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ABSTRACT 
 

Identifying entities and relationship between them has been a significant aspect no matter in 
traditional systems analysis, object-oriented systems analysis or database analysis. For web 
application, a technique of relationship analysis to enhance systems analysis for web 
development has been proposed. However, seldom researches focus on discovering 
relationship between web elements on a web page. This paper aims to fill this research gap 
through our proposed Relationship Analysis for Web elements (RAW). 

 
In this research, we would propose various types of relationship for semantic elements on web 
page, the algorithm to discover such relationship and the suggested adaptation for the 
corresponding relationship type. By identifying web elements and relationship between them, 
we could gain a deep understanding of implicit and explicit structure of the web page. Thus, 
the web page can be reorganized based on the relationship and dependency between the web 
elements without disrupting the semantics of the page. This is especially useful in content 
adaptation which is a process of transforming content into one that fits for particular device. 
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1. INTRODUCTION 
Identifying entities and relationship between them has been a significant aspect no matter in traditional systems 
analysis, object-oriented systems analysis or database analysis. For web development, Catanio et al proposed a 
technique of relationship analysis to enhance systems analysis for web development in [1]. However, seldom 
researches focus on discovering relationship between web elements on a web page. This paper aims to fill this 
research gap through our proposed Relationship Analysis for Web elements (RAW). 
 
By identifying web elements and relationship between them, we could gain a deep understanding of implicit and 
explicit structure of the web page. Thus, the web page can be reorganized based on the relationship and 
dependency between the web elements without disrupting the semantics of the page. This is especially useful in 
content adaptation which is a process of transforming content into one that fits for particular device. 
 
2. LITERATURE REVIEW  
In this section, we will take a look at various relationships that have been proposed by researchers and we will 
adopt the appropriate ones to create our own set of relationships. 
 
2.1 Generic Relationship Taxonomy 
In [3], the Relationship Navigation Analysis (RNA)’s generic relationship taxonomy has been defined to contain 
the following relationships: 
�  Generalization relationship – connects an item of interest to the items whose concepts include its concept 

in taxonomy. 
�  Characteristic relationship – connects an item of interest to its attributes, parameters, metadata and other 

background information. 
�  Descriptive relationship – connects an item of interest to definitions, illustrations, explanations, and other 

descriptive information. 
�  Occurrence relationship – connects multiple instances/views/uses/ transformations of the same object in 

different parts of a system. 
�  Configuration/Aggregation relationship – connects a part to other parts or a whole functionally or 

structurally. 
�  Membership/Grouping relationship – connects a member of a collection to other members or a whole 

collection. 
�  Classification relationship – connects an item of interest to its instance or class. 



 

 

�  Equivalence relationship – connects instances of the exact same object to a given item (i.e., same copies of 
a book or exact match in information retrieval). 

�  Similar/Dissimilar relationship – connects all items that share some positive or negative degree of 
similarity. 

�  Ordering relationship – puts items in some kind of sequence. 
�  Activity relationship – deals with relationships that exist among elements that are involved in some kind of 

activity (e.g., among an input, tools, and an output). 
�  Influence relationship – connects an item of interest to the item over which it has some kind of influence 

(i.e., causal or control relationship) 
�  Intentional relationship – connects an item of interest to the goals, arguments, issues, decisions, opinions, 

and comments associated with the item. 
�  Socio-organizational relationship – connects an item of interest to the position, authority, alliance, role, 

and communication associated with the item in a social setting or organizational structure. 
�  Temporal relationship – connects an item of interest to temporally related items. 
�  Spatial relationship – connects an item of interest to related items in spatial dimensions. 
 
The relationships described above can be categorized broadly as internal and external. The relationships that 
exist between an object itself and its characteristics or descriptions and among different views, occurrences or 
transformations of the object are considered to be internal. Internal relationships can be broken down into self, 
generalization/specialization, whole-part/composition, and classification/instantiation relationships. External 
relationships can be broken down into association/dependency and comparison relationships. 
 
