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U s i n g I n t e n t i o n a l  a n d A t t e n t i o n a l  S t r u c t u r e fo r 

A n a p h o r  R e s o l u t i o n 

Monte Zweben* 

M I T R E Corporatio n 

Burlingto n Road ,  Bedford ,  M A 0173 0 

(617 )  271-702 6 

12 Februar y 198 7 

Abstrac t 

Thi s pape r  describe s th e Scene s knowledg e representatio n tha t  capture s th e intentiona l 
and attentiona l  structur e o f  discourse .  Usin g thi s informatio n a  natura l  languag e inter -
fac e ca n isolat e contex t  an d resolv e anaphor s wit h focusin g heuristics .  Further ,  anapho r 
resolutio n ca n b e coordinate d wit h interruption s s o tha t  complete d digression s ar e ignored . 

1 Introduction 

One of the goals of the KING-KONG Expert System Interface developed at the MITRE Cor-
poratio n i s t o perfor m anaphori c resolutio n usin g a  mode l  o f  discourse .  Gros z an d Sidne r 

[Gros z k .  Sidne r  86 ]  clai m tha t  an y discours e ha s thre e mai n constituents :  1 )  th e structur e o f  th e 

actua l  sequenc e o f  discours e utterances ;  2 )  a  structur e o f  intentions ;  3 )  a n attentiona l  state .  Thi s 

pape r  describe s Scene s [Zwebe n &  Chas e 87 ]  whic h ar e declarativ e knowledg e representation s o f 

th e intentiona l  an d attentiona l  structur e o f  discours e tha t  facilitat e anapho r  resolution .  Utiliz -

in g th e attentiona l  structur e store d i n scenes ,  anaphor s ca n b e resolved .  Further ,  sinc e scene s 

delineat e interruptions ,  resolutio n strategie s ca n correctl y ignor e antecedent s tha t  resid e i n in -

terruptions .  Thi s pape r  describe s th e discotirs e mode l  underlyin g scenes ,  th e scen e mechanis m 

an d finally,  th e anapho r  resolutio n algorith m employed . 

2 Intention and Attention 

Grosz and Sidner distinguish between the intentional state of discourse and the attentional state. 

Intentiona l  structur e represent s th e underlyin g purpose s tha t  causall y relat e th e utterance s o f  a 

coheren t  discourse .  Attentiona l  state ,  o n th e othe r  hand ,  capture s th e focu s o f  attentio n i n th e 

discours e a t  an y on e m o m e n t ,  b y recordin g th e salien t  object s an d relationships . 

'Thi s wor k wa s supporte d b y M I T R E Sponsore d Researc h Projec t  90780 . 
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2. 1 In ten t iona l  S t r u c t u r e 

Discourses can be partitioned into segments, each representing some purpose or intention. These 

discours e segmen t  purpose s (DSP's )  ca n b e rekte d i n specia l  ways .  Gros z an d Sidne r  presen t  tw o 

kind s o f  D S P relationships :  dominanc e an d satisfaction-precedence .  Th e satisfaction-precedenc e 

relatio n represent s on e intende d actio n bein g a  pre-requisit e o f  another .  Th e dominanc e relatio n 

state s tha t  satisfyin g on e intende d actio n contribute s t o th e satisfactio n o f  another .  Thi s relatio n 

establishe s a  hierarchica l  structur e o f  DSP' s representin g thei r  dependencies .  Th e intention s 

tha t  dominat e eac h othe r  depen d upo n th e typ e o f  discours e (e.g. ,  genera l  conversatio n vs . 

task-oriente d dialogue) .  A n exper t  syste m interfac e i s primaril y concerne d wit h th e compute r 

accomplishin g tasks .  Th e D S P dominanc e relation ,  i n a n exper t  syste m interface ,  adopt s th e 

task-oriente d dialogu e rul e presente d here : 

'̂ i=i,...,n\Intend{user,Intend{computer,Do{A)) )  / \ 

Intend{user ,  Intend{computer ,  Z?o(o,)) )  A 

Believe{user ,  Generates[A ,  01,03,,... ,  On)) ] 

Dominates(Intend{user ,  Intend{computer ,  Do{A))) , 

Intend{u3er ,  Intend(computer ,  Do{ai))) ) 
A genera l  interpretatio n o f  th e abov e is :  I f  th e use r  intend s tha t  th e exper t  syste m exe -

cute s task s A  an d a, -  ,  an d th e use r  believe s tha t  th e performanc e o f  tas k a, -  contribute s t o th e 

performanc e o f  tas k A ,  the n th e intentio n concernin g tas k A  dominate s th e intentio n o f  tas k a,- . 

