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Fig. 1. Airline-Railway double-layer hyper network.
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Fig. 2. The hyper degree distribution of 3-uniform random hyper networks under different p: (a) p = 0.004; (b) p = 0.006;

(¢) p=10.008; (d) p=0.01.
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Table 2.

work.

Experimental statistics of BB hyper net-

N1y N2 N mio=m20 pi2 M (ki) (k2) (k)

0.001 62375 126 251 188

500 500 1000 3
0.01 623750 1992 3240 2616

k—2

|
331 M7k

BE X2 3 B157 8 48 B (R dE i FR A R

1) R H H (mg, m)H5E 50y a2 — 2 48 M 2%
Hy (mao, m1);

2) K H (N, p) B R Ay 3 5 — 2 8 1 2%
Hy (N2, p2);

3) Rl RBENL ) k42 ], RIS —
FEHEE AR SE R WEERAA
AHIE] S S DA pro 2B A i — Sl i, 2R IP I
(m1g +mq) (1\272> p12 A I

3.3.2 i HAT

BE XUZH W25 (1475 52 (k) 2R — 2
T BE M W 2% (1 15 Y (k) FTEE 2 ER
Bt HTLAER P 265 419 3 SR T (o) DRI, 531K

(k) ~ 1.5+ <J\2[2> P12, (12)

(ka2) = <N22— 1) p2+ No (N2 —1)p12,  (13)

Horr, No AR B RS T REL, po WA )R

1245 19 52 N AR, po 22 I 00 1 422

B M (k) = ((k1) x Ny + (ko) x Na)/(N1 + Na).
BE XUz 2% H77 nUBE 041 5 EE BUZ

018901-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 1 (2021) 018901

W4l BB WUZAE 40, F 4 — 2 TC b B
2K OB o A AR R ER%M?@H%E’J?

Wi (1) + Wy (2

+Z’L 3

( - z> X Pyt (1—prg) 99

JEP AT B — M 25 Y RN kY
*%%éﬂ‘ﬁﬁ

plst(k) _

(N1 + Na) ’

(14)

S, W = Ak (k6311> Pt x (1=pi2) @070 W (2) = M1 (2) x (/312) phy 2 x (1=p1o) @ ~*72.

SRR SR kMR

p2nd (k‘)

] —i 2 —i —(k—i
Zz o V2 X (Z) <o X (L) (kc—hz) Xy’ x (1= prg)* @0

seb, B = (Y1) @u= (), o
U R (B R
3.3.3 WESEK

16 BE SRR 2 (975 20 S5 9 3, 4
R 5 R 4 0 NG = o + ma

N HUELR 500, He e — J2 88 R 25 B RTA6 19 154 mao
N3, 5 R A 2 R I R py D 0.006, JZ

0.14
* AL (a)
0.12}* *
*

*
0.081 *

p(k)

0.06 -
0.04 *

0.02 - *

120 140 160 180 200 220 240 260 280
k

0.06 —=
* AL (b)
0.05 |

MK KK

0.04

0.03

p(k)

0.02 |

0.01

.
PR Mgk K Fome
F******** TE

0 . . . . . .
1200 1400 1600 1800 2000 2200 2400 2600
k

B4 XMZ3H5) BBEMEKTSBESM  (a)pi2 =
0.001; (b) p12 = 0.01

Fig. 4. The BB hyper degree distribution of double-layer 3-
uniform hyper network under different pi2: (a) p12 = 0.001;
(b) p12 = 0.01.
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Fig. 5. The BE hyper degree distribution of double-layer &
uniform hyper network under different pi2: (a) p12 = 0.001;
(b) p12 = 0.01.
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Table 3. Experimental statistics of BE hyper network.

Ny N2 N mio p2 pi2 M (k1) (k2) (k)
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Abstract

With the rapid development of social economy, the relationship between social members and groups has
shown more complex and diverse characteristics. As a network depicting complex relation and multi-layer,
hyper network has been widely used in different fields. Random network that obeys Poisson distribution is one
of the pioneering models studying complex networks. In the existing hyper network researches, the hyper
network based on ER random graph is still a blank. In this paper, we first propose an ER random hyper
network model which is based on the hypergraph structure and it adopts the ER random graph theory.
Furthermore, using this model, the node hyper degree distribution of this hyper network model is analyzed
theoretically, and the node hyper degree distribution is simulated under different hyper edge probabilities:
p=0.004, p=0.006, p=0.008 and p =0.01. The results show that the node hyper degree distribution of this

N

hyper network model complies to the Poisson distribution p(k) =~ ¢ , which conforms with the

characteristics of random networks and is consistent with the theoretical derivation. Further, in order to more
accurately and effectively describe the multiple heterogeneous relationship in real life, in this paper we construct
three different kinds of double-layer hyper network models with node hyper degree distribution with bimodal
peak characteristics. The three kinds respectively are ER-ER, BA-BA and BA-ER, where ER represents the ER
random hyper network, and BA denotes the scale-free hyper network, and the layers are connected by a random
manner. The analytical expressions of node hyper degree distribution of the three kinds of double-layer hyper
network models are obtained by theoretical analysis, and the average node hyper degrees of the three double-
layer hyper networks are closely related to the inter-layer hyper edge probability. As the inter-layer hyper edge
probability increases, the average node hyper degree increases. The results of simulation experiments show that
the node hyper degree distributions of three kinds of double-layer hyper network models proposed in this paper
possess the characteristics of bimodal peaks. The ER random hyper network model and the double-layer hyper
network model proposed in this paper provide the theories for further studying the hyper network entropy,
hyper network dynamics, hyper network representation learning, hyper network link prediction, and traffic
hyper network optimization of such hyper networks in the future, and also it has certain reference significance

for studying the evolution of multilayer hyper networks.

Keywords: hypergraph, ER random hyper network, bimodal peaks characteristic, double-layer hyper network
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