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Abstrac t 

Diagnosti c reasonin g underlie s m a n y intelligen t  ac -
tivities ,  includin g (bu t  no t  limite d to )  situatio n as -
sessment/contex t  recognition ,  natura l  languag e un -
derstanding ,  scen e recognition ,  interpretatio n o f  sci -
entifi c  observations ,  and ,  o f  course ,  medict d diag -
nosi s an d othe r  form s o f  fault-finding .  I n thi s pa -
per ,  w e presen t  a  memory-directed ,  schema-base d 
approac h t o diagnosti c reasoning .  Feature s o f  th e 
proble m ar e use d t o "evoke "  on e o r  mor e possibl e 
diagnoses ,  store d a s schemas .  Schema s contu n in -
formatio n abou t  thei r  "manifestations "  tha t  b e use d 
t o confir m o r  den y th e diagnosi s and ,  i n som e appli -
cations ,  informatio n tha t  ca n b e use d t o tak e actio n 
base d o n th e diagnosis .  Potentia l  advantage s o f  th e 
approac h includ e cognitiv e plausibility ,  rul e excep -
tio n handlin g vi a (generalized )  case-base d reasoning , 
applicabilit y t o multipl e domains ,  extensibilit y  fro m 
experience ,  itn d a  natura l  wa y t o organiz e knowledg e 
abou t  wha t  t o d o afte r  a  diagnosi s i s made . 

Introduction 

Diagnosi s i s centra l  t o muc h o f  intelligence .  W e ca n 
vie w al l  o f  th e followin g a s instance s o f  th e proces s 
of  diagnosin g feature s presen t  i n a  reasoner' s input : 
assessin g it s  curren t  situatio n (contex t  recognition) ; 
understandin g natura l  language ;  interpretin g scien -
tifi c  observation s b y determinin g whic h theorie s the y 
fit ;  and ,  o f  course ,  diagnosin g medica l  problem s an d 
othe r  kind s o f  faults . 

We ar e intereste d i n developin g a  computer-base d 
model  o f  diagnosti c reasonin g tha t  support s ou r 
wor k i n situatio n assessmen t  an d context-sensitiv e 
reactiv e reasonin g i n th e autonomou s underwate r  ve -
hicl e ( A U V )  domain ,  a s par t  o f  th e O r c a projec t 
(Turne r  &  Stevenson ,  1991) .  Suc h a n approac h 
woul d tak e feature s o f  th e curren t  problem-solvin g 
environmen t  a s inpu t  (derive d ultimatel y fro m sen -
sor s o r  fro m informatio n fro m othe r  agents )  an d 
produc e a s outpu t  a n assessmen t  o f  th e curren t 
problem-solvin g situation .  Thi s assessmen t  woul d 
the n provid e th e reasone r  wit h th e informatio n nec -
essar y t o assur e tha t  it s  behavio r  i s appropriat e fo r 
th e context . 

T o b e usefu l  i n a  variet y o f  real-worl d applications , 
a computer-base d approac h t o diagnosti c reasonin g 
shoul d hav e severa l  properties .  I t  shoul d b e general , 
tha t  is ,  no t  tailore d t o on e particula r  domai n suc h a s 
medica l  diagnosis .  I t  shoul d facilitat e knowledg e ac -
quisition ,  bot h initiall y an d throughou t  th e proble m 
solver' s lifetime .  Thi s include s facilitatin g learnin g 
fro m th e reasoner' s ow n experience .  Sinc e complet e 
knowledg e i s impossibl e t o obtai n i n almos t  an y do -
main ,  th e reasone r  shoul d b e abl e no t  onl y t o handl e 
usua l  situations ,  bu t  als o exception s tha t  follo w n o 
know n rules .  Finally ,  w e shoul d kee p i n min d tha t 
diagnosti c reasonin g i s ofte n onl y a  mean s t o a n end . 
Consequently ,  a  diagnosti c reasone r  shoul d facilitat e 
additiona l  reasonin g base d o n it s  diagnoses ,  fo r  ex -
ample ,  b y allowin g treatmen t  informatio n (fo r  med -
ica l  systems )  o r  context-specifi c  action s (for ,  e.g. , 
reactiv e planners )  t o b e associate d wit h it s  repre -
sentatio n o f  th e diagnosi s ( a diseas e o r  context) . 

