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Abstract. The article is devoted to the problem of preparation and implementation of an
elective course in computer science as one part of the course of teaching high school students of
physical and mathematical profile. Currently, specialties where a foreign language is used in its
applied function, often as the means to study another subject area, are popular. This is due to the
fact that many students want to use their English-speaking knowledge and skills in their future
profession. It is possible to impart an applied nature and practical orientation through conducting
elective courses that would familiarize the students with the basics of their future professional
activity. The use of English for conducting elective courses contributes to the formation of
communicative competence of students and the development of academic skills. The aim of the
work is to create an elective course in English “Theory of Kolmogorov complexity”.

Methodological basis of the research was personal-oriented, system-activity and competence
approaches to teaching. The elective course proposed is the introduction of students into a new area
of computer science - the theory of the complexity of information, which is closely related to
cybernetics.

The result of the study was the development of an elective course program in English, which
includes not only a methodology for conducting and a plan of course, but also various types of
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assignments that contribute to better understanding of the material offered to students and can
initiate research work on this topic. Particular attention is paid to communicative orientation,
involving the use of English in the future professional activities of students.

The results of the research can be applied in the practice of school instruction in computer
science, and also serve as a basis for the preparation of teaching aids and special courses for high
school students in physical and mathematical profile.

Annomayus. Ctarhs OCBSIIEHA TPOOJIEME MOJrOTOBKH M PeaTU3alliK IEKTUBHOTO Kypca 1o
nH(pOpMaTHKE B paMKax OOydYeHHUsS Y4YalllUXCsl CTapIIuX KIacCOB (PU3MKO-MATEMATHYECKOTO
npodwis. B HacTosiiee BpeMs MOMYISPHOCTBIO IMOJIB3YIOTCS CIIEIUAIBHOCTH, TIIe MHOCTPAHHBIN
SI3BIK HUCIIOJIB3YETCS B CBOCH MPUKIAAHON (PYHKIMH, 3a4aCTYIO B KQU€CTBE CPEACTBA IS W3YyUCHUS
APYyroi mpeaMeTHON 001acTh. DTO OOBICHIETCS TEM, YTO MHOTHE IIKOJILHUKHU XOTST UCIIOJIB30BaTh
CBOM AaHIJIOSA3BIYHBIC 3HAHMS W YMEHHS B cBoed Oymymieit mpodeccuu. [Ipumars oOyueHUIO
NPUKIAJIHON XapakTep W MPAKTHYECKYI0 HAlpaBICHHOCTh BO3MOXKHO 32 CYET IPOBEICHUS
ANIEKTUBHBIX KYPCOB, KOTOpPHIE 3HAKOMWIM OBl y4yallUXCsl C OCHOBaMH WX Oymyien
npoeCCHOHAILHOM  JIeATENLHOCTU. VCIoNb30BaHHE aHIVIMICKOTO  sI3bIKa IS MPOBEICHUS
ANIEKTUBHBIX KYpPCOB  CIIOCOOCTBYET (OPMHPOBAHWIO KOMMYHUKATHBHOW KOMIIETCHTHOCTH
IIKOJILHUKOB ¥ Pa3BUTHIO aKaJCMUYCCKUX HABBIKOB.

[lenpto paboOTHI SBISETCSA CO3AAHHME 3JICKTUBHOTO Kypca Ha aHDIMKMCKOM si3bike «Teopus
KOJIMOTOPOBCKOM CIIOKHOCTH». METOMOJIOrHUECKY0 0a3y HCCIEIOBAaHHUS COCTABHIIM JMYHOCTHO-
OPUEHTUPOBAHHBIN, CUCTEMHO-ICATSIILHOCTHBIM ¥ KOMIIETEHTHOCTHBIHN MOIXO/IBI K TIPEIOIaBaHUIO.
[Ipenyaraemplii 3JCKTHBHBIN KypcC SIBJISCTCS BBEICHUEM YyYalllUXCsS B HOBYIO JUIsi HHX O0JacTh
WH()OPMATHKU - TEOPHIO CIOXKHOCTH WH(OpPMAIMK, KOTOpas TECHO CBsi3aHA C KHUOCPHETHKOU.
PesynbraroM wmccienoBaHusi crana pa3paboTKa MPOrpaMMbl 3JICKTHBHOTO Kypca Ha aHTIIMKACKOM
SI3BIKE, KOTOpasi BKIIOYAET B ceOs HE TOJBKO METOMWKY IMPOBEICHUS M IUIAH 3aHSATHH, HO TaKXkKe
pasiMyHble BUJBI 3aJIaHUH, KOTOPHIE CIOCOOCTBYIOT JIYYIIEMY OCBOCHHUIO MPEIIOKEHHOTO
Marepuaia y yJalmxcs U MOTYT IOJIOKUTh HAa4aJl0 HUCCIIEA0BATEIbCKOM padoTe 1Mo 3TOM TeMAaTHKe.

