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T H E U S E O F R E M I N D I N G S I N P L A N N I N G * 

Kristian Hammond 

Departmen t  o f  Compute r  Scienc e 

Yal e Universit y 

Abstrac t 

In recent years, much research has been aimed at the study of episodic reminding and 
it s relationshi p t o th e proces s o f  understandin g i n bot h ma n an d machines .  Becaus e o f  th e 
il l  define d natur e o f  th e functionalit y o f  episodi c reminding s i n th e understandin g process , 

however ,  littl e progres s ha s bee n mad e i n uncoverin g th e natur e o f  th e memor y organizatio n 

tha t  support s thes e reminding s o r  ho w the y ar e use d t o hel p i n understanding . 

Thi s pape r  wil l  presen t  a  functiona l  vie w o f  episodi c remindin g fro m th e perspectiv e o f 

plannin g rathe r  tha n understanding .  Becaus e o f  th e cleare r  functionalit y o f  planning ,  a  mor e 

straightforwar d vie w o f  th e us e o f  thes e reminding s an d th e memor y organizatio n tha t  support s 

the m i s possible .  Thi s pape r  wil l  discus s thre e situation s i n whic h episodi c memorie s ca n b e 

use d i n planning :  proble m anticipation ,  pla n constructio n an d pla n repair .  Th e memor y 

organizatio n tha t  eac h o f  thes e use s implie s wil l  als o b e discussed .  Thi s vie w o f  memor y wil l 

be presente d i n term s o f  a  case-base d planner ,  C H E F ,  whic h make s extensiv e us e o f  episodi c 

reminding s i n constructin g ne w plans . 

1 Episodic Remindings in Understanding and Planning 

Interest in the occurrence and use of episodic remindings abounds in both Artificial Intelligence 

an d psychology .  Studie s o f  analogica l  reasoning ,  learnin g fro m experienc e an d episodi c memor y 

organizatio n al l  cente r  o n th e notio n o f  usin g feature s i n on e situatio n t o acces s memorie s o f  a 

pas t  one .  I n AI ,  th e focu s o f  interes t  ha s bee n o n th e structure s tha t  ar e require d t o simulat e 

thes e reminding s i n machines .  I n psychology ,  th e approac h ha s bee n t o experimentall y clarif y th e 

feature s tha t  ar e use d t o acces s them .  Unfortunately ,  bot h o f  thes e approache s see m t o ignor e 

th e mos t  importan t  aspec t  o f  thes e remindings :  thei r  function . 

Withou t  a  clea r  ide a wha t  functio n episodi c reminding s serve ,  ther e ar e stron g limit s o n wha t 

ca n b e sai d abou t  th e m e m o r y organizatio n tha t  support s the m an d abou t  th e informatio n tha t 

i s availabl e t o an y proces s tha t  accesse s them .  Becaus e o f  this ,  mos t  o f  th e discussio n abou t 

reminding s ha s bee n reduce d t o examinin g list s o f  th e c o m m o n feature s betwee n a n episod e an d 

th e remindin g i t  elicits .  Ther e ha s bee n littl e discussio n abou t  ho w functiona l  need s determin e 

th e vocabular y tha t  m a y b e use d t o inde x episode s i n m e m o r y o r  abou t  th e processe s tha t  chos e 

th e feature s i n a n inpu t  episod e t o us e i n accessin g pas t  episode s i n memory .  Ther e i s a  grea t 

deal  o f  discussio n o f  reminding s tha t  ignore s th e constraint s tha t  woul d ris e ou t  o f  a  theor y o f 

what  purpos e the y serve . 

O ne reaso n tha t  m a n y o f  thes e theorie s lac k a  functiona l  vie w o f  reminding s i s tha t  mos t  o f 

the m com e ou t  o f  th e contex t  o f  natura l  languag e understandin g i n whic h th e us e o f  episodi c 

*Thi s repor t  describe s wor k don e i n th e Departmen t  o f  Compute r  Scienc e a t  Yal e University .  I t  wa s supporte d 
i n par t  b y O N R Gran t  #N00014-85-K-0108 . 
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remindings is somewhat ill-defined. One way around this problem is to shift the study of episodic 

remindin g int o a n are a wher e th e tas k i s cleare r  an d th e possibl e functionalit y o f  th e reminding s 

i s mor e straightforward :  planning .  T h e goal s an d requirement s o f  a  planne r  ar e somewha t  bette r 

define d tha n thos e o f  a n understander .  Likewis e th e situation s i n whic h episodi c reminding s woul d 

be o f  us e t o a  planne r  ar e als o bette r  defined .  I n plannin g ther e i s a  cleare r  notio n o f  whe n a 

remindin g woul d b e o f  use ,  wha t  i t  woul d b e use d fo r  an d wha t  informatio n th e planne r  migh t 

hav e a t  han d t o find  it .  Thi s clarit y provide s stron g constraint s o n th e vocabular y use d t o stor e 

episodi c memorie s i n th e first  plac e an d o n th e choic e o f  th e feature s i n a n situatio n tha t  ar e goin g 

t o b e use d t o searc h fo r  a  pas t  episode s fo r  us e i n tha t  situation . 

