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Abstract. The important step of model-based reasoning is to construct the 
abstraction model of physical world. In this paper, we introduce the concept of 
hierarchical ontology classes within the G-KRA model framework to realize the 
modeling knowledge sharing and reuse. Three kinds of ontology operators are 
defined and the formal process of them working is partly given. We also point out 
that constructing hierarchical ontology classes can be independent of the modeling 
process. Moreover we show how to automatically build up a hierarchical model of 
a world W based on the hierarchical ontology classes which is as well updated 
during the modeling. We expect that this work will rich the way to construct 
hierarchical model of physical world automatically and efficiently. 

Keywords: G-KRA Model Hierarchical Ontology Classes Hierarchical 
Modeling Knowledge Sharing and Reuse. 

1   Introduction 

In resent years, researchers have paid a lot of attention to the abstraction of the physical 
world. The KRA model [1,2,3] is proposed to help both the conceptualization phase of 
a problem and the automatic application of abstraction operators. The extended model, 
called G-KRA model (General KRA model) [4] can represent the world from different 
abstraction granularities. Ontology has been proposed as a specification mechanism to 
enhance knowledge sharing and reuse across different applications [5] and many 
researchers has defined ontology in different ways [6,7,8,9,10].  

In the second section of this paper, we explore the levels included in the KRA model, 
particularly the perception level, the language level and the theory level, so that the 
representing framework is simplified by knowledge sharing and reuse. We introduce the 
concept of hierarchical ontology class. The abstraction operators acting on the ontology 
classes as well as the mappings between them are also defined. In the following section, 
we discuss constructing process of hierarchical ontology classes and formalizing the 
ontology-based hierarchical modeling process of the physical world .We will make a 
short conclusion to present work and next-step research in the last section. 
                                                           
*  Corresponding author. 
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2   Introducing Ontology in the KRA Model 

The KRA model represents the world from four levels: Perception, Structure, Language 
and Theory (see [1] for details). In the G-KRA model, the abstraction model can be 
automatically constructed by using the abstraction objects database and the abstraction 
mapping defined manually. We introduce the concept of ontology and extend the 
abstraction objects database to Ontology Class (OC) which can be defined as 
OC=(E,L,T), such that E={OBJ,ATT,FUNC,REL}. The elements of E and the rest of 
OC mean the same as the ones in [3]. OC exists like database to realize knowledge 
sharing and reuse. There are two kinds of ontology class according to the constructing 
process: Fundamental Ontology Class (FOC), Abstraction Ontology Class (AOC). The 
former is generated based-on the physical world W, whereas the latter through 
operating on another different ontology class. 

The ontology-based KRA model framework can be represented as follows: 
R=(P*,S,L*,T*), in which the three parts of P*,L*,T* represent not the actual contents but 
the mapping to some OC, whereas OBS and S remain for being involved with the real 
world.  

We define three kinds of ontology abstraction operators (sets): fundamental operator 
Ψ, entity operator set Ω={ωE,ωL,ωT} and connection operator set Φ={λE,λL,λT }, to 
create or extend the ontology class. The operation of all the operators can be 
independent of modeling process. Operator Ψ applies to some physical world W and 
FOC, which specifies or updates FOC, that is Ψ(W,FOC1)=FOC2. The arguments of the 
operator set Ω are an existing ontology class and in particular, Ω combines a grouping 
of indistinguishable entity types of an ontology class OC1 into one entity type in an 
ontology class OC2, Ω(OC1)=OC2. The connection operator set also acts on an ontology 
class and it aggregates a set of entity types of OC1 and the relations between them to 
form a new compound entity type of OC2, Φ(OC1)=OC2. 

------------------------------------------------------------------------------------------------------- 
Procedure FundamentalOperatorΨ WORLD W, ONTOLOGY-CLASS FOC 
For every entity e of W 

For every e* of FOC{ 
if SMP(e, e*) and BMP(e, e*) exit;// SMP and BMP are two procedures to do the 

structure matching and behavior matching , see details in [11]; 
type=TYPE(e);//Define a new entity type 
att=ATT(e); //Define the attribute set of e  
func=FUNC(e);//Define the behavior set of e  
rel=REL(e); //Check the entities related to e and construct the relation rel; 
Add (type,att,func,rel) to FOC.E; //Add a new entity type to FOC.E 
Add Language(e) to FOC.L; 
Add Theory(e) to FOC.T;// Add a new reasoning ontology of FOC about e 

} 

Fig. 1. Constructing the Fundamental Ontology Class 
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-------------------------------------------------------------------------------------------------------
Procedure EntityOperatorSetΩ ONTOLOGY-CLASS OC1, ONTOLOGY-CLASS 
OC2 //OC2=Ω(OC1) 

EntityOperatorωE(OC1.E, OC2); 
EntityOperatorωL (OC1.L, OC2); 
EntityOperatorωT (OC1.T, OC2); 

 
Procedure EntityOperatorSetΦ ONTOLOGY-CLASS OC1, ONTOLOGY-CLASS 
OC2//OC2=Φ(OC1) 

EntityOperatorλE (OC1.E, OC2); 
EntityOperatorλL (OC1.L, OC2); 
EntityOperatorλT (OC1.T, OC2); 

 
Procedure EntityOperatorωE ONTOLOGY-CLASS_E E, ONTOLOGY-CLASS OC2 
//The operation process of operator ωE 
Do while there exist(s) unchecked entity(ies) in E{ 
  Entities={}; // The set of indistinguishable entity types. 

