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Jena, Germany
birgitta.koenig-ries@uni-jena.de

Abstract: Data management in the life sciences has evolved from simple storage of
data to complex information systems providing additional functionalities like analysis
and visualization capabilities, demanding the integration of statistical tools. In many
cases the used statistical tools are hard-coded within the system. That leads to expen-
sive integration, substitution, or extension of tools because all changes have to be done
in program code. Other systems use generic solutions for tool integrationbut adapting
them to another system is mostly rather extensive work.

This paper shows a way to provide statistical functionality over a statistics web
service, which can be easily integrated in any information system and set up using
XML configuration files. The statistical functionality is extendable simply by adding
the description of a new application to a configuration file. The service architecture
as well as the data exchange process between client and service and theadding of
analysis applications to the underlying service provider are described. Furthermore a
practical example demonstrates the functionality of the service.

1 Introduction

Data management in the life sciences has been a very active area of research for a num-
ber of years ([JO04, LN05, RUCM07, TSJS07]). Over time, it has become obvious, that
it does not suffice for tools to offer ”just” integrated (centralized or virtual) data storage
capabilities. Rather, users demand direct access to a diverse set of tools to access and
analyze data. Of particular importance to many users are statistical analysis tools. What
is needed are platforms combining integrated data storage with seamless access to data
analysis tools.
The Biodiversity Exploratories1, a large-scale and long-term biodiversity research project
in Germany, are an adequate example in need of such a system. The project aims to
examine the relationship between land-use intensity, biodiversity change, and ecosystem
functioning for selected taxa. Within this umbrella project, a large number (currently 40,
more will be added over time) of individual, independent projects from a diverse set of
communities investigate different aspects of the overall problem, comprising research on
botany, vertebrates, invertebrates, soil sciences, and biogeochemical processes. One of
the expectations towards the umbrella project is to make data available beyond individual

1http://www.biodiversity-exploratories.de



projects to allow for analysis of data across disciplines and over time, e.g., to be able to
explore changes in biodiversity over a decade and relate this to changes in the soil brought
on by the use of certain fertilizers.
As a technical basis for this task, we are developing the web-based Biodiversity Explorato-
ries Information System2(BExIS) which offers central storage and management of all
project data.

One of the main non-technical challenges faced by any data management system is accep-
tance by the user community. It is generally acknowledged that such systems should offer
added value, so users have a direct benefit of their usage.We believe that seamless access
to analysis tools and the ability to plug in new tools as needed is one way to provide such
added value. In the long run, seamless integration of statistical methods will also enable
common analyses across projects directly within the system. Statistical methods in need
range from simple summary of data sets to complex analysis comprising a chain of mod-
els and include also graphical analysis. Over the last few years, a number of attempts to
solve at least similar requirements have been proposed. These use different approaches to
integrate their tools. One approach is to declare the input and output directory of a tool,
thus enabling the host application to access the raw files [TSJS07]. Another approach is to
hard-code the access to a tool within the host application code [RSL06] [RS04]. This leads
to an expensive integration, substitution, or extension oftools, because all changes have to
be done in the program code of the host application. Other solutions use a more generic
approach to integrate external tools by using configurationfiles for providing definitions
for tools and data types, and physical descriptions of resource locations [RUCM07]. While
this approach is very promising, the integration of such a generic workflow environment
into a project data management is difficult. Our proposed solution is a more lightweight
yet also generic solution with focus on easy integration into existing systems. We have
developed a web service for accessing diverse statistical analysis methods. Our approach
is to combine all statistical methods within one web service. It provides only three opera-
tions to list all available statistical methods, to describe a method more specifically, and to
invoke a method. By abstraction from the underlying applications, the web service will be
easy to integrate in basically any information system.
In this paper, we are going to discuss our approach of seamless integration of such tools
into a data management platform. We will use the integrationof the R statistics package
into BExIS as our running example.

2 Overview of the Solution

2.1 Requirements

In order to achieve seamless integration of external tools,in our running example statistical
analysis tools, into BExIS the whole system needs to meet a number of requirements, most
importantly abstraction and scalability.

