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A d a p t a t i o n S t r a t e g i e s fo r  C a s e - B a s e d P l a n R e c o g n i t i o n ' 

Ale x Kas s 
Th e Institut e fo r  th e Learnin g Science s 

Northwester n Universit y 
1890 Mapl e Avenue ,  Evanston ,  I L 6020 1 

A b s t r a c t 

Figuring out what plan another agent might be exe-
cutin g i s a n importan t  an d difficul t  typ e o f  explana -
tio n proble m whic h involve s a  specia l  typ e o f  knowl -
edge abou t  plan s an d goals .  Elsewhere ,  w e hav e dis -
cusse d a n approac h t o th e genera l  explanatio n prob -
le m tha t  involve s adaptin g store d explanation s t o ne w 
situations .  I n thi s paper ,  w e revie w tha t  discussio n 
ver y briefl y an d the n examin e th e specia l  issue s tha t 
aris e whe n applyin g tha t  approac h t o explainin g inten -
tiona l  actions ,  focusin g o n adaptatio n strategie s tha t 
ar e specificall y relevan t  t o pla n recognition . 

Introduction 

Makin g sens e o f  othe r  agents '  action s ca n b e hard .  Re -
constructin g th e chai n o f  reasonin g tha t  le d someon e t o 
believ e tha t  a n actio n migh t  servic e it s goal s i s comple x 
fo r  severa l  reasons :  (1 )  th e othe r  agent' s goed s m a y b e 
obscure ;  (2 )  th e se t  o f  goal s tha t  a  give n actio n migh t 
conceivabl y serv e ca n b e large ;  (3 )  th e chai n o f  reason -
in g neede d t o connec t  action s t o goal s ca n b e lon g an d 
complex ;  an d (4) ,  th e othe r  agent' s knowledg e m a y b e 
incomplet e o r  eve n incorrect . 

Plan-recognitio n i s a  typ e o f  explanatio n proble m i n 
whic h th e explanation s ar e cas t  i n term s o f  goal s an d 
intentiona l  actions .  Th e principa l  proble m i n design -
in g an y explanation-buildin g syste m i s ho w t o brin g 
th e system' s causa l  knowledg e t o bea r  o n a  proble m 
so tha t  i t  ca n efficientl y infe r  a n unsee n caus e o f  ob -
serve d events .  I n [Kas s e t  ai ,  1986 ,  Kass ,  1990a , 
Kass ,  1990b ]  w e hav e discusse d a n approac h t o th e 
explanatio n proble m tha t  involve s adaptin g store d ex -
planation s t o ne w situations .  I n thi s pape r  w e revie w 
tha t  discussio n an d the n examin e th e specia l  issue s tha t 
aris e whe n applyin g tha t  approac h t o explainin g inten -
tiona l  actions ,  focussin g o n adaptatio n strategie s tha t 
ar e specificall y relevan t  t o pla n recognition . 

Previous approaches 

Approache s t o pla n recognitio n hav e essentiall y  falle n 
int o tw o categories .  Th e first  approac h wa s t o chai n 

*Thi s wor k wa s supporte d i n par t  b y th e Defens e Ad -
vance d Researc h Project s Agenc y an d monitore d b y th e Ai r 
Forc e Offic e fo r  Scientifi c  Researc h unde r  contrac t  numbe r 
F49620-88-C-0058 .  Th e Institut e fo r  th e Learnin g Science s 
was establishe d i n 198 9 wit h th e suppor t  o f  Anderse n Con -
sulting ,  par t  o f  Th e Arthu r  Anderse n Worldwid e Organiza -
tion . 

inference s togethe r  o n th e fly,  i n respons e t o eac h ne w 
problem .  Example s o f  thi s approac h includ e [Rieger , 
1975 ]  an d [Wilensky ,  1978] .  Researcher s w h o tak e thi s 
approac h ar e le d t o concentrat e o n method s o f  con -
troUin g th e combinatoria l  explosio n inheren t  i n th e 
inference-chainin g process .  Paralle l  method s o f  rul e ac -
tivation ,  bi-directiona l  search ,  an d applicatio n o f  eithe r 
domain-dependen t  o r  abstract ,  themati c search-contro l 
knowledg e ar e amon g thei r  importan t  methods . 

Ther e i s anothe r  schoo l  o f  researc h tha t  seek s t o vie w 
th e entir e explanatio n proces s a s a n indexin g prob -
lem .  Thes e researcher s postulat e th e existenc e o f  ready -
made knowledg e schemes ,  suc h a s script s o r  frame s 
([Schan k an d Abelson ,  1977] ,  [CulHngford ,  1978] ,  [Min -
sky ,  1975] ,  [Charniak ,  1977] )  tha t  wil l  provid e al l  o f 
th e prope r  inferences ,  i f  onl y th e righ t  structur e ca n 
be foun d i n memory .  Thi s i s th e "retriev e an d apply " 
schoo l  o f  explanatio n construction .  It s concern s revolv e 
aroun d ho w thes e knowledg e structure s ar e represented , 
an d especiall y ho w the y ar e organize d i n m e m o r y s o 
tha t  th e righ t  on e ca n b e foun d a t  th e righ t  time . 

