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Abstract

Meeting scheduling takes place when a group of people in-
tend to meet with each other. Since each person has individual
availability constraints and preferences, meeting scheduling is
naturally distributed and there is a need to schedule the meeting
in such a way as to consider the preferences of the set of meet-
ing participants. In addition, individual meeting constraints and
preferences may change both as a result of an agent’s situation
or as a result of other agents’ scheduling decisions. Therefore,
there is a need for distributed reactive schedule revision in re-
sponse to changing requirements and constraints. We present
an approach to distributed meeting scheduling based on model-
ing and communication of constraints and preferences among
the agents. When a feasible global schedule cannot be found,
agents enter a negotiation and relax their constraints. The ap-
proach enables the agents to find and reach agreement on the
schedule with the highest joint utility and to reactively revise
the schedule in response to new information.

Introduction

Advances in computer and networking technology have fos-
tered the development of the needed infrastructure to provide
automated support for group decision making in organiza-
tions. Al techniques can introduce "intelligent agents" into
organizational computing systems that act in the interests of
their human clients to perform routine organizational tasks,
such as screening, directing or responding to information (Lee
& Malone, 1988; Sycara & Roboam, 1991). Scheduling
meetings is one of the most frequently performed tasks in an
organization. Itis often tedious, iterative and time consuming
for people. In addition, because of communication delays
(either in electronic mail or phone), the task can be frustrating
and produce unsatisfactory solutions. Therefore, automating
meeting scheduling can lead to more satisfying and efficient
solutions and to changes of how information is exchanged
within organizations (Feldman, 1987). Past research efforts
(e.g., (Greif, 1982; Lee & Malone, 1988)) have met with lim-
ited success. DAI work in meeting scheduling (Sen & Durfee,
1993) focused on various search biases to produce alternative
density profiles in agents’ calendars. In their model, a fixed
meeting's host communicates with all other agents and coor-
dinates the search for a feasible schedule without taking into
consideration individual preferences or dynamic constraint
changes. Commercially available products (e.g. Schedule
Plus) are simple checkers of availability of time intervals and
are incapable of taking into account the preferences and pri-
orities of people, or reactively revising a schedule in response
to new information.
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Meeting scheduling takes place when a group of people
intend to meet. Since each person has individual availability
constraints and preferences, meeting scheduling is naturally
distributed and must consider the preferences of the set of
attendees. Distributed scheduling is a process carried out by
a group of agents each of which has (a) limited knowledge of
the constraints of other agents and (b) limited knowledge of
the preference of other agents. Global system solutions are
arrived at by interleaving local computations and information
exchange among the agents. There is no single agent with a
global system view through the entire scheduling process. In
such an environment, schedules are constructed by a process
of reaching consensus. Agents make local decisions about as-
signments of particular time intervals to particular activities
and a complete schedule is formed by incremental agreement.
The system goal is to find schedules that are not simply fea-
sible but attempt to create high quality schedule according to
the group’s collective preferences. Another, equally desirable
requirement is schedule revision. In most realistic environ-
ments unanticipated events occur (e.g. a meeting might last
longer than expected, or a meeting participant might not show
up) that necessitate schedule revision. Our approach endeav-
ors to address concerns of schedule quality and efficiency of
schedule generation, and schedule revision.

Our work views meeting scheduling as a distributed task
where a separate calendar management software agent that
knows its owner’s preference is associated with each per-
son and acts on behalf of its user. Giving each person his
or her own calendar management agent enhances privacy
and permits personal tailoring of preference parameters for
scheduling meetings (Dent et al., 1992). Individual meeting
constraints and preferences may change both as a result of an
agent’s situation and also as a result of other agents’ schedul-
ing decisions (Sycara et al., 1991). Optimization criteria
are expressed in terms of preferences/utilities for particular
scheduling decisions (e.g., prefer earlier start times for ac-
tivities). A feasible schedule is one that satisfies all given
constraints. The agents exchange scheduling constraints and
preferences in a joint search for the best schedule.

