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FURTHER RESULTS ON DOUBLE 1 ERROR CORRECTING CODES OVER RINGS
Zm

Gurgen Khachatrian, Hamlet Khachatryan

Abstract: In this paper further results on double £1 error correcting codes over rings are presented. In
particular optimal linear codes correcting £1 type of errors over rings Z7 and Zg are constructed. A
method allowing to construct (2N, 2N-6) double t1error correcting codes over rings Zn from the given
(N, N-4) double £1 error correcting codes over rings Zm is also developed.

Keywords: Error correcting codes, Codes over the rings Z7 and Zg, Asymmetrical errors, Optimal
codes.

1. Introduction

From practical point of view the codes over rings Zom or Zzm-+1 are interesting, because they can be used
in 22™ — QAM (Quadrature amplitude modulation) schemes. Codes over finite rings, particularly over
integer residue rings and their applications in coding theory have been studied for a long time. Errors
happening in the channel are basically asymmetrical; they also have a limited magnitude and this effect
is particularly applicable to flash memories.

There have been couple of papers regarding to optimal £7 single error correcting codes over alphabet
Zn [Martirossian, 1996; Kostandinov, 2010]. Also there are many linear codes capable to correct up to
two error of type +1 for different alphabets which have been found by computer search, but there are
not optimal. The optimality criteria for the linear codes over fixed ring Z, can be considered in two ways.
First of all, recall that the code of the length n is optimal-1 if it has a minimum possible number of parity
check symbols. Secondly, optimality-2 criteria for the code is that for a given number of parity check
symbols, it has a maximum possible length. The linear code (12, 8) correcting double error over ring Zs
of value £1 was presented in [Khachatrian, 2014] satisfies the optimality criteria -1:
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this code was given by the parity check matrix H, which has 8 information and 4 parity check symbols.
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At this point we do not know any codes that satisfy the optimality criteria-2. In [Khachatrian, 2014] a
method how to compare two code constructions over different size of alphabets when both satisfy the
optimality — 1 criterion has been presented. Two factors are considered, namely:

1) The first factor should be the rate of the code i.e. the ratio of the number of information
symbols over the length of the code.

2) Second, the ratio between the number of possible amplitude errors corrected by the code
over the size of alphabet minus 1, which corresponds to the number of all possible
amplitude errors.

The product of these two factors is chosen as a merit to compare optimal codes over different size of
alphabets.

For the code over ring Zs mentioned above the product is: (8/12) * (2/4) = 0.3333.

In this paper constructions of the optimal-1 codes (16, 12) and (20, 16) over the rings Z7 and Zg
correcting double £17 errors is presented. For these codes the products will be (12/16) * (2/6) = 0.25 for
code over Z7 and (16/20) * (2/8) = 0.2 for Zy . These products are a little bit smaller then for the code
(12, 8) over ring Zs , although there are much better comparing with codes over Zig and Zis in
[Kostandinov, 2010; Han Vinck, 1998; Kostandinov, 2008].

Moreover, in this paper a constructions of codes C (N, N-6), which are 2 times longer than previous
ones, and have 6 parity check symbols are presented.

2. Construction of Optimal (16, 12) code over ring Z7

Our purpose is to construct an optimal linear code over ring Z7 correcting double errors of the type £17. It
is well known, that a linear code given by the parity check matrix H , can correct up to two errors of the
type +1, only when H has a property according to which all the syndromes resulting from adding and
subtracting  operations  between any two columns of the matrix H are

different (ihi + hj,where (h; # £h; )) For constructing this kind of matrix H , at first we will

find a difference set in Z7. For example, a difference set for a linear code (12, 8) constructed in
[Khachatrian, 2014] is the set {3, 2, 4, 4, 2}. A difference set is defined to have a property that the
differences for any 2 components in the set are different in Zs given that difference is taken for the
elements located at the same distance from each other where the distance itself can be from the set (1,
2, 3, 4). Note also that the distance between positions of elements is calculated modulo 5 in this case.
For an example if the distance is chosen to be three, we have to take a difference between 4-th and 1-th
positions of the set which is equal = 1, a difference between 5-th and 2-th positions of the set will be 0, a
difference between 1-th(6-th) and 3-th positions of the set will be -1(4), a difference between 2-th(7-th)
and 4-th positions of the set will be -2(3), and finally a difference between 3-th(8-th) and 5-th positions of
the set will be 2.

For the ring Z7 it is easy to check that the difference set is a set— {4, 3, 6, 6, 3, 4, 2} of the length 7.

For instance, for the distance equal to 1 all corresponding differences resulting from (3-4=6,6 -3 =
3,6-6=0,3-6=4,4-3=1,2-4=5,4-2=2(mod7)) are different. 4-corresponds to the
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position with index 0 and the last position 2 corresponds to the position with index 6 and 0 -6 = 1 (mod
7) (all operations are in Z7).

Alinear (16, 12) code over ring Z7 is given by the following parity check matrix H:

11111110123 454611

H=6 5 4 3 2 10 2 2 2 2 2 2 21 1_ 2.1)
4 3 6 6 3 4 2 4 3 6 6 3 4 2 1 6 '
111111143 6 6 3 4 2 00

An approach how this matrix is designed is similar to one in [Khachatrian, 2014]. It consists of three
parts, namely the first 7 columns, the next 7 columns and a tail of two last columns. The first two rows of
the first and second parts is a code correcting one error of the type +1 third rows of the parts 1 and 2
as well as the fourth row of the second part is a difference set for Zz. It can be checked that a linear
code over Z7, given by the parity check matrix H in (1) can correct up to two errors of the type +1. This
can be done in the similar manner demonstrated in [Khachatrian, 2014] and of course also by computer.

Lemma 1. A linear code (16, 12) correcting up to two errors of the type +1 is optimal in the sense that it
has a minimal possible number of parity check symbols.

Proof: In this case the number of combinations for each code word that can be corrected is

(1+16*2 + (16 choose 2) * 4) = 513.

Thus, we have that 513 * 712 < 716 and the cardinality of the best possible code is 716/ 513 < 713,

3. Construction of Optimal (20, 16) code over ring Zy

In this section we will construct an optimal (20, 16) linear code over ring Zo. As same as in previous
construction we need to find a difference set of length 9 for Zo. In this case we could not find a
difference set of length 9. So, to fix this problem we find a difference set of the length 8:
{7,3,2,4,4,2,3,7}. Similarly in this set, for all distances (1, 2, 3, 4...) the differences of any 2 components
should be different in Zo. For instance, for the distance-1 all corresponding differences resulting from (3 -
7=52-3=8,4-2=2,4-4=0,2-4=17,3-2=1,7-3=4(mod9)) are different (all operations are
in Zy).
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In the previous construction, sequences consisting of all integers in Z7 - {0, 1, 2, 3, 4, 5, 6} have been
used in rows of the matrix. Since we have for Zy a difference set with only 8 components, we should
take either a sequence {0,1,2,3,4,5,6,7} or {1,2,3,4,5,6,7,8}.

In this case the parity check matrix for an optimal linear code (20, 16) correcting double errors of the
type +1 has the following form:

1111111187 6 543211124

H = 7 6 54 3 2 102 2 2 2 2 222112 4_ (3.1)
7 3 2 4 4 2 3 7 7 3 2 4 4 2 37 11 2 4
111111117 3 2 4 4 2 37 6 3 72

As for previously constructed codes a corresponding parity check matrix (3.1) also consists of three
parts. Since a difference set in this case has only 8 elements a corresponding split between those parts
will be (8, 8, 4). This is because our target is to have a code of the length 20 which will be optimal and
therefore we will need for the tail part to have 4 columns which is in fact the last four columns of the
matrix (3.1). A linear code over Zy, given by the parity check matrix H (3.1), can correct up to two errors
of the type +7. The proof of this statement can be done similarly by manner demonstrated in
[Khachatrian, 2014], as well as by computer.

Lemma 2. A linear code (20, 16) code given by (3.1) correcting up to two errors of the type 1 is
optimal in the sense that it has a minimal possible number of parity check symbols.

Proof: In this case the number of combinations for each code word that can be corrected is

(1 +20%2 + (20 choose 2) * 4) = 801,

Thus, we have that 801 * 916 < 920 and the cardinality of the best possible code is
920/801 <917,
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4. Construction of C (2N, 2N-6) codes based on optimal C (N, N-4) codes

In this section we will describe a method, which allows us to construct new codes with a double length
at the expense of just two parity check symbols. We will assume that we have at our disposal (N, N-4)
double error correcting code like codes constructed in part 2 in this paper as well as in
[Khachatrian, 2014]. In this paper we construct codes of length N with 4 parity check symbols C (N,
N-4). Using method, which will be described below, we can construct codes of length 2N with 6 parity
check symbols C (2N, 2N-6). Further in this paper by codes we mean double error correcting code of
the type 1.

Let C (N, N-4) be a code over ring Zn . Our construction of a new code will have a parity check matrix
with 6 rows and 2N columns where the first 4 rows will be just a repetition of 4 rows of the code C (N,
N-4). Now we will describe how we add 2 additional rows for the parity check matrix. The first N columns
and the last N columns of two additional rows will be referred as group 1 and a group 2 respectively. In
the first row of group 1 we put integer 2 repeated n times then integer 1 repeated n times and then
(N -2n) times any integer x from Z, . In the second row of the group 1 we put all integers from Z, {0, 1
.., N-1} repeated twice and then but the first (N-2n) elements of {0,1,..., n-1}. Consequently, in the first
row of group 2 we put the second row of group 1, and in the second row of group 2 accordingly we put
integers 3 and 4 repeated n times, and in the rest of positions the same integer x from group 1. Note
that an integer x should differ from (1, 2, 3, 4) and must satisfy the condition ((x + x # 1 (mod n)),

Group 1 Group 2

C(N,N-4) C(N,N-4)
[2 2 2 1 1 1 X x 0O 1 .. n—-1 0 1 n—1 0 1
0 1 n—1 0 1 n—1 0 1 3 3 .. 3 4 4 .. 4 x X

Now we can prove the following theorem.

Theorem 1: For a given C (N, N-4) code over ring Z, correcting double 1 errors, it is possible to
construct a code with 6 parity check symbols of a length C(2N, 2N-6) correcting 1 double errors.

Proof. In order to prove this theorem it must be shown that all corresponding syndromes resulting from
operations 1 between all columns of both groups should be all different. Let us split all columns of the
group 1 into 3 subgroups, namely the first subgroup (subgroup 1.1) contains the first columns of group
1, which first component is 2, starting from the left, the second subgroup (subgroup 1.2) contains next n
columns, which first component is 1, and the third subgroup (subgroup 1.3) contains the last columns
with x. Accordingly, we can do the same with columns of group 2 and split them into three subgroups
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(2.1, 2.2 and 2.3) in accordance with (3.1). We need to consider only those cases, when the first four
components have the same syndromes. We will demonstrate the proof for the case, when the first error
has upward direction (+1), and second downward (-1). Let us perform the proof by 3 cases:

1) Let's suppose that two errors occurred in the first group. Because the both parts of parity check
matrix H consist of the same code in first 4 rows, we do not know in which part the errors occur: whether
in the first part of matrix H or in the second one. We can check it using next 2 rows. There can be only 3
possible subcases:

1.1) If errors are in subgroup 1.1 the first position will always be 0, otherwise in group 2 it cannot be
0 (due to the property of the set {0,1,..., n-1}), and the syndromes will be different.

1.2) If one error occur in subgroup 1.1 and the second in subgroup 1.2 in group 1 the first position
will be 1, but in group 2 the second position will be -1, and the syndromes will always be different,
because we have the same components in two other positions (the second row of group 1 and the
first row of group 2 are the same).

1.3) If one of the errors occur in subgroup 1.3, then if next is in subgroup 1.1 resulting syndromes
will always be different, because in subgroup 1.1 the first position is 2 and in subgroup 2.1 the
second position is 3, but we have the same components as in subgroups 1.3 and 2.3. Like the case
b) the other two components of the syndrome always will be the same (the second row of group 1
and the first row of group 2 are the same). If second error occur in subgroup 1.2 (2.2) the way of
the proof is the same.

Thus, the first case of the proof is complete.

2) Let one error occur in group 1 and second in group 2. We need to check whether both errors are in
the same group or not. Again there can be 3 possible subcases:

2.1) Let an error occur in subgroup 1.1 and second error in subgroup 2.1. As the first four
components of matrix H are in these subgroups we have the same columns the errors might be in the
same subgroup. How we can distinguish these cases? If both occur in subgroup 1.1, then the first
component will be 0, otherwise, in our case 0 can be only with column 3 of subgroup 2.1. In this case, in
the third column of subgroup 1.1 the second position is 2, and in the same column of subgroup 2.1 it is
3, consequently the syndromes will be different (if both occur in subgroup 2.1 the proof is the same (the
second component will be 0)).

2.2) Let one error occur in subgroup 1.1 and the second in subgroup 2.2. If both errors occur in
group 1, then the first component will be 1, in our case 1 can be only with column 2 of subgroup 2.2,
here the second component is 4, but in subgroup 1.2 it is 1, consequently the syndromes will be
different. If both occur in group 2, then the second component will be -1, in our case -1 can be only with
column 4 of subgroup 1.1, here the first component is 2, but in subgroup 2.1 it is 3, and syndromes will
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be different. (For the case when errors occur in subgroup 2.1 and subgroup 1.2 the way of proof is the
same).

2.3) Let one error occur in subgroup 1.1 or in subgroup 1.2 and the second in subgroup 2.3. If both
errors occur in group 1 (subgroup 1.3) the resulting syndromes will be different, because in subgroups
J(; )16 ) and (2 )16 ) Consequently,
when we subtract them from the same subgroup 1.1 or 1.2 the resulting syndromes will be different.
(For the case when errors occur in subgroup 1.3 and in subgroups 2.1 or 2.2 the way of proof is the
same).

1.3 and 2.3 the corresponding rows are swapped like (

Thus, the second case of the proof is complete.

3) In this case both of the errors occur in the same columns of different groups. Accordingly, the first
four components of the syndromes will be (0 0 0 0). In this case the number of all possible syndromes
will be 2N . Due to the selection of last two rows of matrix (group 1 and group 2), it can be shown that all
2N syndromes will be different. In this case the difference between the same columns for the first two
subgroups of groups 1 and 2 will be if the second element of the last column is the same first elements
will be different by two, while the difference between the same columns in corresponding third

subgroups will be (ic__;) and will be different for all i's unless 2x #1 (mod n) - which is the condition

for x. This analysis completes the proof of the theorem.
Here we will show some results, which we have gotten using the method described by the theorem 1:

The code (24, 18) correcting double 17 errors, given by parity check matrix Hs was resulted from the
optimal code (12, 8) over ring Zs by adding 2 parity check symbols:

&
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The code (32, 26) correcting double 1 errors, given by parity check matrix H7 was resulted from the
optimal code (16, 12) over ring Z7 by adding 2 parity check symbols:
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[2222222111111155 0123456012345601]
01234560 12345601 3 3 3 33334444 4 4 5 5
M11111101234561111111110123456 11
|65432102222222116543210222222211|
4o-|4 3663424366342 1643663 42436634216
7“11111 1114366342001 111111436¢634 20 of
2 222222111111155012345¢601°234560 1
lo 1 2345601234560 133 3333344444445 5

And lastly, the code (40, 34) correcting double £17 errors, given by parity check matrix Hg was resulted
from the optimal code (20, 16) over ring Zo by adding 2 parity check symbols:
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5. Conclusion

In this paper further results on construction of linear double +7 error correcting codes are
presented. In particular a technique is developed which allows to double the length of the codes at the
cost of just two parity check symbols. That technique will allow to construct codes with higher rates.
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RESEARCH ON THE CRITERIA FOR THE STRUCTURE OF THE USED IN THE IDA
ALGORITHM P FUNCTION

Ivan Ivanov, Stella Vetova, Krasimira Ivanova, Kiril Aleksiev, Lubov llieva

Abstract: The following paper presents some conducted extensive research on the cryptographic
algorithm IDA, concerning one of the basic properties of the block algorithms "diffusion.” The object of
the studies is the criteria for the structure of the function P used in this algorithm.

Keywords: cryptography, cryptographic algorithm, P function, S matrix, IDA algorithm.

ITHEA Keywords: E.3 Data Encryption — cryptosystems; F. Theory of Computation: F.2 Analysis of
Algorithms and Problem Complexity; K. Computing Milieux: K.7 The Computing Profession: K.7.3
Testing, Certification, and Licensing.

Introduction

The purpose of the presented paper is the exploration of the used in the IDA algorithm criteria for the
structure of the P function [Ivanov, 2014] in the following main tasks: (1) introduction of the criteria for
the structure of the P function; (2) research on the structure of the P function on the base of the set
criteria; (3) results analysis.

There are three criteria used in the process of development of the P function as follows [Stallings, 2013;
Schneier, 2013; Sokolov & Shangin, 2002]:

1. The four output bits obtained as a result of the S matrix in the i-th loop should be distributed so that
two of them might affect the middle bits of the i + 1 loop, and the other two bits to affect the final
ones.

2. The four output bits of the S matrix in the next loop should affect the results of six different S
matrices, and none of the pairs of these four output bits should not come to the input of any S
matrix.

3. For the two S matrices, Si and Sk, if any of the output bits of the Si matrix in the next loop affects

the middle bits of Sk, then none of the output bits of Sk, should affect the middle bits of Si.

Using the described three criteria the algorithm satisfies the requirement for the property "diffusion"
[Katz & Lindell, 2014].
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The structure of the P function

Besides its application for bits rearranging, the P function (P) is applied for the determination of the
encryption function setting the values in Table 1. In the starting sequence, the conversion runs in the
following order:

1. Bit with number sixteen takes first position;
2. Bit with number seven takes the second position;

3. Bit with number twenty takes the third position, etc.

Table 1. Conversion function (P)

16 7 200 | 21
29 | 12| 28 | 17
1 15| 23 | 26
5 18 | 31 10
2 8 24 | 14
32 | 27 3 9
19 | 13| 30 6
2 | 11 4 25

Research on the structure of the P function in the IDA algorithm, on the base of the set criteria

The next research uses IDA algorithm with the following input data:
P=11110010 11100101 11101011 11100101 11110100 11101110 11101101 11101000

K=11101010 11101110 11110000 11100101 11101010 11110010 11101110 11110000 00100000
11101101 11100000 00100000 11110010 11100101 11101011 11100101 11101010 11101110
11101100 11110011 11101101 11101000 11101010 11100000 11110110 11101000 11101110
11101101 11101101 11101000 11110010 11100101

In Ser = 00010001 00001111 11011111 00011101 01100001 00101011, the obtained result is:
S4(in)=000100; 00 - line number, 0010 - column number, S1(out)=13=1101;

S2(in)=010000; 00 - line number, 1000 - column number, Sy(out)=9=1001;

S3(in)=111111; 11 - line number, 1111 - column number, Sz(out)=12=1100;
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S4(in)=011111; 01 - line number, 1111 - column number, S4(out)=9=1001;
S5(in)=000111; 01 - line number, 0011 - column number, Ss(out)=12= ;
Se(in)=010110; 00 - line number, 1011 - column number, Se(out)=4= ;
S7(in)=000100; 00 - line number, 0010 - column number, S7(out)=2=0010;
Sg(in)=101011; 11 - line number, 0101 - column number, Sg(out)=10=1010;

These results represent the output sequences of the eight S matrices (boxes). The sequences are
applied to the input of the conversion function P (Table 1).

Sora32 = 11011001 11001001 1100 0010

Ne 1121345678910 (11|12 1314|1516 |17 |18 | 19

Swrz (110|110 (O0O[1|{1] 1] 0O 1T ]OJO]1T]1T|1]O0

Sor 32 0 0 0 1 0

After applying the function P on Sgr 32, the obtained result Por is:
Por = 10001001 10001111 11000101 01001010

In order to continue to the second loop, it is necessary that the XOR-based adder should be used first
on the base of Pgr 32 and Ks, to obtain Ro:

for Por 32 and K4=11101010 11101110 11101100 11110011 the result is:

N |1/23|4|5|6|7[8|9[10 1112|1314 |15 16|17 |18 |19

Pr | 1]0]0 0jo0j111]0 o111 T 11

Ke | 1(1(1jo0j1(o0ftfoj1{1t {101t 1t{1{0f(1|1]1
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Por 0 1 0 1 0 1 0 0 1 0
Kq 0 1 1 0 0 1 1 1 1 0 0 1 1
Ro 0 0 0 1 1 0 1 0 0 1

Ro=01100011 01700001 00101001 107117001

Second loop
Since at each next loop the left and the right parts replace, the right sequence Ro leaves labeled Li:

L1+=01100011 01100001 00101001 10111001

N |112|3|4|5|6|7|8]9|10 |11 [12|13 |14 |15 16|17 |18 |19

Ly |O] 1|1 Or1(1110] 1 000 T 100

Ne 20 | 21 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 3 32

L1 0 0 0 1 1 0 1 0 0 1

This sequence goes through the expansion function E. The result is the sequence Ei [lvanov et
al., 2014):

Eq = 1011 01101011 00000010 10010101 00111101 11110010
Then, addition using XOR-based adder on the base of E1. and Ks is applied to obtain S1.:

Exclusive OR of the sequences E1. and Ks:

N | 1123|4567 |8[9[10|11|12]|13|14|15]|16 |17 |18 |19

Evw | 17011 o1 |10} 11071 01010

Ks |(1({1}|1jo0pt(1t{oj1t{1{1t{1{0{1{0f{o0ojfjoj1|1]1
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Ne |20 21|22 |23 |24 25|26 |27 (28|29 |30 |31 |32 |33 |34 35|36
Ew [ 0] O 71011010 0 0 00| 1] 1
Ks o101 yo0 {1ttt jo0;o0jo0ofo0ojo ;11|11
Siw | 0] 1 01010711 0 0 11110710
Ne 37 38 39 40 41 42 43 44 45 46 47 48
Ex 1 1 0 1 1 0 0 1 0
Ks 0 1 1 0 1 1 1 0 1 0 0 0
Si 1 0 1 0 0 1 0 1 0

S1.=0101 10000011 11101000 01110101 11001011 00011010
The sequences of Sy are submitted to the inputs of the eight S boxes:
S4(in)=010177; 01 - line number, 1011 — column number, S1(out)=11=1011
So(in)=0711000; 00 - line number, 1100 - column number, Sy(out)=12=1100;
S3(in)= 001711; 01 - line number, 0111 - column number, S3(out)=10=1010;
S4(in)= 101000; 10 - line number, 0100 - column number, S4(out)=12=1100;
Ss(in)=011707; 01 - line number, 1110 - column number, Ss(out)=8= ;
Se(in)= 011100; 00 - line number, 1110 - column number, Sg(out)=5= ;
S7(in)= 101707; 10 - line number, 0110 - column number, S7(out)=7=0111;
Sg(in)=0711010; 00 - line number, 1101 - column number, Sg(out)=0=0000;

The obtained results represent the output sequences of the eight S matrices (boxes). These sequences

are applied to the input of the conversion function P (Table 1).

S1t32=10111100 10101100 01110000
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S 0 1 1 1 0 0 0 0

After applying the P function on Si 32, the obtained result Pq_ is:
P4 =00000011 10011000 00110111 01011110

To continue to the third loop, it is necessary to go through the XOR-based adder on the base of P1L32
and Ky to receive L1:

For P1.32 and K7 = 11001011 11010101 11100101 11011101 the result is:

N (1]2(3|4|5|6(7|8[9 |10 11|12 1314|1516 |17 |18 | 19

P |00 0101 110 111 0101070

K (1|t1jo0joj1jo(1tjtyp1y 101,017 0 (111111

Ly |11 171010 0] 1 0| 1 O 11111

P 1 0 1 1 1 1 0 1 1 1 0
Ky 0 0 1 0 1 1 1 0 1 1 1 0 1
L1 1 0 0 1 0 0 0 0 0 1 1

L1+=11001000 01001101 11010010 10000011
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Research results

Results on the base of criteria 1

Taking into consideration the performed research work, the following results are obtained: in Ser32 =
11011001 11001001 1100 001071010, the result is Pog = 100 1001 10 01111 1100101
0100 010, and in SL32 = 10111100 10101100 01110000 the result is Py = 0000001
10011000 00710111 01017110. These results indicate that this criterion is one hundred percent
satisfied. This comes from the fact that the distribution of the four separate output bits obtained as a
result of the S matrix is such that two of them affect the middle bits of the i + 1 loop, and the other two
affect the final ones.

Results on the base of criteria 2

On the base of the performed research work, the following results are obtained: in Ser32 = 11011001
11001001 1100 001071010, the resultis Por = 1001001 10 01171 11-00101 0100 010, and in
Si32 =10111100 10101100 01110000 the result is P4 = 00000011 10011000 007110111

1017110. These results indicate that this criterion is one hundred percent satisfied. The reason is that
the four output bits of the S matrix in the next loop, affect the results of six different matrices S and no
pair of these four output bits comes to the input of the S matrix.

Results on the base of criteria 3

The performance of the research work produces the following results: in Spr32 = 11011001 11001001
1100 001071010, the result is Por = 1001001 10 011711 1100101 0100 010, and in Sy 32 =
10111100 10101100 01110000 the result is Ps. = 00000011 10011000 00710111

1017110. These results indicate that this criterion is one hundred percent satisfied. This comes from
the fact that for any two S matrices, Si and Sy, if any of the output bits of the S; matrix in the next loop
affect the middle bits of Sk, then no output bit of Sy, affects the middle bit of S.

Conclusion

The described research work and obtained results lead to the following three conclusions:

1. The set criteria for the P function used in the IDA algorithm are one hundred percent satisfied;

2. One of the basic properties of the block algorithms called “diffusion” is realized. This means that if
there is a key and two clear texts which differ by only one bit, the produced encrypted texts are
totally different. Therefore, each bit of the ciphertext depends on all the bits of the clear text;

3. High degree of protection against differential cryptographic analysis is applied.
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‘GAME OF LIFE’ WITH MODIFICATIONS: NON-REGULAR SPACE, DIFFERENT
RULES AND MANY HYERARCHICAL LEVELS

Lois Facchetti, Alexander Makarenko

Abstract: The results of computer investigations of CA with ‘game of ‘Life’ models, but on the cellular
space with the ‘whole’, which have different shapes and different distribution in the space. We give
results of experiments and discussed some correlations in behavior with parameters of non-
homogeneities. Also the results of different rules of CA influence are presented. And finally the results
for some hierarchical CA are described. Proposed results may be useful for understanding of non-
classical CA behavior which may be interesting for some problems of cellular computing.

Keywords: cellular automata; non-reqular space; non-classical rules; hierarchical CA; computing;
anticipation.

1 Introduction

Cellular automata (CA) since past century were one of the very important fields in theoretical computer
science [1-8]. Also cellular automata have many very important applications, for example, in physics [9],
in crowds movement modeling [10-12], in pattern recognition [13], in brain investigations [14-16], in
quantum mechanics [17, 18], in computation theory [19].

Usually all investigations focused around the most know CA — the game ‘Life’ by J. Conway, or some
their modification, for example with probability accounting in the rules [2, 8, 11, 15]. But recently as in
the theory as in the practice more essential improvement in CA arise: evolving and adaptive rules [20],
asynchrony in the rules operation [21], decline from absolute homogeneities in rules for all cells [22],
using of fixed similar neighbors for all cells and relies from full regularity of basic cellular space.

The letter property corresponds to common non-homogeneity of real physical spaces, problems,
processes in the Nature — for example of percolation [23, 24]. CA models for such problems should
correctly account such non-homogeneity. Presumable introduction non-homogeneity of basic space
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follows for unknown changes s in CA behavior. It posed the problems of understanding qualitative and
quantitative influence of non-regularity of basic space on CA properties.

So in given paper we propose the description of some our investigation of such problem. We describe
the results of our computer investigations of CA with ‘game of ‘Life’ models, but on the cellular space
with the ‘whole’, which have different shapes and different distribution in the space. We give results of
experiments and discussed some correlations in behavior with parameters of non-homogeneities. Also
the results of different rules of CA influence are presented. And finally the results for some hierarchical
CA are described. Proposed results may be useful for understanding of non-classical CA behavior
which may be interesting for some problems of cellular computing.

2 Description of cellular automata model on non-regular space

In classical Game of Life cellular automata, we tried to determine a rule between, on the one hand, the
percentage and distribution of initial wall cells and, on the other hand, the average time steps before
reaching a temporal cycle in the cellular automata.

In the numerical simulations below, we adopted the model of classical Game of Life rules, with a
classical Game of Life neighborhood for the cells. Yet, we introduced a certain amount of cells
considered as “walls”. These walls are assigned a value at the initialization of the cellular grid. This
value determines the behavior of the cells right next to a wall cell. In most cases, these walls are frozen
- although in two particular cases, the walls introduced could act as classical alive cells. When the
distribution of walls is set, we study the number of steps up to which the cellular automata reach a cyclic
evolution. For each value taken by the walls, we draw a two dimensional graph representing the
average time before cycle. It enables studying the speed for cellular automata to reach a cycle in
function of the initial distribution of the walls.

