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ABSTRACT 

A user model in a natural language dialog system contains knowledge about particular users' 
beliefs ,  goals ,  attitudes ,  o r  othe r  characteristics .  Use r  modelin g facUitate s cooperativ e 
adaptatio n t o a  user' s conversationa l  behavio r  an d goals . 

This paper proposes active strategies for acquiring knowledge about users. Current systems 
emplo y pos /̂v e acquisitio n strategies ,  whic h buil d a  mode l  o f  th e use r  b y makin g inference s 
base d o n passiv e observatio n o f  th e dialog .  Passiv e acquisitio n i s generall y preferabl e t o activ e 
querying ,  t o minimiz e unnecessar y dialog .  However ,  i n som e case s th e syste m shoul d activel y 
initiat e subdialog s wit h th e purpos e o f  acquirin g informatio n abou t  th e user .  W e propos e a 
metho d fo r  identifyin g thes e condition s base d upo n maximizin g expecte d utility . 

INTRODUCTION 

Consider the following dialog with a route consultant system: 

User: Is there an inexpensive motel close to Fisherman's Wharf? 
System :  Yes ,  bu t  the y ar e usuall y ful l  a t  thi s tim e o f  th e year . 

You migh t  0 7 th e Ponderos a Inn ,  whic h i s abou t  a  mil e fro m Fisherman' s Wharf . 
Ther e i s a  cabl e ca r  sto p les s tha n tw o block s away . 

U:  H o w d o I  ge t  there ? 
S:  G o dow n th e street ,  the n m m righ t  o n Powell ,  a t  th e thir d light . 

Ther e i s a  sig n o n th e left-hand-sid e afte r  hal f  a  block . 

The system's responses are cooperative, in that they help the user achieve his goals. Not only does the 
syste m directl y answe r  th e user' s queries ,  bu t  i n addition ,  respond s a t  a  usefxi l  leve l  o f  detai l  an d expertise , 
and volunteer s pertinen t  informatio n tha t  wa s no t  specificall y requested .  Thi s exampl e i s representativ e o f 
th e kin d o f  cooperativ e dialo g behavio r  a t  whic h curren t  researc h effort s ar e directe d [Wilensk y e t  al .  1988 , 
Chi n 1988 ,  Mayfiel d 1989 ,  Wahlste r  e t  al .  1983 ,  Kobs a 1985] . 

Generating cooperative responses involves making many different types of inferences. Some of the 
inference s neede d t o produc e th e response s i n th e exampl e abov e are : 

• The user has the goal of knowing an inexpensive motel close to Fisherman's Wharf. 
•  Th e use r  assume s th e syste m ha s thi s knowledge ,  an d want s th e syste m t o communicat e i t  t o him . 
•  Th e use r  ha s th e goa l  o f  stayin g i n th e mote l  today . 
•  Th e use r  want s t o b e a s clos e a s possibl e t o Fisherman' s Wharf . 
•  Th e use r  want s t o b e abl e t o reac h Fisherman' s Whar f  a s convenientl y a s possible . 
•  Th e user' s budge t  constraint s outweig h hi s desir e t o sta y clos e t o Fisherman' s Wharf . 
•  Th e use r  ha s th e goa l  o f  knowin g ho w t o reac h th e motel . 
•  Th e use r  i s drivin g a  ca r  (becaus e h e aske d fo r  a  motel) . 
•  Th e use r  doe s no t  liv e i n th e area ,  an d i s probabl y a  tourist . 
•  Th e use r  doe s no t  kno w th e are a well ,  an d require s detaile d directions . 

Thi s researc h wa s sponsore d i n par t  b y th e Defens e Advance d Researc h Project s Agenc y (DoD) ,  monitore d b y th e Spac e an d 
Naval  Warfar e System s Command unde r  Contrac t  N00039-88-C-0292 ,  th e Offic e o f  Nava l  Research ,  unde r  gran t  N00014-80-C -
0732,  an d th e Sloa n Foundation ,  unde r  gran t  86-10-3 . 
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Inferences such as these fall in the area oi user modeling, because ihcy involve inferring and utilizing 

knowledg e abou t  th e user' s beliefs ,  goals ,  attitudes ,  o r  objectiv e cliaracteristics .  Wahlstc r  an d Kobs a 
[1986 ]  hav e give n th e followin g definition : 

A user model is a knowledge source in a natural-language dialog system which contains explicit 
assumption s o n al l  aspect s o f  th e use r  tha t  ma y b e relevan t  fo r  th e dialo g behavio r  o f  th e system . 

