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Abstract
This article describes the software package representing new math tests generator.

The main features of our software are in the focus on creating a high-quality printed prod-
uct and large variability of the generated tasks. That were achieved by using the BIgX text
processor and power of the Python language. Logically it consists of the control shell, the
task parser, subject logic, formatting system and task database. The logic implements the
set of abstractions that can be used in tasks (for example graphs, boolean functions, etc.).
The task database exists in the form of JSON files with the specially created task formation
language.

Currently, the most developed branch in task database is the discrete mathematics prob-
lems and abstractions. More than fifty types of tasks were implemented: operations on
sets, representation of sets by Euler-Venn diagrams, algebra of sets, various ways of rep-
resenting graphs, operations on graphs, some problems on graphs, representing Boolean
functions in various ways, finding perfect forms, constructing and minimization using Kar-
naugh maps, Venn diagrams and hypercubes, analysis and synthesis of logic circuits.

The task generator can be used by a teacher when conducting practical and control
classes, creating individual materials for the students. Tasks can be differentiated by the
level of complexity when changing control parameters.

The generated tasks were used in education process for more than 1000 students of
Military Academy of the Signal Corps and the improvement of mastering of discrete math
was shown.
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1. INTRODUCTION

At the moment the discrete mathematics is extremely vital and demanded in the educational
process of any technical University. Theoretical knowledge and problem solving skills of this
subject area serve as the basis for the study of such disciplines as

Digital circuits design,
Industrial control system,
Digital communications,
Operations research et al.
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The discrete mathematics belongs to a relatively new field of knowledge and thus its educa-
tional and methodological supports are not enough. Almost no established methods of presen-
tation of the material have been formed, the small number of study guides published in large
editions are used in universities [1]. Most of the existing task books contains a relatively small
number of tasks for each section. Therefore there are necessity of relevant task collection con-
taining a large number of new and original tasks for high-quality organization and effective
conduct of the educational process. It is important to note that in order to obtain high rates
of training of students in such a subject area as discrete mathematics, in the educational process
should be present the possibility of constant feedback teacher-student. Such a possibility can be
provided by the Bank of individual tasks of different types and levels of complexity of a suffi-
ciently large volume, covering all sections of the course under study with a quick check function.

2. THE CONCEPT

The special educational software was developed the main function of which is to assist stu-
dents in the systematization and generalization of theoretical and practical knowledge in the
main sections of discrete mathematics, enhance cognitive activity of students, a deeper study
of the course.

The teacher can use the software in all types of training sessions, in preparation for classes,
for the formation of didactic and handouts. With the software it is easy to form:

— individual practical tasks for verification and independent work,
— individual control works,

— individual packets of theoretical issues for the examination,

— mixed type individual tasks.

In order to speed up the task checking the teacher can use the tasks designed in the test form
(with a choice of answers). It is also possible to use tasks of “open type” (without the proposed
answers, but full answers will be generated for the teacher). Tasks can be differentiated by the
level of difficulty.

In order to control the theoretical knowledge of students the teacher can create individual
tickets from the basic concepts, theorems, properties and other theoretical provisions for a given
arbitrary volume and complexity.

The quality of the printed tasks was achieved by using KTgX text processor and different
styling and alignment options for different tasks. The style of question/answer alignment de-
pends on the actual content and requested spaces.

The abstractions implemented with the Python language allows the high level of variability
of the same type generated tasks.

The task database exists in the form of JSON files with the specially created task formation
language. Each JSON file contains fields which fully describe the task formulation and styling.
The most complicated part is how to describe the incorrect answers or distractors [2] in such a
way to correct answer was not obvious. There are three options in software:

» Task description contains four different question and four different answers. While being
processed only one random question appears and distractors were compiled from correct
answers to another three questions.

» Task description contains only one question and one correct answer. Distractors were
calculated running task processing several times and collect results from another question
realization.
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» Task description contains only one question, one correct answer and rule to calculate
distractors.

3. COVERED THEMES

The tasks database covering the following sections of discrete mathematics:
— Set theory,
— Graph theory,
— Boolean algebra.
These sections are chosen because they are basic in the discipline and transitional in relation to
the special professional disciplines studied further [4].
The ”Set theory” subsection consists of more than 10 task types. There are traditional for this
part of higher math:
— Set operators,
— Set relations,
— Representations with the Euler-Venn diagrams.

Also there are included the problems on the analysis of algebraic structures, boundaries of
set theory and foundations of topology (algebras, monoids, semigroups).

