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ABSTRACT

This report develops a representation of focus of attention that
circumseribes discourse contexts within a general representation of
knowledge. Focus of attention is essential to any comprehension process
because what and how a person understands is strongly influenced by
where his attention is directed at a given moment. To formalize the
notion of focus, the need for and the use of focus mechanisms are
considered from the standpoint of building a computer system that can
participate in a natural language dialogue with a pser, Two ranges of
focus, global and immediate, are investigated, and representations for
incorporating them in a computer system are developed.

The global focus in which an utterance is interpreted is determined
by the total discourse and situational setting of the utterance. It
influences what is talked about, how different concepts are introduced,

and how concepts are referenced. To encode global focus
computationally, a representation is developed that highlights those
items that are relevant at a given place in a dialogue. The underlying. -

knowledge representation is segmented into subunits, called focus
spaces, that contain those items that are in the focus of attention of a
dialogue participant during a particular part of the dialogue.

Mechanisms are required for updating the focus representation, .
because, as a dialogue progresses, the objects and actions that are
relevant to the conversation, and therefore in the participants' focus
of attention, change. Procedures are described for deciding when and
how to shift focus in task-oriented dialogues, i.e., in dialogues in
which the participants are cooperating in a shared task. These
procedures are guided by a representation of the task being performed.

The ability to represent focus of attention in a 1language
understanding system results in a new appreoach to an important problem
in discourse comprehension -- the identification of the referents of
definite noun phrases. Procedures for identifying referents are
developed that take discourse structure into account and use the
distinction between highlighted items and those that are not highlighted
to constrain the search for the referent of a definite noun phrase.

Interpretation of an utterance also depends on the immediate focus -
established by the 1linguistic form of the preceding utterance. The
interpretation of elliptical sentence fragments illustrates the effect
of immediate focus. Procedures that interpret elliptieal sentence
fragments are developed. They use a representation that superimposes
syntactic information about an utterance on the interpretation of the
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underlying meaning of that utterance to minimize the processing f'equir‘ed
to expand a fragment into a complete sentence.
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I INTRODUCTION

The great thing'abbﬁt'humén'language is that it prevents us |
from sticking to the matter at hand. _ .
Lewis Thomas, The Lives of a Cell

CONTENTS:

A. The Problem S _ kT
B. Focus in Discourse
C. Guide to the Remainder of the Report..

A. THE PROBLEM

To understand the sentences in a'diSédursé, a compuﬁer.éystem, like
a person, must have knowledge about the domain of discourse. However,
the knowledge required to solve problems in even simple real-life
domains is so extensive that it will overwhelm any knowledge-based
system that does not apply it selectively. This means ihat the ability
to focus on the subset of knowledge relevant to a particular situabion
is ecrueial. The need for focus_ is present in problems ranging from
understanding an utterance or interpreting a visual scene to problems
l1ike designing a building or solving a differential equation.® This
report addresses the problem of focus from the perspective of building a
computer system for understanding dilalogue. Its major concern 1is the.
incorporation of a representation of focus in a system that participates

in a dialogue. A focus representation is developed that highlights

-t i, iy ey

* It might seem that creative thinking and innovative - problem solving
derive from an ability to turn off the normal focusing mechanisms and
look at a problem in'a different way, but viewing a problem from a new
perspective does not eliminate focusing; the focusing capability " is not -
turned off; the default connections about what to focus on are
overridden, and a new and different focus is chosen.
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those items in the knowledge base (i.e., fhe encodihg of that portion of
the world the system knows about} that are relevant at a given point in
a dialogue and includes mechanisms for changing focus as the dialogue
progresses. A simplified version of the focus representation was
implemented in the SRI speech understanding system {(Walker, 1976) and

used by the discourse component to resolve definlite noun phrases.
The following hypothetical conversation between  tWwo people

illustrates several facets of how focus operates in a discourse.

{(1)P1: I'm going camping next week-end. Do you have
a two-person tent I could borrow?

(2)P2: Sure. I have a two-person backpacking tent:"'
(3)P1: The last trip I was on there was a hugé.Storﬁ.'
(4)P1: It poured for twe hours.
(5)P1: I had a tent, but I got socaked anyway.
(6)Pé: What kind of tent was it? |
(7)P1: A tube tent.
(8)P2: Tube tents don't stand uﬁzweli in a reéi.étobm.___.
(8)P1: True.
(10)P2: Whére are you going on this trip?
{(11)P1: Up in the Minarets. |
(12)?2;-Do you need any_othér equipmenﬁf .
(13)P1: Now
(14)P2: OK. I'1l bring the tent 1n tomorr'ow o
Since most objects do not have proper names, definite noun phrases
are a primary means of identifying objects. . However, the same noun
phrase may be used to deseribe (and herce identify) different objects at
diffefent_ ﬁimés._' Epr” ekémp1e, iﬁ”thé last ubterance (14) of'ﬁhe'




hypothetical conversation, the noun phrase "the tent" refers to the tent
introduced in (2). Even though the tent discussed in (5) to (7) has
been mentioned more recently than the tent in (2), it is no longen_ln:
focus and hence is not considered as the' referent of the mnoun phﬁase
"the tent" in (14). This example illusﬁrates the fact that the most
recently mentioned object that matches a noun phrase wmay not be the
object identified by that noun bhrase. Shifts in foeus in the dialogue

must be taken into account.

In this dialogue, the gtatements in (1) introduce inte focus a
camping trip and the need for some equipment (a tent). The response in -
(2) brings a particular tent into focus. Statement (3) shifts the focus
tc a previous camping trip. The tent used on that trip is brought into
focus in (5) and leads to a discussion of tube tents in (6) through (9).
The focus shifts back to the trip being planned in (10). Utterance (12)
shifts the focus back to the need for equipment on. this trip. - s a
result, when "the tent" is used in (14), the only tent that is "in focus

is the tent first mentioned in (2).

Focus alsc affects the interpretation of @ word senses. The
Yapaking" in (5) does not involve someone paying too much money. The
influence of focus on the choice of word sense is usually quite subtle;
alternative senses do not ocecur to most people. For example, when.
discussing the sbteps in a folkdance, the sense of "step" that®

corresponds to steps in a house never arises.

Statements (7) and (11) illustrate a more local effect of focus.
The focus of the preceding utterance supplies the informatidn'neeeSSary_
to interpret an elliptical expression. The phrase "a tube tent® is'hoﬁ_
a syntactically complete sentence, but is sufficient to convey "It was a
tube tent (that I had on the 1last trip)" following the question "What
kind of tent was it?" Similarly, "up in the Minarets" makes no senSé-
out of context, but is z completely understandable statement following'
the question in (10).




The importance of focus = in language understanding became clear in -
the course of analyzing several dialogues that involved communication
between two parties cooperating to complete "a task. 'These"dialoguespp
were collected in situations simulating ~direct interaction between af.
person and a computer. The key result of the analysis was that task-
oriented dialogues subdivide into units just as a task subdivides into
subtasks. The segmentation of dialogues reflects the shifts in focus
with time that occur as a dialogue progresses. As a result, the
structure of the task provides a guide ¢to shifts in focus. in these
dialogues. The collection and analysis of these dialogues is described
in the next chapter to provide a background for the discussion of the

» .
representation and wuse of focus presented in the remainder of the
report.

B. FOCUS IN DISCOURSHE

The choice of thé térm focus as the theme of this report reflects a
concern with the importance of the role of attention in any
comprenension or reasoning process. What and how a person understands
is strongly influenced by what he. is thinking about at a given moment,
by what his attention is directed towards. The focus of -attention that
influences the interpretation of an utterance in a discourse results.
from a combination of contextual @ factors. In fact, what is usually:
meant by "the context of an utterance” 1is precisely that aset of
constraints which together direct attention to the concepts of interest
in the discourse in which the utterance occeurs., Both the preceding;
1inguistic context -~ ‘the utterances that have already occurred -- and
the situational context ~= the environment in which an utterance occurs-
- affect the interpretation of the utterance. Fcr a dialogue, the
situaticnal context includes the physical environment the social}
3etting, and the relatlonshlp between the participants in the dlalogue.
Hence, focus refers to the effect of a composite of  contextual.
influences.



It is useful %o separate the influence of focus inteo two ranges:
immediate and global. Immediate focus refers to the influence of a
listener's memory for the linguistic form of an utterance (the actual
Wwords and the syntactic structure) on his.interpretation of a subsequent
utterance. It influences both the ordering of constituents in sentences:
and the interpretation of sentence fragments. For instance, in the -
hypothetical conversation presented above, immediate foous causes the
elliptieal response "ap in the Mlnarets" to be understood as meanlng “We_
are going up in the Minarets on this trip." In contrast, global focus
refers to the influence of memory for the more general meaning conveyed
by all of the preceding utterances 1n a disoourse on the interpretation
of subsequent utterances. Global focus 1is det;rm ined by the total
discourse and situabional seﬁting of an utterance. It influences the
choice among different senses of a word, the interpretation of noun
phrases and actions, and the.overall intefpretation of an utterance{s
The influence of global focus on 1angoage is illustrated in the example_:
conversation by the reference in (14) to a tent thst_”nob only is:
mentioned much earlier in the dialogue, but also is..hot the most
recently mentioned tent. |

The most crucial requlsite of a focus representation is that it
dlfferentlate ameng the items in the knowledge base on the basis of:
relevance. By highlighting those items that are relevant to_the”current;
discourse, the focus_representation enablea the system.to access more
important information first during its retrieval and dedoetion
operations. The representation of focus presented in thls report'is.
based on segmentlng ‘the knowledge base into subunlts. anh subunit
called a focus space, oontains those 1tems that are in the foous of
attention of the dialogue participants during a particular part of the
dizlogue. This segmentation is struectured by ordering the spaces 1in a

hierarchy that corresponds to the structure of the dialogue.

Corresponding to this static requirement on the focus
representation there is a dynamic requirement. The focus representation

must inelude mechanisms for shifting focus. As successive utterances in



a discourse are processed, the items in focus change. What indicates a

shift in focus depends both on the kind of discourse being processed and
on the topic of discourse. Shifts in focus in task-oriented dialogues
are closely tied to the task. Mechanisms are developed specifically for’

detecting shifts in such dialogues:. They use a representation of the

task to decide when and how to shift focus.

The process of identifying the object referred to by a definite

noun phrase 1llustrates the use of the focus representation in discourse

processing. Definite noun phrases both affect and are affected by'thé.

focus of attention of a disccurse. The ldentification of the referent

of a definite noun phrase requires some model of bqth the situational

and linguistic contexts in which the noun phrase occurs. In turn,.
definite noun phrases can indicate a change ‘in focus. When the
resolution of definite references is considered from the perspective of

focus, questions like how far back in a discourse to look for a reféreh£ 

are no longer relevant. Instead, the problem is how long an itenm stayéi

in focus and what can cause a shift in focus.

The major portion of the report is  concerned with _the.

representation and use of global focus. The effect of I1mmediate focus

and the processes needed to use it are considered only as they arise in

the interpretation of elliptiesal utterances. The syntactic Sﬁﬁuctdfe'oéw
an utterance (along with some additional syntactic  and semantic
characteristics of 4its phrases) provides the immediate focus '?or thé'
utterance that follows. Interpretation of an elliptical sentéﬁcé:

fragment requires splicing the fragment into the (possibly transformed)

structure of the preceding utterance at the appropriate place}




c. GUIDE TO THE REMAINDER OF THE REPORT

Chapter II describes the collection of several kinds of dialogues
and presents analyses of some of their discourse characteristies. The
structure of the dialogues and its importance for understanding definite
noun phrases is described. The results of_these analyses were used in
designing the focus representations presented in the remainder of the
report. Chapter III presents the representation of focus and describes
its use in the retrieval of information from a knowledge base. IE
contains the core ideas of the report. Chapter IV describes one use of
the focus representation in the interpretation of utterances, namely to
guide procedures that identify the referents of dgfinite noun phrases.
Chapter V describes mechanisms for deciding when to shift focus. so that
the focus representation 1is updated as a dialogue progresses.
Chapter VI describes the role of immediate focus in the interpretation
of elliptiecal utterances. Representations and procedures for handling a
limited set of elliptical expressions are presented. Chapter VII
discusses how the representations developed in this report can be
extended. Both extensions to generalize the representation and other
uses of the representation are presented. :Appendix A contains a brief
summary of research in linguistics, psychology, philosophy and computer
science that 1is related to and has had an influence on the research
described in this report.
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A. INTRODUCTION

In this chapter we examine aseveral dialogues collected in
situations simulating those in which a person, using a computer as a
problem solving aid, interacts with the system in natural language.
From the peint of view of building a natural language understanding



system, the main purpose of the collection and analysis of such
dialogues is to characterize the language used when people communicate
for the purpese of solving a problem. Since the goal of thé dialogue
analysis is to determine a person's language needs when using a combutér
system, the ideal context for collection would be one in which a person
is 1in fact interacting with a computer. But this is a 'Cétch—ézf_
situation since the data are needed to guide the design of the system.
The best that can be done initially is to simulate this situation by

using the computer as a communication medium.

The next section of this chapter describes the method of collection .
of two kinds of dialogues. The major portion Qf the analysis is .
concerned with a set of task-oriented dialoguea: ;he 'conversation_that:.
ensues when two people work cooperatively on a task that requires
knowledge each of the participants alone has. In addition to these
dialogues, a set of dialogues resulting from one person's querying a
data base in natural language is examined. This set differs from the
task-oriented dialogues in several ways; examination of both the 

similarities and the differences is of interest.

The remalning sections of the chapter contain analyses of the.
dialogues. The results of these analyses were the starting point for.
the research described in the remainder of this report. Familiarity.
with the results is important for understanding the relevance of this
work to the problem of building a computer language understanding
system. The analysis 1s presented at three different levels. At the..
global discourse level, the structure of the dialogues is examined..
This structure reflects the shifts in focus as a dialogue progresses and
influences descriptions and refebehtial expressions. At the more local
discourse level, the influence of focus on clesely contlguous utterances’
is examined from the point of view of elliptical expressions. Finally,_
at the level of constituents of individual utterances,ﬁﬁe examine the”

kinds of words appearing in the dialogues and the dlfferent types of
utterances used

B. COLLECTTON OF THE DIALOGUES




1. OVERVIEW

The first set of dialogues we collected were task;oriehted '

dialogues. These dialogues occur when two people work cooperatively on”:
a task, where a 'task!' is some real-life activity that is directed
toward achieving a particular goal and that can be broken down inkto
small steps, each having its own goal. EXampies of tasks include
repairing faulty equipment, building a house, carrying out a chemistry
experiment; and solving algebra word problems. Task-oriented dialogues'

occur normally when a master crafisman instrucéﬁ an appreﬁtice; when twb

mechanics work together to repair a car, and when a teacher guldes a
student in a chemistry lab. The major char%pge#istics of these
dialogues are that both participants are aware of the task to be
performed and that communication between the participants 1s necessary

to accomplish it.

The tasks considered in this research have one further
characteristic: they are tasks for which it is feasible to consider a
computer taking the role of one of the participants sometime in the not-
too-distant future. In particular, we have investigated situations in
which the computer guides a person performing a task. Interest 1in such
dialogues arose in part from considering the language requirements of a
computer-based consultant system. A description of initial steps toward
building such a system may be found in Hart (1975). The goals of this
system were to bulld a computer system that could gulde a person in the
performance of a complex task with which (s)he had 1little experience.

Natural language communication was a key element of the system.

In addition to the task-oriented dialogues, we collected a set

of guestion-answering dialogues. Question-answering dialogues cccur

when one person asks another (or a computer system) a series of

from task dialogues mostly in that the answerer cannot be viewed as
sharing a goal in common with the questioner. Although short question-
answering dialogues occur frequently in everyday conversation, extended

10



sequences {more than five or so questions} are more frequent in
communications with computers, for example, in a sequence of queries %o
a computer data base. In the dialogues that we collected, a person
queried a data base in order %o solve an assigned problem that required
interaction with the data base. To avoid confusion with other kinds of
question-answering dialogues, these dialogues will be referred %o as

data base dialogues in the remainder of the discussion.

Task-oriented dialogues are a good source of unblased data on _
discourse. Concentration ‘on the performance . of a- task keeps the,
participants - frOm becoming self-conscious about their language.. The
resulting dialogues are. spontaneous and unrehea;sed The data ba355
dialogues are somewhat 1ess spontaneous The less realistio_ nature of.
the assigned problems made the: subjeets in these dialogues more- self»

conscilous than those in the task dialogues

The dlalogues desoribed in this repor+ were both written and
spoken. To 'simplify the following disoussion,' the term speaker will
refer to the transmitter of a message and’ hearer to the receiver eveni
though some of the transmissions were typed. R L

2. TASK*DIALOGUES~

The main task used for collection of data on taskuorientedi
language was the assembly of part of an air oompressor... In additlon,_
two dialogues ‘were colleeted in which . “an: expert plumber providedﬂ'
guldance in the repair of a leaky faueet A sketch of an air compressor'i
is shown 1n Figure II 1 the purposes of understanding the_'
dialogue fragments in this report it is important to note the pump, the _
pump pulley, the platform, the aftercooler, the belt-houging frame and
cover, and the connections between these parts. . Tasks involving both
high-level assembly -- installing the pump and belt -~ and lower-level
assembly -- pubtting the pump together -- were used.

The participants in each of the dialogues were an expert (E)
and an apprentice (A). The experts, in addition to being skilled at
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Figure II-1. A SMALL AIR COMPRESSOR
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mechanical tasks, were familiar with the compressor and the tools used
in assembling and disassembling it. Before participating in the
dialogues, the experts performed the %task themselves and then had a
practice session instructing someone else. None of the apprentices was
famillar with the air compressor; in their general mechanical knowledge,

they ranged from complete novices to amateur auto mechanics.

Dialogues were collected under a variety of conditions. The
amount of visual contact between participants was varied to determine
the effects of limited vision and to collect data on descriptions. In
the_first experiments, E and A were allowed to communicate freely, and
they Interrupted each other frequently. Fog _t@e next set of
experiments, the ability to interrupt was removed to see what effect
this would have on communication and task accomplishment. Finally, the

information given to the apprentice about the expert was varied.
The dialogues fall into four classes:

(a) Free, with vision: E and A were in the same
room; they were able to see each other; #erbal communicéﬁion
was spoken; no restrictions were placed on language use. The
only instructions were to complete the task. The. only.
restriction was that E could not help DO the task; he could
only instruct A. 1In this setup, then, E could see A, monitor .
what A was doing, and notice where A put tools and parts. E

and A were free to interrupt one another.

(b) Free, with no vision: the conditions were the

same as (a) except that E was not able to see what A was

doingf

~+~ {e) Restricted and aware: both visual ‘and verbal
communication were restricted in  these dialogues. " The
experimental set-up iz shown in Figure 1I-2. - Verbal
communication passed through a monitor who was responsible for
assuring that E and A did not interrupt each other. In these

dialogues A spoke, and the monitor typed the message; E typed

13



EXPERT APPRENTICE
{workstation}

COMPUTER TV TV

TERMINAL =~ MONITOR CAMERA '~ MICROPHONE
¢ . EARPHONES
MONITOR
e TAPE

RECORDER -
COMPUTER |

» PDP-10 ™ rERMINAL EARPHO’NE&

fm— MICROPHONE

Figure II-2. EXPERIMENTAL SETUP FOR RESTRICTED DIALOGUES

a response and the monitor read it to A. - Computer terminals
were used s0lely so that transcripts could be easily obtained.
-E was able to get 'still' pictures from the television camera,
but they had to be requested; normally, the camera was focuséd
‘on a blank wall. In these experiments, A was informed'thaf'
the experiment was a simulation of a computer system. Hence;

A was aware that E was a person.

- {d) Restricted and unaware: the experimental Sethp
was the same as in Condition (e¢), but A was told that E was a
computer system. In each case we determined after the
dialogue was collected and before explaining the true nature
of the experiment that A believed that a computer system was

serving as expert.

3.. DATA BASE DIALOGUES - -
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The data base experiments wére designed to collect samples of
the'1anguage”people'would use if they had verbal access to a 'data base. -
(Detailed descriptions of the procedures for collecting ' the’ samples
together with examples are in Deutach, 1974 and Silva, 1975.)  In order
to collect realistic samples, it was necessary to provide people with'a
specific problem, requiring information from the data base. Again the

purpose was to make their language as unself-conscious as possible.

The data base used for these dialogue experiments contained
information about the ships of the United States, British, and RUssiéﬁi:
fleets. In the first set of dialogues, the subjects were given tablés_'
to Fill out (similar to the ones found in naval regorts), and two short
problems to solve. They were instructed to ask for information fbbm'ah::
analyst, who answered using material from the data base. The subjecﬁs::
and analysts were in the same room but were not allowed to interrupt one -
another or to view each other's materials. For these problems, nc'”
additional information could have been obtained by either subject or.
analyst, if they had been allowed visual contact.

The second set of dialogues used a pevised data base
coﬁtaining information on U.S. and Russian ships in the'MediEerranean;
Subjects were given one long problem to solve for which Ehey needed
information in the data base. Again, the subjédts were not restricted
in their use of language. Their questions were translated into data
base queries and typed to a computer data base system by an ogerator.?
The answers were read back to the subjeckt. '

c. BACKGROUND FOR THE ANALYSIS

The empha31s of the analyses presented here will be on dlscourse-_
level phenomena: those features of utterances in the dialogues that come
from the utterances belng part of a oohesive  unit of diseourse. The
relation between dialogue and task the struoture of the dialogues and’

the influence of an utterance on the utterance that follows will be
examined. ' T ' .

15




. Chapanis (1975) has been interested_in oharacterizing differences
in language use across different modes.of_COmmunication.::_Forzexample,ﬁ
he investigated differences in measures such as number ofusentenees,;
number of words, and number of 'noun-like' words across modes  such as:
handwriting, typing, and speaking. In addition, he = examined the_
differences in time required for problem solution across the different..
modes of communication. , His analyses are. statistical; they provide
information about how the language used in each mode differs. Although
such statistical measures provide some indication of the advantages of_
cne mode over another as a means of communication and of the effect of
the mode on the language used, they do not provide oertain information
required for building a computer language-undergtanding system For“
tha* purpose information is needed on the particular words used and onf
how they are put together 1n utterances to provide meaningful

communication.

The analysis reported here has a different emphasis:. it is
concerned with taking a single. mode (actually a small number of . very
similar modes) of communication and characterizing the range of language
devices used to achieve sucoessful ommunication of an idea. The.
ana1y31s will be conoerned with when and how different language devices .
are used; : with what particular types of occurrences there are ratherf
than with comparisons of numbers of ocourrences. Many differen*i
questions can be asked along these 1ines They. include (1) sentencef:
level questions 1like "What different sentence structures occur?", "Do
some occur more frequently than others?", and "in what context?";
(2) intersentential questions 1like "What 1links are there from one
utterance to another?"; and (3) more global questions like #Does a
dialogue have some overalt structure?" a

1. " INFLUENCE OF THE RESTRICTIONS ON VISION AND SPEECH

_ Ten task dialogues were collected ' one under Condition (a),
and three each under Conditions (b), (c), and (d). The _magor'
distinction between the free diaiogues and the restricted dialogues was
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the frequent oceﬁrrence of interruptions in the free dialogues. Expert
and apprenticé,'cdopebated IOn completing_'dttéréhéés_ as well as on
completing the task. The dialogue segments in Figure II-3
illustrate this cooperative aspect of the interruption. Lines (5)-(6),
{9)-(13), and (17)-(18) are the most direct examples. In the first two
cases, E is pausing in search of the 'right' phrase when A fills it in.
In {17)-(18), E gives a similar kind of aid to A. Lines (2) and (4) are
typical of the kind of ongoing mutual support of the two participants.
A indicates an understénding of what has been said so far, so E may:
continue. This support is also evident in the echoing' of (14)-(16).
The kind of fragment resulting from these interruptions was more than we
wanted to attempt to handle in an initial speech .u;dérstanding system.
We surmised that not allowing the participants to interrupt would not
seriously hamper problem solution.  Chapanis (1973) has empirical:
evidence that supports this assumption. The restricted_ dialogues were
designed to eliminate interruptions. The design of the experiment for

restricted dialogues closely resembles Chapanis' setup but was arrived.

at independently.

The different visibility conditionsn.ﬁad_ several differen£
effects on the dialogue. Robinson {(1975) discuséeé some of these. The
most pronounced difference was in the kind of déscriptioné”'that
resulted. Figure II-4 shows the most blatant contrast found in the
dialbgues. If wvisual information is shared,_ it ecan bef used 15. 
descriptions. In the. protocols with restricted dialogue and limited
vision, E often asked for a still picture in order to use this kind of
information. The dialogue fragment in  Figure II-5 -is an example.
The difficulty of giving descripticns without the aid of . shared visual
information is best 111ustrated by the fragment in Figure II~ 6 A
more exten31ve discussion of the descrlptions found in the dialogues and

some of thelr characterlstlcs is presented later in Section D. 5.
2., CORE DIALOGUES

Four of the' ten task dialogues form the core  data' of the
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O

(2)

(3)
()
(5)

(6)

(1)

(8)

- (9):

(13)

(10)
(11)
(12)

(18

. _(15i

co(16)

‘(17)
'(18)

analysis: two

E:

A:

E

. and those are to be inserted in the Side of the
motor- . . . in the ‘side of the rear 'of the motor

A7 -Uh hm.
E: ._and'; L.
A ... I 8ee it ...
B:  0.K. and each wire is to be attached to”a.; .
A: One of those bolt.things here? o h
E: bolt? .. . . yes. o
. _ » >
* e _ .
A: . noﬁlshoﬁld i.uﬁSéreQIthé'nﬁts frém.thezb01£s? :
E:: No.. The wire goes on top of that . . . on top of the
nuts that are on there .
A: I see ... . 
E: . and there're .
A Other nuts.
E{ ; there"ére other nuts:;..
B L T o
E:

The washer will be the last thing that . .
The washer wili be last .

The last item that will be on it.-

“0.K. Then this llttle plastic thing S

Wlth *he holes in 1t.“ N _
Flgure II 3 FRAGMENTS OF COOPERATIVE DIALOGUES _

each of the two kinds of dialogues in which ‘a monitor

prohibited interruptions [i.e., dialogues under conditions (¢) and’ (d)].

These

conditions  were selected  because.  they were . closest to the '
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WITH VISION

= E:‘7You have a tOp piece with a KNURLED section that you
© " can take ahold of. -

. A What's a knurled seection? .

E: You've got your fingers on it.

WITHOUT VISION:

E: Now underneath is what they call a cap assembly;V It
has a KNURLED face around it. . -
” -
A: What does knurled mean?

E: Little lines" running up: “and’ down = on it ‘80 you eae
take ahold of it.

Figure II-4. DESCRIPTION OF "KNURLED" WITH AND WITHOUT VISION -

E: Use ‘the ratchet ‘wrénch ‘on the top and hold the nut
statlonary on the bottom with a box wrench. : :

A: What is a ratchet wrench?

‘E: Show me the table

E: The ratchet wrench. is the object lylng between. the wheel'f
puller and the box wrenches on the table.

Figure II-5. USING VISION TO HELP WITH A DESCRIPTION;_ e

31tuations that would occur in any person- computer interaction 1n the

near. future . Since each of. the dialogues took between forty mlnutee and: -

two hours and eonsiated of between 120 and 250 lines;.. this eonatitutes af'
con31derable body of data

" In‘addition to the ten task-oriented dlalogues flve data base'

dialogues were-'analyzed. Two dialogues were chosen as’ representative off].
the - dialogues colleeted”=during ‘the - First experlment.__ K11 threefﬁ.

dialogues from the second set were analyzed - Again, although the number}_
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E: 0.K., uh . . now, we need %o attach the um - . . - conduit:
tec the motor. .. the conduit is the uh . . the covering

. around the wire that you.. . uh . . were working with
~earlier. Um, there is a small part. um . .. .oh brother

A: HNow, walta s . . . the conduit is i the cover to the
wires?

Yes. and . . .

On, I see, there's a part that . . a part that's supposed““
to go over 1t . . . o

E: Yes . . N . e Sl osniDononleesnl o
A: I see . . it 1looks just the ~right shape, too.  Ah hah!
yes . . . LI

E: Wonderful, since I did not know how to describe the part!
Figure 11—6._ DIFFICHBEEEEXIBngg&AINING_AN UNFAMILIAR

of dialogues 'is small, ' the amount of data in each dialogue ' is quite
large. The dialogues in the first set are over 100 lines ldng and' 
represent approximately thirty minutes of speaking time.__.The;dialoguesi'
from the second set each represent over an hour of dialogue. It was
necessary to look at long segments of dialogue to get the data needed,

since many interesting phenomena occur Infrequently .in:;any  giveh:
dialogue. That such phenomena oceur at all is impﬁftaht;“ the

infrequency with which they oceur:is irrelevant.- '™

D. DIALOGUE STRUCTURE AND ITS INFLUENCE

The structure of a discourse reflects the*shifﬁé'of_ Focus ocouring.
in its A key: use of the structure ‘of a discourse in “an understanding

system ' is to provide keys to the ourrent context, and thus to help

establish expectations and interpret object and action references.

