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ABSTRACT adopted. We can point to two main reasons. The first is a failure to
take into account the intensely personal nature of the human time
management problem. Most individuals, even the busiest knowl-
edge workers, are reluctant to relinquish control over the manage-

We report on our ongoing practical experience in designing, im-
plementing, and deploying PTIME, a personalized agent for time

management and meeting scheduling in an open, multi-agent envi- i . .
ronment. In developing PTIME as part of a larger assistive agent ment of their own time. Further, people have different preferences

called CALO, we have faced numerous challenges, including us- a1d Practices regarding how they schedule their time, how they ne-
ability, multi-agent coordination, scalable constraint reasoning, ro- gotlat_?l_appomthmentsr\}Nlthdot_hers, arjlfj T)OW much |rf1fc|>rma_t|0n they
bust execution, and unobtrusive learning. Our research advanced'® Willing to sharé when doing so. 10 be successiul, a time man-
basic solutions to the fundamental problems; however, integrating agement solution must thus address these ba5|c_|ssues of au@horlty,
PTIME into a deployed system has raised other important issues forpr'vﬁcy' and pre_ferenges. The s_econd r_easlon |st|hat f".dof’t('j‘?” of
the successful adoption of new technology. As a personal assistantSUch @ system Is contingent on its practical usability—including
PTIME must integrate easily into a user's real environment, sup- Important user interface issues—uwithin a real-world deployment.

port her normal workflow, respect her authority and privacy, pro- While we do.not claim to have fully reso!ved either one of these
vide natural user interfaces, and handle the issues that arise withObStades’ this paper describes our experience and progress in over-

deploying such a system in an open environment. coming these challenges. . L
Each PTIME agent is an autonomous entity that works with its

user, other PTIME agents, and other users, to schedule meetings

Categones and SUbJeCt Descrlptors and commitments in its user’s calendar. It can negotiate with other
H.4.1 [NFORMATION SYSTEMS APPLICATIONS ]: Office agents on behalf of its user, provide her with useful information
Automation—Time management.2.11 [ARTIFICIAL INTEL- about upcoming events while protecting her privacy, and learn her
LIGENCE ]: Distributed Artificial Intelligence—ntelligentagents ~ preferences. To achieve these goals, PTIME integrates commer-
K.6.3 [MANAGEMENT OF COMPUTING AND INFORMA- cially available calendaring tools and user interface technology with
TION SYSTEMS]: Software Management state-of-the-art algorithms for constraint satisfaction (to solve the

underlying scheduling problems and find preferred schedules), goal-
directed process management, and preference learning.

General Terms PTIME is part of the CALO project, a large-scale effort to build

Design, Human Factors an adaptive cognitive assistant situated in the office environment
[15]. A CALO agentis designed to support its user in various ways,
Keywords including project and task management, information collection and

organization, and meeting preparation and summarization. In Oc-
tober 2005, the CALO project started its third year of research and
development. In Year 1, the theme wiasegration—assembling

1. INTRODUCTION a large collection of independently developed pieces of software

Over the past two-and-a-half years, we have been developing theinto a single system. CALO 1.0 was highly distributed, with the
Personalized Time Manager (PTIME), an agent with the goal of CALO modules implemented on top of the Open Agent Architec-
helping a human user manage her temporal commitments in a con-ture (OAA) [4] and with integration primarily at the level of com-
sistent, integrated manner over an extended period of time. While Munication. CALO 1.0 required multiple computers to run and pro-
automated meeting scheduling has been well studied in the researciyided only the most rudimentary desktop functions. In Year 2, the

community [8, 25, 23, 17], the resulting systems have rarely been theme wasisability—integrating the applications within a common
architecture that could run on a single laptop computer. CALO 2.0
was reborn within the IRIS desktop environment [5], which fea-
tured a semantic knowledge base, based on the CALO ontology,
Permission to make digital or hard copies of all or part of this work for and shared by a suite of common desktop applications, including
personal or classroom use is granted without fee provided that copies areemail, calendar, web, file system, and chat. Through the shared
not made or distributed for profit or commercial advantage and that copies knowledge base, IRIS supported the sharing of information be-
bear this notice and the full citation on the first page. To copy otherwise, 10 yeen the disparate applications, enabling CALO to better control
rzriumti’gzirg:;ﬁglséfg fzeervers or to redistribute to lists, requires prior specific and coordinate its assistive behavior. With CALO 2.0, users could
2AMAS’O6May 8-12 2006, Hakodate, Hokkaido, Japan. read email, file documents, schedule meetings, organize bookmarks,
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scheduling, personal assistants, user interfaces, deployment
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Figure 1: Screenshot of Year 2 PTIME interface

