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B r a i n s t o r m e r :  A  M o d e l  o f  A d v i c e - T a k i n g ^ 

Eri c K .  Jone s 

Institut e fo r  th e Learnin g Science s 

Northwester n Universit y 

Abstrac t 

Researc h o n advice-takin g i n artificis J in -

telligenc e i s  motivate d b y th e promis e 

of  knowledge-base d system s tha t  ca n ac -

cep t  high-level ,  human-lik e instructio n 

[11] .  Examinin g th e activit y o f  h u m a n 

advice-takin g i s a  wa y o f  determinin g th e 

key computationa l  problem s tha t  a  fully -

automate d advic e take r  mus t  solve . 

I n thi s paper ,  w e identif y thre e feature s o f 

human advice-takin g tha t  pos e computa -

tiona l  problems ,  an d addres s the m i n th e 

contex t  o f  bra ins tormer ,  a  plannin g sys -

te m tha t  take s advic e i n th e domai n o f  ter -

roris t  crisi s management . 

1 The Advice-Taking Task 

Advic e i s informatio n communicate d wit h th e in -

ten t  o f  helpin g a n agen t  mak e progres s o n a  prob -

lem .  Takin g advic e therefor e involve s understandin g 

ho w th e advic e i s relevan t  t o solvin g a  proble m an d 

actin g o n thi s understanding .  W e hav e identifie d 

thre e characteristi c feature s o f  th e h u m a n advice -

takin g task ,  eac h o f  whic h impose s importan t  com -

putationa l  demand s o n th e advic e taker .  W e believ e 

tha t  a  fully-automate d advic e take r  ha s t o giv e a n 

accoun t  o f  eac h o f  thes e features . 

1.  E m p o w e r m e n t :  Takin g advic e empower s a n 

agen t  t o d o somethin g b y furnishin g hi m o r 

her  wit h information .  Consequently ,  a n ad -

vic e take r  mus t  b e capabl e o f  translatin g initial , 

'Thi s researc h wa s supporte d i n par t  b y th e Ai r  Forc e 
Offic e o f  Scientifi c  Researc h (AFOSR) .  Th e Institut e fo r 
th e Learnin g Science s wa s establishe d i n 198 9 wit h th e 
suppor t  o f  Anderse n Consulting ,  par t  o f  Th e Arthu r  An -
derse n Worldwid e Organization . 

high-leve l  advic e int o instruction s tha t  ca n b e 

carrie d out . 

2.  Situatedness :  Advic e addresse s th e need s o f 

an agen t  situate d i n th e contex t  o f  tryin g t o 

solv e a  particula r  problem .  I t  follow s tha t  a n 

advic e take r  shoul d b e abl e t o relat e advic e t o 

need s fo r  informatio n tha t  hav e arise n i n th e 

cours e o f  proble m solving . 

3.  C o m m u n i c a t i o n :  Peopl e neve r  communicat e 

everythin g tha t  i s  relevant ;  instead ,  the y pro -

vid e onl y informatio n sufficien t  fo r  a  recipien t  t o 

reconstruc t  th e intende d messag e fro m context . 

Advic e i s communicate d information ;  a n advic e 

take r  thu s ha s t o b e abl e t o infe r  informatio n 

tha t  i s relevan t  bu t  no t  explicitl y  provided . 

I n th e remainde r  o f  thi s section ,  w e describ e th e 

computationa l  demand s tha t  eac h o f  thes e feature s 

of  advice-takin g plac e o n a n advic e taker ,  an d dis -

cus s th e exten t  t o whic h pas t  researc h ha s addresse d 

thes e demands . 

1.1 Advice-taking as empowerment 

Most  pas t  researc h o n advice-takin g ha s focuse d o n 

showin g ho w takin g advic e ca n empowe r  a n agen t  t o 

do something .  Researc h int o thi s aspec t  o f  advice -

takin g fall s int o tw o categories .  O n e categor y o f 

researc h ha s investigate d th e proble m o f  convert -

in g high-level ,  human-lik e advic e int o concret e o r 

operationa l  instruction s tha t  a  machin e ca n carr y 

out  [6 ,  11 ,  12] .  Thi s researc h advocate s tha t  vie w 

of  a n advic e take r  a s a  kin d o f  compile r  fo r  a  ver y 

high-leve l  language .  Mostow' s progra m FO O [12] ,  fo r 

example ,  translate s high-leve l  advic e abou t  playin g 

th e gam e o f  hearts ,  ("avoi d takin g points") ,  int o a 

heuristic-searc h proble m solve r  tha t  ca n carr y ou t 

tha t  advice . 
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A secon d categor y o f  rese.irc h start s wit h th e ob -

servatio n tha t  tha t  a  majo r  difficult y i n empower -

in g knowledge-base d system s i s th e so-calle d knowl -

edg e acquisitio n bottleneck :  th e proble m o f  gettin g 

knowledg e int o th e syste m sufficien t  fo r  i t  t o perfor m 

interestin g tcisks .  Thi s lead s naturall y t o th e vie w 

of  a n advic e take r  a s mechanis m fo r  streamlinin g 

knowledg e acquisitio n [1 ,  2 ,  3 ,  14] .  Th e TEIRESIA S 

syste m [1,2] ,  fo r  example ,  guide s knowledg e acquisi -

tio n i n a  wa y tha t  encourage s completenes s an d con -

sistenc y wit h existin g knowledge ,  an d als o provide s 

high-leve l  tool s t o facilitat e debuggin g problem s tha t 

aris e fro m fault y o r  missin g knowledge . 

