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Abstract

The dynamics of epidemic spreading on complex networks is an important theoretical basis for
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revealing virus diffusion rules and formulating prevention and control strategies. Traditional net-
work models, such as the BA model and classical weighted network models, mostly ignore the cou-
pling of spatial location and social intimacy. Some even separate the correlation between node degree
and edge weight. Thus, they cannot accurately reproduce real network topologies or describe spread-
ing behaviors precisely. To solve this problem, this paper proposes the Friendship Distance Index (FDI).
It quantifies the combined impact of geographical proximity and social closeness on node connections.
We also construct an FDI network evolution model that integrates spatial constraints and social cor-
relations. Based on the SIR spreading framework, we systematically analyze the spreading dynamics
of this network. We explore how key parameters affect the epidemic threshold and infection scale,
and reveal the spreading mechanism under the coupling of spatial and social factors. This research
can provide theoretical support for epidemic prevention and control in real social networks. It also
helps improve the research system of complex network spreading dynamics.
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Table 1. Average clustering coefficient, average path length and network efficiency of FDI networks with different distance

decay functions
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Figure 1. Degree distribution (left) and clustering coefficient (right) of the friendship distance index preference model when
a=p=1
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Figure 2. Node degree distribution (left) and clustering coefficient (right) of the friendship distance index preferential net-
work model with different parameter combinations ( g =2,3,4;a =2,3,4)
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Figure 3. Node degree distribution of the friendship distance index preferential
network model when a=4,5=2
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Figure 4. Node removal strategies of FDI networks under different parameter combinations: (a) a=8=1;((b) a=4=2;
(© a=p=3;(d) a=p=4
4. FNEISHAAT FOI BT REMRKEE: (@) a=4=1;0) a=£=2;() a=£=3;d) a=p=4

DOI: 10.12677/aam.2026.155223 234 N H it e


https://doi.org/10.12677/aam.2026.155223

FEER, AR

K 4 NS HECT FDI PR AEA R BT A& 07 A R BEALARE R, 4% LCC Ll 5 2%
BB SR AL BRI 2R3k, RAULLBIE 80%IN ) B i FE A M, BAEERE: BERIGE T,
PITIAR b a2 SR T B, B BRLEGIZ) 4000 BT, M8 DUk DU, SR “EHEIESS " R,
ERERNE, #0SHT MG a8 A, (HIX & BB i @ s v — B e,
WZHE S5 P I AR d JCAR BERF IR DE , T2 E A 55 40 AN AL LR 3G (R B Bh R 45 2R

4. FDI M T SIR AR BN BENES 5

ETRBE IR, FDI M2 RA “ERENESS " AMRRAE . D9t — B IR TE IR SN X A Gt 1
AR, ATHET SIR MR, EARFZSHH AN FDI ML EIFRAEREZN 155, e 5 B
XHAEFRBIE . G S e B R IR R, 4B A S SRR RN 5 23 (] L A B 1 A% 4 v (AR
WU, 9 G B 72 SR DAL S AL BB A

4.1. FDI 4T SIR RBULBIGREST 4

HT 28 o Ml g 28U, RTEDRRFE S8 a = f=1 T FDI ML R, FAMEEH]
AR BN T PR 2 S B A ATAE S, SEIRAMASR RIS B HUT N SR IMEIER AN S . HF
T 11538 5 75 T3 (Heterogeneous Mean-Field) S [ 11K BEARAL $&5) 1124 5 M SR NI AR 45 &
FAIRE T R A2 AL e sl 1 2 B B Stk . XA VS AR, AT @ AL, &
LME SIS . FTCRY, 2 o= =11 FDI & E&TLFRERE, bkl 55 T3 g
K# SIR BAUERRBRIME . F-TFHEIRELICPRZIE Mz b, I SR s, 4 [0 B
TR =2, H BT RIS 30 SR AU — B 456 SIR BLAY, 42795 J5 5 k X4 42, 12 S, (t)
L (1), R (t) 23 ARy k B9 SAE t I 21T Zh gk e, BEEREIEE . BN TRk, #6

S ()+1, () +R (t)=1 @

N 7 53 B, AR SIR BRI B ar T RE A
s, (1)
dt

dl(:—'[(t):ﬂk(a(t)'sk(t)_?/'lk(t) ®)

dR, (1)
dt
Forb AR,y AR, O(t) AL E— iR A — R ORI, B A K T A

BEA KU A P (K ) RS kO U T RR AR A (M 1 () LR, B0
®(t)=;P(k’|k)|k' (t) )

MR EAT R, P (k) B3 X
_KkP(K) _KP(K)

"= et T 0o

- ke 1) 5, (1

=71 (1)

BT, 2 a = =11 FDIZE AT B LF- 2 0E A BAT A SCTE R R 2% . N I8iEIX — PR
R A Rk, E BB RS T FDI SR EER R R 8, @ RIS LR - BESRIBOKF, N Jaskitig
TSRO .

DOI: 10.12677/aam.2026.155223 235 N H it e


https://doi.org/10.12677/aam.2026.155223

FEER, AR

Table 2. Pearson correlation coefficients and p-values of FDI networks under different network sizes and connection numbers
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Figure 5. SIR model simulation on the FDI network when o = =1 (left) epidemic threshold and (right) steady-state density
as a function of transmission rate
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Figure 6. Heatmaps of the peak infection proportion (left) and final infection proportion (right) in FDI networks under different
transmission and recovery rates
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Figure 7. Heatmap of network infection peak ratio against transmission rate and recovery rate
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