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Abstract. This paper describes a part of our effort to answer the open question
how to use the structural and semantic information that is representable with the
new Web standards efficiently for seaching the Internet and filtering and
retrieving relevant information. Link-based hypertext composites are gplied in
formulating structured queries and deriving structured seach results. By
enabling usersto query diff erent levels of the composite structures with same or
diff erent keywords and getting search hits that are not separate nodes but sets of
inter-linked nodes, the predsion of the seach results can be improved. In
addition, users may get more cntextua information about the seach results.
This paper presents this idea and describes a prototype system that implements
theidea

1 Introduction

For severa yeas the World Wide Web Consortium (W3C) [30] has been working
hard to crege and promote base tedhnologies for enabling the “semantic Web” [2].
Among their efforts, the most important twos are XML (Extensible Markup
Language) [28] and RDF (Resource Description Framework) [23]. XML is the
universal format for structured dacuments and data on the Web, while RDF is a
“metadata” framework that all ows smantic relationships to be expressed in structures
that can be read and processed by computer programs. These two standards improve
the adility of expressng structures and semantics on the Web.

Accompanying W3C's effort, much research work is being done with respeds to
the models, architedures, and management aspeds of the future semantic Web.
Espedally, it is an open question how to use the structural and semantic information
that is representable with the new Web standards efficiently for searching the Internet
and filtering and retrieving relevant information. To answer this question, we have
proposed a schema for searching in the Web spaceby using hypertext contexts as a
mechanism to spedfy the scope of information space to be examined [20; 21]. We
aso have presented an ideaof making wse of link-based domain models, which are
hyperstructures that have domain spedfic semantics, in formulating structured queries
so that Web users can get more spedfic results relevant to their information reeds
[22].

This paper describes another part of our effort to answer the open question. In this
work, we focus on making use of hypertext composites, espedaly link-based
hypertext composites, to formulate structured queries and cerive structured seach



results. We ague that by enabling wsersto query different levels of the structures with
same or different keywords and getting seach hits that are not separate nodes but sets
of inter-linked nodes, the predsion of the seach results can be improved.
Furthermore, users can get more contextual information about the search results.

The remainder of the paper is organized as foll ows. Sedion 2 describes the concept
of hypertext composites. Sedion 3 answers the question how hypertext composites
can be represented with new Web standards. Sedion 4 proposes a schema for using
hypertext composites in Web seaching. Sedion 5 presents a prototype system
designed for implementing the schema. Sedion 6 mentions related work. Finaly,
Sedion 7summarizes thiswork and oulines our future adivity.

2 Hypertext Composites

2.1 Overview

The logicd structures in hypertext are usually supported by means of compaosites (a
group o nodes and links) [Halasz and Schwartz 1994]. Hypertext composites have
been used in a few hypermedia models and systems, such as Dexter Model [14; 15],
HyperBase System [25], SEPIA System [27], HDM [9].

There ae two kinds of hypertext composites: composite nodes that are cwmposed
by non-linking mechanisms (such as hierarchicd structures in the structured
documents defined by a DTD); and link-based composites that are cwmposed by
computation based on link types that represent containment (or part-of) relations.

Althoughin most cases, espedaly in a single system, non-linking compasition
mechanisms are more efficient than link-based composition mechanisms [4], there are
aso many cases where link-based constructs are desired [13]. Compared to non-
linking mechanisms, link-based compasites have many distinct properties. They can
be monstructed onthe fly, and so they are more dynamic. They offer users to see and
tracenat only outgoing links from a node, but also incoming links to a node. They
provide descriptive link types and names to help users in their navigation. They lend
themselves to reuse eisting links, nodes, and contents to creae multiple overlapping
views (and paths) upon the same set of information objeds. They allow usersto crede
links from documents to which they have no write-permisson a from documents that
have no public link embedding interface These properties are vauable in
augmenting the embedded link (jump addresg based hypertext in the aurrent WWW.

