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ABSTRACT

Wikipedia is an example of the large, collaborative, semi-structured
data sets emerging on the Web. Typically, before these data sets
can be used, they must transformed into structured tables via data
integration. We present Vispedia, a Web-based visualization sys-
tem which incorporates data integration into an iterative, interac-
tive data exploration and analysis process. This reduces the up-
front cost of using heterogeneous data sets like Wikipedia. Vispe-
dia is driven by a keyword-query-based integration interface imple-
mented using a fast graph search. The search occurs interactively
over DBpedia’s semantic graph of Wikipedia, without depending
on the existence of a structured ontology. This combination of data
integration and visualization enables a broad class of non-expert
users to more effectively use the semi-structured data available on
the Web.
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H.2.8 [Database Management]: Database Applications—interac-
tive data exploration/discovery, data and knowledge visualization
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Design, Human Factors
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1. INTRODUCTION

Within the database community there has been considerable in-
terest in how to handle the considerable growth of heterogeneous
data sets online. The size of these data sets and the inconsistency
of their schemata imply that visual tools will be necessary to sup-
port the exploration and analysis of the data [2]. Within the in-
formation visualization community, recent research has focused on
making visualization techniques available to a broader audience of
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non-expert users. However, a major barrier to this effort is the nec-
essary up-front cost of finding, integrating, and normalizing data.
If the costs of obtaining data are too high, many users will give
up, even before attempting to create a visualization. We present
Vispedia, a system that incorporates data integration within an in-
teractive visual data exploration loop (see Figure 1). Though this
work was done primarily in the information visualization commu-
nity, we believe that this system will be of particular interest to
SIGMOD researchers.

Our data integration approach starts from one of the many tables
available on Wikipedia. Since any given table will seldom contain
all attributes of interest, we allow users to integrate additional at-
tributes on demand. Guided by the user’s keyword queries, Vispe-
dia follows links within Wikipedia from the source table to find po-
tential query responses contained in other Wikipedia articles. This
approach leverages Wikipedia’s wealth of of semi-structured, hy-
perlinked data, in the form of infoboxes, lists, and categories.

In addition to permitting users to rapidly create and refine stand-
alone visualizations, Vispedia also supports new browsing and data
integration scenarios. For example, users who create a visualization
of data from a Wikipedia article can then follow links in the visual-
ization back to related articles to fix incorrect or missing data.

In 2007, we presented the keyword-search-based integration and
visualization formalism and provided a non-interactive algorithm
for ranking potential integration paths against keywords [5]. In
2008, we described Vispedia, an interactive system based on the
formalism and evaluated its usability [6]. In a first-use formative
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Figure 1: (top) In traditional visualization systems, obtaining
data is a slow preprocess, so exploration is limited to already
structured data. (bottom) Instead, Vispedia uses on-demand
data integration as part of the exploratory loop, making visual
exploration over large semi-structured data spaces possible.
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Figure 2: Wikipedia page for the SIGMOD conference.

evaluation study of the system (n=7), participants successfully cre-
ated compelling visualizations from Wikipedia data.

2. DEMONSTRATION SCENARIO

The demonstration audience will be able to interact with the
complete Vispedia system running in a browser. In case of lim-
ited connectivity, a subset of the Wikipedia data set will be hosted
on the demonstration machine. Readers are invited to try the live
system at http://vispedia.stanford.edu.

First, the user browses Wikipedia for articles of interest. Any
Wikipedia table, such as this list of SIGMOD locations (Figure 2),
can be selected as the “seed” table for integration / visualization.

After clicking on the Vispedia-provided browser bookmarklet
(“Visualize this!”), the user can select tables and visualization types
directly inside of the Wikipedia page (Figure 3). In this case, we
choose to visualize SIGMOD locations on a map.

The user is redirected to the Vispedia site and is shown a visual-
ization template (Figure 4). This specifies the necessary attributes
for creating a visualization and allows the user to enter keyword
queries which the Vispedia system will use to locate data within
Wikipedia. In this case, Vispedia will begin a search from the
data and links contained within the SIGMOD table looking for link
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Figure 3: Using the Vispedia bookmarklet allows the user to
select the SIGMOD table and an appropriate visualization.
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Figure 4: On the Vispedia site, the user can use keyword
queries to integrate data from the Wikipedia semantic graph
for use in a visualization (in this case, a map).

paths that terminate at a numeric value within a Wikipedia infobox
and which contain keywords that match those provided by the user
(e.g. “Population”). To help the user locate existing link paths
within Wikipedia, the query boxes provide a drop-down list of path
suggestions, much like a standard search interface.

