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ABSTRACT
Technical details of 4 papers related to the behavior on
the citation network are presented, followed by discussion
of their strengths and weakness. Several possible research
topics and methods are proposed based on paper reviewing.
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1. INTRODUCTION
The characteristics of the citation network is of great interest
to many researchers in the world. By analyzing the static
and dynamic properties of the network, many insights can be
obtained regarding research quality, collaboration behavior,
even the evolution of science and technology. We focused
on 4 papers on topics related to the citation network from
various aspects.

In the first paper, Planetary-Scale Views on an Instant-
Messaging Network [3], the authors studied one month of
communication activities on the MSN instant message net-
work all over the world in a period of 30 days. The pa-
per emphasized on large numbers of people (240 million)
and large dataset (4.5 TB text logs), forming an undirected
communication graph with 180 million nodes and 1.3 bil-
lion edges. Each user was represented by a node and an
edge was placed between users if they exchanged at least
one message during the period of observation. A few char-
acteristics were analyzed, such as the average path length
among Messenger users (which is 6.6 and consistent with
six degrees of separation), and the cluster coefficient. The
authors also addressed “homophily”, which is the tendency
of communication between people of the same background,
such as geography, age, gender, etc. These methodologies to
characterize a network are helpful for our research topic.

In the second paper, Citing for High Impact [6], the au-

thors used a database of publications and characterized the
citation relationship between them. They investigated how
patterns of citations varied between the scientific disciplines
and how such patterns related to the impact of a paper.
First, a citation projection graph was defined for each pub-
lication v0, with nodes being all the papers that v0 cites,
connected according to their citation relationships. Several
metrics and statistics were defined for this citation projec-
tion graph, such as density, clustering coefficient, connectiv-
ity, maximum betweenness, betweenness, and network con-
straint of v0. These metrics were evaluated for each citation
projection graph, and a normalized distribution of the met-
ric values was obtained for each discipline for further anal-
ysis. Then a random graph was generated as a counterpart
of each real citation projection graph, which had the same
in- and out-degree sequences as the real one. By compar-
ing these two graphs, it was concluded that the real graph
was more clustered than the random one. Next, Impact of
publications was defined, and how the graph metrics were
changing with impact was also studied for different areas.
Then all publications were classified into “high”, “mid”, and
“low”, according to their impact levels, and more detailed
analysis was provided by using statistical hypothesis test-
ing. Finally, how citation graph changed over time was an-
alyzed by dividing the publications into “old” and “recent”
groups. Those pre-defined metrics were evaluated for the ci-
tation projection graph corresponding to the two groups of
publications. It was revealed that recent publications tend
to have broader and more diverse citations.

In the third paper, Cascading Behavior in Large Blog Graphs [5],
the author analyzed a data set containing 45,000 Blogs and
2.2 million posts, and provided several significant findings:
Number of Blog posts was not bursty, but followed a weekly
period with weekend drop-off; Popularity of posts dropped
according to power law with parameter 1.5; a lot of proper-
ties of the graph followed power law, such as size of cascades,
in and out degree distribution of Blog network, in and out
degree distribution of post network, posts per Blog, etc.;
Most popular cascade shape was the star shape; the cascade
grew like a tree. In addition to the findings, the authors also
proposed a susceptible-infected model which gave simulation
results that were quite close to the real data.

In the fourth paper, Cost-effective Outbreak Detection in
Networks [4], the authors tried to find the most important
nodes to obtain information from the network. Since many
important objective functions are submodular, greedy al-



gorithms such as CEF can obtain solution close enough to
the optimal. The authors further proposed the cost-effective
lazy forward selection algorithm (CELF) to further speed up
the CEF by more than 700 folds.

In general, the four papers covered important statistical
properties and methodologies to characterize a network from
several different aspects. The importance of accurate mod-
eling of the network was especially emphasized in the two
papers [5] and [4].

