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vectors. We will apply the methodology to larger problem
domains to fully utilize the efficiency demonstrated by the
developed PRCC.

FUNDING

This work has been partially funded by the European
Commission in the context of the FP7 project FIRST (Large
scale information extraction and integration infrastructure
for supporting financial decision making) under the Grant
Agreement No. 257928. The authors are grateful to the Center
for Knowledge Transfer at JoZef Stefan Institute and to Viidea
Ltd. for providing the VideoLectures dataset and the case study
presented in this paper. The authors are also grateful to Anze
Vavpeti¢ for his help and discussions.

REFERENCES

[1] Feldman, R. and Sanger, J. (2006) The Text Mining Handbook:
Advanced Approaches in Analyzing Unstructured Data. Cam-
bridge University Press, Cambridge, England and New York,
USA.

[2] Han, J. (2009) Mining Heterogeneous Information Networks by
Exploring the Power of Links. Proc. 12th Int. Conf. on Discovery
Science, Porto, Portugal, October 3-5, pp. 13-30. Springer,
Berlin, Germany.

[3] Nooy, W.D., Mrvar, A. and Batagelj, V. (2005) Exploratory
Social Network Analysis with Pajek. Cambridge University Press,
Cambridge, UK and New York, USA.

[4] Getoor, L. and Diehl, C.P.(2005) Link mining: a survey. SIGKDD
Explorations Special Issue on Link Mining, 7, 3—12.

[5] Lu, Q. and Getoor, L. (2003) Link-Based Text Classification.
Workshop Text-Mining and Link-Analysis at 18th Int. Joint Conf.
on Artificial Intelligence, Acapulco, Mexico, August 11, pp. 496—
503. Morgan Kaufmann, San Francisco, USA.

[6] Grcar, M., Grobelnik, M. and Mladeni¢, D. (2007) Using Text
Mining and Link Analysis for Software Mining. Proc. 3rd Int.
Workshop on Mining Complex Data, Warsaw, Poland, September
17, pp. 1-12. Springer, Heidelberg, Germany.

[7] Page, L., Brin, S., Motwani, R. and Winograd, T. (1999)
The PageRank Citation Ranking: Bringing Order to the Web.
Technical Report 1999-66. Stanford InfoLab, Stanford, USA.

[8] Grcar, M. and Lavra¢, N. (2011) A Methodology for Mining
Document-Enriched Heterogeneous Information Networks.
Proc. 14th Int. Conf. on Discovery Science (LNCS 6926), Espoo,
Finland, October 5-7, pp. 107-121. Springer, Berlin, Heidelberg,
New York.

[9] Mitchell, T.M. (1997) Machine Learning. McGraw-Hill, New
York, USA.

[10] Fortuna, B., Grobelnik, M. and Mladenié, D. (2007) OntoGen:
Semi-automatic Ontology Editor. Proc. 2007 Conf. on Human
Interface: Part 1I, Beijing, China, July 22-27, pp. 309-318.
Springer, Berlin, Germany.

[11] Fortuna, B., Mladeni¢, D. and Grobelnik, M. (2006) Visualization
of text document corpus. Informatica, 29, 497-502.

[12] Kim, H.-R. and Chan, P. K. (2008) Learning implicit user interest
hierarchy for context in personalization. J. Appl. Intell., 28,
153-166.

[13] Grcar, M., Mladeni¢, D. and Grobelnik, M. (2005) User
Profiling for Interest-Focused Browsing History. Proc. 8th
Multiconference Information Society IS 2005, Ljubljana,
Slovenia, October 11-17, pp. 182-185. Slovensko drustvo
Informatika, Ljubljana.

[14] Salton, G. (1989) Automatic Text Processing—the Transfor-
mation, Analysis, and Retrieval of Information by Computer,
reprinted with corr. edition. Addison-Wesley Longman Publish-
ing Co., Inc., Boston, USA.

[15] Sebastiani, F. (2002) Machine learning in automated text
categorization. ACM Comput. Surv., 34, 1-47.

[16] Mladeni¢, D. (1998) Machine Learning on non-homogeneous,
distributed text data. PhD Thesis, Faculty of Computer and
Information Science, University of Ljubljana, Slovenia.

[17] Grobelnik, M. and Mladeni¢, D. (2005) Simple classification into
large topic ontology of web documents. J. Comput. Inf. Technol.,
13, 279-285.

[18] Tan, S. (2008) An improved centroid classifier for text
categorization. Expert Syst. Appl.: Int. J., 35, 279-285.