2.2 Attentional Structure 

The attentional structure captures the focus of attention in a discourse. It represents the promi-

nent  object s an d relationship s tha t  ar e dynamicall y encountere d i n conversation .  Th e attentiona l 

stat e i s modele d b y a  se t  o f  focu s space s an d rule s fo r  transitionin g amon g them .  Focu s space s 

ar e paire d wit h thei r  respectiv e discours e purpose s t o associat e intentiona l  stat e wit h atten -

tiona l  state .  On e ca n vie w a  focu s spac e a s th e representatio n o f  wha t  th e discours e participan t 

i s  talkin g about ,  whil e it s associatio n wit h intentiona l  stat e explain s why . 

3 Knowledge Representation - Scenes 

Scenes are knowledge representations of the intentional and attentional states of discourse. They 

ar e schem a representation s [Minsk y 75] ,  [Bobro w &  Collin s 75 ]  ,  [Schan k &  Abelso n 77 ]  o f  plan s 

of  stereotypica l  interaction s wit h th e exper t  system .  Th e hierarchica l  structur e o f  scene s repre -

sent s th e dependencie s o f  th e user' s intende d action s accordin g t o th e dominanc e relatio n define d 

fo r  intentiona l  structure .  Thus ,  th e roo t  o f  a  scen e hierarch y represent s th e overal l  discours e 

purpos e (DP )  o f  th e dialogue ,  an d eac h remainin g scen e ,  i n a  hierarchy ,  support s it s  dominatin g 

scene . 

I n additio n t o intentiona l  structure ,  scene s constrai n th e attentiona l  structur e o f  a  discours e 

by definin g th e kind s o f  object s tha t  woul d b e prominen t  i f  a  scen e wer e active .  These  objec t 

descriptions ,  calle d th e role s o f  a  scene ,  represen t  th e player s participatin g i n th e actio n tha t  th e 

scen e represents .  Scen e recognitio n i s directe d b y th e role s tha t  ar e observe d i n th e conversation ; 

thi s proces s i s describe d i n detai l  later . 

W h en a  scen e i s appropriat e (i.e. ,  recognize d a s th e curren t  intentiona l  state) ,  i t  i s  instantiate d 

t o represen t  attentiona l  state .  It s role s ar e filled  wit h th e referent s o f  th e object s i n th e curren t 

claus e an d othe r  object s alread y presen t  i n th e discourse .  Th e precedin g scen e i s linke d t o th e 

ne w one ,  maintainin g a  predecessor/successo r  networ k o f  scene s modelin g th e discourse . 
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Scene * 

The Intentiona l  Structur e 

Fiel d 

Name 

Role s 

Inferior s 

Superio r 

Enable s 

Enables-b y 

Trigger s 

Descriptio n 

The typ e o f  scene . 

The prominen t  objec t  classes . 

The scene s tha t  thi s on e dominates . 

The scen e dominatin g thi s one . 

The post-requisit e scenes . 

The pre-requlslt e scenes . 

The lexica l  Item s tha t  ar e recognize d 

fo r  thi s scen e an d thei r  filterin g maps . 

The Attentlona l  Structur e 

Fiel d 

Role-Filler s 

Predecessor s 

Sucessors 

Focu s Cach e 

Exper t  Syste m Goa l 

Descriptio n 

The semanti c representation s o f 

thos e object s filling  th e roles . 

The scene s precedin g thi s on e I n th e 

actua l  discourse . 

The scene s followin g thi s one . 

The object s availabl e fo r  anaphori c 
reference . 

The abstrac t  exper t  syste m action s 
t o apply . 

Figur e 1 :  T h e slot s o f  a  scene . 

An important distinction must be made between a plan and an intentional scene hierarchy. 

