Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

BEABMEERENNEREHREMR

EfkME Es ASH Rk G

Information radiation model with across neighbor spread abilities of nodes

Wang Xiao-Yang Wang Ying Zhu Can-Shi Zhu Lin Fu Chao-Qi

5| Fi{% K Citation: Acta Physica Sinica, 66, 038901 (2017) DOI: 10.7498/aps.66.038901

TEZ 7132 View online:  http://dx.doi.org/10.7498/aps.66.038901
AP 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/13

A R R LA S E
Articles you may be interested in

BT AU ABL FE PR 52 23 D9 8% 47 e L B RV AL Bk
Node importance measurement based on neighborhood similarity in complex network
Y% 4.2017, 66(3): 038902  http://dx.doi.org/10.7498/aps.66.038902

T8 P P 8 TN % A 4 1 5 23 BT
Cascading failure analysis in hyper-network based on the hypergraph
VP22 4%.2016, 65(8): 088901  http://dx.doi.org/10.7498/aps.65.088901

I TV PR % o R A o -3 5 5 ) B LR 5 A B PR 4
Core-periphery structure in heterogeneous adaptive network and its inhibiting effect on epidemic spreading
YE=4.2016, 65(5): 058901  http://dx.doi.org/10.7498/aps.65.058901

0 2% £ TR 1 A e Co P b ) HE AR 2 5 T
Effect of variable network clustering on the accuracy of node centrality
YE = 4.2016, 65(2): 028901  http://dx.doi.org/10.7498/aps.65.028901

P BT M 45 R A 15 A A5 g
Synchronizability and eigenvalues of two-layer star networks
Y% 4:.2016, 65(2): 028902  http://dx.doi.org/10.7498/aps.65.028902


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.038901
http://dx.doi.org/10.7498/aps.66.038901
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I3
http://wulixb.iphy.ac.cn/CN/abstract/abstract69374.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69374.shtml
http://dx.doi.org/10.7498/aps.66.038902
http://wulixb.iphy.ac.cn/CN/abstract/abstract67081.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67081.shtml
http://dx.doi.org/10.7498/aps.65.088901
http://wulixb.iphy.ac.cn/CN/abstract/abstract66767.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66767.shtml
http://dx.doi.org/10.7498/aps.65.058901
http://wulixb.iphy.ac.cn/CN/abstract/abstract66398.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66398.shtml
http://dx.doi.org/10.7498/aps.65.028901
http://wulixb.iphy.ac.cn/CN/abstract/abstract66399.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66399.shtml
http://dx.doi.org/10.7498/aps.65.028902

38 % 4R Acta Phys. Sin.

Vol. 66, No. 3 (2017) 038901

BEE SRS R B THE R 5T

EfLREVT EgEY

552

MY EE

1) (FELERYERLEEH S22 TR0, /% 710051)

2) (P Bifs B L%, Hi%  710123)

(2016 4 7 A 20 HYZE; 2016 4 10 A 12 HUREMEEH )

BEXT R 2 HUE BAL SR IO T2 R 25 FE AR (0 ) B, A SCHR 7 — AN A 5 40 A% 16 E 0 5 B R S A
B ORGSR S TR L P S B AR S B 18, ST T AR R 9 I 2 G5 R R LR SR e (s B A%
FEIREE . LURZS E AR SRS Gt 10 =25 B AR ST W 28 B e rg ST mOPRAS 22 1] P96 0 0 D AR G I 2%
griti, SINGR S B B S, 0 RSB HE S TR BUERIE . AR R 2R, A
HUELT FIRAE 7 BB 04T I I B PR AR (R R0, 0BT 174 a2 A IR A e M = AN A S e el 0 {5 S 4

5ot B S HUAE.

KRR fRIRAE ST, (5 RIS, BIRME, fR A I(E

PACS: 89.70.Hj, 89.75.Fb, 64.60.aq

1 5 =

B AL R TR 2 NI 4E 1% 3k 5 9 R
A NS, X B 45 2 AT DU B AR i v (R
B g Bs), B U SR R P 25 s R
& 5 1 FE HIBT 7T BE 0% R BLAS R PA856 1 i) IMAR SE L
Fofe BAE RO FHMz bt e s 1)
G AL TSI 50 RO AT 10 R 25 22
AP VAl 0 SR A

M B 2% P28 Tt Fe 45 B A% HF C & O 5K
(¥ BIF 7C e 02080 H ep o) B BlORE TP 3 4 3 4 oK
WFF 15 BAE RO SOk 2 Y. 773 8ie b, (5
SRR E SCT 5 BRI RN, A A 8] H LA
BRI AR B AR R, e a5 2 2 W
1 FE VG 1Bl B AL 4R A (100, SOk [16] 15 Bh P 3 35 32
W, M T T 0% 2R 4 R B 9 4 S8 TR
PE, CARE 5 IR L5 3 AT N,
SCHR [17) 45 1~ 3837 R T iERT 7T 1 AL Rl A,
TEHT T IR R A LR B A AR SRR (18] F

