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Abstract—Web services have recently become a new trend
for gathering biomedical information. However, it is not easy
to integrate and obtain a concise/complete query result among
hundreds of services. In this paper, we propose a multi-level
service integration architecture for dynamically integrating
web services in the biomedical domain. Our ultimate goal
of BioSO system is to create a unified, public, scalable, and
interoperable biomedical service platform to benefit scientists in
data searching and publishing.
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I. INTRODUCTION

Biological and medical research creates large amounts of
data spread over diverse databases such as GenBank, PDB,
etc., which need to be processed, integrated and organized in
order to query them efficiently. Figure 1 illustrates integration
strategies from three perspectives (instance layer, schema
layer, and service layer). Traditionally, computer scientists
pursue a schema layer integration on relation/attribute names
among various database schemas, while life scientists also
focus on the instance layer by seeking a universal agreement
on identification of biogenetic entities such as International
Protein Index (IPI) [1] and Life Science Identifier (LSID) [2]
standards in order to achieve the goal of integration. Some
other integration work also has been done as mentioned in [3],
[4], [5], [6], [7], and most of this work focuses on integration
based on the instance and schema layers. However, there
are some inevitable drawbacks in instance and schema layer
integrations.

For Instance layer integration, since most of the bio-
logical databases have different schema designs and their
own identifiers for the same biological entities [8], [9], the
identifier of each biological entity needs to be updated and
maintained frequently in order to ensure data consistency
and integrity. Schema layer integration requires the detailed
schema information of each data source and relies on schema
matching and reasoning techniques [10]. In addition, each
data source may employ different modeling techniques to
create their schema such as Entity Relationship (ER) [11],
XML, RDFS, etc. This increases the difficulty of integrating
work at the schema layer. Due to the nature of life sci-
ence data (highly distributed, dynamic, complex, incomplete,
heterogeneous)[12], we focus on service layer integration
instead of directly dealing with schemas and data. In this paper,
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Fig. 1. Three Integration Layers

we propose a multi-level biomedical web service integration
architecture, which incorporates multi-level modeling concept
[13] with web service integration. Some similar work has
been proposed in genome research such as SPDBSW[14]
and DAS (Distributed Annotation System) [15] that defines
a communication protocol to allow exchange of biological
sequence annotations between client and server in order to
achieve resource integration. It has been employed in UCSC,
UniProt, Ensembl, Flybase, Wormbase, etc. Our multi-level
web service integration approach is more flexible, versatile,
and platform independent as it can provide loosely coupled
integrated across different application domains through some
related industrial and academic standards such as XML, SOAP,
WSDL, UDDI, etc.

The rest of this paper is organized as follows. In section
2, we briefly introduce some web services in the biomedical
domain. In section 3, we propose a system architecture in
order to integrate biomedical web services and describe seven
main components in our framework. we conclude this paper
and discuss directions for future work in Section 4.

II. BIOINFORMATIC WEB SERVICES

In this section, we will give a few typical web service
examples in the biomedical domain and describe the capability
of each. (Because of space limitation, we just briefly describe
two web services here).

A. NCBI Web Service

NCBI Entrez databases play a key role in the searching of
portals for retrieving many biological/biomedical resources.
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Fig. 2. BioSO System Architecture

NCBI provides web services that allow users/developers to
access Entrez utilities (such as ESearch, EInfo, ESummary,
etc.) via SOAP[16].

B. PharmGKB Web Service

PharmGKB database is developed by Stanford University
for storing genomic, molecular, cellular phenotype, clinical,
pharmacokinetic and pharmacogenomic information.

III. WEB SERVICE INTEGRATION IN BIOMEDICAL DOMAIN

A. System Architecture

Figure 2 demonstrates the architecture of our ongoing web
service integrating system (BioSO). There are seven main
components in this system:

1) GQI (Graphical Query Interface) allows the user to
generate a query by filling a query form or choosing
concepts/relationships through a graph.

2) MDO (Mediated Domain Ontology) is a data source
providing concept/relationship information for the GQI
module.

3) WSQP (Web Service Query Planner) is responsible for
generating web service query plans based on the domain
and level/classification properties of the given query.

4) WSRF (Web Service Result Fusioner) module filters
results gathered from different web services, compares
versions of the results for the same biological entity, and
checks consistency/integrity among them.

5) WSO (Web Service ontology) is the key component
in our framework, which not only keeps the WSDL
description of each web service, but also records classi-
fication (level/domain) and service relationship informa-
tion. It provides essential functions/data needed by other
components with the purpose of completing the query
process successfully.

6) RD (Reference database) is a cross-reference depository,
which keeps identifier mapping information among di-
verse databases such as Gene ontology, GeneBank, PDB,
KEGG, PharmGKB, etc. By referring to this component,
our system can establish solid connections for the same
biological entity among services.

TABLE I
DOMAIN/LEVEL INFORMATION

Domain Level
disease tissue, organ
drug undefined
biological gene

Fig. 3. BioSo System prototype

7) WSP (Web Service Portal) is designed for achieving
interoperability, reusability, and scalability among ser-
vices across a varied base of underlying and changing
technologies by providing an UBSI (Unified Biomedical
Service Interface). A client side can remotely invoke
a service through WSP module, and is not required
to deal with complex/inconsistent interfaces of each
web service. WSP will look up the WSO module and
dynamically invoke corresponding services for a client.

A more complete description of these components is given in
the full paper.

EXAMPLE. Find the genes and symptoms related to Col-
orectal Neoplasms, and drugs that can be used for treatment.

User submits above query through GQI module, and then
WSQP module partitions the query into sub-queries based on
domain and level information as shown in table I. WSQP
module will look up WSO for choosing related web services.
The last job for WSQP module is to dynamically create
signatures and invoke corresponding remote services. Once
WSRF module gathers results from each service, it will pass
into versioning, filtering, and ranking tools before presenting
the final integrated result.

Figure 3 shows the prototype of our system, and we are
currently developing the web service ontology.

IV. FUTURE WORK AND CONCLUSION

In this paper we address the problem of Integration in
the biomedical domain from different perspectives (instance,
schema, and service layers). We proposed a multi-level ser-
vice integration architecture for integrating web services in
biomedical domain. Our architecture can dynamically search
and invoke remote web services. In addition, we will define a
UBSI (Unified Biomedical Service Interface) based on existing
service interfaces, flexibility, and performance concerns. Also,



we need to define ranking and filtering strategies for WSRF
module. Our architecture can be used with other mediator sys-
tems for cross referencing the diverse bioinformatics sources
and be utilized in other applications such as system biology
modeling and heath care system. Due to the space limitations,
we cannot include the detailed functions and implementation
issues in this extended abstract.
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