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A MULTI-LAYER APPROACH OF VIEW MODELS DESIGNING

Olena Chebanyuk, Olexandr Palahin

Abstract: Interface prototyping is a progressive approach of requirement
analysis. Interface models allow setting a dialog between stakeholders and
customer. Involving this approach to model-driven development will get a
chance to precise initial development information, namely CIM models, by
means of tracing them to interface components. From the other hand, defining
components events allows to get a set of initial information about architectural
solutions designing.

Paper proposes an approach of interface designing based on matching data
flow parts to events of view model components. Paper contains case study.

Keywords: BPMN diagram, Use Case, User Interface, MockFlow.

ACM Classification Keywords: D.2 Software Engineering; D.2.2 Design Tools
and Techniques

Introduction

One of the reasons of growing development costs is necessity to design the
same interface for range of devices, technology platforms and communication
channels.

This leads to the fact that front-end development is an expensive and inefficient
process. Manual designing of user interface components with the aim of the
reuse is difficult task.

In order to solve this task component-based engineering is involved. Central
idea of component-based engineering is implementing reuse procedure in the
level of component, scaling software system.
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The idea of software components has been present since the very beginnings
of software engineering. It was inspired by other areas of engineering, such as
electronics, in which systems are assembled from pre-existing, standardized
parts — components [Stefan P, 2014].

Component-based engineering brings scalability since systems are defined as
compositions of components that may in turn be further composed to form
hierarchical system descriptions. Furthermore, components can be reused
across many systems to minimize development efforts, thereby reducing project
schedules and budgets.

To correctly identify composite components for view, it is needed to make the
prototype of program’s interface and correctly identify the use case.

For this purpose, it will be most expedient to use Interaction Flow Modeling
Language (IFML, 2016).

IFML is a standardized modeling language in the field of software engineering.
IFML includes a set of graphic notations to create visual models of user
interactions and front-end behavior in software systems (IFML, 2016).

The Interaction Flow Modeling Language was developed in 2012 and 2013
under the lead of WebRatio (Acerbis, R. et. al., 2004) and was inspired by the
WebML (Moreno N. et. el.,, 2007) notation, as well as by a few other
experiences in the Web modeling field.

It was adopted as a standard by the Object Management Group (OMG) in
March 2013 (IFML, 2016).

IFML supports the platform independent description of graphical user interfaces
for applications accessed or deployed on such systems as desktop computers,
laptop computers, PDAs, mobile phones, and tablets. The focus of the
description is on the structure and behavior of the application as perceived by
the end user (Marco Brambilla and Pietro Fraternali, 2015).
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Related papers

Paper [Lu, Xudong, and Jiancheng Wan., 2007] proposes a model driven
development approach of complex user interface designing. The approach
captures the process data in user interfaces. User interfaces depicted as
objects, components and their cooperative relations in an Interaction
Model. These objects are merged with the aim to compose a view model
for common user interface. Such models are composed from the different

types of Ul templates.

There are many researches reflecting achievements in model-based user
interface approaches. They are Drive (Mitchell K. et. al, 1996), MOBI-D (Angel
Puerta and Jacob Eisenstein, 1999), Wisdom (Nunes, N.J. at. el., 2005), Teresa
(Mori G. et. al., 2004), Teallach (Griffiths, Tonya, Barclay and Peter J, Teallach,
2001), JUST-UI (Pedro J. Molina et. al., 2002), SUPPLE (Krzysztof Gajos and
Daniel S. Weld, 2004), etc. Many approaches for Ul design and model-based
user interface development environments (MB-UIDES) have been proposed.
Such approach do not consider totally complexity of Ul controls as grid, graph
and tree, sharing presentation space that can overlapping many present units
so can show different content in different context, and their operational relations
[Lu, Xudong, and Jiancheng Wan., 2007].

Paper (Karagkasidis A., 2008) proposes the pattern-based approach defining
user-interface in modern architectural design patterns as MVC and HMVC
(Hieratical Model-View-Controller) design patterns. Authors consider a problem
of defining the best component for implementing the user scenario pointing that
one task can be solved by different user interface components that have
different relations to business logic and controller layers. They describe such
problem by example: “Let’'s consider a typical usage scenario of a graphical
user interface (GUI) application: A user wants to accomplish some (business)
task. He/she selects the corresponding menu item, and an input dialog is
displayed. The user types some data in and submits the dialog. The data is
processed by the application, and results are displayed to the user
(Karagkasidis A., 2008).
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In order to catch events of User Interface components the Observer pattern is
used. The views and controllers register themselves with the model. Upon state
changes, the model notifies all the registered components, which then retrieve
the required data from the model. The input data is passed to the application
logic objects and processed there. The results are then returned to the GUI
part, and the visual state of the presentation objects is updated.

Library of components gathers user interface components in the widget-level
allowing to select a widget, namely, a view is a visual component from the
toolkit. More precisely, each toolkit widget in the GUI is considered as a view
and controller levels in an MVC-based framework.

In a large application, with dozens of usage scenarios, the system design may
contain hundreds of classes with intensive interaction among objects at runtime.
The more features a GUI application provides, the tighter the relationships
among objects are. This makes the developing of GUI applications a rather
difficult task (Karagkasidis A., 2008).

There are researches devoted designing of user interface and matching
functionality to its components from the other side, namely, paying attention to
composition of user interface components. Interface itself is designed by using
XML techniques of user screen representation, combining XML mark-up
((Lepreux, S. and Vanderdonckt, J., 2007), the ServFace project (Patern™ O. F.
et. al.,, 2011), Alias (Joffroy, C. et. al.,, 2011) and Transparent Interface
(Ginzburg, J. et. al., 2007).) or reuse interface widgets from companies
repositories ( Compose (Gabillon Y. et. al., 2011), COTS-UI (Criado, J. et. al.,
2010), CRUISe (Pietschmann, S. at. el.,, 2009), WinCuts (Tan, D. S. at. el,,
2004) and on-the-fly mashup composition (Zhao, Q. at. el, 2008)). Functionality
of user interface components is based on supporting collaboration of services
using specific collaboration patterns.

To contribute to better support the composition process, it was propose a new
composition model and a prototype of a component assembler, the so-called
OntoCompo, which implements the model. The model describes applications in
terms of Task, Ul and software components. The prototype allows a
composition mainly driven by the direct manipulation of Ul elements, the other
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components being hidden, but still being linked to the Ul elements (Christian
Brel et. al, 2014)

The approach is applied to the application composition driven by Ul
manipulation. Thus, starting from a selected part of the Ul, corresponding
software components are identified. The connections between models are
exploited in a process of selection, composition by substitution and layout
reorganization.

In the paper (Christian Brel et. al, 2014) were presented approach of application
composition based on three application descriptions or models, namely the Ul,
Task and Software Components descriptions or models. OntoCompo is the
prototype applying approach to an application composition driven by
manipulation of Ul graphical elements only.

The user testing it was performed with OntoCompo highlighted that this
restricted manipulation was not enough to achieve an appropriate composition.
The most realistic of our working hypotheses was the weak hypothesis, namely:
to perform their composition task, developers need to manipulate the three
kinds of models together, but to different degrees; developers must have the
control of the three models; they need to visualize and manipulate these models
when needed.

However, to achieve the composition, developers did not need to manipulate
the code of the resulting application.

Proposed approach

1) Prepare detailed requirement specification.

2) Design a Use Case diagrams.

3) Transform them into the BPMN diagrams.

4) Match constituents of BPMN diagrams with mock-up of Ul
components.

5) Define events of Ul components and match them for code.

6) Organize Ul components into composite ones.

7) Trace containers and events on BPMN diagram.
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Case study

It is proposed to design an interface with script libraries supporting
functionalities of analyzing content obtained from different segments of search
content. Requirement specification for the designed application is given below.

Req. code | Req. description

F1 Support search from different google regional sub-domains

F1.1 Support search from Bulgarian area

F1.2 Support search in Dutch area

F1.3 Support search from Espanol area

F2 Contain lists of references for content in different sub-domains that

are pointing to different content

F3 Possibility to organize search history and calculate common
numbers of references that are the same for searching by specific

keywords in different sub-domains

F4 Allow users to choose a background

The result of specification analysis is BPMN diagram designed after Use Case
diagram transformation. This diagram is represented in the Figure 1.

Activities of this diagram are matched to components of interface for creating
user screen allowing solving task of analysis internet content in different sub-
domains. The interface of the proposed specification is represented on the
Figure 2. It is created by means of MockFlow online utility. Every component
has a set of standard events according to MVC architectural style.
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Figure 1. BPMN diagram of the process “Analysis of sub-domain content”
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Figure 2. Designed interface on the basic of BPMN diagram
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Designed *.html of the created interface is represented below.

<IDOCTYPE htmI>
<head>

<base href="">

<meta http-equiv="Content-Type" content="text/html; charset=utf-8" />
<meta name="google" content="notranslate" />
<titte>MockFlow WireframePro - Viewer</title>

<!I-- external css files -->
<link
href="https://wireframepro.mockflow.com/css/external/bootstrap3/bootstrap-
editor-min.css" rel="stylesheet" type="text/css" />

<link
href="https://wireframepro.mockflow.com/css/external/bootstrap3/bootstrap-
theme.css" rel="stylesheet" type="text/css" />

<link href="https://wireframepro.mockflow.com/css/external/jquery-
ui-1.11.4.custom.min.css" rel="stylesheet" type="text/css" />

<link
href="https://wireframepro.mockflow.com/css/external/styles/kendo.common.mi
n.css" rel="stylesheet" type="text/css" />

<link
href="https://wireframepro.mockflow.com/css/external/styles/kendo.custom.metr
0.css" rel="stylesheet" type="text/css" />

<link
href="https://wireframepro.mockflow.com/css/external/bootstrap-toggle-
buttons.css" rel="stylesheet" type="text/css" />

<link href="css/external/fontawesome/css/font-awesome.css"
rel="stylesheet" type="text/css" />

<link
href="https://fonts.googleapis.com/css?family=Source+Sans+Pro:300,300italic,r
egular,italic,600,700,700italic" rel="stylesheet">

<link href="css/internal/icons/style.css" rel="stylesheet" type="text/css" />
<!l--internal css files -->
<link href="css/internal/editor-min.css?v=2019 12 20 16 22 10"
rel="stylesheet" type="text/css">
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International Journal "Information Content and Processing”, Volume 5, Number 3, © 2018

<l-- external js files -->
<l-- mfexternal-min.js -->

<script type="text/javascript" src="data/data.js"></script>

<script type="text/javascript"
src="https://d20hhedk3h2I88.cloudfront.net/apps/wireframepro/external/js/webfo
nt.js"></script>

<script
src="https://ajax.googleapis.com/ajax/libs/jquery/2.1.4/jquery.min.js"></script>
<l-- <script type="text/javascript" src="js/external/jquery-2.1.4.min.js"></script>--
>

<script type="text/javascript"
src="https://d20hhedk3h2188.cloudfront.net/apps/wireframepro/external/js/jquery
-ui-1.11.4.custom.min.js"></script>

<script type="text/javascript"
src="https://d20hhedk3h2188.cloudfront.net/apps/wireframepro/external/js/jquery
-migrate-1.2.1.min.js"></script>

<script type="text/javascript"
src="https://d20hhedk3h2188.cloudfront.net/apps/wireframepro/external/js/kendo
.custom.min.js"></script>

<script type="text/javascript"
src="https://d20hhedk3h2188.cloudfront.net/apps/wireframepro/external/js/bootst
rap3.min.js"></script>

<script type="text/javascript"
src="https://d20hhedk3h2188.cloudfront.net/apps/external/js/jquery.textchange.
min.js"></script>

<script type="text/javascript"
src="https://d20hhedk3h2188.cloudfront.net/apps/external/js/jquery.event.drag-
2.2.min.js"></script>

<script type="text/javascript"
src="https://d20hhedk3h2188.cloudfront.net/apps/external/js/arraycollection.min.]
s"></script>

<script type="text/javascript"
src="https://d20hhedk3h2188.cloudfront.net/apps/wireframepro/external/js/spin.
min.js"></script>

<script type="text/javascript"
src="https://d20hhedk3h2188.cloudfront.net/apps/wireframepro/external/js/multili
ne.min.js"></script>

<script type="text/javascript"
src="https://d20hhedk3h2I88.cloudfront.net/apps/wireframepro/external/js/jquery
.address-1.5.min.js"></script>

<l-- internal js files -->
<script type="text/javascript" src="js/internal/mf_wireframepro-
min.js?v=2019 12 20 16 22 10"></script>
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Represented listing of an *html shows that user Interface components
functionality IS provided by third party resources
https://d20hhedk3h2188.cloudfront.net/apps/wireframepro/externalljs/

supporting JQuery libraries.

