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Abs t rac t 

Creatin g ne w solution s t o problem s i s a n integra l  par t 
of  th e problem-solvin g process .  Thi s pape r  present s a 
cognitiv e mode l  o f  creativit y i n whic h a  case-base d 
problem-solve r  i s augmente d wit h a  se t  o f  creativit y 
heuristics .  N e w solution s ar e discovere d b y solvin g a 

slightl y differen t  proble m an d adaptin g tha t  solutio n t o 
th e origina l  problem .  Thi s mode l  ha s bee n 
implemente d i n a  compute r  progra m calle d 
M I N S T R E L. 

1 Introduction 

Creativity is the pinnacle of human achievement. 
Intellectua l  heroe s suc h a s Alber t  Einstein ,  Willia m 
Shakespeare ,  an d Thoma s Ediso n ar e revere d fo r  th e 
originalit y an d beaut y o f  thei r  ideas .  Bu t  geniu s i s no t  th e 
sol e provinc e o f  creativity .  W e al l  creat e o n a  dail y basis : 
we fix  car s usin g spar e chang e an d bailin g wire ,  inven t 
joke s base d o n th e lates t  domesti c crisis ,  an d mak e u p bed -
tim e storie s fo r  ou r  children .  Th e abilit y  t o inven t  original , 
usefu l  solution s t o problem s i s a  fundamenta l  proces s o f 
human thought . 

Thi s pape r  present s a  mode l  o f  creativ e reasonin g a s a n 
extensio n t o problem-solving .  W h e n problem-solvin g fails , 
th e creativ e reasone r  invent s ne w solution s b y combinin g 
ol d knowledg e i n ne w ways .  Thi s mode l  ha s bee n 
implemente d i n a  compute r  progra m calle d M I N S T R E L , 
whic h create s storie s abou t  Kin g Arthu r  an d hi s Knight s o f 
th e Roun d Table . 

2 Case-Based Problem-Solving 

In case-based reasoning, problems are solved by recalling 
simila r  pas t  proble m situation s an d applyin g th e solution s 
fro m thos e situarion s t o th e curren t  proble m (Kolodne r 
1987 ;  H a m m o nd 1988 ;  Slad e 1991) .  Th e problem-solve r 
recall s a  pas t  proble m simila r  t o th e curren t  problem , 
adapt s th e solutio n fro m th e ol d proble m t o th e curren t 
problem ,  an d the n assesse s th e results . 

The advantag e o f  case-base d problem-solvin g i s tha t  th e 
tas k o f  adaptin g an d assessin g th e recalle d solutio n i s 
simple ,  becaus e th e recalle d proble m i s  simila r  t o th e 
curren t  problem .  Th e disadvantag e i s  tha t  case-base d 
problem-solver s canno t  solv e a  proble m whic h i s no t 
simila r  t o a  previou s problem .  W h e n a  ne w proble m i s 
encountere d th e problem-solve r  ha s n o wa y t o inven t  o r 
discove r  a  ne w solution ,  an d problem-solvin g fails . 

3 Creativit y 

What needs to be added to case-based problem-solving to 
make i t  capabl e o f  creativity ? Conside r  thi s exampl e o f 
creativit y concernin g th e seven-yea r  ol d niec e o f  th e 
author : 

One day, while visiting her grandparents, Janelle 
was seate d alon e a t  th e dinin g roo m table ,  havin g mil k 
and cookies .  Reachin g fo r  th e cookies ,  sh e accidentl y 
spille d he r  mil k o n th e table .  Sh e decide d t o clea n u p 
th e mes s herself . 

Janell e wen t  int o th e kitchen ,  bu t  ther e wer e n o 
towel s o r  pape r  towel s available .  Sh e stoo d fo r  a 
moment  i n th e cente r  o f  th e kitche n thinking ,  an d the n 
she wen t  ou t  th e bac k door . 