Ocoboe BHUMaHHE VYACICHO KOMMYHUKAaTHBHON HAlpaBICHHOCTH, IPEIIOJararoiiei
MCIIOJIb30BaHUE AHTIIMHCKOTO S3bIKa B OymyIiel mpodeccnoHaNbHON AeSITeTbHOCTH YUaIIXCS.

Pesynprarel uccnegoBaHus MOTYT HalTH MPUMEHEHHE B MPAKTUKE IIKOJBHOTO MpEenoaBaHus
MH(OPMATHKH, a TAKXKE MOCIYKUTh OCHOBHOM JIJIsl MOJITOTOBKH y4EOHBIX TOCOOMI M CHeIHaTbHBIX
KYpPCOB JJISl yUAIIUXCS CTApPIINX KIACCOB (DH3UKO-MATeMaTHIECKOTO MPOQILIIS.

Keywords: elective course, English, teaching, computer science, theory of complexity,
physical and mathematical profile, professional activity, lifelong learning.

Kniouesvie cnosa: >neKTUBHBIN KypC, aHIIMMCKUN sI3BIK, 0OyuyeHHe, WHPOpPMATHKA, TEOpHUs
CIIO)KHOCTH, (PU3UKO-MaTeMaTH4ecKuil mpouiib, mpodeccuoHanbHas AeSITEIbHOCTD.

The theory of information complexity is undoubtedly one of the most important branches of
modern mathematics. Some statements of given theory of algorithmic complexity seem to be simple
but they are at the same time difficult to solve. These problems are of interest to modern students
who are going to enter the faculties connected with information technologies. It is worth noting that
the algorithmic constructions used in the theory of information complexity are the basis of most
modern mathematical applications. In addition, the popularity of this theory is due to the extensive
application of theoretical foundations in modern high technologies. When considering the course on
the topic “Theory of Kolmogorov complexity” in the course of computer science for high school
students of physical and mathematical schools, it is important to pay attention to the increasing role
of information technology in the life of modern society.
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The main problem of teaching computer science in schools is the lack of a systematic
approach to teaching. School lessons are, as a matter of fact, reduced to memorizing the basic
constructions of a machine code, while the important skills - formalization of algorithmic
approaches and the formation of logical thinking are bypassed. The study of the fundamentals of
algorithmic theory is primarily aimed at developing the logical and algorithmic thinking of students.
At present, there are practically no detailed guidelines on the teaching of the theory of algorithms
and the theory of computational complexity for school students. The proposed version of the course
is different in that it focuses on the part of the theory of algorithms that relates to the study of the
capabilities of computers and the complexity of computations.

The choice of English in these classes is conditioned by the possibility of forming a
communicative culture among students, which promotes the use of English in the professional field
of activity and in everyday life. In order to create favorable conditions for the practical mastery of
the language in the school educational process, it is important to choose methods that will help
students show their abilities and initiative. The use of English for conducting the proposed course is
aimed at forming the communicative competence of students and all types of speech activity, as
well as the development of academic skills.

Thus, the purpose of this course is to orient students towards individualizing of learning, as
well as to prepare them for a responsible and conscious choice of future professional activity and to
develop the ability of students to use a foreign language in their professional activities.

The offered course’s tasks are the following:

1) to form a cognitive interest in the subject;

2) to promote professional self-determination;

3) to develop communication skills in English;

4) to study the special terminology of the subject in English;

5) to provide a higher level of knowledge.

The course in English enables:

1) to use actively the information that was received by the student;
2) to deepen the knowledge gained through discussions;

3) to get skills of individual work with specialized literature in English;
4) to develop research skills;

5) to develop communication skills in English;

6) to prepare for lifelong learning.

The following forms are considered as the main forms of conducting the suggested course:
1) presentation of students on a pre-selected topic;

2) a detailed conversation on pre-announced issues;

3) discussion by the students of the tasks proposed by the teacher;

4) protection and discussion of reports (abstracts).

It is worth noting that these forms can be combined with each other (mixed forms).

To illustrate how the offered course can be implemented across the curriculum, we focus
below on the plan of this course and tasks for them. Given below are some illustrative plans, but
this is not intended to be an exhaustive listing of all proposed theory, with which students are going
to encounter. Most part of the classes should be provided by the tasks, given to the students for oral
report and discussions.
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Table.

