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A d a p t i n g A b s t r a c t  K n o w l e d g e ' 

Eric K. Jones 
T h e Institut e fo r  th e Learnin g Science s 

Northwester n Universit y 
Evanston ,  I L 6020 1 
jones@ils.nwu.ed u 

A b s t r a c t 

For a case-based reasoner to use its knowledge flexibly, 
i t  mus t  b e equippe d wit h a  powerfu l  cas e adapter .  A 
case-base d reasone r  ca n onl y cop e wit h variatio n i n th e 
for m o f  th e problem s i t  i s  give n t o th e exten t  tha t  it s 
case s i n memor y ca n b e efficientl y adapte d t o fi t  a  wid e 
rang e o f  ne w situations . 

I n thi s paper ,  w e addres s th e tas k o f  adaptin g abstrac t 
knowledg e abou t  plannin g t o fi t  specifi c  plannin g sit -
uations .  Firs t  w e sho w tha t  adaptin g abstrac t  case s 
require s reconciUn g incommensurat e representation s o f 
plannin g situations .  Next ,  w e describ e a  representa -
tio n system ,  a  memor y organization ,  an d a n adaptatio n 
proces s tailore d t o thi s requirement .  Ou r  approac h b 
implemente d i n BRAINSTORMER,  a  planne r  tha t  take s 
abstrac t  advice . 

I n t r o d u c t i o n 

Most  knowledge-base d system s ar e unabl e t o us e thei r 
knowledg e flexibly:  the y ca n onl y solv e problem s tha t 
ar e state d i n exactl y th e righ t  way .  Thi s i s on e aspec t  o f 
th e 6n«/enes s proble m [Feigenbau m e t  ai ,  1971] ,  whic h 
limit s th e scop e o f  m a n y existin g artificia l  intelligenc e 
system s bot h a s practica l  tool s an d a s cognitiv e models . 

Even i f  a  syste m contain s th e knowledg e i t  need s 
t o solv e a  problem ,  i t  m a y no t  b e abl e t o brin g thi s 
knowledg e t o bear .  A t  on e extrem e ar e system s tha t 
use radicall y incomplet e inferenc e procedure s suc h a s 
schema o r  scrip t  applicatio n [CuUingford ,  1977] ,  whic h 
althoug h efficient ,  ca n onl y solv e a  limite d clas s o f 
problems .  A t  th e othe r  extrem e ar e system s tha t 
countenanc e multiste p inferenc e chainin g [Rieger ,  1976 ; 
Wilensky ,  1978] .  I n principle ,  thes e system s ar e capabl e 
of  solvin g a  larg e numbe r  o f  problems ,  bu t  i n practic e 
the y mak e s o m a n y useles s inference s tha t  th e numbe r 
of  problem s the y ca n actuall y solv e unde r  reasonabl e 
resourc e constraint s remain s small . 

Case-base d reasonin g ha s bee n propose d a s a  promis -
in g middl e groun d [ H a m m o n d ,  1986 ;  Kolodne r  e t  ai , 
1985] .  Lik e schem a appliers ,  case-base d reasoner s trad e 
completenes s fo r  efficiency .  Unlik e schem a appliers . 

*Thi s researc h wa s supporte d i n par t  b y D A R P A contrac t 
F49620-88-C-005 8 an d A F O S R contrac t  89-0493 .  Th e Insti -
tut e fo r  th e Learnin g Science s wa s estabUshe 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 .  Additiona l  fundin g i s pro -
vide d b y Ameritech ,  a n Institut e Partner ,  an d b y IBM . 

however ,  case-base d reasoner s com e wit h a n adapta -
tio n componen t  fo r  resolvin g mismatche s betwee n pas t 
case s an d curren t  problemati c situations .  I f  th e adapte r 
ca n efficientl y resolv e a n interestin g clas s o f  commonly -
occurrin g mismatches ,  then  th e case-base d reasone r  wil l 
be abl e t o solv e a  wide r  rang e o f  problem s tha n a  schem a 
applier .  T h e flexibility  o f  a  case-base d reasone r  thu s de -
pend s heavil y o n th e powe r  o f  it s adapter . 

I n thi s paper ,  w e conside r  a  particula r  adaptatio n 
task :  adaptin g abstrac t  knowledg e abou t  plannin g t o fit 
specifi c  situations .  A  real-worl d activit y i n whic h thi s 
tas k arise s i s takin g advice .  Peopl e ofte n communicat e 
advic e abou t  plannin g i n term s o f  high-leve l  culturally -
share d model s o f  th e plannin g proces s [White ,  1987] . 
Th e vocabular y o f  thes e model s m a y b e ver y differen t 
fro m th e vocabular y o f  th e representation s th e perso n 
actuall y use s t o solv e th e problem .  I n othe r  words ,  th e 
initia l  for m o f  th e advic e i s no t  necessaril y  operationa l 
fo r  proble m solving .  T h e perso n takin g th e advic e i s 
therefor e face d wit h th e tas k o f  adaptin g abstrac t  knowl -
edg e t o fit  he r  curren t  proble m solvin g needs . 

