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C o m m u n i c a t i n g A b s t r a c t  A d v i c e :  t h e R o l e o f  S t o r i e s ' 

Eri c K .  Jone s 
Victori a Universit y o f  Wellingto n 

P.O.  Bo x 600 ,  Wellington ,  N e w Zealan d 
eric.jones@comp.vuw.ac.n z 

A b s t r a c t 

People often give advice by telling stories. Stories 
bot h recommen d a  cours e o f  actio n an d exemplif y 
genera l  condition s i n whic h tha t  recommendatio n 
i s appropriate .  A  computationa l  mode l  o f  advic e 
takin g usin g storie s mus t  addres s tw o relate d prob -
lems :  determinin g th e story' s recommendation s an d 
appropriatenes s conditions ,  an d showin g tha t  thes e 
obtai n i n th e ne w situation .  I n thi s paper ,  w e 
presen t  a n efficien t  solutio n t o th e secon d proble m 
base d o n cachin g th e result s o f  th e first .  Ou r  pro -
posa l  ha s bee n implemente d i n BRAinstormer ,  a 
planne r  tha t  take s abstrac t  advice . 

Introduction 

Peopl e ofte n us e storie s t o giv e advice .  Advic e i n 
th e for m o f  a  stor y frequentl y seem s mor e convinc -
in g tha n a n unadorne d lis t  o f  instruction s [Schamk , 
1991] .  W h y shoul d thi s b e so ? Whil e ther e ar e prob -
abl y a  numbe r  o f  factor s a t  work ,  i t  i s  importan t 
not  t o overloo k th e obvious :  storie s ar e ofte n mor e 
convincin g i n larg e par t  becaus e the y ar e mor e in -
formative .  A  stor y no t  onl y recommend s a  cours e 
of  action ,  i t  als o exemplifie s condition s i n whic h thi s 
recommendatio n i s appropriate . 

Unfortunatel y fo r  a n advic e taker ,  a  story' s rec -
ommendation s an d appropriatenes s condition s m a y 
not  b e explicitl y  mentioned ;  eve n i f  the y are ,  the y 
may no t  alway s b e identifie d a s such .  I t  follow s tha t 
storie s presen t  a  harde r  proble m o f  inferenc e tha n 
othe r  kind s o f  advic e suc h a s list s o f  instructions ,  i n 
whic h thes e feature s ar e explicit .  I n additio n t o th e 
usua l  problem s o f  operationalizatio n [Mostow ,  1983] , 
a story-base d advic e take r  mus t  fac e th e proble m o f 
working  ou t  whic h feature s o f  th e stor y ar e relevan t 
t o th e proble m a t  hand . 

To obtai n a  bette r  understandin g o f  thi s prob -
lem ,  w e hav e studie d a  particularl y simpl e clas s o f 
naturally-occurrin g stories :  familiar ,  advice-givin g 
proverbs .  Peopl e ofte n giv e abstrac t  advic e usin g 
proverbs ;  m a n y proverb s ar e worde d i n term s o f  a 

'Th e researc h describe d her e wa s conducte d a t  th e 
Institut e fo r  th e Learnin g Science s a t  Northwester n Uni -
versity ,  an d wa s supporte d i n par t  b y th e Ai r  Forc e Of -
fic e o f  Scientifi c  Research .  Th e Institut e fo r  th e Learn -
in g Science s wa s establishe d i n 198 9 wit h th e suppor t 
of  Anderse n Consulting ,  par t  o f  Th e Arthu r  Anderse n 
Worldwid e Organization . 

littl e stor y o r  vignett e o f  a  domain-specifi c  situatio n 
i n whic h th e poin t  o f  th e prover b applies .  Example s 
includ e mak e ha y whil e th e su n shines ,  a  bir d i n th e 
han d i s wort h tw o i n th e bush ,  a  stitc h i n tim e saves 
nine ,  an d fa r  fro m eye ,  fa r  fro m heart . 

Proverb s ar e conventionall y associate d wit h a n ab -
strac t  point ,  whic h i t  i s  th e proverb' s functio n t o 
communicate .  T h e abstrac t  poin t  o f  mak e ha y whil e 
th e su n shines ,  fo r  example ,  ca n b e paraphrase d 
as tak e advantag e o f  opportunitie s whil e the y exist . 
Knowin g a  prover b a t  a  m i n i m u m require s grasp -
in g it s abstrac t  point .  Proverbs '  storie s ar e easie r 
t o interpre t  a s advic e tha n tha n m a n y othe r  kind s 
of  stories ,  becaus e thei r  abstrac t  point s hav e bee n 
compute d i n advanc e an d store d i n m e m o r y a s par t 
of  th e representatio n o f  th e proverb . 

