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Foreword

Multiplier events — conferences are one of the main activities of the project
“Innovative Open Source Courses for Computer Science Curriculum”. The
second of the two planned conferences took place on June 29 and 30, 2022
in Information centre at Faculty of Management sciences and Informatics of
University of Zilina. The working languages of the conference were English,
Czech and Slovak.

A “2nd International Conference on Open Source tools in Computer Science
university education” included papers focused on project information, but also
a section of papers devoted to more general aspects of open source software
— Rocket.Chat on Ubuntu, Programming teaching by PygameZero, NodeRED
tool for internet of thinks and statistical analyses by open source software.

Due to major restrictions in the ongoing Covid-19 pandemic, as many
speakers and listeners as would have been appropriate could not participate
in the conference. Nevertheless, it was possible to reach the number of circa
40 participants and give the conference the necessary weight.

The conference was divided into two days. On the first day, contributions
related to general information about the project and contributions from the
extended context of open source programs were heard, while on the second
day contributions focused on clarifying the concepts of individual courses that
are to be created within the project.
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Abstract.

Open-source software provides an alternative to commercial software, but
awareness of this alternative is low. The project "Innovative Open Source
courses for Computer Science curriculum" represents a confident response
to the popularisation of open source software in teaching higher education
subjects. This article presents the results of an evaluation of the summer
school courses developed as part of this project.

Abstrakt.

Oprogramowanie otwarto zrodlowe stanowi alternatywe dla oprogramowa-
nia komercyjnego, jednak swiadomos¢ istnienia tej alternatywy jest dos$é
niska. Projekt "Innovative Open Source courses for Computer Science
curriculum" stanowi pewna odpowiedZ na popularyzacje oprogramowania
open-source w ksztalceniu w szkolnictwie wyzszym. W niniejszym artykule
przedstawiono wybrane wyniki ewaluacji kurséw szkoty letniej opracowa-
nych w ramach tego projektu.

Abstrakt.

Open source softvér poskytuje alternativu ku komerénému softvéru, ale
povedomie o tejto moZnosti je nizke. Projekt ,Innovative Open Source
courses for Computer Science curriculum® predstavuje vhodnii odpoved
na popularizéciu Open source softvéru s otvorenym zdrojovym koédom vo
vyucbe predmetov vysokoskolského vzdelavania. Tento ¢lanok predstavuje
vysledky hodnotenia kurzov letnych $kél uskuto¢nenych v ramci tohto pro-
jektu.

Abstrakt.

Open source software poskytuje alternativu ke komerénimu softwaru, ale
povédomi o této moznosti je nizké. Projekt ,Innovative Open Source
courses for Computer Science curriculum® predstavuje vhodnou odpovéd
na popularizaci Open source softwaru s otevienym zdrojovym kdédem ve
vyuce predméti vysokoskolského vzdélavani. Tento ¢lanek pfedstavuje
vysledky hodnoceni kurzi letnich skol uskuteé¢nénych v ramci tohoto pro-
jektu.

Key words: Open Source, introduction, Computer Science.
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Introduction

The project “Innovative Open Source courses for Computer Science curricu-
lum” — (IOSCS) is funded under EU Erasmus+ Programme in Key-Action 2
“Cooperation for innovation and the exchange of good practices”, Action Type
— “Strategic Partnerships for higher education”. Project duration is from 1st
of September 2019 until 31st of December 2022. The project is coordinated
by West Pomeranian University of Technology in Szczecin (Poland) and is im-
plemented in partnership with Mendel University in Brno (Czech Republic)
and University of Zilina (Slovak Republic).

Consortium:
e Zachodniopomorski Uniwersytet Technologiczny w Szczecinie — ZUT (PL),

e Mendelova univerzita v Brné - MENDELU (CZ),
o Zilinska univerzita v Ziline — UNIZA (SK).

Teams’ leaders:

e ZUT dr inz. Radostaw Maciaszczyk

¢ MENDELU doc. Ing. Jiff Rybicka. Ph.D.

e UNIZA RNDr. Ales Kozubik, PhD.

Main goal of the project is to develop 6 study courses, based on Open
Source approach. The courses will cover fields of programming, mathematics,

operating systems, embedded systems, systems controlled by computer and
other hardware and/or software applications.

The results of IOSCS project will be:

e descriptions of the courses,
e materials necessary for lectures and practical classes,

e handbook composed of the materials necessary to follow the courses by
the students.

Selected courses:

e Mathematical Analysis supported by wxMaxima [UNIZA].
e Probability and statistics with programming in R [UNIZA].

e Open Source tools for text processing [MENDELU].

8 m Erasmus+
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e Programming language Lua [MENDELU].
e Wireless Signal Processing in GNU Radio Environment [ZUT].

e Mobile Application Development [ZUT].

1 Summer intensive courses

The courses are to be tested during two summer intensive courses. The first
summer school was held in Zilina, and the second was in Brno. Each lasted
five working days. For four days, students studied courses of their choice.
The last day was dedicated to evaluation and assessment.

1.1 Summer school in Zilina

The first summer intensive school took place in Zilina from 6.9.—10. 9. 2021.
It was the period of the pandemic and there were restrictions on the organi-
sation of meetings. There were 25 students in attendance, 10 students from
Szczecin, 11 students from Brno (2 remotely) and 4 students from Zilina.
The classes were taught by five lecturers. Each course was designed for 10 h
of classes, with students declaring participation in 2 course.

Choice of courses:

Open Source tools for text processing — 8 students,

e Programming language Lua — 10 students,

Mobile Application Development — 10 students,

e Mathematical Analysis supported by wxMaxima — 5 students,

Probability and statistics with programming in R — 10 students,

e Wireless Signal Processing in GNU Radio Environment — 7 students.

At the end of the course, progress was discussed and students gave feed-
back on the courses, an evaluation of the course was made. Students answered
the following questions:

1. What should be improved in the materials?

2. Was the material presented sufficient to understand the issues?

3. What should be supplemented?

4.

To what extent have you improved your knowledge and skills during
the course?

n Erasmus+ 9
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5. Have you found open-source tools useful and inspiring?

6. Rate the quality of the prepared material (1—-6 where 6 is the best).

In response to the first question, there were issues related to increasing
the time for the material, making the final results available for comparison, or
increasing the readability of some of the material (screenshots). For the sec-
ond question, most answers indicated the materials’ readability. The courses’
tools and scope were new material for most students, so the third question
was often answered with a lack of opinion. In the fifth, students indicated
that the material allowed them to increase their level of knowledge. In re-
sponse to question five regarding knowledge of open-source tools, the most
frequent response was lack of knowledge. For question six, the vast majority
of respondents answered in the affirmative.

In the last question, students evaluated the prepared materials; the av-
erage of all responses was: 5.065. The responses received were discussed at
meetings in the consortium. Some of the comments received were incorpo-
rated into the materials. These were reviewed during the second summer
school.

1.2 Summer school in Brno

The second summer intensive school took place in Brno from 30. 5. —-3. 6. 2022.
43 students participated in this edition, including 12 from Szczecin, 12 from
Zilina and 19 from Brno. Six lecturers taught classes. Identical to the previ-
ous edition, students made their choice of courses:

e Open Source tools for text processing — 7 students,

e Programming language Lua — 14 students,

Mobile Application Development — 20 students,

Mathematical Analysis supported by wxMaxima — 7 students,

Probability and statistics with programming in R — 18 students,

e Wireless Signal Processing in GNU Radio Environment — 10 students.

In the end, students wrote a knowledge test in each subject and answered
evaluation questions. The average rating of the courses in this edition is
higher and was: 5.27. It is also noticeable that the number of comments
on individual courses has decreased. However, students pointed out that
the presentation of assignments with application examples or the extension
of the essential topics should be increased. According to the lecturers, the
collected evaluation results are satisfactory, while the detailed answers will

10 m Erasmus+
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help to improve the prepared materials. Some of the material was improved
after the first summer school. This can be seen in the outcome of the second
summer school, where, despite a much higher number of students, the evalu-
ation obtained is higher. The comments from the second summer school will
improve the existing materials and will also be taken into account in creating
the book of materials for the individual courses. The student’s course choices
are also worth noting. Based on the two editions of the summer school, the
most popular course was Mobile Application Development, followed by Prob-
ability and statistics with programming in R. In contrast, the most miniature
popular courses were Mathematical Analysis supported by wxMaxima and
Wireless Signal Processing in GNU Radio Environment. There is less interest
in the underlying issues, so it is important to introduce attractive methods of
presenting them. It is also important to use additional tools to facilitate the
course, such as those used in the project. Given that the courses are intended
for students of Computer Science, and the tools used are open source, it can
be hoped that there will be students interested in developing these tools,
whether as part of their classes, study groups or interests. The final point is
that the summer school students going into the course were not familiar with
open-source tools. The summer schools have created interest and increased
knowledge of open-source software.

2 Conclusions

The summer schools showed that knowledge of open-source software is rare.
It also showed that projects such as this are needed and that it is worth
putting more effort into spreading knowledge in this area. Particularly among
students studying computer science. At the same time, the summer schools
allowed students to evaluate the courses. The evaluations received are sat-
isfactory, while critical comments will allow the content presented to be im-
proved.

Radostaw Maciaszczyk, Faculty of Computer Science and Information

Technology, West Pomeranian University of Technology in Szczecin, ul. Zolnierska
49, 71-210 Szczecin, Poland, e-mail: rmaciaszczyk@zut.edu.pl

n Erasmus+ 11
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Statistika a jiné zbrané

Ondrej Vencalek

Abstrakt.

Statistika se d&4 velmi dobf¥e zneuzit k demagogii, navic zévéry jsou piece
podlozeny tudaji. Se statistikou je to stejné, jako s jakymkoliv jinym na-
strojem. Zalezi na tom, kdo ho drzi v ruce a jak s nim umi zachazet. Cilem
tohoto pfispévku je ukizat nékolik priklada chybnych asudkia vyvozenych
z pozorovani reality a zdénlivé podlozenych objektivnimi tdaji.

Abstract.

Statistics can very well be misused for demagoguery, moreover, the conclusi-
ons are supported by data. It’s the same with statistics as with any other
tool. It depends on who is holding it and how they can handle it. The goal
of this post is to show several examples of erroneous judgments derived
from observation of reality and seemingly supported by objective data.

KliCova slova: Statistika, histogram, graf.

1 Uvod - statistika jako zbraii

»Statistika se da velmi dobfe zneuzit k demagogii, navic zavéry jsou prece
podlozeny udaji, ze? ... Se statistikou je to stejné, jako s jakymkoliv jinym
nastrojem. S nozem si muzete stejné tak ukrojit chleba, jako ho bodnout
nékomu do zad. Zalezi pochopitelné na tom, kdo ho drzi v ruce a jak s nim umi
zachazet.“ Témito slovy varovali pred zneuZzitim statistiky autofi publikace
Moderni metody zpracovdani dat, [3]. Ackoliv od jejiho vydani v roce 1992
uplynulo letos jiz tficet let, toto varovani neztraci na své aktualnosti.

Cilem tohoto piispévku je ukazat nékolik pifkladi chybnych tsudki vy-
vozenych z pozorovani reality a zdanlivé podlozenych ,,objektivnimi* ddaji.

2 Pripad ulomeného zubu

Predstavme si zkuSeného zubarfe, ktery shrne sva pozorovani do nasledu-
jictho tvrzeni: ,Lidé si nejéastéji vylomi zub na véerejSim (starém) roh-
liku.* Toto tvrzeni by mohl podpofit daty — kazdého pacienta, ktery ptichézi
s ,ulomenym zubem“ by se zubaf zeptal, jakym zptisobem k ulomeni do-

glo, a odpovéd by zaznamenal. Poté by vyhodnotil, zda opravdu nejcastéjsi
pri¢inou ulomeni zubu byla konzumace starého rohliku. Pokud by tomu tak
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Obrazek 1: Fiktivni zdznamy o nebezpe¢nosti konzumace riznych druhi pe-
Civa.

skuteéné bylo, mohli bychom snadno uéinit nasledujici zavér v podobé prak-
tického doporuceni: ,,Chcete-li se vyhnout potizim s ulomenymi zuby, nejezte
staré rohliky. Takovy zavér uc¢inime, pokud si budeme myslet, Ze konzumace
starych rohlikti je pro nas chrup nebezpeénéjsi nez konzumace Cerstvych roh-
likt ¢ jiného peciva. Takovy zavér vSak z vySe uvedenych dat nevyplyva. To,
Ze je nejCastéjsi pri¢inou ulomeni zubu konzumace starého rohliku, muze totiz
znamenat jen to, Ze hodné lidi snida staré rohliky. Pfedstavme si, ze konzu-
mace starych rohliki je stejné nebezpeéna jako konzumace jiného peciva, ale
7e nejvice lidi ji pravé stary rohlik. Této situaci odpovida (fiktivn{) graf 1.
Pomér vysky Eerveného sloupce ku vysce modrého sloupce je ve vSech
pifpadech (pro vSechny typy peciva) stejny, tedy konzumace jednotlivych
druhii peciva je stejné nebezpecné. Zubar ve skute¢nosti pozoruje jen piipady,
kdy doslo k ulomeni zubu, vidi tedy jen Cervené sloupce. Z nich nejvyssi je
opravdu ten odpovidajici pfipadim, kdy doslo k vylomeni zubu na starém
rohliku. Divodem v tomto pfipadé ovSem nebyla vyssi nebezpecnost tohoto
peciva, ale vyssi konzumace (i modry sloupec odpovidajici konzumaci starého
rohliku je nejvy$si mezi modrymi sloupci). Z pozorovani pouze Gervenych
sloupcii nelze nic Fici o nebezpecnosti konzumace jednotlivych typu peciva.

3 Pripad zasazenych letadel
Ptidejme jesté jeden slavny piiklad toho, Ze neméné dulezité nez to, co data

obsahuji, je také to, co data neobsahuji.
Béhem druhé svétové véilky pusobila na Columbia University v New Yorku

- Erasmus+ 13
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vyzkumn4 statisticka skupina, kterd méla mimo jiné za tikol analyzovat data
o vojenskych letadlech, ktera béhem operaci utrpéla zasah. Cilem analyz bylo
zjistit, které oblasti jsou zasazeny nejc¢astéji. Tyto oblasti mély byt néasledné
dikladnéji opancérovény.

Bylo zjisténo, Ze nejvice zésahti se nachazi v oblasti kiidel a ocasnich
ploch, naopak maélo zasaha bylo zjisténo v oblasti motoru. Teprve Abraham
Wald upozornil na to, Ze pravé oblast motoru je zfejmé kritické, nebot letadla
zasazend do této Casti se nevratila na zédkladnu a nemohla byt proto zafazena
do analyzy. Wald vlastné upozornil na tzv. zkresleni preziti (survivorship
bias), viz [2]

4 Pripad primérného véku doktori

Dalsi priklad toho, jak lze statistiku (at uZ zamérné ¢i z pouhé nevédomosti)
zneuZit k demagogii nabizi kniha Tomase Kaspara Krutd hra o tvé zdravi [4].
Autor v ni uvadi: ,,Nagim hlavnim zdrojem informaci o vyZivé a zdravi jsou
obvykle lékari. Jich se ptaji novinafi na nazor, kdyz vznikne néjaky spor.
Nikdo se v8ak jiz nediva na to, Ze vétSina lékari Zije nezdravym Zzivotnim
stylem a Ze se doZivaji v priméru nejkratsiho véku (primérny veék lidi v USA
je 75,5 let, pramérny vk lékara v USA je jen 58 let — 0 17 let méné!) [...] Od
s prumérné nejkrat$im Zivotem?*

Zde jsou porovnavany dva nesrovnatelné udaje: prvnim je tzv. stfedni
délka Zivota neboli nadéje doziti pfi narozeni. Tento ukazatel fika, kolik let
v pruméru jeSté prozije pravé narozeny jedinec, pokud by po zbytek jeho
zivota byla timrtnost stejna jako v roce, pro ktery je tento ukazatel poc¢itan.
V Ceské republice byla v roce 2020 hodnota tohoto ukazatele ptiblizné 75,3
let pro muZe a 81,4 let pro Zeny, [5]. V USA byla hodnota tohoto ukazatele
(souhrné bez rozliseni podle pohlavi) pFiblizné 77 let 1. P¥i vypoctu tohoto
¢isla vychézime vzdy z véku, ve kterém doslo k dmrti.

Druhym tdajem je primérny vék lékaii. Ten spocteme tak, Ze vezmeme
jeme. V roce 2020 bylo v USA asi 1,02 miliénu lekait. Jejich prumérny vék
byl 51,7 let, [9]. Toto ¢islo neni nijak piekvapivé. Lékaia mladsich 30 let je
pomérné mélo (necela 2 %) — jsou to lékafi tésné po vystudovani. Na druhé
stran& praktikujicich 1ékart ve véku nad 70 let je necelych 9 %. Mnoho lékait
odchéazi jiz diive do dichodu. Poznamenejme, Ze pramérny vék v Ceské re-
publice, pokud uvazujeme v8echny obyvatele, byl v roce 2020 pro muze 41,1
roki a pro Zeny 44,0 roki [5].

Thttps://data.worldbank.org/indicator/SP.DYN.LE0O.IN
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Rozdilu mezi vyse uvedenymi ukazateli je vénovana kapitola Nadéje doZiti
a primérnyg vek knihy Terezy Kostakové O slozitém jednoduse [6]. Zajemce
odkazujeme pravé na tuto publikaci vydanou Cesky'm statistickym ufadem a
volné dostupnou na jeho strankach.