Conclusion

Modern user interfaces are highly dynamic and interactive. They often compose
in various ways user interface components. Thus, there is a need to understand

what can be composed in user interfaces and how.

The technologies for the development of Ul evolve very rapidly like any other
relatable field in web development. The way technologies are evolving in the
front end frameworks has been changing the logic and methodologies used in

the development process.

There are various numbers of technologies, environments and approaches
for composite component designing. Each of these methods has advantages

and disadvantages.

Implementation of the proposed approach will increase the development
speed by means of shrinking time for testing and development. Other
advantage of the proposed approach is the next: matching BPMN diagrams
from previous and current project, one can reuse interface components that are
combined into containers, and even whole user screens can be prepared for

reuse.
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A QUICK METHOD OF SOLVING THE INVERSE PROBLEM
OF ELECTROMETRY IN OIL AND GAS WELLS

Mykyta Myrontsov

Abstract: The effective iterative method for the inverse problem of oil and gas
wells electrometry rapid solution was considered. Author proposed to use a
high-effective full currents method to solve the direct problem of electrical and
induction logging at each step of the inverse problem iterative solution. It was
demonstrated that when structure model changes, only the coefficients in the
equations of system of linear algebraic equations change too. In this
connection, their number is not change. The possibility of taking into account
the quantative measure of each sonde influence to overall result was used to
increase the efficiency of the inverse problem solution. That opportunity allows
taking into account firstly the sondes which are the most sensitive to selected
section model parameters changing, with minimizing of discrepancy. That
attitude significantly accelerates the speed and accuracy of the inverse problem
solution. This article is a generalization of long-term work for development of
highly effective algorithms to solve direct and inverse problems of well logging.

Keywords: Numerical modeling, electrometry in wells, direct problem, inverse
problem

ACM Classification Keywords: G1.8. Partial Differential Equations, J.2
Physical Sciences and Engineering

Introduction

Unless and until the only way to extract oil and gas will be drilling of wells, until
then the well logging (WL) will not lose its relevance both from scientific and
practical points of view. Among the number of methods, WL-electrometry takes
the main place because it gives the answer to the key question: “Where is the
useful fluid, how much it can be extracted totally and per day?” [Pirson, 1996;
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Anderson, 2001]. The answer to these questions is not hidden among
measured averaged values of the apparent resistivity (AR), but among the
values of section model geoelectrical parameters. This model describes the
spatial distribution of differential value of specific resistivity (SR). Such
parameters can be determined in solving the inverse problem of electrical
logging (IL) of induction logging (EL). However, it should be understood the
necessity of direct problem solving (Fig. 1).

Also, as a lot of geophysical problems, answer to these questions requires a
numerical solution of complex and unstable Hadamard mathematical inverse
problem [Strahov, 1967; Tikhonov etc., 1979; Tikhonov etc., 1990].

Note that in addition to volatility naturally factored in a lot of geophysical inverse
problems, electrometry inverse problem solution is often enhanced by complex
start conditions.

In practice, geoelectrical parameters of researched objects (reservoir beds) are
often comparable with equipment spatial and/or measurement resolution value.

A lot of researches are on the problem of creating the effective method to solve
direct problem (and its using in the iterative solution of the inverse problem).
However, there are still no method with no possibility of improving. Therefore,
the purpose of this research was to develop a method of solving the direct and
inverse problems which have an advantage over existing methods in
implementation simplicity and calculation speed, other factors being equal. In
this paper quantitative assessment of the calculation speed using the proposed
methods in comparison with widely used other was realized.

Direct problem

What do we mean under EL [llinsky, 1971] direct problem or IL [Kaufman, 1965;
Plyusnin, 1968] direct problem?

Firstly, we mean some way of value obtaining which corresponds to a
measurement of value by a particular sonde, of specific physical measurement
principle, for the particular well section.

We need to formalize some concepts to describe the improving of this method.
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In this method, the measurement is the physical law, its mathematical
description and their possibility of modelling in convenient way.

From a mathematical point of view, we need to solve the equation of divergence
in the area with no current sources, and with variable coefficients:

divj = div(oE)=0. (1)

In terms of modeling, it means to improve the numerical solution of such
eguation in any convenient way, but without error, which can exceed the
predetermined (preferably small enough) value. For example, finite difference or
finite element methods can be used [Samarsky, 1971; Samarsky etc., 1989;
Bakhova etc., 1999].

In this research, we will use the method of integral currents [Myrontsov, 2012e;
2019a]. To do it, we replace the structure with a discrete model, which
describes by a non-uniform system of linear algebraistic equations (SLAE). This
SLAE describes the “electrical integrator” [Alpin, 1953; 1962; Myrontsov, 2007b;
2009b].

In each node we record the Second Kirchhoff law. It is the integral analogy of
current density vector equation of continuity (1):

Uij+l _Uij Uij _Uij& Uij+1
L i i+l ji
R Rjj—l,i Rjj,i le,i—l

g

1)} Ty _ . 2
U Y -YUs gicinj=1m, @

where U} — potential in the node j,i ; n — nodes number on z-direction; m —
nodes number on r-direction; R/i*', R!!*" — resistances between nodes (j +1i),

(J,1) and (j,i+1), (j,i) appropriate (for nodes on z-direction we need to make a

change to the appropriate step change to the denominator):
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Figure 1. Scheme of the inverse problem effective solution

dr (3.1)
272Az(r, +(j —0.5)Ar)’

R =]p

Ar

Jil _ i dz ) (3.2)
R Afzp 2|t + (i + 0.5)Ar Y —(rp + (i —0.5)Ar )]

In (3.1), (3.2) — approximation step in the coordinates r,z appropriate, r, —

sonde radius.

We note that the system (2) will not change (type and number of equations) for
any number and any location of coaxial boundaries with coordinates i - Ar or for

boundaries which are normal to the well axis with coordinates j-Az in the

model with plane-parallel arrangement. Only (3.1) and (3.2) will change,
because change in the model will only result in the calculation of the

corresponding integrals (coefficients of the system).
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The variant when p = p(z,r) a change with its derivative continuously also does

not require changes of number or equations of system type.
That’s why, solving of EL direct problem is that:
— the problem of rectangular grid (discrete model of structure);

— system (2) solution for homogenous structure with SR, equal to 1 for
sonde (or sondes) coefficient calculating;

— coefficient (3.1), (3.2) calculation for system (2) and it solution for a

given model of structure.

Boundary conditions for the derivative functions (Neumann condition) on the
infinity and on insulator surfaces of the device are performing automatically.
Grid is limited, that's why the current cannot spread in the direction with absent
grid.

The non-zero boundary conditions on the electrodes surfaces are performing by
adding to the equations (2) right side the magnitude of the current flowing from
the electrode.

By this means, we have a non-homogenous SLAE with a single solution. This
solution also can be expressed through the determinant of the system
(according to Kramer formula). Therefore, for a given geometry of the sonde
(specified boundary conditions), the direct problem solution for any 2D-spatial
distribution of SR does not require changes in system of equations, but only
changes of coefficients.

System without generality limitation accepts the use of grid with an irregular
pitch.

Now let substantiate the proposed method for EL direct problem solving.
Transition from the differential equation (1) to its integral analogue (2) by choice
(3.1) and (3.2) is proved. Transition from integral form to a differential
transforms the system (2) into a finite difference system with orthographic grid.
It allows to use all the theorems about convergence and stability of the method
(in a homogenous structure).
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Relation (2) and (1) follows from equation of continuity, which has that form in
cylindrical coordinate system (CCS):

J—“+0J—r+aj—z=0.
r o o0z

Elements |, |, of the full current are related with its density:
=), r-27-Az,
L=, -((r +A%)2 —(r —A%)Z)-fr-Ar =j,-r-Ar-27.
Then let’s use the transformation:

j_r+%—|—r+ai. 1 _ I' —ai;
ro o r®2r-Az or r-27r-Az r® - 27x-Az Or r-2m-AzZ’

, 1

9, _a, 1
0z 0z r-Ar-27

And finally will get:

i d, .4, 1 (d, d,
Ly L2 +
r o o0z Ar

T 4+22|=0,
or 6‘2}

or:

ﬂ-f-%:o,
or 0z

which is equivalent to the equation (2) that describe our discrete model.

To verify the numerical method for EL direct problem solving, we can compare
the calculated values of the sondes coefficients with calculated ones by analysis
[Myrontsov, 2003].
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There are a number of numerical methods for exact solution of IL direct
problem. For example, author proposed and implemented method [Myrontsov,
2004, 2007a, 2009], which is based on structure performance as an integration
of elementary rings under additional conditions:

- considering coils contours as elementary rings, with taking into
account their geometric (diameter, cross section etc.) and physical

(conductivity) features;

- taking into account currents interaction as a mutual induction of all

elementary rings in the system.
In general form, change of current in generator coil k: | =15 e +il¢ e, (where

X, , Il'fn— active and reactive components) is provided by applied electromotive

force (EMF):
£=gh e +igke™,
where
gf, = A“ =const,

S k
&mn =B" =const.

Let's see the principle of mutual induction: on change of current |I!in the

elementary ring j EMF &'emerges in elementary ring i :

£

=-M;—,
dt
where M; — coefficient of mutual induction.

Full EMF &' emerges in elementary ring i, and is sum of EMF, which induced
in other rings by separate currents:
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i j

i ij_ dr’
& —Zg __ZM”E'

To obtain the final systems of equations, we use:

1. Ohm’s law in integral form:

where R, — resistivity of elementary ring. Because of axial symmetry:
I : : .
R, = §<p>§—s'(<p> — is SR, which averaged on the section of the elementary
C i
ring;

2. The formula for derivative in time of constant frequency alternating current:

3. So that:
M, =M,
Finally we obtain:
IR — @Y M} =0, (4.1)
j
LR + @Y Myl =0. (4.2)
i

These equations corresponds to changes in active and reactive components of
generator coils EMF A* or B*. By adding to right parts of these equations right
parts of equations (4.1) and (4.2), we will obtain a non-homogenous and regular
SLAE with number of variables N and number of equations equality.
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Comparison of various methods accuracy and speed for direct problem
solving

Let’s make comparison with other methods to evaluate the effectiveness and
accuracy of the proposed solution.

A0.4M.0.1N A1.0M.0.1N A2.0M.0.5N A4.0M.0.5N AS.0M.1.0N
1 10 100 1 10 100 1 10 100 1 10 100 1 . 10 100

2065 t

2060 ; L}

2050 |- B . J

2040 i

2035 |- E

2025 |- R 1P I

2020

..... Program 1 Program 2 Rzone Rbed

Figure 3. An example of comparing direct 2D problem by different software for
the section with three-layer horizons (p. =2 ohm'm; r.=0.1 m)

Firstly, let's compare IL direct problem solution for IL four-probe equipment
using the proposed method with the result of modelling by FemLab software
(University of Florida).
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Fig. 2 shows the log graphs 4IL [Myrontsov, 2012e; 2019a] complex for a
bench. It contains different models of the horizons in different sequence which
corresponds to water-saturated, petroleum-saturated, gas-saturated, clay and
consolidated. Log graphs were obtained using proposed method (codenamed
as “program 1”) and using FemLab (codenamed as “FemLab”). The agreement
of results is obvious, but solution using proposed method was almost 20 times
less than FemLab (University of Florida) program.

Let's assess the effectiveness of the proposed method for EL [Technical..., 2002]
direct problem solving (“program 1” in Fig. 3) by comparing its results with
results of software developed in Trofimuk Institute of Petroleum Geology and
Geophysics, Siberian Branch of the Russian Academy of Sciences (“program 2”
in Fig. 3) for side logging sound equipment [Myrontsov2019a].

In addition to the results agreement, proposed method solves the problem
almost 100 times faster than software of colleagues from Novosibirsk.
Unfortunately, author cannot name neither software authors nor its name
without allowance.

During the discussion about comparison results, it was establishing the facts
that some differences may occur due to different representations during
reversed current electrode modelling. In author’s software it is presented not as
point electrode but as conducting braid of a logging cable as a finite distance
from the direct electrode. Other divergences are the results of the approximation
in any numerical calculation, they are objectively reflecting values of real error.
Author leaves visual assessment of results convergence behind the reader.

Inverse problem

The answer to the question about location and amount of useful fluid, about possible
daily amount of its extraction is not in the area of measured AR (or apparent
conductivity (AC) imaginary quantities. It is in the area of geoelecrtrical parameters of a
model describing the spatial distribution of SR or specific conductivity (SC).

Therefore, geophysical characteristics of the equipment are the ability of particular
algorithm (and its implementation) to solve the inverse problem: to allocate certain
objects and to recognize their geoelectrical parameters with define accuracy.
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Consequently, from the WL point of view, equipment with more accurate measurement
is less good than equipment with more precise inverse problem solution. The
effectiveness of any inverse problem solving method depends on such factors: way to
determine the sondes measurement data for the define structure parameters; choice of
“proximity” of sonde and real indications parameter; choosing for model parameters
selecting for selected proximity parameter.

