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ABSTRACT tor architecture, in which all servers communicate via a common
hub. CrION consults other domain servers to retrieve critical in-
This paper introducesRION, a conversational system that per-formation. The Orion server plays two distinct roles, each imple-
forms off-line tasks and initiates later contact with a user at a prepented as a separate stream. One is devoted to the enrollment
negotiated time. Orion has two major episodes of activity: thgf new tasks and the other is concerned with the execution of
enroliment of new tasks and the execution of pending tasks. Thisting tasks. Users first enroll by providing critical informa-
task manager periodically checks the pending tasks and updaigs about their name, appropriate phone numbers, and e-mail
their status, sending off requests to other servers for informatifygress. To edit existing tasks or add new tasks, the user inter-
and possibly launching a phone call when a particular task hagts withorion at a Web site, in conjunction with conversation
reached its trigger time. A separate user interface engages iRrough speech over the telephone, or through typing at the GUI
dialogue with a user to enroll new tasks and/or update existingterface. Pending tasks are displayed in the graphical interface,
tasks. QRION is still in an early stage of its development cy- and orion engages the user in a mixed-initiative conversation
cle, but it has introduced several interesting new research issuggiil a new task is fully specified, or a pre-existing task is appro-
such as continuous state maintenance and contact verificationpri(—,umy modified. If a new task needs to be executed today, it
is sent to the agent stream for an immediate updateo® can
1. INTRODUCTION currently handle a number of types of requests, as suggested by

For more than a decade, the Spoken Language Systems (SIEES examples given in Figure 1.

Group a_t the MIT Laborat_ory for Computer Science has be ACalme at4 p.m. tomorrow to remind me to pick up my spn
conducting research leading to the development of conversa:, soccer practice
tional interfaces: interfaces that will enable naive users to ag Call me every weékday moming at 6:30 a.m. and tell me|the
cess and manage information using spoken dialogue. To real- eather in Boston ’ o
ize such systems, several language-based input and output t c“é’ T h b.f - fiaht93 Tands i Dallas
nologies, including speech recognition/synthesis and language allme an hour before American flig t. an S.'n atas.
understanding/generation have been developed and integrate aI_I me at work b_etween 5and 6 p.m. if the traffic on route
Typically, these systems engage the user in a dialogue to retriew 3is ata standstill
information from databases.

Figure 1: Examples of the types of tasks that Orion can currently

Until now, all of our systems have assumed that each task handle.
completed as soon as the user hangs up the phone. However, it

seems reasonable to suppose in principle that a conversatiomall'ri‘r'ggfma;?::tff:rﬁ'gt';‘];tgggg?fsh%gilﬁﬁ di‘f’g;g\‘/;?:sft'
system could perform certain task#-line, i.e., that the user 9 ’

could delegateinformation-dependent activities to the system,.to “?‘T""e th?s? requests using standard English as a natural and
intuitive scripting language.

which would later inform them of the outcome, either through
e-mail or through system-initiated telephone contact. The notion of off-line delegation is a radical departure from our

This paper describes our newest conversational domain, caIIggsoera[recieEZSGZCt;\GEESé:'l%r']tti?]%%r&i L:r?a?nrt]g:;ae(:reoéflrggteesitmgr
ORION, which for the first time begins to address the idea of ’

delegation. The user can request a task to be executed at so%%tl'on‘ d?i“ndgrwi'tthrt?ﬁ :erwlnaggr:/o:ifci)r iior:]et(f:]tl??fs] to p”ret:/l- K
later time, andRION must then initiate a follow-up contact with ously assigned reiterant tasks, a erication that the call-bac

MRS successful. A domain of the degree of complexitpRfoN

tasks involve monitoring a dynamically changing database ngvou[d not have been feasible for usto devglop prior to the intro-
ciuctlon of theGALAXY Communicator architecture [4].

time. Others involve a single look-up at the designated call-bac
time. In the remainder of this paper, we will first describe the task ne-
ag_otiation phase, followed by the task execution phase. We will
then discuss a number of issues that have emerged as a conse-

1This work was supported by DARPA under contract N66001-99-1-ggo4uénce of our explorations witbriON. We conclude with a
monitored through Naval Command, Control and Ocean Surveillance Center. discussion of some of our future visions.

