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1100 Eas t  58t h Street ,  Chicago ,  I L 6063 7 
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Abstrac t 

This paper examines the role of case-based reason-
in g i n a  probltm-sohin g assistan t  system ,  whic h 
differ s fro m a n autonomou s proble m solve r  i n tha t 
i t  share s th e problem-solvin g tas k wit h a  h u m a n 
partner .  T h e pape r  focuse s o n th e criteri a driv -
in g th e syste m designer' s (o r  th e system's )  choic e 
of  cases ,  o f  representatio n vocabulary ,  an d o f  in -
dexin g terms ,  an d upo n ho w th e assumptio n o f 
a h u m a n i n th e problem-solvin g loo p influence s 
thes e criteria .  I t  present s thes e theoretica l  con -
sideration s i n th e contex t  o f  wor k i n progres s o n 
l O P S ,  a  case-base d intelligen t  assistan t  fo r  airlin e 
irregula r  operation s scheduling . 

Introduction 

Whil e mos t  wor k o n A I  problem-solvin g ha s bee n di -
recte d toward s th e goa l  o f  buildin g autonomou s sys -
tems ,  capabl e o f  re£tsonin g independentl y fro m a n ini -
tia l  proble m descriptio n t o a  successfu l  solution ,  a 
growin g bod y o f  wor k ha s begu n focusin g o n th e practi -
cal  an d scientifi c  rol e o f  intelligen t  assistants :  system s 
tha t  d o no t  solv e problem s autonomously ,  tha t  instea d 
ente r  int o a  problem-solvin g partnershi p wit h a  h u m a n 
user . 

Thi s pape r  examine s th e rol e o f  episodi c m e m o r y an d 
case-base d reasonin g i n th e contex t  o f  a n intelligen t  as -
sistan t  system .  I t  focuse s o n a  kin d o f  knowledg e tha t 
eithe r  a n autonomou s proble m solve r  o r  a n intelligen t 
assistan t  syste m migh t  embody :  knowledg e linkin g th e 
commonly-occurrin g threats ,  opportunities ,  an d fail -
ure s o f  th e problem-solvin g domai n wit h appropriat e 
response s t o thos e situations .  I t  explain s ho w th e as -
sumptio n o f  a  cooperative ,  a s oppose d t o autonomous , 
proble m solve r  change s th e functiona l  constraint s o n 
whic h stereotypica l  situation s t o represent ,  ho w t o rep -
resen t  them ,  an d whic h predictiv e feature s t o associat e 
wit h th e stereotypes .  I t  demonstrate s ho w th e assump -
tio n o f  a  h u m a n i n th e problem-solvin g loo p relaxe s cer -
tai n representationa l  requirement s an d enable s a  ne w 
kin d o f  featur e acquisition ,  bu t  als o ho w i t  place s ad -
ditiona l  requirement s upo n th e choic e an d representa -

tio n o f  case s o r  stereotypes .  Thes e theoretica l  consid -
eration s ar e describe d agains t  th e baurkgroun d o f  ou r 
wor k i n progres s o n l O P S (Irregula r  Operation s Plan -
nin g System) ,  a n intelligen t  assistan t  fo r  th e tas k o f 
airlin e irregula r  operation s scheduling . 

Intelligent assistant systems 

The goal of an intelligent assistant systems is to assist 
th e h u m a n use r  i n detecting ,  diagnosing ,  an d analyzin g 
problem s an d i n generating ,  selecting ,  an d implement -
in g solutions .  A n assistan t  migh t  hel p b y performin g 
any o r  al l  o f  th e followin g functions : 

• The assistant might perform some specific compu-
tation ,  calculation ,  o r  inferenc e a t  th e behes t  o f  th e 
h u m an proble m solver .  A  trivia l  exampl e her e i s a n 
electroni c calculator ;  a  les s trivia l  exampl e i s a  sim -
ulato r  tha t  let s th e use r  predic t  th e result s o f  som e 
action .  Not e tha t  th e use r  choose s wha t  calculatio n 
t o perfor m an d whe n t o perfor m it ;  th e syste m re -
spond s t o specifi c  use r  requests . 

• The assistant might store information that the user 
woul d otherwis e nee d t o memorize ,  an d provid e i t  t o 
th e use r  a t  th e appropriat e time .  A  trivia l  exampl e 
i s a n on-lin e referenc e manual ,  a  mor e comple x ex -
ampl e i s th e "ask- "  serie s o f  system s [Schank ,  1991] . 
Here ,  th e syste m provide s informatio n i n respons e 
t o th e user' s request ;  i t  i s u p t o th e h u m a n t o inter -
pre t  th e relevanc e o f  th e informatio n t o th e curren t 
situation . 

