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A Substantially Evolutionary Theory of a Project of a 
System with a Software 

P. Sosnin 

Ulyanovsk State Technical University, Ulyanovsk, Russia 
e-mail: sosnin@ulstu.ru  

Abstract. This paper deals with an applied theory that designers create for a pro-
ject of a software intensive system for explanation and understanding of the pro-
ject states at the conceptual stage of designing. The applied theory has the sub-
stantially evolutionary type, and it is developing in parallel with designing.  

Keywords: project theory; question-answering; software intensive systems  

1 Introduction 

The extremely low degree of success in developments of software intensive systems 
(SISs) is an important reason for searching new approaches to the designing in this 
subject area [1]. One set of such approaches can be connected with taking into account 
not only software intensity but also the intensive use of knowledge and experience in 
conditions of human-intensive systems. Additional intensities are directly related to the 
designing of systems because, in such a work, the team of designers has to creatively 
use the workflows with complicated toolkits that also belong to the class of SISs. The 
integral result of these intensities is a high complexity of the environment with which 
the designer forced to interact. 

The system or its any component is complex if the designer (interacting with the 
system) does not have sufficient resources for the achievement of the necessary level 
of understanding or achieving the other planned aims. If some of the necessary re-
sources are absent, designers must create them during the process of designing, and in 
similar work, they can use appropriate scientific approaches based of theorizing and 
experimenting. 

The fact that this is not only an opportunity but also the necessity was claimed in the 
initiative SEMAT (Software Engineering Methods And Theory) aimed its founders on 
re-shaping the basis of software engineering [2]. Even the name of this initiative indi-
cates the especial role of theoretical activity in designing the systems with software. 

This paper presents a substantially evolutionary approach to creating the applied the-
ories of SIS-projects. In the ground of this approach lays a specialized framework, the 
structure and semantic of which are defined by a reflection of an operational space of 
designing onto a semantic memory of a question-answer type [3].  The offered approach 
is additional for question-answer and precedent-oriented approaches providing the ac-
tivity of designers at the conceptual stage of developing the SIS [4] in an environment 
of the toolkit WIQA (Working In Questions and Answers).  

7
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2 Related Works 

In recent years, there were a numerous attempts to offer versions of theorization. 
Some of these attempts and their results were presented in four workshops on General 
Theory of Software Engineering (GTSE 2011-2015) and 5th International Workshop 
on Theory-Oriented Software Engineering (2016).  At the same time, it can be stated 
that the satisfactory general theory is absent till now. 

Typically, after workshop its result was generalized, and, for example, such report 

engineering phenomena at multiple levels, including social processes and technical 
artifacts, should synthesize existing theories from software engineering and reference 
disciplines, should be developed iteratively, should avoid common misconceptions and 
theoretical concepts, and should respect the complexity of software engineering 

[5]. 
Reports of the next workshop extended features that must find their embodiment in 

content and responsibility of a GTSE, for example, the report on results of the third 
workshop marked papers of following authors: 

Ralph [6] t 
variable regarding independent variables) and process theories (which explain how a 

 
Ng [7] 

its that every software project is unique and sensitive to its conte  
Very often, researchers, which were participated in attempts to build the general the-

ory have referenced in the paper [8] that includes an analysis of assignments of theories 
and a way for creating the useful theories oriented on their applications in software 
engineering. In their research, authors of this paper referenced on the following classi-
fication that was specified in [8]: 

1. Analysis. Theories of this type include descri
 

2. Explanation. Theories of this type explicitly explain. What constitutes an 
explanation is a nontrivial issue. However, a common view is that an explanation 
answers to a question of why something is  or happens (rather than what happens). 

3. Prediction. These theories are geared towards predicting what will happen, without 
explaining why. 

4. Explanation and prediction. Theories of this type combine the traits of II and III 
-based 

theories. 
5. Design and action

prescriptive.  

Additionally, the paper [8] analyzes following steps that help to build the certain 
theory: 

1. Defining the Constructs of the Theory 
2. Defining the Propositions of the Theory 

8
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3. Providing Explanations to Justify the Theory 
4. Determining the Scope of the Theory 
5. Testing the Theory Through Empirical Research.  

Then, in An Initial Theory for UML-Based Development in Large Projects, for 

for UML- The developed  theory was evaluated 
by authors with the use of following characteristics: 

1. Testability as the degree to which theory is constructed such that empirical refutation 
is possible 

2. Empirical support as the degree to which theory is supported by empirical studies 
that confirm its validity 

3. Explanatory power  as the degree to which a theory accounts for and predicts all 
known observations within its scope is simple in that it has few ad hoc assumption, 
and relates to that which is already well understood 

4. Parsimony as the degree to which theory is economically constructed with a mini-
mum of concepts and propositions 

5. Generality as the breadth of the scope of a theory and the degree to which the theory 
is independent of specific settings 

6. Utility as the degree to which a theory supports the relevant areas of the software 
industry. 

For our reasoning that will be lower, we note one more paper [9], which was called 

esign and evaluation, D and E, 
 On the basis of an analysis of this position, the author 

delineate a rich variety of theories related to D and E and consider these to be sub-
theories critical to understanding the relationships  

In specifications of analysis results, it is used such construct as model M the essence 

is reified, represented, satisfied, etc., In the paper 
[9], the important place occupies dividing the theories that  correspond D and E on sub-
theories among which, for example,  we mark following sets of them: Theories of 
Behavior and Constraints, Theories of Model Structure, Theories of Interface Usability, 
Theories of Usefulness, Theories about Evaluating Models and Theories about 
Evaluating Theories. 

3 Structure of Substantially Evolutionary Theory of the Project 

All told above about the General Theory of Software Engineering should be taken 
into account and used in creating the applied theories for definite projects of SISs. In 
this paper, we describe a type of such applied theories that is oriented on the structure, 
the scheme of which is presented in figure 1. 

9
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Fig. 1. Developing the phase structure of the theory 

The scheme discloses that any applied theory has a phase structure filling by the 
informational content in parallel with other activities of the design process. This struc-
ture includes following phases: 

1. Before-theoretical phase ThBT involves the collection of data D(t) as a set of facts  
{Fk}, relevant to the corresponding subject area, but rather to the properties of its 
components {Bp} and the relations between them. 

2. In the descriptive phase ThD, registered facts are used for constructing the texts of   
T(t) = {Ti} linking the facts in the description {Di=Ti} of essences distinguished in 
the subject area, and these constructs already bring a certain ordering in the set of 
facts. 

3. In building the theory, a special attention focuses on a vocabulary and especially on 
developing its part that presents a system of concepts S1({Nj}), semantic value and 
order of which defines a certain set of classifications K = S2({Km}).  Developing the 
system S1({Np}) on the base of S2({Km}) is a very important phase of becoming the 
theory. In figure 1, this part of the theory marked as the classification phase ThC. 

4. In becoming the theory and its use, the identifiably measurable phase ThI intro-
duces the possibility of (empirical) interpreting the theoretical constructs, in partic-
ular, the ability to control the adequacy of any concept (notion) in its use in a chosen 
fragment of a description or fact. The typical approach to the identification is a pat-
tern recognition with the use of appropriate means that lead to names of classes. The 
measurement helps to defines values of attributes for recognized essences of the the-
orized reality. 

5. Formal phase is usually expressed by one or a number of formal theories ThF (t) = 
{ThF

p} systematizing material of prior phases and transferring the solution of the 
task from the level of manipulations with entities {Ur} of the subject area SA  to the 
level of manipulations with symbolic constructs of the theory. Such transition opens 
the possibility to use an inference for a prediction and apply a proof to verify the 
prediction.  

10
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6. It should be noted; any theory is created for its uses, a very important kind of which 
is models. Models are intermediary between theories and reality when people inter-
act with them. Therefore, models form a useful area of theory applications that indi-
cated in figure 1 as a model phase.   

Thus, in currents state of its becoming, the theory ThP(t) for the definite system S 
can be presented by the following expression 

ThP(t) = [Ds(t)  ThT
s(t)  ThK

s(t)  ThI
s(t)  {ThF

sk sq(t), 

 the relation between the theory and models which the 
theory helped to build. 

By the SEMAT-approach, any system is a result of a work implemented by a team 
of developers interacting with stakeholders. In its turn, the work is specified as a system 
of activitie

In project management and programming, such activities are usually called as 
tasks. 

As naturally artificial essences, tasks have following features: 

1. They are oriented on achieving the definite goals that must be confirmed by obtained 
results and their checks. 

2. In the general sense, a life cycle of a task includes creative actions that help to over-
come definite gaps as in problems. In these cases task should be solved, usually for 
the future reuse. 

3. The task description that provides the task reuse can be interpreted as the model of 
the corresponding precedent, that simulates the unit of experience. 

What has been said about the tasks enables to answer the above question by the 
following assertion, solutions of planned and situational tasks provide dynamics of de-
veloping as the SIS so its documentation PD in 
a sense defined above.  

Thus, any solved task Zi leaves textual and other traces in PD(t) and its component 
ThP(t) as the system S({Ti}, t). Let us assume, that textual part Ti of traces included in 
S({Ti}, tj) as its increment i, tj)  in the moment of time tj. Then, this system of texts 
can be expressed in a form 

                     S({Ti}, tj) = S(T0, t0) ),  

where T0 is a textual description with which designers start their work with the project 
P(t) in the moment of time t0, {Zi} is a set of solved tasks and tj indicates on the current 
moment of time.  

Because the expression corresponds the textual structure of the theory ThP(t), it can 
be presented in the form  

                     ThP(tj) = ThP(t0) ),  

where Zi can be interpreted as the certain rule in theory ThP(t).  Theory ThP(tj) is evolved 
by the use of the set of rules {Zi}, and any of these rules and each of these rules should 
not make any contradictions in the theory. 

(1) 

(2) 

(3) 
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 The absence of contradictions is possible when for any  its inclusion in 
the theory does not change the previous structure and content of the theory ThP(tj-1).  If 
it is so, then, by typology of theories, the theory ThP(t) can be qualified as the theory of 
substantially evolutionary type.  

Any theory of this type is evolved in correspondence with the principle of additivity 
as a system s({T},t) of texts T each of which embeds into s({T},t), beginning with 
initial state s(T0,t0), only if there are sufficient justifications for embedding. 

The principle of additive expresses the relevant consecution in its application to the 
creation of the theory Th(t). Reifying this principle corresponds to the method of step-
wise refinement that is widely used in programming and practice of designing the SISs. 
It should be noted, clarifying the theoretical construct Cr is possible by the use of fol-
lowing rules of checking: 

1. Clarify some component of the construct Cr by specifying the structure of this com-
ponent or modifying its structure, so that has not changed the functional essence of 

 
2. Add a new construct Cp or to change the old version of the construct Cr by the way 

that saves specifications of the previous state of the theory (clarifying in "width"). 

Thus, before embedding of any increment  into the current state of the 
theory ThP(t), the increment  is need to check on its correspondence to the principle of 
additivity. In practice of designing the systems, there are cases, when checking of 

 indicates on the violation of this principle, but the solution of the corre-
spondence task Z should include in the project. Similar cases are usually processed by 

tation, the corresponding theory will be without contradictions. 
In concluding this section, it should be noted, the phase structure of becoming the 

theory is expedient to use for creating the substantially evolutionary theory of ThP(t), 
or, that the same, the theory of conceptual designing the system. The central place in 
this theory occupies the description phase evolved on the base of the before-theoretical 
phase. The potential of ThP(t)) can be essentially increased if others phase of becoming 
the theory will be additionally developed. 

4 Question-Answer approach 

In our research and practice, we have developed a question-answer approach (QA-
approach) to designing the SISs [3]. In more detail, QA-approach and the toolkit WIQA 
for its realizing are described in the book [10]. In this paper, we concern only relations 
of this approach with substantially evolutionary theorizing during the process of de-
signing. In the creation, the theory of the project, this artifact shown in figure 2 is used 

 
The scheme underlines that question-answer structures (QA-structures) of the 

TT(Z*, t) are generated on the base of natural reasoning (fluid reasoning) of designers 
when they constructively apply question-answer reasoning (QA-reasoning) during 

12
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solving the project tasks. In this work, designers operatively use affordable experience 
and appropriate information. 

 

Fig.2. Typical result of question-answer analysis 

One of the useful applications of this informational source is developing the project 
documentation where it is typical to place the reusable textual units in predefined posi-
tions of documents in their system. 

What is especially important that is the placement of the artifact TT(Z*, t) in the 
semantic memory, cells of which are intended for uploading questions and answers of 
different types. The normative structure of the cell is shown in figure 3. 

 

Fig. 3. Typical cell of the semantic memory 

A set of basic attributes of the cell helps to register for the stored object its unique 
identifier (address in QA-memory), type, description, the name of the creator, time of 

13
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storing or last modification, the name of the parent object, the quantity 
and some other characteristics. These attributes with their values and the definite sub-
system of operations (commands) support interactions of designers with visualized ob-
ject stored in the corresponding cell. 

Additional attributes are attached to the simple definite object for enriching its com-
puterized potential, for example, to enrich semantics of the object representation in QA-
memory. It is necessary to note that additional attributes are applied in some system 
processes implemented with the toolkit WIQA. 

Above, we mentioned the system PD(t) in its relations with the project theory ThP(t). 
Any project documents and their system should be built as models of the theory ThP(t). 
And therefore, the artifact TT(Z*, t) can also be used as the informational source for 
creating the theory of the project. Moreover, constructs of the theory should be 
extracted from TT(Z*, t) and after that, they need to include in the current state of 
ThP(t). Only after that, designers can use such constructs in corresponding documents. 
This sequence corresponds to the following chain of implications 

                                               P D(t).  

In this chain, the first transition suggests that verbal components of                                                 
TT(Z*, t) that will be included in the theory ThP(t) must be carefully processed to cor-
respond the requirements the theory. Any of these components and its useful combina-
tions with other constructs of the theory must correspond to the current state of its 
phases (descriptive, classification and identifiably measurable phases).  

Such processing is implicitly shown in figure 3, the scheme of which uncovers that 
in conditions of becoming the theory ThP(t) it is better to use an ontology (realizing the 
classification phase) and means for conducting the conceptual experiments (supporting 
the work of designers at the level of the identifiably measurable phase). 

 

Fig. 3. Theory of the project in conceptual designing 

(4) 
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The scheme also demonstrates that through conceptual models (model phase) the 
theory can be used by designers for interacting with the documentation (tasks of docu-
mentation) and with tasks of the subject area and used technology. 

5 Features of Substantially Evolutionary Theory of the Project 

In previous sections, we schematically uncovered the described approach to 
theorizing the project in its conceptual stage. More detailly, the approach has the fol-
lowing basic features: 

1. The project theory ThP(t) is possible and expedient to create in forms of the substan-
tially evolutionary theory, developing of which is defined by real-time solving the 
project tasks. 

2. Processes of solving the tasks of the project and developing the theory ThP(t) are 
intertwined, and their constructs are externalized in the artifact TT(Z*, t). 

3. In any current state of the theory ThP(t),  exists in two versions, one of 
which is distributed in the artifact TT(Z*, t), where constructs of the theory are 
marked by the additional specialized attribute. Another version is extracted from the 
artifact TT(Z*, t) and also placed in the 
dedicated section of the semantic memory. 

4. Constructs of the theory (  hypotheses, premises, assertions, 
restrictions, and others) exist as simple or complex QA-objects located in assigned 
cells of the semantic memory. 

5. Textual expressions of constructs are registered in specialized fields of cells dedi-
cated for corresponding QA-objects. 

6. The theory language is a project language, a controlled lexis of which is placed in 
the project ontology that is located in the semantic memory and created in parallel 
with solving the tasks and developing the theory ThP(t).  

7. An important reason for incrementing the theory is an unpredictable appearance of  
a new project task for the reaction on which the designer will use a modified version 
of the design thinking approach [11]. 

8. The feature of modification is the coordinated use of the design thinking approach 
with question-answer and precedent-oriented approaches [3]. 

9. The precedent-oriented approach helps to create the regularities of the theory ThP(t) 
on the basis of analogies with intellectually processed conditioned reflexes [4].  

10. In the modified version of the design thinking approach, for validating the theoretical 
constructs and regularities, designers can use conceptual experiments [4] and auto-
mated mental imagination [12]. 

11. In creating the theory increment that is caused by any new task Zi, an application of 
 

12. Built model of a precedent for the task Zi expresses the verified version of the infer-
ence rule that is prepared for the reuse in appropriate applications of the theory. 
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Summarizing told above we notice that enumerated features of the substantially evo-
lutionary theory of the project express themselves in the phase structure presented in 
figure 4. 

 

Fig. 4. Phase stricter of the project theory 

The scheme points out that the phase structure combines the artifact ThP(t) with the 
corresponding ontology and a theorization of a set of conceptual experiments that have 
been conducted for substantiating the correctness of constructs of the ThP(t). Constructs 
of the theory are visually observable into their system S{QA(t), t} that includes the tree 
of tasks and QA protocols for these tasks. 

Conclusion 

The paper presents the way of real-time creating the project theory of the substan-
tially evolutionary type that corresponds to the reality of becoming the conceptual pro-
ject of the certain SIS. Becoming of the theory should begin with its initial ground in 
the form of a textual description, which is as short as possible and as abstract as possi-
ble, but the essence of the theory must be expressed in the sufficient measure. The basic 
goal of developing the theory is to reduce the uncertainty in conceptual solving the 
project tasks by using the stepwise refinement in coordination with QA-analysis in its 
application to statements of tasks. 

Designers develop the theory when they interact with the accessible experience and 
use appropriate information in the real-time of conceptual designing, when, in addition 
to traditional forms of Human-Computer Interaction they are forced to use the experi-
ence-based forms of HCI. 

The theory ThP(t) as the additional and very useful artifact fulfills the role of the 
checked ground for the conceptual project. Any of such theory has the phase structure, 
in which the description phase occupies the central place. The base of this phase is the 
semantic net, nodes of which are questions and answers that are generated during the 
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A Substantially Evolutionary Theory of a Project of a System with a Software 
 

question-answer analysis of project tasks. For such work of designers, we developed 
QA-approach reified in the WIQA toolkit. Basic features of QA-approach are the use 
of the stepwise refinement, beginning with the initial statement of the root task of the 
project. 

QA-analysis of any project task is the informational source for corresponding step 
of evolving the theory ThP(t). Therefore, for managing the work with the task and the 
becoming of the theory, we developed the precedent-oriented approach that is 
additional for QA-approach. Some details of creating the project theory are described 
in the book [10]. 
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Abstract. In this paper the search method for phrases closest to initial phrase 
concerning the described fragment of knowledge (including linguistic means) is 
suggested. The text relevance is measured by estimation of coupling strength of 
words from initial phrase jointly occurring in phrases of analyzed text together 
with the classifying of these words according to TF-IDF values as an alternative 
to syntactic dependences in relation to text corpus. The paper considers exten-
sion of links of words here from traditional bigrams to three and more elements.  

Keywords: intelligent data analysis, information retrieval, computer-aided nat-
ural language processing, human-computer interaction in education, open-form 
test assignment.  

1 Introduction 

The open-form test assignment assume testee answer in a form of one or several 
natural language (NL) sentences. For result interpretation in open test it is necessary 
to take into account different descriptions given by various experts for the same reali-
ty fact using the same natural language. Also it is necessary to coordinate the 
knowledge units formed by various experts. The most natural knowledge source here 
will be the scientific papers of highest-rank scholars in appropriated topical area. The 
problem to seek a most rational variant for transfering the sense among experts and 
testees considered as two groups of native speakers is actual here. Each knowledge 
unit herewith is defined by a set of NL-phrases equivalent-by-sense (i.e. semantically 
equivalent, SE). This decision means the following expert tasks to be automated:  

• to search SE-forms for description of reality fragment in the given NL;  
• to compare the knowledge of given expert with the closest knowledge fragments of 

another experts.  

To search and classify the NL-forms of expression of expert knowledge it is neces-
sary to extract the constituents of image of initial phrase in a form of combinations of 
related words with the estimation of coupling strength of words relatively to text and 
corpus. Itself, the initial phrase only in a few cases meet the standard for comparison, 
and generally not be required the presence of strictly predetermined part of compo-
nents of image of initial phrase in text. In addition, the consideration of word combi-
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nations only within bigrams is unwanted if the percentage of general vocabulary and 
terms of topical area are comparable. It is actual, for example, for texts related to the 
fields of philosophy of science and techniques close to artificial intelligence. 

The goal of the current paper is to study the performance capabilities of vocabulary 
clustering by TF-IDF for revelation of combinations of related words extended to n-
grams as a form of constituents of image of initial phrase relatively to text and corpus.  

2 N-grams, TF-IDF metrics and estimation for coupling 
strength of words 

As the basis of revelation of links of words in current paper the splitting of words 
of initial phrase according to their TF-IDF as an alternative and in addition to syntac-
tic dependences is taken.  

Let D  be a topical corpus of texts, selected by expert. According to definition, TF-
IDF is the product of term frequency (TF) and inverse document frequency (IDF, [1]) 
and intended to reflect how important a word it  is to a document Dd ∈ . We have 

used the classic case of term frequency, it is the number of times that the word it  

occurs in document d  divided by total number of words in d . The IDF metrics can 
be determined as ( ) ( )ii DDDtidf log, = , where DDi ⊂  is a number of documents 

where the word it  appears (i.e. ( ) 0, ≠dttf i ).  

Let X  be an ordered descending sequence of TF-IDF values for words of initial 
phrase relatively to document d  from corpus D .  

Let’s split X  into clusters rHH ,,1 K  by means of algorithm offered by us in [2] 

and close to FOREL class taxonomy algorithms [3]. Further in current paper concern-
ing to clustering of phrases and documents we’ll have in mind this algorithm. As the 
mass center of cluster iH  the arithmetic mean of all ij Hx ∈  like in [2] is taken. Also 

we note that for ji ≠∀  ∅=∩ ji HH , and XHHH r =••• K21 . The rule to relate 

elements of X  to the same cluster is identical to the used in paper [2]. 
For revelation of links the most significant words are related to the clusters 1H  and 

2rH . To 1H  will be related the terms which are the most unique in analyzed docu-

ment. TF-IDF values from the «middle» cluster 2rH  will be corresponded to terms, 

which have synonyms at the same document, and to general vocabulary defining the 
synonymic paraphrases. This proposition is naturally follows from discussions in 
paper [4] concerning the interpretation of considered metrics. The estimation of cou-
pling strength for pair of words from initial phrase be calculated here only if the value 
of TF-IDF at least for one word of this pair related to either 1H  or 2rH . Let’s name 

further such words as pairwise related by TF-IDF.  
To estimate the coupling strength of words ( )BA,  we take the estimation which 

shown the best results in [5] and defined as 

 ( )kbakKAB −+= , (1) 
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where a , b  and k  are the numbers of document phrases containing the words A , B , 
and A  simultaneously with B , respectively. Among the estimations applied in Dis-
tributive-Statistical Method of Thesaurus Construction [6] this estimation being close 
to Tanimoto coefficient [7] is the most evident from one side, and respects the indi-
vidually occurrence of each word – from the other. 

Let d  be some document from corpus D  and ( )dL  is a sequence of bigrams which 

are the pairs of initial phrase’s words ( )BA,  pairwise related according to chosen 

method for links revelation either syntactically or by TF-IDF. The bigrams from ( )dL  

are ordered descending values of (1). 
Definition 1. A bigrams ( )11, BA , ( )22,BA  be a part of the same n-gram ( )dLT ⊆  if 

 ( ) ( ) ( ) ( )( ) trueABBABBAA ==∨=∨=∨= 21212121 .  

After revelation of current n-gram T  the sequence ( )dL  is reviewed from the end 

to delete those elements which are present only in T , what is detected by presence of 
common elements of bigrams from T  and from ( ) TdL \ . This process continues until 

( )dL  becomes empty on some step. In the worst case identified with a maximal length 

of n-gram we have here the number of comparisons upper estimated as ( ) ( )dLdL +2 .  

For n-gram T  having a length ( )Tlen  its significance in a rank estimation of docu-

ment d  concerning the corpus D  can be defined from geometrical considerations as 

 ( ) ( )[ ]( ) ( )( )( )1σS,N len
1

2
i += ∑ = dSddT i

T
i

, (2) 

where ( )dSi  is the value of estimation (1) for i-th bigram relatively to d ; ( )( )dSiσ  is 

the root-mean-square deviation of mentioned value; ( )Tlen  here and below is defined 

as a number of bigrams forming T . Adding one to the denominator of formula (2) is 
intended to prevent division by zero in a case when ( )( ) 0σ =dSi . 

Note, that applying the estimation (2) means the maximization of total coupling 
strength of words at minimum of its root-mean square deviation relatively to all links 
of words in n-gram. Let’s denote further the set of n-grams ( ){ }dLTT ⊆:  as ( )dΤ . 

3 Document ranking and forming the annotation 

N-grams from ( )dΤ  are sorted descending values of ( ) ( )TdT len,N ⋅ . The function 

for document ranking by relevance to initial phrase can be defined from considera-
tions of fullest representation of initial phrase’s image in n-grams as 

 ( ) ( ) ( )
( )

( )( )dTddW
dT

Τ

Τ

1010max loglenmaxlogN ⋅








⋅=

∈
, (3) 

where ( ) ( )
( )dT

dTd
Τ∈

= ,NmaxNmax . 
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After sorting the documents Dd ∈  descending values of function (3) with follow-
ing clustering and forming the sequence of clusters, the documents from the first clus-
ter of mentioned sequence will be taken for selection of phrases. The set of these doc-
uments we’ll denote further as D′ .  

Similarly, according to the values of estimation (2) the set ( )dΤ  for Dd ′∈∀  is 

splitted. Let ( )dΤ′  be the cluster of greatest values of this estimation for given d . 

The criterion to add some phrase s  from document Dd ′∈  to annotation is a max-
imum of words within the most significant n-grams: 

 ( ) ( ){ }TbdTbws ∈′∈∃∈=Ν ,: Τ . (4) 

The phrases selected are clustering according to the value of ( )sΝ . As a result a set 

of phrases corresponding to the cluster of greatest values of given estimation is re-
turned. The idea of estimation (4) is close to C-value method [8] for automatic recog-
nition of multi-word terms in respect of presupposition about rather large number of 
bigrams in the most significant n-grams. However, the method offered in current pa-
per does not require the calculation of frequencies of occurrence of analyzed n-gram 
as a part of other n-grams. Indeed, n-gram selected according to the estimation (2) is 
already of a maximal possible length, and the requirement to belonging of words 
within it to terms is not principled here. 

4 Experiments 

The test corpus for proposed method includes Russian papers related to philosoph-
ical and methodological problem of knowledge engineering published in: 

• Vestnik of the Plekhanov Russian University of Economics (1 paper); 
• The annual «Filosofija nauki» (Philosophy of Science, 2014, 1 paper); 
• Materials of the 4th All-Russian conference of students, post-graduates and young 

scientists «Artificial Intelligence: Philosophy, Methodology, Innovations» (AI 
PhMI, 2010, 3 papers in Part 1 and 1 paper in Part 2); 

• Materials of the 7th Conference AI PhMI (2013, 2 sectional reports and 1 plenary 
report);  

• Materials of the 8th Conference AI PhMI (2014, 1 plenary report); 
• Materials of the 9th Conference AI PhMI (2015, 1 paper); 
• Taurida journal of computer science theory and mathematics (1 paper).  

The number of words in documents of corpus varied here from 618 to 3765, and 
the number of phrases per document varied between 38 and 276.  

The software implementation (in Java) of the offered method and experimental re-
sults are presented on the website of Yaroslav-the-Wise Novgorod State University at  
http://www.novsu.ru/file/1258899.  

Russian phrases which describe the facts of topical area «Philosophy and Method-
ology of knowledge engineering» and were used as a basis for knowledge units for-
mation, are presented in Table 1.  
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Table 1. Initial phrases 

№  Initial phrase (in Russian) 
1 “ Определение модели представления знаний накладывает ограничения на выбор 

соответствующего механизма логического вывода” (The definition for knowledge 
representation model imposes restrictions on the choice of corresponding logical infe-
rence mechanism) 

2 “ Под знанием понимается система суждений с принципиальной и единой орга-
низацией, основанная на объективной закономерности” (The knowledge is meant 
as a system of propositions having principal and uniform organization and basing on 
objective regularity) 

3 “ С точки зрения искусственного интеллекта знание определяется как формали-
зованная информация, на которую ссылаются или используют в процессе логи-
ческого вывода” (From the point of view of artificial intelligence the knowledge is 
defined as formalized information referenced or used when logical inference is imple-
mented) 

4 “Факты обычно указывают на хорошо известные обстоятельства в данной 
предметной области” (The facts are usually noted a well-known circumstances in 
given topical area) 

5 “ Эвристика основывается на собственном опыте специалиста в данной пред-
метной области, накопленном в результате многолетней практики” (Heuristics 
is based on the own experience accumulated as a result of many-years practice of 
expert in given topical area) 

6 “Метазнания могут касаться свойств, структуры, способов получения и ис-
пользования знаний при решении практических задач искусственного интеллек-
та” (Meta-knowledge can concerns of properties, structure, methods of revelation 
and usage for knowledge when solve practical tasks of artificial intelligence) 

7 “ Однородность представления знаний приводит к упрощению механизма управ-
ления логическим выводом и упрощению управления знаниями” (The uniformity of 
knowledge representation leads to simplification of management mechanism for logi-
cal inference and simplification of knowledge management)  

8 “ Отличительными чертами логических моделей являются единственность 
теоретического обоснования и возможность реализации системы формально 
точных определений и выводов” (The distinctive features of logical models are 
uniqueness of theoretical justification and possibility of implementation of system of 
formally exact definitions and conclusions)  

9 “ Язык представления знаний на основе фреймовой модели наиболее эффективен 
для структурного описания сложных понятий и решения задач, в которых в 
соответствии с ситуацией желательно применять различные способы вывода” 
(The language for knowledge representation based on the frame model is the most 
effective for structural description of complex concepts and solving the tasks where 
according to situation it is preferably to apply different inference methods) 

 
For comparison, concerning the each initial phrase from Table 1 the next tables 

show the total number of selected phrases from corpus documents (N), the number of 
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selected phrases representing linguistic expressional means (N1), synonyms (N2) and 
concept relations at the topical area (N3). In order for a comprehensive assessment of 
the retrieval effectiveness the mentioned data are complemented by the number of 
linguistic expressional means (11N ), number of synonyms (1

2N ) and concept relations 

from mentioned in initial phrases which were represented in resulted phrases (1
3N ). 

Each 1
iN  is the sum of values of corresponding parameter for annotation phrases from 

related to the i-th «subset» of value of N, i  = 1,…,3.  
As an illustrative example of advantages of search of constituents of image of ini-

tial phrase on the base of n-gram jointly with revelation of links of words based on 
TF-IDF can be experiments with the phrase №3 from Table 1. The comparison here is 
made with the results for ranking function proposed in [5] and estimated the relevance 
of documents by the sum of estimation (1) for links from the cluster of its greatest 
values (i.e. for the «most strong» links). The phrases for annotation in this case are 
selected by clustering according to the number of «most strong» links. It’s necessary 
to note, however, that for considered initial phrase in paper [5] a satisfactory decision 
was not found by means of contextual annotation applying the mentioned links. 

Table 2. Selection the relevant phrases for represented in Table 1 on the basis of n-grams 

№ 1 2 3 4 5 6 7 8 9 
without application of the base of syntactic rules 

N 2 4 4 2 3 3 3 2 3 
N1 0 0 1 1 0 0 0 1 0 
N2 0 0 0 1 1 0 0 0 0 
N3 2 2 3 0 2 1 1 2 3 

1
1N  0 0 1 1 0 0 0 1 0 
1
2N  0 0 0 1 1 0 0 0 0 
1
3N  1 2 3 0 2 1 2 2 5 

with application of the base of syntactic rules 

N 5 2 19 7 3 3 3 1 1 
N1 0 0 0 1 0 1 0 1 0 
N2 0 0 3 0 2 0 0 0 0 
N3 3 1 4 4 1 2 2 0 1 

1
1N  0 0 0 1 0 1 0 1 0 
1
2N  0 0 2 0 2 0 0 0 0 
1
3N  3 1 4 4 1 2 2 0 1 

 
The best were results for n-grams revealed on the links of words by TF-IDF, where 

to the number of four output phrases the following phrase was related: «При этом 
модель знания понималась как формализованная в соответствии с определен-
ными структурными планами информация, сохраняемая в памяти, и которая 
может быть им использована в ходе решения задач на основании заранее за-
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программированных схем и алгоритмов» (Herewith the knowledge model was 
understood as stored in memory and formalized according to some structural plans 
the information which can be used by it during the decision of tasks on the base of 
beforehand programmed schemes and algorithms). Associating the conception of 
knowledge from initial phrase with the knowledge model, the given phrase allows to 
construct paraphrases like «определяется как ⇔ понимается как» (is defines as ⇔ 
is understood as) by means of pronominal adverb «как» (as). The same phrase was 
among the resulted also in experiment with the phrase selection based on the «most 
strong» links (see Table 3). Herewith in addition to the results for search by n-grams 
it was succeeded to reveal a number of conceptual relationships from initial phrase 
(primarily for the concept of information) with other concepts of the same topical 
area, for example: «Согласно Дж. фон Нейману, информация имеет двоякую 
природу: она может трактоваться как программа или алгоритм по работе с 
данными и как информация об объектах, т. е. те данные, с которыми про-
грамма работает» (According to John von Neumann, information has a dual na-
ture: it can be interpreted both as a program or algorithm for data processing, and as 
information about objects, i.e. those data with which the program works).  

Table 3. Selection the relevant phrases by the number of «most strong» links 

№ 1 2 3 4 5 6 7 8 9 
without application of the base of syntactic rules 

N 1 2 11 1 2 6 6 6 1 
N1 0 0 1 1 2 1 0 0 0 
N2 0 0 2 0 2 1 0 1 0 
N3 1 0 5 1 0 1 2 3 1 

1
1N  0 0 1 1 2 1 0 0 0 
1
2N  0 0 2 0 2 1 0 1 0 
1
3N  1 0 7 1 0 1 3 3 1 

with application of the base of syntactic rules 

N 2 4 1 3 4 1 6 1 5 
N1 0 1 0 1 0 1 0 0 0 
N2 0 0 0 2 0 1 0 0 0 
N3 1 2 0 1 2 0 2 0 2 

1
1N  0 1 0 1 0 1 0 0 0 
1
2N  0 0 0 2 0 1 0 0 0 
1
3N  1 2 0 1 5 0 3 0 2 

 
The precision of revelation of constituents of image of initial phrase can be clearly 

estimated by word-by-word comparison of the most significant links and n-grams 
relatively to documents from the number of the most relevant simultaneously by crite-
rion (3) and by the number of the links «most strong» according to estimation (1) at 
maximal sum of this estimation for all links found in initial phrase. So, for experi-
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ment, which results are shown in Table 4, the mentioned links and n-grams are fully 
matched word-by-word for initial phrase №1 from Table 1. But experiment presented 
in Table 5 gave fully coincidence of vocabulary in considered bigrams and n-grams 
on the phrase №4. Nevertheless, the documents simultaneously relevant by criterion 
(3) and by the «most strong» links were not found there for phrases №3, 6, 7 and 9. 

Table 4. Comparison of n-grams and links most significant for phrases selection (revelation of 
links based on TF-IDF) 

No. of initial Words which are not entered in the most significant 
phrase links n-grams 

2 знание (knowledge) и, на, с (and, on, having) 

3 
знание, c, или, использовать (knowledge, 
from, or, use) 

 

4  на 

5 
на, собственный, опыт, область (on, own, 
experience, area) 

 

6 и (and)  
7 представление, и (representation, and)  

8 
реализация, система, и, возможность 
(implementation, system, and, possibility) 

 

9 
с, ситуация, понятие, структурный, в, 
соответствие, представление (to, situa-
tion, concept, structural, in, accordance, 
representation) 

различный (different) 

 
As can be seen from example, links of words by TF-IDF as an alternative to syntax 

in considered document ranking allow to respect terms more, what is important for 
topical areas where the percentage of general vocabulary and terms are comparable.  

Table 5. Comparison of n-grams and links most significant for phrases selection (revelation of 
links by applying the syntactic rules) 

No. of initial Words which are not entered in the most significant 
phrase links n-grams 

1 знание, выбор (knowledge, choice)  
2 основывать, организация (base, organization)  

5 
в, на, специалист, результат, практика, 
область (in, on, expert, result, practice, area) 

опыт, накопить (ex-
perience, accumulate) 

8 определение, возможность  
 
In addition to the most significant links and n-grams the efficiency of method pro-

posed in current paper can be estimated by comparison with the results of search of 
phrases close to initial on a syntactically marked text corpus on the basis of words and 
their combinations (see Table 6) representing terms of topical area and pre-revealed 
by expert. As can be seen from Tables 2 and 7, along with the automation of revela-
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tion of mentioned words and their combinations, the offered method can reduce, on 
average, by 28 times the output of phrases which are not relevant to initial ones nei-
ther at described knowledge fragment nor at its expression forms in a given natural 
language. The given indicator was calculated as averaged value of ratio of N from 
Table 7 to average for N presented in Table 2 (for different variants of links revela-
tion) for separate initial phrases from Table 1. The total number of selected phrases 
from corpus documents, i.e. N, was chosen for comparison in supposition of the worst 
case when among selected phrases there are not any relevant to initial.  

Table 6. Words and their combinations for selection of relevant phrases 

№ Words and their combinations related to initial phrases from Table 1 

1 
модель – представление – знание, механизм – логический – вывод (knowledge – 
representation – model, logical – inference – mechanism) 

2 
система – суждение, объективный – закономерность (system – proposition, 
objective – regularity) 

3 процесс – логический – вывод (implementation – logical – inference) 
4 данный – предметный – область (given – topical – area) 
5 эвристика, данный – предметный – область (heuristics, given – topical – area) 

6 

свойство – знание, структура – знание, задача – искусственный – интеллект, 
способ – получение – знание, способ – использование – знание, метазнания 
(property – knowledge, structure – knowledge, task – artificial – intelligence, method 
– revelation – knowledge, method – usage – knowledge, meta-knowledge) 

7 
представление – знание, управление – вывод, механизм – логический – вывод, 
управление – знание (knowledge – representation, inference – management, mecha-
nism – logical – inference, knowledge – management) 

8 
теоретический – обоснование – модель, логический – модель, система – вывод, 
система – определение, точный – вывод (theoretical – justification – model, logi-
cal – model, system – conclusion, system – definition, exact – conclusion) 

9 
язык – представление – знание, фреймовый – модель, способ – вывод (language 
– knowledge – representation, frame – model, inference – method) 

Table 7. Selection the relevant phrases from texts of Russian National Corpus [9] 

№ 1 2 3 4 5 6 7 8 9 
N 13 73 2 15 83 33 79 224 20 
N1 0 0 0 0 0 0 0 0 0 
N2 0 0 0 0 0 0 0 0 0 
N3 2 5 0 1 5 3 3 2 2 

1
3N  2 6 0 2 4 3 3 2 2 

5 Conclusion  

The main result of current paper can be defined as improvement of method repre-
sented in [5] for formation of corpus of topical texts relevant to knowledge fragment 
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and forms of its language expression. Note, that the variant of contextual annotation 
proposed in current paper is primarily oriented to search the forms of expression for 
conceptual relationships in texts related to so topical area where the percentage of 
general vocabulary and terms are comparable. So for maximally effective decision of 
main task it must be used as supplement for results of papers [4, 5]. 

The topics for separate consideration are the speed and precision of morphological 
analysis which is used for revelation of links of words. Here of interest is to imple-
ment the method offered in current paper with attraction of NTLK library [10] and 
morphological analyzer Pymorphy [11] as an alternative to solution implemented by 
authors and based on Russian morphology framework [12]. 

The work was supported by the RFBR (project no. 16-01-00004), and the Ministry 
of Education and Science of Russia (the basic part of the state task).  
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Abstract. IoT and BigData require highly scalable and highly secure
cloud solutions. This paper describes a scalable secure cloud storage in-
frastructure where a huge amount of clients can simultaneously access
cloud data. We show the basic concepts of the storage solution and the
clients to access data within the cloud. The main focus here is not tech-
nology but the the real world application aspects of the underlying con-
cepts. The extended version of this paper handles theory, concepts and
implementation details, e.g. distributed hash tables, P2P technologies,
encryption and consensus protocols.

Keywords: Cloud Computing, DHT, Peer-to-Peer, Distributed File Sys-
tem, Encryption, IoT

1 Introduction

achord is an open, platform independent and decentralized communication tech-
nology, that encrypt messages and files ’end-to-end’ and stores it in a cloud.
Companies can now realize a secure cloud storage, that

– without a central server
– shreding documents files
– then encrypt the individual snippets
– and store the encrypted snippets on several globally distributed nodes.

Thus, no administrator has access to all the data slices, and even if an en-
cryption algorithm would be compromised, there is no way to read the data.
Here we give an overview of the components and apps building the achord eco
system for secure clouds.

2 Distributed Hash Table

In peer-to-peer systems there needs to be a mechanism for locating resources
available from peers. To accomplish this task, we make use of the Chord algo-
rithm [6]. Chord provides us with a basic, yet powerful, lookup primitive that
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answers a single question: given a key, what is the node responsible for dealing
with it?

Chord is built around a m bits circular identifier space where m corresponds
to the output size of a base hash function (e.g. SHA-1 [5]). Both, keys and nodes
are mapped into this space. The identifier space can be visualized as a circle
with nodes representing points on it, as shown in fig. 1.

0

2

45

7 1

3

6

Fig. 1. Identifier circle of size 23 with nodes at 1, 3 and 6

When looking up a key, the node that most closely follows it on the circle (and
thereby in the identifier space) is called its successor. This is the node responsible
for handling that particular key. Each node is aware of its immediate predecessor
and successor. Additional routing information is kept in a data structure called
the finger table and is used to speed up the lookup process. It can be shown that,
in a Chord network of n nodes, the number of peers to contact for resolving a
key to its successor is, with high probability, O(log n) [6].

How the resulting answer is used is generally up to the application. A com-
mon theme is the storage of data (in the form of key/value pairs) on participating
nodes. Such systems are called distributed hash tables (or DHTs) for their con-
ceptual similarity to hash tables used as in-memory data structures.

3 Block Storage

Relying upon the described lookup mechanism we were able to build a distributed
system for the storage of data blocks. Nodes provide an interface to users through
which blocks can be uploaded to or retrieved from the system. There is no
inherent structure to these blocks. As far as the receiving node is concerned,
they’re just opaque chunks of data. Applications give meaning to blocks by
interpreting them in a specific way.

A stored block is associated with a key by which it can be retrieved again
later. This key is specified by the client when it uploads a block into the system.
Thus, the fundamental operations available to a client are put(key, value) and
get(key), as shown in table 1.

The node where a block should be kept is designated by doing a Chord
lookup operation for its key. This determines its successor—the node responsible
for handling a given key. As a result, uploaded blocks are distributed across all
participating nodes. When a node joins the system and responsibilities change,
the new node can request a list of keys from its peers and download the corre-
sponding values so it can serve them to clients.
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Operation Description

get(key) Retrieve value associated with key
put(key, value) Store value under key

Table 1. Core interface provided to clients

3.1 Fragment Maintenance

There’s an obvious omission so far: nodes can fail and such failures may lead
to blocks being (transiently or permanently) unavailable to the system. A solu-
tion to this problem involves adding redundancy to the stored data, either by
replicating whole blocks or by encoding them using an erasure-resilient code [4].

An erasure code is a form of forward error correction where a chunk of data
is encoded into n fragments from which any m (where m < n) are sufficient to
rebuild the original source data. We implement Rabin’s Information Dispersal
Algorithm [3] which has the handy property of being able to generate new frag-
ments that are, with high probability, distinct without the need to specify what
fragments were generated previously.

The n created fragments are distributed across nodes as follows: if a node is
determined to be the successor of a given key, the fragments are stored on it and
the n−1 nodes immediately following it in the identifier space. This matches the
approach used by MIT’s DHash [1] from which we’ve also borrowed the block
maintenance protocol. The purpose of this protocol is to detect when fragments
are misplaced (that is, stored on a node that shouldn’t actually have them, a
situation that can arise after other nodes joined the system) or can no longer be
found in the system at all (e.g. following a node failure).

When a node detects that it is in possession of a fragment for a key for which
it is not one of the n succesors (or slightly more than that, in anticipation of
future failures), it tries to resolve the situation by offering the fragment to any
of the correct peers until one of them accepts it (due to having no fragment for
the corresponding key). In any case, the misplaced fragment is then deleted to
avoid the existence of multiple copies of the same fragment in the system.

Another part of the maintenance protocol is involved with the task of recre-
ating fragments that are considered missing. Here, a node synchronizes its local
fragment storage with each of its n − 1 immediate successors. If a node is the
successor for a stored block, then it and the n− 1 nodes following it should hold
a fragment for that block. When a violation of this rule is discovered during syn-
chronization, the affected node performs a get operation, thereby reconstructing
the block. Now, with the original block data available, it is able to create a new
fragment to store locally.

Efficient synchronization across nodes makes use of the fact that a crypto-
graphic hash value of a piece of data can be considered a finger print, and can
be used for identifying that data. A Merkle tree (also called a hash tree) is a
data structure originally proposed by Ralph C. Merkle in the context of digital
signatures [2]. Its characteristic property is the labelling of internal nodes with
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a hash computed over their children. Each node maintains such a tree, in which
keys of held fragments conceptually function as the leaves. Thus, the root of
the Merkle tree describes the full set of fragments held by a node. The tree is
constructed such that the root node’s ith child (whereas 0 ≤ i < 64) summarizes
the set of fragments held in the interval [ i×2160

64 , (i+1)×2160

64 ), assuming a 160 bits
identifier space [1].

Synchronization is done by exchanging tree nodes between hosts, starting
from the root. Descent stops when either matching labels are found (indicating
that the corresponding sub-trees are the same and thus can be skipped) or we
reach a leaf node that is present on one but not the other host. This triggers the
above-mentioned fragment re-creation process on the host that is missing the
fragment.

4 Architecture and application scenario

The devices involved in achord can be divided into two categories, as shown in
fig. 4.

achord nodes

clients

Fig. 2. Clients and achord P2P nodes

The basic acloud framework consists of servers, the achord nodes, on which
data blocks can be stored in the form of key-value pairs. The nodes are arranged
in a ring. A file system is implemented that stores the encrypted file blocks on
the node. This is transparent to the user, he only works in the usual way with
the client programs.

With acloud the following application scenario can be realized: a company
group has several independent foreign units each one with its own data center.
Each unit operates an achord node that stores encrypted file fragments of other
units. On a daily basis, critical data of each unit is stored securely in form
of encrypted file fragments distributed over the units data centers without an
administrator of a unit being able to access the fragments of an other foreign
entity. Each foreign unit thus provides disk space for the other units, thereby
benefiting from the common established achord cloud for secure external storage.
achord’s erasure encoding of the file fragments ensures that all data can still be
recovered if a foreign unit fails,.
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5 Client apps

Based on the achord technologies a lot of clients have been realized. The cloud
node software together with these clients build the achord eco system for highly
secure cloud storage.

5.1 Command line clients

acloud is a collection of commands to access an achord cloud. The programs
are based on the command syntax available for the normal Unix file systems.
Application fields where a lot of rather small files are stored in the cloud and
transactional behavior of the cloud is desirable, can use the filesystem-oriented
commands ’a*f’, e.g. in the IoT application environment. In application fields in
which rather large files are to be stored with rsync-semantics, the ’a*’ commands
can be used. The storage of large backups in the cloud can be considered as
example.

– aul[f], adl[f] - Up- und Download of files
– als[f[ - Listing of acloud files
– arm[f] - Remove acloud files

Beside these commands, which are usually used by a system administrator,
web apps are available for accessing the cloud files via browsers, as shown in
fig. 3.

5.2 achord SDK

To integrate acloud into its own development environment, an SDK (as go pack-
age) exists. It provides a programmer’s view of the achord cloud as a file system
in the sense of Unix system calls (open, close, read, write, ...). Everyone who has
already experience in Unix system programming can easily use the achord eco
system for implementing its own secure cloud applications.

5.3 aFUSE

aFUSE is a file system for Unix like operating systems, e.g. Linux or Mac OS
X. Using FUSE (FileSystem in UserSpace), it is possible to use an achord cloud
as a local file system. As a result, a user has the usual workspace available
with file browsers and applications to access the files stored in the achord cloud.
To use aFUSE, the file system must be mounted into the file space using the
achord client ’achordfs’, e.g. "achordfs -c=IP:PORT mnt". When you mount,
you specify the IP address and port of an achord node as well as the mount
point. Afterwards, the AChloud files can be accessed from the console or via a
file browser.
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Fig. 3. web app to access acloud files and key manager

5.4 aMonitor

In order to provide an administrator of an achord Cloud with a quick overview
of all servers involved in the cloud, a webapp exists displaying the nodes with
characteristic values such as CPU load or hard disk status. There are several
display options: distribution of the nodes on a map and a ring representation of
the nodes (see fig. 4).

The monitor consists of the web server ’aws’ which connects to the achord
cloud. The webserver is realized in go. The web frontend is using the frameworks
’bootstrap’ and ’jQuery’. It is implemented following responsive web design rules.
This is an approach to web design aimed at allowing desktop webpages to be
viewed in response to the size of the screen or web browser one is viewing with.
This allows an administrator of an achord cloud to use his mobile phone or tablet
in order to check the status of his cloud.

5.5 akmgr

All achord clients use an end-to-end encryption where a user has a pair of private
and public keys stored on the users computer. The loss of these key pairs means
that the files stored in the achord cloud are no longer accessible - a disaster for
the user.

akmgr (see fig. 3) is a system for managing key pairs, which allows a user to
safely back up his key pairs in an achord system of a service provider without

33

33



secure cloud storage

Fig. 4. acloud monitor

a service provider being able to read the user’s keys. This allows the user to
recover their key pairs from the service provider’s achord cloud in the previously
described disaster, and thus access the data in their cloud.

In addition to the backup and restore function, several key pairs can be
created and the active ones defined.