We ar e developin g a n approac h t o diagnosti c rea ^ 
sonin g tha t  i s  base d o n th e vie w o f  diagnosi s a s a 
memory-directe d task ;  consequently ,  ou r  approac h i s 
calle d M D ,  fo r  Memory-base d Diagnosis .  Thi s doe s 
not  mea n tha t  memor y i s th e sol e mechanis m un -
derlyin g diagnosi s i n ou r  approach ;  indeed ,  w e hav e 
argue d elsewher e (Turner ,  1989a ;  1989b )  fo r  a  vie w 
of  diagnosi s a s a  plannin g task .  Instead ,  w e vie w th e 
overal l  proces s a s bein g guide d b y th e organizatio n 
of  knowledg e i n th e reasoner' s memory . 

I t  shoul d b e stresse d tha t  thi s i s  no t  complete d 
work ;  rather ,  w e buil d o n som e earl y wor k don e i n 
th e domai n o f  medica l  diagnosi s durin g th e MBDi c 
projec t  (Turner ,  1989a ;  1989b ;  1989c) ,  an d curren t 
wor k i s  ongoin g i n th e are a o f  situatio n assessmen t 
an d context-specifi c  reactiv e reasonin g fo r  A U V s . 
We believ e tha t  thi s approac h show s promis e no t 
onl y fo r  ou r  domai n bu t  fo r  diagnosti c reasonin g i n 
general . 

Diagnostic Reasoning 

Diagnosi s i s  fundamentall y a n abductiv e reasonin g 
tas k (Reggi a e t  a/. ,  1985) :  fro m a  se t  o f  feature s o f 
a proble m o r  situatio n ("symptoms") ,  hypothesis e 
a caus e ("diagnosis" )  base d o n a  prior i  knowledg e 
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linkin g cause s t o effect s an d effect s t o likel y causes . 
Th e kin d o f  reasonin g don e b y diagnostician s (e.g. , 
physicians )  t o implemen t  thi s abductiv e inferenc e i s 
hypoiheticodeductiv e reasoning :  hypothesis e a  diag -
nosis ,  the n tes t  prediction s mad e shoul d tha t  hy -
pothesi s b e true . 

Thoug h mos t  researcher s agre e o n thi s much ,  dif -
ference s o f  opinio n aris e wit h respec t  t o a  reason -
abl e computationa l  mode l  o f  diagnosis .  Th e preva -
len t  mode l  i s backwar d chainin g rule-base d reason -
in g (Buchana n it .  Shortliffe ,  1984) .  Chandrasekara n 
et  al .  (1979 )  describ e diagnosi s fi s  clasaification :  th e 
proces s o f  assignin g a  proble m t o a  particula r  loca -
tio n i n a  taxonom y o f  problems .  Reggi a an d col -
league s (1985) ,  i n perhap s th e mos t  forma l  treat -
ment ,  vie w diagnosi s a s abduction ,  i n particula r  par -
simoniou s se t  covering .  A s mentione d above ,  th e 
autho r  ha s elsewher e argue d fo r  a  vie w o f  th e ac t  o f 
diagnosi s a s a  plannin g task ,  vie w tha t  attempt s t o 
teas e ou t  ho w diagnosi s i s don e rathe r  tha n wha t  i t 
i s  pe r  se .  Th e mechanis m describe d i n thi s pape r  i s 
one par t  o f  th e latte r  approach . 

Most  successfu l  approache s t o diagnosi s hav e bee n 
rule-based ,  fo r  exampl e MYCI N (Buchana n k  Short -
liffe ,  1984 )  an d it s descendants .  Suc h systems ,  how -
ever ,  see m t o mis s a n essentia l  flavo r  o f  th e hypo -
theticodeductiv e reasonin g styl e a s see n i n humans , 
i n whic h th e reasone r  i s essentiall y  "reminded "  o f 
possibl e diagnose s base d o n feature s i n th e problem. ^ 
H u m a ns see m t o b e abl e t o relat e symptom s t o diag -
nose s wit h relativel y littl e cognitiv e effort ,  an d wit h 
an accurac y tha t  increase s wit h th e human' s experi -
ence .  Thi s characteristi c woul d b e highl y desirabl e 
i n a  computer-base d diagnosti c reasone r  a s well .  T o 
captur e thi s fispec t  o f  diagnosti c refisonin g i n a  com -
pute r  mode l  woul d see m t o requir e a  memor y o f  di -
agnoses ,  linke d togethe r  (organized )  t o facilitat e re -
trieva l  o f  diagnose s a t  appropriat e times . 

