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ABSTRACT 
Client-side computation technologies are not well implemented in 
current solutions for representation and management geospatial 
data through the Web. In some cases, the processing of geospatial 
data on the client side may be more acceptable and useful. This 
article describes the first steps and ideas on the way of 
development of the concept for hybrid geoprocessing Web 
services that give possibility to provide geoprocessing both in 
Web and desktop environments using downloaded processing 
tools. 

The author highlights the main architecture features of these 
hybrid geoprocessing Web services that consist in using Python 
programming language and providing compatibility with OGC 
WPS standard. Interface of geoportal prototype for hybrid Web 
geoprocesses publishing is described. The next possible 
development steps are mentioned. These are design of the desktop 
processing environment and extension of WPS standard with the 
method for transferring of executable code of the geoprocesses. 

Categories and Subject Descriptors 
D.2.11 [Software]: Software Architectures – domain-specific 
architectures, patterns; J.2 [Computer Applications]: Physical 
Sciences and Engineering – Earth and atmospheric sciences. 

General Terms 
Design, Experimentation, Standardization. 

Keywords 
Web Processing Services, Client-Side Geospatial Data 
Processing, Hybrid Geoprocessing Web Services. 

1. INTRODUCTION 
Technologies of geospatial data Web representation and 
manipulation are the most rapidly developed geotechnologies at 
the current time. The ways of this development generally lies in 
the direction of the distributed (including the cloud-based) storage 
on the Internet nodes with access to the data using applications or 
geoportals [1, 2, 3, 6, 10]. 

Another important feature of modern Web geotechnology 
evolution is progressive shift of interest of the researchers and 
developers from Web representation towards Web-based 
geospatial data processing. At the same time most of such 
processing solutions assume only the server-side computations. 
This means that the computational algorithm is implemented as a 
server application that is installed and executed in a server 
runtime environment that hidden behind Web server interface 
being inaccessible and uncontrollable for end user. A user wishing 
to use such geoprocessing software should transmit source 
datasets or datasets Web links to the server using client software 
(desktop or Web application interface). And as a result of data 
processing the user receives a link to the resulting data. The 
program code itself is not passed to the end user and can not be 
run on the client computer. So the client-side approach in fact is 
not implemented in most cases and not supported when working 
with geospatial data in a Web environment. 
Server-side processing has a number of clear advantages. First of 
all of course is a priori more high performance computing ability 
of server hardware in general case. However there are some cases 
in which this architecture becomes unacceptable or even 
unworkable. Next most common cases should be mentioned: 
- Storing of large amounts of data on the client side and 
presence of sufficient client-side computational resources; 
- Using of low-throughput or unstable communication 
channels (which is typical for many remote regions over the 
world); 
- Working with the commercially or legislatively 
restricted data prohibiting transfer to third parties (including 
upload to a third party server). 
Open Geospatial Consortium1 has published a number of 
international standards that describe the geospatial data Web 
representation order (e.g. WMS [3], WFS [6], WCS [2], etc.). And 
only one OGC standard describes the requirements for 
architecture of Web-based geospatial data processing services - 
Web Processing Service (WPS) [10]. 
This work in progress paper briefly describes the first results of 
the investigation provided by the author and his colleagues. The 
investigation general aim is development of methodology for 
implementation of geoprocessing Web services that able to 
perform computations both on the server and on the client side. 

 

Architecture of such solutions can be named as hybrid 
architecture [7]. Geoprocessing Web services created in 
accordance with this architecture must support server-side 
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processing (with transferring only results to the client) as well as 
transmission (in one form or another) of the processing tools (i.e. 
executable code) with the ability to run on the client side. 
It should be noted that similar ideas was published by other 
researches using the different designating terms, for example the 
Mobile Code [5]. But the descriptions of complex decision of 
mentioned problems are not known for the author. 