and perform various other everyday office activities. However, ing systems [8]. In an open system, individuals are autonomous,
there remained obstacles to its widespread use, such as cumberesponsible for creating and maintaining their own calendars and
some user interfaces and computational inefficiency. The thememeeting schedules. They generally operate in an unbounded en-
for Year 3 isusefulness-providing users with a CALO thatis not  vironment, without any obligation to a single organization. In a
only usable but can also truly help make busy office workers more closed system, by contrast, a consistent and complete global calen-
efficient and effective in their everyday lives. dar is maintained. While closed systems are more commonly stud-

This paper describes lessons learned from the development anded and marketed because they provide a controlled and known set-
deployment of PTIME within the CALO project. We begin by pre- ting, they are rarely adopted in a uniform way because users seldom
senting the PTIME system, its local agent architecture, and its de- live in a completely closed environment. However, open schedul-
ployment in a multi-agent setting (Section 2). Next, we present the ing systems pose challenges of their own. An individual may not
challenges we faced and the solutions we implemented to successwish to share all of her schedule, or may choose not to participate
fully field a PTIME agent in CALO 1.0 and 2.0 (Section 3). Then in a meeting. Different individuals will have different scheduling
we discuss other issues that arose post-deployment, through actugbreferences. Without centralized control to balance the constraints
use by real users, and we present the modifications we made to adand preferences of all involved parties, how does an open system
dress these issues prior to the final, annual release (Section 4). Weespect individual preferences without devolving into completely
then discuss our plans for CALO 3.0, including the modifications selfish agents that result in greatly suboptimal schedules? Further,
to existing features and implementation of new features designedwhile users may not wish to cede all control to an autonomous as-
to address known issues as well as new challenges (Section 5)sistant, they may let their agent automate some processes.
We conclude with a discussion of related work and a summary of CALO exists in such an open, unbounded environment, where
lessons learned (Sections 6 and 7). these issues of privacy, authority, adjustable autonomy, cross-or-

ganizational scheduling, and uncertain availability of participants
abound. PTIME is an autonomous agent integrated within a larger

2. PERSONALIZED TIME MANAGEMENT CALO agent [15]. Each CALO/PTIME agent is itself composed

Despite the proliferation of calendar tools to organize, display, of a set of internal agent components linked within the OAA agent
and track commitments, most individuals still expend a consider- architecture; we will refer to these as CALO/PTIME components.
able amount of effort managing their schedules. .. .

The research community has primarily focused on automated 2.1 The Distributed SChedU"ng Task
meeting scheduling: finding feasible timeslots for meetings given  The distributed scheduling task that PTIME addresses fits into
a set of requirements on participants, times, and locations. Work the continuum between fully competitive and fully cooperative ag-
in this area can be generally divided irdpenandclosedschedul- ents. PTIME agents in collaboration with their users are autono-



a set of interviews with available interviewers versus allow-
— — ing interviewers to sign themselves up. The SPARK frame-
PTIME Process 2 work supports agent advisability [20], and users can give ad-
I°°"t’°"e’I 5 vice to PTIME regarding preferred actions as well as explicit
o - 2 scheduling preferences. SPARK also supports adjustable au-
0 Constraint Preference 2 d licitl dually del .
e Reasoner Learner :LL tonomy, and users can explicitly or gradually delegate certain
m o decisions to PTIME for autonomous execution.
g CALOD Ontoiogy E
" { 5 e The basic scheduling process employs a unified represen-
e — . .
] — & tation for temporal and nontemporal constraints, and pref-
L] [RE | a L erences. Unlike standard calendaring systems, as part of
CALO, PTIME has access to rich information about the user’s

EXTERNAL ENVIRONMENT other activities. Thus, even when scheduling simple meet-
ings, the Constraint Reasoner considers such issues such as
workload and task deadlines, to ensure, for instance, that the
user is not over-committed. The Constraint Reasoner can
also explore alternative conflict resolution options using re-
laxation, event bumping, and explanation techniques [14].

Figure 2: Architecture of Year 2 PTIME agent

mous, self-interested entities that manage their user’s own calen-
dars. They are in effect single-calendar schedulers dependent on
other agents to coordinate shared calendar entities. The schedul-
ing task is viewed as a shared goal of the user and the agent. For
a PTIME agent, global utility is thus secondary to maximizing the
local utility of its user, which typically does include a component
valuing cooperation with others [22]. This is in contrast to most
distributed scheduling systems [25], which aim to maximize some
notion of global schedule quality (e.g., [16]).

