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Population protocols & exact majority

• Distributed setting
• Multiple agents (finite state automatons)
• Each agent runs the same algorithm (protocol)

• Given: 
• Undirected graph 𝐺
• Input opinions ∈ {𝐴, 𝐵} 

• Goal:
• Every node outputs majority opinion a.s.

• Asynchronous communication steps:
• Uniformly sample a directed edge (𝑢, 𝑣)
• Endpoints update their states: X + 𝑌 → 𝑋′ + 𝑌′
• Every node outputs depending on their state
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Example: a 4-state protocol

• States = {𝐴, 𝐵, 𝑎, 𝑏}

• Initial state is input opinion

• Transition rules:
•  𝐴 + 𝐵 → 𝑏 + 𝑎 

→ 𝑎 + 𝐴    and    𝐵 + 𝑎 → 𝑏 + 𝐵

•  Otherwise swap: 𝑋 + 𝑌 → 𝑌 + 𝑋

• Expected stabilization time (time complexity)

• Number of states (space complexity)

2
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[Mertzios et al., ICALP’14]

𝒂

• States = {𝐴, 𝐵, 𝑎, 𝑏}

• Initial state is input opinion

• Transition rules:
•  𝐴 + 𝐵 → 𝑏 + 𝑎 

•  𝐴 + 𝑏 → 𝑎 + 𝐴    and    𝐵 + 𝑎 → 𝑏 + 𝐵

• therwise swap: 𝑋 + 𝑌 → 𝑌 + 𝑋

• Expected stabilization time (time complexity)

• Number of states (space complexity)

𝒂𝑨



Example: a 4-state protocol

𝑨 𝑨 𝑨

𝑨

𝑨

𝑨 𝑨

𝑨

𝑨

2

[Bénézit et al., ICASSP’09]
[Draief and Vojnović, INFOCOM’10]
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⇒ Our focus: fast and space-efficient protocol for general graphs
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• All known fast protocols for exact majority rely on this framework

• Initially each node creates an opinion token

• Alternate two phases:
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wo key challenges:
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How long to run each phase? ( → annihilation dynamics)
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log(𝜏𝑟𝑒𝑙/𝑛))) 

This work
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Connected Ω(𝐷 ⋅ 𝑚) any This work
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