6 Conclusion

The nodes of an achord cloud together with acloud clients and the SDK build an
eco system for the realization of highly secure and scalable clouds. Within such
a cloud companies can store critical data without the possibility for internal or
external intruders to access company critical information.
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Abstract. This article describes the method of extension of domain ontology 

based on the content of semi-structured resources. The content of the wiki-

resource pages is used as an example of unstructured text resources. A wiki 

resource is a website whose structure and content users can modify themselves 

using a special markup language and built-in tools. Wiki-resources allow users 
to simply create a description of the problem area. The use of wiki resources 

does not require special skills in the field of knowledge engineering. The article 

describes the application of the developed algorithm in assessing the quality of 

a technical specification for the automated production line of the IL-76MD-90A 
aircraft assembly at JSC "Aviastar-SP".  

1   Introduction 

The main feature of domain ontologies is the need for their development and 
updating due to domain change. Knowledge extraction is carried out to extend the 
ontology. Knowledge extraction is carried out using semi-automatic methods for 
transforming unstructured, semi-structured and structured data into conceptual 
structures . 

Now there are several directions for extending the core of the ontology: 

 extraction of knowledge from Internet resources (in particular, wiki-resources); 
 analysis of dictionaries and thesaurus; 
 merging of different ontological structures; 
 extraction of terminology in the process of text processing using statistical and 

linguistic methods. 

Only hybridization of these methods allows to improve the quality of updating the 

representation of the changing domain. Wiki-resources relate objects of the domain 

with built-in links between wiki pages. The text in the wiki-articles contains the 

knowledge necessary to describe the features of the subject area. 

Thus, the development of the method of merging the semantic structures of 

extracted wiki pages from the text using the built-in links between wiki-pages is 

relevant for the extension of ontology. 
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2   Automatic extension of the ontology kernel based on analysis of 

the content of wiki-resources 

The extension the core of the domain ontology based on the contents of wiki-

resources allows the intelligent system to adapt dynamically to the changes in the 

domain [1]. 

There are various approaches to extending the ontology core: 

1. Creating the ontology classes and relations based on analysis of the structure of 
wiki-resources [2] [3] [4]. 

2. Creating the ontology objects and relations based on analysis of the structure of 
wiki-resources [5] [6] [7] [8]. 

3. Merging several ontologies [9] [10] [11] [12] [13]. 

Thus, structured information (a hierarchy of sections and pages of the wiki 

resource) is used to extend the ontology core based on the contents of the wiki 

resources. 

The content of the pages of wiki-resources is almost not taken into account. 

Methods of automatic text processing (ATP) in natural language (NL) can be used to 

extract knowledge from the text of pages of a wiki resource. 

The ATP process usually takes place in several steps [15]: 

1. Grafematic analysis is the process of initial analysis of the text on NL. The 
grafematic analysis presents the input data in a convenient format for further 
analysis (separation of input text into words, delimiters etc). 

2. Morphological analysis (lemmatization) is a process of transforming the words of 
the input text to the initial form, defining the part of speech, gender, case, etc. 

3. Parsing is the process of selecting members of simple sentences and constructing a 
parse tree. 

4. Semantic analysis consists of. 
 Construction of a semantic tree of sentences, 
 Semantic interpretation of words and constructions, 
 The definition of semantic relations between elements of the text. 

Semantic representation of the text on NL is the most complete of those that can 

be achieved only by linguistic methods. The core of the domain ontology can be 

extended by merging with the semantic tree extracted from wiki-resources. It is 

necessary to develop a method for translating a parse tree into a semantic  tree to 

obtain a semantic tree. 

3   Construction of a sentence semantic tree 

It is necessary to determine the syntactic structure of the sentence for constructing 

the semantic tree of sentences on NL. There are several parsing tools of texts in 

Russian, for example [16] [17] [18]: 
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 Lingo-Master; 

 Treeton; 

 Sreda RGTU; 

 DictaScope Syntax; 

 ETAP-3; 

 ABBYY Compreno; 

 Tomita-parser; 

 AOT etc. 

In our work, we have chosen AOT- tool for constructing a parse tree [18]. 

Consider the application of the algorithm for translating a syntactic tree into a 

semantic tree using the example of a test fragment in Russian: 

Онтология в информатике — это попытка всеобъемлющей и 

подробной формализации некоторой области знаний с помощью 

концептуальной схемы. 

The parse tree for the test fragment is shown in the figure 1. 

 

Figure 1. Example of a parse tree 

Formally the function of translating a parse tree into a semantic tree: 

   ,  ,  , : SemSem
j

Synt
li

Sem RNPNF   

where 
Synt
liN  – i -th node of l  - th level of the parse tree. For example, the first node 

of the first level is the node "Онтология", the second - "пг", the third - "тире", etc. 

for the parse tree in Figure 1. 

The node of the parse tree can be a member of the sentence, for example, the node 

"Онтология". Also a parse tree node can be a syntactic label that defines the 

constituent members of the sentence, for example, "пг" (the prepositional group);  

 

jP  – j -th syntagmatic pattern for defining the nodes of the parse tree. These 

nodes will be translated into nodes and relations of the semantic tree. The syntagmatic 

pattern is a collection of several words united according to the principle of semantic -

grammatical-phonetic compatibility. Formally syntagmatic pattern:  
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    , ,1 , ,  , , , 21 KkRNNNN SemSemSynt
k

SyntSynt
  

where 
Synt
kN  – k -th syntagmatic unit of the pattern corresponding to the node of the 

parse tree. It is necessary to use all the syntagmatic units included in it to use the 

syntagmatic pattern. Examples of syntagmatic patterns and the results of their use are 

presented in Table 1; 

K  – number of syntagmatic units in the pattern; 

 SemSem RN  ,  – sets of nodes SemN  and relations SemR  of the semantic tree, 

obtained as a result of translation of the parse tree into a semantic tree. Formally 
SemR : 

 , , , , , Sem
tehasAttribu

Sem
dependsOn

Sem
ithassociateW

Sem
partOf

Sem
isA

Sem RRRRRR   

where 
Sem

isAR  – set of transitive relations of hyponymy; 

Sem
partOfR  – set of transitive relations «part/whole»; 

Sem
ithassociateWR  – set of symmetrical relations of association 

Sem
dependsOnR  – set of asymmetric relations of associative dependence; 

Sem
tehasAttribuR  – set of asymmetric relations describing the attributes of nodes. 

Table 1. Examples of syntagmatic patterns and the results of their application 

Initial data 

 

Syntagmatic pattern Result 

попытка-генит_иг-

формализации 

{node1}-{генит_иг}-{node2} → 

{node1}-associateWith-{node2} 

попытка-associateWith-

формализация 

в-пг-информатике {node1}-{пг}-{node2} → 

{prevNode}-getRelation(node)-{node2} 

lastNode-relation-

информатика 

тире {тире} → {prevNode}-isA-{nextNode} lastNode-isA-nextNode 

концептуальной-

прил_сущ-схемы 

{node1}-{прил_сущ}-{node2} → 

{node2}-hasAttribute-{node1} 

схема-hasAttribute-

концептуальный 

(всеобъемлющей, 

подробной) 

однор_прил- 

формализации- 

{node1}-{однор_прил}-{nodes} → 

{node1}- hasAttribute-{nodes[1]}, 

{node1}- hasAttribute-{nodes[2]}, 

{node1}- hasAttribute-{nodes[…]}, 

{node1}- hasAttribute-{nodes[count]} 

формализация-

hasAttribute-

всеобъемлющий, 

формализация-

hasAttribute-подробный 

 

The algorithm for translating a parse tree into a semantic tree consists of the 

following steps: 

1. Go to the first level of the parse tree. 
2. Select the next node of the current tree level. 
3. If the node is marked, go to step 2. 
4. If the node is not a syntax label, go to step 9. 
5. If the node is a syntax label and does not have child elements, go to step 9. 
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6. If the node is a syntax label and all its child nodes are not syntax labels, go to 
step 9. 

7. If there is a temporary parent node, then replace it, otherwise create a temporary 
node. 

8. If there is a previous node and there is no relation with it, add a temporary 
relationship with it and go to step 2. 

9. Apply the syntagmatic pattern for translation. 
10. Mark the processed nodes and go to step 2. 
11. Go to the next level of the parse tree and go to step 2. 

The resulting semantic tree for the test fragment is shown in Figure 2. 

 

Figure 2. Example of a semantic tree for a test fragment 

The resulting semantic tree can be merged with other semantic trees within this 

text. In addition, this semantic tree can be merged with the domain ontology compiled 

by the expert. Extending the knowledge base by merging semantic trees retrieved 

from semi-structured resources allows: 

 provide a common terminology space for sharing and understanding by all users;  
 determine the exact and consistent meaning of each term. 

Ontology is a common terminological basis for complex iterative processes. Thus, 

the semantic validation of technical documentation is one of the applications of the 

developed algorithm. 

4   Application of the algorithm for extracting semantic trees for 

the validation of technical documentation 

The developed algorithm for extracting semantic trees from semi-structured text 

resources was applied in assessing the quality of a technical specification for the 

39

39



   N.Yarushkina, A.Filippov, V.Moshkin 

automated production line of the IL-76MD-90A aircraft assembly at JSC "Aviastar-

SP". 

The elimination of semantic errors in describing the specific characteristics of the 

domain is the main task of a specialist engaged in the development of project 

documentation for a complex technical system. The experiments consisted of the 

following steps: 

1. The initial version of the technical specification was developed without the 
application of the developed algorithm. 

2. The core of the OWL-ontology in the domain of automated production line for the 
assembly of heavy aircraft was developed. A fragment of the developed core 
ontology is shown in Fig.3 

 
Figure 3. Fragment of the developed core of OWL-ontology 

Then for each object from the core ontology: 

 the same articles in the open wiki-resource were found; 
 semantic graphs were extracted from the wiki-articles texts using the developed 

algorithm; 
 similar wordings in technical specification were automatically compared with the 

combinations formed by the objects of the semantic graph. The expert due to the 
comparison of syntagmatic units found semantic errors in the text of technical 
specifications. 

The dynamics of correction of semantic errors in all versions of technical 

specification is presented in Table 2 and in Fig. 4. 

Table 2. Results of correction of semantic errors in all versions of technical specification for 
the automated production line of the IL-76MD-90A aircraft 

Characteristic Initial version v4 v9 v13 v16 

Number of the semantic errors 13 3 2 3 - 
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Figure 4. Results of correction of semantic errors in all versions of technical specification  

16 versions of technical specification were developed. Extraction of similar 

syntagmatic structures from wiki-resources allowed to assess the semantic adequacy 

of the developed documentation. 

Application of the developed algorithms after the first iteration allowed to 

significantly reduce the number of semantic errors in the text of technical 

specification. 

5 Conclusions and Future work 

The results of the research showed that the application of the algorithm for 

extracting semantic trees from semi-structured resources could significantly improve 

the semantic accuracy and relevance of the project documentation. Especially the 

algorithm works well for subject areas with a lot of specialized terminology. 

In the future work we plan to extend the set of rules for translating nodes of the 

syntax tree to nodes of the semantic tree to cover a greater number of types of 

semantic relationships between ontology objects. 

In addition, we plan to develop an algorithm for measuring the semantic graphs 

from the texts of a particular subject area. This algorithm will avoid redundancy and 

inconsistency in the subject ontology. 
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Abstract. Smartphones are indispensable helpers of people in their daily 
routine, including functions that help find the outdoor location. Meanwhile, 
there are no specific techniques of indoor positioning. This paper presents an 
investigation of indoor positioning algorithms based on the signal strength 
received from Bluetooth Low Energy (BLE) beacons. Several experiments have 
been done to determine the broadcast beacons in real world conditions. The 
comparative analysis of positioning algorithms (Proximity localization, 
Centroid localization, Weighted Centroid localization, Fingerprinting 
Localization and Trilateration) was conducted. Experimental results show that 
the algorithm of fingerprinting localization is the most suitable. 

Keywords: indoor positioning, ambient assisted living. 

1 Introduction 

Currently, there is increasing interest in the possibility of obtaining information 
about the location of an object. The range of services will expand significantly if 
user's location information can be provided. The location-based services refer to 
applications that depend on the user's location to provide services in various 
categories, including navigation and tracking. Unfortunately, the Global Positioning 
System (GPS) technology does not specify a location close to walls, buildings, trees, 
buildings and subways, as the power of the GPS satellite's signal is weak, making it 
unusable for indoor GPS localization. It is popular to use Wi-Fi hotspots for detecting 
location in the room. However, given the fact that walls are an obstacle that affects 
the signal Wi-Fi access points that data mechanism is not effective. The number and 
location of Wi-Fi access points are very important when using wireless technology. 
The aim of this paper is to determine the possibilities of indoor positioning algorithms 
using Bluetooth Low Energy (BLE) beacons. The objectives of the research are to 
investigate the range broadcasting of BLE beacon in a real environment, which indoor 
positioning algorithms using BLE beacons show the highest accuracy, and the effect 
of the number of beacons used on the accuracy. 
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2 State of the art 

This section describes the basic terms and model of the environment in which 
positioning algorithms are used. A positioned facility that receives the Bluetooth LE 
signals is called “agent.” In this case, the "agent" means a smartphone. The model of 
the environment includes several beacons and an agent. Without loss of generality, 
the space is regarded as a flat environment in which there are interferences from walls 
- floors, diverse signals, etc. Fig. 1 illustrates an example of arrangement of the agent 
and the beacons in the plane, where Bi is ith beacon, (Xi, Yi) is the Cartesian 
coordinates of ith beacon, Pi is the RSS from the i-th beacon, A is the agent, (XA, YA) 
is the Cartesian coordinates of the agent, N is quantity of beacons. 

 
Fig. 1. Model of the environment 

The algorithms for detecting the location is the approach to solve the problems of 
determining the location of an agent-based power signals emitted by a few beacons. 
The algorithms described below are used to detect the location of an agent in the 
room. 

The proximity algorithm [1] is assigned to the agent that coordinates the beacon 
which emits the greatest power signal. The algorithm is the simplest, from a 
computational point of view. For instance, if four beacons are located in the room, 
and the highest power signal P1 has been received from B1, then the agent is assigned 
coordinates of B1 beacon. The advantages of this algorithm include the ease of 
implementation due to the low computational complexity (O(N)) and the necessity to 
know only the location of the beacons. The obvious disadvantage is very low 
accuracy. This algorithm is useful as an initial approximation, the result of which can 
be used for a different algorithm. 

The centroid algorithm [2] is a calculation of the geometric center of the plane 
figure formed by multiple beacons. In this case, the coordinates of the agent are 
calculated as a linear combination of the coordinates of the beacons. Advantages of 
this algorithm include ease of implementation, the complexity of computing is O(N) 
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and the necessity to know only the location of the beacons. The obvious disadvantage 
is low accuracy. Since information about the power of the signal is not taken into 
account, the error may reach the range of the signal broadcasted by the beacon. 

The weighted centroid algorithm (WCL) [3] is an improved version of the previous 
algorithm by adding capacity in consideration of the received signals. Then the 
coordinates of the agent can be calculated as a linear combination of the coordinates 
of the beacons, based on signal power as a weight characteristic. The advantages of 
this algorithm include ease of implementation and the need to know only the location 
of the beacons. The disadvantage is the dependence on the number of beacons 
simultaneously available to the agent. The more signals of known beacons the agent 
takes, the higher the accuracy of calculation of his location. The major improvement 
of WCL is presented in [4]. The method needs no calculation of distance, which 
makes it faster and more accurate than an original WCL method.  

The algorithm [1, 2, 5] approach is based on the spatial signature signal 
differentiation. The location of the agent is determined by comparing the currently 
measured signature signal power with signatures stored in a pre-formed as a database. 
The algorithm has 2 phases:  

1. The stage configuration environment. At this stage, the power signals in pre-
planned locations of all known active beacons are measured. The information 
collected is stored in a database with reference to the local or global coordinate space. 

2. Step positioning. At this stage, the signal power measurements made by the 
agent are compared with information stored in the database.  

The algorithms of Nearest Neighbors and k-Nearest Neighbors are used in the 
paper [5]. The coordinates of the agent’s location are obtained as a result of 
implementing these steps. If the density of pre-planned location points is high, the 
algorithm returns accurate results. This implies a number of drawbacks: the need for a 
large amount of time for the configuration database; permanent reconfiguration due to 
changes in the environment; the high computational complexity of O (N•M), where M 
is the number of records in the database. On stage, the determination of the position is 
required to find the nearest pre-planned locations point which is contained in the 
database. For this purpose, the data incoming in real time has to be compared with the 
data contained in the database by calculating metrics. 

The trilateration algorithm [6] is based on a comparison of the distances from the 
three beacons to calculate the agent’s location. The signal strengths of the beacons are 
decreasing exponentially, depending on the distance between the transmitter and the 
receiver. Thus, this dependency can be considered as a function of distance. The 
distance estimated by signal strength is presented as a circle with a radius around the 
beacon. The intersection of the broadcasting radiuses created by the three beacons 
provides a point or an area of the receiver. The advantages of this algorithm are the 
low computational complexity and the necessity to know only the location of the 
beacons. The algorithm is reliable, and its application includes GPS and cellular 
networks. 

The following conclusions can be drawn from the above analysis: 
1. Currently, there are two protocols to communicate with the BLE beacons. 

The Eddystone protocol presented by Google offers more advanced features of user 
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interaction, however this possibility is not suitable for our purposes. The iBeacon 
protocol that was developed earlier than Google's analog, has more practical material, 
which might be needed in the development stage. 

2. It is more expedient to use a battery with the BLE device for business 
solutions, due to the easiness of installation and no need for establishing an additional 
power cable. However, the type of the BLE device is not very significant in the 
laboratory environment. 

3 Experiment 1: Measurement of Signal Strength 

3.1 Hardware and Software 

The smartphones starting with iPhone 4s or newer and running on iOS 7 operating 
system or newer support the iBeacon technology. The Apple iPhone 5s was used in 
the development and testing of software and also in the experiments.  

The Estimote beacons are used in the solution. At least four beacons should be 
used in the experiments. As a result, two sets have to be purchased due to the fact that 
each kit contains three beacons. 

The application development is conducted in an environment xCode on computers 
that are based on the Macintosh operating system. The programming language chosen 
is Swift 2.0, it also is a relatively new programming language developed by Apple. It 
should be noted that smartphones and tablets have to be updated to iOS 7 or later 
versions of iOS as the iBeacon technology is available from the seventh version of the 
operating system. 

The configuration of beacons is stored in RAM and the device's file system. The 
data are stored in the file system are text and use the CSV format. 

3.2 Research questions 

The primary purpose of this experiment is to measure the signal strength of a 
Bluetooth beacon and effect of their changes. The objectives of the experiment clarify 
the following questions: 

• What is the effect of the distance between the mobile device and the beacon 
on the signal strength? 

• How does the orientation of mobile devices affect the signal strength? 
• How big is the error in calculating the distance on the iOS platform? 

3.3 Experimental setting 

The testing was conducted in a variety of areas. All electronic devices which could 
affect the test results have been removed from the rooms. The Estimote beacon and 
the measuring tape were set on a wooden table (Fig. 2).  
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Fig. 2. The experiment measuring the strength of Bluetooth beacon signal 

In the experiment used Proximity Location Algorithm. The values of RSSI and 
Accuracy are collected. The initial distance between the smartphone and the beacon 
was taken no more than a few millimeters. Further measurements were carried out of 
remoteness from the beacon for every half a meter with the rotation of the smartphone 
on its axis. The data collection lasted no more than 2 minutes. For more accurate 
results, the experiment was repeatedly conducted using another Estimote beacon. 

3.4 Results 

Upon completion of these experiments, certain results have been obtained which 
are described in a few figures and tables below. Fig. 3 depicts the relationships 
between the distance and the strength of the signal transmitted from the beacon. The 
data are average values of the results that have been obtained from the series of 
experiments conducted in different premises. 

  
Fig. 3. The relationships between the distance and the strength of the signal 

The graph shows that at low power, the RSS values in the initial stages are very 
different, which may affect the results of the determination of the location. 

With a distance of 0-1.5 meters, indications of signals on a smartphone, with 
different settings of transmit power, differ considerably, almost by -20 dBm. If the 
distance exceeds 1.5 meters, the difference in indications of signals starts 
disappearing. With a distance of more than 3 meters, indications of signals tend to 
fluctuate from -77 to -80 dBm. It follows that aiming for the efficient performance of 
positioning algorithms, the data obtained from beacons should only be used within a 
distance of 3 meters because if the mentioned distance is exceeded, the differences in 
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data will disappear, and the data becomes useless. The manufacturer ensures that 
beacons can broadcast signals within a distance of 70 meters at their highest settings. 
However, the experiments have proved that under real conditions beacons can 
broadcast signals just within a distance of 10 meters. Nevertheless, rotation of the 
smartphone does not affect the RSS that is shown in Table 1. 

Table 1. The average dependence of the signal from the rotation of the smartphone. 

 0 m 0.5 m 1 m 1.5 m 2 m 2.5 m 3 m 

0° -34 -45 -52 -63 -67 -69 -73 

90° -33 -45 -54 -63 -68 -71 -73 

180° -35 -47 -53 -65 -68 -70 -72 

270° -34 -46 -53 -64 -67 -70 -73 
 
Signal measurements taken within a distance of up to 3 meters prove that rotation 

of the smartphone does not have a marked influence on the strength of a signal.  
Fig. 4 shows the average error in calculating the distance between the iPhone 5s 

and the Estimote beacon. The calculations of the distance are performed by iOS 
operating system. However, the formula for computing the distance is not known.  

 

 
Fig. 4. The average error in calculating the distance 

Within a distance of 0-1 meter, the error of distance calculation is limited to the 
maximum of 0.3 meters; however, within a distance of 1-2.5 meters, the maximum 
error is 0.5 meter. It should be noted that current indicators fluctuate over a period of 
time. In general, an error in the calculation is small. However, if an obstacle is located 
between a smartphone and a beacon, an error value will significantly grow. 
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4 Experiment 2: Measurement of Indoor Position 

4.1 Research aims 

The primary purpose of this experiment is to measure the signal strength Bluetooth 
beacon and effect of their changes. The objectives of the experiment are clarifying the 
following questions: What types of indoor positioning algorithms are suitable for 
which types of rooms? What is the minimum amount of BLE beacons should be used 
depending on the type of algorithm? What is the optimal place for the installation 
beacons to minimize the impact of obstacles? 

4.2 Experimental setting 

The experiment was conducted in a variety of areas. For clarity, we describe one of 
the tested rooms. A specific environment of 4.64 by 4.64 in meters has been simulated 
in order to test the algorithms. By using the software provided by the manufacturer, 
we have set the maximum power and the frequency signal of the beacon, based on the 
results of the previous experimentation. The configuration parameters of BLE beacon 
are: Transmit power (Tx) is four dBm, and Advertising Interval is 200 ms. All 
electronic devices which could affect the test results have been removed from the 
rooms. Also in this room, if possible, we collected objects that could reflect or absorb 
signals. We have tested the following indoor positioning algorithms: Proximity 
Localization, Centroid Localization, Weighted Centroid Localization, Weight-
Compensated Weighted Centroid Localization Based on RSSI, and Trilateration 
Localization. 

Figure 5 shows a model of the room. It uses four beacons for testing algorithms. 
There is a possibility of installing four or more beacons. It should be noted that the 
beacons are installed on each of the walls and at the same horizontal level.  

 
Fig. 5. Schematic representation of the room to test the algorithms 

The beacons are installed according to Fig. 5 and set the corresponding coordinates 
in the Cartesian coordinate system (see Table 2):  
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Table 2. The coordinates of beacons 

Beacons Coordinates (in meters) 

B1 (0.00, 2.32) 

B2 (2.32, 4.64) 

B3 (4.64, 2.32) 

B4 (2.32, 0.00) 
 
During the experiments, the points that are indicated in Fig. 6 are ought to 

determine the location. These points are divided into the three groups in Table 3: 

Table 3. The group of experimental location coordinates 

The name of groups  Real location coordinates 

Red (2.32, 2.32) 

Green (1.55, 3.87) 

Blue (3.87, 1.55) 

4.3 Results 

Fig. 6. and Table 4 shows the result of algorithms. 

 
Fig. 6. The result of the algorithms 

Fig. 7 shows calculation error for each algorithm in meters for thee beacons. 
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Fig. 7. The histogram of calculation error for three beacons 

The nearest three of four beacons have been used in the experiment for Weighted 
Centroid and WCWCL-RSSI. The Proximity Localization shows the highest value of 
error; it is 2.32 meters. The Trilateration localization shows the smallest error value; 
The error value is an average of 1 meter. 

Fig. 8 shows the error of calculation in meters using four beacons. 

Fig. 8. A histogram of calculation errors for four beacons 

The experimental results showed that increase in the number of beacons does not 
affect the accuracy of determining the position in the experimental room, in contrast 
to the corridors. Probably, the reason is that the signals from the beacons have not 
fully covered the room. Therefore, an increase in the number of beacons will make a 
slight improvement of the positioning accuracy. 

As noted above, the experiments have been conducted not only in rooms but also 
in the passageways. It should be noted that the algorithms of the Proximity Localiza-
tion and Centroid Localization showed the worst result with any number of beacons. 
Moreover, none of the algorithms in the experimental group №1 have shown the ex-
pected result in long and narrow rooms like corridors. 

The beacons have been established vertically on the walls at the level of 1.5 meters 
from the floor. Given the specificity of these algorithms, the installation of beacons on 
the ceiling is an unreasonable step. 
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5 Conclusion 

Overall, these results can be evaluated as positive because the room has been fully 
covered by the signal. The number of beacons was established from 3 to 6 and during 
testing it was found that the amount fully covers the room up to 5 meters. It can be 
stated that: 

• The range of signal broadcast in the real world does not correspond to the 
range that has been declared by the manufacturer. It can be mentioned that the signal 
is practically damped by the wall. For an efficient operation of indoor positioning 
algorithms, the data obtained from beacons has to be from a 3 meters’ range. 

• According to my results, the Fingerprinting algorithm can be used as an 
indoor positioning algorithm using BLE beacons. The algorithm showed relatively 
high positioning accuracy that distinguishes from others. However, the main 
disadvantage is the phase of pre-configuration. The error of calculation is 0.67 meters. 

• In general, we can say that the greater the number of beacons, the better the 
result of the positioning. From the experimental results, we can conclude the longer 
the wall, the more the beacons will be required for the correct operation of algorithms 
with consideration of the maximum range of broadcasting in a real environment. 
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Abstract. This research is carried out to measure the impact of organizational 
culture on employees’ labor productivity in the software companies in Vietnam. 
In this study, the organizational culture measurement scale is developed based on 
the questionnaires of Ginevičius and Vaitkūnaite [5], and labor productivity is 
based on perceptual measurement. There are 100 qualified samples used for a 
pilot study. In the pilot study, 48 items of 12 organizational culture dimensions 
are reduced to 35 items. The primary quantitative research help to have a final 
questionnaire for a quantitative research. Based on the study’s analysis results, 
some recommendations are also suggested. 

Keywords: organizational culture, labor productivity, IT industry, software 
company, Vietnam 

1 Introduction 

Today, the globalization trend leads to a stronger competition between businesses in the 
global market. According to national competitive indicator report of WEF (2014-2015), 
one of the most important factors for the development of any country is the labor 
productivity [26]. 
Vietnam currently is a developing country and also an ideal destination for foreign 
investment because of its cheap and abundant labor force. However, recent years, 
Vietnam seems to lose its advantage because the raising speed of the minimum salary 
level is higher than of the labor productivity. According to a report of Amcham, 
minimum wage raise of Vietnam in 2013 is 17.5%, in 2014 is 15% [2], while the labor 
productivity raise is slower, for example, in 2010 is 3.6%, in 2011 is 3.5%, and in 2012 
is 2.5% [29]. 
In comparison with other countries in ASEAN, the labor productivity of Vietnam in 
2010 is about 23.3% of Malaysia’s, about 37% of Thailand’s, and about 69.9% of the 
Philippine.  
Besides, in order to achieve the goal of GDP increase 7-8% each year to 2020, Vietnam 
needs to raise the labor productivity more than 50% (annual raising rate must be 4.1%-
6.4%). This is a challenged task [19]. 
According to ICT white book in 2014, the IT industry in Vietnam developed very fast. 
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The total revenue of IT industry in 2013 is higher than 39 billion USD. It raised 55% 
compared with previous year. In which, the total revenue of software and digital content 
is about 2.6 billion USD [23]. 
However, the contribution of IT industry in the total revenue of the economy is still 
low. In general, the labor productivity of IT industry is a little bit higher than other 
industries in Vietnam, but is still very low in comparison with IT industry in other 
countries, such as: China, India, Singapore… Improving the labor productivity of IT 
industry is considered one of the most important solutions for improving the 
competitiveness and business performance of IT industry of Vietnam as well as the 
whole economy [22].  
Different from other businesses, IT companies are classified into technology group with 
3 main characteristics: R&D oriented, innovation and entrepreneurship, organizational 
culture [6]. In IT industry, human factor is very important because IT staffs is 
considered knowledge workers. Therefore, in this special working environment, 
organizational culture plays an important role in improving the labor productivity of IT 
businesses [20]. 
Currently, most researches related to the impact of organizational culture on labor 
productivity are conducted for manufacturing industry [10], construction industry [9] 
or health care service [1]. There is a lack of related research in the context of IT industry 
in Vietnam.  
Therefore, research topic “Impact of organizational culture on labor productivity of IT 
employees in Vietnam” is necessary for conducting. This research explores some 
dimensions of the organizational culture in IT industry and their impacts on the labor 
productivity of Vietnamese IT companies. The results could be a base for suggesting 
managerial implications for improving the labor productivity and the competitiveness 
of IT industry in Vietnam. The structure of this paper is organized as follows: (2) 
Literature review; (3) Methodology; (4) Data analysis and results; and (5) Discussions 
& conclusion. 

2 Literature Review & Research Model 

2.1 Main concepts 

Organizational culture: There are many definitions of organizational culture, which 
comes from various fields of study, such as: ethnology, sociology, applied science, 
organizational behavior… According to Schein [25], organization culture is a model of 
basic assumptions which is shared within group. It determines problem solving method, 
the external collaboration and the internal uniqueness. According to Ginevičius and 
Vaitkūnaite [5], after analyzing 53 previous researches, 12 aspects of organizational 
culture have been identified including involvement, cooperation, information 
transmission, learning, customer oriented, adaptability, strategic direction, reward and 
incentive system, system of control, communication, agreement, coordination and 
integration. 
IT industry in Vietnam: IT industry creates hardware and software products, provides 
computer services, telecommunication devices and services to support all businesses of 
the economy. Since 2010, IT industry in Vietnam developed very fast. Till now, there 
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are more than 1000 IT businesses, in which 200 companies from 150-200 employees 
(medium size), and 10 companies more than 1000 employees (very big) [14]. However, 
main activity of Vietnamese software companies is coding for foreign customers, which 
has the lowest value in IT value chain. 
Labor productivity: In general, labor productivity is defined by the ratio of output and 
input of a manufacturing process [17]. In IT industry, Mathew [11] assumed that IT 
employees are knowledge workers and they understand well about their productivity, 
so that, it is suitable to use perception measurement scale for measuring the labor 
productivity of IT employees. 

2.2 Related researches 

• Tangen [27]: based on previous research, Tangen showed that labor productivity is 
the main part of total factor productivity, which is the source for profit of any 
business. 

• Mathew J. [11] explored the impact of organizational culture on productivity and 
product quality in Indian software companies. This research showed that there is a 
positive impact of organizational culture on the productivity of software companies 
in India. However, the research used qualitative method and the context of India, 
which could have different culture with Vietnam. 

• Ginevičius R. & Vaitkūnaite V. [5]: quantitative research exploring the impact of 
organizational culture on business performance of IT industry in India. 12 
dimensions of organizational culture of this research covered all aspects related to 
organizational culture of previous researches. 

2.3 Research model & hypotheses 

In the context of IT industry, labor productivity contributes the high fragment in the 
whole productivity of IT employees, which is the most important part of business 
performance. Therefore, this research aims at exploring the direct impact of 
organizational culture on labor productivity of IT employees. In this paper, 12 aspects 
of organizational culture of Ginevičius and Vaitkūnaite [5] are reused for measuring the 
organizational culture of Vietnamese IT companies. The dependent variable is labor 
productivity, which is the perception measurement.  
Organizational culture in this paper includes: 
- Involvement: employees are encouraged to voice their opinions and participate in 
decision making process. 
- Cooperation: group working, and collaboration ability between employees of different 
positions. 
- Information transfer: the method of transferring information in the organization. 
- Learning: individual self-learning ability, knowledge sharing and training programs. 
- Customer oriented: focus on the improvement of product and service for satisfying 
customer. 
- Adaptation: be able to adapt with the change of the inside and outside environment. 
- Strategy oriented: vision, goal, and strategy of organization. 
- Reward system: salary, bonus, reward, punishment, and other payments of 
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organization. 
- Monitoring system: forced rule or criteria that all employees have to follow. 
- Communication: attitudes and behaviors between managers and employees and 
between employees. 
- Agreement: level of agreement of resistant of employees with organizational standards 
or values. 
- Coordination and teamwork: engagement, cooperation level between groups, 
divisions. 
The suggested research model is summarized below 
 

 
Figure 1. Suggested research model 

 
H1: Employees’ involvement has a positive impact on the labor productivity. 
H2: Employees’ cooperation has a positive impact on the labor productivity. 
H3: Information transfer has a positive impact on the labor productivity. 
H4: Employees’ learning has a positive impact on the labor productivity. 
H5: Customer oriented has a positive impact on the labor productivity. 
H6: Employees’ adaptation capability has a positive impact on the labor productivity. 
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H7: Strategy oriented has a positive impact on the labor productivity. 
H8: Reward system has a positive impact on the labor productivity. 
H9: Monitoring system has a positive impact on the labor productivity. 
H10: Communication has a positive impact on the labor productivity. 
H11: Employees’ agreement has a positive impact on the labor productivity. 
H12: Employees’ coordination and teamwork has a positive impact on the labor 
productivity. 

3 Research Method 

3.1 Research process 

The research process is as follows: 
- Step 1: Literature review to form research model 
- Step 2: Primary quantitative research to modify the questionnaire. 
- Step 3: Data collection for primary data test. 
- Step 4: Questionnaire revision 
- Step 5: Discussion & conclusion 

3.2 Data sources 

Data is collected from employees who are working full-time for an IT company in 
Vietnam. Data sampling method is convenience method. For primary data test, the 
sample size is about 100. 

3.3 Data analysis method 

• Descriptive statistic 
• Cronbach alpha test 

3.4 Measurement scale 

Based on measurement scale of Ginevičius and Vaitkūnaite [5], organizational culture 
in this paper is measured by 48 variables, grouped in 12 factors. According to Meyer et 
al., in this research, labor productivity is measured by 5 levels Likert scale of laborers’ 
perception about their labor productivity. Primary analysis from 100 employees, the 
questionnaire is modified and revised to be suitable with Vietnam context. 

4 Data Analysis & Results 

4.1 Descriptive statistics 

Characteristics of businesses in the sample are summarized as follows: 
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Table 1. Descriptive statistics of businesses 
Owner Freq. 

Vietnam 30 
Japan 49 
America 15 
Others 6 

Business size Freq. 

Less than 10 17 
From 10 to 50 25 
From 50 to 100 28 
Greater than 100 30 

Total 100 

Characteristics of respondents are summarized as follows: 

Table 2. Descriptive statistics of respondents 
Gender Freq. 

Male 71 
Female 29 

Age Freq. 

≤ 25 20 
26~30 55 
31~35 24 
> 35 1 

Education Freq. 

Technical/ High-school 0 
College 6 
University 82 
Post Graduate 10 
Unknown 2 

Job position Freq. 

Programmer 60 
Tester 9 
BrSE, Senior Technical Specialist 10 
Project Manager  13 
Others 8 
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Experience Freq. 

< 1 year 10 
1 - 3 years 25 
3 - 5 years 27 
5 - 7 years 15 
7- 9 years 14 
> 9 years 9 

Total 100 

4.2 Cronbach alpha analysis 

Analysis results showed that all variables are reliable. However, Cooper06 has low 
item-total coefficient (0.215 <0.3), so it is removed from the scale. Rerun analysis, 
factor Cooperation satisfied requirement (alpha=0.668). 

4.3 Questionnaire modifications 

Based on interview results with 4 experts in IT industry, there are some modification to 
the original measurement scales as follows: 

- Revise wording, translation and grammar mistakes of some questions to make 
them easy to understand for IT employees in Vietnam. 

- Removing question Cooper06 (Cooperation) after Cronbach alpha analysis 
(due to its low item-total coefficient) 

- Shortening the questionnaire by removing some duplicate meaning questions, 
or unsuitable questions. E.g. Inftra07 (Information Transfer), Learni13 
(Learning), Carcli18 (Customer oriented), Adapta20, Adapta23 (Adaptation), 
Rewinc33 (Reward system), Syscon35, Syscon36, Syscon37 (Monitoring 
system), Commun39 (Communication), Agreem44 (Agreement), Cooint48 
(Coordination & teamwork). 

5 Conclusion & Implications 

In summary, based on previous research, 12 organizational culture factors impacting on 
the labor productivity of IT employees in Vietnam are realized, which include: 
Involvement, Cooperation, Information transfer, Learning, Customer oriented, 
Adaptability, Strategy oriented, Reward system, Monitoring system, Communication, 
Agreement, and Coordination and teamwork. 

From original measurement scale of Ginevičius and Vaitkūnaite [5], after pilot research, 
48 observation variables are reduced to 35 variables. This final questionnaire is ready 
to be used for a primary quantitative research to measure the impact of organizational 
culture on the labor productivity of IT employees in Vietnam.  
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Some limitations of this research are as follows: (1) Small sample size; and (2) 
Perception measurement scale of labor productivity. Therefore, some implications for 
future research could be: 
- Conduct primary quantitative research with bigger sample size and using better 
measurement scale for labor productivity. 
- Evaluate the impact of demographic variables (size, owner…) on the labor 
productivity. 
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Abstract. This article is devoted to sentiment analysis of the texts 
written in a natural language, which contain elements of a person’s 
appearance. The provided experiment was carried out only for texts in a 
Russian language. For the study, an information model of the 
appearance of a person was developed and described in the frame 
representation language notation. At first, person’s references and 
elements of their appearance are extracted from the text in the form of 
separate unigrams. The next step is to teach certain models of sentiment 
analysis on a training data. The neural network, the naïve Bayes and the 
support vectors machine were used in this work. The accuracy of the 
correct determination of the sentimental class was chosen as efficiency 
criteria of these methods. 

1   Introduction 

The task of information extraction about the person’s appearance belongs to the 
category of information retrieval problems. Even though this area has appeared 
recently, it has a high rate of progress. The entire history of the development of the 
search engines accompanies the need to improve the efficiency of speed and accuracy 
of the search. This happens because of the information volume that needs to be 
processed to obtain the relevant results is increasing constantly. The more information 
– the more time to process the request is needed for the search engine. The issues 
about the effectiveness of information search in the context of obtaining the most 
relevant data are of the greatest importance. All those data that are not relevant to the 
user’s processed query can be attributed to information noise. 

Sentiment analysis of the text written in a natural language helps to supplement 
the context for the information retrieval systems. In turn, information about the level 
of sentiment in the text can improve the accuracy of information retrieval in certain 
cases. There is also a specific area of tasks, where defining the level of sentiment is a 
more important issue for text analysis than named entities recognition. [1] 

This paper is a study of the effectiveness of various methods, which are based on 
machine learning, applying to text, written in a natural language, for performing 
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sentiment analysis. To assess the sentiment analysis, the following methods were 
used: 

• multilayer neural network; [2] 
• naïve Bayes; [3] 
• support vectors machine. [4] 
These methods have proved themselves in computer linguistics. They were 

compared in accuracy of determining the sentiment level of the text, which contains 
the elements of a person’s appearance. It is worth mentioning that methods can be 
easily adapted to any other named entity. 

2   Person named entity recognition  

As a formal description of the person’s appearance information model, the FRL 
notation was chosen, as it meets the scalability criteria. Figure 1 shows developed 
model in the form of a prototype frame. 

 
 

 

Figure 1. Person’s appearance information model 

The parameters of the frame are important characteristics of the appearance. Each 
slot of the frame contains a limited number of appearance elements in the form of 
unigrams. The number of such unigrams is also limited. Each slot of the frame 
contains a procedure daemon, which determines the person gender based on the 
morphological features. 

The person named entity is extracted from text using combined approach: 
• applying syntactic rules to the sentence; 
• applying search in vocabulary by names. 
The elements of a person’s appearance are extracted from text in a natural 

language using latent semantic analyses, which performed better in this area than 
other methods, which are based on machine learning. [5] 
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3   Common approaches to sentiment analysis 

All approaches for determining the sentiment category of a text, compiled in a 
natural language, can be divided into three categories: 

• the usage of the syntactic rules; 
• the usage of a sentiment vocabulary; 
• the usage of machine learning methods for classification. [6] 
A rule-based approach shows the most accurate results, but it requires a colossal 

linguistic work for compilation. In addition, it is rather difficult to formulate rules that 
are suitable for any situation. To achieve the maximum acceptable efficiency of the 
sentiment assessment, the rules are compiled only for one single domain. 

Methods, based on machine learning, are widely used to solve the problem of 
evaluating the sentiment class of the text. Machine learning is possible both with a 
pre-compiled training sample, and without it. Methods that do not use the training 
sample show a lower accuracy of the correct classifications. This is since machine 
learning methods without training sample use approaches based on clustering of the 
data. 

For the provided research, the approach based on the sentiment vocabulary was 
applied. The vocabulary was compiled from OpenCorpora. From this vocabulary, the 
words that are marked with the "Qual" grammar were extracted. Further, only those 
word forms that can be used to describe a person's appearance have been filtered out. 
The final stage of the compilation of this dictionary was an expert evaluation of the 
sentiment valence of each word. Table 1 shows a part of the compiled dictionary. [7] 

 
Table 1. An example of sentiment vocabulary 

Keyword Valence 
Stylish 2 
Secret 0 
Candid 1 
Stingy -1 

 
The total volume of the dictionary is about a thousand different words 

4   Sentiment analysis methods comparison 

The following sentiment classes were identified: 
• neutral (0 class); 
• negative (-1 class); 
• strongly negative (-2 class); 
• positive (1 class); 
• strongly positive (2 class). 
 
Described methods, which are based on machine learning, were assessed using 

different approaches to classifier training: 
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• linear classification; 
• tree-like classification. 
The use of a linear structure is a one-pass solution: the classifier decides about the 

sentiment class in one iteration. The tree-like classifier has a more complex structure 
and should be executed for several iterations. In the first step, the classifier determines 
whether the text belongs to the neutral class or not. In the next step, the classifier 
determines whether the model contains more positive or negative emotional 
descriptions. The final sentiment class is determined by applying a one of the 
described machine learning method. It is worth because for each iteration the 
classifier is trained on a different training sample. [8] 

For each class, a training sample consisting of 100 texts with the description of 
one person was prepared. 

Let N be the total number of documents for which sentiment analysis should be 
performed, then Nr is the number of documents for which the sentiment class was 
determined correctly. Thus, the accuracy of sentiment analysis is calculated by the 
following: 

A=
N r

N  

 
(1) 

 
Table 2. The results of sentiment analysis investigation. 

Classifier type Naïve Bayes Neural network 
with back 

propagation 

Support vectors 
machine 

Linear 0,68 0,74 0,78 
Tree 0,74 0,76 0,82 

 
 
The results of the experiment are presented in Table 2. The best result was shown 

by the support vectors machine with the use of a tree-like classification model. The 
use of a neural network was not so effective because of the relatively small training 
set. According to the received result, tree-like classifiers performed better in common. 
Trained classifier tried to determine the sentiment class on 50 texts compilation, each 
of which consists of about 200 words. [9] 

5   Conclusion  

An evaluation of the effectiveness of sentiment analysis using the multilayer 
neural network, the naïve Bayes and the support vectors machine methods were made. 
The research was carried out for texts, which contain the description of a person’s 
appearance. The program was developed using Python 3 language with Pymorphy2 
library, which is used for morphological analysis of the words and for lemmatization. 

The best result was shown by the support vectors machine method using the tree 
structure of the training data set. However, the accuracy of the sentiment analysis can 
be improved if: 
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• consider the complex syntactic constructions of negation; 
• develop a method, which can predict sarcasm in the text with appropriate 

success rate; 
• try to use bigrams when identifying the elements of a person’s appearance 

instead of unigrams. 
This work was partially supported by RFBR (grants № 15-07-05440, 15-07-

07519, 15-37-70014, 16-47-340320). 
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Abstract. -Answer Tree of Project 
investigated during many year research of question-

answer processes and means in conceptual designing the systems with software. 
This artifact was applied and improved in a number of important activities of 
designers in the context of increasing the success of common work. 

Keywords: conceptual designing; question-answering; software intensive sys-
tems.  

1 Introduction 

For many years, our research has focused on the use of question-answering in the 
conceptual design of software intensive systems. This choice was due to the following 
reasons: 

1.  Lack of sustained progress in enhancing the success of the development of this class 
of systems. 

2.  Availability of long-term statistical reports containing information on the positive 
and negative factors that influence the success in designing the SISs (reports of the 
Corporation Standish Group in the first place [1]) 

3.  Our awareness of that very important source negatives is the human factor from the 
problems of the designer's interaction with available experience and its models. 

4. Our research results achieved at that time in the use of QA -reasoning in solving the 
approach tasks that we could try to evolve in the context of improving the degree of 
success in the development of SISs. 

Beginning this phase of our research, we decided to orient on the best technology 
used for developing the SISs as sources of typical tasks and workflows as well causes 
and forms of human-computer interactions and their implementations. As a basic 
source, we chose Rational Unified Process [2], developers of which did not use obvious 
requirements and solutions for interactions of designers with the available experience 
and models of its items. We also took into account the methodology SEMAT (Software 
Engineering Methods and Theory [3])  and means of Design Thinking approach [4]  
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After that, stage by stage, the interests of which are reflected in figure 1, we investi-
gated possibilities and effects of question-answering in the context of positive and neg-
ative factors that influence the success in the development of SISs. 

 

 

Fig. 1. Retrospective view of stages of our research 

All of the indicated directions of the research was focused on the conceptual stage 
of designing. For this, we developed the specialized toolkit WIQA (Working In 
Questions and Answers) that continuously improved [5]. At the scheme of the retro-
spective view, our current interests are marked by bold.   

2 Question-Answer Approach to Conceptual Designing 

During our study of indicated activities of designers, we have created and investi-
gated a set of new models, methods, and means that provide the controlled inclusion of 
QA-reasoning of designers in their work at early stages of developing the SISs [6]. The 
use of created way of working had allowed us to define the specialized approach (QA-
approach) for conceptual work of designers with project tasks.  In its application to the 
definite project of the SIS, this approach has following features:  

1. The dynamics of the QA-approach is being represented by the current state of its tree 
of task TT(Z*, t) that is built by the team T* of designers {Dvs} with the use of the 
stepwise refinement applied to the initial statement St(Z*, t0) of the root task Z*. 
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2. For each node Zi, expressed in the tree TT(Z*, t) by the statement St(Zi, t) of the 
corresponding task Zi, the designer (responsible for this task) also performs question-
answer analysis (QA-analysis) in the form of the stepwise refinement that leads to 
the question-answer model (QA-model, QA(Zi, t)) of this task. 

3. The tree TT(Z*, t) and the result of QA-analysis for each task of the tree are recorded 
in a special database (question-answer base, QA-base) in hierarchical forms any of 
which is visually accessible as a whole, and at the level of its nodes (any node or a 
group of nodes). 

4. Tasks of the tree TT(Z*, t) are distributed among designers of the team, the organi-
zational structure of which is also registered in the QA-base in conditions shown in 
figure 2. 

5. Designers interpret and apply the indicated artifact TT(Z*, t), and any component of 
this artifact as a visual model that helps them to interact with used the natural expe-
rience in the real-time. 

 

Fig. 2. Relations of Artifacts in QA-approach 
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In more detail, QA-approach and the toolkit WIQA for its realizing is described in 
the publication  [6]. In this paper, we concern only relations of this approach with esti-
mating the value of the artifact TT(Z*, t) and its components in the process of design-
ing. For this aim, we present the artifact by the scheme shown in figure 3. 

The scheme underlines that question-answer structures (QA-structures) of the 
TT(Z*, t) are generated on the base of natural reasoning (fluid reasoning) of designers 
when they constructively apply question-answer reasoning (QA-reasoning) during 
solving the project tasks [6]. In this work, designers operatively use affordable experi-
ence and appropriate information. 

 

Fig.3. Typical result of question-answer analysis 

The scheme underlines that these question-answer structures (QA-structures) are 
generated on the base of natural reasoning (fluid reasoning) of designers when they 
constructively apply question-answer reasoning (QA-reasoning) while solving the pro-
ject tasks. In this work, designers operatively use affordable experience and appropriate 
information. 

Let us clarify the essence of indicated QA-structures. For the certain project P, they 
present its tree of tasks TT(Z*, t) in a current moment of time t. By other words, the 
artifact TT(Z*, t) reflects the real-time state of the project P from the viewpoint of its 
task structure [5]. This artifact has the following features: 

1. The artifact is placed in the semantic memory of the toolkit WIQA. 
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2. For any task from TT(Z*, t), the reflection includes a question-answer protocol 
(QA-protocol, QA(t)) that codes QA-reasoning used in solving this task. 

3. All nodes of TT(Z*, t) are visually accessible for designers. 
4. Cells of this memory help to adequately express the semantics of any project task 

and any component of its QA-protocol. 
5. The important place among attributes of any cell occupies the field that is intended 

for a verbal description of an uploaded unit (description for any type of question 
or answer). 

6. Designers have the possibility for binding a group of nodes in the structure of 
TT(Z*, t) by a necessary relation.   

3 Applications of Tree of Tasks 

There are two basic viewpoints on the artifact TT(Z*, t): 

 In accordance with the first view, the artifact has a hierarchical structure that is 
coordinated with the use of stepwise refinement. 

