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 The Department of Knowledge Technologies performs research in advanced information 
technologies aimed at acquiring, storing and managing knowledge to be used in the development 
of knowledge-based applications. Established areas include intelligent data analysis (machine 
learning, data mining, and knowledge discovery in databases), semantic data mining and 
the semantic web, language technologies and computational linguistics, decision support and 
knowledge management. Apart from research in knowledge technologies, we are also developing 
applications in environmental sciences and ecology, medicine and health care, biomedicine and 
bioinformatics, economy and marketing.

In 2012 we were involved in eight national and thirteen European projects, most of them funded in the seventh 
framework program (FP7). In terms of our collaboration in EU projects, we were the most successful program 
group in Slovenia.

In the area of intelligent data analysis and data mining we have developed several new methods and used 
them in a number of application areas. We developed a new approach for creating and implementing data-mining 
workflows, upgrading the service-oriented knowledge-discovery platform Orange4WS, also developing a new 
workflow platform called ClowdFlows. In Orange4WS we also developed and implemented a novel SDM-Toolkit used 
for semantic subgroup discovery; a new triplet extraction methodology from 
text, used for signaling network construction in the modeling of plant defense 
response; and the SegMine methodology, which together with the BioMine 
system for the detection of new links between genes, allows for semantic 
gene expression analysis by using bio-ontologies as background knowledge.

We developed a new system for bisociative knowledge discovery called 
CrossBee, used for discovering new connections between different medical 
domains. We developed a new methodology for mining document-enriched 
heterogeneous information networks and a new approach to equation dis-
covery, enabling the learning of process-based models of dynamic systems 
from data and domain knowledge, which can use different criteria and methods for parameter optimization. 
We developed new methods for learning rule ensembles for multi-target regression and new methods for 
multi-label classification and conducted a large-scale empirical comparison of existing ones. We used the 
newly developed methods in a number of environmental problems, including the hierarchical classification 
of diatoms from images, modeling the dynamics of aquatic ecosystems, and modeling gene flow between 
conventional and genetically modified crops.

We have successfully concluded our work on the FP7 project on data mining called e-LICO (e-Laboratory 
for Interdisciplinary Collaborative Research in Data Mining and Data-Intensive Sciences) where we devel-
oped new web services for subgroup discovery.

We successfully concluded our collaboration within the FP7 project PHAGOSYS (Systems biology of 
phagosome formation and maturation – modulation by intracellular pathogens), where we used equation-
discovery approaches to learn models of the dynamics of endocytosis, an important process of immune 
response, and analyzed high throughput data from compound and genomic screens about different aspects 
of the same process (e.g., in response to different pathogens). We continued our collaboration in two other 
FP7 projects: SUMO, where we are developing methods for learning supermodels (ensemble models of 
dynamic systems), and REWIRE, where we apply machine-learning methods to analyze patient-record 
and sensor data in the context of post-stroke rehabilitation. In September we started work on the EU 7FP 
FET project from the field of computer understanding of natural language called MUSE (Machine Under-
standing for interactive StorytElling), the goal of which is to illustrate texts as 3D animation.In the area 
of text and web mining and heterogeneous information network analysis we continued our research in 
the framework of three European FP7 projects: FIRST (Large scale information extraction and integration 
infrastructure for supporting financial decision making), FOC (Forecasting Financial Crises), and ENVISION 
(ENVIronmental Services Infrastructure with ONtologies). In FIRST and FOC we focus on analyzing large 
amounts of dynamic and heterogeneous sources of financial information and develop online data-mining 

Figure 1: Monograph "Foundations of 
Rule Learning" (Springer 2012, 334 
pages), co-authored by Prof. Nada Lavrač, 
presents the foundations, techniques and 
selected applications of rule learning as 
investigated in classic machine learning 
and modern data mining.

