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Rule-Based Relaxation -

Abstract
The goal of this work is the énrichﬁent of human-machine
interactions in a natural languagé environment.® We want to
provide a framework less restrictive than earlier ones by
allowing a speaker leeway in forming an utterance about a task
and in détérmining the conversational venicle to deliver it. A
speaker and listener cannot be assumed to have the same beliefs,

conversation. As a result, difficulties and mistakes arise when

a listener interprets a speaker's utterance. These mistakes can
lead to various kinds of misunderstandings between speaker and
listener, including reference -ailures or failure to understand

the speaker's intention. We call these misunderstandings
miscommunication. Such mistakes can slow down and possibly break
down communication. Our goal is to recognize and isolate such
miscommunications and circumvent them: This paper will highlight
a particular class of miscommunication--refersnce problems--by

describing a case study and techniques for avoiding failures of
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1. Introduction

Cohen, Perrault and Allen arg{xed in their paper "Beyond
Question Answering" (1981) that ". . . users of question-
answering systems expect them to do more than just answer
isolated ques :ions--they expect systems to engagé in
conversation. In doing so, the system is expected to allow users
to bs leéss than meticulously literal in conveying their

use c¢f the previous discourse." Following in their footstepe, we
want to build robust natural language processing systems that can
detect and recover from miscommunication. The development of
they recover from miscommunication. This paper summrrizes the
results «f a dissertation (Goodman, 1984) that invectigates the
kinds of miscommunication that occur in human commuaication with

a special emphasis on reference problems, i.e., problems a

listener has determining whom or what a speaker is talking about.
We have written computer programs and algorithms that demonstrate
how one could solve such problems in a natural language
understanding system. The study of miScommunication is a
necessary task for natural language undérstanding systems since
any computer capsble of communicating with humans in natutal
devised utterances that people often use.

;Our current research (Sidner, Bates, Bobrow, Brachman,

Bobrow, Goodman, Haas, Ingria, Israel, McAllester, Moser,

i
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Schmolze; & Vilain, 1983) views most dialogues &as being cooperative
achieve a common goal. The interpretation of an utterance

involves identifying the underlying plan or goal that the
utterarice reflects (Cohen, 1978; Allen, 1979: Sidmer & Israel,
1981; and Sidner, 1985). This pian; however, is rarely, if ever,
obvious at the surface senténce level. A central issue is to
transform sequences of complex, imprecise, or ill-devised

utterances into well-specified plans that might be carried out by

dialogue participants. Within this context, miscommunication can
occur,

We are particularly concerned with cases of miscommunication
from the hearer's viewpoint, such as when thé hearer is
inattentive to; confused about, or misléd about the intentions of
the speaker. In ordinary exchanges, speakers usually make
assumptions regarding what their listeners know about a topic of
discussion. They will leave out details thought to be
superflucus (Appelt, 1981: McKeown, 1983). Sincé the speaker
really deoes not know exactly what a listener knows about a topic,
it is easy to make Statements that can be misintérpreted or not
understood by the listener beczuseé not enough details were
presented. One principal source of trouble is the descriptions
constructed by the speaker to refer to actuai objects in the
world. A deScription can be imprécise, confuseu, ambigious or
overiy specific, or might be intérpreted in the ﬁfdng context. As
a result, the listensr cannot determine what object is being

described (we will call these errors "misreference" . The
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"i11-formed." The blame for ill-fafﬁé&ﬁéés may lie partly with
the speaker and partly with the listener. The speaker may have
been sloppy or not taken the hearer ‘nto consideration; the
listener may be either remiss or unwilling to admit he can't
understand the speaker and to ask the speaker for clerification,
or may simply believe that he has undérstood when he, in fact, has
not.

This work pProvides a new way to look at reference that
involvés a more active; introspective approach to repairing
communication. It redefines the notion of finding a referent
since the previous paradigms proved inappropriate in the ruval
world, given the date we've analyzed. We introducé a new process
called "negotiation” that is used when reference fails, and we
illustrate this by intrddﬁéing a new computational model called
FWIM, for "Find What I Mean." We develop a theory called
people successfully use imperfect descriptions:

The last part of this section provides an introduczion to
the work and thé méthodology used:. Section 2 of this paper
bighlights some aspects of normal communication and then provides
a general discussion on the types of miscommunication thet occur
in conversation, concentrating primarily on reference problems
and illustrating them with examples. Section 3 presents initial

solutions to some of the probléms of miscommunication,
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1.1 The Domain and Methodology

We are following the task-oriénted paradigm of "rosz (1977)
since it is easy to study {through videotapes), it places the
world in front of you (a Primarily extensional world); and it
limits thé discussion while stiii providing a rich environment
for complex déécriptidns. The task chosen as the target ror the
reasonably complex, containing four subassemblies that are built
from plastic tubes, nozzies, valves, plungers, and caps that can
be screwed or pushed together. & large corpus of dialogues
concerning this task was collected by Cohen (1981, 1984; Cohen,
Fertig, & Starr, 1982). These dialogues contained instructions
from an "expert" to an "apprentice" that explain the assembly of
the toy water pump. Both participants were working to achievs a
common goal--the successful assembly of the pump. This domain is
rich in perceptual information, allowing for complex descriptions
of elements in it. The data provide examples of imprecision,
confusion, and ambiguity, as well as attempts o correct these
problems.

In the following exchange, A is instrucing J te assemble
part of the water pump. Refer to Figure 1(a) for a picturé of
the pump. A and J are communicating verbally, but neither can see
the other. (The bracketed text in the excerpt tells what was
actually occurring while each utterarnce was spokern.) Notice the
complexity of the speaker's descriptions and thé resultant
procéssing required by the listener. This dialogue illustrates

that (1) listeners repair the speaker's description in order to
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find a referent, (2) they repair their initial reference choice
once they are givern more informatiéﬁ, and (3) they can fail to
choose a proper reférent. In Line 7, A describes the two holes
on the BASEVALVE as "the little hole." J, realizing that A
doesn't really mear "one" hole but "two,” must repair the
dezcription: J does, since he doesn't complain about A's
description; and correctly attaches tleé BASEVALVE to the
TUBEBASE. Figure 1(b) shows the pump after the TUBEBASE is
attached to the MAINTURE in Line 10. 1In Line 13, J interprets g
red plastic piece” to refer tn the NOZZLE. Wren A adds the
relative clause "that has Ffour gizmos on it," J is forced to drop
the NOZZLE as the referent and to select the SLIDEVALVE. 1In
Lines 17 and 18, A's description "the other--the open part of the
main tube, the lower valve" is ambiguous; and J SE?EC&S the wrong

site, ramely the TUBEBASE, in which to insert the SLIDEVALVE.

~Since the SLIDEVALVE fits, J doesn't detect any trouble. Lines

20 and 21 keep J from thinking that something is wrong because
the part fits loosely. In Lines 27 and 28, J indicates that A
has not given him enough information to perform the requested
action: 1In Line 30, J furthér compounds the error im Line 18 by
putting the SPOUT on the TUBEBASE.

Excerpt 1 (Telephone)

A: 1. Now there's a blue cap ]
~_[J grabs the TUBEBASE]

2. that has two little teeth sticking
3. out of the bottom of ic.
J: 4. Yeah; L

A: 5. Okay. On that take the o
6. bright shocking pink piece of plastic
[J takes BASEVALVE]

g
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[J sStarts to install the BASEVALVE,

backs off, looks at it 7
again and then goes aghead
and installs it]

Okay.

Ncw screw that bilue can onto

the bottom of the main tube.

[J Screws TUBEBASE onto MAINTUBE]

Okay.

Now,,tkéré;s a--
a red plastic piece -
[J starts for NOZZLE]

that has four gizmos on it. -
[J switches to SLIDEVALVE]

Yes:

Okay:. Put the unglzmoed end in the uh

the other--the open o
part of the main tube, the lower valve. -
[J puts SLIDEVALVE into hole in

TUBEBASE, but A meant
OUTLET2 of MAINTUBE]

All right:

It just fits loosely. It doesn't
have to fit right: Gkay, then take
the clear plastic elbow joint.

[J takes SPOUT]
All right.

And put it over the bottom opening, too.

[J tries 1nsta111ng SPOUT on
TUBFBASE]

Okay.
Okay. New, take the--

Do you know?
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A: 29. Put the--put the--the big end--
30. the big end over it. o
[J pushes big end of SPOUT on
TUBEBASE, twisting it

to force it on]

The example illustrates the cbmpiexity of reference
identification in a task-oriented domain. It shows that people
do nct aiways give up when a speaker's description isn't perfect
but that they try to plow ahead anyway. The rest of this paper
will formalize the kinds of problems that occur during reference
and cnen exténd the reference paradigm to get around many of

them.

(a) (b)

Figure 1: The Toy Water Pump

10
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2. Miscommunication
miscommunicatiou in everyday conversation. Much of it seems to
be resolved subconsciously--with the listener unconcerned that
anything is wrong. Other miscommunication is resolved with the
listener actively deleting or rer”acing information in the

speaker's uttérance until it fits the current context. Sometimes

utterance is actually needed. Still, when all these fail, the
listener can ask the speaker to clarify what was said.2

There are many espects of an utterance that can confuse the
listener and lead to miscommunication. The 1istener can become
confused about what the speaker inténds .. the objects, the
dctions, and the goals described by the utterance. Confusions
often appear %o result from conflict between the current state of
the conversation, the overall goal of the speaker; and the manner
in which the speaker presented the information. However; when
the listener steps back and i- abie to discover what kKind of
confusion is occurring, then that csn be resolved.

2.1 Causes of Miscommunication

Task-oriented conversacions have a specific goal to be
achieved: the perfoimance of s task (e:g., the air compressor
assembly in Grosz (1977)). The participants in the dialogue can
have the same skill lavel, and they can work together to
éCCoﬁpiisﬁ the task; or one of them, the expert, could know more
and diréc= the other, the apprentice; to perfcrm the tas™. We

have concentrated primarily or the latter case--due to the

11
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protocols that we examined--but many of our observations can be
generalized to the former case, toa.

