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Abstract 

Re-uting plana that were created for one situation to solve a new problem is often more efficient 

tha n creatin g a  ne w pla n fro m scratc h (e.g. ,  [Fike s e t  a/ ,  1972 ]  an d [Carbonell ,  1986] .  However , 

a pla n tha t  wa s create d fo r  on e proble m ma y no t  exactl y fit  a  ne w situation ;  i n tha t  case ,  i t 

wil l  hav e t o b e modified .  Ther e ar e tw o majo r  problen u wit h re-usin g plans :  (1 )  decidin g 

whethe r  t o modif y a  plan ,  us e i t  a s is ,  o r  discar d it ;  an d (2 )  modifyin g th e pla n efficiently . 

Our  solutio n t o thes e problem s i s t o stor e informatio n wit h pla n precondition s t o guid e th e 

planne r  durin g pla n application .  Ou r  approac h i s nove l  i n tw o ways .  First ,  w e hav e identifie d 

a typ e o f  precondition ,  calle d a  Bexibl e precondition ,  tha t  ha s informatio n associate d wit h i t 

tha t  help s th e planne r  decid e whethe r  o r  no t  t o modif y th e pla n shoul d th e preconditio n b e 

violated .  Second ,  ou r  precondition s contai n informatio n (derive d fro m pas t  experienc e usin g 

th e plan )  tha t  provide s heuristic s fo r  chioigin g th e pla n s o tha t  th e offendin g preconditio n 

i s eithe r  n o longe r  violate d o r  n o longe r  necessary .  B y usin g thi s approach ,  oti r  planne r  ca n 

quickl y determin e whethe r  o r  no t  t o modif y a  plan ,  the n efficientl y perfor m th e modification . 

Our  wor k i s implemente d i n th e Consumer-Adviso r  Syste m (CAS )  [Kolodne r  an d Cullingford , 

1986 ;  Turner ,  1986 ;  Turner ,  i n press] ,  a  common-sens e advice-givin g program . 

1.0 Introduction 

When a  proble m i s presente d t o a  planner ,  i t  ha s on e o f  tw o choices :  i t  ca n attemp t  t o formulat e a  ne w pla n t o 

solv e th e proble m b y combinin g operator s from  it s repertoire ;  o r  i t  ca n recal l  an d us e a  pla n tha t  wa s formulate d 

t o solv e a  proble m i n th e past . 

A difficult y wit h re-usin g a  plan ,  however ,  i s tha t  th e proble m fo r  whic h th e pla n wa s originall y constructe d 

may b e onl y simila r  t o th e curren t  proble m an d no t  identical .  Som e goal s i n th e ne w proble m ma y no t  b e me t  b y 

th e expecte d result s o f  th e plan ,  fo r  example ,  o r  on e o r  mor e o f  th e plan' s precondition s ma y b e violated .  I n thi s 

case ,  th e planne r  ca n d o on e o f  severa l  things .  I t  ca n discar d th e pla n immediately .  Thi s i s unattractive ,  however , 
sinc e th e pla n represent s previou s plannin g experienc e tha t  shoul d no t  b e wasted .  Th e planne r  ca n perfor m 

additiona l  plannin g i n orde r  t o satisf y th e violate d preconditions ,  th e traditiona l  approac h t o preconditio n 

violations .  Thi s ca n b e arbitraril y  hard ,  however ,  an d make s sens e onl y whe n i t  i s  easie r  tha n modifyin g th e 

plan .  Th e thir d alternativ e availabl e t o a  planne r  i s t o us e th e pla n "a s is" .  Unles s th e planne r  ca n predic t 

th e outcom e o f  doin g this ,  however ,  a  goo d solutio n i s unlikely ;  an d predictin g th e outcom e usuall y involve s 

simulatio n o f  th e plan ,  whic h i s costl y i n term s o f  time .  A  bette r  solutio n tha n al l  o f  these ,  especiall y whe n th e 

recalle d pla n almos t  fits  th e curren t  problem ,  i s t o modif y th e plan . 

Ther e ar e tw o majo r  problem s t o b e deal t  wit h i n pla n modification :  (1 )  decidin g whethe r  t o modif y th e 
pla n a t  all ,  o r  instea d t o us e i t  "a s is *  o r  t o discar d it ;  an d (2 )  modifyin g th e pla n efficiently .  Ou r  solutio n 

t o bot h o f  thes e problem s i s t o stor e plannin g informatio n wit h a  plan' s preconditions .  Thi s approac h i s nove l 

i n tw o ways .  First ,  no t  al l  o f  ou r  precondition s ar e criteri a tha t  mus t  b e satisfie d i n orde r  fo r  a  pla n t o b e 

applied .  Som e preconditions ,  calle d Bexibl e preconditions ,  hav e informatio n associate d wit h the m tha t  allow s 

th e planne r  t o determin e wha t  th e outcom e o f  applyin g th e pla n woul d b e shoul d th e violate d preconditio n b e 

ignored .  Second ,  al l  o f  ou r  precondition s hav e directive s store d wit h the m tha t  provid e heuristic s t o th e planne r 

t o guid e i t  durin g pla n modification . 

Our  approac h i s implemente d a s par t  o f  th e Consumer-Adviso r  Syste m (CAS )  [Kolodne r  an d Cullingford , 

1986 ;  Turner ,  1986 ;  Turner ,  i n press] ,  a  common-sens e advice-givin g progra m whos e domai n i s consume r  products . 

