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Abstract. Ontology matching is the key to data integration on the Se-
mantic Web. Advanced ontology matching systems incorporate a vari-
ety of algorithms. However, they do not always guarantee a complete
and correct alignment (set of mappings). Hence, user involvement in the
matching process is essential for complex ontologies. In this paper, we
explore the power of multi-linked views, where actions in one view affect
the display of the other views, thereby extending significantly the state
of the art in ontology matching visualization in general and that of visual
analytics for ontology matching in particular. A preliminary assessment
of our approach that uses the ontologies of the OAEI Conference Track
points to the effectiveness of our approach.

1 Introduction

Data integration provides the ability to manipulate data transparently across
multiple data sources. At the heart of data integration are ontologies and the
ability to establish semantic mappings among them using ontology matching [10].

Semi-automatic approaches to ontology matching allow for experts to inter-
vene by validating or eliminating results that were automatically determined
and then iteratively incorporating that feedback into the matching process [7, 3,
4]. To perform this determination, analytical reasoning is needed, which, when
supported by an interactive visual interface, is called visual analytics [1]. In this
paper, we propose the AlignmentVis visualization tool, which uses the Agree-
mentMaker ontology matching system [5], but can be easily adapted to other
advanced matching systems with a comparable architecture. We describe next
the terminology associated with ontology matching systems and describe the
architectural components of AgreementMaker.

The process of ontology matching finds semantic mappings between different
entities (classes and properties) of a source and target ontologies, by using a wide
range of lexical, syntactic, and structural automatic matching algorithms called
matchers. A matcher produces a similarity matrix where each row represents a
source entity, each column represents a target entity, and each cell contains the
confidence score for the source-target pair. In AgreementMaker, matchers in-
clude the Base Similarity Matcher (BSM), the Parametric String based Matcher
(PSM), the Vector-based Multi-word Matcher (VMM), the Lexical Synonym
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Matcher (LSM), and the Descendant Similarity Inheritance (DSI) matcher [8,
6]. The Linear Weighted Combination (LWC) matcher combines similarity matri-
ces as produced by the automatic matchers using weights determined by a local
quality measure [6]. For each mapping, the combined confidence score is stored
in the corresponding element of the LWC matcher similarity matrix. Finally, a
set of mappings, called an alignment, is selected from this matrix according to
an optimization criteria [6]. The performance of an ontology matching system
is evaluated by comparing the obtained alignment against a gold standard, also
called reference alignment, created by domain experts.

We interviewed ontology matching experts to identify the analytic tasks that
need to be supported by an advanced visualization tool, as summarized next:

Matcher’s performance evaluation Expert users need to evaluate the per-
formance of individual matchers and the quality of the final alignment with
respect to the reference alignment. Users also want to characterize the map-
pings into true positives (correct mappings), false positives (incorrect map-
pings), and false negatives (missed mappings). When no reference alignment
is available, the techniques outlined below may be necessary.

Mapping clusters In addition to a high-level evaluation of the performance of
each matcher, expert users may take advantage of clusters of mappings that
are grouped according to different statistics and then analyze each cluster
in order to assess the performance of an individual matcher.

Exploration and comparison The evaluation of the performance of a matcher
makes use of exploration and comparison tasks. Views of entity details,
through meaningfully designed explorative interactions and through compar-
ative views of the results across different matchers, should help in identifying
potential sources of error.

Diagnosis Once errors are identified by using exploration and comparison,
this complex task will help to identify the cause of the errors. It is not an
individual task, but rather a combination of the previously outlined tasks as
users will iterate through them to arrive to a determination.

For these analytic tasks, in this paper we explore the power of multi-linked
views, where actions in one view affect the display of the other views [20, 2], there-
fore extending significantly the state of the art in ontology matching visualization
in general and that of visual analytics for ontology matching in particular.