Thus, PTIME supports two forms of collaboration: between it-
self and its user and between itself and the PTIME agents of other
users. The collaborative scheduling process is separated from the
scheduling algorithms, to enable interaction with the user and other
PTIME agents. This interaction forms the framework for learning
and adjustable autonomy.

The collaboration between PTIME and its user is illustrated in
Figure 1, which is a screenshot of the PTIME interface for the de-
ployed CALO 2.0 system. The collaboration is seen in the “CALO
Chat” window in the foreground (right). In the top-left window,

CALO is reporting on its activities in response to a user request . g ; : -
for explanation. In the background, the calendar view of the IRIS Learner in Java, with its underlying SVM leamer being SVMLight

desktop environment can be partially seen. In addition to a tradi- Egl/ e\év';ghoﬂn;glgmgnéi?ﬂ::u%i CL?; v(\j/ilgwe(reear::thcgt?gfphergtjséhdtelq- e
tional form-based input mechanism, CALO has a restricted natural hanisms provided b the OAA architecture [4]

language (NL) input that allows the user to interact by means of mecha P y '

spoken or typed input, for instance “meet with Alice about inte-

gration next week”. CALO also has multi-modal output, including 3. DEPLOYMENT CHALLENGES

e A core design goal of CALO is personalization. PTIME
evolves by learning preferences througtPteference Learn-
er. The Preference Learner in PTIME is an unobtrusive, on-
line learner where the user’s selections from suggested alter-
natives provide feedback to the learning algorithm. Learning
has so far focused on temporal scheduling preferences over
when meetings should be scheduled (e.g., time of day, day
of week) and over the nature of the resulting calendar (e.g.,
degree of fragmentation). PTIME learns these preferences
for under-constrained problems. We have showed how active
learning with support vector machines (SVM) can be used to
improve performance [11]. Learning a user’s preferences en-
ables PTIME to suggest increasingly desirable schedules to
the user, thus providing more effective assistance.

The components of a PTIME agent utilize a variety of program-
ming languages: the Process Controller is implemented in SPARK,
the Constraint Reasoner in SICStus Prolog [27], and the Preference

leaving spoken messages on the user’s cellphone. Deployment of the PTIME calendaring system required over-
. coming several multi-agent integration issues. We discuss them
2.2 Local Agent Architecture in this section, together with some of the deployment constraints

Figure 2 depicts the architecture of PTIME in relation to the rele- imposed by the CALO personal assistant system.

vant components in IRIS and CALO. We limit our discussion to the .

three PTIME components this paper primarily involves; foramore 3.1 ~Calendar Integration

complete discussion of the various components of PTIME, see [3].  Most fundamentally, a calendar scheduling system must be able

to update and maintain a user’s calendar. PTIME usesGhk
e At the heart of PTIME is itProcess Controllera SPARK endar specification [7] for compatibility with other calendar tools

agent that captures possible interactions between the useron the market. An initial implementation used Microsoft Outlook,
and other agents in the form of structured decision points. which was instrumented so that PTIME could query information
SPARK [19] is a Belief-Desire-Intention agent framework from the calendar; add, delete, or modify calendar events; and lis-
that supports both goal-directed and reactive behavior. The ten to calendar actions performed by the user. Initial experiments
Process Controller manages PTIME’s processes, tasking andwith test users indicated this was a workable integration. One prob-
coordinating the activities of the Constraint Reasoner and lem with this implementation, however, was that availability infor-
Preference Learner, and managing interactions with the rest mation was inaccessible when one or more users did not have their
of CALO and the external environment. Alternative pro- desktop environments connected.
cesses reflect different scheduling strategies, preferred by us- A second integration was required with the introduction of the
ers or organizations, or applicable in different contexts. For CALO user environment, IRIS [5], which includes a calendar ap-
example, different processes would correspond to scheduling plication for accessing a centralized commercial calendar server.



PTIME, the shared calendar server, or indeed any automated cal-
endar. In addition, we cannot assume that the participant’s contact
details exist in the user’s address book. During the initial deploy-
Meenng' ' - _I ment of the system, a simple name resolution system asked the user
Host L '_'MJJ for clarification of a participant’s email address. However, we en-
countered a problem when a person had multiple email addresses

Qutlook

- and thus PTIME would duplicate messages. Although we did work
AN ! around this problem, for current and future deployment we have a
:—'-'T " F—— two-pronged solution:
iy Calendar
Caonaar e When a CALO agent (of which PTIME is a component) is
initialized it sends information to a common name server.

