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Abstract The Internet is an extraordinary re-
source for information about countries throughout
the world.

weather, geography, transportation, politics, news,

There is detailed information about

etc. This data comes in a wvariety of forms in-
cluding web pages, databases, maps, satellite im-
agery, newspapers, online radio and television, and
so on. The problem, of course, is how to mavi-
gate through this abundance of information with-
out getting bogged down in the details of the loca-
tion, organization, and format of the information.
Towards this end we have developed the WorldInfo
Assistant, which extracts and integrates geographic-
related data about countries throughout the world.
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1 Introduction

The Internet provides an enormous amount
of data about countries throughout the world,
but the problem is how to locate, organize and
present all of this information in a way that is
natural and simple to use. To address this chal-
lenge, we have developed an application called
the WorldInfo Assistant, which integrates all
of this geographical and multimedia informa-
tion about countries into a single easy-to-use
framework. The user specifies the region of
the world and the timeframe of interest, and
the system provides the information relative to
these parameters organized into a hierarchical
representation that can be conveniently navi-
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gated.

There are two key underlying technologies
that make the WorldInfo Assistant possible.
First, we have developed a general integra-
tion framework, called Heracles, for building
information assistants. The core of Heracles is
an interactive constraint reasoning system that
makes it easy for the user to navigate through
the large amount of available data without be-
ing overwhelmed with information. Second, we
have developed a set of tools for building wrap-
pers that can turn semistructured data sources
into structured sources. This allows the sys-
tem to access and integrate data from online
Web sources since much of the information is
available in this form and is not available as
databases.

2 The WorldInfo Assistant

The WorldInfo Assistant provides integrated
access to a variety of sources about countries
throughout the world. The initial system pro-
vides only a small fraction of the many sources
available, but the system is very extensible and
demonstrates the ability to integrate and orga-
nize a wide variety of sources. In this section
we describe the key components of the system.

2.1 The Heracles Constraint Rea-
soning System

We have developed a hierarchical constraint
reasoning system called Heracles [3], which
provides the underlying reasoning support for



the WorldInfo Assistant. In general, informa-
tion does not exist in isolation but it is re-
lated to or depends on other pieces of informa-
tion. Heracles captures these relationships and
dependencies in a constraint network. Each
piece of information that the system accesses
or computes is represented as a variable in a
constraint network. The relationships among
variables are specified as constraints. Concep-
tually, a constraint defines the valid combina-
tions of values for a set of variables. A con-
straint is a computable component which may
be implemented by a local table look-up, by the
computation of a local function, by retrieving
a set of tuples from a remote wrapper, or by
calling an arbitrary external program.

The constraint reasoning system propagates
the information entered by the user as well
as the system’s suggestions, and decides when
to launch information requests, evaluate con-
straints, and compute preferences. All of these
tasks run as asynchronous processes to give the
user as much support as possible without inter-
fering with his work.

In order to manage the complexity and
capture the task structure of an application,
closely related variables and constraints are
encapsulated into templates. The templates
are organized hierarchically so that a higher-
level template representing an abstract task
(e.g., Weather) may be decomposed into a set
of more specific subtasks, called subtemplates
(e.g., Current, Future, Statistical). This hier-
archical task network structure further helps to
manage the complexity of an application.

In the WorldInfo Assistant the top-level
template has the major categories of informa-
tion that the system can provide, which in-
cludes weather, news, maps, imagery, etc. At
the top-level the user specifies the region, coun-
try, city, and the time frame of interest. Fig-
ure 1 shows the system after the user has spec-
ified Dakar, Senegal as the region of interest
and March 2001 as the time frame, and the
user has expanded the subtemplate that pro-
vides the detailed weather.
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Figure 1: After the user specifies the region
of interest and timeframe, the system provides
the corresponding data on the weather

2.2 Converting Web Sources into
Live Databases

Access to on-line data sources is a critical
component of our information assistants. In
the WorldInfo Assistant most of the informa-
tion is accessed directly from Web sources, al-
though the system also accesses local and re-
mote databases and programs. To access web
data we build wrappers that turn web sources
into structured data sources. This allows the
system to reason with the data and integrate
the information with other data sources.

