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Big Data 
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Big Data 

Big Data is characterized not only by the enormous volume or the 
velocity of its generation but also by the heterogeneity, diversity 
and complexity of the data. 

  Suzi Iacono, source: http://community.topcoder.com/coeci/nitrd/ 
 

• volume: the sheer size of the data 
 

• velocity: new data is added at breathtaking speed 
 

• variety: different formats and different perspectives 
 

• (value: how useful is the data?) 
• (veracity: how good/reliable is the data?) 
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Linked Data 2011 
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DBpedia: LOTR page 
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Information as RDF triples / graph 

LOTR  hasAuthor Tolkien . 
Hobbit hasAuthor Tolkien . 
LOTR  hasCharacter Bilbo . 
Hobbit hasCharacter Bilbo . 
 
 
 
 
  

LOTR 

Hobbit 

Tolkien 
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hasAuthor 

hasAuthor 

hasCharacter 

hasCharacter 
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Linked Data: Volume 

Number of Datasets 
 
2011-09-19  295  
2010-09-22  203  
2009-07-14  95  
2008-09-18  45  
2007-10-08  25  
2007-05-01  12 

Number of triples (Sept 2011) 
 
31,634,213,770 
 
with 503,998,829 out-links 
 
 

From http://www4.wiwiss.fu-berlin.de/lodcloud/state/ 
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Linked Data: Volume 

Geoindexed Linked Data – courtesy of Krzysztof Janowicz 
  http://stko.geog.ucsb.edu/location_linked_data 
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Data Velocity 

• Weather sensors 
• Tweets 
• Satellite images 
• … 
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Linked Data: Variety 

Copernicus lunar crater located on earth – courtesy of Krzysztof 
 Janowicz http://stko.geog.ucsb.edu/location_linked_data 
 (missing reference coordinate system) 
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Linked Data: Value (GovTrack) 

“Nancy Pelosi voted in favor of the Health Care Bill.” 

Bills:h3962 

H.R. 3962: Affordable 
Health Care for America 

Act 

Votes:2009-887/+ 

people/P000197 

Nancy Pelosi 
On Passage: H R 
3962 Affordable 
Health Care for 

America Act 

Vote: 
2009-887 

vote:hasAction 

vote:vote 

dc:title 

vote:hasOption 

rdfs:label Aye 

dc:title 

vote:votedBy 

name 
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Linked Data: Veracity 

Geoindexed Linked Data – courtesy of Krzysztof Janowicz 
  http://stko.geog.ucsb.edu/location_linked_data 
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• ... Agent 1 
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2 
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agreement Ontology 
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Person 
1 
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agreement 

Basic Idea of the Semantic Web 
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Basic Idea of the Semantic Web 

Ontology 
represents 

general domain knowledge 

DL Rules 
Krötzsch, Rudolph, Hitzler 
ECAI 2008 

Data e.g. on  
Websites 

e.g. every publication has an author 
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DL Rules 
Krötzsch, Rudolph, Hitzler 
ECAI 2008 

e.g. every publication has an author 

Publication 

Event 

Title 

Author 

Basic Idea of the Semantic Web 
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DL Rules 
Krötzsch, Rudolph, Hitzler 
ECAI 2008 
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Closing the gap – some key dimensions 

• scaling tools to Big Data size 
 

• learning / acquisition of metadata and ontologies 
 

• tolerance for noise and heterogeneity in deductive reasoning 
 

• learning and reasoning paradigms integration 
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Linked Data federated querying 

Query Upper level 
ontology 

 
LOD 
IMDB 

Dataset 

 
LOD 

Wikipedia 
Dataset 

(DBPedia) 

Answer 

Joshi, Jain, Hitzler et al. ODBASE 2012 
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Bootstrapping-based alignment 

Jain, Hitzler et al, ISWC2010 
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Partonomy detection 

Jain, Hitzler et al, ACM Hypertext 2012 
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DL-Learner 

Generation of schema knowledge from facts / raw data 
 
Employs method from Inductive Logic Programming (ILP) 
  carried over to Description Logics / OWL 
 
Resulting system DL-Learner is competetive on ILP benchmarks 
 
• Ontology Engineering Protégé Plugin 
• DBPedia Navigator 
• Traditional Machine Learning use cases 

Lehmann, Hitzler, Machine Learning 78(1-2), 203-250, 2010 
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Neural-Symbolic Integration 

unit failure 

Bader, Hitzler, Hölldobler, Neurocomputing 71, 2420-2432, 2008. 
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Iterating Random Inputs: We observe convergence to unique  
    supported model of the program. 

Neural-Symbolic Integration 

Bader, Hitzler, Hölldobler, Neurocomputing 71, 2420-2432, 2008. 
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Simplifying ontology modeling 

Krötzsch, Maier, Krisnadhi, Hitzler, WWW2011 
Krisnadhi, Maier, Hitzler, RW2011 
Carral Martinez, Hitzler, ESWC2012 
Knorr, Hitzler, Maier, ECAI2012 
Knorr, Carral Martinez, Hitzler, Krisnadhi, Maier, Wang, RR2012 
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Scalable Ontology Reasoning 
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• PolyTime Ontology Languages 
and Reasoning Algorithms 
[Krisnadhi, Hitzler, RR2012]  
[Wang, Hitzler, JIST2012] 

• Parallelization  
[Zhou, Qi, Liu, Hitzler, Mutharaju, ECAI2012] 
[in progress] 
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Inconsistency-tolerant reasoning 

 
 

• Inconsistency-tolerant semantics for the Web Ontology 
Language. 

• Compatible with the standard semantics. 
 
 

• Implementation by linear pre-processing, using off-the-shelf 
OWL reasoner. 

Maier, Ma, Hitzler, Semantic Web journal, to appear 
Huang, Li, Hitzler, Logic Journal of the IGPL, to appear 
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Multi-perspective alignment 

• Bridging semantic heterogeneity by employing defeasible 
alignment rules: 

Hitzler, Janowicz, Sengupta work in progress 
Knorr, Alferes, Hitzler, Artificial Intelligence 175(9-10), 1528-1554, 2011 

Knorr, Hitzler, Maier, ECAI 2012 
Sengupta, Krisnadhi, Hitzler, ISWC 2011 
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