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 ABSTRACT

_  -§'3 a. dlalog progresses,_ the ObJectS and actlons that are most
-relevant to the conversat¢on and hence in the focus of attentlon of thef
'ijdlalog partlclpants, change. L “This paper descrlbes a representatlon of'f

s,focus for language understandlng systems,: emph331z1ng 1ts use '1n

. understandlng task—orlented dialogs. The representatlon hlghllghts that

part of the knowledge base relevant at a given point in a dizlog. A
model of the task is used both to structure the focus representation and
to provide an index into potentially relevant concepts in the knowledge
base. The use of the focus representation to make retrieval of items

from the knowledge base more efficient is described.
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I - INTRODUCTION

d'f; To understand the sentences 1n a dlscourse,_é' computer system;' g
-~ like a person,' must have knowledge about the domaln of the dlscourse .
'deowever, the knowledge requlred to understand even slmple, real 11fe-d

| domalns 13 so 'exten31ve that it will overwhelm & system that. doss not
';apply it selecnlvely. ,Thls means = that the _ablllty to focus on the

' subset of knowledge releﬁént to a particular situation is crucial. This
- paper addresses the problem of focus from the perspective of building a
computer system that can participate in a task-oriented dialog. A
representation for focus is presented; its use is illustrated by showing

how the referents of definite noun phrases are identified.

A combination of contextual factors influences the interpretation
of an utterance. In fact, what is usually meant by "the context of an
utterance” is precisely that set -of constraints which together direct

‘attention to the concepts of interest in the discourse in which the

‘utterance occurs. Both  the preceding discourse context -- the
utterances that have already occurred -- and the situational context --
the environment in which an utterance occurs - affect the

interpfetation of the utterance. For a dialog, the situational context
includes the physical environment, the social setting, and the
relationship between the participants in the dialog. This . paper shows
how the task and dialdg contexts combine to provide a focus on those
concepts relevant to - the 1nterpretatlon of utterances 1n taskworiented
ddlalogs ' : ' '

" The’ follow1ng two dlalog fragments 1llustrate the role of focus Ln.: 
]Anterpretlng utteranees R ' : ' ' o
:'“SiiffThe lld is attached to the contalner w1th four o
Lo hedneh bolts. S o
i_R1: ”Where are the bolts°

82: ﬂAttach the lld to the contalner
R2: 'Where are the bolts? =~ :



In the first sequence, statement S1 explicitly points out a set of bolts

’tha’t :are' ‘then referred to  in re'sponse'R1 The ‘dialog - -ccsntéx't p'r#o'vides

s:the focus for understandlng the: phrase In the second sequence ‘nosdch

e'exp11c1t mentlon ocours ' Instead the attachlng referred to 1n 32'

'=71mp1101tly focuses on the fasteners' ¢nvolved In a- partlcular task"' )

. 'context knowledge about the process of attachlng a spe01flc lid to a
f.speolfic contalner focuses ona SpElelc set of bolts. Hence, the noun

phrase in R2 is unamblguous.

A. REQUISITES FOR A FOCUS REPRESENTATION

There are three requisite properties of a focus representation.
The most crucial is that it differentiate among the items in the
knowledge base {(i.e., the encoding of that portion of the world the
systeﬁ knows about) on the basis of relevance. By highlighting those
items in the knowledge -~ base that are most reievanf to the current
.disoourSe,-the ‘focus repréSentation.enables the system to access more
important information  first during its retrieval and deduction

operations.

Second, the focus representation must account for implicitly
focused items. Specific mention of an object brings into focus not only
the object itself, but also certain associated items. For example,
mention of "the house" brings into focus such associated objects as Tthe
llVlng room™, "the roof" "the yard", and "the owner". Parts of actlons
as well as objects may enter focus in this way. For example, "sewing a:o-

dress" brings into focus "outtlng out the skirt".

ThlPd the focus  representat1on must 1nclude -'méchsnisms for

'gffshlftlng focus As .sucoesvae' utterances in a dlscourse are':ll

1 Lnterpreted the items  in- foous ohange Shlfts of focus ~oceur both:fﬁ”"

' gradually thh t;me and more abruptly w1th ohange of toplo . Not only_ S

_the obgects 1n focus but also the partloular way of vaew1ng them, cani7 a

B fchange For example a doctor ‘can be viewed as a member of the medlcalf-

K professmon or as hav1ng a'role 1n a. family



B.  OVERVIEW OF PAPER
The:n92t7 séction deseribes a focus représentation —that Satisfies i
'_these requlrements The representatlon was developed 1n the_-context of-s

