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Abstract. The problem of automatic classification of objects described by quantitative features is considered. To solve
this problem there is proposed the approach, consisting of a combination of two algorithms. Next, the solution of this
problem is considered in terms of Boolean programming. There presented the analysis of the selection of combinations
of informative features that define the object of cluster analysis, and a set of software algorithms of prognosis and
enhance of the oil layer.
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1 Introduction
Cluster analysis problem is that on the basis of data about the set of objects is divided into clusters sets(subsets), so that
each belongs to one and only one partition, and the subset of objects belonging to the same cluster were similar at the
time as the objects belonging to different clusters are dissimilar.
Solution of this problem of cluster analysis is partitions that meet certain criteria of optimality. This criterion may be a
functional expressing the desirability of different levels and groups of partitions, which is called the objective function.
Today there are many methods of cluster analysis. Let us discuss some of them.

2 Statement of the task
The problem of automatic classification of objects described by quantitative traits is under consideration.
Let there is a set of admissible, same type of complex objects

X = {x1 , x 2 ,  , x m } ,
which states are described by some set of numeric attributes

T = xij ; xij ∈ M j ⊂ R : i = 1, m ; j = 1, n .
The task of automatic classification is according to calculate the values of predicates Pq ( xi ) " xi ∈ K q " , q = 1, l ,
где Pq ( xi )∈ { 0,1, ∆ } on the basis of the description of admissible objects, i.e.

 1, if xi ∈ K q


Pq ( xi ) =  0, if xi ∉ K q


 ∆ , if objects xi do not belong klasses K q , q = 1, l
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3 Methods of solutions
In [5] to solve the problem there is presented the approach, consisting of a combination of two algorithms - the
algorithm included in the family of algorithms for calculating estimates [14] and the evolutionary algorithm on the basis
of Lamarck’s principle [1]. The problem is solved in two stages. At the first stage for the initial value of the vector there
are calculated binary proximity function of the object upon which an initial classification is constructed and the initial
number of classes are determined. In the second phase to optimize the resulting classification there is performed the
minimization of the functional characterizing the quality of the classification

J (u ) =

∑

∑

R ( p, q )

K i ∈K x p , xq ∈K i
p ≠q

i.e.


J * = J (u * ) = min

u ( s )∈U

∑

∑ R ( p, q )


K j ∈K ( u ) x p , xq ∈K j
p≠q

(1)

where R ( p, q ) - distance between objects with numbers p and q, U − permissible area of three-dimensional vector of
threshold estimates:


U = { u (ε, δ s , δ k )∈ [0, 1 ] }
Here

ε

characterizes the proximity of the two objects on the basis of the generalized feature,

general proximity of the two objects, а

(2)

δ s - characterizes the

δ k – the proximity of an object to a class.

In [13] to solve the problem (1) - (2) there were used methoods of Hooke-Jeeves and Rosenbrock and modifications,
based on the nature of the tasks. In [2] an algorithm that optimizes the initial classification by transferring a set of
objects from one class to another.
The self-organizing algorithm selects the priority scheme of reproduction, which reproduces the most successful
descendants, surpassing their parents. This algorithm makes it possible to determine the effective number of parents. As
mutations in the scheme there is used multipoint mutation and recombination of the interpolation. With the application
of this algorithm the problem of classification of oil wells towards complications is solved. Many years of experience in
operating of oil fields shows that the bottom-hole zone wells is the most vulnerable spot in the “layer-well”. Production
rates are highly dependent on the state of this zone. As the only link between the people and the object of their
activities the bottom-hole zone is worst consequences of different technological influences. These effects occur near the
wellbore, and in most wells, leading to various complications (salification, formation of sands, deposition of tar and
wax, emulsion, formation damage by geological or technological reasons, corrosion, etc.)
In general, the given functional (1) is stair-stepped and has no property of unimodality and differentiability, which
precludes the use of classical optimization methods.
In [3, 4] for solutions of this clustering problem we propose a new algorithmic approach, consisting of two heuristic
algorithms - dynamic algorithm that is included in the family of algorithms for calculating estimates and self-organizing
genetic algorithm, which selects the priority scheme of many parented reproduction and the effective number of parents.
In [5] to solve the problem (1) - (2) there is proposed a new approach based on the Lamark’s evolutionary principle.
Redistribution of objects between classes is an important issue of constructing of the optimal classification. To date,
there is developed a number of decision rules, existing through a redistribution of objects between classes. In [11] there
is found the criterion that provides a transition from “unfamiliar” class to “own” class on one object. In [6] there is
considered generalization of changes in this criteria for case when µ objects simultaneously transferred from one class
to another.
Let there is given a set S of т objects, T–m×n- dimensional attributive matrix. Each object is described by п features.
Let it is known some preliminary classification. It is required to construct the optimal classification Φ by the selected
criteria.
One of the most popular criteria (functional) is the sum of squared deviations, i.e.:
~
l

Φ = ∑ Φν ,

Φν =

ν =1
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where

xj =

~
l is

1
mj

number

of

pre-classes,

~
, j ∈ I ~l = 1,2,..., l

xν
∑
ν
=1

belonging to the class

x

and

{

mj

}

are

objects

belonged

to

is the vector of averages for class

классу,

class

K j ; m j - the

K j . Here x denotes the Euclidean norm in R , that is x =
n

j -th

and

number of objects

n

∑x
i =1

2
i

In [6] there are concider two classes. Here we find conditions under which several objects simultaneously can be
moved from one class to another class, in respect that the functional should be reduced.
Let simultaneously transferred µ - objects

x p ∈ K i , p = 1, µ

from class

Ki

to class K j . Then there must be

satisfied relation :

Φi * + Φ j * < Φi + Φ j
To move the

μ objects from the class K i , xν ∈ K i ,ν = 1, µ in the class K j it is necessary and sufficient

satisfaction of relation:
μ

∑

q =1

2

xq − x j

−

μ2
( m j + μ) 2

μ− xj

2

2

μ

< ∑ xq − x i

−

q =1

3μ 2
( m j − μ) 2

μ − xi

2

In [7] the above problem is considered in terms of Boolean programming.
We denote

j

the number of objects in

j − th class. “Costs” associated with the inclusion of the i-th object in the

j − th group we denoted by cij .We introduce the variable xij

as follows:

1, if i − th object belongs to j − th class,
xij = 
0, in other case.

ij

Then

 j = ∑ i,

j = 1,  .

