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1 Classic MAPF
In classic Multi-Agent Path Finding (MAPF) (Stern et al.
2019) the task is to find a path for each agent from its start
to its target such that no two agents conflict. MAPF has
many practical applications in warehouses, factories, digi-
tal entertainment, traffic control, aviation, and more. There-
fore, MAPF attracted significant interest from scientists and
practitioners in diverse areas such as Artificial Intelligence,
Robotics, Industrial Engineering etc. A variety of settings,
variants and cost objectives have been proposed, along with
numerous algorithms designed to solve these problems (see
our surveys in (Felner 2017; Stern et al. 2019)). MAPF was
proved NP-hard (Yu and LaValle 2013).

2 MAPF with Unassigned Agents
A prominent assumption in MAPF is that every agent is as-
signed a target. We next consider a novel generalization of
MAPF which we believe is much more suitable to many
real-world applications. In the new problem some agents re-
main unassigned, i.e., they do not have a target they must
reach, but may still be able to move to make room for the
other agents. We call this problem MAPF with Unassigned
Agents (MAPFUA).

MAPFUA is defined on a graph G = (V,E). It includes a
set of assigned agents A = {a1, . . . , an}, and a set of unas-
signed agents U = {u1, . . . , um}. Each assigned agent
ai ∈ A is associated with a start vertex si ∈ V and a target
vertex ti ∈ V . Each unassigned agent uj ∈ U is associated
with a start vertex sj ∈ V but is not associated with a tar-
get. Yet, unassigned agents still occupy a location and can
optionally clear the way for the assigned agents if helpful.

A solution π to MAPFUA is a mapping of each agent
(assigned or unassigned) to a path in G. For each assigned
agent ai ∈ A, the path πi starts at si and ends at ti. For
each unassigned agent uj ∈ U , the path πj starts at sj and
may end at any vertex in V . The paths for the unassigned
agents may be trivial – stay in place, but may involve moving
to clear the path for the assigned agents if this is helpful
for improving the solution (e.g., throughput of the system or
other metrics, see below). The paths of all agents, whether
assigned or unassigned, must be conflict-free. Figure 1(left)
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Figure 1: MAPF (left). MAPFUA (mid). alr (Right)

and (mid), respectively, show a classic MAPF problem and
a MAPFUA instance where blue agents are assigned agents
while green agents are unassigned agents.

2.1 Applicability of MAPFUA
MAPFUA is directly suitable for warehouses where some
of the robots do not have tasks (e.g., when there are cur-
rently more robots than tasks). Similarly, in Lifelong MAPF
(LMAPF), when an agent reaches its target, its task is com-
pleted. If a new task is not yet assigned to it, then it should
be treated as an unassigned agent and may move away from
its (already reached) target if this is helpful for other agents
(we recently highlighted this (Pertzovsky et al. 2025)). Ad-
ditionally, modern automated warehouses, are huge and in-
clude thousands of robots in them. Such environments often
include agents with no specific task assigned to it.

Additionally, MAPFUA is suitable in warehouses where
there are no carrying robots but all packages have mov-
ing abilities. For example, consider a 3D grid (or any other
graph) where some cells occupy packages with merchan-
dise. The task is to navigate some of these packages along
the grid to specific target locations (e.g., docking stations).
In such warehouses, each package is a mobile entity, log-
ically a (cheap) robot. Naturally, packages without targets
can be treated as unassigned agents and be optionally moved
from their locations if this is helpful for other agents. 1

1Such warehouses already exist in modern storage au-
tomation systems including: Autonomously Moving Pack-
ages, Robotic Parking Lots and Automated Greenhouses
for plants that move on demand. See for example: (1)
versatileautomation.com/why-versatile,
(2) silmanautomatedparkingsystems.com, (3)
www.roboticparking.com, (4) parkplusinc.com,
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Despite all these real world applications, MAPFUA re-
ceived minimal attention from the research community. We
thus believe that after so many years that the research com-
munity spent on the classical version of MAPF it should
move and focus on this new variant too. The contributions
of relevant algorithms and research on such problems are
sorely needed in the relevant industry just mentioned.

