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Abstract 

The chapter presents a framework on web information representation, 
extraction and reasoning utilising an object-oriented approach. A structure, 
which is similar to a class in object-oriented design and programming, is 
defined as an extended class (eClass). An eClass contains data attributes, 
member functions/methods, inference rules and presentations, and 
therefore, facilities both web presentation and information reasoning. As 
an object-oriented approach, the framework also supports encapsulation, 

an existing object-oriented programming language. An eClass can be 
extremely effective in describing content-dependent entities. It describes a 
value under its context, consequently, the search engine not only searches 
the value, but also understands the meaning of the value in the context. 
The chapter attempts to integrate GOPT-resolution, which is a reasoning 
mechanism based on partial intersection and truncation, into OOWIS. 
GOPT-resolution is ideal for reasoning in a web environment because, 
comparing with other approaches, it requires less search during its 
derivations.  

Fei Liu ,  Jidong Wang , and Tharam S. Dillon  

polymorphism and inheritance. It can be implemented as an extension of

Reasoning based on Existing Programming 



1. Introduction 

With the fast expansion of the World Wide Web and rapid advances in 
Information Technology, our expectations of the search engine on the 
World Wide Web are constantly increasing. We are no longer satisfied 
with merely searching a phone number or checking a road map, we like 
our search engine to be intelligent. To be precise, we like the search engine 
to be able to reason. This requires an effective mechanism in information 
representation, extraction and reasoning.  
 
The research on web information representation, extraction and derivation 
can be approximately divided into two categories: (1) information 
extraction by text learning and (2) web semantics. Information extraction 
by text learning is based on the research in natural language processing. It 
attempts to build the intelligent search engine in such a way that it is able 
to �understand� the content of a text file (such as a webpage), and 
consequently, can extract information from it [1]. Web Semantics, on the 
other hand, focuses mainly on defining the semantics of information 
representation. As pointed by Schwartz [24]: We can approach data 
representation in a Semantic Web environment as a series of layers, each 
of which adds a degree of semantics depth to a given data model. The four 
basic layers are Semantics, Ontology, Logic and Web trust. On Semantics 
and Ontology, a substantial amount of research has been conducted 
including XML, RDF and OWL.  
 
XML is a markup language which contains a set of tags to structure its 
contents. There are significant differences between XML and HTML files. 
While the HTML file uses tags to specify its web presentation, the XML 
file uses tags to specify the structure of information. RDF [12] which 
utilises XML as its presenting language, provides interoperability between 
applications that exchange machine-understandable information on the 
Web. RDF emphasizes facilities to enable automated processing of Web 
resources. RDF with digital signatures can be utilized in building the "Web 
of Trust" for electronic commerce, collaboration, and other applications. 
The OWL [25] is a semantic markup language for publishing and sharing 
ontologies on the World Wide Web. OWL is developed as a vocabulary 
extension of RDF and is derived from the OIL [5] Web Ontology 
Language. Consequently, any RDF graph forms an OWL Full ontology. 
Furthermore, the meaning given to an RDF graph by OWL includes the 
meaning given to the graph by RDF. OWL Full ontologies can thus 
include arbitrary RDF content, which is treated in a manner consistent with 



triples.  
 
OWL has important features that capture many of significant relationship 
provided in object-oriented system, however several features of object 
oriented analysis (such as composition and encapsulation) which make the 
language extremely powerful in entity description are not fully supported. 
Since OWL, OIL and RDF are all based on XML, and require XML 
schema and parsing, the representation and reasoning, in some 
circumstances, can be tedious.  

 
In this chapter, we propose the framework of an object-oriented approach 
in web information representation and reasoning, and we name it object-
oriented web information specification (OOWIS)[21]. OOWIS can be 
easily planted into an existing object-oriented programming language, such 
as C++, JAVA or C#, and can be considered as an extension of the 
programming language.  

2. Extended Class (EClass) 

The eClass, which is an extension of a class in the object-oriented sense 
and which is the centre of OOWIS, will be defined in this section.  
 
Definition 1 
An extended class (eClass) is a structure that contains data (attributes), 
functions that are a group of operations associated with the data, inference 
rules that are associated with the data derivation, and a group of 
presentations each specifies a style that data (attributes) are presented on 
the web. The template of an eClass is as follows. 