Janell e returne d a  fe w minute s late r  carryin g a 
kitten .  Th e neighbor' s ca t  ha d give n birt h t o a  litte r 
abou t  a  mont h ago ,  an d sh e ha d bee n ove r  t o pla y wit h 
th e kitten s th e previou s day .  Janell e brough t  th e kitte n 
int o th e dinin g room ,  wher e h e happil y lappe d u p th e 
spille d milk . 

This story illustrates three important features of the 
creativ e process : 

(1 )  Creativ e solution s ar e bot h origina l  an d usefu l 
(Koestle r  1964 ;  Shouksmit h 1970) .  Janelle' s solutio n i s 
origina l  becaus e i t  ha s significan t  difference s fro m al l  othe r 
solution s Janell e knows ,  an d usefu l  becaus e i t  solve s he r 
problem . 

(2 )  Creativit y i s drive n b y th e failur e o f  problem-solvin g 
(Weisber g 1986) .  JaneU e coul d no t  us e (h e pla n sh e k n e w 
fo r  cleanin g u p a  spil l  becaus e n o towe l  wa s available .  I n 
thi s case ,  problem-solvin g faile d becaus e a  pla n 
preconditio n coul d no t  b e achieved . 

(3 )  Ol d knowledg e i s  use d t o creat e ne w solution s 
(Koestle r  1964 ;  Weisber g 1986) .  Janell e kne w tha t  kitten s 
lik e mil k an d tha t  sh e coul d fin d a  kitte n nex t  door .  Th e 
creativ e problem-solve r  mus t  b e abl e t o discove r 
appropriat e ol d knowledg e an d appl y i t  i n ne w way s t o th e 
curren t  problem . 

Janelle' s exampl e illustrate s tha t  a  creativ e problem -
solve r  mus t  b e failure-driven ,  abl e t o us e ol d knowledg e i n 
ne w ways ,  an d abl e t o produc e nove l  an d usefu l  solutions . 

4 Discovering New Solutions 

Case-based problem-solving finds solutions by recalling 
pas t  problem s simila r  t o th e curren t  problem .  T o discove r 
ne w solutions ,  th e problem-solve r  mus t  (1 )  recal l  a  pas t 
proble m differen t  fro m th e curren t  proble m an d (2 )  adap t 
th e solution s fro m th e recalle d proble m t o th e curren t 
problem . 
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M I N S T R EL implement s thi s proces s a s thre e par t 
Transform-Recall-Adap t  Method s ( T R A M s ) .  "Transform " 
take s a  proble m an d change s i t  int o a  slightl y differen t 
problem .  "Recall "  take s th e ne w proble m descriptio n an d 
trie s t o recall  simila r  pas t  problem s fro m episodi c memory . 
"Adapt "  take s th e recalled  proble m solution s an d adapt s 
the m t o th e origina l  problem . 

TRAM-Cross-Domain-Solutio n i s a n exampl e o f  a 
Transform-Recall-Adap t  Method .  TRAM-Cross-Domain -
Solutio n suggest s tha t  a  ne w solutio n t o a  proble m ca n b e 
foun d b y translatin g th e proble m int o a  ne w domain , 
solvin g th e proble m i n tha t  domain ,  an d the n translatin g th e 
solutio n bac k int o th e origina l  domain . 

M I N S T R EL use s TRAM-Cross-Domain-Solutio n t o 
creat e th e followin g stor y scene : 

One day while out riding, Lancelot's horse went into 
th e woods .  Lancelo t  coul d no t  contro l  th e horse .  Th e 
hors e too k hi m deepe r  int o th e woods .  Th e hors e 
stopped .  Lancelo t  sa w Andrea ,  a  Lad y o f  th e Court , 
w ho wa s pickin g berries . 