These questions can be paraphrased as:

— choice of direct problem solution method (finite difference, finite elements,

full currents, semi-linear solution etc.);

— choice of a functional which will be minimized during inverse problem

solving;
— choice of iteration process method for inverse problem solving.

We can consider minimization of the functional as a criterion for proximity of the
solution with desired true value:

n\iz

P Z[p. = -p, T, 5)

where n— number of sondes; p| — AR calculated values for model; p — AR

obtained values.

There are some variations of functional representation, which will be minimized
during inverse problem solving.

For example, as:

L e o) ©)
F 1""7pn):H Z(S—T) ,

where 8, — relative error for sonde .

Or:

1 P -pE ) "
Flol v pr)=— le( P j '

8i/oi + %
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where yx, — absolute error for sonde i .
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Figure 4. lllustration of reservoir parameters shredding. For allocated points direct
problem was solved on the n+1-step of iteration

Let’s consider such type of functional:

: T_ eV (®)
) (2]

i=1 PiT

where K, are weight coefficients of each sonde of the complex which can be

changed by the interpreter.
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During calculation of functional (5)-(8) we can take both values piT and piE in

denominator. Values p;, at which minimum is achieved, do not depend on this.

But this may depend on the functional minimizing speed which may be
important during real inverse task solving. Different speed of minimization
(depending on chosen method) can be explained by different form of the
dependence of expression under radical sign and the denominator (argument or
constant number).

The first step of inverse problem solving is formalization of requirements to the
correspondent algorithm.

The requirement of accuracy is clear. Its ability to be executed depends on the
accuracy of the available algorithm

of direct problem solving. Let’s assume that accuracy is not in doubt, then focus
on another requirement, which is the speed of calculation process. Practically,
this is the speed of non-compliance functional minimization (8).

Let's consider the three-layer model as the model of reservoir-collector
[Myrontsov, 2013]: well (SR of driling mud —p,, , well diameter — d) + zones
encircling the borehole flushed by the borehole mud (invaded zone) (SR of zone

- p5, zone diameter — D) + uninvaded zone of bed (SR — p).

To begin, let's construct a table that associates the values of vectors
components in the area of geoelectrical model parameters with vectors
components from the measurement data area.

In the case of three-layer model, the associate table p% ,D/d, p% with
W W

number of AR % ,i=1n, where n — guantity of sondes in the complex (for
W

convenience and without generality limitation p, =1 ohm-m). Practically, the

construction of each row in the table:

p]Z’ (D/d)J’ pIJ3’ p,jAO.4ND.1M""’ pi' pJZ ’ pr]1

requires to solve at least one direct problem.
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Usually, table has to be made in bi-logarithmic scale. After making a table, it is

actually possible to implement the algorithm of simplest solution of inverse

problem.

During row of the table selecting, we choose the one for which the AR of

selected logging complex is most closely identical with measured. Parameters

,o;,(D/d)j , p) from that row will be selected as the required model parameters.

Search can be

realized automatically, criterion of

coincidence” will look like minimizing the functional (8).

“the most accurate
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Figure 5. Scheme of inverse problem solving

That method is implemented in a lot of software for electrometer data

interpretation. With a dense filling of the table, it shows a good results with error

comparable with error of logging.

Modern development of hardware technologies and presence of pre-calculated

table make possible solve inverse problem for interval of 2000 m along well axis

in the split second. However, such algorithm has several drawbacks.
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First: its accuracy is limited by the step of sweeping the parameters p,, D/d,
pg. Second: a large size of the table requires significant computing resources

and prolongs the time of solving.

For three parameters, during the sweeping p,, pg in 1000 values, and D/d —

twenty, we will have 20000000 rows in the table. This can be considered for
three-layer model, but this method are irrational and too difficult in
implementation for four-layer model.

However, we will use such table. Even a table with 5 values for D/d and in 50
for p,, ps (1250 rows in table) can simplify and accelerate further solution (for a

four-layer model, with number of possible variations of washed zone
parameters (5 for diameter and 50 for its SR) we will have a table with only
312500 lines).

This table will necessary to build the first approximation in the subsequent
iteration minimization (8).

For iteration we will select the first approximation of the required parameters in
the form of range [Myrontsov, 2019b]:

BOTTOM TOP (9.1)

Pz <Pz<Pz
D/d®*"™ <D/d <D/d™", (9:2)

BOTTOM TOP (9.3)

Pe <Ps < Ps

On the next step, we divide the area (9.1)-(9.3) into flats (Fig. 4):

pz =P +05-(p]* - pITM), (104)
D/d=D/d®*™ 1+0.5-(D/d™ —D/d®TM), (102)
Os :pBBO'I'I'OM +0.5.(p;op _pBBO'I'I'OM)’ (10.3)
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on eight areas. Now we solve the direct problems in the vertices of formed
parallelepiped (9.1)-(9.3); at the points of flats intersection (10.1)-(10.3) only 13
of the points on the sides of parallelepiped. At one point we have a solution
from the previous iteration.

Each of the eight areas creates a monotone area in the value space p, . We

select the one the value p~ belongs to. Next step is to select the vertices of the

area as the boundaries of intervals (9.1)-(9.3) of the next iteration: pZ°™" , o7

D /d BOTTOM D / dTOP BOTOM TOP

' pB ’pB

We need to continue this process until satisfaction the condition for the pre-
determined value of the misfit ¢:

n T E\?
Fotsl)= (S22 <
i=1 i

Pi

or if the value of the functional does not stop decreasing. Decreasing is possible
because the minimum of functional does not necessarily equal zero during task
redefining.

For the first iteration we construct area (9.1)-(9.3) from our pre-calculated table,
taking the closest but not equal model parameters from rows with smallest
values as boundary values (8).

For solving such a number of direct problems, it is appropriate to use so-called
streams (for example with TThread object in Delphi). Possibility of solving
several mathematical problems simultaneously is widely available now. Use of
streams leads to solve several direct problems instead one (Fig. 5) in the same
time. Number of direct problems depends, of course, from parameters of
hardware.

Author uses know-how, which allows to significantly reducing the number of
points in which direct task solved.

It should be said about another possible method to increase the accuracy of
inverse problem solution. The described method can be effectively applied to
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measured values of layers AR. The values of layers AR are not influence by the
value of shoulder beds SR. So, before using described method of solving the
inverse problem for each bed, we need to exclude the influence of shoulder
beds to measurement.

In the case of EL inverse problem is non-linear. Then it is proposed to reduce
the influence of shoulder beds to measurement using equipment with high
vertically (along the axis z) spatial resolution [Myrontsov, 2010a; 2010d; 2010e;
2018a; 2018b].

Such equipment proved to be more effective in such complicated geological
conditions in which the complex used in Ukraine is not effective [Yegurnova
etc., 2005; Myrontsov, 2012a; 2012b; 2012c; 2012d].

In the case of IL, inverse problem is linear. In this context an effective factorization
method developed and implemented by author can be used to exclude the influence of
shoulder beds [Myrontsov, 2009a; 2010b]. This method also can be used for pulsed IL
[Myrontsov, 2010c].

Conclusion

It was being shown that the use of integral currents method for EL and IL direct
problem solving has such advantages over the use of the finite difference or
finite element method:

- unlike the finite difference or finite element method, it is not necessary
to change the number or type of SLAE during model around well
environment changing. It is only necessary to change the values of

system coefficients;

- implementation of the proposed method gives the preference to the
calculation speed (for IL almost 20 times, for EL almost 100 times in

comparison with finite element method).

It was being shown that the inverse problem solution based on the method of
desired parameters space half-separating (by analogy with bisection method or
half-partition division method for non-linear equations solution) has higher
accuracy in comparison with calculated table-based methods. It connects the
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values of horizon with values of measurement. Obviously, this follows
inaccuracy of method based on such table using due to discreteness of the
possible solution values in the table.

In addition, the proposed method of inverse problem solving has one more
advantage. It is ability to change the weight number values for each probe of
the complex. Thus, user has an opportunity to exclude unserviceable probes or
amplify an effect of probes with better geophysical parameters for selected
model of the cut to solve the inverse problem.

Proposed and implemented method of solving inverse problems of EL and IL is
currently on the technical tests by industrial geophysical companies of Ukraine.

Author plans to continue theoretical researches firstly in the scientific area of
equivalent solutions for inverse problem with measurement error [Myrontsov,
2012f; 2019c].

Author would like to thank PhD V.O. Okhariev for his assistance in translating
the article.
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LEARNING MANAGEMENT SYSTEM WITH SCHEDULING
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Abstract: In this paper, we investigated the problem of scheduling for the
School Management System (Learning Management System, LMS) and
proposed our solution to solve it. We articulated that change management is
also an essential part of the system. The comparative analysis of standards for
LMS, courses learning materials representation and well-known LMS was done
and presented in this research. IEEE LTSC, AICC, IMS, ADL, SCORM,
ARIADNE and other standards were inspected with regard to the systems
where they are implemented. The conclusions were made based on the
gathered and presented material. The new system developed and implemented
in a number of educational institutions was presented in this work. The research
is illustrated with the images of particular systems as well as the comparison

table and brief information blocks to systemize the material representation.

Keywords: e-learning, learning management system, IEEE, LTSC, AICC, IMS,
ADL, SCORM, ARIADNE, LMS, CMS, SMS, MOODLE, Claroline, Dokeos,
ATutor, ILIAS.

ITHEA Keywords: J.1 Computer Applications - ADMINISTRATIVE DATA
PROCESSING - Education, K.3.1 Computing Milieux - COMPUTERS AND
EDUCATION - Computer Uses in Education, H.4.1 Information Systems -
INFORMATION SYSTEMS APPLICATIONS - Office Automation - Time

management (e.g., calendars, schedules)



International Journal "Information Content and Processing”, Volume 5, Number 3, © 2018

Introduction

Learning Management Systems (LMS) and its variants emerged as further
development of Content Management System (CMS), a kind of specialized

systems, in particular for learning management.

In the literature, one can find the following abbreviation for learning

management systems:

- LMS - Learning Management System,

- CMS - Course Management System,

- LCMS - Learning Content Management System,
- MLE - Managed Learning Environment training),
- LSS - Learning Support System,

- LP - Learning Platform,

- VLE - Virtual Learning Environments.

The most common are LMS and CMS (not to be confused with the content

management system).

Learning Management Systems (LMS) are very popular today, also known as e-
Learning systems. They really cover many functions of the study process and

its organization.

Here we will look through the most popular Learning Management Systems and
argue the new development with relatively new important functions omitted in

other systems.
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A Brief History of E-Learning Development.

The LMS is defined as a software application designed to administer, monitor,
document, provide educational content, and control e-learning and training
courses. These systems are popular in colleges and universities but can also be

used by businesses and other organizations.

In schools, LMS is often used as a supplementary online education or
supplementary classroom resource. These software solutions can also be
sought after by businesses as tools for corporate training, certification and

accounting.

Every LMS, a learning management system, has its own unique set of features.
This is what differentiates each product. At the same time, although the features
may differ, there is a certain standard set of features and settings that are most
common and present in virtually any LMS. This set typically solves basic
learning tasks such as enrollment, educational achievement monitoring,
planning, content management, communication, and teamwork. Some systems

offer other attractive features, such as mobile access and e-commerce.

The effective use of information technology in education significantly improves

the effectiveness of learning and reduces its costs.

The research conducted in this area most often compares group and individual
training. In this regard, the following features were observed:

- on average, group has about 0.1 questions per hour per student [LTSC];

- in individual study the student can ask or answer 120 questions per hour
[LTSC];

- for 98% of students, the efficiency of individual work is higher by 50% than in
the group [LTSC].
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There are many official LMS standards available today, so the product selection
decision is up to the users and/or their companies to maximize their satisfaction.
What works great for some organizations may not work for others at all. Let’s go

into details.

Review of standards.

A standard is a format approved by a recognized standardization institution or
accepted by industry (or the majority of interested representatives) as a de facto
sample.

There are standards for programming languages, operating systems,
presentation formats, communication protocols, electronic interfaces, etc.
Having standards is important for any IT user, as it is through standardization.
The availability of standards is important for any IT user, because it is through
standardization that each user can combine the equipment and programs of
different manufacturers according to their individual needs. If there is no single
standard, then the user should be limited to devices and applications from only
one manufacturer. Both hardware and software, in particular, e-learning

applications, are subject to standardization.
The most common standards in e-learning include:

- |IEEE - Institute of Electrical and Electronic Engineers (LTSC -
Learning Technology Standards Committee) (http://ltsc.ieee.org/)
[LTSC]

- AICC - Airline Industry Computer Based Training Committee
(Http://www.aicc.org) [AICC]

- IMS - Instructional Management Systems, World Education
Consortium - IMS Specification - XML-based standard describes the

course structure. (http://www.imsproject.org) [IMS]
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- ADL/SCORM - Advanced Distributed Learning and the ADL SCORM
standard - Sharable Content Object Reference Model
(http://lwww.adlnet.org/) [ADL SCORM, SCORM]

- ARIADNE - Alliance of Remote Instructional Authoring & Distribution
Networks for Europe (http://www.ariadne-eu.org/) standardizing the
exchange of educational content for the European Union.