We produced the first digital dictionary of 
historical Slovene, containing over 20,000 
entries and available from http://nl.ijs.si/imp/, 
which can be used by linguists, as well as for 
applications in human language technologies, 
e.g., to support a full-text search in digital 
libraries of Slovenian cultural heritage.
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tools for near-real-time processing of vast amounts of constantly evolving data (financial news, blogs and 
tweets). We permanently monitor 200 financial websites and capture about 40,000 documents per day. In 
2012 we focused on data analysis and end-user solutions, such as sentiment analysis on financial products, 
estimating the reputation of financial institutions, and on online fraud detection. In FOC we extract indica-
tors based on the sentiment analysis of large streams of textual data with the goal of forecasting financial 
crises. In ENVISION we develop tools for multilingual support for ontology management and a semantic 
description of geographic data and services. The tools are integrated into a web application and constitute 
one of the modules of the on-line environmental decision support portal. 

During the 2012 Slovenian presidential elections, we launched a novel public sentiment monitoring 
solution in collaboration with Gama System and POP TV. We developed a sentiment analysis prototype that 
collected and analyzed tweets about the three presidential candidates. The sentiment charts were shown 
on prime time during live TV debates on POP TV and were controversial in the sense that they were in 
conflict with the polls carried out by the major polling agencies in Slovenia. The polling agencies predicted 
the then-current president would win the first round of elections, while our system clearly showed the lead 
of Borut Pahor, who in the end won both the first and the final round of elections.

In the area of language technologies we continued work on the development of language resources 
and technologies for historical Slovene, where we produced a manually annotated corpus (300,000 words), 
a digital lexicon (20,000 entries) and an annotation tool for historical Slovene, with which we then an-
notated a large collection (400 books, 30,000 pages) of historical Slovene texts and made it available as a 
digital library and through a web-based concordancer. With this we are enabling empirically based studies 
of diachronic Slovene, as well as better accessibility of Slovene written cultural heritage, already used in 
the dLib.si digital library portal of the National and University Library (NUL) of Slovenia. This work was 
undertaken in the scope of the FP7 project IMPACT (Improving Access to Text) in which we collaborate 
with NUL and as part of the Google awarded project “Developing language models for historical Slovene”, 
in which we collaborate with the Scientific Research Centre of the Slovene Academy of Sciences and Arts 
(SRC SASA). In the scope of the national project “Unknown 17th and 18th century manuscripts of Slovene 
literature: information-technology aided register, scholarly editions and analyses” we finished our joint 

work with SRC SASA, where we implemented a Fedora Commons platform for searching manuscript descriptions 
and viewing manuscripts. We also started joint work with SRC SASA on the national project “Leading Slovene 
Humanists from the 16th to the mid-19th Century”. 

In the scope of the project “Communication in Slovene”, under the lead of the company Amebis we finished 
work on a new generation of reference corpora for Slovene (e.g., Gigafida with more than a billion words), which 
also include large freely available corpora, so far lacking for the Slovene language. We completed our work on the 
linguistic annotation of parallel bi-lingual corpora, performed in the scope of the national project “Slovene transla-

tion studies – resources and research” under the lead of the Department for 
Translation Studies at the Arts Faculty of the University of Ljubljana. The 
corpora are used for linguistic studies of translation processes, while also 
being useful for the development of multilingual language technologies. In 
cooperation with the same department we are continuing work on enlarging 
and cleaning the Slovene semantic lexicon sloWNet, where we collaborated 
in the development of two tools: sloWTool, a browser and editor for sloWNet, 
and sloWCrowd, a crowdsourcing tool for lexicon cleaning. In 2012 we started 
with work on implementing web services to linguistically annotated texts; 
so far we have implemented part-of-speech tagging and lemmatization for 
Slovene and English in the workflow construction environments Orange4WS 
and ClowdFlows.

We collaborated in the work of the Slovene Institute of Standardization, 
as the Slovene delegates of ISO/TC37/SC4 “Terminology and Other Language 
and Content Resources / Language Resources Management” by taking part 
in the meetings of ISO TC 37 and in reviewing, translating and approving 
Slovene standards from this field. We were active in the preparation of the 
National Program for Language Policy 2012-2016 and in taking the steps 
necessary for Slovenia to join the research infrastructure CLARIN (Com-
mon Language Resources and Technology Infrastructure) at the Slovene 
Ministry of Culture.