Bot h approache s hav e cripplin g limitations .  Th e 
script-applicatio n approac h originall y aros e ou t  o f  th e 
realizatio n tha t  th e "chainin g -I -  control "  metho d wa s 
ignorin g issue s o f  memory .  Rule-chainin g system s trea t 
eac h experienc e a s completel y novel ,  doomin g the m 
t o perfor m expensiv e analyse s ever y tim e the y recog -
nize d a  ne w instanc e o f  a  pleui .  However ,  th e script -
applicatio n approac h ca n onl y b e employe d whe n m e m-
or y contain s a  scrip t  tha t  precisel y matche s th e pla n t o 
be recognized .  I n orde r  fo r  th e matchin g proces s it -
sel f  t o b e relativel y inference-free ,  i t  i s  importan t  tha t 
th e expectation s represente d i n a  scrip t  b e a t  a  ver y 
specifi c  level .  Thi s mean s tha t  a  "retriev e an d apply " 
syste m i s stymie d whe n confronte d wit h situation s tha t 
stra y eve n slightl y fro m it s  specifi c  expectations .  I n 
short ,  "chainin g -| -  control "  i s a  wea k approac h becaus e 
i t  know s nothin g o f  stereotypes ,  an d "retriev e an d ap -
ply "  i s  limite d becaus e i t  know s onl y it s  stereotypes . 
What' s neede d i s a  syste m tha t  know s stereotypes ,  bu t 
als o know s ho w t o g o beyon d the m whe n necessary . 

Adaptation-based Explanation 

It is possible to build a system that enjoys both the ef-
ficiency  benefit s o f  employin g store d knowledg e struc -
ture s an d th e flexibiUty  t o handl e nove l  inpu t  b y ex -
tendin g script/fram e theor y i n th e followin g ways : 
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•  Augmentin g th e knowledg e structure s store d i n mem-
ory ,  s o tha t  i n additio n t o representin g specifi c  expec -
tation s t o b e matched ,  eac h structur e als o include s a 
representatio n o f  th e causa l  inference s tha t  underU e 
thos e specifi c  expectations . 

•  Buildin g int o th e syste m strategie s tha t  mak e us e 
of  thi s caus2 d annotatio n t o adap t  th e structure s i t 
retrieve s whe n the y don' t  precisel y matc h th e pla n 
bein g recognized . 

I n thi s augmente d theory ,  script s evolv e int o vari -
ablize d explanation s (calle d Explanatio n Patterns ,  o r 
XPs fo r  short) ,  an d "retriev e an d apply "  evolve s int o 
"retrieve ,  evaluate ,  adapt ,  apply" .  Thi s i s essentiall y 
an applicatio n o f  th e case-base d methodolog y applie d 
t o constructin g explanations .  (Fo r  a  discussio n o f  XP s 
see [Schank ,  1986] ,  [Kass ,  1986] ,  an d [Leak e an d Owens , 
1986] .  Fo r  example s o f  som e previou s wor k relevan t  t o 
case-bjise d reasonin g see ,  [Kolodne r  e t  ai ,  1985] ,  [Simp -
son ,  1985] ,  [Hammond ,  1986] ,  an d [Sycara ,  1987]) .  Th e 
syste m use s it s pre-store d stereotype s a s a  startin g 
point ,  bu t  whe n i t  determine s tha t  it s stereotype d ex -
planation s don' t  quit e fit  a  ne w sitution ,  i t  ca n lear n a 
new variatio n o n on e o f  thos e explanations ,  which ,  i n 
additio n t o enablin g i t  t o understan d th e curren t  input , 
can b e store d i n memor y t o hel p proces s futur e inputs . 

A BE (Adaptation-Base d Explainer )  [Kass ,  1990b ] 
i s a n implementatio n o f  thi s theor y tha t  ca n develo p 
explanation s o f  unexpecte d death s an d disaster s b y 
adaptin g XP s store d i n it s memor y t o ne w contexts . 
For  instance ,  A B E ca n adap t  a n explanatio n o f  a  hu -
man dyin g fro m th e exertio n o f  recreationa l  joggin g t o 
explai n th e deat h o f  a  famou s racehorse ,  o r  i t  ca n ex -
plai n deat h o f  a  sta r  athlet e b y adaptin g a n explanatio n 
of  wh y roc k star s di e o f  dru g overdoses . 

A BE employ s a  librar y o f  XP s containin g th e ex -
planation s tha t  th e syste m ha s generate d t o solv e pas t 
problems ,  a s wel l  a s a  se t  o f  pattern s tha t  i s hand-code d 
int o it .  A B E ha s a  numbe r  o f  built-i n XP s abou t  death , 
some volitional ,  other s non-volitional .  Fo r  instance , 
A BE know s explanation s o f  deat h involvin g dru g over -
doses ,  overexertion ,  an d terrorism .  I n additio n t o it s 
X P library ,  A B E contain s a  larg e knowledge-bas e o f 
specifi c  fact s an d causa l  rules ,  an d a  semanti c hierar -
chy fo r  object s an d actions . 

