Prilog 2

Popis obaveznih 1 1izbornih predmeta
s brojem sati nastave potrebnih za njihovu izvedbu
1 brojem ECT(A)S bodova — nastavni plan
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NASTAVNI PLAN STUDIJSKOG PROGRAMA DOKTORSKI STUDILJ 1Z TEHNICKIH NAUKA —- MODUL SOFTVERSKO INZENJERSTVO — III CIKLUS

.. R. ] ] . I semestar (zimski) . )
Sifra predmeta Naziv predmeta/aktivnosti Nastavnik/saradnik
br. P A% br. st. LV br.st. | ECTS
. NIRRT v.prof.dr. Alen Begovi¢
11-K46-031 | 1. | Metodologija nauéno-istrazivackograda |, - - - - 7,5 | prof.dr. Aleksandar Karag
u softverskom inzenjerstvu . N
prof.dr. Samir Lemes
11-K46-032 7 M?tO(-hka nastave u softverskom 20 i ) ) i 7.5 v.prof.dr. Neyzudln Bg,zadlja
inZenjerstvu prof.dr. Nermin Sarajli¢
11-K46-033 3. Odabrana pogla\{ha iz matematike za 20 i ) ) i 7.5 prof.dr. Dzevad'Burglc. 5
softversko inzenjerstvo v.prof.dr. Hermina Alajbegovié¢
4. Izborni predmet 1 20 - - - - 7,5
Broj sati u sedmici P/V/LV 8 0
Ukupan broj sati u sedmici 8
Ukupan broj kreditnih bodova 30,00
. R. . ) ) IT semestar (ljetni) . .
Sifra predmeta Naziv predmeta/aktivnosti Nastavnik/saradnik
br. P \% br.st. | LV | br.st. | ECTS
L. | Izborni predmet 2 20 - - - - 7,5
2. | Izborni predmet 3 20 - - - - 7,5
11-K46-NIS 3. | Naugno-istrazivacki seminar 1 7,5
11-K46-NIS 4. | Naucno-istrazivacki seminar 2 7,5
Broj sati u sedmici P/V/LV 4 0
Ukupan broj sati u sedmici 4
Ukupan broj kreditnih bodova 30,00

Legenda: P-predavanja; V-vjezbe; LV- laboratorijske vjezbe; Br. st. - broj studenata u grupama prema optimalnoj nastavnoj grupi studenata za vjezbe i rad u seminaru (¢l. 12.
Odluke o standardima i normativima za obavljanje djelatnosti visokog obrazovanja na podru¢ju ZDK)
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NASTAVNI PLAN STUDIJSKOG PROGRAMA DOKTORSKI STUDILJ 1Z TEHNICKIH NAUKA —- MODUL SOFTVERSKO INZENJERSTVO — III CIKLUS

R. III semestar (zimski)
Sifra predmeta | br Naziv predmeta/aktivnosti Nastavnik/saradnik
P \% br. st. LV br.st. | ECTS
11-K46-NIS Nau¢no-istrazivacki seminar 3 10,0
11-K46-NIS 2. | Nau¢no-istrazivacki seminar 4 10,0
3. | Originalni ¢lanak 1 10,0
Broj sati u sedmici P/V/LV
Ukupan broj sati u sedmici
Ukupan broj kreditnih bodova 30,00
R. IV semestar (ljetni)
Sifra predmeta | br Naziv predmeta/aktivnosti Nastavnik/saradnik
P \% br. st. LV br.st. | ECTS
Originalni ¢lanak 2 10,0
Originalni ¢lanak 3 10,0
Prijava i odbrana prijedloga teme 10.0
doktorske disertacije ’
Broj sati u sedmici P/V/LV
Ukupan broj sati u sedmici
Ukupan broj kreditnih bodova 30,00

Legenda: P-predavanja; V-vjezbe; LV- laboratorijske vjezbe; Br. st. - broj studenata u grupama prema optimalnoj nastavnoj grupi studenata za vjezbe i rad u seminaru (¢l. 12.
Odluke o standardima i normativima za obavljanje djelatnosti visokog obrazovanja na podru¢ju ZDK)
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NASTAVNI PLAN STUDIJSKOG PROGRAMA DOKTORSKI STUDILJ 1Z TEHNICKIH NAUKA —- MODUL SOFTVERSKO INZENJERSTVO — III CIKLUS

R. V semestar (zimski)
Sifra predmeta | br Naziv predmeta/aktivnosti Nastavnik/saradnik
\% br. st. LV br.st. | ECTS
1. | Originalni ¢lanak 4 20,0
2. | Prijava teme doktorske disertacije 10,0
Broj sati u sedmici P/V/LV
Ukupan broj sati u sedmici
Ukupan broj kreditnih bodova 30,00
5 R. VI semestar (ljetni)
Sifra predmeta | br Naziv predmeta/aktivnosti Nastavnik/saradnik
. \% br. st. LV br.st. | ECTS
1. | Izrada i prezentacija radne verzije 20.0
doktorske disertacije ’
2. | Izrada i odbrana finalne verzije doktorske 10.0
disertacije ’
Broj sati u sedmici P/V/LV
Ukupan broj sati u sedmici
Ukupan broj kreditnih bodova 30,00

Legenda: P-predavanja; V-vjezbe; LV- laboratorijske vjezbe; Br. st. - broj studenata u grupama prema optimalnoj nastavnoj grupi studenata za vjezbe i rad u seminaru (¢l. 12.
Odluke o standardima i normativima za obavljanje djelatnosti visokog obrazovanja na podru¢ju ZDK)
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NASTAVNI PLAN STUDIJSKOG PROGRAMA DOKTORSKI STUDILJ I1Z TEHNICKIH NAUKA —- MODUL SOFTVERSKO INZENJERSTVO — III CIKLUS

I'i II semestar (zimski i ljetni)

Sifra predmeta | R.br. Naziv predmeta Nastavnik/saradnik
P | V [brst| LV | brst | ECTS

Prva grupa izbornih predmeta - Web tehnologije / Frontend
11-K46-034 1.1. Aktuelni pravci web tehno]ogija 20 - - - - 7,5 V.prof.dr. Anel Tanovi¢

Napredno programiranje mobilnih i ) ) i v.prof.dr. Vedran Ljubovi¢
11K46-035 | 12| RO 20 75| prof.dr. Samir Omanovié
11-K46-036 1.3. O(vlabrana.po'glavlja razvoja 20 - - - - 7.5 v.prof.dr. Elmedin Selmanovi¢

raCunarskih igara

Druga grupa izbornih predmeta - Racunarske mreze
11-K46-037 | 2.1. | Napredna poglavlja racunarskih 20 ; ; ] ; 7,5 | prof.dr. Sasa Mrdovié

mreza

v.prof.dr. Alen Begovi¢
11-K46-038 2.2. Aktuelni pravci prijenosa informacija 20 - - - - 7,5 prI())f. dr. Kemal Hajgdarevi ¢
11-K46-039 23 Napredna poglavlja kriptografije i 20 ) ) ) ) 75 prof.dr. SaSa Mrdovi¢
o sigurnosti sistema ’
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NASTAVNI PLAN STUDIJSKOG PROGRAMA DOKTORSKI STUDILJ I1Z TEHNICKIH NAUKA —- MODUL SOFTVERSKO INZENJERSTVO — III CIKLUS

Sifra predmeta | R.br. Naziv predmeta I'i II semestar (zimski i ljetni) Nastavnik/saradnik
Treca grupa izbornih predmeta - Sistemski softver
11-K46-040 31 Napredna poglavlja operativnih 20 i i i i 75 | prof.dr. Samir Ribié
o sistema ’ v.prof.dr. Zanin Vajzovi¢
Napredna poglavlja ra¢unarskih i ) ) ) prof.dr. Samir Ribié¢
11-K46-041 | 3.2 | TAPTOCHe ] 20 73|y prof.dr. Nevzudin Buzadija
) ) v.prof.dr. Elmir Babovi¢
11-K46-042 3.3. Napredna poglavlja ugradbenih 20 - - - - 7,5 | v.prof.dr. Edvin Skaljo
sistema prof.dr. Jasmin Velagi¢
Cetvrta grupa izbornih predmeta — Backend
v.prof.dr. Jasmin Azemovic¢
11-K46-043 4.1. Napredna pog]avlja baza podataka 20 - - - - 7,5 V.prof.dr. Elmedin Selmanovié¢
prof.dr. Emir Buza
Napredna poglavlja vjestacke ) _ _ B prof.dr. Amila Akagic
L-Ka6-044 |42, | aPEhe D 20 75|y profdr. Ingmar Besic
11-K46-045 4.3. Napredna poglavlja rudarenja 20 - - - - 7,5 | prof.dr. Emir Veledar

podataka
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Opisi predmeta - nastavni program
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Naziv predmeta: Metodologija nauc¢no-istrazivackog rada u softverskom inZenjerstvu

Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
I Obavezni 20 - 7,5 11-K46-031
Nastavnik: v.prof.dr. Alen Begovié, prof.dr. Aleksandar Karac, prof.dr. Samir Lemes Saradnik: -
E-mail: alen.begovic@size.ba, aleksandar.karac(@unze.ba, samir.lemes@unze.ba E-mail:

Predmeti koji su preduvjet za polaganje: n/a

Cilj predmeta | Pruzanje prilike studentima da razviju niz akademskih istrazivackih vjestina potrebnih za izradu,
prezentaciju i objavljivanje rezultata istrazivackog projekta na nivou doktorskog studija u
oblasti softverskog inZenjerstva.

Kompetencije | Po zavrSetku kursa studenti e biti u stanju:

(Ishodi ucenja) | -  Pretraziti i izvrSiti kriticki osvrt na nauéne literaturne izvore

- Procijeniti razli¢ite nacine definiranja istrazivackog problema
- Postaviti hipoteze istrazivanja

- Izabrati adekvatne istrazivacke metode

- Razviti istrazivacko pitanje za predlozeni dio istrazivanja

Program predmeta:

Istrazivacki proces. Definiranje problema istrazivanja i razvoj istrazivackog pitanja. Postavljanje hipoteza.
Istrazivacke metode: induktivna i deduktivna metoda, metoda analize i sinteze, metoda apstrakcije i konkretizacije,
metoda Kklasifikacije, deskripcije, kompilacije, komparativna metoda, metoda matematickog modeliranja,
eksperimentalna metoda. Pretrazivanje naucne literature. Standardi za citiranje literaturnih izvora. Plagijarizam i
autoplagijarizam. Predatorski izdavaci. Izdavastvo otvorenog pristupa. Recenziranje nauc¢nih radova. Graficko
oblikovanje nau¢nih radova. Vrednovanje istrazivackih radova (citati, h-indeks, impakt faktor). Komuniciranje s
urednicima i recenzentima naucnih ¢asopisa. Komuniciranje s mentorom. Prezentacija istrazivackih rezultata.

Izvodenje nastave:
Predavanja uz koriStenje multimedijalne opreme. Konsultacije i javna odbrana seminarskog rada.

Provjera znanja:
Svaki student treba da napise recenziju nekog ranije objavljenog nau¢nog rada prema uputama izdavaca.
Studenti samostalni rade seminarski rad u formi preglednog rada na izabranu temu iz softverskog inzenjerstva.

Tezinski kriteriji za provjeru znanja

Prisustvo Recenzija objavljenog Pisani seminarski rad Prezentacija seminarskog
predavanjima rada rada
10% 30% 40% 20%
Literatura

1. E. Colakhodzi¢ (2021) Metodologija i tehnologija nau¢noistrazivackog rada, Univerzitet
"Dzemal Bijedi¢" u Mostaru, ISBN: ISBN 978-9958-686-15-3
https://www.researchgate.net/publication/352738707 Metodologija_i_tehnologija_naucnoist
razivackog rada

Obavezna

1. J. Stojanovski (2003). Priru¢nik za pretrazivanje online baze podataka, Hrvatska akademska i
istrazivacka mreza CARNet
https://Inss-bosnia-herzegovina.libguides.com/Id.php?content_id=32195819

2. National Academy of Sciences, Committee on Science, Engineering, and Public Policy
(2009). On Being a Scientist, National Academies Press
https://nap.nationalacademies.org/read/12192/

Dodatna 3. N. Bajgori¢, R. Somun-Kapetanovi¢ (2012) Uvod u metodologiju nauc¢no-istrazivackog rada,
Ekonomski fakultet Univerziteta u Sarajevu. ISBN - 978-9958-25-078-1

4. S. Easterbrook, J. Singer, M.A. Storey, D. Damian, (2008) Selecting empirical methods for
software engineering research. In Guide to advanced empirical software engineering (pp.
285-311). Springer, London.
http://www.robertfeldt.net/advice/easterbrook 2007 _selecting_empirical research method f
or_se.pdf
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Naziv predmeta: Metodika nastave u softverskom inZenjerstvu

Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
I Obavezni 20 - 7,5 11-K46-032
Nastavnik: v.prof.dr. Nevzudin Buzadija; prof.dr. Nermin Sarajli¢ Saradnik: -
E-mail: nevzudin.buzadjija@unze.ba; nermin.sarajlic@unze.ba E-mail:

Predmeti koji su preduvjet za polaganje: | n/a

Cilj predmeta | Pruzanje prilike studentima da razviju savremene pristupe u organiziranju nastave i postupcima
izvodenja nastave za oblast softverskog inzenjerstva. Pripremiti ih za primjenu savremenih
metoda u cilju razvoja teoretskih i prakti¢nih vjestina kod studenata. Pripremiti ih za rad s
naprednim studentima iz oblasti softverskog inzenjerstva.

