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Fig. 1. Network reconstruction results: (a) and (b) represent two different solution results for solving a series of linear equation sys-
tems, respectively, with red dots indicating solutions with connectivity and blue dots indicating solutions without connectivity;
(c) represents histogram distribution of the solution result for the node within the red box in panel (a); (d) represents histogram
distribution of the solution result for the node within the red box in panel (b). The horizontal axes in panels (a) and (b) represent the

node number in the network, the vertical axes represent the solution results of the linear equation system, the horizontal axes in panels (c)

and (d) represent the solution results of the linear equation system, and the vertical axes represent the number of distributions.
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Table 1.  Real networks structure characteristics. N
and E are the number of nodes and edges, respec-
tively; (k) indicates the average degree; C and r are
clustering coefficients and classification coefficients,
respectively; H is the degree heterogeneity, defined
as H = (k2)/(k)? .
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Fig. 2. The relationship between H(4) and node recon-
struction effect: The horizontal axis represents the node
number, the left vertical axis represents the negative value
of node’s reconfigurability index —H (%) , and the right ver-

tical axis represents the reconstruction effect F).
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Fig. 3. Comparison of reconstruction effects between UNRGMM and TTM in synthetic networks: (a) and (d) represent the recon-

struction effect on the ER network; (b) and (e) represent the reconstruction effect on the WS network; (c) and (f) represent the re-

construction effect on the BA network. The error bar represents standard deviation over ten independent trials.
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Table 2.  Comparison of reconstruction results
between UNRGMM and TTM on real networks.

TTM UNRGMM
R
F Accuracy F Accuracy
Karate 0.723 0.889 0.989 0.997
Dolphins 0.776 0.951 0.970 0.995
Football 0.484 0.874 0.774 0.963
Polbooks 0.571 0.896 0.838 0.978

B e X B (R B R ET T 40T, AE 3 Bl
2% ER W% WS ML F1 BA W45 A i G s ] 51)
Hin A R R AT 0B, 3 A 4 R /N R
N =200, FHIE (k) = 6, BHEFSKE T = 5000,
A 286 10 YT, W E] 7 51) Hh i 4L 158 B
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I UNRGMM X2 B[] 75 51 4 2 () Ze vy FR 2H oK
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Fig. 4. The reconstruction effect of UNRGMM and TTM under noise interference: (a) and (d) represent the reconstruction effect on

the ER network; (b) and (e) represent the reconstruction effect on the WS network; (c) and (f) represent the reconstruction effect

on the BA network. The error bar represents standard deviation over ten independent trials.
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Fig. 5. The reconstruction effect of UNRGMM and TTM in synthetic networks with different average degrees: (a) and (d) repres-
ent the reconstruction effect on the ER network; (b) and (e) represent the reconstruction effect on the WS network; (c) and (f) rep-

resent the reconstruction effect on the BA network. The error bar represents standard deviation over ten independent trials.
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Fig. 6. The reconstruction effect of UNRGMM and TTM under different dynamics: (a) and (d) represent the reconstruction effect
for Ising dynamics; (b) and (e) represent the reconstruction effect for Game dynamics; (¢) and (f) represent the reconstruction ef-
fect for Majority dynamics. The error bar represents standard deviation over ten independent trials.
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Abstract

The reconstruction of network structure from data represents a significant scientific challenge in the field of
complex networks, which has attracted considerable attention from the research community. The most of
existing network reconstruction methods transform the problem into a series of linear equation systems, to solve
the equations. Subsequently, truncation methods are used to determine the local structure of each node by
truncating the solution of each equation system. However, truncation methods frequently exhibit inadequate
accuracy, and lack methods of evaluating the truncatability of solutions to each system of equations, that is to
say, the reconstructability of nodes. In order to address these issues, in this work an undirected network
reconstruction method is proposed based on a Gaussian mixture model. In this method, a Gaussian mixture
model is first used to cluster the solution results obtainedby solving a series of linear equations, and then the
probabilities of the clustering results are utilized to depict the likelihood of connections between nodes.
Subsequently, an index of reconstructibility is defined based on information entropy, thus the probability of
connections between each node and other nodes can be used to measure the reconstructibility of each node. The
proposed method is ultimately applied to undirected networks. Nodes identified with high reconstructibility are
used as a training set to guide the structural inference of nodes with lower reconstrucibility, thus enhancing the
reconstruction of the undirected network. The symmetrical properties of the undirected network are then
employed to infer the connection probabilities of the remaining nodes with other nodes. The experiments on
both synthetic and real data are conducted and a variety of methods are used for constructing linear equations
and diverse dynamical models. Compared with the results from a previous truncated reconstruction method, the
reconstruction outcomes are evaluated. The experimental results show that the method proposed in this work
outperforms existing truncation reconstruction methods in terms of reconstruction performance, thus confirming

the universality and effectiveness of the proposed method.
Keywords: network reconstruction, Gaussian mixture model, reconstructability, undirected networks
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