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Abstract—The Digital revolution in industry is supposed
to cover all stages of the product life cycle, including
product design and planning of manufacturing processes.
At these stages, goods and processes are not accomplished
as real things but formed as models in the virtual world.
Therefore, the Internet of Things concept, the basis of the
“Industry 4.0” project, is not sufficient to conduct a full-
scale digital revolution.

The key methodology to examine this problem is the
methodology of artificial intelligence. It provides for com-
prehensive consideration of the problems that arise at all
stages of the life cycle of engineering products.

The Internet of Knowledge has an ontological basis and
includes meta-ontology, which comprises the ontology of ob-
jects, the ontology of tasks and the ontology of optimization.
The Digital Revolution should give the knowledge carriers
without programming skills an opportunity to enter pieces
of information into the computer without intermediaries.
The materials of the paper are of practical value for the
creation of integrated automation systems of engineering
products design and production.
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I. INTRODUCTION

Before the digital revolution, written sources were the
bearers of knowledge. As a result of the digital revo-
lution, software has become knowledge carriers. Soft-
ware was originally built on an algorithmic basis using
algorithmic languages. A non-programming knowledge
carrier could not enter them into a computer. The digital
revolution should radically change this scheme and en-
able a non-programming knowledge carrier to enter them
into a computer without intermediaries. This became
possible using the expert programming methodology [1,
2]. In this methodology, knowledge is described in the
language of business prose, as close as possible to the
literary language, but formalized so that it is possible
to automatically generate software tools that correspond
to the source texts. Below is an example of the use of
expert programming.

II. WIKIPEDIA AND EXPERTOPEDIA

The most common computer encyclopedia currently
is Wikipedia (Fig. 1). Wikipedia is a publicly accessible

multilingual universal Internet encyclopedia with free
content [3]. Its conceptual principles are multilingualism
and the ability of users to replenish and adjust the
content. Encyclopedia is a review of all branches of
human knowledge or a circle of disciplines brought into
the system that together constitute a separate branch
of knowledge. In this case, we are interested in the
meta category “Technique”. Only information on various
devices, mechanisms and devices that do not exist in
nature and are made by humans should be directly placed
in this category.

Traditional wikis have a number of drawbacks, which
include, in particular, lack of consistency in content. Due
to the frequent duplication of data on wikis, the same
information may be contained on several different pages.
When changing this information on one wiki page, users
should ensure that the data is also updated on all other
pages.

Another drawback is the difficulty of accessing the
knowledge available on wikis. Large wiki sites contain
thousands of pages. Performing complex search queries
and comparing information obtained from different pages
is a task that is quite time-consuming in traditional
wiki systems. The program can only show the text of
a Wikipedia article in a certain context and cannot take
additional steps related to the object.

Traditional wikis use flat classification systems (tags),
or classifiers organized in taxonomy. The inability to
use typed properties generates a huge number of tags
or categories. In this regard, semantic wikis appeared
(Fig. 1). Semantic Wiki is a web application that uses
machine-processed data with strictly defined semantics
in order to expand the functionality of a wiki system
[4].

Regular wikis are populated with structured text and
untyped hyperlinks. Semantic wikis allow you to specify
the type of links between articles, the type of data within
the articles, and page information (metadata).

A variety of such systems based on the technology
of expert programming described below for creating
knowledge bases can be called “Expertopedia” (Fig. 1).

The semantics of Expertopedia is determined by the
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Figure 1: Wikipedia and Expertopedia

metaontology used in all cases. In this case, the root meta
object is the knowledge base, which has its own name,
identifier name, and version. The methods connected to
the knowledge base allow you to sort and search the
knowledge modules of which it consists. A subset of
knowledge modules integrated into a semantic network is
a method that can be exported to other knowledge bases,
as well as imported and merged into a single semantic
network.

From a wiki point of view, the knowledge base is a
page. Moreover, the knowledge base can be considered as
a module as part of the upstream knowledge base, which
in this case consists of a set of pages. The structural
components of a knowledge base are a knowledge base
dictionary and many modules. The dictionary has its own
identifier name and consists of words. It is possible to
sort and search for words, as well as import words from
text documents. Words also have an identifier name and
a meaningful name in one of the languages of the world,
as well as a type of word from a set of integers and real
numbers and a set of characters. There are operations
for adding, deleting and determining the occurrence of a
word.

Words of an enumerated type can have associative lists
containing valid word names. An associative list has an
identifier name, a name, and a type of values from among
the above. For lists, you can add, delete, sort values, and
search for a list. The list consists of many elements with
their values and the ability to add and remove values. The
ability to replace the knowledge base dictionary allows
for the fulfillment of the conceptual requirements of wiki
systems: the use of any world language.

The second structural component of a knowledge

base is a multitude of knowledge modules (KM). KMs
perform the main functional purpose of the knowledge
base - transforming the current state of the data in order
to obtain new objects that satisfy design goals. Each
module has a name, as well as identifier names of the
module itself, preconditions for its execution and version.