- PROMETEUS http: /lwww.prometeus.org/

- The Dublin Core Metadata Initiative http://dublincore.org/

SCORM - Sharable Content Object Reference Model.

The creation of the SCORM standard [ADL SCORM] was the first step in the
development of the ADL [ADL] concept. This standard defines the structure of
the training materials and the runtime interface, whereby training objects can be

used in various electronic distant education systems.

In SCORM, this technical structure is described using some basic principles,
standards and specifications based on the work of other already established
specifications and standards for e-learning and distance education.
Organizations that have established the relevant standards continue to work
with ADL, developing and improving their own e-distance and elLearning

specifications and standards, and helping to build and improve SCORM.

ADL has created SCORM to integrate different standards and specifications
(such as LOM, IMS CP) into a single content model. SCORM is a technical
infrastructure that allows you to share objects in a distributed learning
environment. An exemplary Sharable Content Object Reference Model
(SCORM) defines a model for content aggregation and a work environment for
web-based learning objects.

Initially, it was a set of manuals and technical descriptions. Subsequently, a
number of organizations joined the process and the project became more

versatile (including, for example, the use of CDs, interactive multimedia, etc.).
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SCORM uses the results of a number of projects and organizations such as:
IMS Global Learning Consortium, Inc., the Aviation Industry CBT (Computer-
Based Training) Committee (AICC), the Alliance of Remote Instructional
Authoring & Distribution Networks for Europe ( ARIADNE) and the IEEE
Learning Technology Standards Committee (LTSC).

Version 1.2 of SCORM introduces the concept of content packaging and
contains updated metadata for describing training content based on

specifications created by the IMS Global Learning Consortium and IEEE LTSC.

SCORM is widely recognized among all e-learning standardization products.
This model is used to create training systems that rely on Internet resources.

The standard SCORM model consists of three parts:

- the introduction or the overview (the Overview);
- a description of the content integration model (the Content Aggregate
Model);

- a description of the workspace or the RunTime Environment (RTE).

The first part describes the ADL standards and provides a rationale for creating
a reference model. The second part provides practical tips for identifying
resources and transforming them into structured learning material. The last part
gives practical tips for communicating with the web environment and tracking its
content. In an ideal SCORM-compliant situation, all curriculum elements are
functionally compatible with all LMS systems and VLE environments. Any
standard training computer program can be introduced into an existing training

organization / virtual environment and data will be shared between them.

Rather, SCORM is not a standard, but a benchmark to test the effectiveness
and practical applicability of a set of individual specifications and standards.
This benchmark is used by standards developers such as IEEE and IMS to

integrate the specifications they have created.
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The main features of e-learning solutions

When choosing software for training systems, the following characteristics can

be considered:

reliability in operation,

- security,

- compatibility (including compliance with standards),
- ease of use and administration,

- modularity,

- access providing,

- the cost of software, maintenance and hardware needed.

It is important to note that many of them overlap. However, examining them

individually helps to understand the technical requirements for training systems.

Reliability in operation

This parameter characterizes the ease of administration and ease of updating
content using existing templates. When choosing software, make sure that the
content of the training course and the site structure are separated so that you
cannot accidentally delete important menu items when updating content. Check

the help system and make sure it is really helpful.

It is advisable that you do not depend on the mercy to the seller when

operating.

If it is difficult to add new users to the system, exclude old users, add content,

have problems updating the site, etc. teachers quickly refuse to use it.
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Compatibility

The prosper system must be compatible with other e-learning solutions.
Although a "universal" software solution that fits all possible, there are no
universal and all-needs-covering standards, but you can still choose a system
that supports at least one widespread standard. Otherwise you will be
connected with developers of the system from the time of its installation until the

end of life.
When compatibility may be required:

- Sharing (moving) content from one learning management system to
another.
- Use of developed courses.

- New employees (non-standard systems require trainings).

One way to ensure compatibility is to look for software that supports industry-
specific standards. Ideally, it should allow the use of the same training materials
in different learning management and content management systems.
Compatibility is the ability to take the same training material and, without
making changes, use it in different learning management systems. Currently,
standards are just a general direction for achieving compatibility. It should not
be assumed in advance that a SCORM-compliant training course can be

automatically used in a SCORM-based learning management system.

Ease of use and administration

When choosing a new system, it is necessary to ensure its convenient usage.
This is an important parameter as potential students will never use technology
that seems cumbersome or difficult to navigate. Teaching technology should be
intuitive. The training course should be simple to find the help menu, easy to

navigate from one section to another and communicate with the teacher.
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Teachers, in turn, are not inclined to read a thick guide to using the courseware
or to spend time figuring out how to create a test. The software should be

simple and better open sourced.

Modularity

Modern systems of additional training often use small interchangeable objects
of knowledge - small elements of educational content. These are small, self-
contained information blocks that can be reused for educational purposes. They
are often compared to the elements of the Lego game. Knowledge objects can
simply be transferred from one course or lesson to another, completely different
from it. The purpose of creating these objects is to reduce the development time

of courses, because by creating one object, it can be reused again and again.

Such blocks can be joined, separated and arranged in different order,

regardless of their size or color.

If you intend to use such "cubes", it is necessary for the system of your choice
to support this kind of functionality, that is, to allow you to identify the objects of
knowledge and to allow the course organizer to associate the objects of

knowledge with the learning objectives.

Providing the access

There are two aspects to this question. The first is that those who are taught
should have no barriers to accessing the curriculum. For example, it should be
compatible with screen readers, programs that can read words on the screen

for those who have low vision.

The second aspect is to make sure that the technology you purchase is suitable
for all potential users. For example, if some of the students do not have the
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latest version of Macromedia Flash, they will not see the animation you created

with the technology.

Purchased software should be tested with those browsers that will be used by
those who are being trained. In order to make sure that the training program
runs on the platform on which it is required, several scenarios must be tested.
Test on multiple computers with different browsers and programs, or you need

to give rigid hardware configuration recommendations.

Cost of software, maintenance and hardware
An important aspect is the price.
When calculating the price one should take into account the following:

- Cost of all software including: the system itself; operating system;
DBMS; anti-virus programs; security software etc.

- Support. It should be borne in mind that different software requires
different levels of skill and salary. It all should be calculated.

- The cost of the hardware, including server; power consumption; data
backup system; network and channel facilities; redundancy for hot and

cold replacement of equipment in case of failure.

Overview of learning management systems

MOODLE

MOODLE [MOODLE] is one of the most widely used LMS. MOODLE allows you
to create a private online learning space filled with exciting activities and

materials. You will always have full control over all your data and the way your
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employees, students and clients are on board. MOODLE design and
development are guided by a particular teaching philosophy, which can be

briefly called "social constructionist pedagogy” (Fig. 1).

MOODLE: Brief information

MOODLE - Modular Object-Oriented Dynamic Learning Environment.
Current Version: 3.8.1

Official site: https://moodle.com/Ims/

Support: IMS / SCORM specifications

Platform: PHP, MySQL, PostgreSQL

License: GNU General Public License (GPL)

Supports many languages

Understanding Moodle

Courmen o (rgeh o Lreies masatrg Moo

Topi cutline

Welcome to Bites - Moodle basics g v o pepe
n-
B
Before we begin... 0 o
n " :
oo = g savn e . o - N vty swe PBR———
7 - 9
s e
AL
"
I3 PutEpar
fundamentals (=} :‘ '
\! v

Fig. 1. MOODLE



International Journal "Information Content and Processing”, Volume 5, Number 3, © 2018

Claroline

Claroline [Claroline] is a collaborative e-learning and e-work platform, licensed
under the open source GPL. The application was created in Belgium at the
Institute of Pedagogy and Multimedia of the Catholic University of Louvain. The
Claroline Connect project aims to be a technology-driven project. Meeting the

actual standards imposed by web giants such as Google, Facebook, and more.

So, today Claroline is being developed in React and Symfony. Claroline LMS is
available in 35 languages and is currently used in more than one hundred
different countries by organizations, universities, or schools to manage their e-

learning resources.

Claroline offers a number of tools and features that allow the teacher to manage
their courses and students. They can download files in various formats, such as
PDF, HTML, or video, which will complement the course description, create
exercises and timetables (Fig. 2). Other features include managing your
students by creating user groups and checking attendance and exercise

statistics.

Claroline: Brief information

Official site: www.claroline.net

Current Version: 12.0.1

Support: IMS / SCORM

Operating System: Windows, macQOS, Linux

Specifications Application languages: PHP, JAVA, React and Symfony
License: GNU General Public License (GPL)

Language: English, French, Spanish
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Dokeos

Dokeos [Dokeos]. A distance learning platform for Claroline branch fork
(version 1.4.2.). A branch is a clone of a freely distributed software product

designed to change an original application in one direction or another.

Dokeos is the result of the work of some members of the original Claroline
development team who conceived change the orientation of the application.

Now it is more appropriate for organizations than for universities.

The fact is that Claroline is perfectly adapted to the university environment,
which is expressed in support of a large number of students and courses.
Dokeos, we think, is more focused on a professional clientele, for example,

company staff.

Developers wanted to organize (rather to put up for sale) a set of additional
services for the platform. The name Dokeos refers to both the application and
the company that offers a range of different services to the platform: hosting,

content integration, development of additional modules, those. support etc.

Dokeos is free because the Claroline License (GNU / GPL) stipulates that
branches are subject to the same license. Since the branch was recently
highlighted, both applications are now relatively similar to each other, although
some differences in ergonomics, interface design and functionality are already

beginning to emerge.

An example of Dokeos implementation is the Ghent University.

Dokeos: Brief information

Official site: www.dokeos.com

Support: IMS / SCORM

Platform: PHP, MySQL

License: GNU General Public License (GPL)
Ukrainian language support: yes

Demo site: http://demo.opensourcecms.com/dokeos/
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ATutor

ATutor [ATutor] is also a web-based LMS. The software is easy to install,
configure, and support for system administrators. Teachers (instructors) can
easily create and upload tutorials and run their online courses. Since the system
is modular, and it consists of separate functional units - modules, then it is open

for modernization and expansion of the functionality.

The system was created by Canadian developers. Includes all the necessary e-

learning tools. There is a Ukrainian version also.

ATutor: Brief information

Official site: www.atutor.ca

Support: IMS / SCORM

Current Version: 2.2.1

Program languages: PHP, JAVA

DBMS: MySQL

License: GNU General Public License (GPL)
Ukrainian language support: yes

Demo site: http://www.atutor.ca/atutor/demo/login.php

ILIAS

ILIAS [ILIAS] is a free LMS to support the learning process. The system is
widespread in universities, especially in Germany. ILIAS stands for Integrated

Learning, Information and Work Cooperation System. The idea behind ILIAS is
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to offer a flexible environment for learning and working online with integrated
tools. ILIAS goes far beyond the idea of learning being confined to courses as a
lot of other LMS do. ILIAS can rather be seen as a type of library providing
learning and working materials and contents at any location of the repository.
This offers the possibility to run ILIAS not as a locked warehouse but as an
open knowledge platform where content might be made available for non-

registered users too.

ILIAS: Brief information

Official site: www.ilias.de/ios/index-e.html#ilias

Support: SCORM

Minutes: CAS, SOAP, RADIUS, LDAP, Shiboleth authentication
Current Version: 5.3.10

Application languages: Apache, PHP, MySQL, XML.

License: GNU General Public License (GPL)

Multilingualism, support for the Ukrainian language

Comparison table and the need for new LMS software with scheduling

function.

Now let's summarize the information about major open-source systems in the
Table 1.
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Table 1.

LMS comparison

MOODLE | Claroline Dokeos ATutor ILIAS
SCORM yes yes yes yes yes
IMS yes yes yes yes no
Application PHP PHP,JAVA | PHP PHP PHP
language , React

Symfony

License GNU/GP | GNU/GPL | GNU/GP | GNU/GP | GNU/GP

L L L L
Multilingualis | > 54 36 38 > 50 43
m
DBMS MySQL MySQL MySQL MySQL MySQL
Knowledge Tests, Tests, Tests Tests Tests
testing system | tasks, exercises

seminars
Mobile app yes yes yes no
Analytics and yes yes
tracking
Scheduling / no no no no no
Schedule
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So, we can conclude, that different systems have different drawbacks but no
one system provides the Scheduling functions which are required from the

schools and universities very much.

