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DISSERTATION TOPIC 

The relevance of the given topic. The focus of the work is the study of models 

and methods for the implementation of the evolution of external domain-specific 

languages (DSL) for modeling the structure of interfaces in order to increase the 

efficiency of support processes for the life cycle of general-purpose software 

systems. In this case, a structure means a set of objects involved in the interface and 

the relationships between them. Algorithmic DSLs used to describe solutions to a 

problem within the subject area are beyond the scope of this research. It is important 

to note that the DSL-based approaches used in this work are applicable for modeling 

both software interfaces between various components of a complex software system 

and human-machine interfaces [14] (i.e. objects and relationships displayed on the 

screen and used by the user). However, in this study we demonstrate the application 

and development of these approaches only to enhance the effectiveness of the 

development of human-machine interfaces as part of a general-purpose software 

systems. 

From the point of view of computer science, DSL is a computer language 

(including programming or modeling) with limited expressive capabilities, focused 

on a certain subject area [17]. From a more general point of view (including the 

linguistic aspects of DSL as a language as a whole), DSL is an artificially created 

language that semantically and syntactically corresponds to a certain subject area 

[2]. 

Most often, the DSL is developed as part of some more general software 

system (the main system in relation to the DSL). In this sense, DSL is associated 

with a general-purpose language used to create the main system and can be internal 

or external in relation to it [17]. 

Internal DSLs are written in the language of the main application and are 

incorporated into this language [17]. From this point of view, internal DSLs 

represent a specific way of using the general-purpose language used to create the 

main application. As a consequence, for the development of internal DSL, 
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approaches typical for general-purpose languages are applicable, which analysis is 

beyond the scope of this study. 

Unlike internal DSLs, external DSLs are written separately from the main 

system. After creation of such languages are embedded in the main application as a 

compiler or interpreter [17]. The main advantage of external DSLs is that they can 

best reflect domain concepts and customer requirements [6]. 

In this work, we consider only the external DSL used for general-purpose 

modeling software systems interfaces. This is effective and reasonable from the 

point of view that the human-machine interface of software systems has limited 

functionality (directly related to the functionality of the system in general), like the 

DSL, and in this sense can be considered as a specific type of DSL [26]. As a result, 

the introduction of elements of the development and modification of DSL in the 

development and modification of software systems can be effective and provide their 

greater flexibility in relation to the requirements of various categories of users [14]. 

Interest in the DSL appears both among researchers and among practitioners 

[26, 31]. First of all, this is due to the fact that DSLs provide a convenient, 

understandable and fairly simple from the user's point of view mechanism for 

managing the subject area for which they were created [17]. 

The work of many domestic scientists is devoted to the study of the problems 

of developing DSL, in particular I.S. Anureev (И.С. Ануреев) [1], B.N. Gaifullin 

(Б.Н. Гайфуллин) and V.E. Tumanov (В.Е. Туманов) [2], A.O. Sukhov (А.О. 

Сухов) [6], V.G. Fedorenkov (В.Г. Федоренков) and P.V. Balakshin (П.В. 

Балакшин) [7], etc. This topic is also reflected in the works of such foreign scientists 

as Pablo Gómez-Abajo, Esther Guerra, Juan de Lara [18], Aleksandar Popovic, Ivan 

Lukovic, Vladimir Dimitrieski, Verislav Djuki [36], Walter Cazzola, Edoardo 

Vacch, etc. 

In addition, a large number of works are devoted to research in related areas, 

in particular: the definition and dynamics of semantics are studied in works A.P. 

Ershov (А.П. Ершов) [4], L.A. Kalinichenko (Л.А. Калиниченко) [5, 25], 
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Guizzardi [19, 20], Stoy [39], Strachey [33], etc., definition of syntactic aspects of 

DSL – in works by Evans [16],  Laird [27], etc. 

In most modern studies [17, 26, 34] the process of developing a DSL includes 

the following stages: making a decision (on the need to create a DSL, in other words, 

an analysis of its applicability), analysis of the subject area (for which the DSL is 

created), the design of the DSL (including the definition of the entire structure of the 

DSL and the selection of the most suitable type of DSL), the implementation of the 

DSL and the deployment of the DSL.  

Also sometimes considered as a separate stage of the support of the DSL 

(including the possibility of the evolution of the DSL) [13]. Evolution can occur both 

under the influence of changes in the subject area itself ([13, 14]), and under the 

influence of internal factors, such as changes in the behavior of users of the system 

[27], their heterogeneity [35]. 

However, as the analysis of publications shows, the works do not highlight 

the mechanism of tracking changes in the subject area and their translation to the 

DSL model. Moreover, it is believed that by the time the DSL was developed, the 

domain model itself had already been created manually and transferred to the DSL 

model (as [18, 23]). It is fair to say that a number of researchers, including Peter Bell 

[10], Josh G.M. Mengerink, Alexander Serebrenik, Mark van den Brand [29], 

Ramon R.H.Schiffelers [30], Jonathan Sprinkle, Gabor Karsai [38], investigate the 

evolution of graphical domain models. But they do not consider the subsequent 

transfer of the changes made to the models and the rules that provide them to the 

DSL model [38]. On the contrary, these authors try to keep the DSL structure 

unchanged, which does not correspond to the assumption that the DSL model is 

identical to the domain model, which means that any change in the domain model 

should result in an equivalent change in the DSL model. 

The issue of DSL evolution is even more relevant in the case of DSL for 

modeling human-machine interfaces of general-purpose software systems, since the 

life cycle of software systems presupposes the presence of a software system support 

stage, which implies its development (modification) for new user requirements [27].  
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To emphasize the importance of this requirement, the work uses the concept 

of a dynamic context, in the conditions of which the stage of supporting a software 

system takes place. The dynamic context in the work is understood as a set of 

changing models of the subject area and / or a set of user competencies. The presence 

of a dynamic context makes it necessary to adapt the interfaces of the software 

system to the new requirements of users, as well as in accordance with changes in 

the models of the subject area for which the software system was created [14]. 

As a consequence, changes in the system must be reflected in the DSL, which 

also exists in a dynamic context. However, in the life cycle of the DSL, the support 

(maintenance) stage is optional, and the existing DSL development tools do not 

support the functionality for organizing the full evolution of the DSL [26]. As a 

consequence, there may be problems of efficiency in using a software system based 

on DSL [13].  

In this regard, the urgent task of proposing approaches, methods and tools for 

supporting the evolution of DSL for modeling human-machine interfaces of general-

purpose software systems. 