This name server stores the contact information for other

Poerto-Peer ~| agents, and this information may be queried by any agent.

Email (CALO 3.0) 4rererenss > "'—'MJ e The CALO agent also provides a name resolution capability

- Outlook that allows a participant’s name to be resolved to a known
person on the name server, in the personal CALO address
book, or an email address typed in by the user.

3.3 Knowledge Integration and Advisability

The IRIS calendar application allowed PTIME to query user calen- !N @ddition to personal and shared ‘contact’ information, a per-
dar information using the Glow API [1], but many users preferred sonalized time management assistant must also have access to a

to continue using their familiar calendaring tools, such as Outlook user’s organizational information, institutional rules, and personal
or Mozilla, that do not store their data on the centralized calendar Preferences. For example, a PTIME agent may schedule a meet-
server. There were also data synchronization issues, since PTIMEING With the user's superior or subordinate using different strate-
could query the server for a participant’s calendar status even when9i€S- PTIME can store locally some of this information, such as
that user's CALO was unconnected. scheduling preferences, but it must access other information, such
One particularly challenging architectural constraint was that we &S Organizational relations, from the wider CALO knowledge base.
could not make modifications to the calendaring user interface in PTIME adopts the CALO-wide ontology and query standards.
IRIS. A core CALO 2.0 design decision was to keep “CALO ac- A foundational requirement for deployment was user—PTIME in-
tions” completely separate from the regular operations of the IRIS teraction. Not only must PTIME serve the user's needs in a mixed-
applications. Instrumentation of existing dialogs and development initiative fashion [3], but it must also become a more effective as-
of external user interfaces were allowed. The result of this archi- SiStant over time. It must build trust through its interaction with
tectural constraint was two separate interfaces for adding meetingsth® user. Thus, PTIME permits the user to provide advice [20]
to the calendar: the standard “Add meeting here” Outlook-style di- that adjusts the level of autonomy, and permits her to override de-

alog within the IRIS calendar application, and a separate CALO Cisions made by the agent. A specific problem with these simple
interface for scheduling through PTIME. mechanisms to adjust autonomy was that the users were reluctant

to change settings if the system did not provide an adequate expla-

3.2 Multi-Agent Integration nation of their effects. For example, the user might advise the agent

A PTIME agent must communicate with other people’s calen- about preferr.ed dgys of the weeks for meetlngs,. but PTIME did not
dars to gain availability information, and negotiate with other agents Nave the ability to illustrate to the user the resulting preference pro-
to resolve conflicts and commit to calendar changes. Calendars ardil€ OF 10 explain decisions with respect to those preferences.
private; we assume that direct interrogation of other users’ calen-
dars is restricted to free/busy timeslots. Other calendars cannot bed. LESSONS FROM TESTING AND USE
updated directly without adequate permission. PTIME agents com- The CALO program is evaluated annually through a SAT-style
municate using peer-to-peer messaging or using email (Figure 3).test administered on a number of CALOs that assist users over
The initial deployments (CALO 1.0 and 2.0) relied only on peer- some designated period of time. In Year 2, the test involved fif-
to-peer communication via message passing. The next deploymenteen users, including some of the authors of this paper, using their
will also offer email communication peer-to-peer as well as with  CALOs over the period of a week to perform a variety of everyday
the user. Thus, PTIME will be able to schedule with any online par- office tasks, including tending to email, scheduling and preparing
ticipant, whether or not she is running CALO. The protocol adopted for meetings, editing documents, and performing web searches.
for inter-agent negotiation is the following: In preparation for the test, CALO underwent a standard software
development cycle involving a series of releases each featuring in-
creased and more robust functionality. As part of this process,
CALO underwent quality assurance testing, including regression
and unit tests. Each release was vetted through “dry runs” with real
users. The process provided valuable feedback to the research and
development teams, validating some design decisions while raising
e Otherwise: send an email query that could be answered by New problems, allowing time to address them before the actual test.

the human user or the other (PTIME) agent. 4.1 Different Modes of Use

This communication protocol exists in a deployed and unbounded PTIME was initially designed to schedule meetings on behalf of
environment where not all participants in a meeting may be using the user, including accepting or declining meetings scheduled by

Figure 3: Communication modes between PTIME agents

e Use direct agent-to-agent communication: resulting action
would be governed by the destination’s own agent.

e Agent not answering: for availability requests, ask the calen-
dar server for a recent (possibly outdated) free/busy estimate.