Dynamically determining where. an utterance.fits .in the structure is af:'

crucial part ofiits:interpretatiOn.i Cornespohdihgly;ﬁfdétérmining;ﬁheréﬁ~

thezuﬁtétgﬁce fits helps determine the  structure of the discourse and: '

hoﬁ 1tQ _shifb_?ocus.'_:ltj i$gthi$,f33pedt 'df'stpﬁctUheu_thét gwé'wiil"
examine.¥ ' . IR
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1. .THE STRUCTURE OF THE DIALOGUES

-In general, the task dialogues exhibit more structure than the"'

data’ base dialogues. These differences in structure arise malnly from _

differences in ' inherent structure ‘of the problems belng solved.  The' 

task " dialogues involved tasks “that’ 'decompose ‘into subtasks.  'THe 
relationship between subtasks is well defined. As'a result; successive
utterances in the task dialogues had strong links. TIn  contrast, the.
information needed for solution of the data base problems could be asked
for in a variety of ways (i.e., a variety of-quéstibn”séduenééé). 'THéfé'
Was no-necessary dependence of a query on what preceded or followéd it.
The following sections examine indications of stbugﬁurg'in‘thé tﬁo;kiﬁdé_
of dialogue.

a. TASK-ORIENTED DIALOGUES .
Task-oriented dialogues have a ' structure thaticiééély, 
parallels the structure of the*taSk*being pérfdfmed The whole dlalogue- N
is segmented ' into subdialogues, whieh themselves may break down into; 

subdialogues,  just as  the ‘task’ breaks down into’ 'subtasks,_ which“_ﬁ-

themselves may be décomposable. For example;’ the task of making a cake“ﬁ
has = gubtasks of preparlng the bdtter,” aetually baking the" cakg, andﬁ

icing the cake.' A recipe " (or television cooking program descfiﬁtiéhj _
contains distinet parts for' -each" of-thése-*subtasksl5V'Likéwi9é;f£hé.

compressor task of installing the pump _decomposes. into attaching-thelf
pump, attaching the pump - pulley, attaching the belt, and-,several other::'
tasks,_t”Attaching the”-pump-decomposes- into. poaitionlng. the: pump andf'n
actually . secﬁring vit. o An ‘analysis: of . the . dialoguesﬂﬁ the pumpf:
installation _task reveals that they fall into -subdialogues paralleling;_
these subtasks

e b et . e

*he concept of struc*ure used here is similar to that 1n Halliday and_'
Hasan (1976) (see especially p: 327), but different from " that occurrlngr g
elséwhere. - We. are not.. producing -a dialogue: or :text: ‘grammar: (¢fo,

vanDi jk, 1972 Rumelhart 1975). In particular ‘we are. not: interested.f]-

in either generating or recognizing 'a valid dialogue (and hence in- using-”
such a grammar as sentence grammars are used). :
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The task hierarchy.imposesha'hiersrchy'ohﬁthe'subdiaiogue?

segments. different parts of the task are: performed*'differeht o

objects and aotlons come into focus.” When a. subtask is. completed, it

fades from focus. _ However, the higher level (parent) task remains in}. -

focus. Bence, when a sibllng subtask is performed the concepts,  in the}[-

parent - but not those in :*he completed subtask . --.are in__focus,andf
affect the use  of referrlng expresslons like. ' pronOUns;f_'This-
correspondence between task . structure and dlalogue structure plays as
crucial role in determ1n1ng the focus in which _an.-utterance: 13[':
interpreted. It is particularly important. forpthes_interpretetion of

references (see Section D.4 below).. .. . Lo e

Several linguistic devices indicate the segmentatioutoftsf
dialogue. As an example, consider the use of "when". The subdialogue_
corresponding to a task ends, or is'closed, when the:task it'parallelsh'
is completed. If the context that existed during a subdialogue that has’
beeﬁ.closee needs to be re-established (for example, so that éctiohs_and@
objects7_thatﬁ_appeared in. the .subdialogue can be discussed-_asfthé&;z
occurred in. that oontext);i_thejsuboialogue ‘must. be _reopened.,eﬁWhen?j”
provides.rone:means::of accomplishing . this... The. utterencepﬂjﬁA.iittlef;
metal semicirele fell off. when I took .the . wheel off". is: meant tai"
relnvoke the entire context of. taklng the wheel off in. order to“:

determine the meaning of. the. metal semlcircle falling out,

Another indication of the: segmentation phenomenon is thef?

use-of pronouns whose referents lie far back in the: previous discourse.lil:

In every case; the pieces of 'dialogue " skipped overiare  whole segmentslﬁg'_~3*

relatlng to-gome ' distinét subtask’or subtasks. This'is the case_-in the?“'

‘dialogue example of Figure 'II-7.  The completion of the  belt housing

cover attachment closes the subtask of installing the coVeri'f'Thet"it“r'

in the last utterance refers to the air compressor last mentioned over'a. . .

half-hour before. ThlS use of '“1t“ is not unlque. In fact 31mi1ari”t:p:

expressions contalning "it“ references to the alr compressor occurred ink"

three of the four core dlalogues. There: were also several instances of: S

pronoun references sklpplng over smaller pieces of diaIOgue.:3;.ﬁ3<”
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E: Good morning I would like for you to- reassemble the
TR, comprnessoln B AR S TP v PR R A .

“UEr ‘I suggest you begin by’ attaching the pump to the platform R
. « . (other subtasks) PO R - :

_Bi 'Good.x All that remains.then.is to attaeh the belt hou31ng
. cover to the belt housing frame

.?HAS ”All rlght I assume the hole in the housing cover: opens;
" to the pump pulley rather than to6 the motor pulley._' o

E: Yes that is correct. The pump  pulley alsc acts as_ apfan*"uf"f
to . cool thepump.... . . e - R FE SIS SN

Fine . Thank you.: oo S R S LT G _
A: A1l right the. belt hou31ng cover. is on and tightened down.g-t_
(30 minutes + 60 utterances after beginning) RS

E: Fine.. Now let's see if it works. R DRl
Flgure II 7. . PRONOUN USE REFLECTING DIALOGUE STRUCTURE 2

The segmentation of dialogues into subdialogues may also;
be seen by considering a dialogue with groups of lines removed CIfan
whole subdialogue is removed, the dialogue remains coherent : Although3

it is sometimes possible to delete some. utterances’ that are not ‘whole '

subdialogues without damaging coherency, such’ removals often result inzi

dialogue fragments that do not make sense Removing a-’ question 'and 1+sfie

answer may not affect cohereney.: Removing an utterance that opens orf

closes a subdialogue (these kinds of utterances W111 be disoussed;_--

shortly) does
In summarY; a: subdialogue forms'a eohesive'subunit“'éf éf;d
higher level dialogue - Closure of 'the subdlalogue entails elosure ofq'”

the focus eorresponding to that- subdialogue and a- return to the foous;

present before the subdialogue was entered. As a result references,ib" ERRiE

including pronoun references,' may be used to. refer to obJects in thissf '
' higher 1evel focus-,i The .relationship between the segmentation off_s'3i S
dialogues and ~the interpretation of referential expressions makes;;a_ AT

- representations of the task structure and the shifts oP focus inathej;v

'dialogues crucial to a language understanding system

23




b. THE DATA BASE DIALOGUEb

' The data base dlalogues d1d not exhlbit the same klnd of S

segmentation, but there was definite -evidence of groups of closelyni."

related' utterances. .. The. amount . .of segmentation:. evident in these:;
dlalogues dlffered acccrdlng to the problem being solved

The dlalogues for the table-fllllng—out problems had no;
global structure although there were sequences of related utterances

The sentence to sentence_ 11nks were most evident from the use of

elliptical sentence fragments e The sequence . in_a Flgure II- 8{:.-a“”': _

111u3trates how one utterance can prov1de sufficient'context SOEthat-'.

only a phrase suffices as a complete subsequen#® Jttéranceff'i.e; the .

phrase - conveys  'a’ whole question *in™ the context cf“3thefpreeedingﬂi

utterance. As Chapter VI- deseribes; the “use of “ellipses is a local‘___

discourse feature,_it cperates only between adJacent utterances

3 What's the surface dlsplacement of the Lafayette clase9
A: 7300 tonms. T P |
S:E_Hhat's the submerged dlsplacement?_:
A: 8200 toms. ..
5 The_lensth?..-'
A M25“feet'

S:

Fi

S nNumber of torpedo tubes° T : : Leniniv
1gure II 8 A SEQUENCE OF ELLIPTICAL SENTENCE FRAGMENTS

The dialogues for the other Droblems exhibit silghtly;f_'

'1arger grouplngs of utterances. Some evidence of shlfting of focus overff;;}ff; S

subproblemsE appears " The# dialogue fragment in Flgure II -9 is _
self-oontained unlt The 1mmed1ately preceding utterance _was aboutﬁ_'

Brltlsh dlesel Datr01 submarinesi’ -T'e” utterances i following this?'

-.SUbdlalogue were. about submarines other than ‘the Yankee and’ the Hotel:f":

II. {lTht subdlalogue 1tse1f narrows from considering “alls Sovietaf3

submarlnes tc asking about attributes of two particular submarlnes TTET:E: '
'There 13 a short subdlalogue inside the subdzalogue itself The twoy”r

v'starred utterances form a’ clar flcation~question/answer pair Only afp-
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St What-oiasses of:USSRHsubmarines_arexthere? R

<answer> o _ A : SR _
S:'_How manY of those are nuclear ballistie missile sub-;~7i*5
marines?: : :
A: Two. _
S: What are they?
A: Yankee, Hotel II.
'St How many tubes does the Yankee have?
A: " Eight. S ' '
©'S: ¥That's torpedo tubes right?
R o*Eight. . e L
St ' And, how many torpedo tubes and m13311e 1aunchers ferftheinhifft'

: .Hotel 117 . B U .
A:: Ten torpedo tubes three missile; 1aunohers _ R S
S: What is the _submerged speed for the' Yankee and Hotel II? :I-e““

A:__<answer> S ; :
' Figure II 9 A DATA BASE QUERY SUBDIALOGUE

few sueh segments appear in the dialogues for the short problems Thistjp
is the longest sequence that appears ‘the others are only six to eightef
utteranoes 1ong.:; Most: of the dia10gues consist of sequences of{;
utterances related 1ooa11y but without 'structure Long segments areff

more. common in, the dialogues For ‘the long.. problems, but Openings andji'n

olosings of the subdialogues are often hard to deteet they -are muoh'
1ess clear than those in, the task diaIOgues.. As”_a,_result, thei_'-
segmentation is harder to detect i R

What distinguishes the data base dialogues most From theff

task dialogues is’ the laok of any discernible intermediate structure.3f

. There are " local - dlscourse phenomena which tie adjacent utterancesfaf.-"""

o 'together, and there is’ some structure provided by the overall problem, if

:' but there - lS llttle relating the 1ooa1 segments together into blgger:;ptnffpf_“"h:'
o segments";' the problems posed to the subJects get 1argep,[p:gigigg
; intermediate 1eve1 organization appears.g What seems to happen withpﬁ;in*5"
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these problems is that a solution breaks down into 'some'éeéognizabxe;q

substeps and the dialogueS“ fa1l into  segments aocordlng to theself'

substeps- There seems to be a continuum, of - which we have only a: few A

samples, from ' ‘the totally unstruectured table- fllllng dialogues to thei o

highly structured task dlalogues

2. KINDS OF SUBDIALOGUEb

The subdialogues we:have_dlscuSaed ao_far_arentask, or problem -

related; they can be linked directly Lo’ some substep of thed}task:being-]'

attempted. Several other kinds of subdialogueshoccUr_related;to'generalﬁ"

questions, requests for clarification, and conmunipaxion channel'cnecks.

Some of these are quite. short _only a pair of utterances, but they are;

all distlnguishable as separate from = the surrounding dialogue andjf_

cohesive as a unit. Dlstlnguishing among ‘these" kinds of subdlalogues is;:.
important:: for- comprehension because ‘each’ kind establishes dlfferent;:-
expectations about the subsequent.. utterance and because the closure ofl

each kind of subdialogue is different. ' : g -

General'qUestion;andlanswer'eubdialdéueS"includéISUBdialogdeeflf_':'

related  to identifying - obJects in - the domaln (e g R "what's a motorf:nd”“
bolt?"), descrlbing ‘tool: use. ["How - is thls (wheelpuller) used°"} i

identifying the righ+ Eool. to ‘be. used “or seeing 1f e better tool isﬁ':

'available (e.g.; the expert: aSking "What tools are” you using?“), makingfﬂ R

sure’ no ‘blatant error occurs 1n performlng the task ~{ei g ,]:thé?'l

apprentice asking; "Will: this. require some effort’"), and testingi¢

whether a task ‘was. performed correctly (e.g. ,fi"How tight shoutd thef'"

bolts be?") ', The data base dialogues oontain .only a few generaltlr'l':“:;i_
'fquestion-answerlng dialogues, they are all concerned with erminology,gfytnf?f-:”-f

e g 5 "What do you mean by deployment?".'

Two klnds of subdlalogues fall 1nbetween subtask and generalnfﬁrtejn”“'”' .

m.awq--—o-u—-.

* Since understanding about obJects involved in a. task is important to~w

thé: performance of . the task, these subdialogues may also be viewed as. ==

- task-related.. They differ from the = task-related subdlalogues in +hati“l
- they are not as- dlrectly tied to the particular task..-
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~ question .answering.: They aren“olearlyferelated*“to 'the task belng”-" o

performed but-are a1SO”genebal 'ddestions "First, there are questionsif.p:gtw'

about why a certain part or step is needed (e g, “Wha+ is the_key}l-'

for?");a Second " there are requests by the apprentloe for: altefnatifeﬂpV

‘ways of doing some task (e. g,,."po you have another way to’ get the nutsf
- in underneath the platform?"). ' et s :

Both the task and the data base - dialogues contain palrs of’?
exchanges whose purpose ~is: to determine that the previous' message was]zd

heard correctly or to have'a missed: message retransmitted. nThe_middle]-

two lines of the dialogue in Figure II—10“lare-an‘exampletof”fthiS'kindljq-L' S

of subdialogue. Requests for retransmission- inglude . statements 11ke"

"Hhat_was:that.again?" .and "Please repeat the last. instruction.ﬂ'ggfqanW

“A: One of them is at’ 1& degrees E; 34 degrees N
S: o34 degrees you: said? - B S
4: Yes.
... Sy 0.K. SRR fyffx:gjj:::ﬂ;:f__;_j_ R
o F:Lgur‘e II 10 A SUBDIALOGUE - CHECKING. PREVIOUS_' MESSAGE

"There 'abe:also subdialogues where' one participant wants todr

make sure that ~the other participant means the same thing as he does.;_:;fzt" o

Thisg kind occurs in the starred sequence of the dialogue fragment offif

3. SUBDIALOGUE TRANSITIONS.

”“f-*-é. OPENING AND CLOSING OF SUBDIALOGUES

Detection of subdialogue units and henoe knowlng when tofjd--

IShift fOCUS, are crucially dependent on detecting statements that open;: S

~and close. B“bdlal°8“es Task 'subdialogues' may be. “opened. by either

:expert or apprentioe In the dialogues that were examined opening3f;--;;”

"statements made by the expert were always. statements of the subtask_AQea‘:'E'":f"

”_goal Sometimes the statement was augmented by a _sequencing expressiontx;.dp33

'such as’ i"next“ or "now" : Subdialogues opened by apprentices alsov.;?{ﬂf:atg-ﬁ g
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o included subtask goal sta ementst'“'These were. embedded - either=5in*ﬁf

statements indicating the task was being, ar was about to- be, performed UF

or - in: statements requesting information on: how. to- perform the task.‘f;;3d"

Frequently, a pair. of utterances serves ‘to. open a subtask This happensf]
when A asks for.. -the next - task, as in: the following ' :
~ A: What should I do now? -

-E:  Remove: the. pump. s : _
Alternatlvely, a- ‘pair may result from A asking how. - to do some task f g
leading to E giving a subtask specification, as:in the pa1r’3%" i e

JA:. How do. 1 remove. the pump? - '

'E: Fipst remove the Plywheel. '~ ©7 1 iy LR
Such pairs occurred both when A kiiew what task was next but not  How to-
do it and when E gave. the task. and A needed more: specification.f s an'a.

example, consider the preceding four utterances as part of a singleg
dialogue. o

: Task subdialogues that occurred when the apprentice ran:
into trouble were 'opened by a statement of the problem Simllarly,;Vr

subdiaIOgues for checking task performance were opened by the expertf .

asking lf some goal had been achieved or was 1n the process of belngh,p-:.

achleved

The most’ typlcal closings of subdlalogues were thr‘ough_-'-f:E

'statements 1ike “O.K." . or ones indicating that ‘a  task goal washff-'fln'“'

completed. Often a combination of these. was used These. closings. ave

explieit; implicit closings also occurred quite frequently.g Typically,f3ji T
. A would indicate that a subtask was finished by asking for the next-’“ [Eag

'subtask CIn these cases, the same statement might serve both to closef';:

an’ old subdialogue and to open a new one

Question-answering subdialogues are always opened by aﬁ'ﬂ e

: dﬁeStion about some part tool task or problem In the dialoguesihf"lj'

-'collected,_some of these subdialogues were closed with a: direct ‘answer.

E In other cases,j a 1ong series oF exchanges occurred before the answer,;'

Was arrived at : OHIY some short sequences contained a closing g, K. ".f}”;7'“”"”



or other explicit indication from A. Almost a11.of'the*ibhéeb‘seﬁﬁ9ncesf.ﬂ

ended with such a communication.

b, MULTIPLE USES OF 0.K.

Robinson (1975) pointed out. the ;use of 0. K. "_ 'aé_aﬁ:'
aeknowledgment that the preceding message has been recelved. _ This'isf _
only one of four meanings this interjection took on in the dialogues.:H.

In particular, "0.K." was used at different times to mean:




&

- ?.I_heerdryoul_
% I heard you and I understand.

¥ I heard you I understand, and I am now doing (or will do)
what you said. : -

% I'm finished (0.K. what next?).

Figure II-11 contains an example of ‘sach of these meanings. =

0.K. -

i Hsgﬂb_xod:
E: ﬁoeseﬁ the metor bolts and elide°the motor toward the
pump . |
A: 0.K. What's a motor bolt. . v
0.K. -- I HEARD YOU AND I UNDERSTAND:_. |

E: I need to know what kind of wrench you're using.

A: 0.K. {(no further spontaneous communicatlon)

0.K. -~ I HEARD YOU, I UNDERSTAND, AND I AM DOING WHAT YOU SAID'

E: First 1cosen the two allen head-setscrews holding it
to the shaf't, then pull it off.

A 0.,
o Ailul'ceﬁ'enlf-fipdeone.eeﬁeerew;.ﬁherels-the ether ene;'
0.K. -= I'M FINISHED: = S |
"B 0.K. A1l the bolts are off.

Figure II-11. DIFFERENT USES OF "O.K." .

Each of these usee of . “O'K'"'” PGQUlPeS a different="

response from the hearer. Often ‘the indication of which one is meantﬁx

comes’ from: the next statement  in the dialogue. . Although the tlmeyr'" s
d'beﬁween'the preeedlngisfatement:end:theﬁﬁO'K:". is often a clue to whichlef."-el-":””
meaning - is. ‘intended, it i3’ noﬁ always a- reliable indication 'For.f“ 3]_

'-.example if the expert directs the. apprentice to a task requiring a 1ot?fl"'

B 'of time to complete then an immediate "0 K " cannot mean the task isﬁf”..
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done. However, 1if the apprentice misunderstands and does a shorter- -
length task, then his "O K " may mean he is done

_ : The ‘main’ problem in- interpretlng an -“O‘K mooist tol
distinguish the first three uses of "0.K." from the fourth. In the:f.-
task domain, use’ 2 never occurred whéere use 3 was applicable (though onen -

can imagine it in some situations,. 1ike-a-child'being'toldjto.ﬂmeke'his
bed). The distinction between use 1 and uses 2 and 3 is immediately
evident from the utterance that follows the "0.K." Furthermore, no

ambiguity problems can arise - from this distinetion since it  does not =

have any impact on change of focus. . Use U, on - the other-lhand"dOest

indicate a change of focus: once a task is completed. focus shlfts to”ee:

new task. At present, the best strategy for interpretlng ng. K ". Seems'fl
to be to wait for the next utteranoe to determine if a shift of focus is
intended. R T N

Figure II-12 contains a dialogue fragment illustratinge"

one of the problems that arise from: the use’ of "o, Koo for' closmng afg- -

subdialogue In line (4), A indlcates completion of part of the 'open~e
valve' task. In line (5), E gives the next task : he has olosed the -
whole 'open-valve" task However,: from 1ine (6) 1t is clear that A;,

thlnks another subtask may be involved 1n the 'open—valve task'.t Tof

answer (6), E must re-open the closed (for him) 'open—valve' task and;at'u':

its corresponding subdlalogue. B
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(1) E: Open the top of the valve and let the water out. Just .
: . . open the faucet up: on top. Just like you were going to o
: turn the water on. - o _ :
(2) A;u_Oh Iike I'm going to. turn the water on. 0.K..: o
(3)5E:~'Now, tha+'11 relieve the pressure
RO Y 0 K. some water came out
(5) E: Now the next thing you do, you take an allen wrench i . .. %
(6} A: Do T leave it on or turn'it back off?"
(7) B It doesn't nake any difference. _ _" fdf- |
B AT 0.K.
Figure II-12.: A MISUNDERSTOOD "0.K.%

- MULTIPLE OPENSSUBTASKSP?'

The preceding dichssion has centered around the 1dea cf;
oniy one task being under discussion at any tlme and hence prov1dingij_
focus for the dlalcgue. chever, some examples of more than 'one Focusﬁfj

belng active at a time were encountered in the dialogues analyzed o

These fell into two categories | hvnothetical and comgetition._; In thenr..
hypothetical case, one task was being performed but a future one’ was_}
being considered. Although the task being-performed was a 1engthy one,"

there were no problems, so the apprentice asked about how to performdd:. -

- some - future task, or what would happen if some. task were perfcrmed

differently. In all such instances, both A . and E seemed comfortablen}' '

with  the multiple foci. In the competltlon_ case, however, E_.and A_;"

appeared” to. be competing for Who would' determine what ~ would getai'

'diseussed._ Although both could handle the dual foci at least one of - o

the two always seemed annoyed._ The annoyance was manifest both through.f--f:'

. K repetition of statements and from the tone of message communicatedf:. n R
orally._ ‘In all cases; the maintenance: of multiple foei did not 1ast--"'-"'"' L

more than two or three exchanges
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4. REFERENCE -

- The" importance of the 11nk between task structure and d1alogue13f~

structure ‘and the  need for’ representing focus. of attention - are most'_
clearly ‘seen when examining ~the use of ~definite * noun’ Dhrasesff”
Determining the information and processes ‘needed  to’ identify ‘the obJeot“

referred to by a definite expression (i. e., resolving a referenoe) was alf

primary goal of the dialogue analysis.' For some of the analysis it will'

be useful to distinguish two kinds of definite nouti. phrases pronouns-f

and nonpronominal definite noun phrases. Inethe;:follow1ng~discussion}:=

the term DEFNP will. be used to refer : to nonpronominal: definite noun”'1_
phrases only. The basis. of this distinction:arisgs. from rthe'differentil

amounts of 1nformation carried by DEFNPs and pronoun references and fromf;

the different processes needed for resolvxng these. two kinds ofﬁiﬁ

reference (see Chapter IV Section B for more details)

This  distinction may be comparéd “to the distinction thatrip
Chafe (1976) makes between givenness and:definiteness._ Givenness (as in
the given/new distinetion of Halliday, 1967) relates to an'iten being in"
the oonsciousness of the hearer (Chafe, 1974; Chafe, 1972 uses the term._

"foregrounded") Givenness is usually expressed by pronominalization or;f

low - pitch or weak stress. . Definiteness concerns. whether or: not thef-:h_gi

speaker believes the hearer can select ‘the referent from among all the;

other 1tems he knows about.: In English definiteness is expressed;°

through the definite determiner. _ Although focus as described in thlsi: '
report affects both givenness and definiteness, its influence is;t-.-:

different for each . Focus is always a factor 1n the resolution of .+
'DEFNPs. ﬂ It provides the set of obJeetsﬁ frOm which the 1tem beingjg'

B referred to must be distinguished In oontrast the importanoe of_

o (global) focus :to pronoun resolution is only evident when a: shift of E RO
: focus establishes a different set of items as given.; It is this use offfs' B

global focus that enables the resolution of pronominal referenees thatlft

' -refer back over long portions of dialogue (e g . see Figure II-T

There are several ways in whioh the. obJect referred to by a;'
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DEFNP may be evident in the discourse context. The simplest case is ==

when the object was explicitly. mentioned in: a preceding'utterence:_'.

DEFNPs are also used to refer. to obJects that are . not expllcitly
mentioned in the dlscourse but are 80 closely coupled +o some obgect;l
which has been that they ean, be easily ldentified by. the. hearer: (seeﬁr_
Chafe, 1972 __1974 Karttunen, 1968) . Such obJects may be conslderednf'
"1mp11c1tly focused " For example, 1n the ‘sequence, - .

- E: Are you u31ng the socket wrench°

.. Ar. Yes.. The socket fell off ... _ w S
"the socket has -not.. been. previously. mentioned: but . is clearlf'-
identifiable once "the: socket wrench" is identifieg..: g SRR

A problem of particular interest in resolving"references”isf
détermining where to search for referents: how far back in ' the dialogue
is it necessary to go? ' Searching the whole'brecedihg”discoursed:ma&'behf:
quite time consuming The necessity. of considering :implicitly focused

councepts. as well as those explicitly mentioned makes searching the whole]:'
dialogue. unfeasible. ' SRR L ' '

Although the time between utterances (or its analog, distance,f:
ina ext) affeets whether or° not a definite reference can be used, 1t'
18 Bot clear how much discourse can oéeur before an: object ceases *o bef}.

in- focus ‘Discourse structure’ prov1des a clue t6 the solution _+o this_'

problem.’ “In a structured discourse, both time and structure need to bes't-

taken 1nto account in resolving references.. Most language understandingf'

systems use some time measure as the sole basis fcr considering obJectsi L

as referents of definite noun phrases. _ The' system of Norman etfgl

(1975) has’ a 'concept ‘of: working emor : which could be- used to_s :

: accommodate structure, ”but"' is not. ObJects must 'be explicitly';

rementioned in order to stay in this memory - These systems have dealtfﬁ L

elther With edited text or w1th unstructured tasks.' For example, in;i

Winograd' (1971) “block | manipulation task any 1nstructicn can - beﬁf_"'

- followed by any cther ' Although there ' 1s utterance-to-utteranceff.3'

————— i

* Chafre (1972) discusses this prcblem in relation to Foregrounding
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cohesion in such discourses, there is little global cohesion. This ie: B

exactly what happens in the data base domain, too. Time providee'the
only basis of reference in such*caees, but this use of 1angﬁage is_.
atypical and differs markedly from the language people'use"in direct
communication. The examples preeehﬁed above in Section D.2 of this
chapter i1llustrate that time alone is not a sufficient determiner.
Whole segments of dialogue may be skipped over, and objects not

mentioned for a long time may be referred to by definite noun phrases, .

even by pronouns.

Examination of the references occurring.in the task'dialdgues_j
showed that references operate within subdiaiogues' .Tbat is, as long ds:

a subdialogue is open, objects introducéd into it are referred to by,

definite noun phrases. We consider these’objectsflg focus,” because the*_"

successful use of definite reference depends on the'object "peferred tdi:e
being in the focus of attention of the hearer. When a subdialogue ie}
closed, the objects inside it leave focus and require differeﬁt kinds 0?3
referencesz(unless the whole subdialogue is reopened or they are- flrst7
reintroduced in some other subdialogue). When a subtask 13 completed

the definite noun - phrases may refer to 'objects’ in hlgher level tasks.f‘

For illustrative purposes, consider the * simple tree task ‘gtricture off: 

Figure “II-13." When task T6 ~is completed; there is a return to the
focus of T2 and possibly directly to T1.  Objects that - ‘participate only*
in T or T5 are not in focus. ~Similarly, objects in T2 or TH-T6 cannot:

be directly referenced from T7. or T8. When T8 is completed, -thehe may

be a 'pop' up to T3 or Ti.

