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"ESTABLISHING CONTEXT IN TASKeORIENTED DIALOGS

SUMMARY

 This paper aeécfibbs part of the distﬁurie cdmébﬁent of a
spéech' understanding systenm for task-oriented _dxaiogs.
specifically, a mechanism for establishing a focus of attention
to aid in identifying the referents of defi{nite noun phrases., lIn
building a representation of the dialog context, the discourse
. processor takes advantage of the fact that taskeoriented dlalogs .
have a structure that closely patallels the structufe of the
task, ._The semantic network ot the system is partltioned into :

focus spaces with each focus space :ontaining only those conceptsj.

;pertinent to the dialoq relatlng to a SUbtask._ The focus spacel' _f

"are 11nked to their 'correSponding subtasxs -and ordered 1n-j

"-hierarchy determined by the rolationl amonq lubtlskl.- ;“-
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. Lanquage communication entails the transmission of conoepts
1trom ~th speaker 5 model of the world to the 1istener s.- It 15 o
cruclal that the speaker be able to communicate descriptions 'ofjl
'concepts fin' his model In a ‘way that allows the listener to plek
lout the relevant related concept {n his medel, In normal human
 communication it 45 -not necessary to describe a concept in a
completely unambiguous way, Contextual clues from both the
situation and the surrounding dialog are counted on to help
_disamblguate. The listener®s problem is to use that context to
help in his identitication of the concept being communicated, As
o simple example, consider the utterance, "Hand me the boxw=end
Wrench,»" as it might oceur in a conversation between tWo people
working on a maintenance task, AltnoUQh many box-end wrenches
may be known to both the speakKer and the listener, the fact that
the listener has a particular box=end ¥rench in his hand nakes
the noun phrase unambiguous, (For other examples, see Normen;

Rumelharty'et al.: 1975). ln the most extreme caSep the u!e 'of_

*_fpfcnauﬁs- depends entirelv on tne dieloq context to determine the3fl"

- nintended referent: ”it" can refer to any sinqle lnanlmate objectn¥'~

'"'or event.

A related problem arlses with ellipticel expresslons.- Utten  ;f?

-[f?the surroundinq dieloq supplies enouqh 1ntormation so thet only .} ffg;;%“

T'word or two suffices to communicateﬁ_an: entlre (complex) ldea.:

V_For examplep conslder tne tollowinq exchange:
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7szeBoit'the-pdhb"to'the'otéﬁform.'_
Ay O,Ke o '
'Et What tools are’ you using [to bolt tne pump
~ - to'the platforml,
At My tingers lare the tools I am usinq S
_The expre551ons in brackets 1nd1cate the £u11 utterance that
meant by the partial ytterance., “The 1istener must €111 in thiu
‘{nformation from the'surrounding diajog,

This paper considers such phenomena as they occur in
task=oriented dialogs, By task=oriented dialeg we mean
conversation directed toward the completion of some task, in
'Particularf we will he concerned with a computer=pased consultant
task in  whieh an apprentice techn1c1an-ec0mmuﬁ1cates with a
computer system -abdﬂt the repéir of elect}bmechanical devices,

~ The Understanding system must maintain models of the World and of

the dialog to disambiguate references in the apprentice’s speech,
DISCOURSE IN SPEECH UNDERSTANDING

In a speedh-thdéfstandinq system, the discourse component is

| jone':of several sources ‘of - knowledge that  must 1nteraet'1n'

'einterpretinq an “utterance (see Paxton and A, Robinson, 19755

g RobinSOn; 1975);%= Beeause:vbffthc'uhtertainty”in"fhe“aeddStier

"-_3signal, 1t 15 1mportant that hiqher 1eve1 sources_ q£- knowledgee'}fl_ It

e{iike discourse give advice to the system at early staqes in theffz
'eeanalysis._.LFor  this reason._ﬁihffﬁﬁ? current speech svstem.e-e
.eroutines  :l | 1dent1f¥1ng the.reterents oF detinite noun’ phrasaie 
'eare applied.as soon as -a' possible_'noun phrase':is 1dent1tied.

~ rather than _'waiting 'for -ah" 1nterpretation ﬂof the entirel
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' utteranee.ﬂ1in  essence,_ftne procedure‘ entails.iseerchinq the.'”
ftrecent context to find possible referents and returninq a list ot'

"jcandidates."