We hav e buil t  th e b r a i n s t o r m e r  syste m t o investi -
gat e th e proble m o f  adaptin g abstrac t  knowledg e [Jones , 
1990 ;  Jones ,  1991] .  B r a i n s t o r m e r  i s a  planne r  tha t 
take s advic e abou t  problem s i n th e domai n o f  terroris t 
crisi s management .  Wheneve r  i t  encounter s a  difficulty , 
i t  ask s fo r  advice .  A  use r  the n present s advic e i n th e 
for m o f  a  prover b o r  aphorism ,  represente d i n a  high -
leve l  vocabular y o f  culturally-share d plannin g concepts . 
B r a i n s t o r m e r  adapt s th e advic e i t  receive s b y con -
vertin g i t  int o specifi c  informatio n i n th e operationa l 
vocabular y o f  th e planner ,  whic h th e planne r  ca n the n 
use t o resolv e it s difficult y an d continu e planning . 

We hav e focuse d o n proverb s fo r  tw o reasons .  First , 
proverb s ar e a  well-define d clas s o f  abstrac t  case s tha t 
encod e usefu l  culturally-share d knowledg e abou t  th e id -
iosyncrasie s o f  h u m a n plannin g an d socia l  interactio n 
[Owens ,  1988 ;  Schank ,  1986 ;  White ,  1987] .  Th e gras s 
i s alway s greene r  o n th e othe r  sid e o f  th e fence ,  fo r  ex -
ample ,  expresse s a  peculiarit y o f  th e h u m a n plannin g 
process :  whe n comparin g options ,  peopl e ten d t o b e bi -
ase d i n favo r  o f  th e unfamilia r  o r  th e unpossessed . 

Second ,  representin g a  larg e numbe r  o f  proverb s ha s 
prove d a n effectiv e strateg y fo r  developin g an d testin g 
our  representationa l  vocabular y fo r  advice .  Th e gras s i s 
alway s greene r  o n th e othe r  sid e o f  th e fence ,  fo r  exam -
ple ,  no t  onl y encode s a n importan t  trut h abou t  h u m a n 
planning ,  bu t  als o point s t o th e nee d fo r  a  conceptua l 
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vocabular y sufficien t  t o encod e th e ide a o f  choosin g be -
twee n option s i n term s o f  estimate s o f  thet r  utility . 

B r a i n s t o r m e r  i s  capabl e o f  acceptin g a  rang e o f 
advic e expresse d i n it s high-level ,  culturally-share d vo -
cabuljir y o f  plannin g concepts :  proverb s ar e jus t  on e 
usefu l  clas s o f  expression s representabl e i n thi s vocab -
uleiry .  Thu s ou r  approac h t o abstrac t  cas e adaptatio n 
not  onl y contribute s t o th e fiel d o f  case-base d reasoning , 
bu t  als o addresse s th e mor e genera l  proble m o f  flexible 
understandin g o f  ̂bitrar y abstrac t  advice . 

The Problem 

TaJcin g abstrac t  advic e impose s particula r  inferentia l 
requirement s tha t  constrsd n th e desig n o f  a n adapter . 
Bra ins to rmer ' s description s o f  th e problemati c situ -
ation s i t  face s Jir e typicall y encode d i n a  ver y differ -
ent  vocabular y tha n th e advic e i t  receives ;  therefore ,  it s 
adapte r  ha s t o b e abl e t o infe r  th e connectio n betwee n 
th e two .  Fo r  example ,  on e o f  brainstormer ' s goal s i s 
preventin g terrorism ,  whic h i t  pursue s b y tryin g t o an -
alyz e an d counterplz m agains t  particula r  pas t  terroris t 
attacks .  Ther e ar e m e my way s tha t  a  piec e o f  abstrac t 
advic e migh t  characteriz e a  terroris t  attack ,  includin g 
an ac t  o f  frustration ,  a n ac t  o f  defiance ,  a n ac t  o f  re -
venge ,  a n attac k o n civilians ,  a  goa l  conflict ,  a n illega l 
action ,  a n immora l  action ,  par t  o f  a  propagand a cam -
paign ,  an d a  politica l  statement ,  a m o n g others . 

Conversely ,  ther e ar e m a n y way s i n whic h an y o f  th e 
abov e abstraction s coul d b e plausibl y inferre d fro m dif -
feren t  specifi c  plannin g situation s a s a  planne r  migh t 
initiall y  represen t  them .  Fo r  example ,  a  goa l  conflic t 
ca n b e plausibl y inferre d b y observin g a n actio n o n th e 
par t  o f  on e perso n tha t  violate s a  goa l  o f  someon e else , 
or  fro m th e knowledg e tha t  tw o differen t  peopl e hol d in -
compatibl e goals ,  o r  b y noticin g tha t  someon e i s angry . 

I t  follow s tha t  adaptin g abstrac t  knowledg e require s 
bein g abl e t o reconcil e description s o f  give n object s ex -
presse d i n incommensurat e vocabularies .  Thi s i s essen -
tiall y a  proble m o f  bidirectiona l  search .  A s th e abov e 
example s indicate ,  thi s proble m i s  potentiall y  serious , 
becaus e th e branchin g facto r  i s hig h i n bot h directions : 
on th e on e hand ,  ther e ar e m s my possibl e abstraction s o f 
a give n concret e situation ;  o n th e other ,  ther e ar e m a n y 
ways t o plausibl y recogniz e a n instanc e o f  an y particula r 
abstrac t  concep t  i n a  concret e situation . 