The *Graph theory” subsection consists of more than 10 task types. There are most popular
in applications tasks:

— local graph structure,
— graphs representations,
— graph operators,

— path on graphs, trees,
— optimization tasks.

The tasks presented in the subsection Boolean functions” contain more than 30 types. Prac-
tice in this subsection brings students to an understanding of the principles of programmable
logic chips, actively used in modern digital electronics. This subsection contains follows task
types:

— construction of truth tables and value vectors for a Boolean function with an arbitrary
number of variables and the number of operations on them

— normal form:s,

— geometry representations with hypercube,

— minimization of boolean functions (Karnaugh maps, geometry, analytical Quine method),

— partialy defined functions,

— Zhegalkin polynomial, Pierce and Sheffer basis,

— analysis and synthesis of logic circuits.

4. EXAMPLES

4.1. Euler-Venn diagrams

1. Select the Euler-Venn diagram for the equation: ANBUANB
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2. Let x1(u) = (u e A), xo(u) = (u € B), x3(u) = (u € C) functionals U — {0,1}, where A,B,C —
subsetsof U, uc U.
Select the Venn diagram for the partial boolean function f(x1, x2, x3) =(000-1---)

4.2. Graph representation

Select graph by the incidence matrix

4
1
5 2
1) 2) 2 !
10010 3 5
01100 4 3
001 01
00110 ) 5
00011 ]
1 0001 5 4
3) A 4) )
3 3

4.3. Hypercubes

Select the boolean function presented on the hupercube

AT3

1) X3 X4V X3 X2 V Xo X4 X3V X2 X3 X1

2) X3 Xo VX1 Xg4 Xo V X1 X2 Xq4 V X2 X4 X1

KL 3) X3X4V X3X]VX] X4 X3 X2V X X
4) X3 X2 V X2 X3V X1 X4 X3

T1p”

4.4. Karnaugh maps

1. Select the minimal form for f(x1, x2, x3, x4), using Karnaugh map

X3X4
00 | 01 | 11 | 10 1) x1 X3V X1 Xy
o|0]0|0|O0 2) X1V X3X4V X2
Q|| 0]0|0]0 3) X1 X2 X4V X1 X2 X3
ln|l0]|1]1]1 4) XV i
0| 0]|]0]0|O0
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2. For the function f(xy, X2, x3,x4) = ((X1 X2 X3 X4) V (X1 X2 X3 X4) V (X1 X2 X3 X4) V (X1 X2 X3 X4) V
(X1 X2 X3 X4) V (X1 X2 X3 Xq) V (X1 X2 X3 X4) V (X1 X2 X3 X4)) select the Karnaugh map:

1) 2)

00 | o1 | 11 | 10 00 | 01 | 11 | 10

o0 | 1 1 1 1 oo | 1 1 1 1
glo|0]0 1 1 S|lm |1 1 00
Slun|l1]0|1]1 lun|1]|1]0]|0
10 | 1 1 1 1 10 | 1 1 1 1

3) 4)

X3X4 X3X4

00 | o1 | 11 | 10 00 | o1 | 11 | 10

0| 0| O 0 0 oo | 1 1 0|0
g|o| 0 1 0 1 Sg|lm |1 0 0 1
Slun|1]1|0]0 || 0|0]0]|O0
10 | 1 1 1 1 10| 0 0 1 1

4.5. Complete practice test and exam ticket

testl_10 Yrsepucaato
Boemtan axaesn ot %MT N1 Baseyiouutii kaceapoit
3 xacbeapa E. Pboron

Jlucrmmsa J1-0301-1 T« wan 2018n

Lo Tlyers C — {{7.3,6,{2}}, {3.6}}1.D — {7.3,6, {2}},1 {3, 6L, H {21, F {AL A {c},e 2

