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1. INTRODUCTION 
Street maps are a key element in Web-based geographic 
information systems. They can be used in business directories, 
mash-ups (e.g., hiking trails and event locations), geo-social or 
geo-political applications, and various other geographic based 
systems including local search. They are important because they 
make the connection between information and geography, 
allowing the user to quickly get a frame of reference based on 
their current knowledge, and learn more about the spatial 
relationships between locations. Although street maps can be 
added to websites easily using an API, this is not always desired. 
We outline the free/open source software and data to use to create 
customized street maps. In section 2 we discuss related works. 
Section 3 outlines the system architecture for a Web-deployed 
street map. We discuss a process for developing a street map in 
section 4 followed by the conclusion in section 5. 
 

2.  RELATED WORK 
There are several ways one can add a street map to their Web site.  
One approach is to use third party APIs which are available to the 
general public, are quick to deploy and require few resources. 
However the level of customization is often restricted to simple 
operations and you may be limited to a certain number of 
transactions. In the case of Local Search you may also be in 
competition with the provider of the API which can bring up legal 
issues. Google, Yahoo!, Microsoft, MapQuest, and GenieKnows1 
all provide such APIs. Another option is to buy a custom solution. 
A custom solution can come in the form of a service or an out-of-
the-box product that you can deploy yourself. However, custom 
solutions often require one to pay for both the data and the 
software, and there is often a transactional fee as well. Map 24 
and ESRI are two examples of providers of such services. A third 

option, and the one we discuss in this paper, is to build a street 
map yourself, using open source software and free data. This 
approach generally allows for more freedom of customization and 
the cost is the hardware required to run your map servers and the 
time it takes to create your solution. Although this approach will 
take more time than the other options, as long as your data is 
without restrictions, there are no limits on usage outside of those 
imposed by the hardware, and in the case of Local Search, you 
will not necessarily be supporting a competitor. 
 

3. SYSTEM ARCHITECTURE 
The mapping solution discussed here conforms to a client-server 
architecture, as shown in Figure 1. The architecture described 
consists of the map server, the map client, and the map data. A 
map server stores the map data and is used to handle requests 
from a map client. The map server renders portions of the map 
into images while facilitating customization of the styles used to 
render the map. Map clients are typically implemented in 
JavaScript or Flash and run in a Web browser. The map data, as 
described later in section 4.1, and comes in vector format. Types 
of vector data include points, lines, and polygons and often have 
non-geographic information attached. The map client-side 
software must facilitate complete customization of the appearance 
of the controls used to navigate the street map.  
 

4. BUILDING A STREET MAP 
There are many components in building a street map. These 
include data and data refinement, server side software, and client 
side software. 

4.1 Map Data 
Data comes in many open formats such as Shapefiles, GML, or 
easy-parsing text based formats. When making your own street 
map, you have the choice between free data and paid data. The US 
Census Bureau produces a free product called Tiger/LINE [9] 
which unlike many paid alternatives does not have a base cost or 
transactional fee. Tiger/LINE data contains among other things; 
Roads, water bodies, areas of interest (e.g., parks, hospitals, 
cemeteries, shopping centres, etc.), points of interest (e.g., 
landmarks, businesses, churches, etc.), railways, ferry routes, and 
county subdivisions (city areas). Outside of the USA, 
OpenStreetMap [5] provides free data for many countries, 
including European countries. The data is assembled from 
different sources, including a lot of manual effort, and its 
correctness is verified by people. The drawback to using 
OpenStreetMap data is that there are areas where the data is 
incomplete. Data can also be purchased. Some data providers 

 

1 At the time of writing, GenieKnows offered a map API in private beta. 
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include Navteq, and TeleAtlas. Paid data is generally complete, 
accurate, and includes attributes not given in many free data 
sources (i.e. one-way streets, and routing hierarchies). However, 
this data often comes with a large base cost, and a transactional 
cost depending on the use. For maps of the USA, we suggest the 
use of Tiger/LINE data. For other parts of the world, 
OpenStreetMap is a good choice. We use Tiger/LINE data in our 
example. 
 

4.2 Data Refinement 
In many cases the data does not come in a form that is the best for 
the application. For example a popular method for labeling cities 
is using a central point, which could be based on geography or 
some social or political factor. Tiger/LINE has city polygons 
which can be useful for generating this data. In another example, 
roads most often come in the form of centre lines but it may be 
desired to regenerate this data as polygons and add width based on 
a measurement system not dependant on scale. This can improve 
the performance of rendering in some cases, and will make size 
setting and styling of roads much simpler. If you have data from 
multiple sources with different record structures, which needs to 
be used in the same manner, it may be desirable to convert it into 
a single format. The Python programming language has 
extensions that can be used to make many of these tasks easier 
and faster to implement. For example, ShapeLib [7] has a python 
extension that can be used to parse shape files, Polygon [6] can 
be used to perform operations on polygons, and the GIS-Python-
Plone Laboratory [8] provides a spatial index library, which can 
help optimize algorithms working on spatial data. Another 
alternative would be PostgreSQL with PostGIS for such tasks. 
 

4.3 Server/Rendering Software 
MapServer [3] is our package of choice for rendering maps. An 
alternative to MapServer is mapnik [2], which is the rendering 
engine of choice for OpenStreetMap. MapServer also provides a 
CGI interface that handles web requests for map renderings. 
MapServer supports many of data formats, which include raster, 
vector, and database formats. MapServer can be run on Windows, 
Linux, and Mac OS X, and provides a scripting interface that can 
be used for rendering maps in PHP, Python, Perl, Ruby, Java, and 
.NET. MapServer also supports many coordinate systems 
(projections). Using the Anti-Grain Geometry library, MapServer 
can produce high quality renderings, and can output images in 
formats including bitmaps, and SVG. MapServer is used in many 
ready-to-use open source application environments. The styles 
and data sources used by MapServer to render a map are specified 
using a MapFile. MapFiles are in the form of a script in which you 
specify a data type (roads, areas of interest, etc.) as a layer. Within 
each layer, classes can be defined, which contain styles, and are 
enabled based on expressions that match numeric and string 
records within the data, as well as the current scale. MapServer 
also includes useful utility programs. If it is required to merge 
data of the same type and record layout then tile4ms can be 
used, and the utility program shptree can be used to optimize 
shape files using quad-tree indexes.  
 

4.4 Client-Side Software 
The client side software we believe is best for the task at hand is 
OpenLayers [4]. It is written entirely in JavaScript, is actively 
developed and supports the majority of Web browsers. 
OpenLayers is easy to extend and customize. An example of such 
customization can be seen at GenieKnows [1] (see Figure 2). 

OpenLayers provides real-time, interactive map navigation, and is 
generally fast. OpenLayers has support for adding overlays 
(GML, KML, etc.) as well as markers and pop-up windows. 
OpenLayers can request map images from various sources 
including MapServer’s CGI Interface. OpenStreetMap employs 
OpenLayers as its map client. 
 

4.5 Ten Steps to Creating the Map 
1. Download and install MapServer [3]. 
2. Set up your Web server, and install the MapServer CGI 

script. You should also create a basic map file at this 
stage to test your installation.  

3. Download the Tiger/LINE data [9]. We suggest using 
an FTP client for this, as the data is split into folders by 
state and county. 

4. Perform data refinement; for example, create road 
encasements, city centres, or any data refinement that is 
desired or required for your application. 

5. Merge similar data with tile indexes using MapServer’s  
tile4ms and add layers to your map file. Most data 
useful in creating a street map in Tiger/LINE requires 
merging if more than one county is used. 

