(4 IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT

Impact Factor: 7.301

Conflict-Based Search for Optimal Multi-Agent
Pathfinding

Ms. Gowalkar Pooja' and Dr. Sachin Bhosale
Student, M.Sc. I.T., I. C. S. College, Khed, Ratnagiri, Maharashtra, India'
Asst. Prof., Department of I.T., I. C. S. College, Khed, Ratnagiri, Maharashtra, India?

Volume 3, Issue 3, January 2023

Abstract: We are assumed a customary of mediators in the multi-agent pathfinding problem (MAPF), each
of which has its own start and goal positions. The objective is to discovery paths for each agent without
causing any collisions. The majority of previous work on the optimal solution to this issue has useful single-
agent exploration variations of the A* algorithm and treated each agent as a single "joint agent.” The
Conflict Based Search (CBS) optimum multi-agent pathfinding algorithm is the subject of this paper. CBS
has two layer algorithm that does not use a single "joint agent" model to solve the problem. A Conflict Tree
(CT), which is a tree based on conflicts between individual agents, is the high-level search engine. In the
CT, each node represents a set of constraints on the agents' motion. To meet the high-level CT node's
constraints, quick single-agent searches are carried out at the low level. CBS can frequently examine fewer
states than A* while still maintaining optimality thanks to this two-level formulation. We discuss CBS's
advantages and disadvantages. The Meta-Agent CBS (MA-CBS) algorithm is also discussed.MA-CBS is a
broadening of CBS.MA-CBS, in contrast to basic CBS, permits low-level single-agent searches. Instead,
agents can be combined into small groups of joint agents with MA-CBS. Performance is further enhanced
and some of the drawbacks of basic CBS are reduced as a result. In point of fact, MA-CBS is a framework
that can be layered on top of any MAPF solver that is both complete and optimal to boost its performance.
A speedup of up to an order of magnitude over previous methods is demonstrated by experimental results
on various problems. We are given a set of agents in the multi-agent pathfinding problem (MAPF), each of
which has its own start and goal positions. The objective is to find paths for each agent without causing any
collisions. The majority of previous work on the optimal solution to this issue has applied single-agent
search variants of the A* algorithm and treated each agent as a single "joint agent." The Conflict Based
Search (CBS) optimal multi-agent pathfinding algorithm is the subject of this paper. CBS is a two-level
algorithm that does not use a single "joint agent" model to solve the problem. A Conflict Tree (CT), which
is a tree based on conflicts between individual agents, is the high-level search engine. In the CT, each node
represents a set of constraints on the agents' motion. To meet the high-level CT node's constraints, quick
single-agent searches are carried out at the low level. CBS can frequently examine fewer states than A*
while still maintaining optimality thanks to this two-level formulation. We discuss CBS's advantages and
disadvantages. The Meta-Agent CBS (MA-CBS) algorithm is also discussed.MA-CBS is a broadening of
CBS.MA-CBS, in contrast to basic CBS, permits low-level single-agent searches. Instead, agents can be
combined into small groups of joint agents with MA-CBS. Performance is further enhanced and some of the
drawbacks of basic CBS are reduced as a result. In point of fact, MA-CBS is a framework that can be
layered on top of any MAPF solver that is both complete and optimal to boost its performance. A speedup
of up to an order of magnitude over previous methods is demonstrated by experimental results on various
problems.
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I. INTRODUCTION
The problem of finding a path between two vertices in a graph is called single-agent pathfinding. As this problem can
be found in GPS navigation [49], robot routing [8,3], planning [6,23], network routing [7], and numerous combinatorial
problems (such as puzzles) as well [28,27], it is a fundamental and important Al problem that has received extensive
research. Search algorithms based on the A* algorithm are commonly used to solve optimal pathfinding problems
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[22].A best-first search is guided by f (n) g(n) h(n), where h(n) is a heuristic function that estimates the cost from n to
the closest goal state. g(n) is the cost of the shortest known path from the start state to state n. The multi-agent
pathfinding (MAPF) problem is a generalization of the single-agent pathfinding problem for k > 1 agents. If the
heuristic function h is admissible, which means that it never overestimates the shortest path from n to the goal, then A*
and other algorithms guided by the same cost function are guaranteed to find an optimal path from the start state to a
goal state, if one exists [11].A graph and a number of agents make up this. The task is to find paths for all agents from
their start states to their goal states with the constraint that agents cannot collide during their movements. Each agent
has a distinct goal state and start state. Minimizing a cumulative cost function, such as the sum of the time steps
required for each agent to achieve its goal, is frequently an additional objective. MAPF has practical applications in
traffic control, robotics, aviation, video games, and traffic control [43, 12], among other fields.