To some extent, determining the user's goals and beliefs is an intrinsic part of understanding an utterance; 
fo r  example ,  t o understan d "I s ther e a n inexpensiv e mote l  clos e t o Fisherman' s Wharf? "  th e heare r  mus t 
recognize  th e speaker' s informatio n acquisitio n goal ,  an d mus t  recognize  th e presuppositio n tha t  th e heare r 
knows th e infonnation .  Othe r  inference s ar c mad e onl y whe n needed ;  fo r  instance ,  th e plannin g stag e 
requires  th e inferenc e tha t  th e user' s budge t  override s othe r  constraints . 

User modeling affects most tasks performed in a dialog system. Some aspects of user modeling merely 

improv e "user-friendliness" ,  whil e other s ar e absolutel y crucia l  t o communication .  Th e use r  mode l  help s 
th e syste m understan d th e deicti c reference  i n " H o w d o 1  ge t  there? "  becaus e knowin g tha t  th e use r  ha s th e 
goal  o f  stayin g i n th e mote l  make s "Ponderos a Inn "  a  mor e plausibl e referent  tha n "cabl e ca r  stop" .  Th e 
syste m ca n onl y buil d a n appropriat e pla n fo r  th e use r  i f  i t  know s th e user' s goals—t o find  accommodation s 
convenien t  t o Fisherman' s Wharf—an d constraints— a limite d budget .  I t  generate s a  respons e a t  th e 
appropriat e leve l  o f  detai l  an d expertise ,  assumin g th e use r  i s a  tourist .  Thus ,  th e use r  mode l  improve s th e 
system' s cooperativenes s b y influencin g understanding ,  planning ,  an d generatio n tasks . 

Now consider the following interchange: 

Ul 
S2 

U3 
S4 
U5 
S6 

H ow d o I  ge t  t o th e cente r  o f  th e bay ? 
W hy d o yo u wan t  t o g o there ? 
I  wan t  t o tak e a  pictur e o f  th e skyline . 
I s i t  sufficien t  t o driv e t o Treasur e Island ,  o r  i s  i t  necessar y t o tak e a  cruise ? 
No,  I  don' t  wan t  t o tak e th e pictur e fro m Treasur e Island . 
The n yo u ca n tak e a  ba y cruis e tou r  fro m Fishcnman' s Wharf . 

Thi s i s a n exampl e o f  dialo g behavio r  tha t  i s  beyon d mos t  existin g dialo g systems .  I t  involve s activ e 
acquisitio n o n th e system' s part ,  becaus e th e syste m seek s additiona l  use r  mode l  informatio n b y directl y 
queryin g th e user .  Wit h S2 ,  th e syste m initiate s a  subdialo g t o determin e a  mor e specifi c  use r  goal ,  an d 
wit h S4 ,  th e syste m initiate s a  subdialo g t o determin e th e user' s preferenc e betwee n tw o plans .  I n contrast , 
aU o f  th e knowledg e abou t  th e use r  i n th e earlie r  exampl e wa s passivel y acquire d b y makin g inference s fro m 
observin g th e dialog ,  withou t  intentionall y alterin g th e cours e o f  th e dialog . 

Usually, passive acquisition is preferable to active, because unnecessary querying wastes time. However, 
as th e exampl e shows ,  activ e acquisitio n i s sometime s useful .  A  passiv e syste m woul d respond  lik e this : 

U1: How do I get to the center of the bay? 
S2:  Yo u ca n driv e t o Treasur e Island . 
U3:  Bu t  I  don' t  wan t  t o b e o n land . 
S4:  The n yo u ca n charte r  a  yacht . 