Cal system for understandlng language (Walker, 1976). he- knowledge base

of thls system ;s embodled 1n a semantlc -network In such a system,':_"

ﬁ-ldentlfylng a network structure is the analog of the human process Of';'f:'

_fldentlfylng and retr1ev1ng an 1tem from memory. Hence the 'matchlng of
.network structures isa crucmal process in 1nterpret1ng utterances. 'IA'
major use of the focus representation is to make this matching process
more efficient. Once the focus representation has been deseribed, and
its wuse illustrated, mechanisms for shifting focus in task-oriented
dialogs are discussed. These mechanisms are the only part of the focus
representation that i1s specific to task-oriented dialogs. Finally, a
description is given of how the focus representation can be extended to
‘help solve two essential problems in natural language understanding:
focusing on different attributes’df' the same object under different
eircumstances, and forgetting 'informstion'.no 1bﬁger relevant toa -

discourse.

- The focus representation was implemented in .the SRI speeeh”
understandlng system (Walker, 1976) and used by the dlscourse component
to resolve definite noun phrases. The process representation used to

‘encode the task model, which is needed both for implicit focusing and to
guide shifts of focus, is designed and currently being implemented.
(Tne speech understanding system implementation used a simpler shift :

. strategy than the one described here.) - o



II eTHE:FOCUS.REPRESENTATION'

Thls sectlon descrlbes a two part focus representatlon One part';--

5 corresponds to expllcat focus, the other to 1mpllclt focus The"'

51'expllclt focus data struoture contalns those 1tems that are' relevant to -

”-;the[ 1nterpretatlon of an utterance beoause they have partlolpated""

"l-_expllcltly in ‘the precedlng dlsoourse Implicit focus consists of those .

‘items that are relevant because “they are closely connected to iteﬁS'in
explicit focus. For instance, in the dialog fragments given in the
introduction, both S1 and S2 result in the lid, the container, and the
~attaching operation being in explicit focus. The bolts involved in the
operation are in explicit focus following S1, but implieit focus

following S2.

Concepts that are implieitly focused are separated from those that
_are-explicitly focused (i.e., they _are not added to the explicit focus
_data'strucﬁufe) for two :reasons;‘jFirst;'there'are'fnumerous implieitly
focused items, many of which are never referenced in a dialog.
Including these items in the explicit focus data structure would olutter
it, weakening its highlighting function. Second, references . to

JAmplicitly focused items are considered indications of shifts of focus.

A.  EOCUS SPACES--A REPRESENTATION OF EXPLICIT FOCUS

" The representation of explicit focus is achieved by -partitioning a

SemantiC'netwobk " A'semantic network is a dlreoted graph' a set of

enodes and a set of (1abelled dlrected) ares conneotlng palrs of thosei':'

;nodes Networks have been used in  several - prev1ous 1anguage75
*understandlng s systems j (e g ) ; Qullllan, 1968 Slmmons,_1973) e
sHConvent;ons for the use and meanlng of nodes and arcs vary hegj'i“

:f.networks descrlbed here use the conventlons of Hendrlx (1975)-«nodes arefﬂ*

'"--jused to represent "obgects," where' "ob3eots" 1no1ude _suoh thlngs as '

'physxoal obJeots, events, relatlonships,' and sets. Arcs are - ‘used only

. to éncode those blnary relatlonshlps that do not ohange over time.



" Partitioning ‘adds’ to the structure of a '..semanti'c”nétwo'r?k by
segmenting the nodes and arcs of the network'into Unita called Spaoes

“fﬁHendrlx (1975) 1ntroduced the notlon of network partltlonlng, and

”ﬁ_descrlbed tsﬂ use in- encodlng quantlficatlon,:_ abstractlon,. and"”

”-hypothetlcal worlds In addltlon- 1o separatlng the nodes of a network"

' ]ernto spaces, partltlonlng prov1des for. grouplng the spaces 1nto orderedlt'7-'

'ﬂsets called v1stas : Vlstas typlcally are used to restrlct ‘the network
entltles Seen by procedures that reference the network (1.e.,-v1stas
impose v1sib111ty consnralnts). When given a- wvista, a. procedure can
. operate as though the only nodes and ares in the network are those
contained in some space in the vista. Although any set of spaces may be
‘collected into a vista, vistas <{ypically are used to group spaces
hierarchically.