I n th e remainde r  o f  thi s paper ,  w e presen t  a n ap -
proac h t o adaptatio n sufficien t  t o solv e thi s problem . 
First ,  w e giv e a n exampl e showin g ho w th e nee d t o rec -
oncil e representation s i n incommensurat e vocabularie s 
arise s i n BRAINSTORMER.  Second ,  w e sho w tha t  ou r 
underlyin g representatio n syste m i s  sufficientl y power -
fu l  t o represen t  th e result s o f  thi s process .  A s w e wil l 
see shortly ,  thi s i s  a  nontrivia l  requirement .  Third ,  w e 
sketc h a  m e m o r y organizatio n tha t  allow s alternat e en -
coding s o f  a  give n situatio n i n differen t  vocabularie s t o 
be efficientl y related .  Finally ,  w e specif y a n algorith m 
fo r  thi s task ,  whic h work s b y redescribin g on e represen -
tatio n i n th e vocabular y o f  th e other . 

T h e N e e d fo r  Redescription :  A n 

E x a m p l e 

A typica l  interactio n betwee n brainstorme r  an d a 
user  i s  a s follows .  Brainstorme r  issue s a  quer y fo r  a n 
explanatio n o f  a  particula r  pas t  terroris t  attack ,  a s par t 
of  tryin g t o com e u p wit h plan s fo r  preventin g terrorism . 
T h e use r  respond s wit h advic e i n th e for m o f  a  represen -
tatio n o f  a  proverb ;  le t  u s suppos e tha t  th e prover b i s n o 
troubl e bu t  a  pnes t  i s a t  th e botto m o f  il ,  whic h BRAIN -
S T O R M ER represent s a s a  causa l  connectio n betwee n re -
ligiou s leader s an d goa l  conflicts .  Figure s 1  an d 2  depic t 
th e quer y an d th e initia l  representatio n o f  th e advice. ^ 
I t  i s  th e tas k o f  BRAINSTORMER'S adapte r  t o tur n th e 
advic e int o a n answe r  t o th e query . 

?explanatio n 
explaine d terrorist-attac k 

acto r  grou p 
typical-el t  terroris t 

Figure 1: A query from the planner. 

caus e actio n 
acto r  religious-figur e 

cause d goal-conflic t 

Figure 2: Initial advice representation. 

Th e adapte r  begin s b y transformin g th e advic e int o a 
for m tha t  coul d conceivabl y matc h th e system' s query . 
As th e quer y ask s fo r  a n explanation ,  th e adapte r  con -
vert s th e initia l  causa l  relatio n int o a n explanatio n 
structur e base d o n tha t  causality ,  ci s show n i n figure  3 . 

T h e nee d fo r  redescriptio n arise s i n th e nex t  stag e 
of  adaptation ,  whe n th e syste m trie s t o matc h o r  unif y 
thi s newl y create d explanatio n structur e wit h th e query . 
No difficult y i s encountere d unti l  a n attemp t  i s mad e t o 
matc h th e terrorist-attac k t o th e goal-conflict . 
At  tha t  point ,  th e matche r  complain s tha t  thes e ar e in -
stance s o f  incommensurat e concept s an d start s tryin g t o 
redescrib e th e terroris t  attac k i n term s o f  goa l  conflicts . 

causal-explanatio n 
explaine d goal-conflic t  =g c 
causal s (caus e 

caus e actio n 
acto r  religious-figur e 

cause d =gc ) 

Figure 3: The advice transformed into an explanation. 

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

<fra]Be > 
<slotl > <fillerl > 
<slot2 > <filler2 > 

Answers to queries are bindings to the free variables in the 
query ,  whic h ar e prefixe d b y "?''s .  Variabl e bindin g con -
straint s ar e expresse d usin g th e notatio n =<var> . 
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Redescription ,  Vagueness ,  an d D y n a m i c 

Concep t  Formatio n 

Befor e w e ca n tal k abou t  ho w t o efficientl y carr y ou t 
thi s redescription ,  w e hav e t o m a k e clea r  wha t  w e wan t 
th e resul t  t o loo k like .  W h a t  di d th e use r  reall y mea n 
i n usin g th e prover b n o troubl e bu t  a  pries t  i s  a t  th e 
botto m o f  i t  t o explai n a  terroris t  attack ? Presumably , 
tha t  th e religiou s figure  cause d th e terroris t  attac k a s 
par t  o f  causin g a  goa l  conflict .  Notic e tha t  th e intende d 
meanin g i s vague ,  i n tha t  i t  doesn' t  specif y exactl y ho w 
th e religiou s figure  wa s involved .  T h e outpu t  o f  th e 
adapte r  shoul d b e a  representatio n o f  thi s informatio n 
at  th e righ t  leve l  o f  abstraction .  W h a t  shoul d thi s loo k 
like ? W e star t  wit h thre e inadequat e answer s t o thi s 
questio n tha t  poin t  th e wa y t o a  mor e acceptabl e one . 

I n brainstormer ' s ontology ,  a  goa l  conflic t  exist s i f 
tw o diff"eren t  agent s hol d incompatibl e goals ,  th e pursui t 
of  on e o f  whic h negativel y impact s th e other .  Her e w e 
can safel y assum e tha t  th e terrorist s ha d th e goa l  t o 
carr y ou t  a  terroris t  attac k an d tha t  carryin g ou t  th e 
attac k violate d goal s o f  othe r  agents :  goal s o f  peopl e 
injure d o r  kille d i n th e attack ,  fo r  example ,  an d als o 
brainstormer' s goa l  t o preven t  terrorism .  Therefore , 
variou s goa l  conflict s obtai n a s a  consequenc e o f  carryin g 
out  th e terroris t  attack . 