The viewpoints of the sxpert and apprentice differ greatly
in exchanges. The expert, understanding the functibhality of the
elements in the task, has more of a feel for how chey werk and go
together, and how they can be used. The apprentice normally has
no such knowledge and must base his decisions on his perceptions
such as shape (Grosz, 1981).

The structure of the task affects the structure of the
diaiogue (6rosz, 1977), as the expert and apprentice accomplish
éach svzp of the task. The common center of attention of the
dialogue participants is called the focus (Grosz, 1§77: Reichman,
1978; and Sidner, 1979). Shifts in focus correspond to shifts
between the tasks and subtasks. Focus and focus shifts are
governed by many rules (Grosz, 1977; Reichman, 1978: and Sidner,
1979). Confision may result when expected shifts do not take
Place. For example, if the expert changes focus to some object
but does not talk abouc the object soon after its introduction
(i.e., before it is used), without digressing in a Wéilistructufé&
way (see Reichman, 1978); or never discusses its subp{eces
(such zs an obvious at tachment surface), then the apprentice may
become confuséd, leaving him ripe for miscommunication. The
reverse influence betwe2n focus and objects can lead to troubla,
too. A shift in focus by the exper” thet does not have a
Eéﬁi%estation itsélf to the apprentice's world will also perplex

him.

12
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Focus also influenceés descriptions (Grosz, 1981: Aﬁﬁéif;
1981). The level of detail required in a description depends
&iféééi& on the elements currently in focus. If the object to ba
cescribed is ;ihiiar to other eleménts in focus, the expert must
be more ;iééifié in féfmuiating the description or may consider
shifting focus away from éhe confusing bﬁgecté.

2.1.2 Discrepancies in knowledge and miscommunication.

Just as with diééféﬁéﬁéiéé in focus, discrepancies in knowledge
between the speaker and listener cam cause miscommunication.
These disagreements can occur because the listener doés not bring
sufficient knoWledge and the §§é5ﬁéf fails to convey enough
information to give him the knowledge sufficient to perform the
task (that knowledge becomes shared or mutually helieved

1982; Nadathur & Joshi, 1983); The speaker and listener could
also have different beliefs. For éxamblé, they é&uid differ on
what each believes about thé other, which can iead to false
assumptions that;each may use when interpréting the other's
utterances. Knowledge differénces, though, can sometimes provide
a means to ﬁéip detect miscommunication. Eor example, a
listener's Eﬁéi&ié&ge about the world in which the task is takiﬁg
place can ﬁfé§i&é a §5§ of checking whether or not a speaker's

utterance is realistic:

Knowledge the listener brings to the task. In appréntice:

expert dialogues such as those about the water pump, the
knowledge bréugﬁé to the task by a naive apprentice is limited to

four principal areas: (1) language abilities, (2) perceptual

13
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abilities to identify objects, (3) past experience and knowledge
in assembling objects; and (4) tﬁé.éﬁiiiff to perform trial-and-
error tests in the real world. The iéﬂgﬁégé abilities of the
apprentice allow him to follow the flow of information provided
by the expert in his utterances and deécriﬁéiéﬂé; This knowledge
about language is syntactic, semantic and pragmatic:

Perceptval abilities includeé recognizing physical features
of an object such as its size, shape, color, location,
éémﬁagifiéﬁ and transparency. Thé fineness of each Céfégéfy'é
partitioning varies among individuals. For example; some people
know more color values than otheérs. An expert, if he wishes to
prevent miéféféféﬁéé; may choose to use only basic level
descriptions in each category until the appréntice demonstrates a
broader Rhowlédgé, or the expert can familiarize the apprentice
with other values.

Thé past experience someone has with objects provides a
method for the expert to tie a description down to a common point
of view. If an object has a familiar name, the expert can refer
to it by that name. The expert can also refer by making
analogies to everyday objécts through shapes or functions as a
model for the apprentice in his selection of a referent. The
same holds true for actions:-past experience makes it easier For
the expert to describe an action to the apprentice.

Finally, the apprentice brings to a task the ability to
ﬁéfféfﬁ simple tests. He can experimeént to determine whether two
ﬁiéééé can be attached: In the water pump domain, attachment is
béfféfﬁéa by pushing, twisting or screwing one object into or

14
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onto anothér. How good a fit 1s can be determined by noting the
compatibility of the shapes of Eﬁé'éffééﬁing surfaces (and this
can be used to align the surfaces) and by checking the snugness
of the fit oncé the objects are attached:

The knowledse transferred in an utterance. At least two

kinds of knowledge are conveyed in an utterance. For this papex
we will focus on task knowledge and communicative knowledge.

Task knowledge about the specific domain is used to fiil the
propositional content of an utterance. In the water pump domain
it refers to: (1) the objects, the set of parts available to
accomplish the task (i.e:, the "real world" which is the physical
environment around the conversational participénts); (2) the
actions, the set of physical actions available to the listener:
and (3) instructions linking objects ard actions together to
achieve some gOai.

Communicative knoWiédge consists of speech acts,
communicative gbais; and communicative actions. Speech acts are
underlying forms that are performed by the speaker in expressing
an utterance (e.g., REQUEST, INFORM) (Searle, 1969; Cohen, 1978;
and Allen, 1979). They provide an illocutionary force that is
applied to the proposition expréssed. Communicative goals
reflect the structure of the discourse (e.g., setting up a topic,
clarifying, or adding more information (Allen, Frisch, & Litman,
1982)). They express how an uttéranceé is to be understood with
fésﬁéct to the high-1leveél communicative goals reflected in the
structure of the dialogué and, héncé, how the task the utterance

examines is performed. A communicative act is a way of

15
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é'c'com'p’iisilirig the goal that one wants to (e.g., communicate the
goal, communicate the object's &éééfip’i:ion, communicate the

one time to reach thé current communicative goal (Reichman, 1981;
Allen; Frisch, & Litman, 1982; Litman; 1983).

Miscommunication can occur because of the way the
information was transferred (é.g., communicative knowledge) or
the content (e.g:, task knowledge). Task icnoWiédge-béséd
miscommunication occurs when tlhie speaker is unaware that the
listener (1) has a different view of the task, (2) is considering
a different subset of objects, or (3) is considering a different
subset of actions; and so on: Difficulties with commuficative
knowledge can occur when the speaker uses the wrong speech act
(e.g.; utters something inadvertently that would be
conventionally interpreted as an INFORM when meant as a REQUEST)
or when the listener errs ir interpreting the speaker’s intention
(e.g., the speaker may be INFORMing the listener that the blue
cap fits around the end of the tube but the listener might
interpret the uttérance as a REQUEST to actually place the cap
around the end of the tube). TIn both cases it is the effect of
the speech act that causes the trouble since it influences what
the listener will do (i.e., determine the intended responses).
Finally, communicative knowledge can cause mistakes and confusion
if the listener and speaker differ on the goal (e.g:, the
listener might think the speaker is clarifying previous

information when, in fact, the speaker is adding new

[Ty
op)



purposes--leading to frustrationm.

2.2 Ibstances of Miscommunication

In this section we will present evidence that people do
miscommunicate and yet they often manage to repair reference
failures. We will look at specific forms of miscommunication and
describe ways to detect them and will demonstrate ways for
resolving some miScommuﬁicatioﬁ_préﬁiéﬁé.

There are manv ways hearers can get confused during a
conversation. Figuré 2 outlines some of them that were derived
from éﬁaiyzing the watér pump protocols. We wiii only discuss
referent confusion in this paper. The other Forms of confusion--
Action, Goal, and CognitiVé Load--are described in Goodman,
(1982, 1984). Another catégorizétiOn of confusions that lead to

conversation failure can be found in Ringle and Bruce (1981):

Refermi Confusion ~ Action Conusion Goal Confusion

Acun . Ceal
lnconmtwluy Focas

( Cognitive Danmauu
Incommwnmy Speciyicity Zeatare

Wrong Incorrect
Contaxt Context

-Description.  Bad romeons aetion_ coat  Goal
wﬂ:mly Jnﬂluy Specisicity Specificity Mm«my Specificuy

Figure’ 2: A iaxonomy of confusions
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Referent corfision occurs when the l’stener is unable to

determine correctly what the speaker is referring to. It may

occur when the descriptions in the uttevance are ambiguous or
imprecise; when there is confusion batween the speaker and
listener about what the current focus or context is, or when the
descriptions are either incorréct or incompatible with the
current or global context.

This section defines and illustrates many of the confusions
thréugh numerous excerpts. Each excerpt has marked in

to-face, over the teiephone, and so forth). A description about
the collection of these excerpts can be found in (Cohen, 1984):
Each bracketed portion of the excerpt explains what was occurring
at that point in the dialogue:

Erronéous specificity. A speaker's overspecific or

the listener even though, technically, nothing is wrong with the
description.

A request is overspecific if extra details are given that
seem obvious to the listenér (érbéz; 1978). Since the listener
wouid not expect the speasker to provide him with obvious details,
he might think that he had doné Something incorrectly as the task
seemed easier than the one apparéntly described by the speaker.3
For example; in Excerpt 2, S's description of the bubbled piece
(i.e:, the AIRCHAMBER) is overspecific because it supplies many
more features than needed to identify the piece. The extra
description in Lines 15 to 17 confused the listener who appeared

18
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to have correctly identified the piece by Line 13 hut ended up
taking the wrong one when the sxpert kept adding more details.
See Excerpt 10 in the section on bad analogies for other related
examples of overspecificity.

Excerpt 2 (Téiophone)

5: 1. Okay?
2. Now you have two devices that
3. are clear plastic

[ picks up MAINTUBE and $POUT]
J: 4, Ckéy.

One of them has two openings
on the outside with threads on
the end; and its about five
inches long.