AN ILLUSTRATIVE PLAN OF THE COURSE

Topic of the class

Example Problem Given

Introductory lesson. The concept of an
algorithm. Formalization of the concept of an
algorithm.

Computability of functions.

Give an example of computable functions and an example of
a non-computable function. Prove that the value of this non-
computable function cannot really be computed by any
program.

The concept of a Turing machine.

Write a program for Turing machines that compute
elementary functions: X +y, X + ¢, where ¢ is an arbitrary
constant (using a table of commands).

The concept of time complexity of the
algorithm. Configuration of Turing
machines.

Solve the previous problem using configurations of Turing
machine. Calculate the execution time of each program. Try
to find a function which restricts the execution time of the
programs, which are given above. Make a short speech about
the different programs for computation of different functions
and their execution time.

Kolmogorov complexity. Optimal ways of
describing the algorithm.

Let two arbitrary ways of describing D1 and D2 be given.
Show, that there is a way of describing D, which is not worse
than both of them.

Kolmogorov complexity. The main idea.

Why we can’t talk about the Kolmogorov complexity of a
specific word x according to its definition, without indicating
which optimal way we are going to use? Then what is the
point of Kolmogorov complexity?

Kolmogorov complexity as the amount of
information.

Let x and y are two words. If we concatenate one to the other
how many bits of information will new word have? Why? If
we rearrange the order of the letters in the word, will
Kolmogorov’s complexity change?

Algorithmic transformations of information

Prove that the amount of information does not increase under
algorithmic transformations (more precisely, it increases by
no more than a constant depending on the transformation
algorithm).

The non-computability of a function that
computes the Kolmogorov complexity and
the Berry paradox

Final lesson. Summarizing.

The literature proposed for study:

1. Ming Li, Paul Vitanyi, An Introduction to Kolmogorov Complexity and Its Applications
2. Downey R., Hirschfeldt D. Algorithmic Randomness and Complexity.

It should also be noted that the proposed literature should be the main source, but the students
should be ready to independently search for and analyze foreign literature on the subject of the
course. Below is an approximate plan of classes, the peculiarity of which is the alternation of work
in the classroom between the teacher and the students. It is assumed that the teacher will ask the
subject of the lesson, and the students will have to expand it through oral presentations and
discussions on topics suggested in the right column.
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At present, elective courses have firmly entered the life of schools that, in accordance with the
requirements of the Federal State Educational Standard [1], implement specialized education at the
higher level of general education. The profiling of the educational process presupposes the creation
of conditions for the training of high school students in accordance with their professional interests
and intentions with respect to lifelong learning. Profiling is designed to develop such professionally
significant personal qualities as creative and critical thinking, ability to reflect and self-esteem.
Profile education can improve the information and communication culture of graduates. Today there
are contradictions between the needs of the school in updating the content at the senior level and the
insufficiently developed scientific and methodological base providing a profile orientation,
including one in a foreign language; between the personal needs of high school students in
mastering a foreign language as a means of communication in the field of professionally-oriented
interests and the lack of real conditions for meeting these needs; between the demand for various
elective courses and the lack of educational and methodological support.

In connection with Russia's desire to enter the European educational space, profile-oriented
teaching of English takes on special significance. It was revealed that the profile-oriented teaching
of English in practice is realized in teaching of various kinds of elective courses in which the
English language interacts with the disciplines of the humanitarian and other cycles and acts
simultaneously as a learning objective and as a means of studying another subject area. Taking into
account the theoretical aspects of the development of profile-oriented programs (principles of
construction, program functions), this paper proposed the development of an elective course in
computer science on the theme "Kolmogorov's theory of complexity," which is one of the branches
of science called computer science. According to the typology proposed in the article [2, c.1], this
elective course can be attributed to the perforating courses of a higher level. The course was
developed in English. It is important to say that this course can help students both in improving
their skills in English and choosing the future direction of education. It should also be noted that
this course was designed taking into account all the features of teaching students of the physical and
mathematical profile, which will allow to integrate it into the educational process.

This course can also be useful to those students who plan to continue their studies in higher
education institutions in the specialties related to cybernetics, since the theory of information
complexity is the basic subject in the first course of these faculties.

The results of the proposed study can be used in teaching computer science in English in the
upper grades of specialized gymnasiums.

This study contains a number of promising areas:

1) improvement of the tasks of the educational-methodical manual;

2) further development of the typology of classes on the elective course with the support of
integration;

3) a description of the conditions for creating programs and manuals for applied elective
courses.
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