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Predgovor trecoj PSSOH konferenciji

Sa velikim zadovoljstvom nastavili smo odrZavanje PSSOH konferencije (Primena slobodnog softvera i
otvorenog hardvera) koju smo zapoceli u 2018. godini sa Zeljom da se u Republici Srbiji organizuju i sa
posebnom paznjom neguju nacionalni skupovi i to uprkos pandemiji COVID-19 virusa. PSSOH je i u 2020.
godini dvojezicna virtuelna konferencija sa zvani¢nim srpskim i engleskim jezikom, pa su radovi u celini
Stampani u ovom zborniku i na srpskom i na engleskom jeziku.

Pored neizbeznih epidemioloskih mera koje smo uveli, a koje su ukljucile organizaciju virtuelne
konferencije, uveli smo i niz drugih izmena pocevsi od toga da se Zbornik Stampa nakon konferencije, kao i
to da od 2020. prihvatamo samo radove u celini. Takode, u 2020. godini odvojili smo organizacioni od
urednickog odbora sa Zeljom da negujemo PSSOH podmladak uz vecu efikasnost u organizaciji. Kako nismo
Zeleli da se u potpunosti odreknemo tradicionalnog nacina organizacije konferencije, umesto da
organizujemo u potpunosti virtuelnu konferenciju, organizovali smo kombinovanu konferenciju. Svi
predavaci koji su to Zeleli mogli su da dodu i da na Elektrotehnickom fakultetu Univerziteta u Beogradu uz
sve mere predastroZnosti i na licu mesta uz nasu tehnicku podrSku odrZe predavanje. Ove godine, Zbornik
smo Stampali nakon konferencije iz dva razloga. Prvi je Sto nismo stigli ranije da ga pripremimo, jer je
kompletan urednicki odbor angaZovan u nastavi, a kako su letnji semestar Skolske 2019/2020. i zimski
semestar Skolske 2020/2021. godine bili pretezZno onlajn to nam je svima ponestalo vremena. Drugi razlog je
Sto ima viSe smisla Stampati radove nakon javne recenzije zajednice kako na internetu, tako i tokom
konferencije.

Ove godine smo po prvi put uveli i plenarnu sesiju na kojoj je predavanje, na nase veliko zadovoljstvo,
odrzao Italo Vinjoli iz The Document fondacije povodom godisnjice Libre Office projekta. U saradnji sa
Descon konferencijom organizovali smo radionicu na temu kako napraviti Klimerka, gde su ucesnici u
prostorijama Fakulteta i onlajn mogli da prate uputstva i da sastave sopstveni Klimerko otvoreni uredaj. NaSi
studenti i ¢lanovi organizacionog odbora organizovali su i odrzali PSSOH post-konferencijsku radionicu za
instalaciju Linux operativhog sistema. Ove godine, sve prezentacije sa PSSOH konferencije i post-
konferencijskih radionica su dostupne i na YouTube-u pod CC licencom, pa nasi Citaoci, kriticari, prijatelji i
svi znatiZeljni, imaju dostupnu PSSOH 2020 onda kada njima to bude odgovaralo.

PSSOH konferencija je bila organizovana u 2020. godini kao jednodnevni dogadaj koji je ukljucio niz
predavanja po pozivu u Cetiri sesije. Pored svih izmena, PSSOH konferencija nije menjala svoj druStveno
odgovorni karakter i teme. I ove godine smo se bavili aktuelnim pitanjima koje se odnose na primenu
slobodnog softvera i otvorenog hardvera, ali i zastupljenoS¢u Zena i ostalih manjinskih grupa u elektrotehnici
i raCunarstvu. U 2020. godini, naSa predavanja po pozivu ukljucila su teme iz otvorenih formata i otvorenih
projekata (Libre Office), licence slobodnog softvera i otvorenog hardvera, modele za predikciju potrosnje
elektricne energije zasnovane na primeni slobodnog softvera, simulatore za drZanje nastave iz arhitekture i
organizacije racunara, IoT sisteme, otvorene resurse za obradu srpskog jezika, softver otvorenog koda za
vizuelizaciju podataka i otvoreni hardver za realizaciju elektricnog bicikla. Pored primena u elektrotehnici i
racunarstvu, PSSOH je ukljucio i teme iz drugih oblasti, pa su predstavljeni radovi na temu primene
slobodnog softvera u meteorologiji, matematici, raCunarskoj lingvistici, eksperimentalnoj psihologiji i u
biliotekama. Takode, jedan rad je bio posvecen otvorenim psiholoskim instrumentima i jedan rad rodnoj
raznolikosti na Vikipediji.

Na svim prethodnim, ali i budu¢im PSSOH konferencijama svi nasi gosti i predavaci su dobrodosli ako Zele
da pomognu u skladu sa svojim mogu¢nostima i sve tretiramo ravnopravno, Sto je tradicija pokreta slobodnog
softvera i otvorenog hardvera. Kako smo najavili u 2018. i realizovali u 2019. godini i ove godine smo
ponudili svim autorima koji su na Elektrotehnickom fakultetu Univerziteta u Beogradu objavili otvorene
nastavne materijale da ih predstave u naSem zborniku. Medutim, do zakljuCenja zbornika nismo dobili
odgovor da li su zainteresovani. lako je u 2020. godini izostao odgovor autora otvorenih nastavnih materijala,
a bilo ih je samo dva u proteklom periodu od godinu dana, to ne znaci da su otvorene knjige manje popularne.
U Srbiji se upravo rasplamsala diskusija oko Fondacije Aleka Kavci¢a koja se zalaZe za besplatne udzbenike.
Mi, urednici PSSOH konferencije, moZzemo samo da podrzimo aktivnosti Fondacije, ali i da predloZimo
slede¢i korak, otvorene referentne udzbenike koji bi bili dostupni pod Creative Commons Attribution Share


https://www.youtube.com/channel/UC6j85AcrKs5HNwjXzWEqyDw

Alike licencom u pdf formatu na sajtu Ministarstva, pa bi ih mogao Stampati i kori€iti bilo ko, ¢ime bi
otvoreno trziSte dobilo pun smisao i donelo dobro krajnjim korisnicima, uCenicima i roditeljima koji
udzbenike kupuju. Takode, snimljena referentna predavanja bi trebalo da budu dostupna na sajtu
Ministarstva, Sto bi bila pomo¢ nastavnicima u pripremi predavanja i uCenicima u pra¢enju nastave. Na
danaSnjem razvoju digitalnih tehnologija, teSko je na¢i izgovor da navedeni nastavni resursi ne budu ucinjeni
dostupni, ako kao validne argumente iskljuc¢imo li¢ne ekonomske interese.

Organizacija PSSOH konferencije je podrZana od strane velikog broja koleginica i kolega, ustanova,
kompanija i udruZenja i ovde ih je nemoguce sve pobrojati. Najzahvalniji smo naSim donatorima iz
Akademske Misli iz Beograda ali i radionici DK za ru¢nu izradu PSSOH maski. Zahvalni smo i svim
predavacima na uceS¢u i na nesebicnom doprinosu u odrzavanju trece PSSOH konferencije. Takode, bez
Nikole Todorovica i MiloSa Bjelica koji predsedavaju organizacionim odborom ne bi smo mogli da
zamislimo PSSOH 2020. Veoma smo zahvalni ¢lanovima Organizacionog odbora Dejanu Petkovicu, Dragici
Nikoli¢, Zivani GaraSevi¢, Jovanu Sandicu, Mihajlu Pavlovi¢u, Nenadu Popovi¢u i MiloSu Budimiru.
Zahvalnost dugujemo i svim ¢lanovima nauc¢nog i spoljnjeg organizacionog odbora i to posebno Dejani
Pavlovi¢, ali i Milanu Anti¢u i Nemanji Jovanovi¢u. Kako nismo u moguénosti da sve koji su nam pomogli
nabrojimo, unapred se izvinjavamo svima koje smo propustili da spomenemo.

P.S. U duhu PSSOH tema i sa Zeljom da promoviSemo slobodan softver, ovaj Zbornik smo pripremili u
programskom paketu LibreOffice.

u Beogradu, 1. februara 2021. godine
Urednicki odbor PSSOH konferencije



Foreword to the Third PSSOH Conference

With great pleasure we continued to organize PSSOH conference (Application of Free Software and Open
Hardware) despite the COVID-19 virus pandemic in 2020. We established PSSOH in 2018 with the desire to
organize and nurture with special attention national gatherings in the Republic of Serbia. PSSOH 2020 is a
bilingual virtual conference with official Serbian and English and the papers in this Proceedings are printed in
both Serbian and English languages.

In addition to the inevitable epidemiological measures that we had to introduce, including the organization of
a virtual conference, we also introduced other changes, starting with the Proceedings being printed after the
conference, as well as accepting only full length papers from 2020. Also, in 2020, we separated the
Organizational from the Editorial Board with the desire to nurture the PSSOH youth and at the same time by
providing more efficient organization. As we did not want to completely abandon the traditional way of
organizing the conference, instead of organizing a completely virtual conference, we organized a combined
event. All lecturers who desired to come, were able to give a lecture at the School of Electrical Engineering,
University of Belgrade, with all pandemic precautions and with our technical support. We printed the PSSOH
2020 Proceedings after the conference for two reasons. The first reason is that we did not have time to
prepare it earlier, because Editorial board was enrolled in teaching during 2019/2020 summer semester and
during 2020/2021 winter semester that were organized mostly online, so we ran out of time. Another reason
is that it makes more sense to print papers after a public review both online and during the conference.

This year, for the first time to our great satisfaction, we introduced a plenary session with guest lecturer Italo
Vinjoli from The Document Foundation on the occasion of the anniversary of the Libre Office project. In
collaboration with the Descon conference, we organized workshop on how to assemble Klimerko, where
participants both at the Faculty and online could follow the instructions and assemble their own Klimerko
open source device. Our students and organizing committee members held PSSOH post-conference
workshop on how to install the Linux operating system. This year, all presentations from the PSSOH
conference and post-conference workshops are available on YouTube under CC license, so our readers,
critics, friends, and curious visitors have PSSOH 2020 available whenever they want it.

PSSOH conference was organized in 2020 as a one-day event and it included a series of invited lectures
organized in 4 sessions. Despite all the changes, the PSSOH conference did not change its socially
responsible character and topics. This year, invited PSSOH talks dealt with current issues related to the
application of free software and open hardware as well as to the representation of women and other minority
groups in electrical engineering and computing. PSSOH 2020 invited lectures included topics from open
formats and open projects (Libre Office), free software and open hardware licenses, models for predicting
electricity consumption based on the application of free software, simulators for teaching computer
architecture and organization, IoT systems, open resources for Serbian language processing, open source
software for data visualization, and open hardware for the realization of an e-bicycle. In addition to the
applications in electrical engineering and computing, PSSOH included topics from other fields, such as free
software in meteorology, mathematics, computational linguistics, experimental psychology, and libraries.
Also, one paper was dedicated to open psychological instruments and one to gender diversity on Wikipedia.

At all previous and future PSSOH conferences, all our guests and lecturers are welcome if they want to help
in accordance with their capabilities and we treat everyone equally, which is tradition of the free software and
open hardware movement. As we announced in 2018 and realized in 2019, this year we have offered all
authors who have published open teaching materials at the School of Electrical Engineering, University of


https://www.youtube.com/channel/UC6j85AcrKs5HNwjXzWEqyDw

Belgrade to present them in our Proceedings. However, until the conclusion of the Proceedings, we did not
receive answer whether they were interested. Although we will not be presenting open educational resources
in this Proceedings and that there are fewer open textbooks last year, open books are not less popular. There
is an ongoing discussion about the Alek Kav¢i¢ Foundation, which advocates free textbooks in Serbia. We,
the editors of the PSSOH conference, can only support the activities of the Foundation, but also propose the
next step which would include open reference textbooks that would be available under a Creative Commons
Attribution Share Alike license in pdf format on the Ministry website, so anyone could print and use them.
We believe that this way, the open market would get its full potential by bringing benefits to end users,
students and parents who buy textbooks. Also, recorded reference lectures should be available on the website
of the Ministry, which would help teachers in preparing lectures and students in monitoring classes. In
today's development of digital technologies, it is difficult to find an excuse not to make the mentioned
teaching resources available, if we exclude personal economic interests as valid arguments.

The organization of the PSSOH conference is supported by a large number of colleagues, institutions,
companies, and associations, and it is impossible to count them all here. We are most grateful to our donors
from Academic Mind from Belgrade, but also to the DK studio for handmade PSSOH masks. We are also
grateful to all the lecturers for their participation and generous contribution to the third PSSOH conference.
Also, without Nikola Todorovi¢ and Milo$ Bjeli¢ both chairing the Organizing Committee, we would not
have been able to imagine PSSOH 2020. We are very grateful to the members of the Organizing Committee
Dejan Petkovi¢, Dragica Nikoli¢, Zivana GaraSevi¢, Jovan Sandi¢, Mihajlo Pavlovi¢, Nenad Popovi¢, and
Milos Budimir. We also owe gratitude to all members of our Scientific and External Organizing Committees,
especially to Dejana Pavlovi¢, but also to Milan Anti¢ and Nemanja Jovanovi¢. As we are not able to list
everyone who helped us, we apologize in advance to everyone we failed to mention.

P.S. According to the PSSOH themes and with aim to promote application of free software, this Proceedings
is prepared in LibreOffice.

in Belgrade, February 1, 2021.
Editorial Board of the PSSOH Conference
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LibreOffice 10™ Anniversary: Digital Sovereignty & Open Document Standards

Italo Vignoli
One of the founders and team members of The Document Foundation and main spokesperson
italo@documentfoundation.org

Announcement and Outline for Plenary Lecture

We are very proud to announce our Plenary Session for the first time at the PSSOH conference with Italo Vignoli as
a spokesperson. This presentation covers history of LibreOffice, its goals and achievements, and the most important: its
community. Why Digital Sovereignty? Because “Technology sovereignty is the ability of a state or a federation of states
to provide the technologies it deems critical for its welfare, competitiveness, and ability to act, and to be able to develop
these or source them from other economic areas without one-sided structural dependency”, from the presentation held
by Italo Vignoli at PSSOH 2020 and available on Zenodo repository (doi: 10.5281/zenodo0.4129851).

Italo Vignoli, also presented how important open document formats are and stressed their significance by some
practical examples. We, the Editorial Board of the PSSOH conference, have never aimed to convince anyone, any
person, institution, or nation to use free and open source software and LibreOffice. Our aim was limited to give an
insight into possibilities and opportunities that come with the free software. If we managed to spread the word on open
formats and free and open source software, and to inform at least one person, one institution, or one nation, we can say
that our expectations are exceeded.

Keywords: Libre Office; Free and Open Source Software; FOSS; open formats.
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Licence slobodnog softvera i otvorenog hardvera
— kratko uputstvo za nestrpljive —

Predrag Pejovic'l, Nadica Miljkoviél, Milo$ Cvetanovi¢!, Milica Sevkugié¢?
Elektrotehnicki fakultet, Univerzitet u Beogradu, Beograd, Srbija
?Institut tehnickih nauka SANU, Beograd, Srbija
peja@etf.rs, nadica.miljkovic@etf.rs, cmilos@etf.rs, biblioteka@itn.sanu.ac.rs

Rezime: U radu je dat prikaz osnovnih ideja
slobodnog softvera i nacin njihove realizacije primenom
odgovarajucih licenci, sa posebnim osvrtom na tehniku
kopilefta. Razmotrena je generalizacija ideja slobodnog
softvera na ostala dela kreativnog rada, a posebno na
hardver, sa kratkim osvrtom na odgovarajuce licence
primerene tim slucajevima. NaglaSena je i obrazloZena
razlika izmedu slobodnog i besplatnog softvera.

Kljucne reci: Licence, otvoreni hardver, slobodni
softver, softver otvorenog koda.

I. Uvod

Racunari su znacajno promenili nacin Zivota time Sto
su automatizovali algoritamske poslove. Uticaj raCunara
na druStvo se Cesto rangira kao industrijska revolucija,
samo Sto ova revolucija nije zamenila ljudsku snagu, ve¢
je oslobodila ljudski um dosadnih poslova koji se
izvrSavaju po unapred utvrdenim algoritmima. Poseban
zamah drustvenim promenama je dala sprega racunarske
tehnike i telekomunikacija, kada je omogucen
jednostavan, brz i ekonomican prenos velike kolic¢ine
informacija na velika rastojanja. Racunari su
omogucavali prenos, skladiStenje i obradu tih
informacija. Ove tehnoloSke inovacije su dovele do
znacajnih posledica, medu kojima su porast ekonomskog
znaCaja nematerijalnih proizvoda, pojava proizvoda sa
nultim marginalnim troSkovima proizvodnje, znacajno
povecana sloZenost proizvoda, problemi saradnje i
organizacije u proizvodnji tih sloZenih proizvoda, kao i
pravni, ekonomski i druStveni izazovi koje nova
tehnologija uzrokuje.

Jedan od osnovnih proizvoda vezanih za racunarsku
tehniku je softver. Softver je nematerijalni proizvod,
karakterisan marginalnim troSkom proizvodnje (troSkom
pravljenja joS jednog primerka) koji je prakti¢no jednak
nuli. Osim toga, softver se upotrebom ne trosi, pa se
potraznja ne obnavlja spontano. U odsustvu vestacki
nametnutih restrikcija, softver lako moZe da kopira bilo
ko. Sve ovo Cini softver vrlo specificnim proizvodom koji
zahteva posebne poslovne modele koji bi finansirali
njegov razvoj i odgovarajucu pravnu podrsku.

Po osobini da je nematerijalni proizvod, softver je
slican nauci, matematici i delu umetnosti. Ove delatnosti
su poslovni model nalazile u materijalnom nosiocu, knjizi
za dela iz nauke, matematike i knjiZevnosti, ili plocama,
kasetama i kompakt diskovima u oblasti muzike kada je
tehnicki postalo moguce snimiti je. Napretkom
tehnologije je postajalo sve lakSe samostalno praviti
kopije ovih dela, bilo na kopir maSini, bilo na kasetofonu

DOI: 10.5281/zenodo.4210351

ili danas na raCunaru, a pravna zastita od ovakve prakse
bila je kopirajt: pravo kopiranja su imali samo ovlasc¢eni
proizvodaci. Ovakva zaStita poslovnog modela je
generalizovana i na softver. Kvantni skok u
mogucnostima kopiranja i razmene kopija su izazvale
nove racunarske i komunikacione tehnologije, Sto je
problem poslovnog modela sa softvera na istovetan nacin
prenelo na sve ostale nematerijalne, a sada digitalizovane,
proizvode: marginalni troSak proizvodnje im je pao na
nulu, a dostupnost kopiranja je postala opSta. Na primer,
kod knjige ono Sto vredi je sadrzaj, mnogo viSe nego
papir i Stampanje (mada, ima izuzetaka). SadrZaj je
postalo moguce lako kopirati i distribuirati po ceni koja je
prakti¢no jednaka nuli, ¢ime je nova tehnologija odvojila
i ostale nematerijalne proizvode od materijalnog nosioca.
Da bi se poslovni model zastitio, bile su neophodne
restrikcije, uskra¢ivanje mogucénosti koje tehnologija
pruza. Kopirajtom uvedene restrikcije postojale su i
ranije, ali se sada pojavila potreba da se kontroliSe znatno
veci broj potencijalnih proizvodaca kopija.

Softver ima niz slicnosti sa ostalim nematerijalnim
proizvodima, ali i niz razlika. Jedna od razlika je
mogucnost prerade i dorade postoje¢eg softvera kako bi
se prilagodio potrebama korisnika. Ovo je moguce uraditi
ako je dostupan izvorni kod programa (source code).
Osim toga, uvidom u izvorni kod programa moZe se
zakljuciti Sta i kako program radi sa korisnikovim
podacima.

Ekonomski interes, kome je odgovaralo da se za
nematerijalne proizvode generalizuju poslovni modeli
koji se primenjuju na materijalne proizvode, uticao je na
sam softver [1] str. 17-19. Prvo je korisniku izvorni kod
programa uskracen, pa on nije mogao da vidi Sta program
radi sa njegovim podacima na njegovom racunaru. Zatim
su u programe ugradivana i svojstva kontrole korisnika u
cilju nametanja poStovanja licence. Dalja evolucija je
vodila uvodenju i drugih svojstava u programe koje
korisnik ne kontroliSe, pre svega u domenu prikupljanja
podataka o korisniku i koriS¢enju. Poslovni model
primeren materijalnim objektima primenjen na softver
vodio je ka tome da softver kontroliSe svog korisnika, a
ne da korisnik kontroliSe softver koji obraduje njegove
podatke na njegovom racunaru. Novim Kkorisnicima
racunara, koji su poceli da koriste racunar u doba kada je
koncept vlasnickog softvera ve¢ bio formiran, ovo je
izgledalo prihvatljivo, nisu imali drugih iskustava. Starim
korisnicima racunara, iz perioda kada vlasniStvo nad
softverom nije bilo znacajno, koji su navikli da imaju
kontrolu nad svojim podacima na svom racunaru, ali i da
proucavaju i modifikuju tude programe u skladu sa
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svojim interesovanjima i potrebama, ovo nije bilo
prihvatljivo. Tako je nastao pokret za slobodni softver.

II. Definicija slobodnog softvera

Izvorna ideologija pokreta slobodnog softvera moZze
se na¢i u [2] u formi zbirke ¢lanaka koji su presudno
uticali na njegov razvoj. Slobodni softver je definisao
Ricard Metju Stolman (Richard Matthew Stallman), [2]
str. 43, a definicija se sastoji iz Cetiri slobode koje se
tradicionalno numerisu pocevsi od nule:

Sloboda 0: Sloboda da se program koristi za bilo koju
namenu.

Sloboda 1: Sloboda da korisnik prouc¢i kako program
radi i da ga prilagodi svojim potrebama. Preduslov za
ovu slobodu je moguénost pristupa izvornom kodu
programa.

Sleboda 2: Sloboda da dajete kopije programa kako biste
pomogli svojim prijateljima.

Sloboda 3: Sloboda da se program unapredi i da se
unapredena verzija publikuje kako bi cela zajednica
imala koristi. I za ovu slobodu je preduslov
mogucnost pristupa izvornom kodu programa.

Ovde valja naglasiti da se u definiciji slobodnog softvera
nigde ne pominju novac, cena i naplata, ve¢ samo
slobode koje korisnici programa treba da imaju kako bi
upravljali svojim podacima i njihovom obradom na
svojim racunarima.

Navedena definicija slobodnog softvera potice iz
¢lanka koji je napisan 1996. godine ([2] str. 43), ali je
slobodni softver koji zadovoljava uslove definicije
postojao i ranije. Dva poznata primera su simulator
elektricnih kola SPICE [3], [4] i program za obradu
teksta TeX [5], [6]. Takode, medu prvim primerima
slobodnog softvera je danas zaboravljeni Tiny BASIC [7],
[8] koji je nastao kao reakcija na ,,Open Letter to
Hobbysts“ [9], [10] koje je 1976. godine napisao Bil
Geijts i koje je predstavljalo istorijski znacajnu tacku u
procesu odvajanja slobodnog i vlasnickog softvera. Tiny
BASIC je jedan od prvih primera uspeha slobodnog
softvera u doba kada sam koncept jo$ nije bio formulisan
u danas uobicajenoj formi.

A. Terminoloske razlike i zabune: slobodan softver,
softver otvorenog koda, besplatan softver

Koncept slobodnog softvera nije bio dobro docekan u
poslovnim krugovima koji su svoje poslovanje zasnivali
na vlasnickom softveru. Na ekonomskom nivou pretila
im je opasnost od konkurencije sa kojom po ceni nikako
nisu mogli da se takmice. Na ideoloSkom nivou smetalo
im je Sirenje ideja o pravima korisnika programa. Mo¢na
industrija je pokrenula propagandne mehanizme koji su
omalovazavali slobodni softver i napadali njegove
protagoniste nazivajuci ih dot komunistima (.com). To je
dovelo do reakcije [11], ironi¢nog Clanka u kome se
analiziraju osnove i posledice postojanja slobodnih
informacija. Sa druge strane, dostupnost izvornog koda
programa i slobode koje slobodni softver donosi nudile
su korisnicima niz prednosti, poput vece baze programera
koji mogu da pregledaju i menjaju program, konkurencije

medu njima, a time i potencijalno kvalitetnijih proizvoda
i smanjene cene. Zelja da se izbegne konfrontacija sa
ideologijom vlasnistva, pa time i vlasnickog softvera, uz
Zelju da se zadrZe prednosti koje slobodni softver nudi,
doveli su do odvajanja dela programera od pokreta za
slobodni softver i nastanka ,,Inicijative za otvoreni kod“
[1] str. 14-16, [12], koja je dala alternativhu definiciju
slobodnog softvera izbegavaju¢i termin ,slobodni
softver” i koriste¢i termin ,softver otvorenog koda“. Ovo
je izazvalo Zestoko protivljenje Fondacije za slobodni
softver [13] koja je insistirala na etickim pitanjima i
terminu ,,slobodni softver”, [2] str. 57. Sukob je trajao
neko vreme, ali se danas moze smatrati zavrSenim. I
slobodni softver i softver otvorenog koda koriste iste
licence, Sto se narocito odnosi na GNU General Public
License (GPL) o kojoj ¢e joS biti re¢i. Stoga, za sve
prakticne primene moZe se smatrati da su slobodni
softver i softver otvorenog koda identi¢ni pojmovi jer
daju iste slobode korisnicima poSto se distribuiraju pod
istom licencom. Stoga se isti pojam oznacava i terminima
FOSS  (Free/Open_Source  Software) i  FLOSS
(Free/Libre/Open_Source Software). Ocekivano, u svetu
proizvodaca vlasnickog softvera softver otvorenog koda
docekan je sustinski isto kao i slobodni softver, samo je
neko vreme tolerisan kao manje zlo i Zeljena podela u
pokretu za slobodni softver. Jedna slika klime koja je
vladala je ideoloSko propagandni tekst [14] u kome
Cinjenice nisu bile od znacaja, ve¢ su krajnje bahato i
povrsno pogresno interpretirane u cilju promovisanja
jednog pogleda na svet zasnovanog na pojedinacnim
interesima.

Besplatni softver (freeware) se bitno razlikuje od
slobodnog softvera. Odrednica besplatnog softvera je
cena, koja je jednaka nuli, a ne slobode koje su date
korisniku. Prilikom koriS¢enja besplatnog softvera treba
biti oprezan i razumeti motive koji uskracuju neke od
sloboda koje slobodni softver ima u proizvodu koji je
besplatan. Postoje slucajevi kada se besplatan softver
koristi za plasiranje reklama, za prikupljanje informacija
o korisniku, za manipulaciju korisnika da se navikne na
svojstva besplatnog programa koja se kasnije uskrate, a
nastavak koriS¢enja se uslovljava naplatom. Zabunu oko
pojmova slobodnog i besplatnog softvera je delom
uzrokovala i dvosmilenost reci ,free“ na engleskom, sa
znaCenjima ,,slobodno“ i ,besplatno®. Stoga, Ricard
Stolman Cesto naglasava da rec ,,free“ u ,free software
treba tumaciti kao u ,,free speech® (sloboda govora), a ne
kao u ,,free beer* (besplatno pivo). Mada, besplatno pivo
moZe da dovede do slobodnijeg govora.

B. GNU

Na ovom mestu treba objasniti i termin koji ¢e se u
licencama slobodnog softvera cesto pominjati, a to je
GNU. GNU je rekurzivni akronim od Gnu is Not Unikx,
kako je Ricard Stolman nazvao svoju viziju operativnog
sistema koji ¢e biti nalik na Unix [15], [16], ali ¢e za
razliku od njega biti slobodan softver. Unix je bio
pogodna osnova za izgradnju slobodnog operativnog
sistema, pre svega zbog svoje prenosivosti na razliite
hardverske platforme i zbog svoje modularnosti, koja je



omogucavala realizaciju projekta slobodnog operativnog
sistema u etapama, modul po modul. GNU je najavljen
1984. godine u [2] str. 33 i osnov je svih operativnih
sistema koji se danas joS kolokvijalno nazivaju Linux,
iako je Linux samo deo tog operativnog sistema, kernel, a
korektan naziv je GNU/Linux.

II1. Klasifikacija licenci

Dominantan nacin zastite softvera kao ,intelektualne
svojine“ jeste kopirajt, mada se u pojedinim pravnim
sistemima softver moZe i patentirati. To su dva bitno
razliCita nacina zaStite: kopirajt [17], [18] str. 13-31 Stiti
autorsko delo u formi u kojoj jeste, trajanje zaStite je
razli¢ito u zavisnosti od pravnog sistema odredene zemlje
i vremena nastanka dela, a obi¢no je dugo, Cak i preko
100 godina; patent [18] str. 13-31, [19] Stiti ideju na
osnovu koje je program napravljen, obicno traje kratko,
oko 20 godina, Sto takode zavisi od pravnog sistema.
Treba imati u vidu da je pojam ,kratko trajanje zastite“
zavisan i od proizvoda: za softver je 20 godina jako dug
period. Po Bernskoj konvenciji [20], [21], svaki rezultat
kreativnog rada koji se u pravnom smislu moZe smatrati
autorskim delom podleZe kopirajtu automatski, svojim
nastankom, nikakva registracija nije potrebna. Ovde se
vrlo Cesto gresi kada se smatra da je moguce preuzeti bilo
koji sadrzaj koji podleZe kopirajtu, npr. fotografiju koja
se nalazi na internetu, za koji ne piSe eksplicitno da to
nije dopusSteno. Upravo suprotno vaZi: ako ne piSe nista,
po Bernskoj konvenciji kopiranje nije dozvoljeno. Prikaz
sa objaSnjenjima i primerima dat je u [22].

Licenca je dokument kojim se definiSu uslovi
koriS¢enja, odnosno kojim se korisniku daju odredena
prava, [18] str. 51-72, [23]. U slucaju softvera ta prava
proisticu iz kopirajta i/ili patenta. Ako prava koja su
licencom data korisniku omogucavaju cetiri slobode
navedene u definiciji slobodnog softvera, ta licenca se
moZe smatrati licencom slobodnog softvera.

Licence su pisane jezikom pravnih dokumenata koji
nije lako razumljiv laicima. U kontekstu slobodnog
softvera koegzistira veliki broj licenci nastalih u
razliCitim periodima i u okviru razlicitih zajednica, pa ih
je moguce klasifikovati na osnovu razlicitih kriterijuma,
[18] str. 69-72. Kako je korisnicima licence bitno da
znaju i razumeju koja prava su im licencom data, mi
¢emo se u ovom radu drZati klasifikacije zasnovane na
pravima koja korisnik ima, odnosno podele na
restriktivne i liberalne licence.

IV. Restriktivne licence slobodnog softvera:
kopileft

Ricard Stolman je imao loSe iskustvo da softver koji
je razvijan kao slobodan softver bude modifikovan,
relicenciran pod vlasnickom licencom i zatvoren,
nedostupan svojim originalnim autorima, [1] str. 13-14.
Kako bi sprecio takvu praksu, doSao je na ideju da
kopirajt iskoristi tako da korisnicima omogucéi slobode
koje zahteva definicija slobodnog softvera, ali i da
onemoguc¢i promenu licence za modifikovane verzije
softvera i pretvaranje u vlasnicki softver. Ideja za ovakvu

primenu kopirajta data je u ¢lanku ,,The GNU Manifesto*,
[2] str. 39, u kome se prikazuje vizija operativnog sistema
GNU, ali se raspravlja i metod njegovog licenciranja.
Ova tehnika je nazvana kopileft, [2] str. 91 i str. 99, poSto
je kopirajt percipiran kao sredstvo kojim se ogranicava
javna dostupnost, dok kopileft koristi kopirajt kako bi
obezbedio ne samo javnu dostupnost izvornog softvera,
ve¢ i javnu dostupnost njegovih modifikovanih verzija
[24], [25]. Sam termin kopileft potiCe od izjave o pravima
(copyright notice) za program Palo Alto Tiny BASIC [8],
»Copyleft, All Wrongs Reserved“, koja je kao zanimljiva
igra reci iskoriS¢ena i kasnije Cesto parafrazirana kao
»Copyleft, All Wrongs Reversed“ (kopileft, sve greSke
ispravljene) ili kao ,Copyleft, All Rights Reversed“
(kopileft, sva prava obrnuta).

ProizvodaCi  vlasnickog  softvera  nisu  sa
odobravanjem docekali koncept kopilefta i peZorativno
su licence koje ga podrZavaju nazivali virusnim, a
najpoznatiju kopileft licencu, GNU General Public
License, nazivali su ,General Public Virus“ [24].
Marketin§ku osnovu za ovakav naziv predstavljaju
negativne konotacije pojma racunarskog virusa i osobina
licence da se prenosi sa programa na program kao virus,
da se Siri kao zaraza. Ocigledno, koncept kopilefta
predstavlja ozbiljan izazov za poslovni model vlasnickog
softvera.

Kopileft licence se mogu podeliti na jake i slabe. Jake
kopileft licence bez izuzetka zahtevaju kopileft, dok slabe
zahtevaju kopileft samo za modifikovane verzije
programa istog tipa, Sto je predmet posebne definicije, a
to su tipi¢no biblioteke programa [26].

A. GNU General Public License

Kada su jasne pravne tehnike vezane za svojinska
prava nad softverom i njihovo licenciranje, kao i ciljevi
pokreta za slobodni softver, lako je razumeti smisao
GNU General Public License (GPL) [18] str. 103-140,
[27]. GNU General Public License je licenca koja se
moZe primeniti na bilo koji softver koji autori Zele da
distribuiraju kao slobodan softver. Licenca se svrstava u
jake kopileft licence jer bez izuzetaka zahteva da
modifikovane verzije programa daju korisnicima iste
slobode kao i osnovna verzija. Licenca je evoluirala kroz
tri glavne verzije, prate¢i razvoj tehnologije i nove
opasnosti koje su nastajale po slobodu korisnika.
Detaljan, ali lako razumljiv, prikaz suStine licence sa
pravnog stanoviSta moZe se naci u [28].

A. GNU Lesser General Public License

Zahtev koji kopileft namece programima koji koriste
komponente licencirane pod jakom kopileft licencom
predstavlja problem pri licenciranju biblioteka programa.
U slucaju jake kopileft licence, takve biblioteke se ne
mogu koristiti u programima vlasnickog softvera. Kao
deo strategije za Sirenje slobodnog softvera je stoga
uvedena liberalnija (popustljivija, dopustljivija) licenca,
GNU Lesser General Public License (LGPL) [18] str.
121-124, [29] koja ne zahteva da program koji koristi
biblioteku bude pod licencom koja korisniku daje ista



prava kao i licenca za biblioteku. Medutim, ako
modifikacija obuhvata samu biblioteku, tada se zahteva
da modifikovana verzija biblioteke bude pod istom
licencom.

C. GNU Affero General Public License

GNU General Public License ne pokrece kopileft
uslove koriS¢enjem programa, ve¢ samo distribucijom.
Korisnik moZe da modifikuje program i koristi ga, ali dok
ga ne distribuira ne mora da izvorni kod modifikovane
verzije u€ini dostupnim. Napretkom interneta, pojavile su
se ,,mrezne aplikacije“ koje se izvrSavaju na serveru koji
nije u vlasniStvu korisnika programa i sam program se ne
distribuira korisniku, ve¢ se samo koristi na vlasnikovom
serveru. Ovaj koncept mreZne aplikacije osnova je prakse
koja se danas naziva ,,cloud computing“.

Ideja oCuvanja kopilefta u slucaju mreznih aplikacija
dovela je do modifikacije GPL dodatnim zahtevom da se
u slucaju mreznih aplikacija korisniku omogu¢i pristup
izvornom kodu programa. Ovo je osnovna ideja GNU
Affero General Public License (AGPL) [30], [31].
Licenca spada u jake kopileft licence, ¢ak vrlo jake.

D. GNU Free Documentation License

Slobodan softver treba da ima i slobodnu
dokumentaciju. U tom cilju je nastala GNU Free
Documentation License (GFDL) [32] kao licenca
primerena tekstu koji sadrzi dokumentaciju programa.
Licenca se uspesno primenjuje i na druge tekstove, poput
udzbenika, bez obzira na temu. Na primer, Vikipedija
kosisti GFDL u kombinaciji sa Creative Commons
Attribution Share-Alike licencom. Licenca pripada
kopileft tipu i za cilj ima oCuvanje moralnih autorskih

prava originalnih autora, ali i oslobadanje originalnih
autora odgovornosti za sadrzaj modifikovanih verzija.

E. Dvojno licenciranje

Koncept kopilefta kao restriktivne licence slobodnog
softvera omogucava i pravni fenomen dvojnog
licenciranja, [18] str. 262-264: isti program moZe imati
dve i viSe licenci. Ako neko Zeli da koristi program izdat
pod kopileft licencom u sklopu vlasnickog programa,
moZe dogovoriti sa vlasnicima kopirajta posebnu licencu.
Primer takve prakse je program The Fastest Fourier
Transform of the West (FFTW) koji je izdat pod GPL, ali i
pod vlasnickim licencama [33]. Ovako nesto nije moguce
ako se koriste liberalne licence slobodnog softvera.

V. Liberalne licence slobodnog softvera

Liberalne (popustljive, permisivne) licence slobodnog
softvera jesu licence koje omogucavaju slobode u skladu
sa definicijom slobodnog softvera, ali ne zahtevaju da se
za modifikovane verzije programa korisniku daju ista
prava kao Sto ih daje originalna verzija. Ovo ukida
smisao dvojnog licenciranja. Liberalne licence obi¢no
dokumentuju autorstvo originalnih autora i sadrZe
odricanje od odgovornosti za koriS¢enje programa, Sto su
elementi koje imaju i kopileft licence.

U danasnje vreme nije sporan stav da rezultati rada
finansiranog iz javnih fondova treba da budu javno
dostupni. Medutim, sporno je da li treba da budu dostupni
pod liberalnom ili pod kopileft licencom. Proizvodaci
vlasnickog softvera insistiraju na liberalnim licencama i
aktivno lobiraju u tom smeru, posto im to omogucava da
slobodni softver modifikuju i modifikovane verzije ucine
vlasnickim softverom. Time oni u svom poslovnom
modelu spasavaju ono Sto se spasiti moze, ali i izvlace

Tabela I: Uporedni pregled licenci slobodnog softvera

licenca djsl‘r’zln BSD | MIT ISC | Apache | LGPL | GPL | AGPL
odricanje ' v v v / / P / /
odgovornosti
autorstvo v v v v v v v liberalne
ista licenca za
nemodifikovane v 4 4 4
delove
kopileft za
modifikovane 4 4 4
verzije
kopileft v/ v/ restriktivne
javna upotreba v
pokrece kopileft

10



profit iz rezultata rada zajednice koja razvija slobodan
softver.

A. BSD licence

BSD licenca je nastala za potrebe licenciranja
programskog paketa Berkeley Software Distribution koji
je verzija Unix operativhog sistema razvijanog na
Univerzitetu Kalifornije u Berkliju, [34], [35] str. 35-49.
Licenca je imala nekoliko verzija, od kojih je verzija sa
Cetiri klauzule imala reklamnu klauzulu koja je zahtevala
pominjanje organizacije koja je razvila originalnu verziju
programa u svim reklamnim materijalima modifikovanih
verzija. Kasnije je ova klauzula napustena. Licenca i u
svojoj najkracoj verziji ("Zero Clause BSD") zadrZava
pominjanje institucije u kojoj je originalna verzija
programa razvijena, reCenicu kojom se sva prava koja
zahteva definicija slobodnog softvera prenose korisniku,
kao i odricanje od odgovornosti, odredbu koju sadrze sve
BSD licence.

B. MIT licenca

MIT licenca [35] str. 49-62, [36] je po suStini veoma
slicna BSD licenci u verziji koja nema reklamne klauzule.
Obe su veoma kratke, zadrZavaju podatak o nosiocu
kopirajta za originalnu verziju programa, sadrze odredbu
koja sva prava zahtevana definicijom slobodnog softvera
daje korisniku i sadrZe odricanje od odgovornosti.

C. ISC licenca

Sli¢na BSD i MIT licencama je ISC licenca [37] koju
je uveo Internet Systems Consortium. Sustina ove licence
je ista kao kod pomenute dve srodne licence, ali je jezik
dodatno redukovan izbacivanjem teksta koji se smatra
nepotrebnim posle ratifikacije Bernske konvencije.

Da rezimiramo tri zajedniCka svojstva navedenih
liberalnih licenci slobodnog softvera: sadrZe podatak o
originalnom nosiocu kopirajta, odredbu o davanju prava
koje zahteva definicija slobodnog softvera, kao i
odricanje od odgovornosti.

D. Softver u javnom domenu

Za softver u javnom domenu [38] nisu zadrZana
nikakva prava poput kopirajta ili patenta. Kako je po
Bernskoj konvenciji svako delo koje podleze kopirajtu
automatski zasSti¢eno, a time i softver, za postavljanje u
javni domen potreban je dokument kojim se autor odrice
autorstva i pripadajucih prava. Obi¢no ovakav dokument
sadrZi i odricanje od odgovornosti. U pravnim sistemima
nekih zemalja, prevashodno evropskih, nije moguce
odre¢i se svih prava, a pre svega moralnih autorskih
prava, Sto onemogucava predaju softvera u javni domen u
punom smislu tog pojma. Pre pojave kopilefta i problema
koji su njegov nastanak uzrokovali, znacajni programski
paketi koji spadaju u slobodan softver bili su u javhom
domenu [38], zato Sto zakonska ragulativa u Sjedinjenim
Americkim DrZavama to dopusta.

