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1 Introduction

The purpose of this work is to show some methodological aspects of software engineering (SE), reflecting the departmental
view that has developed over the years on issues of training specialists in the field of programming technology (PT), and
also highlight and briefly characterize modern innovations that are currently used for practical implementation of the
educational process on the basis of the ontological approach and the use of tutoring integrated expert systems (IES) to
support basic courses / disciplines.

The origins of the term “Software Engineering” in our country has long been preceded by the term “Programming
technology”, which denotes methods, means and tools that ensure the process of creating software systems [1]. Modern
understanding of SE was summarized in 2004 in SWEBOK (Software Engineering Body of Knowledge) - as a system of
methods, tools and disciplines for planning, developing, operating and maintaining software systems, including readiness
for implementation. In 2014, SWEBOK v3.0 was published, which received international recognition as ISO / IEC
Technical Report 197596: 2015.

These definitions are so close that, in the opinion of many experts [2-4] and others, SE can be considered a natural
development of the PT, which is very important both for the preservation and further development of the national
experience of the PT as a whole, and in terms of training specialists in "Software Engineering". The Department of
Cybernetics of the National Research Nuclear University MEPhI has accumulated many years of experience in teaching PT
courses / disciplines as part of the specialization of “Computer Software” (CS) of the basic specialty “Applied
Mathematics”. The creation and active development of CS belonging to the periods 1971-1990 and 1991-2014 The current
stage, which began in 2015, continues as Software Engineering degree programs (bachelor and master).
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Historically, the priority research areas of the Department of Cybernetics of the National Research Nuclear University
MEPhHI and the basic fundamentals of training of mathematicians in the fields Artificial Intelligence Systems, Computer
Software, Information and Mathematical Systems of the Automated Control System, within the specialty Applied
Mathematics, were related with the creation in the early 1970s. Science School of L.T. Kuzin [5] in the field of artificial
intelligence (AI). The main provisions of the scientific school of L.T. Kuzin and the research program until the mid-1980s
focused on the creation and evolutionary development of cybernetic models associated with the release from the cybernetics
the new area of knowledge, Al, and the development and research of a wide range of models and knowledge representation
languages in the context of intellectual databanks.

A new stage in the formation of the scientific and educational appearance of the department in the field of Al began at
the turn of the 1970s and 1980s, when from the cybernetic scientific school of L.T. Kuzin emerged several separate areas
related to the development of methods for constructing intelligent systems of various architectural typologies as the main
products of Al, as well as the creation of appropriate software, taking into account the need of training system programmers
and specialists in programming technology.

Therefore, for the educational process, in conjunction with courses on methods and technologies of Al, there were
developed and tested at the base enterprises (NICEVT, INEUM, Keldysh Institute of Applied Mathematics, etc.) and in the
educational and scientific laboratories of the department specialized courses on programming languages, fundamentals of
translators, programming technology, modern software development tools, software verification and certification, basic
systems modeling, etc. Basic education of programming and programming technology has become an integral part of
training specialists in Al and a "calling card" of the graduates of the department.

For the educational process, author's courses and programs were developed, original textbooks and tutorials on the basics
of designing and programming technology of intelligent systems of various architectural typologies, studying problem-and
subject-oriented languages for AI (PROLOGUE, LISP), as well as specialized tools (INTER-EXPERT, ECO, Level 5
Object, G2, AT-TECHNOLOGY, etc.).

In general, the formation of the modern scientific and educational appearance of the department in the field of artificial
intelligence is naturally associated with the historical, conceptual and technological integration of all three of the above
specializations within the basic specialty “Applied Mathematics”, and the creation and active formation refers to the periods
of 1971-1990 and 1991-2014. The current stage of development, starting in 2015, has been continuing in the framework of
the direction of training “Software Engineering” (bachelor and magistrate programs).

Consider some modern innovations in the field of Al technologies, which are currently used for the practical
implementation of the educational process at the Department of Cybernetics. A new approach is the development and use of
tutoring integrated expert systems (IES) [3,4] and the creation of a single ontological space of knowledge and skills for the
automated construction of competence-oriented models of specialists in the field of Al in the area of "Software
Engineering".

