
Load Balancing in
Distributed Multi-Agent Path Finder (DMAPF)

Poom Pianpak1, Jiaoyang Li2, Tran Cao Son1

1. New Mexico State University
2. Carnegie Mellon University

EMAS 2023
May 29th, 2023



2/25

Multi-Agent Path Finding (MAPF)

Given
• A map (graph): vertices        & edges
• Agents

• Start locations 
• Goal locations

Find
• A sequence of actions

that brings agents from       to       
without conflicts.

Move

Wait
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Applications of MAPF

Since 1996

Since 2000s

The industries keep growing!
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Distributed Multi-Agent Path Finder (DMAPF)

Idea
1. Partition a given map into

subproblems S1, …, Sn.
2. Assign each set of subproblems

to a solving process.
3. Solving processes work together

to solve the problem.

S1 S2

S3 S4

a1

a2

g2

g1

g4

a4a3

g3

For simplicity, we are going to assume that 
each of the subproblems S1, …, S4 is 
assigned to a distinct solving process.
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How Solving Processes Work Together

First
Make an abstract plan for each agent.
e.g.,

• a1: <S1, S2, S4>
• a2: <S1, S3, S4>
• a3: <S3>
• a4: <S4, S2>

S1 S2

S3 S4

a1

a2

g2

g1

g4

a4a3

g3

A sequence of areas from start to goal

#external q(i).
1 {r(A2,i) : l(A1,A2)} 1 :- r(A1,i-1).
:- q(i), not r(A,i), g(A).
#show r/2.

Answer Set
Programming
(ASP)
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How Solving Processes Work Together

Then
Follow the 3-step protocol:
1. Negotiation

• Decides which agent to migrate,
and to which border location.

• Prioritize agents with higher number of
remaining steps in the abstract plans.

S1 S2

S3 S4

a1

a2

g2

g1

g4

a4a3

g3
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How Solving Processes Work Together

Then
Follow the 3-step protocol:
1. Negotiation
2. Rejection

• Prevents possible conflicts from the
negotiation.

• Regulate
the area.

S1 S2

S3 S4

a1

a2

g2

g1

g4

a4a3

g3

S1 S2

S4

a1

a2

g2

g1
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How Solving Processes Work Together

Then
Follow the 3-step protocol:
1. Negotiation
2. Rejection
• Solving MAPF + Relaxation.

Canceling some migration

S1 S2

S3 S4

a1

a2

g2

g1

g4

a4a3

g3
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How Solving Processes Work Together

Then
Follow the 3-step protocol:
1. Negotiation
2. Rejection
• Solving MAPF + Relaxation.
3. Confirmation

• Confirms agents that can actually
migrate.

Loop with new start locations.

S1 S2

S3 S4

a1

a2

g2

g1

g4

a4a3

g3
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Reducing Congestion in Abstract Level

Observation
• Using blind search tends to

cause congestion in some area.

Idea
• Search while taking congestion

into account.

#agents/#vertices

S1 S2 S3

S4 S5 S6

S7 S8 S9

S1 S2 S3

S4 S5 S6

S7 S8 S9
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Uniform-Cost Search on Congestion Matrix

Abstract plans:
• N/A

S1 S2

S3 S4

a1

a2

g2

g1

g4

a4a3

g3

S1 0/7

0/6

0/5

0/7

0t =

S2

S3

S4
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Uniform-Cost Search on Congestion Matrix

Abstract plans:
• a1: <S1, S2, S4>

S1 S2

S3 S4

a1

a2

g2

g1

g4

a4a3

g3

S1 0/7

0/6

0/5

0/7

0t =

S2

S3

S4

S1 1/7

0/6

0/5

0/7

0t =

0/7

1/6

0/5

0/7

0/7

0/6

0/5

1/7

1 2

S2

S3

S4
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Uniform-Cost Search on Congestion Matrix

Abstract plans:
• a1: <S1, S2, S4>
• a2: <S1, S3, S4>

S1 S2

S3 S4

a1

a2

g2

g1

g4

a4a3

g3

S1 0/7

0/6

0/5

0/7

0t =

S2

S3

S4

S1 1/7

0/6

0/5

0/7

0t =

0/7

1/6

0/5

0/7

0/7

0/6

0/5

1/7

1 2

S2

S3

S4

S1 2/7

0/6

0/5

0/7

0t =

0/7

1/6

1/5

0/7

0/7

0/6

0/5

2/7

1 2

S2

S3

S4
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Uniform-Cost Search on Congestion Matrix