Komparativni pregled svih razmatranih licenci i
ogranicenja koja namecu prikazan je u Tabeli I.

11

VI. Kompatibilnost licenci

Praksa modifikovanja i nadgradnje programa koja
postoji u proizvodnji softvera dovela je do otvaranja
pitanja kompatibilnosti licenci, [18] str. 241-254, [39]:
pod kojim uslovima program izdat pod jednom licencom
moZe sadrZati delove koda koji su izdati pod drugom
licencom? Pravo se ovde sreCe i sa tehnickim pitanjem
dovoljnog odvajanja komponenti softverskih sistema da
bi se mogle smatrati zasebnim celinama, kada
relicenciranje komponenti nije potrebno.

Kompatibilnost dve licence nije uzajamna. Na primer,
softver iz javnog domena se moZe ukljuciti kao
komponenta u program izdat pod GPL, ali se program
izdat pod GPL ne moZe ukljuciti u program koji se
prenosi u javni domen. Primer sloZenosti problema je
slucaj da stara verzija BSD licence ne moZe da se ukljuci
u GPL program, zbog klauzule o reklamiranju, a nova,
koja tu klauzulu nema, moze. Stavige, verzije 2 i 3 GPL
nisu direktno medusobno kompatibilne poSto verzija 3
namece dodatna ogranicenja.

Zbog problema kompatibilnosti, povoljno je koristiti
postojece licence za licenciranje novog softvera i ne
uvoditi nove licence bez valjanog razloga, [40], [41]. Za
postoje¢e licence koje se Siroko koriste unapred su
poznata prava korisnika i kompatibilnost licenci, pa nije
potrebno proucavati svaki put formalnim jezikom pisan
tekst licence i sagledavati njegove implikacije. MreZni
servis za objavljivanje koda i upravljanje razvojem
softvera GitHub ima uputstvo za korisnike sa listom
licenci koje mogu izabrati [42], autor koji postavlja svoj
kod treba samo da izabere licencu. Informacije koje
pomazu u izboru licence se mogu naci na [43].

VI. Razlika izmedu slobodnog softvera i
besplatnog softvera

U ovom odeljku niSta novo nece biti reCeno, a postoji
samo da dodatno naglasi da slobodan softver i besplatan
softver nisu isto i da medu njima postoji fundamentalna
razlika. Slobodan softver daje korisniku slobode
navedene u drugom odeljku ovog rada. U njima se nigde
ne pominje cena. Besplatan softver (freeware) je
karakterisan samo ¢injenicom da mu je cena jednaka nuli
i ne ispunjava neke od uslova definicije slobodnog
softvera. Ovo dovodi do razlike u samom softveru: kod
slobodnog softvera je jako malo verovatno da Cete naci
agresivno reklamiranje ili da ¢e imati neku zlonamernu
funkciju. Jednostavno, licenca slobodnog softvera
omogucava da se nepoZeljne funkcije izbace iz programa
i modifikovana verzija ucini dostupnom kako korisnici ne
bi morali da trpe neZeljena svojstva programa motivisani
time Sto je program besplatan. Stoga, ne postoji motiv za
uvodenje zlonamernih i/ili eksploatiSu¢ih svojstava u
slobodni softver.

VII. Generalizacija: otvorena kultura i Creative
Commons licence

Softver je oduvek bio u digitalnom domenu, tu je i
nastao. Napretkom tehnologije i ostala dela kreativnog



rada koja podlezu kopirajtu su dobijala digitalnu formu i
postalo je moguce nadgradivati ih [44]. Kopirajt takvu
praksu ogranicava. Uspeh slobodnog softvera je
motivisao generalizaciju ideja i prakse koju su uvele
licence slobodnog softvera na ostale vidove stvaralaStva
koji podlezu kopirajtu. Takva generalizacija je uspeSno
izvrSena kroz Creative Commons (CC) licence [45], [46],
[47]. Kod ovih licenci se kopileft tretira kao ,share-
alike® opcija licence koja zahteva da se modifikovane
verzije dela distribuiraju pod licencom koja korisnicima
daje ista prava. Osim opcije kopilefta, licence otvaraju
jos dve dimenzije: pravo modifikacije dela koje moZe biti
dato ili uskraéeno, kao i pravo na komercijalnu
eksploataciju dela, koje isto tako moZe biti dato ili
uskraceno. Kako opcija za zabranu modifikacija ukida
smisao kopileft opcije, navedene tri dimenzije licence
daju Sest smislenih kombinacija [46] str. 49-53, od kojih
autor bira licencu koja odgovara njegovim namerama.
Kao i licence koje se primenjuju na softver, Creative
Commons licence stalno se dopunjavaju i aZuriraju kroz
nove verzije, [46] str. 56. Trenutno aktuelna verzija 4.0,
izmedu ostalog, uvodi i novi modul, CCO, koji autorima
omogucava da se u granicama douStenim zakonom
odreknu prava i omoguce neograniceno koriS¢enje svoga
dela. Creative Commons licence imaju svoju tabelu
kompatibilnosti prilikom stvaranja modifikovanih verzija
[39].

Creative Commons licence su nasle Siroku primenu
zato Sto pokrivaju Sirok spektar sadrZaja i mogucnosti, a
njihovoj popularnosti doprinosi i ¢injenica da se koriste u
projektima Vikimedija fondacije, te da se u okviru
platformi otvorenog pristupa primenjuju kao standard.
Danas je dovoljno samo pogledati logotip CC licence i
bic¢e jasno koja su prava data korisniku. Od pomodi je i
troslojna struktura ovih licenci: osnovni sloj je sadrZaj
ugovora, tekst razumljiv pravnicima; drugi sloj je opis
licence, tekst razumljiv pravnim laicima koji objaSnjava
nameru koju licenca treba da ostvari; tre¢i sloj je digitalni
kod, deo licence namenjen maSinskom Citanju
metapodataka u cilju lakSeg pretraZivanja. Upravo je
drugi sloj licence nivo kojim se bavimo u ovom radu i
koji pokusavamo da generalizujemo na ostale licence i
prenesemo Citaocima.

VIII. Otvoreni hardver

Generalizacija ideja slobodnog softvera na hardver
nije direktna i kasnila je oko petnaest godina u odnosu na
vreme kada su se ideje slobodnog softvera iskristalisale,
[48], [49]. Za ovo postoje dva razloga [50]:

1. Hardver ima znaCajan materijalni nosilac, cine ga
fizicki objekti. Kopirati hardver je znatno teZe nego
kopirati softver, primerenije je re¢i da se hardver
prema nekom planu pravi, ne da se kopira. Plan se
moZe kopirati. Kod hardvera nema etickog prigovora
zaSto se ne sme kopirati kada je to tako lako moguce.

2. Dominantan mehanizam zaStite hardvera su patenti, a
ne kopirajt, pod uslovom da je odredeni hardverski
dizajn dovoljno inovativan da se moZe patentirati, $to
je predmet posebnih rasprava i osporavanja [51].
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Elektricno kolo ne moZe biti pod kopileft licencom,

posto ne moZe biti zasti¢eno kopirajtom.

Kopiranjem softvera se dobija kompletan proizvod. Kod
otvorenog hardvera korisnik dobija samo ekvivalent
izvornog koda programa, projektnu dokumentaciju po
kojoj moZe da napravi proizvod, ne dobija ekvivalent
izvrSne verzije programa, sam proizvod. U tom smislu,
svaki kuvar, u znaCenju zbirke recepata za pripremanje
hrane, jeste biblioteka projektne dokumentacije
otvorenog hardvera i u ovom tekstu ¢e biti koriS¢en za
ilustrovanje razlika u odnosu na slobodni softver.
Kopileft bi u slucaju kuvara bio ekvivalentan zahtevu da
svaki recept izveden iz u kuvaru datog takode bude
objavljen, otvoren, kao i da njegova primena bude
slobodna. Medutim, materijalni objekti se dominantno
Stite patentom. Uprkos stalnom proSirivanju tipova
objekata koji se mogu patentirati, jela joS uvek nisu
ukljucena, a dominantni tip njihove zastite je poslovna
tajna. Kako onda sprovesti ideju kopilefta? Dodatno,
kopirajt nad receptom je moguce zaobi¢i jednostavnim
prepriCavanjem recepta, pisanjem recepta koji na drugi
nacin opisuje isto jelo. Napisati novi operativni sistem po
ugledu na neki postojeci, mnogo je teZe. Stoga je otvoreni
hardver drugaciji od slobodnog softvera, slobode koje
definiSu slobodan softver nemaju pun smisao kada se
direktno generalizuju na hardver. Postupak generalizacije
ideja slobodnog softvera na hardver li¢i na generalizaciju
poslovnih modela proizvodnje materijalnih objekata na
nematerijalne, samo izveden u suprotnom smeru. Ipak,
motivi nastanka slobodnog softvera, pravda uz minimum
restrikcija slobode korisnika, privla¢ni su da budu
generalizovani na hardver.

Re¢ hardver ima dvostruko znaCenje: moZe se
odnositi na bilo koji materijalni objekt, a moZe se
odnositi i na znatno uzZi pojam racunarskog hardvera,
materijalnog dela racunarskog sistema. Ovde je razvoj
tehnologije doveo do zamagljivanja granice izmedu
hardvera i softvera. Rad programabilne logicke
komponente, hardverskog elementa, definiSe program.
Kod ugradenih racunarskih sistema za specifi¢ne namene
(embedded systems) inovativni deo sistema je softver, a
hardver se sastoji iz malog broja integrisanih komponenti
visoke sloZenosti ¢iju funkciju definiSe softver. Time se
mehanizmi zastite softvera direktno prenose na hardver,
posto je specificnost navedenih sistema u softveru, ne u
hardveru. Takode, dokumentacija koja opisuje hardver
direkno je podlozna kopirajtu i moZe se objaviti pod
GFDL ili CC licencama.

UspeSan primer na ovim principima zasnovanog
projekta otvorenog hardvera je Arduino [52], gde se za
softver koriste GPL i LGPL, a za dokumentaciju CC
licence. Tip projekta je takav da ga u potpunosti opisuju
softver i projektna dokumentacija za hardver, pa je za
zaStitu moguce direktno primeniti postoje¢e licence
zasnovane na kopirajtu. Upravo je otvorenost softvera i
dokumentacije za izradu hardvera dovela do izuzetnog
uspeha Arduino projekta kroz stvaranje zajednice i
njegovog drustvenog, tehnoloskog, a pre svega
obrazovnog uticaja. Slican primer je i niz projekata
racunara na jednoj ploci (single board computers).



Povecavanje  sloZenosti  racunarskih  sistema
opravdava generalizaciju druge slobode iz definicije
slobodnog softvera u delu koji se odnosi na proucavanje
na hardver. Primer [53] ukazuje na bezbednosne slabosti
hardvera koje su otkrivene uvidom grupe istrazivaca i
koje se, nakon spoljnjeg uvida u njihovo postojanje,
mogu softverski otkloniti. U izgledu je da ¢e za
bezbednost podataka od sve veleg interesa biti
poznavanje detalja realizacije hardvera koji su danas

......

napred je ucinjen kroz nastanak otvorene arhitekture
skupa instrukcija, tacke spoja hardvera i softvera, [54].
Ovde se, uz otvorene alate za projektovanje pomocu
raCunara, ocekuje veliko proSirenje moguénosti i
liberalizacija projektovanja digitalnog hardvera. Ve¢ sada
su dostupne hardverske implementacije RISC-V koje su
otvorene [55], pa korisnici znaju Sta i kako hardver radi
sa njihovim podacima, $to u nizu primena daje prednost.

Open Source Hardware Association, (OSHWA) od
2016. godine [56] vrsi sertifikaciju otvorenog hardvera u
skladu sa publikovanim kriterijumima. Do 24.08.2020.
sertifikovano je ukupno 977 uredaja. Sertifikovani uredaji
sti€u pravo na repoznatljiv logo koji ih identifikuje kao
otvoreni hardver.

Jedna osobina koja prati hardver koji nije otvoren je
ograniCeno servisiranje. Za svaku popravku jedino je
moguce koristiti usluge ovlaS¢enog servisa, koji je vrsta
monopola, Sto proizvodacima omogucava znacajan profit.
Reakcija je pokret Right To Repair [57] koji se zalaZe za
prava vlasnika da popravljaju i modifikuju uredaje koje
poseduju, ¢emu otvorenost hardvera znacajno pomaze.

Napredak tehnologije je doveo do toga da i kuc¢a od
drveta moZe biti otvoreni hardver. Danas se drvo
obraduje Computer Numerical Control (CNC) maSinama
kojima upravlja softver prema ulaznim podacima koje
dobije. Projektna dokumentacija za kuce podloZna je
kopirajtu. Ovo je dovelo do WikiHouse projekta
otvorenih ku¢a [58]. Koliki je korak do postojanja
otvorene biblioteke projekata kuc¢a? Kakve licence su
primerene takvim projektima? Statika zgrade i odricanje
od odgovornosti, mozZe li to zajedno? Kakva je saglasnost
sa propisima u gradevinarstvu? Koliki je korak do
generalizacije na druge materijale i sisteme gradnje?
Hoce li odobravanje gradevinske dozvole biti svedeno na
automatsku proveru da 1li ,design files“, dati u
standardizovanom otvorenom formatu, zadovoljavaju
usvojene urbanisticke uslove? Da li je za otvorene
projekte zgrada potrebna drugacija licenca od postojec¢ih?
Ovakva pitanja je otvorilo svodenje opisa materijalnih
objekata na digitalnu formu.

Do sada izneti primeri su koristili licence slobodnog
softvera i Creative Commons licence za generalizaciju
ideja slobodnog softvera na hardver. U [59] su date
licence specificno namenjene otvorenom hardveru kao
podrska za repozitorijum otvorenog hardvera. Ove
licence joS nisu dostigle popularnost Creative Commons
licenci, ali se razvijaju i predstavljaju pokusaj
generalizacije ideja i prilagodavanja licenci slobodnog
softvera na hardver.
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MoZe se zakljuCiti da proces generalizacije ideja
slobodnog softvera na hardver nije direktan, a najlakse je
primenljiv kod digitalnog hardvera gde programabilne
komponente ¢ine osnovu projekta. Ideja otvorenosti i
mogucnosti uvida se moZe generalizovati i sve viSe
dobija na znaCaju. Zbog drugacijeg tipa zaStite
materijalnih objekata, ideja kopilefta nije uvek direktno
primenljiva i teZe se realizuje. Takode, moguce je da su
za razliCite tipove materijalnih objekata primerenije
njihovim specifi¢nostima prilagodene licence.

IX. Zakljucak

Mnogo godina posle Platona vratili smo se svetu ideja
i podeli sveta na materijalne i nematerijalne objekte,
samo su nematerijalni objekti sada kodirani u digitalnoj
formi. Digitalna tehnologija je omogucila lako kopiranje i
Siroku distribuciju informacija. Softver je nematerijalni
proizvod, a pokusaji da se poslovni model materijalnih
objekata prilagodi softveru suocili su se sa nizom
apsurda. To je dovelo do pokreta za slobodni softver i
licenci slobodnog softvera sa posebnim naglaskom na
kopileft tehniku koja od korisnika zahteva da drugima
pruzi ista prava koja je i sam dobio. Vremenom se
koncept slobodnog softvera pokazao kao uspeSan, pa je
prilagoden na druge oblasti. U ovom radu su na nivou
razumljivom pravnim laicima prikazane osnovne licence
koje omogucuju slobodu razvoja i razmene ideja.
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Abstract: The electricity load forecasting is an
important activity in power grid which becomes a critical
one in condition of growing demands, the presence of
renewable energy sources and electricity market. This
entails a question of an adequate electricity load model
for forecasts generation. In this work the attention is on
the generalized additive model, GAM, the configurable
modelling framework, available in R environment, which
is suitable for developing various tools for analysis,
simulation and prediction. The recent results confirmed
its potential and applicability for actual load prediction
problems.

Keywords: generalized additive model (GAM);
prediction model; electricity load prediction

I. Introduction

The power grid is the most complex man-made system
which serves more than five billion people around the
globe [1]. All in order to timely deliver the electricity to
consumers. In the absence of the electricity storage on a
large scale, the energy has to be generated and delivered
as it is consumed. Thus, the most of the effort in manag-
ing power grid is about balancing the supply and demand
as discrepancy between those two could cause the grid in-
stability and unreliability. Consequently, the prediction of
the electricity load is one of the most important activities
in the power system. The prediction of electricity load is
about recognizing and identifying the factors that drive
the electricity, deduced from the past load behavior.
Then, identified patterns are used to forecast the load ex-
pectations. This is the task for load prediction model.

The history of load prediction is over a century long.
When lighting was the only electricity consumer, it was
enough to estimate the rise of consumption in the
evening, by counting the number of the installed bulbs.
With the involvement of various electric appliances, the
overall consumption exhibited the characteristic weekly
and daily patterns, reflecting the consumers’ habits of ap-
pliance usage. The prediction was based on the identified
load patterns. With the further involvement of the heat-
ing/cooling systems into the grid, the electricity con-
sumption became sensitive to meteorological factors. So
the weather variables, such as temperature, wind, humid-
ity, etc. were included into the model. In today’s complex
power system, present on electricity market, some eco-
nomic and socio-demographic indices are, also incorpo-
rated into the model.

In the pre-PC era, all load prediction was made manu-
ally, using charts and tables. The first computationally
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supported load models are based on traditional statistical
approaches like classical multiple linear regression or
various time-series models [2]. Due to their simplicity,
they are, still, widely used in practice, for load forecast-
ing functionality, typically on a system or regional level.
The new approaches are based on Machine Learning
(ML) and Artificial Intelligence (AI) techniques, [3] [4]
[5]. Their general advantage over the models of the previ-
ous generation is in increased ability to handle the nonlin-
earities in load, providing better accuracy.

In Smart Grid Era, the efficient grid management is
based on ability to predict the load on more local level of
aggregation, e.g. cities, neighborhoods, homes, etc. The
renewable energy sources and changes in a way how the
energy is consumed set new challenges in keeping the
system reliable. Such trend changes the standard specifi-
cation of load model. Not only the accuracy is critical,
but, also, its fastness, robustness, adaptability. Most of
the previously established models are developed under
stable load conditions and customized to a particular part
of the system. Although simple for implementation or
successful in capturing the nonlinearities, they have some
limitations in adapting to data, either because they need
human expertise as in ARIMA models, or are computa-
tionally expensive as e.g. deep neural networks [6].

As a compromise, the generalized additive model,
GAM, offers flexible and configurable framework for de-
veloping the load prediction model.It is useful extension
of linear model, able to capture complex non-linear rela-
tionships, still retaining the simple estimation proced-
ure.Because of its favorable properties it is suitable, both,
for simulation and forecasting.

II. GAM in R environment

The generalized additive model, GAM, has been
introduced by Hastie and Tibshirani in [7] [8], followed
by several important publications concerned with the
supporting ~ mathematical  foundations and its
computational improvements, e.g. as in [9] [10].
However, for practitioners the recommended reading is a
book by Simon Wood, Generalized Additive Models: An
Introduction with R that offers some useful hints for
GAM implementation. The GAM 1is a statistical
framework that, generally, covers a wide range of model
structures with some common properties:

1) Additivity, as the response variable that can be from
the broad range of distribution is obtained as a summa-
tion of individual effects, represented with one or

more terms.
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Table 1: Overview of the most important R packages for GAM model development

Package Description Reference
Package for GAM model fitting, applicable for family of response distribution. The fitting is based on
mgcv quadratically penalized likelihood type approach, (PIRLS).Several procedures for regulation of the model [20]
terms smoothness are available (GCV/UBRE/AIC/REML).The methods for variable selection, embedded
into the fitting procedure are available
Package for GAM model fitting, based on back-fitting algorithm that combines different smoothing and
gam fitting methods. (Original GAM fitting version) [7]
Package for fitting the GAM model by likelihood based boosting. It is recommended for models
GAMboost with a large number of terms. The procedure implements the mechanism for variable selection. [11]
Package for GAM model development with the extension for Location, Scale and Shape (GAMLSS).It
Gamlss enables modeling all parameters of the response distribution via additive functions of the covariates. [12]
Sparse Additive Model for sparse estimator that simultaneously enforces smoothness of each term and
SpAM sparsity across components. [13]
Component Selection Shrinkage Operator is a package for GAM variable selection. It imposes the lasso-
COSSO type penalty term for constraining the sum of terms’ norms and excludes them from the model through the [14]
optimization procedure.
CASA Component Automatic Selection in Additive models variable selection method [15] [16]
Generalized Additive Model Selection uses penalized likelihood approach for fitting sparse generalized
gamsel additive models in high dimension. The variable selection is embedded into the estimation procedure. [17]
gratia . . . L . .
Improved ggplot-based graphics and functions for visualization, adapted to the GAMs fitted using the [18]
mgcv package.
Advanced GAM visualization tool that enables interactive use, GAM additive structure exploitation, scale [19]
mgcvViz to large data sets that can be used in conjunction with a wide range of response distributions.

2) The model terms are smooth functions of a single or
more variables and can be, either, linear or nonlinear,
mostly represented with the splines. (The splines are typi-
cal GAM model building blocks. However, the GAM in-
herited, also, all types of terms from linear model.)

3) All model terms could be estimated simultaneously
and in prediction, their individual contributions are sim-
ply summed up. In this regard, some recent developments
of the GAM fitting methods, represented in [9] [10] en-
ables its use for exploring very large data sets.

All tools for splines and variable selection, model fit-
ting and validation as well as visualization needed for de-
veloping GAM model are available in R. Taxonomy of
mostly used R packages for GAM, with the short descrip-
tion and references is given in Table 1. The list is by no
means complete, as there are many other GAM-specific
and common tools that support GAM development in R.

ITII. GAM Electricity Load Prediction

The GAM applicability to electrical load forecasting
problem at the different network aggregation levels is
confirmed in several publications. The good forecasting
accuracy (about 1% MAPE error) for French load at the
national level is reported in [21]. In addition, the French
energy company Electricite de France, EDF, has imple-
mented a GAM-based day-ahead load forecasting func-
tionality, on a system level [9]. The improvement for on-
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line forecasting based on GAM is documented in [22].0n
the regional level, GAM performances were evaluated on
data from National Electricity Market of Australia [23]
and US utility company [24]. In [25] its application to the
load forecasting at the substation level in France is
shown. The flexibility of GAM model applicability to the
load prediction problem is illustrated in the paper [26]. A
platform for massive-scale load simulation in Smart
Grids, starting from the individual households, over low-
to medium-voltage network, up to the national level, is
presented in this work. Three different scenarios covering
the cases of network dynamic reconfigurations, abrupt
and gradual changes in consumers’ behaviour, and in-
creasing capacity of distributed renewable energy sources
is performed using GAM. Regarding the model, it has
been shown that GAM is capable to simulate all aggreg-
ated loads for over 70 individual households.

A. GAM Load Prediction Model: A Toy Example

A simple GAM structure that implements basic load
effects is used to demonstrate the GAM handily
implementation in R. The load could be decomposed into
the components on different temporal scales, related to
the annual, weekly and daily cycles. Then one could
suppose that in each instance in day, the load is a
summation of the weekly and yearly effects, described
with the spline s (week) and s (year), respectively.
The variable week is defined for each day in week,
while year is for day in the year. Also, the weekly and



annual cycles interacts, as weekly pattern changes during
the year, that could be described with the multivariate
spline ti (week, year), representing only variation
in weekly pattern due to year changes. The temperature
impact on the load level is incorporated into the model
and this nonlinearity is modelled with the spline
s (temperature) . Based on these assumptions, the
load GAM model structure is defined with the sum of
identified load components.

For testing the above model, a data set with the hourly
loads and daily temperatures for two years, collected
from the site [27] was used. The separate model for each
hour in day was fitted by using gam function from the
mgcv package for one year sample of data. We used the
penalized regression splines, with the control knots, 7 for
week (daily knots), 12 for year (monthly knots) and 10
for temperature. For fitting and smoothing methods, the
PIRLS/REML was chosen, (see mgcv).

Each package for GAM fitting has the standard
statistical tools for model validation, residual checking,
partial residual checking, etc. (In mgcv, typicaly,
function summary, residuals, gam.check,
gq.gam are used for preliminary model checking). The
specificity of GAM is that it, also, provides the results for
each individual effect that could be observed separately.
The draw function from the gratia package was used
to visualize the results of fitting. The weekly, yearly and
temperature-based smooths, for one non-working and one
working hour, learned from the data, are shown in
Figures 1 and 2, respectively.
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Figure 1: The load effects for the 1.h of the day
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Figure 2: The load effects for the 14.h of the day

Some useful conclusions related to the differences in
the weekly and yearly cycles, as well as response to a
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temperature, for different hours in the day could be
drawn!

Based on the previously trained model and new values
for temperature, the mgcv function predict produces
the load predictions. The result for each hourly GAM
model is combined for obtaining the whole day load
prediction. For randomly chosen day, not included in
model training, the results of prediction are represented in
the Figure 3. The blue line is for predicted values and red
for real one. The MAPE error for this day is 2.2%.

2500~
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2000-

12345678 9101112131415161718192021222324
Hours
Figure 3: The results of prediction for one day

A stepping forward is in adding more assumption on
the load model, which would improve the basic one. The
terms for the load from the previous days, weeks, the
temperature from the previous days, the other
meteorological variables (humidity, wind, cloud cover),
as well as economic parameters, could be incorporated
into the model. To prevent the model overfitting, some of
the variable selection procedure, listed in a Table 1, is
available.

IV. Conclusion

The generalized additive model, GAM, and supporting
resources for its development in R environment have
been briefly overviewed. We are primary motivated by its
potential to resolve the important actual problem of
electricity load prediction. However, being flexible and
easy to implement and interpret, providing high accuracy
in prediction and free-software-based it is
recommendable for wider application.
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Pregled simulatora pogodnih za drzanje nastave
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Apstrakt: Kursevi iz oblasti arhitekture i organizacije
raCunara obicno obraduju veéi broj tema za ciju se
prakticnu demonstraciju najces¢e koriste softverski
simulatori. Ovaj rad objedinjuje preglede simulatora koji
su dostupni u otvorenoj literaturi. U radu su predstavljeni
kriterijumi za evaluaciju na osnovu kojih su dati
simulatori evaluirani, a koji mogu biti od koristi prilikom
izbora simulatora koji bi se koristili u nastavi na nekom
kursu. U radu je takode prikazan izbor simulatora koji se
koriste na Elektrotehnickom fakultetu Univerziteta u
Beogradu.

Kljucne reci: Arhitektura i organizacija raCunara;
softverski simulatori; logicko projektovanje; evaluacija
simulatora.

I. Uvod

Arhitektura i organizacija raCunara se izucava na
mnogim univerzitetima Sirom sveta. Kursevi iz ove
oblasti obi¢no daju pregled raCunarske arhitekture i
koncepata organizacije kao i uvid u rad tipicnog
racunarskog sistema. Pored toga, kursevi teZe da Sto viSe
upoznaju studente sa raznim alatima koji su im potrebni
da bi mogli da vr3e istraZivanje i razvoj u ovoj oblasti
nakon zavrSetka studija.

Prakti¢no koriS¢enje alata u nastavi obi¢no obuhvata
faze analize i logickog dizajna racunarskih sistema. U
zavisnosti od toga da li se primenjuje obrazovni model od
vrha ka dnu ili od dna ka vrhu alati treba da omoguce rad
sa komponentama na odgovaraju¢em nivou apstrakcije.
Ovakav rad je moguce najefikasnije ostvariti pomocu
odgovaraju¢ih simulatora racunarskih sistema. Koristeci
simulatore studenti imaju mogucnost da posmatraju
ponaSanje racunarskih sistema na nivou funkcionalnih
blokova ili komponenata, kao i na nivou interakcija
izmedu njih. Takode studenti imaju moguc¢nost da na neki
na¢in modifikuju posmatrane sisteme. Simulatori se
obic¢no razlikuju po pitanju teme koju pokrivaju, nivou
detalja na koji to Cine, nivou do kojeg mogu biti

modifikovani, naCinu simulacije i nacinu prikaza
rezultata.
Ovaj rad objedinjuje preglede dela simulatora

dostupnih u otvorenoj literaturi koje su autori razvijali ili
evaluirali u duZem nizu godina. U radu su predstavljeni
kriterijumi za evaluaciju na osnovu kojih su dati
simulatori evaluirani, a koji mogu biti od koristi prilikom
izbora simulatora koji bi se koristili u nastavi na nekom
kursu. U radu je takode prikazan izbor simulatora koji se
koriste na Elektrotehnickom fakultetu Univerziteta u
Beogradu.

Ostatak rada organizovan je na sledec¢i nacin. Glava II
daje pregled simulatora pogodnih za nastavu arhitekture i
organizacije racunara. Glava III uvodi kriterijume za

DOI: 10.5281/zenodo.4273750

njihovu evaluaciju. Glava IV daje pregled koriS¢enih
simulatora koji se koriste na Elektrotehnickom fakultetu
Univerziteta u Beogradu koji su opisani u skladu sa
kriterijumima evaluacije. Glava V zakljucuje rad.

II. Pregled odabranih simulatora

U otvorenoj literaturi dostupan je veliki broj
simulatora koji su pogodni za drZanje nastave i ucenje u
oblasti arhitekture i organizacije racunara sa posebnim
fokusom na logicko projektovanje. U Tabeli 1. prikazana
je dostupnost svakog od razmatranih simulatora i
programski jezik u kome je isti razvijen. Simulatori su
odabrani tako da pored arhitekture racunara prikazuju i
delove koji se odnose na organizaciju raCunara, dok
simulatori koji to ne podrzavaju nisu ukljuceni u analizu.
Ovo znac¢i da asembleri, emulatori i simulatori koji
prikazuju samo izvrSavanje programa bez ulaZenje u
detalje implementacije sistema koji simuliraju nisu
ukljueni u ovu analizu. Detaljan opis svih ovih
simulatora nije dat u samom radu zbog obima koji bi
takav rad imao ve¢ se detalji mogu nac¢i u prethodnim
istraZivanja autora. Simulatori nastali u periodu do 2008.
godine su opisani u istraZivanjima koja su dostupna u
radu [1] i na adresi [2], dok su istraZivanja o
simulatorima koji su nastali u periodu od 2009. od 2018.
ili se u tom periodu inteziviralo njihovo koriS¢enje su
dostupni u radu [3].

Razmatrani simulatori se grubo mogu razvrstati u tri
grupe prema nacinu na koji je moguce specificirati
organizaciju raCunara koja se simulira. Ove tri grupe bi
bile: simulatori koji omogucavaju kompletan dizajn
organizacije raCunara; simulatori koji omoguc¢ava samo
pregled postojece organizacije racunara i kojima je fokus
na arhitekturi racunara; i simulatori koji se nalaze izmedu
ove dve krajnosti koji imaju mogucnost za konfigurisanje
jednog dela organizacije raCunara.

Simulator iz prve grupe omogucavaju korisniku da
najpre napravi proizvoljnu konfiguraciju racunarskog
sistema, a da je potom simuliraju. Iako su neki simulatori
napravljeni kao alati za dizajn digitalnih logickih kola
opSte namene dok si drugi eksplicitno napravljeni za
proucavanje arhitekture i organizacije raCunara mogu se
tretirati kao jedinstvena grupa. Pravljenje novih
konfiguracija racunarskih sistema se obicno sastoji od
pravljenja komponenata i njihovog povezivanja u
sloZenije celine, a kasnije i sloZeno hijerarhijsko
povezivanje datih komponenata. Ono po cemu se
pojedini simulator razlikuju je dostupnost unapred
pripremljenih komponenata, kao i nivoa apstrakcije
samih komponenata koje se simuliraju, npr. nivo logickih
kola, ili nivo Citave periferije kao Sto su ekrani ili
tastature.
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Tabela 1. Karakteristike odabranih simulatora

Dostupnost
Komercijalna Besplatan Otvoreni kod
COCONUT, CPU Sim, DLD-VISU, EASE, Easy CPU,
EDCOMP, EDUCache, EduMIPS64, HASE, Java based
Virtual Lab, JCachesim, MARIE, MIPS X-Ray,
Java - SDLDS, Simple CPU Architecture, VSMIS JHDL, Logisim
Programski | C, C++ - FastCache, SIMCA, SimFlex, SimOS, SimpleScalar DigL.C2, DLXview, RSIM
ik
Jezt Pajton/C++ | Simics - M5
CCSTUDIO,
CodeWarrior, ISE
Design Suite, Quartus DEEDS, ESCAPE, HASE-Dinero, RM, SMOK, ViLLE
Ostalo 11, Virtual Vulcan plug-in, Visual CPU simulator, VSDS -

Simulatori iz druge grupe omogucavaju korisniku da
simulira unapred definisane sisteme. Ovi simulatori
obi¢no imaju moguc¢nost postavljanja odredenih
parametara pre poCetka same simulacije. Parametrima je
obi¢no moguce definisati broj koriSéenih periferija, Sirinu
memorijske reci, poCetne vrednosti registara i
memorijskih lokacija i tome slicnim detaljima. To znaci
da se ovim simulatorima moZe jednostavno napraviti veci
broj konfiguracija koje bi posluZile za testiranje
odredenih programa. Izvestaji o izvrSavanju simuliranih
programa su obic¢no dati u formi tabela sa sadrZajima
registara i  memorijskih  lokacija, = vremenskim
dijagramima, ili tekstualnih datoteka sa razlic¢itim
tragovima izvrSavanja.

Simulatori iz treCe grupe korisniku pruzaju
mogucnosti koje su izmedu prethodne dva opisane grupe
simulatora. Ovi simulatori imaju delove koji su fiksne
strukture i ne mogu se menjati ve¢ im se samo mogu
postavljati pocetni parametri. Sa druge strane ovi
simulatori omogucavaju izvestan stepen fleksibilnosti u
opisu organizacije racunara time Sto se odredeni delove
mogu u potpunosti redefinisati i opisati koristeci
raspoloZive komponente. Ovi simulatori imaju za cilj da

naprave kompromis izmedu kontrole prilikom
projektovanja i performansi prilikom izvrSavanja
simulacija.

Sve tri grupe simulatora su zastupljene u nastavi na
kursevima koji pokrivaju oblast arhitekture i organizacije
raCunara, ali izbor simulatora zavisi od tema koje se
pokrivaju na konkretnom kursu i nacina na koji se teme
obraduju. Prva grupa simulatora je pogodna kada je sve
delove organizacije potrebno prikazati na nivou transfera
izmedu registara i gde se simulacije obavljaju na
relativno malom broju taktova. Na osnovnim kursevima
ova grupa simulatora je pogodna za logicko
projektovanje raCunara i njegovih sastavnih delova.
Druga grupa simulatora je namenjena temama kod kojih
je vazno posmatrati izvrSavanje Citavih programa, $to bi u
slucaju da se koriste simulatori prve grupe bilo vremenski
zahtevno. Posmatranje citavih programa daje uvid u
performanse izvrSavanja programa na odredenoj
arhitekturi i na odredenoj organizaciji raCunara. Potreba
za simulatorima iz ove grupe obicno postoji prilikom
obrade tema arhitekture racunara, ke§ memorije, protocne
obrade i sli¢nih koje se obi¢no pojavljuju na naprednim
kursevima iz ove oblasti. Tre¢a grupa simulatora
namenjena je kursevima na kojima ima dovoljno vremena
da se nekoj temi posveti viSe vremena i da se omoguci da
studenti samostalno predlazu reSenja u datoj oblasti. Tom
prilikom studenti ne moraju da projektuju €itav sistem od
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pocetka ve¢ samo delove od znacaja i to sa dovoljnim
nivoom detalja. Na ovaj na¢in se pravi kompromis
izmedu toga koliko vremena posvetiti pojedinoj oblasti i
vremenu koje je potrebno za izvrSavanje simulacije.

I11. Evaluacija odabranih simulatora

Razmatrani simulatori se pored nacina moguce
specifikacije organizacije racunara koja se simulira mogu
razmatrati i sa drugih aspekata od vaZnosti za obrazovni
proces. Obrazovni proces moZe pored oblasti koje se
obraduju diktirati i nacin prikaza rezultata simulacije kao
i postupak dolaska do tih rezultata. U Tabeli 2. dat je
prikaz razmatranih simulatora u kontekstu svih ovih
kriterijuma.

Neki od ovih simulatora su razvijeni za uvodne
kurseve iz oblasti arhitekture i organizacije racunara dok
su ostali namenjeni naprednijim kursevima. U zavisnosti
od toga da li se primenjuje obrazovni model od vrha ka
dnu ili od dna ka vrhu simulatori treba da omoguce
prikaz osnovnih komponenti pogodnih za izgradnju
jednostavnih  raCunarskih  sistema, ili  sloZenih
komponenti pogodnih za opis sistema na konceptualnom
nivou, kao i komponenti koje opisuju prelaze izmedu
ovih nivoa. Nivoi za podelu simulatora su: Gl -
komponente omogucavaju kompletan dizajn; G2
komponente omogucavaju pregled ve¢ realizovanih
slozenih sistema i njihovu parametrizaciju; G3
parametrizacija i konfigurabilnost komponenata u
odredenim delovima simuliranog sistema dok je ostatak
simuliranog sistema nepromenljiv.

Kursevi na kojima se razmatraju teme iz oblasti
arhitekture i organizacije racunara se dosta razlikuju na
pojedinim univerzitetima, ali je ta razlika uglavnom
rezultat broja kurseva i fonda casova na datom
univerzitetu koji su posveceni toj oblasti. Na kursevima
se mogu uoCiti Cetiri grupe povezanih tema za koje
razmatrani simulatori imaju dostupnu podrsku, pri ¢emu
odredeni simulatori mogu imati podrSku i za vedi broj
grupa tema. U slucaju nekih simulatora iz grupe G1 ovu
podrSku moZe i sam korisnik razviti. Razmatrane grupe
tema su: AR — Arhitektura racunara; MEM — Memorijski
podsisitem; Ul - Ulazno-izlazni podsisitem; OR -
Organizacija raCunara.

Mnogi simulatori imaju veoma dobru graficku
prezentaciju pogodnu za predstavljanje  detalja
simuliranog sistema, dok ima i onih simulatora koji svoje
rezultate predstavljaju u tekstualnoj formi. Sto se tice
rezultata simulacije neki simulatori omogucavaju samo
uvid u konacni rezultat simulacije dok drugi
omogucavaju uvid i u medurezultate simulacije. Grupe za




podelu simulatora su: ZK - Zbirni prikaz konacnih
rezultata; PK - Pojedinac¢ni prikaz konac¢nih rezultata; ZM
- Zbirni prikaz medurezultata; PM - Pojedinacni prikaz
medurezultata.

Kada se razmatraju pojedine oblasti korisnika mogu
zanimati rezultati nastali u razli¢itim vremenskim
trenucima. Na primer kada se razmatraju teme iz
arhitekture racunara korisnika obi¢no zanima ponaSanje
sistema nakon obavljenih pojedinih instrukcija dok u
sluaju razmatranja detalja organizacije raCunara
korisnika zanimaju rezultati nakon svakog takta
izvrSavanja simulacije. U nekim slucajevima, kao Sto je
rad keS memorije, korisnika zanimaju samo podaci
dobijeni nakon kompletnog izvrSavanja programa. Grupe
za podelu simulatora su: Takt — Pracenje simulacije na
nivou takta; Instrukcija — Pracenje simulacije na nivo
pojedinacnih instrukcija; Program — Pracenje simulacije
nakon izvrSenja Citavog programa.

IV. Pregled koriS¢enih simulatora

Odabirom kriterijuma od vaZnosti mogu se odrediti
simulatori koji bi bili kandidati za uklju¢ivanje u nastavu
na pojedinim kursevima. Odabir se sprovodi u zavisnosti
od kriterijuma uslovljenih pristupom ¢itavoj oblasti
(primenjenog obrazovnog modela i oblasti koje kurs
obuhvata), kao i od kriterijuma uslovljenih nivoom
oCekivanih rezultata simulacije (nacina za prikaz i
pracenje rezultata simulacije). Na primer, na
Elektrotehnickom fakultetu u Beogradu oblast arhitekture
i organizacije racunara se obraduje na viSe povezanih
kurseva pokrivaju¢i sve navedene teme koriste¢i model
od dna ka vrhu. Na uvodnim kursevima postoji potreba
da se posmatra izvrSavanje na nivou pojedinih taktova, na
narednim kursevima na nivou instrukcija, dok je na
naprednim kursevima cilj praCenje rezultata na nivou
programa.

Osnovi racunarske tehnike 1 (ORT1) je kurs na prvoj
godini u drugom semestru. Kurs se bavi logickim
projektovanjem i program predmeta obuhvata analizu i
sintezu kombinacionih i sekvencijalnih mreza, standardne
module, kao i osnove operacione i upravljacke jedinice
racunara. Za demonstraciju svih ovih koncepata se u
proslosti koristio simulator VSDS [4], dok se sada koristi

simulator Logisim [5], zbog jednostavnijeg prikaza
povratne sprege. Na kursu je vazno pracenje izvrSavanja
simulacije na nivou takta i projektovanje jednostavnih
komponenti i njihovo povezivanje u hijerarhijske mreZe.