5 Pripad konfirmac¢niho zkresleni

Vy$e popsanou chybnou argumentaci, jiz chtél autor presvédéit své ctenafe
o tom, Ze doktofi (1éka¥i) nejsou dobrymi radci ohledné zdravi, mizeme pova-
Zovat za nazornou ukizku tzv. konfirmaé¢niho zkresleni. Jde o situaci, kdy svij
stavajici nazor na lékare autor podportil ,daty”, aniz by se kriticky zamyslel
nad nesmyslnosti srovnéani, které provadi.

O tendenci pfecefiovat ,,dikazy* svych stavajicich stanovisek uvazoval jiz
pred vice nez 400 lety filosof Francis Bacon, kdyz ve svém dile Nové organon
[1] napsal: ,Jakmile ¢lovék zaujme né&jaké stanovisko, sbira vSechny dikazy,
které ho potvrzuji, a i kdyz dikazy svédéici o opaku mohou byt Castéjsi a
zavaznéjsi, bud si jich nev§imne nebo je zavrhne, aby vira v zaujaté stanovisko
nebyla otfesena.“

Leonard Mlodinow ve své knize Zivot je jen ndhoda [8] poznamenavéa:
,KdyZ jsme v zajeti néjaké iluze — nebo prosté kdyz méame néjaky novy na-
pad — tak misto abychom hledali moznost, jak dokazat, Ze naSe pfedstava
neplati, obvykle se pokousime dokazat, Ze je spravna. Psychologové dosli
k néazoru, ze jsme zatiZeni na hledéni souhlasu s naSimi nazory...“. Mlodi-
now dale cituje studii [7], v niZ experimentéatoi zkoumali skupinu studenti,
z nichz nékteri byli presvédcéeni o spravnosti trestu smrti a druzi o opaku.
Vgichni studenti obdrzeli ke studiu stejny odborny material o ,efektivnosti®
trestu smrti. Polovina studii ukazovala na odstrasujici efekt, druha polovina
jej popirala. Vyzkumnici studenty upozornili na mozné slabiny v logice stu-
dii. Studenti méli jednak posoudit kvalitu studii, a nasledné posoudit, do
jaké miry studium problematiky ovlivnilo jejich nazor na trest smrti. Uka-
zalo se, Ze studenti 1épe hodnotili studie, které potvrzovaly jejich ptivodni
stanovisko. Jak zastanci, tak odpirci trestu smrti uvadéli, Ze to, co Cetli, je
utvrdilo v jejich presvédéeni.

6 Zaveér
Vychodiskem tohoto prispévku je varovani pred zneuzivanim statistiky k de-

magogii. Hanousek s Charamzou dokonce pfirovnali statistiku k nozi — uzi-
te¢nému nastroji v rukou jednéch, oviem nebezpecné zbrani v rukou jinych.

n Erasmus+ 15
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V tomto pfispévku jsme na nékolika piikladech ukazali, jakych chyb se
¢lovék muze dopustit pri ledabylé ¢ zamérné demagogické interpretaci dat.
Zminili jsme zejména potifebu pfemyslet nejen nad tim, co je v datech ob-
saZeno, ale také nad tim, co v datech z riznych divoda obsaZeno neni (tzv.
zkresleni preziti). Dale jsme upozornili na tzv. konfirma¢ni zkresleni — ten-
denci vyhledavat data podporujici nase stavajici nazory a naopak piehlizet
data, ktera tyto nazory zpochybnuji.

Vérime, Ze povédomi o existenci vySe uvedenych zkresleni muze Ctenaii
napomoci k tomu, aby se téchto zkresleni vyvaroval, byt jde o tkol velice
obtizny.
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Testy v kurzu Nastroje Open source
pro zpracovani textia

Jirf Rybicka

Abstract.

V ramci projektu Innovative Open Source Courses for Computer Science
Curriculum je FeSen kurz zabyvajici se zpracovanim texti pomoci pocitace.
V pilotnim b&hu v ramci aktivit projektu byly aplikovany vybrané kapitoly
kurzu a v zavéru vyuky byl realizovin stru¢ny test, jehoz cilem bylo zjistit
impakt dané vyuky i moznosti konstrukce podobnych testi rozsifené na
kompletni obsah kurzu.

Abstrakt.

It is being solved within the project Innovative Open Source Courses for
Computer Science Curriculum computer-based word processing course. In
the pilot run as part of the project activities, selected chapters of the course
were applied and at the end of the lesson a short test was implemented,
the aim of which was to determine the impact of the given lesson and the
possibility of constructing similar tests extended to the complete content
of the course.

Kli¢ova slova: Open source, zpracovani texta, TEX, didakticky test,
testové otazky

1 Uvod

Vyukovy kurz v oblasti zpracovani texti pomoci programového vybaveni
osobnich pocitaci je jednim z hlavnich vystupti projektu Innovative Open
Source Courses for Computer Science Curriculum a jeho konstrukce (viz Ry-
bicka, 2021a) je zaloZena na FeSeni t¥i hlavnich fazi: ndvrhu sylabu a zakladni
koncepce, zkusebniho béhu v intenzivné feSené vyuce v ramci tzv. letnich kol
a na zavér ve vytvoreni kompletniho vyukového materialu — prezentaci po-
uzitelnych ve vyuce a odpovidajici uéebnice v kniZznim formatu. Materialy
vychazeji z typografickych a technologickych zasad (Beran, 2012; Ko¢icka
a Blazek, 2000; Rybicka, 2021).

Diilezitou moznosti zpétné vazby jsou ze zminénych fazi moznosti zkuseb-
niho béhu ve dvou letnich skolédch. Toho bylo vyuzito pro uplatnéni didaktic-
kych testit v zavéru druhé z letnich skol. Clanek se zabyva konstrukei téchto
testl, vybérem pouzitych otazek a zjednoduSenym vyhodnocenim vysledkt
ziskanych na zkusSebnim vzorku jedné studijni skupiny.
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2 Material a metody

Didaktické testy obecné maji za cil ziskat informaci o tom, jaké znalosti a do-
vednosti maji v dané chvili testované osoby. Pokud je obsahem didaktického
testu urceny okruh ufiva (pfedmét, oblast), pak lze zjistit, jak se respon-
dent v tomto okruhu orientuje. Pokud bychom méli usoudit, jaky vliv méla
na danou osobu probéhla vyuka, museli bychom pouzit dvojici testd — je-
den aplikovat na zacatku jako test wvstupni, druhy pak provést po skonceni
sledované pedagogické aktivity jako wvystupni. Jejich porovnéanim pak lze ur-
C¢it, jaké znalosti a dovednosti byly u testovanych osob ziskidny, pficemz se
automaticky predpoklada, ze dana pedagogicka aktivita (vyuka, laborator,
exkurze, praxe atd.) je jedinym zdrojem vyukového obsahu.

V piipadé didaktickych testi provedenych v ramci kurzu tykajiciho se
principt a technologie zpracovani textii byla vyuzita pouze varianta vystup-
niho testu, kde byl stanoven predpoklad, Ze tuto oblast testované osoby na
za¢atku vyuky nemaji ve svém okruhu znalosti a dovednosti. Tento zjed-
noduSeny predpoklad lze podpofit argumentem, Ze §lo o osoby, jejichz stu-
dijni profil je pfiblizné znam a nevyskytuje se v ném predmét s podobnou
problematikou. Nelze tedy predpokladat, Ze by se testované osoby jiz diive
systematicky touto oblasti zabyvaly.

2.1 Konstrukce testovych otazek

S cilem vytvorit jednoduchou konstrukci byly zvoleny uzaviené otazky typu
»1 z N“ kdy byly spravné odpovédi doplnény dvéma az tfemi distraktory.
Pro obsahovy zaklad byly vyuzity jednotlivé kapitoly probirané ve vyuce na
letni Skole. Byly zamérné vystridany otéazky klasifikované jako velmi snadné
i obtiznégjsi. Celkem test obsahoval 20 otézek. Jako technologie vlastniho tes-
tovani byly zvoleny Google Forms, a to pfedev§im pro moznost jednoduché
distribuce i sbéru vysledkt. Test nemél ¢asovy limit.

Jednotlivé otazky stru¢né predstavime a uvedeme motivaci k jejich zafa-
zeni do testu. Pro usnadnéni orientace v tomto textu je vzdy prvni varianta
spravnou odpovédi, dalsi varianty jsou pak zvolenymi distraktory. Ve skutec-
ném testu byly varianty v rizném potadi.

1. What is an important part of the effective document processing principle?

e Detection of document elements.

Knowledge of all menus of the used program.

Knowledge of all document file formats.

Detection of all font sizes, shapes, and types.
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Zakladni koncep¢ni otézka reprezentujici pochopeni obecného pristupu
ke zpracovani dokumentti. Distraktory se soustfeduji na nepodstatné
technologické aspekty.

2. Which system is an Open Source category?

e Libre Office Writer
e Microsoft Word
e Adobe InDesign

Otéazka sméfujici na zaméfeni projektu — reflexe diskuse o moznostech
vyuziti open source systému a jejich licencovanych alternativ. Zde byla
vyuZzita pouze trojice odpoveédi.

3. What is a basic principle of TEX system?

Source text is compiled into PDF (or DVI) file format.
User interface displays always the final form of document.

Each formatting command is chosen from interactive menu.
User can edit the final form of document.

Otézka sméfujici na dva podstatné rysy: systém nemé uzivatelské roz-
hrani a apravy dokumentu nejsou provadény v jeho finalnim néahledu.

4. What is a structured markup?

e It is a system of tags with information about the meaning of do-
cument element.

e It is a system of tags with information about the shape of docu-
ment element.

e It is a system of tags which create a nested structure.
e It is a system of all tags of document.

Otéazka vede k ovéfeni zakladniho pochopeni principu oddéleni kon-
strukce dokumentu od jeho vizuélni formy. Jde o koncepéni pfistup
k pfipravé a modifikaci dokumentu.

5. Choose a system which represents a structured markup:

e Microsoft Word with named formatting styles

e Libre Office with all elements in Normal style

e HTML document with tag <B> or <I>

e TEX like system with \kern or \bfseries command
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V otézce je zjistovano pochopeni realizace strukturniho znackovani v riz-
nych diskutovanych systémech — obecny princip méa rizné podoby a di-
lezitym vysledkem kurzu je schopnost najit v libovolném systému rea-
lizaci strukturnich znacek.

6. Which TeX command can define a new macro:

o \def
e \newmacro

e \definecommand

\create

OvéFeni detailni znalosti konstrukce strukturnich znacek v systémech

na béazi TEXu.
7. What is an active character in IXTEX source file?

e It is any character with a different meaning than an ordinary cha-
racter.

e It is any alphabetic character.
e It is any non-alphabetic character.
e It is only braces and punctuation characters.

Otazka sméfuje na pochopeni zakladnich elementi zdrojového textu
v systémech na bazi TEXu.

8. Which way of marking is optimal for people’s names?

small caps
bold face
italics

e underline

Jde o otazku z oblasti typografickych zasad a pravidel, ktera jsou du-
lezita v kazdém systému a ktera jsou motivem pro tvorbu strukturnich
znacek.

9. Which font size in IXTEX is default?

\normalsize

\footnotesize
\small
\large
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V této otazce jde o strukturni znacku pro velikost zakladniho pisma.
10. Which is the default font category for printed documents?

e Roman (serif)
e Monotype
e Sans serif

Otézka sméfuje na typografické zasady. Neobsahuje ¢ty¥i odpovédi, pro-
toze ¢tvrta kategorie v nastaveni pisem neexistuje.

11. How many mandatory parameters can have a command in LaTeX?

e 9
o 1
o5

Otéazka sméfuje na zakladni moznosti tvorby vlastnich prikazi, coz je
pro konstrukei strukturnich znacek podstatné technologie.

12. Which command in IXTEX is used for page break?

e \newpage

° \\

e \par
Otézka ovéfuje detailni prvek sézeciho systému.
13. Which is the default margin of standard paragraph?

e (pt
e 10 pt

e lem
Odpovéd na otazku ovéfuje znalost implicitniho chovani systému.

14. Which is the optimal size of paragraph indent when typeset in A4
format?

e 2 em
e 1l em

e 5 em

Otéazka ovéfuje typografické zésady jednoho z parametri odstavcové
sazby.
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15. The useful command in TeX that allows you to efficiently transfer hy-
phens at line breaks is called:
o \discretionary
e \hyphenbreak
e \penalty

Otéazka byla zafazena jako obtiznéjsi — ovéfuje detailni znalost principu,
ktery je velmi uziteény, ale v jinych systémech nedostupny.

16. What is the name of predefined command for the highest section in
ETEX document class article?

e \section
e \chapter
e \part

Otazka ovéruje znalost zakladniho urceni pfeddefinovanych dokument-
nich t¥id.

17. Which is the default page style in IXTEX?

e plain
e headings
e empty

Detailni otézka na vychozi parametry strankového designu.
18. Which package is used to set page parameters?

e geometry
® page
e setpage

Otézka se zabyva jednim z velmi rozsifenych nadstavbovych balicka
pro strankovy design.

19. Which type of file is being compiled as a source?

o text file (e.g. *.tex)
o font file (e.g. *.otf)
e DVI file
e PDF file
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Koncepéni otazka technologického principu prace TEXového systému.
20. Which symbol is predefined for a non-breaking space?

o ~ (tilde)
e % (percent)
e | (exclamation mark)

Otéazka sméfuje na jeden z nejpouzivanéjsich specialnich znak.

3 Vysledky

7 16 vyslanych zadosti o vyplnéni testu se vratilo 13 vyplnénych testii. Nebyla
stanovena presna doba, kdy méli respondenti test vypliovat, bylo pouze nutné
test absolvovat v pribéhu cca 3 dni. Pramérn& doba vyplnéni testu byla
22:07 minut.

Tabulka 1: Vyhodnoceni jednotlivych otézek testu

Ot. &. | Spravné | D1 | D2 | D3
1 8 0 0 5
2 12 0 1 -
3 12 0 0 1
4 5 4 2 2
5 3 1 3 6
6 11 0 2 0
7 7 0 4 2
8 8 0 5 0
9 13 0 0 0

10 9 4 0 -
11 7 5 1 -
12 9 2 2 -
13 4 5 4 -
14 8 4 1 -
15 4 1 8 -
16 11 2 0 -
17 10 1 2 -
18 9 3 1 -
19 12 0 0 1
20 13 0 0 -

n Erasmus+ 23



2nd International Conference on Open Source tools ...

4 Diskuse

Na zakladé uvedenych vysledkt miizeme uvést né€kolik postiehti k jednotlivym
otazkam i k testu jako celku:

24

Pouze dvé otazky byly odpovézeny vzdy spravné — velmi jednoducha
otazka tykajici se nazvu stupné zakladntho pisma a otazka na nezlomi-
telnou mezeru.

Koncepéni otéazka na dokumentni prvky (1) méla 5 voleb distraktoru
tykajictho se orientace na vizualni stranku dokumentu. Je pravdépo-
dobné, Ze si tito respondenti neuvédomuji zasadni rozdil v pristupu
k dokumentu: vizualni parametry jsou pro né stale priméarni, tj. nedo-
cenuji princip strukturnich informaci.

Podobné netisp&$na byla otézka na strukturni znackovani (4). Sprév-
nych odpovédi nebyla ani polovina, coz svéd¢i o nizkém stupni pocho-
peni této koncepce.

Ve stejné roviné lze chapat i otazku 5 diskutujici systém strukturnich
znalek v riznych systémech. Spravnych odpovédi neni ani étvrtina.
Na druhé strané je pravda, ze systém MS Word neni v daném kurzu
bran jako vzor dobré praxe, coz mohlo uvazovani respondentti vyrazné
ovlivnit.

Obtizna otézka 7 dava neprekvapivé vysledky — bez vétsi praxe a vhledu
do principu atomu zdrojového textu lze jen tézko presné vybrat vyznam
aktivniho znaku.

Typografické pravidlo o zdiraziovani jmen (otézka 8) neni vieobecné
zndmo a respektovéino, je pfirozené, zZe respondenti volili distraktor béz-
ného zdiraznéni.

V otazce 10 §lo o volbu serifového pisma, které je podle typografic-
kych zasad vhodné&jsi pro tisténé dokumenty. Opét lze vidét ovlivnéni
nedobrou praxi, kdy je jako zakladni pismo univerzalné voleno bezseri-
fové (a preddefinované v MS Wordu) pismo.

V technologické otazce 11 8lo o znalost jisté hranice pfi tvorbé ma-
ker (max. 9 parametrii), coz ovSem v praktické ¢asti vyuky neni casto
diskutovany pripad — lze vidét volby distraktori ¢astych pripadi.

Velmi ¢etné nespréavné volby u otézky 13 jsou pravdépodobné zpiso-
beny nepfesnym pochopenim otazky — jde o ¢astou zadménu okraje od-
stavce a okraje stranky.
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e U otazky 15 jde o znalost pfikazu, ktery je frekventovan pouze v nékte-
rych jazycich (zejména ¢estina) a predstavuje technologickou moznost
nedostupnou v jinych systémech. Dukladna znalost pfikazi systému
neni dosazitelna v kratkém intenzivnim kurzu, proto neni vysoka Cet-
nost nespravnych odpovédi na tuto otazku priliSnym prekvapenim.

e Podobné technologicka otazka 18 nemé4 vysokou spravnost, coz lze z uve-
denych diuvodt opét vysvétlit.