In the area of decision support our long-term goal is to develop methods 
and techniques of decision modeling, support them with software and inte-

Launch of a novel, public sentiment monitoring 
system in collaboration with Gama System and 

POP TV, aired in prime time during the 2012 
presidential elections.

Figure 3: Twitter sentiment about candidates at the 2012 Slovenian 
presidential elections shown on POP TV. Source: http://www.
predsedniskevolitve.si/, Gama System in collaboration with Jožef Stefan 
Institute, Slovenia.

Figure 2: Result of successful EU FP7 
project BISON is an open-access book 
"Bisociative Knowledge Discovery", 
Springer 2012. Members of the 
Department of Knowledge Technologies 
at JSI contributed nine book chapters 
addressing methods for discovering 
new, domain-bridging connections and 
patterns from heterogeneous data sources.
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grate them with data-mining systems. In 2012 we developed a new version 
(3.04) of the computer program for multi-attribute decision-making DEXi, 
which brings better reporting capabilities and completely re-implemented 
JDEXi, a java library for the evaluation of decision alternatives. We also 
improved existing and developed new methods for the ranking of alterna-
tives in qualitative multi-attribute models, based on copulas, which improve 
the sensitivity of decision models and alleviate some drawbacks of existing 
methods. In the framework of the 7FP EU project e-LICO, we developed a 
multi-attribute model for the evaluation of workflows in Rapid Miner, a well-
known data-mining suite. In the 7FP project FIRST, we started the develop-
ment of evaluation models for banking and finance. We developed a model 
for the assessment of roof coverings, which is methodologically interesting 
for its explicit modeling of context-based dependencies. Our results on six 
decision-support models related to growing and using genetically-modified 
crops, which were achieved in the already finished EU 7FP project Co-Extra, 
were published in 2012 in a Wiley-Blackwell book.

We participated in the project EVADIFF (Evaluation et de développement 
et modèles outils d’aide à la décision utilisés pour la Prevention des pollutions 
diffuses par les produits phytopharmaceutiques), commissioned by ARVALIS 
Institut du Vegetal, France, where we develop a decision-support system for 
the selection of mitigation measures for the protection of surface waters 
from pollution by phytopharmaceuticals.

Some outstanding publications in the past year

1. Stojanova, D., Ceci, M., Appice, A., Džeroski, S.: Network regression with 
predictive clustering trees. Data mining and knowledge discovery, 2012, 
vol. 25, no. 2, pp. 378–413

2. Grčar, M., Trdin, N., Lavrač, N.: A methodology for mining document-
enriched heterogeneous information networks. Comput. j., [in press] 
2012, 15 pages

3. Aho, T., Ženko, B., Džeroski, S., Elomaa, T.: Multi-target regression 
with rule ensembles. J. mach. learn. res., [Print ed.], 2012, vol. 13, 
pp. 2367–2407

4. Miljković, D., Stare, T., Mozetič, I., Podpečan, V., Petek, M., Witek, K., 
Dermastia, M., Lavrač, N., Gruden, K.: Signalling network construction 
for modelling plant defence response. PloS one, 2012, vol. 7, no. 12, 
pp. e51822–e51822-18. http://ponta.ijs.si/mozetic/papers/Miljetal-
signet-PlosONE-12.pdf

5. Logar Berginc, N., Grčar, M., Brakus, M., Erjavec, T., Arhar Holdt, 
Š., Krek, S.: Korpusi slovenskega jezika Gigafida, KRES, ccGigafida 
in ccKRES: gradnja, vsebina, uporaba, (Zbirka Sporazumevanje). 1. 
izd. Ljubljana: Trojina, zavod za uporabno slovenistiko: Fakulteta za 
družbene vede, 2012. 208 pages, ilustr. ISBN 978-961-92983-6-7. ISBN 
978-961-235-596-8