6. Optimize data using MapServer quad-tree indexes using 
shptree. 

7. Create a test page using OpenLayers [4] in a Web page. 
8. Customize your MapFile and OpenLayers Layer 

settings such as scales, projections, styles, etc. 
9. Customize OpenLayers by adding buttons, custom 

controls, overview map, etc. 
10. Test and deploy. 

Figure 2 presents a screenshot that illustrates a highly customized 
version of MapServer, OpenLayers, and the Tiger/LINE data as as 
used by the local search engine GenieKnows. Figure 3 shows a 
screenshot of a map of Washington, DC that uses vanilla 
MapServer, OpenLayers, and Tiger/LINE data. This map was 
created in about six hours. 

5. CONCLUSION 
We have outlined a solution to creating a Web-deployed street 
map using open source software (MapServer, OpenLayers), and 
free data (Tiger/LINE or OpenStreetMap). We have shown by 
example that creating a fully customized street map solution is not 
only possible but is a viable alternative to other existing non-free 
solutions. 
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Figure 1. The Architecture of a Web-deployed street map. 
 
 
 
 

 
 

Figure 2. Example of customized street map using MapServer, OpenLayers, and Tiger/LINE data 
 
 

 

Figure 3. Test map made using MapServer, OpenLayers, and Tiger/LINE data for Washington, DC
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1. INTRODUCTION
Many informational web search queries seek information

about named entities residing in structured databases. The
information about entities that a user is seeking could be
available from the structured database, or from other web
pages. For example, consider an informational query such
as [lowlight digital cameras]. A large structured database
consisting of products may contain several products that are
relevant for the user’s query. Surfacing a set of the most
relevant products to the user and then enabling her to ob-
tain more information about one or more of them would be
very useful. Ideally, we would like a portal- like functional-
ity which provides an overview of all relevant products, and
further allows drill down on them.

The need for structured data search is illustrated by the
proliferation of vertical search engines for products [3, 1],
celebrities [2], etc. Current web search engines already fed-
erate queries to one or more structured databases containing
information about named entities products, people, movies
and locations. Each structured database is searched individ-
ually and the relevant structured data items are returned to
the web search engine. The search engine gathers the struc-
tured search results and displays them along side the web
search results. However, this approach does not enable a
portal-like functionality due to two key limitations.
Incomplete Results: Current federated search over each
structured database is “silo-ed” in that it exclusively uses the
information in the structured database to find matching en-
tities. That is, the query keywords are matched only against
the information in the structured database. The results from
the structured database search are therefore independent of
the results from web search. We refer to this type of struc-
tured data search as silo-ed search.

While the silo-ed search works well for some queries, it
would return incomplete or even empty results for a broad
class of queries. Consider the query [lowlight digital cameras]
against a product database containing the name, descrip-
tion, and technical specifications for each product. Canon

EOS Digital Rebel Xti may be a relevant product but the
query keyword {lowlight} may not occur in its name, descrip-
tion or technical specifications. Silo-ed search over the above
product database would fail to return this relevant product.
Reviews of the product may describe it using those keywords
and can help deduce that the product is relevant to the query.
However, the structured database may not contain the com-

Copyright is held by the author/owner(s).
WWW2009, April 20-24, 2009, Madrid, Spain.
.

prehensive set of reviews of each product necessary to iden-
tify the relevant products. Hence, a silo-ed search against
the structured database may miss very relevant results [5].
In fact, current search engines which adopt such a silo-ed
search approach over product databases do not return any
product entity for our example query.
Inadequate Information for Drill Down: When enti-
ties in a structured database are found to be relevant for
a user’s query, current approaches return only information
about the entity that is available within the database. The
information in the database might be inadequate. Often, the
user’s need might be better served by information on the
web. For example, consider the product Canon EOS Digital

Rebel Xti. The database might have information about the
technical specifications, price, and may be the manual for
this product. However, a user might also be interested in
reviews, device drivers which are available on the web. Pro-
viding links to that information would satisfy her information
requirement.

In this paper, we propose the Query Portals technology to
address the above two limitations by (i) leveraging web search
results to identify entities in structured databases relevant for
informational queries, and (ii) enabling users to drill down
and obtain specific information from the web on any of these
entities. Thus, we attempt to create a dynamic portal-like
functionality by providing an overview with a set of entities
relevant to a web search query, and then allowing users to
drill down into one or more of these entities.

We now briefly discuss the intuition behind our approach
for addressing the two limitations discussed earlier.
Addressing the Limitation of Incomplete Results: Our
main insight for addressing this limitation is to leverage web
search results [5]. Our approach is to first establish the rela-
tionships between web documents and the entities in struc-
tured databases. Subsequently, we leverage the top web
search results and the relationships between the result docu-
ments and the entities to identify the most relevant entities.
Consider our example query [lowlight digital cameras]. Sev-
eral web documents from product review sites, blogs and
discussion forums may mention the relevant products in the
context of the query keywords {lowlight, digital, cameras}.
Therefore, the documents returned by a web search engine
are also likely to mention products that are relevant to the
user query. We identify the relevant products using the doc-
uments returned by a web search engine. Since we leverage
web search results, our approach can return entity results for
a much wider range of queries compared to silo-ed search [5].

A screenshot of the set of relevant product entities, e.g.



Figure 1: Related product entities Figure 2: Information links for an entity

Canon EOS Digital Rebel Xti, returned by our Query Por-
tals system for the query [lowlight digital cameras] is shown
in Figure 1. The set of relevant entities (grouped by the
brand name—Canon, Fuji, Nikon, etc.—in this particular ex-
ample) provides the user with a quick overview of the product
entities related to her query.
Overcoming Information Inadequacy for Drill Down:
After looking at the set of all relevant entities, the user may
want to obtain more entity-specific information, which may
not be available in the structured database. Our approach
for addressing this limitation is to exploit the content on the
web and the web search engines. Specifically, we consider
two ways of enabling users to obtain more information on
the web about an entity. First, when available, we suggest
authoritative web sites where a user can find extensive in-
formation about an entity. Second, we surface focused web
search queries per entity to enable a user obtain very spe-
cific information on the web about an entity. We refer to
the union of authoritative web sites and focused web search
queries for a specific entity as entity information links. We
rely on the query logs, category information about entities,
and the web document snapshot in order to automatically
identify information links per entity.

The entity information links we show for the example en-
tity Canon EOS Digital Rebel Xti is illustrated in Figure 2.
We suggest authoritative web sites such as CNet.com, or com-
parison shopping sites such as MSN Shopping. We also sug-
gest focused web search queries (such as [Canon EOS Digital
Rebel Xti reviews]) to enable a user obtain reviews, bat-
teries, accessories, drivers, RAM memory for this product.
Depending on the user’s information requirement, she may
choose one or more of these suggestions. Note that our ap-
proach is complementary to the information about an entity
already available in a structured database.

In summary, the Query portals system presents a user with
an overview of the entities (along with web search results) rel-
evant to her query and further enables her to obtain specific
information about any of the entities.

2. ARCHITECTURE
We now describe the architecture of the Query Portals sys-

tem. As shown in Figure 3, the system has pre-processing
and query-time processing components. The pre-processing
components prepare the Query Portals system so that while
processing a web search query, the query-time processing
components can efficiently identify relevant entities and in-

formation links per entity.
The query portals system has two pre-processing compo-

nents: entity extraction and entity information links identi-
fication components. We first briefly discuss these two com-
ponents.
Entity Extraction: The first entity extraction component
takes a collection of web documents as input along with the
entity database and outputs a relation consisting for each
URL in the web snapshot mentions of entities in the given
entity database. The entity extraction component analyzes
each web document in the collection and outputs a list of
[url, entity name, id, position in document] tuples. We refer
to this relation as the URL-EntityList relation.