The goal of the study is to improve the efficiency of life cycle support 

processes for general-purpose software systems by developing new models and 

methods for the evolution of DSLs for interface modeling. 

To assess the effectiveness, the criteria are used in accordance with GOST R 

ISO/IEC 25010-2015 (ГОСТ Р ИСО/МЭК 25010-2015) [3], including the time of 

modification of the DSL, the number of manually entered lines of code for 

modifying interfaces, etc. 

To achieve the goal, it is necessary to implement the following research 

objectives: 

• analyze existing approaches to the development and transformation 

(evolution) of DSL for modeling human-machine interfaces of general-

purpose software systems; 

• to develop a formal model underlying the proposed approach to 
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transformation and evolution of DSL for modeling human-machine interfaces 

of general-purpose software systems; 

• develop algorithms for transforming models (both the subject area and the 

DSL for modeling human-machine interfaces of general-purpose software 

systems); 

• to conduct approbation and testing of the obtained results (models, algorithms 

and software prototypes) on DSL for modeling human-machine interfaces of 

general-purpose software systems in various subject areas with a dynamic 

context. 

The object of the research is the process of supporting the life cycle of 

general-purpose software systems in terms of the evolution of human-machine 

interface models as an example of an external DSL in dynamic contexts. 

The subject of the research is the model-oriented transformation processes of 

the external DSL for modeling the human-machine interfaces of general-purpose 

software systems in a dynamic context in the case of changes in the domain models 

or the competencies of DSL users. 

KEY RESULTS 

Research methods. In the dissertation work, the following formal 

mathematical methods are used: theory of functions, theory of graphs [37] and graph 

grammars [8], elements of predicate logic [12]. UML diagrams [19] and conceptual 

(semantic) models in the form of codified ontologies and object-relational models 

[8] are used as tools of modeling the domain. 

In the practical part of the work compilation methods, declarative means for 

transformations on graphs [11], object-oriented and event-oriented programming 

techniques are used. 

Scientific novelty: 

• based on the analysis of existing approaches and methods for the development 

of DSL, a generalized model-oriented structure of DSL is presented, which is 

a unified representation of all levels of the DSL structure; 
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• various types (models) of the DSL evolution are formalized for modeling the 

human-machine interface for general-purpose software systems, which allows 

one to determine the coordinated evolution of the DSM and all levels of the 

DSL in accordance with the proposed projection approach; 

• built and implemented a set of cross-model transformations (based on graph 

transformations) for organizing the horizontal and vertical evolution of the 

external DSL for modeling interfaces of general-purpose software systems; 

• on the basis of the selected set of cross-model transformations, a new method 

(called the projection approach) is proposed for the development of an 

external DSL for modeling human-machine interfaces of general-purpose 

software systems. The proposed projection approach makes it possible to 

automate the process of developing DSL for modeling interfaces of general-

purpose software systems and use the representation of the domain in the form 

of a domain semantic model (DSM) in the design and implementation of DSL, 

as well as organize the automated evolution of DSL; 

• in accordance with the proposed method, algorithmization and software 

implementation of the procedure for transforming a human-machine interface 

was performed as an example of an external DSL for modeling human-

machine interfaces of general-purpose software systems for two subject areas. 

As a result of the analysis of the performed software implementation of the 

transformation procedure of the human-machine interface as an example of an 

external DSL, reusable results were revealed. On this basis, it is concluded that the 

proposed approach and models of the DSL evolution are applicable to the 

implementation of the DSL evolution in various subject areas and are the basis for 

the development of universal software tools to support the complete DSL life cycle 

(including the DSL evolution stage). 

Key aspects to be defended: 

• formalized model of DSL evolution based on cross-model, graph 

transformations for modeling interfaces of general-purpose software systems 

in dynamic contexts; 
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• a new method (called the projection approach) to the development of an 

external DSL for modeling interfaces of general-purpose software systems, 

which makes it possible to automate the process of developing DSLs for 

modeling interfaces of general-purpose software systems and use the results 

of domain analysis in the design, implementation and modification of DSLs; 

• reusable software implementation of the human-machine interface 

transformation procedure as an example of an external DSL, used as part of 

two prototypes of software environments for different subject areas. 

Personal contribution to the aspects to be defended includes the 

development and implementation of models, methods for the evolution of DSL for 

modeling interfaces within the proposed projection approach in order to improve the 

efficiency of support processes for the life cycle of general-purpose software 

systems. In addition, the proposed approach was tested in the process of 

implementing software environments based on DSL for various subject areas.  

As a result of approbation, the scientific articles were published. The applicant 

has a Certificate of state registration of a computer program №2018616788 

«Postgraduate admission office» (v.1.0). 

Practical value of the results.  

As a result of the study, a new engineering method (projection approach) was 

developed for the development of an external DSL for modeling interfaces of 

general-purpose software systems, which makes it possible to increase the efficiency 

and convenience of support processes for the evolution of DSLs for modeling 

human-machine interfaces of general-purpose software systems. In support of the 

proposed approach, algorithmization and software implementation of the procedure 

for transforming the human-machine interface was performed as an example of an 

external DSL. 

Prototypes of software environments were implemented using the proposed 

projection approach based on DSL (with the possibility of evolution in dynamic 

contexts) for the subject areas "Software system of the University Admissions 
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Committee" and "Software system for allocating resources of the railway station" 

(Java language and Eclipse plugins were used for development, the total number of 

lines of code of both prototypes – 22483). The developed prototypes make it possible 

not only to execute scenarios on the DSL, but also to modify the structure of all DSL 

levels in real time without the need to re-create the DSL and the software information 

system as a whole. 

The experience of operating the developed software prototypes has shown that 

their use minimizes the number of errors and conflicts during the modification 

(evolution) of the DSL and the software environment as a whole, since all changes 

to the DSL are made in an automated manner, without the need for manual 

modification. As a result, the total time spent on modifying the DSL and the software 

environment as a whole decreases. 

The proposed approach to supporting the evolution of DSL for modeling 

interfaces of general-purpose software systems is applicable to the implementation 

of general-purpose software environments of various subject areas with a dynamic 

context of use, in particular, in areas with a high degree of adaptability, for example, 

in Smart systems and cyber-physical systems [26]. 
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CONTENTS 

The dissertation work consists of an introduction, 4 chapters, a conclusion, a 

list of references, including 116 sources (including 17 domestic), a glossary and 7 

appendices. The work is presented on 162 sheets of typewritten text, contains 45 

figures, 4 tables. 