Kompetencije | Po zavrSetku kursa studenti ¢e biti u stanju:

(Ishodi ucenja) | - Prepoznati interese i sposobnosti studenata

- Primijeniti savremene kiberneticke metode u poducavanju,

- Metodicki obraditi rjeSenje problema iz oblasti softverskog inzenjerstva,

- Realizovati razlicite tipove nastavnog sata iz predmeta softverskog inzenjerstva,

- Implementirati STEM medodu u vodenju projekata iz oblasti softverskog inZenjerstva

Program predmeta:

Osnovna pitanja metodike - organizacija nastave, nastavna pomagala i postupci pripreme i izvodenja nastave. Dizajn
ishoda ucenja i definisanje kompetencija. Planiranje nastavne grade i redoslijed izvodenja. Struktura i vrste
nastavnog sata. Postupci izvodenja nastave. Kiberneticke metode. Metodologija zasnovana na predavanjima.
Metodologija zasnovana na projektima. Metodologija zasnovana na problemu. Metodologija zasnovana na
studijama slu¢aja. Programiranje u paru. Agilna metodologija: Kombinovano uéenje. STEM metodologija. Analiza
i sinteza, analogija, algoritamski pristup rjeSavanju problema u softverskom inzenjerstvu. Veza nastavnog sadrzaja,
pomagala i nacina izvodenja nastave. Osposobljenost nastavnika za pracenje brzih promjena u nastavnim sadrzajima
i na¢inima izvodenja nastave.

Izvodenje nastave:
Predavanja uz koriStenje multimedijalne opreme. Konsultacije i javna odbrana seminarskog rada.

Provjera znanja:

Svaki student treba da kreira online kurs na izabranu temu iz softverskog inzenjerstva koristenjem nekog sistema
za upravljanje nastavnim sadrzajem (Learning Management System — LMS), koji ¢e obavezno sadrzati ishode
ucenja, tekstualne sadrzaje sa hiperlinkovima, video tutorijalima, testovima za provjeru znanja, te da realizuje
jedan Cas za studente I ciklusa studija primjenom zadane metode poducavanja, ukljuujuéi i provjeru znanja
studenata.

Tezinski kriteriji za provjeru znanja

Prisustvo Kreirani online kurs Prezentacija online kursa Realizacija Casa
predavanjima
10% 40% 20% 30%
Literatura

1. Kypshakbayeva, A. K., Zh N. Bissenbayeva, and Sh Tukhmarova (2021). Methods of
teaching computer science at the university. Bulletin 2, no. 390: 322-26.

Obavezna http://dx.doi.org/10.32014/2021.2518-1467.87.

2. V. Galesev i dr. (2006), Informatika i racunarstvo: metodicki priru¢nik za nastavnike,
SysPrint, Zagreb , https://e.udzbenik.hr/news/1/mpstr_ogled.pdf

1. Kumar, Rahul (2006). Informatics Curricula and Teaching Methods. Education and

Information Technologies 11, no. 1, 93-97. http://dx.doi.org/10.1007/s10639-005-5710-8.
Dodatna 2. Forcheri, Paola (2004). Informatics curricula and teaching methods. British Journal of
Educational Technology 35, no. 4, 506. http://dx.doi.org/10.1111/1.1467-
8535.2004.00409 3.x
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Naziv predmeta: Odabrana poglavlja iz matematike za softversko inZenjerstvo

Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
I Obavezni 20 - 7,5 11-K46-033
Nastavnik: prof.dr. Dzevad Burgic¢, v.prof.dr. Hermina Alajbegovi¢ Saradnik: -
E-mail: dzevad.burgic@unze.ba, hermina.alajbegovic@unze.ba E-mail:

Predmeti koji su preduvjet za polaganje: | n/a

Cilj predmeta | Savladavanje izabranih matematickih metoda i tehnika koje se koriste u razvoju softvera, a koje
nisu u dovoljnoj mjeri obradene na prvom i drugom ciklusu studija.

Kompetencije | Po zavrSetku kursa studenti e biti u stanju:

(Ishodi ucenja) | - Primjenjivati matemati¢ke metode za rjeSavanje prakti¢nih problema u razvoju softvera
- Izabrati i primjenjivati matematiCke metode za testiranje softvera

- Izabrati i primjenjivati matemati¢ke metode za praéenje evolucije softvera

Program predmeta:

Formalne metode: formalna verifikacija, provjera modela i dokazivanje teorema. Dizajn softvera: optimizacija,
teorija grafova, algoritmi za dizajn softvera. Testiranje softvera: testiranje zasnovano na modelu, statisticko
testiranje. Kvalitet softvera: softverske metrike, pouzdanost softvera, moguénost odrzavanja softvera. Sigurnost
softvera: kriptografija, metrika sigurnosti softvera. Performanse softvera: modeliranje performansi, optimizacija
i simulacija. MaSinsko ucenje: nadgledano i nenadgledano ucenje, duboko ucenje, neuronske mreze, ucenje uz
pomo¢. Evolucija softvera: proucavanje evolucije softverskih sistema, ukljucujuéi kontrolu verzija i metriku
evolucije softvera.

Izvodenje nastave:
Predavanja uz koriStenje multimedijalne opreme. Konsultacije i javna odbrana seminarskog rada.

Provjera znanja:
Studenti samostalno rade seminarski rad s primjenom jedne ili viSe tehnika obradenih na predavanjima za
rjeSavanje prakti¢nog problema iz softverskog inzenjerstva.

Tezinski kriteriji za provjeru znanja

Prisustvo Pisani seminarski rad Prezentacija seminarskog rada
predavanjima
10% 60% 20%
Literatura

1. Michael Sipser (2006) Introduction to the Theory of Computation, Massachusetts Institute of
Obavezna Technology. https:/fuuu.be/polytech/INFOF408/Introduction-To-The-Theory-Of-
Computation-Michael-Sipser.pdf

1. Christel Baier and Joost-Pieter Katoen (2008) Principles of Model Checking. Massachusetts
Institute of Technology https://is.ifmo.ru/books/ principles of model checking.pdf

2. Rodriguez, J. P., Adarme, M. A., & Gallardo, O. A. (2020, September). Testing of software
development using math and computational physic. In Journal of Physics: Conference Series
(Vol. 1645, No. 1, p. 012007). IOP Publishing. https://dx.doi.org/10.1088/1742-
6596/1645/1/012007

Dodatna
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Naziv predmeta: Nauéno-istrazivacki seminar
Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
Iill Obavezni - - 7,5 11-K46-NIS
Nastavnik: (akademski savjetnik izabran do kraja prvog semestra studija) Saradnik: -
E-mail: E-mail:
Predmeti koji su preduvjet za polaganje: | Metodologija nauc¢no-istrazivackog rada u softverskom
inZenjerstvu
Cilj predmeta | Razvijanje sposobnosti za istrazivacki rad, poticanje kritickog misljenja, usvajanje naucne
metodologije
Kompetencije | Po zavrSetku kursa studenti e biti u stanju:
(Ishodi ucenja) | -  Provesti istrazivanje na zadatu temu koriste¢i nau¢nu metodologiju

- Izvrsiti detaljnu pretragu i dati kriticki pregled literature — aktuelnih istrazivanja

- Potvrditi ili opovrgnuti postavljenu hipotezu istrazivanja

- Prezentovati rezultate istrazivanja

- Pripremiti izvjestaj o provedenom istrazivanju u vidu originalnog ¢lanka spremnog za
objavljivanje u indeksiranom ¢asopisu ili konferenciji

Program predmeta:

Rezultat istrazivackog seminara je originalni nau¢ni c¢lanak, koji se Salje na objavljivanje u relevantnim
publikacijama (naucni Casopisi, nau¢ne konferencije), a koji se nakon prihvaéanja za objavljivanje boduje od tre¢eg
do petog semestra studija. Originalni Clanak objavljen u zborniku sa konferencije koju prate relevantne
medunarodne baze (WoS, Scopus, [IEEEXplore, ...) i na kojem je student prvi autor, a akademski savjetnik drugi
autor, vrednuje se sa 10 ECTS kredita. Originalni ¢lanak objavljen u ¢asopisu koju prate relevantne medunarodne
baze (WoS, Scopus, IEEEXplore, ...) i na kojem je student prvi autor, a mentor drugi autor, vrednuje se sa 20 ECTS
kredita.

Izvodenje nastave:
Uz pomo¢ akademskog savjetnika, student bira istrazivacku temu. Uz konsultacije s akademskim savjetnikom,
provodi istrazivanje, prezentuje rezultate istrazivanja i diskutuje s drugim studentima.

Provjera znanja:
Prezentacija rezultata istrazivanja u formi uobicajenoj za nau¢ne konferencije drugim studentima doktorskog
studija, te diskusija s drugim studentima o vlastitim i tudim rezultatima.

Tezinski kriteriji za provjeru znanja

Izrada seminarskog Prezentacija seminarskog Diskusija radova drugih
rada rada studenata
80% 10% 10%
Literatura
Obavezna
Dodatna
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Naziv predmeta: Aktuelni pravci web tehnologija

Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
Lili I Izborni 20 - 7,5 11-K46-034
Nastavnik: v.prof.dr. Anel Tanovié¢ Saradnik: -
E-mail: atanovic@etf.unsa.ba E-mail:

Predmeti koji su preduvjet za polaganje: | n/a

Cilj predmeta | Pruzanje prilike studentima da spoznaju aktuelne web tehnologije uz upoznavanje okvira,
metodologija, alata i svih aktuelnih tehnologija vezanih za web tehnologije. Kriticki osvrt na
trenutne istrazivacke pravce u oblasti web tehnologija te pravca gdje bi kandidati mogli da
razvijaju svoje doktorske disertacije.

Kompetencije | Po zavrSetku kursa studenti e biti u stanju:

(Ishodi ucenja) | -  Spoznati aktuelne metode razvoja web baziranih rjeSenja

- Spoznati aktuelne tehnologije razvoja web baziranih rjesenja

- Uraditi konkretni projekat web baziranog rjeSenja korisStenjem savremenih tehnologija
- Imati uvid u sve aktuelne istrazivacke pravce i rezultate u oblasti web tehnologija

Program predmeta:

Web app backend i frontend komponente. Semantic Web, Web 3.0, Progresivne web aplikacije (PWA), Web
Augmented reality (WebAR), Chatbot, Asistenti zasnovani na vjestackoj inteligenciji, Personalizacija web sadrzaja,
Okviri zasnovani na Javascriptu (Gatsby.js, Vue.js, Next.js i sl.), Serverless arhitekture, Core Web Vitals (LCP,
FID, CLS), Elektronska trgovina sa online placanjem, Motion UI, Single-page aplikacije (SPA), Internet of]
Behavior (IoB), Blockchain, Agilni razvoj web aplikacija. Sigurnost web aplikacija.

Izvodenje nastave:
Predavanja uz koriStenje multimedijalne opreme. Konsultacije i javna odbrana seminarskog rada.

Provjera znanja:
Studenti samostalno rade seminarski rad u vidu konkretnog projekta web baziranog rjesenja s primjenom jedne ili
vise tehnika obradenih na predavanjima za rjeSavanje praktiénog problema iz softverskog inZenjerstva.

Tezinski kriteriji za provjeru znanja

Prisustvo Prakti¢ni rad (izrada web Prezentacija, testiranje i
predavanjima baziranog rjesenja) unapredenje web baziranog
rjesenja
10% 60% 30%
Literatura
1. Duckett, J. (2011). HTML & CSS: Design and Build Web Sites, John Wiley & Sons
2. Duckett, J. (2014). JavaScript and JQuery: Interactive Front-End Web Development, John

Obavezna Wiley & Sons
3. Patrick J. Lynch and Sarah Horton (2016). Web Style Guide, 4th Edition: Foundations of
User Experience Design Fourth Edition. Yale University Press

Howe, S. (2014). Learn to Code HTML and CSS: Develop and Style Websites, New Riders
Richardson, L., Amundsen, M., & Ruby, S. (2013). RESTful Web APIs: Services for a
Changing World, O'Reilly

3. Khawaja G. (2018). Practical Web Penetration Testing, O'Reilly

4. Berendt, B., Gandon, F., Halford, S., Hall, W., Hendler, J., Kinder-Kurlanda, K., ... & Staab,
S. (2021). Web Futures: Inclusive, Intelligent, Sustainable The 2020 Manifesto for Web

Dodatna Science. Dagstuhl Manifestos.

5. Ocker, F., Vogel-Heuser, B., & Paredis, C. J. (2019). Applying semantic web technologies to
provide feasibility feedback in early design phases. Journal of Computing and Information
Science in Engineering, 19(4).

6. Rahim, R., Patan, R., Manikandan, R., & Kumar, S. R. (2020). Introduction to blockchain

and big data. In Blockchain, Big Data and Machine Learning (pp. 1-23). CRC Press.

