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MAPF so far ...

 Fixed set of agents
 Fixed goal for each agent
 Discrete actions
 Unit costs
 Homogeneous robots



MAPF so far ...

 This problem does not exist in practice!



Solution

 Repeatedly create instances of MAPF
 Change the map
 Have an outside solver
 Post-processing of the MAPF solution

Consider the properties while planning



42+ Flavors of Multi-Agent Path Finding

 Adjust assumptions from classical MAPF

1) Goal of agents

2) A priori knowledge of the problem

3) Deterministic nature

4) Environment model

5) Homogeneous agents and agent model



Goals - time limits

 MAPF with deadline
 There is a deadline for finishing all tasks
 Maximize the number of finished

 MAPF with due times
 Each agent has a different due time
 Minimize the tardiness



Goals - more goals

 Multi-goal MAPF
 Agent needs to visit more goals in any 
order

 Similar to TSP
 MAPF with precedence constraints
 More goal, but there are constrains on the 
possible order

 Offline Multi-agent Pickup and Delivery
 Task is 2 locations – pick up, deliver



Goals - AMAPF

 Anonymous MAPF
 It does not matter which agent reaches 
which goal

 This problem can be solved optimally in P



Goals - AMAPF variants

 AMAPF with deadlines
 Multi-Goal Target Assignment and Path 

Finding
 Like AMAPF, but each agent has more 
goals

 NP-Hard
 Combined Target Assignment and Path 

Finding
 Like AMAPF, but there are teams
 NP-Hard with more than 1 team



Goals - recap

 Assigning goals is part of the task
 There are more goals per agent
 The goals can be ordered
 There are deadlines



A priori knowledge - tasks

 Lifelong MAPF
 After reaching goal, new goal is assigned
 Number of agents is fixed
 Simulates warehouse
 Main solving idea:

No need to calculate whole plan
The future will be different anyway
Calculate collisions only in time window



A priori knowledge - LMAPF variants

 Multi-Agent Pickup and Delivery (MAPD)
 Each task is pickup and drop location

 Capacitated MAPD
 Each agent can carry more items

 Multi-Goal MAPD
 Each task has more subgoals

 Terraforming MAPD
 The transported goods are obstacels
 Obstacles can be moved by empty agents



A priori knowledge - agents

 Online MAPF
 The set of agents change over time
 Each agent has 1 target
 After reaching the target, the agent 
disappears

 Simulates intersection
 Main solving idea:

Reuse as much of the calculated plan
Replan only for the affected agents



A priori knowledge - recap

 Fixed set of agents, new tasks
 New agents, each with fixed task



Uncertainty - movement time

 k-robust MAPF
 Each agent can be delayed by up to k 
timesteps

 Plans need to guarantee no collision
 p-robust MAPF
 Like k-robust but delay is with prob. P

 Robust execution even with delays
 Will be next time



Uncertainty - movement time

 MAPF with time uncertainty
 Each transition has lower and upper bound 
on transition

 Plans vs Policy



Uncertainty - faults

 Multi-Agent Path Planning with Crash Faults
 Agents may break
 Other agents still need to reach destination
 No replanning
 Agents have alternative paths



Uncertainty - recap

 Delays during transition
 Robots may break down forever



Environment - continuous 

 Any-angle MAPF
 Movement is not orthogonal
 Turning is based on edges of obstacles
 Movement is still in straight lines

 Smooth Continuous MAPF 
 Movement is on curves

 MAPF with Continuous Time
 Time is not discrete but continuous



Environment - continuous 

 MAPF-POST
 Transfer classical MAPF solution into 
continuous with post-processing

 Add scheduling problem to capture robot 
movements (as Simple Temporal Network)

 Also next time



Environment - different obstacles 

 MAPD under Environmental Constraints
 Agents may or may not traverse obstacles
 Depends on the state of agent
 Empty/carrying



Environment - recap

 Discrete movement
 Discrete time
 Traversability of obstacles



Agents - movement

 MAPF with Turn Actions
 Agents can only rotate or move forward

 MAPF for Unmanned Aerial Vehicles
 Each agent has different size and speed
 Maintain distance

 MAPF with Kinematic Constraints
 Agents have acceleration and steering

 MAPF for Car-like Robots
 Ackermann steering



Agents - size

 MAPF with Large Agents
 Agents have geometric shape

 MAPF with Trains and Convoys
 Agents have snake-like shape



Agents - recap

 Different movement primitives
 Different sizes



Miscellaneous

 Adversarial Cooperative Path Finding
 Teams of robots try to bloc other team from 
reaching destination

 Conflict-Free Multi-Agent Meeting Problem
 Find a meeting point for group of agents

 Communication-Constrained MAPF
 Agents need to stay within communication 
range

 ...



Specific combinations already seen

 League of robot runners = warehouses
 Turning
 Task assignment
 Tasks are 2 ordered goals
 Lifelong MAPF
 Possibility of delays

 Flatland
 Movement actions (trains do not reverse)
 Online MAPF
 Possibility of delays
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