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Outline

• Ontologies and Knowledge Representation

– Semantic Repositories: Databases plus machine reasoning!

• Semantic Web

– Connecting Diverse Data with Semantic Web: Better interoperation!

• OWLIM – High Performance Semantic Repository

– Language Support for RDF and OWL (Languages of the sem. Web!)

– Scalability 

• KIM – Automatic Semantic Annotation

– Semantic Annotation (what is it, why do it ?)

– Hyperlinking, Highlighting

– Co-Occurrence Analysis, Search and Timelines
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Semantic Repositories

• Semantic repositories allow for

– management and integration of heterogeneous data

– Dynamic, easy, and flexible interpretation of multiple schemata

– support Inference

• They can replace RDBMS in a wide range of applications

– Suitable for analytical tasks and Business Intelligence (OLAP)

– Usually suboptimal for highly dynamic transaction-oriented 
environments (OLTP)

• Semantic Repositories are for the Semantic Web what the HTTP 
servers were in the early days

– But they are also useful for many other applications: lifesciences, 
business ontologies
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Motivating Scenario for Ontologies

• In a typical DB:
– If it was asserted that ”John is a son of Mary”
– Can answer to just a couple of questions: 
– Who are the son(s) of Mary?
– Of whom is John the son?

• In contrast, a semantic repository:
– Given simple family-relationships ontology 
– It can infer (and answer) the more general 

fact that John is a child of Mary (because 
hasSon is a sub-property of hasChild) 

– Mary and John are relatives (in both 
directions, because hasRelative is defined 
symmetric). 

– If it is known that Mary is a woman, it will 
infer that Mary is the mother of John – a 
more specific inverse relation 
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Outline

• Ontologies and Knowledge Representation
– Semantic Repositories: Databases plus machine reasoning!

• Semantic Web
– Connecting Diverse Data with Semantic Web: Better interoperation!

– Languages for (semantic) interoperation: XML, RDF(S), OWL ...

• OWLIM – High Performance Semantic Repository
– Language Support for RDF and OWL (Languages of the sem. Web!)

– Scalability 

• KIM – Automatic Semantic Annotation
– Semantic Annotation (what is it, why do it ?)

– Hyperlinking, Highlighting

– Co-Occurrence Analysis, Search and Timelines
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Semantic Web

• Semantic Web adds semantic metadata to the web
• “Semantic” metadata refer to machine-interpretable descriptions of the 

semantics of the documents or entities referred in them 
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Semantic Web (II)

• Semantic Web adds semantic metadata to the web
• This metadata refer to machine-interpretable descriptions of the semantics 

of the documents or entities referred in them 
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Connecting Diverse Data with 
Semantic Web Technologies

• Semantic Web standards are designed for Web environment
– No central authority

– No consensus on the metadata schemata/ontologies

– Several descriptions for one and the same object

• RDFS has the following features, critical for data integration:
– Globally unique identifiers (URIs)

• As compared to the local IDs in the databases

– Open-world Assumption
(RDF does not care whether the world is open or closed)

– Designed for complementary datasets

• An RDF based-system can operate with contradictory data
(an RDF based system does not care whether the data is 
contradictory or not ...)
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Example: Consolidation of
Staff Vacancy Descriptions

Consolidated Vacancy

Location

CityCountry

U.K. Scotland Glasgow

Vacancy 2Vacancy 1

“IT Applications 
Support Analyst”

“Support 
Analyst”

hasJobTitle

locatedIn

locatedInsub-stringlocatedIn

subRegionOf subRegionOf

type type

subClassOf
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Outline

• Ontologies and Knowledge Representation

– Semantic Repositories

• Semantic Web

– Connecting Diverse Data with Semantic Web

• OWLIM – High Performance Semantic Repository

– Language Support

– Scalability

• KIM – Automatic Semantic Annotation

– Semantic Annotation

– Hyperlinking, Highlighting

– Co-Occurrence Analysis, Search and Timelines
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OWLIM: An OWL Semantic Repository
(= RDF Database + machine reasoning)

• OWLIM is a scalable semantic repository base on Sesame

• OWLIM supports full RDF(S) and limited OWL Lite

– It supports OWL Horst (more than OWL DLP) and rule-extensions

• OWLIM uses TRREE (Triple Reasoning and Rule Entailment Engine) 

– forward-chaining and “materialization”, “inferred closure” is 
maintained

• It performs in-memory reasoning and query evaluation

• Combined with reliable persistence, based on RDF N-Triples

• The compromise: relatively slow delete operation

– “limited” scalability on scenarios with high implicit/explicit st. ratio 

• Very fast upload, retrieval, query evaluation for huge KB
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Naïve OWL Fragments Map
(The scientists are still arguing how complicated a 
knowledge representation language needs to be)

