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ABSTRACT

Identifying entities and relationship between thkeas been a significant aspect no matter in
traditional systems analysis, object-oriented systanalysis or database analysis. For web
application, a technique of relationship analysis eénhance systems analysis for web
development has been proposed. However, seldomarobss focus on discovering
relationship between web elements on a web pags. pétper aims to fill this research gap
through our proposed Relationship Analysis for Vébments (RAW).

In this research, we would propose various typeglationship for semantic elements on web
page, the algorithm to discover such relationshigl éhe suggested adaptation for the
corresponding relationship type. By identifying welbments and relationship between them,
we could gain a deep understanding of implicit arglicit structure of the web page. Thus,

the web page can be reorganized based on theoredhip and dependency between the web
elements without disrupting the semantics of thgepd his is especially useful in content

adaptation which is a process of transforming auriteo one that fits for particular device.

Keywords: relationship analysis, web element, semantic eddmsemantic relationship,
content adaptation.

1. INTRODUCTION

Identifying entities and relationship between thiems been a significant aspect no matter in traditigystems
analysis, object-oriented systems analysis or damlnalysis. For web development, Catanio etoggsed a
technique of relationship analysis to enhance systanalysis for web development in [1]. Howeveldsa
researches focus on discovering relationship betwesb elements on a web page. This paper aim4l thi§
research gap through our proposed Relationshipyaisalor Web elements (RAW).

By identifying web elements and relationship betwd#eem, we could gain a deep understanding of oit@d
explicit structure of the web page. Thus, the welgepcan be reorganized based on the relationshdp an
dependency between the web elements without diagufite semantics of the page. This is especiaigful in
content adaptation which is a process of transfegmbntent into one that fits for particular device

2. LITERATURE REVIEW
In this section, we will take a look at variousatednships that have been proposed by researchdra/@ will
adopt the appropriate ones to create our own sefatfonships.

2.1 Generic Relationship Taxonomy
In [3], the Relationship Navigation Analysis (RNA)jeneric relationship taxonomy has been defineibdain
the following relationships:
Generalization relationship — connects an itermudriest to the items whose concepts include itseguin
in taxonomy.
Characteristic relationship — connects an itemntérest to its attributes, parameters, metadateotef
background information.
Descriptive relationship — connects an item ofriesgé to definitions, illustrations, explanationadaother
descriptive information.
Occurrence relationship — connects multiple instgahdews/uses/ transformations of the same object i
different parts of a system.
Configuration/Aggregation relationship — connectspart to other parts or a whole functionally or
structurally.
Membership/Grouping relationship — connects a menabea collection to other members or a whole
collection.
Classification relationship — connects an itemndéiiest to its instance or class.



Equivalence relationship — connects instances@eiact same object to a given item (i.e., samesay
a book or exact match in information retrieval).

Similar/Dissimilar relationship — connects all itenthat share some positive or negative degree of
similarity.

Ordering relationship — puts items in some kindexdfuence.

Activity relationship — deals with relationshipsattexist among elements that are involved in soime &f
activity (e.g., among an input, tools, and an ot)tpu

Influence relationship — connects an item of indete the item over which it has some kind of iefiae
(i.e., causal or control relationship)

Intentional relationship — connects an item ofies¢ to the goals, arguments, issues, decisionsioog,
and comments associated with the item.

Socio-organizational relationship — connects amitd interest to the position, authority, alliancele,
and communication associated with the item in @aésetting or organizational structure.

Temporal relationship — connects an item of intet@$emporally related items.

Spatial relationship — connects an item of intet@selated items in spatial dimensions.

The relationships described above can be categbbreadly as internal and external. The relatigmshhat
exist between an object itself and its charactesistr descriptions and among different views, o@nces or
transformations of the object are considered tintexnal. Internal relationships can be broken damto self,
generalization/specialization, whole-part/compositi and classification/instantiation relationshigsxternal
relationships can be broken down into associatepgddency and comparison relationships.

The hierarchy of the relationships can be visudlizg Table 1.
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Relation Grouping
-ship Classification/T
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Ordering
External Activity
Influence
Association/ Intentional
Dependency Socio-
organizational
Temporal
Spatial

Table 1. RNA'’s generic relationships

The above relationships are resulted from an eikterigerature review and strenuous trial-and-abijent
prototyping, thus it is believed to be fairly corefd. However, the relationships described abovelaneain-
specific which may not be perfectly matched withr saenario where web elements in a web page, mot th
domain entities, are the objects in question.

2.2 Function-Based Object Model

In [2], Chen proposed a Function-Based Object M@EEIM). The objects on a web page can be classifiied
Basic Object (BO) and Composite Object (CO). A Ba3bject is the smallest information body that artre

further divided and it can perform certain func8oas a whole whereas a Composite Object (CO) &t afs
Objects (BO or CO) that perform some certain fuomgitogether.



The properties of BO include Presentation, Semasatddecoration, Hyperlink and Interaction Propefthese
properties describe the characteristic itself amotribute no relationship with other objects. Thiusse can be
regarded as self relationship.

