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This paper reports an ontological approach
to designing intelligent decision support to
control the quality of multi-layered dou-
ble-glazed windows within the framework of

that produces solar energy complexes. It is

ing the tasks related to managing the quality
of VIE products necessitates the application of
an ontological engineering toolset to create a
unified knowledge space that would cover the
manufacturing phase of a product’s life cycle.
The methodical basis for making an ontolog-
ical information-analytical system (OIAS) to
manage product quality was the tool plat-
Jorm “TODOS” (Ukraine) whose means were
used to synthesize a set of ontological models
that make up the intelligent core of OIAS. The
OIAS knowledge-based inference procedure
has been described when making a decision
about a deviation in the manufacturing pro-
cess that led to the emergence of damage. This
procedure implies the implementation of direct
and reverse inference based on the knowledge
in the ontological environment and makes it
possible to identify the sources of defects and
damage and generate a solution to eliminating
these sources. Procedures have been devised
to assess the effectiveness of the development
and application of OIAS to automate the quali-
ty management of multi-layered double-glazed
windows. These procedures employ a set of
indicators that reflect both the technical and
economic components of the quality control
process. It has been shown that during 2019 a
typical subcontractor enterprise that applied
the developed system managed to reduce the
number of defective products by about 73 %.
Further research areas have been identified,
including the development of methodical means
and, based on them, the toolsets for the deploy-
ment of industrial ontological quality manage-
ment systems

Keywords: solar energy complexes,
multi-layered double-glazed windows, quality
management, ontological approach, efficiency
evaluation metrics
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1. Introduction

Currently, in the Central and Southern European coun-
tries, in particular, in Ukraine, alternative energy complexes
based on solar panels are becoming increasingly common [1].
At the same time, a relevant task is to improve the profitabil-
ity of such complexes relative not only to conventional ener-
gy-generating technologies (nuclear, thermal, hydroelectric
power plants) but also to advanced such as wind and tidal.

The task to ensure the operational efficiency of alterna-
tive energy systems using solar energy implies the implemen-
tation of a series of applied problems among which the cost
of production of energy-generating units is important. Each
of these units is a solar battery placed in a special airtight
container whose outer part is glazed. The efficiency of unit
operation depends to a large extent on the condition of the
glazed part of the container (no raindrops, snow cover, and
ice), as well as mechanical damage to the glass.



Based on the above circumstances, it is critical to ensure
the quality of glazing containers for solar panels in an energy
complex (EC).

The glazing of a solar cell container is a multi-layered
double-glazed glass, made using the Triplex technology,
with internal electric heating [2]. The manufacturing tech-
nology of such packages consists of many responsible stages,
on each of which there may be defects and even damage to
products. Analysis and timely identification of the causes of
such deviations is a non-trivial task characterized by a high
level of uncertainty and the need to process large amounts of
information in real time. This explains the need to develop
special computer tools to support decision-making to identi-
fy and address the causes of deviations in the manufacturing
processes of multi-layered double-glazed windows.

The way production is organized significantly affects
the cost of production of power generation units and solar
energy complexes. The most advanced form of production or-
ganization today is a virtual instrument-building enterprise
(VIE) [3]. The main feature of a VIE, distinguishing it from
conventional enterprises, is the almost complete absence of
fixed assets. The specificity of business processes at a VIE
implies the assembly of goods in rented areas. Given this, the
timing of manufacture and supply for the assembly of compo-
nents at subcontractors is crucial for the successful operation
of this type of enterprise. However, the concept of VIE orga-
nization outlined in work [3] does not reflect the key factor
in determining the efficiency of such an enterprise, namely
the level of quality of materials and components that are de-
livered to the assembly. The presence of defects and damage
of assembly components inevitably leads to disrupting the
“just-in-time” regime as the main principle of ensuring the
VIE stable operation.

Based on the above, in order to improve the efficiency
of VIE operation in producing solar energy complexes, it is
advisable to create and deploy special computer systems for
managing the quality of products, in particular, multi-lay-
ered double-glazed windows, at enterprises-subcontractors.

2. Literature review and problem statement

The ISO 9001:2015 certificate of quality is a testament
to the existence of an effective quality management system
at an enterprise-subcontractor producing multi-layered dou-
ble-glazed windows. Such a system should include a series of
organizational, technical, software, and other measures to
ensure product quality. Paper [2] shows that most subcon-
tractors experience a series of problems preventing product
certification in accordance with ISO 9001:2015. These
problems are due to the insufficient level of mechanization
and automation of operations to produce multi-layered
double-glazed windows; low manufacturability and small
seriality of manufactured products; instability of the quality
of parts and components.