5 Zavér

Celkove lze na zakladé téchto vysledka vyhodnotit impakt provedeného kurzu
jako relativné dostatecny, ale zaroven lze konstatovat, ze koncepéni prvky,
jako je princip strukturniho znackovani a s tim spojené efektivni zachéa-
zeni s dokumentem, nejsou v kurzu patrné dostate¢né vysvétleny, opakoviny
a upeviovany. Protoze se jedna o zésadni piinos kurzu, je zcela nezbytné
vénovat této Casti vice pozornosti ve vyuce, uvést vice prikladi a propojit je
s dalsimi technologi¢téjsimi partiemi.
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Integration with wxMaxima

Rudolf Blasko

Abstract.

The paper is devoted to the preparation of a basic course of mathematical
analysis supported by the open source program wxMaxima for symbolic
and numerical calculations. This post deals with the basics of integration.

Abstrakt.

Prispevok je venovany priprave zakladného kurzu matematickej analyzy
podporovanej open source programom wxMaxima na symbolické aj nume-
rické vypocty. Prispevok sa zaoberé zakladmi integrovania.

Key words: Open Source, calculus, wxMaxima, integration.

The Indefinite Integral

We motivated the introduction of the concept of derivative by the task of de-
termining the instantaneous speed of a mass point, which moves in a straight
line. We can reverse the problem and look for the trajectory of the mass point
provided we know its instantaneous velocity at the given time.

I C R is an open interval, the function F(z), € I is called a primitive
function (antiderivative) to the function f(x), € I on the interval I, if
the derivative F'(z) exists for all € I and F'(z) = f(z) holds for all z € I.

F(z) is primitive to f(x) on the interval I, ¢ € R (constant).
= G(z) = F(x) + c is primitive to the function f(z) on the interval I.

It follows from the definition of a primitive function, that F' is continuous
on the interval I. All primitive functions to a given function f(x), x € I on the
interval I differ from each other by a constant and form the set {F(z)+c¢, ¢ €
R}, (where F is any of the primitive functions). This set is called indefinite
integral of the function f on the interval [ and is denoted

/f(x)dxz{F(x)—kc, zel, ceR}=F(zx)+¢, v€l, ceR.

f(z), x € I is continuous on the interval I. = There exists /f(:lc) dz.
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(%il) ’integrate (1/(1+x~2),x)

(%o1) [

The integrate command is used to integrate in the wxMaxima.

(%il) integrate (1/(1+x°2),x);
(%o01) atanz

(%i2) diff (%,x);

(%02)

1
241

%il f(x):=1/(1-x"2); integrate(f(x),x);
( g

(%ol) L,

(%02) log (;4—1) _ log (;—1)

Differentiation and integration are inverse operations on the interval I.
F' is primitive to the function f on the interval I, ¢ € R, then for all x € I:

[/f(x)dx}IZ[F(x)—i—c}/: (2), /F’(x)dx:/f(x)dx:F(x)—l—c.

° /cotmdx:/%dx:/%dx:mbinﬂ—i—c,
x€R—{km, ke Z}, ceR.

/mdxz%—&—c:%—kc:%—kc, for z > 0,
o/|x|dx: ,
/(—x)dx:—/xdx:—%—i—c:%—l—c, for z < 0.

%il) integrate(cot(x),x);
%o1) log (sinx)

%i2) integrate (abs(x),x);
%02) #

(
(
(
(

Decomposition method.

/[af(x) + bg(z)] dz = a/f(m)da:—!—b/g(a:) dz for a,beR.
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dz _ sin? m+0052 x _ 1 1 _ _
° /sin2accoszx - /siancoszx dr = cos? x + sin? x dr = tanz —cot z +c,
xER,x#%’T,kGZ,CGR.

° /@dxz/@dxz/[w—2+ﬂdx:”52—2—2m+1n|x|—|—c,
x € R—{0}, c€R.

%il) integrate (1/(sin(x) 2*cos(x)"2),x);
%o1) tanx—ﬁ
%i2) integrate ((x-1)"2/x,x);
%02) logac—l—“’z%%

(
(
(
(

Method per partes. u, v, u', v' are continuous on the interval I.

/u(a:) V(2) de = u(z) v(z) /u’(x) o(z)de, € I.

u=1

, ] :xsinx—/sinxdx:xsinx—i—cosx—l—c,
v =smx

° /xcosxdw = [u,:x
UV =COST
r€ R, ceR.

(%il) wu:x; v:integrate(cos(x),x);
(w) &

(v) sinz

(%i3) wu*v-integrate(v,x);
(%03) =zsinz + cosz

(%i4) integrate(x*cos(x),x);
(

%04) zsinz + cosz

u/:ﬂ :xlnx—/dx =zlhx —z+c,

° /lnxda: = V,:lnm
v'=1 v =T
We can use the per partes method several times in a row, but we must be

careful to stick to it they did not return to the original integral by reuse. The
per partes method is used quite often. It is suitable for integrating functions

z € (0;00), ¢ € R.

P(z)e*®, P(z)cosax, P(z)sinaz, P(z)lnQ(z), P(z)arctanQ(z),

where P(z), Q(z) are real polynomials, a € R, a # 0.
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Substitution method F is primitive to the f on the interval I,
) has a derivative on the interval J, ¢(J) C I.

/f((p(t) t)dt = /f dz=F(z)+c=F(p(t)) +c,t€J, c€R.

Sets I, J are intervals, = (t): J — I has a derivative ¢'(t) # 0 on J,
F(t) is primitive to f(¢(t)) - ¢(¢) on J.

/f(:v) dr = /f(ap(t)) < (t)dt = F(t)+c=F(¢ *(z))+c,z €I, c€R.

In the first case we do not have to use inverse substitution, but in the
second case we have to use the inverse substitution t = =1 (x).

. 3 _ [Subst. z =sint|[te R 3 23t _ sin*t
° /Sln tcostdt—[ xe(_l;w]—/ de =% =1 te="—+¢

dx = costdt

te R, c€R.

"(z) dx t=f(: t
fj(c(;) = [dt:f{&)dﬁ} = [9 =Int|+c=In|f(z)+¢, z€D(f), cER.
o/efmdg;: t:5xc’l;:d§ f;g}:/%:%Jrc:e%zch,xeR,ceR.

To perform a t-substitution, we:

o Decide on a substitution and use diff to produce the differential d¢ (cal-
led del(t) in wxMaxima), then express dz in terms of d¢ using solve.

o Extract the resulting equation using %[1] and replace del(x) with its
expression in terms of del(t) in the integrand.

o Use subst to transform the entire integrand in terms of ¢, then perform the
integral, remembering that integrate expects only the coefficient of del(t).

o Substitute the definition of ¢ in terms of x into the resulting antiderivative.

(%i1) INTEGRAND: (%e~(5%x))*diff (x);
(%01) %% del(x)
(%i2) solve(diff (t)=diff (5*x),del(x));
(%02) [del(z) = %41
(%i3)  %I[11;

(%03) del(z) = Ie1®)
(

(

(

(

(

(

5
%i5) subst (rhs (%) ,del(x),INTEGRAND)$ subst (t,5%x,%);

et €.
%05) %(t)

%i6) integrate (coeff (%,del(t)),t);
t

%06) &
%i7) subst (5xx,u,%);
%oT) e?
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(%i8) integrate (%e~(5*x),x);

S5x

(%08) %
dz Subst. z =sint |z € (=1;1) | dz = costdt, (sint) =cost>0forte (-5;%)
° =
V1—z? t=arcsinz |t € (—5;5) | V1 —a? =1 —sin?t = Vcos?t = |cost| = cost
_ costdt __ _ _ : .
—/m —/dt—t—l—(:—arcsmx—i—c, x € (-1;1), c€R.
o dz | Subst. z =cost|z € (—1;1) |dz = —sintdt, —(cost)’ =sint > 0 for ¢t € (0;7)
Viez? t =arccosz |t € (0;m) |vV1—a%=+1—cos®t = Vsin?t = [sint| =sint
:/%ttdt = —/dt:—t+c: —arccosx + ¢, ¢ € (—1;1), c € R.
Both solutions are correct because it holds arcsinx + arccosz = 3, i.e.
arcsinz = —arccosx + § for all x € (—1;1).

When integrating, different methods are often combined, and sometimes
they have to be used several times in a row. If we use different integration
procedures, we can arrive at other primitive functions.

The Definite Integral

In this section, we will deal with the definite integral of the function, which,
in contrast to the indefinite integral is not a function, but a specific value.

Example. y = f(x), € {(a;b) is a positive continuous function, a,b € R.
Determine the area of the set P = {[x;y] € R?, x € (a;b),0 <y < f(z)}.

o Let us divide (a;b) using points a =zo < z1 < z2 < - <z, =b,n €N
on n subintervals Iy = (xo; 1), Is = (x1;22), ..., In = (Tp_1;Tn) with the
same length Ax =21 —xg =22 — 21 = - —J;n—xnl—b—

o m; = min {f(z), erZ-} M; = max {f(z), xe[}forZ—l 2,.

For the area P then Eml Az = Lp(n) < P<Up(n)= ZM Az.
i=1

o If we decrease Ax (1ncrease n), the Lp, Up will improve (do not get worse).
o For Az =22 — 0, i.e. n — oo will hold Lp(n) — P, Up(n) — P.

Dividing the interval (a;b) is called each finite set of points
D = {zo,x1,22,...,Tn} = {xi};—y, N E N,
for which ¢ = zg < 1 < 22 < -+ < z,_1 < x, = b. Interval lengths
d; = {xi—1;2:),1=1,2,...,n we denote Ax; = x; — x;—1. We call the length
of the longest of these intervals dividing norm D and denote u(D), i.e.
w(D) = max {Az;, i =1,2,...,n}. For the lengths d;, da, ..., d, it holds
Axy + Axg + -+ Az, = 2, — 29 = b — a. The set of all dividings of the
interval (a;b) we denote D4,y = {D, D is the division (a;b)}.
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Lp(n)= > m;- Az f
i=1

We denote m; = inf {f(x), z € L}, m = inf {f(x), z € (a;b)}, M; =
sup{f(z), x € I}, M = sup{f(x), z € (a;b)} for i = 1,2,...,n for boun-
ded function y = f(x), € (a;b). Lower SL(f, D) and upper Riemannian
integral sum Sy (f, D) of function f under dividing D are called numbers

Sr(f,D)=>5.m; Az;, Sy(f,D) = Z M; - Az;. And numbers
i=1

b
/f(x)dx: sup S.(f,D /f de= inf Sy(f,D)

Ja DeDapy DeDas)
we call the lower and upper Riemannian (definite) integral of the func-
tion f on the (a;b) (from a to b). These numbers always exist and apply

b b
mw—@g/j@mxg/f@mngw—@.

If the equality hT)ldS, then this common value we call the Riemannian (de-
finite) integral of the function f on the (a;b). We call the function f Rie-
mannian integrable and we denote f € R,.p),

L%@mzlﬁmmzlkmm

Riemannian integral sum of the f under dividing D and choice of
points T = {t1,t2,...,tn,} = {t; € I;}_, we call Sp(f, D) = > f(t;) - Aw;.
i=1

The function f has infinitely many integral sums for a given dividing D.
If y = f(x), z € (a;b) is continuous, then f takes its extrema on each inter-
val (z;—1;2:), ¢ = 1,2,...,n and Sp(f, D) and Sy(f, D) are also Riemann
integral sums for some particular choices of points 7T'.

In investigating Riemannian integrability on the (a;b) we do not need to
deal with all by divisions D € D,y. It is sufficient to restrict ourselves to
normal sequences of d1v1d1ng {Dy}pe, C Daspy» 1-€. hm w(Dy) = 0. Then

it holds hm St(f, Dy) / f(z) dz for every choice of points T.
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f(t2)f(ts)

fh)

Example. Calculate the integral [ Z5Z.
0
o The function f(x) = Z, x € (0;1) is increasing, continuous, f € R,
e A normal sequence of dividings {Di}r21 C Do;1y, while Dy, = {i}f:
o Ax; = %7 m; = f(x;—1) = 2k , M, = f(z;) = i fori=1,2,...,k.

k k. (0+k—1)k
. O 1t (1) _ OHESDE
Sulf, Dy) = ZlmiAxi: : 1%'%: 2k2( l = 27 :Tkl'
= i=
A T T T
Su(f,Dy) = ZMA%_Zlﬁ'E: otk g = kL
1=
= / zds = lim Si(f, Dy) = Jim Su(f,Dy) = hxgog,;i =1
o Let’s choose T' = {t; } _, as points centers of (xl,l,bm) i=1,2,...,k,
ie. t; (Z;1+%):22_1 then f( ):
k ko (142k—1)k
— 1484+ (2k—1) _ (LE2A=DE
7(f, Dy) = Zlf(ti)AfEi ) 2l.g = ShECLEN e i
1= 1=
1
= 1 Sr(f, D lim =1
[ =t = i s0(700 = i 3= 4

T

i + ' +
x9 w1 T2 T3 Ty T

! L a— 1 b
T T Ty T3 Tp-1 Tk T T Tz T3 T Tk

k k k k k k
Suf DY) = Yomida = Y gk =55 Se(f D) = Y ft)An = Y At =1 Su(f.Do) = X MiAw = Y- gy = 5
i=1 i=1 =1 i=1

i=1 i=1

Geometrically, it represents the Riemannian definite integral on the (a;b)
the area of the curvilinear trapezoid determined by the function f and the in-
terval (a;b). Below the x axis (i.e., if f is negative) this area is negative.

[ € Riawy, f(x) >0 for all z € (a;b). é/f )dx > 0.

f19 € Riawy, g(x) > f(z) for all z € (a;b). :/ dx>/f

32 n Erasmus+



R. Blagko Integration with wxMaxima

—

b

y b
flxz)dz <0

" / ba

—

Additivity of the integral. f € Ry, I CRisabounded interval,
c b

Points a, b, c € I are arbitrary. = /f(ﬂc) dz = / flz)dz + / f(z)da.
a a c

y b fy
flx)dz [°
m /" /{ x

N4

/“lbf(.'v) dz >0

We can clearly 1llustrate the add1t1v1ty on vectors on the real axis. If we
imagine fa, [ = ff as ab ba = fab then e.g. for a < b < c it holds

b c
/:/+/:/—/, i.e. ab—c;;—!—c_l))—cz—l)_c)
a a c a b

Calculation of the Riemann integral (Newton-Leibniz formula).

b b
/a fa)de = F(b) ~ Fla) = [F(o)] |

where F' is any primitive function to the function f on (a;b).

[
\)_‘
S
o
o,
=2
|
L—
w‘&w
L
| —-
-

Il
]
|

—~
w|k
=
w
Il
ol

(%i2) f§x):=x‘2$ F:integrate (f(x),x);
(F) &
(%i3) integrate(f(x),x,-1,1);
(%03) %
(%i4) subst(1,x,F)-subst(-1,x,F);

(%04) %

(%i5) float (subst(1,x,F)-subst(-1,x,F));
(%05) 0.6666666666666666

(%i6) float(integrate(f(x),x,-1,1));

(

%06) 0.6666666666666666
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2 . cos 2 57 €082 ) R
° coszsinzder=| =" |=—[ tdt=—|L — _cos 2 4 cos 1
) dt 2 2 2
Ci

£ = —sinx
dx os 1 cos 1

(%i2) f(x):=cos(x)*sin(x)$ F:integrate (f(x),x);
F) _ cosz?
2

%i3) integrate (f(x),x,1,2);

2 2
0 cos1l®  cos2
%03) 5 5

(
(
(%i4) subst(2,x,F)-subst(1,x,F);
12 D
(%04) COS2 _ COS2
(%i5) float(integrate(f(x),x,1,2));
(%05) 0.05937419607911741
(%i6) float (subst(2,x,F)-subst(1,x,F));
(

%06) 0.05937419607911741

1 1
o/%:[ln\x@ =Inl—-Inl1=0 (?17).
—1 -1

The function L (it is not defined at point 0) and the function Inz is not

bounded on (—1;1) and in this sense we cannot calculate the integral.

(%i2) £(x):=1/x$ F:integrate (f(x),x);

(F) —logzx

(%i3) integrate(f(x),x,-1,1);
Principal Value

(%03) 0

(%i4) subst(1,x,F)-subst(-1,x,F);

(%04) —log(—1)

Definite integrals are generally calculated using indefinite integrals. We
can modify the per partes and substitution methods and calculate using them
directly. After substitution, we do not need to return to the original variables.

Method per partes. u, v,u 0" € Rigypy-

/abu(x) v'(z)dx = [u(m) v(x)} " /abu’(m) v(x) da.

a

v =sinz |v =—cosx

27 5 P 2 2
° / z?sinzds = [“4" w=er } = [— ac2cosx} —|—/ 2x cosx dx
0 0 0

2

’_ 27
, w=2 }:[—4w2o1+02-1]+[2xsinm] —/ 2sin x dx
UV =COST |V =sInx 0 O

o {u =2z

27
— _4r?4 [4%-0—2~0-0} . {—2cosm] — _4n?_ {—2-1+2.1} ——
0
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Substitution method. o(J)C I, p(a)=a, p(B)=b

y =f ( ) is continuous on interval I with boundaries a, b.
, ¢’ are continuous on interval J with boundaries «;, 3.
RCES / 1t

1 . T €
) / Vv1-— z2dx = |: dx = costdt
-1

We can use the method in both directions
(-1;1)
< 5%
VI—22 =+/1—sin’t = Vcos?t

z
_ 14cos 2t _ 1

Subst. z = sint

+1 =sin (£7) 5
cost >0

= |cost| = cost

cos? tdt

.
2

5

|

w3

[1+cos2t] dt = 3 [e+ 52| * — 2.

