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12 Ontologies pt. 2  



ÅThe World Wide Web is a  
medium of documents for people   

ÅIdea: augment Web pages with  
data targeted at computers  

ïAdd documents solely for computers  
enhanced with semantic markups 

ïFind meaning of semantic data by following hyperlinks 
to definitions of key terms and rules for reasoning 
about data logically 

ïSpur development of automated web services and 
highly functional agents 
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12.0 Building the Semantic Web  



ÅBut how can knowledge  be represented and 

how can conclusions be drawn? 

ïRemember:  early in AI the notation  

with frames  was introduced by  

Marvin Minsky at MIT 

ïThen the expert systems took over  

with different representation frameworks  

and (uncertain) reasoning capabilities 

ÅMYCIN, etc. 

ÅAndé how to do it for the Web ? 
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12.0 Building the Semantic Web  



ÅBasic Web Technology  

ïUniform Resource Identifier (URI) 

ÅIdentify items on the Web 

ïExtensible Markup Language (XML) 

ÅAllows anyone to design own document formats (syntax) 

ÅCan include markup to enhance meaning of documentõs 

content 

ïResource Description Framework (RDF) 

ÅMake machine-processable statements 

ÅTriple of URIs: subject, predicate, object 
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12.0 Building the Semantic Web  



ÅNow comes the interesting parté How to derive 
new knowlegde ? 

ïDefinitely a formal semantics is needed 

ÅThere is a large number of different logics 

ïSearches should to be decidable  

ÅDecidability often conflicts with expressiveness 

ïDifferent applications may need different  
expressiveness  

ÅFrom simple inheritance structures, to evaluating logical 
expressions with full negation and quantification  

ïVery tight coupling  between theory and practice 
ÅThe evaluation needs to be fast 
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12.0 Building the Semantic Web  



ÅIn the previous lectures, we have seen different 
knowledge inference schemes with their 
respective advantages and disadvantages 

ÅFirst Order Logic  

ïPro:  

ÅVery expressive and powerful 

ïCon: 

ÅNot very intuitive, knowledge is hard to model 

ÅComputationally challenging 
ïUndecidable in worst-case 

ïEXPTIME in most cases 
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12.1 Description Logics   



ÅHorn Logic  (e.g., Datalog) 

ïPro : 

ÅComputationally manageable 

ïCon : 

ÅLess expressive 

ÅLacks intuitive modeling features 

ÅFrame Systems & Semantic Networks  

ïPro : 

ÅIntuitive modeling 

ÅMore human centered 

ïCon : 

ÅLacks formal semantics necessary for reasoning 
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12.1 Description Logics   



ÅIn the late 70ties, frame systems were quite popular 

ïébut lacked formal reasoning capabilities 

ïIdea: Combine semantic frames with first order logics  
ᵼ Description Logics 

ïDescription logics can be defined in various degrees of 
expressiveness by using different features of first order logic 
ÅDifferent expression classes map to different fragments of first 

order logic  

ÅMore  expressiveness  OHigher  computational complexity  

ÅSubsets of description logics are usually called description languages  

ÅStill, all description languages are decidable  

ïLanguages like RDF+RDF/S (in limited extent), OWL, 
DAML+OIL emerged as implementation of description logics 
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12.1 Description Logics   



ÅThe basic building blocks of description logics are 
concepts,  roles and individuals  

ïLike with frame systems, think of concepts  like OO 
classes without methods 

ÅAct as òblue printsó for the concept instances 

ÅEach concept represents a set of actual individuals  

ÅThose individuals (or members) can be recursively enumerated 

ïConcepts are represented by  
unary predicates  

ïConcepts are embedded into an 
hierarchical inheritance   
structure  
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12.1 Description Logics   



ÅFurthermore, concepts can be linked to each 

other by using roles  

ïRoles are represented by binary predicates  

ÅConcepts and roles use a set-theoretical 

interpretation  

ïConcept : a set of individuals of the respective domain 

ïRole: set of pairs of individuals of the respective 

domain 
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12.1 Description Logics   



ÅBasic building blocks in DL atomic concepts 

and atomic roles  

ïAtomic concepts and roles are given by their 

predicate definition as enumeration of individuals / 

pairs of individuals  

ïUsing those atoms, additional concepts and roles may 

be described  by DL expressions 

ÅSo called complex  concepts and complex  roles  
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12.1 Description Logics   



Å Informal Example:  
ïAtomic concepts: 

ÅPerson, University, Professor, Lecture 

ïAtomic Roles: 
Åstudies, teaches 

ï Individuals: 
ÅProf.  Balke, Christoph, Student_1, Student_2 

ïComplex Concept 
ÅStudent:  Someone who studies at a university 

ÅTeachingAssistant: Someone who teaches but is not a professor and not a student 

ÅHiWi: Someone who teaches and is student 

ïComplex Role 
Åsupervises: A professor who teaches a lecture is also supervising that lecture 

ï Inheritance Hierarchy 
ÅA Professor is a special Person,  a Student is a special Person,  a TeachingAssistant is a 

special Person,  a HiWi is a special Student 

Åsupervises is a stronger form of teaches 
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12.1 Description Logics   
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12.1 Description Logics   