1.2 Advice-taking as a situated activity 

Unfortunately ,  mor e i s involve d i n takin g advic e 

tha n convertin g i t  int o a n operationa l  vocabu -

lar y an d ensurin g consistency .  Onc e on e consider s 

advice-takin g a s a  situate d activity ,  furthe r  demand s 

ar e place d o n th e advic e taker .  I n particular ,  a  sit -

uate d advic e take r  mus t  b e abl e t o us e th e advic e i t 

receive s t o addres s need s fo r  informatio n tha t  aris e 

i n th e contex t  o f  curren t  proble m solving . 

System s suc h a s F O O an d TEIRESIA S d o no t  trea t 

advice-takin g a s a  situate d activity .  I n FOO,  fo r  ex -

ample ,  ther e i s n o curren t  proble m solvin g becaus e 

no proble m solve r  exist s prio r  t o advice-taking .  In -

stead ,  FO O build s a  complet e proble m solve r  fro m 

scratc h durin g advice-taking ,  usin g th e inpu t  ad -

vic e a s a  specification .  TEIRESIA S i s concerne d wit h 

acquirin g knowledg e fo r  unspecifie d futur e proble m 

solving ,  no t  acquirin g knowledg e neede d t o progres s 

on a  curren t  problem . 

Ther e ar e system s tha t  direc t  advic e toward s cur -

ren t  problem-solving ,  ([5 ,  10 ,  16 ]  fo r  example) ,  bu t 

the y al l  m a k e cissumption s tha t  drasticall y simplif y 

th e interactio n betwee n advic e give r  an d advic e 

taker :  the y assum e tha t  advic e i s supplie d immedi -

atel y afte r  a  nee d fo r  informatio n arises ,  an d tha t  th e 

advic e come s wit h detaile d instruction s abou t  ho w i t 

i s  t o b e used .  Fo r  example ,  th e Soa r  syste m [5 ]  ca n 

us e search-contro l  advic e i n curren t  proble m solving , 

but  advic e i s provide d a s soo n a s a n operato r  selec -

tio n difficult y i s encountered ,  an d th e syste m simpl y 

presume s tha t  an y advic e i t  receive s i s intende d t o 

be use d t o resolv e tha t  particula r  difficulty . 

I n a  mor e realisti c  setting ,  neithe r  o f  thes e simpli -

fyin g assumption s holds .  First ,  a n advice-give r  can -

not  b e expecte d t o b e o n han d th e instan t  a  nee d fo r 

informatio n arises .  A  proble m solve r  tha t  i s  engage d 

i n a  comple x proble m solvin g tas k ca n b e expecte d 

t o hav e a  larg e se t  o f  curren t  needs ,  som e o f  whic h i t 

m ay succee d eventuall y i n satisfyin g b y itself ,  other s 

of  whic h m a y requir e outsid e assistance .  A n advic e 

give r  shoul d b e abl e t o giv e advic e tha t  relate s t o 

any curren t  need ,  whethe r  o r  no t  i t  i s  i n th e curren t 

"focu s o f  attention "  o f  th e proble m solver . 

Second ,  i n a  real-worl d setting ,  a n advic e give r 

canno t  b e expecte d t o giv e detaile d instruction s 

abou t  ho w advic e i s t o b e used .  A n abilit y  t o giv e 

suc h instruction s require s tha t  th e advic e give r  kno w 

th e exac t  natur e o f  th e proble m solver' s needs ,  whic h 

i n tur n require s tha t  i t  hav e a  detaile d knowledg e o f 

th e arcan e interna l  working s o f  th e proble m solver . 

For  example ,  th e instructibl e Soa r  syste m describe d 

abov e require s tha t  th e use r  kno w abou t  operato r 

selectio n an d abou t  th e detail s o f  particula r  oper -

ators ,  bot h o f  whic h kind s o f  knowledg e shoul d b e 

hidde n fro m th e user . 

For  thes e reasons ,  a  full y  automate d advic e take r 

must  b e equippe d t o relat e advic e t o th e proble m 

solver' s curren t  need s fo r  information .  Thi s implie s 

tha t  th e advic e take r  kno w wha t  thes e need s are . 

At  th e ver y least ,  th e advic e take r  shoul d b e abl e t o 

recor d need s fo r  informatio n a s the y arise ,  an d stor e 

the m i n suc h a  wa y tha t  the y ca n b e accesse d whe n 

advic e i s presente d tha t  addresse s them . 