Th e discussio n i n thi s pape r  wil l  cente r  aroun d th e memor y structure s use d i n th e compute r 

progra m C H E F ,  a  case-base d planne r  i n th e domai n o f  Szechwa n cookin g tha t  make s heav y us e 

of  it s  pas t  plannin g experience s t o dea l  wit h curren t  goals .  T h e organizatio n use d b y thi s planne r 

provide s memorie s fo r  us e i n initia l  pla n construction ,  proble m anticipatio n an d pla n repair .  Thes e 

memory organization s provid e wha t  w e cal l  directe d remindings ,  becaus e the y ar e intentionall y 

sough t  b y processe s activel y seekin g solution s t o presen t  problem s usin g pas t  memories . 

2 Remindings in Understanding 

In 1980, Schank [Schank 82] proposed a view of remindings as the natural by-product of goal 

trackin g whil e understandin g stories .  H e suggeste d a  se t  o f  memor y structure s tha t  woul d accoun t 

fo r  th e associatio n o f  certai n episode s i n memor y an d allo w acces s o f  on e fro m th e other .  I n hi s 

initia l  work ,  however ,  h e di d no t  sugges t  a  mode l  o f  ho w thes e reminding s coul d b e use d i n th e 

understandin g process .  Followin g thi s proposal ,  Dye r  [Dye r  82 ]  designe d a n implementatio n o f 

many o f  th e organizationa l  idea s suggeste d b y Schank .  Hi s understander ,  B O R I S ,  wa s "reminded " 

of  memor y structure s simila r  t o Schank's ,  bu t  di d no t  mak e an y us e o f  the m i n actuall y under -

standin g stories .  Mor e recentl y Dye r  [Dye r  85 ]  ha s continue d t o loo k a t  compute r  simulation s o f 

understander' s tha t  hav e reminding s bu t  stil l  ha s don e n o mor e i n th e wa y o f  explainin g thei r 

use . 

I n Schank' s curren t  wor k [Schan k 86] ,  h e ha s suggeste d usin g reminding s fo r  verificatio n o f 

explanations .  H e als o ha s student s workin g o n reusin g pas t  explanation s t o fill  i n causa l  gap s 

i n storie s bein g rea d b y a n understandin g program .  Eve n i n thi s work ,  however ,  ther e i s som e 

difficult y i n definin g th e functio n o f  th e remindings ,  whic h undercut s th e effor t  t o demonstrat e 

ho w an d whe n the y arise . 

I n psychology ,  a  grea t  dea l  o f  wor k o n analogica l  remindin g ha s bee n don e b y Centne r 

Centne r  an d Lander s 85 ]  an d Holyoa k [Gic k an d Holyoa k 83 ]  i n tryin g t o pi n dow n th e feature s 

used t o acces s memory .  The y hav e bot h take n th e approac h o f  providin g subject s wit h under -

standin g an d plannin g task s tha t  elici t  reminding s an d notin g th e commonalitie s betwee n th e 

remindin g an d th e initia l  episode .  Th e objec t  o f  thi s wor k ha s bee n t o deriv e th e feature s tha t 

ar e use d t o organiz e memory . 

Unfortunately ,  bot h Centne r  an d Holyoa k see m t o ignor e th e fac t  tha t  a  remindin g o f  on e 

episod e fro m anothe r  i s a  remindin g ou t  o f  al l  o f  memory .  The y forge t  tha t  thei r  tas k i s no t  t o 

jus t  explai n wh y on e episod e wa s foun d bu t  als o explai n wh y other s weren't .  The y ar e satisfie d 

t o explai n a  remindin g fro m a n episod e t o on e i n th e pas t  b y simpl y listin g th e feature s tha t  the y 
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have in common. But the major problem with this work is that it avoids the fact that memory 

i s use d fo r  something .  Bot h Centne r  an d Holyoa k see m t o b e lookin g a t  memor y an d remindin g 

as thoug h i t  wer e a  phenomeno n i n a  vacuum ,  withou t  an y function .  Becaus e o f  this ,  the y hav e 

faile d t o as k th e question s abou t  th e purpos e t o whic h th e remindin g the y hav e studie d ar e bein g 

put ,  an d thu s hav e faile d t o as k wh y an d ho w the y wer e retrieve d i n th e first  place . 