Proverb s wit h stories ,  however ,  ofte n contai n mor e 
informatio n tha n jus t  thei r  abstrac t  point :  thei r 
stor y m a y als o provid e a  comprehensibl e exempla r 
of  a  specifi c  situatio n i n whic h th e abstrac t  poin t  o f 
th e prover b applies .  Mos t  peopl e w h o understan d 
a prover b expresse d i n term s o f  a  stor y als o under -
stan d a t  leas t  i n par t  ho w th e stor y illustrate s th e 
proverb' s abstrac t  point .  Fo r  example ,  mos t  peopl e 
familia r  wit h mak e ha y whil e th e su n shine s see m t o 
understan d tha t  ha y makin g i s som e kin d o f  goal -
directe d activit y fo r  whic h sunshin e i s a  precondi -
tion ,  an d tha t  th e opportunit y th e prover b refer s 
t o i s  exemplifie d b y sunshine .  Thi s understandin g 
i s als o cache d a s par t  o f  thei r  representatio n o f  th e 
proverb . 

Eve n a  partia l  understandin g o f  a  proverb' s stor y 
i s usuall y sufficien t  t o sugges t  reason s w h y th e ab -
strac t  poin t  o f  th e prover b migh t  plausibl y appl y i n 
ne w situations .  Consider ,  fo r  example ,  th e prover b 
fa r  fro m eye ,  fa r  fro m heart ,  whos e abstrac t  poin t 
i s tha t  long-distanc e relationship s ten d t o weake n o r 
dissolve .  T h e proverb' s metonymi c referenc e t o vi -
sua l  perceptio n (eye )  suggest s th e followin g causa l 
chai n i n suppor t  o f  it s abstrac t  point :  i f  yo u don' t 
see someon e regularly ,  the n yo u aren' t  reminde d o f 
them ,  s o you r  attachmen t  t o the m weakens . 

I n summary ,  proverb s wit h storie s com e wit h thei r 
abstrac t  point s precomputed ,  togethe r  wit h som e 
appropriatenes s condition s fo r  thei r  recommenda -
tions .  I t  follow s tha t  th e storie s o f  proverb s ar e 
somewhat  easie r  t o m a k e sens e o f  tha n othe r  kinds 
of  stories :  thei r  interpretatio n i s  mor e tightl y con -

213 

mailto:eric.jones@comp.vuw.ac.nz


positive-evaluatio n 
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contex t 

Figur e 1 : 
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objec t  pla n - p 
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(opportunit y 
pla n " p 
objec t  -ob j 

time-interva l 

Abstrac t  poin t  o f  mak e ha y . . 

-t ) 

strained .  A n accoun t  o f  ho w proverb s wit h storie s 
ca n b e represente d an d use d fo r  advic e takin g i s a 
first  ste p toward s developin g a  syste m tha t  ca n ex -
trac t  advic e fro m a  wide r  rang e o f  stories .  Thi s pa -
per  present s suc h a n account . 

Our  approac h i s implemente d i n BRAINSTORMER, 
a planne r  linke d t o & n advic e take r  [Jones ,  1991a ; 
Jones ,  1992] .  T h e advic e take r  elicit s advic e from ,  a 
use r  i n th e for m o f  a  representatio n o f  a  proverb ,  an d 
transform s i t  int o a n operationa l  planne r  dat a struc -
tur e tha t  hel p th e planne r  resolv e a  curren t  problem -
solvin g difficulty .  B R A I N S T O R M ER operate s i n th e 
domai n o f  politica l  an d militar y polic y a s i t  relate s 
t o terrorism . 

Representing Proverbs with Stories 

Th e ke y proble m o f  representin g proverb s wit h 
storie s i s encodin g the m i n way s tha t  highligh t 
thei r  functionall y significan t  features ,  b y whic h w e 
mean thei r  recommendation s an d an y appropriate -
nes s condition s tha t  constrai n thei r  application .  I t 
i s  usefu l  t o divid e thes e functionall y significan t  fea -
ture s int o tw o categories :  essentia l  feature s an d 
inessentia l  features .  Essentia l  feature s o f  a  proverb' s 
stor y ar e aspect s o f  th e stor y tha t  mus t  hol d i n ev -
er y situatio n i n whic h th e prover b applies ;  th e unio n 
of  thes e feature s constitute s th e proverb' s abstrac t 
point .  Inessentia l  features ,  whe n tru e i n a  ne w sit -
uation ,  len d weigh t  t o a  proverb' s recommendation , 
bu t  nee d no t  obtai n fo r  th e prover b t o apply . 

We offe r  a  two-par t  solutio n t o th e proble m o f  rep -
resentin g proverb s wit h stories .  Firs t  i s  a  notatio n 
fo r  highlightin g essentia l  feature s o f  stories .  Secon d 
i s a  wa y t o encod e non-standar d bu t  functionall y sig -
nifican t  abstraction s o f  component s o f  stories '  rep -
resentations . 

Relating Stories and Abstract Points 

Our  approac h t o highlightin g essentia l  feature s ca n 
be summarize d a s follows .  W e vie w proverb s a s con -
sistin g o f  a  stor y an d a n abstrac t  poin t  tha t  ar e 
structurall y relate d t o eac h other .  T h e essentia l  fea -
ture s o f  a  proverb' s stor y ar e thos e share d b y it s ab -
strac t  point ;  therefore ,  b y encodin g thi s structura l 
relationship ,  w e highligh t  th e story' s essentia l  fea -
tures . 