T h e scene s represen t  stereotypica l  interaction s wit h a n exper t  system .  However ,  the y d o 

no t  represen t  th e sequenc e o f  action s a n exper t  syste m wil l  take .  Thi s informatio n i s capture d 

i n th e exper t  system' s plans ,  goal s an d problem-solvin g strategies .  Onl y dat a relevan t  t o th e 

user-machin e interfac e i s capture d b y th e scen e hierarchy . 

T o clarif y th e expositio n o f  a  scen e hierarchy ,  th e followin g figures  presen t  example s o f  scene s 

fro m th e K R S missio n plannin g application .  T h e primar y goa l  o f  thi s applicatio n i s t o pla n a 

O CA missio n task .  I n orde r  t o complet e th e plan ,  a m o n g othe r  things ,  a  target ,  a n airbase , 

an d a  typ e o f  aircraf t  mus t  b e chosen .  T h e K R S syste m i s a  mixed-initiativ e syste m whic h 

ca n full y pla n mission s o r  guid e a  use r  alon g usin g it s constrain t  satisfactio n mechanism .  T h e 

followin g scene s represen t  th e interaction s wit h a  use r  plannin g a  mission .  Figur e 2  represent s 

th e intentiona l  an d attentiona l  structur e o f  th e followin g discourse . 

1.  Buil d a  mission . 

2.  Leav e fro m Halfor t 

3.  Sen d F.4cs . 

4.  M a k e M e r m i n th e target . 

5.  W h a t  i s th e rang e o f  a n F-4c ? 

By capturing both intentional and attentional state, our expert system interface demon-

strate s th e abilit y  t o perfor m anaphori c reference .  Intentiona l  structur e (i.e. ,  scen e hierar -

chies )  enable s th e respons e handle r  t o perfor m limite d pla n recognitio n [Alle n i c Perraul t  80] , 

[Cohe n &  Perraul t  79] ,  [Sidne r  i c Israe l  81] ,  [Sidne r  83b] ,  [Litma n 86] ,  whic h isolate s context , 

whil e attentiona l  structur e provide s th e dynami c informatio n abou t  object s i n conversation . 

T h e nex t  sectio n describe s scen e recognition .  Subsequently ,  a n extensiv e demonstratio n o f  th e 

syste m i s presente d followe d b y a  descriptio n o f  th e anaphori c referenc e algorithm . 
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intentiona l  Structur e -  inferio r  a n d Superio r  Relationshi p 

N a me Aircraft-Scen e 

Role s Ocat-Alrcraf t 

Name Mission-Scen e 

Role s Ocat-Mlsslon # 

Name Target-Scen e 

Role s Ocat-Targe t 

Name Alrbase-Scen e 

Role s Ocat-Alrbas e 

Attentlona i  Structur e -  Tli e N e t w o r k o f  P r e d e c e s s o r / S u c c e s s o r  Linl< s 

instanc e o f  Mission-Scen e 
Role s Ocat-Mlssion # 

fille d b y 
#<OCA1001 > 

Focus-Cache Focused Items 
E.S.-Actio n -.Fil l 

gr̂ ».i i  ln.<.n>. a 9 

T h e # < foo > notatio n 
signifie s a  semant i c 
representatio n a s 
o p p o s e d t o a  lexica l  one . 

I n s t a n c e o f  A i rbase -Scen e 
R o l e s Oca t -A l rbas e 

fille d b y 
# < Halfort > 

Focus-Cache Focused Items 

E.S.-Action :FIII 

tSrnn B Instanrf l  4 

fi<~nfin  lnct«n/-« » - j 

Instanc e o f  Target-Scen e 
Role s Ocat-Targe t 

fille d b y 
#< Mermln > 

Focus-Cache Focused Items 

E.S.-Actio n :Fll i 

Instanc e o f  Aircraft-Scen e 
Role s Ocat-Alrcraf t 

fille d b y 
#< F-4c > 

Focus-Cache Focused Items 

E.S.-Action :FIII 

The focus-cach e hold s th e item s 
availabl e fo r  anaphoric-reference . 
item s ar e store d her e base d o n 
focusing/centerin g heuristics . 