The knowledge base has the ability to add modules,
select an analog module, translate the knowledge module
into one of the programming languages, test the result,
as well as determine whether the module is in the knowl-
edge base and delete the selected module. These actions
can be performed by any operator, which allows you to
implement the second conceptual basis of wiki systems:
providing the possibility of independent replenishment
and adjustment of the content of the system.

Each knowledge module has its own dictionary, which
is a subset of the knowledge base dictionary. Due to the
fact that modules are an object-function, the dictionary
has two subsets: input and output variables of the mod-
ule.

Knowledge modules can have preconditions that de-
termine the possibilities of its implementation. Precon-
ditions are logical expressions made up of words from a
dictionary of a knowledge base, restrictions on the value
of variables, and logical connectives.

The functions of the data conversion module are
performed by mechanisms, which can be formulas, ta-
bles, working with databases, generating 3D models of
objects, as well as mathematical models. When working
with databases, it is necessary to select a database from
among the available ones and the tables in it. Next, the
access conditions are formed and the fields and properties
used in the database and when creating the knowledge
base are matched. The operation itself is performed by
the corresponding DBMS.

It is possible to create and modify geometric 3D mod-
els based on the calculation results using the capabilities
of various CAD systems. In this case, it is necessary to
form a model and parameterize it.

Another variety of mathematical knowledge needed to
perform calculations is models of continuous systems
based on differential-algebraic systems of equations. To
implement these capabilities, there must be a tool with
the ability to generate the mentioned models. Such a
tool should provide: support for object-oriented modeling
technology compatible with the UML language; conve-
nient and adequate description of the model in a gen-
erally accepted mathematical language without writing
any program code; automatic construction of a computer
model corresponding to a given mathematical model,
with the possibility of autonomous use of this computer
model.

To the greatest extent, these requirements are met by
the Model Vision Studium (MVS) package [5]. The core
element of the MVS language is the Active Dynamic
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Object (ADO). An active dynamic MVS object provides
modeling not only of continuous behavior, but also of a
discrete or hybrid one. As noted above, semantic wikis
allow you to specify the type of links between articles,
the type of data within the articles, and information
about pages (metadata). In Expertopedia, articles are
knowledge bases that can go into one another in the form
of knowledge modules.

III. KNOWLEDGE BASE EXAMPLES

We will consider the formation of a knowledge base
by the example of designing caps for bearings. The
knowledge base consists of knowledge modules (MZ).
Each module has input and output properties, as well as
a mechanism for converting the first to the second. In
this example, formulas and tables are used as mecha-
nisms. Using knowledge tools, knowledge modules are
converted into software tools, with the help of which in
this example a 3D model of an object with calculated
dimensions is generated (Fig. 2).

Figure 2: 3D model of the designed screw cap

Determining the design of the covers is the diameter
D of the hole in the bearing housing 204 GOST 8338-
75. Table I gives recommendations for choosing the wall
thickness del, diameter d and number z of screws that
secure the cover to the housing, depending on the D
bearing:

Table I
D, mm | 0..50 | 50..62 | 63..95 | 100..145 | 150..220
del, mm 5 6 8 10 12
d, mm 6 6 8 10 12
z 4 4 4 6 6
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Dimensions of other structural elements of the cover:
del2 =12 * del; dell del Dph=D + (4 ... 4,4)d; C
d.

MZ: "FORMULA" — Calculation of the size of
the bearing cap

Input properties

Name Description Type Value
D Bearing diameter REAL 47
dh Hole diameter REAL 6
r_ Bearing radius REAL 1.5
del Side wall thickness | REAL 5
Mechanism — Formula
dell=del
del2=1.2*del
Da=D+2*del
Df=Da+4*dh
C_=dh
t =2%r_
Output Properties
Name Description Type | Value
C_ The distance from the side wall to the | REAL | 6
centers of the holes
t Thrust Shoulder Height REAL | 3
Df Flange diameter REAL | 81
dell End wall thickness REAL | 5
del2 Flange thickness REAL | 6
Da Outside Diameter REAL | 57

MZ: '"tabledel" — Selection of bearing cap sizes
Input Properties

Name | Description Type Value
D Bearing diameter | REAL | 47
Mechanism — Table
Table property configuration
D
Del
Dh
Z
T
Table
(0,50) | (50, 62] | [63,95] | [100,130] | (130,145] | [150,220]
5 6 8 10 10 12
6 6 8 10 10 12
4 4 4 6 6 6
1.5 1.5 2 1.5 3 35
Output Properties
Name Description Type Value
Z Number of holes INTEGER | 4
r Bearing radius REAL 1.5
del Side wall thickness | REAL 5
dh Hole diameter REAL 6




IV. RESULTS

In order to integrate the Industrial and Digital revolu-
tions that are taking place at present, it is necessary to
consider two worlds together: the virtual world realized
by the Internet of Knowledge (IoK), and the real world
realized by the Internet of Things (IoT).

