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The article is devoted to solving the problem of identifying
cause-and-effect relationships. A method of constructing a
domain model based on data mining, known asformal conceptual
analysis, is considered. It allows to solve problems of structuring
of the available information. The purpose of data analysis
technology is the production of new knowledge, identifying
relationships (links) in the data. This method isused in the article
to solve the problem of diagnostics of technical systems.
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. INTRODUCTION

As you know, one of the main problems of prevention of
technical accidents, as well as enormous losses from natural
disasters, is the lack of the necessary level of provision of
methods and means of measurement, testing, nondestructive
testing, diagnostics and certification of products.

Technical diagnostics represents the theory, methods and
means of detection and search of defects of objects of
technical nature.

A defect is understood as any discrepancy between the
properties of an object specified, required or expected.
Detection of a defect is the establishment of the fact of its
presence or absence in an object. The search for a defect
consists in specifying with a certain accuracy its location in
the object.

Il. RESEARCHMETHOD

The main purpose of technical diagnosticsisto improvethe
reliability of objectsat the stage of their production, operation
and storage.

The reasons for the faulty and inoperable technical
condition of the object can be detailed by specifying the
relevant defects that violate the serviceability, operability or
correct functioning and relating to one or more components of
the abject, or to the object asawhole.

To date, quitealot of diagnostic systems have been devel oped
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that solve the problem of detecting defects of objects. But if
the problem of diagnostics is put in another way, namely to
consider it not only as a problem of detection of defects of
objects, but also as a problem of identification of the reasons
of emergence of these defects, i.e. the reasons of an
inoperable condition of technical system, for itsdecision itis
necessary to use system of formation of cause-and-effect
relations. In this case, the external factors of the aready
exigting situation can determine the actions and / or causes
that affected the functional technical system and led to its
faulty state.

The peculiarity of this problem is the need to structure the
available information about the considered technical system.
It should be noted that this information, at times, may be
incomplete, as a result of which the search for the causes of
the inoperabl e state of the object becomes difficult.

Data mining methods are used for automatic detection of
empirical regularities and their use in solving problems of
classification, pattern recognition, forecasting and
diagnostics. The peculiarity of these methods is their
orientation to problems for which the use of traditional
statistical methods causes great difficulties [1-3]. For
example, thetasks of analyzing alarge amount of information,
poorly conditioned tables (the number of features is
comparable to the number of objects), etc.

The purpose of data mining is to produce new knowledge,
identify relationships in the data. The methods of data
analysis include the so-called formal conceptual analysis
(FCA), introduced by Rudolf Villee The method of
constructing a domain model based on data mining is based
on the theory of Birkhoff lattices and represents a recently
formed logical-algebraic approach. FCA is applied to the
structuring and formation of logical rules for establishing
causal relationships.

This method is widely used in applied areas, including in
solving the problem of identifying cause-and-effect
relationshipsin the diagnosis of technical systems.

To describe the structure of the FCA, it is necessary to define
its basic terms and properties [4-7].

A formal context isatriple (G, M, 1) that consists of a set of
objects G, a set of attributes M, and binary relations
I € GxM between objects and attributes.

On the direct product GxM of two sets, thereisapartia order
if (X,¥)<(X,,Y,) ifandonlyif x, <x, inGand y,<vy,
in M.
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A latticeisa set L in which any two of its elements have an
exact upper face, i.e. combining xv y, and an exact lower
face, or intersection XA y.

ypicaly, a context looks like a table, with rows representing
objects and columns representing attributes.

Let'simagine the context of failure of rotary equipment. In the

the Russian alphabet), and in the columns-signs of these
problems (a set of attributes M, indicated in the table by
numbers). The signswill be descriptions of the spectra of the
signal from the sensor measuring the vertical component of
the accel eration of vibrations on the support of the equipment.
The AC voltmeter measures the RMS, peak voltage and

rows we will write down the various causes of equipment integral level of the meesured sgnd.
failure (a set of objects G, indicated in the table by letters of
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1 2 3 4 5 6 7 8
Condition good A + + + +
Imbalance B + + + + + + +
The curvature of the shaft D + + + + +
Misalignment of the axes F + + +

The table can be interpreted as follows. Each "+" character
marks a pair that is an element of incident relation I.

For example, the binary relation (B, 4) means that in the case
of an unbalance (object) on the spectrum of the sensor signal
at afrequency of 0..50 Hz there is ajump in the value of the
SCR level to 0.018 g (attribute). Thus, (g,m) e | means that
"object g has property m".

The main concept in FCA isthe formal concept. The concept
(A, N) defines a pair of object Ac G and attribute N < M
that satisfy certain conditions.

