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Abstract

Conflict-Based Search (CBS) and its enhancements are among
the strongest algorithms for Multi-Agent Path Finding. Re-
cent work introduced an admissible heuristic (called here CG)
to guide the high-level search of CBS. In this work, we 1ntro-
duce two new admissible heuristics, DG and WDG, by reason-

ing about the pairwise dependency between agents. Empirically, AcB C D B PG H T J K L MNOP

CBS with both new heuristics significantly improves the success I. CG Heuristics [1] IL. DG Heuristics IIL. WDG Heuristics
rate over CBS with the recent heuristic and reduces the number

of expanded nodes and runtime by up to a factor ot 50. 1. Cardinal Conflicts 1. Pairwise Dependency 1. Dependency Weight

Two agents have a car- Two agents are depen- The weight for a pair of agents 1s the dif-

. e Je dinal conflict 1iff all dentiff every pair of their ference between the minimum sum of the
Multi Agent Path Flndlng their shortest paths use shortest paths has at least costs of their conflict-free paths and the

Multi-Agent Path Finding 1s the problem of finding a set of the same vertex/edge at  one conflict. sum of the costs of their shortest paths.
paths for a team of agents on a given graph. the same timestep. 2. Dependency Graph 2. Weighted Dependency Graph
e Each agent is required to move from a given start location to 2. Conflict Graph
a given goal location, while avoiding collisions with others.
e At each timestep, every agent can either wait at its current @—@

location or move to a neighbor location.
e The objective 1s to minimize the sum of the costs of the paths.
e A conflict is either a vertex collision or an edge collision:
Edges represent cardi-
Conflict-Based Search (CBS) [2] nal conflicts. 3. MVC
3.  Minimum Vertex

1. Find a shortest path for every agent independently. Cover (MVC)

LDl

2. Check for conflicts among paths.

3. If there 1s a conflict where both agent A and agent B stay in
location v at timestep t, try both options:
7

e Option 1: prohibit A from staying in v at t.
e Option 2: prohibit B from staying in v at t.
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4. Repeat until finding a set of conflict-free paths. hog = 3 hpg = hwpo=1+54+1+1=38

Build Cardinal/Denpendency/Weighted Dependency Graph

Identify Cardinal Conflicts for CG Identify Pairs of Dependent Agents for DG Calculate Dependency
Find the same singleton in both MDDs. Merge the two MDDs 1nto a joint MDD. Weights for WDG

MDD for o MDD foro MDD for MDD foro (Empty) joint MDD for

Solve a 2-agent pathfind-
ing problem (1gnoring all
other agents).

Timestep
Timestep
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*An MDD for an agent 1s a directed acyclic graph that consists of all shortest paths for this agent.
**An MDD node 1s a singleton 1ff it 1s the only node at some level of the MDD.

Experimental Results

e Empty map: a 20 x 20 4-neighbor grid. 1.0 o= 1.0 {o 1.0
e Dense map: a 20 x 20 4-neighbor grid with 30% random blocked cells. o 08 g 08 g 08
. < 0.6 - 0.6 - < 0.6 -
e Large map: a 192 x 192 4-neighbor benchmark game map from [3]. % . % 04| —— icBs % 04l —— WDG
O CG 9 CG O DG
Empty map Dense map Large map D 0ol o DG \\ D 051 o DG D 621 —— G
k|CG DG WDG h*|| k |CG DG WDG h*|| k |CG DG WDG h* 0ol — WDG o 4ol — WDG 0o | — 1CBS
301 0.2 1.0 1.2 1.716]/ 39 39 115 18.6|60|3.6 4.0 6.7 7.6 ' 0 20 60 ' 10 15 50 ' 55 50 75 100
401 0.5 1.6 2.0 3.3(|20| 4.7 4.7 14.0 23.2|/80|5.7 6.5 109 12.2 Agents Agents Agents
Table 1: h-values at the root node. k represents the number of agents. Figure 1: Success rates (= % solved instances) within 1 min. ICBS always uses zero as h-values.
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