The introduction presents the relevance of the work, the purpose and 

objectives of the dissertation research, scientific novelty, theoretical and practical 

significance of the research, and also provides a summary of the work. 

Chapter 1 is devoted to the analysis of the existing classical methodology for 

the design and implementation of DSL for modeling human-machine interfaces of 

general-purpose software systems in the context of the life cycle of general-purpose 

software systems. For this, the chapter provides a definition of DSL and its place in 

general-purpose software systems. The description of the main stages of the classical 

life cycle of DSL and software systems is presented. The disadvantages of the 

existing methods of DSL life cycle management for modeling human-machine 

interfaces of general-purpose software systems are highlighted. 

In particular, the life cycle of DSL and software systems do not fully 

correspond to each other, since in the case of software systems, the support and 

maintenance stage with the possibility of modification is mandatory, while in the 

case of DSL this life cycle stage is optional and is not supported by most existing 

DSL development platforms. 

In addition, there are duplication of processes during the developing DSL 

according to the classical approach. For example, at the stage of analyzing the 

subject area, a semantic model of the subject area is formed, which in the future is 

not formally used when defining the semantics of the DSL, carried out manually. As 

a result, when making changes to the semantic model of the domain, it is also 

necessary to manually correct the semantic model of the DSL, and subsequently the 

syntax of the DSL. 
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These limitations of the classical approach make it impossible to automate the 

main stages of the DSL life cycle, and also do not allow organizing its evolution, 

since any change at all levels of the DSL structure is carried out manually and leads 

to the creation of a new DSL that is not consistent with the previous DSL. This 

disadvantage becomes critical in the case of DSL for general-purpose software 

systems at the stage of their maintenance and modification in accordance with user 

requirements. 

To eliminate the shortcomings of the classical approach, it is proposed to use 

an approach based on a model-oriented representation of all levels of the DSL 

structure with the organization of the DSL development process through cross-

model transformations between various models: a semantic domain model, a 

semantic DSL model, a DSL metamodel. 

Chapter 2 is devoted to the analysis of existing methods and formalisms used 

to describe the structure of the DSL for modeling human-machine interfaces of 

general-purpose software systems. In particular, the formalizations of such artifacts 

as: the domain semantic model (DSM), the constituent structures of the DSL are 

considered: semantics, abstract (metamodel) and specific syntax. 

In particular, it is highlighted that the structure of the DSL includes semantics, 

abstract and concrete syntax (Fig. 1). In this case, the semantics of the DSL is a 

projection of the DSM and can be obtained by cross-model transformations from the 

formalized representation of the DSM (Fig. 2) in the following form: 

𝐷𝑆𝑀 = (ℋ𝐶 , ℋ𝑅 , 𝑂, 𝑅, 𝐴, 𝑀, 𝐷) (1) 

where 

• ℋ𝐶 and ℋ𝑅 are sets of classes and relations schemas. Each schema is 

constituted by a set of attributes, the type of each attribute is a class. In both 

ℋ𝐶 and ℋ𝑅 are defined partial orders allowing the representation of concepts 

and relation taxonomies; 

• 𝑂 and 𝑅 are sets of class and relation instances also called objects and tuples; 
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• 𝐴 is a set of axioms represented by special rules expressing constraints about 

the represented knowledge; 

• 𝑀 is a set of reasoning modules that are logic programs constituted by a set 

of (disjunctive) rules that allows to reason about the represented and stored 

knowledge, so new knowledge not explicitly declared can be inferred; 

• 𝐷 is a set of descriptors (i.e. production rules in a two-dimensional object-

oriented attribute grammar) enabling the recognition of class (concept) 

instances contained in 𝑂, so their annotation, extraction and storing is 

possible. 

Considering that any model is a combination (𝐸, 𝑅) of a set of entities and 

relationships between them, the DSL metamodel can be formalized in a model-

oriented form in the following form. 

• A set of entities of the meta-model 𝑆𝑒𝑡 = {𝑠𝑒𝑡𝑖},  𝑖 ∈ ℕ,  𝑖 < ∞, where every 

entity 𝑠𝑒𝑡𝑖 =  {𝑆𝑁𝑎𝑚𝑒𝑖 , 𝑆𝐼𝐶𝑜𝑢𝑛𝑡𝑖 , 𝐴𝑡𝑡𝑟𝑖 , 𝑂𝑝𝑝𝑖 , 𝑆𝑅𝑒𝑠𝑡𝑖} is characterized by 

its name (𝑆𝑁𝑎𝑚𝑒𝑖, which is unique within the current model), available 

amount of exemplars of this entity (𝑆𝐼𝐶𝑜𝑢𝑛𝑡𝑖 ∈ ℕ,  𝑆𝐼𝐶𝑜𝑢𝑛𝑡𝑖 ≥ 0), a set of 

attributes (𝐴𝑡𝑡𝑟𝑖 = {𝑎𝑡𝑡𝑟𝑗𝑖
},   𝑗𝑖 ∈ ℕ,   𝑗𝑖 < ∞), a set of operation on exemplars 

of this entity (𝑂𝑝𝑝𝑖 = {𝑜𝑝𝑝𝑗𝑖
},   𝑗𝑖 ∈ ℕ,   𝑗𝑖 < ∞) and a set of restrictions 

(𝑆𝑅𝑒𝑠𝑡𝑖 = {𝑠𝑟𝑒𝑠𝑡𝑗𝑖
},   𝑗𝑖 ∈ ℕ,   𝑗𝑖 < ∞). 

