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Abstract — A technique for designing a hypernetwork for searching natural language word forms with various graph models and
implementing it in a spelling control and correction system based on the use of soft computing, in particular neural networks, fuzzy
models, and fuzzy inferences, is proposed. The parameters of fuzzy graph models are optimized, numerical results are obtained.
Knowledge bases with fuzzy rules and databases, n-grams of frequency dictionaries, dictionaries of word forms are implemented.
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I. RELEVANCE OF THE TOPIC

In practice, the solution of various optimization problems is associated with the construction of a fuzzy search
hypernetwork, the use of fuzzy rules for checking the reliability of text information, a database (DB), frequency dictionaries of 71
-grams of structured models of natural language grammar, a knowledge base (KB), fuzzy inference algorithms and neural
networks [1,2]. A fuzzy semantic hypernetwork is based on extracting information properties, patterns of n-fold errors, as well as
using the properties of self-adaptation and self-organization of a neural network (NN). Fuzzy control rules are formed in such a
way as to minimize the search time (or total time), which vary within certain limits [3,4].

This paper proposes constructive approaches, principles, mechanisms for controlling and correcting spelling errors aimed
at creating an automated search, image recognition, using databases, knowledge bases, and the apparatus of neuro-fuzzy networks
(NFN), where object identifiers are considered in various forms of representations [5,6].

II. SEARCH ENGINE BASED ON A FUZZY HYPERNET

The search image, which is fixed on the model, has a different importance, is evaluated according to the criteria
represented by fuzzy numbers. The solution of the problem is carried out by the transition from the original model to the fuzzy
one. The sets of vertices and edges of the graph are fixed, which generally describe the network structure of the search. The
constructed, oriented fuzzy search graph is based on the extraction and use of fuzzy rules for controlling a distorted word form,
the formation of alternative word forms in order to correct errors in texts. To optimize the structure of a fuzzy graph model, we
consider three variants of the network model architecture according to fuzzy criteria, in which graph vertices, graph edges, graph
vertices and graph edges are considered as variable parameters [7-9].
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Option 1. A fuzzy graph model of the form (N;l :()?, F) is designed, in which X ={< ,u(xi)/xi >4,
iel= {1,2,..., I’l} are a fuzzy set of graph vertices; F' - set of graph edges; ,u(xi) - value of FP /4 for vertex X; € X,
1 X —>[0,1].

Option 2. The distances between the vertices of the graph are given by fuzzy numbers. At the same time, fuzzy graph

models of the form (N;z = (X,ﬁ) are designed, in which X = {Xi} ,iel= {1,2,...,1’1} are the set of graph vertices;
F= {< My < xl-,xj >/ < xi,xj >>} , xl-,xj € X - fuzzy set of graph edges; M5 < xl.,xj > is the value of the

membership function (MF) £iz for the edge <X; > X > and My X2 —> [0,1] .

Option 3. A fuzzy graph model of the form 53 = ()?,ﬁ) is projected, in which )? = {< ,u(xl-)/xl- >},
iel= {1,2,...,1’1} are a fuzzy set of graph vertices, ,u(xl-) is the value of the FP u for the vertex X; elX,
,u:X—)[O,l].; ﬁ={< Hf <xl-,xj >/<xl-,xj >>}, xl-,x]- € X is a fuzzy set of graph edges,
M <xl-,xj > is the value of the MF My for the edge <xl-,xj >u M 2X2 —)[0,1].

To determine the parameters of graph models, we use the following definitions. Search path - 0 is represented by a

sequence of arcs (al sy, q ), its length is taken as a fuzzy number [ ( p) , equal to the sum of the lengths of all arcs
includedin O, i.e.
[ (p)= Zcij
(X%, )ep

i

where C ij is a fuzzy number representing the length of the arc connecting vertices X; and X

j .