2.1. Modification of ‘Game of Life’

2.1.1 ‘Game of Life’ neighborhood

We adopted the Game of Life classical model for cellular automata. It consists of a Moore
neighborhood. At each step, the cell considered evolves accordingly to state of its eight surrounding
cells.
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The Moore
neighbourhood

Fig. 1 Moor’s neighbor of given cell (eight gray cells)

21.2 ‘Game of Life’ classical rules

We adopted the Game of Life classical rule for every cell. At each time step, a cell can be in one of the
two states 'dead' or 'alive’ (or 0 or 1). Each cell evolves according to its own state and to its eight
neighbor’s states. Here is the rule to update a cell:

— an 'alive' cell at time t-1 remains alive at time t if 2 or 3 of its neighbors are also alive.
Otherwise, it becomes 'dead' at time t.
— a 'dead' cell at time t-1 becomes alive at time t if 3 of its neighbors are alive. Otherwise, it

remains 'dead' at time t.

In our model, a cell is represented by a Boolean value equal to 1 if the cell is alive and 0 if the cell is
dead. Hence, the rule can be rewritten as a function of the sum of its neighbor’s states. Let's consider
that C(t) represents the state of one cell at time t, and NS(t) represents the neighborhood sum of values.

We can rewrite the Game of Life rule as:
— if C(t-1)=1 and 1<NS(t-1)<4 then C(t)=1, else C(t)=0
— if C(t-1)=0 and 2<NS(t-1)<4 then C(t)=1, else C(t)=0

Introducing strict inequalities will be necessary for the establishment of wall behavior.
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2.1.3 Border conditions
The border conditions are 2D periodic, in other words our 2D cellular automata is a manifold of a 3D
torus. For cellular automata composed of a NxN squared grid, considering C(i,j) the value of cell at t

line i column j, we impose:

—  C(N+1k
- C
- C
- C

= C(1,k) forkin {1,..,N}
= C(k,1) forkin {1,..,N}
= C(N,k) for kiin {1,..,N}
= C(k,N) for kiin {1,..,N}

Defining a C(i,j) with i>N , j>N, i<0 , j<0 is necessary for the definition of the neighborhood of border
cells.

2.1.4 Initial distribution of cell’s states
For the numerical simulations, we will consider that the initial available grid -i.e. the whole grid deprived
with the “wall” cells- is filled with uniformly-distributed fifty percents of alive cells.

2.1.5 Introduction of the walls into homogeneous cellular space
Now, we need to define the “walls” of our model (or distribution of the wholes).

A rule for the cells near the ‘walls’.

Here we describe one of the possible rules for evolution for the cells near the walls. Remark that
applications the rules for the cells near walls may correspond to physical nature of considered problems.
Contrarily to normal evolving cells, “wall” cells can take any real value. This hypothesis describes
entirely the model adopted, without having to change the previously enunciated rules. Keeping the
previously introduced notations, the rules remain:

— if C(t-1)=1 and 1<NS(t-1)<4 then C(t)=1, else C(t)=0
— if C(t-1)=0 and 2<NS(t-1)<4 then C(t)=1, else C()=0

Both of the previous conditions are still implementable whether the values in the sum of neighbors are
different from 0 or 1.
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We could add the explicit condition: if the cell is a walll, then the cell remains a wall. Using, the previous
notations:

—  ifC(t-1) # 0 and C(t-1) # 1, then C(t) = C(t-1)
It appears that this ultimate condition is optional. By setting such values to wall cells, the behaviors of
the cells near to walls cells are changed. These local changes affect the whole cellular automata. Note
that without changing the above conditions, if the walls have the value 0 or 1 at initial time step, they
behave as normal cells in the following step.

2.1.6 Description of distribution and of wall's shape

In our simulation we for simplicity consider that the walls are square-shaped group of cells. Before each
cellular automata simulation, we define a size of square and a percent of wall cells among the whole
grid. The variable s represents the size of the square of surface containing s* wall cells. The percent
represents the total amount of wall cells divided by the total number of cells in the grid.

At initialization time, the grid is full of empty cells. In given investigation we add successively one
randomly placed s-sized square to the grid, till the percent of walls cells initially defined is exceeded.
The effective percentage (in general different from the intended one) is eventually computed.

Here are presented the 6 first steps leading to the construction of the wall cells. The effective percent of
wall cells is indicated. The intended percentage was 50%, the size of square is 10. The size of the grid
30x30.

steps of walls construction (percent of wall cells :0.48778)  steps of walls construction (percent of wall cells :0.37667) steps of walls construction (percent of wall cells :0.17111)

Fig. 2 Steps of wall construction



26 International Journal "Information Content and Processing", Volume 4, Number 1, © 2017

2.2. Numerical simulations

All the simulations were realized using Matlab software. In this section, we present the model, the
parameters set and some results of the experiments.

2.3 Computing model

The cellular automata were modeled using matrix of size N*T, with N representing the side of the
square grid, and T the maximal number of time step. The cell can take real values, 0 for dead cells, 1 for
alive cells and arbitrary real number for walls different from 0 and 1. Each N? submatrix represents the
state of the cellular automata at a particular time. The submatrix of the cellular automata at time t is
represented by the cells of coordinates (ij,f), with ij in {1,..,N}, and ¢ in T. By analogy with Matlab
representation, we will note this matrix M(:,:.t).

Initialization During the initialization step, M(:,:,1) is randomly and equally filled with 0 and 1. Next, the
wall cells are created according to the process presented in the model presentation. The wall cells
values replaces the values of the cells in M(:,:,1) matrix. At this point, M(:,:,1) is filled with at most three
different values : 0 (dead cells), 1 (alive cells), an arbitrary value (wall cells).

Update At each step, each cell of M(:,:,t) is updated according to its neighbors at time t-1, according to
the Game of Life rules.

End The cellular automata can stop evolving for two reasons:

—  the cellular automata reached the final time step t=T. T is returned.
—  The cellular automata reached a cycle state. The time ¢t at which the cyclic state was

detected and the length | of the cycle is returned.

2.4 Parameters in the model

In this section, we will define the parameters used for the numerical computation.

a. size and space of the cellular automata

We used a 30x30x500 Matrix to model our cellular automata, i.e. a grid of 30x30 and a maximal time
step of 500. These measures offer a good tradeoff between complexity of the evolution and computation
speed. In the majority of the cases, the cellular automata reached a cyclic state before 500 iterations
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step, which is necessary to truncate as few as possible the cellular automata evolution, which could
perturb the data.

b. detect cycles in the model

We enable the algorithm to detect a cycle of at maximum 12 time step. In practical experiments, this
number seems appropriate as most of cycle of length 8 and above is very rare, yet present.

2.5 Evolution of one CA over time

Here, we present the visual representation of a cellular automata evolving along the time. Some shots
are represented, including the initial Matrix and the final one (i.e. the one at which we detected a cycle).

Black points represent dead cells, white one alive cell, and grey on wall cells. Initial intended percent of
wall is 0.40.

CA at time t=1 (time5 p H r i q CA at time t=4 (ti CA at time t=20 (time500;space30;value.99; percent0;sizeSqua

Fig. 3 Example of CA evolution during time

2.6 Parameters in the experiments

After having seen evolution of such cellular automata along time, we now intend to draw a rule binding
the time to reach cycle and the initial distribution of walls. Therefore, we will draw a plot representing the
average length time to reach cycle, in function of two parameters: size of square walls and percent of



28 International Journal "Information Content and Processing", Volume 4, Number 1, © 2017

wall cells. To do this, we will represent the length time with the intensity (black = 0, white = max) on an
image with coordinates x representing the size of wall squares, coordinates y representing the percent
of wall cells.

2.6.1 Number of simulation and values of the walls

We simulated cellular automata for eleven different values for the wall. These values have been chosen
to observe behavior as diverse as possible. Here are the values studied: {-1, -0.01, 0, 0.01, 0.5, 0.90, 1,
1.01,1.5,1.99, 2}.

For each of these peculiar values, the simulation computed whether 20,000 or 40,000 different evolution
of cellular automata, depending on the time the simulation was taking. The simulation returned as many
values for t -the time before reaching cycle- and | -the length of the cycle.

2.6.2 Percent and size of wall squares

For every value of the walls, we obtained 20,000 or 40,000 couple of values (t, /) which were obtained
by setting different parameters:

—  p (percent of wall cells) : going from 0.001 to 1.000.

— S (size of the square walls) : integer values from 1 to sqrt(p)*N.

There are two nested loops: the first one runs on p, the second one runs on s. For a fixed p, we simulate
all the integer size of square s, satisfying the condition: s%N? < p. Note that here, p is the intended
percent, not the effective one. We need to return the effective percent p. of walls at initial time.

When we obtained the 20,000 (or 40,000) values for the value wall (f, /) in function of (pe, S), we
classified them according to their length cycle I.

Next, we averaged them by grouping the value which had the same size s and the same integer part of
effective percent. For example, if one value was computed with initial wall parameter s=2, ps=10.68 and
another for s=2, p=10.55, then they are averaged together.

At this point, for each value of walls, we have matrices M, of values Mi(p, s) with p in {1,...,100} and s in
{1,...N} representing the average time for cellular automata to reach cycle for p percent and s size of
walls. Once these matrix M; are obtained, we need to visualize them.
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2.6.3 Representation

For each value of walls and for each cycle, the matrices have been visualized thanks to gray scaled
images, where the intensity of the pixels represents the relative average time steps. “Relative” means
that for each Matrix, we extracted the highest time step value t» and divided every time step value t by
this value, to obtain a ratio r going from 0 to 1, representing the relative average time steps. In order to
grant highest values a sharper importance, we also applied a function to these [0,1] values to get rf
value: rs = r3#. Finally, on an image of size 100x100, we represent the r intensities.

2.7 Results

In this section we present and explain some of the images simulated. Here is the examples image
representing the 30x30 cellular automata for walls value of 0.01, ending by a cycle of length 1. We can
read that the maximum average time for these automata is 480. It is the white point on the image,
reached for percent around 75% and size around 70). Note that percent is 0 at the top and 1 at the
bottom of the image, while size of square is 0 on the left and 100 on the right. Here the cycle “-1” means
that these cellular automata did not reach a cycle within the T=500 time steps. Here the global-cycle
means all the cycles of the walls value 0.99 have been represented on the same graph.

tirmesteps befTore cycle (valuae: .07 jaeyaele: 1 irmaxx T ime <850 )

ells

'y
L

ercent of wal

a
v

Siza of wall sguares

Fig. 4 Cycle



30 International Journal "Information Content and Processing", Volume 4, Number 1, © 2017

2.8 Analysis of the curves

In this section, we briefly discuss the global trend occurring in the graphs.

2.8.1 Global cycling

This subsection observes the global behaviors of the cellular automata without pointing out at precise
cycle length, but taking all of them into account. Three main ideas can be noted.

First, there seems to be a global common distribution of average time steps before cycle stabilization.
With a higher time step for small percent value of walls and small values of wall squares size. This
image seems to be the archetype example of the typical global distribution.

timeasteps baefore cycle (valua:0.99; global-cycle;maxTima:348)

=

percent of wall cells

size of wall squares

Fig. 5 Global cycling under value 0.99

Second, as we could expect, the behaviors observed for walls values of 0 and 1 and sharply different
from the other ones. The average time step is far more homogeneous over the graph, and the average
time step are higher than those for the other rules. Let's remind that these are not frozen wall cells as it
is the case for the other walls values, but acts like evolving cells from time step 2. We can notice there is
no continuity in function of wall values around 0 and 1. Lastly, some values such as 0.5 and 1.5 makes
appear a high time step probability for values with intermediate percent and low square size.
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2.8.2 Behavior in dependence of cycle length

In this section, we try to discriminate behavior in function of cycle length, at fixed values. First and
foremost, what can be noticed is that most cellular automata end with a cycle of length 1 or 2. Their
distribution is very similar. Next, automaton with cycle length is 3, 4 and 6, and those with no detected
cycle in 500 steps, are the most frequent. Here we present examples of highly represented cycles.

Conclusion to Section 2

We were able to determine to some behaviors influenced by parameters of the wall distribution. We try
to evolve in a context as constrained as possible (with square walls) to avoid coping with a huge number
of parameter, which could have been overwhelming in the visualization step. We could see some rules
appearing for global cycle, such as a higher average time step before cycle for low percentage and high
size of wall squares. Some of the data found were presented in this report, but most of the data are still
to be exploited from all the other data.

3. 2D Cellular automata: Study of Cellular Automata with inhomogeneous neighborhood and
non-classical rules

3.1 Problem

We report a series of numerical experiments carried out on 2D cellular automata. We studied the
behavior of cellular automata with different activation rules and with different inhomogeneous
neighborhood. Rules implemented are inspired from classical rules of Conway's Game of Life.
Neighborhood is a random function which takes in account user-set features. This series of experiments
is not an exhaustive study of the whole problem. It intended to draw conclusion in a voluntarily
constrained framework to obtain readable results. The whole study is empirically tackled.

3.2 General Model

In this section, we present the global model adopted for the simulation of the cellular automata. Each
experiment has its own parameters and programming specificities. We won't present any of these
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specific sets. Instead, we introduce the general iteration process of the cellular automata. The Conway's
Game of Life classical rules had been described in the Section 2.

3.2.1 Generalized rules implemented

The rules implemented are based on the classical Game of Life rule idea. Here, we suppose that NS(t)
represents the sum of the neighbor’s value of the considered cell at t. Our rules can be modeled as a
vector of four integer values (a, b, c, d). With the same notations that previously, the rule can be
rewritten as:

—  for C(t-1)=1:if a < NS(t-1) < b then C(t)=1, else C(t)=0
—  for C(t-1)=0: if ¢ < NS(t-1) < d then C(t)=1, else C(t)=0

For instance, classical Game of Life rule corresponds to the vector (1, 4, 2, 4). Note that we should have
a <b-1in order to enable cells being maintained alive, and have ¢ < d-1 in order to enable them recover
from death.

3.2.2 Neighborhood

To build the neighborhood, we made an analogy with graph theory. The neighborhood of our model is
inhomogeneous, directed, and constant over time.

Initially, we attribute two parameters to the neighborhood of the grid:

—  the number of neighbor’s n of each cell.
—  the radius r of the neighborhood, which can be seen as the integer value of the
neighborhood scope. If we consider the cell at coordinate (i,j), another cell (k,I) can be in its

neighborhood if:

r <= max(|i-|, [-)

Here is a figure illustrating the neighborhood
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radius in two dimensions

=2

Fig. 6 Generalized neighbor and rules

Dark grey cell represents the cell we consider. Light grey cells are the neighbors of the cell. They are
randomly chosen among the cells in the r-radius square.

At initialization step, each cell is given n neighbors among the (2r+1)>1 cells which subscribe the r
radius condition. The choice of the cells is uniformly random. We also impose that cell cannot be their
own neighbors. At updating time t-1—t, each cell computes NS(t-1) — the sum of its neighbor’s value -
and evolves in accordance with this value, and with its own state.

3.2.3 Border conditions

The border conditions are 2D periodic, in other words our 2D cellular automata is a manifold of a 3D
torus. For a 2D cellular automaton composed of a NxN squared grid, considering C(i,j) the value of cell
at tline i column j, we impose:
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—  C(N+m,k)=C
—  C(k,N+m)=C
—  C(-m, K=

—  C(k,1-m)=

m, k) for k, min {1,.., N}
k, m) fork, min {1,.., N}
N-m, k) for k, min {1,.., N}
k, N-m) fork , min {1,.., N}

(
(
C(
C(
Defining a C(i, j) with i>N , j>N, i<1 , j<1 is necessary for the definition of the neighborhood of border
cells.

3.2.4 Initial distribution of life

At initial time step, every cell is given a fifty percents probability to be alive. Other cells are dead.

3.3 Numerical experiments

In this section, we present the series of experiments we conducted. The general aim is to study the
overall evolution of the cellular automata. Hence, we used some global representation plot: evolution of
the cellular automata over time, life rate of the cellular automata over time, average time steps to reach
cyclic state in function of space.

For all the numerical experiments, we used Matlab software to simulate the cellular automata. The
maximal duration — number of time steps simulated — of cellular automata was 5000. This is a
convenient value in term of computation time. We used a grid of 30x30 cells.

Here, we present the average number of time steps required to reach a global cycle in function of the
size of the grid. A global cycle is defined as a cycle in the temporal evolution of the whole grid. Here,
this simulation indicates that we modeled cellular automata from size 3x3 to size 35x35, and we did this
three times ("nbValues3" in the title of the graph). Then we averaged them for each size. For instance,
the 30x30 grid reached a global cycle after 600 time steps in average. This preliminary experiment was
useful to test whether the 30x30 size chosen was enough to enable the cellular automata to converge in
a global cycle within less than 5000 time steps.
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Average timesteps to reach cyclic state in function of space
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Fig. 6 Time of reaching cycles

3.3.1 Life rate over time in function of number of neighbors

In these first simulations, the aim was to detect particular comportments of the cellular automata in

function of the number of neighbors we set. All the simulations consider the classical Conway's Game of
Life rule — which we named (1, 4, 2, 4) in our model.

On each graph, we represented the percent of alive cells of the cellular automata over time. As we

explained before, each graph represents different cellular automata: different initial distribution of life,
and different neighborhood for each cells.
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Fig. 7 Simulations for 8 neighbors (classical Game of Life).

1000

As displayed on these nine different graphs, most cellular automata converge within a number of time

steps inferior to 1000. What's more, when the number of neighbors decreases the number of time steps

necessary to reach a global cyclic state decreases. Besides, the final rate of alive cells also seems to

decrease with the number of neighbors.

This last point can be must be due to the sum of the neighbors' states NS(t) whish drives the rule and

which is lower when diminishing the number of neighbors. Hence, the condition 1<NS(t)<4 which

enables a cell to remain alive and the condition 2<NS(t)<4 which enables a cell to get alive back is

statistically harder to reach. Hence this fall of the life values over time.

3.3.2 Life rate over time in function of the rule

In the next simulations, the aim was to detect particular comportments of the cellular automata in

function of the radius set. All the simulations consider the classical (1, 4, 2, 4) rule.

On each graph, we represented the percent of alive cells of the cellular automata over time.
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Simulations with radius 1 (classical Game of Life):
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Fig. 8 Simulations with different size of neighbors



38 International Journal "Information Content and Processing", Volume 4, Number 1, © 2017

As displayed on these nine different graphs, when the radius increases the number of time steps
necessary to reach a global cyclic state increases. Plus, the fast oscillations of the life rate increases as
the radius grows. These oscillations of life seem to have an increasing amplitude and frequency.
Besides, although the oscillations increase, the general trend of life over time seems more stable easier
to forecast. We also notice that for a radius 2, the cellular automata converging in a cyclic state often
converge in a global dead state. Unfortunately the maximum duration time steps does not enable us to
draw the conclusion for radius=3.

3.3.3 Average time steps to reach cycle in function of number of neighbors

In order to draw more accurate figures on cellular automata — especially regarding the number of
timestamps needed to reach a global cycle — we conducted other simulations. In the following
simulation, we once again used the classical (1, 4, 2, 4) Conway's Game of Life Rule). The goal of the
simulation was to study the average number of time steps before reaching a global cycle in function of
the number of neighbors, going from 2 to 8. For each number of neighbors, we computed 41 different
cellular automata and averaged their number of time steps required to reach a global cycle:

Average timesteps to reach cyclic state in function of number of neighboors
(duration5000;nblterad1;space15;rad1;rule1424)
T T

Average timesteps to reach cyclic state

wm

=]
T
|

2 3 4 5 B 7 8
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Fig. 9 Averag time for reaching cycles
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The graph shows a very clear break for the critical value 8 of classical Game of Life rule. For value from
2 to 7, the average number of time steps looks like an increasing linear function of the number of
neighbors. Note that it was worthless simulating the case with one neighbor since, following the Gale of
Life rule, every cell would have died within the first simulated time step.

3.3.4 Average time steps to reach cycle in function of radius

Here, we represented the same type of graph, but changing the neighborhood scope, i.e. increasing the
radius parameter.

Average timesteps to reach cyclic state in function of radius
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Fig.10 Average time for cycling in dependence on radius.

Here, the conclusion of the graph is limited by the maximum number of time steps we imposed on our
cellular automata. Above a radius of 3, the average time steps overcome the 5000 time steps maximal
duration. Yet, we have data about the radius 2 neighborhood's average time steps to reach global cycle,
which is 6 times higher than the one for the radius 1 neighborhoods.
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3.3.5 Determination of Game of Life-alike rule with different neighborhood

Some previous graph pointed out the limit of the study we conducted: the radius and the number of
neighbors of each cell are closely linked to the classical Game of Life rule. Hence, changing one of
these two parameters leads to sharply different behaviors. This emphasizes the link between
neighborhood and rule in cellular automata behavior. This last experiment is a short empirical study
aiming at determining some Game of Life-alike rules which lead to Game of Life-alike behaviors.

In order to determine such rules, we implemented algorithms based on random and mutation. Such
algorithms are useful to determine "good" rule without examining each rule, due to the lack of
computational power. Here, we do not have any objective function as it could be the case in genetic
algorithm. Instead, we test the final life rate of the cellular automaton and if it belongs to the expected
range, the rules are selected and then undergo some mutations. The conditions upon life attempt to find
a life rate close to the 7% that the classical Conway's Game of Life converges to.

Here are the different steps of the algorithm:

Stage 0 : Fix a number of neighbors and a radius for the neighborhood.

Stage 1: Generate random (a,b,c,d) and select them if the cellular automaton state agrees with "loose"
life conditions - life rate at time step 100 between 0.01 and 0.4.

Stage 2 : Make evolve randomly every (a,b,c,d) already selected at stage 1 and simulate the
corresponding CA. Select the new rules if the cellular automata state agrees with "medium" life
conditions - life rate at time step 200 between 0.01 and 0.4.

Stage 3 : Simulate CA with (a,b,c,d) already selected at stage 2 and select the rules if the CA agrees
with tight life conditions - life rate at time step 1000 between 0.02 and 0.3.

We show the evolution of CA whose rule has been selected by the algorithm.



International Journal "Information Content and Processing", Volume 4, Number 1, © 2017 41

The cellular automata found with this rule enable a certain kind of life. The emergence of such life
pattern is not trivial and most rules generated randomly do not enable finding such shapes. Most of the
time they converge to a dead state.

This last experiment is an attempt to highlight the link between the neighborhood and the rules
implemented in the evolution of life in such systems.

Conclusion to Section 3

Here we report the study of 2D cellular automata with inhomogeneous neighborhood and with new
types of rules, inspired from classical Game of Life cellular automata. We built a model for the
neighborhood, making analogies with network science through graph theory. We also defined a new
model for the rules, and explained how we could transpose this model for Game of Life classical rule,
and how we could derive new rules from this classical rule. Then, we simulated some cellular automata
with classical Game of Life rule. We could highlight some behaviours of the life in the cellular automata.
Eventually, we admit that instead of rewriting neighborhood of cells independantly of rule, which lead to
significantly different cases from the classical Game of Life, we should attempt to discover new rules,
more closely bound to the neighborhood adopted. They lead to some interesting self organizing pattern.

Some further studies could be carried out to extend the first graphs drawn, in particular those on which
the maximal timestep was limiting the scope of the results. One might also consider other ways to
discover the rule we shed light on, and thanks to more powerful computationnal means, try to
investigate these rules in a more exchaustive way.

4. Study on 2D cellular automata: Multi-layer cellular automata, with classical Game of Life Rules

4.1 Problem

This report intends to study the behavior of two-layer cellular automata. Each layer of the cellular
automata updates according to classical 2D Game of Life model. Some inter-layer links are introduced
in the model. We studied the influence of such links upon the evolution of life in the cellular automaton.
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4.2 General Model

In this section, we present the global model adopted for the simulation of the cellular automata. We
make an analogy between network science lexicon and cellular automata one. In particular, an "edge"
or "link" between two cells of cellular automata represents a relation of neighborhoods between these
cells. In cellular automata lexicon, such cells (bound by an edge/link) are called "neighbors".

4.2.1 Multilayer model

Our model consists of two grids of size NxN. Each of these grids is a layer of the cellular automaton.
These layers are connected by some inter-layer links. These inter-layer links are undirected edges. We
only consider one type of inter-layer link: coupling edges. They are links connecting a cell A at a position
(i,j) on the first grid, and a cell B with the same coordinate (i,j) on the other grid.

4.2.2 Updating rule

Here we remember classical Game of Life rule, which we applied to our model. At each time step, a cell
can be in one of the two states 'dead' or 'alive’. Each cell evolves according to its own state and to its
neighborhood's state — we will define its “neighborhood” later. Here is the rule to update a cell:

- an ‘alive' cell at time t-1 remains alive at time t if 2 or 3 of its neighbors are also alive.
Otherwise, it becomes 'dead' at time t.
- a'dead' cell at time t-1 becomes alive at time t if 3 of its neighbors are alive. Otherwise, it

remains 'dead' at time t.

In our model, a cell is represented by a Boolean value equal to 1 if the cell is alive and 0 if the cell is
dead. Hence, the rule can be rewritten as a function of the sum of its neighbor’s states. Let's consider
C(t) represents the state of one cell at time t, and NS(t) represents the neighborhood sum of states. We
can rewrite the Game of Life rule as:

— incase C(t-1)=1: if 1<NS(t-1)<4 then C(t)=1, else C(t)=0
— incase C(t-1)=0: if 2<NS(t-1)<4 then C(t)=1, else C(t)=0
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4.2.3 Neighborhood
Our model neighborhood consists of two types of neighbors:

— intra-layer neighbors. They represent the neighbors of the cell within the same layer. These
neighbors follow the classical Moore neighborhood, i.e. they are the eight closest cells of
the considered cell.

— Inter-layer neighbors. We only consider inter-layer neighbors bound by coupling edges, i.e.

cells with same coordinates but different layers.

Both type of neighbors - inter-layer and intra-layer - are considered equally regarding the updating rule.
For a cell, the neighborhood sum at time t takes in accounts both intra-layer and inter-layer neighbors.

4.2.4 Border conditions

The border conditions of each layer are 2D-periodic, which is tantamount to saying that each 2D cellular
automata layer is a manifold of a 3D torus.

We define the 2D-periodic condition. Every cellular automata layer composed of a NxN squared grid,
considering C(i,j) the value of cell attline i column j, we impose:

—  C(N+m,k) = C(m,k) for kmin {1,..,N}
= (k

(
—  C(k,N+m) = C(k,m) for k,min {1,..,N}
—  C(1-mk) = C(N-m,k) for k,m in {1,..,N}
—  C(k,1-m) = C(k,N-m) for k ,min {1,..,N}

Defining C(i,j) with i>N , j>N, i<1, j<1 is necessary for the definition of the neighborhood of border cells.

4.2.5 Initial distribution of life

At initial time step and for each layer, every cell is given a fifty percents probability to be alive. Other
cells are dead.

4.3 Numerical experiments and results

We realised all the following experiments with Matlab Software, using matrix as representation of the
cells.
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4.3.1 Parameters

For the numerical simulations, we adopted a two-layer cellular automata, with a size of 30x30. The
cellular automata was encoded on a 30x30x2 Matrix. Each cell is assigned a boolean value in function
of its state (1 for alive, 0 for dead). The last coordinate (of size 2) represents the layer of the cell. In all
experiments, we simulated the cellular automata during 500 timesteps. We will consider that "final" state
of the cellular automata is the state at the 500t step.

4.3.2 Life rate over time

In the next simulations, we intended to draw general a trend of the evolution of life — final life rate, time
steps before reaching a global cycle — for different percents of inter-layer edges. First, we plotted the
evolution of life rate — percentage of alive cells among all the grid's cells — over time for several values
of p. The model is equivalent from one layer to another. Hence, to simplify the following graphs, we only
displayed the rate of one of the two layers. On each plot, we displayed 10 different curves. They
represent the life rates over time of 10 different cellular automata, changing slightly the initial inter-layer
link probability p. On the following graph, we represented for example the life rates of 10 cellular
automata with p between 0.005% and 1.000%.

0.6 T T

evolution of CA upon time with0.005% of interlayer bond
T T T T

0.5 - =1

0.4 [~ =

percent of alive cells

0 50 100 150 200 250 300 350 400 450 500
iterations

Fig. 11 Evolution of cells state
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From analysis of such computations, it seems that p — the rate of inter-layer links — has an impact on the

evolution of life. More accurately, it seems that:

When p increases, the final rate of alive cells first decreases on average (until p=0.60%),
before increasing.

When p increases, the number of time steps required before the cellular automata enters a
global cyclic state decreases.

When p increases, the cellular automata tends to finish in a two-steps cycle, until p is high

(around p=0.8%), where the cellular automata ends in a one-step cycle.

With the numerical experiments, we will try to confirm these predictions, and draw more precise laws.

4.3.3 Final life rate in function of interlayer link probability

In these numerical simulations, we computed the final life rate. We computed this final rate in function of

the inter-layer link probability. For the simulations, p goes from 0.005% to 1.000% by steps of 0.005%.

We have 200 different values. In this first graph we represent each couple (final life rate; inter-layer link

probability).