• A set of relations between the entities 𝑅𝑒𝑙 = {𝑟𝑒𝑙𝑖},  𝑖 ∈ ℕ,  𝑖 < ∞, where 

every relation 𝑟𝑒𝑙𝑖 =  {𝑅𝑁𝑎𝑚𝑒𝑖 , 𝑅𝑇𝑦𝑝𝑒𝑖 , 𝑅𝑀𝑢𝑙𝑡𝑖 , 𝑅𝑅𝑒𝑠𝑡𝑖} is identified by its 

name (𝑅𝑁𝑎𝑚𝑒𝑖, which is unique within the current model), type (𝑅𝑇𝑦𝑝𝑒𝑖 ∈

ℕ,  𝑅𝑇𝑦𝑝𝑒𝑖 ≥ 0), defining the nature of the relation, the multiplicity 

(𝑅𝑀𝑢𝑙𝑡𝑖 ∈ ℕ,  𝑅𝑀𝑢𝑙𝑡𝑖 ≥ 0), which defines, how many exemplars of entities, 

participating in current relation, can be used, and a set of restrictions 

(𝑅𝑅𝑒𝑠𝑡𝑖 = {𝑟𝑟𝑒𝑠𝑡𝑗𝑖
},   𝑗𝑖 ∈ ℕ,   𝑗𝑖 < ∞). 
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Specification

Abstract syntax Concrete syntax Semantics

Model
Converter
(mapping)

Metamodel

1..*

Correspondence
1..*

Source1 0..*

Target1 0..*
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Fig. 1. Determination of the DSL structure in a model-oriented form [13] 

Based on these ideas, the structure of the DSL metamodel can be defined as 

(𝐸, 𝑅, 𝑅𝑒𝑠𝑡, 𝑂𝑝𝑝), where the first two elements 𝐸 и 𝑅𝑒𝑙 epresent the object level, 

and the rest ones 𝑅𝑒𝑠𝑡 = ⋃ 𝑆𝑅𝑒𝑠𝑡𝑖
|𝐸|
𝑖=1 ⋃ 𝑅𝑅𝑒𝑠𝑡𝑖

|𝐸|
𝑖=1 , 𝑂𝑝𝑝 represent the functional 

aspects of working with DSL. Interpreting the set 𝐸 as a set of domain entities, 𝑅 as 

a set of relations between them and 𝑂𝑝𝑝, 𝑅𝑒𝑠𝑡 as a set of operations on entities and 

restrictions on them (respectively), it can be argued that the DSM structure 

(presented in Section 2.1) and the structure of the DSL metamodel correspond to 

each other. 

DSL

Abstract Syntax

Abstract syntax 
model

Metamodel of 
Abstract Syntax: 

Ecore

Semantics

Semantic model

formalization of 
semantics

Concrete syntax

Concrete syntax 
model

Domain

Domain semantic 
model

formalization of 
semantics

Transformation 

rules

Transformation 

rules

Transformation 
rules

Transformation 
rules

Transformation 
rules

Fig. 2. Definition of the DSL structure using cross-model (M2M) transformation 

mechanisms 
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The syntactic level of DSL can be formalized as a triple 

(𝑂𝑠𝑦𝑛𝑡𝑎𝑥 , 𝑅𝑠𝑦𝑛𝑡𝑎𝑥 , 𝑅𝑢𝑙𝑒𝑠𝑦𝑛𝑡𝑎𝑥), where 𝑂𝑠𝑦𝑛𝑡𝑎𝑥 ⊆ 𝐸 and 𝑅𝑠𝑦𝑛𝑡𝑎𝑥 ⊆ 𝑅 are subsets of

sets of objects and relations between them of the DSL metamodel, and 𝑅𝑢𝑙𝑒𝑠𝑦𝑛𝑡𝑎𝑥

is a set of rules describing the mappings between the metamodel and a concrete DSL 

syntax. 

This definition of a specific DSL syntax based on its metamodel does not 

depend on the type of specific DSL syntax (for example, textual or visual). 

Under these conditions, we can say about a complete model-oriented 

representation of the structure of the DSL syntax. The structure allows not only to 

describe both levels of DSL syntax in a structured and unified manner, but also to 

optimize the process of development and further development of DSL by 

introducing several DSL syntactic dialects on one immutable metamodel. Moreover, 

control over the evolution of the DSL can be provided in a similar way both at the 

meta-level and at the level of a specific syntax, without the need to recreate the entire 

structure of the DSL every time changes are required. This is important because DSL 

can have several specific syntaxes, defined under a single metamodel. 

For transitions between different models (DSM, models of different levels of 

DSL structure), cross-model (M2M) transformations are used. In the process of 

transformation preserves the essential characteristics (properties) of the models and 

their objects (for example, object property belonging to a particular class). 

In contrast to the existing options for describing the structure of the LNP (in 

particular, textual [6, 21] and visual [18] DSLs), reflecting either the abstract syntax 

of the DSL, or the specific syntax of the DSL, without reflecting the semantic 

aspects, the presented generalized structure allows you to describe any DSL, 

regardless of their type, and eliminates the shortcomings of the classical approach to 

the development of DSL, described in Chapter 1. In particular, it provides the 

possibility of transferring the results of the stage of analysis of the subject area to 

the stage of direct development of the DSL by applying cross-model transformations 
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to the DSM. In the future, similar transformations can be used to construct all levels 

of the DSL syntax. This makes it possible to organize coordinated changes in the 

DSM and DSL structure and directly use the DSL representation in the form of DSM 

in the process of DSL development for modeling human-machine interfaces of 

general-purpose software systems, automating the processes of determining the DSL 

structure, thereby eliminating the need to re-create DSL in case of modification 

DSM in the process of evolution of the subject area. 

Chapter 3 contains a detailed description of the proposed new projection 

approach to the development of DSLs for modeling human-machine interfaces of 

general-purpose software systems, based on the model-oriented representation of the 

DSL structure formulated in the previous chapter. 

In this case, the semantics of the DSL is completely based on the semantic 

model of the domain and can be described using the corresponding DSM. From this 

point of view, the semantics of the DSL can be described as a triple 𝑆𝑒𝑚 = (𝑂, 𝑅, 𝐴), 

where 𝑂 – set of domain objects, 𝑅 – relations between them, 𝐴 – set of restrictions 

of the subject area (both on objects and on the relations between them). 

The metamodel (abstract syntax) of the DSL can be represented as a set 𝑀𝑀 =

(𝐸, 𝑅𝑒𝑙, 𝑅𝑒𝑠𝑡, 𝑂𝑝𝑝), where the first two elements 𝐸 and 𝑅𝑒𝑙 represent the object 

level, and the rest ones 𝑅𝑒𝑠𝑡 = ⋃ 𝑆𝑅𝑒𝑠𝑡𝑖
|𝐸|
𝑖=1 ⋃ 𝑅𝑅𝑒𝑠𝑡𝑖

|𝐸|
𝑖=1 , 𝑂𝑝𝑝 п represent the

functional aspects of working with DSL. Unlike other existing ways of representing 

the DSL metamodel (for example, in accordance with the ideas by J. Luoma from 

[28]), in this case, at the metamodel level, we get a complete object-oriented 

representation, with the ability to transform it to the level of a specific syntax. 