The way to overcome these issues is discussed in
works [2, 3]. In particular, it is shown that in order to orga-
nize the automated assembly of double-glazed windows, it is
necessary to ensure the accuracy of the product’s matching
parts, to ensure the required reliability and performance
of the devices for automatic assembly, to choose the types
of assembly design, etc. The authors of study [3] point out
that the highest level of mechanization and automation of
assembly processes is the comprehensive mechanization and

automation of all types of operations — preparatory, basic,
auxiliary, and post-assembly. However, works [2, 3] do not
offer a constructive approach to informationally maintain
the quality management processes of assembly components
during VIE, in particular, the authors do not address the
problem of quality control of components at related enter-
prises-subcontractors.

The integrated mechanization and automation of the
assembly process of multi-layered double-glazed windows
at many enterprises that can act as VIE subcontractors
currently employ assembly machines and automatic lines
at which all types of assembly operations are carried out
without the direct participation of workers in the assembly
process. The functions of workers-fitters imply control over
the prover operation of automatic assembly units, adjusting
them when switching to the assembly of another type of
product, etc. Since a multilayer glass unit is assembled
manually, it should be taken into account that its design
may not be suitable for transferring it to a complex mech-
anized or automated assembly. This should be taken into
consideration when automating the task to manage the
quality of such a product.

The directive process of multi-layered double-glazed
windows and their structure is the basis for the analysis of
the flow of product quality data, the basis for assessing the
current state of assembly machines and lines, including con-
trol and control systems [5]. The specificity of VIE operation
as a new form of industrial organization implies a revision
of the concept of the directive manufacturing process, in
particular in terms of decentralization of the quality man-
agement system of assembly units.

Modern practice shows that the most effective means
of organizing automated quality control of manufactured
products are the information-analytical systems with an
ontological component [6, 7]. The ontological approach pro-
vides an adequate representation of the certification process
using computer tools [8]. At the same time, the existing tools
for the development of such systems are focused on solving
a rather narrow class of tasks [9] whose extension requires
significant refinement of the software and, in some cases, the
hardware platform. A common drawback of works [6-9] is
the lack of theoretical justification and practical recommen-
dations for applying an ontological approach to the design of
industrial information-analytical systems.

The authors of [10, 11] examine in detail the issues of or-
ganizing virtual enterprises using an ontological approach;
work [12] discusses the role of ontological engineering in the
implementation of the Industry 4.0 concept in general, and,
in particular, in the organization of manufacturing in the
post-industrial period. The scientific results reported in the
cited publications allow the authors to argue that under the
current conditions the only way to improve the efficiency of
industrial business processes is to move from data-oriented
technologies to knowledge-oriented technologies, among
which the most advanced one is the ontological approach.
Study [13] describes the technology for the construction,
deployment, and operational maintenance, within a VIE
framework, of the ontological system of the ERP class, using
intelligent agents. This approach seems redundant as onto-
logical structures, by their very nature, make it possible for
the implementation of the knowledge-based inference (KBI)
procedure directly in the environment of ontologies them-
selves. For the organization of KBI directly in the ontologies
themselves, the results describing such procedures have not



yet been published. Work [14] addresses the application of an
ontological approach to modeling a VIE business structure
but it does not tackle the quality management of assembly
components manufactured by subcontractors.

Our analysis of the scientific literature has revealed that
up to now there have not been any constructive approaches
to the informational maintenance of quality management
processes within the VIE concept.

Thus, in order to improve the efficiency when solving
the tasks related to managing the quality of the production
of multi-layered glass windows for the containers of solar
panels in EC, produced at VIE, it is necessary to create, by
the means of ontological engineering, a single, homogeneous
knowledge space, enabling KBI, which would cover all the
aspects and stages of a product’s life cycle.

Resolving this task could make it possible to fill the
existing gap in research aimed at the informational main-
tenance of industrial processes, in terms of quality manage-
ment, based on an ontological approach to the acquisition,
representation, and manipulation of knowledge.

3. The aim and objectives of the study

The aim of this study is to develop, by the means of on-
tological engineering, a specialized information-analytical
system to manage the quality of multi-layered double-glazed
windows produced at an enterprise-subcontractor, in order
to improve the efficiency of VIE operation when making
solar energy complexes.

To achieve the set aim, the following tasks have been
formulated and solved:

—to build a set of ontological models of knowledge about
the implementation of an industrial phase in the life cycle
of multi-layered double-glazed windows, as well as the reg-
ulatory framework and possible deviations from it during
production;

—to devise a knowledge-based inference process in the en-
vironment of an ontological system

nents (materials, parts, assembly units, blocks, components,
etc.); vj(t) is the set of intermediate parameters of assembly
units formed by the implementation of the current operation;
Tx(?) is the product’s initial parameters; a ¢ index indicates
the current value of the parameter, and arrows — the direc-
tion of the flow of parameters formation.