U5:  Bu t  I  don' t  hav e th e money . 

and so on. Alternatively, the system could suggest all known options: 

S2/b: You can drive to Treasure Island, charter a yacht, rent a windsurfer, swim in a 
wetsuit ,  tak e a  ba y cruis e lour ,  bu y a  rowboat ,  scub a dive ,  ho p o n th e ferry ,  o r  hir e a 
helicopter . 

Qearly, neidier passive approach is satisfactory. 
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Source s o f  AAGs 

Conventio n 
or  courtes y 

C "Cannedplan"o r  "script " 
generate s A A G ) 

Processin g 
failur e 

Stereotyp e 
recognitio n 

failur e 

Reasonin g 
failur e 

Associatio n 

or  curiosit y 
("Schema "  o r  "script " 

generate s A A G ) 

Pla n recognitio n 
failur e 

Plannin g 
failur e 

Figur e 1 .  Source s o f  A A G s . 

Dialo g system s lac k principle d mean s fo r  detectin g situation s tha t  cal l  fo r  activ e acquisitio n durin g th e 
cours e o f  a  dialog .  Earl y use r  modelin g system s relie d to o heavil y o n activ e acquisition .  G R U N DY [Ric h 
1979 ]  ask s th e use r  a  "canned "  se t  o f  question s a t  th e beginnin g o f  a  session ,  an d build s a  use r  mode l  fro m 
th e answers .  "Canned "  activ e approache s ar e vali d onl y fo r  h i ^ y restricte d domain s wit h littl e conceptua l 
variatio n fro m on e dialo g t o another .  Becaus e o f  thi s limitation ,  late r  system s suc h a s K N O M E [Chi n 
1988] ,  P A G A N [Mayfiel d 1989] ,  an d T R A C K [Carberr y 1988 ]  concentrat e o n passivel y inferrin g model s 
of  th e user ,  a n approac h tha t  inherentl y ensure s th e use r  mode l  i s tie d t o th e particula r  dialo g context . 
However ,  althoug h th e idea l  agen t  relie s primaril y upo n passiv e acquisitio n t o mee t  efficienc y an d appropri -
atenes s considerations ,  th e sam e consideration s dictat e occasiona l  motivate d us e o f  activ e acquisition . 

This work is heavily related to plan recognition research [AUen and Perrault 1980, Litman and AUen 1984], 
but  differ s i n emphasis .  Pla n recognitio n technique s onl y recogniz e th e correlation s betwee n discours e 
structur e an d conversants '  plans ;  the y d o no i  predic t  th e mos t  plausibl e continuatio n o f  a  dialo g give n th e 
conversants '  plans . 

ACTIVE ACQUISITION GOALS 

As a usefiil conceptual notion, we define an active acquisition goal (AAG) as a goal held by a dialog agent 
t o activel y acquir e knowledg e abou t  th e dialo g partner .  W e assum e tha t  i n norma l  operatio n a  dialo g syste m 
build s a  mode l  o f  th e use r  throug h passiv e acquisition ,  bu t  occasionall y adopt s a n A A G ,  an d therefor e 
initiate s a n information-seekin g subdialog .  Thus ,  th e issue s t o b e addresse d are :  (1 )  unde r  wha t  condition s 
shoul d A A G s b e generated ,  an d (2 )  onc e generated ,  wha t  ar e th e criteri a fo r  adoptin g o r  rejectin g A A G s ? 

A broad classification of reasons for generating AAGs is given in Figure 1. Our analysis is limited to the 
categorie s i n boldface ,  bu t  ther e ar e othe r  potentia l  source s o f  A A G s .  I n particular ,  system s employin g 

stereotype s m a y generat e A A G s i n th e even t  tha t  n o satisfactor y stereotyp e i s recognizable. i 

Plans for achieving AAGs involve speech acts in Austin's [1962] sense that utterances are produced by 
actions .  Th e mos t  straightforwar d typ e o f  pla n initiate s a  clarificatio n subdialo g b y verbalizin g a  direc t 
reques t  fo r  information .  Subtle r  plan s fo r  activel y acquirin g informatio n us e indirec t  speec h act s [Seari e 
1969 ]  o r  as k a  questio n whos e answe r  ca n the n b e use d t o infe r  th e desire d information . 