[N
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Naziv predmeta: Napredno programiranje mobilnih aplikacija
Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
Lili 1T Izborni 20 - 7,5 11-K46-035
Nastavnik: v.prof.dr. Vedran Ljubovi¢, prof.dr. Samir Omanovic¢ Saradnik: -
E-mail: vljubovic@etf.unsa.ba, somanovic@etf.unsa.ba E-mail:

Predmeti koji su preduvjet za polaganje:

| n/a

Cilj predmeta

Osposobiti studente za razvoj naprednih Android ili iOS mobilnih aplikacija koristec¢i
paradigmu prakti¢nog primjera. Fokus predmeta je na izradi aplikacija koje koriste senzore
mobilnih uredaja (kamera, akcelerometar, ziroskop, itd.), umjesto na GUIL.

Kompetencije
(Ishodi ucenja)

Po zavrSetku kursa studenti ¢e biti u stanju:

- Kreirati mobilnu aplikaciju za Android ili iOS operativni sistem
- Razviti aplikaciju koja koristi senzore mobilnih uredaja

- Testirati kvalitet i sigurnost razvijene aplikacije

- Pripremiti aplikaciju za distribuciju putem online repozitorija

Program predmeta:

Senzori pametnih

telefona kao osnova za pravljenje interaktivnih Android ili iOS aplikacija. Lokacijski i fizicki

senzori (temperatura, pritisak, svjetlo, ubrzanje, itd.), kamere, mikrofoni. Prepoznavanje govora. KoriStenje
enzorskih API-ja, koriStenje komponenti mobilnog OS-a za izgradnju kompletnih sistema i rjeSavanje uobicajenih
problema. Razvijanje koda koriStenjem razvojna okruzenja i tehnologije. Implementiranje rjeSenja iz stvarnog
svijeta koristeci klase tazliitih senzora.

Izvodenje nastave:
Predavanja uz koriStenje multimedijalne opreme. Konsultacije i javna odbrana seminarskog rada.

Provjera znanja:

Studenti samostalno rade seminarski rad u vidu konkretnog projekta mobilne aplikacije s primjenom jedne ili vise
tehnika obradenih na predavanjima za rjeSavanje prakti¢nog problema iz softverskog inZenjerstva.

Tezinski kriteriji za provjeru znanja

Prisustvo Prakti¢ni rad (izrada Prezentacija, testiranje i
predavanjima mobilne aplikacije) unapredenje mobilne
aplikacije
10% 60% 30%
Literatura
Obavezna 1. D. Sauter (2013) Rapid Android Development: Build Rich, Sensor-Based Applications with
Processing 1st Edition. ISBN 978-1937785062, Pragmatic Bookshelf
1. Andrés Colubri (2017). Processing for Android: Create Mobile, Sensor-Aware, and VR
Applications Using Processing 1st ed. Edition, ISBN 978-1484227183. Apress
Dodatna 2. Varun Nagpal (2016).Android Sensor Programming By Example 1st Edition, ISBN 978-
1785285509, Packt Publishing
3. Greg Milette, Adam Stroud (2012). Professional Android Sensor Programming 1st Edition,
ISBN 978-1118183489, Wrox
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Naziv predmeta: Odabrana poglavlja razvoja racunarskih igara

Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
Lili 1T Izborni 20 - 7,5 11-K46-036
Nastavnik: v.prof.dr. ElImedin Selmanovié¢ Saradnik: -
E-mail: elmedin.selmanovic@utic.unsa.ba E-mail:

Predmeti koji su preduvjet za polaganje: | n/a

Cilj predmeta | Osnazivanje studenata znanjem i vjeStinama potrebnim za razumijevanje i razvoj raCunarskih
igara Sto ukljuCuje razumijevanje teorije, primjene i dizajna igara, upotrebu alata i tehnika
neophodnih za njihov razvoj te sticanje prakti¢nih iskustava u razvoju igara. Stvaranje svijesti
o uticaju racunarskih igara na drustvo i kulturu te razumijevanje trendova i buduéih smjerova u
razvoju igara.

Kompetencije | Po zavrSetku kursa studenti e biti u stanju:

(Ishodi ucenja) | - Razumjeti temeljne pojmove i principe razvoja raCunarskih igara, ukljucujuci dizajn igre,
programiranje, grafiku i zvuk.

- Identificirati i razumjeti razli¢ite Zanrove ra¢unarskih igara: avanture, akcije, strategije itd.

- Razumjeti alate i tehnike za razvoj racunarskih igara (softver, jezike, biblioteke).

- Kreirati i implementirati jednostavne racunarske igre.

- Analizirati i kriticki razmatrati dizajn, funkcionalnost i kvalitet postojecih igara.

- Razumjeti uticaj raCunarskih igara na drustvo i kulturu, ukljucujuéi koriStenje igara u
obrazovanju, rekreaciji i medicini.

- Razumjeti trendove i buduéi smjer razvoja racunarskih igara, ukljuéujuéi virtualnu
stvarnost, racunarske igre u oblaku i igre na mobilnim uredajima.

Program predmeta:

Uvod u razvoj rafunarskih igara: Historija radunarskih igara, Osnove dizajna igara, Zanrovi ra¢unarskih igara.
Programsko okruZenje za razvoj igara: Programski jezici za razvoj igara (C++, Python, UnityScript), Softver za
razvoj igara (Unity, Unreal Engine). Dizajn igara: Koncepti dizajna igara (gameplay, mehanika, dizajn nivoa),
Analiza postojecih igara, Razvoj scenarija i ideja za igre. Grafika i zvuk: Osnove graficke i audio produkcije,
Koristenje grafickih i audio alata (npr. Maya, Blender, Audacity). Programiranje rac¢unarskih igara: Koristenje
programskih biblioteka i okvira (npr. Pygame, Unreal Engine), Razvoj igara s viSe igraca. Uticaj racunarskih igara
na drustvo i kulturu: Historija i uticaj racunarskih igara na drustvo i kulturu, Kriti¢ko promisljanje o racunarskim
igrama, Trendovi i buduéi smjerovi u razvoju igara. Prakti¢ne vjezbe i projekti: Izrada vlastite racunarske igre.
Program moze biti prilagoden specifi¢nim potrebama i ciljevima studenata.

Izvodenje nastave:
Predavanja uz koristenje multimedijalne opreme. Konsultacije i javna odbrana seminarskog rada.

Provjera znanja:
Studenti samostalno rade seminarski rad u vidu konkretnog projekta racunarske igre koristec¢i softver (Engine) za
razvoj raCunarskih igara.

Tezinski kriteriji za provjeru znanja

Prisustvo Prakti¢ni rad (izrada Prezentacija, testiranje i
predavanjima racunarske igre) unapredenje racunarske igre
10% 60% 30%
Literatura
1. J. G. Bond (2022) Introduction to Game Design, Prototyping, and Development: From
Obavezna Concept to Playable Game with Unity and C#, 3rd edition, Addison-Wesley Professional
2. J. Schell (2019) The Art of Game Design: A Book of Lenses, 3rd edition, A K Peters/CRC
Press, ISBN: 9781138632059
1. F.Dunn, I. Parberry (2011). 3D Math Primer for Graphics and Game Development, 2nd
edition, A K Peters/CRC Press, ISBN: 978-1568817231
2. J. Gregory (2018) Game Engine Architecture, 3rd edition, CRC Press, ISBN 978-
Dodatna 1138035454 . .
3. Robert Nystrom (2014) Game Programming Patterns. Genever Benning. ISBN 978-
0990582908
4. E. Lengyel (2016) Foundations of Game Engine Development, Volume 1: Mathematics 1st
Edition. Terathon Software LLC; ISBN: 9780985811747
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Naziv predmeta: Napredna poglavlja racunarskih mreza
Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
Lili 1T Izborni 20 - 7,5 11-K46-037
Nastavnik: prof.dr. Sasa Mrdovié¢ Saradnik: -
E-mail: smrdovic@etf.unsa.ba E-mail:

Predmeti koji su preduvjet za polaganje: | n/a

Cilj predmeta | Osposobiti studente da razvijaju aplikacije koje efikasno koriste mrezne resurse.

Kompetencije | Po zavrSetku kursa studenti e biti u stanju:

(Ishodi uéenja) | -  Koristiti tehnologije racunarskih mreza u razvoju softvera

- Dobro poznavati i razumjeti klijent-server arhitekture i umrezavanje

- Programirati sockete koriste¢i programski jezik poput Python-a

- Implementirati mreZzne protokole koji zahtijevaju distribuiranu obradu
- Kreirati aplikacije koje ukljucuju audio ili video streaming

Program predmeta:

Performanse racunarske mreze. Kontrola zagusenja i alokacija mreznih resursa. Kvalitet usluge (QoS): pouzdanost,
kasnjenje, varijacija kaSnjenja (jitter), propusnost. Metode ostvarenja potrebnog kvaliteta usluga. Buffering,
oblikovanje saobracéaja, rezervacija resursa, rasporedivanje paketa. Intergisani i diferencirani servisi. Resource
Reservation Protocol (RSVP). Algoritmi rutiranja. Broadcast i multicast routing. Rutiranje u mobilnim i Ad-Hoc
mrezama. Rutiranje u peer-to-peer mrezama. Labeliranje i prosljedivanje na osnovu labela. MPLS. IPv6. Bezi¢ne
mreze: 802.11, 802.15 Bluetooth. Streaming audio i video sadrzaja. Video on demand (VOD). Interaktivne
multimedijalne aplikacije. Voice over IP (VoIP). Triple i multiple-play. IP Multimedia Subystem (IMS). Session
Initiation Protocol (SIP). Real-Time transfer protokoli (RTP, RTCP, RTSP). Sigurnost mreznih protokola.

Izvodenje nastave:
Predavanja uz koriStenje multimedijalne opreme. Konsultacije i javna odbrana seminarskog rada.

Provjera znanja:
Studenti samostalno rade seminarski rad u vidu konkretne aplikacije s primjenom jedne ili vise tehnika obradenih
na predavanjima za rjeSavanje prakti¢nog problema iz softverskog inZenjerstva.

Tezinski kriteriji za provjeru znanja

Prisustvo Prakti¢ni rad (izrada Prezentacija, testiranje i
predavanjima aplikacije) unapredenje aplikacije
10% 60% 30%
Literatura
Obavezna 1. An.d.rew Tanenbaum, David Wetherall (2021). Computer Networks, Global Edition 6th
Edition. ISBN 978-1292374062 Pearson
1. Michael T. Raggo, Chet Hosmer (2012). Data Hiding: Exposing Concealed Data in
Multimedia, Operating Systems, Mobile Devices and Network Protocols 1st Edition, ISBN
978-1597497435, Syngress
Dodatna

2. Byron Ellis (2014). Real-Time Analytics: Techniques to Analyze and Visualize Streaming
Data 1st Edition, ISBN 978-1118837917, Wiley
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Naziv predmeta: Aktuelni pravci prijenosa informacija

Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
Lili I Izborni 20 - 7,5 11-K46-038
Nastavnik: v.prof.dr. Alen Begovié¢ Saradnik: -
E-mail: alen.begovic@unze.ba E-mail:

Predmeti koji su preduvjet za polaganje: | n/a

Cilj predmeta | Razvijanje i primjena nau¢nih metoda u dizajniranju, eksploataciji i odrzavanju prvenstveno
softvera (u odredenoj mjeri i hardvera) suvremenih sistema za siguran, pouzdan i ekonomican
prijenos informacija velikim brzinama na velike udaljenosti. Pruzanje prilike studentima da
razviju niz akademskih istrazivackih vjestina potrebnih za izradu, prezentaciju i objavljivanje
rezultata istraziva¢kog projekta na nivou doktorskog studija u oblasti softverskog inzenjerstva.

Kompetencije | Po zavrSetku kursa studenti e biti u stanju:

(Ishodi ucenja) | -  Analizirati (na nauc¢noj razini) hardver i softver suvremenih sistema za prijenos informacija;

- Uodciti nedostatke u dizajnu postojecih rjeSenja u sistemima za prijenos informacija;

- Predlagati, realizirati i implementirati (na nauc¢noj razini) poboljSana rjeSenja u suvremenim
sistemima za prijenos informacija;

- Prepoznati i primijeniti adekvatne istrazivacke metode za unapredenje suvremenih sistema
za prijenos informacija;

- Publicirati rezultate istrazivanja u relevantnim publikacijama.

Program predmeta:

Repetitorij klasi¢ne teorije informacija, prijenosnih medija i obrade signala. Softverska implementacija izvornog
kodiranja. Softverska implementacija kanalnog kodiranja. Softverska implementacija linijskog kodiranja i
modulacijskih postupaka. Softverska simulacija sistema za prijenos informacija. Prostorna i vremenska
kompleksnost softvera u sistemima za prijenos informacija. Optimizacija softvera u sistemima za prijenos
informacija. Elementi kvantne teorije informacija.

Izvodenje nastave:
Predavanja uz koristenje multimedijalne opreme. Konsultacije i javna odbrana seminarskog rada.

Provjera znanja:
Studenti samostalno rade softversko rjeSenje odabranog Skolskog modela sistema za prijenos informacija (ili
nekog dijela tog sistema). Dobiveno rjeSenje kompletira se i prezentira kao seminarski rad u nauc¢noj formi.

