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Artamonova E.N. 
THE ACTUAL STRESS DISTRIBUTION FOR FOOTINGS ON LOOSE 

COHESION-LESS MATERIAL 
arten538@rambler.ru  

 

Reliability is an important factor design to consider the variability associated 
with the design inputs. As a model of the base we consider the model similar to 
V.Z.Vlasov model but recorded in increments according to the method of 
successive parameters' perturbations of V.V.Petrov. In this study, subgrade 
strength variability and flexible foundation and pavement designs are evaluated for 
reliability. Reliability is an important factor design to consider the variability 
associated with the design inputs. Parameters such as mean, maximum likelihood, 
median, coefficient of variation, and density distribution function of subgrade 
strength are determined.  

The approach is based on an extensive literature review of current damage 
concepts included in current mechanistic-based design procedures, soil permanent 
deformation laboratory data. Design outputs are compared in terms of reliability 
and thickness using these design procedures. It is shown that the provides higher 
reliability values compared to the probabilistic procedure. All the existing sub-
grades fail distress reliability such as rutting and top down cracking reliabilities. 
Currently uses a single design value to deal with variability associated with sub-
grade strength design. The actual stress distribution depends on the type of mate-
rial beneath the footing and the rigidity of the footing. For footings on loose cohe-
sion-less material, the soil grains tend to displace laterally at the edges from under 
the load, whereas in the center the soil is relatively confined. This results in a pres-
sure diagram somewhat as indicated in fig.1.  

 
Fig. 1 
  

Equation of state in increments are [1]: 
( )3,2,1j,i,eГeE klijklklijklij =+∆=σ∆  

The issues of deformation and durability cylindrical shell interacting with the 
underlying base considered with its viscoelasticity examined on the basis.  
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As a starting base is used Vlasov-Leontiev model. For account the deforma-
tion of rheological base is used integral form of the deformation law. The obtained 
resolving equations are presented in increments according method of successive 
parameters' perturbations that letting go from the nonlinear problem to linearized 
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regarding to load increments. Thus in the process of problem's solution used the 
mathematical modeling of the problem of static of viscoelastic structural elements 
with use the basic methods of deformable solid mechanics. 

To obtain the resolution system of equations describing the deformation proc-
ess, it's necessary to have the equilibrium equations, boundary conditions, equations 
of state and relations for changes in parameters of the equation of state depending of 
the parameters of external process. We consider the cylindrical shell of circular 
shape interacting with the base. As the boundary conditions adopted swivel bearing. 
The increments of movements of base medium points represented as: 

( ) ( )
( ) ( )




∆=
∆=

∑
∑

.z,xwz,xw
;z,xuz,xu  

Here the functions iU∆  and kW∆  are unknown, but ( )ziϕ  и ( )zkψ  – the dimen-
sionless functions to be selected in accordance with the boundary conditions of the 
problem.  

The resolving equations relatively the displacements' increments: 
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E  – module of the base deformation, ν – Poisson's ratio. D*, E*- Volterra in-
tegral operators [2], for example E*=E(1- R*);  

 R*∙ f(t) = ∫R(t-τ)∙ f(τ)dτ, as experimentally proved that the deformation of the 
base ground can be described by the Boltzmann-Volterra law of hereditary creep. 
The hereditary creep theory includes all the theories based on rheological models. 
By virtue of the said commonality of Boltzmann - Volterra hereditary creep theory 
it's possible to improve the accuracy of ground bases deformation studies by 
mathematical methods. 

The condition for plate durability for limiting deformations reduced to satis-
faction of the conditions : εос≤ εпр, where εос - base deformability characteristic; εпр 
– maximum value of structure precipitation. 

To solve this problem we use the variational Bubnov-Galerkin method. The 
calculation is performed on small time intervals. Length of the shell l = 5 m, the 
wall thickness h = 0,4 m, shell radius r = 3 m , Poisson's ratio ν = 0,35. Taking into 
account nonlinear properties significantly affects the results of the numerical calcu-
lation; also obtained that the stabilization of draft occurs within two years.   
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Bolotova S.Yu., Makhortov S.D. 
USING PARALLEL COMPUTING IN THE PRODUCTION SYSTEMS 

MODELS BASED ON THE MULTI-THREADED RELEVANT LP-
INFERENCE 

bolotova.svetlana@gmail.com, sd@expert.vrn.ru 
 

1 . Introduction 
Production systems is an important area of the theoretical and applied re-

search in the field of artificial intelligence. They are used in the theory of learning 
and problem solving systems, the development expert systems, covering a large 
variety of applications in several areas, such as medicine, engineering, exploration, 
and others [1]. Production systems have very rich history and the fact that they are 
still of interest is confirmed by numerous modern applied and theoretical re-
searches in this area [2-5]. 

However, production system programs are very computationally intensive and 
run quite slowly. In particular, they often require an exponential number of compu-
tation and intensive exchange with external memory. This fact reduces their effec-
tiveness, and therefore, many experts try to avoid working with programs that re-
quire extreme amounts of resources [1]. Consequently, a significant increase of 
production systems performance is the important part in theoretical and applied re-
search. 

There are several possible ways for speeding up the execution of production 
systems. This paper focuses on one of the methods based on using parallel comput-
ing in the production systems models [6] and presents the architecture of an object-
oriented class LPStructure, encapsulating the most important properties and meth-
ods described in [6], including searching logical reductions and solutions of the 
production logical equations. Multi-threading is a fundamentally new element in 
the implementation. This class was developed in MS Visual Studio, using the C++ 
language and STL library. For the purpose of reusing the class in other software 
systems, its interface is designed as a dynamic C-library, called LPStructure.dll. 

2 . A general description of the algorithm 
The considered software system implements the relevant parallel backward 

chaining based on the solution of the production logical equations and for this pur-
pose is uses mathematical algorithms for finding the truth preimage and accelerat-
ing backward inference [6]. Hereafter we use the notations and definitions used in 
the mentioned article. 

LP-structure (lattice-production structure) – is the lattice with an additional 
binary relation set on it, which has a number of production-logical properties [6]. 

The relevant backward inference strategy is aimed at minimization of a query 
number to the external information source (either to a database or an interactive 
user). The inference based on equation solving starts with the creation of all mini-
mal initial preimages in the LP-structure for the atoms that correspond to the val-
ues of an examined object. Using this constructed set it is enough to find the pre-
image that contains only true facts. If founded it makes possible to have a conclu-
sion about the corresponding value of the object. The effective way to achieve that, 
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is to prioritize the viewing of the preimages containing the values of the most rele-
vant objects [6]. These are first of all the objects, whose values are present in a 
maximal number of the constructed preimages. A negative answer to a unique 
query eliminates all subsequent queries about the elements of a facts subset. Along 
with a significantly reduced number of queries, when using LP-inference, the pref-
erence is given to testing the sets of facts of a minimal cardinality. 

However, experiments have shown that the process of simultaneous construc-
tion of the minimal initial preimages for large knowledge bases and their "deep" 
structure may require an excessive amount of computational resources of the com-
puter. Considering this relevant LP-inference method was modified to use parallel 
computing algorithms. Parallel relevant LP-inference allows speeding up the proc-
ess of constructing sets of facts that are required in the inference, and their further 
processing [7]. 

As an illustration we shall give simplified descriptions of algorithms of a 
relevant LP-inference and a parallel LP-inference. 

Input: 
initial facts – true (set T ), false (set F ); 
set of rules R ; 
hypothesis b . 
Output: 
true initial preimage 0 0 0X = {x ,...,x }1 n  for b  

(or 0X  = null). 
 