The cor e o f  A B E i s it s librar y o f  tweakin g strate -
gies .  Eac h strateg y encode s a n algorith m fo r  makin g 
a smal l  chang e t o a n X P i n respons e t o a  specifi c  mis -
matc h betwee n th e X P an d a  particula r  anomaly .  Ther e 
ar e thre e mai n categorie s o f  tweakin g strategies :  Thos e 
whic h replac e slo t  fillers  wit h causa l  equivalents ,  thos e 
whic h generaliz e over-specifi c  explanations ,  an d thos e 
whic h elaborat e incomplet e explanations .  Tweak s ar e 
more genera l  tha n domain-specifi c  heuristics ,  bu t  the y 
ar e quit e knowledge-based .  Eac h twea k know s ho w 
t o searc h th e system' s semanti c memor y fo r  domain -
specifi c  knowledge ,  an d t o us e tha t  knowledg e t o pro -
duc e a  slightl y altere d variatio n o f  a  give n X P Thus , 
tweakin g strategie s relevan t  t o pla n recognitio n d o no t 

encod e knowledg e tha t  i s  specifi c  t o an y particula r  plan -
nin g domai n (tha t  knowledg e i s encode d i n th e knowl -
edge base) .  However ,  the y d o encod e genera l  knowledg e 
abou t  planning ,  abou t  wha t  ca n mak e a  plan-base d ex -
planatio n mor e plausible ,  an d abou t  ho w plan-relate d 
knowledg e ca n b e foun d i n th e knowledg e base .  Sinc e 
explanation s involvin g intentiona l  action s involv e spe -

cia l  type s o f  belief s an d rules ,  i t  i s usefu l  fo r  a  syste m t o 
emplo y specia l  memory-searc h an d inferenc e technique s 
when modifyin g thes e explanations .  Th e remainde r  o f 
thi s pape r  wil l  b e devote d t o illustratin g thes e tech -
nique s throug h a  discussio n o f  thre e suc h strategies . 

Three plan recognition strategies 

Explanation s tha t  involv e volitiona l  action s onl y mak e 
sens e i f  th e agent s involve d coul d reasonabl y b e imag -
ine d t o hav e performe d eac h o f  th e action s tha t  th e ex -
planatio n hypothesize s the y performed .  I n othe r  words , 
evaluatin g whethe r  suc h a n explanatio n make s sens e in -
volve s simulatin g th e variou s agents '  decision-makin g 
processes .  Thi s require s som e specialize d knowledg e 
abou t  motivatio n an d decision-making .  Th e simpl e 
utilitaria n mode l  o f  decision-makin g whic h underlie s 
al l  thre e o f  th e strategie s describe d her e i s tha t  a n 
agent  weigh s th e positiv e effect s o f  a  prospectiv e actio n 
agains t  th e negativ e efi'ects ,  an d the n decide s whethe r 
t o perfor m th e actio n base d o n whethe r  th e positiv e 
outweigh s th e negative .  Thes e weightin g function s ar e 
ver y subjective ,  o f  course ,  s o tha t  i n orde r  t o accep t 
th e hypothesi s tha t  a  give n agen t  migh t  hav e carrie d 
out  a  particula r  plan ,  a n evaluato r  mus t  attemp t  t o 
understan d th e situatio n fro m th e othe r  agent' s poin t 
of  view .  Th e syste m mus t  simulat e th e agent' s abilit y 
t o projec t  th e eflfect s o f  th e action ,  the n i t  mus t  decid e 
whethe r  th e actio n woul d b e wort h performin g fro m th e 
agent' s poin t  o f  vie w b y summin g th e projecte d positiv e 
and projecte d negativ e efl!"ect s an d seein g whethe r  th e 
gran d tota l  i s  positiv e o r  negative .  Whe n th e system' s 
simulatio n o f  th e agen t  predict s tha t  th e agen t  woul d 
giv e a  negativ e scor e t o a n actio n whic h explanatio n 
claim s th e agen t  performed ,  th e explanatio n wil l  no t 
be acceptable .  Buildin g a n acceptabl e varian t  o n suc h 
an explanatio n involve s accountin g fo r  th e discrepancy . 

Let' s conside r  thi s i n term s o f  a n exampl e story ,  an d 
how explanation s ca n b e adapte d t o provid e a n expla -
natio n o f  th e story . 

• The Suicide Bomber Story 

A teenag e gir l  explode d a  ca r  bom b a t  a  join t  pos t 
of  Israel i  troop s an d pro-Israe h militiame n i n south -
er n Lebanon .  Th e bombe r  an d a  numbe r  o f  Israel i 
soldier s wer e kille d b y th e blast. ^ 

ABE knows a standard TERRORIST BOMBING XP, 
whic h essentiall y  state s tha t  peopl e wh o fee l  oppresse d 
wil l  sometime s explod e bomb s i n th e vicinit y o f  thos e 

'Se e [Ram ,  1989 ]  fo r  a n in-dept h discussio n o f  man y is -
sues relate d t o understandin g thi s story . 
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who the y conside r  th e oppressor .  Applyin g tha t  X P 
t o thi s stor y yield s a  plausibl e reaso n wh y th e bombe r 
kille d he r  victinis .  Bu t  tha t  explanatio n ha s a  majo r  in -
adequac y whe n applie d t o thi s particula r  story ;  th e fac t 
tha t  th e bombe r  di d somethin g whic h resulte d i n he r 
own death ,  whic h i s a  centra l  par t  o f  th e anomal y raise d 
by thi s i s no t  addresse d b y th e X P .  I n othe r  words ,  th e 
standar d T E R R O R I ST B O M B I N G X P i s inadequat e be -
caus e th e negativ e sid e effect s o f  th e actio n see m t o 
outweig h th e benefits . 