This model takes into consideration the assembly po-
tential of products, which depends on the size, the physical
parameters of the assembly components, and the assembly
process. The size parameters of the assembly components
and their matching surfaces are determined by the accuracy
of manufacturing individual layers.

Obtaining the components that are to be assembled with
increased variations in the size of the matching contours can
disrupt their pairing, damage the product and assembly devic-
es, break and fail the equipment. Therefore, in preparing the
product for automated production, it is necessary to establish
tolerances for the manufacture of assembly components and
their connection, which could provide the set output parame-
ters of the product. This is especially important when techni-
cal requirements impose special restrictions on the deviations
of these parameters. The list of such restrictions is regulated
by the DSTU standard BV. 2.7-107-2008 [15].

To ensure the system is operational in accordance with the
ISO 9001:2015 requirements in terms of quality, an ontolog-
ical model has been developed in the TODOS tool platform
environment [16]. A given model (Fig. 1) makes it possible
to control the availability of all the necessary components of
the system, thereby forming a single space of knowledge for
decision-making. The limitation of a given model when used
in practice is the absence of requirements of the DSTU stan-
dard BV.2.7-107-2008. Although this standard is currently
harmonized with the ISO 9001:2015 standard, it reflects a
series of features inherent in domestic production. Due to this
circumstance, in order to ensure the adequacy of the entire set
of ontological models, it is advisable to further supplement the
developed set with an ontological model for the requirements
by the DSTU standard BV.2.7-107-2008.
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layered double-glazed windows;

— tojustify an approach to assess-
ing the effectiveness of ontological
engineering tools to automate the
process of solving the tasks related
to managing the quality of multi-lay-
ered double-glazed windows.

4. Development of a set of
ontological knowledge models to
manage quality in the production

of multi-layered double-glazed
windows

In general, the model of prod-
uct quality flow can be represented
in the following form:
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<xml version="1.0" encoding="windows-1251" 7>
<IS09001 Name="ISO 9001:2015">

<QMS Name="CucTema ynpaeneHu1a Kayectsom">

<i7_5 Name="OnepaynoHHuiin koHTpone" NameEng="7.5
Control operational activities">

<i7_5_1 Name="KoHTponk npoueccos nponssoacTBa 1
cepBlcHoro ofcnyxueaHna” NameEng="7.5.1 Control
production and service provision"/>

<i7_5_2 Name="YTBepx/jeH1e NpoLeccoB NponsBoACcTBa
1 cepBucHoro obcnyxuBaHus” NameEng="7.5.2 Validate
production and service provision"/>

<i7_5_3 Name="laeHTu¢uKauma n npocnexmsaemocTe
npoAykunn” NameEng="7.5.3 Identify and track your
products”/>

<i7_5_4 Name="3awnTa co6cTBEHHOCTM 3aKazyuKa"
NameEng="7.5.4 Protect property supplied by customers"/>
<i7_5_5 Name="CoxpaHHOCTb NPOoAYKUMN 1 N34eNMiA” 5
NameEng="7.5.5 Pressrve your products and

components”/>

<ii7_5>

3 v

where x;(¢) is the set of parameters
for the original assembly compo-

Fig. 1. The ISO 9001:2015 standard taxonomic tree in terms of manufacturing process

quality management



The ontological model of the ISO 9001:2015 standard,
shown in Fig. 1, is an ontology of the subject area in the
developed quality management system to produce multi-lay-
ered double-glazed windows. Based on this model, a single
dictionary of terms and definitions for the entire system
(glossary) has been formed. This avoids situations of ambig-
uous interpretation of terms.

A set of objects in the domain for which quality is a rele-
vant factor is set by the top-level ontological model (Fig. 3).
This model includes the concepts “Resources”, as well as
“Process,” “Operation”, and “Organization.” In the TODOS
software package, the top-level ontological model is set by
the following type of taxonomy (Fig. 2):

Attention must be paid to the fact that definitions of
processes and products are given in terms of actions and
resources. The ontological approach uses a single dictionary
of terms (glossary). This has made

it possible, in a given case, to ensure
File Edit About

and shows the relationship between them. Fig. 3 shows the
ontological model of the directive manufacturing process of
multi-layered double-glazed windows; Fig. 4 — a fragment of
the ontological model “The range of materials for the produc-
tion of multi-layered double-glazed windows.”

The ontological approach makes it possible to combine
different manufacturing processes into a single knowl-
edge base of the ontological information-analytical system
(OIAS); when the monitoring database is updated in a
dialogue mode, it notifies the chief technologist about devia-
tions in the process implementation.

As part of constructing an OIAS to manage the manu-
facturing quality of multi-layered double-glazed windows,
an ontological model “Equipment for the production of
multi-layered double-glazed windows” was devised, shown

in Fig. 5.
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“Requirements” and “Specification”.