//  Relevant LP-inference  

0X  = null 
{X} = getPreImages(b)  

while 0X  = null and {X} ≠ ∅  do 
   k = getRelevantIndex({X},T)  
   Ask(x )k  

   foreach X {X}j ∈  do 

      if X Tj ⊆  then 

         0X = X j  

         break 
      end 
      if X Fj ≠ ∅I  then {X}= {X}\ X j  

   end 
end 
The function ( )Ask x  asks a user (or an external database) about the truth of 

an atomic fact x  and according to the answer modifies sets T  and F . Function 
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( )getPreImages b  solves the equation with a right-hand side b , i.e. it constructs set 
{ }X  of all minimal initial preimages for atom b . The equation solving is carried 
out by splitting relation R  into "layers" ,tR t T∈ , each containing no more than 
one solution [6]. The layer has the maximum possible set of relationship pairs with 
the unique right-hand sides, and two layers differ in one pair at least. In each sepa-
rate layer the process of the equation solving is reduced to the problem of finding 
the set of initial nodes of the graph ,tR bG , corresponding to a layer. A working with 
different layers is organizing independently and in parallel. 

The primary application thread creates secondary threads (which are limited 
by the MaxThreads - the maximum number of threads), passing them a block of 
data. Hereinafter the "threads" are threads of execution [7]. Created thread searches 
the solution of production logic equation in a separate layer. When the sufficient 
number of preimages is calculated (or all preimages), the LP-inference program 
module immediately checks its "truth", sending queries to the external information 
source, if necessary. If one of the preimages is not true, program stores the infor-
mation about false facts (it reduces possible number of rules, required for next 
equation solution) and calculates the next preimage cluster which also significantly 
speeds up the process and after that threads exit.  

In the case of large amount of running threads, in accordance with the Am-
dahl low, the efficiency of parallel computing is declined. Frequent creation and 
termination of threads with a short lifecycle and switching their contexts increase 
the amount of resources. Therefore, in implementing a thread pool mechanism is 
used [7]. The maximum pool size is limited by parameter. Its value must be greater 
than the number of processors in order to achieve the maximum simultaneity. 

The main thread takes thread from the pool and passes the necessary data for 
processing. When the number of active threads reaches its maximum, the request is 
queued. If the number of active threads is less than the maximum, a new thread is 
created. When the number of active threads is maximized, request queued and 
waiting for the release of one of the threads.  

For the high efficiency the processes of preimages calculating and their fur-
ther analysis are performed asynchronously. Until a solution is found, the another 
preimages cluster stored in the dynamic queue Q . The main thread takes the pre-
images clusters from the queue and (if one of the secondary threads is free) initi-
ates the parallel analysis of their items relevance. The most relevant elements are 
placed in the priority queue P , based on a binary heap. 

The maximum queue size is specified by the maxRelevanceQueueSize  pa-
rameter. Such data organization is used to sort investigated elements according to 
their relevance, to change their order by adding new elements, if necessary, and to 
access to the element with maximum value in the constant time. The process of 
identifying the relevant objects of constructed clusters continues until a solution is 
not found. The general structure of the parallel algorithm of the relevant inference 
can be represented by the following scheme. 
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Fig. 1. Algorithm structure scheme 
 
The parallel algorithm of the relevant inference is presented below.  
//The parallel relevant inference 

0X  = null 
while 0X  = null  do 
    asynchronous  call {X}= getPreImagesCluster(b)  
    if {X} ≠ ∅  then 
   // Add the cluster to queue Q  
        addClusterToQueue(Q, {X})   
    end 
    // If the queue is not empty 
    while  not clustersQueueIsEmpty(Q)  do in parallel  
   // Extract the cluster from queue 
        {Y} = extractClusterFromQueue(Q)   
        foreach ( jY {Y}∈ ) do 
            if jY F ≠ ∅I  then j{Y}= {Y}\Y  
        end 
        while 0X  = null  do 
   // If P  has the free place 
         asynchronous if ( relevanceQueueSize(P)< maxRelevanceQueueSize)  
            then in parallel  
         // The relevant object index k  ant its relevance 
         foreach ( jY {Y}∈ ) do 
           if jY F ≠ ∅I  then j{Y}= {Y}\Y  
         end 
         k = getRelevantIndex ({Y},T,relevance= 0)  
           // Insert object to the priority queue 
        InsertToQueue(P,k,relevance)   
         else   
             Waiting()  // Wait until the queue is freed 
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         end 
         asynchronous while (relevanceQueueSize(P)!= 0)  do 
    // Element with a maximum relevance 
             k = ExtractMaxFromQueue(P)   
             kAsk (y )  // Check the fact truth 
             foreach  jY {Y}∈  do 
                 if  jY T⊆  then  

                     0
jX =Y  

                    break 
                 end 
                 if jY F ≠ ∅I  then 
                     foreach ( m jy {Y }∈ ) do 
                         //Element in P  - lower relevance 
                         if melemIsMemberOfQueue(y ,P)  then 
                          mchangeRelevance(y ,P)  
                     end 
                 end   
             end 
         end 
      end  
    end 
end 
The function getPreImagesCluster (b)  launches the process of computing the 

fixed number of minimal initial preimages for the atom b . As already mentioned, 
this process is carried out in a separate threads to provide the greatest efficiency. 

Function ({ }, , 0)getRelevantIndex Y T relevance =  finds the relevant element 
and it relevance  relevance  for each cluster in a separate thread. Then the element 
and it relevance placed in the priority queue. If this element is already there, the 
total relevance is calculated and queue is rebuilt. 

At the same time the ( )kAsk y function asks the external source about the 
truth of the most relevant fact, extracted from the priority queue. If the negative re-
quest answer is obtained the preimages, which contain an ky  element, excluded 
from consideration, and already investigated elements relevances are modified. 

As an illustration we shall give the computing model as an acyclic graph 
( , )G V R= , where the set of operations is represented as a set of vertices 
{1,...,| |}V V= , and the information dependencies between operations - as a set of 

arcs R  [8]. The arc ( , )r i j=   means that the operation j  uses the result of another 
operation i . The operations of algorithm that are not connected by an arc can be 
parallelized. 

A possible way to describe the parallel execution of the algorithm solution 
search in a separate layer shown in Fig. 2. 
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Fig. 2. Count computing 
 
Hereafter is an algorithm of getPreImagesCluster(b)   function, where 'R  is a 

set of layers { }iR .  As already mentioned, the solution in each layer is calculated in 
a separate thread. The maximum number of threads in the pool is limited by 
MaxThreads  parameter. The number of active threads is stored in the 
countUsedThreads  variable. If the pool has a free thread, then it schedules this 
thread for execution by passing it pointer to a ( )iFindEquationDesicion R  function, 
that finds a solution in the next layer iR . 

The algorithm of ( )getPreImagesCluster b  function is presented below. De-
note the set of layers as { }iR . As already stated, the solution of each layer is calcu-
lated in a separate thread. The number of currently active threads is stored in the 
countUsedThreads  variable. If a pool has a free thread, the new thread is started 
and it calls the ( )iFindEquationSolution R function, which finds a solution of the 
equation in the another layer iR . 

// Finding the solutions of the equation for each layer in a separate thread 
foreach iR R'∈  do in parallel 
   if countUsedThreads  < MaxThreads  then 
      BeginThread()  // Start the thread 
      countUsedThreads ++   
      iFindEquationSolution(R )  
      ExitThread()  // End the thread     
      countUsedThreads - -  
    else  
      Waiting()  // Wait until the thread is freed    
    end 
end 
Function ({ }, , )getRelevantIndex Y T relevance  finds the index k  of the any 

of the most relevant and not checked for truth facts contained in the current cluster 
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elements { }Y  and its relevance . The function uses two above indices of relevance 
to minimize the number of calls of the function ( )kAsk x . The process of identify-
ing relevant objects is very expensive, so it is also parallelized. For the each num-
ber of facts the system calculates the number of preimages, containing these facts 
using multiple threads (number of threads is limited by MaxThreads   parameter). 
The number of current active threads is stored in the usedThreadsNumber  vari-
able. The fact, that belongs to the maximum number of preimages, increments its 
relevance score by 1. When accessing shared resources threads are synchronized 
using the critical sections mechanism. We also present computing graph for this 
algorithm (Fig. 3). 

