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When planning behaviors for a multi-robot system based
on a Temporal Logic specification of the mission, not only ac-
tions need to be planned, but also allocation of parts of the
mission needs to be considered. Classically, this is seen as
two independent problems. However, utilizing the interplay
of allocation and planning bears the potential of improving
the efficiency to find an optimal solution.

1 Problem Description

Consider a system of service robots in an office environment.
Several tasks specified in LTL [1] are given to the system, for
example requiring to check meeting rooms, guide people, or
empty paper bins. The tasks are independent of each other
and can be assigned to different robots, but multiple tasks can
be serviced by one robot in parallel, e.g., a meeting room can
be checked on the way to pick up a person for guidance.

We assume that the mission φ is given as n LTL task for-
mulas T = {φ1, . . . , φn} such that φ = φ1 ∧ . . . ∧ φn and
each φi can be satisfied by a finite sequence, see for example
co-safe LTL [2]. A team of m robots R = {R1, . . . , Rm}
is available. To find actions for executing the tasks by the
robots, two ways exist to formulate and solve the problem.

2 Planning Task Combinations for Allocation

Classically, one would first plan how all combinations of tasks
could be solved by each robot along with determining the
costs to do so and second, find the best allocation of tasks to
robots based on these costs. We refer to this case as the combi-
natorial approach (COMB). Well-established approaches ex-
ist to solve both of the above problems independently.

Planning. Usually, the respective task specification φi is
translated into an automaton Ai and a product with the sys-
tem model Rj describing robot j is constructed [1, 3, 4]. A
shortest-path search in the product then provides the optimal
actions to satisfy the task specification executable by the re-
spective robot. By repeating this procedure, task costs Ckj

can be calculated where robot j ∈ [1,m] executes task com-
bination k ∈ [1, 2n]. There are 2n combinations of tasks since
the power set of T needs to be considered.

Allocation. Given the task costs Ckj , allocation of the
tasks can be optimized using existing approaches [5, 6] such
as market-based allocation [7] or formulating a Mixed-Integer
Linear Program [8, 9]. Compared to the computational com-

plexity of planning, allocation is typically not the limiting fac-
tor in the relevant problems.

3 Simultaneous Task Allocation and Planning

Alternatively, one can combine the planning and allocation
problems into one problem to which we refer as Simultane-
ous Task Allocation and Planning (STAP). This is possible
by translating the full mission specification, given by φ, into
an automaton A and again, constructing a product model. In
contrast to COMB, STAP requires the system model to de-
scribe the system of all robots.

In general, such a team model is given by constructing a
product automaton of the robots [10], thus of size exponen-
tial in the number of robots. Simplifications can be made to
reduce the complexity of the planning problem, for example
by assuming mutual exclusive motions [11], sparse local de-
pendencies [12], or independent tasks. Since independence
of tasks is given here, which is a prerequisite for COMB, the
team model for STAP can be constructed with size linear in
the number of robots [13].

A multi-objective planner can then find an optimal solu-
tion giving at the same time an allocation of tasks to robots as
well as actions to execute the tasks [14, 15].

4 Discussion

To summarize, m · 2n smaller planning problems need to
be solved for COMB, as opposed to one larger problem for
STAP. Note that, while most of the automata Ak for COMB
are smaller than A for STAP, also A needs to be constructed
as one of the combinations for COMB. Overall, COMB and
STAP provide a trade-off which shifts in favor of COMB for
small n and large m, and in favor of STAP for large n and
small m. By achieving linear complexity in m, also STAP
scales to larger teams.

Our recent results [16] show that STAP outperforms
COMP on the kind of problems we motivated in Section 1,
confirming the expectation that explicitly considering the in-
terplay between allocation and planning is more efficient than
viewing it as two independent problems.

Conclusion. We argue that STAP is more efficient for the
given class of problems, mostly because it can re-use interme-
diate planning results when task planning overlaps. Limiting
for STAP is the size of A, which has complexity exponential
in the length of φ, but this cannot be avoided by COMB.



Acknowledgement

This work is supported by the EU H2020 Research and Innovation
Programme under GA No. 731869 (Co4Robots).

The third author is also supported by the H2020 ERC Start-
ing Grant BUCOPHSYS, the Swedish Research Council (VR), the
Swedish Foundation for Strategic Research (SSF), and the Knut och
Alice Wallenberg Foundation (KAW).

References

[1] Christel Baier and Joost-Pieter Katoen. Principles of model
checking. MIT press Cambridge, 2008.

[2] Orna Kupferman and Moshe Y Vardi. Model checking
of safety properties. Formal Methods in System Design,
19(3):291–314, 2001.

[3] Stephen L Smith, Jana Tumova, Calin Belta, and Daniela Rus.
Optimal path planning for surveillance with temporal logic
constraints. The International Journal of Robotics Research,
page 0278364911417911, 2011.

[4] Bruno Lacerda, David Parker, and Nick Hawes. Optimal and
dynamic planning for Markov decision processes with co-safe
LTL specifications. In IEEE/RSJ International Conference on
Intelligent Robots and Systems, pages 1511–1516. IEEE, 2014.

[5] Brian P Gerkey and Maja J Matarić. A formal analysis and
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