The properties of CO include Clustering Relatiopsdmid Presentation Relationship. Clustering Redatigp can
be categorized into Complement, Parallel and T&uktionship. Presentation Relationship is deteechiby
presentation order (time and space) of Root Childneide a CO, and whether the Root Children aparsdle
when they are presented.

Apart from relationship, the author also categatinbjects according to the specific function ths bbject
performed. The Object categories include Informatibject, Navigation Object, Interaction Object,cbeation
Object, Special Function Object and Page Object.

2.3 Relationship-aware Content Adaptation

In [4], Lum and Lau proposed a content adaptatiatesn based on relationship. They classified thenehts on

a web document into three types: Semantic elem@ahtainer element and Layout element. Also, they
identified three types of relationship links in t@entent Relationship Tree: Comprising, Parallet &nriching.
Comprising relationship is the relationship betweaerontainer element and its constituent compon&atsallel
relationship is the relationship between the comletary elements that have similar outlook andtfonalities.
Enriching relationship represents the relationdhijpween the summary element and the enriching eleme
where enriching element expands on the summaryegiehy providing further and more detailed inforimat

3. PROPOSED RELATIONSHIP FOR RAW

As seen from section 2, there are various relatipssproposed by different authors. The relatigpshiescribed

in section 2.1 are domain-specific which may notaberopriate for our scenario where the objectseored
are web elements in a web page, but not the doerdtities. The relationships described in sectiéhahd 2.3
are more appropriate as they are describing tretiaakhips between web elements. The former idedtif
relationships based on functions performed anddtier identified relationships based on the stretof the
web document. We incorporate all the above relatips and propose our own set of relationship for
Relationship Analysis.

Our proposed relationships describe the semaniitiorships between semantic elements in additiothe
structural relationships of the web page layout What the Document Object Model (DOM) does. Seimant
elements are elements that contribute semanticnration to the web document such as text, imagmitifield,
button, etc. Semantic relationship determines tBpeddencies between semantic elements. Identiftfiag
relationship between semantic elements help weebetbderstand the dependencies between them. With
awareness of their dependencies, we know which eslesnare separable and which elements have to get
together. This is especially useful for contentpdton.

In the following subsections, the relationships $emantic elements will be described in detail$ witamples.
Moreover, we will propose the algorithm how to detme such relationship and suggest some ways for
adapting the elements with such relationship.

3.1 Parallel relationship

Parallel relationship refers to the relationshipamen visually similar elements. It is determingdcbnsidering

the similarity between two semantic elements tlaat lbe computed by property matching method destiibe
[4]. An example of parallel relationship is shownHig. 1. To adapt the elements with parallel retethip, they

should be grouped in to one logical section which group of semantic elements that exist as a Alsid, they

can be separated without semantic breaking.

Answers
& Autos

@' Finance
EB Games
% Groups
Eﬁ Hotlobs
Eﬁ Maps
@l" Mobile "FEATED
Fig. 1. An example of parallel relationship captufieom http://www.yahoo.com



3.2 Enriching relationship

Enriching relationship refers to the relationshgivieen summary element and enriching element watteare
text elements and enriching element is detailedogktion of summary element. Usually, certain petage of
words in summary element can be found in enriclilement. For example, in Fig. 2, 67% of words ia th
summary element “Australiafiood waters create ‘inlandea” can be found in the enriching element “AFP -
Thousands of homeowners remained isolated in Alisssrdloodhit northeast Sunday, where authorities said
days of torrential rain had created a vast "inl@e#.” To adapt these elements, they are not separabl
However, enriching element can be collapsed andramnelement can be expanded whenever neededén ord
to save space.

Australian flood waters create 'inland sea’
AFF - Sun, 24 May 2009 00:30:01 POT

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”

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

3.3 Grouping relationship

Grouping relationship refers to the relationshipnen a group heading and a group of related elesmircan
be determined by contents or by structure. To deéter by contents, usually group of related elementer a
group title are in parallel relationship. Often twerds used in group heading do not overlap with words
found in the group elements. To determine by stimectusually the group contents are under the rbaraup
heading or on the right hand side of the group imegad he format of group heading is often differéoim that
of group contents in terms of visual properties. @&@ample can be shown by Fig. 3. where group hgadin
“Small Business” and group elements are placed utigegroup heading. For adaptation, the grouglihga
cannot be separated from the group contents whéregsarallel group elements can be separatedtimétroup
heading repeated for each separated group. Alsilasito the elements with enriching relationstihe group
can be collapsed and expanded if necessary in toéiave space.

Small Business

» Get a Web Site
* Domain Names
« Sell Online
« Search Ads

Fig. 3. An example of grouping relationship captufi®m http://www.yahoo.com

3.4 Descriptive relationship

Descriptive relationship refers to the relationsbgtween a subject and its descriptive informatitaich can be
definitions, illustrations, explanations, etc. Ulbpighe text surrounding the image or input fieddthe descriptive
information. In Fig.4, the text “Atlantis returns tCalifornia” describes the picture above. For aaltgmn,
elements with descriptive relationship are highdpendent and should not be separated.