Praktikum iz osnova racunarske tehnike (PORT) je
kurs koji se istovremeno odrZava sa kursom ORT].
Predmet predstavlja dopunu kursa ORT1 primerima
prakti¢ne primene obradenih koncepata i oblasti. Kako bi
se obradivani primeri implementirali na dostupnom
hardveru (Altera Cyclone III na DEO razvojnoj ploci i
Altera Cyclone V na DE0-CV razvojnoj ploci) koristi se
razvojno okruZenje Quartus II [6]. Simulator dostupan
unutar razvojnog okruZenja predstavlja profesionalni alat
i nije prilagoden uvodnim kursevima na kojima se
razmatra logicko projektovanje i arhitektura i
organizacija raCunara te se sama simulacija obavlja
koriste¢i pomenuti hardver.

Osnovi racunarske tehnike 2 (ORT2) je kurs na drugoj
godini u tre¢em semestru. Predmet se bavi nastavkom
logickog projektovanja uredaja (jednostavni interfejsni
uredaji), arhitekturom racunara (izvrSavanjem instrukcija,
skupom instrukcija i naCinima adresiranja) i
organizacijom racunara (logickim projektovanjem
operacione i upravljacke jedinice racunara). Na po€etnom
delu kursa za logicko projektovanje uredaja se koristi isti
hardver i razvojno okruZenje kao na kursu PORT, dok se
za potrebe arhitekture i organizacije racunara koristi
simulator COCONUT [3] kojim se projektuju deo
procesora (deo za dohvatanje i dekodovanje instrukcija) i
deo upravljacke jedinice (mikroprogramske realizacije), a
simulacije se prate na nivou takta.

Arhitektura racunara (AR) je kurs na drugoj godini u
Cetvrtom semestru. Kurs se bavi arhitekturom raCunara
(sloZene instrukcije), mehanizmom prekida, osnovama
memorijskog podsistema, i osnovama ulazno-izlaznog
podsistema. Na kursu se koristi simulator EDCOMP [7]
pomocu koga studenti prate izvrSavanje pojedinih
instrukcija, prete prekide i pristupe periferijama. U
situacijama kada se od studenata traZi da prate
izvrSavanje zadatih programa onda se simulacije
obavljaju na nivou takta, ali u situacijama kada studenti
samostalno piSu programe onda se simulacije obavljaju
na nivou instrukcija ili ¢itavog programa.

Tabela 2. Evaluacija odabranih simulatora

K
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CCSTUDIO Texas Instruments Inc. G2 AR,UIL,LOR PM Instrukcija
COCONUT University of Belgrade, Serbia G3 AR,MEM,UL,OR | PM Takt
CodeWarrior Freescale Semiconductor, Inc. G2 AR,UI,OR PM Instrukcija
CPU Sim Colby College, USA G2 | AR,OR PM Takt
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DEEDS University of Genoa, Italy Gl | OR PM Takt
DigL.C2 University Paris-Sud, France G2 | AR,OR PM Instrukcija
DLD-VISU Technical University of Darmstadt, Germany Gl | OR PM Takt
DLXview Purdue University, USA G2 AR,OR PM Takt
EASE University of Northern British Columbia, Canada G2 | AR PM Instrukcija
Easy CPU Holon Institute of Technology, Israel G2 | AR,OR PM Takt
EDCOMP University of Belgrade, Serbia G2 AR,MEM,UI,OR PM Takt
EDUCache Ss. Cyril and Methodius University, FYRM G2 | MEM PM Instrukcija
EduMIPS64 University of Catania, Italy G2 AR,OR PM Takt
ESCAPE Ghent University, Belgium G2 | AR,OR PM Takt
FastCache University of Wisconsin Madison, USA G2 MEM ZK Program
HASE University of Edinburgh, UK G1 MEM,UI,OR PM Takt
HASE-Dinero University of Edinburgh, UK G2 AR,MEM,OR PM Takt
ISE Design Xilinx Inc. G1 | MEM,ULOR PM | Takt
Suite
Java based . . . .
Virtual Lab SRM University, India G2 | - PM Instrukcija
JCachesim University of Siena, Italy G2 | ARMEM PK Instrukcija
JHDL Brigham Young University, USA Gl | MEM,ULOR PM Takt
Logisim Hendrix College, USA Gl | OR PM Takt
M5 The University of Michigan, USA G1 AR,MEM,UL,OR | ZK Takt
MARIE Mackenzie Presbyterian University, Brazil G2 | AR PM Instrukcija
MIPS X-Ray Federal Center for Technological Education of Minas Gerais, Brazil G2 AR,OR PM Takt
Quartus II Altera Corporation G1 MEM,UI,OR PM Takt
RM University of Catalonia (UPC), Spain G2 | AR,OR PM Takt
RSIM Rice University Houston Texas, USA G2 AR,MEM,OR ZK Takt
SDLDS University of Belgrade, Serbia Gl | OR PM Takt
SIMCA University of Minnesota, USA G2 AR,MEM,OR ZK Program
SimFlex Carnegie Mellon University, USA G2 AR,MEM,UI,OR ZK Instrukcija
Simics Virtutech AB Stockholm, Sweden G1 ARMEM,UL,OR | ZK Instrukcija
SimOS Stanford University, USA G2 AR,UI,OR 7K Program
Slmp! e CPU Redeemer University College, Canada G2 | AR,OR PM Takt
Architecture
SimpleScalar University of Wisconsin-Madison, USA G2 | AR,OR ZK Takt
SMOK University of Washington, USA Gl | MEM,OR PM Takt
VIiLLE plug-in | University of Turku, Finland Gl | OR PM Takt
Virtual Vulcan | YOERIC Corporation Gl | - PM Takt
Ylsual CPU Kagawa University, Japan G2 AR,OR PM Takt
simulator
VSDS University of Belgrade, Serbia G1 AR,MEM,UL,OR | PM Takt
VSMIS University of Belgrade, Serbia G2 | MEM PM Takt
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Arhitektura i organizacija racunara 1 (AOR1) je kurs
na tre¢oj godini u petom semestru. Kurs se bavi
memorijskom hijerarhijom (ke§ memorija, virtuelna
memorija, preklapanje pristupa memorijskih modula) i
proto¢nom obradom. Na kursu se pored simulatora koji
obuhvataju teme keS memorije, virtuelne memorije i
proto¢ne obrade koristi i simulator koji opisuje rad
racunarskog  sistema sa  preklapanjem  pristupa
memorijskim modulima VSMIS [8]. Svi ovi simulatori se
prvo koriste na nivou takta kako bi se studenti upoznali
sa radom sistema, a kasnije se simulacije obavljaju na
nivou kompletnih programa.

V. Zakljucak

Vec¢ina kurseva iz oblasti arhitekture i organizacije
racunara na univerzitetima Sirom sveta ukljucuje ne samo
teorijsku nastavu ve¢ i praktican rad koriste¢i simulatore
racunarskih sistema. Ovaj rad je objedinio preglede dela
simulatora dostupnih u otvorenoj literaturi koje su autori
razvijali ili evaluirali u duZem nizu godina. Na pocetku je
dat pregled simulatora, nakon Cega su dati kriterijumi
evaluacije po kojima su dati simulatori evaluirani i na
kraju je dat pregled simulatora koji se koriste na
kursevima arhitekture i organizacije racunara na
Elektrotehnickom fakultetu u Beogradu.

Evaluacija je pokazala da nema jednog simulatora koji
se moZe koristiti bez obzira na pristup izu€avanju
odabranih oblasti (primenjenog obrazovnog modela i
oblasti koje kurs obuhvata) i od o¢ekivanog nivoa detalja
unutar simulatora (nacina za prikaz i pracenje rezultata
simulacije). Koriste¢i kriterijume opisane u radu moguce
je odrediti simulatore koji bi bili kandidati za
ukljucivanje u nastavu na pojedinim kursevima prilikom
izu€avanja pojedinih tema. Jedan takav izbor simulatora
je predstavljen na primeru Elektrotehnickog fakulteta
Univerziteta u Beogradu gde se oblast arhitekture i
organizacije racunara izucava u okviru 5 kurseva i gde se
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koristi 10 razlicitih simulatora od kojih su 6 pomenuti u
ovom radu.
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Abstract—The challenge raised by the explosion of
Internet of Things (IoT) scenarios and applications is per-
manently shaping the networking and communications
landscape, with a significant social impact. The ongoing
research activities in the field of industrial IoT (IIoT)
are directed towards designing deterministic wireless net-
works and reliable transmission protocols, but there are
still many issues requiring a global consensus before the
final deployment. The paper discusses the requirements
of next-generation IIoT applications based on Wireless
Sensor Networks (WSNs) standards and technologies. A
particular attention is given to prerequisites for deter-
ministic networking in IIoT environments, as well as to
benefits of using open-hardware and open-software IoT
platforms.

Index Terms—Industrial IoT, IEEE 802.15.4e, IEEE
802.15.4g, TSCH, 6TiSCH, scheduling, OpenMote-B

I. INTRODUCTION

The development of industrial Internet of Things
(ITIoT) standards is a main prerequisite for the trans-
formation of traditional systems into a new generation
known as Industry 4.0. This transition can be explained
by the following statement: “Industry 4.0 is a concept
that relies on communication technologies, automa-
tion and production processes, as well as on efficient
data transmission in industrial environments. Within
modularly structured smart factories, Cyber-Physical
Systems (CPSs) will enable the performance monitor-
ing, the creation of virtual resources and decentralized
decision-making, as well as human-machine interfaces
(HMI) in real time.” [1], [2].

Intensified research activities have been focused on
the design of energy-efficient and reliable industrial
Wireless Sensor Networks (WSNs). These networks
provide the infrastructure for a large number of ap-
plications ranging from automation and control of
industrial processes, to large smart grid systems in
electric power plants and intelligent transport net-
works. WSNs provide numerous advantages, primarily
in terms of low implementation cost, flexibility and
scalability, as well as network operational efficiency.
The development of sensor technologies is one of the
key elements for mass production of low cost devices
that can be used efficiently in different environments.
Current predictions indicate that the number of smart
devices worldwide will reach 70 billion by 2025.
This dramatic increase in the number of IoT devices
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requires new forms of energy generated from the im-
mediate environment. The new generation of industrial
applications will be driven by advanced technologies,
such as cloud/edge/fog computing, big data analytics,
artificial intelligence and machine learning, Software
Defined Networking (SDN), etc. It is expected that
their use will significantly reduce operating costs and
increase work efficiency.

In the past ten years, the Internet Engineering Task
Force (IETF) has been standardized key IPv6-based
protocols adapted to constrained devices in WSNs,
such as IPv6 over Low-Power Wireless Personal
Area Networks (6LoWPAN), Constrained Application
Protocol (CoAP), Routing Protocol for Low-Power
and Lossy Networks (RPL), IPv6 over Time Slotted
Channel Hopping - TSCH mode of IEEE 802.15.4e
(6TiSCH) and others [3]. The networking of con-
strained devices is also the subject of standardization
activities of the IETF CoRE (Constrained RESTful En-
vironments) working group. The integration of sensor
devices into the IPv6 Internet environment is based on
the concept known as the Semantic Web of Things that
allows access to sensor data through standardized Web
interfaces.

The support of real-time communications over
license-free bands is a challenging task and requires
a strict timing control within the IIoT network. There
is an increased effort in terms of research and stan-
dardization activities towards deterministic Medium
Access Control (MAC) protocols. As a promising
solution, the Time-Slotted Channel Hopping (TSCH)
as a synchronous MAC protocol was introduced in
IEEE 802.15.4e standard [4]. It has attracted sig-
nificant attention from the research community as
it promises more reliable and predictable wireless
networking, particularly for the challenging IIoT en-
vironments. Following this concept and the urgent
need for the standardized architectures, the 6TiSCH
working group (WG) was formed with the aim of
defining a single protocol-stack adapted to industrial
applications. 6TiSCH is based on open standards, with
support for different scheduling strategies, as well
as for deterministic packet switching over the TSCH
MAC sublayer [5]. Moreover, the 6TiSCH mechanisms
are of particular importance for the further adoption of
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IPv6 in industrial standards [6].

The organization of the paper is as follows. Section
II presents an overview of emerging IIoT requirements
and applications. Section III introduces the concept
of deterministic networking and addresses challenges
of wireless communications in IIoT environments.
Promising technologies and solutions, such as syn-
chronous MAC scheduling in IEEE 802.15.4e - TSCH,
and multimodal and re-defined physical layer in IEEE
802.15.4g have been discussed. Finally, a conclusion
highlights key findings of this survey by indicating
open issues and future trends in the emerging field of
IIoT.

II. REQUIREMENTS OF IIOT NETWORKING

Characteristics of radio-communication links in the
industrial automation field are such that performance
and reliability guarantees must be provided. Design
objectives are directly related to the specifics of the
applications and industrial systems, where the follow-
ing parameters are of key importance:

« efficiency of available resources (battery power,
processor capabilities, bandwidth, etc.),

« effective mechanisms to prevent network conges-
tion,

« reliable time synchronization,

o real-time transmission,

« transmission security and safety,

« modular design and scalability,

« interoperability with existing infrastructure, and

o Quality of Service (QoS) support.

Depending on the application requirements (reliabil-
ity, time constraints, MAC mechanisms), the following
types of traffic can be distinguished in industrial net-
works:

« Traffic in emergency situations. It represents the
category of the highest priority. This type of
traffic commonly has an asynchronous character,
and is generated by special circumstances, e.g.
explosions, plant fires and similar major anoma-
lies in industrial environments. Modeling of this
type of traffic implies fulfillment of strict time
requirements and high reliability of work, so it
is necessary to define priorities in the scheduling
and access to the communication channel.

« Regular traffic in closed control loops. In these
systems, the sampling rate of sensor data is sig-
nificantly higher compared to other types of I[IoT
networks, and the traffic is generated periodically.
At the same time, the interruption of communica-
tion leads to the instability of the complete control
process. Performance optimization is one of the
basic requirements in the operation of this type
of network.

o Traffic in open control loops. Compared to the
previous two categories, the restrictions are not so
strict, because the occurrence of an error in the
system will not have consequences due to slow

changes in the control process. An example of
this type of control are frequency components in
the generator units of industrial plants.

« Surveillance traffic. This type of traffic is mostly
one-way, because it realizes process monitoring
by collecting appropriate information in process
control and automation. Based on this informa-
tion, improvements and upgrades of the system
are planned. Traffic can be classified in the cat-
egory of low priority, because occasional packet
losses can be tolerated.

The process of selection and design of particular
MAC and routing protocol must take into account the
characteristics of the wireless links and the capabilities
of the sensor device. Since devices usually are battery-
powered, protocols that require a large number of
transactions will very quickly reduce the available re-
sources. Variations in link quality have a direct impact
on protocol design, especially if transmission time
characteristics are taken into account. Moreover, the
dynamic nature of links and node metrics inevitably
reflects on protocol design. Interference, multipath
fading, changes in node power supply, current CPU
overload, etc. have the significant impact on transmis-
sion quality.

III. CONCEPT OF DETERMINISTIC NETWORKING

Deterministic networking (DetNet) represents an
important element of IloT system design. The basic
idea is to limit packet transmission delays, while
ensuring very high transmission reliability, which is
of particular importance for M2M operations (for ex-
ample, process automation in industry, audio and video
streaming, vehicle control, etc.). The IETF DetNet
WG defines mechanisms to implement deterministic
data paths for real-time applications that require very
low packet loss, low latency variation (jitter), and
guaranteed latency limits [7]. In these networks, QoS
requirements can be expressed based on the following
parameters:

e Minimum and maximum end-to-end delay that
allows packet delivery within the defined delay
limits and jitter reduction/elimination.

« Probability of packet loss, taking into account the
state of nodes and links in the network.

o Guarantees regarding deterministic delay can be
achieved by eliminating collisions between nodes
and appropriate access to time slots. Using mul-
tiple channels provides a support for multiple
transmissions in the same time period, based on
different channel offsets, thus increasing network
capacity. This avoids the effects of interference
and multipath fading, thus increasing the reliabil-
ity of communications and reducing the energy
required to retransmit packets.

Energy efficiency and communication reliability are

often conflicting requirements. Novel solutions such as
Wake-up Radio (WuR) allow nodes to work at a power
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consumption level that is 1000 times lower than that
of the traditional radio [8].

The concept of time-sensitive networking is com-
monly associated with applications from the domains
of industrial automation and the automotive industry
[9]. These requirements should overcome some of the
limitations of traditional Internet technologies for the
realization of transmission at the MAC layer. In the
case of classic industrial automation networks, the
transmission is usually performed at distances of up to
several kilometers, and the number of hops can vary
from e.g. 5 in indoor environments, up to 70 hops
in large plants. In such environments, it is necessary
to provide real-time traffic control, as well as the
transmission of video content and large files. One of
the key requirements in these networks are precise time
synchronization and the deterministic delay.

A. TSCH Scheduling

The TSCH mode on the MAC sublayer is organized
to support application requirements such as industrial
automation and process control [10], [11]. Common
areas of application are robotics, oil and gas industry,
healthcare, transport systems, smart grid systems, etc.
TSCH combines time synchronization with channel
hopping to support deterministic delay guarantees,
communication reliability (i.e., resistance to inter-
ference and multipath fading), and higher network
throughput in comparison to other MAC protocols.
The time-slotted operation of TSCH reduces collisions,
enables ultra low-power communications, and provides
deterministic properties on wireless medium. TSCH
enables an ultra-low duty cycle less than 0.1%, thus
extending battery life by up to 10 years. The channel
hopping is a well known and efficient technique to
combat multipath fading and co-channel interference.
Current 6TiSCH implementations use the 2.4 GHz
band, with 16 frequencies available.

The communication in a 6TiSCH network is orches-
trated by a schedule. A slotframe consists of a matrix
of cells of equal length (typically 10 or 15 ms), each
cell being defined by a pair of timeslot and channel
offsets. Slotframes repeat over time to enable nodes to
have periodic access to the medium. TSCH defines two
types of cells: dedicated and shared. A dedicated cell
is contention-free providing that only one transmitter
can send a packet. If cells are shared between multiple
nodes, than the random access mechanism is applied.

The 6TiSCH protocol stack is a result of joint IETF
and ETSI effort to provide all relevant mechanisms
for routing, transport, security and application-level
interface. The architecture and mechanisms have been
developed in order to provide an open and standardized
communication stack and to speed up the adoption of
IPv6 in industrial standards. The scheduling in 6TiSCH
networks has attracted considerable research interest
[10], [12]-[14].

B. Using Open-hardware and Open-software in IEEE
802.15.4.g-based Experimentation

The proliferation of low-power and low-cost de-
vices with IP connectivity based on open protocols
and architectures results in explosion of diverse [oT
applications. In recent years, research and education in
the emerging field of telecommunication technologies
have been benefited from using open-software and
open-hardware platforms. Therefore, for the experi-
mentation purposes, we use the OpenMote-B hardware
devices and RIOT OS.

The OpenMote-B is an open-hardware platform for
IIoT applications based on IPv6 protocol stack, Fig.
1. This board consists of a Texas Instruments CC2538
System on Chip (SoC) and an Atmel AT86RF215 dual-
band radio transceiver. The CC2538 includes an ARM
Cortex-M3 micro-controller (32 MHz, 32 kB RAM,
512 kB Flash) and a IEEE 802.15.4-compatible radio
transceiver. The AT86RF215 completely supports the
IEEE 802.15.4g standard and provides data transmis-
sion in sub-GHz and 2.4 GHz. More information on
this board can be found in [15].

Fig. 1. The OpenMote-B hardware platform.

RIOT is an open-source operating system (OS)
for memory constrained systems with focus on the
wireless low-power IoT devices [17]. Memory size is
around 10 KB and it is based on micro-kernel and
modular architecture (8, 16, 32-bit). RIOT OS provides
support to protocol stacks such as IPv6, 6LoWPAN, as
well as standard protocols: RPL, UDP, TCP and CoAP.
RIOT runs on several platforms/architectures including
embedded devices as well as common PCs. RIOT OS
source code is available on GitHub repository.

The IEEE 802.15.4g standard has developed a
new set of physical layers (PHYs) for outdoor low
data rate wireless Smart Utility Networks (SUN)
applications [18]. It defines three PHYs: Multi-rate
Multi-regional Offset Quadrature Phase Shift Keying
(MR-OQPSK), Multi-rate Multi-regional Frequency
Shift Keying (MR-FSK) and Multi-rate Multi-regional
Orthogonal Frequency Division Multiplexing (MR-
OFDM).

Some of the key IEEE 802.15.4.g specifications are:
¢ Operation in free 700-1000 MHz and 2.4 GHz
bands,

o Data rates from 40 kb/s to 800 kb/s,

e Provision of a communication in multiple fre-

quency bands and use of multiple data rates,

o Payload maximum length is 2047 bytes (B) where

a complete IPv6 packet can be transmitted with-
out fragmentation, and
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Fig. 2. The estimated relative attenuation of TX power when the connection is broken [16].

« Coexistence with other systems operating in the
same band (IEEE 802.11, 802.15 and 802.16).

Given the raising interest in the IIoT networks,
characterized by low-rate and low-power, exploration
of the range and reliability of the different modulation
types helps in choosing a proper PHY depending on
the application requirements. In [16], the experimental
performance evaluation of the IEEE 802.15.4g ap-
plications has been conducted in three test scenarios
using the OpenMote-B hardware and RIOT software
platforms. The overall results present a dataset ob-
tained from the deployment of 2 nodes using the IEEE
802.15.4g SUN modulations. The following metrics
were used for data traffic analysis: packet loss [%],
average Received Signal Strength Indicator (RSSI)
[dBm], min/avg/max Round Trip Time (RTT) [ms] and
PHY configuration.

1) First test scenario: Measurements have been
conducted in a Faraday cage which has ensured ideal-
ized conditions. The communication performance has
been tested both in sub-GHz (863-870 MHz) and 2.4
GHz frequency bands. The purpose of this scenario has
been to verify accuracy of used hardware platform.
This experiment implies that MR-FSK is the most
robust PHY in both bands according to the RSSI
value analysis. An interesting observation is that the
RSSI value difference between MR-O-QPSK and MR-
OFDM?2 is less than 2 dB. Taking into account that the
signal bandwidth of these PHYs is 5 MHz for MR-O-
QPSK and 0.8 MHz for MR-OFDM2, these results
prompt the MR-OFDM usage in low-power and low-
rate IIoT.

2) Second test scenario: Here, measurements have
been taken in sub-GHz band and in an in-door environ-
ment with 10 m device spacing. The aim of this setup
is to evaluate PHY configuration performances in real
conditions. Here we noticed an enormous human im-
pact on communication link with variations of packet
losses between 20% and 90%. In this scenario, it has
been measured relative attenuation at the transmitter

at the moment of communication interruption (packet
losses > 90%). The overall conclusion is that MR-O-
QPSK provides the most robust propagation waves.

The measured relative attenuation at the transmitter
for all tested PHY configurations is depicted on Fig.
2. Results indicate that MR-FSK, MR-OFDM1/MCS3,
and MR-OFDM2/MCS5 PHYs require the highest
level of transmit power. MR-O-QPSK is the most
robust PHY, while MR-OFDM and MR-FSK PHYs
have similar results. A significant decrease of attenu-
ation appears in the case of MR-OFDM1 MCS2 and
MCS3. One reason for this is data reduction by half
(MCS3 - 800 kb/s, MCS2 - 400 kb/s). The other
reason is the use of frequency repetition technique in
MCS?2 configuration. Fig. 2 provides one more crucial
conclusion based on the attenuation difference between
MCSI1 and MCS2 configurations for both MR-OFDM
options, which are the same and equal 3 dB. This
dataset confirms that BPSK modulation provides extra
3 dB over QPSK modulation. The comparison of MR-
OFDM options indicates that as the signal’s bandwidth
is smaller, the less robust is its PHY.

3) Third test scenario: The last scenario has been
tested in sub-GHz frequency band to evaluate the PHY
resistance to the influence of noise. The experiments
have been conducted in controlled environment (RF
coaxial cables and a coupler). The signal and noise
powers have been measured at the moment of the
connection interruption. The gathered dataset shows
that the increase of data rate reduces the resistance
of PHY to the noise influence and that MR-O-QPSK
PHY is the the most sensitive to the noise impact.

The collected dataset provides an overview of es-
timated PHY configuration performances giving the
reason for further research of the IEEE 802.15.4g
standard in IIoT. The overall results show that MR-
0-QPSK provides the longest range in the real con-
ditions, but the crucial conclusion is that MR-OFDM
PHY is the most resistant to the influence of noise
which prompts its usage in low-power and low-rate
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wireless networks.

IV. CONCLUSION

As a result of rapid development of IIoT connec-
tivity, many heterogeneous devices will be operational
at close range and within a limited spectrum, which
poses a challenge in terms of coexistence in the
ISM band. The new generation of IIoT devices will
have the ability to detect, classify and avoid areas
affected by external interference. These devices will
have multimode radio chips, flexibility in the selection
of software and protocols, as well as communication
support for the advanced applications. Next genera-
tion industrial standards based on low-power WSN
technologies are expecting to provide high immunity
against interference and multipath fading, and to sup-
port the QoS differentiation of traffic flows. Prelimi-
nary results obtained by using IloT open-hardware and
open-software platforms confirm that schedule-based
deterministic MAC protocols, such as TSCH, as well
as deterministic networking mechanisms can provide
such guarantees.
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Rezime: Otvorenost jezickih resursa i alata je od
velike vaznosti za povecanje kvaliteta i brzine razvoja
tehnologija za racunarsku obradu prirodnih jezika. U
ovom radu predstavljeni su otvoreni resursi za obradu
srpskog jezika. Opisani su rucno anotirani korpusi, kao i
Siri spektar alata i racunarskih modela, ukljucujuéi i veb
servis koji omogucava njihovo jednostavno koriS¢enje.

Kljucne reci: racunarska lingvistika;
tekstova; jezicki alati; NLP; otvorena kultura.

korpusi

I. Uvod

U poslednjih nekoliko godina doSlo je do razvoja
otvorenih, slobodno dostupnih resursa i tehnologija za
racunarsku obradu tekstova na srpskom jeziku,
ukljuCujuéi anotirane jezicke korpuse, alate za
automatsku analizu i oznacavanje tekstova, kao i razlicite
vrste modela za obradu prirodnih jezika (engl. natural
language processing — NLP). Otvorenost i javna
dostupnost omogucavaju veéi stepen ponovljivosti
rezultata NLP istraZivanja, pospeSuju saradnju istraZivaca
i stimuliSu zajednicko unapredivanje postoje¢ih korpusa,
alata i modela, umesto stalnog zasebnog pravljenja novih
resursa istog tipa iz poCetka. Ova otvorenost je narocito
vazna u manjim jezicima poput srpskog, kod kojih se
NLP istraZivanjima bavi dosta ograni¢en krug naucnika i
koji nisu od naroCitog interesa za Siru svetsku
istraZivacku zajednicu. Poseban doprinos promovisanju
aktuelnosti i vaZnosti otvorenih jezickih resursa za srpski
i srodne jezike dao je projekat Regional Linguistic Data
Initiative (ReLDI) [1], koji je doveo do nastanka veceg
broja alata primenjivih na viSe juZnoslovenskih jezika,
kao i korpusa anotiranih koriS¢enjem standardizovane
metodologije oznacavanja.

U ovom radu su ukratko prikazani aktuelni otvoreni,
slobodno dostupni jezicki resursi koji se mogu koristiti za
analizu i obradu tekstova na srpskom jeziku. To ukljucuje
kako resurse koji su proistekli iz ReLDI projekta, tako i
one koje su autori rada razvili naknadno ili nezavisno od
pomenutog projekta. Pri tome, pod otvorenim resursima
ili alatima se podrazumevaju oni koji su javno dostupni
na odredenom repozitorijumu ili sajtu i jasno objavljeni
pod nekom od odgovarajucih slobodnih licenci kao Sto su
Creative Commons, GPL, i sl.

Ostatak rada je strukturiran na slede¢i nacin: najpre su
prikazani anotirani korpusi tekstova, a nakon toga alati i
modeli za racunarsku obradu tekstova na srpskom jeziku.
Na kraju su izloZeni planovi vezani za pravce daljeg
razvoja.

DOI: 10.5281/zenodo.4113229

IT. Korpusi

U ovom odeljku su opisani rucno i automatski
anotirani korpusi tekstova na srpskom jeziku koji su
javno dostupni. Najpre su predstavljeni ru¢no anotirani
korpusi standardnog i nestandardnog jezika, zatim
korpusi posebno anotirani za odredenu problematiku, dok
je na kraju opisan veb korpus srpskog jezika. Izrada
mnogih anotiranih korpusa je koordinisana sa sli¢nim
poduhvatima na drugim jezicima, pre svega na hrvatskom
i slovenackom.

A. Rucno anotirani korpusi

SETimes.SR korpus [2], [3], izgraden na osnovu
SETimes paralelnog korpusa novinskih c¢lanaka [4],
predstavlja ru¢no anotirani korpus tekstova pisanih
standardnim srpskim jezikom namenjen obucavanju i
evaluaciji racunarskih modela na ve¢em broju problema
iz obrade prirodnih jezika. On sadrZi 163 dokumenta
podeljena na 3891 recenicu, odnosno 86 726 tokena.
SETimes.SR korpus je anotiran u pogledu segmentacije
(na tokene, recCenice i dokumente), morfosintaktickih
oznaka, lema, sintaksnih dependencija kao i imenovanih
entiteta. KoriS¢ene morfosintakticke oznake su u skladu
sa MULTEXT-East v6 standardom za srpsko-hrvatski
makrojezik'. Sintaksne dependencije su oznaCene prema
specifikaciji Universal Dependency v2 (UDv2)%. Oznake
imenovanih entiteta su date u IOB2 formatu, uz
razlikovanje pet tipova entiteta — osobe (PER), prisvojni
pridevi izvedeni od imena (DERIV-PER), lokacije
(LOC), organizacije (ORG) i razno (MISC). SETimes.SR
je anotiran po uzoru na i uz pomo¢ modela obucenih na
SETimes.HR [5] korpusu na hrvatskom jeziku, koji sada
predstavlja deo veceg hr500k korpusa [6], [7].

ReLDI-NormTagNER-sr korpus [8], [9] je rucno
oznaCen skup tvitova napisanih na srpskom jeziku.
Njegova primarna namena jeste prilagodavanje
raCunarskih modela fenomenima koji su Ccesti u
nestandardnom jeziku koji se koristi na internetu. Korpus
se sastoji od 3748 tvitova koji sadrZe ukupno 91 781
token. Slojevi anotacije prisutni u korpusu su sledeci:
tokenizacija i podela na recenice, normalizacija na nivou
reCi, morfosintaktiCka anotacija (na osnovu standarda
MULTEXT-East i Universal Dependencies), lematizacija
i imenovani entiteti (sa istth 5 tipova entiteta kao i u
SETimes.SR korpusu). Ovaj korpus je izgraden uporedo

1httD://nI.iis.si/M E/V6/msd/html/msd-hbs.html

2 . .
http://universaldependencies.org
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sa slinim resursom za hrvatski jezik — ReLDI-
NormTagNER-hr [10] — a oba su oblikovana po uzoru na
slovenacki korpus Janes-Tag [11], [12].

B. Specijalizovani rucno anotirani korpusi

Na srpskom jeziku su javno dostupni ru¢no anotirani
specijalizovani korpusi koji se odnose na semanticke
probleme odredivanja semanticke sli¢nosti, detekcije
parafraza i analize sentimenta.

Za problematiku odredivanja semanticke sli¢nosti
kratkih tekstova izraden je korpus STS.news.sr [13]. On
sadrZi 1192 para recenica iz novinskog domena anotirana
u pogledu stepena semanticke sli¢nosti izmedu recenica u
paru. Ocene sli¢nosti su granulirane, na skali od 0 do 5, i
dobijene su usrednjavanjem individualnih ocena petoro
anotatora. STS.news.sr je kreiran koriS¢enjem sadrZaja
ranijeg korpusa parafraza paraphrase.sr [14], [15], koji
sadrzi samo binarne ocene slicnosti, ru¢no zadate od
strane jednog anotatora, koje govore da li se reCenice u
okviru para mogu smatrati parafrazama ili ne.

Za probleme analize sentimenta tekstova na srpskom
predstavljena su dva anotirana korpusa tekstova iz
domena filmova — jedan na nivou duZih dokumenata, i
drugi na nivou kratkih komentara. SerbMR [16] je
izbalansiran korpus filmskih recenzija koji je dostupan u
varijantama sa dve klase polarnosti sentimenta (pozitivna
i negativna) i sa tri klase polarnosti (pozitivna, neutralna i
negativna). Dvoklasna varijanta SerbMR-2C sadrZi
ukupno 1682 dokumenta, a troklasna SerbMR-3C ukupno
2523, odnosno 841 dokument po klasi. Oznake
sentimenta u ovom skupu podataka su dobijene
automatski, konverzijom numerickih ocena pridruzenih
svakoj recenziji od strane njenog autora.

SentiComments.SR  korpus kratkih tekstova na
srpskom  jeziku [17] je rucno anotiran oznakama
sentimenta koje omogucavaju viSe nivoa interpretacije.
Zbog toga se ovaj korpus moZe upotrebiti u obucavanju i
evaluaciji klasifikatora na ve¢em broju uzih problema u
analizi sentimenta, ukljucujuéi odredivanje polarnosti,
odredivanje subjektivnosti, detekciju sarkazma, itd.
SentiComments.SR sadrzi 3490 kratkih komentara i
zajednicki je anotiran od strane dvoje anotatora.

C. Veb korpus

Veb korpus srWwaC [18], [19] predstavlja najveci javno
dostupni korpus tekstova opSteg tipa na srpskom jeziku.
U aktuelnoj verziji 1.1, on sadrZi 555 miliona tokena i
preko 25 miliona recenica rasporedenih u oko 1,3 miliona
dokumenata. Ovaj korpus je izgraden prikupljanjem
celokupnog sadrzaja sa .rs domena, nakon cega je
sprovedeno uklanjanje duplikata na nivou pasusa,
vra¢anje dijakritickih oznaka u tekstovima, kao i
automatsko morfosintakticko oznacavanje i lematizacija.

III. Alati i racunarski modeli

U ovom odeljku su opisani javno dostupni alati i
modeli koji se mogu koristiti za reSavanje konkretnih
NLP zadataka u obradi tekstova na srpskom jeziku. Oni
su izloZeni po rastu¢em nivou obrade, pocevsi od
osnovnih alata za podelu i korekciju tekstova, preko alata
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za morfosintakticku i sintakticku obradu, do alata i
modela vezanih za semanticke probleme. Na kraju je
opisan ReLDIanno veb servis [20] u okviru koga je
integrisan veliki broj navedenih alata.

A. Segmentacija i tokenizacija

Uobicajen prvi korak u obradi tekstualnog sadrzaja
jeste njegova segmentacija i tokenizacija, tj. podela
dokumenata na recCenice, i recenica na elementarne
jedinice — tokene — koji predstavljaju reci, brojeve,
znakove interpunkcije, itd. Za tokenizaciju srpskog,
hrvatskog, slovenackog, makedonskog i bugarskog jezika
moZe se koristiti ReL.DI tokenizator, koji sadrZi odvojene
modele za standardne i nestandardne tekstove na svim
navedenim jezicima. ReLDI tokenizator pruza izlaz u
vertikalizovanom, CoNLL-U formatu, koji predstavlja
ulazni format podataka za alate za vracanje dijakritickih
oznaka, morfosintakticko oznaCavanje i lematizaciju,
sintakticko parsiranje i oznacavanje imenovanih entiteta.

B. Vraéanje dijakritickih oznaka

U obradi latinicnih tekstova na srpskom jeziku
prikupljenih sa drustvenih mrezZa, veb foruma, komentara
posetilaca na razli¢itim sajtovima, itd. Cesto se susreCe
odsustvo dijakritickih oznaka, tj. pisanje tekstova
engleskom/ASCII latinicom, bez slova ¢, ¢, §, d, Z i dZ.
Nedostatak dijakritika moZe znatno otezati pravilnu
automatsku obradu tekstova, jer dovodi do ortografske
istovetnosti razliCitih, Cesto morfosintakticki i/ili
semanticki veoma udaljenih reci (npr. glagol sesti i redni
broj Sesti se svode na isti oblik). Stoga je preporucljivo
pre dalje obrade sprovesti vracanje nedostajucih
dijakritickih oznaka, za Sta se moze iskoristiti statisticki
alat za redijakritizaciju [21], koji, pored srpskog,
podrzava i hrvatski i slovenacki jezik.

C. Morfosintakticko oznacavanje

Morfosintakticko  oznacavanje, tj. automatsko
dodeljivanje morfosintaktickog opisa svakom tokenu u
reCenici, Sto ukljucuje informacije o vrstama redi,
predstavlja vazan korak u NLP obradi jer su ovi opisi
vredan ulazni podatak za mnoge sloZenije zadatke.
Trenutno najbolje javno dostupno reSenje za
morfosintakticko oznacCavanje srpskog jezika je skup
alata centra znanja za juznoslovenske jezike CLASSLA
[22], koji predstavlja izmenjenu i proSirenu verziju
Stanza biblioteke [23]. Unutar CLASSLA paketa, za
srpski jezik su dostupni model za standardni jezik [24] i
model prilagoden nestandardnom jeziku [25]. Posebna
snaga ovog i svih drugih modela za nestandardne
tekstove u okviru CLASSLA paketa je Sto su izrazito
otporni na izostavljanje dijakritickih znakova u tekstu.
Alat generiSe morfosintakticke opise po MULTEXT-East
standardu, ali i po sve popularnijem Universal
Dependencies standardu, po kojem se opis sastoji od
univerzalne vrste re¢i i univerzalnih morfosintaktickih
odlika.



D. Morfoloska normalizacija

Morfoloska normalizacija tekstova omogucava
svodenje razlicitih oblika reci na istu zajednicku osnovu i
moguce ju je sprovesti pomocu stemera ili lematizatora.
U okviru paketa SCStemmers [16], napisanog u
programskom jeziku Java, reimplementirana su Cetiri
algoritma stemovanja koja su primenjiva na srpski jezik:
e Optimalni i pohlepni stemer Keselja i Sipke [26]

e Unapredenje njihovog pohlepnog stemera koje je
predstavio MiloSevic¢ [27]

e Stemer za hrvatski jezik LjubeSi¢a i PandZica, koji
predstavlja unapredenje pristupa iz [28]

Iako do sada nije sprovedena uporedna intrinzicka
evaluacija ovih algoritama, ekstrinzicke evaluacije na
semantickim  problemima odredivanja  semanticke
slicnosti kratkih tekstova i analize sentimenta [13], [17],
[29], [30] konzistentno pokazuju da je stemer LjubeSica i
PandZi¢a obic¢no najbolji izbor.

Trenutno najtacnije otvoreno reSenje za lematizaciju
srpskog jezika je lematizator koji je deo CLASSLA lanca
alata [22]. On koristi flektivni leksikon srLex [31], [32]
za sve oblike koji su pokriveni leksikonom. Za ostale
oblike alat koristi seq2seq model koji na temelju oblika i
njegovog morfosintaktickog opisa oblikuje lemu. Kao i
za morfosintakticko oznacavanje, i za lematizaciju su
dostupni modeli za standardne [33] i za nestandardne
tekstove [34].

E. Sintakticko parsiranje

Sintakticko parsiranje predstavlja automatsku izradu
sintaksnog stabla reCenice kroz obelezZavanje sintaktickih
veza izmedu tokena. Iako se parsiranje rede koristi kao
pretprocesiranje za zadatke viSeg nivoa, ono je veoma
bitno za potrebe lingvisticke analize teksta, a mozZe se
upotrebiti i za analizu i interpretaciju rada racunarskih
modela. Od 2017. godine, srpski jezik je kroz anotaciju
korpusa SETimes.SR [35] prisutan u medunarodnom
projektu  standardizacije = oznacCavanja  sintaktickih
dependencija Universal Dependencies [36], pri ¢emu se
anotirani resursi u UD repozitorijumima regularno
aZzuriraju. Ve¢ pomenuti CLASSLA paket takode pruza
moguénost i za sintakticko parsiranje tekstova na
srpskom. Za razliku od morfosintaktickog oznacCavanja i
lematizacije, u parsiranju se koristi isti model za obradu i
standardnih i nestandardnih tekstova [37].

F. Oznacavanje imenovanih entiteta

Kao i u slucaju morfosintaktickog i sintaktickog
oznaCavanja i lematizacije, CLASSLA lanac alata [22]
postiZe trenutno najbolje rezultate i na problemu
oznacavanja imenovanih entiteta. Pri tome, alat razlikuje
istih pet tipova entiteta oznacenih u SETimes.SR i ReLDI-
NormTagNER-sr korpusima, koji su i koriS¢eni pri
obuCavanju modela, i koristi isti IOB2 format oznaka.
Isto kao i kod reSenja za morfosintakticko oznacavanje i
lematizaciju, alat omogucuje obradu standardnih [38] i
nestandardnih tekstova [39].
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G. Odredivanje semanticke slicnosti kratkih tekstova

Za dobijanje granuliranih ocena semanticke sli¢nosti
kratkih tekstova dostupan je paket STSFineGrain [13] u
okviru koga je implementirano viSe modela za reSavanje
ovog problema, koji se mogu obuciti i evaluirati
koriS¢enjem STS.news.sr ili nekog slicnog korpusa na
drugom jeziku. To ukljucuje kako osnovne modele
zasnovane na leksickom preklapanju tekstova i/ili
slicnosti vektora znacenja reC¢i u njima, tako i nesto
naprednije modele koji se oslanjaju i na informacije o
frekventnosti re¢i [15], vrsti reci [40] ili na oba tipa
informacija [13].