2. METHODS 
The WPS standard assumes server-side mechanism of geospatial 
data processing driven by sequential treating of HTTP requests of 
three types that transmitted to WPS server through a Web server: 
- GetCapabilities request returns an XML file containing 
the metadata of WPS service implemented on the server and the 
metadata (names and general descriptions) of available within that 
service geoprocessing processes, the number of which can be 
arbitrary; 
- DescribeProcess request returns XML file containing 
description of the one or a few processes (such as the number, 
types and formats of input and output data); 
- Execute request implies posting an XML file to the 
WPS server (using HTTP POST method). This file contains all 
the values needed to parameterize and run of the particular 
process and gives start command for the process. 
Another XML file returned to the client as the result of Execute 
request. The file contains some calculated values or references to 
the processed data for downloading. 
The research performed by the author and his colleagues is based 
on the following principles: 
- Using the hybrid architecture for geoprocessing Web 
services design; 
- Supporting the OGC WPS standard; 
- Performing the development using open source software 
only; 
- Using geoportal model for organizing access and usage 
of geoprocessing Web services. 
Python2 programming language was chosen as the main 
development tool which has the following important (in the 
context of research) benefits: 
- Python distribution and usage rules are provided in 
accordance with a free license (PSFL) that includes capability of 
commercial projects realization; 
- Python is an interpreted programming language and 
there are several implementations of interpreters allowing code to 
be executed in different environments and on different software 
platforms. This provides ample opportunities of choice for 
developed code execution methods. In general the CPython 
interpreter being the native Python implementation supports more 
then ten operation systems3 [4, 9]; 
- Python is widely used in scientific research and has a 
lot of software libraries for implementing computations including 
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geospatial data processing (for example such libraries as GDAL4 
and PROJ.45 are ported onto Python); 
- Python is the de facto standard language for GIS add-
ons development (particularly it is built as an integrated 
programming language for extensions design in such desktop 
GISs as ArcGIS6 and QGIS7). 
The core problem of the hybrid geoprocessing Web services 
development is the need to ensure the unity of the executable 
code that should run on significantly different (in the general 
case) server and client software-hardware platforms. At the first 
stage of the study the next simple approach was selected as a 
solution that would ensure unification of core program code. The 
approach consists in idea of Python analytical applications 
normally launching on the server side using some of Python 
interpreters and parallel providing of this applications with an 
interface and installation tools allowing installation as a desktop 
GIS module. In this way the analytical core of process remains 
the unified due to the separation of program logic and program 
interface. 
To use this application on the client side it should be downloaded 
and installed on the client computer. To support the WPS standard 
the WPS server PyWPS8 is used on the server side. It works over 
the Web server and provides the WPS requests performance, run 
geospatial data processing and download links generation for 
processing results that can be transmitted to the client. In general 
the process of data transmission from the server to the client may 
be described as follows. When processing on the server side the 
client requests are executed in accordance with WPS standard, 
geoprocessing tool generates and stores the resulting data on the 
server, WPS server transmits data links to the Web Mapping 
Server, and then through the Web server client gets some links to 
the Web mapping services (that represents processing result) and 
the ability to display data in a browser. In some cases Web 
mapping server is not used and the resulting data download links 
can be passed directly over the Web server. For client-side 
processing the download link to the desktop version of processing 
tool is transmitted via the Web server to client. 

3. ACHIEVEMENTS 
A geoportal prototype9 was designed for publish and use of 
hybrid geoprocessing Web services (key software developer is 
Eduard Kazakov). 
Geoportal model (instead the Web application model or WPS 
server with non GUI interface) was chosen as a publication and 
distribution model due to the fact that the open architecture 
(meaning that in the classic notation geoportal is an open system 
that provides the ability to publish, search and download 
geospatial data, metadata and geoservices from distributed 
sources) may help to develop a distributed (finally global) 
geospatial data storage and processing (in the case of hybrid 
services using) system. 

