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From the Editor
OSGeo has just past its 5th
birthday, along with this 8th
volume of the OSGeo Journal!
With this edition we bring a
few news headlines from the
past couple months, a few
general articles and, most sig-
nificantly, several top papers
from the FOSS4G 2009 con-
ference event held in Sydney, Australia.

The Journal has become a diverse platform for sev-
eral groups and growth in each area is expected to con-
tinue. The key groups that read and contribute to the
Journal include software developers sharing informa-
tion about their projects or communities, power users
showing off their solutions, academia seeking to pub-
lish their research and observations in a peer-reviewed,
open source friendly medium. OSGeo also uses the
Journal to share community updates and the annual
reports of the organisation.

Welcome to those of you who are new to the OSGeo
Journal. Our Journal team and volunteer reviewers and
editors hope you enjoy this volume. We also invite you
to submit your own articles to any of our various sec-

tions. To submit an article, register as an "author" and
sign in at http://osgeo.org/ojs. Then when you log
in you will see an option to submit an article.1

We look forward to working with, and for, you in
the upcoming year. It’s sure to be an interesting year as
we see OSGeo, Open Source in general and all our relate
communities continue to grow. Nowhere else is this
growth more apparent than at our annual conference:
FOSS4G 2011 Denver, September, 2011.2 Keep an eye
on your OSGeo mailing lists, blogs and other feeds to
follow the latest FOSS4G announcements, including
the invitation to submit presentation proposals.3 It will
be as competitive as ever to get a speaking slot, so be
sure to make your title and abstract really stand out.

Wishing you the best for 2011 and hoping to see you
in Denver!

Tyler Mitchell
tmitchell@osgeo.org

Editor in chief, OSGeo Journal
Executive Director, OSGeo

1The direct URL for article submission is: https://www.osgeo.org/ojs/index.php/journal/author/submit
2FOSS4G 2011 Denver: http://2011.foss4g.org
3FOSS4G 2011 Abstract Submission: http://2011.foss4g.org/program
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FOSS4G 2009 Conference Proceedings

From the Academic Track Chair
Prof. Thierry Badard

The FOSS4G 2009 academic
track aimed to bring together
researchers, developers, users
and practitioners – all who
were carrying out research
and development in the free
and open source geospatial
fields and who were willing
to share original, recent devel-
opments and experiences.

The primary goal was to promote cooperative re-
search between OSGeo developers and academia, but
the academic track has also acted as an inventory of cur-
rent research topics. This track was the right forum to
highlight the most important research challenges and
trends in the domain and let them become the basis
for an informal OSGeo research agenda. It has fostered
interdisciplinary discussions in all aspects of the free
and open source geospatial domains. It was organized
to promote networking between the participants, to
initiate and favour discussions regarding cutting-edge
technologies in the field, to exchange research ideas
and to promote international collaboration.

In addition to the OSGeo Foundation23, the ICA (In-
ternational Cartographic Association) working group
on open source geospatial technologies24) was proud
to support the organisation of the track.

The coordinators sought to gather paper submis-
sions globally that addressed theoretical, technical, and
practical topics related to the free and open source
geospatial domain. Suggested topics included, but
were not limited to, the following:

• State of the art developments in Open Source GIS
• Open Source GIS in Education
• Interoperability and standards - OGC, ISO/TC 211,

Metadata
• Spatial Data Infrastructures and Service Oriented Ar-

chitectures
• Free and open source Web Mapping, Web GIS and

Web processing services
• Cartography and advanced styling
• Earth Observation and remote sensing
• Spatial and Spatio-temporal data, analysis and inte-

gration
• Free and Open Source GIS application use cases in

Government, Participatory GIS, Location based ser-
vices, Health, Energy, Water, Urban and Environmen-
tal Planning, Climate change, etc.

In response to the call for papers, 25 articles were
submitted to the academic track. The submissions were
highly diversified, and came from USA, Canada, Thai-
land, Japan, South Korea, Sri Lanka, Australia, New
Zealand, Italy, Denmark, France, Germany, Switzer-
land, Romania and Turkey. Selection of submissions
were based on the full papers received. All submis-
sions were thoroughly peer reviewed by two to three
members of the international scientific committee and
refereed for their quality, originality and relevance. The
scientific committee selected 12 papers (48% acceptance
rate) for presentation at the FOSS4G 2009 conference.
From those, 6 papers were accepted for presentation
in the proceedings of the academic track, which are
published in this volume of the OSGeo Journal. They
correspond to the 6 best papers assessed by the interna-
tional scientific committee.