•  Th e assistan t  migh t  spontaneousl y advis e th e huma n 
user .  I f  th e syste m ha s acces s t o a  descriptio n o f  th e 
curren t  situation ,  th e syste m m a y detec t  th e appli -
cabilit y  o f  on e o r  mor e o f  it s  store d problem-solvin g 
strategies ,  an d sugges t  i t  o r  the m t o th e user . 

• The assistant might request additional information 
fro m th e user ,  prompte d b y a  nee d t o discriminat e 
among competin g strategie s t o appl y t o th e curren t 
situation ,  o r  b y a  nee d t o discriminat e amon g com -
petin g hypothese s t o explai n th e origi n o f  th e curren t 
problem .  Th e behavio r  o f  medica l  diagnosti c rea -
sonin g system s (e.g .  [ShortlifTe ,  1976] )  i n suggestin g 
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appropriat e laborator y test s i s typica l  o f  thi s activ -
ity . 

•  Th e assistan t  migh t  perfor m som e o f  th e bookkeep -
in g necessar y t o hel p th e use r  carr y ou t  a  plan .  I f  th e 
user  select s a  particula r  abstract ,  high-leve l  prob -
le m solvin g strateg y (e.g .  repai r  a  schedul e failur e 
by substitutin g on e resourc e fo r  a n unavailabl e one) , 
th e syste m ca n fill  i n som e o f  th e detail s (selectin g 
an appropriat e resourc e t o substitute ,  trackin g th e 
stat e o f  th e ol d an d ne w resource ,  etc. ) 

I n a  mor e sophisticate d system ,  combination s o f 
thes e behavior s ar e possible .  Th e syste m might , 
fo r  example ,  detec t  th e applicabilit y o f  severa l  o f  it s 
problem-solvin g strategies ,  reques t  additiona l  informa -
tio n t o determin e whic h fe w ar e mos t  applicable ,  par -
tiall y  predic t  th e result s o f  implementin g eac h o f  th e 
strategies ,  an d presen t  th e se t  o f  choice s t o th e user . 
Once th e use r  select s on e o f  th e strategies ,  th e syste m 
can implemen t  i t  an d updat e it s mode l  o f  th e stat e o f 
th e world . 

Underlyin g eac h an d al l  o f  thes e behavior s i s th e 
system' s critica l  nee d t o lear n ne w proble m classes , 
repai r  strategies ,  an d descriptiv e feature s a s i t  inter -
act s wit h th e use r  an d acquire s mor e knowledg e abou t 
th e problem-solvin g domain .  Recen t  wor k a t  Chicag o 
[Hammond,  1992 ]  ha s describe d a  lif e cycl e o f  "appren -
tice "  t o "assistant "  t o "advisor "  a s th e syste m acquire s 
knowledg e abou t  th e domain ,  an d spend s les s tim e ask -
in g th e h u m a n partne r  question s an d mor e tim e offer -
in g advic e an d suggestions . 

Case-based planning 

One mechanis m fo r  solvin g problem s i s b y noticin g an d 
exploitin g th e similaritie s betwee n th e curren t  situa -
tio n an d a  cas e — eithe r  a  specifi c  prio r  experienc e 
or  a  commonl y recurrin g stereotyp e — selecte d fro m 
memory.  (See ,  e.g .  (Alterman ,  1986 ;  Bareiss ,  1989 ; 
Barlett a an d Mark ,  1988 ;  H a m m o n d,  1989 ;  Kolodne r 
and Simpson ,  1989 ;  Schank ,  1982 ]  fo r  description s o f 
typica l  case-base d proble m solvers) .  Fo r  th e purpose s 
of  thi s paper ,  th e tas k o f  a n autonomou s case-base d 
planne r  ca n b e describe d as : 

•  Describ e th e curren t  proble m i n term s o f  th e sys -
tem' s indexin g vocabulary , 

•  Retriev e fro m m e m o r y a  cas e whos e store d proble m 
descriptio n matche s th e descriptio n o f  th e curren t 
problem , 

•  Analyz e th e difference s betwee n th e curren t  situa -
tio n an d th e retrieve d situation ,  an d 

•  Mod i f y th e solutio n store d wit h th e ol d proble m 
descriptio n t o fit  th e curren t  situation . 

•  Stor e th e ne w solutio n wit h a  descriptio n o f  th e 
curren t  problem ,  placin g particula r  representationa l 
focu s o n th e feature s tha t  differentiat e th e curren t 
situatio n fro m th e ol d cas e retrieve d fro m memory . 

