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ABSTRACT
We present an overview of the Task Coordination (TC) problem
in multiagent systems and discuss the specific elements that are
required to develop a solution to this problem. Task coordination
refers to a twofold problem where an exogenously imposed state
of affairs should be satisfied by a multiagent system (MAS): (1) the
agents need to be assigned tasks to fulfill the given state of affairs
(task allocation) and (2) the behavior of agents needs to bemonitored
to evaluate whether their tasks are fulfilled so that responsibility
for dismissed tasks can be determined (task responsibility). This
becomes especially challenging when agents are autonomous and
may have imperfect information about their environment. Then,
the allocation of tasks and responsibilities should regard agents’
strategic ability under imperfect information. To date, existing work
on the application of strategic reasoning for task allocation assumes
perfect information for agents (dismissing imperfect information
settings) and allocates tasks to individual agents (dismissing the
potential for allocating tasks to agent groups). This calls for TC
frameworks able to model task allocation in imperfect information
settings and by allowing the allocation of tasks to agent groups.
Such a framework should also be able to determine the responsi-
bility of agents for dismissed tasks via a task responsibility mecha-
nism that complements the task allocation procedure. This work
discusses various aspects of the TC problem, sets forward a concep-
tual analysis on expected properties of potential solution concepts,
and presents the overview of a suggested approach for developing
a TC framework using techniques from formal strategic reasoning.
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1 INTRODUCTION
Task Coordination (TC) is a twofold problem in Multiagent Systems
(MAS). Given a state of affairs—as an exogenously imposed set of
properties to, and expected to be fulfilled by, a MAS—it is crucial to
have a systematic method for allocating tasks to agents (prospec-
tively) and ascribing responsibilities to agents based on what they
were tasked to do and what they actually did (in retrospection).
This way, TC consists of two stages: Task Allocation (TA) and Task
Responsibility (TR). TA is concerned with how the state of affairs
should be distributed among agent groups in terms of tasks. Then
TR is about evaluating the behavior of theMAS in fulfilling the tasks
and ascribing (a degree of) responsibility to agents for dismissed
tasks. We believe that ascribing responsibility to agents is justified
only if the task allocation process takes into account the strategic
abilities of agents and their epistemic limitations. In brief, strategic
abilities determine what agents can do (in terms of properties they
can ensure/preclude) while epistemic limitations are about their
potential (lack of) knowledge about the MAS. In most real-world
environments, the task allocation procedure should incorporate
these aspects.

Capturing strategic abilities under imperfect information im-
plies that a task should be allocated to agents or agent groups that
are capable of handling it. It is crucial to note that agents’ ability
is limited to their knowledge about the environment. Thus it is
necessary to capture strategic abilities in imperfect information
settings and to avoid assuming perfect information for all agents.
Moreover, there might be tasks for which no single agent has the
required capabilities. Then it is necessary to allow the allocation
of such tasks to capable agent groups—instead of dismissing them.
A natural approach to capture these aspects is to apply strategic
reasoning and formal methods [1]. However, no such method cur-
rently exists [5, 11]. In [5], authors capture strategic abilities but
under a perfect information assumption while [11] relaxes this as-
sumption for team formation—as a related problem to TC—but has
less temporal expressivity than [5].

TR, as the retrospective aspect of the TC problem, is about the
consideration that agents may fail to deliver an allocated task. Thus
it is crucial tomonitor the history ofmaterialized actions and ascribe
responsibility to agent groups—accordingly to individuals—based
on what they did versus what they had to do.
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Against this background and to capture the real-life subtleties of
the TC problem, we see the need for development of a TC frame-
works that: (1) integrates TA and TR, (2) captures strategic abilities
under imperfect information, and (3) enables the allocation of tasks
and responsibilities to agents as well as agent groups.

2 ESSENTIAL AND DESIRABLE PROPERTIES
We first identify major conceptual principles for task coordination
in multiagent systems.

● Suitability of the state of affairs: Given the set of agents and their
available actions, fulfilling some states of affairs are impossible in
principle, regardless of how we allocate tasks among the agents.
We deem that for TC, one can simply exclude this class of unsuit-
able and out of reach expectations, Then we can assume that a
state of affairs is suitable only if the grand coalition (of agents) is
able to ensure it.
● Validity of task allocation: Task allocation ought to be such that
all that should be done is allocated, neither more nor less. In
other words, we see an allocation of tasks as valid if by assuming
that all agents fulfill their allocated tasks, the state of affairs will
ensure.
● Justifiability of task responsibility: Task responsibility should be
consistent with task allocation. In other words, seeing a group
as being responsible is not independent of what tasks they were
given in an earlier stage. Thus, ascribing task responsibility is
not merely based on agents’ ability but has to build upon the
implemented task allocation and the history of realized actions.