In general, our system can build upon any entity extrac-
tion technology [6]. We now sketch the approach adopted
in the Query Portals system. Our observation is that the
entity database defines the universe of entities we need to
extract from web documents. For any entity not in the en-
tity database, we cannot provide the rich experience to a
user as the entity is not associated with any additional in-
formation. Such entities would therefore not be returned as
results. We therefore constrain the set of entities that need to
be identified in a web document to be from the given entity
database. By doing so, we can avoid the additional effort
and time spent by current entity extraction techniques to
extract entities not in the target entity database. We lever-
age this entity database membership constraint to develop
techniques (i) which can handle a wide variety of structured
data domains, and (ii) which are also significantly more effi-
cient than traditional entity extraction techniques. The task
now is to analyze document sub-strings which match with an
entity name in the given database [4].

However, in most realistic scenarios, say for extracting
product names, expecting that a sub-string in a web docu-
ment matches exactly with an entry in a structured database
table is very limiting. For example, consider the product en-
tity Canon EOS Digital Rebel Xti. In many documents,
users may just refer to this product by writing Canon XTI.
Insisting that sub-strings in documents match exactly with
entity names in the reference table may likely cause these
product mentions to be not extracted. Therefore, it is very
important to consider approximate matches between docu-
ment sub-strings and entity names in a reference table [10, 8].
The approximate matching technology we use in the Query
Portals system is described in [9, 8].



Another issue is that of pruning out document sub-strings
which match an entity name in the database without intend-
ing to refer to the entity. For example, the distinction be-
tween the movie “60 seconds” versus a phrase “60 seconds”
(in reference to time) is important while extracting a set of
movies. We apply known techniques for the entity recogni-
tion step [10, 11].
Entity Information Links Identification: The second
component identifies authoritative web sites and focused web
search queries for each entity in the given structured database.
The output of this component is the Entity-InformationLinks
relation. The information links for an entity consists of a set
of authoritative web sites which provide detailed information
for the entity, and a set of focused web search queries which
may obtain informative web page results about more specific
aspects of the entity.

We rely on entity attribute and category information, do-
main knowledge, query logs, and web document snapshot
to identify information links per entity. Due to space con-
straints, we skip details of the specific techniques. The basic
intuition behind our techniques is as follows. If for a number
of entities within a certain category, many users are issuing
queries of the form [e X], then we hypothesize that for every
entity e in the category X is important. In this paper, we
focus on X being either a web site domain (such as CNet or
MSN shopping) or a keyword (such as batteries or software
manuals). We also apply other processing (such as stop word
removal, stemming, removing approximate duplicates, and a
few domain-specific filters) over the web site domains and
keywords to ensure that the resulting suggestions are robust
and accurate. We use the web site domains as authoritative
web sites and the keywords to generate focused web search
queries for all entities in the category.

We now briefly discuss the three query-time components.
Entity Retrieval: The task of entity retrieval is to lookup
the URL-EntityList relation (materialized by the Entity Ex-
traction pre-processing component) for each of the URLs in
the top results from a web search engine for the user’s query,
and retrieve the set of entities mentioned in the document
along with their positions. To enable efficient retrieval of
entities per URL, we store the URL-EntityList relation in a
database and index it on the URL column.
Entity Aggregation and Ranking: This component ranks
the set of all entities returned by the entity retrieval compo-
nent. We rely on a custom scoring function which takes into
account several features for each entity: the number of times
the entity is mentioned, the ranks assigned by the web search
engine to the documents mentioning the entity, the positions
of the entity mentions within the document, the category to
which the entity belongs. We only select the entities whose
scores are above a pre-determined threshold, and rank them
in the descending order of their scores. In general, other
scoring functions or rankers based on machine learning tech-
niques may be used in this context, provided we have the
required training data [5, 7]. We will investigate such alter-
native techniques in future.
Information Link Retrieval: The task of this component
is to lookup the Entity-InformationLinks relation (materi-
alized by the Entity Information Links Identification pre-
processing component) to retrieve the information links for
each relevant entity. To enable efficient retrieval of the infor-
mation links per entity, we store the Entity-InformationLinks
relation in a database and index it on the entity id column.
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Figure 3: Query Portals Architecture

We then display the entities by grouping them on entity type
(people or products) and an interesting attribute of the en-
tity, say, the brand name as shown in Figure 1. Currently,
the attributes on which we group relevant entities by are de-
termined upfront per entity category.

3. SUMMARY
The Query Portals system dynamically creates a portal like

functionality by creating an overview of all entities relevant to
a given query, and then enabling users to drill down and ob-
tain information from the web on specific aspects of an entity.
We address the two key limitations of current vertical search
engines which only search and surface information about en-
tities in a structured database. We address these limitations
by establishing the connections between web documents and
entities in the given database. We effectively leverage these
connections along with a web search engine to achieve the
portal like functionality.

4. REFERENCES
[1] http://search.live.com/products/.

[2] http://search.live.com/xrank?form=xrank1.
[3] http://www.google.com/products.

[4] S. Agrawal, K. Chakrabarti, S. Chaudhuri, and V. Ganti.
Scalable ad-hoc entity extraction from text collections. In
VLDB, 2008.

[5] S. Agrawal, K. Chakrabarti, S. Chaudhuri, V. Ganti,
C. König, and D. Xin. Exploiting web search engines to
search structured databases. In WWW Conference, 2009.

[6] D. E. Appelt and D. Israel. Introduction to Information
Extraction Technology. IJCAI-99 Tutorial, 1999.

[7] C. Burges, T. Shaked, E. Renshaw, A. Lazier, M. Deeds,
N. Hamilton, and G. Hullender. Learning to Rank using
Gradient Descent. In ICML, 2005.

[8] K. Chakrabarti, S. Chaudhuri, V. Ganti, and D. Xin. An
efficient filter for approximate membership checking. In
ACM SIGMOD Conference, 2008.

[9] S. Chaudhuri, V. Ganti, and D. Xin. Exploiting web search
to generate synonyms for entities. In WWW Conference,
2009.

[10] W. Cohen and S. Sarawagi. Exploiting dictionaries in named
entity extraction: combining semi-markov extraction
processes and data integration methods. In ACM SIGKDD
Conference, 2004.

[11] V. Ganti, A. C. König, and R. Vernica. Entity
Categorization over Large Document Collections. In ACM
SIGKDD, 2008.



A Semantic Web Ready Service Language
for Large-Scale Earth Science Archives

Peter Baumann
Jacobs University Bremen, Germany Campus Ring 12 Bremen, Germany

p.baumann@jacobs-university.de

ABSTRACT
The discussion about Semantic Web ready services usually
concentrates on alphanumeric information. In this contri-
bution we consider semantic services on raster data instead,
focusing on geo-spatial application domains.

Concretely, the Open GeoSpatial Consortium (OGC) Web
Coverage Processing Service (WCPS) Interface Standard de-
fines a raster retrieval language suitable for ad-hoc naviga-
tion, extraction, and analysis of large, multi-dimensional
data sets. Due to its formalized semantics definition it
is suitable for reasoning and automatic service chaining.
We present the language concept, also considering discov-
erability, chaining, declarativeness, safe evaluation, and op-
timizability. Further, implementation details are briefly ad-
dressed.