Tezinski kriteriji za provjeru znanja

Prisustvo Prakti¢ni rad (izrada Prezentacija, testiranje i
predavanjima aplikacije) unapredenje aplikacije
10% 60% 30%
Literatura
Obavezna 1. A.Begovi¢: Biljeske s predavanja iz predmeta ,,Aktuelni pravci prijenosa informacija®, bit ¢e

dostupne u elektronickom obliku putem web-platforme fakulteta

T. M. Cover, J. A. Thomas (1991). Elements of information theory, John Willey & Sons
T. K. Moon (2005). Error correction coding, John Willey & Sons, New York

A. Grami (2016). Introduction to Digital Communications, Academic Press

R. M. Gray, L. D. Davisson (2000). Statistical signal processing, Stanford University
M. Wilde (2015). Quantum information theory, Cambridge University press,

Dodatna

M.
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Naziv predmeta: Napredna poglavlja kriptografije i sigurnosti sistema

Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
Lili I Izborni 20 - 7,5 11-K46-039
Nastavnik: prof.dr. Sasa Mrdovié¢ Saradnik: -
E-mail: smrdovic@etf.unsa.ba E-mail:

Predmeti koji su preduvjet za polaganje: | n/a

Cilj predmeta | Osposobiti studente da koriste kriptografske algoritme i protokole za zastitu podataka u razvoju

aplikacija.
Kompetencije | Po zavrSetku kursa studenti e biti u stanju:
(Ishodi ucenja) | - Poznavati i koristiti moderne kriptografske algoritme

- Istrazivati ranjivost i nove logic¢ke napade na najc¢esce koristene algoritme
- Razumjeti prakti¢nu primjenu algoritama i protokola u aplikacijama cyber sigurnosti

Program predmeta:

Osnovi kriptografije. Uvod u simetri¢no Sifrovanje. Asimetri¢no Sifrovanje. Hash funkcije i digitalni potpisi. Uvod
u zero-kowledge protokole. Novi algoritmi u kriptografiji javnog/privatnog kljuca. Elipticne krivulje. Kvantna
kriptografija. Kripto pretrazivac.

Izvodenje nastave:
Predavanja uz koriStenje multimedijalne opreme. Konsultacije i javna odbrana seminarskog rada.

Provjera znanja:
Studenti samostalno rade seminarski rad u vidu konkretne aplikacije s primjenom jedne ili viSe tehnika obradenih
na predavanjima za rjeSavanje prakti¢nog problema iz softverskog inZenjerstva.

Tezinski kriteriji za provjeru znanja

Prisustvo Prakti¢ni rad (izrada Prezentacija, testiranje i
predavanjima aplikacije) unapredenje aplikacije
10% 60% 30%
Literatura

1. Massimo Bertaccini (2022). Cryptography Algorithms: A guide to algorithms in blockchain,
quantum cryptography, zero-knowledge protocols, and homomorphic encryption, ISBN 978-

Obavezna 1789617139, Packt Publishing
1. Jonathan Katz, Yehuda Lindell (2020). Introduction to Modern Cryptography: Third Edition
(Chapman & Hall/CRC Cryptography and Network Security Series) 3rd Edition. ISBN 978-
Dodatna 0815354369. Chapman and Hall/CRC

2. Seth James Nielson, Christopher K. Monson (2019). Practical Cryptography in Python:
Learning Correct Cryptography by Example 1st ed. Edition, ISBN 978-1484248997, Apress
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Naziv predmeta: Napredna poglavlja operativnih sistema
Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
Lili 1T Izborni 20 - 7,5 11-K46-040
Nastavnik: prof.dr. Samir Ribi¢, v.prof.dr. Zanin Vajzovi¢ Saradnik: -
E-mail: samir.ribic@etf.unsa.ba, zanin@fit.ba E-mail:

Predmeti koji su preduvjet za polaganje: n/a

Cilj predmeta | Osposobiti studente za kreiranje i odrZzavanje sistemskog softvera

Kompetencije | Po zavrSetku kursa studenti e biti u stanju:

(Ishodi uéenja) | - Detaljno poznavati strukturu savremenih operativnih sistema

- Modificirati izvorni kod jezgre operativnog sistema otvorenog koda
- Kreirati ili modificirati pogonske programe (drivere) za hardver

Program predmeta:
Sistemski pozivi u operativnim sistemima (OS), Kernel OS, Procesi, Kreiranje pogonskih programa (drivera),
Upravljanje memorijom, Datoteéni sistemi

Izvodenje nastave:
Predavanja uz koriStenje multimedijalne opreme. Izrada modificiranog kernela operativnog sistema na osnovu
dostupnog otvorenog koda ili pogonskog programa (driver-a) za izabrani hardver.

Provjera znanja:

Studenti samostalno razvijaju modificirani kernel operativnog sistema na osnovu dostupnog otvorenog koda ili
pogonskog programa (driver-a) za izabrani hardver. Nakon toga vrSe testiranje softvera koje su kreirali ostali
studenti, kreiraju izvjestaj i predlazu unapredenja.

Tezinski kriteriji za provjeru znanja

Prisustvo Prakti¢ni rad (izrada Prezentacija, testiranje i
predavanjima softvera) unapredenje softvera
10% 60% 30%
Literatura

Obavezna 1. Andrew S. Tanenbaum, Herbert Bos (2022) Modern Operating Systems 5th Edition, Pearson

1. Maarten van Steen, Andrew S. Tanenbaum (2023) Distributed Systems 4th Edition , Maarten
van Steen
Dodatna 2. https://www kernel.org/

3. https://www.distributed-systems.net/
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Naziv predmeta: Napredna poglavlja racunarskih arhitektura
Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
Lili 1T Izborni 20 - 7,5 11-K46-041
Nastavnik: prof.dr. Samir Ribi¢, v.prof.dr. Nevzudin Buzadija Saradnik: -
E-mail: samir.ribic@etf.unsa.ba, nevzudin.buzadjija@unze.ba E-mail:

Predmeti koji su preduvjet za polaganje: | n/a

Cilj predmeta | Sticanje specificnih znanja iz naprednih arhitektura racunara. Studenti ¢e biti upoznati sa
razvojem naprednih racunarskih arhitektura, mehanizmima i nafinom rada memorijskog
podsistema. Nauci¢e kako funkcioniSu procesori sa proto¢nom obradom instrukcija,
superskalarni procesori, procesori sa veoma dugom instrukcijskom rije¢i (VLIW). Studenti ¢e
upoznati i arhitekture ra¢unara za paralelnu obradu (vektorske procesore i multiprocesore). Kroz
izradu projekta studenti ¢e biti osposobljeni da primijene moderne i savremene pristupe u
razvoju aplikacija prilagodene savremenim principima

Kompetencije | Po zavrSetku kursa studenti ¢e biti u stanju:

(Ishodi ucenja) | - Razumjeti kako se izvode naredbe u procesoru,

- Razumjeti nacin rada osnovnih dijelova procesora,

- Rijesiti programske zadatke u assemblerskom jeziku,

- Razumjeti kako se procesor povezuje s memorijom,

- Uskladiti programsko rjeSenje specifi¢nim ra¢unarskim arhitekturama,

Program predmeta:

Uvod u napredne arhitekture ra¢unara. Memorijski podsistem. Proto¢na obrada instrukcija. Hazardi - Paralelizam u
jednoprocesorskim racunarskim sistemima. Podrska kompajlera u povecanju paralelizma na nivou instrukcija.
Superskalarni procesori. VLIW procesori. Arhitekture radunara za paralelnu obradu (vektorski procesori).
Arhitekture racunara za paralelnu obradu (multiprocesorski sistemi). Protokol razmjene poruka. Klasteri i grid.
Metodologija za projektovanje sloZzenog namjenskog multimikroprocesorskog racunara. Metodologija za procjenu
performansi slozenog namjenskog multimikroprocesorskog raCunara. Programiranje mikroprocesora u
assemblerskom jeziku.

Izvodenje nastave:
Predavanja uz koriStenje multimedijalne opreme. Konsultacije i javna odbrana seminarskog rada.

Provjera znanja:
Studenti samostalno razvijaju rjeSenje u cilju unaprijedenja racunarske arhitekture koja se moze koristiti za
projekat doktorske disertacije. Obaveza studenta je objavljivanje ponudenog rjeSenja na nivou stru¢nog rada.

Tezinski kriteriji za provjeru znanja

Prisustvo Prakti¢ni rad Prezentacija, testiranje i
predavanjima unapredenje rjeSenja
10% 60% 30%
Literatura

1. Ribari¢, S. (2017). Zbirka rijeSenih zadataka iz Grade racunala, Arhitekture i organizacije

Obavezna radunarskih sustava, Merkur A.B.D.

Harris, S., Harris, D., (2015), Digital Design and Computer Architecture, Morgan Kauffman

. William, S. (2015). Computer Organization And Architecture, 10th Edition

3. Patterson, D., Hennessy, J., (2013), Computer Organisation and Design: The
Hardware/Software Interface, 5Sth Edition, Morgan Kauffman

William, S. (2013). Organizacija i arhitektura racunara: projekat funkciji performansi, prevod
devetog izdanja, , Racunarski fakultet Beograd, CET; ISBN: 978-86-7991- 361-6

5. Hennessy, J., (2011), Computer Architecture, Sth Edition, Morgan Kauffman

N =

Dodatna 4.
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Naziv predmeta: Napredna poglavlja ugradbenih sistema
Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
Lili 1T Izborni 20 - 7,5 11-K46-042
Nastavnik: prof.dr. Jasmin Velagié, v.prof.dr. Elmir Babovié, v.prof.dr. Edvin Skalj Saradnik: -
E-mail: jvelagic@etf.unsa.ba, elmir.babovic@edu.fit.ba, edvin.skaljo@unze.ba E-mail:

Predmeti koji su preduvjet za polaganje: | n/a

Cilj predmeta | Osposobiti studente za samostalan razvoj i koristenje ugradbenih (embedded) sistema u
razli¢itim oblastima tehnike

Kompetencije | Po zavrSetku kursa studenti e biti u stanju:

(Ishodi ucenja) | -  Izabrati hardverske komponente za ugradbeni sistem

- Kreirati ugradbeni sistem za rjeSavanej zadatog tehni¢kog problema
- Kreirati softver za upravljanje kreiranim ugradbenim sistemom

- Testirati i predlagati unapredenja ugradbenog sistema

Program predmeta:

Operativni sistemi u realnom vremenu i algoritmi za planiranje. Embedded Linux i Yocto projekat. Tehnike
upravljanja napajanjem. Sigurnost i kriptografija ugradbenih sistema. Internet stvari (IoT) i povezivanje uredaja.
Interfejsi senzora i prikupljanje podataka. Alati za razvoj i otklanjanje greSaka softvera za ugradbene sisteme. Dizajn
i prototip ugradbenog sistema pomo¢u FPGA. Napredni sistemi upravljanja i tehnike upravljanja povratnom
spregom. Napredne teme o masinskom ucenju i Al za ugradbene sisteme. Industrijski komunikacijski protokoli
(CAN, Modbus, Profinet). Dizajn i implementacija ugradenih sistema u realnom vremenu i studija slucaja.

Izvodenje nastave:
Predavanja uz koriStenje multimedijalne opreme. Izrada ugradbenog sistema s prate¢im softverom za zadanu
tehni¢ku namjenu.

Provjera znanja:

Studenti samostalno razvijaju ugradbeni sistem s prate¢im softverom za zadanu tehni¢ku namjenu koja se moze
koristiti za projekat doktorske disertacije. Nakon toga vrse testiranje ugradbenih sistema koje su kreirali ostali
studenti, kreiraju izvjestaj i predlazu unapredenja.

Tezinski kriteriji za provjeru znanja

Prisustvo Prakti¢ni rad (izrada Testiranje i unapredenje
predavanjima ugradbenog sistema) ugradbenog sistema
10% 60% 30%
Literatura
Obavezna 1. Arslan Munir, Ann Gordon-Ross, Sanjay Ranka (2016) Modeling and Optimization of
Parallel and Distributed Embedded Systems. Wiley-IEEE Press. ISBN: 9781119086413
1. Maarten van Steen, Andrew S. Tanenbaum (2023) Distributed Systems 4th Edition , Maarten

Dodatna van Steen

2. Elecia White (2011) Making Embedded Systems: Design Patterns for Great Software 1st
Edition, O'Reilly Media. ISBN: 9781449302146
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Naziv predmeta: Napredna poglavlja baza podataka

Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
Lili 1T Izborni 20 - 7,5 11-K46-043
Nastavnik: v.prof.dr. Jasmin Azemovi¢, v.prof.dr. Elmedin Selmanovi¢, prof.dr. Emir Buza Saradnik: -
E-mail: jasmin@edu.fit.ba, elmedin.selmanovic@utic.unsa.ba, ebuza@etf.unsa.ba E-mail:

Predmeti koji su preduvjet za polaganje: | n/a

Cilj predmeta | Ovaj predmet ispituje napredna podru¢ja dizajna, implementacije i upravljanja bazama
podataka. Jak je naglasak na funkcionalnom dizajnu i implementaciji baze podataka. Studenti
¢e kreirati i uporedivati modele dizajna podataka i baze podataka sa dijagramima odnosa entiteta
(ERD) i prosirenim dijagramima odnosa entiteta (EERD). NaglaSene su strategije za
administraciju podataka i baza podataka (DBA) za menadzZerske, tehni¢ke i sigurnosne uloge.
Predmet ¢e takode pokriti napredne teme ukljucujuéi baze podataka preko Interneta, usluge
podataka u oblaku, upravljanje transakcijama, performanse baze podataka, distribuirane baze
podataka, poslovnu inteligenciju za donoSenje odluka, velike podatke i NoSQL.