E111951s and pronoun reSolution require a more locel contextj;e:

. fthen ”;he resolution 'of. nonpronominel detinite noun “phrases

(DNPs5). A description of tne processinq tor ellipsis and pronoun'
_resolution is contained {n the section "Discourse Analytis and
-Pragmatics“ in Welker et al.; 1975, In this paper we concentrete

on mechanisms for resoiving DNPs,
DEFINITE NUUN‘PHRASES

'_ The problem of resolvinq DNPs =ie;:bee1ce11y 'e'_probiemVjof
':findinq ‘a matching ‘structure {n memory. In ‘the case of a
computer system with a semantic network"hnowiedge base, the
. ﬁrooiem 15 that of tindine'the network'strdctUre'cotresbondinq.to

the structure of the noun phrase. The node thet meps onto ;the

;head ‘node ot the parse structure representinq the noun phrase 1e'fﬁ

' nthe concept beinq identified by the noun phrase. For example; 1t :'

th knOW1edge base COntains __':the" nOdeS shOWn in Fiqure 1 (and

'fthere are no other nodes wlth e (element) or s (superset) arcs to ﬂe

'ffwrenches)r then eitner nOde W1 or node W3. but not wza w111 match;,:f

Jflffthe phrese "the box-end wrench“" Matching 1  ;e¢t] always 7”5 S

'*ffﬁfetraightforward. -fot exemple; consider the situation portrayed S

| -xin' Figure 2, _Thé7*e6}'e6t" delineatinq element,_fearé (seef}

'n{Hendrix. 1975e) links '_node to delineeting lntormetion ebout :

'fj_members of the cless that node represents. 5:B—E 1 f:e: set flf_=n-"
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BOX~END

end type
TA-740522-83

FIGURE 1 NETWORK DESCRIPTION OF THREE WRENCHES

BEW, DEF —[ ed HEW, DEF—I
]
1 end type |l end type !
BOX-END @
. S$A-3805-27

FIGURE 2 SEMANTIC NET SHOWING MEMBERS OF TWO SUBSETS OF THE
_SET “WRENCHES"

. WRENCHES -~

L (e f%&mﬁf7..
. l__...wm———] ' -j sA- 3805.28

) F]GURE 3 " SEMANTIC NET SHOWING PARSE SPACE FOR
' MBOX-END WRENCH" -
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;box~end wrenches to wh!ch Wl beionqs. _H-E is a _;et.;OE hex-end t
'n;wrenches to whieh wz belonqs. o'tz'”tne' apprentice now seyeQ?
Ml the box-end wrencn" 'inef.means Wi;f’fihe' utterance levei'
,;structure created by parsinq.{see Hendrix, 1975b) for the phrese'_o
. "the box-end wrench" 1s 1nside the space NP eih Fiqure 3 tome
:'deduction must be done to establish the correspondence between wi'ﬂ
:end W3, | )
. The structure matching routines that form a basic  part of
: _the"DNP resolver take as inputs a parse level network of nodes
‘and arcs and a data network to match it against, (The current
matcher was written by R, E. Fikes), In general, a large number
"Of’objetts.in the data net may be candidates nfor the matcher
(i{.e., objects ‘that are elements of the same set as- the object
being identified by the DNP). Since, in {tself, the matcher has
no 'way 0f deciding which objects to consider first, additional

mechanisms are needed to 1imit the search,
FOCUS SPACES

The discourse component must determine .a* subnet ,of the

7.'semant1c nnet knowledge: bese- for consideration by the metcnet; f"

:That 15. it must be able to establish as e: 1oca1 context thetn_~"

:f;ubset of the sYstem 5 total know1edge base thet 1s rezevant et a[f*-“"

:'nqiven point 1n the dialog. This is analogous to determininq whett5ff[f?“ |

f;fiS'fin' the user s tocus of attention. Put another way,_we Woﬂ1d7n8f~"

"-n}like to hithight certain nodes and arcs of the semantic network.-'

in ta5k-or1ented dialogs. the dialog context is_ ectually fa e
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_ compos1te ~§f'ythreé' different cdmpoﬁent contexts° _.a' Vefbal'