I n thi s paper ,  w e first  giv e a  brie f  overvie w o f  CAS ,  the n discus s ou r  metho d o f  pla n modification . 



3. 0 T h e Consumer-Adviso r  Syste m 

C AS i s a  common-sens e advice-givin g program .  I t  give s advic e abou t  acquirin g consume r  products ,  suc h a s 

furnitur e an d bookshelves .  It s primar y problem-solvin g strateg y i s pla n instantiation :  i t  recall s a  previou s plan , 

the n attempt s t o fit  i t  t o th e curren t  problem . 

C AS use s severa l  concurren t  processe s t o perfor m it s tasks .  A  dynami c memor y [Schank ,  1982 ;  Kolodner , 

1984 ]  constantl y trie s t o remembe r  plan s an d othe r  informatio n pertinen t  t o th e curren t  proble m situation ;  whe n 

i t  i s  reminde d o f  something ,  i t  notifie s th e planner .  Th e planne r  i s a  separat e proces s tha t  ca n opportunisticall y 

use informatio n from  reminding s t o influenc e it s problem-solvin g behavior .  I f  th e remindin g i s o f  a  previously -

use d plan ,  th e planne r  attempt s t o appl y i t  t o th e curren t  problem ,  i f  possible .  I f  th e pla n i s a  clos e fit,  bu t 

th e curren t  situatio n violate s som e o f  it s preconditions ,  th e planne r  use s informatio n store d wit h th e plan' s 

precondition s i n a n attemp t  t o modif y th e pla n t o fit  th e situation . 

Befor e describin g ou r  approac h t o pla n modification ,  w e presen t  a n exampl e o f  C A S '  problem-solvin g be -

havio r  t o illustrat e th e process .  Th e proble m presente d t o C A S wa s th e following : 

I want to buy some bookshelves for my study at home. I am a student, so I can't spend much. 

W h at  kin d o f  bookshelve s shoul d I  buy ? 

We wil l  begi n a t  th e poin t  i n C A S '  proble m solvin g whe n th e memor y return s a  pla n t o buil d woode n objects , 

B U I L D - W O O D E N - O B J E C TS (Figur e 1) ;  fo r  a  mor e complet e exampl e o f  C A S '  behavior ,  se e [Turner ,  i n press] . 

The planne r  first  notifie s th e use r  tha t  i t  ha s bee n reminde d (b y th e memory )  o f  a  pla n fo r  buildin g woode n 

object s (Figur e 1) : 

I am reminded of plan (BUILD-WOODEN-OBJECT). the plan "building wooden objects". 

The planne r  nex t  trie s t o determine ,  b y matchin g goal s o f  th e proble m wit h result s o f  th e plan ,  whethe r  o r  no t 

th e pla n i s potentiall y  applicabl e t o th e curren t  problem : 

Determinin g I f  pla n I s applicable.. . 

Plan's results meet all of problem's major goals...plan is applicable. 

The planne r  no w examine s th e plan' s precondition s i n ligh t  o f  th e curren t  situation : 

Examinin g precondition s o f  (BU ILD-WOODEN-OBJECT) . . . 

Ther e ar e severa l  precondition s fo r  th e plan :  th e use r  shoul d hav e carpentr y skill ,  th e use r  shoul d kno w ho w 

t o desig n th e objec t  t o b e built ,  an d th e use r  shoul d kno w wher e t o ge t  th e material s fro m whic h t o buil d th e 

object .  C A S know s ver y littl e abou t  th e use r  a t  thi s point ,  othe r  tha n tha t  h e i s a  studen t  an d can' t  spen d muc h 

money.  I n orde r  t o determin e i f  th e precondition s ar e met ,  i t  mus t  as k th e user. ^ 

"  D o yo u hav e carpentr y skill? " 

The use r  respond s negatively . 

I f  "yo u d o no t  hav e carpentr y skill" ,  the n "objec t  t o b e buil t  wil l  b e o f  poo r  quality" . 

Is this acceptable? 

Again ,  th e use r  respond s negatively .  Th e planne r  the n trie s t o modif y th e pla n t o eliminat e th e nee d fo r  th e 

precondition : 

Modifyin g plan.. . 

The planne r  use s th e first  piec e o f  informatio n store d wit h th e preconditio n t o attemp t  t o modif y th e plan . 

Thi s i s a  directiv e t o replac e th e assembl y ste p wit h a  ne w step ,  gettin g someon e els e t o assembl e the m fo r  th e 

user : 

...trying directive "(rREPLACE ?ASSEMBLE ?USE-AGENT-ASSEMBLE)"... 

The ne w ste p als o ha s precondition s tha t  mus t  b e satisfied : 

"Do you know anyone who can perform plan "ASSEMBLE" for you?" 

