
C H A P T E R  5

O N T O L O G Y -B A S E D  M E T A D A T A  D IC T IO N A R Y

C O M P O N E N T S

This chapter furnishes some formal definitions of ontology-based metadata dictionary 
components that encompass the virtual concepts, relationships, physical source 
configurations, and construction rules. These formal definitions are represented by object- 
oriented and set theory that can be used as a basis for the construction of metadata 
dictionary for any real world implementation. These formal definitions will be used as a 
basis for designing the XML-based metadata dictionary in the next chapter to ensure the 
model realization.
5.1 O ntology-based  M etadata D ictionary C om ponents
A general notation for formal semantics of ontology-based metadata dictionary and its 
components are introduced based on object-oriented and set theory. The domain ontology, 
D , that represents the ontology-based metadata dictionary is defined as a quadruple

D  = < c ,  R , ร , 6>. where
•  c  = {vCj I V 7 = 1 ...ท} is a finite set of all unique virtual concepts in D;

•  R  denotes the relationships between concepts or instances in D  encompassing 
associative, IS-A, IS-PART-OF, and instantiated relationships;

• ร  denotes physical source configurations; and
• c  denotes the construction rules established to govern the operations over c  and R , 

thus ensuring the correctness and consistency o f the domain ontology.
Each domain ontology component is defined as follows:

5.1.1 Virtual Concept
A virtual concept vck e  c  is defined as a pair 

vCk = <ท(vCk), P(vCk)>, where
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• n(vCk) is the virtual concept name which is unique within Z); and
• P (v c k )  =  { v p k i ,  vp k 2, vpkm ) i s  a  f i n i t e  s e t  o f  u n iq u e  v i r t u a l  p r o p e r t i e s  o f  t h e  

v i r t u a l  c o n c e p t  V C *.

These virtual properties can be classified into three groups, namely, o b je c t  

i d e n t i f i e r s , o b j e c t  i d e n t i f i e r  r e f e r e n c e s , and o r d i n a r y  p r o p e r t i e s ,  depending on their property 
values. The set of object identifiers or keys of VCk is denoted as O I D (v c k )  ÇZ P (v c k ) in which 
each instance of VCk cannot have the same value properties in O I D (v c k ) .  R E F (vC k) (= P (vck )  

denotes the set of object references or foreign keys o f VCk that establishes the relationships 
between instances o f different concepts. O R D (v c k )  Ç  P (vC k) denotes the set of ordinary 
properties whose values are atomic values (e.g., integer, string).

Given a virtual concept VCk, the two sets O ID jvC k ) and R E F (v c k )  can be joint sets, 
that is, O ID jvC k ) ท  R E F (v c k )  *  <j) (e.g., the set O ID (vC k ) = {vpkt, vp*/} and the set R E F (vC k) 

-  {vp*/} ), or disjoint sets, that is, O ID jvC k ) ท R E F (v c k ) = <j) (e.g., the set O I D (v c k ) = {vp*/} 
and the set R E F (vC k) = {vp*2} )• The two sets O I D (v c k )  and R E F (vC k ) and the set O R D (vC k ) 

are disjoint sets, that is, (O ID jvC k ) น R E F (v c k ))  ท O R D (v C k ) = <|) (e.g., the set O ID (v c k )  = 
{vp*/, vp*/}, the set R E F jv c k )  = {vp*/}, and the set O R D (v c k )  = {vp*/} ).

To solve data type and scaling conflicts, the virtual property vpkc e O I D (v c k ) or vpkd 

e  O R D (v c k )  is designed as a class consisting o f two domain properties, namely, predefined 
type and scaling domains. Denote P D  and S D  as the sets o f values o f the predefined type 
domain and scaling domain properties, respectively, that is, P D  = {“integer”, “string”, 
“float”, “decimal”, “char”} and S D  = {“NULL”, “kilogram”, “pound”, “US$”, “AUS$”}.