2http://www.exploratories.bgc-jena.mpg.de



The latter can be realized by making addition and substitution of methods possible with as
little effort as possible. Abstracting from integrated methods is really important to allow
a transparent view to all tools by the users. Today, the most common approach – and the
one chosen by us, too – to fulfill these requirements is via a service-oriented architecture
(SOA). SOA allows for the seamless, platform independent integration of different tools.
It makes it possible to change dynamically the set of offeredtools and enables integration
of tools without the need of their modification. All that is needed is the realization and
description of an appropriate interface. Such an interfacecan be added to a tool without
the need to alter anything in the tool itself - even without ”knowledge” of the tool.
On close inspection of tools boxes such as R, it becomes obvious that they offer a large
number of different functions that a user may want to use. Thenaive approach would
be to offer each of these functions as a separate web service (cf. [LMF+06]) or at least
as a separate operation within a common web service. It should be obvious, that such
an approach would result in a lot of description and implementation effort. Thus, a more
lightweight approach is needed to make the development of a flexible solution feasible. We
opted for the Open GIS Web Processing Service (WPS). The WPS specifies the interface
of a general purpose web service that can be used to encode theoffering of any desired GIS
functionality [Sch08]. Developed for the geographic data realm we adapted its principal
functionality to cover our needs.

2.2 Architecture and Process

In order to keep our statistics web service as simple as possible, we did not want a full-
fledged implementation of a WPS but adopted only those parts ofits concept that we
needed. In general, to abstract from the underlying applications the statistics web service
provides only three operations analogous to the WPS:

• getMethodsreturns a list of all statistical methods provided by the service.
• getMethodreturns a description of a specific method including its inputs and outputs
• runMethodruns a method and returns its outputs.

By abstracting from the underlying applications the statistics web service is easy to extend,
for Java applications only the configuration files have to be changed.
As shown in Figure 1, theStatisticsServicecontains a centralController handling all ser-
vice requests and routing them over anApplicationConnectorto the corresponding un-
derlying applications3 providing the statistical functionality. The routing is based on two
configuration files,methods.xmlandserverConfig.xml. All available methods provided by
the web service as well as their access information are described within themethods.xml
file. For description, the Web Service Description Language(WSDL) is used. The un-
derlying applications are not necessarily web services, but WSDL offers all needed con-
structs to describe the provided methods [W3C04], includingtheir interface and data type
descriptions. In addition tomethods.xmltheserverConfig.xmlfile contains some general
information about the server, for example the input and output paths of the server applica-

3Currently the applications are limited to Java but others canbe easily integrated by wrapping them in a Java
application.



Figure 1: Statistical Web Service Architecture

tions.
A typical query process is as follows: A client sends a request to the web service using the
SOAP message protocol [W3C03]. Within the SOAP message body the query (a simple
message schema based on xml) is defined. On the server-side theStatisticsControllerclass
receives the query and checks its type using theQueryTranslatorclass. Depending on the
query type either theMethodRegistryclass or theApplicationConnectorclass are used to
answer the request or rather to invoke an application. The result of a query is send back to
the client by theStatisticsControllerclass also via a SOAP message.

3 Example

As explained in Section 1 BExIS wants to provide statisticaltools to the user. The integra-
tion of methods based upon the statistics package GNU R4 is provided as an example in
the this section. We have chosen R because it is widely used byour user community. Its
integration thus offers a considerable benefit to our users.

3.1 Method Integration

A Java application was developed which uses Rserve5 and its Java client to implement the
different methods. Rserve is a TCP/IP server which allows other programs to use facilities
of R from various languages without the need to initialize R [Urb03].
The application that is integrated in the statistical web service is based on a simple design.
Currently, there is only one class which implements all methods and connects to Rserve,
but there is no restriction to modularize or extend it. Each method implementation is based
on an R script that is executed using the Rserve connection.

