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Abstract

This study establishes a Lévy walk model with random speeds by introducing Gamma and Beta dis-
tributions to characterize the statistical properties of stochastic velocities. When the walking time
follows an exponential distribution, the system undergoes a transition from short-term super-
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diffusion to long-term normal diffusion. In contrast, when the walking time follows a power-law
distribution, the system persistently exhibits superdiffusive behavior. The research reveals that the
parameters of the Gamma and Beta distributions determine the intensity and anisotropy of the dif-
fusion process. This work not only provides a new theoretical framework for understanding anom-
alous diffusion in complex systems but also lays an important foundation for quantitative analysis
and predictive modeling in related fields.
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2. HAMEHLEER Lévy Walk
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a, +a_)(a, +a_+1)

Lévy e, i i A i A B A, 77 A A (MSD) S BLES I 18] RUBE 3 35247 9 K
P ZNET RS, B BUT O bR BB R E . [ 1 IEI Beta 70 A5 21 1A [ A 3E AR ARy

DOI: 10.12677/pm.2025.1512302 142 P2k


https://doi.org/10.12677/pm.2025.1512302

THIMSC

PE, BETRA BAF RIS BTN 25— U BER DA (o, =a_ =0.5) BAREPEMES mE M, ZIE
A S S (R R B “ 57 S Rnd R B “HR” 28, Bk ok,

O as=a-=05
1027, g,=a.=1

v o ai=la-=2
—— Theory:a; =a-=0.5
- Theory:as+=a-=1

1014 "7 Theory:a+=1,a-=2 o

(x2(t))

100 4

1071 £ : .
100 10! 102

t

Figure 1. Evolution of the mean squared displacement (MSD) over time for a random walk with waiting times following an
exponential distribution and rates following a Beta distribution under different Beta distribution parameters, where A = 0.5
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FIH MK HEIE P 5 (MSD o zz) B IE W3 B (MSD oc 1) BIEEAT . HHE (] 28 A 2l i ] R
JE 5 T 24 AE N TR IR AR A (0 < @ <1) I, REEMIR A AERF Y BURES (MSDoctz) , X TR
A0 (KRR SR VPR R RIS [R] (52 Mi2 8l . U BEHLEZE R A Beta 3100, WS o, Mo LH

C=

DOI: 10.12677/pm.2025.1512302 143 S H


https://doi.org/10.12677/pm.2025.1512302

T SC

VAT R AT AT AR PE R O, SR A T E A T BT R AR (R R AT IRACIZ R 48, T
T 3T WU B 3 A i ik BAT KRR R R R VRIS 3 o XA DU IE ARG B T Lévy i E AL ik A Jey &4
HLR 4 R danic i e B BB HE S

105 O ay=a-=0.5

a,=a-=1
v ai=la-=2
10°{ — Theory:as =a-=0.5
- Theory:a;=a-=1
103§ --- Theory:a;=1,a-=2

102 -

(x2(t))

101 4
100 5

1014 _-

100 10! 102 103
t

Figure 2. Evolution of MSD over time in a random walk with power-law distributed waiting times and Beta distributed rates
under different Beta distribution parameters. Here, o = 0.5
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Figure 3. Evolution of the mean squared displacement (MSD) over time for a random walk with exponentially distributed
waiting times and Gamma distributed rates, under different Gamma distribution parameters. Here, A = 0.5
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Figure 4. Evolution of the mean squared displacement (MSD) over time for a random walk with power-law distributed waiting
times and Gamma distributed rates under different Gamma distribution parameters, where a = 0.5
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