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Abstract

Objective: To make students familiar with the famous Traveling Salesman Problem (TSP) and suggest the
latter to become a common exercise in engineering programming curriculum provided the students master
computer science in the easy programming environment MATLAB. Methods: easy programming in MATLAB
makes true such modern educational approach as “discovery based” methodology. Results: a MATLAB
TSP-program oriented to Ukrainian map is suggested that allows to pictorially demonstrate the process of
optimal route search with an option to decelerate or accelerate the demonstration. The program is guessed
to be useful both for learning the TSP as one of fundamental logistics problems and as an intriguing
programming curriculum excersize. Several sub-programs according to key stone Computer Science
Curriculum have also been suggested. This lies in line with recent “discovery based” learning methodology.
Discussion: we explain how to create this program for visual discrete optimization, suggest required
subprograms belonging to key stone programming algorithms including rather modern graphical user
interface (GUI), how to use this MATLAB TSP-program for demonstration the drastical grows of solution
time required. Conclusions: easy programming being realized in MATLAB makes dificult curriculum
problems attractive to students; it focuses them to main problem’ features, laws and algorithms
implementing the “discovery based” methodology in such a way.

Keywords: combinatorics; discovery based learning methodology; logistics; optimization; programming;
programming education; TSP (Traveling Salesman Problem).

1. Research motivation programming to students ranging from beginners to
advanced, from public schools to universities [6].
Historically the first were the languages BASIC
(abbreviation of Beginner’s All-purpose Symbolic
Instruction Code) and Logo (1960-ies), ABC (1987)
[6-8], two Russian projects Robic (Pobuk) and

DRAGON (JIPAKOH, 2011) [9], Scratch (2013)

Recent role of the Computer Science in the
engineering education curriculum is very serious, as
it effects all the educational process for today’s
students. Indeed, Computer Science, and particularly
Programming as its sub-discipline, provides to
students not only a crucial working instrument but

influences effectiveness of the whole educational
process as well, as the first author stated in [1-5].
Programming teacher or that of Computer
Science at all can of course follow traditional way
by teaching a number of particular high-level
languages like Pascal and Delphi, C and C™", Java
etc. However, many teachers have been looking for
a long time for more effective methods to teach

and others [6-8].

Bearing in mind the above historical experience,
the first author has gathered an extended experience
with teaching “Programming with MATLAB” for
first year university students, and, along with it,
would like to background such an approach by
means of further collecting educational texts and
exercises [1-6]. Below is one more example to apply
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an easy MATLAB programming to very difficult
classical problem.

The famous Travelling Salesman Problem (TSP)
turned to be one of hardest in the discrete
mathematics, and thus had not been included to any
programming  courses for  beginners [10].
Meanwhile, the TSP is significant to a series of
engineering specialties like aero navigation,
logistics, road planning, manufacturing microchips,
discrete mathematics etc. It were thus worthwhile to
include it to computer science discipline provided
the latter disposes a platform to treat the TSP
sufficiently easy. Such platform is MATLAB.

2. Problem formulation. State-of-the-Art

Mathematical formulation of the TSP sounds in
the following way: a “salesman” from the city 0
should visit # cities named as 1, 2, . . ., n only once
and come back to 0, and among N=n! possible
routes the shortest is to be found.

The early origins of the TSP are unclear [11]. A
handbook for travelling salesman from 1832
mentioned the problem and included example tours
through Germany and Switzerland but contained no
any mathematical treatment [11-13]. The TSP was
defined strongly in the 1800s by mathematicians
W.R.Hamilton and Th.Kirkman. Later in 1930s, the
TSP became studied by mathematicians from
Vienna and Harvard, notably by K.Menger. They
applied the obvious brute-force algorithm (applied
here as well) and started development of a variety of
more sophisticated approaches based on graph
theory and modern algebra. Up-to-date approaches
do also use heuristic and neural net approaches.