Consider ,  fo r  example ,  th e prover b mak e ha y whil e 
th e su n shines .  A s show n i n figure  1 ,  th e proverb' s 

positive-evaluatio n 
objec t  scheduling-decisio n 

objec t  bay-aaking-pla n - p 
tin e time-interva l  " t 

contex t  (precondition-opportunit y 
pla n " p 
objec t  sunshin e 

time-interva l  "t ) 

Figure 2: Story of make hay . . . 

abstrac t  poin t  i s  th e recommendatio n tak e advan -
tag e o f  opportunitie s whe n the y exist }  T h e stor y o f 
make ha y whil e th e su n shines ,  o n th e othe r  hand , 
concern s a  particula r  kin d o f  opportunity :  a n oppor -
tunit y afforde d b y th e satisfactio n o f  a  preconditio n 
of  a  hay-makin g plan .  Th e representatio n o f  thi s 

stor y i s show n i n figure  2 . 
Whil e th e proverb' s abstrac t  poin t  mus t  obtai n i n 

a ne w situatio n fo r  th e prover b t o apply ,  th e sam e 
i s no t  tru e o f  it s  story .  Obviously ,  th e ne w situatio n 
need no t  b e abou t  sunshine ;  perhap s les s obviously , 
i t  nee d no t  involv e fortuitou s satisfactio n o f  a  pre -
conditio n o f  a  plan .  Mak e ha y whil e th e su n shine s 
could ,  fo r  example ,  b e use d t o advis e sellin g a  stoc k 
afte r  it s pric e increases ;  th e highe r  pric e signifie s a 
goo d opportunit y no t  becaus e hig h price s ar e a  pre -
conditio n fo r  selling ,  bu t  becaus e sellin g whe n price s 
ar e hig h yield s a  greate r  profit . 

To captur e th e structura l  relationshi p betwee n a 
proverb' s stor y an d it s abstrac t  point ,  w e represen t 
th e prover b i n term s o f  it s  story ,  bu t  wit h it s abstrac t 
poin t  superimposed .  Tha t  is ,  w e begi n wit h repre -
sentation s o f  it s  stor y an d it s abstrac t  point ,  an d 
the n embe d th e abstrac t  poin t  i n th e story .  Viewin g 
representation s a s grap h structure s [Sowa ,  1984] ,  w e 
m a ke th e assumptio n tha t  th e abstrac t  poin t  ca n b e 
represente d a s a  subgrap h o f  th e story ,  wher e pos -
sibl y som e o f  th e node s i n th e subgrap h ar e mor e 
genera l  tha n th e correspondin g node s i n th e story . 
Under  thi s assumption ,  eac h fram e i n th e abstrac t 
poin t  correspond s t o a  fram e i n th e story . 

T o buil d u p a  representatio n o f  th e proverb ,  w e 
star t  wit h a  representatio n o f  it s  story ,  an d annotat e 
eac h fram e i n th e representatio n a s follows : 

1.  I f  ther e i s n o correspondin g fram e i n th e abstrac t 
point ,  w e postfi x th e fram e wit h a  i\ .  Thus , 
fo r  example ,  a  resourc e fram e woul d becom e 
resourcefl" . 

2.  I f  ther e i s a  correspondin g fram e i n th e abstrac t 
point ,  bu t  it s  typ e labe l  differ s fro m th e stor y (i n 

Brainstorme r  use s a  frame-base d representatio n sys -
te m wit h a  slot-fille r  notation : 

<frame > 
<slotl > <fillerl > 
<slot2 > <filler2 > 

Equality relationships between frames are encoded using 
th e notatio n =<symbol> . 
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positiTC-evaluatio n 
objec t  scheduling-decisio n 

objec t  hay-aaking-plantpla n " p 
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Figur e 3 :  Embeddin g a n abstrac t  poin t  i n a  story . 

whic h case ,  i t  mus t  b e mor e general) ,  the n w e an -
notat e th e fram e i n th e stor y wit h thi s mor e gen -
era l  typ e label :  sunshine!entity ,  fo r  example . 

3.  Otherwise ,  th e fram e i n th e stor y correspond s t o 
a fram e i n th e abstrac t  point ,  an d th e typ e label s 
of  th e tw o frame s ar e th e same .  I n tha t  case ,  w e 
do nothing . 

t 
Figur e 3  illustrate s th e resul t  o f  applyin g thi s proces s 
t o th e prover b mak e ha y whil e th e su n shines . 

We represen t  proverb s i n thi s fashio n becaus e w e 
want  t o glea n a s muc h informatio n a s possibl e fro m 
thei r  stories ,  ye t  b e fre e t o generaliz e awa y inessen -
tia l  part s tha t  d o no t  hol d whe n th e prover b i s use d 
i n a  ne w situation .  Th e abstrac t  poin t  o f  a  prover b i s 
a representatio n o f  it s  essentia l  cor e clai m tha t  mus t 
be tru e i n ever y situatio n i n whic h i t  applies .  Ou r 
chose n representatio n ha s th e advantag e tha t  i t  ca n 
be easil y interprete d a s instruction s t o tha t  effect : 

•  Thos e part s o f  th e stor y tha t  overla p wit h th e ab -
strac t  poin t  ar e annotate d wit h "T"s ,  whic h ca n 
be though t  o f  a s instruction s abou t  ho w fa r  the y 
ca n b e generalized .  I f  ther e i s n o annotatio n a t 
all ,  th e stor y coincide s wit h th e abstrac t  point , 
so n o generalizatio n i s permitted .  I f  th e annota -
tio n i s o f  th e for m iTy ,  the n stor y componen t  x 
correspond s t o mor e genera l  componen t  y  i n th e 
abstrac t  point ,  s o i t  ca n b e generalize d a s fa r  a s y 
but  n o further . 