[N

2

J € Rqy) is even or odd, where a < b. = f(—x) € R(_y,_qy and holds

—b —a —a
/f dx— S“";“*z]:— | f(=t)dt = 7bf(—t)dt: 7bf(—1:)dx

b —a
f is even, then / flx)da = flx)dx
a —b

b —a —a
f is odd, then /f(ac) dx :/ [— f(z)]do =— B f(z)dz

—b

ae .

/717 f(z) dm:/ﬂj z)dz

Even function

Odd function

a>0, f€R_ga-

o fi

o fi

a 0

is even. = af(I)de/a+/0a/0(a)+/0a2/0af(l’)dl‘.
is odd. = _Zf(x)dx:/_a—i-/oa:—/O_(_a)—i—/oazo.

Example.

d/

s

™
. sin |z| is continuous .
sin |z| dx = H =2/ sin|z|dz
” and even on (—;7) 0

—2/ sinxdx:2[—cosx}0 =-2-(-1)+2-1=4
0

H Erasmus+
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Even function y

Yy

of
[ r@ae=2 [

Odd function

/ 3 ¥/a24sin2x dz [ integrand is continuous ] -0

T and odd function on (—1;1)

[ € Ray is periodic with period p > 0.

/b Subat P b+kp

o= [ = [ k)

., [t,IJrkp, dzfdt] atkp bt-kp b+kp
a+kp a+kp

The value of the Riemann integral of the periodic function f with period p
is the same on each interval (a;a + p), a € R.

y = f(z) is a periodic function with period p > 0, a € R.
P a+p
flx)da = f(x) dx (if they exist).
0 a

| /”//T:,uh ! /ru dr ] B
/ /w / iy
/ |/ arme
y [7u J/ r'v+p N a+2p|p L L‘,’ a+3p

1
pe———A(k+1)p

a+2m 27 271'1 9 (2 o
° / sin? (nz)dz = [ sin? (nz)dz = %(m) dr = [%—W]
a 0 0 o do

\_/

Z[%ﬂ—w—gﬁ-sﬁo :[W—O—O—I—O}zwforaeR,neN.
a+2m 2m
o/ sin (nx) cos (nx) dz = sin (nx) cos (nz) dz
a 0
_/ sin (nz) cos (nx)dx = 0 for a € R, m,n € N, m # n.
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(%il) f(x,n):=sin(n*x)"2;
(%ol)  f(x,n) : sin (nx)?
(%i2) integrate (f(x,n),x,0,2*%pi);
(%02) _ sin (4mn)—4nn

4n
(%i3) integrate(f(x,n),x,a+0,a+2%%pi);
(%03) sin (2(1471)721111 _ sin ((2a+47‘r)741)+(72a747r)n

n n
(%i4) ratsimp (%03);
(%04) _ sin ((2a+4m)n)—sin (2an)—47mn

4n
(%i5) integrate(f(x,4),x,0,2*%pi);
(%05) =
(%i6) integrate (f(x,4) ,x,a+0,a+2*%pi);
(%06) sin (8a)—8a _ sin(8a)—8a—167
16 16
(%i7) ratsimp (%) ;
(%08) =
b
Recall that / f(z)dx
a

gives us the area bounded between f(x) and the z-axis.

(%i1) f(x):=sin(x)$
wxdraw2d (grid=true,xaxis=true,yaxis=true,
color=blue, explicit(f(x),x,0,2*%pi),border=false,
rectangle ([1,0],[2,£(2)]),color=black,
label (["P1",1.5,0.2]),
rectangle ([4,£(4)],[5,0]),color=black,
label (["P2",4.5,-0.21));

0.5+

-0.5 -
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(%il) £(x):=sin(x)$
wxdraw2d (grid=true ,xrange=[0,2*%pil,yrange=[-1,1]1,
xaxis=true, yaxis=true,
title="Area Bounded by f(x) on [0,pi/2]",
fill_color=red,filled_func=true,filled_func=f(x),
explicit (0,x,0,%pi/2),filled_func=false,
color=blue,explicit (f(x),x,0,2%%pi));
Area Bounded by f(x) on [0,pi/2]
1
0.5 -
0
-0.5 -
_1 1 | | | |
0 1 2 3 4 5 6
(%il) f(x):=sin(x)$
wxdraw2d (grid=true,xrange=[0,2*%pil,yrange=[-1,1],
xaxis=true,yaxis=true,
title="Area Bounded by f(x) on [0,2pil",
fill_color=red,filled_func=true,filled_func=f(x),
explicit (0,x,0,2%%pi),filled_func=false,
color=blue,explicit (£(x),x,0,2%%pi));
Area Bounded by f(x) on [0,2pi]
1
0.5 +
0
-0.5 -
1 L
0 1
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(%il) £(x):=sin(x)$ g(x):=x/(2*%pi)$
wxdraw2d (grid=true,xaxis=true,yaxis=true,
xrange=[0,2%%pi],yrange=[-1,1],
title="Area bounded between f(x) and g(x).",
fill_color=red,filled_func=true,filled_func=f(x),
explicit(g(x),x,0,2%%pi),filled_func=false,color=blue,
key="f(x)",explicit (f(x),x,0,2*%pi),color=brown,
key="g(x)",explicit (g(x),x,0,2*%pi));

Area bounded between f(x) and g(x).

f

(%il) f£(x):=sin(x)$ g(x):=cos(x)$
wxdraw2d (grid=true, xaxis=true,yaxis=true,
xrange=[0,2%Ypi] ,yrange=[-1,1],
title="Area bounded between sin(x) and cos(x).",
fill_color=red,filled_func=true,filled_func=f(x),
explicit(g(x) ,x,%pi/4,5%%pi/4) ,filled_func=false,
color=blue,key="f(x)",explicit (f(x),x,0,2%%pi),
color=brown,key="g(x)",explicit(g(x),x,0,2%%pi));

Area bounded between sin(x) and cos(x).

f(x)
a(x)
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GNU Radio and SDR platforms

Mirostaw Vazoryszczak

Abstract.

The paper briefly introduces the features of an open-source environment
for wireless transmission tasks. Physical data transmission requires target
hardware platforms, but the idea of software radio is to move as many op-
erations as possible to software. The leading representative of open-source
is GNU Radio. This environment works with professional and budget hard-
ware, particularly for teaching. Available software radio platforms such as
RTL-SDR and HackRF One were used to illustrate the software’s capabil-
ities.

Abstrakt.

Artykul krotko przedstawia cechy srodowiska open source dla zadan trans-
misji bezprzewodowej. Fizyczna transmisja danych wymaga docelowych
platform sprzetowych, ale idea radia programowego polega na przeniesie-
niu jak najwiekszej liczby operacji do oprogramowania. Wiodacym przed-
stawicielem open source jest GNU Radio. To $rodowisko wspolpracuje
z profesjonalnym i niedrogim sprzetem, szczegélnie do celow dydakty-
cznych. Dostepne platformy radiowe oprogramowania, takie jak RTL-SDR
i HackRF One, zostaly wykorzystane do zilustrowania mozliwosci opro-
gramowania.

Key words: GNU Radio, Radio Frequencies (RF), Software Defined
Radio (SDR), wireless communication

1 Introduction

Software Defined Radio (SDR) technology originated in the 1970s, although
the term SDR itself only appeared in the 1990s [9]. The idea behind SDR
is to increase the role of software in the radio circuit, which was initially
realized entirely in analog form (e.g. a superheterodyne receiver — Figure 1).

Programmable radio assumes digital conversion at the earliest possible
stage of processing and realization of further stages not only in digital form
but moreover utilizing software (Figure 2). An essential characteristic of SDR
is reprogrammable circuit technology (CPLD, FPGA).

Software Defined Radio, like all hardware-software systems, has disad-
vantages and significant advantages. The most crucial disadvantage is that
the analog-to-digital converter (ADC) limits the highest frequency used. The
advantages, however, are much more:
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Oscillator

Antenna

‘ Band Pass . Intermediate - -
Filter & .“ T — I

Figure 1: Block diagram of conventional analog receiver

Antenna

\/

Analog to )

RF Tuner | Digital —> —>] Processing |—> Output
Converter

Converter

Figure 2: Basic diagram of SDR receiver

e Implementation of all functions (except ADC) using programmable dig-
ital circuits, allowing flexible (programmable) changes and updates.

e Rapid prototyping of new solutions due to the typical platform archi-
tecture,

e Software component reusing, reducing development costs,

e Remote reprogramming (including over-the-air) to reduce the time and
maintenance costs,

e Reconfigurable communications systems (adapting to new standards).

The idea of SDR enables the further development of radio technologies
at higher levels of abstraction, embodied in the concept of cognitive radio,
which involves recognizing the parameters of one’s radio environment and
automatically adapting one’s characteristics to them. In particular, this in-
volves operating frequencies to achieve the best quality of connection (Quality
of Service, QoS) [6, 1].

2 GNU Radio and its capabilities

Software Defined Radio platforms can be supported by a various applica-
tions, the vast majority of which are commercial, and dedicated to specific
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hardware platforms. However, full use of software radio requires equally flex-
ible software. It should be mentioned that commercial environments also
allow the use of SDR in the above-mentioned manner [7]. In the open-source
domain, the most popular environment is GNU Radio.

The most important features of GNU Radio environment are:

e Free and open-source software development toolkit,
e Signal processing blocks to implement software radios,

e Support for low-cost external RF hardware to create software-defined
radios,

e Support simulation-like environment

e Application in research, industry, academia, government, and hobbyist
environments to support both wireless communications research and
real-world radio systems.

GNU Radio is available for various operating systems [4]. It is worth not-
ing that numerous tutorials of varying complexity are available to introduce
the user to the design environment [5].

The main project file is a Flowchart. It contains a detailed block diagram
of the system in graphical form. The flowchart is composed of widgets and
connections between them. These blocks include entire subsystems of the
radio circuits such as filters, modulators, and demodulators but also basic
blocks that perform calculations or convert data formats. GNU Radio can
operate in simulation mode (e.g., generating data subject to visualization
or downloading previously generated data from external files). It can also
operate physical devices in real mode, i.e., as a radio receiver or transmitter.
When writing this paper, the latest version of GNU Radio is 3.10 and based
on QT widgets. Note that some of the widely available material on GNU
Radio and SDR uses flowchart, which is based on WX GUI blocks and has
not been officially supported since version 3.8.

In addition to ready-made blocks used in flowcharts, GNU Radio also al-
lows building its graphical user interface (GUI). Such an interface is extremely
useful for real-time testing systems.

3 Selected SDR hardware platforms

GNU Radio supports numerous programmable radio hardware platforms.
Among them, you can find professional, consumer, and budget solutions.
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The former group can include the USRP2 from Ettus Research, offering a
base unit and a lot of extensions ([2]). A top-rated solution according to [8]
while remaining affordable, is the Hack RF One device. The important thing
is that it can act as an RF receiver or transmitter. At the opposite pole are
several devices realized in the form of small USB sticks.

Figure 3: RTL-SDR hardware with antenna

The example device used in this work (also listed in the [8]) is the RTL-
SDR (Figure 3). It can only act as a receiver, but such a solution is also safe
from an educational point of view, as it does not pose the risk of unintentional
transmission of radio signals. Due to its popularity, it is supported by GNU
Radio, but also by many dedicated applications [3].

4 Example application - FM receiver

An example of using GNU Radio and the RTL-SDR platform can be an FM
receiver. In the task, it is possible to achieve several goals simultaneously:
designing a receiver using ready-made widgets, performing simulations, re-
ceiving physical signals with their visualization, and listening to actual radio
stations.

Figure 4 shows a complete block diagram of an FM-band radio receiver
realized in the GNU Radio environment. The schematic includes a widget
referencing the data source (RTL-SDR Source block), QT GUI Frequency
Sink, and QT GUI Waterfall Sink widgets for visualizing the instantaneous
frequency spectrum and spectrum history over time, respectively. The colors
of the I/O ports indicate the data types on which operations are performed.

In addition, the scheme uses blocks corresponding to GUI controls (Variable,
QT GUI Range).
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Options
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Figure 4: FM receiver GUI

Figure 5 illustrates the system’s operation on an actual radio signal using
frequency demodulation while receiving a selected radio station. The range
(channel_freq) control allows frequency tuning during the operation of the
running block scheme, while the audio_gain control is used to adjust the
gain of the demodulated audio signal.

In the GNU Radio environment, it is also possible to save received signals
to a file for later analysis. Each of the blocks in the schematic has many
properties that can be set by the user when building a virtual circuit, or they
can be linked to GUI controls to obtain settings during the operation of a
given system.

5 Summary

The open-source GNU Radio environment is undoubtedly an attractive alter-
native to commercial solutions. Implementing simulations that do not require
additional hardware is desirable for teaching the basics of wireless communi-
cations. At the same time, the use of available hardware platforms greatly
expands the educational value of the whole set. Building the system with
the help of a graphical environment (a kind of graphical programming lan-
guage) can be supplemented in the case of advanced users with programming
in Python, which further expands the spectrum of applications of GNU Ra-
dio. An essential feature of the GNU Radio environment is also, or primarily,
that it is possible to study both existing systems and algorithms, as well as
to design or test new solutions concerning, for example, cognitive radio.
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Figure 5: FM receiver GUI
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Interaktivna webova aplikacia pre vyber
a Statistické spracovanie otvorenych
datasetov

Marcel Puskarik

Abstrakt.

Cielom textu je predstavenie interaktivnej webovej aplikacie, ktora umoz-
nuje jednoduché, pre pouzivatela komfortné, prehladavanie a dalsie sku-
manie otvorenych datasetov a ich dokumentéacii, zakladné Statistické spra-
covanie a graficku vizualizaciu.

Abstract.

The aim of this text is to present an interactive web application that enables
simple, user-friendly browsing and further exploring of open datasets and
their documentation, basic statistical processing and graphic visualization.

KTadové slova: Web Application, Python, Panel, Open Data, Open
Source

Uvod

V sucasnosti existuje niekolko webovych aplikécii, ktoré sa zaoberaja prob-
lematikou zoskupovania uz dostupnych a nahravania novych datasetov na
podrobnejSie skimanie, Tieto aplikidcie neposkytuji podrobnejSiu analyzu
dat. Davaja k dispozicii iba zékladné informécie, struény popis alebo jed-
noduchy prehlad udajov datasetu. Nezaoberajtu sa moZnostou hlbgieho sku-
mania alebo podrobnejsej analyzy, pripadne Statistického spracovania adajov
v ramci webovej aplikicie bez nutnosti stahovania dat. Prave nedostatok ta-
kychto stranok bol dévodom vzniku tejto interaktivnej webovej aplikacie.

1 Pouzité open source kniznice

Na vytvorenie webovej aplikicie bol pouzity programovaci jazyk Python. We-
bovéa aplikicia bola vyvijana v prostredi Jupyter Notebook. Grafické rozhra-
nie bolo vytvorené cez kniznicu Panel, ktora umoziuje tvorbu interaktivnych
webovych aplikicii a je jednou z najpopularnejsich kniznic na tvorbu webo-
vych aplikaci{ v programovacom jazyku Python. V&etky datasety boli ziskané
pomocou kniznice PyDataset, ktorej zdmerom je prave zber a ulahdovanie
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pristupu k otvorenym datam vdaka jednoduchému rozhraniu. Udaje boli
vizualizované pomocou kniznice Plotly, ktorad zabezpecuje nekomplikované
rozhranie na tvorbu a upravu interaktivnych, ale aj statickych vizualnych
prvkov v podobe grafov, tabuliek alebo inych grafickych znézorneni udajov.
Statistické spracovanie pouzitych dat bolo vykonané pomocou kniznic Pandas
a Scipy.

1.1 Panel

Panel je otvorena kniZnica, ktora umozinuje vytvarat interaktivne webové
aplikicie a dashboardy spajanim pouZivatelmi definovanymi widgetami [8].
Tuato kniZnicu je moZné spustit ako vystup Jupyter Notebooku alebo ako
samostatny server. Panel je postaveny na kniznici Bokeh, ktora poskytuje
webovy server zaloZzeny na kniZnici Tornado [7]. Vyhodou Panelu je, Ze je
v flom moZné vytvarat a spajat velké mnoZstvo uz definovanych widgetov.
Medzi nimi st aj také, ktoré su Specifické pre vybrané kniZnice, ako napr.
samostatny widget pre tvorbu grafov pomocou kniznice Plotly, interaktivna
tabulka kniznice Tabulator alebo widget pre zobrazenie map vytvorenych
v kniznici Folium. Vdaka widgetom je mozné vytvorit pokrocilt webovii ap-
likdciu pomerne Tahko a jednoducho. Zabezpecenie interaktivity medzi jed-
notlivymi widgetmi je tiez priamociare vdaka ich intuitivnemu APIL

1.2 Pandas

Pandas [14] poskytuje rychle a flexibilné struktiry, ktoré st navrhnuté tak,
aby praca s datami bola jednoduché a intuitivna. KniZnica je postavené na
kniznici NumPy. Poskytuje dve primarne Struktury na pracu s datami, a to
Series pre jednorozmerné data a DataFrame pre dvojrozmerné data. Cielom
tejto kniZnice je stat sa zakladnym vysoko uroviiovym stavebnym blokom
na vykonéavanie praktickej analyzy dat z redlneho sveta. Nazov kniZznice je
odvodeny z ‘panel data’, ¢o oznacuje “viacrozmerné mnoziny dat vyskytujtce
sa v Statistike a ekonometrii-[5] (preklad autora).

