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Abstract. In the Big Data era data visualization and exploration systems, as means for
data perception and manipulation are facing major challenges. One of the challenges
for modern visualization systems is to ensure adequate visual presentation and
interaction. Therefore, within this paper, we present a tool for interactive visualization
of data with a hierarchical structure. It is a general-purpose tool that uses a graph-
based approach. However, its main focus is on the visual analysis of concept lattices
generated as the output of the Formal Concept Analysis algorithm. As the data grow,
concept lattice can become complex and hard for visualization and analysis. In order to
address this issue, functionalities important for the exploration of the large concept
lattices are applied within this tool. The usage of the tool is presented in the example of
visualization of concept lattices generated based on the available data on the Canadas
open data portal and can be used for exploring the usage of tags within datasets.

Key words: Visualization, visual analytics, visual exploration, visualization tool, data
exploration

1. INTRODUCTION

The era of Big Data has made available large amounts of diverse data for analysis and
drawing conclusions for further processes, knowledge, or results. Due to the volume and
heterogeneity of the available information, data exploration and visualization systems
have a great importance in decision making process in various sectors. Both data
exploration and visualization are means for extracting knowledge and making sense of
data [24][25]. Their goal is to support information perception and manipulation. The
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visual analysis involves users developing insights about significant relationships, domain-
specific contextual influences, correlations and causal patterns [25].

Most traditional visualization systems have reached their limits when visualizing a
very large amount of data. Authors in [26] have emphasized that the “bigness” of large
data sets and their complexity in terms of heterogeneity contribute to complicate the
representation of data and that effective representation of all the information at the same
time is really challenging. Therefore, exploring and visualizing large datasets has become
a major research challenge [2]. Furthermore, one of the main requirements that should be
addressed by the modern visualization systems is visual presentation and interaction that
will provide a clear preview and an easy exploration, handle a large number of objects
and prevent information overloading.

Within this research, we would like to present an interactive visualization tool for the
visual analysis and data exploration of data with a hierarchical structure. This tool relies
on the graph-based approach and supports both an overview of the whole hierarchical
structure and options for a detailed exploration of the data. For a detailed exploration the
tool supports options such as zooming, filtering the data by their keywords, and exploring
only parts of the graph and relations that are of interest for the analysis.

The visualization tool that is presented within this paper is a general purpose tool that
can be used for the visual analysis of any datasets with node-link structure. However, its
main advantage and focus is on the visualization of concept lattices that hold the hierarchical
order of formal context generated as the output of the Formal Concept Analysis algorithm.
Therefore, the tool supports functionalities vital for visualizing large concept lattices and
securing their easy analysis.

The visualization of concept lattice is very important for the analysis when using
Formal Concept Analysis. As reported in [27][27], the visualization of the hierarchical
order of concept lattice structure is an important concern for practical applications of this
algorithm. The main problem for the visualization can be the size of the concept lattice
due to the large number of the formal concepts which can lead to the very complex and
impractical concept lattice. Furthermore, there are not many tools that can overcome this
challenge and successfully visualize large concept lattices. Thus, our focus was on creating a
tool that applies a graph-based approach with interactive mechanisms to overcome the
visualization problem of concept lattices and enable a clear and informative preview of
the data hierarchy that can be used for the decision-making processes.

The rest of the paper is organized as follows. Section 2 covers state of the art for graph-
based visualization systems. Section 3 presents the developed tool for the interactive visual
analyses and data exploration along with the example of using this tool for analyzing concept
lattices generated for all open data portal categories available on the Canadas open data portal.
Section 4 presents the conclusion of this paper.

2. STATE OF THE ART GRAPH-BASED VISUALIZATION SYSTEMS

As we find ourselves a part of the Big Data era, information volume, variety, veracity, and
velocity became a significant problem for each person when trying to manually explore and
analyze data. In such a situation, we all rely on data exploration and visualization systems
when performing visual information seeking mantra: "overview first, zoom and filter, then
details on demand" [1].
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Contemporary data visualization and exploration tools are adjusted to fit the needs of Web
of Data and Linked Data. This adjustment was necessary due to inability of most traditional
systems to handle the large size of many contemporary datasets. As proven throughout
literature [2], [3], [4], [5], [6], [7], the development of tools and systems capable of handling
current data velocity has become a major challenge. Researchers and developers worldwide
are struggling to overcome performance issues, along with visualization and interaction
challenges, with the same goal — provide users with a tool capable of easily exploring various
datasets.

