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Introduction. Currently, the Industry 4.0 concept integrates modern methodologies and prac-
tices for strategic and operational management of industrial enterprises and economies into the digi-
tal economy. It involves a wide and deep digitalization of physical and virtual objects, their connec-
tions, processes with the further possibility of their analytical analysis.

Goal of the study. Analysis of the requirements for the degree of formalization of the descrip-
tion of the digital twin of the production system using graphoanalytic metalanguages classified ac-
cording to the Chomsky hierarchy. Materials and methods. It is proposed to use a set-theoretic and
categorical approach to the classification, identification, traceability and structuring of objects of
production systems and their business processes in accordance with the requirements of quality
standards.

Results. The article substantiates the relevance of using intelligent business intelligence (BI)
systems in the heterogeneous information space of a production system for analytical processing of
semantic (content), logical and quantitative information.

Conclusion. Modern organizations are complex systems, information management of which is
provided by a wide range of software, a large number of data sources makes it difficult to consoli-
date data and receive aggregated reports. The use of intelligent business intelligence systems will al-
low targeted data extraction and analytical analysis. Models of business processes are isomorphically
displayed in aggregate data accumulated in information systems. That is, these models are used to
structure aggregate data in the required context.

Keywords: system model, production content, formal metalanguages, subject area, analytical
data processing, information retrieval system, multidimensional data classifier, business process
model.

Introduction

Currently, the concept “Industry 4.0” integrates modern methodologies and practices of strategic
and operational management of industrial enterprises and economies into the Digital Economy [1-4].
It assumes complete digitalization of all physical and virtual objects, their connections, processes with
the further possibility of analytical analysis.

It should be noted that during their evolutionary development, information systems have accumula-
ted and continue to accumulate significant amounts of information that can be used for planning, fore-
casting and decision making in various IPOs, including production systems. Further, based on the avai-
lable information, a corporate knowledge base or decision support system can be built.

On the other hand, today Automated information systems of organizations use a lot of loosely cou-
pled software packages. For example, the modern motor-building production association (UMPO) ope-
rates more than 100 different software and hardware applications supporting the corresponding activities
(IPO). Most of these systems offer the possibility of local search and analysis in domain-specific lan-
guages, however, for decision-making, as a rule, simultaneous use of data from several systems is neces-
sary, which is a difficult task, for example, because of incompatibility of systems or the use of different
dictionaries data [5-8].

Fig. 1 shows the gate system of the GTE digital double, based on the CALS methodology.
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Fig. 1. Scheme of gate system of the GTE digital double

Support for the life cycle of the production of products in the machine-building enterprise is now
supported by CAE-systems; CAD-systems for automation of designing and manufacturing of working
design documentation; CAM-systems for automation of technological preparation of production; PDM-
systems, ERP-systems for managing product data and its configurations; for the automation of produc-
tion planning and management of the processes of manufacturing products, stocks, production resources,
transport, etc. [5].

1. Overview of Information Systems

To identify and describe the goals and objectives of analytical data from multiple systems, you can
use domain-specific natural language with a certain degree of formalization of syntax, for example up to
a dictionary and natural rules for constructing sentences (media appropriate syllogisms) and semantics,
as detailed and formalized further description of the business processes in the graph-analytical metalan-
guage (at a high-level programming language [5, 9, 10]). This system should be external to the object-
oriented systems and subsystems consist of search and business intelligence subsystem. Today, the mar-
ket presents the analytical search engines such as Google Search Appliance, Yandex.Server, IBM Con-
tent Analyst and Enterprise Search, Mondrian and others. These systems have come a long way of de-
velopment from simple information retrieval systems to Business Intelligence systems with built-in
mechanisms of adaptation under the IPO.

Fig. 2 shows the mimic of the system life cycle using Business Intelligence.

Consider classification, identification, traceability, structuring and analytical processing of large
volumes of unstructured, structured and semi-structured distributed using the Business Intelligence
methodology as an example.

Tasks solved by Business Intelligence in the enterprise [5].

» Measurement — Bl creates and maintains a hierarchy of performance indicators (KPI), compares
with the target value, informs stakeholders about progress in achieving business goals.