A virtual property vpkc e P (v c k ) is defined as a pair 
VPkc =  <ท(vpkc) , d>, where

• ท(vpkc) is the virtual property name which is unique within VC*; and
• c/ is the domain variable defined as follows:

NULL , if vpkc e  REF(vCk)
< d  1, d2>  , if vpkc 6 OID(vCk) or vpkd e  ORD(vCk)
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where dt is the predefined type domain property denoted as a pair <ท(di), v(di)>  in which 
ท(di) is the name of di and v(d]) e  PD  (e.g., v(di) = “integer”), and d2 is the scaling domain 
property denoted as a pair <ท(d2) , v(d2)>  in which ท(d2)  is the name of d 2 and v(d2)  6 SD 
(e.g., v(d2) =  “kilogram”).

To solve naming conflicts, the virtual property vpicc 6 OID(vCk) or VP h i e  ORD(vck) 
can also constitute physical instances, that is, instances representing the synonymous 
physical property names of physical concepts.

Let Pkct be a physical instance o f vpkc and be defined as a pair
Pkct =  <ท(Pkct), P(Pkct)>, where

• ท (pkct) is the physical instance name (or physical property name) which is unique 
within vpkc', and

• P(pkct) = {น, น, •••, Ip) is a finite set o f unique physical information properties of Pkct 
that describes related physical information to Pkct. The definition o f these properties 
are defined as follows:

7/ is a physical data type property denoted as a pair <ท(II), v(I/)>, where ท(II) is 
the name of น, and v(li) e  PD;
1 2  is a physical unit type property denoted as a pair <ท(น), v(I2)> , where ท(I2)  is 
the name of I2, and v(I2)  e  SD ;
13 is a physical concept property denoted as a pair <ท(1 ร), v (l3)> , where ท(น) is the 
name of 1 ร, and v(h ) is an object identifier reference for the physical concept 
name of the physical source configuration;
14 is a physical source property denoted as a pair <ท(I4) , v(U)>, where ท(น) is the 
name of น, and v(U) is an object identifier reference for the physical source name 
of the physical source configuration; and
น  is a corresponding virtual concept denoted as a pair <ท(น), v(น)>, where ท(น) 
is the name o f น, and v(Is) is an object identifier reference for the corresponding 
virtual concept name.
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5.1.2 Relationships
The relationships in domain ontology consist of four types, namely, associative, IS-A, IS- 
PART-OF, and instantiate relationships.
(1) A ssociative relationship. An associative relationship enumerates the connectivity 
among instances o f concepts. This relationship is classified into three categories as follows:

- 1 :1  r e l a t i o n s h i p ,  denoted by R n (v C j, v c j) , is a relationship that associates an instance of 
concept VC, with at most one instance o f concept vCj, and vice versa;

- 1 :N relationship, denoted by RiiïfvCj, v c j) , is a relationship that associates an instance 
of concept VC, with many instances o f concept vCj, but only one instance o f concept vCj can 
be associated with at most one instance of concept VC,; and

- N :M  r e l a t i o n s h i p ,  denoted by R n m ( vcu vcj) ,  is a relationship that associates many 
instances o f concept VC, with many instances of concept vcp, and vice versa.
(2) IS-A relationship. An IS-A relationship describes a specialization relationship among 
concepts that establishes a subsumption hierarchy, whereby a general concept (or 
superconcept) subsumes more specific concepts (or subconcepts). The subsumption 
hierarchy is illustrated in Figure 5.1, where the concept s t a f f  is a general concept or 
superconcept, and the concept A dm inistrator, In stru cto r  and O f f ic ia l  are specific 
concepts or subconcepts o f the hierarchy. The general concept subsumes more specific 
concepts and the specific concepts inherit the information from the general concept.

The subsumption hierarchy is used to store information at the level o f generality and 
automatically provide this information to the lower level o f specific concepts through the 
inheritance mechanisms. This helps in reducing the size o f information need to be stored at 
every level o f the hierarchy and also reducing data inconsistencies in the update operation.
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General concept or Superconcept 

Specific concept or Subconcept

Figure 5.1 The subsumption hierarchy of the ontology.

This hierarchy also supports multiple inheritance, that is, each subconcept is allowed to 
have multiple superconcepts. For example, the subconcept P ro fesso r  is. not only an
A dm inistrator, but also an In stru cto r .