 
[Modifiers] EClass TitleOfClass{ 
//attributes 
[Modifiers] dataDefinition1:datatype1 attribute1 [= value1] 
[:unit1]; 

... ... 
[Modifiers] dataDefinitionL:datatypeL attributeL [= valueL] 
[:unitL]; 

 
//functions 
[Modifiers] returnType1 operation1(listOfParamenters1); 

... ... 
[Modifiers] returnTypeM operationM(listOfParamentersM); 

 

its treatment by RDF. OWL assigns an additional meaning to certain RDF



//inference rules 
[Modifiers] inferenceRule1; 

... ... 
[Modifiers] inferenceRuleN; 

 
//presentations 
[Modifiers] presentation1 = �markupFile1�; 

... ... 
[Modifiers] presentationP = �markupFileP�; 
} 

 

attribute)
value) dataDefinition) dataDefinition

data 
definitions

 
Example 1 
The example defines the eClass Person which describes certain characters 
of a person (an instance of the eClass), and his/her relationship with the 
other person which is, again, an instance of the eClass. 

public eClass Person { 
private Name:String name; //the person�s name 
private Mother:String mother; //name of the person�s mother 
private Father:String father; //name of the person�s father 
private Height:double height:cm; //the person�s height (in  
//cm) 
private Quantity:int numberOfchildren; //number of children  

 



//default constructor. Implementation details deleted   
public  Person() {} 

 
//constructor. Implementation details deleted  
public Person(String _name, String _m, String _f, int _h, int 
_noc) {} 
 
//to change the height of this person.  
private void changeHeight (int _change) {}  

 
//a number of member functions acting as accessors have  
//been omitted, however, are used later. 

  
//to define the predicate mother(X, Y).  
public static bool mother(Person X, Person Y) { 
return X.getName() ==Y.getMother(); 
} 

  
//to define the predicate father(X, Y)  
public static bool father(Person X, Person Y) { 
return X.getName() == Y.getFather(); 
} 

  
//a set of inference rules 
public static siblings(Person X, Person Y)  
 mother(Person Z, Person X) ^ mother(Person Z, Person Y) 

public static siblings(Person X, Person Y)  
 father(Person Z, Person X) ^ father(Person Z, Person Y) 

public static parent(Person X, Person Y)  
 father(Person X, Person Y) 

public static parent(Person X, Person Y)  
 mother(Person X, Person Y) 

public grandMother(Person X)  
 parent(Person Y) ^ Y.mother(Person X)  

 
//a set of presentation files  
//two different presentation files which describe how  
//instances of the eClass should be presented.  
//�welcome.html� and �personalDetails.xml�  
//are in two different markup languages. 
public static presentation1 = �welcome.html�; 
private presentation2 = �personalDetails.xml�; 
} 
 



Person p1 = new Person(�Laura Wills�, �Wendy Wills�, �John 
Wills�, 135, 0); 
Person p2 = new Person(); 

Person

�Laura Wills� name, �Wendy Wills�

mother �John Wills� father, 135

height numberOfChildren

public Person()  
public Person(String _name, String _m, String _f, int _h, 
int _noc)  
private void changeHeight (int _change) 
public static bool father(Person X, Person Y)  
public static bool mother(Person X, Person Y)  

public static bool mother (Person X, Person Y)  
public static bool father(Person X, Person Y)  

Person

public static siblings(Person X, Person Y)  
 mother(Person Z, Person X) ^ mother(Person Z, Person Y) 

public static siblings(Person X, Person Y)  
 father(Person Z, Person X) ^ father(Person Z, Person Y) 



public static parent(Person X, Person Y)  
 father(Person X, Person Y) 

public static parent(Person X, Person Y)  
 mother(Person X, Person Y) 

public grandMother(Person X)  
 parent(Person Y) ^ Y.mother(Person X)  

public static presentation1 = �welcome.html�; 
private presentation2 = �personalDetails.xml�; 

presentation1 presentation2

presentation1

presentation2

3. Object Oriented Features of OOWIS 

In this section, we will view OOWIS from the object-oriented prospective 
to examine its object-oriented features. Theses include inheritance, 
encapsulation and polymorphism[22]. We will discuss the advantages and 
disadvantage of the features in the framework. 