N .ovn

S's description]
9. Do you see that?
J: 10. Yeah.
S: 11. Okay,
12. the other one is a bubbled
13. piece with a blue base on it
4. with one spout. S
[J looks at AIRCHAMBER]
15. Do you see it?
16. About two inches long. S
[J picks up STAND and drops
o o o MAINTUBE]
17. Both of these are tubular. N
[J puts down SPOUT]

J: 18: Okay.

19. not the bent one. o
[J puts down SPOUT]

19
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Ambigucux descriptions are underspecified and can cause
confusion about the referernt. Excerpt 3 below illustrates a case
where the speaker's description does not provide enough detail
to prune the set of possible referents down to one.

Excerpt 3 (Face-to-Face)

S: 1. And now take the littleé red
2. peg, L
[P takes PLUG]
3. Yes,

4. and place it in the hole at the
5. green end, B o ] S
[P starts to jwut PLUG into
OUTLET? of MAINTUBE]
6. me
7. the.-in the green thing )
[P puts PLUG into greén part of
PLUNGER ]
P: 8. Okay.
In Lines 4 and 5, $ describes the location to place a peg into a
hole by giving spatial information:. Since the location is given
relative to another location by "in the hole at the greéen end,"
it defines a region where the peg might go instead of a speci.fic
location. In this particular case, there are three possible
holes to choose from tha. are near the sreen end: The listener
chooses one--the wrong one--and inserts the peg into it. Because
this dialogue took place face to face, S is able to correct the
ambiguity in Lines 6 and 7.
An underspecified description can be imprecise in many
apply or that are inappropriate in the domain. 1In Line 3,

Excerpt 4, the feature "funny" has no meaning to the listener

2N
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here. It is not until A Provides a fuller description in Lines 5
to 8 that E is able to sel=ct the proper piece.

A description may use imprecise Ffeature values. For
example, one could use an imprecise head noun coupled with few or
no feature values (and contéxt alone does not necessuarily suffice
to diéfiﬁgﬁiéﬁ the object). In Excerpt S, Line 9; "attachment"
is imprecise because all objzcts in the -Jomain ate attachable
parts. The expert's use of "attachment" was most liikely to
signal the action the apprentice can expect to take next. The
use of the feature value "clear" provides little benefit either
because three clear, unused parts exist. The size descriptor
"little" pvunes this set of possible referénts down to two
contenders. Another use of imprecise feature values occurs when
enough feature values are provided but at least one is too
impreciss. 1In Excerpt 6, Line 3, the use of "rounded" to
describe the shape does not sufficiently reduce the set of four
possible referents (though, in this particular instance, A
correctly identifies it) because the term is applicable to
ntmerous pérté.h A more precise shape descriptor such as "bell-
shaped" or "cylindrical” would have besn beneficial to the
listener.

ﬁxcérpt 4 (Teiephohé)
E: 1. All right.
2. Now.

3. There's another fumnny little
4. red thing, a :

[A is confused, examines both
NOZZLE and SLIDEVALVE]
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5. 1little teery red thing that's
6. some--should be Somewhere on
7. the desk, that has um--there's
8. 1like teeth on cne end. o .
[E takes SLIDEVALVE]
A: 9. Okay.
E: 10. It's a fummy-loo--hollow,
1l. hollow projection on one end
12. and then teeth on the other.
Excerpt 5 (Teletype)
A: 1. tske the red thing with the
2. prongs on it
3. and fit it onto the other hole
4. of the cylinder
5; so that the prongs are
6. sticking out
R: 7. ok
A: 8. mnow take the clear little
9. attachment

10: and put on the Hole where you

1. just put the red cap on

12. make sure it points

13. upward
R: 14. ok
Excerpt 6 (Teietypé)
S: 1. Ok

2. put the red nozzle on the outlet
3 of the rounded clear cnamber
4. ok?

A: 5. got it.

Improper focus. Earlier we talked about focus and problems

that occur due to it. In this section; we discuss hHow misfocus
can cause misreference. Focus confusion can occur when the

speaker €% up one focus and then proceeds with another, without
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giving the listener any indication of the switch. The oppasice
shift has taken place when the speaker actually néver intended
one. These really are very similar--one is viewed moré strongly
from the perspective of the speaker and the other tfrom thc
listener.

Excerpt 7 below illuitrates an instance of the First type of
focus confusion. In the excerpt, thte speaker (S} shifts focus
without notifying the listerer (P) of the switeh. As the excerpt
begins, P is holding the TUBEBASE. S provides in Lines 1 to 16
instriztions for P to attach the CAP and the SPOUT to OUTLETI
and 6UTLET2, respactively, on the MATMTUBE. When P successfully
cbmyiétés these attachments, S switches focus in Lines 17 £o 50
to tha TUBEBASE assembly and requests P to Scréw it on te the
bottom of the MAINTUBE. While P completes the task, S realizes
she left out a step in the assembly--the placement of the
SLIDEVALVE into OUTLET2 of the MAINTUBI before the SPOUT is
Placed over the same outlet. § attempts to correct her mistake
by requesting P to remove “the ﬁiéé"s piece in Lines 22 and 23.
Since S never indicated a shift in focus from “he TUBEBASE bick
to the SPOUT, P intéerprets “the plas" to refer to the TUBEBASE.

Excerpt 7 (Face-to-Face)

S: 1. And place
2. the tlue cap that's ieft
) ) [P takes CAP]
3. or 4.2 ,1de holes that are
&. on the cylinder,
, . [P lays down TUBEBASE]
5. the side hole that is farthest
6. from the green end.

P: 7. 6kay.
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And take the nozzlie- looking
piece -
[P grabs NOZZLE]

no

I mean thé claar plastlc one;
iP takes SPOUT]

and place it on the other hole S
S [P ideiitifies OUTLET2 of MAINTUBE]
that's left,

so that nozzle points away

from the o ) . L
[P installs SFJUT on OUTLET? of
MAINTUBE ]
right.
Okay.
ﬁow
take the

cap base thing
[P takes TUBEBASE]
and screw it onto the bottem, e

[P screws TUBEBASE on MAINTUBE]

coops,

[S realizes she has forgotten co
have P put SLIDEVALVE
into OUTLET2 of

S ] MAINTUBE]
un-undo the plas N

[P starts to take TUBEBASE off
MAINTUBE]

no
the clear plastic thing that I

told you to put on_
[P removes SPOUT]

And place the little red thing
[P takes SLIDEVALVE]
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29. in there first,

- ; R - of MAINTUBE]
30. it fits loosely in thers.

Excerpt 8 below demcnstrates the focus confusion that occdrs
when the speaker £S) sets up one focus--ths MATNTUBE; tha co:rect
focus in this case:-but thep proceeds in suchi a mzuner that the
listener (J) thinks a focus shift to arochizr piece, the TUBEBASE,
nas oncurred. Thus, Line 15, "a bottom hole," refers co "th~
lower side hole in the MAINTUBE" for S and "the hoie in the
TUBEBASE" for J. J has nc way of realizing that he has focused
inébrreCtly tnless the description as he interprets it does:i't
have a real world correlate (here something Jdoes satisfy the
description so J doesn't sense any sroblem) or if, later in the
exchange, a conflict arises due to the mistake (e.g.; a requested
action cannot be performed). 1In Line 31, J inserts a piece ints
the wrong hole because of the misunderstanding in Line 15. Line
31 hincs that J may have become suspicious that an ambiguity
existed somewhere in the previous conversation but since the task
appeared tu pe successfully completed (i.e., the red piece Fit
inéo the hole in the base), and since S did not provide any
clarification, he assumed he was correct.

Excerpt 8 (Telephone)

S: 1. Um now. -
2. Now we're getting a little
3. more difficult.

J: 4. (laughs)

S: 5. Pick out the large ai?igéﬁéi -
[J picks up STAMND]




12.
13.
4.
15.
16.
i7.

19.
20.
21.

22.
23.
24.

25.
26.
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that has the plunger in it. o
[J puts down STAND, takes
PLUNGER /MAINTUBE
assembly]

And set it cn its base, .
[J puts down MAINTUBE, 7
standing vertically, on

- the TABLE]

vhich is blue now,

right? o .
[J kas shifted focus to the
TUBEBASE]

Yedh.

Base is blue.

Okay,

JNow

You'vé got a bottom hole stilt
to be filied,

correct:?
Yeah. ) -
[J answers this with MAINTUBE still

sitting on the TABLE; he
shows no indicatinm of
what hole he thinks is
meant--the one on the
HMAINTUBE, OUTLET2, or the
one in the TUBEBASE]

Okay -

You have one red piece

remaining? S

[J picks up MAINTUBE assembly and

looks at TUBEBASE, :
rotating the MAINTUBE so
that TUBEBASE is pointed
up, and sees the hole in
it; he then looks at the
SLIDEVALVE]

Yeah.

Okay.

Take that red piece:

It's got four little feet on
it?
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J: 27. Yeah.

S: 28. And put the small end into
29. that hole on the air tube--
30. on the big tube.
J: 31. On the very bottom? S
[J starts to put it into the bottom
hole of iSEBASE--though
he indicates he is unsure
of himself]

S: 32. On the bottom.
33. Yes.

Misfocus can also oceur when the speaker inadvertently fails
to distinguish the propex fbéué because he did not notice a
possible ambiguity; or when, through no fault of the speaker, the
listener just fails to recognize a switch in Focus. Excerpt 8
above is an example of the first type because § failed to notice
that an ambiguity existed since he never explicitly brought the
TUBEBASE either into or out of focus. He just assumed that {'héd
the same perspective as he had--a perspective in which there was
no ambiguity.