1.3 Scipy

Scipy [13] je kniZnica programovacieho jazyka Python, ktora obsahuje rozne
matematické algoritmy a praktické funkcie. Je postavena na kniznici NumPy.
Jej submodul Stats [12] je kniZnica s funkciami zameranymi na Statistiku.
Obsahuje velké mnozstvo spojitych, diskrétnych a viacrozmernych rozdeleni
pravdepodobnosti, Statistické testy, ale aj frekven¢éni a sihrnni Statistiku.
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1.4 PyDataset

PyDataset je kniZnica v jazyku Python, vdaka ktorej méa uzivatel okamzity
pristup k velkému mnoZstvu otvorenych datasetov [1]. Tato kniZnica vyuziva
kolekciu datasetov, ktoré boli “poévodne distribuované spolu so Statistickym
softvérovym prostredim R a niektorymi z jeho doplnkovych balikov-[2] (pre-
klad autora). Vsetky tieto datasety spolu s ich dokumentéaciou a d’alsimi
tdajmi st zverejnené na stranke! Vincenta Arel-Bundocka. Cel4 logika, ziska-
vania datasetov a dokumentacii je zahrnuté v jednom prikaze. V zévislosti od
vstupnych parametrov je uzivatel schopny ziskat udaje z datasetu, jeho do-
kumentaciu alebo tabulkovy zoznam nézvov vietkych dostupnych datasetov
a ich stru¢nych popisov.

Vyvoj tejto kniznice sa zastavil pred 6 rokmi, takZe neobsahuje vSetky
datasety, ktoré medzi¢asom boli zverejnené na vyssie uvedenej stranke. Ob-
sahuje 757 datasetov, pricom na stranke je spristupnenych 1745 datasetov,
takze bolo nutné tuto kniZznicu aktualizovat. Bolo potrebné vytvorit vlastnu
vetvu tejto kniZnice a aktualizovat datasety. Boli vykonané drobné upravy
v kode, ktoré pomohli vyriesit problémy pocas implementéacie. Tato aktuali-
zovana vetva kniznice je dostupné na stranke Github?. Bol vykonany aj pull
request na hlavni vetvu.

1.5 Plotly

KniZnica Plotly [9] je otvorena kniZnica, ktora poskytuje moZnost vytvarat
vySe 40 jedineénych typov grafov. Vdaka tejto kniznici je mozné vytvarat
interaktivne vizualizdcie dat a nésledne ich zobrazit v Jupyter Notebooku,
ulozit do samostatnych HTML suborov alebo spustit ako sucast webovej ap-
likacie alebo dokonca ulozit v PDF forméate ako vektorové obrazky. KniZnica
obsahuje dve trovne rozhrania pre pouZivatela. Vy&sia troveni je dostupné
v submodule express a umoziuje jednoduchsiu a rychlejsiu tvorbu grafic-
kych znazorneni dat vdaka minimalizacii po¢tu prikazov potrebnych na ich
vytvorenie. Nevyhodou tejto trovne je obmedzena moznost modifikacie vy-
tvorenych vizualizacii. Prave preto kniznica Plotly poskytuje aj nizsiu troven
na tvorbu vizualizacii pre idaje. Tie st suc¢astou submodulu graph_objects.
Tu je uZivatelovi umoznené modifikovat si grafy a iné znazornenia dat podla
potreby. TaktieZ je mu umoZnené pridavat dalsie vizualne prvky, ktoré sa
napomocné na zabezpecenie prehladnosti alebo lepSieho pochopenia grafov,
pripadne vyznamu réznych prvkov daného grafu.

Thttps://vincentarelbundock.github.io/Rdatasets
2https://github.com/snap22/PyDataset
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1.6 Statsmodels

Statsmodels je kniZnica, ktora sluzi na Statisticki a ekonometrickii ana-
lyzu [10]. Poskytuje funkcie a triedy pre odhadovanie roznych $tatistickych
modelov. Obsahuje triedy a funkcie pre vykonavanie rozli¢nych Statistickych
testov [11].

2 Rozhranie aplikacie

Celé rozhranie webovej aplikicie je vytvorené pomocou Sablony. Pouzita kniz-
nica Panel poniika viacero predvolenych 8ablon, z ktorych si uzivatel moze
vybrat. V8etky predvolené ablony maju identicky vzhlad a skladaju sa z rov-
nakych komponentov. Struktara Sablony sa sklada z nasledujucich komponen-
tov:

e Hlavicka (header) - hlavicka webovej aplikacie, v ktorej si uZivatel
moze zvolit farbu textu, farbu pozadia a pripadne logo.

e Boé¢ny panel (sidebar) - zastuvatelny bo¢ny panel aplikicie, pri¢om je
mozné upravit jeho sirku.

e Hlavna ¢ast (main) - predstavuje hlavni ¢ast webovej aplikacie, kde
je mozné pridavat dalsie widgety.

e Modalne okno (modal) - pomocné vyskakovacie okno, ktoré sa zobrazi
pri nacitani stranky

Aj ked struktura predvolenych Sablon vyzera rovnako, ich rozdiel spo-
¢iva v pouzitych frameworkoch, na ktorych si postavené. Uzivatel si moze
vytvorit v pripade potreby vlastna Sablonu pomocou Sablénovacieho jazyka
Jinja2.

2.1 Vyber datasetu

Bo¢ny panel aplikacie obsahuje zoznam néazvov vSetkych dostupnych data-
setov. Po kliknuti na nézov sa aktualizuje hlavné ¢ast aplikacie a zobrazia
sa informacie ohladom zvoleného datasetu. V bo¢nom paneli sa eSte nacha-
dza vyhladavacie textové policko na jednoduchsie vyhladavanie datasetu.
Nad tymto polickom je este tlacidlo, po kliknuti ktorého sa zobrazi pomocné
vyskakovacie okno. V fiom je prhladny zoznam vSetkych datasetov a ich roz-
merov v tabulkovej podobe.
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2.2 Skumanie datasetu
2.2.1 Sekcie pre vSetky datasety

Hlavna ¢ast webovej aplikacie sa sklada zo Styroch spoloénych sekcii pre kazdy
dataset. Po zvoleni datasetu sa prvotne zobrazi dokumentacia. V nej sa na-
chadzaja podrobnejsie informécie ohladom zvoleného datasetu v prehladnom
formate. VAcsina datasetov obsahuje informacie ohladom vyznamu jednotli-
vych stipcov. V niektorych datasetoch je aj uvedeny zdroj a referencie.

Dalsou sekciu je prehlad dat zvoleného datasetu v tabulkovej podobe.
V tejto Casti st zobrazené vSetky data, ktoré dataset obsahuje. Jednotlivé
stipce je mozné zoradit. Tato ¢ast obsahuje tlacidlo, vdaka ktorému je mozné
stiahnut si cely dataset v CSV forméte.

Nasledujica sekcia obsahuje zakladné statistické spracovanie vybraného
datasetu. V tejto ¢asti sa zobrazi tabulka so zdkladnymi informéciami ohla-
dom zvoleného datasetu, ktoré maju pre pouzivatela informativny charakter.
Vedla tabulky sa nachadza bodovy graf, v ktorom je mozné zvolit si stipce,
ktoré sa maju zobrazit na jednotlivych osiach grafu a dalsie pomocné fun-
kcionality, ako napr. vel'kost, farba a symbol bodov pre lepsiu prehladnost.
Namiesto bodového grafu je pouzivatelovi umoznené zobrazit si aj korela¢ni
teplotni mapu, na ktorej si zobrazené koeficienty korelacie medzi vSetkymi
dvojicami stipcov zvoleného datasetu.

Poslednou sekciou spolo¢ného rozhrania pre vsetky datasety je Statistické
spracovanie vybraného stipca. Tu je umoznené uzivatelovi zvolit si stipce,
ktoré si zela podrobnejsie preskiimat. V zéavislosti od typu stlpca sa mu zo-
brazi tabul'ka obsahujica sumarnu Statistiku zvoleného stipca, stipcovy dia-
gram, histogram a krabicovy graf.

2.2.2 Sekcia ukazkového spracovania vybranych datasetov

Webova aplikacia aktuédlne obsahuje 3 datasety, pre ktoré bola vytvorena do-
datoc¢né sekcia s ukazkovym spracovanim. Konkrétne st to datasety Fatality,
volcano a speed gender height.

Dataset Fatality [3] obsahuje tidaje ohTadom zakonov o jazde pod vplyvom
alkoholu a o dopravnych tumrtiach pre jednotlivé staty USA v rokoch 1982
az 1988. Pre tento dataset boli vytvorené rozne stipcové diagramy, pomocou
ktorych je mozné porovnat jednotlivé Staty.

Dataset volcano obsahuje topografické informécie sopky Maunga Whau,
ktora sa nachadza na Novom Zélande [4]. Udaje z tohto datasetu st idedlne
na zobrazenie vo forme 3D povrchu alebo vrstevnice.

Vhodnym datasetom pre Statistické spracovanie bol aj dataset speed gen-
der height. Data st z prieskumu, v ktorom sa pytali studentov UCLA na

52 m Erasmus+



M. Puskarik Interaktivna webové aplikacia

ich telesnu vysku, pohlavie a najvyssiu rychlost, akou kedy v Zivote jaz-
dili [6]. Primeranost tohto datasetu spo¢ivala v tom, Ze na fiom bolo mozné
vykonat Statistické testy ohladom normalneho rozdelenia udajov. Uzivatel ovi
je umoznené zvolit si velkost vzorky nahodného vyberu. Po ziskani nahod-
ného vyberu si uzivatel moze zvolit, ¢i chee skumat pohlavie alebo rychlost
a nasledne si zobrazit vyhodnotenia Statistickych testov ohladom normaél-
nosti rozdelenia. MdZe si zobrazit vizualizdcie v podobe histogramu spoje-
ného s funkciou hustoty rozdelenia pravdepodobnosti normalneho rozdelenia
a kvantil-kvantilového grafu.

2.3 Nahravanie datasetu

V bo¢nom panely aplikicie sa nachadza tlacidlo na pridanie vlastného da-
tasetu. Momentélne aplikicia podporuje len datasety v CSV forméte. Tieto
datasety sa nahravaju do aplikicie len doc¢asne. Po nahrati sa aktualizuje
hlavné ¢ast aplikicie pozostavajica zo sekcii spolo¢énych pre vietky datasety.

= Data Explorer (0]

Docs  Data Overview | All Columns  Explore Colunns.

Datasats  Upload

Plot for flipper_length_mm and body mass g

body_mass g

Symbol
cide

Obr. 1: Ukazka aplikacie

3 Zaver

Vysledna webové aplikacia je volne dostupné pre verejnost® bez nutnosti re-
gistracie. Sluzi na jednoduché prehladavanie a prezeranie viac ako 1700 da-
tasetov. Pontika pouZivatelom detailny prehlad udajov, ich Statistické spra-

3Na stranke https://data.feelmath.eu
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covanie a tiez grafické znazornenie v podobe grafov alebo inych grafickych
prvkov.

Literatura

(1]

2]

3]

4]

]

[6]

7]

18]

9]

[10]

[11]

[12]

54

Alto, A.: PyDataset: Instant access to many datasets in Python, https:
//github.com/iamaziz/PyDataset

Arel-Bundock, V.: A collection of datasets originally distributed
in various R packages, https://vincentarelbundock.github.io/
Rdatasets/

Hanck, C. and Arnold, M. and Gerber, A. and Schmelzer,
M.: Introduction to Econometrics with R, 2021, https://www.
econometrics-with-r.org/index.html

Hengl, T.: Volcano Maungawhau - International Society for Geomorp-
hometry, https://geomorphometry.org/volcano-maungawhau/

McKinney, W.: pandas: a Foundational Python Library for Data
Analysis and Statistics, 2011, https://www.dlr.de/sc/Portaldata/
15/Resources/dokumente/pyhpc2011/submissions/pyhpc2011_
submission_9.pdf

Openlntro contributors: Data Sets, https://www.openintro.org/
data/index.php?data=speed_gender_height

Panel contributors: Server Deployment - Panel documentation, https:
//panel.holoviz.org/user_guide/Server_Deployment.html

Panel contributors: Panel Documentation, https://panel.holoviz.
org/index.html

Plotly: Plotly Python Graphing Library, https://plotly.com/python/

Seabold, S. and Perktold, J.: statsmodels: Econometric and statistical
modeling with python, 9th Python in Science Conference, 2010, ISBN
978-1-4583-4619-3

Seabold, S. and Perktold, J. and Taylor, J.: Introduction - statsmodels,
https://www.statsmodels.org/stable/index.html

The SciPy community: Statistical functions (scipy.stats), https://
docs.scipy.org/doc/scipy/reference/stats.html

n Erasmus+


https://github.com/iamaziz/PyDataset
https://github.com/iamaziz/PyDataset
https://vincentarelbundock.github.io/Rdatasets/
https://vincentarelbundock.github.io/Rdatasets/
https://www.econometrics-with-r.org/index.html
https://www.econometrics-with-r.org/index.html
https://geomorphometry.org/volcano-maungawhau/
https://www.dlr.de/sc/Portaldata/15/Resources/dokumente/pyhpc2011/submissions/pyhpc2011_submission_9.pdf
https://www.dlr.de/sc/Portaldata/15/Resources/dokumente/pyhpc2011/submissions/pyhpc2011_submission_9.pdf
https://www.dlr.de/sc/Portaldata/15/Resources/dokumente/pyhpc2011/submissions/pyhpc2011_submission_9.pdf
https://www.openintro.org/data/index.php?data=speed_gender_height
https://www.openintro.org/data/index.php?data=speed_gender_height
https://panel.holoviz.org/user_guide/Server_Deployment.html
https://panel.holoviz.org/user_guide/Server_Deployment.html
https://panel.holoviz.org/index.html
https://panel.holoviz.org/index.html
https://plotly.com/python/
https://www.statsmodels.org/stable/index.html
https://docs.scipy.org/doc/scipy/reference/stats.html
https://docs.scipy.org/doc/scipy/reference/stats.html

M. Puskarik Interaktivna webové aplikacia

[13] The SciPy community: Introduction - Scipy, https://docs.scipy.org/
doc/scipy/tutorial/general.html

[14] The pandas development team: Pandas documentation, https://
pandas.pydata.org/docs/

Marcel Puskarik, Faculty of Management Sciences and Informatics, University

of Zilina, Univerzitna 8215/1, 010 26 Zilina, Slovak Republic, e-mail:
marcel.puskarik@gmail.com

H Erasmus+ 55


https://docs.scipy.org/doc/scipy/tutorial/general.html
https://docs.scipy.org/doc/scipy/tutorial/general.html
https://pandas.pydata.org/docs/
https://pandas.pydata.org/docs/
mailto:marcel.puskarik@gmail.com

Android — Architecture Pattern

Radostaw Maciaszczyk

Abstract.

Nowadays, app development requires knowledge of design patterns in addi-
tion to knowledge of the platform in question. Android developers generally
use the MVVM pattern.

Abstrakt.

W dzisiejszych czasach tworzenie aplikacji oprécz znajomosci platformy
wymaga znajomosci wzorcow projektowych. Programisci Androida za-
zwyczaj uzywaja wzorca MVVM.

Key words: Open Source, Android, MVVM, Design pattern.

Introduction

Learning how to develop applications for newly learned operating systems
starts with learning the basic components. Creating user interfaces and
adding interactions. As we become more familiar with the environment, we
add more elements, including saving data. As simple applications turn into
more complex ones, it becomes necessary to structure the application archi-
tecture. Programming patterns come to the rescue. In software engineering,
a software design pattern is a generic, reusable solution to a commonly oc-
curring problem in a given context in software design. It is not a finished
design that can be transformed directly into source or machine code. Rather,
it is a description or template of how to solve a problem that can be used in
many different situations. Design patterns are formalised best practices that
a developer can use to solve common problems when designing an application
or system. [1]

Android developers did not originally propose any of the known design
patterns, it is only since the Google 10 2017 conference that the Model-
View-ViewModel pattern has been proposed, abbreviated as MVVM [2]. The
concept of Model is nothing new. It was first defined by Trygve Reenskaug
in 1979 as a part of MVC architecture [3].

1 MVVM

MVVM is part of "Android Architecture Components” [6] and introduces
three layers:
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e Model - This layer is responsible for the abstraction of data sources.
Model and ViewModel work together to retrieve and store data.
Such a function can be performed by a database together with a frame-
work Room.

e Widok - The function of this layer is to inform ViewModel about
user actions. This layer observes ViewModel and does not contain
any application logic.

e ViewModel- Deals with providing model data for the view layer and
taking action on a triggered event from the view.

Model Change
Callbacks

Observe Data

ViewMode Send Data

Data Streams Receive Data

V... Data Changes, Callbacks .. 4

Figure 1: Android MVVM pattern [6]

Its logic is minimised by using a data-binding strategy in the view layer.
The code becomes more structured and open to modification, and testing is
easier. The idea behind the MVVM pattern is that the view layer observes
(Observer pattern) the changing data in the model layer and reacts to the
changes through a data binding mechanism.

The Android Jetpack introduces facilities for creating an application that
follows the MVVM pattern, in particular, it provides classes:

e ViewModel,
e LiveData, MutableLiveData, MediatorLiveData, or Flow
e Lifecycle.

The below contains good practices for working with components in appli-
cations with the MVVM pattern.

UI controllers (activities and fragments) should be as simple as possible.
They should not attempt to acquire their data. The UI controller is respon-
sible for updating views when data changes or notifying ViewModel classes
of user actions.

In classes that are ViewModel, it is recommended to observe objects
using LiveData. This will allow the user interface to be informed of changes.
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It would help if you wrote data-driven user interfaces where the controller
UI is responsible for updating views when data changes. The ViewModel
should be notified of user actions.