4http://www.r-project.org/
5http://www.rforge.net/Rserve/



For the integration of this method into the statistics web service only two steps are re-
quired: Firstly, a WSDL description of the desired function has to be created and put into
the methods.xmlfile. Secondly, the corresponding class files have to be put into the sta-
tistical web service classes folder. After a servlet container restart, the method will be
accessible.

3.2 Statistics Web Service Used by BExIS

The usage of the statistics web service and its provided methods is illustrated by a scat-
terplot analysis within BExIS. The web service is accessible through BExIS by a separate
statistics application.
To analyze a data set using a method from the statistics web service the procedure is as

Table 1: Example data set: Measurement of dbh.
observation species dbh treeage
384301 beech 31.31 75
384302 beech 33.88 140
384303 beech 28.93 110
384304 beech 20.38 84
...

Table 2: Description of the ScatterPlot method.
Name Type Descr Direction
inData string ... IN
variable1 string ... IN
variable2 string ... IN
return xs:binary ... OUT

follows: Firstly, the user has to select a data set stored in the system. An example of this
step is shown in Table 1. It shows an observation of trees including the measurement of
their diameter at breast height (dbh) and their age in years.
Secondly, the user has to choose a statistical method she wants to applyto the data set.
The list of methods is obtained by the use of thegetMethodsoperation of the statistics
web service. For the sample data set the linearity between age and girth of trees is a com-
mon question, suitably addressed by theScatterPlotmethod. After the user has chosen the
method, she uses thegetMethodoperation from the web service to obtain detailed infor-
mation about this function, in particular about the required inputs and expected outputs.
The description of the ScatterPlot example is shown in Table2.
Thirdly, the user has to assign a value to each IN parameter in the description over a web
form. Depending on the parameter description, the value canbe a text or a number, or a
name of a column of the selected data set. For example, theinData parameter is assigned
an arbitrary text. This text specifies the name of the data fileto be stored on the server
by theQueryTranslatorclass. The assignments forvariable1andvariable2are column
names of the sample data set, namelytreeageanddbh. They specify the values of the
columns of the data set to be used by the ScatterPlot method.
The data access specification has to be determined by the statistics web service client, that
is BExIS. BExIS has to specify the format (inQuery, URI or JDBC), the position of the
Parameter containing the value for the data description, the column delimiter, and the dec-
imal sign. Additionally BExIS has to prepare the data depending on the transfer format.
Fourthly, the runMethod operation can be invoked and the result will bedisplayed on the
page. Depending on the return type of a statistical method the displayed result can vary



from text to image data. The ScatterPlot example returns an image as a byte array, so
BExIS has to transform the byte array to an image and displaysit on the page.
Figure 2 shows the result for our example; evidently, the relationship between age and
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Figure 2: Result of ScatterPlot method.

girth of trees is approximately linear, bar the outlier.

4 Conclusion

In this paper, we described a web service-based approach forintegrating statistical analy-
sis methods in an information system for experiment data.
With respect to the need for the integration of external tools, we explained the design of
our statistics web service. This service allows the usage ofany methods provided by the
R statistics tool set from within our information system. Wehave described the architec-
ture as well as the encapsulation of statistical methods by configuration files. The use of
configuration files enables the simple and low effort extension or substitution of methods
without the need to touch the underlying statistics programor to code anything within our
information system. To abstract from the underlying applications providing the statistical
methods we have followed the example of OGC’s WPS and introduced a simple query
message providing three operations to access information about offered methods, details
about the individual methods’ interfaces and the possibility to execute any of these meth-
ods.
For data exchange between client and web service we implemented three alternatives,
namely to transfer data within the query, to pass a URI describing the data location, or
to pass a JDBC connection string. We have run a number of teststo determine the per-
formance of the system. For most cases6, the response times are well within acceptable
ranges7. Exceptions are the transfer of a larger amount of data comprising well more than
50000 rows as well as more complex calculations.
The proposed web service has been implemented and successfully tested within our project.
Up to now, service implementation is in development and we plan to deploy it within the
operative BExIS system for use by the different subprojectsof the Biodiversity Explorato-
ries in the near future.

6common calculations comprising data sets with up to 50.000 rows
7under two seconds
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