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Abstract

The paper is aimed at addressing two issues:

first, despite of the importance of semantic in-
formation in HTML pages, it is often ignored by
search engines due to various technology diffi-
culties; second, the ambiguity problem some-
times makes results returned by search engines
much less useful. OOSM, a schema model as
well as a set of information processing tools, is
proposed in the paper. OOSM develops the con-
cept of coarse mapping, that is, users are allowed
(but not restricted) to associate a grammar node
to a sub section instead of a single node on a
HTML page. AS a result, minor modifications of
the annotated HTML page can be tolerated. We
believe that OOSM is a right solution for the
issues presented in this paper.
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Introduction

The Web is a huge database, however,
compared with relational databases, the methods
for searching information on the Web is not suf-
ficient. A HTML page is just like a raw database
table. For relational databases, there are an
enormous amount of tools such as view and SQL
to be utilized. But, for the Web, what we have is
keyword search only. A problem of HTML is it
is originally designed to support the presentation
layer, not the data layer. This makes searching
difficult. Modern search engines are capable of
extracting text contents from various information
sources. Neverthless, from a semi-structured
document, such as a HTML page, existing key-
word-based approaches are good at processing
just syntactic information, not sematic infor-
mation. For simple search cases such as looking
for documents containing someone’s name,
technologies we possessed today appears suffi-
cient and adequate. The problem is, what if we
want to achieve more complex tasks? For exam-
ple, consumers can benefit from a price list of
smartphones if she/he is planning to buy a new
one. Search engines are capable of returning lists
of HTML pages containing the word
“smartphone”, however, they have no idea about
the real semantics of these pages and thus it is
not possible for search engines to extract further
metadata such as price from these HTML pages.
Furthermore, it is not impossible that some of
the returned HTML pages contain the keyword
“smartphone” but have no information of spe-
cific smartphones!

The scenarios presented above illustrate
two issues: first, despite of the importance of
semantic information in HTML pages, it is often
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ignored by search engines due to various tech-
nology difficulties; second, the ambiguity prob-
lem sometimes makes results returned by search
engines much less useful. To overcome these
difficulties, making semantic information acces-
sible for search engines is required. Trying to
achieve this without causing severe impact to the
Web infrastructure today is very challenging. In
this research, we propose OOSM, which is in
fact a grammar model. With OOSM, domain
experts and ordinary users can define grammars
and then end users use these grammars to anno-
tate HTML pages. Evaluating annotations, do-
main objects conform to grammars will be ob-
tained. Semantic information carried by domain
objects can then be utilized for acquiring better
search results. To reduce possible impacts, the

proposed mechanism adopts external annotations.

That is, existing HTML pages are left as-is, and
an additional external mapping file is used to
maintain the annotation information of an
HTML page. Definitely, the design can raise
additional issues such as the maintainability of
connections between annotations and HTML
pages after the original annotated page is modi-
fied. To alleviate the problem, OOSM develops
the concept of coarse mapping, that is, users are
allowed (but not restricted) to associate a gram-
mar node to a sub section instead of a single
node on a HTML page. AS a result, minor modi-
fications of the annotated HTML page can be
tolerated. Of course, with coarse mappings,
post-processing will be needed. In the proposed
system, JSON-encoded domain objects are then
imported into NoSQL-style databases for further
post-processing.

To sum up, the OOSM system contains the
following components:

1.  agrammar model
2. an annotation processing component

3. an annotating tool, the OOSM map-
per

4. a database layer that is based on
NoSQL-style databases and is capa-
ble of processing ISON-encoded ob-
jects

Related Works

Crowd search is highly related with social
networking [1]. The opinions collected within
friends and expert/local communities can be
ultimately helpful for the search task. For exam-
ple, the question “find all images that satisfy a
given set of properties” can be difficult for ma-
chines to proceed, but with the help of human

intelligence, answering the question becomes
simpler [S]. A special query interface that let
users pose questions and explore results span-
ning over multiple sources was proposed in [2].
Another type of crowd search and crowd sourc-
ing is social bookmarking. As shown in Hey-
mann’s research work [3], social bookmarking is
a recent phenomenon which has the potential to
give us a great deal of data about pages on the
web.

Considering the Web as a huge database
with plenty of information, existing query tech-
niques are far from perfect. Today, the most
widely adopted query technique is the key-
word-based search. The research of Konopnicki
and Shmueli [4] examined some trends in the
domain of search, namely the emergence of sys-
tem-level search services and of the semantic
web. In the research, a SQL-like solution was
surveyed. In [2], a YQL (Yahoo! Query Lan-
guage [6]) is implemented. The framework con-
sists of some interaction primitives and is aimed
at supporting users in finding responses to mul-
ti-domain queries.

