patterns of FIG. 14(e) are entered 
as input patterns P(i,j) into the MAN element network 10. 
0134 FIG. 15 explains the operation of the MAN ele 
ment network 10. The MAN element network 10 consists of 
MAN elements 10a, 10b, ... linked with one another. As 
explained with reference to FIG. 13, each MAN element 
transmits binary impulse information and consists of input 
ends, a core, and output ends. Upon receiving impulses at 
the two input ends, the MAN element passes the impulses 
through the core to the two output ends. The numbers of the 
input and output ends are not limited to each two. They are 
optional. If a MAN element receives an impulse and if given 
conditions are met, the MAN element transmits the impulse 
to the next element and changes the state thereof. In this 
way, routes of the network store information. 
0135) In FIG. 15, different input patterns P(i, j) are 
entered into the MAN element network. MAN elements in 
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the first column receive input pattern cells, which activate a 
predetermined range of information expressed by and stored 
in the network. At the same time, the input data represses the 
next input for a predetermined range from the first column 
cells and forms a new output. 
0.136 Then, MAN elements in the second column receive 
the outputs of the first column elements, activate elements in 
a proximate range, repress the next input information over a 
proximate range, and form a new output. 
0.137 These processes are repeated up to the last column 
of MAN elements. The final result may be fed back to the 
preceding MAN elements. As explained above, the MAN 
element network 10 consists of MAN elements that are 
linked with one another as shown in FIG. 16. When an 
impulse is supplied to the network, the MAN element that is 
activated by the impulse determines the next element to 
receive the impulse. This process is repeated up to the MEN 
elements in the last column. Information transmission routes 
formed by the MAN elements and changes in the refractory 
periods of the MAN elements form state patterns and store 
information corresponding to input information. 
0.138. The output pattern from the last column of MAN 
elements is provided from the output unit 8 via the pattern/ 
Scalar composition unit 7 without any composition proce 
dure. Furthermore, the composed pattern or scalar data can 
be also provided by composition process Such as Summation 
of output patterns within a given time range and/or a given 
Spatial range according to a predetermined rule. 
0139 FIG.16 shows a model of a MAN element network 
consisting of MAN elements arranged in three rows and five 
columns. Impulses are supplied to the network from the left 
side of the drawing and are transmitted to the right side at 
unit intervals. For example, a first impulse forms a pattern of 
(1, 0, 0). An information link between a MAN element Sb 
in the second row and fourth column and a MAN element Sa 
that is in front of the element Sa will be considered. In 
response to the first impulse, the element Sa provides 
outputs to the element Sb and an element in the third row and 
fourth column, to finally create an output pattern of (1,0, 1). 
0140) If the element Sb has no refractory period, a second 
impulse passes through the same routs from the element Sa, 
to create the same output pattern of (1, 0, 1). If the element 
Sb has a refractory period, the element Sb does not respond 
to the second impulse, and therefore, the second impulse is 
passed through only the other route, to crease a different 
output pattern of (0, 0, 1), which is a state pattern corre 
sponding to the input information. 
0141 Output patterns corresponding to input patterns 
may be collected along a time axis into an output pattern 
having no temporal information. For example, the two 
output patterns corresponding to the input pulses mentioned 
above may be added to each other to provide an output 
pattern of (2, 0, 2) with the element Sb having no refractory 
period, or an output pattern of (1,0, 2) with the element Sb 
having a refractory period. In this way, this embodiment is 
capable of instantaneously analyzing different information 
pieces and storing analysis results in MAN elements for a 
predetermined time. 

0142. Although the embodiments enter information with 
a mouse, it is possible to use a digital camera for the same 
purpose. The embodiments of the present invention are 
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applicable to recognition apparatuses, designing, pattern 
recognition, sensing (familiarity and liking), etc. 
0143. As explained above, the present invention provides 
an input information analyzing method and apparatus 
capable of finding similarity levels of stored patterns with 
respect to an input pattern, calculating the correlation levels 
or activity levels of the stored patterns, and calculating given 
times new activity levels A(i) according to the calculated 
activity levels and a negative repression coefficient. The 
final activity levels are used to calculate cell values of a new 
pattern. Like humans, the present invention creates a new 
pattern according to input and stored patterns. 
0144. The present invention also provides a method of 
creating patterns based on input information. The method 
employs a network of elements that are three-dimensionally 
linked with one another at predetermined intervals. The 
method collects input patterns, divides the collected input 
patterns into blocks, shifts the blocks in predetermined 
directions, and combines the shifted blocks as new input 
patterns to the network. The method is capable of processing 
many input patterns like humans. 

1-5. (canceled) 
6. A method of generating patterns from input informa 

tion, comprising the steps of 
entering an input pattern into a network of elements 

arranged at predetermined intervals, each of the ele 
ments directing an input impulse toward a next element 
except during a refractory period, wherein the refrac 
tory period starts as the input impulse is inputted 
thereto and continues during a predetermined time; and 

generating a response rule corresponding to the input 
pattern according to routes formed by the elements in 
response to the input pattern, 

Aug. 31, 2006 

wherein the predetermined time is changeable in response 
to stimulations to each of the elements received prior to 
the refractory period. 

7. The method of claim 6, wherein the input pattern is 
provided with a depth along a time axis to form a set of input 
patterns. 

8. The method of claim 7, further comprising the steps of: 
dividing the set of input patterns into blocks; 
shifting the blocks in predetermined directions according 

to predetermined rules; and 
combining the shifted blocks to form the new input 

patterns. 
9-14. (canceled) 
15. The method of claim 6, wherein the predetermined 

time is changeable in response to a pattern of stimulations to 
each of the elements inputted prior to the refractory period. 

16. The method of claim 6, wherein the predetermined 
time is changeable in response to intervals of stimulations to 
each of the elements inputted prior to the refractory period. 

17. A method of generating patterns from input informa 
tion, comprising the steps of: 

entering an input pattern into a network of elements 
arranged at predetermined intervals, each of the ele 
ments directing an input impulse toward a next element 
except during a refractory period, wherein the refrac 
tory period starts as the input impulse is inputted 
therein and continues during a predetermined time; and 

generating a response rule corresponding to the input 
pattern according to routes formed by the elements in 
response to the input pattern, wherein the predeter 
mined time is changeable in response to a state of each 
of the elements prior to the refractory period. 

k k k k k 