Wrong context:. Context differs from focus. The context of

the discussion and with the set of objécts relevant to that
discussion, though not attended to currently. Focus pertains to
the elements which are currently being attendsd to in the
context. For example, two people can share the same context but
have diff .rent focus assignments within it--we are both tatking
about the water pump but you are describing the MAINTUBE and I am
deséribihg the ATIRCHAMBER. Alternatively, we could just be using
different contexts--I think you are talking about taking the pump
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apart but you are talking about replacing the pump with new

but our contexts are totally different from one another:® The
kinds of misunderstandings that can occur because of context
inconsistencies are similar to those for focus problems: (1) the
speeker might set up or use one context for a discussion and then
proceed in another one without letting the listenér know of the
change; (2) the listener may feel that a changeé in context has
taken place when in fact the speaker never intended one, or (3)
the listener may fail to recognize that the speaker has indicated
a switch in contéxt. Context affects reference identification
because it helps define the set of available objects that are
ﬁégéibié contenders for the referent of the speaker's
descriptions. If the contéxts of the speaker and listener
differ; then misreference may result.

Bad analogy. An analogy (seé Gentner, 1980, for a
attempting to be more precise by using shared past experience and
kanledgé--ééﬁééiéii§ shape and functional information:. If that
Past experience or knowledge doesn't contain the information the
speaker assumes it does, then trouble occurs. Thus, an
additional way referent confusion can occur is§ to describe an
object using a poor analogy:

An analogy can be improper for several reasons. It might
not be specific enough--confusing the listener because several

may fail because it is too difficult to discover a mapping
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between the analogous object and something in the environment.

In Excerpt 9, J at first has trouble correctly satisfying A's
functional analogy "stopper" in "the big blue stopper," but
finally selects what he considers to be the closest match to
"stopper." The problem for J was that A's functional analogy was
not specific enmough. It would have been better to use "cap"
instead of "stopper.™

Excerpt 9 (Teléphone)

A: 1. oOkay: Now,
2. take the big blue ]
3. stopper that's laying around
[J grabs AIRCHAMBER]
4. and take the black
5. ring--

J: 6. The big blue stopper? ) I
[J is confused and tries to
communicate it to A; he
is hHolding the ATRCHAMBER
here]
A: 7. Yeah,
8. the big blue stopper

9. and the black ring. S B
[J drops AIRCHAMBER and takes thie

O-RING and the TUBEBASE]

In other cases the analogy might be too specific and would
confuse the listener because noneé of the available referents
appear to fit it. In Line 8 of Excerpt 7, "nozzle-looking" is
poor because the object being referred to actually is an elbow-
shaped spout and not a nozzle. The "nozzlée-looking" part of the
des~ription convinced the listener that what he was looking for
was something identified by the typical properties of a nozzie

(which is a small tube used as an outlét). However, sometimes
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when an object is a clear representative of a specified analogy
class, the apprentice will not think it is the intended referent:

object as a member of the class and not bother to form an
analogy. Hence, the apprentice may very well ignore the best
representative of the class for some less obvious exemplar.
Given theé case just mentioned, it is therefore bettér to say
"nozzle" instead of "nozzle-looking." In Excerpt 10, the
description "hippopotamus face shape” in Lines 2 and 3, and
"champagne top” in Line 9, are too specific and the listener is
unable to find something close enough to match either of them.
He can't discover a mapping between the object in the analogy and
one in the real world (a discussion on discovering such mappings
can be found in Gentner, 1980). In fact, when this excerpt was
played back to one listener, he was so overwhelmed by M's
déscriptioné, that he exclaimed "What!" when he heard them and
was unable to proceed.

Excerpt 10 (Au&iotépe)
take the bright pink flac
piece o. hippopotamus face
shape piece of plastic

and you notice that the two
holes on it

Ui W IN =

[M is trying to refer to BASEVALVE]
match o
along with thc two

champagne top sort of
looking bottom that had
threads on it

[
'O \0 100 I~ 04

[M is trying to refer to TUBEBASE]

Description incompatibility. Descriptions incompatible with

the scene can also lead to confusion. A description is
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incompatible when it does not agree with the current state of the
the feature values, do not satisfy any of the pieces; (2) when
one or more specified constraints do not hold (e.g., saying "the
loose one" when all objects are tightly attached); or (3) if no
one object satisfies all of the Features specified in the

description. In Lines 7 and 8 of Excerpt 10 above, M's

had threads on it" (i.e., the TUBEBASE) has no holes in it. M
actually meant "two pegs."

2.3 Detecting Miscommunication

Part of our reséarch has been to examine how a listener
discovers the need to repair an utterance or description during
communication. The incompatibility of a description or action
with the scene is one signal of possible trouble. The appearance
of a goal incompatibility such as an obstacie or redundancy that
blocks one from achieving a goal is another indication of a
potential problem:

Description and action incompatibility. As we pointed out

earlier, there are three kinds of possible i compatibility with
the scene--description, action and goal. The strongest hint that
there is a description incompatibility occurs when the listener
finds no real world object to correspond to thé speaker's
description (i.eq referent identificatidn faiis).‘ This can
occur when (1) one or more of the specified feature values in the

description are not satisfied by any of the pieces (e.g., saying
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"the orange cap" when none of the objééts are orange); (2) when
one or more specified constraints do not hold (e.g., saying "the
red plug that fits loosely" when all the red plugs attach
tightly); or (3) if no one object satisfies all of the features
specified in the description (i.e., there is;, for each feature,
an cbject that exhibits the specified feature value, but no one

that exhibits all the values).

An impossible reference could indicate an earlier action
error (e.g., two parts were put together that never should have
been). An action incompatibility problem is likely if (1) the
listener cannot perform the action specified by the speaker
because of some obstacléj (2) the listener performs the action
but does not arrive at its intended effect (i.e., a specified or
default constraint isn't satisfied); or (3) the current action
affects a previous action in an adverse way, yet the speaker has
given no sign that this side effect is important. Action
incompatibility might indicate an earlier misreference (e.g.; you
chose the wrong part and used it in an earlier action):

Goal cbstacle: A goal obstacle occurs when a goal (or

subgoal) one is trying to achieve is blocked. This can result in
confusion for the listener because in genéral listeners do not
expect speakers to give them tasks that cannot be achieved,
Often, though, it points out for the listener that some

Goal redundancy. Goal redundancy occurs when the requested

goal (or subgoal) is already satisfied. This is a simple kind of

goal obstacle where the goal to be fulfilled is blocked because
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it is already true and nothing has to be doné to get around it.
However, it can lead to confusion on the part of listeners
because théy may suspect that they misunderstood what the speaker
has requested since they wouldn't expect a reasonable speaker to
request them to perform an already completed action. It provides
a hint that miscommunication has occurred-

3. Repairing Reference Failures

3.1 Introduction

When confusions do occur, they must be resolved if the task
is to be performed. This section explores the problem of fixing
reference failures:
listener looks for something in the world that satisfies a
speaker's uttered description. A computational scheme For
performing such identifications has evolved from work by other
artificial intelligence researchers (see Grosz, 1977; Hoeppner,
Christaller, Marburgef; Morik, Nebel, O'Leary, & Wahlster, 1983).
fails if no referent is found (see Figure 3(a)). Howéver, a
reference identification component must be more versatile than
those previously constructed. The excerpts above show that the
traditional approach is inadequate because peopla's real behavior
is much more cémpiéx. In particular, listeners often find the
correct referent even when the speaker's description does not
describe any object in the world. For example, a speaker could

describe a turQuoiSé block as the "blue block.” Most listeners
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would go ahead and assume that the turquoise block was the one
thé speaker meant since turquoise 2nd blué are similar colors-:

A key feature to reference identification is "negotiation"
which, in reference identification, comes in two forms, First,
it can occur between the listener and the speaker. The listener
can step back, expand greatly on the speaker's description of a
plausible referent, and ask for confirmation that he has indeed
found the correct réferent.. For example, a iiétEner could
initiate negotiation with "I'm confused. Are you talking about
the thing that is kind of flared at the top? Couple inches long.
It's kind of blue." Second, negotiation can be with oneself,
This self-negotiation is the oné that we are most concerned with
in this research. The listener considers aspects of the
speaker's description, the context of the communication, his own
abilities, and ocher relevant sources of knowledge. He then
appliés that deliberation to determine whether one referent
candidate is better than another or, if no candidate is found,
what are the most likely places for error or confusion. $uch
negotiation can result in the iistener testing whether or not a
particular raferent works. For example, linguistic descriptions
can influencé a listener's perception of the world. The listener
must ask himseélf whether he can perceive one of the objscts in
the world the way thé speaker described it. In some cases, the
listener may overrule parts of the description because he cannot
perceive it the way the speaker described it.

To répair the traditional approach we have developed an
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to negotiate with himself for a referent. It can search ..r a
referent and, if it doesn't find ome, it can try to find possible
referent candidates that might work, and then loosen the
speaker's description uSing knoWlédge about the speaker, tle
conversation, and the listenér himself. Thus, the reference
process becomes multi-step and resumable. This computational
model, which we call "FWIM" for "Find What I Mean." is more

faithiul to the data than the traditional model (see Figure 3(b)).

o —— 2

Current - _Current |
Reference > Succes= Reference [ Success
Component Component
v VY Emilure
T milure Relaxation |
Component| We-tra

(a) Traditional (b) FWIM B
!Fiﬁﬁiii

?igura 3: Approaches to reference identification

Une means of making sense of a failed description is to
deletz or replace portions of it that cause it not to match
objects in the hearer's world. In our prog~am we are using
"relaxation" technijues for this. Our reference identification
module treats descriptions as approximate. It relaxes a
description in order to find a referent when the literal content

Relaxation, however, is not done Biindiy but is modelled on a
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person's behavior. We have deveéloped a computational model that
knowledgé used by people. Pelaxation then becomes a Form of
communication repair (in the style of the work on repair theory
found in Brown & VanLehn, 1580).

