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Motivations

Questions

. How will a collection of groups behave?
. How might the intersection between these groups

change the global dynamics?
. Can smaller groups have a higher critical-mass

threshold than the whole population?
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Hypergraphs: basic definitions



v1

v2

v3e1

v1 v2 v3

Guilherme Ferraz de Arruda, Giovanni Petri, and Yamir Moreno, Phys. Rev. Research 2, 023032
[1] M. Fernandez and S. Williams, IEEE Trans. Aerosp. Electron. Syst. 46, 803 (2010)

Model definition: Hyperedge process construction
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Model definition: Arbitrary hypergraphs
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Monte Carlo Simulations: Definition



Monte Carlo Simulations: Finite size effects and the QS algorithm



Results: Blues reviews hypergraph
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Results: Explaining Multistability and Intermittency
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Results: Explaining Multistability and Intermittency
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“Conclusions”

Questions

. How will a collection of groups behave?
. How might the intersection between these groups

change the global dynamics?
. Can smaller groups have a higher critical-mass

threshold than the whole population?
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The general problem

Information broadcasting Social groupsPairwise interaction

Direct transmission Airborne transmissionIndirect/ Airborne transmission

a) b)

c)
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General models

Information broadcasting Social groupsPairwise interaction

Direct transmission Airborne transmissionIndirect/ Airborne transmission

a) b)

c)

Many-to-One

One-to-One

Many-to-Many

One-to-Many

𝑑𝔼 (𝑌𝑖)
𝑑𝑡

= 𝔼
©­«−𝛿𝑌𝑖 + 𝜆

∑
𝑗:𝑣𝑖∈𝑒 𝑗

𝜆∗(|𝑒 𝑗 |)𝑋𝑖 𝑓 𝑖𝑗 ({𝑌})ª®¬
# Pairwise SIS:

𝑓 𝑖𝑗 ({𝑌}) = 𝑌𝑘

# SIS on hypergraphs:

𝑓 𝑖𝑗 ({𝑌}) =

𝑚 if 𝑚 < 𝑐

𝑐 else

# Simplicial contagion model:
𝑓 𝑖𝑗 ({𝑌}) =

∏
𝑘:𝑣𝑘∈𝑒 𝑗 ;𝑣𝑘≠𝑣𝑖 𝑌𝑘

# Power-law infection kernel:
𝑓 𝑖𝑗 ({𝑌}) =

(∑
𝑘:𝑣𝑘∈𝑒 𝑗 ;𝑣𝑘≠𝑣𝑖 𝑌𝑘 ,

)𝜈
# Critical-mass model:

𝑓 𝑖𝑗 ({𝑌}) = 𝐻
(∑

𝑘:𝑣𝑘∈𝑒 𝑗 ;𝑣𝑘≠𝑣𝑖 𝑌𝑘 − Θ𝑗

)
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General models: Perspectives

Information broadcasting Social groupsPairwise interaction

Direct transmission Airborne transmissionIndirect/ Airborne transmission

a) b)

c)

Many-to-One

One-to-One

Many-to-Many

One-to-Many

Perspectives

# Generalities and particularities

◦ What are general results and mechanisms?
◦ How general?
◦ We can translate/reinterpret these

results to the different models!

◦ What are particular results?
◦ Why?

◦ Opportunities for new experiments!
◦ Data-oriented
◦ Controlled experiments

◦ Opportunities for new applications!
◦ Social tipping points
◦ Disease modeling
◦ Wireless communications
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