During last decades, the TSP has found a number
of further practical applications. There are GPS
navigators [14], logistics, aero navigation etc. among
them. Similar applications have also appeared where
the concept of cities was replaced, for example, with
that of customers, soldering points, or
DeoxyriboNucleic Acid (DNA) fragments, and the
measure of distance was replaced with travelling
times or costs, or, similarly, with a measure how
DNA fragments are close to one another. Despite its
practical importance and the long history, the TSP
still remains unsolved “in full”. In many cases,
additional constraints are to be accounted for, such
as limited resources or time, landscape orography
etc. that make the problem considerably harder. The

problem’s state of the art has been completely
described in popular resources as [11,13].

3. Aim of the work

We do not pretend to make any original
discovery in the TSP. We do pretend only to make
this problem available to students in their mastering
the programming course [10]. In the perspective,
they may wish to develop any of recent effective
computational methods mentioned over. We need,
however, to start from the easiest one.

Direct solution of the TSP lies in the “honest”
search of all the possible routes from the city 0
through all the others, accurate calculation of their
lengths and comparing them until all the variants
will be examined. This “naive” and direct approach
is called the “brute-force algorithm” in the literature
[11,12]. Existence of a solution, i.c. existence of a
minimum among big but finite number N=n! of
route lengths, is evident. However, it may be not
unique. Discussion about the time consumed by the

4. Travel: The Traveling Salesman Problem - o =
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Fig. 1. View of common MATLAB TSP-program

algorithm we postpone until the section 5.

Having chosen the method, we aim to create a
MATLAB program for TSP to be easy to students to
understand and to reproduce. Actually, the Traveling
Salesman Problem has already been realized in
MATLAB. One should simply run in the Command
Window its internal command

>> travel (1)

(the symbol >>, the prompt, denotes relation to the
Command Window of MATLAB here and below).
Graphical User Interface (GUI) that appears is shown
in the Figure 1 along with solution for #=50 cities on
American map. It is imperfection of this program that
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enumeration of routes currently in consideration is
too fast to follow them and to understand the process.
Despite the code of this program is open, it is
difficult to make students to reproduce a program
like this of their own.

We intend () to elaborate for students such a
practical task on their major in aero navigation
disciplines, (i7) provide them required knowledge
accordingly to the Computer Science Curriculum
[10], (iii) to encourage them to their original research
and development, and (iv) to allow research of their
own by means of programming, at least testing the
program efficiency (section 5). It is to account as
well that our program is to be oriented to our country
Ukraine rather than to USA. However, any map may
be used.

It is our intention in this problem to involve
important educational curriculum material [11] in our
program elaboration, i.e. to develop our own
programs rather than to use ready ones. Educational
approach described lies in line with the World
educational concept of Discovery Based Learning
[7.,8].

4. Program development

We plan our program in the following way. First,
one needs to create Graphical User Interface (GUI)
of the program where all its functionality should be
foreseen by means of several windows for inputting
and outputting information, by buttons that provide
other information required and start execution of
certain particular tasks (GUI elements). One of latter
is, for example, a procedure how to choose
particular cities. Secondly, a subprogram is to be
elaborated that enumerates all possible routes
between the cities chosen. Thirdly, all the routes
generated are to be “passed by the program” (the
brute-force method) and the length of them
calculated. It would be visual to demonstrate on the
map each route currently in consideration having
controlling duration between routes. By setting
artificial pauses between routes to zero, we
accelerate calculation process to its minima; setting
them to 1 or 2 seconds, we provide a time to user for
analyzing current stage of the search. Finally, the
route with the least length is to be returned as the
final problem solution for the city collection chosen.
The uniqueness of the route is not guaranteed,
however.

To realize this plan, the following development
stages were performed.

4.1. GUI with the map of Ukraine. First, a
Graphical User Interface is to be created by means
of standard MATLAB’ environment that appears
after issuing the command

>> guide . (2)

Such portion of the whole development has already
been described in [2,4,5]. Position and size of the
buttons and windows are designed at this stage,
particularly graphical window (called axis) along
with their colors, text strings, their fonts and other
parameters through MATLAB’s Property Inspector.
It is important to mention to set simultaneously
handle names (called pointers or references in other
computer languages) for all of them GUI elements to
control their correspondent properties.

