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Development of simulator software on the topic
"Normal algorithms" of the distance learning course
"Theory of Algorithms"

The paper describes the design and development of a training simulator in the NetBeans integrated
environment in the Java programming language. The simulator program articulates questions of three levels of
complexity, methodological recommendations and theoretical issues on the topic. The developed software
product is implemented in the corresponding distance learning course on the Moodle platform and is
recommended for use in the educational process by applicants in the "Computer Science" specialty.
training simulator, educational activities, NetBeans IDE software development environment, Java
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Formulating the problem. With the development of technology, mankind has got
many ways to make its life easier. Take, for example, the situations of the recent past when, due
to the corona virus, it was not possible to work or study as usual. Then technologies came to the
rescue that made it possible to do everything remotely - online meetings were used in training,
and all kinds of tests or simulators were used to consolidate the material being studied.

Electronic simulators are generally indispensable in the training of some specialists, as
they allow, in parallel with the study of theoretical material, to perform practical tasks, which
increases the level of training. In addition, not always the applicant can perceive the
information and understand the material being studied from the first presentation. This
problem can be solved through the creation and implementation of various simulators in
distance courses [1-6].

Analysis of recent research and publications. As part of the preparation of
bachelor's and master's theses by students under the guidance of teachers, many simulators
from various disciplines were developed and implemented in the educational process for
students of the "Computer Science" specialty [7, 8].

Training simulators have proven themselves quite positively. Approaches to their
design and implementation depend on the specifics of educational components and the
amount of material being studied [9, 10]. Distance courses continue to be filled with new
software. Due to the constant updating of the material from the educational component
"Theory of Algorithms", there is a need to develop training simulators that allow users to
learn theoretical material in parallel with testing knowledge and skills [11, 12, 13].

Setting objectives. Develop software for the simulator on the topic "Normal
Algorithms", which contributes to improving the quality of education in higher educational
institutions using distance technologies.
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Presenting main material. The process of design and algorithmization preceded the
software implementation of the simulator. After analyzing the theoretical material on this
topic, it was decided to create a three-level training simulator with the possibility of accessing
lectures before the actual testing. The training simulator is written in Java [14, 15] using the
integrated environment and NetBeans.

When starting the program, a window opens to the user with the specified information
about the developer, as well as three buttons that give the opportunity to go to theoretical
information, choose the difficulty of testing or close the program.

If you click the "Information Page" button, a window with the theory will open, where
you can familiarize yourself with the necessary information.

The "Start training" button opens a window with a choice of testing complexity.

The easy level includes 5 questions of a theoretical nature, the medium level includes
3 practical tasks, and the difficult level includes 2 practical ones.

Let's consider questions in the theoretical block of tasks.

Question 1. Words in Markov’s theory are written...?

Answer options:

1. Small Latin letters p, g, r (or letters with indices).

2. Arbitrary characters.

3. Capital Latin letters P, Q, R (or letters with indices).

Question 2. Select matching function classes:

Respond options:

1. The class of all partially recursive functions.

2. The class of all computable functions.

3. The class of all recursive functions.

4. The class of all Turing-computable functions.

5. The class of all normally computable functions.

6. Class of elementary functions.

Question 3. The following words are given: P;: "vessel", P,: "ves", P3:"sel".

Choose the correct statement"

Answer options:

1. P, is a co-element of P;.

2. P, and P; are co-elements of P;.

3. P, is included in P, and Ps.

Question 4. Establish a correspondence between statements and their meanings.

Statement: normal algorithm, A, word, alphabet.

Meaning: fixed set of characters; arbitrary non-empty set of characters; arbitrary set of
characters; arbitrary sequence of letters; meaningful sequence of characters; an ordered final
list of substitutions; finite list of substitutions; empty word.

Question 5. What does the Markov’s normalization principle sound like?

Answer options:

1. There is an algorithm for finding the values of a function given in some alphabet if
and only if the function is computable.

2. There is an algorithm for finding the values of a function given in some alphabet,
when the function is normally computable.

3. There is an algorithm for finding the values of a function given in some alphabet if
and only if the function is normally computable.

4. There is an algorithm for finding the values of a function specified in some alphabet
when the function is computable.

If the user selects an incorrect answer, an error message and a hint are displayed.
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Otherwise, if the correct answer is chosen, another window with the inscription "The
answer is correct!" is displayed.

After the correct answer, the user can proceed to the next question.

After passing the last task of the specified level, a message appears about its
successful completion, and the user returns to the start page, where the latter can select
another level of testing.

Let's consider middle level tasks from the practical block.

Task 1. The normal algorithm in the alphabet A = {a,b,l} is given by the scheme:

a—1,b—1. Apply it to the words 11aab, baaabla".

At first, the panel contains only the condition and the first stage of the job. After the
user enters the answer and confirms it with the button, an inscription about the result will
appear below, as well as a field for the second part of the solution (Fig. 1)

e} - ®

HopmansHwii anroputy B andasiti Afab, 1} sagaetbca cxemoro: a—1, b—1.
3acTocyiiTe Woro Ao cnosa - “ababaa”.

