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Hb g TR A B AL R ) 70 R, AR O R AN ), 32 S B TR G A L R AL )
R G 3 K7k 156

FETAEGYR AR AT BAL IR DU A A LU AR . B NBE7 N 5 J&E S (susceptible) « 4%
% 1 (infected) FIVAEH R (recovered), S IRAFHALH R ORI 0] BEAAETE RIPIRAS E (exposed),
T2 T SEIR (susceptible exposed infected recovered) #. 1ZAM Jx ik #2 i JLAE Bl A& M.
Hs AR B2 48 0, tean BAA AN i AR B #2110 SEIRS (susceptible exposed infected
recovered susceptible) fA1, J:T-H P 5 SISa (susceptible infected susceptible automatic) f5%
5 0 B B AR RIS (game theory) AL A MU AR 503 A b A I o AR )2
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BEE BALSRSN 1AM TVDM. sl — R 515056, 5 1SR EAT XL, A6 1 A SO
A R AR R
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T AL A RIS A I 2% BLAR R AE LA A IS REAT 20 #r, IIFTAL S 2208 AT W AFIME R 4 e R
HCHE SR (5 EALFB B AL, I8 1 R, N HE — R AR BEAT AR A A
(1) FELINZ. RALH] ] & AR LA I B I AT 9 S8, IIER AR w B2 E . an iR
BERA n PNFELL, B ALEL AP RIS A
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w= =15 (1)
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Figure 1 (Color online) Feature extraction diagram
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Figure 2 (Color online) Schematic diagram of the impact of online time difference
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x® 1 FHEERE

Table 1 Characterization table

No. Feature name Variable name Sign Meaning

1 Online frequency Online angular frequency w Online time rule

2 Online time difference Initial phase © The difference in online time

3 Social relation Node quality m User network weight

4 Intimate degree Close weight w Group closeness

5 Share willingness Sharing coefficient S Communication initiative

6 Social stigma Reputation quotient R User social influence

7 Information energy Information potential energy, Ex.Bp Information content
kinetic energy and dissemination value

FERCTT RS 2 R X Y AR i AT N B A . B
m =lg(1+d), (2)

S d AT

(4) FERLRE. FORFPHER AT 00 R TS E AL, RV 4 B
LR oo AT ANFEL P2 RO 5 SRR, A 802 e, 4K PR P O A,
wTE (0,1) EIBEDN A IHEOM, B w ~ e(N).

(5) S SERLIE. ST I CA P 7 5 B RAT £33 BRI M RERD A, T M S
TR E R R 2 ORI B AT, BTN, S BRIV A AL OB %
RO, HEH PO PERS « REIRARAS DA, BRI L (R ER 10, S ~ N, o).

(6) HE£ A, — I IR SRR AR LA P RSP 0252 VAR, SIS s LA R P
(PP 882 2 B LA P WO, JRL % L R AT, AL b P 2 2
W R, KE T KT, K L R RAES A5, B S ~ N (2, 03).

(1) (EAER B. (LTRSS RIS LA, RIS R AR, GRS B9 By
R R Bx FIR. (B L, (5 BAERAE T2 BB A S B AR A, B

E=FEp+ Fg. (3)
NT B AR, B B T AMEHIER A 55T SRR HHTIL R, I 1 FiR.

2.2 EREBEHOHN

fE—F AR b, BN P R TRE b — P B MR (5 B, e ¥ ke T — ), it
FEEACHEAT, TR — S AL AR HE. 5T P SR AN 5 S R I G e T 10 T FH P R AE 2R A0 2R 22,
K 3 i, B A7AE A, B, C, D 4 NP, BAMRRRE, FIP A kR EREEEN E NER,
BRI L L.

