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Abstract—This paper explores the integration of Scilab software into the higher mathematics curriculum for engineer-
ing students, focusing on enhancing the understanding and application of function analysis. It addresses the necessity of
equipping future engineers with skills in both theoretical mathematics and computational tools. The study provides practical
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l. INTRODUCTION

In the first part [1] the basic problems of modern
mathematical training of engineers in the specialty G5
Electronics, electronic communications, instrument
making, and radio engineering were considered.
The problem cannot be fully disclosed within the frame-
work of one work, and we will continue evaluating
the use of mathematical software packages, using
the example of Scilab, in the educational process.

In the previous work, the use of the Scilab program
was justified; however, it should be noted that this soft-
ware is constantly updated, so now we will use the new
version of Scilab 2025.0.0 for examples. [2].

The features of this package make it convenient, first
of all, for getting acquainted with the tasks and methods
of computational mathematics [3], while the first (and
extremely important!) task is to convey to students an
understanding of at least the practical use of mathemat-
ical formulas known to them (according to O. M. Krylov),
set out in [4]: firstly, in applied problems there is simply
no need to use accurate formulas, secondly, there is no
need to achieve absolute accuracy in calculations, thirdly,
it is possible to use even certainly inaccurate formulas,
while controlling the compliance of the obtained result
with the requirements imposed on it, and, finally, the fact
that the user of computational methods is not at all
interested in the process of calculations, but only their

result, which must be achieved with the least expendi-
ture of time and effort, but with acceptable accuracy.
Students should be reminded of such key concepts as
absolute and relative errors, examples of their evalua-
tion, and accumulation. At the same time, it is necessary
to pay due attention to familiarizing and accustoming
students to the discrete specification of functional
dependencies, that is, considering them as an alternative
to the continuous approach characteristic of classical dif-
ferential and integral calculus, discrete templates charac-
teristic of applied problems, and computer calculations.

In this sense, it seems appropriate to consider tasks
such as the construction of discrete graphic templates for
an explicitly given function with the identification of its
vertical and oblique asymptotes, a function given implic-
itly (in this case, the issue of approximate finding of
the roots of equations is also considered), the construc-
tion ‘by points’ of a line given by an equation in a polar
coordinate system on a plane.

When designing electronic devices, it is necessary to
be able to analyze electrical signals in a numerical repre-
sentation that is presented before the physical modeling
of the device. This need arises for engineers not only
when designing new systems, but also when analyzing
the operation of existing circuits to identify the causes of
errors or mistakes.
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Any numerical analysis is based on the ability to
obtain information about a function using mathematical
methods. Therefore, let us consider examples of combin-
ing classical analytical research with "pen and paper" and
the capabilities that Scilab provides for engineers.

1. PRACTICAL PLOTTING EXAMPLES

A. Plotting a function graph by points, finding
asymptotes

As an example, consider the function:

fig=X—x*1 0

x+1

We will not provide the textual part of the classical
function analysis that our students are familiar with, but
instead we will focus on scripts that can become
the basis for building a new educational process.

The asymptotes plot (
structed using the script:

) for the function was con-

// First graph: vertical asymptote

x1 = linspace(-2, -1.02, 100); // Left side
x2 = linspace(-0.98, 0, 100); // Right side
// Define the function
fl=(x1.2,2-x1+1)./(x1+1);
f2=(x2.22-x2+1)./(x2+1);

// Second graph: on the interval from 0 to 10, with an
oblique asymptote

x3 =linspace(0, 10, 50); // New interval for the second
graph

// Define the function for the new range
f3=(x3.~2-x3+1)./(x3+1);

figure(1); // Separate window for the first graph

Graph of the function f(x) = (x"2 - x+ 1)/ (x + 1)
200
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clf; // Clear the plot
subplot(1, 2, 1);
// Plot the function by points

plot(x1, f1, 'bo', 'MarkerSize', 2); // Left side of the
function with points

plot(x2, f2, 'bo', 'MarkerSize', 2); // Right side of the
function with points

// Add a vertical asymptote at x = -1
Xx_asymptote = [-1, -1];

y_asymptote = [-160, 160]; // Range for the vertical
asymptote

plot(x_asymptote, y_asymptote, 'r--, 'LineWidth',
1.5); // Red dashed line

// Add labels to the plot
xlabel("x");
ylabel("f(x)");

title("Graph of the function f(x) = (x*2 -x +1) / (x +
1)");

xgrid; legend(["f(x)", "Vertical Asymptote"]);

subplot(1, 2, 2);

// Plotting a function by points

plot(x3, f3, 'bo’', 'MarkerSize', 2); // Function for a new
interval

// Add the slope of the asymptote y = x - 2
x_range = linspace(0, 10, 50);
y_asymptote_oblique = x_range - 2;

plot(x_range, y_asymptote_oblique, 'g--', 'Lin-
eWidth', 1.5); // Green dashed line