Kompetencije | Po zavrSetku kursa studenti ¢e biti u stanju:

(Ishodi uéenja) | - Modelirati i dizajnirati baze podataka na osnovu datih zahtjeva koriste¢i ERD i EERD

- Optimizirati upite, pohranjivanje i indeksiranje baza podataka

- Artikulisati kompromise u koristenju distribuiranih baza podataka i tehnologija skladiStenja
podataka

- Primjenjivati nove trendove u oblasti dizajna i razvoja baza podataka

Program predmeta:

Uvod i modeli podataka. Napredno modeliranje podataka. Dizajn baze podataka. Upravljanje transakcijama i
kontrola konkurentnosti. PodeSavanje performansi baze podataka. Napredna SQL i optimizacija upita. Sistemi za
upravljanje distribuiranim bazama podataka. Poslovna inteligencija i skladista podataka. Veliki podaci (Big Data) i
NoSQL. Povezivanje baza podataka i web tehnologije. Administracija i sigurnost baze podataka.

Izvodenje nastave:
Predavanja uz koristenje multimedijalne opreme. Konsultacije i javna odbrana seminarskog rada.

Provjera znanja:
Studenti samostalno rade seminarski rad u vidu konkretnog projekta aplikacije s primjenom jedne ili viSe tehnika
obradenih na predavanjima za rjeSavanje praktinog problema iz softverskog inZenjerstva.

Tezinski kriteriji za provjeru znanja

Prisustvo Prakti¢ni rad (izrada Prezentacija, testiranje i
predavanjima aplikacije) unapredenje aplikacije
10% 60% 30%
Literatura

1. Coronel, C, & Morris, S (2018). Database Systems: Design, Implementation & Management.

Obavezna 13th ed., Cengage Learning US, Mason, OH. Available from: ProQuest Ebook Central.

1. Garba. (2020). A Comparison of NoSQL and Relational Database Management Systems
(RDBMS), KASU Journal of Mathematical Science

2. Hwang, K., Dongarra, J., & Fox, G., (2018). Distributed and Cloud Computing: From
Parallel Processing to the Internet of Things. 2nd ed., Morgan Kaufmann

Dodatna 3. Thomas Neild (2019). Learning Path: SQL Fundamentals- SQL for Data Analysis and
Database Design, Available from: O'Reilly Media, Inc..

4. Tomi¢, N. and Todorovi¢, V. (2020). ‘The Influence of Big Data Concept on Future
Tendencies in Payment Systems’, Megatrend Review, 17(3), pp. 115-130. doi:
10.5937/MegRev2003115T.
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Naziv predmeta: Napredna poglavlja vjeStacke inteligencije
Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
Lili [ Izborni 20 - 7,5 11-K46-044
Nastavnik: prof.dr. Amila Akagic¢, v.prof.dr. Ingmar Besi¢ Saradnik: -
E-mail: aakagic@etf.unsa.ba, ibesic@etf.unsa.ba E-mail:

Predmeti koji su preduvjet za polaganje: | n/a

Cilj predmeta | Osposobiti studente da koriste metodologije vjestacke inteligencije, fuzzy clustering, napredne
neuronske mreze, nestandardne geneticke algoritme (GA) i inteligentne hibridne metode.
Studenti bi trebali ovladati vjestinama modeliranja, simulacija i implementacije fusijskih Fuzzy-
Neuro, Ga-Fuzzy i GA-Neuro sistema koristeéi integrirane softverske alate i GUI-e.

Kompetencije | Po zavrsetku kursa studenti ¢e biti u stanju:

(Ishodi ucenja) | - Identificirati sisteme iz realnog okruzenja koji bi se mogli racunarski modelirati koristeci
hibridne metode vjestacke inteligencije,

- Implementirati i validirati te sisteme u realnom okruZenju,

- Primijeniti povratne informacije (mjerene vrijednosti i statisticke podatke) koje bi se uzele
u razmatranje u daljim analizama, odnosno, traganjima za poboljSanim rjeSenjima.

Program predmeta:

Fuzzy sistemi i fuzzy clustering: aproksimativno rezonovanje i GMP, fuzzy modeli, fuzzy C-Means clustering,
redukovani(subtractive) clustering, genfis2 metoda, ANFIS metoda. Napredne neuronske mreze: klasifikacija
neuronskih mreZa, probabilisticke neuronske mreze, samoorganizirajuc¢e mreze, kompetitivne mreze, Kohonenovo
pravilo u¢enja, samoorganizirajuce mape, LVQ mreze. Inteligentni hibridni sistemi (IHS) Evolucija IHS-a(realno
okruzenje,procesiranje informacija, modeli za paralelno distribuirano procesiranje), klase IHS-a (fusijski sistemi,
transformacioni, kombinacioni, asocijativni), inteligentna fusija i transformacioni sistemi

Inteligentna fusija: Automatizacija dizajna fuzzy sistema na bazi genetickih algoritama(GA) geneticki algoritam,
multiciljni geneticki algoritam, koevolucioni geneticki algoritam, geneticko podesavanje funkcija pripadnosti fuzzy
sistema, koevoluciono fuzzy modeliranje. Optimizacija NN mreza bazirana na GA, GA-optimizacija neuronskih
tezina, izbor populacije hromozoma, definisanje fitnesa funkcije kao mjere performanse, enkodiranje skupa tezina
u hromozom, GA-optimizcija NN-topologije, koevoluciono neuro modeliranje

Izvodenje nastave:
Predavanja uz koriStenje multimedijalne opreme. Konsultacije i javna odbrana seminarskog rada.

Provjera znanja:
Studenti samostalno rade seminarski rad u vidu konkretnog projekta aplikacije s primjenom jedne ili vise tehnika
obradenih na predavanjima za rjeSavanje prakti¢énog problema iz softverskog inZenjerstva.

Tezinski kriteriji za provjeru znanja

Prisustvo Prakti¢ni rad Prezentacija i diskusija
predavanjima seminarskog rada
10% 60% 30%
Literatura
Obavezna 1. P. Melin, J. Kacprzyk,W. Pedrycz (2009). Bio-inspired hybrid intelligent systems for image

analysis and pattern recognition, Springer-Verlag, Heidelberg

1. 0. Castillo, P. Melin, J. Kacprzyk, W. Pedrycz (2008). Soft computing for hybrid intelligent
systems, Springer-Verlag, Heidelberg

2. P. Melin, O. Castillo (2005). Hybrid intelligent systems for pattern recognition using soft
computing: An Evolutionary Approach for Neural Networks and Fuzzy Systems, Springer-
Verlag, Heidelberg

3. N. Kasabov (2003). Evolving connectionist systems, Springer,Berlin

4. R.Khosla (2003). Engineering intelligent hybrid multi — agent systems, Kluwen Academic
Publishers, London

Dodatna
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Naziv predmeta: Napredna poglavlja rudarenja podataka
Semestar Status Broj ¢asova sedmi¢no ECTS Sifra
Predavanja Vjezbe bodovi
Lili 1T Izborni 20 - 7,5 11-K46-045
Nastavnik: prof.dr. Emir Veledar Saradnik: -
E-mail: eveledar@fit.edu E-mail:

Predmeti koji su preduvjet za polaganje: | n/a

Cilj predmeta | Pruzanje prilike studentima da razviju vjestine kako bi samostalno mogli analizirati podatke
(uociti zanimljive trendove, relacije i zakonitosti), odabrati adekvatne metode i alate za
dubinsku analizu i rudarenje podataka. Kroz izradu projekta studenti ¢e biti osposobljeni da
primijene moderne i savremene pristupe te na adekvatan nacin protumace dobivene rezultate.

Kompetencije | Po zavrSetku kursa studenti e biti u stanju:

(Ishodi ucenja) | - Sagledavanje naprednih pristupa rudarenja podataka kao procesa koji se sastoji od faza
poslovnog planiranja, manipulacije podacima, eksploratorne analize, modeliranja,
evaluacije i primjene modela te tumacenja rezultata

- Razumijevanje i primjena savremenih metoda i pristupa data mining-a, deep learning-a i
machine learning-a

- Pristup analizi problema sa aspekta industrijske primjene

- Vjestina analiziranja naucne literature i pisanja nau¢nog rada kroz rad na projektu

Program predmeta:

Napredno rudarenje podataka i dubinska analiza podataka - definicija i podru¢ja primjene. Vrste podataka. Izvori
podataka i njihovo prikupljanje. Predobrada podataka - rukovanje podacima, filtriranje podataka, transformacije
podataka. Nebalansirani skupovi podataka. Algoritmi masinskog uéenja za obradu podataka: postupci odabira
atributa, klasifikacijski postupci, postupci grupiranja, asocijativna pravila. Modeli s jasnim tumacenjem zasnovani
na induktivnim pravilima. U€enje i vrednovanja modela. Analiza vremenskih nizova podataka. Duboko ucenje u
dubinskoj analizi podataka. Specificnosti dubinske analize podataka u razli¢itim podrucjima primjene. Koristenje
slobodno dostupnih alata za dubinsku analizu podataka. Duboko ucenje u dubinskoj analizi podataka: napredne
teme i1 primjenska podrucja - racunarski vid, obrada teksta, biomedicina, finansije. Izrada projekta. Objavljivanje
nauc¢nog rada na osnovu uradenog projekta.

Izvodenje nastave:
Predavanja uz koriStenje multimedijalne opreme. Konsultacije i javna odbrana seminarskog rada.

Provjera znanja:
Studenti samostalno rade seminarski rad (projekat) sa prakticnom implementacijom na izabranu temu iz oblasti
rudarenja i dubinske analize podataka.

Tezinski kriteriji za provjeru znanja

Prisustvo Prakti¢ni rad Prezentacija i diskusija
predavanjima seminarskog rada
10% 60% 30%
Literatura
1. Dz. Dbonko (2013). Skladiste podataka i analize podataka. Univerzitet u Sarajevu,
Obavezna

Elektrotehnicki fakultet u Sarajevu, ISBN 978-9958-629-55-6

1. 1. H. Witten, E. Frank, M. A. Hall (2016). Data Mining: Practical Machine Learning Tools
and Techniques. 4th ed. Morgan Kaufmann

2. J. Han, M. Kamber, J. Pei (2012). Data Mining - Concepts and Techniques

3. http://myweb.sabanciuniv.edu/rdehkharghani/files/2016/02/The-Morgan-Kaufmann-Series-
in-Data-Management-Systems-Jiawei-Han-Micheline-Kamber-Jian-Pei-Data-Mining.-
Concepts-and-Techniques-3rd-Edition-Morgan-Kaufmann-2011.pdf

4. B. Lantz (2015). Machine Learning with R - Second Edition: Expert techniques for
predictive modeling to solve all your data analysis problems, Packt Publishing

5. S.Raschka, V. Mirjalili (2017). Python Machine Learning. 2nd ed. Packt Publishing,
Birmingham UK.

6. D. L. Olson, D. Delen (2008). Advanced Data Mining Techniques.
https://www.researchgate.net/publication/220695151 Advanced Data_Mining_Techniques

Dodatna
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Course title: Methodology of Scientific Research in Software Engineering

Semester Status Hours per week ECTS Code
Lectures Exercises credits
1 Mandatory 20 - 7.5 11-K46-031

Teacher: Prof. Alen Begovi¢, Prof. Aleksandar Kara¢, Prof. Samir Lemes Assistant: -

E-mail: alen.begovic@size.ba , aleksandar.karac@unze.ba , samir.lemes@unze.ba E-mail:

Prerequisite courses: n/a

Course Providing students with the opportunity to develop the range of academic research skills

objective required to produce, present and publish the results of a PhD-level research project in the field

of software engineering.
Learning Upon completion of the course, students will be able to:
Outcomes - Search and perform a critical review of scientific literary sources

- Evaluate different ways of defining a research problem

- Establish research hypotheses

- Choose adequate research methods

- Develop a research question for the proposed part of research

Indicative syllabus content:

Research process. Defining the research problem and developing the research question. Setting up hypotheses.
Research methods: inductive and deductive method, method of analysis and synthesis, method of abstraction and
concretization, method of classification, description, compilation, comparative method, method of mathematical
modeling, experimental method. Searching scientific literature. Standards for citing literary sources. Plagiarism and
auto-plagiarism. Predatory publishers. Open access publishing. Reviewing scientific papers. Graphic design of]
scientific papers. Evaluation of research papers (citations, h-index, impact factor). Communicating with editors and
reviewers of scientific journals. Communicating with a mentor. Presentation of research results.

Course delivery:
Lectures with usage multimedia equipment. Consultations and public defense of the seminar work.

Assessment Rationale:

Each student should write a review of a previously published scientific paper according to the publisher's
instructions. Students independently prepare a seminar paper in the form of a review paper on a chosen topic from
software engineering.