The data logic should be placed in class ViewModel. The ViewModel
should serve as a link between the Ul controller and the rest of the appli-
cation. However, e.g. IO operations (e.g. download file) should not be
implemented in the VM class. Instead, creating separate components that
retrieve the data and return the result to the Ul controller is recommended.
In addition, they must be executed in a non-UI thread. It is recommended to
use data binding so that the interface between views and the UI controller
is transparent and the views become more declarative with a minimum of
update code. To manage long-running tasks, use Kotlin coroutines [4],
which can be executed asynchronously.

2 ViewModel

The main task of the class being ViewModel is to maintain information
(caching) about the state values of objects on the user interface. It allows
the state to persist regardless of the current activity and, when the user re-
turns to the interface associated with a given ViewModel, to provide the
current values. The second function ViewModel is to provide access to
the application’s business logic. In addition, ViewModel is responsible for
handling events and forwarding them to other layers. An example of an im-
plementation was presented in the previous chapter in Listing no. 2. The
example class extends class ViewModel. According to the adopted method-
ology, this class contains all data operations. Using LiveData, it receives all
changes to the associated objects. Listing no. 1 shows the code belonging to
the user interface layer, which uses the stored data through ViewModel. It
is also important that many different Uls can access the same VM.

class MainActivity : AppCompatActivity (){
lateinit var personViewModel: PersonViewModel
lateinit var context: Context
override fun onCreate(savedInstanceState: Bundle?){

super.onCreate (savedInstanceState)
setContentView (R.layout .activity _main)

context = this@MainActivity
personViewModel = ViewModelProvider (this ). get (PersonViewModel:: class.java)
btnAddPerson.setOnClickListener {

personViewModel.insertData (context , person)

}
}

btnGetPersons.setOnClickListener{

58 m Erasmus+




R. Maciaszczyk Android

loginViewModel.getAllPersons (). observe (this, new Observer<User >(){
@Override
public void onChanged (@Nullable Person data){

// update wi.

}
})s
}

Listing 1: ViewModel Example

3 LiveData

Class LiveData - an observable data holder class allows you to create appli-
cations that are sensitive to the life cycles of components such as fragments or
activities. It notifies the observable of changing data while observing lifecycle
changes, updating only active observables. There are subclasses in LiveData
that are useful for their properties when updating the UT [?]:

e LiveData - is immutable by default. Using LiveData, we can only ob-
serve the data and cannot set the data.

e MutableLiveData - subclass of LiveData. In MutableLiveData, we can
observe and set the values using postValue() and setValue() methods
(the former being thread-safe) so that we can dispatch values to any
live or active observers.

e MediatorLiveData - can observe other LiveData objects, such as sources
and react to their onChange() events. MediatorLiveData will give us
control over when we want to perform an action in particular or to
propagate an event.

Advantages of using LiveData:

e Removes the leaks caused by the interfaces/callbacks that send results
to the UI thread.

e It de-couples tight integration between data, mediator, and the UI lay-
ers.

e Always up to date with the latest data

e Sharing resources, e.g. Extending LiveData

3.1 Using LiveData

We can illustrate the use of LiveData in the following steps, with reference
in brackets to previously shown examples:
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1. Create a LiveData instance in your ViewModel class to hold the data.
(Listing no. 2, Line no. 8)

2. Set the data in LiveData. (Listing no. 3, Line no. 26)

Return the LiveData. (Listing no. 2, Line no. 8-10 )

4. Observe the data with the help of the Observer() function.(Listing no. 1,
Line no. 24-30 )

@

class PersonViewModel : ViewModel(){
fun insertData(context: Context, person: Person){

PersonRepository .insert (context, person)
}

fun getAllPersons(context: Context) : LiveData<List<Person>>7{
return PersonRepository.getAllPersons (context)
}

Listing 2: Using the repository class witch MVVM [5]

class PersonRepository{
companion object {

var personalDatabase: PersonalDatabase? = null
var personDao: PersonDao? null
fun initializeDB (context: Context) : PersonDatabase{

return PersonDatabase.getDatasetClient (context)

}

fun insertData (context: Context, person: Person){
personalDatabase = initializeDB (context)
CoroutineScope (IO).launch{

personDatabase !!. personDao (). insert (person)

}

}

fun getAllPersons(context: Context) : LiveData<List<Person>>7{
personDatabase = initializeDB (context)
return personDatabase!!. personDao (). getAllPersons ()

}

Listing 3: Repository example [5]

4 Conclusions

Before the MVVM pattern was proposed, Activity and Fragments compo-
nents were responsible for practically all the application logic. In the code
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of these components, there was code related to the creation of the interface,
code responsible for the reason and code managing the data. This meant that
the classes were very large, and changing the screen’s orientation preloaded
the interface and destroyed the stored data, resulting in additional handling.
The introduction of the MVVM pattern made it possible to divide the code
into try layers. This simplified the individual classes and provided a logical
division. The code becomes more readable, however, with more intercon-
nections. It is worth mentioning that most of the classes included in the
Android Jetpack libraries support the MVVM pattern, making application
development easier and faster.
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Rocket.chat

Ivan Baronak, Michal Vanco

Abstract.

Rocket.Chat is a free and open source communication platform which can
be used as an alternative to Microsoft Teams. It supports instant messaging
and audio/video calls including screen sharing and session recording.

Abstrakt.

Rocket.Chat je bezplatna a open source komunika¢na platforma, ktora
moZno pouZit ako alternativu k Microsoft Teams. Podporuje okamzité spra-
vy a audio/video hovory vratane zdielania obrazovky a nahravania relacii.

Key words: Rocket.Chat, Open source, communication platform.

Rocket.Chat features

Video Conferencing

Instant messaging

Multimedia and file sharing

Digital workspaces via teams, channels, discussions and threads
Support for 2fa, oAuth, API tokens

ClamAV antivirus integration

LDAP support

KaTeX support — https://katex.org/docs/supported.html

Install options

Rocket.Chat server can be installed on any Linux server

Official support for Docker and Kubernetes

Cloud support (AWS, Oracle cloud, Digital Ocean, and others)

Client applications are available on mobile (Android, iPhone) and desk-
top (Windows, MacOS, Linux via Snap)

Ivan Baronak, DiS, https://ibasterisk.sk/, e-mail: ivan.baronak@gmail.com

Michal Vanco, DiS, e-mail: vancomail@gmail.com
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Preco ué¢im CLIPS,
aj ked sa to zd4 mnohym staromédne

Eva Rakovska

Abstrakt.

V ramci Studijného programu Hospodérska informatika je potrebné sa za-
oberat aj vyznamom vyuZivanim umelej inteligencie v praxi. Prispevok
ukazuje aké miesto maja aj deklarativne programovacie jazyky v pochopeni
umelej inteligencie, ktora nie je iba strojové ucenie ako sa ¢asto v dnesnej
dobe prezentuje.

Abstract.

As part of the Business Informatics study program, it is also necessary to
deal with the importance of using artificial intelligence in practice. The
paper shows the place that declarative programming languages also have
in understanding artificial intelligence, which is not just machine learning
as it is often presented nowadays.

Kladové slova: CLIPS, declarative programming, artificial intelligence,
knowledge tasks, expert systems.

Namiesto itvodu

V ramci $tudijného programu Hospodarska informatika je potrebné sa za-
oberat aj vyznamom vyuzivanim umelej inteligencie v praxi. Na to, aby Stu-
denti pochopili rozdiely medzi informa¢nymi systémami, ktoré riesia tulohy
lahko algoritmizované, ¢asto na rela¢nych databazach a systémoch Ul je
dolezité postavit studentom aj iny spésob programovania ako pontka imper-
ativna paradigma. Deklarativne programovanie je v sucasnosti vnimané ako
"zastaralé", lebo mnohé vysSie programovacie jazyky st multiparadigmové,
avSak velmi robustné (napr. Python) a teda niekedy tazko pochopitelné pre
Studentov.

Principy deklarativneho programovania st pre Studentov odchovanych na
klasickych algoritmoch a principoch objektovo-orientovaného programovania
je dost, a preto je najlep8ie vysvetlovat ich na pravidlovych systémoch. Pro-
gramovaci jazyk CLIPS s jeho prostredim je vhodnym néastrojom na to, aby
Studenti pochopili nielen programovanie pravidelnych systémov, ale aj savis
tychto systémov s algoritmami prehladévania stavového priestoru. CLIPS je
"public domain software", ktory presiel postupnym vyvojom od roku 1985
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(NASA) a v stcasnosti okrem pravidiel podporuje aj objekty orientovanej
verzie COOL, ¢ modularne programovanie. Taktiez Studenti mozu vidiet
v CLIPSe klasické reprezentéacie znalosti v umelej inteligencii. Najnovsia
verzia 6.40 vznikla v roku 2021 a teda CLIPS stéle sleduje nové trendy v
programovani.

Prispevok ukazuje ako je mozné rozvijat kreativitu v programovani v
prostredi CLIPS u $tudentov Hospodarskej informatiky na projektoch, ktoré
rieSia tzv. znalostné tlohy v manaZzmente (planovanie, rozvrhovanie, pred-
vidanie, klasifikicia, priradovanie, hodnotenie, navrhovanie, monitorovanie
a pod.) a pouzivanim starSej verzie CLIPS verzia 6.31 z roku 2019 $tu-
denti méZzu nahliadnut "do vnutra" prace znalostnych a expertnych systé-
mov. RieSenia mnohych tloh napr. tlohy rozvrhovania, iloha obchodného
cestujtceho, ¢ klasické ulohy ako hry (farbenie slepej mapy, hanojské veze a
pod.) st velmi efektivne prave v programovacom jazyku CLIPS.

Prispevok ukazuje aké miesto maji aj deklarativne programovacie jazyky
v pochopeni umelej inteligencie, ktoré nie je iba strojové ucéenie ako sa ¢asto
v dnesnej dobe prezentuje.

V ramci $tudijného programu Hospodarska informatika je potrebné sa
zaoberat aj vyznamom vyuZivanim umelej inteligencie v praxi. Prispevok
ukazuje aké miesto maji aj deklarativne programovacie jazyky v pochopeni
umelej inteligencie, ktord nie je iba strojové ucenie ako sa ¢asto v dnesnej
dobe prezentuje.

Prezentacia prispevku

: Preco u€im CLIPS, aj
CLIPS 6.4 ked <a to 23
User’s Guide ed sa O'Z d
mnohym
staromddne

Eva Rakovska

Fakulta hospodarskej informatiky, Ekonomicka
Univerzita

Katedra aplikovanej informatiky
eva.rakovska@euba.sk

by Joseph C. Giarratano, Ph.D,
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CLIPS 6.4

Cnes Gaide Studijny program 1. st.
Hospodarska informatika
Zameranie na prepojenie vedomosti z ekonomiky a informatiky

V sticasnosti IT je stcastou podnikovych procesov, biznis logiky, administrativy a
[— manazmentu

HI je orientovana na pochopenie fungovania algoritmov a IS v podnikovej praxi,

tvorbu web aplikdcii, zakladnych vedomosti zo sieti, OS, databaz a principov Ul a
tedrie rozhodovania, aby Studenti vnimali rozhodovacie procesy ako klticové pri
podnikovych procesoch

Zameranie na 4 hlavné oblasti:

* Algoritmizacia a sch t prog t a rozumiet tomu, ¢o je v zdrojovom
kéde
. dOrie}Jn}é(;ia na pracu s datami (od MS Access cez relacné databazy po grafové
aabazy]

.

IT zaklady - operaéné systémy, siete, bezpeénost IS

Rozhodovacie procesy ako zéklad pre pochopenie systémov na podporu
rozhodovania, rézne urovne riadenia podniku (predmet Hospodarska informatika,
Podpora rozhodovania, Umela inteligencia a expertné systémy)

Umela inteligencia a expertné systémy

* Preco UIES?

« Cielom predmetu je poskytnut studentom celkovy pohlad na Ul
a blizsie ich oboznamit s vyznamom reprezentacii poznatkov a
deklarativneho programovania. Naudit ich analyzovat znalostné
ulohy (analytické a syntetické) a vytvorit demoverzie E{FFPS(‘)- t .
programov prostrednictvom pravidlovej paradigmy. sers e
* Ul je v dnesnej dobe zakladom pre ziskavanie znalosti (
z dat, Big Data su trend, potrebné je nardbat s heuristikami

* Pravidlové systémy zaklad asocia¢nych pravidiel, B -

fuzzy logiky a tzv. Business Rule Engine (BRE) alebo workflow

CLIPS 6.4

m Umela inteligencia a expertné systémy

woclodk dol4 q
vV

y Y ia z pr u:
Orientovat sa v oblasti Umelej inteligencie a jej pouZitia v hospodarskej praxi

* Porozumiet principom deklarativneho progr a iel i tvorby takéh
programu oproti proceduralnemu programovaniu

Rozlisit znalostné Glohy v praxi, analyzovat ich a navrhnit typ systému, ktory by ich
mohol riesit

Orientovat sa v pouzivani znalostnych a expertnych systémov v praxi s ohladom na
zakladné funkcie

.

* Porozumiet zakladnym technikdm ziskavania znalosti od doménového experta a
Zivotnému cyklu tvorby expertného systému vo firemnej praxi;

* Vediet prakticky odpovedat na zékladné otazky znalostného inZinierstva pri nasadzovani
systémov v praxi

* Naprogramovat jednoduché programy v jazyku podporujicom pravidlovi paradigmu a
rozumiet prepojeniu s rozhraniami na aplikacie tvorené v inych programovacich jazykoch
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Charakteristika znalostnych dloh

Task type

Knowledge

Pieera! Class iati Set of classes is

Symptoms/  Fault category
complains

Case Decision class
description

Mo ng Systems  Discrepancy class
data

Prediction Systemdata  System state

Model of system Form output varies (causal

behaviour chain, state, component) and
depend on the
troubleshooting

Criteria, norms Assessment is performed in
one particular point in time
(cf. Monitoring)

Normal system Systems change over the

behaviour time, task is carried
repeatedly

Model of system Output state is a systém

behaviour description at some future
point in time

Eva Rakovska 10SCS 2022

Artifacts description

Two object sets,

Mapping set1 to set
requirements 2

Assignment

Goals, requirements Action plan

Job activities, Schedule=activities
resources, time allocated to time
slots, requirements  slots of resources

Modellin Requirements. Model

Scheduling

May include creative design
of components

Constraints, Mapping need not be one to

preferences one

Actions, Actio y

preferences in time

Constraints, Time-oriented character

preferences distinguishes it from
assignment

Model elements, May include creative

template models, wSynthesis”

constraints,

preferences

Eva Rakovska 10SCS 2022

Nemoderné expertné systémy a ,,otravny” CLIPS

iné

Pl ter S G o it Vi
Djsiul s [le) sl

,,Preco nas ucite nieco ¢o je nemoderné? To sa uz davno v praxi nerobi...sama tedria, ucte nas nieo

Rakovskd 10SCS 2022
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CLIPS
C Language Integrated Production System

ACLIPS Tutorial

Gary Riley ma viac ako tridsatpéat rokov skdsenosti Z ?

s programovanim zaloZzenym na pravidlach a expertnymi systémami. =
* A Tool for Building Expert Systems https://clipsrules.net/
* Vyvoj verzii, stdle dostupné verzie 6.24, 6.30, 6.31, 6.40
* Aktudlny pocet stiahnuti: 682/ tyzden

GARY RILEY

»Integrovany produkcny systém jazxka C (CLIPS) vyvinuty v Johnsonovom
vesmirnom stredisku NASA v rokoch 1985 aZ 1996 je programovaci jazyk
zaloZeny na pravidlach uzitoCny na vytvaranie expertnych systémov a
inJ’ch programoyv, kde sa heuristické rie3enie lahsie implementuje a
udrZiava ako algoritmické riesenie. CLIPS je napisany v jazyku C kvoli
prenositelnosti a mozno ho nainstalovat a pouzivat na Sirokej skale
;Z)IOaztgoriem. Od roku 1996 je CLIPS dostupny ako verejny softvér.” (Riley,

CLIPS 6.4

Vyhody CLIPSu

Existuju tri spdsoby reprezentacie poznatkov v CLIPS: m

* Pravidla, ktoré su primdrne urcené pre heuristické poznanie zalozené
na skusenostiach.

« UzZivatelom definované funkcie a generické funkcie, ktoré su
primdrne urcené pre proceduralne poznatky.

* Objektovo orientované programovanie, tiez primarne uréené pre
procedurélne znalosti. Podporovanych je pat véeobecne
akceptovanych vlastnosti objektovo orientovaného programovania:
triedy, obsluzné programy sprav, abstrakcia, zapuzdrenie, dedi¢nost a
polymorfizmus. Pravidla sa m6zu zhodovat so vzormi objektov a
faktov.

Vyhody CLIPSu verzia 6.31

Vidim fakty

s < @ CAUsens U Decamentucerse\ LS pridy.chpn famdy | L3
Dialégové okno e tamidy

Tvorba bazy poznatkov
Deklarativny program

Vidim aktivované pravidla

FEEEEEE Y
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Vyhody CLIPSu verzia 6.31

Dl i

Produkény systém na rozhrani medzi programovacim jazykom
a prazdnym ES, vyuzivajuci dopredné retazenie (data driven
R inferencing). Moznost nastavit si stratégiu prehladavania
stavového priestoru (do hibky, do 3irky, heuristické), praca s
duplik ymi faktami, ie spdsobu vyhodnocovania
pravidiel tzv. salience).

] el ahel

ol
El
£

* Fakty ako lahko pochopitelné zoznamy
(prefix)

CLIPS> (facts)

-1 (animal-is duck)

-2 (animal-sound quack)

f-3 (The duck says "Quack.")