One could project appropriate background jpg-
picture to the whole GUI (use imagesc for this)
or/and display a geographical map taken as a map of
Ukraine to axis at this stage, position 1 in Fig. 2.
MATLAB-commands imread and imshow are used
for this.

All other functionality, elements 2 — 7 are to be
also foreseen at this stage. Say, the button 2 should
provide brief explanation how to use and to run this
GUI. For this, one could use the ready GUI-
command helpdig(‘Help text’, >’GUI header’), Fig.3.
The latter should be associated with the button 2 by
means of a simple function explained in 4.6.

4.2. Choosing cities from the map. Realizing
the functionality of the program, the number of cities
M that foreseen on the map should be chosen from
the window 3 first, and then set the timing between
routes, window 4, Fig. 2. City Kyiv is taken as a
StartingCity NeO, and M other cities will be chosen
from a CityCollection file. Two MATLAB’s data
types may be utilized for the CityCollection to keep
them in computer memory with their map
coordinates, either cell or struct. We have chosen the
latter in this work. The structure CityCollection
saves so the following information, both textual and
numerical arrays, in its fields .City, X and .Y

CityCollection.City=[‘Kyiv’; ‘Lviv’; .. ],
CityCollection.X= [ Xkyiv» XLvivs - - -],
CityCollection.Y= [Yyiv, Yiviv, - - -]
— M elements in each, where ‘City’, Xciy and Yciy
are names and coordinates of corresponding city on
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the map expressed in kilometers. The cites chosen
will get their numbers 1, 2, etc..

4.3. Generating TSP task consists of two
operations. First, the number of cities is to be chosen
from the Listbox or Pop-up-Menu 3, Fig. 2. Then,
the Pushbutton 5 “Generate cities” is to be pressed.
Particular cities from the CityCollection are to be
chosen that form a numeric matrix CitiesChosen
with the dimensions M to 3. In it, the first column
CitiesChosen(:,1) contains numbers of chosen cities
in the CityCollection data base, the second column
CitiesChosen(:,2) saves their X-coordinates and the
third one CitiesChosen(:,3) their Y-coordinates on
the map expressed in kilometers. So the task for the
Traveling Salesman Problem has been finally
formed. When chosen, corresponded cities become
labeled as green points on the map. The following
plotting command may be used for this:

plot(CitiesChosen(:,2),CitiesChosen(:,3), ‘g0’) (3)

L EAL criRN

educational purpose is to teach students to develop
programs of their own. That is why we would like to
suggest such.

Solution suggested below is based on recursion
what is one of key stone algorithms in Computer
Science Curriculum [10]. Say, we need to get all
permutations of numbers 1, 2, . ., M, what means
that function P=MyPermutations(M) depended on M
is to produce a matrix P where rows contain all
permutations of numbers from 1 to M. In the
simplest case M=1 the list of permutations P
contains only 1. If M=2 the MyPermutations-
program returns P as a matrix [1, 2] with R,=1 rows
(index stands for argument M=2). The latter contains
three “empty positions™: at the front, at the end and
between all present elements. That is why
MyPermutations(3)=[1 2 3; 1 3 233 1 2]
contains R;=3 rows each created by putting the new
element 3 to “empty positions” (note, reverse routes
like [3 2 1;2 3 1;2 1 3] have not been accounted

3 z DISTANCE N
KILOMETERS !
manual control ~ 7
4
Generate cities

Fig. 2. GUI of MATLAB program for solving TSP up to 20 cities: 1 — map of the country; 2 — button for
getting Help; 3 — Listbox window for entering number of cities to find least route; 4 — setting artificial time
delay; 5 — Pushbutton for picturing cities on the map; 6 — Pushbutton for starting least route search;

7 — display of the least route length found

Note that the StartingCity should be included in this
Task List as the first and the last elements.