The Orion system is configured using the Galaxy Communic




=lolx|

<] @ Whats Relaed

Orion:  Welcome to the Orion planning system. Please type your
user name, or, if you have not enrolled, type 'new user|.
User: Stephanie Seneff

Orion:  Here is your personal information in our database,
Stephanie Seneff. What is the task that you have in mind?

(wakeup call,reminder, flight status, or traffic update) ‘What phone number should Orion call when the task is triggered? A
<shows user profile and list of prior tasks> NEW TASK INFO

User:  Call me at six thirty tomorrow morning and tell me DT s BT [
the weather in Boston. QUESTION Jupiter tell me the weather forecast for boston

NUMBER TO BE CALLED

ORION DATABASE INFORMATION

Orion:  What phone number should | call you at?
User: Call me at home.

NAME wictor Zue EMAIL ‘ zue lcs.mit.edu
e— s | workenons E

TASK | Agr2 I'm calling to remind you to please be sure to finish up your talk i five minutes.

Orion:  You have entered all the necessary data, stephanie seneff. Mo | o el AU M OS540
Is the following information correct? shows task> TasKs - e .
User:  Yes. = R o
el [Document: Done Sl Y 99 @ 2| 2

Orion:  You will receive a call at the appropriate time. ] o _ )
Thank you for using Orion. Figure 3: The graphical interface for Orion, showing the task

under negociation, the user’s profile, and a list of three previ-
ously specified tasks.

Figure 2: Example dialogue between a user and Orion negotiat-
ing a wake-up call, in the context of a graphical interface.

Figure 3 shows a GUI interaction withrRION. Once the new
task is fully specified and confirmedRrION updates the user’s
.. personalized file of pending tasks. If the task is scheduled for
2. Task Negotiation Phase today, ORION wakes up the agent stream via a special hub-

. . o . .mediated operation devoted to newly introduced tasks, as will
The first step in task negotiation is to enroll a new user. This i§a more fully described in the next section

done at a graphical interface whewgION asks a series of ques-

tions and the user types the responses into a GUI type-in winddfvthe user asks to be called at some future time, but does not
integrated into a Web browser. RION seeks three phone num- mention a particular taskorioN by default invites them to pre-
bers (home, work, and cell) as well as the user’'s name and e-magicord a message to be played back at the designated time. This
address. Once the user has enrolled, they can type, “call me nisva very general device with wide utility, that allows the user to
at work,” to initiate an immediate call-back for spoken interacsay anything at all in the recording, subject to a length constraint.

tion, or they can continue to interact through typed queries. o ) )
In order to plan its interactions with the user and the other

ORION then launches a mixed initiative dialogue to invite theservers, @IoN makes use of a dialogue control table, as de-
user to specify a task, or to edit any existing tasks, should thicribed more fully in [5]. ThesENESISII [1] generation server
be a follow-up interaction. In the latter case, all pre-existings invoked to paraphrase users’ requests into an appropriate elec-
tasks are displayed to the user in the graphical interface. Theonic form (henceforthe-form) format, which is used to ini-
user could, for example, click on a given task and say, “Edit thisialize the dialogue state at each new turn. Figure 4 shows the
task.” query, the semantic frame, and the deriesidrm obtained via

. . o GENESISII for the sentence, “Call me at six a m and tell me the
If the user intends a new task, they can simply specify it througRye 4ther in Boston.” The dialogue state is consulted to determine
speech. They might say, for example, “Call me to remind m@pich functions to call to carry out the task-specification phase,

to call my sister.” GrioN will prompt the user for a date, time, |sing dialogue control procedures that are common to all of our
and phone number, where “work,” “home,” and “cell” are a”domain servers

possible, in addition to a unique newly introduced task phone

number. Figure 2 shows an example dialogue between a user @BENESIS 1 is also responsible for altering the pronominal refer-
ORION, where the user is requesting a wake-up call the followingnces from first to second person, so that “call me to remind me
morning. to call my sister” becomes “This i3RION calling to remindyou