Although:- most - references can- be ‘resolved. in terms of thefe_
precedlng ‘utterances within the - subdlalogue,- ‘thig is. not of itself:
sufficient *forf'eStablishihg-“the'-existencei'Of”‘the”:segmentation_ oﬁi 
dialogueb;fESiﬁce the preceding ~utterances in the same -subdiélogueea}eiff

41s0’ the: most’becent-“uttéraﬁces;“'én“elternétivé' éxplénatibn'”éf the

reference: resolution process which is’ simpler, is: that the ‘referent is ...

the. most recently ‘mentioned obgect matching the DEFNP. The referencesfj"'”'

that  occur. after-a . subdialogue;-has: been closed.'_illustrate the?ﬂ
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T1

T4 1 1. | T _ 7 T8

Figure II-13. A SIMPLE TASK MODEL FOR ILLUSTRATING DIALOGUE POPS
ihsufficieney of this reeeﬁcj expianatien. When a. subdialegue is eloeedp_r
and focus shifts back to a hlgher level: task, the obJects in that hlgherﬁ
task get referred to definitely. even though they have not been mentlonedf :
recently.% The use of DEFNPe in’ this way. might be’ expected but the usezi.
of pronouns - for objects not recently mentloned_ls._certainly striking ;'

The. example in Section D.1.a is hard to account. for if;task,and;dialogue;i

structure are ignored.

Cvvo A osecond indleation of the nece331ty of considering structuree_'
in: any referenee regolution: process comes: from the use: of plural DEFNPs.
Consider again the task structure of. Figure II- 13 and suppose that eomerf
‘bolts_iBZ ~are involved in task T2 -and: another set," B3, in task T3 {:
ThenQV even 1f some- utterance in. the end Lof the subdialogue ‘for T2,

. contalns the phrase "the bolte", any reference to: "the bolts" once T2 is“f.
elosed and: T3 opened will: be = taken:to.mean the.;set-33,~ Thie- is_trueje.
Hlth a.combination_ of-singuler'aﬁd;plureisﬁ‘alee._xSo-ifszé~inveireeféy
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single bolt, B, the phrase "the bolts" inside of T3 will not be taken to'

include .B. As  an example,. consider the. dialogue fragment in Figure
II-14.  Even though the two screws have been mentioned “within one .
exchange of the wheelpuller screw, the*pnrase7 "ihe scerew"  is totally
unambiguous.* Completion of the tightening task has closed’ one.

subdialogue and removed those two screws from focus.

How do I remove the flywheel?

E: First loosen the two allen head setscrews holding it to1-
the shaft then pull it off. ' -

A: The two screws are loose but I'm having trouble getting'
the wheel off.

E: Use the wheei'pulier;i Do you know how ﬁglﬁselit?_
Gl _r ST _. o o
”Loosen the serew in the center and place the Jaws around_- Lo

the hub of the wheel, then tighten the screw . .
Figure II-14, EFFECT OF SHIFT IN SUBDIALOGUE ON DEFNPS

: In this connection, the dialogues reveal that people aret;
sensitive to the distinction between singulars and plurals In thea'
subdialogue of Figure II- 15, E 1ndicates the ambiguity cf the phrase'
"the allen screw" by pointing out the fact that there are. two.; (Inl
addition, he 1ndicates that they both need Lo be tightened) '

- S;T'iDESCRIPTIONS..

- The previous section described the role  of structure,z as aji‘
reflection .of focus, in . the resoclution of definite. noun - phrases .In5

this section, we:., examine a: :'companion problem _.In’g a 1anguage'ﬁ"

-understanding system, the problem of generating a good description of an’

object is Just as important as the problem of identifying an obgect fromn

its description 'The linguistic description of. an - obJect muste;_

distinguish it from all others in the context of speaker and hearer in o

* The mOdlfying phrase, "in the center" adds infbrmation about where to;ﬂ
find the screw, but is not necessary to avoid ambiguity. This__may_be_

seen by’ considering the samé = dialogue fragment with “three""renlecing"'

"two™ in the phrase "two allen head setscrews" in the second utterance. :
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- E:  Check-the alignment of the two- pulleys before YOu“Eighteh"ﬁ'”'
: the setscrews . _ _ P T SRS :

Yes. I'm doing tha*_now.:-

a
~E: 0.K. . i
a: Tightenlng the, allen _screwv. now.g_
E: 0.K. Thank you.
A: That's Fln shed. _
E: By the way, there are twc setscrews P L,
Figure 1I-15. SINGULAR/PLURAL DISTINCTIONS _
order for any communica*ion to be p0331ble Eer; this reason, the"

deseriptions that appeared in the dlalogues were ‘éxamined in 'an initial’
attempt at Ch&P&CtGPlZlng the information and processes ﬁanOlVEd in

generating descrlptlons

a. SPECIFICATION

Olson (1970) has shown that the descrlption oF an ObJeCt.f
.changes dependlng onl the surroundlng obJects from which it _must beg{
dist1ngu1sheé. So ‘for example ‘the same flat round white obJect was?5 
describéd as "the round one" when a flat square obgeet of similar 31zefe
and material was present but as "the’ whlte oriet ‘Wwhen a similarly shapedl'

but black object was present. The importance of contrast: for'ﬁ

distinguishing objects is well established in vision 'research (e g.,;__[..-“

Gregory, 1966; ~ Tenenbaum; 1973; . Garvey, 1976): : Comparison of; _
differences has also played a%crﬁCialtroleg 1n computer programs thatf"
réason' analogically_é(EVQnS}'1963}'*Simi1ab ?stra*egies aref‘ used
W1nston - . T B VALV RS E PR
It is clear from. the task dlalogues and from other data;
(Freedle, 1972) that the descrlption of an obJect seldom contalns only;l'
the minimal amount of 1nformat10n necessary to B dlStingUlSh 1t.L;
Descriptions, like the rest of language, are 'redundant. (Olson, 1970, f;
p.266 --comments on- this phenomenon and on the need for further?f
1nvestlgat10n of it. ) Whaf_appears to be the case is that the speakeri
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describes an object not in the minimum number of 'bita'_ of information,.

but rather in a manner that will enable the hearer to locate the obJect.'

meant as qu1ck1y as possible _ Clear dlstinguishing features (e. g ,-_'

colcr Size and shape) are part of . a description. precisely because they
eliminate 1arge numbers of wrong objects and hence help the hearer to.

isolate the correct object more quickly. .

-The -~ use of '‘redundant  information . : (and='fnot=*justf
distinguishing information) %0 speed up the search for a referent ¢an be
easily seen from an example. If: A asks "What tooli should I :use?", the -
response,. "The red-handled one.", is not satisfactory even if_'there is”
only .one  red-handled tool - in. %the fworkstationi*_ Processing such'a’
description: requlres considering too 'many alternatives. -Although“Af
might eventually find the: tool, he would certainly question ' E's choice
of description.’ "The red-handled screwdriver' is more helpful, because’
it 1limits the search to screwdrivers. — Olson's descriptions’ were:
probably as minimal as they were' because of "the bare environment in
which the distinguishing had to be done. In giving a description that
minimizes search time (i.e., the time it takes the hearer to determine -
the referent of a referring expression), a balance must, be reached. Too
much_infcrmaticn:_is”as harmful as_too little, - since. all parts. . of the'
descrintion_must;_be processed to. make sure the obJect_iS; the_correctf
one.:_Enrthermore, the . hearer may_ncnder whether: he;is-miStakend'if he:=
thinks he has determined the. referent but there is more _description to.-
process.  Rather than. minimize  either ' just the . communication time -
(inoluding proce331ng of the description) or just the search time, the“
oombina ion of communication time and search time must be minimized.n._”
description can’ be redundant only to the degree that redundancy speedsa'
up the’ search anything further is confusing ' '

Because the goal of most descriptions in the task_-

dialcgues was to enable the hearer to locate an object the descriptionsii"

in the task dialogues were,' to 'some extent ' procedural ' Either'_'
* Even if there are only a few tools in the workstation, this'responSe_

is awkward, though perhaps satisfactory.
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1mplioltly or expllcltly, they descrlbed how to looate an’ obJeot, rather.'

than what the ‘object was in general.' For example, the response to:f

"What's a nutdriver?" ‘was "It looks like 'a screwdriver and 1s in the

yellow case by the wall, pather than the- (nonprocedural) definition
description, YA tool with a handle on one end and the end shaped to fit'
over a nut, used for tightening and loosening nuts." ~ This combination
of description of the object itself.coupled with -locational information
was quite common in response-to_questionS-(e.g.,-"Whatﬁs.an~x?");:;aIn~s“
sense, the speaker was saying, "Keep these properties in mind: andilookf
at place Y." It 1is interesting - tha%t the. descriptions of i the object
itself preceded the locational information more of%eg than followlng ity
The lcocation provides a narrowing of focus.  What is not clear . is:why
this narrowing occurs after and not before . the object properties are:
given. Poasibly, even. though narrowing. of focus. . is  useful for..
identification, . the question "What .is. an .x?" .. demands- mention of .

inherent properties of the object x. first..

. b. CATEGORIES OF FEATURES:

‘The features used in = the’ descrlptlons of obgects 1n theLj

dialogues fell into four categories: physical” oharaoterlstios, 1ocation,:ﬂ'

analogles, and function. A class nameé of the obJect always appeared 1nii-
initial introductions, but it is not inecluded in this- 1ist}“”6thefwise§s
the list = contains items used in initial introductions ‘as well as iﬁi
response to questions concerning object idehtifioa*ibn. | i
._ The phy31ca1 characterlstics of the s.objectL i£seif¥'
1noluded color, shape (often including the word "shaoe“ és:fih:“tﬁeﬂl
little half-moon shaped part"), size (elther absolute or -relative), ands_

material of which the objeot is composed (e g.,'“metal“)

e Looation, both phy31oal and 1n tlme of the obgect wereo.
ofteﬁ oseo”' Physioal looation was speoified in response to a "What's a"i :
question. Tlme referenoes ooourred when an obJect descrlption wasf'
embedded in some higher-level statement. For example, "Use. the;two“
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screws you mentioned earlier", "... the cover to the wires you were

working with earlier",

. Analogy provides a lot of information in'a’'small’ package.
It occurred most often when any other description would have -been ldﬁg:
and involved. - In'addition %o the above screwdriver example, there was

"it looks like a pocketknife", "it looks like ears sticking out", or "it'
looks like a y". ST o _

Closely related Eozanélogj is  the use of "funéﬁioﬁ":ﬁd:
describe an object. Functional déscripﬁibns also enable praséing.bﬁheft
more complex descriptions (e.g., of shape). The statement "it is uSedi_
for doing x" or "it has the right shape for doipg~ x" may be used to
communicate complex shapes and structures. The success of such
descriptions depends on the hearer's ability to determine what such an
object is like, or to pick out the objeet from a set. - The combination
of analogy and functional description often cceurs with the ‘phrase "it
looks 1like it does x" (and, in fact it does"do x!). Functional
descriptions implicitly convey this concept of "looks like" even when it
is not explicitly stated. '

Finally, there is a set bf miééeliéneous'di5£iﬁéuishing_
features that are best characterized as the absence of"something"usual.
or the presence of something atypical. For example, "[you  can tell

where it goes] by where there is no-paint", or "the side with writing on
igw, '

‘e.  PERSPECTIVE =

In order for a descrlption to work it is crucial that it”
take 1nto ‘account the hearer's point of view. The role of the hearer s;
physmeal locatlon is well established Thé well~knowu 'Emplre State”'
Building' question (you give a different answer to the questlon "Wherelﬁ
is it" to a person in Moscow and a person in New York City) illustrates_
this point In the task domain, words 1ike “1eft" and "front" muat take
into account both cancnical orientations (the front of a car is the same}'

no matter where you stand relative to it) and hearer orientation.
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‘There is alsc a  nonlocational aspect ‘of the hearer's

orientation. Descriptions must be given to a level of detail'pertinent -

for_the hearer's skill level. Concepts unfamiliar to the hearer may be
introduced, but they must be explained in terms familiar tc;him;
Indications of such sensitivity to user skill in the dialogues came both.
from the level of detail of task described and from the description of
parts and tcols.. These are evident in the differences between naive -
apprentice and experienced apprentice dialogues. The same object might
be described differently to a naive apprentice and an experienced one._
Alternatively, one way of determining skill level is from the_
descriptions *hat must be explained or elaborated upon. '

| B

E. IMMEDIATE FOCUS ELLIPSIS

The preceding analyses have concerned how the global focus in which-
an utterance occurs affects the interpretation of the wubterance.. This.
section examines a more local aspect of focus: how the immediate focus:
of.one utterance affects the interpretation of the  following utterance;,
In particular, the use of immediate focus in the interpretation of.

elliptiecal sentence fragments will be examined

Elliptical sentence fragmente are phrases that function in context.
as full_senvences,:although they are only parts of what would constitute
a complete sentence. The use of fragmenta in.  the task dialogues was
quite different from that in the data base dialogues. 1In the data base-
dialogues, the fragments all formed part of a series of questions. In-
each case, the meaning of the fragment could be obtained by finding a
similar phrase in the preceding question and supetituting the new phrase.
for the' old. 4n algorithm for handling this kind of fragment is
presented in Chapter v. In the task dialogues, fragments occurred asj
reeponses to previous requests for information and as qualifying phrases;
on immediately preceding u*terances.' As a result the fragments' in the

task dialogue were patterned on and needed to be interpreted in terms ofn
the immediately preceding u*terance.
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The most common form of fragment used in ‘response to a request was
the one that fit into the WH-phrase of the preceding question Thia
oceurs, for example, in

E:- What tools are you using?
A: My fingers.

A's;:response. 'my fingers" matches the phrase ‘“what tools",.
Arriving at a complete utterance requires a set of standard syntactic
transformations 1like changing the "you" to an "I" and changing word
order.*® Secondly, a fragment may occur in response to a choice question;.
this 1s the case in the pair: )

E: Does the side of the pump pulley with the!hbles face

away from the pump or towards it?
- A:  Away from the pump. _ _ :
(In a sense, this is a reatricted form of a WH-question.. . The-WH~phrase_
is replaced by a choice phrase. This could be phrased as a "Which way

.« question).

The wuse of a fragment to qualify a preceding utterance "is
illustrated by the sequence -
E: Place the key in the slot.

A: Flat side upward? _ o
The apprentice is really askiné;' "Should I place thewkey in the slot
with the flat side upward?" | | |

In each of these cases, the full sentence needed to get an
interpretation of the fragment can be derived from transformations on
the preceding utterance. When fragments appear as answers to questionsz
(the first two examples), the questions themselves provide an indication_'
of where the fragment fits in. In the last example, this is not +he_
case. There is no place marked by a WH-phrase to indicate a slot for:
the fragment Instead the fragment fills an optional slot in the

sentence structure (for verb complements), which was not used in the

first utterance of the pair.

At At e Sk 8 kv

* Robinson (1975) contains a description of the transformaticns required-
to interpret this kind of fragment.. . '
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F. SENTENCE LEVEL ANALYSES -

1. KINDS OF UTTERANCES: PURPOSE AND TYPE

There are marked differences in  the  kinds of ubterances
occurring in the task dialogues and in the data base dialogues.
Syntactic differences include such things as differencés”in the number
and kinds of WH-questions and differences 1in the ratios of questions,
imperatives, and declaratives. Several of these are enumerated in
Section IV, The Language Definition, in Walker et al. (1975).
Differences occurred along two other dimensions that we will call
ubtterance purpose and utterance type. Utterance purpose refers to thef
overall reason for the utterance (e.g., to convly task information).
Utterance type refers to the form in which the utterahee conveys
information (e.g., a request or a response). It is impeortant %o
distinguish utterances along these two dimensions both for deteeting
where an utterance fits in the discourse atructure and for =etting ub'
expectationa or determining a response. The purpose of the utterance
establishes +the kind of subdialogue the utterance belongz i1in. The
utterances in the dialogues that were examined were used for three
purposesa: Lo convey task information, to convey sensory information (as
a aubaiitute for aome missing sensory c¢hamnel), and to check the
communication channel. The type tells the role of the utteraﬁce in the
subdialogue. Five types of utterances occurred in the dialdgues:_

requests, responses, reporta, imperativea, and acknowledgments.*

Almost all of the utterances in the data base dialogués are
questions whose purpose is to get ihformation'out of the data basé fthéﬁ_
being the nature of a data base query). In the task domain, thére_was é
wider variety of utterance purposes and also of utterance typés:

Utterances served three purposes. The majority were task related; they

involved such things as describing task steps, identifying parta and -

¥ An examination of other kinds of dialogues would clearly yield both
other dimensiona in which differencea occurred and other categories in.
both of these dimensions. The concept of speech act (Searle, 1969) ia
particularly relevant to the dimension of utterance purpose. '

Ly




tools, and describing progress on a task. Task specific: utterances have
places in the dialogue structure hierarchy that correspond to the
related task's position in the task hierarchy. General task-related
questions go into the dialogue hierarchy immediately below the
subdialogues they occur within. Secondly, utterances served as gensory
substitutes; these included requests from E, such as "Show me ...", and
statements by A, such as "I'm 'pointing at ...". ~ Finally, some
utterances served to establish that the communication channel was still
open, for example, the question "Can you hear me?" In addition, several
of the "O.K.s" served as channel checkers as well as providing task

information.
o . v
Of the five typea of utterances, most were reguests for

information or responses %o such requests. These included questions
about task steps, which tool to use, how a task step was progreasing,

and the answers to such questions. Often, however, information was

offered without being requested. Some apprentice utterances were
reports of progress, quite similar to answers to requests like "What are
you doing now?" but different in that they also indicate A's need to

communicate his progress. Similarly, E imperatives are quite similar to
answers to the question "What should I do next?" but convey E's feeling
of task progress rather than A's. Both - reports and imperatives are
often followed by utterances that serve merely to acknowledge that a’

message has been received. "0.K." and "Yes" often. function in this:

way.

Each type of utterance may be followed only by a subset of thef
other - types, as  shown - in Figure II-16. (The two 'apecial!? entries
are described below). Responses are an exception: they may be followed
by an utterance of any type. This is a  reflection of the fact that'a
response is a local - closure. (Correspondingly, the table shows that a
request can be - preceded by any of the utterance types, reflecting the
local opening aspect of requests.) -Imperatives-and 'report3 nay be
followed by either acknowledgments or combinations of  an acknowledgment

and a request. In the 1latter case, if the request immediately follbWs_
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Figure II-16. ' CORRESPONDENCE BETWEEN UTTERANCE AND' REPLY TYPES =

the imperative or report, the acknowledgment is Iimplicit and: may be
omitted. Typical requests following imperatives involve quesations aboubt
parta of the task; typical requests following reports inveolve checking
that some subtask has been done correctly. Reporis may alsc be followed

by imperatives. Agaln, the acknowledgment is implicit.

With one exception, requests and responses come in pairs. In
the usual case, requests are followed by a reaponze. The response may
be followed by anything other than another response... The exception (3ee-
the 'special' entries of Table 2) .occurs with embeddings of questions.
and answera as. in the dialogue of Figure II-17. In this case a:
request is followed by another request. Correspondingly, the response:
is followed by another response. Finally, acknowledgmentz may be.
followed by imperaﬁives, requests, or reports. In. a  asense, an
acknowledgment signals that the acknowledging person ia ready Lo receive:

another message.
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A: Should I put the belt on next?
E: Are the setscrews tight? - -

A: Yes.

E: (O0K)(Then) you'éan put'bn_the'belt;
Figure 1T1-17. EMBEDDINGS OF REQUESTS AND RESPONSES

Figure 1II-18 containa a segment of dialogue containing the
five Lypes of task utterancea. In this example, each of the imperatives

and reports is followed by an acknowledgmenti In one case, the

acknowledgment following the imperative is immediatély followed by a
request. In this case, the acknowledgment itself is optional. There
are gimilar examples in other dialogues of imperatives being followed by
requests for information. In this reapect, reports resemble
imperatives; although in this fragment all reports are followed only by
acknowledgments, it is also posalble to follow bthem with- requestas or

Wwith a combination of acknowledgment and request.

The utterances in the dialogues vary along another dimension
that might be called response constraint: the amount of influence an

utterance has on the form and content of the utterance_that.fdllows. It

is difficult to identify all of the factors influencing this dimension
and although many utterances are clearly marked, dihehs are neutral with
respect to 1t. Conaider the two sets of utterances in Figure II-19.
Utterance A1 i3 neutral with respect to response_:cbnétraint. Either
party could take over the dilalogue at this point; neither the form nor
the content of the next utterance is indieated;. ﬁtterahce'Bi, on the
cther hand, puts responsibility for the form of the following utterance
on E. Both utterances A2 and B2 are neutral; they are quite gimilar in
what they convey. The responses to them are quite 'different, though.
Utterance A3 exhibits strong influence over the response to it. One of
the two alternatives must be picked or some explamation of why neither

was given. The preferred response is a simple phrase choosing one of
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E: The pump pulley should be next. -
IMPERATIVE (this direction follows a report indicatlng
completion of the preceding task).

A: Yes uh does the side of the pump pulley with the
holea face away from the pump or towards it?
ACKNOWLEDGMENT FOLLOWED BY A REQUEST FOR INFORMATION

E: Away from the pump.
RESPONSE

A: All right.
ACKNOWLEDGMENT

E: Did you insert the key, i.e. ’ the halfumonn?shaped
plece?
REQUEST

A: Yes I did.
RESPONSE

E: Be sure and check the alignment of the two pulleys
~ before you tighten the setscrews.
IMPERATIVE

A: Yes I'm just now fiddling with that.
ACKNOWLEDGMENT FOLLOWED BY A& REPORT

B: 0.K.
ACKNOWLEDGMENT

‘A: Tightening the allen serew now.
REPORT

E: 0.K. Thank you.
ACKNOWLEDGMENT -

A: That's finished.
REPORT
- Pigure II-18. UTTERANCE TYPES IN A SAMPLE DIALOGUE FRAGMENT

the two optiona. Utterance B3 is harder to classify. It does not seem
entirely neﬁtral since it' ihdicatea ﬁo choice or'_ narrowing_ of:
alternatives by A but it 13 not as clearly an abdicatlcn as 1is Bi.
Imperatlves and yes/no questions exhibit strong influence over the form

of responses Lo them.
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Set A:

—
p 2]

I've finished installing the strap.
2. E: The pump pulley should be next.

3. At Yes uh does the side of the pump pulley with
the holes face away from the pump or towards
it? '

Now what should I do?
2. E: Install %the pulley on the shaft.

What is the first thing to do in installing the
pulley?

Figure II-19. TWO Sﬁ%%baﬁsglébﬁggﬁAEB%GMENTS FOR COMPARING

Set B:

—_—
.

Subjective.evaluation of the dialogues in&iéates the lack of
respbnae-constraining utterances from apprentices who were unsure of the
task, and a higher presence (and more constraints) in the dialogues with
experienced apprentices. Before this kind of information can be
utilized in a language understanding system, more analysis is needed
both on how the information is conveyed and how it is used. That the
information is impertant is clear since it provides one indication to

the hearer of the extent of the speaker's knowledge about the problem.

2.  LEXICON

Apalysig of the words occurring in the dialogues is necessary
to determine both +the size of lexicon and the breadth of concepts
present. A description of the kinds of words found in the data base
dialogues may be found in section IV, The Language Definition, in Walker
et al. (1975) 1In this section of this report, only the task-oriented
dialogues will be considered. In the following analysis, different
forms of the same root were not distingulshed. For example, "bolt",

"holted", and "bolts“ were treated as identical

One of the most interesting results' was  that 'only 520
dlfferent words occurred in the four core dialogues. (There were
approximately 8000 words in the dialogues -- not including occurrenceas

of the articles "a" and "the"). Malhotra'a (1975) results confirm our
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finding that only a small number of words seem to be required for
compunication In a limited domain.  This finding is different, but not
inconsistent with, the underlying tenet of Basie English,  Basic English
maintaina that a small number of words are sufficient toe convey any
idea. Our results suggest that, " in a given discourse context, even if
people are allowed unrestricted use of language, they will use only a
small number of words.

Of the 520 words occurring in the four core dialogues, only
100 are used more than ten timea. Although this suggests that most of
the communication is achieved by a small core lexicon, it is important
to realize that many words occurring only once or’tyige are crucial to
conveying events that occur and objects that are used only a few times.
Examples are "clamp" (as in ‘"elamp the cylinder head ecasting ...") and
"lockwasher", Half of the words ére unique to a particular dialogue.
Many of these words are simple differences in expreasing similéf
concepta. For example, "slip" was used only in one dialogue (in "The
aftercooler is too long to slip easily into place"); other dialogues
used "slide" to convey similar situationa. In contrast, 90 words occur
in all four of the dialogues. Of these 90, T4 are among the 100 words
uaed more than ten times. A list of these 90 words appears 1in Figure
11-20. The starred words were used fewer than ten timed.  Since the
number of different words in each dialogue ranged from 236 %o 303,
approximately one-third of the words in each dialogue occurred in each
of the other three dialogues as well. If the dialoguesa are geparated
into pairs according to task, then the pairs in each grouping share over
half of their words (142 and 154). These results suggest both a large

overlap in concepts, and a large variety in how concepts are expressed.

The two 'naive apprentice' dialogues share 60% of their words.
Correspondingly, only 20% of the words in each o6f the naiﬁe apprentice
dialogues are unique to that dialogue. The other two dialogues each had
approximately 30% unique words.

If we add a Ffifth dialogue to the analysia that covered a
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a #zgain all allen *alao and at back

be belt bolt box by can do *eagy
¥enough *fit from get go good *hand  *hard
have hold how I if in it Jjust
key know ¥1ike *long looze  ¥*more motor no
not now of off ok on one or
out *over place plate please pulley pump put
serew  see ¥3eem  should show alide 3o ¥zome
tank that the then there they tight to
top ®Loward turn two up use way we
what ¥*when where which will with *york  wrench
you yes

Figure II-20, WORDS OCCURRING IN ALL FOUR DIALOGUES

y -
different task but also used an inexperienced apprentice, similar

results occur. The number of different words increases to from 520 to
580. Again, over half of the words are unique to some particular
dialogue. Only 61 words are shared by all of the dialogues. These
words, grouped by category, appear in Figure II-21. If we conzider
the three naive apprentice dialogues, the number of shared words is 88.
Twenty-six of these worda, listed in Figure 1I1I-22, are missing from
at least one of the experienced apprentice dialogues. The words shared
by the naive apprentice dialogues suggest two characteristics of these
dialogues. First, words applicable to low level &%ask descriptions
(e.g., specific simple tools, like screwdrivera) get used more often in
these dialogues, because more low level tasks get talked about. Second,
the presence of "thing" and "tool" on the list suggest that extremely
general terms are alsoc more likely %o occur, probably because more

apecific ones are not known to the naive apprentice.

It 1is dangerous to generalize from such a 1limited sample;
speaker idiosyncrasies cannot be filtered out. However, there are some
clear trends, giving indiecations for system bullding and suggestions for
future studies. Approximately 140 of the words in the dialogues were
task-dependent words; as the task shifts, the need for these words
changes. Although the overlap of words is interesting, it is important

not to ignore the large number of words that are unique to some one of
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AUXILIARY AND PRO-VERBS
be can do have should will

DOMAIN-RELATED WORDS

bolt box it g0 hold place
plate pump put show tight top
turn use

FUNCTION WORDS

a also and by from how
if in noe not now of
on out over 30 that the
then there Lo up . what when
which with
. -
MISCELLANEOUS
good just like ok one please
aee two way yes
PRONOUNS
it they

SPEAKER/HEARER IDENTIFIERS
I we you

Figure II-21. WOERBUQESUB§IHEiEHOﬁ§L FIVE DIALOGUES,

align around both" ' bottom but
down . end face first groove
hammer metal onto other remove
right round serewdriver shafi aside
slot socket sure take thing
took wheelpuller

Figure TI-gaosHARRR FY LhkolA3YE SETRANTORERHLOUES BUT

the dialogues. The overlap means that, for a given task, a relatively
amall pumber of words (significantly fewer than the 1000 often taken as
a benchmark for a computer language underatanding aystem; e;g.,'aeé
Newell et al., 1973) will suffice to cover almoat all of what almost
every speaker says. The ‘'unlque words' indicate that although wmany of
the concepts being expressed by the performers of the task are the same,

there 1is a wide variability in just how to express thoae concepts.
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Analysis at the lexical level is important, but it must be used in
conjunction with higher-level ayntactic, gzemantic, and discourse

analyses.

G. MISCELLANEQUS OBSERVATTONS

There were several areas that are important for uﬁderstanding the
choices made in generating an utterance and the information conveyed by
that utterance but for which only limited data are available from the
dialogues. There were clear indications of the influence of one speaker

on ancther, differences in formality, and influence of apprentice skill

level. .
»

One question of importance in constructing natural language-
understanding systems is the influence of the system's output on the
language with which it has to deal. For example, how the form in which
the system asks a question influences the form of the reaponse. Since
only two different experts were used in the task dialogues, only one of
whom worked with more than two apprentices, it is hard to conclude much
from the dialoguea. Still there are indications that apprentices adopt
the experta' language. Adoption of common names iz the most frequent
example. "The half-moon shaped piece" gets referred %o as "the
(woodruff) key" once the name is introduced by the expert."Similarly
"the screws holding the pulley on" become "the (allen head) setscrewa".
The transference may be from the apprentice to the expert as well. In
one dialogue with an experienced apprentice, the expert adopted terms

(such as "presaure register") used by the apprentice.

