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Abstract Recent years have witnessed the rapidly growing scholarly information. All the
information, when combined together, leads to the formation of the scholarly network that
contains three major entities, i. e. , paper, author and topic. All the three entities interact with
each other as time goes by, which results in an evolving multi-entity scholarly network. As a
matter of fact, studying properties of scholarly networks and getting insight of their evolving
mechanism have important implications. However, most works focus on single entity of the

network, e. g. , sub-networks generated by co-authorship, citation or topic relationship; while
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few of them merge multiple kinds of entities into one single fabric to obtain the understanding of
scholarly networks from an overall perspective. To bridge this gap, we are motivated to give the
model that incorporates entities of paper, author and topic into one single framework — Multi-entity
Scholarly Model (MSM) , which amalgamates entities of author, paper and topic into a framework to
simulate interactions among different entities, and thus presenting the co-evolution within
scholarly networks. Our contributions are listed as below. (1) Our first contribution is to originally
explore comprehensive properties in scholarly networks with the concern of multiple entities,
i. e. , paper, author and topic. Based on scholarly datasets provided by Microsoft, which contain
about 6. 9 million papers, we use data-mining and other big-data analyzing approaches to observe
patterns in the growth of the scholarly network. On one hand, we observe some similar features
to those that have already been discovered in many traditional social networks, such as power-law
degree distribution, densification, etc. On the other hand, there also exists several unique features
in scholarly networks, like faster growth rate of the entity that has a bigger size, varying and
converging exponents in power-law distributions with time, and the simultaneous co-evolution of all
entities, etc. All these evolving features, with the awareness of multiple entities, can be categorized
into three types, i. e. , inter-evolution, intra-evolution as well as the co-evolution on the whole.
(2) Given empirical observations, our next significant contribution is for the first time establishing a
comprehensive modeling of evolving scholarly networks. Combining entities of paper, author and
topic in singe fabric, the proposed model captures both the inter-correlation and intra-correlation
of the three entities during the evolving process. Particularly, inter-correlation is characterized
through tripartite graph whose evolving process follows the mode of preferential attachment and
intra-correlation of nodes within each entity is described as intra-degree (which we define) power-law
distribution, degree densification, etc. The model can be used in characterizing evolving multi-entity
scholarly networks and provides theoretical guarantee for applications such as relation prediction,
influence propagation and recommendation. (3) Our third contribution is to validate the effectiveness
of MSM through both theoretical analysis and empirical simulation. Based on the constructing
methods of random arrival, preferential attachment, edge copying and the assumption of the
affiliation relationship inside entities, we successfully obtain the growing rate of nodes’ degree,
power-law distributions inside or among multiple entities and the densification of the entire network.
Further, we also implement simulating approaches to validate that our model can accurately
reproduce real scholarly networks.

Keywords scholarly networks; evolving networks; multi-entity; heterogeneous connections;

co-evolution
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Background

Scholarly networks contain massive scholarly information
that can be mainly categorized into three entities, i. e. , paper,
author and topic, which exhibit a co-evolution over time.
Although scholarly networks have attracted much attention
over the past years, most works focus on single entity of the
network, e. g. sub-networks generated by citation, co-authorship
or topic relationship; while few of them incorporate different
entities into an entirety to provide a systematic understanding
of scholarly networks at scale. We bridge this gap by proposing
a multi-entity scholarly model (MSM) with strong theoretical
guarantees, which amalgamates entities of paper, author and
topic into one single framework to simulate interactions
among different entities, and thus presenting the co-evolution
within scholarly networks.

First of all, using real scholarly datasets— Microsoft
Academic Graph with 6.9 million publications, we observe
properties that belong exclusively to scholarly networks,
such as varying and converging exponents of power-law
distributions with time, degree densification in each of the

three aforementioned entities. We also observe interesting

cascading optimization and multicast analysis.
KONG Ling-Kun, Ph.D.
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GAN Xiao-Ying., Ph.D. .,
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candidate. His research
associate professor. Her
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economics.

WANG Xin-Bing., Ph. D., distinguished professor. His
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evolving patterns like simultaneous co-evolution of all the
three entities, faster growth rate of entities with larger size,
etc. Based on our observations, we propose the MSM that
jointly captures both intra and inter correlations among
different entities during the evolving process. Through both
theoretical analysis and empirical simulation, we further
characterize the MSM as capable of reproducing evolving
patterns of real multi-entity scholarly networks.

There remain some future directions which wait for
exploration. On one hand, the structure of our MSM can be
mapped into counterparts to model other kinds of multi-entity
social networks. On the other hand, since the number of
entities in social networks might be extremely large or even
also evolving, there is room for our current model to improve
to accommodate more complicated multi-entity social networks.
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