. to callyour sister.”
If the user cannot remember the particulars of a task, he/she can

ask to talk to one of the other domains. The user might, for 3. Agent Activities

example, find out from theeGcAsusflight status domain or the

MERCURY flight reservations domain [5] the flight number of The agent stream currently maintains information about all of its
a flight they are interested in monitoring. In the same phonasers in data structure files that are reloaded every day at mid-
conversation, the user can returndgaloN, andorION will be  night. It first determines which tasks are possible on the current
able to obtain directly frorMERCURY’'s dialogue state all the day, including reiterant tasks (e.g., “every weekday”). It then
information concerning the flight in focus, whiabrION then  creates an internal data structure for each pending task that in-
assumes is of relevance to the conversation. cludes slots for various temporal events such as the next update



QUERY: | "Call me at six a m and tell me the weather in Bostpn” )
PROGRAM:  orion
LINGUISTIC FRAME: RULE: :call.request— dispatchto_main
{c call_me IN: (:input_string :callLrequest) :domain :recording
:domain "Orion" RULE: l'requestframe & :inputstring — createframe
‘reason IN: :input_string :domain
{c inform OUT: ‘requesiframe :domain
:topic {q weather
-quantifier "def" RULE: requestirame & :domain Jupiter- jupiter.turnmanagement
pred {p in IN: :requestframe
P P . OUT: rreply_frame
;topic
{q city RULE: lrreply_string & :reply_frame — paraphrasaeply
:name "boston" IN: ‘reply_frame :domain (:outang english)
} OUT: ‘reply_string :replyframe
} . .
} Figure 5: Example rules from therion program used by the
} GALAXY hub. Note: “I” stands for “NOT”, and “&” is a logicall
:;pred {p at :topic {q time :hour 6 “AND.”
xm "am" } } }
E-FORM: For example, iforRION has been requested to call the user at

some designated time relative to the arrival of a flight, it mon-
itors the flight at appropriate intervals throughout the period of
time that the flight is in the air. Its algorithm is to cut the time by
half between the current time and the currently estimated arrival
time to determine when to next check the flight status. Checking
the status involves a contact with thecasusflight status do-
main. As soon as the estimated callback time is reachrthN
delegates teEGASUSthe task of actually calling the user.

{c eform :action “callme” :time “6:00 am” :clause “inform”
:task label “weather” :in “boston™}

Figure 4: Example linguistic frame anetform for a user query
in theorION domain.

When a trigger time is reache®RION executes the function
time or the estimated (or exadtigger time (time to contact the named “callusernow,” but only after it has prepared a frame
user). containing an appropriate welcome message. If the task involves

To execute its various plans. the svstem consults a second da particular domain of expertiseRION currently delegates the
Xecute 1ts various p ’ y u one call to the appropriate domain sefveFrom ORION'S

logue control table [5], distinct from the one used to plan ne tandpoint, this is easy to do: it just prepares a query of the

Easl;s. It |teratels tthdrOUth IThe dlalog%elz ta:ie r_ngart](t:zotllﬁ/_ until Ig&m “<domainname> call me at<task phone number.” The
asxs are completed as fully as possible. At midnight, this Woulg; ., program dispatches the query to the main program

typlcallg/ 'SCLUde_CO?rS]Ult'nE tdhe?/'ERdCURYt flight '(;‘fo"_“a}'?” alpng with the welcome message, which might be pre-recorded.
server to determine the scheduled departure and armval imes ot 0, ys normal channels, modelled after the pre-existing fea-

any flights being monitored. ture that a user can type a call-back request into a GUI interface.

Once all tasks have been initiated, theion agent stream goes For reminders that don’t invoke any of the other domains, e.g.,
into a sleep cycle until the minimum next update time of its set ofcall me to remind me to pick up my songrioN itself initiates
pending tasks. However, it could be awakened at any time bythe cal!, and is then prepared to negotiate further tasks if the user
new request from a user who has just finished specifying all the0 desires.

particulars of this request, or who may have altered a previous

request that now needs immediate attention. These interruptions 4. Unresolved Issues

are implemented as a separate operation, invoked by a rule irba

. ; : : RION is an early prototype of a conversational intelligent agent
hub script, according to theaLAxy Communicator design [4]. (IA) that interacts with the real world. We have barely tapped

When the next update time has been reache®ioN con- into the large body of research in IAs at this time [3]. Spe-
sults a dialogue control table to determine which functions téial considerations are required when IAs are exposed to the real
call. Functions may involve module-to-module subdialogueworld, several of which are discussed here.