 .context. 7 task context; ”ahd’  ' context Cof general ” world

: knOWIedqe.:; The verbal context 1nc1udes the history of precedinq
-- utferahées, tHeir syntactic form,';the“ pbjects-ﬁ-nd 3 gctionl'
" discussed in them, and the particular words used: The task
'.cﬁntéxt 15 the focus supplie& by the task béinq worked én._ 1t
-includes such information ast! Where the current subtask fits in
the 6vera11 plan, what its subtasks are, what actions are likely
to follow, what objects are important, The context of general

world knowledge is the information that reflects a background

- .understanding ot the properties and interrelations of objects and

'_'actions:-for example, the fact that tool boxes typically contain
teols and that attaching entails some kind of tastening,

To highlight objects in the dialog and provide verbal
‘context, network partitioning is used 1in a new way. Hendrix
' (1975a) has suggested i{mposSing a logical partitioning on network
:structures - tor enéodinq iocgical connectives and quantifiers,

Using the same technique; a focus partitioninq may be used to

divide  tne netWOrk 1nto a number of 1ocal contexts. Nodes and';:~3”"

'-rércs belong to both loqical and focus spaces. g-The' 1oqical d'

"'"tocus partitions are 1ndependent of one anotner 1n the sense that' 7. o

j fthe 1oqica1 spaces on’ which a node or arc 11es neither determ1n§;=*"' 35

"*_;nor depend on the focus Spaces 1n which the node or arc lies.:¢  _:-r'¥,,4g

A new tocus space 15 created tor each subtask that enters'
" t é- d!aloq. {The task model (described shortly} imposes a

fhierarchical ordering. based on the subtask hiararchya “on these
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;spaces; _ This hierarchy defermihes”:What'Fhodes- and arcs are

":v;sible £rom a given spece. The arcs and nodes that b°1°n° t° 'a_:'“

5 -space f§f5 'th? only ones 1mmed1ate1y visible trom that space. :

' __Arcs and nodes 1n 5paces that are above -a g1Ven space ji “the

_hierarchy 'are? potentially visible..; dt ﬁuSt -be requested?

- .Specificelly to be seen, Dther arcs and nodes are not visible.

" A node may appear in any number of focus spaces. when the
”same'ebject'is used in two different subtasks, either the same or .
differént aspects of the obiect may be in focus in the two

- subtasks, It is alse possible for a node or arc to be in no

- focus space, In this caSe, the object 15 not strongly associated

with the _actﬁel' performaﬁce"fef any particular subtask, ~ Such
cbjecte"mdSt _be-_described relative -;fo” dthe ‘global tesk"
environment. For completeness; " we define a top-most space:
:fcalled the "communal ‘space”, and a bottom~most #pacec'called the
"yista space", '_The communal space contains the relationships

" that are time’ 1nverlant (e.q.; the’fact thet':ools-are_-feﬁhd-fin

"n;:tool boxes) or common to all contexts.. The vista space is below

-da11 other spaces end hence can see_ everything ;n,-the' semanticﬂ:ec

enet. : This perspective 1 usefui _:1 determining li'j:heT “i

:__frelationships 1nto Which an object hes entered.'f”

t“‘* m°591 ftn‘;bgf' system _w111 be embodied 1 'f?ff;,”.;.»s

”*;Procedural net whi:h encodes the task structure ln a hierarchy ofi St
""W_fdfsubtasks and encodes eech subtask as a pertial ordering ot stepsL;"”

'”fc(Sacerdotiv 1975)..:3fn procedural net system also allows tasks-f. |

”to be expanded dynamically :t 1urther: 1eVels  °f deteil Wh0n=:fe” co
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'_ﬁeééSSéfy."_'A 'fépréSéhtation' 0of the hierarchy of subtasks 13*
:“1ﬁbbftaht 5f'r   reterence - resolution.- . An examination_ :b£
'xtask-orientad dialogs shows that reterences operate within tasks-.

1and up the hierarchy chain (Deutsch. 1974).' U81nq the hierarcnY

";}of the' procedural net to impose a hierarchy on the focus spaces';'

:enables US_TtO7 search 'fbr references -in hierarchical order,

:Having a representation of the partiai ordering of tasks allows
us to capture the alternatives the apprentice has in choosing
| subsequent tasks,
We have expliciﬁly Sepafated the three components of the
_dialoq context, The representation of an object in a focus space
will include only the relationships that have been mentioned in
"'the-fdialbq cohcefhihd: thé *¢6rrespohdiﬁg' subtask or that are
inherent in the procedural net description of the local task,
_'Thué. the verbal component {3 supPlied bY the intormation
recorded in the focus space hierarchy. Forward references  to