A commonly-articulate d argumen t  fo r  th e case -
base d approac h i s  tha t  i t  i s  particularl y appropriat e 
i n situation s wher e a  syste m canno t  reasonabl y pro -
cee d b y chainin g throug h th e problem-solvin g opera r 
tor s tha t  on e woul d expec t  t o find  i n a  complet e de -
scriptiv e theor y o f  th e domai n — eithe r  becaus e a  com -
plet e domai n theor y i s  unavailable ,  o r  becaus e acces s 
t o i t  i s  expensive ,  wher e no t  enoug h i s know n abou t  th e 
curren t  situatio n t o precisel y determin e th e applicabil -
it y o f  th e theory' s operators ,  o r  wher e th e operato r 
spac e o f  th e domai n theor y i s s o larg e tha t  th e compu -
tationa l  cost s o f  searchin g i t  ar e prohibitive .  Severa l 
of  thes e feature s characteriz e th e airlin e irregula r  op -
eration s domain ,  describe d below . 

W h en dealin g specificall y wit h intelligen t  assistan t 
system s a s oppose d t o autonomou s systems ,  severa l 
mor e argument s com e int o play : 

•  Case-base d advice :  Suggestin g relevan t  case s i s a n 
effectiv e mechanis m fo r  th e syste m t o offe r  advic e t o 
th e user .  Eve n i f  th e syste m lack s sufficien t  inferenc e 
capabilitie s t o autonomousl y deriv e a n appropriat e 
sequenc e o f  action s b y transformin g th e cas e t o fit 
th e curren t  situation ,  i t  ca n stil l  assis t  b y presentin g 
th e cas e t o th e user ,  an d exploitin g th e user' s abilit y 
t o appl y th e case . 

•  Case-base d k n o w l e d g e acquisition :  T h e tas k o f 
cas e retrieva l  form s a  natura l  mechanis m t o contro l 
th e system' s request s fo r  information  fro m th e user . 
Th e syste m i n effec t  play s a  kin d o f  "2 0 questions " 
game wit h th e user ,  askin g fo r  additiona l  descriptiv e 
informatio n abou t  th e curren t  situatio n onl y whe n 
tha t  informatio n woul d pla y a  clea r  rol e i n discrim -
inatin g a m o n g multipl e cases ,  eac h o f  whic h poten -
tiall y  applies . 

•  Case-base d featur e learning :  T h e system s re -
trieva l  failure s (i.e .  inabilit y  t o discriminat e betwee n 
differen t  caises )  provide s a n opportunit y t o acquir e 
ne w element s o f  a  descriptiv e vocabular y fro m th e 
user .  T h e syste m ca n ask ,  i n effect ,  " H o w d o thes e 
tw o case s differ "  an d th e use r  ca n provide ,  an d name , 
a ne w descriptiv e feature . 

Case-base d knowledg e acquisitio n an d case-base d 
featur e learnin g ar e describe d furthe r  below ,  i n th e 
contex t  o f  ou r  ongoin g wor k o n l O P S ,  whic h solve s 
problem s i n th e domai n o f  dynami c schedul e repair . 

lOPS 

Airlin e irregula r  operation s 

Th e proble m solvin g domai n o f  thi s researc h i s  air -
lin e irregrila r  operation s scheduling .  A n airlin e want s 
t o mee t  anticipate d passenge r  deman d ove r  th e route s 
i t  flies  wit h a n efficien t  allocatio n o f  it s capita l  an d 
h u m an resources .  T o thi s end ,  i t  develop s a n opera -
tion s schedule :  a n assignmen t  o f  aircraf t  t o schedule d 
flight  operation s an d schedule d maintenanc e stops ,  an d 
of  cre w t o flight  leg s an d res t  periods .  T h e sched -
ul e i s carefull y optimize d t o achiev e efficien t  utilizatio n 
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an d distributio n o f  aircraf t  an d cre w ove r  th e airline' s 
routes . 

Unfortunately ,  schedul e disruption s du e t o weather , 
traffi c  congestion ,  unschedule d equipmen t  mainte -
nance ,  cre w illness ,  o r  unanticipate d request s fo r  char -
ter s o r  othe r  additiona l  fligh t  operation s ar e inevitabl e 
bu t  unpredictable .  Becaus e o f  th e massiv e interna l  in -
terdependencie s inheren t  i n a n airlin e schedule ,  eve n 
a smal l  single-poin t  failure ,  suc h a s a n aircraf t  tem -
poraril y  delaye d fo r  replacemen t  o f  a  burned-ou t  ligh t 
bulb ,  coul d potentiall y  resul t  i n a  snowballin g sequenc e 
of  downstrea m delays ,  disruptions ,  an d misse d connec -
tion s i f  action s wer e no t  take n t o mitigat e th e conse -
quence s o f  th e failure . 

