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LINEAR ALGEBRA TEACHING USING MATHEMATICS SOFTWARE PACKAGES

Mathematics software packages using is one of the indicators of professional learning level of university graduates
in information computer technologies (ICT). The problems of linear algebra are easy to algorithmize. To increase the
efficiency of students’ professional competencies formation, it is necessary to talk about algorithms in the form they would
be performed by a computer. The ICT use in linear algebra teaching is becoming relevant. The main types of educational
software are electronic textbooks, mathematics software packages and monitoring sofiware. Electronic textbooks are used at
lectures. There are textbooks with built-in knowledge control tools. Some textbooks contain practical tasks. However, there is
no the educational virtual environment for practical tasks performing. Mathematics software packages Mathematica, Maple,
MathCAD, Matlab are used at practical classes. Mathematics software packages will automate arithmetic calculations and
enable students to focus on the essence of method. Monitoring software diagnoses checks and evaluates the knowledge,
abilities and skills of the student. The linear testing algorithm is the simplest. For each student, a test variant is generated in
a random order from the task repository. At linear and randomized testing, all participants have test questions of the same
complexity. For example, the Google Forms service is widely available; it allows randomizing responses and uploading
data in Excel format. The experience of Matlab package using in the linear algebra for students of “Software Engineering”
specialty is presented in the article. Practical realization of main topics of linear algebra is developed in this package. The
methodical features of the package application in solving the most algorithmic problems of the course are revealed. In
particular, problems in the theory of matrices and determinants and systems of linear equations.
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HABYAHHSA JITHIHHOI AJITEBPU 3 BUKOPUCTAHHSIM
MATEMATUYHUX ITPOI'PAMHUX 3ACOBIB

Bukopucmanns npozpamuux 3acobie 3 Mamemamuxy € 00HUM i3 NOKA3HUKIG Pi6HS npoecitinoo Haguants 6UnyCKHUKI6
YHigepcumemis 3 ingopmayivinux xomn romeprux mexuonoziu (IKT). 3a0aui niniuinoi aneebpu neeko aneopummisyeamu.
Jlna niosuwjenns epexkmuernocmi popmysants npoghecitinux KomMnemeHmHocmeti CnmyoeHmie HeoOXioHo 2080pumu Npo
aneopummu y momy uensoi, 8 akomy ou tioeo eukonysas komn romep. Bukopucmannsa IKT y nasuanni ainitinoi aneeopu
cmae akmyanbhum. OCHOBHUMU MUNAMU HAGUATILHO20 NPOSPAMHOZ0 3a0e3NeHeHHsl € eeKMPOHHI NIOPYUHUKU, naKemu
npozpam 3 Mamemamuxy ma npozpamue sabesneuents 0 MOHImopunzy. Ha nexyisx uxopucmosyiomcs eiekmponHi
niopyunuxu. € niopyunuxu i3 60Y008aHUMU 3ACOOAMU KOHMPONO 3HAHL. JlesiKi RIOpYUHUKU MICMsmb APakmuyHi
3ae0anns. OOHAK He ICHYE OCBIMHBLO2O BIPMYATLHOZ0 CEPeO08UA OISl BUKOHAHMS NPAKMUYHUX 3a60aHb. Ha npakmuynux
3AHAMMAX SUKOPUCTNOBYIOMbCS NPOPAMHI nakemui 3acodou 3 mamemamuku Mathematica, Maple, MathCAD, Matlab.
Takemni npozpamu 3 mamemamuku d8MoOMamusyloms apumemuyni oOYUCIEHHA ma 0aloMb 3MO2Y CHYOEHMAM
30cepedumucy na cymi memoody. IIpocpamune 3abe3neuenns 01 MOHIMOPUH2Y OiA2HOCMYE NepesipKy ma OYiHIOE
3HAHHA, 6MIHHA MA HABUUKY CIMYOEHMA. Aneopumm AiHiliHo20 Mecmy8ants € Hatumpocmiwum. [ Koxcnozo cmyodenma
mecmosutl 8apianm 2eHepyemvcst y 00LIbHOMY NOPSOKY 3 cxo8uwa 3a80ans. 11i0 wac ainHitino2o ma pandomizo8anoco
Mecmy6ants 6Ci YUACHUKU MAlomb Mecmosi 3anumants oOHakogoi ckaaonocmi. Hanpuxnao, cepsic Google Forms
WUpoKo doCmynHull; ye 003601A€ PaHOOMIZyeamu 8i0nosioi ma 3asanmaxcysamu 0awni y gpopmami Excel. V cmammi
npeocmasnenull 0ocsio sukopucmanus nakema Matlab y niniunii aneebpi ons cmyoenmis cneyianvhocmi «IIpoepammna
inotcenepiny. lpaxmuuna peanizayis 0CHOSHUX meM AiHIUHOT aneedpu po3pobiena y ybomy naxkemi. Poskpumo memoouyni
ocobnueocmi 3acmocyéanis nakema nio 4ac poss A3yeanHs HaoiIbL ANOPUMMIYHUX 3a80alb 3 KVpCY. 30Kpema, 3a0at

3 meopii mampuyb ma USHAYHUKIG i cucmeM JIHIUHUX PIGHAHD.
Knrwouosi cnosa: naguanna niniiinoi aneedpu, nakemui 3acoou 3 Mamemamuxi.