 
Fig. 3. Computing graph 
 
A simple variant of the function getRelevantIndex  is given below. 
//Parallel relevance counting 
int getRelevantIndex ({Y},T,relevance)  
if (usedThreadsNumber  < MaxThreadsCount ) or  
   (countUsedThreads  < MaxThreads ) then 
   BeginThread()  // Start the thread 
    if (usedThreadsNumber  < MaxThreadsCount ) then  
      usedThreadsNumber ++   
      usedSelfThreads = true 
    else  
      countUsedThreads ++  
      usedSelfThreads  = false  
    end  
    k = MostRelevantFind(relevance)  //  The relevant atom index 
   ExitThread()  // End the thread 
    if usedSelfThreads  then  
       usedThreadsNumber - -  
    else  
       countUsedThreads - -   
    end  
   return k  
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else  
   Waiting()  // Wait until the thread is freed    
end 
The Re ( )Most levantFind relevance  function finds the index k  of the most 

relevant object and its relevance. 
The benefits of parallel LP-inference are confirmed experimentally. When 

processing the large knowledge bases the use of parallel algorithms speeds up LP-
inference by up to 30%. 

3 . Conclusions 
Often the processing of large knowledge bases requires a lot of computational 

resources. Thus it is necessary to find ways to improve the efficiency of such sys-
tems. The presented library demonstrates the methods of using the theory of LP-
structures in order to speed up the backward inference production systems, as well 
as the program based on the use of multi-threading. A similar approach can also be 
applied to systems having a more complex structure, because many models in in-
formatics have production nature, and the structures of information representation 
are often hierarchical [9].  
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Masich I.S. 
THE PROBLEM OF FINDING THE MAXIMUM PATTERNS IN LOGICAL 

RECOGNITION ALGORITHMS 
i-masich@yandex.ru 

 

Creation and use of logical algorithms for recognition are based on identify-
ing patterns in the original data. A set of these patterns forms a decision function. 
Search of patterns can be considered as a problem of combinatorial optimization. 
For more effective solutions the choice of optimization algorithm should be made 
on the basis of the characteristic features specific to the considered optimization 
problem. In this paper some properties of optimization problems that solved for 
finding logical patterns in the data are considered. 

Consider the recognition problem for objects described by binary attributes 
and divided into two classes nKKK }1,0{⊂∪= −+ . The object KX ∈  is describe 
by a binary vector ),...,,( 21 nxxxX =  and can be presented as a point in the binary 
attribute space nB2 . 

The basis of this approach is the notion of a pattern. A positive pattern called 
a subcube of the space of Boolean variables B2

t, which intersects the set K+ and has 
a limited number of elements in common with the set K−. Negative pattern is de-
fined similarly. 

Denote by aP  a pattern that cover some object +∈ Ka . The variables that 
fixed in aP  are equal to the corresponding values of the attributes of the object a. 
To define the pattern aP  introduce binary variables ),...,,( 21 nyyyY = : 





=
otherwise.  ,0

,in   fixed is attributeth - if  ,1 a

j
Piy  

Patterns are the elementary building blocks for logical recognition algorithms. 
Most useful for this purpose are the patterns with the highest coverage (maximum 
pattern), that is, those for which || +∩ KP  is maximum. 

The problem of finding the maximum patterns can be written as the problem 
of finding such values ),...,,( 21 nyyyY = , so that the resulting pattern aP  covers 
as many points +∈ Kb  as possible and does not cover any points −∈ Kc  [1]: 

max,)1(
1

→−∑ ∏
+∈

≠
=Kb

n

ab
i

i

ii

y         (1) 

1
1

≥∑
≠

=

n

ac
i

i

ii

y  for all −∈ Kc         (2) 

This problem is a problem of constrained pseudo-Boolean optimization, i.e. 
an optimization problem in which the objective function and the functions in the 
left side of the constraints are pseudo-Boolean functions – real functions of Boo-
lean variables [2]. 
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Research results show that the search space has sets of constancy of the objec-
tive function. That complicates work of optimization algorithms which start search 
from a feasible point and make search among the neighboring points, since the cal-
culation of the objective function in the system of neighborhoods consisting of 
neighboring points provides no information on best direction of the search. When 
solving practical problems of higher dimensions a set of constancy may be such 
that it covers most of the points of the feasible region. That makes it difficult or 
impossible to work for such algorithms as the genetic algorithm, multi-start of lo-
cal search. 

The main difficulty in the presence of sets of constancy, that is connected 
sets, in which the function takes the same value, is the absence of information 
about what direction should look for the optimal or suboptimal solutions. This 
concerns the behavior of the objective function (1) and the constraint function (2) 
in the space of binary variables. One way to improve the situation is use the infor-
mation not only about the pattern covers objects of the sample, but also use data on 
the distance to objects uncovered yet. 

Let us denote by ),( bPr a  the measure of closeness some point aPKb \∈  to 
the pattern aP . For example, this measure can be calculate as 

∑
=

−⋅=
n

i
iii

a baybPr
1

||),(  

Total closeness to aP  for all points +∈ Kb  and −∈ Kc  can be calculated as 
∑

+∈

+ =
aPKb

aa bPrPR
\

),()(  

and 
∑

−∈

− =
aPKc

aa cPrPR
\

),()(  

respectively. 
So we can use this measures for choice direction of search, for example as 

minimum of  

)(
)()( a

a

PR
PRYS −

+

= . 

An experimental comparison of the two algorithms for search rules is made 
on a number of problems of recognition [3]. 

The experimental results show that the use of closeness of sampling objects to 
the pattern allows us to overcome the difficulties that are associated with the char-
acteristic features of the solved optimization problem and manifest themselves in 
the presence of sets of constancy. That makes possible to find better patterns in the 
data to be used in solving the problems of recognition. 

According to the criterion (1), we seek to maximize the coverage of the result-
ing pattern, i.e. the number of objects captured with the pattern. Each subsequent 
pattern maximizes its coverage, capturing objects that are representative of the 
class, and atypical class objects remain uncovered and in the final rule there are no 
patterns that take into account the objects of the class. Therefore, we obtain a set of 
similar patterns for the class, thereby reducing the quality of the classification. To 
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obtain a classification model with higher different patterns, which can allocate sig-
nificantly different subsets of objects, we propose to modify the criterion (1) as fol-
lows: 

max,)1(
1

→−⋅∑ ∏
+Ω∈σ

ω≠σ
=

σ
S

jj

t

j
jyK        (3) 

where Kσ – is weight of the positive observations σ∈Ωs
+, which is reduced when 

this observation is covered, thereby reducing its priority to participate in the forma-
tion of the next pattern in favor of uncovered observations.  

In order to use the criterion (3) for the formation of patterns, it is necessary to 
set the initial weight for all objects and rule changes weights for objects that par-
ticipated in the formation of the current pattern. We offer the initial weights is set 
to 1 for each object in the training set. Rule of changes for the weight of the object, 
which took part in the formation of this pattern: 





 −=+ maxN

1K,0maxK i1i
, 

where Ki, Ki+1 are weights of the covered object to the formation the current pat-
tern and the next pattern, Nmax is parameter defined by the researcher, which 
means the maximum number of patterns that can cover the training sample object 
in the model. 