Person 

Professor TeachingAssistant 

HiWi 

Student 

University 

studies 

Lecture 

teaches 

teaches supervises 



ÅIn the following, we will formally describe 
different description languages 

ÅAs a note, all description languages use two 
important assumptions 

ïOpen World Assumption  

ÅInterpretation domain  ɝI is infinite  

ÅLack of knowledge does not imply the negation of the given 
fact 

ïAmbiguous Name Assumption  

ÅTwo concepts with different names may be equivalent 
ïi.e. different names do not guarantee different concepts 
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12.1 Description Logics   



ÅDL knowledge bases consist of two types of 

expressions 

ïABox  statements (assertion box): provides assertions 

on the individuals with respect to the vocabulary 

Åi.e. which individual is member  of which concept 

ÅTypical reasoning tasks involve checking for assertion 

consistency (satisfiability) and checking whether a certain 

individual is an instance  of a given concept  

ÅThus, the ABox provides the known facts 
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12.1 Description Logics   



ïTBox  statements (terminology box): Defines the 

vocabulary of the knowledgebase 

ÅUsed description language controls the complexity of 

the TBox 

ÅProvides the model -theoretic foundation for later 

reasoning 

ÅDefines complex concepts and complex roles  

ÅTypical reasoning tasks for TBox is checking for concept or 

role subsumption  
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12.1 Description Logics   



ÅFor providing TBox statements, different 

Description Languages are available 

ïLanguages differ with respect to their features 

ïEach new feature adds additional complexity and 

expressiveness 

ïDescription languages are named and classified by 

their feature sets  

ïMost basic description language  

Åꜝ fl ȡ Attribute Language  
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12.1 Description Logics   



ÅDescription Languages use a variable free 

syntax  

ïVariables are modeled implicitly 

Åe.g.  The description logic expression C ṣ $ can be 

translated into # Ø  Ẓ $ Ø 

ï So, why do we need a new syntax? 

ÅVariable free syntax is much shorter and simpler, e.g. the 

short DL statement ṃτ2 translates to 

ᶬÙρȟÙςȟÙσȟÙτ 2 Øȟ Ùρ  Ẓ 2 Øȟ Ùς  Ẓ 2 Øȟ Ùσ  Ẓ 2 Øȟ Ùτ  Ẓ  
Ùρ Ùς Ẓ Ùρ Ùσ Ẓ Ùρ Ùτ Ẓ Ùς Ùσ Ẓ Ùς Ùτ Ẓ Ùσ Ùτ     
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12.1 Description Logics   



ÅDescription Language ꜝfl   
ïMinimal description language with practical 

applicability 

ÅAllowed syntactical constructs and their 
interpretations 

ïAtomic concepts (denoted by A and B)  

ÅAI  Ṗ ɝI, BI  Ṗ ɝI 

ïAtomic roles (denoted by R) 

ÅRI  Ṗ ɝI ×  ɝI  

ïComplex concepts (denoted by C and D)  

ÅCI  Ṗ ɝI, DI  Ṗ ɝI 
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12.1 Description Language ꜝfl  



ïṴ: Top  or Universal  concept , represents the whole 
domain of all individuals 

ÅṴ I = ɝI  

ïṶ: Bottom concept , represents the  
empty set of individuals  

ÅṶ I  ᶮ  

ï¬A : Atomic negation  
ÅNegation in ꜝ fl only possible on atomic concepts  

ÅDue to open world assumption, resulting set is infinite  

Å(¬A) I =  ɝI  ʌ  !I   

ïC ṣ $ : Intersection  
ÅAll individuals which are both C and D 

Å(C ṣ $) I =  CI  Ẕ $I   
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12.1 Description Language ꜝfl  



Åᶪ 2Ȣ# :  Value Restriction  

ï Defines the set of all those individuals which are in relationship R with 

individuals in C (and only those)  

ï e.g.  ᶅ studies.University :  all individuals who study only at universities 

ï ᶪ 2Ȣ# I   Á ᶰ  ɝI ȿ ᶪÂ Áȟ Â  ᶰ 2I O  Â ᶰ #I )}  

 

Åᶬ 2ȢṴ :  Limited existential restriction  

ï Defines the set of all those individuals which have a relationship partner 

in R 

ï e.g. ɱ  ÓÔÕÄÉÅÓȢṴȡ  all individuals who study (somewhere) 

ï Only top concept is allowed as concept  

ï ᶬ 2ȢṴ I   Á ᶰ  ɝI ȿ ᶬ Â  Áȟ Â  ᶰ 2I )}  
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12.1 Description Language ꜝfl  

Top concept 



ÅThe TBox contains defining statements for complex 
concepts, realized by terminological axioms    

ï # ṡ $ȡ Inclusion  

ÅC is included in D (and is thus a sub-concept) 

ÅEach individual in C is also an individual in D 

ÅProvide further information on how concepts and  
roles are related 

ÅCI Ṗ $I   

ï# ḳ $ȡ Equivalence  

ÅC is equivalent to D (and is thus identifies the same individuals) 