For every unchecked entity E1 of E{ 
    Entities={E1}; 

For every unchecked entity E2 of E-{E1}  
if SMP(E1,E2) and BMP(E1,E2) Entities= Entities∪{E2}; 

   } 
//Search the indistinguishable entity types of E. 
 
if |Entities|>1 { 

Replicate E1 to a new entity E*; 
If there is no entity type E* in OC2, add E* to OC2; 
Update RELs of OC2.E using the RELs of E and replace every entity type E′ of 

OC2.E with E* if E′∈Entities; 
Update the entity mapping EM from OC2.E to E; 

   } 
  //If there exit more than one indistinguishable entity types, do the combining. 

    
if |Entities|=1{  

Update OC2.E using E; 
Update the entity mapping EM from OC2.E to E; 

   } 
  //If there is no other entity type indistinguishable with E1, do the updating. 

 } 
------------------------------------------------------------------------------------------------------- 

Fig. 2. Partial Process of Operators sets Ω and Φ 

There are two relationships between ontology classes: entity mapping(EM) and 
connection mapping(CM), which make one(/more) object(/s) of ontology class OC1 
relating to one(and only one) object of OC2. The mapping relationships can be 
constructed during the hierarchical process of ontology classes. 
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3   The Hierarchical Modeling Process of Physical World 

The very important step of model-based reasoning is to construct the model of the real 
world. And the hierarchical model can help to reduce the complexity of the reasoning. 
The ontology-based KRA model framework makes it possible to automatically 
generate such a hierarchical model of the world W. 

3.1   The Hierarchical Process of Ontology Classes 

Fundamental operator Ψ acquires knowledge directly from some world W and it 
perceives all entities in W, including their types, attributes, behaviors, and the relations 
between them. See Fig 1 for details. 

Both entity operator set Ω={ωE,ωL,ωT } and connection operator set Φ={λE,λL ,λT } 
act on an existing ontology class. Fig 2 shows the partial process. We only give the 
algorithm that the first operator ωE of Ω, because λE operates just like ωE only not 
searching a set of indistinguishable entity types but finding out a set of interrelated 
ones. The rest operators, based on the results of ωE and λE , are just the process which 
deals with variables replacing and expressions aggregating of one-order logic.  

We note that while using operator λE, the connection mapping CM from a compound 
entity type to a set of interrelated entities is constructed or updated. Through alternate 
operating of the ontology abstraction operators (sets), the hierarchical ontology classes 
can be built up automatically, Fig 3 shows the process. 

 
Fig. 3. Constructing the Hierarchical Ontology Classes 

3.2   Hierarchical Modeling of Physical World Based-on Ontology Classes 

The hierarchical ontology classes are generated or extended independently of the 
modeling process of the physical world. The more kinds of worlds are input, the more 
knowledge ontology classes can be achieved. Actually, while modeling a world W 
within the simplified G-KRA framework, the ontology classes can also be updated 
dynamically. Fig 4 shows the hierarchical modeling process of physical world based-on 
ontology classes. 

It is noted that the definition of condition C can specify the abstraction degree of the 
hierarchical model. We can set a threshold value like the number of the entity types in 
some ontology class and if the number is lower than the threshold value, the procedure 
should be stopped. Fig 5 shows the hierarchical modeling process of W based-on 
hierarchical ontology classes. 
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------------------------------------------------------------------------------------------------------- 
Procedure HierarchicalModeling WORLD W, ONTOLOGY-CLASS-SET 
{FOC,OC1,…,OCn} 
  //Construct fundamental model Rg=(Pg*, Sg, Lg*,Tg*) by using FOC; 
For every entity type e of W { 

if ( ∃ e1∈FOC.E and e1 is indistinguishable with e) 
    Create a mapping Me from Pg* to the entity type e1 of FOC; 

else Add the entity type e to FOC and Create a mapping Me from Pg* to it; 
   } 

//Create the mapping from the entity types of W to the entity types of FOC 
 

For every type of relations r in W { 

if ( ∃ REL1∈FOC.E and REL1 is the same type of relation as r and no mapping on 
REL1) 
    Create a mapping Mr in Pg* to REL1; 

else Add the relation type r to Pg* and Create a mapping Mr in Pg* to it; 
 } 

//Create the mapping from the relation types of W to the relation types of FOC 
   
Manually add new language and theory involved with W to FOC.L and FOC.T if need 
be and create mappings from Lg*, Tg* to FOC.L, FOC.T; 
//Constructing the fundamental model of W 
 
//Generate hierarchical models ROC1,…ROCn, and what abstraction degree of the model 
//is our satisfaction can be specified by a condition C defined in advance. 
i=1; 
do while C is satisfied { 

ROCi=ROCi-1; //define ROC0 as Rg 
Adjust all mappings in ROCi to OCi according to the entity mapping EM or the 

connection mapping CM between ROCi and ROCi-1; 
i=i+1; 

} 
------------------------------------------------------------------------------------------------------- 

Fig. 4. Hierarchical Modeling Process of Physical World Based-On Ontology Classes 
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Fig. 5. Hierarchical Modeling Process of W Based-On Hierarchical Ontology Classes 

4   Conclusion 

This work explores how to use the concept of hierarchical ontology classes to realize 
the modeling knowledge sharing and reuse and then to automatically construct the 
hierarchical model of physical world. The KRA model framework is be simplified by 
replacing actual contents with the mapping to some ontology class. At the same time, 
the hierarchical ontology classes can be built up independently of the modeling process. 
Here we only concern about the static world and will continue to work on the modeling 
of the dynamic world in future. 
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