Due to the heterogeneity of data and links on Wikipedia, multiple
paths may be used to gather information for all the rows in the
original data table. An additional drop down allows more advanced
users to explicitly control which paths are used (not shown).

When the user changes keywords in the visualization template,
the visualization immediately updates, maintaining an interactive
experience and supporting the exploration process.

While creating the visualization, the user finds that this year’s
conference is not yet included in the Wikipedia article. The user
adds the information to the Wikipedia article. Vispedia re-extracts
the table and a revised visualization is generated which now in-
cludes Providence.

After filling in a number of the fields, the visualization shows
the locations of SIGMOD conferences (Figure 5). The year of the
conference is shown by the color of the circle; this data is pulled
directly from the original table. Size of the circle shows the rela-
tive population of the host cities. Vispedia automatically finds this
information by traversing the Wikipedia link graph.

In addition, Vispedia generates a data table showing the inte-
grated results. Clicking on a column reveals the data provenance,
the link path followed through Wikipedia to locate the used data (Fig-
ure 6). The user can click through to Wikipedia to see the source
of the underlying data.

In a few minutes, the user has created a useful visualization from
Wikipedia. During this process, he or she interactively performed
time-consuming data integration tasks using a simple, easy to un-
derstand interface.

3. TECHNICAL DETAILS
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Figure 5: A map created by the Vispedia user showing the lo-
cation of SIGMOD host cities in the United States and Canada
and their populations. Darker circles are more recent venues.

The underlying semantic graph used by Vispedia is part of the
January 2008 release of DBpedia 3.0 [3] that includes information
extracted from the infoboxes, redirections, images, and geocoor-
dinates in Wikipedia. This subset has 13 million nodes represent-
ing articles and literal values, and 36 million labelled edges cor-
responding to attributes and hyperlinks. We intend to incorporate
other graph-structured data in the future.

We opted to store this graph in 4GB of RAM using our own
memory-mapped property list implementation backed by a Berke-
ley DB for the strings in node and edge labels. Existing semantic
graph stores [10, 1] are not designed to handle the best-first graph
enumeration algorithms that we use.

As described in the scenario, users begin by selecting a table
from a Wikipedia article. Vispedia transforms the current version
of this table into a graph representation, using a node for each row,
and it connects this graph with the DBpedia graph.

Next, Vispedia performs data integration through an interactive
process that resembles schema matching without a predefined on-
tology. Each attribute in the visualization, like the size of a circular
marker, is described by an expected XML datatype and a set of
keywords provided by the user. Vispedia matches this description
to data found in the semantic graph by following link paths.

The system starts from each table row, enumerates paths to data
that meets the datatype constraint, and returns a list of the most
relevant paths by computing a similarity metric between the key-
words and path edge labels. This ranked list of paths summarizes
the heterogenous graph structure for the user and helps them itera-
tively refine their query. To make this approach work interactively,
we use a time-limited A* search, a best-first search that explores
available paths in order of decreasing relevance until 1 second has
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Figure 6: The resulting integrated table. Expanded columns
reveal the data provenance and links back to the Wikipedia
source.

elapsed.
More details on ranking method and and graph search algorithm
are contained in our previous papers [5, 6].

4. RELATED WORK

The challenge of performing data integration at web-scale has
been explored by others. The Cimple [7] project created a web plat-
form for supporting the social aspects of community-driven data in-
tegration. Madhavan et al. promote a formal “Pay as You Go” [11]
model where web-scale data integration is done on demand and
implicit or explicit user feedback is incorporated to improve the
results. Like our project, they use queries and ranking to enable
integration. In concurrent work, Cafarella et al. [4] describe how to
extract and integrate tables from web sources. Google Base [9] and
Freebase [8] are two commercial ventures whose goal is to create
large collaboratively-authored semantic databases.

In contrast to these systems, Vispedia emphasizes visualization
as the major focus, and as part of a sensemaking loop rather than
as the end point of a data integration pipeline.

5. CONCLUSION

We have described a novel system, Vispedia, that combines vi-
sualization and data integration into a single system supporting in-
teractive data exploration.
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