So, we developed the new LMS software with the scheduling function (will be

described in separate work).

The main modules of the developed system are:

. scheduler,
. schedule viewer for different roles: teacher, class timetable,

classroom load,

o change management support subsystem,

o APl for integration with external content management system
(LMS),

o API for data exchange (inputs, outputs).

Hence, the module for the schedule could be also integrated into other LMSes.

At Fig. 3 — Fig. 8 one can see the examples of the interface of the new

proposed LMS with the scheduling functions.
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>ﬂ_3m= schedule vm:m— # Edit [ Generate new schedule Q
Teachers Monday Tuesday Wedne:!

7:35 8:30 9:25 10:30 11:25 12:30 12:25 14:20 15115 7:35 8:30 9:25 10:30 11:25 12:30 12:25 14:20 15:15 7:35 8:2
8:20 9:15 10:10 11115 12:10 13:15 14:10 15:05 16:00 8:20 9:15 10:10 11:15 12:10 13:15 14:10 15:05 16:00 8:20 91

Priscilla Howard SA TA

Max Pena SA A

Mitchell Robertson 6A 6A 8C JA 9B
Beth Edwards 7B 6A 8C 7B 9B

Calvin Alexander 8A 8B 8C 7B 9A
Jorge Flores 5A T7A
Theresa Henry

Irma Edwards S5A 7B 8A

Gladys Lane
Theresa Pena
Kathryn Mccoy
Arlene Black

Juanita Cooper

Fig. 3. Schedule example (administrator’s view).
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Schedule of classroom 515 (Biology)

Monday

BA
BA

8A
8B

Thursday

7B
7B
94

My schedule

(X)

(1)

Monday
Algebra
Geometry
Sport
English
Literature

History

Thursday

Algebra
Geometry
Sport
English
Literature

History

M) (=

Tuesday Wednesday
9A 1
9B 2
1A 3
A 4 BC
1B 5 NMA
6 1B

Friday
8A
10A
108

Fig. 4. Schedule view by rooms.

My homeworks

Tuesday Wednesday
Algebra 1 Algebra
Geometry 2 Geometry
Sport 3 Sport
English 4 English
Literature 5 Literature
History 6 History

Friday
Algebra
Geometry
Sport
English
Literature
History

Fig. 5. Scheduler view (weekly, for the groups).

Q. search

Q. search
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CO urses ¥ My schedule

Master the Fundamentals of Math

About this course

Learn everything from the basics of math, then test your knowledge with 510+ practice questions

You will learn

o Numbers and negative numbers, o Factors and multiples, including prime
including number sets and identity numbers, least common multiple and
numbers divisibility

o Decimals, including repeating decimals o Fractions, including mixed numbers and

and rounding ratio and proportion
o Exponents, including negative and o Radicals, including rationalizing the
fractional bases denominator

o Scientific notation, including
multiplication and division, and
estimating

Requirements

We'll start the course by talking about different kinds of numbers, so all you need to know to get
started is a basic understanding of arithmetic (addition, subtraction, multiplication, division).
Description

We'll start the course by talking about different kinds of numbers, so all you need to know to get
started is a basic understanding of arithmetic (addition, subtraction, multiplication, division).

Materials

v Getting started 1lecture 1lecture
v Numbers and negative numbers 1lecture 1lecture
v Factors and multiples 1lecture 1lecture

Fig. 6. Course syllabus example.
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CO urses My schedule Q,

Test: Master the Fundamentals of Math

Part 2: Numbers and negative numbers

Question 1: Result of “1-5"

Qo
O -2
QO -a
O s

Question 1: Result of ¥1-5"

Qo
O -2
QO -a
Qs
Question 1: Result of “1-5"
O o
O -2
O -a
O s

Fig. 7. Course test example view.
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My homeworks

# My schedule Q, Searct

Monday 24 February
Algebra p198-200 N2200, 201, 205
Geometry (Test| Read Chapter 12. P.177-178 N2130, 191, 195
Sport
English Read p.151-155. Task 12.7, 12.7
Literature
History
Tuesday 25 February
Algebra p.198-200 N°200, 201, 205
Geometry Read Chapter 12. P177-178 N®190, 191, 195
Sport
English (Test| Read p151-155. Task 12.7,12.7
Literature | Test
History
Wednesday 26 February
Algebra p-198-200 N#200, 201, 205
Geometry Read Chapter 12. PA77-178 N%190, 191, 195
Sport
English Test| Read p.151-155. Task 12.7,12.7
Literature Test
History

Fig. 8. Homework including scheduled tests during courses studying.

The details of this LMS will be featured in a separate paper.

Conclusion

We examined the most widely used Learning Management Systems [LTSC,
AICC, IMS, ADL SCORM, ADL, MOODLE, Claroline, Dokeos, ATutor, ILIAS,
SAKAI, LAMS, OLAT, OpenACS, LRN, COSE, LON-CAPA, ELEDGE,
Colloquia, OpenLMS, Manhattan, DodeboLMS, Acollab], and we conducted the
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comparative analysis and summarized the results in the appropriate table. Then
we concluded that the scheduling functionality is omitted in all the systems, and
we shed some light to the LMS developed to cope this lack. Also, we showed
the pictures of the developed system, yet the system itself as well as the
scheduling algorithm and the approach applied are the subject of a separate
paper.

To summarize the comparison done here, main disadvantages of many

systems are:

- absence in many systems of the Ukrainian higher education specifics of
the organization of the educational process, that is, the document circulation

between the management of the university, the deans of faculties, departments,
- lack of support for the Ukrainian language,
- inability to schedule classes.

The scheduling task is significant as it takes much time for manual work and
has substantial practical importance. So, we are evaluating the results by

experiments.

Unfortunately, the developers are not very concerned about the lack of
timetable, although this will give a significant impetus to improve the

organization of full-time as well as distant learning. Here are some benefits:
- it is convenient for the teacher to draw up a syllabus,

- the teacher can plan the lesson in advance (indicate instructional

resources, methods, tasks) without spending time during the lesson,

- curriculum development would no longer take much time for the

teacher,
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- an automatic schedule would allow to import the curriculum of your

colleagues at one click.

- gives the administration of the educational institution the possibility of

convenient management and effective control.

In the future, it may be necessary to switch to another system, but most
importantly, the skills of working with such systems will remain, that is, the
infrastructure for supporting such systems will be created. And if the systems

meet the standards, then the data will not be difficult to transfer.

Now we can conclude that we have 3 positive feedbacks from the schools and
universities implemented our developed and proposed solution, so we do the
features required development and also going to do the detailed poll of users of

the system to analyze user experience in numbers.

Bibliography

[LTSC] Learning Technology Standards Committee, URL: http://ltsc.ieee.org/

[AICC] Airline Industry Computer Based Training Committee, URL:

http://www.aicc.org
[IMS] Instructional Management Standards, URL: http://www.imsproject.org

[ADL SCORM)] Advanced Distributed Learning (ADL), Sharable Content Object
Reference Model (SCORM®) Overview, 4th Ed.,
URL:
https://adlnet.gov/assets/uploads/SCORM_2004 4ED_vl1 1 Doc_Suite.zip

[ADL] Advanced Distributed Learning, URL: http://www.adInet.org/

[MOODLE] Learning Management System Modular Object-Oriented Dynamic

Learning Environment, URL: www.moodle.org.



International Journal "Information Content and Processing”, Volume 5, Number 3, © 2018

[Claroline] Claroline, URL: www.claroline.net

[Dokeos] Dokeos, URL: www.dokeos.com

[ATutor] Atutor, URL: www.atutor.ca

[ILIAS] ILIAS, URL: www.ilias.de/ios/index-e.html#ilias
[SAKAI] SAKAI, URL: http://www.sakaiproject.org/
[LAMS] LAMS, URL: http://ww.lamscommunity.org
[OLAT] OLAT, URL.: http://www.olat.org

[OpenACS] OpenACS, URL: http://openacs.org

[LRN] LRN, URL: http://dotlrn.org

[COSE] COSE, URL: http://www.staffs.ac.uk/COSE/
[LON-CAPA] LON-CAPA, URL: http://www.lon-capa.org/
[ELEDGE] ELEDGE, URL: http://eledge.sourceforge.net/
[Colloquia] Colloquia, URL: http://www.colloquia.net/
[OpenLMS] OpenLMS, URL: http://openlims.sourceforge.net

[Manhattan] The Manhattan Virtual Classroom, URL:

http://manhattan.sourceforge.net
[DodeboLMS] DodeboLMS, URL: http://www.docebolms.org

[Acollab] Acollab, URL: http://www.atutor.ca/acollab/1

265



266 International Journal "Information Content and Processing”, Volume 5, Number 3, © 2018

Authors' Information

Zainab Saadi Hussein Al-Hilali — PhD student at the Faculty
of Computer Science and Cybernetics, Taras Shevchenko
National University of Kyiv, 64/13, Volodymyrska Street, Kyiv,
Ukraine, 01601

e-mail: sufyanvpsh@gmail.com

Major Fields of Scientific Research: e-Learning, m-Learning,

Distant Learning

Volodymyr Shevchenko — PhD, Associate Professor at the
Information Systems Department, Faculty of Computer
Science and Cybernetics, Taras Shevchenko National
University of Kyiv, 64/13, Volodymyrska Street, Kyiv, Ukraine,
01601

Major Fields of Scientific Research: e-Learning, m-Learning,

Distant Learning, Discrete Mathematics, Theory of Graphs

Taras Panchenko - PhD, Associate Professor at the
Department of Theory and Technology of Programming,
Faculty of Computer Science and Cybernetics, Taras
Shevchenko National University of Kyiv, 64/13, Volodymyrska
Street, Kyiv, Ukraine, 01601

Major Fields of Scientific Research: Web, Databases, Data
Science, Business Intelligence, Formal Methods, Verification,
Scheduling



International Journal "Information Content and Processing”, Volume 5, Number 3, © 2018

THE “CHURCH OF BULGARIA” IN MEDIEVAL EPIRUS,
THESSALY AND DARDANIA: TWO HYPOTHESES

Jordan Tabov

Abstract: The paper offers for discussion the problems of Christian tradition
and Church organization in medieval Epirus, Thessaly and Dardania. Two
hypotheses are made. The first is that the name “Ecclesia Bulgariae” (“Church
of Bulgaria”) was in use, from at least the ninth century, to denote continuous
Church organization in this region, with different degrees of independence at
different periods of time. The second is that the “Church of Bulgaria” has always
followed the basic teachings of the Apostle Paul, found in specific traditions of
early Christians in this region. The arguments in favour of these two hypotheses
are presented.

§ 0. Introduction: the question of the mediaeval “Ecclesia Bulgariae”

As is well known, the Byzantine Emperor Basil | invited representatives of the
Christian world to his palace immediately after the Eighth Ecumenical Council,
held at Constantinople on March 4, 870. “In fact, this meeting became an
extraordinary meeting of the now-dissolved Church Council” (Bozhilov,
Gyuzelev 1999 p. 184). It was here that the Bulgarian delegate Peter “raised for
general consideration the issue of jurisdiction over the Bulgarian church, i.e.
whether it should be subordinate to Rome or to Constantinople” (Bozhilov,
Gyuzelev 1999 p. 184).

The representatives of the Pope argued that the “Bulgarian church” ought to be
under the jurisdiction of Rome. The reason given was that the territories of the
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former province of East lllyricum (Epirus, Thessaly, Dardania) had by ancient
tradition been under Papal control.

The delegates of Rome and of the Eastern churches continued to dispute the
matter. The Eastern delegates formulated their position about the status of the

,2Bulgarian church” as follows:

“... We decide that Bulgaria, which we know was recently under the rule
of the Greeks and had Greek clergy, should now revert in Christendom to the

Holy See of Constantinople” (Anastasius Bibliothecarius 1960 p. 192).

The statement that the country of the Bulgarians recently was under the rule of
the Greeks implies that “the country of the Bulgarians” — the subject of the

dispute — did not include the northeastern part of the Balkan Peninsula.

The statement that ,the country of the Bulgarians” had been under the rule of
the Greeks and had had Greek priests means that the population was
Christian before its conquest by the State of Boris, therefore was not
baptized by him or his representatives. This agrees with Koev and Bakalov’s
verdict regarding the mid ninth century: ,Today it is impossible to accurately
determine the degree of the christianization of the Slavic tribes in the Balkans,
but in any case in Thrace and Macedonia it was significant.” (Koev, Bakalov
1992 p. 152).