There are two ways to interpret AAGs. In one view, there are only ordinary acquisition goals—in 
themselve s neithe r  passiv e no r  active—fo r  whic h som e plan s involv e activ e speec h act s an d other s involv e 
passiv e means .  Accordin g t o thi s view ,  ther e ar e activ e acquisition/?/a/iy ,  bu t  A A G s ar e merel y a 
conceptua l  shorthan d tha t  hel p u s focu s o n a  particula r  phenomenon .  O n th e othe r  hand ,  A A G s ca n b e see n 
as a  rea l  clas s o f  goal s tha t  circumscrib e a  narrowe r  clas s o f  plan s tha n ordinar y acquisitio n goals ;  tha t  is , 
th e existenc e o f  a  separat e clas s o f  A A G s constitute s compile d indexin g informatio n fo r  retrieving  plan s 
fro m memory .  W e tak e n o positio n o n thi s distinction ,  i n th e absenc e o f  empirica l  psychologica l  data . 

^  Some case s wher e thi s migh t  happe n are :  (1 )  i f  th e onl y matchin g stereotype s ar e over-abstrac t  (i.e. ,  superordinat e rathe r  tha n 
basic-leve l  categorie s [Rosc h e t  al .  1976]) ,  (2 )  i f  mutuall y exclusiv e stereotype s ar e equall y plausible ,  o r  (3 )  i f  a  stereotyp e i s a 
ver y clos e bu t  imperfec t  match. 
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Plan recognition failure 
Pla n recognize r  produce s n o pla n o f  acceptabl e utilit y  explainin g user' s speec h ac t 

1a - » Generat e A A G t o identif y unknow n use r  goa l 
l b - •  Generat e A A G t o identif y (and/o r  correct )  unknow n use r  misconceptio n 

Pla n recognize r  produce s mor e tha n on e "maximu m utility "  pla n explainin g user' s speec h ac t 
-or -  Pla n recognize r  lackin g informatio n neede d t o compar e pla n utilit y 

2 - » Generat e A A G t o disambiguat e user' s intentio n 
Domain plannin g failur e 

Domain planne r  lackin g informatio n neede d t o compar e pla n utilit y 
3a- b - » Generat e A A G t o ascertai n neede d informatio n 

Domain planne r  produce s mor e tha n on e "maximu m utility "  pla n 
4 - » Generat e A A G t o determin e th e user' s preferenc e 

Dialo g plannin g failur e 
Dialo g planne r  lackin g informatio n neede d t o compar e pla n utilit y 

5 - •  Generat e AA G t o ascertai n neede d informatio n 

Figure 2. Taxonomy of failure conditions under which to generate AAGs. 

REASONING FAILURES AS A SOURCE OF AAGS 

Our analysis concentrates on AAGs generated in response to failures or exceptions in a dialog system's 
norma l  reasoning  processes .  Thi s i s a  highl y productiv e sourc e o f  A A G s an d account s fo r  dialog s lik e th e 
exampl e give n earlier .  W e assum e thre e majo r  type s o f  norma l  reasoning  processe s i n a  dialo g system : 
pla n recognition,  domai n planning ,  an d dialo g planning .  Th e followin g paragraph s briefl y sketc h ho w 
failure s i n an y o f  thes e processe s ca n lea d t o A A G s .  W e the n discus s ho w th e failure s ca n b e detected ,  an d 
giv e rule s fo r  generatin g A A G s i n response  t o specifi c  failur e types .  Figur e 2  summarize s th e genera l 

failur e types . 

Plan recognition: The system performs plan recognition to explain the user's speech acts by inferring his 
underlyin g plan s an d goals ;  a s such ,  pla n recognition  i s a n importan t  for m o f  passiv e acquisition .  If , 
however ,  th e syste m i s unabl e t o construc t  an y pla n t o explai n th e user' s actions ,  th e syste m ma y 
hypothesiz e on e o f  tw o possibl e causes :  (1 )  a n unknow n use r  goal ,  o r  (2 )  a n unknow n use r 
misconception .  I n eithe r  case ,  i t  ma y the n generat e a n A A G t o identif y th e unknown .  O n th e othe r  hand ,  i f 
th e syste m ca n produc e tw o o r  mor e plausibl e explanation s fo r  th e user' s speec h ac t  bu t  canno t  decid e 
betwee n them ,  i t  ma y generat e a n A A G t o determin e som e fac t  tha t  woul d eliminat e al l  bu t  on e explanation . 

