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Measuring the robustness of link prediction algorithms under noisy

environment. Scientific reports, 6.
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Figure 1. The dcpcndm ce of link prediction algorithms’ accuracy (AUC) on the fraction of missing

and noisy links in four real- etworks. The four networks are PB, USAir, Jazz and C.elegans. The link
prediction algorithms are CN and RA. Dashed lines represent the AUC of these prediction algorithms
in the clean network (i.e. link prediction AUC based on the network without any noisy or missing links).
ratio < 0 represents the missing link case and ratio > 0 stands for the noisy link case.
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Figure 2. The depend of the rob of theal (R) on the fraction of missing and noisy links
in four real-world networks.
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Abstract: Link prediction in complex networks is to estimate the likelihood of two nodes
to interact with each other in the future. As this problem has applications in a large
number of real systems, many link prediction methods have been proposed. However,
the validation of these methods is so far mainly conducted in the assumed noise-free
networks. Therefore, we still miss a clear understanding of how the prediction results
would be affected if the observed network data is no longer accurate. In this paper, we
comprehensively study the robustness of the existing link prediction algorithms in the
real networks where some links are missing, fake or swapped with other links. We find
that missing links are more destructive than fake and swapped links for prediction
accuracy. An index is proposed to quantify the robustness of the link prediction methods.
Among the twenty-two studied link prediction methods, we find that though some
methods have low prediction accuracy, they tend to perform reliably in the “noisy”

environment.

JESCEEFE:  http://www.nature.com/articles/srep18881
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Figure 4. The effect of different biased disturbance on four real-world networks. The tunable parameter #
Figure 3. The AUC and robustness of link prediction algorithms in ten real networks. R, R* and R* are is used to control the preference of the noisy links and missing links connecting to nodes with different degree.

respectively the robustness of the algorithms with missing links, noisy links and swapped links. The fractionc ~The red curves are the results of R while the blue curves are the results of R .

changed links here is 40%.


http://www.nature.com/articles/srep18881

2. Fu, Ling, Shen, Zhesi, Wang, Wenxu, Fan, Ying*, & Di, Zengru (2016). Multi-
source localization on complex networks with limited observers. EPL
(Europhysics Letters), 113(1), 18006.
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i %: Source localization is a significant task in the contagion process. In this paper,
we study the problem of locating multiple sources in complex networks with limited
observations. We propose a backward diffusion-based source localization method and
apply it on several networks, finding that multiple sources can be located with high
accuracy even when the fraction of observers is small and the time delay along the links
are not known exactly. By comparing different observer placement strategies, we find

that choosing small-degree nodes as observers is better than the other strategies.



JR SO http://iopscience.iop.org/article/10.1209/0295-5075/113/18006/meta

0

Fig. 2: (Color online) Ilustration of the backward diffusion-
based multi-source localization method. (a) Backward diffu-
sions from each observer; the number marked at each node is
[(i,0k) = to, — Aio,. (b) For a source node s, all values of
T'($m,1), Vi € V are arranged in a circle with radius propor-
tional to I'(sm,%). All the points are bounded in a circle whose
radius is t°, that is T2** = ¢°. (¢) For a normal node j ¢ S,
some values of I'(j,7) will exceed the boundary, resulting in
L% o t°. The sources can be then identified as the nodes
whose T'T'** are minimal.
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Fig. 3: (Color online) Performance of multiple source localiza-
tion on model networks. (a) ER random network. (b) WS
small-world network; the rewiring probability is 0.1. (c¢) BA
scale-free network. The network size used here is N = 100,
and the average degree is (k) = 4. The time delay along the
links follows a Gaussian distribution N(1,0.25%) and only the
mean delay of all links is used to identify the sources.

3. Zhesi Shen, Shinan Cao*, Wen-Xu Wang*, Zengru Di, and H. Eugene Stanley
(2016). Locating the source of diffusion in complex networks by time-reversal
backward spreading, Phys. Rev. E 93, 032301.
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i %5 . Locating the source that triggers a dynamical process is a fundamental but

challenging problem in complex networks, ranging from epidemic spreading in society
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and on the Internet to cancer metastasis in the human body. An accurate localization of
the source is inherently limited by our ability to simultaneously access the information
of all nodes in a large-scale complex network. This thus raises two critical questions:
how do we locate the source from incomplete information and can we achieve full
localization of sources at any possible location from a given set of observable nodes.
Here we develop a time-reversal backward spreading algorithm to locate the source of a
diffusion-like process efficiently and propose a general locatability condition. We test
the algorithm by employing epidemic spreading and consensus dynamics as typical
dynamical processes and apply it to the HIN1 pandemic in China. We find that the
sources can be precisely located in arbitrary networks insofar as the locatability
condition is assured. Our tools greatly improve our ability to locate the source of
diffusion in complex networks based on limited accessibility of nodal information.
Moreover, they have implications for controlling a variety of dynamical processes taking
place on complex networks, such as inhibiting epidemics, slowing the spread of rumors,

pollution control, and environmental protection.

