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Outline

� Description Logics (DLs) 

� Basics (syntax, semantics, inference 
services)

� OWL as a DL language� OWL as a DL language

� DLs and multimedia analysis

� Content representation (briefly)

� Knowledge-based extraction / 

interpretation of content semantics



What are Description Logics?

� A family of logic-based knowledge 

representation formalisms

� Descendants of semantics networks, frame-based 
systems

� Distinguished by

� Formal semantics

� Decidable fragments of FOL

� Inference

� Sound & complete, highly optimized (implemented) 
algorithms 



What does it mean to “be” a 
formal language?

� Syntax
� What expressions form valid sentences

� Semantics
� What is the meaning of the expressed � What is the meaning of the expressed 

sentences

� Reasoning procedures
� How is implicit knowledge derived from 

the explicitly stated one

(e.g. If Socrates is human and every human is 
mortal, I can derive the fact Socrates is mortal)



DL Basics

� Concept names are equivalent to unary 
predicates

� Interpreted as sets of objects e.g. Person, Student

� Role names are equivalent to binary 
predicatespredicates

� Interpreted as binary relations on objects e.g. 
hasChild, likes

� Individual names equal constants e.g. Mary, 
John, India

� Constructors: concept and role forming 
operators 



DL family



DL family (cont.)

� Additional letters indicate other extension, 
e.g.:
� H for role inclusion axioms (role hierarchy)

� O for nominals (singleton classes)� O for nominals (singleton classes)

� I for inverse roles

� N for number restrictions (≥nR, ≤nR)

� Q for qualified number restrictions (≥nR.C, 
≤nR.C)



KR architecture based on DLs
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DL knowledge base (cont.)



DL semantics

� Semantics defined by interpretations



DL Semantics (cont.)

(FROM: I.Horrocks, OWL: A Description Logic Based Ontology Language, Seminar at the Centre for Intelligent 

Systems and their Applications, Uni. Of Edinburgh, Scotland, March, 2006)



DL Semantics (cont.)

� Interpretation function ¢I extends to 
concept (and role) expressions



DL knowledge base Semantics



CWA vs OWA

� Closed World Assumption: assumes 
that the available information is 
complete
� If an assertion cannot be derived then its 

negation is deducednegation is deduced

� Open World Assumption: absence of 
information means lack of information
� The assertion holds in some models, and 

doesn’t hold in others



Example

� AE={hasChild(Iokaste,Edipus),

hasChild(Iokaste,Polyneikes),

hasChild(Edipus,Polyneikis),hasChild(Edipus,Polyneikis),

hasChild(Polyneikis,Thesandros),

Patricide(Edipus), ¬Patricide(Thesandros)}.

AE|={Iokaste:∃hasChild.(Patricide∃hasChild.¬Patricide)}
???



Inference Services

� Every logical formalism provides its own 
reasoning services.

� Description Logics (DLs) provide reasoning 
services for TBoxes, ABoxes and Knowledge services for TBoxes, ABoxes and Knowledge 
Bases (TBoxes and ABoxes together).



Inference Services for TBoxes



Some examples



Inference Services for ABoxes

� Consistency: An ABox A is consistent w.r.t. a 
TBox T if there exists a model of T which satisfies 
each assertion in A.   

� Entailment (Instance Checking): An ABox A � Entailment (Instance Checking): An ABox A 
entails an assertion φ, written                 iff every 
interpretation that satisfies A also satisfies the 
assertion.



Some examples



Automated reasoning

� State of the art DL systems typically use 

(highly optimised) tableaux algorithms

� Tableaux algorithms work by trying to � Tableaux algorithms work by trying to 

construct a concrete example (model) 
consistent with KB axioms:

� Start from ground facts (ABox axioms)

� Explicate structure implied by complex concepts 
and TBox axioms

� Syntactic decomposition using tableaux expansion rules

� Infer constraints on (elements of) model



Tableaux Expansions rules



DLs Reasoners

� Mature, highly optimized implementations

� Research implementations

� FaCT++, Pellet, KAON2, CEL, HermiT… 

� Commercial implementations� Commercial implementations

� Cerebra, RacerPro, SHER..

