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A M o d e l - B a s e d A p p r o a c h t o C a s e A d a p t a t i o n 

Ashok K. Goer 

College of Computing 

Georgi a Institut e o f  Technolog y 

Atlanta ,  Georgi a 3033 2 

Abstrac t 

In case-based reasoning, a given problem is solved by 
adaptin g th e solution s t o simila r  problem s encountere d 
i n th e past .  A  majo r  tas k i n case-base d proble m solvin g 
i s t o generat e modification s tha t  ar e usefu l  fo r  adapt -
in g a  previou s solutio n t o solv e th e presen t  problem . 
We describ e a  model-base d metho d tha t  use s qualita -
tiv e model s o f  cjise s fo r  generatin g usefu l  modifications . 
The qualitativ e mode l  o f  a  cas e expresse s a  problem -
solver' s comprehensio n o f  ho w th e solutio n satisfie s th e 
constraint s o f  th e problem .  We illustrat e th e model -
based metho d i n th e contex t  o f  case-base d desig n o f 
physica l  devices .  A  designer' s understandin g o f  ho w th e 
structur e o f  a  previousl y encountere d desig n produce s 
it s function s i s expresse d i n th e for m o f  a  function -
structur e model .  Th e functiona l  difference s betwee n 
a give n proble m an d a  specifi c  cas e ar e mappe d int o 
structura l  modification s b y a  famil y o f  modification -
generatio n plans .  Eac h pla n i s applicabl e t o a  specifi c 
typ e o f  functiona l  difference ,  an d use s th e function -
structur e mode l  t o identif y  th e specifi c  component s tha t 
need t o b e modified .  We discus s th e evaluatio n o f  thi s 
model-base d metho d i n a n experimenta l  case-base d sys -
te m calle d KRITIK . 

Case Adaptat io n i n Case-Base d Reasonin g 

Much o f  real-worl d proble m solvin g appear s t o b e case -
based .  Cognitiv e agent s ofte n see m t o solv e ne w prob -
lems b y retrievin g an d adaptin g solution s t o simila r 
problem s tha t  the y hav e encountere d i n th e past .  Thes e 
observation s hav e recentl y le d t o th e developmen t  o f  sev -
era l  computationa l  model s o f  case-base d reasonin g [Ash -
le y an d Risslan d 1988 ]  [Hammon d 1989 ]  [Kolodne r  an d 
Simpso n 1990 ]  [Riesbec k an d Schan k 1989] .  Thes e com -
putationa l  model s posi t  differen t  method s fo r  adaptin g 
previou s case s fo r  solvin g ne w problems .  Fo r  example , 

*Some o f  thi s wor k wa s conducte d whe n th e autho r  wa s 
wit h th e Laborator y fo r  Artificia l  Intelligenc e Researc h a t 
th e Ohi o Stat e University .  Ther e thi s wor k wa s supporte d b y 
th e Defens e Advance d Researc h Project s Agency ,  contrac t 
F-49620-89-C-0110 ,  an d th e Ai r  Forc e Offic e o f  Scientifi c 
Research ,  gran t  89-0250 .  A t  Georgi a Institut e o f  Technol -
ogy,  thi s wor k ha s bee n partiall y  supporte d b y th e Defens e 
Advance d Researc h Project s Agency ,  contrac t  F-49620-88 -
C-0058 . 

heuristi c searc h [Stallma n an d Sussma n 1977] ,  heuristi c 
associatio n [Hammon d 1989] ,  an d derivationa l  analog y 
[Carbonel l  1986] .  Th e case-base d metho d itsel f  ha s bee n 
recursivel y use d t o adap t  case s [Kolodne r  an d Simpso n 
1990] . 

Method s fo r  cas e adaptatio n diffe r  i n th e type s o f 
knowledge ,  inference ,  an d contro l  the y use .  Th e metho d 
of  heuristic-association ,  fo r  example ,  use s knowledg e o f 
situation-specifi c  association s tha t  directl y ma p differ -
ence s betwee n th e specification s o f  th e ne w an d th e 
known problem s int o modification s t o th e solutio n o f 
th e know n problem .  I n addition ,  case-adaptatio n meth -
ods diffe r  i n th e type s o f  knowledg e store d i n th e cases . 
I n th e metho d o f  derivationa l  analogy ,  fo r  example ,  a 
cas e contain s a  specificatio n o f  a  problem ,  a  specifica ^ 
tio n o f  a  solutio n t o th e problem ,  an d a  specificatio n 
of  th e problem-solvin g proces s b y whic h th e cognitiv e 
agent  arrive d a t  th e solution . 

I n thi s paper ,  w e describ e anothe r  computationa l 
model  fo r  case-base d reasonin g i n whic h qualitativ e mod -
el s o f  case s ar e use d t o generat e cas e modifications . 