other users. However, users turned out to desire PTIME support pectation that all events have non-zero durations. Similarly, when

for at least two other usage modes as well. CALO suggests relaxed alternatives, users often want to know what
First, users often simply wanted to add fully-specified events constraints have been left unsatisfied so that they can make well-

(e.g., seminars, weekly group meetings) to their calendars regard-informed decisions. We will be extending the explanation mech-

less of overlaps with existing events. PTIME's standard scheduling anisms in CALO 3.0 to cover this situation as well, and linking

interface could be used to add such meetings, resulting in a sin-PTIME’s explanations with the broader CALO-wide explanation

gle alternative being presented for acceptance by the user, with thecapability seen in the left-most window in Figure 1.

option to reschedule in the case of conflicts. However, with this

solution, what should have been a one-step procedure turned intod.3  Qualitatively Different Schedules

a multi-step process, because of the verifications required from the  gjnce our learned schedule evaluation was based on simple weight-
user. The offer to reschedule in case of a conflict was also inappro-ed sums, the best schedules tended to be clustered together. One of
priate for these types of events, which were already scheduled.  the factors we investigated in our active learning experiments was
The second situation involved scheduling a complete agenda orthe presentation of qualitatively different schedules to the user, mo-
related set of meetings centered on another person, for examplegjyated by the intuition that users would be interested in seeing a
scheduling an interview for a job candidate. Here, the user’s pref- \ariety of schedules and that the resulting feedback would also im-
erences are of no special import, since the schedule is for some-prove learning. However, as our experiments showed, the greedy
one else. There may also be constraints and preferences not jushpproach of showing the best solutions according to the current
on individual meetings but between meetings: for example, min- |earmed model resulted in the fastest learning [11]. As a result, the
imizing the free time between meetings so that the visitor is not fie|ded system used this approach to select candidates to present.
left idle. We handled this scenario by implementing a separate set  \yhjle most successful for learning, this scheme often resulted in
of SPARK processes for visitor scheduling, including separate fa- highly similar schedules being presented to the user. For example,
cilities for obtaining the scheduling constraints from the user, and it was not uncommon for PTIME to present alternative candidates
presenting agenda options. This worked reasonably well, and wethat pegan at 9:00, 9:30, 10:00, 10:30, and so on. This was partic-
will continue to do this for CALO 3.0. ularly problematic early on, when PTIME had not yet sufficiently
This second usage mode also revealed inefficiencies in the Con-leared the user's preferences and was thus unable to present any
straint Reasoner. While efficient enough to find alternatives for good schedules within its default presentation set of 15 candidates.
scheduling one or a few new meetings at a time, the Constraint |n our experiments with synthetic users we had relied on the user’s
nificantly larger search space generated by visitor scheduling sce-a|ly. However, user interface limitations (see Section 3.1) prevented
narios, consisting mostly of temporal constraints. Our solution to gy ch a solution: users could schedule the meeting manually through
the search inefficiency problem was less than desirable: we modi-the regular IRIS calendar interface, but in bypassing PTIME, the
fied the constraints formulated by the agenda scheduling problem|earning algorithm could receive no feedback on its suggestions.
to reduce the size of the search space sufficiently so that the Con-e pelieve a second issue is that our synthetic users did not fully
straint Reasoner could find a solution if one existed. Clearly, this is represent the different kinds of preferences real users have; in par-
only a stopgap solution since it forces users into unnatural and inex-ticular, preferences between criteria. We are currently developing

act problem formulations. We have solved this problem for CALO 4 richer, multi-criteria evaluation approach (Section 5.4) that we
3.0 by using constraint-solving techniques specifically designed for expect will lead to better adaptation.

temporal constraints (discussed in Section 5.3).

R _ 4.4 User Interface Issues
4.2 Visibility into the Scheduling Process Our primary focus for CALO 2.0 was scheduling functional-

Scheduling a meeting involving multiple participants can be a ity: encoding the procedures controlling user interaction and the
somewhat involved process, as it requires gathering availability in- scheduling process, implementing the constraint solver to generate
formation for all participants, finding valid solutions or—possibly— solutions, and developing the learning module to provide personal-
relaxing unsatisfiable constraints, before presenting the user withized scheduling assistance. As aresult, PTIME’s user interface was
candidate solutions. Early on, it became clear that we needed tofunctional but not particularly effective. Besides being hard to use,
give users some method of tracking the scheduling process. Thusit prevented us from exposing all of PTIME’s functionality.
as it undertakes the various tasks involved in scheduling a meeting, First, PTIME provided a single dialog form through which users
PTIME prints simple status messages in the CALO chat window to could specify a meeting request. This was a particularly poor fit
inform the user of its progress, as seen in Figure 1. to other scheduling situations. Moreover, it was also a poor fit to