3.2 The Referent Identifier and Relaxation Component

When a déscriptioﬁ fails to denote a referént in the reai
world propériy; it is possible to repair it by & relaxation
process that. ignores or modifies parts of it. Since a
description can specify many features of an object, and relaxing
in different orders could yield matches to different objects, tle
order in which parts of it are relaxed is crucial: There are
severai kinds of relaxation possible. One can ignore a
constituent, replace it with a related value, or change focus
(i.e.; consider a different group.dt objects). This section
describes the overall relaxation comporent of the referent
identifier and how it draws on knowledgs sources about
descriptions and the real world as it triés to relax an errorful
description and find one for which & reférent can be identified:

3.2.1 Find a referent using a reference mechanism.

Identifying the referent requires finding an élement in the worid
that corresponds to the speaker's description (where every
feature specified in the description is present in the element in
the world but not necessarily vice versa). This procesc
corresponds to the technique employed in the traditional
referénce r.echanism. The initial task is to determine whether or

not a search of the (taxonomic) EnOW1edge base that we use to
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domain, the reférence component should not bother searching- -
unless specifically requested to do so--for a referent for
indefinite noun phréges (which usually describe new or
hypothetical objects) or extremely vague descriptions (which are
ambiguous “ecause they do not clearly describe an object since
they are composed of imprecise feature values). A number of
aspects of discourse pragmatics can be used in that
determination: For example, thé use of a deictic in a definite
noun phrase, such as "this X" or "rhe last X," hints that the
object was either mentioned previously or that it probably was
will not examine such aspects any further in this paper.

The knowledge base contains linguistic descriptions and a
description of the listener's visual scene. In our
implementation and algorithms, we assume it is représented in
KL-One (Brachmai.. ié??); a system for describing taxonomic
and links between them. A CONCEPT denotes a set, represénting
those elements deseribec by it. A SUPERC link ("==>") is used
between concepts to show set inclusion. It defines a property
cal’sd "subsumption" that specifies that the set denoted by one
concept is included iu the other. For example, consider Figure 4.
The SurerC from Concept B to Concept A is like stating B C A
for two sets A and B. An INDIVIDUAL CONCEPT is used to guarantee
that the set specified by a coficept denotes a singleton set. The

Individual Concept D shown in the figur: is defined to be a
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uniqué member of the set specified by Concept: C. ROLEs on
concepts are like attributes or slots in other knowledge
representation languages. They define a functional relationship
between the concept and other concepts that specifies a

restriction on what can fill a particular siot.

Individual
Concept

Figure 4: A KL-One Taxoromy

Once a search of the knowledge base is considered necessary,
a reference search mechanism is invoked. The search mechanism
uses tie KL-One Classifier (Lipkis, 1982) to search the kﬁowlédgé
base taxonoriy and is constrained by a focus mechanism based on
the one developed by Grosz (1977). The Classifier's purpose is
to discover all appropriate subsumption relationships between a
newly formed déscription and all other concepts in a given
taxonomy. With réspect to reference, this means that
descriptions of all possible referents of the description will be
subsumed by the description after it has been ciassified into the
knowledge base taxonomy. If more than one candidate referent is
below (when a concept A is subsumed by B, we say A is "below" B)
the classified description, then, unless a quantifier in the

description specified more than one element, the speaker's
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description is ambiguous. If exactly one concept is below it,
then the intended referent is assumed to have been found.
Finally, if no referent is found below the classified
description; the relaxation comporent can be invcked. Prior to
actually using the rslaxation component; FWIM checks to see if
the problem resides not with the description, but due to
pragmatic issues: We will only consider the no reference case in
the rest of the paper. |

3.2.2 Collect votes for or against relaxing the

aeéeription. If the referent search fails, then it is necessary
to détérmine whether the lack of a reférent for a description has
to do with the description itself (i.e., reference failure) or
outside forces. For example, an external probl¢a due to outside
forces may be with the flow of the conversation and the speaker's
and listener's perspectives en it; it may bé dué to incorreect
attachment of a modifier; it may be due to the action requested:
and 50 on. Pragmatic rules are invoked to decide whether or not
the description should be relaxed. For example, aspects on
focus, metonomy and synécdoché are considered to see if they
affected the referent search. Thése rules wiil mot be discussed
here; we will assume that the problem lies in the speaker's
description:

3.2.3 Perform the relaxation of the description. If

relaxation is demanded; then the system must (1) find potential
referent candidates; (2) determine which features in the
speaker's description to relax and in what order, and use those

to order the potential candidates with respect to the preferred
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ordéring of featurés, and (3) determine the proper relaxation
techniqie to use and apply them to the description.

Find potential referent candidates. Before relaxation takes

place, the algorithm looks for potential candidates for referents
(which denote elements in the listener's visual scene). These
candidates are discovered by performing a "walk" in the knowledge
base taxonomy in the general vicinity of the speaker's classified
description as partitioned by the focusing mechanism. A KL-One
partial matcher is used to determine how close the candidate
description: The partial matcher generates a numerical score to
represent how well the déscriptions match (after first generating
scores at the feature level to hélp determine how the features
dre to be aligned and how well they match). This score is based
on information about KL-One (e.g., the subsumption relationship
between or the equality of two feature values). and does not take
into account any information about the task domain. The set of
best descriptions returned by the matcher (as determined by some
cutoff score) is selected as the set of refeérent candidates. The
ordering of features and candidates for relaxation described
below takes into account the task domain:

Order the featurés and candidates for relaxation. At this

point the reference system inspects the speaker's description and
the candidates; decides which features to relax and in what
order;’ and generates a master ordering of Feature

relaxation. Once the features are in order, the reference system
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uses that ordering to deteérmine the order in which to try
relaxing the candidates. .

We draw primarily on sourceés of iinguistié, pragmatic,
discourse, domain, perceptual, and hierarchical knowledge; as
well as trial and error during this repair process. A detailed
treatment of all of them can be found in Goodman (1983-84) and
knowledge sources are consulted to determine the feature ordering

source as a set of relaxation rules. Most of the rules were

motivated by the problems iilustrated in the protocols. They are
written in a PROLOG-like language: Figure 5 illustrates one such
linguistic knowledge relaxation rule: Speakers typically add
more important information at the end of a description where it
is separated from the main part and, thus, provides more
emphasis. The rule in Figure 5 simply embodies the fact that
relative clauses are found at the end of noun phrases; while
édjéétiVeS are not and, thus, the features of a description that
are provided adjectivally should be relaxed before those provided
by a relative clause: However, a more general and more
applicable rule is that information presented at the end of a
description is usually more prominent.

Each knowledge source produces its own partial ordering of
features which are then integrated together. For éxample,
percéptuéi knowledge may say <o relax color. However, if the

color value was asserted in a relative clause, linguistic
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Relax the features in the speaker's description
in the order: adjectives, then prepositional
phrases, and finally relative clauses arnd
predicate complements:

Eg.

Relax-Feature-Before(v1,v2) ,
+ObjectDescr(d).FeatureDescriptor(v1),
FeatureDescriptor(v2),
FeatureInDescription(v1.d),
FcaturelnDescription(vz2.d),
Equal(syntactic-form(v1,8),"ADJ"),
Equal(syntactic-form(v2,d4),"REL-CLS")

Figure 5: A sample relaxation rule

list of things to relax.

Since different knowledge sources generally produce
different partial orderings of features, this can lead to a
contlict over which Features to relax. It is the job of the best
candidate algorithm to resolve these disagreements among
knowiédgé sources and to order the referent caﬁdidétés, Cy» Cyp,

- éri' so that relaxation is attempted on the best
candidates first, the ones that conform best to a Proposed
feature ordering. To start, the algorithm examines candidates in
pairs and the feature orderings from each knowledge source. For
each candidate Ci; the algorithm scores the effect of relaxing
thi. speaker's original 5é$éription to C;, using the feature
ordering from one knowlédge source. The score reflects the goal
of minimizing the number of features relaxed while trying to
relax the features that are "earliest" in the feature ordering,.

It repeats its scoring of Ci for each knowledge source, and sums
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up its scores to Fform Ci's total score. The C;'s are then
ordéred by that score:

Figure 6 provides a graphic illustration of what the best
candidate algorithm does. A set of objécts in the real world are
referént These candidates are shown across the top of the
figuré. The lines on the right side of each box correspond to
the set of features that describe that objec;. The speaker's
description is represented in the center of the figure. The set
of specified features and their assigned feature value (e.g., the
pair Color-Maroon) are also shown there. A set of partial
orderings are generated that suggest which features in the
speaker's description should be relaxed First--one ordering for
each knowledge source (shown as "Linguistic," "Perceptual," and
"Hierarchical" in the figutre). These are put together to form a
directed graph that represents the possible, reasonable ways to
graph isn't actually built by the best candidate algorithm, but
hélps to illustrate here the consideration of all the partial
orderings by the algorithm: Finally, the referent candidates are
reordered using the information expressed in the spéaker's
description and in the directed graph of features.

Deteérmine which relaxation methods to apply. Once a set of

ordered, potential candidates is selected, the relaxation
mechanism Bégihé step 3 of relaxation; it tries to find proper
methods to relax the features that have just been ordered

(success in finding such methods "justifies" relaxing the
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speaker's description to the candidate). It stops at the first
candidate in the list of candidatéé to which methods can be
successfully applied:

Relaxation can take place with many aspects of a speaker's
description: with complex relations specified in the
description, with individual features of a referent, or with the
focus of attention in the real world where one attempts to find a
match. Complex relations specified in a speaker's description
include spatial relations (e.g., "the outlet neatr thé top of the
tube"), comparatives (e.g., "the larper tube") and supérlatives
(e.g., "the —ibnge's't tube"). These can be relaxed, as can éirﬁpi'er
features of an object (such as size or color) that are specified

in the speaker's description.