A first  attemp t  t o represen t  th e resul t  o f  adaptatio n 
migh t  involv e a  four-ste p causa l  chain :  a  religiou s figure 
incite d th e terrorist s t o carr y ou t  th e terroris t  attack , 
causin g th e attac k t o occur ,  whic h violate s a  goa l  o f 
someone else ,  thereb y producin g a  goa l  conflict .  Unfor -
tunately ,  thi s representatio n i s  mor e specifi c  tha n th e 
user  intend s b y th e advice ,  a s i t  assert s tha t  th e reli -
giou s figure  actuall y cause d th e terrorist s t o hav e th e 
goal  t o carr y ou t  th e attack .  W h a t  th e use r  reall y in -
tend s i s vaguer .  I n particular ,  th e religiou s figure  m a y 
hav e bee n causall y implicate d i n producin g th e terroris t 
attac k i n othe r  way s a s well :  b y facilitatin g it s execu -
tion ,  fo r  example ,  o r  b y helpin g t o ensur e tha t  it s result s 
woul d b e effective . 

A secon d possibilit y i s  t o represen t  th e advic e usin g 
a one-ste p causa l  chain :  th e religiou s figure  cause d a 
goal  conflic t  involvin g a  terroris t  attack .  Thi s represen -
tation ,  however ,  i s  to o general .  T h e outpu t  o f  adapta -
tio n i s suppose d t o explai n th e terroris t  attack ,  no t  th e 
goal  conflict .  T h e propose d representatio n woul d cove r 
a situatio n i n whic h a  religiou s figure  cause d someon e 
t o hav e th e goa l  t o preven t  th e terroris t  attack ;  whil e 
thi s m a y wel l  caus e a  goa l  conflic t  t o exis t  onc e th e ter -
roris t  attac k occurs ,  i t  i s  hardl y a n explanation  fo r  th e 
terroris t  attack . 

A thir d possibilit y  i s a  disjunctiv e representation :  lis t 
al l  o f  th e way s tha t  th e religiou s figure  coul d hav e helpe d 
th e goa l  conflic t  com e abou t  tha t  wer e als o causall y im -
plicate d i n producin g th e terroris t  attack ,  an d repre -
sen t  th e resul t  o f  adaptatio n a s th e assertio n tha t  th e 
religiou s figure  interfere d i n on e o f  thes e ways .  Whil e 
thi s approac h adequatel y capture s th e meanin g o f  th e 
advice ,  i t  i s  stil l  somewha t  unsatisfying .  Representin g 

a vagu e piec e o f  advic e b y cashin g ou t  al l  th e way s i t 
ca n b e m a d e mor e specific ,  whil e epistemologicall y  ade -
quate ,  i s  hardl y concis e o r  eas y t o reaso n with . 

A trul y satisfactor y approac h shoul d allo w u s t o rep -
resen t  th e intende d vagu e meanin g o f  th e advic e non -
disjunctively ,  b y creatin g a  first-class  objec t  t o repre -
sen t  "th e thin g tha t  th e religiou s figure  caused ,  leadin g 
t o th e terroris t  attac k an d th e goa l  conflict. "  Tha t  way , 
th e advic e ca n b e represente d an d reasone d abou t  di -
rectly ,  withou t  havin g t o enumerat e th e variou s way s i t 
coul d b e specialized . 

But  wha t  i n fac t  doe s th e advic e asser t  tha t  th e re -
ligiou s figure  caused ? T h e answer ,  w e believe ,  i s a n in -
stanc e o f  a  bran d ne w concept :  a n instanc e o f  th e clas s 
of  action s which ,  lik e th e terroris t  attack ,  ar e performe d 
intentionall y an d violat e a  goa l  o f  someon e else ,  thereb y 
signalin g a  goa l  conflict .  I n othe r  words ,  w e sugges t  tha t 
th e advic e assert s tha t  a  religiou s figure  cause d th e ter -
roris t  attac k unde r  a  ne w descriptio n i n term s o f  a  se t  o f 
recognitio n condition s o r  feature s fo r  plausibl y inferrin g 
a goa l  conflict . 

Mor e generally ,  a n importan t  par t  o f  usin g knowl -
edg e flexibly  i s  bein g abl e t o creat e an d reaso n wit h 
nove l  concepts .  Eve n i f  B R A I N S T O R M ER ha s neve r  be -
for e bee n aske d t o describ e a  terroris t  attac k i n term s 
of  goa l  conflict ,  i t  shoul d b e abl e t o d o s o i f  asked .  Thi s 
impose s ne w demand s o n ou r  representatio n language . 
M a ny knowledg e representatio n system s ar e incapabl e 
of  representin g ne w concept s o n th e fly.  Usually ,  al l 
possibl e concept s ar e hard-wire d int o a  typ e hierarch y 
i n advance ,  an d th e syste m ca n onl y categoriz e input s 
as bein g instance s o f  thes e fixed  concepts . 

