| UCNI NACRT PREDMETA / COURSE SYLLABUS

Predmet: Racunalnisko podprto odkrivanje znanstvenih zakonitosti in e-znanost
Course title: Computational Scientific Discovery and e-Science
Studijski program in stopnja Studijska smer Letnik Semester
Study programme and level Study field Academic year Semester
Informac.lj.ske in kom.unlkacuske Tehnologije znanja 1 )
tehnologije, 2. stopnja
Information and Communication .
Technologies, 2 cycle Knowledge Technologies 1 2
Vrsta predmeta / Course type \ Izbirni / Elective
Univerzitetna koda predmeta / University course code: \ IKT2-709
. . . Lab. vaje .
Predavanja Seminar Sem. vaje Druge oblike Samost. delo
. . Laboratory . ECTS
Lectures Seminar Tutorial Other Individ. work
work
30 30 | | 30 | 20 || 10

*Navedena porazdelitev ur velja, ¢e je vpisanih vsaj 15 Studentov. Drugace se obseg izvedbe kontaktnih ur
sorazmerno zmanjsa in prenese v samostojno delo. / This distribution of hours is valid if at least 15 students
are enrolled. Otherwise the contact hours are linearly reduced and transfered to individual work.

Nosilec predmeta / Lecturer: | Prof. dr. Sa$o Dzeroski

Jeziki / Predavanja / Lectures: | Slovenscina, anglescina / Slovenian, English

Languages: Vaje / Tutorial:

Pogoji za vkljuditev v delo oz. za opravljanje Prerequisites:

Studijskih obveznosti:

Zakljucena prva stopnja bolonjskega Studija. Completed Bologna first cycle undergraduate
Potrebna so tudi osnovna znanja matematike, education. Basic knowledge of mathematics,
racunalnistva in informatike. computer science and informatics is also requested.
Vsebina: Content (Syllabus outline):

1) Znanstvena metoda 1) The scientific method

Strukture znanstvenega védenja, znanstvene Scientific knowledge structures, scientific
aktivnosti in procesi. activities/processes.

2) RacunalnisSko podprto odkrivanje 2) Computational scientific discovery
znanstvenih zakonitosti Introduction, history of development of the area,
Uvod, zgodovinski razvoj podrocja, osnovne basic methods, e.g., equation discovery,
metode, npr. odkrivanje enacb, omreZij in poti, discovering networks, discovering pathways,
induktivno modeliranje procesov. inductive process modelling.

3) Rudarjenje znanstvenih podatkov 3) Mining scientific data

Posebne zahteve pri rudarjenju znanstvenih Specific requirements for mining scientific data
podatkov v primerjavi z rudarjenjem poslovnih, vs. data mining in business, finance, retail.
financnih, prodajnih podatkov; induktivne baze




podatkov.

4) Aplikacije v znanostih o okolju

Modeliranje habitatov in populacijske dinamike.

5) Aplikacije v znanostih o Zivljenju
Aplikacije v bioinformatiki, biomedicini in
sistemski biologiji, npr. napovedovanje
funkcije genov, odkrivanje metaboli¢nih in
regulacijskih poti.

6) Uvod v e-znanosti
Grid, diagrami poteka, semanticni
splet/Grid, znanstvene ontologije.

4) Applications in Environmental Sciences
Habitat modeling, modeling population dynamics.

5) Applications in Life Sciences
Applications in bioinformatics, biomedicine,
and systems biology, e.g., predicting gene
function, discovering metabolic and
regulation pathways.

6) Introduction to e-Science
The Grid, work-flows, semantic web/Grid, scientific
ontologies.

Temeljna literatura in viri / Readings:

e DZeroski, S, and Todorovski, L. (Eds.) Computational Discovery of Scientific Knowledge. Springer,

2007. ISBN 978-3-540-73919-7.

e Hey, T., Tansley, S., and Tolle, K. (Eds.) The Fourth Paradigm: Data-Intensive Scientific Discovery.
Microsoft Research, 2009. ISBN 978-0-982-54420-4.
e Gaber, M. (Ed.) Scientific Data Mining and Knowledge Discovery: Principles and Foundations.

Springer, 2010. ISBN 978-3-642-02787-1.

e Yang, X., Wang, L., and Jie, W. (Eds.) Guide to e-Science: Next Generation Scientific Research and
Discovery. Springer, 2011. ISBN 978-0-857-29438-8.Critchlow, T. and Kleese van Dam, K. (Eds.)
Data-Intensive Science. Chapman & Hall/CRC Computational Science, 2013. ISBN 978-1-439-88139-

2

e Mobus, G.E. and Kalton, M.C. Principles of Systems Science. Springer, 2015. ISBN 978-1-493-91919-2.

Cilji in kompetence:

Objectives and competences:

Cilj predmeta je seznaniti Studenta s podrocjem
racunalnisko podprtega odkrivanja znanstvenih
zakonitosti oz. z racunalniskimi postopki za
avtomatizacijo ali podporo glavnih vidikov
odkrivanja znanstvenih zakonitosti. Na zacetku
bodo obdelani osnovni koncepti vklju¢no z
znanstveno metodo in elementi znanstvenega
obnasanija, ki vsebujejo strukture znanstvenega
védenja kot tudi aktivnosti za generiranje in
upravljanje s temi strukturami.