(http://www.cs.manchester.ac.uk/~sattler/reasoners.html)



The Web Ontology Language 
(OWL) as a DL language

� OWL is W3C recommendation (i.e. a 
standard) 
� OWL DL is equivalent to the SHOIN

� OWL Lite is equivalent to SHIF

� Further connections issue from the recent OWL1.1 and � Further connections issue from the recent OWL1.1 and 
OWL2 recommendations

� OWL exploits results of 15+ years of research 
in DLs
� Well defined semantics

� Complexity, decidability results

� Reasoning algorithms

� Implemented systems



OWL class constructors



OWL axioms



Summing up DLs

� Represent world (and its semantics) in terms of 
concepts, roles, individuals

� Very expressive formal knowledge representation 
languages with well-defined inference services

� Allow to handle effectively incomplete knowledge and 
reason over it
� e.g., 

� Reasoning amounts to constructing logical models, 
hence the added complexity
� Avoid using them to declare data structures and perform 
algorithmic computations 



DLs in multimedia analysis 
related tasks

� DLs (ontologies) have been used for 

� Representation of domain specific knowledge for 
annotation purposes

� Representation of media specific knowledge 
including low-level features and content 
structure/decomposition (so called multimedia 
ontologies)

� Representation of domain-specific knowledge and 
linking with perceptual features in order to 
support the extraction of content semantics



Multimedia Ontologies (in a 
nutshell)

� Based in their majority on MPEG-7, 
multimedia ontologies aim to
� Attach formal semantics to the XML-based 

Schema MPEG-7 definitions

� Make explicit the normative specifications� Make explicit the normative specifications

� Alleviate the ambiguities resulting from 
descriptions with multiple meanings

� Analysis, annotation, search, retrieval, 
presentation…



Multimedia Ontologies (cont.)

� Hunter’s ontology developed within the Harmony 
project (chronologically first initiative, 2001)

� The Multimedia Structure Ontology & Visual Descriptor 
Ontology, developed within aceMediaOntology, developed within aceMedia

� The Multimedia Content Ontology & Multimedia 
Descriptor Ontology, developed within BOEMIE

� SmartWeb, DS-MIRG, Rhizomik..

� The COMM (core) multimedia ontology (K-Space)









Multimedia Ontologies

� Differences in 

� Coverage

� Modeling

� Level of axiomatisation (semantics clarity)� Level of axiomatisation (semantics clarity)

� Linking with domain ontologies

R.Troncy, O.Celma, S.Little, R.García, C.Tsinaraki, MPEG-7 based Multimedia Ontologies: 

Interoperability Support of Interoperability Issue?, in Workshop on MM Annotation 
and Retrieval enabled by Shared Ontologies (MAReSO’07), Genova, Italy, December 5, 

2007. 

S.Dasiopoulou. I.Kompatsiaris, M.G,Strintzis, Enquiring MPEG-7 based Ontologies, in 

Multimedia Tools and Appls., SI Data Semantics, 2009. 



Knowledge-Based Semantics 
Extraction

� Huge topic, vast literature (dates back to 

1970s, AI..)

� focus on recent DL related  approaches only

� present (some) representative examples

� TBox: background knowledge

� defines valid (coherent) interpretation

� ABox: extracted descriptions 

� analysis facts



The FUSION project (*)

*J.Hunter,J.Drennan,S.Little, Realizing the Hydrogen Economy through Semantic 
Web Technologies, in IEEE Intelligent Systemsm, S.I. on eScience, 2004.



Domain knowledge definition and 
linking with low-level 

representations



Scene Interpretation with DLs(*)

(*B.Neumann, R.Moller, On Scene Interpretation with Description Logics, in 
Cognitive Vision Systems, 2006.)