One of the confeounding factora in determining language influences.
is that in the case of two of the dialogues, the apprentices thought
that the expert was a computer. In both, the apprentice's language is
more ‘'formal! than in the other dialogues, In the dialogue in which the
apprentice is most formal, the expert's responses are more formal. It
iz not clear in this case how much of the difference is due to the

expert's speech and how much to the apprentice's preconceptions about
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what a computer could understand. Although there are clear differences

between the computer-expert dialogues and the others, it is hard to

point at exactly what aspect of an utterance makes it seem more formal.
For example, the utterance,

"Is it correct that the atrap is attached to the pump by one
of the cylinder head bolts?"

oeems more formal than a queation that starts simply, "Is the strap
...", Similarly, "I've finished attaching the tubing to the elbow." is
leas formal than "The elbow and tubing inatallation is completed.® .
Unfortunately, there are too few data here to decide what 1a speaker-
idiosyncratic and what comes from preconceived notions of computer
capabilities. Still, there are enough indications’of differences when a
computer is thought to be a participant in the dialogue %o mark this az
an important area for atudy. Furthermore, although the apprentices
thought they were being helpful by being more formal, in facit the
reasulting sentences often were more complex and would have been harder

for a computer language underatanding syatem to process. However, it is
possible that such differences would disappear after repeated exposure

to a system that understood natural language.

Experts' instructiona to apprentices varied according to the
perceived skill 1level (previous knowledge ‘about similar tasksz) of the
apprentice. In almoat all cases, the expert did not know initially.how
skilled the apprentice was. Although the first few inatructions to all
apprentices were guite gimilar, subsequent instructions varied
subastantially. Not only was the amount of detail presented different
but alsoc the way in which instructions were given. Dialogues with
inexperienced apprentices contained more requests and fewer spontanecus
reports. In the dialogues with more experienced apprentices, there were
more imperatives that checked that steps had been done and fewer giving
directions. The clearest example of an expert moderating his
interactions as he determines the skill level of an apprentice is in a
dialogue with an experienced apprentice. Up +t6 a particular point in
the dialogue, most of the expert's utterances are directions or answers
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to requests. Then the expert starts to give a direction and changes his
"tone'. He types
"OK. Tig XXX OK. Make sure ... are tight.t

The XXX indicates an erasure to the monitor. The expert changes from
directing the apprentice to perform a step {i.e., tighten the bolts) to
asking him to check that the step has been done. The change indicates
that the expert needs to know the satep has been done rather than that he
thinka the apprentice needs %o be told what to do. The important
queation for buildera of computer systems is what information the human
expert i1s using to base his impressions of 3kill level on. There are
clearly several factors involved. A comparison of the few dialogues we
have collected indicatea that the apprentice's terﬁiﬁology, the level of
detail of instruction the apprentice asks for, and the apprentice's own
indication of skill level contribute. More data need to be collected
and examined to determine how skill impressions are transmitted and

generalized.

Finally, there were a few examples in the dialogues of the kinds of
ambiguity that people are and are not willing to tolerate. For example,
the phrase ™allen bolta™ in the context of attaching the pump pulley was
accepted as meaning "allen head screws'". Quite often the use of "nut®
and "bolt" interchangeably was accepted, but in the dialogue of Figure

II-23 the misuse of “bolt" is not acceptable s3ince it causes

confusion about which task is being done.
A: 3Should I unscrew at the %op of +the airhose or at the
bottom and which of the bolts at the bottom?
(by bolta, A means nuta)

E: Loosen the plpe at the tank (bottom) end and unscrew it
completely at the top end.

A: End of what, the pipe or the bolts?
("bolta", really nuts)

E: We're working on the pipe now. Don't worry about the
bolta yetb.

Figure II-23. BOLT/NUT CONFUSION
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H. CONCLUSTONS

The purpose of this part of the reaearch waas to determine the scope
of discourse phenomena in dialogues with computers, and te provide a
baslis for d1nitial attempts to incorporate discourse capabilitiez in a
language underatanding system. Dialogue analysis is an important tool.
Cloze examination of a gaingle dialogue reveals a mulﬁitude of language
phenomena that present problems for current language underatanding
syatems. However, it would be a mistake to look only at a zingle
dialogue, because it is not possible to separate out idiosyncratic
behavior. Performing statistlcal analyses on a large variety of
dialogues suffers from the opposite problem; it ignores the variety of
language phenomena by concentrating on simi;a;ihies. It asecenms
particulariy appropriate to focus the analysis on a small number of
features by collecting several dialogues on similar tasks. In examining
dialoguea, the emphasis can be either on different ways of expressing
the same idea (e.g., how different people describe the same complex
operation) or on different wuses of the azame linguistic device (e.g.,

what kinda of conjunction appear).

The dialogue analyses reported here provide some initial data on
the characteristics of language that occurs in task-related
communication between a person and a computer. There are many
dimensions along which much further analysia must be done. For example,
further research is needed on the operation of focus in other tasks with
different degrees of structure, the influence of one speaker on another
(from word choice to the form of response), and how people handle
ambiguity and error. The developument of strategles for generating
deacriptions and resolving ambiguitiea in a language understanding
system can be alded greatly by examining succesaful and unsuccezaful

occurrences of Lthese phencomena in natural communication.
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III  FOCUS SPACES: A REPRESENTATION OF
THE FOCUS OF ATTENTION OF A DIALOGUE

CONTENTS:
A. Introducticn
B. Partitioned Semantic Networka
C. Focus Spaces -- A Representation of Expligit Focus
D. Implicit Focusing Through a Task Representation
E. Network Structure Matching
F. Matching in Focus

1. Examples of Focused Matching

2. Special Use of Focus for DEFNP Resolution
G. Extensaions

1. Derived Information and Forgetting

2. Differential Accesas and Description
H. Summary

A, INTRODUCTION

This chapter describes a representatidn for foéus in a language
underatanding system. The representation highlights that part of the
knowledge base relevant at a given point in a dialogue by grouping
together those concepts that are in Lthe focus of attention of the
dialegue participants. The representation has several distinguishing
features. It 1is designed so that the structure of the dialogue (see
Chapter II, Section D.2) can be represented and used in discourse
proceasing. It is 1linked with representationa of asscciated task
situations. Finally, the repreaentation has the potential for two kinds
of extensions that are important to natural language understanding:
focusing on different attributes of the same object under different
circumstances and forgetting information no longer relevant to a

discourae.
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To meet the focus requirementa of diacourse degeribed in
Chapter II1, a focus representation must satisfy the following four

eriteria:

1. separatea out relevant part of knowledge representation
2. dynamically changea with the discourse.

3. accounts for jmplicitly focused itema.

4. provides for reinvoking old foci of attention.

Criterion 1 indicates the most important function of the focus
representation: to separate the baslc knowledge bhase (i.e., the encoding
of that portion of the world the asystem knows about) into 3subparis aso
that those 1items relevant to the current discourst .are distinguished
from all other items. The focus representation must highlight those
items in the knowledge base that are relevant %o the current discourse.
This highlighting enables the system to access more important items

firat in its retrieval and deduction operations.

Criterion 2 reflects the dynamic nature cof discourse. Aa
successive utterances in a discourse are interpreted, the items in focus
change. Shifts of focus occur both gradually with time and more
drastically with change of topiec. In addition, net only the objects in
focuzs, but alaso the particular way of viewing them can c¢hange. For
example, a doclor can be viewed as a member of the medical profeasion or
a3 having a role in a family.

Criterion 3 reflecta the fact that focusing on a concept entaila
focusing on other closely related concepts (see Chapter II, section D.4;
also Karttunen, 1968). Specific mention of an object brings not only
the object, but also certain associated items, into focus. For example,
menﬁion of "the house" brings into focus such associated objects as "the
roof", "the living room", and "the owner". Parts of actions as well as
cbjects may enter focus in this way. For example, "sewing a dreas"
brings inteo focus "cutting out the skirt." The focus representation and.
the processea that use it muat account for these implicitly focused.
item3 as well as explicitly focused ones.
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Criterion 4 is necessary because reference may be made to a focus
sltuation that was in effect in the paat (see Chapter II, section D).
Although it is poasible to conalder reconstructing the situation (or, at
least, conatructing the most probable aituation) from general
information (and people may do this rather than actually recalling the
situation directly), this would entail a substantial amount of

computation and would introduce the posaiblity of error.

This chapter describes a focus representation that satisfies these
requirements (discussion of the shift mechanisms for Criterion 2 is
postponed to Chapter V). The repreaentation is divided into two parts;
one part corresponds to explicit focus, the othgr_tg implicit focus.
The explicit focus data structure contains those items that are relevant
to the interpretation of an utterance because they have participated
explicitly in the preceding discourse. Implicit focus consists of those
items that are relevant because they are closely connected to items in
explicit focus. Concepts that are impliecitly focused are separated from
thoge that are explicitly focused (i.e., they are not simply added %o
the explicit focua data structure) for two reascns. First, there are a
large number of implicitly focused items, many of which are never
referenced in a dialogue. Including these items in the explicit focus
data structure would clutter it, weakening its highlighting function.

Second, references to implicitly focused items are considered as
indications of shifts of focuas.

The focus representation presented here uses the partitioned
network formalism developed by Hendrix (1975a,b). Section B gives a
brief introduction to partitioned semantic networks. Sections C and D
describe how focus may be represented using partitioning. In a computer
system with a network based knowledge representation, the analog of the
human process of identifying and retrieving an item from memory is
identifying a plece of network structure. The c¢central process is
matcehing of network structures. Section E describes the general process
of atructure matching. Sectlon F deacribes how focus 1a used to

constrain the matching process. The representation of explicit focus
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waz implemented and uased in the SRI'épeech understanding system. The
representation of implicit focus 1ia designed, but has not yet been
incorporated in a system. Section G describes several extensions to the

implemented procedures.

B. PARTITTONED SEMANTIC NETWORKS

A semantic network is a directed graph: a set of nodea and a set of
(labelled, directed) ares connecting pairs of those nodea. Networks
have been used in several previous language understanding systems (e.g.,
Quillian, 1968; Simmons, 1973). Conventions about the use and meaning
of nodes and ares vary. The networks described hege.use the conventions
of Hendrix (1975a,b): nodes are used to represent objects, where gbject
includes such things as physical objects, events, relationships, and
seta. Arecs are used only to encode those binary relationships that do
not change over time,. Most arcea encode element, subaet, or case
relationships. Figure III-1 shows a sample semantic network. The
node 'UNIVERSAL' represents the set UNIVERSAL, the universal set of all
objects. (Single quotation marks denote node names.) The 8 arc from
'PHYSOBJS', the node representing the set of all physical objects, to
'"UNIVERSAL' indicates that the set PHYSOBJS is a subset of the set
UNIVERSAL.  Similarly, the & arc from 'BOLTINGS' to 'SITUATIONS!
indicates that BOLTINGS, the set of all bolting operations, is a subset
of the get of all situations. The e are from 'B1' +o 'BOLTINGS!
indicates that Bt is an element, or particular instance, of the set of
all boltings. The other ares emanating from 'B1' indicate that this
particular bolting took place between times Tt and T2 and involved
bolting the minor-part OBJ1 to the major-part OBJ2 with the bolts and
nuts in B/N1. The de arcs from 'OBJ1' and 'OBJ2' to 'PHYSOBJS' indicate
that OBJ1 and OBJ2 are distinct elements of the set of physical objects.
The e arc from 'OBJ3' to 'PHYSOBJS' indicates that OBJ3 is also a member
of that set although not (necessarily) distinet from OBJ1 and OBJ2.

(The mutually distinct aspect of de arca, and their analog for subsets,
ds arca, is used in the matching process.)
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Figure III-1. A SAMPLE SEMANTIC NETWORK

Partitioning adds to the atructure of a semantic network by
segmenting the nodea and arcs of the network into subnets called spaces.
Hendrix (1975a,b} introduces the notion of network partitioning and
describes its use for encoding quantification, abstraction, and
hypothetical worlds. In addition %o separating the nodea of a network
into spaces, partitioning provides for grouping the spaces into ordered
dets called vistas. Vistas are typically used to reatrict the network
entities that are seen by procedures that reference the network (i.e.,
Yo impoae visibility conatraints). A procedure, when given a vista, ean
operate as though the only nodes and arcs in the network are those
contained in some apace in the vista. Although any set of apaces may be
collected into a vista, vistaa are typlecally used to group spaces
hierarchically. The conventions adopted for figures are that spaces are
represented by boxea, a node liea on the 3pace inaide of which 1% is

drawn and an arc lies on the space inalde of which ita 1label appears.
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If the boxes representing two spaces overlap, but neither contains the

other, then the nedes and arca in the overlap lie on both apacea.

One of the uses of partitioning is to encode quantified statements
{see Hendrix, 1976). An example of the use of partitioning to encode an
implication appears in Figure III-Z2. The node 'WRENCHES' represents
the get of all wrenchea. The node 'I' is an element of the set of all
implicationz. The ante (antecedent) and conse (conaequent) arca from
'I' point at superncdes, spaces that have been given node-like
properties. The nodes and arcsa lying in the ante apace are universally
guantified; those 1in the conse space are existentlally quantified.
Thua, the node 'I' encodes the quantified state&egtf "for every WDE,
there exists ET and SZ such that if WDE is in WRENCHES, then ET is in
SHAPES and SZ is in LINEAR.MEASURES and ET is the endtype of WDE and SZ
is the size of WDE."
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Figure IIXI-2. THE DELINEATION OF WRENCHES ENCODED AS AN IMPLICATION

A particular use of 1implications that will occur in the enauing
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discussion is to represent delineating information. For any given set,
the delineating element is a hypothetical element of the set that is
used to encode propertiesa common to all real members of the aet; i.e.,
properties possessed by the delineating element are common to all other
elements. For example, in Figure III-2, WDE is the delineating element
of WRENCHES.

Figure III-3 illuatrates the aame information in a shorthand
that will be used in figures in the remainder of this report. The delin
arc from the node 'WDE! £o the node 'WRENCHES' represents the fact that
WDE i3 the delineating elemeni of WRENCHES. The properties of WDE are
the properties of the prototypical element of }hg ;et WRENCHES: all
wrenches have a size (represented by the node 'SZ'), which is some
linear measure, and an endtype (represented by the node 'ET!'). In this
particular example, there are two real wrenches, W1 and W2. W1 is a
1 cm open-end wrench. W2 is a box-end wrench; its size is not given in

the network fragment shown.

KNOWLEDGESPACE

endtype endtype
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e

Figure III-3. THE DELIN SHORTHAND
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C. FOCUS SPACES -- A REPRESENTATION OF EXPLICIT FOCUS

To encode focus, Hendrix's notion of partitioning has been extended
to allow a network %Yo be partitioned in more than one way. The nodesa
and arcs are separated into different sets of segmenta for different
purposes. In particular, in addition to partitioning the network to
encode quantification, it is also partitioned to encode focus. The

former partitioning is referred to as the logical partitioning and is

represented by dashed lines in the figures in this report. The latter

is referred to as the foecus partitioning and 1is represented by solid

linea. The spaces in the focus partitioning are used to highlight items
that become focused in a discourse. The focus spacgs are related 1in a

hierarchy that reflects the structure of the discourase.

A3 an example, consider the network portrayed in Figure III-H.
The network is divided inte four apaces, S0, 31, S2, and S3. Space 30
groups together the nodes representing EXCHANGES (the set of all
exchange situations), ATTACHINGS, BOLTS, PUMPS, and PLATFORMS (the sets
of all attach operations, bolta, pumps, and platforms, respectively).
Space S1 contains a apecific exchange, represented by the node 'EX1!
(node names are enclosed in single quotes), in which the set of bolts
represented by the node 'B1!' is exchanged for the amount of noney
represented by the node '$1'. Space S2 contains a specific attaching
operation, A1, of the minor part PU1 and the major part PL1. Space 33
alsoc contains the specific attaching operation A1, but it shows this
operation inveolvea the specific set of bolts, Bi.

The hierarchy of spacea in Figure I11I-4 i3 shown by the heavy
arrows between spaces. Each apace is asscciated with a particular vista
that ia the orthodox vista for that space. In the example, the orthodox
vista asaceclated with each space S is composed of the space 3 itself and
all spaces +that can be reached from 3 by following the heavy arrows.
For inastance, the orthodok vista of S0 is (S0) and the orthodox viasta of
33 1s (83 352 30).

The visibility constraints that result from this partitioning may '
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Figure III-4. A SAMPLE PARTITIONED SEMANTIC NETWORK

be seen by considering different views of the bolts B1 and the attaching
operation Al. B1 is shown as taking part in two different events. A1
is a single operation shown at two different levels of detail. From the
vista (S1 S0), the set of bolts B1 are seen only %0 be involved in the
exchange EX1. However, from the viata (S3 S2 S0} B1 are seen a3 the
fastenera in the operation of attaching PU1 to PL1. The two vistas give
two alternative views of Bl. A similar situation occurs with A1. From
the vista (S2 S0) A1 is seen only as an attaching between %two parta,
with the fasteners left unaspecified. When S3 is added as the bottom

gpace in the vista, A1 is seen to involve the specific fasteners B1.

The focus partitioning wmakes it possible to highlight the
particular way of looking at a concept that is germane to a glven point
in a dialogue. When the same object enters the dialogue twice, in two
different subdialogues (e.g., a tool used in two distinet subtasks), the

node corresponding to that object will appear ip two distinet focus
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spaces. If different aspects of the object are focused on in the two
aubdialogues, different relationshipa in which the object participates
will be in the two focus spacesa. For example, in Flgure III-4, B1 is
focused on in S1 as a part of an exchange. In contrast, in S3 i1t is

focused on as part of an attaching operation.

The main reason for providing the ability to focus on different
attributes of an object is to allow differential access Lo the
properties of the object, and hence Lo order the retrieval of facts that
are derivable about that object. Differential access is important for
events and relationships as well as for physical objects. For example,
when quilting is considered as a kind of sewing,_ Fhe subactions of
cutting and pinning are accessed first, but when quilting is considered
as a social gathering, then the subactions of talking and eating are

meore important and selected first.

There are two rules governing what 13 contained in a focus space.

First, if a concept iz in focus, type dinformation about that concept

must alsc be in focus. This information indicates the aspect of the
concept being focused on. It provides the key index to additional
knowledge about the concept. In the network repreaentation, this rule

corresponds Lo requiring that every node in focus have one ocutgoing
element or subaet arc alag in focus. Second, if a concept's
participation in some aituation (e.g., a book'a being the object of an
owning relationship) is in focus, then the aituation itself (i.e., the
particular owning relationship) alsc must be in focus. In the network
representation, this rule correaponds t¢ requiring that the from node of

any f'ocused case arc be in focus.

New focus spaces are created as the focus of a discourse shifta.
At any point in a dialogue, only one focus zpace i3 active, but several
may be counsidered open. The active focus apace reflects the focus of
attention at the current point in the dialogue. . The open focus spaces
reflect previoua active spacesa 4%hat contain some unfinished toples and

hence may become active again; they are posaible areas to which the

66



dialogue may return. The - relationship between focus 3pacea 1is
determined by (and hence reflects) the structure of the particular
diascourse belng processed. For task dialogues, the task hierarchy
provides a framework for this structure (see Chapter II). When a focus
8pace 1is first created, it ia considered open. The focus space isa
closed when an utterance indicates a shift to a new topic (in the task
dialogues, this corresponds to a shift of task). Chapter V discuases
some strategies for shifting focus and deciding when to close a focus
apace. A closed focus space records where the focus of attention was at
some previous point in the discourse. The combination of all focus
spaces for a dialogue together with a time line records the shifts of
focus in attention over time of the dialoguer " At any point in a
dialogue, zeveral focus spaces may be open. Although exceptions occur
in npaturally occurring dialogues, in the remainder of this report,
multiple openings are reatricted to spaces that are related in a strict
linear hierarchy. That i3, there is a top-most focus space and each of
the other open focus spaces 1is the child of precisely one focus space.
The hlerarchy of currently open focus spaces is called the open focus
space hierarchy.

D. IMPLICIT FQCUSING THROUGH A TASK REPRESENTATION

The representation of implicit focus requires a decision about what
information associated with a concept should be put in focus when that
concept is introduced. The bounds on this information depend on the
knowledge and expectations about the concept that are shared by speaker
and hearer (see Karttunen, 1968; Maratsos, 1976). The tradeoff between
how much information to aasociate with a given concept and how many
levels of associations to consider for implieit focusing must be
reaolved. In general, these problems entail basic issues about

representation. They will be addressed here only asa they occur for
eventa.

For physical objects, the subparts of the object are among the
concepta that must be implicitly focused when the object is in focus.
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For eventa, the aituation is somewhat more complicated. The direct
analogy of subparts of an object is subevents of an event. However, the
participants in the subevents of an event are alsc implicitiy focused.
The following dialogue fragment illustratea this point.

S: Attach the lid to the container.
R: Where are the bolts?

The astatement S implicitly focuses on the bolts involved in the

attaching as well as the subevent of fastening the 1id down.

To enable implicit focusing on both the subevents and the objects
involved 1in them, the representation of an event indicates both its
subevents and the participants in its subevents. Figure 1II-5 shows
a network representation that accomplishea thia Por - the task step of
attaching a pump to a platform.* The logical space KNOWLEDGESPACE, only
part of which ia shown here, containa representations for all items in
the knowledge base. The set of ATTACHINGS.PUMP.PLATFORM is shown to be
a subset of all  ATTACHINGS. The delin arc from YAPP! to
'ATTACHINGS.PUMP.PLATFORM' indicates that APP is the prototypical
element of the set of such attachings (see Hendrix, 1975a,b for a
discussion of delineations). The two nodea 'APP' and 'APPD' together
with the other structures inside the delineation space, DS, describe the
nature of events in which a pump is attached to a platform. APP relates
the participants in the event. The outgoing arcs from T'APP' indicate
that these attachings involve a minor part, which is an_element of the

aet PUMPS, and a major pari, which i1s an element of the aset PLATFORMS.

APPD  is the event deacriptor for APP. It relates the
preconditions, effects, and substeps of the event. The two constituents
of APPD that are mosat relevant here are the plot space and the binding
3pace. The plot space, PS8, containg the breakdown of APP 4nto twe
subateps, S1 and S2, specifying a POSITION operation OP1 and a SECURE
operation OP2. The suc arcs Indicate 3auccessor links between substeps.

(Although not shown here, the representation allows for partial ordering

* This repredentation has been developed jointly with Gary G. Hendrix
and Ann E. Robinson.
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Figure III-5. EVENT ENCODING SHOWING IMPLICIT FOCUS
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of aubstepa, as in Sacerdoti, 1975). The binding space, BS, contains a
set of four bolts that take part in the securing substep. When the task
step of attaching a particular pump to a particular platform is in
(explicit) focus, then the corresponding substeps for St and S2 and the

set of bolts in the binding apace are conaidered implieitly in focus.

In general, the binding apace contains all of the participants in
any subevent that are at too low a level of detaill to be mentioned
explicitly as participanta in the main event. The implicit focus for an
event conaists of the viata of the plot space and binding space and thus
contains both the subevents and the participants in those subevents.
Because more inferencing is required if more 1§v§1§ of asacciations
(e.g., deeper levels of the task hierarchy) are referenced, when
retrieval requires a search of implicit foecus (e.g., the concept sought
is not in explicit focus), a breadth-firat search is done. Subconcepts
of all relevant concepts are examined before any sub-subconcepts are

examined.

Implicit focus 13 wused for the interpretation of both object and
action references (cf. Rieger, 1975; the impilicit focus of the task
representation provides the same task context as conceptual overlays).
For example, if the current task is attaching the pump to the platfornm,
then "the bolts"™ refers to the bolts that participate in the securing

operation and "put" refers to the positioning subevent.

E. NETWORK STRUCTURE MATCHING

The retrieval of items from memcry is one of the most frequent
operations any knowledge-based system musat do. In a asystem with a
semantic network knowledge base, the central process involved in
retrieval ias matching a network fragment containing variablea with the
knowledge base. This matching procesa typically entaila considerable
search that 13 guided only by local constraints. 4 major use of the
focus repreaentation is %o constrain the asearch on the basis of
discourse information. In this paper, the system component that
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performs this matching proceas will be called the matcher. Fikes (1976)
deseribes in detail how this component works.* Only enough detail will
be given here to elucidate the need for and the role of the focus

repredentation in this proceas.

Structure wmatching in the memory repreasentation is the basic
process involved both in resolving DEFNP3 and in finding the answer to a
question. These two problems are related: DEFNP resolution may be
viewed as finding the anawer to a simple "what is" quesation. For
example, finding the wrench referred to by the phrase "the long-handled
wrench" is the same as answering the question "Which wrench is long-
handled?" or (at 1least for one interpretation) fWhat iz ‘the long-
handled wrench?" Note that DEFNP resolution ma; iﬁvolve identifying
nodes representing actions (e.g., the node corresponding to "the
teating" in "the testing took three days®™) as well as nodes representing
physical objects. Although most of the examples in this chapter are

DEFNPs referring to physiecal objects, the procedures deseribed also
pertain to these other uses of matching.

The matcher works with- two (logical) vistas: a QVISTA (question
vista) and a KVISTA (knowledge vista). The QVISTA is a set of apaces
collectively containing a piece of network for which a matech is sought.
The KVISTA represents the set of all knowledge in which the mateh is
acught. For example, when the matcher is called as part of the
procedure for reaolving a definite noun phrase (e.g., the red bolts),
the QVISTA is a piece of network atructure that describea the object
referred tc by the noun phrase, as it is described by the noun phrase
(i.e., for the example, a net atructure for a subset of bolts that are
colored red). The KVISTA is the whole knowledge base. The match of the
QVISTA = fragment to the KVISTA corresponds to finding a real object
(i.e., an object that ‘texista' in the knowledge base) that can be
described by the definite noun phrase.

In the proceas of arriving at a match, the matcher binds each item

* In the SRI speech understanding system, this component was implemented
by Richard E. Fikes and was called the deduction component.
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(i.e., each node and are) in the QVISTA to 'an element of the KVISTA.
Two kinds of decisions affect the amount of computation done in arriving
at a match. First, at each step of the match, an item muat be selected
for matching from the QVISTA. The order of selection influences the
efficiency of the matching computation. Second, once a QVISTA element
is selected, the matcher must select an element of the KVISTA for trial
binding to the QVISTA element. In general, there are many candidatea

and only local information iz available to guide the selection.

For example, _consider Figure III-6 which portrays the QVISTA
correaponding to the DEFNP, "the 1 om wrench" and a sampie KVISTA., The
matcher must determine that node 'WP' matches node"y3'. In the proceas
of arriving at this match, it matchea the arc WP--size-->lem with the
ar¢ W3--size-->tem and deduces that W3 1is an element of WRENCHES by
following +the e arc from 'W3' to 'WS' and the 3 arc from there to
'WRENCHES'. As a result of making thls deduction, a new arc W3i--e--
>WRENCHES is added to the KVISTA and the QVISTA are WP--e-->WRENCHES i=
bound to this newly deduced arec. This chaining of e and s arcs 1is the
simpleat kind of deduction. More complex deductions arise from
delineation elementa and theorems in the knowledge base. An example of
the firast kind of decision in this match is the choice of looking firat
for a match for the arc WP--e-->WRENCHES or for a match for the arc WP--
size-->1em. An example of the second kind of decision is the choice
between the candidate arcs W3--size-->1cm and Bl--aize-~>1cm a3 a match

for the arec WP--aize-->1cm.

Each binding of a QVISTA and a KVISTA element is only tentative.
Firat, side effects of the hinding muzt be checked. For example, if a
node ia bound, the matcher must establish that unbound element or subset
arca in QVISTA from that node are consistent with the arcs in KVISTA.
The match will be carried further only if such conasistencies hold. Even
a0, the binding may be rejected later if a match of the remainder of the
QVISTA is not found. Hence, the number of bindings attempted is a
significant element of the cost of arriving at a match. Optimally, for
both kinds of decision, the matcher will choose the moat constralning
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Figure III-6. A SAMPLE KVISTA AND QVISTA

element. In an unfocused matech, the choice can be made only on the
bagis of 1local structural information. For example, in the match of
Figure III-6, the choice of whether to bind the e arc or the size arc
from 'WP' first i3 made on the basis of whether the number of e arcs
into 'WRENCHES' is smaller than the number of size area inte 'lem'. In
essence, the matcher chooses between trying to find the wrench that WP
matches or the 1 cm object that WP matches. It makes this choice on the
basis of whether there are more wrenches or more 1 cm objectas in the
knowledge base. One of the goals of the focus representation is to

guide these match decisiona on the basis of discourse information.