To encode focus, Hendrix's notion of partitioning has been extended
| cto allow a network o be partitioned in more than one way. The nodes
and ares are separated ‘into different sets of segments for different
':pUrposes. In particular, the network is partltloned to encode . focus in
‘addition . to being partitioned = to encode quantification. The .
partitioning to. ¢ncode quantification is referred +to as the "logieal
_partitioning,"'and'is represented by dashed lines in the figures in this
report. The partitioning to encode focus is referred to as the "focus
partitioning" and is - represented by solid lines. The spaces . in the
focus partitioning are used to highlight items that become focused  in a_.:
discourse. The focus spaces are related in a hierarchy that reflects
the structure of the discourse (thls is 1mportant for shifting focus as ”ff

will be dlscussed later)

An example of a: partltloned semantlc network 1s dlsplayed in Flgure

1. The network 13 d1v1ded lnto four spaces SO 81, S2 -and S3

'ffficonventlons adopted for figures 1n thls paper are that a node lles onffiigl;-ffifﬁ

L lth space(s) 1n31de of which lt is drawn,_ and -an arc lles on the

'dspace(s) 1n51de of whach its label appears If the boxes representlngan

-ftwo spaces overlap, ‘bt nelther contalns the other then the riodes and

: a,_arcs ln ‘the overlap lle on botn spaces ' In Flgure_1, space 80 groups':f“



fasteners

minor-part
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© Figure 1. A SAMPLE PARTITIONED SEMANTIC NETWORK

the nodes representing EXCHANGES (the set of all"ekchange situations),

 ATTACHINGS, BOLTS, PUMPS, and PLATFORMS (the sets of all attach

operations, bolts, pumps, and platforms, respectively). Space S1
~contains the specific exchange, represented by the node 'EX1!' (single
quotes denote node names), in  which one object, +the set of bolts Bi1,

' represented by the hbde 1B1', is exchanged for another, the amount of

o money represented by the node '$1' : The e arc from 'EX1' to ’EXCHANGES' :;:-'
' '.;ndlcates that EX1 is an element of the set EXCHANGES The S arc from'-

' }'51' 'BOLTS' 1ndlcates that the' set B1 15 a subeet of - BOLTS Space_

1:-82 contalns the representatlon of & spec1f1c attachlng operatlon, A1 ‘of

'-'Q_the mlnor part PU?, and the magor part PL1 Space S3 also contalns*;:yf-e“

'f:f_thee'spec1flc attachlng operatlon A1, but shows that this operatlonfj-

"Viie'lnvolves the speelflc set of bolts B?

The hlerarchy of 'spaces 1n Flgure 1 13 shown by the hééV? arwas”

between spaces Each space 1s assoclated w1th a partlcular vista' that Lfgf”"' '



' is the "orthodox" vista for that space. In Figure 1, the orthodox nsta

'oass001ated w1th each space S is composed of ‘the . space S ltself and all.-i'

"spaces that can be reached from 5 by follOW1ng the heavy arrows zFor

'filnstance, the orthodox v1sta of S0‘is (SO) and the orthodox v;sta of S3 o

sls (53 S2 SO)

The V¢51b111ty oonstralnts that result from thls partltlonlng may: 7“'

ebe seen by conslderlng dlfferent v1ews of the bolts B1 and the attachlng
'operatlon A1. B1lis shown as taklng part in two dlfferent ‘events. ‘Al
is a single operation shown at two different levels of detail. From the
-vista (S1 30), the set of bolts B1 is seen only to be involved in the
exchange EX1. However, from the vista (53 S2 30), B1 is seen as the
fasteners in the operation of attaching PU71 to PL1. The iwo vistas give
two alternative views of B1. A similar situation occurs with A1. From
the vista (S2 S0), A1 is seen only as an attaching between two parts,
with the fasteners 1eft unspe0¢fied ~When 33 is 'added as ‘the bottom

space in the vista, A1 is seen to 1nvolve the spe01flc fasteners B1.

f'The focus partltionlng _makes it posslble- to hlghllght the'
=partieularfway of looking at a concept that is germane'to a given point
in a dialog. When the same objecé enters the dlalog twice,  in two
-dlfferent subdialogs (e.g., a tool used in two dlstlnot subtasks),:the
node corresponding to that object will appear in two distinet focus
'Spaoes. If different aspects of the object are focused on 'in the two
subdialogs, different relationships in which . the object participates
will be in the two focus spaces. For example, _in Figure 1, B1 1s
.-fooused'on in 'S1 as a part  of an exehenge'~ In gcontrast,“in-83'31t3is -

'focused on as- part of an attachlng operation

The main reason for prov1d1ng the ablllty to foeus ‘on dlfferenteg:.-:

.'e;attrlbutes' of an obJeot 1s to 'allow dsfferentlal access to- thef_;:'

“[i,ﬁpropertles of the obJect, and hence to order the retrleval of derlvablee;-"'“'“