We have developed a set of tools for
semi-automatically creating wrappers for web
sources [8]. The tools allow a user to specify by
example what the wrapper should extract from
a source. The examples are then fed to an in-
ductive learning system that generates a set of
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Figure 2: The Graphical User Interface for Building a Wrapper

rules for extracting the required data from a
site. Beyond just creating the rules, we have
also developed techniques for ensuring that the
system is extracting the right data [7], moni-
toring the source to ensure the it continues to
function properly [5], and automatically repair-
ing wrappers in response to format changes in
a site [2]. Once a wrapper for a site has been
created, the system can use that site program-
matically.

For example, we use a wrapper to ex-
tract historical weather data from the Weath-
erbase.com site. The wrapper builder tool is
shown in Figure 2. The bottom right pane in
Figure 2 shows the the original HTML page for
Dakar, Senegal at weatherbase.com. The two
upper panes shown the data that has been ex-
tracted from that page. With this wrapper the
system can send a request to get the historical

weather for a given city and time period. The
wrapper will return the corresponding XML
data. Note that the historical weather data
shown in Figure 1 is for the month of March as
was specified by the user.

2.3 Accessing Multimedia Informa-
tion Sources

The WorldInfo Assistant integrates a vari-
ety of multimedia and geospatial information
sources. The different types of sources that
are integrated into the system include the fol-
lowing:

e Databases — This includes sources such
as the database of information about all
airports throughout the world published
on-line by the National Imagery and Map-
ping Agency (NIMA).



e Semistructured data sources — We
use wrappers to extract information
from web sources such as weather con-
ditions for any place in the world
(from weather.yahoo.com and weath-
erbase.com), basic country information
from the CIA World Factbook, holidays
for any country in the world (from holi-
dayfestival.com), etc.

e Web pages — Some Web sites are better
left as Web sites, so we provide direct links
to sources such as an on-line travel guide
(www.travel-guide.com) as well as links to
newspaper and magazine sites throughout
the world (from www.newsdirectory.com).

o Text sources — We present the relevant
news for a region by presenting the origi-
nal pages of text from CNN.

e Images — We provide direct links to
images of maps for cities and countries
throughout the world, for example, from
the on-line map collection of the Perry-
Castaneda Library at the University of
Texas, Austin (www.lib.utexas.edu).

e Audio — These include the on-line audio
sources for radio stations throughout the
world (from www.comfm.com/live/radio).

e Video — This includes on-line video for
television stations throughout the world
(from www.comfm.com/live/tv).

In addition to the different types of multi-
media data, the WorldInfo Assistant also inte-
grate a variety of the more specialized types of
geospatial data. The geospatial data includes:

e Imagery — We have imagery with resolu-
tions down to 1 meter from NIMA, USGS,
and Spacelmaging for locations through-
out the world.

e Maps — We also have maps at multiple
scales from both NIMA and on-line map
sources (such as the Perry-Castaneda Li-
brary).

o Gazetteer — We have a gazetteer with
over 500 different feature types, such as

airports, rail stations, hospitals, storage
tanks, etc., on locations throughout the
world.

e Vector Data — We have over 60 differ-
ent layers of vector data including roads,
coastlines, railroads, runways, waterways,
etc.

Figure 3 shows the template for selecting
maps for cities and countries throughout the
world. The system shows only the available
maps for Senegal which is the country of inter-
est. Once the user selects one of these, the cor-
responding map is displayed in a Web browser
since the remote site stores the maps in mul-
tiple formats (such as jpeg, gif, and pdf). In
our example the user selects the map for Cap
Vert (Figure 3), and the resulting image ap-
pears in a web browser spawned by the system
(Figure 4).