F. MATCHING IN FOCUS

The focus representation is used to order the candidates considered

for binding by the matcher. The term focused match is used to dencte

matches that are constrained by focus. Focusing on certain concepts
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(both nodes and arcs) constrains the matcher to conasider only objects
germane to the dialogue. Since ares provide indices from focused items
into general network (KVISTA) information, focusing on an arc also
guides the matcher in eatablishing properties about nodea being matched.
That 1is, focused arcs provide a means of differential access to
unfocused information. Using the ares in focus for differential acceas
does not rule out considering a concept differently than it has already
been portrayed. Instead, it ordersa the way in which aspects of the
concept are to be examined in looking for new (to the dialogue)

information about the concept.

When a focused match is requested, the m@bpher is passed two
arguments in addition to the usual QVISTA and KVISTA: a focua viasta and

a forced-in-focus liat. The focus vista represents the set of nodes and

arcs considered to be 1n focua. Different calls on the matcher are made
for explicit and implicit focus matches. For expliecit focua, the focus
vista may be either the active focus space alone, or the entire vista of
open focus apaces. For implieit focus, the focus viata is the composite
of the implicit focus vistas for all items in explicit focus (e.g., for
each event, the vista of plot apace and binding space). The forced-in-
focua list contains those items in the QVISTA that must be bound to
items in the focus vista. A3 an example of the use of the forced-in-
focus 1liat, consider the requirement that the referent of a definite
noun phrase be in focus. This requirement corresponds to a focuszed
match in which the forced-in~focus list contains the QVISTA node
corresponding to the head noun of the noun phrase.

Forelng a QVISTA item to be in focus provides a strong constraint
on the search for a matching KVISTA item. Hence, foreced-in-focus items
are selected as the first candidates from the QVISTA to be matched. If
a successful match is obtained for such an item, it constrains other
items in the QViSTA. If no match can be found for a forced-in-focus

item, then no focused match of the QVISTA is possible.

The focua viata is used to order the selection of KVISTA itema for
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trial binding to a QVISTA item. Each step of the matching algorithm
first selects relevant items in the focus vista both for explicit
matches (the item in the QVISTA is bound to an item that explicitly
exists in the KVISTA) and for derived matches (application of a general
rule produces a2 new KVISTA element). Hence, focus influences the order

in which deductiona are made in the process of arriving at a match.

1. EXAMPLES OF FOCUSED MATCHES

Thia section contains several examples that illustrate the use
of focus in constraining a match. For the purposes of these examples, a
focus space is assumed and the problems of obtainigg_a' succesaful match
are examined. Chapter V discusses the problems of deciding what items
get moved into a focua 3gpace and when focus shifta. To simplify the
discuasion, definite noun phraases (DEFNPs) will be used to deacribe most

of the network structures in the examples.

The following example illustrates the use of focus %o reduce
the number of candidates considered for binding by the matcher.
Consider the KVISTA of Figure III-7 and the QVISTA (q.w1) of Figure
III-8. The KVISTA contains several wrenchea: W1 1is a box-end wrench
that is in focus FS1; W2 is a box-end wrench in focus FS2; W3 is an
open-end wrench alsc in focus FS2; W4 is another open-end wrench not in
focus at all. There is another object, 01, with a box end. The QVISTA
contains the structure that corresponds to &the description "box-end
wrench". 1In an unconstrained mateh, the matcher would consider all of
the nodes with e arcs to ‘'WRENCHES' or all of the nodea with endtype
arcs to 'BOX-END' (depending on which set is smaller) as candidates for
binding to QW1. Eventually, it would try 'Wi' or 'W2' and obtain a
successful match. In the worst caae, this would entail one node and two
arc bindings for each of the candidate nodes that fails as a complete
mateh, In general, there may be many auch unsuccessful candidates
(e.g., tens of wrenches that are not box-end wrenchesa, but are
considered by the matcher before it selecis W1 or W2).
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Figure III-7. A4 SIMPLE KVISTA WITH TWO FOCUS SPACES

Figure III-8. QVISTA FOR "THE BOX-END WRENCH®

The focused mateh 1s able to avoid all this searching. If
focus space FS1 is used, only nodes 'H1' and 'W1' are considered. 'H1!
will be rejected immediately because the e arc to 'HAMMERS' is
incompatible with the e arc from 'QW1' to 'WRENCHES'. (The matcher
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knows that the sets HAMMERS and WRENCHES have no intersection from the
ds ares from 'WRENCHES' and 'HAMMERS' to 'TOOLS'.) With focus apace FS2
as the constraint, both 'W3' and 'W2' are considered, but 'W3' is
eliminated because of its incompatible endtype. In the worst case, one

set (one e arc and one node) of unnecessary bindings is made.

Even greater savings are obtained when deduction is necessary
Lo achieve a match; i.e., when general rules -- chunks of information
stored in the net as applicable to whole sets of conicepts -- must be
applied. In such cases, focus constrains the application of such rules,
avolding a combinatorial explosion of trial bindings. To illustrate
such a match, consider the KVISTA of Figure III;Q, ~ Here the set of
wrenches has two subsets, B-E, the set of all box-end wrenches, and O-E,
the aet of all open-end wrenches. The {(logical) space oew.desc
represents the fact that all elements of the set O-E have endtype OPEN-
END; bew.desc represents a similar rule. For purposes of this
discussion, assume that 'WRENCHES' has fewer elements than 'BOX-END! has
incoming endtype arcs. (This assumption 3implifiea the discussion, and
is reasonable, considering that objects other than wrenches may be
classified as "box-end".) The unconstrained match for 'QW2' proceedsa by
conaidering all nodes with e arcs to 'WRENCHES!. The e ares are all
implicit in this case; they must be derived by following e-and-s chains.
For each element of wrenches proposed as a match for 'QW2', the matcher
attempts to establish an endtype arc to 'BOX-END'. 1In particular the
delineating element descriptions for 'B-E' and '0-E', contained in the
logical spaces bew.desc and cew.deasc, respectively, represent applicable
general rules. The rule in bew.desc states that every element of the
set B-E has an endtype BOX-END. Suppose W2 is selected as the element
of WRENCHES to try as a match for QW2. The relevant rule in this case
is repreaented by the box labeled oew.desc. Since W2 is in 0-E, and
3ince every element of O-E has endtype OPEN-END, an endtype arc from
'W2' to 'OPEN-END' will be constructed; only then will the matcher
realize 'OPEN-END' is not 'BOX-END', and hence 'W2' will not match. In

general, there may be many nodes like 'W2' that appear to be candidates
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Figure II1-9. A KVISTASE%EQAEHQUggngF WRENCHES DIVIDED INTO

but do not matech, and many rules that will apply. The work done before
considering W1 may be extensive: tena of wrenches may exist in the

KVISTA and be tried as candidates before selecting one with a box end.

By constraining the aearch to nodea in focus, a considerable
reduction can be achieved. The matcher only looks in any detall at the
wrenches that are in focua {(other nodes will be dismissed immediately,
because a node binding entails immediately checking its e or 8 arc). In
general only one or two nodes in focus will be elementa of WRENCHES and
endtype theorema will only be invoked for those nodes.

2. SPECTAL USE OF FOCUS FOR DEFNP RESOLUTION

Resolution of DEFNPs often entails a particuiarly simple kind
of match that corresponds to finding an element of a set. The primary
role of focus in these matches is to enable the matcher to find the
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element of the set that is relevant to the current discourse. The
influence of focus on the time it takes to arrive at such a match comes
from reducing the number of candidates the matcher considers initially.
For example, reconsider the situation portrayed in Figure ITI-7 and the
QVISTA (q.w2) of Figure III-10. The QVISTA correaponds to the DEFNP
"the wrench". If the matcher were asked %o find a match without focus
for this QVISTA, any of the ¥ nodes would do. This corresponds  to the
fact that, without focus, the phrase "the wrench" is four ways
ambiguous. However, if the matcher is provided with QVISTA q.w2 and
focus vista FS1 (and the node QW2), it will find that W1 is the only
match, In arriving at +this solution, it may chsider H1 but will
discard this poassibility when realizing that haé%eré and wrenches are
mutually disjoint subsets of tools. The attempt to match "the wrench"
in focus space FS2 will result in both W2 and W3 matching, reflecting
the fact that, for the discussion at that point, two wrenches were
relevant, and the DEFNP, "the wrench" is ambiguous.

S |

Figure III-10. QVISTA FOR "THE WRENCH"

A similar situation exists for the KVISTA of Figure III-9 and
QVISTA (q.wt) of Figure III-10. Finding a mateh for QW1 in this KVISTA
entails following the e and s chain from, say 'W1', to 'WRENCHES'. This
process i1s the simplest form of deduction. Again, the unfocused match
will consider all elements of WRENCHES equally (and may spend some
amount of computation time realizing this). Some extra mechanism must
be added (e.g., an indication of the last time the node was referenced)
to enable the correct resolution of DEFNPs. This mechanism will have to
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take into account discourse structure as well as time to be sufficient
(see Chapter II, Section D.4). Focus spaces provide this mechanism in
addition %o minimizing the search for candidates for binding in the
KVISTA.

G. EXTENSTONS

The use of the focus representation to direct structure matching
for such things as answering queations and resclving DEFNPs is only one
of its roles in language understanding. Focus is relevant for several
other problems that arise in building a language understanding system.
This section explores the use of the focus 3apace Eegrgsentation in the
solution of two such problems. First, there is a space/time tradeoff
between storing derived information and recomputing the information.
Ideally, the information would be stored only as long as it was needed
and then erased from the knowledge base. This issue is closely related
to the general issue of forgetting in a language understanding system.
Second, any given object may be viewed from aeveral different
perapectives. Highlighting a particular view relates to the companion
problems of deriving information about the object and capturing the

information conveyed by the particular way an object is described in a
given utterance.

1. DERIVED INFORMATION AND FORGETTING

In the discuséion of matching there were examples that
illustrated the need for deducing information about particular objects
from general rules in the knowledge base. In the process of maiching
network structurea, the matcher may create new network structure. If
the network structure is permanently stored in the knowledge base, the
deduction will never have to be repeated. However, making the atructure
permanent uses up valuable storage. Focus spaces provide a mechanism
for determining how long to atore such information. When the new
structure la derived, it can be added to the current focus space. When

the focus space ia closed, the new information can be erased.
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As' an example of this use of focus spacea, consider the
modified version of Figure III-9 portrayed in Figure III-11. Suppose
that initially the nodes 'Wi' and 'W2' were in focus as elements of the
sets B-E and O-E respectively (e.g., the wrenches were selected from two
boxes each containing one type of wrench). If the matcher is given the
structure for “box-end wrench" (see Figure ITI-8 ) to match, it will
create twe new arcs, an endtype are from W1 to 'BOX—END' and an explicilt
e arc from 'W1' to 'WRENCHES'. These new arcs are added to the focus
Space, FS, as shown in the figure. Any further matches sought for "the
box-end wrench" while the focus is FS will be able to take advantage of
this explicitly stored information. When FS ceaszes %o be open, the arca
will be erased (from the logical space as well ag g}dm the focus apace
they are on). If the deduction had resulted in new nodes being created,
they too could be erased. Using focus spaces in this way results in
both having the information available when it is relevant and allowing

it to be 'garbage collected' or 'forgotten' after it ceases 1o be
relevant.

BOX-END

Figure ITI-11. THE WRENCHES KVISTA WITH FOCUS ADDED
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2. DIFFERENTIAL ACCESS AND DESCRIPTION

The representation of some concept C may inelude deseriptions

of C as an instance of several different categories.¥

Focusing alliows
the particular way of looking at C germane to a given point imn a
dialogue to be highlighted. The arcs from focused items to unfocused
items provide the matcher with preferential access to information that
is most 1likely to become relevant to a discourse. Uaing the ares in
focua for differential access does not rule out considering a concept
differently than it has already been portrayed. Instead, it orders the
way in which aspects of the concept are %o be examined in looking for

new (to the discourse) information about the concgpt._

As an example, conaider the portrayal of C in Figure III-12
(the dots inaide the delin spaces Indicate that asome delineating
information has been omitted). C is shown to be a doctor friend of K's
who backpacka. If C is discussed in her role as doctor, then the phrase
"her bag" will be seen to refer to the bag containing her medical
supplies. However, if she enters a discussion as a backpacker, then the
same phrase will be taken to mean her sleeping bag. The mateher can be
led to these different deductions, by differentially following the two e

arcs from 'C' 1n focus spaces FS31 and FS2 respectively.

This use of focusing addresses one part of the 'mayor of San
Diego' problem posed in Norman et al. (1975). Consider the situation
portrayed in Figure III-13. The persaon represented by the node
'MNMSD' is shown both tc be D's neighbor and the mayor of San Diego. If
MNMSD is referred to by D either as "the mayor of San Diego"™ or "D'a
neighbor?®, then node 'MNMSD! repreéents the individual referred to. The
problem is that only looking at that node provides no reflection of the
differences in the &two references to MNMSD, even though the surface
DEFNPs do express this difference. Focus spaces provide a means of

representing this difference. Even though node 'MNMSD! will be in focus

b Description from multiple perspectives is the basis of the
representation of entitiés in the representation language presented in
Bobrow and Winograd, 1977.
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BACKPACKERS

DOCTORS

Figure III-12. C -- FRIEND, DOCTOR, AND BACKPACKER

no matter which reference is used, arcs from 'MNMSD' that are in focus
in the two cases will differ. Focus spaces FS1 and FS2 illustrate this

difference.

H. SUMMARY

The focus representation groups together items relevant to a
particular point in a discourse, providing a small subset of the
imowledge base for the understanding system to concentrate on. In
particular, the focus representation may be used to guide the retrieval

of information from the knowledge base. It reduces the size of the
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Figure III-13. MY NEIGHBOR THE MAYOR OF SAN DIEGO

search apace that the retrieval mechaniam must traverse. The
representation of explicit focus in focus spaces alsoc appears to be
useful for related underatanding system problems such as describing
cbjecta and forgetting information. Although the representation
presented is in terms of a semantic network, partitioning a memory
representation for the purpose of reflecting focus of attention is a

general mechanism which may be used in other representation achemes as
well.
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IV RESOLVING DEFINITE NOUN PHRASES

CONTENTS:

A, Introduction
B. Sentential and Dialogue Context:
a Comparison of Pronouns and DEFNPa
C. The Infereunce Problem
D. DEFNP Resolution in Context v
1. From Semantica to Discourae
2. Interpreting Complete NPs
a. Unmodified, Unguantified NPs
b. Modified NPas
¢. Genitives
d. Quantified DEFNPs
E. Summary

A. INTRODUCTION

Definite noun phraze resolution and the maintenance of a focus
representation are synergetic processes. The resolution of a definite
noun phrage requires a model of the focus of the diacourse in which the
nocun phrase occurs. In turn, the definite noun phrases that oceur in a
discourse often indicate shifts of focus in the discourse. Hence, this
chapter provides a link between the preceding chapter's discussion of
focus and the next chapter's discussion of shifting focus and noun

phrase resoclution in a task situation.

Section B deacribes the differences between pronominal and non-
pronominal definite noun phrases, emphasizing the different roles of
sentential and global focus in the resolution of these two forms of
reference. Section C addresses the inference problems that arise in
noun phrase reaolution and shows how these relate to matching problems

and the focus space representation. Section D discusses several
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categories of definite noun phrase references and procedures for
interpreting them. The section covers the processing that must be done
to build a representation of a particular definite noun phrase, given

that noun phrase and a representation of the focus in which it appears.

B. SENTENTIAL AND DIALOGUE CONTEXT:
A COMPARISON OF PRONOUNS AND DEFNPS

B e oL R IR 1 L L0 1 M T T LE A

As in Chapter II, it will be useful here to divide definite noun
phrase references into two categories: pronouns and nonproncminal
definite noun phrases (DEFNPs3). Although referring expressions. in both
categories depend on the context in which ghqy_ occur for their
interpretation, the nature of this dependence is quite different in each
case. Similarly, although some of the processing required for building
interpretations of pronouns and DEFNPs may be shared, there is other
processing that is unique to each of these forms of reference. Both the
global dialogue context and the immediate context of the preceding
utterance play roles in interpreting each of these forma of reference,

but the former is more important for DEFNPs, the latter for pronouns.*

Reference resolution entails selecting the item referred to from a
set of candidate items. For a DEFNP, the candidate set is delineated by
the focus in which the DEFNP appears. The head noun of the DEFNP
specifiea the class of the object being referred %o and additional
descriptive and distinguishing information is provided by modifiers.
The focus in which the DEFNP appears delineates the set of ebjects from
which the referent must be distinguished. Both the surrounding non-
linguistic environment and the global 1linguistic context of the
preceding discourse are part of this focus and, hence, crucial to the
process of resolving the DEFNPs in the utterance. The immediate
linguistic context éhd, especially, the sentential context of the

referent itself (outside of the phrasé in which the referent occurs) are

* See Chapter II, Section D.¥ for a discussion of how this distinction

is related to the distinction Chafe (1976) makes between givenness and
definiteneas.
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usually not important (as will be shown shortly with an example). It ia
misleading to wuse a DEFNP that requirea immediate context for the
identification of 1ts referent, because sufficient information for
distinguishing the item from other candidates is supposed %o be
contained in the DEFNP itself.

Unlike DEFNPs, pronouns carry almost no information themselves.
Hence, for most pronouns, the roles of global and immediate focus are
reversed from that for DEFNPa. Pronouns are alot fillers; they depend
on the sentential context in which they occur to provide most of the
clues needed for identifying the referent. The Iimmediate linguistic
context of the preceding utterance and preceding. glguses in the same
utterance supply candidates for the referents; sentential context
provides restrictions for choosing among them. Global focus ig less

important than for DEFNP resolution because of this dependence on

immediate context.

An exception to this deascription of the roles of global and
immediate focus occurs with certain pronominal references. In a
structured discourse, a pronoun may refer back over long portions of the
discourse. The dialogue fragment of Figure II-7 (Chapter II) provides
one example, In such instances, the global focus supplies candidates
for the referent and the process of establishing a candidate set
resembles that for DEFNPs. However, the lack of semantic information in
the pronoun makes sentential context necessary for choosing among the
candidates. This use of pronouns is similar to the 'pragmatic anaphora!
discussed in Hankamer and Sag (1976). In both instances, the
surrounding (nonlinguistie) global focus provides sufficient constraints
on the candidate set to allow for successful use of a pronominal (rather
than a DEFNP} reference.

The relative role of sentential context in resolving DEFNPs and
pronoun references can be seen by considering an  example from
Charniak (1972) and aome variations of it. The original dialogue is

presented in Figure IV-1. The "ig" in (7) can be resolved only when
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{1) Today was Jack's birthday.

(2) Penny and Janet went to the store.
{3) They were going to get preaents.
{4) Janet decided to get a top.

(5) "bon't do that" said Penny.

(6) "Jack has a top.

(7) He will make you take it back."

Figure IV-1. THE TOP STORY
» L

the context of "take ... back" is considered and even then a large

amount of inferencing muat be performed; e.g., see Charniak (1972) and
Hobba (1976).

Note that it is misleading %o use the DEFNP "the top" in place of
this "it".* The problem stems from the fact that the focus in which the
utterance appeara includes two topa, but use of the phrase "the top"
implies there 1is only one. Although the sentential context of
"take ... back" can also be used here, the use of the DEFNP strongly
implies no need of recourse to such information. Finally, if instead of

(7) the sentence were

"If you get Jack a top, he will make you take (it / the top)
back" ,

either "it" or '"the top" may be used and $the reference %o the
hypothetical top of the if-clause is clear. The difference between the
use of "the top" here and in (7) is that here the if-clause sets up a
new focus in which there is only one top: the hypothetical one.

In many respects pronoun reference is closer to ellipsis, which
will be discussed in the Chapter VI, than to DEFNP reference, and in a
Sense, the use of pronouns and ellipsis are duals. To see this,

ks g

* The reader might argue that, for pragmatic reasons, no person would
use "the top" in this instance. The point of this discusaion is to
bring out some of the reasons.
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consider a sentence, S, composed of constituents A, B, and C; i.e.,
agssume that a context-free part of a language definition rule for S is
S->A B C. Let a, b, ¢ be respective instances of the particular phrase
types A, B, C. Pronoun reference entails substituting a pronoun for one
of these constituents; the remaining constituents provide selectional
restrictions on what the referent of the pronoun is. For example, in
the 'sentence', "it b c¢", properties of b and ¢ constrain the referent
of "it". Ellipsis, on the other hand, entails providing only one of the
constituents and, depending on context, to supply the others. So, if a!
is also an instance of A, the ‘'sentence' "a'" in the context of the
previous utterance, "a b c", may be expanded to "a' b e". Elliptical

expressions can always be resolved in terms of the’iﬁmédiately preceding

utterance.

Elliptical DEFNPs (e.g., 'the four by the door") and DEFNPs with
the word "one" substituted for the head noun (e.g., "the red ones") are
a hybrid of reference and ellipsis. An examination of these DEFNPs
illuminates the different roles of global and local focus in the
interpretation of the individual kinds of expressions. These referencesj
are like pronouns in that a slot (or a slot holder) is given, and theK
immediate sentential context and the preceding utterance are used to
'fill out' the phrase (e.g., "the four by the door" to “"the four boxes
by the door"). Once the phrase is filled out, these references are like
other DEFNPs. In particular, the role of global focus in their
resolution.is identical.

C. THE INFERENCF, PROBLEM

The simplest form of DEFNP resolution occurs when a DEFNP refers to
an object that has been introduced into the discourse by an indefinite

noun phrase. This kind of reference cccurs in the second sentence of

the sequeince:

I bought a new wrench today.

The wrench is on the table.
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However, restricting the use of  DEFNPs to such cases results in rather
boring discourse since it requires explicit statement of obvious facta.
For example, the second sentence of the following segquence

Susan bought a car today.

The car has seats.

The seats . . .
is totally unnecessary and makes for awkward reading. Such redundant
information usually is 1left out of a discourse. Comprehension then

requires that the hearer be able to fill in the missing information from
what he knows about the objects and actions being discuased. As a
result, the resolution of DEFNPs often requires inferencing on the part
of the listener.

Two kinds of inferences are needed for resclving DEFNPa. First,
resglution may entail eatablishing additional properties of an object
already in focus. This kind of inference is required when a later
reference to a concept differs from the way the concept was originally
introduced inteo focus. Secoend, resolution may depend on general
“information about objects, events, and relationships in the domain of
discourse. This kind of inference is required when a definite reference

occurs to an object that has been brought into focus only implieitly.

The first kind of inference is illustrated in the sequence:

I took your coats to the cleaners.

The blue coat will be ready tomorrow.
To underatand the DEFNP, the hearer must infer that one of the coats ia
blue. A second instance in which this kind of inference 1s required
occurs when an object already in focus 13 referred to in more general
terms than those in the description first used to bring it into focus.
Resolving the reference entails establishing that the new description is
true of the o0ld object. In the sequence:

I got another novel and some records at the library today.

The book is on the coffee table.
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the fact that novels are books must be inferred to understand the DEFNP,
"the book."

The problem posed for resolution here is not the difficulty of the
inferences themselves, but rather restricting the number of objects
considered. Even though the the chain of inferencing is not complex,
the number of times it 1is applied must be minimized. If resoclution of
"the book" in the preceding example reguires consideration of the
possibly hundreds of books known to the hearer, understanding the second
utterance will take a long time. The analogous case helds for a
computer system. The representation of focus presented in the preceding
chapter distinguishes, from among all those itemspkaoyn to the system,
those that are relevant to the discourse. The system must only

determine which of those objects (namely, the novel) is a book.

The second kind of inferencing required for DEFNP resolution arises
becaugse an object implicitly brings certain associated items into focus
when it is brought into focus (see Chafe, 1972,1974; Karttunen, 1968).
For example, mention of "the 1living room" brings into focus items such
as "the ceiling" and "the furniture". In the ensuing discourse, these
associated items may be referred to by DEFNPs. In the sequence:

E: Use the crescent wrench.

8: The handle is too long.
the phrase "the handle" can be resolved because the handle of a wrench
is brought into focus when the wrench is. Parts of actions as well as
objects may becomé focused in this way. For example, in the sequence:
E: Attach the pump to the platform.

A: Where are the bolts?
"the bolts" become focused because they are a part (namely the

fasteners) of this attaching operation.

The problem in handling this kind of inference is deciding how much
information related to a concept should get brought into focus when that
concept is introduced. The bounds on this information depend on shared

knowledge about the concept. In particular, the successful use of a
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reference requiring this second kind of inference depends on shared
expectations about items associated with the concept (see
Karttunen, 1968; Maratsos, 1976). This issue is clearly related to the
question of what goes into the 'frame’ (Minsky, 1974; Winograd, 1975)
for a concept. Chapter III, Section D and Chapter V examine this
problem in the limited context of the task dialogues. In these
dialogues, the hierarchical structure of the task and the correspondence
between task structure and dialogue structure combine to guide implieit

focusing.*

D. DEFNP RESOLUTION IN CONTEXT
-
The focus representation deseribed in the preceding chapter

provides a framework for determining when a DEFNP can be resclved and
when it is ambiguous. Different types of DEFNPs use the bounds provided
by the focus representation in slightly different ways. This section
examines several types of DEFNPs and shows the role of focus in their
resolution. The aim of this section is not to provide a comprehensive
study of DEFNPs, but rather to 1lllustrate the different ways in which
the use of focus affects resolution. As a result, several problenms that
arise in resolving DEFNPs (e.g., differentiating between restrictive and
nonrestrictive relative clauses and between specific and nonspecifie

noun phrases) will not be addressed.

The typical noun phrase has several constituents. For the purposes
of this discussion we will consider the structure of an NP to be:

(1) (DET/QUANT)[NUM] NOM
(This rule does not correspond to an actual rule in the SRI speech
understanding system language definition. However, the grouping is
convenient for purposes of discussing discourse processing.) In this
notation, the slanted 1line indicates a choice of one or the other
constituent, parentheses are used for grouping, and brackets indicate an

optional constituent. DET is the category containing determiners; it

* this kind of inferencing was not handled in the speech understanding
system because of the lack of structure in the data base dialogues.
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contains words such as "the", "this", and "which"™., QUANT is the
category of all quantifiers; e.g., "all", "any", "some". NUM is the set
of number expressions; e.g., "one" and "three hundred fifty." NOM, the
set of nominal expressions, contains unmodified nouns, premodified
nouns, postmodified nouns, and nouns that are both pre- and
postmedified. Respective examples of such NOMs are '"wrench", "box-end
wrench", "wrench with the red handle", and "box-end wrench with the red
handle."

The emphasis of this section is on the processing done on definite
noun phrases to go from the semantic interpretation to the
identification of the referent. The effect of number, determiners, and
quantifiers on the final interpretation of NPs is’diséussed. To avoid
complications, several forms of NP have been omitted from the
discussion; for example:

(2) (DET/QUANT)INUM] (e.g., "those two")
(3) NUM (e.g., "two")
{4) QUART of NP {e.g., "two of the bolts")

The elliptical aspects of forms (2) and (3) complicate their
interpretation,. Form (4) can be handled by semantics alone. The
discourse aspects of the phrase are all handled when resolving the
embedded NP (e.g., “the bolts").

There are many syntactic and semantic problems associated with
parsing and building representations for the group of phrases in the
category NOM. For example, it takes semantic knowledge to determine the
difference between “the big ship" and "the British ship". For the
purposes of this section, these problems can be ignored. We will assume
that any NOM has been checked syntactically and that a semantic
representation has been built for it. The first section below describes
the interface between semantics and discourse. It is only when looking
for the concept described by the NOM that discourse processing is really
needed. There are several dimensions that influence the interpretation
of DEFNPs; these are discussed in subsections of Section D.2 below. The

simplest NPs, from the discourse peoint of view, are unquantified,
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unmodified NPs. These are discussed in the first subsection. The
following subsection locks at some of the problems introduced by adding
modifiers. Since genitives present special problems, they are discussed
separately. Finally, sone problems that arise from dintroducing

quantifiers are addressed.

1. FROM SEMANTICS TOQ DISCQURSE

The semantic interpretation for the NOM constituent of a noun
phrase encodes the relationships among the concepts that are conveyed by
the constituents of the NOM in the underlying knowledge representation.
In essence, it provides a representation of the typical item desecribed
by the NP. For example, the representation for "American sub"™ in the
partitioned semantic network notation is shown in SPACE P11 of Figure
Iv-2, Note that the 'ownership' relation conveyed by "American" in
this particular construction is represented in this network structure,
The discourse component contributes to building an interpretation of an
NP only if the determiner or quantifier for the NP indicates
definiteness. The basic problem for the discourse routines is to locate
the object or set currently in focus that corresponds to the description
in the NOM part of the NP. When an instance of NUM is included in the
NP, discourse processing is influenced only insofar as a check on the
set found is required to be sure the set has the correct cardinalitly.
"One" is an exception and is freated like "a" rather than other, plural,
NUMs. For the NP, "the American sub", an individual submarine owned by
the U.S. must be found in focus. For the NP, "all six American subs",

a 3set of (exactly) six subs, all owned by the U.S., must be found.

