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Abstrac t 

This paper discusses a method for representing thematic level structures, i.e. abstract 

plan/goa l  combinations .  W e m a k e th e cas e tha t  th e processe s fo r  bot h recognitio n an d 

constructio n o f  plan s us e th e s a m e m e m o r y structures .  I n particular ,  w e ar e lookin g a t 

th e knowledg e structure s fo r  recognizin g an d avoidin g ba d planning .  Th e learnin g 

procedur e w e describ e start s b y observin g th e ba d plannin g behavio r  o f  narrativ e 

character s an d combine s ol d description s o f  plannin g error s t o creat e ne w abstrac t 

structures .  Th e learnin g metho d discusse d i s a  one-trial ,  s chem a acquisitio n method , 

whic h i s simila r  t o DeJong' s [DeJon g 1983] .  Th e metho d use d involve s takin g 

schema s fo r  plannin g situation s tha t  ar e foun d i n a n actua l  narrativ e situation ,  an d 

usin g causa l  reasonin g t o construc t  a  n e w schem a whic h bette r  characterize s th e 

situation .  Thi s wor k i s par t  o f  th e M O R R I S projec t  a t  U C L A [Dye r  1983a] .  Th e plannin g 

situation s ar e represente d usin g Themati c Abstractio n Unit s (TAUs )  [Dye r  1983b . 

1 Introduction 

In the real world, tasks cannot always be accomplished by using simple subgoal 

partitionin g an d recursiv e proble m analysis .  Bot h rea l  worl d agent s an d narrativ e 

character s ofte n mus t  appl y plan s tha t  requir e cooperatio n fro m othe r  agents ,  adjus t 

plan s tha t  conflic t  wit h a n agent' s concurren t  goals ,  an d m a n a g e plan s tha t  contribut e 

simultaneousl y t o mor e tha n on e goal .  A  classificatio n o f  rea l  worl d plan s i s foun d i n 

[Schan k an d Abelso n 1977] ,  an d a  taxonom y o f  goal/pla n interaction s ca n b e foun d i n 

Wilensk y 1978] . 

There are two reasons for looking at poor planning behavior. (1) Knowledge structures 

tha t  encod e poo r  plannin g ca n b e use d t o critiqu e plan s an d point-ou t  possibl e wea k 

*  Thi s wor k w a s supporte d i n par t  b y grant s fro m th e Hughe s Aircraf t  A l  Center , 

th e U C L A Cente r  fo r  Experimenta l  Compute r  Science ,  an d th e Kec k Foundation . 
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points. In this way they are sinnilar in function to planning critics and meta-plans 

[Sussma n 1973 ,  Sacerdot i  1977 ,  an d Wilensk y 1983] ;  however ,  the y ar e m u c h mor e 

varie d tha n th e fixe d numbe r  o f  ver y genera l  critic s o r  meta-plan s othe r  researcher s 

propose ,  an d a s thi s pape r  shows ,  the y ar e learnable .  (2 )  I t  i s  importan t  t o represen t 

plannin g errors ,  no t  onl y t o critiqu e plans ,  bu t  als o s o tha t  i n counter-plannin g 

situation s [Carbonell ,  1979] ,  a  planne r  ca n tr y t o tric k anothe r  agen t  int o makin g a 

plannin g error .  An y situatio n whic h i s ba d fo r  a  planne r  i s generall y a  goo d situatio n 

int o whic h t o forc e a n opponent . 

Dyer [1983,1981] showed how a class of planning errors could be represented by 

Themati c Abstractio n Unit s (TAUs) ,  an d ho w thes e plannin g error s migh t  b e 

recognize d i n stories .  Thi s pape r  wil l  presen t  a  representatio n fo r  plannin g error s tha t 

als o facilitate s th e combinatio n o f  plannin g description s an d us e o f  themati c stnjcture s 

i n planning . 

The combination method requires an example narrative situation that contains a new 

plannin g error .  Th e inpu t  exampl e i s conceptuall y analyze d t o discove r  whethe r  know n 

plannin g error s ar e presen t  i n th e example .  I n additio n t o th e representation s fo r 

TAUs,  goals ,  an d plan s mentione d above ,  th e example s her e als o rel y o n Schank' s 

Conceptua l  Dependenc y theor y [Schan k 1972 ]  fo r  th e outpu t  o f  th e conceptua l 

analysis .  Plannin g error s i n th e stor y ar e examine d t o fin d ou t  i f  the y ca n b e combine d 

int o ne w stnjctures ,  an d t o establis h th e link s betwee n th e componen t  structure s tha t 

make u p th e newl y discovere d plannin g error . 