2 Integration of methods and technologies of AI with software engineering in educational
process

The main criterion for future success of students in the field of SE (PT) and Al is the inculcation of skills in computational,
algorithmic and logical thinking within the framework of basic courses in programming, modern tools and design
technologies for information and intelligent systems of various architectural typologies.

Among the languages traditionally studied today in introductory programming courses dominate Python, Java, as well as
C and C++. There are many studies [6, 7] and others, where comparisons are made of the features of programming
languages by such criteria as simplicity, integrity, capabilities of basic data types, syntax, degree of data abstraction,
expressiveness, etc. In particular, in accordance with [6], according to the aggregate of these criteria, Java turned out to be
the best language, followed by Python, and then the rest. Starting from the first course, when learning C and C ++
languages, students learn the basics of algorithmization, building data structures, understanding abstract and user-defined
data types and classes, and acquire skills in documenting programs. However, for trainees it is important to get not only
knowledge of the specific language features, but also skills of using this language for solving problems, therefore the choice
of language directly depends on the direct subject of study, degree of audience (bachelor, masters) and design features of a
particular class of software systems.

In particular, the use of object-oriented programming paradigms adds another level of abstractions that require an
understanding of the basics of class design and the skills to integrate them into existing software products. Based on this,
the most important component of the curriculum of “Software Engineering” is the consideration of various programming
paradigms so that in the future, graduates can choose the most appropriate type of programming language to solve specific
practical problems. For example, the study of functional programming languages (Common Lisp, Scheme, Haskell, and
others) and Prolog-type logic programming languages allows students to solve problems in the field of Al. Familiarity with
the basics of scripting languages such as Python, used when working with web applications, as well as with the principles
of event-oriented programming, allows you to understand how to create applications that interact with the user.

It is important to note that the development of universal applications for solving complex interdisciplinary tasks (in
particular, the creation of intelligent systems for particularly important sectors of the economy) makes it possible to
discover in practice the advantages of various languages and programming tools. Mastering universal programming
languages (C, C ++, etc.) allows you to gain experience that can be used to solve problems in the field of system
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programming and create various problem-oriented and subject-oriented specialized tools to support the development of a
wide class of intelligent and informational systems (like CASE-tools, intelligent packages, Workbench-systems, etc.).

In general, based on the experience of building competence-oriented models of graduates (bachelors and masters) in the
field of PT, it is necessary to provide solutions to the following important tasks in the organization of the modern
educational process:

» conceptual understanding of the programming process and instilling computational and logical thinking skills for the
implementation of specific tasks in the form of a program and / or a software system;

* selection and use of various programming paradigms, including OO-oriented, functional, logical, environment-
oriented, and various types of programming languages, as well as the development of competence in the use of a
particular language;

» application of new approaches from the field of Al by presenting typical knowledge from the field of programming
in the form of plans for solutions [8, 9], to help students who have difficulty in moving from a method or algorithm
for solving a problem to its software implementation.

A significant role in solving the above problems is currently assigned to the organization of the educational process on a
single conceptual and methodological basis, which is carried out by attracting methods of ontological engineering and the
technology of teaching IES [3, 4] and others.

For example let us consider some features of professional and universal competences represented in professional
standards [10], which are formed taking into account the scientific and educational appearance of the department in the field
of SE (PT). The main focus is traditionally placed on the ontologies of such disciplines as “Cybernetic Systems
Programming Technology (Software Project Management)”, “Software Systems Design and Architecture”, “Designing of
knowledge based systems”, “Dynamic Intelligent Systems”, etc., within which students receive basic theoretical knowledge
and practical techniques, typical for the development of traditional software systems and intelligent systems of various
architectural typologies, including: life cycle and methodology design and development of software systems; various
software system architectures; modeling in languages such as UML, testing, verification and certification of software;
CASE-tools, workbench-systems and other types of tools that allow to automate the process of developing software
systems, etc.

It is important that within the framework of these courses and research projects students implement individual
educational projects, during the course of which the following professional competencies are acquired. The table 1 shows
example of professional competencies in SE (PT) field.