This paper is to explore the value of link-based hypertext composites in Web
seaching. Thus unlessclealy spedfied, compasites later in this paper refer to link-
based composites. A more formal description abou such compaosites is first given
below.

2.2 Formal Description of Link-based Hypertext Composites
In a hypermedia system, a node provides the hypermedia “wrapping’ for a document

or pieceof information. A link represents a relation between nodes. A link-based
hypertex compasite is a speda kind d node that is constructed ou of other nodes



and composites [14; 15]. These nodes and composites are components of the
compaosite. They are linked from the composite or the other comporents in the
composite with containment (or part-of) relation. They may aso link to each ather
with other types of relation. No link-based hypertext composite may contain itself
either direaly or indiredly.

Predsely, if Cisalink-based hypertext composite, then its contents must contain a
pair (N, L), where N is a set of nodes in a hypertext graph and L is a set of semantic
links whase endpoints belong to N. For any n, 0 N, there existslink (C-> n)) O L and
link (C-> n,).type represents containment relations, or, there existsn, 00 N so that

link (n->n) OL AND link (n-> n,).type represents containment relations,
OR
link (n->n,) 0L AND link (n-> n,).type represents containment relations.

We say that C containsanode M if M isin N and that C containsalink | if [ isin
L. Misanode comporent of C, whilel isalink component of C.

Usualy the comporents of a hypertext composite refer to its node comporents, as
the meaning d the link components is mostly refled in the building-up processof the
compasite. Unlessclealy spedfied, this usage of components is adopted later in this

paper.

2.3 Hypertext Composites and Hypertext Contexts

Based onthe &ove definition o hypertext compasites, a hypertext composite can
be seen as a speda kind d hypertext contexts. A hypertext context is a generic high-
level hypermedia structure that groups together a set of nodes and links into a logicd
whale [20]. Furthermore, The nodes in a hypertext compaosite may be colleded in
various hypertext contexts. That is, hypertext contexts may be used to describe
diff erent views of a hypertext composite.

24 A Simple Example

One main use of a link-based hypertext composite is to organize adocument in a

How to use tables|
| ——

<] contaihns
HTML User Guide

————— .
contains How to use forms
I =

Fiaure 1 A smple omposite“HTML User Guide”



hierarchicd structure. A typicd example is an on-line user manual, which has
hierarchicd structure & its badkbore, but also has other hypertext links within or
aaossthe document boundary.

Figure 1 shows a simple hypertext composite “HTML User Guide” which contains
the nodes “How to use tables’, “How to use forms’ and so on as its comporents.
These nodes can be grouped into various hypertext contexts that represent the
different views of the document that is organized hierarchicdly with the mmposite.

3 Representation of Hypertext Composites

From the first beginning the WWW has only a single noce type cdled the page.
Something like the effed of composites can be obtained using pages full of URLSs.
However, true structuring composites are not supported. That is, pages can nd be
nested. All pages arein fad equally accessblein a “flat” poal [13].

This stuation has been changed because of the development of new Web
standards. W3C's recommendation for the latest verson d HTML, HTML 4.01[16],
has defined akind o LINK element which may only appear in the HEAD sedion o a
document to describe relations between documents and a set of link types permitted in
the documents. Moreover, it all ows users define additional link types, by using a meta
data profile to cite the mnventions used to define the link types (The Profile is an
attribute of the HEAD element). This makes it possble for an application system to
compuite link-based composites based onthe link types.

The LINK element defined in HTML 4.01 contains a rel attribute to spedfy the
relationship of the linked document with the current document and arevto describe a
reverse link from the linked document to the current document. The value of the bath
attributes is a spaceseparated list of link types. The predefined link types that relate
to the containment relation between Web documents and can be used to compute
hypertext composites are:

e Contents - refersto adocument serving as atable of contents
¢ Chaper - refers to a document serving as a chapter in a @llection o

documents

e Sedion - refers to a document serving as a sedion in a mlledion do
documents

e Sulsedion - refersto a document serving as a subsedion in a colledion
of documents