Complexity

DLRules, LP

OWL Full

OWL DL

OWL Lite

OWL Horst/Tiny

OWL DLP

RDFS

SWRL

OWLIM

http://www.ontotext.com/inference/rdfs_rules_owl.html#owl_horst
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Semantics  Supported by OWLIM
(for researchers into RDF repositories)

• The reasoning support in OWLIM is customizable;

• The rule set parameter allows for switching  between 4 predefined 
inference modes:

– owl-max – the most expressive set (see the next slides);

– owl-horst – a set similar to the one defined in [Horst05]: 

• It is sufficient to pass the LUBM benchmark correctly;

• Similar to what was defined as OWL-Tiny at SWAD-Europe’03

– rdfs – the standard RDF(S) semantics;

– empty – as an RDF store without any inference;

• The partRDFS parameter allows switching on/off an optimization in 
the RDFS support (see slide: RDFS Support)
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Language Support Comparison
(for researchers into RDF repositories)

• The owl-max semantics of OWLIM is close to OWL Horst:

– Owl-max is generally richer than the pD*-entilement of Horst, but

– OWLIM has no support for the inconsistency rules in pD*

– No datatype-supporting modifications to the RDFS semantics (D*)

• OWLIM (owl-max) vs. OWL DLP

– OWLIM supports a fragment richer than OWL DLP

– OWLIM supports the full RDFS semantics, while DLP considers the DL-
specific constraints

• OWLIM vs. OWL Lite:

– OWLIM supports the full RDFS semantics, while OWL Lite does not

– Incomplete support for some primitives
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In-memory Reasoning and Reliable Persistence
(machine reasoning by pre-computing the results)

• OWLIM uses Ontotext’s TRREE (Triple Reasoning and Rule Entailment 
Engine) 

– TRREE implements R-Entilement

– for forward-chaining and “total materialization”

• The “inferred closure” is generated and maintained up to date

• It performs in-memory reasoning and query evaluation

• Combined with reliable persistence, based on RDF N-Triples

• The compromise: relatively slow delete operation

– “limited” scalability on scenarios with high implicit/explicit st. ratio 

• not the case with most of the popular ontologies in RDFS and OWL

• Very fast upload, retrieval, query evaluation for huge KB
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A Configurable SAIL for Sesame
(for RDF-Database techies)

• OWLIM is available as a Storage and Inference Layer (SAIL) for 
Sesame RDF database (v.1.2.1-1.2.4). Benefits:

– Sesame’s infrastructure, documentation, user community, etc.

– Support for multiple query languages (RQL, RDQL, SeRQL)

– Support for import and export formats (RDF/XML, N-Triples, N3)

– Version compatible with Sesame 2.0 is almost ready

• OWLIM Configuration Options:
– noPersist: the N-Triples persistency switched off

– Configurable semantics: through the ruleset and partialRDFS
parameters 

– Configurable index size: allows trading memory for performance

– stackSafe: switches on a slower mode of the TRREE engine, which 
practically eliminates the possibility of stack overflow errors 
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OWLIM Default Configuration
(for RDF-Database techies)

• OWLIM’s default configuration is:

– noPersist=false (i.e. it does store the content of the repository)

– Rule-set/semantics: owl-horst

– partialRDFS=true

– Index-Size: 4M entries (64MB of RAM; 16 bytes per entry)

– stackSafe=false

• The configuration of OWLIM which provides the same functionality
as the Sesame’s most popular in-memory RDFSSchemaSail is:

– noPersist=true;

– Rule-set/semantics: RDFS

– partialRDFS=false
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Performance Evaluation Configurations

Name Configuration RAM
(jvm -Xmx)

JDK Comment

4cOpt12g 2 x Opteron 270 (2.0GHz, 
dual-core), 
Suse Linux v.10, 64-bit

12GB, 
DDR400

JDK 
1.5 64-
bit

A DB/application 
server; SATA2 drives; 
RAID10; ~4000 EURO

2Opt6.0g 2 x Opteron 246 (2.0GHz) 
Windows Server 2003 64-bit

6GB, 
DDR400

JDK 
1.5 64-
bit

A DB/application 
server; SATA2 drives; 
RAID10; ~3000 EURO

Pdc1.6g Pentium D 920 (2.8GHz, 
dual-core), Win XP

1.6GB, 
DDR2 667

JDK 
1.5

Workstation

Piv0.9g Pentium IV 630 (3.0GHz), 
Win XP

900MB, 
DDR2 533

JDK 
1.5

Office desktop

Pm0.7g Pentium Mobile 1.6GHz, 
Win XP

700MB, 
DDR266

JDK 
1.5

Notebook (Q2’03)
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City Benchmark

• The repository is pre-populated with about 500k explicit 
statements: 

– a real ontology (PROTON) and 

– a knowledge base – the small version of KIM’s World Knowledge Base;

• Synthetic descriptions of cities are added incrementally, 
– each transaction adds one city described in about 10k statements. 