Table 1 — Example of professional competencies in SE (PT) field

ID Professional competencies
PC-1 | requirements elicitation (for software, information software and user interface)

PC-2 | selecting of a life cycle model

PC-3 | using metrics to measure project properties

PC-4 | selecting of the style (approach) to the software implementation and the rules (standard) of the programming
style
PC-5 | estimation of the project functions coverage by its program implementation

PC-6 | designing of user interface and interface specifications

PC-7 | justification of the interface compliance specification to the needs of the potential user

PC-8 | documenting model, information, operational, functional, architectural and other aspects of the project

PC-9 | documenting solutions to test cases and selected real-world problems

PC-10 | documentation of trial operation and commercial implementation

3 Practice of development and use of tutoring integrated expert systems in the educational
process of NRNU MEPhI

The use of the most modern scientific results in the field of Al, including teachers and staff of the Department is a long-
term tradition of the organization of educational process on methods and technologies of Al at the Department of
Cybernetics. In this case, we are talking about the theory and technology of construction of IES of different architectural
typology, based on problem-oriented methodology [3, 4] and intelligent software environment of the AT-TECHNOLOGY
workbench [3, 4], providing a total automated support of the processes of development and maintenance of a wide class of
static and dynamic IES, including tutoring IES and tutoring web-oriented IES (web-IES).

The problems related to the application of problem-oriented methodology and tools of the AT-TECHNOLOGY tutoring
for the purposes of intellectual tutoring [3] through the development of intelligent tutoring systems (ITS), created on the
basis of the architecture of tutoring IES and web-IES, were widely covered in the press of different years, for example [11,
16 - 18], etc.
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Since 2008, tutoring IES and web-IES, developed in the Intelligent Systems and Technologies laboratory of the
Department of Cybernetics of the National Research Nuclear University MEPhI, have been actively used for automated
support of basic courses / disciplines in the direction of training of Applied Mathematics and Information and Software
Engineering including: Introduction to Intelligent Systems, Models and Methods of Knowledge Representation and
Processing, Intelligent Dialog Systems, Dynamic Intelligent Systems, Designing the Knowledge-Based Cybernetic
Systems, Modern Intelligent System Architectures, Intelligent Simulation Modeling Tools, Intelligent Information Systems
and ect. For all these courses and disciplines, using the basic tools of the AT-TECHNOLOGY workbench, the applied
ontologies [3] are implemented and dynamically developed, which together form the “Intelligent Systems and
Technologies” generalized ontology, which allowed to create a single ontological space of knowledge and skills through
integration with ontologies of basic courses/disciplines on programming technology and to implement, practically, a full set
of functional tasks typical of intellectual technology, including [3, 11]:

* individual planning of the methodology for studying a specific training course (specifying on the basis of ontologies
of courses / disciplines of a personal trajectory / tutoring strategy, individual control and identification of “problem
areas” in students' knowledge and skills, optimization of individual learning, taking into account the psychological
portrait of the learner, etc.);
intelligent analysis of learning tasks (modeling the reasoning of students solving learning tasks of various types,
including using non-formalized methods, identifying types of errors and causes of their manifestation in knowledge
and skills instead of their finding, feedback through dynamic updating of students' knowledge and skills, forecast
grades on exams, etc.);
intelligent decision support (using technology of traditional expert systems (ES) and IES for intellectual assistance at
each stage of solving educational problems, including extended explanations like “how?” and “why?”, the choice of
solutions, a hint of the next stage of the decision, etc. d.).

These capabilities of tutoring IES and web-IES fully correspond to the functional and technological aspects of modern
ITS, in particular [12 — 14, 19], and adaptive tutoring systems [15], and also create prerequisites for further research on the
implementation of promising approaches in the form of intelligent monitoring and intelligent collective tutoring, as well as
for the semantic integration of individual tutoring IES with their parallel use in the educational process.

Currently, the possibility of effective practical implementation of such an approach to the construction of ITS is provided
by two factors.

1. Active development of the conceptual foundations of the problem-oriented methodology, which allows on the basis of
scalable architecture of IES [3,4] to implement a fairly powerful functionality necessary for modern ITS (construction of
developed student models, adaptive tutoring models, models of problem areas, models of explanation, teacher models,
models of applied ontologies of courses/disciplines/specialties, etc.).

2. The use of intelligent software technology (based on the means of the ATTECHNOLOGY workbench) for automated
support of the processes of constructing IES at all stages of the life cycle, providing archiving of the unique expert-
methodological experience of subject teachers, reducing the intellectual load on knowledge engineers (knowledge analysts),
reducing the development time of tutoring IES and web-IES [3, 4].