Meperipnen sigvisios
B

Flepesipims sl

Elgnoslge nipual

Figure 1 — Practical task 1
Source: compiled by the authors
Confirmation buttons block the corresponding fields. The next subtask with a different
word becomes available only when both questions have been answered correctly.
Task 2. "The normal algorithm in the alphabet A ={a,b} is given by the scheme:
ab—a,b— A,a—>b. Apply it to the word — abbbbaaab".

First, the user needs to go through the sequence of tasks from the top panel, choosing
one answer among the four suggested (Fig. 2).

- o =

HopmaneHuii anroput 8 andasiti Afa,b,} 3apacteca cxemom:
ab—a, b—0, a—~b. 3actocyiite ioro go cnosa - "abbbaaab”

Flkvm Gy ae HICTYINE MEPETOOPEHHA ANA 35337 DopMaT BignoBigi— L _ _ )

Figure 2 — Practical task 2
Source: compiled by the authors
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After completing this stage, another one appears below, providing for the input of the
ans

wer from the keyboard. In case of an error, a hint for the correct answer will be
displayed. If the choice is confirmed, the field is blocked, and then you can proceed to the
sequence of questions of the last block in this task.

When the sequence is completed, the button to go to the last task of the middle level
becomes available.
Task 3. “The normal algorithm is given by the scheme: bb — ba,ba — a,a - A,b > A ..

Apply it to the word —bbaab .
At first, four buttons are available for selection, in the last two stages of the
transformation, only two remain (Fig. 3).

2] =

HopmanbHWid anroputM 3agaHunii cxemoto: bb—ba, ba—a, a—A, b-A
3acrocyiiTe iloro go cnoea - "bbaab”

ObepiTe Ak Oyae BUrAA4aTM CI0BO b Ha HAaCTYNHOMY KpoUi

TigTeepauTH enBip

bbaab — baaab— aaab— aab— ab— b—A

{ JABERWHTM PiEEHE J

Figure 3 — Practical task 3

Source: compiled by the authors

When the selected option is correct, the transformation chain is built below, otherwise
a hint box is displayed. The "Finish Level" button returns the user to the start page.

Let's move on to the consideration of problems of a complex level.
Task 1. "In the alphabet B=A4U {a,b,c} , which is an extension of the alphabet A, consider
the normal algorithm given by the scheme. Apply it to the following words: 999, 1998."

Ob —-2 al - Da Oa— 0k Oc —-1
1b —-3 al - la la—1b 1o —-2
Z2bh -4 a2 — 2a 2a— 2b 2C =
3bh -5 a3 - 3a 3a—3b 3c —-
4bh -6 a4 — 4a 4a — 4b 4c —-
Sh =7 ah — 5a Sa— 5b Sc -
6bh =8 ag — ba Bba — 6b Bc —-
h—9 al = Ta Ja—=Th 7o —-
B8h — 0 ad — 8a 8a — 8b 8c —-
9bh—=r¢l a9 — 9a 9a — 9b 9c — c0
c—1

L= T == I I = VN T B O S

AT @R

When converting each word, a choice of one correct answer out of four is offered in
stages. In case of an error, a hint will be displayed, allowing the user to answer correctly. If
everything is correct, there is a transition to the next step and a word transformation chain is
built below.
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Task 2. Develop a normal algorithm that computes a function f{w)=wu that adds a fixed word
u to the right of each word w in the A alphabet. For the desired normal algorithm, the alphabet
B=AU{2}={0,1}U{2}=1{0,1,2} and a set of substitutions are given:

21 —-12 21— 20
A-1 2—=u
20-12 20 - 02
A= u2 2= 2u
20 =01 A=2

It is necessary to select the desired transformations from the proposed list and set them
sequentially according to the specified pattern — (_, , , ). Using the result check the
correctness of the constructed algorithm on specific examples.

If the correct transformations are selected from the list, then the transition to the next
step takes place, that is, a panel appears with the second part of the task, where you need to
transform the word according to the selected rules. Otherwise, an error message is displayed.
Implementation of this task in the simulator is similar to the previous one.

As a result of successful completion of all tasks, a message is displayed to the user
with the results of completion and a recommendation for better learning of the material.

Conclusions. Thus, a simulator on the topic "Normal Algorithms" of the discipline
"Theory of Algorithms", compatible with the Moodle remote platform, was implemented in
software. The training simulator has been introduced into the educational process of the
Poltava University of Economics and Trade for students majoring in "Computer Science".