To determine the shortest fuzzy path between vertices X; and X; € X , a fuzzy number }_7 is taken, for which the

condition
[(py)=minl, (py).
r
where P is the path between vertices X;, X € X:.r= 1,2,..., S;

S is the number of different paths between vertices X;,X; € X ofthe graph G.

The divergences of paths between vertices are those paths that differ from each other by at least one edge included in the
path. The paths between the vertices are represented as fuzzy numbers, and when determining the membership function, they are
segmented [10,11].

III. OPTIMIZATION MECHANISM FOR FUZZY GRAPH SEARCH MODELS

Model optimizations are minimax search object placement problems. Consider a fuzzy graph built according to option 1.

A path P in a fuzzy graph is represented by a sequence of arcs (al sy, d q ) , its fuzzy length is taken to be a fuzzy

number / ( p) equal to the sum of the lengths of all arcs included in P, i.e.
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I(p)= Y .

(xi’xj)ep

where Eij is a fuzzy number representing the length of the arc connecting vertices X; and X e

For the shortest path [_?l-k between vertices X; and X € X , the condition
[(py)=minl,(py).
r
where p;; is the path between vertices X;,X; € X, r= 1,2,...,S , S is the number of different paths between vertices
X;, X € X ofthe graph G.

The solution of the problem is based on operations on interval numbers. Let two intervals A :[d

dll] and
B= [a’sz 9d12] be given. The sum of two interval numbers A= [dsl ,dll] and B = [ds2 ,dlz] is determined by the

formula

sl»

A+ B=[dg +dg,dy +dp],
where the value W(A) =d n- d g2 estimates the width of the interval A=[d 51> d 1 ].

The center of interval A = [d d I ] is calculated as

sl
We propose the following ways to optimize the graph model based on the comparison of intervals [12,13].

Method 1. Comparison of the left boundaries of the intervals. Let two intervals 4 = [d 51> d 11] and B = [d §25 d 12]
be given. Then A < B if dsl < ds2'

Method 2. Comparison of the right boundaries of the intervals. Let A = [d sl’d ll] and B = [d S2,d [2]. Then
A<Bifd; <d,.

Note that these methods do not take into account the length of the interval and only one of the boundaries is used in the

comparison. Moreover, if in the first case d 1= d §2 » and in the second - d n= d 12 » then it is necessary to compare the width

of the intervals.
Method 3. Comparison of interval centers: A< B itm gy <mpg.

This method better takes into account the size of the intervals and their left and right boundaries, but a situation may arise

when M 4 = M p . In accordance with the above, we propose a generalized method for comparing intervals.
Method 4. To determine the minimum of two intervals, the following condition is checked.
ifdy <dy, and djy <djy,then A<B.

If it is not satisfied, then it is necessary to check the second condition
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A<B.,ifmy<mgp,
where mA :(dsl +dll)/2 and mB :(dS2 +d12)/2

If m 4 = mp, then the third condition is checked: A< B and W(A) < W(B) , where W(A) = d” - dsl and
W(B)=d;, —d,.

Thus, first it is checked whether conditions 1 and 2 are satisfied simultaneously, then condition 3 is checked. If this is not
enough, the width of the intervals is compared.

~

Optimization of graph model parameters. For each vertex X; € X of the reduced graph G, we define two fuzzy
numbers - the external and internal separation of the vertex X;. Then we get the following expressions for calculating fuzzy

numbers of external and internal separation [14,15]:

So(x;)= max[g(xl.,xj)],

Xje

5 (x;) = max[d (x;,x,)].

Xje

* ~ * . ~ ~ *
Vertex Xy, for which S (xo) = min [SO (xl- )] , represents the outer center of the graph (7. And the vertex X, , for
X; €

which

~ * . ~
s,(x; )= ;nelﬁ[sz (x;)].
i

represents the interior center of graph G.
* ~ ~ *
The vertices Xy , which are the outer center, represent the fuzzy inner radius of the graph p, = S, (x ¢ ) .