2. INTERPRETING COMPLETE NPS

The matcher, when augmented for focus matches as described in
the preceding chapter, performs the central function in the process of
interpreting complete NPs. Given the semantic interpretation of a DEFNP
and a focus vista, it determines which, if any, object in that focus

matches the DEFNP. Note that the first kind of inferencing discussed in
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Section C occurs at this stage of the processing. The matcher in
determining whether a given object in focus is the referent of the
DEFNP, follows the subset hierarchy and deduces information from
theorems in the network. The restriction of the search to a focus vista
is crucial; generally, the number of objects in focus is quite small and
contradictions (e.g., if the candidate focus space node and the node
corresponding to the head of the DEFNP are elements of mutually
exclusive sets) can be reached quickly for many of the objects. At
present, this matching procedure is carried on depth-first. In the
limited data base domain for which resolution has been done, this
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strategy is sufficient. A parallel search has the advantage of finding
the match more quickly, on the average. However, it is still necessary
to establish that no other object matches in order to rule out

ambiguities.

a. UNMODIFIED UNQUANTIFIED DEFNPS

The search for the referent of unmodified unquantified
DEFNPs starts by examining explicit focus.® If a match is found, the
node matching the node that corresponds to the head noun of the DEFNP
indicates the referent. If a mnateh is not found, one of three
possibilities still exists (assuming the NP can be’rgs?lvedl): the DEFNP
may refer to a concept implicitly, but not expliecitly, in focus; the
concept may be unique (e.g., “the sun"); or the DEFNP may contain a
genitive or a modifier containing new information (e.g., the DEFNP, "the

red coat" when several coats are in focus, but none is known to be red).

The uniqueness check requires determining whether more
than one object fitting the DEFNP description exists in the knowledge
base. This check is done after the search of focus, because context may
in fact overrule the usual uniqueness conditions. The phrase "the sun"
in the sequence,

Rose has a beautiful sunset picture.

The sun is teetering above the mountain.
refers to the image of the sun in the picture, not the real sun; i.e.,

the sunset picture creates a context with a special sun.

A plural DEFNP may refer to a set in the same way that a
singular DEFNP refers to an individual. However, the resolution of a
plural DEFNP may encounter an additional problem. The DEFNP may create
a new set by grouping together objects already in focus. In the
sequence,
You will need the wrench, the screwdriver, and the hammer .

* For relational DEFNPs, e.g., "the height of the building", a unique
result always is obtained (through the relation} and the focus mechanism
is not used.
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Should I put those tools in the tool box?
the DEFNP "those tools" (note that the pronoun "them" could also have
been used) refers to the set of three individual tools in focus. The
set. itself, however, does not exist as a node in the network. The
resolution routines handle this problem by looking for individual
objects in focus that satisfy the DEFNP. If it finds more than one such

object, a new set is created and added to foous.

b. MORIFIED NPS

Modifiers may be used in three ways. The simplest case
is the wuse of modifiers to select among individga} pbjects in focus.
This case entails a straightforward match (although some inferencing may
be required). Modifiers are also used to select an element of a set in
focus (when the individual elements of the set are not explicitly in
focus) and to supply new information about an object in focus. The last
two cases each present problems, and the existing DEFNP routines will

fail to find a mateh for instances of either.

An example of selection from a set occurs in the

sequence,

A high school class came to visit the hospital.

The brightest student .
The DEFNP M"the brightest student" singles out an element of the high
school class. An example of new information being added by the DEFNP
occurs in the third sentence of the sequence,

Jane got some bocks today.
They're on the coffee table.

The new book by Haley is on top.
The DEFNP "the new book by Haley"™ singles out one of the set of books.
The information that Haley wrote it and that it is new is introduced by
the DEFNP.

Resolution of such references requires both implicitly
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focusing on the individual elements of sets in focus (e.g., the
individual students in a class are implicitly focused when the class
itself is explicitly focused) and using the modifier(s) to select one
element. The ability to remove modifiers from the DEFNP until a match
can be found is required. That 1is, if a match of the complete DEFNP
cannot be made, successively less restrictive matches must be tried.
For these more complicated searches, the use of a focus representation
to constrain the search is erueial. When a match is found, the removed
modifiers may be asserted as new informaticn about the matching concept.
If the match is to a whole set, information may be asserted about one of
the members of the set, For instance, in the second sequence above, the
information about Haley is asserted of one of the’baoks that Jane got.
The use of network partitioning to reflect the parse structure of a
DEFNP in the semantic interpretation of the phrase (used for ellipsis,
see Chapter VI; also used by semantics, see Hendrix, 1976) provides a
means of removing modifiers from DEFNPs. The problem that remains (a
major reason such DEFNPs were not handled in the speech understanding

system) is deciding how (i.e.,in what order) to strip modifiers.

c. GENITIVES

Two kinds of problems can arise when a genitive is used
as a (preposed) modifier in a DEFNP. First, several similar items may
be in focus and the genitive used to choose among them. When wused this
way, a genitive may cause the same problems as other medifiers. As an
example, consider the use of the DEFNP "Peter's car" when a set of cars,
one of which is owned by Peter, is in focus. This use of the genitive
may be handled exactly like other modifiers. If no car is known to be
owned by Peter (i.e., the genitive supplies new information), ownership
by Peter can be asserted of one of the cars (as long as Peter is

identifiable in focus).

The second and more interesting problem arises when only
the genitive constituent of the DEFNP is in focus. In this case, the

genitive constituent supplies the old information in the phrase. That
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is, the genitive constituent of' a DEFNP may refer to an object in focus,
while the object referred to by the complete DEFNP may not be in focus.
For example, assume a focus in which there are two people, a boy and a
girl. Then the phrase "the boy's mother"™ is unambiguous and resolvable
because the boy is in focus and mother-of is a unique relation. That
is, even though there is no mother in focus, there is a boy in focus,
and the relation conveyed by the genitive can be used to determine, via

the link to the boy, which person is being referred to.

In a sense, a DEFNP with a genitive has two heads: the
head of the genitive, as well as what 1is usually considered to be the
head noun. For this reason, if a DEFNP with a genitive cannot be
resolved, the genitive constituent of the noun' ghﬁase alone must be
considered. The genitive must be resolvable., If the remainder of the
NP is not resolvable in focus, then the genitive relationship must be
used to determine uniqueness. This processing is identical to that done
if the genitive is expressed by an embedded noun phrase. That 1is, if
"the y of the x" were used instead of "the x's y", then "the x" would be
resolved to some particular concept, say X1, and then "the y of X1"

found using properties of X1 and the y-of relation.

d. QUANTTFTED DEFNPS

At the discourse level, the processing of quantified
DEFNPs is the same as that for unquantified plural DEFNPs except for the
consideration of a generic interpretation. The interpretation depends
on whether the optional NUM (number) constituent is present in the DEFNP

and on the particular quantifier used.

For constructions not including NUM, the question of
interpreting a phrase generically depends on whether or not a referent
can be found in focus. If a referent is found, then the quantified
DEFNP inherits the generic property of the referent. In sequence G1,
the DEFNP "both dogs" is generic; in sequence G2, it is not.”

G1: The collie and the Labrador are good pets. Both dogs
are gentle.

* These examples were suggested by B. Nash-Webber.
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G2: HRose has a collie and a Labrador. Both dogs are gentle.

If no referent can be found, then a generic
interpretation of the gquantified DEFNP may be used in certain cases.
Quantifiers implicitly conveying a set of size two ("both", "either",
"neither") are never generic in this way. There must be a referent in
focus for these quantifiers to be meaningful. In contrast, Yall" can
always be interpreted generically; in fact, construetion (4} (i.e.,
QUANT of NP) is usually used to limit the restriction of "all" to some
local set (e.g., "all of the bolts").* "Some" and "every" also tend to

convey the generic, but less strongly than "allv,

The heuristic used in the speech ukd®rstanding system was
to assume the generic for "all" (and force use of form (4) if a loecal
set was meant) and when "some" and "every" were used with unmodified
NOMs. In all other cases, a referent was looked for first. If no
referent could be found, then the generic interpretation was assumed for
quantifiers other than "both", "either", and "neither"., There are clear
counter-examples to this rule; e.g., in the utterance, "Some tall trees
are killed by lightning", the generic is intended even if there 1is some
particular set of trees in focus. Such cases are not currently handled

by the discourse routines,

Inclusion of a NUM in the NP limits the gquantifier to one
of "all", "gome", or "any“.'* For this construction, it is always the
case that a local referent must be found, with the correct cardinality,
over which the gquantification holds. To see this, contrast "All subs
have beams over 30 feet." with "All five subs have beams over 30 feet."

In the first utterance, the generic interpretation (all of the subs in

——

At first there seems to be some ambiguity between expressions
involving "all" meaning "all in the computer knowledge base" and "all in
the world". However, this ambiguity can be seen only from a frame of
reference oubtside the computer model. Inside, the two are, by
definition, equivalent.

% R
For semantic reasons, the use of "any" and '"some" in this

construction were not handled in the speech system.
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the world) is clearly preferred. In the second, a referent must be
identified in focus and the DEFNP is interpreted generically only if the

referent is generic.

E. 3 RY

This chapter described the role of the (global) focus
representation in the resolution of certain kinds of definite noun
phrases. The resclution of definite noun phrases entails a number of
problems ranging from deciding what items in the knowledge base to
congider as possible referents to determining when a referent has been
found or when a phrase is ambiguous. Given a representation of focus, a
nunber of different questions arise that depend o; lhé particular kind
of definite noun phrase being resolved. A subset of these problems was
examined to illustrate the importance of the focus representation to the
resolution of DEFNPs.
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V  SHIFTING FOCUS

CONTENTS:

A. Introduction

B. The Linear Case

C. The Influence of Task Structure

D Detecting Shifts in Focus
1. Individual DEFNPs and Shifts of Focus® ~
2. Interaction Between the DEFNPs in an Utterance
3. The DEFNP Table

E. Examples

F. Limitations and Extensions
1. Intrasentential References
2. Time and Major Step Information

G. Related Work

H. Summary

A. INTRODUCTION

This chapter links the preceding three chapters and completes the
description of the focus representation with a discussion of a mechanism
for shifting focus. <Chapter III presented a representation of focus and
described its use for constraining the retrieval operations of a
knowledge based system. The discussion in Chapter IV assumed the
presence of such a focus representation and described its role in the
process of identifying referents of definite noun phrases. The problem
then becomes deciding what objectsa should be in focus at any given point
in a discourse. For task-oriented dialogues, the relaticnship between
focus and both discourse and task structure that is described in

Chapter II provides a key to the solution.

A shift in focus may be directly stated by some utterance in a

discourse (e.g., "I've finished that step. What's next?" or "Let's
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change the topic™), but usually the cues are more subtle. For example,
when the discussion of some activity turns to a discussion of one of the
participants in the activity, the focus shifts from the overall activity
to that participant. What constitutes a shift in focus depends on both
the kind of discourse and the topic of discourse. The shift strategy
described in this chapter is specific to task-oriented dialogues. It
reflects the task as the major topiec of such dialogues and, hence the
major indicator of shifts of focus. Although the rest of the focus
representation 1is general, this aspect would need modification for

application to other kinds of discourse.

It i=s important to distinguish here between_ different kinds of
discourse and different domains. The important ;oint to be taken from
this chapter is that some top-down model of the structure of discourse
is needed to guide the decision about whether a particular utterance
shifts the focus of a discourse and how. The shift of focus in task-
oriented dialogues is closely tied to the particular subject domain of
the dialogues (i.e., the task) because the structure of the dialogues
parallels the structure of the fask. As a result, domain information is
used by the shift strategy described here. However, the use of domain
information should not be taken to mean that shifts of focus are domain
dependent nor that switching tasks requires switching shift strategies.
Shifts of focus in other kinds of discourse {e.g., novels, newspaper

stories) are often not as closely related to the particular domain.

The major porticn of this chapter describes a mechanism for
shifting focus that has not been implemented yet because it requires a
task representation that is currently being designed. A much simpler
shifting strategy that was implemented as part of the discourse

component of the SRI speech understanding system is described briefly
first.

B. THE LINEAR CASE

A simple shift strategy was implemented in the SRI speech
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understanding system to test the use of the focus representation for
resolving definite noun phrases. This strategy is linear; it does not
take discourse structure into account. Basically, the concepts in an
utterance are congidered in focus until a small number of subsequent

utterances have been interpreted.

After an utterance is parsed, the concepts in the (accepted)
interpretation of the utterance are entered in a focus space. The focus
spaces are arranged in a first-in first-out queue of a fixed size. The
distinction between the active focus space and other open focus spaces
is captured by considering the focus space corresponding to the
utterance processed last as the active focus space and other focus
spaces in the queue as open. P

This strategy results in a reference resolution mechanism that is
similar to those of previous systems (e.g., Winograd, 1971; Norman et
al., 1975) in which those items that occur in a fixed number of (or all)
preceding utterances are considered as possible referents. This
strategy is not adequate for resolving the references that occur in many
interesting kinds of discourse. An adequate reference mechanism must
take into account the overall structure of a discourse and the way
individual wutterances fit in that structure. Recall from Chapter II
that the task-oriented dialogues were more structured than the data base
dialogues. In the remainder of this chapter a more sophisticated shift
strategy which uses the additional structure available for task-oriented

dialogues is presented.

C. THE INFLUENCE QF TASK STRUCTURE

The structure of a task provides a framework for the structure of a
dialogue concerning that task because {performance of) the task 1s the
topic of the dialogue. Chapter II presented several examples that
illustrate the relationship between the structure of a task-oriented
dialogue and the structure of its corresponding task. It 1is important

to recognize that the use of the structure of the task as a framework
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for the structure of the dialogue does not result in a static model of
dialogue structure. The task model does not prescribe the exact form of
a dialogue. Rather it provides a description of the pieces (i.e.,
subtopics) that can enter the dialogue and relates these pieces in a
hierarchy. Only some of these pieces will enter any particular
dialogue. Similarly the order in which pieces are invoked, although
partially constrained, varies from dialogue to dialogue. Hence, the use
of the task structure as a framework does not restrict the system to
understanding dialogues that it has heard before (or ones whose precise
structure have been built in). Part of the interpretation of an
utterance is the determination of how the utterance influences the focus
of the dialogue. For task-oriented dialogues, the’sﬁructure of the task

provides a top-down guide for these decisions.

In task dialogues, a shift in focus takes place whenever a new task
is entered or an old one completed. A narrowing of focus takes place
whenever a subtask of the active task is opened for discussion. The
focus shifts back up to the higher 1level task when that subtask is
completed. Hence, when a subtask of the current task is referenced, a
new active focus space is created below the current active focus space.
When the subtask is completed, the new focus space is closed and the old
space (i.e., the higher space) becomes the active focus space again.
The top of the focus space hierarchy is the focus of the overall task.
In addition, new focus spaces may be created by other kinds of

subdialogues (e.g., a general question about some tool or procedure).

D. DETECTING SHIFTS IN FQCUS

Intuitively, a shift in focus takes place in a task-oriented
dialogue whenever the particular subtask that is being performed
changes. The shift may be either to a subtask of the current subtask,
to another subtask at the same 1level as the current subtask, to a
general subproblem like identifying a part or using a particular tool,
or back up to a higher 1level task (i.e., to a supertask of the current

task). The major problem is to decide whether a particular utterance
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entails a shift.in focus and, if so, what the new focus is. In general,
a new subtask is entered by an utterance (from either apprentice or
expert) that references the goal action or objects involved in the
subtask. When this happens, a new focus space is established,
Initially the only concepts explicitly focused on are the concepts
mentioned in this utterance and any objects associated with this level
of the subtask but not explicitly mentioned in the utterance (they are
assumed in focus even though elided from utterance). As more utterances
concerning the subtask are processed, any new (i.e., not Focused)

concepts associated with them are added to focus.

A shift of focus may be cued by any part of;ap gtterance: a noun
phrase, a verb phrase, or modifying phrases. Although an individual -
constituent (e.g., noun phrase) may indicate a shift of focus, the
constituent alone cannot be used to determine the shift, as will be
shown shortly, because the remainder of the utterance influences the
shift. For example, the utterance may include some higher-level
embedding predicates (e.g., need, belief) that affect whether or not a
shift in focus is needed (and, how that shift is to be handled).
Furthermore, time information (e.g., tense of a verb) influences the
decision. For instance, modification in a noun phrase can indicate a
previous context (e.g, the screws that you bought yesterday). The
following discussion looks first at the relationship between identifying
the referent of a definite noun phrase and shifting focus and then at
the interaction of the various noun phrase and verb phrase constituents
of an utterance in determining a shift. The discussion will be

restricted to task-related utterances,

1. INDIVIDUAL DEFNPS AND SHIFTS QF FQCUS

A shift in focus may be foreshadowed by an individual DEFNP. ¥

For example, a DEFNP that refers to an item implicitly focused by some

- — " ———

* The same shift may be indicated by other information in the utterance,
e.g., the main verb. The peint here is that the resolution of the DEFNP
may provide information that must be considered in the shift.
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explicitly focused task is an indication of a possible shift in focus to
the subtask 1involving that item. An item may be implicitly in focus
either because it participates in some subtask, either of the current
task or of some other uncompleted task, or because it is associated with
some object in explicit focus. 1Its connection to explicit focus must be
examined to see if a shift in focus is indicated. In particular, in the
task dialogues, if the connection %o implicit focus —comes from
participation in some subtask, the reference is considered to indicate a
shift in focus to that subtask (unless the indication is overridden by

other information in the utterance).

To iliustrate how a DEFNP may indic%;a_a. shift in focus,
consider the task hierarchy of Figure V-1 and the focus environment
portrayed in Figure V-2. The task hierarchy is only for the
reader's benefit; it does not reflect any structure in the computer
representation. This task structure is part of the information encoded
in the process model described in Chapter III. The dotted lines show
the task hierarchy and the solid lines show time sequencing. Suppose
that task T2 (in Figure V-1), installing the aftercooler, 1is the
current task. The focus spaces FS0, FS1, and F32 correspond to subtasks
TO, T1, and T2. FS2 is the active focus space; the vista (FSt1 FS0) is

the hierarchy of open focus spaces.

A reference to an item in either the active focus space or one
of the open focus spaces does not cause a shift in focus. Those items
in the active focus space are considered first when resolving a
reference because the currently active task i3 more in focus than its
embedding tasks. The phrases "the aftercooler", "the wrench", and "the
crescent wrench" all refer to objects in FS2, the active focus space.
Hence, the use of any' of these phrases does not affect focus of
attention. The referent can be retrieved immediately. The use of “the
air compressor", "the pump”, or "the ratchet wrench" also does not cause
a shift in focus. Since these objects are in open focus spaces, they
are also in focus, but are accessed only after considering the objects
in F82. Note that the noun phrase "the wrench" is not ambiguous because
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of the distinction between the active focus space and the open focus

spaces.®

References to either a new subtask or a new parallel or higher
task, or to subtasks of any of these, do change focus. As an example,
consider the expansion of Figure V-2 in Figure v-3. Space
IADS contains the delineation of the process for installing the
aftercooler. The plot space of this delineation is the implicit focus
for node 'IACT'. It shows that this installation has two substeps
(corresponding to T3 and T4 in Figure V-1). The first substep, I1,
involves a connection operation, IQ1, between the aftercooler and one of
its subparts, an aftercooler elbow (represented by the node 'ACEX! in.
the figure}. The phrase "the aftercooler elbow" indicates a possible
shift in focus to task T3 since there is no aftercooler elbow in

explicit focus, but there is one in the implicit focus for IAC1. The

See the example in Chapter II, Figure 15.
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node 'INSTALLINGS.P' has a similar delineation that includes substeps
for tasks T2 and T5. The substep for T5 involves a pump brace. Hence,
the occurrence of the phrase "the pump brace" would suggest a shift to
task T5. A decision about whether to shift focus in either of these
cases depends on the remainder of the utterance. If T3 is opened, a new
focus space is c¢reated below FS2 in the hierarchy. If T5 is opened, T2
1s closed and and a new focus space is created below FS1 in the

hierarchy.

A shift of focus may entail instantiating new entities or

identifying real entities corresponding to hypothetical entities in
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implicit focus. For example, if focus is shifted to task T3 (i.e., an
instantiation of node 'IQ1'), the aftercooler elbow ACE1 is brought into
focus and the noun phrase "the aftercooler elbow" is identified with it.
This identification comes from determining that ACET is in the same
relationship to the currently focused aftercooler, ACT, as the
hypothetical ACEX is to the hypothetical ACX.

The search for the referent of a DEFNP takes into account the
difference between those items that do and those that do not shift
focus. Items that do not cause a shift in focus are checked first to
determine if they are referents. Hence, items in explicit focus are
always checked before items in implicit focus. Ig ;hg task dialogues,
only those items that are implicitly in focus because they are
participants in a substep of some explicitly focused process can result
in a shift in focus. Hence, those items are the last items in focus to

be checked.

2. INTERACTION BETWEEN THE DEFNPs IN AN UTTERANCE

The final decision of what focus an utterance has must wait
until the entire utterance is processed. If a shift in focus is
indicated by more than one constituent of the utterance, then the final
shift must be consistent with all of these indicaters, That is, if the
constituents that require a shift do not all indicate a shift to the
same focus (i.e., subtask or subtopic), then a search of implicit focus
must be made for a shift that will satisfy all the different shift

indicators.

Te 1illustrate, consider the set of possible next tasks in
Figure V-4. In a vreal situation, some of these subtasks might be
subtasks of the current task and others might be new higher level
subtasks. For the purposes of this example, %the notation object[i]
means some object that might be called "the object[il"™; that is,
object[i] in task T1 and object[i] in task T2 are not necessarily the

same object though they are the same kind of object. For example,
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FIGURE V-4 A SET OF POSSIBLE NEXT SUBTASKS

objectfi] could be a crescent wrench in T1 and an open-end wrench in T2;
the phrase "the wrench" could refer to either. Agsumg-that the search
for referents of DEFNPs described in the preceding section considers
tasks in the order Ti1, T2, T3, Ti. Also, for the purposes of this
example, assume that no object meeting the description object[i] or
object[j] is in focus (implicit or explicit) except as a participant in

these tasks.

At the phrase level, the DEFNP '"the objectf[i]" will be
resolved to the object in task T1. Even if no other DEFNPs occur in the
utterance, this match can only be considered tentative. For the match
to be final, and a shift to a new focus corresponding to T1 to occur,
the action of the utterance must correspond to 'act[1]'. Hence, when
the complete utterance has been parsed, a match of the action with the
task is checked before a shift in focus to task T1 is made. If the
utterance action is not 'act[1]'" then a search is initiated to find an
implicitly focused subtask invelving both an objectl{i] and the correct

action.

If the DEFNP "the objectl[ j1" occurs after "the object[il" has
been resolved, then task T1 is rejected as a possible next focus and a
gearch for a task involving both objects is carried out. Task T2 is
selected. Note that if the DEFNP "the object{ j1" had occurred first in
the utterance, T1 would have been rejected immediately and task T2 would

have been the proposed focus. Then when "the object[i]" occurred, the
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search for a referent could start from task T2. Again the whole
utterance must be checked since either ‘'act[2]' or 'act[4]' can occur

with these two objects.

3. THE DEFNP TABLE

A table of the noun phrases that occur in an utterance and
their referents is built as the utterance is parsed, botu- to facilitate
coordinating the shifts indicated by the different DEFNPs and to enable
instantiation of implicitly focused items. As each noun phrase is
resolved, it is entered in the table. If the referent is found in
explicit focus, nothiug further is done. If the geﬁerent is in impliecit
focus and the connection to implicit focus indicates a shift, the shift
is compared to other entries in the table that indicate shifts. This
table acts as a cache when parsing left to right; in particular, the:
table can be used for resolving intrasentential references ({see

Limitations and Extensions section).

The general form of the table is sﬁown in Figure V-5,
The parse vista (i.e., semantic interpretation) of the DEFNP is kept to
enable a new search for a referent to be fouud_in_ case“there;dis a
conflict between iteme indicating:'a shift; in :ocueﬂ The”ﬁESTYPE'
(resoiution ﬁyﬁe) entry is used to distinguisﬁ.referente .iu'iﬁplicit"
focue; This dlstlnctlon is used for 1nstantiating implicitiy_fecused'
items (e.g., "the aftercooler elbow“ in Figure V- 3)=ae well.'ae for .
coordinating references that indicate a Shlft of focus _The llst of
matcher blndlngs 1s kept for updatxng focus after the_ entire utterance
is processed. If there is a shlft in focus then all of the informatlon
in the utterance 13 entered in the new focus space. If_no shlft is
required the new 1nformation in the utterance (1 e.,” anj informaticn

not already 1n focus) is added to the active focus space
E. EXAMPLES

This section examines several different sentences from the
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PVISTA RESTYPE WHERE . | MATCHLIST}. .
parse one of focus space list of.
vista lcFs or implicit bindings
. of DEFNP HFS . . focus returned
LT pointer by the
NT . ' matcher
NTIF}
CFS = current focus space )
" MES = hig.her space in.o.ben L B
. focus space hierarchy
LT = subtask of current . . .
task

NT = new {subltask = -

NTIF = impticit focus, not task-related - -

FIGURE V-5 THE DEFNP TABLE

perspective of how they interact with a given focus. Consider the task
of constructing a carrying case that consists of a box with a’ 1id that
has a handle. The hierarchy of subtasks for this task is given in
Figure V-6. (This struéture does not correspond to any proposed
intérhal'bepfeSéntaEion§ it is pfdﬁidéd ‘only to clarify the following
discussion). Figure V-7 shows a sample"fdc&s environment at the
substep of attaching the handle to the lid'(i;e., T1). Focus spacde FS1
contains items in focus for task Ti: & 1id, a handle, and an attaching
operation. ':FOCUS'spacé:"FS3”coﬁtéiné?'é'particuiar fastening, ~F1, of
handle H1 to 1id L1 using the fastenérs S1. The fastening is 'a substep
'of 'attaching the handle to the 1id.  This substep rélationship is
represented by the ep (for event part) arc “from node 'F1'  to ndde 
'AHL1', The plot structure associated with AHLS shows the qanonical

relationship between such fastenings and attachings.

‘Consider a focus environment in which T3 is the current task, FS3
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FIGURE V-6 PARTIAL TREE OF SUBTASKS FOR ASSEMBLING A CARRYING CASE

is the active focus space, and FS1 is an open focus space. In this
environment, the noun phrase, "the screws" is reasoclved to the get St.
If the phrase occurs in the utterance, "The screws are one inch long,"
then this new information about 81 is added to F383. If the phrase

occurs in the utterance, "The screws don't fit", then a new ~focus space
is created below FS3 to contain the items in any dialogue that ensues
concerning this problem. If the phrase occurs in the utterance, "The
handle is fastened down with the screws", then focus space FS3 is

considered closed; the ubtterance indicates the subtask is completed.

Suppose now that F33 is closed (e.g., by the utterance, "The handle:
is fastened down"). Focus shifts back up to the complete . task:
(constructing the - carrying case) and its associated focus space (not
shown in the figure), because T3 is the last subtask of T1; that is, FS1
is closed as well as FS3. If the next statement is. "The next step is fo
attach the 1id to the box,¥ a new focus space,.FSh, is created as shoWn_
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LIDS -

HANDLES -

FIGURE V-7 A SAMPLE FOCUS ENVIRONMENT

in Figure V-8. 1In this foous, the noun bhfééé'“the"lid“ﬁ.ﬁiil be
resolved. - to L1 :because that 1lid 'is in focus. If the - phrase, "the
screws"™ appears, it will be tentatively resolved to the set - of screws
implicitly focused by the 1id - attaching operation. = The resolution is
marked as implicit. in the DEFNP- %table so that: it can be - checked with
other resolutions that require a shift and so that a final resolution to
actual screws (and not the hypothetical ones S3) is done. A tentative’
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FIGURE V-8 FOCUS SPACE FOR ATTACHING LID TO BOX

shift to a new focus, corresponding to task T6, securing the Llid, is

recorded in the DEFNP table. If the remainder of the utterance agrees

with this shift (e.g., "The screws are all in place in the 1id"), then a

new focus space w1ll be created below FSR (the focus space for TH), the:

set of screws Si will be found to correspond to the hypothetical set S3'

and moved into this new focus space, and focus will be shlfted to thls'

space.
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As an example of the affect of a higher order predicate on the
shift in focus, consider the question, "Have you ever gotten this far
and then realized that the screws don't fit?" The phrase "the screws"
in this utterance does not refer to the particular screws used in TN,
but rather to the hypothetical screws that are part of this kind of
operation. Focus “shifts, but to a hypothetical world. . Although
partitioned networks can handle  hypothetical  worlds (see
Hendrix, 1975§,b), no work has been done yet to incorporate this kind of

shift in the focus representation.