6. Mileva-Boshkoska, B., Bohanec, M: A method for ranking non-linear 
qualitative decision preferences using copulas. International journal of 
decision support system technology, [in press] 2012, 17 pages

Organization of conferences, congresses and meetings

1. The 22nd International Conference on Inductive Logic Programming - ILP 2012, Dubrovnik, Croatia, 17.–19. 
9. 2012

2. Subconference: Intelligent Systems, and Conference on 100 Years of Alan Turing and 20 Years Of SLAIS, 
Information Society 2012, Ljubljana, Slovenia 8.–12. 10. 2012

3. Project meeting of European project REWIRE, Ljubljana, Slovenia, 17.–18. 9. 2012

Nada Lavrač gave an invited lecture at The 25th 
IEEE International Symposium on Computer-
Based Medical Systems - CBMS 2012, held in 
Rome in June 2012. 

Figure 5: The first digital dictionary of historical Slovene, containing 
over 20,000 entries and available from http://nl.ijs.si/imp/, can 
be used by linguists, as well as for applications in human language 
technologies, e.g., to support full-text search in digital libraries of 
Slovenian cultural heritage.

Figure 4: User interface for a system for the automatic annotation 
of microscopic diatom images. The query image and the reported 
identification results (taxon name and probability) are shown in the 
upper part. The bottom part shows the reference images for the identified 
taxon name that are present in the database.
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INTERNATIONAL PROJECTS
1. EVADIFF: Evaluation of existing models and development of new decision-making tools 

to prevent diffuse pollution caused by plant protection products 
Arvalis - Institut du Végétal 
Prof. Marko Debeljak

2. 7. FP - PHAGOSYS: Systems biology of phagosome formation and maturation, 
modulation by intracellular pathogens 
European Commission 
Prof. Sašo Džeroski

3. 7. FP - ENVISION: Environmental services infrastructures with ontologies 
European Commission 
Miha Grčar, Prof. Nada Lavrač

4. 7. FP - IMPACT: Improving access to text 
European Commission 
Asst. Prof. Tomaž Erjavec

7. FP - FIRST: Large scale information extraction and integration infrastructure for 
supporting financial decision making 
European Commission 
Miha Grčar, Prof. Nada Lavrač

5. 7. FP - e-LICO: E-laboratory for collaborative interdisciplinary research in data mining 
and data intensive sciences 
European Commission 
Prof. Nada Lavrač, Asst. Prof. Martin Žnidaršič

6. 7. FP - SUMO: Supermodeling by combining imperfect models 
European Commission 
Prof. Sašo Džeroski

7. FP - FOC-II: Forecasting financial crises 
European Commission 
Dr. Igor Mozetič, Miha Grčar

7. 7. FP - REWIRE: Rehabilitative wayout in responsive home environments 
European Commission 
Prof. Sašo Džeroski, Asst. Prof. Bernard Ženko

8. 7. FP - MUSE: Machine understanding for interactive storytelling 
European Commission 
Prof. Nada Lavrač

9. COST IC1002, MUMIA: Multilingual and multifaceted interactive information access 
COST Office 
Dr. Igor Mozetič, Asst. Prof. Tomaž Erjavec

10. The European network on word structure 
ESF - European Science Foundation 
Asst. Prof. Tomaž Erjavec

11. Identifying optimal management strategies for biodiversity and related ecosystem 
services on private forests 
Slovenian Research Agency 
Prof. Marko Debeljak

RESEARCH PROGRAM
1. Knowledge Technologies 

Prof. Nada Lavrač

R & D GRANTS AND CONTRACTS
1. Systemic biology approaches to analyzing interactions between pathogens and plants 

Prof. Nada Lavrač
2. Slovene translation studies - resources and research 

Asst. Prof. Tomaž Erjavec
3. Growth and defense trade-offs in multitrophic interaction between potato and its two 

major pests 
Prof. Nada Lavrač

4. The leading humanists in the Slovenian territory between the 16th and mid-19th 
centuries and their social and cultural environment 
Asst. Prof. Tomaž Erjavec