This paper is organized as follows. In Section 2, we outline the most relevant
approaches to ontology matching visualization with a focus on visual analytics.
In Section 3, we describe in detail all the views we have created, the tasks they
fulfill, and how they are linked to one another. In Section 4, we describe the
dataset on which we tested AlignmentVis and the environment in which it was
developed. In Section 5, we point to a few examples that demonstrate the kind
of anomalies that the interface can help detect. Finally, in Section 6, we draw
brief conclusions and point to future work that will quantify the benefits of a
visual analytics tool like AlignmentVis.
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2 Related Work

A recent survey on user involvement for large ontology matching covers several
visualization tools [16]. However, those tools do not support fully the necessary
requirements laid out by the authors. For those domain expert users that rely
on visualization tools for ontology matching, much more functionality is needed
including debugging the obtained alignment (set of mappings), observing similar
characteristics in a group of mappings, and assessing the contribution of indi-
vidual matching algorithms to the final alignment. Essentially, those users need
a tool that allows them to detect those mappings that are incorrect and confirm
the mappings that are correct. In spite of their limitations, we cover next some
of the visualization tools in the aforementioned survey and add to them a couple
more, which are especially relevant given their focus on visual analytics.

A representation that is cluster based shows both detailed and general infor-
mation of the matching results and provides in addition a JTree-like visualiza-
tion [18]. Users can select the level at which they want to cluster the results. For
the visualization of each ontology this approach uses a spring-embedded graph
drawing algorithm [11,9]. A drawback of this approach is that only the results
of a single matching algorithm can be visualized. Another approach based on
a spring-embedded technique was developed for the AgreementMakerLight sys-
tem [15], which extends AgreementMaker [5] to very large ontologies; it provides
a single visualization where both ontologies and the mappings between classes
are displayed. However, it is not intended to display more than a few mappings
at a time [21]. This technique also does not allow for the users to compare the
results of more than one matching algorithm at once.

ProMPT+COGZ is an advanced visualization tool that supports multiple
visualizations, including one based on TreeMaps and another one that displays
pie charts [14]. TreeMaps have the advantage that they can be used to visual-
ize large amounts of data, but fit in a small area. However, this tool does not
seem to be able to show concurrent displays of more than one matching algo-
rithm and also does not provide analytical details about the mappings or about
the contribution of an individual matcher to the alignment process. A recent
highly interactive visualization based solely on pie charts has two important
features: it scales to very large ontologies and can compare different matching
algorithms [19]. Its focus on scalability makes it a possible complement to the
multi-linked visualization approach of this paper.

A matrix visualization where the classes of both ontologies are placed along
the X and Y axes provides a more comprehensive view of the matching process
as compared with other methods because it allows for the whole mapping space
to be visualized with equal detail. We know of two such visualizations: the one
provided by iMERGE [12] and the visual analytics panel provided by Agreement-
Maker [7]. Both systems support multiple visualizations, including a traditional
JTree-like visualization for each ontology with connections between the two on-
tologies showing the mappings. AgreementMaker has the distinct capability of
allowing for the comparison of different matching algorithms side by side and
simultaneous navigation across the various similarity matrices. In AlignmentVis,
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we want to preserve the unique characteristic of AgreementMaker to display the
matching results across several algorithms and its applicability to visual analyt-
ics for ontology matching [7]. However, we also want to support multiple views
in the same panel, including a matrix view.

3 AlignmentVis Design

AlignmentVis addresses the cognitive support requirements for ontology align-
ment systems, which are meant to facilitate user involvement, by presenting the
mapping results in four linked views. First we describe the three views that are
related to the same individual matcher, then the fourth view compares all the
matchers. The views display: (1) an overview of the mappings obtained between
all the entities in the source ontology and in the target ontology, as presented
in the Matcher Output Grid View; (2) the behavior of the entities of the source
and target ontologies with respect to various statistics, as provided by the Entity
Mapping Characteristics Scatter Plot View; (3) the mappings between entities in
the source and target ontologies, which uses the interactive Ontology Tree View;
(4) the results for all the matchers alongside the reference alignment (when avail-
able) for comparative analysis, as enabled by the Parallel Coordinate View. The
interface of the AlignmentVis tool is shown in Figure 1.