TAUs are used in planning by treating an agent's plans as if they were a story, and 

usin g th e T A U recognitio n proces s t o poin t  ou t  potentia l  plannin g errors .  Specifi c 

TAUs ar e indexe d a t  memor y node s fo r  plans ,  goals ,  an d action s whic h ar e likel y t o b e 

containe d i n thos e TAU. s Th e memor y organizatio n tha t  support s thi s indexin g i s a 

dynami c memor y simila r  t o [Schan k 1982] ,  [Kolodne r  1980] ,  an d [Lebowit z 1980] . 

Dependin g o n th e plannin g erro r  detected ,  a  particula r  se t  o f  heuristic s i s applie d t o tr y 

and fi x th e plan . 

2 An Example Planning Situation 

Here we will see a planning situation that contains three planning errors whose 

abstrac t  description s ar e alread y know n t o th e system .  Fro m thi s situatio n w e wil l  se e 

ho w w e ca n generat e tw o specialization s o f  plannin g errors ,  an d on e nove l  plannin g 

erro r  construct . 

The Fox and the Crow 

The Crow was sitting in the tree with a piece of cheese in her mouth. The 

Fox walke d u p t o th e botto m o f  th e tre e an d sai d t o th e Crow ,  "Crow ,  wha t 

a beautifu l  voic e yo u have ;  pleas e sin g fo r  me. "  Th e Cro w w a s ver y 

flattere d an d bega n t o sing .  W h e n sh e did ,  th e chees e droppe d ou t  o f  he r 

mouth .  Th e Fo x grabbe d th e chees e an d ra n awa y laughing . 
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Not e tha t  thi s stor y ca n b e looke d a t  i n tw o ways :  (1 )  a s a n instanc e o f  ba d plannin g o n 

th e par t  o f  th e C r o w an d (2 )  a s a n instanc e o f  goo d plannin g o n th e par t  o f  th e Fox . 

Her e w e wil l  s h o w h o w t o recogniz e a  plannin g erro r  fro m it s representation ,  ho w t o 

lear n n e w plannin g errors ,  an d h o w t o appl y plannin g informatio n t o avoi d goa l 

failures .  T A U s ca n als o b e turne d aroun d an d use d t o fin d situation s wher e othe r 

agent s wil l  m a k e mistakes . 

The first of the three planning errors we will discuss is the most basic. When the Crow 

sings ,  sh e doe s no t  realiz e tha t  sh e i s alread y usin g he r  mout h t o hol d th e cheese . 

Thi s plannin g erro r  i s  characterize d a t  a n abstrac t  leve l  b y T A U - C O N F - E N A BL 

(confuse d enablement) .  Th e ful l  representatio n fo r  T A U - C O N F - E N A BL i s give n i n 

Figur e 1  below . 

Our representation of TAUs always defines them from the point of view of the poor 

planner .  Th e slot s 'mistake' ,  'consequence' ,  an d 'failed-goal '  o f  th e T A U memor y 

stnjctur e provid e pointer s int o a  larg e conceptua l  grap h o f  P L A N / G O A L interactions , 

whic h define s th e meanin g o f  th e T A U . 

Crow want s t o sin g 

G0AL.1 

T A U - C O N F - E N A BL 
V 

qoal  Cro w want s chees e Cro w ha s th e chees e 
G O A LS ^  S T A T E . 2 

^  achieve s 

intend s 

X ^  paren t 

I  mistak e \  G 6 A L . 2 
consequenc e ^  dis l̂e s 

t crow sings \thw^artS / 

end 

PLAN.1 >^Cf.f:Z_^TXTE.1^ P^^^"* 
realized-b y reSUltS-i n cro w doesn' t  hav e th e chees e 

Figur e 1 

Th e 'parent '  link s indicat e conceptua l  structure s whic h ar e derive d fro m othe r 

stmcture s ove r  time .  Hence ,  G 0 A L . 2 i s th e s a m e a s G 0 A L . 3 excep t  tha t  it s  statu s i s 

'FAILED' .  Th e res t  o f  th e link s ar e derive d fro m Dyer' s l-link s [1983a] . 