Final life rate in function of interlayer link probability
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Fig. 12 Dependence on the links between layers
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In this second graphs, we computed the bary-center of the previously computed couples. There are 20
bary-centers, each averaging 10 closest couples (final life rate; inter-layer link probability). Statistically,
there is first a decrease of the final rate, going from around 0.030% for low p to 0.020 for p around 0.6%,
followed by an increase which reaches back 0.030% for high values of p.

4.3.4 Time steps to reach cycle

We consider that the cellular automata reaches a (global) cycle when it is in a state it has already been
in since the beginning of the simulation. A state of the cellular automata represents the state of every
cell on both layers. Here, we implemented a basic algorithm which compares the state of the cellular
automata at time t with all the previous states it was in. In these numerical simulations, we compute the
time steps when the cellular automata are detected to be in a cycle. We computed these time steps in
function of the inter-layer link probability. For the experiments, the p probability varies from 0.005% to
1.000% by 0.005%. Hence, we had 200 different values. We also had computed the bary-center of the
previously computed coupled. There are 20 bary-centers, each averaging 10 closest couples (time
steps to reach cycle; inter-layer link probability). From the computations it is clear that there is a
relationship between the inter-layer link probability and the number of time steps to reach a cycle.

As the density of couples (time steps to reach cycle; interlayer) is low for p<0.2, we also simulated
another 200 values for p between 0.001% and 0.200%. As we can see the number of time steps
required to reach cycle is higher for low p. Hence, exceptionally, this simulation computed up to 1000
time steps for each cellular automaton. The graphs of computation to confirm the trend highlighted
before.

4.3.5 Cycle length in function of inter-layer link probability

Here, we plotted the length of the cycle (within a cycle, minimum number of timesteps before reaching
twice the same state). Some cellular automata did not reach a cycle within the 500 timesteps. They are
given the length cycle 0 on the graphs. We simulated the cellular automata for the same values of p as
previously.
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global cycle length in function of interlayer link probability
(s_paceSD;timeSDﬂ]

(a1 }

Y
T
1

global cycle length
Ll

D A = - A At A A A A A AR At 4
1 + } f=H=i ++ i g
0 ' ' :

0 0.2 0.4 0.6 0.8 1

interlayer link probability

Fig. 13 The cycle length dependence of interlayer coupling.

The graphs enable us to draw a statistical trend of the cellular automata, which are highly prone to:

— end in a two-state global cycle for p<0.80%.
— end in a one-state or two-state cycle for 0.8%< p <0.93%.

— end in a one-state cycle for p>0.93%.

Conclusions for Section 4

This short study on multi-layer cellular automata give some general trends of life evolution in a
constrained framework of cellular automata. We manage to draw statistical laws bewteen the inter-layer
link probability on the one hand, and the number of timesteps to reach cycle, the final life rate, and the
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cycle length on the other hand. We decided to restrict the study to two-layer cellular automata with
exclusively coupling edges. This choice was imposed by the important number of parameters already
existing, the presence of random conditions which might make the trend harder to draw. Besides,
adding another layer would add the number of neighboors, which could affect the influence of classical
game of life rule. It would also require to reflect on inter-layer linking. With some linking conditions, each
layer might be no longer symmetric (and equivalent) from the system. Adding new layers, or introducing
other types of inter-layer links might motivate some other studies.

General conclusions.

Thus in given paper we described the results of investigations by computer experiments with different
kinds of the classical cellular automata generalization. Received results may be useful for understanding
the behavior of cellular automata which may be useful for searching the architecture for cellular
computing. Remark that deep further generalizations should be considered. The first is related with the
accounting of networks structure especially the ‘small world’ property. The second prospect for cellular
computing is accounting of strong anticipatory property (see [1, 16, 18]).
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HYBRID MODULAR MODEL FOR TIME SERIES FORECASTING BASED ON NEURO-
FUZZY NETWORK AND FUZZY COGNITIVE MAPS

Sergey Yarushev, Alexey Averkin

Abstract: In this paper, we consider a hybrid approach to forecasting time series using neuron-fuzzy
prediction models and Fuzzy Cognitive Maps. Main idea of proposed approach is hybridization two
different ways for time series forecasting. We can make quantitative and qualitative forecast. In addition,
we describe the different approaches to learning and optimization of the network, such as the methods
of particle swarm, evolutionary methods, as well as variants of the hybridization of these methods. Also,
in a comparison of the results of the prediction for example, one of the indicators of the State Program
of Development of Science and Technology is forecast schedule.

Keywords: forecasting, fuzzy cognitive maps, time series, hybrid-forecasting models.

ITHEA Keywords: |. Computing Methodologies: 1.2 Artificial Intelligence: 1.2.1 Applications and Expert
Systems

Introduction

Nowadays modelling and forecasting time series are among the most active areas of research. For
example, depending on the historical data, situation on sales market, changes in prices for shares of
population growth and banks deposits are forecast. Forecasting time series affects the lives of people
around the world, so it has great practical value and perspectives of research in all areas of the modern
society, which is also an important area in the field of computer application.

The solution of problems of identification of dynamic objects should be used in a variety of fields: it can
simplify temperature controllers, or complex management and forecasting. It can also solve the
forecasting problem, along with a number of different methods, for example, statistical analysis, neural
networks [Haykin, 1994]. Identification of the object may be difficult if the exact structure of the model of

the object is unknown, some of the parameters of the object change due to obscure principles, or the
exact number of parameters of the object is unknown. In such cases, the hybrid neural network can be
used for identification of dynamic objects. There are many types of neural networks that are used for
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identification of dynamic objects. Despite the large number of neural network methods for identification
of dynamic objects, most of these algorithms have some limits, or do not provide the required accuracy.

Among all kinds of neural networks, architectures that can be used for identification of dynamic objects
allocated a class of neural networks based on self-organizing maps of Kohonen with hybrid architecture.
Hybrid neural networks of this type will get special attention in this article because they are becoming
more widespread and successful applications for solving various problems of recognition [Efremova,
2012], identification [Trofimov, 2010], and forecasting. We will also consider a number of biomorphic
neural networks applicable for solving identification problems and management.

In the development and future changes in time series, there is reflexivity between events, their
participants and the actual prognosized process (time series), between the researcher and the process
being studied [Lefevr, 1965]. The theory of reflexivity in the economic world suggests that the situation
that has arisen affects the behavior of the participants in the process, and their thinking and behavior
act on the development of the situation to which they are participants [Soros, 2003]. It is clear that using
only a tool for forecasting time series, it would not be as powerful as any, it is impossible to reflect and
take into account the situation and events affecting the process under study, since a neural network is
allowed to work with historical data. The practical way out of the situation is to develop such methods
that could operate both with a cause-effect relationship between events and the projected process, as
well as with the numerical values of the time series, its historical data. Therefore, it is expedient to
develop a hybrid forecasting system capable of operating both qualitative data and quantitative ones.

In this paper, we propose a new hybrid time-series forecasting model based on fuzzy relational cognitive
maps and a hybrid neural-fuzzy network with regression analysis.

Modular Neural Networks

The core of the modular neural networks is based on the principle of decomposition of com-plex tasks
into simpler ones. Separate modules make simple tasks. More simple subtasks are then carried
through a series of special models. Each local model performs its own version of the prob-lem according
to its characteristics. The decision of the integrated object is achieved by combin-ing the individual
results of specialized local computer systems in a dependent task. The expan-sion of the overall
problem into simpler subtasks can be either soft or hard-unit subdivision. In the first case, two or more
subtasks of local computer systems can simultaneously assigned while in the latter case, only one local
computing model is responsible for each of the tasks crushed.
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Each modular system has a number of special modules that are working in small main tasks. Each
module has the following characteristics:

—  The domain modules are specific and have specialized computational architectures to
recognize and respond to certain subsets of the overall task;

—  Each module is typically independent of other modules in its functioning and does not influence
or become influenced by other modules;

—  The modules generally have a simpler architecture as compared to the system as a whole.
Thus, a module can respond to given input faster than a complex monolithic system;

—  The responses of the individual modules are simple and have to combine by some integrating
mechanism in order to generate the complex overall system response.

The best example of modular system is human visual system. In this system, different modules are
responsible for special tasks, like a motion detection, color recognition and shape. The central nervous
system, upon receiving responses of the individual modules, develops a complete realization of the
object which was processed by the visual system.

Review of Hybrid ANFIS Models for Time Series Forecasting

At the moment, there are many different learning algorithms ANFIS networks, each of them has its own
advantages. Consider some of the studies that examined various hybrid-learning methods.

Chinese scientists, [Wang, 2015] presented its own model of forecasting of financial flows in the banking
sector using a modified algorithm swarm optimization, which is called APAPSO (Adaptive Population
Activity PSO). In view of the fact that the use of traditional methods do not give stable prediction results,
researchers have proposed hybrid learning algorithm based APAPSO algorithm in combination with the
method of least squares. In comparative experiments, the algorithm developed compared with the
standard backpropagation technique in combination with the method of least squares (LMS), and with
the traditional method swarm optimization-LMS. Results showed an increase in speed optimization, in
comparison with conventional algorithms, as well as increase the accuracy of the prediction.

Indian scientists [Gunasekaran, 2011] offered a hybrid-forecasting model based on the integration of
ANFIS and immune algorithm for the prediction of the Indian stock market. To create an effective model
of prediction, the researchers decided to use an artificial immune algorithm to adjust the parameters of
fuzzy system output functions. The data daily close of trading on the National Stock Exchange of India
(NSE) were used as input data for system testing, as well as well-known technical indicators. The output
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is a forecast of the future value of NSE index. The experimental results were compared with other
models on the basis of soft computing and actual data from the auction. As a result, the experimental
results have shown that the prediction model proposed gave much more accurate prediction results,
compared to conventional models.

Artificial neural network (ANN) is a very good approximation method, which has the characteristics of
adaptability and self-study [Dong, 2006]. However, using ANNs easily fall into a local minimum. By
combining with fuzzy inference system has been proposed a new kind of non-linear prediction method,
namely, adaptive neural fuzzy inference system (ANFIS) [Catalo, 2011]. This method can be used as
the fuzzy rules and a neural network structure for implementing adaptive learning, so the prediction
accuracy is higher than the one of the artificial neural network. In order to further improve the accuracy
of predicting adaptive ANFIS system, you can use a variety of teaching methods, for example, the PSO
algorithm (particle swarm optimization) or the method of particle swarm is used to optimize the structure
of the network parameters. For example, a new hybrid approach combining particle swarm and ANFIS
network is used for short-term forecasting of wind power in Portugal, as a result, it is possible to achieve
the required accuracy of prediction using the proposed approach [Pousinho, 2011]. The radial basis
function neural network (RBFNN) with non-linear evolutionary method swarm cha-particles, (NTVE-
PSO) is proposed, and the simulation results show that the proposed NTVE-PSORBFNN has higher
prediction accuracy and computational efficiency for predicting electricity consumption [Meng, 2012].
Improved PSO based on artificial neural network (ANN) was proposed by the researchers, results show
that the proposed SAPSO based on ANN has a better ability to escape from local optimum and is more
efficient than conventional PSO based on ANN [Cai, 2007]. Algorithm training based on a hybrid method
of optimization of particle swarm (PSO) and the evolutionary algorithm (EA) for the prediction of 100
missing values of VRE-alternating series of 5000 data points that show the experimental D results that
PSO-EA algorithm also proven effective in study [Wang, 2012].

Modular Hybrid System for Time Series Forecasting with ANFIS and Fuzzy Cognitive Maps

The developed forecasting system is based on a modular architecture that betrays the system additional
stability when even if one of the modules crashed the remaining modules continue to perform their work.

The system itself has three main modules responsible for the prediction task. A hybrid neural-fuzzy
network performs the forecast of a time series based on numerical indicators and gives us a so-called
quantitative prediction, the results of which pass through a verification system (estimates of the
adequacy of the forecast), if the prognosis corresponds to the required accuracy, then it is passed on to
the next module. In parallel with the neural-fuzzy network, a module with a fuzzy cognitive map
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operates, which receives data on the event-related effects on the time series, and constructs a cognitive
map that takes into account all factors of influence on a specific predicted indicator. At the output, the
cognitive map gives us a forecast with the probability of its implementation, that is, with the consonance
of the factor that tells us whether the forecast will be fulfilled or not. Further, all data received from these
modules is fed to the third module, which operates on the basis of the neural network, which aggregates
the information obtained from the previous modules and outputs the final prognosis. In Figure 1 is a
diagram of the forecasting system.
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Module Verification
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InputData )| MetaRules (— Forecasting System Argegation| Outputs
(MHFS) By ANFIS
—J’~Trend of situatiol
Fuzzy Cognitive | -
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Figure 1. Modular Hybris Forecasting System

Further, we will dwell in more detail on forecasting based on fuzzy cognitive maps and their training,
since a rather large number of studies are devoted to neural-fuzzy networks [Yarushev, 2016], with a
slightly different situation with cognitive maps.

Fuzzy Cognitive Maps in Time Series Forecasting Area

The time series is governed by two main forces - time and events that affect the change over time of the
values of the time series. Most of these events are characterized by some uncertainty. Each value of the
time series can be associated with a fuzzy variable with some membership function. In this connection,
the most interesting for our research are methods based on the theory of fuzzy sets. Lotfi Zadeh in 1965
introduced the concept of fuzzy set, due to which it is possible to describe qualitative, fuzzy concepts
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and knowledge about the surrounding world, and then to operate them to obtain new information
[Zadeh, 1976]. The application of this concept allows us to formalize linguistic information for
constructing mathematical models [Rotshtein, 1997]. The notion of a fuzzy set is based on the
proposition that the elements making up a given fuzzy set, as well as possessing common properties,
can possess it and, consequently, belong to a given set in varying degrees. In this case, statements like
"such and such an element belongs to a given set" lose their meaning, since it is still necessary to
indicate the degree of belonging to a given set and its properties [Averkin, 1986].

To be able to operate with events that affect the time series, and events can be quite a lot and everyone
can be related to each other, it makes sense to use fuzzy cognitive maps. They allow you to build a
causal relationship between events and build a qualitative forecast of the development of the event,
based on the strength of the influence of one event on another.

The cognitive map itself is an oriented graph, in which the vertices are the factors of the situation, and
the weighted arcs are cause-effect relations, the weight of which reflects the force of the influence of the
factors of the situation. Directional arcs of the graph are assigned the sign "+" or "-", i.e. they can be
positive or negative. A positive relationship means that an increase in the value of the factor-cause
leads to an increase in the value of the factor-effect, and a negative arc means that an increase in the

value of the factor-cause leads to a decrease in the value of the factor-effect.

The tasks solved with the help of cognitive maps are to find and evaluate the influence of the factors of
the situation, and to obtain, on the basis of the calculated influences, the forecasts of the development
of the situation.

At present, for computation of the influences and forecasts of the development of the situation, fuzzy
cognitive maps proposed by [Kosco, 1986] are widely used. In fuzzy cognitive maps, the force of
influence between factors is given by means of linguistic meanings chosen from an ordered set of
possible influence forces, and the values of the factors, their increments are also given in a linguistic
form, and are chosen from the ordered sets of possible Values of the factor and its possible increments
- scales of factors and incremental scales.

To construct a cognitive map that reflects the dynamic properties of the observed situation, it is
necessary to determine the scales of the values of the factors and their increments.

To construct the scale of the factor, a lot of linguistic values of the factor are determined and structured.
In determining the linguistic values, the absolute values of the factor are used, and not its evaluation of

the type "large", "medium", "small". For example, the linguistic meaning of temperature can be the
following: "so hot that you can barely put a hand on it" or the meaning "so cold that the hand
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immediately freezes," and not just "Hot" or "Cold." With this definition of the linguistic values of the
situation factors, an objective standard of its value is set - a reference point. Setting an objective
standard of the value of a factor facilitates the work of experts in determining the strength of the
influence of factors and reduces expert errors.

The prediction problem is reduced to the matrix-matrix composition of the matrix of weights and the
vector of initial increments of characteristics.

This algorithm works for positively defined matrices, while in our case the elements of the adjacency
matrix and increment vectors can take negative and positive values.

Learning Algorithm for Fuzzy Cognitive Map

Suppose that we have a set of 3N historical data lines (hereinafter - training material) about the status of
concepts in the system. From the point of view of the problem of forecasting based on increments of
concepts (see "Method of obtaining a forecast"), increments of concepts from i-th iteration to (i + 1)
iterations will constitute the initial increment vector. In this case, the fuzzy cognitive map should show
that with such an initial increment vector, the values of the concepts will change in such a way that the
resulting increments will lead to values on the (i + 2) iteration.

Let A;(t) be the value of the concept e; at time t. Based on the specification of the learning material
given above, we will consider triples of rows A;(t), A;(t + 1), A;(t + 2).

Ai(%zt_;“(t), ;= A"(%it_;‘"(t). Here, x are the initial increment vectors, and y is the

Define x; =
resultant increment vectors.
Let 0;(t) be the increment e;, obtained as a result of the prediction on the initial vector x(t).

The learning task is to minimize the error of the fuzzy cognitive map, but with the values of x, y, o
introduced in this paragraph.

To solve the learning problem, a genetic algorithm is proposed. As a chromosome, a one-dimensional
array of values is allocated, into which a two-dimensional array of weights of the fuzzy cognitive map is
decomposed. Each value in this array is called a gene. Let's define the basic steps of the algorithm:

For all non-zero values of the weights of the initial map, a new non-zero weight value is defined, given
by a small random number (the sign is not important). The initial non-zero values of the weights are
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determined by the expert (a non-zero value can be any, its only purpose is an indication that, according
to the expert, there is a causal relationship between the two selected concepts).

Item 1 repeats PopulationSize times. Thus, the initial population of random solutions is formed.
The fitness function is defined for each chromosome (see below for the form of fitness function).
The pool of parents is determined by the method of "roulette”.

In the pool of parents, "elite individuals" are added. The elite individuals in genetic algorithms are
individuals who have shown the best value of fitness function on the last few generations (one individual
per generation).

There is a crossing of chromosomes that fall into the parents' pool. The crossing of chromosomes A and
B occurs as follows. The crossing boundary of | is randomly determined. Let A;, be the part of
chromosome A, consisting of genes located from |, and A;_- part of the chromosome, located up to I.
Then the result of crossing will be two chromosomes A;_B;.. and B;_A,... The probability of crossing is
determined in advance. If crosses do not occur, both parental chromosomes change without change
into a population of offspring.

From the descendants obtained in step 6, a new population is formed (its size is exactly the same as the
size of the population in the previous step of the algorithm).

There are mutations in the population of descendants. When mutating, a random gene is selected and
replaced with a new random value. The probability of a mutation is determined in advance. If the
mutation does not occur, the chromosome passes to the next iteration of the algorithm unchanged.

The following generation parameters are determined: an elite specimen (an individual with the best
fitness value) to preserve its gene pool; the average fitness of the population (only relevant for
evaluating the convergence of the algorithm); the value of fitness of an elite individual.

If the fitness value of an elite specimen is greater than a predetermined value of maximum fitness, the
algorithm stops, and the selected chromosome is decomposed into the adjacency matrix of the fuzzy
cognitive map (the training is considered complete). Otherwise, go to step 3.

The concept of elite individuals was introduced into the algorithm to accelerate the convergence of the
algorithm. The number of elite individuals is taken equal to 60, while the size of the population is 100
(thus, at each step after the 60th generation only 40 chromosomes from the current population have
chances of crossing - the rest is filled by an elite gene pool inherited from previous populations) .

The maximum fitness value is defined as 0.99. The results of the training are rounded to the nearest
hundredths.
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The probability of crossing is defined as 0.9, and the probability of mutation is 0.5. Such a high
probability of @ mutation (usually uncharacteristic for genetic algorithms) is justified in this case, since
mutations introduce genetic diversity into the population. At the same time, since an elite gene pool is
used, there is no risk of irretrievably "losing" useful genes from previous generations.

Conclusion

In this paper, we presented a modular time series prediction system, which is based on a neural-fuzzy
network and fuzzy cognitive maps. Such a prediction system allows you to include all the factors that
influence the development of the situation, this is the actual numerical time series that is predicted on a
fuzzy neural network and events that directly affect the future development of the time series.
Developed is a genetic algorithm for learning a cognitive map that allows you to speed up the process of
developing and adjusting the links of fuzzy cognitive maps.
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METO/Ibl U CPEJICTBA
CUCTEM MPEJICTABJIEHUNS 3HAHUI

C. JI. Kpwisorit, H. I1. Tapuyk, 11.C. Acenona,
A.JI. Tonosuna, A.C. Cosp

Annoramnusi: PaccmarpuBaercss KpaTkuii 0630p CpeJICTB CHCTEM aHaJIM3a, 00pabOTKH U
IpeJICTaB/IeHUsT 3HAHUI, ITOCTPOEHUsT OHTOJIOTUIl II0 €CTECTBEHHOSI3BIKOBBIM TEKCTAM.
B wacrtnoctu, npejcrasien o03op cpeiictB JleckpuntuBabix JIOrmk, KOTOpble aKTHBHO
pasBUBAIOTCA U UpUMeHSIoTcs. llpuBojuTess mnpumep TpeCcTaB/ieHns] KOHKPETHOM
npeaMeTHOR objiacTu B Bue OoHTOrpada ¢ ommcaHueM olepalruii Ha oHTorpadax m Ha
OHTOJIOTUSX.

ACM Classification Keywords: Systems of knowledge representation, Description Logics,
ontograph, operations over ontologies

Bgenenue

OpHuM W3 COBPEMEHHBIX  CIIOCODOOB  yIpaBjIeHWs  dABJseTcd  WHMOpMaIus.
Nudopmarmonnoe Biausguue — 310 hopMa yIpaBeHus, OTJINIAIONasicad OT APYrux Gopm
yIPaBJICHUS CPEJICTBOM BJIUSIHUS, KOTOPBIM sIBJIsieTCs cosieprkanue nadopmaruu. CrereHb
BJIUAHUS WHMOPMAIIMU Ha JIMYHOCTH 3aBUCUT OT MHOTUX (PaKTOPOB: CEMAHTUIECKOTO
coJiepKaHusg MHMOPMAIUU, CIIOCOOOM TPEJCTABICHUS W WCTOYHUKA UH(MOPMAIIIH,
YPOBHSI MHPOPMAIMOHHON KYJIBTYPhI JUIHOCTH U T. 11.. CTeleHb BIMAHUA WHQOOPMAINN
OazupyeTcs Ha ee CBOWCTBAX, MHTEPECYIONNX JIMIHOCTh, & TaK:Ke Ha ee HaJIeXKHOCTU U
JTOCTOBEPHOCTH.

PasButne uH@OPMAIMOHHBIX  TEXHOJOTUH  YBEJIMYIUIO  KOJUYIECTBO  HCTOIHUKOB
nHGMOPMAIMOHHBIX  [TOTOKOB, CO3JAHHBIX JIJIsT  OTKPBITONH  IyOJUYIHON  mepegadn
nHAGOPMAIINM TIPU ITOMOIMN PA3HBIX TEXHWYECKUX HWHCTPYMEHTOB. Tak, Hapsamy c
rpagurponabivu - CMU  (neuarnsie CMU, pajuo, reseBujienne) B (HOPMUPOBAHUN
UHAMOPMAIMOHHBIX TOTOKOB OOJIBIIIYIO POJIb UIPAIOT OHJIAWHOBBIE COIUAJILHBIE CETH
(OCC). OCC saBusitoTcst KaHaJaMU —PacOpocTpaHeHuss WHQOPMAIMA He  TOJIBKO
Oo(UINAIBHOTO COJIEPKaHUs WJIH HEIIPEIB3STOr0 OCBeleHnsi (hakKTOB, HO U HCTOTHUKAMU,
KOTOPBIMU €CThb TIOJUTUKH, U3BeCTHble JudHocTH. Takmm obpaszom, OCC — 510
OJTHO M3 CPEJCTB OOIeHNs, KOTOpOe TIO3BOJIAET KaxKJIOMYy VYACTHUKY BBIPA3UTH
CBO#l CyOBLEKTHUBHBI KOMMEHTApPUl WM OIEHKY, W KE& CAMOMY OBITb HCTOYHUKOM
uHGOPMAIIH — JITYHO (DOPMHUPOBATH KOHTEHT.

Konrent (3anmcroBano B 1990-e ro/p! u3 anrimiickoro content “comepzkanue”) — 0CHOBa
kommyHuKammn B OCM u crmoco® mocTpoeHust B3amMOCBSI3€H MKy yIaCTHUKAMU.
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Kaxnpiit gens OCM  remepupyioT MUUIHOHBI (HaKTOB B MHUHYTY KakK T[JIOOAJIbLHO-
nHAMOPMATUBHOTO, TaK U CYObEKTHBHO-IMOIIMOHAJIHHOIO XapakTepa. KoHTeHT sBiisieTcs
cpejicTBoM Bimsnus ydactHukoB OCM ofuH Ha JIpyroro u, COOTBETCTBEHHO CIIOCODOM
aHaAJIN3a OKPYZKAIOIIe JIeNCTBUTETLHOCTH C OTCIEXKUBAHIEM OOIECTBEHHO-TTOJIUTHIECKUX
Hacrpoenunii. Pacupocrpanennyo pasabivu yaacTHukamu OCM  dakTbl 9acTto MoryT
OBITh CBSI3aHBI, A& 3HAYUT, MOJTBEPXKIATHCI U B3AUMOJIOMOJIHATHCSI. HO BO3MOMKHBI
caydan JayOnupoBaHus (aKTOB, YTO MOYKET CBUJIETEIHCTBOBATD JINOO O JIEHCTBUTETHHOM
MHOXKECTBE PpeabHbIX WHMOPMAIMOHHBIX CBeJIEHUi, JIMOO0 0 MHQOPMAIIMOHHON aTake,
OCHOBHOI1 TI€JIbI0 KOTOPO#l $BJ/ISIETCsI PACIHPOCTPAHEHUE HEIPAB/IUBON WU OOMaHYIUBOM
nuadopmaryr. O4UeBUIHO, UTO JJIs OIPEJIEeHUs] JTOCTOBEPHOCTH CBEJIEHUN CBA3aHHOE
MHO>KECTBO (paKTOB BecoMee UeM OJIMHOYHbIE (haKThI.

[Ipobitembl anam3a coaepKaHust THOOPMAIIIT

B cBa3m co ckazaHHBIM NPUOOPETAIOT aKTYaJIbHOCTH CUCTEMbI aBTOMATHYECKOIO
BBIJICJICHUS PA3JIMIHBIX (PAKTOB € IEJbI0 WX aHajdu3a u wuHrerpanuu. Haumbosee
pacrpocTpanennoit gpopmoit nojgaun dakro B OCM gBIAOTCA €CTeCTBEHHOSI3BIKOBBIE
TeKCcTbl. OHHM  JIerKO — BOCHPHHUMAIOTCH,  MOPOXKJIAIOTCS,  TUPAXKUPYIOTCA U
Mogudurupyiorcss. CoOTBETCTBEHHO BO3HHMKaeT IpobJieMa U3BJIEUCHHS 3HAHUN U3
tekcToB. Hedpopmasbao OyjieM cunuTaTh, 9TO 3HAHUSA — 3TO CUCTEMHO 3abUKCHPOBAHHAS
B CO3HAHWW YeJIOBEKa MM WHMOPMAIMOHHON CHCTEMbI COBOKYITHOCTH (DAKTOB, KOTOPBIE
boslee  MeHee aJIeKBATHO OTOOPayKaloT peaJibHble B3aUMOCBA3M MaTe€pUAIbHBIX U
abCTPaKkTHBIX 00bEKTOB OKpyzKatomiero mupa [l]|. UccnepoBanusm B cdepe anammsa
TEKCTOB €CTECTBEHHOI'O $I3BbIKA IIOCBAIIECHO OOJIBIIOE KOJUYECTBO OTE€YECTBEHHBIX U
3apyOEKHBIX MyOJIUKAINIL, CPE/I KOTOPBIX HY?KHO BBIJIE/INTH TeHEPATUBHYIO I'PDAMMATUKY
Xomckoro [2; 3|, npeamkarHo-aprymeHTHble cTpyKTypbl . [mmimopa [1], momenn
kourenirop  P. Illenka [5; 6] mw T B tpymax Xomckoro peasms3oBaH MOJIXOJ K
HCCJIEJIOBAHUIO TJIYOMHHON CHHTAKCHYECKOW CTPYKTYPbl TEKCTa U IIOCTPOEHUs JepeBa
CUHTAKTUKO-CEMaHTUIECKUX 3aBUCUMOCTEl U BBISIBJIEHUS CEMaHTUYECKUX aHOMaJIHil.
B tpymax Y. I'mnamopa m P. Illenka ObLin BBeJEHBI MOHATUA “KOHIENT U “‘dpeitm’:
CTPYKTYpBI THIa “mpeaukar-apryment’. B rpymax . Menpayka [7] paspaborana
Teopus, OPUEHTUPOBAHHAS HA MHOTOYPOBHEBOE IIPEBPAIINCHHUE COJEPXKAHUSA B TEKCT U
TekcTa B cojep:kanue. B rpymax H. Jlapuyk paspaboTaHbl OCHOBBI TE€OPETUIECKOTO
U IKCIEPUMEHTAJLHOIO0 ODOCHOBAHUS JIMHIBUCTUYECKUX U IPOIEILYPHBIX PUHIIAIIOB
KOMITBIOTEPHOT'O AHHOTUPOBAHUS TEKCTa C CO3JAHHMEM Ha 3TOM OCHOBE KOMITBIOTEPHOI
rpammatuky (cucrema ATAT) s aBroMaTHdeckoro aHajmsa TEKCTOB €CTECTBEHHOI'O
sI3bIKa [8).