This analysis makes it probable that by “Bulgaria” the participants of the Eighth
Ecumenical Council understood the region of Epirus, Thessaly, and Dardania
(including the territory of ancient Macedonia). When did this idea become
widespread, and where? Can it be linked with “Ecclesia Bulgariae” - the “Church

of Bulgaria™?
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§ 1. Two maps, Bulgaria and Zagora

Fig. 1. Fragment of the map “South Eastern Europe c. 1000” (Bury 1903).

At the end of the tenth century and during the eleventh, the name ,Bulgaria”
was widely used for the region discussed at the Eighth Ecumenical Council:
Epirus, Thessaly, and Dardania. This can be seen on a number of historical
maps. In Fig. 1 there is a segment of one such map. Here the territory east of
Bulgaria — the eastern part of the Balkans — is presented as Byzantine (Some
authors call it by such names as Paristrion and Misia).
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On the mid fifteenth century map of Fra Mauro (Fig. 2) we can see the name
Bulgaria used for approximately the same area as in Fig. 1. This map is south-
oriented; in other words South is at the top. In this segment the Danube is at the
bottom and the Black Sea to the left. In this segment, the Danube-Black Sea
region, corresponding to what is now northeastern Bulgaria, is labelled
,Zagora”. Further to the west, extending from around Sofia and Vidin to

(approximately) the river Morava, is ,Bolgaria” — Bulgaria. Her western

neighbour is ,Seruia” — Serbia.

Fig. 2. Fragment of the Fra Mauro World Map (c. 1450) (Fra Mauro 1450).
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It is important to note the use, found in other documents as well, of the name
“Zagora” for a country (or territories) “around Tarnovo” and for the eastern part
of the Balkan Peninsula generally. According to some leading Bulgarian
historians “Zagora” is synonymous with “Bulgaria”: (Ishirkov 1925), (Koledarov
1973), Bozhilov in the notes to (Muntaner 1994 p. 105) (Gyuzelev 1995 p. 12),
and others. This view is summarized by Gyuzelev as follows: “... by the end of
the Xllith century, Bulgaria and the revived Bulgarian state were starting to be
called Zagora, originally by Byzantine writers and afterwards by Western writers
... a name, which was widespread mainly in XIII — XV c¢.” (Gyuzelev 1995 p. 12).
This would fix the appearance of the name “Zagora” at around the turn of the
twelfth century. However the name is found much earlier, in a Bulgarian history
from the time of Tervel, who was granted by the Byzantine emperor Justinian Il

the title of Caesar together with “the region of Zagora.”

This view, that the name Zagora is equivalent to “Bulgaria”, is however in confict
with certain documentary evidence. Charles |, king of Naples, writes in a

rescript to the Secretaries of Apulia, Capua, Benevento, Calabria and Sicily:

Si processu temporis aliquos ambassatores seu nuncios de
partibus Achaye, Servie, Bulgarie, Albanie aut de Imperio vel de

Regno de Sagarach deferentes aliquas litteras ...

[If in course of time there should come any ambassadors or
envoys either from the regions of Achaea, Servia, Bulgaria,
Albania or from the empire (or kingdom) of Sagarach [!Zagora],

with any letters,...]

(Makushev 1871 p. 29).
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As Dimitrov observes, “at this first appearance of Bulgarian envoys to the court
of Naples on September 12, 1271 a distinction was made: ,ambassatores seu
nuncios de partibus ... Servie, Bulgarie ... vel Regno de Zagarach. For the king
of Naples, in other words, there were not one but two Bulgarian states: Bulgaria
proper, and Zagora, meaning the Bulgarian Vidin and Tarnovo kingdom”
(Dimitrov 1998 p. 196).

The terms ‘Vidin Kingdom’ and ‘Tarnovo Kingdom’ are in fact used in modern
scientific literature and textbooks. But were they used in the past? And if so, to

what extent?

In his monograph Dimitrov quotes a number of examples showing the
widespread use of the names “Bulgaria” and “Zagora” in association (Dimitrov
1998). These examples suggest that the name “Bulgaria” was used for the
western Bulgarian lands, for territories — conditionally — “around Vidin, Sofia and

Skopie”.

The above analysis outlines our hypothesis that “Zagora” and “Bulgaria”
were two separate administrative and political units coexsiting over a long

period of the Middle Ages.

§ 2. The Bulgarian Churches under the Asen dynasty
(late 12" — late 13™M¢c))

The use of the name “Bulgaria” for the territories thus marked on the two maps
above, and in particular on Bury’s map (Fig. 1) is closely related to questions

about the Christian institutions of the Bulgarians.

After the uprising of Asen and Peter, the so-called “Tarnovo Patriarchate” was
established (or perhaps restored) at Veliko Tarnovo. Nikolova sees this act as
“the emergence of a completely new ecclesiastical throne”, but cautiously adds

“..about whose previous existence we have no information”.
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(Nikolova 2001 p. 91). At the date of its establishment (or restoration) the “See
of Ohrid” had already been in operation for many years. With the definer “of
Bulgaria” invariably appended to its name. It is interesting to speculate how the
See of Ohrid, to say nothing of the Patriarchate of Constantinople, will have
reacted to this newcomer. For Nikolova, the change “at the outset awoke no
conflict, and provoked no objections, which indicates that it took place with the

consent of the founders and the Bulgarians” (Nikolova 2001 p. 91).

We should add: not only did it awake no conflict and provoke objections; this

epoch-making event defies all justification and explanation.

Later, when lvan Asen Il extended his authority over the dioceses of the Ohrid
and the Tarnovo Churches, he did not combine them into a single church. Why
not? Was the history of these two churches — their condition in the reigns of
Simeon, Peter and Samuel — in fact known in the time of Ivan Asen? Were the
“Tarnovo Patriarchate” and the “See of Ohrid” at that time parts of a unitary

whole?

§ 3. St. Clement of Ohrid — “Bishop of Velichi”, “First Bishop”

The supposition that Clement was the head of the Bulgarian Church is proved in
detail in an article by Dragova (Dragova 1977). It also follows from a note by
Krustanov that “First Bishop”, the appellation of Clement in his lengthy Vita,
here means “Primate”, that is, “first among all the bishops”, of the Bulgarian

people (Krastanov 1998).

Further arguments in support of this thesis can be found in two articles of mine
(Tabov 2011 and Tabov 2014), where on the basis of abundant cartographic
material, including twelve of the most authoritative and widely-used geographic

atlases and maps from the sixteenth to the eighteenth centuries, the medieval
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“Velitsa”, seat of Bishop Clement, is to be identified with classical Nicopolis in
Epirus.

It should particularly be emphasized that, on all these maps, there is on the site
of the classical Nikopolis, near modern Preveza — a city marked as “Velichi” (or
sometimes “Velichj”). Thus we can see that in the Middle Ages classical
Nicopolis was known to the map-reading European public as Velichi. Of the

maps | quote (Tabov 2011) the following should be mentioned:

- Graeciae Universae Secundum Hodiernum Situm Neoterica
Descriptio. In: Abraham Ortelius. Theatrum Orbis Terrarum.
Antwerp, 1570.

- Graecia. In: Gerard Mercator Rupelmundanus. Atlas sive
cosmographicae meditationes de fabrica mundi et fabricati figura.
Duisburgi Clivorum, MCXCV [1595].

- Europa, das ist ein Drittheil der Erden nach gelegenheit unserer
zeit beschrieben. In: Sebastian Munster. Cosmographia, Das ist
Beschreibung der ganzen Welt. Basel, 1628.

- Epirus hodie vulgo Albania, Auctore I. Laurenbergio. In: Willem
Janszoon, Joan Blaeu. Theatrum orbis terrarum, sive, Atlas

novus. c. 1650.

- Macedonia, Epirus et Achaia. J.Blaeu excudit. In: Toonneel des
Aerdryck oft Nieuwe Atlas, uytgegeven door Wilhelm en Joan
Blaeu. Derde Deel. Amsterdam, by Joan Blaeu. MDCLVIII [1648].

In his monograph on the history of the Bulgarian Church (Tzuhlev 1910),
Tzuhlev discusses the work of the Apostle Paul in the Balkans; on p. 11 we
read: “... The Apostle, as he himself mentioned in one of his Letters, spread the

doctrine of Christ from Jerusalem to Illlyricum (Rom. 15: 18-19)”.
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Tzuhlev adds a detail of great importance in the present context: “and he
founded a church at Nikopol”. This is explained in a footnote, numbered 7,
which reads: “Epistle to Titus, Ill, 12. Nikopol is located at the entrance of the
Ambracian Gulf (now the Gulf of Arta), just north of the present town of Preveza
(Pauiys ibid, t. V, p. 637; Leporskily, ibid, p. 326 and map). The founding of the
Church at Nicopolis took Paul a whole year” (Tzuhlev 1910, p. 11).

Nicopolis, the medieval Velichi, was the Metropolis of Epirus and later of South
Epirus. If Tsuhlev is right, Clement Velichki was head of the Church of
Nicopolis, founded by one of the Apostles. Moreover, since this was the Apostle
Paul, Clement was the head of a Church of great authority. On Bury’s map (Fig.
1), the northern coast of the Gulf of Arta, on which Nicopolis-Velichi (Velitsa)
lies, was within in the territory of “Bulgaria”. Velichi was, therefore, a Bulgarian

town.

§ 3. The “parts” of the Kingdom of Simeon the Great

In the Du Cange Glossary we read that “Clement, after becoming bishop of
Tiberiopolis or Velika, was charged by Boris, King of the Bulgarians, to
supervise the one-third part of the Bulgarian kingdom ...” (translation in

Tapkova-Zaimova 2000).

From this text, it would appear that in the reign of Boris | the “Bulgarian
kingdom” had three (if not more) “parts”. This is probably an indicator of some
degree of feudal fragmentation in the Bulgarian lands. One would like to know

the names of these three parts. Was Zagora in the territory of one of them? and

! This is explained in detail in the article (Tabov 2014).
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if so, what was it called? Does the celebrated Dobrogea — “the land of

Dobrotitza” — have ancient administrative and political roots too?

§ 4. The two Bulgarian archiepiscopal Sees in the Charters of Basil Il

A passage from a charter of Basil Il dated 1020 gives information (excerpted

here as Fig. 3) about the Archiepiscopal Sees in Bulgaria (GIBI6 1968 p. 45):

Nraem 3 cwtteegerTaea D ccean raaegg s trw —a o

"Hyovy wueketouer Exer vév  Aplorons Exfoxomor
gic 10 xdoten Tic &oplus «DTGD xal T4 Jowtl xd-

Sl TR

oTEe TC TEQ afTiy xAnecols o mai stagobars
*Fat Ilérgov yop foocdefoorios fv Bovdyogly ofioy
utr 1% i Gouemoxonss  GSiuore  Eausmgirero,
uete 88 10t Gord vémov €is Tnoy weteforiviey
@y dopestoxcmow tob  udr els Toddmrar tob of
#v tois Bodnproic ol & twis Moyloiros, e of-
wwe & rff "Aoxida tov By efpousr doyemiosomov,
xol odip pdv up "Aexibo dpypemioxomoy  Exewp,
Enioromay 8t & iy Apforeey yeworovijoor

g e

[pouee zamoBsfiBame, IMOTO eIHCKONET Ha
Hpuerpa® pma uma B rpajopere Ha CBOWTA
elapxmsl M B ApyrUTEe Tpajore okoa0 Hed 40
Eadpuny v 40 napend. 3amoro opd  uapyea-
vero Ea llersp B Donarapus tas [enapxus| e
fnectsia ¢ apXMelMCKONCKO HOCTOHHETBO, a
cilefl TOBA apxHerHcKkonwre [f] ca ce npeme-
CTBANM OT €fHO MACTO HA QpYyro, eAHHHAT B
Tpuamuua, apyrear e68 Bojen u B MbraeH, u
cllell TOBA HUE HAMEPHXME CeralilHHf apXuelld-
ckon B Oxpup. 3arosa [3anopaneaMe] camMHsT
Oxpun na uma apxmenuckoen, a 2a Jlpucrpa na
6bae poKONOAAarad elHCKOL.

I e e i I

Fig. 3. Information in a passage from a Charter of Basil Il dated 1020 about the
Archiepiscopal Sees in Bulgaria (GIBI6 1968 p. 45).

Then we command that the bishop of Dristra shall have, in his

diocese and in the other surrounding towns, forty clerks and forty

paroikoi. For during the reign of Peter in Bulgaria, this [diocese]

shone with archiepiscopal dignity. Then the archbishops [of the

diocese] moved from place to place, the one to Triaditza, the other

to Vodena and Moglena. This is how we find the present
Archbishop at Ohrid. So Ohrid shall itself have its Archbishop, and

a bishop shall be ordained at Dristra.
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Snegarov (Snegarov 1925 p. 12) makes an important comment on this text, that
in it the term “Archbishop” implies residence. ‘It is stated explicitly”, he writes,
“that the throne of the Bulgarian Patriarch (the imperial decree simply says

“Archbishop”) was transferred &c”.