A strikin g exceptio n t o th e non-functiona l  approac h t o th e stud y o f  reminding s i n understand -

in g i s th e wor k o f  Seifer t  [Seifer t  85] .  Whil e he r  experimenta l  paradig m i s simila r  t o Centner's , 

her  material s wer e aime d a t  discoverin g th e processin g situation s tha t  evoke d reminding s a s wel l 

as th e feature s use d t o inde x them .  He r  initia l  wor k seem s t o indicat e tha t  reminding s ar e sough t 

t o fill  i n explanator y gap s i n narrative s an d tha t  th e proces s tha t  retrieve s th e reminding s i s mor e 

directe d tha n i t  ha s previousl y bee n though t  t o be . 

The genera l  proble m o f  discussin g episodi c reminding s fro m th e perspectiv e o f  understandin g 

i s tha t  th e task s involve d i n understandin g ar e somewha t  ill-defined .  Becaus e o f  this ,  th e functio n 

of  reminding s i n thos e task s i s equall y ill-defined .  Withou t  a n ide a o f  th e functio n o f  remindings , 

th e theorie s tha t  hav e arise n t o explai n the m hav e lacke d an y notio n o f  whe n th e reminding s wil l 

occur ,  wha t  feature s ar e actuall y use d t o acces s the m an d wha t  for m th e memorie s themselve s 

wil l  hav e t o tak e i n orde r  t o b e useful .  Th e similaritie s betwee n episode s tha t  hav e bee n note d 

withi n reminding s hav e bee n interesting ,  bu t  the y onl y tel l  par t  o f  th e story . 

3 Remindings in Planning 

The task of planning is somewhat more straightforward than the task of understanding. As 

a result ,  th e specifi c  function s t o whic h a n episodi c memor y ca n b e pu t  ar e somewha t  mor e wel l 

define d tha n thos e i n understanding .  I n planning ,  reminding s o f  pas t  situation s ca n b e use d t o 

sugges t  plannin g strategies ,  repai r  fault y plans ,  provid e complet e plan s an d war n o f  potentia l 

failures .  Thes e function s ar e suc h tha t  the y actuall y defin e wha t  th e planne r  need s an d wha t  i t 

has o n han d t o searc h fo r  a  remindin g t o satisf y thos e needs .  I n planning ,  a  theor y o f  remindin g 

i s mor e tha n a  lis t  o f  th e similaritie s betwee n tw o situations .  I t  i s  a  theor y tha t  include s th e 

vocabular y require d t o ge t  th e reminding ,  th e proces s whic h choose s th e feature s i n on e situatio n 

tha t  ar e use d t o searc h fo r  on e an d a  descriptio n o f  th e kin d o f  informatio n a  planne r  i s tryin g t o 

get  fro m it . 

Carbonne l  [Carbonel l  83 ]  ha s suggeste d on e o f  th e th e mor e successfu l  approache s t o th e us e o f 

reminding s i n plannin g an d proble m solvin g i n hi s mode l  o f  proble m solvin g throug h analogy .  Hi s 

model  center s aroun d th e ide a tha t  pas t  solution s t o problem s ca n provid e strategi c informatio n 

whic h ca n b e applie d t o ne w proble m solvin g situations .  Th e vocabular y use d t o stor e pas t 

instance s i s base d o n a  partia l  processin g o f  problems .  I f  th e processin g step s i n on e proble m 

matc h thos e take n i n a  pas t  one ,  th e pas t  step s ar e accesse s fro m memor y an d applie d t o th e 

curren t  situation .  Th e proble m solve r  i s alway s tryin g t o find  pas t  solution s tha t  ca n b e applie d 

t o th e presen t  case .  Th e informatio n tha t  th e proble m solve r  transfer s fro m th e ol d situatio n t o 

th e ne w consist s o f  th e th e step s take n i n th e ol d case .  Whil e Carbonell' s  vie w o f  reminding s 

gain s a  grea t  dea l  fro m th e functio n serve d b y th e memorie s retrieved ,  h e suggest s onl y on e us e 

tha t  thes e memorie s serve . 

4 Remindings in CHEF 
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CHEF is a case-based planner that tries to use past memories in all aspects of its planning 

activity .  Ther e ar e thre e area s i n whic h thi s ha s bee n mos t  successful : 

• Plan Construction, which makes use of a memory organization of past plans indexed by the 

goal s tha t  the y satisf y an d th e problem s the y avoid . 

• Problem Anticipation, which makes use of a memory of the planner's own failures, indexed 

by th e goa l  feature s tha t  predic t  them . 

• Plan Repair, which makes use of a memory of past repairs, indexed by descriptions of the 

problem s tha t  the y solve . 