HyY s Ry (1) 1 A A2 Ty JI9IPe L 2RI9ITa] (R 0 & % AR Hi— %5 2 (2) l BAE Ty
JAHIA 28, BRI E QRSB E T R AR S (3) R, A C fE Ty RN L2k, PR
KzfE R (4) P D AE T, BN B BIS2(E B, EA R ROz 78 B SRR Esh 4 AL t
PERT I, (5 BRI 515 BA S M REE A PR 7> I8 Ha s, AR AT N IEL
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Figure 3 (Color online) Feature extraction diagram

B KR, B AT AR, 25850 (1) TR AR R
x = VESRsin(wt + ¢)r(wt + ¢)

=V ESRsin (%t + cp) T (%t + @
Hodr, o NSRS B NERRAER: S NS 25 R NFEREL w NAE r(t) ARPEREL, FonTi
FE 9T N A SR N TEBRA, e S B AR R 2, 2 SR VRIS e A5 R BB, 15 S A% 4k R
B LU, () £ 5N IE I BE SO

@)
).

t, 0<t<m,
r(t) = { (5)
0,t>m
K3 (4) X RIR—Br S5, A5 25 BALHRIIESE o
v = i—j = wVESR cos(wt + ¢)r(wt + ¢) + wV ESRsin(wt + ¢)u(wt + ¢)
= wV ESR[sin(wt + @)u(wt + ¢) + cos(wt + p)r(wt + ¢)]
™m . (TN ™m ™m ™m
=1 ESR {sm (ﬁt + ap) U (ﬁt + cp) + cos (ﬁt + cp) r (ﬁt + w)} ) (6)
o, A w(t) BTER R KL, E B/ I I 5E SN
u(t)dzit){1,0<t<n, -
0,t>m
FRRE R (9) RIS R B S8, w43 2UE SAL R IR o A
a= (312% = wV ESR[w cos(wt + p)u(wt + @) + wsin(wt + ¢)d(wt + ¢)
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Figure 4 (Color online) Information stress analysis diagram

— wsin(wt + @)r(wt + ¢) + w cos(wt + p)u(wt + )]
= WVESR {sin(wt + ©)[§(wt + ) — r(wt + )] + 2 cos(wt + p)u(wt + )}

:7;112 ESR{sin(—H«p)H t+sa) (—t+w)}+2008(5t+<ﬁ) (§t+<ﬁ>} (8)

Forb, BB o) AL eR KL, e SON

2.3 ERERZHIH

TEAELALZ M 2% b, 5 BRI R 2 2 2 A 0 HE R, EA18E 35 R g (s B e 1A
&4k,

WK 4 for, AP A AP B RE—%EE M, M 22| 3 MORER, i FRTA. (1) & #%IR
N7 Fr, ik ‘%?%%%iﬁﬁﬁﬁéﬁﬁﬁjﬂ\, FeHE IR BN IAERE B 55 T AR AR my SR INE
FEF a E’J% Y

e

Fi =mia
- % @{Sin (%t+<p) [6 (Et—i—(p) (§t+<p)] (10)
42 cos (ﬁt—&—ap) (Et—ﬂp)}

Hot, my AR A B R, (2) SZAREMEHET A By, fIR5 B 32 0005 B AT B IR BE T KD,
E5 B S ARIEE T R AR R R ARG /1 Py AR, RARENEH R ) By TR

ma

Fy=F (1—w), (11)

mi + mo

Hot, my, mg 23BN AL B E’J*ﬁﬁfﬁ’i% w NP A I B ZIFPREEEAE; Fy N5
BRI 1. (3) At 1 Fs. B35 KN S BUR T BB B ml A A 5 L A5 B A%
N I147 9%, RAKIEAN

1 1
F3 = sgn(d)EFl Zmlfl, (12)
i=1
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Forb, Ny AR T AR BAEAR S M 2% b RV 18 o WL BHEAT (5 B A RBURT R 1] BRI A ) S
m, fi VBT B AR NI AT, sgn(d) TS BREL, d Ros BEAR T RR 0 SRR L, AR 32
R HOL ORI R SR E T AR 5 R, e (IR

1, SZFF,
sgn(d) =9 0, HO7, (13)
-1, X,

ML ESHRT R, B0 F "R

F=F —-F+F;

m 1 Akl
=F-F - +2m2 (1—w)+ sgn(d)ﬁlFl ;mlfl
- mo 1 all
=F [1- W+WQMH@@M§?M]
2n? mo 1 all
= i miVESR |1 — e — (1—w)+ sgn(d)—1 Zmif,
i=1
X {sin (ﬁw ) [6 (ﬁt+ ) (Et—i— w)} +2cos <ﬁt+<p) (ﬁt—i- 90)} (14)
AT FAEAT, 5 BAERERINEEE o FIEE v 2508
F
o=
mi
7T2TL2 meo
=T VESR 1\/m1 m2(1— + sgn(d Zmlfl]

x {oin (Tt +0) [5 (g1 +e) —r (Tgr+e)] +2e0s (Tt e)u(Tgete))  09)