The accepted and published papers covered a wide
23OSGeo: Open Source Geospatial Foundation: http://osgeo.org
24ICA open source working group: http://ica-opensource.scg.ulaval.ca/
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range of cutting-edge research topics and novel applica-
tions on Free and Open Source Geospatial technologies.
I am particularly proud and happy to see some very
high quality scientific contributions published in the
OSGeo Journal. This will undoubtedly encourage more
interesting research to be published in this volume, as
our OSGeo journal is an open access journal. In addi-
tion, it helps draw attention to this important project of
the OSGeo Foundation. I hope the publication of these
proceedings in the OSGeo journal will encourage fu-
ture scientists, researchers and members of academia to
consider the OSGeo Journal as an increasingly valuable
place to publish their research works and case studies.

As a concluding note, I would like to take the op-
portunity to thank the individuals and institutions that
made the FOSS4G 2009 academic track possible. First,

I would like to thank the international scientific com-
mittee members and external reviewers for evaluating
the assigned papers in a timely and professional man-
ner. Next, I would like to recognize the tremendous
efforts put forward by members of the local organis-
ing committee of FOSS4G 2009 for accommodating and
supporting the academic track. Finally, I want to thank
the authors for their contributions, efforts, patience and
support that made this academic track a huge success.

January, 2011
Prof. Thierry Badard
Laval University, Canada
Chair, FOSS4G 2009 Academic Track
Co-chair, ICA Working Group on Open Source Geospatial Tech-
nologies
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Collaborative Web-Based Mapping of
Real-Time Flight Simulator and Sensor
Data
Rabih Dagher, Cristian Gadea, Bogdan Ionescu, Dan Ionescu
and Robin Tropper

Abstract
Google Maps is an example of how Web 2.0 technology
such as AJAX can be used to create online map services
that are easy to access, user-friendly and fast. Thanks to
flexible web-based mapping APIs, it is now possible for
non-experts to plot and distribute GIS (Geographic In-
formation System) data to a large audience. Most data
plotted so far, however, has been relatively static. In
addition, the typical webpage layout has limited the in-
teraction possibilities for online maps when compared
with windowed desktop applications. This paper will
present a JEE-based publish/subscribe architecture that
allows real-time sensor data to be displayed collabo-
ratively on the web, requiring users to have nothing
more than a web browser and Internet connectivity to
gain access to that data. The architecture is tested us-
ing live data from Microsoft Flight Simulator and data
conforming to the OGC Sensor Observation Service
(SOS) standard. By using the latest web-based tech-
nology from open source projects like OpenLayers and
52North, this paper shows how maps and GIS data can
be made more accessible, more social and generally
more useful.

Introduction
With the growing adoption of social websites like Twit-
ter, the demand for real-time data on the Internet is now
higher than ever before. New web browser technolo-
gies have made it easy for users to access and publish
dynamic data, such as what they are doing and where
they are currently located. However, while there ex-
ist online services that promise “real-time” geographic
data, a closer look will almost always reveal that the
data is delayed or otherwise not presented in a useful
way. In addition, collaborating with others in real-time
on maps themselves containing real-time data has yet
to be attempted from inside a web browser.

This paper introduces a new framework that allows
displaying real-time sensor data within a collabora-
tive web-based environment. The framework extends
the publish/subscribe messaging model to meet the
reliability and scalability demands of a social and col-
laborative online environment based on real-time data.
While the framework can be adapted to a large variety

of real-time streaming data sources, this paper will fo-
cus on live data provided by Microsoft Flight Simulator
2004 and data that conforms to the Sensor Observation
Service (SOS) standard. SOS is one of the Sensor Web
Enablement (SWE) standards of the Open Geospatial
Consortium (OGC), an international standards orga-
nization with nearly 400 supporting companies and
institutions (14).

The real-time data will be rendered by using the
open source OpenLayers API and will be displayed
inside an in-house platform for real-time web-based
collaboration known as UC-IC (“you see I see”). UC-IC
recreates a familiar desktop environment within the
web browser, allowing maps to be organized within
windows and manipulated in user-friendly ways. Ad-
ditionally, the UC-IC platform was designed from the
ground up to provide a social environment that enables
the real-time transfer of applications and information to
and from collaborators. This paper will show how the
UC-IC platform allows for novel ways of interacting
with maps containing real-time GIS data.