F.© LIMITATIONS AND EXTENSIONS

There are several limitations to the shift strafégy discussed in-
this chapter. It does not take into account the influence of utterances.
that are not task-related (see Chapter II) and of higher level embedding
(e.g., believe, want) phrases. An  examination of how these’
constructions influence focus is needed td allow the mechanisms here to
be extended to other kinds of discourse. The shift méchanimﬂ“.needs to;
provide for backup; there are instances when a subsequent utterance may
influence the shift or clarify an ambiguous situation (e.g., when théf
exact meaning of an "ok" is unclear; see Chapter II). A more immediate
issue for task-related dialogues is using information about_ the major:

substep of any task and about the time between successive utterances in

deciding about shifts, Finally, extensions are needed to the focus and

shift mechanisms to. accommcdate intrasentential references. In this
section, some extensions to the preceding design to overcome these

latter problems are presented.

1. " INTRASENTENTIAI, REFERENCES"
 The DEFNP table can be used to aid in the resolution of
intrasentential references including (with one addition) forward
pronominal reference. If an utterance is processed left to"right the -
DEFNP table providés a kind of sentence focus. Those DEFNPs already

resolved may be referred to later in the utterance (backward reference);
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Most often such references are pronominal (e.g. ‘When Willie fired the
pot, it broke"), but they maY’ be DEFNPS (e.g. "When Sueé takes the cat
and the dog together for a walk, the cat gets upset"). In addltlon, a
pronoun may be used to refér to an object not mentioned until later in’
the sentence (forward reference). For example, the "it" in "If it's too

heavy, don't bring the ceramic bowl".

_ Slnce backward reference may also be made to indéflnltesﬂfs”
and pronouns, a record of any that occur in the current utberance must_
be accessible for reference resolution. Tables of indefinite NPs and of -
pronouns that occur as an uttersnce is parsed must_augment:”the DEFNP:
table. In order to allow for _forward referencey -ﬁﬁs entriss in the 
pronosh tsble may bé. marked 'unresolved'. These tables constitute a

cache for reference resolution routines.

~The first place to look for both pronomlnal and DEFNP
references is in the DEFNP and indefinites tables. If the referent of a..
DEFNP cannot be found in either of these tables, the focus space and
implieit focus search previocusly described is invokéd. Iif the refereﬁt,
of a pronoun cannot be found in  these tables, the prsnbun table is.
checked before any other reference finding procedures are 1nvoked If._
this fails, the pronoun 1is marked as unresolved. . After a complete.
utterance is parsed, a check is made for any unresolved referencss. If

one is found, the entries in the DEFNP table and indefinite NP 1i5t are.
checked.

There is a modification of this scheme that = seems important
for a speech understanding system. In.a speech system the input,-at the
signal 1evel is much more amblguous than in a text system * One of the

prlmary roles of noun phrase resolution is to Pule out 1nterpretat10ns.:

Resolving pronoun references has many problems that are not being:
addressed here. (see Hobbs, 1976; Nash-Webber, 1976). The point of this
discussion 1is to show  how some ' of the mechanisms - needed for DEFNP:
resolution can be used- 'to help two of these problems: T T

** See Paxton (1977) for a discussion of some of tﬁés problems this.
causes,
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to prOV1de ev1dence that somethlng that was Theard!® really was not said.
Furthermore, as a result of the multlple parses under con51derat10n at;'
any tlme, 1t is difficult to malntaln and use the aux111ary tables Just'
.dlscussed. A solution is to con51der all resolutlons to be temperary, |
Parses_ with unresolvable NPs wlll_get lower prlorit;es, butl_ﬁoﬁ be 
eliminated. Then, when an utteraﬁee is pareed,_But befere it.is fihallyl
accepted, the whole parse must be retraversed, this.time building'the
DEFNP and other tables. As NPs are encountered this time, a check is.
made for intrasentential references 1nclud1ng the pOSSlbllltY of forward_
pronoun references. The lowering of the pr;ority of utterances with -
intrasentential (especially, forward) references fits with our dialogue
data. These references are much rarér than inters#nfential references.

2. TIME AND MAJOR STEP INFORMATION

Some of the subtasks of a task are more important than others.
In many cases, one subtask is distinguished “as comprising the kéf'
operation of the task, Questions of the tools or parts involVed:iﬂ 
doing the task most often. entail the objects and actions of ﬁhisfﬂgigﬁ'
subtask,” Scragg (1975) points out the computational inefficiency of
searching all lower leveél subtasks in order to decide whether some
object takes part in a task. The search of implicit focus needs to take”
this major step into acdecount. It is ‘'straightforward to augment the'
process description of Chapter III t6 include an indication of  what the-
major astep of a task is. The remaining problem is to decide how much -
the search of the task representation should proceed depth first through
major subtasks and how much breadth first.

One further piece of informétion:ihteraots'wifh'Ehe:ﬁajor.teék

information in providing evidence about a shift to a new subtask.

it s s e

*¥ See Werner (1966) for a dlscu331on of how many: verbs used to descrlbe.
tasks have layers of specificity of meaning corresponding to the levels
of the hierarchy of the task they denote.. For example, sewing a garment.
can mean the whole operation of selecting a pattern, buying material,
ete. or only the more mlnute operation of moving needle and thread.
through material. : o S o R '
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Information about the time that had elapsed since the beginning of a

subtask (or since the last verbal communication) was used by the experts

in our dialogue experiments to help determine whether a subtask was.

completed. In particular, if no communication was received after an

amount of time sufficient for completing some task, the expert could

(and often did) ask about the_completion of its subtasks. The major.

subtask was often asked about first (used as a reference point for

further questioning). - The major task information needs to be_
coordinated with_ information about the time that has elapsed since.

beginning a subtask. This requires a more elaborate use of time than

provided for in current systems.

G. RELATED WORK

The work most closely related to the focus representation presented:

in this report is the work on conceptual overlays (Rieger, 1975):

Conceptual overlays are a mechanism designed to address the problem of .
interpreting an action in context. The major emphasis in designing.
conceptual overlays was on providing a means of deftermining the:
inferences that result from a given input. in the context of preeeding”

input(s). For example, the statement that "They ran into the den" has -

different implications following "Susan and John smelled smoke"_and "The

fox cubs heard a strange noise." Rieger does ncot address any probieme_.
that. result from the ambiguitiee that arise from the input 1anguage.
itself; the system he describes assumes an unambiguous input in some_'
formal representation. For instance, the system would not be concerned'
about choosing tne correct sense of "run" or identifying "Lhe den" in,
the above examnie..” It would assume this had been done and look atn
questlons like why Susan and John ran into the den. Although conceptualz
overlays are directed at a slightly dlfferent aspeot of context and its

influence on understanding, the structures used are qulte 31mllar to :

those constructed for the focus representation.

In essence, eoneeptual overlays are an exten31on of the task model_

idea to more general kinds of activities. In Rieger's system, every
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action is répreésented by a sSet of temporally sequenced hiéraréhiééif
collection of subgoals, called ‘a commonsense "algorithm. Conceptuai"
overlays group together with a particular action (e.g., smelling smoke);'
a set of possible next actions (e.g., doing something about the source
of the smoke), and a set of functions that select from among these:
actions the ones that are most likely %o follow.  The set of possible’
next actions constitutes a set of expectations about subsequernt inputs.
The interpretation of a new input entails identifying how the action it
conveys fits into one of these expected actions (or some part of one of

these actions).

This repregentation has direct-' anaiﬁggeé ;“in. the .focus
representation. Commonsense algorithms provide an 1mp1101t focus on.
subactions of an action similar to the implicit focus provided by the
plot space of an event (and other process information reachable from.
nodes in that space). Conceptual overlays provide an implicit focus.
like that of the process representation for tasks above the current task
in the task hierarchy. Hence, the process of finding where a. new input
fits into an active overlay is similar to the problem of -deciding where

a new input fits into the currently active task.

There are two major differences between Rleger s approach and ours.'
First, commonsense algorithms are de81gned to deal with actlons thatj
have a larger set of possible next actions than the tasks of the task—_
related dialogues; i.e., actions that are less constraining than the
tasks of the task-oriented dialogues. (These actions also lack some of
the time ordering constraints of the tasks considered in this report.)
Hence, it 1is more important for him to restrict the amount of depth-
first search (thrbugh'possible next actlons and their IShbaétidnS) that
is done in trylng to determlne where a new 1nput flts. ~ The resultlng_
scheme depends on structurlng the knowledge base s0 that the search from;
a particular action to all ‘the .algortlhms 1t forms a part of 13'

reasonable. (As Rieger p01nts out, 1t is not clear whether this is

possible in general,)
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Second, the assumption of wunambiguous input avoids the problem of
needing context to figure out to what action a particular linguistic
input refers. Some of the search that Rieger is concerned with from the
perspective of determining inferences is needed to go from English into
an internal representation, Although the mechanisms needed to build an
interpretation of an utterance entaii the same kind of task
identification that is needed for inferencing about actions, the-
information that is available in building this interpretation (i.e.j
internal representation) is not as complete as the information in the
internal representation. As a result, the search of focus described

here is more top-down than the search throuéh commonsense alogorithms.
>
Unfortunately, Rieger does not address the issue of switching

overlays to any extent. He is partly able to aveoid this problem because
he does not look at problems that arise from building an interpretation
of a natural language input. The similarity between conceptuél overlays
and the focus representation suggests that the switching strategies

described in this chapter could be extended to other kinds of discourse..

H. SUMMARY

Determining how a particular input: influences the focus: of a
discourse depends on both the . kind of discourse and the topic of the:
particular discourse. This chapter presented mechanisms for determining-
shifts of focus . for a limited kind of discourse, namely task-oriented.
dialogues. For these dialogues, top-down information about shifting is:
available from knowledge about the task. The interaction of individual:
utterances with this information was described. Recent work - by other
researchers provides some indication of how the focus mechanisms used
here could be extended to other kinds of discourse, by providing

analogues of task information for other: less structured kinds of

actions.
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A. INTRODUCTION. -

Focus not only provides the asemantic framework for resolution of
definite noun phrases, but also the syntactic and semantic framework for
interpreting elliptical utterances..  Ellipsis refers to the .use of
incomplete. grammatical units in a discourse (the items left out are:
elided). . Although such a unit. is ill-formed by itself (in the:
traditional competence grammar sense), if. the context in which it
appears supplies the elided items, it is weli—formed. For example, the-
utterance,

- The crescent. wrench S S
is an incomplete sentence, but if it occurs after the question,-:

What toocl are you using to loosen the bolts?.
then iﬁiis easy to construct the complete~,sentencé it is meant to
convey, namely,

I am using the crescent wrench.

"The crescent wrench" is an example of ellipsis at the sentence (or
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clause) level. Ellipses may occur at the noun - phrase or verb phrase
level as well.® The following sequence is an. example of noun phrase
ellipsis:

Whieh box should I use for the tools? L
Only the largest will hold all the tools.

Verb phrase ellipsis is shown in the following seqﬁehce:“

Has the pump been tightened down?

No, but the motor has been.

We limited the range of elliptical expressions we would handle in
the speech-understanding system to noun phrases functioning as cdmplete 
sentences, as in the initial example. To allow more extensive noun’
phrase and verb phrase ellipses would have meant greatly  increasing the’
alternatives considered for these lower level constituents during the
interpretation of an utterance. For example, if noun phrase ellipsis’
had been allowed, when any piece of a noun phrase was constructed,
discourse could have been called to try interpreting the noun phrase
elliptically. Expanding an elliptical phrase is a relatively expensive
operation when compared, for example, with syntactic checks or semantic
case checks. Doing it at the utterance level seems worth the cost since
complete utterances are relatively infrequent compared with _other 

constituents being proposed and found . ** If we had been working'with.

error-free text input rather than speech,  the overhead requirements.. .

would have been less extreme, Because the wordé__ are _olearlyf
distinguishable in text input, it is easier to determine where  a noun.
phrase ends. Extensions and modifications needed to do more complete.

ellipsis handling are described in Section E.

- B.  QVERVIEW OF ELLIPSIS

Ellipsis is a more local phenomenon than reference. . The immediate .

s it et

Halllday and Hasan, 1976 contalns a comprehenszve dlscu331on of these;'
various forms: of ellipsis. '

** Paxton, 1977, contains a discussion of parsing strategies in the

speech environment.
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focus provided by one utterance is used to expand any'ellipticai phrases
in the following utterance. The constituent phrases of ~ the first
utterance provide the framework for expanding and interpreting the
second utterance if it is elliptical. Similarly, the ~constituents of
these phrases are used to interpret elliptical noun phrases_ éhd verb.

phrases in the second utterance.

It is important to note that if the constituents missing from an
elliptical phrase can be found at . all, they can be found in the
immediately preceding utterance. If there is a sequence of three
utterances ul, u2, and u3, then the structure of u2 can be matched
against ut, but u3 can only be matched against tha} of u2. The presence.
of u2 precludes matching u3 against ul. In Chapter II, several examples
of long sequences of elliptical questions were presented. Although, in
these sequences, it appears that u3 is patterned on ul, in fact u2 is
expanded to a form similar to ul and then u3 is patterned on this:

expansion of u2.

The process of building an interpretation of an - ‘élliptical phrase’
entails two steps once the ellipsis has been detected. First, the items
missing from the phrase must be found in the preceding utterance (or;
equivalently, +the slot the elliptical phrase fills in - the preceding’
utterance must be determined). Second, a complete phrase must be built:
using the elliptical phrase and the missing constituents found in the'
previous (old) utterance. In the remainder of the discussion, the first
step will be referred to as determining the slot, the second as.
expanding the utterance. ' ' E

The use of ellipsis in the task dialogues differed from that in the
data base dialogues (see Chapter II, Section E). In the £ask diéibgues,'
elliptical utterances appeared as responses to questions. In- the data
base dialogues, elliptical utterances were used in long sequences of
questions. For purposes of building an interpretation of an utterance,.
the difference has most impact on the slot-determining  phase of:

processing. In the question-and-answer pairs of the task dialogues, the
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slot filled by the elliptical answer is often marked in the question by
a WH-phrase.  Determining the  slot filled by the ellipses in the
question sequences of the data base dialogues is not so straightforwvard;
syntactic and semantic clues must be used as explained below. Expansion
of the utterance entails similar procedures in the two domains, but some
preliminary tfansformations are required for the ellipses in the task

domain (see Robinson, 1975).

The remainder of this chapter concentrates on capabilities. in the
discourse component of the speech understanding system for handling the
elliptical utterances that occurred in the data base dialogues. The
procedure for interpreting an elliptical utteran%F‘ﬁau).in the context
of the preceding pattern utterance (PU) will be presented. In question-
and-answer sequences, both the answer following a question and the next
question itself may be elliptical. The PU for an elliptical answer is
the preceding question. Expansion of this elliptical answer requires
many of the same transformations as the elliptical utterances in the
task dialogues. The PU for an elliptical question also is the preceding
question, which 1is really two utterances Dback. This treatment is
actually equivalent to using the immediately preceding utterance, the
answer, since its structure corresponds directly to that of the
question. The two utterances differ only in that one is marked: as a

gquestion.

C. PARTITIONING TO REFLECT PARSE STRUCTURE

The ellipsis procedures reduire a cdmbihatién of. Syntactic'and
semantic information. These two kinds éf ihforﬁatioﬁ ére coofdinated
through the use ofznetwork partitioning. In essence, partitidﬁing:is
used to. overlay the parse structure of aﬁ utﬁerénce on. the Sémantic
interpretation. Hendrix (1976) describes the process of_.bui1ding this
structure in detail. In this section, the representation uill_be-

described ohly in enough detail to elucidate its wuse in ellipsis
handling.
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As.-an utterance  is parsed, a  piece of network structure is
associated with each constituent of the utterance. In some cases, new
structure is built; in others, existing structures ére- referenced. To
encode. the - parse structure of the utterance, the network structure
corresponding to each constituent is isolated on a separate space in the
logical partitioning. These spaces are related in a hierarchy that

corresponds to the parse tree.

Figure VI-1 shows the network structures that would be built
for the utterance, "John owns a red bike," using the simplified language
definition:

RULES
R1: S => NP VP

R2: VP => V NP.
R3: NP => DET MOD N

R4U: NP => N
LEXICON -
N: John, bike
V: own '
MOD: red
DET: a, the

The spaces V1, MOD1, and N1 contain the network structure built from the
lexical entries for "own", "réd", and "bike" respectively. The node
representing "John" is in the KNOWLEDGESPACE, so no new structure is

built for this concept.

The space NP2S is built when the MOD "red" is combined with the N
"pike" to form a noun phrase, The hierarchy of spaces NP2S, MOD1, and
N1 reflect the syntactic structure of this NP. ~The noun "bike" is the
head noun of this NP. The node 'B', which corresponds to this “noun, is
distinguished as the 'head node' of the structure built for the NP. The
network structure visible from the space NP2S describes the concept
referred to by the NP. This structure, considered without - the space
‘partition, corresponds precisely to the semantic interpretation of "red
bike"., The partitioning adds a means of recovering the parse structure
of the NP.
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FIGURE Vi-1: PARSE SPACES FOR “JOHN OWNS A RED BIKE™

In general, a noun phrase corresponds to a set of . nodes and
relations in the network. For each noun phrase, a single node in the
network can be distinguished as central to the concept expressed in the
noun phrase. This distinguished node is used by the algorithm for
determining thé slot an elliptiéal expresasion fills in the pattern
utterance. 1In the éxample, the head node,'B', and the vista visible

from NP23 c¢ontain all the information needed to combine the NP with
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other constituents of higher level phrases. For definitely determined
NPs, the node representing the referent of the NP is used in further
computations in place of the head node of the semantic representation,

ds the next example will illustrate.

'The space VP1 results from the appliéation of rule RZ2. It lies
below spaces NP2S and Vi to Péflect the fact that the constituents'of.
the verb phrase are the verb "own'" and the NP, "a red bike". Finally,
at the sentence level, the VP is combined with the node representing:
JOHN .

If the spaces in the partitioning are ighored,  the semantic
interpretation of the utterance can be seen to,be 'ﬁhe node 'a', an
instance of owning in which JOHN is the owner and C describes the object
owned. The parse structure of the utterance, which is needed by the
algoritim for completihg an elliptical utterance, can be retrieved from

the space hierarchy of 31.

Figure VI-2 shows the network structures thaﬁ are built. for the
utterance, "John owns the red bike." The processihg of" this:utterance
differs from the previous description only in the handling of - the noun
phrase that serves as direct object. Because the noun phrase, "the red
bike," is definitely determined, the discourse component is -called to
resolve the reference after ‘space NP23' is built, itg identifies the
referent to be the bike represented by the node 'RB! (see Chapter IV).
In all other processing of the utterance, the node 'RB' is used in place
of the node 'B' and space NP2D 1s wused in place of NP25'. This
replacement is recorded on space NP2D so that the parse structure of the
entire utterance can be retrieved for use 1in processing elliptical

expressions.

D.  SLOT DETERMINATION. .
The algorithm for " determining the slot filled by an elliptical
utterance uses a combination of syntactic and semantic filters, The

following filters are applied in the order shown:
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SYNTACTIC FILTERS:

1. category of phrase

2. definiteness

3. role of phrase in utterance

" SEMANTIC FILTER:
. semantic similarity

Each of the filters, and reasons for using it are deséribed in the
following sections, Syntactic filters are applied first because they
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are faster. If the syntactic role of the elliptical phrase is not given
(an example appears below), then this filter is skipped. In this case,
more than one candidate may remain, even after semantic filters are
applied. A possibility, not explored in the current implementation, is
to examine the syntactic roles of all of the candidates and see what

keys to disambiguation might be asked of the speaker.

1. SYNTAX

Syntax plays a major role in determining the slot filled by an
elliptical utterance (EU).* Usually, for an EU to make sense there must
be a structural unit of the same type in the pattern utterance (PU).
(This is not completely true: there may be an» infilled slot in the
syntactic pattern for the PU that the EU fills. This case, and
extensions to the algorithms for handling it, are discussed in Section
E.} In addition to defining the category of phrase an EU c¢an match,
syntax also provides filters on the basis of definiteness and syntactic

role.

If an EU consists solely of a noun phrase (NP), the determiner
of that NP must match the determiner of the slot phrase in the PU. If
the NP of the EU is definitely determined, it can match only definite
NPs in the pattern; if it is indefinite, it can match only indefinitely
determined phrases. The sequence PU - EU1 is fine, but PU ~ EU2 is
awkward.

PU: Does Steven own a car?
EU1: A bike?
EUZ2: The bike?

The algorithm for determining the slot filled by an elliptical
utterance uses the parallelism of determiners to filter out phrases to
be considered as matches. The determiner of each NP in the PU is
checked, If it matches the determiner of the NP constituting the EU,

* The systems described in Hendrix (1977), Burton (1976), and Bobrow, et
al. (1976) all handle a limited range of ellipsis based only on
syntactic features. Their success comes from the largely syntactic
nature of ellipsis,
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then the NP is a candidate for a match; the slot it fills'ié a candidate
slot for the EU. ' '

The parallelism of definites and ' indefinites is most clear
when we consider utterances with two NPs that differ only in
definiteness. Contrast the two sets of question sequences:

PU: Did the cat hurt a bird?
EU1: The dog?
EU2: A mouse?

PU: Pid the cat hurt the bird?
EU1: The dog?
El2: A mouse?

Without any preceding context, in the first’ seQuence both EU1 and EUZ2
are unambiguous; the NPs match the correspondingl§ determined NPs. 1In
the second sequence, EU1 is ambiguous; it could either be a question
about the cat and the dog or one about the dog and the bird. The
preference is to resolve the ambiguity on a semantic basis, but there is
clearly some confusion that does not arise in the first sequence.
Utterance EU2, in the second sequence, really does not make sense
without some imputed context. Even then, there could be én ambiguity
similar to the one for EUfi.

It is possible to have a sequence of questions with indefinite
NPs culminating in a definite NP, but this is an excepticnal case; it
occurs only when the definite NP refers to some truly unique object, or
the questioner and answerer are playing a game. The following seguence
showing an interchange between two people is an example of the former:

P1: Do you know what John got at the auetion?
P2: Was it a document? '
Pi: Yes.

P2: An old one?

P1: Yes.

e oa

P2: The Constitution? / A copy of the Constitution?

The question-answering dialogues of the game "20'Questioné'
are an example of the latter. The same phenomenon happens with plurals.
So the sequence PU ~ EU1 is fine, but PU - EUZ2 is not.

PU: Does England own any submarines?
EU1: Any patrol boats?
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EU2: The patrol boats? _ . o _
One can construct situations in which EUZ is reaéonable; but. agéin the
set denoted by the NP must be unigque. S0, for a daté base in which
there was only one set of patrol boats (and these are a subset of
submarines), the sequence PU - EUZ2 might be acceptable. This use of the
definite at the end of a series of indefinites is sufficiently rare that

the algorithm was not modified to handle it.

A problem arises when considering EUs consisting solely of
nominals -- NPs without any determiners. Some default determiner must
be chosen for the EU so that the filtering process can be donée. The
default currently used is definite for singular NPs and indefinite for
plural NPs. This treatment is adequate fbr_ theskiInds of questions in
the data base domain seen in the following three examples from the data

base protocols:

PU: What is the length of the Ethan Allen?
EU: Draft? : S

PU: Does Britain own any submarines?
EU: Patrol beats?

PU: Does the U.S. own the Ethan Allen?
EU: George Washington? o
In general, however, there are cases that do not work undetermined:

PU: Did you drive the Cadillac today?
EU: Veolkswagen?

"Volkswagen" alone is just not enough; "the Voikswagen" is. Other nouns
require no determiner and can be matched by other undetermined nouns or
by definitely determined ones:

PU: Did he write about pollution?
EU: Ecclogy?
EU: The environment?

The syntactic role of a noun phrase is important in choosing
between candidate slots that are filled by phrases that are otherwise
semantically and syntactically equivalent. Consider the sequence:

PU: 1Is the Ethan Allen longer than the George Washington?
EU: The Churchill? '
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The EU is ambiguous since "The Churchill" could replace either "the
Ethan Allen" or "the George Washington". However, both "Is the
Churchill" and "Than the Churchill® are unambiguous. In each case a
syntactic role is assigned to “the Churchill" that can be used to

eliminate one of the two candidate slots.

In summary, syntax is used to limit the candidates considered
for finding slots of NPs serving as EUs. First, only NPs with matching:
determiners are considered. If there 1is more than one candidate,
syntactic role is used to eliminate choices. If at either step of the
process there are no candidates, there is the option of relaxing
syntactic constraints, This option was not pursued in the speech
understanding system because of the need to Peétrict, rather than

increase, potential interpretations.

2.  SEMANTICS

Although syntactic restrictions often eliminate all. but one
choice, there are cases when an appeal must be made to semantic
attributes of the phrases filling candidate slots in the pattern
utterance. The role of semantiecs in filtering out candidates may be
seen by considering the sequence:

PU:- Is the chicken in the cooler?
EU: The potato salad? '

Syntactically, "the potato salad™" matches both "the ¢hicken" and "the
cooler", Semantically, it is more similar to "the chicken": they are
both foods. Therefore, the ellipsis procedures should establish the
subject slot (i.e., the role filled by "the chicken") as the candidate
slot.

- If more than one candidate slot remains after the syntactlc
filters have been applied, the ellipsis procedures must debermine whlch
phrase in a candidate slot is semantically most similar to the.phrase
constituting the elliptical utterance. This semantic filter is applied
to a set of candidate nodes each of which corresponds to a candidate
slot that has passed through the: syntactiq constraints. Recall that
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each phrase in the pattern utterance is described by a piece of network
structure. In particular, for each noun phrase, one node in this
structure is distinguished as central to thé concept expressed by the
noun phrage. For each candidate slot, this distinguished node 1is the
candidate node. The NP that consﬁitutes the elliptical utterance can be
similarly identified with a single node in the network. The candidate
node that is taxonomically most similar to the distinguished node of the
EU is chosen as the matching node; the slot filled by its concept is the
slot the EU is taken to fill.

In a system with a semantic network knowledge representation,
semantic similarity is determined from the element and superset
hierarchy of the network. Given some collection.oE nodes N and a node
m, the node n in N is most similar tom if n and m belong to a common
set (in the network) that does not include any other nodes of N. In
network terms, node n is most similar to m if, considering only element
(e) and subset {s) ares, n and m have the closest common ancestor. This
similarity measure is a relative one. It can only be used to decide

among a set of alternatives,

To find the candidate nodé that shares the closest common
ancestor with the EU-node, the path from the EU-node to the root of the
hierarchy (i.e., the node UNIVERSAL) is marked. (This path may actually
split into several paths since the network 1is not a tree.) Paths are
then grown by recursively following e and s arcs (including de and ds
arcs) from each candidate node until they intersect this path (or, if
the path from the EU node splits, some one of the resulting paths). The
node at which two paths intersect is the least common ancestor for the
two different nodes that started the paths.‘ "The matching node is the
candidate node whose least common ancestor is the smallest number of
links away from the EU node. The paths traced for the sequence,

PU: Is the box-end wrench used to loosen the bolt?

EU:. The socket wrench?
* This is not entirely true if the path from one or both of the nodes
has split. 1In this case, there may be more than one intersection; the
least common ancestor is the node at the intersection that is the fewest
links away from the starting node. Such cases may be ambiguous.
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are shown in Figure VI-3. Nodes 'Wi', 'W2', and 'B1' represent the
items referred to by the definite noun phrases, "the box-end wreneh",
"the socket wrench", and "the bolt" respectively. The path from the
node corresponding to the EU is shown wiih a dotted line. Paths from
the PU candidate nodes are shown with dashed lines. The paths from 'W1!
and 'W2' meet at 'WRENCHES'. The path from 'B1'! intersects the path
from 'W2' at 'PHYSICAL OBJECTS'. Since 'WRENCHES' is closer to 'W2'
than 'PHYSICAL OBJECTS' is, 'W1' is chosen as the matching node.

When two of the phrases filling candidate slots are
semantically equally similar to the elliptical phrase, the elliptical
utterance is ambiguous. Such cases are detected by the path growing
algorithm when paths from two (or more) candiﬁato modes intersect with
the path from‘the EU node at the same node. This can happen either
because the paths all intersect (for the first time)‘at the same node,
or because the paths from the candidates have intersected at some node
and the path from that node intersects with the EU node's path. Since
syﬁtactic clues have already been used as a filter, discourse has no
further way of disambiguating the utterance. However, the number of
candidates is usually sufficiently small at this point, that the system

could reseclve the ambiguity by asking a question.

E. SEMANTIC SUITABILITY CHECK

After a candidate is selected, a check must be made to determine
that the EU fits semantically into the selected slot. This check 1is in
essence the same one that is done by the semantic composition routines
(Hendrix, 1976) when the original utterance (i.e., the PU) is
interpreted and the matching (slot) phrase is embedded in some higher
level phrase in that utterance. The need for this kind of check is
especially strong in a speech-understanding environment. Even though
the phrase constituting an EU syntactically and semantically matches
some phrase in the PU, it may not make sense semantically to substitute
the EU for this phrase. For example, in

PU: Does Britain own a sub?
EU: A commander?
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‘the EU matches the phrase "a sub" (they are both physical objects) but
the substitution does not make sense (note that it would if the PU were,

"Is there a sub in Naples?").