Graph of the function f(x) = (x*2 - x+ 1) / (x + 1) on the interval [0, 10]
10

P
Siope of asymptate
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-
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// Add labels to the graph
xlabel("x");
ylabel("f(x)");

title("Graph of the function f(x) = (x*2-x+1) / (x + 1)
on the interval [0, 10]");

xgrid; legend(["f(x)", "Slope of asymptote"]);

B. Construct a line given in a polar coordinate
system through points

Consider a function as an example:
p =2-sin(4¢) (2)

The polar plots ( ) for the function (2) were con-

structed using the script:
// Definition of tabular angles (in degrees)

angles_deg = [0, 30, 45, 60, 90, 120, 135, 150, 180, -
30, -45, -60, -90, -120, -135, -150, -180];

// Addition of angles that become tabular after divi-
sion by 8

additional_angles = angles_deg / 8;

angles_deg = unique([angles_deg, additional_an-
gles]);

// Definition of radius vector (function ro =
2*sin(4*phi))

ro=2.*sin(4 .* angles_deg);
// Conversion from polar to Cartesian
x_dot =ro .* cos(angles_deg);

y_dot =ro .* sin(angles_deg);

Polar plot: Tabular angles
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// Determine the number of points for the second
graph

n = 500;

// Create a vector of angles (in radians)

phi = linspace(-%pi, %pi, n); // From -m to
// Define the radius vector (function r = 2*sin(4*phi))
ro=2.*sin(4 .* phi);

// Convert from polar to Cartesian

X =ro .* cos(phi);

y =ro .* sin(phi);

// Plot graphs in one window

figure(1); // Separate window for graphs
clf; // Clear the graph

// Left graph: Tabular angles

subplot(1, 2, 1); // Left part of the window

plot2d(x_dot, y_dot, style=-1, rect=[-2, -2, 2, 2]); //
Plotting the graph

// Add labels

title("Polar plot: Tabular angles");
xlabel("X");

ylabel("Y");

// Add grid

gea().grid = [1, 1];

// Right plot: Solid plot

subplot(1, 2, 2); // Right part of the window

Polar plot: Solid plot
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plot2d(x, y, style=-1); // Plotting the graph
// Add labels

title("Polar plot: Solid plot");

xlabel("X");

ylabel("Y");
// Add grid

gea().grid = [1, 1];

The convenience of this approach lies not only in
the speed of obtaining results, which frees up class time
for a more thorough analysis of the results, but also
relieves students of the problem of selecting a basic scale
for "manual" plotting of graphs.

It is also necessary to remember that not every engi-
neering student has the ‘graphic’ skills to construct com-
plex graphs, for example, in a polar coordinate system.
The use of modern software tools will, in our opinion,
increase the effectiveness of training electronics engi-
neers.

1. PRACTICAL EXAMPLES OF "RESTORING"
FUNCTIONS

Analyzing functions by their graphs is a fundamental
skill; on the other hand, methods that allow one to
“restore” the analytical specification of a function or its
close analogue by a discrete template is fundamentally
important, primarily polynomial interpolation.

One of the typical problems that requires the use of
interpolation methods is the problem of synthesizing
antenna arrays [3], [5]-[8]. At the same time, an im-
portant task is to convey to students the understanding
that interpolation procedures in the vast majority of
cases only give an idea of some analogue of

Lagrange polynomial and In{1+x), [0; 1]

Lagrange palynamial
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the functional dependence that is actually observed. As
for the possibilities of extrapolation, that is, predicting
the values of the function outside the given interval,
there may be fundamental deviations of the extrapo-
lated values from the real ones, which can be illustrated
by the example of interpolation of a somewhat compli-
cated, compared to a polynomial, function and compar-
ing its values with the values of the interpolation polyno-
mial outside this interval.

A. Plotting the Lagrange interpolation polyno-
mial
Let us consider the problem of constructing a La-
grange interpolation polynomial for the function:

In(1 + x) 3)

in the range of values from 0 to 1 with a discreteness of
0.1, draw graphs and compare the behaviour of the func-
tion and the polynomial from 1 to 2.

