
How did Mongol s ociety develop the largest territiorial empire in the world history 
with only minor social complexity? 
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Pleogenic model of political origins and evolution
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Top-level UML state diagram for the fast canonical process.The referent system is a generic polity, subject to
occasional situational changes (public issue occurrence) in its internal or external environment.
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High-level diagram for an instance of the fast process: The Xiongnu are attacked by the Chinese. They
defend themselves and, as a result, the Xiongnu polity—its state— is changed. In this instance the state became

more complex.
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Main scientific puzzles addressed:
• How do societies evolve or fail when challenged by threats or opportunities?
• How does success or failure in collective action affect social complexity?
• How did polities rise and fall in Inner Asia since ca. 3000 BC?

Main gaps in needed scientific knowledge:
• Lack of theory: Needed to advance our understanding of long-term societal dynamics
• Lack of data: Needed for knowing the history of when, where, and how polities evolved
• Lack of models: Needed for developing validated/calibrated agent-based computational 
models with sufficiently  complex and shifting environments

Polities evolve by a process of “canonical variation” (Cioffi-Revilla 2005), whereby a 
society increases or decreases its political complexity (overall governance capacity) 
depending on success or failure in meeting collective action challenges (threats or 
opportunities).

Sociopolitical evolution by canonical variation occurs on two distinct time-scales:
• A fast process determines whether a society is successful or not in meeting collective 
action needs
• A slow process determines whether a society develops or declines depending on the 
cumulative effects of numerous and often parallel fast processes

Inner Asia (red oval) is a region that links the sociopolitically “pristine” regions of  East Asia 
and West Asia after 3000 BC. Source: Cioffi-Revilla (2006).

What Is MASON?
Multi-Agent Simulator of Networks and 

Neighborhoods
Main features:
• Fast and 100% Java
• Separable computation - visualization
• Guaranteed reproducible results
• Free and open-source
http://cs.gmu.edu/∼eclab/projects/mason/
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1. New scientific concepts, theories, and methods for understanding long-term 
societal dynamics in complex and shifting environments.

2. New databases on geographic, social, economic, political, military, technological 
attributes of Inner Asian societies, starting from ca. 3000 BC, including 
information on their physical environments.

3. New computational models—multi-agent systems or agent-based models—of 
societal evolution and adaptation, using the MASON system and evolutionary 
computation (see Research Methodology).
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Main methods employed by our team:
• Interdisciplinary collaboration
• Field research at archaeological sites (see 
red dots on the top right picture)
• Archival data collection
• GIS, including social and historical
• UML for designing models
• Agent-based modeling using MASON
• Evolutionary computation using ECJ

Why is the fast process called "canonical"?
• Because the same common theme in the event sequence G-C-N-U-S re-occurs again and 
again, throughout history, but with important variations caused by success and failure.
How does the fast process with canonical variations "feed into" the slow process?
• By a mechanism of "credit assignment", whereby different outcomes of the fast process 
produce positive and negative externalities for governance capacity
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"Fast" branching process for political evolution by canonical variation producing diverse outcomes for
society undergoing challenging situational changes (threats or opportunities)
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Formal and empirical components in the canonical theory of emergent social complexity.