 
4 http://www.gdal.org 
5 http://trac.osgeo.org/proj/ 
6 http://www.esri.com 
7 http://www.qgis.org 
8 http://pywps.wald.intevation.org 
9 http://195.70.211.131 



Web interface of the geoportal prototype is very simple and 
consists of some panels at the moment (Fig. 1): 
- Servers Panel (1) displays a list of available WPS 
servers (including basic hybrid geoprocessing Web services 
server that runs on the same hardware server) and tools for 
connection of new WPS servers; 
- Search Panel (2) designed for keywords search in the 
list of processes available at the selected WPS server. Names and 
descriptions of available processes are extracted as a result of 
automatic GetCapabilities request execution in the background 
mode; 
- Execute Panel (3) contains controls for parameterization 
of the selected process, pointing the paths to the source files and 
the values of the required variables. Panel content is generated 
automatically based on the results of the DescribeProcess request; 
- Map Panel (4) contains a Web map that displays 
geospatial data generated by the executed process. This control 
was created using the OpenLayers10 Web mapping framework; 
- Show Data Panel (5) designed for setting up of map 
layers on the Map Panel; 
- Tutorials Panel (6) shows additional descriptive 
materials about the chosen geoprocessing process if any of such 
materials are available at the geoportal database; 
- Desktop Version Panel (7) provides the links and brief 
technical information required for download and installation of 
the desktop versions of geoprocessing tools. 

 
Figure 1. Web interface of geoportal prototype designed for 

geoprocessing Web services publishing. 
Development of the desktop versions of geoprocesses is highly 
automated. Required components for desktop version 
performance (e.g. user interface) are generated automatically 
using Python scripts. The described above development 
demonstrates the fundamental possibility of implementing of 
hybrid geoprocessing tools using Python programming. 
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4. DISCUSSION 
The model of hybrid geoprocessing Web services implemented at 
the current stage of the research has some drawbacks obviously. 
The most important are the need of additional work on the 
implementation of geoprocessing processes desktop versions, also 
with duplication of the traditional model of providing extensions 
for desktop GISs through the official repositories in fact. 
The most significant issues that require further elaboration are: 
- Migration from the development of separate desktop 
versions of processes to use of a single module or a separate 
desktop GIS application that will play the role of the runtime for 
desktop geoprocessing on the client computer; 
- Study of mechanism and ways of the extension for WPS 
standard. For example using additional method getProcess (Fig. 2) 
which would allow to receive in some form the executable code 
of process running on the server side for the transmission and run 
in the client runtime; 

 
Figure 2. Modified WPS Interface Diagram with getProcess 

method added. 
- Questions of unification and standardization of 
representation methods of the transmitted code (e.g. text, binary 
or something else); 
- Questions of processes atomization and chaining ways 
and principles; 
- The ways of safely using of executable code derived 
from an external WPS server; 
- Questions of using of the non etalon Python interpreters 
to translate the Python code into executable code that is suitable 
for running in other runtime environments. For example Jython11 
that allows to convert the Python code into Java12 byte-code and 
then run it in the Java Virtual Machine environment [8, 9]. Using 
of the JVM is advisable for consideration in connection with the 
presence of advanced built-in security tools and openness of the 
technology itself. 

5. CONCLUSION 
Under the conditions of development of the distributed geospatial 
data infrastructure it occurs exception to the rule that ideal 
situation in which the source data are stored on a common server 
together with the set of the processing tools and processed 
directly. 
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It may be more applicable and effective in some cases not to 
transfer raw data to the single processing server but send the 
processing tools to the desktop clients or data servers. 

According to opinion of the author of this article, the resolution of 
the problem of supporting client-side (another server side in the 
case of data server) data processing must not conflict with the 
existing practice of server-side geospatial data processing. 
Extending and expanding the WPS standard it is possible to 
propose a software development schema that effectively combines 
the advantages of both computational methods. And more over to 
propose a schema that realizes and provides choice and 
combination abilities of processing on the server and the client 
when implementing of applied solutions. One possible way of 
combining the WPS functionality with the providing of 
downloadable desktop applications has been tested and mentioned 
in the article. The next one has been conceptualized in general as 
desktop runtime environment for downloaded executable code 
and needs to further research. 
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