The Lagrange interpolation ( ) for the function

was constructed using the script:

// Determining points for the function In(1+x) values
from 0 to 1 with a discreteness of 0.1

x_vals =0:0.1:1;
y_vals = log(1 + x_vals);

// constructing a Function for calculating the La-
grange polynomial

function L=lagrange interpolation(x, x_vals, y_vals)

L=0;
n = length(x_vals);
fori=1:n

term =y_vals(i);

Lagrange polynomial and In{1+x), [1; 2]
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forj=1:n
if i <>j then

term = term * (x - x_vals(j)) / (x_vals(i) -
x_vals(j));

end
end
L=L+term;
end
endfunction
// 1 graph

// Calculating values for the Lagrange polynomial for
1graph

x_interpoll = 0:0.01:1; // Interval for the first plot
y_interpoll = zeros(1, length(x_interpol1));
for i = 1:length(x_interpol1)

y_interpoll(i) =
poll(i), x_vals, y_vals);

lagrange interpolation(x_inter-

end

// Plotting the first plot

figure();

clf;

subplot(1, 2, 1)

plot(x_interpoll, y_interpoll, "b");
plot(x_vals, y_vals, "go");

xtitle("Lagrange polynomial and In(1+x), [0; 1]", "x",
Ilyll);

legend("Lagrange polynomial", "Points In(1+x)");
// 2nd plot

// Calculating values for the Lagrange polynomial for
the 2nd plot

x_interpol2 = 1:0.01:2;

y_interpol2 = zeros(1, length(x_interpol2));
y_true2 =log(1 + x_interpol2);

for i = 1:length(x_interpol2)

y_interpol2(i) = lagrange interpolation(x_inter-

pol2(i), x_vals, y_vals);

end
// Construction of the second graph

subplot(1, 2, 2)
plot(x_interpol2, y_interpol2, "b", "LineWidth", 2);
plot(x_interpol2, y_true2, "r--", "LineWidth", 2);

xtitle("Lagrange polynomial and In(1+x), [1; 2]", "x",
Ilyll);
legend("Lagrange polynomial", "Points In(1+x)");

B. Construction of extrapolation

In the case when measurement errors are observed
when determining the functional dependence, which is
practically inevitable in every real experiment, the meth-
ods of “function type recognition” [3] are used first, fol-
lowed by their approximation in one way or another,
the simplest in this case being the least squares method.

Let us consider a function given in Table 1

TABLE 1 NUMERICAL DEFINITION OF A FUNCTION

U 105 |1 1.5 2

2.5

3 3.5 4 4.5

V112 10.1 | 11.58 | 17.4

30.68 | 53.6

87.78 | 136.9 | 202.5

and show the way to restore it using the least squares
method:

1
A+Be Y’

The first step is to determine the constant coefficients
A and B:

// Data
U=[0.5,1,1.5,2,2.5,3,3.5,4,4.5,5];

4)

V = [12, 10.1, 11.58, 17.4, 30.68, 53.6, 87.78, 136.9,
202.5, 287];

// Modeling function V=1 /(A + B * exp(-U))

function res=model(U, A, B)

res=1/(A+B*exp(-U));
endfunction
// Minimization function S(A, B)
function S=cost_function(params)

A = params(1);

B = params(2);

S=0;

fori = 1:length(U)

S =S + (V(i) - model(U(i), A, B))A2; // Sum of
squared errors

end
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endfunction
// Initial values for parameters A and B
initial_params = [1, 1]; // Example of initial values

// Minimizing a function using the least squares
method

optimized_params = fminsearch(cost function, ini-
tial_params);

// Output of results
disp("Optimized values of parameters A and B:");
disp(optimized_params);

This code outputs the least squares optimal parame-
ters A and B to the Scilab console:

"Ooptimized wvalues of parameters L and B: "
0.0011836 0.3400271

Therefore, the function V(U) has the form:

1
V= m (5)
0.0011836+0.3400271e
Let us compare the plot ( ) of the function V(U)

and the polynomial obtained by the finite difference
method (5), in the interval from —3 to 8:

// Determine the range for U

U = linspace(-4, 8, 500);

// Calculate the value for the function V
V1=1./(0.0011836 + 0.3400271 * exp(-U));
// Calculate the value for the polynomial

V2 =15.044431 - 5.745276 * U - 1.5882351 * U.A2 +
2.3972827 * U.A3 + 0.065352 * U.4;

// Create a graph

clf;

plot(U, V1, 'b-', 'LineWidth', 2);
plot(U, V2, 'r--', 'LineWidth', 2);
// Add labels

xlabel('U', 'FontSize', 3);

Graphs of V and Palynomial Functions
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ylabel('V', 'FontSize', 3);
legend(["V", "Polynomial"], 'FontSize', 2);
// Add a title

title('Graphs of V and Polynomial Functions', 'Font-
Size', 3);

xgrid(1); // Display the grid

The results presented will clearly show students the
problem of the reliability of extrapolated data outside
the given interval.

CONCLUSION

The present part provides practical examples of
using the Scilab software package for the fundamental
analysis of function properties. The issue of interpolation
and extrapolation of experimental results, an integral
professional task of an engineer, is separately consid-
ered.

As mentioned above, using Scilab in the educational
process is not a full-fledged replacement for the tradi-
tional academic process but only a powerful auxiliary
tool. This tool helps to reduce the time of standard con-
structions significantly and to increase the time for
detailed analysis of the results obtained. You can also
quickly change the input parameters of the functions,
demonstrating the dynamics to students.
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