Th« question s t o th e use r  are ,  a t  th e moment  an d fo r  th e purpoie i  o f  thi i  example ,  canne d text . 



name:  "buildin g woode n objects " 

actors :  ?a l 

props :  ?objec t  ?material s 

goals :  ?acquir e 

actions :  ?desig n ?get-material s ?assenfibl e 

preconditions :  ?pc-carpentry-skil l  ?pc-have-design-knowledg e ?pc-know-sources-mat l 

results :  ?have-objec t 

Variables: 

al: uatANIMAL 

object :  is a tARTIFAC T 

materials :  is a jSE T 

type :  jPOB J ;;physica l  object s 

acquire :  is a TAGOAL ;;achievemen t  goa l  [Schan k an d Abelson ,  1977 } 
actor :  ?a l 

state :  is a tPOSSESSIO N 

actor :  ?a l 

object :  ?objec t 

mode:  po s 

design :  is a tINSTANC E 

structure :  tDESIGN-PLA N 

bindings :  ((acto r  .  al )  (objec t  .  object) ) 

get-materials :  is a j INSTANC E 

structure :  TGET-OBJECTS-PLA N 

bindings :  ((acto r  .  al )  (object s .  materials) ) 

assemble :  is a TINSTANC E 

structure :  jASSEMBL E 

bindings :  ((acto r  .  al )  (objec t  .  object ) 

(material s .  materials) ) 

pc-carpentry-skill :  is a tPRECONDITIO N 

state :  fS-CARPENTRY-SKIL L 

reason :  ?assembl e 

if-violated :  tS-DECREASED-QUALITY l 

fix :  (o r  (:replac e ?assembl e ?use-agent-assemble ) 

(:ad d ?learn-carpentr y (?assembl e before) ) 

(:replac e ?assembl e ?assemble-with-book ) 

Figur e 2 :  A  portio n o f  th e pla n BUILD-WOODEN-OBJECT.  Symbol s o f  th e for m •?iiame "  ar e variables ,  referrin g 

t o othe r  slot s i n th e frame ;  thos e o f  th e for m fnam e represen t  pointer s t o othe r  frames. 

If the user does, then the planner performs the replacement: 

Replacing ASSEMBLE ('asfemble object "BOOKSHELF"") with USE-AGENT-ASSEMBLE ("use 

•gen t  t o assembl e " B O O K S H E L F " " ) . 

Ther e ar e othe r  precondition s t o b e satisfied .  Assumin g tha t  th e use r  know s wher e t o ge t  th e material s fo r 

buildin g bookshelves ,  bu t  doe s no t  kno w ho w t o desig n them ,  th e complete d pla n woul d loo k lik e tha t  show n i n 



Figur e 2 :  find  a  desig n fo r  bookshelve s i n a  book ,  ge t  th e materia l  required ,  the n hav e someon e assembl e th e 
bookshelves . 

Origina l  Plan : 

D E S I GN 
V 

G E T - M A T E R I A LS 

U S E - B O O K - D E S I GN 

^ 

A S S E M B LE 

U S E - A G E N T - A S S E M B LE 

n a g afte r  mo<>tfi^tion : 

I  U S E - B O O K - D E S I G N I  » |  G E T - M A T E R I A L S ^ - ^ f ^ S E - A G E N T - A S S E M B L E 

Figur e 2 :  Exampl e o f  pla n modification . 

In the remainder of this paper, we will discuss the knowledge CAS uses to produce this behavior and where 

tha t  knowledg e come s from. 

8.0 Plan Structure and Origin 

Befor e explainin g th e pla n modificatio n process ,  w e nee d t o explai n th e structur e o f  plans .  Reca U tha t  th e plan s 

tha t  ge t  modifie d wer e derive d from  experience .  Tha t  is ,  smal l  pla n step s wer e pu t  togethe r  i n th e pas t  t o 

successfull y solv e a  problem .  A s i n STRIP S [Fike s e t  aJ ,  1972] ,  thos e specifi c  plan s ar e generalise d t o creat e a 

pla n skeleton. ^  I t  i s thes e pla n skeleton s tha t  ar e modifie d an d instantiate d t o creat e a  solutio n t o a  ne w problem . 

The pla n skeleton s (t o b e calle d plan s from  no w on )  contai n pla n step s (arrange d hierarchically ,  sinc e eac h ste p 

ca n itsel f  b e a  plan )  an d pla n preconditions .  Fo r  example .  Figur e 1  show s a  pla n fo r  buildin g woode n object s tha t 

has thre e step s ("design" ,  *get-materials" ,  an d "assemble" )  an d thre e precondition s ("pc-have-carpentry-skill" , 

*pc-have-design-knowledge" ,  an d "pc-know-sources-matl") .  Eac h ste p i n th e pla n i s itsel f  a  plan ,  wit h step s an d 

precondition s o f  it s own .  Precondition s from  th e step s ar e used ,  i n part ,  t o deriv e th e precondition s o f  th e entir e 

pla n (se e [Turner ,  i n press ]  fo r  mor e details) . 

As a  pla n get s use d severa l  times ,  informatio n abou t  precondition s get s update d (e.g. ,  th e planne r  ma y 

lea m tha t  th e preconditio n o f  havin g carpentr y skil l  ca n b e ignore d i f  th e use r  o f  th e pla n doesn' t  car e abou t  th e 

qualit y o f  th e objec t  bein g built )  an d new ,  mor e specifi c  plan s ar e derived .  Plan s ar e indexe d suc h tha t  durin g 

pla n retrieva l  th e mos t  specifi c  applicabl e pla n ca n b e found .  I n addition ,  informatio n abou t  th e modification s t o 

th e pla n whic h yielde d ne w plan s i s generalise d an d store d wit h th e ol d plan' s preconditions .  Thi s informatio n 

ca n b e use d i n th e futur e t o modif y th e pla n fo r  ne w problems . 