 The second viewpoint reflects a net structure of TT(Z*, t) in conditions when de-
signers have set some useful relations among nodes of the artifact. 

Thus, in step-by-step conceptual designing, the tree of tasks accumulates built and 
used descriptions of questions and answers of any types. Moreover, designers have the 
possibility for checking, correcting, processing, modifying and using any of these de-
scriptions if it will be necessary or useful. In its current potential, the toolkit WIQA 
supports using the artifact TT(Z*, t) in applications that are shown in figure 4. 

 
 

 
 

Fig.4. Typical applications of the artifact TT(Z*, t) 
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In any of the mastered applications, it is occurred to address the components of the 
artifact in appropriate forms and interpretations. In this paper, we disclose such speci-
ficity of the artifact for theorizing in the development of the project.  

From the theoretical viewpoint [7], developing of any SIS-project is a unique phe-
nomenon, the essence of which is defined, first of all, by human-computer activity that 
is implemented by a team of designer interacting with involved stakeholders. In this 
sense, theorizing should be aimed at creating the project theory that is basically applied 
during the process of designing [8]. 

For these reasons, the toolkit WIQA supports the version of theorizing that is 
oriented on creating the project theories of the substantially evolutionary type the typi-
cal structure of which is shown in figure 5. 

 

 

Fig. 5. Phase structure of the project theory 

Any theory of this type is developed by designers in parallel with other kinds of 
activities used in the design process [9]. The theory has a phase structure, and among 
phases, the before-theoretical phase plays an especially important role. This phase 
combines initial facts, on the basis of which designers build other phases. These facts 
are an initial pair of questions and answers registered in the artifact TT(Z*, t). 

The initial question we understand as a naturally artificial phenomenon that appears 
in mind of the certain person who implicitly or implicitly tries to apply natural experi-
ence. To control the access to the experience, the person expresses this phenomenon by 
the use of appropriate signs of the natural language. Thus, verbal expression of the 

s no more than its sign model. Answers to initial questions are qualified as 
initial answers. 

Facts are generated and registered not only in the before-theoretical phase. In other 
phases, they are grounded, and it is the main difference from initial facts. Very im-
portant class of grounded facts is a class of ontological units that accumulate character-
istics of referents. 
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Conclusion 

In our research of question-answer reasoning used in designing the systems with 
software, we actively applied the artifact TT(Z*, t) disclosing the processes from the 
viewpoint of tasks being solved. Using of this artifact is a valuable source of effects 
promouting  to increase the degree of the success in developing the SISs. These effects 
include those that are achieved in theorizing when designers create and use the substan-
tially evolutionary theory of the project in parallel with other activities. In details, useful 
effects are described in the book [10]. 
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Abstract. The main purpose of the work is to achieve a reliable working 

regime in the wind and solar generators, to maximize the use of wind and 

solar energy. During the research, the question of the speed of rotation of the 

wind turbine and the rated electric power in the wind velocity above the 

nominal value was considered and a positive result was obtained. 

1   Introduction  

 

The rapid development of technology and industry, the rising number of 

people, and the rapid increase in the number of energy consumers further increase the 

need for inorganic and organic fuels. Fuel supply depletion, constant price 

fluctuations, environmental damage caused by burning of resources and violation of 

ecology has revealed the need for alternative sources of energy. Alternative energy 

sources are sources that can provide people with endless energy. 

2   Formulation of the problem 

Renewable energy sources are energy sources that are based on the use of 

periodic energy flows. These energy sources are: solar energy; wind energy; 

geothermal energy; the energy of the rudder, retreat and ocean waves; biomass 

energy. Renewable energy sources are divided into two parts: 

1) Traditional energy (geothermal energy and biomass energy); 

2) Unconventional energy (solar, wind, wind, and withdrawal, energy of sea 

waves). 

According to the current level of technology, the economic performance of 

alternative renewable energy sources is a bit higher than the economic performance of 

traditional energy sources. Denmark occupies the first place in alternative energy 

production among European countries. 12.3% of the energy produced in Denmark is 

an alternative energy source. In today's world, the elimination of environmental 

problems in many countries is largely solved by the use of renewable energy sources. 

Solar and wind energy from alternative sources of energy is widely used [1]. This, in 

turn, affects the development of energy, economy and other fields. 
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3   The solution of the problem 

 

Transforming solar energy directly into thermal energy has taken on a broad 

scale in the world and is considered as one of the key areas of energy in developed 

countries. This method is more commonly used in countries around the world. As for 

the amount of sunny hours, this figure is 2500-3000 hours in the United States and 

Central Asia and 1500-2000 hours in Russia. Photovoltaic elements play a major role 

in transforming solar energy into direct electricity. Solar energy is also widely used in 

our country as an alternative source of renewable energy. As a result of research, our 

republic has a great potential to utilize alternative energy sources: the average daily 

solar energy of 1900-2000 kWt per square meter of our country. When the amount of 

sun rays falling into the territory of Azerbaijan is compared to other countries, it 

appears that Azerbaijan is dominant. It is therefore apparent that large-scale 

investments in the use of solar energy in our country are effective. Annual special 

electroenergy production in Nakhchivan Autonomous Republic is 246kWt / sq.m, and 

230kWt / sq.m for Kur-Absheron region, and the amount of sunshine hours is 3,200 

hours for Nakhchivan Autonomous Republic and 2,500 hours for Kur-Absheron. 

Management is one of the most important parts of the modern wind power 

industry. Because it is more efficient than the power of the wind generator through the 

control system, and the lifespan of the device is even longer. The most common 

difficulty to use wind energy is unpredictable character of the wind. Even where wind 

speeds are constantly high, wind speeds and direction change occurs over the course 

of the day, and this affects the cost of electricity transmitted. Therefore, wind 

generators should have a reliable management system regardless of whether they are 

large or small. Through the control system, wind direction and wind speed rotation 

speed are monitored and the desired output parameters are obtained by changing the 

direction of the windpipe, the wing angle, and the transmission. The main purpose of 

wind generator control is to: 

1) Protect the wind generator from accident; 

2) Protecting the involved operators from accident; 

3) Increase the efficiency of energy production. 

Working at constant speed means maximum output power at just one or two 

speeds. Therefore, during the active management, these generators have limited 

capabilities [2-6]. When the wind generator is directly connected to a power grid, the 

speed of the rotation speed is constant. Therefore, passive control prevents the 

excessive output of the wind power generator. But in this case it is impossible to 

make the wind generator output curve ideal. During the research, 2 configurations 

(fixed speed - variable bending angle) are used. Once the wind has reached the 

nominal value, the bending angle is activated and the output power remains constant 

[7-10]. For using wind energy in wind generators when wind speed is above rated 

wind speed are available yaw control of rotor, blade pitch angle control and other 

methods. In this paper, PLC control system, which controls blade pitch angle are used 

to fix rotation speed of rotor when wind speed is above rated wind speed. During the 

experiments, it was determined that when the speed of weather remains constant 

value, if we increase the blade pitch angle, the rotation speed of rotor will decrease. 

So, for fixing rotation speed of rotor, we can increase the value of blade pitch angle 
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when wind speed is above rated wind speed. In this paper, Siemens ET200s PLC 

control system is used to control blade pitch angle of rotor. PLC controller gives 

directions to step motor, based on calculated blade pitch angle. As a result, rotation 

speed of wind rotor does not change and output power of wind generator remains 

stable. 

During the research, the question of turning solar energy into electric power, 

one of today's modern requirements, has been considered. Also prospects for solar 

energy production in Azerbaijan were considered. In this study, the characteristics of 

solar power plants are studied. To do this, the solar elements and their structure, 

characteristics, and solar cells have been analyzed. 

When solar energy has been converted into electrical energy, special modules 

have been used to control its energy. The types of used controls are investigated. 

4   Conclusion  

There is a need to manage the process of charging electricity into batteries 

during the work. For this purpose, the structural scheme of the device has been 

created; the management algorithm has been developed. The correct selection of the 

elements required for the installation of the device management system has been 

carried out. Then, the basic scheme of the device has been developed and 

implemented and the required quality indicators have been obtained. 
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Abstract. Author defines timed RT-grammars with infinite size, and represents 

a practical application of RT-grammars to the well-known generalized railroad 

crossing problem.  

1   Introduction 

Applying timed automaton for designing, specification, controlling and analyzing 
real-time systems is well-known practice [1]. Timed and hybrid automatons is used for 
analyzing and managing cyber-physical systems (CPS) [2]. 

When solving the tasks of CPS’s design, specification, control and analysis, there 
are problems with access to resources, blocking, liveliness limitation (liveness, 
reversibility, boundedness, reachability, dead transitions, deadlocks, home states). The 
examples of CPS’s tasks are the control of the nuclear reactor’s temperature and the 
control of the railway level-crossing gate [3]. These tasks successfully apply timed 
context-free grammars. A large number of interacting CPS sets the task of CPS’s 
monitoring and analyzing. It can be accomplished by various methods. At present, π-
calculus is a promising but very young and evolving theory. It has many open questions 
and unresolved problems. Petri nets which are widely used do not have a universal 
framework for CPS’s modeling and analyzing. In order to analyze various properties 
(liveliness, attainability, safety), CPSs are modeled in different types of Petri nets. In 
order to analyze CPS in the error-free systems’ development in the conceptual design 
phase, the model checking method is widely used. However, it is mainly developed for 
experienced scientists and engineers, since it is complex to understand and use [4]. 
CPSs are also specified by managers who do not have training in formal models and 
informatics. Formal analysis requires a detailed representation of the process model in 
a formal language. 

Although, relevant and having big practice famous is a problem researching 
mechanisms to analyze and control CPS. Authors offer that mechanism based on 
automaton RT-grammars. 
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2   Related works  

Author researchs some works which consider CPSs, -grammars, timed grammars, 

timed automaton, the model checking technique. Several works have focused on 

specifying formal semantics and verification methods for workflows using Petri nets, 

process algebra, abstract state machine, see, e.g., [5-9].  

Neda Saeedloei and Gopal Gupta [8] define timed grammars based on -grammars 

to analyse CPSs. In [9], they offer a logic programming framework for verifying 

complex continuous real-time systems, based on pushdown timed automata and timed 

automata, but this approche is very difficult to use in applications.  

In [4], Yuan Wang, Yushun Fan offer a method for modeling and analyzing workflows 

based on Temporal Logic of Actions, and present the semantic of workflow process 

using TLA and illustrate how to modeling and analysis workflow using TLA. However, 

they consider only a few patterns, and this work is not theoretically grounded. 

John L. Pfaltz and Azriel Rosenfeld have proposed two-dimensional pattern 

generating web-grammars [10]. The proposals generated by web-grammars are directed 

graphs with symbols at their vertices (“webs”). Zhang has offered the positional 

graphical grammar, later it has been developed by Costagliola [11, 12]. It is related to 

the context-free grammars. Wittenberg and Weitzman [13] have developed a relational 

graphical grammar. Zhang and Orgun [14] have described the preserving graphical 

grammars in their studies. 

 The mentioned methods have the following shortcomings. 

1. Positional grammars developing on the base of plex-structure don’t use 

touchpoints and can’t be used for languages the objects of which have dynamically 

changeable number of inputs\outputs. 

2. The relational grammars have poorly implemented the neutralization tools for 

generating a complete list of errors. 

3. There is no semantic checking of text diagrams. 

The common shortcomings of the above-mentioned grammars are: when designing 

the grammar for unstructured visual languages the number of rules is increased (if there 

is no change in the number of the language primitives for describing the all variants 

without structure, the significant quantity of rules will increase), the complexity of 

developing the grammar. Furthermore, it takes much time to analyze diagrams 

(analyzers based on the considered grammars have polynomial or exponential time of 

analysis). 

3   Definition timed RT-grammars  

The automaton timed RT-grammar is a R-grammar extension [15-19]. It is 
represented by six following components: 

                            𝐺 =  (𝑉, ∑, 𝐶, 𝐸, 𝑅, 𝑟0), (1) 

where 𝑉 = {𝜈𝑒 , 𝑒  =   1, 𝐻} is  an auxiliary alphabet (the alphabet of operations over 

internal memory);  ∑ = {𝑎𝑙 , 𝑙  = 1, 𝐿} is a terminal alphabet of a language; 𝐶 −is a 
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finite set of clock identifiers; 𝐸 − is a set of time expressions C (clock limitation and 

clock reset), is limited by the following expressions: from the beginning  {𝑐 ≔ 0} and 

onwards {𝑐~𝑥}, and 𝑐 is a variable, and 𝑥 is a constant, ~ ∈ {=, <, ≤, >, ≥}; 𝑅 = {𝑟𝑖 ,

𝑖  =   0, 𝐼} is grammar scheme G (a set of names of production rules’ complexes, each 

complex 𝑟𝑖 consists of  subset 𝑃𝑖𝑗  of production rules  𝑟𝑖   =   {𝑃𝑖𝑗 , 𝑗  =   1, 𝐽}); 𝑟0 ∈

𝑅 is a RT-grammar axiom (the name of the initial complex of production rules), 𝑟𝑘 ∈
𝑅 is a conclusive complex of production rules. Production rule 𝑃𝑖𝑗 ∈ 𝑟𝑖 is given as 

𝑃𝑖𝑗 : 𝑎𝑙
𝑊𝜈(𝛾1,… ,𝛾𝑛)

𝐸
𝑟𝑚, where 𝑊𝜈(𝛾1, … , 𝛾𝑛) is a n-th relation, which determines the 

type of operation over the internal memory depending on 𝜈  ∈   {0,1,2} (respectively, 

0 – operation is not performed, 1 – record, 2 – read); 𝛾1, … , 𝛾𝑛 ∈ 𝑉; 𝑟𝑖 ∈ 𝑅 is the name 

of the complex of a production rule’s source;  𝑟𝑚 ∈ 𝑅 is the name of the complex of a 

production rule’s successor. 
Example 1. The authors dealt with a language in which each sequence 𝑎 is 

accompanied by the same number of sequence 𝑏, and there are at least two 𝑎 and two 

𝑏. For each pair of sequences  𝑎 and 𝑏, the first symbol b should appear within 5 units 

of time from the first symbol 𝑎, and the final symbol 𝑏 should appear within 20 units 

of time from the first character 𝑎. The context-free timed grammar of this language [8] 

is defined as: 

𝑆 → 𝑅 𝑆, 
𝑅 →  𝑎 {𝑐 ∶=  0}𝑇 𝑏 {𝑐 <  20}, 
𝑇 →  𝑎 𝑇 𝑏, 
𝑇 →  𝑎 𝑏 {𝑐 < 5 }. 

The authors gave a definition of this language: 

      𝐿 = {𝑎𝑛(𝑏, 𝑐 < 5)(𝑏𝑚, 𝑐 < 20)|𝑚 > 0, 𝑛 = 𝑚 + 1}  (2) 

Graphical RT-grammar representation (as a stack-like internal memory automata) 

analyzing the language (3) is shown in Figure 1. 

                                               
Figure 1. The timed stack memory RT-automata 

Example 2. A classic example of a generalized railroad crossing problem [1] can be 

described by a timed automaton (Figure 2). 
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Figure 2.  The timed automaton that formalizes a generalized railroad crossing problem 

The train’s states (locations) r0 and rk are axioms. In location r1 the train is 

approaching to the railroad track crossing; the clock is set to zero. The location r2 is 

before the railroad track crossing, so the railroad track is open only for the train located 

in this location; moreover, other railroad tracks are closed after time k1. Then the train 

is in location r3 up to time k2, after that it leaves the location r3, and this track is open 

for the next train. 

The context-free grammar [8] is given as: 

𝑆 → 𝑅 𝑆, 
𝑅 →  𝑥 {𝑐 ∶=  0} 𝑇 𝑧 {𝑐 > 𝑘2}, 
𝑇 →  𝑦(𝑐 > 𝑘1)𝑇, 
𝑇 → 𝑦𝑇, 
𝑇 → 𝑦. 

A timed context-free language describing the cyber-physical system of railroad 

track crossing (see Fig.2) is defined as: 

𝐿 = {(𝑥, 𝑐 ≔ 0)(𝑦, 𝑐 > 𝑘1)𝑦𝑛(𝑧, 𝑐 > 𝑘2)|𝑛, 𝑘1, 𝑘2 > 0} (3) 

7   Conclusion  

The advantage of timed RT-grammars compared with LR(k)- and LL(k)-methods 

is a linear time-consumption for input language strings analysis with complete control 

preservation. 

In the future works, the authors are going to deal with timed grammars for the 

analysis, control and translation of dynamic project flows’ problems, in which the time 

factor occupies a significant place. Use of such grammars will eliminate a number of 

semantic errors at the stage of conceptual design of complex computer systems. 
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Abstract. In this paper an approach for forecasting in local freight railway 
exploitation is suggested. Authors use a special artificial neural network to 
compute prospective time moments of car arrivals and departures.  

1   Introduction 

Railway freight logistics is an important part of Railway Traffic practice. The 
traffic area consists of two directions, the first one operates with railway mainline 
traffic, the second one deals with the local freight flows and local cars.   

Aspects of local freight control and forecasting in railway transport were analyzed 
in [1,2] but all these and other publications analyze local freight exploitation as a rigor 
constrained task. The boundaries of the task are constrained by the station local 
points. But every railway system is under impact from the mainline system. Railway 
scheduling problems [3], problems of creating train formation plan[4] are taken into 
consideration now using modern mathematical approaches, including neural 
networks. But the local freight exploitation is almost univestigated field of objectives. 
The majority of methods is based on rigor mathematics and suited the command 
economy. But local freight logistics determines about 30% of rail ransport volatility.  

Meanwhile some approaches are able to estimate the volatility in transport and 
according to our opinion may be useful for local freight logistic and exploitation. 

   

2   Railway freight local exploitation  

Let’s consider a scheme of model transportation railway network (fig.1). 
In fig.1 it is given the considered railway station with the special freight track. 

This track belongs to a concrete freight sender/consignee who receives railway cars 
from 4 railway directions.      
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Figure 1. A topological scheme of rail local branch 

These cars are grouped into concrete freight trains with numbers. Every train is 
formed in departure station. During its traffic the train is being handled at technical 
stations. Usually the train passes through 3 or 4 technical stations with average 
distance between it about 300-500 km. It takes us about 6-8 hours for every section 
between two technical stations. 

During its race the railway personnel, nature factors, technical and exploitation 
disturbances lead to deviations of arrival times and traffic travel times. So when the 
car is arriving to the considered station we also have local factors such as technical 
failures of shipping equipment, low level of staff etc. The result is principal 
indetermination of departure times for railway cars from special railway freight 
tracks. It yields significant problems in train forming process and, hence, large level 
of irregularity in railway freight traffic. 

The aim of our research is to creating of an intelligent approach of trainforming 
forecast for local freight trains (transfer trains, pick-up trains, block trains etc.).  

The main task is to forecast arrival time from selected freight house track or from 
the selected station. We mean that all factors influenced the movement of the car are 
realized in the form of schedule (arrival and departures moments).  

So for all cars with given destination we need retrospective information about: 
- time of departure from the initial station; 
- arrivals and departures from underway technical stations during process of car 
transportation; 
- time of arrival to the considered station. 

Events with the concrete car shipped with a concrete position of freight departure 
from the staion in the concrete time moment for a concrete consignee may be 
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observed in form of time marks for passing through the stations for the car. I.e. every 
car may be characterized by a vector (t1,…,tn), where n is a quantity of time marks. 

Arrival time moment of the car is ty. So if we concate the vector and the arrival 
time we get a data frame with full history of every car.     

  

3   Creating of the artificial neural network 

It is known [5] that there are some successful attempts to apply artificial neural 
networks for mainline traffic forecasting. It may be a presupposition for construct a 
neural intelligent system for our local task.  

We also know the real parameters of the considered station like time of stay for 
cars with handling and without handling, and total level of operating car park (the 
number of cars in the station).  

And we gather the moments of entering and exit to/from the house freight track.  
The data would be fed into the neural network given in fig.2  
 

Layer 1

Layer 2

Layer 3

The Output

 
Figure 2. Structure of the neural network 

 
The neural network presented in fig.2 is a fully-connected multilayer perceptron 

with backward error propagation. The first layer is an input layer. The input vector is 
time vector described in section 2.  

The first neuron of third layer calculates prospective arrival time of every freight 
car with destination to considered house track. The second and the third neurons of 
the third layer operate with station statistics and with normative estimate of arrival 
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times respectively. The output neuron will estimate forecasting time of departure from 
the house freight track.  

4   Programming  

Authors adapt a data set from one of the railways to from training and validation 
data samples. They obtain the data-frame for the neural network with normal 
probabilistic distribution of routing times between technical stations. Authors 
consider that majotity of cars is in organized trains and the rest of cars is in different 
trains. The neural network should generalize its responces for both situations. 

R language and R-Studio as an open development research environmentare 
selected to adapt train data and to create the neural network. 

The following script creates the neural network using elmNN R package. 
library(elmNN) 
net2<-elmtrain(x = trainData$Dep4, y = trainData$ArrivalTime, nhid = 10, 

actfun = 'purelin') 
testData<-neuralData[3001:3500,] 
testData$Neuro<-predict(net2, newdata = testData$Dep4)[1:500] 
testData$diff<-round((abs(testData$ArrivalTime-

testData$Neuro)*100/testData$ArrivalTime),2) 
print(c(min(testData$diff), mean(testData$diff), median(testData$diff), 

max(testData$diff), sd(testData$diff))) 
nrow(testData[testData$diff>0.5,]) 

   The activation function of neurons in the network is set as purelin.  

5   Results and conclusions 

1. The neural network (a multilayer perceptron with purelin activation function) 
may be a tool for forecast of railway traffic and freight logistics in local area 
and local station. 

2. The average error of time of train arrival estimation is about 0.46%, maximal 
error is 1,24%. It is equal to 12-53 min. per every 2-3 days of car race.  

3. The main influence of the estimation is concerned with the traffic mode 
during the last railway span (block) before the considered railway station. 

4. Purelin and hardlin activation functions reduce the error in 16.1 times in 
comparison of traditional sigmoid activation function for this task.  

5. The level of accuracy for the resulting forecast (for departure time from the 
house freight track) is about 85%.  

Thereby neural network approach described in the present article may be 
embedded as a basis of an intelligent system for local freight control system.     
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Abstract. In this paper describes an approach to musical instrument recognition 
in polyphonic audio signals by using a source-filter model and an augmented 
non-negative matrix factorization algorithm for sound separation. The mixture 
signal is decomposed into a sum of spectral bases modeled as a product of 
excitations and filters. In the recognition, Mel-frequency cepstral coefficients 
are used to represent the coarse shape of the power spectrum of sound sources 
and Gaussian mixture models are used to model instrument-conditional 
densities of the extracted features. 

1   Introduction 

With the growth of information that processed, stored and received during the 
work of information processes of the large and medium-sized enterprises, as well as 
scientific activities, its processing in the obtained form becomes difficult. There is a 
need for initial processing of information for its structuring, identification of 
characteristics, generalization and sorting. For this the processes of classification and 
clustering are used, which allow to produce the required information processing for its 
further analysis by a specialist. 

In this paper also describes the problem of classifying musical instruments as part 
of an audio file. In order to solve this problem, it is necessary to analyze the existing 
approaches to clustering data, and then to choose the optimal characteristics of the 
data classification and the algorithm for conducting it. The CDE-system is 
implemented as processor in corporate network which gives the possibility for 
question-answer programming of human-computer interaction with necessary objects 
and processes in any time of the collaborative activity (including the usage stage of 
the developed systems). Therefore, such CDE-system is named as Collaborative 
Activity Environment of Question-Answer Type (or shortly QA CAE). 

2   Statement of the problem of recognition of the audio data 

A person perceives a large number of different sounds, but not all of these sounds 
are used in music in the same way. In musical theory, musical and noise sounds are 
determined. 
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In nature, there are three groups of sounds [1, 2]: 
• musical sounds are sounds with a certain exact height; 
• sounds with an uneven height - it's singing birds, signals, whistles; 
• noise sounds are sounds that do not have height. For example, rustle, 

creaking, crackling, thunder, knocking. Therefore, noise tools are used to 
decorate and give the music emotional richness. Almost all percussion 
instruments are noise (triangle, small and large drum, different types of 
cymbals, etc.) And to distinguish noise instruments from no noise is 
better by that criterion, is it possible to play a melody on this instrument 
or not. 

The following stages of recognition of sound patterns can be distinguished [3, 4]: 
• signal processing stage - at this stage, the signs that are important for the 

recognition task are highlighted. As a result, a characteristic vector is 
formed; 

• the stage of modeling - a mathematical model is constructed that is 
adequate to the recognition problem. Based on it, the vectors of the signs 
are compared with each other. As a result, the degree of similarity 
between the registered characteristics and the saved model is estimated; 

• decision-making stage - conducts the adoption of final decisions on the 
basis of the obtained similarity criteria from the comparison of the initial 
data. If necessary, the similarity criteria are compared with the specified 
threshold values. 

3   Recognition of musical instruments using the Gaussian mixture 
model 

The extraction of signal features is the method of mel-frequency cepstral coefficients. 
In this case, the signal is represented in the form of a logarithmic spectrum with 
subsequent scaling. Such a model largely corresponds to the peculiarities of 
psychoacoustic perception of sound by man. The scale corresponding to the logarithm 
of the spectrum is called the mel-scale. After this, a discrete cosine transformation is 
performed. Thus, its results are mel-cepstral coefficients (MFCC-coefficients). The 
set of MFCC-coefficients, as a rule, contains from 13 to 30 elements. 

A characteristic feature of the mel-cepstral method is that it takes into account the 
wave nature of the signal. In this case, the mel-scale identifies the most significant 
frequencies perceived by a person. The number of MFCC coefficients can be 
specified by any number. Mel-cepstral representation ultimately contributes to a 
compact representation of signal features [5,6]. 

Figure 1 shows a block diagram of the algorithm for calculating the mel-cepstral 
coefficients. 
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Figure 1. Algorithm of MFCC calculation 

Gaussian mixture models are a probabilistic model for the representation of 
normally distributed subpopulations in the general population. Models of the mixture 
as a whole do not need to know which subpopulation the data point belongs to, 
allowing the model to automatically study subpopulations. Since the appointment of a 
subpopulation is unknown, this is a form of uncontrolled learning [7]. 

The data can follow the mixture model, so that the data looks multimodal. In the 
distribution of data, there is more than one "peak". Since many simple distributions 
are unimodal, an obvious way to model a multimodal distribution would be to assume 
that it is a generated set of unimodal distributions. For several theoretical reasons, the 
most commonly used distribution for modeling real data in the real world is the 
Gaussian distribution. Thus, the modeling of multimodal data as a mixture of many 
unimodal Gaussian distributions makes an intuitive sense. In addition, GMM supports 
many theoretical and computational advantages of Gaussian models, which makes 
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them practical for efficient modeling of very large data sets. Figures 2 and 3 shows 
the models of a Gaussian mixture [8]. 

 

Figure 2.  The plot of a Gaussian mixture with one component 

 

Figure 3.  The plot of a Gaussian mixture with two components 

The Gaussian mixture model is parametrized by two types of values: the weight of 
the components of the mixture and the components and variances / covariances. For 
the model of a Gaussian mixture with K components, the kth component has the mean 
value µk and the variance σk for the one-dimensional case and the mean value µk and 
the covariance matrix Σk for the two-dimensional case. The weight of the mixture 
component is defined as φk for the Ck component, so the full probability distribution is 
normalized to 1. If the weights of the components are not studied, they can be 
considered as a priori component distribution, so p(x generated by the component Ck) 
= φk. If they are studied, they are a-aposteriori estimates of the probabilities of the 
components. 

If the number of components is known, then the method of expectation 
maximization (EM) is used. The EM method is the method most often used to 
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estimate the parameters of a mixture model. In frequency probability theory, models 
are usually studied using maximum likelihood estimation methods that tend to 
maximize the probability or probability of observable data with model parameters 
taken into account. Unfortunately, to find the maximum likelihood solution for 
mixture models by differentiating logarithmic likelihood and solution is usually 
analytically impossible. 

The method of expectation maximization, in some sources also called EM-
estimation, allows not only to restore missed values using a two-stage iterative 
algorithm, but also to estimate the mean values, covariance and correlation matrices 
for quantitative variables [9]. 

4   Algorithm of musical instruments recognition  

The algorithm of musical instruments recognition is presented in Figure 4. 

 

Figure 4. The algorithm of musical instruments recognition 

Data for training: sound files in Waveform format Audio file Format (WAV), 
44,1Khz, 320bit. Different tones and different styles. In this work 1261 file for 
learning guitar, 1282 file for learning piano, 2425 for learning violin are used. Testing 
data: sound files in Waveform format Audio file Format (WAV), 44,1Khz, 16bit or 
MPEG-1 Layer 3 (MP3), 44,1Khz, 320 bit; 
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The segmentation step, which involves splitting the input signal into intervals. It is 
advisable to break the signal into small intervals from 20 to 100 ms, since the signal 
changes in time and the use of large intervals can lead to a decrease in the quality of 
recognition. 

The preprocessing step, which involves applying the Hamming window function 
for each segment to suppress high frequencies at the boundaries of the segment. These 
frequencies are the result of signal trimming and negatively affect the recognition 
accuracy 

In accordance with the principle of maximum likelihood, the type of instrument is 
determined through the maximum probability density. The type of classifier that gives 
the maximum probability corresponds to the class of the instrument. To avoid false 
triggering, the maximum probability density estimate is compared with a certain 
estimation threshold. In the event that its value is less than its value, the fragment is 
considered unrecognized. For the steady learning of the classifier, regularization 
according to Tikhonov. 

To implement this algorithm, the languages Python and Matlab were chosen. In 
Python, there are many application libraries for solving a wide variety of tasks (Web 
applications, databases, graphics libraries, etc.). Among them, the libraries of 
numerical methods are of greatest interest to us. Their functionality in recent versions 
has significantly expanded, which makes it possible to talk about competition with 
MATLAB level systems [10]. 

5   The experiments  

To determine the minimum required number of coefficients, an experiment was 
performed in which the number of coefficients 15, 20 or 30 was changed, and the 
training was carried out on 3 instruments. 

The results of the experiment are shown in Table 1, which shows the dependence 
of the average recognition accuracy on the number of coefficients. 

Table 1. Dependence of recognition accuracy on the number of MFCCs. 

Recognition accuracy Count of MFCC 
Guitar Piano Violin 

15 88 99 69 
20 95 97 84 
30 88 91 77 

It is seen from the table that 20 coefficients are sufficient for obtaining high 
recognition accuracy. 

To determine the minimum necessary number of samples, an experiment was set 
up. 

The results of the experiment are shown in Table 2, which shows the dependence 
of the average recognition accuracy on the number of samples. The number of mel-
coefficient is 20. 
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Table 2. Dependence of recognition accuracy on the number of samples 

Number of samples Recognition accuracy (%) 
Guitar Piano Violin 

Learning 
time Guitar Piano Violin 

400 500 400 2 min 76 80 66 
700 700 700 5 min 85 88 70 
1000 1000 1000 10 min 95 97 84 

The larger the sample size and the longer the learning time, the higher the 
accuracy. 

Table 3 shows the final accuracy obtained for each instrument. The accuracy is 
different for each instrument, the piano has the highest recognition accuracy, the 
smallest is the violin. 

Table 3. The final accuracy obtained for each instrument 

Instrument Recognition accuracy (%) 
Guitar 89 
Piano 93 
Violin 76 

7   Conclusion  

In this paper, the analysis of approaches to machine training of classifiers with use 
of models and algorithms of mathematical statistics was carried out. The foundation 
of the approaches, laid down in the principles of the classification of objects, is the 
theory of pattern recognition.  

The analysis of classification algorithms carried out in the work showed that they 
use different principles of data analysis. Both logical inference and metric 
classification criteria are used, in particular, in the k-averages algorithm. 

One of the deepest and most widespread ideas is the maximum likelihood 
principle, based on the estimation of the conditional probability density. In this 
connection, the problem of estimating the parameters of probability distributions 
describing a certain sample of data becomes urgent. One of the algorithms for 
estimating parameters is an EM algorithm.  

The analysis of the peculiarities of the structural organization of musical data has 
shown that Fourier analysis can be used to identify their characteristics. Taking into 
account the psychoacoustic peculiarities of perception of sounds allowed to draw a 
conclusion about the application of mel-cepstral analysis for extraction of attributes 
from sound fragments. It was found that the statistically obtained characteristics can 
be satisfactorily described by a normal distribution. This allowed us to use the 
appropriate modification of the EM-method, based on the use of Gaussian mixtures, 
called the GMM-algorithm. 

Based on the suggestions on the extraction of features and methods of 
classification, an application was developed to recognize the sounds of musical 
instruments. It is shown that the quality of recognition is largely determined by the 
settings of the algorithm. 
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Abstract. This article describes a program for the printing Braille tables using 
3D printer. A basic function is creation the STL file containing Braille tables 
geometrical characteristics which representing input text. The received output 
file can print on the 3D printer. 

1 Introduction 

Braille is named after its creator, Frenchman Louis Braille, who lost his eyesight 
due to a childhood accident. In 1824, at the age of 15, Braille developed his code for 
the French alphabet as an improvement on night writing. He published his system, 
which subsequently included musical notation, in 1829. The second revision, pub-
lished in 1837, was the first binary form of writing developed in the modern era [1]. 

Braille characters are small rectangular blocks called cells that contain tiny palpa-
ble bumps called raised dots. The number and arrangement of these dots distinguish 
one character from another. Since the various braille alphabets originated as 
transcription codes of printed writing systems, the mappings (sets of character desig-
nations) vary from language to language. 

Braille is derived from the Latin alphabet, albeit indirectly. In Braille's original 
system, the dot patterns were assigned to letters according to their position within the 
alphabetic order of the French alphabet. The first ten letters of the alphabet, a–j, use 
the upper four dot positions: ⠁⠃⠉⠙⠑⠋⠛⠓⠊⠚ (black dots in the table below). These 
stand for the ten digits 1–9 and 0 in a system parallel to Hebrew gematria and Greek 
isopsephy. (Though the dots are assigned in no obvious order, the cells with the few-
est dots are assigned to the first three letters (and lowest digits), a-b-c = 1-2-3 (⠁⠃⠉), 
and to the three vowels in this part of the alphabet, a-e-i (⠁⠑⠊), whereas the even 
digits, 4, 6, 8, 0 (⠙⠋⠓⠚), are corners/right angles.) The next ten letters, k–t, are iden-
tical to a–j, respectively, apart from the addition of a dot at position 3 (red dots in the 
table): ⠅⠇⠍⠝⠕⠏⠟⠗⠎⠞. 
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Fig. 1. Braille alphabet showing arrangement of dots that make up each letter. Note: the little 

dots are placeholders and are not to be printed. 

2 Description of the building STL file method 

For the printing of the Braille book, consisting of tables on the 3D printer it is 
necessary to create at first the file containing spatial characteristics of this table. As 
the technology of the printing by a fusing method is at the moment most developed 
and available (Fused deposition modeling, FDM) in which an object is created by 
layerwise laying down of the melted thread of melting working material (plastic, 
metal, wax), we will save spatial characteristics in the STL file. The description of 
each edge begins with the keyword of "facet". Further there is a description of a nor-
mal to this edge in the form of a vector with three coordinates. The description of a 
normal begins with the word "normal". Further there is a unit of the description of 
peaks of the edge. This unit is framed with the words "outer loop" and "endloop". In 
the unit each peak of a triangular edge is described by three spatial coordinates. The 
unit of the description of an edge comes to an end with the word "endfacet" [3]. 

Thus, it is possible to select the principal function of the program for the printing 
of tables of Braille – creation of the STL file containing characteristics of a table of 
Braille in the input text. Generally, the analysis of the input text comes down to sym-
bol-by-symbol analysis. However, for example, in the English Braille language some 
words and combinations of words can have special abbreviations. For example, the 
word "afternoon" in the Braille representation registers as a string of "AFN". At this 
stage we won't consider these features. Also, we will consider only 6-and a 8-dot font 
of Braille [2]. 
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Fig. 2. Braille dots dimensions schema 

The general diagram of a method: 

• Step 1. Symbol-by-symbol analysis of the input text (characters of the Russian and 
English alphabet, digits, separators); 

• Step 2. Search of compliance of the selected characters with 6-dot glyphs 
(Braille's characters); 

• Step 3. Division of glyphs into tables (25 glyphs down and 30 across); 
• Step 4. Computation of spatial characteristics (coordinates of X, Y, Z, normals) of 

glyphs in a table; 
• Step 5. Saving the calculated characteristics in the STL file. 
• As a result of these steps the file which can be viewed also any three-dimensional 

packet, for example, in MeshLab will be received. 

3 Module of processing the input text and calculation of Braille 
plates parameters 

We will consider process calculation of characteristics of a glyph in the plate. The 
Glyph model geometrically consists of 2 types of figures: one parallelepiped and 6 
cylinders presenting to camber. But as a result of formation of the plate parallelepi-
peds of the basis of glyphs will coincide with a parallelepiped of the basis of all plate, 
for definition of her spatial characteristics the X and Y centers of the bases of cylin-
ders of cambers are enough to calculate coordinates. For calculation of horizontal 
coordinate of the center of a circle (C_x) of the basis of cambers (points) both on six - 
and on an eight-fine-molded glyph the following formula is used: 

For calculation of vertical coordinate in a six-dot glyph the following formulas are 
used: 

  (1) 

For calculation of vertical coordinate in a six-dot glyph the following formulas are 
used: 

  (2) 
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In eight-dot similarly: 

  (3) 

where i, j – an index of the calculated camber of a glyph, x, y – a position of cam-
ber of a glyph, L – distance between glyphs across, W – distance between glyphs 
down, CR – distance between the bases glyph circles, D – diameter of the basis of a 
circle of a glyph. 

At the output of the module will create the SVG file which contains visual repre-
sentation of one plate of Braille and the file with parameters of this plate. The file of 
parameters of the plate comprises all necessary data (length, width and height of the 
basis of the plate, height and radius of a circle of the basis of cambers, coordinates of 
the centers of circles of the bases of cambers) for creation of the STL file. 

 

4 Module for generating a Braille table 3D representation 

On an output the module receives a set of coordinates of centers of the bases re-
ceived at the previous stage. As STL stores the description of geometry in the form of 
a set of edges and normals to them, in this module it is necessary to realize an algo-
rithm of creation of edges (fig. 1). The base of a table is described by a simple paral-
lelepiped. Cylinders of convexities are presented in the form of the correct n-square. 
The dimensionality of a n-square the more form of convexity is above approaches 
cylindrical. 

On an output the module creates the STL file which contains complete three-
dimensional idea of a table for the printing on the 3D printer.  

 
Fig. 3. Generated Braille table representation in MeshLab and printed part of 

Braille table 

108

108



The first step – computation of peaks of a circle of the bases of convexities. The 
circle of the base is presented in the form of the correct n-square where 2 any adjacent 
peaks divide circle sector into equal angles φ. This angle is calculated the following 
on the following formula: 

 , (4) 

where V_count - quantity of peaks of a n-square. 
Respectively, coordinates of peak are calculated by the following formula: 

 (5) 

where R - the radius of a circle of the base of convexity, L_x – horizontal is long 
tables. 

The second step – to display peak on the upper circle of convexity. As in our rep-
resentation convexity has the cylindrical form, for display of the base it is enough to 
increase coordinate Z peaks by convexity height. 

The third step – to create from the received edge peaks for formation of STL and 
to calculate to them normals. Edges of convexities are created as follows. Sequen-
tially two adjacent peaks from the lower base and one, corresponding to one of lower, 
upper peak are selected. These three selected peaks (A, B, C) create one edge. The 
normal to this edge is calculated on the following formula: 

, (6) 

Further calculated is normally normalized by the maximum component on the fol-
lowing formula: 

, (7) 

The fourth step – to create table base edges. This step occurs similarly previous 
for convexities. 

As a result we will receive a complete description of geometry of a table in the 
STL file. 

5 Results 

The three-dimensional type of the plate is presented in the figure 3. 
The developed method of printing of plates of Braille is realized in the form of the 

program. STL formation module (language C ++) is 
github.com/vlusslus/STLGenerator. The module of analysis of the entrance text is 
github.com/vlusslus/Braille3D. 
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Abstract. Our purpose is to describe an approach to model language evolution 

using ontology and to develop a software system to model the evolution 

process. The software must allow us is to design individual historical scenarios 

of particular languages, language groups and families, and show the 

quantitative and qualitative changes in the grammatical and lexical structure of 

language over time, depending on the social organization of a group of 

language learners and users. 

1   Introduction 

The methods of establishing the linguistic affinity use some empirical estimates of the 

rate of language change, based on comparison of lexical lists. But sometimes this kind 

of estimates does not provide the required accuracy, which significantly complicates 

the work of experts. This is because glottochronology can rely only on processes with 

a more or less constant rate. And then the main difficulty arises. In different socio-

cultural environments, the same processes can take place in different ways. And the 

conclusions, which are valid for one epoch or culture, could be incorrect for another.  

The purpose of our work is to develop a software to model language evolution that 

can give a significant refinement for evaluating the rate of change of language by 

creating individual historical scenarios for the development of individual languages, 

language groups and families. The use of variable parameters will help the expert to 

set the most suitable conditions for the scenario of the development of the language. 

In addition, such a model can evaluate the rate of change not only of the language as a 

whole, but also of its components, such as grammar and various layers of vocabulary. 

To develop a model of language evolution, we chose an ontological approach that 

would allow us to design the modular structure [1, 6, 7]. This, in turn, will allow the 

model to be used for verification of various hypotheses of the evolution of a natural 

language and quickly adapt it to new knowledge and data that appear in this area 

every day.  
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2   Language Evolution Modeling System 

The natural language of the species is defined as a way of structuring and transmitting 

information within a group of individuals of this species. 

The idea of the model is that the language can be represented in the form of a 

resource, consisting of a set of structural elements and distributed in the population of 

speakers. The structural elements of the language are embodied in the computer 

model by data structures composed in a special way. 

To implement the basic model, we chose the following structural elements of the 

language: 

  Words - formal-semantic units that have their own form and own meaning, 

organized in the way that when the form is violated, the value is lost, and the 

constituent part of the concept embodied in the word cannot be expressed by a 

part of the word; 

  Types of words - labels of words, characterizing the possibilities and 

restrictions of the use of words in the composition of syntactic sequences; 

  Sequences of types of words - syntactic structures, any kind of sequences. 

Although studies in the field of brain mapping are only underway, there is reason 

to suppose that this language structure has a registered neurobiological basis [3, 5]. At 

this stage of the model development, we do not consider such a property of the 

language as inflectionality, but attention will certainly be paid to it in further research. 

The life of speakers (in the model) proceeds in discrete time. Speakers (individuals) 

can acquire a language - accumulate a language resource, and communicate with each 

other - transfer the language resource to each other by copying. According to recent 

research, adults acquire language using the same unconscious mechanisms that are 

involved in the primary language acquisition [4]. With the presentation of a new word 

(or pseudo-word), a memory trace (a group of neurons response to the presentation of 

an appropriate stimulus) is formed in the brain. Each new access to the memory trace 

activates it and increases the efficiency of the response. In this case, the activation of 

the memory trace (the structural node of the brain) associated with the word occurs 

not only with the active use (pronouncing the word), but also with the passive 

presentation of the word, even when the listener does not.  

To model this process, we added to the language elements counters of their 

occurance (Figure 1). 

 

Figure 1. Pairs of language elements 
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In order to model this process, in the individual language of the speaker (the 

recognizable set of elements) we define the passive (understood) and active (used in 

speech) subset, so that the active subset is included into the passive subset, and the 

passive subset is in turn included into the set of individual language. The inclusion of 

a structural element of a language into a particular subset is characterized by the value 

of the counter of its presentation (Figure 2). 

 

Figure 2. Structure of individual’s language 

Individuals in the model are not able to forget the language, i.e. they cannot lose 

resources, except when the individual “dies” and his/her resource is completely lost. 

In this model, we have not yet considered cases of severe brain damage (including 

age), when access to the language is lost partially or completely. 

According to psycholinguistic theories, message processing consists of four steps 

[8]. The first step is the processing of phonetic, graphical or other information that 

encodes the utterance. At this step, there is an analysis of sounds, graphic elements or 
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other components perceived by the senses. The next step is lexical processing, the 

division of the utterance into lexical units. The third step is the semantic processing: 

at this step the lexical units distinguished in the utterance are associated with certain 

elementary concepts. The fourth step is the grammatical analysis of the utterance: at 

this step the connections between lexical units are established. 

In our model, we retain these steps with some amendments. Because elements of 

the language are implemented by data structures, the individual speaker in the model 

does not need to process incoming information and recognize lexical units. In the 

basic model, we accept the hypothesis that all individuals have sufficient recognition 

ability. Violation of the recognition ability will be considered in further studies. Thus, 

the first two steps of processing the incoming utterance, and the fourth step, are 

reduced to one, where the elements of the incoming sentence are checked for 

correspondence to the passive subset of the receiver's language, the counters of 

existing elements are increased and new elements are created. The next step is the 

semantic processing. Semantics in the model is represented by the links between the 

structural nodes coding the elements of the language. At this step correspondence of 

the connections between the elements of the incoming utterance and the connections 

between the elements of the passive subset of the receiver's language is verified, the 

counters of existing connections are increased and new connections are created. 

Communication, i.e. the transfer of a resource from an individual to an individual 

is provided selectively. This process can be caused by various factors, such as 

modeling specialization of labor activity, modeling social status, communicative 

success, and others. In the basic model, speakers do not have a control system that 

allows them to make a decision to send or receive a message based on an analysis of a 

current communication episode. 

Messages of individuals are constructed randomly, taking into account the 

frequency and connections of the structural units of the individual language [1], and 

also taking into account the modeled labor activity, social status and circle of 

communication (groups of individuals who can receive a  

In the process of communication, errors and failures may occur. All this leads to a 

change in the qualitative and quantitative distribution of the language resource in the 

population. 

The population can reach several tens of thousands of individuals, thus, it is 

impossible to manually enter the properties of each individual. To form a population 

of individuals with a common language, the values of the properties of the entire 

population and the properties of the population language can be entered directly 

through the interface or uploaded from the file. The software system, using this data, 

generates parameter values for each individual for the start-moment of the simulation, 

and also generates a simulation algorithm. 

The user can set the following characteristics of the population: the number of 

individuals, the social structure, the types of labor activity, demographic dynamics, 

communication intuition, sociability of individuals, ability to acquire the language. 

These characteristics of the model population can be specified using numerical 

values, enumerations, ranges, and distributions of a random variable. The data model 

of the system is presented in Figure 3. 
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Figure 3. Data model 

The user can set the following characteristics of the language of the population: 

the number of words, the types of vocabulary (household, professional, etc.), the 

distribution of words by types of vocabulary, types of words (parts of speech), the 

distribution of words by type, word sequence (grammar rules), and the distribution of 

rules in the population. 
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A set of characteristics of the population and language constitute a modeling 

profile. 

Modeling the evolutionary process, the software system generates data in 

accordance with the modeling profile, i.e. forms a set (population) of individuals, 

each of which has its own language resource, and then, by step-by-step passage, 

calculates the state of the model population of speakers according to the parameters 

specified in the modeling profile. 

Step-by-step passage. Modeling is provided by changing the state of the model 

population according to the parameters of the modeling profile. 

Each step of the model includes a number of actions of the software system. 

1. Removal of individuals with the status of life “dying”. 

2. Selecting individuals (random) to assign the status of “dying” in the next step. 

3. Creation of new individuals. 

4. Generation of social statuses of new individuals according to data on the social 

structure of the population (if the social structure has not changed). \ Generation of 

new social statuses for all individuals according to data on the social structure of the 

population (if the social structure has changed). 

5. The inclusion of new individuals into the circles of communication of already 

existing individuals, the creation of circles of communication of new individuals, the 

recalculation of communication circles for some already existing individuals (if the 

social structure has not changed). \ Recalculation of communication circles for all 

individuals taking into account the new social structure (if the social structure has 

changed). 

6. Assignment of types of labor activity to individuals who have reached “working 

age”. 

7. Recalculation of the circles of communication of individuals to whom the type 

of labor activity was assigned in account of this type of activity. 

8. Change the communication status of individuals in accordance with the 

specified frequency of messaging. 

9. Communication.  

Communication. Step Communication includes the following actions: 

For those individuals whose communication status has changed to send a message, 

the following actions are involved: 

1. Generation of the message using the active language of the sender. 

2. Distortion of the message at the time of sending (may be zero). 

3. Transmission of the message by the individual-sender to the individual-receiver. 

For those individuals whose communication status has changed to receive a 

message, the following actions are involved: 

1. Reception of the message by the individual-receiver. 

2. Distortion of the message at the time of receiving (may be zero). 

3. Processing of the message using the passive language of the individual-receiver. 

4. Change of the language of the individual-receiver according to the language 

data received in the message. 

Steps of algorithms 2 make it possible to create a noisy communication. The 

occurrence of errors can be either stochastic or structured. 
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3   Сonclusions 

The paper describes the project of a software system for creating individual scenarios 

for the occurrence of changes in languages, language groups and families. This will 

give researchers in the field of comparative linguistics an additional tool for studying 

language processes. In addition, such a system can be used by experts in the field of 

history, sociology, as well as in the educational process. 

Currently, a prototype of the software system has been developed, with the help of 

which experiments have been performed to confirm the model's performance. The 

work is conducted jointly with linguists who act as experts and can assess the 

correctness of the model and the correctness of the 

Further research will focus on refinement of the model, the introduction of new 

additional concepts, the formulation of relationships and connections of concepts with 

each other. It is also necessary to adapt the model to the requirements of researchers 

in the field of comparative linguistics, which implies the development of additional 

ontology modules describing different systems of knowledge and representations. In 

the future, this will create the opportunity to conduct a comparative analysis of 

linguistic hypotheses through a model experiment.  
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Abstract. In this paper, an algorithm to discover part-whole relations from a 

text written either in English or in Russian is suggested. This algorithm is used 

to design a tool for a software system designer to facilitate the understanding of 

the task and create its semantic model. 