With other doma.ins to look up .information about weather [6]’Security ORION must be protected from hackers who could po-
2‘%255]5 orr;rarfgfn. ;’he;s : ?il;t:gllalr?gﬁgsmanreacno dnigle?nsglsese%ntiaIIy use it to place unwanted calls, change other users’ tasks,
prog bprop y ' y etc. We must devise secure mechanisms for user authentication,

calls to the natural language server to payseoN's request, and o - .
- . ad1d extend existing access control mechanisms to conversational
calls to the designated turn manager to fully interpret the parse%ystemS

frame and produce a reply frame. This is accomplished via
database request initiated in a nested module-to-module subuld_ZAIthough the user can ask to spealarioN should they have further tasks
logue (through normal channels used for all user requests). Sgmind.

lected rules from therion program are shown in Figure 5. 3see the dispatcto_main operation in the example rules of Figure 5.




Reliability ORION must be dependable. Tasks must survive sygor information, making decisions, or spending the user’'s money.
tem crashes. Infrastructure must be developed to reduce the cowle will need to provide ways for users to check the reasoning
plexity of our existing system development and support the neprocess and to verify thatRrION is really planning to do what
capabilities required bpRION. they think it will do.

Efficiency ORION currently uses a polling mechanism to track
actions. Polling is complex and innefficient, and will not scale
as the number of users and tasks increases. This paper introducesrION, a system devoted to off-line del-
egation as a new paradigm in conversational systemsloQ
In the future, we expe@ALAXY to make use of daemon agentswas made feasible as a consequence of the powerful capabili-
to update system data such as weather and flight information figs of thecaLAxY Communicator architecture. We found that
we receive it from our data sources. For example, a user agafivas straightforward to leverage off of pre-existing mechanims
can tell the flight information update daemon to notify it when-yith only minor modifications to carry out both the server initi-
ever flight information about United flight 805 changes, and thegted queries to other domains and the user call-back procedures.
sleep until thirty minutes before arrival. If the ﬂlght information Thus faroriON has been used 0n|y by researchers in our group
changes, the daemon agent notifies the user agent which walgf their families, as well as in live demonstrations. We have
up, reschedules its future wakeup, and goes back to sleep. Thist yet begun the task of data collection from naive users, as the
approach reduces complexity because it allows the same usgitem is not sufficiently mature.
agent code to be used for weather and flight notifications, and
it increases efficiency because the agent only runs when it h¥{ée expect thabRION represents the early stages of an ambi-
something to do. tious long-term project. In the future, we envision that people
will be able to take advantage of available on-line information
Resource ManagementTo satisfy QRION's future needs, systems such that routine tasks can be delegated to the computer
GALAXY will need to support an additional layer of distributedas much as possible, thus freeing humans to attend to tasks that
operations that provide common services like speech recogifuly need their attention. We will explore how we can build
tion, virtual device management (such as a pool of phone linesystems that can easily customize and adapt to the users’ needs
and persistence to agents. Systems sucfuasTERandMER-  and desires. In the process, we will also examine how a system
CURY will be collections of related agents tharioN interacts  such asorioN could be made more intelligent by incorporating
with. into its decision-making process all available information at its

~Adisposal, both about the domain and about the individual user.
Common Senséf a user asks for a wakeup call every day at 6:0 : .
. : e believe thabRION has tremendous potential, although we
a.m.,ORION should be aware that this means local time for the

. . . . are still working out the details of some of the more difficult as-
user. IforRION knows a particular user will be travelling during

a certain time interval, it should be able to pro-actively enquirgeCts of its design, including user identification, customization,

whether the call should still happen, and, if so, perhaps s,uggersetSource allocation, and task completion verification.
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