Monenn, B KOTODPBIX WCIHOJB3YIOTCA CHHTAKCUYeCKHE 3aBUCHUMOCTH W TOJIKOBO-
KoMOuHATOpHBIE cjoBapu (cM. [9]) Jaim Hadaao cOBpeMeHHBIM Te3aypycy U OHTOJIOIHU.
Tak, moj ceMaHTUKON $3BIKOBBIX 3HAKOB B IPUKJIAJIHON JIMHI'BUCTUKE ITOHUMAIOT
nH(MOpPMAIINIO, CBA3AHHYIO CO CJOBOM, €ro 3HAYEeHHEeM, KOTOPOe IIPEJICTABIECHO B
TOJIKOBOM cjioBape. llom copep:kanmeM MOHUMAIOT (DYHKITMIO WHTEPIPETAIINN KOHEYHOMN
[OCJIEIOBATEILHOCTU CHMBOJIOB, B pAMKaX allpUOPU COMJIACOBAHHON ceMaHTHKH [1].

AHamm3 ecTecTBEHHOS3BIKOBBIX TEKCTOB TPEOyeT TIyOMHHOIO CEMaHTHIECKOI'O aHAJN3a,
KOTODBIl CBs3aH C IOCTPOEHHMEM MoJie/in (parMeHTa 3HAHUN, MOJIYUEHHBIX U3 ITUX
TekcToB. Ha ceromus Bejyiieit napajgurMoil CTPYKTypUpOBaHUs UHMDOPMAIMH 10
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TeMaTHUKe, pa3jejlaM U COLACPXKAHUIO ABJIACTCH OHTOJOIMYeCKad IllapajurMa, KoTopad
Ipe/lyCMAaTPUBAET  CO3JaHME JIOTMKOOPHEHTOBAHHO#N (hOpMaJIbHON  KOHIEHTYaJbHO
Mojiesn  tpejMerHoit  obsactu A, OJHUM U3 CPEJCTB  aBTOMATH3AIMUA  IIPOIECCa
MIOCTPOEHUS TaKUX MoOjeseil B JaHHBII MOMeHT BbicTymnaloT [leckpuntusnble Jlormkm
(dJI) [10], xoTopble aKTUBHO pa3BUBAIOTCA U CJy:KaT 0a30f Il [MOCTPOCHUS
CUCTEM MPEJCTABJICHUA 3HAHWNA, MTOCTPOEHUA OHTOJIOTUA W WCCJICJTOBAHUA CBOWCTB
MOJIY9eHHBIX (DAKTOB U3 Pa3HBIX MCTOYHMKOB wnHMopmaruu. (Cos3jaHne OHTOJIOIMN B
BHJIe KOHIIENTYaIbHOM 0a3bl 3HAHWIT sSBJsAETCS (DyHIaMeHTaIbHOil 1pobsemoii B cdepe
KOMIIBIOTEPHOI JIMHIBUCTUKW W WHKeHepuu 3HaHuil. [ns perenust 31oit mpobsiembl
HEeOOXOTMMO pa3paboTaTh:

— METO/bI aHaJIn3a €CTEeCTBCHHOASBIKOBBIX TEKCTOB C IIE€JIBIO IIOJTYYICHU A 3HaHI/II71;
— MeTOIbI ITPOBEPKU 3HAHUI HAa COBMECTHUMOCTH 1 HEIIPOTUBOPEYINBOCTD;
— METOJbI ITOCTPOCHUA OHTOJIOTWIA.

CJI0KHOCTH pellleHnsi JAHHON TPoOJIeMbl CBs3aHa C IEJIBIM PAIOM JUHIBUCTUIECKUX,
JIOTUIECKUX, TEOPETHIECKUX M TeXHUUIECKUX IpobsemM. UTo KacaeTcs JTUHIBUCTUIECKUX
pobJIeM, TO €CTEeCTBEHHBIN SI3BIK COMEP:KUT MHOTO MeTadop — MEePEHOCHBIX 3HATCHHIT
CJIOB, KOTOPBIE BBITECHSIOT HAYAIbHBIE 3HAYEHUSI, MPUCYTCTBUE KOTOPBIX 3HAYUTETHHO
YCJAOXKHAET aHajJnu3 TeKCToB. llepeHocHble 3HadYeHUd XapaKTEPHBI JIId  KayKJION
SABBIKOBOM KYJIBTYPbl U MOHUMAIOTCHA CyObEeKTaMU KOMMYHHUKAIIMH B 3aBUCUMOCTH OT
koHTekcTa. (COOTBETCTBEHHO, 3TO Ke JIOJKHBI JiejlaTh WHGMOPMAIMOHHBIE CHCTEMBbI
dopmupoBanust onrosioruit. Kpome 3Toro, cymecrByer mpobiema KOHIEITOB —
IMPUCYTCTBUE Y CYObEKTa KOMMYHUKAIIMM HEKOTOPOI'O IIPeJCTaBIeHnusl O QparMenTe
MHUpa WM YacTH Takoro ¢parmenTta. Takoil (pparMeHT MMeeT CJIOXKHYIO CTPYKTYDPY,
BBIPA’KEHHYIO Ppa3HbIMU TIPYIIIAMHA  [TPU3HAKOB, KOTOPBIE PEAJM3YIOTCH Pa3HBIMHI
SI3BIKOBBIME  criocobamu u - cpejictBamu |1 1], Konnent orobpazkaer kaTeropuaibHble
U IIEHHOCTHBbIE XapaKTEePUCTUKU 3HAHUI O HEKOTOpOM dparmMeHTe Mupa, HMEIIero
3HaYeHne i1 cyObeKkTa KOMMYHHUKAIUH. PermeHust S5TUX BOIPOCOB HATHIKAETCS Ha Psifl
TPYAHOCTEN, YIUTHIBAKOIINX (DAKTOPBI CJI0YKHOCTH €CTECTBEHHOTO S3bIKA U IICUXOJIOTUN
BOCIPUATHUST MH(MOPMAINH, 3aJI0KEHHOI B 9TOM S3bIKE. SHAYUTEILHON IIperpajoil Ha
IIyTH aBTOMATH3AIINK IIPOIECCa aHan3a TEKCTOB €CTECTBEHHOI'O sI3bIKa SBJIAETCA TO, 9TO
JacTh 3HAYUMON mH(MOpPMAINK, KaK IPABUIO, HAXOJAUTCS 3a Ipee/aMi JaHHOTO TEKCTa.
Boccranosiienne sroit HegocTaoreir nHGOpPMAaIUn JIIOJIbMIA B IIPOIECCe KOMMYHUKAITII
SABJIAETCS ITPOIIECCOM €CTECTBEHHBIM, a B (POPMaJIbHBIX CUCTEMaX 3TO COBCEM HE TaK.

Baxknoit 3a/1ateii B 9TOM IIPOTIECCe ABJIAETCSI IIOCTPOEHNEe COOTBETCTBEHHOM TePMUHOJIOT .
SHaYMMOCTh TEPMUHOJIOIUU TPOSBIISIETC B TOM, UYTO PACCYXKJIEHHUS BBIPAXKAIOTCS
oIrpeIe/IeHHOM cJI0BecHO (opMOil B Bujie TPEJJIOKEHN HEKOTOPOT'O MOJTIy(hPOPMaIbHOTO
si3bika L, a KOHIENTbl — B BHJEe TepMUHOB |[l2; |. B wumease kaxjplii TepMuH
JOJIKCH MMETb C€JMHCTBEHHBIA TOYHO OIIPEICJICHHBLII CMDIC/I (STO abCOJIIOTU3UPYETCS B
MaTeMaTI/IKe), 9ero HeJlb3d JOCTUYb B €CTECTBECHHOM A3BIKE B CBA3M C HEOJHO3HAYHOCTDHIO
ero ceMaHTUKH. [[OCKOJIbKY JIJIsT €CTECTBEHHOI'O S3bIKA B IIE€JIOM 3TOTO JOCTUYb HEJIb3d,
TO PacCMaTPUBAETCsl HECKOJIbKO OCjabsieHHOe TpeboBaHWe: MHTephpeTanus (TepMIHOB)
KOHIICTITOB JIOJI2KHA OBITh KaK MOXKHO OoJsiee TO4YHOH. YeM ToUHee HUHTEPIPETAIUS
KOHIIEIITOB, TeM DoJiee yOeIuTeIbHBIMI CTAHOBSIITCS PACCY2KICHUS U Pe3yJIbTaThl aHAIN3A.
D10 octabyieHHOE TPeOOBAHNE JAJIbIIE CYXKAETCs K OTJIe/IbHO B3ITOH IIPeIMeTHO 00/1acTi
(HO). B mexkotopeix 110 0HO MOXKET BBITOJTHATHCS B MOJHOM O00beMe, & B HEKOTOPBIX,
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DoJIee CIIOXKHBIX, TaCTUYIHO, HO OoJiee MeHee y1oBaeTBopuTetbHO. C 3TOl 1e/IbIo CBOICTBa
00BEKTOB IIPEJIMETHON 00JIaCTH BBLIPAXKAIOTCA B HEKOTOPOM (POpMaIbHOM s3bIKe L/,
KOTOPBIH CJIY?KUT OCHOBOIl IIOCTPOEHHUsI KOHIIENTyaJbHOM (opMmabaoii Mogenun 110 u
cpesicTBOM perrenns 3aaad B 31oii [10. Cxemarmdecku Takoii poIece MOXKHO IIPEICTAaBUTh
TaK:

Aswix L

npeacTaBJIeHUA

06G'bEKTOB

’
Aswix L
onucaHus

csoiicts I1O

f Koppéganus h

IIpenmernas

Koppea. DopmanbHas

Peanbnas

KOHIENTYyaJJbHast

cucrema

Ob6JiacTb mozens 1O

T A A
A
Mogennb
llpl/lKJlaAHOl‘;l CHUCTEMBbI

3agaua uz I[1O

Puc 1. Obmas cxema

B upomecce pemenusi 3agadun B [1O BO3HMKAIOT BOMPOCHI, CBI3AHHBIE C SI3BIKOM
npescrasieans o0bekToB [10, koTopsie purypupyror B 110.

Beibop si3bika mpescraBiennst o0bekToB 3aBucut oT [IO m mocrapiennoit 3amadn. B
njiealie TAKNM S3bIKOM MOT ObI OBITH A3BIK IIPEIMKATOB IIEPBOT'O MOPSIIKA WA JPYTO A3BIK
dopMaIbHOI JIOTUKU C JOCTATOYHBIMU BbIPDA3UTELHBIMU cBOicTBaMu. Hasmdme Takoro
sI3bIKa, 00JIervYaeT 3a/1a9y OIPE/Ie/IEHUs CBONCTB KAK CAMOro s3bIKa, Tak 1 00bekTos [10.
A 370, B €cBOIO 0Yepeib, 0bJierdaer mocTpoenne (hopMaibHON MOJIEH.

[Tocyie Toro Kak mpoBejieH aHAJIM3 BO3HUKAET HEOOXOIMMOCTH IPOBEPKU MPABUILHOCTU
HaliJIEHHBIX CBOWCTB. DTa NpOBEpKa, Ha3BaHHasd Koppessimeil, cBOIUTCS K IIPOBEPKE
UCTUHHOCTHU CBOMCTB Ha oObekTax [10. OHa MOXKeT NMpHUBEeCTH K MEPEeCMOTPY MOCTAHOBKHU
3aJa9M WM K YTOYHEHHUIO ITOCTAHOBKHU 3aJadu. AHaJOrndHas MOTPEOHOCTH BO3HUKAET
IIPH IIPOBEPKE TIOCTPOEHHOI MOJIe/ TN Ha, COOTBETCTBUE IIOCTaBJIEHHOM 3a/1a4e. Eciu Mojielb
pelnaeT 3aJlady B paMKaX OorpaHUYeHuil abCTPaKIIUU, TO MOYKHO IIPUCTYIIATh K CO3IAHUIO
PeaTbHOrO U3/e/Iust (€M OHO MPEYCMOTPEHO 3a/[AHIEM ) UJIH UCIIOJIB30BaTh 3Ty MOJIEIb
U1 APYTUAX LeJiei.

Haszsannbre mpobieMbl 00beUHSTIOT ¢pepbl KOTHUTUBHON U KOMITBIOTEPHOI JIMHIBUCTUK,
UHXKEHEPUN 3HAHUI, TEOPUH IMOUCKA JIOKA3aTe/JILCTB B Pa3HBIX sI3bIKAX MaTeMaTUIECKO
JIOTUKH, Teopuu TpadoB, ICUXOJOrUu W T.J. B cBA3U ¢ Ha3BaHHBIMU HpobJieMaMu B
rnocJjiegHnee BpeMs IOABUJIOCH MHOTI'O ITOIIBITOK PEIINTb (XOTH 6bI LIaCTI/I“IHO) TN HpO6.HeMbI.
Ecan cpexncrBa mocTtpoenusi oHTOJIOTHIT Oojlee MeHee pa3pabOTaHbI, TO MTPOOJIEMBI
[OJIyYeHUs] 3HAHUN U MPOBEPKU UX COBMECTUMOCTH (HENPOTUBOPEYMBOCTH) SIBJISIFOTCS
OJIHIMU U3 OCHOBHBIX B 9TOI 00JIACTH.

O1HOM U3 TOIBITOK IMOCTPOEHUsT CUCTEM IIPEICTAaBICHNsT U MAHUIYIMPOBAHNUS 3HAHUSIMU,
KaK OTMeYaJlOChb, ABJIAIOTCA JCCKPUIITHUBHBIC JIOTUKH [ ], KOTOpbIE B ,Z[‘aHHbHU/I MOMEHT
AKTHBHO Pa3BHUBalOTCA MW HCIIOJB3YIOTCA WM B KOTOPbLIX 60,HbHJOe BHUMaHUE YAEJIdeTCd
dopmamsaruu nmocrpoenns: repmuaosiorun 110.
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Hedopmaabhoe onucanue [1JI

JIJT — 3T0 COBOKYITHOCTH (DOPMAJIM3MOB JIJId TPEJICTAB/ICHUA 3HAHUI HEKOTOPOIt
IO (rakyro IIO wHorma waseaor “mupom”’). C mnomompio dopmamusmos JIJ1
cHavYaja OIpeIe/IsdaoT KoHmenThl jgaxHoi 110, a moToMm, mo/ib3ysich STHUMHU KOHIIEIITAMH,
crienuuIUpPYIOT CBOCTBa 00bEKTOB M WHIMBUAYYMOB (KoHcTanT) srtoit 110. [lasee,
OIMpasich Ha HailJIEHHbIE CBOMCTBA, IPOBEPSIOT HEKOTOPHIE TUIIOTE3bI, TE3UCHI WIN (PAKTHI,
SIBJISIIOTCS JIN OHM CJIEJICTBUSMHU 3TUX CBOMCTB.

Camo wnaszsanme JIJI BbIpazkaer ojJHy U3 XapaKTEPUCTUK 3STUX JIOI'HK, & WMEHHO,
dopMaILHYTO JIOTUKO-OPUEHTUPOBAHHY 0 ceMaHTuKy. JIpyroii xapakTepHoii 0COOEHHOCTHIO
ILH ABJIAETCA BO3MO2KHOCTL IIPOBOJIUTDH JIOTUYECKUI BBIBOJI, HOBDIX CbaKTOB us
CYIIECTBYIOINX, YTO COCTaBJsgeT ee OCHOBHOW cepsuc. JIJI mojep:kuBaer cpeicrsa
BBIBOJIA HE TOJIBKO CBOM COOCTBEHHBIC, HO W CPEJICTBA JPYTUX CUCTEM, ¢ KOTOPBIMUA OHA
COTPYJIHUYAET WM B KOTOpble OHa BcTpoeHa. Kiraccudukaliuss KOHIIENITOB OIpeJesseT
[OJIKOHIIENITHI, HAJKOHIENITHl W OTHOIIEHWsI (KOTOpble HA3bIBAIOT OTHONICHUSIMU
BKJ'IIOLIGHI/IH) MeXKAYy KOHIICIITaMHu B BaﬂaHHOf/‘I TEPMHHOJIOTUM, YTO Ja€T BO3MO2KHOCTDb
CTPYKTYPUPOBATh TEPMUHOJIOTHIO B BUJIE HEKOTOPOI mepapxuu. Takoro Tuiia mepapxus
OTKPBIBAET TMOJIE3HYI0 MHGMOPMAINIO Ha CBA3AHHBIX MEXKJy CODOH KOHIENTax, d9To
YCKOPsieT TIIPOIECC BbIBOJAa B IeHTpajbHoM cepBuce. [lockonmbky JIJI  asisercs
dopMasM3MOM IS TIPEJICTABICHUST 3HAHWIL, TO, KaK [PABUJIO, IPEIIOJIaraeTcs, 9UTO
cucTeMa IIPeJICTaB/ICHUs] 3HAHWI JOJ/IKHA BCErJ/ia OTBEYATH HA BOIPOC IOJB30BATE/IS B
pa3syMHOM MHTEpBaJie BpeMeHu. B ¢BA3M 3 9TM BO3ZHUKAET MHTEPEC K ITPOIIE/IypaM BbIBOJIA
B JIJI u uccienoBanms ux ajJropuTMUYUECKONH pas3penmMocTi. B oTimann oT nmpyBepoB B
JIOTHKE TIEPBOTO MOPSIIKA, TaKUe MPONEIYPHI JIOJIKHBI ObITh TEPMUHAILHBIMU (TO €CTh,
BCErJIa 3aKAHIUBATH CBOKO PabOTy) HE3aBHCHMO OT TOIO, TO3UTUBHBIM WJIM HETaTHBHBIM
oyzier orBet. Crie10BaTENILHO, IPOOJIEMa TOMCKA PA3PEITUMbIX IIPOIIE/LY P BbIBO/IA, KOTOPBIE
paboTaloT B pa3yMHOM MHTEpPBaJje BPEMEHH M X BPEMEHHbIE XapaKTEPUCTUKU, SABJIAETCI
akTyasapHO# B JIJI.

C0KHOCTH peleHnst IpodIeMbl BBIBOJA 3aBUCUT OT BBIPA3UTEILHBIX BO3MOXKHOCTENH
JIJI. DTa cI0KHOCTH 3aKJ/II0YAETCd B TOM, UTO CYIIECTBYET HEKOTOPOE ITPOTUBOpEUNe
MEXKJIy BBIPA3UTEJbHBIMA BO3MOXKHOCTSIMH JIOTUKH U CJIO?KHOCTBIO BBIBOJIa B Heil:
OOJIbIIIIE BBhIPA3UTEIbHBIE BOSMOXKHOCTH JIOTMKH UMEIOT Maji03(ddeKTUBHBIE POy PhI
BBIBOJIA, M JlaykKe MOIYT IPHUBOJWTH K AJTOPUTMUYECKON HEPa3permMOCTH TPOOIEMbI
BBIBO/IA, & CJIa0ble BhIPA3UTEIbHBIE BO3MOXKHOCTH € 9(p(DEKTUBHBIMU ITPOIIE/ Ly paMU BbIBOJIA
CTAHOBATCS HECIOCOOHBIMH OIIPEJIE/INTh BarKHbIE CBOMCTBa KoHIenToB B jgannoit 110.
Pertienne 1ol mpOTUBOPEUNBOCTH SIBJISIETCS OJIHON U3 CAMBIX BasKHBIX ITPOOJIEM, KOTOPHIE
0CODEHHO HMHTEPEeCYIOT uccjenoBareneit. IlepBole marn m maen Ha IIyTH IIPEOIOJICHUS
yKa3aHHO# IMpoTuBopednBocT 1pu paspadorke JIJI Obun B3SAThI U3 TakK Ha3bIBAEMbBIX
“CTPYKTYpHO-HACTIEJCTBEHHBIX pabounx cranmumii” [11; |. Crenyromme wugen Gbuin
3aMMCTBOBAHBI U3 3TUX PadOT:

a) 6a30BBIMH CHHTAKCHIECKHMI OGJIOKAME SIBJIAIOTCS aTOMapHble KOHIENTHI (yHApPHbIE
IIPEJMKATHI), aToMapHble PO (OuHApHBIC 6A30BBIC IPEIUKATBHI) W HHJUBUJLYYMBI
(KOHCTAHTBDI);
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6) BbIpasuTeabHble Bo3MOkHOCTH JIJI  OrpaHMmYMBaINCH TOJBKO HCIOJIB30BAHHEM
OTHOCHTEJIbHO HEDOJIBITION0 MHOYKECTBA KOHCTPYKTOPOB JIJIA TOCTPOEHUsT 60JIee CIOKHBIX
KOHIIENITOB U POJIEii;

B) HpOCTefH.HHe 3HaHUAd O KOHIENTaX W MHIAUBUIAYYMaX MOXKHO BbIBECTH aBTOMaTHUYIC€CKHU
C IIOMOHIbIO IIPOLEAYP BbIBEICHUA. B JaCTHOCTHU, OTHOIICHMNE BKJIIOYECHUA MEXKJTY
KOHIEIITaMW U OTHOIICHUA MEXKJ/y WH/IUBUAYYMaMU UT'PDAOT IIPU 3TOM KJIIOYEBYIO DOJIb.

ITocTpoennast Ha 9TOIf OCHOBE CeMaHTHKa s3bIKa, KOoTopas Oblia HasBana KL-One,
OCHOBBIBaJIaCh Ha JIOTMKE IIE€PBOI0O IOPsJiKa. DTO a0 BO3MOYKHOCTH HUCIIOIH30BATD
HPOIEAYyPhl BBIBOJA B 9TOW JIOTUKE W IPUJaTh TOYHOE IOHMMaHHe (akTam, UTO B
pe3y/bTaTe MpuBesio K (HOpMaJbHOMY HCCICIOBAHUIO CBOWCTB TakKuX s3bIKOB. llepBbie
PEe3yAbTATHI TTOKA3AJM, UTO JIOTHMKA IEPBOrO MOPSJIKA JOCTATOYHO BBIPA3UTE/IbHA, HO B
Hell aJITOPUTMUIECKN Hepa3pennMa po0/ieMa BBITOJTHIMOCTHA OTHOIIEHNH BKJTIOUEHNUs, a
BpEeMeHHas! CJI0KHOCTh He sBJiseTcst nosimHoMuasbhoit [16]. [Tosxe 6buim HaiineHbr GoJee
MeHee IIpueMJIeMble CIIOCOObI pereHus Tux npodsem. [Ipex e gem repeirtu K ux 0630py
U 3aj[avaM, KOTOPbIE IIPU 9TOM BO3HUKAIOT, IIpUBeJieM OcHOBHbBIE Tiousitus [[JI u cTpykTypy
CUCTEeM IIpejIcTaBjienns 3Hanuniit Ha ocuose /[ JI.

Azwikn J1J1

01 bBasosbre popmanuzmer JIJ1

Cucrema nipencrasienns 3uanuii (CII3) B IJI BrIIOUaeT e KOMIIOHEHTHI:
— TBox, KoTopast co/lepKUT TEPMUHOJIOTHIO, TO €CTh cjioBaph 110;

- ABOX, KOTOpasd BKJIIO9a€T YTBEP2KACHUA O HaﬁﬂeHHle NHIUBU/JAYYMaxX B TEpMHHAX
BBe,H‘eHHOﬁ TEPMUHHOJIOI'UX, TO €CTb B TEPMHUHAX CJIOBapPA I10.

CioBapb COCTOUT M3 KOHIIEIITOB, KOTOpbIe O0OO3HAYAIOT MHOXKECTBA WHJIMBUJLYYMOB,
U poJieil, KOTOPbIE SBJISIOTCS OUHAPHBIME OTHOIICHUSIMHU MEXK/Iy WHJIUBUJLYYMAMHU.
JlonoTHUTEIhHO K ATOMAPHBIM KOHIIENITAM U POJISIM (MMeHaM KOHIIEIITOB W DOJieil)
nosib3oBaTesieM Jiobasisgiores B JJI Oosee cioKmabIe ONMCAHWS KOHIICITOB U POJIei.
Canenoarenbao, TBox MoxkeT HCHIOIB30BaThCA JIJId NPUCBAMBAHUS WMEH CJIOYKHBIM
omucanuaM 3Tux o06bekToB B JlJI-cucreme. {3BIK, KOTOpBI HUCHONB3YEeTCA s
MIOCTPOEHUS OIMCAHUN, ABJISIETCS XapakKTepucTukoit Kaxkjoit [[/I-cucrembl m pasubie
JIJI-cucTeMbl MMEIOT pa3Hble SI3bIKM OINUCAHUS. ZI3BIK OINMCAHWII MMeeT TeOpPeTUKO-
MojiesibHyI0 cemaHTuky. CrenoBarenbHo, yTBepxkiaeHus B TBox m B ABox wmoryr
OBITH IPEJICTABICHBI HEKOTOPOH (POPMYJIOi JIOTUKHU TPEJINKATOB IIEPBOTO TOPSIIKA WJIH,
B HEKOTOPBIX CJIydasX, B ee He3HauuTeabHOM pacimupennn. JIJI-cucrema He TOJIBKO
COXPaHSIET TEPMUHOJIOTUIO U YTBEPXKJEHUS, HO TAKXKe W JIOTOJHUTE/ILHBIE CEPBUCHI, C
MIOMOIIBIO KOTOPBIX MOXKHO JI€JIATh BBIBOJIBI. [ UIUYIHBIM 33/ [aHUEM TAKOTO THIIA, SIBJISI€TCS
[IPOBEPKa MPOTUBOPEUYMBOCTH OINUCAHWI OOBEKTOB, WJIM ITPOBEPKA TOTO, SIBJISIETCS JIU
HEKOTOPOE orrcanue boJree oOIIMM, deM Japyroe. Baxkuoit mpobemoit it ABox siByistercst
orrpejiesieHne, OyIeT JIM HEKOTOPOEe MHOXKECTBO YTBEP:KICHUIT COBMECTUMBIM, TO €CTh Oy/1eT
JII 9TO MHOYKECTBO MMETh MO/IEJIb.
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B wmuormx wucronb3oBaHugx cucteM mpejctaBienus suanuit [JI BcTpoenbr B 6Gosiee
o0IIe CUCTEMBI, & UX KOMIIOHEHTHI B3aUMOJIEHCTBYIOT ¢ APYTUMU KOMIIOHEHTAMHU JIPYTOit
CHUCTEMBI IIyTeM HCIIOJIb30BaHUA 3alPocoB K Oasze 3Hanwmii. Takum obpasom, cucreMa
IpeJICTaB/IeHUs 3HaHU ¢ ucnoJyb3oBanuem /I mpunumaer Bu:

/ TBox \

Description
Reasoni
Language ning

N o

ABox

Basza snanunii

Hanﬂa)‘(Hb[el T ITpasuia
IIporpaMMbl

Puc 2. ApxurekTypa cucTeMbl IIpeICTaBIEHNUs] 3HaHU Ha ocHoBe JIJI

02 Basossrit arpubyTHbIit $361K AL

OpauMm u3 ocHOBHBIX cpeacTB JIJI gaBisitoTcss A3bIKH, € IIOMOIIBIO KOTOPBIX
IIPEICTABJISIOTCA 3HAHUS W OCYIIECTBIIsIeTcd ux 00paboTKa. 13 BhIIecka3aHHOTO CJIE/IYeT,
YTO U3HAYAJBHO CYINECTBYET JIBa BUJIA OOBEKTOB, KOTOPbIE HA3BIBAJIMCH ATOMAaPHBIMHI
KOHITENITAMI W ATOMapHBIMU POJIAMHU. ATOMapHbIe KOHIENTHI 0003HAYAIOTCS OyKBaMU
A, B,C,D, a aromapuble poju cumBosamu R, S. 3 aroMapHBIX KOHIIEITOB U POJIeit
KaK 93JeMEHTapHbIX OINCAHUN WHIYKTUBHO CTPOATCS O0Jiee CJIOXKHBIE OIUCAHUSI C
IIOMOIIbIO COOTBETCTBEHHBIX KOHCTPYKTOPOB. [IOCKOJIBKY KOHCTPYKTOPBHI MOTYT OBITh
pa3Hble, TO U A3bIKU ONMUCAHUN OTITUYAIOTCS 10 TUIIAM 3TUX KOHCTPYKTOpoB. HavuabHbiM
SI3BIKOM  Omucanust siBjstercss ArpubyrtHbiit A3bik (AL), OCHOBHBIE OOBEKTHI KOTOPOTO
OTIPEIESIOTCS CICYIONUM 00pa30M.