In the recent years, a significant effort has been put into resolving visual exploration
and analysis problems [8], [9], [10]. As a result, a large number of tools and systems have
been developed whereas only a part of them resemble the tool we present in this paper.
These systems are usually referred to as Graph-based visualization systems. The majority
of Graph-based visualization systems implement the node-link approach [11], where
nodes are used to represent entities, and edges (links) exist between the nodes if there is a
relation between the represented entities. The graph-based visualization can be very
valuable for analyzing data from various fields of research since it reveals the structure
and relations between the analyzed data and can be used as a knowledge base in the
decision-making processes. The authors of [12] have performed a very good overview
and comparison of graph-based visualization systems by analyzing their functionalities.
Among all, the following characteristics are vital for graph-based visualization system
usability: keyword search, data filtering, sampling techniques, aggregation techniques
(for example clustering), incremental techniques in terms of result computation, the use
of external memory, information domain, and application type.

RelFinder [12] is implemented using AdobeFlex. It is a Web application which runs in all
Web browsers with Flash Player support. Its main functionality is relationship discovery.
Algorithm implemented within RelFinder utilizes connections between selected data sources
and extracts as many relationships as possible, according to basic search constraints —
relationship length and directionality. LODeX [14] a tool that produces a representative
summary of a Linked open Data source. As an input, LODeX uses the URL of a SPARQL
endpoint and sends a set of predefined SPARQL queries. Query results are used to form a
visual report containing statistical and structural information of the LOD dataset. IsaViz [15]
is a visual environment for browsing and authoring RDF models represented as graphs. It
features a 2.5D user interface allowing smooth zooming and navigation in the graph, creation
and editing of graphs by drawing ellipses, boxes and arcs, RDF/XML, Notation 3 and N-
Triple import, RDF/XML, Notation 3 and N-Triple, SVG and PNG export. graphVizdb [16]
is a platform for the interactive visualization of very large graphs. Interactions with the
visualized graph are similar to exploration of maps due to indexing graph node coordinates
within a spatial database. User operations are translated into simple spatial operations on the
backend side of the system which leads to lower latency.

Fenfire [17] is an open-source RDF browser and editor. It uses a graph view and focuses
on an engaging and interactive browsing experience. Similarly, LodLive [18] uses RDF and
SPARQL standards to enable RDF resources exploration. ZoomRDF [19] is a framework
based on Gene Ontology, implemented with the purpose of RDF data exploration and editing.
It adapts a space-optimized visualization algorithm for RDF, combines the visualization with
a fisheye zooming concept, and considers both the importance of resources and the user
interaction on them. Gephi [20] uses 3D render engine to display large graphs in real-time. It
is an open-source graph exploration software that allows for spatializing, filtering, navigating,
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manipulating, and clustering. Trisolda RDF visualizer [21] is based on the clustered
navigation technique. This tool offers users with optional access to some detailed information
without unnecessarily occupying space in the basic view of the data. Paged Graph
Visualization (PGV) [22], is a semi-autonomous tool for RDF data exploration and
visualization. It consists of the "PGV explorer” and the "RDF pager" modules, whereas the
later utilizes BRAHMS main-memory RDF storage system. The system described in [23] is a
graphical tool for visualizing arbitrary RDF graphs. It incorporates a search tool capable of
finding a portion of the graph likely to be of user’s interest while the system focuses on
providing a clear graphical visualization of that portion using a node-centric view.

3. INTERACTIVE VISUAL ANALYSIS

Our focus in this research is the development of a web-based visualization tool for the
interactive analysis of datasets with a hierarchical structure. This is a general-purpose tool
that can be used for visual analysis of any kind of data that contains a node-link structure.
The tool uses a graph-based approach for visualization and relies on the d3.js library for
the visual presentation of data.

Although it is a general tool, its main purpose is to support the visualization of concept
lattices generated as the output of the Formal Concept Analysis algorithm. Concept lattice
represents a collection of formal concepts logically organized into a hierarchy of concepts
interconnected using subconcept-superconcept relations [28]. Described in a less formal
manner, if there is a dataset where each object in the dataset is described with a particular set
of attributes, based on the relationship between those objects and attributes, concept lattice
contains the hierarchical order of all attributes that are used for describing all objects in the
particular dataset.

With the growth of the dataset and combinations of attributes that describe objects in
them, the complexity of concept lattice increases, and the analysis of the hierarchy
becomes harder. In order to overcome that issue and its complexity, visualization of
concept lattice has to be interactive and offer the possibility of both overviews of the
whole hierarchy and detailed relations between the attributes in the lattice. Therefore, the
visualization tool that we present in this paper supports several key functionalities that
provide a clear preview and analysis of the lattice (Fig. 1).

