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Abstract. Service-oriented e-science workflow has emerged as a paradigm for
integrating heterogeneous distributed science computations. Life sciences also
utilizes workflow management systems based on chemical information for
accelerating scientific progress. We have developed an infrastructure of
chemoinformatics Web services that make those approaches efficient. In this
paper, we describe a Web service wrapper for estimating toxic hazard within
chemoinformatics workflows. The wrapper makes a secluded application
functioned as a Web service process and participated in a series of workflow
processes.
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1 Introduction

Service-oriented computing based on Web service technology has recently emerged
as a paradigm to address the traditional challenge of heterogeneous systems
integration. A set of atomic Web services can compose workflows with control and
data flow among the services. The Business Process Execution Language (BPEL)
and the Business Process Modeling Language (BPML) are proposed for industry
standards of the business service composition. E-science workflows have similarity
to the business workflow for their requirements. Utilizing workflow management
systems to automate computational activities provides benefits to various fields such
as astronomy, biology, chemistry, environmental science, engineering, geometry, life
science, physics, and social sciences.

In life science, drug discovery scientists demand rapid information process to deal
with large amount of data produced by technologies like high throughput screening
(HTS), micro-array assays and combinatorial chemistry. The Murray-Rust group at
Cambridge has accomplished those chemical information studies in distributed
environments since the early stage of the Web [1]. A chemical information research
group at Indiana University has developed an infrastructure of chemoinformatics Web
services [2]. And the services through the infrastructure can easily utilize the
information.

A survey for Grids workflow projects can be found in [3]. And the survey
introduced seven major projects: Triana [4], Kepler [5], Taverna [6], Pegasus [7],



18 International Journal of Grid and Distributed Computing

ASKALON [8], QoWL [9], and GPEL [10]. Triana is started from a single platform
but supports distributed services with Grid awareness. Kepler is also started from a
single platform and it fully supports Grid environment. It is widely used in e-Science
workflows. Taverna is part of MyGid[11] project and focuses on applications of life
science. It recognizes the importance of provenance and semantics. Pegasus
concentrates large scaled applications. ASKALON is another Grid framework to
support distributed workflows. QoWL supports Quality of Service in the workflow
based on BPEL. GPEL is another BPEL based system for Grid and scientific
workflow focusing on dynamic and adaptive large scaled application.

We utilize Taverna for a workflow tool. The Taverna workflow framework
requires a local process or a Web service process to serialize several operations into a
scientific workflow. A number of chemical structures are probed their toxic hazard
and proceeded to other analytical processes in the workflow. We employ a Java
application named ToxTree[12], which estimates toxicity of chemical components.
But the application has no communication to other remote processes on the Web. To
avoid local installation in the workflow workbench, we design a wrapper for the
secluded application to communicate on the Web.

The rest of this paper is organized as follows. In the next section we describe our
workflow framework, Taverna Work bench. Section 3 describes ToxTree, the toxic
hazard estimation application. We illustrate the Web service wrapper for science
applications in Section 4.  In Section 5, we summarize and conclude.
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Fig.1. Graphical user interface of Taverna workbench [13]
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2  Taverna Workflow Workbench

Taverna is a workflow framework designed for life science applications. But it is
also applicable to general workflow compositions. Taverna is developed as part of
MyGrid project, which builds a middleware for data-intensive processing. The
workflow construction based on the service composition is a powerful approach and
there are over thousand applicable component services in workflows.

Figure 1 shows a graphical user interface workbench of Taverna and it formulates
workflows. Through the user friendly interfaces, the workbench can compose
complex workflows. The workbench provides decorative and explorer illustration of
workflows. It enables users to compose their own workflows or to load existing
workflows acquired from a common repository with expert providers. The
workbench also lists the available resources where the workflows can run. After
resources and enactor engine types are selected, the workflow can be started and its
progression is monitored. The workflow can be interrupted for cancelling a step or
stopping the whole process.

The Taverna workbench depends on the Simplified conceptual workflow language
(Scufl). The sculf language is designed for a data-centric flow. A network of
processors and links composes Scufl. The input and output nodes as well as basic
entities can be added to Scufl. The language is useful for the users who mastered
Web forms and script languages. It also provides practical Taverna extensions.

3  ToxTree Application

The European Chemicals Bureau (ECB) within the European Commission’s Joint
Research Centre (JRC) has developed a Java application, which estimates toxic
hazard in chemical structures. The application enables structure-based predictions
like a decision tree approach. Currently it applies Cramer rules, Verhaar scheme,
Skin irritation, Eye irritation, and Benigni/Bossa rulebase. Datasets in SMILES
chemistry format from various file types can be accepted as input. Though it is not
applicable to the Web service, the original software provides a graphical user
interface to organize user-defined molecular structures either in SMILES [14] format
or in a graphical format using built-in two dimensional structure diagram editor.

The application is suitable for a standalone PC, and this means it is not sharable to
other remote processes on the Web. In our Web service, only the text molecular
format is allowed. The figure 2 shows an ordinary graphical user interface of a
ToxTree application.

4 Web Service Wrapper for Science Applications

Many science applications are platform dependant and often written in traditional
program languages like C or FORTRAN. They are usually difficult to integrate with
applications from other disciplines.
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Fig.2. Graphical user interface of ToxTree

Access from remote programs to these applications is normally difficult. There is
no standard way to illustrate their input and output or to monitor their progressing. By
converting these platform dependant shell applications into application services, the
application can connect to other application and enlarge its usage.

Generic Service Toolkit (GFac) [15] can convert any command-line application
into an application service. With a set of input parameters, it launches the application,
monitors the application, and returns the results. The toolKkit requires no modification
of program code in the application. The toolkit also has Web user interface producing
tools. When a user accesses an application service, the user is presented with a
graphical user interface (GUI) to that service. The interface encloses a list of
processes that the user enables invoking on that service. After selecting an operation,
the user is accessible with an interface for the operation, which enables the user to
specify all the input parameters to the operation. And the user can invoke the
operation on the service and obtain the output results.

OPAL [16] is a Web service toolkit, which provides the features of scheduling,
security, and persistent state management. The toolKkit utilizes the Globus GRAM for
job submission, and requires a configuration file for the location of the application,
and command line options can be provided on demand. The Web services based on
Opal enables the development of generic Web services in an application framework.

Our solution prior to the above toolkits leverages Apache Ant to wrap the legacy
application. The wrapper makes the application services on the Web. The wrapper
can call executables and set environment variables. There are a lot of useful built-in
scripts in the Apache Ant and they are also extensible. We developed Ant build
scripts to run the ToxTree application. In our system a Java program can call other
Java programs through the Ant.
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Fig.3. Taverna workbench with ToxTree application service

Figure 3 illustrates our implementation of the legacy application wrapping Web
service process in the Taverna workflow workbench. In the picture the result screen
shows the verbose text return values against the benzene SMILES input. There is a
simple mode to print out the toxicity only.

5 Conclusions

Our approach demonstrates the feasibility of using a Web service wrapper to estimate
toxic hazard within chemoinformatics workflows. The wrapper enables a pure Java
application functioned as a Web service process and participated in a series of
workflow processes. This wrapped Web service roles a distributed process attached
to any workflow, which establishes a level of exposure for all chemicals. And
various works using our Web service can reduce the threat to human health.
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