AlignmentVis: Visual Analytics in Ontology Matching
Matcher Output Grid View: Alphabetical Entity Mapping Characteristics Scatter Plot View Ontology Tree View
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Fig. 1: AlignmentVis user interface.

3.1 Matcher Output Grid View

The Matcher Output Grid View displays a two dimensional matrix where each
row represents a source entity, each column represents a target entity, and each
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cell value represents the confidence score of the selected matcher for a source-
target pair. That score ranges from 0 to 1 where values close to 1 indicate high
similarity between the source and target entities and values close to 0 indicate
high dissimilarity. The confidence score of a mapping sets a color gradient from
black for a score of 0 to bright blue for a score of 1. If a cell is colored green
then it is a correct mapping. It means that the corresponding mapping is present
both in the alignment that is computed by the algorithm and in the reference
alignment. If a cell is colored red it is a false negative or missed mapping, which
means that the mapping is present in the reference alignment but not in the final
alignment. If a cell is colored orange, it is a false positive, which indicates that
the mapping is present in the final alignment but not in the reference alignment.
The color scheme aims to make the overall performance of the selected matcher
immediately evident.

Users can hover over the view to see the confidence score and the labels of the
participating source and target entities of the selected mapping. Moreover, as the
view is linked to other views, the cell representing the corresponding mapping
in the matrix is highlighted by a yellow box whenever a corresponding mapping
or participating source and/or target entities are selected in other views.

If an individual source (or target) entity is selected in the other views of
AlignmentVis, then its corresponding row or column in the Matcher Output
Grid View is highlighted. The Grid View helps users to rapidly explore individual
mappings and to observe how each entity from the source ontology is related to
the entities of the target ontology.

Several reordering features are available for the source and target entities
to facilitate the recognition of patterns associated with the detected or missed
mappings:

Alphabetical order The labels of the source and target ontology class entities
are ordered alphabetically in ascending order. The corresponding rows and
columns in the Grid View are rearranged accordingly as shown in Figure 2a.

Ascending order of the mean value of the confidence scores of the
corresponding class entity As mentioned earlier, each row represents a
source entity and its relation to the target entities. The mean value is com-
puted for each row and then the rows are reordered in ascending order of
their mean value. Similar computation and reordering can be performed for
each column.

Ascending order of the standard deviation value of the confidence
scores of the corresponding class entity The procedure for reordering
is as in the previous case, but instead of the mean, the standard deviation
is calculated.

Mapping categorization The entities are reordered by first displaying the
source entities that are not related to any of the target entities followed
by those that are present in the reference alignment. Thereafter, the source
entities that are present in the false positive mappings are displayed and
lastly the source entities that are involved in the missed mappings are dis-
played. The same reordering is available for the target entities. This kind
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of reordering displays distinct mapping clusters with similar characteristics.
Users can then explore these entities and associated mappings and look for
similar characteristics in the other views. The mapping categorization view
is shown in Figure 2b.

ew: Alphabetica Matcher Output Grid View: Sorted by ‘correctness
/i Alp i Matcher Output Grid View: Sorted by ‘correctr ;

(a) Reordered view in ascending alphabeti-  (b) Reordered view in ascending correctness
cal order. order.

Fig. 2: Matcher Output Grid View.

3.2 Entity Mapping Characteristics Scatter Plot View

An entity can be described by a vector, where each element indicates a confi-
dence score of the mapping between the entity and all the entities in the other
ontology. Various statistics like mean, standard deviation, and correctness can be
computed from that vector. These statistics can give an insight into the potential
mappings associated with that individual entity. In the Scatter Plot View, which
is displayed in Figure 3, entities of the source and target ontology are displayed
as nodes in a scatter plot with respect to any of these two statistics, where one
of them is displayed in the X axis and the other one in the Y axis. Users can
switch between the chosen statistics and exchange the X and the Y axes.