[Iycts C' uw D — npowusBosbHBbIe KOHIENTH. Onucanue 6asmucHoro AL BBIMOTHAETCS B
COOTBETCTBUM C TAKUM CHUHTAKCUCOM:

C, D ::= A (aromapusblii KoHnenr) | T (yHuBepcaJbHBII KOHIICIT)
| L (mycroit komnent)| —A (oTpuIlanne aToMapHOro KOHIICIITA)
| C M D (nepecevenne)| VR.C' (orpaHndeHHOE 3HAUEHNE)
| IR.T (orpaHwyeHHBII KBAHTOD CYIIECTBOBAHUA).

Bamernm, uT0 B AL OoTpuIianne MpUMEHSIeTCS TOJTBKO K aTOMApPHBIM KOHIEIITaM, & JIJIst
KBAHTOpa CYIIECTBOBAHUS 00JIACTHIO €r0 JIEHCTBUS sIBJSETCS YHUBEPCAJIbHBIN KOHIIEIIT.

s meMoHCTpamu| TOro, 9To MOXKHO BbipasuTh B AL, paccmorpum mpumep. Ilycrsb
Person n Female gaBnsiiorca aroMapHbIMU KoHImentamu. Torma Person [ Female n
Person M = Female sBnstoTcs konnentamu B AL, KOTOpble 03HAYAKOT, 9TO “TI€PCOHA
ABJIIETCSI YKEHIUHOW U 9TO “IepcoHa He siBJIsieTcs KeHIuHOoNW . Ecin mpomosHuTe IbHO
npeanoyioKnTh, 910 hasChild o3HagaeT aToMapHyIO POJib, TO MOXKHO 00pa3oBaTh
kourentol Person M dhasChild. T u Person M YhasChild. Female, KoTopble OIUCHIBAIOT
Te IEePCOHBI, KOTOPbIe UMEIOT pebeHKa 1 Te MEePCOHBI, KOTOPhIE NMEIOT JIeTeil U sIBJISTIOTCs
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KeHmuHaMA. Vcmomb3ysa | -KOHIENT, MOXKHO ONHCATh TeX IEePCOH, KOTOPble He MMeEIOT
JeTeii, ¢ IMOMOIIbI0 Takoro Kouienta Person M YhasChild. L.

st onpenenenusi (opmasbHOl cemanTuku AL, paccMorpum wHTepripetanuio [ Hag
merycroit obnacteio Al (0o6iacth umTepnperamun), Koropas sapiserca byHKIHUEI,
KOTOpas HPHCBaMBaeT KarKJIOMY aTOMapHOMY KOHIeNnTy A HexoTopoe mmoxkectso Al C
AT um xaxnoit aromapmoii pose R 6umapnoe ornomenme RI C Al x A, Oyuxuns
UHTEPIPETAIINN PACIIUPAETCS Ha, OIMUCAHUE KOHIIEIITOB € MOMOIIBIO TAKOI'O HH/LYKTHBHOT'O
OTIpEIC/IEHUS:

- TI= Al

1=y,

- (~A)Y = AT\ AT

—-(cnD)y=c'nD!,

— (VR.C)! = {a € A!|Vb (a,b) € Rf — b e O},
~ (AR T ={a € AT (a,b) € R"}.

JIBa koumnenTa C' 1 D canTaioTcst SKBUBAJEHTHBIMI 1 3TO 3amucbiBaeTcs kKak C' = D, ecian
C! = D! ana npoussosbHoil nHTepnperanun I. Hampumep, u3 ompeeseHus ceMaHTHKI
KoHIIenToB cieyet, uro VhasChild. FemaleMVhasChild.Student u YhasChild(Femalel
Student) SKBUBAJIEHTHBI.

03 CemeiicTBO JIECKPUITUBHBIX SI3BIKOB

BouJiee BbIpa3uTe/IbHbIE MNEeCKPUIITUBHBIE A3bIKK MOXKHO IIOJIy49UTL, €CJIM BBECTH
JOIIOJIHUTEJIbHBIE KOHCTPYKTOPLI B A3bIK AL. Takumu KOHCTPYKTOpaMM BBICTYIIAIOT:

— O6beunenne kKourenTos (ob6osuauerue U) C LI D ¢ unrepuperarueii
(CuD) =ctuD!,
— Ionuerit kBauTOP CcymecrBoBanus (oboznadenue £) IR.C' ¢ unTepIperanueit
(3R.C)! = {a € A!|Fb.(a,b) € RIAb e C1},

— YucaoBoe orpannvenue (oboznaderne N) > nR (ue menbine) u < nR (#e Gosblue) ¢
MHTEPIPETAIAME

(= nR)" = {a € AT|[{b|(a,) € R'}| = n}, (< nR)" = {a € A[{b](a,b) € R} < n}

COOTBETCTBEHHO,

— Orpurnanune npousBosbHOro Kouienta (obosuadenue C) —~C' ¢ unTepnperaiueii
(—~C) = AT\ CL.

C moMOIIBIO BBEJIEHHBIX KOHCTPYKTOPOB MOYKHO BBIPA3UTh, HAIPUMEp, OIUCAHNE TeX
IIEPCOH, KOTOPbIe UMEIOT He OOJIbIIEe OJHOTO pebEeHKa, W TeX KEHIUH, KOTOPbhIe UMEIOT
He MeHbIle TpeX JeTelt:



70 International Journal Information Content and Processing, Vol.4, No.1, (c¢) 2017

Person M (< 1hasChild U (> 3hasChild M 3hasChild.Female)).

Pacmmpenune AL ¢ moMoIpo IpOU3BOILHOIO IIOAMHOXKECTBA BBEIEHHBIX KOHCTPYKTOPOB
mopoXK1aeT cooTBercTBytonme AL-s3biku. Kaxkaplii m3 9THX SI3BIKOB 0003HAYAETCS
abbpeBuaTypoil Buja

ALUJENNT[C).

Hanpumep, ALEN aBnsercsa AL-a3bIKOM, B KOTOPOM IPHUCYTCTBYIOT KOHCTPYKTOPBI £ U

N.

C cemaHTUYECKOW TOYKU 3PEHUS] HE BCE ITU SI3BIKH SBJISIOTCS PA3HBIMU, TOCKOJIBKY
NMEeT MeCTO HEeKOTOpasl CeMaHTHYecKasd SKBUBAJIEHTHOCTH. Hampumep, C U D =
—(=C' M =D) u 3R.C = —-VR.—-C. CnenoareyibHO, 00beMHEHNE U TOJHBI KBaHTOD
CYIIECTBOBAHUS MOYKHO BBIPA3WTh, WCIOJb3ysd oTpunanne. Haobopor, kKoMOWHAIMs
O00beJIMHEHNsT U TIOJHOIO KBAHTOPA CYIIECTBOBAHWS JIaeT BO3MOMKHOCTb BBIPA3UTH
OTPUIAHUE KOHIENTOB dYepe3 WUX SKBUBAJEHTHYIO HOPMAJbHYIO HETaTUBHYIO (OpMy
(dopma, B KOTOpOi OTpHIlAHUS CTOAT TOJBKO Iepe/l ATOMAPHBIMU KOHIIEIITAMH).
[TosTomy 6e3 orpanudeHusi OOIIHOCTH CUUTACTC, YTO OOBEJIMHEHHE U TOJIHBIH KBAHTOP
CYIIECTBOBAHUS TPUCYTCTBYIOT B KaxK/I0M A L-g3bIKe, KOTOPBIil BKJIOYAET OTPUIAHUE U
Haobopot. OTcioya ciieyet, 9To Bee A L-3bIKM MOTYT OBITH 3AIIMCAHBI TOJIHKO € TIOMOIIHIO
U,E,N. Hecno:kHo MOHATDL, 9TO BCE BOCEMb S3LIKOB, KOTOPBIE MOKHO IIOJIyYUTh TaKUM
oOpa3oM, IomapHo He SKBuBajeHTHBI. [lanee atopesmarypor ALC, ALUE, ALCN n
ALUEN o3HAYAIOT OJUH U TOT K€ A3bIK.

04 AL-a3bIk1 Kak (pparMeHThl JIOTHKH [TPEINKATOB

Cemantudeckne TOHATHS AL-S3BIKOB TOKA3BIBAIOT, UTO 3THU SI3BIKUA SIBJISIOTCS
dbparmMeHTaMu  JIOTMKW ~TPEJIUKATOB IEpPBOTO Topsjka. Ha ocHOBe ToOro, dTo
uHTepuperaruss [ npucBamBaeT  KaxKJOMYy ~ aTOMapHOMY  KOHIIENTY U POJIHA
COOTBETCTBYIONIE yHApHble U OWHApHLIE OTHOmeHus Ha MHOxkectse Al To mHa
aTOMapHble KOHIICNITHI U POJIM MOXKHO CMOTPETh KakK Ha COOTBETCTBYIOIIVE YHapHBIC
n OwHapHbIe TpeauKaThl. Torma Kaxkabiit koument (' MOYXKHO TPAHC/JIUPOBATH B
dbopmysty soruku npeaukaToB Yc(r) ¢ OJHONW CBODOIHOW IEpEeMeHHOW X Takoii, 9YTo
ISl TIPOU3BOJILHOM MHTepIpeTariu I MHOXKecTBO 3j1eMenTos u3 Al KoTopoe BbImoIHAET
Ye(z), B Tounoctu copnajgaer ¢ muoxecrsoM CT. Ilpu 3TOM aTOMapHBIil KOHIENT
A rpanciupyercst B dopmyny A(x), a KOHCTPYKTODBI MepecevdeHusi, O0beJINHEHUs] U
OTPUIIAHUA TPAHCIAPYIOTCA B JIOTMYECKYIO KOHBIOHKIIMIO, JU3BIOHKIIWIO U OTPUIAHUE
coorBercTBentHo. Ecmu C' yxke crpaHciaupoBanuoe B Yc(z) m R — atomapHasi posib, TO
KBAHTOPBI CYIIECTBOBAHUS W OOITHOCTH BBIPAYKAIOTCS (DOPMYIaMU

¢3R.C(y) = E|£L‘R<y,$) A wC(w)a
Yyrco(y) = Vo R(y,z) = Yo(z),

rJe Yy — HOBad IIEpeMEHHasd, a YMCJIOBOE OI'paHUI€HUE 3HaYECHUNA BbIPazKarOoTCA (1)opMyﬂaM1/1
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Yonr(®) = 31, ..., Fyn- Rz, y1) Ao AR, yn) AN Yi # Yjs

i<j
Venr(®) = VY1, o, VY R, 910) Ao AR, Y1) AV i = 5
i<j
Cremyer 3aMeTHUTh, 9TO IPEJIUKAT PaBEHCTBA ‘=" HEOOXO/IMM, TTOCKOJIBKY C €r0 IIOMOIITHIO

BbIpazKalOoTCd YUCJIOBbLIC OI'PaHMYeHUAd. Ho rmak kak KOHIIEIITBI TPAHC/IUPYIOTCA B JIOTUKY
IpeanuKaToB, TO BBOJIUTDH CHeHHaHbeIfI CHHTaKCHC HET H606XO,ILI/IMOCTI/I.

Tepmunosiorun

N3 ckazaHHOTO CJIEIYIOT CIIOCOOBI MMOCTPOEHUs CJIOYKHBIX ONUCAHUN KOHIIENITOB
JUI TIPEJICTaBJIEHUs] KJIACCOB OOBLEKTOB. PaccMOTpUM TEpMHHOJIOTUYECKUE AKCUOMBI,
KOTOpbIE BBIPAYKAIOT CBA3U MEXKJy KOHIIEITaMU U POJIAMHU. BbulOupas orpeeneHus
KaK crenuduyieckue akKCUOMbl U UJIECHTUMUIUPYA TEPMUHOJIOTHIO KaK MHOXKECTBO
oTrpeIe/ICHUit, Mbl MOYXKEM BBOJIUTH aTOMAapPHBIE KOHIENTHI KaK adOpeBUATYPHI UM UMEHa,
JJISL CJIOKHBIX KOHIIENTOB. Kcim omnpejeseHnss B TEPMUHOJOTHH CO3/JAI0T IHUKJ, TO
K 3TOI cHUTyallud aJalTUPYIOTCA CEMaHTHKN HEIOJBHMKHOM TOYKHU C IeJbI0 CJeJaTh
TEPMUHOJIOTHH OJIHO3HAYHBIMU. DByIyT pacCMOTPEHbI TAKKe TUIThI TEPMUHOJIOTUMA, JIJIst
KOTOPBIX CYIIECTBYIOT MOJIEIN CEMAHTUK HENOABUKHON TOYKM.

05 TepMmuHOJIOTTYECKHE AKCUOMBI

B man6osee o61IeM BUJIE TEPMUHOJIOIHIECKAE AKCHOMBI HMEIOT BH
CCDRCS)wmC=D(R=5),

rie C, D — konnentet (R, S — posin). AKCHOMBI [IEPBOTO TUIIA HA3BIBAIOTCS BKIIIOYEHUSIMU,
a aKCMOMBI BTOPOr'o THIIa — paBeHcTBaMu. Jlajzee OyayT paccMaTpuBaThCsa TOJIBKO aKCHOMBI
JJTT KOHTIETITOB, TIOTOMY YTO JIJIsl pOoJielt OHU aHaJIOTMIHBI.

Unrepnuperarus [ BeimosHser Braodenne C' T D Ttorma u Tosbko Torja, korma C7 C
D! u Bemommger paserctso C' = D Torma n Tonbko Torma, korma O = DI Ecom T
TEPMUHOJIOTHSI ¢ MHOYKECTBOM aKCHOM, TO HHTepIpeTalns | BbITOIHsIET T TOrAa U TOJIBKO
Torja, Korja I BBIIOJIHAET KaxKIyio akcruomy Tepmubosoruu 7 . Eciau unrepnperarus [
BBIITOJTHAET aKCUOMBI T, TO TOBOPST, YTO I siBJIIeTCsl MOeJIbIo jyid T . /IBe akcuoMbl miin
JIBa MHOKECTBa aKCHOM SKBHBAJIEHTHBI, €CJIN OHM UMEIOT OJHY U TY K€ MOJIE/Ib.

06 Omupenenenns

PaBeHCTBO, B KOTOpOfI JieBad YaCTb dBJIAeTCA aTOMapHbIM KOHIIEIITOM, Ha3bIBacTCHA
OlIpeJe/ICHueEM. OnpeaeHeHI/Ie UCIIOJIB3YETCA JJId BBEJICHNA CHUMBOJIMYECKUX HWMEH JIJIA
CJIO2KHBIX OIIMCAHWIA. HaHpI/IMep, C IIOMOIIbIO aKCHOMBI

Mother = Women M JhasChild.Person
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MBI JIOCTaeM OIucanue npaoit gactu st umenu Mother. CuMBoInYIeCKre NMEHA MOTYT
OBITH MCIIOJIL30BAHbI KaK adOpeBHaTyphl B JPYTHUX ONUCAHUAX. Kcam, Hampumep, nmMeem
otpejiesienue Father, ananoruanoe Mother, To moxkuo onpejenuts uMs Parent y Buje

Parent = Mother L Father.

MmuozxecTBO OHpe,ILeJIQHI/Iﬁ MOZKET OBITH HEOIHO3HaYHBIM. HeO,ILHOBHa‘{HOCTb BJIMAET Ha
O/THO3HAYHOCTHb TEPMHUHOJIOI'H.

Konegnoe MHOXKecTBO ompejesennii 7 HasbiBaeTcs Tepmunosorueii mam TBox, ecian
HET HHU OJHOI'0 MMEHHU, KOTOPOe OIIpejiessieTcss OOJIbIe OJHOrO pasa, TO eCTh KOrJa st
KasKJIOTO aTOMAapHOTO KOHIenTa A cyrmecTByeT He OOJIbINE OHON aKCHOMBI B T, JieBast
JacTh KoTopoii — Kounent A. Ha puc. 3 mokaszana TepMUHOJIOINsI, KOTOPasl OIMUCHLIBAETCSI
ceMeifHble OTHOIIEHMSI.

ITpumep 1. Tepmunosorust (TBox) ¢ KoHIenTaMu npo ceMeiHble OTHOIIECHUSL:

MotherWithManyChildren
MotherWithout Daughter
Wife

Mother M > 3 hasChild
Mother MV hasChild.— Women
‘Women M 3 hasHusband.Man

Woman =  Person M Female
Man =  Person M — Female
Mother = Women M 3 hasChild.Person
Father =  Man M 3 hasChild.Person
Parent =  Father LU Mother
Grandmother =  Mother M 3 hasChild.Parent
Grandfather =  Father M 3 hasChild.Parent

Puc. 3. Tepmunonorus (TBox) njist ceMefHBIX OTHOLIECHUIT

[Iycrs T — HekOoTOpasi TEPMUHOJIOTHsI. ATOMAapHBIE CHMBOJIbI, KOTOpbIE BXOJAT B T,
JeJIATCA Ha MBa TOAMHOXKECTBA:

— cuMBOJIBI-UMeHa N7, KOTOpBIEe BXOIAT TOJIBKO B JICBBIE YaCTH aKCHOM;
— Oa30BbIe CUMBOJIBI 37, KOTOpBIE BXOJIAT TOJBKO B IIPaBble TaCTH aKCHOM.

CuMBOJBI-IMEHa YaCTO HA3BLIBAIOT OllpeJeJIEeHHbIMIU KOHIEIITaM1, a 0a30BbIe CHMBOJIBI
— IIPUMUTUBHBIMHX KOHIECIITAMMU. Takum O6pEiBOM7 TEPMUHOJIOTUA YyTOYHAET OIIpejIieieHue
NMEH KOHIIEIITOB B TepMHUHaX 0a30BBIX KOHIICIITOB.

Basosoit unHTepnperanueit TepMuHOJIOIEK ] HA3BIBAETCS WHTEPIPETAls, KOTOpas
UHTEPIPETUPYET TOJbKO 0a30Bble cuMBOJBL. [lycrs J — 0a3oBasg WHTEpIPETAITHUS.
WNuTepnperanus Z, KoTopast HHTEPIPETUPYET CUMBOJIBI-IMEHA, Ha3bIBAETCS PACITUPEHNEM
J, ecili oHa UMeeT Ty ¥Ke camyo 0b/1acTh uHTepnperanun, 4o u J (to ectb Al = A7)
u coryiacyercs ¢ J Jijisg 0a30BbIX CUMBOJIOB.

Tepmunosoruss 7 Ha3biBaeTcst J1ehUHUTOPHOM, ecin KaxKjasl 0a30Bas WHTEPIPETAIHs
UMEeeT €JMHCTBEHHOEe pacIlupeHne, ¢9To obpazyer wopenb 7. Jpyrumum ciioBamu,
ecJIM HaM W3BECTHA WHTEpIpeTanns Oa30BbIX CUMBOJIOB W ] — j1edWHUTOPHAS, TO
[OHUMAaHNe CUMBOJIOB-UMEH IOJIHOCTHIO JleTepMUHUPOBaHHOe (oHO3HAYHOE). OYeBUJIHO,
YTO KOIJIa TEPMUHOJIOIUS JePUHUTOPHAS, TO MPOU3BOJIbHAS TEPMUHOJIOIUS, KOTOpas eil
9KBUBAJIEHTHA, TOYXKe JePUHUTOPHAS.
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JledbuHUTOPHOCTL TEPMHUHOJIOTUU 3aBUCHT OT TOTO, OyJeT WX HET MHOYXKECTBO
orpejie/ieHuil MUKInIHbIM. Hanpumep, TepMUHOIOr ST, KOTOPasi COCTOUT TOJIBKO M3 OJIHOM
AKCHOMBI

Human' = Animal NMYhasParent. Human', (1)

uMeeT IUKJI, IIOCKOJIbKY Kaxkablit Human' onpenensercsa B repmunax Human/'.

[Iycth A mw B — aromapHble KOHIENTHI TepMuHojoruun 7. [OBOpSAT, YTO KOHIIENT
A HENOCpeJICTBEHHO WUCIOJIb3yeT KOHIenT B, ecim B BeTpedaercs B [paBoil
qactu onpenenennst A. TpansuruBHOEe 3aMbIKaHUE OTHOIIEHUsS] HEOCPEICTBEHHOTO
MCII0JIb30BaHUS Ha3bIBAETCS OTHOIIIEHNEM HUCIIOJIb30BaHUSI.

Tepmunosiorus 7 BKJIOYAET MUKJI TOTJIA W TOJBKO TOT/Ia, KOTJA CYIIEeCTBYeT aTOMapHBIi
KOHIIENT B 7, KOTOPBI MCIIOIL3yeT caM cebs. B mporuBHOM ciydae TepMuHOIOTUS T
Ha3bIBACTCS aIlUKJINYIECKOM.

Ecmm TepMuHOIOrUS nMeeT IUKJI, TO OHA MOYKET UMeTh MHOTO pacmupenuii. Hampumep,
€CJIM PACCMOTPETh TEPMHUHOJIOTHIO C €IMHCTBeHHON akcmomoii (1), To Human' — 310
cuMBOJI-nMs, a Animal u hasParent sBisiiorcst 6a3oBbIMu cuMmBolaMu. VHTeprperarius,
koTopas hasParent orHOCHT Kaxkjaoro Animal K ero mpeaky, MOKET UMETb HECKOJIbKO
BO3MOKHBIX paclIupenuii uarepnperauu s Human', yiosiaersopsionmx akcuomy (1).
Human' MozKeT HHTEPIPETUPOBATHCS KaK MHOXKECTBO BCEX 3Bepeii, KaK HEKOTOPBIN BUJ
WA KaKoe-HUOY/Ib JIPYroe MHOYKECTBO 3Bepeil CO CBOMCTBOM, YTO KaXKJbIil 3BEPb MMeeT
IpeKa.

Ecmm xe 7T amuknnmdaeckasi, To oHa jgedpwWHUTOpHAs. JleficTBUTETBHO, MBI MOXKEM C
[IOMOTIBIO TIOJICTAHOBOK UTEPATHBHBIM CIIOCOOOM 3aMEHUTH B 7 BCe BXOXKJICHUS UMEH B
[IpaBble YacTU OlpeJieleHnii Ha 0a30Bble nMeHa. Takoil mporecc Bcerja 3aKaHIUBAeTCs
B CBA3HM C AlUKJIMYHOCTBIO T W B pe3yjabTare MOJydaeM TepMUHOJIOIHI0 7', KoTopas
HA3BIBACTCS PACIINPEHUEM TEePMUHOJIOTUN T .

Cielyer OTMETUTb, YTO pa3Mepbl PACIIUPEHH MOLYT OBITH SKCIOHCHIUMAJLHLIMU B
CPABHEHWH C pa3MepaMi OPUTMHAJBHON TepMuHOIOrHH |1 7].

Ipumep 2. Tepmunosorus (TBox) u3 npumepa 1 anukinudeckas u ee pacliupeHUe HOJLy9IaeT BUJ:

Woman =  Person N Female
Man =  Person N —(Person M Female)
Mother =  (Person M Female) M 3 hasChild.Person
Father =  (Person M —(Person M Female)) M 3 hasChild.Person
Parent =  ((Person N —(Person M Female)) M 3 hasChild.Person)
U ((Person M Female) M 3 hasChild.Person)
Grandmother =  ((Person N Female) M 3 hasChild.Person)

M 3 hasChild.(((Person M —(Person M Female)) M 3 hasChild.Person)

U (Person M Female) M 3 hasChild.Person))

((Person M Female) M 3 hasChild.Person) M > 3 hasChild

((Person M Female) M 3 hasChild.Person) M V hasChild.(—(Person M Female))
(Person M Female) M 3 hasHusband.(Person M —(Person M Female))

MotherWithManyChildren
MotherWithout Daughter
Wife

Puc. 4. Pacmupenne TBox i1 ceMeifHbIX OTHOIIIEHUI

Hmeer mecTo

Yreepxaenne 1. [Tycts repmunosiorns T — anukindeckas u 7' ee pacumpenune. Torma

a) T u TI MEIOT OJMHaKOBOE€ MHO2KECTBO 0a30BbLIX CHMBOJIOB;
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6) 7 u T’ SKBUBAJCHTHBL;

B) T u T’ nedunurophbre.

Teopema 1.. Kaxxmast nedpuanroprast ALC TepMUHOJIOTUST SKBUBAJEHTHA AITTKITIECKO
TEPMHUHOJIOTUH.

NsBecrro, 910 ALC-3bIK ABJISETCS BAPUAHTOM IIPOIMO3UIINOHAIBHON MOIAILHON JIOTUKI

K, [18].

07 Cemanruka HEIIOABU2KHBIX TOYEK JJId TEPMHUHOJIOTHYECKUX ITUKJIOB

Paccmorpenne ceMaHTHK HEMOJABUKHOW TOYKU MOTUBHUPYETCA TeM (PaKTOM, UTO
CYIIECTBYIOT CUTYAINH, TJie TUKJINYECKIe ONpeJie/IeHIs MOTYT ObITh COJ/IepyKaTeIbHBIMI
I 3TO COJEeprKaHHUE OIMCHIBACTCA CEMAaHTHKOU WJIM HaWMEHBIICH HENOABUKHON TOYKH,
WM HAnOOJIbIIEN HEIIOIBUYKHON TOYKU.

ITpumep 3. IlycTb HEOBXOAMMO OMMCATH KOHLENT “My»KYHMHA, KOTOPLIH HMMeeT HACIEAHMKOB TOJBKO MY»KCKOro moJja’
(cokpammenne Momd). B wacTHOCTH, Tako# My»KUnHa HMeeT TOJIbKO CbhlHOBeidl (o6o3nadum ero Mos). Mos MoxkHO
OIpeieTUTh 6€3 IUKJIOB

Mos = Man MYhasChild.Man.

Hnsgs Momd Mbl XOTUM CO3JaTh HOBbIE YTBEDKJEHHUsSI C IOMOIIBI0 TPAH3UTUBHOrO 3aMblKaHusg poau hasChild. dto
IPUHUMAET TaKOM BUJ: MY>KYHHA, KOTOPBII MMeeT HACJEIHUKOB TOJIBKO MYXKYMH, CaM SIBJISI€TCS TaKUM MY>KYHHOM, a BCe
€ro CHIHOBBSI TOXKE SIBJISIOTCS MY?KYNHAMH, KOTOPble UMEIOT HACJIEIHUKAMH TOJILKO MyxK4uuH. Ciie0BaTesIbHO,

Momd = Man M YhasChild.Momd. (2)

st mocTuXKeHusT OJHO3HAYHOTO IIOHWMAaHWs, HEOOXOJMMO OOOCHOBATH 3TO OIPEIEJEHUE C IIOMOIIBIO IIOJXO/IAIIEH

CEMAHTUKU HEIOJABUYKHOU TOYKH.

laiee OyeT OKa3aHO, 9TO CeMaHTHKa HAUOOJIBINEH HEITOBUKHOM TOUYKM 0OOCHOBBIBAET
CUTYaIUIO TAKOTO THIIA.

IIpmmep 4. ITycTs mMeeM MHOXKECTBO OOBEKTOB, KOTOPbLIE Ha3bIBAIOTCA 1'rees m 6buHapHOe oTHOIIEeHUE has-branch mexmy
06beKTaM1, KOTOPbIe IOPOXKIAIOT UX HOAJepeBbs. Torma GuHApHbIE JEepeBbsl SBJIAIOTCA TaKUMH, YTO MMEIOT He GOJIbIie
JIBYX IIOJI/IEPEBBEB U KOTOPBIE, B CBOIO OYEPE/Ib, TOXKE SIBJISIIOTCS OMHApHBIMU AepeBbsiMu. Torna onpenesenune BinaryTree
[IPUHUMAET BUJ:

BinaryTree = Tree < 2has-branch M Yhas-branch.BinaryTree.

Kak u B ciryvae C MO’fTLd, CeMaHTHuKa HeHOLLBPDKHOﬁ TOYKHU [aeT 2Ke/laeMoe€ IIOHMMaHue, HO B JaHHOM CcJjiydae — 3TO

CeMaHTHKa HaUMEeHbIIel HEeNOABUKHOU TOYKH.

OrmpejiesieHre ceMaHTUK HEMOJBUXKHON Touku. B mepmunomorun 7 Kaxkjplii cumMBos A
BXO/IUT TOJIBKO OJINH pa3 B jJeByto dacTb akcnombl A = C'. [losromy Ha 7 MOXKHO CMOTpPETH
KaK Ha 0TOoOparkeHne, KOTOPOEe acCOIMUPYeT ¢ CUMBOJIOM-IMeHeM A ero koument T (A) =
C'. B stux obo3nadeHusx nHTEpIperanys Z aBjsger coboil Moje/ib TepMuHoiorun | Toraa
1 ToJIbKO Torna, Korya Al = (T(A))L.
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PaccmoTrpuMm cemelicTBO 3TUX OTOOpaKEHUiA, JJisi KOTOPBIX HHTEPIIPETAINS SABJISICTCS
MO/JIEJIBI0 TEPMUHOJIOIUU J TOTJ@ W TOJBKO TOTJA, KOTJA OHA SIBJIAETCS HEIOIBUYKHOMN
TOYKOI HEKOTOPOT'O OTOOPAXKEHUS U3 ITOIO CeMeHCTBA.