This feedback proved valuable in letting the user track PTIME’s basic meeting scheduling, as it required users to specify constraints
progress, particularly when unexpected situations arose. For exam-differently to their normal way of specifying meeting requests.
ple, obtaining another person’s availability information typically Second, while users could explicitly state general scheduling
takes a few seconds. In the case of delayed results, whether dugreferences to bootstrap the learning process, the mechanism was
to the other person wanting to personally approve all requests orboth cumbersome and unable to handle fine-grained preferences.
due to inter-CALO communication failure, PTIME could notify the Third, PTIME presented its candidate schedules in a table (as
user accordingly, letting her take action if desired. seen in Figure 1), completely separate from the IRIS calendar in-

A related issue is CALQ's ability to explain its scheduling deci- terface. This was primarily due to the architectural constraint of
sions. Often, users want to know why CALO is unable to schedule keeping CALO actions distinct from the regular operations of the
a meeting. We addressed this by providing a minimal set of un- desktop applications. However, it turned out to be problematic in
satisfiable constraints [14] when informing the user that a particu- this case as it not only confused users, but also presented the can-
lar meeting request was unsatisfiable. This explanation mechanismdidate schedules almost completely devoid of context. Without
also turned out to be particularly useful when debugging the sys- knowing their existing schedules, users often found it difficult to
tem, exposing, for example, the Constraint Reasoner’s flawed ex- select an appropriate candidate schedule.



5. ONGOING/FUTURE DEPLOYMENT choose to not attend. Negotiation with the meeting organizer to

The third annual release of the CALO agent system, CALO 3.0, counter-propose an alternate time is planned for CALO 4.0.
will deploy a new version of PTIME that will address the lessons . .
learned from CALO 2.0 and add new capabilities to the agent. The 5.3 Improved Constraint Reasonmg
ultimate goal is to advance the capabilities and interface to a point  Section 4.1 described some of the limitations of the constraint
where people other than PTIME developers and CALO testers find reasoning in the CALO 2.0 system. The current technology will
value in using their CALO agent on a daily basis. Below we out- be replaced with a Constraint Reasoner efficient for both finite-
line five improvements designed to bring us closer to this goal. domain and temporal constraints [26, 18]. Increased performance
CALO 3.0 will be evaluated similarly to CALO 2.0; the increased improves the user’s interaction experience with CALO, and allows
usability will facilitate the next round of user studies, which, along PTIME to present more varied candidate schedules (Section 4.3).
with daily use, will surely uncover new lessons about developing For instance, in the scenario of scheduling a complete agenda (e.qg.,
and deploying user-assistive agents in unbounded environments. for an interview visit) described earlier, preliminary experiments

. show that computation time can be reduced by orders of magni-

5.1 Multiple Modes of Use tude, putting larger multi-event scheduling problems within reach.

Recall that the PTIME user interface in CALO 2.0 enabled the ~ Further, the new technology will allow representation of soft
interactions necessary for PTIME’s advanced functions, at the ex- constraints, enabling the user to specify, for example, preferred
pense of encumbering the user with extra steps for the simple, moretimes for meetings, the relative importance of each participant, and
common, scheduling scenarios. We are addressing this issue inevents that may partially or fully overlap. In the case where many
CALO 3.0 by defining distinct use cases and implementing a dif- schedules satisfy all hard constraints, the soft constraints allow
ferent SPARK process for each case, including different input and computation of schedules that best satisfy the user’s preferences.
output facilities in the user interface. In the case where no schedule satisfies all hard constraints, the soft

The new version of PTIME will allow users to simply add meet- constraints provide instruction for how to best relax constraints.
ings to their calendars, with or without checking for overlap and For example, knowing the relative importance of each meeting par-
communicating meeting information to participants. In the case of ticipant would guide the Constraint Reasoner to first try omitting
overlap checking, PTIME’s course of action is still an open issue. an unimportant participant before relaxing other constraints.
Ideally, if the user is looking at the appropriate portion of her calen- . L
dar, then an overlap should be obvious and the user would notwantd.4 ~ Schedule Evaluation Criteria
to be bothered by superfluous confirmation requests or warnings. For meeting requests other than the simple “Add meeting here”
Instead, a simple highlighting may occur. In the more complex type, PTIME presents multiple candidate schedules to its user. As
case of multiple participants, we must determine whether PTIME stated earlier, in CALO 2.0 the candidates were ranked according
should check for participant conflicts and whether PTIME should to the learned schedule evaluation function, a simple weighted sum
pass on the commitment to the participants. PTIME may do back- over schedule features, and a subset was selected for presentation
ground checks for such changes in the user’s calendar and warn theyy an active learning mechanism. Based on the results from ac-

user about conflicts with or rejection by other participants. tual use, informal user studies, and interviews of subjects from the
. . CALO 2.0 test, we determined that this approach was inadequate
5.2 Multi-User SChedu“ng for a number of reasons. The most important is its inability to ex-