4.4. Recursive generator of permutations.
Now, the full enumeration of all possible routes
through these M cities is to be prepared, the quantity

of those is M % if do not account the same but

reverse (anti-symmetrical) routes. There is a
command perms in MATLAB, but recall that our

for). It means, similarly, that the matrix
Py=MyPermutations(M) may be obtained from that
of Py by the following algorithm: M new rows is to
be obtained from each row of Py, by inserting new
element numbered M. The number of matrix rows
grows to Py *Py. Each row presents possible
Salesman route. Such algorithm is realized in the
next program that uses MATLAB’s matrix
technique:
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Listing MyPermutations.m .
function P=MyPermutations(n)
%Returns matrix of all the Permutations of 1,2, 3, ...,n
%without anti-symmetrical ones.
%It bases on the recursion [2,10].
%How to use:
%>> P5=MyPermutations(5), etc.
%Copyright Gayev-Kalmykov, 2016.

ifn==
P=1;
elseifn==2
P=[1, 2]; % Permutations in these cases M=2
else
%Previous Permutations with M1 rows, (n-1) columns:
Pl1=MyPermutations(n-1);
Sz=size(P1); NI1=Sz(1); %size of the P1
Ind1=0; % Ind1 counts Rows in the future P
for i=1:N1 %Row by Row of the P1
Indl= Ind1+1;
RowP1=P1(i,:); %the P1 Row Ne ;
%first of all these N new Rows:
P(Ind1, :)=[n, RowP1];
for j=1: n-1
Ind1=Ind1+1;
Rowl=RowP1(1 :j);
Row2=RowP1(j+1 : end);
P(Indl,:)=[Rowl, n, Row2];
end
end

end

MATLAB-comments supplement code elements
(the tests after %). This program runs when the
button 5 is pressed. It returns the matrix with
enumeration of all possible routes between chosen
cities.

4.5. “Brute-force” process, the final action, is
actually very simple: a program associated with the

This is Travelling salesman problem solver by meaning of Brute Force
method with visualization. Solution for The Travelling Salesman Problem: &

salesman has to visit a number of cities in a single closed tour. He
always starts and ends the tour in his home city. He has to visit each
other city on the tour exactly once. The solution attempts to minimize the

overall travelling distance. To start the program please:
1) Choose a number of cities;

2) Choose your mode.

3) Push ‘Generate cities” button;

4)  Push optimization button to find optimal distance;

OK

Fig. 3. View of the Help window

button 6 “Optimize distance”, Fig. 2, searches all the
1 M! routes represented by the formal argument n.

A route for each permutation, say [7 5 12 . . ],
consists of city names

CityCollection.City(0),

CityCollection.City(7),

CityCollection.City(5),

CityCollection.City(12),

CityCollection.City(0)
and their associated X-coordinates

CityCollection.X(0),

CityCollection.X(7),

CityCollection.X(5), 4)
CityCollection.X(12),

CityCollection.X(0)
as well as Y-coordinates

CityCollection.Y(0),
CityCollection.Y(7),
CityCollection.Y(5),
CityCollection.Y(12),

CityCollection.Y(0).

This route [7 5 12 . . .] is plotted with red lines in the
graphical window 1 by the plotting command like
(3) over the map picture. Then the calculation of the
whole length of the current route is performed and
the result displayed in the window 7, Fig. 2. Time
delay pause(dT) is made before examination of the
next route. The latter time delay dT is to be specified
in the window 4. Figure 4 demonstrates each
transitional route on the map with its current length
for the TSP task of four cities. After this delay, the
next route will be examined until the last one
generated by the procedure MyPermutations.

4.6. Final program view. We described all the
functionality that we foreseen in the graphical
program displayed in the Fig. 2. Resulting GUI
developed in GUI-editor (2) is saved in MATLAB
workspace in two files with the same name say
BruteTSP, and with two extensions .fig and .m. The
first one is a binary file keeping all the visual
information (GUI element positions, their colors,
text strings, fonts etc.) but the second is the text with
the future code. The latter includes several function
signatures that contain _Callback suffix in their
names. All they correspond to particular GUI-
elements in the whole GUI-program in the Fig. 2. In
each of these GUI-associated functions, empty yet,
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certain portions of programming code is to be
written. Let us shortly overview them.