The Internet of Knowledge has an ontological basis
and includes meta-ontology, which comprises the ontol-
ogy of objects, the ontology of tasks and the ontology
of optimization.

The Digital revolution should enable the non-
programming knowledge carriers to enter knowledge
into the computer without intermediaries. That can be
done by way of expert programming methodology, in
which knowledge is described in the language of business
prose, which is very close to the literary language, but
formalized so that it becomes possible to automatically
generate software matching the source texts. Business
prose can be formed in any languages, and software can
be generated in different programming languages.

Artificial intelligence methods allow creating semi-
automated systems for products’ 3D model generation
using knowledge bases integrated with CAD systems. It
should be possible to integrate them with various CAD
systems.

Knowledge bases are generated on the basis of knowl-
edge modules representing a condition-action rule, which
has an identifier and name, a precondition, input and
output properties, and a mechanism for converting the
first to the second. Modules are automatically translated
into subprograms in the programming language selected
by the user. Thus, the user can choose both the input lan-
guage of the knowledge representation and the resulting
language of the software generation.
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Ot KPbITasd HHTCIPUPOBAHHAA TCXHOJIOIUA
KOMIIOHECHTHOI'O IPOCKTUPOBAHUA

Esrenes I. b.

IMpennoxena METONONOTUS CO3/laHUsI CEMAaHTUYECKUX BUKH-
CHCTEM JJISl MPEACTABICHUS 3HAHUA C WCMONB30BAHUEM TEX-
HOJIOTHIA HCKYCCTBEHHOTO MHTeJUIeKTa. MeTo/10/10THsI OCHOBaHa
Ha MHOTOAreHTHBIX METOJax CO3JaHMs 0a3 3HaHWI W MPUTOJHA
IJIs1 pa3pabOTKU CHUCTEM NPOCKTUPOBAHUS U YNPABJICHUS IJIs
1 POBBIX MHTEIUIEKTYaJIbHBIX MPOU3BOACTB. IIpu dopmuposa-
HHMM BHEIIIHEro IpeJCTaBlIeHus] 6a3 3HaHWil MOTYT HCIIOJb30-
BaThCsI HAIMOHAJIbHBIE SI3bIKY. [IpoaHa3MpoBaHbEI CXeMBI BBOZIA
3HaHMI B KommbioTep. Ha OCHOBE TEXHOJIOTHH 3KCIEPTHOrO
NPOrpaMMHUPOBAHUA [JIsl CO3AaHMA 0a3 3HAHMI IpeUIokeHa
CEMaHTHYeCKas BUKM-CHCTEMA, KOTOpas MOKET ObIThb Ha3Ba-
Ha «DKcneproneueii». Bo3aMoKxHOCTh 3aMeHbl cioBapsi 6a3bl
3HAHWI MO3BOJISIET OOECIIEUNTDh BHIIOJHEHNE KOHIENTYaJIbHOIO
TpeOOBaHUS BUKHCHCTEM: HCHOJIb30BAHHUE JOOBIX SI3HIKOB. B
0aze 3HAHWI MMEIOTCS BO3MOXHOCTH JI0OABJICHHUS MOJYJIeid,
BbIOOpA MOMYJIs-aHAJIOTa, TPAHCIIALNKA MOIYJIsl 3HAHUIA Ha OJIMH
U3 S3BIKOB MPOrpaMMHPOBAHUsSA, TECTUPOBAHUA IMOIYYEHHOTO
pe3yibTaTa, a TakXKe ONpefesIeH!s] BXOJMMOCTH MOZYJS B Ga3bl
3HAHUI ¥ yAaJIeHus] BHIOPAHHOTO MOAYISL. DTH AECTBUSA MOTYT
BBIIOJIHATBCS JIIOOBIM HOCUTENIEM 3HAHMil, YTO MO3BOJISET pea-
JIM30BaTh BTOPYIO KOHLENTYaJIbHYI0 OCHOBY BUKHU-CHCTEM: 0Oec-
IleYyeHre BO3MOXHOCTH HE3aBHUCHUMOTIO IONOJHEHUs U KOPpeK-
THPOBAHMUsI COEPKaHMsI cUCTeMbl. Pa3pabGoTana MeTaOHTOJIOT ST
Skcneproneann. [Togpo6HO paccMOTpeHBl METOIBI CO3AAHUS
MHOTOAreHTHBIX 023 3HaHWUH IS IPOEKTUPOBAHUS U YTIPABJICHUS
B MammHocTpoeHuu. [IpuBenena apxutektypa arenta CAIIP.
JaHbl IpUMepbl IPUMEHEHUs1 MHOTOAreHTHBIX CUCTEM Ul CO-
3/1aHUS UHTEJUIEKTYaJIbHBIX CUCTEM I10JIyaBTOMaTU4eCKOro Mpo-
eKTHPOBaHUsI N3/e/ i MamMHocTpoeHus1. OmrcaHa TeXHOJIOTUS
9KCTIEPTHOTO MPOTrPaMMHUPOBAHHSL.
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