•  Thos e part s o f  th e stor y tha t  d o no t  overla p wit h 
th e abstrac t  poin t  a t  al l  (annotate d wit h a  fl- )  ca n 
be freel y generalize d o r  eve n deleted . 

Encoding Non-Standard Abstractions 

So far ,  w e hav e presente d a  notatio n fo r  distin -
guishin g essentia l  feature s o f  proverb' s storie s fro m 
inessentia l  ones .  B y itself ,  however ,  thi s notatio n i s 
not  enough .  M a n y proverb s hav e storie s containin g 
feature s tha t  althoug h inessentia l  t o th e proverb' s 
application ,  ar e nevertheles s functionall y significant . 

Th e stor y o f  mak e ha y whil e th e su n shines ,  fo r 
example ,  involve s feature s o f  hi s kind .  A s w e hav e 
seen ,  th e abstrac t  poin t  o f  thi s prover b ca n b e para -
phrase d a s tak e advantag e o f  opportunitie s whe n the y 
exist ,  whil e it s stor y talk s abou t  ha y makin g an d 
sunshine .  Ther e i s a n importan t  intermediat e leve l 
of  representation ,  however ,  whic h i s misse d i f  onl y 
th e proverb' s abstrac t  poin t  an d stor y ar e repre -
sented .  I n particular ,  th e choic e o f  sunshin e fo r 

th e opportunit y i s significant .  Sunshm e i s a  re -
sourc e tha t  i s  onl y intermittentl y an d unpredictabl y 
available ,  bu t  tha t  i s  essentiall y  fre e whe n available ; 
moreover ,  th e availabilit y  o f  sunshin e i s no t  unde r 
th e planner' s control ,  s o i t  canno t  b e planne d for . 
Thes e feature s o f  sunshin e ar e al l  ver y relevan t  fo r 
planning :  i t  i s  particularl y importan t  t o tak e im -
mediat e advantag e o f  opportunitie s afforde d b y th e 
availabilit y  o f  resource s tha t  hav e som e o r  al l  o f  thes e 
properties . 

Thi s descriptio n o f  sunshin e a s a  resourc e i s a  gen -
eralizatio n o f  BRAINSTORMER's usua l  representatio n 
fo r  sunshine .  Sunshin e ca n b e classifie d a s a  resourc e 
of  thi s kind ,  bu t  s o ca n an y numbe r  o f  othe r  things , 
includin g rai n an d th e generosit y o f  kings .  More -
over ,  thes e feature s o f  sunshin e d o no t  hav e t o ob -
tai n i n a  ne w situatio n fo r  th e prover b t o apply ,  al -
thoug h thei r  presenc e constitute s goo d evidenc e tha t 
th e proverb' s recommendatio n i s appropriate . 

Encodin g thi s abstractio n present s a  potentia l  dif -
ficulty,  however .  Concept s i n B R A I N S T O R M ER ar e 
arrange d i n a n abstractio n hierarchy ,  whic h sup -
port s "propert y inheritance "  o f  necessar y propertie s 
of  concepts .  Unfortunately ,  i t  impossibl e t o us e th e 
abstractio n hierarch y t o represen t  resource s a s a n 
abstractio n o f  sunshine .  Almos t  an y entit y ca n serv e 
as resourc e i n som e situations ,  s o i f  resourc e wer e t o 
be encode d a s a n abstractio n o f  sunshine ,  i t  woul d 
als o hav e t o b e a n abstractio n o f  mos t  othe r  concept s 
i n memory .  I n tha t  case ,  ever y represente d objec t 
woul d inheri t  variou s propertie s o f  resources .  Thi s 
woul d b e wasteful ,  an d i n m a n y instances ,  incorrect : 
an objec t  ca n b e a  resourc e fo r  som e purpose s an d 
i n som e situations ,  bu t  no t  i n others .  I t  follow s tha t 
resourc e canno t  b e a  generalizatio n o f  sunshin e i n 
th e abstractio n hierarchy . 

Whil e i t  i s  no t  alway s usefu l  o r  correc t  t o thin k 
of  sunshin e a s a  resource ,  i t  i s  certainl y desirabl e 
i n som e circumstances .  Fo r  example ,  i n represent -
in g mak e ha y whil e th e sunshine ,  w e wan t  t o encod e 
tha t  sunshin e a s a n unpredictabl y availabl e resourc e 
whos e availabilit y  i s  beyon d th e planner' s control . 