1   Introduction 

Automatic discovery of part-whole relations from a plain text is a very 
complicated task, as natural language (even standardized texts) is characterized by a 
high level of ambiguity as well as a large number of various lexical items and implicit 
constructions (both lexical and syntactical). 

The importance of part-whole relations discovery is explained by the primary role 
of these relations in the design process of a software system. Creating a semantic 
model of such a system requires a deep understanding of its structure which means 
that extracting part-whole relations can be considered as one of the first steps to gain 
an understanding of a project task and create its model.  

We attempted to develop our own algorithm which is aimed at discovering 
fragments from a text (lexical and syntactic items) linked by part-whole relations with 
the help of special tags (or markers) as well as specific rules and patterns explicating 
this type of relation. Our algorithm (as well as all the existing ones) cannot guarantee 
a result of a 100% accuracy, but it facilitates text processing and helps a designer 
develop the semantic model of a project task. 

2   Related works  

To discover the abovementioned tags, we have researched the ways to express 
part-whole relations in both the English and the Russian languages discovered by 
professional linguists and philologists. The works [3] and [4] contain most relevant 
and full information about the ways part-whole relations can be expressed in the 
Russian language.  

As far as the English language is concerned, we used the results of the research by 
Roxana Girju, Adriana Badulescu and Dan Moldovan [2], who developed a system of 
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patterns and rules to explicate part-whole relations in English texts based on the 
WordNet thesaurus. 

3   Definition of a part-whole relation  

Let us consider the part-whole relation type as follows:  
 

PART (Y, X), 
 
where X is a part of Y and PART can stand for a relevant tag or a predicate (if 

there are any). Part-whole relations can be found practically in any text – they are 
expressed by various lexical constructions as in the following example (in English 
and Russian): 

Table 1. Example of a text with part-whole relations 

Project ontology in the OwnWIQA 
instrumental environment has a form of a 
working dictionary consisting of 
groups and subgroups. A concept is a 

unit of a working dictionary. It is 
expressed in the form of a single word or 
a collocation. Each concept has its own 
definitions explicating the semantic 
meaning of a concept or containing 
related axioms. 

Проектная онтология в 
инструментальной среде OwnWIQA 
представлена в форме рабочего 
словаря, который состоит из групп 
и подгрупп. Единицей рабочего 
словаря является концепт, который 
может быть представлен в форме 
слова или словосочетания. Каждый 
концепт имеет свои определения, 
которые раскрывают значение 
концепта или содержат 
соответствующие ему аксиомы. 

 
So, there the following related text fragments: 

Table 2. Part-whole relations list 

 consist of (working dictionary, 
groups); 
 consist of (working dictionary, 
subgroups); 
 be a unit of (working dictionary, 
concept); 
 has (concept, definitions); 
 of (concept, semantic meaning); 
 contain (definitions, axioms). 

 состоять из (рабочий словарь, 
группа); 
 состоять из (рабочий словарь, 
подгруппа); 
 являться единицей (рабочий 
словарь, концепт); 
 иметь (концепт, определения); 
 PART (концепт, значение); 
 cодержать (определения, 
аксиомы). 
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Some researchers state that there are several kinds of part-whole relations 
expressed differently in the spoken and written language. According to [1], there are 
six such kinds:  

1) component-integral object (pedal-bike); 
2) member-collection (ship-fleet); 
3) portion-mass (slice-pie); 
4) stuff-object (steel-car); 
5) feature-activity (paying-shopping); 
6) place-area (Everglades-Florida). 
Considering our own task, we decided not to divide part-whole relations into 

subtypes as it is not required by the application of our part-whole discovery tool.  
Our tool is designed to process texts both in Russian and in English. These two 

languages are quite different morphologically, lexically and syntactically and, thus, 
the text processing algorithm for each language should be different. 

4   Part-Whole Relations in the Russian Language 

In the Russian language, part-whole relations can be expressed with the help of 
several lexical constructions (using prepositions [4]). The main ones are the following 
three: 

1) Genitive constructions – noun-based collocations in which the subordinate 
word stands in the genitive form: концепт онтологии, определение концепта; 

2) Noun-based construction with prepositions “у” or “от”: группа у словаря, 

определение от концепта; 
3) Locative noun-based constructions with prepositions “на” or “в”: концепт в 

онтологии, элемент на рисунке. 
Apart from that, we consider predicates (verb-connectors) as well as some nouns 

which mark part-whole relations due to their meaning. 
Typical predicates expressing part-whole relations are various verb and verb-

based constructions (collected based on the Russian semantic net “РуТез” [5]). They 
can be divided into two types: 

1) “Whole”-markers: составлять, состоять из, иметь, быть, 

подразделяться на, делиться на, содержать (в себе), заключать в себе 

включать (в себя), иметь в составе, насчитывать; 
2) “Part”-markers: входить в (состав/число), насчитываться в, образовать, 

образовывать, быть/оказаться в числе, быть (в том числе в нулевой 

форме)/являться/стать частью/долей/компонентом/фрагментом/ 

деталью/комплектующей, быть (чаще всего в нулевой форме) 

куском/участком. 

Fig. 1 shows the overall algorithm of processing a Russian text with the view to 
discover pairs of syntactical constructions linked by part-whole relations: 
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Figure 1. Algorithm to discover part-whole relations from a Russian text 

5   Part-Whole Relations in the English Language 

To discover part-whole relations in an English text, we intend to use the algorithm 
created by the US researchers [2] based on lexical and syntactical patterns and tags. 
The patterns were created in several steps: 

1) Extraction of pairs of concepts linked by a part-whole relation from WordNet 
– semantic net (thesaurus), i.e.: iron – steel, people – world, volume – set, etc. 
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2) Classification of these pairs and creating a specific hierarchy for them. 
3) Searching these pairs in a large corpus of texts (up to 20 000 sentences), 

extracting relevant sentences containing these pairs and discovering lexical and 
syntactical patterns expressing part-whole relations. 

4) Classification of these patterns and creating a specific hierarchy for them based 
on statistical information and other factors, i.e. patterns of a “genitive constructions 
with the verb to have” type (eyes of the baby, girl’s mouth, the table has four legs) of 
a “constructions with a preposition” type (a bird without wings cannot fly, a room in 

the house). The full classification includes 30 types of such patterns. 
Such research could be conducted in the Russian language as well (for example, 

based on Russian Thesaurus РуТез [5] and the National corpus of the Russian 
language). However, it is quite a complicated and time-consuming work. A decision 
on whether it is worth doing that will be taken after the experimenting phase and 
testing the above mentioned algorithm. 

6   Part-whole relations discovery tool  

The part-whole discovery tool aims to help designer gain more understanding of a 
project task and create its semantic model. 

The tool will be implemented into the instrumental question-answer design 
environment WIQA and will actively use data from a project ontology (see fig. 2). 

 

Figure 2. Architecture of the part-whole relations discovery tool 
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Project documents (texts which appear during the conceptual design phase) are 
analyzed by the tool. The tool includes two agents – the first one processes texts in 
Russian, the second one processes texts in English. Each of them uses its own 
dictionary of tags (markers) and a set of syntactical rules. The result of the text 
processing phase is a set of pairs – two text fragments linked by a part-whole relation. 

The tool compares the set of pairs with the current state of a project ontology and 
with the help of a filter finds out which concepts from the ontology are already 
included in the extracted text fragments. Based on text fragments and information 
from the ontology, the tool suggests a prototype of a semantic model and presents it in 
the form of a semantic scheme in the graphical editor of the WIQA environment. 

Moreover, the tool provides a designer with the new information (i.e., new 
concepts and new part-whole relations) that can be included in the project ontology 
and used in the future. 

The architecture of the tool also includes some external components, such as 
morphological and syntactical analyzers which help to process a text – find out the 
morphological characteristics of a wordform and syntactical structure of a sentence. 

7   Conclusion  

This paper presents the part-whole relations discovery tool which aims to support 
the software system conceptual design phase. The tool uses lexical and syntactical 
markers to discover relations, interacts with a project ontology and is presented in the 
form of multiagent system. 

Such an approach opens new opportunities for a designer to extract hidden 
information from project documents which are not obvious at the current design phase 
and provides him/her with the material for further research. 
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Abstract. Creation of the universal program complex for identification of 

various classes of bilinear neighborhood models is a relevant task today. For 

identification purposes, it is necessary to know the experimental values of the 

state and control parameters. In actual production, often, not single values of 

parameters are known, but the range of their possible values. In this work 

approach to identification of neighborhood models taking into account 

restrictions for coefficients and parameters is offered. 

 

1   Introduction 

When developing models of complex spatially-distributed systems, the problem 

arises of the choice of the adequate structure of the mathematical model. The problem 

of modeling and control such objects is related to the spatial distribution of the system 

and the presence of nonlinear connections between subsystems [1].  

A successful solution in the description of complex objects is the use of bilinear 

neighborhood systems that generalize classical, neighborhood linear and classical 

nonlinear discrete systems that take into account the nonlinear nature of the 

connections between the nodes of the distributed system that provide flexibility in 

describing the structure and nature of connections in the state and control of a 

complex object [2].  

Creation of the universal program complex for model operation of various classes 

of bilinear neighborhood models is a relevant task today. 

Simulation of the bilinear neighborhood model consists in carrying out 

identification and mixed control. For identification purposes, it is necessary to know 

the nominal values of the state and control parameters. In actual production, often, the 

nominal parameters of state and control are not a single value, but have a certain 

range of possible values. 

The purpose of this work is development of an algorithm of the mixed 

identification of neighborhood models taking into account restrictions for coefficients 

and parameters. 
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2   The approach used in the identification of neighborhood systems 

In [3] a generalized definition of the neighborhood model was introduced. A 

bilinear neighborhood model is described by a set ( ), , ,
B

NS N X V G= , where: 

1) ( ), ,
x v

N A O O=  – structure of neighborhood model, { }1 2
, ,...,

n
A a a a=  – a set 

of nodes, 
x

O  – a neighborhood of the node links by states, 
v

O  – a neighborhood of 

the node links by controls. For each node 
i

a A∈  a different neighborhood is defined 

for states [ ]x i
O a A⊆  and controls [ ]v i

O a A⊆ ; [ ]
1

n

x x i
i

O O a
=

= ∪ , [ ]
1

n

v v i
i

O O a
=

= ∪ ; 

2) nX R∈  – state vector of a neighborhood model; 

3) mV R∈  – control vector of a neighborhood model; 

4) ( ), 0G x v =  – state recalculation function of a neighborhood model, where 

xOX  – a set of states of the nodes entering the neighborhood 
x

O , 
vOV  – a set of 

controls of the nodes entering the neighborhood 
v

O , 
xOx X∈ , 

vOv X∈ .  

For example, for one node the equation of a bilinear neighborhood system will look 

like this: 

[1,1] [1,1] [1,1] [1,1] [1,1] [1,1] [1,1] 0.
x v xv

w x w v w x v+ + =           (1) 

For two nodes, the model takes a form: 

[1,1] [1,1] [1, 2] [1, 2] [1,1] [1, 1] [1, 2] [1, 2]

[1,1] [1, 1] [1, 1] [1, 2] [1,1] [1, 2] [1, 3] [1, 2] [1, 1]

[1, 4] [1, 2] [1, 2] 0;

x x v v

xv xv xv

xv

w x w x w v w v

w x v w x v w x v

w x v

+ + + +

+ + + +

+ =  (2)   

[2, 1] [2, 1] [2, 2] [2, 2] [2,1] [2, 1] [2, 2] [2, 2]

[2,1] [2, 1] [2, 1] [2, 2] [2,1] [2, 2] [2, 3] [2, 2] [2, 1]

[2, 4] [2, 2] [2, 2] 0;

x x v v

xv xv xv

xv

w x w x w v w v

w x v w x v w x v

w x v

+ + + +

+ + + +

+ =

 

And so on for more nodes of system. 

Identification of a common neighborhood system is to find the elements of the 

matrices wi[a], forming the matrix-parameters Wx, Wv, Wxv for all nodes a A∈  of a 

system. 

Reduce the system of bilinear neighborhood equations to the form  

[RA]W = 0,               (3) 

where [RA] – block matrix composed of known sets of state vector X, control 

vector V, products of all pairs of elements of the vector X by the elements of the 

vector V multiplied by the matrix of the structure R; W – vector of unknown 

parameters, is composed of matrix elements Wx, Wv, Wxv. 

To obtain a nontrivial solution of the system (3) it is necessary to set a part of 

unknown matrixes of Wx, Wv, Wxv, i.e. solve the problem of mixed system 

identification. Then (3) takes the form: 

[RA]W = B.              (4) 

The following quadratic criterion is used as an identification criterion: 
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Parameters     
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,         (5) 

for which realization it is necessary to find the pseudo-solution [1]: 

[ ] [ ] [ ]( )W RA B I RA RA y
+ +

= + − ,           (6) 

where [RA]
+
 – pseudoinverse matrix to [RA], I – unit matrix of the corresponding 

dimension, y – vector with arbitrary elements of the corresponding dimension. 

3   Identification taking into account restrictions for coefficients 

and parameters 

Proceeding from what was said in clause 2, in order to carry out identification, it is 

necessary to know the experimental values of all the state and control components, 

and also to specify a part of the unknown matrices Wx, Wv, Wxv. In actual production 

the range of admissible values of parameters is known. Similarly, we assume that the 

elements of the matrix-parameters wi[a] have a possible range of values. In this regard 

the task of development of an algorithm of parametrical identification of bilinear 

neighborhood model taking into account restrictions for coefficients and parameters is 

set. 

The range of acceptable parameter values is set by experts. Speaking about the 

ranges of possible values of the coefficients wi[a], it is possible to interpret them as 

coupling coefficients between model nodes, which range from 0 to 1. 

To obtain a nontrivial solution in the identification process, it is also necessary to 

specify a part of the unknown elements of the parameter matrices. In the case where 

the elements wi[a] are considered as coupling coefficients, then the elements wx[1, 1], 

wv[1, 1], wx[2, 2],  wv[2, 2], etc. take the value 1. 

By setting the allowable ranges for changing the values of the state [ ] n
X a R∈  and 

control [ ] m
V a R∈  parameters, as well as the ranges of the change in the undefined 

elements of the parameter matrices wi[a], as a result of identification, we obtain a 

unique solution of the system (4). Besides model coefficients, as a result of 

identification with restrictions for coefficients and parameters, we obtain optimal 

values of the state and control parameters from the point of view of the minimum 

deviation of the left-hand side from zero. These values may differ from the nominal 

values, taken in accordance with the technological instruction, in production. To 

determine acceptable solutions, the algorithm of identification may include an 

optimality criterion: 

( )
22 **

2

* *
1 1 1

x v kN N N
j ji i

i j k
i j k

i j

v vx x
K

x v
ϕ γ ε

= = =

 − −
= + + ∑ ∑ ∑      

,         (7) 
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where xi, vj – unknown state and control components; xi
*
, vi

*
  – their nominal 

values; φi, γj – the weights, which show the influence of the corresponding component 

on the criterion value, range from 0 to 1; 
k
ε  – error of the left-hand part of the k-th 

equation. 

These weights can be specified by experts, and can be found, for which the 

identification algorithm should include the process of finding the optimal values of 

the weights. 

4   Conclusion  

In this work the algorithm of identification of bilinear neighborhood models 

taking into account restrictions for coefficients and parameters is offered. The feature 

of identification is that the range of admissible values of state and control parameters 

is used. Besides, restrictions for model coefficients which can act as coupling 

coefficients between nodes of system are imposed. To take into account the nominal 

values of the state and control parameters, a special optimality criterion is introduced. 
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Abstract. Automated energy control system applies to the acquisition of power 

quality parameters in real time and automatically ensures the implementation of 

the report; consumers receive the necessary information to carry out the work, 

planning and governance. With the use of Web technology for both the 

producer and user of energy quality parameters of the process and receive 

timely information from the management to carry out arbitrary achievement. As 

a result of tensions in the quality of the research developed an automated 

system for controlling the system, which has been assigned to tasks, its main 

facilities and the facilities listed in the technical specifications, system-specific 

software is developed. 

1   Introduction  

 

As a result of electricity supply, electrical appliances are used in our homes, 

which also help to alleviate our lives and lead to further enrichment. Robotized lines 

in enterprises, numerically controlled machine tools, computers, etc. are used. 

Therefore, it is impossible to imagine modern life without electricity. Since people are 

currently dependent on the supply of electricity, it is particularly important to note 

that normal operation of all these technical supplies directly depends on the quality of 

the electricity. Energy quality is the result of the organization and implementation of 

the area control. Researches have been carried out for the purpose of control and ways 

of reducing tension.  

2   Formulation of the problem 

With the advent of Web technology for the solution of the problem, it has been 

proposed to adopt a modern approach that can provide both operational information 

and user-power quality parameters and arrange the process of arbitrary remote control 

[1, 5-8]. 

The main functions of electric power management are as follows: 

1. Verification of the compliance of the quality control of the power grids for 

the relevant standards; 

2. Checking the electricity supply with the real price of the contracted price; 

3. Development of terms of technical connection of operating means; 

4. Verification of compliance with the terms of the contracts; 
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5. Electricity demand - development of technical-organizational measures for 

quality assurance; 

6. Determination of energy leakage attributes; 

7. Carrying out certification work; 

8. Investigating the "guilty" that caused the distortion of the parameters 

characterizing the quality of electricity. 

Measurement of parameters according to the purpose of electric power quality 

management and analysis can be carried out in 4 ways: Diagnostic management; 

Controlling character; Operative management; Economic score 

1. The main purpose of the diagnostic management on the border between the 

electricity grid operators and energy suppliers is to detect the "guilty", which is 

responsible for the decline in energy quality, to determine the possible degree of 

discrepancy to the quality standards, normalize the electrical energy quality [2-4]. 

It is important for diagnostic operators to implement and validate conditions 

for connecting to the network. This process should be periodic and must be performed 

one week before the quality setting begins. In this case, normalized and non-normal 

parameters, as well as current, harmonic-symmetric arrangements should be 

measured. At the next stage of the diagnostic measurements, the control points must 

be the tires of the serial substations connected to the cable line. A certification body 

that collects information on the certified energy status of the power network. 

3. The network must be operated under conditions of operation where it is 

impossible to eliminate voltage distortions. The operational management process is 

particularly important in railway and power-driven urban transport sub-stations. The 

results of operational management should be included in the network dispatcher point 

through the communication channel. 

4. Economic account. The electricity supply network operates at the border 

between the power supply and power supply, and, according to the collected results, 

discounted (or increased) electricity price for quality. 

Economic reports should be kept in line with the outcome of the report and the 

results should be summarized. In order to accomplish this, the devices that 

incorporate energy accounting and its quality measurement functions should be used. 

The collection of functions that allow simultaneous transmission of electricity 

and manage quality parameters allows the combination of operational management 

and economic reporting, where the common communication channel and the 

processing unit can be used. 

3   The solution of the problem 

 

The SCADA system is a flexible, affordable, reliable system designed to be 

used by Wonderware, an electric power plant. Wonderware has developed an open 

and scalable architectural solution that enables the exchange of information with an 

arbitrary automation element to be used [9, 10]. 
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Examples include remote terminals (RT), intelligent electronic devices (IED), 

programmable logic controllers (PLC), archive data servers, and so on. The 

availability of the open platform principle allows the user to expand the existing 

supply system without the use of new devices and management systems. Advantages 

of the system: considerably smaller integration time, power and costs; Lightweight 

application of attachments and implementation of dozens of technical services at a 

remote facility; Substantial increase of reliability, durability and continuous work of 

the system. 

3.1 Productivity optimization  

SCADA offers a great deal of opportunities for the power supply system 

offered by Wonderware, thanks to the system's better study of the condition of the 

object, and with the help of which it can increase the profitability of the enterprise. 

Event signals can be combined and the result is transmitted by signaling to a useful 

signal, which is reflected in the report and graphic illustrations. All of this enables us 

to improve the quality of our judgment. The system broadens the access to the data 

source. Participants in the energy supply system are forced to obtain a lot of 

information because the system's profitability and effectiveness increase. The 

Wonderware-based database server has an expanded mechanism with the most 

advanced technology available. This server has joined the MS SQL Server databank. 

The InTouch program dramatically simplifies the process of preparing the 

report. This is intended for an audit and reflects a time-varying set of parameters that 

significantly simplifies the task - ability to control and manage the place from around  

the globe. InTouch has offered several options for organizing data exchange and 

remote data transfer systems with any remote systems. Users have the ability to 

receive and validate an alarm, as well as change the task settings. 

InTouch commands also offer the protection and protection of the following 

facilities without distortion: SCADA nodes; Input / disposal servers; Database; HMI 

displays. Control centers for crash have been organized. The normal operation of the 

control system has been ensured, which ensures a reliable and uninterrupted business 

process for the power supply system. Thus, given the specificity of technology, 

special attention is paid to the quality problem of the power supply of the production 

facilities, for example, short-term feeding can lead to poor quality production and 

economic damage. 

4   Conclusion  

The results of these studies have resulted in the followings: Standards of 

electrical energy for industrial electricity networks are determined by several 

parameters, among which are the most common tension inclinations, dance, non-

symmetricity in the triangular network, non-sinusability, frequency tendencies of 

tension; In the existing tension quality control systems, energy conduction is usually 

determined by the statistical quality analyzer and manufactured by the manufacturer;  
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As a result of the automated control system of tension quality, real-time access to the 

parameters of electric power supply, its archiving and automatic reporting of the 

system will allow the users and consumers to obtain information, plan and manage the 

relevant activities; As a result of Web technologies, both energy producers and users 

are able to get operational information about electromagnetic energy, and also 

manage arbitrary localization processes; The proposed system enables modernization 

and expansion without the creation of a new management system, ensuring the 

implementation of information security with low-level devices, and minimizing the 

system capitalization. 
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Abstract. The paper describes the approach to the development of a machine 

translation system for closely related languages on the basis of the pragmatic-

oriented approach using the multifunctional model of the Turkic morpheme. 

The multifunctional model combines a structural-functional model, a database 

filled for several Turkic languages and software for filling and using this 

system. Keywords: Machine translation, closely related languages, 

multifunctional model. 

 
The task of machine translation has become one of the first challenges, which 

researchers met since the invention of the first computer [1]. Machine translation has 
subsequently become a separate scientific field of artificial intelligence. Although the 
issue is being studied by computer giants such as Google and Yandex, it remains 
unresolved so far. Currently, most machine translation systems available on the 
Internet are based on the statistical approach. Statistical technologies of machine 
translation have many of advantages, such as self-learning possibility, translation 
smoothness, and technology transferability to any pair of languages. An important and 
necessary condition for the statistical method of translation is the presence of parallel 
corpuses. 

The language situation of the Turkic-speaking peoples currently does not allow 
making full use of the statistical machine translation technologies. The reason is that 
there are practically no large parallel corpuses that are capable of providing the 
acceptable quality of translation for most of them. Despite this, active work is being 
done to create machine translation systems for a range of the Turkic languages. Some 
of such machine translation services are available on the Internet today, including 
web-based translators for Russian-Uzbek (www.spells.uz), Russian-Kazakh 
(www.sanasoft.kz), Azerbaijani-English, Azerbaijani-Turkish (www.dilmanc.az), 
Uygur-Japanese [2], Uighur-Chinese (www.jofcis.com/downloadpaper.aspx?), 
Turkish-Crimean-Tatar [3] and Sakha-Russian language pairs. 
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In two of the listed machine translation systems, translation is performed between 
closely related languages, namely Azerbaijani-Turkish [5] and Turkish-Crimean-Tatar 
[3] translators. All the mentioned languages belong to the same Oguz subgroup of the 
Turkic languages, which is the reason for the even greater structural similarity of the 
languages. Both these projects are based on RBMT (Rule Based Machine Translation) 
technology, which means that different levels of language rules are used to solve 
translation tasks, specifically the rules of the Turkic morphological word form 
analysis and synthesis, as well as the rules of lexical, affix and syntactic 
correspondence. The morphological analysis program modules in these translation 
systems are implemented on phonological and morphotactic rules that were produced 
from automatic morphological analysis in the PC KIMMO system. PC KIMMO is a 
computer program that uses a linguistic description of phonology and morphology of 
a natural language and a specially marked dictionary (Lexicon) for recognizing and 
generating words in that language. The program was widely used for agglutinative 
languages, which include the Turkic languages. 

The drawbacks of RBMT technologies are development time and complexity, as 
well as the need to constantly maintain and update the linguistic databases. We 
propose to use the multifunctional model of the Turkic morpheme [6] as such a 
linguistic resource. This system has become a basis for a newly created database for 
several languages, and a set of software modules has been implemented based on the 
linguistic features of the Turkic languages. 

Our machine translation system between closely related languages is built on a 
pragmatic-oriented approach to the development of linguistic models [7]. This 
pragmatic-oriented approach allows more detailed study of a certain language level 
models depending on the target orientation of the system being developed. It also 
determines the minimum set of tools for solving a certain range of linguistic tasks. 
The effectiveness of the translation system, that was developed on the basis of this 
approach, can be ensured by the formation of different linguistic model levels, as well 
as by taking into account the closeness of structural and typical characteristics of 
languages within a single language group. 

Languages within one Turkic language group, which includes Tatar and Sakha 
(Yakut), have a great similarity at all language levels. Therefore, we proposed the 
following hypotheses for the development of a machine translation program: 

 
- When developing translation systems within Turkic languages, the main part of 

the translation will be provided by the linguistic modules on the morphological and 
morpho-syntactic levels; 

- Due to the syntactic and morphological proximity of the Turkic language text 
units, the ambiguous parts that exist in the source text will result an ambiguous text in 
the other language. 

 
The main architecture of the proposed machine translation system is based on 

these hypotheses and in accordance with a pragmatic-oriented approach (Fig. 1). 
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of the Multifunctional Model of the Turkic Morpheme      3 
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Figure 1. Main architecture of the action of TMS for closely related languages 

The multifunctional model of the Turkic morpheme was chosen as the main 

linguistic resource to be used in implementing the tasks of machine translation among 
closely related languages. The system has a hierarchical structure including a 
multitude of submodels. The description of each Turkic language morphemes is a 
separate sub-model of the main model. The main scheme of the model is shown in the 
Fig. 2. 
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Figure 2. Main scheme of the model of the Turkic morpheme 

The model of the morpheme of the language Li contains the submodels of the root 
and affix morphemes of the language Li, developed according to a single principle 
and containing descriptions of morphemes on different linguistic levels. Figure 2 
shows that the model is based on the reference data model L0, which is common to all 
languages of the Turkic family, and the submodels of each specific language are filled 
on its basis. In Fig. 2 Turkic languages are shown by only two representatives of Li 
and Lj, whereas in reality each Turkic language realizes its own submodel. As shown 
in Fig.2, the morpheme models MMLi of each language are associated with their 
relational-situational submodel RSMLi. The relational-situational submodel of Li 
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language is the filling of the reference relational-situational data model RSM0 with 
information from the language Li. The reference relational-situational data model is a 
system of semantic universals, which helps to describe the morpheme values. In terms 
of machine translation, the relational-situational submodels are used in the 
dsambiguation module (Fig.1.). 

The translation software for closely related languages is implemented both as a 
separate web resource, and as a desktop software product. The submodules developed 
with the specificity of the Turkic languages make possible to simplify the task of 
creating language databases for operators. In particular, the software contains 

mechanisms to integrate versatile information about languages at various levels. The 
built-in modules for managing access rights determine the list of the languages and 
the scope of tasks to be implemented by each of the operators. The quality of text 
analysis and synthesis increases with gradual filling of data on each of the languages 
in the system and so does the quality of the machine translation produced by the 
morpheme model. To date, several planned modules have yet to be implemented; in 
particular, the most interesting and especially complicated part is the mechanisms for 
removing the emerging ambiguities using the relational-situational submodel. We 
have objectives of applying the implementation experience of such a system to the 
agglutinative languages of other groups, as well as exploring the possibility and, 
consequently, implementing machine translation between the agglutinative languages 
of separate groups. 
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Abstract. The paper introduces a tool for developing a bilingual Russian-
Tatar thesaurus. In the development of the tool, the existing general purpose on-
tology editors and specialized thesaurus editors based on SKOS, WordNet and 
RuThes models were analyzed, namely: Protégé/WebProtégé, VocBench, Pool-
Party, iQvoc, SKOSEd, OMWEdit, WordNetLoom, GernEdiT, DEBVisDic, 
WordNet Editor, YARN and RuThes thesaurus editors. A new tool for develop-
ing a bilingual thesaurus based on the RuThes model was proposed as the result 
of the research. The tool is implemented as a web application, it supports 
teamwork and publishing the thesaurus database in the Linking Open Data 
(LOD) cloud. 

1   Introduction 

Electronic thesauruses are used to solve a wide range of problems dealing with in-
formation retrieval and natural language processing, including search query expan-
sion, automatic text categorization, semantic similarity calculation, word sense dis-
ambiguation, coreference resolution, automatic text summarization and question an-
swering. Electronic multilingual thesauruses are also used for cross-lingual infor-
mation retrieval and machine translation. 

Electronic thesauruses have been developed for many world languages, but there 
has not been any thesaurus created for the Tatar language. In this regard, there is an 
urgent task of developing an up-to-date thesaurus for the Tatar language and, a bi-
lingual Russian-Tatar thesaurus as well. This task is being solved within the RSCF 
project titled "Development of models for linking terminology in different languages 
(on the basis of Russian and Tatar languages)." 
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The development of such a resource requires specialized software, which has the 
following requirements regarding the project: 

– Support for predefined thesaurus knowledge representation formalism 
– Support for multilingual thesauruses 
– Teamwork support 
– Possibility of publishing the thesauruses in the Linking Open Data cloud 
– Cross-platform compatibility 
– Free licensing 

2 Review of the existing thesaurus software tools  

The authors of the paper carried out an analysis of existing tools for the creation of 
thesauruses, which showed that none of them meet full requirements of the mentioned 
project. Nevertheless, the VocBench editor (http://vocbench.uniroma2.it) satisfied 
most of these requirements [1, 2]. 

The VocBench system is developed by the United Nations Food and Agriculture 
Organization (AIMS) and ART group of the University of Tor Vergata in Rome. The 
product is available for download and is distributed under free license as a web-
application. Initially, this product was created to edit the agricultural thesaurus 
AGROVOC, but to date it is used for developing thesauruses of various subjects. 

However, it is based on the SKOS model, which has a too poor set of relations: 
there is a generalized "above-below" relation that cannot be used for "class-subclass", 
"instance-class" and "part-whole" relations. The VocBench editor allows extending 
the SKOS model by adding new relationships into it, but these relationships are not 
displayed in the concept tree. 

The system allows connection to external dictionaries and ontologies, as well as 
importing other ontologies, so that thesaurus elements can have custom properties and 
relationships. In addition, thanks to the support of logical output, the system displays 
not only the properties of explicitly specified thesaurus elements, but also those that 
flow logically from them. 

The RuThes model was selected for the implementation of the bilingual Russian-
Tatar thesaurus, because it adopts an approach of organizing the thesaurus in the form 
of a network of language-independent concepts. The concepts are related to each oth-
er by the following relationship types: higher / lower, part / whole, direct association / 
indirect association. Each concept is connected with text entries, which are expres-
sions of the concept in natural languages. Whereas the same concept can be associat-
ed with several text entries, the latter may adopt one or several associations with con-
cepts, as well as other text entries in other languages. Text entries can refer to differ-
ent languages. 

There is a proprietary software product [5] to work with the RuThes-based thesau-
ruses (Fig.1). This editor almost completely corresponds to the selected model of the 
thesaurus. However, it is not published and is not available for free download. Ac-
cording to the available information, the program is implemented as a desktop appli-
cation for Windows and cannot be used on other platforms. The system does not sup-
port teamwork and the possibility of publishing a thesaurus in the LOD cloud. 
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Figure 1. RuThes thesaurus editor 

Based on the results of analysis, we decided to develop an independent tool that meets 
all the above specified requirements. 

 3 The russian-tatar thesaurus editor  

The software was created as a web application to make it more convenient for the 
developers of bilingual thesauruses. Web technologies were chosen due to the need 
for simultaneous work of a large number of users with a common database, as well as 
the need to present the results of development to the general public instantly. 

The application implements three types of users, which can interact with it. The 
first type is ordinary users, who can work with the thesaurus only in the view and 
search modes. The second type comprises experts who can work in the fill and edit 
modes. Authentication is required to access this mode. The third type of users are 
administrators who, in addition to the listed rights, are authorized to register new us-
ers in the system, block existing ones, and manage the thesaurus structure. 

In the program, the thesaurus is divided into the Russian and Tatar sections. 
The screenshot of a page, which shows viewing and searching data in the Russian 

section of the thesaurus site, is shown in Fig.2.  
The menu at the top of the site allows navigating to the following sections: 
1) alphabetical index of text entries, 
2) search for text entries, 
3) alphabetical index of concepts (semantic values of text entries), 
4) specific thesaurus domain selection (for example, socio-political, geographic, 

etc.) 
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Figure 2. The concepts page in the Russian section of the bilingual thesaurus 

The system provides the options for experts to edit concepts or text entries, as well 
as to change the relationships between concepts and text entries. 

Search engines for concepts and text entries allow finding quickly the requested 
information in the system. This function is available in the main menu. Suggestions 
are shown while entering search query, which is implemented as a hint submodule 
based on the list of concepts and text entries available in the database. 

Text entries, as well as concepts, can be viewed alphabetically by selecting from 
the alphabetical list the required letter. Since the volume of thesaurus is too big to 
display all records on the same page, text entry lists are divided into pages of 100 
records. 

After authentication in the system the experts are allowed to add, edit and delete 
text entries and concepts Experts use the same sections of the site as unregistered us-
ers, but they can also make changes in the pages of the system they visit. 

A page with a list of concepts in the editing mode is shown in Fig.3. 
As can be seen from in Fig. 3, there are additional buttons ("edit", "view", "de-

lete") displayed on the pages of editing text entries and concepts near the results table. 
On the pages that contain lists of entries there are also buttons to add a text entry and 
to add a concept (depending on the section). 

The relationship tree between particular concepts can be opened in a pop-up win-
dow. To see the relationships, one has to move in any required direction regarding the 
relation type requested ("above", "below", "part", "whole," etc.). There is also a list of 
concepts sorted alphabetically. The detailed page of a concept (Fig.3) displays the text 
entries associated with the semantic value it represents. In addition, the relationships 
with other concepts are also presented at the page. 
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Figure 3. Thesaurus page in edit mode 

 
To help experts see the unsolved problems in the thesaurus conveniently, the ap-

plication implements a system of hints that display information about the issues. The 
expert can see the existence of unsolved problems by the color of the concept's hy-
perlink: the blue links mean that the information about the concept is introduced in all 
languages of the system, while the red ones indicate that there are some problems, 
which need additional attention of the expert. If the concept has no relationships with 
other concepts, then the "No Relationships" mark is displayed. If the associated text 
entries or the concept name are specified only in one language, the system adds the 
"Only one language" icon. If the concept has no relations to text entries at all, then the 
concept in the list will indicate "No text entry". 

Another tool that facilitates the work of an expert interpreter is a built-in Russian-
Tatar dictionary. In Fig. 3, it is shown in the upper right corner and can be called by 
selecting the "Dictionary" menu item. The dictionary displays a query string with a 
list of search results below. When creating and editing concepts in the block of text 
entries, the Russian ones are always displayed as hyperlinks. After clicking on them, 
the Russian-Tatar dictionary window appears with the entered query and the list of 
results found in the dictionary. 

The program allows tracking the history of changes. In the "History of operations" 
subsection, a list of all actions of the registered users in relation to the thesaurus data-
base is displayed as a table. The list of changes is displayed on a page-by-page basis; 
the entries are arranged in descending order. Each record contains information about 
the author and the time of the changes in relation to a particular table of the thesaurus 
database. Name and table filters are available at the top of the list. The changes are 
saved in a separate database as json documents, and it is possible to see who, when 
and what changes made in relation to a particular record of the system, whether it was 
a text entry, a concept or a user account. This tool allows restoring deleted records 
and/or rolling back changes made on a certain date. 
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The system is developed using open source software development tools. The code 
of the program is written in the PHP language using the Yii 2 Framework libraries. 
The administrator section is placed in a separate part of the source code. The main 
data is stored in a MySQL database. The Redis data storage is used for hosting user 
sessions, and the MongoDB database contains the authorized users' actions history, as 
well as all the changes in the thesaurus. Although the thesaurus is hosted on a server 
that runs one of the Linux family operating systems, it can be installed on any operat-
ing systems that support the specified technologies, including the Microsoft Windows 
platform. 

 

CONCLUSION 

The tool developed by us is currently used by experts who fill the Tatar part of the 
thesaurus. In the future, it is planned to publish the source code of the product under a 
free license at the GitHub repository. 

This software product can be used not only to develop the Russian-Tatar thesau-
rus, but also to add thesauruses for other languages. 

This tool in the future can become a de facto standard to develop the thesauruses 
based on the RuThes model, as well as to create lexical resources based on the LMF 
ISO-standard and the Lemon ontology. Development of new thesauruses and their 
publication will contribute to the development of the global Linguistic Linking Open 
Data Cloud. 

 
The work was supported by the Russian Science Foundation (project No. 16-18-

02074 "Development of models for linking terminology in different languages (on the 
basis of Russian and Tatar languages).") 
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Abstract. The authors developed a new grammatical-algebraic approach to the 
analysis, control, diagnostics, modeling, interpretation and reengineering of 
DDW in the conditions of a large design organization in the part of design and 
technological preparation of production (DTPP) 

1   Introduction 

“Nowadays, business enterprises often need to dynamically reconfigure their 
internal processes in order to improve the efficiency of the business flow. However, 
modifications of the workflow usually lead to several problems in terms of deadlock 
freedom, completeness and security.” [1]. Although, design, analysis, control and 
modelling of dynamic workflows are famous problem seeing flexible reaction to 
changing business process.  

The dynamic development of complex automated systems is connected with the 
adaptation of workflows to changes in system requirements. “We consider 
enterprise/business agility as a property of an enterprise to function in the highly 
dynamic world” [2] and it has two features: 1) to adapt to changes in the environment; 
2) to discover new opportunities constantly appearing in the dynamic world to launch 
completely new products (services). The agility implementation requires a new 
approach that allows designers to discover changes and opportunities of complex 
automated systems development, and to influence on them accordingly. The need to 
develop this approach appeared when the degree of changes in requirements of 
development increased. For example, in [3] the author says: “Industry and technology 
move too fast, requirements change at rates that swamp traditional methods.” 

Whitestein Technologies, Magenta Technologies, SkodaAuto, Volkswagen, 
Saarstahl AG note that the first generation of static management systems of product 
lifecycle and project workflows [4] can no longer meet the requirements of many 
companies, approach and automated tools of the first generation of project workflow 
standardization have already exhausted its resources, and as a result, there are poorly 
formalized (poor-quality) processes, stimulating the growth of expenses for their 
development and improvement. 
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The authors of this paper used the definition given in [5], for a dynamic workflow 
– workflow adjusted to the environmental changes. ProBis [6] is considered to be a 
traditional workflow management system. Dynamic project workflow management 
systems according to the works [7-9] include YAWL (Yet Another Workflow 
Language) and iPB. 

According to the ISO 9000: 2000 standard, analysis, monitoring, diagnostics, 
modeling, interpretation and reengineering contain the verification and validation 
stages. 

Verification is a confirmation on the basis of objective evidence that the 
requirements have been met. 

Validation is a confirmation on the basis of objective evidence that the requirements 
intended for a particular use or application have been met. 

2   Related works  

2.1 Scientific schools and tools 

Analysis and control of design workflows are carried out by the scientific schools 

of the Higher School of Economics, MSTU STANKIN, MVTU them. N.E. Bauman, 

UlSTU, POMI of the Russian Academy of Sciences, the Moscow State University of 

Economics, the Institute of System Programming of the Russian Academy of Sciences 

(Russia), the Carnegie Mellon University (USA), VERIMAG (France) laboratories, 

such scientists as Afanasyev A.N. [10-14], Karpov Yu.G. [15], Sosnin P.I., Lifshits Yu. 

[16], Yarushkina N.G., Kalyanov G.N. [17], Konev B. Yu., Shalyto A.A., Savenkov 

K., Kulyamin V. V. (Russia), as well as Neda Saeedloei, Gopal Gupta [18], Clark E.M., 

Buch G. ( USA), Yuan Wang, Yushun Fan [19] (China), and Rational Unified Process 

(RUP) technologies [20], PBWD methodology, Unifyid Model Language (UML) 

modeling languages [21], extended Event Driven Process chain (eEPC), BPMN, 

IDEF0, IDEF3, Amber, Promela, YAWL, the Booch Methodology [22], Hierarchical 

Object Oriented Requirement Analysis (HOORA) [23], Jacobson Method [24], Object 

Modeling Technique (OMT) [25], Planguage [26], Shula-Mellor Object-Oriented 

Analysis Method [27], Software Cost Reduction Requirements Method (SCR) [28], 

Software Requirements Engineering Methodology (SREM) [29], Storyboard 

Prototyping [30], Structured Analysis and Design Technique (SADT) [31], as well as 

Structured Analysis and System Specification (SASS), Volere method, Win Win 

approach, Component-based methods (COTS-Aware Requirements Engineering 

(CARE), Off-the-Shelf Option (OTSO)) [32]. 

Karpov Yu.G. in [15] presents the Model Checking approach to the analysis, 

control, modeling and reengineering of business processes, in which the main drawback 

is the study of the model, and not the system itself, so the question arises about the 

adequacy of the model to the system, as well as the complexity of solving the problems 

listed above Is exponential. 

Neda Saeedloei and Gopal Gupta [18] applied a temporal automaton realizing 

temporal context-sensitive grammar-grammar to the analysis of cyber-physical systems 

with the subsequent translation of this grammar into co-inductive logical programming 

for the Prolog interpreter. 
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Yuan Wang and Yushun Fan [19] suggest using the temporal logic of actions to 

describe the workflows in the graph form, which requires the description of all graph 

routes in the temporal logic of deutsviy formulas and the proof of the opposite 

assumption. The use of linear temporal logic to formalize the route from tasks, branches 

AND, OR and JOIN convergence, however, the question of the adequacy of 

constructing the description of workflows in the graph form remains unresolved. 

The database of tools for analysis and control of cyber-physical systems, including 

work flows, is available at [33] and is presented in the table. 

Moreover, the meaning of the symbols used in the table is the following: 
<NOTHING> is the tool doesn't have the feature;   is  the tool has the feature; 

  is  the tool has the feature and additional information is displayed, when the cursor 
is over the icon (if supported by the browser);   is  reference (e.g. e-mail or web site). 

In addition, there are good tools CPN Tools [34], "Roméo - A tool for Time Petri 
Nets analysis" [35], TimesTool [36], Tina Toolbox [37], Visual Object Net ++ [38]. 

2.2 The analysis, the control and the diagnostic within a structurial conflict 

errors (Verification) [39]  

The analysis and the control involve the checking of the syntactical correctness of 

a workflow model. In contrast to the context of programming languages where syntax 

only refers to the language, we incorporate in our notion of syntactical correctness both 

the structure and the behavior of the workflow model. Although workflow models that 

have been derived in the way as described in this section already implement some 

notions of syntactical correctness, models may be extended or changed by human 

intervention before they are considered complete. Typically, human errors in designing 

the workflow on the basis of the product data model may cause dead tasks, deadlocks, 

livelocks, etc. Especially when a workflow model becomes large, i.e., when it 

incorporates hundreds of tasks, it is difficult for human designers to oversee the 

complete model.  
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The analysis and the control of a workflow process for structural conflicts are a 

computationally complex problem and many approaches can be used to do this. 

However, the approach adopted for workflow analysis and control would correspond 

to the process definition language. Due to the computational complexity of the problem, 

only few approaches succeed in doing the workflow analysis and control under 

reasonable time limits for all kinds of workflow graphs. A discussion is given by Van 

der Aalst and Ter Hofstede (2000). Woflan tool has been created by H.W.M. Verbeek 

and W.M.P. Van der Aalst for an analysis and control the structural conflict errors in 

WF-nets. Apart from analysis and control structural conflict errors, Woflan can also be 

used for inheritance checking. Flowmake tool has been created by Wasim Sadiq and 

Maria E. Orlowska based on their Graph Reduction algorithm for analysis and control 

the structural conflict errors in Workflow graphs. Flowmake is based on the Graph 

Reduction algorithm by Wasim Sadiq and Maria E. Orlowska. This algorithm is not 

complete as it fails to check the analysis and control problems in special kind of 

workflow graphs called overlapped workflow graphs. It is necessary to have an analysis 

and control algorithm that checks all kinds of workflow graphs, as it is impossible to 

seclude overlapped graphs while designing business workflow processes. For this 

purpose, Hao Lin et al., defined an algorithm to analyse and control all kinds of 

workflow graphs.  

Requirements verification is the process of ensuring, that requirements statements 

are accurate, complete and that they demonstrate the desired quality characteristics. 

(Wiegers, 1999) 

2.3 The analysis, the control and the diagnostic within a semantical conflict 

errors (Validation) [39] 

Perhaps the most important step in the evaluation phase is the analysis, the control 

and the diagnostic within a semantical conflict errors of the derived workflow designs 

by experts. The analysis, the control and the diagnostic involve the semantic correctness 

of the model: are the right things being done? Although the product specification is the 

proper source for deriving what should be done, misinterpretations or improper use of 

may be the cause of a faulty workflow design. Note that semantic correctness supposes 

a syntactic correctness of the workflow involved, as checked in the analysis, the control 

within a structurial conflict errors step. 

From a system development point of view, it is important to validate a process 

design prior to the implementation of the workflow and the automation of processing 

steps. It is well known that design errors that are found late in the project are very costly 

to correct. Martin (1991) estimated that in software development finding a design error 

during the programming, testing, and maintenance phases is respectively 3, 10 and 100 

times more costly than finding it during the design. From a change management 

perspective, it is also valuable to confront end-users with a design before further 

development takes place. This approach involves users in the design and it enables them 

to give feedback. It is also desirable that end-users realize that although the new process 

design may be structurally different from the process they are used to, it can be used 

for delivering the same type of products as before. 

For all named the analysis, the control and the diagnostic purposes, there are 

different means available. Sommerville and Sawyer (1997) name formal inspections, 

developing draft manuals, paraphrasing, validation checklists, and prototyping. Casimir 

(1995) also names the gaming concept as a means for system design validation.  
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Common techniques to support validation include prototyping (executable model 

of the requirements), simulation and development of (mathematical) models [40]. 

The PBWD methodology is presented in Figure 1 [41]. 

Requirements validation is concerned with the process of examining the 

requirements document to ensure that it defines the right system (i.e. the system that 

the user expects). (Kotonya & Sommerville, 1998) 

 
Figure 1. The PBWD methodology 

3   Grammatical-algebraic approach to control, analysis, modeling, 

interpretation and reengineering of DDW 

3.1 Structural-behavioral analysis, control and diagnosis of DDW 

(Verification) 

Structural-behavioral analysis of DDW ensures control of its topological 
correctness and diagnostics (determination of the cause of the error in the form of a 
route in the DDW leading to an error) according to the following properties: 
attainability, safety, liveliness, justice [15]. 

The reachable property is the ability of the system (person) to obtain the desired 
result in the future, following the DDW. 

Security properties (security) are both the absence of queues from tasks in the DDW 
when the enterprise's goal is achieved. 

The liveness property is the activity of all structural units in the DDW, i.e. There is 
no such structure in DDW that can be removed, and the system will work without 
behavior changes. 

The property of fairness is both a causal relationship of issuing tasks and obtaining 
resources for their implementation. 

When analyzing, monitoring and diagnosing DDW, as a rule, the following series 
of typical structural errors are identified: deadlock, endless loop, problems with access 
to resources, blocking of resources, limitation of liveliness (Limiting the liveliness). In 
[39] they cluster them into two categories: The Lack of Synchronization structural 
conflict, the deadlock structural conflict. 

The authors propose to use the developed RVT-grammar for stochastic-behavioral 
analysis, control and diagnosis of DDW. 

 

Evaluation 

Verify workflow m odels 

structure, behavior 
Validate workflow m odels 

prototyping, gaming, inspections 
Establish perform ance workflow m odels 

simulation, analytical methods 
Present workflow m odels 

selection, implementation 
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3.2 Semantic analysis, control and diagnostics of DDW (Validation) 

The semantic errors of the DDW are the most "dangerous" in terms of the 
consequences of incorrect system behavior, and also difficult to detect. 

Validation, however, checks the final draft of the document for completeness, 
ambiguity and correctness. Demonstrating that a set of requirements meets the needs of 
the stakeholders. Common techniques to support validation include prototyping 
(executable model of the requirements), simulation and development of (mathematical) 
models. 

Engineers-designers, software engineers often use the Error Checklist, which 
consists of listing the necessary test works to determine a malfunction in the system 
operation or a conflict situation in the DDW. 

Here is an example of Checklist's mistakes of a software engineer, taken from [40]. 
1. Identify interfaces between the system and the operating environment in order to analyse hazards of the 
interfaces. 
2. Identify interfaces between the system and the operating environment in order to analyse system level 
hazards. 
3. Identify interfaces between the system and the operating environment in order to analyse human-machine 
interfaces. 
4. Identify interfaces between the system and the operating environment in order to analyse hardware-
software interfaces. 
5. Identify interactions of subsystems within the system in order to analyse propagation of failure modes (i.e., 
hazards). 
6. Identify interactions of hardware subsystems within the system in order to analyse 
incompatibilities between or at interfaces. 
7. Identify interfaces between disciplines in order to interpret disciplinary specific terminology between 
disciplines. 
8. Identify interfaces between disciplines in order to co-ordinate interdisciplinary efforts to mitigate risk. 
9. Identify human-machine interfaces within the system operating parameters in order to assure that system 
demands do not exceed human physical or cognitive limitations. (Have we uncovered a potential fault) 
10. Identify hardware-software interfaces within the system to determine compatibility of software and 
hardware at the interfaces. (Have we uncovered a potential fault) 
11. Assess the adequacy of information exchange at hardware-software interfaces within the system. 
12. Identify human-hardware-software-environment interfaces within the system to analyse the effect that 
the software has on the system. 
13. Identify applicability of hardware failures as they affect the system. 
14. Identify the effect of the environment on the system. 
15. Identify the importance of design element factors in terms of their effect on the system.  
16. Identify software functions that are critical to the safe operation of the system. 
17. Identify safety critical elements in the software specification. 
18. Discern proper and improper software controls for hardware operation. 
19. Develop criteria to ensure that human limits and boundaries of operation are not exceeded. 
20. Identify relationships between human operators, procedures, machines, and the environment which 
ensured total system operational safety. 
21. Define relationships between human operators, procedures, machines, and the environment to ensure total 
system operational safety. 
22. Evaluate workplace design to ensure that operational flows and human requirements are compatible with 
safe operations. 
23. Develop and evaluate procedures to ensure proper operational flows and correct operator reactions to 
anomalies. 
24. Define proper safety program activities commensurate with the development life cycle of the system. 
25. Define and co-ordinate the system safety program life cycle with the system engineering life cycle. 
26. Identify the safety implications associated with each life cycle phase of the system. 
27. Identify the effect of the life cycle environments on the safety of the system. 
28. Identify the effect of the system’s life cycle on the environment. 
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29. Evaluate procedures to ensure proper operational flows and correct operator reactions to anomalies. 
30. Determine potential human errors and their effects on the system. 