3.1 Inheritance 

In object-oriented analysis and design, inheritance refers to the 
phenomenon that one structure inherits data attributes and functions from 



another structure, and therefore the construction of the structure is based 
on the other existing structure. Inheritance is a result of an important 
principle in Software Engineering � re-use. It saves the effort to re-define 
data attributes and functions have been defined previously. Inheritance is 
also important in batch data processing 
 
In OOWIS inheritance refers to precisely the definition of an eClass (the 
derived eClass) is based on an existing eClass (the base eClass), and so 
that all the public members of the base eClass become public members of 
the derived eClass.  
 
Definition 2 
The eClass A is defined as follows 
 
[modifier] EClass A { 
//data attributes 
public def_1:type_1 attr_1; 

� � 
public def _ka:type_ka attr_ka; 
private def_ka+1:type_ka+1 attr_ka+1; 

� � 
private def_ka+na:type_ka+na attr_ka+na; 
 
//functions 
public type_1 function_1(X_1); 

� � 
public type_kf function_kf(X_kf); 
private type_kf+1 function_kf+1(X_kf+1); 

� � 
private type_kf+nf function_kf+nf(X_kf+nf); 
 
//inference rules 
public rule_1(X_1); 

� � 
public rule_kr(X_kr); 
private rule_kr+1(X_kr+1); 

� � 
private rule_kr+nr(X_kr+nr); 
 
//presentations 
public presention_1 = �file1.ext�; 

� � 
public presention_kp = �file_kp.ext�; 
private presention_kp+1 = �file_kp+1.ext�; 

� � 
private presention_kp+np = �file_kp+np.ext�; 
} 
 



The eClass B is defined as a derived eClass of A 
 
[modifiers] EClass B extends A { 
//data attributes 
[modifiers] defB_1:typeB_1 attrB_1; 

�� 
[modifiers] defB_ma:typeB_ma attrB_ma; 
 
//functions 
[modifiers] typeB_1 functionB_1(XB_1); 

�� 
[modifiers] typeB_mf functionB_mf(XB_mf); 
 
//inference rules 
[modifiers] ruleB_1(XB_1); 

�� 
[modifiers] ruleB_mr(XB_mr); 
 
//presentations 
[modifiers] presentB_1 = �file_B_1.ext�; 

�� 
[modifiers] presentB_mr = �fileB_mr.ext�; 
}  

 
The eClass B is effectively defined as 
[modifiers] EClass B { 
//data attributes 
[modifiers] defB_1:typeB_1 attrB_1; 

� � 
[modifiers] defB_ma:typeB_ma attrB_ma; 
public def_1:type_1 attr_1; 

� � 
public def _ka:type_ka attr_ka; 
 
//functions 
[modifiers] typeB_1 functionB_1(XB_1); 

� � 
[modifiers] typeB_mf functionB_mf(XB_mf); 
public type_1 function_1(X_1); 

� � 
public type_kf function_kf(X_kf); 
 
//inference rules 
[modifiers] ruleB_1(XB_1); 
 � � 
[modifiers] ruleB_mr(XB_mr); 
public rule_1(X_1); 

� � 
public rule_kr(X_kr); 
 
//presentations 



[modifiers] presentB_1 = �file_B_1.ext�; 
� � 

[modifiers] presentB_mr = �fileB_mr.ext�; 
public presention_1 = �file1.ext�; 

� � 
public presention_kp = �file_kp.ext�; 
} 

 
Not only B contains members defined in its own eClass, but also all the 
public members defined in A. As a consequence, the modification of A will 
affect the structure of B, and hence the definition of A and B are linked by 
this relation of inheritance. Below is an example demonstrating principles 
of inherence in OOWIS. 
 
Example 2 
Assume that Organization is an eClass being defined as follows  

 
EClass Organization { 
public name:String name; 
private numberOfEmployees:int eNumber; 

� � 
} 

 
Now we can define various organizations such as University, Faculty 
and Department based on Organization.  

 
EClass Department extends Organization { 
private numberOfEnrolledStudents:int sNumber ; 
public titleOfCourses:String[] courses; 

� � 
} 

 
This allows Department to inherit numberOfEmployees from 
Organization, furthermore when the definition of numberOfEmployees 
changes in Organization, it changes in Department as well. 