The followin g section s discus s th e conten t  an d us e o f  th e informatio n associate d wit h pla n preconditions . 

Explainin g thi a proce M i a beyon d th e ccop e o f  thi a paper .  Se e [IVimer ,  i n preaa ]  fo r  mor e detaila . 



4. 0 Pla n Modificatio n Directive s 

W h en a  planne r  decide s t o modif y a  plan ,  i t  mut t  determin e th e bes t  wa y mak e th e pla n fit  th e curren t  problem . 

Accordin g t o ou r  model ,  knowledg e associate d wit h precondition s o f  th e pla n i a use d t o modif y i t  fo r  th e ne w 

situation . 

C A S'  precondition s hav e information ,  calle d directives ,  associate d wit h the m tha t  provid e suggestion s abou t 

ho w t o modif y th e plan .  Fo r  example ,  th e preconditio n PC-CARPENTRY-SKIL L o f  th e pla n BUILD-WOODEN-

O B J E CT (Figur e 1 )  contain s thre e heuristics :  (1 )  replac e th e ste p "assemble "  wit h a  pla n t o us e a n agen t  (i.e. , 

a pla n t o hav e someon e els e assembl e th e object) ;  (2 )  ad d a  pla n t o lear n carpentr y befor e th e ste p t o assembl e 

th e object ;  an d (3 )  replac e th e assembl y ste p wit h a  pla n t o assembl e th e objec t  usin g informatio n from a  book . 

The slo t  "fix "  hold s thi s information. '  Whe n a  particula r  preconditio n i s violated ,  "fix "  heuristic s associate d 

wit h i t  ar e use d b y th e planne r  a s i t  modifie s th e plan . 

Preconditions ,  whe n violated ,  ca n requir e strategi c change s t o a  plan ,  i.e. ,  change s tha t  affec t  th e plan' s 

overal l  strategy .  Suc h change s resul t  i n a  pla n tha t  n o longe r  require s th e violate d precondition ,  o r  on e i n 

whic h th e preconditio n i s achieve d a s par t  o f  th e plan .  A n exampl e o f  thi s ca n b e see n i n Figur e 1 .  Th e 

preconditio n PC-CARPENTRY-SKIL L call s fo r  (vi a on e o f  it s  directives )  addin g a  ste p t o lear n som e carpentr y 

skill s  befor e applyin g th e existin g "assemble "  ste p o f  th e plan .  Sinc e th e preconditio n ha s a s it s sourc e th e 
"assemble "  step ,  i t  wil l  b e no t  b e violate d b y th e ne w pla n (i.e. ,  th e use r  wil l  hav e carpentr y skil l  b y th e tim e h e 

applie s th e "assemble "  step)—indeed ,  i t  wil l  n o longe r  b e neede d a s a  preconditio n o f  th e ne w pla n an d ca n b e 

discarded .  Violate d precondition s ca n als o requir e onl y tactical ,  o r  local ,  change s t o a  plan ,  usuall y replacemen t 

or  modicatio n o f  on e ste p i n th e plan .  Th e preconditio n PC-CARPENTRY-SKIL L als o contain s a n exampl e o f 

this :  on e o f  it s  directive s call s fo r  th e replacemen t  o f  th e "assemble "  ste p b y a  ne w pla n tha t  wil l  us e anothe r 

agent  t o assembl e th e object . 

We hav e identifie d thre e type s o f  strategi c directive s an d tw o type s o f  tactica l  directive s fo r  changin g a  plan . 

4.1 Strategic Plan Modification 

A strategi c chang e t o a  pla n i s on e tha t  affect s th e overal l  strateg y use d b y th e plan .  Example s o f  thi s ar e addin g 

a step ,  deletin g a  step ,  o r  re-orderin g steps . 

Addin g a  ste p t o a  plan .  Suppos e th e pla n BUILD-WOODEN-OBJECT i s t o b e use d b y someon e wh o 

doesn' t  kno w anythin g abou t  carpentry ;  a  preconditio n i s violated .  On e thin g tha t  ca n b e don e i s t o hav e th e 

user  lear n carpentry ,  the n ran  th e plan .  Thi s i s no t  a  ver y goo d idea ,  however ,  sinc e learnin g al l  o f  carpentr y 

can tak e a  lon g time ;  th e use r  onl y need s a  smal l  subse t  o f  tha t  informatio n t o ru n th e plan .  A  bette r  approac h 

i s t o ad d a  ste p t o th e pla n t o lear n wha t  i s neede d jus t  befor e th e informatio n i s actuall y needed ;  tha t  is ,  jus t 

befor e th e "assemble "  ste p o f  th e plan .  Suppos e th e planne r  decides ,  base d o n recursiv e planning ,  tha t  thi s i s  a 

good modificatio n t o th e plan .  Thi s informatio n ca n b e adde d t o th e preconditio n i n th e for m o f  th e followin g 

directive : 

(:ad d new-ste p sid e old-step ) 

whic h direct s th e planne r  t o ad d a  ne w ste p describe d b y new-ste p t o th e pla n befor e o r  afte r  (dependin g o n th e 

valu e o f  side )  th e ol d pla n ste p describe d b y old-step .  Whe n solvin g a  late r  proble m i n whic h i t  wa s reminde d o f 

thi s pla n an d th e sam e preconditio n wa s violated ,  th e planne r  woul d no t  hav e t o modif y th e pla n fro m scratch , 

but  rathe r  coul d us e thi s directiv e t o quickl y patc h th e pla n fo r  th e ne w situation . 