• Interlinking to the non-synthetic part: 
– Ten synthetic organizations are created and “located” into each city;

– 38 persons are created and settled within each of the organizations; 

• A couple of test queries (in SeRQL) are evaluated after the addition 
of each 10 cities (i.e. after each new 100k statements).

• Delete gets roughly 10 sec. per million of statements 
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OWLIM Performance: Upload and Inference
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LUBM(50,0): Rule-set and Inference Mode
(Lehigh University Benchmark -

http://swat.cse.lehigh.edu/pubs/guo05a.pdf)
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LUBM(50,0): Rule-set and Inference Mode (II)

• The partRDFS optimization provides 6-7% speedup
• The inference takes a bit less than half of the processing time

– with the default configuration: owl-horst with partRDFS
– considering that the plain RDF version (empty) requires only 55% of 

the time to load the dataset;

• owl-max is twice slower
– than the default setup owl-horst
– In both cases partialRDFS switched on

• The stack-safe mode slows down by 50%
• the version owl-horst with partialRDFS switched off
• but has almost no impact on the owl-max inference
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BigOWLIM

• Fully functional pre-release of BigOWLIM is already available:

– Check http://www.ontotext.com/owlim/big/

• BigOWLIM is an even more scalable not-in-memory version, based 
on the corresponding version of the TRREE engine

– The “standard” OWLIM version, which uses in-memory reasoning and 
query evaluation is referred as SwiftOWLIM

• BigOWLIM does not need to maintain all the contents of the 
repository in the main memory in order to operate

• BigOWLIM  stores the contents of the repository (including the 
“inferred closure”) in binary files; not in N-Triples

– This allows instant startup and initialization of large repositories, 
because it does not need to parse, re-load and re-infer all the 
knowledge from scratch
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BigOWLIM vs. SwiftOWLIM

• BigOWLIM uses sorted indices

– While the indices of SwiftOWLIM are essentially hash-tables

– In addition to this BigOWLIM maintains data statistics, to allow …

• Database-like query optimizations

– Re-ordering of the constraints in the query has no impact on the 
execution time

– Combined with other optimizations, this feature delivers dramatic 
improvements to the evaluation time of “heavy” queries

• Special handling of equivalence classes (owl:sameAs)

– Large equivalent classes does not cause excessive generation of 
inferred  statements



Massive Semantic Annotation, Salzburg

#25

21 June, 2006

BigOWLIM: 100M Statements on a Desktop

• It handles LUBM(1000,0) on desktop machine with 2GB of RAM
– Hardware: Piv0.9g (Pentium 4, 3.0GHz, #630)

– 32-bit JDK 1.5 given -Xmx1600

– Loading, inference, and storage takes 11h 20 min.

– LUBM(1000,0) contains above 130M explicit statements

– 10GB RDF/XML files; the pure parsing time is about 4h

• LUBM(50,0) processed with only 192MB of RAM
– Piv0.9g; 32-bit JDK 1.5 given -Xmx1600

– Loading, inference, and storage takes 26 min

• It is only 4 times slower than the in-memory version  

– Average upload speed around 4,000 st./sec.



Massive Semantic Annotation, Salzburg

#26

21 June, 2006

Reasoning over 1 Billion Statements

• BigOWLIM successfully passed LUBM(8000,0)
– Hardware: 4cOpt12g (2 x Opteron 270, 16GB  of RAM, RAID 10)

– OS: Suse 10.0 Linux, x86_64, Kernel 2.6.13-15-smp

– 64-bit JDK 1.5 given -Xmx12000

– Loading, inference, and storage took 69 hours and 51 min

– LUBM(8000,0) contains 1.06 Billions of explicit statements

• The “inferred closure” contains about 786M statements

• Managing over 1.85 Billions of statements in total

– 92GB RDF/XML files; 95 GB binary storage files

– Average Speed: 4 538 statements/sec.
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Outline

• Ontologies and Knowledge Representation

– Semantic Repositories

• Semantic Web

– Connecting Diverse Data with SW Technologies

• OWLIM – High Performance Semantic Repository

– Language Support

– Scalability

• KIM – Automatic Semantic Annotation

– Semantic Annotation

– Hyperlinking, Highlighting

– Co-Occurrence Analysis, Search and Timelines
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The KIM Platform 
(Knowledge and Information Management)

• KIM is a software platform for: 
• Semantic annotation of text

– automatic ontology population
– open-domain dynamic semantic annotation of unstructured and semi-

structured content for Semantic Web and KM applications. 