2. DISCUSSION OF RELATED WORK
2.1 Relationship with course content
The contents of these papers have a lot of overlap with the
content in our course. The small world phenomena and
six degrees of separation of real world social network was
discussed in [3]. Many metrics and statistics for analyzing
graph from [6], such as the graph density, clustering coef-
ficients, connectivity, etc., have been covered in our course
as well. The random evolution of network [6] was also dis-
cussed in our course. The other two papers [5, 4] mainly
talked about the cascade behavior in the network, which
will be covered in our course later this quarter. For exam-
ple, Leskovec et. al. [5] built a model for network cascades,
and the nodes which had the maximum influence on the
network were found.

All in all, these papers we’ve selected are highly related to
our course content, and the techniques involved in them
cover the topics from basic statistics to the characteristic
behavior of a network. With the help of these techniques,
we can make better analysis on the citation network which
we intend to investigate.

2.2 Weakness Discussion
The papers we discussed are of great technical value. How-
ever, there are several general aspects that we think could
be improved, which are stated as follows:

First, we believe that it would be meaningful to investi-
gate the network during different time periods. For exam-
ple, in [3], the authors investigated a data set containing
one month of communication activities in the MSN instant
message network, and made the conclusion of six degree of
separation. We are also curious about properties of the net-
work in a longer period, such as one year. It would also be
interesting if we could investigate the evolution of the net-
work over a longer time period. Does the homophily vary
in different seasons of the year? Does it behave differently
in weekdays and weekends? As we usually add more friends
and seldom remove old friends, the network should become
denser over time, so is the degree of separation still six in
2010, when it is already four years after the dataset in [3]
was originally collected?

Second, both global and local structures of a network are in-
teresting to us. For example, the citation projection graph
in [6] was only a part of the whole citation graph, i.e., only
the local structure of the whole citation graph was investi-
gated in [6], while the analysis of the global structure was
missing somewhat. We think the global citation graph in
different scientific disciplines can be also analyzed using the

similar metrics, and it’s possible to get some new valuable
conclusions.

Third, the cascades behavior in Blog graphs will generate a
tree structure of the network in [5] and [4], i.e., the nodes at
the same level will not have links between them. We think
this might be a limitation of the analysis. This cascade
structure will prevent a node citing other nodes which are
on the same level as itself. We think this might be a result
of the discrete time delay. When the time is discretized,
some posts that are actually posted on different time points
will be put onto the same time slot, and the links between
them might be ignored. To solve this problem and make the
network more reasonable, we can try to make the time delay
a continuous variable.

There are also several possible improvement that can be
made to the specific papers:

In [6], the impact of each paper might be defined more pre-
cisely. It was stated that the number of citation each pub-
lication received would vary according to the publication
year. We think this needs to be verified by investigating the
average citation number per paper changing over time, and
maybe a model can be built to capture the general charac-
teristics of the citation pattern.

The publications are classified into groups of “old” and “re-
cent” in [6] to investigate the citation pattern changing over
time. It might be more interesting to investigate the cita-
tion pattern changing year by year, that is, the division of
publication time can be more subtle. Although it is gener-
ally believed that the citation is becoming more diverse in
recent years, it might be less diverse in some of the recent
years. It should be useful to show whether the diversity is
increasing, or oscillating, over years.

In [5], how the information propagated over the network was
simulated by a simple but powerful model called Susceptible-
Infected-Susceptible model, in which each node spread its
information to its neighborhood nodes with probability β.
The choice of β is very critical here. However, it is somewhat
limiting to have one value of β to describe the behavior
of all nodes. When a Blogger is referring to other Blogs
for information, they are not making decisions based on a
fixed parameter. Many important factors will have influence
in this process, such as whether or not the source Blog is
famous, how much the Blogger trusts the source, etc.

Besides, when we want to transfer the idea of cascade analy-
sis onto the citation network, we should be aware that each
researcher is not citing papers randomly either, even when
all the related publications are available. They might have
biases or preferences about the authors, institutions, overall
journal/conference quality, etc. It should also be noted that
sometimes the authors are more willing to cite publications
of their own.