5. Data mining for integrative data analysis in systemic biology  
Prof. Sašo Džeroski

6. Semantic rule discovery in the context of Web services 
Prof. Nada Lavrač

7. Ecological restoration of natural disturbances in forests 
Prof. Marko Debeljak

8. Google digital humanities award for developing language models for historical Slovene 
Asst. Prof. Tomaž Erjavec

9. 22nd International conference on inductive logic programming Dubrovnik - ILP 2012, 
17.-19.9.2012, Dubrovnik 
Prof. Nada Lavrač

VISITORS FROM ABROAD
1. Dr. Ivica Dimitrovski, Faculty of Electrical Engineering and Information Technologies, 

University Ss. Cyril and Methodius, Skopje, Macedonia, 8.–29. 1. 2012
2. Dr. Gjorgji Madjarov, Faculty of Electrical Engineering and Information Technologies, 

University Ss. Cyril and Methodius, Skopje, Macedonia, 8.–29. 1. 2012
3. Dr. Nikola Ljubešić, Univerza v Zagrebu, Zagreb, Croatia, 6.–9. 2. 2012
4. Prof. dr. Suzana Loškoska, Faculty of Electrical Engineering and Information 

Technologies, University Ss. Cyril and Methodius, Skopje, Macedonia, 1. 3.–1 10. 2012
5. Akad. prof. dr. Ljupčo Kocarev, Macedonian Academy of Sciences and Arts, Skopje, 

Macedonia, 11.–16. 3. 2012
6. Dr. Michelangelo Ceci, Universita degli Studi di Bari, Bari, Italy, 23.–25. 4. 2012
7. Dr. Michelangelo Puliga, ETH, Zurich, Switzerland, 15.–18. 5. 2012, 18. 12. 2012
8. Dr. Dragan Gamberger, Rudjer Bošković Institute, Zagreb, Croatia, 15.–18. 5. 2012
9. Dr. Tomislav Šmuc, Rudjer Bošković Institute, Zagreb, Croatia, 15.–18. 5. 2012, 15. 11. 2012
10. Nino Antulov Fantulin, Rudjer Bošković Institute, Zagreb, Croatia, 15.–18. 5. 2012, 

18. 12. 2012
11. Matija Piškorec, Rudjer Bošković Institute, Zagreb, Croatia, 15.–18. 5. 2012, 15. 11. 2012

12. Marko Popović, Rudjer Bošković Institute, Zagreb, Croatia, 15.–18. 5. 2012, 4.–5. 11. 
2012, 4.–5. 12. 2012

13. Dražen Lučanin, Rudjer Bošković Institute, Zagreb, Croatia, 15.–18. 5. 2012 
14. Prof. dr. Benedict Brors, German Cancer Research Center - DKFZ, Heidelberg, Germany, 

25.–27. 7. 2012
15. Dr. Florence Leprince, ARVALIS - Institut du végétal, Montardon, France, 6.– 8. 9. 2012, 

7.–8. 11. 2012
16. Dr. Barry Hardy, Douglas Connect, Zeiningen, Switzerland, 5. 5. 2012
17. Richard Wheeler, University of Edinburgh, Edinburgh, Scotland, 4.–9. 9. 2012
18. Prof. dr. Hiroshi Motoda, AFOSR/AOARD in University of Osaka, Osaka, Japan, 

19.–23. 9. 2012
19. Prof. dr. João Gama, University of Porto, Laboratory of Artificial Intelligence and 

Decision Support, and Faculty of Economics, Porto, Portugal, 8.–14. 10. 2012
20. Dr. Nataša Pržulj, Imperial College, London, UK, 6. 11. 2012
21. Dr. Benoit Real, ARVALIS Institut du végétal, Paris, France, 7.–8. 11. 2012