T o dea l  wit h thes e unexpecte d events ,  airline s em -
plo y operation s controllers :  experience d individual s 
whos e jo b i t  i s  t o monito r  th e airline' s fligh t  opera -
tion s an d t o tak e step s t o minimiz e passenge r  dela y 
jui d inconvenienc e an d cos t  t o th e airline .  T h e con -
troller s hav e acces s t o informatio n abou t  th e airline' s 
curren t  an d planne d operations ,  an d knowledg e o f  cur -
ren t  an d forecas t  conditions .  Base d o n th e informatio n 
the y receive ,  the y orde r  change s t o th e airline' s oper -
atin g schedul e i n a n attemp t  t o mitigat e th e effect s o f 
unexpecte d disruptions . 

A content theory 

A n essentia l  se t  o f  decision s i n th e desig n o f  a n case -
base d planne r  revolve s aroun d a  conten t  theor y o f 
th e domain :  determinin g wha t  case s ough t  t o b e pu t  i n 
memory ,  wha t  descriptiv e feature s ough t  t o b e par t  o f 
th e system' s representationa l  vocabulsu'y ,  an d ho w th e 
syste m ough t  t o extrac t  description s o f  ne w situation s 
so tha t  thos e description s wil l  b e usefu l  i n determinin g 
th e applicabilit y  o f  ol d case s t o ne w situations .  Typica l 
criteri a fo r  selectin g case s an d indice s ar e discusse d i n 
[Owens ,  1991] ,  [Owens ,  1990] ,  an d [Birnbau m e i  ai , 
1989] . 

Our  initia l  conten t  theor y o f  failur e an d repai r  i n th e 
irregula r  operation s domai n derive s fro m ou r  observa -
tio n o f  severa l  experience d operation s controller s ove r 
multipl e session s a s the y detect ,  diagnose ,  an d solv e 
problems .  T h e resul t  o f  thi s analysi s ha s been : 

•  t o categorize ,  t o th e exten t  possible ,  th e differen t 
classe s o f  p r o b l e m s tha t  th e controller s ar e aske d 
t o solve .  Example s o f  suc h categorie s include : 

-  Unschedule d maintenanc e dela y a t  a  hu b airpor t 
durin g pea k trave l  time . 

-  Weather-induce d bottlenec k a t  a  non-hu b airport . 

-  Traffi c  congestio n restrictin g outboun d flight s 
fro m a  non-hu b airport . 

•  t o identif y th e primitiv e operator s th e controller s 
hav e a t  thei r  disposal .  Example s o f  primitiv e oper -
ator s include : 

-  Cance l  a  flight  segmen t 

-  Advanc e o r  dela y th e departur e tim e o f  a  flight 
segment 

-  A d d a n unschedule d sto p t o a  flight,  o r  ski p a 
schedule d stop . 

-  Substitut e on e aircraf t  fo r  anothe r 

-  Diver t  a  flight  t o a  differen t  destinatio n 

-  Ferr y a n empt y aircraf t  fro m on e airpor t  t o an -
other . 

•  t o identif y th e higher-leve l  strategie s tha t  th e con -
troller s us e t o solv e problems .  Higher-leve l  strategie s 
ar e buil t  fro m sequence s o f  primitiv e operators ,  an d 
the y appea r  t o addres s goal s suc h as : 

-  Localiz e a  problem :  preven t  a  disruptio n a t  on e 
airpor t  fro m propagatin g t o th e res t  o f  th e sys -
tem ,  e.g .  b y reroutin g flights  aroun d th e affecte d 
airport . 

-  Distribut e th e impac t  o f  a  problem ,  e.g .  creat e 
smal l  delay s acros s th e syste m t o avoi d a  majo r 
bottlenec k a t  on e airport . 

-  Dela y th e effect s o f  a  proble m t o increas e th e 
chanc e tha t  a n opportunisti c solutio n wil l  presen t 
itself ,  e.g .  "borrow "  a n aircraf t  fro m a  late r  flight 
t o cove r  a  shortfal l  o n a  curren t  one ;  cove r  th e 
late r  flight  b y borrowin g ye t  a  late r  aircraft ,  etc . 

T h e importanc e o f  thi s conten t  theor y i s tha t  i t 
define s th e functiona l  criteri a fo r  selectin g a  proble m 
solver' s cas e library ,  representatio n vocabulary ,  an d in -
dexin g terms .  T h e case s store d i n th e syste m shoul d 
cove r  th e classe s o f  problem s tha t  experience d con -
troller s appea r  t o solve .  T h e representatio n vocabu -
lar y shoul d represen t  th e feature s necessar y t o detec t 
th e applicabilit y  o f  thos e cases ,  an d th e primitiv e op -
erator s involve d i n th e solutions .  T h e indexin g term s 
shoul d b e sufficien t  t o discriminat e betwee n th e ex -
istin g cEise s i n determinin g thei r  applicabilit y  t o ne w 
situations . 