Fortunately ,  ther e i s a  wa y ou t  o f  thi s dilemma . 
B R A I N S T O R M ER i s abl e t o reaso n wit h multipl e de -
scription s o f  give n objects ,  usin g a  proces s calle d re -
descriptio n inferenc e [Jones ,  1991a ;  Jones ,  1991b] . 
Redescriptio n inferenc e i s use d t o transfor m in -
stance s o f  on e concep t  int o co-referentia l  instance s o f 
another .  Redescriptio n inferenc e leave s trace s i n th e 
for m o f  view s o r  co-referenc e link s wit h attache d jus -
tifications .  W e us e view s t o explicitl y  encod e impor -
tan t  bu t  non-standar d abstraction s o f  component s 
of  storie s tha t  ar e no t  represente d i n th e abstrac -
tio n hierarchy .  Thus ,  w e represen t  th e prover b a s 
i t  woul d loo k ha d sunshin e bee n redescribe d a s th e 
appropriat e kin d o f  resource .  Figur e 4  illustrate s th e 
resultin g representatio n o f  th e prover b (omittin g de -
tail s o f  th e interna l  structur e o f  views) .  Sunshin e i s 
describe d i n term s o f  bot h th e concept s sunshin e 
and resource .  Resourc e frame s inde x informatio n 
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Figure 4: Full representation of make hay ... 

relevan t  t o plannin g regardin g th e availabilit y  an< l 
cos t  o f  objects . 

I n summary ,  w e hav e describe d tw o notation s tha t 
togethe r  allo w u s t o explicitl y  represen t  functionall y 
significan t  feature s o f  proverbs '  stories .  I n th e nex t 
section ,  w e describ e ho w thes e representation s assis t 
brainstormer ' s advic e taker . 

The Advice-Taking Process 

Brainstorme r  consist s o f  a  planne r  wit h a n as -
sociate d advic e taker .  Th e planne r  i s hande d goal s 
havin g t o d o wit h counterin g terroris m an d attempt s 
t o com e u p wit h plan s o f  action .  I f  th e planne r  get s 
int o trouble ,  i t  issue s a  quer y fo r  informatio n suffi -
cien t  t o resolv e it s difficulty .  A  use r  the n present s 
advic e i n th e for m o f  a  representatio n o f  proverb , 
whic h th e advic e take r  attempt s t o transfor m int o a n 
answe r  t o th e query .  Answer s mus t  tak e th e for m o f 
operationa l  planne r  dat a structure s tha t  matc h (ah -
ductivel y unify )  wit h th e quer y [Charniak ,  1988] . 

Suppose ,  fo r  example ,  tha t  th e planne r  i s  cur -
rentl y considerin g whethe r  o r  no t  t o carr y ou t  a 
preemptiv e rai d agains t  a  terroris t  organization .  I t 
therefor e issue s a  quer y fo r  informatio n tha t  woul d 
allo w i t  t o m a k e a  principle d decision .  Le t  u s addi -
tionall y suppos e tha t  th e planne r  know s tha t  publi c 
opinio n i s  currentl y runnin g hig h agains t  thi s ter -
roris t  organization ;  th e planner ,  however ,  ha s no t 
considere d th e implication s o f  thi s fac t  fo r  it s  deci -
sion . 

I n tha t  case ,  th e prover b mak e ha y whil e th e su n 
shine s coul d b e aptl y use d wit h th e inten t  o f  rec -
ommend in g carr y ou t  th e rai d now ,  i n th e windo w 
of  opportunit y afforde d b y temporaril y  favorabl e pub -
li c  opinion .  T h e tas k o f  advic e takin g i s t o gen -
erat e thi s specifi c  recommendatio n fro m th e initial , 
generi c representatio n o f  th e proverb . 

T h e advice-takin g proces s ha s thre e phases .  T h e 
first  involve s inferrin g a n operationa l  planne r  dat a 
structur e fro m th e prover b tha t  ca n matc h th e plan -
ner' s query .  A s w e explai n i n [Jones ,  1992] ,  thi s 

transformatio n require s reasonin g wit h a n explici t 
model  o f  th e plannin g process .  I n thi s paper ,  how -
ever ,  w e focu s ou r  attentio n o n th e latte r  phase s 
of  advic e taking ,  becaus e thi s i s  wher e th e impac t 
of  highlightin g functionall y significan t  feature s o f 
proverbs '  storie s i s mos t  acutel y felt . 

I n th e secon d phas e o f  advic e taking ,  th e ad -
vic e take r  generate s a  c o m m o n abstractio n o f  th e 
proverb' s stor y an d th e planner' s curren t  proble m 
tha t  matche s th e planner' s query .  Her e th e c o m m o n 
abstractio n recommend s runnin g a  pla n o n th e basi s 
of  a n unspecifie d opportunit y afforde d b y a n unpre -
dictabl y availabl e resourc e no t  unde r  th e planner' s 
control .  Thi s c o m m o n abstractio n i a the n matche d 
t o th e query ,  yieldin g a  hypothetica l  answe r  t o th e 
query :  carr y ou t  th e rai d now ,  becaus e ther e cur -
rentl y exist s a n opportunit y afforde d b y a  resourc e 
lik e sunshin e tha t  i s  unpredictabl y availabl e an d no t 
unde r  th e planner' s control . 