• Indexing and retrieval
• Query and exploration of formal knowledge. 
• KIM includes: 

– PROTON, KIMSO, KIMLO and KIM World KB; 
– KIM Server – with API for remote access and integration; 
– Front-ends: KIM Web UI and Plug-in for Internet Explorer. 

• A public KIM server is available at http://ontodemo.sirma.bg/KIM. 
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What KIM does? – Semantic Annotation
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Simple Usage: Highlight, Hyperlink, and …
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Simple Usage: … Explore and Navigate
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Simple Usage: … Enjoy a Hyperbolic Tree View
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How KIM Searches Better

KIM can match a query like:
Documents about a telecom company in Europe, 
John Smith, and a date in the first half of 2002.

With a document containing:
“At its meeting on the 10th of May, the board of Vodafone 

appointed John G. Smith as CTO"
The semantic IR can match:

– Vodafone with a "telecom in Europe“, because:
• Vodafone is a mobile operator, which is a sort of  

telecom;
• Vodafone is in the UK, which is a part of Europe.

– 5th of May with a "date in first half of 2002“;
– “John G. Smith” with “John Smith”.
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Outline

• Ontologies and Knowledge Representation

– Semantic Repositories

• OWLIM – High Performance Semantic Repository

– Language Support

– Scalability

• Semantic Web

– Connecting Diverse Data with Semantic Web

• KIM – Automatic Semantic Annotation

– Semantic Annotation

– Hyperlinking, Highlighting

– Co-Occurrence Analysis, Search and Timelines



Massive Semantic Annotation, Salzburg

#35

21 June, 2006

CoreDB: Name and Goals

CoreDB is a component of KIM
(Co-Occurrence and Ranking of Entities DB)

• Number of appearances and popularity of entities
Q1: How often has a company appeared in the international business 

news during a given period ? 

• Co-occurrence of entities
Q2: Give me the people that co-appear with telecom companies. 

• Combination of these with semantic queries and restrictions

Q3: Q2 + where the documents contain “fraud” and the company is 
located in South-east Europe
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The Scale of Ambition

• The major point is to allow such queries in *efficient* manner over 
data with the following cardinality:
– 10^6 entities/terms

– 10^7 documents

– 10^2 entities occurring in an average document

• This means managing and querying efficiently 10^9 entity 
occurrences

• We had tested the current implementations with 10^7 occurrences 
and it answers the basic queries in milliseconds.
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CoreDB Applications

• Detection of “associative” links between entities, based on co-
occurrence in documents
– It is an alternative of the detection of strong links based on local 

context parsing

• Ranking, measuring popularity of an entity over a set of 
documents
– The ranking is as good/relevant/representative as the set of documents 

is

• Computing timelines (changes over time) for entity ranking or 
co-occurrence
– “How did our popularity in the IT press change during June” 

(i.e. “What is the effect of this 1.5MEuro media campaign ?!?”)
– “How does the strength of association between organization X and RDF 

change over Q1 ?”
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CORE Search
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Name Restriction
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Co-occurring Entities
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Co-occurrence…execution
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Arnold’s Popularity
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Documents Forming the Peak
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Take home messages from this talk

• RDF based information repositories are a new breed of database which 
combine large-scale storage with machine reasoning

• OWLIM is one such new RDF repository based on the Sesame Open Source 
RDF database, and adding commercial services to it

• We can increasingly, use information retrieval techniques to enhance text 
documents with machine-understandable descriptions

• Future information systems will combine models and rules, text-based 
retrieval, data, transactions and machine reasoning

• Using XML and RDF for data encoding is safe for interoperation
• Ontologies, schemas, catalogues, metadata and “pure” data can be

confusing. think instead: 
– Does a statement S concern an individual? 

(then it is data)
– Does statement S hold for a collection or set of individuals?

(then it is a schema)
– Conclusion: one observer’s schema can be another observer’s data!

• Natural language text is already a form of knowledge representation!
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Thank You!

http://www.ontotext.com/
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