Domain planning: The system perfomis domain planning in its area of expertise to produce a solution for 
th e user' s goal s (e.g. ,  a  rout e plan) .  I f  th e syste m i s unabl e t o evaluat e th e utilit y  o f  th e plan s i t  produce s 
becaus e i t  lack s informatio n abou t  th e user ,  i t  ma y generat e a n A A G t o obtai n th e information .  I f  i t 
produce s multipl e plan s o f  hig h utility ,  a n A A G t o determin e th e user' s preferenc e ma y b e generated . 

Dialog planning: Dialog planning is performed to determine the system's own actions, particulariy its 
speec h acts .  I n som e case s wher e th e syste m i s unabl e t o evaluat e th e expecte d utilit y  o f  alternativ e plans , 
an A A G t o obtai n relevant  informatio n ma y b e generated . 

Detecting Reasoning Failure Conditions 

The foregoing failure conditions all involve evaluating or comparing the utility of plans. The dialog-
plannin g case s involv e th e system' s ow n potentia l  plans ,  wherea s th e plan-recognitio n case s involv e plan s 
whic h th e syste m hypothesize s th e use r  holds ,  an d th e domain-plannin g case s involv e hypothetica l  plan s fo r 
th e user .  Thus ,  t o defin e failur e criteri a require s a  metri c fo r  pla n utility . 

For current purposes, we use a 3-tuple measure, where plan utility is broken down into the following 
independen t  attributes : 

(1) Difficulty: The difficulty of a plan has to do with the difficulty (effort or time required) of the individual 
step s o f  th e plan ,  a s wel l  a s th e difficult y o f  achievin g th e precondition s (i f  the y ar e no t  alread y satisfied) . 
Estimatin g th e difficult y o f  a  plan ,  withou t  actuall y executin g th e plan ,  requires  som e sor t  o f  statistica l 
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expectation based on experience. 

(2) Degree of goal conflicr. Any plan satisfies the goal that was planned for, but may also have unintended 
consequence s a s side-effects .  Th e side-effect s m a y conflic t  wit h othe r  goals .  S o m e goa l  conflict s m a y b e 
acceptable ,  whil e other s m a y not . 

(3) Over-specificness of the plan's consequences: Even if side-effect consequences do not conflict with 
any othe r  goals ,  a  pla n shoul d hav e a s fe w extr a consequence s a s possible ,  becaus e extr a consequence s 
unnecessaril y  constrai n futur e actions . 

These attributes are meaningful only in relation to a particular agent, in the context of his goals and 
constraints .  Th e utilit y  o f  a  pla n canno t  b e measure d i n absolut e terms . 

Given these definitions, the failure condition "plan recognizer produces no plan of acceptable utility 
explainin g th e user' s speec h act "  ca n b e detecte d b y establishin g m i n i m u m standard s fo r  eac h attribute ,  s o 
tha t  a  failur e occur s i f  n o pla n meet s th e standard s i n al l  thre e dimensions . 

The failure conditions "plan recognizer produces more than one 'maximum utility' plan" and "domain 
planne r  produce s mor e tha n on e 'max imu m utility '  plan "  ar e detecte d w h e n tw o plans '  utilit y  measure s ar e 
non-comparable .  Thi s ca n occu r  becaus e a  3-tupl e measur e o f  utilit y  establishe s onl y a  partia l  orderin g o f 
plans ,  sinc e tw o utilitie s ca n onl y b e ranke d i f  on e i s bette r  tha n o r  equa l  t o th e othe r  i n al l  thre e attributes . 
A " m a x i m u m utility "  pla n mus t  b e a t  leas t  equall y goo d a s ever y othe r  pla n i n al l  thre e attributes ,  an d bette r 
tha n ever y othe r  pla n i n a t  leas t  on e attribut e (no t  necessaril y  th e sam e attribut e fo r  eac h plan) .  I f  n o pla n 
meet s th e " m a x i m u m utility "  criteria ,  a  failur e conditio n holds . 