Deletin g a  ste p firom  th e plan .  Anothe r  strategi c directiv e specifie s tha t  i n orde r  t o eliminat e th e nee d 

fo r  a  precondition ,  a  ste p shoul d b e delete d fro m th e plan .  Thi s i s specifie d b y th e following : 

(rdelet e old-step ) 

wher e old-ste p describe s a  ste p currentl y calle d fo r  b y th e plan .  A n exampl e o f  a  cas e i n whic h thi s woul d b e 

usefu l  i s  th e following .  Suppos e a  pla n fo r  makin g chil i  co n carn e ha s a  preconditio n tha t  non e o f  th e peopl e wh o 

wil l  ea t  th e chil i  ar e vegetarians .  T o modif y th e pla n i n respons e t o a  violatio n o f  thi s precondition ,  th e ste p o f 

addin g mea t  ca n b e eliminate d from  th e plan .  Thi s ca n b e represente d b y a  rdelet e directive . 

3 Thi s informatio n can ,  i n principle ,  com e fro m tw o experientia l  source s (thoug h s o fa r  i n CA S i t  i s  buil t  in) .  Th e firs t 

source ,  mentione d above ,  i s previou s modification s o f  th e plan .  Th e secon d sourc e i s observation s o f  other s usin g th e plan . 

A progra m tha t  coul d watc h a  perso n an d lear n fro m it s observation s (o r  tha t  coul d b e tol d abou t  a  person' s behavior ) 

coul d us e a n episod e o f  a  perso n modifyin g a  pla n i n respons e t o a  preconditio n violatio n t o lear n informatio n t o ad d t o 

th e plan . 



Re-orderin g step s i n a  plan .  Th e thir d typ e o f  strategi c directiv e call s fo r  changin g th e orde r  o f  step s 

i n a  plan .  A n exampl e o f  whe n thi s i s appropriat e i s th e following .  Suppose ,  fo r  example ,  tha t  instea d o f  havin g 

one ste p fo r  designin g th e objec t  t o b e built ,  ou r  pla n fo r  buildin g woode n object s ha d tw o steps :  choos e th e 

wood an d the n selec t  th e configuration .  I t  make s sens e fo r  thes e step s t o b e performe d i n thi s orde r  i f  aesthetic s 

ar e mor e importan t  tha n th e functio n o f  th e object ,  sinc e th e choic e o f  th e woo d constrain s th e configuratio n 

(e.g. ,  thi n cherr y woul d nee d a  grea t  dea l  o f  structura l  support) .  However ,  i f  functio n i s mor e importan t  tha n 

aesthetics ,  th e step s shoul d b e ru n i n th e revers e order :  choos e a n optima l  design ,  the n selec t  a  woo d tha t  ca n 

be use d i n th e design .  On e wa y thes e alternative s ca n b e represente d i n a  singl e pla n i s t o hav e a  preconditio n 

whose criteri a fo r  satisfactio n is :  "aestheti c consideration s ar e mor e importan t  tha n functiona l  considerations" . 

Associate d wit h thi s preconditio n woul d b e a  directiv e t o revers e th e orde r  o f  th e tw o step s shoul d th e conditio n 

be violated . 

4.2 Tactical Plan Modification 

Tactica i  pla n modificatio n involve s changin g a  singl e ste p i n a  pla n withou t  affectin g th e overal l  strateg y o f  th e 

plan .  Ebcample s o f  thi s ar e replacin g on e ste p wit h anothe r  ste p (tha t  doesn' t  impac t  th e remainin g step s i n th e 

plan) ,  an d changin g a  ste p withi n a  ste p o f  th e plan . 

Replacin g a  step .  W e sa w a n exampl e o f  thi s typ e o f  tactica l  pla n modificatio n i n ou r  exampl e above , 

when th e planne r  substitute d th e pla n o f  gettin g someon e els e t o assembl e th e bookshelve s fo r  th e ste p o f  havin g 

th e use r  assembl e the m himself .  Th e directiv e t o specif y ste p replacemen t  look s like : 

(:replac e old-ste p new-step ) 

wher e old-ste p i s a  descriptio n o f  th e ste p t o b e replaced ,  an d new-ste p describe s a  pla n o r  a n actio n t o us e a s 

th e replacement .  Althoug h replacemen t  coul d b e accomplishe d b y doin g a n additio n an d the n a  deletion ,  w e us e 

a singl e directiv e t o specif y th e change .  Thi s simplifie s th e proces s o f  modifyin g th e pla n (i.e. ,  onl y on e directive , 

not  two ,  need s t o b e followed) ,  an d i s conceptuall y muc h clearer . 