One syste m tha t  begin s t o addres s thi s i s 
lNTERNlST-1/cADUCEU S (Mille r  e t  al. ,  1982 ;  Pople , 
Jr. ,  1982 )  (hereafte r  referre d t o a s internist) ,  a  di -
agnosti c reasone r  i n th e domai n o f  interna l  medicine . 
Thi s syste m directl y approache s diagnosi s a s a n ab -
ductiv e task .  Symptom s ar e store d wit h informa -
tio n abou t  wha t  disease s the y evoke—tha t  is ,  tha t 
the y shoul d brin g t o min d fo r  a n exper t  diagnosti -
cian .  Unfortunately ,  internist' s  knowledg e i s rel -
ativel y unstructure d an d th e progra m ha s n o facil -
it y  t o restructur e it s knowledg e base d o n experience , 
nor  doe s i t  provid e a  mean s o f  easil y associatin g ad -
ditiona l  knowledg e (e.g. ,  treatments )  wit h diagnoses . 
Anothe r  system ,  M D X (Chandrasekara n e t  al. ,  1979 ) 
organize s diagnose s i n a  hierarch y tha t  i s traverse d 
(b y usin g rules )  t o fin d mor e specifi c  diseases .  How -

^Thi s i s no t  t o sa y tha t  a U leminding s ar e base d o n 
surfac e features ;  other ,  deeper ,  feature s a s the y ar e dis -
covere d ma y als o for m th e basi s fo r  hypotheses . 

ever ,  th e link s betwee n disease s i n MDX' s memor y ar e 
static ,  an d contai n littl e o r  n o informatio n t o hel p 
focu s th e reasoner' s attentio n o n on e diseas e ove r  an -
other .  T w o othe r  systems ,  CASEY (Koton ,  1988 )  an d 
MEDIC (Turner ,  1989a ;  1989b ;  1989c) ,  respectivel y a 
case-base d reasone r  (e.g. ,  (Kolodne r  e t  al. ,  1985) ) 
an d a  schema-base d reasone r  ( a generalisatio n o f  a 
case-base d reasoner) ,  ar e mor e simila r  t o th e ap -
proac h presente d here .  Th e kin d o f  memor y use d 
by thes e program s allow s a  degre e o f  interconnect -
ednes s no t  presen t  i n M D X,  whil e a t  th e sam e tim e 
providin g mechanism s t o allo w updatin g fro m expe -
rience .  However ,  thoug h bot h o f  thes e system s us e a 
content-addressable ,  flexibl e memory ,  the y bot h als o 
rel y solel y o n mechanism s externa l  t o th e memor y t o 
decid e th e appropriatenes s o f  evoke d diagnoses . 

W h at  i s desirabl e i s a n approac h tha t  ca n us e th e 
flexible,  content-addressabl e m e m o r y styl e o f  casb y 
or  MEDIC ,  augmente d wit h informatio n suc h a s IN -
TERNIST ha s t o provid e a  measur e o f  likelihoo d o f  th e 
diagnose s th e reasone r  i s reminde d o f  b y th e m e m-
ory .  Suc h a  schem e woul d provid e th e reasone r  wit h 
a metric ,  potentiall y  updatabl e fro m experience ,  t o 
allo w i t  t o effectivel y direc t  th e diagnosti c process . 

Memory-based Diagnosis 

Memory-base d Diagnosi s ( M D )  i s base d o n usin g a 
content-addressabl e memor y o f  schema s represent -
in g diagnose s t o perfor m th e hypothesi s generatio n 
phas e o f  hypotheticodeductiv e reasoning .  Th e m e m-
or y structure s ar e organize d t o facilitat e retrieva l 
bcise d o n cue s i n th e diagnosti c problem ,  an d the y 
contai n informatio n usefu l  i n th e contex t  o f  th e di -
agnose s the y represent . 

Befor e proceedin g t o describ e th e M D approach ,  a 
brie f  wor d o n terminolog y i s i n order .  Ou r  terminol -
ogy i s a  melang e o f  term s borrowe d fro m INTERNIST , 
th e memor y an d case-base d reasonin g literature ,  an d 
psychologica l  researc h o n th e proces s o f  diagnosis . 
"Symptom "  an d "manifestation "  wil l  b e use d syn -
onymousl y t o mea n a  featur e o f  a  give n situation .  A 
"diagnosis "  i s  a  conclusio n o f  a  faul t  o r  diseas e caus -
in g th e proble m o r  a  characterizatio n o f  th e curren t 
situation .  A  symptom' s "evokin g strength "  (Mille r 
et  al. ,  1982 )  fo r  a  diagnosi s i s a  measur e o f  ho w 
strongl y it s presenc e indicate s th e presenc e o f  tha t 
diagnosis .  A  diagnosis '  "manifestatio n strength "  fo r 
a sympto m i s a  measur e o f  ho w strongl y th e symp -
to m i s expected ,  give n th e diagnosis .  Th e tw o term s 
"diagnosti c task "  (Mille r  e t  al. ,  1982 )  an d "logica l 
competito r  set "  (LCS )  (Feltovic h e t  al. ,  1984 )  ar e 
use d synonymousl y t o mea n a  se t  o f  disease s tha t  ar e 
i n competitio n t o explai n th e sam e subse t  o f  man -
ifestations ;  a  reasone r  seek s t o "solve "  a n L C S b y 
findin g th e bes t  diagnosi s fro m amon g it s members . 