The concrete syntax can be formalized as 𝐶𝑆 = (𝑂𝑠𝑦𝑛𝑡𝑎𝑥 , 𝑅𝑠𝑦𝑛𝑡𝑎𝑥), where

𝑂𝑠𝑦𝑛𝑡𝑎𝑥 ⊆ 𝐸 and 𝑅𝑠𝑦𝑛𝑡𝑎𝑥 ⊆ 𝑅 are subsets of sets of objects and relations between

them, the DSL metamodel. 

As a consequence, transitions can be made between the DSM and the models 

describing the semantic level of the DSL, the level of abstract syntax and the level 
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of concrete syntax using the cross-model transformations described in Section 2.4. 

Thus expressing 𝑅𝑢𝑙𝑒𝑠𝑒𝑚, 𝑅𝑢𝑙𝑒𝑀𝑀, 𝑅𝑢𝑙𝑒𝑠𝑦𝑛𝑡𝑎𝑥 accordingly, the rules for the

transition from the DSL to the DSL semantics model, from the DSL semantics model 

to the DSL abstract syntax (metamodel) model and from the DSL metamodel to the 

concrete syntax model, we can assert that the DSL structure in a model-oriented 

form is a set: (𝑆𝑒𝑚, 𝑅𝑢𝑙𝑒𝑠𝑒𝑚, 𝑀𝑀, 𝑅𝑢𝑙𝑒𝑀𝑀, 𝐶𝑆, 𝑅𝑢𝑙𝑒𝑠𝑦𝑛𝑡𝑎𝑥).

In this case, the result of applying transformation rules to the DSM to obtain 

a semantic DSL model is called a projection. The DSL metamodel obtained from 

each individual projection by means of the corresponding transformation rules 

constitutes the syntax of the language. Finally, models of a specific syntax obtained 

from the metamodel by applying the appropriate transformation rules are different 

dialects of DSL, since they are based on a single metamodel and, as a consequence, 

contain different representations for the same objects and operations on them. 

Based on this, the following new hierarchy of the DSL development process 

is proposed in accordance with the projection approach (Fig. 3). 

In our case, this hierarchy is divided into four levels in accordance with the 

stages of development of the DSL. Each lower level is based on top level model 

artifacts [40]. 

Unified meta-metamodel (kernel meta-meta-model, KM3 [22]) defines 

common foundations for all metamodels and lower-level models. 

The structure of the semantic hierarchy determines the appropriate process for 

creating external DSLs for modeling human-machine interfaces of general-purpose 

software systems. It begins with the definition of DSM containing all the key objects 

of the target domain and the relationship between them. When the DSM is created, 

we can build a semantic model of the DSL using the semantic projection operation. 

Any semantic projection performs a certain M2M-transformation of the DSM into 

some of its fragments. Thus, the semantic projection completely determines the 

semantic model of a particular dialect of DSL. In this case, the semantic model 
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becomes an object-time structure, since it should be adapted in accordance with 

changes in the DSM over time, thereby defining a new filling of the DSL object. 
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Fig. 3. Semantic hierarchy of the DSL development process in the projection 

approach 

After the result of the semantic projection is successfully obtained (thereby, 

the semantic model of the DSL is determined), the syntactic level of the DSL can be 

obtained by cross-model (M2M) transformation of the result of the corresponding 

semantic projection. The syntactic models of DSL obtained in this case are 

independent of each other and are determined by end users in accordance with the 

adaptation of the semantic projection to their own tasks. 

Finally, the syntax models created are used by the end users of the DSL, who 

define a set of DSL dialects within one particular syntax model. 

Thus, in accordance with the proposed approach, the DSL is created taking 

into account the knowledge of the subject area and the requirements of users. The 

first fact makes it possible to organize coordinated changes in the DSM and the 

semantic model of the DSL, and the second guarantees the ability to make changes 

to the syntax of the DSL without the need to redefine the semantic level of the DSL. 
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The proposed approach differs significantly from the classical approach to 

constructing a DSL (Fig. 4), in which the transition between different levels of the 

DSL structure is implemented manually, and the results of the analysis of the subject 

area, recorded in the form of an DSM, are used only informally. In this case, changes 

at various levels of the DSL structure cannot be implemented independently of each 

other, since changes in the DSL syntax require the initial implementation of the 

corresponding changes at the level of the DSL semantics and its metamodel. As a 

consequence, each change in the target subject area leads to the need to manually 

redefine all levels of the DSL structure. A similar process is repeated when changes 

to the DSL are caused by end users. As a result, at the output we get a lot of 

incompatible DSL dialects that cannot be compared with each other due to 

differences at all levels of the DSL structure. 

In comparison with traditional approaches, the proposed projection approach 

to the development of DSL for modeling human-machine interfaces of general-

purpose software systems (Fig. 4, below) is organized in strict accordance with the 

target subject area and life cycle of software systems.  

In this case, the results of the stages of the life cycle are not only recorded as 

artifacts, but are also used in the implementation of subsequent stages of the life 

cycle. So, for example, the results of the stage of analyzing the subject area are 

recorded in the form of DSM (represented, for example, in the form of an ontology), 

then this model is transformed with the help of cross-model transformations into a 

DSL semantic model, which in this case may use DSM partly (its individual 

components). Thus, it is possible to build several semantic models for different DSLs 

on one semantic model of the domain. Then, using cross-model transformations on 

the basis of the semantic model of the DSL, a metamodel (abstract syntax) of the 

DSL is built, on the basis of which the specific syntax of the language is further 

defined. 
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Fig. 4. Differences between the traditional (above) and projection (below) 

approaches to the development of DSL 

At the same time, since cross-model transformations are bidirectional, 

changes in one of the models can be automatically transferred to other models, 

thereby maintaining the consistency of all models with each other. The only stage at 

which user participation is required is the stage of determining the concrete syntax 

of the language. However, even this stage is partially automated, since the user uses 

the objects of the DSL metamodel, defining only a set of commands for working 

with them through the human-machine interface of the DSL evolution built into the 

system. 

As a result, we can define several DSL syntactic dialects within one specific 

DSL semantic model, which will be consistent and between which users can make 

mutual transitions without redefining the DSL semantic models. 

In the proposed projection approach, the transition between the various 

components of the DSL structure occurs through the application of a set of rules for 

cross-model transformations based on the formalizations of the horizontal and 

vertical DSL evolution formulated in the chapter. 

