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ABSTRACT

ThlS paper provides an overview of an. ongoing research program 1nt’”.

.'fﬂffnatural language communication, 1nd1cating its status as of June, 1978 :ig}-'”d.

”_f:and _its ghort term goals.__ This research seeks 116; 1dentify andh7}?

ﬁhncomputationally formallze the knowledge,

iand processes_.needed for

'fparticipation 1n_ natural language dialogs' about ongoing'ftasks.fffTheﬂlnf"'

.,paper: describes (1) the knowledge embodied in an existing System that:;f PR

:hinterprets utterances in. such dlalogs, (2) the formalisms developed for"c

h'encodlng thlS knowledge, and (3) the framework in which the knowledge 1s :

” combined and coordlnated during ‘the interpretation process.n The paper:""

'__ialso indicates antic1pated extensions that will lead to refinements of h

'1nterpretations.- These extensions 1nc1ude the concept of modality, the'f

':h'use of the focus and goals' of the dialog in the identiflcation of the-

referents of pronouns, and the use of knowledge .about the goals of the

"*'other dlalog partlcipant 1n the 1nterpretation of utterances.:'




'°9)_}51]fjscorsfor’sﬂs RESEAREHfEéFdﬁTt;"'

Thls paper prOV1des an overV1ew of the current status and short-;'

:d?ﬁfon prev1ous research 1n speeeh understand1ng performed at SRI from 1971f5

°1iﬂ}term goals of an ‘ongoing research’ ‘program.* The current research bu11dsf]Jf_*“v

1976(Wa1ker 1978) Detalled descrlptlons of partlcular aspects of? BTeERe

ﬁ5ﬁour research are avallable 1n other publlcatlons(Grosz 1977a, 1977b S

S AgTTe, 1978 Hendrix 19?7, 1978 £ Robinson 1978; J.  Robinson 197aa,,j-“7-?"

'3,J1978b)

The obJectlve of Our'research-is to -increase’ our understandlng of"f

r.natural language communlcatlon by considerlng ‘the underlylng grocesses -

3'used ‘to 1nterpret and produce utterances (sentences ‘or’ sentence

: fragments) exchanged durlng the course - of a dlalog ' ThlS research '

-rfstands _at the Juncture of two dlSClpllneS‘ llngulstlcs, whlch studles'

ﬂﬂ'the unlts, structure,f and meanlng :of natural languages, and computer;'fﬁ fj.r'

L .sclence,_. whlch studles formal processes : (algorlthms) and thelr

assoclated data structures and control meehanlsms.'n.ﬁ

LlngUlStS have generally concentrated thelr studles more on the:;f o

"'g_-form and - meanlng of 1nd1v1dual words and sentences than on the processes

J'through whlch 1nformatlon about some subaect area 1s communlcated In”*’

:contrast our approach 1s to v1ew natural language communlcatlon as an

act1v1ty performed by ‘two’, or more cooperatlng partles (elther humans orff"

'*ftlntelllgent computer systems) From thlS perspectlve, ‘the focus ofs

:'__research 1s on ‘the processes underlying partlclpatlon 1n dlalog rather if5r'"“

: 'fpfthan on the structure of utterances per se.; The communlcatlon act1v1ty,j-

"T7"understand1ng") utterances,. requlres that dlalog part1c1pants have,:_p,faéqfﬁﬂf”

"3ff;processes through whlch concepts 1n the subJect area may be expressed byjtdff

lfdmeans of words, phrases and sentences of Engllsh

dﬁf};ncludlng jthe subact1v1t1es': of generatlng and 1nterpret1ng (orfia.llﬁff't.

:3-ffjknowledge 'not only about the structure of language"they must also beﬁftdﬁ;;..g

This’ research is’ currently f‘unded under a three—year NSF Contlnulngﬁf e

_;_t'7Research Grant No. 'MCST6-22004. T would: 11ke to thank: Gary Hendrix: forfffg:IJTEZt”'v’;
*ﬂi*}hls 1nvaluab1e a531stance 1n_organ1z1ng'and wrltlng thls paper.-;:_u :




o To formallze knowledge about llnguistlc processes our approaoh 1sz;f:jnT;.:--

| a:f'ato draw . from (and ultlmately to contr1bute3 to) computer sclence.; pj;.:~

K-Computer sclence seeks to prov1de formallsms for statlng knowledge about"'

'dfalgorlthmlc processes 1n pr”olse terms.: Because computer formallsms may ”r':fjife?"”i

*Vbee executed they may be tested :tO determlne whether they adeqUatelYa;'ﬁ T P EEI

”ﬁt:enoode the 1nformat10n needed to perform ‘a glven process._ Our approach"fals

'?Fffto the study of language 1s to use computer formallsms to express thedd?if;ffﬁ X

H.:knowledge needed to generate and 1nterpret natural 1anguage utterances.]}rff"

-~ But encodlng 1nformatlon about natural 1anguage processlng 1n computer'r?f.;f'””J*

-;nsystems 1ntroduces “sSome - interestlng problems for computer sclence.;t"

'Whereas convenlent computer formallsms ex1st for represcnting the dataf:g:~3ff:f;f

and procedures 1nvolved 1n arlthmetlc Operatlons,_ and research ln]-j'"

:fartlflclal 1nte111gence has contrlbuted a’ number of formallsms for theftf"”" BT

_tmanlpulatlon of symbollo 1nformat10n new formallsms must be developed t'.

=,to: eXpress such concepts as the focus of attentlon of 1anguage users,

f'dlscourse structure, coherence, and 1ntentlona11ty—-a11 of whlch playﬂt:t e

lgftfmagor roles in’ the ana1y51s of natural 1anguage dlalog

*J_’retrleval) or con31ders narratlves rather than dlalogs

t3_'ffunderstand1ng)

Wlthln the general framework of u51ng computer formallsms. as_oazﬁrf'***

'*._means for 1nvest1gat1ng the _ communlcatlon o processes,'i_we'f”are'.*t:.'