[Iycts T — HekoTopast TepmuHOIOrus U J — (puUKCUpoBaHHasi Oa30Bast WHTEPIIPETAIIHS.
[Iycrs Exts o3HagaeT pacimpenue naTepiperaiun J 10 uarepuperaryn 77 (Z), KoTopoe
OIIpeIeIsIeTCsT KaK

AT = (T(4))7

I KazKIIOI'0 CUMBOJIA-IMEHHU A.

Wnrepnperarus Z siBJisieTcs HEMOJBUZKHON TOYKON 77 TOTJ@ M TOJBKO TOrjIa, Korja Z =
T7(Z), To ectb Toraa m Tonabko Torma, korma Al = A77U) nng Beex cumBosIOB-mMMeH.
D10 o3HAUAET, YTO I Kaxkaoro ompeneierns A = C' B T umeer mecro Al = AT7() =
(T(A))! = C1, a 310 oznauaer, uro I sB/seTcss MOJEbIO 1y T .

Yreepxkaenne 2.. [lycts T — Tmepmunosorus, Z — unrepuperarus u J — cyzenue L
K 6a30BbIM cuMBOJiaM Tepmunosiorun T . Torga Z aBisercs Mofenbio | TOTaa U TOJIBKO
TOTJIa, KOorjyia Z HemoJBUKHasi TOUKa oToOpakenus 7 7.

C 3TOrO0 yTBEpXKJIEHUs CJIeIyeT, ITO TePMUHOJIOTHA T jeWHUTOPHAS TOTJA W TOJHKO
TOrJIa, KOIJla Kaskjas Oa3oBas MHTepHperarus J HMeeT €JINHCTBEHHOE pacIIupeHue,
KOTOPOE SIBJISIETCsT HEITO/IBUZKHOM TOUKO T 7.

TIpumep 5. PaccmoTpum mnpuMep TEPMHHOJOTHM, KOTOPBIN IMOKA3bIBAET II0YEMY IUKJIMYECKAs TEPMUHOJIOTUS He
apisiercss geduHnTOpHO. dro Tepmunosorus T MOMe xoropas BK/IIOUAET €IMHCTBEHHYIO AKCHOMY (2). Ilycrs GazoBoii
UHTepIpeTanuei J siBJIsIeTCsl TaKasi WHTEPIIPETALMS:

AJ = {Charles1,Charless, ...} U {James1,...,Jamesrast},
Man? = A7,
hasChild = {Charles;, Charles;+1|t > 1} U {James;, James;+1|1 < i < Last}.

1o ozHavaer, uro guHactusa Charles xuBasi, B TO BpeMs Kak AuHacTus James obpbiBaercs Ha Jamesygst-

Hajinem HemmoaBuzkHbIE TOYKHA T}I omd  QrmernM, 9TO GE3IETHDIN WHIMBUIYYM, TO €CThb 6e3 asementoB y hasChild, Bcerna
Oyner npucyrcrBoBaTh B nHTepnperaruu YhasChild nesaBucumo or Toro, Kak unrepuperupyercsa Momd. CiieioBaTesbHO,
ecsit 71 — HENOJBUKHAsl TOYKa pacmupenus J, 1o Jamesy st Oy/le 2JIEMEHTOM B (VhasChild)Il, a 3HAYUT U SJIEMEHTOM
MomdZ1. Orcroma mosmygaem, uTo Kaxkaemi James seasercs Momd. Ilycrs T 6ymer pacmupennem J TakuM, 910 MomdTl
OXBaTBIBAET TOJbKO nuHactuio James. Torma jgerko yBumersb, 9To Z SIBJISIETCS HEMOJBIMKHON TOUKON. Eciam K gunacTum
James nobasisiercss KTo-To u3 aunactun Charles kak Momd, To Bce diennl aunactuu Charles 10 u mocje 3TOro 4jaeHa
JIOJIZKHBI TpuHajIexkaTh Kounenty Momd. CHOBa JIerko MOHATH, YTO pacimupenue Ly, KoTropoe uurepnperupyer Momd,

ABJIAETCA HeHO,E[BH)KHOfl TOYKOHN U APYTUX HEIIOABU?KHBIX TOYEK HET.

st Toro 9Tobb! JaTh JeUHUTOPHBIN BUJI IINKJIMIECKONH TEPMUHOIOTUN T, HEOOXOMMO
OIIPEITIUTh OT/CIbHYIO HEMOJABUXKHYIO TOYKY, €CJIU 3TUX TOYEK HECKOJbKO. [l sToro
BBEJIEM YACTUIHBIN IMOPsIOK “ =" Ha paciImpeHusx 0a30Boil mHTeprnperanun 7 :

I =T < AT C AT

Jutst Kaxkyioro cumBosia-umenun A B 7. B Bormeonucannom tpumepe Momd sBisgercs
!
TOJILKO cuMBOJIoM-MeneM. [lockonsky Momdt C Momd® , ro T < T'.
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Henosuzknas Touka Z orobpazkenus T HA3bIBACTCA HANMEHBIIIEH HEITOIBUZKHON TOYKOM,
ecsin Z < T’ pist Kaxkj10it Apyroii HenoasuzkHoi Touku Z'. Unrepnperanust 7 Ha3blBaeTCA
HaMMeHbIIell HeITOJIBUKHON TOYKON TepMuHOI0run T, ecii Z HauMeHbIIask HeIOIBUKHAS
TouKa 77 Jisi HEKOTOpOi OazoBoil Mojenn 7.

B pamkax ceMaHTUKM HaWMEHBINEH HENOJIBUYKHON TOYKU JIOIYCKAIOTCS TOJBHKO MOJIETN
HAVMEHbIIel HeIOIBUZKHON TOYKM TEPMUHOJIOTUN | KaK €IMHCTBEHHBbIE WHTEPIIPETAIUH.
HauboJibiiasi HemoJBUKHAA TOYKA MOJIEIN M CEMAHTUKH OIPEJIE/IAIOTCS aHAJOTUYIHO.
B npumepe Momd wunteprperanusa Z; SBIgeTCd HaUMEHbBINEH HEIOJIBUXKHON TOYKOM, a
uHTepIperanys Ly — HanOO/IbIIEeil HEMOABUKHON TOYKON oToOpazkenus 7.

Ciestyer 3aMeTUTh, YTO MOJIE/IM HEIOABUKHOI TOYKHU He Bcerja cyiiecTByior. Hampumep,
I[yCTh UMeeM TEePMUHOJIOTUIO C €IUHCTBECHHON aKCUOMOM

A=-A. (3)

Ecmu Z — nekoTopas Mojiesb 31oit akcuombl, To AL = AT\ A = (), uro abeypano. Akcnoma
(3) He MMeeT HUKAKOW MOJIE/IN HU HAMMEHbIIEH HI HAUOOJIbIEN HEeIIO[BUXKHON TOYKH.

CymiecTByoT ciiydanm MoOJe/ieil  HelMOABUXKHOM TOYKHU, I KOTOPBIX HEBO3MOXKHO
CyIIECTBOBaHME HU HaUMEHbIell HU HauOOJIbINEHl HenmoJBuKHON Tovyek. Hampumep,
PACCMOTPUM TEPMUHOJIOTUIO | ¢ €IMHCTBEHHOM aKCHOMOI

A =VR-A. (4)

[lycrs J — 6azosast untepuperanus T, tie A7 = {a,b} i R = {(a,b),(b,a)}. Torma
CYIIECTBYET JiBa pacmuperud Z; u Z, wuHTepupeTarnuu J, KOTOpPbIE OIPEJIE/IAI0TC C
nomorpio AT = {a}, A% = {b}. Ho 3Tu pacmmpenus He CpAaBHUBAIOTCS 10 OTHOIICHHIO
13 _<(C'

JI1st 060CHOBaHUSI CEMAHTUK HEIOJBUYKHON TOYKU TEPMUHOJIOIMHA HAIIOMHUM HEKOTOPBIE
HOHSITHS U3 TEOPHUHU IOJHBIX perneTok [20)].

[TosHO# pereTKolt Ha3bIBaeTCs aJjredpa, HOCHTE/bL KOTOPOHl SBJSETCS YaCTUIHO
YIOPsAJ0Y9€eHHOE MHO2KECTBO C JABYM{ OllepallusaAMM IIepeceueHud u O613€,ZLI/IH6HI/IH, KOTOpbIE
TaKyK€ Ha3BLIBAIOTCA COOTBETCTBEHHO B3ATHEM HAHOOJDLINEH HIKHEH ¥ HanMeHbIIeH
BepxXHell TrpaHW, B KOTOPON CYIIECTBYET €IWHUYHBIN 3JIEMEHT W KazKJ0€ HEIIYCTOe
MIO/IMHOZKECTBO UMeeT HAMMEHBIITYI0 BEPXHIOIO I'PaHb.

MmuoxkecrBo umntepuperarnuit Frt; OTHOCUTENIHLHO YACTUYHOIO TOPSAJIKA = ABJIAETCH
IOJIHOI perteTkoii. /leficrBuTesbHO, /I ceMelicTBa nHTepuperanuii Z;, ¢ € N, omnpeaennm
Ty = || Z; xak nossementHoe o6beauHeHre Z;-X, TO €CTh JIJIs KayKJIO0r0 CHMBOJIA~-UMEHH
iEN
A 6ynem nmern AT = | J A%i. Torma T, craHOBUTCS HaMMEHBIeH BepXHEH I'DAHbIO JIJIst
ieN

Z;-x, KoTopas MoKa3biBaet, 9ro (Ext 7, =) gBjsiercs MOJHON PeneTKoi.

Oyukius f : L — L nosHoit pemmerku L B cebst HA3bIBaeTCsi MOHOTOHHOI, ecin f(x) =
fly) & x < y. Umeer mecto

Teopema 2 (Tapckwuit). . Jlyist MOHOTOHHO# (DYHKIMM HA MOJHON peIleTKe CyIecTByeT
HEIIyCTOE MHOYKECTBO HEIOJBUXKHBIX TOYEK U 9TO MHOXKECTBO TOXKE SIBJIACTCA ITOJIHOM
perteTkoii |19].
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CreroBarenbio, Jijis MOHOTOHHOW (DYHKIIMHM B IIOJIHOHM peIIeTKe CYIIeCTBYeT —ee
HAVMEHbIIas ¥ HAMOOJIbIIAas HEITOIBUYKHBIE TOYKU.

Ompenenenne 1.. Tepmunosiorusi T Ha3bIBAETCA MOHOTOHHOI, ecjin oTobpaxkenue 77
MOHOTOHHOE JIJIsl TTIPOU3BOJIbHON 6a30BOiI nHTEpIIpeTanuu 7 .

N3 Teopembr Tapckoro cjejyer CyIIECTBOBAHHUSA /i MOHOTOHHON TEPMUHOJIOTHH
HaUOOJIbIICH M HAMMEHBIIEH HEOABUKHBIX TOUYEK.

Vreepxkaeaune 3.. Ecim T — MoHOTOHHash TepMmuHOgOrMsg u J — OasoBas
HHTEepIIpeTalns, TO CYIIEeCTBYIOT paciiuperust J, KOTOpble SABJIAIOTCA MOJEIIMI
HauMeHbIIleil BepxHeill HeNOJABMKHOI U HauOOJIbINell HUKHEHl HeNOJBUXKHON TOYKU
repmuHOSIOrUHN 7 coorBeTcTBeHHO [10].

Jnsg Toro dYrToObl HAWTH CHHTAKCUYECKHII KPHUTEPUl MOHOTOHHOCTH, PaCCMOTPHUM
ortepaTopbl A L-sI3bIKa, KOTOPbIE MCIIOJIB30BAJNCH JIJIsl KOHIEIITOB, a uMeHHO: [1, L), =, V., 3.
[IycTsb 911 onrepaTops! nnTeppeTupytoTcs Ha odaactu A. VM cOOTBETCTBYIOT TEOPETUKO-
MHOXKECTBEHHBIE OTIepaIlui Iepecedennsi, O0beuHeHNs, JTOMOJTHEHNT C TEeMU CAMBIMU
HasBaHusMu Ha objactu A. [Tockoiabky V n 3 mpuMeHSIOTCS K POJIAM W KOHIIEIITaM, TO
BBeJIeM JIJIsi OMHAPHOTO OTHOIIEHH 7 Ha A yHApHYIO omepaluio A,, Koropas oToOpazKaer
HEKOTOpOe ToAMHOX)KecTBO S C A B

A (S) ={a € AVb. (a,b) er —be S}
U YHapHYIO omeparuio F,., kotopas orobpaxkaer MmHO)KecTBO S C A B
E.(S) ={a € Al3b. (a,b) e ANb e S}.

Orcioyia  ciefyer, 9TO STU ONEPAIUHA, 3a UCKJIIOYEHUEM JIONOJIHEHUs, SIBJISIOTCS
MOHOTOHHBIMU B TOM CMBICJIe, YTO KOTJIa OHU IPUMEHHAIOTCA K OOJIBIINM apryMeHTaM,
TO 3HAYEHHME pe3yJbTaTa TOxKe OyaerT OOJBIINM. DTO OYEBHUIHO /I II€PEeCeUeHUs] U
obbeuHenust, a st A, u F, HerpyaHo ybeauTbcss B TOM, 4ro Korga S C S’ To
A (S) C A.(S") n E.(S) C E.(5). K coxanennto, m10/00HbIe aHAJOIHH JJIsi OTPHUIAHUS
HE BBIOJIHSIOTCS.

Onpenenenne 2.. TepMuHOIOrUsT HA3bIBAETCsT —-CBOOOIHOI, €C/IM B HEll HET HU OTHOIO
3HaKa OTPUIIAHUS.

Vreepxienne 4.. IIpoussosbnas —-csobognad ALCN -TepMuHOIOrIsa MOHOTOHHA.

Pacmmpum 310 j1ocTaTodYHOE YC/IOBHE, AaHAJU3UPYs, KaKne W3 3HAKOB OTPUIAHUS HeE
BJINSIIOT HA MOHOTOHHOCTH. OTpHUIIAHME MOXKET BJIUATH HA MOHOTOHHOCTH, €CJIH B
ero objacTu JefiCTBUSA HAXOJAUTCA HEKOTOpPOil cuMBOJ-uMst. OHAKO OTPHUIAHNE MOYKET
HERTPAJIM30BATHCA JIPYTUM OTPHUIAHUEM, €CJIM OHO BXOJIUT B O0JIACTH JICHCTBUSA JIPYTrOro
orpunanus. OTCIoIa CIeIyeT TaKoe

Onpe;:LeﬂeHHe 3.. KOHHGHT C' Ha3BIBAETCA CUHTAKCUYECKU MOHOTOHHBIM, €CJI1 Ka}K,ZLI)Iﬁ
cumBos-uMsa B C BXOJUT B 00J1aCTh ,ZLGfICTBHH IIapHOT'O YHCJIa 3HAKOB OTPpUIIaHMA.

TepMI/IHOJIOFI/IH Ha3bIBaCTCAd CUHTaAaKCUYCCKU IVIOHOTOHHOﬁ, eCcJIin Ka}K,Z[‘bII'?'I KOHIICIIT B HpaBOfI
JaCTU paBE€HCTBa ABJIACTCA CMHTAKCUICCKN MOHOTOHHBIM.

Vreepzkaenue 5.. [Ipoussosbnas cuntakcudecku Monoronnas ALCN-tepMunosorus
MOHOTOHHA.
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08 TepmuHOJIOrUU ¢ AKCHOMAMK BKJIIOUCHUS

HexkoTopbie KOHIIENTHI HEBO3MOXKHO OIIPEJACINTh B IIOJHOM oObeme. B Takux cirydastx
MOXKHO TOJIbKO (POPMYJINPOBATH HEOOXOAMMBIE YCIOBUS HPUHAIIEKHOCTH KOHIEITa K
HEKOTOPOMY MHOKECTBY, MCIIOJIb3ysl BKJIIOUeHHs. BKiIodeHus, jeBasi 9acTb KOTOPOT'O
aToMapHasi, Ha3bIBAETCs CIIeInaIN3aIIel.

Hampumep, Korna wHKeHep 10 3HAHUSIM CUATAET, UTO OIpejeseHne ‘women’ B HaIIeM
npumepe TBox (puc. 3) HEUCIIOJHUMOE ¥ OH TIOHUMAET, YTO He B COCTOSHUU TIOJHOCTBIO
OIIPEJIE/INTh KOHIENT “women”, TO OH MOTPeOyeT, 4ToOBbI BCe woman OBLIN person ¢
MIOMOIIBIO CIIeIHATN3AIIAN

Woman C Person. (5)

Ecan rakas cnenmanusalnus B TEPMHUHOJOTUU JIONYCTHMa, TO TEPMHUHOJIOTHUS TepseT
JIeDUHUTOPHOCTD JlaKe, €CJU OHa aluK/jndecKasd. MHOXKeCTBO aKCHOM TEpMUHOJIOTUN
T HasbiBaeTcss 0OOOIEHHON TEPMUHOJIOIUEH, eC/ii JIeBble YacTh €€ aKCHOM SIBJISTIOTCS
ATOMAPHBIMU KOHIIEIITAMH U JIJIsT KasKJIOr0 aTOMAapHOr0 KOHIIENTa CYIIeCTByeT He Oojiee
OJTHOIT aKCUOMBI, TJIe OH BXOJIUT B JIEBYIO YaCTh.

Boimonum nmpeobpazoBanue 00OOIIEHHOM TEPMUHOIOIMU ] B HEKOTOPYIO PEry/IspHYIO
TEePMUHOJIOITIO T, KOTOPasl BKJIIOYAET TOJBKO TaKUe ONPEIEICHNs, YTO ] SKBUBAJICHTHA
7T B HEKOTOPOM OIIpeJIeIeHHBIM CMbICTIe. B pesyabraTe moxyuuMm ] u3 T IyTeM BBIOOpa
st Kazkgpoil cuerumammzanyn A C C B T HOBBIA 0a30BbIA CHUMBOJI A u 3amenoit

cuennasmsanun A C C ma oupenenenne A = A M C. Tepmunosnorus 7 HaszblBaeTcs
HOpMaJm3anuei 7T .

Ecan TBox Britouaer crenmasmsanuio (5), TO HOPMAJTH3AIHsT BKIIOYAET OIPe/IeIeHIe
Woman = Woman M Person.

NHTYUTUBHO JONOJHUTEIbHBIH 0a30Bbiii cumBos Woman 1y paBeHCTBa INPHU3BaH
BBIJIC/IUTh KEHIIUH Cpen MmepcoH. Pesymprar HopMasuzamuu B TBox ¢ ompenesiennem
anst Woman sBiisieTcst 1oJJ00HBIM TOMY, KakK 3TO jesaJjoch g Female B TBox.

Vreepxxaenue 6.. ITycts 7 06001IeHHAs TePMIHOIOIA U T ee HopMasm3aims. Tora

a) KayKJjiasi MOJIeJIb | sIBJISIETCsT MOJIEJIBIO U JIst T ;

6) quist Kaxkzoit Mojesn Z TepMuHosiornu ] cymiecTByeT Mojenb L repmuHosioruu T
KOTOpasi UMeeT Ty 2Ke caMylo 00JIacTb MHTepIIpeTanun, 9To u Z u corjacyercs ¢ Z Ha
aTOMAapPHBLIX KOHIIENTaX 1 pojsx T .

JlokazarenbeTBo. [lepBblif TIYHKT BBINOJIHAETC B CBA3W C TEM, YTO MOJEIb L

- - E s =T
Tepmunoiorun 7 ynosiaersopsger pasenctsy AL = (AT C) = A" N CZ, a 310 03HAUACT
qro AT C C7.
Haobopot, ecimu Z monens T, To pacimmpenne Z TepMUHOJOIMH 7, OIpeeeHHOe Kak
_7 _
A" = AT, apnserca momenbto T, nockosnbky Al C CT a orciona caenyer, uro Al =
_I = — — —
A NC! = AT N C*. Caenosarensno, Z somonndger A= AMNC. A

Orcioyia  ciieflyer, 9YTO AKCHOMBI BKJ/IIOUEHHS He BJUMIOT Ha BbIPA3UTE]HHOCTD
repmunosiorun TBox. Ho, ¢ mpakrtudeckoit TOYKM 3peHUs, OHU SBJISIOTCS YIOOHBIM
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CpeaCcTBOM BBeJ€HUA TEPpMOB B TEPMHHOJIOTUIO, KOTOPYIO HEBO3MOXKHO IIOJIHOCTBIO
OIIPpEeJC/INTD.

Ornucanne MupoB

Jpyras koMmroHeHTa 6a3bl 3HaHWi ABIsgeTcss ABox — onncanne o01acTi HHTEPIIPETAINN
(MUp, B KOTOPOM MHTEPIPETUPYIOTCSI KOHIEITHI ).

09 VTBep:xkjeHus 006 UHIMBULYyMax

ABox omnmceiBaer cBoiicTBa 00BEKTOB 00IACTH MHTEPIIPETAIIMN B TEPMUHAX KOHIIEIITOB
u posteii. Hekoropeie aromapuble KoHmenTsbl n poin B ABox Moryr ObIThH oIpejie/ieHbl
kak nMmeHa TBox. B ABox BBojgsgTCS MHIAMBHIYYMBI IIyTeM PEIOCTABICHUS UM HMEH
U OIMCAaHUsI CBOWMCTB STUX HHAWBUIAYYMOB. WHIuBHIYyMBbI 0OO3Ha4daioTcs a,b,c,. ...
Wcnonwsyst kKounentsl C' u poan R, MoxkHO co3garh B ABox cBoiicTBa TaKUX THUIIOB:

C(a) i R(b,c).

[IepBoiit THIl Ha3BIBAETCS CBOHCTBOM KOHIICNITA, KOTOPOE O3HAYAET, UTO ¢ MPUHAJJICIKUAT
C. Bropoii Tum Ha3bIBaeTCS CBOMCTBOM pOJIH, KOTOPOE O3HAYAET, UTO C SIBJISIETCS
HarmojHuTeleM poym R i b, Hampuwmep, ecim PETER, PAUL u MARY
nvena uaguBmayymos, To FATHER(PETER) osmasaer, uro PETER asiserca
orriom u HasChild(MARY,PETER) osnauaer, uro Peter sapnserca pebenkom Mary.
CreroBarenbao, ABox A siiisieTcst KOHEIHBIM MHOXKECTBOM TaKUX yTBepxKieHuii. Ha puc.
5 nokazan npumep ABox.

MatherWithoutDaughter(MARY)  Father(PETER)
hasChild(MARY,PETER) hasChild(PETER,HARRY)
hasChild(MARY,PAUL)

Puc. 5. Onucanue ABox

C Ttoukm 3peHms moJsib3oBaTesi, ABox BBINISIUT Kak OOBEKT PEJISIUOHHON Oa3bl
JIAHHBIX, KOTOPBIfl COCTOUT TOJHKO W3 YHAPHBIX U OMHAPHBLIX OTHOIeHmi. OHAKO B
KJIACCUYIECKUX 0a3ax JaHHLIX OTHOIIEHUsl 3aMKHYTHI B paMKax JIAHHOW IpeIMEeTHOI
obmactu, B TO BpeMsi kKak B ABox 6asa 3HaHW SIBIsSIeTCsl OTKPBITON JIJIsT JAHHOMN
IPEJMETHOI 001aCTH, TOCKOJBbKY HOpPMaJIM30BaHHas 0a3a 3HAHUIl dBJIFETCS CHCTEMOII,
B KOTOPOIl HET MPEJIINOJIOKEHnt 0 moHoTe ee 3Hanuit. Kpome sroro, TBox cBasbiBaeT
CeMaHTUIECKUMU OTHONIEHUAMM KOHIENTHl U pojin B ABox, ¥ro He mmeer anajora B
ceMaHTHKaxX 0a3 JTaHHBIX.

Cemantuka ABox ompejessiercsd IyTeM pacIiupeHUs Ha WHIUBUYAJIbHBIE HMEHA.
Cnenosarennno, unrtepnperanus I = (AZ7) orobpazkaer He TOIBKO aTOMapHbIE
KOHIIENITHl ¥ POJIM BO MHOXKECTBO OTHOINEHUI, & JOMOJHUTEIBHO OTOOparKaeT KaxKI0e
AH/IMBAAYAJBHOE UMS @ B HEKOTOPBIA KOHIICIIT a’ € AT. Ilpu sToM cumTaeTcs, 9TO pasHbIe
UH/IMBU/IyaJIbHbIE WMeHa 0003HAYaloT pasHble O00beKThl. lloaTomMy 3TO oTOOparkeHue
JIOJIZKHO COOTBETCTBOBATH YHUKAJILHBIM HMEHAM, TO €CTh eCcJii a U b pa3Hble UMeHa,
to a # b'. Unrepnperanus I soimosmser coiictso kxonmenta C(a), ecm af € CT n
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BBIOJIHsACT cBoficTBo pomu R(a,b), ecim (af,b') € RE. Unrepuperanusa I BbINOJHSET
ABox A, eciin ona BbIoJIHSET BCe cBoiicTBa B A. B 9T0M citydae rosopsit, ato Z siBJIsteTCst
mozenbio s ABox. Hakomnen, Z Beimosaser cBoiictBo « mian ABox A orHocuTebHO
TBox T, ecau oHa sIBISeTCS MOJEJIbIO He ToJbKo g « i ABox, a u giua TBox T.
CuiesioBarenibao, mojiesb A 1 T siBiisiercs mHTepriperanueii KonkperHoit 110, KoHIen s
KOTOPOI MHTEPIPETUPYIOTCA KaK TOJMHOXKECTBA ITOI 00/1aCTH B TEPMUHAX KOHIIEIITOB U
pouseit m3 ABox.

st vHamBRyabHbIX UMeH B a3bikax JIJI nomyckaercs kouctpykTop {ai, ..., a,}, rue
a; — UHJUBUya bHOEe UM ¢ uHTepuperanueit {ay, ..., a,}* = {af, ... daZ}.

BropbiM KOHCTPYKTOPOM, KOTOPBIN BKJIIOYAET UHIUBHUIyaJIbHBIE UMeHA, sBisercs ‘fills™-
KOHCTPYKTOD it posin R. CeMaHTUKa 3TOr0 KOHCTPYKTOPA UMEET BUI:

(R:a)t ={d e A%|(d,a?) € R},
T. e. (R : a) 03HaYaeT MHOXKECTBO OOBEKTOB, JIJI1 KOTOPOTO ¢ SABJIAETCS HANOJHUTEJIEM

posr R. O6a KOHCTPYKTOPDI He J00ABJISIOT HIYEro HOBOTO, MOCKONILKY (R : a) u IR.{a}
SKBUBAJIEHTHBI.

[Ipobaembr BoiBOgA B JIJ1

Cucrembl mpejicTaB/ieHus 3HAHUN, KOTOpble ocHOBbIBaioTcd Ha JIJI, moryr
OCYIIIECTBJIIIOT Pa3HOIO Pojia JIOrMYecKue BbiBejleHUs. Kak ormedasioch Bbire, JIJI ¢
zajianabiMu ABox 1 TBox mMmerorT ceMaHTHKH, KOTOPBIE JIEIAI0T UX SKBUBAJCHTHBIMU
MHOYKECTBY aKCHOM JIOTUKH TIPEINKATOB TIepBoro mopsijika. Ciemoparensro, B [1JI MmoxxHO
BBLITIOJIHATH BBIBesieHns HOBLbIX bakToB. Hampumep, ¢ TBox ma puc. 3 u ABox 3 puc.
5 MoxHO BbIBecTH, 4TO Mary spisercda 0abyIIKOi, MOCKOJIbKY STOT (DaKT SBHO He
durypupyer B TBox. Kpome jtoruku nepsoro nopsiyika B JIJI qomyctTumbl u apyrue BUIbI
BbIBejieHUs. VX J1es1aT Ha BBIBOJIBI TOJIBKO JIjIs KOHIENTOB, BBIBO/IBI B ABOX, BBIBO/IBI B
TBox u BeiBoabl B TBox 1 ABox BmecTe.

010 BoIBog A1 KOHIEIITOB

B uporecce mopenmupoBanus koukpernoit 110 crpourtcsi TepMUHOJIOIUS, HAIpUMEP
T, myreM omnpejesieHnsl HOBBIX KOHIIEIITOB, BO3MOYKHO, B TePMHUHAX JPYIUX KOHIIEIITOB,
KOTOpBIe ObLIN Ollpejie/ieHbl paHee. B 9ToM mporiecce BaXKHbBIM SABJIACTCS WACHTUMUKAIUS
TOTO, OY/IyT JIN HOBOBBE/IEHHBIE KOHIIEIITHI COBMECTUMBIMU MJIU OHU OY/IyT NPOTUBOPEYNTH
yKe BBeJIeHHBIM KoHIenTaM. C JIOrmdeckoil TOYKM 3peHUsi, KOHIENT HEIPOTHBOPEUHB,
ecJIM CYIIECTBYeT HEKOTOpas UHTEpIIpeTallisi, KOTopas yJIOBJIETBOPsieT akCHOMbl T (T.
e., siBjsgeTcss Mojeabio 7). KoHment ¢ TakuMm CBOWCTBOM HA3BIBAETCS BBITIOJHUMBIM
OTHOCUTEJILHO TEPMUHOJIOIUU 7 U HEBBLIIOJHUMBIM B IIPOTUBOIIOJJIOKHOM CJIydae.