The rest of this paper is organized as follows. Back-
ground introduces the technology involved in display-
ing real-time data on the web and analyzes how the
approach presented in this paper differs from exist-
ing solutions. System Design then discusses the unique
client and server design of the proposed system. Results
offers a look at two different deployments of the archi-
tecture: one with real-time data provided by running
instances of Microsoft Flight Simulator, and the other
using live SOS sensor data. Finally, Conclusion reflects
on the contributions of this paper and proposes topics
for future research.

Background
It was just over a decade ago that the Internet was
limited to static content accessed using archaic web
browsers. Despite these limitations, Geographic Infor-
mation System (GIS) data quickly found its place on the
Internet. Released in 1996 as a free service, MapQuest
(9) made it possible for users to search for a location by
name and to navigate the resulting map by using sev-
eral buttons that surrounded the static map image (in-
cluding buttons to select the zoom level). Users would
see the entire webpage refresh for each navigation op-
eration. Even with these inconveniences, there was
something appealing about the interactivity and acces-
sibility brought forth by the Internet that made it a good
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fit for geographic information.
As the Internet evolved to support more dynamic

webpage content through the introduction of Rich In-
ternet Application (RIA) technologies such as Asyn-
chronous JavaScript and XML (AJAX), it came as no
surprise that one of the first websites to make the most
out of this new technology was a mapping site, namely
Google Maps (6). Launched in 2004, Google Maps com-
bined visually appealing maps with a very accessible
user interface. It used AJAX to dynamically load sec-
tions of the map as the user dragged the map with the
mouse cursor, a defining characteristic of what are now
known as “slippy maps” (2).

While Google Maps offered many benefits (includ-
ing that the service and developer tools were available
at no charge), it also had some shortcomings. Its sim-
plified interface, while pleasant to use, omitted support
for the addition and selection of user-defined layers,
such as layers based on the Web Map Service (WMS)
standard defined by the OGC. The API available to de-
velopers required obtaining a key from Google, which
was only functional on one domain and imposed nu-
merous restrictions on how the map was to be used, in-
cluding the following as described in the Google Maps
Terms and Conditions:

Except where you have been specifically licensed to
do so by Google, you may not use Google Maps with
any products, systems, or applications installed or oth-
erwise connected to or in communication with vehi-
cles, capable of vehicle navigation, positioning, dispatch,
real time route guidance, fleet management or similar
applications.(1)

Another limitation of the Google Maps API was that
the API code itself could not be deployed on servers
not owned by Google, meaning that developers had to
rely on Google’s uptime and availability. If developers
wanted to demo their browser-based map application
in an area without Internet access, they would be out
of luck.

Several open source “slippy maps” emerged to ad-
dress these drawbacks, with OpenLayers currently
being the largest after absorbing many of the devel-
opers from the now-defunct MapBuilder project (8).
OpenLayers has appeared in several academic papers
(19)(17). There are no references to any “slippy map”
being used for real-time data within a flexible collabo-
rative environment, however.

Several papers have looked into the implications
of real-time data delivery to a browser (20). In addi-
tion, online “WebOS” environments have existed for
some time (3), although interaction with other users in
these environments is usually limited to basic sharing
of media, and they do not allow for full real-time col-
laboration of entire web-based applications and their
data.

The publish/subscribe messaging model is a well

known solution for real-time communication and is
used in numerous examples, including as part of the
OGC Sensor Alert Service (SAS) implementation of
52North. In this SAS architecture, both Publisher and
Subscriber register themselves on the SAS server and
communicate with each other using the open Extensi-
ble Messaging and Presence Protocol (XMPP) through
a Multi-User Chat (MUC) channel (11). This paper,
however, will present an approach that uses a registry
service and other techniques to ensure that the architec-
ture is scalable and robust enough for streaming data
to a real-time social networking environment.

System Design

This section presents the client-side and server-side de-
sign that allows real-time GIS data to be delivered to a
collaborative web-based environment.