Since the tool visualizes the concept lattice with a graph-based approach, nodes are
used to represent certain combinations of attributes, and links between the nodes
represent hierarchical relations between the nodes for the particular data. In order to
provide exploration of the hierarchy between the attributes, the tool uses the gravity
approach and positions nodes in the way that the nodes that are at the top in the graph are
higher in the hierarchy, and nodes at the bottom of the graph are lower in the hierarchy.
Consequentially, attributes covered by the nodes in the upper part of the concept lattice
are attributes with higher hierarchy then those that are lower in the concept lattice.
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Fig. 1 Visualization tool functionalities

Our tool scans concept lattices that are available in the application library (Lattice
library in Fig.1) in JSON format and offers them to the user. The user is given two
options: to select a particular concept lattice which will be visualized or to search all
available concept lattices (LS component in Fig. 1). At this point, the search mechanism
receives a list of attributes that are of interest for the user and marks concept lattices that
contain at least one searched attribute. In that way, the user can narrow the concept
lattices that are of interest for the particular user. This possibility can be a valuable option
for analysis of concept lattices from the same domain. The visualization of the particular
concept lattice supports several options for the analysis:

= The preview of the whole concept lattice

= Preview of only a selected number of levels in the lattice

= Browsing positions of particular attribute in the lattice

= Browsing connections to all top and all bottom nodes from the selected node

= Statistical information

The preview of the whole concept lattice — gives an overview of all nodes in the
concept lattice and all links between the nodes. This preview is valuable for gaining a
general impression of the whole structure of the hierarchy.

Preview of only a selected number of levels in the lattice — gives an overview of the
part of the concept lattice where only nodes that belong to the selected number of levels in
the graph are presented. This option is especially useful when the concept lattice is complex
because the user has an option to analyze only the upper part of the lattice which contains
attributes with a higher hierarchy and thus greater importance for a particular dataset.

Browsing positions of particular tags in the lattice — this is a search option available to the
user. The user is given an opportunity to browse specific attributes in the lattice. The search
results will be shown in the concept lattice by highlighting nodes using different colors based
on the subset of the searched attributes those nodes cover. The tool does not highlight all the
nodes that cover some of the searched attributes but only the most significant ones. Node’s
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significance is determined based on the number of searched attributes covered by the
particular node and the number of additional attributes. Based on the significance, nodes are
colored with different colors: red, purple, green, and blue. The red color is used to mark nodes
that contain all searched attributes and no additional attributes. Purple is used to mark nodes
that contain a part of the searched attributes and no additional attributes. Green is used to mark
nodes that contain all of the searched attributes and the minimum possible number of
additional attributes. The blue color is used to mark nodes that contain part of the searched
attributes and the minimum possible number of additional attributes. This option is especially
useful for fast discovery of particular attributes.

Browsing connections to all top and all bottom nodes from the selected node — this
option allows the user to select a node, and by doing so, all parent and children nodes as
well as the links between them will be highlighted. This allows users to easily and clearly
analyze connections between a particular subset of nodes.

Statistical information — along with all visualization options, the user is given the
statistical information regarding the lattice. This functionality visualizes information such
as total number of nodes in the lattice, total number of datasets in the lattice, total number
of attributes in the lattice, and total number of levels. Further, the tool supports options
for the selection of a particular node which gives a preview of all the information
regarding the selected node: node name, level at which the node is positioned, number
and list of attributes covered by the selected node, list of objects covered by the selected
node and the number of objects that are represented by the covered attributes.

Additionally, presented visualization options can be combined which further facilitates
analysis of the position, usage and importance of attributes in one concept lattice, especially if
the concept lattice contains huge number of nodes, attributes and datasets.

3.1. Example of concept lattice visual analysis

For the example of the usage of the presented tool, we are using concept lattices
generated from the available datasets on Canada’s open data portal. This portal contains
over 80000 datasets organized into 19 categories where some of the categories contain a
significant number of datasets and tags used for describing those datasets. For each
category on the portal, we created one concept lattice based on all datasets belonging to
that category. The aim of these concept lattices is to reveal the usage of tags that are used
for describing datasets and hierarchical order among tags within one category.