Whil e thi s typ e o f  conten t  theor y i s appropriat e t o 
th e desig n o f  a n autonomou s proble m solver ,  a n addi -
tiona l  se t  o f  criteri a com e t o bea r  i n th e desig n o f  a n 
intelligen t  assistan t  system . 

S o me representationa l  problem s ar e easie r  i n a  sys -
te m tha t  ca n coun t  o n a  h u m a n use r  t o hel p i t  diagnos e 
an d learn .  Difficul t  task s o f  detectio n an d situatio n 
assessment ,  fo r  whic h n o goo d theor y exists ,  ca n b e 
deferre d t o th e user .  O n th e othe r  hand ,  th e presenc e 
of  a  h u m a n i n th e problem-solvin g loo p als o additiona l 
demands upo n th e syste m an d upo n it s knowledg e rep -
resentation .  No t  onl y mus t  th e system' s cas e librar y 
an d descriptiv e vocabular y cove r  th e rang e o f  expecte d 
problem s an d solutions ,  bu t  i t  mus t  d o s o i n suc h a 
way a s t o facilitat e communicatio n o f  partia l  result s 
an d explanation s t o user ,  an d t o enabl e request s fo r 
additiona l  informatio n t o b e m a d e an d understood . 

The lOPS system 
T h e knowledg e gathere d fro m ou r  observatio n o f  sched -
ul e controller s i s bein g represente d a s th e cas e librar y 
of  l O P S ,  a  case-base d intelligen t  eissistan t  fo r  irregu -
la r  operation s schedulin g currentl y unde r  development . 
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I n additio n t o th e cas e library ,  l O P S ha s acces s t o op -
eratin g dat a regardin g th e curren t  an d planne d stat e 
of  a n actua l  airlin e schedule ,  includin g th e assignmen t 
of  aircraf t  t o flight  legs ,  informatio n abou t  passenge r 
loads ,  connections ,  an d destinations ,  an d th e curren t 
and planne d location s an d movemen t  o f  aircraft . 

Th e functio n o f  lOPSi s t o provid e th e followin g 
kind s o f  assistanc e t o th e h u m a n proble m solver : 

•  Give n a  descriptio n o f  a  problem ,  lik e "Aircraf t  285 4 
wil l  b e ou t  o f  servic e fo r  1  hou r  fo r  unschedule d 
maintenance" ,  o r  "Ba d weathe r  i s expecte d t o clos e 
Denver  fo r  4  hour s thi s evening" ,  us e th e descrip -
tion ,  plu s al l  th e curren t  operatin g data ,  t o selec t 
potentiall y  applicabl e repai r  strategies . 

•  Give n a  se t  o f  potentiall y  applicabl e repai r  strate -
gies ,  as k th e use r  fo r  informatio n tha t  woul d dis -
criminat e a m o n g them .  Thi s i s no t  onl y a n oppor -
tunit y t o narro w th e curren t  searc h space ,  i t  i s  als o 
an opportunity ,  a s describe d below ,  t o acquir e ne w 
descriptiv e feature s abou t  th e domain . 

•  Give n a  repai r  strategy ,  selecte d eithe r  b y th e searc h 
proces s abov e o r  b y th e user ,  perfor m th e computa -
tio n necessar y t o implemen t  it .  If ,  fo r  example ,  th e 
strateg y i s "Dela y a  flight  an d us e it s aircraf t  t o fill  i n 
fo r  th e temporaril y  unavailabl e one" ,  the n generat e 
a lis t  o f  potentiall y  acceptabl e flights  t o delay . 

Memory and learning for an intelligent 

ass is tan t 

A ke y rol e fo r  a  cas e m e m o r y i n a n intelligen t  assistan t 
syste m i s t o direc t  th e interactio n betwee n th e use r 
and th e system .  Thi s ca n effec t  short-ter m knowledg e 
acquisition ,  i n whic h th e system ,  ove r  th e cours e o f  a 
singl e problem-solvin g session ,  ask s th e use r  fo r  hel p i n 
detectin g th e presenc e o r  absenc e o f  abstrac t  propertie s 
tha t  i t  itsel f  canno t  detect ,  an d i n long-ter m knowledg e 
acquisition ,  i n whic h th e system ,  throug h structure d 
interactio n wit h th e use r  acquire s ne w descriptiv e fea -
ture s fo r  subsequen t  us e i n representin g an d indexin g 
cases .  I n bot h short-ter m an d long-ter m knowledg e 
acquisition ,  A  librar y o f  prio r  case s present s a  base -
lin e agains t  whic h ne w descriptiv e informatio n ca n b e 
acquire d fro m th e user . 