3. FUTURE DIRECTIONS
In order to extend the work in the papers mentioned in Sec-
tion 1, and analyze the citation network in a more accurate
and complete manner, we propose to analyze the citation
network from the following different aspects:



Figure 1: Example of a two layer network involving
the paper layer and the author layer. Note the au-
thorship edges (black), paper citation edges (blue in
the papers layer), and the induced author citation
edges (pink in the authors layer).

3.1 Multi-Layer Hypergraph
The citation network can be more accurately and completely
modeled as a multi-layer graph which consists of entities in
various levels (Figure 1), from top to bottom, being research
fields, research groups, authors, and papers. Each layer it-
self is an interconnected network defined by reference rela-
tionship, but nodes between consecutive layers can also be
connected to each other. For example, an author can write
multiple papers, and a paper typically has multiple authors.
The edges in a higher layer are induced by edges in the layer
right below it, together with the edges connecting the two
layers.

When grouping the properties of the graph, we can do finer
grain quantization instead of grouping into two or three dis-
crete groups (recent and old, high impact and low impact,
etc.). Moreover, a continuous function can be fit onto the
discrete data to gain more insight in the trend of the data,
as well as to do plausible extrapolations.

In addition, we can model the time varying properties of the
graph. More specifically, we can look at the evolution of the
citation for a specific paper over time, or look at how new sci-
entific discoveries (e. g., SVM, Compressive Sensing, FFT,
etc.) propagate in the academic network, especially across
different fields. Or inversely, new trends in the citation net-
work can be discovered by mining the information flow in
the network. We also expect to find that many properties of
the graph are strong functions of time, whereas others are
not.

Moreover, we can try to answer time evolution related ques-
tions such as: 1. As papers are more and more available in
digital forms, does the citation graph change? We expect
that the popularity of digital papers makes it easier for re-
searchers to access papers from a different field and make
citations. 2. Does six degree separation still hold in cita-
tion networks in all layers? How does the separation change
over time as digital papers become more and more available?
How far away are two different research fields? As research
becomes more and more specialized, is it becoming easier
or harder to collaborate with someone from another field?
3. Does the pattern of publication change over time as one
evolves in his academic career? We are interested in looking

at change of publication number, impact, author order, etc.,
across the lifetime of researchers.

To create a model that captures the citation behavior be-
tween the papers, similar to the way Blog network is mod-
eled in [5], we can use the susceptible-infected mechanism,
but give papers more flexibility in the probability of being
cited, for example according to some initial estimation of im-
pact based on other factors. Then we can see if the model
fits well with the real data. This model might still fail since
other important factors that affects citation behavior are
not modeled, such as tendency of self-citation, citation bias
towards a certain subset of papers, etc.

3.2 Domain Specific Subgraph Analysis
Citation graph properties might vary across different do-
mains. For example, citation pattern for high impact pa-
pers in computer science might be different from that in
physics. Putting all papers together obscures this differ-
ence. We could analyze domain specific subgraphs to reveal
this variation.

Similar to finding the important nodes in the Blog network,
we can find key publications for specific fields, and auto-
matically generate a reading list for people who want to do
a quick survey of a research direction.

3.3 Impact Metrics
We are also interested in how to integrate different metrics of
the network to get an effective metric to measure impact of
an entity, e.g., author impact, paper impact, research group
impact, etc. There are existing works to measure author
impact, such as citation number normalized by average ci-
tation in the same field in [6], h-index [1], g-index [2], etc.
Some of the metrics can be generalized from measuring au-
thor impact to measuring paper impact, or research group
impact.

An interesting topic to look at is the graph composed of
papers published by a specific author or research group. By
analyzing self-citation patterns and its correlation with other
commonly known impact metrics, we could gain interesting
insights on how researchers differ in self-citation behaviors.

Algorithms similar to page rank can be also applied to dif-
ferent layers of the hypergraph to determine the impact of
a paper, an author, or even a research group.
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