The authors developed a method for locating and localizing semantic errors in 
DDW, based on temporal logics, automata and RVT-grammar. 

3.3 Formalization of the DDW properties specification 

The DDW properties specification describes the requirements for the behavior of 
the system (executor) and can be specified by the temporal logic formula in the form of 
a disjunctive-normal form as follows: 

                φ∷p|φ|¬φ|φ∨φ|∘φ|φ⋃φ,   (1) 

where p is a temporal atomic predicate (atomic predicate), ¬ is a negation, ∨ is logical 
‘ИЛИ’, an operator ∘ is a temporal operator NextTime (X), ⋃ is a temporal operator 
Until. Moreover, еemporal atomic predicate p еakes on value ‘0’ or ‘1’ at specific time 
intervals and, unlike the predicate of first-order logic, does not depend on its structure.  

Example. The chief designer sector checks design documentation (DD) for the 
product for errors, makes a decision: give it for revision in the presence of errors or, in 
the absence of errors, transfer to design engineers in separate design bureau – Design; 
and the head of the laboratory sector checks the design documentation (DD) for the 
product for errors, makes a decision: return it for revision in the presence of errors or, 
in the absence of errors, transfer it to the laboratory in the Laboratory. The formal entry 
looks like this: 

  φ =  Design ∨  Laboratory ⋃ (No Errors in Problem Definition),  (2) 

where Design is a temporal atomic predicate: a sign of transfer of DD in Design, 
Laboratory is a temporal atomic predicate:  a sign of transfer of DD to the Laboratory, 
(No Errors in Problem Definition) is a temporal atomic predicate:  a sign of no errors 
in the DD. 

To further simplify the temporal algebraic conclusions, we define φ through the 
temporal operator ° as: 

                       φ = NE ∨ (D ∨ L) ∧ °φ ,      (3) 

where 𝑁𝐸 is No Errors in Probmlem Definition, 𝐷 is Design, 𝐿 is Laboratory.  
3.4 Definition timed RVT-grammars  

The authors have developed automaton grammar, called RVT-grammar, to 
analysis and check (control) diagrams with time for the tools, described in the papers 
[10-14]. 

RVT-grammar has a basis of the L (R) language grammar, which can be written 
as: 

                𝐺 = (𝑉, Σ, Σ
~

, 𝑅, 𝑇, 𝑟0),  (1) 

where 𝑉 = {𝑣𝑙 , 𝑙 = 1, 𝐿} is an auxiliary alphabet (the alphabetical operations with the 
internal memory, and card(𝑉) → ∞) ; Σ = {𝑎𝑙 , 𝑙 = 1, 𝑇}  is a terminal alphabet, 
which is the union of its graphic objects and links (the set of primitives); Σ̃ = {�̃�𝑙 , 𝑡 =
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1, �̃�}  is a quasi-terminal alphabet, extending the terminal alphabet. The alphabet 
includes:  

• quasi-terms of graphic objects, 
• quasi-terms of graphic objects with more than one input, 
• quasi-terms of links, marked with the specific semantic; 
• quasi-term for the end of an analysis; 
• 𝑅 = {𝑟𝑖 , 𝑖 = 1, 𝐼} is the scheme of the grammar (a set of rules, where each 

complex  𝑟𝑖 consists a subset 𝑃𝑖𝑗  of rules, where 𝑟𝑖 = {𝑃𝑖𝑗 , 𝑗 = 1, 𝐽}); 
• 𝑟0 ∈ 𝑅 is an axiom of RVT-grammar (the initial complex of rules), 𝑟𝑘 ∈ 𝑅 is 

a final complex of rules. 
The complex of rules 𝑃𝑙𝑚 ∈ 𝑟𝑖 is given as: 

                 𝑎𝑙 
[𝑡𝑖]

𝑊γ(𝑣1,...,𝑣𝑛)
→        𝑟𝑚 ∧ 𝜑, (2) 

where Wγ(𝑣1, . . . , 𝑣n) – n-ary relation, defining an operation with the internal memory 
depending on γ ∈ {0, 1, 2, 3}; 𝑟𝑚 ∈ 𝑅 is the receiver of rules, 𝑇 ∈ {𝑡1, 𝑡2, 𝑡3… , 𝑡𝑛} is 
a set of timed labels (time stamp) with given functions 𝐹𝑇Σ: Σ → 𝑇 and 𝐹𝑇Σ

~

: Σ
~

→ 𝑇 
accordingly; 𝜑 ia a temporal formula of a specification. 

The internal memory is presented by a stack for processing the graphic objects that 
have more than one output to save the information of link-marks, and elastic tapes for 
processing the graphic objects that have more than one input to mark the number of 
returns to a given vertex, and hence the number of incoming links. It should be noted 
that the elastic tape reads data from cells of the internal memory without a content 
destruction, and the cells of elastic tapes operates on data as a counter defined on 
positive integers. 

The chain of 𝜑 = 𝛼𝑙1, 𝛼𝑙2, … , 𝛼𝑙𝜆 is called RVT-derivation 𝛼𝑙𝜆 from 𝛼𝑙1 and it 
is denoted 𝛼𝑙1

𝑅𝑉
⇒ 𝛼𝑙𝜆  if for any 𝜉 < 𝜆  and 𝑟𝑒 ∈ 𝑅 are as 𝛼𝑙𝜉+1 ∈ 𝑟𝑒 , 

(𝑎𝑙 
[𝑡𝑖]

𝑊γ(γ1,...,γ𝑛)
→        𝑟𝑒 ∧ 𝜑) ∈ 𝑟𝑖 . 

RVT-grammar is effective both for generating and recognizing. 
The application of any complex of rules 𝑟0 (RVT-grammar axiom) generates 

some chain of language L on its RVT-grammar. The complex of rules determines 
both the initial symbol of generated chain, the operation on the internal memory, and 
also the name of receiver of rules. The generation is completed using a complex of rules 
with 𝑟𝑘 on the right-hand side. 

The recognition of the chain runs verifying the first symbol using rules 𝑟0, while 
next symbol appearing, and the last symbol of the chain must belong to a complex of 
rules with 𝑟𝑘 on the left-hand side. 

The use of rules is accompanied with appropriate operations on the internal 
memory. The internal memory is empty at the start, and at the end of these processes, 
the memory contains operations of rules with 𝑟𝑘 on the right-hand side. 

Temporal formula 𝜑 says that the implication of the contents of the magazine belt 
(𝑣1, . . . , 𝑣𝑛) must satisfy 𝜑, otherwise, there is a semantic error in the DDW, i.e.  

         ∃𝜑 → 𝑤2(𝑣1, . . . , 𝑣𝑛)/𝑤3(𝑣1, . . . , 𝑣𝑛 ≠ ∅)  (3) 
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Taking into account formula (3) and slaves [10-19, 32, 39, 40], the authors introduce 
the following new class of semantic errors of DDW: lack of necessary (for example, 
lack of quality control of the source code of the computer program due to the short 
development time in DDW, which can lead to costly mistakes in implementation, 
implementation and operation). 

Thus, the DDW diagnostics is realized by means of a step-by-step trace of the 
content of the magazine tape with the fulfillment of the condition 𝜑. 
3.6 Interpreting and reengineering DDW  

The implementation part of the DDW in the form of the source code of the graphic 
primitive, which is an object of the compiler interpretation, can be represented in 
different languages, including high-level languages (for example, Object Pascal 
(Delphi), Visual Basic for Application), which allows it to be converted in the diagram 
view, including Active Diagram UML, and check for errors using RVT-grammar. 

Exploitation DDW allows to present in detail the design and technological 
processes of the enterprise and can serve as useful information to the management with 
the aim of reorganization of the enterprise, including reengineering. When 
reengineering DDW, the existing workers (operating in production) are analyzed, and 
not planned in the future. At the same time, the structural and behavioral analysis of the 
DDW, the semantic analysis of the DDW, the introduction of changes in the DDW with 
the aim of optimizing them in terms of greater automation of design and technological 
work and increasing the overall production efficiency are carried out. The optimization 
criteria can include such categories as time, number, volume, money, etc., which can 
be verified automatically and validated using the temporal formula 𝜑 present in the 
mathematical apparatus RVT-grammar. 

4   Conclusion  

The authors developed a grammatical-algebraic approach to the analysis, control, 
diagnostics, modeling, interpretation and reengineering of DDW based on its own 
RVT-grammar. The scientific significance of the approach is represented by the 
RVT-grammar, which takes into account the temporal nature of the DDW, provides 
structural-behavioral and semantic analysis, control, diagnostics, modeling, 
interpretation and reengineering of the DDW, and extends the class of errors. 

In the future works, the authors plan to conduct experiments on BPMN, eEPC, 
Active Diagrma UML and other graphical temporal languages for the development of 
complex systems, taking into account the data of design and technological preparation 
for the production of a real enterprise. 
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Annotation. The article describes the problems and ways to solve them when 
replenishing the Tatar national corpus by scanning and recognizing Tatar texts 
in paper form and crawling web documents in the Tatar language. 

1. Introduction 

The Tatar national corpus «Tugan tel» [1] is a linguistic resource of the modern 
literary Tatar language, which will effectively solve many linguistic tasks, such as 
obtaining new data on the structure and lexical composition of the language, helping 
to develop new dictionaries, etc. Texts included in the corpus have morphological 
markup (information about the part of speech and grammatical characteristics of the 
word form). The morphological markup is carried out automatically on the basis of 
the module of two-tier morphological analysis of the Tatar language with the help of 
HFST (Helsinki Finite-State Transducer Technology (HFST)) software tool. 

The practical importance of the Tatar corpus of texts is proportional to its volume, 
therefore, an important task is to compile a collection of texts and bring them to a 
single format. One way to fill the text collection of the corpus is to scan texts in the 
Tatar language on paper with their further recognition. Another way is to crawl web 
documents in the Tatar language. 

When scanning and recognizing Tatar texts, several problems arise. It is desirable 
to solve them in an automatic mode, since manual processing takes a lot of time and 
human resources. These problems include: 

– removal of non-text elements, 
– hyphenation processing, 
– check for possible spelling errors. 

2. “Tugan Tel” Corpus Management System 

The Tatar corpus management system [1] discussed in this article is specifically 
designed to work with linguistic corpora. Functionality offered by the corpus 
management system, includes search for lexical units, morphological and lexical 
search, search for syntactic units, n-gram search based on grammar and others. The 
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semantic model of the Tatar language data representation is the core of the system. 
The search is performed using common open source tools such as database 
management system MariaDB and Redis data store. Designing the Tatar corpus 
management system is primarily aimed at supporting electronic corpora of Turkic 
languages, which is very important for the rapidly developing research topics in 
Turkic corpus linguistics. 

The development of the Tatar corpus management system is intended to preserve 
and promote the Tatar language through the use of new information technologies, by 
providing advanced search capabilities in the database of the Tatar language corpus. 
Researchers of the Tatar language are actively using the Tatar corpus management 
system in humanitarian and educational applications, as well as in applications in the 
sphere of computational linguistics. 

3. Related Works 

There are a lot of works devoted to the development of corpus management 
systems. 

One of the most known works is Sketch Engine [3] corpus query tool 
[https://www.sketchengine.co.uk/]. It lets one explore many corpora in many ways. 
Having been conceived as downloadable software, it is nowadays a website with a 
multifunctional concordance and many corpora for many languages which are ready 
to be explored through its multiple tools. The Sketch Engine (Czech Corpus [4]) has 
the following advantages: it supports arbitrary metadata of documents, uses its own 
query language (CQL – Corpus Query Language), supports reverse search, phrase 
search and semantic search using semantic annotations, allows one to view the 
statistics of the corpora and to select lists of words and n-grams by parameters; it also 
handles documents in different formats and uses NoSQL database. But the Sketch 
Engine has some limitations too. Among these are the following: it does not show the 
morphological markup, has complicated reverse search, processes search queries for a 
long time, has no speed optimizations, demonstrates DDoS vulnerability, and has big 
search engine results page. 

The Russian National corpus management system (www.ruscorpora.ru) [5] uses a 
ready kernel like "Yandex.Server". Such systems are a complex of several subsys-
tems that allows a fast and multifunctional search. The system "Yandex.Server" is 
proprietary and its full version is distributed on a commercial basis. The system ena-
bles to execute direct and reverse search queries, use semantic search functionality 
using semantic annotations, logical expressions in morphological queries (AND, OR 
operators), it has no speed optimization for the morphological search, since it was 
developed as a system for direct search and search based on morphology (on lem-
mas) of the Russian language. The use of such systems requires fine-tuning the 
hardware and software environment to achieve the best results. 
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The first and very important step for the optimization of the robot working is URI 
collecting for crawling. 

To minimize the load on the source machine, it is necessary to optimize requests 
to the source so that these do not cause problems in the source website working, but 
give sufficient data for each web document. To do this, the authors tuned URI 
collecting depending on the characteristics of a source website. 

For example, often the quickest and most effective solution was a sequential scan 
of web pages’ identifiers, which does not require additional requests to the web 
documents with URI list on the source website. This solution, though possible to 
apply to a specific website, not allowed to use the URI list for crawling and 
performed crawling of web documents directly. Another example is the processing of 
source website RSS feed, which significantly reduces the number of requests to the 
source web server. In this case, a single request can obtain data from several web 
documents, without requesting them directly. 

Authors were tasked to crawl web documents to compile a corpus of texts in the 
Tatar language. In the sources web sites list included as resources exclusively in the 
Tatar language as multilingual resources, on which the content is located in several 
languages. 

In the case of resources in the Tatar language, he language identification is not 
required, whereas when crawling multilingual resources it is necessary to ensure that 
the text of a web document is written in the Tatar language. In most cases, the web 
document language can be restricted before crawling, at the stage of URI list 
collecting. The clear structure of the URI of a web document where the web 
document language identifier is often found, contributes to this. Since the robot 
configuration for each source website is performed manually, this restriction may be 
applied before crawling and URI list collecting. 

If it is not possible to restrict the language of a web document content, it is 
necessary to identify the language and to make sure that the text of a web document is 
written in the Tatar language. Since the Tatar alphabet includes 6 additional letters (Ə 
ə, Ө ө, Ү ү, Җ җ, Ң ң, Һ һ), if any of them appear in the content of a web document 
we can confidently say that the language of a web document is Tatar. 

Having collected URIs for web documents, the robot proceeds to the sequential 
crawling of these web documents. 

Each source website has its own characteristics of web document content 
representation, therefore a common approach to all web documents is not applicable. 
Each website has its own robot configuration file and its own algorithm of processing 
the content of web documents. The algorithm may consist of any steps of a finite 
number, each of which has access to data obtained previously. The use of different 
types of custom variables, functions for arbitrary data processing, different formats 
and structures of data saving, stop triggers are defined directly in the robot 
configuration file and rule changes to the source code of the robot. 

One of the most important components of the robot is the variables module. This 
module allows to create different types of variables and change them while the robot 
is working. The variables module supports a variety of mathematical operators, 
operations with date and time, working with lists, arrays, cache, database, files, and 
other variables. This module provides sufficient functionality for a complete robot 
configuration and changing its state during the crawling. 

157

4. Web Documents Crawling: One Way to Collect Data 

157



Metadata extraction occurs by means of regular expressions. Depending on the 
structure of a web document, a regular expression can be different in complexity and 
performed in several steps. 

Another method of collecting data is to scan Tatar texts. The data obtained by both 
methods require additional purification. 

2. Removal of Non-Text Elements 

When recognizing scanned Tatar texts, you need to get rid of such non-textual 
elements as drawings and captions, tables and table names, running titles, page 
numbers, different formulas, etc. To implement this task, you could save the 
document in text format, which is a quick way to remove many non-text elements (for 
example, drawings and tables). In this case, the task of removing the captions, running 
titles and page numbers is complicated, because these elements become elements of 
the text, and the tables are converted into a sequence of paragraphs, while losing its 
functionality. Therefore, it was decided to develop and implement a software solution 
for the removal of non-text elements that uses the following features of non-text 
elements. 

If the page numbers are not in the header and are at the bottom of the page, after 
recognizing the scanned text, they are usually increased by one number in a separate 
line, which are algorithmically easily found and removed. If page numbers are 
included in the header, then they are removed after applying the algorithm for running 
titles. 

After recognition, the running titles are arranged in a single line and have a 
different font size (usually smaller) than the main text. All running titles on even 
pages have the same appearance, which is also true for odd pages. Running titles can 
differ from each other only if they include page numbers. The difference will only 
appear at the beginning or at the end of the running title, where there will be a number 
that is one different from the number that is the page number in the header of the 
previous or next page. 

Figures are usually accompanied by captions, which are under the picture and are 
located between the picture and the main text. Another distinction in the captions is 
their size, which differs from the size of the main text, and in most cases another font. 

Tables are processed as drawings, the only difference is that the caption of the 
table appears not after the table, but before it. 

Thus, non-text elements are removed by applying special software tools, which 
gives 90% of the correct result. 

3. Hyphenation Processing 

Since the hyphenation can improve the layout of the text, avoiding large gaps, it is 
widely used for printing books. After scanning and recognition, each hyphenated 
word turns into the beginning of the word, hyphen, end of line and end of word. When 
processing hyphenations, it should be borne in mind that a divided word can be a 
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word that is written together or a word that is written through a hyphen. Words that 
are written through the hyphen constitute a small part, on average about 5% of the 
total number of hyphenations. It would be possible to consider all these hyphenations 
as words that are written as one word but, since the volume of the Tatar corpus will 
increase with time, the number of incorrect words in this case will grow. Therefore, it 
was decided to use the morphological analyzer of the Tatar language [2].  

We use the following hyphenation processing algorithm. At the first step, it is 
assumed that the word should be written together, and therefore the hyphen and the 
end-of-line character are removed from the transfer. The received word is transferred 
to the morphological analyzer. The morphological analyzer tries to decompose this 
word into root and morphemes. If it succeeds, it is considered that the word should be 
written as one word. If the word fails to get the root and chain of affixes, the word 
written through the hyphen is passed to the morphological analyzer. If the output is 
that the word is correct, then the word is written through a hyphen. 

For example, let's take the hyphenation in the first line of Fig. 1. First, we pass to 
the morphological analyzer the merged word hatynkyz, and on the output we obtain 
the same word with the question mark, which means: this word was not found in the 
morphoanalyzer database, that is, it is written incorrectly. In the next step, we pass the 
word written with a hyphen: hatyn-kyz. The morphological analyzer will return this 
word with a note that it is a root word, that is, the spelling is correct. Therefore, the 
given word must be written through a hyphen.  

 
Fig. 1. Example of a scanned text. 

Consider the hyphenation from the penultimate line in Fig. 1. In the first step, we 
pass the word kalmady to the morphological analyzer. At the output we get the stem 
kal- and the morphemes -ma and -dy, that is, such a word exists and it is spelled 
correctly. Therefore, this word must be written as one word. 

There are cases when at the beginning or at the end of the hyphenated word there 
is already a hyphen. In this case, a hyphen is automatically removed in the word that 
served to carry the word and the end-of-line character. 

The implemented special software toolkit allows you to correctly process all 
hyphens except for the cases of incorrect word recognition. 
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To check Tatar texts for spelling errors, a morphological analyzer of the Tatar 
language is also used. Words that the morphological analyzer cannot decompose into 
root and morphemes are considered to be incorrect and are highlighted in color for 
further manual correction. 

5. Conclusion 

The developed and implemented set of software tools that uses the algorithms 
described in this article, allows solving the problems arising during the replenishment 
of the Tatar national corpus by scanning and recognizing Tatar texts in paper form, 
automatically and without attracting human resources. 
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Abstract. The article considers the actual problems of the Internet of Things 

application in the industry of security. It is also shown the importance of data 

that are processed in such systems. The researchers evaluate the information 

security actual threats on the example of the modern access control systems 

based on the mobile communication devices. The authors propose 

recommendations in order to reduce the information security risks in such 

systems. 

1   The Internet of Things today 

The Internet had already gone beyond the borders of the world network giving 
people the opportunity to communicate with each other by means of computers. 
Furthermore the World Wide Web today is a unique platform for numerous devices 
that enables these objects to collect and exchange the data with the outside world. The 
Internet of Things (IoT) [1] is a concept appeared in 1999. The main concept 
postulate is physical devices (i.e. "things") existence in a computer network, which 
embedded the native technologies for intercommunication with the outside world and 
each other.  

The IoT is already in the use in many fields [2]. First of all in such fields where it 
imparts tangible benefits for business and people. Economic criterion of the concept 
application is the implementation profitability of smart solutions and its payback time. 
It makes no sense to connect the devices to the network, if the price of such 
connection is 10 times higher than the cost of a traditional solution. The system will 
pay off for years. In practice the IoT solution should be simple, reliable, easily 
scalable so that, if it grows, it should not yield to the technical limitations. 

That is why in the report prepared by the International Telecommunication Union 
(ITU) and Cisco, the IoT is defined as one of the main opportunities for the global 
development that can improve lives of millions people and significantly accelerate the 
UN sustainable development goals achievement. 
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2   The importance of data that are processed in the Internet of 

Things  

In technical terms, the IoT is the growing number of devices – from simple 
sensors (for example, registering RFID chips) to smartphones and computers 
connected into networks and able to interact with other devices, often without human 
intervention. The IoT provides tremendous opportunities in such areas as healthcare, 
storage, security, transportation and logistics. With the widespread use of the Internet, 
developers face new challenges: they need to ensure that the IoT applications are 
protected enough [3], because these applications manipulate a lot of confidential data. 

In the IoT solutions many security holes have already been discovered, for 
example [4–14]. Therefore developers need to pay great attention to integration of the 
subsystems protection in the IoT applications during the development and 
implementation of these solutions. 

For example, Hewlett-Packard reviewed ten of the newest home security systems 
revealing an alarmingly of high number of authentication and authorization issues 
along with concerns regarding mobile and cloud-based web interfaces [15]. Figure 1 
presents the results of these studies. 

 

 
Figure 1. The results of home security systems studies, reported by Hewlett-Packard 

The experts name the most important vulnerabilities of the studied systems: 
 The first problem is an unreliable authentication. Despite the fact of 

having cloud and mobile interfaces, the systems did not require to set 

162

162



The Internet of Things in the security industry    

passwords of sufficient length and complexity. Also none of the systems 
did not lock out an account after the failed password attempts. It turns out 
that there was no simple protection against brute force. 

 Another problem was connected with confidentiality and privacy. All 
systems collect any personal information: names, addresses, phone 
numbers and credit cards. This causes some concern because it creates 
the threat of credential theft.  

 A key feature of many home security systems is the use of the video. 
Viewing it is available through different interfaces and the privacy of 
such data is also a controversial issue. 

 Finally, the last problem the experts called the lack of encryption during 
data transfer. While all systems implemented encryption mechanisms at 
the transport layer such as SSL/TLS, many of the cloud connections 
remain vulnerable to attacks. 

The danger of the IoT is not limited to vulnerabilities and flaws in software. Often 
even declared by the manufacturer features can also be used against the users. So, the 
Director of National intelligence service James Clapper admitted in his statement that 
“smart” devices, united in the Internet of Things, can be used for monitoring and 
surveillance of their owners. “In the future intelligence community can use the 
Internet of things for identification, surveillance, observation, positioning, in order to 
recruit agents or obtain access to the networks or the users data,” said Clapper [16]. 

Traditional methods of security and confidentiality cannot be applied to the 
technologies of the IoT, particularly because of the restrictive processing power of 
devices that are used. Also a large number of these devices and the heterogeneity of 
their connection creates the problem of scalability. 

3   The application of the IoT in the security industy  

Let’s consider an application of the IoT in the industry of technical means of 

safety. In fact it is the principle of integration of its various systems: a video 

surveillances, an access control, a fire alarm system, notification and others. Today 

there are popular information systems of physical protection (Physical Security 

Information System) intended to provide safety of objects, personnel and property by 

means of management of physical access to doors, turnstiles, elevators, transport and 

other points of access. Examples of similar systems are [17, 18]. A trend of the 

perspective control systems of access is application of the mobile access technologies 

which allow to refuse habitual proximity cards of access, replacing them with mobile 

means of communication. Next, there are the most important and significant 

advantages of using them. 

The modern identification features 
According to the statistics, presented by International Telecommunication Union 

by 2016 there were used 7 377 million of mobile communication devices (population 
of the Earth is about 7 448 million). Cellular telephone came into the everyday life 
and one cannot imagine life without it. So the author suggests to integrate the fast 
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development of mobile technology into the industry of security - to use the mobile 
device (smartphone) as the access identifier [19]. 

The modern smartphones, having powerful calculating opportunities, large 
memory and fast access to Internet can not only provide mobile communication but 
also keep at the same time several virtual passes allowing with the help of a telephone 
access to different objects. Further there are given the main advantages of the method 
compared to electronic passes. 

Advantages of application 
 There is no need to use several identifiers (electronic passes) - each for every 

object. 
 Opportunity of operational distant identification control including issue, 

change and recall. 
 Opportunity of hidden reading devices (RD) installation (not entering the 

room), vandalism protection. 
 Opportunity to use in case of longer distances (as an example, a barrier at the 

entrance of the parking place or the garage). 
Security 
 Mobile operation systems controlling the modern smartphones provide reliable 

security. In addition to the OS security service, it is also possible to use 
devices of electronic signature and coding. Besides, mobile applications work 
within the isolated program area (Sandbox) without possibility of access and 
data variation by other programs. 

 Basic functions of a screen automatic blocking with the demand of several 
passwords provide opportunity to put in the additional authentication factor. 

 Modern telephones allow to use functional that would inform the owner about 
the device position in case it is lost. 

 Probability to find the lost telephone is much higher than in case of access with 
the card. 

 The probability to transfer the smartphone to other people is lower than in case 
of the access card. 

Convergence opportunities 
A mobile communication device used for identification can be also used to restrict 

the access to the physical objects and to the organization of electronic resources. The 
examples can be mentioned: authentication of the means of wireless communication, 
VPN, corporative portals and others [20, 21]. 

The problem of risks modeling is in understanding, how exactly malefactors could 
compromise the system, and then — to take the appropriate measures for the risk 
decrease. Thanks to risks modeling the group of developers can provide measures for 
the risk decrease at a system design stage, but not after its expansion. It is extremely 
important to modernize security systems on an infinite number of the devices working 
outside the company. Besides such approach is fraught with mistakes emergence and 
leaves clients without protection against various risks. 

Figure 2 shows the block diagram of the safety network creation with the IoT use. 
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Figure 2. The block diagram of safety network creation in the building with the IoT use 

 
As the networks of safety of the enterprise / building at the logical or physical 

level are separated from the public communication networks, it is obvious that the 
most vulnerable link in this structure is users. Of course, at threats model creation it is 
necessary to consider the possible participation of the internal malefactor having 
physical access to secure network or its components. However in this article we are 
limited to the research of the external malefactor attacks on condition of lack of 
vulnerabilities in the secure network. For an assessment of the urgent threats of such 
system we will use architecture of the security system in IoT from Microsoft Azure 
[22]. The description is provided in the table 1. 
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Table 1. The actual threats for the IoT 

The threat Description for the IoT The threat 
relevance 

Spoofing 

An attacker may extract cryptographic key 
material from a device, either at the software or 

hardware level, and subsequently access the 
system with a different physical or virtual device 
under the identity of the device the key material 

has been taken from 

Yes 

Denial of 
Service 

A device can be rendered incapable of functioning 
or communicating No 

Tampering 

An attacker may partially or wholly replace the 
software running on the device, potentially 

allowing the replaced software to leverage the 
genuine identity of the device if the key material 

or the cryptographic facilities holding key 
materials were available to the illicit program. 

Yes 

Information 
Disclosure 

If the device is running manipulated software, 
such manipulated software could potentially leak 

data to unauthorized parties. For example, an 
attacker may leverage extracted key material to 

inject itself into the communication path between 
the device and a controller or field gateway or 

cloud gateway to siphon off information. 

Yes 

Elevation of 
Privilege 

A device that does specific function can be forced 
to do something else. Yes 

 
The authors analyzed 9 popular applications for the mobile identification in the 

access control systems. The most common vulnerabilities (risks) of the mobile 
applications published within the Open OWASP Top 10 Mobile 2016 project were 
used. The results are presented in the table 2. 

 
Table 2. The results of the vulnerability testing in the ACS mobile identification applications 
Risk Description Number of the 

vulnerable applications 

M1 Weak Server Side Controls 3 

M2 Insecure Data Storage 4 

M3 Insufficient Transport Layer Protection 0 

M4 Unintended Data Leakage 1 

M5 Poor Authorization and Authentication 2 

M6 Broken Cryptography 0 

M7 Client Side Injection 2 

M8 Security Decisions Via Untrusted Inputs 1 

M9 Improper Session Handling 2 

M10 Lack of Binary Protections 1 
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To secure the Internet of Things infrastructure requires a rigorous security-in-
depth strategy: 

 Scope hardware to minimum requirements: The hardware design should 
include the minimum features required for operation of the hardware, and 
nothing more. The additional features open the device for unwanted attack 
vectors that should be avoided. 

 Keep the system up to date: Ensure that device operating systems and all 
device drivers are upgraded to the latest versions 

 Protect against malicious activity: If the operating system permits, install the 
latest antivirus and antimalware capabilities on each device operating system. 
This can help mitigate most external threats. You can protect most modern 
operating systems against threats by taking appropriate steps. 

 Audit frequently: Auditing IoT infrastructure for security-related issues is key 
when responding to security incidents. Most operating systems provide built-in 
event logging that should be reviewed frequently to make sure no security 
breach has occurred. 

4   Conclusion  

The use of the Internet of Things potential for the economic and social benefit will 

be one of the main objectives in the next decades, including the problems and 

opportunities following from this phenomenon. And already today it presents very 

important to develop ways and means of the information protection, circulating in the 

Internet of Things network infrastructures. 

It is estimated that by 2020 more than 50 billion devices will be connected to the 

Internet. These technologies have a high rate of development, so the most important 

issue is the devices safety in the absence of processes that ensure the integrity and 

encryption of the data. And the authors' analysis of the mobile applications 

vulnerabilities, which are used in an important industry such as access control, 

confirmed the need to pay attention to the researchs of the IoT security. 

 
The work was funded by the Russian Federation Ministry of Education and 

Science (grant 2.3583.2017/4.6). 
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Abstract. The author presented the conditions and stages of design and 

technological preparation for the production of special-purpose products in the 

form of a structurally functional workflow scheme, and also developed, as an 

example, the workflow model for agreement the design documentation based on 

the Petri net and carried out modeling on it. The obtained modeling results 

demonstrated possible structural and semantic errors in workflows in the design 

of special-purpose products.  

1   Introduction 

In the current world manufacturing of special purpose productions requires speed-
up Design-technology preparation of productions. It is not secret, that developers’ 
software seeks to help designer and technologist in it. 

For example, new Kompas 3-D of 17 version lets to create electronic model of 
product. In this model is considered not only dimensional specifications, but also fits 
and clearances, as-turned finish and etc. With a competent construction of a 3-D 
product model, there is no need for 2-D drawings. 

Unfortunately, in large industrial organizations, especially those that produce 
special-purpose production, it is impossible to do without a 2-D design. In this case, 
designers draw a 3-D product model purely formally only to understand construction. 
Technologists, receiving documentation in 2D, design own 3-D product models to 
describe the technology or develop a control program for CNC machines. This leads to 
increment a design time. 

It should be noted, that errors of construction and technology must be detect as soon 
as possible at the design stage. As you know, then error is found at the later, that more 
expensive it will be cost. The most expensive mistakes are those that occur at the 
production stage. But also at the stage of development of the manufacturing technology 
of the product, errors in the design lead to an imminent delay in the design and 
technological preparation of production, since the designer will need not only to 
develop the product change, but also to get an agreement it.  And this takes not a short 
time [1-6]. 

Therefore, in the modern world, the trend of cross-cutting design with the use of 3-
D models is growing. 

This requres: 
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• organization of a common information space for storing design and 

technological documentation throughout the life cycle of the product;  

• acceleration of the process of agreement both design and technological 

documentation;  

• elaboration of manufacturing technology at earlier stages (before the approval 

of the design documentation); 

• integration of design development in the technological preparation of 

production. 

As a unitary information space, PLM-systems are the ones in which the designed 
documentation of the product is stored, with its life cycle. Currently, many such systems 
have been developed, both Russian and foreign. For example, Loodsman-PLM, T-Flex-
PDM, Siemens-PLM, Lotsia PDM and etc. Such PLM-systems are very effective for 
cross-cutting design, and allow to integrate the design development of the 3-D product 
model in the technological preparation of production. 

Acceleration of the process of agreement design and technological documentation 
cannot do without workflows. The implementation of workflow technology at the 
enterprise will allow to formalize the structure and sequence of procedures for passing 
documentation. Currently, almost every software vendor of PDM or PLM-system 
contains a built-in flow control module, which is designed to simulate workflows and 
automates the management of job flows. The technology of workflows allows not only 
to speed-up the process of agreement of documentation, but also will allow to begin the 
elaboration of the manufacturing technology at earlier stages. 

However, most workflow management systems allow you to model workflows, but 
there are no effective methods of analysis and control the diagram workflow and 
associated semantic components in the form of texts and program modules. These 
problems will be considered below [6-15].  

The article has the following structure. Section 2 outlines the main stages of 
designing design and technological workflows. Section 3 presents the structural and 
functional diagram of design and technological workflows. The model of the standard 
workflow of coordination of the design documentation is described in section 4. 
Sections 5 and 6 analyze the properties of the model and the processing of data in the 
workflows of the agreement of the design documentation. 

2   Stages of designing design and technological workflows 

The developing of design and technological workflows can be divided into several 
stages: 

• a formal description of the specification of the main business processes of 

design and technological preparation of production; 

• building a workflow model based on a formal description of business 

processes; 

• analysis of the properties of the developed model of the design and 

technological workflow; 

• analysis of data processing errors. 
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Below, the stages of developing the design and technological preparation of 
production will be described in more detail. 

3 The structural-functional scheme of design and technological 

workflows  

One of the conditions for effective work of the enterprise is the effective interaction 
of all its departmental unit structures. Information flows, reflecting the essence of the 
production process, move along the chain. 

To describe the design and technological workflows of the enterprise, we will form 
out the main processes of design and technological preparation of production. In 
Figure1 the scheme of processes of design and technological preparation of 
manufacture which is one of examples of standard flow of design works is developed 
by authors. 

Two major workflows can be identified on the diagram, which are responsible for 
the design and technological processes of production preparation. These processes 
solve different problems, but are aimed at the successful mastering the manufacture of 
a new product. Let's consider them in more detail. 

The design processes of the workflows of the preparation of production, include the 
solution of the following tasks: 

• definition of requirements for a new product; 

• analysis of the nomenclature of a new product; 

• development of a schedule for the mastering the production or design of a new 

product; 

• analysis of claims from customers; 

• definition of requirements for malfunction repair; 

• development and agreement of the technical specification on realization of 

works; 

• design and agreement engineering documentation; 

• change notification development. 

At the end of the design preparation of production, the technological preparation of 

production starts. Technological workflows of preparation of manufacture include the 

decision of following problems: 

• analysis of the possibility of manufacturing a new product; 

• analysis of equipment for the manufacture of a new product; 

• decision making on the purchase of equipment; 

• development of a schedule for design of technology of a new product;  

• development of manufacturing route for the product structure; 

• development of technical process, including control program for CNC 

machines; 

• determination of the standard hours per piece on manufacturing a product; 

• limitation of the basic materials of the product nomenclature; 

• design of machining attachments. 
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4   Modeling of the standard workflow of design documentation 

agreement  

To build a model of design and technological workflows, we single out one of the 
tasks of design preparation for production. For example, consider a typical process 
model for the agreement of design documentation. The author used the Petri nets to 
construct the model. The model of design documentation agreement is presented in 
Figure 2. 

 
Figure 2. The model of process design and agreement of design documentation 

The transition to each new stage of passing the coordination of the design 

documentation can be considered from the point of view of temporal logic and is 

specified as follows: 

                                          𝑚𝑖  = ¬E,  (1) 

where 𝑚𝑖 is the new stage of passing the coordination, E is errors and remarks. 

Then the whole process of agreement the design documentation can be considered 

in the form: 
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                                            S = ∑ 𝑚𝑖
𝑛
𝑖 ,   (2) 

where S - the process of design documentation agreement, n - the number of stages of 

agreement. 

For example. The chief of the design sector checks the design documentation on 

existence of errors, the completeness of the set of documents for agreement, the 

presence of matching signatures necessary for the current stage of agreement. Based on 

the results of the inspection, the chief of the sector decides: to give the documentation 

for revision or to send it to the next stage of the agreement. Formally, the entry looks 

like this: 

                                        D = R  ∨  𝑚𝑖  ∪  𝑚𝑡,  (3) 

where D is the decision of the chief of the sector, R is revision of the design 

documentation, 𝑚𝑖  is transfer to the next stage of the agreement process, 𝑚𝑡  is the 

current stage of the agreement process. 

5 Analysis of the properties of the workflow model of design 

documentation agreement 

The developed model of coordination of the design documentation has been 
checked in the specialized software Visual Object Net ++. The model was tested for the 
following properties: 

• reachability – which establishes that the final state of the system will be 
achieved with any sequence of transitions from position i. This property also 
implies that when the end position of the network is reached, there are no chips 
in the intermediate positions; 

• safety – establishes that there are no hangs, no loops, no deadlocks in the 
processes; 

• liveness – establishes that the system does not contain unnecessary positions that 
will never be met. Lack of liveliness means either redundancy of the business 
process in the projected system, or indicates the possibility of loops, deadlocks, 
locks. 

The performed analysis of the workflow model of the design documentation 
agreement, presented in Figure 2, showed that the evaluation of the properties of the 
model depends on the qualification of the designer. The more qualification of the 
designer, the better the indicator of the reachability property and the worse the index of 
the liveliness property. Conversely, the lower the qualification of the designer, the 
worse indicator is the reachability property (the accumulation of chips in position m1) 
and the better is the indicator of the liveliness property. The safety property has a 
"good" indicator and does not depend on the qualification of the designer. There are no 
hangs, looping, deadlocks and locks in the model. 

As a result of the analysis, the author encountered a paradox in the property of 
liveliness. Traditionally, the higher the indicator of the liveliness property, the better 
the model of the system is developed. However, in reality, the higher the qualification 
of the designer, the less errors in the documentation he allows and the less often the 
documentation is sent for revision. Therefore, it is better for design preparation of 
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production. As a result, the blocks responsible for generating comments are used less 
often and the indicator of liveliness is very poor. 

6   Analysis of data processing errors 

It should be noted that something processes of agreement of the documentation, 
both design and technological, contains blocks of program code.  These program blocks 
allow you to operate objects, their states and their attributes in the agreement process. 
For example, changing the state of the object, for managing its life cycle, or filling in 
an authorization signature at the stages of agreement. 

As you know, something program code can contain errors. And the more lines of 
program code, the more errors a programmer can make. Typical errors can be classified 
into two categories: semantically or structural.  

Structural errors can be identified on the basis of temporal logics, graph theory and 
automata, graphic grammars and languages. 

Semantic errors are very difficult to identify, since they often occur during the run-
time of an application. 

I would divide structural and semantic errors into two groups.  
• Logic bugs (structural errors). 

Errors of this type can be identified by constructing a logic model of the program 

code. The analysis of the model will reveal deadlock situations, the executable 

of the program. This question is considered in detail in many sources, therefore 

methods of revealing such errors in this article will not be considered. 

• Data validity errors (semantically). 

Most errors of this type can be avoided if the architect of the information system 

literate develops the table level constraint: defines whether the attribute value 

can be empty, sets foreign keys, imposes a unique constraint, sets the validation 

of the entered value. In some cases, it is impossible. 

To identify errors of this type requires the development of a special software 
application that verifies the possibility of filling the attribute with valid values. As a 
method for determining such errors, it is suggested to use checklist, which lists all the 
necessary attributes of the agreement process. For example, when design 
documentation is agreeing, the list of attributes is filled. For the correct operation of the 
program, you need to develop a checklist, which lists the invalid errors. 

Checklist of errors in the agreement of design documentation. 
• checking the availability of the specified attributes for all possible types of 

design documentation; 

• check for mandatory attributes. 

7   Conclusion and future work  

In this article, the author analyzed the features of design and technological 
preparation for the production of special purpose products. The author developed the 
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structural-functional scheme for the processes of typical flows of design works, and 
also defined the list of tasks to be solved in the process of design and technological 
preparation of production. The author developed a workflow model for the design and 
agreement of design documentation based on Petri nets. In their work, the author has 
analysis and control the workflow model of design documentation agreement. The 
analysis of the model showed the dependence of the properties on the qualification of 
the designer and revealed the paradox of the property of liveliness. As a result of the 
work, an analysis was made of the types of errors that occurred in the diagram 
workflow, the semantic components associated with them in the form of texts and 
program modules. The future directions of the authors' work will be related to the 
development of methods for excluding the errors of the flow diagrams of works, using 
the classification of types of permissible structural errors. 
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Development of Recommendation System of Trainee 

Actions Evaluation in Virtual Industrial Environment 

Semen Bochkov 

Ulyanovsk state technical university, Ulyanovsk, Russia 
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Abstract. In this paper author’s models and methods of recommendation 
support in exercise systems are suggested. The application of theoretical 
material is shown on the example of virtual workplace of the radio 
mounter. 

 

1   Introduction 

The most common trends of modern computer technologies are individualization, 
intellectualization processes and web-orientation of traditional learning systems [14]. 
Development and introduction of virtual training systems to e-learning is actually a 
practical problem [13, 8, 16].  

Usage of program simulators has set of undoubtable advantages [15] however most 
of them are not attached to the subject area and do not evaluate trainee actions. One of 
the way of solving this problem is intelligent systems development. Recommender 
systems (RS) are one of them. RS are used in choice problem solution [11], but they 
also can be used in studying process.  

2   Related works 

There are three approaches to recommender systems (RS) development: 
1. Content-based [5]. 

2. Collaborative filtering [10]. 

3. Hybrid [1]. 

Content-based approach assumes that, RS developer has large data packs about 
users and recommended objects. Usually it happens when a user is to fill in a 
questionnaire pointing information about himself and his prefers. The model is built 
with the history of interoperations between users and objects in which prediction is 
reduced to the use case learning problem. 

Collaborative filtering uses the model in which prediction of prefers is formed with 
inadequate information about users and objects. The method takes user objects ratings 
matrix as input and outputs: 
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 the forecast pointing in which degree current object matches current user; 
 list of recommended objects. 
Collaborative filtration is also divided onto 3 approaches: neighborhood-based; 

model-based and hybrid one. 
In the neighborhood-based approach group of similar users is formed for the current 

one. Weights and rating combination of the subgroup is used for the active user ratings 
forecast. 

Model-based approach gives recommendations measuring statistic models 
parameters for the user ratings. Models are built with Bayesian networks method, 
clusterization, latent semantic one etc. Machine learning is applied in order to find 
patterns. Numbers of model parameters can be reduced depending on its type with the 
principal component analysis. 

Hybrid of neighborhood-based and model-based approaches is the most common 
used one in the e-commercial RS development because it allows avoiding limits of 
neighborhood-based method and increasing the quality of recommendations. The 
method also solves the problem of sparse data and information loss, however it is 
difficult and expensive. 

Comparison of content-based approach and collaborative filtering is given in the 
Table 1. 

Method Advantages Drawbacks 

Collaborative 
filtration Only ratings data is required "Cold start" problem, large 

users data is required 

Content-based Only user profile and objects 
content are required 

"Cold start" problem, works 
mostly with text 

Table 1. Comparison of two recommendations forming methods. 
There are three kinds of hybrid RS [12, 6]: monolithically organized (a unit module 

with various data handling methods), parallel systems (input is transferred to every 
module, after that aggregation module works), conveyor systems (every 
recommendation problem stage is performed separately and sequentially). A huge 
contribution to the field of RS development methods is made by Ken Goldberg [2], 
John S. Breese, Peter W. Foltz, Susan T. Dumais, Jonathan L. Herlocker [3], Robin 
Burke [7], Marko Balabanović, Yoav Shoham [4]. 

3   Design 

Process of RS development is considered on the example of the radio-electronic 
equipment and devices mounter virtual workplace. One's model is the following: 

ℜМ = {𝑆𝐼𝑇, 𝐵𝑅, 𝐶𝐼𝑅, 𝑍, 𝑆𝐼, 𝑅𝑂𝑇, 𝐵𝑅𝑈𝑆𝐻, 𝑇𝑊, 𝐻𝑆, 𝑁𝐼𝑃, 𝐸 | 
𝑠𝑖𝑡, 𝑏𝑟𝑎𝑐𝑒𝑙𝑒𝑡, 𝑠𝑜𝑙𝑑𝑒𝑟𝑖𝑟𝑜𝑛, 𝑏𝑟𝑢𝑠ℎ, 𝑡𝑤𝑒𝑒𝑧𝑒𝑟𝑠, ℎ𝑒𝑎𝑡𝑠𝑖𝑛𝑘, 𝑠𝑒𝑡ℎ𝑒𝑎𝑡𝑠𝑖𝑛𝑘,  

𝑔𝑒𝑡𝑒𝑙𝑒𝑚𝑒𝑛𝑡, 𝑠𝑒𝑡𝑒𝑙𝑒𝑚𝑒𝑛𝑡}, where: 
𝑆𝐼𝑇 is flag showing whether trainee sits; 
𝐵𝑅 is flag showing whether trainee put on antistatic bracelet; 
𝐶𝐼𝑅 is radioelement held by the trainee; 
𝑍 is zoom camera trigger; 
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𝑆𝐼 = {𝑆, 𝑇, 𝐻} is soldering iron model, 𝑆 is solder amount, 𝑇 is temperature, 𝐻 is 
whether the trainee has soldering iron in his hand; 
𝑅𝑂𝑇 is flag showing whether printed circuit board (PCB) is rotated on 180 degrees; 
𝐵𝑅𝑈𝑆𝐻 is flag showing whether trainee has brush in his hand; 
𝑇𝑊 is flag showing whether trainee has tweezers in his hand; 
𝐻𝑆 is flag showing whether trainee has heat sink in his hand; 
𝑁𝐼𝑃 is flag showing whether trainee has nippers in his hand; 
𝐸 = (𝐸𝑖  | 𝑖 = 1 … 𝑛) is set of radioelements that should be soldered; 𝐸𝑖 = {𝑡𝑖 , 𝑃𝑖 , 𝐶𝑖} is 
radioelement model, 𝑡𝑖 is soldering temperature for the 𝐸𝑖, 𝑃𝑖 = {𝑁𝑖 , 𝐹𝑖} is 𝐸𝑖  position 
on the PCB, 𝐶 is whether the trainee has soldering iron in his hand; 
𝑃𝑖 = {𝑁𝑖 , 𝐹𝑖} is position description, 𝑁𝑖 is position name, 𝐹𝑖 is flux trigger; 
𝑠𝑖𝑡: ℜ × 𝑆𝐼𝑇 → ℜ is sitting behind the workplace function; 
𝑏𝑟𝑎𝑐𝑒𝑙𝑒𝑡: ℜ × 𝐵𝑅 → ℜ is taking (off) bracelet function; 
𝑠𝑜𝑙𝑑𝑒𝑟𝑖𝑟𝑜𝑛: ℜ × 𝑆𝐼. 𝐻 → ℜ is taking/putting soldering iron back function; 
𝑏𝑟𝑢𝑠ℎ: ℜ × 𝐵𝑅𝑈𝑆𝐻 → ℜ is taking/putting brush back function; 
𝑡𝑤𝑒𝑒𝑧𝑒𝑟𝑠: ℜ × 𝑇𝑊 → ℜ is taking/putting tweezers back function; 
ℎ𝑒𝑎𝑡𝑠𝑖𝑛𝑘: ℜ × 𝐻𝑆 → ℜ is taking/putting heat sink back function; 
𝑠𝑒𝑡ℎ𝑒𝑎𝑡𝑠𝑖𝑛𝑘: ℜ × 𝐻𝑆 → ℜ is set/reset heat sink function 
𝑔𝑒𝑡𝑒𝑙𝑒𝑚𝑒𝑛𝑡: ℜ × 𝐶𝐼𝑅 → ℜ  is taking radioelement function; 
𝑠𝑒𝑡𝑒𝑙𝑒𝑚𝑒𝑛𝑡: ℜ × 𝐶𝐼𝑅 × 𝐸1 → ℜ is radioelement putting function; 
𝑠𝑒𝑡𝑡𝑚𝑝𝑟: ℜ × 𝑆𝐼. 𝑇 → ℜ is soldering iron station tuning function; 
𝑓𝑙𝑢𝑥: ℜ × 𝐵𝑅𝑈𝑆𝐻 × 𝐸1 → ℜ is flux applying function; 
𝑠𝑜𝑙𝑑𝑒𝑟: ℜ × 𝐸1 × 𝔹 → ℜ is soldering function; 
𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛: ℜ × 𝑅𝑂𝑇 → ℜ is PCB rotation function. 