’Vf;facts about that obJect leferentlal aceess 1s 1mportant for ‘events

fand relatlonshlps as well as phy81cal obaeets ”jFof example when'”

qulltlng is con51dered as a klnd of sewlng, the subaetlons of cuttlng' _



and pinning are accessed first, but when quilting is considered a‘s-a'

soc;al gatherlng,_ the subactlons -of talklng and eatlng are mébre .

t'lmportant and are selected flrst

_ There are two pr1n01p1es governlng what is cdhtained'iﬁf a'fdeus'
'._space._ First if a. concept 1s 1n focus, type 1nformat10n -about that_

f-concept must also be 1n focus (The type 1nformat10n both 1nd1cates the'

' aspect of the concept belng focused on and prov1des the key 1ndex to""

B add1t10na1 knowledge about the' concept ) Therefore,- in the network

representatlon, every node  in focus must hnave one ocutgoing element or
Subset are also in focus. Second, if a concept's participation in some
situation (e.g., a book's being the object of a specific owning
relationship) is in focus, then the situation itself (i.e., the specific
owning relationship) also must be in focus. Therefore, the node from

which any focused case arc emanates must also be in focus.

New focus spaces are created as the . focus of a dlscourse Shlfts.
'At any point in a’ dlalog, only one ‘focus Space is "actlve,"'_but-several
may be considered "opén." The active focus space reflects the .focus of
-attention at the current point in the dialog. The open focds'spaces
reflect previous active spaces that contain some unfinished topies and
. hence may become active again; tﬁey are areas to which the dialog may
- return. The relationship between focus spaces is determined by {and

hence reflects) the structure of -the particular dlscourse belng-

... processed. For task dialogs, the ‘task hierarchy prov1des a framework

for this structure (Grosz, 1977, discusses the structure ~of these .
© dialogs). i ' ' R



B, _'IMPLICIT'FocUsiNG'THROUGH’A'TASK REPRESENTATION

The representatlon of lmpllClt focus requlres a declslon about what.-

. 1nformetlon ass001ated w1th a concept should be put 1n focus when thatt-

tﬁeoncept is’ 1ntroduced The bounds on’ thls 1nformet10n depend on. the_

'iknowledge and expectatlons about the concept that are shared by speaker_; ;

"Z_jand hearer (see Karttunen, 1968 Maratsos, 1976) The- tradeoff betweenrfﬁ:c":

* how much 1nformatlon to ‘associate w1th a glven concept and how many
.levels of assocxatlons ‘to’ consider for .1mpllclt focusmng, must be'
resolved. In general, these problems entail basic and complex issues
about the representation of knowledge. They will be addressed here only

as they occur for events.

For physical objects, the subparts of the object are among the
concepts that must be implicitly focused when the objeet is in focus.
_ For events, the situation is somewhat more complicated. The direct
enalogyhdf subparts of an object is subevents of an event. Howevef,'the '
 participants in the subevents of an event are also .implieitly focused.
eTheldialog sequence S2-R2 presehted'ih'the introduction illustrates this
point. S2 implicitly focuses on the bolts involved in the attaching as

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

To enable implieit focusing on both the subevents :-and the
participants involved in them, the representation of an event indicates
both its subevents and the participants in its subevents. Figure 2
. .shows a network representation that accomplishes this for the task step
©of attaching a pump to a platform.* The logical space KNOWLEDGESPACE

'ffonly ‘part of whlch is shown ‘here, contains representatlons for all 1temsf'

tln the knowledge base The set’ of ATTACHINGS PUMP PLATFORM is ehown to

'5_:ibe a- subset of all ATTACHINGS The delin 'arc from : 'APP‘ tbtl _
't:'ATTACHINGS PUMP PLATFORM" 1ndlcates that APP 1s . the' prototyplcal-i'

“V"Felement' of . the eet of such attachlngs -(see Hendrlx,; 1975,- for afp”.h=5"

'.ﬂ;dlscu331on of dellneatlons) The two nodes 'APP' and "APPD' together_fh“””“ '

-gZW¢th the other structures anLde the dellneatlon space DS descrlbe theh

* This representatlon has been developed Jo;ntly thh Gary G Hendrlx
‘and Ann E. Robinson.



_—_m—_.———u-_—-_——«__—.._—u._—._—.—_—.m-—.-—.........-..._—-..........—._——

KNOWLEDGESPACE“i '

ATTACHINGS ~
PUMP. PLATFORM

major part —~— —
event A.PLATFORM e |

I

EVENT e . :
APPD —— — At
DESCRIPTOR plot sucl— obj | _I JI
i oc .

pre-

canditicns - effects

I
major i
part I

!

sl
r=-=.
———d

|

{
|
I
b~

binding
. space

{_'_....__.__..._.'__._'_'...;.____.;...__..