24

’U:/n adt
0

2,2

:/0n 7-;42 VESR |1 mlnj_?mQ (1 —w)+sgn(d Zmlfl
{bln (—t+<p) [ (—t+<p) (§t+<p)] + 2cos (EH— ) (ﬁt—l—@)}d

) +sgn(d Zmﬁ

Vit

[sm (—t n ) (—t + <p) + cos (Et v <p) (Et + tpﬂ (16)
2.4 FEEEAEEKERE
(1) fFRAET S (5 B TH EPIRES, LS B3IEE Ex =0, G EREERRN

E=Fp+ Ex = Ep. (17)
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Figure 5 (Color online) Schematic diagram of information energy transformation
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283 " g e )ngmf]
x{' (mt+ ) (mH >+ (ﬂnt+ ) (mt+ )]2 (19)
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TP\t Ty TPty

M5 B EIE BT SUS, 5 BT LRSS, B Balge & NG BEAEE Bp. AP 2 MG BfE
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R, 5 BAeE B WD, 9% % BB A LS R s E 28/ (BT %) i,
& RS S b, BEAME BAE R R WA 6 Fros.

R 6 o B2, 1 S AR AR R ¢ I, 1S AT S BRI, B B AR 2
SR 10 TG ¢ WZ, 2 S ARG BRERY 3 ST, 10 ST AR EER RS 9 S 11 5
ts PR (SR 3 SRS 4 S8, 9 S ARG TS AL 1L S AERS 5 S 125
T, UEBS, BF 4 SRR AR S B Re EREEEHERE N, BT RE, FMEREIT RE R, Mg 6
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Figure 6 (Color online) Schematic diagram of information transmission process. (a) t = tp, information release;
(b) t = t1, information dissemination; (c) ¢t = t2, information forwarding; (d) ¢ = t3, end of spread
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nm12

O 983 SR, (20)
mo 1 all ’
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Figure 7 (Color online) Feature extraction diagram. (a) The impact of online time expectation pu(n) on fi1(z); (b) the
impact of sharing coefficient and reputation coefficient expected value u(S)u(R) on f1(i)

gh4 30 (18), AT s A (145 BAL R S br Bt — MR MR AR RE R R g 120, RERIAAN
E(j,t+1) = Z(i,,)E(i,1). (25)

NT BB NBENE & n, S, R, w MRS B A R B A IR, N IR 525
WUAREA RIS O (1) 52 f1(i) BEELIHK n IIAEER AR R, L n2SR NBAFR. f1(i)
FIHES p AYAAER, R %R, Wl 7 FoR. HE 7(a) FAEH, £16) PR EERESE uwn)
B3GR A R, A IR 7 Z R 3K, UEBAF PoPITE LRI AR, (5 B IR, fLihes 5 4%
ARG EREER, AR AEK. FEESMER. HREMFERIIENSE S ZR/E. 557800
18 w(S)u(R) ZAIEN, G5 HWE 7(b) iz, Xt f1(0) FMER A HE B E T, W4 o= R
P R BT 25K P AE — Y P AR A 65 B A 3R A K KRG

(2) L f1(i) BEAELRRTK n 7 2R, 2 BIIHELR K ITE o2(n) 1 0.6, 0.8, 1.0, 1.2,
L4 fERIFEARE NS BRI RSG, UL n2SR ABEAATR . f1(i) IR HAAR, 2R % K, o
Kl 8 7s.

HE 8(a) AW, fi(i) FIMREEREE o2(n) KSAREA KKAB1L, WG BAE S AL
LI KRB R e MELR, RBT REH TR, HERERITENE D ERE. BERETT
7% o%(S)o*(R) WAL, Wk 8(b) B, KIXT fi(i) WIMEZ A s i34, MR % T 25 240
EFABBREE MK AP, f6) FRECEEM G Z A m. WHts ENAZERE., B
IR ZEBIBRET, AR 1 22 SRR, 15 BRI A 5 B R, ftmfE B E, (s SR
WAL