Assessment criteria

Attendance at lectures | Review of published work Written seminar paper Presentation of the
seminar paper
10% 30% 40% 20%
Literature

1. E. Colakhodzi¢ (2021) Metodologija i tehnologija nauénoistrazivackog rada, Univerzitet
"Dzemal Bijedi¢" u Mostaru, ISBN: ISBN 978-9958-686-15-3
https://www.researchgate.net/publication/352738707 Metodologija_i_tehnologija_naucnoist
razivackog rada

Mandatory

1. J. Stojanovski (2003). Prirucnik za pretrazivanje online baze podataka, Hrvatska akademska i
istrazivacka mreza CARNet
https://Inss-bosnia-herzegovina.libguides.com/ld.php?content id=32195819

2. National Academy of Sciences, Committee on Science, Engineering, and Public Policy
(2009). On Being a Scientist, National Academies Press
https://nap.nationalacademies.org/read/12192/

Additional | 3. N. Bajgori¢, R. Somun-Kapetanovi¢ (2012) Uvod u metodologiju naucno-istrazivackog rada,
Ekonomski fakultet Univerziteta u Sarajevu. ISBN - 978-9958-25-078-1

4. S. Easterbrook, J. Singer, M.A. Storey, D. Damian, (2008) Selecting empirical methods for
software engineering research. In Guide to advanced empirical software engineering (pp.
285-311). Springer, London.
http://www.robertfeldt.net/advice/easterbrook 2007_selecting_empirical research method f
or_se.pdf
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Course title: Teaching Methodology in Software Engineering

Semester Status Hours per week ECTS Code
Lectures Exercises credits
1 Mandatory 20 - 7.5 11-K46-032
Teacher: Prof. Nevzudin Buzadjija; Prof. Nermin Sarajli¢ Assistant: -
E-mail: nevzudin.buzadjija@unze.ba ; nermin.sarajlic@unze.ba E-mail:
Prerequisite courses: | n/a
Course Providing opportunities for students to develop modern approaches in organizing classes and
objective teaching procedures for the field of software engineering. To prepare them for the application

of modern methods in order to develop theoretical and practical skills in students. Prepare
students to work with advanced students in the field of software engineering.

Learning Upon completion of the course, students will be able to:

Outcomes - To recognize the interests and abilities of students

- Apply modern cybernetic methods in teaching,

- Methodically process the solution of problems in the field of software engineering,

- Realize different types of lessons in the subject of software engineering,

- Implement the STEM method in managing projects in the field of software engineering

Indicative syllabus content:

Basic questions of methodology - teaching organization, teaching aids and procedures for preparing and conducting
lessons. Design of learning outcomes and definition of competencies. Planning of teaching material and sequence
of execution. Structure and types of lessons. Teaching procedures. Cybernetic methods. Methodology based on
lectures. Project-based methodology. Problem-based methodology. Methodology based on case studies. Pair
programming. Agile methodology: Blended learning. STEM methodology. Analysis and synthesis, analogy,
algorithmic approach to problem solving in software engineering. The connection between teaching content, aids
and methods of teaching. The ability of teachers to monitor rapid changes in teaching content and teaching methods.

Course delivery:
Lectures with usage multimedia equipment. Consultations and public defense of the seminar work.

Assessment Rationale:

Each student should create an online course on a chosen topic in software engineering using a learning
management system (LMS), which will necessarily contain learning outcomes, textual content with hyperlinks,
video tutorials, knowledge verification tests, and realizes one lesson for students of the first cycle of study by
applying the given teaching method, including checking the students' knowledge.

Assessment criteria

Attendance at lectures Created online course Presentation of the online Implementation of the
course lesson
10% 40% 20% 30%
Literature

1. Kypshakbayeva, A. K., Zh N. Bissenbayeva, and Sh Tukhmarova (2021). Methods of
teaching computer science at the university. Bulletin 2, no. 390: 322-26.

Mandatory http://dx.doi.org/10.32014/2021.2518-1467.87.

2. V. Galesev i dr. (2006), Informatika i racunarstvo: metodicki priru¢nik za nastavnike,
SysPrint, Zagreb, https://e.udzbenik.hr/news/1/mpstr_ogled.pdf

1. Kumar, Rahul (2006). Informatics Curricula and Teaching Methods. Education and

Information Technologies 11, no. 1, 93-97. http://dx.doi.org/10.1007/s10639-005-5710-8.
Additional | 2. Forcheri, Paola (2004). Informatics curricula and teaching methods. British Journal of
Educational Technology 35, no. 4, 506. http://dx.doi.org/10.1111/1.1467-
8535.2004.00409 3.x
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Course title: Selected Chapters in Mathematics for Software Engineering

Semester Status Hours per week ECTS Code
Lectures Exercises credits
1 Mandatory 20 - 7.5 11-K46-033
Teacher: Prof. DZevad Burgi¢, Prof. Hermina Alajbegovié¢ Assistant: -
E-mail: dzevad.burgic@unze.ba , hermina.alajbegovic(@unze.ba E-mail:
Prerequisite courses: | n/a
Course Mastering selected mathematical methods and techniques used in software development, which
objective were not sufficiently covered in the first and second cycle of studies.
Learning Upon completion of the course, students will be able to:
Outcomes - Apply mathematical methods to solve practical problems in software development
- Choose and apply mathematical methods for software testing
- Choose and apply mathematical methods for tracking the evolution of software

Indicative syllabus content:

Formal methods: formal verification, model checking and theorem proving. Software design: optimization, graph
theory, algorithms for software design. Software testing: model-based testing, statistical testing. Software quality:
software metrics, software reliability, software maintainability. Software security: cryptography, software security
metrics. Software performance: performance modeling, optimization and simulation. Machine learning:
supervised and unsupervised learning, deep learning, neural networks, assisted learning. Software Evolution: The
study of the evolution of software systems, including version control and software evolution metrics.

Course delivery:
Lectures with usage multimedia equipment. Consultations and public defense of the seminar paper.

Assessment Rationale:
Students independently do a seminar paper with the application of one or more techniques covered in the lectures
to solve a practical problem in software engineering.

Assessment criteria

Attendance at lectures Written seminar paper Presentation of the seminar
paper
10% 60% 20%
Literature

1. Michael Sipser (2006) Introduction to the Theory of Computation, Massachusetts Institute of
Mandatory Technology. https:/fuuu.be/polytech/INFOF408/Introduction-To-The-Theory-Of-
Computation-Michael-Sipser.pdf

1. Christel Baier and Joost-Pieter Katoen (2008) Principles of Model Checking. Massachusetts
Institute of Technology https://is.ifmo.ru/books/ principles of model checking.pdf

2. Rodriguez, J. P., Adarme, M. A., & Gallardo, O. A. (2020, September). Testing of software
development using math and computational physic. In Journal of Physics: Conference Series
(Vol. 1645, No. 1, p. 012007). IOP Publishing. https://dx.doi.org/10.1088/1742-
6596/1645/1/012007

Additional
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Course title: Scientific-Research Seminar
Semester Status Hours per week ECTS Code
Lectures Exercises credits
Iand II Mandatory - - 7.5 11-K46-NIS
Teacher: (academic advisor chosen by the end of the first semester of study) Assistant: -
E-mail: E-mail:
Prerequisite courses: | Methodology of scientific research work in software engineering
Course Developing the ability for research work, encouraging critical thinking, adopting scientific
objective methodology
Learning Upon completion of the course, students will be able to:
Outcomes - Conduct research on a given topic using scientific methodology

- Perform a detailed search and provide a critical review of the literature - current research

- Confirm or refute the set research hypothesis

- Present the results of the research

- Prepare a report on the conducted research in the form of an original article ready for
publication in an indexed journal or conference

Indicative syllabus content:

The result of the research seminar is an original scientific article, which is sent for publication in relevant
publications (scientific journals, scientific conferences), and which, after acceptance for publication, is scored from
the third to the fifth semester of study. An original article published in the proceedings of a conference monitored
by relevant international databases (WoS, Scopus, IEEEXplore,...) and in which the student is the first author and
the academic advisor is the second author, is valued at 10 ECTS credits. An original article published in a journal
monitored by relevant international databases (WoS, Scopus, IEEEXplore,...) and on which the student is the first
author and the mentor is the second author, is valued at 20 ECTS credits.

Course delivery:
With the help of an academic advisor, the student chooses a research topic. In consultation with an academic
advisor, conduct research, present research results and discuss with other students.

Assessment Rationale:
Presentation of research results in the form usual for scientific conferences to other PhD students, and discussion
with other students about own and others' results.

Assessment criteria

Preparation of a Presentation of the Discussion of the works of
seminar paper seminar work other students
80% 10% 10%
Literature
Mandatory
Additional
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Course title: Current Trends in Web Technologies

Semester Status Hours per week ECTS Code
Lectures Exercises credits
Torll Optional 20 - 7.5 11-K46-034
Teacher: Prof. Anel Tanovié Assistant: -
E-mail: atanovic@etf.unsa.ba E-mail:
Prerequisite courses: | n/a

Course Providing an opportunity for students to learn about current web technologies with the

objective introduction of frameworks, methodologies, tools and all current technologies related to web
technologies. A critical review of current research directions in the field of web technologies
and the direction where candidates could develop their doctoral dissertations.

Learning Upon completion of the course, students will be able to:

Outcomes - Get to know the current methods of developing web-based solutions

- Get to know current technologies for the development of web-based solutions
- Make a concrete project of a web-based solution using modern technologies
- Have insight into all current research directions and results in the field of web technologies

Indicative syllabus content:

Web app backend and frontend components. Semantic Web, Web 3.0, Progressive Web Applications (PWA), Web
Augmented reality (WebAR), Chatbot, Assistants based on artificial intelligence, Personalization of web content,
Javascript-based frameworks (Gatsby.js, Vue.js, Next.js, etc..), Serverless architectures, Core Web Vitals (LCP,
FID, CLS), Electronic commerce with online payment, Motion Ul, Single-page applications (SPA), Internet of]
Behavior (IoB), Blockchain, Agile development of web applications. Web application security.

Course delivery:
Lectures with usage multimedia equipment. Consultations and public defense of the seminar paper.

Assessment Rationale:
Students independently do a seminar work in the form of a concrete project of a web-based solution with the
application of one or more techniques covered in the lectures to solve a practical problem from software

engineering.

Assessment criteria

Attendance at lectures

Practical work (creating a Presentation, testing and
web-based solution) improvement of the web-
based solution

10%

60% 30%

Literature

Mandatory

[N

Duckett, J. (2011). HTML & CSS: Design and Build Web Sites, John Wiley & Sons
Duckett, J. (2014). JavaScript and JQuery: Interactive Front-End Web Development, John
Wiley & Sons

Patrick J. Lynch and Sarah Horton (2016). Web Style Guide, 4th Edition: Foundations of
User Experience Design Fourth Edition. Yale University Press

Additional

N —

Howe, S. (2014). Learn to Code HTML and CSS: Develop and Style Websites, New Riders
Richardson, L., Amundsen, M., & Ruby, S. (2013). RESTful Web APIs: Services for a
Changing World, O'Reilly

Khawaja G. (2018). Practical Web Penetration Testing, O'Reilly

Berendt, B., Gandon, F., Halford, S., Hall, W., Hendler, J., Kinder-Kurlanda, K.,... & Staab,
S. (2021). Web Futures: Inclusive, Intelligent, Sustainable The 2020 Manifesto for Web
Science. Dagstuhl Manifestos.

Ocker, F., Vogel-Heuser, B., & Paredis, C. J. (2019). Applying semantic web technologies to
provide feasibility feedback in early design phases. Journal of Computing and Information
Science in Engineering, 19(4).

Rahim, R., Patan, R., Manikandan, R., & Kumar, S. R. (2020). Introduction to blockchain
and big data. In Blockchain, Big Data and Machine Learning (pp. 1-23). CRC Press.
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Course title: Advanced Mobile Application Programming
Semester Status Hours per week ECTS Code
Lectures Exercises credits
Torll Optional 20 - 7.5 11-K46-035
Teacher: Prof. Vedran Ljubovi¢, Prof. Samir Omanovic Assistant: -
E-mail: vljubovic@etf.unsa.ba , somanovic@etf.unsa.ba E-mail:
Prerequisite courses: | n/a
Course To train students to develop advanced Android or iOS mobile applications using a hands-on
objective paradigm. The focus of the course is on building applications that use the sensors of mobile
devices (camera, accelerometer, gyroscope, etc.), instead of GUI.
Learning Upon completion of the course, students will be able to:
Outcomes - Create a mobile application for the Android or iOS operating system
- Develop an application that uses the sensors of mobile devices
- Test the quality and security of the developed application
- Prepare the application for distribution through the online repository

Indicative syllabus content:

Smartphone sensors as a basis for creating interactive Android or iOS applications. Location and physical sensors
(temperature, pressure, light, acceleration, etc.), cameras, microphones. Speech recognition. Using engine APIs,
using mobile OS components to build complete systems and solve common problems. Developing code using
development environments and technologies. Implementing real-world solutions using various sensor classes.

Course delivery:
Lectures with usage multimedia equipment. Consultations and public defense of the seminar work.

Assessment Rationale:
Students independently do a seminar work in the form of a concrete mobile application project with the application
of one or more techniques covered in lectures to solve a practical problem in software engineering.