Each ‘event’, i.e. use of the corresponded GUI-
element, should lead to execution of certain code
portion that returns particular values into the whole
process. In the case of Listhox 4, for example, the
following code is to be written to m-file accordingly
to automatically generated hint:

contents = cellstr( get(hObject, 'String"));
dT=contents{ get(hObject,'Value")};

The Value=5 chosen in Listbox 3 (Fig. 2) is also
assigned to M in such a way.

However, all the data produced in each function
is to be made available to other functions by placing
them into mutual memory areas. For this, the code
fragments

global M_cities
and

global dT
are to be present in functions associated with GUI-
elements 3 and 4, Fig. 2.

Then, the Pushbutton 5 is to be pressed. To
perform actions described in 4.2 — 4.4, the code of
associated _Callback-function should get the above
mentioned data for what its code is to begin with the
string

global M _cities  CitiesChosen P

&)
The last data will be produced here when the ‘event’
“Generate cities” happens. For this, the actions
described in 4.2 and 4.3 including plotting (3) are to
be performed. Then permutation generator described
in 4.4 is run. It produces permutations P, i.e. all the
possible roots, that are, again, placed into the global
memory area by (5).

Now is the turn of the last Pushbutton 6,
“Optimize distance”. Pressing it activates algorithm
described in the section 4.5. The code of
corresponded _Callback-function begins with

global M cities dT CitiesChosen P

Each of permutations P are checked out one-by-
one. “The salesman” travels the each route (4)
indicated by P, this route is plotted as (3), the route
length is calculated and this current length is
demonstrated in the window 7. One of such
intermediate routes is displayed in the map, Fig. 4.
As told, a pause for the time d7 is made after each

route. After all the P are over, all the lengths become
gathered in a numeric array al/l/Length for which the
last operation is produced

[ShortestWay, I| = min(allLength)

that returns the shortest way among all possible for
this current CityCollection (4), and its number [
within the permutations P. For the / found, we plot
by green the final, i.e. the shortest route that
provides the solution. In the window 7 the
ShortestWay is finally displayed.

5. Research of the time consumption. The
famous feature of the TSP problem is the drastic
increase of the solution time 7" while the number of
cities M grows. As an example: the time 7(10) is,
say, equal to 1 minute for M=10; the time for 7=11
will be 7(11)=11*7(10), i.e. about 10 minutes.
Moreover, the next case for N=12 cities will
consume the time 7(12)=12*T7(11), i.e. about 120
minutes, or 2 hours. Next test complexity M=13,
easy to see, will consume 13*2=26 hours, or about 2
days.

Such behavior of the program, T~M!, should
obviously be demonstrated to students. A certain
numerical research in MATLAB with our program
may be recommended to them by means of
surrounding it by commands tic and foc that run
stopwatch timer. Having collected data for several
M, it is worth to analyze the graph T=T(M). Note
that dT must be set to 0 in the window 4, Fig. 2, for
such research. Restriction of our program was 20
cities.

4 v 3896
vniailuv

Generate cities

Fig. 4. Program views one of current routes
for a task with four cities (beside origin city 0)
at a certain time delay 1
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That is why this “naive” method was called
“brute-force algorithm”, and various efforts were
made into invention of more heuristic but realistic
algorithms. Several such algorithms were elaborated,
that found their recent applications in effective
popular automotive GPS navigators [14]. However,
the TSP still remains unsolved “in full”, [11-13,15].
The problem’s state of the art has been completely
described in popular resources mentioned. It is not
surprising that the TSP is also topical for aero
navigation as well.

6. Conclusion

Despite the Traveling Salesman Problem (TSP) is
one of the most difficult in discrete mathematics, its
short synopsis was suggested to include in
educational courses for students in aero navigation
area. MATLAB was considered as one of most
appropriate mathematical workbenches for this. The
program BruteTSP.m was developed and briefly
explained as a simple but modern GUI-program that
manages several other programs and algorithms to
realize “brute-force method” in the search of shortest
route between given number of cities. Ukrainian
map and several collections of Ukrainian cities were
used to demonstrate the program. Several programs
employed belong to key stone algorithms of the
Computer Science.