DOI: 10.7498 /aps.66.038901

T T AT 2% R IR A RCHERE T i, AR HERE
JRIIRE DL T S 115 AL IRV L SCHR [19]
WHA TR B BRI AL S W 2% 2 i (R S (R Ak, A3
[ 5 A e R P R B T R 2% 0 R 45 g 9 2 AT
HBLERE. SCHR [20] WF T T 407 TOHE RN 48 1 R HE A%
R, ST T 2 RAERTH R GOREY T RSH
AR SR [21]) BF 78 7 V8 5 AR R R TP 2
Sy 7 RE RS RRIA VE = AR IR BBl AL, AT
TREVE M. SCHR [22] 25 25 A v R LR X A
AR EHEAT TWEAE. S4h, — e RS HOW SRS H
AN 23] e S R ) A S R AP T
FERAT @RI R AR, P B8 LF RO B AR
AEFIRCRARTN, AT G 1 o0 f B R A o A
S e Gy B A7 AR R VR I SR AR 0 R, SP
HidHA R RS, BEMORE T ARG L E B
FARJRME. AT, JLT A SR A %
JE T RS AR SR R RS AL AR, s T
HERILAR G A S SRR O

SR, A5 BAF N — R e R AT A5, HA S A

* EREARBIAEGHER RS (S 71601183, 71401174) 7 BHHEA.

T BfE/E#E. E-mail: wangxiaoyangl987@163.com

© 2017 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

038901-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.038901
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 3 (2017) 038901

AALIERIER AR 2 AT R IRE ). o, SR
LR AATIE, BN MBS, b=
RYE & XA R ER TR B LS, i,
B X BRI RE L B ) R 5E T Atk A5 B AR S
. FR, 5% K ARGURHIERERE TS5
H ARG B AUREST. SCHR [26] U ONER B RER A
REZME, WFFT 1 3 T 8 0 22 b A% Y B . 3¢
R [27] 38 0 2 T 45 S 9K N AT 9 A FE AR T AT
WIETE, RIS YR o (0 PSS MRAT 9 A 3 1 P
ANV FE, 190 2% PR =40 R B A A 5 B YT R R B
B R AUHRIC R, RIEBEET IR s 1T s 2 IS
AU AT A BT BEPEROR, 1M HAT A AEJR Y (1
ZJRR RN Qe R, STHR (28] BT 7T 1 = 2R
2 PP K S ANE S YT BOLRE, St ST A% B T
DL I e BB IR 45 2, SRR T T M4 1 1%
A PHAE R AR, Ak, 15 RAEAL R f
AFEA TR RGO, RIAEAE(E B . 3
Bk [20] BIFFC T TohR BE X 2% vh AN 58 42 {5 B 9 o
FE, @O 1T RUREIESARA S B B AL, 3
MR [30] FERIT U AP o 18 T AR SRR IS 0L, AN
AR RE 0T A 28 T I R BOH, F
HAEB] 73X AL FRALH B0 Rk, SOk [31) 9 7 5
1y 1 20 i A5 B AR AR T MR 22 57, AR5 R8T R
dr e IAFAEZE S IR R T, i i S 95 1 o8 4L,
A B EE S
BT, AR T N RAEA LR

15 BRI, e 5 A 2% 1 23 B i AR
S EE, B W R A PR R N, A
T =R RS AT, AR S PR R AT T
KA, IHAEAFRI R 2L RT3 mlZ T8 HPR
AT RN S S PR AR (R

2 BRI
2.1 4EHHREIERR

5 RER BAR SRR E A RR R, EOCH
P Ll Gem — BOEWHE TR — e Ak
I 0 B ORI, AR P R A e N TG B 4 25
FUBR % 1 [ 28, W HIV, SARS. 35 18 H A0 % 28 37tk
AT, AR T GOy — AN R IS, AR AR
1] 5 i X s Tt A 5 AR SR R A O R
i B+ B 3 I R G E &, WP 195,

5 5 BIR T ML, O GO R IRILIX. 2
YL, BRI, AT LU, R AT M
2% v ) — el HE Y T (AU R
R TP e AL, B U 2 D7 RE TR I R
5y 5% BI85 B, T2 R 5 R AL Y.

xR BARSRUL, w2 7BV B e
ANBIHTER T, IR (07 AN i, SR 3%
R30S NEI PSI (e = S NS S I S PSS L2
RE PR 2 (AL HE %, 15 S AR SR — AL 2 1M
2% v 1) YT R B T R AR SO TR T,
A% NI R NER(EVSLERSE Y I8