Mounter workplaces parameters specification is given in Table 2. 
Parameter Type 

𝑺𝑰𝑻 Boolean 
𝑩𝑹 Boolean 
𝑪𝑰𝑹 UUID 

𝒁 Boolean 
𝑺𝑰 Object 
𝑺 Boolean 
𝑻 Integer 
𝑯 Boolean 

𝑹𝑶𝑻 Boolean 
𝑩𝑹𝑼𝑺𝑯 Boolean 

𝑻𝑾 Boolean 
𝑯𝑺 Boolean 

𝑵𝑰𝑷 Boolean 
𝑬 Object 

𝑬𝟏 Object 
𝒕 String 
𝑷 Object 
𝑵 String 
𝑭 Boolean 
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𝑪 Float 
𝑻𝑺 Float 
𝒕𝑺 Integer 

Table 2. Mounter workplaces parameters specification. 
Block diagram of the algorithm is presented on the Figure 1. 

 
Figure 1. Recommendations generation algorithm diagram. 

4   Implementation 

Virtual learning system structure is shown on the Figure 2. Accroding to it, RS will 
be included in the Server part so it will not depend on kind of workplace and technology 
it is realized. 

 
Figure 2. Virtual industrial environment structure scheme. 
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Software implementation of the RS works with the OpenSim virtual server 
platform. It is open source project written in C#. Virtual industrial environment view 
in OpenSim is on the Figure 3. 

 
Figure 3. Virtual industrial environment in OpenSim. 

RS database consists of user table (Figure 4) which contains trainees data and 
actionshistory table (Figure 6) including log of trainees actions on the virtual 
workplaces. 

 
Figure 4. user table. 

 
Figure 5. actionshistory table. 

Recommendations dictionary is shown on the Figure 7. 

 
Figure 6. Recommendations dictionary for the mounter virtual workplace. 
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Recommendations generation is started after the trainee has completed technical 
process execution and released the virtual workplaces. This algorithm is called with the 
program code shown in the Listing 1. 
http_response(key request_id, integer status, list metadata, string body) { 
        if (readRequest == request_id) { 
            if (body != "") llSay(0, body); 
            reksRequest = sendRequest("RekS/diff.php", 
"user="+agent+"&workplace=mounter"); //отправка запроса 
        } 
        if (reksRequest == request_id && body != "") { 
            llSay(0, body); 
        } 
    } 

Listing 1. Request to the RS. 
 Actions history is imported from the actionshistory table, its structure is shown on 

the Figure 8. 

 
Figure 7. actionhistory table content. 

5   Conclusion 

Recommendation systems have successful application in learning systems allowing 
trainees to analyze and quickly correct their mistakes. It leads to the increasing of 
effectivity of studying and to the study time reduction. One of the way of using RS is 
virtual worlds containing virtual workplaces. 

Recommendations generation algorithm based on actions history is designed and 

implemented in PHP language. It can be compatible with any kind of virtual 
workplaces. 

Perspectives of developed RS are the following: upgrading algorithm work, testing 
it on the other virtual workplaces, массовое тестирование системы in the studying 
process, integration with learning management systems. 
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Abstract. In this article, we propose associative-oriented models of 

competences and trainees using the apparatus of parallel network algorithms as 

a theoretical basis. 

1   Introduction 

The development and use of automated training systems (ATS) is currently one of 
the main directions of the development of information technologies of modern 
society. 

The structure of the standard software ATS includes the model of the learner, 

subject area, script, as well as diagnostic methods (current, final), the formation of a 

dynamic personalized trajectory of training. 

The main approach of the organization of training is competence, associated with 

the formation of a set of core competencies in the study of theoretical material and the 

implementation of practical assignments. 

In connection with the foregoing, the task that is of great theoretical and practical 

importance is the development and study of competency models and models of ATS 

students [1]. 

2   Competency model development 

In Fig. 1 the developed model of competences is presented, as a theoretical basis 

the apparatus of parallel network schemes of algorithms was used [2]. In this model, 3 

blocks (classes) of basic competencies were allocated: K1 - knowledge of the theory, 

K2 - knowledge of another specific material specific to the subject area, K3 - 

competence of a practical nature. Competencies K1, K2, K3 can be developed in 

parallel, while the competences of the K2 block are mastered sequentially. Certain 

competences contain the possibility of mastering a new level of competence (K11, 

K12, K13, etc.). 
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     S.Brigadnov 

Figure 1. Competency model 

186

186



Development of associative-oriented models of competencies and trainees in automated 

training systems 

The analysis programmer competence matrix have been allocated the following 

competence shown in the developed model (tab. 1). Each vertex of the model contains 

4 levels of competence development. 

Table 1.Competence programmer 

Block Top Name of competence 
 

К1 
К11 Knowledge of data structures 

К12 Knowledge of algorithms 

К13 Knowledge of system programming 

 
К2 

К21 Knowledge of tools 

К22 Knowledge of the internal aspects of the 

platform 

К23 Knowledge of the latest technologies 

 
 
 
 

К3 

К31 Knowledge of the database 

К32 The ability to decompose tasks 

К33 The ability to decompose systems 

К34 Ability to organize code in a file 

К35 The ability to organize code between files 

К36 The ability to organize a source tree 

К37 API knowledge 

К38 Knowledge of frameworks 

К39 Knowledge of script tools 

Because the skill is a man-made way of acting, then the system of training 

activities corresponds to a certain system of skills (4-level matrix of competence). The 

basis for constructing a system of skills is the consistent nature of the formation of 

skills, the condition of having previously formed skills in the structure of skills that 

will be formed in the future. And before the formation of subsequent skills, the 

previous skills should be formed at the skill level. 

Top K12 '- mastered competences in the knowledge of theory and additional 

material in the field of programming. Top K3 '- mastered competence in the field of 

programming. Top Кп '- mastered the competence of the programmer. 

Values of indicators (K11, K12, etc.) are formed based on the results of control 

tests or fixed performance results (hereinafter referred to as the task). Each task is 

related to some skill indicators. Based on the results of the tasks, you can determine 

the corresponding values of skill indicators (change from 0 to 1). These indicators are 

interpreted as the probability of successful completion of the relevant assignment of 

this competence. 

The value of indicators K1,2 'and K3' is formed as the arithmetic mean of the set 

of competences entering the top. To pass through these vertices, a threshold is set for 

the indicators Pr ∈ (0, 1]. 
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3   Development of the trainee model 

The trainee model (TM) in the automated training system should include the 

following components: 

• accounting information about the trainee; 

• the initial level of knowledge, abilities and skills of the trainee (Mnachobch); 

• the final level of knowledge, skills and habits of the trainee (Mkonomuch); 

• algorithms for detecting the degree of mastering the learner's knowledge and 

skills (A). 

TM includes information on the state of knowledge of the trainee (Mnachobch, 

Mkonomuch) - as general, integrated characteristics, and those that reflect the 

assimilation of the current educational material. 

TM includes information on the state of knowledge of the trainee (Mnachobch, 

Mkonomuch) - as general, integrated characteristics, and those that reflect the 

assimilation of the current educational material. The model of the trainee is a finite 

associative-oriented graph, which in general can be represented as a Learned = <V, 

U>, where V = <V1, V2, V3> is the set of vertices, which in turn are divided by V1 = 

{v11 , ..., v1n) is the set of studied knowledge (concepts), n is the number of concepts 

being studied, the element v1i = <N, T, W>, i = 1, ..., n, where N is the concept under 

study; T = (0,1), takes values knows / does not know; W = (0, ..., 1) is the weight of 

the vertex; V2 = {v21, ..., v2m} is the set of skills pertaining to the given model, m is 

the number of corresponding skills, the element v2j = <N, T, W>, j = 1, ..., m, where 

N is the learned skill ; T = (0, 1), can / does not know how; W = (0, .., 1) is the weight 

of the vertex; V3 = {v31, ..., v3k} is the set of skills related to the given model, k is 

the number of corresponding skills, the element v3k = <N, T, W>, k = 1, ..., m, where 

N is an acquired skill ; T = (0,1), takes values mastered / not mastered; W = (0, .., 1) 

is the weight of the vertex; U = {Uj} = <Vk, Vl, R>, j = 1, ..., m is the set of 

connections between vertices, where Vk is the parent vertex; Vl is the child vertex; R 

= {Rz} is the type of connection; Z = 1,., Z. 

The proposed model of the trainee is shown in Fig. 2. 
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Development of associative-oriented models of competencies and trainees in automated 

training systems     

Figure 2. Model trainee. Components: O - Trainee, Mno -  level of knowledge, 

skills, MKO - ultimate level of knowledge, skills, V1 - a lot of knowledge, V2 - a lot of 

skills, V3 - a lot of experience, W - level of development, K1 ... Ki - Competence, 

K1k ... Kik - mastered competences. 

4   Conclusion  

A new associative-oriented model of competences is proposed, which is 

distinguished by the use of an oriented multigraph with vertices, which allows to form 

a sequence of mastering competences and to establish links between competences. 

A new associative-oriented model of the trainee is offered, distinguished by 

graphical representation of theoretical and practical material on the basis of an 

oriented multigraph and allowing to organize automated individual training, improve 

its efficiency and quality. 
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Abstract. In this paper proposes a method of integration of conceptual models 

with ontolo-gies. The system based on this methodology was considered. The 

developed sys-tem implements the integration of UML-diagrams as conceptual 

models with ontologies represented in OWL format. The advantages, 

disadvantages and features of using fuzzy and crisp ontologies are compared. 

Results of using the project in-tegration system on data from open source 

repositories and ways to further de-velop of the system were presented.  

1   Introduction 

Nowadays in software design process, it is important to use the time of developers 
optimally, because it is a key resource.  In the process of software development some 
artifacts are created. This artefacts, are described with varying degrees of 
formalization. Such artifacts are: project requirements, conceptual models, source 
code with comments, reports from version control system, etc. A lot of data about the 
project can be obtained from these artifacts: state of project, problems, possible 
solutions, team skills, etc [12]. The extracted data can be stored in the form of 
formalized knowledge in the ontology. 

Knowledge of the subject area [7] in industrial projects is rarely presented in the 
form of an ontology in the OWL format. A formal description of the problem area is 
time-consuming, both of experts and engineers that have the skills to work with 
ontologies. Transfer knowledge from development artifacts to ontology more 
convenient than from non-formalized texts by relevant topics [10, 13, 9]. This paper 
describes an approach to extracting knowledge from conceptual models and they 
further inte-gration to domain ontology. This paper was focused on the development 
process of software products. 

During developing software, the problem of formalizing the subject area is 
solving. The solution to this problem is in the development artifacts.   

Conceptual models were chosen as an artifacts generated by the development of 
the software. Conceptual models have a high degree of formalization and seman-
tically close enough to the problem area. UML-diagrams are considered as conceptu-
al models in this paper, since they are the most common in software development for 
now. 
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OWL - is the most common, flexible and expressive language for ontologies de-
scribing. Software project Protege is used for create and manage OWL ontologies. 
Using Protege allows also use a several different reasoners and export ontologies in 
different formats. 

Some aspects of integration system can be implemented the most optimal way by 
taking advantage of fuzzy logic [8]. Using of fuzzy ontologies will allow to expand 
the opportunities for forming the result of integration, but it will increase reasoner 
working time. 

Relevance of integration problem between conceptual models and ontologies is 
caused by the accumulation a large number of development artifacts by great count of 
projects in software development organization. It is important not only to establish a 
correspondence between the ontology and conceptual models, but also to automate 
the decision-making process of the project development taking into account the 
results of reasoner. It is proposed to check the conformity of conceptual models and 
the domain ontology, as well as offer possible ways for the project development. In 
this area there are several papers by similar subject. There are similar software 
systems for transformation of conceptual models to the production knowledge base 
[4] using its own notation for representation of the productive knowledge [5]. 
Examples of transformation of the UML-diagrams to OWL ontologies are presented 
in next works [2, 3, 6, 13]. In all these works the main task of the system is to 
transformation knowledge from UML-diagrams to the ontology. 

2   Formulation of the problem 

Modern trends in the software development are in increase the flexibility and the 
information systems design must to become more flexible as well. A flexible 
approach to software design involves frequent modifications of conceptual diagrams. 
Designing from the beginning is extremely expensive. Designing different projects 
and modules individually leads to compatibility problems with subsequent redesign. 
Among the developers it is widely believed that the program can’t be described better 
than the source code, if it is written qualitatively. But this position is rather the 
consequence of a lack of understanding and ambiguity the interpretation of conceptual 
models. Besides the user of conceptual diagrams can be a non-programmer but the 
domain expert, the customer (or its qualified representative) or manager.  

In our opinion, the design process must be standardized and widely present in the 
entire project life cycle. Under the integration of design in software product 
development process author understand not the automatic generation of source code, 
but the exact structure of the program description and the nuances of its interaction. 
Technology goes on the development stack and is used by the community if the time 
required to perform a certain operation reduced. To increase design flexibility 
necessary to automate the validation UML diagrams using reasoner working with 
ontology in which these diagrams are integrated. 

Knowledges of subject area  can be obtained not only conceptual models, but also 
from other development artifacts. This knowledge can be obtained directly from the 
experts or from official documents or correspondence. This approach to knowledge 
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accumulation will inevitably lead to the extreme complexity of the system and the 
ongoing problem with inconsistency in ontology. Using fuzzy ontology will solve the 
problem of conflicting knowledge with less time-consuming and acceptable solution 
accuracy. 

In this article will cover the following aspects of the integration system of 
conceptual models with ontology of subject area: 

• Conceptual models description format; 
• Subject area ontology description format; 
• The structural parts of the subject area ontology and the relationship between 

them; 
• Rules of conversion elements of conceptual models to the subject area 

ontology; 
• The integration system architecture. 

3   Conceptual models description format 

There are several common languages and notations that allow to describe the con-
ceptual models, such as: UML, IDEF0, IDEF1x, IDEF3, DFD, eEPC etc. 
Documentation defines the purposes, the basic elements, communication between 
them and the semantic interpretation of diagrams. Often diagrams are built without 
the help of special software, as an image on paper or image file. Diagrams that have 
been saved as a pictures can’t be updated in case of changes in the system and is 
created to synchronize opinion of developers about the architecture of the software at 
the current time.  Therefore, it is necessary to focus on diagrams constructed with the 
help of specialized software. 

UML is the most common diagram format used in software design.  Such 
conclusion was made based on the statistics collected from the open software 
repository github.com. Designers can use the UML in different ways depending on 
the purpose of creating diagrams. UML has been selected as the format of conceptual 
models for the following reasons: 

• A detailed and unambiguous documentation. 
• Availability of specialized diagrams describing all aspects of the software. 
• It's widely known in the engineering community. 
• A standardized diagrams XMI export format. 
By using the UML-diagrams it is possible to describe the system from different 

viewpoints and all diagrams will be built on the common meta-model. 
UML is defined as a comprehensive meta-model in the form of a text description. 

The users get UML in the form of implementation of the software from one of the 
vendors, such as Visual Paradigm, StarUML, ArgoUML, etc. Each of the vendors 
were inter-pret UML standard by its own ways and stores diagrams in its unique 
internal format. The way to integrate diagrams from different vendors is XMI format 
(XML Metada-ta Exchange). 
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4   Domain ontology description  

As an ontology description format was chosen OWL. The OWL ontology 
presentation format was chosen as the most progressive. In addition, for editing OWL 
there is a constantly updated software product Protégé. 

Using of fuzzy ontologies was not provided in OWL 2 by default. It is necessary 
to select the approach to the formation of fuzzy ontology to add the ability to work 
with information in an ontology is using the mechanisms of fuzzy logic. The most 
preferred way to implement fuzzy ontology is an approach that involves adding data 
to the annotation to the concept or role [1].  

Using fuzzy ontology in the system is caused by two aspects. Quite often domain 
contains vague information in the definition of processes, phenomena, objects, etc. 
Very often such a situation arises in the interpretation of data from a set of sensors. 
Each of the sensors at a every point in time gives a crisp value, but the expert inter-
pret it and operates with value judgments. The value of the sensor is much more in-
formative and correct to describe by the language label, such as "high", "critical", 
"low", "regular". Also often value judgments made about the set of sensor readings, 
which would not lead individually to a similar conclusion. 

The second aspect is the use of fuzzy ontology lies in the opportunity to resolve 
in-consistencies judgments without loss of information. For example, six different 
statements from several sources about any concept of the domain and at the same time 
four of them somehow not consistent with each other. That situation leads to a 
declaration of inconsistent ontologies. In the case of a crisp ontology it will be neces-
sary to resolve the conflict by editing or deleting all the conflicting statements except 
one. If domain ontology will be fuzzy, statements will be lined up in descending order 
of membership functions. Expanding of the ontology leads to increasing complexity 
support. In order that would ontology could be used, it should always be location in a 
consistent state. Besides ontology will inevitably accumulate obsolete data that may 
conflict with the more urgent. Various experts can give not contradictory, but differ-
ing statements, which will be the recognition of reasoner as contradictory. All of these 
problems will inevitably leads to the loss of a huge amount of time to the ontology 
support, and then to abandon it. 

 

5   Rules for the conversion of conceptual models to the domain 

ontology  

The elements of conceptual models should be translated into ontology as concepts 
with regard to their semantic interpretation. Semantics of the whole diagram is being 
formed from the semantics of diagram elements and the semantics of their interaction. 
Accordingly, it's important to translate the semantics of the elements of diagrams in 
view of the global UML meta-model. At an earlier stage of development of the 
integration system, rules for the transfer of some objects the class diagrams have been 
identified. Consider the rules for conversion of some elements of class diagrams to 
the concepts of the ontology.  
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5.1 Element and Relationship 

The Element and Relationship are root concepts and provide the basis for modeling 

all other concepts in UML. UML-diagram contains Elements. Descendants of 

Element provide semantics appropriate to the concept they represent. Each Element 

can hold other Elements. Elements hierarchy is being represented in the ontology as a 

hierarchy of classes, in which the certain classes will be presented as nodes of last 

level. A Relationship is an Element that specifies some kind of relationship between 

other Elements. Descendants of Relationship provide semantics appropriate to the 

concept they represent. By this definition Relationship can be translated to the 

ontology as a subclass of the class Element. But in terms of the structure of OWL is 

better to move a hierarchy with root Relationship as ObjectProperty. This problem 

can be reduced to the problem of dualism of concept and attribute. This problem is 

common enough, one option of solving is considered in the article [10]. 

 

5.2 Type and DataType 

To determine the Elements such as a class with its attributes and operations, it is 

necessary to correlate the data types of UML and OWL. DataType in UML is a subset 

of Type. Type is a subclass of Element in turn. A Type specifies a set of allowed 

values known as the instances of the Type. Basic types of OWL and UML data are 

taken from XSD that means that the types can be transformed directly without 

additional logic. The data types in UML and OWL are not completely identical. 

Unique data types, in turn, are based on the same basic XSD data types, and are 

specified by the restrictions on the basic data type. 

5.3 Classes 

The concept of class exists as in the UML, as well as in OWL. In OWL class is a 

set of individuals. Custom classes are interconnected by a relationship of 

ObjectProperty to each other. Custom classes and connected with literal values by 

using the DataTypeProperty. 

UML class diagram considers a class as an aggregate internal structure and behav-

ior of objects. 

Concepts of Class differ semantically, but the translation will be available at the 

level of the class hierarchy. Internal structure classes from UML-diagrams can be 

translated in OWL classes using ObjectProperties and DatatypeProperty.  

During the research it was necessary to solve the problem of translating the 

hierarchy UML class in the hierarchy of OWL classes. 

5.4 Classes: Attributes 

Class attributes can be divided by data types on an attributes of primitive type (xsd 

schema) and custom attributes. Custom attribute contains a reference to the class 

object, transfer, etc. The attributes of the primitive data types are translated into the 
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ontology as a DataTypeProperty. Domain of DataTypeProperty equal to the class that 

owns the attribute and Range equal to the primitive type. Enumeration translated into 

a user defined data type DataTypeProperty for which are set predefined values. Class 

attribute that contains a reference to an object of another class is translated into 

ObjectProperty.  

5.5 Links 

Relations used in the design of UML class diagrams, usually do not have a direct 

analog in the ontological representation of the domain. A different approach to the 

description of the relationship between the elements is explained by the different 

objectives of creating diagrams and ontologies. 

When transferring data from diagrams, it was required to establish conformity of 

relationship UML-diagrams and ontologies. Attempts to implement this conformity in 

previous research were limited use of private cases. Also rarely the result such 

conversion can be uniquely interpreted in the reverse conversion. In order to 

implement long-term integration between diagrams and ontology, this approach can 

not be used. 

When using ontology built on the basis of a meta-model of UML relationships all 

meta-model will be transformed into a hierarchy ObjectProperty. Specific 

relationships defined on a particular UML-diagram are converted into instance of 

ObjectProperty for classes translated as individuals. 

 

6   Integration system software architecture  

General scheme of the system is shown in Figure 1. The diagram presents the key 

components of the system, the connection between them, the data format of relations 

and the role of users are interacting with them. It is assumed that the organization has 

the following staff: programmer (developer directly), designer (the most experienced 

programmer) and domain expert.  

We assume that the subject area expert and a specialist by working with 

ontologies are one and the same person. Although are generally, in practice, it is still 

two different people. Furthermore, one specialist of ontologies usually aggregates in 

the ontology knowledge of a large number of domain experts. The same employee 

may be located in different roles at different times. For example, designer can also be 

a computer programmer. 

Ontology is composed of several parts: 

 The first part of ontology contains information about the UML meta-model as a 
hierarchical structure of the elements and relationships. This part of the ontology is 
updated with the new version of the language metamodel. 

 Description of specific UML-diagrams of the projects. This part of ontology is 
based on the meta-model and associated with it by hierarchical links. This part 
created by using syntax OWL Full, for example, to describe the classes. 
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 Domain ontology filled by a specialist in working with ontologies and automated 
replenished from any source, such as official documents. This part of the ontology 
is associated with the description of UML-diagrams by the special set of links and 
is not connected directly with the UML meta-model. 

 

 
Figure 1. General scheme of integration system. 

 
The set of UML diagrams usually characterize more than one project. For 

example: server application, client applications for different platforms, tools, services, 

etc. can be realized as independent applications, but its UML-diagrams may 

substantially intersect. Programmers working on different projects, can spend less 

time on the synchronization of applications through the use of common parts of 

design. 

A set of UML diagrams, usually characterize more than one project. For example, 

a server application, client applications for different platforms, tools, services, etc. It 

can be constructed in view of the overall architecture and pre-defined interfaces. 

Programmers can work on different projects, but spend less time on the 

synchronization of applications due to the use common set of UML-diagrams. 

Integration System creates an internal project that includes the data from the 

conceptual models and data from the domain ontology. UML- diagrams can be loaded 

into the project in the XMI format. Ontology in OWL format can also be added to the 

project. 

Domain experts working with ontology through any editor of OWL files, such as 

Protege. A feature of the ontology used in this system is a part that response for 

representation of UML diagrams. Not all elements of the UML diagrams can be 

uniquely projected on the domain. In this regard, it is proposed to link the elements of 

196

196



    G, Guskov, A. Namestnikov, N. Yarushkina 

domain ontology with elements of the meta-model of UML with the help of a special 

relationship. 

Figure 2 illustrates the sequence diagram that showing the operation of the 

integration system.  

 

Figure 2. Sequence diagram describing the operation of integration system. 

7   Conclusion  

The concept of integration system of the conceptual models and ontologies redesigned 

and greatly expanded. A ontology structure is composed of three parts: a presentation 

of a meta-model language uml, translated a set of project uml diagrams and domain 

ontology. As a result of the research, the rules of conversion elements uml class 

diagram were reformulated and based on the transformation of the hierarchy of the 
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elements defined in the meta-model. The algorithm is performed on XMI file, which 

is a specific structure of xml file that allows you to build a non-trivial queries to the 

document. 

The difference between the work described in this article from the others is the 

approach to the problem. Projects from the large enterprises can be supported and 

expanded for decades. Therefore, it's not enough match the conceptual model and 

ontology once must synchronize them throughout the life of the project. Such an 

approach would avoid the costliest mistakes in the development of projects and 

ensure their semantic relatedness between them. This research is an attempt to 

produce the integration of domain ontology in the software development process at 

the level of conceptual models. Thus, the rest of the development artifacts, such as: 

documentation and source code will be associated with ontologies. This integration 

will allow automate the process of searching error and the inconsistency between the 

projects belonging to the same domain. 
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Abstract. In this paper author suggests an approach of TSP solving with 
quadratic computational complexity. The solving is based on a special kind of 
artificial neural networks with variable signal conductivity. A formal model, 
main architect principles and key results obtained by author are presented.   

1   Introduction 

The Travelling Salesman Problem (TSP) is one of the most famous problems in 
Math, Optimization and Graph Theory. Despite of this fact the problem has 
significant theoretical meaning more than meaning for practice.  TSP in classical form 
has its formalization as a full-weighted graph with the object function, the sense of it 
is to minimize total length of travel route. This problem is NP-hard. Different sets of 
TSP are NP-equivalent to each other. 

There are some heuristic methods to solve TSP. The most popular are the method 
of branches and borders, greedy algorithms, simulated annealing etc.  

In 1980th J.J.Hopfield suggested a new method of TSP solving. Every city in route 
was described as Hopfield neuron with two discrete states (+1 or -1), and all the 
neurons are collected into Hopfield one-layered artificial neural network with fully 
feedback[1, 2]. Hopfield’s neural networks may migrate to the stable state with 
minimal value of its energy function. This property was successfully used for TSP 
solving. This solution was incapsulated into the basis of different approaches to create 
schedules by R.Chen[3], V.Kostenko[4] et al.  

However, this solution has a very significant difficulty. It is very difficult to create 
the clearly sensed energy function which would be understood by the expert. The 
form and coefficients of the Hopfield’s neural network are obtained using heuristic 
and empirical observations and thoughts. 

In 2015 author has created a new class of artificial neural networks for scheduling 
problems named “multilayer artificial neural networks with variable signal 
conductivity” [5, MSU]. It is extension of Willshaw and von der Malsburg neural 
networks with absent lateral links, specific softmax principle, with two sets of weights 
between neurons. Its computational complexity is O(mn2), where m is a number of 
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layers and n is a number of neurons in every layer. These neural networks allow us to 
create transport scheduls for reasonable time.     

    

2   TSP in terms of neural networks  

The aim of this research is to apply multilayer neural networks with variable 
signal conductivity to TSP solving and to create algorithms of direct neural network 
computation and the network’s learning. 

The author has created a special version of artificial neural network with variable 
signal conductivity to try solving TSP. Its topology is given in fig.1  

    

 
Figure 1. Architectural description of the neural network 

Every city in TSP is a separate neuron (N1,N2,…, Nn). Each neuron is connected 
with all neurons of the neural network via links with weights (w12, w1i,…,w1n). Each 
neuron has its autolink. The weight of autolink is set equal to“ – 10000” to avoid 
routes with delays in the same cities. Other links are weighted in the random mode 
[0,1]. 

Every neuron has two states: “active”, when the neuron may transfer the signal, 
and “off” with no signal.  

The activation function of every neuron is the sigmoid function.  
Distances between cities 1,2,…,n are gathered into squared matrix with zeros at 

the principal diagonal.  
The goal of the neural network is to create a route with minimal length without 

loops. All steps are being saved into the History string vector.  
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3   Functioning of the Neural Network  

The neural network for TSP solving has been created in C# language. It’s 
algorithm of functioning is given in fig.2 

0. Initializing of the layer

2. First calculation of route

3. Calculation of the Length 
of Route

Length>Delta and 
epochs<countEpochs

4.epochs=0

1. Set the Delta, trainspeed, 
other initial parameters 

5.Teaching of the Network

6. Calculation of route

7. Calculation of the Length 
of Route

8. epochs++

The end

No

Yes

Begin

 
Figure 2. Prinicpal algorithm of ANN’s functioning 

The neural network has its initial parameters like follows: trainspeed, maximal 
number of epochs to solve TSP (countEpochs), number of the first city (start), 
required bottom length of route (Delta). The goal of the algorithm is to find a solution 
which length is less or equal than Delta during time less than countEpochs. 

202

202



    A. Ignatenkov 

Positions 0-4 in fig.2 are a direct calculation of output, positions 5-10 illustrates 
the training step of the neural network. Basic principles of the network’s functioning 
are similar to artificial neural networks with variable signal conductivity in [5]. They 
are: softmax competition for the signal, weight adjustment according to the goal. The 
novelty is in only one layer in the neural network. 

Every calculation of neurons power is given as follows. The first city (start 
neuron) is chosen randomly, its number is being placed into History vector (History). 

The state of the first neuron became “active”. Then we find the maximal weighted 
(heavy) link of the starting neuron, choose it and change the state of the 
corresponding neuron from “off” to “active”. We calculate the power of 
corresponding neuron, and then we fix the number of the neuron in History. After that 
the corresponding neuron became the starting neuron. 

Teaching of the neural network starts with the end of route. During the teaching 
we are finding the previous neuron and its maximal weighted (heavy) link. Then we 
correct the weight of maximal link similar to [5] but in contradictional direction 
related to change from the past previous step and the previous step.   

   
  

  

4   Conclusion and Results  

The article confirms that artificial neural networks with variable signal 
conductivity may successfully offer us an efficient solution of TSP. Because the net 
has only one layer, its computational complexity is O(n2), where n is number of cities 
(neurons). After testing the construction of the network for several runnings we can 
conclude that results are quite comparable with "branch and bound" methods 
described by Little in [6].  
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Abstract. In this paper for the formal analysis of project workflows, modeling of 

logistical processes is suggested, on the example of particular problems of 

calculating of unit cost and rationing of parts and assembly units (PAU), using a 

representation of workflows in the form of graphs. In the work, models of two 

levels were developed and analyzed: a structural-functional and a streaming 

model.  

1   Introduction 

The problem of formal analysis of the properties required from the streams of work 
has been the subject of research by several scientific groups. The enterprise in these 
studies is not considered as a set of departments and groups, but as a set of workflows 
around which the enterprise's activities are realized. Workflows can be defined as a set 
of related operations, the implementation of which is aimed at achieving the objectives 
of the enterprise [1].  

Each enterprise is created to fulfill certain goals, therefore in any enterprise there 
are workflows, even if they are not described and not documented. The introduction of 
a formal description of workflows makes it possible to build quality management 
systems of an enterprise, to solve the problem of building an effective management 
structure, to optimize activity based on key indicators.  

Workflows are not necessarily the sequence of actions of one employee. Workflows 
can be implemented by several employees within the same division of the enterprise, 
to cover several of its divisions or even several divisions of different enterprises. 
Therefore, the flows are represented as a parallel activity of many performers, 
consistently performing their functions. Here there are known in parallel programming 
problems of access to resources, locks, restrictions of liveliness, and therefore results 
and decisions in the field of verification of parallel processes are in demand in the field 
of workflows.  

The presence of a large number of interacting streams raises the problem of formal 
verification of their correctness. However, workflows are specified by workers who do 
not have training in the field of formal models and informatics. For the formal analysis 
of workflows, a detailed representation of the process model in a formal language is 
required, which is difficult to construct and which is difficult for ordinary workers to 
understand. 
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2   Problem 

Processing of design-engineering workflows of a large industrial enterprise requires 

the solution of the following tasks. 

1)analysis, systematization and development of normative diagrammatic workflows 
models. 

2)analysis and control of properties of diagrammatic models, primarily topological 
ones. 

3)analysis of the business process integrity for such failures as hangs, loops and 
finitudes. 

4)workflow interpretation, including the implementation of workflow management 
systems based on the developed business process. If there is a lot of software for the 
development of the business process scheme, such as MS Project, etc., the 
implementation of workflow management systems is performed by most major PDM 
and ERP system developers independently of each other. This category of developers 
consists of document management system developers (1C, DocVision) and project 
management system developers (Pilot-Ace of the ASCON company). 

The lack of modern tools for processing these workflows of effective methods and 

means to solve these problems determines the subject of research and its effectiveness. 

3   Related works  

Analysis and control of project workflows are carried out by the scientific schools 
of the Higher School of Economics, MSTU STANKIN, MVTU them. N.E. Bauman, 
UlSTU, POMI of the Russian Academy of Sciences, IMC of the Moscow State 
University named after MV Lomonosov, Institute for System Programming of the 
Russian Academy of Sciences (Russia), Carnegie Mellon University (USA), 
VERIMAG (France) laboratories, scientists such as Afanasyev A.N. [2-6], Karpov Yu. 
[1], Sosnin P.I., Lifshits Yu. [7], Yarushkina N.G., Kalyanov G.N. [8], Konev B. Yu., 
Shalyto A.A., Savenkov K., Kulyamin V. V. (Russia), and also Teda Saeedloei, Gopal 
Gupta [9], E.M. Clark, G. Buch (USA), Yuan Wang, Yushun Fan [10] (China), and 
Rational Unified Process (RUP) technologies, PBWD methodology, Unifyid Model 
Language (UML) modeling languages, Extended Event Driven Process Chain (eEPC), 
BPMN, IDEF0, IDEF3, Amber, Promela, YAWL. 

4   Workflows in conditions of the large enterprise  

The potential for the development of the information technology industry in Russia 
is very high. An important stage in the development of this field was the formation of 
a digital economy in the country, aimed at improving the efficiency of all industries 
through the use of information technology. In this connection, the Chairman of the 
Government of the Russian Federation Dmitry Medvedev signed the order of July 28, 
2017 №1632-р, approving the program "Digital Economy of the Russian Federation". 
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This program proposes the adaptation of the regulatory framework to new types of 
relations, new objects and subjects of the digital economy, the creation of infrastructure, 
technologies and platforms ensuring the acquisition, storage and processing of the 
volume of data created in the digital economy, ensuring non-discriminatory access to 
data under the condition Maintenance of legal rights and interests of subjects and data 
owners, training of qualified personnel, ensuring information security, developing 
applied solutions for the new quality of using information and telecommunication 
technologies in the sphere of state and municipal management, public health, education, 
urban management and other branches of the economy. This is the standard to which 
large industrial enterprises should strive. 

The enterprise "Ulyanovsk Mechanical Plant" is engaged in the design and 
manufacture of radio electronic equipment and instruments, and other technical 
products. The existing structures of the enterprise have a complex logistical system, 
which includes operations with material, financial and information flows. These 
workflows take place in conditions formed by the specifics of the enterprise and the 
characteristics of the production of complex technical products: 

1) multinomenclature of the products; 
2) prevalence of technological specialization of workplaces, sections, shops; 
3) use of universal equipment and technological equipment; 
4) availability of a large volume of manual assembly and finishing operations; 
5) the substantial duration of the production cycle; 
6) the possible change of routes for the manufacture of certain products; 
7) manual inventory management; 
8) application of mixed technologies and various systems, etc. 
Under these conditions, problems of analysis, bottlenecks and optimization of 

logistics processes are solved. One such process is pricing. Without this process, the 
financial activities of the enterprise, contracting and making profits are impossible. The 
composition of the products includes both finished purchased materials and 
components, as well as parts and assembly units of its own production. In this regard, 
the correct calculation of the cost of the product is an important financial flow of work 
within the entire logistics system. 

When calculating the cost, mixed technologies are used (accounting is maintained 
in 1C: Enterprise, and warehouse accounting is handled). This can lead to errors, data 
inconsistencies, data access difficulties, longer calculations, etc. That is why a 
transition to a qualitatively new level of using information and telecommunication 
technologies in the sphere of the socio-economic activities of the enterprise is 
necessary. 

In this connection, there is a problem of reengineering at the enterprise. Maximum 
implementation of automation equipment should be implemented at all stages of the 
life cycle of complex mobile products. It is necessary to carry out a fundamental 
rethinking and radical redesign of logistics processes in order to achieve the maximum 
effect of production, economic and financial-economic activity. To do this, you can 
imagine the workflows in the form of a graph. 
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5   Workflow graphs [11] 

Workflow graphs are represented using directed graphs. These graphs consist of a 
set of nodes V and a set of edges E. Edges are also called as flows, in which case they 
are denoted as F. Workflow graphs cannot have more than one directed edge between 
any pair of nodes. Nodes in a workflow graph can be either condition nodes (denoted 
as C) or task nodes (denoted as T). Condition nodes represent the OR-split and OR-join 
process language constructs, and correspondingly, a condition node can be either an 
OR-split node or an OR-join node. Task nodes represent the Sequence, AND-split and 
AND-join process language constructs, and correspondingly, a task node can be a 
Sequence node, an AND-split node or an AND-join node. OR-split nodes and AND-
split nodes are termed as split nodes. AND-join nodes and OR-join nodes are termed as 
merge nodes. In the workflow graph representations used in the literature, a node can 
be either a sequence node, a split node, or a merge node. A sequence node has one 
inward edge and one outward edge. A split node has one inward edge and more than 
one outward edge. A merge node has more than one inward edge and one outward edge. 
Start node and end node are two special nodes. Start node of the workflow graph will 
not have any inward edge. End node of the workflow graph will not have any-outward 
edge. Without loss of generality, it can be safely assumed that workflow graphs can 
have only one start node and only one end node.  

A path is a sequence of nodes in the workflow graph such that any two consecutive 
nodes in the path are connected through a directed edge from the parent node to the 
child node. OR-split node is used to create one or more mutually exclusive paths 
passing through that node. Hence, while traversing the workflow graph for an instance, 
only one child node of an OR-split node will be chosen. An OR-join node is used to 
synchronize such mutually exclusive paths merging at that node. “OR” in the OR-split 
and OR-join terminology is a misnomer in that the paths splitting at an OR-split node 
are mutually exclusive paths, and similarly, the paths merging at an OR-join node are 
mutually exclusive paths. Hence, XOR-split and XOR-join nodes could have been the 
appropriate terms for the OR-split and OR-join node types described above. However, 
since the literature uses the terminology of OR-split and OR-join nodes, we will use 
this terminology in this chapter unless otherwise explicitly mentioned. AND-split node 
is used to create two or more concurrent paths passing through that node. Hence, while 
traversing the workflow graph for an instance, all child nodes of an AND-split node 
will be chosen. AND-join node is used to synchronize such concurrent paths merging 
at that node. 

 While executing an instance of a business process, workflow graph is traversed 
starting from the start node. During this graph traversal, only a subset of the nodes in 
the workflow graphs is activated. Subgraph formed by traversing nodes and edges, for 
executing an instance of a business process, is called an instance subgraph. An OR-split 
node activates only one of its child nodes during the graph traversal. Similarly, an 
AND-node activates all its child nodes. OR-join node expects only one mutually 
exclusive path in its input side (i.e., an OR-join node should be activated by only one 
of its parent nodes), while executing an instance subgraph. If an OR-join node gets 
more than one path in its input side for any instance subgraph, then the workflow graph 
is said to have Lack of Synchronization structural conflict at this OR-join node. Lack 
of synchronization structural conflict leads to undesired multiple executions of the 
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paths following the OR-join node having this structural conflict, in at least one scenario 
of workflow process execution. Similarly, AND-join node expects all concurrent paths 
in its input side (i.e., an AND-join node should be activated by all of its parent nodes), 
while executing an instance subgraph. If an AND-join node does not get all of the paths 
in its input side when executing an instance subgraph, then the workflow graph is said 
to have Deadlock structural conflict at this AND-join node. During execution, 
workflow process waits for infinite time at any AND-join node that has deadlock 
structural conflict as the AND-join node waits for getting activated by all of its parent 
nodes. Deadlock and lack of synchronization are the structural conflicts detected by 
workflow verification algorithms. 

6   Modeling of logistic processes 

As a particular task, we will consider the calculation of the unit cost and the rating 
of the PAU, which form an important basis for the logistics pricing process. In the work, 
two levels of models have been developed: a structural-functional and a streaming 
model. Let's consider features of each of them. 

The structural-functional model «Calculation of the unit cost» is presented 
schematically in Figure 1. 

 

Figure 1. Structural-functional model «Calculation of the unit cost» 

When calculating the unit cost (the unit of the product is a specific cost cipher for 
the product), the labor costs calculated by the Labor and Wages Department, the 
materials costs calculated by the Planning and Economic Department, and the 
additional costs that the Accounting Department considers are taken into account. All 
costs are recorded in the article of costing for the product. The cost of materials includes 
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the costs of raw materials and basic materials, auxiliary materials, purchased semi-
finished products, returnable waste, components, works and services of third-party 
production organizations, transportation and procurement costs, fuel and energy for 
technological purposes, packaging and packaging. Additional costs include insurance 
premiums for compulsory social insurance, the costs of training and production 
development, the costs of special technological equipment, special costs, general 
production costs, general economic, other production costs, non-production costs. All 
of the above types of additional costs are considered a percentage of labor costs. The 
labor costs of the main production workers are divided into basic salary and additional 
salary. Additional salary includes some types of allowances unrelated to the PAU 
produced, to the main one - payment of manufactured parts and assembly units, awards, 
and some extra charges calculated from payment for the PAU produced. The payment 
for the PAU is carried out according to the established labor input (labor intensity of 
the PAU) calculated from the PAU database. This labor input is determined and brought 
into the database by engineers in the field of rating and labor organization. In the 
production of new parts and assembly units, for which labor input has not yet been 
established, it is necessary to classify and enforce these norms.  

Rationing of the PAU begins with the receipt of new documentation - this is either 
a package of design documentation (an assembly drawing, an electrical schematic 
diagram, etc.), or a package of technological documentation (technological process). 
Already at this stage, the problems of the organization of the workflow are seen - to 
accurately determine the complexity of work, a complete package of documents is 
required (that is, all design and technological documentation), in fact, at best, this is 
only part of the design documentation. The technological process is made much later 
on the basis of operations determined by the rationer. After receiving the 
documentation, the rationer delineates the basic operations in the production of the 
PAU, defines the occupations of the production workers who will produce the PAU, 
determines the complexity of the work (work level), the harmfulness of the work, and 
the labor input of each operation. After that, the database is found in the database, 
creating its new edition, in which all operations and attributes are filled in. At this stage, 
possible errors due to the "human factor" - you can incorrectly fill the database, skip 
some attributes, assign the wrong type to attributes, etc. To monitor these errors in the 
database, it is possible to generate an error control report. When you run the report, you 
will see a list of PAU in which errors have been made, as well as line number and 
attribute type, which specify exactly where these errors were made. After all errors are 
found and corrected, a notice is created in the database and the status is "Generated". 
Then the "Notice" is printed to harmonize the standards with other services. The notice 
must be agreed with the chief of the department of technologists, the head of the shop, 
the head of the department of labor and wages. When agreed with each service, an 
analysis of the norms is carried out. If any errors are found during the analysis, or the 
discrepancy of the labor input of the PAU, then changes are made to the database, and 
a repeated notice is issued. After agreeing with all services, the notice is transferred to 
the Labor and Wages Department. After checking the document in the database, the 
status of the notification is changed to "Approved", after which the norms of the PAU 
are updated.
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The steaming model «Rating of parts and assembly units» is presented 
schematically in Figure 2. The developed model for the rating of PAU was tested in the 
specialized software Visual ObjectNet ++. 

7   Conclusion  

As a result of modeling, there was a large accumulation of chips in the position 
"Error Control" (Figure 2), which indicates that the model is not safe, and therefore the 
workflows in the the rating of PAU also significantly accumulate under control. It is 
necessary to "unload" the error control stage by means of a structural change in the 
workflow graph. Also, the model has the properties of attainability, liveliness and 
justice. 
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Abstract. The article provides an analysis of recommendation systems. The 

author's method of formation of recommendations for the designer based on the 

protocol design operations different analysis operations solid three-dimensional 

modeling of parts, performed in CAD KOMPAS, and allows to replace the non-

optimal sets into sets of operations of operations with fewer steps that will 

improve the design efficiency. The problems associated with the development 

of the advisory system.  

1   Introduction 

The main task of the system of recommendations is to formulate proposals for 
increasing the efficiency of the designer. Increasing the efficiency of the designer is 
achieved through the search for not optimally executed project operations and the 
recommendation of replacing them with operations with fewer actions. The following 
ways of reducing the number of actions in constructing a design solution are 
distinguished: excluding actions that do not affect the design solution; Performing the 
same type of actions on groups of objects; The use of special operations to perform 
typical tasks (chamfer, fillet, etc.); The alignment of the optimal sequence of 
operations in order to reduce the number of actions required for transitions between 
operations. 

2   Analysis of recommendations systems 

A number of recommendatory systems were considered [1, 2, 3, 4, 5], the main 

classes of methods for constructing such systems are: methods of collaborative 
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filtering, methods that analyze the content of objects and methods based on 

knowledge. Based on the analysis, it was concluded that not one of the presented 

systems is suitable for the formation of recommendations based on the protocol of 

project operations. A new method of forming recommendations should be based on 

knowledge, as it allows you to expand the list of recommendations and formulate 

specific solutions. 

We will outline the following ways to reduce the number of actions when building 

a design solution: 

• exclusion of actions that do not affect the design decision; 

• performing the same type of actions on groups of objects; 

• the use of special operations to perform typical tasks (chamfer, fillet, 

etc.); 

• the alignment of the optimal sequence of operations in order to reduce the 

number of actions necessary for transitions between operations. 

A similar system for the analysis of actions and the formation of recommendations 

has been developed for instrumental computer simulators [6]. 

3   Development of a method of forming recommendations 

The initial data for the formation of recommendations is the flow of operations of 

the designer. We code this stream as a sequence of executed project operations, the 

model of which looks like: 

PrOper = (Operations, TypeOperation, ParamKey, ParamValue), 

where Operations is the set of operations, 

TypeOperation - many types of operations in CAD (for example, "extrusion", 

"rotation"), 

ParamKey - set of operation parameter keys, 

ParamValue is the set of values of operation parameters. 

The operation model has the form: 

Operation = (id, type, number, pvo), 

where id is the unique identifier of the operation, 

type ∈ TypeOperation - type of operation, 

number - the number of the operation, 

pvo is the set of parameters for an operation with a value. 

The model of an operation parameter with a value is: 

PVO = (key, value), 

where key ∈ ParamKey is the name of the parameter, 

value ∈ ParamValue is the value of the parameter. 

The model of the initial data for the formation of recommendations has the form: 

S = (Operations, Rules), 

where Operations = {o ∈ Operation} is the set of design operations, 

Rules = {r_i│i = 1..k} is a set of rules for searching and replacing non-optimal 

project operations. 

The rule model has the form: 

Rule = (tmpl, result), 
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where tmpl is a first-order logic formula for searching in the protocol of project 

operations; 

result - the set of optimal design operations defined as ordered triples (operation 

code, operation parameter or set of operation parameters, value of the operation 

parameter or set of values), where the code is a constant, and the operation parameter 

and the operation parameter value are first-order logic formulas. 

The recommendation model looks like: 

R = (op_before, op_after, F_steps, F_message), 

where op_before ⊂ Operations - a lot of non-optimal design operations involved in 

the formation of recommendations, 

op_after ⊂ Operations - a set of recommended project operations, 

F_steps = Operations → N - function for calculating the number of actions for 

constructing project operations, 

F_message = Operations × Operations → Text - the function of forming the text 

of the recommendation. 

The algorithm for forming recommendations and adjusting the profile of the 

designer is described in detail in [7]. Below is a meaningful description of this 

algorithm consisting of the following steps. 

1. Start the work of the designer with the project. 

2. If the project is a new transition to step 5. 

3. Generate transactions based on an existing project. 

4. Adding an operation to a sequence of operations. 

5. Read control action from the designer. 

6. Generation of operations based on the actions of the designer. 

7. Adding an operation to a sequence of operations. 

8. Search for a rule that corresponds to a sequence of operations. 

9. If the rule is not found, go to step 11. 

10. Forming the optimal set of operations. 

11. Formation of recommendations based on sets of optimal and suboptimal 

operations. 

12. Add a recommendation to the individual list of recommendations of the 

designer and display. 

13. Adjusting the skills of the designer corresponding to the operations involved. 

14. If the project is not finished, go to step 5. 

15. Exit. 

4   Examples of recommendations 

If the sides of the chamfer are equal, the result of its construction will not depend 
on the direction of the first side. Therefore, you should not specify this parameter. 

Do not make a chamfer for each rib separately. If possible, specify as many of the 
edges as possible for chamfering, the chamfer parameters for which are the same. 

When constructing a parametric constraint "equality of the radii of two arcs or 
circles" for four or more objects, use the "Remember state" option. 
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Commands for starting operations that can be executed based on the created 
sketch can be called directly from the sketch mode. Having built a cross-section of the 
extrusion body in the sketch, you can immediately call the Extrude Operation 
command. The editing mode of the sketch will automatically end, the extrusion body 
construction command will be started. 

The constructed four segments have the constraints "Match of two points", 
"Horizontal", "Vertical". Use the Rectangle operation. 

5   Implementation of the system of recommendations for the 

designer 
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Figure 1. System of recommendations 
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The operations generator is implemented on the .NET Framework. As an example, 
the computer-aided design system KOMPAS-3D V16 was chosen. To process events, 
Automation is implemented, implemented as a library in the C # programming 
language. The operation log is stored in XML format. The analysis of the protocol of 
operations and the formation of recommendations are carried out on the Ruby 
platform. The solution scheme is shown in Figure 1. 

7   Results of experiments 

An experiment was carried out on several assemblies performed in CAD 
COMPASS. The sources of the assemblies are works performed by students of 
Ulyanovsk State Technical University, specialists of JSC "Ulyanovsk Mechanical 
Plant", as well as the Internet. The developed system allows to reduce the number of 
actions performed by the designer on average by 4.4%. 

8   Conclusion  

The following ways of reducing the number of actions in constructing a design 
solution are distinguished: excluding actions that do not affect the design solution; 
Performing the same type of actions on groups of objects; The use of special 
operations to perform typical tasks (chamfer, fillet, etc.); The alignment of the optimal 
sequence of operations in order to reduce the number of actions required for 
transitions between operations. 