As told, we “honestly” enumerated all the
possible routes (the “Brute-force Method”). We find
it methodologically correct to research this method
first; students will have a comparison base if go on
with other methods, more heuristic.
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€.0. I'aes, B.B. Kaamukos
3agaya KoMiBosIKepa B OCBITI iH:KeHepiB-mporpamicTtis

Mera: CrnaBetHy 3amauy komiBospkepa (3K) mpomoHyeTbes 3poOWTH 3BUYAHOIO BIIPABOIO JJISI CTYNEHTIB
IMKEHEPHHUX CIHEIaIbBHOCTEH 3a YMOB, III0 BOHH OBOJIOIBAIOTh KOMIT FOTEPHUMH HayKaMH B CEPEIOBHIII
serkoro nporpamyBaHHd, sk MATLAB. Meroau: nerke nporpamyBaHHs B MATLAB no3Bossie Takuid
Cy4YaCHMH MeAaroriYHud MifXif, K “‘HaBUaHHS Ha BJIACHUX BiIKpUTTAX . PesyabraT: MATLAB-mporpama
mwis 3K, opieHToBaHa Ha KapTy YKpaiHW, sKa J03BOJISE TpadiyHO 1IIOCTPYBaTH MPOIEC MOUIYKY
ONTUMANBHOTO NIJISAXY MK MiCTaMU 3 OTIII€I0 MPUCKOPEHHS a00 rainpMyBaHHs AeMoHcTpailii. Odikyemo, 1o
nporpama Oyze KopucHO st BuBUYeHHS 3K sk omHi€el 3 GyHIaMEHTAIBLHUX JIOTICTHYHUX 3319, a TAKOXK SIK
3aXOIUIIOI0YA BIpaBa 3 MporpaMyBaHHA. 3alPONOHOBAHO, KPIM TOTO, KUJIbKA MIAMPOrpaM, 110 HaJIEKaTh 10
KIIFOYOBHX QITOPUTMIB KypCcy NporpamyBaHHs. Take MOE€THAHHS BiJIIOBIa€ Cy4acCHOMY IENaroriqHONy
METOJy “BUMTHCS IIUIAXOM BiIKpUTTIB . OOroBopeHHsi: Mu poO3’SICHIOEMO, SK CTBOPUTH Bi3yajbHY
Tporpamy I TUCKPETHOI ONTHUMI3allii, MPOTIOHYEMO ITOTPiOHI MiAMpOTrpaMu, BKITFOYAIOYH JOBOJI CyJacHUH
rpadiuamii iHTepdeiic KOprUCTyBada, MPOIOHYEMO i BHKOPHUCTAHHS I JASMOHCTpaIlii KaTacTpodigHOTO
pOCTy Hacy, MOTPiOHOTO IS 3HAXOKEHHS po3B’s3Ky. BucHoBKH: Jlerke mporpamyBaHHsI, peani3oBaHe B
MATLAB, neperBopioe ckianHi MporpamHi 3ajadi y NpUBaONMBi, 30CepemKy€e CTYICHTIB Ha TOUYHIN
IIOCTAHOBII 3a/1avi, MOTPIOHUX 3aKOHAX Ta AITOPUTMAX, PEATI3YIOUM TaKUM YHHOM TENaroTivyHUM ITiIXil
“HaBYaHHS IUITXOM BIIKPHUTTIB”.

Kawuosi ciaoBa: 3K (3amaua xomiBospkepa); KOMOIHATOPHKA; JIOTICTHKA; HaBYaHHS MPOTpaMyBaHHIO;
OIITUMIi3allis; HaBYaHHS LIJSIXOM BiIKPUTTIB; MPOrpaMyBaHHSI.