The origina l  specificatio n fo r  thi s proble m i s "creat e a 
scen e i n whic h a  knigh t  accidentl y meet s a  princess. " 
TRAM-Cross-Domain-Solutio n map s thi s specificatio n int o 
th e m o d e m domai n an d recalls  thi s story : 

Walking The Dog 

John was sitting at home one evening when his dog 
bega n scratchin g a t  th e doo r  an d whinin g fo r  a  walk . 
Joh n decide d t o tak e th e do g fo r  a  walk .  Whil e the y 
wer e out ,  Joh n ra n acros s hi s ol d frien d Pete ,  w h o m h e 
hadn' t  see n i n man y years .  Joh n realize d tha t  h e 
woul d neve r  hav e ru n int o Pet e i f  hi s do g hadn' t 
wante d a  walk . 

This story is adjqjted for the original problem by 
mappin g th e stor y bac k int o th e Kin g Arthu r  domain , 
creatin g a  scen e i n whic h Lancelot' s hors e lead s hi m t o 
Andrea .  Th e resulting  scen e i s creativ e becaus e T R A M -
Cross-Domai n enable d th e problem-solve r  t o discove r  a 
solutio n differen t  fro m th e know n solutions . 

Ther e ar e tw o majo r  benefit s t o Transform-Recall-Adap t 
Methods . 

First ,  T R A M s discove r  ne w solution s b y lookin g a t 
slightl y differen t  problems .  A  slightl y differen t  proble m 
share s man y o f  th e sam e constraint s a s th e origina l 
problem ,  an d it s solutio n i s likel y t o hav e som e 
applicabibt y t o th e origina l  problem .  Lookin g a t  slightl y 
differen t  solution s als o simplifie s th e adaptatio n process , 
sinc e fewe r  change s wil l  b e neede d t o adap t  th e solutio n t o 
th e origina l  problem . 

Secotxl ,  T R A M s furthe r  simplif y th e adaptatio n tas k 
becaus e th e transformatio n itsel f  ca n b e use d t o guid e 
adaptation .  Knowin g th e transformatio n tha t  le d t o a 
solution ,  th e problem-solve r  ca n appl y a  specifi c  adapatio n 
t o reverse  th e effect s o f  th e proble m transformation .  I n th e 
cas e o f  TRAM-Cross-Domain-Solution ,  th e problem-solve r 
know s t o adap t  th e solutio n b y translatin g bac k t o th e 
origina l  proble m domain .  I n M I N S T R E L ,  eac h T R A M 

contain s bot h a  proble m transformatio n an d a  specifi c 
adaptatio n t o appl y t o recalle d solutions . 

T R A Ms ar e adde d t o th e mode l  o f  case-base d problem -
solvin g b y augmentin g th e Recal l  an d Adap t  steps .  Durin g 
problem-solving ,  a  T R A M i s selecte d fro m thi s poo l  an d 
applie d t o th e curren t  problem .  I f  th e T R A M succeed s i n 
discoverin g a  solutio n t o th e problem ,  problem-solvin g 
succeeds .  I f  problem-solvin g fails ,  th e curren t  T R A M i s 
discarded ,  anothe r  selecte d fro m th e poo l  o f  availabl e 
T R A M s,  an d th e cycl e repeated .  Th e firs t  T R A M selecte d 
fro m th e poo l  i s  alway s TRAM-Problem-Solving ,  a  specia l 
T R A M tha t  implement s norma l  problem-solvin g b y 
passin g th e origina l  proble m unchange d t o th e recal l  step . 

5 Imaginative Memory 

The central step of the Transform-Recall-Adapt Method is 
recallin g a  solutio n fro m episodi c memory .  Bu t  th e proces s 
of  recalling  somethin g fro m episodi c memor y ca n itsel f  b e 
viewe d a s a  problem .  Wha t  happen s i f  creativ e problem -
solvin g i s use d t o implemen t  recall? 

To d o this ,  th e Recal l  ste p o f  eac h T R A M i s modifie d t o 
recursivel y cal l  th e creativ e problem-solvin g process .  T o 
preven t  thi s from  leadin g t o endles s recursion ,  T R A M -
Problem-Solvin g i s lef t  unchanged ,  an d continue s t o recall 
directl y fro m episodi c memory . 