There are two categories of algorithms that can be used to solve MAPF: solvers, both optimal and suboptimal. The
MAPF problem is NP-hard [56] due to the fact that the state space expands exponentially with the number of agents.
When there are a lot of agents, suboptimal solvers are usually used. In such situations, the goal is to quickly find a path
for the various agents, but ensuring that a given solution is optimal is frequently impossible.

Our CBS algorithm's behavior is studied, and its advantages and disadvantages are discussed in relation to A*-based
and other methods. We demonstrate situations in which CBS will be significantly more effective than previous methods
based on the characteristics of the problem. In addition, we demonstrate instances in which A*-based approaches
outperform CBS and discuss the limitations of CBS. Our theoretical understandings are bolstered by the experimental
findings. While EPEA* [15,20], the most advanced A*-based approach for this problem, performs better in many
instances than CBS, CBS is ineffective in some cases. We specifically experimented with open grids and several
benchmark game maps from Sturtevant's pathfinding database [47].On many of these domains, the results demonstrate
that CBS outperforms both the A*-based approaches and the more recent ICTS [42].

The worst-case performance of CBS is then mitigated by generalizing CBS into a brand-new algorithm known as Meta-
agent CBS (MA-CBS).A predefined parameter, B, limits the number of conflicts that can occur between any two agents
in MA-CBS. The low-level solver treats the conflicting agents as a joint composite agent after merging them into a
meta-agent when the number of conflicts is greater than B.MA-CBS uses any complete MAPF solver it can find in the
low-level search to find paths for the meta-agent. As a result, MA-CBS can be thought of as a framework for solving
problems in which low-level solvers are integrated. Special cases arise from a variety of merge policies. The
Independence Detection (ID) framework [45] is the other extreme case, with B 0 (always merge agents when conflicts
occur). The original CBS algorithm represents the extreme case where B (never merge agents).In conclusion, we
present experimental results for MA-CBS that demonstrate MA-CBS's superiority over the other approaches across all
domains. In addition, a CBS variant with memory requirements that are linearly proportional to CT depth is described
in Appendix A.

This study's preliminary versions have been published previously [38,39].With a broader theoretical analysis and
experimental comparisons to other MAPF algorithms, this paper provides a more in-depth description of the CBS
algorithm and the MA-CBS framework.

II. PROBLEM DEFINITION AND TERMINOLOGY
The MAPF problem can take many different forms. In the context of a general, widely used variant of the
problem, we now define the issue and then describe the algorithms [45,46,42,38,39].In order to make CBS
applicable, this variant is as broad as possible and contains numerous subvariants. The specific sub-variant
utilized in our experimental setting is then described in Section 6.1.In conclusion, we provide a brief explanation
of how our new algorithm can be applied to other MAPF variants.

2.1 Problem Input

The multi-agent pathfinding problem (MAPF) takes the following as its input:

(1) A G(V, E) directed graph. The graph's edges represent transitions between locations, and the vertices represent
potential locations for the agents.

(2) Agents with the names al, a2,...ak. There is a start vertex, starti V, and a goal vertex, goali V, in every agent
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ai. Time is broken down into discrete points. The location of agent ai at time point t0 is starti.

2.2. Each agent has the ability to take either a wait action to remain idle at its current vertex or a move action
between successive time points. The possibility of a chain of agents following each other in a given time step can
be dealt with in a number of different ways. This may not be permitted, may only be permitted if the first agent of
the chain moves to an unoccupied location, or may be permitted even in a cyclic chain with no empty locations.
All of these variations can use our algorithm.

2.3.MAPF Constraints

The main restriction of MAPF is that only one agent can occupy each vertex at a time.Additionally, there may be
a constraint that prevents multiple agents from traversing the same edge at the same time.A conflict occurs when a
constraint is broken.

2.4 MAPF Task
A set of non-conflicting paths, one for each agent, is one way to solve the MAPF problem. A path for agent ai is a
series of "move, wait" actions that, if it starts at starti, will get it to goali.

2.5 There are two types of distributed versus centralized MAPF problems: centralized and distributed.In a
distributed environment, each agent has its own computing power, and various communication paradigms (such
as message passing, broadcasting, etc.) can be assumed. The distributed setting has been the subject of a lot of
research [18,21,2].In contrast, in a centralized setting, all agents must be solved by a single central computing
power.In the same way, the centralized setting also includes the situation in which each agent has its own CPU,
but full knowledge sharing is assumed and all agents are controlled by a centralized problem solver. This paper
only addresses centralized approaches, of which many are discussed in the following section.

