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Semantic-Enhanced Visual Abstraction of Large-Scale Multivariate Graphs

LIU Yu-Hua” ZHANG Ru-Min” ZHANG Jing-Yu” GAO Feng” GAO Yuan” ZHOU Zhi-Guang"'?
D (School of Information, Zhejiang University of Finance and Economics, Hangzhou 310018)
2 (State Key Laboratory o f CAD&CG . Zhejiang University , Hangzhou 310058)

Abstract  As an effective tool to show the relationships between network nodes, graph drawing
has been widely used in various fields, such as the social network, knowledge map, co-citation
network and biological gene network. With the growth of scale of network graphs. it has been a
research focus in the field of graph visualization to simplify the presentations of large-scale
graphs. A variety of simplification visualization methods have been proposed to reduce the visual
clutters caused by a large number of crossovers between nodes and edges, such as the graph
sampling, edge bundling and graph clustering. However, these methods mainly focus on the topology
of network, without taking the multi-dimensional attribute information associated with network
nodes into consideration. It is always difficult to extract meaningful semantic information to help
users understand the inherent association between topologies and multi-dimensional attributes.
At present, both addressing the topology-based tasks and attribute-based tasks at the same time

is still an open research problem. To solve the difficulty of visualizing such multivariate networks
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arising from two conflicting goals: visualizing topology and visualizing node attributes, we propose
a semantic-enhanced method in this paper for the visual abstraction of large-scale multivariate
graphs. First, the hierarchal structure is extracted from the original network dataset by means of
a modularity-based graph clustering to find such communities including a set of highly interconnected
nodes. Then, a graph cut scheme is designed to restructure the hierarchy of networks by computing
and comparing the information entropies of multi-dimensional attributes of communities, so that
the communities with the best aggregation characteristic on one attribute at different scale will be
well preserved and displayed in the resultant simplified visualizations. Thus, these communities
both showing obvious aggregations on the topology and semantics are selected successfully.
Next, several coordinated views are designed in a visual analytic system, enabling users to further
analyze the roles of different attributes in the network evolution and community formation from
different aspects. For example, a multi-scale force-directed layout is applied to create the abstract
visualizations of a large-scale multivariate graph to show the community-centric topologies. Two
kinds of visualizations namely non-nested and nested layouts are both provided to solve different
analysis tasks for users. While a tree view is provided to help users identify the hierarchies among
these communities, which are designed as a pie chart to compare the aggregation properties of
multi-dimensional attributes. In addition, an attribute sankey view is designed to explore the
difference between the semantic-enhanced community set formed by different single attribute,
allowing users to observe the homophily’ s effects varying with different attributes. Three
alternative glyphs are designed for the blocks in the attribute sankey view to show the macro and
micro attribute information. Finally, a set of experimental results shows that our method can
effectively simplify the visualizations of large-scale multivariate graphs in different fields such as
the microblog retweeting and paper citation, and help users explore the topological and semantic
structures of graphs. The utility of our approach is also demonstrated by domain experts through
an in-depth case study.

Keywords graph drawing; visual abstraction; multi-dimensional attributes; semantics; topology
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Background

This research is related to the field of graph visualization.
Previous works focus on how to visualize either the topology
of a network or the multidimensional data that is associated
with the nodes. However, both addressing topology-based
tasks and attribute-based tasks at the same time is still an
open research problem.

To solve the difficulty of visualizing such multivariate
networks arising from two conflicting goals: visualizing
topology and visualizing node attributes, we introduce a semantic-
enhanced method in this paper for the visual abstraction of
large-scale multivariate graphs. First, the hierarchal structure
is extracted from original network dataset by means of a
modularity-based graph clustering. Second, a graph cut
scheme is designed to optimize the hierarchy of networks by
comparing the information entropies of multi-dimensional
attributes, so that the communities with obvious aggregating
characteristics on one attribute will be displayed in the resultant
simplified visualizations. Then, several coordinated views are
also provided to visualize the relationships, hierarchies and

attribute distributions of these communities, enabling users

to further analyze the roles of different attributes in the
network evolution and community formation from different
aspects. A set of experimental results shows that our method
can effectively simplify the visualizations of large-scale multi-
variate graphs in different fields and help users explore the
topological and semantic structures of graphs.
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