Red - v snge -
Wl Y lube
Real Werld c T ,‘i .:mr c I Rounded & r
Ovjecis ! . 2 |- L a .
Partial srdeing of fearures
_ T NE
 Rnowlnige Sources _Fearures. - 9
3 =) Perceptuil £1 ~> color Er3lfi or 123413 )
b =) Linguistic - ;g ’; ?:L:::Ion SAUR 92 or 13 or “S
c =) Hierarchicei 1o Iy Eume H33%1e

trad

Do i o — f13 —
“th d - - [~color-marcon - g \ 7
:n:.ﬂ"a."é.e. Speaker's  |-Shape-Roundad \L 3= Sta
that s lurge” Dascription +—Function-Device A _——
[~Size-targe r

Direcled graph of features for relaxation

Rn;r.lgml E = C =
Relerent c C, .
Cundidaite:| 2 L i . . 1

T-
i

Figure 8: Reordering referent candidates
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Relaxation has a few global strategies that people can
follow for each part of the description. They can (1) drop the
errorful feature value from the description altogether, (2)
weaken or tighten the feature value in a principled way, keeping
tts new value close to the specified one (e.g:, movement within a

subsumption hierarchy of features values), or (3) try some other

"hole" for "peg" as illustrated in Excerpt 10).

Often the objects in focus in the real world implicitly
causé other objects to be in focus (Grosz, 1955; Webber, 1978).
The subparts of an object, for example, are reasonable candidates
for the refeérent of a failing description and should be checked.
At other times, the speaker might attribute featureés of a subpart
of an object to the whole object (e.g:, describing a plunger that
is composed of a red ﬁéndie, a metal rod, a blue cap, and a green

cup as "the green plunger"). In these cases, Ehe relaxation
mechanism utiiizéé thé part-whole relation in object descriptions
to suggest a way to relax the speaker's description.

These strategies are realized Ehrough a set of procedures

(or relaxation methods) that are organized hierarchically. Each

Procedure relaxes its particular type of feature. For example, a
Generate-Similar-Feature-Values procadure is composed of

procedures like Generate-Similar-Shape-Values, Generate-Similar-
Color-Values and Generate-Similar-Size-Values. Each of those
Procedures attempts to first relax the feature value to one

"near" or somehow "related" to the current one (e.g., one would
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prefer to first relax the color "reéd" to "pink" before relaxing
it to "blue") and then, if that féiié, to try relaxing it to any
of the other possible values.8 The effect of the latter case is
really the same as if the feature was simply ignored.

3.3 An Example of Misreference Resolition

This section describes how a referent idéntification system
can recover from a misreference using the schemé outlined in the
prévious section. For the purposes of this example, assume that
the water pump objects currently in focus include the CAP, the
MAINTUBE, the AIRCHAMBER and the STAND. Assumé also that the
speaker tries to describe two of the objects--the MAINTUBE and

the ATRCHAMBER.

DesecrA: - 7 o o

".two devices that are clear plastic. )

DeserB: ) ) , ] o i
Seand ¢ One of them has two openings on the outside | | ...-
- with threads on the end. and its about five 05 | Tuse

inches long:

= Deserc:
= O The other one is a rounded piece with a

turquoise base on it.

béscrf): _ 7 Air
Both are tubular. Chamber

DescrE: o - )
The rounded piece fits loosely over.."

The reference sSystem can find a unique referent for the first
object (described by DescrA, DescrB and DescrD) but not for the
second (described by Descr&, DescrC, DescrD and DescrE). The

relaxation algorithm, shown below, reduces the set of refzrent

Q | 4@
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candidates for the second one down to two. 1It, then, requires
the system/listener to try out those candidates to determine if
one; or both, fits loosely. The protocols exhibit a similar
result when the listéner uses "fits loosely" to get the correct
referent (e.g., Excerpt 6 exemplifies where "fit" is used by the
speaker to help confirm that the proper referent was found). Our

Figure 7 provides a simplified and linearized view of the
actual KL-One representation of the speaker's descriptions after
they have been parsed and semantically intérpreted. &
representation of each of the water pump objects that are
currently under consideration (i.e., in focus) is presented in
Figure 8. Each provides a physical description of the object--in
terms of its dimensions, the basic 3-D shapes composing it, and
its physical features--and a Functional description of the
object. The first entry in each representation in Figure 8
(shown in uppércéééj defines the basic kind of éntity being
described. The words in mixed case refer to the names of
features and thé words in uppercase refer to possible fillers of
those features from things in the water pump world. The

'bpart" feature provides a place for an embedded description of
an object that is a subpart of a parent object which can be
referred to either on its own or as part of the parent object.
The 'Orientation" feature, used in the representatioss in Figure
8, provides a rotation and translation of the object from some
standard orientation, which provides a way to define relative

positions such as "top," "bottom," or "side," tu the object's
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current orientation in 3-D spaceé. :Figure 9 shows the KL-One
taxonomy representing the same objects.

The first step in the reference process is the actual search
for a referent i-: the knowledge basé. In people, the reference
identification process is incremental, i.e., the listener oan
begin the search process befo:s he hears the complete
description; as was observed in the videotape excerpts. We txy
to simulate this incremental nature in our algorithm, as is
apparent from the placement of the First description in DeserD
into the KL-One taxonomy shown in Figure 9. DescrD is
10--and then DescrB--as shown in Figure 12--to the taxonomy. The
KL-One Classifier compares the features specified in the
speaker's descriptions with the features for each element in the
KL-One taXonomy that corresponds to one of the current objects of
interest iﬁ the real worli. Notice that some features are
directly comparable. For example, the afransparency“ feature of
DescrA and the "Transparency" feature of MAINTUBE are both equal
to "CLEAR." All the other features specified in DeserA it the
MAINTUBE so the MAINTUBE can be described by DescrA. This is
illustrated in Figure 11 where MAINTUBE is shown as a subconcept

of ﬁeScrA.

oy
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Descra: (DEvicE (Tronsparency CLEAR)
) . (Composition PLASTIC))
Descr8: (DEVICE (Transparency CLEAR)
(Composition PLASTIC)
(Subpart {DPENING))
(Subpart (OPENING))
(Subpart e
.__{THREADS (Rel-Position END)))
.____. ... __ (Dimensions (Length S5.0)))
DescrC: (DEVICE {Transparency CLEAR)
(Composition PLASTIC)
(Shope ROUND) ] o
(Subpart (BASE (Color TLRQUDISE))))
DescrD: (DEVICE (Transparency CLEAR®
| (Cownposition PEASTIC)
(Sudpart (OPENINS))
(Subpart (SPENING))
(Ssubpart
-- (THREADS (Rel-Position END)))
. (Dimensions (LENGTH 5.0))
. ... (Analogical-Shopa TUBULAR))
(DEVICE {Transparency CLEAR)
(Composition PLASTIC)

(Shape ROUND)
(Anological-Shape TUBULAR) o
B o (Subpart (BASE (Color TURQUDISE))))
DescrE: (FIT-INTD
(Outer (DEVICE (Transparency CLEAR).
(Composition PLASTIC)
(Shape ROUND)
(Anelogical-Shape TUBULAR)
(Subpart _
. : (BASE (Celor TURRUDISE)))))
(loner...)
(FitCondition LDDSE))

Figure 7: The speaker’'s déscriptions
shown as a possible subconcept (with the dotted arrow) because
DescrA mismatches with it on one of its Subiiafﬁé;g Other
features require in-depth processing--that is outside the
capability of the KL-One classifier--before they can be compared.
The OPENING value of "Subpart" in DescrB provides a good example
of this. Consider comparing it to the "Subpart" entries for

MAINTUBE shown in Figure 8. An OPENING, as seen in Figure 13,
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(CAP (Color BLUE) .
(Compos:tion PLASTIC) -
CAP (Tratsparency OPAQUE) ’
(Dimeneicas (Length 23) (Diametsr .5))
(Orisntation (Rotstion (0 0 0 0 90 0))
{Tranelation (0.0 0.0 0.0)))) - - _}

(TUBE (Celar VIGIET)
(Cmonlun PLASTIC)
parency

(Subp-rt (CYLIM (Dl- 1e10ne {Length 23) (Du.ﬁ.nr 1.128))
{Orientatiea (Rotaticn (0.0 0.0 0 0))

Lw - --{Translation (0.0

o (Subpert (CYLINDER (Dimenisionv {Length 3.3/ {Diameter 1.0))
MAIN Tudedody (Orientatio: (Rotstiom (0.0.0.0 0.0))
TURE R {Translatisa {0 0 0.0 23)))))
(Subpart (CYLINDER (Dimepaione (Length . 23)_(Diametar.i. 1255)
e (Or:antation (Rotstion (0.0 0.0 0.0))_ . .
Threeds ___.._ ___ATranelatien (0.0 0.0 0.0}))
. (Func?t1s0 THREAGED-ATTACHMENT~PO0INT))) .
(Subpart (CYLINDER (Dimensions (Lcugth 373) (Diameter. 3))
o (Orientatise (sgvnu. (0.0.0.0 90.0)) _
Outlet? - (Trag

(Punction M@Ig;ﬂﬂlﬂﬂ-ﬂlﬂ';)
sngions (Length .373) (D emeter 5))

(Orientatica (Rotatien (0.6 0.0 90. L) B
Outlets (Trunlnun ‘9.0 9 .929))

(Fuaction m-lﬂAw'+"lN’)))) .

(Subpart (CYLINDER

(CNTAINTR (Dimesnisns (LINGTH 2.75))
(Camposition PLASTIC)
(Sutpart (HEMISPHERE {Color VIOLET)

Ch“iv
Tom _(Orientation (Ratation u: 200 0.0))
I --—-— - (Translation (0.0 9.0 2.23)))))
(Subp«rt (CYLINDER (Colsr VIOLET) .. _.

P (Transpcrsfcy CLEAR). .