B r a i n s t o r m e r ,  i n contrast ,  ca n dynamicall y ex -
ten d it s  bas e se t  o f  concept s b y th e mechanis m o f 
A-abstractio n [Sowa ,  1984] :  A(a)(representation s men -
tionin g a )  define s a  ne w concept ,  whos e instance s ar e 
al l  o f  th e a' s  tha t  satisf y th e condition s i n th e bod y 
of  th e lambda .  I n b ra ins to rmer ,  w e represen t  A -
abstraction s usin g th e notatio n o f  views ,  whic h en -
cod e relationship s betwee n incommensurat e representa -
tion s o f  a  singl e situation .  View s ar e instance s o f  A -
abstraction s tha t  permi t  on e concep t  t o b e redescribe d 
i n term s o f  recognitio n condition s fo r  another. ^ 

Figur e 4  show s ou r  preferre d representatio n o f  th e 
advic e afte r  i t  ha s bee n adapte d t o fit  th e planner' s 
query .  T h e pzurt-Hhole-vie w fram e i n th e figure  en -
code s a  redescriptio n o f  th e terrorist-attac k a s a n 
instanc e o f  th e dynamically-constructe d abstrac t  con -
cep t  A(a)( a i s a n intentiona l  actio n o f  som e agen t  tha t 
violate s a  goa l  o f  someon e else) .  Thi s ne w concep t  wa s 

^Actually ,  ther e ar e tw o kind s o f  views :  part-whol e view 3 
and whole-whol e views .  Onl y part-whol e view s creat e ne w 
concept s dynamically .  Whole-whol e views ,  i n contrast ,  ref -
erenc e onl y preexistin g concepts .  Fo r  example ,  a  terroris t 
attac k ca n als o b e redescribe d i n term s o f  th e preexistin g 
concep t  o f  illega l  actio n usin g a  whole-whol e view .  Whole -
whol e view s ar e simila r  i n spiri t  t o th e view s i n Jacob' s AC E 
syste m [Jacobs ,  1987] . 
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causal-explanatio n 
explaine d — 
part-shole-vie w "vie w 

sourc e terrorist-attac k -attac k 
acto r  grou p "terrorist s 

typical-el t  terroris t 
recog-cond s (caus e 

caus e achieve-goa l  »g l 
acto r  "terrorist s 
stat e -attac k 

cause d -attac k 
violates-goa l 

stat e -attac k 
goal  prevent-goa l  =g 2 

acto r  brainstorme r 
stat e terrorist-attack ) 

targe t  goal-conflic t 
actor l  -terrorist s 
actor 2 brainstorme r 
goal l  =g l 
goal 2 -g 2 

concep t  (gc-scheina 2 lhs3 ) 
causal s (caus e 

caus e actio n 
acto r  religious-figur e 

cause d -view ) 
Figure 4: The trace of redescription. 

buil t  ou t  o f  a  configuratio n o f  plausibl e recognitio n con -
dition s fo r  goa l  conflict s (determined ,  a s w e wil l  se e i n 
th e nex t  section ,  b y th e schem a gc-schema2) .  Th e fille r 
of  th e recog-cond s slo t  show s ho w thi s concep t  i s in -
stantiate d b y th e terroris t  attack :  th e terrorist s ha d 
th e goa l  t o carr y ou t  th e terroris t  attack ,  an d th e at -
tac k violate s brainstormer' s goa l  t o preven t  terror -
ism .  Th e sourc e slo t  store s th e terrorist-attac k 
prio r  t o redescription ,  whil e th e targe t  slo t  hold s 
th e goal-conflic t  tha t  follow s fro m th e instanti -
ate d recognitio n conditions .  Th e latte r  i s  th e origina l 
goal-conflic t  o f  th e advice ,  fleshe d ou t  t o includ e th e 
informatio n supplie d b y th e terroris t  attack . 

The petrt-whole-vie w i n ou r  exampl e reifie s "th e 
thin g th e religiou s figure  caused "  ci s a n instanc e o f  a 
new clas s o f  action ,  s o tha t  th e syste m ca n reaso n abou t 
i t  withou t  makin g an y definit e commitmen t  a s t o ho w 
th e religiou s figure  cause d it .  Thi s representatio n o f 
th e advic e compactl y encode s a n answe r  t o th e plan -
ner' s origina l  query ,  whic h BRAINSTORMER ca n us e t o 
continu e planning .  A s w e sa w above ,  th e onl y wa y tha t 
BRAINSTORMER coul d represen t  thi s somewha t  vagu e in -
formatio n withou t  th e benefi t  o f  view s i s i n term s o f  a 
clums y disjunctio n o f  al l  th e way s th e advic e migh t  b e 
more specific .  O f  course ,  th e syste m migh t  late r  wis h t o 
postulat e on e o r  mor e o f  thes e specialization s itself ;  i f  i t 
does ,  th e informatio n necessar y t o d o s o i s store d i n th e 
recog-cond s slo t  o f  th e view . 