A colledion d documents can be organized in a compasite. For instance, in the
Figure 1, suppose the document for “How to use tables’ is “table.html” and the
document for “How to use forms’ is “form.html”. They both are chapters of a
document colledion for “HTML User Guide”, whose table of contents is in
“HTML.html”. Then "HTML.html” may contain the following exemplary encoding
for describing the containment relation:

<HEAD>
...other hea information...
<TITLE>HTML User Guide</TITLE>
<LINK rel="contents" href="table.html">



<LINK rel="contents" href="form.html">
</HEAD>

Or, “table.html” and “form.html” may contains:
<HEAD>
...other head information...
<LINK rel="chapter" href="HTML.html">
</HEAD>

It is apparent that based onthis kind d link information within HTML documents,
an applicaion system may compute and build uplink-based composites.

With resped to XML documents, XLink [XIlink] provides an efficient mechanism
to represent typed links. In XLink, links are encoded in linking elements. The types of
links can be encoded via the role attribute of linking elements. The values of this
atribute ae of a kind of CDATA. They may be predefined in DTDs (fixed) or
spedfied in dacuments (no default value is provided in DTDs). For instance, suppcse
in the Figure 1 the XML document for “HTML User Guide” is “HTML.xml", the
document for “How to use tables’ is “table.xml” and the document for “How to uses
forms’ is “form.xml”. The following ou-of-link extended xlink can be mntained in
“HTML.xml” to describe the simple cmposite shown in the figure:

<content xml:li nk="extended” inline="false">
<locaor href="table.xml” role="contains’>
<locaor href="form.xml” role="contains’>
</content>

Still, RDF [23] provides a more systematic way to describe the compasites, whaose
comporents may be either HTML documents or XML documents or any ather kinds
of Web resources. For instance the following sample RDF encoding wses Dublin
Core [8] vocabularies to describe the simple composite shown in Figure 1 (suppose
the documents arein HTML format):

<rdf:RDF xmlns:rdf="http://www.w3.org/TR/WD-rdf- syntax#"
xmlns:dc="http://purl.org/metadata/dubdin_core#"
xmins.dcg="http://purl.org/metadata/dublin_core_qualifiers#'>
<rdf:Description about="HTML.html">
<dc:Relation>
<dcg:RelationType
rdf: resource="http://purl.org/metadata/dublin_core_qualifiers#hasPart" />
<rdf:value resource="table.html” />
<rdf:value resource="form.html” />
</dc:Relation>
</rdf:Description>
</rdf:RDF>

As the encoding shows, the link type “hasPart” is represented by the tag
<dc:Relation> and the rdf:resource dtribute in <dcg:RelationType>. In fad, Dublin



Core has defined two qualifiers for containment relations: “has Part” and “is Part of”.
They provide an ided way to represent hypertext composites.

4 Using Hypertext Compositesin Structured Query and Search

With the posshility of representing hypertext compaosites or the link types necessary
for building up the composites with the new Web standards, it is time for us to
explore new seach methods making use of the cmmpaosites for the Web. As diownin
Figure 2, based on composite structures, hyperstructure-based query and seach
fadliti es can be implemented. These fadliti es will enable users to query different
levels of the structures with the same or different keywords (see the left-hand side
part of Figure 2) and get search hitsthat are not separate nodes but sets of inter-linked
nodes (seethe right-hand side parts of Figure 2). Compared to the seach results that
are single nodes, the structured search results may be more predse and relevant to
users some spedfic information reeds. Furthermore, users are provided with more
contextual information about the nodes contained in the results.

[

HTML User
Words in higher-level parts Guide
[ HTML | —

[—] How to use
Words in contained parts contains | forms

| —

|_Form |

Figure 2 Structured query and search using link-based
composite structure

4.1 Structured Queries Based on Hypertext Composites

Formally, the general structured queries based on hypertext composites can be
described asfoll ows:

Definition 1 Structured Query Levds

Structured query levels SQLs is a value that indicates how many structural levels
areto be contained in a structured query.

Definition 2 Query Terms

A query term is the content descriptor used to seach for nodes indexed in a
document colledion. It may be akeyword, a phrase, or aBoolean expresson.



