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Fig. 1. Initial binary data matrix of the network.
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Fig. 2. The same number of infection sources in node 1 and
node 2.
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Fig. 3. Subgraph reconstruction process.
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Input: Binary data matrix Syrxwn
1 g = S0, SinSi

2: A = (nij) yun

3: fori=1to M do

4: Vi={v;]| Si; =1}

5: G+ Vi

6: for v; in G* do

T Al = (k5) v, v,

8: if number of max(n,,)=1

9: E = Up,qevi {(p,a)npg = max (npq)}
10: else

11: El = Up,qevi {(p, q) |min (03)}
12: end for

13:  Gi=(Vi,EY)

14: end for

15 V=X, v

16: E=U)", E’

17: G = (V,E)

Output: Network topology G

4 L EER AT

4.1 MEEHIEIR

FKHEIERR (true positive rate, TPR) Fl{E
1EfIZR (false positive rate, FPR) 4351|367 [ 25 8
TR AR 2 TPR S8 45, FPR $545 i
/INDUI58 Y ) 284 o) () 38R 8- 14249 TPR Fl FPR

bt AT
TPR = TP/(TP + FN), (2)
FPR = FP/(TN + FP), (3)
H 1 TP(true positive), FP(false positive), TN
(true negative) fl FN(false negative) 735l # 7~ H
TEAES AR 5 . L B A5 SR IR S 5

4.2 Z=FHRNEEMHRRSHT

R T B UE A SCEE W AE F A, B R [ R
1) WS /A [ 4% . BA Jobr B2 R % 14 Fl ER Bl
BLI 265 W] AT T 2 TG 20, 46 19 AH D Hh 1
JEPEINE 1 FTH), Hoh N R U, E#
TN TR, (k) RS T8E, C Fom M
KRR AL, (1) FIR ML 14 A%

F 1 RN EATTMFE
Table 1.  Basic topological features of the three
types of networks.
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‘WS networks N E

WS100 100 200 4 0.099 3.61
WS200 200 400 4 0.078  4.17
WS300 300 600 4 0.057 4.51
WS400 400 800 4 0.052 4.74
WS500 500 1000 4 0.082  4.96
WS600 600 1200 4 0.062 5.12
WS700 700 1400 4 0.071  5.25
WS800 800 1600 4 0.079 543
WS900 900 1800 4 0.068  5.48
WS1000 1000 2000 4 0.068  5.58
BA networks N E (k) C )
BA100 100 196 3.92 0.155 3.11
BA200 200 396 3.96 0.075 3.41
BA300 300 596 3.97  0.073 3.53
BA400 400 796 3.98 0.068 3.62
BA500 500 996 3.98 0.037 3.81
BA600 600 1196 3.98 0.044 3.77
BA700 700 1396 3.98 0.034 3.95
BAS800 800 1596 3.99 0.023 3.93
BA900 900 1796 3.99 0.020 4.06
BA1000 1000 1996 3.99 0.027 4.14

ER networks N E (k) C )

ER100 100 487 9.74 0.117 2.249
ER200 200 2056 20.56 0.103 2.004
ER300 300 4579  30.65 0.103 1.936
ER400 400 7936  39.68 0.099 1.917
ER500 500 12284 49.14 0.098 1.909

421 WS HRM %L

Pl 5 AN R RS WS /)Nt 55 o0 245 24 S 36
RHOR. mE 5 Al UK B, B 250 i, A
[ R R WS /)N T 5 o0 45 k) 55 A A R
by, HEe A HR RS e B Hh 2% 13 d . sk nl LA
KB, BEFE 25 US54 19 268 Bt e
BEZ S, E N e 28 B ) B B ok R,
ZLE SRR 5 M2 R R AL, B IAEL
o i 9 75 5K 5 R 265719 i B0 2 TR — A B 4
M WS /N F R 45 (4 B AL SE R 45 2R T LA
R SCERE X W 48 4 g JEUEAT B v O TR, B
{3t LA [RIRUASE B I 2%, ELGT I 28 A RS ) 5K
N
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Fig. 5. Experimental results of WS small world network reconstruction with different scales.
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Fig. 6. Error analysis of WS small world network reconstruction with different scales.
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Fig. 8. Experimental results of BA scale-free network reconstruction with different scales.
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Fig. 9. Error analysis of BA scale-free network reconstruction with different scales.
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Fig. 10. The influence of different average degree values of BA scale-free network on network reconstruction experiment.
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Fig. 11. Experimental results of ER random network reconstruction with different scales.
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Fig. 12. Error analysis of ER random network reconstruction with different scales.
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Fig. 13. Influence of different average degree of ER random network on network reconstruction experiment.
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Fig. 14. Comparison of reconstruction effects

of three different networks under the same data.
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Abstract

The structure and the function of network interact with each other. The function of network is often
reflected as the dynamic process on the network. The dynamic process on the network is reflected by the
behavior data in the network. Therefore, it is possible to reconstruct the network structure according to the
observed data. This paper aims to solve the problem of how to restore the network topology according to the
observable discrete data on the network. In this paper, an algorithm to infer the possibility of edge connection
between nodes is proposed by using the similarity degree of each node corresponding to each discrete datum,
and by reconstructing each local topology of the network through multiple discrete data, and by superposing
the local topology obtained from multiple data, the global topology of the whole network is reconstructed
finally. The data in the network are generated by SIR (Susceptible Infective Removed) model with infection
probability of 0.2 and recovery probability of 1. Each time, a single node is selected as the infected node, and
the final infection state of the network is counted as a network datum. In order to verify the feasibility and
accuracy of the algorithm, the network reconfiguration experiments are carried out in small world, scale-free
and random networks. Through the network reconstruction experiments in the networks of three different types
and different scales, we can see that the performances of network reconstruction algorithm in different types of
networks are different, and the average degree of network will affect the requirements for data of the network
reconstruction algorithm. In order to verify the applicability of the algorithm, network reconstruction
experiments are carried out on three practical networks. The results show that the algorithm can be applied to
the reconstruction of large-scale networks. In order to show the accuracy of the algorithm more intuitively, we
analyze the network reconstruction error after each network reconstruction experiment. The experiment shows
that with the gradual increase of network data, the network reconstruction error gradually decreases and finally
approaches to 0. In a nutshell, the algorithm we proposed in this work has good applicability and accuracy, and

is suitable for different types of network topology reconstructions.
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