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Abstract

Multi-agent systems are widely used to address large-scale distributed combinatorial applications in the real world. One such
application is meeting scheduling (MS), which is defined by a variety of features. The MS problem is naturally distributed and especially
subject to many alterations. In addition, this problem is characterized by the presence of users’ preferences that turn it into a search for
an optimal rather than a feasible solution. However, in real-world applications users usually have conflicting preferences, which makes
the solving process an NP-hard problem. Most research efforts in the literature, adopting agent-based technologies, tackle the MS
problem as a static problem. They often share some common properties: allowing the relaxation of any user’s time restriction, not dealing
with achieving any level of consistency among meetings to enhance the efficiency of the solving process, not tackling the consequences of
the dynamic environment, and especially not addressing the real difficulty of distributed systems which is the complexity of message
passing operations.

In an attempt to facilitate and streamline the process of scheduling meetings in any organization, the main contribution of this work is
a new scalable agent-based approach for any dynamic MS problem (that we called MSRAC, for Meeting Scheduling with Reinforcement
of Arc Consistency). In this approach we authorize only the relaxation of users’ preferences while maintaining arc-consistency on the
problem. The underlying protocol can efficiently reach the optimal solution (satisfying some predefined optimality criteria) whenever
possible, using only minimum localized asynchronous communications. This purpose is achieved with minimal message passing while
trying to preserve at most the privacy of involved users. Detailed experimental results on randomly generated MS problems show that
MSRAC is scalable and it leads to speed up over other approaches, especially for large problems with strong constraints.
© 2006 Published by Elsevier Ltd.
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1. Introduction

Multi-agent systems are widely used to address many
real-world combinatorial applications such as meeting
scheduling (MS). This problem embodies a decision-making
process affecting several users, in which it is necessary to
decide when and where one or more meeting(s) should be
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scheduled. To satisfy real-world efficiency requirements, in
this work we focused on two challenging characteristics: the
distributed and dynamic nature of the problem. The MS
problem is inherently distributed and hence cannot be solved
by a centeralized approach; it is dynamic because users are
frequently adding new meetings or removing scheduled ones
from their calendar. This process often leads to a series of
changes that must be continuously monitored.

The general task of solving an MS problem is normally
time-consuming, iterative, and sometimes tedious, parti-
cularly when dealing with a dynamic environment. In
other words, solving the MS problem involves find-
ing a compromise between all the attendants’ meeting
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requirements’ (i.e., date, time and duration) which are
usually conflicting. Thus, this problem is subject to several
restrictions, essentially related to the availability, calendars
and preferences of each user. Automating MS is important
mainly because it can lead to more efficient and satisfying
schedules within organizations (Feldman, 1987).

Most significant research efforts in the literature adopt
agent-based technology for the distributed and dynamic
aspects of MS problems. Initial meeting schedule research
is based on constraint satisfaction problem formalism
(CSP) (Montanari, 1974). The problem is formalized as
centeralized CSP (Abdennadher and Schlenker, 1999;
Bakker et al., 1993). These works are essentially focused
on over-constrained CSPs. However, among more recent
typical agent-based approaches, some works focused on
using distributed autonomous and independent agents to
solve the MS problem while maximizing users’ preferences
(Garrido and Sycara, 1996). This work is based on the
communication protocol proposed by Sycara and Liu
(Sycara and Liu, 1994), where agents are capable of
negotiating and relaxing their constraints in order to reach
an agreement on a schedule with high join utility. Another
work also based on the multi-agent system, was described
in (Sen et al., 1997). This work focuses on the problem of
how an application domain for intelligent surrogate agents
can be analyzed, understood and represented such that the
underlying agents can make appropriate adaptations to
their environment, to carry out tasks on behalf of human
users. The authors’ prior work focused on agents adapting
to environmental changes (Sen and Durfee, 1994), however
Sen et al. directed their efforts towards the integration of
user preferences (Sen et al., 1997). Three other multi-agent
approaches to MS problems, using the Partial CSP
formalism introduced by (Freuder and Wallace, 1992),
were given in the literature. The first work (Luo et al.,
2000) is a new approach for MS problems using fuzzy
constraints. The second work (Tsuruta and Shintani, 2000)
proposes the distributed valued constraint satisfaction
problem (DisVCSP) formalism to model MS problem.
This approach is used in our experimental evaluation. The
third work, based on multi-agent systems and using fuzzy
constraints to express users’ preferences, was presented in
(Franzin et al., 2004). This MS system was based on an
existing system that includes hard constraints (Franzin
et al., 2002). The authors proposed to integrate preferences
to their system and focused on observing the behavior of
this new system under several conditions (Franzin et al.,
2004). Their main objective was to evaluate the relations
among solution quality, efficiency and privacy.

Nevertheless, the majority of these works share the
following properties:

(1) Dealing only with non-dynamic problems (among which
(Abdennadher and Schlenker, 1999; Bakker et al., 1993;

To simplify the problem, we assume that all the attendants are in the
same city.

Tsuruta and Shintani, 2000; BenHassine et al., 2003;
Franzin et al., 2004); BenHassine et al., 2004a,b).

(2) Allowing the relaxation of any user’s preferences, even
those related to non-availability of this user in order to
arrive at consensus choices for a meeting’s time.
However in real-world applications this is not always
permitted. For example, when the user is traveling on
business, such a constraint would oblige the user to
stop his/her travel to attend the meeting, and this is not
always possible (amongst Sycara and Liu, 1994;
Garrido and Sycara, 1996; Sen et al., 1997; Luo et al.,
2000; Tsuruta and Shintani, 2000; Franzin et al., 2004).

(3) Not integrating the enforcement of local consistency in
their solving process, in spite of the pre-eminent role of
the filtering techniques in the efficiency of solving an
NP-complete problem. Only the authors in (Franzin
et al., 2002, 2004) deal with the use of some inferred
knowledge to maintain coherence between meetings in
order to steer the selection of the next proposal, while,
none of the other works try to maintain any level of
consistency during the negotiation process.

(4) Judging all the meetings of the whole system with the
same level of importance (among others Garrido and
Sycara, 1996; Luo et al., 2000; Franzin et al., 2004;
Tsuruta and Shintani, 2000). In real life, this is not always
true. Obviously, the great significance of a meeting
depends especially, but not only, on the leader of the
event, the number of participants, and the meeting’s main
subject. Especially in a dynamic environment, such
discrimination may lead to conflicting meetings, and
may also increase the number of meetings to reschedule.

(5) Not considering the high complexity of message
passing operations in real distributed systems (Garrido
and Sycara, 1996; Sen et al., 1997; Luo et al., 2000;
Tsuruta and Shintani, 2000; Franzin et al., 2004).

In addition, in (Yokoo and Hirayama, 2000) the authors
described a complete and generic solution strategy, called
asynchronous backtracking (ABT), to solve any distributed
problem using DisCSP (distributed constraint satisfaction
problem) formalism (Yokoo et al., 1990). In this approach,
the agents act asynchronously by sending point-to-point
messages according to their predetermined priority® order.
Nevertheless, this approach presents, on the one hand some
limitations for large and complex problems.* On the other
hand, ABT can be applied only to non-dynamic problems,
where no incremental constraint propagation is required.
Therefore, we chose to use ABT as a witness approach in
our experimental evaluation on static instances of the
utilized MS problems, in order to empirically prove the
correctness of our results.

3This order is used to avoid the fall of agents into an infinite processing
loop and then to guarantee the completeness of the algorithm.

“The proposed methods applied to the ABT algorithm, to make it able
to handle multiple local variables, are neither efficient nor scalable (Yokoo
and Hirayama, 2000).
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