Our informal user studies confirm that other participants’ con- press tradeoffs users have in practice: for instance, Pareto optimal
straints and preferences often influence the meeting organizer's de-schedules that balance two criteria [2].
cisions [22]. When deciding which of many possible candidate = Based on those same studies, we have identified key criteria that
schedules to present to the user, PTIME must reason about howcontribute to the user's evaluation of a schedule. These features
each candidate schedule will affect others. This requires PTIME include satisfaction of the user’s general preferences on schedules,
to retrieve from each affected party that person’s schedule (as in specific meeting-request constraints (both hard and soft constraints),
CALO 2.0), preferences, and probable effects of the proposed schederturbation from the previous schedule, and, as noted, the good-
ule. Moreover, reasoning about other participants is required evenness of the schedule according to others. We will use these criteria
when communication with another user’s agent (CALO) is not avail- in a multi-criteria evaluation framework [2] in which the relative
able—and hence, should a shared calendar server be in use, evemportance of each criterion is learned.
when the information it contains is unreliable (recall Section 3.1).  When deciding which solution candidates to present, PTIME
Once a PTIME user selects a schedule from those presented, PTIMBas multiple objectives: present desirable schedules that the user
must negotiate with the agents of the other parties to resolve con-is likely to accept; present qualitatively different schedules to help
flicts within each schedule. The goal is to remove the burden of the user explore the space of possibilities; and support faster learn-
much of this reasoning and negotiation from the user, while keep- ing of preferences over criteria. The second point is particularly
ing her informed about the state of the process. important if the user has not yet formulated what is a ‘good’ solu-

To determine the effect of a particular schedule on others, we tion to a specific meeting request. Only after the user has elicited in
are currently integrating a distributed querying mechanism, based her own mind what is ‘good’ can we address the other two points,
on the ADOPT protocol [16], that will obtain a cost reflecting the presenting desirable schedules and learning preferences. We are
rescheduling effort required as a result of a proposed schedule. Thenow exploring search techniques that can produce not only a sin-
cost for users who do not respond (i.e., communication with their gle optimal solution, but also a good set of qualitatively different
CALO fails) is estimated using the most recent knowledge about solutions to meet these objectives. Based on an example critiquing
their schedules and their negotiation history. approach, in which solutions are presented to the user to prompt her

When the user organizing a new meeting selects a candidatedecision process, we will present schedules designed to maximally
schedule, PTIME invites all other meeting participants, with a jus- stimulate expression of the user’s preferences [28]. In conjunction,
tification for the request. All conflicts are then addressed by other we are exploring how to vary the diversity of the solutions chosen
users, who will either resolve the conflicts with other CALOs or for presentation based on a measure of entropy of the solution set.



£ Schedule a Meeting =1olx| mode, PTIME will show what rearrangements are compatible with
- : other users’ schedules. The top half of the interface displays past

Schedule PEXA, 10-11am, EJ228, very impartant, actions of both the user and CALO to provide additional context.
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_ m 6. RELATED WORK
I am scheduling your meeting for you ) )
D J While both commercial (e.g., Outlook/Outlook Exchange Server,
3 Sun Java System Calendar Server) and open source (e.g., Zim-
D | Flea=ericaseraoheaUIcHonRERhbelol: J bra, UWCalendar) calendaring systems abound to support central-
- ized solutions within an institution, as closed systems [8] they suf-

fer from the issues discussed earlier, including resistance to adop-
m tion due to loss of control and privacy. Unlike PTIME, they of-
fer a one-size-fits-all solution that does not readily support dif-
ferent calendars, different modes of interaction, and different user
preferences—often exhibited in the necessity of an institution-wide
(2?2 = m mandate to standardize on a particular tool. Also, unlike PTIME,
B =

