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ABSTRACT
Information sources on the web are controlled by different
organizations or people, utilize different text formats, and
have varying inconsistencies. Therefore, any system that in-
tegrates information from different data sources must con-
solidate data from these sources. Data from many data
sources on the web may not contain enough information to
accurately consolidate the data even using state of the art
object consolidation systems. We present an approach to
accurately and automatically consolidate data from various
data sources by utilizing a state of the art object consoli-
dation system in conjunction with a mediator system. The
mediator system is able to automatically determine which
secondary sources need to be queried in cases where the
object consolidation system is unable to confidently deter-
mine whether two records refer to the same entity. In turn,
the object consolidation system is then able to utilize this
additional information to improve the accuracy of the con-
solidation between datasets.

1. INTRODUCTION
Web-based information integration systems such as Infor-

mation Manifold [7], InfoMaster [4], and Ariadne [6] can
provide a uniform query interface to the users to query in-
formation from various web sources as well as databases.
While the above mentioned systems can integrate informa-
tion from various data sources, none of them completely ad-
dress the issues relating to text formatting inconsistencies
across several data sources. For example, two real estate
web sites may refer to the same address using different text
formatting. Therefore, object consolidation is essential to
accurately integrate data from various data sources.

There has been some work done on consolidating data
objects from various web-sites using textual similarities and
transformations [1, 2, 3, 5, 8, 9, 10]. These approaches
provide better consolidation results compared to the exact
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text matching techniques in different application domains.
However, in some application domains it may be extremely
difficult to consolidate records. For example, when matching
names of people, it would be hard for the above-mentioned
techniques to determine if “Robert Smith” and “Bob Smith”
refer to the same individual. This problem can often be
solved by utilizing information from different data sources
on the web. For example, a web site that lists the common
acronyms used for the first name may provide information
that “Bob” and “Robert” are interchangeable as first names.
Other examples include utilizing a geocoder to determine if
two addresses are the same, utilizing historical area code
changes to determine if two phone numbers are the same,
and utilizing the location and officers information for differ-
ent companies to determine if two companies are the same.

In this paper, we describe our work on exploiting sec-
ondary sources for automatic object consolidation. The goal
of the research is to (a) provide a uniform query interface
to data from different web sites, and (b) consolidate this
data to eliminate duplicates and formatting inconsistencies
across various data sources.

2. MOTIVATING EXAMPLE
To clarify the concepts in the paper, we first define the

following terms: (1) object consolidation, (2) primary data
sources, and (3) secondary data sources. Object consoli-
dation is the process of combining records from two data
sources into one record set containing one record per entity.
A primary data source is one of the two initial data sources
used for object consolidation. A secondary data source is
any source, other then a primary data source, that can pro-
vide additional information about entities in the primary
data sources.

We utilize the example domain model shown in Figure 1
to motivate the use of secondary data sources. Our exam-
ple mediator system has access to various data sources to
obtain restaurant, hotel, and theater information. The me-
diator system also has access to a Geocoder that provides
geographic coordinates for a given address, and an area code
updates source that provides information about area code
changes. There may be some inconsistencies between differ-
ent data sources. For example, the Zagat data source and
the Dinesite data source may use different formats for ad-
dresses, or restaurant names.



Figure 1: The Mediator’s Domain Model

3. ACTIVE ATLAS: OBJECT
CONSOLIDATION SYSTEM

3.1 System Overview
The Active Atlas system developed by Tejada et al. [9]

is an object consolidation system consisting of two separate
components: a candidate generator and a mapping learner.
The system’s goal is to find common entities amongst two
record sets from the same domain. This process involves two
stages: Firstly, transformations are applied to calculate the
initial similarity scores. Secondly, mapping rules and trans-
formation weights are learned and used in the mapping of
objects between sources. The output of the system con-
sists of two elements: (1) a set of consolidated records and
(2) transformation weights and mapping rules pertaining to
that specific domain.

3.2 Open Research Problem
A difficult problem encountered when performing object

consolidation is the degree of certainty with which matches
are proposed and rejected. An object consolidation system
is only as good as the labeled data it has received and is
therefore limited in accuracy with respect to its classification
of matches. In our research of object consolidation, we have
found that there exists a “grey” area in the classification of
potential matches. An object consolidation system is able
to classify obvious matches and non-matches. However, a
class of potential matches is also present. This class needs
to be dealt with in a different and more compelling manner.

The potential matches cannot be classified with full confi-
dence as a match yet they possess a score high enough to be
considered as potentially matched. This presents the need
for a secondary source to help resolve this discrepancy. A
secondary source would provide the system with additional
information which it could use to help in the classification
of the match.

4. EXPLOITING SECONDARY SOURCES
FOR OBJECT CONSOLIDATION

In this section, we describe our approach in combining a
mediator system with an object consolidation system to im-
prove the performance of both systems. The performance

of the mediator system improves because it can utilize the
object consolidation system to consolidate records from var-
ious data sources. The performance of the object consoli-
dation system also improves by utilizing information, pro-
vided by the mediator, from the secondary sources. The key
challenges to this approach are as follows: (1) the mediator
needs to determine when to query secondary data sources,
and (2) the mediator needs to determine which secondary
data sources should be queried.

