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Evacuation simulations

• Crowd evacuating through narrow bottlenecks creates 
clogging and jams that slow down the egress flow.

• Pushing towards the exit creates faster-is-slower effect.
• We present a spatial game to model the interaction of agents 

in such situations.
• Our model explains the origin of panic.
• We apply the game model to a continuous time egress 

simulation FDS+Evac 
(http://virtual.vtt.fi/virtual/proj6/fdsevac/documents/FDS+Evac
_textbased_homepage.txt).
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Previous research

• Evacuation experiments and computer simulations: S. P. 
Hoogendorn et al., 2005; Heliövaara et al., 2012; D. Helbing 
et al., 2000; A. Kirchner et al. 2003.

• Social psychology of panic: A. Mintz, 1951.
• Prisoner’s Dilemma (PD) game: R. Brown, 1965; J. S. 

Coleman, 1990.
• Spatial games and computation: M. A. Nowak et al., 1992; M. 

Sysi-Aho et al., 2005; Heliövaara et al., 2013; von Schantz et 
al., 2015.

• Biological evolution and games: J. Maynard Smith, 1982.
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Game matrix for agent-agent interaction
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•  

Game matrix to be minimized:
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Convex cost function:
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Convex cost function:
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Spatial setting, BR-dynamics, and 
shuffle update rule
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Equilibria in discrete grid
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• Among the semicircles 
A, B, C, the number of 
impatient agents in the 
Moore neighborhood of 
agents are at most 1,2,4, 
respectively.

• The proportion of 
impatient agents along a 
semicircle approximates 
the ESS of the game at 
that distance.
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Evolutionary Stable Strategy, ESS

 

 



Equilibria in continuous space: 
FDS+Evac simulations

• Impatient agents: do not avoid contacts with other agents; 
accelerate faster to their target velocity; move more 
nervously.
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Faster-is-slower effect
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Cellular automaton model, CA (A. Kirchner et al., 2003)
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Equilibrium of the twotype game 
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Irregular succession of evacuated 
agents
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Conclusions

•  
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17

Crowd evacuating from a department 
store
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