1.3 Advice-taking as communication 

Advic e i s no t  jus t  informatio n relevan t  t o a  specifi c 

problem ,  i t  i s  communicate d information .  A n ad -

vic e take r  i s guide d b y th e expectatio n tha t  th e ad -

vic e give r  intend s th e advic e t o b e helpfu l  i n curren t 

proble m solving .  Fo r  th e advic e t o b e helpful ,  i t 

shoul d addres s a  curren t  nee d fo r  information .  I f 

ther e i s a n operationa l  for m o f  th e advic e tha t  ca n 

easil y b e see n t o satisf y a  curren t  need ,  the n th e ad -

vic e taker' s tas k i s simple .  Bu t  ther e wil l  als o aris e 

situation s wher e adducin g th e advic e giver' s inten -

tion s i s les s straightforward . 

Peopl e expec t  discrepancie s betwee n th e informa -

tio n tha t  advic e ostensibl y provide s an d th e infor -

matio n tha t  the y actuall y need .  Thes e discrepancie s 

ca n aris e i n th e cours e o f  h u m a n communicatio n fo r 

reason s o f  communicativ e efficiency ,  o r  becaus e th e 

advic e give r  ha s a n incorrec t  o r  incomplet e under -

standing  o f  th e need s o f  th e advic e taker .  I n eithe r 

case ,  th e advic e take r  expect s t o hav e t o bridg e th e 
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gap betwee n a n initial ,  "literal "  interpretatio n o f  th e 

advic e an d a  derive d interpretatio n tha t  make s clea r 

how th e advic e addresse s a n actua l  nee d fo r  infor -

mation . 

Furthermore ,  eve n i f  a  nee d fo r  informatio n ca n b e 

determine d tha t  th e advic e plausibl y addresses ,  th e 

advic e ma y no t  b e presente d i n sufficien t  detai l  fo r 

i t  t o adequatel y satisf y th e need .  I n tha t  case ,  th e 

advic e take r  shoul d tr y t o fil l  i n th e missin g details ; 

failin g that ,  i t  shoul d as k th e advic e give r  fo r  mor e 

information . 

Whil e som e existin g advice-takin g system s ar e ca -

pabl e o f  askin g th e use r  t o fil l  i n missin g detail s 

[2] ,  fe w ar e capabl e o f  inferrin g thes e detail s o n 

thei r  own ,  (th e MOLE syste m [3 ]  i s  a  noteworth y 

exception) .  Furthermore ,  existin g system s canno t 

bridg e th e ga p betwee n ostensibl e an d actua l  need s 

fo r  information .  I n th e remainde r  o f  thi s paper , 

we introduc e th e brainstorme r  system ,  an d sho w 

how considerin g advice-takin g a s situate d activit y 

tha t  involve s communicatio n ha s informe d brain -

STORMER's design . 

2 Brainstormer: A Planner That 

Take s A d v i c e 

Our theory of advice-taking is implemented in 

BRAINSTORMER,  a  plannin g syste m tha t  take s ad -

vic e i n th e domai n o f  terroris t  crisi s management . 

Brainstorme r  translate s abstrac t  advic e int o spe -

cifi c  directive s abou t  ho w t o mak e progres s o n a 

proble m i t  i s  workin g on .  Advic e i s presente d i n 

th e for m o f  proverbs ,  represente d i n a n abstrac t  vo -

cabular y o f  planning-relevan t  knowledge[7 ,  13 ,  15] . 

Brainstorme r  use s th e advic e t o com e u p wit h 

plan s fo r  counterin g terrorism . 

Brainstorme r  ha s tw o top-leve l  modules :  th e 

planne r  an d th e adapter .  Th e planne r  i s BRAIN -

STORMER's proble m solve r  an d i s simila r  i n som e 

ways t o STRIP S [4] .  I t  suggest s plan s fo r  counterin g 

terrorism .  Th e adapte r  i s brainstormer' s advic e 

taker .  I t  act s a s a n intelligen t  assistan t  t o th e plan -

ner ,  usin g advic e i t  receive s t o addres s pre-existin g 

needs o f  th e planne r  fo r  information .  I n principle , 

th e planne r  coul d operat e o n it s  own ,  bu t  i n practic e 

i t  relie s heavil y o n th e adapte r  fo r  assistance . 

Brainstorme r  provide s a n accoun t  o f  eac h o f 

th e aspect s o f  advice-takin g discusse d above . 

1.  Advice-takin g a s empowerment .  Lik e 

othe r  advic e takers ,  BRAINSTORMER's adapte r 

has rule s fo r  translatin g initial ,  high-leve l  advic e 

int o th e operationa l  vocabular y o f  th e planner . 

Once thi s advic e ha s bee n transforme d int o a n 

operationa l  vocabulary ,  i t  i s  i n a  for m tha t  ca n 

directl y matc h th e planner' s need s fo r  informa -

tion .  I f  suitabl e need s ca n b e found ,  the n th e 

advic e empower s th e planne r  t o mak e forwar d 

progres s i n planning . 