The abstract situation this structure characterizes is one where an agent has a goal, 

G O A L . 3 ,  whic h ha s failed ,  an d wher e th e goa l  w a s t o preserv e possessio n o f  som e 

object .  Th e caus e o f  th e goa l  failur e i s a n act ,  ACT.1 ,  whic h attempte d t o accomplis h 

anothe r  goal ,  G 0 A L . 1 . 

The processes of recognizing and indexing TAUs are covered more fully in [Dyer 1983; 

an d [Dola n 1984] .  Dola n [1984 ]  give s a  detaile d explanatio n o f  th e comprenensio n 

proces s an d m e m o r y mode l  tha t  allow s th e recognitio n o f  T A U s i n thi s format . 

Th e situatio n i s take n fro m Aesop' s fables ;  th e versio n belo w i s take n fro m Bewick' s 

collectio n [Bewic k 1973] . 
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As w e mentione d above ,  T h e Fo x an d th e C r o w instantiate s tw o othe r  T A U s :  (1 ) 

TAU-VANIT Y i s th e plannin g erro r  o f  allowin g persona l  vanit y t o dictat e pla n choice ;  (2 ) 

T A U - U L T E R I OR i s th e plannin g erro r  o f  no t  considerin g anothe r  agent' s possibl e 

motive s befor e acting . 

These TAUs can be combined to form new planning heuristics. There are two key 

problem s i n T A U acquisition : 

1. How does a program know which TAUs to select and examine for 

combinatio n attempts ? 

2. Once selected, how are TAUs actually combined to form new planning 

and indexin g structures ? 

Both 1. and 2. are non-trivial. A sophisticated planner will have numerous stories 

indexe d b y multipl e T A U s i n memory .  Attemptin g t o combin e T A U s arbitraril y  woul d 

lea d t o combinatori c problems .  Fortunately ,  memorabl e storie s (suc h a s Aesop' s 

fables )  ar e designe d t o giv e nove l  plannin g advic e throug h illustratin g plannin g errors . 

Thus ,  T A U selectio n ca n b e governe d b y th e followin g strategy : 

+ + 
I  WHENEVER tw o TAU s shar e concept s i n a n observe d | 
I  p lann in g s i tuat ion ,  I 
I  TR Y t o combin e the m t o for m a  nove l  p lann in g | 
I  const ruc t  I 
+ + 

This heuristic can only be applied after reading a story and thus the heuristic serves as 

a for m o f  learnin g b y example .  Th e comprehensio n o f  th e stor y thu s dirrect s th e 

learnin g algorith m t o th e plannin g error s t o combine s an d indicate s whic h concept s 

ar e shared . 

There are two ways to combine TAUs based on the way they share concepts: 

(1) specialization, 

(2 )  combinatio n (chunking) . 

Recent work in specialization learning includes [DeJong 1983], [Lebowitz 1980], and 

Kolodne r  1980] .  Al l  thre e researcher s formulat e method s fo r  creatin g ne w plannin g 

knowledg e throug h specialization ,  bu t  d o no t  hav e a  metho d extensibl e t o chunking . 

Most  researc h i n learnin g b y chunkin g ha s bee n i n domain s wher e ther e i s n o 

counterplannin g [Lair d 1984 ,  Rosenbloo m e t  a l  1986] . 

A detailed discussion of the learning process for TAUs can be found in [Dolan and 

Dyer  1985] .  Her e w e wil l  simpl y outlin e th e procedur e an d highligh t  th e feature s o f  th e 

representatio n tha t  facilitat e learning . 
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3 Creatin g N e w T A U s throug h Specializatio n 

TAU-ULTERIOR represents the situation in which ACT0R1 tells ACT0R2 information 

tha t  motivate s A C T 0 R 2 t o perfor m a n ac t  whic h result s i n th e disablemen t  o f  on e o f 

A C T 0 R 2 ' s goals ,  whil e a t  th e s a m e tim e achievin g a  goa l  o f  A C T O R I ' s whic h 

A C T 0 R2 di d no t  forsee .  I n th e representatio n fo r  T A U - U L T E R I O R i n Figur e 2  below , 

outline d concept s ar e thos e whic h hav e A C T 0 R 1 i n th e 'actor '  slot . 

Fox' s flatter y 

V 
resultSvi n 

Crow want s 
th e chees e T A U - U L T E R I O R „,,„.„„, ,  .. ^  che. . 