T h e syste m ha s no w bee n provide d wit h a  recom -
mendation ,  bu t  thu s fa r  i t  ha s n o reaso n t o believ e i t 
particularl y plausible ,  excep t  tha t  i t  originate d wit h 
a use r  w h o presumabl y intend s t o b e helpful .  I n th e 
thir d an d final  phas e o f  advic e taking, ^  th e syste m 
attempt s t o flesh  ou t  thi s provisiona l  answe r  int o a 
complet e an d well-justifie d recommendation .  I n th e 
curren t  example ,  thi s involve s positin g tha t  th e ob -
jec t  o f  th e opportunit y i s i n fac t  th e favorabl e stat e 
of  publi c opinion ,  an d the n attemptin g t o verif y tha t 
publi c opinio n ca n indee d b e describe d a s a n unpre -
dictabl y availabl e resourc e no t  unde r  th e planner' s 
control . 

T h e centra l  tas k o f  th e tw o late r  phase s o f  advice -
takin g i s  computin g a  c o m m o n abstractio n o f  th e 
proverb' s stor y an d th e planner' s situatio n tha t  ca n 
be fleshed  ou t  int o a  well-justifie d answe r  t o th e 
planner' s query .  W e wan t  thi s abstractio n t o b e a s 
usefu l  t o th e planne r  a s possible ,  s o i n fac t  w e de -
sir e a  maximall y specifi c  abstractio n o f  th e stor y i n 
term s o f  feature s tha t  ar e functionall y significan t  fo r 
planning .  T o reiterate ,  a  featur e i s functionall y sig -
nifican t  i f  i t  i s  par t  o f  a  proverb' s recommendatio n 
or  i f  i t  help s specif y a n appropriatenes s conditio n fo r 
tha t  recommendation . 

B r a i n s t o r m e r  compute s thi s abstractio n usin g 
a knowledge-intensiv e matchin g proces s tha t  com -
pare s th e proverb' s stor y wit h th e planner' s query . 
Abstraction s ar e compute d b y incrementall y gen -
eralizin g component s o f  th e proverb' s stor y i n re -
spons e t o loca l  inconsistencie s tha t  th e matche r  de -
tect s whe n attemptin g t o fit  thes e component s t o th e 
planner' s query .  Ha y making ,  fo r  example ,  canno t 
be consistentl y describe d a s a  preemptiv e attac k o n 
terrorists ,  s o thi s aspec t  o f  th e proverb' s stor y mus t 
be generalized .  Generalizatio n i s  onl y attempte d 
when a n inconsistenc y i s  detected ;  i t  follow s tha t 
th e resultin g abstractio n wil l  b e maximall y specific . 

'i n fact ,  th e secon d an d thir d phase s o f  advic e takin g 
ar e t o som e exten t  interleaved . 
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(QUERY-MATCH ator y query) : 
I F th e typ e label s o f  ator y an d quer y matc h 
THEN Fo r  eac h slo t  o f  query , 

Recursivel y QUERY-HATCH correspondin g slo t 
filler s o f  stor y an d quer y 

ELSE I P (REDESCRIBE stor y an d query ) 
THEN retur n succes s 

ELSE I F th e typ e labe l  o f  ator y ca n b e generalize d 
THEN LE T ge n b e th e generalizatio n o f  stor y 

obtaine d b y replacin g it s typ e labe l 
wit h th e nex t  mor e genera l  typ e i n 
th e abstractio n hierarchy . 

Generaliz e o r  delet e subpart s o f  stor y 
justifie d onl y b y propert y inheritanc e 
fro m th e ol d typ e label ; 
(QUERY-NATCH ge n query ) 

ELSE I F th e typ e labe l  o f  stor y i s entit y an d 
stor y ca n b e delete d 

THEN delet e i t  an d retur n succes s 

Figure 5: Finding maximally-specific abstractions 

T wo Prob lem s 

The matche r  face s tw o problem s i n generatin g thi s 
abstraction ,  bot h o f  whic h ar e substantiall y  mit -
igate d b y havin g precompute d an d cache d al l  o f 
th e functionall y significan t  feature s o f  th e proverb' s 
story .  Th e first  proble m i s t o ensur e tha t  th e com -
mon abstraction s constructe d b y th e matche r  ar e 
usefu l  t o th e planner .  Ther e ar e a  grea t  man y pos -
sibl e generalization s o f  th e proverb' s story ,  mos t  o f 
whic h d o no t  focu s o n functionall y significan t  com -
monalities .  Whe n th e matche r  face s a  loca l  incon -
sistency ,  whic h generalizatio n shoul d i t  prefer ? 

Our  representatio n o f  proverbs '  storie s i s ver y 
helpfu l  i n thi s regard .  Al l  o f  th e feature s o f  th e stor y 
tha t  ar e conceivabl y usefu l  t o th e planne r  ar e eithe r 
implici t  i n th e abstractio n hierarchy ,  o r  ar e precom -
pute d an d cache d wit h th e proverb .  Moreover ,  thos e 
feature s tha t  ca n b e generalize d o r  delete d with -
out  invalidatin g th e proverb' s recommendatio n hav e 
been explicitl y  tagge d a s such .  I t  follow s tha t  gener -
alizin g a  componen t  o f  a  proverb' s stor y ca n b e ac -
complishe d b y simpl y replacin g i t  wit h a n instanc e 
of  a  mor e genera l  concep t  i n th e abstractio n hierar -
chy (o r  perhap s deletin g i t  altogether) ;  se e figure  5 . 