2.  Advice-takin g a s a  situate d activity . 

Brainstorme r  i s presente d wit h advic e dur -

in g ongoin g proble m solving .  Th e planne r  i s 

first  hande d a  plannin g proble m an d allowe d 

t o ru n t o quiescence .  Onl y the n i s advic e pre -

sented .  Althoug h th e planne r  com e u p wit h a 

variet y o f  pla n suggestion s o n it s own ,  i t  wil l 

als o hav e discovere d need s fo r  informatio n tha t 

i t  i s  unabl e t o satisf y b y itself ,  an d whic h i f  sat -

isfie d woul d allo w i t  t o mak e furthe r  progres s i n 

planning .  Thes e need s aris e wheneve r  th e plan -

ner  trie s t o retriev e a  knowledg e structur e an d 

fails .  Brainstorme r  monitor s need s fo r  infor -

matio n a s the y arise ,  recordin g the m i n memor y 

as queries . 

Querie s ar e store d i n term s o f  feature s o f  poten -

tia l  answers .  Onc e advic e ha s bee n converte d 

int o th e operationa l  vocabular y o f  th e planner , 

feature s o f  th e advic e ar e use d a s cue s fo r  re -

trievin g querie s tha t  th e advic e migh t  address . 

Attache d t o eac h quer y i s a  procedur e tha t  spec -

ifie s ho w th e planne r  shoul d us e answer s t o it . 

I f  a  quer y i s retrieved ,  an d i f  th e advic e use d t o 

retriev e i t  constitute s a n adequat e answer ,  the n 

th e query' s procedur e i s invoked .  Plannin g ca n 

the n continu e a t  th e poin t  i n th e plannin g pro -

cess wher e th e nee d fo r  informatio n originall y 

arose . 

3.  Advice-takin g a s communication .  Takin g 

advic e i n BRAINSTORMER,  then ,  i s define d a s 

turnin g a  prover b int o a n adequat e answe r  t o 

a pre-existin g query .  Proverb s ar e a  ver y min -

imalis t  for m o f  communicatio n i n whic h al l  de -

tail s o f  th e specifi c  proble m tha t  the y ar e in -

tende d t o addres s ar e omitted .  Brainstorme r 

thu s expect s inpu t  advic e t o b e sketch y an d in -

complete .  Afte r  translatin g advic e int o a n oper -

ationa l  vocabulary ,  ther e ma y stil l  b e n o quer y 
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PROBLEM SITUATION :  A  terroris t  crisi s involvin g terrorist s fro m th e P.L.O. ,  i n whic h fiv e America n 

hostage s wer e take n an d on e wa s killed . 

GOALS:  Preven t  futur e terroris t  crise s simila r  t o th e proble m situation ,  an d tak e actio n 

agains t  th e agent s responsibl e fo r  th e terroris t  crisis . 

Figur e 1 :  A n exampl e plannin g problem . 

1.  Fin d a  pia n fo r  th e goa l  o f  preventin g futur e hostag e holding s simila r  t o th e on e i n th e proble m 

situatio n 

2 .  Fin d a  pla n fo r  th e goa l  o f  preventin g futur e killing s simila r  t o th e on e i n th e proble m situatio n 

3.  Fin d a  pla n fo r  th e goa l  o f  preventin g futur e terroris t  crise s simila r  t o th e on e i n th e proble m 

situatio n 

4 .  Fin d a n explanatio n fo r  th e hostag e holdin g 

S.  Fin d a n explanatio n fo r  th e killin g 

6.  Fin d a n explanatio n fo r  th e terroris t  crisi s 

Figur e 2 :  Som e querie s poste d durin g planning . 

i n m e m o r y tha t  directl y matche s it ,  o r  i f  ther e 

is ,  th e advic e m a y suppl y insufficien t  informa -

tio n t o serv e a s a n adequat e answer . 

I t  follow s tha t  BRA lNSTORMER mus t  confron t 

th e followin g problems :  (1 )  findin g querie s tha t 

advic e addresse s an d (2 )  turnin g advic e int o ad -

equat e answers .  Th e adapte r  i s equippe d wit h 

tw o set s o f  inferenc e strategie s fo r  copin g wit h 

thes e problems .  Thes e strategie s ad d element s 

t o th e advic e tha t  wer e no t  explicitl y  presen t 

i n th e inpu t  bu t  whic h th e advic e give r  m a y 

hav e intende d t o communicat e implicitly .  Th e 

first  se t  o f  strategie s allow s th e adapte r  t o hy -

pothesiz e additiona l  component s o f  th e advic e 

sufficien t  t o retriev e a  quer y tha t  th e advic e ad -

dresses .  Onc e a  quer y i s found ,  th e secon d se t 

of  strategie s allow s th e adapte r  t o fill  i n miss -

in g detail s neede d fo r  th e advic e t o provid e a n 

adequat e answe r  t o th e query .  I n carryin g ou t 

thes e kin d o f  inferences ,  th e adapte r  operate s 

on th e assumptio n tha t  th e use r  intende d th e 

inpu t  advic e t o b e helpfu l  bu t  omitte d certai n 

detail s fo r  th e usua l  reason s tha t  informatio n i s 

ofte n lef t  implici t  i n ordinar y communication . 