Vertical evolution means the change in level of conceptualization 

(perspective) of the model. In this case of evolution new entities are added into the 

model (with(out) changes in the set of relations). It means, that vertical evolution 
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can be formalized by the following manner: (E1, R1) is a result of vertical evolution

of the model (E, R) if |E| ≠ |E1| and |R| ≠ |R1|. In terms of DSLs it means, that the

object level will be changed: some objects will be introduced, some will be removed 

from the language – alongside with the corresponding changes on the functional 

level. 

Horizontal evolution means preserving the level of conceptualization, but 

changing the sets of attributes for some entities, or changing the set of relations. It 

means, that vertical evolution can be formalized as follows: (E1, R1) is a result of

horizontal evolution of the model (E, R) if |E| = |E1| and ∃ ei ∈ E, ei
1 ∈ E1: Attri ∩

Attri
1 = Attri ⋀ |Attri| ≠ |Attri

1| and ∃ ri ∈ R,  rj ∈ R1:  ri ∉ R1 ∨  rj ∉ R. In terms

of DSL it means, that the object level will be changed only in terms of objects 

attributes with corresponding changes on the functional level (so-called constructors 

of objects) or in terms of connections between them (in this case changes on the 

functional level depend on the nature of changed connections). 

The chapter also shows that to implement any kind of evolution, the following 

set of rules is sufficient: 

• creating (adding) an entity;

• deleting an entity;

• creating (adding) relationships between entities;

• deleting a relationship between entities;

• creating (adding) an attribute;

• deleting an attribute.

It is important to note that this set of rules (transformations) is universal and

can be applied to implement any kind of evolution of any model. Consequently, it is 

applicable to the implementation of the coordinated evolution of the DSM and 

models of all DSL levels. 

Then, it can be argued that evolution operations can be formalized as follows: 

𝐹𝑣 = 𝑓(𝑅𝑢𝑙𝑒𝐶𝐸 , 𝑅𝑢𝑙𝑒𝐷𝐸 , 𝑅𝑢𝑙𝑒𝐶𝑅 , 𝑅𝑢𝑙𝑒𝐷𝑅) and 𝐹ℎ =

𝑔(𝑅𝑢𝑙𝑒𝐶𝐴, 𝑅𝑢𝑙𝑒𝐷𝐴, 𝑅𝑢𝑙𝑒𝐶𝑅 , 𝑅𝑢𝑙𝑒𝐷𝑅), where 𝑓 and 𝑔 – some functions (sequences of
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transformations) formalizing cross-model transformations,  𝑅𝑢𝑙𝑒𝐶𝐸 and 𝑅𝑢𝑙𝑒𝐷𝐸 –

rules (cross-model transformations) for adding and removing model entities, 

respectively, 𝑅𝑢𝑙𝑒𝐶𝑅 and 𝑅𝑢𝑙𝑒𝐷𝑅 – rules (cross-model transformations) for adding

and removing relationships between model entities, respectively, 𝑅𝑢𝑙𝑒𝐶𝐴 and

𝑅𝑢𝑙𝑒𝐷𝐴 – rules (cross-model transformations) for adding and removing attributes of

model entities, respectively. 

All the above rules𝑅𝑢𝑙𝑒𝐶𝐸 , 𝑅𝑢𝑙𝑒𝐷𝐸 , 𝑅𝑢𝑙𝑒𝐶𝑅 , 𝑅𝑢𝑙𝑒𝐷𝑅 , 𝑅𝑢𝑙𝑒𝐶𝐴, 𝑅𝑢𝑙𝑒𝐷𝐴 do not

depend on what entities / relations / attributes are used in them. These rules have a 

double nature, since they apply to a set of some model objects and also require an 

additional parameter specifying which of the objects in the set should be 

transformed. 

Taking into account, that 𝐹𝑣 and 𝐹ℎ are a superposition of the above rules of

cross-model transformations, it can also be argued that in this case the evolution 

procedures are the result of the sequential application of various rules of cross-model 

transformations and, therefore, when they are applied, the essential characteristics 

of the models indicated above are also preserved. 

Thus, a set of cross-model transformations of models is obtained, which does 

not depend on the form in which the DSM and models of all levels of the DSL are 

presented. As a consequence, this set of rules is reusable and can be adapted to 

organize the evolution of any type of DSL. 

Based on this set of rules for cross-model transformations, the chapter presents 

the details of algorithms and software implementation of the procedure for the 

evolution of the human-machine interface of general-purpose software systems. In 

this case, the algorithm of the DSL evolution procedures can be defined as follows: 

1. The main objects of the meta-level of the initial (source) model (classes, etc.)

are determined.

2. The main objects of the meta-level of the target model are determined.
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3. A correspondence is established between the objects of the meta-level of the

source and target models by defining the ATL transformation rules between

them.

4. The specified transformation rules are applied by means of the transformation

software environment (in our case, the Eclipse Modeling Project [15] is used).

The developed software algorithms are used to implement software systems

in two subject areas, described in the next chapter. 

Chapter 4 contains a description and analysis of the software implementation 

of the procedure for the evolution of the human-machine interface of general-

purpose software systems as an example of an external POL in two subject areas: 

"Software system of the University Admissions Committee" and "Software system 

for allocating resources of the railway station". The definition of the rules of cross-

model transformations in the ATL language [9] for the implementation of the 

horizontal and vertical evolution of the LEP for modeling the human-machine 

interfaces of general-purpose software systems is presented. Tools (modules) have 

been developed to support the evolution of DSLs for modeling human-machine 

interfaces of general-purpose software systems. 

In particular, it is shown that each of the implemented software environments 

contains a separate module for organizing any types of DSL evolution, both visual 

(in the case of the Admissions Committee) and text (in the case of a railway station). 

At the same time, changes to the DSL are made through the interface and does not 

require manual changes to the DSL structure (Fig. 5, Fig. 6). The changes made are 

applied in real time, eliminating the need for manual editing of the DSL and the 

software system in general. 

In the case of a railway station, two variants of DSL modification scenarios 

are presented: for vertical and horizontal evolution. In the case of horizontal 

evolution, the user defines a new command in the DSL. Subsequently, to implement 

vertical evolution, a new entity is introduced into the DSL, which is also used to the 

created team in real time.  
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Fig. 5. DSL command creation (editing) interface 

Fig. 6. Interface for adding a new entity to the DSL metamodel 

In this case, when creating a new entity without the considered approach, the 

user would have to change: the grammar of the DSL metamodel (describing both the 

entity as a whole and all its attributes together with domains), fragments of the parser 

for recognizing the corresponding commands associated with the created entity, 

fragments of constraints associated with the created entity – for the solver. Finally, 

there are syntactic constructions at the level of a concrete DSL syntax. In total, these 

changes (in the above example) would amount to about 2000 lines of source code in 

all components of the system. In the proposed system, thanks to the implemented 

system of rules for the implementation of the coordinated evolution of the DSM and 

all levels of the DSL, these changes are made automatically and the user does not 

need to change the source code of various components of the system. 