To recal l  something ,  th e problem-solve r  use s creativ e 
problem-solvin g wit h th e proble m specificatio n "Fin d 
somethin g i n episodi c memor y tha t  matche s thes e 
features. "  TRAM-Problem-Solvin g i s th e first  T R A M 
used ,  an d passe s th e recall  feature s unchange d t o episodi c 
memory.  I f  a n episod e tha t  matche s th e recall  feature s i s 
found ,  problem-solvin g succeeds ,  an d memor y behave s a s 
expected . 

Somethin g mor e interestin g happen s whe n recall  fails .  I f 
TRAM-Problem-Solvin g canno t  find  a n episod e i n memor y 
tha t  matche s th e recal l  features ,  problem-solvin g fail s an d a 
ne w T R A M i s selected .  Thi s T R A M modifie s th e recall 
feature s an d recursivel y call s th e problem-solvin g proces s 
wit h th e ne w recal l  features. 

The first  T R A M use d o n thi s recursive  cal l  i s  agai n 
TRAM-Problem-Solving .  I f  th e ne w feature s recall  a n 
episode ,  th e episod e i s returned  t o th e previou s recursion  o f 
problem-solving ,  wher e i t  i s  adapte d t o th e origina l 
proble m b y th e previou s T R A M ,  an d recall  succeeds .  Bu t 
becaus e th e recalle d episod e wa s cliange d b y th e Adap t 
portio n o f  th e previou s T R A M,  i t  i s  n o longe r  th e episod e 
tlia t  wa s foun d i n memory .  Recal l  ha s succeede d i n a 
strang e way :  b y recallin g a n episod e tha t  doe s no t  exis t  i n 
episodi c memory .  Episodi c memor y ha s becom e 
imaginative . 

Treatin g recal l  a s problem-solvin g als o enable s th e 
problem-solve r  t o appl y multipl e transformation s t o a 
proble m whe n necessary .  Eac h tim e recall  fail s  anothe r 
T R AM wil l  b e applie d t o th e recal l  features .  I n thi s way ,  a 
number  o f  T R A M s ca n b e successivel y applie d t o a 
problem .  Eac h T R A M change s th e proble m i n onl y a  smal l 

way,  bu t  th e cumulativ e effec t  ma y b e large ,  enabUn g th e 
creativ e problem-solve r  t o discove r  ne w solution s 
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Figur e 6. 1 M I N S T R E L ' s Proces s Mode l  o f  Creativit y 

significantl y differen t  from  k n o w n solutions . 
Ther e ar e tw o advantage s t o embeddin g creativit y i n th e 

recal l  process .  First ,  i t  implement s th e creativ e proces s a t  a 
lo w cognitiv e level ,  makin g creativit y transparentl y 
availabl e t o an y cognitiv e proces s tha t  make s us e o f 
episodi c memor y fo r  reasoning .  Second ,  i t  enable s th e 
recursiv e us e o f  creativit y heuristics ,  greatl y increasin g th e 
power  o f  eve n simpl e T R A M s . 

6 A Model of Creativity 

Figur e 6. 1 sho w h o w Transform-Recall-Adap t  Method s 
and imaginativ e memor y ar e integrate d int o case-base d 
problem-solving .  A n activ e T R A M control s th e Recal l  an d 
Adapt  steps .  Th e recal l  ste p use s imaginativ e memor y 
instea d o f  episodi c memory . 