To access the quality parameter, one
needs to establish the nature of the on-
tological “this” relationship, and what
concepts from the set “Operations” must
be available to obtain this relationship.
Thus, the top-level ontological model
formally describes the knowledge both
about the nature of the product quality
and the processes of its production.

The knowledge represented in the
ontological system covers all activities
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<?xml version="1.0" encoding="windows-1251" ?>
<UpperOntology Name="OHTonorua sepxHero yposHa">
<Qrganization Name="OpraHusaymna”
NameEng="0Organization">

<Supplier Name="TocTaBwnk"/>

<Customer Name="3akaz"mk"/>

</Organization>

<Process Name="Tlpoyecc">

</Process>

<Activity Name="Onepauua"/>

<Resource Name="Pecypch">

<Personnel Name="TepcoHan"/>

<Equipment Name="06opygoBaHune"/>

<Product Name="Tpoaykynsa">
<Processedmaterials Name="3aroToBka"/>
<SoftWare Name="TlporpammHoe obecneyeHns"/>
<HardWare Name="KoHe1Hoe nsgenne">
<Requirement Name="Tpe6oBaHuns"/>
<Specification Name="Cneyndunkayun"/>
</HardWare>
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that are part of the quality management
system of multi-layered double-glazed
windows produced by a subcontractor

A Ontolog
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<?xml version="1.0" encoding="windows-1251" 7>
<Materials Name="Martepuane">

<SheetGlass Name="MlucTosoe cTeKno">

<item Name="A"/>

<itern Name="B"/>

<item Name="C"/>

</SheetGlass>

<ButyralResinPellicle Name="TlonnsuH1nGy TupansHele
nneHkn"></ButyralResinPellicle>

<Thermode Name="Tepmogatumkn"></Thermode>
<FrameMaterials Name="Matepuansi
oBpamnalwue"></FrameMaterials>

<Pad Name="T"pyHToBKN"></Pad>

<Solvent Name="PacTsoputenn"></Solvent>

<Frame Name="Pamkn"></Frame>

<Thermistor Name="TepumcTopr"></Thermistor>
<KonstantanWire Name="KoHcTaHTaHoBas
npoeonoka“></KonstantanWire>

<Resistor Name="PeaucTopu"></Resistor>
<ElasticBag Name="Mewkn peanHoBLie"></ElasticBag>

Fig. 3. The ontological model of the directive manufacturing process of multi-layered double-glazed windows

Fig. 2. A fragment of the ontology of the upper-level quality management system in
the production of multi-layered double-glazed windows
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<Description Name="OnucaHne">
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</Description>
<Stages Name="Ctagun">

</InspectionTest>

</MaterialPreparation>

NextStage="SagMoldingPreparation;
InteroperationalControl">
</Cutting_FacetGrinding>
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<AviationGlassMaking Name="Cxema nponzsoactea

<item Name="[laHHaA cxema Nno3BonfeT Nony4nTbL obuee
npefcTaBneHne 0 Npoleccax NpPousBoACTBa

<InspectionTest Name="BxoAHOM KOHTpOnL"
NextStage="MaterialPreparation; Cutting_FacetGrinding">

<MaterialPreparation Name="Tlogrotoeka matepuanos”
NextStage="Cutting_FacetGrinding; Etching">

<Cutiing_FacetGrinding Name="Pezka u paueTrposaHie”

v |<SagMoldingPreparation Name="TlogroToska K

rioration in the quality of products launched
into production. The starting data for these
tasks are:

—the ontological system, which includes
the models described above “Equipment,”
“Materials,” “Manufacturing,” “Product Char-
acteristics Relationship,” “Directive Process
for the Manufacture of Multilayered Glass”;

—afragment of a database containing the
results of measurements of the characteris-
tics of products from four batches, during an
inter-operative control, and at the Technical
Control Department (TCD).

To illustrate the progress of problem-solv-
ing, we use a scheme of manufacturing
multi-layered double-glazed windows in the
form of an orderly set of blocks (Fig. 6). Us-
ing this scheme, we describe the scenario
of the following production situation. In-

Fig. 4. Fragment of the ontological model “The range of materials used in the
production of multi-layered double-glazed windows”