ÅEach individual in C is also an individual in D and vice versa 

ÅEquivalence can be used to define  new complex concepts 

ÅCI = DI   
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12.1 Description Language ꜝfl  



ÅTerminological axioms can also be used to model 

and check assertions about classes 

ïE.g., disjoint classes : $ ṣ % ḳ Ṷ 

ïSuch checks are quite often used for  

ÅChecking the consistency  of an ontology and knowledge 

ÅChecking for unintended relationships between classes 

ÅAutomatically classifying instances in classes 

ÅFinding inconsistencies  when designing large ontologies 

(especially if multiple authors are involved) 
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12.1 Description Language ꜝfl  



ÅOur previous example in ꜝfl  
ÅAtomic concepts and roles are given by ABox  statements 
ïPerson(Prof. Balke), Person(Christoph), Person(Student_A), 

Person(Student_B) 
University(TU Braunschweig), Professor(Prof. Balke), Lecture(KBS), 

ïstudies(Student_A, TU Braunschweig), studies(Student_B, TU 
Braunschweig) 

ïteaches(Prof. Balke, KBS), teaches(Christoph, KBS) 

ÅComplex concepts are given by TBox  statements 
ïComplex Concept 
ÅStudent ḳ 0ÅÒÓÏÎ ṣ ᶪstudies.University  
ÅTeachingAssistant ḳ 0ÅÒÓÏÎ ṣ ᶪteaches.Lecture ṣ 3ÔÕÄÅÎÔ ṣ 

¬Professor 
ÅHiWi ḳ 3ÔÕÄÅÎÔ ṣ ᶪteaches.Lecture   
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12.1 Description Language ꜝfl  



ÅTypical reasoning  queries are mainly of 

classifying nature  

ïE.g., return all students, HiWis or ResearchAssistants 

ÅThose concepts have not been explicitly defined by ABox 

statements, but can only be derived using TBox descriptions 

ÅNote that ꜝ fl is the least expressive common 

description language and has limited 

expressiveness 

ïAdditional features can expand ꜝfl  
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12.1 Description Language ꜝfl  



ÅExpansion ꜟ: General complement ¬C  
ïꜝfl allowed only negation of atomic concepts 

ïHowever, often general negation is necessary 
(the complement), e.g.:   

ÅHiWi ḳ 3ÔÕÄÅÎÔ ṣ ᶪteaches.Lecture   

ÅLazyStudent ḳ 3ÔÕÄÅÎÔ ṣ  HiWi 

ïHiWi is a complex concept, thus this expression is not allowed in ꜝfl 

ï(¬C) I  = ɝI  \  CI 

ïIf general complements are allowed, this results to the 
language ꜝ flꜟ   

ÅNaming convention: Start with ꜝfl and concatenate the short 
letters of all additional featuresé 
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12.1 Expanding ꜝfl  



ÅExpansion ל: Union # Ṥ $ 

ïAllows to union two complex concepts  

ï(C Ṥ D)I = CI ẕ DI 

ïResults to ꜝ flל  

ÅExpansion ꜡:  

Full existential quantification ᶬ2Ȣ# 

ïIn contrast to limited existential quantification in ꜝfl, 
any concept is allowed in existential quantification 

ï(ᶬ R.C) I   Á ᶰ  ɝI ȿ ᶬÂ Áȟ Â  ᶰ 2I Ẓ Â ᶰ #I)}  
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12.1 Expanding ꜝfl  



ÅFor description logics hold also the known 
equivalences of first order logics 

ï(C Ṥ $  ḳ # ṣ $ 

ïɱ  2Ȣ# ḳ  ᶪ 2Ȣ #  

ïThus, union  and full existential quantification can 
be modeled by using the general complement  and 
vice versa 

ïTherefore, ꜝ flꜟ  has the same expressiveness 
as ꜝ fl꜡ל   
ÅTherefore, we will use ꜝflꜟ   to refer also to ꜝ fl꜡ל  ꜟor  
ꜝfl꜡ל   
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12.1 Expanding ꜝfl  



ÅModeling differences for existential  
and universal quantification 
ïIn our example, we defined a TA as TeachingAssistant  

 ḳ 0ÅÒÓÏÎ ṣ 3ÔÕÄÅÎÔ ṣ 0ÒÏÆÅÓÓÏÒ ṣ tᶅeaches.Lecture 
ÅThis actually means: All persons which are no student, no 

professor, teach something, and everything they teach is a 
lecture  

ÅThus, as soon as a person also teaches a lab course, he is not a TA 
anymoreé 

ïBetter expression:  TeachingAssistant ḳ 0ÅÒÓÏÎ ṣ 
3ÔÕÄÅÎÔ ṣ 0ÒÏÆÅÓÓÏÒ ṣ tɱeaches.Lecture 
ÅAll persons which are no student, no professor and teach at least 

one lecture 

ÅThus, for this simple statement you already need ꜝflꜟ    
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12.1 Expanding ꜝfl  