 =1

If the number of classes

X = X ij



will be of the order

is known before classification, then the matrixes of “cost”

m ×  . In this paper the number 

C = C ij

and

is known, and after pre-classification of objects

by the algorithms of calculating of estimating [14] it is defined the upper limit of the number of objects

* ,  ≤ * .

After the implementation of the model below, some preliminary classes may be empty, i.e. their number can be
determined by defining of the content of the classes.
In the paper the matrix of “cost” C assumed to be known and intragroup sum of squares is taken as Cij. Then the
mathematical model of an optimal classification of objects will be in the following form:
m
m

min  ∑ ∑ C ij X ij / ∑ X ij = 1, X ij = 0 ∪ 1, i = 1, m; j = 1,  .
=
1
=
1
=
1
i
i
j



It is known that the term “cluster analysis” includes a number of different classification algorithms, which grouped
objects into clusters. Cluster analysis is one of the paradigms of technology Soft Coputing, which are constructed on the
basis of the various systems of Artificial Intelligence. The concept of fuzzy logic is commonly used in two senses - the
narrow and broad. In a narrow sense, fuzzy logic is a logic system, which is an extension of multi-valued logic. In the
broad sense of the word, which is now dominated, fuzzy logic is equivalent to the theory of fuzzy sets, i.e., classes with
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inaccurate, blurred boundaries. Thus, fuzzy logic, understood in a narrow sense, is a branch of fuzzy logic in the broad
sense. Here, the question of belonging to the set is a matter of membership degrees.
Fuzzy logic in the broad sense (FLb) has the ability to expand the capabilities of classical logic in areas where classical
logic can not provide satisfactory solutions [12]. There are some problems associated with natural language for which
means of FLb can build a better model than it is possible in classical logic. This paper FLb serves in answering the
questions posed in the theory of cluster analysis in the aspect of separability of objects into clusters within the
framework of the rules. As part of this work two basic schemes of reasoning are described: an elementary deduction
based on the modus ponens [8], as well as more complex scheme, which aims to establish a rigid or functional
relationship between the objects and between objects and clusters.
To this day criterion for establishing of the completeness of the feature space does not exist, therefore, to establish the
truth as more signs can be taken, then it is defined their optimal number by the synthesis of selected features. It is
known that the information contains not only in the individual characteristics, it generally contains in the combination
of features (informative combinations). One of the main problems of recognition task is to find those characteristics that
lead to differences of objects from different classes.
For the construction of algorithms and programs in the problem tasks of cluster analysis, it is necessary to set rules for
dealing with units of various levels of natural language. Generalized language units are defined by notion of Syntagm
and syntagmatic descriptions may reflect one or another specific study. Syntagmatic turnover is more informative
workload: they contain an additional message that accompanies the report, contained in the distributed parts of the
proposal, and are characterized by the relative informative autonomy. In [9] description of the object by syntagm in
terms of the scope and content of the object denoted by the word, is the basis of clustering. The algorithm of
classification used different conditional clauses, which are the implication which is described in natural language. Next,
the two-stage classification algorithm is used in the first phase of a preliminary set of clusters formed in the second
stage, i.e. at the stage of improving the classification there is used the fuzzy approximation of the relationship between
objects and classes.
One of the main problems in the oil industry is hard recoverable reserves. The effectiveness of development of lowproductively deposits of oil depends on the quality and trouble-free operation of exploitation of the producing wells, the
work of which is largely determined by the state of bottomhole zone. According to the current state of the bottomhole
zone there is the greatest information on which it is possible to affect effectively the recovery and increase the
productivity of oil wells. And when the old field starts to dwindle, the use of traditional methods of production often
becomes ineffective.
The current stage of development of the oil and gas industry in terms of depletion of large deposits of oil production is
characterized by the intensification and control selections, discovery and rapid commissioning of medium and small
deposits, reduction of oil recovery, as well as the introduction of advanced techniques and science. Exploitation work is
carried out generally not in individual wells, and on integral parts of fields and layers. And the problem of increasing oil
wells is reduced to the problem of enhanced oil recovery. Therefore, in designated areas of the layer there are studied
the structure and distribution of residual oil in detail, the dynamics of the main indicators of development, the types of
complications, refined geological and physico-chemical conditions. On the basis of summarizing of information
adopted geological and technical measures put into practice for a particular site.
The solution of this problem is reduced to the solution of the following sub-tasks in an environment of
uncertainty considered [10]:
 selection of informative features that describe the state of oil wells;
 diagnostics state oil wells;
 forecasting state oil wells complications (saline, non-saline);
 choice of method or methods of enhanced oil recovery on the basis of two criteria - time and cost.
The software system was developed in DELPHI 7 to solve this problem.

4 Conclusion
Considered works in this article are the concise compilation of publications in the field of cluster analysis. The work
object is achieved by various methods of automatic classification.
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