 
Inheritance is one of the most important features in object-oriented design 
and programming and it makes re-use possible. In OOWIS, however the 
advantages are not limited to re-use. Another advantage of inheritance in 
OOWIS is that it allows information sharing. As indicated previously, in 
an eClass, the definition of a data attribute is not merely the definition of a 
value/term, but also the definition of the meaning of the value/term.  
Deriving an eClass from another actually passed the definition of   
attributes from the base eClass to the derived eClass, and hence the 



definition is shared. This is a significant advantage of utilizing inheritance 
in OOWIS, and this is regarded as the starting point of definition sharing. 

3.2 Polymorphism 

In his book �Absolute JAVA�, Savitch defined polymorphism as �the 
ability to associate many meanings to one method name by means of the 
late binding mechanism�. 

 
In object-oriented design and programming, polymorphism allows one 
function to have a number of different implementations, and therefore the 
binding of the function call and the function will be determined at run-
time. Hence Polymorphism is also referred as run-time binding (late 
binding). The benefit of having run-time binding is that it allows a number 
of behaviors to share the same name, and therefore provides flexibility in 
coding.  

 
The concept of polymorphism in OOWIS is broader, because an eClass 
contains not only data attributes and functions, but also inference rules and 
web presentations. The idea of polymorphism is extended to the definition 
of inference rules and also web presentations. Precisely, it can happen that 
a number of inference rules may share the same name, however, have 
different contents. Meanwhile, there may be a number of presentations 
sharing the same name, but display data attributes in different ways. 

 
Polymorphism not only provides flexibility in OOWIS, but also is essential 
in inference rule definitions. It facilitates multiple definitions of a predicate 
in an eClass which is essential in a rule-based system [6].  

 
For example, polymorphism allows the definitions of p(X, Y) by using 

 
Inference rule 1: p(X, Y)  q(X, Y) 

and 
Inference rule 2: p(X, Y)  r(X) ^ s(Y) 

  
to exist concurrently in a single eClass. In this case, the signature of the 
rules (the heads of the rules) are exactly the same. Although this is not 
allowed in function definitions, it is allowed in inference rule definitions. 
An ordering rule that is defined in the inference engine will be used to 
determine which inference rule should be fired at a specific point of the 
derivation. 



3.3 Encapsulation 

Encapsulation is the ability to separate the detailed implementation from 
the general specification in a class, so that the implementation details can 
be hidden. In several major object-oriented languages, encapsulation is 
achieved by using the modifiers �public� and �private�. 

 
In OOWIS, encapsulation not only can achieve its original goal � data 
hiding, but can also be used in controlling data presentation. This means 
modifiers �public� and �private� control the visibility of data attributes 
on the website. Encapsulation is an important feature of OOWIS � to link 
the modifier of an attribute with its visibility on the web.     
 
Example 3 
The example partially presents the eClass hierarchy of an e-services 
system for information technology equipment. It demonstrates the 
principles of inheritance and encapsulation. The system contains eClasses 
such as Merchandise, Hardware, Software, Computer and Printer as 
follows.  

EClass Merchandise { 
protected ID:int iD; //the unique ID number 
public productName:String name; //name of the item 
public price:double price; //price of the item 

 
public void discount (double percentage) { 

price = price * (1 � percentage); 
} 

... ... 
} 

 
EClass Hardware extends Merchandise { 
public costOfDelivery:double deliveryCost;  
//cost for home delivery 
private recyclable:bool recyclable;  
//if the item is recyclable 

 
public addingDelCost() { 

price = price + deliveryCost; 
}  

... ... 
} 

 
EClass Computer extends Hardware { 
public afterSaleServiceInformation:URI afterSaleServiceInfo;  
//The website providing after sale services 
public oSInstallationCost:double oSInstallationCost;  



//charge for operating system installation 
 

public addingOSInstCost() { 
price = price + oSInstallationCost; 

} 
 ... ... 
}  

  
EClass Printer extends Hardware { 
public printingPaperSpec:String paperSpec;  
//Specification of papers 
public driverSite:URI driverDownload;  
//Site for downloading drivers 

... ... 
}  
 
EClass Software extends Merchandise { 
private static final discount:double downloadDiscountRate = 
0.15;  
//rate of discount if the software is downloaded by the 
//customer 

 
public double downloadPrice() { 

price = price * (1 � donwloadDiscountRage); 
} 

... ... 
} 

 

The figure below describes eClass hierarchy of the system where 
Hardware and Software are derived from Merchandise, and 
Computer and Printer are subclasses of Hardware.  
 