Introduction. The priority directions of
modern society development is educational process
improvement on the basis of new information
computer technologies (ICT) introduction. The ICT
use in the educational process involves not only the
learning of the ways of ICT mastering and developing,
but ICT use in a specific subject area, in particular,
for training of solving tasks through various packages
of applications (Mathematica, Maple, MathCAD,
Matlab) (Stormy Attaway, 2009).

The programming language Matlab was developed
by Cleve Moler, the Dean of Computer Science
Department of New Mexico University in the late
1970s. John Little together with Cleve Moler and Steve
Bangert rewrote Matlab in C programming language
and founded The MathWorks. At the moment,
Matlab is a high-level language and interactive
environment for developing algorithms, calculations,
visualization and data analysis. It was originally
developed for control systems designing. Matlab
has quickly gained popularity in many scientific and
engineering areas. Matlab package is an effective in
the educational process, in particular, linear algebra
teaching. In 2004, the Ministry of Education and
Science of Ukraine decided to implement Matlab in
the senior classes and universities. According to the
UNESCO ICT Competency System, teachers who
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have sufficient competencies in ICT using in their
professional practice will be able to ensure a high
level of educational quality and effectively promote
students’ ICT competences development (Terms of
use — CC BY SA).

Matlab environment use in diploma theses
and dissertations will increase the complexity
and importance of research. It will significantly
redistribute the workload of teachers — from homework
tasks assessment to network project management
in Matlab environment. For example, Eindhoven
Technical University in the Netherlands (Technische
Universiteit Eindhoven), the most parts of scientific
and teaching equipment are designed by students and
produced within the educational process. So, it saves
funds for the purchase of laboratory equipment.

Related works. IT implementation in education
is constantly being researched by scientists of
international ~ organizations: UNESCO, UN,
European Union, Council of Europe and others. The
researches of S. Peipert, M. Reznik, E. Patarakin,
E. Polat, A. Khutorsky, B. Yarmakhov, A. Yastrebtsev
are devoted to this problem. V. Bykov, N. Zhaldak,
N. Zgurovskyi, V. Kukharenko, V. Lapinsky,
N. Morse, A. Pilipchuk, S. Rakova, S. Semerikov,
E. Slovak, A. Stryuk, M. Shishkina and others are
exploring the IT use in educational process.
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Matlab is one of the ICT student’s educational
tools. On May 16, 2019, the First International
Scientific and Practical Conference “Matlab and
Computer Computing in Education, Science and
Engineering” was held at the Kiev National Aviation
University. Currently, there is an enough literature of
self-study tools and its use in education process.

The main purpose of the article is to consider
the experience of using the Matlab package in
linear algebra for students majoring in “Software
Engineering”.

Matlab package use in linear algebra learning.
Students of computer specialties who have completed
the linear algebra course should:

— understand the basic ideas of linear algebra, the
role of the methods in applications of other sciences,
their practical introduction and capabilities;

— possess theoretical knowledge in solving of
linear equations, the theory of arithmetic linear spaces
and the theory of linear operators on arithmetic linear
spaces, theory of polynomials in one and several
variables;

— orient in the linear algebra information flown;

— acquire skills in solving typical tasks of linear
algebra.

For example, typical tasks are: finding a solution
of linear equation systems, calculating the values of
determinants and the matrix rank, finding a linear operator
matrix, studying the roots of polynomials in one variable.

Since linear algebra tasks are easy to algorithmize,
their implementation in the mathematical package
Matlab is possible.

Let’s consider matrices. Matrix elements are given
in square brackets. Elements of one line are separated
from each other by a space or comma. Lines are
separated by a semicolon. The matrix name and
element indices in parentheses should be specified.

Basic operations with matrices:

1. A+ B addition of matrices A and B (operation is
possible with the same order of the matrices).

2. A - B subtracting of matrices A and B (operation
is possible with the same order of matrices).

3. A*B is matrices product (an operation is
possible when the number of columns of the matrix
A is equal to the number of rows of the matrix B. The
operation is not commutative).

4. A.* In the element wise multiplication of the
matrices A and B of the same dimension.

5. A/B element wise division of the matrices
A and B of the same dimension.

6. A~ k element wise raising of an array to k
degree;

7. A ’transposition of matrix A.

8. A" —1 (or inv (A)) calculation of the inverse
matrix A ~ ! (the inverse matrix exists for square
matrices whose determinant is nonzero).
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9. det (A) calculating of the matrix A determinant.

10. size (A) Definition of the matrix A dimension.

11. trace (A) the sum of the elements on the main
diagonal.

12. sum (A) the sum of the elements in each matrix
A column.