H. ReLDIanno veb servis

ReLDIanno veb servis [20] omogucava jednostavno
koriS¢enje jezickih alata za srpski, hrvatski i slovenacki
jezik, ukljucujucéi alate za tokenizaciju, morfosintakticku
analizu, lematizaciju, sintakticko parsiranje i oznacavanje
imenovanih entiteta. Servisima se moZe pristupiti putem
veb aplikacije ili programski, kroz biblioteku za
programski jezik Python. Unutar veb aplikacije
omogucena je obrada razli¢itih formata fajlova, kao Sto
su TXT, DOCX, PDF, i ZIP arhive. Alati koji se trenutno
nalaze u pozadini servisa predstavljaju, uz izuzetak
tokenizatora, stariju generaciju otvorenih alata za obradu
srpskog jezika koji su razvijeni unutar projekta ReLDI

[1].

IV. Zakljucak

U ovom radu su ukratko izloZeni aktuelni otvoreni,
slobodno dostupni anotirani korpusi, kao i alati i modeli
za racunarsku obradu tekstova na srpskom jeziku. U
planu je dalje prosirivanje skupa otvorenih resursa novim
vrstama  anotiranih  podataka, poput  anotacija
koreferentnih odnosa. Pored toga, u skoroj budu¢nosti se
planira i zamena modela koriS¢enih u okviru veb servisa
ReL.DIanno novijim verzijama iz CLASSLA paketa [22].
Na kraju, u toku su i prvi eksperimenti sa velikim
jezickim modelima poput BERT-a [41], koji ¢e verovatno
predstavljati slede¢i korak u razvoju racunarske obrade
srpskog jezika.
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servis ReLDIanno (http://www.clarin.si/services/web) je
dostupan preko sajta CLASSLA centra
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Rezime: Rad je napisan sa ciljem da se pokazu
mogucnosti razlicitih alata otvorenog koda koji se mogu
koristi za potrebe vizualizacije i grafiCke interpretacije
podataka. Takode, navedeni su i objasnjeni osnovi aspekti
koji uticu na graficku interpretaciju podataka. Ovaj rad
sadrzi kratak pregled funkcionalnosti dve javascript
biblioteke za vizualizaciju i to: d3.js i chart.js.

Kljucne reci: javascript, otvoren kod, vizualizacija
podataka, grafikon, interakcija

I. Uvod

Oblast vizualizacije podataka se vekovima razvijala 1.
Nije oduvek bila posebna oblast, ve¢ se dug period
posmatrala kako sastavni element drugih oblasti kao Sto
su fizika, matematika, kartografija i dr. Sa nastankom
raCunara dolazi i do wubrzanog razvoja tehnika
vizualizacije podataka. Danas, kada je vecina poslova
nezamisliva bez raCunara, vizualizacije predstavlja vazan
segment prilikom prenosa informacija.

Vizualizacija podataka bi se mogla definisati kao
tehnika kojom se informacije i podaci graficki
predstavljaju. Graficki objekti mogu biti razliciti
grafikoni, skale, stabla, histogrami i dr. Postoji joS jedna
vazna odlika vizualizacije podataka, a to je da ona ne
treba samo da graficki predstavlja informacije i podatke
ve€ i da svojim grafickim objektima i interaktivnosc¢u
privuce korisnikovu paznju kako bi jasnije razumeo
predstavljenu informaciju 2.

Postoji veci broj alata za vizualizaciju podataka
baziranih na javascript jeziku 3. U ovom radu su opisane
d3.js (dostupna na https://d3js.org/) i chart.js (dostupna
na https://www.chartjs.org/) biblioteke zbog iskustva u
radu sa njima. Navedene biblioteke iako se koriste za
vizualizaciju podataka, one se medusobno razlikuju.
Biblioteka d3.js je pogodna zbog svoje fleksibilnosti
prilikom implementacije ali to uvodi ve¢u kompleksnost
u kodu. Sa druge strane chart.js je jednostavnija za
primenu ali to dovodi do manje fleksibilnosti prilikom
implementacije. Zbog nacina implementacije i velikog
izbora grafikona koji se mogu proizvesti pomoc¢u ovih
biblioteka, one predstavljaju jedno od mogucih reSenja za
vizualizaciju.

II. Graficka interpretacija podataka

A Istorija

Oblast razvoja tehnika graficke interpretacije podataka
je ve¢ dugo u fokusu paznje istrazivata 1. Danas
vizualizacija podataka predstavlja posebnu granu, a u
prilog tome ide i to Sto postoje eksperti i strucnjaci koji se
iskljuc¢ivo bave razvojem reSenja graficke interpretacije
podataka, a da pri tome ne moraju razumeti oblast kojoj
pripadaju podaci koje obraduju. Ovakav pristup ovoj

DOI: 10.5281/zenodo.4064269

oblasti nije postojao oduvek. Ranije je oblast
vizualizacije podataka bila samo segment neke vece
oblasti za koju postoji potreba da se odredeni skup
podataka prikaZe na adekvatan nacin.

Poceci razvoja oblasti vizualizacije vezuju se za
pocetak 16. veka. Period od 16. veka pa sve do danas
moguce je podeliti po epohama. Svaka epoha obeleZena
je razli¢itim otkricima koja su doprinela razvoju
vizualizacije 1.

Prva epoha obuhvata period u kojem je od znacaja bilo
da se podaci zapisuju na struktuiran nacin. To je
podrazumevalo da se podaci npr. piSu u tabelama.
Takode, istu epohu su obelezZile i nove kartografske
tehnike. Za drugu epohu se vezuju deSavanja koja se
odnose na merenja u fizici. Epoha je obeleZena otkricem
Dekartovog koordinatnog sistema. Tada se javlja potreba
za ozbiljnim analitiCkim pristupom prema prikupljenim
podacima koji su sakupljeni putem razli¢itih popisa.
Javljanje ideje i prihvatanje vaznosti  graficke
interpretacije podataka se deSava u 18. veku. Ta nova
epoha obeleZena je dogadajima koji se vezuju za otkrica
iz oblasti statistike usled Cega se javila potreba za
razvojem i ispitivanjem novih oblika i formi koje mogu
posluZiti za predstavljanje podataka. Od ovog trenutka pa
sve do pocetka 20. intenzivno se razvijaju nove forme
graficke interpretacije podataka koje su posledica
ubrzanog razvoja nauke, privrede i drustva kao i dolazak
do velikog broja novih otkri¢a. Usled deSavanja u Evropi
i svetu, prestaje razvoj oblasti vizualizacije podataka sve
do 1950 kada ponovo pocinje intenzivan razvoj. Pojava
racunara omogucila je razvoj novih tehnickih reSenja koja
treba da pomognu da se podaci koje koriste racunari
interpretiraju na adekvatan nacin.

Danas kada je svakodnevni Zivot nezamisliv bez
upotrebe uredaja poput racunara ili mobilnog telefona
vizualizacija podataka dobija sasvim novi znacaj.
Vizualizovani podaci nisu vise samo podaci koji se ticu
nauc¢nih krugova, ve¢ se ozbiljno pristupa razmisljanu
kako je najbolje preneti informacije ljudima. Vazno je
razmotriti kako se informacije koje treba preneti graficki
interpretiraju kada culo vida predstavlja znacajno Culo
kojim ¢ovek prikuplja i brzo obraduje informacije oko
sebe. Posmatrano sa aspekta racunarstva, vizualizacija
predstavlja znaCajan segment u oblasti maSinskog ucenja
i virtualne stvarnosti.

B  Elementi koji uti¢u na prenos informacija

Graficka interpretacija podataka i informacija zavisi
od nekoliko elemenata. Prilikom implementacije i
odabira grafikona neophodno je razmotriti svaki element.
To su elementi kao Sto su boja, dimenzije, oblici, dodatne
funkcionalnosti i dr. Navedeni elementi su samo neki od
atributa koji utic¢u na to kako ¢e grafikon biti protumacen.
Jedan pogresno definisan element moZe dovesti do toga
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da se pogreSno protumace predstavljeni podaci i
informacije.
Boja predstavlja znacajan element prilikom

implementacije grafikona 4. Cesto je ovaj element taj koji
se koristi kada je potrebno prona¢i nacin kako jasno
kategorizovati podatke. PogreSno odabrane boje mogu
dovesti do toga da se podaci izmeSaju i na taj nacin
dovesti do toga da korisnik dode do pogresnih
zakljucaka. Postoje dve znacajne osobine koje se Cesto
koriste prilikom odabira boja, a to su kontrast i nijanse.
Kontrast je tehnika kod koje se boje biraju na takav nacin
da su jasno uocljive i da se medusobno odabrane boje
jasno razlikuju. Za potrebe prikazivanja kategorickih
podataka ova tehnika moZe biti od znacaja. Sa druge
strane nijansa je tehnika kod koje se podaci predstavljaju
istom bojom razli¢itog intenziteta. Kada je potrebno
predstaviti podatke koji imaju hijerarhijsku strukturu
onda se podaci koji pripadaju razliitim grupama
strukture mogu obojiti razli¢itim nijansama iste boje i to
bi ukazivalo da ti podaci pripadaju istoj nadgrupi. Treba
voditi racuna i da odabrane boje budu u skladu sa ostalim
elementima aplikacije.

Dimenzije predstavljaju element koji se moze
posmatrati i tumaciti na viSe naCina. VaZino je da
dimenzije grafikona budu uskladene sa ostatkom
aplikacije na takav nacin da ne postoji prazan prostor niti
da postoje graficki elementi koji se usled svojih
dimenzija preklapaju. Sa druge stane dimenzije se mogu
odnositi i na sastavne elemente grafikona. Ako govorimo
npr. o koordinatnom sistemu, dimenzija tac¢aka u njemu
moZe predstavljati dodatnu informaciju koja govori o
broju elemenata sa istim koordinatama.

Dimenzije se Cesto kombinuju sa oblicima sastavnih
elemenata grafikona. Kao i boja, oblici mogu nositi
informacije o grupnoj/klasnoj pripadnosti podataka.
Oblici bi trebali da budu dovoljno jasni kako bi se
medusobno razlikovali i da budu Sto jednostavniji kako
ne bi nepotrebno skretali korisnikovu paznju.

Element koji se razlikuje u potpunosti od svih
navedenih elemenata jeste implementacija dodatnih
funkcionalnosti. Savremene tehnologije i moderne
tekovine su nacinile da korisnik ocekuje interaktivne
mogucnosti od strane graficko-korisnickog interfejsa.
Vizualizacija podataka se moZe posmatrati kao deo
graficko-korisnickog interfejsa koji je pogodan za
implementaciju dodatnih funkcionalnosti. Postoji veci
broj razlic¢itih alata i biblioteka koje pruzZaju proSirenje
grafikona na nac¢in da im omogucavaju dinamicko
ponasanje. Treba biti umeren kao i kod ostalih elemenata.
Ne treba implementirati sve mogu¢nosti svim koriS¢enim
grafikonima, jer bi to dovelo samo do zabune i
nerazumevanja informacija. Biblioteke pruzaju jedan deo
mogucnosti za implementaciju dinamickih karakteristika
grafikona. Prilikom implementacije grafikona neophodno
je da se u zavisnosti od razvojnog okruZenja programiraju
i delovi koji sluzZe da se grafikon poveZe sa ostatkom
sistema.

III. Softverski alati otvorenog koda za
vizualizaciju podataka

Postoji Citav spektar alata koji vizualizuju podatke.
Alati se mogu svrstati po razli¢itim kriterijumima. Neki
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od tih kriterijuma su: licenca softvera, tip podataka koji
se vizualizuje, vrsta platforme za koju su graficke
predstave namenjene i dr. U zavisnosti od licenciranja
alati mogu biti redovno odrZavani, transparenti i bezbedni
za korid¢enje. Sto se tice vrste podataka, ona utice na
ograniCenje skupa dostupnih grafikona koji se mogu
primeniti. Ako govorimo o vrsti platforme onda treba
praviti razliku da 1i ¢e grafikoni biti deo eksternog alata
(veb reSenja) ili deo internog alata (desktop reSenja).

A  Biblioteka d3.js

Biblioteka kao Sto je d3.js (pun naziv na eng. Data-
Driven Documents) je reSenje koje se moZe primeniti

kada je potrebno kreirati sloZeniji oblik graficke
interpretacije  podataka. Biblioteka je namenjena
vizualizaciji podataka i obuhvata veliki spektar

mogucnosti koje nisu direktno povezane sa samom
vizualizacijom kao Sto je npr. Citanje i obrada formata
fajlova kao Sto su JSON, csv ili psv formata. Biblioteka
objedinjuje i koristi tehnologije kao Sto su HTML, CSS,
JavaScript i SVG. Biblioteka d3.js je opisana u ovom
radom pod pretpostavkom da se biblioteka upotrebljava
sa klijentske strane, iako se ista moZe primeniti i sa
serverske strane. Alat kao Sto je d3.js karakteriSe 3
osobine i to: kompatibilnost, debagovanje i performanse.
Kompatibilnost podrazumeva da se alat moZe
kombinovati sa drugim JavaScript bibliotekama ili
uopste ostalim bibliotekama sa ciljem da se ostvari Sto
bolji osecaj prilikom koriS¢enja veb aplikacija 5.
Debagovanje kao vazan mehanizam otklanjanja greSaka i
nedostataka. Kao poslednje, performanse sa ciljem da se
rezultati primene d3.js biblioteke iskoriste kako bi se
implementacija samog veb servisa poboljSala na nacin da
korisnik nikada ne oseti kako nesto radi sporo ili ne radi
uopste.

Alat poseduje veliki broj funkcionalnosti. Neke od
funkcija koje su od znacaja za vizualizaciju podataka kod
veb aplikacija su: kreiranje grafickog objekta, dohvatanje
objekata, operacije nad podacima, interaktivni dodaci 6.
Zbog hijerarhiske strukture, alat pruza moguc¢nost da se
prilikom implementacije pristupi pojedinacno svakom od
elemenata strukture i na taj nac¢in omogucava da se rade
fina podeSavanja ili obrade izuzeci. Dohvatanje objekata
predstavlja vaZan segment alata. Nije uvek jednostavno
sa sloZene veb stranice izvuéi tatno odreden objekat
pogotovu ako su stranice veb servisa obogacene
razli¢itim bibliotekama ili su objekti definisani sloZenim
identifikatorima. D3 biblioteka ima implementirane
kvalitetne funkcije za dohvatanje objekata koje mogu u
zavisnosti od  prosledenih  parametara  objekat
identifikovati po razli¢itim kriterijumima. Takode,
dohvatanje objekata ne mora biti samo slucaj kada se
traZi eksplicitno jedan objekat koji ispunjava uslov, vec
se mogu dohvatati nizovi objekata koji ispunjavaju
kriterijume prosledene kao argument funkcija za
dohvatanje objekata. Podaci koji se vizualizuju se mogu
obradivati uz pomo¢ D3 biblioteke. To omoguc¢ava da se
isti podaci mogu obradivati na razli¢ite nacine Sto dovodi
do toga se na kraju od istih pocetnih podataka dobiju
razlicite interpretacije podataka i to ne samo po grafickoj
strukturi ve¢ i po nameni. Kako bi se korisnik
zainteresovao za elemente grafikona koji su od znacaja ili



da bi se veliki skup podataka predstavio viSeslojnom
strukturom, alat d3.js pruZza mogucnost implementacije
interaktivnih elemenata. Interaktivni elementi sluZe da
prilikom korisnikovog rada sa grafikonom, koji moze biti
prelazak ,miSa“ preko grafikona, pritisak tastera i dr.,
dode do transformacije grafikona i na taj nacin se prikazu
novi elementi. Treba biti umeren sa interaktivnim
funkcionalnostima iz razloga Sto preterana primena moZze
dovesti do toga da se korisniku u potpunosti skrene
paznja sa suStine i time dode do ne razumevanja
informacija.

U okviru NI40S projekta, realizovan je veci broj
razlicitih grafikona primenom d3.js biblioteke. Razlog za
primenu d3.js biblioteke jeste taj Sto je bilo neophodno
razviti sloZenu logiku i kompleksnu graficku
interpretaciju. Realizovana reSenja dostupna su na
https://ni4os.eu/survey-results/

Alat sadrzi veliki skup primera koji se mogu
primeniti. Kao pocetan izvor grafikona veoma je korisna
lista gotovih primera dostupnih na
https://observablehq.com/@d3/gallery. Navedeni servis
nudi mogu¢nost da pre nego Sto se donese odluka o
primeni odredenog grafikona izvrSe modifikacije i
testiranja sa konkretnim podacima i na taj nacin ustedi na
vremenu ako se ispostavi da Zeljeni grafikon nije
najadekvatniji za primenu. Odabrani grafikon se moZe
naknadno modifikovati i prilagoditi. Dodatno, kod vecine
primera postoji i hijerahiska struktura koja dozvoljava
izmene i promene kako bi se detalji prilagodili odredenoj
vrsti podataka.

Jedan primer izvorne verzije grafikona dostupan je na
https://gist.github.com/kerryrodden/766£8f6d31{645c39¢f
488a0befale3c8. Isti navedeni primer je koriS¢en
prilikom realizacije grafickog reSenja za potrebe NI40S
projekta. Uskladivanje i modifikacije se ogledaju pre
svega u potrebi da se grafikon podesi na nacin da
adekvatno predstavlja podatke sa sloZenom strukturom i
da tako predstavljeni podaci budu jasni korisniku. Na
slici 1 je prikazana prilagodena verzija grafikona.
Takode, bilo je neophodno prona¢i adekvatan nacin
obelezavanja delova grafikona kako bi oni bili uskladeni
sa ostalim elementima veb stranice.

I
|=

|
| |

Slika 1: Prilagodena verzija realizovana za potrebe NI4OS projekta

B Biblioteka chart.js

JoS jedna biblioteka koja se moZe Kkoristiti za
vizualizaciju podataka jeste chart.js biblioteka. Ta
biblioteka je takode pogodna da se kombinuje sa
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programima na JavaScript jeziku. Poseduje vrlo
jednostavan interfejs za koriS¢enje. Pogodna je za
implementaciju iz razloga Sto se veoma brzo i lako mogu
napraviti grafikoni koji ispunjavaju vec¢inu korisnickih
zahteva. Poseduje veliki broj gotovih grafikona dostupnih
na https://www.chartjs.org/samples/latest/. Osobina koju
treba istac¢i jeste mogucnost transformisanja grafikona.
Grafikoni su jednostavnije strukture i vrlo lako se moze
jedan grafikon transformisati u neki drugi oblik

grafikona. Kada je re¢ o podeSavanju postojec¢ih
grafikona, postoji ve¢i broj funkcija koje imaju
jednostavan oblik pozivanja i koje omogucavaju

implementaciju dodatnih funkcionalnosti. Nedostatak kod
chart.js je taj Sto ako korisnik Zeli odredenu modifikaciju
koja nije predvidena od strane samog alata za
vizualizaciju mora se dodatno razviti deo programa koji
¢e implementirani Zeljenu modifikaciju.

Biblioteka chart.js sadrzi veliki broj gotovih primera
koji se uz promenu skupa podataka koji se vizualizuju i
uz cesto male promene u programu kreira Zeljeni
grafikon. Postoji mnoStvo grafikona koji se po tipu mogu
klasifikovati kao ista vrsta grafikona ali zbog sitnih
detalja medusobno se razlikuju. Sitni detalji po kojima se
grafikoni razlikuju predstavlja jednu vrstu modifikacije
grafikona. Primer grafikona sa ovom osobinom moZze se
videti na
https://www.chartjs.org/samples/latest/charts/area/line-
boundaries.html.

Znacajna prednost chart.js biblioteke je jednostavna
integracija sa radnim okruZenjima kao Sto su Angular i
React. Ako govorimo o Angular radnom okruZenju moze
se u projekat dodati paket pod nazivom ng2-charts 7.
Navedeni paket omogucava da se u Angular razvojno
okruZenje dodaju grafikoni kreirani chart.js bibliotekom.
Biblioteka chart.js zbog svoje osobine da se veli¢ina
grafikona dinamicki prilagodava veliCini ekrana uredaja,
predstavlja Cest izbor i dobru kombinaciju kada se veb
servisi razvijaju tehnologijom kao Sto je Angular. Ako se
koristi React radno okruZenje, chart.js se sa lako¢om
moZe integrisati pre svega zbog svoje jednostavne i jasno
definisane strukture objekata. Primer paketa koji bi se
mogao primeniti kako bi se koristila chart.js biblioteke
jeste react-charts-2 89. Navedeni paket predstavlja
omotac za chart.js.

IV. Zakljucak

Postoji ve¢i broj elemenata koji uticu na izgled
grafikona i na nacin na koji ¢e grafikoni preneti
informacije. Navedene biblioteke su samo jedna od
mogucih reSenja. Prilikom implementacije bilo kakvih
grafickih elemenata treba biti obazriv. Prenos informacija
vizualizacijom podataka je svakako jedan nacin kako se
ljudi mogu informisati.

Navedene biblioteke imaju svoje prednosti i mane.
Biblioteka d3.js moZe biti veoma zahtevna po pitanju

neophodnog znanja za njenu primenu i mnoge
funkcionalnosti ~ su  nepotrebne  za  konkretnu
implementaciju ali biblioteka pruza veliki stepen

prilagodavanja i pogodna je za vizualizaciju velikih
koli¢ina podataka. Sa druge strane chart.js biblioteka
poseduje manji skup grafikona i teZe je prilagoditi
grafikon konkretnoj implementaciji dok sa druge strane je


https://www.chartjs.org/samples/latest/charts/area/line-boundaries.html
https://www.chartjs.org/samples/latest/charts/area/line-boundaries.html
https://www.chartjs.org/samples/latest/
https://gist.github.com/kerryrodden/766f8f6d31f645c39f488a0befa1e3c8
https://gist.github.com/kerryrodden/766f8f6d31f645c39f488a0befa1e3c8
https://observablehq.com/@d3/gallery
https://ni4os.eu/survey-results/

biblioteka jednostavna za primenu i lako se integrira sa
postoje¢im JavaScript programom 10.
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Otvoreni hardver za realizaciju pogona elektricnog bicikla
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Rezime: U ovom radu je predstavljen oblik
sistemskog koriS¢enja otvorenog hardvera i slobodnog
softvera u otvorenom obrazovanju u formi studentskog
tima. Rad sadrZi prikaz materijala dostupnih na GitHub-u
i drugim lokacijama koji se koriste za rad studentskog
tima i unapredenje nastave na zavrSnim godinama studija
Elektrotehnickog fakulteta - Univerziteta u Beogradu.
Kao reprezentativni primer otvorenog hardvera u
formiranom sistemu dat je aplikativni prikaz kroz
realizaciju projekta pogona elektricnog bicikla kao i
procedura za repliciranje istog. Na kraju su dati predlozi
za aktivnije koriS¢enje otvorenih materijala u cilju
poboljSanja performansi predstavljenog sistema. Pogon
elektricnog bicikla prezentovan u radu projektovao je H-
Bridges tim studenata Elektrotehnickog fakulteta iz
Beograda tokom uceS¢a na svetskom takmiCenju u
inovativnim reSenjima IEEE International Future Energy
Challenge 2019.

Kljucne reci: pogon; elektricni bicikl; slobodno
obrazovanje; otvoreni hardver

I. Uvod

Primena otvorenog hardvera i slobodnog softvera u
svrhu otvorenog obrazovanja je sve Sire zastupljena na
prestiZnim univerzitetima Sirom sveta [1]. Elektrotehnicki
fakultet Univerziteta u Beogradu (ETF) u tom duhu pruza
u okviru mnogobrojnih kurseva na razli¢itim nivoima
studija sveobuhvatnu otvorenu literaturu [2]. Da je trend
otvorenog hardvera i softvera sve prisutniji u
univerzitetskom obrazovanju pokazuje i Cinjenica da se
sve viSe profesora, ali i studenata oslanja na deljenje
strucne literature, ali i na druge prakse otvorenog
obrazovanja. Na taj nacin studentima se pruZa mogucnost
da prate rad na projektima svojih kolega sa drugih
univerziteta, kao na primer Univerziteta u Koloradu ili
VirdzZinija Teka koriS¢enjem jednostavih platformi kao
Sto je GitHub [3], [4].

U duhu otvorene kulture, 2018. godine na ETF-u je
osnovan tim studenata pod nazivom H-Bridges. Tim je
osnovan sa ciljem da se studentima pruzi drugaciji
pristup obrazovanju iz razli¢itih oblasti elektrotehnike. H-
Bridges svake godine ucCestvuje na svetskom takmicenju
u oblasti inovativnih i energetski efikasnih reSenja pod
pokroviteljstvom IEEE organizacije (eng. Institute of
Electrical and Electronics Engineers) pod nazivom IEEE
Interantional Future Energy Challenge — IEEE IFEC [5].
Glavni cilj takmicenja jeste deljenje hardverskih i
softverskih reSenja izmedu studenata sli¢nih profila na
svetskom nivou. Ovo je rezultovalo formiranjem sistema
otvorenog obrazovanja u okviru H-Bridges-a u cilju
postizanja vrhunskih rezultata.

Osnovna aktivnost H-Bridges tima jeste reSavanje
jednogodisnjeg multidisciplinarnog tehnickog zadatka
projektovanjem inovativnog hardvera i softvera. Pored
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tehnickog dela, studenti se tokom jednogodisnjeg rada u
laboratoriji upoznaju se radom u timu i stiCu niz
organizacionih i soft skills vestina kroz kontinualnu
komunikaciju sa kompanijama (eng. fundraising) i
medijima (eng. public relations). Od 2018. godine na
ETF-u je na taj nacin zapocet trend otvorene kulture i
formiranje drugacijeg pristupa tradicionalnom
obrazovanju u razli¢itim oblastima elektrotehnike kroz
sistemsko koriS¢enje otvorenih materijala i prenos znanja
sa generacije na generaciju. Tehnicka i ogranizaciona
reSenja svih generacija studentskog tima, kao i u radu
predstavljeno reSenje elektri¢nog bicikla, integrisani su u
sistem funkcionisanja u H-Bridges-u, a dodatno su
dostupni svima na analizu i koriS¢enje.

Pogon za elektricni bicikl snage 700 W razvijen je u
Laboratoriji za elektricna vozila na ETF-u. Tehnicko
reSenje, koje je timu donelo i prvu nagradu, predstavljeno
je jula 2019. godine u poslednjoj fazi takmicenja u
Viskonsinu, SAD. ReSenje je predstavljeno kroz
aplikativnu realizaciju elektricnog bicikla, modifikacijom
tradicionalnog Off-Road bicikla kompanije Capriolo.
Realizovani prototip prikazan je na Slici 1.

Pored projekta elektri¢nog bicikla koji ¢e u poglavlju
IIT biti detaljnije predstavljen, projekti koji su takode
delom ili potpuno otvoreni nalaze se u Tabeli 1. To su
projekat brzog punjaca za baterije sa galvanskom
izolacijom, sistem napajanja nanosatelita i drugi.
Hardverska i softverska tehnicka reSenja koja su nastala
kao rezultat projekata navedenih u Tabeli 1 sistemski su
integrisana u razlicite aktivnosti rada studentskog tima i
kontinualno se koriste u nastavi.

Slika 1. Realizovani elektri¢ni bicikl u okviru H-Bridges tima na
Elektrotehnickom fakultetu u Beogradu sa osnovnim elementima:
1) elektricna masSina, 2) invertorska jedinica, 3) rucica za gas i 4)
baterija
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Tabela 1: Pregled delimicno ili potpuno otvorenih projekata koji se
mogu naci na [6] i sajtu ddc.etf.rs

Projekat Nominalna snaga [W]
Sistem za brzo punjenje baterija sa 1100
galvanskom izolacijom
Monofazni  ispravljac za prikljuenje 1300
obnovljivih izvora na mrezu
Pogon za elektric¢ni bicikl 700
Sistem za napajanje nanosatelita 80
Integrisani monofazni pogon sa asinhronom 900

masinom sa kaveznim rotorom

II. H-Bridges studentski tim i otvoreno
obrazovanje

Za svaki od projekata u Tabeli 1 postoje skupovi
materijala koji su dostupni za studente ETF-a i druge
korisnike. Jedan skup sadrZi izvorni (eng. source) kod sa
kontrolnim algoritmom, paket simulacija, spisak
hardverskih elemenata, BOM (eng. Bill Of Materials) i
gerber fajlove za projektovanje Stampane ploce — PCB
(eng. Printed Board Circuit). Otvoreni materijali koji su
rezultat naucno - istraZivackog rada H-Bridges tima i
proisteklih master i diplomskih radova mogu se pronaci
na [6] i sajtovima ddc.etf.rs i emp.etf.rs/rddc.htm
(pristupljeno 26. avgusta 2020).

Materijali predstavljaju hardverska i softverska
tehnicka reSenja za aplikacije navedene u Tabeli 1.
Grupisani su uz prateCe tekstualne zapise prema
subjektivno definisanom tezinskom faktoru i intezivno se
koriste u okviru tri kursa na osnovnim i master studijama
ETF-a. Na tre¢oj godini studenti koriS¢enjem skupova sa
nizim teZinskim faktorom obnavljaju i proSiruju
elementarna znanja. Skupove sa najviSim teZinskim
faktorom studenti koriste na master studijama za
reSavanje kompleksnijih tehnickih problema u okviru
zasebnih oblasti za istraZivanje. Tehnicke probleme
najpre reSavaju koriS¢enjem otvorenih softverskih
reSenja, a zatim na eksperimentalnim postavkama koje su
rezultat prethodnih projekata. U realnom okruZenju na
dostupnom hardveru imaju priliku da se upoznaju sa
nemodelovanim problemima koji se u teorijskim
delovima kurseva uglavnom zanemaruju.

Pored upotrebe otvorenih hardverskih i softverskih
reSenja u tradicionalnim nastavnim aktivnostima, ista su
integrisana u sistemsku strukturu H-Bridges tima.
Njihova upotreba mozZe se grubo predstaviti kao:

1) Upotreba materijala pri formiranju novog tima
2) Upotreba materijala tokom izrade novog reSenja

Tokom prvog meseca formiranja nove generacije tima,
otvorena tehniCka i organizaciona reSenja prethodnih
timova se intezivno koriste kroz stru¢ne obuke i treninge
koje stariji clanovi drZe za mlade. Prve cCetiri radne
nedelje po formiranju novog tima nova generacija
studenata ima zadatak da replicira kosture projekata
prethodnih timova uz svakodnevne konsultacije sa
starijim Clanovima, mentorom i koriS¢enjem otvorenih
hardverskih i softverskih reSenja po ugledu na dobre
prakse primene otvorene nauke u obrazovanju [7]. Na
kraju Cetvrte nedelje za nove clanove se organizuje KTW
(eng. Knowledge Transfer Weekend). KTW predstavlja
finale uvodnih obuka, na kojem studenti u roku od tri
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dana posecuju 10 treninga i radionica. Prvih 8 treninga je
posveceno prethodnim projektima i reSavanju problema
sa kojima su se susretale prethodne generacije uz
koriS¢enje otvorenih tehnickih reSenja. Poslednja dva
treninga sluZe kao uvod za naredni projekat i njih po
pravilu drZe predstavnici iz industrije.

Nakon uvodnog meseca, tokom reSavanja aktuelnog
zadatka za tekucu generaciju, studenti kontinualno koriste
i pozivaju se na dostupna tehnicka reSenja. Kroz ovakav
sistemski pristup nove generacije studenata se upoznaju
sa problemima sa kojima su se susretale njihove kolege,
uce da rade zajedno na reSavanju istih i ubrzano sticu
prakti¢no iskustvo kroz ponavljanje ranijih projekata.
Ovako se postize velika efikasnost pri uCenju i brzo
savladavanje niza problema koji su u startu zajednicki za
sve generacije. Dodatno, prethodna otvorena reSenja
postaju temelj za reSavanje aktuelnog zadatka.

Tokom aktivhog rada na projektu i KkoriS¢enja
otvorenih reSenja, ista se redovno unapreduju, odrZavaju i
spremaju za narednu generaciju. Formiranim sistemom
znanje se prenosi kroz generacije preko studenata,
odstranjuju¢i potencijalni jaz na relaciji student -
predavac. Rezultat predstavljenog sistema otvorenog
obrazovanja koji odstupa od tradicionalnog rezultovao je
brojnim svetskim nagradama i priznanjima za H-Bridges
tokom prethodnih godina u konkureciji najvecih svetskih
univerziteta [5].

Drugi rezultat je broj studenata u timu koji raste iz
godine u godinu, Slika 2. Poslednjoj generaciji tima
pristupilo je rekordna 93 ¢lana (39% studentkinja, 61%
studenata) sa svih odseka ETF-a, Sto je u nivou
najbrojnih odseka na Fakultetu.
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Pregled novih c¢lanova tima po odsecima ETF-a u
2020. godini dat je graficki na Slici 3. Tokom izrade
zadatka timu takode u toku godine pristupi odredeni broj
studenata  MaSinskog, Ekonomskog i Fakulteta
organizacionih nauka Univerziteta u Beogradu. Broj
studenata na izbornim predmetima na kojima se otvorena
tehnicka reSenja koriste takode je u konstantnom porastu,
ali statisticki podaci nece biti izneti u ovom radu zbog
mnogobrojnih dodatnih parametara koji na iste uticu.

III. Otvoreni hardver za realizaciju pogona
elektricnog bicikla

U nastavku je predstavljen jedan aplikativni prikaz
otvorenog hardvera kroz tehnicko reSenje elektricnog
bicikla prikazanog na Slici 1. Dodatno, predstavice se
metoda za repliciranje tehnickog reSenja elektricnog
bicikla bez izmena u hardverskom i softverskom dizajnu.

U Tabeli 2 predstavljeni su svi elementi elektricnog
bicikla i njihova cena. Osim invertorske jedinice (Slika 1
element broj 2) svi elementi se mogu kupiti i montirati
prema uputstvu proizvodaca. Za projektovanje
invertorske jedinice, postoji otvoreno hardversko reSenje
sa svim potrebnim materijalima: gerber fajlovi, BOM,
izvorni kod i 3D model za projektovanje ku¢iSta [6]. U
nastavku svaki element elektricnog bicikla bi¢e ukratko
predstavljen kao i procedura za repliciranje invertorske
jedinice. Korisnik navedene elemente moZe montirati na
tradicionalni bicikl koji ve¢ ima u vlasnistvu ili na drugi
proizvoljni model. Sistem je organizovan tako da je
adaptivan za montiranje na bicikl proizvoljnih dimenzija.

Bicikl na Slici 1 na sebi ima Brushless DC elektri¢nu
maSinu snage 3000W. Prednja strana elektricne maSine
integriSe Holov senzor koji prosleduje invertorskoj
jedinici informacije o realizovanoj vucnoj sili. Zadnja
strana integriSe 1:6 mehanicki reduktor koji ima za cilj da
visoke brzine na kojima radi elektricna masina spusti na
brzine potrebne prosecnom korisniku, od 0 do 100
obrtaja u minutu. MasSina je dostupna u slobodnoj prodaji
sa integrisanim elementima i sistemom sa noSenje [8].

Na guvernali bicikla postavljena je rucica za gas
kojom korisnik kontroliSe vucnu silu na obodu tocka.
Rucica za gas sa uputstvom za monitranje dostupna je za
kupovinu u slobodnoj prodaji [9].

Na realizovan prototipu koriS¢ene su litijum polimer
baterije kapaciteta 250 Wh, 55 V, 10 A. Pri kupovini
elemenata, baterije, elektricne maSine i gas rucice,
preporucuju se elementi navedeni u otvorenom BOM-u.
PredloZene baterije pruZaju korisniku  dovoljnu
autonomiju u gradskim uslovima i potrebne karakteristike
iz ugla elektro parametara za odgovaraju¢i rad
invertorske jedinice. Varijacije u izboru baterije mogu
dovesti do neZeljenih pojava i kvara pri trajnom radu. Uz
kupovinu  predloZenih  baterija  korisnik  dobija
odgovarajuc¢i punjac za njihovo brzo punjenje koje moZze
iskoristiti na obi¢noj monofaznoj uti¢nici. Uz kupljeni
baterijski paket dolazi i torba za njihovo postavljanje na
bicikl.

Razvijeni prototip invertorske jedinice prikazan je na
Slici 4. Razvijena invertorska jedinica sa prilagodnim
ku¢iStem predstavlja glavni doprinos u naucno -
istrazivackom radu u okviru predstavljenog projekta. Za
razvoj invertorske jedinice u prvom koraku, bez
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otvorenih materijala, bilo bi neohodno odraditi inicijalni
dizajn hardvera i softvera, simulacije karakteristicnih
reZima i problema, odabir svih hardverskih elemenata,
projektovanje Stampane ploce i kontrolnog algoritma, itd.
Sa otvorenim, dostupnim i organizovanim materijalima,
procedura projektovanja ovakvog reSenja je dosta
pojednostavljena i ubrzana. Kako se materijali konstantno
unapreduju u cilju koriS¢enja istih od strane korisnika sa
elementarnim znanjima iz elektrotehnike, projektovanje
ovakvog tehnickog reSenja od strane posrednih korisnika
koji ranije nisu imali prilike da se susretnu sa tematikom
postaje izvodljivo. U nastavku su navedeni koraci koje je
neophodno sprovesti do repliciranja predstavljenog
reSenja za elektric¢ni bicikl.

U prvom koraku neophodno je izraditi Stampanu
ploCu, Sto se po niskoj ceni moZe izvesti od strane
podizvodaca iz NR Kine [10]. Dokumentacija potrebna
za izradu iste je dostupna u vidu gerber fajlova [6].
Paralelno je potrebno poruciti sve elemente iz BOM-a
koji sadrZe pored elementa za invertorsku jedinicu i
elektricnu maSinu sa sistemom za noSenje, baterijski
paket i rucicu za gas. Nakon prikupljanja svih elemenata
potrebno je zalemiti iste na Stampanoj ploci. Na ploci
svaki element ima svoju jedinstvenu oznaku koja
odgovara jednom od elemenata u BOM-u. Nakon
lemljenja potrebno je odgovarajuéi izvorni kod spustiti na
procesor koji se nalazi u okviru invertorske jedinice. Za
ovaj korak, postoji intuitivna procedura u vidu tekst
dokumenta, ali je poZeljno uceSce strucnog tehnickog
lica. Po postavljanju invertorske jedinice u kudiste,
pobrojani elementi se mogu montirati na proizvoljni
tradicionalni bicikl. Na kraju je potrebno povezati izlaze
svih elemenata za jednoznaCno obeleZene ulaze na
invertorskoj jedinici.

Nakon ispravnog povezivanja sistema u okviru
invertorske jedinice se izvrSava kontrolni algoritam, bez
posredstva korisnika, koji na bazi prikupljenih
informacija (sa baterije, rucice za gas i elektricne masine)
na obodu tocka korisniku pruza Zeljenu vucnu silu.

Slika 4. Razvijeni otvoreni prototip invertorske jedinice u okviru H-
Bridges tima za elektricni bicikl

Invertorska jedinica na sebi poseduje Bluetooth modul
uz koji je pridruZena jednostavna Android aplikacija
otvorenog koda za telefon. Aplikacija pruza korisniku
informacije o translatornoj brzini, trenuthom kapacitetu
baterije, srednjoj brzini i prose¢noj potrosnji baterije.



Tabela 2: Cena elemenata sistema za pravljenje replike elektri¢nog
bicikla izraZena u dolarima

Elementi sistema Cena [$]
Elektricna maSina sa sistemom za montrinje, dostavom i 350
carinom
Izrada Stampanih ploca sa dostavom i carinom 60
BOM i usluga lemljenja 200
Izrada kudista i monitranje sistema 30
Baterija 250 Wh sa adekvatnim punjacem 200
Android aplikacija 0
Proizvoljni tradicionalni bicikl 200

Korisnicki interfejs razvijene aplikacije prikazan je na
Slici 5. Pri prvom koriS¢enju aplikacije korisnik unosi
svoj jedinstveni nalog, naziv bicikla i lozinku, nakon
Cega samo vlasnik bicikla moZe da upravlja istim. Pored
osnovnih opservabilnih funkcija aplikacije, korisnik ima
mogucnost da definiSe ograniCenja po snazi, brzini i
vucnoj sili pogona. Na ovaj nacin pruZza se prilika
korisniku da definiSe ograniCenja pri voznji u slucaju da
bicikl koristi osoba za koju je potrebna posebna paznja,
kao Sto su deca niskog uzrasta. Fajl za instaliranje
aplikacije je takode otvoren [6].

Razvijeni algoritam za kontrolu u okviru invertorske
jedinice omogucava korisniku da biciklom upravlja bez
koriS¢enja pedala, odnosno da brzinu kretanja diktira
isklju¢ivo pomocu rucCice za gas. Takode, zbog
implementiranog ,,clutch sistema u okviru reduktora na
elektricnoj masini, ovakav adaptivni sistem korisnik
moZe da koristi i kao tradicionalni bicikl bez uceSca
elektromotornog pogona u voznji. Potrebno je jedino
iskljuciti pogon pomoc¢u opcije u aplikaciji nakon Cega se
inercija pogona nece osecati pri voZnju.