:S^ \ Fox want>S. JJT 
4^  \  th e chees e "̂̂ ĵsonflic t 

B E L I E F . 1 \  (g©/^L.4 l  ^ N ^ 

\  \  X  consquenc e 

achiev i 
Cro w want s t o * 

sin g G O A L S 

intends 
^  ^  Cro w sing s 

P L A N . 2 • A C T . 2 • S T A T E . 3 
realized-b y 

Figure 2 

reSUltS-i n cro w doesn' t 
have th e chees e 

Fro m th e descriptio n o f  T A U - U L T E R I O R w e ca n se e tha t  i n s o m e sens e i t  contain s 

T A U - C O N F - E N A BL becaus e al l  o f  th e distinc t  concepts ,  thos e no t  linke d b y 'parent ' 

link s fro m T A U - C O N F - E N A B L,  ar e presen t  i n T A U - U L T E R I O R .  Th e onl y concept s tha t 

T A U - U L T E R I OR ha s tha t  T A U - C O N F - E N A B LE doe s no t  ar e ITTlHl̂ lNlSol ,  BELIEF.1 , 

an d ( 1 @ ^ L 4 .  T A U - C O N F - E N A BL bring s tw o relationship s t o thi s specialization :  th e 

realationshi p betwee n G 0 A L . 2 an d G 0 A L . 3 i s tha t  a  goa l  whic h w a s achieve d i n th e 

pas t  ha s n o w failed ;  th e relationshi p betwee n S T A T E . 2 an d STATE. 1 i s tha t  a 

curren t  stat e disable s a  previou s state .  Thes e relationship s denot e tim e dependencie s 

not  presen t  i n T A U - U L T E R I O R . 

All of the distinct components from TAU-CONF-ENABL are shared with 

T A U - U L T E R I O R,  bu t  T A U - C O N F - E N A BL ha s additiona l  constraints .  W e sa y tha t 

T A U - U L T E R I OR contain s T A U - C O N F - E N A BL Th e containmen t  relatio n allow s u s t o 

creat e a  n e w T A U ,  a  specializatio n o f  T A U - U L T E R I O R .  Th e n e w T A U i s forme d b y 

takin g th e extr a constraint s fro m T A U - C O N F - E N A BL ("extra "  meanin g thos e no t 

alread y i n T A U - U L T E R I O R )  an d conjoinin g the m wit h thos e i n T A U - U L T E R I O R .  Thi s 

T A U,  whic h w e wil l  cal l  T A U - M I S D I R E C T E D - E N A B L i s use d t o characteriz e situation s 

wher e A C T O R1 say s somethin g t o A C T O R2 t o deflec t  A C T 0 R 2 ' s attentio n awa y fro m 

an enablemen t  conditio n o n a  curren t  goal .  T A U - M I S D I R E C T E D - E N A B L ,  show n i n 
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Figure 3 below, is planning advice specific to possession goals and ulterior motives. 

Fox' s flatter y 

»11 
T A U - M I S D I R E C T E D - E N A BL 

Crow want s 

results-i n 

'^ELIEF.I 

mistak e 

th e chees e achieve s 

\  G O A L S <  S T A T E . 4 

motivate s 

Crow wants^N/%Al -r 
t o sin g G 0 A L . 7 

Intend s 

T realized-b y " ^  results-i n 

P L A N . 3 ^ C T 

Fox want s yailed^oa l  ^ 
th e chees e \  ^ ^  paren t 

» A L . S \  G O A L . 1 0 

conflict \ 

consequenc ^  thwart s 

-#.STATE.5 

f 
disable s 

Cro w 
sing s 

Crow doesn' t 
have th e chees e 

Figur e 3 

Thi s T A U i s als o use d t o proces s storie s suc h a s th e followin g one , 

Joey's Waffle 

Joey was sitting at the breakfast table about to eat his waffle. His sister 

Mary said ,  "Loo k Joey ,  Halley' s comet!" .  W h e n Joe y looke d u p Mar y 

grabbe d th e waffl e an d starte d eatin g it . 

Here the goal that failed for Joey was to maintain possession of the waffle. The 

enablemen t  conditio n o n tha t  goa l  w a s t o atten d hi s eye s t o th e waffl e an d guar d it . 

The conditio n w a s remove d whe n h e looke d up . 