The hierarchy of the relationships can be visualized by Table 1. 

 
 

Table 1. RNA’s generic relationships 
 
The above relationships are resulted from an extensive literature review and strenuous trial-and-adjustment 
prototyping, thus it is believed to be fairly complete. However, the relationships described above are domain-
specific which may not be perfectly matched with our scenario where web elements in a web page, not the 
domain entities, are the objects in question.  
 
2.2 Function-Based Object Model 
In [2], Chen proposed a Function-Based Object Model (FOM). The objects on a web page can be classified into 
Basic Object (BO) and Composite Object (CO). A Basic Object is the smallest information body that cannot be 
further divided and it can perform certain functions as a whole whereas a Composite Object (CO) is a set of 
Objects (BO or CO) that perform some certain functions together. 
 



 

 

The properties of BO include Presentation, Semanteme, Decoration, Hyperlink and Interaction Property. These 
properties describe the characteristic itself and contribute no relationship with other objects. Thus these can be 
regarded as self relationship. 
 
The properties of CO include Clustering Relationship and Presentation Relationship. Clustering Relationship can 
be categorized into Complement, Parallel and Table Relationship. Presentation Relationship is determined by 
presentation order (time and space) of Root Children inside a CO, and whether the Root Children are separable 
when they are presented. 
 
Apart from relationship, the author also categorized objects according to the specific function that the object 
performed. The Object categories include Information Object, Navigation Object, Interaction Object, Decoration 
Object, Special Function Object and Page Object. 
 
2.3 Relationship-aware Content Adaptation 
In [4], Lum and Lau proposed a content adaptation system based on relationship. They classified the elements on 
a web document into three types: Semantic element, Container element and Layout element. Also, they 
identified three types of relationship links in the Content Relationship Tree: Comprising, Parallel, and Enriching. 
Comprising relationship is the relationship between a container element and its constituent components. Parallel 
relationship is the relationship between the complementary elements that have similar outlook and functionalities. 
Enriching relationship represents the relationship between the summary element and the enriching element 
where enriching element expands on the summary element by providing further and more detailed information. 
 
3. PROPOSED RELATIONSHIP FOR RAW 
As seen from section 2, there are various relationships proposed by different authors. The relationships described 
in section 2.1 are domain-specific which may not be appropriate for our scenario where the objects concerned 
are web elements in a web page, but not the domain entities. The relationships described in section 2.2 and 2.3 
are more appropriate as they are describing the relationships between web elements. The former identified 
relationships based on functions performed and the latter identified relationships based on the structure of the 
web document. We incorporate all the above relationships and propose our own set of relationship for 
Relationship Analysis.  
 
Our proposed relationships describe the semantic relationships between semantic elements in addition to the 
structural relationships of the web page layout like what the Document Object Model (DOM) does. Semantic 
elements are elements that contribute semantic information to the web document such as text, image, input field, 
button, etc. Semantic relationship determines the dependencies between semantic elements. Identifying the 
relationship between semantic elements help we better understand the dependencies between them. With 
awareness of their dependencies, we know which elements are separable and which elements have to get 
together. This is especially useful for content adaptation. 
  
In the following subsections, the relationships for semantic elements will be described in details with examples. 
Moreover, we will propose the algorithm how to determine such relationship and suggest some ways for 
adapting the elements with such relationship. 
 
3.1 Parallel relationship 
Parallel relationship refers to the relationship between visually similar elements. It is determined by considering 
the similarity between two semantic elements that can be computed by property matching method described in 
[4]. An example of parallel relationship is shown in Fig. 1. To adapt the elements with parallel relationship, they 
should be grouped in to one logical section which is a group of semantic elements that exist as a unit. Also, they 
can be separated without semantic breaking. 
 