Show me more schedules J

|:| Flease choose a schedule for 'PEXA’ below J

which is part of a much larger cognitive assistant (CALO), these

= Select = Select = Select . . . .
= Edit = Edit = Edit tools are dedicated calendar scheduling solutions that cannot utilize
other types of information—such as workloads and deadlines—to
AM AM AM better manage the user’s schedule. Similarly, tools such as Office-
St S Tl Tracker and GroupReady focus on visualization and facilitating a
FM 9:30-10:30: Create 10-11: PEXA .
12-1: Lunch e A scheduling process actually performed by a human.
3-4: Meet vith Ray 10:20-11:30: PEXA Presentstion In the applied research community, scheduling agents have been
4430 Soffes, e 2 developed for fragments of the tasks with which a PTIME agent
4-5: PEXA (overlaps 11:30-12:30: Lunch 12-1: Lunch . H
with Coffee) G assists a user (e.g., [12]). Examples of other scheduling systems
| that operate in open environments include RCal [23] (arguably the
Cd Show me more schedules first agent work for this scheduling task), CMRadar [17], and work
L& Change meeting details in preference-aware constraint programming, such as [10].

The CMU scheduling agents RCal [23] and CMRadar [17] both
distribute the scheduling problem in a similar way to that of PTIME,

Figure 4: Concept of future PTIME interface and the more recent CMRadar embodies a spirit similar to PTIME.
A CMRadar agent helps its user schedule meetings by parsing out
55 Collaborative Interface meeting information from email. It generates schedule options us-

] . ) ing a constraint-based scheduler that takes into account user prefer-
_ User feedback from CALO 2.0 reinforces the point that an intu-  gnces: presents candidate schedules with a graphical visualization;
itive and visually appealing user interface (UI) not only enhances gnq enters into multi-agent negotiation. CMRadar is designed as a
human-agent collaboration, but strongly influences whether usersgiangalone scheduler and is tightly integrated into Microsoft Out-
are willing to adopt the underlying agent technology. To encour- ook while PTIME is integrated into CALO and primarily uses the
age adoption of PTIME in CALO 3.0, we will redesign the Ul |Rys interface to access external calendar servers. PTIME is also
to improve the two main tasks: defining a meeting request and gpe to support other individual calendar tools, and schedule meet-
viewing/selecting candidate schedules for that request. This newngs with non-CALO-related individuals. In a further architectural
Ul is being designed and developed in collaboration with human- jtterence, CMRadar relies solely on email for inter-agent commu-
computer interaction professionals. o _ nication, while PTIME uses multiple modalities, with direct inter-
When defining a meeting request, PTIME's interface will allow  ca| 0 communication as its primary modality. CMRadar uses a
more expressive, albeit restricted, natural language input. AIthough passive learning approach to learn user preferences [21], which
specifying preferences such as “prefer Tuesday at 2pm”, “Bob is contrasts with PTIME’s online, active learning.
optional’, and “can overlap” is possible with dialog form widgets,  apother mixed-initiative, multi-agent scheduling system is cur-
to include the appropriate widgets for all possible constraints and ety deployed in a closed environment to schedule nightly mainte-
preferences would result in an qverly complex interface, and such pance operations for the Hong Kong metro system [6]. The system
interfaces have been found to elicit untrue preferences![28]. _ provides core scheduling abilities and visualizations that facilitate
_When candidate schedules are presented to the user, PTIME will o, the scheduling of operations and the negotiation of resources
display a collaborative, graphical interface to help the user rapidly parveen managers. Like PTIME, the Ul for this system allows a
understand the key differences among the set of schedules, refine ofyindow into the workings of the automated scheduler.
relax her input constraints, explore alternative solutions, and select The CALO 3.0 Ul offers multi-schedule comparison similar to

a pref_erred candidate. This will replace the generic text-based tablegnaicaL [9] and several non—agent-based commercial calendaring
used in CALO 2.0. , , , tools (e.g., GroupReady), although PTIME's visualization is part
_Figure 4 shows a mockup of the future interface, including the of 5 jarger collaborative user—agent dialogue paradigm. Nonethe-
visualization for presenting eandldate schedules. “Overlaps with |ags the independent development of such Uls underlines key in-
Coffee” (lower left-corner) indicates to the user that some hard con- teraction challenges, which include how an agent can ask a user to
straints were not fully satisfied; red underlines indicate portions of -heck and correct its understanding of NL input, and how it can
the user’s schedule that had to be rearranged. In a separate editingerate with a user to approve, reject, or modify proposed actions.

'Users often fill out all the widgets on the form, even those marked as Explanation in the context of collaborative and semi-autonomous
optional: simply asking whether the user has a preference for a feature canassistive agents has been explored in frameworks such as Collagen
lead to the user having a preference for it. and the (prototype) deployed systems built with it [24].
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