* Analytics — quantify the effectiveness of business process execution to improve efficiency and de-
tect implicit knowledge. Often includes: data analysis, process development, statistical analysis, predic-
tive modeling, business process modeling and other tools.
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* Formation of corporate reporting — creates an infrastructure for the formation of reporting used in
strategic management. Includes OLAP analysis, data visualization, decision support systems.

» Creation of a collaboration platform — creates a platform for collaboration both inside and outside
the organization, provides storage and access to data.

» Knowledge management — the formation of a decision support system based on existing experi-
ence, support for management decisions.
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Fig. 2. Mimic of the life cycle of a system using Business Intelligence

It can be noted that the business analyst community has not yet reached a consensus on the defini-
tion of Business Intelligence. Some analysts compare it with business analysis, others with competitive
intelligence systems. However, certain steps have already been taken towards standardization. So
Thomas Davenport in his work “Analytics at Work” [11], defined the main stages of data preparation for
analysis when using Business Intelligence systems: Data extraction; Forming reports and analytical pro-
cessing in real time (OLAP); Use of tools for notification of deviations from expected values of indica-
tors; Development of management decisions based on business analysis.

A distinctive feature of Business Intelligence systems is the ability to work with different data
sources at the same time at the same time. In this regard, it is important to structure the content of
sources with the potential for further processing.

The data structure of a specific information system corresponds to the model of the business process
being performed. In this regard, we will use business process models to formulate criteria for structuring
content and retrieving data [9, 12].

In order to formulate rules for structuring content, it is necessary to single out business rules from
business process models, describe them in attributive form, and present them in terms of conditions.
Then, based on the rules of interaction with data warehouses, you can perform data selection.
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A representation in the form of an attributive process model is necessary to enable automated pro-
cessing of data based on the business process being carried out with the goal of making the model avai-
lable to other systems. After the formation of the attributive model of the process, on its basis it is possible
to fulfill requests to the information space in the same language in which the model is formed. If the model
is built in Russian, then the requests are formed in a language similar to Russian. For example, the task
is to select documents for the period from January 1 to February 10. Naturally, such a query in the DBMS
can not be sent directly. Therefore, it is necessary to convert this request based on the rules of interaction
with the DBMS or any data warehouses. And, in fact, after that data can already be obtained and ana-
lyzed.

In view of the distribution and heterogeneity of the organization's information space for operational
access to data, it is necessary to form the classifier of information resources, believing that the task of
classifying, identifying and tracing the corresponding primary resources was solved earlier. The classifi-
er is formed on the basis of the linguistic analysis of the glossary of the system model of the business
process, for example, on the formal graphical analytical metalography IDEF — using the apparatus of
linguistic processing from the glossary, the terms are chosen to classify the content of a limited area of
the information space.

Fig. 3 shows the scheme of the algorithm for extracting data from the information space for intellec-

tual analysis.
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Fig. 3. Scheme of the algorithm for extracting data from the information space
for intellectual analysis
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Classification can be performed using information retrieval systems. In this case, the search index
will play the role of the classifier.

When referring to the query to the classifier, it is possible to extract pointers to information re-
sources from different systems uniformly. Representation of IPO processes and data in the language of
mathematical category theory [13-16].

Fig. 4 shows the relationship between the organization's business processes and the content of
the information space.
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Fig. 4. The relationship between the organization's business processes
and the content of the information space

Let's describe the relationship between the business process model and the content of the infor-
mation space using the apparatus of the mathematical theory of categories.

The category is: a class of ObjC objects, for each pair of objects A, B there is a set of morphisms
Homc(A, B), and to each morphism there correspond unique A and B, for each pair of morphisms

f eHom: (A B) and g e Hom (B,C) the composition f og=Hom(A,C) is defined, for each object
A the identity morphism id, € Hom (A, A) is given, and two axioms are fulfilled: the composition ope-
ration is associative: f o(goh)=(f og)ch, the identity morphism acts trivially: f cid, =idgof =f
for f eHom. (A B).

Establishment of relations between data is possible due to the fact that the system model satisfies
the requirements of the mathematical theory of categories, i.e. there is a class of objects, a class of
morphisms, the composition operation is associative, the identity morphism acts trivially. We illustrated
this in system models [17, 18].