 
Fig. 1. An example of parallel relationship captured from http://www.yahoo.com 



 

 

 
3.2 Enriching relationship 
Enriching relationship refers to the relationship between summary element and enriching element where both are 
text elements and enriching element is detailed elaboration of summary element. Usually, certain percentage of 
words in summary element can be found in enriching element. For example, in Fig. 2, 67% of words in the 
summary element “Australian flood waters create ‘inland sea’ ” can be found in the enriching element “AFP - 
Thousands of homeowners remained isolated in Australia's flood-hit northeast Sunday, where authorities said 
days of torrential rain had created a vast "inland sea".”  To adapt these elements, they are not separable. 
However, enriching element can be collapsed and summary element can be expanded whenever needed in order 
to save space. 
�   

 
Fig. 2. An example of enriching relationship captured from http://weather.yahoo.com 

 
3.3 Grouping relationship 
Grouping relationship refers to the relationship between a group heading and a group of related elements. It can 
be determined by contents or by structure. To determine by contents, usually group of related elements under a 
group title are in parallel relationship. Often the words used in group heading do not overlap with the words 
found in the group elements. To determine by structure, usually the group contents are under the row of group 
heading or on the right hand side of the group heading. The format of group heading is often different from that 
of group contents in terms of visual properties. An example can be shown by Fig. 3. where group heading is 
“Small Business” and group elements are placed under the group heading.  For adaptation, the group heading 
cannot be separated from the group contents whereas the parallel group elements can be separated with the group 
heading repeated for each separated group. Also, similar to the elements with enriching relationship, the group 
can be collapsed and expanded if necessary in order to save space. 
 

 
Fig. 3. An example of grouping relationship captured from http://www.yahoo.com 

 
3.4 Descriptive relationship 
Descriptive relationship refers to the relationship between a subject and its descriptive information which can be 
definitions, illustrations, explanations, etc. Usually the text surrounding the image or input field is the descriptive 
information. In Fig.4, the text “Atlantis returns to California” describes the picture above. For adaptation, 
elements with descriptive relationship are highly dependent and should not be separated. 
 

 
Fig. 4. An example of descriptive relationship captured from http://news.yahoo.com/science 

 



 

 

3.5 Aggregation relationship 
Aggregation relationship refers to the relationship between elements that cannot be separated from a whole 
functionally or structurally. For example, elements within a form constitute an aggregation as shown in Fig. 5. 
By the definition of the relationship, elements with aggregation relationship cannot be separated. 
 

 
Fig. 5. An example of aggregation relationship captured from http://weather.yahoo.com 

 
 

3.6 Ordering relationship 
Ordering relationship refers to the relationship between elements that have some kind of sequence. For example, 
Fig. 6 shows the top 10 companies for people to find jobs. The order of these 10 companies has to be preserved 
since they are sorted from highest rank to lowest rank. To adapt these kinds of elements, the sequential order of 
presentation has to be maintained. 
 

 
Fig. 6. An example of ordering relationship captured from http://hotjobs.yahoo.com 

 
4. IMPLEMENTATION AND RESULT 
To implement the relationship analysis for web elements, we first build a prototype for identifying parallel 
relationship based on the property matching method discussed by Lum and Lau [4]. Each semantic element has a 
list of property attributes to describe how its content is to be presented. The property attributes that we consider 
include content type, font family, font size, font weight, font style, font colour, background colour, content 
length, hyperlink address. The pseudocode for checking parallel relationship between two semantic elements is 
shown as below.  
 
boolean checkParallel(Node n1, Node n2) 
{ 
  initialize parallel matching “value” to 0 
 
  if the tags of both nodes are null 
   return false to indicate non-parallel relationship; 
 
  if both are Image links and both images are of similar size 

return true to indicate parallel relationship; 
 
  if both are Images 

return true if their image sizes and image sources are similar 
 
  if both are either links or text and are not image links 

{ 
   If both are of the same content type 



 

 

    value+=parallel weighting for content type; 
 
   If both tags are of the same font family or both tags do not contain "FONT-FAMILY" 
    value+=parallel weighting for font family; 
        