 
 
 
 
 
Based on principles of inheritance and encapsulation, Hardware and 
Software inherit all members of Merchandise (ie. iD, name, price 

 

Fig. 1. IT equipment eClass Hierarchy 



and the member method discount). Note that this includes the 
protected member iD. Similarly, Computer and Printer inherit all the 
public members of Hardware, but not recyclable which is private. 

4. Reasoning 

The major difference between a class and an eClass lays on the fact that an 
eClass contains a set of inference rules, and hence supports reasoning. This 
section concentrates on the details of the inference engine of OOWIS.  

Although automated reasoning has been a major research field in Artificial 
Intelligence for more than a half of a century, web information reasoning 
(WIR) [23] is still in its infancy. Theoretically, reasoning should be all 
based on the same principles regardless of the source of information; in 
practice, however, there are significant differences between the two types. 
WIR refers to the situation where reasoning is conducted based on 
information from more than one source. Precisely, the logic program is 
formed using the clauses (facts and rules) from different locations [7]. 
Apparently, WIR requires searching substantially. The search rule being 
utilized and the manner in which search is conducted will influence the 
performance of the derivation significantly.  
 
In this section, we will examine various resolution strategies, and identify 
the type which fits web information derivations. We will, in particular, 
discuss goal-oriented resolution with partial intersection and truncation 
(GOPT-resolution) [15] in which the derivation is guided by the goal, and 
is based on set calculations. We argue that GOPT-resolution is a suitable 
choice for the inference engine which requires WIR. We will, then, 
attempt to integrate GOPT-resolution into OOWIS, so that derivations in 
OOWIS are goal-oriented and are based on partial intersection and 
truncation. 

4.1 Web Information Reasoning (WIR) 

Various resolution strategies have been developed for the last three 
decades [8], and those strategies can be approximately classified into three 
categories � top-down, bottom-up and combined top-down and bottom-up 
[11].  

 



The first category [2, 3] starts the derivation from the top -- the goal, and 
backtrack down to the bottom -- the facts. The derivation is mainly based 
on pattern matching and backtracking. The second category [4, 13, 15] 
starts its derivation from the bottom -- a set of facts and a set of rules. It 
derives new facts from the existing facts and rules, updates the fact set, and 
again derives new facts based on the updated fact set till the stage that no 
new fact can be derived or the goal is proved. The third approach is a 
combined of the first and second approaches. In other words, the inference 
starts from both the top and the bottom concurrently till the sub-goals and 
the derived facts meet.  

Although top-downs have always been the favorites in automated 
deduction, especially in logic programming, we argue that bottom-up 
approaches are probably more appropriate for WIR. The reasons are  

 
1. WIR is reasoning based on an infinite (open) universe, and hence 

�closed world assumption� will on longer hold. Consequently, search is 
the major issue in relation to the performance of the inference engine. In 
general, a top-down approach which is based on backtracking and 
pattern-marching requires significantly higher amount of search than a 
bottom-up approach [8]. Therefore it is expected that an engine based on 
bottom-up principles performs better.  

 
2. Unlike a bottom-up approach which can gather information by 

searching the web at the beginning of the derivation, a top-down 
approach requires search continuously during its derivation. This will, 
again, be an important factor that jeopardizes the performance of the 
engine.  

 
3. Searching in an open domain is likely to lead to an infinite derivation, 

and therefore should be limited to the minimum. 
 

At this point, we also like to point out that using mark-up languages in web 
information specification will not lead the research far. This is due to the 
fact that (1) a mark-up language is normally difficult to learn and 
complicated to use; (2) a single mark-up language file cannot normally 
accomplish its mission to properly define data, and therefore extra files 
will have to be created in the information specification [1, 9]; (3) comes to 
RDF in specific, it can be difficult to use triples to represent a complicated 
object. Besides, even it is managed to use multiple triples to represent the 
object, then those triples are individual items, and can be difficult to store 



and retrieve; (4) comparing with a compiled programming language, using 
a mark-up language will slow down the speed of the inference engine [8].     