Fconcentretlng our attentlon on the study of dlalogs between two PaPtleslf-:“ »

'fdcooperatlng to- acoompllsh ‘a shared task-wthe assembly or dlsassembly of:h'-'ﬁzf'

f;an electromeohanlcal dev1ce._fw have chosen to study dlalogs becauseif'u'

rthey prov;de' an Opportunlty to examlne_ both the 1nterpretatlon and.ff--i N

:jproductlon aspeots' of the communlcatlon act1v1ty.: Moreover, task-iff“*'*f

L orlented dlalogs_ take place 1n a dynamlc' env1ronment 1n whlch the.dt-'

'--7aaprogre551on of the task prov1des an ever-changlng context Most otherﬁfgitr

5,;?current research 1n computatlonal llngulstlcs analyzes- 1nd1v1dua1;5_;"'”

'51;_qucst10ns statements wmthln Ea statlc enV1ronment (as in’ data”.si' '

We have collected a number of task-orlented dlalogs between human

:have analyzed them to. galn in31ghts '

(asp;n,story}gffnﬁf.TV

ilnto the _underlylngi:ff.

-ﬂdfcommunlcatlon processes.r Some of the knowledge needed to partloipate 1nto;{f--=7n*:'.ii




'*-;dlalogs 31m11ar to those collected hae been formallzed “in a oomputerd'

'“~ffsystem._ Thls system aets as a dlalog partlclpant rather than as’ a-Js_”

'f,nonpartiolpatang_ observer.' Should the ablllty

"rapproaoh _human proflolenoy,__

goal.

'*jﬁformallzation through exeoutlon of the computer syetem.__ﬁd

Tfiii';JpﬁéGREssffo-DATg-."-'

f_f thls system ever;;t.:'
would"have i numeroue praotloalf;:a:'
r:;appllcatlons, however, 1t 1s not belng deveIOped w1th thls as a prlmary7?5f::
Rather, 1ts development 1s an ald 1n determlnlng what types of};v"f_
'kn°W19dEe are lneeded for partlo1pat10n jn ;taskmoriented dlalogs,flforfff;73 i

”.:formallzatlon f that knowledge,_ff_d for: testlng thatt?l gijfe].,ﬁ;:

.'Ourizaotivitiee oenter prlnoipally N on the e development of

lcomputatlonal formallsms for- representlng 1norea31ngly smgn1f1oant*5

P;*lnsubsets of the knowledge needed to partlolpate 1n taek-orlented dlalogs.fﬁﬁ”

o ;.We are 1nvest1gat1ng the use of language from a prooedural perspectlve'”-ﬂl'

.g_eand are developlng an understandlng of the dynamlo 1nterre1at10nshlps.,__, o

' v*.gex1st1ng among the varlous types of 1nformat10n (1nolud1ng 1nformat10nf'”

:31fabout the subject domaln and the struoture' of Engllsh) that oontr1butel'f" B

:1fto the oommunlcatlon prooess.- Slmultaneously, these act1V1t1ee advance

' lthe deveIOpment of new computer solence technlques for representlng and'ﬂ;3-""

Hf=US1nS knOWledge about natural language ‘and the subgeot matter underlfel”:

ftdlsou531on." In the paragraphe below we desorlbe a number of speolflo;jjfg.ff'ﬂ}tf.-i

:aohlevements and 1ndloate thelr oontrlbutlons to the total effort

Mwmumm

"“have therefore developed a; _representatlonal formallsm for encodlngv

"";’flnformatlo_iabout & dynamlo _env1ronment _and have used 1t to

A prerequlslte for partlolpatlon in the oommunlcatlon process 1s anf” '

Eh ablllty to- enoode and utlllze 1nformatlon about ome subJeot area.: Wevfﬁ_?'-'" P

:_mbodyﬂn:d;ef:ﬂ

””ihf;knowledgef about ObJeCtS, aotors, relatlonshlps, and events relevant toill;f

"3;the' task of assembllng ‘an’ a1r compressor.r

.The resultlng domaln modelfﬂfflf*d;”

"l:fsupports partioipat1on 1n dlalogs pertalnlng to_ thls subgect matter be-*'f7mIff;3f7“”




“f_'questlons. -g*”]{ztd.:- S

:fprov1d1ng a semantxc framework for the 1nterpretatlon of utteranoes;;f?fﬁ""'

' afagalnst the background of a ohanglng env1ronment and by prov1d1ng thedryd7”i:

'sz:subJect dependent 1nformat10n needed to -respond to domaln-SpElelc--f:'”:':'

The representatlon formallsm is, based on a network data structu'ei.;ﬁi[fjjfihff_?

:fthat 81multaneously encodes 1nformat10n and prOV1des an 1ndex_ forff;ffr73dfv':ﬁ*§

i tfacce331ng the 1nformat10n through semantlc assoolatlons.; A key feature'v’“

of ‘the structure is: that the network may be partltloned 1nto a number of;ff;73:f::fhf;”i

z'ﬁgfoverlapplng subnetworks.;ﬂ These subnetworks, or gga_ea,; may be used tofffd.ﬁt;tf?-f?'f

' ;dellneate the scope’ of quantlflers, £6 - establish contexts that speclfy" S

"hthe state—of-the«world smtuatlon at - a glven tlme or to hlghllght thoseﬂz"":"

" concepts that are in the 'current 'focus of attentlon'f of the dlalognﬁf'l

"Tszart101pants. ?Q'.-ﬁf

'73 The network allows expression of both well—formed formulas based on n o

'dwflrst-order loglc and through newly developed formallsms called grocessh

: fﬂmodels,g 1nformatlon about proeesses 1n the assembly domaln.e» Thehfh

:.ffconstruets from 1og1c are used to descrlbe the' obgects of the assemblyh;“

';_domaln, to 1ndlcate how they fall 1nto hlerarchlcal classes (a wrench is

tool tools are phy81cal obJects):[”.ﬁ. 1ndlcate the actual and”:f-”