Figur e 2 :  A n Exampl e o f  Intentiona l  an d Attentiona l  Structure . 
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4 S c e n e R e c o g n i t i o n 

Scene recognition is the process of determining attentional state. This process is failure driven; 

a ne w scen e i s foun d i f  th e respons e mechanis m i s unabl e t o interpre t  th e inpu t  i n th e curren t 

scene .  Th e respons e handle r  ca n eithe r  tel l  th e scen e controlle r  wha t  scen e t o mov e to ,  o r  i t  ca n 

instruc t  th e scen e controlle r  t o us e it s discours e heuristic s t o find  th e ne w attentiona l  state . 

4.1 General Control Flow 

Scene recognition is a generate and test process in which heuristics guide the generation of 

possibilitie s an d role s filter  them .  Whe n a  ne w scen e i s required ,  intentiona l  an d attentiona l 

structur e i s use d t o provid e ne w possibilities .  Fo r  eac h scen e proposed ,  th e curren t  inpu t  claus e 

i s teste d agains t  th e lexica l  trigger s o f  th e scene ,  whic h map s th e hea d verb ,  th e argument s an d 

th e modifier s o f  th e sentenc e t o th e role s o f  th e scene .  Th e goa l  o f  thi s tes t  i s  t o determin e 

whethe r  th e referent s o f  th e semanti c argument s an d modifier s i n th e sentenc e matc h th e rol e 

descriptio n specifie d i n th e lexica l  trigge r  mapping .  I f  al l  th e referent s ar e consisten t  wit h 

th e rol e description ,  th e propose d scen e become s th e curren t  scen e an d i s inserte d int o th e 

predecessor/successo r  network .  Her e i s a n exampl e o f  a n inconsisten t  match : 

Lexical Trigger: Hit [OBJ -• Airbase, INSTR -• Aircraft] 

Input Clause: Hit the tank with an ordnance. 

Bot h th e objec t  an d instrumen t  violat e th e lexica l  trigge r  map . 

If the heuristics fail to provide a current scene, the user is asked what context his utterance 

pertain s t o (ie .  whic h scen e i s appropriate )  an d i s the n requeste d t o re-phras e hi s input .  I n th e 

future ,  w e hop e t o provid e intelligen t  failur e mechanism s wit h th e abilit y  t o lear n ne w scene s 

[Moone y k  DeJon g 85 ]  an d reaso n abou t  misconception s [Pollac k 86] . 

4.2 Scene Heuristics 

Some of the scene heuristics that currently generate possibilities for scene recognition are: 

1. Intentional Clues - Choose a context that follows the plan. 

• preceded-by - Try all the post-requisites. 

•  precede s -  Tr y al l  th e pre-requisites . 

•  superio r  -  Tr y th e mor e genera l  scene . 

•  inferior s -  Tr y th e supportin g scenes . 

•  sibling s -  Tr y th e scene s a t  th e sam e intentiona l  level . 

•  aU-relative s -  Tr y al l  th e scene s tha t  ar e causall y related . 

2. Attentional Clues - Choose a context that was recently referred to. 

Backtrac k throug h a  scene' s predecessor/successo r  network . 

3. Interrupt - Find a new scene in a different dominance hierarchy. 

Sequenc e throug h th e contextua l  lexico n t o find  a  scen e tha t  recognize s th e mai n ver b o f 

th e sentence . 

4. Ask - Query the user for the current context. 

For  eac h know n scene ,  as k th e use r  whethe r  i t  i s  th e intende d context . 
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\  Inpu t  L ^ 

\3 iaus e / 

P a r s e 

Syntacti c 
Analysi s 

S e m a n t i c 
Analysi s 

Fil l  Ro le s R e s p o n s e 
Handle r 

i 

O u t p u t 
e s p o n s 

G e n e r a t e 

Figur e 3 :  Overal l  Contro l  Flo w 

5 Implementation 

The entire interface is implemented in Zetalisp on Symbolics lisp machines. Scene instances 
ar e represente d a s flavor  instance s wit h instanc e variable s fo r  th e fields  presente d an d method s 
fo r  executin g th e heuristics .  Scen e recognitio n i s handle d b y th e scen e controller ,  whic h i s als o 
implemente d a s a  flavor  instanc e t o retai n dynami c informatio n an d t o facilitat e integratio n wit h 
th e exper t  system' s i/ o loop .  Th e overal l  contro l  structur e i s show n i n Figur e 3 . 