E.A. I'aeB, B.B. KaambikoB
3amaya KOMMHBOSIZKEPa B 00Pa30BAHMU MHKEHEPOB-NIPOrPaMMHUCTOB

Hean: 3Hamenutyro 3amauy kommBospkepa (3K) mpemmaraercs cmenmaTh OOBIYHBIM YIIPAKHEHHEM IS
CTYJCHTOB WHXCHEPHBIX CIEIHUATbHOCTEN MPU yCIOBHH, YTO OHH OBJIAJEBAIOT KOMIBIOTEPHBIMU HAyKaMH B
cpene yerkoro mporpammupoBanusi, kak MATLAB. Meroasl: nerkoe mporpammupoBanue B MATLAB
MTO3BOIISIET OCYIIECTBUTh TaKOW COBPEMEHHBIH NeNarornuecKuil MoAXoll, Kak “‘o0y4eHrne Ha COOCTBEHHBIX
oTkpbITUsX . Pesyabrathl: MATLAB-nporpamma ana 3K, opueHTHpoBaHHas Ha KapTy YKpauHbl, KOTOpast
MTO3BOJISIET TpaUIeCcKH WILTFOCTPUPOBATH MPOIECC TTOMCKA ONTHMAIBHOTO ITyTH MEXIY TOPOJaMH C ONIHeH
YCKOpPEHHS WM 33JEpKKH JeMoHcTparuu. Oknaaem, 4To mporpamma OyzaeT mosie3Hoi 1t uzydeHus 3K
Kak OOHOM W3 (yHAaMEHTAIbHBIX JOTMCTHYECKHX 3aJad, a TaKkKe KaK YBJIEeKaTellbHOE YHpakKHEHHE II0
nporpammupoBanuo. Ilpeanaraercss Takke HECKONBKO MOANPOrpaMM, MPUHAJICKAIUX K KIHOUEBBIM
aIroOpuTMaM IMPOrpaMMHUpPOBaHus. Takoe COEIMHEHHE OTBEYAET COBPEMEHHOMY IENAarOrH4eCKOMY METOIY
“yauThCs yTeM OTKpBITUN . O0cy:kaeHusi: Mbl pa3bsICHsIEM, KaK CO3/1aTh TaKyl0 BU3YaJIbHYIO MPOTPaAMMYy
C JOBOJIFHO COBPEMEHHBIM TpaduieckuM HHTepeiicoM Moabp30BaTeNsl, MPEaiaracM ee UCTIONb30BaHue IS
JEMOHCTPAIUH KaTacTpO(UIECKOT0 POCTa BPEMEHH, HEOOXOAUMOTO ISl HaXOX/ICHUS pelieHus. BbIBOAbI:
Jlerkoe mporpamMMupoBanue, peann3oBanHoe B MATLAB, npeoOpa3yer ClIoKHbIE 3a/1a4H B YBIeKaTeIbHbIC,
(hoxycHpyeT CTy[eHTOB Ha TOYHOW TMOCTAaHOBKE 3ajaud, HEOOXOIMMBIX 3aKOHaX M alITOPUTMax, peau3ys
TaKuM 00pa30M IMearoruaecKuii Moaxo “o0ydeHHs yTeM OTKPBITHI .

KiroueBbie ciioBa: 3K (3amaua KoMMHUBOsDKEpa); KOMOMHATOPHKA; JIOTHCTHKA; 00yUeHHE IyTeM OTKPBITHIA;
o0y4eHune NporpaMMUpPOBaHUIO; ONITUMU3ALMS; IPOIPaMMUPOBaHHUE.

Yevgeny Gayev. Doctor of Engineering. Professor.
Professor on Aircraft Control Systems Department, National Aviation University, Kyiv, Ukraine.
Education: Kharkiv State University, Kharkiv, Ukraine (1971).



98 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2017. N3(72): 90-98

Research area: fluid mechanics and thermal physics, boundary layer theory, mathematics, computer science,
history of science.

Publications: 160.

E-mail: Ye Gayev(@i.ua

Vadim Kalmikov (1999). Student.

Aircraft Control Systems Department, National Aviation University, Kyiv, Ukraine.
Research area: computer science, aerodynamics.

Publications: 3.

E-mail: kvvad@ukr.net




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /UKR ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