2 ontolog [BEE

File Edit About
= @ O6opygosaHue

L JDaleTHLe cTaHKK

@ PeBpoBtie cTaHkK

MNManens ¥npasnedusa
Haobasute MNone

@ CraHkun Ans noApaBoTku yapanuH

& AeToknae ZAK

@ YcraHoBka Bakyyn-Bakyym

@ TepmocTar

@ Mevn MonnupoBaHna

@ 3akano4Hele ne4n

@ Kamepbl ANnA HaHeCEHWS 3NeKTPONPOBOAALMX N
@ MNeys AnA MoHHoro obmeHa

& ABTOMAT ANA HaHECEHUA LWIMHOK

@ YcTaHoBKa ANA BaKyyMUPOBaHWA MOAUMEPHBIX ¢
@ BaHHa AnA TpaBneHuUA cTekon

YeTaHoBUTL 3HaueHIs

<item Name="TepmocTat"/>

@ lWramn ans NPOGHBKN NNEHKN ANA MAMIOMWHATOf <itam Name="Tle4n MORNHMPOBaHUS"/>

] XOHOAMJ’IBHER YcTaHoBKa

) 3epKankbHas NpoeKUMOHHAA ycTaHoOBKa )
nonuIepHeIx cTekon"/>

<item Narne="BaHHa Ana TpaBneHus cTeKon"/>
<item Name="lTaMn Ana npo6uBKK1 NNeHkK 4na

WNAMUHATOPOB"/>
< >

PaleTHEIS CTEHKK

<?xml version="1.0" encoding="windows-1251" ?>
<Equipment Name="060opysosaHne”>

<item Name="®ayeTHble cTaHKK"/>

<item Name="Pe6poBHis cTaHkn'"/>

<item Name="CraHku ana nogpaboTkn yapanuH"/>
<item Name="ABToknaBhl razoBeie”/>

<item Name="AsToknas ZAK"/>

<item Name="YcTaHoBka Bakyym-BaKyym"/>

<item Name="3akano4Hule ne4n"/>

@ YcTaHoBKa AnA NpoBepki oNTUMECKNX UckaxeH <item Name="Kamept AnA HaHeceHWs

@ YcraHoBKa ANnA onpeaensHNa KoahdrLUMeHTa H 3NeKTPONpoBoAAWIAX NOKPLITHIA™>

@ YcTaHoBKa Ans onpesensHus BnaroycToitmneo <item Name="Tle4b Ans noHHoro o6lieHa’/>

@ YcTaHoBKa AnA McneTaHWii GesonacHoro cTekn, <item Name="AsTomaT pna HaHeceHs WKHOK"/>
<item Narne="YcTaHoBKa ANA BakyyMUPOBaHA

teroperative control after the operation of
hardening of glass and baking (Block 13)
indicated deviations from the speci-
fied quality indicators. There is
non-equidistance in two sets of dou-
ble-glazed windows exceeding 2 mm,
and in three sets —not less than 1.8 mm.

It is necessary to establish the rea-
sons for the tendency to deviate this
product characteristic towards the
= limiting permissible value.

To manipulate knowledge in the
MIAS environment, we used the meth-
ods of ascending and downward logical
inference applying the language of op-
erating semantics [17].

The situation described above acti-
vates the OIAS, in which the decision on
the causes of product defects is formed
on the basis of the following procedure:

1. The direct logical inference oper-
ation establishes an element of the on-
tological model “Production” directly
related to the non-equidistance of the

« glass. Thiselement is the “Interoperative

Fig. 5. Ontological model “Equipment for the production of multi-layered double-

glazed windows”

The ontological models shown in Fig. 2-5 are only the
fragments of taxonomies, which are invariant relative to
production at a particular enterprise-subcontractor. In solv-
ing practical quality management tasks, complete versions
of such models were used, reflecting the specificity of pro-
duction organization at a typical plant for the production of
multi-layered double-glazed windows.

5. Devising a procedure for manipulating knowledge in the
environment of the ontological quality management system
in the production of multi-layered double-glazed windows

Consider two standard tasks that arise during the eval-
uation of the quality of multi-layered double-glazed man-
ufacturing processes: determining the causes of defects or
damage of manufactured products, and predicting the dete-

Control” shown in Fig.6 as Block 13.

2. Implementation of the inverse log-
ical inference operation, which makes
it possible to establish with the help
of the ontological model “Relationship of product character-
istics” associated with the models “Material” and “Equip-
ment” the factors that affect the non-equidistance of glass.

3. Construction of fish- and Pareto diagrams to present
to the chief technologist a way to identify possible causes of
the defect.

The application of the procedure described above is sche-
matically shown in Fig. 7: it provides an opportunity to find
a conflicting set of characteristics affecting the quality of
multi-layered double-glazed windows.

Thus, the application of the ontological approach to the
quality management of the production of multi-layered dou-
ble-glazed windows provided the following opportunities.
First, to establish the causes of deviations from the man-
ufacturing process. Second, operative intervention in the
manufacturing process to correct the deviations detected.
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Fig. 7. The procedure for making decisions to manage the quality of multi-layered double-glazed windows production




6. Substantiating the approach to assessing the
effectiveness of using OIAS “TODOS” to manage the
quality of multi-layered double-glazed windows

The effectiveness of using OIAS in quality management
tasks in the production of multi-layered double-glazed win-
dows should be considered in two aspects — technical and
economic. At the same time, the technical aspect is related
to the evaluation of the effectiveness of information process-
ing, mainly to the search for relevant knowledge within the
intelligent core of OTAS “TODOS”.