The problem-solvin g cycl e begin s whe n a  proble m 
descriptio n enter s th e recal l  step .  Initiall y  T R A M -
Problem-Solvin g i s i n contro l  o f  th e recal l  an d adap t  steps . 
The origina l  proble m descriptio n i s use d t o recal l  previou s 
simila r  problem-solvin g situation s from  episodi c memory . 
I f  recal l  succeeds ,  th e recalle d situation s ar e passe d t o th e 
adap t  step .  Unde r  TRAM-Problem-Solving ,  n o adaptatio n 
i s neede d becaus e th e recalle d solution s ar e ver y simila r  t o 
th e origina l  problem ,  s o th e recalle d solution s ar e passe d 
alon g t o th e asses s step .  I n th e asses s step ,  al l  activ e 
assessment s ar e applie d t o th e recalle d solutions ,  an d i f  a 
solutio n passe s al l  th e assessments ,  i t  i s  outpu t  a s a  solutio n 
t o th e origina l  problem .  Thi s i s simpl y th e norma l 
problem-solvin g cycle . 

I f  TRAM-Problem-Solvin g fails ,  eithe r  becaus e n o 
solution s wer e recalle d o r  becaus e th e recalle d solution s 
faile d assessment ,  TRAM-Problem-Solvin g i s discarde d 
and a  n e w T R A M selecte d a s th e activ e T R A M .  Th e 

selectio n o f  a  T R A M i s base d o n th e typ e o f  proble m bein g 
solve d an d th e T R A M s previousl y used . 

The selecte d T R A M transform s th e origina l  proble m 
specification ,  creatin g a  ne w proble m specification .  Th e 
ne w proble m specificatio n i s passe d t o imaginativ e 
memory.  I f  recal l  succeeds ,  th e recalle d solution s ar e 
passe d t o th e adap t  step ,  wher e th e activ e T R A M applie s a 
specifi c  adaptatio n whic h reverse s th e proble m 
transformation .  I f  recal l  fails ,  the n imaginativ e m e m o r y 
recursivel y applie s a  secon d T R A M ,  an d th e problem -
solvin g repeat s a t  th e inferio r  level . 

Adapte d solution s ar e passe d t o th e assessmen t  step .  I f  a 
solutio n passe s al l  assessments ,  problem-solvin g succeeds . 
I f  al l  solution s fail ,  th e activ e T R A M i s discarded ,  a  ne w 
T R A M selected ,  an d th e Recall-Adapt-Asses s cycl e 
repeats . 

7 Creativity in MINSTREL 

The primary creative task in storytelling is scene creation -
inventin g stor y event s t o achiev e a  particula r  storytellin g 
goal .  Thi s sectio n illustrate s h o w M I N S T R E L invent s 
thre e scene s i n whic h " a knigh t  kill s  himself. " 

Initially ,  M I N S T R E L ' s episodi c m e m o r y contain s tw o 
stor y scenes : 

Knight Fight 

A knight fights a tioll with his sword, killing the 
trol l  an d accidentl y injurin g himself . 

The Princess and the Potion 

A lady of the court drank a potion to make 
hersel f  iU . 
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Usin g thes e scene s an d thre e T R A M s ,  M I N S T R E L 
invent s thre e way s fo r  a  knigh t  t o commi t  suicide .  Figur e 
7. 1 show s a n abbreviate d trac e o f  M I N S T R E L creatin g 
thes e thre e scene s an d generatin g Englis h descriptions . 
Excep t  fo r  th e deletion s marke d wit h "[...]" ,  thi s trac e 
appear s exactl y a s produce d b y M I N S T R E L . 

MINSTREL Inventio n 

Initial specification is #(ACT.105): 
( A KNIGH T NAMED JOH N DI D SOMETHING *PERIOD * 
JOHN DIE D *PERIOD* ) 

RAS Cycle: #{ACT.105). 
Executin g TRAM:GENERALIZE-CONSTRAINT.  [1 ] 
Generalizin g :OBJEC T o n #{STATE.112} . 
Recallin g #{ACT.113} :  #{KNIGHT-FIGHT )  . 