'-,potent1al relatlonshlps among obgects (the pump 1s on’ the table, oned':

'f“f phy31cal objeot may be on another phy51oa1 obgect) as well as.,to”_ﬁ;ffﬁfﬁ':5'°'°

'idlndlcate those relatlonshlps and events that ex;sted.ln the past Or.aréfff.ﬁ':"”ﬂ i

: t*_currently in" progress._;-""”'

'ibd.that may be followed to aceompllsh 1t

Proeess models also 1ndlcate how varlous types of events may beif

'”-fyhlerarohlcally decomposed 1nto subprocesses.- They 1nd1cate the types ofg_:ﬂJ

'Jactors and obJects that partlclpate 1n an event the preeondltlons for;**P3°"'

:;jitsi enactment, 1ts effects,_ and the alternatlve sequences_gf.aubatepet:ff'

”ﬂzaf T derlve 1nformat10n_ from the 'network”:ata structures,:' ‘have

o that '_embody general knowledge'fabou_. 1og1oal?_

*'The partltloned network formallsms developed at SRI are belng used by |

fﬁ;f;researchers “at’ other: instltutlons, ‘including © the ‘University “of . o7
"*-Toronto(Cohen 1976) ‘the Unlver31ty ‘of: Texas (Slmmons 19?3},_and Bolt_ﬁg_?“?.-'ﬁvl-:f

:'AZTBeranek and Newman (WOods 1975)




';fdeductlon and speclflc knowledge about how to manlpulate process models.:

These procedures are used to retrleve or deduce answers to questlcnspjf““'f-a

7'ﬁ;(wh1ch mlght be posed elther 1n the process of 1nterpret1ng an utterance'fi:f,;]f:fjjf'

”other partlclpant 1n a dlalog)' 3

'fa531m11ate 1nto the'f

”:*fﬁfmodel new 1nformat10n about the domaln communicated by the user (e g ,35

'”v;]condltlons have arlsen)

:ﬁ*ﬂthe user may :ndlcate that certaln events have transplred or that newdpridf]sd

An.lmportant aspect of partlclpatlng 1n a dlalog about”a concurrent“ffff'f" £

.r:assembly operatlon 1s keeplng -an” up-to-date account of assemblY__p_lph-::_

"']progress.': The record of progress provides a context for 1nterpret1ng3-:"

:--utterances and respondlng to". questlons. At any given moment 1t 'isi_*5:”f'

3:_necessary to: know what assembly events have already taken place (and 1n;.,'

0 what .sequence) what events are in progress,: and what events can be

. 31n1t1ated next The establlshment of a current p01nt of reference:-'

”T.prov1des a’ perspectlve on’ the state-of—the~wor1d sltuatlon and a basasff;j}ﬂfﬂ**ﬁﬂ'

’ffgtufor determlnlng whlch task steps appear most reasonable to perform next

"*ﬁf{31gn1flcant achlevements._ngp'“

We' have recently developed automatlc- prccedures for followlng theﬂ'fff““

.”-}icourse_ of 31mpllf1ed dlalogs by extractlng clues from the user stjfiffilff:;ﬁ-
' 'iutterances regardlng the progress of ongomng tasks.t_ Because the_}i'

.,p__llngULStlc_ structures employed by the user re1y heav11y On the'-sf.'

'51tuatlona1 context the ablllty to keep an up towdate acccunt of the-fﬁ

'.oprogress of the assembly and o ass1m11ate changes lnto the model 1s offf7t"””':"'w

"'iessentlal 1mportance 1n dlalog partlclpatlon'“ consequently,;. itsfp”vt'

";reallzatlon in can operational system may be consadered one of our’ mostg{;jfﬂvf:' 3

| B .F_o_r_m_al.;zmg nowledge Ano_un Lanauasa

formallz tlo__of llnguistlc knowledge about the communlca i n;

-'prtcess may be_d1v1ded '1nto th'ee maJor areas..(1) malntalnlng contextsf

for the 1nterpretationj’andlgeneratlon of utterances, (2) 1nterpret1ngo

e and (3) respondlng to“

utterances (1nclud1ng questlon”“

wanswerlng and the subsequent transformation of those replles 1ntof_

'i:ffEngllsh) These areas are dlscussed 1n subsectlons belcw.;fd7'




"h;.i; ontexts for Tnterpretlnc__”tezan_“"

evement of our research to date}olT’” S

Perhaps the most important ac'

:E;phas been’ the establlshment of a framework w1th1n which to characterlzedhﬁpj:51*77;”

"'dfffilanguage as it is: uSed ln ;a“ohanglng ccntext Anlfutterance from -aﬁﬁ?}f?,i-v”

1nterpreted 1n 1solatlon, but must be}f” B

con_ldered w1th1n the context 1n whlch 1__was produced Interpretatlonsl

; :ane 1nfluenced both by the current state-of—theuworld sltuatlon (and the;,hfffsdnﬂyff'*'
"d;fhlstory o past states) and by preV1ous' utterances 1n the dlalogis}:fvh. S

-*fState-of—the-world knowledge 1s essentlal for _example, in. determlnlngt.t- S
hf:jthe referents of - such phrases as’ “the ‘tool in your hand“ Ve call. thls;"'.