I n th e M D approach ,  informatio n abou t  know n di -
agnose s ar e represente d a s schemati c memor y struc -
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tures .  Elsewhere ,  w e hav e referre d t o simila r  m e m-
or y structure s a s contextua l  schema $ (c-ichemas ) 
(Turner ,  1989a ;  1989b) ;  w e wil l  continu e t o us e 
tha t  terminolog y here ,  thoug h th e reade r  shoul d b e 
awar e tha t  w e ar e extendin g ou r  prio r  definitio n o f 
c-schem a slightl y t o accommodat e diagnose s suc h a s 
diseases .  Figur e 1  show s tw o exampl e c-schemas . 

Not e tha t  c-schema s contai n additiona l  informa -
tio n apar t  fro m th e manifestatio n lis t  (lis t  o f  thos e 
manifestation s tha t  ar e expected) .  Th e actua l  con -
tent s var y dependin g o n domain ,  but ,  i n general , 
c-schema s ca n contai n an y informatio n usefu l  i n th e 
contex t  o f  th e diagnosis .  I n th e cas e o f  a  disease , 
thi s migh t  b e treatmen t  information .  I n th e cas e o f 
situatio n assessmen t  fo r  a n autonomou s vehicle ,  thi s 
migh t  includ e context-specifi c  way s t o handl e unan -
ticipate d events ,  t o orde r  goals ,  t o se t  parameters , 
or  t o selec t  action ,  a s discusse d elsewher e (Turner , 
1989c ;  1990) .  Th e poin t  i s  tha t  b y makin g th e diag -
nosis ,  th e informatio n neede d t o dea l  wit h th e diag -
nosi s i s immediatel y a t  hand . 

Th e overal l  M D proces s ca n b e describe d a s fol -
lows : 

1.  Fin d candidat e diagnoses . 

2.  Evaluat e thei r  '^t "  t o th e curren t  situation . 

3.  For m logica l  competito r  set s (LCSs) :  set s o f  diag -
nose s i n whic h eac h diagnosi s compete s t o explai n 
th e sam e subse t  o f  th e feature s i n th e problem. ^ 

4.  Solv e th e LCSs ,  obtainin g on e o r  mor e non -
competin g diagnose s t o explai n th e problem . 

5.  Merg e th e diaignose s int o a n overal l  pictur e o f  th e 
situation . 

Finding candidate diagnoses. C-schemcis are 
organize d i n a  m e m o r y t o facilitat e thei r  retrieva l 
as wel l  a s thei r  modificatio n fro m futur e experi -
ence .  Th e m e m o r y use d i n medi c i s modele d af -
te r  th e CYRUS m e m o r y progra m (Kolodner ,  1984) , 
whic h i s essentiall y  a  se t  o f  highly-interconnecte d 
discriminatio n nets .  Suc h memorie s hav e bee n use d 
wit h goo d result s i n case-base d rcasoner s ( C B R ) 
an d a  schema-base d reasone r  (medic )  t o fin d neede d 
case s an d schema s base d o n feature s o f  th e curren t 
problem-solvin g environment .  The y ar e ofte n re -
ferre d t o a s " M O P memories" ,  sinc e th e primar y 
m e m o ry structure s ar e m e m o r y organizatio n pack -
et s ( M O P s ) .  M O Ps ar e schema s tha t  encod e infor -
matio n abou t  a  clas s o f  episode s (i n CYRUS) ;  thei r 
primar y function ,  a s thei r  n a m e suggests ,  i s  t o or -
ganiz e mor e specialize d M O P s ,  whic h organiz e mor e 
specialize d ones ,  etc. ,  unti l  th e leve l  o f  individua l 
episode s ("cases" ,  i n th e C B R literature )  i s reached . 
C-schema s ar e a  kin d o f  M O P;  consequently ,  the y 

'Thi s may ,  i n turn ,  requir e loopin g t o eailie i  step s 
as ne w informatio n i s uncovered ;  see ,  e.g. ,  (Mille r  e t  al. , 
1982) . 

serv e a s organizin g point s i n th e memory ,  wit h mor e 
genera l  c-ichema s indexin g one s tha t  ar e mor e spe -
cialized .  W e us e th e ter m "case "  fo r  th e individua l 
episode s i n memory :  case s o f  disease s tha t  hav e bee n 
seen ,  situation s tha t  hav e bee n encountered ,  an d s o 
forth . 