The software product is written in the NetBeans integrated environment in the Java
programming language. In the future, it is planned to update the simulator program in
accordance with changes in the curriculum of the discipline. The software product is used as a
component of the information environment and provides an opportunity to approach the
solution of the problem of effective integration of independent work into the educational
process, allows filling the gaps in the knowledge of applicants for education.
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Po3po0ka mporpamuoro 3ade3medeHHsi TpeHaxepy 3 Temu «HopmanbHi aaropurmm»

AMCTAHIIHHOr0 HABYAJIBLHOIO Kypcy «Teopist anropurminy»

HajiBaxxiuBimmMm  3aBHaHHIM Ha CHOTOJHINIHEOMY €Talli MOJepHi3alii ocBiTH B YKpaiHi €
3a0e3ne4yeHHs SIKICHOT0 HaBYaHHS I1iJ] 4ac OYHOI, JUCTAHLIHHOT 4K 3MinIaHoi GopM IJIs CTYIEHTIB HaBYAIBHUX
3aKJaliB pi3HOro piBHA akpexuTawii. J{ys MiABUINEHHS 3aCBOEHHS TEOPETHYHOTO Marepiany Ta (OopMyBaHHS
mpo¢eCifHNK KOMIETEHTHOCTEH OMHIM 3 €()eKTUBHHX METOJIB € BUKOPHCTAHHS MIPOTpaM-TPEeHAXKEpiB ITiJ Jac
HaBYAJIBHOTO TIpOLEeCy. Y CTaTTi PO3TISHYTO IPOIEC MPOrpaMHOi peaiizamii TpeHaxepy IUCTAHIIHOTO
HaBYAIBHOTO Kypcy «Teopis anroputMiBy.

V inTerpoBanoMy cepenoBuini NetBeans Ha MOBiI mporpamyBaHHs Java CTBOPEHO HpOTpaMy-TpeHaxep
JUT TUCTaHIiitHOTO Kypey «Teopis anroputmiB». TpeHaxep peani3oBaHO y BUTIISAALI BIKOHHOI IPOTpamH, siKa HE
notpedye I0AaTKOBOIO MMPOrpamMHOro 3abe3medeHHs. J{OCHiKeHHsS MiATBEPIXKYE, MO caMe IHTEPAKTHUBHI
JOZATKK HaHOLIbII 3p03yMiNi JUIS KOPUCTYBauiB Ta HE MOTPeOYIOTh MosicHeHb. CTapToBa CTOPiHKA MPOrpaMu
MICTUTh iH(pOpMaLil0 TPO pPO3pOOHMKA; KHOIKM MEpPEeXoAy A0 TEOPETUUHHMX BIJIOMOCTEH; BHOOpY piBHA
CKJIQJIHOCTIO JIETKWH, cepelHii Ta CKIAAHUWM; Ta 3aBepuieHHs pobOotu. Jlerkuii piBeHb BKiIIO4Yae y cebe 5
3alUTaHb TEOPETUYHOIO XapakTepy, Y CEpeaHbOMY - 3 MPaKTHYHHUX 3aBJaHHS, Y CKJIQJHOMY - 2 NPaKTHYHHUX.
Bropi BikHa mporpamu 3HaXOJUTHCS MAHENb IS BiOOPaKEHHS 3aBJaHb, B IIEHTPI - BapiaHTH abo0 MO [UIs
3amucy BIAMOBiNEH, 3HU3Y - MBI MaHeli, Ieplia IMoKasye pe3yiabTaTH BiIIOBiIi, a iHIIA MICTUTH ABI KHOIIKH:
«IlepeBipuTn BimmoBime» Ta «HactymHe 3aBmaHHs». 3amavi JOCHTH Pi3HOMaHITHI: BHOIp OJHIET UM AEKUTBKOX
MIPaBUJIBHUX BiIIOBi/EH, 3aBJaHHS HA BiJIIIOBITHICTH Ta BBEICHHS BiIOBII 3 KIIaBiaTypH.

Po3pobiieHnii mporpamMHuil NMPOAYKT BHKOHYE HaBYaIbHY Ta KOHTpojowouy ¢yHkuil. TpeHaxkep
IHTETPOBAaHO B CHCTEMYy IUCTaHIifHOTO HaB4YaHHA Ha Iuatdopmi Moodle IlonTaBCBKOro yHIBEPCHTETY
E€KOHOMIKM Ta TOPTiBJIi Ta BIPOBAHKCHO B HABUAIBHHUI MpOIEC A BUKOPHUCTaHHSA 3400yBauaM OCBITH 3a
cneuianpHicTioO «KoMI'toTepHi Hayku». |HHOBalilHI METOAM HaBYaHHS JOINOMAararTh 3100yBauaM OCBITH
CaMOCTIMHO JIIKBiyBaTH MNPOTIMHU y 3HAaHHSIX Oe3 BUKOPHUCTAHHS JOJATKOBOTO ayJUTOPHOTO 4Yacy 4YH
BUKJIa1a4a.

HABYAJbHUI TpeHa:Kkep, OCBITHS MiIbHICTH, cepenoBuile po3podku mporpam NetBeans IDE, moBa
nporpamyBaHHsi Java
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