A Model-Based Method for 

Cas e Adaptat io n 

The cor e ide a i n th e model-base d approac h t o cas e adap -
tatio n i s tha t  i n additio n t o thei r  knowledg e o f  solution s 
t o problem s encountere d previously ,  cognitiv e agent s of -
te n als o comprehendho w a  solutio n actuall y satisfie s th e 
constraint s o f  th e problem .  Thi s comprehensio n ca n b e 
expresse d i n th e for m o f  a  qualitativ e mode l  fo r  th e cas e 
and use d fo r  adaptin g th e cas e i n solvin g a  ne w prob -
lem .  A  designer ,  fo r  example ,  ma y no t  onl y kno w th e 
function s an d th e structur e o f  a  previousl y encountere d 
artifact ,  bu t  ma y als o comprehen d ho w th e structur e 
of  th e artifac t  produce s it s functions .  I f  an d whe n thi s 
typ e o f  knowledg e i s availabl e i n memory ,  i t  ca n b e ac -
cesse d an d use d i n adaptin g th e structur e o f  th e know n 
artifac t  t o desig n ne w ones . 

The mai n issue s i n thi s model-base d approac h t o cas e 
adaptation ,  then ,  ar e (i )  ho w t o represen t  th e qualitativ e 
model s o f  cases ,  (ii )  ho w t o inde x th e model s i n mem-
ory ,  (iii )  ho w t o acces s the m whe n needed ,  an d (iv )  ho w 
t o us e the m i n cas e adaptation .  Th e KRITI K projec t 
investigate s thes e issue s i n th e contex t  o f  solvin g desig n 
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problem s i n th e domai n o f  physica l  device s [Goe l  1989] . 
KRITI K i s a  full y  operationa l  syste m tha t  use s th e case -
bcise d metho d fo r  designin g physica l  devices ,  an d th e 

model-base d metho d fo r  adaptin g desig n cases .  I t  thu s 

integrate s model-base d reasonin g wit h case-base d rea -
soning . 

I n KRITIK ,  th e case-adaptatio n tas k i s t o ma p th e 
difference s betwee n th e functio n desire d o f  a  devic e an d 
th e functio n delivere d b y th e retrieve d desig n cas e int o 
candidat e modification s t o th e structur e o f  th e know n 
desig n (functiona l  difference s —^  structura l  modifica -
tions) .  KRITI K use s knowledg e o f  ho w th e structur e 
of  th e know n devic e achieve s it s function s (structur e —* 
function )  fo r  generatin g usefu l  candidat e modifications . 
Thi s knowledg e i s expresse d a s a  qualitativ e function -
structur e mode l  tha t  specifie s ho w th e interna l  causa l 
mechanism s o f  th e know n devic e compos e th e functiona l 
abstraction s o f  it s structura l  component s int o th e func -
tion s o f  th e devic e a s a  whole . 

A desig n cas e i n KRITI K contain s thre e type s o f 
knowledge :  (i )  a  specificatio n o f  th e function s delivere d 
by a  previousl y encountere d design ,  (ii )  a  specificatio n 
of  th e structur e o f  th e store d design ,  an d (iii )  a  pointe r 
t o th e qualitativ e function-structur e mode l  o f  th e de -
sign .  Th e case s ar e indexe d b y th e function s delivere d 
by th e store d designs ,  an d themselve s ac t  a s indice s 
t o th e function-structure-model s o f  th e designs .  Th e 
knowledg e conten t  o f  a  give n function-structur e mode l 
i s specifi c  t o a  particula r  desig n cas e bu t  th e represen -
tatio n languag e i s usefu l  fo r  specifyin g th e model s o f  a 
larg e clas s o f  physica l  devices . 

KRITI K use s a  famil y o f  modification-generatio n 
plan s fo r  mappin g th e difference s betwee n th e functio n 
desire d o f  an d delivere d b y th e retrive d desig n cas e int o 
candidat e modification s t o th e structur e o f  th e know n 
design .  Thes e plan s ar e indexe d b y th e type s o f  func -
tiona l  difference s t o whic h the y ar e applicable .  Eac h 
pla n know s o f  th e type s o f  structur e modification s tha t 
can hel p t o reduc e a  specifi c  functiona l  differenc e bu t 
does no t  kno w wha t  component s i n th e specifi c  de -
sig n cas e nee d t o modified .  Th e modification-generatio n 
plan s acces s th e case-specifi c  qualitativ e model ,  an d us e 
i t  t o identif y th e specifi c  component s tha t  nee d t o b e 
modified . 

An Illustrative Example from KRITIK 

Let  u s consider ,  a s a  simpl e illustrativ e exampl e fro m 
KRITIK ,  th e tas k o f  designin g a  devic e t o coo l  high -
acidit y Sulfuri c Aci d b y th e case-base d method .  Le t  u s 
assume tha t  a  numbe r  o f  previousl y encountere d design s 

ar e availabl e i n memory ,  an d tha t  th e case-retrieva l  tas k 
result s i n retrievin g th e desig n o f  a  Nitri c  Aci d Coole r 

(NAC)  tha t  cool s low-acidit y Nitri c  Acid .  Th e desig n 
of  N A C i s show n i n Figur e 1 . 

