HA3E 128 T (= Hl ¥ Eid Vol. 43 No. 12
2020 4 12 A CHINESE JOURNAL OF COMPUTERS Dec. 2020

ETZHEEBENMERGEXFZTN
OB ATF R A

BERERZHFELSWAF LRERE LT KiE 116600

B OE PR AR RN T AR S B U R ST 1 X R A 2 5K [A] 09 A A AL AR BT R 4%
B A PR B A HE B R S HLBUA U vk rh O Bk 2 A 1 00 AR A O AT S A A o AT 2 3 T T ) A A T % B B0 R
U A SCHY A T B R A 1 R 25 S R Al B o ) IR (A il 2 AR A 00 Bk 2 S B AR SR R 1 e AT X AL Bt
7 ¥ P DU AR T {0 P A 2% DL SO F R B T — Rl LA (A R RS A i R A UM 5 Oy A AR 3
ABE R AT G e TOOI 4 B DR BRARE T BRI AR SRS BN T — b T B AR o T AE 2R A 22 AR T R B TN 5 ik L OF
5 B TN 7 vk 6 45 R AT PR %7 I B B PERE AR T T 50 ~ 1906 B SR L BIFSE T 12 R AR B R AE 22 18] 4 AR
FEME A8 7R T 45 R R DL B9 RS 2 i) S T 445 R A G B B LR AS SCRIT S 40 R T B B B N T 5 A B T
20 PR B2 A 18 A 19 48 ) A BIL

KRR BAR GRS LR 1 5 A 38 DL J7 5 6 % B0
HEESKEKS TP399 DOI S 10.11897/SP.J. 1016. 2020. 02372

Predicting Scientific Collaboration by Edge Degree of Multiple Motifs

LIU Juan LIU Ya-Fang XU Shuang XU Xiao-Ke

(College of Information and Communication Engineering , Dalian Minzu University, Dalian, Liaoning 116600)

Abstract In recent years, the prediction of scientific collaboration relationship has become a hot
research topic in the field of science, because it is significant for understanding the cooperation
mechanism among scientists and the evolution mechanism of scientific research networks. However,
there are few researches on the prediction of scientific collaboration relationship using the
methods based on complex networks, and they are almost based on the structures of undirected
networks. In an undirected cooperative network, the direction of scientific collaboration is not
considered, and this way assumes that each author’s contribution to a paper is the same and the
status of each author is equal. However, the collaboration of scientists is often not mutual and
individual status is not equal in the actual collaboration, and this unbalanced relationship can be
expressed by the direction of an edge. In the prediction of scientific collaboration relationship, it
is impossible to distinguish scientists as the first author, corresponding author or ordinary author
by the topology of undirected networks, which will lose key information such as scientific
influence and future potential, and cause the deviation to scientific ranking and analysis of their
influence in scientific fields. In addition, studying unequal cooperation in undirected networks
will have a certain impact on the understanding of scientific research cooperation. In this study,
we construct directed collaboration networks considering the direction of the edge between

scientists, and then we try to predict the collaboration relationship in these directed networks.
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The prediction of scientific collaboration relationship can be abstracted into a link prediction
problem of directed networks in the field of network science. Link prediction based on network
structure information can be divided into two kinds of methods: global information and local
structure similarity. At present, the most widely used local structure algorithm is the motif-based
method for link prediction in directed networks. However, some existing methods only consider
the influence of one or two specific motifs on link prediction instead of using a lot of information
of multiple motifs for link prediction. At the same time, few researchers do consider the
contribution difference of nodes. Actually, the contribution of each node is often different in a
real-life social network. In view of the limitations of the existing methods of link prediction in
directed networks, we attempt to predict scientific collaboration relationship based on edge
degrees of motif in directed scientific collaboration networks, and the aim is to predict the
possibility of cooperation between scientists. Firstly, a link prediction method based on edge
degrees of single and dual motifs is proposed in order to solve the problem that the Naive Bayesian
model cannot be used in the traditional four-node motif. Meanwhile, this study uncovers the
intrinsic mechanism using edge-dependent motif for link prediction. Then, the link prediction
method of multiple motifs using a machine learning framework is proposed. Compared with
existing prediction methods, the prediction performance of the proposed method is improved
5%~19%. Finally, the correlation between the twelve kinds of motifs has been studied, uncovering
that the more similar the structure, the stronger the correlation between motifs. This study
expands the application scenarios of motif theory and can help us to further understand the
evolution mechanism of directed collaboration networks of scientists.

Keywords scientific collaboration relationship; directed network; motif-edge degree; Naive
Bayes; link prediction
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Science
Recall 0. 653 0.719 0. 664 0. 650 0.792
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BMJ Precision 0. 857 0.936 0. 889 0.905 0.940
Recall 0. 602 0.623 0.599 0.588 0.744
Fl-score 0.536 0.619 0. 531 0.510 0.735
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mechanism of scientific research networks. Link prediction
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two kinds of methods: global information and local structure
similarity. Although the two kinds of methods have achieved
efficient prediction results in the undirected network, they
can only use the undirected edge information and consider
that the individual status is equal. In the prediction of scientific
collaboration relationship, it is impossible to distinguish
scientists as the first author, corresponding author or
ordinary author by the undirected network, which will lose
key information such as scientific influence and future potential,
and cause the deviation to scientific ranking and analysis of
their influence in scientific fields. In addition, studying
unequal cooperation in undirected networks will have a
certain impact on the understanding of scientific research
Therefore,
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networks. But this method does not extend the potential
theory to the motif theory, and does not comprehensively
consider comprehensive information of multiple motifs.

In this study we construct two predictors using the edge
degree of single and dual motifs. Then, the link prediction
method of edge degrees of multiple motifs using a machine
learning framework is proposed. Compared with the prediction
results of QMI, node2vec and the motifs satisfying potential
theory. the new predictors have higher performance for link
prediction, the prediction accuracy is increased 5% ~19%.
Our findings expand the application scenarios of motif theory,
which can promote our understanding of the evolution
mechanism of scientific collaboration networks.
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