A node is colored depending on whether the representative entity belongs
to the source or to the target ontology. The Scatter Plot View helps to identify
different characteristics of the source and target ontologies. Users can interact
with this view by hovering over the nodes, which become highlighted in the other
views. In addition, when users select nodes in another view, they are highlighted
in the Scatter Plot View. This view also allows for comparing the performance of
an individual matcher with that of other matchers with respect to the computed
statistics.
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Fig. 3: Entity mapping characteristics using the Scatter Plot View.

Ontology Tree View

cmt Conference

Meta-Reviewer

Review

Fig. 4: Ontology Tree View displaying the source and the target ontologies.

3.3 Ontology Tree View

In the Ontology Tree View, which is shown in Figure 4, the hierarchical structure
of the source and of the target ontologies are displayed using trees. Users can
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hover over a section of the tree in order to view the mappings involving the
entities under the selected section. Only those mappings that have a confidence
score above a predefined threshold for the selected matcher are displayed by
a colored line between the source and target trees. The color scheme is the
same as in the Matcher Output Grid View. Mappings are available on demand
to facilitate the users’ focus on entities of interest and to avoid information
overload. The related information about the displayed mapping can be viewed
in other views due to the multi-linked view feature of AlignmentVis.

3.4 Comparative Analysis of Matchers Using a Parallel
Coordinate View

The Parallel Coordinate View, which is shown in Figure 5, is at the heart of the
AlignmentVis interface. Each vertical axis represents a matcher on which rect-
angles associated with the mappings are positioned relative to their confidence
score. This allows for users to quickly compare the confidence score associated
with a mapping across all the matchers. The minimum value on each axis is 0
and the maximum value is 1. When hovering over any of the vertical axes, the
mappings in that area are highlighted and lines are drawn connecting the high-
lighted mappings across the rest of the vertical axes. The confidence score related
to the current position of the mouse on the selected vertical axis is also displayed.
The Parallel Coordinate View also helps users identify which matcher plays a
dominant role in identifying the mapping. This identification is possible because
one of the vertical axes represents the combination matcher. In turn, it is easy
to compare the result produced by the combination matcher with the reference
alignment. The related information to the highlighted mapping is displayed in
the other linked views. Hovering over the Matcher Output Grid View or the On-
tology Tree View produces yellow colored lines drawn across all the vertical axes
for the selected mappings. In addition, by linking this view to other views, users
can analyze whether mappings having similar confidence scores across various
matchers tend to have distinct characteristics in the other views or not.

Matcher Comparison Parallel Coordinate View

Combination Matcher ~ BSM 6 VMM Reference
+]

58 i T
0.0

Fig. 5: Parallel Coordinate View.
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4 Dataset and Implementation Language

The datasets used for testing and evaluating this interface are from the Con-
ference Track of the Ontology Alignment Evaluation Initiative (OAEI), which
is an annual international campaign for the systematic evaluation of ontology
matching systems.? The Conference Track uses 16 ontologies from the conference
organization domain from three types of underlying resources:

1. Actual conferences and their web pages. For example, the SIGKDD ontology
is based on the organization of the ACM conference with the same name.

2. Actual software tools for conference organization. For example, the Open-
Conf ontology is designed using high level concepts from the tool with the
same name that was developed for peer-review, abstract, and conference
management.

3. People’s experience based on their participation in the organization of an
actual conference.

These ontologies are suitable for the ontology matching task because of the
homogeneity of their domain of interest and of the heterogeneity of their orga-
nization, given their very different origins. Each ontology contains less than 200
concepts.

We have used AgreementMaker to perform the ontology matching task for
these ontologies and used the similarity matrix and alignment that was produced
by AgreementMaker for each of the matchers. We note that AgreementMaker
has been the winner for this track, therefore it produces high quality mappings
on this dataset [13]. Thus, user interaction and visual analytics can play an
important role even when the automatically obtained results are of high quality.

AlignmentVis is implemented in Processing. Processing is an open source
programming language and integrated development environment (IDE) built for
the electronic arts, new media art, and visual design communities with the pur-
pose of teaching the fundamentals of computer programming in a visual context,
and to serve as the foundation for electronic sketchbooks.? Processing is built
on the Java language, but it uses a simplified syntax and graphics programming
model. It allows for quick prototyping and is easy to learn.