-ébjects ~in . the task ftask component) are found by examininq the

_pfccedu:ai .net._ Th qeneral _world knowledge componant RE L

information__ that is .present 1n Lthe -éommunal_ spgce..-:whén_:'_

':resolvinq a DNP:, :el' dynamically allocate'_effori between3"'

'.examining links 1n the 1oca1 tocus space. looking torward 1n the'}f

-:f;taskp 1ooking back up the focus space; hierarchy. ~and “looking

g; deeFer 1nto knbﬂledge basg information,_*5 ""
o s

The strategy we are currently exploring is f£irst to examine
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'.tﬁe’”tuf}éntiv 'A§t1v§ '£ocus space ‘and then to examine the next

_11eve1 of detail in the task If the reterent cannot be found _ini

. §1ther ipf; these locations. ‘we look up the tocun space hierarchy
:;; and then further down the task chain. The current context to- be:_-
sed by the discourse processor 1nc1udas= B | |
-(1)-A focus space containing the objects chffénti?'ih tocus
"(2) A 1ink to the associ{ated node in the task model

(3) A type flag used i{n Setting up expectations.
Thé type is hecess#ry'because there are subdialogs that ﬁo not
- direct]y reflect on the task structure, For example, there are
s5ubdialogs about tool identification ("What is a wheelpuller?")
.and tool use ("How do I use this wrench?"). References in these
- subdialogs do not follow the same focus space hierarchy and task
- Structure,

The dialog shown in Table 1 will be examined to shoWw how a

combination of a task model and focus spaces may be used to help

. resolve DNPs,

El I would like you to assemble the air compressor.
_S_E:fI squest you begin by attachinq the pump to the Plattorm.
.A='UK0_’- o S . . . -
_Et What are you doing now? - o
-._A:,USing the pliers to get the nuts 1n underneath the plattorm.
Et I realize this is a difficult task, - Do
AT Ifm tiqhteninq the bolts now._They re all in place.-:;, =
E3 Good, 1 - L

At How tightly should b 1nsta11 this pipe elbow that fits 1nto_£  

w'_the pump?v

;,Table.ii'subaia1¢qigarZaxrcompres;or assembly,

' a partial procedural net for assembling an air -compressor is
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shown in Figure 4, The terms "install”, "connect”, "attach"

'-':efer‘tofcohéeptual _aétions3 rather .than lexical items, - The
: déshed lines connect 'hiQhér.-lévei tasks to their ‘constituent
ubtasks._ The time sequence of steps 1n rthé' task 1s 1e£t :ﬁo

-right The partial ordering ot tasks is" encoded witn the S and J:

--ﬁddes.' The S, or ANDSPLIT, node indicates  the beginninq o

‘parallel branches in the p&rtial ordering., The nodes on arcs

‘coming out.of an S node may be done in any order, The J, or

.ANDJDIN. node indjcates a point where severa] parajle]l tasks must

'be completed, The boxes labeled T are relevant to the subdialog
fragment,

_ In the following analysis of the dialog, the utterances are

_consiaered Sequentially, DNP resolution {5 conSidered in

relatfon to the difalog history and the procedural net task model,
(The search ¢for references 1inside focus spaces is currently

.implemented; integration with the task model {5 not,) The context

information listed under (1)=(3) above s shown 1in the

~accompanying figures as follows: (i) label on spaces in the
networky (2) PNETTIE] (3) Fsrrpz. |

7?- 1 would 11ke you to assemble the air compressor.-'

V”HA: DK, o .
'~;E- I squest YOU begin by attachinq the pump to the plattorm.

'°[At tnis point. we are at tasx Tiz tocUs spaces Fso and F51 snown-_;; :

 ]1n Figure 5 have been set “9'3::2,-'

A DK, |
 '[This could mean’ I'm done. but the response comes riqht after the"
*1nstruction and the task takes a while.l o _ oL
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To