2.2 iREIEL

TEVDER b, RS 072 B3R AR I Fe i e =
(18— 505 53 Mot 5 3 U ) oz Ak A R, 17T S T IR B 37 YR 1)
MG, Res DL RGIE BOR T T A B RS
1) RE 5 AN SR 1) A0 B A T LR . ks o
BRI T TBCHE B RE R, FRONAR ST RE. IR, R
REA MDA IR ST ISS A2 RO, P AR AT ) 53T RE A
6], B A AR FE AN IE). SCiR [32] 76 F 35 4 5 i
RIS R RGN b, ST T A B S BORA 5 AR AR
00 B SR o SRS RS, SCHR [33] AN
5 RAR SR DU R (S R T A5y Rl I 5 A
S e HoAth Y SRR B E R R, E B R
DA R A

1) HE 53

TES R W 28 g AT 15 BAR AT I, R TR NG B
AR R S P AR AR RS B (RS AR
FRE AL SAT A UMELEE); FRS A B o ik B
BAL L IBNE B AT S5 e S IR I A A o
U AL R R, BA — 2 MRS B R, FONA
AP BRI L, P2 AR s T A S B L
ANE], A R AR AN .

2) 77 Ial

— R U, HR S EAG XA R A, AR
Ak B2 v (I T Im) 1 S e, AR AR T B iR )
ARG, RIS A ] DA FER . AR AT A4 (e R
A5 S P T) B AN PR S LD A R [ e
SR, TR 28 1045 B AR S, FRATTIAN R 45
SRR LA S B B IR RE T, R SR IR A 1R G A
REAAR A BAHE A 7y, B vihE ST B R R/, 1T
CLZWS. BT LA, A7 A 5 S R 38 I S i A% [ b

038901-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 66, No. 3 (2017) 038901

EATRER. (5 R R BEIE L, fESE R i
T B T AR R, 2R R S A R R R, AL
BT A0 AR JE S B4R S & 100%, 5 AL E
BN — AN E S K, SRS REE O T x 100%
(0 <7< 1), Hrb 7 et w2 .

K1 &R REE

Fig. 1. Sketch map of information radiation.
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Table 1. Statistical characteristics of each network.

BE REpcE % (k1) (k%) (k2) (k3) (k3) (k3)
NwW 200 654 6.54 45.27 33.52 818.26 108.19 7402.1
BA 200 434 4.34 48.36 49.73 2205.4 145.69 13141
Jazz 198 2742 27.697 1070.2 107.596 12515 51.182 3462.3
Net-science 379 914 4.823 38.686 15.388 383.47 30.042 1239.7
E-mail 1133 5451 9.622 179.82 97.624 16446 403.36 193040
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(e) E-mail M %%
Fig. 5. The influences of different 3 values on R(t) in different networks: (a) NW network; (b) BA network;

(¢) Jazz network; (d) Net-science network; (e) E-mail network.
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of R(t) with different 7; (b) the changing curves of U(t) with different 7.
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Abstract

Information is spread as a kind of energy in the network, and it has the ability to spread to nodes that go beyond
the neighbors, that is, the information has a radiation effect. However, most of the studies of information dissemination
in complex networks only consider the dissemination between neighbors, ignoring that their neighborhood will also be
affected by the information radiation. According to this, we propose a new information radiation model with the ability
to communicate across neighbors. Firstly, the concepts of information radiation range and radiation attenuation are put
forward by combining the theory of complex network and the radiation theory. Secondly, by proposing the hypotheses and
analyzing the information content, the nodes in the network are divided into three states: the radiation state, the known
state, and the unknown state with the information amount serving as the criterion. At the same time, the transition
rules between node states are defined. Thirdly, a three-layer information radiation network model is established based
on the physical layer serving as the network structure, the radiation layer as the information dissemination environment,
and the state layer as the radiation state statistics. Then, on the basis of the model, the differential equations of the
state changes of the nodes are constructed by using the mean field theory and defining the network statistic such as
the nth degree, the average nth degree and the nth degree distribution. By analyzing the mechanism of information
radiation, the expression of information radiation threshold is deduced by using the differential equation set. Afterwards,
the existence of information radiation threshold is proved in each of NW network, BA network, Jazz network, Net-science
network, and E-mail network. And the results of numerical simulation and theoretical analysis are well fitted, verifying
the correctness of theoretical analysis and the validity of the model. Finally, considering the practical situation of the
application, the influences of the state transition probability and the radiation attenuation on the information radiation
are analyzed in the BA network by using computer simulation. The results show that the radiation attenuation can
stabilize the radiation, and the number of nodes in the initial state of radiation can be increased, which will accelerate
the demise of the unknown state nodes but will not increase the number of nodes in the steady state. The results show
that increasing the attenuation of the radiation can not only increase the number of radiation nodes in steady stage of
radiation, but also speed up the demise of unknown state nodes. And increasing the state transition probability o or
~ will affect only the number of the radiation nodes in the initial stage of radiation, also accelerate the demise of the
unknown state nodes but will not increase the number of radiation nodes in steady stage of radiation. The analyses of
the state transition probability between nodes and the radiation attenuation also prove the correctness of the theoretical

analysis.

Keywords: spread abilities, information radiation, complex network, radiation threshold
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