Before looking at how CHEF makes use of remindings in planning, it is important to get an 

ide a o f  ho w i t  plan s i n general . 

che f ' s inpu t  i s a  se t  o f  goal s fo r  differen t  tastes ,  textures ,  ingredient s an d type s o f  dishe s 

and it s outpu t  i s a  singl e recip e tha t  satisfie s al l  o f  it s  goals .  It s basi c algorith m i s t o find a  pas t 

pla n tha t  satisfie s a s m a n y o f  th e mos t  importan t  goal s a s possibl e an d the n modif y tha t  pla n t o 

satisf y th e othe r  goal s a s well . 

Befor e searchin g fo r  a  pla n t o modify ,  C H E F examine s th e goal s i n it s inpu t  an d predict s an y 

failure s tha t  migh t  ris e ou t  th e interaction s betwee n th e plan s fo r  satisfyin g them .  I f  a  failur e i s 

predicted ,  C H E F add s a  goa l  t o avoi d th e failur e i t  t o it s lis t  o f  goal s t o satisf y an d thi s ne w goa l 

i s  als o use d t o searc h fo r  a  plan .  Fo r  example ,  i f  i t  predict s tha t  sti r  fryin g chicke n wit h sno w 

peas wil l  lea d t o sogg y sno w pea s becaus e th e chicke n wil l  swea t  mea t  int o th e pan ,  i t  searche s 

fo r  a  sti r  fr y pla n tha t  avoid s th e proble m o f  vegetable s gettin g sogg y whe n cooke d wit h meats . 

I n doin g so ,  i t  finds a  pas t  pla n fo r  bee f  an d broccol i  tha t  solve s thi s proble m b y sti r  fryin g th e 

vegetabl e an d mea t  separately .  Th e importan t  similarit y betwee n th e curren t  situatio n an d th e 

one fo r  whic h th e pas t  pla n wa s buil t  i s  tha t  th e sam e proble m rise s ou t  o f  th e interactio n betwee n 

th e planner' s goals ,  althoug h th e goal s themselve s ar e different . 

4. 1 Pla n Constructio n -  M e m o r y o f  Pas t  Plan s 

CHEF' s approac h t o pla n constructio n i s somewha t  differen t  tha n mos t  planners' .  Rathe r 

tha n buil d plan s u p fro m primitiv e steps ,  i t  searche s fo r  a  pas t  pla n i n memor y tha t  satisfie s 

as man y o f  it s  goal s a s possibl e an d the n modifie s i t  t o satisf y al l  o f  th e planner' s othe r  goals . 

Becaus e C H E F als o ha s th e abilit y  t o anticipat e plannin g problem s (se e Sectio n 4.2 )  befor e the y 

arise ,  i t  trie s t o find  pas t  plan s tha t  avoi d th e problem s tha t  i t  anticipate s whil e als o satisfyin g 

it s activ e goals . 

Th e pla n memor y tha t  i s  define d b y thi s functio n i s straightforward :  pas t  plan s ar e indexe d 

by th e goal s tha t  the y satisf y an d th e problem s tha t  the y avoid .  A  C H E F pla n fo r  sti r  frie d bee f 

and broccoli ,  fo r  example ,  i s  store d b y th e fac t  tha t  i t  i s  a  sti r  fr y plan ,  tha t  i t  include s bee f 

and broccol i  an d b y th e fac t  tha t  i t  avoid s a  proble m endemi c t o sti r  fryin g i n whic h th e liqui d 

produce d b y th e sti r  frie d mea t  make s th e vegetabl e frie d wit h i t  soggy . 

C H EF begin s it s searc h o f  pla n memor y wit h tw o set s o f  feature s i n hand ,  th e goal s tha t  i t 

need s t o achiev e an d th e problem s i t  want s t o avoi d whil e doin g so .  Thes e goal s ar e ranke d s o 

tha t  C H E F i s abl e t o searc h fo r  plan s tha t  satisf y it s mos t  importan t  goal s first.  Thi s rankin g i s 

base d o n th e difficult y wit h whic h i t  ca n ad d th e step s fo r  a  goa l  t o a n existin g plan . 
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Because it is rare that a past plan will satisfy all of the goals that CHEF has in hand, it 

als o need s a  m e m o r y organizatio n tha t  reflect s similarit y betwee n differen t  goal s an d th e differen t 

plan s tha t  satisf y them .  A  pla n t o satisf y th e goa l  t o sti r  fr y beef ,  fo r  exampl e i s simila r  t o th e 

pla n t o sti r  fr y pork .  A s a  result ,  a  comple x pla n fo r  bee f  ca n easil y b e modifie d t o satisf y th e 

goa l  t o includ e pork .  Thi s notio n o f  similarit y i s implemente d i n a n abstractio n networ k o f  goals , 

i n whic h simila r  goal s ar e clos e togethe r  i n th e network . 