Finally, the system may lack information needed to determine values for utility attributes. For example, if 
th e achievabilit y  o f  som e preconditio n i s unknown ,  th e difficult y o f  a  pla n canno t  b e computed .  Thi s 
account s fo r  th e remainin g failur e condition s above .  (Not e tha t  i t  i s  sometime s possibl e t o compar e plan s 
eve n w h e n i t  i s  no t  possibl e t o determin e individua l  utilit y  attribut e values .  If ,  fo r  instance ,  a  preconditio n 
statu s i s unknown ,  bu t  bot h o f  th e plan s bein g compare d requir e th e precondition ,  the n th e statu s o f  th e 
preconditio n doe s no t  affec t  th e comparison. ) 

Generating AAGs 

We now enumerate the rules for generating AAGs in response to reasoning failures. 

• Rule la: If it is not possible to produce a plan of acceptable utility explaining the user's speech 
act ,  the n generat e a n A A G t o identif y a n unknow n use r  goal . 

• Rule lb: If it is not possible to produce a plan of acceptable utility explaining the user's speech 
act ,  the n generat e a n A A G t o identif y (and/o r  correct )  a n u n k n o w n use r  misconception . 

These rules are responsible for S8/la or S8/lb in the following example. The system cannot produce a plan 
of  acceptabl e utilit y  t o explai n U 7 ,  an d adopt s a n A A G assumin g eithe r  a n u n k n o w n use r  goa l  o r 

misconception. ! 

Ul 
S2: 
U3 
S4 
U5 
S6 
U7 

H o w d o I  ge t  t o th e cente r  o f  th e bay ? 
W hy d o yo u wan t  t o g o there ? 
I  wan t  t o tak e a  pictur e o f  th e skyline . 
I s i t  sufficien t  t o driv e t o Treasur e Island ,  o r  i s  i t  necessar y t o tak e a  cruise ? 
N o,  a  cruis e isn' t  necessary . 
The n yo u shoul d driv e t o th e Ba y Bridg e an d tak e th e Treasur e Islan d exit . 
W h at  abou t  Ange l  Island ? 

!  Rul e l b i s onl y on e cas e o f  suspectin g a  use r  misconception ;  detectin g an d correctin g misconception s i s a n orthogona l  issu e 
whic h man y researcher s hav e addresse d [e.g. ,  McCo y 1988 ,  Chi n 1988] . 
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S8/la:  Why do you ask? 
U9/ 1 a :  I  als o wan t  t o visi t  Ange l  Island . 

S8/lb: There is no bridge to Angel Island, you must take a ferry. 

• Rule 2: If the highest-utility plans explaining the user's speech act are non-comparable, or the 
pla n recognizer  lack s informatio n neede d t o compar e pla n utility ,  the n generat e a n A A G t o 
disambiguat e th e user' s intention . 

Rule 2 is responsible for S4 in the following dialog. The system cannot determine whether the user utters 
U 3 t o request  direction s o r  t o conve y a  wis h t o ea t  i n Chinatown ,  becaus e i t  lack s th e informatio n neede d t o 
determin e th e speec h act' s appropriatenes s fo r  th e user' s overal l  goals . 

U1: Where can we eat a good Chinese meal tonight? 
S2:  Ther e i s a  goo d restaurant  calle d Mandari n Hous e o n Clement . 
U 3:  I s tha t  i n Chinatown ? 
S4:  N o ,  d o yo u wan t  t o ea t  i n Chinatown ? 
U5/a :  Yes . 
S6/a :  T h e R e d C h a m b e r  o n Jackso n i s quit e good . 

U5/b: No, that doesn't matter. 
S6/b :  T o ge t  t o Clement ,  yo u ca n tak e Gear y d o w n t o 30t h an d the n g o nort h on e block . 

The following rules are subcases of the general situation where the domain planner lacks information 
necessar y fo r  comparin g th e plan s wit h th e highes t  expecte d utilities .  T h e subcase s involv e differen t  pla n 

utilit y  attributes. ! 

• Rule 3a: If, while comparing the over-specificness of the highest-utility domain plans, no plan 
closel y matche s th e specificnes s o f  th e k n o w n use r  goals ,  an d th e plan s hav e mutuall y 
exclusiv e consequences ,  the n generat e a n A A G t o determin e a  mor e specifi c  use r  goal . 