© . .ASSEMBLE AIR COMPRESSOR
B [ ] l
: _ : INSTALL l - ] l
% 8 ¢ wwiwd AFTERCOOLER : '
ELBOW | ! f
; [ |
.. | l ! INSTALL
I I I BELT
| ! INSTALL ! !
.o PUMP
I 1 PULLEY | I I
il
INSTALL 1
. e
PUMP i
T6 l / | I I
CONNECT
AF$S§§§§IEH / | I l AFTERCOOLER CONNECT
| |
ELBOW TO TO AFTERCOOLER
o / | 1] | aFtERCOOLER TO TANK
/ I I l_ ELBOW
/ 1 —
/ I ] cgc;:::-?E?g CONNECT
) BELT
/ I L MOTOR PULLEY HOUSING
I —— COVER TO J
/ ! BELT
CONNECT CONNECT HOUSING
T / PUMP BELT TO FRAME
PULLEY PUMP
CONNECT TO PUMP PULLEY
PUMP TO s
PLATFORM
CONNECT
_ I l PUMP BRACE
o TO PUMF
T2 I o I o
. POSITION i ATTACH
“¢1 PUMP ON PUMP TO | - -
praTroRM | ] pLaTRORM|
START PUMP-] - |TIGHTEN PUMP-
MOUNT NUTS | MOUNT NUTS .
CAND-BOLTS AND BOLTS

C TA-740522-84

" FIGURE 4 PARTIAL PROCEDURAL NET FOR ASSEMBLING AIR COMPRESSOR
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FS0: S
: PNETTIE:  TO
<AS§EMBLE—OPS« COMPHE?SOﬁS . FSTYPE: TASK

PNETTIE: Tt
FSTYPE: TASK

PLATFORMS

<ATTACH-OPS

TA-740522-85

FIGURE 5 = FOCUS SPACES FSO AND FS1

. |
.. PLATFORMS

. FS4: i
- BNETTIE: T4~

<ATTACH-OPS>

' ...'fa.ste.ners ' B i
PR BOLT/NUTS

" ohjects -

* POSITIONINGS /)=

7 pLiERs U

" PSTYPE: TASK

12

. tAs7a0522.86 T

" FIGURE 6  FOCUS SPACE FOR STARTING BOLT/NUTS OPERATION
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Ez ‘What are you doinq now7’ .

f:iAfter a suitable waiting period. the expert queries the proqress
’_of the user,] . : . _ _ L

;A:'_Usingﬁthefpiiers to qet the nuts {n underneath the platform.

“{"The pliers" can be" resolved because there is only one pair:' it
this were not the case, the task model would have to be
consulted, For both M™the nuts" and "the plattorm“, the FS
hierarchy is consulted, "The platform", Pl is in focus in the
current FS, There is no sign of nuts so we look forward in the
task model. The Televant parts are located in subtask T4, This
causes a new context FS4 to be established as shown in Figure 6,1

E:t I realize this is a difficult task.

{An attempt to assess the apprentice’s perception of the problenm,

- Note that at this point the task has barely begun and the expert

does not have a very good model of the apprentice,]

A: I*m tightening the bolts now, They’re all in Place,

[FS4 contains "the bolts": they were brought into focus when T4
Was started, "They" {s determined to refer to "the bolts" by
- checking the objects in the previous utterance for number

agreement, Note that the last statement confirms the closure of
T4, "Tighten" opens T5,]

- EY Good. : '
A: How tightly should I 1nsta11 this pioe elbow that fits into
- the pump? _

5{There 1s no nipe elbow’ 1n ‘the current FS '(Note:thatf'up -uhtlll'

that point. in.  the qQuery the apprentice might have been: asking

‘about task T5), We. close T5; because 0f the task’ structure_'this*:

“ brings us back up . to. the ‘top ‘level,  We are at the point of
‘looking into new tasks. At . present . all Of" the ‘tasks ‘are .

'-,.considered equally. ,Eventually T6 is found to involve -an elbow ]fuﬁ": 

In summation; then,f”ghé' focus _spaces_ provide way fij f'.;i"

'“71isolatinq certain parts of the Semantic netp thus proV1d1ng a !ayifff:

3to focus On’ immediately relevant intormation. _By tying the focus’E -

'_jspaces _tb' a model of the taskp we are- able to consider forward -
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'ftask references.' Both the task modei and the ’foéhe 'spaces are'r-
linked tc ‘the general knowledge base: thus. 1t 15 possible to go

:;from an 1tem 1n either the ta5k model or a focus space ftd' other'

jfknown' but not previously referenced intormatlon about that 1tem.ee-

The tocus. spaces'lehd task .model ‘provide eccess to context
" information - about obiects -in the domazn..mekiﬁq'it pessible to
 focus on a relevant subset of the system’s knowledge,
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