Parameter Nmax for each class is given in the range from 1 to the maximum 
number of patterns constructed for this class. If Nmax is set to close or equal to the 
maximum number of patterns for this class, then the value of the criterion (3) tends 
to the value the criterion (1) for each pattern in the model, therefore, the new 
model works similarly to the previous classification. If Nmax tends to 1, then the 
number of patterns with a value of the criterion (3) greater than 0 is reduced, be-
cause initially all objects are captured and their weights are reset. In the new classi-
fication model, insufficient number of patterns is presented, which eventually is 
not capable to classify new incoming objects, i.e. classification quality decreases.  

Thus, using the criterion (3), we obtain the patterns that cover substantially 
different subset of the objects. 

According to the results obtained it can be noted that the use of an optimiza-
tion model with the criterion (3) allows to simplify the classification model, reduc-
ing the number of patterns in the model in 2-3 times compared to the full set for a 
specific task. The accuracy of classification is not decreased or is decreased only 
slightly. When the optimization model with the criterion (3) is used, average de-
gree of patterns becomes smaller, which means that the patterns themselves be-
come clearer and easier to interpret. 

Construction of effective rules and classification models is a difficult combi-
natorial problem. The results of the solution are determined by the type of the crite-
ria and constraints that are formed, and by used optimization algorithms. Their ef-
fectiveness depends on accuracy and laboriousness of the method of classification. 

The investigated data classification algorithm consists of steps, each of which 
requires decision a series of combinatorial optimization problems. Criteria and 
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constraints in the problems are defined by pseudo-Boolean functions, characterized 
by the properties of unimodality and monotonicity that distinguish them in a spe-
cial class of problems where the feasible set is connected. In the general case these 
functions are defined algorithmically, i.e. evaluated through a specific sequence of 
operations. 

Therefore, the most suitable for solving this problem are the so-called search 
optimization algorithms that do not require the assignment of functions in explicit 
form, using algebraic expressions, and use calculations of the functions in points. 

For solving this problem a regular pseudo-Boolean optimization algorithm 
was previously developed [4], which finds the exact optimal solution for a limited 
time; it is shown that this algorithm implements the informational complexity of 
this class of problems. 

At the same time for multiple solutions of this problem with a large number 
of variables the most appropriate is using of approximation algorithms [4], de-
signed specifically for this class of problems and based on the behavior of mono-
tone functions, which are the criteria and constraints, in the space of Boolean vari-
ables. These optimization algorithms are based on finding the boundary points of 
the feasible region. 

Realized classification procedure is not inferior in accuracy to other algo-
rithms for data classification on the practical problems of forecasting. But it has 
several important advantages in practical use. First of all, explicitly known the 
rules by which a decision is made about belonging to a class. This makes the 
method is interpreted and provides an opportunity to apply it to solve those prob-
lems in which the loss from making the wrong decisions can be large, and the deci-
sion itself must be justified. 

Many methods of pattern recognition although find a solution with good accu-
racy, but do not give any explanation about them. However, when using systems of 
diagnosis and prognosis in practical problems (e.g., problems of medical diagnosis 
and prognosis), sometimes you want to know why some new observation belongs 
to a class, how far it is from the “boundary” between the classes, how this decision 
is justified. In such cases, the method of data classification, which in addition to 
the solutions of the problem provides an explicit decision rule, that is, detects 
knowledge from available data. 
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Efficiency of modeling of three components (objects, processes and re-
sources) defines further destiny of the information system realized on their basis. 
Practice shows that shortcomings of initial formalization do not allow then to exist 
long to software products in the information market. Problems are defined, gener-
ally fast glut by the program data and, as a rule, cycling most in themselves. One 
of estimated exits of this situation are offer to divide modeling of abstract objects 
and abstract processes that will allow keeping integrity of a separate class without 
violation of the principles of modeling. We will consider in more detail problem 
part of the question posed. 

The standard schemes determined only by criteria of syntax of the used artifi-
cial language do not allow considering such operations as repetition, duplication, 
parallel one-stage access, etc. Attempts of introduction of the second component in 
the form of semantic rules over processes and objects allow to reduce number of 
the transmitted data, but not to finish within an ultimate goal. At introduction of 
pragmatically function, there are multiple collisions of interaction and interference. 

Exit from this situation usually suggest to use or bases of rules of expert sys-
tems, or difficult systems of the equations of adaptive systems, or other compound 
classical and modern principles. Natural standard result of such "exits" is functional-
ity loss, and the received program tools demand more, temporary, and other re-
sources on decision-making that is not always possible [1]. 

This situation significantly becomes aggravated for systems of support of ad-
ministrative decisions in the operational mode. The complex software products 
presented in the market have feature to build only short-term forecasts, or to make 
only monitoring of current state in the conditions of a situation, and the description 
of planned function requires presence of the person making decisions or the profile 
expert [2]. 

Long-term experience of development and deployment of complex software so-
lutions for control systems of different level allowed drawing a conclusion that a pos-
sible exit from this situation division of formal tools of models of objects and proc-
esses, the description of possible operations can serve as independent methods [3] 1. 

As theoretical base assumptions and theoretical practices of famous scientists 
of Kolmogorov A.N. [4] and Vavilov N. E. [5] are used. For formation of communi-
cation between two autonomous classes of sets, the methodology of " system of sys-
tems" taking into account feature of hierarchy of holon-systems, and the mechanism 
of formalization of processes is use by sets of algebraic values of one operation. 

Feature is ambiguity of the possible total decision or result of function in the 

                                           
 

1 Work is performed with financial support of the Russian Federal Property Fund (14-07-00205-
a, 14-07-00257-a) 
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range of possible decisions and within in advance defined indicator whole (upper 
bound). As the tool defining a set of possible values, the facet system is used. 

For understanding of the offered concept a formalization example (on fingers) 
one process – repetition is review. The settled mathematics assumes the following 
sequence of actions at classical addition (an entry condition – the hand is squeeze 
in a fist): we raise one finger, then the second is two, we open one more is three, 
etc. It is suppose those fingers different and it is take out as an axiom. Neverthe-
less, there is also other scenario when fingers "come back" in a fist or are reuse. 
Algorithm following: we take one finger; we "lift" is one. We "close" it back and 
we "open" again – «+1». We receive that «1+1=1». This scenario is use in applied 
mathematics as the logical additive Boolean OR function. Nevertheless, develop-
ing process (without forgetting about the whole – the closed fist) we receive that 
"having raised" two fingers, and then, "having lifted" and "having closed" one of 
them we have: «2+1=2». Expanding to the level of all hand, we have: «3+1=3», 
«4+1=4», …, «5+1=5» (fig. 1). Here is not present "and so on" as fingers on one 
hand end. However, within five it is possible to use the standard additive scenario 
of addition also: «4+1=5» or «2+2=4». Function with zero is similarly supported: 
«0+0=0», «0+2=2», …, «0+5=5» (all fingers "are closed" – all fingers "are open"). 
Not to confuse result of classical addition and addition from whole it is offered to 
designate the first option (classical) the sign «=», and result on the basis from 

whole the sign « » (in this case, the basis is equal «5»). 

 
Fig. 1. Example of use of additive function of the sum in the whole 

 

Irrespective of size whole in the range from 0 indefinitely or , the upper 
bound will be no more maximum value – value of the most whole. For example, on 
two hands of 10 fingers, therefore, the physically whole is equal to ten, but their 
designation will depend on a statement of the problem. 