c h e f ' s pla n m e m o r y i s implemente d a s a  discriminatio n net ,  i n whic h plan s ar e indexe d b y th e 

goal s tha t  the y satisf y an d th e problem s tha t  the y avoid .  Acces s t o thi s m e m o r y i s controlle d b y 

c h e f ' s pla n retriever ,  a  modul e tha t  take s a  se t  o f  goals ,  includin g th e goal s t o avoi d problems , 

an d retrieve s th e pas t  pla n i n m e m o r y tha t  satisfie s a s m a n y o f  th e mos t  importan t  goal s a s 

possible .  T h e planne r  firs t  use s it s knowledg e o f  th e relativ e difficult y o f  modifyin g plan s t o 

prioritiz e th e goal s i t  i s  handed .  I t  the n use s th e highes t  priorit y goa l  t o driv e int o memor y an d 

abandon s th e searc h o n th e basi s o f  tha t  goa l  onl y afte r  i t  ha s faile d t o find a  pla n tha t  eve n 

partiall y  satisfie s it . 

W h en a  goa l  fail s  t o matc h an y o f  thos e satisfie d b y a n existin g plan ,  th e pla n retrieve r  back s 

of f  o n th e goa l  an d trie s t o find a  pla n tha t  a t  leas t  satisfie s a  mor e genera l  versio n o f  it .  I f 

ther e ar e multipl e plan s tha t  d o this ,  th e planne r  furthe r  discriminate s betwee n the m o n th e 

basi s o f  individua l  feature s o f  th e goal s tha t  th e plan s satisfy .  T h e feature s i t  choose s t o d o thi s 

discriminatio n ar e dynamicall y determine d b y pas t  failure s tha t  ar e associate d wit h the m an d b y 

a stati c orderin g o f  feature s tha t  i s  use d i f  non e o f  th e feature s i s problematic .  Afte r  a  goa l  ha s 

bee n use d t o discriminat e throug h th e pla n memory ,  th e nex t  highes t  priorit y goa l  i s  calle d o n t o 

do an y furthe r  discriminatio n tha t  ha s t o b e done . 

T h e reminding s tha t  C H E F get s fro m it s pla n retrieve r  reflec t  th e need s o f  th e planner .  The y 

ar e plan s tha t  satisf y m a n y o f  th e planner' s goal s becaus e it s pla n memor y i s organize d aroun d 

thos e goals .  Becaus e i t  als o want s t o avoi d problems ,  th e fac t  tha t  a  pla n doe s s o i s als o use d t o 

inde x plans .  Becaus e i t  ca n us e plan s tha t  partiall y  satisf y goal s i t  ha s a  notio n o f  similarit y tha t 

i s  als o use d t o organize s thi s memory .  A n d becaus e i t  want s t o minimiz e th e wor k i t  ha s t o d o 

t o modif y a  pas t  pla n t o satisf y it s curren t  goals ,  i t  searche s fo r  pas t  plan s indexin g o n th e mos t 

difficul t  t o achiev e goal s first. 

I n dealin g wit h a  plannin g proble m o f  makin g a  sti r  fr y dis h wit h chicke n an d sno w peas , 

C H EF anticipate s th e proble m o f  th e liqui d fro m th e chicke n ruinin g th e textur e o f  th e sno w pea s 

an d s o add s a  goa l  t o avoi d thi s proble m t o th e lis t  o f  goal s i t  ha s t o achieve .  Onc e thi s i s  done ,  i t 

searche s fo r  a  pla n tha t  satisfie s a s m a n y o f  th e goal s a s possible .  Becaus e th e mos t  difficul t  goa l 

t o achiev e i s th e on e t o avoi d th e proble m o f  th e liqui d ruinin g th e sno w peas ,  thi s on e become s 

th e highes t  priorit y goa l  fo r  thi s search .  A s a  result ,  a  pla n tha t  satisfie s thi s goa l  an d partiall y 

satisfie s th e other s i s use d rathe r  tha n anothe r  pla n tha t  i s a  sti r  fr y dis h fo r  chicke n bu t  doe s no t 

hav e th e change s tha t  woul d allo w th e planne r  t o easil y avoi d th e proble m i t  ha s anticipated . 

Searching for plan -

Placing goals in order of difficulty -

Make a  stir-fr y dish . 

Avoi d failur e o f  typ e SIDE-EFFECT:DISABLED-CONDITION:CONCURRENT 

exemplifie d b y th e failur e 'Th e broccol i  i s  no w soggy '  i n recip e 
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BEEF-AND-BROCCOLI. 
Includ e chicke n i n th e dish . 
Includ e sno w pe a i n th e dish . 