The T E R R O R I ST B O M B I N G X P i s clearl y a  reason -
abl e startin g poin t  fo r  understandin g thi s stor y eve n 
thoug h i t  doe s no t  explai n th e entir e anomaly .  I t  woul d 
be a  mistak e t o ignor e th e X P entirely .  Bu t  i n or -
der  t o produc e a n explanatio n whic h adequatel y cov -
er s thi s stor y th e T E R R O R I ST B O M B I N G X P mus t  b e 
amended wit h sub-explanation s tha t  explai n wh y th e 
bomber  migh t  hav e decide d tha t  objective(s )  achieve d 
outweighe d th e negativ e side-effects . 

A BE know s severa l  strategie s fo r  elaboratin g it s ex -
planation s i n case s lik e this .  Eac h strateg y encode s a 
metho d o f  producin g a  reaso n tha t  th e system' s sim -
ulatio n o f  th e agent' s pla n evaluato r  migh t  hav e bee n 
inadequate .  Eac h ca n b e conceptualize d a s a n algo -
rith m fo r  askin g — an d answerin g — a  specifi c  ques -
tio n abou t  th e explanation .  Suc h strategie s d o inferenc e 
chaining ,  whic h ca n potentiall y  b e expensive .  However , 
sinc e the y onl y ad d smal l  section s t o otherwis e precon -
structe d explanations ,  th e expens e i s muc h les s tha n 
chainin g togethe r  entir e explanation s fro m scratch . 

I n th e section s tha t  follow ,  w e describ e thre e plan -
recognition-relate d adaptatio n strategie s i n term s o f  th e 
genera l  questio n tha t  eac h strateg y asks ,  example s o f 
ho w tha t  questio n i s instantiate d t o buil d variation s o n 
th e T E R R O R I ST B O M B I N G X P tha t  accoun t  fo r  th e 
SUICID E B O M B ER S T O R Y,  an d som e o f  th e detail s o f 
th e memory-searc h an d inferenc e algorithm s th e strat -
egy use s t o answe r  tha t  question . 

Elaborate motivation : Downplay negative 

Underlyin g question :  T W E AK 1  involve s asking , 
" W h y w o u l d th e negativ e effect s o f  th e actio n 
b e particularl y un impor tan t  t o th e agent? " 

E x a m p l e :  T W E AK 1  searche s fo r  rule s tha t  indicat e 
reason s wh y on e o f  th e ba d side-effect s o f  a  problem -
ati c actio n migh t  hav e bee n give n les s weigh t  b y th e 
agen t  tha n th e evaluato r  woul d hav e expected .  I n th e 
suicide-bombin g example ,  dyin g migh t  hav e bee n les s 
importan t  t o th e suicid e bombe r  i f  sh e wer e convince d 
tha t  sh e kne w sh e woul d di e soo n anyway ,  o r  i f  sh e 
wer e depresse d enoug h t o hav e decide d tha t  i t  wasn' t 
particularl y importan t  t o g o o n living . 

Discussion :  Th e system' s knowledg e bas e contai n 
a se t  o f  inferenc e rule s calle d value-syste m adjustmen t 
rules .  Thes e rule s indicat e way s i n whic h th e desir -
abilit y  o f  certai n state s ca n becom e raise d o r  lowere d 
fo r  a  particula r  individual .  Th e subcategor y o f  value -
syste m adjustmen t  rule s use d b y thi s strateg y ar e thos e 

concerne d wit h reason s tha t  th e importanc e o f  a  preser -
vatio n goa l  ca n becom e reduced .  The y ar e calle d goal -
stat e valu e decreasers ,  an d hav e th e followin g form : 
•  Genera l  f o r m o f  a  goal-stat e valu e decreaser : 

Preservin g goa l  G ,  wil l  decreas e i n importanc e fo r 
agen t  A  i f  fac t  F  i s tru e o f  A . 

Example s o f  goal-stat e value-decrease r  rules : 

1.  Th e goa l  o f  livin g i n a  neighborhoo d wit h a  goo d 
schoo l  syste m wil l  becom e les s importan t  t o A  whe n 
A' s childre n ge t  beyon d schoo l  age . 

2.  Th e goa l  o f  stayin g aliv e m a y becom e les s importan t 
t o A  i f  A  ha s a  chronic ,  painfu l  illness . 

3.  Th e goa l  o f  stayin g aliv e m a y becom e les s importan t 
t o A  i f  A  i s deepl y depressed . 

Goal-stat e valu e decreaser s ar e use d b y T W E A K 1  t o 
buil d a  causa l  chai n linkin g a  stat e tha t  th e agen t  i s 
in ,  t o a  reaso n wh y h e migh t  no t  hav e attache d muc h 
importanc e t o th e projecte d negativ e effect .  Fo r  eac h 
of  th e projecte d negativ e sid e effect s o f  th e problemati c 
action ,  th e syste m collect s th e value-decreaser s relevan t 
t o tha t  event-type .  I t  the n trie s usin g thes e rule s t o 
construc t  a  causa l  chai n linkin g a  fac t  abou t  th e agen t 
t o a  reaso n h e migh t  valu e th e negativ e sid e effec t  les s 
tha n th e evaluato r  originall y predicted . 

W h en tryin g t o proces s th e suicid e bombin g story , 
th e syste m woul d retriev e rule s 2  an d 3 ,  an d attemp t 
t o infe r  tha t  th e agen t  wa s depresse d o r  terminall y ill . 