(3) N T LR R T, B I RS A AR, RIS 4E BRI ) By = 0, BER fo(i) BoE
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Figure 8 (Color online) Feature extraction diagram. (a) The impact of online time variance o2(n) on fi(i); (b) the
impact of sharing coefficient and reputation coefficient variance o2(S)o?(R)
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Figure 9 (Color online) Effect diagram of the mathematical expectation and variance of random variable w
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Figure 10 (Color online) Signal composition diagram

W2 1 A5 BALIERAT 2 T BRI A (1, A AE RN A R R — /B T s 4 e 201
B, A REF AR P RS S AN, SR N AN A IR BR, RIS R T R RAT I R, AR
HE SRS B A A B B AR5 05, A 4R35 s AR T RE N A AR 3RBME B, RBOZM 1
T AR A B RS, iR BRI

3.2 ESH

F I T I AS P J2 38 3 A BALHE 3N 1248 TVDM R T M5 B H0N N = 1000 HITEFRE
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Figure 11 (Color online) Information dissemination trend chart. (a) Information forwarding ratio; (b) information
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Figure 12 (Color online) Media influence rendering. (a) Information forwarding ratio; (b) information coverage ratio

BB AT B RGN, 15 B SOR NI KAR NS, B R AN ZIRAS G, W&l 12(a) FToR. [H]
I, {5 S i G 1 LU, (E R AR RE B i I 2% (R KR 23, W 12(b) P, U B A R B
W RS IESRAE BALHRNE L, 10X {5 /27 s 1 B5OA A KR,

3.3 SCIEXTEE o #h

N T i B AL R G AR RS SR, AR 2018 4F 12 A R AE AT, R 6 KA
[ S A1 (1 ML R BB, VRS BNk 2 .

Kk 5 (www.anewrank.cn) KFEEARIZIE /M 88 70, B 7 EAGFSCR RI RS, E A
Z Ak BURHLRE TR 2R L %T’ﬁﬁﬁﬁnﬂﬁ% CSHUREUIE” « <o s BTz, ARSCRA <8
B BE R SS A BT EE, R EIRAE R A ~ F LR IS B0, KR BRI N AR

1879



R ANFEAE: TR e 2 B AL A N 2% 15 S ALk 3l a0 i

*2 AFEARQEHEH

Table 2 Six different domain events

Serial number Category Content Browse maximum value
A Diplomacy China and the United States agree not to impose new tariffs 1159691
B Military U.S. withdrawal from Syria 314462
C Politics Speech at the 40th anniversary of reform and opening up 4462115
D Technology Blackmail virus requiring WeChat to pay ransom 1829246
E Sports Ke Jie defeated Korean players 286674
F Livelihood Yueqing boy lost incident 3783792
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Table 3 Analysis table of three evaluation indexes

Content Similarity P deviation
China and the United States agreed not to impose new tariffs 0.9064 0.9117 0.1509
U.S. withdrawal from Syria 0.9271 0.9131 0.1636
Speech at the celebration of the 40th anniversary of reform and opening 0.9390 0.8258 0.1393
The ransomware that requires WeChat to pay a ransom 0.9501 0.9488 0.1056
Ke Jie defeated South Korean players 0.9452 0.9443 0.1444
The Yueqing boy lost incident 0.9855 0.9815 0.0693
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Figure 14 (Color online) Error chart of simulation and empirical data. (a) Diplomacy; (b) military; (c) politics;
(d) technology; (e) sports; (f) livelihood
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Social network information propagation dynamic analysis based
on time-varying damping motion
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Abstract According to the current research achievements in online social network (OSN) information propa-
gation dynamics, the relationship between the randomness and disorder of micro individuals and the knowability
and controllability of macro group is not revealed through the social physics method. This paper proposes a
novel information propagation dynamics model based on time-varying damping motion (TVDM). Firstly, the
phenomenon of information propagation in OSN is analyzed in depth, and key features are extracted. Then, from
the perspectives of simple harmonic motion with damping, combined forces of internal and external force sys-
tems, information energy transformation, time-varying system and signal transformation, this paper reveals the
physical governing equations and action mechanism of information propagation. Finally, the numerical simulation
experiment verifies that the individual behavior on the network obeys the statistical regularity. The empirical
comparison experiment verifies that the model simulation results are highly consistent with the real event statis-
tical data. Experimental results show that the precision of the proposed TVDM model is about 91%, the novel
model is reasonable and effective.

Keywords social network, dynamics, information energy, damping motion, time-varying system
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