[IpoBepka BBITOJTHUMOCTH KOHIIENITOB ABJISIETCS KJTIOUEBOI 3a/1a4eil /sl TPOTecca BBIBO/IA.
Hanpumep, /1t Toro 9ro6sr TPOBEpUTH KOPPEKTHOCTH Mojean 110 wim ontuMu3upoBaTh
3aIpoChl, KOTOpbIe (OPMYIUPYIOTCA B BHUJE KOHIIECITOB, HEOOXOJUMO 3HATh, YTO
HEKOTOPBIN KOHIIENT sABJIsIeTCs Oojiee OOIMMM, YeM JIpyroit. DTa 3ajada Ha3bIBACTCS
pobsiemoit Brtovyennst (subsumption problem). Ipyrumu wHTEpECHBIMEU OTHOINIEHUSIMU
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MeyKJIy KOHIIEIITaMHU SIBJISIIOTCS 9KBUBAJIEHTHOCTH W IIOMIAPHOE HelepecedeHne ux
noamuokecTB (disjointness). Dru cBoiicTBa UMeOT Takue GOPMAaIbHBIE ONPEJIEIeHNUSI.

[Iycrs T — repmunosiorus (TBox). Torua

Bemonnumocts: Konnenr €' HasblBaeTcd BBIIOJHUMBIM B TEPMHHOJIOTAUA [, €CIu
cymecTByeT Mojeh Z Tepmunosorun 7 Taxad, uto CT # (). B sTtoMm cayuae ToBOPAT,
uro 7 asiagerca Mouaensio C.

Bxmouenne: Konnent C' Bkmodaercs B Konnent D B Tepmunosnorun 7, ecmu CT C D
JUTA KaxKoi mHTepnperannn Z tepmunosorun 7. Dto obosnadaercs kak C' Cr D wim

TECCD.

SxsuBanenTHOCTD: Konnentsr C' u D skBuBaieHTHH B Tepymunosorun 7, ecin CT = DT
JUIS KaxKJ1oi mHTeprperanun Z repmunojorun 7. Dto obosnadaercs kak C' =7 D wim

TEC=D.

Henepeceuenne: Konnente! C' n D ne nepecexkatores B TepymuHosornu 7, ecm CTNDT = ()
JUTsT KaXKJ10# mHTepuperanu Z TepMuHoioruu 7 .

IIpumep 6. B Tepmunosiornn TBox 3 puc. 3 Person kiodaer Woman, Woman u Parent oba Bkmaougator Mother, a
Mother Bkiodaer Grandmother, Woman u Man, Father u Mother ne nepecekatorcsi. OTHOIIIEHHE BKJIIOYEHUS CJIEIyeT

U3 CeMaHTHKHU omeparuii M u L.

TpagummonubiMu  nipaBuiamMu  BbiBesienus B J[JI cucremax gBsioTcd  ciemayroniue
PENYKITUU.

Yreepxkenne 7 (Penyknus k Brirouennto). st kornenros C u D cipase iuBbl Takue
9SKBUBAJCHTHOCTH B 3aJJaHHOI TEPMUHOJIOTHH T :

1. C He BBINOJIHAETCA TOIA U TOJBKO Torma, Korga C BKrodaercsa B L ;

2. C u D sxBuBaJIEeHTHBI TOI/Ia 1 TOJIBKO Toraa, Korga C Briodaercs B D u D BRirouaeTcs

B C;

3. C u D me mepecekaiorcst Toraa u ToJabLKo Toraa, korga C' M D BKaodaeTcs B L.

HomnonmauTenbHEBIMEU TTpaBuiaMu BbiBeJleHUs B /[JI BbICTyIIaloT nmpasuia, mocTpoeHHbIE HA
CBOMICTBaX KOHCTpPYKTOpa [1.

Yreepxaeune 8 (Penykims k HeBbimoanmoctn). s konrentos C u D cipase/ymmBb
TaKne S5KBUBAJEHTHOCTH B 3aJaHHON TepMuHOJI0Ornn 7 :

1. C Brunogaercsa B D Torma n Tobko Tora, korja C' M =D He BBIIOJHAETCST,

2. C u D »kBHBaJIGHTHBI TOIJa M TOJBKO Torda, korma Hu C M —D wm —C M D He
BBIIIOJTHSIOTCSL;

3. C u D He nepecekaioTcst TOria U TOJIbKO Torja, Kormga C' M D He BBITOJIHIETCS.

HpI/IBe,ZLeHHbIe IIpaBuJia UMEIOT OYEBUJIHYIO TEOPETUKO-MHOXKECTBEHHYIO MHTEPIIPETAIINIO.
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011  Vnanenune TBox

B mpakrudeckom uctosib3oBannn xkejareabuo, 4rodsl TBox Oblia mycToit. 910 MOXKHO
¢/IeIaTh Iy TeM IOJICTAHOBOK TakK, KaK 9TO ObLIO IMOKa3aHo B mpuMepe 2. HeTpy iHo moudTs,
YTO KOTJIa TEPMHUHOJIOTUS AIUKINIEeCKas, TO 9TO BCET/Ia MOYXKHO CJIe/IaTh U TAKUM 00pa30M
cBecTHu IpobJieMy BbhIBeeHus B 7 K mpobJieMe BBIBEJICHNSA B IIycTol TepMunosiornn 1TBox.
[Tockosbky T u ee paciupenue T’ SKBUBAJEHTHBI, TO MPOU3BOJILHBIN KoHIENT C' 1 €ro
pacmupenue C’ OyyT UMETh OJMHAKOBYIO MHTEpIpeTalyio. To ecTs,

- C =7 O/ n

— (' BpoJiHsiercd B 7 TOrIa M TOJILKO TOrja, Koriaa BoinosHserca C.

AHasornaHO 1Oy 9aeM

— T | C C D rorma u Topko Toraa, korga = C' C D' u

— T &= C = D rorja n tonbko Torja, korna = C' = D' n

— C'i D nue nepecekatorcst B 7 Torja u ToJbKo Toraa, kKorga C' i D' He mepecekaiorcst.

B sToM ciiydae BO3SHHMKAeT BOIPOC O CJIOXKHOCTH IPOIEAYP BBIBOAA B T, IOCKOJIBKY
ee pa3Mepbl MOI'YT BO3pacTaTb SKCIOHEHIUAJILHO. AHAINU3 CJI0KHOCTH IPOILELYP

[IOKa3bIBAET, YTO OHU PdeKTuBHee paboTal0T B TEPMUHOJIOIMH C IIyCTONH KOMIIOHEHTOM
TBox [17; 21].

OTHOITIEHUST TPOM3BOJILHON apHOCTU

Kak ciegyer uz onucanust JIJI, ocHOBHBIMEU OTHOIIIEHUSIMU B Hell SBJIAIOTCS OMHAPHbBIE
OTHOIIIeHUS. B peasbHBIX HCIOIb30BAHUAX BO3HUKAET IOTPEOHOCTH B OTHOIIEHUSIX
MPOU3BOJIbHON apHOoCcTU. Paccmorpum ojno u3 pacmupenuit /IJI, koTopoe ecrecTBeHHBIM
00pa3oM BBOJIUT OTHOIIEHHUE ITPOU3BOJILHON apHOCTH U KOTOPOE OIKMCAaHO B padoTax
[22; 23]. Tlosyuennslii B pesysnbrare Takoro pacimpenus JIJI-a3bik HasbiBaercst JIJIR.

Bazosbivu ss1emenTaMu ,ZLHR ABJIAIOTCA aTOMapHbIe OTHOIIICHUA U aTOMapHbIe KOHIEIITHI,
KOTODpbIE obosHagarorcd P u A cOOTBETCTBEHHO. HpOI/ISBOJIbHOG OTHOIIIEHUE apHOCTHU 2 S
n § Nmaxz 1 TPOU3BOJIbHBIC KOHIICIITHI CTPOATCA 110 TaKOMY CHHTAKCUCY:

R == T,|P|($i/n : C)|~R|R, M Ry,
O == T, |A|~C|C) N Cy)3[$i] R < k[$i]R,

rae ¢ — %-s KOMIIOHEHTa OTHOIIEHHS, TO ecTh Iejioe dnuciao 1 < & < Mymee, Mmax
MakKcuMaJbHas apHOCTh oTHomennit P, R, Ry, Ry u k — HeKoTOpOe HATypPaJbHOE THCIIO.

KOHHGHTI)I 1 OTHOIIEHHUA JOJIZKHDbI OBITH COIJIACOBAHLI I10 apHOCTHUu, T. €. KOM6I/IHI/IpOBaTI)
MOZKHO TOJIBKO OTHOIICHUMA O,ZLHOI71 U TOM 2Ke APHOCTH.

Cemantuka JIJIR ompenensiercs o0OBIYHBIM 00pa30M € IMOMOIIBIO HHTEPIPETAITT
T = (A%, B xoropoit dynknus wHTepnperauy I NPUCBAMBACT KasKJIOMY KOHIIEHTY

C mogmuozkectso CT C AT, m KazK/I0My N-apHOMY OTHOIIEHHIO R — TOIMHOMKECTBO
R% C (AT)" Tak, uro

To S (Aan)r
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Pt CTE

R =TI\R

(RN R =RINRZ

($i/n: C)Y ={(dy,...,d,) € TE|d; € C}

T _ AL

AT C AT

(~C)F = AT\ C7

(Cincyr=ctnct

QS R)T = {d € AT|3(dy, ..., d,) € RE.d; = d}

(< k[$i|R)T = {d € AT||{(dy,...,d,) € R .d; = d}| < k},

rie P, R, Ry, R, orHomenus apHoctu n. OrTmerum, d9to |1 0003HaYaeT 00/1aCTh
HHTEepIpeTanui, B TO BpeMs Kak |, 0DOO3HAvYaeT He JIeKapTOBOe IPOU3BEJCHHE STOi
0bJ1acTH, a TOJIbKO HEKOTOPOE ero IMOJAMHOXKECTBO, KOTOPOE€ BKJ/IIOYAET BCE N-apHbLIE
OTHOIIIEHUSI, ITO OIPEIE/IsIINCh Ha 9Toi obsactu. OTciofa cieyer, IYTO OTpUIlaHUE Ha
OTHOIIEHUSTX OIIPE/IEISIeTCS KaK PA3HUIA OTHOIIEHNUI.

Koncrpykunusa ($i/n : C) osmauaer Bce n-Ku u3 1 ,, KOTOpbIe SBJIAIOTCHA (-MH
KoMIIOHeHTaMu KoHrenra C. Dra KOHCTPYKIHs sBjisieT cob0il pa3HOBHHOCTH OllepAIlUi
ceseknuy. KBaHTOD CyIIECTBOBAHNS U INCJIOBBIE OTPAHUYICHIS HA OTHONICHUAX SBJISTIOTCS
00OOITEHNSIMI COOTBETCTBYIOIINX KOHCTPYKIIHI JIJIT POJIEH.

Ha sTom 0630p cpesicts /IJI 3akoH"MM 1 paccMOTpUM CBOICTBa OTHOIIIEHUH 00OIIero Tuia,
¢ TIOMOIIBIO KOTOPBIX omnuckiBaroTces [10.

Ornomenus onucanus 110 obmero Tuma

OrHomennsa O6H_L€1"O TUIla pa3Je/IMM Ha CEMaHTHYIEeCKUE U MaTeMaTUu1IeCKNe OTHOIIICHU A
" paCCMOTPHUM CBA3b ME2KAY 9TUMU TUITaMU OTHOIIIEHUA.

CemManTHYECKIE OTHOIIEHNST, O KOTOPBIX HOH/IeT Petb jlajee, BRIpabOTaHbl B IMHIBUCTHKE,
U II09TOMY HUX YacTO HA3BIBAIOT JHUHIBHCTHYeCKNMH. OCHOBHBIMH THIIAMH TAKHX
OTHOIIECHUH ABIAIOTCS |3]:

— Por-Bun (A ectb posoBeiM K B),

— Cunonnmvnn (A curoHnMuYeH K B),

— Yacre-1iesioe (B gacrs A),

— Koppessuu (A npoTuBomoioxkubiii K B),
— Accormanuu (A acconmupyercs ¢ B),

— Onepupoanus (B ects omeparueit st A),
— @yuknuonaibaoe (A BbIpaxkaer B),

— AbcrparupoBanus (A orpannunBaer B),
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— Nmvmmukanuu (ecim A, o B),
— Knacendukanuu (A oraocures K kiaaccy B),
— Ipunagnexuoctu (A saBigercs obbekToM B) u npyrue.

Haubosiee BazKHBIMU CEMAHTUYECKMMU OTHOIIEHUSIMU SIBJISIOTCH OTHOIEHUsS Pos-Bui,
Cunonnmuu, Hacrb-1iesioe u Koppessnuu B ¢BdA3U ¢ TeM, 9TO OHU OXBATBIBAIOT OoJiee
70 TIPOIEHTOB MMEIOIINXCS TEPMUHOB B YKPAUHCKOM, PYCCKOM U JIDYTUX S3bIKAX.

Marematndeckue otHoleHus. Hapsigy ¢  BbIIIENPUBEIEHHBIMU  CEeMAaHTHYECKUMU
OTHOIIIEHUSMHU, UMEIOTCA ¥ OTHOIIEHUsI OOINEero THIla, Urparorme QyHIaMeHTaIbHYIO
pOJIb B MaTeMaTHUKe. JTU OTHOIIEHUs Oy/leM Ha3bIBATh MATEMaTHIECKIUMU OTHOIIEHUSIMHU.
B nensax aBroMaTusaiun mporecca aHaIn3a eCTeCTBEHHOSI3bIKOBBIX TEKCTOB HEOOXOIUMa,
dopmasmsaIms 3TOro Iporecca u, B YaCTHOCTU, OTHOIIEHHS CJIELYIOMINX THIIOB:

— m-apHble oTHOIIEHUs (N > 3),

— OmHapHbIe,

no100us,
— aHAJIOTHH,

— 0000IIeH S,

CITeTInaIn3aIn!,
— (byHKIMOHAJbHBIE U JIPYTUE OTHOIIEHUA 00JIee YACTHOTO XapaKTepa.

Haunbosiee BayKHBIMU CpeJil STUX OTHOIIEHWI SABJIAIOTCA OMHAPHBIE OTHOIINEHUS B CBI3U
¢ TeM, 9TO OOJIBIIUHCTBO U3 IMEPEYUNCICHHBIX OTHOIICHUI MOYKHO BBIPDA3UTh B TEPMUHAX
OMHAPHBIX.

BI/IHaprIe OTHOIIICHUA JCJIATCA Ha OTHOIIICHUA

— TOXK/IECTBA,

pedJIeKCUBHBIE,
— uppedJieKCUBHbBIE,

— CUMMETPUYECKHE,

TPpaHSUTUBHLIE,
— AaHTUCUMMETPUYIHDBIE,

— aCUMMETpPHUYIHBIC,

PENpOAyKTUBHEIE,
— 3BKJIUJIOBHI,
— IJIOTHOCTHU U JIPYTHE.

OrHormmernem 1moo0Mst B TepMUHAX OMHAPHBIX OTHOIIEHUI Ha3bIBAaeTCs pedIeKCUBHOE
u cuMMeTpudHoe OmHapHOoe oTHOoIreHne. C MOMOIIBIO STUX OTHOIIEHUN OIPEIEISTIOTC
OuHapHbIe OTHOIIEHUs, KOTOPble B MaTeMaTHKe UMeOT (yHIaMeHTaabHoe 3nadenne. K
HUM OTHOCSATCA OTHOIIEHUS

— 9KBHBaJIECHTHOCTHU,
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— YaCTUYIHOTO TIOPSJIKA U er0 Bapuallii,
— (byHKIMOHAIBHOE U €TI0 BapHUAIIIH.

OTHollleHre 9KBUBAJEHTHOCTH — 3TO pedJIEKCUBHOE, CUMMETPUYHOE W TPAH3UTUBHOE
OTHOIIIEHHE.

OTHomreHre  YaCTUYIHOIO IOPSIKa — 3TO0 pedJIeKCUBHOE, AHTUCUMMETPUIHOE U
TpaH3UTUBHOE OTHOIeHne. Kro Bapuanugamu sBJISIFOTCSI OTHOIIEHHSI KBa3UIIOPSIKA
— pedJileKCUBHOE U TPaAH3UTHUBHOE OTHOINEHNE, OTHOIIEHWEe CTPOroro IOpsijiKa —
uppedIeKCUBHOE U TPAH3UTUBHOE OTHOIIECHME, JIMHEHHOTO MOPSAJ/Ka — 9TO OTHOIIEHUE
YACTUIHOTO TOPSI/IKA C YCJIOBHEM TOTAJbHOCTH (JII00BIE JiBa 3JIEMEHTa CPABHUMBI);
OTHOIIIEHWE TIOJHOI'O TIOPAJIKA — 3TO OTHOIEHWEe JIMHEHHOTO TOps/Ka C YCJIOBUEM
CYIIIECTBOBAaHNsT HAWMEHBINET0 3JEeMEHTa B HEMYCTBIX ITOJIMHOYXKECTBaX MHOXKECTBa, Ha
KOTOPOM 3TO OTHOITIEHHNE OIPeIeIeHO.

CDyHKL[I/IOHaIIbHOG OTHOIIEHME — 3TO OTHOIIEHMEe, KOTOpOoE€ CTaBUT B COOTBETCTBUE
HEKOTOPBLIM 3JIEMEHTaM OJHOI'O M TOI'O 2K€ MHOXKECTBa, UJIN Pa3HbIX MHOXKECTB He botee
OJZIHOTI'O dJIEMEHTa.

Bzanmoornomenus Mexkry orHomeHusamu. Paccmorpum orHomenusi Poj-suy, Yactb
nienoe, Ilpunayie:kHocT. 9T CeMAHTHIECKUE OTHOIIEHUs YIOBJIETBOPSIOT CBOCTBaM
pedIeKCUBHOCTH, TPAH3UTUBHOCTU U AHTHUCUMMETPUYHOCTU, a IOITOMY SABJIAIOTCH
MATEeMaTUICCKUM OTHOIIEHUEM YacTUIHOro mopsjka. OTcioga cieayer, 9UTo WX
IIpe/ICTaBJIeHue HOCUT HepapXUUeCcKHuil XapakTep M UX 3JIEMEHTBHI MOXKHO IPEJCTaBJIATH
B BH/JIE TAKOW CTPYKTYPBI JAHHBIX KAK JIEPEBO WM AIMKINIeCKUl rpad.

Otrnomenne Cunonnvun wu  Kraccudukanun (uMeercs B By pasOneHne Ha
HEIIEPECEeKAIOIINEeCsT  TIOJIMHOYKECTBA) B OOIIEM —CJIydae sBJISIIOTCA  OTHOLIEHUSIMU
9KBUBAJEHTHOCTH, TIOCKOJIBKY OHHU PeMIeKCUBHBI, CHUMMETPUYIHBI ¥ TPAH3UTHBHBI
(pa3bueHne WHIYIIUPYET OTHOIIEHNE SKBUBAJEHTHOCTH ).

CnoBa “B obOrmieMm cirydae”’, OTHOCSIIHECS K STHM OTHOIIEHHSAM, O3HAYAIOT HEKOTOPYIO
OCTOPOXKHOCTD. Jles10 B TOM, UTO OJU3KUMU OTHOIIEHUSIMA K OTHOIIeHUusIM CHHOHUMEII
n Knaccudukarmun spisgoress orHomenus l[logobust u Amanorum. CyrnecTBeHHAs
pa3Hua MEXKJy I3TUMKU OTHOIICHUAMHN COCTOUT B TOM, YTO HO,ZLO6I/I€ n AHaﬂOI‘I/II/I HE
ABJIAIOTCA TPaH3UTHUBHBIMA OTHOIICHUAMU. STO CBA3aHO C TEM, 9TO OTHOIICHHUE HOJ:[‘O6I/IH
OTIPEJIEISIETCST Ha HEKOTOPOM YPOBHE a0CTPAKIMH. DTO IPOABJISIETCT B TOM, UTO B
Ipolecce MOMCKA T0J00KsT BBIIEJSIIOTCA 0COObIe CBOMCTBA O0BHEKTOB (UJIM 3JIEMEHTOB)
n abcTparupyroTcs OT APYTHUX CBOMCTB, HECYNIECTBEHHBIX € Hallleil TOYKU 3peHus. U
nBa 00BbEKTa CUNTAIOTCI HOJOOHBIME, €CJAU OHU 00J/JIaHAI0T OJMHAKOBBIMU BBIICICHHLIMUI
ceoiictBamu. Ortrorenne [lomobust, B cBOIO 0Yepe/ib, TECHO IepelrnieTaeTcs: ¢ AHajorueii,
IIOCKOJIbKY B IIPOIECCE TTOUCKA 10,1001 Ha MEPBBI IJIaH BBIXOJIUT OTHOIIEHNE aHAJIOTHH,
[0 KOTOPOMY U WIIyTCA OOIUEe CBOWCTBa WM YCTAHABJIUBAIOTCA PA3JIHINE MEXKTY
sruMu  cBoficTBamu. OTCIOla BBITEKAET, 9TO MEXK/IY OJHUMU U TEeMH K€ O0bEeKTaMHu
MOZKET CYIIEeCTBOBATH HECKOJBKO aHAJOTHI U 9TO HAPYIIAET CBONCTBO TPAH3UTHUBHOCTHU
9TOI'O OTHOIIICHUA. OI[HaKO, YaCTO OTHOIIEHUuE HO,HO6I/IH ABJIAECTCA perJ'IeKCI/IBHbIM n
CUMMETPUIHBIM B CMBIC/IE OJIMHAKOBOCTH BBIJIEIEHHBIX CBOMCTB.

Ornomenne Koppensmuu, Wmmmkanun n  OmnepupoBaHnss B HEKOTOPOM  CMBICTIE
MOJIJIUPYIOTCs (MM MOJIEJIUPYIOT) Kay3yaJbHble OTHOIIEHHsI, OTHOIIEHHsI CJIeI0BaHus (B
CMBICJIE JIOTUYIECKOTO CJICIOBAHUS ).



86 International Journal Information Content and Processing, Vol.4, No.1, (c) 2017

Ornomenns Accormarnun, OnepupoBanust u CBI3bIBAHUS B HEKOTOPOM CMBICTIE STBJISTIOTCST
GYHKIIMOHATBHBIME OTHOMIEHUSIMHU. [[0CKOJIBKY CTeleHb TOXKIeCTBEHHOCTH 3aBUCUT OT
KOHTEKCTa, HUCIIOJIb30BAHUS OTHOIIEHUIN, CEeMAHTUIECKON (CMBICIOBOi) HHTEpIpeTaIunn
U JPYyruxX OOCTOSTE/ILCTB, TO TIOJHON YBEPEHHOCTH B NPABUJIBHOCTU HPUHITHIX
IPE/IIOIOKEHNIT HEe MOXKET ObITh. ODTO TpebyeT MIOMOJHUTEIBHOIO 00jiee TIIyOOKOro
AHAJIN3A.

[Tpumep obpaborku 110 “/luckpernas maremaruka’

[Ipunnmasi BO BHUMAHHE CKA3aHHOE BBIINE, PACCMOTPUM I[PUMED [TOCTPOCHUS
TepMmuHOJIOTHYeckoro Tezaypyca [I0 “/luckpernasi marematuka’ U Ha €ro OCHOBe
orTorpada, mnpeacrapisoriero 3ty I10.

Crpykrypa Te3aypyca. Tezaypyc cTpouTcst TaKuM 00pa30oM, 9TO BMECTE ¢ KOHIEIITaMU B
HEM MIPUCYTCTBYIOT CeMaHTUIeCKHe OTHOIeHns. CeMaHTUIecKne OTHOIEHNST — OMHAPHDBIE
OTHOIIIEHNSI, BUJBI KOTOPBIX PAaCCMATPUBAJINCH BbIMe. Tesaypyc B JaHHOM CJIydae
urpaer poJb Tepmunosornu (anamor TBox) , a oTHOIIeHusi, onpejie/ieHHbIE Ha STOM
TEPMUHOJIOTUN, MOYKHO CUATATh POJIAMHU (B HEKOTOpOM cMmbiciie anasor ABox), koTtopsie
npucyrcTByoT B [IJI.

CrpyKTypa Tesaypyca UMeeT BUJI:

’ Konmenr \ Oupen-aue \ X \ Ornomtl \ Y \ X \ Ornom2 \ Y \ e ‘
MuoxkecTBO Wnryur. omnpes,. - - - - - -
DJIeMeHT T O6bbekT Mu-Ba Y | Ry Y - - - e
Al:Akc. sxer. X,Y X=Y X R, Y | Al Rs A2 |- |7
A2:Axkc. obbemu. X, Y | X CYAY CX | X Rs Y | A2 Rs Al

rJe OTHOIleHne Ry — 9TO OTHOIIEHKE ITPUHA/JIEXKHOCTH, [y — OTHOIIIeHnEe BKJOUYeHus, R3
— OTHOIINEHNE CHHOHUMUN U T.JI.

B obmiem cirydae mocTpoeHHBIN Te3aypyc BKJodaeT okoso 700 KOHIENTOB, OCHOBHBIMU
OTHOIIIEHUSAMHU Ha KOTOPBIX ABJAIOTCH oTHOIIeHns Cunonmmum, Yacrb-miesioe, Pos-Bus,
Koppensmun, Knaccudukanuu, [Ipunagnexxnocru, @ynkimonaabHoe.

NMess B pacrnopsizKeHUU TEPMUHOJIOTUIO W CEeMaHTUYECKUe OTHOIIEHUs, HAIMHAETCS
nocTpoerne oHrorpada g BeiOpanHoir 110. DTo mocTpoeHne BBIIOIHAECTCA C YIETOM
B3aMOCBsI3€ll CeMaHTHYeCKUX OTHOIIEHWH ¢ MaTeMaTudecKuMH OTHomreHusimu. Ha
MEPBBI TJIAH 3/1eCh BBICTYIAIOT OTHOIICHUS YACTUYIHOIO IMOPSIKA U SKBUBAJICHTHOCTH.
OTHollleHre YaCTUYHOIO IOPSAJIKA TI03BOJIIET ONPEJIEINTh CTPYKTYPY OHTOrpada, a
OTHOIIIEHIE 9KBUBAJIEHTHOCTU HAIIOJIHEHNE BEPIINH 3TOro rpada.

OrHoIlleHNe CUHOHUMUU WIPAET BaKHYIO POJIb B IIPOIECCE MHTEIPAIUU OHTOJIOTHIA,
3a/IAHHBIX CBOMMU OHTOI'padaMu, 0 4eM OyJIeT CKa3aHO JlaJIee.

B pesyiabraTe mporpaMMHas cuCTeMa MOCTPOCHUS OHTOrpada € y4eTOM CKA3aHHOIO
crpout pasmedenssiii ontorpad G = (V, E) (em. pucynok 1 B Ilpuioxkennn 1 B KoHIE
CTaThu).

HanbHeiimas paboTa ¢ MOCTPOEHHBIM OHTOI'DAGOM BBINOJIHAETCS IIYTEM pPeau3aliun
oneparuii ajarebpsr oprpados [20]. Curnarypa oneparuii 3Toit ajredpbl BKIIOYAET
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— mynbapayio onepanuio A = (), () — “abcomorao mycroit rpad”;

— GuHAPHYTO onepanuio Beeenns sepumibl v B oprpad G = (V, E), pe3ynbraToM KOTOpoii
ectb oprpad G = (VU {u}, E);

— OMHAPHYIO oreparuio BeejeHus: pebpa e B oprpad G = (V) F), pe3yabraToM KOTOPOi

ects oprpad G = (V, E U {e});

— OUHADHYIO Ollepanuio yjajeHns Bepamubl u u3 oprpadba G = (V| E), pesyabraTom
koropoii ectb oprpad G = (V \{u}, E\ U e);
e=(u,v)

— OGMHAPHYIO OIepaIyio yaaaenus peopa e uz oprpada G = (V, E), pesyabraToM KOTOPOi
ects oprpad G = (V, E\ {e}) .

Peanmzarus oneparnun A o3HavaeT 3aroToBKY MecTa, Jijist OHTOTrpada.

N3BecTHO, YTO IepedncIeHHbIE AT OIEPAITII COCTAB/ISAIOT TIOJIHOE MHOXKECTBO OTIEPAIIHil,
C TIOMOIIIBIO KOTOPBIX MOXKET OBITh peasn3oBaHa Jiiodas oneparys Ha KOHeYHbIX oprpadax
[20]. Orcrona ciesyer, 9TO OTHOCHTENHHO ITUX OMEPAIM U HOCUTENS, KAKUM SIBJISIETCS
MHOXKECTBO KOHEYHBIX OprpadoB, MMeeM YHHUBEPCAJIbHYIO aJredpy, HOCUTEJIeM KOTOPOil
SIBJIIIOTCSI KOHEYHBbIe Oprpadbl HAJI HEKOTOPBIM YHUBEPCATLHBIM MHOXKecTBOM U (13
KOTOpOro Gepyrcst ormerku BepriuH). OOBIYHO B KadecTBe MHOXKecTBa [ BBICTYIIAET
MHOYKECTBO HATYPAJIbHLIX duces N WK ero JieKapToBa CTENEHbD.