For this reason, a semantic. check on the suitability of
substituting the EU in the selected slot is always done. In the above
example, the phrase "own a sub®™ is checked by the semantics component
when the original utterance is parsed. Before trying to substitute an
EU, the discourse rcutines perform the same check with the EU. In the
example, the plausibility of "own a commander" is checked and this
interpretation of the utterance is rejected. The acoustic routines must

find another set of words.

F. COMPLETING THE UTTERANCE

Completion of the elliptical utterance entails fitting it into the
slot in the pattern utterance selected by the siot determination phase
of the process. Semantic checks already have ensured that it is
reasonable to gubstitute the EU for the NP that occupies the slot in the
PU. The remaining step is to build a new structure using pieces of the
PU and the EU. The use of a network partition to reflect the parse
structure for an utterance is cruecial to limiting the computing done in

this expansion.

Elliptical expansion in an earlier version of the speech
understanding system (see Walker et al., 1975) depended on having
available a representation of the semantic interpretation of the
complete PU in terms of the semantic representation of each of its
constituents. The utterance expansion routines built a new net around
the semantic representation of the EU using all of the information from
the semantic interpretation ¢f the PU not superseded by information in
the EU. But, in a speech system environment, interpretations of
utterances are built up from partial interpretations. Each partial
interpretation has been processed by both semantics and discourse to

allow aséignment of scores for determining which of the coﬁpeting
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interpretations to work on next. As a result, the final semantiec
interpretation of an utterance is a combination of semantic
representations of some constituents, discourse representations of other
constituents, and semantic processing to handle quantification. The
simple surgery of the original system no longer works because there is
no complete semantic template available. For example, when a definite
noun phrase is resolved, the node identified with the resclution, rather
than the original semantic interpretation, is wused in building
representations for higher (embedding) phrases. This occured with the
noun phrase, "the red bike", of Figure VI-1.

It would be possible for the semantic component of the system to
build dual representations, one using semantics amd*one using discourse
results, each time phrases were merged to make & higher level phrase.*
This duplication would make available a final semantic interpretation
built only from semantic éonstituents. However, this solution would
double the most expensive work done by semanties in building an
interpretation. This doubling of effort would have to be done for all
candidate phrases that include NPs, even the false attempts that were
not part of the final interpretation. Furthermore, such an expansion
algorithm requires copying all portions of the PU being used with the
EU. In contrast, the algorithm described in this section overcomes both
of these problems: it works using the combination of semantic and
discourse representations, and it copies only those portions of an
utterance that embed the slot filled by the EU.

To illustrate the basiec algorithm, consider the sequence

PU: What is the speed of the submarine?
EU: The carrier?

-Figure VI-4 shows the final semantic interpretation of the PU along
with the semantic interpretation for each of the constituent phrases and

the discourse interpretation of the NPs.

The discourse and semantic components build the same kind of
structures. The difference 1is that the structure the. discourse
component builds, if it is called, has considered the context in which
an utterance, or one of its constituents, appears.
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The structure shown is built as follows. As scon as the NP "the
submarine” is encountered and semantics has built an interpretation for
it, discourse is called. The submarine Churchill is found in focus and
hence identified as the object referred to by the NP. Note that the
node for the particular ship is used in the higher level (embedding) NP
"the speed of the Churchill", Similarly, once the semantic
interpretation for this NP is built, discourse is called and determines
the node corresponding to the speed of the Churchill (which may or may
not exist explicitly in the net; see Hendrix, 1976). This node is then

used in building the semantics for the whole utterance.

~ Now consider what happens when the EU is encountered. The match of
the phrase, "the carrier", which is first resolved~to the Midway, with
the slot filled by "the submarine", which was resoclved to the Churchill,
is found as described in the preceding section. But the node for the
Churchill is nowhere to be found in the utterance level semantics, which
consists solely of the nodes and arcs in the vista of Spaces S1 and N3
of Figure VI-U4 (and of the knowledgespace nodes touched by those ares).
However, it is easy to find how any node was used in building a final
interpretation of an utterance if enough information from the parse of
that utterance is kept.

After an utterance 1is accepted, the discourse routines collect
information about each of the NPs and VPs in history lists. 1In
particular, for NPs the following information is recorded: (1) the
semantic interpretation,(2) the discourse interpretation (which in some
cases 1is 1identical to the semantie interpretation but is always
different for definite NPs), (3) the phrase of which the NP is a
constituent (in the accepted interpretation), or, in which it is
embedded, and (4) syntactic factors such as number and determination.
For VPs, only the semantic interpretation and the embedding phrase need
to be collected.

When an EU 1is encountered and the candidate slot found, the

embedding phrase for the EU can be éonstructed from the embedding phrase
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for the phrase filling the slot in the PU. In the example, the
embedding phrase for "“the ecarrier" is NP2. The first step of
substituting the EU in the slot is to copy the space(s) created when the
embedding phrase was formed from its constituents and to substitute arcs
to the EU node for any arcs to the corresponding PU node. In the
eXxample, a new space NP3 corresponding to NP2 must be built with an arc
to the Midway instead of the Churchill, as shown in Figure VI-S*
Note that it 1is not necessary to copy any of the structure built for
other constituents of the embedding phrase., Network partitioning, in
particular the visibility restrictions it imposes, enables each of these
constituents to be viewed from the perspective of the new space. The
result of this step is a new constituent for some Wifgher level embedding
phrase. Again the embedding phrase can be determined easily from the
history lists. The process continues recursively until the embedding
phrase 1is the utterance. Resolution of definite noun phrases {in
particular, relational NPs) is performed, if relevant, when the new
constituent is built. Ih the example, NP3 is built as shown in Figure
VI-5. Because this is a relational NP, it is passed to the
resolution routines and the actual "speed of the Midway" is found.
Finally, this node is embedded in a copy of the utterance level

semantics as shown in Figure VI-6.

Notice that the use of network partitioning enables 'the copying of
constituents of the PU to be iimited to those phrases embedding the slot
filled by the EU. Looked at another way, only those phrases on the path
from the slot to the root of the parse tree were copied. This attribute
of the procedure may be seen even more clearly by considering the
seguence

PU: Does Britain own the carrier?
EU: The U.S5.7

and exanmining Figure VI-T and Figure VI-8. The phrase "the
U.8." corresponds to "Britain", a top-level constituent of the
sentence. Only <the space 81 and the agent arc need to be copied in
building the interpretation of the EU.

For clarity, replacement spaces have been left out of this and
following figures.
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In the two examples presented so far;, the EU is a definite NP. The
only difference in handling indefinite NPs is that the head node (and
other nodes and arcs) of the NP lie on spaces below the KNOWLEDGESPACE
and these spaces must be copied in the first step of the substitution.
Again, network partitioning minimizes the work; the whole collection of
spaces for the EU becomes visible (and the spaces for the NP that fill
the slot in the PU become invisible) when the new space is created for

the embedding phrase.

Another problem occurs with quantified NPs. Consider the sequence:

PU: Does Britain own all of the subs?
EU: The carriers?

The quantifier "all" operates on the NP "the oarriers" in the most
natural interpretation of the EU; i.e., the most natural interpretation
is "Does Britain own all of the carriers?" To obtain this result, some
record must be kept of what quantifier, if any, applies to a phrase.
The semantic component makes precisely this record in the first step of
handling quantifiers (see Hendrix, 1976). When the NP "all of the subs"
is constructed from a quantifier and a prepositional phrase, the only
thing that happens is the recording of the quantifier "all" on a space
in the network of the NP. The actual rearrangement of the structure
into one that corresponds to the network encoding of quantified
statements (see Hendrix, 1976) does not occur until after the entire
utterance is processed. Semantic processing wmust operate this way to
capture the proper scoping of quantifiers. Discourse uses the tracks
left at the parse structure level to transfer relevant quantifiers to
elliptical utterances. 1In the sequence

PU: Does John own both boats?
EU: Either boat?

the EU is already quantified and the expansion process does not transfer
the quantifier from the PU. The two-step process for handling
quantifiers also means that an elliptical utterance when expanded may
have different scoping than the PU. This difference in scoping occurs
in the sequence

PU: Who owns all anthracite coal mines in the U.S.?
EU: Each natural gas pipeline?
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The PU asks for the single owner of all anthracite coal mines (and
carries the implicit assumption of such a single owner). The scope of
"all"™ is inside of the scope of "'who'. In the EU, the scope of the
"who"™ moves inside the scope of the quantifier, "each". For each
natural gas pipeline, the particular owner of that pipeline must be
identified.

G. ELLIPTICAL RELATIONAL NOUN PHRASES

The ellipses discussed =0 far have all been structural in the sense
that some syntactic pieces of an utterance have been 1left out; the
structure of the utterance is incomplete. As a result, syntactic clues
may be used to detect the ellipsis and to guide.igtérpretation of it.
The data base dialogues also contain elliptical utterances for which
there are no syntactic clues. Consider the utterance: "What is the
lengtht", the ellipsis  here 1is semantie. The utterance 1is
syntactically, but not semantically, complete. "The length" is a well-
formed NP; however, semantically, "length" assumes some object for which
length is a relevant measure and implicitly conveys the. relation of
'having a length'. The combination of this 'relational' attribute and
definiteness indicates the need for an object. (If the utterance had
been "What is a length", then no object would be required. The use of

the indefinite determiner distinguishes this case.)

In essence, the verb-like characteristics of the relational nouns
cause a gituation in which a phrase that appears to be syntactically
complete is not. The object of the ‘'verb' is missing, but, =ince the
verb is expressed through a noun, no syntactic  indiecations of
incompleteness occur. Case information appearing with the semantics of

relational nouns can be used to detect this kind of ellipsis.,

When a definitely determined relational NP (RELNP) is encountered,
the discourse routines first check to see if all of the cases regquired
by the RELNP are present. If any are missing, ellipsis handling is

invoked. The preceding ‘utterance is examined to find objects for the
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empty slots. The procedure for finding candidate slots in the case of
structural ellipsis can be used to determine which object in the PU best
fills the missing case slot. Expansion of the elliptical RELNP is
straightforward: a new =space is created below the space for the RELNFP
and the space(s) containing the slot filler(s), and the case arcs are

added to this space.

A compound case of structural and RELNP ellipsis occurs in the
sequence

PU: What is the draft of the submarine?
EU: The length?

In processing this EU, the RELNP ellipsis is handled at t{he noun phrase
level, resulting in the structure of (a) im *Figure VI-9 being
transformed into the structure of (b). The structural ellipsis is
handled at the utterance level. At this point the problem is equivalent
to processing the EU, "the length of the submarine". The result appears
in (e) of Figure VI-9.

H. LIMITATIONS AND EXTENSIONS

The ellipsis~handling capabilities described in this section are
limited in at least two ways. However, the algorithm for expanding an
elliptical utterance is general., 1In the remainder of this section we
discuss these limitations ahd present the extensions necessary for

handling less restricted forms of ellipsis.

The major limitation of the current ellipsis routines stems from
the assumption that the EU will fill a single slot in the PU, which is
not true of ellipsis in general. At the utterance level, the general
case is that any number of constituents may be present or missing in the
EU. In the sequence,

PU: Did you take the coat to the cleaners?
EU: The shoes to the shoemaker?

the EU contains an object NP and an adverbial prepositional phrase. The
subject NP and the VP must be retrieved from the PU. This kind of

ellipsis is even more common when more complex sentences are considered.
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In particular, when two clauses or phrases are conjoined, the second is
often elliptical; consider the above sequence joined by "and". Rather
than locking for a zingle slot filled by the EU, the ellipsis routines
should determine the constituents missing from the PU and then build the
full utterance. {The latter step would be quite similar to the work

done by the semantic composition routines)."

The mechanism for handling ellipsis this way would entail a closer
coupling of syntax and discourse and would proceed basically as follows.
The parsing routines would determine which constituents of the utterance
were present in the EU and which were missing, on the basis of the
context-free structural description associated with each rule in the
language definition. Using this information and” fhe parse of the PU,
the discourse routines would build the complete utterance in a manner
similar to the one now used for expansion. The only difference would be
that several components might get replaced at once. Both semantic and
syntactic checking could be done, based on the mapping between the
structure of the PU and that of the completed EU.

Adopting such a strategy eliminates two major limitations of the
current approach. First, the EU may consist of any number of
constituents, not just a single NP (the only exception to this
restriction in the current routines is with RELNP elliipsis). 1In
particular, the EU may consist solely of a modifying phrase not present
in the PU, as in the sequence:'*

PU: Plot the distribution of soybeans.
EU: In the year 2000.

Second, the extension to handling NP and VP ellipsis is straightforward.
The only additional step needed is to determine the NP (or VP) in the PU
that matches the elliptical phrase. The PU phrase then takes the role

* Hendrix, 1977 describes a system that does this for a limited kind of
language.

** Thanks to W. H. Paxton for this example and for a suggestion of how
to handle it. The content of this section was greatly influenced by
discussions with him. '
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of the PU and the elliptieal phrase takes the role of the EU 1in the
above description of ellipsis handling for a complete utterance. The
result of the processing is a complete NP (or VP) to be used in building
the rest of the utterance. For example, in the sequence:

PU: Is the Churchill the smallest sub?
EU: 1Is the Lafayette the largest?

the elliptical NP "“the largest" gets matched with the PU phrase "the
smallest sub", and is then expanded to "the largest sub". This complete

NP can then be used in the (now complete) EU.

Processing the Lkinds of ellipsis occurring in the question
answering pairs of the task dialogues also entails only one additional
step. The question (PU) must be transformed beforg it’can be used as a
template. As an example, consider the sequence

PU: Which bolts did you tighten?
EU: The front bolts.

The PU must get transformed to "You did tighten which bolts"™, then an
I/you transformation must be done. Tnen the EU can be placed in the
slot (nicely indicated by the WH-phrase). A means of expanding the
language definition to facilitate this kind of processing is currently

being explored.

I. CON 0

Ellipsis is an example of the local influence an “utterance exerts
on the interpretation of the following utterance. This chapter has
examined the kinds of information that need to be recorded from one
utterance to help in processing the following one. Syntactic
information is a central part of immediate focus. The constituents of
an utterance and the roles each plays in the ﬁttérance influence the
immediate focds of that utterance. The use of network partitioning to
overlay the parse structure of an utterance on  the semantic
interpretation provides a means of doordinating syntactie and semantic
information. This coordination facilitates constructing an
interpretation of an elliptical utterance from the interpretation of the

preceding utterance.
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A. SUMMARY OF REPORT

The influence of focus on the interprgtation of utterances in a
dialogue and representations of focus for a computer system for
understanding dialogue have been examined in the preceding chapters and

the effects of two ranges of focus, global and immediate, have been

demonstrated. To recapitulate, briefly: the Ilinguistic form of an
utterance -- the syntactie structure of the utterance and even the
particular words that appear in it -- constitutes an immediate focus

that constrains the linguistic form and hence the interpretation of the
following utterance. Global focus is more long lasting; it derives not
just from an individual utterance but from the total discourse context.
The global foecus in which an utterance is interpreted is determined by a
combination of elements: the topic of the discourse, the particular form
of the discourse, the setting in which it occurs, and the place in the
discourse that the utterance occupies. Global focus influences what
gets talked about, how different concepts get introduced, and how

concepts are referenced.

To wuse  immediate focus in the interpretation of an utterance,
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syntactic and seﬁantié information'about ﬁhe precéding uﬁterénce must be
coordinated so that the focus information conveyed syntacticélly is
directly available in the underlying knowledge representation. The
interprétation of eliiptical sentence fragments illustrates the use of
immediate focus. The coordination of syntactic and semantic information
iz used to minimize the work done in expanding the fragment into a
qomplete utterance. In the approach described here, coordination is
achieved by recording the relationship between syntactic units and their
semantic translations in the knowledge representation, a semantic
network. A partitioning of the network is used to superimpose the parse
structure of an utterance on its semantic interpretation. The expansion
of an elliptical utterance then reduces to the repjagement of spaces in
the structure built for the preceding utterance with spaces built for

the new utterance,

The representation of global focus is based on partitioniné the
knowledge base into focus spaces. Each focus space contains those items
that are in the focus of attention of the dialogue participants at a
given point in the dialogue. The need for mechanisms to change what is
highlighted as new utterances are encountered is .as important as the
separation of the knowledge base so that certain elements are
highlighted. In general, the problem of deciding when and how . to shift
focus 1is extremely difficult. Shifts in focus depend both on the
particular kind of discourse being interpreted and on the topic of
discourse. The mechanism for shifting focus developed in this report'
was designed specifically for task-oriented dialogues. For these
dialogues, the structure of the task provides a guide for detecting

shifts of focus and a framework for structuring the focus spaces.

' The problem of identifying the referents of definite noun phrases
illustrates the role of focus in the interpretation of utterances. The
method devéloped in this report for resolving definite noun phrases is
new. It takes discourse structure into account and uses the distinction
between highlighted items and those that are not highlighted to

constrain the search made by the deduction and retrieval component when

155



used to identify the object referred to by a definite noun phrase. With
a representation of focus, the process of identifying the referent of a
noun phrase looks quite different than in systems  that seareh
sequentially back through a discourse to look for a referent. The
important questions are what items are relevant at a given point in a
discourse and when an item ceases to be relevant; not how many sentences

have occurred since the item was lazt mentioned.

B.  EXTENSTONS

The work reported here can be quite naturally extended in several
directions. First, the focus representation can be generalized by
integrating global and immediate focus, cogrgipating the focus
representation with a user model, and extending the mechanisms for
shifting focus to other kinds of discourse. Second, the focus
representation can be used in generating descriptions. Third, the use
of the focus representation for interpreting definite.noun phrases can

be extended so that exact matches are not required.

1. INTERACTTON BETWEEN IMMEDIATE AND GLOBAL FOCQ§

Although two ranges of focus have been: examined in the
preceding chapters, no mechanisms for coordinating them have been
developed. It is clearly important to provide for the interaction
between global and immediate focus both for language understanding and
for language generation. Although each of the items that are mentioned
in an utterance enters the focus of attention of the discourse, some of
them are more focused than others. For example, the item in the subject
position of an utterance is more salient than an item that is the object
of a prepositional phrase (Fillmore, to appear). This differentiation
is part of the immediate focus an utterance provides for the following
utterahce. If the difference in strength of focus is recorded in the
representation of globél fécus, it can be used both to determine shifts
in focus and, when_ generating an utterance, for ordering its

constituents.
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In essence, what is needed is a means of disériminéting among
degrees of focus for the items that are entered in a focus space. The
partitioning of the net +that encodes the correspondence between
syntactic units and their meanings can be used here as well as in the
handling of ellipsis. Since each syntactic unit of an utterance is
isolated on a space (or, set of spaces) in the network, the network
structures that correspond to syntactic wunits that are focused to a
higher degree can be easily identified. These items can then be
separated from other items that are in focus. The remaining problem is
te determine a metric for ordering the syntactic units of an utterance. ¥
Work in linguistics (Fillmore, to appear) suggests that the subject and
direct object should be more sharply focused than ;hs other items in the

sentence.**

2.  USER MODEL

The use of the focus representation presented here has been
based on the simplifying assumption that the speaker and the hearer have
a common model of the world. The system assumes that what is in its
focus of attention is identical to what iz in the wuser's focus of
attention. This assumption does not hold in general. In fact, one of
the purposes of dialogue is to communicate beliefs about the world,
including what is in focus, t¢ another party. To participate in a
dialogue with a user, a computer system needs to distinguish between its
own beliefs and what it believes the user knows. By coordinating the
focus representation with a model of the wuser, the system can
distinguish between its focus of attention and what it believes to be
the user's. This distinetion is important both for language generation
and for language understanding. For example, if I know that Bob owns
two cars but that you only know about one of them, then I can identify
the car you mean by the phrase "Bob's car.®

scope.

** The problem is more complex when considering spoken language since
intonation affects the metriec.
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_ Cohen and Perrault (1976} have developed a representation of a
user ﬁodel in tefms of network partitioning for use in generating
dialogue. This representation can be coordinated with the focus
representation by augmenting the procedures that use focus to consider
the intersection of certain spaces in the user model partitioning with
spaces in the focus parfitioning. A remaining problem is how to decide
dynamically what should be changed both in the space that describes the
user's beliefs and in the space that describes the system's beliefs
about the user (Chapter 1I, section G briefly discusses the problem of
dynamically forming a model of an apprentice's skill level).

3. FOCUS IN LESS STRUCTURED DISCQURSE

-

The major problem in adapting the focus representation to
kinds of discourse other than task-oriented dialogues is to augment the
mechanisms for shifting focus. Major indicators of shifts in focus
(e.g., chapter headings) are easy to accommodate. The difficulty lies
in identifying local indicatiocns of shifts in focus. These can be more
subtle and tenuous when the structure of a discourse is not tied to
anything as strong as a task model. For such discourses, shifts in
focus are often more gradual than in the task dialogues, and structural

indications of shifts (segmentation) occur less often.

The identification of a 1local shift in focus involves both
detecting signals of a possible shift and ascertaining when such signals
indicate an actual shift in focus. The focus representation described
here can detect two kinds of change that indicate possible shifts in
focus; it can detect a change in the perspective from which an event or
object is discussed, and it can detect references to items that are only

implicitly in focus.

4 change in perspective can bé'signaled by a reference to an
unfocused relationship in which a focused object participates, as in
switching from talking about the owner of a house to  discussing the
location of the house. This kind of change can be detected by the
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retrieval component; it knows when it is forced outside of focus to find
a match for a relationship. A change in perspective also occurs when
the event participants that are highlighted in an utterance differ from
those that are highlighted in the previous utterance. If an item is
referred to in a prepositional phrase in one utterance and becomes the
subject of the next utterance, this change in syntactic status may
indicate a shift of focus to that item. Detecting this kind of change

requires integrating immediate and global focus.

Implicitly focused items are those concepts not explicitly
mentioned in a discourse, but closely related to items that have been.
For example, when talking about a particular tree, the trunk, although
not mentioned, is implicitly focused. Implicitly fbcused concepts can
be referred to by a definite noun phrase. In some instances such
references indicate a shift in focus. 1In the task dialogues, references
to items implicitly focused through a process (e.g., the bolts involved
in a substep of an attaching operation) indicate a shift in focus. In
other formg of discourse such as descriptive narration, reference to
items implicitly focused as parts of objects in focus may be indicators
of shifts in focus. To extend the focus representation to these other
forms of discourse, the representation of implieit focus needs to be
extended to handle relationships between objects as well as events.
This requires a consideration of the different kinds of relationships
that objects can enter into, since the implicit focus for an object
includes associations like ownership and location as well as subparts.

Hayes (forthcoming) investigates this problem.

The search of items in implicit foecus {e.g., to identify
referents of definite noun phrases or interpret action desecriptions)
needs to be modified in ¢two ways to accommodate other forms of
discourse. First, the current strategy only considers event subpart
relationships. The inclusion of associations other than subpart
relationships into implicit focus influences the qﬁestion of depth vs.
breadth in the search of implicit focus. ‘The depth of search for the

different kinds of associations is different. For example, subparts of
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subparts may be : implicitly focused, but not 1locations of owners.
Second, the strictly top-down search described in Chapter V must be
modified. It works for the task dialogues because the task structure
sets up strong expectations about what will be discussed next. For
other forms of discourse, a combination of this top-down processing with
more bottom-up processing is probably needed (ef. Rieger, 1975;
Hobbs, 1976).

4, GENERATION OF DESCRIPTIONS

A representation of focus is as important for language
generation as it is for language understanding. Although focus affects
many aspects of generation, its influence is ’pérhaps clearest when
considering the generation of descriptions of objects. The role of the
focus representation here, as in the interpretation of definite
references, is to circumscribe those items from which the object to be
identified must be distinguished. In addition, implicit focus can be
used to provide a metric for deciding when definite reference can be
made to an item not expliecitly in focus, but closely related to an item
that is.

The focus representation needs to be augmented by several
features to enable natural descriptions to be produced; merely
distinguishing an object from the others in focus is not sufficient {see
Chapter II, Section D.5). There is a trade-off between the time taken
to underastand more detailed (and hence precise) descriptions and the
time taken to locate an object from a minimal description. A generation
procedure needs to include some . planning mechanisms that consider the
actual problem of locating the object being identified. If an object is
in focus, this means considering what attributes will make it easiest to
distinguish, a different problem from deciding what attributes are
sufficient to distinguish it! If the object is not explicitly in focus,
tke generation procedure needs to consider the problem of locating the
object (from the hearer's perspective), i.e., how to minimize the search

needed to bring this object into focus. Finally, the c¢oordination of
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the focus représentation ﬁith a user model is needed so that the user's
own model of the world is taken into account. The user model influences
both the complexity of the semantic description and the particular words

used in expressing that description.

5. AMBIGUITY AND INEXACT MATCHES

The procedures described in Chapter IV for identifying the
referent of a definite noun phrase required that the retrieval component
locate exactly one object that matches the description of the noun
phrase (or, in the case of plurals, a set). The retrieval component can
fail to find such a matech even though for most people the noun phrase
suffices to identify an object. For example, B8uppose two men, one
wearing a beret and the other hatless, are having a conversation and I
want £o tell you scmething about one of them. Although.the phrase, "the
man wearing the ski cap," does not describe either one, it is clear that
the man wearing the beret is being identified. There are two ways such
failures can occur. As in the example, there may be no object that
exactly matches the description in the noun phrase. Alternatively, more
than one object may match, but the ambiguity may not matter for the
purposes of the utterance. The problem in either case is teo determine

the nature of the mismateh and whether it matters.

Although the general question of inexact matches is a semantic
issue and has to do with how the general deduction component works, the
question of when an inexact match i1is sufficient is context dependent.
The difference between yellow and green may not matter when a yellow-
green shirt is being distinguished from a red onej it does matter when
picking lemons. The focus representation provides one crucial element
for deciding about inexact matches. It separates those items that are
in the focus of attention from all other known items. If an exact match
cannot be found in focus, it is reasonable to ask if any of the items in
focus come close to matching the description of the noun phrase (the
question of what is c¢lose 1s the other crucial element in such

decisions) and if so which is eclosest. This illustrates another use of
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the distinction of items on the basis of relevance that is provided by
the focus representation. By making clear those items a réference must
distinguish among and by eliminating those items that can match a
description but that are not relevant to the discourse, it provides a
set of items that can be examined to determine if an inexact match is

possible.

Ambiguity seems to be an essential, indispensable element for
the transfer of information from one place to another by words,
where matters of real importance are concerned.

Lewis Thomas, The Lives of a Cell

» L3
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Appendix A
SUMMARY OF RELATED RESEARCH

Research on various aspects of discourse is being carried on in
many dif'ferent fields. The following references are not complete but
rather are meant to provide some indication of the range of material

that addresses issues related to the problems discussed in this report.

Related work on cohesion in discourse and discourse structure
_ineludes that of Grimes (1972), Halliday and Hasan (1976), and
VanDijk (1972). Work in sociolinguistics that has investigated the
structure present in spontaneous conversation (e.g., Schegloff, 1972;
Sacks et al., 1974) and narrative (e.g., Linde, 1975) is especially

relevant.

The importance of focus for interpreting utterances in a discourse
is c¢losely related to issues of givenness and definiteness in noun
phrases (e.g., Chafe, 1976; Haviland and Clark, 1974; Halliday, 1967)
and to the problem of interpreting actions in context (Rieger, 1975;
this work is discussed in some detail in Chapter 5). Recent work by
Fillmore on case frames and perspective (Fillmore, 1975, to appear) is
particularly relevant to the problem of immediate focus but also
provides insights into some facets of global focus and to the interface

between these two.

An extensive amount of research has been done on various aspects of
definite noun phrases, This includes investigations of when definite
noun phrases are referential (Karttunen, 1968) and what properties an
object must have to be referred to definitely (Chafe, 1976;
Karttunen, 1968). Several computer systems have incorporated procedures

for resolving definite noun phrases in unstructured discourse (e.g.,
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Winograd, 1971; Norman et al., 1975). These procedures have been ad
hoc, to some extent because they have not taken discourse structure into
account. Designs for more general reference resolution strategies are
presented in Hobbs (1976) and Levin (1976).

The need %to associate groups of items in the knowledge base is
closely related to general jssues in the representation of knowledge
(see Bobrow and Winograd, 1977). Seripts (Schank, et al., 1975) and
frames (Minsky, 1974; Winograd, 1975) are two representation schemes
that address problems of a more global and statie structuring of
knowledge than the dynamic grouping for focus inéestigated in this
report., Work on partitioned semantic netwoskg (Hendrix, 1975a,b) has

had a direct influence on the development of the focus representation.
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