Modifyin g a  step .  Precondition s o f  a  pla n ca n als o direc t  a n interna l  chang e t o b e mad e t o on e o f  th e 

plan' s steps .  Fo r  example ,  suppos e th e "get-materials "  ste p i n th e pla n fo r  buildin g a  woode n objec t  ha s a  ste p 

of  drivin g fro m stor e t o store .  I f  th e use r  doesn' t  hav e a  car ,  thi s ste p mus t  b e change d t o substitut e a n alternat e 

for m o f  transportation ,  bu t  th e res t  o f  th e step ,  an d th e othe r  step s i n th e plan ,  shoul d b e lef t  th e same .  Th e 

for m o f  a  directiv e t o specif y thi s woul d be : 

(:  modif y ste p directive ) 

wher e ste p i s th e ste p t o b e modifie d an d directiv e i s a  directive ,  eithe r  strategi c o r  tactical ,  decribin g th e 

modificatio n t o b e made . 

4.3 Specifying More than One Change 

A violate d preconditio n ca n specif y mor e tha n on e chang e t o b e mad e t o a  pla n i n orde r  t o eliminat e th e violation . 

Thi s i s don e b y directive s tha t  ar e boolea n ("and "  an d "or "  only )  combination s o f  othe r  directives .  Fo r  example , 

a directiv e t o eithe r  replac e th e assembl y ste p wit h a  pla n fo r  gettin g a  neighbo r  t o hel p o r  addin g a  ste p t o 

lear n carpentr y woul d loo k like : 

(:or 

('.replac e (descriptio n o f  assembl y step ) 

(descriptio n o f  th e replacement) ) 

(:ad d (descriptio n o f  learnin g carpentry ) 

:  befor e 

(descriptio n o f  assembl y step) ) 

) 

An example of a compound directive can be seen in Figure 1. 



5. 0 Absolut e an d Flexibl e Precondition s 

Researche n workin g o n proble m solvin g hav e traditionall y treate d precondition s a s condition s tha t  mus t  b e 

met  befor e usin g a  pla m o r  doin g a  pla n step .  Som e condition s o n a  pla n o r  pla n step ,  however ,  affec t  th e 

degre e o f  succes s o f  th e pla n rathe r  tha n it s absolut e success .  Lac k o f  c<upentr y skill ,  fo r  example ,  wil l  preclud e 

th e complet e succes s o f  th e BUILD-WOODEN-OBJECT plan ,  bu t  wil l  no t  preven t  i t  bein g applie d wit h limite d 

success—th e qualit y  o f  th e objec t  buil t  wil l  no t  b e a s good .  W e distinguis h betwee n precondition s (calle d ab«oiut e 

preconditiona )  tha t  mus t  b e me t  an d thos e (calle d Bexibl e preconditions )  tha t  nee d t o b e me t  onl y fo r  perfec t 

results .  C A S use s eac h differentl y durin g pla n modification . 

Flexibl e precondition s *  hav e informatio n associate d wit h the m tha t  predict s th e likel y outcom e shoul d 

the y b e violate d an d th e pla n applie d anyway .  A n exampl e o f  a  flexible  preconditio n ca n b e see n i n Figur e 1 . 

PC-CARPENTRY-SKILL state s tha t  th e use r  shoul d hav e carpentr y skil l  i n orde r  t o appl y th e plan .  I f  h e doesn't , 

th e pla n ca n stil l  b e applied ,  bu t  th e resul t  wil l  no t  b e a s nice .  Flexibl e precondition s allo w th e planne r  t o mak e 

judgement s abou t  whethe r  t o modif y a  pla n t o fit  th e curren t  proble m o r  t o ignor e th e violate d preconditio n 

and appl y th e pla n 'a s is* .  Absolut e preconditions ,  o n th e othe r  hand ,  hav e n o suc h information ,  an d n o suc h 

decision s nee d b e mad e abou t  them .  I f  the y ar e violated ,  th e pla n simpl y canno t  b e use d a s is .  Usin g i t  require s 

modification s tha t  eithe r  mak e th e preconditio n unnecessar y o r  achiev e it . 

C AS recognise s a  preconditio n a s flexible  i f  i t  ha s knowledg e associate d wit h i t  abou t  th e result s o f  it s viola -

tio n (hel d i n a n "if-vioiated "  slot) .  Thi s informatio n i s use d t o decid e whethe r  o r  no t  t o ignor e th e precondition' s 

violation .  Knowledg e abou t  preconditio n violatio n take s th e for m o f  a  stat e tha t  wil l  resul t  i f  th e pla n i s applie d 

and th e preconditio n i s violated .  Th e knowledg e associate d wit h th e preconditio n PC-CARPENTRY-SKIL L (Fig -

ur e 1) ,  fo r  example ,  indicate s tha t  i f  th e perso n applyin g th e pla n lack s carpentr y skill ,  th e qualit y o f  th e objec t 

buil t  wil l  b e poor . 

The informatio n i n th e "if-violated "  slot ,  lik e al l  preconditio n information ,  ca n b e derive d from  pas t  expe -

rienc e usin g th e plan ,  thoug h s o fa r  i n C A S w e hav e buil t  i t  int o ou r  plans .  W h e n a  pla n i s first  formulated , 

it s precondition s ar e derive d fro m th e precondition s o f  it s step s an d initiall y  hav e n o informatio n indicatin g th e 

effec t  o f  violatin g them .  A s th e pla n i s use d an d it s precondition s ar e violated ,  however ,  informatio n i s adde d t o 

th e precondition s describin g th e resul t  o f  thei r  violation .  Thi s informatio n ca n com e fro m simulatin g th e plan , 

or  i t  ca n com e from  th e planne r  decidin g t o ignor e th e precondition ,  the n recordin g th e effects . 