Scene interpretation with DLs 
(cont.)

� Scene interpretation as model 
construction

� Logical aggregates capture complex 
objects/events objects/events 



Scene interpretation with DLs 
(cont.)

� The available geometric descriptions are 
assumed to be 

� correct and non conflicting (which is not 

usually the case)

� crisp (information loss)

� complete (i.e. not missing)



Abductive reasoning for 
multimedia interpretation(*)

(*S.Peraldi, A.Kaya, S.Meltzer, R.Moller & M.Wessel, Towards a Media Interpretation Framework for 
the Semantic Web,. In Proc. of IEEE/WIC/ACM Conference on Web Intelligence (WI'07 ), 2007.)



Abductive reasoning for multimedia 
interpretation (cont.)

� ABox abduction: given a background 
knowledge                   and a set of observations 

derive a set of assertions      that explain 

is divided into bona fiat (that need to be explained) and 
bona fide (that are taken to be true) assertions

i.e.



Abductive reasoning for 
multimedia interpretation (cont.)

Γ

bona fiat

bona fide



Enhancing Image Semantics 
Extraction using fuzzy DLs (*)

(*S.Dasiopoulou,I.Kompatisiaris, M.G.Strintzis, Investigating fuzzy DLs-based 
Reasoning in Semantic Image Analysis, in Multimedia Tools and Apps., 2009.)



Uncertainty Issues

� Machine learning provides now generic methodologies for supporting 
more than 100 concepts 

� captures conveniently complex associations between perceptual features and 
semantics

� successful application examples, yet variable general performance

� Semantics goes beyond perceptual manifestations

� possibly contradictory (Mountain, Sand and Indoor)

� possibly overlapping / complementary (Beach and Sea)

� of restricted abstraction w.r.t. semantic expressiveness (face inside sea vs 
Swimmer)

� Learning-based extracted annotations need to be semantically

interpreted into a consistent description



Semantics goes beyond perceptual manifestations

Snoek et al., “Adding Semantics to Detectors for Video Retrieval”, 
IEEE Multimedia, 2007



Semantics goes beyond perceptual manifestations

• Conifers detector semantics pertain
to mountainous scenes

• Sand detector semantics pertains 
to beach scenes • Sea and Sand detectors entail 

Beach scene
• Beach scenes entails both Natural 
and Outdoor scenes



Fuzzy DLs based approach

� Goal: enhance the robustness and completeness of 
learning-based extracted annotations

� How: semantics utilization
� to interpret initial annotations � to interpret initial annotations 

� semantic integration

� to detect and resolve inconsistencies

� to enrich by means of entailment

� Methodology: fuzzy DL based reasoning 
� crisp TBox to conceptualize the domain semantics

� fuzzy ABox to capture the uncertainty of initial annotations



General Framework



Outdoor images TBox extract



Scene level 
interpretation



Consistency 
handling

Disjoint axioms
restored

directly
disjoint

inferred
disjoint

T1 step



Enrichment

Disjoint axioms
restored

directly
disjoint

inferred
disjoint

T1 step

T2 step



Conclusions

� The use of explicit semantics is integral in 
multimedia semantics extractions; yet not 
the only necessary component

� Handling uncertainty is a critical factor� Handling uncertainty is a critical factor
� formal handling of annotations uncertainty semantics

� utilization of domain semantics

� consistent interpretations / descriptions

� Largely misestimated degrees/analysis 
descriptions can mislead the interpretation



Future Directions

� Investigation of additional knowledge

� probabilistic information in the form of co-occurrence 
patterns

� spatial relations among object level concepts (aligning 
different segmentation masks)

� Investigation of intermediate representation level � Investigation of intermediate representation level 

� link domain definitions with qualitative visual features

� inconsistent  at domain level interpretations are not simply 
rejected

� Experimentation with descriptions coming from 
other than image analysis sources

� text, tags (expressed in ontological terms)

� provenance-based weights



Thank you for listening

Any Questions ??
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