Assessment criteria

Attendance at lectures | Practical work (creating a Presentation, testing and
mobile application) improvement of the mobile
application
10% 60% 30%
Literature
Mandatory 1. D. Sauter (2013) Rapid Android Development: Build Rich, Sensor-Based Applications with

Processing 1st Edition. ISBN 978-1937785062, Pragmatic Bookshelf

1. Andrés Colubri (2017). Processing for Android: Create Mobile, Sensor-Aware, and VR
Applications Using Processing 1st ed. Edition, ISBN 978-1484227183. Apress

2. Varun Nagpal (2016).Android Sensor Programming By Example 1st Edition, ISBN 978-
1785285509, Packt Publishing

3. Gre.g. Milette, Adam Stroud (2012). Professional Android Sensor Programming st Edition,
ISBN 978-1118183489, Wrox

Additional
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Course title: Selected Chapters in Computer Game Development

Semester Status Hours per week ECTS Code
Lectures Exercises credits
Torll Optional 20 - 7.5 11-K46-036
Teacher: Prof. Elmedin Selmanovi¢ Assistant: -
E-mail: elmedin.selmanovic@utic.unsa.ba E-mail:
Prerequisite courses: | n/a
Course Empowering students with the knowledge and skills needed to understand and develop computer
objective games, which includes understanding the theory, application and design of games, the use of tools

and techniques necessary for their development, and gaining practical experience in game
development. Creating awareness about the impact of computer games on society and culture and
understanding trends and future directions in game development.

Learning Upon completion of the course, students will be able to:

Outcomes - Understand the fundamental concepts and principles of computer game development,
including game design, programming, graphics and sound.

- Identify and understand different genres of computer games: adventure, action, strategy, etc.

- Understand tools/techniques for developing computer games (software, languages, libraries).

- Create and implement simple computer games.

- Analyze and critically consider the design, functionality and quality of existing games.

- Understand the impact of computer games on society and culture, including the use of games
in education, recreation, and medicine.

- Understand the trends and future direction of gaming development, including virtual reality,
cloud gaming, and mobile gaming.

Indicative syllabus content:

Introduction to the computer game development: History of computer games, Basics of game design, Genres of]
computer games. Programming environment for game development: Programming languages for game
development (C++, Python, UnityScript), Software for game development (Unity, Unreal Engine). Game design:
Game design concepts (gameplay, mechanics, level design), Analysis of existing games, Development of game
scenarios and ideas. Graphics and sound: Basics of graphic and audio production, Use of graphic and audio tools
(e.g. Maya, Blender, Audacity). Computer game programming: Using programming libraries and frameworks
(e.g. Pygame, Unreal Engine), Development of multiplayer games. Impact of computer games on society and
culture: History and impact of computer games on society and culture, Critical reflection on computer games,
Trends and future directions in game development. Practical exercises and projects: Creating your own computer
game. The program can be adapted to the specific needs and goals of students.

Course delivery:
Lectures with usage multimedia equipment. Consultations and public defense of the seminar work.

Assessment Rationale:
Students independently do a seminar work in the form of a specific computer game project using software
(Engine) for the development of computer games.

Assessment criteria

Attendance at lectures | Practical work (making a Presentation, testing and
computer game) improvement of the computer game
10% 60% 30%
Literature

1. J. G. Bond (2022) Introduction to Game Design, Prototyping, and Development: From
Concept to Playable Game with Unity and C#, 3rd edition, Addison-Wesley Professional

Mandatory 2. J. Schell (2019) The Art of Game Design: A Book of Lenses, 3rd edition, A K Peters/CRC
Press, ISBN: 9781138632059
1. F.Dunn, I. Parberry (2011). 3D Math Primer for Graphics and Game Development, 2nd
edition, A K Peters/CRC Press, ISBN: 978-1568817231
Additional 2. J. Gregory (2018) Game Engine Architecture, 3rd ed., CRC Press, ISBN 978-1138035454

w

R. Nystrom (2014) Game Programming Patterns. Genever Benning. ISBN 978-0990582908
4. E. Lengyel (2016) Foundations of Game Engine Development, Volume 1: Mathematics 1st
Edition. Terathon Software LLC; ISBN: 9780985811747
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Course title: Advanced Chapters in Computer Networks

Semester Status Hours per week ECTS Code
Lectures Exercises credits
Torll Optional 20 - 7.5 11-K46-037
Teacher: Prof. Sasa Mrdovié Assistant: -
E-mail: smrdovic@etf.unsa.ba E-mail:
Prerequisite courses: | n/a
Course To enable students to develop applications that efficiently use network resources.
objective
Learning Upon completion of the course, students will be able to:
Outcomes - Use computer network technologies in software development

- Good knowledge and understanding of client-server architectures and networking
- To program sockets using a programming language like Python

- Implement network protocols that require distributed processing

- Create applications that include audio or video streaming

Indicative syllabus content:

Computer network performance. Congestion control and network resource allocation. Quality of service (QoS):
reliability, delay, jitter, throughput. Methods of achieving the required quality of services. Buffering, traffic shaping,
resource reservation, packet scheduling. Integrated and differentiated services. Resource Reservation Protocol
(RSVP). Routing algorithms. Broadcast and multicast routing. Routing in mobile and Ad-Hoc networks. Routing
in peer-to-peer networks. Labeling and forwarding based on labels. MPLS. IPv6. Wireless networks: 802.11, 802.15
Bluetooth. Streaming audio and video content. Video on demand (VOD). Interactive multimedia applications. Voice
over IP (VoIP). Triple and multiple-play. IP Multimedia Subsystem (IMS). Session Initiation Protocol (SIP). Real-
Time transfer protocols (RTP, RTCP, RTSP). Security of network protocols.

Course delivery:
Lectures with usage multimedia equipment. Consultations and public defense of the seminar paper.

Assessment Rationale:
Students independently do a seminar work in the form of a concrete application with the application of one or
more techniques covered in lectures to solve a practical problem in software engineering.

Assessment criteria

Attendance at lectures Practical work Presentation, testing and
(application creation) improvement of the
application
10% 60% 30%

Literature
Mandatory 1. An.d.rew Tanenbaum, David Wetherall (2021). Computer Networks, Global Edition 6th

Edition. ISBN 978-1292374062 Pearson

1. Michael T. Raggo, Chet Hosmer (2012). Data Hiding: Exposing Concealed Data in

Multimedia, Operating Systems, Mobile Devices and Network Protocols 1st Edition, ISBN

Additional 978-1597497435, Syngress

2. Byron Ellis (2014). Real-Time Analytics: Techniques to Analyze and Visualize Streaming
Data 1st Edition, ISBN 978-1118837917, Wiley
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Subject title: Current Trends in Information Transfer

Semester Status Hours per week ECTS Code
Lectures Exercises credits
Torll Optional 20 - 7.5 11-K46-038
Teacher: Prof. Alen Begovic Assistant: -
E-mail: alen.begovic@unze.ba E-mail:
Prerequisite courses: | n/a
Course Development and application of scientific methods in the design, exploitation and maintenance
objective primarily of software (and to a certain extent hardware) of modern systems for safe, reliable and

economical transmission of information at high speeds over long distances. Providing students
with the opportunity to develop the range of academic research skills required to produce,
present and publish the results of a PhD-level research project in the field of software

engineering.
Learning Upon completion of the course, students will be able to:
Outcomes - Analyze (on a scientific level) the hardware and software of modern information

transmission systems;

- To notice shortcomings in the design of existing solutions in information transmission
systems;

- Propose, realize and implement (on a scientific level) improved solutions in modern
information transmission systems;

- Recognize and apply adequate research methods for the improvement of modern
information transmission systems;

- Publish research results in relevant publications.

Indicative syllabus content:

Repetition of classical theory of information, transmission media and signal processing. Software implementation
of native coding. Software implementation of channel coding. Software implementation of line coding and
modulation procedures. Software simulation of information transmission systems. Spatial and temporal complexity
of software in information transfer systems. Software optimization in information transmission systems. Elements
of quantum information theory.

Course delivery:
Lectures with usage multimedia equipment. Consultations and public defense of the seminar work.

Assessment Rationale:

Students independently work on the software solution of the chosen school model of the information transmission
system (or some part of that system). The obtained solution is completed and presented as a seminar paper in
scientific form.

Assessment criteria

Attendance at lectures Practical work Presentation, testing and
(application creation) improvement of the
application
10% 60% 30%
Literature
Mandatory | 1. A. Begovi¢: Lecture notes "Current trends of information transfer", available online
1. T.M. Cover, J. A. Thomas (1991). Elements of information theory, John Willey & Sons
2. T. K. Moon (2005). Error correction coding, John Willey & Sons, New York
Additional 3. A. Grami (2016). Introduction to Digital Communications, Academic Press
4. R. M. Gray, L. D. Davisson (2000). Statistical signal processing, Stanford University
5. M. Wilde (2015). Quantum information theory, Cambridge University press,
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Course title: Advanced Chapters in Cryptography and System Security

Semester Status Hours per week ECTS Code
Lectures Exercises credits
Torll Optional 20 - 7.5 11-K46-039
Teacher: Prof. Sasa Mrdovié Assistant: -
E-mail: smrdovic@etf.unsa.ba E-mail:
Prerequisite courses: | n/a
Course To enable students to use cryptographic algorithms and protocols for data protection in
objective application development.
Learning Upon completion of the course, students will be able to:
Outcomes - Know and use modern cryptographic algorithms

- Research vulnerabilities and new logical attacks on commonly used algorithms
- Understand the practical application of algorithms and protocols in cyber security
applications

Indicative syllabus content:

Basics of cryptography. An introduction to symmetric encryption. Asymmetric encryption. Hash functions and
digital signatures. Introduction to zero-kowledge protocols. New algorithms in public/private key cryptography.
Elliptic curves. Quantum cryptography. Crypto browser.

Course delivery:
Lectures with usage multimedia equipment. Consultations and public defense of the seminar work.

Assessment Rationale:
Students independently do a seminar work in the form of a concrete application with the application of one or
more techniques covered in lectures to solve a practical problem in software engineering.

Assessment criteria

Attendance at lectures Practical work Presentation, testing and
(application creation) improvement of the
application
10% 60% 30%
Literature

1. Massimo Bertaccini (2022). Cryptography Algorithms: A guide to algorithms in blockchain,
quantum cryptography, zero-knowledge protocols, and homomorphic encryption, ISBN 978-

Mandatory 1789617139, Packt Publishing
1. Jonathan Katz, Yehuda Lindell (2020). Introduction to Modern Cryptography: Third Edition
(Chapman & Hall/CRC Cryptography and Network Security Series) 3rd Edition. ISBN 978-
.. 0815354369. Chapman and Hall/CRC
Additional

2. Seth James Nielson, Christopher K. Monson (2019). Practical Cryptography in Python:
Learning Correct Cryptography by Example 1st ed. Edition, ISBN 978-1484248997, Apress
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Course title: Advanced Chapters in Operating Systems

Semester Status Hours per week ECTS Code
Lectures Exercises credits
Torll Optional 20 - 7.5 11-K46-040
Teacher: Prof. Samir Ribi¢, Prof. Zanin Vajzovi¢ Assistant: -
E-mail: samir.ribic@etf.unsa.ba , zanin@fit.ba E-mail:
Prerequisite courses: | n/a
Course Train students to create and maintain system software
objective
Learning Upon completion of the course, students will be able to:
Outcomes - Know in detail the structure of modern operating systems
- Modify the kernel source code of an open source operating system
- Create or modify hardware drivers

Indicative syllabus content:
System calls in operating systems (OS), Kernel OS, Processes, Creating drivers, Memory management, File systems

Course delivery:
Lectures with the use of multimedia equipment. Creation of a modified operating system kernel based on available
open source code or a driver for the selected hardware.

Assessment Rationale:

Students independently develop a modified operating system kernel based on available open source code or drivers
for the selected hardware. After that, they test software created by other students, create a report and suggest
improvements.

Assessment criteria

Attendance at lectures | Practical work (software Presentation, testing and
development) improvement of software
10% 60% 30%
Literature

Mandatory | 1. Andrew S. Tanenbaum, Herbert Bos (2022) Modern Operating Systems Sth Edition, Pearson

1. Maarten van Steen, Andrew S. Tanenbaum (2023) Distributed Systems 4th Edition , Maarten
van Steen
Additional | 2. https://www.kernel.org/

3. https://www.distributed-systems.net/
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Course title: Advanced Chapters in Computer Architectures

Semester Status Hours per week ECTS Code
Lectures Exercises credits
Torll Optional 20 - 7.5 11-K46-041
Teacher: Prof. Samir Ribi¢, Prof. Nevzudin Buzadjija Assistant: -
E-mail: samir.ribic@etf.unsa.ba , nezzudin.buzadjija@unze.ba E-mail:
Prerequisite courses: | n/a
Course Acquisition of specific knowledge from advanced computer architectures. Students will be
objective familiar with the development of advanced computer architectures, mechanisms and the way

the memory subsystem works. They will learn how processors with instruction flow, superscalar
processors, processors with very long instruction word (VLIW) work. Students will learn about
computer architectures for parallel processing (vector processors and multiprocessors). Through
the development of the project, students will be able to apply modern and contemporary
approaches in the development of applications adapted to modern principles

Learning Upon completion of the course, students will be able to:

Outcomes - Understand how instructions are executed in the processor,

- Understand how the basic parts of the processor work,

- Solve programming tasks in assembly language,

- Understand how the processor interfaces with memory,

- Harmonize the software solution with specific computer architectures,

Indicative syllabus content:

An introduction to advanced computer architectures. Memory subsystem. Instruction flow processing. Hazards -
Parallelism in single-processor computer systems. Compiler support for increasing instruction-level parallelism.
Superscalar processors. VLIW processors. Computer architectures for parallel processing (vector processors).
Computer architectures for parallel processing (multiprocessor systems). Message exchange protocol. Clusters and
grid. A methodology for designing a complex dedicated multimicroprocessor computer. A methodology for
evaluating the performance of a complex dedicated multimicroprocessor computer. Microprocessor programming
in assembly language.