Thus the term “Archbishop” includes the meaning “archiepiscopal residence”.

And this is logical for two reasons.

Firstly, “moving the archbishops” implies the transfer of their seats. For
comparison, our sources state that St. Clement Ohridski often changed his
residence and spent much time in Ohrid; here it is clear that Clement's own

personal “move” did not entail moving the seat of the archbishopric.

Secondly, since “Archbishop” in the Charter refers to the single person heading

”

the Archbishopric, the form of words “the one ... the other ...” requires two
individuals. Damian moved from Dristra in Triaditza; then German /Gabriel
moved from Triaditza to Vodena and Moglena. However, we know from the
Vodena inscription that German/Gabriel was preceded not by Damian but by

one Jeremiah. Thus there is a contradiction within this argument.

To avoid ambiguity in the translation and interpretation of the passage from the
Charter, let us replace the term “Archbishop” by “archiepiscopal seat”. That

gives us:

Then we command that the bishop of Dristra shall have, in
his diocese and in the other surrounding towns, forty clerks and
forty paroikoi. For during the reign of Peter in Bulgaria, this
[diocese] shone with archiepiscopal dignity. Then the
archiepiscopal seats [of the diocese] moved from place to place,
the one to Triaditza, the other to Vodena and Moglena. This is
how we find the present archiepiscopal seat at Ohrid. So Ohrid
shall itself have its Archbishop, and a bishop shall be ordained at

Dristra.
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This leads to a conclusion important for our hypothesis: at the end of the reign
of King Peter | in the Bulgarian lands there were two different Churches, each
with its respective Head (Patriarch, and Archbishop). The Charter of the
Byzantine Emperor (Basil 1l) of 1020 is interpreted as describing the movement

of the seats of these two Heads.

§ 5. In support of the above hypothesis

The Du Cange Glossary contains a list of the Heads of six Churches over a long
period of time. It begins with the Heads of the Church of Constantinople, the
first being the Apostle Andrew (Barlieva 2000). It then names the Heads of the
Church of Rome, the first of which are Christ and the Apostle Peter. The list
continues with the Churches of Alexandria (Christ, the Apostle Mark, and the
Apostle Ananias), Antioch (Christ and the Apostle Peter), Jerusalem (Christ and
St. Jacob). Finally comes the Church of Bulgaria, its first Head being a fourth-

century bishop named Protogen.

According to Barlieva (Barlieva 2000), the passage in the Glossary which
names the bishops of the first five Churches — (i.e. the Glossary except of the
part with the bishops of the Church of Bulgaria) — is based on the Apostolic
Succession. This predicates that Christ’'s teaching was transmitted through His
Apostles, and from them to the hierarchy of the Christian Church. Thus local
bishops can be seen as bearers of the Apostolic tradition, while an episcopal list
of individual Churches founded by one of the Apostles demonstrates their

apostolicity’. (We should remember that the New Testament implies a personal

! Wikipedia summarises well known facts in the following way: “Apostolic succession is the
method whereby the ministry of the Christian Church is held to be derived from the apostles by
a continuous succession, which has usually been associated with a claim that the succession is
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apostolic succession — from Paul to Timothy and Titus, for example, and
that the tradition of the first centuries of Christianity gives the Apostolic
Churches the right of individual and relative autonomy — ‘autocephaly’, to use

the later term.)

However, the description of Barlieva is not complete: the first five churches are
not five Apostolic Churches chosen at random; they are precisely the Churches
of the Pentarchy, as it is called — the five most authoritative Apostolic Churches

in the Christian world. The list assigns to each of them its Founder.

If we compare this list with the modern version of the Pentarchy, there are
important differences in details.

First of all we should note that the list of the Glossary starts with the Church of
Constantinople, unlike the present-day official order, in which the Pentarchy is
headed by the Church of Rome. The second and important difference is that the
Apostle Paul is not mentioned as one of the founders of the Churches. The
third, and still more important difference is that the addition of a sixth Church to
the “classic” Pentarchy actually creates a Hexarchy - a group of not five, but six
Apostolic Churches. According to Barlieva, the presence of the Church of
Bulgaria (the See of Ohrid) in the list is an explicit claim to apostolicity (Barlieva
2000).

So the apostolicity of the Church of Bulgaria is a concept inserted by the
compiler of the list. If we accept the hypothesis proposed above, that the

“Church of Bulgaria” is identical with the “Church of Nicopolis-Velichi”, this

through a series of bishops. This series was seen originally as that of the bishops of a particular
see founded by one or more of the apostles.” Apostolic succession. From Wikipedia, the free
encyclopedia. Retrieved 12. Oct. 2016. https://en.wikipedia.org/wiki/Apostolic_succession
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entails that the latter Church was “apostolic”, in the sense of having been
founded by an Apostle. This would have entitled it, by tradition, to autocephaly

and veneration.

Following this line of thought, we may connect the high ranking obtained by
Justinian for his Justiniana Prima with the claim to apostolicity by its constituent
- the church of Nicopolis-Velichi, alias the “Church of Bulgaria”. In other words,
the prestige and rank of Justiniana Prima was due to its origins in the Church of

Nicopolis-Velichi.

Now let us return to the details given in the list of Heads of the Bulgarian
Church, in order to support the hypothesis that it has come down to us not in its

original, but in a censored form.
In favor of this hypothesis, first of all, are certain unexpected features in the list:

- The Church lacks the name of its Founder. This ought to be one of the
Apostles, most probably St Paul.

- The names of bishops after the Founder, up to Protogen, are also

missing.

- The name of Jeremiah, German’s predecessor, though mentioned in

Tzar Samouil’s inscription at Vodena, is also missing here.

Jeremiah is the name of a well known heretic. This name, and another or others
before it, were very probably omitted deliberately by a copyist who decided that
these were names of heretics. For example even the name of Paul could be

understood as the name of the heretic Paul of Samosata; and so on.
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§ 6. Problems

The above considerations and hypotheses pose interesting questions about the
large component parts of Bulgarian territory; about their changes of name;
about the degree to which they were autonomous (within the Byzantine Empire,
within Bulgaria, or within Zagora or some other state); about the processes and
the advance of Christianity among the Bulgarians in various regions; and about
the creation and the development of Bulgarian Christian institutions. To address
these questions requires research and analysis in depth across a wide field,

making use of the most up-to-date information technology.
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O «rEHETUYECKOM BITN30CTU» HAPOLIOB

WN. Ta6oB, H. Ch6eBa-KoneBa, I"'. FaueB

AHHOmauyus. AHanus [JHK - amo xopowo 3apekomeHOo8aswul cebsi Hay4YHbIU
mMemod, Komopsblll cmaHosumcsi ece bonee nonynspHbiM Ha npakmuke. OH
ucronb3yemcsi u Onsi cpasHeHusi «2eHemu4eckol 6nu3ocmu» Hapooos.
30ecb npednazaemcsi ModOxo0 K mMaKOMy CPaBHEeHUK, OCHOB8aHHbIU Ha
rnodcyeme U CpasHEHUU ,2eHemu4YecKux paccmosiHul” mexoy Hapodamu Mo
OaHHbIM 2eHemu4yecKkux uccredosaHul, onybrukoeaHHbIM Ha catime Eupedia.
OH Oaem 803MOXHOCMb 0711 MOCMPOEHUST HaassiOHbIX CXeM, ompaxaruwjux
rnosly4eHHble pesynbmamel. B kadyecmee npumepa npueedeHbl pe3yribmameal
cpasHeHul mpex epynn coceOHux cmpaH: 1) boneapusi, Cepbus, [peuyus,
MakedoHusi, Typuus u PymbiHus; 2) bocHusi, Cepbusi, Xopeamus u

UepHoeopbe; 3) Yexus, Cnosakus, Nonbwa u epmaHus.

Mpo6nemMbl HarNAQHOCTN «reHeTU4Yeckon 65IM3oCcTU» HapoaoB

M3yyeHne reHeTnyecknx CBs3en N NPOUCXOXAEHNE HApPOOOB SABNAETCA OLHUM
M3 WHTEPECHbIX W BaXHbIX COBPEMEHHbIX npuMeHeHun aHanu3a [OHK.
PesynbTaThl TakMx MCCrneaoBaHUM 4alle BCero npeacraBrieHbl nmbo B Buae
«OPEeBOBMAHOM CXEMbI», aHanNOrMyHoOM ceMenHbiM aepebam (puc. 1), nnbo kak
TOYKM B MIIOCKOCTU, CrpynnupoBaHHbIX No «6nusoctu» (puc. 2), nmbo B Buae

Tabnuubl ¢ JaHHLIMK O NpoueHTe npeobnagarowmx rannorpynn (puc. 3).
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Mpumep Ha puc. 1 nokasbiBaeT HeQOCTATKM UCMNOSb30BaHUA “‘AepeBa HapoaoB”:
OH NOABOAMUT HAC K MbICMN, YTO TPY3MHbI U UPaHUbl ABASIOTCS Onvkanwmmm
(vnn ogHUMK 3 Bnwxkanwmnx) “poacTBeHHMKOB” Bonrap. To XXe caMoOe MOXHO
CckasaTb WU O npeacTaBrieHUM Ha puc. 2: TaMm Buaum Bonrap U MakeoHLEB
pPAOOM C MpaHUuaMn U Janeko OT PyMblH, a YyBallen — HeJaneko oT JatyaH u

nTanbdaHUEB.

B 10 Xe Bpemsa Tabnuua Ha puc. 3, cocTaBfeHHasd TONbKO W3 YMCIOBbIX
AAHHbIX O COOTBETCTBYIOLUNX HApOAaX, CKOpee BCEro ABNSETCS N 06BbEKTUBHON,
N OOCTaTOYHO TOYHOW, HO He JaeT Xopollero “HarnggHoro npeacrtasnenHus” 0b

OTHOCUTENBbHOW BAN30CTUN UK yaoaneHHOCTn npencrtaBlieHHbIX B Hen HapodoB.

Portuguese
Spaniards
Sardinians

a]| Algerians
431 French

Basques

Moroccans
as|| = Egyptians
Georgions
s8] Macedonians
- sL Bulgarians
e lranians
Tuvinians

Puc. 1. “[eHeTnyeckoe ceMenHoe AepeBO HApPOOOB”, OTpaxatoLlee pesynbTaThbl

reHeTUYEeCKMX UCCregoBaHun.
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03 9

03

Dimension 2

..ovoaooo KZ ® Lebonede-NS
Purro:o!.g .
20: )u_..ro:on_ Jews

Cretansg 30380: Jews .
Iranions q:&.loa Manchu
Russions @ Fg Macedonions '\ : ®

arions Turks @ Khalk-Mongolions

- nor_;‘ﬂ.cr»-.._
................... Sesssaserasencassnnees .-::o:“ @ Nivks
xo..«oru

caoc

Puc. 2. lpynnupoBka HapoOoB, MpeAcTaBMNeHHbIX B BUAE TOYEK Ha MNIIOCKOCTWU, B

COOTBETCTBUM C UX FrEHETMYECKON Bn30CTH.
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Tabnuuya,

3.
XPOMO3OMHbIX ranforpynn B COOTBETCTBYHOLLUMX nonyndaunax no AaHHbIM

npoekta EUPEDIA.

Puc.
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MOXHO Nn coyeTaTb TOYHOCTb YMCNOBbLIX AaHHbIX B Tabnuue Ha puc. 3 C
HarnNggHoOCTbl0 cxeM Ha puc. 1 n puc. 2? Hwxke Mbl npegnaraem cnocobd

OCYLEeCTBUTb 3TO.

CpaBHeHue HapopoB: bonrapusa, MakegoHus, Cepbusa n Npeuusn

CpaBHeHMe AaHHbIX B Tabnuue Ha puc. 3 nokasbiBaeT, 4YTO Gnmxke BCeEro K
,00ITrapCKon CTpoKe” ABNAETCS ,MaKkedoHCcKas cTpoka”. MOXHO Nu cpaBHUTL 3Ty
,0JIM30CTL” C ,pPaCCTOSHUSAMU™ MeXAY OCTanbHbIMU CTPOKaMuU? IOTOM0 MOXHO
A0BUTLCS NYyTEM CpaBHEHUS ,FEHETUYECKUX paccTosiHUA”. [na aTon uenn Mol
Oyoem nHTepnpeTupoBaTb YMCa B KaX4oW CTPOKE Kak KoOpAUHaTbl TOYKM B 12-
MEPHOM EBKNNOOBOM MPOCTPAHCTBE, @ PacCTOsHNE Mexay HuMn byaet urpatb
posib reHeTnyeckoro paccrosHus. (O Hapoaax, A4ns KOTOpbIX CyMMa NpoueHTOB
AaHHbIX B Tabnuue 12-Tm Y-XpOMO3OMHbIX rannorpynn MeHbwe 95%,
dopmarnbHO nony4varTcss 6onbluMe OTKNOHEHUSI OT 3HAYEHUW, NOACYMTaHHbIX
Ans 6onblero Konuyectsa Y-XPOMO3OMHbIX ranmorpynn, Mo3TOMY Mbl MX

UrHopupyem.)