Inferenc e a n d m e m o r y search :  Ther e ar e tw o 
component s t o th e tas k o f  buildin g th e causa l  chai n 
mentione d above .  Th e first  i s  t o retriev e relevan t  value -
decrease r  rules ,  an d th e secon d i s t o buil d th e inferenc e 
chai n necessar y t o satisf y th e anteceden t  portio n o f  th e 
rules .  Recal l  tha t  eac h o f  th e rule s ha s thre e slots ,  G , 
A,  an d F ,  correspondin g t o th e goa l  whos e valu e i s de -
crease d b y th e rule ,  th e agen t  fo r  w h o m i t  i s  decreased , 
and th e fac t  whic h mus t  b e tru e abou t  th e agen t  i n or -
der  t o pu t  th e rul e int o effect .  Retrievin g rule s whic h 
m ay b e applicabl e involve s finding  al l  th e rule s whos e 
G slo t  ca n b e filled  b y an y o f  th e even t  type s tha t  an y 
of  th e negativ e sid e effect s o f  th e actio n fal l  into . 

Th e step s followe d i n th e attemp t  t o buil d thi s chai n 
ar e a s follows : 

1.  Th e first  ste p i n th e proces s i s t o collec t  al l  th e neg -
ativ e side-effect s o f  th e action . 

2.  Thes e event s ar e use d t o retriev e goal-stat e value -
decreasin g rules .  Even t  categorie s al l  hav e link s t o 
rule s whic h cal l  fo r  event s o f  tha t  categor y t o fill  thei r 
G slots .  (Fo r  example ,  th e even t  category ,  M-DI E ha s 
link s pointin g t o rule s lik e 2  an d 3  above) . 

3.  I f  an y appropriat e rule s ar e found ,  th e syste m the n 
check s t o se e i f  th e fac t  whic h fills  th e F  slo t  i s  know n 
t o b e tru e o f  th e agen t  i n question .  Thi s mean s check -
in g t o se e i f  th e knowledge-bas e explicitl y  state s tha t 
thi s fac t  i s  tru e o f  th e agen t  himself ,  o r  o f  a  cate -
gor y whic h th e agen t  i s in .  I f  n o suc h fac t  i s  re -
trieved ,  a  limite d amoun t  o f  bi-directiona l  inferenc e 
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i s  performe d t o tr y t o infe r  tha t  F  i s tru e of-4 .  Th e 
syste m forwar d chain s fro m th e fact s whic h ar e ex -
plicitl y  state d abou t  A ,  an d backwar d chain s fro m 
rule s whic h woul d impl y F ,  attemptin g t o find  a n 
intersectio n betwee n th e tw o chains .  Th e amoun t  o f 
chainin g i s a n adjustabl e paramete r  se t  b y th e syste m 
at  large . 

Elaborate motivation : Amplify positive 

Underlyin g question :  T W E AK 2  involve s asking , 
" W h y woul d th e positiv e effect s o f  th e anoma -
lou s actio n b e particularl y importan t  t o th e 
agen t  involved? " 

Example :  T W E AK 2  i s lik e T W E AK 1  i n tha t  i t  als o 
look s fo r  value-syste m adjustmen t  rule s whic h migh t  b e 
relevan t  t o th e stor y a t  hand ,  bu t  T W E AK 2  look s fo r 
a differen t  kin d o f  rule .  Whil e T W E AK 1  look s fo r  a 
rul e indicatin g wh y a  ba d sid e coul d hav e bee n les s 
importan t  tha n normall y expected ,  T W E AK 2  assume s 
tha t  th e negativ e sid e effect s hav e thei r  norma l  value , 
and instea d searche s fo r  a  reaso n t o believ e tha t  on e 
of  th e positiv e effect s migh t  hav e bee n mor e importan t 
tha n expected . 

For  example ,  th e TERRORIST B O M B I NG X P coul d 
be mad e suitabl e t o th e suicid e bombin g stor y i f  i t  wer e 
elaborate d t o includ e a  sub-explanatio n tha t  showe d 
why th e deat h o f  th e Israe U soldier s wa s especiall y im -
portan t  t o th e bomber ;  s o importan t  tha t  i t  outweighe d 
th e negativ e effec t  o f  th e bomber' s ow n death .  Fo r  in -
stance ,  sinc e th e syste m know s tha t  th e importanc e o f 
killin g a n enem y wil l  increas e fo r  a n agen t  i f  th e enem y 
kill s  a  member  o f  th e agent' s famil y o r  on e o f  hi s clos e 
friends ,  an d i t  know s tha t  man y Palestinian s hav e ha d 
famil y an d friend s kille d b y Israel i  soldiers ,  i t  coul d hy -
pothesiz e tha t  on e o f  th e soldier s migh t  hav e kille d a 
frien d o r  faunil y member  o f  th e bomber . 

Discussion :  I t  i s  importan t  t o recogniz e tha t  th e 
mai n focu s o f  thi s strateg y i s no t  t o identif y a  positiv e 
effec t  o f  th e actio n whic h th e evaluato r  didn' t  originall y 
projec t  ( A B E ha s anothe r  strateg y — no t  describe d i n 
thi s pape r  — whic h doe s that) .  Th e mai n ide a be -
hin d T W E AK 2  i s t o isolat e on e o f  th e positiv e effect s 
whic h th e origina l  explanatio n projects ,  an d t o propos e 
a previously-overlooke d reaso n wh y th e agen t  involve d 
migh t  hav e place d mor e importanc e tha n expecte d o n 
tha t  positiv e effect ;  i n othe r  words ,  thi s strateg y work s 
by proposin g tha t  a n agen t  employe d a  differen t  valu e 
syste m tha n expected ,  rathe r  tha n proposin g tha t  h e 
had differen t  expectations . 