3 An Example Planning Problem 

an d Initia l  Plannin g 

In this section, we sketch a typical planning problem 

i n B R A l N S T O R M ER an d describ e som e o f  th e querie s 

tha t  aris e fro m plannin g fo r  thi s problem ,  prio r  t o 

th e presentatio n o f  advice .  Plannin g problem s ar e 

represente d usin g p r o b l e m situation s an d goals . 

A natural-languag e paraphras e o f  a  representativ e 

planning  proble m i s show n i n figure  1 ,  above .  Th e 

plan s tha t  BRA lNSTORMER come s u p wit h ar e plan s 

fo r  goal s i n thi s problem . 

Bra instormer ' s planne r  i s first  invoke d o n thi s 

plannin g proble m withou t  th e hel p o f  an y advic e 

and permitte d t o ru n t o quiescence .  I n th e pro -

ces s o f  planning ,  numerou s querie s ar e posted ,  eac h 

of  whic h signal s a  potentia l  opportunit y fo r  furthe r 

planning .  S o m e o f  thes e querie s ar e liste d i n figure 

2,  above .  Querie s 1 ,  2 ,  an d 3  wer e poste d whe n th e 

planne r  faile d t o directl y retriev e a  pla n fo r  a  goal . 

Querie s 4 ,  5 ,  an d 6  reques t  knowledg e structure s 

tha t  ca n matc h precondition s o f  a n abstrac t  counter -

plannin g rule .  Give n a n explanatio n fo r  th e occur -

renc e o f  a n undesirabl e event ,  thi s rul e ca n transfor m 

a goa l  t o preven t  th e recurrenc e o f  a  simila r  even t 

int o a  goa l  t o preven t  th e recurrenc e o f  th e condi -

tion s tha t  le d t o it ^  Querie s 4 ,  5  an d 6  wer e poste d 

on separat e occasion s wher e th e planne r  trie d t o ru n 

thi s rul e an d faile d t o retriev e suitabl e explanations . 

W h en th e planne r  ca n m a k e n o furthe r  progres s 

on it s own ,  a  use r  present s BRA lNSTORMER wit h ad -

vic e i n th e for m o f  a  proverb .  Brainstormer' s 

'I n th e contex t  o f  goal s t o preven t  futur e occurrence s 
of  simila r  events ,  a n even t  i s considere d simila r  t o a  sec -
ond even t  i f  ther e i s a n explanatio n fo r  th e first,  a  non -
vacuou s generalizatio n o f  whic h i s als o a n explanatio n 
fo r  th e second . 
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INPUT:  •  Th e plannin g problen n an d querie s describe d above . 

•  T h e prover b h e w h o ha s suffere d mor e tha n i s fittin g wil l  d o mor e tha n i s lawful . 

OUTPUT: • (Elaboration of the problem situation) The terrorists are Palestinian, and were suffering 

becaus e o f  poo r  livin g condition s i n refuge e camps . 

•  (Pla n suggestion )  Buil d publi c housin g project s fo r  th e refugees . 

Figur e 3 :  A n exampl e tha t  illustrate s th e proble m o f  producin g adequat e answer s 

adapte r  the n ha s th e tas k o f  turnin g thi s prover b 

int o a n adequat e answe r  t o a  query .  I n th e previ -

ous section ,  w e note d tha t  i n carryin g ou t  thi s task , 

th e adapte r  mus t  confron t  th e problem s o f  findin g a 

quer y tha t  th e advic e addresse s an d o f  fleshing  ou t 

th e advic e int o a n adequat e answe r  t o it .  A s in -

timate d above ,  thes e problem s follo w directl y fro m 

th e demand s impose d b y considerin g advice-takin g 

as a  situate d activit y involvin g communication .  I n 

th e nex t  tw o sections ,  w e sketc h brainstormer' s 

approac h t o dealin g wit h thes e problems . 

4 Producing Adequate Answers 

We star t  wit h th e proble m o f  adequat e answers . 

Once a  quer y ha s bee n foun d tha t  advic e addresses , 

brainstormer' s adapte r  mus t  fil l  i n an y detail s 

neede d fo r  th e advic e t o constitut e a n adequatel y 

specifi c an d plausibl e answe r  t o th e query .  A n ap t 

illustratio n o f  thi s kin d o f  processin g arise s durin g 

brainstormer' s processin g o f  th e prover b "h e wh o 

has suffere d mor e tha n i s fittin g wil l  d o mor e tha n 

i s lawful. "  Bra instormer ' s input-outpu t  behavio r 

i s  summarize d i n figur e 3 . 