Ana Toro 4tobbl cpaBHUTL (reHeTuyecku) Hapoabl bonrapumn, MakegoHun,

Cepbuun n Npeunn, noacunTaem ,reHeTnye

Kne pacCTosHusa” Mexay HUMU; pesynbTaT nokasaH B Tabnuue Ha puc. 4.

MakegoHuss | Cepbus Mpeuus
Bonrapus 6 16 18
MakenoHus 15 17
Cepbus 31
Puc. 4. Tabnuua reHeTUYeCKMX pPaccTOsiHUA Mexdy Hapogamu CTpaH:

Bonrapus, MakegoHus, Cepbus u Npeuus.

Tenepb MOXHO npeactaBuUTb HarndgHO CpaBHEHUNE TEeHETUYECKUNX paCCTOFIHVIVI

(,D,.I'II/IHbI OTpEe3KOoB, coeaunHALNX COOTBETCTBYHKOLLMNE TO‘-IKI/I) OnA TPOeK CTpaH:
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1) Bonrapusa, MakegoHus, Cepbusa n 2) bonrapus, Makegonus, Npeunsa — Ha
puc. 5.

ChPBEUA

bbLJ/JII'APHH MAKEITOHMA

I"BPLLIH

' BBJCAPHS MAKEJIOHN S

Puc. 5. HarnagHoe cpaBHEeHWE reHeTUYEeCKNX pacCTOSAHU Anga Tpoek cTpaH: 1)
Bonrapus, MakegoHusa, Cepbusa (cnesa) n 2) bonrapuda, Makegonus, [peuus

(cnpasa).
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MopobHas aBymepHas BM3yanusaunsa reHeTUYeCKUX pacCTOAHUA AN YeTbipex
n ©Oonee cTpaH He Bcerga uenecoobpasHa. TOYKM B MHOrOMEPHOM
NPOCTPaHCTBE, COOTBETCTBYHOLLME MPOLIEHTAM Y-XPOMO3OMHbIX ransorpynn ans
Kagoro Hapoga, B OOMbLUMHCTBE CrlydaeB pPacnofiokeHbl TakK, 4YTO MNpu
NPOEKTUPOBAHUN MX HA MNIIOCKOCTb COOTHOLUEHUSI PACCTOAHUA MeXAy HUMMU
MEHSIOTCA 3HAYUMTENbHO. OTO JaeT BO3MOXHOCTb AN CNeKkynsauun, Kotopble
BOBCE He ABNANTCS PeAKOCTbIO MPU NCTOMKOBaHUM pe3yrbTaToB reHETUYECKNX
nccnepgosaHnn. Ho B gaHHoMm crnydae gnda 4detBepku bonrapus, MakenoHus,
Mpeumnsa n Cepbus ¢ HebonbLIOWN OLLIMOKOM NOTy4aeTCca NPOEKLMst Ha NITOCKOCTH

Kak Ha puc. 6.

ChBPLHS

\ BBJITAPHS | HEH

——

—

\ _'__,_.—'—'_'
/ — |
__._—-—-—_"'_ I"BEPLINA

f"-l.";iﬂ..l[]]ll.l}l

Puc. 6. HarnagHoe cpaBHeEHME reHEeTUYECKMX PACCTOAHUN A1 YETBEPKU CTpaH:

Bonrapus, MakegoHus, Cepbus n Npeums.

eHeTu4eckoe paccTosiHMe wmexay Hapogamu MakegoHun w Bonrapum
ornpegernieHHo MeHblle pacCTosHUA Mmexay Hapogom bonrapum n Hapogamu

apyrux ero cocegenn — Cepbuun, peumn, PymbiHuK. [MogBngetcsa Bonpoc:
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OoNbWNM UMM ManeHbKUM SBMASETCS OHO Mo CpasHeHuUr C ocmarsibHbIMU

paccmosiHUsIMU Mex0y coceOHUMU Hapodamu e Eeporne?

YUT06bl NOArOTOBUTLCS K MCCIeQoBaHMIO 3TOr0 BOMpoOca, pacCMOTPMM elle ABa

npuMepa.

CpaBHeHVIe HapoAaoB: YeXU, NONIAKU, CIToOBaku N HeMLU bl

Slovakia
15 20
Czech Faland

27

a)
Germany
a3
aa
Zzech Faland
27

b)

99

Puc. 7. a) HarnsgHoe u3o0pakeHue ,,FeHETUYCCKUX PACCTOSHHUI™ MEXKIy YeXaMH,
nojaskaMu u cioBakamu; D) HarmsimHoe wzoOpakeHue ,,F€HETHUYECKUX PACCTOSHUI”

MCXKAY Y€XaMu, MMOJIIKaMU U HEMIIAMU;

291
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Slovakia
43
148
Czrech GEFmany
30
Germany
FPoland

Slovakia

b)

Puc. 8. a) HarnggHoe wn3obpaxeHue ,reHeTUYEeCKMX pPacCToSAHUA® Mexay
yexamu, Hemuamm n crnosakamu; b) HarnagHoe msobpakeHue ,reHeTUYecKux

paCCTOHHMIZ” mMexay nondakamu, crioBakamm 1 HeMmuUuaMu.
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Germany

Slovakia

Czech 27 Faoland

Puc. 9. HarnsgHoe n3obpaxeHue (C HEOONbLUMM MCKaXXeHMEM — MYHKTUPHas
NUHUA OoSmKHA OblTb HEMHOMO ASNIMHHEE) ,FEHETUYECKUX PACCTOAHUIN" MexXay

yexamu, nondakamm, cnosakaMmm 1 HemuamMn.

CpaBHeHue HapopaoB: cepbbl, xopBaTbl, 60CHUNLUbI-FrepLeroBUHLbI 1

YyepHoropubl

Croatia

13
22

Serbia

. . 25
Bosnia-Herzegovina

Puc. 10. a) HarnagHoe wu3obpaxeHue ,reHeTUYECKUX PacCTOAHUIA® Mexay

6OCHI/IIZLI,aMI/I-Fele,eFOBI/IHLI,aMI/I, cep6aM|/| N XopBaTaMu,
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Montenegro

3z

Serbia

i , 256
Bosnia-Herzegovina

b)

Puc. 10. b) HarnagHoe wun3obpaxeHwe ,reHEeTUYECKUX PaCCTOAHUIA" mexay

cepbamu, 6oCHUMLLAMN-TEPLErOBUHLLIAMU N YEPHOTOPLAMM.

Bosnia-Herzegovina

Croatia 25 Montenegro

Puc. 11. HarnsgHoe n3obpaxeHue (C HeGONbLUMM UCKaXXEHUEM — MYHKTUPHbIE
NNHUN JOIMKHbI OblTb HEMHOIO ANWHHEE) ,FEHETUYECKMUX PACCTOSHUN™ Mexay
cepbamn, xopBatamu, OOCHUANLAMWU-TEPLErOBUHLAMWN, YepHoropuamm W

BocHunckumn cepbamm.
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FeHeTM4YecKMe pacCTOAHUA MeXAYy CoOCeaAHMMMU HapoaaMm

Makenonus, Mpeuust u Cepbus aBnsawTcsa cocegHnummn ans bBonrapumn ctpaHamm
M NO3TOMY € eCTEeCTBEHHO OXMAaTb, YTO PACCTOSIHUA MEXAY STUMU YeTblpbMs
HapogaMyM OTHOCWUTENbHO Marbl MO CPaBHEHWUID CO CPEeAHMM PacCTOSIHUEM
Mexay pasHbiMM Hapogamu. 3TO oXuaaHve onpaBablBaeTcs — BooOue
cpedHee reHeTUYecKoe PacCTOosiHME MEXAy COCeaHVMU HapodamMy  MeHblue

cpenHero pacctoaHnAa Mmexay Hapogamu.

Utobbl oOueHUTb Hackonbko Onm3kn bonrapus n MakegoHuss Ha doHe
OCTasbHbIX MAap COCEAHUX EBPOMNENCKUX HAPOAOB, Mbl CPaBHUIMN reHeTUYeckme
paccTosiHua B 6onblWoOn cryvyarHoM BblbOpKe nap cocefHUX €eBPOnencKnx
Hapo4oB (BKMOYask M pacCTosHMA Mexnay o060cobneHHbiMM obnactammn B
npegenax ogHoro rocygapcraea), cocrosen n3 43 nap. BoceMb HaMMeHbLUNX U

AEeCATb HAaMBONbLUMX PACCTOAHUIN A9 3TOM BbIOOPKM NoKa3aHbl Ha puc. 11.

Pacnipenenenue (1o BeNMWYHHE) TEHETUYECKUX PACCTOSHUN MEXKIY MapaMu COCETHHUX
eBporeickux HapoaoB (puc. 12) mMO3BONSIET CpPaBHUTh TE€HETHYECKYIO OJIM30CTh

bonrapun u MakeoHuH ¢ COCETHUMH HapOAaMU: 3TO — OJIHA U3 Habosee OJIU3KUX ApYT

K JpYTy map CTpaH.
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I'eneruyeckoe
Cocennue rocygapcrsa
paccrosinue
1 | ®pannus - benbrus 577
2 | Banagnas-lOxnas ['epmanus 5,94
3 | bonrapus- Makenonust 6,30
4 | Bocrounas-Cesepnas ['epmanus 6,78
5 | Oxnas I'epmanus-1Berinapus 9,68
6 | bonrapus - Pymbiaus 10,93
7 | Bearpus-CrnoBenus 11,51
8 | Cepbus-Pymbinus 11,83

Puc. 11. BocemMb HamMeHbLMX W [eCATb HauMbOonbLUMX pPaCCTOAHUA AONs

paccMaTpuBaemon BbIOOPKU.
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4 [0xHas-Cesepras ['epmanus 21,66
35 Opannusa-Uranus 23,27
36 CepOusi-bocHa 24,71
37 ABsctpus-11IBeiinapus 25,82
38 CepOusi-Benrpus 26,46
39 Yexus-Ilompia 26,63
40 ABcrpus-CroBeHus 28,95
41 ABctpus-CrnoBakus 31,54
42 bocna-UYepHoropbe 32,12
43 Bocrt. I'epmanus-Ilonpma 42 .37

Puc. 11. BocemMb HamMeHbLMX W [eCATb HauMbOonbLUMX pPaCCTOAHUA AONs

paccMaTpmBaemon BbIOOPKU.
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Puc. 12. PacnpegeneHve (Mo BenNUYMHE) reHeTUYEeCKUX PacCTOSHUA Mexay
napamMu cOoceHMX €BPOMencknx HapoAdoB M3 paccmaTpvBaemon BbIGOPKU: MO
abcumcce oTMeYeHbl MHTepBaribl PacCTOSAHWA, a Mo opAuMHaTe — YMCcno nap ¢

COOTBETCTBYHOLWWMMUN PACCTOAHNAMU B YKa3aHHOM UHTEepBale.

NMnoTtesa

Ha ocHoBe HabnogeHwuin, caenaHHbIX B Xo4e NpPeAcTaBMEeHHbIX Bbille
nccneaoBaHuin, MOXHO NPEeArioKMTb  CriedyloLwylo  rMnotesy: MpoLlecchl
M3MEHEHNS B COOTHOLUEHUSIX rannorpynn Ha Tepputopun EBponbl Gbinu
6nmMskMMKU Kk AN Y3NOHHBIM: MOXHO CKasaTb, YTO Bedyllee MeCTO 3aHuMar
,O00MeH rannorpynnamu” Mexay cocegHnuMm Hapogamu. Ckopee Bcero, BvsiHue

nepeceneHnn Ha 3T NPoLECChl ObINO MEHEE 3aMETHbIM.
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On the "genetic proximity" of peoples

Y. Tabov, N. Sabeva-Koleva, G. Gachev

Annotation. DNA analysis is a well-established scientific method that is
becoming increasingly popular in practice. It is also used to compare the
“genetic proximity” of peoples. Here we propose an approach to such a
comparison, based on the calculation and comparison of “genetic distances”
between peoples according to genetic studies published on the Eupedia
website. It provides an opportunity to build visual schemes that reflect the
results. As an example, the results of comparisons of three groups of
neighboring countries are presented: 1) Bulgaria, Serbia, Greece, Macedonia,
Turkey and Romania; 2) Bosnia, Serbia, Croatia and Montenegro; 3) Czech

Republic, Slovakia, Poland and Germany.
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