The rest of the paper is organized as follows: section 2
presents the distributed meeting scheduling model, coordina-
tion mechanism as well as communication protocol for multi-
agent meeting scheduling; section 3 describes an example of
meeting scheduling scenario; section 4 presents discussion;
and section 5 presents conclusions.
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The Distributed Meeting Scheduling Model

Each human meeting attendee is supported by a software agent
that manages its owner’s calendar. A meeting has a date and
location. A meeting schedule is feasible, if it is agreed upon
by all agents representing the attendees.! The group com-
mon goal is to generate a feasible schedule that is the most
preferred by the participants. Our model also allows for repre-
senting and enforcing time dependencies between meetings.
For example, the user can specify that meeting A should
be scheduled after meeting B. We distinguish between two
types of constraints: task precedence constraints expressing
sequencing relations between meetings and resource capacity
constraints that express time availability of meeting attendees.
Task precedence constraints are not relaxable. The resource
capacity constraints of a meeting attendee restricts the dates
on which s/he is available. In our model, resource capacity
constraints can be relaxed as a result of negotiation.

With each task, we associate utility functions that map
each possible date onto a preference. These utilities reflect
an attendee’s meeting date preferences and can change dy-
namically depending on other scheduled meetings or other
external circumstances. In the cooperative setting assumed
in this paper, the sum of these preferences over all the agents
in the system and over all the tasks to be scheduled by each
of these agents defines the joint group utility.? Agents will
prefer a solution that gives higher joint utility to a solution of
lower joint utility.

The group of agents work together to generate a schedule
that is feasible, agreeable to all and has the highest possible
jointutility. Each agent searches its individual search space to
find a solution that reflects its owner’s preferences. The agents
communicate with each other to direct each other’s search.
Search focusing heuristics inspired by experimental studies of
how humans handle scheduling (Kelley & Chapanis, 1982),
such as constraint tightness, are utilized. The group has no

- quarantee that a schedule that attains the highest value of
joint utility will be found but the model gives each one of
the participants the flexibility to object if a proposed schedule
has low utility for the attendee. The model also gives the
paricipants a metric (i.e., the group utility) by which to gauge
the global group preference.

Coordination Mechanism

In a multi-agent distributed scheduling setting, coordination

between agents is essential for effectively generating a feasi-

ble and high utility schedule. In our approach, global search

is directed by a coordination mechanism which dynamically

passes search control to different agents according to policies

that are mutually accepted and adhered to by the agents. 3
The coordination policies are:

'Naturally, the agents interact with their human owners to get
needed approvals. We do not address HCI concerns here.

2For simplicity of exposition, we say “‘an agent’s preference’ as
a short hand for “the preference of an agent’s human owner”

*Cammarata & Steeb’s work on distributed coordination in the
air traffic domain (Cammarata & Steeb, 1983) has experimented with
different types of criteria for task coordinator assignment. In that
work, however, once assigned, the coordinator role was statically
associated with an agent.
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1. In each round of constructing and modifying a solution, a
task coordinator is selected for each task who proposes an
assignment for the task and receives replies.

2. A task coordinator broadcasts its coordinating role to all
other concerned agents.

3. A task coordinator sends other task coordinators proposals
for solving the task.

4. Initially, agents with the tightest resource capacity con-
straints for each task are the task coordinators.

5. The role of next task coordinator for each task is assigned
by the current task coordinator to the agent who opposes
the current proposal. If there are more than one opposing
agents, the agent with the tightest constraints is selected.

6. If a new task coordinator can not find a feasible solution,
it should relax its constraints until it can propose a feasible
solution,

Communication Protocol

The agents communicate asynchronously via message pass-
ing. In many problems, a series of meetings must be sched-
uled. The process of reaching a consensus on a schedule for
a sequence of tasks (meetings) is realized by communication
and negotiation. The negotiation proceeds by relaxation of
local agent constraints (Sycara, 1990). The multi-agent meet-
ing scheduling communication and negotiation protocol is as
follows:

1. The agents exchange their resource capacity constraints,
i.e. the time intervals on which they are available.

2. Agents with the tightest constraints for each task (i.e. the
agents with the fewest available intervals) become the task
coordinators and propose a schedule for the task by sending
a message to the other related agents.