QT ={QTj}, where 1<i<Ng;, Ng: isthe number of query terms
Example: QT = {< HTML user guides>, <digital library>, <information
retrieval>}

Definition 3 Query Fields

A query field corresponds to a structural level that is greaer than 1 but lessthan
the structured query levels (SQLS). It limits the scope of a query term, i.e. it requires
that the provided term has to be mntained in the indexing result of nodes at the level
with probably some spedal constraints.

QF={QF}, where 1<i<SQLs
Example: QF={<QF;>, < QF,>, < QF3>)

Definition 4 Qualifi ers

A qualifier is used to describe the quality and form of the query terms that users

inpu.
Q= {Qi}, where 1<i<Ng, Nqisthe number of qualifiers
Example: Q={<=>, <*?>}, here “=" means exadly like, “*?” means using
stemming expressons

Definition 5 Field Query Expressons

A field query expressionF_Qi is constructed by a query field QF, with a query term
QT, combined by aqualifier Q_That is:

FQi= (QF; Q QTx), where QF; 1 QF, QT 0 QT, QI Q

Example: FQ; = (QF;= “informational retrieval”)

Field (FQ)) is used to denote the query field used in the query expresson FQ, i.e.,
Field (FQ|): QF|

Definition 6 Structured Query Expressons

A structured query expresgonisa mnjunction o some field query expressons.

S_Q = D (%]JF_QZIF_Q?H 15{1)1
wheren = SQLs i.e. the structured query levels, “ [T is logical operator AND

Example:gg = [JQF;="User guide”, QF,="HTML", QF3;="form”), which
seaches for athree-layer hyperdocuments with “User guide” in the first level,
“HTML” in the secondlevel, “form” in the third level.



4.2  Structured Search Results Based on Hypertext Composites

As mentioned, the structured search hits resulted from the structured queries are not
separate nodes but sets of inter-linked nodes. That is, ead seach hit (as siown in the
right-hand side part of Figure 2) is itself a hierarchicd composite, in which the
containment type of links exist between the cmponent nodes.

Formally, the search results for a structured query SQ can be described with the
following cefinitions:

Definition 7 Field Query Results

The field query results for a field query expresson (E}) are a set of nodes that
“contain” the query term (with the qualifier as quality control) spedfied in FQ.

FQR(FQ) = FQR(QF Q QT)={N}
where N; “contains’ (with Q as qualifier) QT

Definition 8 inter-containment-linked node chains

An inter-containment-linked node chain is a series of nodes, ead of which (except
the first one) is linked from the node before it with a type that represent containment
relations and (except the last one) aso links to the node after it with a type that
represent containment relations.

CILNC={CILNC}}
CILNC; = {N;(contains)->N,(contains)-> ... ->Nu},
where n = the number of the nodes in the chain

Definition 9 Structured Search Results

The structured search results for a structured query expresson (SQ) are aset of
inter-containment-linked node dains, which are derived by computing the
containment links between the nodes contained in the field query results
corresponding to the field query expressonsin SQ.

SSR (SQ) = SSR( (FQ1, FQs, FQs, ... , FQy) )={CILNC,}
CILNGC; = {N(contains)->N,(contains)-> ... ->N},

where N, 0 FQR(FQ)), n = SQLs, i.e. the required structured query level

4.3 Issues for Supporting Structured Query and Search Based on Hypertext
Composites

To enable the use of link-based hypertext composites in structured queries and
seaches, a few isaues are to be aldresed. The first is to represent hypertext



composites in a standard way and make them sharable and reusable throughout the
Web. Thisisale has been discussed in Sedion 3above in this paper and can be seen
asthe prerequisite for addressng aher isaues.

With this prerequisite, a search system which intends to enable the use of hypertext
composites in formulating structured queries and deriving structured seach results
shoud be ableto

e gather from the Web avail able hypertext compasite information by computing
the links between the nodes (pages) and organizethe information in the system
efficiently,

e provide a friendly, adaptive interface to enable users to spedfy structured
gueriesin a wmfortable way,

¢ derivethe structured seach results with acceptable system performance, and

e present structured search results in a way that is good for users to understand
and get more antextual information about the results.