Categories and Subject Descriptors
H.5.3 [Information Systems]: Information Interfaces and
Presentation—Group and Organization Interfaces

General Terms
Languages, Standardization

Keywords
multi-dimensional raster, geo service standards, OGC, WCPS

1. INTRODUCTION
Geo data traditionally are categorized into vector, raster,

and meta data. The latter category receives plentiful at-
tention by the Web research community, as it can be ad-
dressed by common Semantic Web techniques. Vector data
are considered to some extent. Raster data, however, al-
though contributing the largest data volumes, are neglected
hitherto.

Recently, Earth sciences more and more strive for inte-
grated services for uniform, cross-discpline access to such
data. For 2-D maps this is common already, with many
services being in operation or under construction; for fur-
ther dimensions, such as 1-D sensor time series, 3-D x/y/t
time series, 3-D x/y/z geophysical data, and 4-D x/y/z/t
oceanographic or atmospheric data, usually bespoke extract-
and-download interfaces are deployed where the common de-
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nominator is a file format like NetCDF1. Notably data sizes
frequently amount to multi-Terabyte volumes for single ob-
jects, soon Petabytes. In the end, services on the level of
file access lack qualities like automatic contents discovery,
service chaining, as well as flexible retrieval and analysis.

The Open GeoSpatial Consortium (OGC)2 is the main
driving force in establishing standards for open, interopera-
ble geo services, in close collaboration with other standard-
ization bodies like ISO, OASIS, and the W3C. Among its
modular family of standards is the Web Coverage Service
(WCS) standard for open, interoperable access to large-scale
multi-dimensional geo raster data [9], in OGC speak ”cov-
erages”.

Several requests have been brought forward over time to
extend WCS with some particular processing functionality.
The WCS group decided to keep WCS simple and, instead of
adding a plethora of unrelated functions, offer a request lan-
guage which allows expressing an open-ended set of sensor,
imaging, and statistical operations. The result is the OGC
Web Coverage Processing Service (WCPS) [1]. It shares its
conceptual coverage model with WCS and adds a coverage
expression language for server-side extraction, processing,
and analysis. In its design, several conflicting requirements
had to be observed:

• readers without background and inclination for a for-
mal treatment must feel comfortable with it;

• to achieve interoperability the specification must be
sufficiently concise and complete to obtain an unam-
biguous description;

• the resulting syntax should be convenient to read for
humans and easy to parse for machine consumption;

• the language concept must be prepared for automatic
discovery and service chaining;

• the language must be declarative, optimizable, and
safe in evaluation;

• capabilities and resources required by a particular query
must be detectable easily;

• the concept should comply with ”the usual way of do-
ing it” and avoid cumbersome particularities.

The standard documents and XML schemas can be down-
loaded from www.opengeospatial.org/standards/wcps. A

1available from www.unidata.ucar.edu/packages/netcdf/
2www.opengeospatial.org



WCPS demo website showcasing 1-D to 4-D retrieval use
cases is under construction at www.earthlook.org; addition-
ally, a demo video is available on www.earthlook.org/videos/.

In this contribution the WCPS language concept, design
rationales, and features like discoverability, chaining, declar-
ativeness, safe evaluation, and optimizability are presented.
Further, the reference implementation stack, which will be
released in open source, is detailed. The author is co-chair
of the WCS Working Group and the Coverages Working
Group; he has developed the WCPS specification and is
principal architect of the WCPS reference implementation.

2. CONCEPTUAL MODEL
Like all OGC standards, WCPS is crafted as a Web ser-

vice offering initialization, information, and action requests.
A client initially submits a GetCapabilities request to the
server which responds with a summary of its capabilities
and a list of the coverages served. For each such coverage, a
DescribeCoverage request will produce further details, such
as spatial reference system, bounding box coordinates, cell
type3. Finally, a ProcessCoverages request ships a process-
ing expression to the server, which responds with either a
list of coverages, or a list of scalars, or a URL under which
the result can be downloaded subsequently.

ISO 19123 [5] defines a coverage as ”a function from a
spatio-temporal domain to an attribute domain”. This is
adopted by WCS and likewise WCPS. Simplified, a cover-
age consists of a multi-dimensional array, a locally unique
title (i.e., identifier), a bounding box (its domain), one or
more coordinate reference systems (one of which must be an
Image CRS allowing to address pixels by integer array co-
ordinates), and the array cell type (its range type), which is
a list of named atomic components. For each range compo-
nent its null values can be indicated, plus the interpolation
methods applicable to this component.

A WCPS expression iterates over lists of such server-side
stored coverages; several lists can be indicated emulating
”nested loops”. A variable is bound to each element in-
spected. In each iteration an optional filter predicate is ap-
plied which can suppress this item in the result list. The re-
sult of each iteration is generated according to a processing
clause using the coverage variables. Among the processing
operators available are

• induced operations which apply an operation available
on the cell type simultaneously to all cell values; these
include unary and binary arithmetic, exponential, tri-
gonometric, and boolean operations;

• spatio-temporal subsetting operations, in particular cut-
out (trim) and slicing;

• condensers allow to derive summary information (such
as count, min, max, some, all);

• a general array constructor to derive completely new
arrays (such as histograms);

• reprojection, i.e., transformation of the coverage into
another coordinate reference system;

• auxiliary functions, such as metadata extraction.

3We collectively refer to pixel, voxel, etc. as cell.

The following request assumes three coverage objects A,
B, and C on the server. These coverages are inspected in
sequence, binding it to variable $c. Coverages are only con-
sidered for the result set if the coverage’s red maximum
exceeds threshold 127. For the coverages selected, their red
and nir (near infra-red) components are added pixelwise.
The result image is encoded in TIFF and shipped back to
the client together with accompanying metadata:

for $c in ( A, B, C )

where max( $c.red ) > 127

return encode( $c.red + $c.nir, "tiff" )

This encoding-independent Abstract Syntax of WCPS is
accompanied by separate protocols which define HTTP GET
/ KVP and POST / XML bindings.

The expressive power of this language allows to perform
a range of statistics, imaging, and signal processing opera-
tions, such as aggregation/roll-up, modes, convolutions and
filter kernels. Recursion tentatively has been omitted to
obtain a language which is ”safe in evaluation”; this term,
stemming from database technology, indicates that any re-
quest submitted is guaranteed to terminate in finite time.
This is not a real limitation - the goal is not to establish im-
age processing functionality in general, rather to allow for
flexible server-side data extraction, which foremost means
data reduction. Advanced image processing may well be sit-
uated on client side to perform analysis of the data set, pos-
sibly reduced from a Terabyte to a Gigabyte, on the user’s
local machine.

3. SEMANTIC WEB FACETS
Based on the sketch of WCPS presented we briefly reflect

on core properties relevant for high-level raster semantics.
Discoverability is achieved through a mechanism generic to
all OGC services. A GetCapabilities request, which usually
is issued first in a client-server interaction sequence, informs
about the request types the server supports plus the cover-
ages (i.e., raster objects) offered by this server. This allows
for automatic harvesting of capabilities from WCPS servers.
Safe evaluation, a concept developed in the database do-
main, indicates that requests are guaranteed to terminate
after finite time. This can be proven based on the seman-
tics definition. Declarativeness denotes that a language does
not prescribe what operations the server should execute in
sequence, but rather describes the result. For example, the
SQL database language does not foresee explicit iteration
over table rows, but describes the intended result in a set-
oriented manner. Similarly, WCPS does not include loops
for iterating over coverage cells, but guides users to opera-
tion formulations which leave open the array cell inspection
sequence. This forms the basis for optimizability, which has
been studied in depth with the conceptually similar rasql
language [6]; both logical optimization (i.e., algebraic rewrit-
ing) [7] and physical optimization (such as preaggregation
[3], just-in-time compilation [4], and GPU code generation
[8]) have been investigated. Automatic chaining is possible
due to the machine-readable semantics of a processing re-
quest. Queries can be rephrased – in particular: split and
distributed – based on syntactic criteria. It is one of our cur-
rent research topics to achieve optimal orchestration within
clouds with given node properties (such as data location,
computing power, capabilities, etc.) and given networks per-
formance.



