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Abstract: Modern intelligent applications based on semantic tech-
nologies constitute an interesting class of Knowledge-Based Sys-
tems. The paper gives an overview of the methods and tools used in
semantic systems and presents the research concerning adaptation
of well-founded solutions for Rule-Based Systems to the semantic
systems conditions. Theoretical solutions as well as practical imple-
mentations are briefly discussed. Outline of future directions and
research problems is given.
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S emantic technologies have gained a steadily increasing
popularity in the field of intelligent systems over

the last decade. Knowledge representation and reasoning
based on explicit metadata and ontologies expressed in
a standarized way opens up possibilities of processing
knowledge in distributed environment. Modern Knowledge-
Based Systems (KBS) explore ”new ways and methods
of acquiring, organizing and spreading knowledge” in the
environment of increasing capacity [1]. While exploring new
possibilities of the Semantic Web and semantic systems, it
is worthwhile to consider how well established and grounded
solutions can be adapted or integrated.

1. Semantic Technologies
Semantic technologies [2] work on different levels of abstrac-
tion. At the lowest level, existing encoding and serialization
methods are used, to provide unified representation of re-
sources. Using the unified representation, basic semantic
layer is introduced. Main method of this layer is ascribing
semantic metadata that describe relations among resources
(documents, people, object, places etc.). Such a representa-
tion, which forms a sort of a semantic graph, is universal
and flexible. To organize the metadata into structures and
express more information (classification of objects, relations
between whole classes of objects etc.), ontologies of differ-
ent kinds are used. These divide into upper-level ontologies,
domain and task ontologies, and most specific – application
ontologies. Even more expressive knowledge representation
can be achieved with the use of rules. They are able to ex-
press complex relations among classes of objects, as well as
introduce some sort of dynamics to the Knowledge-Based
System. Integrating ontologies with selected sort of rules is
an active research area in the Semantic Web community.

2. Modern Semantic Systems – Examples
There are several examples of application of the Semantic
Web concepts and technologies. An interesting direction
is the development of ontology-driven systems, where an
ontology is the core of the system, determining its knowl-
edge and performance. Such systems can be used in various
domains. An example is a system for citizen safety in ur-
ban environment developed within the EU FP7 project
INDECT (http://indect-project.eu). The system de-
scribed in [3] is a knowledge-based application combining
database technologies with ontological representation and
reasoning. While fundamental (declarative) knowledge is
stored in an ontology that can be reused across application
boundaries, operational facts describing changing traffic
conditions are stored in a database.

Another important application of the semantic tech-
nologies are Semantic Wikis (see http://semanticweb.
org/wiki/Semantic_wiki). They combine the accessible
and user-friendly environment characteristic of regular wiki
systems with improved possibilities of knowledge represen-
tation. Knowledge representation and reasoning methods
vary between different implementations of the semantic
wikis. Basic semantic annotations allow users to assign cat-
egories to wiki pages, define attributes of the described
objects and relations between them. Navigation and query-
ing enriched in this way allow semantic wikis to serve as
semantic encyclopedias in various domains. A proposal of
a semantic wiki for dieticians has been formulated in [4].

More advanced KR methods may be introduced to this
class of systems. A semantic knowledge-based wiki Loki [5]
provides diverse knowledge acquisition methods, while
using a unified underlying representation based on logic.
This enable to integrate the system with other tools and
solutions. Loki is a platform for knowledge engineering [6]
and a potential platform for knowledge verification [7].

3. Integrating Rule-Based Solutions
with Semantic Technologies

3.1. Rule-Based Systems and Technologies
Reasoning beyond classification tasks and queries is pos-
sible thanks to knowledge representation based on rules.
Well established solutions for Rule-Based Systems (RBS)
include formalization of the representation [8] as well as
the whole process of knowledge engineering [9], advanced
algorithms for modularized rule bases [10] and verification
of RBS [11]. It is worthwhile to investigate how the se-
mantic systems could benefit from the achievements of the
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RBS methodologies. The complete design and verification
framework for hybrid intelligent systems HaDEs [12] has
been used to implement prototype solutions.

3.2. Research Directions and Results
Research on integration of the RBS solutions and semantic
technologies have been conducted on several levels. First of
all, possibility of integration of the logical foundations of
a class of RBS and ontologies have been investigated. The
most widely used formalism for ontologies are Description
Logics (DL) [13]. For a formalized description of RBS,
the ALSV(FD) Attribute Logic [14] has been used. An
integration proposal for a hybrid formalism, supported by
a dedicated language DAAL (Description and Attribute
Logics), has been described in [15].

Based on this proposal, a prototype implementation
of a system combining ontology and rule reasoning called
Pellet-HeaRT has been proposed in [16]. Pellet is a widely
used tool for reasoning in DL-based ontologies, while
HeaRT [17] is a dedicated rule engine able to operate
in various inference modes on modularized rule bases.

Another research direction is enhancing semantic
knowledge-based wikis with rule reasoning. To this end, the
HeaRT engine has been embedded in the Loki system [18].
The resulted system combines the flexibility of the semantic
representation with strong rule-based knowledge represen-
tation and reasoning. Knowledge engineering possibilities
in such a hybrid system has been recently described in [19].