The lower bound matters under the described conditions equal to zero (all fin-
gers "are closed"). However in tasks with the negative size (fingers do not "open" – 
"are closed", and "are closed" and "open") the number, i.e. for a hand is allowed 
inverse whole (or the second hand) the lower bound will be equal «-5», and top – 
«5» (whole, all fingers "are closed"). The scenario with one "hiding" finger and 
boundary scenarios within the whole have one basis. It is possible to assume that: 

A.1. For any whole value (indicator) whole will always be the upper bound. 
The lower – zero or mutual and opposite whole value of the upper bound  
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Area of admissible values of non-negative elements of addition in one action 
within the whole 

As well as earlier, further, for an example, we consider the whole – a palm and 
five fingers, but we will change an entry condition. If at the same time acting 
("opened" – "closed") fingers there is not one, but two, result of additive addition 
(for example, on two) can be, both two, and three, and boundary – four, i.e.: 

− « » – two fingers "opened", them "closed" and "reopened" – the updated 

scenario. Confirmation: . As ; 

− « » – two fingers "opened", one of them "closed" and "opened" it, but 

with another (not equal to the first) a finger – the increasing scenario. Confirmation: 
. As  ; 

− « » – two fingers "opened", and, without closing previous, "opened" two 

more – the classical scenario. Confirmation: . 

As  . 

If the operating fingers not equal quantity, i.e. two participate in "closing" and 
"opening", let us assume, and three, the assumption (A.1) remains. However, it is 
necessary to satisfy an additional condition: the number of the "closed" and "open" 
fingers has to be identical. Otherwise, we pass into additive algorithm of classical 
logical mathematics. 

Feature of the previous scenario is the accounting only of the assumption of 
integrity (A.1). Nevertheless, there is still a subtractive addition when the sum can 
be less any composed. For example, « » - two "open" fingers "closed" 

and "opened" only one of them – the taking-away scenario. Confirmation: 
 As . We will consider 

this scenario (with the same entry conditions) on the example of a share geometri-
cal figure (fig. 2). 

It is necessary to consider that in this case the principle of autonomy, a hiyer-
arkhiya and holarkhiya of avtonom (heritage of  holon-systems [3]) is used: 

1. Each element is at the same time independent avtonom and part of other 
independent avtonom. 

2. Everyone the avtony can use parts of other avtonom, including what it is 
not part. 

3. Everyone the avtony can be identical to another or to be other than it at 
any moment. 

Opening essence whole further, we will show that the result of any sum of ele-
ments of the whole can be equal to the upper bound, value of most whole (fig. 3). I.e., 
for this example « » - the additional scenario. Confirmation: 

, as . 
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Fig. 2. Example of use of subtractive function of addition in whole to five 

 
Fig. 3. Example of use additional the scenario of additive function of addition 

in whole to five 
 

Function of additive, subtract remains, and further. For example, for a palm it 
is possible "to open" and "close" both all five fingers, and any their quantity within 
the whole – five. 

It is possible to assume that: 
A.2. The indicator of the sum defines quantity of options of addition, but no 

more whole. Zero is the lower value – the exception 
Therefore, considering (A.1) and (A.2) it is possible to present values whole 

in the form of sets of results (Table 1). However, a necessary condition is contem-
poraneity, i.e., operation is made once without change of external and internal 
conditions on any time point. 

Graphically additive algorithm (values of ranges to Table 1) can be present to 
similarly subtractive algorithm of addition within whole (fig. 4). 

Table 1 
Multiple representation of addition within the whole – «5» 

      
 

     
  

    
   

   
    

  
     

 
At change of value whole, the quantity of possible options of results of addi-

tion, and the upper bound of values will change [3]. It is possible to assume that: 
A.3. WITHIN WHOLE ADDITIVE AND SUBTRACTIVE ANY SUMS OF ELEMENTS OF 

THE SET CAN ACCEPT VALUES EQUAL TO ONE OF ELEMENTS OF THIS SET 
In other words, value of the sum can be equal to any composed. 

A.4. THE ADDITIVE SUM OF ANY ELEMENTS WHOLE IS THE SET OF CONSECUTIVE 
NUMBERS FROM SMALLEST EQUAL TO THE ELEMENT TO MAXIMUM TO EQUAL 

RESULT OF THE SUM OF CLASSICAL ADDITION WITHIN WHOLE OR TO VALUE WHOLE 
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Fig. 4. Example of use of additive and subtractive functions of addition in 

whole to five 
 

For rules of A.4 and A.5 the sum of zero is an exception. 
A.5. THE SUBTRACTIVE SUM OF ANY ELEMENTS WHOLE IS THE SET OF 

CONSECUTIVE NUMBERS FROM THE SMALLEST, EQUAL TO UNIT, TO MAXIMUM TO 
THE EQUAL SMALLEST ELEMENT 

Practical examples of results of introduction of the offered researches clearly 
demonstrate efficiency of use of the offered concept. The algorithms created on its 
basis are use now for: 

– modeling of rules of actions of forces and means in an operational situation 
(including in adjacent territories) taking into account their possible regrouping; 

– planning of resource base on the basis of collisions of a straight line and the 
return task; 

– modeling of three-dimensional objects of a difficult form of the destroyed 
buildings and constructions when carrying out emergency recovery operations, etc. 

Experiments on adaptation of the modified algorithm of landmark use of the 
developed mechanism during the informing and the notification of the population 
in a peacetime and in the emergency mode now made. 
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In modern society, the battle for information ownership becomes particularly 
acute. It is carefully prepared, funded and implemented by both at national level 
and at competing firms’ level. A key element in getting information is information 
technology: personal computers, software, network equipment (switches, hubs, and 
even printers and scanners). Undoubtedly that in market economy with implement-
ing electronic payment technologies and "paperless" workflow, serious failure of 
local networks just can paralyze the work of corporations and banks, ant it can lead 
to significant financial losses. This indicates that information protection in com-
puter networks has become one of the most acute problems in the world today. In 
countries with developed market economies, the damage from one computer inci-
dents in the financial sector on average is $ 450 thousand, and in general the losses 
of US and Western European countries from the computer incidents per year are $ 
100 billion and $ 35 billion respectively [1]. 

The concept of "information security" is wide enough, it covers everything 
that interacts with information and includes such areas as computer security, net-
work security, communications security, data security. Information security is a set 
of measures providing for covered information the following properties [2]:  

- Confidentiality - only those persons have the opportunity to review the in-
formation (relevant data), who owns the appropriate authority; 

- Integrity - only those persons should be able to make changes to the infor-
mation on who is authorized; 

- Availability is the ability to obtain authorized access to information by au-
thorized persons in the corresponding period of time sanctioned for the job. 

The development of information and communication technologies opens to 
businesses an access to telecommunications networks, as well as to electronic 
libraries, archives and databases, but at the same time increases the probability of 
penetration into the enterprise data. Creating the enterprise local computer network 
not only improves communication between departments and a general accounting 
preparation, but also greatly increases the risk of being attacked by unauthorized 
users. Development of the Internet and e-commerce multiplies information risks, 
as there are additional opportunities for hostile outside intrusion in corporate 
networks: hacking, viruses and abuse. 

In these conditions the management of information security is fundamental 
for company existence and gain an advantage over competitors. The main meas-
ures to provide information security are: 

- development of information security strategy of the enterprise, as well as its 
coordination with the development strategy of the enterprise; 

- definition critical parts of enterprise activities and information risk threaten it; 
- determination the resources volume expended by company on information 

security, and concrete directions of their use; 
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- forecasting the effects of serious security breach for enterprise (reputation, 
income, legal consequences, results of operations, investor confidence); 

- development of information security systems as tool of new activities stimu-
lation; 

- definition of such measures, to third parties acting in good faith (or vice 
versa) could not damage the security of organization; 

- clear allocation of responsibilities for information security. 
One of information security problems is that, despite the reality of threat, ex-

amples of other companies, statistics, no one of enterprises heads does not invest in 
the protection of computers and networks up until they got hacked. Providing in-
formation security involves, on the one hand, the getting (receiving) interesting in-
formation in any way, on the other hand - a careful, focused and ongoing protec-
tion of private information. States, industry, banks, businesses were not defending 
their information become weak and vulnerable. 

