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Abstract: To semantically integrate heterogeneous resources and
provide a unified intelligent access interface, semantic web
technology is exploited to publish and interlink machine-
understandable resources so that intelligent search can be
supported. TCMSearch, a deployed intelligent search engine for
traditional Chinese medicine (TCM), is presented. The core of
the system is an integrated knowledge base that uses a TCM
domain ontology to represent the instances and relationships in
TCM. Machine-learning techniques are used to generate semantic
annotations for texts and semantic mappings for relational
databases, and then a semantic index is constructed for these
resources. The major benefit of representing the semantic index
in RDF/OWL is to support some powerful reasoning functions,
such as class hierarchies and relation inferences. By combining
resource integration with reasoning, the knowledge base can
support some intelligent search paradigms besides keyword
search, such as correlated search, semantic graph navigation and
concept recommendation.
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he world wide web is evolving into a web of data,

which contains a set of distributed dataspaces contain-
ing heterogeneous resources, such as texts, images, audio/
video contents, and structured data. How to integrate these
dataspaces to support more intelligent search is a focused
theme of the web research community.

One promising solution to the intelligent search is the se-
mantic web, the extension of the current web to incorporate
structured data, which provides domain ontologies in lan-
guages such as RDF schema and web ontology languages to
describe the semantics of information and services. Towards
this vision, much progress has been made. A wealth of se-
mantic mapping strategies and tools''™ have been developed
to make contents of existing legacy databases available for
semantic web applications. And still for the large scale of
web documents, many automatic or semi-automatic seman-
tic annotation tools such as KIM'*', SemTag"', MnM'" and
Shoe'” etc. have been exploited to add formal semantics to
the web content. Most of these tools are implemented by the
GATE™ framework. Furthermore, some semantic data inte-
gration systems have emerged, such as Dartgrid"” and RDF
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based integration'” . In addition, large amounts of metadata

or semantic search engines have been developed to support
semantic search with knowledge inference such as
Swoogle””, Falcon-S™”, and OntoSearch' etc.

In this paper, we present TCMSearch, an intelligent
search engine that is deployed on top of several distributed
dataspaces in traditional Chinese medicine ( TCM) domain.
These dataspaces are maintained by different organizations
distributed across China, and manage a large volume of data
in various forms, such as relational databases, XML docu-
ments, spreadsheets, texts, and other multimedia forms
such as pictures. Our goal is to semantically integrate these
dataspaces into one virtual database and provide a coherent
query interface that provides such functions as instance
search, semantic correlation search, and graph-matching.

The core of the system is an integrated knowledge base
that uses a TCM domain ontology to integrate heterogeneous
resources. The knowledge base is modeled as a graph of in-
stances, in which each data item from relational databases
and each document from the web are represented as a re-
source with a URI. In addition, the semantic relationships
between resources are explored so that the data items are
correlated. We use machine-learning techniques to generate
semantic annotations for texts and semantic mappings for re-
lational databases, so that data items from relational data-
bases and documents are translated into knowledge elements
that can be integrated into a knowledge base as a graph of
instances. This knowledge base can be enriched as more
concepts and semantic relationships are extracted or referred
from dataspaces; in turn, a richer knowledge base can be
used to discover knowledge from dataspaces more accurately
and more deeply.

Within the knowledge base, an ontology based inverted
index is constructed and a common access interface in sup-
port of instance search and semantic correlated search is pro-
vided to retrieve data more appropriately and conveniently.
The major benefit of representing the semantic index in
RDF/OWL is to support some powerful reasoning func-
tions, such as class hierarchies and relation inferences. By
combining resource integration with reasoning, the knowl-
edge base can support some innovative search paradigms be-
sides keyword search, such as correlated search, semantic
graph navigation and concept recommendation.

1 System Overview

TCMSearch is an intelligent search engine for traditional
Chinese medicine, which integrates several distributed data-
spaces semantically and provides some innovative search
paradigms such as instance search and semantic correlated
search. The architecture of TCMSearch is shown in Fig. 1.
It can be divided into three parts: semantic process, index
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process and search process. In the semantic process, data
from different sources such as relational databases and web
documents are attached with semantic information. For ex-
ample, relational databases are mapped to correspond ontol-
ogy-classes according to their table schema; web documents
are annotated with ontology instances based on an extensive
knowledge base for TCM. In the index process, an ontolo-
gy-based inverted index is constructed, in which data from

TCM dataspace are indexed based on the extracted instances
and their content. Finally in the search process, query
words are preprocessed semantically and matched in this on-
tology-based inverted index to search proper results. Fur-
thermore, the search results can be hierarchically navigated
by users and semantic correlated search is supported to find
relevant information in detail.
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Fig. 1 Architecture of TCMSearch

2 Semantic Model and Representation

The process of modeling TCM dataspace can be divided
into three steps. First, there is a prerequisite that a basic
knowledge base should be constructed manually, which
should at least cover the ontology class system in TCM,
and better if there are known instances added at first. Sec-
ondly, semantic mapping tools are exploited to bridge the
gap between the semantic web and relational databases.
Through this method, data records from relational databases
can be extracted as instances, and the relationships between
them can also be discovered. In turn, this knowledge base
can also be enriched by these newly extracted instances and
relationships. Finally, semantic annotation for web docu-
ments can be automatically done based on the enriched
knowledge base, in which not only existing ontology in-
stances and relationships can be extracted but also new ones
can be discovered. So the knowledge base can be enriched
once again.