It is essential that a TC framework fulfils these basic principles.
In principle, for a suitable state of affairs, a task allocation proce-
dure should ensure a valid allocation of tasks. In other words, it
should distribute tasks such that the state of affairs (as a whole) can
be fulfilled. Then the responsibility ascription component should
build upon the task allocation procedure to regard the justifiability
principle. In brief, while the task allocation component is about
eventualities, the responsibility ascription should consider the ac-
tuality of agents’ realized acts—in comparison to what they were
tasked to do. To ascribe responsibility in multiagent settings, one
may face the so-called “responsibility gaps” [10] where a group is
responsible but the extent of each member’s responsibility is un-
clear. In such a situation, an effective TC framework should be able
to determine a degree of responsibility for group members.

In addition to the basic principles that a TC framework should
satisfy, we see some properties as desirable in specific settings.
For instance in domains with a high level of uncertainty, fault
tolerance is desirable. Then one can allocate a task to a group and
also introduce a set of backup groups. See [4] for a suggestion
to employ responsibility reasoning for ensuring fault tolerance.
Another concern is the efficiency of a task allocation. This is to
rank task allocations based on their cost and take into account the
resources they consume (e.g., time). Finally, it is desirable to have a
strategy-proof TC framework. This is to ensure the compatibility
of task allocations with agents’ preferences by guaranteeing that
agents have no incentive to deviate from what they are tasked to do.
For this, we can rely on normative incentivization mechanisms [3].

3 A SUGGESTED APPROACH
A suggested approach for developing an effective TC framework
is to use the semantic machinery of temporal multiagent logics, in
particular Concurrent Epistemic Game Structures (CEGS) [1]. (CEGS
is the epistemic extension of Concurrent Game Structures [2].)
In addition to being expressive for specifying temporal, strategic,
and epistemic aspects of MAS, models that use CEGS can benefit
from standard model checking platforms to verify properties of the
modeled MAS (e.g., model-checking tools in [7, 9]).1

In a CEGS-modeled MAS, a state of affairs can be modeled
as a set of formulae that represents some properties that are ex-
pected to hold in (some) CEGS states. Then the task allocation
component should ensure that all the members of the set are allo-
cated to agents (a forward-looking procedure). However, having
autonomous agents, we may see some tasks remaining unfulfilled.
Then the task responsibility component ascribes a degree of respon-
sibility to agents for dismissed tasks (a backward-looking proce-
dure).

As discussed earlier, task allocation should allow the allocation
of tasks to agent groups (and not merely to individuals) and also
relax the assumption that agents have prefect information about
their environment and the consequence of their actions. Thus we
can allocate the task of ensuring a formula to an agent group only
if they are both strategically and epistemically capable of fulfilling
it. For this, the CEGS-modeled notion of “uniform strategy” [8] is
applicable as it allows reasoning about capabilities of agents and
groups under imperfect information. Assuming that the allocation
of tasks to agents definitely brings about the given state of affairs is
unreasonable in real-life environments. (Agents are not artifacts but
entities that may opt to exercise their autonomy and do other than
what they are tasked to do.) A TC framework should be conscious
of this and ascribe a degree of responsibility to agents, in particular
to those who contributed to a state of affairs remaining unfulfilled.
To that end, one can adopt the notion of “strategic responsibility”
form [12] as a CEGS-based responsibility reasoning method for
imperfect information settings.

4 CONCLUSION
We discussed TC as a multidimensional problem in MAS, argued
for properties that are expected from a potential solution concept,
and suggested an approach to apply formal strategic reasoning
methods. In future work, we aim to explore the suggested CEGS-
based approach and develop a TC framework that satisfies the
essential properties and enables the integration of further desirable
aspects. We are also interested in exploring the dynamics of TC in
various organizational structures [6].
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1In CEGS, a MAS is modeled as a transition system. In an informal language, in each
state of this transition system, some properties hold and agents are able to change the
state of the system (hence its properties) by executing their available actions. Moreover,
we have a representation of each agent’s epistemic limitation in terms of system states
that are indistinguishable to her.
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