The rule s use d t o sugges t  a n increas e i n ho w muc h 
importanc e a n agen t  wil l  plac e o n a  certai n outcom e 
ar e calle d goal-stat e valu e increasers .  The y hav e th e 

followin g form : 
•  Genera l  for m o f  a  goal-stat e valu e increasers : 

Achievin g goci l  G  wil l  increas e i n importanc e fo r 
agen t  A  i f  fac t  F  i s tru e o f  A . 

Some example s o f  value-syste m modificatio n rule s o f 
thi s typ e are : 

1.  Th e goa l  o f  acquirin g alcoho l  wil l  increas e i n impor -
tanc e fo r  y l  i f  i 4 i s a n alcoholic . 

2. The goal of living in a safe neighborhood will increase 
i n importanc e fo r  A  i f  A  ha s children . 

3.  Th e goa l  o f  killin g a  militar y enem y wil l  increas e i n 
importanc e fo r  A  i f  th e enem y directl y harm s some -
one clos e t o A . 

TWEAK 2 uses goal-state value increasers in a man-
ner  ver y similai r  t o th e wa y i n whic h T W E AK 1  use s 
th e valu e decreasers ;  th e rule s guid e th e strateg y i n it s 
searc h fo r  a  causa J connectio n betwee n th e problem -
ati c actio n an d a  stat e whic h th e agen t  migh t  hav e ha d 
an exceptionall y stron g desir e t o achieve .  T W E AK 2 
examine s th e state s whic h typicall y resul t  fro m th e ac -
tio n an d the n searche s fo r  a  goal-stat e valu e increase r 
whic h admit s on e o f  thos e state s i n it s  G  slo t  an d whos e 
F slo t  matche s a  fac t  tru e abou t  th e agent . 

I t  i s  importan t  t o emphasiz e tha t  th e syste m doe s 
not  attemp t  t o forese e ever y conceivabl e effec t  o f  th e 
action .  Thi s woul d b e to o har d (th e combinatoria l  ex -
plosio n whic h result s fro m considerin g th e effects ,  an d 
the n th e effect s o f  th e effects ,  an d s o o n woul d quickl y 
overwhelm  th e system) ;  i t  woul d als o b e inappropriat e 
becaus e th e ide a i s t o simulat e th e agent' s thinking ,  an d 
th e agen t  canno t  b e expecte d t o hav e though t  throug h 
ever y possibl e implicatio n o f  hi s action s either .  Th e se t 
searche d i s a  smalle r  one :  thos e indexe d a s stereotypi -
cal  effect s o f  th e action ,  an d thos e whic h ar e mentione d 
as effect s o f  th e actio n b y eithe r  th e X P o r  th e curren t 
story . 

Wit h regar d t o th e suicid e bombe r  example ,  th e sys -
te m woul d examin e th e effect s o f  th e bombing ,  principa l 
among thes e bein g th e death s i t  caused .  I t  woul d the n 
retriev e th e thir d o f  th e abov e rules .  Nex t  i t  woul d tr y 
t o determin e i f  th e soldier s migh t  hav e kille d anyon e 
clos e t o th e bomber .  Sinc e i t  doesn' t  kno w anythin g 
directl y abou t  th e bombe r  herself ,  i t  woul d examin e 
what  i t  kne w abou t  categorie s th e bombe r  i s  in .  Sinc e 
th e bombe r  i s a  Palestinian ,  an d th e syste m know s tha t 
many Palestinian s hav e ha d friend s an d faunil y kille d b y 
Israe h soldiers ,  i t  woul d construc t  th e hypothesi s tha t 
perhap s th e bombe r  ha d ha d someon e clos e t o he r  kille d 
by th e Israel i  soldiers ,  an d tha t  becaus e o f  this ,  th e 
valu e o f  killin g th e soldier s ha d becom e elevate d abov e 
th e counter-balancin g desir e t o kee p hersel f  alive . 

Inferenc e an d m e m o r y search :  Th e followin g 
outhne s ho w thes e rule s ca n b e pu t  t o us e b y th e 
adapte r  t o buil d th e sub-explanation s needed .  Mos t 
of  th e inferenc e algorith m i s quit e analogou s t o th e 
one use d b y T W E AK 1 ;  th e mau n difference s ar e tha t 
T W E AK 2  use s positiv e effect s an d valu e increaser s 
wher e T W E AK 1  use s negativ e effect s an d valu e de -
creasers .  Ther e i s on e significan t  additio n t o th e algo -
rithm ;  i f  th e explicitly-mentione d positiv e effect s don' t 
inde x an y usefu l  value-increasers ,  th e strateg y add s a n 
extr a step ,  i n whic h inferenc e i s performe d t o determin e 

implication s o f  th e positiv e effect s whic h ar e explicitl y 
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mentione d b y th e XP ,  i n orde r  t o se e i f  th e implication s 
Unk t o an y goal-stat e valu e increasers . 

1.  Th e proces s begin s b y collectin g th e event s whic h th e 
origina l  X P mention s a s causa l  consequence s o f  th e 
problemati c action .  Thes e event s serv e a s th e first 
candidate s i n th e searc h fo r  a n even t  whic h ma y hav e 
had specia l  importanc e t o th e agent . 