Abstract plans:
• a1: <S1, S2, S4>
• a2: <S1, S3, S4>
• a3: <S3>

S1 S2

S3 S4

a1

a2

g2

g1

g4

a4a3

g3

S1 0/7

0/6

0/5

0/7

0t =

S2

S3

S4

S1 1/7

0/6

0/5

0/7

0t =

0/7

1/6

0/5

0/7

0/7

0/6

0/5

1/7

1 2

S2

S3

S4

S1 2/7

0/6

0/5

0/7

0t =

0/7

1/6

1/5

0/7

0/7

0/6

0/5

2/7

1 2

S2

S3

S4

S1 2/7

0/6

1/5

0/7

0t =

0/7

1/6

2/5

0/7

0/7

0/6

1/5

2/7

1 2

S2

S3

S4
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S1 0/7

0/6

0/5

0/7

0t =

S2

S3

S4

S1 1/7

0/6

0/5

0/7

0t =

0/7

1/6

0/5

0/7

0/7

0/6

0/5

1/7

1 2

S2

S3

S4

S1 2/7

0/6

0/5

0/7

0t =

0/7

1/6

1/5

0/7

0/7

0/6

0/5

2/7

1 2

S2

S3

S4

S1 2/7

0/6

1/5

0/7

0t =

0/7

1/6

2/5

0/7

0/7

0/6

1/5

2/7

1 2

S2

S3

S4

2/7

0/6

1/5

1/7

S1

S2

S3

S4

0t =

0/7

2/6

2/5

0/7

0/7

1/6

1/5

2/7

1 2

Uniform-Cost Search on Congestion Matrix

Abstract plans:
• a1: <S1, S2, S4>
• a2: <S1, S3, S4>
• a3: <S3>
• a4: <S4, S2>

S1 S2

S3 S4

a1

a2

g2

g1

g4

a4a3

g3
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Timeout Estimation Mechanism

Keep the time the problem is solved per agent; call this 𝑡𝑡𝑎𝑎.
• If the problem is solved within 𝑛𝑛 � 𝑡𝑡𝑎𝑎 � 𝜀𝜀

• If some agent reach its assigned location;
• update 𝑡𝑡𝑎𝑎 ← 𝑡𝑡𝑠𝑠 ∕ 𝑛𝑛

• Otherwise;
• update 𝑡𝑡𝑎𝑎 ← 𝑓𝑓 � 𝑡𝑡𝑎𝑎

• Otherwise
• If some migrating agent has a location assigned;

• remove its assigned location.
• Otherwise;

• terminate.

𝑛𝑛 – the number of agents
𝜀𝜀 – timeout tolerance factor
𝑓𝑓 – timeout penalty factor
𝑡𝑡𝑠𝑠 – solving time
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Exp 1. The Numbers of Solving Processes

lak303d
194x194,
|V|=14,784

Moving AI’s Benchmark: 
https://movingai.com/benchmarks/mapf/index.html
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Exp 2. The Size of Subproblems

random-64-64-20
64x64, |V|=3,270

Makespan = The last time step where every agent reach its goal.
Sum-of-Cost (SoC) = The total arrival time.

𝑛𝑛 = 1000
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Exp 3. Timeout Sensitivity

random-64-64-20
64x64, |V|=3,270

timeout tolerance factor

𝑛𝑛 = 1000
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Exp 4. Congestion

Blind searches…

random-64-64-20
64x64, |V|=3,270
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Exp 4. Congestion

Not-so-blind searches…

random-64-64-20
64x64, |V|=3,270
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Exp 4. Congestion

random-64-64-20
64x64, |V|=3,270
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Exp 5. Comparisons
DMAPF
-A = with ASP;      -C = with CBSH2-RTC
-E = with EECBS;   -P = with PBS
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Exp 5. Comparisons
DMAPF
-A = with ASP;      -C = with CBSH2-RTC
-E = with EECBS;   -P = with PBS



25/25

Remarks

Comparing with EECBS and PBS…
• DMAPF can find a solution faster in problems with a lot of agents.
• DMAPF has a trouble

when the map is not
decomposed nicely.

• The solution quality
from DMAPF is about
2-6 times worse.

a1

a2

g1

g1 a1

a1
a2
a3

Round 1 2 3

= wasted waiting
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