Therefore, every company needs to develop an information security system 
based on existing classification of security threats, security principles, methods of 
information protection, and this determines the relevance of work and its purpose. 

In the process of computer security system creating an important place must 
be given to prevention of computer crime and protection data in computer net-
works. World experience shows convincingly that the firm's management makes 
an important decision on computer security, and the cornerstone of this solution 
must be: 

a) determination of funding, it is necessary to allocate from 5 to 15% of turn-
over for information protection (lack of funding is the most dangerous risk); 

b) selection of specialists, real professionals and patriots who need to pay well. 
In modern conditions information protection is particularly relevant. The 

complexity of information security system creation is defined by that data can be 
stolen from the computer and at the same time stay in place, and the value of some 
data is in the possession of them, and not in delete or alter. Information security is 
expensive process and not so much because of costs for purchase or installation of 
tools, but because of the fact that it is difficult to ably determine the boundaries of 
reasonable safety and corresponding system maintenance in working condition. 
The second problem in information security is the necessity to justify the purchase 
of certain protection means, because the majority of business leaders refuse to un-
derstand the need to invest in this area. Lack of management support from the 
leadership is one of the main reasons of refusal to acquiring the protection means. 
Therefore, the success of this project depends on how the rationale for investing in 
information security will be qualified [4]. 

The foundation of creating an organizational and technical measures system 
of information security is risk analysis. Risk analysis is identification of a list of 
potential threats to company interests, events and possible damage that may arise 
as a result of such risks. Currently the whole group of the most important threats is 
allocated; they are associated with interference in computers work and pose a real 
threat to information security. Threats are computer incidents, the main of which is 
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unauthorized access to information stored on the computer. Unauthorized access is 
done using someone else's name, changing the physical addresses of technical 
devices, using the information remaining after solving, software modification, theft 
of digital media, installing recording equipment connected to data channels. 
According to the FBI, 80% of cases of unauthorized access to information are 
carried out by staff of organization in which violations are identified. Sociological 
research shows that 25% of the company's employees are ready at any time and 
under all conditions betray its interests, 50% are willing to do it, depending on the 
conditions and only 25% of firms are patriots and never betray its interests. 

Another interesting question of information security is whether non-
professional users protect themselves from attack by a professional (which, for 
example, tries to introduce "Trojan horse"). Of cause not. But the fact is that there 
are quite a few professionals, and they are usually busy with more serious 
problems, and their services are very expensive for small companies. In principle, 
there are not so much information threats: viruses, Trojans, outside intrusion and 
unauthorized access to local computer. In the last decade, e-mail viruses’ kind, 
parasitizing on human weaknesses, primarily on curiosity is the most common. For 
example, email comes with a proposal to look at Anna Kournikova with attached 
photos. And usually, the first reaction is to look whether that was sent. And the 
virus appeared on the hard disk, which can create with information all that it 
pleases. And it pleases inter alia to send itself to all recipients recorded in the 
address book or format hard drive [3]. 

In a recent Cisco project, aimed at the study of search queries in the Domain 
Name System (DNS), coming from corporate networks, experts on intelligent tools 
of monitoring threats found that in each case the organization showed signs that 
their networks are misused or hacked (see Table 1). For example, 100% of the 
analyzed Cisco commercial networks traffic is directed to websites that host 
malware, 92% of network traffic detected on the blank web page, which is usually 
carried out malicious actions. 96% of the analyzed network traffic directed to the 
compromised servers [5]. 

Table 1 – The main categories of malicious software 
Categories of software Density 
Trojans 64% 
including of online games 41% 
Adware 20% 
Worms 8% 
Other viruses 4% 
Program loader 4% 

 

Methods of dealing with viruses and trojans are described in many books and 
magazines, but, unfortunately, the only 100 percent way to deal with them - do not 
turn on the computer at all. Unfortunately fight against viruses is very difficult, and 
not everyone can handle it yourself, and there are unforeseen costs associated not 
only with the loss and recovery of information, but also with a payment to 
specialists and special anti-virus programs. As a result, most companies ignore 
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basic security measures, such as the installation of the most common antivirus 
programs, and think about it, when it becomes too late. 

Figures, showing why companies do not tend to talk about the cases of 
penetration in their network even to state organizations designed to for addressing 
information security, are interesting: 

- “We are afraid of negative attitude towards us from external organizations” - 90%.  
- “Our competitors can take advantage” - 75%.  
- “We did not know what to report something” - 54% [4]. 
Currently, less than 1% of the companies recorded violations of information 

security of their system, report about these crimes, because they are afraid of 
possible damages from the loss of goodwill and lower stock price. So loss of 
productivity and failures in the operating activities of the enterprise bring major 
damage (figure 1) [6]. 

 
Figure 1 – Achieved result 
 

It is also necessary to note that often the damage is done not with malicious 
intent, but because of elementary mistakes of users who accidentally spoil or 
remove vital data. In this regard, in addition to access control a necessary element 
of information security in computer networks is the separation of users’ powers. 

If in 2000 the unauthorized access by employees was fixed 71% of companies 
then in the early years of the millennium the number of such companies has 
decreased by 35%. But the number of abuse by employees has increased (use e-
mail for personal purposes, downloading pornography, shopping in the Internet-
shops) - from 79% to 91% [4]. 

At the beginning of the millennium the main threats to information security 
are malicious software, mainly worms, but after 2008 the main incidents connected 
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with the conduct of "cyber war" aimed at creating confusion and chaos in the life 
of enterprises and authorities [6]. But thus the main threat comes still from hackers 
and virus writers (figure 2). 

But one thing is to know that hackers, both internal and external are threats, 
and quite another - to do something. For data protection security policies, 
procedures and training are needed. For many managers, the idea of information 
protection from their own staff looks ridiculous. But the banks have no doubt about 
the proper control of the money vaults. And, for example, no one leaves room safe 
wide open so that any bank employee or visitor could climb into it and take money. 
When information will be considered as valuable as money, control over its 
security will be a requirement, not an occasion for meditations. 

 
Figure 2 – Perpetrator type 
 

In conclusion, we would like to emphasize that no hardware, software and any 
other solutions can not guarantee absolute reliability and security in computer 
networks. At the same time it is possible to reduce the risk of loss to minimum 
only under a comprehensive approach to security, which is based on a policy of 
active actions in relation to information security. 
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Problems of text documents management which are based on processing of 
their contents have got significantly important value in the informational systems 
area. It’s caused by constantly growing accessibility of digital documents and ne-
cessity in fast and convenient access to them. New wide area of research was 
called Text Mining, by analogy with the Data Mining. This article considers the 
text classification algorithm based on a modified kNN- method using the principles 
of fuzzy logic. 

For text data classification and clustering, fuzzy interpretation of clusters has 
the most natural representation. Any text in natural language has different charac-
teristic features. Such characteristics may include topics of the text, emotional col-
oring style of writing and many other parameters. Set of texts can be classified us-
ing all of these parameters. In ordinary tasks a "crisp" classification implies a clear 
distinction between classes and the task requires carrying the object to any one 
class. If the object is not classified to the "right" class, it means that classifier 
makes a mistake. 

In the case of text data such parameters don’t allow to make clear classifica-
tion of the texts. Classes do not have clearly defined boundaries, that’s why be-
longing of text to one or another group often cannot be clearly classified. Indeed, 
most of the texts written on a specific topic and even expert is difficult to attribute 
text to one or another category. 

