Multi-view Clustering with Graph Embedding for
Connectome Analysis
Guixiang Ma∗ , Lifang He∗ , Chun-Ta Lu∗ , Weixiang Shao† ,
Philip S. Yu ¶,∗ , Alex D. Leow∗ , Ann B. Ragin‡
∗ University

of Illinois at Chicago, Chicago, IL, USA
Inc, Mountain View, USA
¶ Shanghai Institute for Advanced Communication and Data Science, Fudan University, Shanghai, China
‡ Northwestern University, Chicago, IL, USA
{gma4,clu29,psyu}@uic.edu,{lifanghescut,software.shao,alexfeuillet}@gmail.com,ann-ragin@northwestern.edu
† Google

ABSTRACT

Advances in capabilities for data acquisition have given rise to an
explosion of new information in the form of graph representations.
These data are inherently represented as a set of nodes and links,

instead of feature vectors as in traditional data. Brain networks, for
example, are comprised of anatomic regions as nodes, and functional/structural connectivities between the brain regions as links.
Linkage structures often come from different sources, called as
multi-view data. For instance, fMRI (functional magnetic resonance
imaging) and DTI (diffusion tensor imaging) are two major neuroimaging approaches widely used in neuroscience research and
in clinical applications [8, 24, 47]. Connections in brain networks
derived from fMRI brain images encode correlations in functional
activity among brain regions, whereas DTI networks provide information concerning structural connections (i.e. white matter fiber
paths) between different brain regions. The different networks afford two different views of the brain connectivity.
Multi-view clustering has received considerable attention for unlabeled data with multiple views from diverse domains. While there
have been advances in multi-view clustering, most approaches are
based on vector representation of features in each view and combining vectors from different views for the clustering task [21, 46].
However, the complex structures and the lack of vector representations within graph data, pose serious challenges for this kind
of vector-based approach. It is desirable to find a way that can
better capture and exploit graph structural information for multiview clustering of graph instances. To address this problem, this
paper explores an approach involving multi-view clustering of
graph instances based on graph embedding and its application to
connectome analysis in multi-view brain networks on HIV and
Bipolar. The goal of graph embedding is to find low-dimensional
representations of graphs that can preserve the inherent structure
and properties [26, 45]. While graph embedding technology has
been broadly used for graph mining, to the best of our knowledge,
this approach has not been used for multi-view clustering of graph
instances. There are two main challenges that must be addressed
for the problem of multi-view clustering with graph embedding:

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than ACM
must be honored. Abstracting with credit is permitted. To copy otherwise, or republish,
to post on servers or to redistribute to lists, requires prior specific permission and/or a
fee. Request permissions from permissions@acm.org.
CIKM’17 , November 6–10, 2017, Singapore, Singapore
© 2017 Association for Computing Machinery.
ACM ISBN 978-1-4503-4918-5/17/11. . . $15.00
https://doi.org/10.1145/3132847.3132909

• How to learn the graph embedding for each graph instance
with multiple views, such that the graph embeddings can
encode the multi-view structure information of the graphs?
Specifically, the embeddings of the similar nodes within the
graph instance should be close.
• How to leverage the multi-view graph embedding results to
facilitate the multi-view clustering task on graph instances?
The graph embeddings mainly captures the local structure

Multi-view clustering has become a widely studied problem in the
area of unsupervised learning. It aims to integrate multiple views
by taking advantages of the consensus and complimentary information from multiple views. Most of the existing works in multi-view
clustering utilize the vector-based representation for features in
each view. However, in many real-world applications, instances are
represented by graphs, where those vector-based models cannot
fully capture the structure of the graphs from each view. To solve
this problem, in this paper we propose a Multi-view Clustering
framework on graph instances with Graph Embedding (MCGE).
Specifically, we model the multi-view graph data as tensors and
apply tensor factorization to learn the multi-view graph embeddings, thereby capturing the local structure of graphs. We build an
iterative framework by incorporating multi-view graph embedding
into the multi-view clustering task on graph instances, jointly performing multi-view clustering and multi-view graph embedding
simultaneously. The multi-view clustering results are used for refining the multi-view graph embedding, and the updated multi-view
graph embedding results further improve the multi-view clustering.
Extensive experiments on two real brain network datasets (i.e., HIV
and Bipolar) demonstrate the superior performance of the proposed
MCGE approach in multi-view connectome analysis for clinical
investigation and application.
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