The method of forming recommendations for the designer based on the protocol of 
design operations is developed. It differs from the analysis of operations of solid 3D 
modeling of parts performed in CAD COMPASS, which suggests replacing non-
optimal sets of operations with multiple operations with fewer actions, which will 
increase the designer's efficiency by an average of 4.4% And evaluate its activities. 
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Abstract. The article describes the use of domain-specific languages (DSL) and 
DS-API in the design of interactive virtual spaces and simulators. The importance 
of development artifacts coherence with the domain and its implementation via 
DS-constructions is grounded. It describes the compensate of DSL lacks by tran-
sition to the DS-API and mapping the domain to implementation via the model 
within the framework of MDE-methodology. 

Keywords: domain specific languages, model-driven engineering, modelling, 
metamodel, DSL, API, MDE, DDD, interactive virtual environment, simulator, 
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1 Introduction 

In the development of integrated information systems, at present special attention is 
attended to the issues of scalability, flexibility of the solution and development man-
agement (product life cycle). The previous methodologies for design and development 
(the algorithmic programming paradigm) cannot provide these processes and the re-
quired level of quality of the software product. That is why new paradigms and meth-
odologies have started to appear and are still actively developing, giving the level of 
abstraction sufficient for such scale systems: object-oriented programming, language-
oriented programming, Model-Driven Engineering (MDE). 

Now, with the massive introduction of interactive virtual environments, virtual real-
ity, issues related to the need to most accurately convey real experience to the end user: 

─ the problem of the coherence between the virtual space of a certain domain and ex-
isting objects, phenomena and processes; 

─ ensuring the convenience of user interaction with virtual space, the organization of 
an intuitive interface of human-computer interaction. 

The implementation of human-computer interaction currently lies in the develop-
ment of the graphical user interface and, in the modern interactive systems and simula-
tors, I/O devices: controllers, gamepads (in the gaming industry), actively developing 
today's virtual (VR) and augmented (AR) reality. The problem of disposing the discrep-
ancy between the content of virtual environment and the domain, on the contrary, is 
closely related to the design and architectural solutions of information support for the 
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simulator. The aim of this paper is to find approaches and ways to dispose the semantic 
gap between the domain and the technical solution. 

2 Related work 

2.1 Models and metamodels in the software design 

The main idea of Model-driven engineering is that the model from the documenta-
tion turns into a full-fledged artifact of designing and developing software. The model 
on the one hand is closely related to the domain: it displays those properties of real 
objects and phenomena that need to be represented in the simulator and on the base of 
which it is necessary to form the user's experience. On the other hand, being an artifact 
of development, the model is also closely related to the final implementation. As a re-
sult, the model with this approach solves two important problems. 

─ Provides the necessary level of abstraction and hides many nuances of implementa-
tion, complicating the presentation of the architecture of the solution. 

─ To some extent eliminates the semantic gap, because the description (specification) 
of the domain is transitive (via the model) linked with the source code. 

When you add CAD and implement the functionality of source code generation from 
the model, the development and scaling of the system is greatly simplified. When you 
change the specification of the domain or add new feature, you no longer need to re-
engineer the source code: just make changes to the model. 

This, is also a disadvantage: due to a higher abstraction (model), flexibility at the 
code level is reduced. Another important drawback of modern MDE lies in the tools for 
generating code. Current tools do a decent job of creating code, they cannot help in the 
effective use of this code [1]. The model will be flexible only in the place where it is 
laid down and implemented in the language of a lower level of abstraction. 

2.2 Model language and domain-specific languages 

When used in the development of models, one of the key points is the choice of the 
modeling language. The modeling language (ML) is a specification system for model-
based software, which increases the level of abstraction. ML is the main tool for domain 
binding and implementation: ML translates the implementation into the domain dic-
tionary. As for any other notation (text, table, graphic (diagram [2, 3])), here it is ex-
tremely important to concrete syntax (notation) of modeling [4]. So, how do you define 
a modeling language? 

ML can be classified as general-purpose (GPML) or domain-specific modeling lan-
guage (DS(M)L). GPML (UML and SysML, for example) are providing large sets of 
general constructions and notations [4] that can be redundant in a domain under study 
and significantly reduce the clarity of the model and complicate the architecture of the 
solution. On the other hand, DSLs provide a fairly limited, but sufficient set of concepts 
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and notations, which simplifies reading, understanding, checking, interpreting and ex-
panding the model. 

It is the use of DSL and Language Oriented Programming that makes it possible to 
achieve [5]: 

• separation of complexities; 
• high speed development; 
• high modifiability and extensibility of the solution; 
• increasing the flexibility and platform independence of the system; 
• involvement of users (domain experts) of the system in its development and expan-

sion. 

DSLs are widely used in the field of computer graphics and virtual environments. 
There are specialized languages for coding scripts (logic of behavior): UnrealScript 
(UScript) for the game engine Unreal Engine, LSL for the OpenSim platform [6, 7]. 
Programs implemented on GPU (shaders) are written in one of the languages, such as 
Cg [8], high level shader language (HLSL) or directly for Open GL platform – GLSL 
[9]. 

The domain-oriented approach and DSL are according not only in the local special-
ized, service and utilitarian components of the system. With domain-driven design, the 
terms used by the domain expert can come through directly the main implementation 
code, being captured in the names of classes and methods, forming a kind of object-
oriented API. "Using the domain language in the code consciously, as a permanent rule, 
is very important for the developer. This reduces the gap between the language of the 
domain and the technical jargon" [10]. 

The use of DDD in its pure form has a number of significant drawbacks. Firstly, a 
huge amount of time is spent on the development of such systems; secondly, there is a 
need for training and "restructuring of thinking" of developers. All this justifies the use 
of DDD only in the initially very large projects and does not allow to lay the orientation 
on the domain at the early stages of the life cycle of the system. 

3 Problem 

According to the above, both MDE and DDD currently have shortcomings that limit 
their wide application. On the one hand, the model is not sufficiently flexible and pro-
ductive at the level of the final code. On the other hand, DSL albeit simplifies the work 
with the customer and domain experts, but imposes high demands on developers and 
increases development costs. It is proposed to determine the place and role of models 
and DSL in the development of projects of small and medium scales, to determine the 
ways of their implementation in the project at early stages. 

221

221



4 Functional model of domain and DS-API 

A model in the classical sense of it is most often a collection of UML class diagrams 
and a code generation tool. However, the model must be functional in order to be a full-
fledged development artifact. It would be more logical to construct (describe) the model 
by those means and in those conditions in which it eventually will function: in the con-
structions of the object language. With this approach, the functions of the model are 
primary, and its "description" is secondary: the representation is generated from the 
functionality. As an example, you can bring an ORM-solution Entity Framework, in 
which there are 3 separate approaches to development. One of them, Code First implies 
first defining the classes, and then generating the database structure [11]. Classes in this 
case are a [functional] model, along which a graphic model (ER-diagram) can also be 
generated. 

Further, it is necessary to add information (semantics) of the domain to this func-
tional model. Like the advantages of DSL, its disadvantages are also obvious: a high 
barrier to entry for the language developers and the complexity of ensuring high per-
formance. It is the necessity and complexity of developing a whole language that limits 
the use of DSL-Based Development. That is why the question appears:” Does it really 
need a whole language or the DS-API will be enough?” 

The API can be bounded with the domain for the most part only via the name of 
objects and their methods. DSL also implies a special syntax, coherent to the domain. 
That is why, it is much easier for a domain expert to work with the DSL-description of 
the system than with blocks of [object] code, even if filled with domain terms. The 
structure (syntax) of the domain cannot be exactly covered to the paradigm of [object-
oriented] programming. However, the subject area, "by Plato's shadow of the" model 
can be imposed on object structures. It is the combination of DS-API and MDE that 
provide the way to the development of complex and flexible systems. Domain orienta-
tion allows you to design and develop such virtual spaces and simulators that are able 
to transfer user experience to the fullest and build adequate and functional models of 
relevant domains. 

5 Conclusion 

With the classical MDE approach, the model becomes an artifact of development 
and is included in the final software solution as a full component. The model drives the 
development of the solution and the domain via the model is "sublimated" in its source 
code. Using DSL allows you to bind in the opposite direction: the source code itself 
becomes a specification of the domain. Thanks to the domain semantics are accurately 
captured in the code, even non-programmers can understand it. How MDE allows the 
use of formal specifications as the final software solution, so DDD provides the use of 
programs as a specification. All this significantly reduces the semantic gap between the 
domain and the implementation, anticipating the seamless process of design and devel-
opment. 
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The further direction of works is the development of CAD, which allows to provide 
human-computer interaction: by results of filling in the dictionary by domain expert, 
automatically generate object constructs: abstract classes, interfaces and virtual fields 
and methods. 
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Abstract. The paper describes the application of fuzzy logic in the Vroom-
Yetton-Jago decision-making model. In this article, a formalization of linguistic 
variables that influence decision making, a concept and implementation of the 
decision support system based on QA and a design of the human-computer inter-
action interface are considered. 
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1 Introduction 

The VYJ model is a decision-making model that focuses on how much the degree of 
participation in decision-making at different levels of leadership should be significant 
so that the decision-making process is optimal. 

In 1973, Vroom and Yetton developed and described in the book «Leadership and 
Decision-Making» a decision-making system based on a decision tree. In 1988, Vroom, 
together with Arthur Jago, modified this system, replacing the decision tree with the 
author's expert system. Thanks to putting the model under a certain mathematical ap-
paratus, it was possible to increase the intelligence of the system as a whole and more 
clearly formalize the principles of its operation. 

2 Analyze VYJ DM 

2.1 Decision tree 

At the core of the model under study, VYJ DM, is the simplest binary tree. The nodes 
of the tree here are the decision nodes - the answers to the 7 basic (key) questions of 
VYJ DM (see Fig. 1) [5, 6, 7]. From each node, there can be two branches correspond-
ing to the negative and positive answers to the key question. However, each node can 
enter not one, but several branches. 
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Fig. 1. Alternative representation of decision tree VYJ DM 

Closing nodes, corresponding to a separate alternative to decision-making - manage-
ment style - are presented in a larger number than the dimension of the set of directly 
alternatives. This means that you can choose one or another alternative (management 
style) in different ways, and each passage of the decision node does not mean unam-
biguous “clipping” of the closing nodes, but, in most cases, only “reconfigures” the 
configuration of the set of alternatives. This characterizes the model as sufficiently flex-
ible and elaborate, corresponding to the field of application. 

The second advantage of VYJ DM is the one-syllable of key questions. Thus, with 
the support of the decision-making process, the end user is more likely to accept it: a 
simple one-syllable statement of a question by the system means simplifying the user's 
response (and its correctness), and the probability of passing all solution nodes in-
creases. If you build a software decision support system on the basis of VYJ DM, then 
it can be characterized as a question-answer system (QA system), which consistently 
creates extremely simple questions for the user. By the way, the problem of construct-
ing a QA system, which would formulate simple questions, i.e. Had a clear and easy 
dialogue interface with the user was formulated [8] in 2002 and is still relevant [1]. 

Now we need to talk about the drawbacks of this decision-making model. As it was 
said earlier, nodes of decisions of a binary tree of decision-making correspond to mon-
osyllabic questions; This means that the answer must be given a simple, but alas, not 
exact: say “yes” or “no” instead of expressing the degree of the fact observed in this 
situation. VYJ DM belongs to the class of situational leadership models [5], however, 
it’s characteristic reduces the benefit from its application due to the decrease in the 
quality of the description of the situation. A logical step in the direction of development 
of the decision-making model would be the introduction of fuzzy logic that allows a 
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person to more accurately describe a specific situation, and the machine - through the 
calculation of fuzzy variables – to report a better verdict, the most suitable for this sit-
uation. 

2.2 Fuzzy decision trees 

In case of classic decision tree, there may be a case when it is rather difficult to 
accurately classify an object according to one or another characteristic. These situations 
are resolved by the benefits of fuzzy logic, when they say not just about belonging to 
someone class, attribute, attribute, but about its degree. When using fuzzy decision 
trees, knowledge is not lost on the fact that an object can possess properties of one 
characteristic or another in one way or another. 

The main idea in this approach is the combination of decision trees and fuzzy logic. 
A distinctive feature of decision trees is that each example definitely belongs to a spe-
cific node. In odd cases, this is not the case. For each attribute, it is necessary to select 
several of its linguistic values and determine the degree of belonging of examples to 
them. Instead of the number of examples of a particular node, the fuzzy decision tree 
groups their degree of belonging. 

3 Modernization of VYJ DM. Adding linguistic variables 

To modernize the model, it is first necessary to analyze the original binary tree and 
formalize the rules for deriving the final verdicts. Denote answers to key questions 1-7 
with the letters A-G. Thus, in the case of an affirmative answer in the node of solution 
1 (see Fig. 1) the variable A = 1, and in the case of a negative answer at the node of 
solution 5, the variable E = 0, etc. Then, for the final verdicts A1, A2, C1, C2, G2, the 
following will be true: 

𝐴1 = �̅��̅� + 𝐴�̅�𝐶 + �̅�𝐵𝐶 

𝐴2 = 𝐴𝐵𝐶𝐸 + 𝐴�̅�𝐶̅𝐷�̅� + 𝐴𝐵𝐶̅𝐷𝐸�̅� + 𝐴𝐵𝐶̅𝐷𝐸𝐹�̅� + 𝐴�̅�𝐶̅𝐷𝐹�̅�  

𝐶1 = 𝐴𝐵𝐶̅𝐷𝐸𝐹𝐺 + 𝐴�̅�𝐶̅𝐷𝐹𝐺  

𝐶2 = 𝐴�̅�𝐶̅�̅� + 𝐴𝐵𝐶̅�̅�𝐸 + 𝐴𝐵𝐶�̅��̅� + 𝐴𝐵𝐶̅�̅��̅��̅� + 𝐴𝐵𝐶̅𝐷�̅��̅� + 𝐴𝐵𝐶̅𝐷�̅�𝐹�̅�  

𝐺2 = �̅�𝐵�̅� + 𝐴𝐵𝐶�̅�𝐹 + 𝐴𝐵𝐶̅�̅��̅�𝐹 + 𝐴𝐵𝐶̅𝐷�̅�𝐹𝐺  

Thus, the decision support system works with discrete variables that reflect the “ex-
treme” values (may be described as definitions or descriptions) of the facts of the real 
situation. Hence, the result of the system will be the absolute allocation of one of the 
alternatives: 

𝐴1 + 𝐴2 + 𝐶1 + 𝐶2 + 𝐺2 = 1 

Add instead of monosyllabic questions and answers, yes, there are no syntactic var-
iables that characterize certain facts of the real situation. Then, the answer to the key 
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question is 𝐴 ∈ {0;  1}  transforms to 𝐴 ∈ [0, 1] . A bounded set degenerates into a 
whole range of possible values. We write the system of equations in a new form: 

𝐴1 = (1 − 𝐴)(1 − 𝐵) + 𝐴(1 − 𝐵)𝐶 + (1 − 𝐴)𝐵𝐶 

𝐴2 = 𝐴𝐵𝐶𝐸 + 𝐴(1 − 𝐵)(1 − 𝐶)𝐷(1 − 𝐹) + 𝐴𝐵(1 − 𝐶)𝐷𝐸(1 − 𝐹) + 𝐴𝐵(1 −
𝐶)𝐷𝐸𝐹(1 − 𝐹) + 𝐴(1 − 𝐵)(1 − 𝐶)𝐷𝐹(1 − 𝐺)  

𝐶1 = 𝐴𝐵(1 − 𝐶)𝐷𝐸𝐹𝐺 + 𝐴(1 − 𝐵)(1 − 𝐶)𝐷𝐹𝐺  

𝐶2 = 𝐴(1 − 𝐵)(1 − 𝐶)(1 − 𝐷) + 𝐴𝐵(1 − 𝐶)(1 − 𝐷)𝐸 + 𝐴𝐵𝐶(1 − 𝐸)(1 − 𝐹) +
𝐴𝐵(1 − 𝐶)(1 − 𝐷)(1 − 𝐸)(1 − 𝐹) + 𝐴𝐵(1 − 𝐶)𝐷(1 − 𝐸)(1 − 𝐹) + 𝐴𝐵(1 −
𝐶)𝐷(1 − 𝐸)𝐹(1 − 𝐺)  

𝐺2 = (1 − 𝐴)𝐵(1 − 𝐸) + 𝐴𝐵𝐶(1 − 𝐸)𝐹 + 𝐴𝐵(1 − 𝐶)(1 − 𝐷)(1 − 𝐸)𝐹 + 𝐴𝐵(1 −
𝐶)𝐷(1 − 𝐸)𝐹𝐺  

These formulas are static and are determined based on the structure of the decision 
tree VYJ DM (see Fig. 1). When each of the seven solution nodes passes, the value of 
one of the ABCDEFG variables is set. Because the tree remains binary, the formula is 
still valid: 

 𝐴1 + 𝐴2 + 𝐶1 + 𝐶2 + 𝐺2 = 1 

It is also important to note that the choice of one of the management styles is not 
limited to the “appropriate” or “not appropriate” verdict, but reflects the degree of cor-
respondence of each of the styles in a given situation. Together, this means that in any 
case, the decision will be made: but not one “concrete” alternative will be chosen, but 
the sum of the corresponding alternatives comparable with the “probabilities of use” 
will be “completely” allocated. If we draw an analogy with probability theory, we can 
rephrase the last thesis: “the sum of the probabilities of applying all control styles is 
equal to one, otherwise - the probability of applying one of the styles is equal to one, 
the style will be chosen in any case”. 

Thus, we can say that our algorithm, built on linguistic variables and a fuzzy decision 
tree, always finds a solution and presents it as a pool of valued management styles. 

4 Formalization of linguistic variables 

First of all, we will determine the key issues that correspond to the decision-making 
centers and average (“neutral”) positive answers to them - the values of linguistic vari-
ables. 

Next, we introduce a set of values for linguistic variables. We arrange on the segment 
of the variants of answers 11 values {0,0; 0.1; 0.2; 0.3; 0.4; 0.5; 0.6; 0.7; 0.8; 0.9; 1,0;} 
and the corresponding values of linguistic variables. 
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 Question Answer 
1 How important is the quality of the decision? Important 
2 How important is the acceptance of the decision by the team? Important 
3 How much is enough information for independent decision-making? Sufficiently 
4 Is the problem well-structured? Structured 
5 How much will the team accept of the decision taken independently? Accept 
6 How deep is the team discussing organizational issues? Deep 
7 Is conflict among subordinates likely in obtaining the preferred solution? Likely 

Table 1. Questions and answers 

They are universal for each of the seven questions, instead of X, it is necessary to 
substitute an average positive answer to the corresponding question (see Table 1): 

 
Value The construction of a linguistic variable 

0,0 “Extremely not X” 
0,1 “A little less than extremely not X” 
0,2 “A little more than not X” 
0,3 “Not X” 
0,4 “A little less than not X” 
0,5 “Equally X and not X” 
0,6 “A little less than not X” 

0,7 “X” 
0,8 “A little more than X” 
0,9 “A little less than extremely not X” 
1,0 “Extremely X” 

Table 2. Linguistic variables 

5 Development of the DSS application 

Now that the conceptual model of the decision-making algorithm for VYJ DM has 
been constructed, the basis of the QA-system has been defined, the main linguistic var-
iables have been formalized for constructing the fuzzy decision tree, one can proceed 
to the design of the information system (application). The .NET platform and the C# 
language were used. To interact the user with the interface of the question-answer sys-
tem and enter answers to key questions, it is suggested to use the GUI element of the 
TrackBar type with 11 positions for setting the mark corresponding to the values of the 
linguistic variables. The distribution of the sum of the effectiveness of management 
styles (decision making) will be made at the click of a button. To implement an effective 
interaction between human and computer, it is also suggested to display graphic infor-
mation: to display the distribution of efficiencies in the form of a circular diagram, and 
to derive the values of the efficiencies side by side in percent. Each of the efficiencies 
is better marked with a separate color. 
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6 Conclusion 

In the course of this work, the VYJ decision-making model and the decision tree 
underlying it were analyzed. The need to improve the model, introduce fuzzy logic in 
the form of fuzzy decision trees and linguistic variables was justified. The following 
scientific results were obtained: 

1. The formal model of the original binary tree was subjected to analysis, as a result of 
which new rules for the solution formation using fuzzy logic were formalized. 

2. The conceptual model is complemented by the QA-system providing human-com-
puter dialogue. 

The practical result of the work is a software decision support system that imple-
ments a dialogue with the user, the formation and visualization of an unfolded verdict 
(decision). This system allows the end user, the team leader, not just to receive a rec-
ommendation on the choice of the most appropriate management style, but to get an 
assessment of the effectiveness of applying individual styles in a particular situation. 
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APPROACH TO PROTOTYPING PROJECT 

SOLUTIONS INTERACTING WITH DATA BASES ON 

THE EXAMPLE OF UAV 
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Abstract. This article outlines an approach to prototyping project solutions 

with access to a database in the system WIQA.NET 

1   Introduction 

The development of computer-aided system, including databases, conceptual 

design stage is implemented conform , experimenting with design solutions, where 

the main conceptual solution accepted to the structure of relations and their 

connectedness, completeness attributes and choice of primary keys. Variability of 

these decisions to a large due depends on the application database, that is, from 

queries to its content, which, in the early stages of conceptual design, can be 

estimated with a high degree fragmentary equivocation [1].  

To ensure consistency of potential queries and design solutions for database, 

designers responsible for the conceptual design of the database, it is advisable to 

provide an opportunity to experiment with design solutions. Thus, designers need 

tools that allow you to create queries implementation model to imitate fragments of 

the future database.  

The paper presents such instruments, which are based on the language pseudocode 

programming extension for working with databases and their fragments. The 

developed tools of experimentation with programmed conceptual solutions 

implemented in the tool question-answer environment WIQA (Working In Questions 

and Answers), serving conceptual design AC [2].  

2 The place and role of the prototyping version under 

consideration on examples of real developments 

In the project organization for 10 years inventory accounting was conducted 

on the basis of 7 directories, which imposed certain restrictions on all business 

processes of the enterprise and led to problems of the lack of a single information 

source. As a result, it was decided to create a single integrated directory. 

Theoretically, the simplest option was to create a new directory, but the complexity of 

the relationships with ERP (Enterprise Resource Planning) objects of the system led 
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to the abandonment of such a solution. After long discussions, it was decided to take 

one of the 7 reference books for the standard and proceeding from this, all the links 

between the remaining directories should be already made from it. Given the large 

volume of the nomenclature, about 20,000 items, we could not do it manually. 

It was decided to analyze the sources on the topic of database prototyping [3] [4] 

[5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and development of solutions allowed 

to identify many different and diverse reasons for prototyping project solutions (with 

reference to databases). The main reasons for this include: 

1. The database is created for the newly developed system in the course of 

making a decision for such a case; 

2. The database is available, but the system is modified, i.e. create new 

components or additional calls to the database; 

3. There are no databases, but to solve the design tasks, the designers need or 

need to create temporary table structures. 

For the above reasons and conditions of prototyping, its features are revealed in 

the transition to detail, for example, for solving the following problems: 

1. Clarification of requirements from the customer [16]; 

2. Verify that the conceptual model is consistent with user transactions [16]; 

3. Interaction testing; 

4. Definition of primary keys [18]; 

5. Discovering new links between different types of entities; 

6. Verification of the absence of defects such as branching and type of rupture 

[16]; 

7. Verification of compliance with the requirement of the participation of each 

entity in at least one connection [16]; 

8. Checking the model for redundancy [16]; 

9. Checking the relationship of the entity with the subject domain; 

10. Check for completeness of attributes [17]; 

11. Verification of data integrity [19]; 

Virtually all of the named versions and details were tested in the WIQA instrumental 

modeling environment. This tool allowed you to abstain from implementation issues 

and focus on issues of conceptual design, which is based on prototyping. 
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Figure 1. Scheme of prototyping database process 

To enable prototyping (Fig. 1), the language of pseudo-code programming [20], 

built into the WIQA toolkit, was expanded to include data models and operators tuned 

to work with databases in its tools. 

3   Extension of the language of pseudo-code programming for 

working with databases 

The means of pseudo-code programming are designed in such a way that they 

assume the possibility of expanding their functionality, thus one of the extensions of 

the LWIQA language is its use for modeling software that works with databases. 
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Figure 2. Pseudo code example program 

To do this, the language has been expanded with tabular data structures, and also 

with the SQL language for working with them: CreateDB (project ID, parent node ID) 

- the function creates a question-answer structure corresponding to the database, and 

returns the database identifier for in the next work; OpenDB (project ID, parent node 

ID) - the function returns the database ID by its position in the question-answer 

protocol for subsequent work; CloseDB (database ID) - ends the work with the 

database and releases the identifier; ExecuteSQL (Query text) - executes an SQL 

language command, and returns a result packed in a string; UnpackColumn (packed in 

a row of values) - the function decompresses a series of values packed into a one-

dimensional array; UnpackTable (packed in a string value table) - the function 

decompresses a series of values packed into a string into a one-dimensional array. The 

figure (Fig. 2) shows an example of pseudocode application.  
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4 Description system of pseudo-code prototyping of design 

solutions 

The pseudo-code prototyping system allows for the on-line verification of project 

solutions using prototypes with the capability to perform external functionality. This 

additionally allows: 

1. Carry out an analysis of the feasibility of the project and selected project 

solutions; 

2. Get preliminary feedback from users about the projected system; 

3. Perform pre-testing in the early stages; 

4. To implement rapid generation of template solutions that can be used in the 

main software implementation; 

5. Help in the selection of one or more project solutions; 

6. Model queries to temporary table structures. 

The prototyping system for design solutions is a plug-in system WIQA.NET with a 

question-answer representation of the main models of the prototype being developed. 

In general, the method of working with the system consists of the following steps: 

1. Construction of the domain model using the data-based data model; 

2. Building a prototype of the design solution with access to the database; 

3. Formation of interface diagrams for the use of the projected system using the 

built-in WIQA.Net editor. 

4. Automatic formation on the basis of the created inter-face diagram of the 

question-answer structure of the task of prototyping based on precedents, which is an 

abstract model of the system being designed. 

5. Define the elements of the prototype, created on the basis of precedents that 

make up a particular model. 

6. Automatic generation of source codes of prototypes in a pseudo-code-based 

language, based on XML. 

7. Convert XML files to source prototypes for the target technology (Windows 

Forms). 

Compilation of source prototypes into an executable application by means of 

WIQA.Net for viewing and testing or importing them into integrated application 

development tools for their further modification 

5 Example of prototype implementation in the pseudo-code 

prototyping system of design solutions 

As mentioned above, one of the extensions of the pseudo-code programming 

language is the prototyping of design solutions with data access to databases. This 

direction in question-answer programming will be demonstrated using the example of 

an error collection system, during the creation of a single integrated repository of 

reference information. It should be noted that without a bugtracker it is impossible to 

build a job among a large number of specialists checking the names of the elements 

for compliance with the GOST and TU requirements. 
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Initially, in the language of the pseudocode, a call to the database was simulated 

(Fig. 2). It should be noted that the code fragment is presented in order to show the 

possibilities of extending the pseudo-code programming language for working with 

databases. The next step is the definition of actors (Fig.3) 

 

 

Figure 3. Definition of actors 

 

In our case, this is the programmer and the Helpdesk service manager. Further, 

the object of the "Error" domain is determined (Figure 4) 

 

 
 

Figure 4. Definition of domain object 
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The next step is to determine the tasks, activities and elements. The project task is 

"Error management", the action - "Adding an error", the element - "Error". After the 

completion of this stage, it is necessary to determine the relationship between actors, 

actions and elements, for this purpose a model of user tasks is constructed (Fig.5) 

 

 

Figure 5. User Task Model 

At the next stage, the navigation model is formed: the "Element-Action" pairs are 

combined into navigation contexts and their "Title" and "Description" properties are 

defined (Fig. 6). 

 

 

Figure 6. Defining the context of navigation 
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Then you need to define the relationship between the navigation contexts. Further, 

an abstract model of the user interface is formed in the question-answer protocol. 

After the formation of a specific model (Fig. 7), it becomes possible to select 

control elements from several possible ones. 

 

 

Figure 7. Formation of a specific model 

Recommendations for selection are contained in the child control units. For 

selection, a QA-unit corresponding to the control is assigned. After that, the checked 

attribute should change to the reverse one that was assigned. 

 

 

Figure 8. Automated selection of controls 
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At the last stage, a prototype of the pseudocode is generated (Fig. 9) 

 

 

 

Figure 9. Automated selection of controls 

6   Conclusion  

Pseudo-code modeling of examples of design solutions with database accesses 

showed the suitability of using pseudo-code programming tools for modeling and 

implementing such project solutions. 

Means of pseudo-code programming were supplemented with functions and 

elements of the graphical interface designed for working with databases, which 

allowed creating prototypes of design solutions interacting with databases in various 

situations, solving classical problems at the stage of conceptual design. 
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Abstract. In this paper work on virtual trainer, recommendation system, 

algebraic logic model and using them in education. 

1   Introduction 

Graphical user interface radioelectronic devices fitter’s in trainer provides 

computer modeling (imitation) of real workplace for radioelectronic devices fitter and 

technological process fitting of device (displacement source). Its presented in Figure 1 

and has the following structure: inventory, work field, hint panel. 
 

 
 

Figure 1. Trainer screenshot 
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Inventory is a panel in a lower left corner and it contains the information about 

antistatic bracelet(wear or not) and which subjects student hold in hands or what 

actions student do by his hands. 

Hint panel is a dark field on the right of inventory. After student hover the 

cursor on some object in this panel will shown more detailed describtion of this 

object, taken from specification. 

Work field is a virtual space, virtual workplace and it’s a focus of student’s 

attention. Here performed all trainer’s functions (avatar movement, antistatic bracelet 

wearing, work in a workplace, all technological operations of device fitting, tools 

working, etc). Avatar moves by keys: A- left, S – back, D – right, W – forward. 

Taking a subjects is performed by pressing left mouse button on it. 

Avatar’s view changing after pessing on a displacement source’s frame, 

camera provides good view for work on a virtual workplace. More then that view can 

zoomed or unzoomed by mouse wheel scrolling. 

2   Algebraic logic model 

The model of radioelectronic devices fitter’s workplace has the form: 

 

 

 

 

, where: 

– parameter responsible for antistatic bracelet state (put on or not); 

 – parameter showing avatar sitting on chair or not; 

 – describes displacement source frame’s postion; 

 – tool in hand; 

 – detail in hand; 

 – lamp model,  – parameter showing the lamp is put 

on displacement source frame,  – type of radiator mounted to lamp. 

, where  – «new radiator»,  

– «old radiator», – «no radiator»; 

 – transformer’s model, 

 – parameter showing the transformer is put on displacement source frame, 

… – state of screws which fastening transformer. 

, where  – «attached», – «screwed», 

– «painted», – «no screw»; 
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 – model of new radiator,  – 

parameter showing the radiator is put on displacement source frame, …  – 

state of screws which fastening radiator. ; 

 – model of old radiator,  – 

parameter showing the radiator is put on displacement source frame, …  – 

state of screws which fastening radiator, ; 

 – throttle model,  – parameter showing the 

throttle is put on displacement source frame, …  – state of screws which 

fastening throttle, ; 

 – parameter showing the fork is put on displacement source frame; 

 – parameter showing the capasitor is put on displacement source frame; 

 – parameter showing the resistor is put on displacement source frame; 

– parameter showing the sealing frame is put on displacement source 

frame; 

 – parameter showing the corresponds mount is put on displacement source 

frame; 

 – stand model,  – parameter showing the stand is put 

on displacement source frame,  – state of mounted stand, 

; 

 – general detail state with which student interacts, – 

detail name,  – action, , where  – «mounting»,  – 

«taking», 0 – «no action»; 

 – function of puting on chair; 

 – function of wearing / removing bracelet; 

– function of mounting / removing 

radiator; 

– Put old(new) radiator on table; 

 – function of rotating displacement source 

frame; 

 – function of taking / putting back capasitor; 

 – function of taking / putting back transformer; 

 – function of taking / putting back throttle; 

 – function of taking / putting back fork; 

 – function of taking / putting back stand; 

 – function of taking / putting back mount; 

 – function of taking / putting back screw; 

 – function of mounting capasitor on 

displacement source frame; 

 – function of mounting resistor on 

displacement source frame; 
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 – function of mounting throttle on 

displacement source frame; 

 – function of mounting fork on 

displacement source frame; 

 – function of mounting transformer 

on displacement source frame; 

 – function of mounting lamp on 

displacement source frame; 

– function of mounting stand with mount on 

displacement source frame. 

Table 1 

Specification of radioelectronic devices fitter’s workplace 
 

Parameter Type 

 Boolean 

 Boolean 

 String 

 Object 

 
Object 

 Object 

 Boolean 

 String 

 Object 

 Boolean 

 String 

 String 

 String 

 String 

 Object 

 String 

 String 

 String 

 String 

 Object 

 Boolean 

 String 

 String 
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Parameter Type 

 Boolean 

 Boolean 

 Boolean 

 Boolean 

 Boolean 

 Boolean 

 Boolean 

 Boolean 

 Object 

 Boolean 

 String 

 Object 

 Boolean 

 String 

 Object 

 Boolean 

 String 

 Object 

 Boolean 

 String 

 String 

 String 

 String 
 

 

 

3   Recommendation system 

 

The main goal of this trainer is staff trainig, so the students allow to make a lot of 

mistakes in study process. For catching this mistakes was developed the 

recommendation system, which interacts with trainer. In this case the 

recommendation system is client-server application. 

After almost every student’s action forming current state of trainer based on its 

algebraic logic model, and then this state sending to the recommendation system. The 
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recommend system contains list of rules, which could be created, deleted or modified 

by teacher. Each rule has its own reccomendation text. State compares with each rule 

in list and if at least on rule triggered recommend system send respective 

recommenadion text for each triggered rule. 

Reccondations examples: 

• You used wrong capasitor, study technical documentation more 

closely; 

• You didn’t wear antistatic bracelet; 

• You used wrong screws, when transformer was srewed; 

• You didn’t put on throttle, study assembly scheme. 

7   Conclusion  

This paper presents using information technologies in education. Trainers like that 

can be a future of studing, they are let to train staff and avoid factory accidents and 

equipment failures in study process. 

Interactions with student in real time (one of available modes) makes study 

process easier not only for students, but for teacher too, because the recommendation 

system takes part of teacher work (point out a mistakes and suggest the way to solve 

it) on itself. 

Later, this work will br upgraded. Technological process will be. Will be added 

new devices, tools, algebraic logic model became more detailed. May be will be 

added virtual reality glasses support. 
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Abstract. In the article the method for searching for anomalies of time 
series of project metrics based on entropy is proposed. The analysis of 
project activity metrics is described. The forecasting algorithm based on 
the fuzzy trends of time series of metrics is developed and 
implemented. The formula for the entropy measure for a fuzzy time 
series is defined. The algorithm uses the dependence of the forecast on 
the measures of entropy. The trend conservation hypothesis is used for 
forecasting. Experiments based on this approach are presented. 

1 Introduction 

Large enterprises have problems of constantly updating the state of all project 
activities. This problem is related to the high speed of updating large arrays of 
information about current projects. The leader for successful project management 
should monitor the dynamics of the set of projects. Also, the manager should identify 
the problems and take timely corrective and regulatory impacts, redistribute resources 
between the projects. Creating a way to analyze project metrics to get a forecast of 
values is a solution to this problem. 

Currently, large and complex projects are associated with the creation of software 
products. The source code for the software products is stored in the Version Control 
System (VCS or Revision Control System) of the project being developed. This system 
serves to facilitate the work with changes in information. It stores several versions of 
the same document. Return to any of this project is possible. Information about the 
developers is available. 

The project management tool consists of the following steps: 
• select metrics, by mathematical nature; 
• consider the dependencies; 
• construct a formal model; 
• build a project management tool. 
Metrics are properties of entities. The essence of the project being developed are: 
• commit (seveloper, date); 
• release (set of developers, master, date); 
• branch; 
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• bug; 
• improvement; 
• New Feature. 
The international standards (ISO 10006, ISO 21500) and national (Russia: GOST 

R 54869 - 2011, GOST R 54870 - 2011, GOST R 54871 - 2011) management 
standards are used to make decisions in project management. A significant 
contribution to the analysis of project activities from the point of view of management 
was made by Klein G., Charette R., SeungHeonHan, Aucoin B. M., Gold M., 
Norenkov IP, Tarasenko F.P., Dulzon A.A. and others. 

Foreign scientists who made a significant contribution to the analysis and 
prediction of time series are Box D., Jenkins G., Chem S.M., Granger C., Herbst G. 
and etc. 

Foreign and Russian scientists who have made a significant contribution to the 
field of fuzzy modeling, analysis and prediction of time series are Novak V., 
Perfilieva I.G., Batyrshin I.Z., Kovalev S.M., Yarushkina N.G., Afanasyeva Т.V. and 
etc [1, 2, 3]. 

2 Research and forecast of project activity metrics 

The model of analysis and management of a set of projects in the process of 
project activity is developed.  

𝐶! ,𝑅! ,𝐵! , 𝐼! ,𝐹! ,𝑅!" ,𝑅!" , 
where 𝐶! – time series commits, 
𝑅! – Time series release, 
𝐵! – Time series bugs, 
𝐼! – Time series improvement, 
𝐹! – Time series NewFeature, 
𝑅!" – dependence of the number of bugs on improvements, 
𝑅!" – the dependence of new functional properties on the number of 

improvements (New Features from improvements). 
Discrete series represent project data. 
• The time series model for solving this problem is constructed in two stages: 
• A discrete time series 𝑌 = 𝑡! , 𝑥! , 𝑖 ∈ [1, 𝑛], where 𝑡! – some point in time, 𝑥! 

– the level of the time series, is transformed into an indistinct time series 
𝑌 = 𝑡! , 𝑥! , 𝑖 ∈ [1, 𝑛], 𝑋 = 𝑥! , 𝑥! ∈ 𝑋, где 𝑥! – fuzzy label. 

• The fuzzy time series is transformed into a time series of fuzzy elementary 
trends. It is indicated by𝜏! = 𝐸𝑇𝑒𝑛𝑑(𝑥! , 𝑥!!!), where ETend – functional, 
which is implemented on the basis of operations: Ttend – determination of the 
type of trend and Rtend – determination of the intensity of the trend on a 
special linguistic scale constructed for the initial time series. 

Several time series, clear numerical and fuzzy linguistic ones are obtained as a 
result of the described transformations (for example, a time series of parameters of 
fuzzy trends). 

A generalized model of the fuzzy time series of a fuzzy trend is presented:  
𝜏! = 𝑓 𝜏!!!,… , 𝜏!!! , 
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where d – fixed number, model parameter;  
𝜏! , 𝜏!!!,… , 𝜏!!! – sequence of fuzzy trends;  
𝑓 – some fuzzy dependency. 
Every fuzzy tendency𝜏 ∈ ℑ of a fuzzy time series is represented by a structural 

model: 
𝜏 = 𝑣, 𝑎,∆t, µ , 
where 𝜏 – name of a fuzzy tendency from the set ℑ, 𝜏 ∈ ℑ;  
𝑣 – type of fuzzy trend, 𝑣 ∈ 𝑉, { Fall, Growth, Stability }; 
𝑎 – fuzzy intensity, 𝑎 ∈ 𝐴, { Strong, Medium, Weak };  
∆t – duration of fuzzy trend, ∆𝑡 ∈ ∆𝑇;  
µ – the membership function of an FTS section bounded by an interval Δt, a fuzzy 

trend τ. 
The fuzzy tendency of the fuzzy time series is classified as a function of Δt: 
- elementary fuzzy tendency𝑇 ∈ ℑ ∆𝑡 = 1 ,  
- local fuzzy tendency𝑁𝑇 ∈ 𝑁ℑ 1 < ∆𝑡 < 𝑛 − 1   
- basic (general) fuzzy tendency𝐺𝑇 ∈ 𝐺ℑ ∆𝑡 = 𝑛 − 1 . 
The time series of the fuzzy elementary trend is represented in the form (TTend, 

RTend - procedures for obtaining fuzzy sets 𝑣! and 𝑎!): 
𝑣! = 𝑇𝑇𝑒𝑛𝑑 𝑥! , 𝑥!!! , 𝑎! = 𝑅𝑇𝑒𝑛𝑑 𝑥! , 𝑥!!! , 𝜇! = 𝑚𝑖𝑛 𝜇 𝑥! , 𝜇(𝑥!!!) . 

The levels of the time series are described by the components of the fuzzy trend - 
the type and intensity: 𝜏 = {𝑡! , 𝜏!}, 𝑖 ∈ 1, 𝑛 , где 𝜏 = 𝑣, 𝑎, µ . 

The clusters 𝑆 = {𝑠!, 𝑠!,… 𝑠!}  of similar fuzzy labels 𝑥!  to identify the dominant 
trend are defined. For each cluster 𝑠 ∈ 𝑆, the cardinality.  

The FCM algorithm is used for fuzzy trend clustering. It is based on the 
minimization of the objective function: 

𝐽 = 𝜇!"! 𝑥! − 𝑐!!
!!!

!
!!! , 

where N - the number of indicators;  
𝐶 – number of clusters;  
𝜇!" – the degree of belonging of the object i to the cluster j;  
𝑚 – ∀ real number, >1;  
𝑥! – i-th trend of many trends TS;  
𝑐! – j-th cluster;  
𝑥! − 𝑐!  – the norm characterizes the distance from the center of cluster j to the 

tendency i. 
The fuzzy elementary trend modeling method is used to predict numerical values 

and fuzzy trends in the state of an organization project in a given product. The 
forecast uses hypothesis testing: 

Hypothesis 1. The hypothesis of conservation / change of trend. The trend for the 
previous period was considered. The formula for the predicted value 

𝜏!!! = 𝜏! + 𝜏!, 
where 𝜏!!! – forecast for the next period of time;  
𝜏! – the real value at time t; 
𝜏! – the value of the trend over the previous period of time. 
Hypothesis 2. The hypothesis of stability / instability of the trend. The moving 

average is used to predict  
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𝜏!!! = 𝜏! + 𝐺𝜏!, 
where 𝐺𝜏! – the importance of a dominant fuzzy trend. 
The trend for the previous selected period was considered. The predominant 

cluster of trends is selected. The forecast for the above formula is calculated. The 
trend is built. Optimistic forecast for the same number of occurrences of trends used. 
The highest average trend is selected. 

Hypothesis 3. Forecasting for a given period on the basis of FET. Stages of the 
prediction algorithm for the period based on trends:  

• The expert sets the number of considered trends for the previous period. For 
example, for half a year - a set of trends A. Either he sets the pattern set of 
trends. The presumed trend following this set is known. 

• 𝜏!!!! ,… , 𝜏!!!! , 𝜏!!  
• Search for a set of trends A in all other previous periods.  
• 𝜏!!!!!!! ,… , 𝜏

!
!!!!!(!!!) , 𝜏

!
!!!!  

• Such a set of B is found in which the C trend is taken into account after this 
found set B. The forecast equal to the trend C is constructed.  

• 𝜏!!! = 𝜏! + 𝜏!!!!!!! 
• Such a set B, which would coincide with the set A, was not found. The search 

for the set is repeated, but it is already not looking for its complete 
coincidence, but for deviating into one trend. This is repeated until a suitable 
set of trends B. 

To select the best hypothesis, an additional entropy TS. 

3 Measures of entropy for fuzzy time series 

Entropy TS can be represented by the following model: 
𝑥! ,𝐻!

! ,𝐻!! , 
where 𝑥! – fuzzy label value at the i-th point; 
𝐻!
! – value of the measure of entropy by the membership function at the i-th point; 

𝐻!! – value of the measure of entropy by a fuzzy trend. 
Entropy TS allows more sensitive response to changes in TS. 
The measure of entropy by the membership function 
The measure of entropy by the membership function is obtained from [5, 6]: 

𝐻!
! = 𝐻 𝐴 + 𝐻 𝐴! ,     (1) 

where 
𝐻 𝐴 = −𝐾 𝜇!(𝑥!) ln(𝜇!(𝑥!))!

!!! , 
where K – positive constant; 
𝐴!  – addition 𝐴; 
𝜇!(𝑥!) – the value of the membership function of the point x to the j-th cluster. 
The membership function is calculated differently. This depends on the option of 

converting TS to FTS. For example, with fuzzification, the membership function is 
given by formulas. If we take the triangular membership function, then it has the 
form: 
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𝜇 𝑥 =

𝑥 − 𝑎
𝑏 − 𝑎

, 𝑎 ≤ 𝑥 ≤ 𝑏,
𝑐 − 𝑥
𝑐 − 𝑏 , 𝑏 < 𝑥 ≤ 𝑐,

0, 𝑥 < 𝑎, 𝑥 > 𝑐,

 

where х – value of a point in a series; 
[a, c] – range of variable change; 
b – the most possible value of a variable. 
If FTS is obtained by the methods of clustering, then as the values of the function 

of the belonging of points to clusters the matrix of membership.  
If we take fcm-clustering as an example, then the membership matrix 𝜇 𝑥  is 

calculated by the following formula: 
𝜇! =

!

!!!!
!!!!

!
!!!

!
!!!

, 

𝜇! – the degree of belonging to the j-th cluster; 
𝑐! – vector of the center of the j-th cluster; 
𝑐! – vector of the center of the i-st cluster. 
Moreover, if for some cluster j 𝑥 − 𝑐! = 0, then 𝜇! = 1, and for all other 

clusters, 0. 
This measure of entropy is not able to clearly record the change of fuzzy TS 

marks. It shows how likely the point will be to a label. If the entropy is close to or 
above 1, then the point is in the "boundary" position. Such a point can relate with 
equal probability to two different fuzzy marks. Therefore, this method of finding the 
measure of entropy is in demand when forecasting TS.  

For a measure of entropy by the membership function, three linguistic expressions 
describing its state: 

• Reliably, this state is characterized by a low value of the entropy measure. 
Point uniquely belonging to a fuzzy label; 

• Probably - this state is characterized by the average value of the label. A point 
with a greater probability (but not a unique) belongs to a fuzzy label; 

• Uncertain - this state is characterized by a high value of the entropy measure. 
A point can with equal probability refer to two fuzzy marks. 

The formula (1) was transformed. The replacement of the numerical value by the 
linguistic expression of the measure of entropy by the membership function.  

Measure of entropy by fuzzy trend 
This method is based on the assumption that chaos in the system occurs when 

deviations in the indicator trend begin. Those. There comes a situation of uncertainty 
when it becomes difficult to predict the further behavior of the system. This situation 
can be determined by the deviation of the forecast value of the trend. It is obtained 
based on the difference in the trend values at the two previous points from the actual 
value of the trend at this point. If the forecast and actual coincide, then we can talk 
about the stability of the system, otherwise there is a deviation. It can be insignificant 
or lead the system into a state of chaos and uncertainty. 

𝐻!! =  𝑡!
факт − 𝑡!

прогноз, 
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where  𝑡!
прогноз = 𝐺𝑒𝑡𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑇𝑟𝑒𝑛𝑑 𝑡!!!

факт, 𝑡!!!
факт  

The function 𝐺𝑒𝑡𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑇𝑟𝑒𝑛𝑑 𝑡!!!
факт, 𝑡!!!

факт , on the basis of the values of 
elementary trends at the two previous points, calculates the dynamics of the trend. 
After that, it determines the position of the point with the coordinates (𝑡!!!

факт, ∆𝑡!!!
факт)  

in the phase plane. Based on the available behavior patterns of the trend in the phase 
plane, the most probable one is chosen. Then the value of the elementary trend at the 
next point is determined, after the point (𝑡!!!

факт, ∆𝑡!!!
факт). It will be the predicted value 

of the elementary trend. 
Similarly, with the measure of entropy by the membership function, the value of 

entropy by the fuzzy trend was replaced by a linguistic expression. 
For this, three linguistic expressions describing its states: 
• Stability - this state is characterized by zero, or close to zero, value. It says that 

there is no change in the significance of the trend of the series; 
• Change - this state is characterized by an increased value. It speaks of changes 

in TS; 
• Anomaly - this state is characterized by a high value. It speaks of the non-

standard behavior of TS. 
The obtained ETS will make it possible to determine which hypothesis is better to 

use. The algorithm for choosing the hypothesis will be as follows: 
If the "Change" state is rare and the value of the entropy measure by the 

membership function at the last point "Reliably ", then a hypothesis is chosen about 
the preservation of the current trend: 

𝑖𝑓 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝐻! == Change → 0 𝐴𝑁𝐷 𝐻!"#$
! =

= Reliably  𝑡ℎ𝑒𝑛 𝑆𝑒𝑙𝑒𝑐𝑡(𝑇ℎ𝑒 ℎ𝑦𝑝𝑜𝑡ℎ𝑒𝑠𝑖𝑠 𝑜𝑓 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡𝑟𝑒𝑛𝑑) 
If the state "Change" occurs frequently, but there is no periodicity, then a 

hypothesis is chosen about the stability of the dominant trend. 
𝑖𝑓 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝐻! == Change → 𝑚𝑎𝑥 𝐴𝑁𝐷 𝑝𝑒𝑟𝑖𝑜𝑑 𝐻! == Change =

= 𝑁𝑈𝐿𝐿  𝑡ℎ𝑒𝑛 𝑆𝑒𝑙𝑒𝑐𝑡(𝑇ℎ𝑒 ℎ𝑦𝑝𝑜𝑡ℎ𝑒𝑠𝑖𝑠 𝑜𝑓 𝑠𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑟𝑒𝑛𝑑) 
If there is a periodicity, then hypothesis for a given period is chosen. 
𝑖𝑓 𝑓𝑝𝑒𝑟𝑖𝑜𝑑 𝐻! == Change ! = 𝑁𝑈𝐿𝐿  𝑡ℎ𝑒𝑛 𝑆𝑒𝑙𝑒𝑐𝑡(hypothesis for a given ) 
If it is not possible to determine the hypothesis as the entropy proceeds with a 

fuzzy tendency, then the choice is made on the basis of the values at the last point. 
If the value of the measure of entropy by the membership function is "Reliably", 

and by the indistinct "Stability" tendency, then the hypothesis of keeping the trend is 
chosen. 