TOLIA BEpHO, 10! 1. Onepaiui Haj MHOKECTBAMI: CHMMeTpItecKas pasiocth. Tuarpast Diinepa-Benwa. Croficrea. TTpuie-
1) 0CAceAlcDO¢C 2) eCAleCIcDeg¢D P
3) 0gCeeABCAIEC 1) ACHCceFR0CAAEF 2. Tepuapuas oepaint a Muosecrse. IIpusiepsi.
3. e a Ma bl 1 " aa.
2. Buiepire nocure:s A Taxofi, 1o < A,M > — aure6pa, 1o ie youon M :"“ o “"‘”“‘;‘:"“‘l’_‘l“"T"(’”" oprpada.
. Awncnricexie rpacbot. TTpusiepsi.
D A= {{25,6).(5.0. 2.4.6).4.0) 2.0,5) (2], (45} 5. Boecrmapnin e (o). o
2) {1,2,4,5}, {5}, {1}, {1,5},{2.4.5},0,{1,2.4}} - DneMenTapHE JEILIO] b1 prvepnt.
3) {241, (2, {2,5.6}, {3}, [5.6},0. {2.3.4}, {4}, (2,3}, {2.4,5,6}, {3.5,6}} 6. Korraxrisie cxessi: ocuopiic nosmms, pisiepo.
1) A= {5}, 1L.3.5). {3}, {1} {1 3. 1,5}, 0} 7. Jun tpada G, sajanoro Marpieli becos, HAIAUITe MATPILLY BECOB MUIIMATLHOO OCTOBHOLO Acpeni
setozon Kpycxata
3. s rpada. na pucyte, HOPAIOK BEpIILIL, HOPAA0K peSep, CTerlelt Bepilit- Sy
w7, : BEPILIINH, KOINCCTBO BUCATIX BepIIII I
3 240235
2 0 232012
1) (7,11,4,0,1) R
4 2) (7.80.20)
3) (78202) 8. Hailuire paiyc, JUaserp, KO/UICCTBO KOPHEBLIX BepLIIH, KOIiecTso tepidepufiubix sepiuit icpesa
e L 1) (552,10
6
9. TIposepbre, ABIACTCH 1l MIOKECTBO A GYIICAIION HEKOTOPOTO MHOKCCTBA, G He ABIICTCH — BLIIIITE

HeAoCTAIONIC NOMMHOKECTEa.
4. HailAute MaTpILY CMKHOCTI 110 MATPHILC HHIULICHTHOCTIE A—{0.{6}. {5}. {6.5}. {9}.{6,9}}
10. [ smomcers A, B u ymmsepeasioro smoxcersa U = {1,2,3,4,5,6,7,8,9} samncas, pesystatst

00 0 1 0110
b 0001 1o
10100 ) foooow 2) 11001 onepanuii:
1000 00100 1 5 el B (6
g1t rono T AUB, ANB, A=1{6,53.24}, B= {6857}
0011 0010 11. Bammmire Gyieny GynKimo f(z), 25, 23, 14), COOTHOTCTBYIONLYIO eXeMe
10010 00100 00100
000 11 3) (1100 4 1101 73
1000 0010 .
0011 Lo

Lo
12. Bamumire nommon Kerama s Gyenoii by
F@r,wa,a,30) = 31 TV T2 T B
13. Haitaure varpuny unuenrnoenn rpada
T

S

5. Ilyers @y = (u € A), 3 = (u € B), 3 = (u € C), 74 = (u € D) ymswm suza U — {0,1}, tae A, B,C, D
~ nommomecrsa U, u € U. Bubepire auarpavaty amt Bupaseris
(T1Vaa Vg V) (2 VIV oy V E) (T V BV ag Voay)

1

4.6. Logic circuits

Simplify the logic circuit:

x1
()

1) x1x3VX2VX3X) 2) X2 X1 VX1 X2
3) X1VX2VXs 4) X1X3
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4.7. Basis

Rewrite equation uses only the Peirce’s arrow:
fx1,x2,x3,%4) = X1 X2V X3

1) ((x2) x3) | (x3] x1)) 2)  (xp | ((x1 ] x2) | x3))
3 (1l x2) | x1) | x3) 4)  ((x21x3) | (x2| x3))

5. CONCLUSION

The single set-theoretic approach was a distinctive feature when creating a Bank of tasks
of the software. It can be traced in the selection and formulation of tasks in the sequence of
submission of the material. The Bank contains more than sixty types of practical tasks on all
topics of DM, each of which can be represented by an arbitrary number of different options in
the test form of closed and open type.

We would like to draw attention to the task classes that allow to visualize the studied prob-
lem. These are tasks for the construction and analysis of Euler-Venn diagrams, tasks for the
representation of graphs, analysis and synthesis of logic circuits, the geometric description of
Boolean functions using the hypercube, the minimization on the hypercube and hypercube
graphs. The problems of increased complexity include the proposed tasks on the representation
of Boolean functions by Euler-Venn diagrams, the study of algebraic structures, the minimiza-
tion of Boolean functions. The role of set theory in solving problems related to graph theory and
Boolean functions is emphasized.