In modern conditions, the implementation of effective practical implementation and further functioning of the ITS of any
architectural complexity is impossible without instrumental software support for the design and maintenance of the ITS at
all stages of the life cycle. However, currently there is no accepted as a standard technology for the development of
intelligent systems, including ITS, therefore, for these purposes, either general-purpose tools and platforms are used, or
specialized tools are created.

4 Automated construction of competence-oriented models of specialists

The ontology model in accordance with [3] is presented in the form of a semantic network in which vertices reflect various
elements of courses / disciplines (sections, topics, subtopics, definitions, etc.), including a model of targeted competencies
and a set of models of various learning influences on the identification of knowledge and the skills of the students, and the
edges show the different types of connections (relationships) between course elements, competencies and learning
influences.

Automated support for the construction of applied ontologies for each course / discipline based on this model is carried
out using special tools that function as part of the AT-TECHNOLOGY workbench, closely described in [17, 20] and other
works.

From a methodological point of view, it is important to note that by creating the ontology “Intelligent Systems and
Technologies” (which currently has about 900 vertices from 8 courses / disciplines) it was possible to build a single
ontological knowledge and skills space, which allows:

» implement the training cycle in accordance with [10], the curriculum and teaching materials (lectures, practical
exercises, etc.);

» provide a fully functional construction of competence-oriented students models for the entire period of study (bachelor,
master), and as a final result the formation of models of future professionals, including individual psychological
portraits);
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» compare the current competencies of the students with the target ones, identify the so-called “problem areas” in
knowledge and plan the training effects in the form of solving specific practical tasks for each student in order to
achieve a higher level of competencies, etc.;

 show great intellectual learning opportunities, namely: individual planning of the methodology for studying specific
training courses; intellectual analysis of learning tasks; intellectual decision support, etc.

As a basic information and methodological resource for building models of professional competencies, in particular, for
such professions as "software engineer", "system analyst", " IT system specialist ", "software architect", etc. the
professional standards for the Information Technology industry [21] were used quite effectively.

The main focus is traditionally placed on the ontologies of such disciplines as “Cybernetic Systems Programming
Technology (Software Project Management)”, “Software Systems Design and Architecture”, “Designing of systems based
on knowledge”, “Dynamic Intelligent Systems”, etc., within which students receive basic theoretical knowledge and
practical techniques, typical for the development of traditional software systems and intellectual systems of various
architectural typologies, including: life cycle and methodology design and development of software systems; various
software system architectures; modeling in languages such as UML, testing, verification and certification of software;
CASE-tools, workbench-systems and other types of tools that allow to automate the process of developing software
systems, etc.

At present, there is no universal classification of competencies, however, the generally accepted point of view is the
allocation of professional and universal competencies. Further specification depends on the specifics of the profession, the
traditions of the university that trains specialists in this field, and other feature.

In this case, taking into account the long-term traditions of the Department of Cybernetics of NRNU MEPHI, it is, in fact,
the integration of system and software engineering with methods and technologies of Al, so according to the Federal State
Educational Standard 3+ [10], the two following competencies are used as the base ones for training knowledge engineers:
the formalization capacity in his or her subject area, with the view to the limitations on study methods in use; the ability to
use methods and instrumental means of study of professional business items.

The achievement of these target competencies is facilitated by the common ontological space of knowledge and skills,
which is formed by the applied ontologies of courses / disciplines of several tutoring IES and web-IES. It is important to
note that the general competency model, which is a component of the ontology base model in the form of a semantic
network, is applied in applied ontologies of courses / disciplines as a hierarchy of subject / problem-oriented private
competences (with weights) reflecting the methodology of teaching specific courses.

As for the information necessary for the formation of social and personal competences (from the group of universal
competences), taking into account the personal characteristics of the students, here you can partially use the information
presented in the professional standards in the job description “self-development” for each specialty [10]. In addition, to
identify personal characteristics, there are a large number of psychological tests, surveys, there are special sites, etc. For
example, in the context of tutoring IES and web-IES [3,4] for building models of students, the possibility of identifying
about 20 personal characteristics and their correlation with an individual learning model. The main problem here is the
search and selective selection of expert information, signaling the degree of manifestation of specific competence for each
of the personal characteristics.