3 Cost Functions of MAPFUA
We next define several cost functions for MAPFUA demon-
strated on a parking-lot use case where car owners come to
pick up their cars (these cars are the assigned agents). Hu-
man employees must drive cars to their owners but are also
allowed to move the other cars (unassigned agents) to clear
the way for the assigned agents.
(1) Sum of Service Time (SST). This cost is the sum of time
steps required to move each assigned agent to its target. SST
corresponds maximizing the system throughput.
(2) Fuel. This cost is the total number of moves made by all
the agents (and waiting does not cost).This cost corresponds
to minimizing the energy costs required to move the agents.
(3) Number of Unassigned Agents that Move (NUA).
Here we do not care about the lengths of the paths but aim to
minimize the number of unassigned agents that move. In the
parking lot example, entering a car and starting its engine is
costly and should be minimized for two reasons. First, own-
ers of the unassigned cars are not happy when their cars are
moved (fuel is lost and an accident may occur). Second, the
human employees work harder when entering a new car (you
have to find the keys, remember the codes etc.)

4 Challenges and Research Directions
The introduction of MAPFUA spawns many challenges and
calls for new research directions as we next list (this is
of course not an exhaustive list). We encourage the entire
MAPF community to take part in these directions.

4.1 Characterization of MAPFUA
Since MAFPUA has rarely been studied, the first task would
be to theoretically characterize it, find its key variants and
evaluate the computational complexity of optimizing the dif-
ferent cost functions. In fact, a paper on the best ratio be-
tween assigned and unassigned agents in a lifelong setting
has just appeared (Onn, Felner, and Stern 2026).

4.2 Optimal and Suboptimal Algorithms for
The next task is to develop optimal algorithms for the vari-
ous MAPFUA variants and cost functions, based on existing
single- and multi-agent path finding algorithms. There are
non-trivial changes that should be dome to existing MAPF
solvers such as A* and CBS for the different cost functions
of MAPFUA. For example admissible heuristics (for A* and
for the low level of CBS) need to be revised, especially since

(5) www.wps.eu/nl/tuinbouw/buffersystemen,
(6) www.greenhousemag.com/article/gm0112
-movable-tray-systems. All these examples exactly
exhibit MAPFUA: some packages, cars or plants must be moved
to users while others must be moved away to make way.

there are no specific targets for the unassigned agents. In ad-
dition, mechanisms for resolving conflicts between assigned
and unassigned agents should developed.

Practical applications often prefer to trade-off solution
cost for runtime, in order to ensure timely response to end
users. Such algorithms should be developed for MAPFUA.
Thus, bounded suboptimal-search (BSS) algorithms such as
Weighted A* (Pohl 1973) should be devised as well as rele-
vant versions of CBS. Similarly, unbounded suboptimal al-
gorithms (such as in Prioritized Planning (PrP) that find so-
lutions fast but do not guarantee any bound (and sometimes
not even completeness) should be developed for MAPFUA.

4.3 MAPFUA in Dense Environments
Many MAPFUA domains (e.g., parking lots and ware-
houses) are densely populated with robots/agents. Let alr
be the ratio between the number of agents and the total num-
ber of locations that agents may occupy. In Figure 1(right),
alr = 9/12. The option of moving unassigned agents in
sparse environments (with small alr) is not that significant.
In such environments treating unassigned agents as static
obstacle (and not moving them at all) is a reasonable pol-
icy. By contrast, dense environments (with large alr) are
particularly important for MAPFUA because bypasses of
assigned agents are harder to perform or even impossible.
Thus, developing various algorithms for MAPFUA with
particular interest in dense environments is essential. Fur-
thermore, adding more aspects of the environment (besides
to alr) such as its topology may also be crucial for identify-
ing algorithm failure. Additionally, environments are some-
times mixed with both sparse and dense regions. Treatment
of such environments also requires deep studying.
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