2.1 Knowledge base

Knowledge base is the core of the TCMSearch system. It
consists of two components, one of which is the ontology
class system and the other is a graph of ontology instances
and relationships between them. The ontology class sys-
tem, which is hierarchically organized based on the under-
standing of TCM and pre-populated by ontology experts
manually, defines the schema and guides the process of se-
mantic mapping and annotation. An ontology class defines
the type, which represents its features, and the attributes
which are categorized into value attributes and object attrib-
utes. Generally value attributes are defined by “literal” and
used to describe the ontology classes or instances. Howev-
er, object attributes are defined by other ontology classes
and represent the relationships between these ontology clas-

ses.

The other component of the knowledge base is much
more important and stores real knowledge data, which cov-
ers all the instances and relationships between them in
TCM. Each instance covers only two of its value attrib-
utes, the identifiers of the ontology instance, in TCM-
Search system which is “prefLabel” and “alias”, and the
entire object attributes so that the knowledge base does not
grow too huge as new instances and relationships are dis-
covered but ensures the integrity of the instances. In addi-
tion, the semantic relationships between instances are ex-
plored so that instances in the knowledge base can be inter-
linked together.

2.2 Modeling structured data

For the purpose of heterogonous relational databases inte-
gration, many semantic mapping strategies and tools''™
have been put forward recently. All of them follow the
schema matching way. The TCMSearch follows the Dart-
Mapping'” tool and is based on the TCM knowledge base.

In this semantic mapping system, a table schema corre-
sponds to an ontology class, of which the columns are
mapped to the value attributes and with regards to the
joined relationships between tables there are two cases if the
joined tables are mapped to the same ontology class. It
means that the joined relationship will be used to combine
several parts of ontology instances together, so these simple
tables will be joined together to represent ontology in-
stances. Otherwise, they should be mapped to the object
attributes, in which case it means that instances extracted
from these tables are correlated semantically.

Definition 1 An ontology instance is identified by its
belonging ontology class “URI” and value attribute “pre-
fLabel” or “alias”. And it is described by other value and
object attributes.
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According to definition 1, data records from relational
databases can be modeled as a large graph of ontology in-
stances that are interlinked together by object attributes and
class hierarchies. Furthermore, the knowledge base can be
greatly enriched by newly coming ontology instances and
the relationships between them. It is noticeable that the in-
stances which have the same value for attributing “prefLa-
bel” will only be added just once so that the knowledge
base will not be redundant.

2.3 Modeling unstructured data

Nowadays, manual semantic annotation for web docu-
ments is very easily accomplished, but it is an expensive
process and is often fraught with errors. To overcome the
annotation acquisition bottleneck, semi-automatic and auto-
matic annotations of documents have been proposed such as
KM, SemTagm , MnM' and Shoe'” etc. These seman-
tic annotation platforms can be classified into two primary
categories, pattern-based and machine-learning-based. In
this paper, we combine pattern matching and machine
learning methods to do semantic annotation. First, knowl-
edge elements in web documents are discovered and transla-
ted to instances according to the instances in the knowledge
base. Secondly, the knowledge base checks out the possi-
ble relationships between these instances according to the
relationships between their belonging classes and hierarchies
of the ontology class system. In this way, web documents
are annotated by many related ontology instances. Some
clustering algorithms are applied to find core instances so
that instances for this document are not too large and the se-
mantics is determinable.

3 Ontology-Based Inverted Index

In the traditional information retrieval system, the invert-
ed index technique is always followed. Our ontology-based
inverted index is based on it. The documents and database
records are not only indexed by their contents but also by
their extracted instances. This sort of index structure has
two benefits. First, it keeps the nature of the traditional in-
verted index. Secondly, more appropriate semantic sear-
ches can be supported based on the knowledge base, such
as instance search to obtain high accurate search results and
semantic correlated search to retrieve related information.

3.1 Index implementation

For relational databases, data records are indexed based
on the extracted instances. Every database record covers
four fields: mapped ontology class, identifiers of the in-
stance, the combination of other value attributes and its da-
tabase source. The first two fields are for instance search
and semantic correlated search. The third field is for tradi-
tional keyword search, and the last field is for retrieving
original data. However, for web documents, although data
records are also indexed based on the extracted instances,
their contents are also quite important and can never be dis-
carded. So an index document consists of three parts: an-
notated instances, ontology classes and the content of the
web document. In this way, both instance search and key-
word search can be well supported and do not result in loss
of information.

3.2 Search support

In the TCMSearch system, keyword search and instance
search are both supported. Keyword search is very useful
when query words cannot be translated into instances in the
knowledge base, and it can make sure that proper search re-
sults can be returned only if these query words exist in the
inverted index. However, instances search is much more
powerful, which can provide more appropriate results and
semantic information. As we can see, when query words,
after being semantically preprocessed in the TCM knowl-
edge base, can be represented by instances; these instances
are searched in the field “identifiers of the instance” of the
ontology inverted index and still in the knowledge base so
that the search results are very accurate for users. More-
over, the search results can be represented by instances so
that semantic correlated search can be supported to conven-
iently retrieve related information.

4 Conclusion and Future Work

According to the TCMSearch system, dataspaces can be
well integrated and instance search can provide more accu-
rate search results by constructing an ontology-base inverted
index based on the knowledge base. Moreover, when chec-
king out the details, semantically related results can be que-
ried based on class hierarchies and relation references.

However, there is still much work to be done in the fu-
ture. First, semantic annotation for web documents is not
so good, because so many instances are annotated, al-
though some clustering algorithms have been applied to im-
prove it. Secondly, much deeper ontology inferences
should be included in the future. Finally, semantic ranking
algorithms should be considered to improve user experi-
ence.
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