JESCEEFE:  http://journals.aps.org/pre/abstract/10.1103/PhysRevE.93.032301
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FIG. 1. Time-reversal backward spreading for locating the source. (a) A network topology with link weights (time delay). (b) The diffusion
paths from the source § and the observers oy, 0., and o5. The arrival time only at the three observers, namely, ¢, >, and f; can be accessed. (¢)
Implement TRBS along weighted shortest paths from o,, 05, and o3, respectively, and the reversed arrival time at each node stems from each
observer, respectively. (d) the vector T consisting of the reversed arrival time from each of the observers. The elements of T, of the source
are identical, which is the key to distinguishing the source from the other nodes. If the observers provide sufficient information of the source,
the revered arrival time from observers are the original time ¢, of the diffusion from the source, enabling the recovery of #,. The source § is
in yellow and the three observer nodes are in dark blue, light blue, and green with black boundary. The actual diffusion from S is marked by
orange solid lines with arrows and the TRBS from the observers are, respectively, marked by colored dotted lines with arrows. The color of
numbers in the vector in (d) corresponds to the observer with the same color.
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FIG. 5. Locate the sources of HIN1 pandemic in China. (a) The earliest outbreak of HINI in June 2009 in four provinces—Beijing,
Shanghai, Fujian and Guangdong—which are the sources of the epidemic spreading in China. The epidemic outbreaks occur at the four
locations nearly simultaneously. (b) The outbreak of HINT all over China in Oct. 2009. (¢) The number of patients in China in December
2009. The color bar in (a), (b), and (¢) denote the number of patents. (d) China airline and train networks with weighted links. The color bars
capture the passenger flux of airlines and trains per day, respectively. The mixture of the airline and train networks is used as the propagation
network of the HIN1 virus. (e) The average ranks of different provinces corresponding to the probabilities of being the sources of the epidemic
spreading calculated by our algorithm. The four actual sources are of the highest four ranks with respect to different fraction n, of observers
and there is a clear gap between the sources and the other provinces. (f) The most probable paths of spreading from the sources uncovered by
using the estimated time delays along links. The results in (e) are obtained by randomly choosing 100 independent configurations of observers
with different fractions.



4. Li Xiaomeng, Chen Qinghua, Fang Fukang* & Zhang Jiang (2016). Is online
education more like the global public goods? Futures, Available online 6 January
2016.
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Abstract: Nowadays with the possibility of synchronous e-learning, online courses are
becoming a new paradigm in education. But there are few studies systematically
discussing the interplay between online courses and global education equality
quantitatively. Here we indicate that online education is more like the global public
goods with on-rival and non-excludable in consumption. We establish an educational
outcome model and indicate that popularity of online education is likely to give rise to
the human capital augmentation, both for developing and developed countries. And this
growth stems from the characteristics of global public goods. To analyze the possibility
of the potential growth, we suggest that an online education club would help countries
to escape from the dominant strategies of “Free ride”, which is the common dilemma in
public goods supply. So the cooperation would bring coordinated growth to countries
with different advantages in educational resources. And this win-win situation offers an
underlying driving force to the development of human capital and economics. This paper
provides a view offering the deep understanding on reducing the gap of education
outcome between countries, and get a coordinated development in the Internet or

MOOC:s Era. It gives more supports to the development of online education in the future.

JESCEEFZ:  http://www.sciencedirect.com/science/article/pii/S0016328715001354
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Fig 4. The elasticity coefficients of education resources in Tertiary Education and Primary +
Secondary Education.
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5. Lin, Zhenquan*, Hou, Shanci, & Wu, Jinshan (2016). The correlation between
editorial delay and the ratio of highly cited papers in Nature, Science and Physical
Review Letters. Scientometrics, 1-8.

fi % Ideally, in a reviewing process, it is generally easier for referees to make faster
and more reliable decisions for high quality papers, which ideally and on average will
later attract more citations. Therefore, it is possible that the editorial delay time—the
time between dates of submission and acceptance or publication—is correlated to the
number of received citations, as has been weakly confirmed by previous studies. In this
study, we propose a different measure for this correlation. Instead of directly calculating
the correlation coefficient between the editorial delay and the number of citations, we
define a ratio of above median highly cited papers and perform correlation analysis
between editorial delay and that ratio for all academic papers published
in Nature, Science and Physical Review Letters. Using this alternative measure, we find
that on average papers with shorter editorial delay do have larger probabilities of

becoming highly cited papers.

JRSCBERE: http://link.springer.com/article/10.1007/s11192-016-1936-z
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Fig. 1 Plois of the number of
citations C in the 3-year period
after the publication year versus
the editorial delay t of each
sample paper in the pournals
Nature, Science and PRL. The
average number of citations
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citations O, of papers in cach
S-day editorial delay box versus
the average editorial delay T are
also plotted
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