Figure 2. EVENT ENCODING SHOWING IMPLICIT FOCUS
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riature of events in which a pump is attached to a platform. APP relates

' -theé participants in the event. The outgoing arcs from TAPP' indicate

- that these attachings involve a minor part, which is an ei'ement'”of'the' c

set PUMPS and a maJor part, whlch is an element of the set PLATFORMS

APPD : 1s the Cevent descrlptor ' for APP ]It“ relateS' the:"'

= precondltlons effects,'and substeps of the event. The two constltuentsf

of APPD that are most relevant here are the plot space and the binding

space. The plot space, PS, contains the breakdown of APP into two
substeps, S1 and S2, specifying a POSITION operation, OP1, and a SECURE
operation OP2. The suc arcs indicate successor links between substeps.
(Although not shown here, the representation allows for partial ordering
of substeps, 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 S1 and 32, and the

‘set of bolts in the binding space are considered implicitly in focus.

in general, the binding space contains all the participants .in any
subevent that are at a level of detail too low to be mentioned
explicitly as participants in the main event. TheAimplicit focus for an
event consists of the vista 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 levels of
nassociations'(e.g., deeper levels of the task hierarchy) are referenced,
‘when retrieval requires a search of implicit focus (e.g., the concept
-:}édughts is not in expllclt focus), a  breadth-first search is done

"”'Subconcepts of all relevant concepts ‘are ‘examined before any sub-

"n'subconcepts are examlned

Impllclt focus 15 used for the 1nterpretateon of both obJect andtﬂ'"

f'actlon references (cf Rleger, 1975 the 1mpllclt focus of tne task fﬁ,wnfi"“:”'“

;'representatlon provmdes the same task context as conceptual overlays)

"V-For example,'lf the current task is attachlng the pump to the platform,.'~:”f

then "the bolts“ refers to the bolts that partlclpate in the securlng_v

operatlon and "put“ refers to’ the pOSltlonlng subevent.

N



CTII  USING FOCUS FOR NETWORK STRUCTURE MATCHING

o The retraeval of 1tems from memory 'is one’ of_thef'QOSt?freqnent';
:operatlons any knowledge«based * system must do: ‘Ina system with'at
'-fsemantlc network knowledge base, Zthet central process 1nvolved
::~retr1eval is matchlng a network fragment contalning varlables with thep
.knowledge base. . This matchlng précess typically entails considerable
search that is gﬁided only by local constraints. A major use of the
focus representation is to constrain the search on the basis of
discourse information. In this paper, the system component that
performs this matching -process will be called the matcher. Fikes and
Hendrix (1977) describes in detail how this component works.* Only
enough detail will be given here to elucidate the need for and the role

of the focus representation in this process.

‘The matcher works with two (logical) vistas: a QVISTA (question
‘vista) and a KVISTA (knowledge vista). The QVISTA is a set of spaces
collectively containing a piece of network for which a match is sought.
The KVISTA represents the set of all knowledge in which the match is
- ‘sought. For example, when the matcher is called as part of the
_Procedure for resolving a definite noun phrase (e.g., the red bolts),
~the QVISTA is a piece of network siructure that describes <the object
referred to by the noun phrase, as it is described by the noun phrase
(e.g., a net structure 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 fzndlng a real object (i.e., an obgect that.

B _‘exlsts' in the knowledge base) that can be deseribed by the deflnlte'j'
“”fnoun phrase ' SR ' ' S

Lo In the process of arrlving at a match the matcher blnds each Ltemiiﬁgt
"'7(1 e, each node and arc) 1n- the QVISTA to an element of the’ KVISTA g

a'TaftTwo klnds of decls1ons affect the amount of oomputation done 1n arr1v1ng”

¥ In the SRI speech understandlng system, thls component was 1mplemented
by Richard E. Fikes and was called the deduction component.

12



at a mateh. First, at each step of the match, an item must :be selected
for matching from the QVISTA. The order of selection influences the
_:efflclency of the matchlng computatlon . Second; once a QVISTA element
'1tls selected the matcher must select an element of the KVISTA for trial

E flblndlng to the QVISTA element In general there are many candldates

"and only local 1nformat10n is available to gulde the selectlon

Each blndlng of a QVISTA and a KVISTA element is tentatlve Flrst
_szde effects of the blndlng must be checked For example, if a node is
.bound, the matcher must establish that unbound element or subset arcs in
QVISTA from that node are consistent with the ares in KVISTA. The match
Wwill be carried further only if such consistencies hold. Even so, 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 mateh. Optimally, for both kinds
of decision, the matcher will choose the most constraining element. 1In
| .an unfocused match, the choice can be made only on the basis of local

structural information.