Minstrel invented this story: 
( A KNIGH T NAMED JOH N FOUGHT HIMSEL F B Y MOVING 
HI S SWORD T O HIMSEL F I N ORDER T O KIL L HIMSEL F 
•PERIOD*  JOH N DIE D *PERIOD* ) 

[TRAM Recursion: #{ACT.lll}.] 
Executin g TRAM:SIMILAR-OUTCOMES.  [2 ] 
Recallin g #{ACT.136) :  NIL . 
[TRAM Recursion :  #{ACT.136). ] 

Executin g TRAM:GENERALIZE-CONSTRAINT. 
Recallin g #{ACT.138} :  #(PRINCESS-POTION} . 

Minstrel invented this story: 
( A KNIGH T NAMED JOH N FOUGHT A  DRAGON B Y MOVING 
HI S SWORD T O I T I N ORDER T O KIL L HIMSEL F 
•PERIOD*  JOHN DIE D *PERIOD* ) 

[ .  .  . ] 
[TRAM Recursion :  #{ACT.112). ] 

Executin g TRAM:INTENTION-SWITCH.  [3 ] 
Recallin g #{ACT.126} :  NIL . 
[TRAM Recursion :  #{ACT.126}. ] 

Executin g TRAM:  SIMILAR-OUTCOMES . 
Recallin g #{ACT.128) :  #(KNIGHT-FIGHT} . 

Minstrel invented this story: 
(A KNIGHT NAMED JOHN DRANK TH E POTIO N I N ORDER 
TO KIL L HIMSEL F *PERIOD *  JOHN DIE D *PERIOD* ) 

[... ] 

Figur e 7. 1 Suicid e Trac e 

7. 1 TRAM-Generalize-Constrain t 

TRAM-GeneraUze-Constraint suggests that a new 
solutio n t o a  proble m ca n b e foun d b y removin g a 
solutio n constraint ,  solvin g th e ne w problem ,  an d the n 
addin g th e constrain t  bac k t o th e ne w solution .  Fo r  scen e 
creation ,  th e proble m constraint s ar e th e feature s o f  th e 
specification . 

I n thi s example ,  ther e ar e fou r  constraints :  (1 )  th e acto r 
i s a  knight ,  (2 )  th e objec t  o f  th e stat e i s th e actor ,  (3 )  th e 
typ e o f  th e stat e i s health ,  an d (4 )  th e valu e o f  th e stat e i s 

dead .  TRAM-Generalize-Constrain t  suggest s recallin g 
scene s i n whic h on e o f  thes e constraint s ha s bee n 
generalized . 

At  [1 ]  i n Figur e 7.1 ,  thi s T R A M generalize s constrain t 
(2) ,  creatin g th e specificatio n " a knigh t  kille d 
something. "  Thi s recall s th e "Knigh t  Fight "  episode . 
"Knigh t  Fight "  i s  adapte d t o th e curren t  proble m b y 
replacing  th e trol l  wit h th e knight ,  creatin g a  scen e i n 
whic h a  knigh t  kill s  himsel f  wit h hi s  sword .  T R A M -
Generalize-Constrain t  ha s use d previou s knowledg e abou t 
h o w knight s kil l  monster s t o creat e a  scen e i n whic h a 
knigh t  kill s  himself . 

T wo issue s whic h mus t  b e addresse d t o implemen t 
TRAM-Generalize-Constrain t  ar e (1 )  h o w a  featur e i s 
generalized ,  an d (2 )  h o w a  featur e i s adapte d bac k int o th e 
create d scene . 

M I N S T R EL use s tw o method s t o generaliz e a  feature . 
First ,  th e featur e ca n b e completel y remove d fro m th e 
proble m specification .  Thi s i s  th e broades t  possibl e 
generalizatio n an d i s  use d t o selec t  th e featur e t o b e 
generalized .  However ,  i t  i s s o broa d tha t  i t  ofte n lead s t o 
th e recal l  o f  scene s whic h ar e difficul t  t o adap t  t o th e 
origina l  problem .  A  bette r  generalizatio n woul d ensur e 
some similarit y betwee n th e origina l  featur e an d th e 
instantiation s o f  th e generalization .  On e suc h 
generalizatio n i s base d o n clas s hierarchies . 