'Tf”fpartloular aspect of the total context the task gntext The importanceh_“' ;

”ﬂ{of the pPlOP: dlsoourse, whlch e call the dlscggrse cgntext
:jlllustrated by the palr of utterances ST '

Speaker 12 Why dld John take the pump apart°
Speaker 2% He did. 1t to flx 1t

H'r~ﬁi.1n whlch the 1nterpretat10n of the second uttenance must take 1nt0T;tdgr3ftf~:}f-;

' 'jff;account the context establlshed by Hfhe :flrst In partlcular,i'nhenht:Zf.ﬂf,*zﬁﬁ.,;

-*.’;Pefers to John,’udld 1t"_ pefers to the dlsassembly task and the second ]tp'

3:7"1t__refers to the pump

_ We have created methods for representlng 1nformatlon aboutﬁj;ifﬁdfpfh p;.:
'],bOth dlalog context and task context W have studled how thlsi'ff~'”'
-f{-lnformatlon 13 used to 1dent1fy referents of deflnlte noun phrases ;n}ﬁnf. :

'n:dfcontext and have formallzed many of our concepts computatlonally

5 The maJor aspect of context for Whlch we have 1dent1f1ed and'tj;ﬁp;::i_
"developed a representatlon 1s called focgg At each 1nstant the focusff;jij;fﬁ"n'i““

”h:&of a dlalog hlghllghts a small oollectlon of concepts whxch are dlrectlyf'if“““':'

foou31ng is anl""

.ﬂior 1nd1rect1y ”belng dlscussed Vlewed as a process,“

' “fractlvity engaged 1n by dlalog partlclpants 1n whlchsthey concentrate}f

and ° "thls pump“) begzn;
'tlve (such as. "the" and

: ffDeflnlte foun: phrases: (such as ."the'wrench'
Sooiwithooa deflnlte{artlcle or: demonstratlve adJ
"this“ : R L .

t]ffto refer. toapartlcular objects.

“For example, oon31der the 'entences i
i “Shortly ‘after John read War_an_ Pes “Tom read the book ‘too M
S "Shortly after John read E_n.gnd eggg, Tom read a’ book' too._; T
Ll MThé book" refers to ﬂag_and_ eage, but Mal book“ does not 1nd1cate whlchﬁz~
'T}prartlcular book Tom read 7 : s ; i




"_thelr .attention on . a. subset of the. 1nformat10n they'fshare in commonﬂﬁf°' ;

"5f_(lgnor1ng the rest) By hlghllghtlng the subset of known concepts thatf*

._ﬂ;gfare ourrently_ most relevant to them;

' “3fD1AM0ND may be v1ewed

'r;may“'e_denoted'31mply_and unamblguously

"i*“;(2) determlnlng from a dlalog what entltles are belng focused upon, and?fspjffi*f.””

73Q“(3) determlnlng shlfts in focus as a dlalog progresses (1 e., peroe1v1ng*f:fg7.?V

:anguage users create a looallzedp L

Tof eferenoe Wlthln whlch obaeots of s1gn1f1cance to the dlalog}ffqﬁjT'

-@-the p01nt of transltlon from one d1sous31on topio to another) We haveh"

'h:made substantlal progress on the flrst two problems, but much remalns towagr~h"”

':} be done on all three.

: _Ci_J:The zzxssssssl_lxnsaxL_lalu;_Jnsmaneea

: ngo prov1de formallsms-enabllng us to specmfy the 1nteract10ns of”,iffsﬁ JRFRa

';many types of domaln*!and llngulstlc knowledge durlng the 1nterpretatlonf“_fsf}lr};”

:fprocess, we have cre ted a 'language deflnltlon system' called ‘DIAMOND.

LJVpprogrammlng language and_,an assoolated executlon system.,-_Asﬁ?a ff

road outllne as’ both a 'sophlstlcatedlafzassqu

"7Tprogramm1ng language DIAMOND allows : to descrlbe formally how}p-i

.”ifutterances may be 1nterpreted : The 1nterpretat1on pnooess 1s performed;gln

' “51n multlple phases under control of - the DIAMOND executlve and

fﬁafﬂaoeordance with' th speoifleatlons of the language deflnltlonffﬂ:':'”'
:-.fﬁformallsms.f_ DIAMOND’s flex1bllity allows us to experlment wlthlf;fﬁﬁx‘

'-hf;dlfferent numbers of phases and with varlous sequences for applylngh{f"f3

,1nterpretat10n phases

(1)

Th”e' .-fi;rétlf-_i),ﬁ_a_ééi

'eoo_p031tlon of the “1pputly:51h

J}Ff“yntax tree) that_.refl cts the

.-varlous types of knowledge. _ Currently, we are work1ng W1th three baSlO?;@ffr”'“””

is an analysis based on syntactie

'fﬂ}_jutterance 1nto 1ts component phrases “and as3001ates a number}ﬁf e




’,of attrlbutes w1th each phrase.. ThlS data structure serves asdad'lfﬁf[;{;fn*ﬁ'”

”'3E;Ta gulde for other phases of 1nterpretat10n. '

QQSQP;QL. g gg

_:These knowledge resources mustf:'E' B

'1dentif1ed durlng" syntactlc ana1y31s and

__fobgects 1n the domaln model

' felndlcate the correspondencess,that exlst between .1ndiv1dua1f;ff
.waords and conoepts 1n the domaln model and the ways in whlch;_s ”..
'a'}multiple 51mple concepts may ‘be comblned to form descrlptlons’aﬁ_

.:stof more - complex obJects. (E g"::"DOX-end“ names Ly Shape,df“d' . i

f"wrench“ names some member in the class WRENCHES -"box-endf:ﬁ;..iifdd.
.jf_wrench" descrlbes any member of WRENCHES that has a’ box'enddsfff** :

f_rshape)

(3) In the thlrd phase 1nformatlon about the current{x_n':

'f;Econtext 1s used to reflne the 1nterpretatlon. For example,zfif{n”::“' -

'3ﬁ'fﬂphase 2 merely produces a descrlptlon (1n terms of the doma1n*i_~7¢~'7'“7

.wd*fmodel) of a box—end wrench as’ 1ts analy31s f "the boxeend}ﬂe}fug S

’7_wrench" : In phase 3 “the box~end wrench" is- assoclated W1th af:ff“'”