A. 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 denote
fnatches-that are constrained by focus. Focusing on certain concepts
(both nodes and ares) constrains the matcher to consider only objects
germane to the dialog. Since ares provide indices from focused items
“into -general network (KVISTA) information, focusing on an arc-also

: guldes the mateher in establishlng properties about nodes being matched.

L That 13, _foeused -arcs_ pr0v1de a means of - differential ~acceéss to

Zunfocused 1nformatlon U31ng the arcs in focus for dlfferentlal access"

' fdoes not - ellmlnate con31deratlon of a concept from a dlfferent-;n_"

:'{perspectlve Instead, it orders the way 1n whlch aspects of the concept'f
",are to be examlned 1n looking for new (to the dlalog) lnformation about:;

" the: concept

13



When a fccUsed'ﬁafch' is fequested the matcher is"paSSedltwo
_-arguments in addltlon to-the usual QVISTA and KVISTA: a focus vista and

i “forced—lnwfocus“ list. ',Thé focus v1sta represents ‘the set of nodes’

- fcand arcs con51dered to be "1n focus H leferent calls on the matcher"

" are made for expllclt and 1mp1101t focus matches EFOr' expllclt focus,
fs_the' focus v1sta may be§ ezther the actlve focus. space alone, or the- '
.-entlre v1sta of open focus spaces For 1mpllclt focus, the focus vista |
is the comp031te of the 1mp11cit focus vistas for all items in explicit
focus (e.g., for each event, the vista of plot space and blndlng space).
The forced-in~-focus list contains those items in the QVISTA that must be
bound to items in the focus vista. As an example of the use of the
forced-in-focus list, consider the requirement that the referent of a
definite noun phrase be in focus. This requirement corresponds to a
focused matech in which the forced-in-focus list contains the QVISTA node

.corresponding to the head noun of the noun phrase.

_ Forcing a QVISTA item to be in focus provides a strong constraint
oh'the'search-fcf a matching KVISTA item. Hence, forced-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 focus vista is used to order the selection of KVISTA items for
trial binding to a QVISTA item. Each step of the matching algorithm
first selects relevant items in the focus vista both for explicit
jmatches (the  item in the QVISTA is bound to an item that explicitly
.eiists infthe:KVISTA)'and for derived matches (application of 'a general
rule produces a new KVISTA element) Hence focus 1nfluences the order

’1n whlch deductlons are made ;n the process of arr1v1ng at a match

Flgure 3 1llustrate3 the use' of focus to reduce the number of:f..r-

T_scandldates con31dered for blndlng by the matcher Consmder the KVISTA RN

e of Flgure 3 and “the QVISTA (q. w1) of Flgure 4 KVISTA contalns"

"-several wrenches W1 is a box-end wrench that is in focus FS1; W2 - is a
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'ff_obJect 01, with'a box-end

is another P

The QVISTA represents the noun phrase “the
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'all the nodes with e arcs to 'WRENCHES', or all of the nodes with
‘endtype ares to 'BOX-END' (depending on which set 1is smaller) as
_--Caﬁdidates-for‘binding to QW1. Eventually, 1t_ would try 'H1' ; "W2'
and obtain a succesSful'mstch- In the worst case, this would ntail ote
. node and two .arc blndlngs for each of the candldate nodes that ' fails a8
ca complete match.  In. general, there may be many such pnsuccessful
candidates (e.g.; mahy-wfenches'_that are not box-end wrenches, but are

considered by the matcher before it selects 'W1' or 'W2!).

The focused match is able to avoid =211 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 knows that the sets
. HAMMERS and WRENCHES have no Aintersection from the ds arcs from
"WRENCHES' and 'HAMMERS' to 'TOOL3'). With focus space 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
‘are and one”node) of unnecessary bindings-is made. Even greater savings
are obtained when deduction is necessary to achieve a match, that is,
when general rules -- chunks of information stored in the net as
.applicable_ to whole sets of concepts -- must be applied (see Grosz,
1977). In such cases, focus constrains the application of such rules,

‘avoiding a combinatorial explosion of trial bindings.