Qasse s grou p concept s tha t  hav e man y similarities . 
The "human "  clas s group s a  variet y o f  character s -
princesses ,  knights ,  kings ,  an d hermit s -  tha t  hav e man y 
simila r  features .  B y generalizin g proble m feature s withi n 

classes ,  M I N S T R E L i s  mor e likel y t o find  a  usefu l 
reminding . 

TRAM-Generalize-Constrain t  use s clas s hierarchie s t o 
creat e generalizations .  I n th e suicid e example ,  th e 
"knight "  featur e i s  generalize d t o "monster" ,  becaus e 
bot h monster s an d knight s ar e i n th e "Violen t  Characters " 
class .  Thi s generalizatio n recall s th e "Knigh t  Fight " 
episode ,  i n whic h a  knigh t  fight s a  trol l  i n orde r  t o kil l  th e 
troll . 

The secon d issu e i n TRAM-Generalize-Constrain t  i s 
adaptin g th e recalle d episod e t o th e origina l  specification . 
Thi s i s  achieve d b y replacing  th e generalize d featur e 
valu e wit h th e origina l  featur e valu e throughou t  th e 
recalle d episode .  I n th e suicid e example ,  th e trol l  i n 
"Knigh t  Fight "  i s replaced  wit h th e knight ,  resulting  i n a 
scen e i n whic h a  knigh t  kill s  himsel f  b y fighting  himsel f 
wit h hi s sword . 

7.2 TRAM-Similar-Outcomes 

TRAM-Similar-Outcomes suggests that if an action 
result s i n a  particula r  outcome ,  i t  migh t  als o resul t  i n 
simila r  outcomes .  I f  riding  a  hors e ca n carr y a  knigh t  t o 
th e castle ,  the n riding  a  hors e migh t  als o carr y a  knigh t  t o 

th e woods . 
At  [2 ]  i n Figur e 8.1 ,  TRAM-Similar-Outcome s 

recognize s tha t  bein g injure d i s  simila r  t o bein g killed , 
and transform s th e scen e descriptio n t o " a knigh t 
purposel y injure s himself. "  I f  M I N S T R E L ca n recall  a 
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scen e whic h fit s  thi s description ,  i t  ca n b e adapte d t o th e 
curren t  proble m b y guessin g tha t  a n actio n whic h results 
i n injur y nugh t  als o result  i n death . 

However ,  th e descriptio n " a knigh t  purposel y injure s 
himself "  doe s no t  recall  eithe r  o f  th e episode s i n 
M INSTREL ' S episodi c memory .  Sinc e recall  fails , 
imaginativ e memor y recurses  an d applie s a  ne w T R A M a t 
th e inferio r  level . 

At  thi s ne w level ,  M I N S T R E L apphe s T R A M-
Generalize-Constrain t  t o th e descriptio n " a knigh t 
purposel y injure s himself "  an d generalize s th e "knight " 
feature .  Thi s descriptio n recalls  "Th e Princes s an d th e 
Potion "  i n whic h a  lad y o f  th e cour t  drink s a  potio n t o 
make hersel f  ill .  Thi s scen e i s ad£q)te d b y T R A M-
Generalize-Constrain t  b y replacing  th e "lad y o f  th e 
court "  featur e wit h " a knight, "  resulting  i n a  scen e i n 
whic h a  knigh t  make s himsel f  il l  b y drinkin g a  potion . 

Thi s adapte d scen e i s returned  t o th e previou s leve l  an d 
i s adapte d b y TRAM-Similar-Outcome s b y replacing  th e 
illnes s wit h death .  Thi s results  i n a  scen e i n whic h a 
knigh t  kill s  himsel f  b y drinkin g a  potion ,  filling  th e 
origina l  descriptio n " a knigh t  kill s  himself. "  Not e tha t  i n 
th e cours e o f  inventin g thi s scene ,  M I N S T R E L ha s als o 
invente d th e ide a o f  poiso n -  a  potio n tha t  kiUs . 