Let's illustrate the above provisions on the example of processing incoming and outgoing docu-
ments. We see that the categories of processing of incoming and outgoing documents can be combined
into a category of a higher level — processing of correspondence.

Fig. 5 shows the processes and data in the form of a category, where on the functional model:

— class of objects — ObjC — inputs / outputs of the business process (A1, A, ..., An);

— class of morphisms — Homc(A, A;) — functions of the business process;

— the composition operation is associative due to decomposition.

On the information model:

— class of objects — ObjC — the essence of the information model;

— class of morphisms — Hom¢(A;, A;) — relations between entities;

— the composition operation is associative due to categorization.
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On a dynamic model:

— class of objects — ObjC — tasks of the dynamic model;

— class of morphisms — Hom¢(A;, A;) — transitions between tasks;

— the composition operation is associative due to partitioning into subsystems.

Representation of a functional model in the form of a
mathematical category Presentation of the information model in the form of
| a mathematical category
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Fig. 5. Representing processes and data in the form of categories

We also illustrate the natural transformation when processing documents in the organization and
transferring them to operational and archival storage.

2. Bl-system architecture

Structuring the content of the information space and selecting the necessary data are one of the main
stages of the work of the Business Intelligence system. Let's consider in addition, from what components
the typical systems consist.

At the highest level is the layer of interaction with the user, i.e. it interacts with some Bl applica-
tion, for example, a web portal. This portal can provide the user with such opportunities as: performing
business analysis, performing budgeting operations, compiling reports. This portal can receive data
based on OLAP queries, corporate reporting, and any other data sources. Data can be stored in relational
databases, on servers that contain integrated data for OLAP reports, in archives. Well, at the heart of this
architecture is a layer that deals with administration, management, security.

Consider an example based on the IBM Cognos BI system. IBM Cognos Business Intelligence is
a comprehensive solution for building an organization-wide information and analysis system.

One of the main purposes of IBM Cognos BI is data integration. The product provides the ability to
continuously create reports, analyze, scoring, create dashboards and manage events, simplifying the con-
figuration of IT and providing access to information for each employee. The result is a higher adaptation
of users, better solutions and a higher dynamics of enterprise management.

IBM Cognos solutions are based on the concept of business performance management (BPM), co-
vering the main processes of the company's management: forecasting, planning, budgeting, data consol-
idation, control, business analysis, financial, management and other reporting [http: // www.tadviser.ru/
index.php/Product: IBM_Cognos].
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The architecture of the IBM Cognos BI system is relatively simple (as for an enterprise-class sys-
tem). A key element of the system is the IBM Cognos BI server, which works with data sources using
a user-defined description (called metadata). Further, through Web access, the IBM Cognos BI server
provides access to all the main functions of the system.

3. Conclusions and recommendations

Modern organizations are complex systems, information management of which is provided by
a wide range of software.

A large number of data sources make it difficult to consolidate data and obtain aggregated reports.

The use of Business Intelligence systems will allow centralizing access to analytical data.

Business process models are isomorphically mapped into the data accumulated during the operation
of the information system, therefore, models can also be used to structure the data in the required con-
text.
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NMPUMEHEHME BI-NMPUHLUUNOB B FTENTOBON CUCTEME
YNPABJIEHUA NMPOEKTOM CO30AHUA
LN®POBOIO ABOMHUKA I'TA

O.B. JlozuHosckuii*, K.A. Puzearog?, I'.I'. Kynukoe®

! FOxHo-Ypanbckuil 20cydapcmeeHHbill yHUsepcumem, 2. YensbuHck, Poccus,
2Ygbumckull 20cydapcmeeHHbIl aguauUOHHbIL MexHUYecKull yHusepcumem, 2. Y¢pa, Poccus,
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Beenenue. B Hactosiee Bpemst koHuenuus «Muaycrpus 4.0» UHTETpUpyeT COBPEMEHHBIE Me-
TOJIOJIOTUM W TIPAKTUKU CTPATETHYECKOTO U OINEPATUBHOTO YIPABJICHHUS NMPOMBIIUICHHBIMHU IIpE-
NPUATHAMH U SKOHOMHKAaMH B IIH(PPOBYIO SKOHOMHUKY. OHa HpearoaraeT MUPOKYI U TIIyOOKyI0
u(pPOBU3ALNIO (PU3NYECKUX M BUPTYaJIbHBIX OOBEKTOB, HX CBS3CH, POLECCOB ¢ HanpHeHIend Bo3-
MO>KHOCTBIO UX aHAJUTHYCCKOTO aHAIU3a.