In some sense, when one TAU contains another as with TAU-ULTERIOR and 

T A U - C O N F - E N A B L,  th e containe d T A U mediate s th e applicatio n o f  th e containin g 

TAU.  A n exampl e o f  ho w anothe r  T A U ca n mediat e fo r  T A U - U L T E R I O R is , 

Bogus Job Advice 

Fred was a post-doc working at the college. He told his boss, Henry, that 

ther e wa s a  facult y positio n ope n a t  th e universit y acros s town .  Henr y 

decide d t o giv e hi s notic e a t  th e colleg e an d appl y  fo r  th e job .  W h e n 

Henr y left ,  Fre d too k hi s positio n a t  th e college .  A s i t  turne d out ,  Henr y 

was no t  quit e righ t  fo r  th e ne w positio n an d didn' t  ge t  th e job . 

In this case, TAU-ULTERIOR is mediated by the TAU that encodes the adage, "Look 

befor e yo u leap. "  Th e wa y th e tw o othe r  T A U s mediat e T A U - U L T E R I O R i s sho w i n 

Figur e 4  below .  W e se e tha t  thi s organizatio n o f  T A U s point s ou t  th e difference s an d 

similaritie s o f  th e tw o storie s o n a  themati c level . 
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4 Creatin g N e w T A U s throug h Combinat io n 

As we saw above, we can get a non-trivial specialization of a TAD by discovering 

containmen t  i n a  particula r  situation .  I n genera l  T A U combination ,  however ,  neithe r 

T A U contain s th e other .  I n thes e case s w e mus t  examin e th e relationship s o r 

constraint s a m o n g th e concept s no t  share d betwee n th e tw o T A U s .  Fo r  a n example , 

conside r  T A U - V A N I T Y .  Thi s T A U represent s a  situatio n i n whic h A C T 0 R 2 believe s h e 

ha s a  specia l  skil l  an d i s thu s motivate d t o hav e a  goa l  (o f  "showin g off "  i n th e Fo x an d 

C r o w story )  tha t  wil l  interfer e wit h pre-existin g goals . 

Crow wants 

th e chees e achieve s 
cro w wants-p^y.^y^ f jU Y G O A L . 1 2 ' ^  S T A T E . 6 

t o sin g V  "failed̂ goa l  4  ^ 

G 0 A L 1 1 \  x ^ ^ p a i r 

\  mistak e 

intend s \  ^ " ^ ^ ' 

G 6 A L . 1 3 

nee ^  T 
N^thwar l 

P L A N . 4 • A C T . 4 • S T A T E . 5 
A rea'ized-b y cro w results-i n cro w doesn' t 
f  sing s hav e th e chees e 

envie s 

G 0 A L . 1 4 ^ach ieves -BELIEF. 2 

cro w want s t o r̂o w believe s 

have a  nic e voic e ^̂ « ^̂ ^  ^ 
nic e voic e 

Figur e 4 

TAU-ULTERIOR and TAU-VANITY, as they are instantiated by The Fox and the 

C r o w ,  shar e a  numbe r  o f  concepts .  Th e concept s tha t  the y d o no t  shar e ar e 

MTI^^lMiai l  an d m © ^ L A fro m T A U - U L T E R I O R an d G 0 A L . 1 4 fro m TAU-VANITY . 

The key to combining TAUs is finding the relationship between concepts that are not 

c o m m on t o tw o T A U s bein g combined .  Althoug h BELIEF. 1 an d BELIEF. 2 ar e 

instantiate d b y th e s a m e concept ,  the y d o no t  belon g t o identica l  part s o f  th e grap h an d 

thi s fac t  provide s th e poin t  a t  whic h w e attac h th e tw o T A U s .  Th e T A U tha t  w e ge t  b y 

combinin g T A U - V A N I T Y an d T A U - U L T E R I O R i s T A U - S U C K E R E D.  A  detaile d exampl e 

of  thi s proces s i s give n i n [Dola n an d Dyer ,  1985] .  Thi s T A U embodie s th e plannin g 

failur e o f  allowin g s o m e o n e els e t o tak e advantag e o f  one' s dorman t  goal s b y 

providin g on e o f  th e missin g enablemen t  condition s o n tha t  goal .  I n th e cas e o f  Th e 

Fo x a n d th e C r o w th e dorman t  goa l  i s  th e Crow' s goa l  t o sho w off .  Th e missin g 

enablemen t  conditio n i s a  receptiv e audience .  Th e Fo x provide s tha t  audienc e an d s o 

trick s th e C ro w int o defeatin g he r  standin g goa l  o f  keepin g th e cheese . 