Since the characteristic of the ontological approach to
knowledge representation is the query-oriented hierarchy of
records, the generalized structure of the intelligent core of
OIAS “TODOS” takes the following form (Fig. 8).

Fig. 8. Generalized ontological structure of knowledge about the
subject area “Production of multi-layered double-glazed windows”

As the metrics that best reflect the process of implement-
ing a request for an OTAS knowledge management system,
it is appropriate to use the following: the number of items
returned by request; density; selectivity; overhead.

The number of items returned by the query reflects in
practice the number of unique values in the record. Accord-
ing to relational database theory, the presence of identical
lines (tuples) in a relation (table) is prohibited. Thus, the
number of items returned by the request corresponds to the
number of tuples. This means that the SQL Server allows
the same lines to exist in a table, so, in our case, the term
“Number of elements” denotes the number of unique values
in the dataset.

Density determines the uniqueness of values in the data-
set. The density of the index is calculated by dividing the
number of entries corresponding to a given key value by the
number of entries in a table. For a unique index, this means
dividing unity by the total number of entries in the table.
The density varies from 0 to 1. The lower the density, the
higher the efficiency of the process.

Selectivity is a measure of the number of entries that
would be received for a particular request. It determines
how the criterion of the query and the value of the index
keys are related. Selectivity is calculated by dividing the
number of keys requested by the number of records they
correspond to. The selective query criterion (typically
indicated in the WHERE part) most clearly reflects the ef-
fectiveness of the information search process as it indicates
how many I/0 operations would be required to make the
request (Table 1).

As an illustrative example, consider a fragment of the
intelligent OIAS core, under the mode of processing infor-

mation about the causes of damage during the process of pro-
duction of multi-layered double-glazed windows. Suppose
there is no clustered index in a table called Registration,
which stores data on the results of the production process of
10,000 multi-layered double-glazed windows, and there is a
no-cluster index for the Affiliation column (belonging to a
batch). If the quality of three batches of multi-layered dou-
ble-glazed windows is analyzed, and each batch has roughly
the same number of discarded products, the Affiliation table
would contain only three unique values. This means that
the set index key value can determine 3,333 entries in the
table. The result would be an index density value of 0.33
(3,333x10,000), and one can conclude that this index would
not be used in the formation of a plan to execute requests not
covered by the index.

To measure the effectiveness of the OIAS intelli-
gent core operation, compare the cost of executing a
simple query using an index and without using it. In
fact, this example shows the superiority of the onto-
logical approach to creating an information-analytical
system over the conventional, based on the use of a
relational database. If the request involves information
about all defective multi-layered double-glazed win-
dows in a particular batch, it is a matter of processing
3,333 entries, or a third of the table. If one uses the
Affiliation index to access these records, one needs
to implement 3,333 separate page-reading operations
from the table. This fact means that every time one
finds a key value in an index, one needs to use a tab to
get columns that are not contained in the index. This in
practice implies additional costs associated with logical
(and possibly physical) I/0O operations. For our exam-
ple, there are 26MB of overheads associated with the search
based on tabs (3,333 keysx8 K/page). Assuming an equal
distribution of elements by batch, 3,333 records or 0.533 MB
overheads are required to receive and execute the request.

The quantitative estimates obtained on the basis of se-
lected metrics (Tables 1, 2) show that when implementing
search tasks, the effectiveness of using an ontological model
of knowledge is significantly higher than the effectiveness of
the relational model.

Table 1

Query efficiency metrics in the relational database
management system (DBMS)

Metric Value
Number of elements 10,000
Density 0.33
Selectivity 0.0003
Overhead 26 MB

Table 2

Query efficiency metrics in the environment of an ontological
information-analytical system (OIAS)

Metric Value
Number of elements 10,000
Density 0
Selectivity 1
Overhead 0.6 MB

Getting additional profit by improving quality is the
basis for the economic justification of production in gener-



al, and multi-layered double-glazed windows in particular.
Taking into consideration the nature of production and its
specificity, we shall calculate additional investments related
to the introduction of OIAS “TODQOS” at an enterprise that
produces multi-layered double-glazed windows, according to
the following formula

K=K1+K2+K3+K4+..., )

where K1 is the cost of developing OIAS “TODOS”;, K2 is
the testing and implementation of OIAS “TODOS” at an en-
terprise that produces multi-layered double-glazed windows;
K3 is the cost of staff training; K4 is the cost of additional
technical support.