𝑖𝑓 𝐻!"#$! == Stability 𝐴𝑁𝐷 𝐻!"#$
! =

= Reliably  𝑡ℎ𝑒𝑛 𝑆𝑒𝑙𝑒𝑐𝑡(𝑇ℎ𝑒 ℎ𝑦𝑝𝑜𝑡ℎ𝑒𝑠𝑖𝑠 𝑜𝑓 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡𝑟𝑒𝑛𝑑) 
If the value of the entropy measure is "Probably" or "Uncertain", or the value of 

the entropy measure for the fuzzy trend "Change" or "Anomaly", then the hypothesis 
of the dominant trend is chosen. 
𝑖𝑓 (𝐻!"#$! == Change OR 𝐻!"#$! = Anomaly ) OR (𝐻!"#$

! == Probably OR 𝐻!"#$
! =

= Uncertain )  𝑡ℎ𝑒𝑛 𝑆𝑒𝑙𝑒𝑐𝑡(𝑇ℎ𝑒 ℎ𝑦𝑝𝑜𝑡ℎ𝑒𝑠𝑖𝑠 𝑜𝑓 𝑠𝑡𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑟𝑒𝑛𝑑) 
Consider the operation of the algorithm by example. 
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4 Experiments 

For the research, the MongoDB event metrics data was taken. In particular, its 
main program part Core Server. Data on errors, improvements and new features were 
taken from the resource Jira.mongodb.org. 

MongoDB is a document-oriented database management system (DBMS) with 
open source code. It does not require a description of the schema of the tables. The 
MongoDB system is written in C ++. 

Table 1 shows the results of the analysis. 
Table. 1. Analysis of project metrics 

TS The general trend Dominant tendency 
Improvement Growth Growth Weak 

Task Growth Stability 
Bug A fall Growth Weak 

 
We obtain the entropy BP according to the metrics of the MongoDB project. 

Table 2. Entropy BP according to the metrics of the MongoDB project. 
FTS 
point 

The measure of entropy by the 
membership function 

Measure of entropy by fuzzy 
trend 

1 Probably Change 
2 Probably Stability 
3 Reliably Stability 
4 Probably Change 
5 Probably Stability 
6 Probably Change 
7 Probably Stability 
8 Reliably Change 
9 Reliably Stability 

10 Reliably Stability 
11 Probably Change 
12 Reliably Change 
13 Probably Change 
14 Probably Stability 
 
Based on the data obtained, we can conclude. The hypothesis of preserving the 

trend is not necessary, since the measure of entropy by the fuzzy trend is often in the 
"Change" state. This indicates a frequent change of trend in BP. The state of the 
measure of entropy by the membership function about the expected change of trend 
says. The high frequency of the encounter of the "Change" state of the entropy 
measure along a fuzzy trend and the absence of periodicity in these shifts indicate the 
use of the hypothesis of stability of the dominant trend. 

Table. 3. Results of prediction of event metrics taking into account entropy measures 

TS Hypothesis 1 Hypothesis 2 Hypothesis 3 

Improvement The fall is strong Growth strong The fall is strong 
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Task Stability Growth weak Stability 
Bug Stability Growth average The fall is strong 

 

 
Figure. 1. Forecasting Improvement in the MongoDB project 

Figure 1 shows a variant of prediction using hypotheses, where the x-axis is the 
BP value, the t-axis is the time; " " Stands for TS Y; " " Stands for the 
prediction of hypothesis 1; " " Stands for the hypothesis hypothesis 2; " " 
Stands for the hypothesis hypothesis 3 

The research of a set of metrics series of various projects was conducted with the 
aim of predicting subsequent values. Based on the obtained values, the average value 
of MAPE for the developed method was determined. It is no more than 0.5-1.5% of 
the average value of the forecast metrics. 

5 Conclusion 

The obtained results show that the proposed approach implementing the modified 
method of forecasting the FET can be used for short-term prediction of TS in the situation 
when there is an anomaly in the time series under study. 

6 Aknowlegments 

The article was supported by the Russian Foundation for Basic Research (grant 
No. 16-47-732070). 

253

253



7 Bibliography 

1. Perfilieva I., Yarushkina N., Afanasieva T., Romanov A. Time series analysis 
usingsoft computing methods, International Journalof General Systems, 2013, 
Vol. 42: 6, pp. 687-705. 

2. Afanasieva T., Yarushkina N., ets. Time series forecasting using fuzzy 
techniques, International Joint Conferece IFSA-EUSFLAT, 2015, pp. 1068- 
1075. 

3. Novák V., Perfilieva I., Jarushkina N. A general methodology for managerial 
decision making using intelligent techniques.  Chapter Recent Advances in 
Decision Making. Series Studies in Computational Intelligence, 2009, Vol., 222, 
pp. 103-120. 

4. Yarushkina N.G., Timina I.A. Model and controls for designing an automated system 
based on the dynamics of program code metrics // Automation of control processes. 
2015. T. 3 (41). Pp. 73-81. 

5. Egov E.N., Yarushkina N.G., Yashin D.V. Fuzzy modeling and genetic optimization 
of time series in the intellectual system of technical diagnostics // Radiotekhnika. 2016. 
No. 9. P. 64-71. 

6. RUEY-CHYN TSAUR, JIA-CHI O YANG, HSIAO-FAN WANG. Fuzzy 
Relation Analysis in Fuzzy Time Series Model//. Computers and Mathematics 
with Applications №49, 2005. 

254

254



Designed Product 3D-model Semantic Representation 

 in a CAD-system
*
 

D. Tsygankov, A. Pokhilko 

Ulyanovsk state technical university, Severny Venets, 32, 

432027 Ulyanovsk, Russia 

d.tsyg@mail.ru, afp@ulstu.ru 

Abstract. This article is devoted the approach to the product 3D-model maxi-

mal construction data representation. The proposed method is based on the ac-

cordance between the designed products structure and 3D-models creation tree 

in a CAD-system, comprising a basic operations set. That set called semantic 

macro object, main criterion of which is the relevance in a product subject area. 

Keywords: 3D-model, design data, CAD-systems, 3D-geometry, solid model-

ing, product functional structure, design construction, creation tree. 

1 Introduction 

CAD-systems become the main engineer design tool [1]. This is due to the constant 

enterprises desire to improve the products quality. So come to the forefront the prob-

lem of fixation and storage of design data received in CAD-systems for its modifica-

tion and reuse [2]. A key aspect is the fixation of the design data in the form of infor-

mational models – 3D-models that can clearly be perceived semantically correct [3]. 

Primarily the geometric models are used to store design data about the design 

product and for processing this data in a convenient form for CAD-system and engi-

neers. CAD-systems are precisely product "construction" systems. 

Modern CAD-systems development reinforcing the 3D-models position in product 

lifecycle, especially at R&D stage [4], making the relevance of the digital mockup. 

2 Designed Product 3D-model Representation  

Within the concept of digital manufacturing consisting in the widespread and 

continuous use of three-dimensional informational images – 3D-models during the 

production systems design and exploitation, designed product is fully described by a 

set of design documentation in the form of a digital mockup (DM). That is, the DM is 

designed products injective mapping in the CAD-system: 

                                                           
*  The reported study was partially supported by RFBR, research project № 16-47-732138. 
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 Prod.Mod:CAD 3D   (1) 

However, digital mockup the most informative and useful in complex design pro-

cess achieved by displaying the designed product construct structure. Let's start in 

order, and first of all look at the structure of the digital mock. 

2.1 Product Construction Formation in a CAD-system 

The product 3D-model – its electronic model that represents the geometric shape as 

a result of the composition given set of geometric elements (GE) within the Construc-

tive Solid Geometry (CSG) Technology – with the use of Boolean operations to them. 

These geometric elements – the output of the basic operations (BO) CAD-systems. 
Product 3D-model thereby fully determined by the process of its creation in CAD-

system and as a complete an ordered basic operations set, and consequently: 

 
n

1i
i

3D

Prod. GE,Mod


  (2) 

where the symbol «⋃» denotes not directly under the addition of Boolean operations, 

as just a contribution to the resulting 3D-geometry formation. Consider a in more 

detail the CAD-system basic operation as the mechanism of the GE formation. 

2.2 Product 3D-model as a System 

The system classical definition involves a set of any objects and relationships be-

tween them. The product, as a design object on the stage of development work, can be 

represented as the system in terms of its design and therefore: 

 ,n1,i,Constr,PFEMod i

3D

Prod.   (3) 

where PFE – the product functional elements, which has a fixed meaning in the 

subject field of the designed product and specific functions perform in its design; 

Constr – designed product construction (an instance the product materialization in the 

form of inter-related in a certain way PFE). 

Constructive & functional structures given in a terms of reference for products 

development as is its "essence". The PFE relationship set provided by product design 

– the result of a construction engineering stage. 

3 Designed Product Structure Representation in a CAD-system 

3.1 The Proposed Approach Essence 

The proposed approach of the designed product informative imaging in terms of 

its structure within the 3D-model creation tree of CAD-systems is based on set of 

BO accurate accordance to PFE according with Figure 5. 
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This approach is based on the next critical positions couple: 

 Basic operations generalized to the level of the semantic macroobject (SMO), 

providing the design parameters totality for its definition and the intermediate data 

inaccessibility. Macroobject – it is the PFE formation indivisible element. 

 Formed an informative macroobject attributes set by establishing formular, tabular 

and conditional dependencies between BO design attributes (parameters). This set 

of attributes is not an abstract carries meaning only within the CAD-system, and 

completely determines the appearance of the respective PFE. 

The proposed approach of the designed product informative imaging in terms of 

its structure within the 3D-model creation tree of CAD-systems is based on set of BO 

accurate accordance to PFE according with Figure 1. 

 

Fig. 1. Semantic macroobject and product functional element conformity 

3.2 The Semantic Macroobject Process Diagram 

The IDEF0-model of PFE creation process by semantic macroobjects in CAD-

system shown in Figure 2. 

 

Fig. 2. Semantic macroobjects (SMO) process diagram in IDEF0 notation 

Each SMO defines as an instance of a class of all available in the Library SMO; 

an instance SMO, in turn, describes the unique internal implementation algorithms 

that determine parameters set to be provided for their values to the engineer: 
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 ,n1,i,}Alg,PFE,МName, id,SMO{M SMO3DPar

i

SMO   (4) 

where M
SMO

 – a set of SMO, incorporated in of CAD-systems; id – identifier of the i
th

 

SMO, Name – SMO name displayed for its engineer recognition; M
Par

 – a set of the 

SMO perform input data (design parameters), PFE
3D

 – a set of the SMO output data, 

Alg
SMO

 – SMO implementation algorithm: a sequence of project actions, performed in 

CAD-systems & SMO library, comprising a set of rules and conditions. 

According to Figure 2 and formula (4), the semantic macroobject – an object with 

clearly defined behavior, regimented algorithm of its implementation, which displays 

all of the dependencies between the original data and the result of its implementation, 

as well as a clear data structure [5] – can’t be obtained as the result of its performance 

object does not fit, or violates the original inherent physical meaning. 

3.3 Conformity Between 3D-model Structure and the designed construction 

Imaging detailed of 3D-models information content with ease of its creation, al-

lowing its easy editing and modification, providing opportunities for previously ob-

tained design data reuse [6]. This approach schematically describes by next formula. 

  ,n1,i ,}PFE)GE(SMOSMO{Mod i

m

1j
jkk

3D

Prod.  


|  (5) 

i.e., there is CAD-systems basic operations generalization to the level of designed 

product constructive element creation by semantic macroobjects. The user can create, 

edit or delete them. SMO is the image of an appropriate PFE the CAD-system. SMO 

semantic fullness strictly defined and constant in the designed product subject area. 

Such a representation fully will both facilitate the modifiability of design decisions 

and their fragments, and will give more opportunities for design knowledge reuse and 

most importantly allowing the user to display the whole "essence" of the future prod-

uct in terms of its design process in the CAD-system. 

4 Proposed Method Realization 

Designed product 3D-model representation based on SMO fixed set generalized 

by object orientation, allows show all required design information about designed 

construction and manage (edit, delete, save et al.) directly. This 3D-model creation 

tree form clearly correct images the designed product structure, providing opportuni-

ties for its informative perception and followed modifications. 

Semantic macroobjects already have a real meaning content but not only abstract 

design operation in the case of a standard set of CAD functions. It programmatically 

implemented as an "if-then" complex procedure, forming a tree of the macroobjects. 

Thus, design knowledge accumulation implemented to the enterprise semantic 

knowledge base. 
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5 Conclusion  

Proposed by the authors approach to the designed product construct structure imag-

ing in the CAD-system by a 3D-model creation tree posing its main task not simply 

the CAD-systems basic operation set duplicating. The aim – is the formation of their 

owner macroobjects, taking into account both engineering expertise and manufactur-

ing technology in the enterprise. This method allows a design decisions reuse at the 

level of product structural elements and the enterprise's knowledge base formation. 

Further research aims to implement tools for generating process macro functions 

on the basis of a standard set of basic operations of the CAD system, which will allow 

each sector or laboratory to establish knowledge bases with the features of their pro-

ject activities. 
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Abstract. This articles embraces the basic principles and the design-thinking 

method model. It also describes an example about how to use this method while 
solving the design tasks during development of computer-aided systems. 

1   Introduction 

In the present-day business world, congested with goods and services, the 
competitive advantage of a product emerges to prominence. It is vitally important for 
any organization to achieve and maintain the leading positions in its business 
segment. However, the same can be achieved by only offering to a user and a would-
be customer the products that take account of all their needs not merely declared by 
the customer from the outset but also hidden (not declared) ones. Therefore, the 
challenge alone to make clear such needs and to introduce them into goods and 
services shall be posed to ensure that one’s products are competitive. 

The value of this article is to define what processes should be put into the 
designers’ practice with the objective of creating the conditions to educe such kind of 
hidden needs and work-out the prudent ways pertaining to how they have to be 
implemented. 

2   About Classical Design Approach Disadvantages 

The formal principle – a task is considered to be solved, if the result takes into 
account all the requirements specified by the customer (all the requirements given in 
the technical assignment) – is generally used in the classical design approach to assess 
the result of the task fulfilled. 

Here, the procedure obtained after solving the task can be used further as a basis 
of solving the similar tasks in subsequent projects. This procedure does not formally 
require the solution results to be re-considered whereas it takes into account all the 
requirements of the technical assignment; therefore, it can result in a risk related to 
‘slowing down’ of further development of a project idea of how to solve this class of 
tasks in the organization. 
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The only condition of fulfillment of all requirements is erroneously taken as a 
criterion to ensure that a task is successfully solved, because a technical assignment 
generally describes requirements for primary functions to be implemented, but does 
not describe a raft of other subtleties that ascertain quality of the end product. Thus, 
even if all the specified conditions have been fulfilled, it may happen that the end user 
(consumer) would not be satisfied with the result since his opinion was not 
entertained in the proper way while implementing the functions. 

As a rule, the end user’s actual requirement is always different not only from the 
implemented product but also from the task being stated by the customer’s service.  

The insight of the consumer’s requirements or the empathy as a nonstructural 

element falls out of view of project teams who work on complex tasks under limited 

resources and tight deadline [1]. The above-delineated design problems may be 

partially solved by adding the design-thinking method that becomes more and more 

popular in the design process of late. 

3   Design-Thinking Method Description 

The salient features of the design-thinking method, according to E. Khramkova, 
were formed in the U.S. in 2003 to 2004 as a response to alterations in the economic 
territory associated with the new system of values [2]. 

This method is used to create innovations and search for original solutions in 
various spheres of activity. This term mostly refers to the development of new 
products, but actually the field of application of the design-thinking method is much 
more extensive. It can be used in all cases when it is required to solve any problem 
related to people, or to combine the knowledge of various areas of interests. A 
primary element of the design-thinking procedure is a thorough insight into a 
problem, research and observing monitoring. [3]. 

The principle features of the design-thinking method are as follows: 
Focus on end user needs. The identification of needs is based on observing 

monitoring and testing of consumers in natural conditions. The research group shall 
be deep in those conditions, in which people use services and products. It is also 
important to explore how an influence of cultural contexts happens within the 
framework of the research. 

Attracting the experts to the project. Involving the experts of the project-related 
domains into the design-thinking process. Using the expert knowledge, one can 
expedite the working process and ensure that the design work is close to actual 
conditions [4].  

The five interrelated stages, such as: Empathy, Focus, Ideas, Prototype, and Test 
[5] form the basis of Stanford's design-thinking process (see Figure 1). 

Empathy (perception). The design-thinking process is focused upon user needs. 
The key skill at this stage is the empathy – ability to put yourself in user place. This 
type of research is called a design research. The design research differ from the 
conventional marketing research in that design research is carried out in actual natural 
conditions; designers (developers) would rather conduct the context-sensitive 
supervision, living the consumer’s life in its entirety and variety, and penetrating in 
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his inner world. The goal of the design research is a total dipping into the reality and 
attention to routine and to an ordinary person with the objective of identifying the 
hidden needs. To carry out the design research, companies induce the following 
specialist categories: designers to create design products based on researches; 
cognitive psychologists to study how a human-being cognizes the outworld; social 

anthropologists to study models of human relations; specialists of Cultural Studies to 
adopt the products of worldwide brands for markets with different cultures and 
perception models; and ethnographers to supervise a human-being. For example, the 
Intel staff consists of more than 20 certified ethnographers; also, Microsoft, British 
Telecom, AT&T, HP, IBM have the spaces for these specialists who participate in 
conducting the design research [6]. 

 

I
Empathy

II
Focus

III
Ideas

IV
Prototype

V
Test

Customer 
Insight Data Analysis 

and Actual Needs 
Focusing

Idea 
Generation

Prototyping 
the Objects, 
Environment 

and Processes

Customer 
Test

 
Figure 1. The five design-thinking stages 

Focus. The next stage of the design-thinking process is focusing. The research 
group collects together all the gathered information based on the conducted design 
research to analyze (identify) the problem areas and set up the project tasks. The goal 
of this stage is to define a significant and practical application-oriented task that will 
be a basis for development of a new product. 

Ideas. Ideas are generated at this stage. An idea is created within the defined 
problem and the dedicated task. Ideas are not critically assessed at this stage, but 
recorded on paper only. 

Prototype. At this stage, ideas are selected to create the prototypes of these ideas. 
A prototype in terms of design-thinking application fulfills a communication task 
between a product and a would-be user. The research group carries out an experiment 
with the developed idea through creation of the prototype. 

Test. The developed prototype is tested by the research group with the help of 
would-be users in actual conditions. It is important to develop the scenario for testing 
the prototype and to record all testing results at this stage. After the above-mentioned 
testing has been conducted, the research group shall process and classify the testing 
results, and draw the conclusion. 

The design-thinking process is not completed at the stage of testing. After 

analyzing the information at the last stage, the research group can go back to any of 

the stages, depending on testing results. If some problems in identifying the user 

needs have been found, the research group should go back to the Empathy 
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(perception) stage; if the prototype problems have been detected, the research group 

should go back to the Prototype stage and etc. Thus, this process is not linear; 

however, it has a cyclic structure, because the design-thinking is basically a research 

process [7]. 

4   Application of Design-Thinking method elements while solving 

the design tasks 

As a rule, the development team activity in design organizations represents 
workflows to solve design tasks for various projects. Moreover, development teams 
are formed based on their expert knowledge. For example, while designing the 
computer-aided systems, a department can consist of the following working groups: 
circuit designer group, project design team, power supply team, reliability analyst 
team, professional group on general-system issues, general-system software 
programmer group, special-purpose software programmer group and etc. The similar 
class of tasks are solved within each working group. The organizations that have for 
long been gathering the knowledge how to solve particular tasks in each field is 
gaining certain experience and coming up with the established solving procedures.  

Under this approach to solve repetitive tasks, it would be possible to include the 
design-thinking method elements in the design processes. The same can be 
implemented by adding the secondary process to collect and process the observations 
and recommendations on improvement of the result obtained after solving the 
assigned task, as in Figure 2. 

 

Experience 

Generation of task 
solving

Implementation,
 testing and trials

Search for solution options 
for a new task in a new 

project based on provided 
experience

Empathy (perception)
(users questionnaire, and testing results, findings of the 

commission on how to conduct the testing, recommendations and 
proposals of the customer and end user)

Focus
(list of 

recommendation
s to be 

implemented in 
the project)

Prototype
(list of 

recommendati
ons being 

implemented 
with selected 

solution 
options) 

Idea  
(set of various solution options for 
each separate recommendation)

Test

 
Figure 2. An example of the design-thinking method stages added to the design team activities 

263

263



Using the Design-Thinking method  

while solving the design tasks    

We shall deal with this diagram by the example of the power-supply system 
design described in detail in the previous author’s articles [8 and 9]. 

After conducting the operational testing of the made power-supply system sample, 
the following recommendation has been obtained from the specialists involved in 
testing the system:  

‘The front panel control of the power control device (ON/OFF toggles) are 

conditionally engraved as serial numbers. To define which toggle should be used to 

switch on and off the device in the system is rather difficult without using the 

operating manual that contains the table to match the serial numbers on the device to 

the connected devices – power consumers. Therefore, the operator’s action time is 

considerably increased, critically affecting the operational repair time’. 
The tool-and-modeling environment WIQA.NET [10] was used to write down all 

ideas arisen while exercising the recommendations and saving them in the company’s 
experience base for repeated usage. The obtained recommendation was introduced in 
the modeling environment WIQA.NET as a new sub-task associated with the task 
‘Development of power supply system’. 

During validation of the solution, the QA-protocol was created, with the following 
alternate solutions: 

А.Х.1 Arranging the device with the changed engraving on the front panel of the 

power control device. 

А.Х.2 Making the plate that matches the serial numbers of toggles on the power 

control device to the connected devices and power consumers. Secure the plate near 

the power control device. 

А.Х.3 Making the add-on panel for the power control device with the controls 

marking that corresponds to the marking of devices and power consumers. 

Further, during the development, the Work Manager – Chief Designer selected the 
most optimal (simple and economically feasible) way how to solve the task (A.X.3). 

It is obvious that the more similar recommendations on how each design task is to 
be implemented will be collected, the more accessible (ergonomic) product based on 
all recommendations will be made for end users. 

Not only work managers and authorized customer's representatives services who, 
first of all, draw their attention to conformance of the obtained result to initial 
requirements put forward by the customer (stipulated by the technical assignment, 
contract terms and other guidelines), but also the persons who directly participate in 
the exploitation of the product – end users (exploitation service), since this category 
of people are the most interested in usability and efficiency of the products, shall be 
involved in issuing the recommendations. 

It is not practical to closely interact with the end user at the initial stage of 
manufacture and adjustment of the prototype. The testing group that has a task to 
estimate the serviceability of the prototype can be used instead of the end user. The 
persons who are responsible for the commissioning of the product to the customer can 
also issue their recommendations. 

A questionnaire (for example, the QA form to be filled in) can be used as one of 
the stimulating methods for drawing up of recommendations. This questionnaire 
should consist of the following questions: 

– What is inconvenient during operation of this system (in each operation mode)?  
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– What is inconvenient during repair and maintenance of this system? 

– What system functions description caused greater difficulties of understanding? 

– What, in your opinion, operator actions should be omitted? What may be 

additionally computerized? 

– What information is missing on the indication panel?  

– What information output in the system is unnecessary? Why? 

– What functions are available in similar systems, and what (what functions) is 

missing in this system? 

– What operator’s erroneous actions are allowed being carried out by the system? 

– What else would you improve in the system? 

– What elements in using this system give rise to your positive emotions? Why? 

– What elements in using this system give rise to your negative emotions? Why? 

It is desirable to carry out the stage of generation of solution options based on 

issued recommendations in the form of a brainstorming session. The goal of a 

brainstorming session is to generate a large variety of ideas for a short time in the 

group dynamics mode, when emotions and intuition is more important than rational 

thinking. In many cases, brainstorming sessions are enthusiastically carried out by all 

participants in the atmosphere with no tension. However, some members of the design 

team feel a knot when a brainstorming session is conducted traditionally. The same 

can be caused by: presentation of one’s ideas viva voce, presence of experts whose 

ideas can significantly influence the thread of other participants’ thoughts, as well as 

restraint of shy and modest participants of the session in presenting unordinary and 

extravagant ideas. The important point here is that disposition of some colleagues to 

discuss and criticize ideas during the brainstorming session, and exert the moral 

coercion [11] shall be limited. Each formulated idea can be recorded in the form of 

thesis (for example, its entering in the QA-protocol) to avoid the above-mentioned 

disadvantages of a classical brainstorming session. Thus, based on this format of a 

brainstorm session, the participants’ thoughts become more solid and free from 

immediate associations. Each record with the idea described in it becomes an 

incentive for generation of new ideas. 

7   Conclusion  

Therefore, the introduction of focusing on end user needs based on design-
thinking principles into the design teams’ activity as an additional process allows 
significantly improving the results of assigned tasks solving. This approach, using 
such a nonstructural element as empathy, creates the mechanism that motivates to 
conduct investigations for detecting the hidden user needs with the objective of 
improving the end product quality. 

Later on, the author of the article will thoroughly investigate this model, as well as 

obtain and analyze the working knowledge during his dissertation investigation. 
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Abstract. This article depicts main aspects of adaptive multiagent 

system structure which is intended to educate cad\cam engineers. It 

overviews main problems engineers have and mistakes they make 

during CAD modelling and intellectual core structure is proposed to 

find and eliminate aforementioned mistakes.  

1   Introduction 

One of the most essential problems faced by the companies that use CAD is to 

educate the newcoming employees. The professional engineers are a very valuable 

resource, their time costs a lot. Most companies cannot afford skilled workers to 

educate and mentor freshmen employees, since their rich experience is in-demand for 

current company projects. This is where Computer Aided Education (CAE) steps in. 

However, the main problem here is that most CAE systems lack the ability to analyze 

the weak spots in CAD skills of the learner.[1] Most current CAE systems just feed 

the learning material and check student knowledge of the subject via quizzes and 

other quiz-like activities, but the problem lays deeper than that. Most of the nowadays 

CAE systems cannot actually test abilities and skills of the learner, which is the most 

important part. The student should not only know the subject, but have the ability to 

design projects by himself. To do that, he should actually try to build the design of 

each part, step by step, and have the virtual mentor by his side showing him his 

mistakes and feeding him some similar well-done projects as an example while 

thorughfully checking his progress throughout the whole process in terms of making 

those steps right. 

2   Adaptive multiagent system benefits  

The agent in the system is a software process which has the following properties: 

1. Autonomy. The agent may and should in some cases operate without human 

intervention and make his own decisions. 

2. Social ability. The agent should be able to interact with human system operators 

as well as with other agents to exchange\retrieve and store essential data. 
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3.  Reactivity. The agent should be able to react to changing environment and  

respond to these changes in a timely fashion. 

4.  Pro-activeness.  The agent should have his own goal and make steps to achieve 

it by “taking initiative”. 
 

 
Figure.1. Agent structure 

The main purpose of student agent is to make sure that all tasks given by mentor 

agent are done correctly and in time. Given these goals, reasoning block of a student 

agent should be able to correctly compare learner project with the sample project, 

which mentor agent assigns to the student. With autonomy taken into account this 

structure perfectly fits into reducing training costs for the company: from now on, 

sample projects will be fed to the learner automatically, as well as checking the 

correctness[2]. 

3   Overall system structure 
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As seen on fig. 2 the starting point of development is company only having some 

kind of projects pool. Typically it is just files and folders. To transform files and 

folders into Project database the system should be able to: 

 Check the folders structure and try to determine the project files 

hierarchy. 

 Open each project file and determine any relative metadata: Project 

name, relative parts data, project description and purpose etc. 

 Determine project owner as institution member, since some projects are 

highly relative to the institutions and departments inside the company. 

 Categorize project files into database by the aforementioned metadata. 

The next step is project management agent activation. This agent should analyze 

projects in the project database and determine complexity of each part by: 

 Absolute number of operations required to design the part. 

 Distinctive number of operations. Parts that include more operation types 

like extrusion, rotation, surface combination, and simple template shapes 

(squares, ovals, circles) should be considered more complex than the 

ones that use only a few. 

 Number of sub-parts. 

The project management agent should express the complexity relatively to the 

most complex part found in percents. The most complex part found should be 100%. 

These values should be stored as metadata in the projects database. 

 

The purpose of the mentor agent is to determine the task for each student. Every 

incoming freshman learner should be first checked by initial knowledge of the topic. 

This might be the results of the quiz or any other offline or online activity. Based on 

this initial knowledge percentage the mentor agent should be able to determine the 

initial complexity of the part to be fed to the course taken by student as the first task. 

Initialy learning course shows the 3d model only, not the way the part was built, so 

the student not should just be able to repeat the process but to create his own way to 

design the part. The next task should be based on the success rate of designing the 

part correctly. 

 

The purpose of the student agent is to receive the part designed by the student and 

analyze it in terms of being correctly done. The main mistakes students make during 

design process are: 

1. Overabundant number of operations required. This is the most popular mistake 

students make. For example using 3 extrusions on the circle sketch and combinig 

them together instead of one sketch rotation. 

2. Not using copy function when dealing with the situation where one subpart is 

used several times in the project. 

3. Not closing contours of the sketch which may result in collision problems. 

4. Applying operations one by another instaed of using multiselect option, for 

example rounding up one edge by another instead of selecting them all at once. 
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The student agent should be able to connect to proect database, retrieve the project 

and compare it to the student’s work, operation by operation, fetch all mistakes and 

pass it to the mentor agent while showing the student the right way to design this part 

(i.e. the skilled engineer workflow). The mentor agent should analyze the mistakes 

and save student progress, fetching him his next part to design using the following 

logic: 

1. Feed the more complex part if there is no mistakes. 

2. The new part should have the same operations to practice which student failed 

to do correctly if there were mistakes made. 

3. A less complex part should be fed as a task if student’s design success rate was 

lower than his average success rate. 

4. A more complex part should be fed as a task if student’s design success rate 

was higher than his average success rate. 

 

7   Conclusion  

The process mentioned above is expected to give a faster learning rate and better 

skill growth than the tradational e-learning process. However, as it is known, different 

students have different learning approaches. The latter version of this system will 

feature a special psychology test which will determine student character in terms of 

learning approach and mentor agent will react to student progress taking learner tone 

into account. 
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Abstract.The paper presents a set of means for structural designing the confi-
gured templates of aviation details. Specificity of the offered approach to de-
signing this kind of equipment is defined with the use of means of conceptual 
experimenting. Such type of experimenting suggests a reflection of the life 
cycle of any template to a semantic memory of the question-answer type. The 
structure and attributes of the semantic memory cells are focused on coding of 
models of questions and answers from the viewpoint of their use in solving the 
creative tasks. In such modeling, any conceptual experiment is conducted as au-
tomated mental experiment the structure and content of which are operatively 
used in designing of templates. 
Keywords:configured template, conceptual experimenting, laser cutting, nu-
merical programmable control, structural designing 

1 Introduction 

In aircraft manufacturing, template equipment is used for the manufacture, control 
and assembly of fuselage, wings and aileron parts, including details of their skin, and 
includes tens of thousands of templates of varying complexity and pur-
pose.Configured templates as specialized equipment for manufacturing and checking 
of aviation details have a set of features the main of which are the following: compli-
cated geometrical forms, small rigidity, greater scales, and strict requirements to accu-
racy of manufacturing.In addition, in order to link the details included in each plane 
section of the aircraft's design, a rigid carrier system is required that fixes the contours 
of the internal parts that make up this section. So, for example, large parts have to be 
linked on sheet metal control and contour templates. 

Moreover, in the creation of eachtemplate, it should repeat not only the geometric-
al forms of the corresponding detail, but needed utility forms should be included to 
the template also. Such additional components of the templates are oriented on condi-
tions of their use, for example, in assembly operations with other details. Necessity to 
take into account the diverse points of view on a template leads to creative tasks, 
which had better to solve preliminary (before manufacturing a template) on models, 
by experimenting with their decisions. 

It should be noted that the geometry of the configurable template is much more 
complicated than the geometry of the part, for which it was created. For the structural 
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design of configurable templates, there are a number of tools that allow developers of 
such templates to experiment with their semantic models, including models that simu-
late the production of templates using numerical laser cutting control [2]. For the 
experiments it is proposed to use the question-answer modeling environment WIQA 
(WorkingInQuestionsandAnswers), the means of which were adapted to the instru-
mental support of the life cycle of the templates. 

The suggested means of structural design of templates and the scheme of their in-
tegration (in the context of the life cycle of the template) are given in Figure 1. 

Fig.1.The life cycle of the configurable template 

The design of the template begins after the part specifications have found their 
geometric representation in the CAD system. The information about the part, includ-
ing the geometry of that part plane for which the template is designed, is transferred 
to the WIQA tool-modeling environment with the help of a special utility, first, to 
display details on the semantic memory of this system, and secondly, for analysis of 
this information and the formation of a query to the library of templates.  

At this point in time, the template library is outside the WIQA environment and 
contains sample templates, which the designer is responsible for selecting and down-
loading to CAD. 

All these actions and subsequent (in the course of the life cycle of the template) 
are performed under the control of the (pseudo-code) program, in the WIQA envi-
ronment, where the parts mapping and the original version of the template serve as 
input data for performing actions directly in the modeling environment. 
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2 Instrumental and technological environment of structural 
design of templates 

The means and specifics of the conceptual design, oriented to its mapping to the 
semantic memory of the WIQA toolkit, are detailed in the publications [2] and [3]. 
Features of the semantic memory of the WIQA toolkit is the structure and content of 
the memory cell, which is focused on loading question-and-answer units (question or 
answer or their composition). But especially important for QA-memory is that it is 
defined by the expandable (if necessary) pseudo-code programming language 
LWIQA. The programs in this language can be executed with the help of the interpre-
ter, the interpreter with the compilation of the selected groups of operators and the 
compiler, and the designer in this performance acts as an "intelligent processor" [2] 
interacting with the computer processor. 

In working with pseudo-code analogs of numerical control commands for laser 
cutting, two interpretations are supported, one of which is used to simulate cutting in 
the field of a specialized graphical editor of the WIQA tool. And the second interpre-
tation allows switching from a pseudo-code program simulating a certain cutting to its 
version in working G-codes with instructions for preparation for cutting and opera-
tional interaction with laser equipment. 

As noted above, mapping to semantic memory opens up opportunities for using 
conceptual experiments in solving design problems when designing configurable 
templates. Moreover, in the previous paragraph it was noted that the design solutions 
should be related to those functions that the template should perform in the life cycle 
of the relevant part (manufacturing of the part, use of the template in control and as-
sembly operations). A number of design solutions should be associated with the man-
ufacture of the template and its control for compliance with production and technolo-
gical requirements. But, it should be noted that the principal of these solutions will be 
those that are associated with the formation (geometric) structure of the template. For 
working with flat geometric structures, a specialized graphics editor is included in the 
WIQA toolkit, the potential of which is sufficient to transfer flat geometric structures 
from CAD, that is, flat images of parts and templates, into its working field, taking 
into account the dimensions and even the version of G-codes. In other words, line 
segments and curves in the WIQA graphics editor environment are programmable. 
Moreover, the structures in the field of the WIQA graphical editor can be represented 
by pseudo-code programs, executing which you can construct the drawing of the pro-
grammed structure repeatedly. 

The diagram in Figure 2 reflects the fact that during the design of the template, it 
is required to generate certain normative documentation, which includes a map show-
ing both the geometry of the designed template, the application variant (the sketch of 
the template application for the part), and the accompanying information to be entered 
into certain cells of a table document.  

Documentation is one of the basic functionality of the WIQA toolkit, for the im-
plementation of which any, also the document forms are mapped to semantic memo-
ry, with display units available for use in pseudo-code programming. So any result of 
experimentation, if it turned out to be working and embedded in the template project, 
can be quickly transferred to the appropriate document forms. 
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Fig. 2.Forming a Template card by linking a document template and data 

The diagram demonstrates that operational documentation in the WIQA environ-
ment is transferred to QA-memory, and for each sample document, a question-answer 
presentation of its structure and a template for visual presentation of the document on 
the sample of its hard copy are formed. 

3 Conclusions 

The article presents an approach to the structural design of aircraft parts templates, 
during which designers are able to conceptually experiment with geometric fragments 
of templates, the inclusion of which in their configuration is designed to perform the 
production and technological functions of manufacturing and controlling parts, as 
well as their assembly in more complex nodes. Inclusion of the tools presented in the 
article in the design of configurable templates helps to increase the degree of automa-
tion in solving creative design tasks, preventing and detecting design errors, and also 
reusing useful design solutions, including built templates. To solve the problems of 
reuse, an important direction is the creation of effective library applications in the 
applications of the library, the questions of which are excluded from the content of the 
article. 
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Using a corporate technology platform to support the 

learning process in the implementation of disciplines in 

the field of electronics 
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Abstract. The article introduces readers to the corporate information and 

technology platform for supporting the educational process used at the National 

Research University of Electronic Technology. The effectiveness of the use of 

ORIOKS in the teaching of disciplines in the field of electronics is shown.  

1   Introduction 

In accordance with the requirements of the Federal Law "On Education in the 
Russian Federation" No. 273-FZ [1], federal state educational standards for higher 
education [2] and other normative acts when implementing the educational process in 
higher education educational institutions, it is necessary to operate an electronic 
information and educational environment (hereinafter referred to as the "electronic 
environment"). The electronic environment should include "electronic information 
resources, electronic educational resources, a set of information technologies, 
telecommunication technologies, appropriate technological means and ensuring the 
development of full-scale educational programs for students regardless of the location 
of the students [1]". 

Each university in the Russian Federation that implements educational programs 
fulfills this requirement, based on the history of its development, financial and 
territorial situation, the direction of educational programs and other criteria for 
activities. In most cases, HEIs buy ready-made commercial software, eliminating the 
need to develop and maintain such systems, while they respect the protection of users' 
personal data [3] and focus on the same type of curriculum educational programs, and 
also choose the stability of the software environment. However, by purchasing a 
ready-made software, it can be difficult to take into account the specificity of the 
educational activity of a particular educational institution, so a number of universities 
independently develop such electronic environments. 

 

276

276



    A. Kozlov 

2 The application of the electronic educational environment of 

ORIOKS in the educational process 

At the National Research University of Electronic Technology (hereinafter - 
MIET) in the team led by Dr. Ignatova I.G. more than five years ago, a corporate 
information and technology platform for supporting the educational process of 
ORIOKS (the organization of distributed information exchange in corporate 
environments) was developed and introduced into the educational process. This 
platform is available on the Internet (orioks.miet.ru) and at supporting the educational 
process in the implementation of higher education educational programs in MIET in 
24 hours for seven days is aimed. The advantages of ORIOKS (Fig. 1) include the 
stability of the environment, a friendly interface, the rapid development of existing 
and development of new modules based on users' requests, the availability of a 
dialogue form, and more. Already today, the following services in ORIOKS: the 
formation of curricula for educational programs, the creation of educational and 
methodological complexes of disciplines, the exchange of messages, the assignment 
of hyperlinks to electronic educational resources, the choice of disciplines at choice, 
the verification of author's works for the volume of borrowing, maintaining current 
academic performance, and other are available. 

When implementing disciplines in the field of electronics in the electronic 
environment, it is important to place not only presentations and brief notes of lectures, 
but also links to your own and third-party information electronic educational 
resources (photo, video, CAD), redirect students to the sites of industry partners. It is 
also very important to check students for the quality of their mastery of information. 
In high schools for over ten years, electronic test resources are effectively used. MIET 
also has its own system for electronic testing - OROKS. In OROKS students have the 
opportunity to carry out self-testing, and the teachers assign control tests on the 
material studied. 

 

Fig. 1. Account of the teacher ORIOKS 
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Using a corporate technology platform to support the learning process in the implementation of 

disciplines in the field of electronics     

3   Disciplines in the field of electronics 

The curricula of educational programs in MIET include humanitarian and 
technical disciplines aimed at forming appropriate competencies for students, based 
on the requirements of educational standards. Among the technical disciplines, there 
are general physics, solid state physics, semiconductor physics, physics of 
semiconductor devices. The content of these courses introduces students to the 
fundamental concepts: electronic and hole semiconductors, charge carriers, doping 
impurity, lifetime, mobility, diodes, transistors, current-voltage characteristics, 
measuring devices, current, voltage and others. Students for the first time master such 
processes as the generation and recombination of charge carriers, band theory, energy 
diagrams, transitions of charge carriers to specified energy levels, the flow of direct 
and reverse current through a semiconductor device, the breakdown of a diode or 
transistor, and others. 

Often, in order to effectively assimilate information, it is necessary for addition to 
the theory to demonstrate an appropriate video clip with experience shooting or 
simulation of the process. Such video resources teachers place in ORIOKS in the 
educational-methodical complex of the discipline or give hyperlinks to third-party 
resources. A very effective means of acquiring practical skills in studying such 
disciplines is the use of electronic simulators, while not necessarily using expensive 
commercial solutions, you can use programs written in MatLab or MS Excell. 
Students, substituting their data on the screen of the monitor in on-line mode, 
calculated the current-voltage characteristics of devices, get acquainted with the 
process of carrying charge carriers, perform numerical calculations upon completion 
of laboratory work. 

4   Conclusions 

Application of students in the educational process of the electronic environment is 
not only a tribute to time but primarily the necessary information content for the 
preparation of a specialist for future professional activities. Electronic resources are 
available at any time to students on the screen of a laptop, tablet, smartphone and 
other stationary and mobile devices. 
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Abstract. In the process of designing modern software intensive systems (SIS), 
it is often necessary to conduct experiments, choosing the most suitable variant 
of design solutions from several possible ones. To solve the problem of choosing 
the most suitable design solution, an approach called prototyping is used.  

Keywords: project theory; question-answering; software intensive systems  

This research includes reviews, according to them, the paper concludes that 
developers are needed for a design tool that provides the ability to manage quickly 
create prototypes of design solutions, including graphical elements and software 
components that are linked together. At the same time, this tool should be universal and 
suitable for use in various projects. 

The main purpose of the study is developing prototyping tools in software design. 
These tools should be providing the possibility of constructing both visual and program 
elements of prototypes of project solutions connected with each other. 

Scientific novelty of this research includes the developed way of organization, 
construction, and access to prototypes of design solutions, the principle of integrating 
the graphic representation of the prototype with algorithmic implementations of the 
prototype components and a set of methods for visual-algorithmic prototyping of design 
solutions. 

Practical value of the research is design and development of a set of prototyping 
tools that provides the opportunity to the operative construction of prototypes of design 
solutions, including their visual and algorithmic representation. 

 
Study Summary 
In the first chapter of the paper, a survey of the research and existing solutions of 

the problem of prototyping in the design of automated systems was made, an extended 
statement of the problem was carried out. 

On the basis of the decisions made in the previous section, generalizing them, we 
formulate the formulation of the problem of the master's thesis in the following 
formulation: 
1. To develop a tool complex for creating and exploring prototypes for preliminary 
verification of project design solutions in order to prevent semantic errors. 
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2. In developing the structure and functionality of the complex, use methods and 
tools for conceptual design and prototyping, oriented to the executable pseudo-code, 
supplemented by extensions of the C# language. 

3. The created complex should provide expansion of tool-technological 
environment WIQA. 

To structure the text of the dissertation and refine the requirements for the system 
being developed, a question-answer and motivation-target analysis of the extended 
statement of the problem was made. In the chapter, a diagram of use cases based on the 
question-answer analysis. This diagram is presented in figure 1. 

 

 
 
 

Fig.2. Use-case diagram 
The second chapter covers the issues of making models and methods of 

prototyping means.  
The prototyping system is a set of components that run in a WIQA environment. 

The prototypes set of the design solution is a graphical diagram including elements that 
are references to the implementation of prototypes. 

The next figure shows the architectural model of the prototyping system: 

Task-by-task 

prototype 

review 
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Fig.1. Architectural model of prototyping system 
 

The other important points of the second chapter are the development of graphical 
user interface, pseudo-code algorithms and user prototyping methods presented in text 
and graphical forms. Since the development of the prototyping system is focused on its 
implementation in a WIQA environment, the most advantageous representation of the 
algorithms of its components is the presentation of them in the form of techniques that 
can easily be described as pseudocode. The second chapter also presents database 
structure for the organization of prototypes library. 

The third chapter covers the issues of details of realization of prototyping system 
and its experimental study. In the chapter, features of WIQA tools from the position of 
interaction with the developed tools were considered and an object-oriented model of 
prototyping tools was built. 

To verify the completeness of these tools implementation and to perform a 
correctness test, an experimental study is needed. Thus, the purpose of the experiment 
can be formulated as an examination of the following hypothesis: 
H1. The prototyping system is implemented in accordance with the requirements 

imposed on it, and its implementation does not contain critical errors 

To check it, author splits the hypothesis on some sub-hypothesis and builds a plan 
of step-by-step checking them. The implementation of the plan confirmed this 
hypothesis. In addition, the third chapter describes the deployment of prototyping tools. 
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Conclusion 
This research touched upon issues related to prototyping in the design of software 

intensive systems. It describes the development of the methodology of visual-
algorithmic prototyping, as well as a set of algorithms and software that implement 
these methods. In the course of solving the tasks of this research, the following results 
were achieved: 

1. The review of existing methods of building prototypes and the method of 
organization of prototyping in the activity of developers; 

2. Some models of the prototyping system, such as architectural and object-
oriented; 

3. A model for presenting the methods of prototypes presentations in the 
question-response memory; 

4. This method was considered in detail in the example of its implementation in 
the question-answer modeling OwnWIQA environment and experimentally tested, 
which confirmed its validity. 

The implemented prototyping system meets the requirements that were defined 
during its design. Obviously, further work in this direction is required to further 
improve the functionality of the project prototyping tools. One of the directions for 
improving the prototyping tools is its closer integration with the mechanisms of agile 
development. 
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RISK MANAGEMENT TOOLS IN THE DESIGN OF 
AUTOMATED SYSTEMS 
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Babylon Technical Instiute,Babel,Iraq 
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Abstract. Today one of the main problems in the design of Software 
Intensive Systems (SIS) is extremely low design success level. The 
Standish Group International in their report shown success level as low 
as 35%. According to experts, all the problems arising in the 
development of IT projects should be identified as risks. 
.  

Keywords: project theory; question-answering; software intensive systems  

This research includes reviews of practically used risk management methods, risk 
classification and negative effects of risks. According to the review, this paper 
concludes that in order to increase the success of the project process, developers are 
needed to have special tools to manage risk, including the accumulation of risk 
management experience for its subsequent use. 

The the main purpose of the study is developing risk management tools for 
software design. These tools should apply to risk situations monitoring and provide 
timely response to risk situations occurrence.  

Scientific novelty of this research includes methods of organization and ways to 
access to algorithms of reaction on risk situations, the principle of constructing methods 
for processing risk situations as algorithms in the language of pseudo-code 
programming and a set of risk management methods. 

Practical value of the research is design and development of a set of risk 
management tools that provides the opportunity to accumulate and use the experience 
of overcoming the risks of the project, thereby increasing the success of the project. 

 
 
Study Summary 
The first chapter of dissertation covers the issues of system engineering, features 

of the collective design of automated systems, risks management in software design. It 
shows positive effects of realization risk management tools in OwnWIQA environment. 
OwnWIQA is a question-answering processor, developed in Ulyanovsk State Technical 
university.  

The first chapter presented a theoretical review and extended statement of the 
problem of risk management. The extended statement of the problem is as follows: 

Z * 1. Develop a set of methods and tools for risk management in the design process 
that helps to reduce time costs and minimize the likelihood of risks through the 
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inclusion of additional programmable components in the management of project 
activities. 

2. The mechanism of additional programmable components offered by a set of tools 
should be oriented towards participation in their implementation of designers who 
perform the work assigned to them in accordance with the plans. 

3. To reduce the cost of developing a set of risk management tools, you should 
orient it by input and output data to work with the question-answer tool environment 
WIQA. 

Also, the first chapter includes a question-answer analysis of the problem statement 
and there motivational, and target settings were determined, which made it possible to 
determine the structure of the dissertation research and clarify the requirements for the 
software tools being developed. Stakeholders of the project using the developed tools 
were also identified, and a use-case diagram for using risk management tools was 
constructed. 

The second chapter of dissertation covers the issues of making models and 
methods of risk management tools.  

The risk management system is a set of components that run in a WIQA 
environment. Since one of the most important features of this system is its close 
integration with the WIQA design environment, the most effective way to present 
information about project risks is to map them to WIQA memory as a pseudo-code 
database. 

The next picture shows the architectural model of the risk management system: 
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 Fig.1. Architectural model of the risk management actions 

The main interface should implement the following functionality: display of a 
summary of information about risks, view a list of risks, export risks to XML/DOC file. 

This chapter presents a description of the structure of pseudo-code database model 
and its diagram. Also, algorithms of user actions on risk management and pseudo-code 
algorithms of risk management were built with activity diagrams. 

The third chapter of dissertation covers the issues of realization and experimental 
study of risk management tools.  

The main components of the developed project risk management system are the 
database of risks and interface forms that ensure interaction with them. Most forms are 
implemented as an additional plug-in library, which is developed in the C# 
programming language and is object-oriented.  

To verify the completeness of these tools implementation and to perform a 
correctness test, an experimental study is needed. Thus, the purpose of the experiment 
can be formulated as an examination of the following hypothesis: 
H1. The risk management system is implemented in accordance with the 

requirements imposed on it, and its implementation does not contain critical errors 

To check it, author separated the hypothesis on some sub-hypothesis and built a 
plan of step-by-step checking them. The implementation of the plan confirmed this 
hypothesis. 
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This research touched upon issues related to risk management in the design of 
automated systems. It describes the development of the methodology of risk 
management and accumulation of experience in risk processing, as well as a set of 
algorithms and software that implement these methods. 

In the course of solving the tasks of this research, the following results were 
achieved: 

1. The review of existing methods of risk management and the method of 
organization of risk management in the activity of developers; 

2. Some models of the risk management system, such as architectural, logical-
algebraic and object-oriented; 

3. A model for presenting the methods of processing risks in the question-
response memory; 

4. This method was considered in detail in the example of its implementation in the 
question-answer modeling OwnWIQA environment and experimentally tested, which 
confirmed its validity. 

The implemented risk management system meets the requirements that were 
defined during its design. Obviously, further work in this direction is required to further 
improve the functionality of the project risk management system. One of the directions 
for improving the risk management system is its closer integration with the mechanisms 
of agile development implemented in the system of card management of the activities 
of designers. 
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