4. IMPLEMENTATION
The WCPS reference implementation stack (Figure 1) con-

sists of a standard WCS service which additionally imple-
ments the ProcessCoverages request type. Both the syntax
above (using an ANTLR parser) and XML (using a Xerces
parser) are accepted.

On server side, a Java servlet handles incoming requests,
resolves the geo semantics (such as different coordinate ref-
erence systems) and transforms them into rasql requests [6]
which then are passed on to the rasdaman array server, the
actual workhorse. Results obtained are MIME-encoded and
shipped back to the client. Rasdaman is a multi-dimensional
array DBMS, implemented in C++, that is capable of stor-
ing and querying raster data of freely definable size, dimen-
sion, and cell type [2]. Array data are partitioned (tiled) into
BLOBs (”Binary Large Objects”) of a few Megabytes each
and stored inside some relational DBMS. A simple driver
interface allows to attach to virtually any DBMS, in case
of earthlook.org the PostgreSQL open-source DBMS. The
WCPS component itself additionally maintains several ta-
bles for the metadata of the coverages served.

Several client interfaces are under development. The WCPS
GUI employs a visual programming paradigm (Figure 2)
which allows to directly create, fold, unfold, and edit a parse
tree based on meta-information automatically retrieved from
the server. The final query can be submitted or saved in Ab-
stract Syntax or XML. Further, collaborative research has
started aiming at developing a toolkit for rapid deployment
of bespoke clients, such as 1-D time series display, 2-D map
navigation, and 3-D data cubes.

5. SUMMARY AND OUTLOOK
WCPS has been adopted as OGC standard in Decem-

ber 2008. The reference implementation is done to a large
extent; it will be published in open source upon comple-
tion. Currently, several projects are being launched to show-
case and evaluate WCPS in operational services. Research
threads include cost-based query optimization based on dy-
namic pre-aggregation; automatic resource-aware request dis-
tribution in a dynamic cloud; studies of how to design spec-
ifications in way to automatically derive conformance test
while maintaining understandability (i.e., limiting use of for-
mal language); extending WCPS to general meshes.
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7. FIGURES

Figure 1: WCPS reference implementation stack

Figure 2: WCPS visual client with NDVI query
(c.nir − c.red)/(c.nir + c.red) > 0.6 loaded.

Figure 3: Band recomposition and NDVI as query
results. Left: false color image, with nir/red/green
bands mapped to RGB; right: NDVI thresholded to
0.6, resulting in a boolean vegetation map.
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ABSTRACT 
The Web of Data is built upon two simple ideas: Employ the RDF 
data model to publish structured data on the Web and to set 
explicit RDF links between entities within different data sources. 
This paper presents the Silk – Link Discovery Framework, a tool 
for finding relationships between entities within different data 
sources. Data publishers can use Silk to set RDF links from their 
data sources to other data sources on the Web. Silk features a 
declarative language for specifying which types of RDF links 
should be discovered between data sources as well as which 
conditions entities must fulfill in order to be interlinked. Link 
conditions may be based on various similarity metrics and can 
take the graph around entities into account, which is addressed 
using a path-based selector language. Silk accesses data sources 
over the SPARQL protocol and can thus be used without having 
to replicate datasets locally. 

Categories and Subject Descriptors 

H.2.3 [Database Management]: Languages 

General Terms 
Measurement, Languages 

Keywords 
Linked data, link discovery, record linkage, similarity, RDF 

1. INTRODUCTION 
The Web of Data has grown significantly over the last two years 
and has started to span data sources from a wide range of domains 
such as geographic information, people, companies, music, life-
science data, books, and scientific publications.  

While there are more and more tools available for publishing 
Linked Data on the Web [1], there is still a lack of tools that 
support data publishers in setting RDF links to other data sources 
on the Web. The Silk - Link Discovery Framework contributes to 
filling this gap. Using the declarative Silk - Link Specification 
Language (Silk-LSL), data publishers can specify which types of 
RDF links should be discovered between data sources as well as 
which conditions data items must fulfill in order to be interlinked. 
These link conditions can apply different similarity metrics to 
multiple properties of an entity or related entities which are 
addressed using a path-based selector language. The resulting 
similarity scores can be weighted and combined using various 
similarity aggregation functions. Silk accesses data sources via the 
SPARQL protocol and can thus be used to discover links between 
local and remote data sources. 

The main features of the Silk framework are: 

 it supports the generation of owl:sameAs links as well as 
other types of RDF links.  

 it provides a flexible, declarative language for specifying link 
conditions.  

 it can be employed in distributed environments without 
having to replicate datasets locally.  

 it can be used in situations where terms from different 
vocabularies are mixed and where no consistent RDFS or 
OWL schemata exist.  

 it implements various caching, indexing and entity pre-
selection methods to increase performance and reduce 
network load. 

2. LINK SPECIFICATION LANGUAGE 
The Silk - Link Specification Language (Silk-LSL) is used to 
express heuristics for deciding whether a semantic relationship 
exists between two entities. The language is also used to specify 
the access parameters for the involved data sources, and to 
configure the caching, indexing and preselection features of the 
framework. Link conditions can use different aggregation 
functions to combine similarity scores. These aggregation 
functions as well as the implemented similarity metrics and value 
transformation functions were chosen by abstracting from the link 
heuristics that were used to establish links between different data 
sources in the Linking Open Data cloud. 

Figure 1 contains a complete Silk-LSL example. In this particular 
use case, we want to discover owl:SameAs links between the 
URIs that are used by DBpedia and by GeoNames to identify 
cities. In line 12 of the link specification, we thus configure the 
<LinkType> to be owl:sameAs. 

2.1 Data Access 
For accessing the source and target datasources, we first configure 
the DBpedia and GeoNames SPARQL endpoints using the 
<DataSource> directive. This directive allows the specification 
of various access parameters, including the SPARQL endpoint 
URI, the graph name and the enabling of query caching. 
Furthermore, it is possible to set result page sizes and query pause 
times to decrease the load on public SPARQL servers. Lines 2 to 
7 within the example show how the access parameters for the 
DBpedia datasource are set to select only resources from the 
named graph http://dbpedia.org, enable caching and limit 
the page size to 10,000 results per query. 