Rule 3a accounts for the following exchange: 

U1: How do I get to the center of the bay? 
S2:  W h y d o yo u wan t  t o g o there ? 

The system is able to build a number of plans, including driving to Treasure Island, chartering a yacht, 
takin g a  ba y cruis e tour ,  an d windsurfing .  Eac h plan' s consequence s ar e over-specifi c  i n compariso n wit h 
th e k n o w n goa l  o f  th e user ,  whic h i s t o ge t  t o th e cente r  o f  th e bay ;  thus ,  eac h pla n strongl y constrain s Ih c 
possibl e futur e actions .  Moreover ,  eac h pla n constrain s futur e action s differently ;  on e result s i n th e use r 
bein g o n Treasur e Island ,  anothe r  results  i n th e use r  bein g o n a  boat ,  an d s o on .  Sinc e th e use r  presumabl y 
has a  particula r  purpos e fo r  gettin g t o th e cente r  o f  th e bay ,  th e pla n selecte d shoul d b e th e on e whos e 
constraint s mos t  closel y matc h hi s specifi c  goal .  However ,  becaus e th e syste m doe s no t  k n o w th e user' s 
specifi c  goal ,  i t  i s  unabl e t o evaluat e whic h plan' s consequence s provid e th e bes t  match . 

• Rule 3b: If, while comparing the difficulty of the highest-utility domain plans, some plans have a 
preconditio n tha t  other s d o not ,  an d th e preconditio n i s neithe r  k n o w n t o hol d no r  assumabl e b y 
default ,  the n generat e a n A A G t o determin e th e eas e o f  achievin g th e precondition . 

The following example illustrates rule 3b: 

Ul: How do I get to the Marina? 
S2:  D o yo u drive ? 

^  Ther e i s n o subcas e fo r  th e degre e o f  goa l  conflic t  attribut e because ,  i f  th e syste m ha s n o informatio n abou t  a  conflictin g goal , 
i t  i s  assume d tha t  n o conflic t  exists . 
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The system needs to discover whether tJic user can satisfy liic precondition of a plan, in order to select the 
easies t  plan . 

• Rule 4: If the highest-utility domain plans are non-comparable, then generate an AAG to 
determin e th e user' s preference . 

For example, the system asks "Is it sufficient to drive to Treasure Island, or is it necessary to take a cruise?" 
becaus e th e Treasur e Islan d pla n i s superio r  i n th e difficult y attribute ,  bu t  th e cruis e pla n i s superio r  i n th e 
goal  conflic t  and/o r  over-specificncs s attribute s sinc e takin g th e pictur e fro m th e wate r  constrain s th e angl e 
les s tha n th e island . 

• Rule 5: If the dialog planner lacks information to compare the highest-utility dialog plans, then 
generat e a n A A G t o obtai n th e neede d information . 

In the following example, the system builds several diffcrcni plans for expressing a location, but cannot 
judg e thei r  difficult y unti l  i t  ascertain s whethe r  th e user' s knowledg e satisfie s th e plans '  preconditions . 

U1: Wherc is Cafe Rigoletto? 
S2:  D o yo u k n o w wher e Symphon y Hal l  is ? 
U 3:  Yes . 
S4:  Caf e Rigolett o i s i n th e alle y acros s th e sircc l  fro m Symphon y Hall . 

EVALUATING AND SELECTING AAGS 

The rules above will generate too many AAGs, and most should be rejected for one reason or another. The 
proble m o f  evaluatin g an d selectin g A A G s i s a  subcas e o f  tli c  sam e goa l  selectio n proble m face d b y an y 
genera l  dialo g planner .  Th e utilit y  criteri a discusse d abov e thu s als o appl y t o comparin g an d selectin g plan s 
fo r  satisfyin g A A G s . 