Hens ucciaenoBanus. AHaiu3 TpeOOBaHUI K CTENeHH (GOPMAM3AMK ONHMCaHUs LU(POBOTo
JBOMHHMKA MPOU3BOACTBEHHOW CHUCTEMBI NMPU HMCIOJIB30BAaHUU TPpadOaHATUTHYECKUX METas3bIKOB,
KJIacCU(UIMPOBAHHBIX MO HePapXHH XOMCKOTO.

Marepuansl u Metoasbl. [Ipeanaraercst NCMob30BaTh TEOPETHKO-MHOXKECTBEHHBII U KaTero-
pHaNBHBIN NMOAX0] K KiIaccHU(DUKAIMU, WACHTU(DHUKALNY, TIPOCIEKUBACMOCTH U CTPYKTYPHUPOBAHHIO
00BEKTOB IPOU3BOJCTBEHHBIX CHCTEM M MX OW3HEC-TIPOLIECCOB B COOTBETCTBHU C TPEOOBaHUSIMH
CTaH/IapTOB KauyecTBa.

Pe3yabTaThl. B crathe 000CHOBaHa aKTyaIbHOCTb MCIOJIB30BAHUS HHTEIUICKTYAIbHBIX CHCTEM
OusHec-aHanmuTHkU (BI) B HeogHOpomHOM WH(OPMALMOHHOM HPOCTPAHCTBE IMPOU3BOICTBEHHOM
CHCTEMBI I aHAJIMTHYCCKOH 00pabOTKU CeMaHTHYECKOH (KOHTEHTa), IOTHYECKOW U KOJIMYEeCTBEH-
HOU MH(pOpPMAITHHL.

3akiaouenne. COBpeMEHHBIC OpraHU3alUK IPEICTABISAIOT COO0H CI0XHBIE CHCTEMBI, HHPOP-
MalHOHHOE YIpaBJeHHE KOTOPHIMU O0ECIICUHBACTCS IIMPOKUM CIIEKTPOM HPOrpaMMHOro obecre-
YeHHs1, OOJIBLIOE YHCIIO HCTOYHUKOB JIAHHBIX 3aTPYIHACT KOHCOIMAALMIO JaHHBIX M MOJyYeHHUE ar-
PErHMpOBaHHBIX OTYETOB. MCHONIb30BaHNE MHTEJUICKTYaJIbHBIX CUCTEM OM3HEC-aHAJIMTUKHU MO3BOJIUT
LeJICHATIPABJICHHO W3BJIEKaTh JIaHHbIE M MPOBOJHUTH MX AHAIMTHYECKUI aHaiu3. Mojenu OusHec-
MPOLIECCOB N30MOP(HHO OTOOPaXKAIOTCsI B arperaTHble JaHHble, HAKaIUIMBaeMble B MHPOPMaIMOHHBIE
cucteMbl. TO €CTh ATH MOJIENN MCHOJB3YIOTCS JJIsl CTPYKTYPUPOBAHUS arperaTHhIX JaHHBIX B Tpe-
OyeMOM KOHTEKCTe.

Knouesvie cnosa: cucmemmnas mooenv, yu@posou 0B0UHUK, NPOU3BOOCTNEEHHBIU KOHMEHM,
@opmanvHble Meman3biKu, npeoMemnas oodIacmy, UHMENLLIeKMYAIbHAS AHATUMUYecKas 0opabomka
OaHHBIX, UHMOPMAYUOHHO-NOUCKOBAS CUCTNEMA, MHOSOMEPHBIU KIACCUDUKAMOP OAHHBIX, MOOeb
busHec-npoyeccos.
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