Calculating the annual additional running costs associated
with the operation of OIAS “TODOS” at an enterprise that
produces multi-layered double-glazed windows

Cadd = Csl + Cdd + Cel + Ccs, 2)

E=

AP
A (6)

where AP is the annual additional profit from the intro-
duction of OIAS “TODOS” at an enterprise that produces
multi-layered double-glazed windows; I is the amount of
additional investment associated with the introduction of
OIAS “TODOS” at an enterprise that produces multi-lay-
ered double-glazed windows.

The 2019 sample from the database of a standard enter-
prise on the results of inter-operational control of the batch-
es of double-glazed windows is given in Table 3.

Charts in Fig. 9 show a decrease in the number of defective
double-glazed windows, indicating the technological operation
at which the damage originated when using OIAS “TODOS”
in the process of managing the quality of the production of
multi-layered double-glazed windows at a typical glass factory.

Table 3

Causes of damage identified during interoperative control of multi-layered

where Csl is the salary of a cognitive engineer

double-glazed windows

who operates OTAS “TODOS” at an enterprise Double-glazed
that produces multi-layered double-glazed |Year| Month Stage window No, |C0de Cause
windows; 2019 |September| Hardening 26, 8,21 5 Destroyed in furnace
. 2019 (September| Hardening 39 10 Destroyed in furnace
Csi = (Smn + Sd)(l + Kd) = (Smn + Sd) 1.375; 2019| October | Hardening 37,38 5 Destroyed in furnace
Cdd is the depreciation deductions; Ces is the 2019|November CHardetmng 64 10 Destroyed in furnace
o . .. urrent-con-
additional costs of mamtguung the Cascade SOfF 2019|September|  ductive 18 5 | Field R less than tolerance
ware complex and repairing the materials; Cel is coating
the additional cost of electricity, etc., Kd — single
social entr Current-con-
Y . . 2019| October ductive 36,39, 7 5 | Field R less than tolerance
The calculation of the annual additional coating
profit from the introduction of OTAS “TODOS” C
ise that prod multi-layered dou- urrent-con-
atan enterprl.se that produces ) yer¢ 2019| October ductive 26, 40, 34 10 | Field R less than tolerance
ble-glazed windows was carried out using the coating
following formula: Dirt on the electric-conduct-
2019| January | Assembling 1,99, 59 5 | ing coating that arose when
AP = ASdp + ASp — Cadd,, 3) it was applied
. ) ] 2019| February Pressing 340020205 | 10 | No readings from sensor 2
where ASdp is the savings from reduc1ng the't per- Jotols . ' 25 2798 29 | 5 | Aerosol glass destroyed at
centage of defective products; ASp is the addition- eptember|  Pressing ) 27,28, vacuum gluing
al profit from the increase in the sale price, due to Inclusions in eluing ioi
] | i ’ . gluing joint
the increase in the product quality 2019| October Pressing 240111005 | 5 (hair 1=60 mm)
b " Translucent spot in the
ASdp = ZMQI (4) |2019] October | Pressing | 240161005 | 1o | Euingjointin the center
= 100 8 exceeds the tolerance set by
DSTU BV. 2.7-10 -2008
where o, o are the percentage of discarded
productslin tile basic arfl)d new fersion of man- 2019] December | Pressing 340201205 | 10 dﬁreifg(;ﬁislﬁ:sg;yggg
ufacturing the i-th type of product; Qi is the
average afnual outputyé)f the chh type onproduct; 2019 December | - Pressing 240221205 | 10 Aems\ii?ls;dg?zti;;yed "
n is the product range; 2019| December |  Pressing 240231205 | 10 | No readings from sensor 2
" Chips along the chamfer
ASp = Z(P_n + Pb)‘ Ni, (5) 2019| February Pressing 240030206 | 5 |with glass tearing in a gluing
pard ' joint on aerosol glass
Aerosol glass destroyed
where P, P’ are the price, new and basic, for |2019| March Pressing 340050306 | 10 at vacuum gluing in a
the i-th product, UAH; Ni is the annual program thermostat
of manufacturing the i-th product. Aerosol glass destroyed
Calculating the efficiency of investments |2019| March Pressing 340060306 | 10 at vacuum gluing in a
when implementing OIAS “TODOS” at an thermostat
enterprise that produces multi-layered dou- |9(19|November Framing 240151005 | 5 | N° readings from sensor 2
ble-glazed windows after repeated pressing




Thus, an economic justification has been made for the ef-
fectiveness of the introduction of OTAS to manage the quali-
ty of the production of multi-layered double-glazed windows.
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Fig. 9. A quantitative assessment of discarded products
at each stage of interoperative control of multi-layered
double-glazed windows production during 2019: a — using
conventional computer decision-making tools; b — applying
an ontological component

The proposed approach has shown that the efficiency
of using OIAS in the quality management tasks related to
the production of multi-layered glass windows at a standard
glass factory would improve both technically and eco-
nomically. In the first case, through the rational use of the
computing resource; in the second — by reducing the cost of
fixing defects and compensate for damage.