Short-term knowledge acquisition 

Presentin g potentiall y  applicabl e case s t o th e use r 
alon g wit h a  reques t  fo r  clarificatio n i s a  powerfu l 
mechanis m fo r  managin g th e interactio n betwee n th e 
user  an d th e system .  Since ,  i n a  cooperativ e problem -
solvin g contex t  th e syste m cede s som e o f  th e featur e 
detectio n responsibilit y  t o it s h u m a n partner ,  a  mech -
anis m i s necessar y fo r  th e syste m t o reques t  th e infor -
matio n i t  needs .  T h e syste m canno t  simpl y as k th e 
user  "Tel l  m e somethin g abou t  th e curren t  situation " 
— th e questio n i s to o open-ended . 

On th e othe r  hand ,  i f  th e syste m ha s a  partia l  de -
scriptio n o f  th e curren t  situation ,  i t  ca n us e it s cas e li -

brar y t o reques t  additiona l  information .  I t  ca n accom -
plis h thi s b y retrievin g case s tha t  matc h th e curren t 
situation ,  comparin g the m wit h eac h othe r  t o iden -
tif y descriptiv e feature s that ,  i f  thei r  presenc e o r  ab -
senc e coul d b e determine d i n th e curren t  situation , 
woul d discriminat e a m o n g th e potentially-matchin g 
cases .  T h e syste m ca n the n as k th e use r  abou t  th e 
missin g features . 

For  a n exampl e fro m th e airlin e irregula r  operation s 
schedulin g domain ,  conside r  a  syste m tryin g t o repai r 
a schedul e whos e partia l  descriptio n indicate s tha t  5 
ofi'-pea k flights  inboun d t o a  hu b airpor t  ar e reporte d 
delaye d b y ove r  3 0 minute s each .  T h e system ,  search -
in g it s librar y o f  case s matchin g thes e descriptors ,  finds 
multipl e possibl e matches .  O n e featur e tha t  discrim -
inate s betwee n th e matche s i s tha t  som e o f  th e prio r 
case s cove r  situation s i n whic h th e weathe r  wa s dete -
rioratin g an d other s covere d situation s i n whic h th e 
weathe r  wa s no t  deteriorating .  Althoug h th e syste m 
lack s sufficien t  dat a an d inferenc e capabilit y  t o deter -
min e whethe r  o r  no t  th e weathe r  i s deterioratin g a t  th e 
affecte d airport ,  i t  ca n 2ts k th e use r  and ,  base d upo n 
th e user' s response ,  furthe r  narro w th e searc h spac e o f 
relevan t  cases . 

Long-term knowledge acquisition 

I n contras t  t o usin g it s cas e bas e t o acquir e knowl -
edg e abou t  th e curren t  situatio n a s describe d above ,  a n 
intelligen t  assistan t  syste m ca n als o us e it s cas e bas e 
as a  mechanis m fo r  acquirin g ne w descriptiv e feature s 
abou t  th e domai n b y askin g th e user .  Again ,  thi s in -
formatio n ca n b e requeste d i n th e contex t  o f  a  failur e 
t o find a  prio r  cas e tha t  satisfactoril y  matche s th e cur -
ren t  situation .  Thi s failur e ca n manifes t  itsel f  eithe r 
as: 

•  T h e system' s inabilit y  t o find  an y cas e tha t  matche s 
th e curren t  situatio n o n th e basi s o f  th e existin g de -
scription ,  o r 

•  T h e system' s "bes t  match "  cas e bein g rejecte d b y 
th e use r  a s inappropriat e t o th e curren t  situation , 
or 

•  T h e syste m retrievin g tw o o r  mor e case s tha t  matc h 
th e curren t  situation ,  an d th e syste m bein g unabl e t o 
identif y an y feature s which ,  i f  know n abou t  th e cur -
ren t  situation ,  woul d discriminat e a m o n g th e cases . 

T h e first  manifestatio n represent s a  fundamenta l 
lac k o f  case s i n th e system' s librawy ;  th e solutio n her e i s 
not  i n principl e differen t  fro m th e solutio n adopte d b y 
autonomou s case-base d reasoners :  Solv e th e proble m 
fro m first  principle s an d stor e th e solutio n a s a  cetse . 
(Th e differenc e being ,  fo r  a n autonomou s agent ,  solv -
in g fro m first  principle s ca n includ e lettin g th e h u m a n 
partne r  solv e th e problem. ) 

T h e secon d tw o manifestation s o f  retrieva l  failur e 
ca n b e deal t  wit h b y requestin g th e use r  t o identif y 
a ne w descriptiv e featur e no t  previousl y know n t o th e 
system .  Th e syste m asks ,  "A s nearl y a s I  ca n tell ,  thi s 
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cas e exactl y matche s th e curren t  situation ,  bu t  yo u 
don' t  see m t o agree .  Pleas e identif y a  featur e tha t  i s 
presen t  i n th e curren t  situatio n an d absen t  i n th e case , 
or  vic e versa. " 