As the experience of the development and use of tutoring IES and web-IES in the educational process showed, the main
problems in the formation of professional and universal competences are:

* selective selection at each stage of training (bachelor, master) of the knowledge, skills and abilities that students
should acquire (applied ontologies of courses / disciplines, generalized ontologies of individual areas of training are
used);

» improvement of methods of control and testing, conducted both with the purpose of forming current competence-
oriented models of students, and upon completion of training (using the web-testing of students with the generation of
variants based on a genetic algorithm);

« effectively taking into account the personal characteristics of students when selecting and shaping learning strategies
and influences, including the development of special corrective learning influences aimed at developing individual
student personal characteristics (the results of psychological tests of students are used together with various types of
learning interactions);

« the use of additional (repeated) training on the basis of the identified gaps in knowledge and skills, etc. (the sets of
learning interactions are used for different clusters of students).

In general, based on the experience of building competence-oriented models of graduates (bachelors and masters) in the
field of Software Engineering, it is necessary to provide solutions to the following important tasks in the organization of the
modern educational process:

* conceptual understanding of the programming process and instilling computational and logical thinking skills for the

implementation of specific tasks in the form of a program and / or a software system;

* selection and use of various programming paradigms, including object-oriented, functional, logical, environment-
oriented, and various types of programming languages, as well as the development of competence in the use of a
particular language;

* application of new approaches from the field of Al by presenting typical knowledge from the field of programming in
the form of plans for solutions [9,16], to help students who have difficulty in moving from a method or algorithm for
solving a problem to its software implementation.
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The monitoring of the functioning of tutoring IES and web-IES in this case is associated with “tracking” and analyzing
all the processes of building for each student an personalized model of the student in the relevant discipline by identifying
the current level of knowledge / skills using web testing and other methods, as well as the formation of a psychological
portrait of the student's personality as an important component of the student model.

It should be noted that, in accordance with the problem-oriented methodology, the basis of the approach for constructing
the current competence-based model of the student is a dynamic comparison of the results of web testing with the
corresponding fragment of the applied ontology of the course / discipline. The result is the so-called "problematic areas" [3]
in the knowledge of students in individual sections / subsections and the construction of current competencies, jointly
reflecting the state of the student model not only in terms of knowledge level, but also providing a conceptual and
technological connection with the processes of identifying skills solve some types of educational non-formalized tasks
recommended in [3] or training in knowledge engineering.

It is also necessary to constantly form lists of students (contingents) with high and / or low indicators of knowledge /
skills, conduct systematic statistical data processing, as well as ensure the generation of current and final reports
(statements) for departments and deans.

The final term logs that reflect the students the competence-oriented students models contain complete information about
the students - assessments obtained during the control measures related to the identification of knowledge and skills, the
current level of professional competence, information about passing psychological testing, information about independent
work, the final forecast grades, as well as a real grade obtained in the exam (statements are formed for all students enrolled
in a particular course / discipline).

Operational SRC

Knowledge level detection component

Ontology "Introduction to
intelligent systems"

Knowledge
/ Component of detection of the level of skills of
= Skills students to model the simplest situations of the
problem domain using frames
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portrait to model forward/reverse reasoning strategies

Component of detection of the level of skills of
students to model the simplest situations of the
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Current
student model

Component of detection of the level of skills of
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of the sublanguage of natural language (russian)
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Figure 1 — The technology of automated construction of competence-oriented models

The figure 1 shows the technology of automated construction of competence-oriented models (where SRC — standard
reusable components). An example of the implementation of the processes of automated construction of competence-
oriented models of specialists in the field of knowledge engineering based on the ontology "Intelligent Systems and
Technologies" is given in [22].

Conclusion

Thus, the methodical and technological experience in the domain of automated designing using tutoring IES and web-IES
of competence-oriented models of specialists in the field of SE (PT) and Al showed, that big opportunities exist today, that
enable to promptly and efficiently review, adjust (focusing on the most modern innovations in the professional sphere) and
predict the level and quality of the graduate professionals’ cohort. This approach lays the foundation for not only in
relations with employers and potential customers, but also allows to plan targeted training of specialists in various areas,
starting with junior courses.
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