4.2 Goal-oriented Resolution with Partial Intersection and 
Truncation  

GOPT-resolution stands for goal-oriented PT-resolution. PT-resolution 
stands for resolution with partial intersection and truncation.  

 
GOPT-resolution is a deduction strategy that is based on set calculations: 
partial intersection and truncation. It belongs to the bottom-up family and 
it prevents derivations on logic programs which have a finite Herbrand 
universe from infinite recursion. Partial intersection is an intersection 
based on a certain variable order. The calculation involves comparing the 
tuples from each set according to a variable order, and concatenating the 
tuples. Truncation truncates a tuple or a set of tuples according to a 
variable order and appends free elements to the tuple if it is necessary.  
 
Definition 3[15] 
Let P be a logic program. A PT-calculation is a process that derives tuples 
from equations and restricted P-domains and adds those tuples to the 
corresponding P-domains. The process involves precisely two steps:  

(1) Selecting each of the active equations of P according to a certain 
ordering rule and deriving tuples from the equation and the restricted P-
domains of the equation;   

(2) Adding the derived tuples to the corresponding P-domains.  
 

A PT-derivation is simply a sequence of PT-calculations finite or infinite. 
Below is a precise definition of a PT-derivation. 
 
Definition 4[15]  
Let P be a logic program and  

 G :   

be a goal of P. The PT-derivation on P  {G} proceeds as follows.  
Step 1. Mark all the equations as active. 
Step 2. Iterate Steps 2 - 4 until at least one of the following termination 

conditions is satisfied.  
 Condition 1. The goal is proved. 
 Condition 2. No new tuple can be derived from the derivation. 

If one of the conditions is satisfied, then go to Step 5. 



Step 3. Apply the PT-calculation to the program.  
Step 4. Mark all the saturated equations which have been selected in the 

previous calculation as inactive. Mark all new saturated P-domains and 
saturated equations which may arise. 

Step 5. Prove the goal with the current P-domains. Any tuple which is in 
the P-domain, must satisfy the predicate symbol. Conversely, any tuple 
which is not in the P-domain, does not satisfy the predicate symbol.   

 
Finally, GOPT-resolution is PT-resolution with a specifically selected rule 
set and fact set � goad-related rule set and fact set.  

 
The soundness and completeness of GOPT-resolution were discussed in 
[20] and [19]. It was proved that GOPT-resolution is sound and complete 
if the derivation is finite. Since derivations on logic programs with a finite 
Herbrand universe are always finite, for those programs, GOPT-resolution 
is both sound and complete.   

 
The control part of the resolution consists of two rules: selecting rule and 
ordering rule. A selecting rule determines the order in which partial 
intersections and truncations are conducted. An ordering rule decides the 
way that equations are selected. Both the selecting rule and ordering rule 
are independent of the GOPT-derivation. 

 
A substantial amount of research has been conducted since the definition 
of GOPT-resolution. This includes the integration of PT-resolution and 
conditional proof [17]; introducing approximate reasoning into PT-
resolution [18]; optimizing the selecting and ordering rules [16] etc. 

4.3 GOPT-Resolution in OOWIS 

Based on the discussion above, we now attempt to integrate GOPT-
resolution which is from the bottom-up category, and in which the search 
and derivation are guided by the goal, into OOWIS. 
 
Definition 5 
In the OOWIS framework, a derivation based on GOPT-resolution is 
carried out as follows. 
 (1) When the eClass which contains data, functions, inference rules and 
web presentations, is defined, and instances of the eClass are created, the 
program execution environment creates the P-domain for each predicate 
symbol, whether it will be used in the derivation or not.  



 (2) For a given goal, the inference engine searches on the web for all goal-
related rules, hence the set of goal-related rules is established. 
 (3) The inference engine, then, searches on the web for goal-related facts, 
and establishes the set of goal-related facts.   
(4) The inference engine conducts the GOPT-derivation based on the set of 
goal-related rules and the set of goal-related facts.  