2.6 Maps from DAO

We also experimented with three benchmark maps from Dragon Age: Sources [47].0ur goal was to demonstrate
the evaluated algorithms' overall performance in this section.In contrast to the previous results, we perform ID on
top of each of the evaluated algorithms in this case.A problem instance with a predetermined number of k agents
and uniformly randomized start and goal locations is presented to the various algorithms.ID executes the
associated algorithm on each subproblem separately after breaking these problems down into subproblems. We
only present results for the three most effective algorithms: CBS, ICTS, and EPEA*

Fig. depicts the success rates for each of the three maps in relation to the number of agents. There is no single
winner in this case, and the outcomes are mixed. It is evident that ICTS is consistently superior to EPEA*.Our
theoretical claims that CBS is very effective when dealing with corridors and bottlenecks but rather inefficient in
open spaces are supported by the performance of CBS on these maps. There are no bottlenecks in den520d (top),
but there are large open spaces; Third was CBS. There are few bottlenecks and few open spaces in ost003d
(middle);In most instances, CBS was intermediate. Lastly, CBS was the best for brc202b (bottom), which has
many tight corridors and bottlenecks but few open spaces. Take note that the multi-agent pathfinding problem
(MAPF) is the subject of this paper's summary, conclusions, and plans for further research. We gave a brief
overview of previous research on the MAPF problem and introduced a classification that helps group all previous
research into the following categories:

1.The best solvers are [45,15,42,38,39].Search-based solvers that are suboptimal [43,12]Procedure-based solvers
that are not optimal [9,30,25,37,10]Hybrid solvers that aren't optimal [52,24,53,35] The CBS algorithm was then
introduced.CBS is a revolutionary optimal MAPF solver.CBS is unique in that it produces optimal solutions
despite carrying out all low-level searches using a single agent. The problem's structure determines CBS's
performance. We have shown examples of bottlenecks (Fig.1, Section 2.7) where CBS does well and where there
are open spaces (Fig.6, Section 5.3.2), CBS's poor performance. We looked at these cases and talked about how
they affect CBS's performance.
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The MA-CBS framework, which is a generalization of the CBS algorithm, was the next topic of discussion. Any
MAPF solver that serves as a low-level solver can be used on top of MA-CBS. In addition, the Independence
Detection (ID) framework developed by Standley [45] can be seen as an extension of MA-CBS.

MA-CBS connects CBS and other optimal MAPF solvers, such as A*, A* OD [45] and EPEA* [15], via a bridge.
It begins as a standard CBS solver in which a single agent performs the low-level search at a time. If MA-CBS
determines that two agents frequently engage in conflict, it groups them together. The given MAPF solver, such
as A*, is utilized by the low-level solver, which views this group as a single composite agent and seeks solutions
for that group. Consequently, MA-CBS is adaptable and can select when to group agents together to reap the
advantages of both CBS and conventional optimal solvers. We introduced the conflict bound parameter B as a
straightforward yet efficient method for deciding when to group agents. The tendency of MA-CBS to create large
groups of agents and solve them as a single unit is represented by the B parameter. When B is equal to CBS and
MA-CBS converges to 1D, respectively.MA-CBS can converge to a single meta-agent problem that includes all or
most of the conflicting agents with the flexibility provided by setting 0 B. This allows MA-CBS to behave like
CBS in situations where there are few conflicts, while MA-CBS can behave like CBS in situations where conflicts
are numerous. Testbed map problems' experimental results back up our theoretical claims. The presented domains
have varying rates of bottlenecks and open spaces. When corridors and bottlenecks dominate, MA-CBS with a
high B value (100, 500) performs better than other algorithms. Additionally, experiments demonstrated that MA-
CBS outperforms CBS and other cutting-edge MAPF algorithms when B has non-extreme values (i.e., neither B 0
nor B).The findings lead to the conclusion that, in the majority of cases, group agents benefit the most. When
compared to CBS's method of never grouping agents and all previous optimal solvers' methods of never grouping
agents, this results in a faster solving process.

For both the CBS and MA-CBS algorithms as well as work on MAPF in general, there are numerous open
challenges:

1. In the high-level constraint tree, there is currently no heuristic that directs the search. The development of
a high-level admissible heuristic has the potential to significantly accelerate.

2. To learn more about how the B parameter affects MA-CBS, additional research could shed light on how
B could be changed dynamically.

3. It is relatively simple to merge agents with a single B parameter; Whether more sophisticated merging
policies could significantly boost performance is an open question. Merging, for instance, might be based
on specific agents rather than specific regions of the map.

4. In line with Ferner et al.17] Experimenting with and comparing various low-level solvers, such as ICTS
[42], ODrM* [17], Boolean Satisfiability (SAT) [50], Integer Linear Programming (ILP) [55] and
Answer Set Programming (ASP) [13], would be beneficial.

5. Work on CSP and SAT overlap with the use of constraints on a larger scale, but this connection has not
been thoroughly investigated. More research is needed to discover theoretical connections between these
fields [33].
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