':”ffpartlcular obgect Ti “the model QThed 1nd1v1dua1 obaectff;dﬂf'

ﬁ:aselected as the referent of the phrasa “the bOX-end WPench“dQ,i"'”' |
gd.wlll dlffer aocordlng to the context.. Mopeovep, knOWledgej_fg SR

:i”-fdabout the domaln and the strength of quantlflers 1s used fon-fj

' ._f}establlshlng the scope of quantlflers 1n phase 3

IEU31ng DIAMOND we have_f encoded and tested a general andidfjfi*ﬂ”*”""--“‘

:f;fllngulstlcally-motlvated set of syntax” rules that cover a’ w1de range offﬁff7:n=3f

-x,-:_ Supported by the Defense Advanced Research PrOJects Agency_zunderdf“i_ B
w_uf{3COntraot No. ; N00039-78-C 0060 w1th the Naval Electronlcs Systemseyﬁu--rfw-u~.:_n
':-;;Command S : L _ :




"fTﬂd?the 1anguage and eoneeptS- 1n:the domaln model

o :What 31ze wrench should I use. to tighten the bolte° S
."TJThe wreneh that I used before i not on the’ table.'-x,

. I'ye installed the brace, pulley and: Woodruff key.
'=fJHow many bolts of eaoh 31ze shouleI be u31 S

We have de51gned andf}lmplemented a set :of 'semantlc oomp051t10n'f

fprocedures for use 1n the second: phase of 1nterpretat10n t

.lf'fj'Séﬁbieiﬁf£9faﬁdés'ébﬁeré&*by’this;eyﬁték'iﬁciodé-thé~fcllowihg£gj,gj{}?.e;hk”r3¥~

Forméllzies_g.:’°“”

Trﬂour knowledge of the relatlonshlp between words/syntaotlo struetures_ln e

'_these prooeduree:_d

zbhtd333°°1ate proper names, suoh as "John“, w1th lnd1v1dual oonstants inithe b
'-flmodel, suoh as’ JOHN They oan map oommon nouns such ‘as “wheel“, 1nto{n};’“’1 .
:fnfrestrlcted free varxables,f such as "X where WHEEL(X)“ * They can map.ﬁy.;. L

'-ﬁ.verb 1like oonoepts, sueh;“:as-3"removed“'fj' : “green—colored“'e 1nto.15jf;7f’-’-*

'f;predleates in: the 3mode1 s In addltlon, these prooedures ean use

o knowledge about the doma1n to reJeot as meanlngless auch phrases as "the*l'

'"”f“wheel removed John“ (although the same’ strlng of words ean be used 1n_n@fﬁ":’“7'“:”:z

'5df£such meanlngful conetructlons as-z“w1th the wheel removed John could flxja*::":”

” lt") They oan"reate network models to represent meanlngful phrases,f:fﬁ'

':afsueh as f“John removed the wheel" by comblnlng 1nformat10n dbout theft;vjfﬂ:"':

”J”ttilnd1v1dua1 words, the syntax that relates them, and the relatlonshlps:rﬂrz'f?e?'*"
:.f;fpotentlally extant Tin-'“the} assembly domaln.ig Semantlo oomp031tionﬂ clad

"*ﬂviroutlnes. are much more dlfflcult to formallze than syntax rules.ff“ N

7?Consequent1y, we do not yet have composxtlon proeeduree coverlng all theteaﬁffg7ﬂ”7'”":°

';a;oonstructlons that can be analyzed syntactloally.;_JLf;f"

qeangngang to ;Lten;ngea

Part o”dcommunieatlon 13 determxnlng'the approprlate aotlon toeﬂ

'?jftake once an utterance has Tbeen lnterpreted Thls means muoh more thangy

_ ff51mply answerlng_dquestlons that are_posed by the otheri'arty (although;

“ﬂfﬁpart101pants eonve such elues._.ffﬁd o s




To respond to querles we have evolved procedures whleh answer__j;-': S

zyaﬁcertaln types of questlons by making deductlons prm the 1nf0rmatlon lniav:,_

the domain’ modelj'

A network-to-Engllsh translatlon system developed 1nd3,i

raf:preV1ous piLJect(Slocum 1978) proddces Engllsh replles to questions,jf;zﬁ_

u31ng 31mple'syntaetlc constructlons."

By 1mplement1ng new computer formallsms and 'encodlng knowledgeieijf"t‘“w'“

:iaabout the oommunlcatlon prooess_ 1n them, we have created an operatmonallij;a.ae:r |
'f~vfeomputer- system whose performance 'tests the adequaey of our theorles.f;h'3'”""
"'ifSeotion v contalns a segment of a dlalog in’ whlch the ‘system- has’

:‘Vﬁpartlolpated _ei oharaoterlze below the seope of the system s currentg*td;;f'":':

A unlque aspect of our 1mplementatlon 1s that 1t operates in and isdvﬂ:

”H'i:ﬁresponslve 'to dynamlcally changmng enV1ronment As: utteranoesﬁf:”:ﬁ-

| "~.;1ndloate that progress has been made 1n the task and/or that the user. 1sTff5ﬁtEff-' '

'*shlftlng the focus:of the dlalog, the change 1n context 1s refleoted 1n{f'

",fﬂthe system s model of the s1tuat10n.. ThlS 1nfluenoes the way 1n whlchftfsz”'t*”
ff-subsequent utteranoes are 1nterpreted Changes can be 1nd1oated elther;_;'-___u_
'”;*;by statements whleh dlreetly speclfy a change ("I have attached thesquf

'Ltdpump") or less dlreotly by utteranoes about partlcularf”obJects or;j:i:f'f”