In the next sedionwe will seehow our prototype system addresses these isaues.

5 A Prototype System

The prototype system is designed for testing ou ideaof using hypertext compositesin
structured query and seach and studying the feasibility of the structured query and
seach model proposed above. In the following we first give its high-level system
architecure and then introduce several technologiesin its implementation. Finaly, we
will discussits applicaion danains and evaluation isses.

5.1 Architecdure Overview

As down in Figure 3, the system contains the following components that represent
diff erent aspeds and are mostly layered:

The information gathering and hypertext composite detedion component is
resporsible for gathering Web resources (HTML, XML, RDF docs) based on users
server seledion and deteding (extrading) hypertext composite information (node and
link components of the composites) from the Web resources gathered and stores the
information in databases. The indexing component does keyword indexing to the
Web resources gathered. These two componrents together make up the info agent of
the system.

The query component enables pedfying structured queries, transfers the queries
to the retrieval component, and presents each results derived by the retrieval
comporent to users. This component will be implemented as Web browser clients
with aform-based user interface

The retrieval component is resporsible for using data in the database to derive
seach results and sending search results to the query component.



The DB manager is a badkbone of the entire system. It recdves data from the info
agent, and provides data to the retrieval component and the info agent. It can be an
objed relational DBMS, e.g. Informix Universal Server.

N
—

Keyword

indexing

E — T ——

~ \
— -
\_// /v Link base

Document  [4—P> Information gathering and

repository hypertext composite detection

v

Figure 3 High-level system architedure
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5.2 Information Gathering and Hypertext Composite Detedion

To support the structured query and seach based on hypertext composites in a
colledion, to gether the hypertext composite information in the colledionis the basis.
As described before in this paper, a link-based hypertext composite is constructed
with links of the types that represent containment relations asits bores. Thus, the aim
to gather hypertext composite information can be dtained by gathering the link
information, which contains where links from andto, as well as the types of the links.
Indicaed by its name, the information gathering and hypertext composite detedion
comporent in the system performs mostly 2 functions: Web crawling and hypertext
compasite detedion. Web crawling is to dovnload the Web resources (whose URIs
are given by a URI server) spedfied by users or parsed out from the resources during
the processng and stores them in the document repository. Hypertext composite
detedionis to real the repository and parse the documents in it. Every web resource
gets an associated |D number cdled anodel D that is assgned whenever anew URI is
parsed ou of aweb resource All link information is extraded and stored (through a

Node Table

Link Type | linktypel D | linktype |

Link Table [ linkiD | source_nodelD | linktypelD | target_nodelD

Figure 4 Database for hypertext composites — alink base
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store server) in the link base of the system. The database schema for the link base is
shown in Figure 4.

The node table is for storing the URI's of the nodes (Web resources) gathered in the
colledion. The link type table is for storing the link types existing in the olledion.
The link table contains the links between the nodes in the colledion. With the link
information in the link base, any composites in the mlledion can be mmputed
dynamicdly when necessary and be used to derive structured seach results that meet
users' structured queries.

The aawler in the system is written in PERL and the extrador for hypertext
compasite detedion is EDI (Java Extradion and Dissemination o Information) [17]
tool. The JEDI tool consists of a wrapper that can colled information by navigating
through multiple documents and by explicating their implicit logicd structure, and a
mediator that maps the mlleded information to an integrated view. It meds the
demand d extrading hypertext composite information from heterogeneous textual
information sources that contain the composite information in the system. The
heterogeneity is resulted from the different ways to represent hypertext composites, as
described in Sedion 3

5.3 Indexing and Retrieval

Indexing comporent in the system is to do keyword indexing to the Web resources
(HTML and XML docs) gathered. The keyword indexing technology is o mature that
we do nd nedl to give much detail abou it. As an example, our prototype system
simply makes use of Glimpse [10] asits keyword indexing and seach engine.