Atlantis returns to
California Australia 7
[ je WS

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



3.5 Aggregation relationship

Aggregation relationship refers to the relationshgtween elements that cannot be separated frorhadew
functionally or structurally. For example, elemenifishin a form constitute an aggregation as showfrig. 5.
By the definition of the relationship, elementshwéiggregation relationship cannot be separated.

Enter city or zip code:

| ~/led

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

3.6 Ordering relationship

Ordering relationship refers to the relationshipamsen elements that have some kind of sequenceeXeonple,
Fig. 6 shows the top 10 companies for people to jids. The order of these 10 companies has tadmepved
since they are sorted from highest rank to lowaskrTo adapt these kinds of elements, the seqlemter of
presentation has to be maintained.

Top Companies

net Healthcare Corp

—]
D

T-Maobile

UnitedHealth Grouy

Laboratory Corp. of America Holdings
Providence Health & Senvices

Bayada Nurses

ATE&T

=] — R
JONNSOoN & JONnson

Fig. 6. An example of ordering relationship captufi®m http://hotjobs.yahoo.com

4. IMPLEMENTATION AND RESULT

To implement the relationship analysis for web edata, we first build a prototype for identifying rpHel
relationship based on the property matching methiscuissed by Lum and Lau [4]. Each semantic eleinenia
list of property attributes to describe how its t& is to be presented. The property attributase consider
include content type, font family, font size, foweight, font style, font colour, background colougntent
length, hyperlink address. The pseudocode for éhgagbarallel relationship between two semantic epts 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 relatiapsh

if both are Image links and both images are milar size
return true to indicate parallel relationship;

if both are Images
return true if their image sizes and image souatessimilar

if both are either links or text and are not imdigks

{

If both are of the same content type



value+=parallel weighting for content type;

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

If both tags contain font size and their differerisesmaller than the predefined
maximum difference for font size or both tags docuntain font size
value+=parallel weighting for font size;

If both tags contain the same font weight and styléoth tags do not contain font
weight and style
value+=parallel weighting for font weight;

if both tags contain color and their differenceiisaller than the predefined maximum
difference for color or both tags do not contaifoco
value+=parallel weighting for font color;

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

value+=parallel weighting for background color;

if the difference of both content lengths is snratlean the predefined maximum
value
value+=parallel weighting for content length;

if both tags are links and the link addressessanilar
value+=parallel weighting for link;

if both tags are not links
value/=summation for all non-link parallel weighggincluding content type,
font family, font style, font weight, font colorabkground color and content
length.

If the parallel matching score “value” >= paghlihreshold
return true to indicate parallel relationship
else
return false to indicate non-parallel relatioips
}
else
return false to indicate non-parallel relatiagpsh

}

For the algorithm described above, some parambters to be predetermined such as the maximum eliféer
for each property attribute, the parallel weightiogeach property attribute and the parallel thodéd. The detail
method for parameter determination is also desdribg4]. If the final accumulated parallel matchiacore is
greater than or equal to the parallel thresholdntthe two semantic elements are considered to panzlel
relationship.

To test our algorithm, we select the web page fidtp://www.gov.hk/en/residentsls shown in Fig. 7 for
conducting experiment. The web page is parsedimtification of semantic elements with paralléatienship.
As seen from the results shown in Fig. 8, mosth&f €lements with parallel relationship are succdlysf
identified. For instance, on the right hand sidehef first row, the image links for displaying cheters in Big5
or in GB are similar and successfully identifiech e second row, the navigation list items inahgdfAbout
HK”, “Government Agencies”, “Online Services”, “R3S"“Accessibility”, and “Help Desk” are also
successfully identified to have parallel relatidpsh




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

o CAWINDOWSAsystem32\cmd. exe

Parallel Relationship

£1ink»* <Image name: htnBIGS:>
£1ink>* <Image name: htnGB>

€1link>* About HK

£1ink» Government HAgencies
€1link?* Online Services
€1ink> RSS

£1ink>* Accessibhility
£1ink>* Help Desk

£1ink»* Linear Uersion

i Text Si=ze:

£1ink> <Image name: MediumFontImg:
£1ink»* <Image name: LargeFontImg>
£1ink»* {Image name: ExtraFontImg>

Fig. 8. Partial results showing the parallel relaships obtained after parsing the webpage from#ig

5. CONCLUSIONS

In conclusion, analyzing relationships between wments existing in a web page can be useful inyma
aspects. One usage is possibly grouping the relats into logical sections for content adaptationfuture,
we will consider pattern recognition to analyzeatieinship not only between individual semantic edats, but
also between groups of elements with similar pattdtoreover, with reference to Document Object Mode



(DOM), we consider to build a “semantic-DOM” whichused to model the semantic relationship betwesn
elements.
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