The configured data sources are later referenced in the 
<SourceDataset> and <TargetDataset> clauses of the 
"cities" link specification. Since we only want to match cities, we 
restrict the sets of examined resources to instances of the classes 
dbpedia:City and dbpedia:PopulatedPlace and the  
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01 <Silk> 

02     <DataSource id="dbpedia"> 

03         <EndpointURI>http://dbpedia.org/sparql</EndpointURI> 

04         <Graph>http://dbpedia.org</Graph> 

05         <DoCache>1</DoCache> 

06         <PageSize>10000</PageSize> 

07     </DataSource> 

08     <DataSource id="geonames"> 

09         <EndpointURI>http://localhost:8890/sparql</EndpointURI> 

10     </DataSource> 

11     <Interlink id="cities"> 

12         <LinkType>owl:sameAs</LinkType> 

13         <SourceDataset dataSource="dbpedia" var="a"> 

14             <RestrictTo>{ ?a rdf:type dbpedia:City } UNION { ?a rdf:type dbpedia:PopulatedPlace }</RestrictTo> 

15         </SourceDataset> 

16         <TargetDataset dataSource="geonames" var="b"> 

17             <RestrictTo>?b gn:featureClass gn:P</RestrictTo> 

18         </TargetDataset> 

19         <LinkCondition> 

20             <AVG> 

21                 <MAX> 

22                     <Compare metric="jaroSimilarity" optional="1"> 

23                         <Param name="str1" path="?a/rdfs:label[@lang 'en']" /> 

24                         <Param name="str2" path="?b/gn:alternateName[@lang 'en']" /> 

25                     </Compare> 

26                     <Compare metric="jaroSimilarity" optional="1"> 

27                         <Param name="str1" path="?a/rdfs:label" /> 

28                         <Param name="str2" path="?b/gn:name" /> 

29                     </Compare> 

30                 </MAX> 

31                 <Compare metric="maxSimilarityInSets" optional="1" weight="3"> 

32                     <Param name="set1" path="?a/foaf:page" /> 

33                     <Param name="set2" path="?b/gn:wikipediaArticle" /> 

34                     <Param name="submetric" value="stringEquality" /> 

35                 </Compare> 

36                 <MAX> 

37                     <Match metric="numSimilarity" optional="1"> 

38                         <Param name="num1" path="?a/p:populationEstimate" /> 

39                         <Param name="num2" path="?b/gn:population" /> 

40                     </Match> 

41                     <Match metric="numSimilarity" optional="1"> 

42                         <Param name="num1" path="?a/dbpedia:populationTotal" /> 

43                         <Param name="num2" path="?b/gn:population" /> 

44                     </Match> 

45                 </MAX> 

46                 <Compare metric="numSimilarity" optional="1" weight="0.7"> 

47                     <Param name="num1" path="?a/wgs84_pos:lat" /> 

48                     <Param name="num2" path="?b/wgs84_pos:lat" /> 

49                 </Compare> 

50                 <Compare metric="numSimilarity" optional="1" weight="0.7"> 

51                     <Param name="num1" path="?a/wgs84_pos:long" /> 

52                     <Param name="num2" path="?b/wgs84_pos:long" /> 

53                 </Compare> 

54             </AVG> 

55         </LinkCondition> 

56         <Thresholds accept="0.9" verify="0.7" /> 

57         <Limit max="1" method="metric_value" /> 

58         <Output acceptedLinks="accepted_links.n3" verifyLinks="verify_links.n3" mode="truncate" /> 

59     </Interlink> 

60 </Silk> 

Figure 1. Interlinking cities in DBpedia and GeoNames.
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GeoNames feature class gn:P by supplying SPARQL conditions 
within the <RestrictTo> directives in lines 14 and 17.  

2.2 Link Conditions 
The <LinkCondition> section is the heart of a Silk link 
specification and defines how similarity metrics are combined in 
order to calculate a total similarity value for an entity pair. 

For comparing property values or sets of entities, Silk provides a 
number of builtin similarity metrics. The implemented metrics 
include string-, numeric-, date-, URI-, and set comparison 
methods as well as a taxonomic matcher that calculates the 
semantic distance between two concepts within a concept 
hierarchy. Each metric evaluates to a similarity value between 0 
or 1, with higher values indicating a greater similarity. The 
individual similarity metrics may be aggregated hierarchically 
using weighted averages, Euclidian distances and weighted 
products or by choosing the maximum or minimum of a set of 
metrics. 

In the <LinkCondition> section of the example (lines 19 to 
55), we compute similarity values for the the labels, Wikipedia 
links, population counts and geographic coordinates of cities 
between datasets and calculate a weighted average of these values. 
In cases where alternating properties refer to an equivalent feature 
(such as dbpedia:populationEstimate and dbpedia: 
populationTotal), we choose to perform comparisons for 
both properties and select the best evaluation by using the <MAX> 
aggregation operator. Weighting of results is used within the 
metrics comparing the geographical coordinates (lines 46 and 50), 
with the longitude and latitude similarity weights lowered to 0.7 
each. 

After specifying the link condition, we finally specify within the 
<Thresholds> clause that resource pairs with a similarity 
score above 0.9 are to be interlinked, whereas pairs between 0.7 
and 0.9 should be written to a separate output file and be reviewed 
by an expert. The <Limit> clause is used to limit the number of 
outgoing links from a particular entity within the source data set. 
Only a specified number of best-rated links are kept. In this 
example, we permit only one outgoing owl:sameAs link from 
each resource. 

Discovered links are outputted either as simple RDF triples or in 
reified form together with their creation date, and confidence 
score. 

2.3 Silk Selector Language 
To take the RDF graph around a resource into account, Silk uses a 
simple RDF path selector language for providing parameter values 
to similarity metrics and transformation functions. A Silk selector 
language path starts with a variable referring to an RDF resource 
and may then use one of several operators to navigate the graph 
surrounding this resource. To simply access a particular property 
of a resource, the forward operator ( / ) may be used, while a 
backward operator ( \ ) allows the navigation along a property 
edge in the reverse direction. For example, the path 
"?artist/rdfs:label" would select the set of label values 
associated with an artist referred to by the ?artist variable, 
whereas "?artist\dbpedia:artist" selecteds all works 
created by the same artist. Further, a filter operator ([ ]) allows the 
selected resources to be restricted to match a certain predicate. In 
this example, we could use the RDF path "?artist\ 
dbpedia:artist[rdf:type dbpedia:Album]" to  select only 
albums amongst the works of a musical artist in DBpedia. 

2.4 Pre-Matching 
To compare all pairs of entities of a source dataset S and a target 
dataset T would result in an unsatisfactory runtime complexity of 
O(|S|·|T|). Even after using SPARQL restrictions to select suitable 
subsets of each dataset, the required time and network load to 
perform all pair comparisons might prove to be impractical in 
many cases. Silk avoids this problem by allowing index pre-
matching to find a limited set of target entities that are likely to 
match a given source entity. Target resources are indexed by one 
or more specified property values (most commonly, their labels) 
before any detailed comparisons are performed. During the 
subsequent resource comparison phase, the previously generated 
index is used to look up potential matches for a given source 
resource. Only these candidates are considered for detailed 
comparisons. We thus achieve a runtime complexity closer to 
O(|S| + |T|), making it feasible to interlink even large datasets 
under practical time constraints. 

3. RELATED WORK 
There is a large body of related work on record linkage and 
duplicate detection within the database community as well as on 
ontology matching in the knowledge representation community.  
Silk builds on this work by implementing similarity metrics and 
aggregation functions that proved successful within other 
scenarios. What distinguishes Silk from this work is its focus on 
the Linked Data scenario where different types of semantic links 
should be discovered between Web data sources that often mix 
terms from different vocabularies and where no consistent RDFS 
or OWL schemata spanning the data sources exist. 