,  Brainstormer' s abstractio n hierarch y admit s n o 
upwar d branching ,  s o thi s proces s i s quit e efficient . 

A secon d proble m th e matche r  face s i s determin -
in g whic h component s o f  th e planner' s problemati c 
situatio n shoul d b e matche d agains t  candidat e an -
swer s t o a  query .  Some o f  thes e component s ar e men -
tione d i n th e query ,  i n whic h cas e a  correspondenc e 
i s establishe d automaticall y b y th e query-matchin g 
process .  Furthe r  components ,  however ,  mus t  b e de -
termine d durin g th e thir d phas e o f  advic e taking ,  t o 
justif y thi s candidat e answer . 

For  example ,  w e hav e seen ,  tha t  a  candidat e an -
swer  t o a  quer y ca n b e constructe d fro m mak e ha y 
whil e th e su n shtne s tha t  mention s sunshine .  T o jus -
tif y thi s answer ,  th e syste m ha s t o find  somethin g i n 

th e planner' s problemati c situatio n tha t  ha s some -
thin g i n common wit h sunshine .  I f  th e prover b di d 
not  encod e functionall y significan t  abstraction s o f 
sunshine ,  i t  woul d b e necessar y t o searc h fo r  a n in -
stanc e o f  a n arbitrar y abstractio n o f  sunshine .  How -
ever ,  sunshin e i s tagge d a s a n unpredictabl y avail -
abl e resourc e no t  unde r  th e planner' s control ,  s o th e 
advic e take r  ca n instea d engag e i n a  mor e focuse d 
searc h fo r  a  hithert o unnotice d resourc e o f  th e ap -
propriat e kind . 

Of  course ,  thi s searc h ma y no t  alway s succee d i n 
identifyin g a  suitabl e resource .  I f  th e searc h suc -
ceeds ,  however ,  i t  wil l  succee d mor e quickl y tha n a 
searc h fo r  a n instanc e o f  a n arbitrar y generalizatio n 
of  sunshine .  Moreover ,  i f  a  resourc e i s foun d tha t 
i s i n fac t  unpredictabl y availabl e o r  no t  unde r  th e 
planner' s control ,  the n th e syste m ca n hav e greate r 
confidenc e tha t  th e proverb' s recommendatio n a.ctu -
all y applies . 

Discussion and Related Work 

Taking advice in the form of a story can be viewed 
as a  proces s o f  analogica l  reasoning ,  o r  mor e specifi -
cally ,  exploitin g a n "analogica l  hint "  [Greiner ,  1988] . 
Proverbs '  storie s hel p bot h t o construc t  recommen -
dation s an d t o determin e aispect s o f  th e planner' s 
problemati c situatio n tha t  justif y thes e recommen -
dations .  W e hav e see n tha t  bot h ca n b e accom -
plishe d b y computin g a  commo n abstractio n o f  th e 
stor y an d th e curren t  proble m i n term s o f  function -
all y significan t  feature s o f  th e proverb' s story .  I n ou r 
chose n representation ,  al l  suc h feature s ar e cache d 
i n advanc e wit h th e story .  Thes e cache d feature s 
guid e generalizatio n toward s a  suitabl e abstraction , 
and simultaneousl y constrai n searc h fo r  aspect s o f 
th e planner' s proble m tha t  justif y th e proverb' s rec -
ommendation . 

A knowledge-intensiv e approac h t o analogica l  in -
ferenc e i s centra l  t o brainstormer' s success .  Th e 
syste m infer s commonalitie s betwee n a  proverb' s 
stor y an d a  plannin g proble m o n th e basi s o f  ex -
plici t  representation s o f  th e story' s functionall y sig -
nifican t  features .  Stuar t  Russel l  likewis e advocate s 
a knowledge-intensiv e approac h [Russell ,  1989] .  Hi s 
DBAR syste m relie s o n knowledg e abou t  functiona l 
significanc e encode d a s explici t  determinations .  A 
determinatio n P y Q (pronounce d " P determine s 
Q" )  license s analogica l  inferenc e tha t  Q  hold s fo r  a 
target ,  provide d tha t  Q  als o hold s fo r  a  sourc e tha t 
share s propertie s P  wit h th e target .  Fo r  example ,  lo -
gos o n runnin g shoe s determin e thei r  manufacturer . 

Russel l  note s tha t  determination s guid e inferenc e 
of  commonalitie s betwee n a  sourc e an d a  target . 
P y Q explicitl y  encode s tha t  P  ar e th e feature s tha t 
sourc e an d targe t  mus t  shar e t o licens e analogica l  in -
ferenc e o f  Q .  Tryin g t o demonstrat e tha t  P  hold s o f 
a sourc e an d targe t  i s  a  considerabl y les s open-ende d 
tas k tha n a n arbitrar y searc h fo r  commo n feature s o f 
a sourc e an d target .  Similarly ,  brainstorme r  ex -
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plicitl y  encode s th e feature s o l  proverbs '  storie s tha t 
i f  tru e o f  a  targe t  suppor t  th e proverb' s recommen -
dation ,  an d use s thes e feature s t o guid e inference . 