Memory Organization for Redescription 

Now tha t  w e hav e specifie d th e result s w e wan t  fro m 
adaptation ,  w e demonstrat e a  memor y organizatio n tha t 

gc-schema 2 
Ihs l 

lh8 2 

lhs 3 

lhs 4 

Ihs S 

rh s 

goal  -goal l  ;  Someon e ha s a  goa l 
acto r  agen t  -actor l  ;  tha t  a n actio n occu r 
stat e actio n -ac t 

caus e -c s ;  whic h cause s th e 
caus e -goal l  ;  actio n t o occur . 
cause d -ac t 

actio n -ac t 
acto r  agen t 

violates-goa l  - v ;  Th e actio n violate s a 
stat e -ac t  ;  goa l  o f  someon e else . 
goal  =goal 2 

goal  -goal 2 
acto r  agen t  -actor 2 

goal-conflic t 
actor l  -actor l 
actor 2 -actor 2 
goal l  -goal l 
goal 2 =goal 2 

abductively-infe r  (-goal l  -cs ) 

Fig u re 5 :  A  viewin g schem a fo r  goa l  conflicts . 

allow s result s lik e thi s t o b e efficientl y computed .  Th e 
basi c tas k t o b e addresse d i s redescribin g specifi c  plan -
nin g situation s i n term s o f  abstrac t  concept s presen t 
i n advice .  A s w e hav e seen ,  thi s involve s bidirectiona l 
search ,  an d unfortunately ,  th e branchin g facto r  i s hig h 
i n bot h directions .  Therefore ,  neithe r  chainin g back -
ward s fro m th e advic e no r  forward s fro m th e plannin g 
situatio n look s attractive . 

One wa y t o achiev e greate r  efiicienc y woul d b e t o 
make th e abstrac t  concep t  wor k togethe r  wit h th e spe -
cifi c  plannin g situatio n t o guid e inference .  Thi s sug -
gest s th e followin g genera l  strateg y fo r  organizin g mem-
or y t o suppor t  redescriptio n inference :  creat e schema s 
fo r  resolvin g difi"erence s i n vocabular y an d inde x the m 
i n term s o f  th e endpoint s o f  th e inferenc e chain s the y 
hel p t o construct .  Searc h ca n the n tak e plac e i n a  muc h 
smalle r  spac e o f  way s t o instantiat e thes e schemas . 

We hav e followe d thi s approac h i n brainstormer . 
Associate d wit h eac h o f  brainstormer' s hard-wire d 
abstrac t  concept s suc h a s goa l  conflic t  ar e viewin g 
schemas ,  whic h ar e specia l  rule s fo r  inferrin g tha t  ab -
strac t  concept .  Th e antecedent s o f  thes e rule s ar e plau -
sibl e recognitio n condition s fo r  instance s o f  th e abstrac t 
concept ;  thei r  consequent s specif y ho w th e abstrac t  con -
cept  shoul d b e instantiated .  A  viewin g schem a tha t  ca n 
relat e th e terroris t  attac k t o th e goa l  conflic t  i s  show n 
i n figure  5 .  Th e Ih s slot s ar e th e schema' s antecedents , 
th e rh s slo t  it s  consequent .  Th e abductively-infe r 
slo t  i s  describe d below . 

Viewin g schema s ar e indexe d i n memor y i n mul -
tipl e ways ,  unde r  ever y conjunctio n o f  th e for m 
(concept ,  recoQi) ,  wher e concep t  i s th e concep t  tha t 
th e schem a infers ,  an d th e recog i  ar e component s o f 
th e schema' s recognitio n condition s whos e presenc e i s 
predictiv e o f  th e schema' s applicability .  Th e schem a 
shown i n figure  5 ,  fo r  example ,  i s  indexe d i n term s o f 
(goal-conflict,action) ,  (goal-conflict,goal) ,  an d 
(goal-conflict,violates-goal) . 
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T h e Redescr ip t io n Inferenc e Proces s 

Brainstormer' s memor y o f  viewin g schema a help s i( . 
t o adap t  abstrac t  advic e i t  receive s t o fit  querie s fro m 
th e planner :  wheneve r  th e syste m trie s t o matc h pair s 
of  incommensurat e concepts ,  i t  use s viewin g schema s 
t o efficientl y resolv e it s difficulty .  Fo r  example ,  w e sa w 
BRAINSTORMER attemp t  t o matc h a  goal-conllic t  i n 
advic e i t  i s  hande d t o a  terrorist-attac k i n a  query . 
These tw o concept s ar e incommensurate ,  s o BRAIN -
STORMER retrieve s al l  viewin g schema s indexe d i n term s 
of  them ,  o r  generalization s thereof . 

The system' s predefine d concept s ar e arrange d i n a 
typ e hierarchy ;  actio n dominate s terrorist-attac k 
i n th e hierarchy. ^  Therefore ,  th e syste m retrieve s 
gc-scheina2 ,  a s show n above ,  usin g (goal-conflict , 
terrorist-attack )  a s a n index .  Next ,  th e sys -
te m matche s th e goal-conflic t  i n th e advic e t o th e 
consequen t  o f  th e viewin g schem a an d matche s th e 
terrorist-attac k t o it s lhs 3 antecedent ,  the n at -
tempt s t o satisf y th e schema' s remainin g antecedents . 