Drivin g dow n on :  Mak e a  stir-fr y dish . 
Succeede d -

Drivin g dow n on : 
Avoi d failur e o f  typ e SIDE-EFFECT:DISABLED-CONDITION:CONCURRENT 
exemplifie d b y th e failur e 'Th e broccol i  i s  no w soggy '  i n recip e 
BEEF-AND-BROCCOLI. 

Succeede d -
Drivin g dow n on :  Includ e chicke n i n th e dish . 
Faile d -  Tryin g mor e genera l  goal . 

Drivin g dow n on :  Includ e mea t  i n th e dish . 
Succeede d -

Drivin g dow n on :  Includ e sno w pe a i n th e dish . 
Faile d -  Tryin g mor e genera l  goal . 
Drivin g dow n on :  Includ e vegetabl e i n th e dish . 

Succeede d -

Found recipe -> REC9 BEEF-AND-BROCCOLI 

Recipe exactly satisfies goals -> 
Avoi d failur e o f  typ e SIDE-EFFECT:DISABLED-CONDITION:CONCURRENT 

exemplifie d b y th e failur e 'Th e broccol i  i s  no w soggy '  i n recip e 
BEEF-AND-BROCCOLI. 

Make a  stir-fr y dish . 

Recipe partially matches -> 
Includ e chicke n i n th e dish . 

i n tha t  th e recip e satisfies :  Includ e mea t  i n th e dish . 

Recipe partially matches -> 
Includ e sno w pe a i n th e dish . 

i n tha t  th e sno w pe a ca n b e substitute d fo r  th e broccoli . 

In CHEF, remindings of past plans serve a function and that function defines the memory 

organizatio n tha t  house s th e plan s an d th e acces s proces s tha t  retrieve s them .  A s a  result ,  th e 

planne r  ca n us e it s memor y t o find  th e plan s tha t  fit  it s  needs .  Thes e plan s bes t  achiev e th e 

goal s tha t  C H E F ha s bee n give n an d avoi d th e problem s tha t  i t  ha s anticipated .  The y partiall y 

satisf y goal s ca n b e foun d alon g wit h thos e tha t  completel y satisf y them .  CHEF' s pla n memor y 

i s designe d t o mee t  th e need s o f  th e planne r  a t  larg e an d th e feature s tha t  ar e use d t o acces s i t 

ar e thos e tha t  bes t  describ e th e problem s tha t  th e plan s searche d fo r  hav e t o solve . 

4. 2 Failur e avoidanc e -  memor y o f  pas t  failure s 

To avoid failures, CHEF has to be able to anticipate them, to notice that they are going to 

occu r  i n orde r  t o giv e th e pla n retrieve r  th e goa l  t o avoi d them .  Th e proces s tha t  predict s th e 

occurrenc e o f  failure s i s CHEF' s proble m anticipato r  whic h use s a  knowledg e bas e o f  CHEF' s 

memory o f  failures . 
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The function of a problem anticipator is to predict failures on the basis of the surface features 

of  a  situatio n tha t  hav e cause d simila r  failure s i n th e past .  I t  predicts ,  fo r  example ,  tha t  th e pla n 

fo r  th e goal s o f  includin g a  mea t  an d a  cris p vegetabl e i n a  sti r  fr y dis h wil l  lea d t o th e vegetabl e 

becomin g sogg y afte r  bein g sti r  frie d wit h th e meat .  A s th e las t  sectio n demonstrated ,  onc e thi s 

predictio n ha s bee n made ,  a  pla n tha t  avoid s thi s proble m ca n b e found .  Bu t  befor e th e proble m 

ca n b e solved ,  i t  mus t  b e anticipated .  A n d t o anticipat e thes e failures ,  C H E F ' s memor y o f  the m 

has t o b e organize d s o a s t o lin k it s m e m o r y o f  pas t  failure s t o th e feature s o f  th e goal s tha t 

predic t  them . 

T h e organizatio n o f  C H E F ' s m e m o r y o f  failure s i s les s comple x tha n it s organizatio n o f  plans . 

I t  i s  simple r  becaus e it s functio n an d th e requirement s o f  th e proces s tha t  use s i t  ar e simpler .  Th e 

tas k o f  th e anticipato r  i s t o infe r  th e possibilit y  o f  a  failur e fro m a  se t  o f  surfac e features .  Th e 

m e m o ry o f  failure s tha t  i t  uses ,  then ,  ha s t o b e organize d i n a  wa y tha t  connect s thos e feature s 

t o th e failure s the y predict . 