Then the structured search results are derived in this way: the retrieval comporent
of the system first sends query term in ead structured query level to Glimpse and gets
distinct respondng results, and then uses the link information stored in the link base
asfiltersto get structured seach results.

For instance, the processto derive the structured search results for the exemplary
structured query with 3levels

SQ = [(QF,="User guide”, QF,="HTML", QFs="form")

isas siownin Figure 5.

In the figure, the result set 1 is a set of documents that contain “User guide”. The
result set 2 is a set of documents that contain “HTML". The result set 3 is a set of
documents that contain “form”. The link_pairs 1 is st of link pairs. In ead link pair
the “from” node belongs to the result set 1, the “to” node belongs to the result set 2.
Finaly, the final search results are aset of link chains. In each chain, the first node
belongs to the result set 1, i.e. contains the term “User guide”. The seacond belongs to
the result set 2, i.e. contains the term “HTML”. The third belongs to the result set 3,
i.e. contains the term “form”. The link pairs or link chains are @nstructed based on
the links of the types that represent containment relationsin the link base.

11
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To enable users to formulate structured queries that refled their spedfic information
needs based on hypertext compasites, the system provides an adaptive form-based
interface The adaptivity is mainly refleded in the ajustability of structured query
levels. That is, if the user first seled 2 levels but get unsatisfied results, he/she may
ask the system to adjust the structured query levelsto 3 or more. Every time when the
value of the structured query levels is modified, the system will regenerate the form.

Figure 5 Deriving structured search results (an example)

Adaptive Form-Based I nterfacefor Formulating Structured Queries

An examplary query in such an interfaceis snown in Figure 6.

3 Using link-based Composites in Searching - Hetscape
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Structured Query and Search
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Figure 6 Form-based interfacefor formulating structured queries
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5,5 Presenting Structured Search Results

As described, the structured search results derived from the structured queries based
on hypertext compasites are not separate nodes but sets of inter-linked nodes. How to
present them to users is also crucia for the system’'s siccess A good presentation
may improve users satisfadion to the results and enable users get more contextual
information about the results and even the relevant resources.

ining + Level 2:Boolesches Retrieval” - Netscape  Iul=] 3

0 o e
Back  rovod  Reload  Home | Seah  Netscaps Print  Secuity  Shop

“§ " Bookmarks A Location: | ttp: 7. darmstadt.amed. de/~giusComposite_~ || @5~ Wwhat's Related

Results for Query ""Level 1:Data -
Mining + L.evel 2: Boolesches Retrieval™

Search irn collection “GAD Darmsiad: ™

Ewvery hit is a pair of pages. i.c. lewel 1 + lewel 2

LEWVEL 2: Query “Boolesches

LEVEL 1 : Query ~"Data Mdining™ Retrieval'

[B. Ferber Worles Data S

Botricwal (moterid lines DaTa DAINITG fizesd

[B. Ferber Worles Data S
(T Retrieval lines)
[lboole 1.chapter <4 lLines) Tebung TFS IT fines)
lboolc 1.chapter 1 lLires) Uebung TFS IT fines)

Uebung TFS IT fines)

Summary for query "Level 1: Data Mining +
Lewvel 2: Boolesches Retrievalr™:

| Found 4 match sets
== (== [

Figure 7 Presenting structured search results

In the moment the prototype system just presents the structured seach resultsin a
simple but integrated way. A table, which contains the designated structured query
levels as the number of columns, is built to contain the results. Eadch row represents
oneresult. A screenshot for an exemplary result presentationis givenin Figure 7.

5.6 Application Domains and Evaluation Issues

Apparently the grea value of the structured query and search method groposed in this
paper for making we of hypertext composites will mostly be refleded in the
application dmains that own rich hypertext compaosite information and the
information is represented in the standard ways. Any information service providers,
either digital libraries or E-commerce systems or any small or large sites that provide
well-organized hyperdocumens may benefit from supparting this sach method. For
instance, in ou primary experiments with the system, we dm to provide users more
spedfic results when they query abou the technicd documents, online user manuals
and teading materials and aher kinds of well-organized hyperdocuments in the
GMD Darmstadt site (http://mwww.darmstadt.gmd.de/).

