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Fig. 1. Illustration of the calculation of the higher-order
clustering coefficient: (a) A network formed by node w1
and its neighbors; (b) network after removing node w1 ;
(c) distance matrix between neighbors of node v1 in the
network shown in panel (b); (d) the higher-order clustering

coefficient distribution of node v .
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Fig. 2. Schematic diagram of calculation flow of network comparison method based on high-order information: (a) Given two net-

works G and G’ with 11 nodes, G has 14 edges and G’ has 12 edges; (b) an illustration of how to compute the network similarity

based on higher-order information, including the distribution of node higher-order clustering coefficients and node distance distribu-

tion; (c) calculation of the network similarity value Dyc , where 5= 0.5.
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Fig. 3. Parameter sensitivity analysis of synthetic networks generated by the WS and BA model: (a) Similarity between the WS
network of N = 1000 and the WS networks of N = [1500,5000] with the interval is 500 under different parameters 3, where the
(b) similarity between the BA network of N = 1000 and the BA networks of N = [1500, 5000]

with an interval of 500 under different parameters 3, where each BA network adds edges at each step with number of m =5

probability of rewiring p = 0.3 ;

(c) similarity between WS networks under different parameters 7, the parameters are the same as with those in panel (a); (d) simil-
arity between BA networks under different parameters 7, the parameters are the same as those in panel (b). All results are based on

an average of 100 realizations.
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Fig. 4. Effectiveness of four similarity methods in comparing synthetic networks. The network size is set to N = 1000: (a)—(d) Sim-
ilarity between each pair of networks generated by the ER model under different rewiring probabilities p, where the network com-
paring methods are Dyc, Dsp, Do and Djy ; (e)—(h) similarity between each pair of networks generated by the WS model with
different rewiring probabilities p and an average degree of 10, where the network comparing methods are Dyc, Dsp, Dc and
Dy ; (1)—(1) similarity between each pair of networks generated by the BA model under different edge numbers m € {2,3,4,5,6}
added at each time step, where the similarity methods are Dyc, Dsp, D¢ and Djps . All results are based on an average of
100 realizations.
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Fig. 5. Comparison of the four synthetic networks, i.e., K-
regular, WSC, WSK, and BA, by using four methods of
Dyuc, Dsp, Do and Djy . All results are based on an av-

erage of 100 realizations.
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1 HEEMERHANSATER, Kb N9, B AR, AdCRRE, AV AR KR, Ld NIMAETE,

CHERERE, d HEHRE
Table 1.

Topology properties of the real networks, where N is the number of nodes, |E| is the number of edges, Ad is the

average degree, Avl is the average path length, Ld is the network link density, and C'is the clustering coefficient, and d is

the diameter.

Networks N || Ad Avl Ld C d
Chesapeake 39 170 8.72 1.83 0.2294 0.450 3
Windsurfers 43 336 15.63 1.69 0.3721 0.653 3
Contiguous 49 107 4.37 4.16 0.0910 0.497 11

Jazz 198 2742 27.69 2.24 0.1406 0.617 6
Infectious 410 2765 13.49 3.63 0.0330 0.456 9
Metabolic 453 2025 8.94 2.68 0.0198 0.646 7

Rovira 1133 5451 9.62 3.61 0.0085 0.220 8
Petster 1858 12534 13.49 3.45 0.0073 0.141 14
Yeast 1870 2203 2.44 6.81 0.0013 0.067 19
Irvine 1899 59835 14.57 3.06 0.0079 0.109 8
Petsterc 2426 16631 13.71 3.59 0.0057 0.538 10
Pgp 10680 24316 4.55 7.49 0.0004 0.266 24
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LR LER AR AL, FEAN I IR R AR AN, A 2%
Chesapeake I, Bi% |f| 93K, Dsp, Do Fl Dy
FIE AR AL ERAR /N, MR iAE X 3 FPOTik T, TGie

Dk1.0 Dk2.0 Dk2.5
Chesapeake 0.41 0.34 0.17
Windsurfers 0.36 0.18 0.12 -_ 0.6
Contiguous - 0.41 0.22 -
Jazz | 0.53 0.32 0.20 405
Infectious  0.47 | 0.19 [0
Metabolic  0.30 0.14 0.10 104
Rovira | 0.55 | 0.7 [WG08N |1,
Petster M08 0.35 0.25
Yeast | 0.22 013N | o2
Irvine 0.46 0.36 0.18
Petsterc 0.37 0.24 0.14 - 0.1
Pgp  0.44 0.31 0.16

6 LI EBR A B AR L. BT A
AR kA (1.0, 2.0 F1 2.5) Y Dk FHAL, P o i {6 R R
Dyc BHAERIR/N. FTA 453 HET 100 1R 5250 191 31

Fig. 6. Similarity between real networks and their null-mod-
els. We considered the Dk null model with different val-
ues k (1.0, 2.0, and 2.5), and the values in the figure indic-
ate the value of Dpyc . All results are based on an average

of 100 realizations.
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Fig. 7. Similarity between the original real network and the network after perturbation, where negative values of f correspond to the

deletion of |f| fraction of edges and positive values of findicate the addition of f fraction of edges. All results are based on an aver-

age of 100 realizations.
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Abstract

Quantifying structural similarity between complex networks presents a fundamental and formidable
challenge in network science, which plays a crucial role in various fields, such as bioinformatics, social science,
and economics, and serves as an effective method for network classification, temporal network evolution,
network generated model evaluation, etc. Traditional network comparison methods often rely on simplistic
structural properties such as node degree and network distance. However, these methods only consider the local
or global aspect of a network, leading to inaccuracies in network similarity assessments. In this study, we
introduce a network similarity comparison method based on the high-order structure. This innovative approach
takes into account the global and the local structure of a network, resulting in a more comprehensive and
accurate quantification of the network difference. Specifically, we construct distributions of higher-order
clustering coefficient and distance between nodes in a network. The Jensen-Shannon divergence, based on these
two distributions, is used to quantitatively measure the similarity between two networks, offering a more refined
and robust measure of network similarity. To validate the effectiveness of our proposed method, we conduct a
series of comprehensive experiments on the artificial and the real-world network, spanning various domains and
applications. By meticulously fine-tuning the parameters related to three different artificial network generation
models, we systematically compare the performances of our method under various parameter settings in the
same network. In addition, we generate four different network models with varying levels of randomization,
creating a diverse set of test cases to evaluate the robustness and adaptability of the method. In artificial
networks, we rigorously compare our proposed method with other baseline techniques, consistently
demonstrating its superior accuracy and stability through experimental results; in real networks, we select
datasets from diverse domains and confirm the reliability of our method by conducting extensive similarity
assessments between real networks and their perturbed reconstructed counterparts. Furthermore, in real
networks, the rigorous comparison between our method and null models underscores its robustness and stability
across a broad spectrum of scenarios and applications. Finally, a meticulous sensitivity analysis of the
parameters reveals that our method exhibits remarkable performance consistency across networks of different

types, scales, and complexities.
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