* Praca so zoznamami lahko interpretovatelna
« Dobré ladenie programov (funkcia watch)

Fuzzy CLIPS

@ garydriley / FuzzyCLIPS64 nas Ovntonns | Y how 2 @2

oo @ s

P e

e —

CLIPS 6.4
User’s Guide

commwm

Packages .

Co na zaver? Vyhody pri uéeni

* Vyborna dokumentacia a podpora na stranke https://clipsrules.net/

« Dokumentdcia od User's guide cez Basic Programming Guide, Advanced
Programming Guide az po Interfaces Guide

Support Stack overflow, CLIPSESG —CLIPS expert system group, CLIPS
sourceforge forum

Prenositelnost na rézne OS, cely CLIPS mdZzete mat na USB klu¢i

Vyvoj rozhrani od CLIPS Windows, CLIPSu pre PHP, cez CLIPS JNI, CLIPS .NET,
Fuzzy CLIPS a pod.

ﬂ -
(=
CLIPS

Moznost uéit od jednoduchych pravidiel po kombinovanie pravidiel s ramcami,
procedurami a OOP

Posilnenie principov OOP, kde vidia ,vnutro” ako funguju zaptzdrené triedy

Velka kreativita pri tvorbe programov (ak nerobia copy-paste)

Projekty, ktoré ddvam podporuju kreativitu. Zadania typu: urobte systém na pldnovanie,
predikciu, diagnosticky systém, systém na priradovanie, na tvorbu rozvrhu,
monitorovanie, hodnotiaci systém (podpora rozhodovania) a pod.
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Pravdepodobnost a statistika v R
Zaklady grafiky

Ales Kozubik

Abstrakt.

Prispevok je venovany priprave zakladného kurzu pravdepodobnosti a sSta-
tistiky s podporou open source programovacieho prostredia R. Zaoberd sa
zékladmi grafického reprezentovania statistickych vysledkov.

Abstract.

The paper is concerned with preparing an elementary course in probability
and statistics with the support of the open-source programming environ-
ment R. It deals with the basics of graphical representation of statistical
results.

Klucové slova: Statistika, Open Source, R, déata, graf.

Bodové grafy

Bodovy (tiez korelaény) graf zobrazuje hodnoty dvoch roéznych éiselnych pre-
mennych. Poloha kazdého bodu zodpoveda jednotlivym datovym hodnotam
na vodorovnej a zvislej osi. Medzi najcastejsie pouzitie bodovych grafov patri:

1. Demonstracia vztahu medzi dvoma premennymi.
2. Identifikacia korela¢nych vztahov.
3. Identifikdcia datovych modelov.

Vytvorime ho jednoducho pomocou funkcie plot (). Pri najjednoduchsom
pouziti ma funkcia dva argumenty x a y Tieto premenné su vektory, ktoré
obsahuji hodnoty, ktoré chceme vykreslit. Dlzka vektorov musi byt rovnaka.

Priklad.
Predpokladajme, ze zmrzlinaren sleduje, kolko zmrzliny preda v zavislosti od
poludnajsej teploty v dany den. Tu st ich tdaje za poslednych 10 dni:

Teplota 28 30.2 32 31 29.5 26 31.5 30 29 34
Trzby (€) | 540 560 530 570 525 490 530 530 500 580

Najprv definujeme dva ¢iselné vektory:

x, ktory obsahuje teploty.

y, ktory bude predstavovat denny objem predaja.
Potom nakreslime bodovy graf.
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> x<-c(28,30.2,32,31,29.5,26,31.5,30,29,34)
> y<-c(540,560,530,570,525,490,530,530,500,580)
> plot(x,y)

Mozeme pouzit prikaz dev.copy (), aby sme ulozili obsah grafického okna
do stuboru bez nutnosti opdtovného zadévania prikazov. Ak chceme vytvorit
sibor newplot.png z nisho grafu, zadame:

> dev.copy(png,’newplot.png’)
> dev.off ()

Taktiez mdzeme presmerovat vystup z obrazovky do siboru, napriklad:

pdf O Vector pdf format, najlepsia volba pri pouziti s pdflatex
svg() Vektorovy svg format, lahko sa meni velkost.
postscript () Vektorovy format postscript ps, lahko menitelna velkost.
jpegO Komprimovany bitmapovy format.

png(), bmp() Bitmapovy format, vysoké rozlisenie.

filename Nézov uloZeného stboru (pripadne s tplnou cestou).

width, height Sirka, vyska vysledného grafu (implicitne 7in).

res RozliSenie pre bitmapové formaty (implicitne 72 dpi).
units Merné jednotky.

bg, fg Farba pozadia, popredia.

family Pouzité pismo (predvolené Helvetica).

Znacka bodov je dand hodnotou argumentu pch funkcie plot ().

O pch=0 o pch=1 A pch=2 + pch=3 X  pch=4
¢  pch=h vV  pch=6 X  pch=7 * pch=8 N7 pch=9
@ pch=10 © pch=11 H pch=12 & pch=13 @A pch=14
B pch=15 e pch=16 A pch=17 & pch=18 e pch=19
e pch=20 o pch=21 O pch=22 o pch=23 A pch=24

> plot(x,y,pch=17)
> plot(x,y,pch=1)

Typ spojnice sa nastavuje pomocou argumentu type funkcie plot ().
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Bodovy graf, predvolena hodnota.

Spojita ciara.

Spojita ¢iara s bodmi.

Casti spojitych ¢ar s vynechanymi bodmi.
Casti stvislych ¢ar s prekreslenymi bodmi.
Graf podobny histogramu.

nw B o o T +~ o

Schodovity graf.

plot(x,y,type="1")
dev.off ()
plot(x,y,type="s")
dev.off ()
plot(x,y,pch=17,type="b")
dev.off ()

V V V V VYV

Sty1 Giary sa nastavuje pomocou argumentu 1ty funkcie plot ().

1 PIng ¢iara (predvolené). 2 Ciarkovand Ciara.
3 Bodkovan4 diara. 4 Bodko-¢iarkované Ciara.

5 DIhé ciarky. 6 Dlha a kratka dvojita prerusovana ciara.

Sirku ¢ary nastavi argument lwd funkcie plot ().

> plot(x,y,type="1",1ty=5)

> dev.off ()

> plot(x,y,type="1",1ty=1,1lwd=2)
> dev.off ()

> plot(x,y,pch=17,type="1")

Déva Ale my chceme:
o o
s3] @ — A
wn n
A
Q [=] Ve
© ©o 4 A
2] n
o X o
3 g B A / \
> B2 A AA
o S o A
P > B /
o o
o o - A
n n
A
T T T T T T T T T T
26 28 30 32 34 26 28 30 32 34
X sort(x)

Pouzijeme funkcie sort () a order().

> plot(sort(x),ylorder(x)],pch=17,type="b")
> dev.off ()
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Nastavenie farieb mozeme vykonat pomocou mena farby (napr. col=red),
Cislom farby (napr. col=636), podla hexadecimélneho kédu (v rezime RGB,
napr. col="#FFCC00"). Zoznam dostupnych farieb ziskame ako odpoved fun-
kcie colors().

plot (sort (x),ylorder(x)],pch=17,type="b",col="red")
dev.off ()

plot (sort(x),ylorder(x)],pch=17,type="b",col=636)
dev.off ()
plot(sort(x),ylorder(x)],pch=17,type="b",col="#FFCCO00")
dev.off ()

V V.V V VYV

Dalsie moznosti vyfarbenia su:

col.axis Farba popisu osi. col.lab Farba oznaceni osi.
col.main Farba hlavného nadpisu. col.sub Farba podnadpisu.
bg Farba vyplne znakov. fg Farba podkladu.

>plot (sort(x),ylorder(x)],1lty =1, type ="b",
col="aquamarine",lwd =2,
col.axis ="violet",col.main ="green",
main ="Maing title",fg="red",
col.lab="coral3",pch=17)

> dev.off ()

>par (bg="beige")

>plot (sort(x),ylorder(x)],lty =1, type ="b",col=30,1lwd =2,
col.axis ="darkmagenta", col.main ="blue3",col.sub="blue2",
main ="Main,title", sub="Subtitle", fg="red",
col.lab="coral4",pch=17)

> dev.off ()

Hodnotu argumentu col moézeme nastavit ako vektor. Farby z vektora sa
pravidelne menia. MoZeme tiez pouzit funkciu rainbow () s preddefinovanou
postupnostou farieb.

> plot(sort(x),ylorder(x)],pch=17,type="b",
col=c("red", "blue")
> dev.off ()
>plot (sort(x),ylorder(x)],pch=17,type="b",col=rainbow (5))
> dev.off ()

Zékladné kresliace funkcie v R obsahuji argument s ndzvom main, ktory
umoznuje pridat do grafu nadpis. Pomocou argumentu sub je mozné pridat
aj podnadpis, ktory bude umiestneny pod grafom. Alternativnym spdsobom,
ako pridat nadpis a podnadpis do grafu, je pouzitie funkcie title().

plot (sort(x),ylorder(x)],pch=17,type="b",col=rainbow (4))
title(main="Icecream sales",col.main="red")

title (sub="Temperature",col.sub="blue",adj=1,line=2)
dev.off ()

VvV V Vv Vv
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Do grafu mozeme pridat akékolvek texty pomocou funkcii text () amtext ().
Funkcia text () umiestni dany text na TubovoIné miesto v kresliacej oblasti,
funkcia mtext () umiestni text na okraje. Funkcia text () mé dva dalsie ar-
gumenty:

e location definuje siradnice x a y, kde bude text umiestneny. Stiradnice
musia byt uvedené ako prvé dva argumenty funkcie.

¢ pos definuje poziciu podla aktualneho miesta, 1=dole, 2=vlavo, 3=hore
a 4=vpravo. Definovanie pozicie ako locator (1) umoziuje umiestnenie
textu pomocou mysi.

> plot(sort(x),ylorder(x)],pch=17,type="b",col=30)
> title(main="Icecream sales",col.main="red")
> title(sub="Temperature",col.sub="blue",adj=1,line=2)
> text (c(28,32),c(560,500),c("Textl","Text2") ,pos=1,col="red")
> dev.off ()
Funkcia mtext () mé dalsie dva argumenty:
e side definuje stranu plochy grafu, kam umiestnime textovy stitok,
1=dole, 2=vIavo, 3=hore a 4=vpravo.
e line definuje ¢islo riadku, kde bude umiestneny Stitok. Riadky su ¢is-
lované od 0.
> plot(sort(x),ylorder(x)],pch=17,type="b",
+ co0l=30,xlab="",ylab="")
> mtext ("Temperature",side=1,1line=2,adj=1)
> mtext ("Sales",side=2,line=2)

Ak chceme odstranit ramdcek grafu, nastavime vo viutri kresliacej funkcie
moznost axes=FALSE. Nové osi pridame pomocou funkcie axes (). Argument
funkcie axis () definuje stranu grafu, na ktort bude pridana os. Ako zvycajne,
¢isla definuju strany 1=spodna, 2=Ilava, 3=horna a 4=prava.

> plot(sort(x),ylorder(x)],pch=17,type="b",c0l1=30,axes=FALSE)
> axis (1)
> axis (2)

Dalsim prispdsobenim je zmena farieb osi. Mézeme to urobif nastavenim
volitelnych argumentov funkcie axis():

e col definuje farbu ¢iary osi,
e col.ticks definuje farbu deliacich bodov,
e col.axis definuje farbu znaciek.
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> plot(sort(x),ylorder(x)],pch=17,type="b",c0l=30, axes=FALSE)
> axis(1l,col="blue",col.ticks="red",col.axis=555)
> axis(2,col="deepskyblue2",col.ticks=444,col.axis="red")

MozZeme tiez:

e nastavit pocet znaciek so zadanymi hodnotami zaciatku a konca,
e upravit dizku a orientdciu znaciek,

e otacat popisy znaciek,

e prisposobit popisy znaciek,

e odstranit znacky,

¢ pridat mensie znacky pomocou Hmisc.

Argumenty xaxp a yaxp umoznuji prispdsobit pozicie deliacich znaciek
na osi x a y. Ich hodnoty nastavujeme ako vektory c(start,end,regions),
start a end definuji pociato¢ni a koncovi hodnotu na kazdej osi a hodnota
regions definuje pocet intervalov na rozdelenie osi.

> plot(sort(x),ylorder(x)],pch=17,type="b",c0l1=30, axes=FALSE)
axis(l,col="blue",col.ticks="red",
col.axis=555,xaxp=c(26,34,8))

> axis(2,col="blue",col.ticks="red",
col.axis=555,yaxp=c(490,580,9))

Argument tck umoznuje upravit dizku a orientdciu deliacich znaciek. Jeho
kladnd hodnota nastavuje znacky do vnutai kresliacej oblasti, kym zaporné
hodnoty definujii znacky von z kresliacej oblasti. Cim viiésia je absolitna
hodnota, tym dlhsie st znacky. predvolena hodnota je tck=-0,05. Otacanie
je povolené pomocou argumentulas, ktory méze nadobidat jednu z hodnét:

o las=0 Stitky si rovnobezné s osou (predvolené),
e las=1 vSetky stitky st vodorovné,

e las=2 stitky su kolmé na os,

o las=3 vSetky stitky su vertikdlne.

> plot(sort(x),ylorder(x)],pch=17,type="b",c0l1=30, axes=FALSE)
> axis(1l,col="blue",xaxp=c(26,34,8),tck=0.02,las=3)
> axis(2,col="blue",yaxp=c(490,580,9),tck=0.02,las=2)

Deliace znacky moézeme tplne odstranit nastavenim argumentov xaxt="n"
pre os x alebo yaxt="n " pre os y. Popisy deliacich znaciek je mozné zme-
nit pomocou argumentu labels funkcie axis (). Aby sme spravne umiestnili
popisy, musime nastavit ich polohu pomocou argumentu at.
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plot(sort(x),ylorder(x)],pch=17,type="b",c0l=30,axes=FALSE)
axis(1l,col="blue",at=seq(round(min(x)) ,round(max(x)),by=1),
labels=0:8)
axis(2,col="blue",yaxp=c(490,580,9),tck=0.02,las=2)

vV + Vv Vv

Rozsah hodnét pre osi mézeme definovat pomocou volitelnych argumen-
tov x1lim a ylim funkcie plot (). Hranice sa zadavaju ako vektory v tvare
c(start,end). Osi moézeme tiez transformovat do logaritmickej mierky na-
stavenim argumentu log tak, aby sa rovnal osi, ktort planujeme prisposobit.

log="x " nastavi logaritmickd stupnicu na os x,

log="y " nastavi logaritmickd mierku na os y,

log="xy " transformuje obe osi do logaritmickej stupnice.

plot (sort(x),ylorder(x)],pch=17,type="b",co0l=30,axes=FALSE,
ylim=c (400,600))

axis(1,col="blue",at=seq(round (min(x)),round(max(x)),by=1),
labels=0:8)
axis(2,col="blue",yaxp=c(490,580,9),tck=0.02,las=2)

vV + VvV + VvV

Priklad.

Do toho istého grafu chceme zakreslit dve charakteristiky zdravotného stavu
pacientov, teplotu a krvny tlak. Mame tdaje o 100 pacientoch ulozené v
premennych y a z, pricom premenné x obsahuje postupnost identifikdtorov
pacientov, ¢isla od 1 do 100.

Najprv pomocou par(mar = c(3, 4, 2, 4)) upravime okraje kresliacej
oblasti. Potom vykreslime bodovy graf nameranych teplot. Dolezitym krokom
je nastavenie nového grafu pomocou par (new=TRUE). Teraz sme pripraveni
vykreslit druhy sibor idajov modrou farbou, bez ramcekov a bez osi.

Duélna os y sa vykresli pomocou funkcie axis(4) na pravej strane grafu.

x<-1:100 # generovanie udajov
y <- runif (100, min = 35, max = 40)
z <- y+10*runif (100,min=7 ,max=12)
par (mar = c(3, 4, 2, 4))
plot(x, y, pch = 19, ylab = "Temperature")
par (new=TRUE)
plot(x, z, col = 4, pch = 19,
axes = FALSE, # Bez o0st

bty = "n", # Bez ramceka
xlab = nu’ ylab = nn)
axis (4)
mtext ("Blood,preasure", side = 4, line = 3, col = 4)

Jednou z mnohych praktickych funkcii v R je curve (). Je to malé Sikovna
funkcia, ktord umoznuje vykreslovanie kriviek, napr. grafy funkcii. Funkcia
curve () prijima ako prvy argument vyraz v syntaxi R, napr.:
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curve(x~2)
curve(x~2,xlim=c(-2,2),col="red",1lwd=2)

Funkciu curve () pouzivame s argumentom add=TRUE, napr.:

curve(x~2)
curve(sqrt (x),col="red",lwd=2,add=TRUE)

Pouzitie funkcie curve () nie je obmedzené iba na jej samostatné pouzitie.
Mozno vykreslit nejaké idaje a potom pouzif funkciu curve () na nakreslenie
lubovolnej ¢iary nad nimi.

set.seed (1)

x <- rnorm(100)

y <- x72 + rnorm(100)
plot(y ~ x)

curve (x~2,add=TRUE)

Funkcia legend () umoznuje pridat legendu ku grafom v R.

e x,y pozicia v kresliacej oblasti definovana siradnicami v grafe,

e legend vektor refazcov pre popis v legende,

e col vektor farieb pouzitych v grafe,

e pch vektor tvarov znaciek pouzitych v grafe,

e 1ty vektor typov Ciar pouzitych v grafe,

e ncol pocet stipcov pouzitych v legende (implicitne jeden Stfpec).

Priklad.