.IV ' SHIFTING FOCUS AND THE RESOLU OF DEFINITE'NOUNIPHRASES

To complete the focus representatlon it is necessary to prov1de a ;

'-”mechanlsm for decldlng when to :Shlft focus. A shift in focus ‘may be

: nlstated dlrectly by some utterance in a dlscourse (e Z. -'"I ve flnlshedji;

“:fthat step What‘s next”" or "Let s change the toplc "), but usuallyij:..“y': l

* ‘the’ cues are more subtle For example when the ‘discussion of some'

'f'act1v1ty turns to a dlscusslon ‘of ‘one of the’ partlclpants in the"”

~act1v1ty,_ ‘the - :focus _shlfts from the overall activity to that

16



'participant._-what indicates a shift in'fécus dépehds dh'bdth' the kind.
of discourse being processed and on the topic of discourse. ~ The shift
strategy deserlbed here is specific to task-oriented 'diaibgs It
:Peflects the task as the major topic of such dlalogs, and’ hence the
' ma3or-1nd1cator of shifts of foeus. Although the vrest of ‘the focus
 representation is general, -this aspect would ‘need - modification for
 app1ication.to other kinds of discourse.

- In task dialogs, 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 level 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.

‘A shift in foeus may be cued by any part of an utterance: a noun
‘phrase, a verb phrase, or modifying phrases. Although an individual
constituent (e.g., a noun phrase} may indicate a shift in focus, the
constituent alone cannot be used to determine the shift, because the
. remainder of the utterance influences the decision. For instance, an
isclated noun phrase may seem to indicate a shift to some task but, when
considered with 1its embedding verb phrase, may indicate a shift to a
different task. The following discussion examines the relationship
between identifying the referent of a definite noun phrase and shifting
focus. . Grosz (1977) describes the interaction of various constituents

~of an utterance in determlnlng a Shlft

To 111ustrate how a noun phrase -may 1nd1cate a shlft Cin fdcus, f- o

'-fcon51der the task hlerarehy in o Flgure 5 and the foeus - enVifbnméht'f

'  _f-portrayed ‘in Flgure 6 Flgure 5 is only for the ‘reader's beneflt

. this lnformatlon is actually encoded in structures like those  in’ Flgure |

"2 and Flgure 6. The dotted lines 'show the task hierarchy and ‘the ‘solid

17
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INSTALL INSTALL

AFTERCOOLER PUMP 8RACE

CONNECT T3 conneeT TP
AFTERCOOLER 7O AFTERCOOLER
AFTERCOOLER o TANK
ELEQW

Figure 5. PARTIAL TASK HIERARCHY FOR ASSEMBLING AIR COMPRESSOR
‘lines show time sequencing. Suppose that task T2, installing the
aftercooler, is the current task. The focus spaces F30, FS1, and FS2 in
- Figure 6 correspond to subtasks TO, Ti, and T2 respectively. F32 is

the active focus space; the vista (FS1 FS0) is the hierarchy of open

focus spaces.

A reference to an object 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 foeus space - are considered first when resolvmng a reference

: because ‘the currently active task 13 more in focus than 1ts embeddlng"
':f tasks._ The phrases "the aftereooler" “the wrench", and "the crescent

cewrench" all refer to obgects 1n F52 the actlve focus space. Hence the L

'jfuse of any of these phrases does not affect the focus ‘of attentlon. _The:

_.referent can be retrleved 1mmed1ately. The use of elther'_"the alr -

'compressor" "the pump" 'or Tthe ratchet wrench" also does ‘nét ‘cause a

change in focus. . Since these chects-are ‘in Open-focus spaces, they:are‘w

18
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-also in focus, but are accessed only after considefing the objects in
F32. Note that the noun phrase, "the wrench," is not ambiguoes because
of the dlstlnctlon between the active focus and the open . focus spaces
.(thls dlstlnctlon is evident in .references’ oceurring - in actual task

"dzalogs between two' people, see Grosz, 1977).

Referencea +0 'elther ‘a new subtask or a new parallel or hlgher
task or to subtasks of any of these, do change focus. In the example,
space IADS contains the delineation of the process for installing the
aftercooler. The plot space of this delineation is the implicit focus
for node 'IACT1'. It shows that this Xkind of installation has two
substeps (corresponding to T3 and TX in Figure 5. The first substep
involves a connection operation between the aftercooler and one of its
subparts, an aftercooler elbow. In this focus environment, since there

is no aftercooler elbow in explieit focus, the phrase,
| "the aftercooler elbow", indicates a possible shift in focus to task T3.
_1f the remainder of the utterance concurs with such a shift, a new focus
space will be created below FS2 in the hierarchy. The utterance,
"Attach the aftercooler elbow", indicates such a shift, but the
utterance, "The aftercocler elbow i3 broken", does not. Note that a
shift in focus may entail instantiating new entities or identifying real
entities corresponding to hypothetical entities in implieit focus. If
focus is shifted to task T3, the aftercooler elbow ACE1 is brought into
focus and the noun phrase "the aftercooler elbow" is identified with it;

i.e., the new focus space will contain the node 'ACE1T.