TAU-SUCKERED is a new counterplanning technique which can be used by a 

plannin g progra m i n situation s wher e th e appropriat e constraint s hav e bee n met .  Th e 
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representation forTAU-SUCKERED is shown in Figure 5. 

Crow want s 
th e chees e achieve s 

cro w want s T A U - S U C K E R ED G O A L . 1 2 - 4 S T A T E . 6 

G0AL.11 \ X^GdAMS,,,,,,,, 

PLAN.4 •ACT.4 •STATI 
.  v ^  conflic t 
levesv ^  \ achiev e 

Fox want s 
th e chees e 

A reallzed-b y cro w results-i n 
/  sing s 

enable s 

G 0 A L . 1 4 ^achieves-BELIEF. 1 

reSLUtS-in Fox-s flattery 

motivate s M K ^ ^ l N l S o S 

Figure 5 

It is intuitively obvious to people TAU-SUCKERED represents the proper lesson to be 

learne d b y a  reade r  w h o know s abou t  vanit y an d physica l  enablements ,  bu t  w h o ha s 

neve r  see n thi s kin d o f  tricker y before . 

5 Summary of TAU Learning 

In both cases of TAU learning we have examined here, the representation played a 

centra l  rol e i n guidin g th e learning .  I n specialization ,  th e presenc e o f  th e 'parent '  link s 

allowe d u s t o ad d extr a constraint s ont o TAU-ULTERIOR .  I n th e cas e o f  combination , 

th e mappin g betwee n abstrac t  concept s i n th e grap h an d concept s i n th e stor y showe d 

us wher e t o connec t  th e tw o T A U s together . 

The problem of learning a new TAU from two old ones, either by specialization or by 

combination ,  ca n b e though t  o f  a s a  grap h unio n problem .  Th e element s o f  th e 

'binding-spec '  ar e node s an d th e 'constraints '  ar e arcs .  Th e unio n o f  th e graph s 

represent s th e intersectio n o f  th e situation s tha t  confor m t o th e constraints .  I n matchin g 

abstrac t  graphs ,  however ,  w e hav e a  problem .  I f  w e wan t  t o tak e th e unio n o f  tw o 

graph s below : 

a 

o 

We hav e t o m a k e sur e tha t  th e constraint s 'a '  an d 'b '  don' t  conflic t  wit h eac h other , 

makin g thei r  unio n a n inconsisten t  graph .  Tha t  proble m i s solve d her e becaus e w e 
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have a situation, found in tiie story, which has all the constraints among the 

component s o f  th e story .  Therefor e w e kno w tha t  th e n e w structur e i s a  possibl e 

combination .  Thi s i s w h y learnin g fro m example s i s importan t  becaus e th e example s 

provid e a  mode l  o f  wha t  i s  actuall y possible . 

6 Using TAUs in Planning 

Using TAUs in planning requires two phases: (1) discovering a potential planning 

error ,  an d (2 )  takin g correctiv e action .  Th e firs t  phas e i s accomplishe d i n th e sam e 

manner  a s T A U recognitio n i n th e tas k o f  comprehendin g stories .  A s th e planne r 

examine s th e stat e o f  th e worl d an d formulate s variou s plans ,  th e concept s ar e "playe d 

back "  a s i f  the y wer e occurin g i n a  story .  W h e n a  T A U trigge r  o f  T A U - S U C K E R E D, 

suc h a s HTIMINlSaS ,  th e us e o f  flattery ,  i s  encountere d w e hav e a  potentia l  plannin g 

error .  Possibl e outcome s o f  th e situatio n ar e examine d t o se e i f  the y mee t  th e 

constraint s o f  th e T A U . 