If a failure that generates an AAG is encountered, processing continues as normally as possible. In this 
way,  al l  A A G s potentiall y  relevan t  t o th e user' s utteranc e ar c collecte d befor e an y decision s ar c made .  Th e 
motivatio n fo r  thi s delayed-commitmen t  strateg y i s a s follows .  Th e A A G s selecte d ar c thos e whic h 
maximiz e expecte d utilit y  wit h regar d t o th e system' s to p leve l  goals ,  i.e. ,  cooperativ e goal s suc h a s 
briefness ,  comprehensibility ,  an d relevance .  Th e maximum-utilit y  A A G (o r  se t  o f  A A G s )  canno t  b e 
determine d a  p n o n ;  thi s i s especiall y obviou s i n case s wher e a  singl e pla n satisfie s multipl e A A G s .  Fo r 
example ,  S 2 i n 

U1: Do you know good restaurants in this neighborhood? 
S2:  Yes ,  ar e yo u intereste d i n a  particula r  styl e o f  cuisine ? 

satisfies the AAG to determine whether the user's specific goal is to discover the system's breadth of 
knowledg e o r  t o discove r  goo d restaurant s (rul e 2) ,  a s wel l  a s th e A A G t o determin e informatio n neede d t o 
compar e th e utilit y  o f  variou s restaurant-goin g plan s (rul e 3a) .  S 2 i s a  bette r  respons e tha n "Yes ,  d o yo u 
want  t o k n o w some? "  o r  "Wha t  styl e o f  cuisine? "  whic h saiisf y onl y on e o r  th e othe r  A A G . 

N4oreover, many AAGs are not worth satisfying because the expected utility is lower than that of an 
alternativ e non-activc-acquisitio n plan .  Fo r  example ,  i t  i s  ofte n easie r  t o correc t  a  suspecte d misconceptio n 
rathe r  tha n tak e th e troubl e t o verif y whethe r  th e use r  actuall y believe s it .  Anothe r  cas e occur s whe n th e 
syste m produce s tw o non-comparabl e plan s fo r  th e user ,  an d simpl y verbalize s bot h plan s briefly ,  rathe r 
tha n determinin g th e user' s preference .  Thus ,  A A G s ar e evaluate d agains t  al l  th e system' s goal s an d no t 
jus t  agains t  themselves . 

To collect the set of candidate AAGs, it is useful to maintain a dependency graph that reflects which AAG 
plan s subsum e o r  exclud e others .  Th e dependenc y grap h m a y als o includ e plan s fo r  th e system' s othe r 
goals .  I n thi s way ,  poore r  course s o f  actio n ca n b e immediatel y prune d w h e n th e utilitie s ar e comparable , 
and th e subse t  tha t  subsume s th e mos t  goal s ca n b e selected . 
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CONCLUSION 

We have presented the beginnings of a theory of active acquisition for building the user model, as an 
extensio n o f  curren t  theorie s o f  cooperativ e dialo g plannin g an d pla n recognition.  Th e dialo g syste m 
generate s suc h A A G s i n response  t o failure s detecte d durin g utilit y  comparison s i n it s  norma l  reasonin g 
processes .  Plan s t o achiev e a n A A G ar e execute d whe n th e expecte d utilit y  exceed s tha t  o f  alternativ e 
course s o f  action .  Althoug h th e classificatio n o f  activ e acquisitio n goal s i s b y n o mean s comprehensive ,  i t 
cover s a  larg e proportio n o f  case s wher e activ e acquisitio n i s desirable .  Th e communicativ e efficienc y an d 
naturalnes s o f  existin g dialo g system s ca n b e substantiall y enhance d b y th e additio n o f  A A G generatio n an d 
selectio n capabilities . 

Further woric to refine the utility metric is needed. One open issue is the computation of the individual plan 
utilit y  attributes ;  numeri c value s wil l  almos t  certainl y b e needed ,  th e sourc e o f  whic h mus t  b e justified . 
Possibly ,  n-tuple s wit h mor e sophisticate d attribute s ar e necessary .  Th e definitio n o f  utilit y  als o need s t o b e 
expande d fo r  th e cas e o f  plan s tha t  partiall y satisf y goal-set s comprisin g multipl e goals . 

Another issue is how to reduce spuriously generated AAGs. Rule 5, for example, must be triggered 
sparingl y t o avoi d recursive  application .  Sharpe r  appropriatenes s condition s shoul d b e foun d fo r  th e rules . 
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