 
Below is an example which illustrates the GOPT-derivation in the OOWIS 
framework. 
 
Example 4 
The class Person is defined and utilized to describe a person on the web. 
EClass Person { 
//data attributes 
public name:string myName;  
public workFor:Organisation empolyer; 
private mother:string motherName; 
private father:string fatherName; 

 
//functions 
public Person(string _my, string _m, string _f, string _e){ 

myName = _my; 
motherName = _m; 
fatherName = _f; 
employer = _e; 

} 
 

public boolean mother(Person X) { 
if (X.myName == motherName) 
 return true; 
else 
 return false; 

} 
 

public boolean father(Person X) { 
//details omitted. 

} 
 

//rules 
public grandMother(Person X)  
 parent(Person Y) ^ Y.mother(Person X)  

public parent(Person X)  mother (Person X) 
public parent(Person X)  father(Person X) 
public colleague(Person X)  
 X.workFor = Y ^ workFor = Z ^ Y = Z 
 

//presentation details omitted. 
} 

 



Assume the following objects of the class are defined on a number of 
different servers, and assume the goal is to search grandmother of Verena. 

 
Person a = new Person (�verena�, � �, �michael�, � �); 
Person b = new Person (�helen�, �mary�, ��, ��); 
Person c = new Person (�michael�, �helen�, �jack�, �la 

Trobe University�); 
Person d = new Person (�aimee�, �helen�, ��, �la Trobe 

University); 

 

When an object is created, the program execution environment calls the predicate 
definition functions automatically, so that the universe of the program and the P-
domains of the predicate symbols can be established. 

 
As the derivation is goal-oriented, it establishes p-domains for those goal-
related predicate symbols only [15]. Hence, by the time when the objects 
are created, the universe, goal-related rule set and the goal-related P-
domains are 

 
U = {verena, michael, helen, mary, jack, laTrobeUniversity, 
aimee, helen, Mary_St, Bundoora, Vic, Australia, dog, Smoky, 
toyotaCorolla, 2004} 

Fig. 2. Information on the web 



 
goal-related rule set GRR = { 
public grandMother(Person X)  parent(Person Y) ^ 
Y.mother(Person X)  
public parent(Person X)  mother (Person X) 
public parent(Person X)  father(Person X) 
} 

 
goal-related P-domains GRP = { 
D[mother] = {(mary, b), (helen, c), (helen, d)} 
D[father] = {(michael, a), (jack, c}} 
D[parent] = { } 
D[grandMother] = { } 
} 

 
The inference engine will not collect information regarding Pet, Car and 
House objects, as they are irrelevant to the goal which is to search Verena�s 
grandmother. 

 
The goal is G: grandMother(X, verena) 

 
The derivation using GRR and GRP is as follows. 
 
The 1st iteration 
D[mother] = {(mary, b), (helen, c), (helen, d)} 
D[father] = {(michael, a), (jack, c}} 
D[parent] = {(mary, b), (helen, c), (helen, d), (michael, a), 
(jack, c}} 
D[grandMother] = {} 
 
The 2nd iteration 
D[mother] = {(mary, b), (helen, c), (helen, d)} 
D[father] = {(michael, a), (jack, c}} 
D[parent] = {(mary, b), (helen, c), (helen, d), (michael, a), 
(jack, c}} 
D[grandMother] = {(mary, c), (mary, d), (helen, a)} 

 
Therefore the answer to the goal is 

X= helen. 

5. Conclusions 

The chapter established a framework for using the object-oriented 
approach in web information representation, extraction and reasoning. The 
framework can be implemented as an extension of an existing object-



oriented language, and hence saves the effort to �reinvent the wheel�. This 
also prevents the tedious work with writing up XML files, creating XML 
schemas and using XML parsing. Although in the circumstance when the 
quantity of information is relatively small, saving information into XML 
and HTML is probably simpler than coding it in the proposed framework, 
when quantity of information is relatively large, however, the effort is 
worthwhile.  
 
The chapter also proposed the integration of GOPT-resolution into 
OOWIS. We discussed the advantages and disadvantages of top-down and 
bottom-up approaches, and concluded that bottom-up approaches would be 
more appropriate for reasoning in the web environment. 
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