L .Substeps ("Where lS the Allen Wr'ench’?“} :. :._ .. L

i._In additlon to 1nterpret1ng statements whloh denote ohanges in theﬁgfﬁ"'“

' f3ffftask state, the system ean 1nterpret and respond to questxons about theﬁ ?df -
't”vmficurrent state-of—the-world situatlon ("Where 1s the box-end wrench?") Hh::d
';;past states of the world ("Was the"pump on the table befofetltf'”::””:. ’
_ :iattached?“)

"”ﬂffpulley”")

how to perform a step 1n the task (“How do I 1nsta11 the,iifff"

("Who"ttfohed'the pump”“

o .:

‘o' queries about the past and




'thhe motor bolts“ “’

'”7ofsteps necessary for accompllshlnging 1t are encodedfand

To process questlons

ﬂ”dlalog 8 focus 1s:

t.”ftsubsequent inputs..ﬁj”i'

3”}test those tknowledge resources for

”tﬁsﬁﬁourrently processed'tf

s influenced by the context (5) studylng modai 'VEPbS”':
'";Hffcon'_derlng how knowledge about the _user! '_ >als: ant ”":_ ma
'.jfa01litate lnterpretatlon of utterances"beyond ’thelr strictly 11tera:3.

Fmeanl_gs.;:ﬂ“ﬁy-'*

,o;to help 1nterpret Dhrases such as Nthe wrenCh that was used to tlghtenff;nn”ifc.e.re“”
abo“t ‘the assembly task, the e
e

:then updated to 'reflect thls_ rev1sed 31tuat10n" soi:f S

t:ir;that references to spe01fic;_ent1t1es can be correotly 1dent1f1ed finff;fj;f;ff;q i

Durlng_ the follow1ng year we plan to reflne,_ extéﬁd'VéndZfﬁrthéfi}ijcfﬁ_ff e

:hlch we have already developedﬁeijrg _uf,f.. :
-formallsms BY:_ntPOdUClng new types of 1nfcrmatlon and reflnlng thosej__ﬁrfcf;cj:¥ﬂyﬁ

'; have already encoded we wmll both broaden the range of utterancestsﬂs:eer,;-:

'i:whlch'can be 1nterpreted and derlve more. 1nformatlon from the utterancesf§t;;oj;:iﬁqf-3f
_ | . SpelelO areas to Whlch we plan to devote ourrft;f i
"::rcefforts 1nc1ude"(1) slgnlflcantly reflnlng the model of the assembly:;rﬂeﬂV
::;domaln, () developlng procedureS' for 11nk1ng complex Syntacthil'cf' a
'?;construotlons to both objects and relatlons 1n the domaln model (3);e5 tf“
'?iu31ng focus to determlne referents of pronouns, (h) studylng the ways. 1nf:rcﬁ;7r,fg7?tﬂf'

'_fwhlch the interpretatlon of references to events (as opposed to obaects)iree}n_ S



Bsistswh_Mod__":

In reflnlng the model we plan to extend the task model to cover a .

?'larger portlon of the assembly task reflne 'or descrlptlons of obJects jiiﬁ,rg_;.,-.H‘

. "plug o,

odel w111 permlt moreﬂ

',Ouf.flanguage PPOCGSSng algorlthms with 1anguage structures*"” R

hf-f?fcoverlng a w1der range of concepts dlreotly and ;nd;r¢°tly.?elated_toiﬁf.'f*f Py

i 'Bi-” M .G_o_e&el m@_rz_t;.g Structures'to '_.'ﬁ.'Entit'i'e s in th Domaig* ]
At present we have a syntaetlo desorlptlon of a broad range offr=

'jEngllsh constructlons.; However computatlonal descrlptlons for advancedsjr?ik': P

' subset of the utteranoes:,5ff;f;t;fffjﬂf

zf'ofn’fphases of 1nterpretatlon exlst ffor only '

.:1:analyz d_ SYntactloa11Y- fFor example,-sentences _Wlth embedde':olauses,:d s
' gffsuch ‘as "I am u31ng the belt whloh was in the toolbox“ are currentlyxd:o"
:fﬂanalyzed 1nto phrase unlts, but are not otherw1se belng 1nterpreted In'g"ﬁsi

::tpartloular,: there_fls no llnk establlshed between these types of_f

‘ia;sentenoes and the obgects and relatlonshlps 1n the domaln model Over}3 t}.H'__
:fithe ‘next year we plan to extend the computatlonal descrlptlons of the:ffj;f7i31~“"

d”ﬁdlntefpfetatlon Process to eover such embedded-clause utteranoes._ Thlstf“'

zftmw111 expand the range of Engllsh for whlch we have 'a forma11 

'_tfcharacterlzatlon and 1ncrease our’ knowledge about the ways 1n Wthh the'_ﬁ_;'-_'..._-.:--'-"*”-5

“fglnterpretatlon

;of oonstltuents of complex sentences is related to the;fﬂj




"'primlnently in

used to denote_a_concept

to dlrectly for'over 30 mlnutee) or'expllcltly (e g.;

comlng to_dlnner and are brlnglng HER mother.#)

Inter:pre_tl_n..e _eﬁer_e_c.ea to i\:.ent_ _n _o_nt_t

'5f'qworks 1n many eases but falls 1n othere.. We plan to experlment with thefffjwﬁfff';“

'uncftheory that pr0nouns are used to refer to those concepts that aPe_most;ﬂ:fs:f-%*7' L

focus rather than those most"recently ment10ned__7;h, h55'*

'—the alrhcompressor-—that had_not'been referred?.ww

"The Joneses are“[;;ln.: :

Interpretlng references to events in context 13 the verb phrasefff:

'.fanalogue to the contextual 1dent1flcat10n of noun phrase referents..fwef*a7'..