3. Depending on its local constraints, an agent receiving a
proposal either accepts or rejects it by sending a message
back to the proposing agent. If an agent accepts a proposal,
a utility representing the agent’s preference measure on the
proposal is associated with the replying message.

4. The task coordinators wait to receive all replying messages.

e If a proposal is accepted by all, a task coordinator sums
up the utilities included in the replies as well as its own
utility to get the global preference measure for the pro-
posal, and notifies the related agents about the common
approval of the proposal and its global utility.

o If a proposal is rejected by at least one agent, a task
coordinator selects the next task coordinator according
to the defined policy and delegates the role by sending a
message to that agent.

5. New task coordinators relax their local constraints, when
necessary, provide new proposals and repeat the process of
coordinating the group decision-making.

6. A feasible schedule is generated when all tasks have been
scheduled and approved by all relevant agents. Each feasi-
ble schedule that includes all the tasks has a global prefer-
ence measure which is the sum of the preference measures
of the schedule for each task.

7. Due to local reasons, an agent can contest the current fea-
sible schedule and ask for further negotiation. If all agents
agree to further negotiate, agents who contested the current
feasible schedule become the task coordinators.



8. When an agent has local constraint changes, it assumes the
role of task coordinator to further improve the schedule
when additional dates are available or to find another feasi-
ble schedule when the scheduled dates are now unavailable.

9. The current active schedule is a feasible schedule with the
highest global preference.

We have identified 14 message types that are sufficient to
cover all possible agent exchanges under the protocol. They
are:

I. Availability_Constraint(dates) - notifying receiving
agent about the available dates of the sending agent.

2. Task_Coordinator(task;) - notifying receiving agent that
the sending agent is the task coordinator for (rask; ).

3. Proposal(meeting;, date; ) - notifyingreceiving agent about
the current proposed solution, date;, for meeting;.

4. Accept(meeting;, date;, preferencer) notifying receiv-
ing agent that the current proposed solution, date;,
for meeting;, is accepted by the sending agent with
preferencey.

5. Reject(meeting;, date;) - notifying receiving agent that the
current proposed solution, date;, for meeting;, is rejected
by the sending agent.

6. Delegate(meeting;) - notifying receiving agent that it has
been delegated as the task coordinator for meeting;.

7. Approved(meeting;, date;, preferencey ) - notifyingreceiv-
ing agent that the current proposed solution, date;, for
meeting;, has been approved by all related agents with
global preference, preference;..

8. Announce(meeting;, location;) - announcing to receiving
agent that meeting; will be held at location; based on com-
mon agreement.

9. Abandon(meeting;) - notifying receiving agent that the

effort to find an optimal schedule for meeting; is abandoned.

. Negotiate?(schedule;) - contesting schedule; and asking
receiving agent whether it agrees to further negotiate for
possible schedules.

I1. Negotiation OK(schedule;) notifying receiving agent
that the sending agent agrees to negotiate on schedule;.

. Negotiation_Denied(schedule;) - notifying receiving agent
that the sending agent does not want to negotiate on
schedule;.

. Preference_Changes(meeting;, date;, preferencey ) - noti-
fying receiving agent that the preference measure for the
accepted proposal is changed to preference;.

. Constraint_.Changes(increase/decrease, dates) - notifying
receiving agent that constraints of the sending agent are
changed with an increase/decrease of availability on some
particular dates.