[19] Cardoso-Cachopo, A. and Oliveira, A. L. (2006) Empirical
Evaluation of Centroid-Based Models for Single-Label Text
Categorization. Technical Report 7/2006. Instituto Superior
Técnico, Lisbon, Portugal.

[20] Joachims, T., Finley, T. and Yu, C.-N.J. (2009) Cutting-plane
training of structural SVMs. Mach. Learn., 77, 27-59.

[21] Crestani, F. (1997) Application of spreading activation techniques
in information retrieval. Artif. Intell. Rev., 11, 453-482.

[22] Kleinberg, J. M. (1999) Authoritative sources in a hyperlinked
environment. J. Assoc. Comput. Mach., 46, 604—632.

[23] Jeh, G. and Widom, J. (2002) SimRank: A Measure of Structural-
Context Similarity. Proc. 8th ACM SIGKDD Int. Conf. on
Knowledge Discovery and Data Mining, Edmonton, Alberta,
Canada, July 23-26, pp. 538-543. ACM, New York, USA.

[24] Kondor, R.I. and Lafferty, J. (2002) Diffusion Kernels on Graphs
and other Discrete Structures. Proc. 19th Int. Conf. on Machine
Learning: ICML, Sydney, Australia, July 8-12, pp. 315-322.
Morgan Kaufmann, San Francisco, USA.

[25] Balmin, A., Hristidis, V. and Papakonstantinou, Y. (2004)
ObjectRank: Authority-Based Keyword Search in Databases.
Proc. 30th Int. Conf. on Very Large Data Bases, VLDB’04,
Toronto, Canada, August 29-September 3, Vol. 30, pp. 564-575.
VLDB Endowment, USA.

[26] Stoyanovich, J., Bedathur, S., Berberich, K. and Weikum, G.
(2007) EntityAuthority: Semantically Enriched Graph-based
Authority Propagation. Proc. 10th Int. Workshop on the Web and
Databases (WebDB 2007), Beijing, China, June 15, pp. 1-10.
ACM, New York, USA.

[27] Zhu, X. and Ghahramani, Z. (2002) Learning from Labeled and
Unlabeled Data with Label Propagation. Technical Report CMU-
CALD-02-107. Carnegie Mellon University, Pittsburgh, USA.

[28] Zhou, D. and Scholkopf, B. (2004) A Regularization Framework
for Learning from Graph Data. ICML Workshop on Statistical
Relational Learning, Banff, Alberta, Canada, July 4-8, pp. 132—
137. ACM, New York, USA.

THE COMPUTER JOURNAL, 2012

€T0Z ‘2T |udy uoamnisu| Ueels jezor e /6io'sfeusno(pioxor ulwos/:diy wouy papeojumoq


http://comjnl.oxfordjournals.org/

METHODOLOGY FOR MINING DOCUMENT-ENRICHED HETEROGENEOUS INFORMATION NETWORKS 15

[29] Ji, M., Sun, Y., Danilevsky, M., Han, J. and Gao, J. (2010)
Graph Regularized Transductive Classification on Heterogeneous
Information Networks. Proc. 2010 European Conf. on Machine
Learning and Knowledge Discovery in Databases: Part I,
Barcelona, Spain, September 20-24, pp. 570-586. Springer,
Berlin, Germany.

[30] Yin, X., Han, J., Yang, J. and Yu, P. S. (2004) CrossMine: Efficient
Classification Across Multiple Database Relations.Constraint-
Based Mining and Inductive Databases, Hinterzarten, Germany,
March 11-13, pp. 172-195. Springer, Berlin, Germany.

[31] Atrey, P.K., Hossain, M.A., El Saddik, A. and Kankanhalli, M. S.
(2010) Multimodal fusion for multimedia analysis: a survey.
Multimedia Syst., 16, 345-379.

[32] Kramer, S., Lavrac, N. and Flach, P. (2001) Propositionalization
Approaches to Relational Data Mining. In DZeroski, S. and
Lavra¢, N. (eds) Relational Data Mining. Springer, New York,
USA.

[33] Muggleton, S.H. (1992) Inductive Logic Programming. Aca-
demic Press Ltd., London.

[34] Lavra¢, N. and DZeroski, S. (1994) Inductive Logic Program-
ming: Techniques and Applications. Ellis Horwood, UK.

[35] Dzeroski, S. and Lavrac, N. (eds) (2001) Relational Data Mining.
Springer, Berlin.

[36] Caruana, R., Munson, A. and Niculescu-Mizil, A. (2006) Getting
the Most Out of Ensemble Selection. Proc. 6th Int. Conf. on
Data Mining (ICDM’06), Hong Kong, China, December 18-22,
pp- 828-833. IEEE Computer Society, USA.