4. Summary and Outlook
New context of the systems equipped with semantic tech-
nologies has been explored in order to investigate pos-
sibilities of adapting solutions originally developed for
rule-based systems. Integration proposal of Attribute Logic
and Description Logics has been formulated. A prototype
implementation of a hybrid system combining ontology-
based representation with rule-based reasoning has been
developed. A semantic wiki with unified rule-based rep-
resentation has been proposed and tested in the field of
knowledge engineering.

For future work, issues and challenges of Business Pro-
cesses and Business Rules [20] are planned to be investi-
gated. Support for Business Process Model and Notation
(BPMN) in wiki followed by a possibility of collabora-
tive development of business processess and rules will be
analyzed.
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knowledge-based wikis with rule reasoning. To this end, the
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in such a hybrid system has been recently described in [19].
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and Description Logics has been formulated. A prototype
implementation of a hybrid system combining ontology-
based representation with rule-based reasoning has been
developed. A semantic wiki with unified rule-based rep-
resentation has been proposed and tested in the field of
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(BPMN) in wiki followed by a possibility of collabora-
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RBS methodologies. The complete design and verification
framework for hybrid intelligent systems HaDEs [12] has
been used to implement prototype solutions.

3.2. Research Directions and Results
Research on integration of the RBS solutions and semantic
technologies have been conducted on several levels. First of
all, possibility of integration of the logical foundations of
a class of RBS and ontologies have been investigated. The
most widely used formalism for ontologies are Description
Logics (DL) [13]. For a formalized description of RBS,
the ALSV(FD) Attribute Logic [14] has been used. An
integration proposal for a hybrid formalism, supported by
a dedicated language DAAL (Description and Attribute
Logics), has been described in [15].

Based on this proposal, a prototype implementation
of a system combining ontology and rule reasoning called
Pellet-HeaRT has been proposed in [16]. Pellet is a widely
used tool for reasoning in DL-based ontologies, while
HeaRT [17] is a dedicated rule engine able to operate
in various inference modes on modularized rule bases.

Another research direction is enhancing semantic
knowledge-based wikis with rule reasoning. To this end, the
HeaRT engine has been embedded in the Loki system [18].
The resulted system combines the flexibility of the semantic
representation with strong rule-based knowledge represen-
tation and reasoning. Knowledge engineering possibilities
in such a hybrid system has been recently described in [19].

4. Summary and Outlook
New context of the systems equipped with semantic tech-
nologies has been explored in order to investigate pos-
sibilities of adapting solutions originally developed for
rule-based systems. Integration proposal of Attribute Logic
and Description Logics has been formulated. A prototype
implementation of a hybrid system combining ontology-
based representation with rule-based reasoning has been
developed. A semantic wiki with unified rule-based rep-
resentation has been proposed and tested in the field of
knowledge engineering.

For future work, issues and challenges of Business Pro-
cesses and Business Rules [20] are planned to be investi-
gated. Support for Business Process Model and Notation
(BPMN) in wiki followed by a possibility of collabora-
tive development of business processess and rules will be
analyzed.

Acknowledgment
The paper is supported by the AGH UST Grant
15.11.120.088.

Bibliography
1. Różewski P., Kusztina E., Tadeusiewicz R., Zaikin O.:

Ontology approach to knowledge modeling, [in:]
Kacprzyk J., Jain L.C. (eds.): Intelligent Open Learn-
ing Systems, ”Intelligent Systems Reference Library”
Volume 22, Springer Berlin/Heidelberg 2011, 97–119.

2. Hitzler P., Krötzsch M., Rudolph S.: Foundations of
Semantic Web Technologies, Chapman & Hall/CRC
2009.

3. Waliszko J., Adrian W.T., Ligęza A.: Traffic danger
ontology for citizen safety web system, [in:] Dziech A.,

Czyżewski A. (eds.): Multimedia Communications,
Services and Security, ”Communications in Com-
puter and Information Science” Volume 149, Springer
Berlin/Heidelberg 2011, 165–173.

4. Sarapata K., Góra P., Nalepa G.J., Adrian W.T.,
Kluza K., Noga M.: Encyklopedia semantyczna –
odpowiedź na wymagania dietetyka, ”Problemy Higieny
i Epidemiologii” 4(91) 2010, 517–521.

5. Nalepa G.J.: Loki – semantic wiki with logical knowl-
edge representation, [in:] Nguyen N.T. (ed.): Trans-
actions on Computational Collective Intelligence III,
”Lecture Notes in Computer Science” Volume 6560,
Springer 2011, 96–114.

6. Nalepa G.J.: Collective knowledge engineering with se-
mantic wikis, ”Journal of Universal Computer Science”
16(7) 2010, 1006–1023.

7. Baumeister J., Nalepa G.J.: Verification of distributed
knowledge in semantic knowledge wikis, [in:] Lane H.C.,
Guesgen H.W. (eds.): FLAIRS-22: Proceedings of the
twenty-second international Florida Artificial Intelli-
gence Research Society conference: 19–21 May 2009,
Sanibel Island, Florida, USA, Menlo Park, California,
FLAIRS, AAAI Press 2009, 384–389.

