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Fig. 1. Sequential network: (a) T=1; (b) T=2; (¢) T = 3;
(d) T=4;(e) T=5;(f) T=06;(g) T=All
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Fig. 2. Propagation of sequential network (number indicates
the node number): (a) T=1; (b) T=2; (¢) T = 3.
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Fig. 3. Static diagram and sequential network diagram:
(a) Static diagram; (b) static network failure diagram;

(c) sequential network.
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Fig. 4. Robustness of networks under different activation
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Fig. 6. Network robustness under different connection numbers and connection probabilities: (a) Different edge numbers; (b) different

connection probabilities.
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Fig. 7. Network diagram with different connection numbers and connection Probability: (a)M = 1; (b)M = 2; (¢) M = 5; (d) M = §;
(€) M =105 (£) peon = 0-1; (8) Peon = 0-2; () Pean = 0.5; (i) Peon = 0.6; (J) Peon = 1.
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Fig. 8. Network robustness.
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Fig. 9. Network robustness under different time.
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Table 3.  Statistical characteristics of the networks

under different time.
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Fig. 10. Network diagram under different times: (a) T = 2;
(b) T=5; (c) T=10; (d) T= 20; (e) T = 30.
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Fig. 11. Network robustness under different time.
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Fig. 12. Network diagram under different times: (a) T = 2;
(b) T=5; (c) T=10; (d) T=20; (e) T=30.

T4 A[ERTE R B R
Table 4.  Statistical characteristics of the networks

under different times.

T n m ( in/ out)
2 200 931 4.655
5 200 5258 26.290
10 200 11689 58.445
20 200 15464 77.320
30 200 23062 115.310
1.0 - — -
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e SRR IR
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Fig. 13. Scale of transmission through small social net-
works in the United States.
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Table 5.  Contact time of small social networks in the United States.

Source node Target node Time Source node Target node Time Source node Target node Time
v1 V12 4 v3 v13 2 v16 V10 2
v1 v1g 9 v3 v1g 2 v16 V12 4
v2 v10 7 v3 v25 2 v16 V14 2
v v12 1 v4 v10 4 v16 v1g 4
v2 v13 1 V4 v12 1 v16 v32 1
v2 V14 1 v4 var 1 v17 v10 3
v V18 1 v4 v32 4 v1g v12 2
v3 V10 2 vs v12 4 v18 v13 1
vs v13 1 vg v10 1 vig V14 2
vs V18 5 vg v12 2 V19 V14 7
vs v20 1 vg v13 7 v21 v13 1
vs v27 1 vg V15 1 v21 v20 4
vy v1 1 vg v1g 2 v22 v10 3
vy v1g 1 vg v20 2 V22 v12 4
vy v33 1 vg var 2 v22 v13 1
vg v 1 vs v32 2 v22 V18 11
vg v1 3 v11 v10 3 v22 va7 3
vg vs 2 v11 v12 1 v22 v31 1
vg v12 1 v11 v14 6 v24 v3 2
vg v1g 1 v11 v1g 1 v24 vg 1
vg v33 2 v11 v25 1 v24 v10 8
v10 v12 1 v11 v30 3 v24 v12 4
V10 v13 1 v11 v32 1 v24 v13 3
v10 V18 2 V16 v2 1 v24 v1g 2
v24 v25 3 v2g vs 10 v33 v10 2
V24 v32 3 v2g v12 2 v33 V14 2
v24 v33 1 v2g v23 1 v33 v25 1
v24 V35 1 v29 v3 1 v34 v10 1
v25 V10 1 V29 v10 2 v34 v12 9
v25 v12 5 v29 v12 6 v34 v13 1
V25 V14 4 v29 v14 2 v34 V14 1
v25 V18 2 V29 v15 2 v34 v18 7
v26 V10 3 v29 v25 1 v34 v20 2
v26 v12 1 v29 v32 4 v35 v 1
v26 V14 12 v30 v13 1 v35 vg 1
v26 V15 2 v30 V14 7 V35 v10 2
v26 V18 1 v31 v10 2 v35 v12 2
126 v30 3 v31 v13 3 U35 V13 1
V35 V14 4 V35 v25 2 V35 v32 3
v35 v18 1
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Network failure model based on time series”

Yan Yu-Wei  Jiang Yuan’ Yang Song-Qing  Yu Rong-Bin  Hong Cheng
(Institute of Information Engineering, Nanchang Hangkong University, Nanchang 330063, China)

( Received 9 August 2021; revised manuscript received 9 December 2021 )

Abstract

With the development of network science, the static network has been unable to clearly characterize the
dynamic process of the network. In real networks, the interaction between individuals evolves rapidly over time.
This network model closely links time to interaction process. Compared with static networks, dynamic networks
can clearly describe the interaction time of nodes, which has more practical significance. Therefore, how to
better describe the behavior changes of networks after being attacked based on time series is an important
problem in the existing cascade failure research. In order to better answer this question, a failure model based
on time series is proposed in this paper. The model is constructed according to time, activation ratio, number of
edges and connection probability. By randomly attacking nodes at a certain time, the effects of four parameters
on sequential networks are analyzed. In order to validate the validity and scientificity of this failure model, we
use small social networks in the United States. The experimental results show that the model is feasible. The
model takes into account the time as well as the spreading dynamics and provides a reference for explaining the

dynamic networks in reality.

Keywords: time series, cascading failure, robustness
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