Vytvorme pouzivatelom definovant funkciu gonplot (), ktorda nakresli grafy
sinxz a cosz v rozsahu (—10;10) v dvoch farbdch a réznych typoch diar.
Potom ku grafu pridajme legendu. Uzivatelom definovana funkcia:

gonplot <- function() {
curve (sin(x) ,x1lim=c(-10,10) ,col="red",lwd=2, type="1",

ylab="sin x",xlab="",ylim=c(-1,2))
curve (cos(x) ,x1lim=c(-10,10) ,col="blue",lwd=2, type="1",1ty=2,
ylab="sinx",xlab="",add=TRUE)
}
Zobrazenie grafu a pridanie legendy.
gonplot ()
legend(x = "topright", # Poloha
legend = c("singx", "cosyx"), # Tezt legendy
1ty = c(1, 2), # Typ ciar
col = c("red", "blue"), # Farby ciar
lwd = 2)
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Argument polohy x m6ze byt nastaveny na jednu z hodnét: top, topleft,
topright, bottom, bottomleft, bottomright, left, right alebo center.
Tento scenar nevyzaduje nastavenie argumentu y, pretoze pozicia legendy je
presne urcné slovne.

Stipcové grafy

Stipcovy graf zobrazuje kategorialne tidaje pomocou obdiinikovych stfpcov
s vyskou alebo dlzkou imernou hodnotam, ktoré predstavuju. Na ich tvorbu
sa pouziva barplot (H,xlab,ylab,title, names.arg,col) s parametrami:

« H je vektor alebo matica obsahujica &selné hodnoty pouzité v stipco-
vom grafe,

e xlab je oznacenie osi X,

e ylabj e oznacenie osi y,

« title je nadpis stipcového grafu,

e names.arg je vektor popisov, ktoré sa zobrazuji pod kazdym stipcom,

e col sa pouziva na priradenie farieb Stfpcom v grafe.

Predpokladajme, Ze vektor x obsahuje denny predaj niektorych vyrobkov.
Objemy predaja mozno graficky znazornit vo forme stlpcového grafu.

x<-c(2000,2400,1400,2600)
barplot (x)

Argument horiz=T nastavime na hodnotu true.

barplot (x,horiz=T)

Na priradenie nazvov stipcom pouzijeme parameter names. arg stipcového
grafu. Dalej definujeme hodnoty parametrov:

e xlab a ylab pre nazvy osi,
e col a border na vyfarbenie stlpcov,
e main na definovanie nadpisu grafu.

Je to podobné ako v pripade funkcie plot (). Nech nas vektor x predsta-
vuje denny predaj nejakého ovocia. Ich nazvy nastavime ako vektor goods a
pouzijeme ho na priradenie nazvov stlpcom.

goods<-c("orange","banana","apple","plum")
barplot (x,names.arg=goods ,xlab="Fruit",ylab="Sales",
col="cyan",main="Monthly sale",border="black")
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Graf modzeme upravit pomocou roznych farieb stipcov. Pozadované farby
nastavime ako vektor colours a pouzijeme ho ako hodnotu argumentu col.
Argument border definuje farbu okraja stlpcov.

colours<-c("orange","yellow","red","blue")
barplot (x,names.arg=goods ,xlab="Fruit",ylab="Sales",
col=colours ,main="Monthly sale",border="black")

Pomocou matice ako vstupnych hodnét mézeme farebne vyznacovat a
znackovat podiely v stlpcoch. Rozsah predajnych objemov vo vektore x za
viac mesiacov. Nasledne informécie prezentujeme graficky. Najprv nastavime:

months<-c("Jan","Feb","Mar","Apr")
x<-matrix (c(2000,2400,1400,2600,1800,2200,1600,2400,2100,
2300,1500,2400,2400, 1800,1200,2200) ,nrow=4,ncol=4)

Teraz sme pripraveni nakreslit graf s podielmi. Priddme aj legendu.

barplot (x, main = "Saleyvolumes", names.arg = months,
xlab = "Month", ylab = "Sales",

col = colours, ylim=c(0,11000))

legend ("topright", goods, fill = colours,ncol=2)

Rovnaké informéacie mézeme alternativne prezentovat zoskupenim stlpcov
v grafe. Nastavime argument beside=T.

barplot (x, beside=T,main = "Sale, volumes"
names.arg = months, xlab = "Month", ylab = "Sales",
col = colours, ylim=c(0,3000))

legend ("topright", goods, fill = colours,ncol=2)

Namiesto farieb mozeme vyplnit stipce texttirami. Najjednoduchsie st
rovnobezné ¢iary. Hustotu ¢iar moézeme zmenit nastavenim density, ktorého
hodnota je vektor s dizkou rovnou poétu ¢ar. Podobne mézeme nastavenim
argumentu angle ako vektora s dizkou rovnajicou sa poctu pruhov urcit uhol
vypliiajicich &iar.

x<-c(2000,2400,1400,2600)

barplot (x,density=c(5,10,20,30), angle=c(0,30,60,90),
col="blue" ,names.arg=goods ,main="Sale volumes",
xlab="Fruit",ylab="Sales")

anglel1<-c(0,30,60,90)

angle2<-c(90,120,150,0)

barplot (x,density=c(10,15,20,25), angle=anglel ,beside = TRUE,
main="Sale, volumes", col = colours,names.arg=months,

xlab = "Month",ylab = "Sales",ylim=c(0,3000))

barplot (x,density=c(10,15,20,25), angle=angle2,beside = TRUE,
col = colours, add=TRUE)
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legend ("topright", goods, ncol=2, fill=colours, angle=anglel,
density=c(10,15,20,25))
legend ("topright", goods, ncol=2, fill=colours, angle=angle2,
density=c(10,15,20,25))

Histogramy

Histogram je znazornenie priblizného rozdelenia ¢iselnych udajov. Zobrazuja
frekvencie hodndt premennej rozdelené do intervalov. Histogram je podobny
stipcovému grafu, ale s tym rozdielom, ze agreguje hodnoty do stvislych inter-
valov. Histogramy poskytuji priblizny obraz o hustote zdkladného rozdelenia
udajov Histogram mozno vytvorit v R pomocou funkcie hist ().

barplot(H,xlab,ylab,title, names.arg,col)
Parametre pouzité vo funkcii st nasledovné:

e data je vektor obsahujici ¢iselné hodnoty pouzité v histograme,
e main oznacuje nazov grafu,

e col sa pouziva na nastavenie farby stipcov,

e border sa pouziva na nastavenie farby okraja kazdého stipca,

e xlab sa pouZiva na popis osi x,

e xlim sa pouziva na zadanie rozsahu hodno6t na osi x,

e ylim sa pouziva na uréenie rozsahu hodnét na osi y,

e breaks sa pouZiva na uvedenie §irky jednotlivych stipcov.

Priklad.

Ilustrujme vykreslenie histogramov na pripade hodu kockou. Predpokladajme,
ze budeme hadzat dvoma kockami 10000-krat a zaujima nas sucet padnut-
nych bodov. Najprv simulujeme hod kockou:

dicel<-sample(1:6,replace=T,10000)
dice2<-sample(1:6,replace=T,10000)
c<-dicel+dice2

Teraz moézeme vykreslit histogram stctov pomocou funkcie hist ():

hist (c,breaks=1.5:12.5, main="Rolling,,2,dice",
xlab="two,dice", ylab="Frequency")
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Kolacové grafy

Kola¢ovy graf je graf pre jednu kategoridlnu premennt a je alternativou stip-
cového grafu. Koldcovy graf (alebo kruhovy graf) je diagram v tvare kruhu,
ktory je rozdeleny na vyseky zodpovedajicich pomerom zobrazovanych hod-
not. V koldcovom grafe je dizka oblika kazdého vyseku (a teda aj jeho stre-
dovy uhol a plocha) timerna veli¢ine, ktort predstavuje. Zakladnéd syntax pre
vytvorenie kola¢ového grafu v prostredi R je:

pie(data, labels, radius, main, col, clockwise)
Vyznam argumentov:

e data je vektor obsahujici ¢iselné hodnoty pouzité v koldcovom grafe,

e labels sa pouziva na popis vysekov,

o radius oznacuje polomer kruhu kold¢ového grafu (hodnota medzi —1
a +1),

e main oznacuje nazov grafu,

¢ col oznacuje paletu farieb,

e clockwise je logickd hodnota, ktord udava, ¢i sa vyseky kreslia v smere
alebo proti smeru hodinovych ruciciek.

Priklad.

Predpokladajme, ze chceme znazornit podiely mesacnych vydavkov domac-
nosti pomocou kolacového grafu. Berieme do tvahy tieto kategérie vydavkov:
byvanie, potraviny, oblecenie, zdbava a ostatné. Hodnoty, ktoré pouzijeme ako
parametre kolacového grafu:

data<-¢(200,300,100,80,150)
labels<-c("housing","food","clothing","entertainment","other")
pie(data,labels ,main="Monthly  expenses")

Na zmenu farieb pouzijeme rainbow (), ktord definuje paletu farieb.

e 1 podet farieb (> 1), ktoré maji byt v palete,

e s,v ,sytost* a ,hodnota“, ktoré sa maji pouzit na doplnenie popisu
ku farbam

o start (opraveny) odtienn v (0;1), pri ktorom zacina zvolend diha,

e end (opraveny) odtieti v (0; 1), pri ktorom diha kondi,

o gamma korekcia gama pre kazda farbu, (r,g,b) v priestore RGB (so
vSetkymi hodnotami v (0; 1)), vyslednd farba zodpoveda (r?, g7,b7),

 alpha priehladnost, ¢islo v (0;1), (0 znamend priehladny a 1 opak).
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description<-paste(labels,"\n",data,sep="")
pie(data,description ,main="Monthly ,expenses",
col=rainbow(length(data)))

Zmenili sme aj popisky. K ich ndzvom sme pridali aj ¢iselné hodnoty.

Ako dalsie vylepsenia mozeme pozadovat popisy s percentami a zobrazenie
grafu s 3D efektom. Najprv musime prepocitat percentd a pridat vysledky
do popisov. Aby sme ziskali percentd v celych ¢islach, pouzijeme funkciu
trunc (). Potom modZeme vytvorit kolacovy graf, tentoraz pomocou palety
heat.colors().

description<-paste(labels,"\n",trunc (100*data/sum(data)),
nym s sep=" ")

pie(data,description ,main="Monthly ,expenses",
col=heat.colors(length(data)))

Na ziskanie 3D efektu v grafe musime pouzit balicek plotrix. Pouzivame
grafy pie3D() s 3D efektom.

library ("plotrix")
pie3D(data,labels=description,main="Monthly expenses",
col=rainbow(length(data)))

Vzhlad 3D grafu mézeme dalej prisposobit pomocou parametrov:

e height, ktory uddva vysku 3D kolac¢a (predvolend hodnota je 0,1).
+ theta, ktory meni uhol pohladu (predvoleny uhol je %).
e explode, ktory definuje oddelenie ¢asti kolaca.

pie3D(data,labels=description ,main="Monthly ,expenses",
col=terrain.colors(length(data)) ,height=0.2, theta=1.5,
explode=0.1)

Uzitoc¢nou alternativou ku kola¢ovym grafom je fun.plot() definovany
v baliku plotrix. Umoznuje vizudlne porovnat kolacové sektory grafu. Ve-
jarovy graf moézeme prispOsobit nastavenim dalSich argumentov:

o max.span uhol maximélneho sektora v radidnoch. Predvolené nastave-
nie je skdlovanie data tak, aby sa stucet rovnal 2.

e ticks pocet policok, ktoré by sa objavili, keby boli sektory na kolaco-
vom grafe. Predvolené nastavenie je ziadne policka.

Tlustracia vejarového grafu

fan.plot(data,labels=description,main="Month1yuexpenseS",
col=rainbow(length(data)) ,max.span=pi,ticks=max(data))
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Nevyhodou vejarového grafu je velké biele miesto nad grafom. Tento pries-
tor mozeme odstranit nastavenim nového grafického zariadenia s vyskou a sir-
kou definovanou pouzivatelom. Nové grafické okno otvorime pomocou funkcie
new.dev(). Velkost okna definujeme pomocou argumentov height a width.

dev.new(width=10,height=5,unit="cm")
fan.plot(data,labels=description ,main="Monthly ,expenses",
col=rainbow(length(data)) ,max.span=pi,ticks=max(data))

Krabicovy graf

Krabicové grafy vizualizuji rozdelenie ¢iselnych ddajov a sikmost prostred-
nictvom zobrazenia kvartilov (alebo percentilov) a priemerov idajov. Boxplot
sa sklada z dvoch casti, boxu a sady ,,whiskerov“. Box je zobrazuje rozsah od
dolného kvartilu po horny kvartil s vodorovnou ¢iarou nakreslenou vo vnutri
boxu, ktord oznacuje medidn. Whiskery moézu alternativne znazornovat nie-
kolko okrajovych hodnét spomedzi pozorovanych udajov:

e minimum a maximum vsetkych tudajov,

¢ jedna standardna odchylka nad a pod priemerom udajov,
e 9. percentil a 91. percentil,

e 2. percentil a 98. percentil.

Vsetky tdaje, ktoré nie st zahrnuté medzi whiskery, by sa mali vykreslit
ako odlahlé hodnoty vyznacené bodkou, malym krizkom alebo hviezdickou,
obcas sa to vSak nerobi.

o) okrajova hodnota
—_ horna hranica

whisker

treti kvartil

median

prvy kvartil
|
: whisker

4 spodna hranica
O okrajova hodnota

Boxploty sa v R vytvaraji pomocou funkcie boxplot ().
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boxplot(x, data, notch, varwidth, names, main)

¢ x je vektor alebo vzorec,

e data je data frame.

¢ notch je logicka hodnota. Nastavte ako TRUE, ak chcete nakreslit vrub.

e varwidth je logickd hodnota. Nastavte ako TRUE, aby sa vykreslila
sirka rdmceka imerna velkosti vzorky,

e names si oznacenia skupin, ktoré sa vypisu pod kazdym boxplotom,

e main sa pouziva na zadanie nadpisu grafu.

Priklad.

Predpokladajme, ze v datovom siibore players.csv mame Statistické tdaje
z basketbalového zapasu. Tento datovy sibor obsahuje identifikdciu hracov,
ich poziciu, pocet streleckych pokusov a tspesné strelecké pokusy. Pomocou
boxplotu porovnajme dosiahnuté body podla pozicie.

players<-read.csv("players.csv")
boxplot (made~position,data=players,
xlab="Position",ylab="Pointsygained",
main="Scoring, by, position")

Podobne ako pri ostatnych typoch grafov mdézeme upravit vzhlad grafu.
Tlustrujeme vyfarbenie grafu a nastavenim hodnoty varwidth=TRUE upravime
sirku boxov tak, aby bola timerné velkosti vzorky.

boxplot (made~position,data=players,
xlab="Position",ylab="Pointsygained",
main="Scoring, by position",col="cyan",varwidth=TRUE)

Nastavenim logickej premennej horizontal na hodnotu TRUE mézeme
otacat grafy v boxplote. Okrem toho sa farby mo6zu v jednotlivych boxch
lisit.

boxplot (made~position,data=players,
xlab="Position",ylab="Points,gained",
main="Scoring byyposition",
col="col=c("blue","cyan","green"),
varwidth=TRUE ,horizontal=TRUE)

Kombinacie grafov

V prostredi R mdzeme graf kombinovat s grafickymi parametrami mfrow a
mfcol. Staci zadat vektor, ktory urcuje pocet riadkov a pocet stlpcov, ktoré
planujeme vytvorit.
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e mfrow budu grafy usporiadané podla riadkov,
« mfcol grafy budd usporiadané podla stipcov.

mfrow=c(2,2): mcol=c(2,2):
Graf 1 Graf 2 Graf 1 Graf 3
Graf 3 Graf 4 Graf 2 Graf 4

set.seed (5)

x <- rexp(80)

# Dva riadky, dva stlpce

par (mfrow = c(2, 2))

# Grafy

hist(x, main = "Histogram") # Vlavo hore
boxplot (x, main = "Box,plot") # Vpravo hore
plot(x, main = "Scatteryplot") # Vliavo dole
pie(table(round(x)), main = "Pieygraph") # Vpravo dole
# Spat na povodne graficke zariadenie

par (mfrow = c(1, 1))

Casto potrebujeme vytvorit obrazok so zlozitejsou struktirou. Vtedy po-
uzivame layout (), ktord ma Styri dolezité argumenty:

e mat matica, kde kazda hodnota predstavuje umiestnenie obrazkov.

o widths vektor pre sirky stipcov, v em mézeme pouzit 1em().

e heights vektor pre vysku stipcov, v em mozeme pouzit lem().

o respect logickd hodnota alebo matica vyplnend 0 a 1 rovnakych roz-
merov ako mat na urcenie, ¢i sa maju respektovat vztahy medzi sirkami
a vysSkami alebo nie.

1 <- layout(matrix(c(1l, 2, 2, # Prvy, druhy,
3, 3, 4), # treti a sturty graf
nrow = 2,
ncol &g
byrow = TRUE))
layout .show (1)

Pred pridanim grafov moézeme zobrazif nahlad ich rozlozenia pomocou
layout.show(). Tito metddu ilustrujeme na bodovom grafe realizovanom s
okrajmi vo forme histogramu a krabicového grafu.
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1 <- layout(matrix(c(2, 0, 1, 3),

nrow = 2, ncol = 2,
byrow = TRUE),
widths = c(9, 3),
heights = c(3, 9), respect = TRUE)

plot(x, main = "Scatteryplot")
hist(x, main = "Histogram")
boxplot (x, main = "Box,plot")
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