Iako je navedeni postupak na prvi pogled
jednosmeran, prosecan korisnik pri pokuSaju realizacije
navedenog reSenja moZe nai¢i na mnogobrojne probleme.

Slika 5. Korisnicki interfejs razvijene Android aplikacije u okviru
projekta elektricnog bicikla H-Bridges tima

Deo problema pri realizaciji predstavljenog tehnickog
reSenja ogleda se pri lemljenju invertorske jedinice gde
moZe do¢i do niza problema usled nestru¢nog rukovanja.
Takode, pri motiranju sistema za noSenja elektri¢ne
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maSine takode moZe do¢i do neZeljenih mehanickih
problema pri reZimima polaska, kada korisnik pokrece
svoj bicikl iz reZima mirovanja. Ovi problemi se mogu
otkloniti dodatnom automatizacijom procedura za
projektovanje i montiranje sistema formiranjem
materijala za potrebe korisnika sa skromnijim tehnickim
znanjem.

IV. Zakljucak

U radu je dat aplikativni prikaz otvorenog hadrvera i
slobodnog softvera kroz realizaciju pogona elektricnog
bicikla. Ukratko je predstavljena procedura za izradu
prototipa. Predstavljen je sistemski pristup za koriS¢enje
otvorenih  hardverskih i softverskih reSenja na
proizvoljnom broju studenata u formi studentskog tima.
Predstavljeni su statisticki rezultati u formi odziva kod
studenata za uceS€e u predstavljenom sistemu.
Nedovoljna vidljivost predstavljenih reSenja moZe se
promeniti veéim koriS¢enjem materijala u okviru
razli¢itih kurseva na ETF-u. Na ovaj nacin bi i studenti
koji nisu aktivno ukljuceni u H-Bridges tim mogli da
raspolazu sa razli¢itim hardverskim i softverskim
reSenjima. Na kraju, ve¢i podsticaj za studente da nastave
sa nauno — istrazZivackim radom na predstavljenim
projektima bi sigurno doveo do bogatijeg sadrZaja istih i
bolje organizacije dostupnih materijala.
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Free software in Meteorology

Ivana Tosi¢
University of Belgrade-Faculty of Physics, Institute of Meteorology, Belgrade, Serbia

itosic

Abstract: In meteorology, the importance of open
science and open data is recognized. Huge amount of
data is needed for weather and climate forecast.
Traditionally, GFortran is used for development of
Numerical Weather Prediction models and number
crunching. One of the most applied free software
packages is the Grid Analysis and Display System
(GrADS), that has been developed for manipulation and
visualization of meteorological data. The University of
Belgrade - Faculty of Physics is the only educational and
research institution in Serbia where the meteorology is
studied. Students learn about processes in the atmosphere
by applying free software in several courses. The
application of free open source software in education and
research in meteorology is presented.

Keywords: Meteorology; GFortran; Xmgr; GrADS;
LibreOffice.

I. Introduction

Meteorology applies physical and mathematical
methods to understand and forecast the processes in the
atmosphere that determine a weather and climate.
Meteorology makes extensive wuse of the high-
performance computing and tools of mathematics and
physics, adapted to analyze atmospheric phenomena
using large datasets.

The Faculty of Physics in Belgrade is the oldest
national and leading educational and research institution
in the field of physical and meteorological sciences in
Serbia. The Faculty of Physics is organizing four
undergraduate and master groups of studying: General
Physics, Theoretical and experimental Physics, Computer
and applied Physics, and Meteorology. About 25 students
enroll meteorology each year, which encourage
individual work on computers.

II. Free Software for Meteorology Calculation,
Visualization, and Modelling

There is a computer laboratory equipped with 16
personal computers in Institute of Meteorology at the
Faculty of Physics. Linux 4.9 and LibreOffice 5 are
installed at all computers. Free software is applied at the
following courses: Statistics in Meteorology, Fortran in
Meteorology, Micrometeorology, Modelling of the
Atmosphere I, Modelling of the Atmosphere II,
Climatology, Applied Meteorology and Weather Forecast.
Students use LibreOffice Calc, LibreOffice Writer, Xmgr,
GrADS and GFortran to complete their works.

LibreOffice is a free and open-source office suite, a
project of the Document Foundation
(https://www.libreoffice.org/). It was forked in 2010 from
OpenOffice.org, which was an open-sourced version of
the earlier StarOffice. The LibreOffice suite consists of
programs for word processing, creating and editing of
spreadsheets, slideshows, diagrams and drawings,
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working with databases, and composing mathematical
formulae.

The GNU General Public License (GNU GPL or
simply GPL) is a series of widely-used free software
licenses that guarantee end users the freedom to run,
study, share, and modify the software. Historically, the
GPL license family has been one of the most popular
software licenses in the free and open-source software
domain. Prominent free software programs licensed
under the GPL include the Linux kernel and the GNU
Compiler Collection (GCC).

The purpose of the GNU Fortran (GFortran) project
is to develop the Fortran compiler front end and run-time
libraries for GCC, the GNU Compiler Collection (https://
gec.gnu.org/fortran/). GFortran development is part of the
GNU Project. It is suitable for free number crunching to a
broad spectrum of platforms and users. The GFortran
compiler is fully compliant with the Fortran 95 Standard
and includes legacy F77 support. GFortran development
follows the open development process.

Xmgr (an early name for Grace) is one of the two
most prominent graphing packages for Linux
(https://en.wikipedia.org/wiki/Grace (plotting tool). The
name stands for "GRaphing, Advanced Computation
and Exploration of data". The Grace project was started
as a fork, released under the GPL. Xmgr is a 2D plotting
tool for workstations or X-terminals. A few of its features
are:

e User defined scaling, tick marks,
symbols, line styles, colors;

e  Batch mode for unattended plotting;

e Read and write parameters used during a
session;

e Polynomial regression, splines, running
averages, DFT/FFT, cross/auto-correlation;

e Hardcopy support for PostScript, HP-GL, jpeg,
pdf, and png format.

While Xmgr has a convenient point-and-click
interface, most parameter settings and operations are
available through a command line interface. Weakness is
that is no undo feature.

The Grid Analysis and Display System (GrADS) is
an interactive desktop tool that is used for easy access,
manipulation, and visualization of earth science data
(http://cola.gmu.edu/grads/). GrADS, developed and
supported at COLA/George Mason University, is freely
available. GrADS supports many data file formats,
including binary (stream or sequential), GRIdded Binary
or General Regularly-distributed Information in Binary
form (GRIB), Network Common Data Form (NetCDF),
and the Binary Universal Form for the Representation of
meteorological station data (BUFR). GrADS has been
implemented worldwide on a variety of commonly used
operating systems and is freely distributed over the
Internet. GrADS uses a 5-Dimensional data environment:
the four conventional dimensions (longitude, latitude,

labels,
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vertical level, and time) plus an optional fifth dimension
for grids that is generally implemented but designed to be
used for ensembles. Data from different data sets may be
graphically overlaid, with correct spatial and time
registration. Operations are executed interactively by
entering FORTRAN-like expressions at the command
line. A rich set of built-in functions are provided, but
users may also add their own functions as external
routines written in any programming language. GrADS
has a programmable interface (scripting language) that
allows for sophisticated analysis and display applications.

For example, to create a plot of wind field in GrADS,
one can use commands similar to these:

ga-> sdfopen uwnd.mean.nc
Found displayable wvariable uwnd with O
levels in SDF file

Data file uwnd.mean.nc is open as file 1
LON set to 0 360
LAT set to -89 89
LEV set to 0 O
Time values set:

ga-> d uwnd

1980:1:1:0 1980:1:1:0

I11. Free Software in Meteorology Education

A. Statistics in Meteorology

Students use LibreOffice Calc and LibreOffice Writer
for completing their homework. Precipitation and
temperature data are downloaded from the European
Climate Assessment & Dataset site
(https://eca.knmi.nl/dailydata/predefinedseries.php).

Example of precipitation distribution for Belgrade
during the period 1951-2000 is shown in Fig. 1. Absolute
frequency obtained from observations is presented with
solid line, while theoretical distribution (Normal pdf)
with dashed line. It can be seen that the Normal pdf can
be used to describe distribution of the annual
precipitation sums in Belgrade.
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Figure 1: Frequency distribution (solid line) and Normal probability
density function (dashed line) of annual precipitation sums in
Belgrade.

Precipitation regime, i.e., monthly distribution of
precipitation in Belgrade, using the LibreOffice
spreadsheets, is presented in Fig. 2. The continental
regime is characterized with a maximum of precipitation
in June.
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Figure 2: Precipitation regime in Belgrade during the period 1961-
2018.

B. Climatology

Climatology describes the complex interrelations
between the atmosphere, land, oceans, ice and the
biosphere. It is defined as weather conditions averaged
over a period of time. Temperature and precipitation are
the main factors determining regional climate.

Students run codes in GFortran, and use Xmgr for
visualization of obtained results. Example of the annual
mean temperature along with a trend for Belgrade during
the period 1961-2018 is shown in Fig. 3. Applying the
Mann-Kendall test, the significant increase of the annual
mean air temperature in Belgrade is found [1].
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Figure 3: Annual mean temperature in Belgrade with linear regression
trend during the period 1961-2018.

C. Modelling of the Atmosphere

While many different methods for numerical solution
of partial differential equations are available, the
approach that is followed in the course “Modelling of the
Atmosphere” is a traditional, Eulerian, grid-point, finite-
differencing method. This course is concerned almost
exclusively with dynamics, i.e., the approximations of
those processes that govern motion of the air [2]. One of
examples that students solve at the end of the course is to
derive an approximation for the one-dimensional linear
advection equation using the Adams-Bashforth scheme
for time differencing, and centered and backward finite
difference quotient of the first-order of accuracy for space
differencing. Then, the advection of the initial
perturbation should be calculated and displayed for
different time step.

Consider the
equation

one-dimensional linear advection
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Initial perturbation in one point (top) and in three
points (bottom) is advected without change in shape (Fig.
4). Centered finite difference quotient (CKKR) better
preserved amplitude of initial perturbation than the
backward quotient (UKKR). However, CKKR produced
negative values.
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Figure 4: Analytical solution (black), centered finite difference
quotient (CKKR, red) and backward quotient (UKKR, green) for
initial perturbation in: one point (top) and three points (bottom).
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IV. Free Software in Meteorological Research

The Institute of Meteorology pursues a wide range of
research topics ranging from data analysis and numerical
forecasting to regional climate research.

GrADS is extensively used free software in
meteorological research for displaying meteorological
fields. Daily wvalues of air temperature, geopotential
height, and vector wind are obtained from the gridded
dataset of the National Center for Environmental
Prediction/National Center for Atmospheric Research
(NCEP/NCAR) Reanalysis Project
(https://psl.noaa.gov/data/composites/day/). All gridded
values are saved as the Network Common Data Form
(NetCDF) and imported in GrADS for a mapping. An
extraordinary heat wave occurred in Serbia from July 14
to July 24 in 2007 [3]. Record values of the maximum
temperatures were observed over almost the whole
territory of Serbia and in Smederevska Palanka, a
temperature of 44.9 °C was registered, which was the
absolute maximum value ever recorded. Temperature
anomaly observed on 24 July 2007 based on the period
1981-2010 is shown in Fig. 5. The atmospheric
circulation at 500 hPa (not shown) resulted in the
horizontal advection of warm air masses from northern
Africa across central and eastern Mediterranean towards
the Balkans.
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Figure 5: Temperature anomaly of 24 July 2007 at 1000 hPa over
Europe, based on the 1981-2010 reference period.
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Figure 6: Synoptic situation on 14 May 2014: a geopotential height
(gpm, continuous line), temperature (°C, dashed line) and horizontal
wind speed (shaded) at 925 hPa.
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Extreme precipitation was recorded in May of 2014 in
western Serbia [4]. On 15 May 2014, the daily rainfall
broke previous historical records in Belgrade (109.8
mm), Valjevo (108.2 mm) and Loznica (110 mm) as a
result of the cyclonic activity. Precipitation exceeded 200
mm in 72 h, producing the most catastrophic floods in the
recent history of Serbia. Synoptic situations were
analyzed in [4] and presented in Fig. 6.

Interdisciplinary research such as the study of long-
range transport is a good example for application of
GrADS [5]. Although the phenomenon of long-range dust
transport is generally present, North Africa, more
precisely the Sahara, is the largest source of mineral dust,
with about 0.8 x 10° tons per year. In the Sahara region,
air currents lead to dust build-ups, which are then
transported to the Mediterranean [6] [7] and further north
to Arctic regions or west to the Atlantic. A composite
geopotential height and wind flow map for synoptic
situations that favored a long-range dust transport from
Sahara towards the Balkans is presented in Fig. 7. As a
consequence, colored rain can be observed in Belgrade
and Serbia.

Figure 7: A composite geopotential height (m) and wind flow (m/s)
map for days of 18 events analysed from March 2012 to December
2013.
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V. Conclusion

Meteorology is a geophysical science and a good
example of a discipline that relays on complex
visualization of scientific data. Consequently, free open
source software might be good candidate for both
students and researchers in the field of data calculation
and visualization. There are many free software programs
that are applied for calculation and visualization of
meteorological data. Xmgr is a 2D plotting tool for X-
terminals used in education. GrADS is extensively
applying in visualization of meteorological fields in
education and research. Students in Meteorology use free
software at several courses at the Faculty of Physics in
Belgrade. However, there is a space for incorporation of
other free software, for example Python, which will be
done in the near future.
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Abstract: The successful education of numerical
mathematics for engineering students requires usage of
software tools for various applications. In this paper we
present our experiences in using both open and
proprietary software tools in teaching numerical
mathematics for bachelor students of electrical
engineering at the School of Electrical Engineering,
University of Belgrade in different applications. We
compare the mathematical software wused for
implementation of numerical solutions in class and
present an illustrative example showing the application of
mathematical software in teaching process.

Keywords: numerical mathematics; higher education;
open software; proprietary software.

I. Introduction

With the increase of computer power in the past few
decades, the nature of introductory courses in numerical
mathematics for students of engineering is changing from
purely theoretical to application driven implementation
with ready-to-use tools. Software intended for numerical
computation is continuously being developed and
improved. The usage of such tools in the classroom
allows the shift in focus from tedious repeated
computation by-hand to getting insight in the limitations
of various numerical methods.

During bachelor studies at the School of Electrical
Engineering, University of Belgrade, numerical methods
are thought within courses Numerical analysis and
discrete mathematics for Computer Engineering and
Information Theory and Software Engineering students,
and Numerical mathematics for Electrical Engineering
second year students. Part of the students' grade is
realized by the implementation of programming
assignments in mathematical software or programming
language of choice. Various tools are used during the
teaching process by the lecturers and implementation of
programming assignments by the students. In this paper
we present and compare the software tools, both
propriety and open, used for the needs of numerical
mathematics courses for various applications.

II. Software applications

Software tools are used for various applications in
teaching numerical mathematics courses for students of
electrical engineering. These include online educational
platforms as administrative support to the educational
process, text processing tools and mathematical software

DOI: 10.5281/zenodo.4081705

tools. Also, tools for spreadsheet manipulation have
shown useful in the educational process.

A. Educational platforms

As support in administrating the educational process
online educational platforms are used, which facilitate
access to additional learning material such as examples of
solved problems in various mathematical software used
in the classroom. Also, selection, uploading and grading
of programming assignments implemented by students is
conducted through these platforms.

The Computer Center of the University of Belgrade
hosts and administrates the eLearning platform based on
Moodle [1]. Moodle is a learning management system
and it is a free and open source software package
designed to provide educators, administrators, and
learners with a single robust, secure and integrated
system to create personalized learning environments [2].
The capabilities of Moodle greatly depend on the
administrative settings done by the host.

During the spring semester 2020 the COVID-19
pandemic forced the learning process from the classroom
to the online environment. School of Electrical
Engineering, University of Belgrade provided the
Microsoft Teams (MST) platform for online teaching.
Even though MST was not primarily developed as
learning platform, it has all the necessary features such as
assignment posting and grading. Live streaming is very
easily implemented through MST, together with live
recording, which was essential in the situation when no
on-site classes were possible. The feature of live
streaming is not directly available in Moodle, but it could
possibly be realized through additional plug-ins.

B. Text processing tools

Text processing software tools are utilized both by
students and teachers in various applications.

LaTeX [3] is a free and open source document
preparation system. It uses markup-level directions to
define the formatting. Typing and formatting
mathematical equations is easily implemented through
LaTeX editors. For offline installation we have good
experiences with MiKTeX [4] with TeXstudio editor [5]
on Microsoft Windows operating systems. Overleaf [6],
an online collaborative LaTeX editor, allows fast editing
without installation, which can be very useful feature for
students. All the above mentioned software tools related
to LaTeX are open software.

LibreOffice Writer is part of LibreOffice, one of the
leading open source office software suite. LibreOffice
was forked from OpenOffice.org in 2010, that contains
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programs for word processing, creating and editing of
spreadsheets, presentations, diagrams and drawings,
databases, and composing mathematical formulas.
Individualni rad uzorak.tex X StrukturaDokumenta.tex X
\begin{center} 2
\Large \bf {Hymepuyka MaTemaTuka - MPEAUCOUTHU PaA}
\end{center}
{\large [ Tema ]
[ Mme n npesuve 1, [ 6poj uHAeKca roavxa/6poj ]
[ OACEK 1, EnexTpoTexuudkw dakynter, Beorpad
[ Aatym 1}
\hrulefill
\vspace{5mm}
\emph{3aaatak} [ 6poj w nocraska 3amarka ]
\vspace{5mm}

\emph{Onuc anroputma}: [ KpaTaK OMUC MMONEMETMPAHOL aACOPMTMA ca rpadu\:=um\:=Ma
pewemen 3283TKa ]

\vspace{5mm}

\emph{KomeHTapu}: [ KOMEHTapu y BE3u ca MOCTABAEHUM NMPOGAEMOM M OATOBOPY Ha
NOCTaBREHA MATAMA Y OKBUPY. 33A3TKa ]

\vspace{5mm}
\emph{foaaTak}: [ Mporpamcku koA ]

\pythonexternal{bisekcijaNum.py}

\end{document}

Line: 96  Column: 0 INSERT i
Figure 1: Part of LaTeX template code for programming assignment
report with automatic importing of the program code

Fudamay | Gpoj 0 noeTaBKa 3IATED

Ohue azopuman: | KpaTak oinue iuieseTnpasor airopima ca rpadmn

MM B PRIIEHEN S TR |

Komermapte: | KOMERTADI ¥ BETI CA IOCTARBEHIA TPOGIEMOM B OIT0BOPI
HA IOCTARTERA TATAILA ¥ OKERPY Sa1aTKL

Aodamar: | Tporpascrn kot |

import math
import matplotlib.pyplet as plt
import numpy as np

def bisekcija(f,a,b,N):

if £a)s£(b) »= O:
print("Pogresan interval")
return None
an=a
b.n = b
Figure 2: Part of LaTeX template pdf output for programming assignment
report with automatic importing of the program code

As its native file format LibreOffice uses the Open
Document Format for Office Applications (ODF), and it
also supports the file formats of most other major office
suites, including Microsoft Office, through a variety of
import and export filters [7].

Microsoft Word is part of Microsoft Office, a
propriety office package with wide range of applications
including word processing, spreadsheet, presentation, but
also e-mail client and MS Teams app. Since Office 2013,
Microsoft has promoted Office365 which allows the use
of the software and other services on a subscription
business model. Since 2017 School of Electrical
Engineering University of Belgrade implemented
Office365 cloud platform for students with a large
number of online services [8].

The official literature for the numerical mathematics
courses is the electronic textbook by the author of this
paper and it is freely available through the School
website [9]. The book is prepared in LaTeX with
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TeXstudio editor and the graphics are prepared in
GeoGebra [10], an interactive mathematics software suit
for learning and teaching mathematics.

Text processing applications are utilized by students
for creation of programming assignment reports. Two
templates are available for reporting, in LibreOffice
Writer/Microsoft Word and in LaTeX. Figure 1 shows
part of the LaTeX code for reporting programming
assignment template using the package listings for
source code printing, and Figure 2 shows the output of
this code.

C. Mathematical software tools

Programming assignments are part of the grade and
students need to solve two problems that require
programming solution in mathematical software tools or
programming language of their own choice. During the
teaching process the mathematical software is also used
to provide deeper insight in various numerical methods.

Spreadsheet software is used for automatic
calculations. Even though spreadsheet software allows
writing programs (macros), in classroom we implement
numerical methods by using the worksheet formulas.
This approach has shown especially useful in the
teaching process of numerical mathematics, allowing
students to go through the steps of the numerical method
in detail while avoiding tiresome calculation by hand. It
is suitable for solving problems of lower dimensions
which are typically considered within the undergraduate
numerical mathematics courses [11]. For this purpose
LibreOffice Calc or Microsoft Excel can be used with
equal success.

Besides the spreadsheet applications, mathematical
software tools developed particularly for numerical
mathematical computations is also used in courses. A
number of software packages have been developed to
produce  numeric and symbolic  mathematical
computations. The predominant propriety packages in the
academic environment are Maple [12], Mathematica
[13] and MATLAB [14], [15]. In parallel, a number of
free and open source packages were developed during the
past decades, with more or less success.

Mabple is a proprietary software created and developed
by Maplesoft company, primarily for numeric and
symbolic mathematical computations. Within the project
supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia in
2019 we were able to obtain the license for Maple, which
enabled us to introduce Maple in the teaching process of
numerical mathematics. Maple includes the Student
package, a collection of routines designed to assist the
teaching and learning of standard undergraduate
mathematics. It includes a sub-package specifically
designed for numerical analysis topics and it contains
computation commands, visualization commands and
interactive routines, allowing the students to gain insight
on how a specific numerical method operates [12].

GNU Octave is one of the most successful
alternatives to MATLAB. It is compatible with many
MATLAB scripts and has available online version, which



is an advantage for students with modest technical
capacities [16].

SageMath is an open source mathematical software
built on top of many existing open source packages with
a unified Python interface. SageMath can be used on a
local computer, in a local network and online. The online
version is called CoCalc and it can operate as a
collaborative and educational platform as well [17], [18].

Python is a high-level general purpose programming
language [19]. It is highly extensible, fast-growing
environment, allowing creation of large number of
libraries that support numerical and symbolic
computation. Some of the most valuable libraries that
support numerical methods include:

*  NumPy, defines a multi-dimensional array
object and associated fast math functions that
operate on it [20];

e SymPy, a Python library for symbolic
mathematics, aiming to become a full-featured
computer algebra system [21];

*  SciPy, a Python library build on NumPy, used
for solving scientific and mathematical
problems. It allows manipulation and
visualization of data with a wide range of high-
level commands. SciPy includes modules for
linear algebra, optimization, integration, special
functions, ODE solvers [22];

*  matplotlib, a comprehensive library for creating
static, animated, and interactive visualizations in
Python [23];

SciPy with matplotlib library allows creation of
interactive routines and animations of various numerical
methods. There is a large number of routines available
online that are created with the aim to improve the
learning process and to provide visualization of various
numerical methods. Also, using the above mentioned
Python libraries, it is not hard to create such routines,
even for inexperienced programmers.

Other general purpose programming languages can
also be successful in programming numerical methods,
such as C, C++, C#, Java.

In our past experience with programming assignments
we found that students tend to use the software that they
are already familiar with. Thus, students of Computer
Engineering and Software Engineering mostly implement
their assignments in Python or C++ while students of
Electrical Engineering mostly use MATLAB/GNU
Octave. Since both MATLAB and GNU Octave use file
with m extension and having in mind that GNU Octave is
compatible with many MATLAB scripts, it is often hard
to tell in which package the code was originally written.

III. Classroom example

We present an example with the aim to illustrate the
application of mathematical software tools in teaching
numerical mathematics methods for students of electrical
engineering. Here we show how we can implement the
solution of nonlinear equation with the Newton-Raphson
iterative method using Maple Student package, Python
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and LibreOffice Calc. As an illustrative example we solve
the equation (x—1)e’*=0. Knowing the correct solution,
x=1, allows us to compare the exact error in each
iteration.

A. Maple Student package

For the implementation of the Newton-Raphson
method we use the command Newton within the Student
[NumericalAnalysis] subpackage. The output option
displays the sequence of iteration values, plot option
provides geometric interpretation of the method and
animation option enables animated display of the
iterative process. Figure 3 shows the Maple code and
graphical interpretation for our example function.

:> with(Student [NumericalAnalysis]):

| > £:=(x-1)*exp (3*x):

LFinding zero of functionf using Newten iterative method with initial point.x =2 and tolerance 107 {-4}.
> Newton (f,x=2.0,tolerance = 10~ (-4))

1.000000000 m

o

how sequence of all iterations.

> Newton (£,%x=2,0,tolerance = 10~(-4) ,output = sequence)

2.0, 1.750000000, 1.519230769, 1.316223250, 1.153946779, 1.048636524, 1.006192927,
1.000112958, 1.000000038, 1.000000000

| Graphical interpretation of the Newton method

> Newton (f,x=2.0,tolerance = 10*(-4) ,output =plot)

@

5004
4004
3004
200
1004

0 +

Py

¥
|— flx) Tangent ]inesl
5 iterations of Newton's method applied to f(x) = (x — 1) S

with initial point Py =2.0. The stopping criterion is not met.

Figure 3: Maple code and output for implementation of Newton-
Raphson method with Student package.

B. Python with libraries

SciPy library contains a large number of routines for
implementation of numerical methods. For the solution of
our example problem (x—1)e’*=0, we use the
scipy.optimize.newton routine. Additionally, we created
the routine that shows the graphical interpretation of
Newton-Raphson method using the SciPy and matplotib
libraries. Figure 4 shows part of the python code with
iteration values and graphical interpretation of Newton-
Raphson method implemented on our example problem.

C. LibreOffice Calc

When introducing a numerical method in class we
often use spreadsheet software and worksheet formulas.
Here we show the solution of our example problem
(x—1)e**=0 in LibreOffice Calc. Figure 5 shows the
table obtained during implementation of the Newton-
Raphson method for solving our example problem. We
compare two adjacent iteration values and the actual
€rror.
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Figure 4: Part of the python code with iteration values and graphical
interpretation of Newton-Raphson method for solving (x—1)e**=0.

& 1C Njutnova metoda - Copy.ods - LibreOffice Calc - [m}

Edit View Insert Format Styles Sheet Data Tools Window Help
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27 x_(n+1)=x_n-f(x_n)/f'(x_n)
&
29 |Formiramo tabelu iteracija:

30

Eull ) xn flx_n) flxn) Ix_n=x_{n-1}] | [x_nox*|

2[ 0 2,00000 403,42879 | 1613,71517

B[ 1 1,75000 142,92470 619,34037 0,25000 0,75000

u[ 2 1,51923 49,51549 243,90961 0,23077 0,51923

s 3 1,31622 16,40134 101,07034 0,20301 0,31622

6 4 1,15395 4,90714 46,59702 0,16228 0,15395

s[5 1,04864 1,13035 26,63186 0,10531 0,04864

s 6 1,00619 0,12672 20,84235 0,04244 0,00619

3 7 1,00011 0,00227 20,09915 0,00608 0,00011

w0 8 1,00000 0,00000 20,08554 0,00011 0,00000

4

2

3

v
< >1
+ _ Primer
Sheet 1 0f 1 | PageStyle Primer | Serbian Cyrillic (Serbia) ol @ Average: 0,00227; Sum: 000227 | =———————+| 140%

Figure 5: Table obtained during implementation of the Newton-Raphson
method in LibreOffice Calc
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6] 1,1 2,7113

[ 12 7,3196 20

8 1,3 14,8207 150

s 14 26,6745 100
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Figure 6: Graphic of the function f (x)=(x—1)e** created in
LibreOffice Calc using linear chart.

Graphing of functions in LibreOffice Calc can be
realized by using the chart of linear type on function
values, which basically creates linear interpolation of
data. This approach does not handle function
discontinuities, so one should be especially careful when
dealing with function graphing in this way. Figure 6
shows the result of graphing our example function
f(x)=(x—1)e* with linear chart in LibreOffice Calc.
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IV. Conclusion

Software tools are used in bachelor numerical
mathematics courses for 3 main applications: educational
platforms, text processing and mathematical software
tools. While educational platforms and text processing
tools are used irrelevant of topic, mathematical software
is crucial in numerical mathematics courses for
understanding and implementing numerical methods.
Spreadsheet software tools have shown very useful when
a numerical method is introduces in class. Both open
source LibreOffice Calc and proprietary Microsoft Excel
can be successfully used. Numerical software allows
more detailed analysis of numerical methods. For this
purpose the Maple Student package, a proprietary
software, and Python with SciPy and mathplotlib are
used. In comparison to Maple, Python may require
creation of new routines, but many are already freely
available. Also, such routines can be easily created for
any numerical method in Python, while Maple Student
package covers only the most common numerical
methods. Other relevant software can be used with the
same purpose and we plan to include SageMath in
teaching process. For implementation of programming
assignments students tend to use tools that they are
already familiar with and that are available.
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Abstract: The Repository of Psychological
Instruments in Serbian (REPOPSI; https://osf.io/5zb8p/),
run by the Laboratory for Research of Individual
Differences at the University of Belgrade and hosted on
the Open Science Framework, is an open-access
repository of psychological instruments. REPOPSI is a
collection of over 130 instruments (e.g., scales, tests)
commonly used in social and behavioral science research.
Documented are Serbian, English and multilingual
instruments, which can be used free of charge for non-
commercial purposes (e.g., academic research or
education). We argue that REPOPSI enables scientists to
increase the efficiency of their research and the visibility
of their output. We analyze REPOPSI’s commitment to
ensure that its (meta)data is findable, accessible,
interoperable, and reusable (the FAIR Data Principles)
and its trustworthiness with respect to transparency,
responsibility, user focus, sustainability, and technology
(the TRUST principles). Finally, we describe how the
FAIR and the TRUST principles will support the process
of continuous improvement of REPOPSI.

Keywords: digital repository; FAIR principles;
TRUST principles; research data; psychological
measures.

I. Introduction

To assess individual differences, social and behavioral
science researchers either adapt existing instruments or
develop new ones. The majority of the standardized
instruments have been originally created in English and
need to be translated and adapted to other cultural
contexts. Although there are notable exceptions where
researchers digitally keep a record of all of the
translations/adaptations of a specific instrument (e.g.,
HEXACO-PI-R [1] or IPIP Items [2]), until recently,
there was no centralized repository of such
translations/adaptations in Serbian. It was not uncommon
for several research groups to unknowingly work on the
same translations/adaptations either simultaneously or at
different points in time. This decreases the efficiency of
the research process by causing redundant expenses and
overlapping efforts. At the same time, local researchers
have developed original instruments for the assessment of
novel constructs (e.g., new personality traits, [3]) or for
the assessment of constructs underrepresented in the
research toolkit (e.g., superstition, [4]). However, the
opportunities to ensure the visibility and reusability of
such instruments were limited.

The Repository of Psychological Instruments in
Serbian (REPOPSI; https://osf.io/5zb8p/) is an open-

DOI: 10.5281/zenodo.4064293

access digital repository for psychological instruments
(e.g., items, scales, questionnaires, tests). Most of the
instruments measure characteristics of individuals (e.g.,
personality, attitudes, beliefs, emotions, values,
intentions) and are developed to be used in social and
behavioral science research. REPOPSI is designed to
document primarily instruments in Serbian as well as
instruments translated into Serbian and/or adapted for the
Serbian population. Also documented are versions of
these instruments in English as well as in other
languages. Because of this, not only Serbian but also
international, and especially regional, researchers can
benefit from REPOPSI, with the Serbian translations
often being a useful starting point for further adaptations
for the Bosnian-Croatian-Montenegrin-Serbian (BCMS)
language. The instruments are used free of charge for
non-commercial purposes (e.g., academic research or
education). More precisely, all Repository content is
under the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International license [5].
REPOPSI was established and is maintained by
researchers and students at the Laboratory for Research
of Individual Differences (LIRA;
https:/lira.f.bg.ac.rs/en/) at the University of Belgrade
Faculty of Philosophy (UBFZF;
http://www.f.bg.ac.rs/en2). REPOPSI is hosted on the
Open Science Framework (OSF; https://osf.io/) platform.
OSF - the flagship product of the nonprofit Center for
Open Science (COS; https://www.cos.io/) — is “a free,
open source web application that connects and supports
the research workflow” [6]. Researchers at LIRA
typically use OSF for managing their projects and
collaborations and rely on OSF’s secure cloud
environment for data storage (e.g., [7], [8], [9], [10]).

II. REPOPSI
maintenance

structure, contribution, and

REPOPSI is a “project” on OSF, which is the largest
unit of categorization supported. The project is titled
“Repository of psychological instruments in Serbian
[Repozitorijum psiholoskih instrumenata na srpskom
jeziku] (REPOPSI)”. It has been assigned a unique,
persistent URL (https:/osf.io/5zb8p/) and a Digital

Object Identifier
(https://doi.org/10.17605/OSE.I0/5ZB8P). The

customized tags in English are automatically indexed by
the search for public content on OSF and the project may
be displayed in search engine results. The Repository has
its  own built-in, publicly available analytics

(https://osf.io/5zb8p/analytics/) that tracks unique visits
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and popular pages over time. The project’s Wiki page —

available in both English
(https://osf.io/5zb8p/wiki/home/) and Serbian
(https://osf.io/5zb8p/wiki/srpski/) ~ —  provides  the

following information to users: REPOPSI’s scope and
purpose, instructions for use and for contributing, terms
of use, and a disclaimer.

REPOPSI’s OSF project was made publicly available
on March 6, 2020. It currently contains 140 instrument
records (last updated: August 29, 2020): 101 instruments
are open-access and available in the Repository; 3
instruments are open-access but are available elsewhere
online; and 36 instruments are available upon request
from the contact author. The latter could not be made
open because of, for example, ethical constraints or the
instrument administration protocol. All records are listed
in the Inventory (https://osf.io/mxrc2/), which is available
in two file formats (CSV and XLSX). The Inventory is
directly searchable by users within the OSF application
via a search box. Additional materials for the Repository
(e.g., promotional posters) are made available in a public
GitHub repository
(https://github.com/liralab-bgd/repopsi). Individuals who
wish to contribute to REPOPSI are invited to fill in the
contribution form, which is available upon request at the
LIRA email address. Once the filled-in form is sent back
to LIRA, it is reviewed as quickly as possible and the
instrument is deposited in REPOPSI’s OSF project.

The contribution form is available in various file
formats, as needed (e.g., CSV, ODS, XLSX, GSHEET).
It contains detailed instructions in English for the
contributors, along with input formats and example
inputs. The form contains both mandatory and optional
fields divided into two parts.

The first part of the contribution form provides a brief
overview of the instrument as well as the authorship and
citation details. The mandatory fields are the title in
English and Serbian, title abbreviation, terms of use,
keywords in English, languages in which the instrument
is to be deposited, followed by the citation, authors, and
date of creation for the original and, if applicable, the
translated/adapted instrument. The optional fields include
specialized tags in English which differentiate between
different versions of the instrument (e.g., short-form, self-
report, version for service providers), publisher, funding
sponsors and contractual arrangements, a maximum 300-
word abstract in English, contact person, an external
open-access link to the instrument, and additional notes
in English (e.g., about the availability of additional
translations). Information provided in this part of the
contribution form is entered as metadata in the Inventory.

The second part of the contribution form provides
information on the instrument itself, that is, on the
original instrument and, if applicable, on one or more
translations/adaptations of the same version of the
instrument. Here, the only mandatory field contains the
items of the instrument and, if applicable, their
presentation order, while all other fields are optional.
They include the introductory sentences and instructions
that respondents receive as well as the response scale on
which respondents answer the items (e.g., the number of
response categories together with their numerical or
verbal labels); this is followed by instructions for
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instrument administrators (which may be provided either
in English or in the language of the instrument),
including scoring instructions (e.g., whether an item or
scale recoding is necessary, how items are combined to
form the total score), and additional notes (e.g., about the
translation procedure). Together with the form,
contributors may also submit the scoring code as a file
format of their choosing (e.g., R code file, SPSS syntax
file).

REPOPSI’s  maintenance  team  handles the
contributions. The team currently consists of eight
members, who are all researchers, PhD students or
graduate students at LIRA: the project administrator
(admin), four associates, and three supervisors. The
admin communicates with the contributors, organizes and
coordinates team activities, and trains the associates. The
associates have at their disposal a manual for reviewing,
cleaning, and depositing the contributions. The manual is
continually updated and revised; it details the procedure
and provides screenshots as examples. The team
collaborates using a private folder on Google Drive
(https://www.google.com/intl/en/drive/), which doubles
as back-up storage for the Repository contents.

Each instrument is deposited into its own public
“component”, that is, a sub-project in REPOPSI’s top-
level OSF project. The component holds all of the
versions, translations, and adaptations of the same
instrument. Each contribution is documented as a
separate file, available in two open formats — the Open
Document Format for Office Applications (ODT) and the
Portable Document Format (PDF). The scoring code file
is also added to the component. All files follow file
naming conventions: “abbreviation_version_language(s)”
and “abbreviation_version_syntax”. A built-in version
control maintains a record of all previous copies of a file.
Each component and each file has a unique, persistent
URL so that it can be cited or linked to individually. For
example, the URL of the “Disintegration Scale -
DELTA9” component is https:/osf.io/s9ezy/, while the
URL of the “delta9_20_srp_eng_ger.odt” document in
this component is https://osf.io/p5shr/. The customized
component name and contributor-generated tags in
English are automatically indexed by search for public
content on OSF and the component may be displayed in
search engine results. The download count of files is
publicly available in the “Files” page of the project

(https://osf.io/5zb8p/files/).

III. The FAIR and TRUST guiding principles

Many in the Open Access community are familiar
with the FAIR Data Principles [11], [12], which state that
all research objects should be Findable, Accessible,
Interoperable, and Reusable (i.e., FAIR) both for people
and for machines. However, to make data FAIR and to
keep it FAIR over time requires trustworthy digital
repositories [13]. Recently, representatives from across
the digital repository community have published the
collaboratively-developed TRUST Principles that offer
guidance for maintaining the trustworthiness of digital
repositories, especially those responsible for the
stewardship of research data [13], [14]. Transparency,
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Responsibility, ~User focus, Sustainability, and
Technology are the five TRUST Principles. Together, the
TRUST Principles are complementary to the FAIR Data
Principles and aim to facilitate discussion around
implementing best practices in the area of digital
preservation.

To allow for more efficient and effective use of data,
REPOPSI has adopted the FAIR Data Principles and has
implemented the TRUST Principles. Currently, both sets
of principles are adopted/implemented in part rather than
completely. In the future, the FAIR and TRUST
principles will lead REPOPSI along the continuum
towards its optimal state; in other words, we will strive to
make the data as FAIR and the Repository as
TRUSTworthy as possible.

Here, we will provide a brief self-assessment of the
extent to which REPOPSI, in its current state (as
described above), has adopted the FAIR Data Principles
as well as of the extent to which it has implemented the
TRUST Principles. In addition to being measures of
performance, these principles serve as REPOPSI’s
internal objectives, which will also be presented later in
the paper.

A. The FAIR Data Principles as a tool for self-assessment

The FAIR Data Principles, along with their identifiers,
are available in the Scientific Data comment published in
2016 [13]. To evaluate REPOPSI’s (meta)data, we used
the 15 FAIRSFAIR (https:/www.fairsfair.eu/) data
assessment metrics [15]. The brackets contain the FAIR
principle identifier.

The data is assigned a globally unique (F1) and a
persistent identifier (F1), that is, a URL. Metadata
includes some of the descriptive core elements (i.e.,
author, title, data identifier, publication date, and
keywords) for every instrument, as well as the publisher
(where applicable) and a summary (for some of the
instruments) (F2) to support data findability.
Furthermore, the main metadata document (i.e., the
Inventory) specifies the identifier of the data (i.e.,
component URL) such that users can access the data
through the metadata (F3). Metadata is registered or
indexed in a searchable resource (e.g., the Inventory;
OSF tags), that is, it is available in a machine-readable
format (F4). Metadata specifies levels of instrument
availability as well as its public-domain-equivalent
license (A1l). Although, loosely speaking, REPOPSI’s
metadata uses a formal, accessible, shared, and broadly
applicable language, it is not represented using a formal
knowledge representation language (such as RDF or
OWL) (I1), nor does it incorporate additional terms from
semantic resources (e.g., from ontologies, thesauri or
taxonomies) (I1). Metadata links the instrument to its
related resources (when the contributor provides such
resources), including publication, an external repository,
platform or site; although persistent identifiers are used
when possible (e.g., DOI for publication), links between
an instrument and its related entities are not expressed
through relation types (such as the ones listed in, for
example, the DataCite Metadata Schema,
https://schema.datacite.org/)  (I3). Metadata richly
describes the contents of the instruments, using a number
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of accurate and relevant properties, such as language and
instrument version; however, the mandatory and optional
fields of the contribution form may influence metadata
completeness  (R1). Metadata includes license
information under which data can be reused. However, a
clear and accessible data usage license with the
conditions under which data can be reused is provided
only in the OSF project’s Overview and Wiki pages;
other metadata contains only the Creative Commons
license code (i.e., CC BY-NC-SA 4.0) (R1.1). Metadata
contains some useful information on the instrument
provenance, such as instrument source, instrument
creation date, maintenance team members involved in
depositing data, data publication and versioning
information, references to related works (e.g., scientific
articles or associated instruments) (R1.2). Metadata
follows a standard recommended by the target research
community (e.g., the machine-readable Inventory)
(R1.3). The instruments are available in file formats
widely used by the target research community; for
example, the PsychArchives repository [16] also deposits
psychological tests as PDF files However, even though
some of the files are very human-readable, they are not
machine-readable (R1.3).