6 Demonstration 

• Pane 1 is the KRS main window with a command entered to plan a mission. 

• In response to the first sentence, KRS creates the mission frame shown in Pane 2 with 
th e appropriat e slot s filled  in .  Th e sentence s i n Pan e 2  demonstrat e th e abilit y  t o re -
spon d intelligentl y an d th e abilit y  t o respon d differentl y t o th e sam e utteranc e i n differen t 
contexts . 

• In pane 3, f-llles are made prominent and then they are referred to with a pronoun. 

• Pane 4 is a digression into a refueling context. 

• Pane 5 demonstrates that the scene maintained its attentional state with an anphoric 
referenc e t o th e salien t  F-llle .  Th e conversatio n end s wit h a  contextua l  inferenc e tha t 
used th e contex t  o f  target s t o constrai n th e weathe r  query . 
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7 A n a p h o r s 

Pronouns are processed using simple focus heuristics [Sidner 83a], [Reichman 85]. Each scene 

has a n ordere d focu s cach e o f  semanti c representation s tha t  ar e salient .  Afte r  eac h sentenc e i s 

processed ,  it s  semanti c argument s ar e pushe d ont o th e curren t  scene' s cache .  W h e n a  pronou n i s 

encountered ,  th e focu s cach e i s searche d fo r  a  referent .  Thi s searc h require s a  semanti c analysi s 

tha t  check s whethe r  th e cache d objec t  make s sens e a s a  substitut e fo r  th e pronoun .  I f  successful , 

th e objec t  i s  move d t o th e fron t  o f  th e lis t  an d a  messag e i s supplie d t o th e use r  t o infor m hi m o f 

th e pronou n resolution .  Otherwise ,  a  messag e tha t  n o referen t  wa s foun d i n th e curren t  scen e i s 

provide d followe d b y recursiv e searc h i n th e previou s scene' s focu s cache .  Currently ,  th e syste m 

does no t  forge t  focusse d object s an d backtrack s exhaustivel y throug h th e scene s unti l  successful . 

Anapho r  resolutio n i s integrate d wit h a n interruptio n componen t  o f  th e scen e controlle r  s o tha t 

complete d interruption s d o no t  provid e possibl e antecedents ,  whic h i s th e topi c o f  th e nex t 

section . 

7.1 Interruptions 

When the scene controller chooses a scene in a different scene hierarchy, it is changing its ex-

pectatio n o f  th e overal l  intentio n o f  th e user .  Thi s represent s a n interruptio n whic h i s flagged 

accordingl y i n th e ne w scene .  W h e n th e digressio n i s complet e an d th e use r  return s t o th e ol d 

context ,  th e ol d contex t  i s  marked .  W h e n searchin g fo r  antecedents ,  thi s region ,  whic h represent s 

a ful l  interruption ,  i s  skipped .  Thi s i s show n i n th e demonstratio n whe n th e syste m i s asked , 

"Ho w fas t  i s  i t  ?" .  Th e mos t  recen t  anteceden t  i s th e kc-lS 5 referre d t o i n th e interruption . 

Instead ,  th e interruptio n i s skippe d an d th e F-lll e i s chosen .  Thi s demonstrate s th e utilit y  o f 

scene s an d thei r  abilit y  t o retai n an d manag e attentiona l  state .  Eve n thoug h th e interruptio n 

cause s a  contex t  change ,  th e salien t  object s (  e.g .  F-llle )  ar e maintaine d an d th e interruptio n 

i s marked ,  thu s enablin g th e correc t  anapho r  resolution . 

7.2 Other Approaches 

This approach to anaphoric resolution diflFers from previous attempts in the following manner: 

th e algorith m i s base d upo n a  discours e mode l  tha t  distinguishe s intentiona l  an d attentiona l 

structure .  Thi s integrate s anapho r  resolutio n wit h contex t  processing ,  resultin g i n th e abilit y 

t o "skip "  ove r  interruption s a s possibl e placeholder s fo r  antecedents .  Mos t  commercia l  system s 

simpl y searc h fo r  th e mos t  recen t  NP ,  whic h ofte n lead s t o strang e resolutions .  Further ,  th e us e 

of  focu s heuristic s i s no t  sufficien t  t o provid e intelligen t  resolutions .  Th e mos t  desirabl e approac h 

i s t o us e focu s heuristic s o n to p o f  a  discours e model ,  whic h wa s originall y propose d b y Gros z 

and Sidne r  [Gros z &  Sidne r  86] . 

