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Minchia: 
A fast, JPS-based algorithm for Multi-Agent Path Finding



Overview
Map analysis: Break down to submaps

Find optimal assignments: Create box-goal 
assignment

Create goal graph

Create proposals for currently solvable goals & 
pick best

Create conflict-free plan or (if conflict occurs) 
create subgoal to be solved first

Breaking down the map into 
submaps



Goal Graph:
Concept

Idea: A graph that expresses dependencies between 
goals

During box-goal assignment, we retrieve optimal paths

Check if any other goals are on that path

- If yes, create dependency from passed goal to 
current goal

- On path for B we pass 
through A

- On path for A we pass 
through no other goal

- On path for C we pass 
through A and B



Goal Graph:
Concept

On path for B we pass through A
⇒ A depends on B being solved first

On path for A we pass through none
⇒ No other goal has to wait until A is solved

On path for C we pass through A and B
⇒ A and B depend on C being solved first

Goals with outgoing edges cannot be solved until the 
linked goals are solved

⇒ Always only try to solve goals without outgoing edges



Goal Graph:
Subgoals

Try to solve C:

First conflict: Box B

⇒ Find a storage position and create a subgoal:

- B has to be moved to (4,3)

- Subgoal B has to be solved before C

⇒ Add dependency



Jump Points: Basics

- Fast path exploration by exploiting logical relationships of neighbor cells to prune redundant paths

Vertical / horizontal moves cost 1, 
diagonal moves cost √2

⇒Only straight moves are explored, since 
other cells could be explored faster by 
using a previous diagonal step

If a neighbor is a wall, our assumption 
breaks

⇒We add the current position as a jump 
point and continue in our queue



Jump Points: Example

A* has to explore many neighbors, often 
exploring redundant paths

JPS only needs to explore four jump points 
to find two optimal paths

Demo source: https://zerowidth.com/2013/a-visual-explanation-of-jump-point-search/

https://docs.google.com/file/d/1MHV9pYLn7lXQvzDVcAoIft6-W2dy1CZv/preview


Conflict Resolution: 
JPCBS

step n step n+1

step n+2 step n+3
Time cost of green path = 5
Time cost of red path = 6



Conflict Resolution: 
JPCBS

avoid first conflict and wait second conflict disappear

avoid two conflicts

wait until two conflicts disappear

https://docs.google.com/file/d/1L4Vbs7bMgp_y570KMPcZ9qLfC_hjs_a5/preview
https://docs.google.com/file/d/1dxS7NsRfBu93Gn57A7l6TRHw1dn3qIHP/preview
https://docs.google.com/file/d/12ymX_hm4uiMtTb3dJNGFsyYeDJ3SSwhZ/preview


Conflict Resolution: 
JPCBS

get box path by JPCBS find a spatial structure like this

get first part of path by JPCBS get second part of path by JPCBS

connect two parts together

https://docs.google.com/file/d/1Une0Z6q9-DRb7vmy9fwJ7B2apRafZ9s8/preview


Conflict Resolution: 
conflict recheck

https://docs.google.com/file/d/1ZIzHLSUxid6D9XwOIbY82EuwgdXrHykJ/preview


Benchmarks



Benchmarks



Flaws with the 
algorithm



Flaws with the 
algorithm

https://docs.google.com/file/d/1WiJE8PdnMWkVwqxi3bnxtAkloDT2GevA/preview


Demo 

0: 1:

2: 3:

https://docs.google.com/file/d/1SL-B5dHOj5Gxw1bg1rQ3duw571pWY2Jd/preview