B. The TRUST Principles as a tool for self-assessment

A short description of each of the TRUST principles is
reproduced in Table 1. To evaluate REPOPSI’s
organizational, managerial, stewardship, and
technological capabilities, we used the guidelines
provided in the 2020 Scientific Data comment by Lin and
colleagues [13] (see also [17]). The brackets contain the
TRUST principle identifier (Tr for Transparency, R for
Responsibility, U for User focus, S for Sustainability, and
Tec for Technology).

Table 1: The TRUST Principles for digital repositories (reproduced
from [13], http://creativecommons.org/licenses/by/4.0/)

Principle Guidance for repositories

Transparency To be transparent about specific repository services
and data holdings that are verifiable by publicly
accessible evidence.

Responsibility  To be responsible for ensuring the authenticity and
integrity of data holdings and for the reliability and
persistence of its service.

User Focus To ensure that the data management norms and
expectations of target user communities are met.

Sustainability ~ To sustain services and preserve data holdings for the
long-term.

Technology To provide infrastructure and capabilities to support

secure, persistent, and reliable services.

REPOPSI’s “data preservation”, “data persistence”,
and “data integrity” capabilities are largely dependent on
OSF (Tr; R; S). First, OSF stores files with long-term and
robust preservation in mind (e.g., multiple locations,
multiple services, data integrity checks, and data
recovery) [18]. Second, others can access all public
content via OSF’s open API (documentation is available
at https://developer.osf.io/). Third, COS established a
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preservation fund to host a static version of OSF in the
event that COS ceases to function. This fund is sufficient
for 50+ years of read access hosting at present costs [19].
Fourth, OSF provides a high-level of security to ensure
data integrity (e.g., two-factor account authentication,
multi-regional storage buckets, three types of hashes for
files, advanced database backup features) [18].

The mission statement and scope of REPOPSI are
clearly stated in the OSF project’s Wiki pages (Tr). Terms
of use, both for the Repository and for the instruments it
holds, are transparently declared (Tr). Evidence of the
data documentation and curation services that REPOPSI
offers is not entirely publicly accessible (Tr). Specifically,
the work that the maintenance team puts into improving
users’ contributions is not visible until the data is ready to
be deposited into the OSF component. REPOPSI adheres
to the designated community’s metadata and curation
standards (R). The extent to which REPOPSI has adopted
the FAIR Data Principles so far can assure the potential
users that the data is likely to be useful, discoverable, and
interoperable. REPOPSI provides various data services
(e.g., it provides a searchable inventory with rich
metadata); furthermore, users can benefit from different
OSF services (such as version history or viewing,
downloading, and sharing files) (R). REPOPSI
demonstrates some responsibility for the stewardship of
the instruments (R). While it provides long-term
persistence as well as technical validation and
documentation, both quality control and authenticity
protection are rather low as they include only informal
vetting of the contributors and the instrument
translations/adaptations. REPOPSI relies on users to
decide under what conditions it is appropriate to open
their work and to seek approval from original authors if
needed (R). Only the contact information provided in the
contribution form is deposited in REPOPSI (R). When
flagged by users, REPOPSI will remove instruments
from public access, if needed (R). REPOPSI strives to
enforce standards and norms for data practices of its
target user community (i.e., social and behavioral science
researchers and students). By using OSF and adopting
FAIR Data Principles, REPOPSI enables its community
to find, explore, and understand its contents with regard
to potential (re)use (U). REPOPSI encourages its
contributors to fully describe the instruments and its users
to provide feedback on any issues with the data (U).
Relevant data metrics (e.g., the download count) are
available to users (U). REPOPSI’s plans and practices to
ensure long-term data preservation and use are still in the
conceptualization phase (S). While no funding is needed
at this point, REPOPSI will have to sufficiently plan for
risk mitigation, disaster recovery, and succession.
REPOPSI relies on OSF to provide the infrastructure
necessary to support its secure, persistent, and reliable
services (Tec). The mechanisms to mitigate cyber or
physical security threats have not yet been considered
(Tec).
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IV. Applications of REPOPSI

A. Applications in collaborative research projects

The quality of large-scale collaborations or cross-
cultural research mainly depends on the quality of the
materials used in the studies, as it determines the veracity,
reliability and validity of the scientific investigation [20].
Translating and preparing instruments for cross-cultural
research is essential and a complex process [21]. The
main goal is to achieve conceptual equivalence between
translations of the instrument as it heavily influences the
quality of the research [22]. When translating and/or
adapting instruments to Serbian, researchers typically
follow high-quality standards — that is, either the standard
forward-backward  translation = process [23] or
recommendations for translation developed by the
Psychological Science Accelerator [24] — and this
procedure is a requirement if research using the
instrument is to be published in a peer-reviewed scientific
journal. Therefore, one of the main advantages of
REPOPSI is that researchers and students have access to
a large number of already prepared questionnaires, scales,
and inventories. This facilitates participation in large-
scale collaborations (e.g., [24], [25]), especially when a
fast response from researchers is required (e.g., in the
times of health crises like the COVID-19 pandemic, [8],
[9], [26]).

B. Applications in teaching and learning

Starting from the academic year 2019/2020, second-
year psychology students at UBFZF are actively
encouraged to make use of REPOPSI. Namely, within the
Psychology of Individual Differences, Psychometrics 1,
and Psychometrics 2 courses, groups of four to five
students work together to create, and later validate, a
psychological instrument assessing individual differences
in personality, ability, attitudes, and so on. To create a
novel instrument, students can benefit from an insight
into existing instruments measuring the same or similar
constructs. Moreover, the process of construct validation
typically entails administering apart from the
instrument being validated — an already established
instrument assessing the desired construct as well. For
both of these purposes, students can search REPOPSI and
download the needed instruments, whenever they are
available. Apart from being able to look for specific
instruments by their name, students can also search the
Repository by keywords (tags), and thus potentially
discover additional instruments they were previously
unaware of. To our knowledge, all student groups
searched the Repository at some point during the
academic year, and many of them used the instruments
downloaded from the Repository in their validation
studies. Finally, students can also be contributors to
REPOPSI. When an instrument needed for the validation
study has not yet been translated into Serbian, students
often translate the instrument themselves. When the
quality of the translation is assessed as satisfactory by the
course teachers, students are invited to fill in the
contribution form and help the Repository grow in this
way.



V. REPOPSI’s plans for improvement and
growth

As noted earlier, we will use the FAIR Data Principles
and the TRUST principles as guidelines to improve
REPOPSI. Here, we present four concrete ways in which
we plan to do so.

First, we plan to make the instruments deposited into
REPOPSI more machine-readable, which should help
increase their Reusability. This can be achieved by
copying the items, the introductory sentences, the
instructions, and the response scale of the instrument into
a CSV or an XML filel.

Second, to increase the Transparency of REPOPSI’s
specific services, we plan to move the work of the
maintenance team to a public repository on GitHub and
to make the maintenance manual open-access. That way,
the enhancements to the initial contributions (such as
edits and additions to the metadata) would be more
visible.

Third, we plan to make the contribution form open-
access and to offer it in an online survey form that is
easier for the users to fill in. That way, REPOPSI would
demonstrate greater adherence to the principles of
Transparency, User Focus, and Technology.

Fourth, we plan to increase User Focus by promoting
REPOPSI to a wider audience. So far, undergraduate and
graduate psychology students at the UBFZF as well as
LIRA members have been invited to use REPOPSI and to
contribute to it. REPOPSI is also visible on LIRA’s
webpage dedicated to open science [27] and is promoted
on LIRA’s Facebook

(https://www.facebook.com/LIRAlab.bgd/) and Twitter

(https:/twitter.com/LIRAlab_bgd) accounts. In the
future, we plan to promote REPOPSI on the UBFZF

website, to create a Wikipedia
(https://www.wikipedia.org/) entry for it, and to promote
it on academic social networking sites such as
ResearchGate (https://www.researchgate.net/) or
LinkedIn (https:/www.linkedin.com/). We also plan to
spread the word about REPOPSI to international, and
especially regional, associations. REPOPSI could be
added to a global registry of research data repositories
such as re3data (https://www.re3data.org/) as well. Such
efforts would likely not only facilitate the discovery of
the instruments deposited in the Repository but would
also increase the number of contributions to it. We expect
that REPOPSI would thus continue to grow over the
following years.

VI. Conclusion

The open-access repositories of psychological
instruments adapted for non-English speaking countries
are few. Notable exceptions include the PsychArchives

1 Some online survey software tools most commonly used for social science
research that allow the user to import entire question packages (such as Qualtrics,
https://www.qualtrics.com/core-xm/survey-software/ or SoSci Survey,
https://www.soscisurvey.de/) rely on different file formats to achieve that (e.g.,
TXT or XML). On the other hand, most of the survey software tools allow the
user to paste several items at once (even from a non-machine-readable format)
into a question editor. This lack of uniformity will make it challenging to choose
the machine-readable file format which is the most appropriate for REPOPSI’s
target community.
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[16] and the ZIS [28] repositories, which store English,
but also German, as well as multilingual measurement
instruments. REPOPSI (https://osf.io/5zb8p/), run by
LIRA and hosted on OSF, is the first open-access
repository of psychological instruments in Serbian.

A 2017 report by the Organization for Economic Co-
operation and Development (OECD) concluded that
“Research data repositories are an essential part of the
infrastructure for open science. They bring considerable
economic, scientific, and social benefits” ([29], p. 58).
The benefits of a repository of open original
psychological instruments and their translations are
manifold — and this applies to REPOPSI as well. It
streamlines the research process by making it easier to
collect, find, reuse, and preserve the translations.
Researchers and students benefit from having open
access not only to the instruments but also to their
scoring and administration principles. Moreover, the
Repository saves them the resources that would otherwise
go into the often laborious process of translating and
adapting measures. REPOPSI allows local researchers to
contribute their own original instruments or translations —
predominantly in BCMS but also in other languages. This
offers them the opportunity to reach a wider, international
audience.

Based on the presented self-assessment of the extent
to which REPOPSI has adopted the FAIR Data
Principles, we can safely conclude that the Repository’s
(meta)data fulfills at least the minimal criteria for
FAIRness [30]: a) data is assigned a globally unique and
a persistent identifier; b) there is sufficient amount of
metadata to make the instruments findable but also
understandable and reusable by users; and c) (meta)data
has clear license information. Furthermore, based on the
self-assessment of the extent to which REPOPSI has
implemented the TRUST Principles, we believe that the
Repository, in its current state, demonstrates satisfactory
TRUSTworthiness, that is, adherence to the principles of
Transparency, Responsibility, User focus, Sustainability,
and Technology. Finally, we have concrete plans to
improve the FAIRness of REPOPSI’s data as well as its
overall TRUSTworthiness. REPOPSI will monitor and
identify its target community’s changing needs so that it
can continue to provide a reliable, responsive, and
consistent service.
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Free Software Tools for Computational Linguistics: An Overview
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Abstract: In the past six decades or so, we witnessed
a rapid growth in the study of what is now known as
Computational Linguistics. During the last decade, free
software tools received increasing attention by the
computational linguistic research community, and
attracted the interest of computational linguists. This
paper looks into the implications of utilizing free
software tools in the domain of acoustic phonetics,
discourse analysis and computational text analysis. In
other words, the present paper is a descriptive exploration
of free software tools, which I utilized for my research
purposes. Therefore, this paper sets out to explore some
useful aspects of these tools in order to get a better
understanding of the roles they may have in
computational linguistics. The aim of the paper is to
provide a unitary descriptive account of Praat, KH Code
and NLTK and shed light on their benefits from the point
of view of their user. By way of demonstrating some of
their features, certain concrete proposals are given. It is
hoped that this investigation may spark interest for
further research on the subject.

Keywords: Computational Linguistics; Free Software
Tools; Praat; KH Coder; NLTK.

L. Introductory Remarks

Generally speaking, according to the pertinent
literature, since their first appearance, in the late 1940s,
computers have become increasingly familiar to the
general public [1]. However, at the time, computational
linguistics was seen mainly through mechanical
translation, which was considered as the best known and
most glamorous aspect of computational linguistics. With
the advent of the Internet, Computational Linguistics has
witnessed a revived interest precisely because it has
become part and parcel of the phenomena Computer
Science and Artificial Intelligence have set about to
explain. The terminological inconsistency is also spotted
in the pertinent literature, particularly since some
researchers equate the terms ‘computer speech and
language processing’ with ‘human language technology’,
‘natural language processing’, and ultimately, with
‘computational linguistics’ [2].

Broadly speaking, computational linguistics is said to
be interdisciplinary, since in its methods of analysis it
takes into account a variety of diverse perspectives. More
specifically, in linguistics this area has the implications
and applications in the domain of Second Language
Acquisition and Computer-Assisted Language Learning
[3], and, it can be also applied in the domain viewed from
information-processing perspective in works which treat
humans as limited-capacity processors. As regards the
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theoretical framework, which was fused in an eclectic
way in order to analyse the corpus-based data, my
analysis has been informed by the following studies: [4]—
[26].

The paper aims to describe three free software tools in
terms of their usability for a linguist, and a computational
linguist, for that matter, and is, therefore, primarily
descriptive in its orientation. The practical part of the
study is devoted to bringing together linguistically and
computationally motivated analyses as a rationale behind
the inspection of free software tools for computational
linguistics.

II. Free Software Tools

Before one proceeds, one is tempted to provide at
least one broad and tentative working definition of free
software. Broadly speaking, free and open-source
software (or, simply FOSS) might be defined as a piece
of software that can be classified as both free software
and open-source software. According to the pertinent
literature, the terms “free software” and “open source
software” might be said to refer to software products
distributed under terms, which allow users to use the
respective software, modify the software according to
one’s needs, and ultimately, redistribute the software [27].

Since my intention is not to clarify this delimitation in
depth, I shall adopt solely this working definition and
apply it to the tools that were utilised in the research, and
this survey, for that matter.

Equally, the term “tools” will be used very loosely,
since one encompasses an acoustic tool (Praat), a text
chunking tool (KH Coder), and a powerful library based

on the Python programming language (NLTK),
respectively.
A. Praat

Broadly speaking, Praat is a free software package
with open source code aimed at linguists intending to
analyse speech, i.e. spoken discourse. In addition to this,
according to the pertinent literature, Praat is generally
defined as computer software for phonetic analysis [28],
and more specifically, as a standard tool for transcription
of speech, and classification of speech events [29]. In
addition to these definitions, one comes across the
definition of Praat being described as a versatile, open-
source platform, which provides a whole lot of features.
Furthermore, the quoted reference [28] asserts that Praat
might be utilised in the context of the pronunciation
teaching process by allowing the learners to individually
analyse the generated visual patterns of their own speech
thereby making them aware of nuances and diverse
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distinctions within the target language pronunciation. In
addition to this, the research has been undertaken in order
to explore the ways in which the learners of foreign
languages could improve their pronunciation by using
Praat.

Chronologically speaking, Praat is also defined as an
application developed for speech researchers. The
creators of Praat are Paul Boersma and David Weenik
(both from the University of Amsterdam). Even though
the main purpose of Praat was to apply it in the realm of
speech analysis and speech synthesis, its application has
been developed further in the direction of facilitating
manipulation and  labelling  processes  whilst,
simultaneously, offering a powerful apparatus for
phoneme identification. Additionally, Praat researchers
enhanced format plotting, amongst other things, thereby
providing a sound foundation for teaching vowel and
diphthong production processes.

It goes without saying that the Praat program can be
downloaded free of charge [30]. The Internet source also
provides the description of the features pertaining to the
Praat software tool as well as useful guides.

However, Praat is not only used in the context of
Second Language Acquisition (i.e. SLA), but also in the
context of prosody conversion [31]. Praat seems to allow
for all sorts of articulatory and acoustic analyses. These
analyses comprise segmental and prosodic characteristics
of spoken discourse.

According to some researchers, Praat might tackle
dialect research and may even be used for forensic
purposes, since it already enables a detailed acoustic
analysis and annotation of speech data, both in phonetic
and phonological domains [32]. Voice analysis using
Praat tool has also been fruitful so far, particularly in the
domain of assessing a user’s emotional state [33].

The Praat research is anchored in different theories,
one of which is Optimality Theory (OT), particularly as a
way of understanding the Optimality-theoretic driven
stochastic grammars [34]. A particularly striking example
of the application of OT theory in the Praat analysis
environment lies in Boersma’s Gradual Learning
Algorithm enabled by the Praat program to help you rank
Optimality-Theoretic constraints in ordinal and stochastic
grammars.

In the domain of language teaching, Praat is
considered to have been designed to be used by serious
speech researchers, whilst complex computer readouts
related to formant plots demand a sophisticated level of
understanding [35]. In teaching English pronunciation
practice, the focus is primarily on segmental and
suprasegmental pronunciation [36]. Nevertheless, Praat is
also utilised in looking into its effectiveness in helping
students to acquire prosodic features of the English
language [37].

Before I embark on the concrete application, let us see
the plausible application, guaranteed by the creators of
Praat. Firstly, Praat can be used in speech analysis, which
is comprised of spectral analysis, pitch analysis, formant
analysis, intensity analysis, analysis of jitter, shimmer
and voice breaks, generating cochleagram and excitation

58

pattern. Secondly, it is used in the domain of speech
synthesis, which brings into the focus pitch, formant,
intensity, articulatory synthesis, as well as Klatt acoustic
synthesis. Praat also marks the borderline in the domain
of listening experiments and labelling and segmentation.
The former comprises identification and discrimination
tests, whilst the latter includes label intervals and time
points on multiple tiers, the use of phonetic alphabet, and
the use of sound files up to two gigabytes 2 GB, or in
terms of corpus length three hours of spoken data.

One ought to mention other functionalities of Praat
for the purpose of a more comprehensive picture. These
functionalities would include: 1. speech manipulation
(encompassing: change pitch, duration contours and
filtering), 2. learning algorithms (bringing about a
biologically-inspired feed forward neural networks,
followed by discrete and stochastic Optimality Theory),
3. statistics couched in multidimensional scaling,
principal component analysis and discriminant analysis,
4. graphics (high quality for scientific papers and theses,
production of encapsulated PostScript files, integrated
mathematical and phonetic symbols), 5. programmability
(easy programmable scripting language and well-
established communication with other programs), 6.
Portability ~ (including  well-organised = machine-
independent binary files, and possibility of reading and
writing diverse sound and other file types, and finally, 7.
configurability [38]. It should be mentioned that Praat
abounds in plug-ins, which are resorted to in prosody
analysis [39], amongst other things.

Now let us see the screen capture of the Praat working
environment.

It can be spotted in Figure 1, that the Praat working
environment comprises two principal elements: the Praat
Objects, and the Praat Picture. According to the pertinent
literature, the Praat Objects window is the location for the
majority of workflows, and this menu is used to open,
create and save files, with further possibility of opening
various editors and queries one needs in order to work
with sound files [40]. One should select a sound and then
the option “View and Edit”. Afterwards, whilst
examining a sound file, the editor window shows the
sound’s waveform on the top and a spectrogram on the
bottom. Within this working environment, the cursor

al I
Figure 1: My screen capture of the Praat working environment.



allows a researcher to carry out selections and perform
measurement. Generally speaking, Praat is particularly
useful in corpus-based analysis. A spoken corpus
typically consists of a set of sound files, each of which is
paired with an annotation file, and metadata information.
In the part that follows, I shall describe the application of
Praat in my research.

The observations I make in this investigation are
based on the data that have been collected from the oral
medium in the form of academic lectures. Namely,
academic discourse manifests a wealth in the number and
variety of compounds. Generally speaking, delimiting
binary/two-constituent/non-canonical compounds has not
always been fairly easy and not without problems. Since
stress is considered to be one of the reliable criteria (for
example, see [41]-[45]), it was interesting to look into
the role of stress in compounds by means of acoustic
analysis provided by Praat. However, generally speaking,
non-canonical i.e. multi-constituent compounds have
been out of the focus due to certain delimitation
problems, among other things. If they have been
discussed at all, this mainly occurred in connection with
standard language and written medium, as well as fairly
informal styles. It seems that multi-constituent constructs
in academic discourse have been left aside. As a
consequence of such tendencies, multi-constituent
constructs have been delimited as a separate, though not
syntactically clearly delimited category of lexical items.
Strictly speaking, this Praat-motivated investigation turns
attention to the issue of a more adequate delimitation of
multi-constituent constructs, particularly to the set of
linguistic units that display variation in stress, this being
illustrated by the corpus-based data.

The motivation lying behind the decision to select
compounds as an object of study could be found in the
claims from the pertinent literature, according to which,
the analysis of nominal compound constructions has
proven to be an unmanageable and recalcitrant problem,
which poses serious challenges for natural language
processing systems [46].

More precisely, in this Praat-motivated study, I focus
on stress of multi-constituent constructs. Since stress is
often used as the delimitation marker between phrases
and compounds in the English language (see, for
example: [47]-[49]), and yet, many examples taken from
the language contradict this general rule, I have decided
to analyse the authentic oral corpus, and to analyse how
multi-constituent constructs behave in this discourse type
with respect to this prosodic feature.

Our speech data come from a specific register of the
oral/spoken medium in the form of academic lectures. I
have chosen this type of spoken discourse because I have
assumed that there could be either consistency or
variability in the prosodic pattern of certain multi-
constituent constructs, which are wused relatively
frequently in academic discourse. Furthermore, this
discourse type provides a relatively narrow domain of
knowledge in which such constructs are used. The
examples that I considered relevant for my hypothesis
showed that relevant factors for the occurrence of
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compound stress consistency might be the processes of
domain-specific lexicalization of certain constructs.

In order to avoid the mentioned problems, I extended
the empirical scope.

The question that might be posed is: Why Computer
Science academic discourse? The first reason, according
to the pertinent literature would be that from the
perspective of the traditional lexicon designer working
within computational linguistics, complex nominals, i.e.
compounds are formed generatively and therefore do not
merit explicit listing except when clearly non-
compositional [50]. In this context, according to the
quoted reference, in this spectrum of compounds,
technical terminology holds the attention of a significant
location, being highly productive and encapsulating the
essential concepts of a particular technical domain.

The second reason for selecting five academic
lectures was that I wanted to avoid using fairly small data
sets. The third reason pertains to my wish to avoid using
my own intuition, the practice not uncommon in the
linguistic research of researchers operating within the
tradition of transformational-generative paradigm and
transformational grammarians who have long used their
own native speaker intuitions [51].

I have extended the empirical scope and studied the
prominence found in the actual speech (i.e. speech data
from more specialised genres and language registers),
and tried to analyse these linguistic items by means of
acoustic analysis. I have established five classes of
constructs: 1. Dictionary-attested constructs (DAC), 2.
Frequent and repeated constructs (FRC), 3. Discourse
community constructs (DCC), 4. Domain-specific
constructs (DSC) and 5. Multi-constituent constructs
MCQ).

Multi-constituent constructs (MCCs) were selected
for the analysis. My initial assumption is that there could
be either consistency or variability in the prosodic pattern
of MCCs in academic discourse. Corpus comprises high-
quality recordings of lectures (the duration of which
totals six hours and fourteen minutes in the MP3 format
which was subsequently converted into .wav format so as
to be able to undergo the Praat analysis. The Transcript of
Lectures (ToL) consists of 75 pages comprising 45187
words.
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Set apart from mostly clear-cut cases of binary
compounds is a group of multi-constituent compounds
which may exhibit somewhat different acoustic
behaviour. Let us see the following example from our
corpus. Specifically, I there are three tokens of the MCC
“random number generator” in my corpus. All tokens
have been analysed by means of Praat, and the results of
the analysis are displayed in the following figures.

The maximum pitch for the first token equals 489.71
Hz (Figure 2), whilst for the second token this value
equals 488.74 Hz (Figure 3), and 258.47 Hz in the case of
the third token (Figure 4). The duration, displayed in
seconds, varies, so, on the one hand the duration of the
first token totals 2,81 s, whilst the second token lasts for
7,59 s and the third one 1,36 s. Linguists are feeling their
way on a slippery terrain in the cases, like this one, when
the intra-speaker variation has been spotted and then
acoustically-confirmed. So, in a nutshell, the Praat-
provided visualisation facilitates better understanding of
the subtle differences in intra-speaker variation,
otherwise perceived by introspection, but not confirmed
acoustically by proper measurement. Let us now see the
case of the MCC that has two tokens in total. The
example in question is the unit “hundred dollar bills”.

When juxtaposed, as in the case of this Praat-
generated visualisation (Figure 5 and Figure 6), one
cannot but notice that these two tokens of the MCC
“hundred dollar bills” exhibit the wvariation in the
maximum pitch. More specifically, the maximum pitch of
the first token equals 208.16 Hz, whilst the latter one
equals 493.80 Hz. Additionally, the variation in duration
has been spotted. Namely, the first token lasts for 1.04 s,
and the second token lasts for 0.86 s.

In my previous research, all the analysed examples
have shown that compoundhood of a MCC is well-
established in discourse unless for some discoursal reason
the significance of the construct is to be underlined, for
example, at the end of the sentence, or at the end of the
discoursal subtopic in generalised conclusive utterances.
This conclusion is enabled through the analysis by means
of Praat. In the next section, we shall see some plausible
advantages and disadvantages of using Praat.

In this part, I have tried to show how some central
acoustic parameters provided by Praat can be applied in
Computational Linguistics by focusing on a small group
of compounds (i.e. MCCs) that might mark the borderline
between binary i.e. canonical and multi-constituent i.e.
non-canonical compounds. I have argued that the Praat
visualisation and Praat-generated parameters could
change the fairly static picture provided by non-acoustic
approaches. Moreover, the non-acoustic analysis seems to
be inadequate to grapple with items that cannot be easily
captured in compoundhood-driven terms. In addition to
this, intuition-based analyses of MCCs have equally
brought about a host of problems, which can be resolved
by means of pretty straightforward visualisations, such as
those generated by means of Praat.

Perhaps the paramount feature of Praat might be
considered to be its all-embracing help function, which is
brought up-to-date regularly. It should be stressed that



this represents a circumstance which seems convenient
for both expert and non-expert users. Over and above,
another eye-catching and attractive Praat-feature refers to
its offering of its own scripting language, which is
another reason to utilise this tool in computational
linguistics.

However, this software tool is not without its
problems. More precisely, the felicitous handling and
usage depends on the user. Namely, computational
linguists might find this free software tool very useful
and handy, whilst perhaps some non-acoustically oriented
users with the lack of knowledge in the domain of
acoustic phonetics and computational linguistics, for that
matter, might find the utilisation of Praat as something
pretty complex and demanding thereby opting for the
more intuitive approach in spoken language data analysis.

To conclude, intuitive analyses based on sort of
introspection have tended to obfuscate rather than clarify
speech sound phenomena and suprasegmental properties
of sounds, MCCs and their stress not being an exception
to this problem set. The described free software tool
Praat, which is intended for acoustic analysis, seems to
offer both precise measurement and accurate description
of the given speech phenomena under investigation.

The successful utilisation of this free software tool
depends on the nature of the user. Namely, those users
who are not familiar with concepts within computational
linguistics will perhaps use Praat less successfully than
those who are computational linguists. However, they are
not without problems, particularly if we take into account
computer scientists, software developers and engineers
who can master this free software tool to overcome any
acoustic problem. Therefore, it can be said that Praat
depends on the nature of its user.

B. KH Coder

If one tries to define this software tool, one comes
across the definition of KH Coder provided by its author.
I have slightly modified the given definition by adding
the item “tool” in the description. Namely, KH Coder is
usually defined as a free software tool for quantitative
content analysis or text mining, and it is also utilised for
computational linguistics [52]. Furthermore, it is also
characterised as a software tool intended for computer-
assisted qualitative data analysis. KH Coder was
developed by Koichi Higuchi.

The survey of the literature shows that KH Coder is
successfully implemented in diverse text analyses, such
as the analysis of occupational accidents and their
prevention in Spanish digital press [53]. It is also used in
analysing students’ course evaluation through text
mining, which is predominantly based on co-occurrence
network analysis provided by KH Coder [54]. KH Coder
is also used in the context of SLA and EFL and ESL in
preparing specific teaching materials for advanced
reading comprehension based on specific text mining
[55]. Furthermore, this free software tool is highly
suitable for specific tasks, such as the analysis of specific
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keywords with the help of co-word mapping comparison
between two types of newspapers [56].

Certain authors explore the big data realm as a
completely novel field for both scholars and practitioners
dealing with big data conceptualisation based on diverse
case studies [57]. The relevant features of KH Coder,
such as multi-dimensional scaling, cluster analysis and
co-occurrence network, are employed by researchers
whose aspirations are to be found in the domain of
specific language register. In this sense, the researchers
implement KH Coder in order to carry out multi-
dimensional scaling and co-occurrence network analysis
on the academic journal dataset [58].

The emerging field of quantitative text analysis also
represents a fruitful field of research particularly for the
authors utilising the given free software tool, which has
proven to be a satisfactory testing ground both for written
and oral data [59]. Similarlyy, KH Coder is used by
researchers exploring news articles databases and
comparing their local and international media reports
[60]. Finally, there are authors who employ text analytics
visualisation provided by the free software tool in
question in order to explore and visualise student
comment data in the discourse of science and technology
[61].

In the part that follows I shall briefly describe one
previous research of mine, in which I utilised KH Coder
for computational discourse analysis [62]. The research
was part of a wider interdisciplinary field of discourse
studies, more specifically, digital art museum discourse,
which explored various aspects of language expression
that is manifested in this discourse type. CAT was applied
to the text contained within the web pages of six digital
museums of digital art. I must emphasise that I have
utilised some parameters, or, more specifically, textual
dimensions elaborated in the pertinent literature (for
instance, see [63]). At this point, one should also add the
remark from the literature that text collections and
corpora in digital form (like my corpus) represent
important resources for empirical research [64].

Since KH Coder belongs to free software tools for
quantitative content analysis and text mining, it is,
consequently utilised for computational linguistics, and
as such offers a plethora of features that might analyse
the language material and facilitate CTA. By way of
illustration, we shall see the actual implementation of this
software tool.

The given visualisation (Figure 7), provided by KH
Coder, lends support to the assumption that individual
language items might be followed easily, even though a
lot of combinations would appear within these clusters.
Additionally, some overlapping clusters might have gone
further on the analysis path leaving the most distant ones
stranded. One can notice that the lexical unit
“programming” collocates with the units “software”,
“code” and “package” thereby generating the following
clusters: “programming software”, “programming code”
and “programming package”, to mention but a few.
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multidimensional scaling (3D Cruscal) for the text
excerpt from my DAM corpus. This time (Figure 10), 3D cruscal fits neatly in the

o o ) representational-computational approach to the analysed

The first impression is that 3D cruscal (Figure 8)  Jexical items. The centrality is taken by the lexical item
seems not to be neatly organised as is the case with the “museum” which is located near items with which it
2D cruscal. Perhaps, this might b.e t_he case due to the enters into the most frequently occurring collocation
corpus size. However, 3D visualisation seems to offer patterns. Of course, this visualisation is not sufficient
less satisfactory data when it comes to cluster analysis. enough on its own, but ought to be accompanied by

Nonetheless, a host of collocations can be traced and  gatistical tables and other numerical parameters that are
spotted without looking into separate tables, for that obtainable in KH Coder.

matter. S . Sometimes  automatically-driven  part-of-speech
. Now let us see the visualisation of the previously tagging might be problematic, as can be seen in the
sifted corpus data. previous illustrative example (Table 1). Namely, the

The lexical unit “VR” collocates with the . items semantic unit “New” is treated as an instance of a proper
people”, “platform”, “time”, etc. And the adjective  poun, even though we cannot see the context in which it

“virtual” generates the clusters “virtual museum”,  appears immediately and the sole indicator for this
“virtual exhibition” and “virtual experience” (Figure 9).
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Table 1: The KH Coder-generated illustrative table for the text excerpt
from my La TurboAvedon corpus.

Lexical items Part of Speech Frequency
AVEDON ProperNoun 21
space Noun 17
LATURBO ProperNoun 16
work Noun 16
virtual Adj 10
New ProperNoun 8
artist Noun 8
live Verb 8
avatar Noun 7
consider Verb 7
experience Noun 7
media Noun 7
paraspace Noun 7
production Noun 7
sculpture Noun 7
surface Noun 6
Sculpt ProperNoun 5
authorship Noun 5
identity Noun 5
object Noun 5
parasubject Noun 5
polygon Noun 5
social Adj 5
term Noun 5

decision seems to be the initial capital letter “N”, which
must have evoked the item “New” in the proper
noun“New York”. This is the reason why one should use
simultaneously statistical tables and visualisations
provided by KH Coder. Therefore, classical tables should
be interpreted jointly with graphs and 2D and 3D
visualisations. It is in this way that the computational
discourse analysis might be extended.

KH Coder enables analysing lexical clusters and
collocations that are not quite susceptible to classical text
analysis, or discourse analysis, for that matter. However,
this computational discourse analysis is in stark
opposition to non-computational accounts, precisely
because it provides better language data manipulation
through precisely adjusted measurement methods in
terms of statistical analysis.

As can be seen from the neat examples from my
corpus cited so far, sometimes certain clusters signal to
the analyser to drop certain definitional characteristics, as
was the case with letter capitalisation influencing the
specific part-of-speech tagging (see: Table 1). The
analysis restriction that seems problematic refers to the
situation when certain lexical units may remain
unspecified in terms of part-of-speech. This is why one
should not combine Chomskyan (i.e. computational)
manners of analysis with non-Chomskyan (i.e.
impressionistic) ways of analysis. It should be added that,
according to the literature, in the period before Chomsky,
linguistics tended to be a taxonomic enterprise, which
was dubbed verbal botany [65]. However, this is not to
say that KH Coder lacks the essential features of a free
software tool intended for computational discourse
analysis. On the contrary, this tool provides an upgrade of
a sort. Following the standard picture, the benefits of KH
Coder refer to the analyses it provides: 1. word frequency
list, 2. the context in which the lexical item is used, 3. co-
occurrence network of words, 4. correspondence analysis
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of words, to name just a few. However, some challenges
remain unresolved, such as those referred to in the
literature concerning the pitfalls on the path to
formulating a unique query which could extract
information from aligned texts [66], among other things.

Furthermore, statistical analyses of automatically
extracted words are suitable for gaining a whole picture
of the data since traditional problems of how to represent
lexical items and their respective lexical clusters and
collocations in standard glossaries and general
dictionaries alike have become more apparent than real.
Unfortunately, various coding rules to count concepts, a
topic no less interesting in the computational discourse
analysis could not be taken up in my investigation, and
this paper, for that matter. In the part that follows, I
present another free software tool.

C. NLTK

The Natural Language Toolkit (NLTK) represents a
collection of libraries and programs for symbolic and
statistical NLP written in the Python programming
language. More precisely, according to the pertinent
literature, the NLTK is a suite of open source program
modules, tutorials and problem sets, providing ready-to-
use computational linguistics courseware [67].
Furthermore, NLTK is said to be a platform for building
Python programs to work with human language data.
Additionally, it is asserted in the literature that Python
Natural Language Processing Toolkit plays an important
role as a platform for building Python programs to work
with human language data [68].

NLTK arrives with a large collection of corpora,
followed by large-scale and extended documentation,
making NLTK unique in providing a comprehensive
framework for students to develop a computational
understanding of language [69]. The quoted reference
asserts that NLTK’s code base of 100,000 lines of Python
code includes support for corpus access, tokenising,
stemming, tagging, chunking, parsing, clustering,
classification, language modeling, semantic
interpretation, unification, among other things.

Furthermore, NLTK has many third-party extensions.
There are plenty of approaches to each NLP task in the
NLTK environment. Related to this are also fast sentence
tokenisation, and other relevant features for
computational linguistics. And now let us consider the
choice for selecting the Python programming language.

It should be mentioned that the creators of NLTK are
Steven Bird and Edward Loper (both from the
Department of Computer and Information Science at the
University of Pennsylvania). NLTK has been used
successfully as a teaching tool and, so far, many
researchers have chosen Python as their implementation
language for NLTK, mainly because Python’s syntax and
semantics are transparent with good string-handling
functionality. On the one hand, Python is an interpreted
language which makes it suitable for facilitating
interactive exploration. On the other hand, it is an object-
oriented language, which entails that Python allows data



and methods to be encapsulated and readily and easily re-
used.

Additionally, according to the literature, Python is
heavily used in the industrial context and scientific
research alike. Nevertheless, it also offers programming
possibilities in educational contexts around the world.
The same source claims that Python is said to be often
praised for the way it facilitates productivity, quality, and
maintainability of software [70].

Some of the features that might be useful to
computational linguists can be carried out by means of
the NLTK. For example, tokenising text into sentences,
tokenising sentences into words, tokenising sentences
using regular expressions, filtering stop words in a
tokenised sentence, stemming words, lemmatizing words,
creating custom corpora, part-of-speech tagging,
extracting chunks, text classification and parsing specific
data, to list just a small portion of features, functionalities
and possibilities from the representative literature [71]. In
the following section, I shall briefly describe the actual
use of NLTK in CTA.

The first obvious application of NLTK in CTA refers
to the main features pertaining to computing with
language. More specificallyy, NLTK enables the
following: categorising and tagging words, processing
raw text, accessing text corpora and lexical resources,
writing structured programs, learning how to classify a
text, extracting specific text information from text.
Moreover, one can also analyse the sentence structure by
NLTK. This tool can also analyse the meaning of the
language data in general, and the meaning of sentences,
in particular.

The already existing corpora may be sufficient for a
scholar interested in the basic computational linguistics.
Still, they seem to be representative enough in terms of
corpus representativeness. Let us see an example of
NLKT corpora.

These nine texts (Figure 11), or more precisely,
corpora are sufficiently equipped so as to serve as input
data for a computational linguistic analysis. A linguist is
provided with neatly modified ways of exploring the
given corpora. For example, let us search for
concordances of the lexical item “lucky” in the first
corpus (Figure 12).

Counting vocabulary is another convenience provided
in the NLTK environment. Let us see an example in
Figure 13.

As seen from my illustrative example (Figure 13), the
described free software tool seems to be very user-
friendly and convenient for a computational linguist who
wishes to find out the length of a corpus. Strictly
speaking, the number refers to the words and punctuation
symbols which occur. The term len is utilised to obtain
the length of something, in my case, a text, which has
been applied to the corpora at hand.

I was particularly interested in generating tokens and
tokenisation process within the NLTK context. Not
surprisingly, tokens have become one of the highly
explored language phenomena within the current
linguistic research both of cognitive and computational
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provenance (see, for instance, [72] and [73]). In the vast
literature existing today, a token has been referred to as
an instance of a unit, as distinct from the unit that is
instanced [74].

B, python 3.60 Shell

File Edit Shell Debug Options Window Help

Python 3.6.0 (v3.6.0:41d£792€3all, Dec 23 2016,
tel)] on win32

Type

07:18:10) [MSC v.1900 32 bit

"copyright™,
nltk
nltk.book

mcredits" or "license()" for more information.

2: Sense and Se
Book of Genesis

. K . Chesterton 1908

Figure 11: My screen capture of an illustrative example of the NLTK
corpus structure.

, might pretty nearly pay for
en nor valiant ; takin
rself can withstand
will catch passing
aply purchased by t©

Figure 12: My screen capture of the NLTK-generated concordance of
the lexical item “lucky” from the first NLTK corpus.

len (text2)
7€
len (text3)
4

len(textcd)
149797

Figure 13: My screen capture of an illustrative example of vocabulary
counting of NLTK corpora.

- 1 -
5 N E

4476

More specifically, in linguistics, the term “token” is
simply defined as a particular example of a general type
[75]. According to some computationally-motivated
sources, however, the vocabulary of a text is just the set
of tokens that it uses, since in a set, all duplicates are
collapsed together [76]. Now, let us see a typical example
of tokenisation by means of NLTK.

The immediate problem that is noticed (Figure 14) is
the presence of the occurrence of orthographic symbols,

d(set(text3))

AP L 'A', 'Abel

. , 'Rbran', 'Ab

n', 'Adullami
*Allonbac .

1', 'Asher', 'Ashkenaz’,

Figure 14: My screen capture of an illustrative specimen of tokens in
the NLTK corpus number 3.

‘Ashteroth', 'Ask', °



>> text3.dispersion_plot(["light", "dark", "love", "Lord", "sin"])

Figure 15: My screen capture of an illustrative example written in
Python in order to obtain the lexical dispersion plot for NLTK corpus 3
(i.e. The Book of Genesis).

which are redundant for a linguistic analysis, at least the
one that is lexeme-focused. According to the literature on
the subject, by wrapping sorted () around the Python
expression set (text3), a sorted list of vocabulary
items is obtained, and this list begins with various
punctuation symbols and continues with words starting
with “A”. It is essential that we should mention that all
upper-case words precede lower-case words.

Lexical Dispersion Plot

light4 n

dark 1

love - [ |

Lord -

T T T
20000 30000 40000

word Offset

0 10000
Figure 16: My screen capture of the actual lexical dispersion plot for

the NLTK corpus 3 (i.e. The Book of Genesis) generated by the NLTK
tool.