The mai n issu e i n TRAM-Similar-Outcome s i s 
determinin g whe n tw o outcome s ar e interchangable . 
M I N S T R EL ha s tw o method s fo r  decidin g thi s question . 

First ,  M I N S T R E L assume s tha t  i f  a n actio n ca n result 
i n a  partia l  relative  chang e o f  a  stat e (i.e. ,  drinkin g a 
potio n results  i n a  partia l  negativ e chang e i n health )  the n 
th e actio n ca n als o result  i n a  complet e relative  chang e o f 
th e stat e (i.e. ,  drinkin g a  potio n ca n mak e one' s healt h 
completel y negative) . 

Second ,  M I N S T R E L assume s tha t  tw o outcome s ar e 
interchangabl e i f  i t  ca n recall  othe r  scene s i n whic h the y 
ar e interchangable .  M I N S T R E L assume s tha t  i f  tw o 
outcome s ar e interchangabl e i n an y scen e the n the y ar e 
interchangabl e i n ever y scene . 

73 TRAM-Intention-Switch 

TRAM-Intention-Switch suggests that if the effect of an 
actio n i n a  scen e wa s intentiona l  i t  migh t  jus t  a s wel l  hav e 
bee n unintentional ,  an d vic e versa . 

At  [3 ]  i n Figur e 8.1 ,  TRAM-Intention-Switc h create s 
th e ne w specificatio n " a knigh t  accidentl y kill s  himself " 
Recal l  o n thi s ne w specificatio n fails ,  becaus e 
MINSTREL ' S episodi c memor y doe s no t  contai n an y 
episode s i n whic h a  knigh t  accidentl y kill s  himself . 

Problem-solvin g i s use d recursively,  an d T R A M-
Similar-Outcome s create s th e ne w scen e descriptio n " a 
knigh t  accidentl y injure s himself. "  Thi s recalls  "Knigh t 
Fight, "  i n whic h a  knigh t  i s injure d whil e killin g a  troll . 
Bot h TRAM-Similar-Outcome s an d TRAM-Intention -
Switc h adap t  thi s recalled  scene ,  resulting  i n a  scen e i n 
whic h a  knigh t  commit s suicid e b y intentionall y losin g a 
fight  wit h a  troll . 

Sinc e intende d an d unintende d outcome s ar e alway s 
interchangable ,  TRAM-Intention-Switc h i s simpl e an d 

usefu l  i n a  wid e variet y o f  situations . 

8 Status 

MINSTREL is written in Common Lisp and contains 
abou t  11,00 0 Une s o f  cod e an d representation. 
M I N S T R EL implement s twenty-nin e T R A M s ,  twenty -
eigh t  author-leve l  storytellin g plans ,  an d ha s a n initia l 
memory o f  approximatel y te n stor y scenes .  M I N S T R E L 
create s a  smal l  numbe r  o f  one-hsd f  t o on e pag e storie s 
base d o n thre e stor y themes ,  invent s nove l  stor y scene s a s 
iUustrate d i n th e suicid e example ,  an d ca n d o simpl e 
mechanica l  invention . 

9 Conclusions 

Case-based problem-solving cannot invent new 
solution s t o problems .  Transform-Recall-Adap t  Method s 
ar e heuristic s tha t  create s solution s b y transformin g 
problem s int o ne w problems .  W h e n integrate d int o th e 
problem-solvin g cycle ,  T R A M s giv e th e problem-solve r 
th e abilit y  t o inven t  ne w solution s an d make s creativit y 
transparentl y availabl e t o an y cognitiv e proces s tha t  use s 
episodi c memory .  Th e powe r  an d efficac y o f  T R A M s ha s 
bee n demonstrate d i n M I N S T R E L ,  a  compute r  progra m 
tha t  ca n tel l  storie s an d inven t  nove l  stor y scenes . 
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