We shoul d poin t  ou t  tha t  ou r  approac h doe s no t 
exclud e case-base d reasoning—fa r  fro m it .  M D , 
whic h i s a  kin d o f  schema-base d reasoning ,  ca n b e 
validl y viewe d a s generalize d C B R :  tha t  is ,  C B R 
tha t  use s generalise d case s instea d o f  o r  i n additio n 
t o "real "  case s o f  proble m solving .  W e hav e argue d 
elsewher e (Turner ,  1989a )  fo r  th e utilit y  o f  thi s view . 

C-Bchemas ar e linke d togethe r  b y indices ,  eac h 
of  whic h i s a  featur e type/valu e pair .  Th e featur e 
type s presen t  i n a  c-schema' s indice s correspon d t o 
type s o f  feature s expecte d t o b e presen t  i n th e di -
agnosi s represente d b y th e c-schema .  Fo r  example , 
a medica l  reasoner' s c-schema s migh t  contai n suc h 
featur e type s as :  symptoms ,  patien t  characteristics , 
medica l  history ,  etc .  Th e "value "  hal f  o f  a n inde x 
i s a n indicatio n o f  ho w th e indexe d c-schem a dif -
fer s fro m it s parent .  Fo r  example ,  a  c-schem a rep -
resentin g "lun g disease "  wil l  inde x on e representin g 
"sarcoid" ,  a  c o m m o n lun g proble m i n inner-cit y  hos -
pital s i n som e region s o f  th e country .  Som e fea ^ 
tur e type/valu e pair s w e migh t  expec t  a s indice s 
fro m "lun g disease "  t o "sarcoid "  woul d be :  "patien t 
home/Atlanta" ,  "patien t  race/black" ,  etc .  Value s 
ar e chose n tha t  ar e differen t  fro m value s o f  th e corre -
spondin g featur e typ e i n th e paren t  c-schema ;  thes e 
ar e considere d predictiv e difference s b y Kolodner ;  w e 
ca n als o thin k o f  the m a s evocativ e differences ,  sinc e 
thei r  presenc e evoke s th e indexe d c-schema—tha t  is , 
i t  "bring s t o mind "  th e diagnosi s i t  contains .  Fig -
ur e 2  show s a  portio n o f  a  hypothetica l  c-schem a 
memory. 

Traversa l  o f  a  M O P m e m o r y entail s firs t  compar -
in g feature s o f  th e curren t  proble m t o th e feature s 
predicte d b y som e subse t  o f  it s  top-leve l  memor y 
structures ,  the n selectin g potentia l  indice s base d o n 
salien t  (evocative )  differences. ^  Thes e potentia l  in -
dice s ar e the n compare d t o th e c-schema' s actua l 
indice s t o produc e a  se t  o f  on e o r  mor e c-schemas . 
Traversa l  continue s i n thi s manne r  usin g thes e struc -
ture s unti l  n o furthe r  c-schema s ar e found .  Th e c -
schemas (and/o r  possibl y episodes )  foun d are ,  i n ou r 
approach ,  th e se t  o f  mos t  specifi c  possibl e diagnose s 
fo r  th e problem . 

One differenc e i n th e M D approac h fro m typica l 
M OP m e m o r y application s i s tha t  w e ar e intereste d 
i n ho w strongl y th e curren t  situatio n evoke s a  give n 
diagnosis :  thi s provide s on e measur e o f  ho w wel l 
th e diagnosi s fit s  th e problem ,  i n th e sam e manne r 
as i n INTERNIST .  T o provid e fo r  this ,  w e augmen t 

'Thi s proces s i s actuall y quit e a  bi t  mor e comple x 
tha n this ,  a s describe d full y b y Kolodne r  (1984) . 
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PulBour r  Ecabolii B 
MaairoUtiou: 

lyncopc :  pmenl(.S ) 
v-q-Kw :  abnomu l  (.4 ) 
dyipnct .  pnaenK.T ) 

acul c (7 ) 
livombophJetntis :  p R M n M S ) 
cough .  pfeKfil(.2 ) 

PrvgaasU : 
(Whal' l  U k likel y oulcom e i f  mtRUKl .  i f  ouled? ) 

Epldeatolo(j: 
(Who' i  kkel y l o hav e Dus7 ) 

T d U: 
(An y panicuU r  test a loconfinn ,  den y iL ) 