These 14 message types relate to different aspects of the
multi-agent meeting scheduling communication and negotia-
tion protocol. Availability_Constraint is used by agents to
communicate local constraints. Task_Coordinator and Dele-
gate facilitate dynamic search control. Agents use Proposal,
Accept, and Reject to negotiate a feasible solution, and use
Abandon to terminate a negotiation process. Approved and
Announce allow agents to communicate current feasible so-
lution and auxiliary information regarding current feasible
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solution, respectively. Negotiation?, Negotiation OK, and
Negotiation Denied are used by agents to reach a consen-
sus before entering a new negotiation stage that would po-
tentially change the current feasible solution. Finally, Pref-
erence_Changes and Constraint_Changes allow agents to
express changing preferences and constraints, and therefore,
reactively revise the solution in response to new information.

Characteristics of the Approach

Our approach has several characteristics that make it attrac-
tive. First, global planning is distributed to each agent, while
the control is dynamically passed to different agents accord-
ing to the coordination policies and the changing interaction
context. Having a task coordinator has the advantage of min-
imizing communication overhead compared with completely
distributed coordination (e.g., Partial Global Planning (Dur-
fee, 1988)), at the same time, allowing flexibility (since the
task coordinator role is dynamically passed among different
agents) as compared with centralized coordination. Second,
only local constraints are exchanged and no agent has in-
formation on local preferences of other agents. Moreover,
constraints that are not directly relevant to a task are not ex-
changed. For example, agents that participate in the same
meeting exchange their available dates for that meeting only.
The constraint communication mechanism aims at minimiz-
ing communication and maximizing agent privacy. Third,
since scheduling is an NP-complete problem (Garey &John-
son, 1979), in general, it takes exponential time to find an op-
timal solution. The assumption and coordination mechanism
ofthe model enable the attendees to reach meeting agreements
with acceptably high individual utility as well as high joint
utility. Coordination policies define the focus of the search
with the notion of tightest constraints directing the search a
for feasible solution and the discontented agent(s) directing
the search for solutions of higher utility. These are strategies
often observed in human negotiation (Kelley & Chapanis,
1982). Fourth, the approach can reactively adapt the schedule
in response to opportunitiesand harmful events. When oppor-
tunities occur, e.g., additional dates become available, agents
seek to improve the quality of the solution. When harm-
ful events occur, e.g., scheduled dates become unavailable,
agents seek other feasible schedules through negotiation.

An Example - The Secretaries’ Nightmare

We illustrate the approach through an example that is part
of daily life in organizations.* Axel, Brigitt, Carl, and Dirk
wish to plan two all-day meetings. The meetings must be
scheduled on weekdays during April 1994. Axel, Brigitt, and
Dirk should attend the first meeting. Axel, Brigitt, and Carl
should attend the second meeting. If possible, scheduling two
days in a row is preferable. If the meetings are not scheduled
back-to-back, Carl and Dirk prefer to have a meeting before
the second meeting so that Dirk can brief Carl about the results
of the first meeting. The faster the meeting can take place the
better. The meeting can be ineither Austinor Los Angeles, but
itis preferable for the second meeting to be in Los Angeles. If
the meetings are back-to-back in the same city, Los Angeles
is preferable. Axel is available in April the week of the 4th,
the 18th and 19th, and the 25th and 26th. Brigitt is available

“This example was suggested by Charles Petrie.



the Tth, 8th, 19th, and the week of the 25th. Carl is available
on the 7th, 19th, and 26th. Dirk is available on the 7th, 8th,
18th, and 25th.

This scenario has three tasks (meetings): two mandatory,
Meeting-1 and Meeting-2 and one optional Meeting-3 be-
tween Carl and Dirk if Meeting-1 and Meeting-2 are not
scheduled back to back. In our model, we assume that agents
know which meeting they must attend and the sequencing
meeting constraints, i.e. Meeting-1 must be scheduled be-
fore Meeting-2. In addition, the group shares the preference
for meetings as early as possible as well as the preference for
meeting locations. At first, all agents participating in the same
meeting exchange their available dates.* For example, Dirk
sends Availability_Constraint(7,8,18,25) to Axel, Brigitt,
and Carl, Carl sends Availability Constraint(7,19,26) to
Axel, Brigitt, and Dirk, and so on. After receiving the
exchanged constraints, each agent knows who is the agent
with the tightest constraints, i.e. the fewest available dates,
among the attendees of a particular meeting. In the sce-
nario, Dirk is the agent with the tightest constraints among
the attendees of Meeting-1, and Carl is the one for Meeting-2.
Therefore, Dirk sends Task_Coordinator(Meeting-1)to Axel
and Brigitt, announcing his coordinator role for Meeting-1.
Carl does the same to Axel and Brigitt with the message
Task_Coordinator(Meeting-2).