An exampl e o f  thi s featur e acquisitio n strateg y i s 
take n fro m ou r  observation s o f  th e airlin e controllers , 
i n whic h th e observe r  playe d th e rol e o f  th e intelligen t 
assistan t  system .  T h e proble m bein g solve d i s a  short -
age o f  baggag e cannister s i n Toronto : 

Controller: I'm going io order Vancouver to 
put  som e extr a empt y baggag e cannister s ont o th e 
nex t  flight  t o Toronto . 

Observer :  Th e strateg y I  kno w abou t  fo r  solv -
in g thi s proble m i s t o fly  i n som e baggag e cannis -
ter s fro m th e closes t  airpor t  havin g frequen t  flights 
t o th e affecte d airpor t  an d havin g exces s baggag e 
cannister s available .  I n thi s case ,  tha t  migh t  b e 
Detroi t  o r  Chicago .  W h y isn' t  tha t  appropriat e 
here ? 

Controller :  Detroi t  t o Toront o involve s cross -
in g a  nationa l  boundary .  Shiftin g asset s acros s 
nationa l  boundarie s involve s a n additiona l  dela y 
and paperwor k expens e associate d wit h Customs . 
I n thi s case ,  th e adde d tim e t o shi p the m fro m 
Vancouve r  i s no t  significan t  relativ e t o thes e ad -
ministrativ e delay s an d costs . 

At this point, <in actual system could have used the 
interactio n t o acquir e a  specifi c  ne w descriptiv e featur e 
tha t  wa s no t  previousl y par t  o f  th e domai n theory ,  tha t 
featur e bein g whethe r  o r  no t  tw o station s wer e i n th e 
same country .  I n futur e problem-solvin g sessions ,  th e 
syste m coul d us e th e ne w featur e t o characteriz e situ -
ation s an d decid e a m o n g potentiall y  applicabl e cases . 

Naming and detection 

Simpl y becaus e th e syste m ha s learne d abou t  a  ne w 
featur e fro m th e use r  (lik e whethe r  o r  no t  tw o citie s 
ar e i n th e sam e country ,  a s above )  doe s not ,  o f  course , 
m e an tha t  th e syste m ha s develope d a n inferenc e mech -
anis m fo r  detectin g whethe r  o r  no t  tha t  featur e applie s 
i n an y give n situation .  Whil e thi s woul d likel y b e a n 
insurmountabl e proble m fo r  a n autonomou s problem -
solver ,  i t  i s  les s o f  a  proble m fo r  a n intelligen t  assistan t 
becaus e i t  retain s th e optio n o f  askin g th e use r  whethe r 
or  no t  th e featur e describe s th e curren t  situation . 

But  thi s easin g o f  th e detectio n tas k impose s a n ad -
ditiona l  functiona l  constrsun t  o n descriptiv e features : 
tha t  the y b e nameabl e o r  describabl e s o a s t o mak e 
communicatio n possibl e wit h th e user .  W h e n th e sys -
te m acquire s a  ne w descriptiv e feature ,  i t  mus t  als o 
acquir e a  n a m e fo r  tha t  featur e o r  a  mechanis m fo r  de -
scribin g i t  s o tha t  i t  can ,  i n th e future ,  as k tha t  use r 
(an d othe r  users )  whethe r  o r  no t  th e featur e charac -
terize s situations . 

Similarly ,  th e syste m an d th e use r  mus t  b e abl e t o 
communicat e abou t  th e system' s cases .  I t  i s  unreason -
abl e fo r  th e syste m t o as k "D o yo u thin k CASE-T007 3 

i s relevan t  here?" ,  bu t  i t  i s  probabl y als o unreason -
abl e t o requir e th e syste m t o describ e ever y detai l  o f  a 
cas e i n orde r  t o refe r  t o it .  Thi s namin g an d referenc e 
proble m remain s a n ope n one . 

Evaluation 

Evaluatin g hybri d system s involvin g a  human -
compute r  partnershi p i s difficult .  Whil e ther e ar e goo d 
objectiv e measure s fo r  succes s i n th e airlin e irregula r 
operation s domai n (typicall y som e functio n takin g int o 
accoun t  passenge r  dela y an d inconvenienc e an d cos t  t o 
th e airline) ,  lOPS' s goa l  i s  no t  t o solv e problem s au -
tonomously .  Consequently ,  th e evaluatio n questio n i s 
not  "Whic h classe s o f  problem s doe s th e syste m solve? " 
or  "Ho w wel l  (quickly ,  effectively ,  cheaply )  doe s i t  solv e 
thes e problems? "  Fo r  th e scientifi c  issue s discusse d i n 
thi s paper ,  th e evaluatio n question s are : 

•  Ar e th e stereotypica l  situation s represente d her e a n 
appropriat e set ? 