Tiralaieiil : 
(anbcoagukn l  treatment ,  etc. ) 

I n Harbo r 
Maal/fiUlloBt: 

iWaiii|>ui r  'hartwr '  (  I ) 
wala l  colum n dept h ihallo w (.7 ) 
aLiiuiti c  nia M leve l  hig h (.5 | 
•uifiL e tralTl c prMenK.T ) 
boUum characte r  ilopin s (.3 ) 

Slaadla g ordcri : 
decreae e lo p o f  dept h envelop e 
decreas e botto m o f  dept h envelop e 
obstacl e avoidanc e activ e 

Evca l  laforvaUoa : 
cataalrophi c failui v -> > lan d A  releas e buo y 
obstacl e > » tr y goin g unde r  fin l 

Allealloa  rocusUi hrorBatioa: 
don' t  punu e iwiva l  goal s a t  expens e o f  othe r  vetae U 
don' t  prefe r  goal s requirin g surfacin g 

AcUoa sdecUo a larormaUaa : 
goal^ur f  ac e ̂ > schem a t o chec k fo r  surfac e tralTi c 
goalWind-pceibo n - » schem a t o us e transponde r  net , 
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Figur e 1 :  Contextua l  schema s f ro m t w o diflferen t  doma ins :  medica l  diagnosi s (left )  a n d A U V 
contro l  (right) .  N u m b e r s refe r  t o manifestatio n strengths . 

th e indice s o f  c-schema s wit h a n evokin g strength , 
a measur e o f  ho w strongl y th e reeisone r  shoul d b e 
reminde d o f  a  c-schema ,  give n it s paren t  c-schem a 
and th e curren t  situation .  A n importan t  propert y o f 
M OP memorie s  i s tha t  the y ca n b e update d fro m ex -
perience ,  and ,  a s ne w episode s ar e added ,  th e m e m-
or y reorganize s it s indice s appropriatel y ei s wel l  a s 
update s th e generalize d informatio n i n it s  M O P s . 
I n ou r  scheme ,  th e evokin g strength s woul d als o b e 
update d whe n ne w informatio n i s added .  Thi s woul d 
theoreticall y allo w th e reasoner' s "remindings "  o f 
possibl e diagnose s t o becom e mor e accurat e a s i t 
gain s experience . 

Of course, how strongly a diagnosis is evoked by 
a particula r  se t  o f  feature s i n th e proble m descrip -
tio n i s no t  solel y a  functio n o f  th e indice s fro m th e 
c-schema' s parent .  Th e strengt h wit h whic h th e par -
ent  i s evoke d i s als o important .  I n addition ,  a  c -
schema ca n b e reache d throug h possibl y m a n y path s 
i n a  M O P memory ,  includin g multipl e indice s fro m 
th e sam e parent ;  thes e differen t  path s shoul d con -
tribut e t o th e overal l  assessmen t  o f  evokin g strength . 
Whil e w e hav e no t  ye t  worke d ou t  th e detail s o f  th e 
combinatio n functio n fo r  evokin g strengths ,  w e ca n 
offe r  som e initia l  observations .  First ,  a  c-schem a 
shoul d pas s evokin g strengt h t o it s childre n i n pro -
portio n t o ho w strongl y i t  i s  evoked ,  ye t  w e woul d 
not  wan t  simpl e multiplicatio n o f  probability-lik e 
numbers ,  sinc e thi s woul d resul t  i n a  progressiv e 
decreas e i n evokin g strengt h th e deepe r  memor y 
i s traversed—th e counter-intuitiv e situatio n o f  c -
schemas tha t  ar e bette r  an d bette r  matche s bein g 
les s an d les s evoked !  Second ,  whe n a  c-schem a i s 
indexe d mor e tha n onc e b y a  c-schema ,  o r  b y mor e 
tha n on e c-schema ,  it s evokin g strengt h shoul d b e 
a functio n o f  th e evokin g strength s o f  al l  th e way s 
i t  i s indexed ,  sinc e thes e represen t  potentiall y  differ -

ent  way s th e c-schem a matche s th e curren t  situation . 
However ,  car e wil l  hav e t o b e take n t o ensur e that , 
as ca n happe n i n a  M O P memory ,  th e c-schem a i s 
not  reache d b y tw o o r  mor e path s tha t  ar e essen -
tiall y  th e same ,  jus t  permutation s o n th e orde r  i n 
whic h feature s wer e examined . 