Predstavljen bo zgodovinski razvoj podro¢ja in
obravnavana bo povezava z novejSimi trendi
razvoja, kot je na primer rudarjenje znanstvenih
podatkov.

Predmet bo pokril vrsto tehnik, kot tudi
njihovih aplikacij na podrocju znanosti o okolju
(ekologija) in znanosti o Zivljenju
(bioinformatika).

Studenti bodo pridobili osnovno razumevanje
struktur znanstvenega vedenja in z njimi

The goal of the course is to familiarize the student
with the field of computational scientific discovery,
i.e., with computational approaches to automating
or supporting crucial aspects of scientific discovery.
Basic concepts will be covered first, including the
scientific method and the elements of scientific
behavior, which include scientific knowledge
structures, as well as scientific activities that
generate and manipulate these structures. The
history of the development of the field will be
presented and its relation to recent developments
such as mining scientific data will be discussed. A
range of techniques will be covered, as well as
their applications in environmental sciences
(ecology) and life sciences (bioinformatics).

The students will acquire a basic understanding
of scientific knowledge structures and activities,
as well as computer methods to support their
automation.




povezanih aktivnosti, kot tudi racunalniskih
metod za njihovo podporo in avtomatizacijo.

Predvideni Studijski rezultati:

Intended learning outcomes:

Student, ki bo uspegno konéal ta predmet, bo
pridobil znanje in razumevanje:

Splosne kompetence:

e znanstvena metoda

e strukture znanstvenega védenja, kot
so taksonomije, znanstveni zakoni in
teorije

e znanstvene aktivnosti, kot na primer
snovanje in revizija taksonomij, zakonov in
teorij

e zmoznost komunikacije znanstvenega
védenja preko ¢lankov in prezentacij

e osnovni koncepti mreze, semanti¢nega
spleta in e-znanosti

Predmetnospecificne kompetence:

e zgodovina razvoja podrocja racunalnisko
podprtega odkrivanja znanstvenih
zakonitosti

e osnovni procesi klasi¢nega in
racunalnisko podprtega odkrivanja
znanstvenih zakonitosti

e pregled obstojecih nalog in metod
racunalnisko podprtega odkrivanja
znanstvenih zakonitosti

e sposobnost uporabe obstojecih metod na
novih problemih racunalnisko podprtega
odkrivanja znanstvenih zakonitosti

e sposobnost ugotavljanja primernosti metod
podatkovnega rudarjenja ali racunalnisko
podprtega odkrivanja znanstvenih
zakonitosti za analizo znanstvenih podatkov

e sposobnost postavljanja novih nalog
racunalnisko podprtega odkrivanja
znanstvenih zakonitosti ter zasnova in
implementacija metod za njihovo reSevanje

Knowledge and Understanding:
A student who completes this course successfully
will know and understand:

General Competences:

e The scientific method

e Scientific knowledge structures, such
as taxonomies, laws and theories

e Scientific activities, such as the
formation/revision of taxonomies, laws and
theories

e Communicability of scientific knowledge and
the capability therefore

e Basic concepts of The Grid, The Semantic
Web and e-Science

Course Specific Competences:

e History of development of computational
scientific discovery

e Basic processes of scientific discovery
and computational scientific discovery

e Overview of existing tasks and methods
of computational scientific discovery

e The ability to apply existing methods to
new problems of computational scientific
discovery

e The ability to identify whether data mining
or computational scientific discovery
methods are needed to analyse scientific
data

e The ability to formulate new tasks of
computational scientific discovery and to
initiate the design/implementation of
methods to solve such problems

Metode poucevanja in ucenja:

Learning and teaching methods:

Predavanja, seminar, konzultacije, individualno
delo

Lectures, seminar, consultations, individual work

Delez (v %) /

Nacini ocenjevanja: Weight (in %)  Assessment:
Seminar 50 % Seminar
Ustni izpit 50 % Oral exam

Reference nosilca / Lecturer's references:

e Tanevski, J., Todorovski, L., and DZeroski, S. (2016). Learning stochastic process-based models of
dynamical systems from knowledge and data. BMC systems biology 10: 30- 1-30-17. DOI:




10.1186/s12918-016-0273-4.

Tanevski, J., Todorovski, L., and DZeroski, S. (2016). Process-based design of dynamical biological
systems. Scientific reports 6: 34107-1-34107-13. DOI: 10.1038/srep34107.

Simidjievski, N., Todorovski, L., and DZeroski, S. (2016). Modeling dynamic systems with efficient
ensembles of process-based models. PloS one 11 (4): 0153507-1-0153507-27. DOI:
10.1371/journal.pone.0153507.

Simidjievski, N., Todorovski, L., and DZeroski, S. (2015). Predicting long-term population dynamics
with bagging and boosting of process-based models. Expert Systems with Applications 42 (22):
8484-8496. DOI: 10.1016/j.eswa.2015.07.004.

Tanevski, J., Todorovski, L., Kalaidzidis, Y., and DZeroski, S. (2015). Domain-specific model selection
for structural identification of the Rab5-Rab7 dynamics in endocytosis. BMC systems biology 9: 31-1-
31-17. DOI: 10.1186/s12918-015-0175-x.