BRAINSTORMER trie s t o matc h al l  o f  thes e an -
tecedent s t o existin g memor y representations ,  bu t  i s 
prepare d t o abductivel y infe r  som e o f  the m i f  necessary . 
First ,  th e syste m attempt s t o retriev e item s fro m mem-
or y tha t  satisf y th e antecedent s o f  th e viewin g schema . 
I n thi s example ,  i t  retrieve s it s ow n goa l  t o preven t  ter -
roris t  attacks .  Next ,  th e syste m trie s one-ste p backwar d 
chainin g t o satisf y th e remainin g antecedents .  Limit -
in g th e syste m t o one-ste p backwar d inferenc e i s some -
what  arbitrary ,  bu t  i t  ha s prove d sufficien t  fo r  ou r  needs , 
whil e puttin g a  har d limi t  o n th e adapter' s computation . 
Finally ,  i f  som e antecedent s ar e stil l  unsatisfied ,  the n th e 
syste m use s th e abductively-in f  e r  slo t  o f  th e viewin g 
schema t o determin e i f  i t  i s  reasonabl e t o abductivel y 
hypothesiz e them :  abductiv e inferenc e ca n procee d i f 
th e remainin g antecedent s ar e a  subse t  o f  th e filler  o f 
thi s slot .  (Se e figure  5. ) 

I f  al l  antecedent s o f  th e viewin g schem a ar e no w sat -
isfied ,  th e resultin g variabl e binding s ar e the n use d 
t o instantiat e th e schema' s consequent ,  whic h i s al -
read y boun d t o a  componen t  o f  th e advic e (here ,  th e 
goal-conflict) .  Finally ,  a  part-whole-vie w fram e i s 
buil t  fro m thi s instantiate d schema ,  a s show n earlie r  i n 
figure  4 ,  an d redescriptio n inferenc e i s complete . 

Matchin g antecedent s o f  a  viewin g schem a ca n re -
cursivel y trigge r  furthe r  redescriptio n inference .  I n th e 
curren t  example ,  th e lhs 3 recognitio n conditio n o f  th e 
viewin g schem a require s tha t  th e acto r  o f  th e actio n 
be o f  typ e agent .  Th e acto r  o f  th e terrorist-attack , 
however ,  i s  a  grou p o f  terrorists ,  an d group s ar e no t 
agents .  BRAINSTORMER is ,  however ,  capabl e o f  re -
describin g a  grou p o f  agent s a s a  composit e agen t  b y 
retrievin g an d applyin g a n appropriat e viewin g schema . 

The possibilit y  o f  recursiv e redescriptio n inferenc e 
means tha t  brainstormer' s matchin g algorith m i s ac -
tuall y a  kin d o f  means-end s analysi s proces s [Fike s an d 

( M A T CH ad v qry) : 
I F th e typ e label s o f  ad v an d qr y matc h 
THEN recursivel y MATCH correspondin g 

slo t  filler s o f  ad v an d qr y 
ELSE (REDESCRIBE ad v qry) . 

(REDESCRIBE adv qry): 
1.  Retriev e al l  viewin g schema s indexe d unde r 

(adv' ,  qry') ,  wher e adv '  an d qry '  ar e general -
ization s o f  ad v an d qr y i n th e typ e hierarch y 

2.  Unti l  successful ,  o r  n o mor e viewin g 
schemas ,  pic k a  viewin g schem a an d 
a.  MATCH ad v t o th e schema' s consequent ; 

MATCH qr y t o th e appropriat e antecedent . 
b.  Attemp t  t o satisf y th e othe r  antecedents : 

i .  Tr y memor y retrieval . 
ii .  Tr y one-ste p backwar d chaining . 
iii .  Tr y abductiv e inference . 

c.  I F al l  antecedent s ar e satisfie d 
THEM schem a applicatio n i s successful . 

Construc t  a n appropriat e vie w fram e 
as th e bindin g associate d wit h adv . 

Figure 6: Matching and the redescription process. 

^Two typ e label s ar e commensurat e i f  an d onl y i f  the y 
can b e relate d i n th e system' s typ e hierarchy . 

Nilsson ,  1971] ,  wher e th e difference s t o b e resolve d ar e 
incommensurat e typ e label s o n concept s bein g matched , 
and th e operator s fo r  resolvin g difference s ar e viewin g 
schemas .  Brainstorme r  ca n thu s engag e i n a  nontriv -
ia l  amoun t  o f  searc h i n attemptin g t o matc h tw o incom -
mensurat e items .  I t  i s  importan t  t o note ,  however ,  tha t 
thi s means-end s analysi s approac h i s considerabl y mor e 
efficien t  tha n an y obviou s forwar d o r  backwar d chain -
in g alternative ,  becaus e searc h i s muc h mor e tightl y 
focused .  Inferenc e i s onl y attempte d i f  a n importan t 
recognitio n conditio n o f  a  concep t  i s  alread y known ,  an d 
th e syste m alread y want s t o relat e thi s conditio n t o th e 
concept .  Figur e 6  sketche s brainstormer' s algorith m 
fo r  matchin g advic e t o queries . 

Discussion 

brainstormer' s tas k i s adaptin g abstrac t  case s t o fit 
plannin g specifi c  situations ;  w e hav e see n tha t  thi s re -
quire s bein g abl e t o dynamicall y categoriz e thes e situa -
tion s a s instance s o f  abstrac t  concepts .  Existin g repre -
sentatio n system s ar e generall y inadequat e t o thi s task . 
Lik e man y frame-base d representatio n systems ,  brain -
storme r  start s wit h a  fixed  se t  o f  bas e concept s ar -
range d i n a  taxonomi c hierarch y tha t  support s prop -
ert y inheritance .  Th e system' s representation s o f  plan -
nin g situation s an d advic e ar e initiall y  encode d a s in -
stance s o f  thes e concepts .  I n contras t  t o man y othe r  sys -
tems ,  however ,  th e redescriptio n proces s allow s BRAIN -
STORMER t o flexibly  an d dynamicall y redescrib e in -
stance s i n term s o f  othe r  concepts ,  thereb y categoriz -
in g the m i n ne w ways .  Brainstorme r  ca n categoriz e 
instance s bot h i n term s o f  othe r  bas e concept s an d i n 
term s o f  ne w concept s tha t  i t  dynamicall y construct s 
fro m recognitio n condition s fo r  othe r  concepts . 