Meeting-1
Attendees Available Dates
Axel 45678 18 19 25 26
Brigiu 7 8 19 25 26 27 28 29
Dirk 78 18 25
Meeting-2
Attendees Available Dates
Axel 45678 18 19 25 26
Brigitt 78 19 25 26 27 28 29
Carl 7 19 26

Figure 1: Availability of meeting attendees

Preference Measure of Axel

| HI 11 1

4 56 78 18 19 25 26 Possible Dates

Preference Measure of Carl

e

26

7 19 Possible Dates

Figure 2: Utility functions of preferences

Carl, Dirk, Axel and Brigitt prefer that the meetings be held

*For clarity, we refer to a human’s software agent by its owner’s
name,
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as early as possible. We assumed that each agent has a pref-
erence measure for each available date on an arbitrary scale
of 0 to 10 (O the lowest and 10 the highest). The group pref-
erence of having a meeting as early as possible is expressed
for each agent by giving a 10 to the agent’s first available date
and decreasing the value incrementally for his/her subsequent
available dates. For example, Axel would have a preference
measure of 10 for the 4th, 9 for Sth, ..., 2 for the 26th, Carl
would have a preference measure of 10 for the 7th, 9 for the
19th, and 8 for the 26th. For simplicity, we have given all
agents the same highest utility for the first available date and
decreased the utility by the same amount for each subsequent
date.

Dirk, knowing the constraints of Axel and Brigitt (and
the group preference for early meetings), decides that the
best solution for Meeting-1 is on the 7th. Dirk sends
Proposal(Meeting-1, 7) to Axel, Brigitt, as well as Carl (since
Dirk and Carl must also coordinate to decide on optional
Meeting-3). In the mean time, Carl, knowing that Meeting-
2 should be held after Meeting-1, awaits the decision on
Meeting-1. After receiving Dirk’s proposal on Meeting-1,
Carl decides that the best date for Meeting-2 is on the 19th.
He, then, sends Proposal(Meeting-2, 19) to Axel and Brigitt.
Axel, while receiving proposal messages from Dirk and Carl,
checks his local calendar. Since the proposed dates are still
available, Axel sends Accept(Meeting-1, 7, 7) to Dirk and
Accept(Meeting-2, 19, 4) to Carl. 7 and 4 are Axel’s pref-
erence measures for proposed meeting dates for Meeting-1
and Meeting-2, respectively. Brigitt also sends Accept mes-
sages to Dirk and Carl with preference measures of 10 and 8,
respectively.

Receiving positive replies from both Axel and Brigitt, Dirk
sends Approved(Meeting-1, 7, 27) to Axel, Brigitt, and Carl,
while Carl sends Approved(Meeting-2, 19, 21) to Axel,
Brigitt, and Dirk. In the first approval message, 27 is the
total preference measures of Axel, Brigitt, and Dirk for hav-
ing Meeting-1 on the 7th (Dirk’s preference for the 7th is 10).
Similarly, 21, in the second approval message, is the total pref-
erence measures of Axel, Brigitt,and Carl for having Meeting-
2 on the 19th. Having received approval message from each
other, both task coordinators, Dirk and Carl, know that the
meetings will not be held back-to-back and respectively send
out Announce(Meeting-1, Austin) and Announce(Meeting-2,
Los Angeles) to others. Now all agents understand that they
have a meeting schedule in which Meeting-1 is to be held at
the 7th in Austin and Meeting-2 is to be held at the 19th in Los
Angeles. This global schedule, labeled Plan-1, has a global
preference measure of 48 (the sum of the preferences of the
two meeting schedules).