Th e traversa l  proces s jus t  describe d ca n determin e 
a se t  o f  c-schema s comprisin g th e potentia l  diagnose s 
i n on e o f  a t  leas t  tw o ways .  A s describe d above , 
memory traversa l  wil l  creat e a  se t  o f  al l  c-schema s 
encountere d tha t  th e traversa l  proces s wa s no t  abl e 
t o fin d childre n of ,  give n th e curren t  proble m fea -
tures .  Th e obviou s drawbac k o f  thi s schem e i s tha t 
th e siz e o f  th e se t  m a y gro w quit e large ,  an d i t  m a y 
contai n c-schema s tha t  hav e ver y littl e t o d o wit h th e 
actua l  proble m (i.e. ,  the y wer e foun d solel y du e t o 
sligh t  resemblances) .  Thi s mean s tha t  th e reasone r 
wil l  hav e mor e hypothese s t o selec t  from ,  bu t  wil l 
hav e t o d o mor e wor k t o determin e whic h hypothe -
si s o r  smal l  se t  o f  hypothese s i s actuall y th e correc t 
diagnosis .  A  secon d approac h woul d b e t o us e in -
formatio n durin g memor y traversa l  t o narro w th e 
searc h fo r  hypotheses .  Th e evokin g strength s coul d 
be use d durin g memor y searc h t o prun e th e search , 
i n th e manne r  o f  eithe r  bea m searc h o r  a  best-firs t 
searc h method .  I n thi s case ,  whe n considerin g m e m-
or y traversa l  fro m som e c-schem a i n memory ,  onl y 
th e bes t  n  childre n migh t  b e considere d next ,  wher e 
"best "  i s determine d b y evokin g strength .  Wi t h ap -
propriat e care ,  th e memor y coul d retur n eithe r  a 
singl e likel y diagnosi s o r  a  se t  o f  likel y diagnose s fo r 
th e reasone r  t o consider . 

Thes e method s o f  findin g a  se t  o f  potentia l  diag -
nose s ar e no t  mutuall y exclusive .  I t  m a y b e tha t 
differen t  technique s ar e appropriat e i n differen t  sit -
uations .  Fo r  example ,  whe n i n a  hurry ,  th e latte r 
techniqu e m a y b e used ,  potentiall y  sacrificin g com -
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Figure 2: A portion of a c-schema memory. Numbers are evoking strengths. 

pletenes s fo r  speed .  I n addition ,  i t  m a y b e tha t  i f  a 
reasone r  i s abl e t o lear n fro m it s experiences ,  i t  ca n 
chang e th e mechanis m i t  uses .  W h e n a  novice ,  a 
reasone r  m a y painstakingl y elucidat e al l  possibl e di -
agnose s an d carefull y examin e eac h one .  Wit h mor e 
experience ,  th e reasoner' s m e m o r y m a y becom e well -
tuned ,  bot h i n term s o f  it s organisatio n an d th e ac -
curac y o f  it s evokin g strengths .  I n thi s case ,  th e rea -
sone r  m a y us e th e latte r  strateg y an d immediatel y 
"hom e in "  o n th e bes t  diagnosis . 

Evaluate fit of diagnoses. For this portion of 
th e process ,  w e tur n t o othe r  wor k o n diagnosti c 
reasoning .  W e can ,  fo r  example ,  us e a  mechanis m 
patterne d afte r  INTERNIST' S an d formulat e a n over -
al l  scor e fo r  eac h potentia l  diagnosi s fro m summin g a 
positiv e component ,  base d o n th e evokin g strength , 
an d a  negativ e component ,  base d o n bot h manifesta -
tion s predicte d bu t  no t  presen t  an d o n unexplaine d 
manifestations .  A  bette r  versio n o f  thi s schem e m a y 
be t o conside r  manifestation s tha t  ar e explaine d a s 
par t  o f  th e positiv e component . 

Logical competitor set formation and solu-
tion .  T h e mechanis m fo r  thes e tw o step s ca n als o 
be borrowe d fro m INTERNIST .  LCS s ar e usefu l  fo r  a 
diagnosticia n because ,  unlik e rule-base d reasoning , 
LCSs guid e th e strategie s selecte d fo r  informatio n 
gathering .  Thi s allow s th e reasone r  t o pla y on e dis -
eas e of f  agains t  others .  Fo r  a  mor e complet e dis -
cussio n o f  this ,  se e (Mille r  e t  o/. ,  1982) ,  (Feltovic h 
ei  al. ,  1984) ,  or ,  i n th e contex t  o f  a  memory-base d 
reasoner ,  (Turner ,  1989a) . 