•  Ar e the y wel l  represented ? 

•  Ar e th e feature s use d fo r  detectio n an d diagnosi s 
appropriate ? 

Ther e ar e severa l  beise s o n whic h t o evaluat e 
th e goodnes s o f  th e cas e librar y an d representa -
tion/indexin g vocabulary : 

Ar e th e failur e type s an d repai r  strategie s meaning -
ful ? D o experience d controller s recogniz e them ? Ca n 
controller s readil y answe r  th e questio n "I s thi s failur e 
characterizatio n appropriat e t o th e curren t  situation? " 

Ar e th e failur e type s an d repai r  strategie s usefu l  t o a n 
individual ? C a n a  controller ,  usin g th e l O P S ,  develo p 
bette r  solution s tha n withou t  th e system ? O r  ca n th e 
controlle r  conside r  mor e solution s i n a  give n time ,  o r 
develo p solution s mor e quickly ? 

Ar e th e failur e type s an d repai r  strategie s usefu l 
acros s individuals ? C a n on e controlle r  us e failur e di -
agnose s an d repai r  strategie s develope d b y observin g 
th e behavio r  o f  another ? C a n th e failur e categorie s 
an d repai r  strategie s b e name d o r  otherwis e presente d 
t o mak e thi s proces s easier ? 

Ar e th e failur e type s an d repai r  strategie s a n effectiv e 
mechanis m fo r  transferrin g knowledge ? C a n novice s 
use th e syste m t o obtai n result s tha t  approximat e th e 
result s obtaine d b y experts ? Ca n novice s learnin g any -
thin g usefu l  abou t  th e domai n b y interactin g wit h th e 
system ? 

Conclusions 

A crucia l  se t  o f  issue s i n th e desig n o f  a  case-base d rea -
sone r  revolve s aroun d th e questio n o f  wha t  kin d o f  rep -
resentatio n vocabular y shoul d b e use d t o describ e th e 
system' s cases ,  an d wha t  descriptiv e feature s shoul d 
for m th e basi s fo r  judgin g th e applicabilit y  o f  case s 
t o ne w situations .  T h e basi s fo r  resolvin g thes e ques -
tion s remain s on e o f  function :  A  case-base d reasone r 
whose jo b i t  i s  t o repai r  schedul e failures ,  fo r  example , 
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shoul d describe ,  categoriz e an d inde x case s base d upo n 
th e failure s i t  i s  abl e t o detec t  an d upo n th e repair s i t 
i s  abl e t o perform . 

The assumptio n o f  a  h u m a n partne r  i n th e problem -
solvin g loo p alter s thes e functiona l  criteri a i n specifi c 
ways.  Whil e th e syste m m a y b e partiall y  relieve d o f 
th e burde n o f  detectin g ever y failur e itself ,  i t  take s o n 
th e burde n o f  extractin g fro m th e h u m a n use r  a n op -
erationa l  descriptio n o f  thos e failure s tha t  th e huma n 
has detected .  Whil e th e syste m m a y b e partiall y  re -
lieve d o f  th e burde n o f  ultimatel y derivin g a  solutio n 
fro m a  retrieve d case ,  i t  take s o n th e burde n o f  commu -
nicatin g a  partia d solutio n o r  describin g a  potentiall y 
relevan t  case .  And ,  i f  th e syste m i s t o acquir e domai n 
knowledg e fro m th e use r  i n th e for m o f  ne w descrii> -
tiv e features ,  i t  need s a  mechanis m fo r  communicatin g 
wit h th e use r  abou t  th e succes s o r  failur e o f  matches , 
and fo r  usin g th e failure s t o promp t  th e use r  fo r  ne w 
descriptiv e features . 

Anothe r  characterizatio n o f  th e functiona l  require -
ment s tha t  deriv e fro m a  case-base d system' s interac -
tio n wit h a  huma n partne r  i s t o ad d mor e task s t o 
th e existin g retrieve ,  debug ,  modif y an d appl y tha t  li e 
at  th e cor e o f  case-base d problem-solving .  Thes e ne w 
task s involv e askin g th e use r  abou t  th e presenc e o r 
absenc e o f  a  featur e i n th e curren t  situation ,  askin g 
abou t  th e applicabilit y  o r  non-applicabilit y  o f  a  case , 
and askin g fo r  a  n a m e an d sketch y descriptio n fo r  a 
new descriptiv e featur e previousl y unknow n t o th e sys -
tem. 
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