The Schema Model

Extracting information from relational da-
tabases is usually much easier than extracting
information from Web pages since the formers
are structured information sources while the lat-
ters are not. There are various information ex-
traction technologies that are designed for the
Web. However, most of them suffered from un-
stability and limited-adoption issues. To ease the
data processing task, the proposed platform pro-
vides schema sub components that are used for
designing and maintaining schemas. Here, the
researcher would like to avoid complex schema
structures such as XML schema and DTD files.
Instead, the researcher proposes an Ob-
ject-Oriented Schema Model (OOSM). An
OOSM is defined as the following:

(ROOT_ELEMENT, (RULE)*)

That is, an OOSM consists of a root ele-
ment and a list of rules. A ROOT_ELEMENT is
represented as a namespace URI and a local el-
ement name pair and is used to group OOSM
instances into categories. Furthermore, a RULE
is represented as the following:

(ELEMENT, {CONSTRUCTI,
STRUCT 2, ...... , CONSTRUCT n})

CON-

That is, a RULE consists of a root ELE-
MENT and a set of unordered schema CON-
STRUCTSs. Again, an ELEMENT is represented
by a namespace URI and a local element name.
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A schema CONSTRUCT is further defined as
the following;:

CONSTRUCT ::= ARRAY(ELEMENT) |
ELEMENT

That is, a schema CONSTRUCT is either
an array of instances of an ELEMENT or an
ELEMENT alone.

Keeping simple is essential for OOSM to
work. Note that the order of child COSTRUCTSs
of an ELEMENT is not strictly enforced. They
are just regarded to as properties of an object
according to the convention of the ob-
ject-oriented paradigm. Furthermore, there is no
complex structure defined in OOSM. Different
from complex standard such as XML schema,
which defines quite a few structures: sequence,
choice, and all, etc., there are only two types of
CONSTRUCTs defined in OOSM: array of
ELEMENTs and a single ELEMENT. The rea-
son of sticking to simplicity is that most Web
users are not domain experts of the gram-
mar-definition field, thus complex grammar
model may become an obstacle of wide adop-
tion.

Additionally, in OOSM, the content of an
ELEMENT is not strictly typed. An ELEMENT
simply attaches some form of meaning to the
content surrounded by it. Because of the diver-
sity of Web contents, the researcher would like
to claim that a strictly typed grammar model can
be difficult to adopt. On the other hand, an EL-
EMENT itself, that is, the namespace URI and
local name pair, already provides a good amount
of information for the content associated with it.

The Mapper Tool

OOSM Mapper is used for annotating a
HTML source against a selected schema. The
figure below shows the user interface of OOSM
Mapper:
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Figurel. OOSM Mapper Application.

OOSM Mapper is designed around the pro-
ject-centric concept. That is, the adopted schema,
the target HTML document, and the created an-
notations are stored in a project. The design
makes annotations more manageable. To create a
project, at first, one should open the create pro-
ject dialog:
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Figure 2. Project Creation.

A project contains an OOSM file and a
HTML document. Users either specify the file
path or the URL of the HTML documents to be
annotated. If a URL is specified, OOSM Mapper
will automatically fetch the document from the
specified URL. Note that, a normalization pro-
cess will be performed against the retrieved
document to avoid common HTML errors.

To annotate the target HTML document,
one simply selects a schema node from the left
panel and a HTML node from the right panel,
and then triggers the binding dialog shown in
figure 3. In the binding dialog, there are three
input fields: ID, Definition, and Target. The ID
field shows the id of the current binding, which
is managed by OOSM Mapper automatically.
The Definition field shows the schema node
used for annotating the selected HTML node.
The Target field shows the specification of the
annotated target node. By default, the Target
field shows the xpath of the selected HTML
node. However, users can enter any valid xpath
expression here, including xpath functions. The
design will be useful when it is inadequate to
annotate a whole node. For example, users may
want to annotate a schema node to only a sub
string of the selected HTML node.
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A lean approach for defining databases is
required. The concept of this research is to pro-
Fig 3. The Binding Dialog. pose the idea of domain-specific databases. Such
databases have the advantage of accuracy and
efficiency. By limiting the domain of a specific
Web database, extracting semantic information
from the database becomes much casier. The
code snippets below demonstrate how to define a
Web database:
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Finally, to view the extracted results, one
simply open the show result dialog shown be-
low:
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Figure 4. Show Result Dialog.

The Database "namespace-uri”: "sample”,
What is a Web database? Throughout this ., hone” local-name?

paper, it is referred to as the combination of the smartphone

followings: ]

1. a virtual or physical medium that is capa- "urls”:[

ble of storing contents from the Web

. "hitp:/en.wikipedia.org/wiki/Smartphone”,
2. asystem for managing the above contents; poren WIkIpedid. o1k smartphon

the system should support the following "http://cellphones.about.com/ "
operations:
i create/update/delete data sets b
“bindings”:[
ii. create/modify the schema of the data
sets “http://samplel.ilab.twgogo/bindingl”,

ii. define data to be included in the data “http.//samplel.ilab.twgogo/binding2”
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As shown above, a database definition
contains two major parts; database-name and
datasets. To preserve uniqueness, a ful-
ly-qualified name with a namespace uri is re-
quired. The datasets part represents a list of da-
taset sections. Fach dataset section contains a
schema reference, a list of urls, and a list of cor-
responding binding definitions. According to the
database definition, data stored in these urls is
then extracted to json-format strings and then
stored into the underlying MongoDB.

Conclusions & Future Work

In this paper, an innovative approach for provid-
ing searchable Web content is proposed. Our
approach provides a way for users to define ad-
vanced information sources, which are just like
views of relational databases. Based on ad-
vanced information sources, some more fea-
ture-rich search operations are also provided.
The researcher claims that the proposed mecha-
nism is more efficient and powerful than ordi-
nary keyword-based search. The current imple-
mentations are mostly desktop-based GUI ap-
plications. In the future, it is planned to port the
current implementations to be Web-based for
easier integration and adoption.
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