Moreover, the user may generally not have deep knowledge in the field of 

grammars of the language and programming, since all changes are formulated in a 
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form that is understandable to him (consistent with the subject area) through the 

system interface and are applied (translated) to all levels of the DSL automatically. 

As a consequence, significantly reduced the probability of error when making 

changes to the application source code, which is also an advantage of the proposed 

system and approach in general. 

The chapter also provides the results of evaluating the characteristics of 

existing and proposed software systems in accordance with GOST R ISO / IEC 

25010-2015 (ГОСТ Р ИСО/МЭК 25010-2015) according to the following criteria: 

functionality, reliability, usability, efficiency, portability, maintainability and 

portability. 

In terms of functionality, the following compliance with the quality criterion 

can be distinguished: 

• Suitability – demonstrated on various cases implemented using both software

environments; the approbation of the presented solutions conducted;

• Correctness - the results obtained in the course of the work of software

environments were checked and evaluated by subject matter experts. In

addition, the verification of the correct operation of the software environments

was checked on archived data, after which the results obtained were evaluated

with an archived reference value. As a result of such experiments in the case

of the Admissions Committee (the comparison was made for 183 indicators)

– the results coincided in 100% of cases. In the case of a railway station, the

distribution of trains (the comparison took place during the reproduction of 

54 experiments, in each case, on average, 60 trains arriving at the station were 

considered) – a deviation from the reference value was found in 3 

experiments. However, this deviation is caused by the fact that the proposed 

system was unable to find a solution during the time allotted for the search for 

a solution (this time coincides with the time during which the solution was 

found by the existing OSA (АРМ «ОСА») system). However, in general, the 

solution found by the program (found after the allotted time expired) 

coincided with the reference one. 
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• Ability to interact – in this case, we consider only the ability to interact with

the user, which the built software environments fully provide, since the

interaction is carried out through graphical user interfaces.

• Consistency – the built software environments were developed in full

compliance with the current Acceptance Rules (in the case of the Admissions

Committee) and the Standards and Guidelines for the transportation and

management of freight complexes of railway stations (in the case of a railway

station), which allows to approve the consistency of the built solutions. In

addition, the implemented evolution modules in both software environments

will also allow in the future to ensure the change of software environments in

accordance with the changes in these documents, while maintaining

compliance with the requirements for consistency.

• Security – issues of ensuring the security of the built software environments

are not included in this study, therefore in this case we can only assert the

security of the built software environments, provided by standard means:

separation of data and access interfaces to them, protection of the data used at

the server level with the database and etc. Thus, the security of the built

software environments is satisfactory.

As a result, from the point of view of functionality, the built software solutions

meet most of the presented criteria: suitability, correctness, interoperability, 

consistency. As a result, we can conclude that the methods used in the development 

of the presented software environments allow building software solutions for which 

it is important to ensure a high degree of consistency with existing standards and 

domain constraints that ensure interaction with the end user. However, they are not 

applicable when it comes to the development of the so-called. critical systems for 

which the safety indicator is critical. 

From the point of view of reliability, the following compliance with the 

quality criterion can be distinguished: 

• Stability – both of the considered software environments provide for the

possibility of checking user scripts, both at the stage of their input (checking
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the used constructs) and at the stage of execution (finding conflicts). However, 

the module for organizing the evolution of the DSL of both environments 

requires manual control by the user (in particular, for the correspondence of 

the subject area in the case of adding new entities). In addition, in the case of 

a railway station, the system has restrictions on the number of users 

simultaneously executing scripts - no more than 15 users. In the case when 

the number of concurrent users exceeded this limit, the system experienced 

freezes, and some of the scripts did not have time to be processed. Thus, it is 

possible to assert a satisfactory level of compliance of software environments 

with this quality criterion. 

• Resilience to error – both built software environments have built-in

mechanisms for checking user scripts, both at the stage of their input

(checking the used constructs) and at the stage of execution (finding

conflicts). As a consequence, it can be argued that the constructed systems are

resistant to errors.

Thus, the constructed systems provide sufficient compliance with the

reliability criteria, being robust to errors. However, this is not enough for using the 

presented approaches in the case of high-load and high-performance systems, for 

which it is critical to organize the simultaneous access of a large number of users 

(more than 50) and to process a large number of requests in real time. 

Similar conclusions can be drawn by analyzing the compliance of the 

presented software environments with performance criteria: 

• The nature of change over time and the nature of resource change – from the

point of view of the fact that any modification of the structures of the language

and its metamodel leads to the complication of processing these structures,

the proposed methods provide only a satisfactory compliance with this quality

criterion. However, as shown above, this becomes critical only when more

than 15 users work with the system and some of the scripts remain

unprocessed in the allotted time. In the case when the number of users is less,

even after modifying the language constructions and adding new entities, the
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processing time of operations changed by 1.3ms on average (in the case of a 

railway station). 

From the point of view of practicality, the developed software environments 

are of high quality, since they meet the following criteria: 

• Comprehensibility and Learnability – the developed software environments

are completely based on the terminology and semantic model of the domain,

as a result, are understandable to end users. It is important to note that in the

case of using both software environments, it was not necessary to carry out

separate training activities, which confirms the high degree of compliance

with the criteria for comprehensibility and learnability.

• Ease of use – scenarios in the case of a DSL railway station are formulated

using commands used in the subject area, thereby ensuring the ease of creating

these scenarios. In the case of the Admissions Committee, all interaction takes

place through graphical interfaces, which also greatly simplifies the ability to

generate various reports on the admission campaign and enter information on

applicants.

From the point of view of maintainability, the presented software

environments provide the possibility of modification in real time and meet the 

following criteria: 

• Variability and Testability – both environments contain separate modules for

organizing the evolution of the DSL, which provide the ability to modify its

designs through the interface in real time, without the need for manual

changes. So, in the case of modifying the main structure of the Admissions

Committee – Applicant module (adding an additional attribute), the total

number of lines of code added was 479. Without the proposed approach, all

these lines would have to be entered manually; in the case of the proposed

system, all of them are generated automatically without the intervention of the

end user. The changes made are immediately available to the end user, so they

can be immediately checked for correctness, which indicates the ease of

testing the changes made.
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Thus, the presented approaches can be used for the development of systems 

(and DSL for such systems), for which it is important to provide support for the 

possibility of simple and quick changes, without the need for manual changes at the 

source code level. 

