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Overview

• Derivation of continuous model
• Nonlocal interaction kernel
• Numerical simulation
• Exploration of parameter space



A continuous-field model

• Continuous population density: 𝜌 = 𝜌 𝑥, 𝑡 (Sayama 2020)
• 𝑥 = opinion space 
• 𝑡 = time

𝜕𝜌
𝜕𝑡 = −∇ ⋅ 𝐽

• 𝐽 = (Random movement) + (Movement toward popular opinions) 
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Interpreting the PDE (diffusion)

𝜕𝜌
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= −∇ ⋅ −𝑑∇𝜌 + 𝑐𝜌/𝜌 𝑥 − 𝑟 𝑊 𝑟 𝑑𝑟

Diffusion

Credit: kondensat

𝑥

𝜌

Random motion

https://commons.wikimedia.org/wiki/File:Heat_equation_numerical_solution.gif


Interpreting the PDE

𝜕𝜌
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Nonlocal aggregation

Credit: Brian Amberg

Long range sampling of the opinion space

https://commons.wikimedia.org/wiki/File:Convolution_of_spiky_function_with_box2.gif


Shapes of nonlocal interactions

• 𝑊 𝑟 ~ particle-based interaction potential
• For 𝑟 > 0,

• 𝑊 𝑟 > 0, attraction
• 𝑊 𝑟 < 0, repulsion
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New𝑊 𝑟 = 𝑒!"!#! sin 𝑘𝑟

Attraction

Repulsion



Onset of pattern formation

• Linear stability analysis: determines whether stationary states 
become unstable
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𝜌 𝑥, 𝑡 → 𝜌! + Δ𝜌 𝑡 𝑒"#$

−𝑑𝑘% − 𝑖𝑐𝑘∫𝑊 𝑦 𝑒"#&𝑑𝑦 > 0



Simulation w/ periodic boundaries

• 𝜌 𝑥, 𝑡 = 𝜌 𝑥 + 𝐿, 𝑡
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Spacetime diagram



Simulation w/ hard boundaries

• 𝜌 0, 𝑡 = 𝜌 𝐿, 𝑡 = 0

𝑥

𝑡

𝑥

𝜌

Spacetime diagram



Parameter space
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Parameter space

• Let’s zoom in,
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Discussion

Future work
1. Are the opinion groups stable? (Multi-scale analysis of patterns)
2. Allow for varying total population (leading to spatiotemporal chaos)
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