2.  Th e syste m the n use s thes e candidat e event s col -
lecte d a s indexe s int o th e librar y o f  goal-stat e valu e 
increasin g rules ,  t o se e i f  ther e an y rule s i n th e knowl -
edge bas e whic h cal l  fo r  th e collecte d even t  t o fill  th e 
G slot . 

3.  I f  an y appropriat e rule s ar e found ,  th e syste m the n 
check s t o se e i f  th e fac t  whic h fills  th e F  slo t  i s 
tru e o f  th e particula r  agen t  involve d i n thi s situation . 
Thi s involve s checkin g i f  th e knowledge-bas e explic -
itl y  state s tha t  thi s fac t  i s  tru e o f  th e agen t  himself , 
or  o f  a  categor y whic h th e agen t  i s  in .  I f  tha t  doesn' t 
pan out ,  a  limite d amoun t  o f  forwar d chainin g fro m 
th e fact s whic h ar e tru e o f  th e categorie s th e agen t 
i s i n i s don e t o se e i f  F  ca n b e inferre d t o b e tru e 
abou t  th e agen t  (th e amoun t  o f  forwar d chainin g i s 
one o f  th e adjustabl e parameter s se t  b y th e syste m 
at  large) . 

4.  I f  an y o f  th e event s collecte d i n ste p 1  inde x a  rul e 
whic h ca n b e connecte d u p t o a  categor y whic h th e 
agent  i s a  member  of ,  the n a  ne w variatio n o n th e 
XP i s built ,  incorporatin g thi s ne w causa l  chain .  I f 
no suc h chai n ca n b e buil t  the n a  ste p o f  forwar d 
chainin g fro m th e event s mentione d i n th e X P i s per -
formed ,  t o for m a  ne w se t  o f  event s t o us e a s can -
didates ,  an d th e proces s goe s bac k t o ste p 2  t o loo k 
fo r  relevan t  rule s again .  I n othe r  words ,  i f  th e im -
mediat e effect s o f  th e actio n don' t  yiel d an y results , 
the n th e effect s o f  thos e effect s ar e tried .  Th e loo p 
continue s unti l  th e forward-chainin g limi t  i s  met ,  o r 
unti l  a  reasonabl e chai n i s found . 

Elaborate motivation : Identify gap 

Underlyin g question :  T W E AK 3  involve s asking , 
"Whic h negativ e effec t  o f  hi s decisio n migh t  th e 
agen t  no t  hav e k n o w n about ,  an d w h y ? " 

Example :  Thi s strateg y ca n b e applie d t o suicid e 
bombin g exampl e t o giv e a  differen t  sor t  o f  answe r 
tha n tha t  give n b y th e previou s tw o strategies .  In -
stea d o f  lookin g fo r  reason s wh y sh e woul d no t  hav e 
care d abou t  dyin g (a s T W E AK 1  does )  o r  reason s wh y 
she woul d hav e bee n especiall y anxiou s t o kil l  th e Israel i 
soldier s (a s T W E AK 2  does) ,  T W E AK 3  woul d elaborat e 
th e TERRORIST B O M B I NG X P b y identifyin g possibl e 
reason s tha t  th e bombe r  woul d hav e faile d t o predic t 
one o f  th e negativ e effect s o f  th e action ,  an d therefor e 
wouldn' t  hav e brough t  it s  negativ e valu e int o th e equa -
tio n a t  all .  Fo r  instance ,  b y usin g thi s strateg y th e 
syste m coul d hypothesiz e tha t  perhap s th e bombe r  di d 
not  predic t  tha t  sh e woul d di e becaus e sh e didn' t  real -
iz e tha t  sh e woul d b e insid e th e ca r  a t  th e moment  o f 

th e explosion .  Perhap s th e peopl e wh o convince d he r 
t o perfor m th e bombin g ha d no t  tol d he r  tha t  th e ca r 
woul d explod e whil e sh e wa s inside . 

Discussion :  T W E AK 3  put s fort h th e hypothesi s 
tha t  a n agen t  performe d a n anomalou s actio n becaus e 
he faile d t o projec t  som e negativ e eflfec t  o f  hi s actions . 
I t  attempt s t o explai n wh y thi s woul d b e b y identifyin g 
whic h o f  th e piece s o f  knowledg e neede d t o infe r  th e 
negativ e effec t  th e agen t  migh t  hav e bee n missin g 

Ther e ar e tw o phase s t o thi s strategy .  S o th e sim -
ple r  par t  o f  th e proces s i s identifyin g a  knowledg e ga p 
whic h migh t  hav e bee n involved .  Th e harde r  par t  o f 
th e proces s i s t o produc e a n explanatio n o f  wh y th e 
knowledg e ga p migh t  hav e existed .  I t  isn' t  necessar y t o 
do thi s t o produc e a  coheren t  explanation ,  bu t  i f  suc h 
a sub-explanatio n i s include d i t  wil l  mak e th e overal l 
explanatio n mor e convincing . 

Inferenc e an d m e m o r y search :  Th e first  phas e 
involve s identifyin g a  fact ,  F ,  suc h tha t  i f  th e agen t 
hadn' t  know n F ,  i t  woul d hav e cause d hi m no t  t o pre -
dic t  on e o f  th e negativ e effect s o f  th e action .  Thi s work s 
as follows : 
•  First ,  collec t  u p eac h expecte d negativ e side-effec t  o f 

th e action ,  alon g wit h th e causa l  chai n whic h allow s 
one t o infe r  tha t  th e negativ e side-effect . 