Under Plan- 1, Dirk and Carl recognize that they would need
an optional meeting, Meeting-3, between them. Since Carl has
tighter constraints than Dirk, Carl assumes the role of coordi-
nator for Meeting-3 and sends Task_Coordinator(Meeting-
3) to Dirk. Carl finds out that he does not have any date
available between the 7th and the 19th, and he would not
relax his constraints for the optional meeting. He sends
Abandon(Meeting-3) to Dirk. Then, they both contest the
current feasible schedule, Plan-1, by lowering their preference
measures such that the total preference measure for Meeting- 1
becomes 22 and that for Meeting-2 becomes 16. They individ-



ually send Preference_Changes(Meeting-1, 7, 22) and Pref-
erence_Changes(Meeting-2, 19, 16) to others. Now Plan-1
has a global preference measure of 38. Both Dirk and Carl
send Negotiate?(Plan-1)to Axel and Brigitt. Axel and Brigitt
agree to negotiate by replying with Negotiate OK(Plan-1).

Meeting-1
Attendees Possible Dates
Axel |4 56 7 8 18 19 25 26
Brigitt 78 19 25 26 27 28 29
Dirk 5678 18 25
Meeting-2
Attendees Possible Dates
Axel 45678 18 19 25 26
Brigitt 78 19 252627 2829
Carl 56T 19 26

Figure 3: Updated availability of meeting attendees

Since Carl and Dirk contested the current meeting plan,
they each assume the coordinator role for the meetings again
and respectively send out Task_Coordinator(Meeting-1)and
Task_Coordinator(Meeting-2) to others. Dirk proposes the
25th for Meeting-1 and notifies Axel, Brigitt, and Carl. Then,
Carl proposes the 26th for Meeting-2 and notifies Axel,
Brigitt, and Dirk. Axel and Brigitt accept both proposals with
low preference measures. Dirk and Carl notify other agents
about the approval of their proposals and then announce that
the meeting location is Los Angeles since the proposed meet-
ings are back-to-back. Now they have another plan, Plan-2.
However, Plan-2 has a global preference measure of only 33,
which is lower than that of Plan-1. All agents understand
that Plan-1, with the highest preference measure, is the active
current plan for their meetings. Carl and Dirk request further
negotiation and Axel and Brigitt agree,

Again, Dirk and Carl assume the coordinator role for
Meeting- 1 and Meeting-2, respectively. Each of them decides
to relax his constraints and makes the 5th and 6th available.
They both notify others about their constraint changes, e.g.,
Constraint_Changes(increase, 5,6). Then, Dirk proposes the
Sth for Meeting-1 and Carl proposes the 6th for Meeting-2.
Axel accepts both proposals with high preference measures.
However, Brigitt, for her own reasons, decides that she can
not make both dates available, and rejects both proposals.
Since Brigittis the only one rejecting each proposal, Dirk and
Carl both delegate the roles of task coordinator for Meeting- 1
and Meeting-2 to Brigitt by sending her Delegate(Meeting-1),
Delegate(Meeting-2).

Brigitt, after announcing her roles of task coordinator for
both meetings, finds that she would need to relax her con-
straints in order to propose a feasible schedule. She makes
the 18th available and notifies the other agents about the con-
straint changes. Then, she proposes the 18th for Meeting-1
and the 19th for Meeting-2. The proposals are accepted by
all other agents. Brigitt, then, announces the current global
schedule, Plan-3, in which Meeting-1 is to be held on the 18th
in Los Angeles and Meeting-2 is to be held on the 19th in
Los Angeles. Since Plan-3 has a global preference measure
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of 40, which is higher than that of Plan-1 (which was 38), it
becomes the current active plan.