Our approach differs from traditional mediators in two
ways: (1) we utilize an object consolidation system to con-
solidate data from various data sources, and (2) our ap-
proach automatically improves the performance of the ob-
ject consolidation system by utilizing information from the
secondary sources. The mediator system utilizes the domain
descriptions to transform the user query into a datalog pro-
gram that queries various data sources and processes the
data from these sources to answer the query.

4.1 Object Consolidation in the Mediator
The object consolidation system used in our approach is a

modified version of the Active Atlas System[9]. Our object
consolidation component consists of two main elements, the
candidate generator and the evaluator. First, the candidate
generator works in the same manner as mentioned in [9].
Secondly, the evaluator consists of a matching mechanism
and a mapping rule evaluator. The evaluator takes as input
two data sets produced by the candidate generator, a set
of transformation weights and mapping rules and produces
a set of proposed matches. This element does not learn
the transformation weights and mapping rules but rather
assumes that they have been provided elsewhere and are
passed in as input. Furthermore, the mapping rule eval-
uator has been altered to understand mapping rules that
classify proposed matches as “Maybe”. This is an impor-
tant addition and its relevance is discussed in Sections 4.2
and 4.3.

To present the importance of object consolidation in the
mediator, we will use an example from the model presented
in Figure 1 involving records from the Zagat and Dinesite
sources. Both of these sources have a potentially different
representation of each attribute (name, streetaddress etc..)
and we must perform object consolidation to determine com-
mon entities between the two sources. If this consolidation
step finds matches that potentially refer to the same entity
but require more information to be certain, the mediator will
query an available secondary source such as the Geocoder to
obtain the required additional information. Once this infor-
mation is obtained and joined to the corresponding records
in the potential matches, object consolidation must be exe-
cuted again.

4.2 When To Query Secondary Data Sources
As mentioned in Section 3, the Active Atlas system uti-

lizes the user labeled examples to learn the transformation
weights and mapping rules to consolidate the records from
various data sources. We assume that the user has run the
Active Atlas or a similar object consolidation system previ-
ously and has provided a set of transformation weights and
mapping rules to consolidate data from various data sources.
Our approach allows the user to specify mapping rules that
can classify a match between any two records from the given
data sources as “matched”, “not matched”, or “not sure”.



When the mediator needs to consolidate data from many
sources, the mediator passes the data, the corresponding
transformation weights, and the corresponding mapping rules
to the object consolidation component. The object consoli-
dation component then returns the consolidated data back
to the mediator. If the consolidated data contains tuples
classified as “not sure” the mediator decides to obtain in-
formation from the secondary sources to improve the per-
formance of the object consolidation system. It is better
for the system to incorporate additional information only
for uncertain matches as opposed to querying the secondary
source for each record in both primary data sources before
object consolidation for several reasons: (1) Querying sec-
ondary sources may increase latency and processing, (2) Not
all records benefit from the additional information provided
by the secondary sources, and (3) the additional informa-
tion also increases the complexity of the object consolida-
tion process. Next, we show how the mediator determines
which secondary sources should be queried.

4.3 Which Secondary Sources Should Be
Queried

The mediator utilizes domain descriptions to determine
which secondary sources should be queried to help with the
consolidation process. We will describe this process by going
through an example consolidation process for the domain in
Figure 1. While consolidating the restaurant records ob-
tained from the Zagat and Dinesite data sources and find-
ing that the consolidation component has classified some of
the matching records as “not sure”, the mediator analyzes
the domain description to find that the Zagat and the Dine-
site data sources provide information about the Restaurants
class. The mediator further analyzes the domain description
to find that there are no sources that provide more informa-
tion about the Restaurants class. The mediator continues
its search and finds that the Restaurant class is a subclass
of the Locations class and the sources Geocoder and Area-
CodeUpdates provide more information about the Locations
class. Therefore, the mediator utilizes the Geocoder and the
AreaCodeUpdates data sources as secondary sources.

5. FUTURE WORK AND CONCLUSIONS
We described an approach to utilize secondary sources

for object consolidation. We believe that our approach can
greatly enhance the accuracy of web-based object consol-
idation. We are evaluating different methods to pick the
most promising secondary source when multiple secondary
sources are available for consolidation. In some cases, data
sources do not provide “nicely” segmented fields, but give
descriptions composed of multiple fields concatenated to-
gether, e.g. the whole address and telephone in one string.
We are working on machine learning techniques to automat-
ically segment such data into fields by learning a grammer
for the given data, e.g. divide address into street number,
street name, city, state, and zip code.

We would like to incorporate a learning component into
the system which computes transformation weights and map-
ping rules internally. We believe we can exploit the existence
of additional data by incorporating this data into the exam-
ples presented to the learning component. By enhancing the
examples available to the system, more independent learning
would occur, potentially leading to a totally unsupervised
learning component.
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