B ra ins to rme r  cam e u p wit h thi s outpu t  b y us -

in g th e prover b t o answe r  quer y 6  above ,  ("fin d a n 

explanatio n fo r  th e terroris t  crisis") .  O n e wa y tha t 

th e prover b ce n b e represente d i n th e operationa l  vo -

cabular y o f  th e planne r  i s ci s a n explanatio n fo r  th e 

occurrenc e o f  a n illega l  action :  th e illega l  actio n hap -

pene d becaus e som e agen t  wa s suffering ,  an d tha t 

explain s wh y th e agen t  carrie d ou t  th e illega l  ac -

tion .  Thi s interpretatio n directl y matche s querie s 4 , 

5,  an d 6  above :  hostage-holdings ,  killings ,  an d ter -

roris t  crise s ca n al l  b e viewe d a s illega l  actions ,  an d 

th e prover b ca n therefor e provid e a n explanatio n fo r 

each .  B r a i n s t o r m e r  prefer s querie s whos e answer s 

subsum e answer s t o othe r  queries ;  i n thi s case ,  a n 

explanatio n fo r  th e terroris t  crisi s subsume s expla -

nation s fo r  th e killin g an d hostag e holdings ,  becaus e 

each o f  thes e action s wa s par t  o f  th e terroris t  crisis . 

Consequently ,  b r a i n s t o r m e r  assume s tha t  th e ad -

vic e i s bes t  treate d a s answerin g quer y 6^ . 

Althoug h th e adapte r  possesse s a n operationa l 

representatio n o f  th e advic e an d a  quer y tha t  i t 

plausibl y addresses ,  it s  tas k i s no t  over .  T h e ad -

vic e i s stil l  missin g importan t  detail s whic h i t  i s th e 

adapter' s responsibilit y t o fill  in .  Onc e th e adapte r 

has committe d t o answerin g quer y 6 ,  th e representa -

tio n o f  th e advic e ca n b e paraphrase d a s follows :  th e 

terrorist s wer e suffering ,  an d tha t  explain s w h y the y 

carrie d ou t  th e terroris t  crisis .  A s i t  stands ,  thi s rep -

resentatio n constitute s a  hypothesis ,  tha t  th e terror -

ist s wer e suffering ,  an d tha t  thi s explain s w h y the y 

carrie d ou t  th e terroris t  crisis .  Fo r  b r a i n s t o r m e r 

t o accep t  thi s hypothesi s a s a n adequat e answe r  t o 

quer y 6 ,  i t  require s tha t  an y unsupporte d compo -

nent s o f  th e hypothesi s b e justified . 

Th e adapte r  ha s a  smal l  se t  o f  strategie s fo r  justi -

fyin g unsupporte d component s o f  hypotheses .  Thes e 

includ e th e following . 

•  M e m o r y search :  Us e a n unsupporte d compo -

nen t  o f  a  hypothesi s a. s a n inde x int o m e m o r y 

fo r  retrievin g a  knowledg e structur e tha t  sup -

port s it . 

•  C o m m u n i c a t i v e assertion :  I f  onl y on e un -

supporte d componen t  o f  a  hypothesi s remains , 

assume tha t  th e use r  intende d th e advic e t o as -

ser t  tha t  thi s componen t  i n fac t  holds . 

•  A s k th e user . 

Askin g th e use r  i s  hardl y a  nove l  idea :  a  variet y 

of  existin g system s trea t  advice-takin g a s mixed -

initiativ e knowledg e acquisition ,  i n whic h th e syste m 

direct s a  use r  t o fill  i n al l  missin g details .  I n BRAIN -

^Our  discussio n her e omit s man y importan t  issues , 
includin g ho w th e prover b i s initiall y  represented ,  ho w 
i t  i s  transforme d int o th e operationa l  vocabular y o f  th e 
planner ,  an d ho w th e operationa l  interpretatio n i s use d 
t o retriev e relevan t  queries .  Fo r  a  discussio n o f  thes e an d 
othe r  issues ,  se e [7 ,  8 ,  9] . 
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INPUT:  •  T h e plainnin g proble m an d querie s describe d i n sectio n 2 . 

•  T h e prover b a n ol d poache r  inalce s th e bes t  keeper . 

OUTPUT:  •  (Pla n suggestion )  Hir e a  forme r  terroris t  t o defen d agains t  terroris m 

Figur e 4 ;  A n exampl e tha t  illustrate s th e proble m o f  finding  relevan t  queries . 

PRECONDITIONS:  plan :  a  pia n o f  defens e 

parameter :  th e acto r  o f  th e pli m 

situation :  th e pla n o f  defens e i s par t  o f  a  goa l  conflic t  involvin g stereotype d attacker s 

an d defender s 

POSTCONDITION:  A  n e w pla n whos e acto r  satisfie s th e attacker' s stereotyp e 

Figur e 5 :  T h e prover b "a n ol d poache r  make s th e bes t  keeper "  represente d a s a  pla n refinemen t  operator . 

S T O R M ER however ,  askin g th e use r  i s  a  strateg y o f 

las t  resort .  Whereve r  possible ,  th e adapte r  attempt s 

t o arriv e a t  a n adequat e plausibl e interpretatio n o f 

th e advic e o n it s own . 