- With a representation of focus, the process of identifying'the
_referent cf a noun phrase 1looks quite differeni than in. systems that

éearch sequentlally back through a .discourse for a- referent. The

tlmportant questlon 1s when and how to shift: focus, ‘not how far back'e_z

f:;(l e., how many sentences) to look for the referent The search for ‘the _e

'.';referent of - a deflnlte ‘noun’ phrase takes ‘into account the dlfferenceﬁ

'between those items whlch doand those which do not shift  focus. Items :
_1n expllclt focus, which do not indicate a shift in focus, are checked

 before items in 1mpllclt focus, which do.
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V  EXTENSIONS

-Tbis'seetion-eXpIOPes the use of theefocus space  representation in

'the- solutlon of two other problems ‘that " arise in bu11d1ng knowledge

' [based systems _ First, there is a ‘space- ~time tradeoff between storlng

derived .anformatlon ' 1n the knowledge base and recomputlng “the
_iﬁfOPmation; Ideally, the information would be stored only as long as
needed and then erased from the knowledge base. This issue is closely
related to the general issue of forgetting in a knowledge based system.
Second, any given object may be viewed from several different
perspectives. Highlighting a particular view may be used to capture the
information conveyed by the specific way an object is described in a

given utterance.

A, DERIVED INFORMATION AND FORGETTING

: Tn the process of matching network structures, it is often
necessary to deduce information about particular objects from general
rules in the knowledge base. In the process of computing a match, 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 structure permanent uses up
valuable storage. Focus spaces provide a mechanism for determining how
long to store such information. When the new structure is derived, it
can be added to the current focus space. When the focus space is

-closed, the new information can be erased.

-As an example of this  use of focus spaces, consider the situatiOﬁ'
'-portrayed in Flgure T The (loglcal) ‘space oew.desc represents’ the'faet'_
that all elements of ‘the set 0-E have endtype OPEN-END.  Bew.desc
"_represeﬂts a smmllar_ rule Suppose that 1n1t1ally the nodes 'W11“aﬁd'_

“--sz?*qefé _an focus ‘as’ elements of the sets B-E and  O-<E respect1ve1y’=

:(eég;;'the ‘wrenches were selected from two boxes each containing one

bype of wrench). If the matcher is given the structure for "box-end
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Figure 7. A WRENCHES KVISTA WITH FOCUS ADDED

wrench" (see Figure 4) to match, it will create two new arecs, an endtype
arc from 'Wi1' to 'BOX-END', and an explicit e are from 'Wi' to
'"WRENCHES'. These new arcs are added to the focus space, FS, as shown
in Figure 7. 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 ceases to be open, the arcs will be erased. If
the deduction had resulted in new nodes being created, they too could be
erased. Using focus spaces in this way creates the double advantage of
'having the information available when it is relevant, and allowing it to

be "garbage collected" or "forgotten" after it ceases to be relevant.

B. DIFFERENTIAL ACCESS AND DESCRIPTION

The representation of some concept C may include descriptions of C
_aé an instance of several different kinds of other concepts. Focusing
~allows the particular way of looking at C germane to a given point in a
. dialog  to be nighlighted (cf. the use of multiple perspectives in
3_.Bobrow and Wlnograd 1977) . The aPCS' from focused items to unfocused .~
rltems prov1de the matcher w1th preferentlal access to _1nfdfﬁatibnitﬁat'

'3-1s most llkely to become relevant to a dlscourse

Thls use of focualng addresses one part of the "mayor of San Dlego"

'problem*posed by Norman et al. (1975). Congider the situation portrayed
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Figure 8. DNMSD, D'S NEIGHBOR, THE MAYOR OF SAN DIEGO

in Figure 8. The person represented by the node 'MNMSD' is shown to be
both 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's neighbor", then node
'MNMSD' represents the individual referred to. The problem is that
!iooking only at that node provides no reflection of the differences
between the two references to MNMSD, even though the surface noun
bhrases do express this difference. Focus spaces provide a means of
representing this difference. Even though node 'MNMSD' will be in focus
ne 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.

Vi  SUMMARY

The focus representatlon groups: items relevant to a pahticulah
'p01nt in a dlscourse, provmdlng a small subset of the knowledge base on
q'whlch the understandlng system can concentrate ’_In -particﬁlar, the
_foeus.representation may be _used to guide the retrieval of information
‘from the krowlédge base. It reduces the size.of the search space that

the retrieval mechanism must traverse. The representation of explicit
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focus in focus spaces also appears . to ‘be  useful for related
| understanding system problems, such as describing objects 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 géneral mechanism which may be

used in other representation schemes as well.
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