For the purpose of demonstration of the visualization, we have used the category Law
from the Canada’s open data portal. This category is one of the smaller categories on this
portal in terms of both the number of datasets and the number of different tags used for
describing the datasets belonging to this category. Although it is one of the smaller
categories, the concept lattice generated for this category is rather complex — it contains
325 nodes organized in 8 levels. The preview of the summary information about the
whole concept lattice for category Law and an example of the summary information for
the single selected node in the concept lattice is presented in Fig. 2.
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Fig. 2 Preview of the summary information about the whole concept lattice and example
of the single node summary information

The visualization option for analyzing the complete lattice, especially complex as this
one, can be used for some initial analysis of the overall positions of some nodes and their
position in the lattice. In Fig. 3a we have demonstrated how this can be done. We have
used the possibility of previewing the whole concept lattice together with browsing for
nodes that contain some tags. In this example we searched for tags: Research, Annual
reports. As shown in Fig. 3a, the concept lattice does not contain a node that covers both
searched tags and no additional tags. Additionally, there are nodes in the lattice that cover
only searched tags separately (purple nodes), and by placing the cursor on them it can be
noted that both nodes are on the first level in the lattice. Also, there are several nodes that
contain part of the searched tags and the same minimum number of additional tags (in
this case one additional tag). Finally, in the results, there is one green node that contains
both searched tags and some additional tags (in this case three additional tags). All
detailed information about the nodes can be acquired by selecting the node of interest.
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a) b)

Fig. 3 a) Complete concept lattice for category Law from Canada’s open data portal;
b) Combination of visualization options for category Law from Canada’s open data
portal
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However, for a deeper analysis such as analyzing connections between the nodes, a
huge number of nodes and links may cause confusion and problems. For that reason, to
enable a clearer preview, our tool offers a possibility for hiding some of the nodes trough
an option of selecting only few levels to be shown.

One example of analysis with some of the nodes being hidden is shown in Fig. 3b. In
this figure, a preview of the selected number of levels in the lattice is combined with the
preview for browsing connections to all top and all bottom nodes from the selected node.
The selected number of levels is set to one, which significantly reduced the number of
nodes. After that, browsing the connections can be done with a simple click on the node
of interest. After the selection, the chosen node is marked with a red border. Links from
the selected node to nodes higher in the hierarchy, as well as the upper nodes’ borders are
colored green. Additionally, links from the selected node to nodes lower in the hierarchy
and lower nodes’ border are colored blue.

As it can be seen, such preview is much clearer comparing to the one that can be seen in
Fig. 3a. This type of preview can be used for a detailed analysis of the relations between
subsets of interrelated tags within one category. Our tool provides several modes for concept
lattice preview and analysis. These modes can be combined to enable an easy overview
analysis depending on the user’s needs.

4, CONCLUSION

Due to the growth of the volume and variety of data in recent years, modern data
exploration and visualization systems have to adopt new techniques that will provide
clear and suitable preview of data. For graph-based data this means introducing adequate
interactive options that will provide easy exploration of the connections that exist
between the nodes in the graph and structure of the visualized dataset.

In this paper we have presented a general tool for visualization of data with hierarchical
structure that provides these options. Our tool is focused on the visual analysis of the large
concept lattices that are the output of the Formal Concept Analysis algorithm. Concept lattices
are proven to be very useful way for the analysis of hierarchical data as they reveal a shared
conceptualization originating from the usage of attributes that describe particular set of data.
However, one of the downsides of the visual exploration of concept lattices is that their
structure becomes very complex as data grows.

Therefore, in order to overcome this issue, we have developed a tool that provides
functionalities that facilitate visual analysis of large concept lattices. We implemented
methods that can be used to filter only nodes that are of interest for the user. Further, we
provide search mechanism that marks only important nodes that correspond to the searched
attributes and we use different colors to mark them differently depending on their fitness to
the searched criteria. Moreover, for exploring the hierarchy we implemented possibility of
selecting particular node and exploring its hierarchical relations with nodes that are both upper
and lower in the hierarchy. With possibility of previewing only part of the concept lattice we
provide a streamlined preview which is valuable for a successful analysis.

With these functionalities we have provided a tool that can be successfully used for
the visual exploration and analysis of large concept lattices. At the end of the paper we
gave an example of the usage of our tool on data available on the Canada’s open data
portal. In our example we are analyzing the usage of tags within different categories on
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the portal with a goal to determine the importance of different tags within different categories
and reveal the hierarchy among them.

Although this is a general tool, it is adjusted for the visualization of concept lattices.
Therefore it does not offer a lot of flexibility for the node structure. At this moment, if the
node structure varies from the initial setting, it can be changed manually. Implementation
of the automatic change of the node structure could be a valuable feature for the analysis
of different kinds of datasets with a hierarchical structure. For that reason, in the future,
this tool will be extended with the possibility for automatic setting of the inner node
structure that could be further used for statistics, filtering, and visual exploration.
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