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Optimization of Large-Scale
Evacuation Simulation on GPU

using Agents Characteristics

Kouki Shibata
Abstract

Multi-Agent Simulation (MAS) is often used to explore efficient disaster
evacuation. MAS regards individual evacuees as autonomous Agents, and
simulates their behaviors by a bottom-up approach. Thereby, MAS sim-
ulates realistic behavior of the evacuees crowd. Each agent decides their
next behavior during the interaction with the surrounding environment
and the nearby agents. Thus the computation cost of inter-agents in-
teraction increases significantly in practical evacuation simulations with
large number of evacuees. Therefore, the acceleration using Graphics
Processing Unit (GPU) is attracting attention. A GPU is equipped with
thousands of cores and performs highly-parallel computation launching
many threads. All threads are divided into units called Warps by 32
threads. A Warp is the minimum unit of independent execution control:
each threads in a Warp executes the same instruction simultaneously.
Although GPU achieves high performance by highly-parallel processing,
the performance may decrease due to conditional branches. Such ineffi-
ciency is called branch divergence and often non-negligible in MAS be-
cause the code determinating the agent’s behavior usually includes many
conditional branches. The branch divergence can be solved by assigning
threads executing the same program path. A previous research proposed
a method grouping agents by the agent states, which reduces the branch
divergence and achieves better acceleration of MAS. However, the per-
formance is still insufficient because the grouping is not optimal. In this
research, we propose a new method of grouping the agents. In addition
to the agent state, we also consider agent characteristics which affect the
agent behaviors. To improve the adequency of agent grouping, effective
states and characteristics are selected and used in combination. As a fur-
ther optimization, the selection is dynamically changed considering the
simulation progress.
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We compared the proposed method with the method considering only
the agent states. As a result, the proposed method improved the per-
formance when the number of agents is 65,000 or more, reducing the
execution time by up to 62%.
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