The source data for assessing the effectiveness of the de-
veloped approach, in the technical aspect, were the number
of records that are analyzed by the system when maintaining
a request to the information structure. In this case, the com-
parison with the conventional relational database, which is
employed by most industrial information-analytical systems,
has revealed that only one-third of records are required in
the ontological system to ensure the same level of relevance
and pertinence of the request. In the economic aspect, the

calculation of the effectiveness of the ontological informa-
tion-analytical system is based on the comparison of statis-
tics on the discarded products at a standard enterprise that
produces multi-layered double-glazed windows over the first
half of 2019. The calculation has demonstrated that the use
of an ontological information-analytical system for quality
management would reduce the volume of discarded products
by 73 % on average.

7. Discussion of results of using the ontological approach
to informationally maintain quality management
processes

The main result of this study is the procedure for identi-
fying the causes of defects and damage in products, as well as
forming solutions to eliminate these causes. Its peculiarity
is to activate the content of the ontological models whose
fragments are shown in Fig. 1-5 in order to infer based on
knowledge. Until now, ontologies have been treated only as
static repositories of structured information; the activation
of KBI process in ontological systems has been carried out
by external mechanisms, for example, using the algebra of
ontologies or intelligent agents.

The devised models of ontologies could be used to auto-
mate the process of solving quality management tasks within
the VIE concept; the proposed procedure for calculating ef-
ficiency implies a comprehensive assessment of the achieved
effect in two aspects — scientific-technical, and economic.
In the scientific-technical aspect, the use of ontological
engineering tools in the development of basic information
technology to manage product quality at enterprises-sub-
contractors, which are part of VIE, has made it possible
to reduce the cost of finding relevant information in the
data store, as evidenced by the indicators given in Table 2.
The basis for comparison here was the calculation of such
costs for the conventional way of organizing data used by
industrial information-analytical systems — in the form of
relational-type DBMS (Table 1). Regarding the economic
impact of the implementation of OIAS, this paper reports a
procedure of calculating the annual profit of an enterprise
from the introduction of automation (1) to (6). The main
difference between this procedure and the standard one is
to take into consideration the additional costs associated
with the support in the proper state of the ontological com-
ponent of OIAS (2), as well as the calculation of additional
profit from the improvement of product quality (4). Since
the value of an additional profit indicator due to the increase
in the sale price, given the improved product quality (4), is
directly related to the identification of the causes of damage,
this study at a typical glass factory involved an analysis of
production events associated with the emergence of damage
in the manufacture of multi-layered double-glazed windows
during 2019 (Table 3). The findings provided an opportuni-
ty to compare the effectiveness of quality management pro-
cesses for the considered type of enterprises using OTAS and
by using standard methods and information support tools for
non-destructive product control (Fig. 9).

The main limitation for the widespread use of the pro-
posed approach is the relatively high cost of developing
appropriate ontological models as this process implies the
involvement of a team of highly paid cognitive specialists
to extract knowledge from text sources and electronic re-
sources.




Overcoming this caveat in further research involves two
main phases. In the first stage, it is necessary to create a
methodical basis for the automated acquisition of knowledge
during the formation of an intelligent core of the ontological in-
formation-analytical system. The second phase involves the de-
velopment of OTAS deployment tools that would address a wide
range of quality management tasks at respective enterprises.

The introduction of the theoretical and applied research
results in these areas could significantly reduce the cost of
developing and operating OIAS.

8. Conclusions

1. We have built a set of ontological models of knowledge
about the implementation of the production stage in the
life cycle of multi-layered double-glazed windows, as well
as about the regulatory framework and possible deviations
from it during production. Unlike conventional means of
representing information in computerized systems, the de-
vised models adequately reflect the associative connections
between the subject matter entities, which ensures the effec-

tiveness of quality management solutions generated in the
computer environment.

2. An inference process based on knowledge in the en-
vironment of an ontological system has been developed, as
a decision-making mechanism, employing the application
of direct and inverse logical inference operations directly
on ontological models. The use of the developed procedure
makes it possible to implement both deductive and inductive
methods when making decisions to manage the quality of
multi-layered double-glazed windows.

3. We have substantiated an approach to assessing the
effectiveness of using ontological engineering tools to au-
tomate the process of solving the tasks related to managing
the quality of multi-layered double-glazed windows. This
approach employs a set of specialized metrics. This set of
metrics makes it possible to take into consideration both
the technical and economic aspects of creating, deploying,
supporting the operation of the ontological information-an-
alytical system to manage the quality of multi-layered
double-glazed windows. Our calculations have shown that
over the analyzed period (2019) the number of discarded
products decreased by 73 % on average.
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