I n th e curren t  example ,  ther e ar e tw o unsupporte d 

hypothesi s components :  tha t  th e terrorist s wer e suf -

fering ,  an d tha t  thi s sufferin g explain s wh y the y car -

rie d ou t  th e terroris t  crisis .  T h e adapte r  employ s it s 

m e m o ry searc h strateg y t o justif y th e first.  Specif -

ically ,  i t  use s th e fac t  tha t  th e terrorist s ar e m e m-

ber s o f  th e P.L.O .  t o retriev e a  standar d explana -

tio n fo r  Palestinia n suffering :  poo r  livin g condition s 

i n th e refuge e camps .  Th e communicat iv e asser -

tio n strateg y i s the n sufficien t  t o justif y th e secon d 

component . 

Once th e adapte r  ha s com e u p wit h wha t  i t  judge s 

t o b e a n adequat e answe r  t o a  query ,  th e planne r 

i s reinvoke d a t  th e poin t  i n it s processin g tha t  th e 

quer y arose .  Recal l  tha t  thi s quer y wa s poste d whe n 

th e planne r  wa s tryin g t o satisf y a  preconditio n o f 

a genera l  counterplannin g rule .  Th e rul e use s ex -

planation s o f  th e occurrenc e o f  a n undesirabl e even t 

t o transfor m a  goa l  t o preven t  th e recurrenc e o f  a 

simila r  even t  int o goal s t o preven t  th e recurrenc e 

of  th e condition s tha t  le d t o it .  I n th e curren t  in -

stance ,  th e undesirabl e even t  wa s th e terroris t  crisis . 

Failur e t o retriev e a  suitabl e explanatio n fro m m e m-

or y le d th e planne r  t o pos t  th e query .  Th e prover b 

provide s th e missin g explanation :  th e terroris t  cri -

si s happene d becaus e o f  poo r  livin g condition s i n th e 

refuge e camps .  N o w tha t  i t  ha s thi s explanation ,  th e 

planne r  ca n appl y th e counterplannin g rule .  Thi s 

lead s th e planne r  t o establis h a  ne w goa l  o f  improv -

in g livin g condition s i n th e refuge e camp s an d even -

tually ,  t o propos e buildin g publi c housin g projects . 

5 Findin g Relevan t  Querie s 

I n th e precedin g example ,  BRAINSTORMER encoun -

tere d littl e difficult y tryin g t o find  a  relevan t  query , 

becaus e th e operationa l  for m o f  th e advice ,  (a n ex -

planation) ,  directl y matche d a  pre-existin g query .  I n 

othe r  case s however ,  thi s luck y stat e o f  affair s doe s 

not  obtain .  Fo r  example ,  suppos e bra ins torme r  i s 

hande d th e prover b "a n ol d poache r  malce s th e bes t 

keeper" .  Bra instormer ' s input-outpu t  behavio r  i s 

summarize d i n figure  4 . 

Thi s time ,  th e relevan t  operationa l  for m o f  th e 

prover b i s a  pla n refinemen t  operator ,  whic h i s a  rul e 

tha t  th e planne r  ca n us e t o elaborat e plan s i t  pro -

poses .  Th e representatio n o f  thi s operato r  i s para -

phrase d i n figure  5 .  Thi s operato r  doe s no t  directl y 

matc h an y existin g queries .  I f  a  suitabl e quer y al -

read y existed ,  th e planne r  woul d hav e t o hav e al -

read y considere d a  pla n o f  defens e fo r  on e o f  it s  goals , 

and b e lookin g fo r  way s t o refin e it .  Thi s howeve r  i s 

not  th e cas e i n th e curren t  example .  Consequently , 

furthe r  wor k i s necessar y t o find  th e quer y tha t  th e 

advic e addresses . 

Th e followin g i s a  highl y informa l  sketc h o f  th e 

reasonin g tha t  th e adapte r  goe s throug h i n search -

in g fo r  a  relevan t  query .  (Fo r  a  mor e technica l  dis -

cussion ,  se e [8]) . 

•  T h e use r  ha s suggeste d a  wa y o f  refinin g a  plai n 

of  defense .  Sh e i s  givin g m e advice ,  s o sh e i s 

tryin g t o hel p m e solv e m y curren t  problem , 

namel y preventin g futur e terroris t  crisi s simila r 

t o th e on e i n th e proble m situation ,  (se e figure 

1) .  Thus ,  sh e believe s tha t  thi s pla n refinemen t 

operato r  supplie s informatio n tha t  i s usefu l  fo r 

thi s purpose .  Fo r  thi s operato r  t o b e useful ,  a 

274 



pla n o f  defens e woul d als o hav e t o b e useful . 

But  I  haven' t  considere d an y plan s o f  defense . 

Maybe I  shoul d hav e considere d a  pla n o f  de -

fens e fo r  on e o f  m y goals . 