Chowbd er (Dimétsiona (Langih 1.0). (Diiiiiii 2. 23))
Beay (Orientation (Retation (0.0.0.0.0. 8)).
!Transliatioa (0.0 0.0 375)))))

(Subpart (CYLINDER (Color BLUK) .
(TransParency. OPARUE)
(Dimensions (Length .379) (Dismeter ! 25))

AIR o (Ori1entation (Rotat;o0p (0.0 0.0 0.0))_ . .
CHLMBER Chamdey ___(Translation (0.0 0.0 0.0)))
Bottom (Function CAP OUTLET~ATTACHMINT-POINT)

(Subpart (CYLINDER (Color BUT)
(Dimensione ‘leagth .373)
. tDimamter .8))
(Orisntation
(Rotation (0.0 0.0 0.0))
{Trangiation (0.0 0.0 0.0)))
(Function
-- e e S OUTLIT~ATTACHMINT-POINT ) ) )))
(Subpart (CYLINDER (Celar VIOLET) . _
- {Tradsparancy CLEAR) _. __
Chamber (Dimensionos (LeDgtL .3). {(Diametiar_: m))
Outlst (Orieatstien (Ratacion (0.0 0.0 #.0)) ___ .
oo . __A{Trenslerion (.625 823 :g23)))
__(Functioe OUTLLT-ATTACHMINT~POINT) ) ))

ne ne (Length 2 73))
(Composition PLASTIC)
(Subpart (CYLINDER (Cclor BLUE)
{Transparency CLEAR) o
Tep (Dimensions (Length 2 23) (Diametar. .378))
. (Ori1usitation (Rotatios (0 0 0 0 0.0))
STAND _{Trapaiation { 30 0 373)))
(Eme( isn Mm-tﬂAm-POlNT) )
{Suspart (CYLINDER {Celor BLIT) _ _
ansparency CLEAR) .

lbulnnr 1.0})

.0 0.0 0.0))
--—{Translation {0.0 G 0 0.0)))

(r_cunmm-amm-nln))n

Figure 8: The 6Bjééi§riii focus REST €OPY AVAIl ARI E
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End Cylinder
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TN End X ‘
3ID-End Tube !
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T ube: Cap® Container®
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Figuré 9 'féxonom'y réprésénting ihe objects in focus

f‘igure 10:

Adding DescrA to the taxonomy
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Fig’ure 11: The classified DescrA

/ Threeded
_End

Figure 12: Ad&ing DéscrB to the iaxonom'y

o 52
ERIC

Aruitoxt provided by Eic:

51



Rule-Based Relaxation - 52

7 Attachment ‘

(20-05ject ) | { outiet Foo = N\
— A" S reat 3D-0bject
3 . AN 7 <
” Paen N | 7 Dutiet N\ N\
2D-Goject Attachment} Cylinder Y ' Eng
_ Point_ . W
- r ~ - Y ) —
l X = .y y ~ -y —
Opening i Cylinder’ TN 7 : 3D-Eng : 2D-End
! g
' — —
! Open
2D-End

"hole"); while the two CYLINDER subparts of MAINTUBE are viewed
as (3-D) cylinders that have the "Function" of being outlets;
i.e., OUTEET-ATTACHMENT-POINTS. To compare OPENING and one of
the cylinders;, say CYLINDER, the inférénce must be made that both
things can describe the same thing (similar inferences are
developed in Mark, 1982). One way this inference can occur

is by recursively examining the subparts of MAINTUBE (ard their
subparts, etc.), with the KL-One partial matcher until the
cylinders are examined at the 2-D level. At that level, an end
of the cylinder will be defined as an OPENING. Witi: that
examination, the MAINTUBE can be seen as described by DescrB:

This inference process is illustrated in Figure 13. There the

=8
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partial matcher examines the roles Lip, Outletl, and Outlet2 of
MAINTUBE which represents its subparts and determines the
foiiowing:

A CYLINDER can have an End which is either a 2D-End (e.g.,

a 1id or hole) or a 3D-End (e.g., a lip).
Ag&@ J;.,S”,éithe’r an OPENj?D:Eﬁﬁiﬁe;g., a hole) or a
CLOSED-2D-END (e.g., a lid on a can).
An OPEN-2D-END is a kind of OPEN-2D-0BJECT
Outletl, or Outlet2 on MAINTUBE since those subparts are
defined as cylinders that function as outlets (i.e., Outiet-

Attachmernt-Points).

DescrC poses different problems. DescrC refers to an object
that is supposed to have a subpart that is TURQUOISE. The
Classifier determines that DescrC could not déscribe either the
CAP or STAND because both are BLUE. It also could not describe
the MAINTUBELC or AIR CHAMBER since each has subparts that are
either VIOLET or BLUE. The Classifier places DescrC as best it
can in the taxonomy, showing mno comnection between it and any of
the objects curréntly in focus. DesecrD provides no further help
and is similarly placed. This is shown in Figure 14. At this
point, a probable misreference is noted: The reference mechanism
taxonomy exploration routine described in Section 3.2.3, by
examining the elements closest to DescrD in the taxonomy and
using the partial matcher to score how close each element is to
Desern.ll This is illustrated in Figure 15. The matcher
determines MAINTUBE, STAND, and AIR CHAMBER as reasonable

R4
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candidates by aiigniﬁg and comparing their features to DescrD.
Scoring DescrD to MAINTUBE:
a TUBE i5 a kind of DEVICE: (>)
the Transparéncy of each is CLEAR; +)
the Composition of each is PLASTIC; (+)

a TUBE implies Analogical Shape TUBULAR, which implies
Shape CYLINDRICAL which is a kind of Shape ROUND; (>)

the recursive partial matching of subparts: A BASE is

viewed as a kind of BOTTOM. Therefore; BASE in Desch

could match to the subpart in MAIN”UBE that has a

Translation of (0.0 0.0 0.0) -- i.e., Threads of

MAINTUBE. However, they mismatch since color T TURQUOISE in
DescrD differs from color VIOLET of MAINTUBE. -)

Scoring DescrD to STAND:

a TUBE is a kind of DEVICE; (>)

the Eréﬁsparenéy of each is CLEAR; (+)

the Composition of each is PLASTIG; (+)

a TUBE lmplles Analoglcal -Shape TUBULAR, which implies
Shape CYLINDRICAL which is a kind of Shape ROUND; )

the recurs1ve partla] matching of subparts BASE in
Desch could match to tha subpart IF’STAND that has a
Translation of (0.0 0.0 O. 0) -- i:e: Base of STAND
However, they mismatch since color TURQUOISE in DescrD
differs from color of BLUE of STAND: -)

Scoring DesctD to AIR CHAMBER:
a CONTAINER is a kind of DEVICE; (>)

the Transparency of DescrD, CLEAR, matches the
Transparency of ChamberTop. ChamberOutlet and ChamberBody

of AIR THAMBER, but mismatches the Transparency of
“hamberBottom of AIR CHAMBER. Therefore, the partial match is

uncertain; (?)

the Composition of eéach is PLASTIC; (+)

the subparts of AIR CHAMBER have Shape HEMISPHERICAL and

CYLINDRICAL which are each a kind of Shape ROUND; (>)
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Figure 14: Adding DescrC and DeserD to the taxonomy

/Functional)
Object=

Physical
Object*

Device*

Figure 15: Exploring the taxcnony for referent candidates TR
_ oL Jubi

Physical
-Object

o
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the recursive partial matching of subparts: BASE in
DescrD could match to the subpart in AIR CHAMBER that has
a translation of (0.0 0.0 0.0) -- ie:; ChamberBottom of

AIR CHAMBER. However, they mismatch since color TURQUOISE

in DescrD differs from color BLUE of AIR CHAMBER.: (-)

Figure 16 summarizes the scoring. A weighted, overall numerical
score is generated from the scores shown there.

The above analysis using thé partial matcher provides no
clear winner since the differences are so close, causing the
scores generated for the candidates to be almost exactly the same
(i.e., the only difference was in the score for Transparency).
All candidates, hence, will be retained for now.
rules that weré mentioned earlier apply. These rules attempt to
order the featuré valués in the speaker's description for
relaxation. First, we order the features in DescrD using
linguistic knowledge. iinguistic analysis of DescrD, "... are
clear plastic ... a rounded piece with a turquoise base.... Both
are tubular ... fits loosely over ...," tells us that the
features ware specified using thé following modifiers:

Adjective: (Shape ROUND)
Prepositional Phrase: (Subpart (BASE (C-lor TURQUOISE)))

Predicate Complement: (Transparency CLEAR), -
(Composition PLASTIC), (An'alogicalishépé TUBULAR), (Fit LOOSE)

Observations from the protocols (as described above) has shown
that people tend to relax Ffirst those features specified as
adjéctives, then as Prepositional phrases and finally as relative
clauses or predicate complements. Figure 5 shows this rule. The

rule suggests relaxation of DeserD in the order:

57
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DescrD
;;:er(: éonp’bzition tém;;r:;;; Stmpq §u$§aﬂx
Maintube > + + > =
Stand > + + N -
Air Chamber > ¥ ? N -

Rang= of role acores:

Low , High
Correlation ) Correlstion

1
|
i
N
v
+

Figure 18: écoring DescrD to the referent candicates
(Shape} < {Color, Subpart) S _.
< {Transparency, Composition, Analogical -Shape, Fit}).