For fuzzy text classification by categories, we choose k-nearest neighbor 
(kNN) algorithm. It was modified considering principles of fuzzy logic. 

Classification algorithm based on a "nearest neighbor" is one of the most sim-
ple and obvious classification algorithms. kNN-method assigns the object to the 
class which most of its "neighbors" (the nearest k objects) belongs to.  

kNN-method uses distance function )',( xxρ  between objects. Distance func-
tion usually utilize Euclidean distance or other measures. Algorithm consists of the 
following steps: 

1. Creating a glossary of terms. 
2. Creating the model of text: text representation as a vectors based on a glos-

sary of terms. 
3. Calculating the distance between the classified document and all texts from 

training collection. 
4. The decision of the text classification based on modified kNN-algorithm. 
So, any object generates a numbered sample. The result is a K neighbors who 

vote for categories. To make a decision, we introduce the necessary barrier to the 
category. This value will be calculated according to the following formula: 

NN
Kx =)(µ  
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where K - number of neighbors voted for this class; NN - total number of votes.  
Barrier is chosen depending on its necessary to classify the text. In other 

words, we need to find minimum number of neighbors, voted for a determined 
category. If the vote is sufficient, classifier makes a decision; otherwise the docu-
ment does not belong to any of the categories. The modification of the k-nearest 
neighbors algorithm is shown in Figure 1. 

The effectiveness of classification is evaluated by the following criteria: Re-
call (Rec), Precision (Pr) and F-measure.  

Precision and Recall are calculated according to the following formulas: 

ba
aPr
+

= ; сa
aRec
+

=  

where a – the number of correctly classified documents, b – the number of in-
correctly classified documents, c – the number of incorrectly rejected documents. 

F-measure is calculated: 

RecPr
 RecPr)(F

+
⋅+

= 2

2 1
β

β
β , α

α
β

−
=

12 . 

If  2
1

=α  i.e. 1=β , F-measure gives equal weight to the recall and accuracy 

and is called balanced or F1–measure, which is calculated: 

RecPr
 RecPr2F1 +

= . 

To demonstrate work of modified classification algorithm, we used texts 
samples in the next four categories: "Computers", "Programming", "Sport" and 
"Travel". We should admit that the categories "Programming" and "Computers" 
are close enough. 

In each experiment (test) a sample of 100 texts was used, average size of each 
text was approximately 1200 words. The results for different values of barrier are 
shown in Table 1. 

Table 1 - Assessment of the effectiveness of the algorithm 
Barrier ( precision) (completeness) F-measure 
0,5 1 0.85 0,92 
0,6 0,95 0.81 0,87 
0,8 0,95 0.81 0,87 
0,9 0,95 0.7 0,79 

 

Modified algorithm of classification has shown a high level of accuracy. 
Moreover, these classes were both homogeneous and heterogeneous. Received 
Precision value suggests that quite often there were texts that could not be attrib-
uted to any particular class. However, these fact shows that the modified kNN-
algorithm is able to find such texts and doesn’t accept wrong decisions. 

Also value barrier impacts on the classification results. If a value of barrier is 
0.5, then algorithm shows high results of completeness, but at 0.9 the results are 
getting worse. The reason of it is that not all documents are in full conformity with 
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this category with the high accuracy requirements to categorization. 

 
Figure 1 
 

We also tested objects that are not included in the training set ("Physics"). 
These articles were not identified in any of the classes. This suggests that the algo-
rithm is able to detect items that do not belong to any of the classes. This is the ad-
vantage of the algorithm because normal classifier attributes text to the most prob-
able class in any case. 

Another experiment was devoted to the depending on the number of classes of 
the classifier. The classification was carried out with different values of barrier: 
0.5; 0.6; 0.8; 0.9. The results are presented in Figure 2. 

The results show that the algorithm has successfully classified two and the 
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three classes, with absolute accuracy. When we increase the number of classes then 
accuracy and completeness are getting worse. That’s why a sufficient number of 
articles have not been assigned to any class. Accuracy rates are not significantly 
deteriorated. This result is very important because the classifier doesn’t make er-
rors with high demands. 

 
Figure 2 
 

This article considers a modified classification algorithm based on the k-nearest 
neighbor method, which showed good results on the accuracy and completeness. 
Algorithm is quite flexible and it is suitable for classification tasks of varying accu-
racy. Algorithm settings are performed by changing the barrier. Another advantage 
of the algorithm is the possibility of rejection of the decision: the algorithm does not 
classify the text, if the document does not belong to any of the classes. 
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1. Introduction. Problem Formulation 
One of the important problems to be solved when constructing the control 

system of rolling is the problem of structural identification of the process of pipes 
at a rolling plant. As the controlled variables we choose distance between felling 
before two passageways a1 and a2, the length of the final product 1L , as the 
parameters of state - the length of purveyance 2L  and the length of a pipe after the 
first rolling 3L . 

In order to synthesize the control its necessary, foremost to build the 
mathematical model of a process, which represents the dependence of the 
controlled variable - size 1L  on the aforementioned factors ( )1 1 2 3 4 5, , , ,L f x x x x x= , 
where 1 2 2 3 3 2 4 1 5 1 2,   ,   ,   ,   x L x L x a x a x a a= = = = = − . 

The problem of identification is to find the unknown dependence of the kind 
( )1 1 2 3 4 5, , , ,L f x x x x x=  on the basis of only the experimental data. Since a type of 

model ( )*f  is not known it is necessary to apply the identification. The Group 
Method of Data Handling (GMDH) suggested by A.G. Ivakhnenko [1] belongs to 
the member of effective methods of structural identification and was developed in 
numerous works of A.G. Ivakhnenko and his colleagues [2, 3]. It's a method of 
effective modeling of complex systems, enabling to restore unknown functional 
dependencies by experimental data. 

The method adopts the ideas from biology, namely mechanisms of evolution. 
1. Crossing or hybridization of paternal pairs (arguments) and the generation 

of descendants; 
2. Mutations and selection of the best descendants; 
The main advantages of the method, which stipulated his popularity and wide 

use not only in Ukraine, but also abroad are the following: 
- the method does not require the formulation of model in an explicit form, 

the model is being built by of algorithm itself in the process of its run; 
- the method may work on short samples, (when the number of coefficients to 

be determined n is less than the number of observations M . 
At the same time the classical method GMDH has the following 

disadvantages: 
- with close experimental points the phenomenon of matrix singularity of 

normal Gaussian equations may occur (so - called “indutsit” by A.G. Ivakhnenko's 
terminology), demanding the application of the special regularization methods; 

-the method gives a point - wise prognosis, meanwhile in a number of cases it 
is desirable to have a confidence interval, which characterizes the accuracy of 
prognosis. 
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Therefore, the last years the investigation aimed for the development of new 
methods, deprived of indicated disadvantages were carried out. 

The fuzzy GMDH is one of such methods, which constructs the interval 
model of regression and doesn't use least-squares method (LSM). Therefore the 
phenomenon of matrix singularity is absent. 

2. The basic principles GMDH 
Let's remind the fundamental principles of GMDH, which are true for its 

fuzzy version as well. The full interconnection between the inputs X  and outputs 
I  in the class of polynomial models can be represented by the generalized 
polynomial of Kolmogorov-Gabor. 

Let { }−= nxxxX ,...,, 21 an input vector, and then such polynomial takes the form: 

...
1110 +∑

=
∑
≤

∑
≤

+∑
=

∑
≤

+∑
=

+=
N

i ij jk kxjxixijka
N

j ji jxixija
N

i ixiaaY
, 

where all coefficients , ,0a a ai ij  aren’t known. 

The principle of multiplicity of models 
There is a great number of mod else providing zero error on the given sample, 

it's enough simply to raise the degree of a polynomial model, i.e. of N  nodes of 
interpolation are available, then it's possible to build a whole family of models 
each of which has a zero error when passing through experimental points. 