A iscalledtheextent, N istheintent of the concept, and the set
of all the properties they possessis the content (intensional).
To determine the necessity and sufficiency of conditionsfor a
formal concept, we present two operators, assuming Ac G :

A ={meM | VgeA:(gm)el} )
and accordingly for N c M

N ={geG | vmeN:(g,m)el} )
The above definitions mean that a set A contains all the

attributes that are common to all objects A, and aset N isthe
set of al objectsthat have al the properties of aset N.
A pair (A, N) isaformal concept, if and only if

A=N and A=N. 3)
This property means the following: all objects of the concept
contain all its attributes. This indicates that the misalignment
of the axeswhen considering the spectrum of the sensor signal
ischaracterized primarily by one-time jumps of the SCR level
of more than 0.007 g at a frequency of 0..50Hz and multiple
jumps of the SCR level up to 0.005 g at a frequency of
0..50Hz.
It follows from the definition of aforma concept that for all
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Ac G steam (A",A') there is aformal concept and for all

Nc M steam (N',N") thereisalso aformal concept.

For  formal concepts, the  nature of the
subconcept/superconcept relationship can be defined as
follows:

(AN <(A,N) )= AcANCN,. (4)
Thisrelation reveals a dualism between attributes and objects
of concepts. A concept C, = (A,N,) is a sub-concept of a

concept C, =(A,,N,) if the set of its objects is a subset of
the objects C, . Thus, the set of all formal concepts form a

so-called conceptual lattice.
If the context isgiven by atriple (G, M, I), then the infinum of
such a lattice is formed by a set {J, M}, the supremum is

formed by aset {G,J} .

Based on the dualism between objects and attributes, and the
fact that data analysis and other applications of FCA interest
us in the study of structures and relationships, it is necessary
to present concepts that treat objects and attributes equally.
Thisview isimplemented in line charts.

A line diagram is a graphical representation of a conceptual
lattice. It allows you to explore and interpret the relationship
between concepts, objects and attributes, is an equivalent
representation of the context. It contains exactly the same
information as the relationship table, in which each node
corresponds to a concept from a given context.
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In the diagram, each object has properties assigned to a node
and the properties of the nodes to which that node is
connected by bottom-up arcs. At the same time, given the
duality between objects and attributes, it can be argued that
each property corresponds to the objects assigned to a given
node, and those objects with whose nodes this node is
connected by arcs from top to bottom.
On the basis of the theoretical descriptions of the FCA, the
algorithm of its operation is derived.
Step 1. A record of the available data as a table in which the
rows represent a set of G objects and the columns represent a
set of M attributes.

Step 2. Establishing known relationships between objects
and attributes (binary relationships | c Gx M ).

Step 3. Define rel ationships between obj ects and attributes.

Step 4. Construction of a conceptual grid based on
established concepts formed from a set of objects and a set of
attributes

I, RESULT

Here is an example of constructing a lattice of concepts to
analyzethe cause of failure of rotary equipment. Intable 1, the
formal context K=(G, M, I) is given, where G is the set of
causes of failure, M is their properties, and | is the binary
relation between causes and properties.

When constructing a grid, the matching columns of the table
(if any) can be interpreted as the presence of one or/and
another feature. Therefore, if necessary, on the line chart, the
second feature is enclosed in brackets. This situation can also
indicate alinear relationship between columns.

Figure 1 shows the conceptual grid of the context
"determining the cause of failure of rotary equipment".

A graph consists of nodes that represent concepts and edges
that connect those nodes. Two nodes C, and C, are

connected if and only if C, <C, andthereisno such concept
C, that C,<C,<C,.

Fig. 1. The concept lattice of the context
" determination of the cause of failure of rotary
equipment"

Each object and attribute is entered into the graph only
once. Attributes and objects are arranged along the faces of
the graph asakind of inheritance. Attributes are located along
the faces to the top of the graph. Thus, the highest element of
the graph (the upper edges of the context) corresponds to
{,M} . The base element of the graph (the lower edges of
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the context) corresponds to {G,J} . For clarity, attribute

names are marked with numbers, and object names are
marked with letters near the graph node.

Thus, with the help of aconstructed graph, the relationships
between objects and attributes become explicit and
structured.

Onthegrid, you cantrace al the propertiesthat aparticular
problem of rotary equipment has: this is the set of all the
propertiesthat lie above the node marked with the name of the
failure. Each lattice node corresponds to a concept.

Notethat if for all context objects for which some property
X istrue, some property Y is aso true, then the implication

X —Y istrue. In other words, if theimplication X —Y is
true for the context K=(G, M, I) and to any object g = G

every trait from the premise X applies, then to it also applies
the trait from the conclusion of the implication Y, where
XcMadYcM.

[V. CONCLUSION

Having considered the basic properties and working
principle of formal conceptua analysis, it can be concluded
that this method makes the connections between concepts
explicit. The method is the best suited for the formation and
formalization of concepts in poorly structured problems.
Deciphering the conceptual |attice obtained as a result of the
algorithm does not require additional knowledge, becauseitis
quite ssimple and intuitive. Formal conceptual analysis can be
used to solve the problem of identifying cause-and-effect
relationships, as well as diagnostics of technical systems in
the presence of incomplete information. This method can be
used in solving problems of classification and structuring of
knowledge, for example, in object-oriented design of
mathematical software.
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