Client-Side Design

The client-side user interface is a web-based implemen-
tation of the desktop metaphor, consisting of familiar
windows, icons and menus that can be manipulated
by using the mouse. The entire environment, how-
ever, is built on top of a collaborative platform that
allows any window to be “sent” to another user. This
is done simply by dragging a window onto an icon on
the web-based desktop representing the friend who is
to receive the application (and who must acknowledge
a dialog to accept it). This sending process is unique
in that the entire application logic, in addition to the
current data within that application, is sent as part of
the window. This is made possible by an advanced
XML-based syntax and dynamic resource loading tech-
niques (AJAX-Push) that go beyond the scope of this
paper.

What is important to note, however, is that this con-
cept of “sending” does not necessarily mean that the
user doing the sending no longer retains the applica-
tion. Rather, both users can have the same window
open, and the inherent collaboration built into the sys-
tem ensures that any actions performed within that
application are automatically synchronized to the other
user. For example, any text being typed into a text
field will be communicated character-by-character to
the other user’s browser so that, as much as possible,
both users always see the same application state. The
environment was named “UC-IC” to highlight these
collaborative characteristics.
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Figure 1: UC-IC environment with JIP Windows open.

Real-time collaboration on UC-IC is supported for
applications programmed in, or able to communicate
through, DHTML (AJAX). This includes Java Applets
and Adobe Flash components, all of which can com-
municate through the DHTML-based UC-IC platform,
offering a flexible environment for collaborative ap-
plication development. Existing applications built on
the UC-IC platform include a videoconferencing/chat
application, a rich-text editor for live co-authoring, a
collaborative video player, and a drawing application
that can be reused for annotations on top of other ap-
plications.

The real-time nature of the platform makes it ideal
for GIS applications dealing with sensor data. The GIS
application implemented on the UC-IC platform was
named Joint Intelligence Picture (JIP) and is shown in
Figure 1. It consists of four different windows that com-
municate with each other through methods provided
by the platform:

Figure 2: Two users collaborating on a JIP Map Window in-
side UC-IC.

JIP Map Window The Map Window contains an inter-
active “slippy map” generated by the OpenLayers
API (10). It is the main window that appears when
JIP is selected from the UC-IC applications list and
it contains buttons for hiding and showing the other
three windows that make up JIP. Inviting other users
to collaborate on a JIP Map Window allows all of
those users to see actions such as zooming, panning
and drawing on the map. Figure 2 shows how a red

circle drawn by one user appears on the collabora-
tive Map Window of another user. A close-up of each
screen is provided in the top half of the image. Other
JIP Windows can also affect the contents of the Map
Window; for example, using the Search Window can
invoke the Map Window to show a specific location.
In addition, markers may be displayed on the map
based on real-time sensor data (for example, GPS
coordinates of a moving vehicle).

JIP Search Window The Search Window contains a
search box and list area where search results ap-
pear. Clicking on a search result updates the JIP Map
Window. A custom geocoding solution provided by
M3Data (4) is used to generate the results.

JIP Layers Window Part of the OpenLayers API, the
Layers Window allows users to choose from a list of
predefined map base layers. The list contains several
custom map layers conforming to the OGC WMS
standard and hosted on a local GeoServer (12) de-
ployment, as well as free WMS layers from NASA
(18) and OpenSteetMaps (15). In addition, the Open-
Layers API supports loading layers from commercial
services such as Google Maps, although these were
avoided for reasons related to ease of deployment as
mentioned in section Background. The Layers Win-
dow also contains checkboxes for showing and hid-
ing the sensor data markers that are to appear on the
map.

JIP Data Window The Data Window contains infor-
mation based on user clicks in the Map Window.
For example, a user can click on a barometric sensor
marker on the map and see a real-time dial indicat-
ing barometric pressure in the Data Window. Like all
windows in the UC-IC environment, the Data Win-
dow can be shared with other users on its own (for
example, if a receiving user only needs to watch the
live dial move and does not need the corresponding
map).

Server-Side Design

In order to obtain real-time SOS data and display it
within the JIP Map Window or Data Window, the web
browser has to be in constant communication with the
UC-IC server using AJAX. The Java Enterprise Edition
(JEE) technology found in the open source JBoss Ap-
plication Server (5) is used to make this possible. Of
particular importance to the real-time architecture is
JBoss’ built-in Java Message Service (JMS) Server called
JBoss Messaging.

JMS allows for asynchronous messaging based on
the publish/subscribe messaging software pattern. The
purpose of a JMS Server (sometimes also called a JMS
Provider) is to route messages between JMS Clients,
which can be either JMS Publishers or JMS Subscribers.
JMS Publishers publish messages to a certain “topic”
on the JMS Server, and JMS Subscribers subscribe to
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that topic to asynchronously receive the messages. The
JBoss Application Server includes a JMS Server, while
JMS Clients can be Java applications that use the JMS
API.