STAFF
Researchers
1. Prof. Marko Bohanec
2. Prof. Bojan Cestnik*
3. Prof. Marko Debeljak
4. Prof. Sašo Džeroski
5. Asst. Prof. Tomaž Erjavec
6.	 Prof.	Nada	Lavrač,	Head
7. Prof. Tanja Urbančič*
Postdoctorial	associates
8. Dr. Dragi Kocev
9. Dr. Petra Kralj Novak
10. Dr. Panče Panov
11. Dr. Ivica Slavkov

12. Dr. Aneta Trajanov
13. Asst. Prof. Bernard Ženko
14. Asst. Prof. Martin Žnidaršič
Postgraduates
15. Darko Čerepnalkoski, B. Sc.
16. Miha Grčar, B. Sc.
17. Dr. Elena Ikonomovska
18. Matjaž Juršič, B. Sc.
19. Janez Kranjc, B. Sc.
20. Biljana Mileva Boshkoska, M. Sc.
21. Matic Perovšek, B. Sc.
22. Vid Podpečan, B. Sc.
23. Senja Pollak, B. Sc.
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24. Nikola Simidjievski, B. Sc.
25. Borut Sluban, B. Sc.
26. Nejc Trdin, B. Sc.
27. Anže Vavpetič, B. Sc.
Technical	officers
28. Marko Brakus, B. Sc., left 01.05.12
29. Dr. Igor Mozetič

Technical	and	administrative	staff
30. Tina Anžič, B. Sc.
31. Milica Bauer, B. Sc.
32. Dr. France Dacar, retired 29.07.12

Note:

* part-time JSI member
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družba - IS 2012, zvezek C: proceedings of the 15th International 
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Mojca Bernik, ed., Ljubljana, Institut Jožef Stefan, 2012, zv. A, pp. 193-
196. 

19. Senja Pollak, Nejc Trdin, Anže Vavpetič, Tomaž Erjavec, "A web service 
implementation of linguistic annotation for Slovene and English", In: 
Zbornik Osme konference Jezikovne tehnologije, 8. do 12. oktober 2012, 
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Informacijska družba - IS 2012, zvezek C: proceedings of the 15th 
International Multiconference Information Society - IS 2012, volume C, 
(Informacijska družba), Tomaž Erjavec, ed., Jerneja Žganec Gros, ed., 
Ljubljana, Institut Jožef Stefan, 2012, pp. 157-162. 

20. Senja Pollak, Anže Vavpetič, Janez Kranjc, Nada Lavrač, Špela Vintar, 
"NLP workflow for on-line definition extraction from English and 
Slovene text corpora", In: Empirical methods: proceedings of the 
Conference on Natural Language Processing 2012, (Scientific series of 
the ÖGAI, volume 5), 11th Conference on Natural Language Processing 
(KONVENS) [September 19-21, 2012, Vienna, Austria], Jeremy 
Jancsary, ed., Wien, ÖGAI, = Österreichischen Gesellschaft für Artificial 
Intelligende, 2012, pp. 53-60. 

21. Borut Sluban, Senja Pollak, Roel Coesemans, Nada Lavrač, "Irregularity 
detection in categorized document corpora", In: LREC 2012: 
proceedings, 8th International Conference on Language Resources and 
Evaluation, 21-27 May 2012, Istanbul, Turkey, Istanbul, ELRA, 2012, 
pp. 1598-1603. 

22. Jasmina Smailović, Miha Grčar, Martin Žnidaršič, "Sentiment analysis 
on tweets in a financial domain", In: Zbornik, 4. študentska konferenca 
Mednarodne podiplomske šole Jožefa Stefana = 4th Jožef Stefan 
International Postgraduate School Students Conference, 25. maj 2012, 
Ljubljana, Slovenija, Dejan Petelin, ed., Aleš Tavčar, ed., Boštjan Kaluža, 
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2. Nataša Logar Berginc et al. (6 authors), Korpusi slovenskega jezika 
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dissertation, Ljubljana, 2012 (mentor Sašo Džeroski). 

Department of Knowledge Technologies E-8



256

Jožef Stefan Institute

Annual Report 2012

   

5. Daniela Stojanova, Considering autocorrelation in predictive models: 
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