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Abstract
Mutex propagation is a form of efficient constraint
propagation popularly used in AI planning to ap-
proximate the reachable states from a given state
tightly. We utilize this idea in the context of
Multi-Agent Path Finding (MAPF). When adapted
to MAPF, mutex propagation provides stronger con-
straints for conflict resolution in Conflict-Based
Search (CBS), a popular optimal MAPF algorithm,
and provides it with the ability to identify and rea-
son with symmetries in MAPF. While existing work
identifies a limited form of symmetries using rect-
angle reasoning and requires the manual design of
symmetry-breaking constraints, mutex propagation
is more general and allows for the automated design
of symmetry-breaking constraints. Our experimen-
tal results show that CBS with mutex propagation
is capable of outperforming CBSH with rectangle
reasoning, a state-of-the-art variant of CBS, with re-
spect to runtime and success rate.

Multi-Agent Path Finding (MAPF)
MAPF is the planning problem of finding a set of
collision-free paths for a team of agents on a given
graph. Each agent is required to move from a start
location to a goal location.

Conflict-Based Search (CBS) [3]
1. Find a path for every agent independently.
2. Check for conflicts among paths.
3. If there is a conflict where both agent A and agent

B stay in location v at timestep t:
• Option 1: prohibit A from staying in v at t

by adding a vertex constraint <A,v,t>.
• Option 2: prohibit B from staying in v at t

by adding a vertex constraint <B,v,t>.
4. Repeat until finding conflict-free paths.

Cardinal Conflicts
Two agents have a cardinal conflict if and only if
all shortest paths for the two agents collide.
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Motivation
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Figure 1: shows four examples of cardinal conflicts in MAPF and the number of node expansion for solving each type of
cardinal conflict with different graph parameters.

In Figure 1, we show that CBS is extremely inefficient when resolving cardinal conflicts. The number of node
expansion increases exponentially as the map size increases.

CBS with Mutex Propagation
After Step 2 of CBS, we run mutex propagation for
each pair of conflicting agents to identify whether they
have a cardinal conflict.

1. Build Multi-valued Decision Diagrams (MDDs) for
the pair of agents. An MDD for an agent is a
directed acyclic graph that consists of all shortest
paths for this agent.

2. Mutex Propagation
Two MDD nodes are mutex iff (1) they are from
MDDs for different agents, (2) they are on the same
level (denoted as t), and (3) there does not exist a
pair of conflict-free paths for the pair of agents to
reach the corresponding vertex at timestep t.

(a) Initialize mutexes. Two MDD nodes are mu-
tex if (1) they corresponds to the same vertex
and (2) they are at the same level.

(b) Propagate mutexes. Two MDD nodes are
mutex iff all pairs of their parent MDD nodes
are mutex.

3. Identify cardinal conflict: If the sink MDD nodes
are mutex, then there is a cardinal conflict between
the pair of agents.

4. Resolving cardinal conflict: For each agent, we
put a vertex constraint on every MDD node (indi-
cated as shaded nodes in Figure 2) that is mutex
with all MDD nodes of the other MDD at the same
level.
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Figure 2: shows an example of mutex propagation on
MDDs of agents for the MAPF instance in Figure 1(a).
The blue MDD is for Agent 1, and the orange MDD is
for Agent 2. The edges between MDD nodes are mutexes,
and the constraints generated by the algorithm are repre-
sented as shaded MDD nodes.

We prove that CBS with mutex propagation will
identify all cardinal conflicts and is complete and
optimal.

Experimental Results

CBSH: a state-of-the-art CBS variant [1].
CBSH-RM: CBSH with rectangle reasoning [2].
CBSH-MP: CBSH with our mutex propagation
method.

CBSH-MP outperforms both CBSH and CBSH-RM
in terms of success rate in different maps.
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Figure 3: shows the success rate (=percentage of solved instances within 5 minutes) on different grids.

[1] A. Felner, J. Li, E. Boyarski, H. Ma, L. Cohen, S. Kumar, and S. Koenig. Adding heuristics to conflict-based search for multi-agent path finding. In ICAPS, pages 83–87, 2018.
[2] Jiaoyang Li, Daniel Harabor, Peter J Stuckey, Hang Ma, and Sven Koenig. Symmetry-breaking constraints for grid-based multi-agent path finding. In AAAI, pages 6087–6095, 2019.
[3] G. Sharon, R. Stern, A. Felner, and N. R. Sturtevant. Conflict-based search for optimal multi-agent pathfinding. Artificial Intelligence, 219:40–66, 2015.