Lexical Dispersion Plot

citizens L T T LN TN LN T N AT T U T TRNT T

democracy noa ] [ TU nwmin

freedom " i wmon LU (TR U RINTUTIO T T T Ty

duties

America " n I I © IR L

6 20600 40600 60000 80000 100‘000 120‘000 140600
Word Offset
Figure 17: My screen capture of the lexical dispersion plot for the
NLTK corpus 4 (i.e. Inaugural Address Corpus) generated by the NLTK

tool.

>> text4.dispersion plot(["citizens", "democracy", "freedom", a"])

Figure 18: My screen capture of the command line written in Python in
order to obtain the lexical dispersion plot for the NLTK corpus 4 (i.e.
Inaugural Address Corpus).

However, whilst working within the NLTK
environment, one may also determine the location of a
lexical item in the given corpus. This positional
information can be displayed by means of a lexical
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dispersion plot. Each stripe represents an instance of an
item, and each row represents the entire corpus. Let us
consider the following example.

My illustrative examples (Figure 15 and Figure 16)
capture the gist of the given lexical dispersion. However,
in the pertinent literature, there are examples which
perhaps illustrate the point in a more visually striking
way [70]. Let us now consider them in turn in Figure 18
and Figure 17, respectively.

Other useful features pertain to parsing and part-of-
speech tagging. In linguistics, one cannot avoid grappling
with the notion from the traditional grammar, which
treats parsing as the pedagogical exercise of labelling the
grammatical elements of single sentences [77]. It is
claimed that the criteria of analysis leading to the
identification of grammatical elements seem to be more
salient mainly owing to the ways in which speakers of a
natural language (i.e. English, in this case) use these
items to relate sentences in the language in its entirety.
When it comes to part of speech, one encounters the
fuzzy traditional notion, which refers to a grammatical
class of words [77]. Due to their inexplicitness when
defined, and the restricted nature of their definitions,
some linguists tend to prefer alternative terms (for
example, in the pertinent literature, the term 'parts of
speech' is equated with the terms: 'word classes' [78],
'class of words' [79], and 'lexical category' [80], to
mention but a few labels, among other things). However,
since the terminological inconsistency is not the object of
this study, I shall not broaden further that, no less
interesting, topic.

On the one hand, one may spot the linguistically-
oriented parsing task, which is mainly the task of
assigning words to parts of speech. However, on the other
hand, in the computationally-oriented analyses, this
parsing process refers more to the assignment of syntactic
structures to sentences, especially by parsing
programmes, or, more precisely, parsers [74]. From a
cognitively oriented perspective, however, parsing is
treated as one of the mental processes involved in
sentence comprehension, in which the listener determines
the syntactic categories of words, joins them up in a tree,
and ultimately, identifies the essential parts of that
particular sentence [81]. Now, let us consider the basic
use of tagger in computational linguistics.

_’" 4 I JJ'),
Figure 19: My screen capture of the POS-tagger processing an
illustrative utterance from my corpus (i.e. The Ninth Gate Corpus).

A part-of-speech tagger, or POS-tagger, processes a
sequence of lexical items in a sentence from my corpus
(“Andrew Telfer is writing a note at his desk in one
corner of a big book-lined room.”), and attaches a part of
speech tag to each item (e.g. ‘Andrew’, ‘NNP’, ‘Telfer’,
‘NNP’, and so on). Briefly, my example (Figure 19)
illustrates how the implementation of the NLTK tool may



be pretty convenient for a computational linguist wishing
either to practice automatic tagging or to import a larger
text portion in order to carry out a CTA. There are other,
perhaps more attractive, possibilities, apart from the ones
described, however, I feel this may suffice to illustrate the
point under consideration. In the section that follows, I
shall briefly mention certain potential benefits of utilising
this free software tool from the point of view of a
computational linguist.

Generally speaking, NLP with Python might be
regarded as a promising field. It is in this sense that free
software tools and libraries enabling such processing are
most welcome as precious ingredients of any
linguistically-motivated analysis. NLTK represents one
such undertaking, which offers a multitude of features for
linguists and computational linguists, alike. Corpus-based
studies cannot avoid grappling with lexical items present
in the naturally occurring language, such as English,
French, Serbian, Croatian, etc. Not surprisingly, parsing,
tokenisation and part-of-speech tagging have become
highly explored possibilities of a computationally-
oriented analysis within the current computational
linguistic research.

I have shown some illustrative examples performed in
the NLTK environment. One may notice potentially
useful features, but also the lack of some clear-cut
features for some language items, such as orthographic
symbols and signs. Even though the part-of-speech
tagging is sufficiently felicitous for the majority of
computationally-driven analyses, it seems that in some
cases, there are certain examples that cannot easily
undergo this process. However, these instances seem to
be rather rare. This issue poses some challenges, which
might be accounted for by the still deeply rooted
traditional parts of speech that are treated in terms of
necessary and sufficient conditions salient for a lexical
item to be included in a given class.

Next, the free software tool NLTK has shown that
rather simple programming techniques could be
combined so as to deal with large quantities of language
material in the form of representative corpora. The
features of NLTK abound in different parsing and tagging
possibilities and may facilitate the automatic extraction of
some key lexical items and/or phrases within a given
corpus. Tools and techniques that the Python
programming language provides for computational
linguistics are numerous, and therefore might represent
stimulating challenges posed by natural language
processing.

Computing with language, if by this we refer to
working with texts (i.e. spoken and written discourses)
and words, seems to have been made easier by NLTK and
its readily available corpora, followed by some additional
features permitting the all-comprising analysis of the
language material at hand. Furthermore, free software
tool NLTK treats texts as lists of lexical items which may
undergo analyses required by a computational linguist,
and therefore, may offer help to those computational
linguists that need a precise analysis.
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III. The Comparison of the Selected Free
Software Tools

In the following lines I shall briefly compare three
free software tools. Let us briefly consider them in turn.
The first free software tool in this analysis is Praat, which
is highly functional from the point of view of acoustic
phonetics and computational linguistics. Although it has
certain limitations as to the duration of the spoken corpus
chunk, it certainly represents a reliable resource offering
diverse options for a plausible acoustic analysis. Praat has
all the advantages of a free software tool and can be
easily handled by computational linguists both beginners,
and advanced researchers.

The second free software tool in this analysis is KH
Coder, which can be used for treating text from a
computational point of view, providing all sorts of
statistical analyses, both qualitative and quantitative.
Even though there are some challenges that should be
responded to, such as spelling rules that influence the part
of speech tagging and certain lexeme delimitation, these
are forgivable weak points in such a multi-perspective
analysis provided by KH Coder. This free software tool
provides collocation patterns, multi-dimensional analyses
and various visualisations which can help and
complement the computational analysis of (mainly
written) discourse.

The third free software tool in this analysis is NLTK,
which is a Python-based natural language toolkit. It has a
powerful corpus with the possibility of adding the
language input data of one own and abounds in powerful
features.

The feature shared by Praat and KH Coder is that
there are some limitations with regard to input size.
However, sometimes this does not affect performance.
Also, one should add that there are some challenges in
the NLTK working environment. Namely, when certain
tasks are carried out, such as the tokenisation of a larger
corpus, the task performance may slow down, and the
data displayed after the executed command is not so clear
whilst the data manipulation is not straightforward for a
computational linguist who is not well-aware of all the
possibilities of the Python programming language.
However, this is not an insurmountable obstacle on the
way paved by NLTK, since it provides other more
appealing peculiarities.

Taking as a starting point the notion of performance,
the following rough comparison of performance relations
between Praat, KH Coder and NLTK might then be
posited: NLTK and KH Coder share some features and
functionalities (both tools have the possibility of
generating and displaying concordances, visualisations,
etc.), Praat has visualisation possibilities, but sometimes
not of high picture quality. KH Coder and NLTK are
mainly intended for the written medium (i.e. written
corpus), whilst Praat is devoted to oral media (i.e. spoken
corpus). All three software tools share one common
feature, and this refers to the possibility of integrating



their tables and graphs readily into scientific papers,
conference papers, books, and so on.

The strengths of Praat are to be found in the acoustic
analysis of individual sounds, in the annotation of these
sounds, and in browsing multiple sound and annotation
files across the corpus. The strengths of KH Coder are the
visualisations (particularly 3D) that can be further
analysed, while the strengths of NLTK lie in its simplicity
and elegance of data output display (however, this is in
less attractive format than in the case of KH Coder). Pre-
processing activities of the analysed software tools have
been left aside, although they might also be indicators of
certain advantages and disadvantages in raw data
processing.

All three software tools have satisfactory output, at
least for a user, who is a computational linguist, or a
general linguist. It should be added that I have not
considered the level of user-friendliness and
successfulness from the point of view of a computer
scientist, or an electrical engineer, for that matter, but
solely from a perspective of a computational linguist.
Limitations have been explored solely to a certain extent,
since the author of the paper has attempted to perform an
analysis by the described free software tools in fairly
straightforward corpus-related contexts. Despite the
described benefits, it has been noticed, however, that
whilst working with large corpora some tools slow down
(for instance, NLTK, and KH Coder, whilst processing
the data and providing the output of the required feature).
Yet, overall impression is that these analysed software
tools seem to be irreproachable since they are free of
charge and can be further modified and upgraded, which
is not the case for proprietary software tools offering the
ready-made templates and patterns that cannot be further
modified according to one’s needs. And this last remark
is not insignificant in terms of the last parameter of
performance.

The last parameter to be discussed is that pertaining
to the user. Namely, certain linguistic research directions
are still under the influence of the traditional non-
Chomskyan linguistics, and therefore, utilise somewhat
different terms and notations which may sometimes
indirectly influence some aspects of the linguistic
analysis. Praat and KH Coder do not require special
programming skills and advanced programming
knowledge, whilst NLTK requires sometimes even
advanced knowledge of Python. Therefore, a user, who is
most frequently a computational linguist, ought to know
the fundamentals of this programming language. As
regards the corpus-based analysis, it should be
highlighted that I used my own corpora for the analyses
carried out by means of Praat and KH Coder, whilst I
used the ready-made and available corpora in the NLTK
environment. Perhaps, this might be the reason for
omitting some aspects of analysis since I relied on the
previously prepared data. In the part that follows, some
concluding and final observations are provided.
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IV. Concluding Remarks

In the past six decades or so, we witnessed a rapid
growth in the study of what is now well-known as
Computational ~ Linguistics.  Nevertheless,  unitary
accounts have been scant. The aim of this investigation is
to fill the lacuna in the current scholarship on free
software tools in computational linguistics, at least from a
descriptive point of view.

The first part of the paper provides introductory
remarks and focuses on general observations concerning
computers and computational linguistics. Additionally,
certain theoretical underpinnings have been mentioned
(namely, generative, optimality-driven, relevance-
theoretic, and minimalist-motivated, among others). The
second part presents free software tools in general, and
then presents three free software tools in particular, which
served as input to my subsequent argumentation and
conclusions. This part is broken into subsections, each of
which briefly presents the software tool in question, its
performances and potential benefits. The third part is a
sketchy comparative analysis which summarises the
findings in connection with software tools performances
intended for a specific user, i.e. a computational linguist.
Some features and functionalities have been compared
and a concise overview has been provided.

Although this paper is largely descriptive in its
orientation, three case studies reflect the underlying
assumptions of the theoretical frameworks in which they
are to be found. Equally, this descriptive exploration was
aimed at contributing to a better understanding of free
software tools in the domain of computational linguistics.
Burdened with an ill-famed and notorious reputation of
having been persecuted by proprietary software tool
creators and distributors, free software tools have not
only resisted but are actually struggling for their own
place in the realm of computational linguistics. This was
illustrated by assessing and evaluating certain striking
properties of three free software tools: Praat, KH Coder
and NLTK. In the subsequent comparative analysis, these
tools were juxtaposed and compared. From the point of
view of the user, it has been claimed that expert users
tend to operate these tools more easily when compared
with linguists. Perhaps, the only exception might be a
computational linguist with certain knowledge of
programming languages. However, it has been assessed
that all analysed tools are user-friendly and can be easily
integrated into a linguistically-motivated study.

The analysed and described three software tools can
generate graphs and tables and other visualisations that
can support any undertaking concerned with linguistic
analysis. These visualisations can further refine the
analysis in terms of better understanding of relations
between the tokens of lexical items. The main area of
contention revolves around the questions of the speed of
performing certain tasks (e.g. tokenisation of larger
corpora, among other things). Another appealing
challenge would refer to the semantic component, which
sometimes might not be satisfactorily included in the
CTA and NLP, but is, according to the literature, an
important ingredient in automatic translation, particularly



in scientific fields [82]. Rather than posit these and
similar challenges, I have considered the performance of
three free software tools within a broader picture of its
overall functionality and usefulness in the investigation
carried out by a linguist. Therefore, some of my
performance measurement results might exclude certain
elements that are unimportant for the linguistic analysis.

In this rather brief and unpretentious study, I have
reexamined the role of free software tools for
computational  linguistics from a  comparative
perspective. To this purpose, I have implemented and
analysed three free software tools. My own corpora were
used for analysis carried out by Praat and KH Coder,
whereas I used the already available corpora and my own
examples in the NLTK analysis. Consequently, perhaps
this latter decision, to use the already existing language
data, might have influenced certain results of the
comparative analysis. My observations are not definitive,
but rather constitute a tentative descriptive account,
which can be further broadened by integrating diverse
appealing dimensions of computational text analysis.
Some  future  comparative investigation  might
significantly contribute not only to our understanding of
the role of free software tools in computational linguistics
in general, but also of the role of performance-
measurement perceived similarities and differences.
Needless to say, my tentative assumptions merit further
elaboration.
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Rezime: U ovom radu ispitace se znacaj upotrebe FOSS
alata u bibliotecko-informatickoj delatnosti. S obzirom da
postoje razliciti tipovi biblioteka, paZnja ¢e biti usmerena na
delatnost javnih biblioteka. Kroz analizu rada javne
biblioteke predstaviée se adekvatni FOSS alati koji
pokrivaju specificnu oblast rada biblioteke. Ispitace se uloga
zajednice koja stoji iza razvoja ovakvih tipova softvera i Sta
to moZe znaciti za dalji razvoj biblioteka.

Kljucne reci: FOSS, javna biblioteka, FOSS zajednica,
digitalizacija kulturnog nasleda

I. UvoD — RAD JAVNE BIBLIOTEKE

U zakonu o bibliotecko-informacionoj delatnosti (,,SI.
glasnik RS", br. 52/2011) definisani su tipovi biblioteka
(Clan 13) [1]:

,Biblioteke se prema sadrZaju bibliotecko-informacione
grade i izvora i prema profilu korisnika razvrstavaju na
slede¢e tipove: nacionalna biblioteka, javna biblioteka,
Skolska biblioteka, visokoskolska biblioteka, univerzitetska
biblioteka, biblioteka naucnoistraZivackog instituta i
ustanove, specijalna biblioteka, kao i informacioni centri pri
drugim ustanovama, organizacijama ili udruZenjima.“
Predmet istraZivanja u ovom radu bice javna biblioteka.
Osnivac javne biblioteke, prema ovom zakonu, je lokalna
samouprava (Clan 14). Javna biblioteka je jedina otvorena za
sve gradane, osim izdavanja knjiga javne biblioteke
organizuju kulturne programe, ¢uvaju i digitalizuju zavicajnu
bibliotecku gradu (knjige, Casopise, Stampu, stare
fotografije...).

Organizacija rada javne biblioteke moZe se podeliti u
nekoliko segmenata:

e administrativni poslovi

e hibliotecki poslovi

o digitalizacija kulturnog nasleda
e organizacija kulturnih dogadaja

U svakom segmentu rada i aktivnosti prisutni su digitalni
alati. Kroz opis zadataka svakog segmenata, predstavice se
FOSS (Free Open Source Software) alati kojima se mogu
efikasno obavljati zadaci svakog navedenog segmenta rada
javne biblioteke. Cilj ovog rada je da ispita mogucnost da li

javna ustanova moZe svoju softversku infrastrukturu
formirati koriste¢i FOSS.
II. ADMINISTRATIVNI POSLOVI

U administrativne poslove spadaju racunovodstvo,

pravna sluzba, poslovna korespondencija, komunikacija sa
lokalnim i drZavnim sluzbama. Digitalni alati koji su
potrebni za efikasno obavljanje navedenih poslova mogu se
navesti ptema finkcijama, a to su: obrada teksta i tebela
(takozvani Office paket), pregled i slanje elektronske poste,
internet pretraZivac, planiranje resursa.

DOI: 10.5281/zenodo.4077400
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Programi za obradu teksta i tabela

Libre Office [2] je jedan od najzastupljenijih programa u
FOSS zajednici i nalazi se u gotovo svim desktop Linux
distribucijama. SadrZi sve neophodne alate za kancelarijsku
upotrebu, program za obradu teksta (Writer), program za rad
sa tabelama (Calc), a u okviru ovog paketa nalaze se jos i
programi za rad sa bazama podataka (Base), osnovne
graficke obrade (Draw), pripremu prezentacija, slajdova i veb
stranica (Impress). Kompatibilan je sa svim popularnim
formatima (npr. doc, xsl, ppt...) dok je osnovni format u
kome se radi odf (eng. Open Document Format) [3]. Osnovni
problem rada sa Libre Office paketom programa javlja se
prilikom ucitavanja nekih fajlova iz Windows-ovog Office
paketa, ne dobija se identican fajl prilikom otvaranja, npr.
tabele u .doc dokumentu se ne otvaraju na Zeljeni nacin,
postoji razlika u fontovima, ponekad je i broj stranica razlicit.
Ovaj problem je vidljiv prilikom preuzimanja konkursne
dokumentacije za projekte Ministarstva Kulture i
Informisanja Republike Srbije. U svetu postoji inicijativa da
se omoguci i odf standard prilikom preuzimanja zvanic¢ne
dokumentacije. Libre Office paket programa moguce je
instalirati na Linux, macOS i Windows sistemima. Objavljen
je pod licencom Mozilla Public Licence v2. [4]

Program za poslovnu korespodenciju

Mozilla Thunderbird [5] je program namenjen radu sa
elektronskom poStom i moZe se instalirati na svim desktop
platformama. Rad u ovom programu je jednostavan a nudi
dosta moguc¢nosti, jedna od najvaznijih koju treba pomenuti
jeste integrisana podrSka za OpenPGP [6] enkripciju poste.
Sva poslovna korespodencija se mora osigurati na neki nacin,
a posebno kada se Salje vazna dokumentacija. Mejl serveri
medu sobom komuniciraju enkriptovanom vezom, ali kada
mi otvaramo poStu u naSem programu ova veza nije
osigurana pa postoji opasnost da se poverljivi podaci
preuzmu. Komunikacija preko OpenPGP protokola
oneomogucava pristup tre¢em licu da ima uvid u prepisku.

Thunderbird je objavljen pod Mozilla Public Licence v2.
OpenPGP je IETF Proposed Standard RFC 4880 [7] protokol
za enkripciju e-mail komunikacije.

Programi za racunovodstvo

ERP (eng. Enterprise Resource Planning) sistemi, kao
Sto je SAP [8], postoje i u FOSS verziji. Ovakav softver
olaksava rad knjigovodstva i pravne sluzbe. Axelor ERP [9]
sadrzi viSe od 20 integrisanih poslovnih aplikacija, medu
kojima su rad sa dobavljac¢ima (telekomunikacija, struja,
grejanje, oprema...), racunovodstveni poslovi, ljudski resursi,
inventar osnovnih sredstava, itd. Softver je objavljen pod
GNU Affero General Public License v3.0 [10].

Rad sa drzavnim organima

Digitalizacija rada drzavnih sluzbi olak3ala je rad upravi
biblilioteka (prijava/odjava zaposlenih, uplata i isplata,
podnoSenje zavrsnih racuna...) ali problem se javlja u
podrZanim sistemima — sve aplikacije za komunikaciju rade
isklju¢ivo u Windows okruZenju! Neke institucije cak
zahtevaju pristup preko programa Internet Explorer. Ovo je


mailto:andrija.sagic@milutinbojic.org.rs
https://doi.org/10.5281/zenodo.4077400

jedini segment koji se ne mozZe obavljati preko Linux
distribucija.

II1. BIBLIOTECKI POSLOVI

U bibliotecke poslove spadaju nabavka publikacija,
bibliotecka obrada (izrada metapodataka) i cirkulacija fonda
(zaduZenje grade), a softveri za ovu namenu zovu se ILS
(eng. Integrated Library System).

Biblioteka ,,Milutib Boji¢“ koristi sistem Bibliotecki
informacioni sistem BISIS v5 [11] koji je razvijen na
Fakultetu Tehnickih Nauka Univerziteta u Novom Sadu i
objavljen je pod GNU General Public License v3.0. [12]

Katalogizacija u ovom sistemu moguca je putem
uzajamnog kataloga preuzimanjem zapisa ve¢ obradene
grade, unoSenjem novih zapisa, vodenje inventarnih knjiga za
svako odeljenje i posebnih kolekcija, kao i povezivanje
zapisa sa digitalnim izdanjem. Korisnici se unose u bazu
preko koje se evidentira zaduZenje grade (cirkulacija). Na
ovaj nacin vidljivo je trenutno stanje fonda, zna se ko je
zaduzio publikaciju, do kog vremena je zaduZena, prati se
stanje Clanarine, mogu se Stampati izveStaji na dnevnom,
nedeljnom ili mesec¢nom nivu. Za korisnike postoji javna
aplikacija, katalog kome se pristupa preko veb adrese https://
opac.bisis.rs/lib/bmb .

Biblioteka ,,Milutin Boji¢“ uvela je u upotrebu jo$ tri
zasebna javna kataloga:

. Katalog knjiga na stranim jezicima
https://bookscat.milutinbojic.org.rs
. Katalog posebnih kolekcija

https://kolekcije.milutinbojic.org.rs
. Katalog legata https://legati.milutinbojic.org.rs

Prva tri kataloga uradena su na platformi Librarian DB
[13] koji je objavljen pod GNU GPL licencom. Ova
platforma daje tabelarni pregled svih publikacija koje se
mogu klasifikovati. Baza je smeStena u ,,SQL“ dok se
komunikacija sa bazom viSi preko ,,PHP“ programskog
jezika. U ovom sistemu vidljiva je i cirkulacija, ali samo na
nivou zaduZenosti. Katalog knjiga na stranim jezicima kao
opciju nudi i prikaz na viSe stranih jezika (srpski, engleski,
francuski, italijanski, Spanski i poljski). Postoje i instrukcije
za pretragu koje olakSavaju korisniku da brze dode do
Zeljenog rezultata.

Tre¢i katalog uraden je na platformi SLiMS (eng.
Senayan Library Management System) [14] koji je takode
objavljen pod GNU GPL licencom. Ima unapreden prikaz
publikacija, opis je dostupan u MODS (eng. Metadata
Object Description Schema) standardu [15] i JSON-LD
(JavaScript Object Notation for Linking Data) [16] formatu.
Svaka publikacija predstavljena je sa naslovnom koricom.
Katalog je pretraZiv po viSe parametara, velikim slovima su
navedene opcije za pretragu:

BRZA PRETRAGA ujedno i najjednostavniji nacin
pretrage, potrebno je uneti kljucnu re¢ koja se nalazi u
naslovu ili ime autora ili predmetnu odrenicu. MoZe se uneti i
viSe kljucnih reci ¢ime se dobijaju precizniji rezultati.

DETALJNA PRETRAGA omogucava pretragu podataka
po viSe parametara. Unesom kljuc¢ne re¢i u odredena polja
(Naslov, Autor...) dobiju se rezultati prema definisanim
specificnim parametrima.
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IV. DIGITALIZACIJA KULTURNOG NASLEDA
Proces digitalizacije moZe se predstaviti kroz faze:
. prevodenje grade u digitalni format
. obrada digitalizovane grade
. publikovanje na internetu

Nacin prevodenja u digitalni format zavisi od vrste grade.
Za potrebe ovog rada bi¢e dovoljno samo nabrojati vrstu
opreme i pomenuti neke programe koji ¢e dovoljno
ilustrovati FOSS reSenja. Sredstva za digitalizaciju kao Sto su
skeneri, foto-aparati, kamere, audio i video oprema imaju
podrsku i u Linux okruZenju.

Skeneri sa svetlosnom refleksijom su najzastupljeniji u
bibliotekama jer je cena pristupacna, a podrzavaju formate do
A3. Svi skeneri su ,vidljivi“ u Linuksu preko softverske
podrske otvorenog koda SANE ,,Scanner Access Now Easy"
[17] koja je publikovana pod GNU GPL licencom. SANE je
zapravo API (eng. Application Programming Interface )
odnosno skup jasno definisanih metoda komunikacije izmedu
razli¢itth ~ komponenti ~ softvera  koji =~ omogucava
standarizovani pristup bilo kom skeneru (flet skener, ru¢ni
skener, video kamere, film skeneri, itd). Rad sa skenerom
moZe biti u grafickom okruZenju ili preko terminala. U
grafickom okruZenju moZe se odlicno raditi u programu
Xsane [18] koji je objavljen pod GNU GPL licencom a
moguce je instalirati na svim platformama. Grada koja se
mozZe digitalizovati na ovakvim skenerima: monografske i
serijske publikacije, rukopisi, fotografije, foto negativi.

Foto aparati su pogodni za digitalizaciju ve¢ih formata,
umetnina, stare rukopisne i Stampane grade. Kvalitet
dobijenog materijala zavisi od kvaliteta optike i samog
aparata, dok je softverska podrSka neophodna za kvalitetan
prenos informacija na racunar.

Odli¢nu podrsku za daljinsko upravljanje foto aparatom
nudi program darktable [19] koji sadrzi kompletan proces
fotografisanja, od kontole aparata preko samog slikanja do
obrade foto materijala kroz tri programska reSenja koja
kontroliSu svaki proces, kao Sto je obrada negativa i
fotografija. Ovaj program objavljen je pod GNU GPL
licencom i podrZava Linux i Windows platformu.

Audio zapisi mogu biti zapisani na gramofonskim
plocama, magnetofonskim trakama, kasetama ili voStanim
cilindrima. Kvalitet reprodukcije zavisi od kvaliteta opreme
sa koje se reprodukuje dok je za digitalizaciju ovakvih zapisa
potrebna kvalitetna zvucna karta i/ili analogno — digitalni
konverter. Jedan od najpoznatijih programa za snimanje i
obradu audio zapisa je Audacity [20], u ovom programu
moguce je obavljati sve neophodne zadatke, snimanje,
filtriranje od Sumova i pucketanja ploca, podeSavanja nivoa i
frekvencija. Objavljen je pod GNU General Public License
v2.0 licencom i podrZava sve platforme.

Video zapisi se mogu naci na filmskim trakama, VHS,
BETA, Video8, DV i miniDV trakama. Ovaj tip
digitalizacije je najkompleksniji i zahteva specijalizovanu
opremu za odredene formate uz koju dolazi fabricki softver
koji se mogu instalirati na Linux racunarima.

Obrada digitalizovanog materijala svodi se na tri formata:
slika, zvuk i video.

Za obradu slika najviSe se koristi GIMP [21] Sto je
skracenica od GNU Image Manipulation Program. Ovaj
program se najviSe koristi u FOSS zajednici, ima odli¢no
graficko okruZenje, podrZzava dosta formata i daje odli¢ne
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rezultate. Objavljen je pod GNU GPL licencom i podrzava
sve platforme. JoS jedan program koji vredi pomenuti jeste
Image Magick [22], rad u ovom programu je uglavnom preko
terminala, moZe koristiti za konverziju veceg broja fajlova.
Scan Tailor [23] je jo$ jedan program koji sluZi za obradu
digitalizovane bibliotecke grade, sadrzi korekcije iskrivljenih
strana, margina, moZe podeliti strane ukoliko je uraden
dvostrani sken, rotacija strana (u svim pravcima po 90
stepeni) i izbor sadrZaja koji omogucava definisanje krajnje
veli¢ine obradenog materijala. Objavljen je pod GNU GPL
licencom. Postoje neke verzije ovog programa sa dodantim
funkcijama, jedna od njih je Scan Tailor Advanced [24].
Program za obradu teksta Tesseract Open Source OCR
Engine [25]. OCR (eng. Optical Character Recognition —
Opticko Prepoznavanje Karaktera) je jedan od najvaznijih
procesa u digitalizaciji tekstualne grade jer omogucava
pretragu u tekstu. Program Tesseract je jedan od
najefikasnijih alata koji daje odlicne rezultate u obradi
¢irilicnih tekstova. Objavljen je pod GNU GPL licencom.

Za obradu zvuka pored programa Audacity postoji i
razvijenije reSenje Ardour [26] koje spada u grupu DAW
(eng. Digital Audio Workstation) programa. Njagova
prednost u odnosu na Audacity je u vecoj ponudi dodataka
(eng. plug in) za obradu audio materijala. Program je
objavljen pod GNU GPL licencom i podrZava sve platforme.

Za obradu video materijala dobre rezultate ima program
Shotcut [27]. Program je objavljen pod GNU GPL licencom i
podrzZava sve platforme.

Publikovanje na internetu je zavrsni proces digitalizacije.
Vrsta i koli¢ina informacija koja se plasira prevazilazi obican
pregled slika uz kataloki opis. Sada je moguce pretrazZivati
tekst i zvucni zapis, filtrirati umetnicke slike, analizirati
rukopise pregledom detalja i uporedivati razlicite verzije su
samo neke od mogucnosti koje digitalizacija omogucava
krajnjem korisniku.

Biblioteka ,,Milutin Boji¢“ je svoju zavi€ajnu kolekciju
prilagodila savremenim standardima prikaza digitalizovane
grade, na adresi https://zavicajna.digitalna.rs dostupna je
potpuno tekstualno pretraZiva grada, jednostavnim unosom
pojma ili samo tri pocetna slova, dobija se jedna ili viSe
publikacija sa traZenim pojmom, klikom na publikaciju
traZeni pojam se markira na odredenoj strani u toj publikaciji,
a moguce je pretrazivati i celu frazu. Grada je pripremana i
publikovana u programu The ResCarta Toolkit [28] koji
sadrZi kompletan set alata za obradu digitalizovane grade,
sadrzi odvojene aplikacije za unos metapodataka u xml
formatu (Extensible Markup Language) [29], OCR (Optical
character recognition), korekciju dobijenog teksta, korekciju
transkribovanog zvucnog materijala, administraciju kolekcija
sa mogucnosc¢u izvoza podataka u Dublin Core standard,
indeksaciju, proveru verodostojnosti (eng. checksum) i veb
aplikacije. Ovaj skup alata se lako instalira i koristi, objavljen
je pod Apache v2 [30] licencom, a dostupan je za Linux,
macOS i Windows sisteme.

Digitalni repozitorijum biblioteke koji je dostupan na
adresi  https:/milutinbojic.digitalna.rs ~ baziran je na
modularnom sistemu ISLANDORA [30] koji se sastoji od
slede¢ih komponenti:

FEDORA (eng. Flexible Extensible Digital Object
Repository Architecture) [31] je modularna platforma koja
nudi pristup velikim i kompleksnim digitalizovanim
materijalima, kolekcijama i nau¢nim materijalima, prema
zvani€no registrovanim korisnicima u upotrebi je u preko
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300 institucija u 35 zemalja. Za rad sa ovim repozitorijumom
potrebno je frontend reSenje.

Drupal CMS (eng. Content Management System) [32],
sistem sa dostupnim modularnim reSenjima za odredene vrste
kolekcija (knjige, serijske publikacije, rukopisna grada...) to
su aplikacije za prikaz, administracija je jednostavna a nudi
dovoljno alata (obrada metapodataka, konfiguraciju pretrage,
OCR, selekciju pristupa gradi...).

Za ovaj vid predstavljanja grade neophodna je dobra
hardverska infrastruktura: server, skladisni prostor, internet
veza sa dovoljnom upload brzinom. Sretom, razvoj
tehnologije i relativno niska cena komponenata omogucava
cak i manjim bibliotekama da osposobe kvalitetni sopstveni
digitalni sistem bez mnogo sredstava. Biblioteka ,,Milutin
Boji¢“ je uspela da obezbedi kompletan serverski sistem za
digitalne sadrZaje, opticku mrezu kapaciteta 20/20 Mby/s,
samostalno napajanje i stabilizaciju mreze.

U serverskoj infrastrukturi najvaznije je konfigurisati
stabilan i bezbedan sistem. CentOS [33] je jedan od
najzastupljenijih otvorenih serverskih operativnih sistema,
baziran je na otvorenom kodu Linux distribucije RedHat
[34], ovaj sistem je stabilan, sa podrSkom od deset godina i
garantuje rad svih serverskih funkcija prilikom svakog
unapredenja sistema.

Veoma je vazno da se digitalizovana grada nalazi u
vlasniStvu institucije koja objavljuje digitalizovanu gradu i da
ima kontrolu nad celim sistemom. Razmotrimo softverska
reSenja u serverskoj infrastrukturi i joS neka reSenja za
objavljivanje.

Vazan segment publikovanja je i implementacija https
protokola koja obezbeduje enkriptovanu vezu veb stranice i
korisnika, Linux Fondacija Error: Reference source not
found razvila je otvoreno reSenje Let’s Encrypt [36] koje
obezbeduje enkriptovanu vezu, a moZe se instalirati na svim
Linux serverskim sistemima.

Pored FOSS alata neophodno je pomenuti i Otvorene
standarde interoperabilnosti OAI [37] i IIIF [38]. Inicijativa
OAI razvila je protokol za deljenje metapodataka OAI-PMH
[39] koji koriste sve relevantne naucne i kulturne ustanove.
Za javne biblioteke ovakav protokol omogucava bolju
vidljivst digitalnog kulturnog nasleda. Digitalni sadrZaji
biblioteke ,Milutin Boji¢“ vidljivi su u katalogu worldcat
[40] i u agregatoru CORE [41].

IIIF  (eng. International Image Interoperability
Framework) definiSe veb prikaz digitalizovanog kulturnog
nasleda u API formi. Na ovaj nacin moguce je implementirati
pretraziv tekstualni sloj, uporedni prikaz digitalnih objekata
iz razliCitih digitalnih repozitorijuma u jednom pregledacu,
koristiti specijalizovane pregledace sa dodatnim funkcijama
za manipulaciju slika (kontrast, osvetljenje...), dodavati
beleske, itd. Portal https://iiif.digitalna.rs nastao je kao
inicijativa biblioteke ,,Milutin Boji¢*“ za implementaciju IIIF
standarda u prikazu digitalizovanog kulturnog nasleda u
Srbiji, za sada su u ovom formatu dostupne kolekcije
Biblioteke grada Beograda i Biblioteke ,Milutin Boji¢“.
Portal IIIF Srbija ima integrisan IIIF pregleda¢ Mirador v2
[42], video uputstvo i linkove prema IIIF kolekcijama velikih
svetskih biblioteka koji se mogu uporedno pregledati na
jednom mestu. Razvijeno je dosta FOSS alata za prikaz grade
u IIIF standardu koji su navedeni na linku https://iiif.io/apps-
demos. Razvoj IIIF standarda odvija se u zajednici koja je
organizovana po principu FOSS zajednice.



https://iiif.io/apps-demos
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https://milutinbojic.digitalna.rs/
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V. ORGANIZACIJA KULTURNIH DOGADAJA

Jedna od delatnosti javnih biblioteka su i kulturni
programi (promocije, tribine, predavanja, koncerti...) koji
mogu biti proprac¢eni nekim vizuelnim materijalima poput
ilustracija, video materijala i prezentacija. Sva dekstop
okruZenja na Linux distribucijama imaju svoje programe
otvorenog koda za pregled fotografija i video materijala, PDF
Citace dok je prezentacije moguce pregledati u standardnom
OFIS paketu poput LibreOffice. Biblioteka ,,Milutin Boji¢“
sve svoje programe prikazuje i uZivo na svom Youtube
kanalu. Softver OBS Studio (eng. Open Broadcaster
Software) [43] veoma dobro moZe da manipuliSe sa nekoliko
kamera, dodatnim izvorima (softveri na racinaru, dodatni
izvor zvuka...). Sve ove funkcije se efikasno strimuju preko
izabranog striming servisa YouTube, Twich. Softver OBS
Studio objavljen je pod GPLv2 lincencom.

VI. FOSS ZAJEDNICA

Iza svakog FOSS alata stoji zajednica koja radi na
razvoju i otklanjanju problema, zajednica ima svoju strukturu
koju moZemo najosnovnije prikazati ovako:

o koordinacija rada i odlu¢ivanje o novim
funkcijama alata

o interesne grupe (stakeholder) koje se bave
odredenom vrstom razvoja i namene

o testiranje koda.

Autor ovog teksta trenutno je ukljucen u rad zajednice
koja radi na razvoju repozitorijuma ISLANDORA, IIIF
zajednice i Mirador zajednice.

Ovakav princip rada je dobar nacin da se ljudi razli¢itih
obrazovnih profila okupi oko nekog projekta i da se kroz
zajednicki rad dode do softverskog reSenja, u ovom slucaju
nekog alata, koje ¢e biti prilagodeno specificnim potrebama
korisnika.

VII. ZAKLJUCAK

Prikazan je delimican spisak FOSS alata koji mogu biti
korisni javnim bibliotekama. Takvi alati nisu samo besplatno
reSenje kojim se moZe uStedeti ve¢ su vrlo funkcionalni i
neophodni za razvoj bibliotecko — informacione delatnosti.
Znacaj upotrebe ovakvih alata, za nas u Srbiji, nije samo
mogucnost adaptacije softvera ve¢ je pre svega prikljucenje
svetskoj zajednici kroz razvoj i implementaciju standarda i
reSenja. Potpuna kontrola sistema u svim segmentima
koriS¢enja je stvar koja je od kljutnog znaCaja za zaStitu
kulturnog nasleda a to je mogu¢e samo uz pomo¢ FOSS
alata.

Ovo je takode i prilika da nasa zajednica postane vidljiva
u svetu i u segmentu razvoja alata i standarda za
digitalizaciju a u biblioteckoj delatnosti razvije specificne
sisteme koji mogu biti svima od koristi. Biblioteka ,,Milutin
Boji¢“ vidljiva je na mapama Islandora [44], IIIF [45],
ResCarta Toolkit [46]. Mirador v3 [47] sada ima zvaniCan
prevod na srpski jezik, Islandora8 u default verziji ima srpski
jezik kao ponudu za OCR teksta [48].
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Slobodni i otvoreni softver u laboratorijskim i mreznim istrazivanjima
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Rezime: U ovom radu bice dat kratak prikaz
najpoznatijih slobodnih i otvorenih softverskih aplikacija
koje se koriste za prikazivanje stimulusa i prikupljanje
podataka u eksperimentalno-psiholoskim istraZivanjima.
Pored saZetog opisa osnovnih tehnickih preduslova koji
treba da budu ispunjeni u eksperimentima u kognitivnoj
psihologiji, bi¢e dat uporedni prikaz stepena u kojem su
oni ispunjeni u slucaju slobodnih i otvorenih softverskih
reSenja. Konacno, bi¢e uporedeni specificni tehnicki
preduslovi koje postavlja prikupljanje podataka preko
mreZe, a sve sa ciljem demonstriranja da sve brojnija i
sve kvalitetnija kako slobodna, tako i otvorena softverska
reSenja ispunjavaju stroge kriterijume savremenog
eksperimentalnog istraZivanja i velikom brzinom se
prilagodavaju promenama i novonastalim potrebama
savremenog istrazivaca.

Kljucne reci: eksperiment, prikupljanje podataka,
laboratorija, internet.

I. Uvod

U ovom radu bavi¢emo se softverom koji se koristi u
eksperimentalnoj psihologiji — grani psihologije koju
definiSe metod koji koristi, a koja za temu moZe imati
razlicite sfere ljudskog ponaSanja, pa tako postoje
eksperimentalna kognitivna, socijalna, razvojna, klinicka
psihologija itd. U danaSnje vreme upotreba
eksperimentalnog softvera olakSava istrazivacki proces u
svim pomenutim granama, jer olakSava proces izlaganja
stimulusa koji ¢ine deo eksperimentalne manipulacije i
proces beleZenja odgovora ispitanika. Medutim, najraniju
primenu softver je nasao u oblasti kognitivne psihologije,
narocito u oblasti percepcije.

Neposredna potreba za raCunarski podrZanim
istraZivanjima javila se u oblastima psihologije u kojoj je
izlaganje stimulusa, s jedne i beleZzenje odgovora
ispitanika s druge strane, bilo narocito zahtevno.
Izlaganje stimulusa koje je zahtevalo tehnicku podrSku
podrazumevalo je izlaganje komplikovanih stimulusa, ili
izlaganje u veoma kratkim i precizno izmerenim
vremenskim intervalima. Snimanje odgovora
podrazumevalo je ne samo beleZenje odgovora, ve¢ i
precizno merenje vremena reagovanja. Pored toga,
eksperimentalni nacrt ponekad bi podrazumevao i
modifikovanje procesa izlaganja stimulusa u zavisnosti
od odgovora ispitanika.

Precizna kontrola izlaganja stimulusa i merenja
parametara odgovora ispitanika bila je moguca i pre nego
Sto su raCunari postali dostupni Siroj javnosti i to
zahvaljujuéi uredaju pod nazivom tahistoskop. Medutim,
upravljanje tahistoskopom je bilo veoma zahtevno i
proces izvodenja istraZivanja veoma spor, a mogucénosti
izlaganja stimulusa ogranicene. Uprkos divljenju vrednoj
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posvecenosti i dovitljivosti koju su ispoljili istraZivaci iz
predracunarske ere, primena raCunarske tehnologije
donela je revolucionarnu promenu eksperimentalnoj
psihologiji.