13. prod (A) is the product of the elements in each
column of the matrix A.

14. diag (A) the column vector of the elements of
the matrix A main diagonal.

15. sort (A) sorting of matrix A each column.

16. max (A) calculating the maximum in matrix
A each column.

17. min (A) calculation of the minimum in matrix
A each column.

18. mean (A) calculation of the average value in
matrix A each column.

19. rot90 (A) rotation of matrix A to the left by
90°.

20. fliplr (A) flip of matrix A from left to right.

21. flipud (A) flip of matrix A from top to bottom.

22. A (n, :) =[] deletion of the row number n from
matrix A.

Example

Let’s consider the example. Matrices are given

-3 5 13 2 9 -8
A=(11 -5 7 ) B=(1 —15 14) (1)
2 -1 -6 4 -12 3
Let’s calculate
A+B, A-B,A'B, B‘A, |A|, |B|, A, B
Set the matrix in the command window of the
program
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Fig. 1. Initial data

-3 5 13 2 9 -8
A+B—(11 -5 7)+(1 —15 14)—
2 -1 -6 4 -12 3

—3+2 5+9 138 -1 14 5
={11+1 -5-15 7+14|= 12 —20 21| (2)

24+4 —-1-12 —-6+3 6 -13 -3
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2+4 —-1-12 —-6+3 6 —13 -3 (-5) 134+ 11-5-(—6) + 7+ (—1)- (—3)) = 276, ®
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Fig. 4. Result of determinant finding

Fig. 2. Sum and disparity result . . .
& party Find the algebraic complement of the matrix
cu=—2-24+ 851+ cp=—3-9+5-(-158) +ey=—23- (-8} + 5-14 + 13-4 =
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Fig. 3. Multiplication result Fig. 5. The result of inverse matrix finding
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Linear equation system.
Let’s system of linear equations are given:

J anXitapit.. .t apn= o

(12)

L anxXitanxrt.. .+ apXy= Cc2;

X1 Xt . GXn™= Cn.

a, -a

dy; - Qi
A=( - .« . |— matrx of coefficients:

nl nn

€1 X1
C =| | —column vector of free members; X = . | — column vector of

Cn XTI

unknowns.

Given |A| # 0, the system has a single solution.

Let’s consider the matrix method. In matrix form,
the system can be written as A-X =C then
X=A1-C

Example
-3 5 13 16
A=|11 -5 7 | c=| 22
2 -1 -6 -18
(37 —17 100 46\ /1
X ——(—80 -8 —164) ( 22 )—(2) (14)
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Fig. 6. The result of equation solution finding

Matlab supports working with complex numbers,
which have significant applied value in Physics and
Economics.

A complex variable in algebraic form is specified.
The software provides the function of the imaginary
part. So, for example, all the above-considered actions
can be carried out in the field of complex numbers.

If the course of the solution is not important,
then the command “a\c” is used. To solve the system
of linear equations by the Cramer method, it is
necessary: to set the main matrix of coefficients for
unknowns; set auxiliary matrices; calculate unknown

systems of equations by dividing the determinant of
the corresponding auxiliary matrix by the determinant
of the main matrix.

i
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Fig. 7. Complex Variable Matrix

To solve linear systems or nonlinear equations,
Matlab has a special solve function. It is necessary:
to determine symbolic variables, calculate unknowns
by the formula [x1, x2, ...] = solve (‘equationl’,
‘equation2’, ...), derive the found solution with a
given accuracy using the vpa function (variable,
number of characters).

Graphical way.

The graphical method can be applied to systems
of dimension 2 or 3. It is necessary: to set symbolic
variables, a function, design a function graph, add
grid lines to the graph, use the graphic “magnifier”
to scale the graph to achieve the required accuracy in
determining the roots of the equation, the abscissas of
the intersection points of the graph of the function are
the roots of the equation.

Conclusion and prospective. One of the significant
advantages of Matlab system is its integration into all
areas of modern science and technology. Matlab is
a global standard in higher education and research.
The linear algebra teaching is based on the traditional
presentation of the material. Matlab package
application allows to increase the educational process
efficiency and to form competencies necessary in future
professional activities (Thomas S. Shores, 2000).

Students are open to all kinds of technologies in
Mathematics. The openness and availability of high-
tech tools, is changing the approach to linear algebra
teaching.

Currently, in many educational institutions the
organizing forms of educational process are being
reformed and distance learning is being intensively
introduced. It requires the development of electronic
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textbooks and practical works. So, the task of
increasing of the laboratory works efficiency by
working only with Web browser is actual. Tools
for remote development have appeared in some
mathematical packages, including Matlab. Web
application development is a special feature of
Matlab to use remote computing for increasing of

...............................................................................

solving tasks efficiency. It greatly facilitates teachers’
work and plays an important role in improving the
effectiveness of educational organization tools and
the distance learning introduction.

In the following papers, approaches to linear
algebra study with the use of mathematical packages
will be described.
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