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Abstract

The Multi-agent Path Finding (MAPF) problem involves
finding collision-free paths for a team of agents in a known,
static environment, with important applications in ware-
house automation, logistics, or last-mile delivery. To meet
the needs of these large-scale applications, current learning-
based methods often deploy the same fully trained, decen-
tralized network to all agents to improve scalability. How-
ever, such parameter sharing typically results in homoge-
neous behaviors among agents, which may prevent agents
from breaking ties around symmetric conflict (e.g., bottle-
necks) and might lead to live-/deadlocks. In this paper, we
propose SYLPH, a novel learning-based MAPF framework
aimed to mitigate the adverse effects of homogeneity by
allowing agents to learn and dynamically select different
social behaviors (akin to individual, dynamic roles), with-
out affecting the scalability offered by parameter sharing.
Specifically, SYLPH offers a novel hierarchical mechanism
by introducing Social Value Orientation (SVO) as a tempo-
rally extended latent variable that plays a central role in both
policy generation and reward assignment. To support this
hierarchical decision-making process, we introduce Social-
aware Multi-Policy PPO (SMP30), a reinforcement learn-
ing method that ensures stable and effective training through
a mechanism for the cross-utilization of advantages. More-
over, we design an SVO-based learning tie-breaking algo-
rithm, allowing agents to proactively avoid collisions, rather
than relying solely on post-processing techniques. As a re-
sult of this hierarchical decision-making and exchange of
social preferences, SYLPH endows agents with the ability
to reason about the MAPF task through more latent spaces
and nuanced contexts, leading to varied responses that can
help break ties around symmetric conflicts. Our comparative
experiments show that SYLPH achieves state-of-the-art per-
formance, surpassing other learning-based MAPF planners
in random, room-like, and maze-like maps, while our abla-
tion studies demonstrate the advantages of each component
in SYLPH. We finally experimentally validate our trained
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policies on hardware in three types of maps, showing how
SYLPH allows agents to find high-quality paths under real-
life conditions. Our code and videos are available at: mar-
motlab.github.io/mapf_sylph.
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