I1. Pregled najcesSce koriS¢enog softvera

Ovde ¢e najpre biti opisan odabrani uzorak najcesc¢e
koriS¢enog slobodnog i otvorenog softvera koji se koristi
u laboratorijskim uslovima, a potom i odabrani uzorak
takvog softvera koji se koristi za sve popularnije
prikupljanje podataka preko interneta.

A. IstrazZivanja koja se izvode u laboratorijskim uslovima

Eksperimentalni  psiholozi za potrebe svojih
istraZivanja ve¢ decenijama koriste razliCite komercijalne
softverske alate. Neki od najpoznatijih su E-Prime! [1],
Presentation? [2], SuperLab? [3], Experiment Builder?
[4], Inquisite® [5], DirectRT® [6]. Premda su njihove
performanse bile i ostale na zavidnom nivou, licence nisu
uvek bile dostupne svima, naroCito istraZivacima iz
zemalja sa manje razvijenom ekonomijom. Pored toga,
kao i ve¢ina komercijalnih softverskih aplikacija, mnogi
od ovih programa patili su od nefleksibilnosti — ukoliko
kreatori softvera nisu osmislili neku moguénost, korisnik
nije mogao da je doda. Eksplicitna poredenja su pokazala
da svaki od njih ima neke prednosti i neke mane — npr.
neki su fleksibilni, ali komplikovani za upotrebu, dok su
neki drugi jednostavni za upotrebu, ali neprilagodljivi
razli¢itim potrebama [7]. Zbog toga su istraZivaci rano
pocCeli da kreiraju slobodan softver za izvodenje
eksperimenata u oblasti kognitivne psihologije.

Jedna od prvih slobodnih aplikacija bio je DMDX”
[8], program koji je Kenet Forster poceo da razvija 1975.
godine. Krajem osamdesetih godina pridruzio mu se
DZonatan Forster koji ga je krajem devedesetih
prilagodio za rad u OS Windows. Program se redovno
azurira i postao je veoma popularan u istraZivackoj
zajednici kognitivnih psihologa, prvenstveno zahvaljujuéi
preciznosti u merenju vremenskih parametara. Narocito
je cenjen od istraZivata koji koriste paradigmu
takozvanog maskiranog primovanja [9], gde je stimuluse
potrebno izlagati u vrlo kratkim intervalima (desetine
milisekundi). Jedan je od prvih programa koji je
kognitivne psihologe upoznao sa pojmom vremena
osvezavanja ekrana i jedan od retkih programa koji uz

1 https://pstnet.com/products/e-prime/
2 https://www.neurobs.com/

3 https://cedrus.com/superlab/index.htm
4 https://www.sr-research.com/experiment-builder/
5 https://www.millisecond.com/

6 https://www.empirisoft.com/directrt.aspx
7 http://www.u.arizona.edu/%7Ejforster/dmdx.htm
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instaliranje zahteva dodatno testiranje hardvera kako bi se
omogucéila kalibracija odredenih parametara, S§to
istraziva¢ima daje naroCitu sigurnost i preciznost
merenja, ali i nelagodu zbog relativno komplikovane
procedure inicijalnih testova. Eksperiment se kreira
pomocu tekstualnog fajla, a nedavno je ponuden i

graficki interfejs koji olakSava ovu proceduru,
VisualDMDX3 [10].

PsychoPy® [11], [12], [13], [14] je trenutno
najpopularniji i najnapredniji otvoreni softver za
izvodenje eksperimenata u psihologiji i srodnim

naukama, na tri platforme (Windows, Linux i macOS),
koja mesecno ima na desetine hiljada korisnika i koju je
do sada gradilo preko 90 volontera. Preciznije govoredi,
potrebno je razlikovati PsychoPy paket, odnosno
biblioteku koja je pisana u programskom jeziku Python i
PsychoPy Builder, odnosno vizuelni interfejs koji
olakSava pripremu eksperimenta tako Sto prevodi u kod
ono Sto korisnik kreira pomocu grafickog interfejsa. Rad
na kreiranju PsychoPy biblioteke zapocet je 2002.
godine, za potrebe eksperimenata koje je u to vreme
izvodio njegov autor, a sa idejom da ukrsti prednosti
OpenGL-a i jednostavnost sintakse u programskom
jeziku Python. Pisana je sa ciljem da omogudi
istraziva¢ima da imaju kontrolu nad komplikovanim
procedurama i zahtevnim uslovima koje stimulusi treba
da ispune. Ova biblioteka mozZe se koristiti i tako Sto se
piSe kod koji upravlja eksperimentom, ali njenoj
popularnosti je dodatno doprinelo to Sto je kreiran i
pomenuti vizuelni interfejs koji prevodi instrukcije u kod.
Na taj nacin, ovaj softver je objedinio napredne
performanse sa korisnickim iskustvom. Ipak, kada se
porede ta dva, PsychoPy daje prednost tehnickim
aspektima.

OpenSesame!® [15] je otvoreni softver Kkoristi
PsychoPy biblioteku kao back-end, a koji je od druge
grupe autora razvijan paralelno sa PsychoPy Builder-om.
Preciznije govore¢i, OpenSesame je nezavisan od back-
enda i moZe da koristi nekoliko biblioteka u te svrhe
(PsychoPy, PyGame, PyOpenGL, Expyriment). Osnovna
ideja njegovih autora bila je da korisnicima koji ne
poznaju programski jezik Python priblize vrhunske
performanse PsychoPy biblioteke i da to ucine na nacin
koji omogucava jednostavnost i fleksibilnost. Premda
zvanicno ne pruZza sve napredne mogucnosti koje sadrZi
PsychPy, autori su u svojoj zamisli u potpunosti uspeli,
jer je OpenSesame izuzetno brzo postao jedan od
najpopularnijih  softverskih  aplikacija u naucnoj
zajednici. To je postignuto zahvaljuju¢i ideji da se
kombinuje jednostavnost koju daje graficki interfejs i
fleksibilnost koju daje mogucnost unosa Python koda
preko tzv. in-line skripta. Na taj nacin, korisnik Stedi
vreme koristeci ve¢ gotova, rutinska reSenja, ali zadrZava
i mogucost kreiranja sopstvenih novih i neuobicajenih
rutina uz minimalno poznavanje programiranja. Pored
toga, OpenSesame je pojednostavio nacin kreiranja
vizuelnih  stimulusa i zadrZao dobre tehnicke
karakteristike koje omogucava biblioteka PsychoPy.
Konacno, popularnosti je doprinela i velika i agilna grupa
za podrsku.

8 http://visualdmdx.com/
9 https://www.psychopy.org/
10 https://osdoc.cogsci.nl/
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Pored ovde opisanih, postoji joS Citav niz slobodnih ili
otvorenih  softverskih  aplikacija, kao S§to su:
VideoToolbox [16], PsychToolbox/ MATLAB
Psychophysics Toolbox!! [17], PEBL!? [18], PyScope!3
za Mac OS [19], PsyToolkit'* za Linux [20], Tscope!®

[21], Vision FEgg!'® [22], Tatool'’, ExpFactory's,
NodeGame!®. KonaCno, postoji i domaca verzija

slobodnog eksperimentalnog softvera — UltraL.ab?® [23].
On je prvenstveno kreiran da studentima psihologije,
kroz iskustvo iz prve ruke omoguci lako usvajanje znanja
i veStina iz kognitivne psihologije. Osmisljen je sa idejom
da bude jednostavan za upotrebu, tako da ne zahteva
veliko iskustvo i da bude prenosiv, tako da ne zahteva
instaliranje (pisan je u programskom jeziku Java).
Zahvaljujuc¢i tome, lako mozZe biti u upotrebi i u Skolskoj
nastavi, a moZe biti od koristi i istraZivatima
pocetnicima. Pored samog programa, dostupni su i
primeri nekih od eksperimentalnih paradigmi.

B. IstraZivanja koja se izvode na mreZi

U novije vreme, istraZivaci u oblasti psihologije poceli
da primecuju da se njihova naucna saznanja zasnivaju
dominantno na podacima koji poticu od tzv. WEIRD
populacije: Western, Educated, Industrialized, Rich, and
Democratic [24], jer su ispitanici u tim istraZivanjima
najceS¢e bili studenti. Zadovoljenje potrebe da se
istraZivanja izvode nad reprezentativnim uzorcima
ponudilo je postojanje i raSirenost upotrebe interneta.
Ubrzo su istraZivanja koja se izvode na mreZi postala
veoma uCestala, a pojava fizicke izolacije zbog
pandemije virusa SARS-COV2, ucinila je da podaci koji
se prikupe preko mreZe mnogim istraZiva¢ima budu
jedini podaci na koje mogu da racunaju. Time je veé
zapocCeti proces brzog prelaska na mrezna istraZivanja
dodatno ubrzan.

Prelazak na mreZu doneo je posebne izazove
eksperimentalnim istraZivanjima, jer je doneo nove
zahteve za precizno merenje vremena izlaganja stimulusa
i davanja odgovora. Ovi problemi reSeni su tako Sto se
stimulusi prikazuju u pretraZivacu, a eksperiment se
izvrSava lokalno.

Proces prikupljanja podataka preko interneta
podrazumeva tri nivoa softverske podrSke. Prvo,
potrebno je okruZenje u kojem ¢e biti definisane
instrukcije za izlaganje stimulusa i beleZenje odgovora
(kreiranje eksperimenta). Potom, potrebni su server i
platforma koja ¢e upravljati eksperimentom, odnosno koji
¢e pohranjivati eksperimentalne fajlove koji su prethodno
kreirani, formirati linkove za pristup eksperimentu i
pohranjivati podatke koji su prikupljeni od ispitanika.
Klikom na link, ispitanik preuzima eksperiment tako da
se kod izvrSava na lokalnoj maSini (Cime se postiZe
preciznost izlaganja i merenja), a po zavrSetku

11 http://psychtoolbox.org/

12 http://pebl.sourceforge.net/

13 https://github.com/portante/pycscope

14 https://www.psytoolkit.org/

15 https://expsy.ugent.be/tscope/index.html
16 http://visionegg.org/

17 http://www.tatool.ch/

18 https://expfactory.github.io/

19 https://nodegame.org/

20 https://osf.io/enwgm/?
view only=1104a5c416fd4dbe917e9b753e959¢32
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prikupljeni podaci Salju nazad na server. Linkove je
moguce kreirati tako da se ogranici broj pristupa sa jedne
IP adrese ili dozvoli neogranicen broj pristupa. Konacno,
potrebna je platforma za regrutovanje ispitanika,
odnosno potreban je virtuelni prostor preko kojeg ¢e link
ka eksperimentu do¢i do ispitanika. U nastavku ¢e svaki
od nivoa biti zasebno opisan.

Kreiranje eksperimenta. Komercijalna softverska
reSenja koja su najceS¢e u upotrebi u eksperimentalnoj
psihologiji jesu Qualtrics?, koji ima ograniCene
mogucnosti i pogodniji je za upitnicke studije, dok se u
hronometrijskim istraZivanjima obi¢no koriste Gorilla??,
koja je naroCito popularna i Inquisit Web?3,

Slobodni ili otvoreni softver uspeSno parira, a Cesto i
prevazilazi moguc¢nosti svojih komercijalnih parnjaka.
Medu najpopularnijim otvorenim softverskim reSenjima
su PsychoPy?* [13] i OSWeb?> [15] koji pored kreiranja i
zadavanja eksperimenta u laboratorijskim uslovima
pruzaju i mogucnost kreiranja eksperimentalnog fajla za
mrezno zadavanje. Princip rada je isti kao za pripremu
fajla za rad u lokalu, s tim Sto se umesto programskog
jezika Python, za pisanje koda koristi programski jezik
JavaScript. Za korisnike koji nisu veSti u programiranju,
kreiranje eksperimentalnog fajla je identicno kao
prilikom rada u lokalu, s tim Sto se na kraju rada iskoristi
opcija da program sam prevede instrukcije u JavaScript.

Veoma popularan je i otvoreni softver jsPsych?® [25]
koji predstavlja biblioteku gotovih reSenja napisanih u
JavaScript programskom jeziku, kojima se upravlja
razliitim segmentima eksperimenta. Upotreba ovog
softvera zahteva poznavanje ovog programskog jezika, s
tim da postoji veoma razvijena mreZa podrSke i mnosStvo
gotovih reSenja za razlicite eksperimentalne paradigme.

Tu su jos i Lab.js?” [26], PsyToolkit?® [27] i sl.

Upravljanje eksperimentima: distribucija linkova i
pohranjivanje podataka. Do nedavno slobodan za
upotrebu (finansiran preko projekta), a od nedavno
dostupan uz minimalnu finansijsku  nadoknadu,
najpoznatiji servis za upravljanje eksperimentima,
Pavlovia?® razvijan je od strane kreatora PsychoPy
paketa. Pavlovia se koristi i kao mesto za razmenu
eksperimenata pisanih uz pomoc¢ PsychoPy biblioteke.

Od slobodnih reSenja trenutno je najpopularniji
serverski sistem JATOS?, koji je finansiran od strane
LajpciSkog instituta za psihologiju (ZPID) i koji se za
istraZivanja manjeg obima moZe Kkoristiti na adresi
institutskog servera. Za istraZivanja veceg obima
poZeljno je instalirati ga na lokalnom univerzitetskom
serveru, pri cemu se kompletan softver mozZe slobodno
preuzeti. Pored toga, slobodni za koriS¢enje su i
psiTurk?3!, Cognition.run??, Pushkin?? itd.

21 https://www.qualtrics.com/
22 https://gorilla.sc/

23 https://www.millisecond.com/
24 https://www.psychopy.org/

25 https://osdoc.cogsci.nl/3.2/manual/osweb/

26 https://www.jspsych.org/
27 https://lab.js.org/
28 https://www.psytoolkKit.org/

29 https://pavlovia.org/

30 https://www.jatos.org/

31 https://psiturk.org/

32 https://www.cognition.run/

33 https://languagelearninglab.gitbook.io/pushkin/
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Regrutovanje ispitanika. Kona¢no, potrebno je na neki
nacin proSiriti poziv ispitanicima i uciniti dostupnim
linkove za pristup eksperimentima. Najpopularnije
komercijalne platforme koje se koriste u te svrhe jesu
Amazon Mechanical Turk?*, Prolific Academic35, Sona
Systems3$, Figure Eight3’. Ovde se epitet komercijalno
odnosi na cCinjenicu da ispitanici koji posetuju ove
platforme, nakon wuceSéa u eksperimentu dobijaju
finansijsku nadoknadu za to, a odabrana platforma ima
ulogu finansijskog i pravnog posrednika u tom procesu.

Do ispitanika se moZe do¢i i bez davanja finansijske
nadoknade za uceS¢e, a tada se linkovi najceSce
distribuiraju preko drusStvenih mreZa. Iskustva pokazuju
da novac nije najbolji insentiv i da su ispitanici
najposveceniji kada znaju da ¢e dobiti neku povratnu
informaciju o sebi [28]. Neke laboratorije i neki projekti
poseduju veb sajtove na kojima kontinuirano nude
linkove za volontersko uceS¢e u istrazivanjima. Neki od
njih su Word Likeness®, Games with words®®, Small
world of words#?, Lab in the wild4!, The music lab*?, Test

my brain“?, itd.

III. Poredenje komercijalnog i
slobodnog/otvorenog softvera

Poredenje dve grupe softverskih alata s obzirom na
performanse pokazuje da cena nije prediktor kvaliteta.
Slobodni, a narocito otvoreni softver po razliCitim
tehnickim parametrima stoji rame uz rame, a Cesto i
pobeduje tradicionalni, komercijalni softver [29], [30],
[31], [32]. Premda neki od njih pokrivaju uzan domen, jer
su pisani za potrebe specificne grupe istrazZivanja, oni koji
su najrasprostranjeniji dovoljno su fleksibilni da mogu da
ispune svaku potrebu: funkcioniSu na razli¢itim
platformama, omogucavaju prikazivanje Sirokog spektra
stimulusa (tekst, slika, zvuk, video, itd.) pod razli¢itim
uslovima, omogucavaju snimanje razlic¢itih vrsta
odgovora, kao i njihovo kombinovanje (vreme reakcije,
pritisak tastera, EEG, fMRI, ocni pokreti itd). Otvoreni
sofver neretko je i mo¢niji po svojoj prilagodljivosti, jer
na njegovom razvoju radi armija ,informisanih
korisnika“ — naucnika koji taj sofver kroje upravo u
skladu sa potrebama istraZivacke zajednice.

Pored toga Sto je dostupan, otvoreni softver pruza
naucnicima moguc¢nost da imaju uvid u nacin na koji je
implementirano neko reSenje (,,da zavire ispod haube®),
te na taj naCin mogu da imaju precizniju kontrolu nad
svojim eksperimentima.

Konacno, slobodni i otvoreni softver ima vecu
zajednicu entuzijasta koji spremno i brzo pomaZu u
reSavanju problema.

34 https://www.mturk.com/

35 https://www.prolific.co/

36 http://www.sona-systems.com/default.aspx
37 https://www.figure-eight.com/

38 https://worldlikeness.org/#

39 https://www.gameswithwords.org/

40 https://smallworldofwords.org/en/project
41 http://labinthewild.org/

42 https://www.themusiclab.org/
43 https://testmybrain.org/
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I'V. Zakljucak

Razvoj informacionih tehnologija i preduzimljivost
istraZivaca doveli su do toga da slobodni i otvoreni
softver koji sluZi za prikazivanje stimulusa i prikupljanje
podataka vrlo brzo po svojim performansama postane
podjednako kvalitetan kao i postoje¢a komercijalna
reSenja, kako u istraZivanjima koja se sprovode u
laboratorijskim uslovima, tako i u onima koja se odvijaju
preko mreZe. Pored toga, zahvaljujuéi entuzijazmu svojih
tvoraca (koji su €esto i sami naucnici koji primenjuju taj
sofver), neretko je brZe davao odgovore na stroge i
brzomenjaju¢e zahteve struke. Zahvaljuju¢i tome,
slobodni i otvoreni softver polako, ali sigurno preuzima
dominaciju u oblasti eksperimentalno-psiholoskih
istrazivanja.

Zahvalnica

Zahvaljujem se dr Pordu Purdevi¢u na kontinuiranoj
pomoci i savetima u oblasti raCunarstva, softverskog
inZenjeringa i informacionih tehnologija. Hvala Kseniji
Misi¢ na plodnim diskusijama i entuzijazmu koji delimo
po pitanju prikupljanja podataka. Zelela bih da izrazim
zahvalnost i organizatorima besplatnih predavanja i
radionica na temu prikupljanja podataka preko mreZe, a
to su: Stefanie Mueler i Leibniz Institute for
Psychology** (ZPID) za organizovanje radionice o
primeni OSWeb aplikacije, Python-a i server Jatos u
procesu prikupljanja podataka, Joshua Hartshorne i
njegov tim za organizaciju radionice Moving Research
Online*®, konzorcijum projekta Words in the World za
organizovanje serije predavanja pod nazivom WoW Open
Office Hours*, posvecenih prikupljanju podataka preko
mreze, kao i Xenia Shmaltz sa Univerziteta u Minhenu za
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Psycholinguistics _and Research Methods Webinar
Series*’. Svi oni su, nakon odrZanih radionica, materijale
ucinili dostupnim preko razli¢itih platformi (do kojih se
mozZe do¢i pracenjem ovde navedenih linkova).
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Rodna raznolikoest na Vikipediji — primeri iz prakse
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Rezime: Bududi da je Vikipedija nasla Siroku primenu
u svetskoj populaciji kao jedan od znacajnih globalnih
izvora informacija, obezbedivanje i negovanje
raznolikosti medu njenim urednicima je kljutno u
izgradnji i raspodeli slobodnog znanja. UceSc¢e razlicitih
demografskih grupa u tom procesu je od velike vaznosti,
zbog Cega pitanja ko piSe sadrzaj na Vikipediji i o cemu
se piSe postaju presudna u procesu demokratizacije
stvaranja znanja. S toga, ovaj rad se fokusira na znacaj
rodne ravnopravnosti, vece zastupljenosti Zena koje
ureduju Vikipediju i viSe sadrZaja koji se odnose na Zene.
Konceptualni okvir predstavljen u ovom radu deo je
veceg napora i obuhvata razli¢ite projektne aktivnosti
koje se realizuju od 2014. godine. Medu njima,
najznacajnije je globalna kampanja WikiGap koji
Vikimedija Srbije realizuje od 2018. godine. Projekat ima
za cilj osmiSljavanje, realizaciju i procenu niza mera za
smanjenje rodnog jaza na Vikipediji i ve¢e aktivno uceSce
urednica Vikipedije. Smatramo da radovi ovog tipa daju
dobre polazne tacke za dalja istraZivanja koja imaju za
cilj razvoj inovativnih reSenja za poboljSanje rodne
ravnoteze na Vikipediji, stvaranje mogucnosti za
prevazilaZenje faktora koji izazivaju rodne razlike na
Vikipediji i njihovih negativnih efekata na demokratiju
slobodnog znanja.

Kljucne reci: Vikipedija; rod; rodna analiza; rodna
raznolikost; rodna ravnopravnost; rodni jaz.

I. Uvod

Otkad je napravljena Vikipedija 2001. godine, sa tada
radikalnom idejom da svaki pojedinac koji ima pristup
internetu, moZe da doprinese izgradnji ove besplatne i
slobodne enciklopedije, Vikipedija nailazi na sve Siru
primenu u svakodnevnom Zivotu, uprkos Cinjenici da
informacije na njoj nisu revidirane u tradicionalnom
akademskom smislu. Milioni ljudi [1] se na dnevnom
nivou oslanjaju na informacije koje pronalaze na
Vikipediji o razli¢itim temama, ¢ime je ona bez sumnje,
postala uticajan izvor informacija na internetu, koji sadrzi
brojne podatke o razliitim pojmovima i li€nostima,
ukljucujuéi i podatke o uglednim Zenama iz razlicitih
zemalja. Iz navedenih razloga moZemo re¢i da je
Vikipedija vode¢i primer istorijske promene koja se
ogleda u nacinu na koji znanje mozZe da se deli sa
drugima. Informacije koje se nalaze na Vikipediji su
rezultat napora samoorganizovane grupe ljudi koji ¢ine
jedinstvenu zajednicu na internetu, koji znanje o
razli¢itim stvarima dele slede¢i opSteprihvacena pravila o
verifikovanju informacija putem referenci, neutralnom
stanoviStu i nepristrasnosti.

DOI: 10.5281/zenodo.4064634

Iako se u kontekstu Vikipedije, demokrati¢nost znanja
ogleda u postojanju otvorene platforme koja svima
garantuje pristup i uredivacka prava, uz princip otvorene
saradnje i kolaborativnog rada, licno misljenje autora
ovog teksta je da otvorenost ne garantuje ravnopravnost.
Uprkos otvorenosti na viSe nivoa, Vikipedija se bori sa
nejednakom zastupljenoS¢u razli¢itih grupa urednika, pre
svega u odnosu broja Zenskih i muSkih urednika. Zbog
Siroke upotrebe Vikipedije u svetskoj populaciji,
obezbedivanje i podsticanje reprezentativnog uces¢a Zena
¢ini se neophodnim za demokratizaciju prijema, izgradnje
i preraspodele znanja. Iako problem rodne asimetrije na
Vikipediji sve viSe privlaci paznju, mnogi korisnici sajta
moZzda nisu svesni i nisu zabrinuti zbog ovog njenog
nedostatka i kako ta Cinjenica utie na sadrzaj koji
prihvataju kao Cinjenican. U praksi, to je rezultiralo da
zajednicu Vikipedijanaca uglavnom ¢ine muskarci. [2]

Ako je znanje moé, moramo biti svesni ko preuzima
odgovornost za uredivanje vecine sadrZaja na Vikipediji,
kao i da li zbog toga ipak dolazi do odredenog stepena
pristrasnosti. Jedna od opasnosti lakog pristupa
informacijama na Vikipediji ogleda se u tome, da ako ne
postoji Clanak o necemu, ljudi mogu pomisliti da je to
nevazno. Zbog toga se na globalnom nivou javila potreba
za ve¢im prepoznavanjem Zena o kojima nije postojao
nikakav sadrZaj na Vikipediji, ali i o njihovom doprinosu
istoriji i drustvu koji ocigledno moraju biti vidljiviji.
Zbog toga Zene treba podsta¢i i da viSe ureduju
Vikipediju kako bi se osiguralo da njihovi glasovi i

Pocetne analize o prirodi rodnih razlika na Vikipediji
pruZaju dobre polazne tacke za dalje istraZivanje s ciljem
razvoja inovativnih reSenja za poboljSanje rodne
ravnoteZe. Zbog toga ¢emo se u nastavku ovog rada
osvrnuti na podatke koji su o tome dostupni, a kasnije
¢emo se fokusirati na podatke koji se odnose na
Vikipediju na srpskom jeziku, kao i na napore koje
Vikimedija Srbije' ¢ini za aktivno uce3Ce Zena na ovoj
jezickoj varijante Vikipedije.

Kada se osvrnemo na rodni jaz na Vikipediji, moramo
uzeti u obzir dva aspekta. Prvi je jaz u pogledu sadrZaja o
Zenama na Vikipediji, dok se drugi tice mnogo manjeg
procenta urednica u odnosu na urednike. U oba slucaja se

1 Vikimedija Srbije je nevladino, nestranacko i neprofitno udruzenje, ¢iji su
ciljevi promocija i podrZavanje stvaranja, sakupljanja i umnoZavanja
slobodnog sadrzaja na srpskom jeziku iskljucivo na neprofitan nacin, kao i
ideje da svi ljudi imaju jednak pristup znanju i obrazovanju. Zvanicni je
ogranak Zaduzbine Vikimedija koja upravlja (rukovodi serverima) i
pomaZe razvoju projekata slobodnog znanja kao Sto su Vikipedija,
Vikimedijina ostava, Vikiknjige, Vikicitat, Vikiizvornik i Vikiverzitet.
Osnovna razlika izmedu Vikimedije Srbije i Vikipedije na srpskom ogleda
se u tome Sto je Vikimedija Srbije organizacija, dok je Vikipedija na
srpskom onlajn, slobodna enciklopedija kojoj svako moZe doprinositi.
Detaljnije na http://wikimedia.rs/O-nama
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moZe zakljuCiti da su Zene zbog istorijskih barijera bile
potisnute i to se odrazilo na vidljivost dostignuca Zena u
raznim oblastima.

II. Rodna struktura i Vikipedija zajednice

Studija o rodnoj strukturi iz 2009. godine utvrdila je
da je na Vikipediji zastupljeno samo 13% urednica, a taj
procenat se ¢ak smanjio na 9% u 2011. [3] Bivsa izvrSna
direktorka Vikimedija ZaduZbine navodi devet razloga
zaSto je primetan ovakav disbalans na Vikipediji: 1.)
slabo korisnicko iskustvo u Vikipedijinom interfejsu za
uredivanje; 2.) nedostatak slobodnog vremena Zena; 3.)
nedostatak samopouzdanja Zena; 4.) averzija Zena prema
sukobu i nespremnost da ucestvuju u dugim uredivackim
ratovima; 5.) verovanje da Ce njihov doprinos biti
ponisten ili obrisan; 6.) neki smatraju da je ukupna
atmosfera na Vikipediji mizoginisticka; 7.) kultura na
Vikipediji je seksualna, pa je Zene doZivljavaju
neprijatnom; 8.) obratanje u muSkom rodu nije
primereno na jezicima koji imaju razlicite gramaticke
oblike za razlicite polove i 9.) postoje manje mogu¢nosti
za socijalne odnose i ton dobrodoslice u poredenju sa
drugim veb lokacijama. [4]

U okviru korisnickih podeSavanja na Vikipediji
urednici mogu odabrati rod. To podeSavanje u praksi
utiCe samo na ispis pojedinih rodno-osetljivih sistemskih
poruka, ali osim toga ne nosi neko posebno znacenje u
Medijaviki softveru. U istraZivanju na Vikipediji na
srpskom obavljenom 2015. godine, uoc¢eno je da je od
ukupno 157.353 registrovanih korisnika, koliko ih je bilo
u tom trenutku, 4.202 korisnika imaju ukljuceno
podesavanje roda, od Cega je odabrana opcija muskog
roda za 3.409 korisnika, odnosno Zenskog za 793. Dakle,
prema tom podeSavanju, broj Zena je oko 18,9%. Takode
je primetno da su Zene slabije aktivhe u odnosu na
muskarce kada je unos izmena® u pitanju. [5]

Kao odgovor na ovaj disparitet, na Vikipediji na
srpskom je 2014. godine zapocet projekat Fem Viki sa
ciljem da se, sa jedne strane, podstaknu Zene na
uredivanje Vikipedije, a sa druge strane da se doprinese
kvalitetu i kvantitetu ¢lanaka na temu feministicke i
rodne terminologije i biografija Zena. [6] Projektu je
prethodilo sagledavanje stanja na Vikipediji na srpskom
jeziku. Iako primenljiv u srpskom jeziku, rodno
senzitivan govor nije bilo moguce uociti; ¢lanci o
najpoznatijim  feministickim  teoreticarkama  nisu
postojali; odrednica rod nije postojala kao poseban
Clanak; u tekstu o diskriminaciji nije bilo ni reci o
diskriminaciji na osnovu roda. Aktivnosti su
podrazumevale ostvarivanje saradnji sa organizacijama
koje se bave ovom tematikom i koje mogu pruZiti priliku
svojim Clanicama da kroz radionice steknu veStine
uredivanja i da se oslobode straha od osudivanja i
potencijalnog brisanja sadrzaja. Ovo je bio siguran
prostor za doprinos Vikipediji i razmenu znanja. Posebno
je bitno naglasiti znacaj decentralizacije u razliCitim
gradovima Srbije, u kojima postoji ve¢a mogucnost za

2 Izmena na Vikipediji podrazumeva bilo kakvo aZuriranje c¢lanaka -
dodavanje sadrzaja, slike, reference, ali i ispravka pravopisnih i
gramatickih greSaka.
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diskriminacijom na osnovu roda. Socijalni uslovi koji
uticu na CeS¢e posvecivanje Zene porodici, patrijahalna
kultura, nedovoljna digitalna pismenost su izraZeniji
faktori u manjim i nerazvijenim gradovima. Zbog toga je
jedan od ciljeva projekta bio i pruZanje moguénosti
Zenama u ovakvim okolnostima da produ obuku i steknu
samostalnost u uredivanju. Fem Viki je na Vikipediji na
srpskom bio pocetak uocavanja problema rodnog jaza i
pocetak rada kako bi se ovaj disbalans smanjio. [7]

Jedan od adekvatnih primera poduhvata da se broj
Zena koje ureduju Vikipediju poveca je Viki-bibliotekar.
Viki-bibliotekar je projekat umreZavanja bibliotekara u
celoj Srbiji kako bi stekli veStine uredivanja Vikipedije i
uvecali slobodan sadrZaj iz bibliotacke delatnosti. Iako
prvobitni cilj nije fokusiran na povecanje urednica na
Vikipediji, ipak su wucesnici u velikoj meri bile
bibliotekarke. Takode, ucesnici na ovom projektu su
povezivali razne biblioteke, muzeje, arhive Sirom Srbije,
pa su im izvori bili daleko dostupniji, narocito kada se
radilo o Zenama Ciji rad nije vidljiv Siroj javnosti. U
ovom slucaju primer iz prakse je dokazao da je potrebno
ciljano se obratiti profesijama gde su Zene zastupljeniji
pol. Bibliotekarke su naroCito bile spremnije da se
priklju¢e i drugim akcijama Vikimedije Srbije ¢iji je
krajnji cilj postizanje balansa u rodnoj strukturi na
Vikipediji i drugim Viki projektima.

Smanjivanje rodnog jaza na Vikipediji je
sveobuhvatan proces i jednokratan uticaj nije odrZiv.
Potrebne su sistemski organizovane akcije usmerene na
jaCanje i osamostaljivanje Zena na Vikimedijinim
projektima.

II1. SadrZaj o Zenama na Vikipediji

IstraZivanje pocetkom 2020. godine je pokazalo da na
Vikipediji na srpskom jeziku ima 35.410 c¢lanaka o
muSkarcima, dok je taj broj mnogo manji kada su u
pitanju biografije Zena — 8.303. Ako uporedimo
statistike iz juna 2016, kada je procenat zastupljenosti
biografija Zena u odnosu na biografije musSkaraca bio
~17.7%, moZe se uvideti da je odnos pozitivho
promenjen za 1,29%. Posto je ovo deo globalnih teZnji,
ako sagledamo rezultate na svetskom nivou, uoc¢i¢emo da
je najbolji uspeh u ovom pogledu imala Vikipedija na
pandzZabi jeziku, kod koje je ovaj odnos promenjen za
17,01%. [8] Ovaj problem je zastupljen na svim jezickim
verzijama Vikipedija, zbog ¢ega u Vikimedijinom pokretu
postoje  korisnicke grupe, organizacije, grupacije
volontera, projekti koji su posveceni uvecanju sadrZaja o
Zenama iz raznih delova sveta. Neke od takvih su Wiki
Donne’, Women in Red!, Wiki Loves Women®
Art&Feminism®, WikiGap’, Wiki4Women®.

U slucaju sadrZaja je veoma bitno ista¢i i doZivljaj
znaCaja odredene osobe na Vikipediji. Iako postoje
propisana pravila o tome da li je neka osoba dovoljno
relevantna da bi imala ¢lanak na Vikipediji [9], dogovor o

3 https://meta.wikimedia.org/wiki/WikiDonne

4 https://en.wikipedia.org/wiki/Wikipedia:WikiProject Women_in Red
5 https://meta.wikimedia.org/wiki/Wiki Loves Women/en

6 https://meta.wikimedia.org/wiki/Art%2BFeminism User Group

7 https://meta.wikimedia.org/wiki/WikiGap

8 https://meta.wikimedia.org/wiki/Wiki4dWomen
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tome se takode postiZze konsenzusom zajednice, Sto u
prevodu znaci da zajednica urednika i urednica moze da
izglasa brisanje ¢lanaka ukoliko smatraju da nije preden
prag znacaja. Ova Cinjenica, kao i Cesto zapostavljen i
nedovoljno prepoznat doprinos Zena u istoriji, samo
dodatno oteZavaju postizanje rodne ravnopravnosti.

Kada govorimo o sadrzaju o Zenskim temama i
biografijama Zena, na Vikipediji na srpskom, akcije su
bile fokusirane na takmicenja na Vikipediji, uredivacke
maratone i WikiGap globalnu kampanju

Takmicenja na Vikipediji su jednomesecne akcije
putem kojih urednici ureduju ¢lanke na odredenu temu i
tako Sire zdrav takmicarski duh. Osim takmicenja u
okviru Fem Viki projekta [10] koje se ticalo Zenskih
tema, na Vikipediji na srpskom su organizovana cetiri
takmicenja sa ciljem uvecanja biografija znamenitih Zena.
Prvo takmiCenje je organizovano U okviru FemViki
projekta 2014. godine, a zatim redom u 2017, 2019,
2020. Citav koncept se zasniva na animiranju onih
urednika i urednica kojima je ova tema bliska, a mala je
verovatno¢a da ¢e ove biografije biti pokrivene na
Vikipediji. Na ovaj nain se ¢ak povezuju urednici i
urednice i medusobno razmenjuju informacije koje imaju,
literaturu koja je dostupna ili ¢ak upucuju na teme koje
nisu pokrivene. Tokom tri takmicCenja, od kojih je jedno
organizovala Vikimedija Srbije, a jedno Zajednica
Vikimedijanaca iz Republike Srpske, napisano je i
dopunjeno 592 clanka, Sto ukazuje na veliki znacaj
ovakvih poduhvata.

Uredivacki maratoni su tematska okupljanja volontera
koji tokom jednog ili viSe dana piSu i dopunjavaju ¢lanke
na odredenu temu. Za razliku od takmicenja, oni nemaju
za cilj nadmetanje, ve¢ je prevashodno sve usmereno na
uvecanje sadrZaja. Zbog toga su ovakvi dogadaji veoma
povoljni kada su u pitanju Zenske teme. Jedan od
najznacajnih svetskih pravaca kojima se Vikimedija
Srbije prikljucila je WikiGap. Naime, Ministarstvo
spoljnih poslova Svedske i Vikimedija Svedske pokrenule
su inicijativua da se organizuje globalni uredivacki
maraton WikiGap i to neposredno pre i posle 8. marta,
Medunarodnog dana Zena. Ova globalna ideja ukljucivala
je dogadaje u vise od 50 zemalja od Svedske preko
Indonezije, pa do Egipta i Kolumbije u saradnji sa
lokalnim organizacijama. Veliki odziv dokaz je da je
problem rodnog jaza na Vikipediji prisutan svuda u svetu.
U Srbiji je WikiGap uredivacki maraton okupio urednike
i urednice koji su pisali o znamenitim Zenama koje su
svojim radom napravile promenu u drustvu, ali ona do
tada nije bila dovoljno vidljiva i prepoznata. Dobijanjem
¢lanka na najvecoj onlajn enciklopediji, rad ovih Zena je
dostupan ne samo za trenutne Citaoce, vec i za urednike i
urednice koji Zele da nastave sa uredivanjem i dopunom
informacija u budu¢nosti. Tokom tri uredivacka
maratona, od kojih je jedan odrZan u NiSu, a dva u
Beogradu, napisano je i dopunjeno 112 biografija
znacajnih  Zena. Poverenica za zaStitu rodne
ravnopravnosti u Srbiji tokom dogadaja je istakla da su
Zene manje vidljive upravo zato Sto jo$ uvek nisu osvojile
javnu sferu, bez obzira na velike pomake i dostignuca.
[11]
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Osim Svedske ambasade, Vikimedija Srbije dobila je i
veliku podrSku Ministarstva za rad, zapoSljavanje,
boracka i socijalna pitanja Republike Srbije po pitanju
smanjenja disbalansa u sadrZaju o Zenama u odnosu na
sadrZaj o muSkarcima na Vikipediji. Ministarstvo i
Vikimedija Srbije su organizovali uredivacki maraton na
kome su urednici i urednice pisali clanke o srpskim
znamenitim Zenama iz Unesko oblasti - obrazovanje,
nauka, kultura, umetnost, informisanje i komunikacija i
tako zajednickim snagama radili na povecanju prisustva
Zena na Vikipediji. [12]

Jedan znacajan korak napravljen je u ve¢ pomenutom
Fem Viki projektu. Naime, autorke knjige Recnik rodne
ravnopravnosti iz 2010. godine, Vesna Jari¢ i NadeZda
Radovi¢ odobrile su da se sav sadrzaj Recnika postavi na
Vikipediju, ¢ime ¢e se sadrzaj na Vikipediji uvecati za
vise od 102 odrednice. Neke od odrednica su vec
postojale na Vikipediji, ali su bile proSirene i dopunjene
oslobodenim materijalom. [13] Ovo je, osim relevantnog
sadrZaja, znacilo i proSirenje ideje Fem Viki projekta van
radionica.

IV. Zakljucak

U ovom radu smo ukazali na razlicite aspekte rodne
neravnopravnosti sa posebnim akcentom na Vikipediji na
srpskom jeziku. Rodna neravnopravnost je vazno pitanje
buduéi da je upotreba Vikipedije sve veca, a sa tim i njen
znacaj kao centralnog skladiSta znanja na internetu koje
se koristi Sirom sveta, ukljucujuéi i obrazovne svrhe.
Rezultati istraZivanja predstavljenih u ovom radu
otkrivaju znacajne razlike medu polovima na razliCitim
nivoima upotrebe Vikipedije, koje se ne mogu pripisati
¢injenici da Vikipedija zapravo oslikava svet uopste i da
u tom smislu ona nije po neCemu specificna.

Na primer, razlike u pogledu sadrZaja na Vikipediji se
moraju pripisati isklju¢ivo onima koji ih piSu, a to su
urednici Vikipedije. Verujemo da se razlike na Vikipediji
u tom smislu, delom mogu objasniti na¢inom na koji je u
nasem druStvu dokumentovan Zivot znacajnih muskaraca
i Zena, te da je rodna neravnopravnost slika dostupnosti
odgovarajuc¢ih izvora. PoSto se wurednici Vikipedije
oslanjaju na kredibilne, dostupne, ve¢ objavljene izvore,
to nam daje objasSnjenje i odgovor na pitanje ko su Zene
koje su dovoljno znamenite da o njima postoji ¢lanak na
Vikipediji. Osim toga, dobro je poznato iz stavova
socijalne psihologije da ljudi uglavnom favorizuju onu
grupu ljudi kojoj pripadaju u odnosu na druge ljude, te
imajuéi u vidu odnos muskih i Zenskih urednika na
Vikipediji, i ne treba da ¢udi nedovoljna brojnost ¢lanaka
0 Zenama.

Ukratko, doprinosi ovog rada su dvostruki: (1)
doprinos povecanju svesti o rodnim razlikama na
Vikipediji na srpskom jeziku i o razli¢itim nac¢inima na
koji se takve pristranosti mogu iskazati i (2) prikaz
realizovanih akcija i potencijalna reSenja kako bi se
smanjile razlike medu polovima u budué¢nost.

Detaljnije i podrobnije istraZivanje rodnih barijera na
Vikipediji na srpskom jeziku ostavljamo za nas buduci



rad koji ¢e pruZiti pracenje i vrednovanje ovih pitanja na

Vikipediji.
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