Related work that also focuses on Linked Data includes Raimond 
et al. [2] who propose a link discovery algorithm that takes into 
account both the similarities of web resources and of their 
neighbors, and Hassanzadeh et al. [3] who describe a framework 
for the discovery of semantic links over relational data which also 
introduces a declarative language for specifying link conditions. A 
main difference between LinQL and Silk-LSL is the underlying 
data model and Silk’s ability to more flexibly combine metrics 
through aggregation functions.  

4. CONCLUSIONS 
The value of the Web of Data rises and falls with the amount and 
the quality of links between data sources. We hope that Silk and 
other similar tools will help to strengthen the linkage between data 
sources and therefore contribute to the overall utility of the 
network. 

The complete Silk- LSL language specification and further Silk 
usage examples are found on the Silk project website at 
http://www4.wiwiss.fu-berlin.de/bizer/silk/. 
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ABSTRACT  
An interface conforming to W3C ARIA (Accessible Rich Internet 
Applications) suite would overcome many accessibility and 
usability problems that prevent disabled users from actively 
contributing to collaborative knowledge. In a previous phase of 
our study we first identified problems of interaction via screen 
reader with Wikipedia, then proposed an ARIA-based modified 
Wikipedia editing page. At this stage we only focused on the main 
content for editing/formatting purposes. To evaluate the 
effectiveness of an ARIA-based formatting toolbar, we only dealt 
with the main content of the Wikipedia editing page, not the 
navigation and footer sections. The next step using ARIA is to 
introduce landmarks (regions) and use the “flowto” property to be 
able to change the order of how page content is announced via 
screen reader. In this way the new user interface (UI) is 
functionally equivalent to the original Wikipedia editing page, 
and its appearance is very similar (apart from an additional 
combobox instead of a list of links), but usability is greatly 
enhanced. In this demo we will show interaction via Jaws screen 
reader using both the original and the proposed Wikipedia editing 
pages. 

Categories and Subject Descriptors 
H.5.2 [Information Interfaces and Presentation]: User 
Interfaces – Graphical user interfaces (GUI). K.4.2 [Social 
Issues]: Assistive technologies for persons with disabilities. 

General Terms  
Design, Human Factors. 

Keywords 
Wikipedia, accessibility, usability, ARIA, blind. 

1. WIKIPEDIA AND BLIND USERS 
Web navigation is quite difficult for blind persons using a screen 
reader, since the pages are read sequentially, one row at a time 
according to the page code structure, starting from the top left 
corner of the page and losing all layout, style and font information 

[2].  

The Wikipedia editing page [3] presents three main usability 
issues for totally blind users, as described in greater detail in [1]: 

1. The formatting toolbar may be difficult to access. Navigating 
via Tab key, the user never perceives the presence of a 
toolbar on the page since its graphic icons are generated by 
JavaScript, so the browser is unable to recognize them as 
active elements.  

2. It is difficult to select special characters and symbols. To 
insert a special character, the user must select an alphabet 
from a combo-box, and on the right side, a list of links 
displays its characters. Since this list may contain more than 
one hundred links, it is not suitable for navigation via Tab 
key. More, Jaws does not recognize uncommon characters 
and announces ambiguous text. For instance Jaws announces 
“link a” for each character in the group à, á, À, Á. 

3. The user may lose the focus when editing and formatting 
text. The focus is managed via JavaScript: when one or more 
words in the text area are selected, all related values are 
stored by the script in order to apply the formatting correctly. 
When interacting via screen reader a user may not 
understand how the focus is processed since the screen 
reader operates with a “virtual focus”, which may not 
coincide with the system focus (see in [1] for further details). 

2. The new Wikipedia editing page  
The World Wide Web Consortium promotes accessibility on the 
Web through its Web Accessibility Initiative (WAI). Recently 
(Dec 2008) the WAI group has produced a new version of the 
Web Content Accessibility Guidelines - WCAG 2.0 [5], which 
greatly improves the 1.0 version, including usability as a key 
factor to be closely coupled with accessibility. Furthermore, 
usability aspects concerning navigation via screen reader (such as 
overview of the page, a different flow of the reading compared to 
the sequential announcing of the page source code, interface 
navigability) are provided by W3C Accessible Rich Internet 
Applications specification (ARIA). ARIA aims to make dynamic 
web content and applications (developed with Ajax, (X)HTML, 
JavaScript) more accessible to people with disabilities [4]. Using 
ARIA, web designers can specify roles to add semantic 
information to interface objects, can mark regions of the page so 
users can move rapidly around the page via keyboard, etc. [4]. 
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To create the formatting toolbar using ARIA, we defined roles and 
properties as shown in Fig. 1. We used the activedescendant 
attribute in order to make the toolbar navigable via arrow keys 
when the editing modality is activated. Once the toolbar receives 
the focus via TAB key, the child elements -- i.e. each formatting 
widget -- can be accessed by left and right arrows, and can be 
activated by pressing the ENTER key, which applies the 
associated formatting function (Bold, Italics, etc.). 

To avoid many links that make navigation difficult and can 
disorientate the blind user, we grouped characters from each 
group in a combobox located close to the first one, as shown in 
Fig. 1. Users first choose a ‘language’ and then select the desired 
character of that language. This compact solution is faster, since 
when navigating the combobox with arrow keys, the screen reader 
announces the character name directly while in the original 
interface every character read is preceded by the word ‘link’ (e.g. 
“Link è”, “Link é” and so on). The latter modality is annoying, 
due to hearing the word “Link” over and over. Furthermore, the 
combobox can be skipped by just pressing the tab key once, while 
in the original interface it is necessary to run through all the links. 
We also associate a label with each character in the second 
combo-box, so the screen reader can announce this “clearer” 
description.  
The focus problem is partially resolved by our new Wikipedia 
Editing Page. With Jaws English Version 9, the new interface 
allows users to insert and edit text without having to switch to 
navigation modality in order to find the active elements (widgets 
and comboboxes). The user activates the Editing modality and 
this remains for the entire editing/formatting process, reducing the 
number of steps needed to complete the entire task. Instead, with 
Jaws Italian Version 9 the focus is in the correct position but Jaws 
loses the editing modality.  

 

Figure 1. The new Wikipedia editing page 

Different browsers may have different rendering and behaviors. 
The new Wikipedia editing page performs well with Mozilla 
Firefox v. 3.0.5, while at the moment, IE 7.0 does not interpret 
ARIA specification, which will be included in IE 8.  

Once the prototype was tested and revised by the blind author of 
this paper, we conducted qualitative usability testing with a group 
of blind users who navigate via screen reader, in order to gather 
comments and suggestions and highlight any interaction 
problems. Our results show that it is possible to have a nice 
interface “look & feel” while assuring satisfaction and efficiency 
of use for all, and in particular for a blind user interacting via 
screen reader with a voice synthesizer. As an example, we chose 
Wikipedia to show that UIs interactions can be improved while 
maintaining a very similar graphic layout.  

3. USABILITY TEST 
A test description was sent to each participant in electronic format 
by e-mail. The test is accessible via web.  

The protocol included a preliminary questionnaire, a set of tasks, 
and a post-test questionnaire: 

1) In the preliminary questionnaire, participants provided 
information about their technical expertise, age, and 
knowledge of Wikipedia as well as of screen readers. 

2) The remote testing procedure involved two simple tasks: (1) 
applying a formatting style, and (2) inserting a special 
character, to be completed on both the original and modified 
Wikipedia interfaces. We decided to perform a remote test in 
order to allow users to use their own computers and assistive 
technologies. The environment for executing the search tasks 
was available online at a specific URL and contained only a 
text box for the login (password was not required) and two 
buttons: one to the user interface reproducing the original 
Wikipedia Editing Page and the other to our Modified one. 