•  On e o f  m y goal s i s  preventin g futur e terroris t 

crise s simila r  t o th e on e i n th e proble m situa -

tion .  Coul d a  pla n o f  defens e b e usefu l  i n plan -

nin g fo r  thi s goal ? Yes ,  i t  could .  A  pla n o f  de -

fens e ca n b e effectiv e a t  preventin g futur e occur -

rence s o f  th e kind s o f  event s i t  defend s against , 

becaus e i t  raise s thei r  expecte d cost . 

•  O K ,  I'l l  hypothesiz e tha t  a  pla n o f  thi s sor t  i s 

actuall y usefu l  fo r  thi s goa l  i n th e curren t  con -

text .  Afte r  all ,  mayb e th e use r  intende d t o com -

municat e thi s hypothesis .  Tha t  woul d explai n 

why sh e believe s tha t  I  shoul d fin d thi s operato r 

useful .  N o w I  kno w ho w t o us e th e operator . 

I n carryin g ou t  th e abov e reasoning ,  th e adapte r 

locate s a  quer y tha t  th e advic e addresse s b y elabo -

ratin g th e representatio n o f  th e advic e t o includ e a 

hypothesi s tha t  a  pla n o f  defens e i s appropriat e fo r 

th e goa l  o f  preventin g futur e terroris t  crises .  Next , 

contro l  return s t o th e planner ,  whic h goe s o n l o ap -

pl y th e pla n refinemen t  operato r  t o thi s hypothe -

size d pla n an d eventuall y suggest s hir e a  forme r  ter -

roris t  t o defen d agains t  terrorism . 

Ther e ar e tw o importan t  moral s t o dra w fro m thi s 

example .  First ,  th e inferenc e tha t  th e defens e pla n 

migh t  b e appropriat e wa s license d b y th e assump -

tio n tha t  th e use r  wa s tryin g t o b e helpfu l  i n th e 

contex t  o f  th e give n problem .  Thi s assumptio n bot h 

legitimate s th e fina l  interpretatio n o f  th e advic e an d 

justifie s th e inferentia l  effor t  expende d i n finding  it . 

An advice-takin g syste m tha t  doe s no t  reflec t  th e 

ide a tha t  takin g advic e involve s makin g sens e o f  in -

formatio n communicate d wit h th e intentio n o f  bein g 

helpfu l  i s  unabl e t o mak e thes e inferences ;  conse -

quently ,  i n thi s situatio n a t  least ,  suc h a n advice -

takin g syste m woul d b e unabl e t o profi t  fro m th e 

advice . 

The secon d mora l  o f  thi s exampl e i s tha t  a n advic e 

take r  need s knowledg e abou t  th e proble m solver' s 

proble m solvin g proces s i n orde r  t o carr y ou t  thi s 

kin d o f  inference .  Th e requisit e knowledg e i s  ove r 

and abov e informatio n abou t  th e advice-taker' s dy -

nami c need s fo r  information .  I n th e abov e example , 

th e adapte r  ha d t o b e abl e t o reaso n abou t  ho w th e 

planne r  use s pla n refinemen t  operators :  i t  use s the m 

when i t  ha s alread y considere d a  pla n o f  defens e fo r 

one o f  it s  goals .  Carryin g ou t  thi s reasonin g require s 

tha t  th e adapte r  kno w tha t  th e planner' s plannin g 

proces s take s goal s a s input ,  suggest s plan s fo r  thos e 

goals ,  an d the n suggest s refinement s t o thos e plans . 

Previou s advice-takin g system s \acV .  thi s kin d o f  self -

knowledge ,  an d ar e consequentl y unabl e t o perfor m 

thi s kin d o f  reasoning . 

6 Conclusion 

We began this paper by identifying three charac-

teristi c feature s o f  huma n advic e takin g tha t  shoul d 

infor m a  computationa l  theor y o f  advice-taking .  Ad -

vic e empower s a n advic e taker ,  advice-takin g i s situ -

ate d i n th e contex t  o f  ongoin g proble m solving ,  an d 

advice-takin g involve s communication . 

Bra ins to rme r  i s a n advice-takin g syste m tha t 

take s accoun t  o f  thes e feature s o f  huma n advice -

taking .  First ,  advic e help s BRAINSTORMER's plan -

ner  t o com e u p wit h plan s fo r  counterin g terror -

ism .  Second ,  th e planner' s need s fo r  informatio n 

ar e recorde d durin g plannin g a s the y arise ,  allow -

in g BRAINSTORMER t o us e advic e t o facilitat e on -

goin g proble m solving .  Third ,  B ra ins to rme r  i s 

equippe d wit h inferenc e strategie s tha t  allo w i t  t o 

infe r  som e o f  th e kind s o f  detail s  tha t  ar e commonl y 

lef t  implici t  i n ordinar y huma n discourse .  I n sum -

mary ,  bra instorme r  represent s a  mor e compre -

hensiv e mode l  o f  huma n advice-takin g tha n earlie r 

advice-takin g systems ,  an d constitute s a  ste p i n th e 

directio n o f  proble m solver s tha t  ca n accep t  high -

level ,  huma n lik e instruction . 
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