8. Nalepa G.J., Ligęza A., Kaczor K.: Formalization and
modeling of rules using the XTT2 method, ”Interna-
tional Journal on Artificial Intelligence Tools 2011 [in
press].

9. Nalepa G.J.: Semantic Knowledge Engineering.
A Rule-Based Approach, Wydawnictwa AGH, Kraków
2011.

10. Nalepa G., Bobek S., Ligęza A., Kaczor K.: Algorithms
for rule inference in modularized rule bases, [in:]
Bassiliades N., Governatori G., Paschk, A. (eds.):
Rule-Based Reasoning, Programming, and Applications,
”Lecture Notes in Computer Science” Volume 6826,
Springer Berlin/Heidelberg 2011, 305–312.

11. Nalepa G., Bobek S., Ligęza A., Kaczor K.: HalVA –
rule analysis framework for XTT2 rules, [in:] Bassili-
ades N., Governatori G., Paschk, A. (eds.): Rule-Based
Reasoning, Programming, and Applications, ”Lecture
Notes in Computer Science” Volume 6826, Springer
Berlin/Heidelberg 2011, 337–344.

12. Kaczor K., Nalepa G.J.: HaDEs – presentation of the
HeKatE design environment, [in:] Baumeister J., Nalepa
G.J. (eds.): 5th Workshop on Knowledge Engineering
and Software Engineering (KESE2009) at the 32nd
German conference on Artificial Intelligence, September
15, 2009, Paderborn, Germany, Paderborn 2009, 57–62.

13. Baader F., Calvanese D., McGuinness D.L., Nardi D.,
Patel-Schneider P.F. (eds.): The Description Logic
Handbook: Theory, Implementation, and Applications,
Cambridge University Press 2003.

14. Nalepa G.J., Ligęza A.: HeKatE methodology, hybrid
engineering of intelligent systems, ”International Jour-
nal of Applied Mathematics and Computer Science”
20(1) 2010, 35–53.

15. Nalepa G.J., Furmańska W.T.: Integration proposal
for description logic and attributive logic – towards Se-
mantic Web rules, [in:] Nguyen N.T., Kowalczyk R.
(eds.): Transactions on Computational Collective In-

2 Pomiary Automatyka Robotyka 4/2010



225

nauka

12/2011 Pomiary automatyka Robotyka

NAUKA

telligence II, ”Lecture Notes in Computer Science”
Volume 6450, Springer Berlin/Heidelberg 2010, 1–23.

16. Nalepa G.J., Furmańska W.T.: Pellet-HeaRT – pro-
posal of an architecture for ontology systems with rules,
[in:] Dillmann R. et al. (eds.): KI 2010: Advances in
Artificial Intelligence: 33rd annual German conference
on AI, Karlsruhe, Germany, September 21–24, 2010,
”Lecture Notes in Artificial Intelligence” Volume 6359,
Springer Berlin/Heidelberg 2010, 143–150.

17. Nalepa G.J.: Architecture of the HeaRT hybrid rule
engine, [in:] Rutkowski L. et al. (eds.): Artificial Intel-
ligence and Soft Computing: 10th International Con-
ference, ICAISC 2010, Zakopane, Poland, June 13–17,
2010, Pt. II, ”Lecture Notes in Artificial Intelligence”
Volume 6114, Springer 2010, 598–605.

18. Nalepa G.J., Bobek S.: Embedding the HeaRT rule
engine into a semantic wiki, [in:] Proceedings of The 3rd
International Conference on Computational Collective
Intelligence – Technologies and Applications, 2011 [to
be published].

19. Adrian W.T., Bobek S., Nalepa G.J., Kaczor K.,
Kluza K.: How to reason by HeaRT in a semantic
knowledge-based wiki, [in:] Proceedings of the 23rd
IEEE International Conference on Tools with Artificial
Intelligence, ICTAI 2011, Boca Raton, Florida, USA,
November 2011 [to be published].

20. Nalepa G.J., Kluza K., Ernst S.: Modeling and anal-
ysis of business processes with business rules, [in:]
Beckmann J. (ed.): Business Process Modeling: Soft-
ware Engineering, Analysis and Applications. Business
Issues, Competition and Entrepreneurship, Nova Pub-
lishers 2011.

Reprezentacja, modelowanie i przetwarzanie
wiedzy w nowoczesnych systemach

semantycznych
Streszczenie: Nowoczesne systemy inteligentne, wykorzystujące
technologie i języki semantyczne, stanowią interesują klasę sys-
temów opartych na wiedzy. W tym nowym kontekście warto rozważyć
wykorzystanie rozwiązań wypracowanych w klasycznych sztucznej
inteligencji, w szczególności systemach regułowych. W artykule
nakreślono obszar badawczy obejmuący integrację istniejących
metod i narzędzi z tego obszaru z rozwiązaniami Sieci Semanty-
cznej. Poruszono zarówno problem integracji wybranych formal-
izmów stanowiących podstawy logiczne reprezentacji wiedzy w oby-
dwu dziedzinach, jak i praktyczne implementacje systemów.
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