When the fuzzy number of external and internal separation of a vertex X; is given by

S0.:(x;) :ggﬁg({d(xi,xj)er(xj,xi)},

*
then it is considered that at the vertex X, ,, the minimum of the expression is reached

- * -
SO,t(XO,t) = mm[so,t (x,)],
x;eX

~ ~ *
which represents the outer-inner center of the graph, and the value pOg , = S t(xo t) is the fuzzy outer-inner radius of the

graph G.

Assume that the vertices of the graph are given as intervals

[ds(xi’xj)adl(xiﬁxj)L
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where d s (xl- , X j) and d ! (xi , X j) are, respectively, the distances between the closest and most distant points of polygons
X; and X jo respectively. Then the formulas for calculating fuzzy numbers of external and internal separation will take the form:
So(x;) = ma§{[ds (xiaxj)a dl(xiaxj)]}a
X;e
J

Et(xi) :)fngi‘(/{[ds(xj:xi)a dl(xj:xi)]}-

Since there are interval numbers on the right-hand sides of the given equalities, the values of the numbers of external and
internal separation will also be intervals. In this case, the outer radius of the graph is defined as follows [16,17]:

50 (50) =505 (%), S0y (x0)] = min {[s, (x;) 50, (6,1}

1

and the inner radius is defined as
~ % £ * .
S () =845 (g )8 (X)) = inelr}{[sts (x;),8, (x)]}-
i

Fuzzy numbers of external and internal separation of vertices are entered in the distance matrices, which are located in the
last column and in the last row of the matrices. As can be seen from these tables, when comparing intervals along their left

boundaries, the centers of the graph will be the X, , X4 vertices. In this case, the value of the graph radius is [5, 22].

Let us consider the case when the average values of the distances between the vertices on the model should be taken into
[}

account. Let on the edge (xi o X j) of the graph, the length of which is equal to C ij » the point )’ be located
So(v)=max[d (y,x;)].  5,(y)=max[d(x;,y)].
x;eX x;eX
ES
Point )y for which
~ , % . e~
So(¥o) = min[5,(y)].
Y
represents the absolute outer center of the graph, and the y;k point for which
~, ¥ .~
5;(y, ) =min[s; (y)].
y

absolute interior center of the graph.

Let ) be a point, the location of the edge (xl , X 4) of the graph G in the middle, the distance from the vertex X to

the point )/, and the distance from the point ) to the vertex X4 are [3, 5].

The shortest fuzzy distances from the point ) to all other vertices of the graph, as well as the fuzzy numbers of external

and internal separation, are calculated, and their results are shown in Table.1.
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If we use their average values as a criterion for comparing intervals, then we get that the point is the center of the graph

~

G for this example, because the radius value equal to [11, 19] is smaller than all other values of 30 (xl-) and E(xi),

X; € X, i= 1,2,3,4 . In minimax placement problems, the center of the graph can be located both at a vertex and on an edge.

Table 1.

X1 X2 X3 Xq Y So(x;)
X, 0 [4,12] | [11,23] | [6,10] 3, 5] [11,23]
X, [4, 12] 0 [7,11]1 | 110,221 | [7.171 | [10,22]
X3 [11,23] [7, 1] 0 [8,14] | [11,19] | [11,23]
X4 [6,10] | [10,22] | [8,14] 0 3,5] [10,22]
y [3, 5] [7,17] | [1L,19] 3,5] 0 [11,19]

§(x;) | 01231 [ 110,221 | (15,23 | [10,22] | [11,19]

IV. CONCLUSION

Thus, the used models, algorithms and mechanisms based on soft computing allow optimizing the fuzzy graph of search,
recognition, control and correction of spelling errors in natural language texts. Why can be given fuzzy weights of vertices,
characterizing their importance. Fuzzy weights of vertices or edges of a graph can be represented as fuzzy triangular numbers,
numbers with a bell-shaped membership function of linguistic variables.
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