C H E F ' s m e m o r y o f  failure s i s a  simpl e networ k o f  nodes ,  i n whic h particula r  failure s ar e 

connecte d t o th e goa l  feature s tha t  predic t  them .  I n C H E F ,  th e surfac e feature s o f  a  situatio n 

al l  ste m fro m th e goal s tha t  i t  i s  aske d t o pla n for .  T h e goal s tha t  C H E F i s plannin g fo r  defin e 

it s situation ,  s o i t  make s n o sens e t o lin k memorie s o f  failure s t o anythin g bu t  thes e goals .  Th e 

failur e i n th e bee f  an d broccol i  situatio n i s linke d t o th e goa l  t o includ e meat ,  th e goa l  t o includ e 

an y cris p vegetabl e an d th e goa l  t o hav e a  sti r  fr y dish . 

W h en a  particula r  featur e o f  a  goa l  ca n b e identifie d a s participatin g i n a  failure ,  a  tes t  i s 

buil t  fo r  tha t  featur e an d i s associate d wit h th e mos t  specifi c  versio n o f  th e goa l  tha t  allow s th e 

most  genera l  use .  I f  al l  member s o f  a  clas s o f  item s i s associate d wit h th e failure ,  a  lin k i s mad e 

directl y fro m tha t  clas s t o th e m e m o r y o f  th e failur e itself . 

W h en a  ne w se t  o f  goal s i s hande d t o C H E F ,  it s first  ste p i s t o activat e th e feature s associate d 

wit h eac h o f  th e goal s whic h i n tur n spread s activation s t o an y memoriie s o f  pas t  failure s tha t  ar e 

associate d wit h thos e features .  I f  al l  o f  th e feature s tha t  ar e require d t o predic t  an y failur e sen d 

marker s t o it s node ,  i t  activate s itsel f  an d th e planne r  build s a  goa l  t o avoi d tha t  failur e an d add s 

i t  t o th e planner' s goa l  list .  I n lookin g a t  th e goal s t o hav e a  sti r  fr y dis h tha t  include s chicke n 

an d sno w peas ,  then ,  th e fac t  tha t  th e chicke n i s a  mea t  an d th e sno w pea s ar e a  cris p vegetabl e 

activate s th e m e m o r y o f  a  pas t  sti r  fr y failur e stemmin g fro m thes e features . 

Searching for plan that satisfies -

Includ e chicke n i n th e dish . 

Includ e sno w pe a i n th e dish . 

Make a  stir-fr y dish . 

Activating features: 

Activating :  Th e dis h STYLE-STIR-FRY . 

Activating: The item a MEAT. 

Activating: The item a VEGETABLE. 

The TEXTURE o f  ite m CRISP -

Chicken + Snow Pea + Stir frying = Failure 
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"Meat  sweat s whe n i t  i s  stir-fried. " 

"Stir-fryin g i n to o muc h liqui d make s vegetable s soggy " 

Reminde d o f  BEEF-AND-BROCCOLI. 

Fire d demon :  DEMONO 

Based on features found in items: snow pea, chicken and stir fry 

Addin g goal :  Avoi d failur e o f  typ e 

SIDE-EFFECT:DISABLED-CONDITION:CONCURRENT exemplifie d b y 

th e failur e 'Th e broccol i  i s  no w soggy '  i n recip e 

BEEF-AND-BROCCOLI. 

chef's memory of failures is organized around the features of the goals and states that predict 

them .  Thi s let s C H E F g o directl y fro m a  se t  o f  goal s t o b e planne d fo r  t o a  m e m o r y o f  thos e 

failure s tha t  i t  shoul d b e tryin g t o avoid .  B y als o associatin g th e failure s wit h th e actua l  feature s 

tha t  cause d them ,  feature s tha t  m a y no t  hav e bee n directl y attache d t o a  goa l  tha t  th e planne r 

was workin g o n whe n th e failur e occurred ,  i t  i s  als o abl e t o b e reminde d o f  failure s i n situation s 

tha t  hav e surfac e feature s differen t  fro m thos e o f  th e origina l  situation .  S o C H E F ' s memor y o f 

failure s ca n provid e appropriat e prediction s o f  problem s i n situation s tha t  ar e simila r  t o thos e 

i t  ha s see n befor e a t  th e leve l  o f  initia l  goal s an d a t  th e leve l  o f  th e actua l  cause s o f  particula r 

problems . 

4- 8 Pla n modificatio n -  m e m o r y o f  pas t  repair s 

Afte r  C H E F i s reminde d o f  a  pas t  plan ,  i t  ha s t o modif y i t  t o satisf y an y goal s tha t  i t  doe s no t 

alread y achieve .  T o d o thi s C H E F use s a  tabl e o f  standar d modification s tha t  tel l  i t  ho w t o ad d 

ne w goal s t o existin g plans .  I n som e case ,  however ,  C H E F need s t o mak e change s tha t  g o beyon d 

th e scop e o f  th e modification s suggested .  Thes e ar e case s wher e pas t  experienc e ha s show n tha t 

th e standar d modification s wil l  lea d t o a  failure . 

