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Introduction 

The idea of ontology has proven to be an important field of research in geographical 
information science (Smith and Mark 1998), and it is expected that the use of ontologies 
will improve interoperability among different geographical databases (Fonseca and 
Egenhofer 1999). Further advances in the field require abstract specifications of spatial 
ontologies, to derive useful properties that can be used on the implementation of 
interoperability frameworks based on ontologies. This paper describes on-going work 
towards achieving such abstract descriptions, where the aim is to propose algebraic 
structures that support the concepts of equivalence and transformations between spatial 
ontologies.  

An Algebraic Framework for Interoperability 

We propose a set of definitions that aim can be used as a basis for algebraic formulation 
for simple spatial ontologies, with an emphasis on interoperability of geographical data. 
The basic assumptions are:  

(a) There are no polysemous words in the ontology (i.e., all words have a single 
meaning);  

(b) There is only one possible connection between two concepts on this simple ontology;  

(c) All concepts are spatial concepts (which refer to phenomena which are spatially 
referenced). 

Definition 1. A concept is a pair c = [d, V], where d is a string of characters (containing 
a definition of the concept) and V is a set of values that the concept can be associated 
with (the domain of the concept).  

Definition 2. A connection is a characteristic relation between two spatial concepts that 
is captured on the ontology (including the empty relation). In our model, the set of 
connections is Ω = {Synonymy, Hyponymy (IS_A), Mereonomy (PART_OF), 
∅ }. The concept of “part-of” is spatially aware and means spatial containment. 



Definition 3. An ontology is a relation O = [S, Π], where S = {s1, …, sn} is a set of 
spatial concepts and Π : S x S → Ω is a mapping from an ordered pair of spatial concepts 
to the set of connections Ω. Note that )s,s()s,s( ijji ΠΠ ≠ in general.  

An example would be an ontology consisting of the set of concepts S = {borough,  
parcel, piece of land, park}, and the mapping Π defined as: 

• Π  (parcel, piece of land) = Synonymy. 
• Π  (park, parcel) = IS_A. 
• Π  (parcel, borough) = PART_OF.  
 

Definition 4. The merging operation ⊕⊕⊕⊕  between maps Π1 and Π2   is such that Π1⊕⊕⊕⊕   Π2 
= Π3  where Π3 is defined by: 

• )s,s()s,s(,Ss,sSs,s jijijiji 1321 ΠΠ =∉∧∈∀  

• )s,s()s,s(,Ss,sSs,s jijijiji 2321 ΠΠ =∈∧∉∀  

• )s,s()s,s(,SSs,s,SsSs jiauxjijiji ΠΠ =∩∉∈∧∈∀ 32121 , where Πaux must be 

provided to link two concepts that were not related before the operation. 
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The merging operation thus requires two auxiliary operations: (a) linking concepts from 
the two ontologies; (b) resolving ambiguities between concepts whose relation is defined 
differently in each ontology. 

Definition 5. The ontology composition operation is a mapping Θ between two 
ontologies O1 Θ O2 = O3, where O3 = [S3, Π3] is defined by the set S3 = S1 ∪  S2 and by 
the mapping Π3= Π1⊕⊕⊕⊕   Π2. 

Proposition 1. The composition operation is associative and commutative. (The proof 
of this proposition is straightforward from Definition 5).  

Proposition 2. There exists an identity ontology I, such that O1 Θ I = O1. This ontology 
is the empty set of concepts. 

Proposition 3. The set of ontologies constitute an Abelian monoid under the 
composition operation Θ and the identity ontology I. 

Based on the above definitions and propositions, we can now propose some important 
properties of ontologies, which are relevant to interoperability considerations. 

Definition 6.  A mapping ΨΨΨΨ between two ontologies O1 and O2 is such that 
.)s,s(|Ss,Ss jiji ΩΨ ∈∈∃∈∀ 21  For simplicity, we denote such operation by O2 = Ψ 

(O1). Thus, establishing a relation between ontologies requires a mapping between their 
concepts.  



Definition 7.  Two ontologies O1 and O2 are equivalent if there is a mapping Ψ such 
that .Synonymy)s,s(|Ss,Ss jiji =∈∃∈∀ Ψ21  Strong equivalence therefore implies 

synonymy for all concepts. 

Definition 8. An ontology O2 is a generalization of an ontology O1 when 
A_IS)s,s(Synonymy)s,s(|Ss,Ss jijiji =∨=∈∃∈∀ ΨΨ21 . In other words, for every 

concept in the first ontology, there is a synonymous or a more general concept in the 
second ontology. For example, consider the ontology O1, whose set of spatial concepts 
consists of land cover types S1 = {multi-layered forest, forest with 
shrubs, grassland with sparse trees, grassland with sparse 
shrubs}, taken from the FAO land cover classification system (Gregorio and Jansen 
1998), and an ontology S2 = {forest, grassland}. The mapping Ψ between S1 and 
S2  is  

• Ψ (multi-layered forest, forest) = IS_A. 

• Ψ (forest with shrubs, forest) = IS_A. 

• Ψ (grassland with sparse trees, grassland) = IS_A. 

• Ψ (grassland with sparse shrubs, grassland) = IS_A. 

Proposition 4. Two ontologies O1 and O2 are interoperable if O1 and O2  are equivalent 
or if O2 is a generalization of O1. This proposed definition of interoperability is more 
general than earlier work on spatial ontologies, which considers similarity between 
words, and makes the implicit hypothesis that similar concepts in different ontologies 
should be synonymous (Rodriguez, Egenhofer, and Rugg 1999).  

Conclusions 

This paper presents an abstract specification of spatial ontologies, which allows formal 
definitions of the concepts of transformation, equivalence, generalization and 
interoperability between ontologies. This abstract specification is based on a simplified 
spatial ontology where all concepts are spatially-referenced, and where the possible 
connections between concepts are synonymy, IS_A (hyponymy) and PART_OF 
(mereonomy). Further work on the topic will investigate the following issues: 

• Development of computational tools based on the specifications. 

• Extensions of the interoperability definition to include the mereonomy conditions. 

• Extension of the definition of spatial ontologies to include properties of spatial 
concepts, in the sense that  “an owner is a property of a parcel”.  
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