A thorough evaluation about the system shoud na only measure the quality of its
seach results but also cover its forage requirements, its performance in extrading
composite information, indexing and deriving structured search results. We have not
dore such a thorough evaluation. However, it is quite cetain that the system will
provide users more predse seach results that mee users some spedfic information
needs and more @ntextual information about the results in the whole mlledion than

13



normal seach systems that provide users sngle pages as ®ach results. There is also
some significancethat the system can scde well to the size of the Web, asit chocses a
scdable DBMS and stores al li nk information gathered for computing the hypertext
compasitesin databases.

6 Reated Work

Thereisatrend d making we of additional structural information to improve Web
seaching. Structural information (mainly links) has © far been used for enhancing
relevance judgements [1; 11; 19; 31; 24; etc.], ranking Web pages [5; 18; 3; etc.] or
other purposes [e.g. 26]. Among the work in this areathe adievements of Google [3;
12] and Clever [7; 18] are most attradtive. Both systems use weighted link popularity
as a primary criteria in their ranking mechanism. As far as we know, few systems
have taken into acaount the Web’s new ahiliti es in expressng structural and semantic
information in their search algorithms yet.

XML [28] and RDF [23] are two basic technologies from W3C [30] to improve
Web' s ahility in expressng structure and semantics. It is gill an open question how to
use the structural and semantic information that is representable with these new Web
standards efficiently for searching the Internet and filtering and retrieving relevant
information. To answer this question, we have proposed a schema for searching in the
Web space by using hypertext contexts as a medanism to spedfy the scope of
information spaceto be examined [20; 21]. This <hema is aso applied to hypertext
compasites, as hypertext composites can be seen as a speda kind o hypertext
contexts. We dso have presented an ideaof making wuse of link-based domain models,
which are hyperstructures that have domain spedfic semantics, in formulating
structured queries [22].

Thiswork is apart of our most recent effort to answer the question. The structured
query and seach model that we propose is for making use of hypertext compaosites,
i.e. the composites composed by computation based on link types that represent
containment (or part-of) relations. In comparison, the XML Query [29] working
group in W3C is devoting to provide flexible query fadliti es to extrad data from
XML documents, in which the composite nodes are compaosed by non-linking
medhanisms.

Traditionally, structured seach tods fall into the domain of database techndogy.
A very goaod introduction to database technologies is[6]. The prototype system in this
work also takes advantage of database technologies to store the link information in
hypertext composites © that the structured seach based onthe composites can be
implemented. However, with resped to the structures used in search and the form of
the search result, the structured seach we mean in this paper is different from the
genera structured seach in the database cmmunity.

7 Summary and Future Work

This work proposes a structured query and seach model for applying link-based
hypertext composites that can be represented with new Web standards in Web
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seaching and describes a prototype system that implements the model. We ague that
by enabling users to query different levels of the composite structures with same or
different keywords and ¢etting search hits that are not separate nodes but sets of inter-
linked nodes, the predsion d the seach results can be improved. In addition, users
may get more contextual information about the seach results.

The prototype system can gather hypertext composite information from the Web
based onusers server seledion, store the information in databases and then enable
users formulate structured queries with an adaptive form-based interface derive
structured seach results and finaly present the results to users in a simple but
integrated way. Being still quite primitive, it is just for demonstrating and testing our
idea

The foll ow-up work will be to perform athorough evaluation abou the method and
the system as more hypertext compaosite information is provided on the Web and
make further improvements to the method and the system. A more visudized
interfacefor formulating structured queries and presenting structured seach results
will be provided in the system.

It will also be dore to explore the value of the wmpasite information in page
ranking, filtering and the other adivities related to Web seaching. For instance, the
appeaance of a page a ahigher level in the structures would be ranked higher when
providing single pages as sach resultsin a system.
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