Becaus e C H E F i s abl e t o anticipat e problem s tha t  i t  ha s encountere d before ,  i t  i s  abl e t o 

predic t  whe n thes e case s wil l  arise .  I t  i s  als o abl e t o us e thi s predictio n t o find  th e pas t  repai r 

i t  use d t o solv e th e proble m i n th e earlie r  instance .  Thi s i s becaus e i t  store s th e memor y o f  th e 

repai r  i t  mad e i n memory ,  indexe d b y th e proble m tha t  i t  solves .  Lik e complet e plan s tha t  ar e 

indexe d b y th e problem s tha t  the y avoid ,  specifi c  pla n alteration s ar e indexe d b y th e problem s 

tha t  the y fix. 

One exampl e o f  thi s occur s whe n C H E F i s buildin g a  pla n fo r  Duc k Dumplings .  Afte r  runnin g 

a basi c pla n tha t  jus t  replace s duc k fo r  por k i n a n existin g recipe ,  i t  finds  tha t  th e fa t  fro m th e 

duc k make s th e recip e to o greasy .  I t  repair s thi s proble m i n it s ne w pla n b y removin g th e fa t 

fro m th e duc k befor e grindin g it .  I t  als o store s th e memor y o f  thi s repai r  unde r  th e predictio n 

of  th e failure .  Later ,  whe n i t  i s  plannin g fo r  a  past a dis h wit h duck ,  i t  predict s tha t  th e sam e 

proble m wil l  occu r  bu t  canno t  find a  past a dis h tha t  avoid s it .  T h e bes t  i t  ca n find  i s th e recip e 

fo r  Ant s Clim b a  Tree ,  a  past a dis h wit h pork ,  tha t  i t  put s th e duc k into .  Becaus e i t  ha s predicte d 

a proble m wit h grease ,  however ,  i t  ha s acces s t o th e pas t  repai r  tha t  deal s wit h i t  an d ca n appl y 

i t  befor e th e failur e occur s again . 

Modifyin g recipe :  DUCK-PASTA 
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to satisfy: Include duck in the dish. 

Role substitution of duck for pork in recipe DUCK-PASTA. 

Placing some duck in recipe DUCK-PASTA 

Considerin g reminding : 
Afte r  doin g step :  Bon e th e duc k 

do:  Clea n th e fa t  fro m th e duc k 
because :  Th e duc k i s no w fatt y 
avoiding :  SIDE-FEATURE:GOAL-VIOLATIO N 

-  Remindin g applied . 

By storing the memory of the past repair in terms of the problem that it solves, the planner 

can b e reminde d o f  i t  whe n th e proble m arise s agai n an d us e i t  t o solv e th e proble m befor e i t 

lead s t o a n actua l  plannin g failure . 

5 Expanding the Scope of Remindings 

While CHEF makes good use of directed remindings there are still many other ways in which 

reminding s o f  pas t  situation s coul d b e pu t  t o goo d use .  T w o o f  thes e ar e i n th e are a o f  pla n repair . 

Briefly ,  directe d reminding s coul d b e use d t o buil d explanation s a s t o wh y a  pla n ha s faile d ou t 

of  pas t  explanation s o f  simila r  failures .  I t  als o coul d us e memorie s o f  pas t  repair s t o fix  curren t 

failures . 

Jus t  a s C H E F reuse s pas t  plan s rathe r  tha n chainin g togethe r  ne w plan s ou t  o f  primitiv e 

actions ,  a n explaine r  coul d reus e pas t  explanation s fro m simila r  situation s rathe r  tha n chainin g 

togethe r  ne w one s t o explai n curren t  failures .  A  pla n repai r  mechanis m coul d als o us e memorie s 

of  pas t  experience s t o avoi d th e replannin g operation s normall y associate d wit h pla n repair . 

6 Conclusions 

The CHEF planner makes use past memories of its own experiences, in the form of directed 

remindings ,  i n orde r  t o d o muc h o f  it s  plannin g work .  Th e vie w o f  remindin g tha t  i t  present s i s 

an activ e on e i n whic h th e need s o f  th e planne r  defin e th e differen t  memor y organization s tha t 

i t  uses .  Ther e i s a  relationshi p betwee n th e functio n t o whic h a  memor y i s goin g t o b e pu t  an d 

th e feature s tha t  ar e use d t o find  it .  Th e feature s ar e no t  rando m feature s tha t  ar e take n fro m a 

situatio n an d use d t o searc h memory ,  the y ar e activel y chose n b y a  plannin g proces s an d reflec t 

th e need s o f  th e process .  A s a  resul t  th e reminding s tha t  occu r  als o reflec t  thos e needs . 
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