Brainstormer' s redescriptio n mechanis m relate s t o 
thre e area s o f  pas t  wor k i n cognitiv e scienc e an d ar -

159 



tificia l  intelligence .  Firs t  ar e investigation s int o th e 
ide a o f  viewin g o r  redescriptio n inference ,  startin g wit h 
MERLIN [Moor e an d Newell ,  1973 ]  an d KR L [Bobro w 
and Winograd ,  1977 ]  i n th e 1970's ,  Mor e recently ,  Ja -
cob s ha s resurrecte d thes e idea s i n th e contex t  o f  nat -
ura l  languag e generatio n [Jacobs ,  1987] .  Hi s AC E sys -
te m redescribe s concept s wit h n o associate d generatio n 
metho d i n term s o f  othe r  concept s tha t  hav e one .  AC E 
canno t  creat e ne w concept s o n th e fly,  bu t  i t  woul d b e 
pointles s t o d o s o i n an y case ,  a s th e newl y create d con -
cept s woul d lac k generatio n methods .  Redescriptio n i n 
BRAINSTORMER,  i n contrast ,  i s  drive n b y th e nee d t o 
relat e abstrac t  advic e t o concret e situations .  W e hav e 
seen tha t  BRAINSTORMER need s t o introduc e ne w con -
cept s t o adequatel y expres s th e intende d meanin g o f  ab -
strac t  advic e ci s i t  applie s t o a  specifi c  situation . 

Our  researc h als o relate s t o pas t  wor k o n analogica l 
reasoning .  Fo r  example ,  recategorizin g a  terroris t  attac k 
i n term s o f  recognitio n condition s fo r  a  goa l  conflic t  ca n 
be though t  o f  a s answerin g th e questio n "i n wha t  wa y 
i s a  terroris t  attac k lik e a  goa l  conflict? "  Redescriptio n 
maps th e terroris t  attac k int o a  targe t  concep t  tha t  i s 
simultaneousl y (1 )  a n instanc e o f  a  coverin g clas s o f  in -
tentiona l  action s tha t  violat e goal s o f  other s an d (2 )  a 
set  o f  condition s sufficien t  fo r  inferrin g a  goa l  conflict . 
Thi s i s a  kin d o f  analogica l  reasoning .  Unlik e man y ex -
istin g systems ,  howeve r  (e.g. .  Centner' s structur e map -
pin g engin e [Falkenhaine r  e t  ai ,  1986]) ,  BRAINSTORMER 
does no t  depen d o n preexistin g structura l  o r  predicat e 
correspondence s betwee n bas e an d targe t  domains .  Al l 
tha t  i s  require d i s tha t  th e sourc e ca n b e extende d t o a 
set  o f  plausibl e recognitio n condition s fo r  th e target . 

Finally ,  ou r  wor k extend s earlie r  researc h o n cas e 
adaptatio n i n th e field  o f  case-base d reasoning .  I n 
particular ,  Kas s describe s hi s researc h o n AB E [Kass , 
1989]  a s extendin g script/fram e theor y t o handl e a  wide r 
rang e o f  inpu t  situations ;  similarly ,  w e ar e intereste d i n 
flexibly  relatin g pas t  case s t o ne w situations .  Brain -
stormer' s cases ,  however ,  ar e muc h mor e abstrac t  tha n 
abe's .  Consequently ,  a  principa l  concer n o f  BRAIN -
STORMER i s makin g abstrac t  description s mor e specific ; 
i n contrast ,  AB E spend s mos t  o f  it s  tim e tryin g t o re -
plac e component s o f  pas t  explanation s tha t  d o no t  ap -
pl y i n a  ne w situatio n wit h differen t  component s tha t 
do.  Therefore ,  whil e dynami c redescriptio n i s o f  centra l 
importanc e i n BRAINSTORMER,  i t  doe s no t  exis t  i n abe , 
and i f  i t  did ,  i t  woul d probabl y pla y a  periphera l  role . 

Conclusion 

I n thi s paper ,  w e hav e focuse d o n th e proble m o f  adapt -
in g abstrac t  knowledg e abou t  plannin g t o fit  specifi c 
plannin g situations .  W e hav e show n thi s t o entai l  re -
describin g aspect s o f  particula r  plannin g situation s i n 
term s o f  a  dynamically-constructe d abstrac t  concepts . 
We hav e presente d a  memor y organizatio n an d a  re -
descriptio n proces s tha t  efficientl y accomplishe s thi s 
task .  Ou r  redescriptio n proces s i s implemente d a s par t 
of  th e BRAINSTORMER system ,  a  planne r  tha t  take s ab -
strac t  advic e i n th e contex t  o f  ongoin g proble m solving . 
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