3) The post-test questionnaire consisted of 16 questions divided 
into three sections: information regarding the subject’s 
experience performing the assigned tasks, difficulties in 
carrying out the task, and degree of satisfaction.  

The sample comprised 5 women and 10 men, age ranging from 18 
to more than 75 years (only 1 person) as shown in Fig. 2. 

 

Figure 2. – User Age 

Regarding Internet use, three subjects were novices, seven 
intermediate and five had experience. Only one of the users knew 
Wikipedia very well while five were fairly familiar, six mostly 
unfamiliar and three did not know it at all. Almost all the sample 
was using JAWS on Windows: six used v.8.0, four v. 9.0 (or 
higher) and five used v. 7.10 (or lower). 

Preliminary data concerning test results of 15 totally blind users 
revealed that most users appreciated the simplified interaction; in 
particular 87% of users declare that applying a formatting style is 
more rapid in the modified UI (13% believe the 2 UIs are 
equivalent), and 73% declare that selecting of a special character 
is faster in the modified UI (20% users believe the two UIs are 
equivalent and for 7% original one is more rapid).  

Concerning task performance, 80% of the sample completed the 
test in the modified UI respect to 47% on the original one; 
correctness of test results also improved: 33% for modified UI and 
13% in the original one. Average execution time was decreased by 
11% (from 7.1 min in the original UI to 6.3 min for the new one).  
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ABSTRACT 
This article presents a social approach for disaster management, 
based on a public portal, so-called Disasters2.0, which provides 
facilities for integrating and sharing user generated information 
about disasters. The architecture of Disasters2.0 is designed 
following REST principles and integrates external mashups, such 
as Google Maps. This architecture has been integrated with 
different clients, including a mobile client, a multiagent system 
for assisting in the decentralized management of disasters, and an 
expert system for automatic assignment of resources to disasters. 
As a result, the platform allows seamless collaboration of humans 
and intelligent agents, and provides a novel web2.0 approach for 
multiagent and disaster management research and artificial 
intelligence teaching. 

Categories and Subject Descriptors 
H.3.5 [Online Information services]: Data sharing, web based 
services. I.2.11 [Distributed artificial Intelligence]: Intelligent 
Agents, multiagent systems.  

General Terms 
Experimentation. 

Keywords 
Disasters, social, Web2.0, Mobile, mashup, REST, Intelligent 
techniques. 

1. INTRODUCTION 
Natural disasters are associated to chaotic situations in which 
information is usually incomplete and imprecise, and this lack of 
information makes difficult the process of making decisions and 
managing effectively catastrophes. The secretariat of the 
International Strategy for Disaster reductions of the United 
Nations (UN/ISDR) proposes eleven lessons for disaster 
management; the first two are [1]:   

Public awareness is an essential element of 
preparedness for saving lives and livelihoods. 

Individuals and communities play important roles in 
managing risks from natural hazards. 

This project proposes that Web2.0 technologies are a valuable 
tool to contribute to both lessons, enabling public knowledge and 
both individual and social participation in disaster management. 
Web2.0 [2] has proven the power of users’ participation to create 
content, give opinions and organize themselves in social 
networks. Examples such as Wikipedia or del.icio.us show us the 
potential of this collective intelligence when it is used 
appropriately. This article proposes integrating different 
technologies usually grouped as Web2.0 technologies. 

The management of natural disasters is a potential application of 
this collective intelligence. If everybody could report in real time 
the location and magnitude of a disaster, being even able to 
monitor it, then the response could be much more effective and 
immediate. In order to make this information available to 
anybody, our system has been designed to provide REST [3] 
services which can be combined using mashups. 

2. DISASTERS2.0 
The system presented in this article, Disasters2.0, is a complete 
platform for managing information about disasters. The core of 
this platform is user-generated data shared all around the world. 
Anybody can use the system to provide information about 
disasters using a computer, a mobile phone or any device with 
internet connection. This information can be instantly visualized 
in a map by anyone using simple symbols in a user-friendly 
interface. Moreover, resources (such as firemen or ambulances) 
and casualties can be displayed in the map and utilized to manage 
disaster situations. 

In addition to the web and mobile clients, there are other elements 
interacting with the application: an expert system and a 
multiagent platform. The expert system has been designed to 
assign resources to disasters following rules which are based on 
the severity of the disasters. The multiagent platform models 
every resource as an intelligent agent and allows the user to see 
how these agents interact with the application by rescuing victims 
and fixing disasters. 

3. ARCHITECTURE 
Disasters 2.0 has been designed following REST principles.   The 
main entities of a disaster have been modeled as resources. The 
system has considered the following entities: events such as fire 
or flood, allocated resources such as policemen or firemen, and 
damages such as victims.  These resources are accessible from a 
REST interface using standard HTTP methods so that they can be 
obtained (GET), modified (PUT), created (POST) and deleted 
(DELETE). 

In order to provide REST resources, the system Disasters 2.0 
follows a client-server architecture, as shown in Figure 1.  

The server is responsible for saving persistently all the 
information about disasters in a database, implementing the 
business logic to update and recover that information and serving 
it through REST services in JSON [4] format. This REST 
interface has been implemented using the open source framework 
Restlet [5]. 

The web client allows users to add information to the system very 
easily and to visualize all the activity of the world in a map. An 
AJAX Engine has been introduced to make this client more 
functional. 



 

Figure 1. Architecture of Disastres2.0 

 

The mobile client, developed with Mojax[6], has focused on the 
use of mobile web technologies (mCSS, mJavaScript...) for 
providing a web2.0 interface, and integrating 'mobile mashups' 
such as Yahoo Maps and Disasters2.0.  

4. INTELLIGENT TECHNIQUES 
This project has researched the application of intelligent 
techniques in the system Disasters2.0 aiming to improve the 
assignment and coordination of resources in disaster situations.  

We have developed an expert system which assigns free resources 
(which are available in a database) such as policemen, firemen 
and ambulances to active events, such as fires, floods and 
collapses. This expert system has been developed using Jess [7], a 
rule engine for Java which allows the creation of highly complex 
rules by applying a pattern matching system. 

A multiagent system has also been developed using Jadex [8]. In a 
first version, every resource (firemen, policemen and ambulances) 
can decide on its own how to act in an emergency situation. A 
second version of the system develops several levels of 
coordination and a hierarchical structure in which an emergency 
central service coordinates the resources in order to cover all the 
disasters while avoiding the blocking of roads or small areas. 

This system communicates with the user interface of the web 
client and allows the user to see how the agents are moving to the 
assigned disasters, taking the victims to the closest hospital and 
resolving the disaster. 

5. CONCLUSIONS  
Internet has become an ubicuous participation platform, which 
enables unprecedented applications. This brief article shows how 
the social approach can help in the management of disaster 

situations. From a technical perspective, the system has 
researched on the usage of web2.0 interaction in both mobile and 
web browser clients. In order to fulfill this goal, a REST 
architecture which provides a resource-oriented interface for 
disasters has been defined. This interface has been validated with 
different clients, such as a social web application and a mobile 
client. In addition, this REST architecture has proven to be 
effective for integrating external systems, such as an expert and a 
multiagent system. 

Disasters2.0 is available as an open source project and is currently 
being evaluated by local authorities in order to analyze its 
integration with a real system. In addition, the implementation of 
a disaster simulator is currently under progress. This simulator 
will provide researchers a benchmark for disaster management. 

More information, demonstrations and videos about the project 
can be found at [9]. 
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