If both tags contain font size and their difference is smaller than the predefined 
maximum difference for font size or both tags do not contain font size  

    value+=parallel weighting for font size; 
 

If both tags contain the same font weight and style or both tags do not contain font 
weight and style 

    value+=parallel weighting for font weight; 
   

if both tags contain color and their difference is smaller than the predefined maximum 
difference for color or both tags do not contain color 

    value+=parallel weighting for font color; 
   

if both tags contain background color and their difference is smaller than the 
predefined maximum difference for background color or both tags do not contain 
background color 

    value+=parallel weighting for background color; 
     

if the difference of both content lengths is smaller than the predefined maximum 
value 

    value+=parallel weighting for content length; 
    
   if both tags are links and the link addresses are similar 
    value+=parallel weighting for link; 
 
   if both tags are not links 

value/=summation for all non-link parallel weightings including content type, 
font family, font style, font weight, font color, background color and content 
length. 

 
   If the parallel matching score “value” >= parallel threshold 
    return true to indicate parallel relationship 

else 
    return false to indicate non-parallel relationship 
  } 
  else 
   return false to indicate non-parallel relationship 
} 
 
For the algorithm described above, some parameters have to be predetermined such as the maximum difference 
for each property attribute, the parallel weighting for each property attribute and the parallel threshold. The detail 
method for parameter determination is also described in [4]. If the final accumulated parallel matching score is 
greater than or equal to the parallel threshold, then the two semantic elements are considered to have parallel 
relationship. 
 
To test our algorithm, we select the web page from http://www.gov.hk/en/residents/ as shown in Fig. 7 for 
conducting experiment. The web page is parsed for identification of semantic elements with parallel relationship. 
As seen from the results shown in Fig. 8, most of the elements with parallel relationship are successfully 
identified. For instance, on the right hand side of the first row, the image links for displaying characters in Big5 
or in GB are similar and successfully identified. On the second row, the navigation list items including “About 
HK”, “Government Agencies”, “Online Services”, “RSS”, “Accessibility”, and “Help Desk” are also 
successfully identified to have parallel relationship.  



 

 

 
Fig. 7. The web page used for experiment captured from http://www.gov.hk/en/residents/ 

 

 
Fig. 8. Partial results showing the parallel relationships obtained after parsing the webpage from Fig. 7 

 
5. CONCLUSIONS 
In conclusion, analyzing relationships between web elements existing in a web page can be useful in many 
aspects. One usage is possibly grouping the related items into logical sections for content adaptation. In future, 
we will consider pattern recognition to analyze relationship not only between individual semantic elements, but 
also between groups of elements with similar pattern. Moreover, with reference to Document Object Model 



 

 

(DOM), we consider to build a “semantic-DOM” which is used to model the semantic relationship between web 
elements. 
 
6. REFERENCES 
 [1] Catanio, J. and M. Bieber, Relationship Analysis: A Technique to Enhance Systems Analysis for Web 

Development, in Web Engineering: Principles and Techniques, W. Suh, Editor. 2005, Idea Group 
Publishing. p. 97. 

 [2] Chen, J., et al., Function-based object model towards website adaptation, in Proceedings of the 10th 
international conference on World Wide Web. 2001, ACM: Hong Kong. 

 [3] Joonhee, Y. and M. Bieber. Towards a relationship navigation analysis. in System Sciences, 2000. 
Proceedings of the 33rd Annual Hawaii International Conference on. 2000. 

 [4] Lum, W.Y. and F.C.M. Lau. Relationship-aware content adaptation of structured Web documents for 
mobile computing. in Parallel and Distributed Systems, 2005. Proceedings. 11th International Conference 
on. 2005. 

 
ACKNOWLEGEMENT 
I would like to thank my supervisor, Prof. Francis C.M. Lau, for his guidance and support. Also, I would like to 

thank my senior fellow, Vincent W.Y. Lum, for his comments and legacy work. 