5 Evaluation

We tested AlignmentVis with the ontologies of the Conference Track of the
OAEI Each ontology contains less than 200 entities. Till now, most of the on-
tology matching systems have focused on different ways of visualizing the align-
ment and very few have made an effort to apply visual analytics to support the
involvement of users in the ontology alignment task, therefore is not a standard
way to evaluate the benefits provided by tools such as ours. In the absence of an
established evaluation methodology, we tested extensively our user interface to
evaluate the benefits provided by the multi-linked views to analyze the perfor-
mance of single matchers and of their combination to produce a final alignment

3 http://oaei.ontologymatching.org/
* https://processing.org/
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for the Conference Track. We describe a couple of interesting examples and ob-
servations.

In the Ontology Tree View of Figure 4, there is an incorrect mapping high-
lighted in orange between the source entity Reviewer and the target entity Re-
viewer and a correct mapping between the source entity Author and the target
entity Regular_author. Another mapping, in blue, shows a potential mapping
between Reviewer and Review, the only mapping whose value is above a set
threshold. Here the domain expert analyzes first the tree view, to see that the
distance between Reviewer and Author in the source ontology is much smaller
(they are siblings) than the distance between Review and Regular_author in the
target ontology, a possible indication of an incorrect mapping [17]. In comparison,
the green and orange mappings (even if not preserving the sibling relationship),
appear acceptable. The expert then analyzes the corresponding Parallel Coordi-
nate View of Figure 6, to discover that all the matchers show high confidence for
the mapping between Reviewer and Reviewer, only contradicted by the reference
alignment. This example indicates a possible error in the reference alignment of
the Conference Track, which is, in fact, currently undergoing a revision.

For another example that shows how two views can provide complementary
information, we focus on Figures 5 (Parallel Coordinate) and 2a (Grid). The
former shows that the LSM matcher produces heavily split confidence scores
(that is, either 1 or 0). The latter shows the six mappings detected by LSM, of
which the majority (four) are true positive mappings. Further interaction will
allow for the detailed analysis of each of these mappings in comparison with the
results provided by the other matchers.

The Scatter Plot View of Figure 3 shows that the source and target entities
display distinct mean and standard deviation statistics. It would be valuable to
see whether a similar difference exists between the source and target ontologies
of the other OAEI tracks, or whether it is unique to the Conference Track. The
Scatter Plot View can contribute to the determination of the intrinsic quality of
mapping, given that a high standard deviation may point to the existence of a
target entity for which the matcher has a clear preference over the other target
entities [6]. This indication can be cross-investigated by the multiple perspectives
that are made possible by the unique multi-linked functionality of Alignment Vis.

6 Conclusions

Ontology matching is a key component of data integration. Various lexical, syn-
tactic, and structural automatic matching algorithms contribute to the set of
mappings between two ontologies. However, as these algorithms do not guaran-
tee 100 percent accuracy, user involvement is required. Expert users can make
real-time decisions for a set of candidate mappings during the ontology matching
process, so as to validate or eliminate those mappings. To make such decisions,
they benefit from the visualization of the mappings and of the results produced
by the various matchers by focusing on the performance of each of them, allow-
ing for statistics to be displayed, mapping clusters to be visualized, and enabling
exploration and comparison, so as to diagnose any anomalies in the ontology
matching process or to confirm mappings.
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Fig. 6: Parallel Coordinate View for the mapping between the source entity Re-
viewer and the target entity Reviewer, which corresponds to the Ontology Tree
View of Figure 4.

AlignmentVis provides users with an interactive visual interface, allowing
them to conduct analytical reasoning, the two key components of a visual an-
alytics process. In our interactive visual interface, we explore the use of multi-
linked views, a known technique in the field of information visualization, yet till
now seldom used in the realm of Ontology Matching. Our initial evaluation indi-
cates that the multi-linked views of the interface satisfy important cognitive and
interactive user requirements necessary for the ontology matching task. Future
work will attempt to quantify the improvement in performance that is obtained
from using AlignmentVis.
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