Althoug h no t  ye t  completel y implemente d i n C A S ,  flexible  precondition s serv e severa l  purposes .  Informatio n 

i n th e *if-violated "  slo t  o f  a  preconditio n ca n b e use d i n combinatio n wit h a  use r  mode l  t o decid e whe n t o attemp t 

t o modif y a  preconditio n an d whe n t o ignor e a  violatio n entirely .  Thi s wil l  allo w C A S t o predic t  th e outcom e 

of  applyin g a  fault y pla n withou t  needin g t o simulat e it .  Knowledg e associate d wit h flexible  precondition s als o 

allo w a  planne r  t o selec t  an d appl y th e bes t  pla n fro m a  se t  o f  les s tha n optima l  plan s whe n tha t  i s al l  tha t  i s 

available ;  wit h traditiona l  (absolute )  preconditions ,  n o pla n coul d b e chosen . 

6.0 Using Preconditions in Plan Modification 

When C A S '  planne r  i s presente d wit h a  plan ,  i t  examine s th e expecte d result s an d compare s the m t o th e goal s 
of  th e curren t  problem .  I f  th e result s satisf y al l  o f  th e majo r  goal s i n th e problem ,  the n th e pla n i s deeme d 

applicable ,  an d th e precondition s o f  th e pla n ar e checke d t o determin e i f  ther e ar e an y violations . 

I f  a  flexible  preconditio n i s violated ,  th e planne r  trie s t o determin e i f  th e violatio n ca n b e ignored .  A t  th e 

moment,  th e wa y i t  doe s thi s i s t o as k th e use r  i f  th e resul t  o f  violatin g th e preconditio n i s acceptable .  Anothe r 

way t o d o thi s i s t o us e a  mode l  o f  th e use r  t o hel p i t  decid e whethe r  o r  no t  a  resul t  i s acceptable .  I f  th e resul t  o f 

ignorin g th e violatio n i s acceptable ,  the n th e planne r  consider s th e nex t  precondition ;  otherwise ,  i t  attempt s t o 

modif y th e plan ,  usin g an y directive s associate d wit h th e precondition .  I f  a n absolut e preconditio n i s violated , 

th e planne r  assume s tha t  th e pla n canno t  b e ru n i f  th e violatio n occur s an d immediatel y attempt s t o modif y th e 

plan . 

Once th e planne r  decide s t o modif y th e pla n becaus e o f  a  preconditio n violation ,  i t  examine s th e directive s 

store d wit h th e precondition .  Th e directive s ar e no t  currentl y store d i n an y particula r  order .  I f  ther e i s onl y on e 

directive ,  i t  i s  applied .  I f  ther e ar e mor e tha n one ,  the y ar e trie d i n orde r  unti l  on e i s foun d tha t  i s acceptable . 

A directiv e i s acceptabl e i f  th e chang e i t  suggest s i s possibl e an d acceptabl e t o th e user . 

Calle d "relativ e precondition! *  previouil y [Turner ,  1986] . 



T. O Relate d W o r k 

Re-usin g plaui s i s no t  a  ne w idea ;  fo r  example ,  STRIP S [Fike s e t  a/ ,  1972 ]  store d plan s i t  create d i n structure s 

calle d M A C R O PS fo r  late r  use .  No r  i s th e ide a o f  pla n modificatio n itsel f  new .  M A C R O PS wer e modifie d b y 

variabl e substitution— a proces s Carbonel l  [1983 ]  call s "transformationa l  analogy"—an d piece s o f  th e M A C R OP 

coul d b e use d i f  th e entir e thin g wa s no t  needed .  Thi s typ e o f  modificatio n i s rathe r  trivia l  an d no t  ver y flexible. 

For  instance ,  i f  a  M A C R OP o r  piec e o f  a  M A C R OP wa s selecte d t o solv e a  ne w problem ,  th e structur e wa s 

applie d "a s is*, ^  wit h n o change s t o th e structur e allowed . 

Carbonel l  [1986 ]  propose d anothe r  for m o f  reasonin g b y analog y t o a  previou s problem ,  calle d derivatiom J 

analogy .  Thi s wor k i s closel y relate d t o ou r  own ,  a s w e bot h rel y o n previou s reasonin g t o guid e pla n modification . 

Yet  ther e ar e importan t  differences .  Carbonell' s  approac h involve s steppin g throug h th e reasonin g tha t  wa s don e 

i n creatin g a  pla n fo r  a  previou s situation ,  noticin g problem s wit h respec t  t o th e curren t  problem ,  an d fixing 

them .  Ou r  approach ,  however ,  relie s o n compile d informatio n i n th e precondition s t o immediatel y aler t  th e 

planne r  t o potentia l  difficult y applyin g th e plan .  Th e planne r  ca n the n evaluat e th e severit y o f  th e problem — 

agai n usin g informatio n store d wit h th e preconditions—an d modif y th e plan .  Thi s i s a  mor e efficien t  approach , 

sinc e w e ar e no t  simulatin g plannin g tha t  wa s don e previously .  Anothe r  differenc e betwee n ou r  planne r  an d 

Carbonell' s  i s  tha t  our s i s hierarchical ,  an d hi s i s not . 