Course delivery:
Lectures with the use of multimedia equipment. Consultations and public defense of the seminar work.

Assessment Rationale:

Students independently develop a solution in order to improve the computer architecture that can be used for the
doctoral dissertation project. The student's obligation is to publish the proposed solution at the level of professional
work.

Assessment criteria

Attendance at lectures Practical work Presentation, testing and
improvement of solutions
10% 60% 30%
Literature
1. Ribari¢, S. (2017). Zbirka rijeSenih zadataka iz Grade racunala, Arhitekture i organizacije
Mandatory

raCunarskih sustava, Merkur A.B.D.

Harris, S., Harris, D., (2015), Digital Design and Computer Architecture, Morgan Kauffman

. William, S. (2015). Computer Organization And Architecture, 10th Edition

3. Patterson, D., Hennessy, J., (2013), Computer Organisation and Design: The
Hardware/Software Interface, 5th Edition, Morgan Kauffman

William, S. (2013). Organizacija i arhitektura racunara: projekat funkciji performansi, prevod
devetog izdanja, , Racunarski fakultet Beograd, CET; ISBN: 978-86-7991- 361-6

5. Hennessy, J., (2011), Computer Architecture, Sth Edition, Morgan Kauffman

N —

Additional 4
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Course title: Advanced Chapters in Embedded Systems
Semester Status Hours per week ECTS Code
Lectures Exercises credits
Torll Optional 20 - 7.5 11-K46-042
Teacher: Prof. Jasmin Velagi¢, Prof. Elmir Babovié, Prof. Edvin Skaljo Assistant: -
E-mail: jvelagic@etf.unsa.ba , elmir.babovic@edu.fit.ba , edvin.skaljo@unze.ba E-mail:
Prerequisite courses: | n/a
Course To train students for independent development and use of embedded systems in various fields
objective of technology
Learning Upon completion of the course, students will be able to:
Outcomes - Select hardware components for the embedded system

- Create a built-in system for solving given technical problem
- Create software for managing the built -in system
- Test and propose improvements to the built-in system

Indicative syllabus content:

Real-time operating systems and scheduling algorithms. Embedded Linux and the Yocto project. Power
management techniques. Security and cryptography of embedded systems. Internet of Things (IoT) and device
connectivity. Sensor interfaces and data collection. Software development and debugging tools for embedded
systems. Design and prototype of an embedded system using FPGA. Advanced control systems and feedback
control techniques. Advanced machine learning and Al topics for embedded systems. Industrial communication
protocols (CAN, Modbus, Profinet). Design and implementation of real-time embedded systems and case studies.

Course delivery:
Lectures with the use of multimedia equipment. Creation of a built-in system with accompanying software for a
given technical purpose.

Assessment Rationale:

Students independently develop an embedded system with accompanying software for a given technical purpose
that can be used for a doctoral dissertation project. After that, they test the built-in systems created by other
students, create a report and propose improvements.

Assessment criteria

Attendance at lectures | Practical work (creatinga | Testing and improvement of

built-in system) the built-in system
10% 60% 30%

Literature

Mandatory 1. Arslan Munir, Ann Gordon-Ross, Sanjay Ranka (2016) Modeling and Optimization of
Parallel and Distributed Embedded Systems. Wiley-IEEE Press. ISBN: 9781119086413

1. Maarten van Steen, Andrew S. Tanenbaum (2023) Distributed Systems 4th Edition , Maarten
. van Steen

Additional 2. Elecia White (2011) Making Embedded Systems: Design Patterns for Great Software 1st

Edition, O'Reilly Media. ISBN: 9781449302146
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Course title: Advanced Chapters in Databases

Semester Status Hours per week ECTS Code
Lectures Exercises credits
Torll Optional 20 - 7.5 11-K46-043
Teacher: Prof. Jasmin Azemovi¢, Prof. Elmedin Selmanovi¢, Prof. Emir Buza Assistant: -
E-mail: jasmin@edu.fit.ba , elmedin.selmanovic@utic.unsa.ba , ebuza@etf.unsa.ba E-mail:
Prerequisite courses: | n/a
Course This course examines the advanced areas of database design, implementation and management.
objective There is a strong emphasis on functional database design and implementation. Students will

create and compare data and database design models with Entity Relationship Diagrams (ERDs)
and Extended Entity Relationship Diagrams (EERDs). Data and database administration (DBA)
strategies for managerial, technical, and security roles are emphasized. The course will also
cover advanced topics including databases over the Internet, cloud data services, transaction
management, database performance, distributed databases, business intelligence for decision
making, big data, and NoSQL.

Learning Upon completion of the course, students will be able to:

Outcomes - Model and design databases based on given requirements using ERD and EERD

- Optimize database queries, storage and indexing

- Articulate trade-offs in the use of distributed databases and data storage technologies
- Apply new trends in the field of database design and development

Indicative syllabus content:

Introduction and data models. Advanced data modeling. Database design. Transaction management and
concurrency control. Database performance tuning. Advanced SQL and query optimization. Systems for managing
distributed databases. Business intelligence and data warehouses. Big Data and NoSQL. Connecting databases and
web technology. Database administration and security.

Course delivery:
Lectures with usage multimedia equipment. Consultations and public defense of the seminar work.

Assessment Rationale:
Students independently do a seminar work in the form of a concrete application project with the application of one
or more techniques covered in lectures to solve a practical problem in software engineering.

Assessment criteria

Attendance at lectures Practical work Presentation, testing and
(application creation) improvement of the
application
10% 60% 30%
Literature

1. Coronel, C, & Morris, S (2018). Database Systems: Design, Implementation & Management.

Mandatory 13th ed., Cengage Learning US, Mason, OH. Available from: ProQuest Ebook Central.

1. Garba. (2020). A Comparison of NoSQL and Relational Database Management Systems
(RDBMS), KASU Journal of Mathematical Science

2. Hwang, K., Dongarra, J., & Fox, G., (2018). Distributed and Cloud Computing: From
Parallel Processing to the Internet of Things. 2nd ed., Morgan Kaufmann

Additional | 3. Thomas Neild (2019). Learning Path: SQL Fundamentals- SQL for Data Analysis and
Database Design, Available from: O'Reilly Media, Inc..

4. Tomi¢, N. and Todorovi¢, V. (2020). ‘The Influence of Big Data Concept on Future
Tendencies in Payment Systems’, Megatrend Review, 17(3), pp. 115-130. doi:
10.5937/MegRev2003115T.
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Course Name: Advanced Chapters in Artificial Intelligence
Semester Status Hours per week ECTS Code
Lectures Exercises credits
Torll Optional 20 - 7.5 11-K46-044
Teacher: Prof. Amila Akagi¢, Prof. Ingmar Besi¢ Assistant: -
E-mail: aakagic@etf.unsa.ba , ibesic@etf.unsa.ba E-mail:
Prerequisite courses: n/a
Course To enable students to use artificial intelligence methodologies, fuzzy clustering, advanced
objective neural networks, non-standard genetic algorithms (GA) and intelligent hybrid methods. Students

should master modeling, simulation and implementation skills of fusion Fuzzy-Neuro, Ga-
Fuzzy and GA-Neuro systems using integrated software tools and GUIs.

Learning Upon completion of the course, students will be able to:

Outcomes - Identify systems from the real environment that could be computer modeled using hybrid
methods of artificial intelligence,

- Implement and validate those systems in a real environment,

- Apply feedback (measured values and statistical data) that would be taken into
consideration in further analyses, that is, searches for improved solutions.

Indicative syllabus content:

Fuzzy systems and fuzzy clustering: approximate reasoning and GMP, fuzzy models, fuzzy C-Means clustering,
reduced (subtractive) clustering, genfis2 method, ANFIS method. Advanced neural networks: classification of]
neural networks, probabilistic neural networks, self-organizing networks, competitive networks, Kohonen's learning
rule, self-organizing maps, LVQ networks. Intelligent Hybrid Systems (IHS) Evolution of ITHS (real environment,
information processing, models for parallel distributed processing), classes of IHS (fusion systems,
transformational, combinational, associative), intelligent fusion and transformational systems

Intelligent fusion: Automation of fuzzy system design based on genetic algorithms (GA), genetic algorithm, multi-
objective genetic algorithm, coevolutionary genetic algorithm, genetic adjustment of fuzzy system membership
functions, coevolutionary fuzzy modeling. Optimization of NN networks based on GA, GA-optimization of neural
weights, selection of chromosome population, definition of fitness function as a performance measure, encoding of]
a set of weights into a chromosome, GA-optimization of NN-topology, coevolutionary neuro modeling

Course delivery:
Lectures with usage multimedia equipment. Consultations and public defense of the seminar work.

Assessment Rationale:
Students independently do a seminar work in the form of a concrete application project with the application of one
or more techniques covered in lectures to solve a practical problem in software engineering.

Assessment criteria

Attendance at lectures Practical work Presentation and discussion of
the seminar paper
10% 60% 30%
Literature
Mandatory 1. P. Melin, J. Kacprzyk,W. Pedrycz (2009). Bio-inspired hybrid intelligent systems for image

analysis and pattern recognition, Springer-Verlag, Heidelberg

1. 0. Castillo, P. Melin, J. Kacprzyk, W. Pedrycz (2008). Soft computing for hybrid intelligent
systems, Springer-Verlag, Heidelberg

2. P. Melin, O. Castillo (2005). Hybrid intelligent systems for pattern recognition using soft
computing: An Evolutionary Approach for Neural Networks and Fuzzy Systems, Springer-
Verlag, Heidelberg

3. N. Kasabov (2003). Evolving connectionist systems, Springer,Berlin

4. R.Khosla (2003). Engineering intelligent hybrid multi — agent systems, Kluwen Academic
Publishers, London

Additional
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Course Name: Advanced Chaptzers in Data Mining

Semester Status Hours per week ECTS Code
Lectures Exercises credits
Torll Optional 20 - 7.5 11-K46-045
Teacher: Prof. Emir Veledar Assistant: -
E-mail: eveledar@fit.edu E-mail:

Prerequisite courses: | n/a

Course Providing students with the opportunity to develop skills so that they can independently analyze

objective data (notice interesting trends, relationships and regularities), choose adequate methods and
tools for in-depth analysis and data mining. Through the development of the project, students
will be able to apply modern and contemporary approaches and adequately interpret the obtained
results.

Learning Upon completion of the course, students will be able to:

Outcomes - Viewing advanced data mining approaches as a process consisting of stages of business

planning, data manipulation, exploratory analysis, modeling, evaluation and application of
models and interpretation of results

- Understanding and application of modern data mining methods and approaches, deep
learning -ai machine learning _

- Approach to problem analysis from the aspect of industrial application

- The skill of analyzing scientific literature and writing a scientific paper through project
work

Indicative syllabus content:

Advanced data mining and deep data analysis - definition and areas of application. Types of data. Data sources and
their collection. Data preprocessing - data handling, data filtering, data transformations. Unbalanced datasets.
Machine learning algorithms for data processing: attribute selection procedures, classification procedures, grouping
procedures, associative rules. Models with clear interpretation based on inductive rules. Model learning and
evaluation. Analysis of time series data. Deep learning in deep data analysis. Specifics of in-depth data analysis in
different areas of application. Using freely available tools for in-depth data analysis. Deep learning in deep data
analysis: advanced topics and application areas - computer vision, word processing, biomedicine, finance. Creation
of the project. Publication of a scientific paper based on a completed project.

Course delivery:
Lectures with usage multimedia equipment. Consultations and public defense of the seminar work.

Assessment Rationale:
Students independently do a seminar paper (project) with practical implementation on a chosen topic in the field of
mining and deep data analysis.

Assessment criteria

Presentation and discussion of
the seminar paper

Attendance at lectures Practical work

10% 60% 30%

Literature

1. Dz. Ponko (2013). Skladiste podataka i analize podataka. Univerzitet u Sarajevu,

Mandatory Elektrotehnicki fakultet u Sarajevu, ISBN 978-9958-629-55-6

1. 1. H. Witten, E. Frank, M. A. Hall (2016). Data Mining: Practical Machine Learning Tools
and Techniques. 4th ed. Morgan Kaufmann

2. J. Han, M. Kamber, J. Pei (2012). Data Mining - Concepts and Techniques

3. http://myweb.sabanciuniv.edu/rdehkharghani/files/2016/02/The-Morgan-Kaufmann-Series-
in-Data-Management-Systems-Jiawei-Han-Micheline-Kamber-Jian-Pei-Data-Mining.-
Concepts-and-Techniques-3rd-Edition-Morgan-Kaufmann-2011.pdf

4. B. Lantz (2015). Machine Learning with R - Second Edition: Expert techniques for
predictive modeling to solve all your data analysis problems, Packt Publishing

5. S.Raschka, V. Mirjalili (2017). Python Machine Learning. 2nd ed. Packt Publishing,
Birmingham UK.

6. D. L. Olson, D. Delen (2008). Advanced Data Mining Techniques.
https://www.researchgate.net/publication/220695151 Advanced Data_Mining_Techniques

Additional
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