The set of features on the left side of a "<» symbol is relaxed
before the set on the right side. The order in which the
features inside the braces, " {...}," are relaxed is not specified
(i.e:; any order of relaxation is alright). Perceptuai
information about the domain also provides suggestions. Whenever
a feature has feature values that are close, then one should be
prepared to relax any of them to any of the others (we call this
the "clustered feature value rule"). Figure 17 illustrates a set
of assertions that compose a data base of similar color values in
some domain. The Similar-Color predicate is defined to be
reflexive and symmetric but not transitive. In this example;
since a number of the color pairs are very close,; color may be a

reasonable thing to relax (see Figure 18). The clustered color



Rule-Based Relaxation - 58
rule defined in Figure 19 would suggest such a relaxation. It
requires that there are at least three objects in the world that
have similar colors. It is meant as an exemplar for a whole

Transparency Values, and $o on). Hierarchical informacion about
how closely relatec one featuré value is to another can also be
used to determine what to relax. The Shape values are a good

example as shown in Figure 20. A CYLINDRICAL shape is also a

CONICAL shape, which is alsoc a 3-D ROUND éhépe. Hence, it is
very reasonable to match ROUNDED to CYLINDRICAL. All of these
suggestions can be put together to form the order:

(Shape, Color) < (Subpart) i o
< ({Transparency, Composition,
Analogical-Shape, Fit}:

Stmitar-Color (“BLUE","VIOLET")e

Similar-Color ('BLUE","TURQUOISE"* )«

Similar-Color (" GREEN","'TURQUOISE"" )«

Similar-Color (“'RED™,"PINK")e

Similar~Color (“RED", MAROON" )«
Sitmtiar-Color (‘'RED’’,"MAGENTA'' )«

Figure 17: Similar coior values

The referent candidates MAINTUBE, STAND; and AIR CHAMBER can
be . vamined and possibly ordered themselves using the above
feature ordering. For this example, the rélaxation of DescrD to
any of the candidates requires relaxing their SHAPE and COLOR
features. Since they each require relaxing the same features,
the candidates camnot be ordered with respect to each other;
Hence, no one candidate stands out as the most likely referent.

|

QI



Rule-Based Relaxation - 59

MainTube- violet

_Colors of e niubes
Condidates Stand- tlus
& Descrp Air Chamber- violet, blue

DescrD- turquoise

Retrleve those Slmllar-(:olor assertions

in the data base for the colors BLUE,
" VIOLET and TURQUOISE.

§iﬁii|ar:i:6|6ri"ﬁlué" "Vﬁiﬁjﬁiﬁ:ﬁfff)}’ 7

Figure 18: Objects with similar colors

One can relax a feature whose feature values
arc clustered closely together before those of a

non-ciustered feature:

Clustered..eaturevVaiues(COLOR,w)
+«Feature(COLOR), World(w),
ColorValue(c 1).ColorValue(c2), ColorValue(c3)
WorldObj(o 1,w), World0bj(o2,w); Worldobj(o3.w);
Color(c1,01),Color(c2,02),Color{c3,03),

Similar-Color{c1,c2);Similar-Color(c1,c3),
Similar-Color(c2,c3)
Relax-Feature-Before(vi,v2)
+«ClusteredFeatureValues{feature(y 1).w),

NOT(ClusteredFeatureValues(f eature(vz) w))

Figure 19: The clustered color value rule

RN




Rule-Based Relaxation - 60

While no ordering of the candidates was possible, the order
generated to relax the features in the speaker's description can
still be used to guide the relaxation of each candidate. The
relaxation methods mentioned at the end of the last section comé
into use hére. Consider the shape values: Th: goal s to sée if
the ROUND shapeé specified in the speaker's description is similar

to the shape values of each candidate.

Cornijical .

Spherical

i |

(cyrinarics!) (Hemsphericat)

IT‘igure 20: Hierarchical shape knowledge

O
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Generate-Similar-Snape-Values determinés that it is reasomabie to
match ROUND to either the CYLINDRICAL or HEMISPHERTCAL shapes of
the AIR CHAMBER by examining the taxonomy shown in Figure 20 and
noting that both shapes are below ROUND and 3D-ROUND. Notice
that it is less reasonable to match CYLINDRICAL to HEMISPHERICAL
since they are in different branches of the taxonomy. This holds
equally true for the CYLINDRICAL shapes of the MAINTUBE and the
STAND. Generate-Similar-Color-Values next tries relaxing tae
Color TURQUOISE. The assertions Similar-Color ("BLUE,"
"TURQUOISE") <- and Similar-Color ("GREENJ'“TURQUOISE“)-<» are
found as rules containing TURQUOISE. The colors BLUE and GREEN
are, thus, the best alternates.

Here, only two clear winners exist--the AIR CHAMBER and the

STAND--while the MAINTUBE is dropped as a candidate since it is

reasonable to relax TURQUOISE to BLUE or t¢ GREEN but not to
VIOLET. Subpart, Transparency, Analogical-Shape, and Composition
provide no further help (though, the fact that the AIR CHAMBER
has both CLEAR and OPAQUE subparts could be used to put it
slightly lower than the STAND whose subparts are all CLEAR. This
difference, however, is not §igﬁ%fiééntj; This leaves trial and
error attempts to try to complete the FIT action specified in
DescrE. The oné (if any) that fits--and fits loosely--is
selected as the referent. The protocols showed that peéople often
do just that--réducing their set of choices down as best they can
and then taking each of the remaining choices and trying out the

requested action on them.
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4 Conctusion

Our goal in thi§ work is to build robust natural language
understanding systems, allowing them to detect and avoid
miscommunication. The goal is not to make a perfect listener but
a more tolerant one that could avoid many mistakes, though it may
still be wrong on occasion. In this paper, we introduced a
taxonomy of miscommunication problems that occur in expert-
apprentice dialogues: We showed that reference mistakes are one
kind of obstacle to robust communication. To tackle reference
errors, we déscribed how to extend the succeed/fail paradigm
followed by previous natural language researchers.

We representeéd real world bEjééEé hierarchically in a
knowledge base using a representation language, KL-One, that
follows in the tradition of semantic networks and frames. In
such a representatiocn framework, the reference identification
task looks for a referent by comparing the representation of the
matching procedure. Failure to find a referent in previ~us
reference identirication systems résulted in the unsuccessful
termination of the reference task. We claim that people behave
expert-apprentice domain about toy water pumps.

We aé§éi6§é& a theory of relaxation for recovering from
reference failures that provides a much better model for human
performance: When people are asked to identify cbjects, they
behave in a particular way: find candidates, adjust as
necessary, re-try, and, if necessary, give up and ask for help.

o E;ig

ERIC

Aruitoxt provided by Eic:
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We claim that relaxation is an integral part of this process and
that the particular parameters of relaxation differ From task to
task and person to person. Our work modeils the relaxation
process and provides a computational model for experimenting with
the different parameters. Thé theory incorporates the same
language and physical knowledge that people use in performing
reference identification to guide the relaxation process. This
kaniedgé is féﬁiéééﬁEe& as a set of rulez and as data in a
hierarchical knowledge base. Rule-based relaxation provided a
methodical way to use knowledge about languagé and the world to
find a réferent. The hierarchicai representation made it
possible to tackle issues of imprecision and over-specification
in a speaker's description. It allows one to cneck the position
of a description in the ﬁiéfarchy and to use that position to
judge imprecision and over-specificatvion aud to suggest possible
repairs to the description.

Interestingly, one would expect -iat “closest” match would
suffice to solve the problem of findins a refersut. We showed,
however, that it doesn't usually proviu: -ou with the r. ict
referent. Closest match isn't sufficient “‘use there are many
features associated with an cbject and, tius, . »termsning which
of those featurss to keep and which to drop i o difficviif
problem due to the combinatorics and the éfficcs of coutext: The
relaxation method described circumvents the problem by using the
knowledge that ﬁééﬁié have about language and the physical world

to prune down the search space.

Q Ega
ERIC

Aruitoxt provided by Eic:
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This baﬁéf mentioned only a small éééedt of what needs to be
done with miscommunication. There are much broader problems that
wé also want to address. We alluded in the psgper to problems due
to meétonomy--the use of the name of one thing for that of
anotheér--but never really tried in this work to handlé more than
a few special cases of it. There are also miscommunication
problems thet aré outside of the reference area. We need to
consider full uttérances and the associated discourse in which
they appear. Uttérances can be imbfééiéé or ill-formed with
respect to the curreut discourse. The goals specified by a
speaker through a particular utterance or discourse could be
confused. For example, a speaker's requested goal could be
outside the scope of the doméinibéiﬁg discussed. We believe that
our model will help solve the problem for this bigger picture.

In particular, we feel the negotiation method wili be important
here, too. The negotiation process will bécome part of the plan
récognition section of a natural language system. There a search
of the plan space for the set of plans that might fit the
utterance or SeQueﬁEE of utrar.aces would be performed. A
relaxation cor: ~nent celaced in style to the oné outlined in this
paper could be Irwoke:i re pfo%i&é an orcerly relaxation of the
speaker's uttérancss to i% the plan: and the domain world. This
process will réauivé more ir*sractic:. with the spezler chrough

the use of clari~ir:ior ' .lopues.
3
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Footnotes

lthis research was supported in part by the Defense Advanced

Research Project Agency under contract NOOO14-77-G-0378.
(Litman & Allen, 1984).

30f course, there are some situations--such as teaching- -
where the hearer would be more willing to tolerate overspecific
desariptibns.

Z""(rlrinéu'ni)ér" was interpreted here in a ' roader sense by the
listener because it was used right at the beginuing of the
dialogue before the speaker introduced other terms such as
"tube" that would have better helped to distinguish the pieces.
The example demonstrates how discourse affects reference.

5The whole word hére is "plastic." In these protocols,
whole words.

écfbéi (1977, 1981) would describe this as a difference in
"task plans" while Reichman (1978, 1981) would say that the
"communicative goals" differed.

7Of course, once one particular candidate is selected, then
simply compares features of the candidate des.ription (the
target) to the speaker's description (the pattern) and notes any

discrepancies.



Rule-Based Relaxation - 72

8The latter case is there primarily for the times when one
can't é§§i1§ define a similarity metric for a feature. McCoy,
(1985) and Tversky (1977) provide additional discussions about
similarity metrics:

éWe are stretching the definition of KL-One here with the
dotted subsumption arrow. The point we want to make is that the
ATRCHAMBER is similar to DescrA because their descriptions are
almost éxéétiy the same:

105ince DescrB refers to MAINTUBE, MAINTUBE could be dropped
as a poténtiéi referent candidate for DescrC. We wiii, howéver,
leave it as a potential candidate to make this examplé more
compiex.

liiﬁé part 2. matcher scores are numer cal scores computed
from a set of role scores that indicate howv well each feature of
the two descriptions match. Those feature scores are represented
on a scale: {+), (> or <J, (=}, (7}, {-}. + is the highest
aud - s the lowest scoré. > and < have the same score but the

algorithm cz distinguish beétween them.