Real-Time
Data Source

JMS Publisher JMS Server 
(JBoss)

JMS Subscriber
(UC-IC Server 

in JBoss)

result

Asynchronous
Forwarding

polling

UC-IC Client 
in Web Browser

AJAX
Request

AJAX
Response

JMS Server 
(with JMS Topic)

JMS Publisher

JMS Publisher

JMS Publisher

JMS Subscriber

JMS Subscriber

JMS 
Publisher

JMS Server

JNDI 
Registry
Server

UC-IC 
Server 

(Subscriber)

Multicast discovery

Advertise & Publish Data

Multicast response

JMS Server Location request
Location response

Multicast discovery
Multicast response

JMS Server Location request
Location response

Multicast discovery

Multicast response Topic assignment

Advertise

Subscribe

Asynchronous
Forwarding

Figure 3: Basic real-time architecture using JMS.

A basic real-time architecture is shown in Figure
3. To initiate the transfer of real-time data, the client
(the user in a web browser) must send an AJAX request
that causes the UC-IC server (the JMS Subscriber) to
subscribe to the real-time stream via the JMS Server.
A JMS Publisher component is tasked with polling a
real-time data source and receiving its response. The
JMS Publisher then publishes the response to the JMS
Server using a pre-arranged topic. The JMS Server then
uses asynchronous messaging to forward the results to
any JMS Subscribers who have subscribed to receive
messages on that specific topic. Finally, the subscribed
UC-IC Server sends the message to the client using
AJAX-Push. The browser based client then parses the
data and displays it within JIP.

This sequence of events can be seen in Figure 4.
Note that, as was shown in Figure 3, multiple JMS Pub-
lishers can be sending real-time data to the JMS Server
at the same time. Additionally, standard JMS methods
exist for unsubscribing (based on an AJAX request from
a user) and terminating the publishing process.

<<Client-Side>>
User UC-IC Server JMS Server JMS Publisher Real-Time Source

Announce

AJAX Subscribe Request
Publish

Subscribe

Get Latest Data

Latest Data

Notification with DataAJAX Response
Notification with Data

Get Latest Data

Latest Data
Publish

Notification with DataAJAX Response
Notification with Data

Get Latest Data

Latest Data
Publish

Notification with DataAJAX Response
Notification with Data

Get Latest Data

Latest Data
Publish

Figure 4: Event sequence for basic real-time data delivery to
web browser.

While the above architecture would be sufficient
for basic real-time data transmission, our final architec-
ture features several enhancements that offer additional
scalability and robustness required for real-time deliv-
ery to a social and collaborative platform like UC-IC.
Having one centralized JMS Server, for example, is not
ideal for real-time data delivery since the JMS Server

could suffer an outage or become overloaded. A JNDI
(Java Naming and Directory Interface) Registry Server
is therefore introduced. The JNDI Registry Server stores
a list of topics and the network address of the corre-
sponding JMS Server where the topic is managed. JMS
Publishers and Subscribers, which are pre-configured
with the topics that they are to access, must first re-
quest the location of a JMS Server via the JNDI Registry
Server. Once they obtain the location of the JMS Server,
they can proceed as above.

By using a JNDI Registry Server, new JMS Servers
can be added to the system with ease, allowing for
much better scalability of the system as the number of
topics increases. In addition, the support for redun-
dancy of the system is increased since topics can be
reassigned to different JMS Servers by changing the val-
ues stored by the JNDI Registry Server. By changing the
location of the topics, JMS Clients can be dynamically
assigned to the best JMS Server for optimal real-time
data delivery.

The architecture robustness is further increased by
keeping a list of alternate JNDI Registry Server loca-
tions in the JMS Servers and JMS Clients. The architec-
ture can also support security through the use of SSL
certificates, although security implications are beyond
the scope of this paper.

Results
The design described in section System Design was ap-
plied to two different deployments: one with real-time
data from Microsoft Flight Simulator, and the other us-
ing live sensor data based on the Sensor Observation
Service (SOS) standard.

Flight Simulator

Figure 5: Flight Simulator test setup overview.