Designate by S  the level of complexity of a model (it's determined by the 
number of terms of Kolmogorov-Gabor polynomial). The value of an error 
depends on the complexity of the model. As the level of complexity grows the 
error first drops and then begins to rise. 

So we need to find such level of complexity for which the error will be 
minimal. In addition, if to take into account the action of disturbances, it's possible 
to make the following conclusion. 

1. At the different noise level the dependence of mean squared error (MSE) 
2ε on complexity rate changes, preserving the general orientation i.e. as the 

complexity of the model grows, the error first drops, reaches minimum and then 
begins to increase. 

2. With the increase of noise level min 2ε will grow. 
 3. With the increase of noise level optimal complexity S 0=arg min 2ε will de-

crease (i.e. the optimum value of complexity will be displaced to the left).  
Thus 0)0(2 >Sε , if a noise level is not zero. 
One of methods of overcoming the incompleteness of available data which is 

the consequent of Geodel's theorem of incompleteness is the principle of the 
external complement. As the external complement stands the additional sample 
which was not used for training. 

The search of the best model is carried out thus. 
• All the sample is divided into training and test samples. At the training sam-
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ple learnN  the estimates of unknown coefficients are determined , ,0a a ai ij : 

• With a test (verification) sample Ntest the best models are selected. 
 
The principle of freedom of choice (no the conclusiveness of intermediate 

decisions): 
1. For every pair of inputs ix  and jx  partial descriptions are built (all in all 

2
NC ) of the form  

jxjaixiaajxixSY ++== 0),()(ˆ ϕ , 

where S is a number of partial descriptions, 2..1 NCs=  (linear); 
or 

22
0),()(ˆ

jxjjajxixijaixiiajxjaixaajxixSY i +++++== ϕ
, 

2..1 NCs =  (quadratic). 

2. We determine the coefficients of these models using LSM (least - squared 
method), i.e. we find estimates NNaijaaNajaaa ˆ ,..., ˆ ,..., 11ˆ ,ˆ ,..., ˆ ,..., 1ˆ ,0ˆ . 

3. Further on the test sample we obtain for each of these models the value of 
the criterion  

2

1

)(ˆ)(12 ∑
=





 −⋅=

testN

i

s
kYkY

testNsε

, 

where −)(kY  is an actual output value for the k-th point of a test sample −)(ˆ s
kY is 

the model output for the k-th point and we determine the F  best models, провN  is 
a size of the testing sample 

The selected outputs iy are fed as inputs for the second row. We search 
2)2(

5
)2(

4
2)2(

3
)2(

2
)2(

1
)2(

0),()2(
jyajyiyaiyajyaiyaajxixIz +++++==ϕ . 

The process at the second row runs in the similar way. 
The selection of the best models is carried out again similarly, but 12 FF < , 

where 21 , FF  are the number of the best models of the first or the second row cor-
respondingly which are selected and transferred to the next row of the synthesis. 
The process of rows construction repeats more and more, till the mean square error 

(MSE) falls. If at the m-th layer we get the increase of the error 
2ε , then the algo-

rithm stops. 



Vol. 4, No. 2, 2014 

 

34 

3. Fuzzy GMDH. Basic ideas 
In works [4, 5, 6, 7] the linear interval model of regression was considered 

nnZAZAZAY +++= ...1100 ,       (1) 
where iA  is a fuzzy number of triangular forms, described by the pair of parame-
ters 

),( iciiA α= , 
where iα  is the center of interval ic  is its width 0≥ic . 
Then Y  is a fuzzy number the parameters of, which are determined as fol-

lows: 
Center of interval  zT

iziy ⋅=∑= ααα     (2) 

Width of interval   zTcizicyc =∑ ⋅=    (3) 

In order that an interval model be correct it is necessary, that actual value of 
output y  should belong to the interval of uncertainty that is described by the fol-
lowing constraints: 

 






≥⋅+

≤⋅−

yzTczT
yzTczT

α

α
       (4) 

For example, for partial description of the kind 
2

5
2

43210),( jxAixAjxixAjxAixAAjxixf +++++= ,   (5) 

it is necessary to assign in a general model (1) 
10 =z , ixz =1 , jxz =2 , jxixz =3 , 2

4 ixz = , 2
5 jxz = . 

Let the training sample be { }Mzzz ,...,2,1 , { }Myyy ,...,2,1 . Then for the 
model of form (1) be adequate it's necessary to find such ),( iciα , which satisfy 

the following inequalities: 













≥⋅+

≤⋅−

kykzTckzT
kykzTckzT

α

α , Mk ,1= .    (6) 

So let's formulate the basic requirements for the linear interval model for par-
tial description of a kind (5). 

It's necessary to find such values of parameters ),( iciα  of fuzzy coefficients 
for which: 

а) the real values of the observed outputs ky  will drop (get) in the estimated 
interval for kY ; 

б) the total width of the estimated interval for all sample points is minimal. 
These requirements lead to the following linear programming problem (LP): 
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2 2min( )0 1 2 3 4 51 1 1 1 1

M M M M M
C M C x C x C x x C x C xki kj ki kj ki kjk k k k k

⋅ + + + ⋅ + +∑ ∑ ∑ ∑ ∑
= = = = =

 (7) 

under constraints 
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  (8) 

0≥pC , 5,0=p ,         (9) 

where −k is a number of an observed point. 
As we can easily see, the task (7) – (9) is Linear Programming problem. 

However the inconvenience of the form (7) – (9) for the application of the standard 
LP methods is that there are no limitations of non-negativeness for variables iα . 
Therefore for its solution we pass to the dual problem of LP, by introducing dual 
variables { }kδ  and { }Mk +δ . 

Using simplex-method for the dual problem and after finding the optimum for 
dual variables, we'll find the optimal values for variables of the initial task iα , and 

ic  as well as the proper fuzzy model for the partial description (5). 
4. Description of GMDH algorithm 
Let's present the brief description of the algorithm. 
1. Choice of the general model, which the dependence to be sought after will 

be described. 

2. Choice of external criteria of optimality (the criteria of regularity 2δ  or 
non – biasedness biasnonN − ). 

3. Choice of general type of coordinate function (type of partial description) 
for example, linear or quadratic one. 

4. Dividing the sample into training one and test subsamples. 
5. We put zero values to the counter of number of models and to the counter 

of number of rows. 
6. Generate a new partial model rf  of the kind (5) at a training sample. 

Solve the LP problem (10) – (12) using training sample and find the values of pa-
rameters of the fuzzy coefficients. 

7. Calculate using test sample провN  the value of external criterion. 

Non-biasedness (
non bia s,

( r )N k−

) or regularity ( )()2( rkδ ). 
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8. 1+= kk , If 2
FCk≥  0=k , 1+= rr . 

9. Calculate the minimal value of the criterion for the models of the thr −  it-

eration (( )(rN biasnon −  or )()2( rδ ). If 1=r , then 1=k , go the step 6, oth-

erwise go to the step 10. 
10. If ε≤−−

−−
)1()( rNrN

biasnonbiasnon
, then go to the step 11, otherwise we 

select F  best models and assigning 1+= rr , 1=k , go to the step 6 and execute 
the next ( ) thr −+1  iteration. 

11. Out of the F  models of previous row we select the best model using the 
external criterion of regularization.  

Conclusions 
In this paper the problem of the identification of rolling pipes process was 

considered. The fuzzy GMDH for construction of a model of this process was sug-
gested and described. The experimental investigations of the suggested method on 
a real data were carried out and comparison with the crisp method of GMDH and 
the method of generalized variable were performed and presented and discussed. 
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