[37] Rakotomamonjy, A., Bach, FER., Canu, S. and Grandvalet, Y.
(2008) SimpleMKL. J. Mach. Learn. Res., 9, 2491-2521.

[38] Vishwanathan, S., sun, Z., Ampornpunt, N. and Varma, M. (2010)
Multiple Kernel Learning and the Smo Algorithm. Advances in
Neural Information Processing Systems 23, Vancouver, Canada,
December 6-9, pp. 2361-2369. Curran Associates, Norwich,
England.

[39] Lanckriet, G.R.G., Deng, M., Cristianini, N., Jordan, M.I. and
Noble, W.S. (2004) Kernel-Based Data Fusion and its Application
to Protein Function Prediction in Yeast. Pacific Symp. on
Biocomputing, Hawaii, USA, January 6-10, pp. 300-311. World
Scientific, New Jersey, USA.

[40] Storn, R. and Price, K. (1997) Differential evolution—a simple
and efficient heuristic for global optimization over continuous
spaces. J. Global Optim., 11, 341-359.

[41] Porter, M. F. (1980) An algorithm for suffix stripping. Program,
14, 130-137.

[42] Mladeni¢, D. (1998) Feature Subset Selection in Text-Learning.
Proc. 10th European Conf. on Machine Learning (ECML-98),
Chemnitz, Germany, April 21-23, pp. 95-100. Springer, Berlin.

[43] Nummelin, E. (2004) General Irreducible Markov Chains
and Non-negative Operators. Cambridge University Press,
Cambridge, UK and New York, USA.

[44] MSR-TR-2005-09 (2005) A Framework for Characterizing
Feature Weighting and Selection Methods in Text Classification.
Microsoft Research. Cambridge, UK.

[45] Demsar, J., Zupan, B., Leban, G. and Curk, T. (2004) Orange:
From Experimental Machine Learning to Interactive Data
Mining. Proc. 8th European Conf. on Principles and Practice
of Knowledge Discovery in Databases (PKDD), Pisa, Italy,
September 20-24, pp. 537-539. Springer, Berlin, Heidelberg,
New York.

[46] Berthold, M.R., Cebron, N., Dill, F., Gabriel, T.R., Kotter, T.,
Meinl, T., Ohl, P., Sieb, C., Thiel, K. and Wiswedel, B.
(2007) KNIME: The Konstanz Information Miner. Data Analysis,
Machine Learning and Applications—Proc. 31st Annual Conf. of
the Gesellschaft fiir Klassifikation, Albert-Ludwigs-Universitit,
Freiburg, March 7-9, pp. 319-326. Springer, Berlin, Heidelberg,
New York.

[47] Witten, L.H., Frank, E. and Hall, M.A. (2011) Data Mining:
Practical Machine Learning Tools and Techniques. Morgan
Kaufmann, Amsterdam.

[48] Mierswa, L., Wurst, M., Klinkenberg, R., Scholz, M. and Euler, T.
(2006) YALE: Rapid Prototyping for Complex Data Mining
Tasks. Proc. 12th ACM SIGKDD Int. Conf. on Knowledge
Discovery and Data Mining, Philadelphia, PA, USA, August 20—
23, pp. 935-940. ACM New York, NY, USA.

[49] Vieira Paulovich, F., Nonato, L.G. and Minghim, R. (2006)
Visual Mapping of Text Collections through a Fast High
Precision Projection Technique. Proc. Conf. on Inf. Visualization,
Baltimore, USA, October 29—November 3, pp. 282-290. IEEE
Computer Society, Washington, USA.

[50] Fortuna, B., Grobelnik, M. and Mladenié, D. (2005) Visualization
of text document corpus. Inform. J., 29, 497-502.

[51] Sorkine, O. and Cohen-Or, D. (2004) Least-Squares Meshes.
Proc. Shape Modeling International 2004, Genova, Italy, June
7-9, pp. 191-199. IEEE Computer Society, Washington, USA.

[52] Grcar, M., Podpecan, V., JurSi¢, M. and Lavra¢, N. (2010)
Efficient Visualization of Document Streams. Proc. 13th Int.
Conf. on Discovery Science, Canberra, Australia, October 6-8,
pp. 174-188. Springer, Berlin, Germany.

THE COMPUTER JOURNAL, 2012

£T0Z ‘2T |udy uo a1misu| Ueels 18zor e /B10's[euInolpuoxo jufwooy/:dny wou) pepeojumoq


http://comjnl.oxfordjournals.org/