In these cases, where some outcome of the current situation might result in a goal 

failure ,  correctiv e actio n need s t o b e determined .  I n informa l  protocol s take n fro m Th e 

Fo x an d th e C row ,  peopl e s e e m t o thin k tha t  th e Cro w coul d hav e don e thre e things : 

(1 )  pu t  th e chees e d o w n an d sang ,  (2 )  eate n th e chees e an d sang ,  o r  (3 )  refuse d t o 

sing .  Alon g wit h th e structur e presen t  i n T A U - C O N F - E N A B L,  thre e genera l  heuristic s 

yiel d thes e tw o solutions .  Th e firs t  is , 

+ + 
I  I F a  ne w goa l  m igh t  caus e a  s tand in g goa l  t o fai l  I 
I  TR Y remov in g a  poss ib l e resourc e con ten t io n | 
I  be twee n p lan s fo r  th e tw o goa l s I 
+ + 

The standing goal is to maintain control over the chees. The new goal is the goal to 

sing .  T h e c o m m o n resourc e i s th e Crow' s mouth .  Sinc e ther e i s n o wa y t o achiev e th e 

n e w goa l  withou t  usin g th e Crow' s mouth ,  th e syste m woul d choos e t o fin d anothe r 

w ay t o suppor t  th e cheese . 

The second solution, that of eating the cheese on the spot, is actually an instance of 

removin g th e nee d fo r  th e standin g goal .  I n tha t  cas e th e guidin g heuristi c is , 

+ + 
1 I F a  ne w goa l  m igh t  caus e a  s tand in g goa l  t o fai l  I 
I  TR Y re l iev in g th e nee d fo r  th e s tand in g goa l  | 
+ + 

Here the system would see that the support for having the goal of controlling the 

chees e w a s t o satisf y a  hunge r  goal .  I f  th e hunge r  goa l  i s satisfied ,  the n th e nee d t o 

contro l  th e chees e goe s away . 

The function of TAUs such as TAU-SUCKERED is to point out goals that need to be 
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dropped. The goal conflict shown in TAU-SUCKERED points to the goal we need to 

examine .  Th e heuristic , 

+ + 

I  I F a  po ten t ia l  goa l  conf l ic t  i s  foun d I 
I  LOOK fo r  a  curren t  p la n whic h woul d thwar t  th e I 
I  conf l i c t in g goa l  an d reconside r  th e nee d suppor t  I 
I  fo r  th e curren t  p la n I 
+ + 

directs the program to look at 'thwarting' constraints for the ACT that could defeat the 

goal .  O n th e othe r  hand ,  th e heuristic , 

+ + 
I  I F a  po ten t ia l  goa l  conf l ic t  i s  foun d I 
I  LOOK fo r  a  curren t  p la n tha t  woul d achiev e th e I 
I  conf l ic t in g goa l  fo r  th e othe r  actor ,  an d recons ide r  | 
I  th e suppor t  fo r  th e curren t  p la n I 

- + 

direct s th e progra m t o loo k a t  'achievement '  constraint s fo r  th e A C T whic h coul d defea t 

th e goal .  I n th e cas e o f  T A U - S U C K E R E D,  bot h thes e heuristic s giv e th e s a m e result . 

Our hypothesis is that the number of these heuristics is small, but that a program with a 

larg e numbe r  o f  T A U s coul d correc t  mos t  o f  it s  plannin g error s usin g a  fe w heuristics , 

th e knowledg e containe d i n T A U s ,  an d wel l  chose n storie s a s input . 

6 Progress and Future Work 

The CRAM is under development as part of this research. Currently, CRAM is able to 

understan d storie s tha t  ar e parse d b y a  phrasa l  parse r  usin g a  conceptua l  memor y 

implemente d i n a  fram e representatio n system .  C R A M find s th e plannin g error s i n 

eac h stor y an d characterize s the m i n term s o f  on e o r  mor e T A U s .  Thes e T A U s ar e 

the n use d t o inde x th e stor y i n memor y fo r  late r  retrieval .  C R A M i s als o abl e t o creat e 

ne w plannin g erro r  description s base d o n th e method s outline d i n thi s paper . 

The next step in the on-going development of the theory presented here is to give 

C R AM enoug h real-worl d knowledg e s o tha t  i t  ca n understan d a  larg e numbe r  o f 

stories ,  an d t o observ e it s performanc e a s i t  learn s mor e plannin g errors . 

In addition, CRAM will be able to give advice to correct the character's planning errors. 

7 Conclusions 

The approach presented here allows both specialization-based learning and 

chunking-base d learnin g o f  plannin g error s i n multipl e plannin g agen t  domains .  Th e 

structure s learne d ca n b e use d bot h fo r  critiquin g plan s an d als o fo r  generatin g 

counterplannin g advice . 
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