More formally, if the set o f instances of vck is a subset of the set o f instances vch, this 
can say that vch subsumes vck. In other words, vck is a vch, denoted IS-A(vck, vch). A VCH is 
called a superconcept of vck, denoted Superconceptfvch, vck), and a vck is called a 
subconcept of vch, denoted Sub concept (vck, vch1). Notationally, this relationship can be 
defined as

IS-A (vC k, vch ) =>  S u p e r c o n c e p t ( v c h ,  vck)  A S u b c o n c e p t(v C k , vCh)

In inheritance context, a subconcept vck can define its own properties and inherit the 
common properties from its superconcept VC),. In other words, the set o f virtual properties 
of vch is a subset o f the set o f virtual properties of vck as follows:

IS-A(vcic vch) ะะ> P (vC h )  ç  P(vC k)

This implies that the relationships that associate the superconcept VC/, and other concepts 
can also propagate to its subconcept vck-
(3) IS-P A R T -O F  relationship. An IS-PART-OF relationship denotes one instance of an 
aggregate (or assembly) concept comprising of a set of component instances. The example 
in Figure 5.2 illustrates a car to be an aggregate concept consisting o f three components, 
that is, the engine, body, and transmission. A car is related to the component engine, body, 
and transmission  through the IS-PART-OF relationship. Each component has its
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component instance with its own associated properties and functions. Each component 
instance belongs exclusively to one instance o f an aggregate concept.

More formally, if vck  is a part o f vch , denoted I S -P A R T -O F (v c io  vch ), vch  is called an 
aggregate concept o f vck , denoted A g g r e g a te _ c o n c e p t ( v c h ,  vck ), and vCk is called a 
component concept o f vch , denoted C o m p o n e n t_ c o n c e p t( v C k , vch ). Notationally, this 
relationship can be defined as

I S -P A  R  T - O F (vC k, vCh) => A g g r e g a te _ c o n c e p t ( v C h , VC/J A C o m p o n e n t_ c o n c e p t( v c k ,  vCh)

F i g u r e  5 .2  The IS-PART-OF relationship.

( 4 )  Instantiate relationship. An instantiate relationship, denoted In s ta n ceO f(p icc ,,vp k c ),  is a 
relationship between vpkc  and its physical instance Pkct- This relationship acts as a bridge to 
map ontology at the conceptual level to ontology at the physical level. The instantiate 
relationship can be used to verify synonymous (or equivalent) physical instances in which 
Pm and Pi 12 are synonymous, and write pill ~ Pi 12, if and only if both Pill and pi 12 are 
physical instances o f the same class property v p u ,  that is,

{ p u l - Pm) InstanceOf(pm, vpu) A InstanceOf(pi!2 , vpu)

In other words, if this relationship is considered as a tree, if Pill ~PI12, both Pin and P112 
are children of the same parent node vpu  as follows:

{ p i l l - P m )  <=> C hildO fipm , vpu) A C hildO f(pii2, vpu)
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5.1.3 Physical Source Configurations
The physical source configurations at the physical level o f the ontology are formally defined 
as follows:

Let ร  =  { S i I i  =  1.. .ท }  be a finite set of ท physical information sources within D .
A physical source, denoted Sk e ร, is defined as a pair

Sk = <ท(Sk), P(Sk)>, where
•  ท (Sk) is the name of a physical source which is unique within D, and
•  P (S k )  = { p e u ,  p c k 2, . . . ,  pcicm} is a finite set o f unique properties of Sk, that is, 

properties for storing the physical concept names (or entity names) in Sk.

A physical concept pckcZ- P (S k ) is defined as a pair 

p c kc = <ท(pckc), P (pckc)> , where
• ท(pckc) is the name o f p ck c  which is unique within Sk, and
• P (p c k c ) -  { C j \ j  = 1 . . . m )  is a finite set of unique physical configuration properties 

of p c k c , that is, properties for storing the associated physical configurations of 
each p ck c  (e.g-, physical data model, permission, owner). A property Ck e  Cj is 
defined as a pair <ท(Ck), c n f> , where ท(Ck) is the name of Ck, and c n f  is the value 
of physical configuration property which is an atomic string value.
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