[IporpammMmuasi cucreMa, peaju3ylonias TH olepaluu, npusejena B [Ipumoxkennn 1 B
KOHIIE CTaTbU.

MeTaOHepaL[I/H/I Ha OHTOJIOTHUAX: aBTOMaTHad MHTEPIIpEeTalAg

[Tycrs mMeercss HECKOJBLKO OHTOJIOTHi, KOTOPBIE IPEJICTABIAIOTCA B BHUJE CBOMX
ourorpacdos G; = (Vi, E;), (i = 1,2...,k). Paccmorpum ourorpadp G = (V.E),
MHOZKECTBO BepIIMH V' KOTOPOro IpeJCTaBIseT MHOXKECTBO IPeJIMETHBIX 00JacTei,
KOTOpBbIe Oy/ieM Ha3blBaTh MeETaKOHIENTaMM) a MHOKecTBo pebep E — OunHaphoe
OTHOIIIEHUE MEXKJIy STUMHU IMpeIMeTHbIMU obsactavu. s mocrpoenusi oprpada G =
(V.E) npumenstiorcs oneparun Ha onTorpadax G; = (V;, E;), koropbie OyiaeM Ha3bIBaTh
METAOIIEPALIAIMU.

C kaxjpim takuMm oprpadom G = (V) E) Oyuem acconuumpoBaTh KOHEUYHBIH (BOOOIIE
rOBODST) YACTUYHBIN JTeTeMIHUPOBaHHBI aBroMar 6e3 BeixogoB A = (V, X =V, f, S| F),
rjie V' — MHOXKECTBO COCTOSIHUIT, KOTOPOE TaKKe CJIYKUT BXOJIHBIM ai(haBUTOM JTAHHOTO
aBToMaTa, S — MOJMHOYXKECTBO HadabHBIX cocroguuit, F© C V — [moaIMHOXKECTBO
3aKJIIOUUTETHHBIX COCTOSHUIN (KOTOPOE, B 9aCTHOCTH, MOXKeT OBbITh IIyCThIM), a (DyHKIUsA
[IEPEXOJIOB JIAHHOTO aBTOMATa OIpeJIeisieTcs CeyomuM obpasom: f(u,v) = v Torjga u
TOJIBKO TOTJIA, Korjia (u,v) € E 1 He OUpesIeJIeHO B OCTAJIbHBIX CJIyUastX.

Pacemorpum npumep npejacrasienns dparmerTa onroaornn g 110 “KombuaaTopuka’.

[IycTnp 3ajana OHTOJIOTHSA, OTparKalollasd HEKOTOPYIO YacTb STON MPeIMETHON 00/1acTh
(pas/iesibl B3SITHI U3 MaTeMaTHIeCKO SHIMKIIONE/ NN ), B BUJle CJIeJIyIoniero ontorpada:
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Kom6unaropuka \7

1

2 3 4

Teopus Teopusi

Teopusi mopsigka
IIepeYruCIeHuH KOHMUTY paruii

5 6

Y

Teopusi
Koneunsre p

KOJUPOBaHUS

TTOPSITKKA

Pemerku

O6was anrebpa

Puc. 6. Ouronorus C

Koneunprit aBromMar, COOTBETCTBYIONINI JaHHOW OHTOJOTHM, UMeeT Bujg A = (V =
{1,2,3,4, 5,6, 7}, X = {1,2,3,4,5,6,7}, f,{1},{7}), tne [ samama takum rpacdom
[EPEXOJIOB:

|——
N

Puc. 7. Asromar A outosorun C

Dro suaunt, uro f(1,2) =2, f(1,3) = 3, f(1,4) =4, f(3,5) =5, f(5,7) =7, f(4,6) = 6.

OcraJjibabie IIepexo/ibl B JaHHOM aBTOMaTe HEOIIpeae/ICHLI.

MeTaonepauHH Ha OHTOJIOT'UAX. Hpe,ZLCTaBJIeHI/Ie OHTOJIOTUIT B BHJ€ KOHEYIHOI'O aBTOMaTa
0e3 BBIXOJO0B IIO3BOJIAET BBECTU METaollepalldid Ha OHTOJIOIUAX. OCHOBHBIMU TAKUMU
olepanudaMM ABJIAIOTCA:

- O6']3€ZLI/IH6HI/I€ — TeOpPEeTUKO-MHOXKECTBEHHOE O613€ILI/IH€HI/I€ MHOXKECTBaA, COCTOSHUI 1
MHOXKeCTBa II€PEXO/I0B JJaHHbIX aBTOMaTOB-apPIr'yMEHTOB;

— Iiepecedennue — TeOpPEeTUKO-MHOXKEeCTBEHHOE IIepecedcHrue MHOXKeCTBa COCTOSTHUIA
N MHO2KECTBa II€EPEXOA0B, IIOIIOJIHEHHOE TPAaH3UTUBHBIM 3aMbIKaHUMEM OTHOIICHUA
JOCTHUZKUMOCTHU Ha aBTOMaTaX-apPI'yMEHTaX;

— KOHKaTeHAllWs WM YMHOXKEHHWEe JIBYyX aBTOMAaTOB — YaCTHBIA CJIydail onepanuu
o0beIMHEHNS, KOTJ/Ia OObeJINHEHUEe BBIIOJHAETCS TOJbKO 10 MHOXKECTBY HavdaJbHbBIX
COCTOSTHUI BTOPOT'O aBTOMAaTa;

— uTepalnygd — IOBTOPd€Mad KOHEIHOE YHCJ/IO Pa3 ollepallid YMHOXKEHUA, IIpUMeHAeMasd B
PaMKax O,ILHOﬁ OHTOJIOI'MHU C IEJIbIO YTOYHCHUA 1 ITIOIIOJITHEHN A 3TOI OHTOJIOTUH (C IIOMOIIIBIO
3TOM olepalnu OCymeCTBJIAECTCA IIOIIaroBoe yrodYHeHue U IIOIIOJIHECHUE OHTOJ'IOI"HfI);

— obpallieHne — OpUeHTallisl B IIPOTUBOIIOJIOKHOM HAIlpaBJIEHUHU IIEPEXOI0B B aBTOMATE,
[PEJICTABJISIIONIEM JJAHHYIO OHTOJIOTHIO, T. €. MOCTpoeHne (bYHKIMN HepexooB ¢(v, u) = u
TOTJIa U TOJBKO TOT/A, Korja f(u,v) = v U HEOIPEIeTeHO B OCTAIBHBIX CJIYUasIX.
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[IpuBeiem mpuMepbl, HLTIOCTPUPYIOIIUE TIEPEINC/IeHHbIe BhIlle oneparuu. [Iycrs nmeem
TaKyI0 OHTOJIOTHIO:

Teopus

aBTOMAaTOB

1 8 9

Kom6unaropuka O6mas anrebpa MaTemaTu4ueck. Teopus

JIOTHKA aJIrOPUTMOB

10 11
Y

Mamusb YHacTuuno
PEKYPCHUBHBIE

Tosropunra pyHKIHN

Puc. 8. Ourosorus O1

(D))
v, N&a O 10 |11
@/ cg> 1

Puc. 9. Asromar Ay onronoruu O1

O6bemquuenne onrosoruii C' u Oq. [lpu peanusamuu onepamun 00beINHEHN HAXOIATCS
o0Ime BepIIUHBI OHTOrpada, M0 KOTOPHIM M BBINOJHAETCA OObEIMHEHNE OHTOJIOTHIA.
[TockobKy Takwme BepIIMHBI MOTYT MMETh pa3Hble METKHU, TO IOUCK BEJETCS C YIeTOM
OTHOIIIEHUSI CHHOHUMUK. EC/In B OMCAHNY BEPIIMH HAXOIATCS CAHOHUMUYHBIE KOHIIEIITHI,
TO 9TH BEPHIMHBI CUYUTAIOTCS OJMHAKOBBIMU U HUX MOXKHO OTOXKIeCcTBUThL. [locie
OTOKJIECTBJIEHHSI BEPIIUH HY?KHO YAAJIATH 00IIne moArpadmbl.

Toryia BBeJIeHHBIE BBIIIE OIEPAINE JAIOT TaKhue Pe3yJIbTaThl, €CIM UX HIPUMEHHTb K
apromatam A u A; (aBromar A mokasaH Ha puc. 7):

Puc.10. O6beaunenune apromaToB A n Aj

[Tepeceuenne ontosoruit C' ;. Ilpu BeIOHEHNN omepaluu mepecevdeHus moarpadon
(KaK ¥ TIpU BBIOJTHEHUH OlepaIui 0ObeMHEHNN) YIUTBIBACTCS OTHOIIEHIE CHHOHIMUL.
O/IMHAKOBBIMI CUMTAIOTCSI BEPINUHBI OHTOTPada, y KOTOPBIX MMEIOTCST CHHOHUMUYIHBIE
KOHIICNITBI. B JJaHHOM IpuMepe Tepecedenne JIaeT TaKoi pe3yJibrat:

@ 7 ()

Puc. 11. Apromar AN Az
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Ureparust: nonosienue (yrounenne) onrosiorun O1. Ecin mmeercst OHTOIOTUS HEKOTOPOIt
nojtob1actu 60J1ee 0OITEil OHTOJIOTHH, TO €€ MTOTIOJTHEHNE BBIITOTHIETCS ITyTeM CKJIENBAHUS
obrux Bepiud B onTorpade. Hanpumep, myctb numeeM Takyio OHTOJIOTHIO:

MaremaTuydeckas

JIOTUKAa

8
A Y

Ucuucnenue Ucunucnenue
12 13
nIpefuKaToB BBICKa3bIBaAHUU
Mownaauueckas TemnopaJibHBIE
14 JIOTHKA IIE€PBOTO 15
nopsaKa JIOTUKH

Puc. 12. OnTonorusa Oy

Asromar AQ, COOTBGTCTByIOHJ‘I/II';I OHTOJIOT'NM OQ, IPpUHHUMaET BUJI:

15
Puc. 13. Asromar Ag ajst onrosorun O2

Konkarenupyst apromarsr A; u Ay 110 HAYAIBHOMY COCTOSTHUIO 8 aBTOoMaTa Aj, mogydaem
ABTOMAT, [IPEJICTABJISIONIHI MOMOJIHEHHY O (yToUHeHHY0) oHTOIOrHI0 O * Os:

Puc. 14. ITononuenue ontosorun O1

Ob6pamenne. [Ipumensisg a1y onepanuio K A;, mogydaeM aBTOMAT:

Puc. 15. O6pamenune aBromara ontosjorun Oz
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[IpuBesennoe MHOXKECTBO omeparyii (B caydae HaJ0OHOCTH) MOXKHO pPACIHIUPATL 110
KpaiiHeil Mepe B 1ByX Hanpasienusax. OJHIM U3 HUX SBJISETCA DACIIUPEHHe OllepaIit
Ha rpadax (coepunenus rpados, n30MOPGHOro COCJMHEHNS, JIEKAPTOBOIO IPOU3BEICHNUS
U T. IL.).

Jpyrum mampaBjieHueM spjsgeTcd ajireopa otnorieHuit. [lockosibky KaKjiasd OHTOJIOTHUS
SABJISIETCSI TIPEJICTaBJIEHNEM HEKOTOPOU COBOKYIIHOCTH OTHOIIIEHWH, TO MOXKHO BBOJIUTh
OIIepaIy PEeJISIIUOHHON aareOpHhl.

Kakoe wu3 BO3MOXKHBIX HalpaB/ieHHil OyjeT BBIOPAHO, 3aBUCHT OT IPAKTHIECCKUX
moTpebHoOCTel ncob3oBanus ontoJoruit. Ilpeacrapiennabie omnepanny HaI OHTOJIOTUSMEI
OKa3bIBAIOTCs II0JIE3HBIMU IIPU aHaJIM3e, CUHTe3e¢ W MAHUIYJIUPOBAHUU OHTOJOTHAMU U
OHTOJIOTHICCKUMU OOBLEKTAMU.

BriBo,1b1

[TonBogs mTOr CKazaHHOMY, BBIJICJUM HEKOTOPBIC MPOOJIEMbI, BO3ZHUKAIOIINE ITPU
[IOCTPOEHUU 1 PabOTE ¢ OHTOJIOTUSAMU KaK KOHIENTyaJ bHbiMu Mojersamu 110.

[lepBasi mpobsiema (M BO3MOXKHO OCHOBHAsSI HpHU PabOTE € OHTOJOTHMSME) CBsA3aHA C
aBToOMaTH3aliell IpoIlecca MU3BJICUYEHUS 3HAHUN U3 €CTECTBEHHOS3BIKOBBIX TEKCTOB.
OjHuM U3 BO3MOXKHBIX —HAIPABJIEHUN B PEIIEHUH STOH MPOOJIeMbl  SIBJISI€TCS
HEKOTOpasl IpejBapuTe/ibHas 00paboTKa TeKcTa. Takas oOpaboTKa JIOJIXKHA CBA3BIBATH
CeMaHTUYIeCKHNEe M MaTeMaTUu4IeCKHe OTHOIIIeHUdA, HallpuMep C IIOMOIIBIO aHHOTHUPOBaHUA
TEKCTa UJIN JIPYyTroro crocoba, obJIerdaioniero JaabHerInyo oopadboTKy.

[IpobiteMbl peasin3anyy BBIIENIPUBEIEHHBIX ONEPAINil Ha OHTOJIOTUIX, CBA3aHBI C TeM,
YTO KOPPEKTHOE BBINOJHEHNE STUX olleparuii TpedyeT co3jaHus HEKOTOPOTo OOIIero
rJI0ccapud IPEJJMETHBIX O0JacTeil W TOHATUN, € ITOMOIIBIO KOTOPOrO MOXKHO OBLIO
Obl OJIHOBHAYHO WUJIEHTU(MUITUPOBATL COOTBETCTBYIONME 00beKThI. 1lo Buammomy, srta
mpo0JeMa fBJIsIeTCS He TOJBKO MPOOJIEMOl Ha IyTH peam3alliil BBEJIEHHBIX OIlepariii,
HO U B HEKOTOPOM CMbICje oOIeit mpobjeMoil Ha IIyTH IOCTPOEHUsI OHTOJIOTUN U
paboThl C OHTOJIOTUSIMHU. 3JI€CH MPUXOJAUT Ha TOMOIIL OTHOIIEHHE CHHOHUMUE (KOTOpPOE
[IPEJIII0/IAraeTCsl OTHOIIEHNEM KBUBAJIEHTHOCTH). BepiiuHbl OHTOrpadoB MOI'YT UMEThH
pa3Hble HA3BAHWS, HO €CJU 9TH BEPIIMHBI COJIEPYKAT CUHOHUMHUYHBIE OOBEKTBI, TO OHHU
CKJIEUBAIOTCA B OJIHY BEPIIUHY IPU peau3allii TaKuxX Oleparuii Kak oObeJuHeHue u
repeceveHue.

Cnenyromas npobsieMa, BO3HUKAIONIAS [TPU PEeAJIM3aIIN OllEPAIINii, CBA3aHa C MMEIOIIeics
uepapxueit obsacreit u nonsatuit. /lesjo B TOM, UTO B PA3JIMYHBIX OHTOJIOIHSX OJHU
U Te Ke TMOHATUA M OOBEKTHI MOIYT HaXOJIUThCA Ha PA3HLIX YPOBHAX HEpapXuu u
9TO HEOOXOJMMO YUUTBHIBATH IIPU NIPUMEHEHUU olleparuii. B mpejraraeMoM TOJIX0JIe 9Ta
mpo0JieMa perraeTcs € MOMOIIBI0 MMOCTPOEHNs] TPAH3WTUBHOIO 3aMBIKAHWS OTHOIIEHUS
JOCTHKMMOCTH Ha COCTOAHMAX aBTOMATOB, IIPEICTABJIAIONINX JAHHBIE OHTOJIOTHMU.
OjiHako, HET YBEPEHHOCTH B TOM, YTO 3TOrO 3aMbBIKAHHUSA JIOCTATOYHO JIJIsl IIOJIHOTO
pertiennsi pobJIeMbl. 37eCh HEOOXOIUMBI SKCIIEPUMEHTHI C PEAJTHHBIMU OHTOJIOTHSIMU U
X [IPeJICTaBIEHUSIMMU.

N eme omana mpobjieMa cBg3aHa C IMOJHOTON 3HAHWI, MMEIONIUXCSA B IPEJICTABICHHBIX
OHTOJIOTHSAX. DTa MpobJeMa sIBJISIETCA OCHOBHOWM B IPOIECCE CO3JIaHUs IIPOTPAMMHOIO
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U TEXHUIECKOTO ODOecIievueHns] CUCTEeM. 3J1eCh JKe 9Ta MpobJieMa COCTOUT B MOCTPOEHUHN
B HEKOTOPOM CMBICJIE MOJHONH OHTOJIOTMYECKON KapTUHBI TOW WAW WHOW NPEeIMETHON
obJracTu.

[Tpunoxenne 1

NucTpykmus

[Iporpammuas cucrema cTpouT OHTOrpad HEKOTOPOIl NMPEIMETHON 00JIACTU U BBIIIOTHSIET
olepar Ha 3TOM OHTOrpade, KOTOPbIE MO3BOJISIIOT WCKATh, J00AB/IATbH U YIAJIATH
KOHIIENITBI, & TaKyKe YCTaHAB/JIMBATHL CBA3UM Mexk1y Kounenrtamu. Cucrema wmeer
nHtepdeiic, KOTOPBIi MO3BOJISIET BHIBOJUTL HA SKPAH OHTOrpad.

Ecim Hy»KHO 106aBUTH HOBBIN KOHIIEIT, TO HEOOXOMMO HaykaTh Ha BKJaJAKy Concepts

mm‘pmnapi@-lﬂm
Moea B andasiti
e
bl o \\ onepaum "4
Plamununomn R O“GPE'”-,{?‘,O K
/ onepaumH
/ Bknmac '
Mnnmua
BKngél{as @ BKIIONAE"
¥ onepauiﬂ Han \
- I'!Inmmmua
/ \ \\
“m"mm L _—
O o> | e
-y T 7" >

BKI'II‘UHES

AHTOHIM

xapanepucmxa ‘.“

losxuHa cnosa [ “K”'O"fae
BIONaE \ leHanNMLKOBA MHOXUHE
‘ \

Puc. 1: IIpumep nepexojia Ha BKJIAJIKY € KOHIENITaMU
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IToce 1ero mosBIsAETCS OKOIIKO:

@ Chrome ®aiin Peparyeatu [Mepernsa  IcTopis Kopuectysadi  Bikvo  [losioka @ T L] 2% = 420147 Q =
®O0® /Mbxx ([ENaix e onx {a Perx (4 fox {[E] Tex { [ Onx ([ Onx {5 Myx { s Paix ([ 0nx/ [3 0nx Y Hosaex \ [ Myx { fre Vorx { Hosaex _9
<« C | ® 127.0.0.1:8000/concepts @ % @ :

Ontograph Concepts Triples

Find concept by name

Add new concept
Mycra mHoxuHa < Haspanue konyenma

M
SOIHMES, RIS &————  OnucaHne KoHWenma
MICTUTb eneMeHTIB. A

.ﬂ. << Haxmu

Remove concepts

Delete | MHoxuHa - [loBineHe 3i6paHHs NeBHUX NPpeaMeTiB HaLWoi IHTYILT 41 iHTenekTy, siKi MOXHa BigpI3HUTI OVH B OAHOIO i 5iKi YSBNSIOTECA 5K
€avHe uine.
Delete | EnemeHT - MpeaMer, siKii BXOASTb A0 CKNamy MHOMXWHM.

o tickets (2).pdf = lab-3.pka # Noxasatusci | x

4N 90 aBBOOAPEFEsSH: & 9% @ -

Puc. 2: IIpumep pobaBieHns KOHIIEIITA

ﬂﬂﬂ TOI'O 94TO 6 HAUTH KOHIICIIT Hy}KHO BBECTHU €I'0 Ha3BaHUE B I10JI€ N HaXKAaTb Ha KHOHKy
<Find>:

Ontograph

Find conceit by name
s Haxxmu

Add new concept

17”

E
Remove concepts

Delete | Cnoso - [losinkbHa CKiH4eHHa NocnigoBHICTL NiTep andasiTy.

Puc. 3: IIpumep nouncka KoHIenTa
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15t ynasteHnst KOHIIENTa HYKHO HaKaTh KJaBuiry < Delete> Bo3sie KoHIenTa KOTOPBIi
HY2KHO yJIQJIUTh!

@ Chrome ®aiin Peparysatw [lepernsn  lIcTopis Kopuctysaui Bikvo [osigka

@ T ] 0oxEl m MM1410 Q =
® © ® /pqBrorx ([ a6 x { ax Onncx { ax Pesyx ) [ Onte x { [ Ontex { @ MyB x { @ Paint x [ onte x { [} Onte x Y Hosask x { [ Mysx { [ Ans x ' 6% Dow x 7‘9
& C | ® 127.0.0.1:8000/concepts

Q | @ :

Find concept by name
Add new concept

sl
ad

Remove concepts

Delete | MHoxvHa - [loBinbHe 3i0paHHs NesHWX NPEAMETIB HALOT IHTYILIT 4N IHTENeKTY, AKi MOXHA BIQRISHUT O4UH Bid OQHOTQ | FIKi YRBNAOTECA AK
ine. Haxmu
Delete

Delete
Delete

eMeHT - MpegMeT, SKWi BXOASTL A0 CKNafy MHOXWHM.

CrkitueHHa MHOXMHE - MHOXWHa, WO CKNaAAETLER 3i CKIHYEHHOrO YMCNa eNleMeHTIB.

MynbTUMHOXMHE - MHOXMH, SKa CKNaAaETLCA 3 ENEMEHTIS AeAKOT MHOXMHI TaK, Lo Ui BNEMEHTU MOXYTb BXOAWTA AC CKNagy el
MHOXMHM B Kl 3aBrOAHO KiNbKOGTI eK3emMnnaAnis.

b Paintbrush-2-1-2 (1).zip n  tickets (2).pdf

lab-3.pka &

WD 90 wBBOOBFEIPS [«

& Nokasatnsci | X

¢ ¢ mmewsFomy

Puc. 4: Ilpumep yrasienus KoHIIETITA

Korya HyKHO ycTaHOBUTL CBA3b MEXKJy JBYMs KOHIIENITAMHU, TO JJIs STOTO BLIOMpaeM
BrJIaJKy < 'Triples>

Puc. 5: IIpumep nepexoa Ha BKIAJKY CO CBA3AMU
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3areM BHIOMPAETCS MMEPBBIIl KOHIIENT U3 CINCKA, BBOAUTCS MMsI CBSI3M, BEIOMPAETCS BTOPOIA
KOHIIENIT ¥ HazKuMaercd Kaasuira Add.

@ Chrome ®aiin Peparysatu Mepernsg lctopis Kopuerysaui  BikHo [losigka @ F ] woxEd m Nr1342 Q =
® C® /o x ([ Mabe x {4 Onn:x {4 Peayx / [) Onte x { [ Onte x @ MyB x s Paini x { [ Onto x Y [ Onte x { Hosaer x B My & x ([ Ann x @3 bow x \ |\ &
&« C | ® 127.0.0.1:8000/triples @ % | @ :

Find triple by concepts or role

Add new triple

Ancasit 4 okniovae || Nivepa 4 Add
Remove triples "N b

Delete | MHOXWHa BKlouae EnemeHT

Delete | CkiH4eHHa MHOXWHA Bra MHOXMHA

Delete | MynbTuMHOXMHa BUL MHOXWHA

Delete | Hapnvwkosa MHoXWHa BUA MHoXUHa

Delete | MycTa MHOXMWHA BUE MHOXUHA

b paintbrusn-2-1-2 (1).zip 7| |4 tickets (2).pdf i lab-3.pka i CLion ¥ Mokasatneci | X

N0 aRBO0OATE@ESH. @ & § mEmeessEePng

Puc. 6: Ilpumep mobasieHus cBsa3u

NmeeTcd BO3MOXKHOCTD HAUTH BCE KOHIIENTHI TIO CBA3U. [[J1s1 9TOTO HY2KHO BBECTH HA3BAHUE
CBA3M U HaXKaTh Kjasuinry <Find>:

Find triple by concepts or role

BKnI04aE| .

Add new triple ~ Haxuu
: +| [Add|

Remove triples

Delete | MroxwHa Brniovae Enement

Delete | Andbasit srnodae EnemeHt

Delete | Cnoso srntouac Jlitepa

Delete | Andbasit srntodas Mosa 8 andasiti

Delete | Konkarenauis cnis sknioyac Cnoso

Delete | Gnoso sxkniouae MNigcnoso

Puc. 7: llpumep noucka cBsa3m
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Jlnst ymaneHus cBA3WM HYKHO HaxKaTh Kiasuiry < Delete> Bozie c¢BsI3m, KOTOPYIO HYKHO

YAQJIUTD.

Triples

Ontograph

Find triple by concepts or role
Add new triple

MHoxwuHa v MuoxuHa + Add

Remove triples

Delete | WHoxXWHa sknioqae Enement

Haxxmu

Delete | CkinueHHa MHOXMHA B, MHOXWHA

Delete | MynbTUMHOXMHA BUA, MHOXUHA

Delete | Hannvwkosa MHoxwHa g MHoxuHa

Delete | MycTa MHoxuUHa BUA MHOKMHA

Delete | NigmHoxwHa sun MHoxXuHa

Delete | HagmHoxuHa Bug MHOXUHA

Puc. 8: Ilpumep ynasienus ca3u

JL1g mpocMoTpa onpejiesiennsl KOHIENTa HY?KHO JIBa2K/Ibl HayKaTh Ha HETO JIEBOW KHOITKOI
MBIIIN U OIIpeIesIeHue MOSBUTCA 10/ OHTOrpadoM:

Concepts  Triples

Ontograph

-

s

=
oo cncei 50T Q:ngﬂ)
Ha)xkmu

MroxuHa - [osinsHe 3i0paHHA NesHNX NPeaMeTis HaWOoT IHTYILIT Yk IHTeneKTy, AKi MOXHA BIOPISHUTH OBMH BIG OAHOTO | AKI YABNAKOTLCH AK EQNHE

uine.

Puc. 9: IIpumep nokasza ompe/iesieHust
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Jl1g mpocMoTpa CMHOHUMOB KOHIIEIITa HYKHO OJIUH pa3 HaxKaTh Ha HEro JIeBOH KHOITKOI
MBI U CUHOHUMBI TTOSBSATCS BO3JIE JIAHHOTO KOHIIEIITA!

Ontograph

Puc. 10: [Ipumep mokasa CHHOHUMOB
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Ceenenus 06 aBTOpax:

Kpeoisoriit Cepreit JIykbsanoBud, qokTop dbus.-MaT. HayK, npodeccop, npodeccop Kadeapb
nH(MOPMAIMOHHBIX cucTeM (haKy/IbTeTa KOMIBIOTEPHBIX HAayK U KubepHeTuku Kuesckoro
HallMOHaJIbHOTO yHUBepcuTera nMmenn Tapaca [llesuenka.

Japuyk Haranua IlerpoBra, mokTOp duiosorndeckux Hayk, mpodeccop, mpodeccop
KadeJIpbl YKPAMHCKOTO sA3bIKa W IMPUKJIJIHONW JUHIBUCTUKKH VHCTHTYTa duiomorun
Kuesckoro namumonabHOro yHUBEpcuTeTa nMenn Tapaca IlleBuenka.

HAcenosa Upuna CepreeBHa, KaHIMJIAT TEXHUIECKUX HAyK, JIONEHT KadeIpbl
KOMITBIOTEPHBIX ~ HayK dakynabreTa UHPOPMAIMOHHBIX — TexHoJoruit  Kuesckoro
HAITMOHAJILHOTO YHUBEPCUTETA OMOPECYPCOB U ITPUPOJIONIOTHE30BAHUS.

lNonoBuna Anekcanapa JleoHnmoBHa, cTymaeHTKa 4-T0 Kypca (akyIbTeTa KOMIIBIOTEPHBIX
HayK u Kubepuetukn Kuesckoro HamponaabHOro yuupepcutera umenu Tapaca [1lesuenka.

Consap Anna CepreeBHa, cTyleHTKa 4-T0 Kypca ¢aky/abreTa KOMIIBIOTEPHBIX HayK H
knbepHeTnKH KneBckoro HaruoHa/bHOINO yHUBepcuTeTa nMenn Tapaca Illesuenka.

METHODS AND TOOLS OF KNOWLEDGE REPRESENTATION SYSTEMS

S.L.Kryvyy, N.P.Darchuk, I.S.Yasenova, A.L.Golovina, A.S.Solyar

Abstract: Short review of systems analisys, tools and knowledge representations, building
of ontologies by using natural languages text processing are considred. In spacial case
presented review on Descriptions Logics, which is now active development. An example
representation of concrete objective area by using ontograph with set of operations over
ontologies are described.

ACM Classification Keywords: Systems of knowledge representation, Description Logics,
ontograph, operations over ontologies
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