However ,  th e scene s mechanis m differ s fro m Gros s an d Sidner' s mode l  i n th e representatio n 

of  attentiona l  state .  W e maintai n a  predecessor/successo r  grap h o f  focu s spaces ,  whil e Gros z 

and Sidne r  us e a  focu s stack .  I n thei r  model ,  focu s space s ar e pushe d ont o th e stac k unti l 

completed .  Anaphor s ca n b e resolve d wit h antecedent s foun d b y iteratin g throug h th e focu s 

space s o n th e stac k unti l  on e o f  tw o conditions :  a n interruptio n i s foun d o r  th e botto m o f  th e 

stac k i s encountered .  W h e n a  focu s spac e i s i s completed ,  i t  i s  poppe d of f  th e stack ,  thereb y 

makin g it s focuse d object s inaccessible .  Hence ,  complete d interruption s ar e n o longe r  availabl e t o 

provid e possibl e antecedents .  I f  th e sam e intentiona l  stat e i s returne d t o later ,  a  ne w focu s spac e 

i s instantiated ,  whic h ignore s th e object s tha t  wer e prominen t  i n th e ol d space .  I n th e scene s 

system ,  complete d focu s space s ar e flagged  a s such ,  bu t  the y maintai n thei r  focu s cache .  I f  a 

discours e participan t  return s t o a  close d scene ,  th e cache d item s i n th e focu s lis t  ar e stil l  availabl e 

fo r  reference .  Whil e thi s capabilit y  exist s i n th e scen e mechanism ,  th e linguisti c evidenc e fo r 
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thi s behavio r  i s  no t  conclusive .  Nevertheless ,  user s o f  th e natura l  languag e syste m see m t o refe r 

t o object s tha t  ar e prominen t  i n complete d focu s spaces .  Gros z an d Sidne r  clai m tha t  al l  thes e 

item s mus t  b e re-introduce d t o b e availabl e fo r  anaphori c reference .  Her e i s a n interactio n whic h 

seems contradictor y t o thi s assumption . 

User: Are F-4c8 and F-llles night aircraft ? (Aircraft Scene) 

Computer: Yea 

User: Send an F-4c. (In a stack model, this focus space would now be popped) 

Computer: O.K. 

User: Send a BIO. (Ordnance Scene) 

Computer: F-4cs do not carry BlO's. 

User: Send the other one. (In a stack model, the referent would have been popped) 

The scenes mechanism is able to skip over interruptions without enforcing the stack model. 

The discours e i s represente d a s a  predecessor/successo r  grap h o f  th e scene s used ,  possibl y marke d 

wit h interruptio n boundaries .  Anaphor s ar e resolve d b y backtrackin g throug h thi s graph ,  skip -

pin g interruptions .  Currently ,  thi s grap h i s neve r  prune d creatin g a  ver y larg e structur e i n 

length y interactions .  W e recogniz e th e problem s o f  maintainin g thi s grap h bu t  th e us e o f  th e 

stac k mode l  seem s to o drasti c becaus e o f  example s lik e th e on e above .  Mor e researc h i s necessar y 

t o determin e th e correc t  mode l  o f  attentiona l  state . 

8 Conclusion 

We have designed a natural language interface that makes extensive use of the Scene knowledge 

representation .  Scene s ar e base d upo n Gros z an d Sidner' s mode l  o f  discours e tha t  distinguishe s 

attentiona l  an d intentiona l  structure .  Thi s knowledg e representatio n facilitate s limite d pla n 

recognitio n whic h establishe s th e contex t  o f  a n utterance .  Further ,  i t  capture s th e salien t  object s 

of  a  discours e a s wel l  a s maintainin g a  mode l  o f  a  user' s interaction .  Utilizin g thi s information , 

th e interfac e resolve s anaphori c references . 
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