’3[believe that many of the methods developed by us for noun phrase:fnffe:" e

'}“:'Eeresolutlon w1ll be appllcable to_ thls problem.u._ﬂ the folloW1ng_u’=

"Lefexamples show, there are many ways of referrlng to an event rang1ng5“’h

‘?from hlghly speclflc (as 1n the flrst example) to short utterances]ijf

'3;£composed of pronouns and:pro~verbs (as 1n the 1ast example)

I p031t10ned the pump ‘on ‘the platform Bt
- I'put ‘the pump on the platform.gf;ﬁc., el
I putit: there.-- : N

I did 1t e

JVHA$e references to'; events become 1ess .expllclt : 1nterpretat10n iSj

"jflncrea31ngly dependent upon the surroundlng contexts of task and dlalog

.htﬁWe plan to 1nvestigate the dlfferent ways in’ Wthh events are referred;V:i”“*"

_._fto and the role of the context 1n: 1nterpret1ng references to them.~,Wéfg }£ﬁJ

| nfuw1ll characterize dlfferent types__of references to events, descrlbe theff~f7

53hfcomp1ex1t1es”L:of referenceecontext 1nteract1on, 'ﬁand} formallze our7f;.ﬂ--:ln' e




1nclude thefe

-We _plan to extend our computatlonal framew rk ”to

ad_d a B

elathﬂShlps under 1nvest1gatlon.t'Mostiff SR

ﬂassemble“ ﬂmove“ “tighten") ar,e used tO I’efer'.:"_ RS

'7fﬁl:to events 1nvolv1ng actors and obJects. But modals' operate at a meta_*fkﬁ““':'”'

'311evel referrlng to events per. se Zand 1mp1ying the p0331b111ty :or;tf;fft1~'”-’“':

'jfnecessxty ‘of sich events._ Modals also project predlctlvely into: thegﬁ7”

:*sszuture"and ean indlcate whether a glven actlon 1s' con51stent wmth the'*e

LﬁObJectlves of performlng a oertaln sst of tasks.x V belleve that theﬂf

' ;ﬁ-dynamlc nature of our domaln model prov1des a powerful new framework'ﬂ-5s7.'-”

“fsw1th1n whloh to study these verbs.n For example, the task models alreadyt's'

'3't;1ndlcate what §hgg;Q be ~done: next to progress further in aceompllshment57]'

of the task -

We plan‘"to add new informatlon' to; 1ndloate whlch events;t”e,f:”""'?”"'

._,j.ape oa able of occurrlng and to extend our deductlon mechanlsms toeﬁﬁ,,_.._.n

.zfi[:freason about p0351b1e future condltlons that mlg or Hll; unfold

'71 F}' Interpretation of Utteranoes Bevond E;g;;__t;;gt;x_theral Meanlng ttt;f“”

Often_ the 11tera1 1nterpretat10n of an utteranoe captures only affﬁi,fﬁs

'f_;portlon of . the total meanlng 1ntended For :example,-an utterance suchejﬁzf.ﬁ-’

Jlas “Is there a- wrench9"' can be 1ntended to mean "If there 13 a wrench,;ifl.'

'i}ftell me where it is and how to find it" instead of merely "Tellme if .~

rather than HYes,_ there”

'nexample properly;'

@the performance ofhsome act1on that requlres a_wrenoh fthat the speakeri

*_5'_'ther'e lS a Wr’ench" leeﬂ thls :Lnter‘pr‘etatlon, a USEfUl and appr‘opr‘late
ﬁ?:answer would be "Yes _the wrench s 1n the box 1n the tool eablnet“;ljtf5’5

1s a'”wrenoh LR To 1nterpret fthe precedmngfsf"

the hearer must"know that the speaker _has as a.goalf" <




;fSuch reasonlng requlres augmentlng thzlknowledge We. have now represented;dﬁT"

gjabout_ 1anguage w1th:'knowledge _whloh '1noludes 1nformat10n about the_f“ﬂwixu:

long-term, and hlS underlylngfd-jigzqefi

'1nterpretatlon process and, 1n;?d__Q;ZTf

dwhlch'such__knowledge can be used 1n the

:[partloular'lhow 1t'can be 1ncorporated 1nto our computatlonal framework'ﬁg.ﬁ

'"ffdof_ ourrent research W1ll result y 1n development of formallfﬁff_f-wf*iﬁf*V

";_fdesorlptlons of how certaln types of knowledge about language and about;;;f;_~j'

7”the world are used by d1alog partlolpants.f- These descrlptlons w1ll beloTl oy
'“':presented as computatlonal formallsms, many of which w111 have been' O

"ejilmplemented and tested 1n a computer system..

These formallsms 1nolude.,d' e

L * Formallsms for enco_lng VaPlOHS typesE of knowledge about S
',:jjthe ‘domain of ‘discourse (enoompa351ng obJects, states, andlfj-*‘*'f'
_ 'f_;events and thelr partlolpants) : s '_ g S
ii*&&Formallsmsj for encodlng various. types of knowledge about‘jf_;j-3';-l'
ﬁhllngulstlo processes’ (1nolud1ng dlalog focus,. syntaotlcf Ll
:;analysls, and semantlc assoclatlon) : R e

M :}An overall framework for desorlblng how multlple types of;_#d:f
"*_;;knowledge 1nteraotfin the oommunloatlon prooess. ' I

Encoded 1n the formallsms will be

following types of

1nformat10n, eaoh of_whloh _plays an 1mportant role 1n the oommunicatlon

prooess..,

rlitbjects relatlonshlps, stéﬁés;*gnegﬁbréeeseesfiﬁ;snejf;_;f;}f:}7 2

ftense and modallty)_




' "*.g;The foous of a dlalog at any p01nt 1n tlme.y””"

7{How the dlalo focus
"entltles_-' ref

by def‘:.nite ~noun

ff sa%:é.g; 'shifiﬁs -the_ _:

”7u;progress"

33:f§How Lo generate responses to utterances, 1nclud1ng deduolng'Lf
i ;answers tojquestlons about’ obJects, e
'}fj(past, present future, and hypothetlcal)

'7'5 :utteranoes. s

faollltates the. 'ldentlflcatlon of_TLj:f:f:' i

events and processesjffTV”.f’”'““ '

'ﬁfffHow 6 monitor changes 1n the state—of thewworld sltuatlon.f”“”""

_'_TiPrellmlnary desorlptlons of " How. ‘the goals and’ bellefs of_af
“oodialog- particlpants3' 1nfluence_ the 1nterpretatlon coof S

V13W9d as’‘a WhOle, thlS WOPk Wlll prov1de a- ooherent descrlption of;f;-

a major portlon of the oommunloatlon process underlying task-orlentedj'

: ﬂ:dlalogs.g ThlS desorlptlon wmll prov1de a :valuable basls' for future” R

“ffresearch Some 1mportant and potentlally very 1nterest1ng areas- of” S

-qf }future researoh are'

Formallzatlon of the way in whloh the goals and bellefs of i
_,ﬂggdlalog partlclpants.- 1nfluenoe the 1nterpretat10n___of S
”3{,utteranoes. : S - SR S : o

7:f7iF0rmallzatlon of the addltlonal elements contrlbutlng todﬁiﬂ.
a8 oontext—upartlcularly shared visual context and 1mp1101t_."

. social conventlons. Lol

-aa"ﬁ?prroduotlon (as opposed to 1nterpretatlon) of utterancesfid?fe"; S
-7 that' take! 1nt0 acoount “what': one s dlalog partneps ape'ezé*

-]ﬂ:thought to" know or’ belleve..,__=~




We have created an operatlonal computer system”whose_ artlelpatlon:;;:p'”

5”f1n an- actual dlalog w1th a human 1s 1llustrated below "he'lnput to thep':'

”'*tffsystem is preoeded by a '>“’ the rest of the dlalog was produced by thef'ot

.pcomputer system and 111ustrates how 1t monltors the performance of thefﬂl~V*i¥fi“:7":

:fp The numbers'follow1ng the 1nput are used 1n the commentary thatfppgf'ﬁ"'"'

f7f>How DO 1 INSTALL THE PUMP? 'Aff-t,f“37 D

"zfAttach the pump to the platform
then in elther order:: -- : :
Install the aftercooler elbow on the pump
. then
: Install the aftercooler on the pump
and L L
Install the brace on the pump
then-- : -=':'“_;;wr; i
Install the-pulley'onptheepump,;:;=?¥:]ffg.“"“'

;~p5}>WHERE 1S THE BOX-END WRENCH? =5ffi5'-3_-f}_ffﬁﬁt2).ff.J :
L 'The box end wrenoh WH 1s on- the table s -.-.:-pep
-;_fj>1 AM TIGHTENING THE BOLTS WITH THE WRENCH :;(3)1'”~jp,;- STEEE T St
- 0K e e
: The follow1ng has been assumed e T
You put the pump at the platform;tp;pa.(@“uep,_ L

'Qj;‘ff>I'VE ATTACHED THE PUMP *{jﬁf7:””'fffff{7{5(ﬁ)fff;fﬁlgnfl"
ok et L e

-ﬂﬂ>WHAT SHOULD I DO NOW”

;thnstall the aftercoolerfelbow on the pump
Vo Lorii
'u;ﬁpInstall the

.:raoe on the pump

o ]>THE BRACE HAS BEEN INSTALLED'




_}{f};f>WHERE IS THE. WOODRUFF KEY?
'f-;'The Woodruff key 1s on the table

:}:g>I HAVE”INSTALLED 1T

| f)THE PULLEY HAS BEEN_ NSTALLED

The fOIIOW1ng has been assumed .

,,:;Ycu ‘attached ‘the pulley to the pump.

S You! put the pulley at the pump. S :
'jTZ]Ycu fastened the pulley to the pump w1th the screws

””h. Th1s dlalog segment covers :part of the pump 1nstallment subtask ofp

-ffthe COEPPESSOP assembly The reply to the flPSt questlon 1nd1cates the3

'_fi:;fsteps to be performed. Not only is the ‘progress of the task followed, .
'ff'fas ig" 1ndlcated by the computer generated commentary on the rmght of thez_::fffcﬁfﬁ--V-i

”ﬁddlalcg, but the focus of the dlalog shlfts acccrdlngly InltlaIIYs theﬁf3i”3*:':

'Tffifocus lncludes the user, the compressor, the pump, and the table As angf: L
Vh;;obJect or step 1s mentloned the focus shlfts to make that obJect or the

";@entltles assoclated w1th that step the prlmary focus.: Thus, the secondf".

”f,utterance' puts the box—end wrench 1ntc focus f There are severalf;7-”

*.ﬁwrenches. 1n the model but only one box-end wrench sc 1t “ean bef_ﬁd@'f-'

”hﬁfldentlfled frcm the phrase “the box«end wrench" but not from the phraseff;af;_ffV”ﬁﬁ-”i

”rg"the wrench“ '1n 1solat10n Once ‘the. hox-end wrench 1s in focus, afterf"

f.ithe second utterance, subsequent references to “the wrench" Cwill bef;ffo Sl

'aﬁﬂsufflclent tO 1dentify it as 1ong as 1t remalns in focus The fourthfiqffhfffffi:'””

?1 tc prlmary focus “because they are assoclated ”dlrectly w1th the

and can Stlll be}o,

':?Qiutterance shows completlonﬂof the ‘install pulley' task'57”**f~'"ff°

iand slxth utterances put the pump and platform,. and then the"brace and3' ”

: fidentlfled by the SVStem and then moved lnto prlmary focus. The, 1ast,‘-'”'
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