The using of presented software allows one to design a textbook that fully meets the re-
quirements of the basic educational program, Federal state standard of higher education in the
discipline of Mathematics, its composition, structure, and contents contains all the necessary
evidence to identify him as a textbook providing the mathematical training of students in ac-
cordance with the provisions of training programs of different specializations. Testing of such a
collection is held on the basis of MASC since 2017 [5]. The results of the ascertaining experiment,
which was attended by more than 1,000 students, show an increase in the level of training and,
last but not least, interest in the discipline with the introduction of generated material in the
educational process.
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AHHOTaUMA

B AaHHOI cTaTbe OnMuMCbIBaeTCs NPoOrpaMMHbIA nakeT, NpeACTaBASIOLLMA coboii reHepa-
TOP HOBbIX MaTeMaTUYeCcKnX TeCTOB.

OCHOBHble 0CO6EHHOCTM HaLlero naketa 3akNr4aroTca B OPMEeHTaLMmn Ha Co3jaHune Ka-
YeCTBEeHHO NevaTHOW NPoAYKLMW 1 60/bLLOIA BapUAaTUBHOCTM CO3A4aBaeMblX 3ajady, 4To
JOCTMraeTcs C MOMOLLbI TeKCToBOro npoteccopa LATEX n MolHocTein s3bika Python.
lMakeT cOCTOMT U3 ynpaBAstoLeii 060104KKN, CUHTAaKCMYECKOro aHaan3aTopa 3ajady, npe-
AMETHO norvkm, cctemMbl GopmMaTMpoBaHUs 1 6a3bl JaHHbIX 3a4ay. MpegmeTHas noru-
Ka npegcrasnseT Habop abCTpakumii, KOTOpble MOTYT BbIThb NCMNOAb30BaHbI B 3aja4vax (Ha-
npumep, rpadbl, bynesbl GyHkUMM 1 Ap.). Ba3a gaHHbIX 3agay cywecteyeT B Buge JSON-
$aiinoB Ha cneumanbHO CO34aHHbBIM A3blke GOPMUPOBAHUA 3a4au.

Ha Tekywimii MOMeHT B 6a3e AaHHbIX 3aja4 Hanbosee NOJHO NpeAcTaBaeHbl 3a4a4n No
JANCKPeTHOM MaTemaTuky. bbiio peann3oBaHo 6osiee NATUAECATY BUAOB 3a4a4 Mo TeMaM:
onepauuv HaZ MHOXeCTBaMu, NpejcTaBAeHe MHOXECTB AnarpaMMamMu diinepa-BeHHa,
anrebpa MHOXeCTB, pa3nyHble CNocobbl NpejcTaBneHns rpados, onepaumm Hag rpa-
damu, HekoTopble 3agaun Ha rpadax, npeacTaBieHne 6yneBbix GYHKLMIA Pa3NNUYHBIMU
cnocobamu, HaxoXAeHne coBepLUeHHbIX GOpM, MOCTPOeHMe Y MUHMMU3ALMA C MOMO-
bt kapT KapHo, gnarpamm BeHHa v runepky6oB, aHanv3 1 CMHTE3 NOTNYECKNX CXEM.

F'eHepaTop 3aZa4y MOXeT 6bITb 1CMO/b30BaH NpenoAaBaTeneM Npy NPOBeAEHNM NPaKTH-
YeCKMX U KOHTPOJbHBIX PaboT, CO34aHNN UHAVBIAYaNbHBIX MaTepUaNoB A/1s YUaLLUXCS.
3agaun MOXHO anddepeHLMPOBaTL MO YPOBHIO CIOXHOCTY NYTEM N3MEHEHNS yNpaBs-
HOLLMX NapaMeTpoB.

CdopmMrpoBaHHble 3aaHus 6bIIM UCMONB30BaHbI B y4ebHOM MpoLecce A5 6o/ee Yem

1000 cTtyaeHTOB BoeHHon akagemun cBasu nmeHn C. M. bByaéHHoro, B pesyabTaTe Yero
HabNtoAaN0Ck ynyyLleHne yCBOEHUS ANCKPETHON MaTeMaTuKu.

KnioueBble cnoBa: 4/CKpeTHas MaTteMatyika, 06pa3oBaHue, Teopus MHOXECTB, Teopus
rpagos, bynesa anrebpa.

UutupoBaHme: Kypaybos C. Jl., Kypaybosa B. B. Tmbkumii reHepaTop aBTOHOMHbIX
TecToB Mo AUCKPeTHO mMaTemaTtuke // KOMMNbIOTEPHbIE MHCTPYMeHTbl B 06pa3oBaHum.
2019. Ne 2. C. 65-71. doi: 10.32603/2071-2340-2019-2-65-71
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