Meeting-1
Atlendees Possible Dates
Axel |4 56 7 8 18 19 25 26
Brigitt 78 18 19 25 26 27 28 29
Dirk 5678 18 25
Meeting-2
Auendees Possible Dates
Axel |4 567 8 18 19 25 26
Brigitt T8 18 19 25 26 27 28 29
Carl 567 19 26

Figure 4: Another updated availability of meeting attendees

Then, Carl’s constraints change and the 8th becomes avail-
able. He notifies others about the constraint change and
re-proposes Meeting-3 on the 8th to Dirk. The proposal is
accepted by Dirk, and both Carl and Dirk change their pref-
erence measures of Plan-1. Now Plan-1 regains its original
preference measure of 48 and becomes the current active plan.
Carl observes that there is an opportunity to further improve
the current schedule because of his new availability. Carl asks
for negotiation on current plan and all other agents agree. At
this point, Carl, still having the tightest constraint, announces
his role of task coordinator for Meeting-2 and proposes the
8th for it. Both Axel and Brigitt accepts the proposal. But
Axel gives a low preference because of other personal ar-
rangements. The plan does not have higher preference than
the current active plan, Plan-1. At this point, no agent has
any other intention to change the plan. Therefore, Plan-1 be-
comes their final plan, in which Meeting-1 is to be held on
the 7th in Austin, Meeting-2 is to be held on the 19th in Los
Angeles, and an additional Meeting-3 between Dirk and Carl
is scheduled on the 8th in Austin,

Meeting- 1
Altendees Possible Dates
Axel |4 56 7 8 18 19 25 26
Brigitt 78 18 19 25 26 27 28 29
Dirk 5678 18 25
Meeling-2
Attendees Possible Dates
Axel |4 56 7 8 18 19 25 26
Brigiut 78 18 19 25 26 27 28 29
Carl 5678 19 26

Figure 5: Final updated availability of meeting attendees

Discussion

Daily life group decision making on scheduling meetings is
typically full of negotiations and dynamic revisions, as de-
scribed in the scenario. The running example shows how our
approach can provide automated support for the often tedious,



iterative, and time-consuming task. The approach assumes a
cooperative setting, mutual acceptance and adherence to the
coordination policies by the agents, and an agreement on
meeting precedence constraints and location constraints. The
agents communicate the subset of their constraints that they
want to make public. Based on the exchange of these public
constraints, they all know who the most constrained agent is.
At the beginning of a negotiation process by common policy,
the most constrained agent assumes the role of task coordina-
tor. During the negotiation process, a new task coordinator is
designated solely by the previous task coordinator. This coor-
dination mechanism allows agents to effectively search for a
feasible schedule if it is possible. The search for solutions of
higher utility is directed by the discontented agent(s). We are
aware of the theoretical modelling issue of utilities being non-
commensurate across group members. However, in this work,
the utilities are used for ranking alternative solutions rather
than for exact modelling. We also make two assumptions on
agents’ negotiation process that are in accordance with the
behavior of human negotiators (Raiffa, 1982). First, agents
prefer to relax their local constraints rather than fail to find
a feasible solution. Second, agents would accept a feasible
solution with low individual utility if the request for further
negotiation is denied by others. Therefore, the negotiation
process will be terminated when no agents express discontent
with the current solution or at least one agent denies further
negotiation.

Conclusions

We have presented a model of distributed negotiation for
scheduling meetings carried out by intelligent software agents
on behalf of their users. We believe that such an approach
is better than scheduling via electronic mail since users only
need to give their constraints and preferences to the system
without being bound to the tedious communication and nego-
tiation processes. Users can give full or limited authority to
their agents regarding constraint relaxation. In case of limited
authority, users would need to interact with their agents when
necessary. We have presented the communication protocol
and types of messages exchanged. Schedule evaluation and
decision to relax constraints are distributed: schedule proposal
(determination of intersection of available dates) and compu-
tation of schedule utility (for each task) is done by a coor-
dinator. The role of coordinator is not determined statically
at system design time but is passed dynamically to differ-
ent agents during problem solving, thus avoiding well known
problems of reliability and congestion of centralized decision
making. The approach is currently being implemented. We
intend to experimentally analyze the effectiveness of the ap-
proach compared with others, such as scheduling meetings
via electronic mail.
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