To test how the real-time architecture functions
within a collaborative web-based environment, a con-
trollable real-time data source was needed. Microsoft
Flight Simulator 2004 was selected since the real-time
aircraft data from inside the game could be accessed
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through a driver called FSUIPC (16). By setting up the
JMS Publisher with the driver as the data source, XML
data could be obtained for asynchronous sending to the
UC-IC Server and display on the JIP client. A high-level
view of this architecture is summarized in Figure 5.

Figure 6: Real-time data from three different Microsoft Flight
Simulator sessions displayed inside JIP.

The system was tested with three different Flight
Simulator instances running on three different comput-
ers, each with their own JMS Publisher. This is shown
in Figure 6. As the planes moved, a marker on the JIP
client would move to show each plane’s latest location.
In addition, clicking a marker would populate the JIP
Data Window with additional streaming information,
such as the plane’s current altitude, air speed and head-
ing.

Although it was clear that a stream of data from
the game was being received by the browser, the exact
delay in the data was difficult to gauge. An additional
feature was added that would change the plane marker
color to red in the case of a simulated engine failure,
which could be quickly activated from within Flight
Simulator. The delay was observed to be less than two
seconds when testing on a local network. The JIP Map
Window was shared with five other UC-IC users, who
could navigate and draw on the map while the planes
were moving.

SOS Data
To test the system with more typical GIS sensor data,
a standard SOS server was set up by hosting the open
source 52North SOS Server component (13). The JMS
Publisher component was tasked with polling the SOS
Server using GetObservation requests. The JMS Pub-
lisher then received a response in the OGC Observa-
tion & Measurements (O&M) format. The JMS Pub-
lisher component then sent the O&M response to the
JMS Server component, which would asynchronously
forward it to the UC-IC Server, and the UC-IC Server
would send it for parsing and display on the client us-
ing AJAX. In this case, an open source library called

JFreeChart was used to display the data as a real-time
dial (7).

Again, the real-time performance was very good
with almost no noticeable delay, and the collaborative
nature of the system made it easy to monitor and anno-
tate the data as a group.

Conclusion
This paper introduced an architecture used to deliver
real-time Flight Simulator and SOS sensor data to a
social and collaborative UC-IC environment accessible
from within a web browser. This was accomplished by
using open source technologies, including OpenLayers
to display the real-time data and JBoss to make asyn-
chronous communication possible. The system was
tested by using real-time data from Microsoft Flight
Simulator and a locally-hosted SOS server using open
source components from 52North. In both cases, the
real-time data streamed smoothly to the JIP client ap-
plication and was available for real-time collaboration
with other users of UC-IC.

Future work will attempt to address limitations of
JavaScript memory management techniques used by
browsers, which can cause performance issues if the
real-time data is left streaming for long periods of time.
The SOS standard, for example, offers a less-verbose Ge-
tResult request which is more ideal for real-time data
and would allow for more complex sets of real-time
data to be delivered to the client. Although experi-
ments with mobile devices have already been under-
taken, the great breadth of mobile web browsers has
given inconsistent results when attempting to load the
DHTML-based UC-IC environment, and are worth ex-
ploring further. Finally, other standards such as the
Sensor Alert Service could be implemented to commu-
nicate scenarios like the plane engine failure.
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Figure 13: The results of the three models overlaid above the original. Green is the top layer and is the result of the ArcGIS
ModelBuilder, Purple the result of the Sextante Modeler and blue the result of the MapWindow Modeler.

Discussion and Conclusions

The MapWindow GIS Modeler is a versatile model-
ing environment, which can handle many different
data types. It executes models in similar time to other
GIS modeling environments and faster than other open
source ones. Due to its modular and extensible archi-
tecture it can use tools of many different designs. The
design flexibility not only allows tools to function in a
wide variety of different ways, but it allows tools and
their associated parameters to be generated from any
number of sources. Its ease of use for end users and
developers, as well as its integration with MapWindow
GIS 6 and MapWindow GIS 4, ensures that the widest
range of users will have access to the program. By
building on the successful design of previous genera-
tions of MapWindow GIS, the MapWindow Modeler
benefits from all of the development expertise, keeping
the designs that were the most effective while eliminat-
ing some of the more constrictive problems. It is one
more tool available to both developers looking to create
new modeling tools and end users wishing to create
models with such tools.

Brian Marchionni & Daniel Ames,
Idaho State University
marcbria@isu.edu

dan.ames@isu.edu
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