Finally, from the point of view of mobility and portability, the constructed 

systems satisfy the following criteria: 

• Adaptability and Compliance – similar to the compliance of mutability, the

built software environments provide a high degree of adaptability of the built

solutions in real time, as well as ensure compliance with various Provisions

and constraints of the subject area. In this regard, it is also important to note

the cross-platform nature (and, as a consequence, portability) of the built

solutions, since the Java language was used in their development.

Thus, the built software environments provide a high degree of adaptability.

As a result, the approaches used in their development can be used to build other 

systems, for which it is necessary to ensure the ease of making changes (adaptability) 

and to maintain compliance with the existing restrictions (and provisions) of the 

subject area. 

Summing up the presented analysis of the quality of the constructed software 

environments, it can be argued that the approaches, methods and algorithms used in 

the development can also be applied in the case of constructing general-purpose 

adaptive systems. However, their use is not recommended for highly loaded, high-

performance, critical systems, where it is important to ensure a high level of security 

and system performance in the case of a large number of simultaneous users and 

requests. 

The conclusion of the work contains a list of the main results of the study, an 

assessment of the level of achievement of the set goal, as well as proposals for the 

further development and practical application of the results obtained in various 

subject areas. 
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CONCLUSION 

Thus, within the framework of this work, the issues of the development and 

evolution of domain-specific interface modeling languages for general-purpose 

software systems in dynamic contexts were considered. The main goal of the study 

is to improve the efficiency of lifecycle support processes for general-purpose 

software systems by developing new models and methods for the evolution of LSP 

for interface modeling. The projection approach proposed in this work allows you 

to change the structure of all DSL levels in real time without the need to re-create 

the application as a whole. This is the main difference between our own solution and 

existing approaches [10, 13, 14, 24], the main idea of which is to refuse to implement 

a full-fledged evolution of the DSL in favor of re-creating the structure of the 

language if it is necessary to modify it. 

The scientific novelty of the study is as follows: 

• based on the analysis of existing approaches and methods to the development

of DSL, a generalized model-oriented structure of DSL is presented (Section

2.3), which is a unified representation of all levels of the DSL structure;

• various types (models) of DSL evolution have been formalized for modeling

the human-machine interface for general-purpose software systems (Section

3.2), which makes it possible to determine the coordinated evolution of the

DSM and all DSL levels in accordance with the proposed projection approach;

• proposed and implemented a set of cross-model transformations (based on

graph transformations - presented in Section 3.3) for organizing the horizontal

and vertical evolution of the external DSL for modeling interfaces of general-

purpose software systems;

• on the basis of the selected system of cross-model transformations, a new

method (called the projection approach) is proposed for the development of

an external DSL (Section 3.1), which makes it possible to automate the

process of developing a POL for modeling interfaces of general-purpose
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software systems and use the results of domain analysis in the design and 

implementation of DSL, as well as organize the automated evolution of DSL; 

• in accordance with the proposed method, algorithmization (Sections 3.2 and

3.3) and software implementation (Sections 4.2 and 4.3) of the procedure for

transforming the human-machine interface were performed as an example of

an external DSL for two subject areas.

As part of the practical part of the work, implemented prototypes of

information environments for two subject areas: "Software system of the University 

Admissions Committee" and "Software system for allocating resources of the 

railway station". The constructed prototypes are based on the proposed projection 

approach, providing the user not only with functionality for solving problems of the 

subject area, but also for organizing the coordinated evolution of all levels of DSL 

and DSM. 

Unlike existing domain-specific solutions for various domains [18, 26, 34], 

the presented software prototypes contain separate modules for organizing the 

evolution of the DSL without the need to make manual changes to various levels of 

the DSL structure. At the same time, the created DSL dialects remain compatible 

with the previously defined ones, since changes are made not only at the level of the 

specific DSL syntax, but are transferred, using the rules of cross-model 

transformations proposed by the authors, to the levels of the abstract syntax of DSL 

and DSM. This ensures complete consistency of evolution at all levels of DSL and 

DSM. 

To achieve these results, such formal mathematical methods were used as 

elements of function theory (Section 3.3) – to formalize the relationship between 

minimum structural unit (MSU) and minimum structural component (MSC) and 

implement cross-model transformations, elements of graph theory (Section 2.4, 

Sections 3.2 and 3.3) - to formalize transformations between models DSM and DSL. 

The projection approach to the development of DSL proposed in this work 

differs significantly from the classical approach [35, 37], in which the DSM is 
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considered only as a basis for the development of DSLs and is not used in any way 

as an artifact in the process of DSL implementation. In the case of the proposed 

approach, the development of the DSL is carried out sequentially, starting from the 

definition of the DSM, followed by transformation through cross-model 

transformations into a semantic model (metamodel) of the DSL and transformation 

to the level of a specific syntax, followed by the definition of individual commands 

in the case of a text DSL. Based on the ideas of cross-model transformations and the 

object representation of the models used, the approach guarantees the consistency of 

all levels of the DSL with the DSM, since the formal transformation mechanisms 

are based on graph transformations while preserving the essential characteristics 

(properties) of the models. 

The efficiency and flexibility of the proposed approach is shown an example 

of use during the development of two different general. It is important to note that 

the approach is universal and is applied to both visual and textual types of DSL for 

software systems, which is demonstrated in the situations under consideration. 

The proposed approach, models and methods can be used to develop adaptive 

general-purpose systems. However, their use is not recommended for highly loaded, 

high-performance, critical systems, where it is important to ensure a high level of 

security and system performance in the case of a large number of simultaneous users 

and requests. 

As a result of the implementation of software for two different subject areas, 

reusable data structures and algorithms for cross-model transformations are 

distinguished to support the evolution of DSL. Thus, the basis for the creation of 

general-purpose tools is formed. 

In the future, a possible extension of the approach can be the implementation 

of a full-fledged universal environment for the development of DSL (by the example 

of MetaEdit+ [32]), which allows not only to modify the set of created DSL 
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constructions, but also to support the organization of the evolution of any DSL 

created by the tools of the environment 
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