Bra instormer ' s advic e take r  relate s proverb s t o 
querie s usin g a  knowledge-intensiv e matchin g pro -
cess .  Knowledge-intensiv e matchin g i s motivate d b y 
th e followin g realizatio n abou t  th e natur e o f  anal -
ogy :  onc e i t  i s  accepte d tha t  objects ,  properties ,  an d 
relation s ca n b e describe d i n differen t  way s usin g dif -
feren t  vocabularies ,  n o purel y syntacti c criterio n fo r 
assessin g similarit y o f  a  sourc e an d targe t  coul d con -
ceivabl y b e adequate .  Thi s i s no t  t o say ,  o f  course , 
tha t  n o syntacti c criterio n intervene s a t  an y stag e 
of  analogica l  rejisoning .  Rather ,  i t  i s  t o emphasiz e 
tha t  th e majo r  par t  o f  a  theor y o f  analogica l  reason -
in g mus t  consis t  i n specifyin g (1 )  whic h feature s o f 
th e sourc e an d targe t  ca n b e meaningfull y compared , 
an d (2 )  th e knowledg e neede d t o comput e thes e fea -
ture s efficientl y i f  the y ar e no t  alread y explicit .  On« e 
thi s i s  done ,  irfen<j< y o f  functionall y relevan t  feature s 
m ay suffic e a s a  criterio n fo r  similarity . 

B r a i n s t o r m e r  accomplishe s (1 )  b y explici t  en -
coding s o f  functionall y significan t  features ,  an d (2 ) 
i n term s o f  viewin g schema s fo r  redescriptio n infer -
ence .  A s explaine d i n [Jones ,  1991a] ,  redescriptio n 
inferenc e derive s ultimatel y fro m MERLI N [Moor e 
an d Newell ,  1973] ,  an d i s relate d t o th e ide a o f 
"views "  i n Jacob' s AC E syste m [Jacobs ,  1987] . 

I n contrast ,  mos t  existin g wor k i n analog y ignore s 
one o r  bot h o f  thes e aspect s o f  analogica l  reasoning . 
(Russell' s  O B A R i s a  notabl e exception. )  Greine r 
sidestep s (2 )  altogethe r  [Greiner ,  1988] .  Centner' s 
theor y o f  structur e mappin g [Falkenhaine r  e t  ai , 
1986 ]  advocate s a  purel y syntacti c approac h t o as -
sessin g similarit y o f  sourc e an d target ,  an d thu s doe s 
not  addres s eithe r  (1 )  o r  (2) .  However ,  Falken -
hainer' s PHINEA S syste m [Falkenhainer ,  1989] ,  whil e 
ostensibl y a n implementatio n o f  structur e mapping , 
i n fac t  adopt s a  mor e knowledge-intensiv e approach . 

W h at  ar e th e limitation s o f  brainstormer ' s 
approac h t o advic e taking ? A s currentl y imple -
mented ,  ther e i s n o wa y t o specif y tha t  a  featur e 
of  a  proverb' s stor y i s functionall y insignificant ,  s o 
currentl y th e syste m attempt s t o transfe r  al l  fea -
ture s o f  proverbs '  storie s t o th e plannin g proble m 
at  hand ,  eve n seemingl y irrelevan t  feature s suc h a s 
hay .  Whil e thi s slow s dow n th e inferenc e proces s 
a little ,  i t  ha s no t  prove n problemati c i n practice . 
(Taggin g feature s o f  storie s a s functionall y insignif -
ican t  o f  cours e immediatel y raise s th e questio n o f 
why the y shoul d b e kep t  aroun d a t  all .  O n e reaso n 
i s t o allo w fo r  th e possibilit y  o f  futur e learning .  A 
featur e o f  a  prover b tha t  currentl y appear s t o b e ir -
relevan t  t o it s  abstrac t  poin t  m a y late r  b e discovere d 
t o b e important. ) 

A mor e fundamenta l  limitatio n o f  th e approac h i s 
th e assumptio n tha t  al l  functionall y significan t  fea -
ture s o f  storie s ar e compute d i n advance .  Whil e thi s 
assumptio n i s reasonabl e fo r  m a n y proverbs ,  i t  i s 
les s reasonabl e fo r  arbitrar y stories .  A  stor y abou t 

a give n episod e ca n b e use d t o m a k e a  variet y o f 
ver y differen t  point s o n differen t  occasion s [Schank , 
199l] .  I t  i s  possible ,  however ,  tha t  th e followin g ex -
tensio n o f  brainstormer' s approac h migh t  b e ade -
quate .  Storie s ar e usuall y lade n wit h linguisti c cue s 
designe d t o highligh t  th e aspect s o f  th e stor y tha t 
th e speake r  intend s th e heare r  t o focu s on .  Perhap s 
thes e cue s ca n b e use d b y a n advic e take r  t o hel p 
infe r  candidat e abstraction s o f  th e stor y read y fo r 
matchin g t o a  problem .  Thi s i s a  directio n fo r  fu -
tur e research . 
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