•  Fo r  eac h negativ e side-effect ,  Fl ,  ther e i s a  se t 
of  othe r  belief s whic h compris e th e inferenc e chai n 
whic h lead s t o th e belie f  i n F\ .  Eac h belief ,  F 2 whic h 
appear s o n th e inferenc e chai n leadin g t o F l  i s  a  can -
didat e fo r  a  hypothesi s o f  th e form ,  "Th e agen t  di d 
not  anticipat e F l  becaus e h e di d no t  kno w tha t  F 2 
was true. " 

The second phase involves building a sub-explanation 
t o explai n wh y i t  woul d b e th e cas e tha t  "Th e agen t  di d 
not  kno w tha t  F 2 wa s true. "  Thi s involve s explainin g 
why th e inferenc e leadin g t o F 2 woul d no t  tak e plac e 
when th e agen t  projecte d th e result s o f  hi s action . 

Buildin g sub-explanation s mus t  b e handle d b y an -
othe r  strategy ,  th e genera l  sub-explanatio n builde r  (no t 
describe d i n thi s paper ,  se e [Kass ,  1990b]) .  Som e o f  th e 
kind s o f  explanation s relevan t  t o wh y a n agen t  migh t 
not  believ e a  particula r  fac t  ar e a s follows : 

• Is there a plausible contradictory belief that the agent 
migh t  hav e held ? Fo r  example ,  th e bombe r  coul d 
hav e believe d tha t  th e ca r  wouldn' t  blo w u p whil e h e 
was insid e becaus e h e believe d tha t  ther e woul d b e a 
tim e dela y betwee n whe n th e ca r  stoppe d an d whe n 
i t  exploded . 

•  Coul d th e agen t  hav e leicke d th e tim e necessar y t o 
infe r  th e relevan t  belief .  Perhap s i n th e hea t  o f  th e 
moment  th e agen t  ha d faile d t o thin k abou t  th e fac t 
tha t  he r  pleu i  implie d tha t  sh e woul d b e insid e th e 
car  a t  tim e o f  th e explosion . 

•  Coul d th e agen t  hav e lacke d th e inferenc e rul e nec -
essar y t o infe r  F2 1 Coul d th e suicid e bombe r  hav e 
been missin g th e rul e tha t  proximit y t o th e bom b i s 
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what  determine s ho w muc h damag e someon e i s likel y 
t o suffer ,  an d therefor e faile d t o realiz e tha t  someon e 
insid e th e ca r  woul d b e kille d b y th e explosion ? 

A prospective knowledge gap is not considered a vi-
abl e candidat e i f  ignoranc e o f  th e belie f  woul d hav e 
cause d th e agen t  t o feii l  t o predic t  th e mai n positiv e 
effec t  o f  hi s action .  Fo r  instance ,  i t  i s  no t  reasonabl e t o 
hypothesiz e tha t  th e bombe r  di d no t  kno w tha t  explo -
sive s woul d caus e damag e — eve n thoug h thi s knowl -
edge ga p woul d accoun t  fo r  th e bomber' s failur e t o pre -
dic t  he r  ow n deat h — becaus e thi s woul d als o hav e 
cause d th e bombe r  t o fai l  t o predic t  tha t  he r  enem y 
woul d b e killed .  O n th e othe r  hand ,  i t  woul d b e rea -
sonabl e t o entertai n th e hypothesi s tha t  th e bombe r  di d 
not  kno w sh e woul d b e insid e th e ca r  whe n th e bom b 
went  of f  sinc e thi s woul d brea k th e causa l  chai n whic h 
lead s t o on e o f  th e negativ e sid e effect s withou t  break -
in g th e chai n leadin g t o th e mai n desire d effect . 

Conclusion 

A case-base d explaine r  depend s o n th e availabilit y 
of  adaptatio n strategie s tha t  kno w enough  abou t  th e 
structur e o f  th e knowledg e bas e t o efficientl y perfor m 
th e memor y searc h an d inferenc e necessar y t o buil d 
variation s o n store d explanation s i n a  variet y o f  do -
mains .  Becaus e pla n recognitio n call s fo r  explanation s 
containin g th e specia l  classe s o f  inferenc e rule s an d 
memory link s tha t  ar e relevan t  t o understandin g in -
tentiona l  actions ,  i t  als o call s fo r  a  specialize d se t  o f 
adaptatio n strategie s whic h kno w ho w t o emplo y thos e 
classe s o f  rule s an d links . 

I n thi s pape r  w e hav e attempte d t o contribut e t o th e 
understandin g o f  case-base d pla n recognitio n b y pre -
sentin g thre e suc h strategies .  Whil e th e thre e strategie s 
describe d her e represen t  onl y a  fractio n o f  wha t  i s nec -
essar y i n orde r  t o accoun t  fo r  th e ful l  rang e o f  failure s 
tha t  ca n occu r  whe n applyin g ol d explanation s t o ne w 
situation s ([Kass ,  1990b ]  describe s 2 1 strategies ;  ther e 
ar e probabl y mor e waitin g t o b e discovered )  the y illus -
trat e th e kind s o f  knowledg e tha t  th e knowledg e bas e 
must  contain ,  an d th e kind s o f  searc h an d inferenc e 
technique s tha t  ca n b e use d t o appl y suc h knowledg e 
i n buildin g variation s o n store d explanation s whe n at -
temptin g t o understan d nove l  plans . 
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