H a m m o nd [1984 ]  propose s usin g informatio n store d wit h tAemati c orgiini»a,tio n packets ,  o r  T O P s [Schank , 

1982] ,  t o patc h fault y plans .  T O P s represen t  plannin g informatio n a t  a  hig h leve l  o f  abstraction .  Fo r  example , 

a T O P migh t  sugges t  tha t  i n orde r  t o avoi d a  violatio n o f  a  goa l  b y som e pla n step ,  tha t  pla n ste p shoul d b e 

replace d o r  changed ;  however ,  additiona l  reasonin g woul d nee d t o b e don e t o decid e ho w t o replac e o r  chang e th e 

step .  W e us e T O P s i n C A S ,  too ,  bu t  hav e foun d tha t  i t  i s  advantageou s t o stor e informatio n abou t  modifyin g 

a specifi c  pla n wit h th e pla n itself .  Thi s allow s th e specifi c  information ,  i.e. ,  tha t  whic h pertain s specificall y t o 

th e plan ,  t o b e accessibl e immediatel y upo n recallin g th e plan ,  withou t  performin g an y additiona l  reasoning . 

Alterma n [1986 ]  ha s develope d a n adaptiv e planne r  tha t  ca n us e bot h specifi c  an d genera l  plan s t o solv e a 

ne w problem .  I f  th e specifi c  pla n fails ,  the n th e failin g ste p i s generalise d t o find a  representativ e categor y o f 

action ,  the n tha t  i s specialize d t o find a  ne w step .  Eac h tim e a  ste p fail s i n a  plan ,  thi s mus t  b e done .  Th e 

differenc e betwee n thi s approac h an d ou r  ow n i s tha t  w e avoi d th e generalisatio n an d specialisatio n procedur e 

by storin g compile d knowledg e abou t  previou s pla n modification s wit h th e preconditions .  Instea d o f  lookin g fo r 

an alternativ e step ,  C A S ca n immediatel y us e pas t  experienc e t o substitut e a  ste p tha t  worke d before . 

Schan k an d Abelso n [1977 ]  hav e divide d th e precondition s o f  thei r  planboxe s int o thre e types :  controllable , 

uncontrollable ,  an d mediating .  Controllabl e precondition s ar e thos e satisfiabl e b y operator s a  planne r  know s 

about .  Uncontrollabl e precondition s ar e thos e th e planne r  doesn' t  kno w ho w t o satisfy .  Mediatin g precondition s 

ar e thos e th e planne r  ca n satisf y b y usin g othe r  planboxe s fro m th e persuad e package .  Thi s wa s a  goo d star t  a t 

categorisin g precondition s b y ho w the y ca n b e satisfied .  However ,  th e proble m wit h thi s approac h i s tha t  i t  i s 

to o stati c fo r  us e b y a  planne r  tha t  learn s plan s ove r  time .  Precondition s tha t  ar e uncontrollabl e no w ma y b e 

controllabl e a t  som e futur e time ,  an d precondition s tha t  ar e satisfie d b y plan s simila r  t o thos e i n th e persuad e 

packag e ma y a t  som e late r  tim e b e satisfiabl e b y othe r  plans .  Thei r  approac h als o wa s no t  concerne d wit h pla n 

modification . 

8.0 Conclusion 

Re-usin g plan s ofte n involve s modifyin g the m t o fit  a  ne w situation .  Pla n modificatio n i s mad e easie r  b y usin g 

informatio n gaine d from  pas t  experienc e usin g th e plan .  Sinc e thi s informatio n usuall y relate s t o ho w th e pla n wa s 

modifie d i n respons e t o on e o r  mor e preconditio n violations ,  C A S take s th e approac h o f  storin g th e informatio n 

wit h th e precondition s themselves .  Th e planne r  ca n easil y acces s thi s informatio n whe n i t  need s i t  durin g th e 

proces s o f  modifyin g th e plan . 

Ther e ar e tw o importan t  feature s o f  ou r  approach .  First ,  som e precondition s ar e Bexibl e preconditions . 

Thes e contai n informatio n abou t  th e likel y resul t  o f  applyin g th e pla n i f  the y ar e violated .  Thi s informatio n 

allow s a  planne r  t o quickl y decid e whethe r  i t  shoul d attemp t  t o modif y th e pla n o r  simpl y ignor e th e offendin g 

precondition .  Sinc e relativ e precondition s d o no t  necessaril y  hav e t o b e satisfie d i n orde r  fo r  a  pla n t o b e applied . 

Unlc M ther e w u &  preconditio n violation ,  i n whic h cu e th e itructur e wa s applie d afte r  additiona l  plannin g t o ntee t  th e 

precondition* . 



the y als o hav e th e advantage ,  i n principle ,  o f  allowin g a  planne r  t o choos e th e bes t  pla n fro m amon g severa l 

plan s wit h violate d preconditions ,  i f  tha t  i s al l  tha t  i s  available . 

The secon d featur e o f  ou r  approac h i s tha t  precondition s contai n informatio n tha t  ca n b e use d b y th e planne r 

as heuristic s durin g pla n modification .  Thi s informatio n i s compile d fro m experienc e usin g th e plan ,  an d take s 

th e for m o f  plaoinin g directives—suggestion s t o th e planne r  base d o n wha t  ha s worke d before .  B y makin g us e o f 

thes e directives ,  th e planne r  ca n us e previou s experienc e t o allo w i t  t o efficientl y modif y a  plan . 
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