M e r g i n g diagnoses .  Fo r  medica l  diagnosi s an d 
relate d tasks ,  whe n severa l  complementar y diag -
nose s ar e found ,  the y ca n simpl y b e outpu t  a s a 
diagnosi s list. ^  Fo r  othe r  diagnosti c tasks ,  however , 
i t  i s  no t  s o simple .  Fo r  example ,  i n situatio n as -
sessmen t  fo r  a n autonomou s underwate r  vehicl e con -
troller ,  th e "diagnoses "  ar e classe s o f  situations ;  a t 
any on e time ,  th e vehicl e m a y b e i n several :  operat -
in g wit h lo w power ,  unde r  ice ,  withi n a  harbor ,  etc . 
I n domain s suc h a s this ,  th e reasone r  mus t  merg e th e 
diagnose s t o for m a n overal l  pictur e o f  it s situation . 
Thi s i s a n intende d are a fo r  futur e research . 

One excitin g extensio n o f  th e ide a o f  representin g 
diagnose s a s c-schema s i s th e possibilit y  o f  usin g a 
c-schem a t o represen t  a  grou p o f  diagnose s tha t  of -
te n occu r  togethe r  o r  tha t  ar e ofte n considere d a s 
a grou p durin g diagnosis .  Th e forme r  cas e shoul d 
drasticall y improv e th e reasoner' s abilit y  t o quickl y 
diagnos e a  situatio n i n whic h severa l  differen t  diag -
nose s ar e present ,  especiall y sinc e th e presenc e o f  on e 
diagnosi s ofte n mask s th e presenc e o f  anothe r  (see , 
e.g. ,  Stickle n (1987)) .  Th e latte r  cas e essentiall y 
means storin g logica l  competito r  set s a s c-schemas ; 
sinc e L C S formatio n ca n b e difficult ,  this ,  too ,  ca n 
improv e th e reasoner' s performance ,  a s suggeste d b y 
Feltovic h e i  al .  (1984) . 

Conclusion 

In this paper, we have briefly sketched memory-
base d diagnosis ,  a n approac h fo r  usin g a  dynami c 
conceptua l  memor y t o ai d th e proces s o f  diagnos -

*See Stickle n (1987) ,  however ,  fo r  a  differen t  view . 
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ti c  reasoning .  Ther e ar c severa l  potentia l  benefit s 
of  memory-base d diagnosis .  M D allow s a  reasone r 
t o b e "reminded "  o f  appropriat e diagnose s base d o n 
feature s i n th e proble m bein g solve d i n suc h a  wa y 
tha t  th e reasone r  ha s a n initia l  estimat e o f  th e ac -
curac y o f  th e diagnoses .  Sinc e th e memor y i s o f  a 
typ e tha t  ca n reorganis e wit h experience ,  ther e i s th e 
possibilit y  tha t  a s th e reasone r  gain s experience ,  it s 
memory wil l  retur n bette r  hypothese s mor e quickly . 
MD als o allow s th e reasone r  t o stor e frequently -
occurrin g logica l  competito r  set s an d cluster s o f  di -
agnoses ,  bot h o f  whic h ca n improv e diagnosti c abil -
ity .  Sinc e additiona l  informatio n ca n resid e i n th e 
memory structures ,  retrievin g a  diagnosi s automati -
call y retrieve s knowledg e abou t  ho w t o ac t  o n th e 
diagnosi s (e.g. ,  treatmen t  fo r  a  disease ,  appropri -
at e behavio r  fo r  a  kin d o f  situation ,  etc.) .  A s th e 
memory organize s diagnose s hierarchicall y an d al -
low s case-base d reasoning ,  situation s whic h d o no t 
follo w usua l  rule s ca n b e store d an d retrieve d easily . 
And,  finally ,  t o th e exten t  tha t  th e underlyin g mem-
or y i s cognitivel y plausibl e (e.g. ,  (Kolodner ,  1984)) , 
so i s M D ;  indeed ,  ther e i s som e psychologica l  ev -
idenc e supportin g th e schemati c representatio n o f 
contex t  (Ch i  e t  al. ,  1982 )  an d LCS s (Feltovic h e i  al. , 
1984 )  i n exper t  proble m solvers . 

As w e hav e said ,  thi s wor k i s jus t  beginning .  Ear -
lie r  wor k i n th e medi c projec t  wa s encouraging ,  an d 
we ar e currentl y investigatin g th e approac h i n th e 
domai n o f  A U V contro l  a s par t  o f  th e Orc a project . 
We believ e tha t  memory-base d diagnosi s i s a  promis -
in g approac h t o diagnosti c reasoning ,  a  kin d o f  rea -
sonin g tha t  underlie s muc h behavio r  w e conside r  in -
telligent . 
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