2.4 Providing an Integrated View of
the Data

One of the key features of the underlying con-
straint reasoning system is that it provides an
integrated view of the different types of infor-
mation. When the user changes a value in one
of the slots in the interface, the system auto-
matically reconsiders all the values for the de-
pendent slots in order to insure that all values
are consistent with the constraints. For ex-
ample, when the user is looking at an image
for a particular area, it also displays the corre-
sponding map as well as the feature data from
the gazetteer and relevant vector data. Fig-
ure 5 shows a satellite image and a map of the
city of Dakar with a set of gazetteer points su-
perimposed both the image and the map. The
gazetteer points also appear as values of several
slots in the interface (not shown in Figure 5).
If the user wants to examine the airport more
closely, then he could either select that point
from the list of gazetteer points or click directly
on the map. Figure 6 shows the result after the
user clicks on the airport and requests the vec-
tor data for the runways of the airport.
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Figure 4: On-line Map of Cap Vert displayed
in an external Web browser spawned by the
system

Since the information is all linked using the
constraint reasoner, once the user selects this
airport, the system also retrieves the detailed
data on the airport closest to the selected lo-
cation. Figure 7 shows the airport data for
the Leopold Sedar Senghor International Air-
port, which includes detailed information on
location, codes, operating hours, communica-
tions, navigational aides, as well as details on
the individual runways. If the user selected a
different airport on the map, the system would
automatically display the corresponding data
for that airport.
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Figure 5: Satellite image of the port of Dakar
with the corresponding map and features
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Figure 7: Detailed information on the Leopold
Sedar Senghor International Airport

3 Related Work

There has been a lot of research in the area
of constraint programming [9], but not much
attention has been paid to the interplay be-
tween information gathering, constraint prop-
agation, and user interaction, which is the fo-
cus of Heracles. Bressan and Goh [1] have
applied constraint reasoning technology to in-
formation integration. However, the specific
problem they are addressing is quite different
from ours. They use constraint logic program-
ming to find relevant sources and construct
an evaluation plan for a user query. In our
system the relevant sources have already been
identified. We focus on user interactivity, flex-
ible integration of information gathering and
other computational constraints in an uniform
framework, and on information propagation in
service of the user tasks.

The growth and changes to the constraint
network that occur in Heracles as a result of
the hierarchical expansion of templates can be

seen as a form of dynamic constraint satisfac-
tion [6]. In dynamic constraint satisfaction the
variables and constraints present in the net-
work are allowed to change with time. Her-
acles imposes a structure to these changes as
they correspond to meaningful units in the ap-
plication: the templates.

Lamma et al. [4] propose a framework
for interactive constraint satisfaction problems
(ICSP) in which the acquisition of values for
each variable is interleaved with the enforce-
ment of constraints. The interactive behavior
of our constraint reasoner also can be seen as a
form of ICSP. However, our approach includes
a notion of hierarchical decomposition and task
orientation. Their application domain is on vi-
sual object recognition, while our focus is on
information integration

4 Conclusion

We have presented an initial prototype of
the WorldInfo Assistant. The system demon-
strates an advance in three different areas.
First, the system provides an integrated view
of the huge amount of information available
on countries throughout the world. Given
the large amount of information available, the
key contribution here is the ability to provide
the user with the relevant data without over-
whelming him with information. Our hierar-
chical constraint system facilitates the orga-
nization of the information, ensures that dis-
played data is always consistent, and offers a
fast response to user interactions. Second, the
system demonstrates the ability to access semi-
structured web data by using wrappers. A
wrapper provides a structured query interface
to a web source and allow the system to ex-
tract precisely the information needed by the
user. Third, the system provides access to the
many different types of multimedia data that
is available over the Internet.

In the future, we plan to extend this sys-
tem in a number of directions. First, we are
in the process in identifying and integrating a
much larger set of sources to build a system



that goes beyond a simple demonstration and
provides a useful operational system. Second,
we are building a version of the system that will
run within a web browser. The challenge in do-
ing this is that the system updates the slots in
real-time as the data becomes available and the
standard web protocols used within a browser
do not naturally support real-time updates.
Third, we are developing the next generation
of the constraint reasoning system, which will
support a richer language of constraints and
allow the user to incorporate their own sources
and corresponding constraints. Finally, we are
exploring the problems of efficiently integrat-
ing spatial data to support spatial queries.
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