The desire d functio n an d th e delivere d functio n i n thi s 
exampl e diffe r  i n (i )  th e substanc e t o b e coole d (Sulfu -
ri c Aci d instea d o f  Nitri c  Acid) ,  an d (ii )  a  propert y o f 
th e substanc e (high-acidit y instea d o f  low-acidity) .  Th e 
tas k o f  cas e adaptatio n i s t o ma p thes e functiona l  differ -
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Figur e 1 :  Th e Nitri c Aci d Coole r 

ences into modifications to the structure of NAC such 
tha t  th e modifie d desig n ca n delive r  th e desire d func -
tio n o f  coolin g high-acidit y Sulfuri c Acid .  Th e tas k o f 
modificatio n generatio n i s t o propos e candidat e modifi -
cation s tha t  ca n hel p t o delive r  th e desire d function . 

Model-Based Case Adaptation: 

K n o w l e d g e ,  Inference ,  a n d Contro l 

The generatio n o f  usefu l  candidat e structura l  modifica -
tion s i s i n genera l  computationall y comple x becaus e (i ) 
th e difference s betwee n th e functio n desire d o f  an d de -
livere d b y th e retrieve d desig n cas e ca n b e larg e an d 
many,  (ii )  th e neede d structura l  modification s ca n b e 
non-loca l  an d many ,  (iii )  ther e ma y b e n o simpl e cor -
respondenc e betwee n th e functiona l  difference s an d th e 
structura l  modifications ,  an d (iv )  th e structura l  modifi -
cation s ca n interac t  wit h on e anothe r  an d wit h th e com -
ponent s i n th e structur e o f  th e know n design .  Therefore , 
solvin g th e modification-generatio n tas k computation -
all y efficientl y an d effectivel y i n genera l  require s knowl -
edge tha t  ca n hel p t o constrai n an d focu s th e proces s o f 
generatin g usefu l  modifications . 

KRITI K use s thre e type s o f  knowledg e fo r  adaptin g 
desig n cases : 

1.  Typologie s o f  Functiona l  Difference s an d Structura l 
Modifications :  Th e typolog y o f  functiona l  difference s 
cleissifie s difference s betwee n th e function s desire d o f 
and delivere d b y a  desig n case ;  th e typolog y o f  struc -

tura l  modification s similarl y classifie s modification s 
t o th e structur e o f  a  design . 

2.  Case-Specifi c Function-Structur e Models :  Thes e 
model s describ e ho w th e solutio n i n a  desig n cas e (th e 
desig n structure )  satisfie s th e constraint s o f  th e desig n 
(th e function s o f  th e design) . 

3.  A  Famil y o f  Modification-Generatio n Plans :  Thes e 
plan s specif y compile d sequence s o f  abstrac t  opera r 
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tion s fo r  mappin g functiona l  difference s int o candi -
dat e structur e modifications . 

Given a specific difference between the function de-
sire d o f  (e.g. ,  t o coo l  high-acidit y Sulfuri c Acid )  an d de -
livere d b y (e.g. ,  t o coo l  low-acidit y Nitri c  Acid )  a  desig n 
case ,  K R I T I K set s u p fou r  subtask s o f  th e modification -
generatio n task : 

(i) Plan Selection: First, the functional difference is 
use d a s a  prob e int o th e functionally-indexe d m e m o r y 
of  modification-generatio n plan s t o selec t  th e applica -
bl e plan . 

(it) Plan Instantiation: Next, the retrieved plan is in-
stantiate d i n th e contex t  o f  th e specifi c  desig n cas e t o 
be adapted . 

(Hi) Model Retrieval: Then, the instantiated plan uses 
th e cas e a s a  pointe r  t o retriev e th e function-structur e 
model  fo r  th e desig n case . 

(iv) Plan Execution: Finally, the plan uses the case-
specifi c  function-structur e mode l  t o generat e candi -
dat e structur e modification s tha t  ca n hel p t o achiev e 
th e desire d function . 

A Function-Structure Model 

A case-specific function-structure model in KRITIK is 
an instantiatio n o f  a  mor e genera l  component-substanc e 
model  o f  th e functionin g o f  a  larg e clas s o f  physica l  de -
vices .  Th e component-substanc e mode l  extend s an d 
generalize s th e componen t  an d substanc e ontolog y use d 
earlie r  i n th e consolidatio n metho d fo r  derivin g th e be -
havior s o f  a  devic e fro m th e behaviora l  interaction s be -
twee n it s structura l  component s [Bylande r  an d Chan -
drasekara n 1985] .  Knowledg e o f  a  case-specifi c  function -
structur e mode l  i n K R I T I K i s  represente d an d orga -
nize d i n a  behaviora l  representatio n language .  Th e be -
haviora l  representatio n languag e extend s an d general -
ize s th e functiona l  representatio n schem e fo r  represent -
in g knowledg e o f  th e functionin g o f  a  devic e [Sembug -
amoorth y an d Chandrasekara n 1986] . 

The function-structur e mode l  o f  a  give n desig n cas e 
i n K R I T I K explicitl y  represent s th e structure ,  th e func -
tions ,  an d th e interna l  causa l  behavior s o f  th e design . 
The behavior s compos e th e structura l  an d behaviora l 
interaction s betwee n th e structura l  component s int o th e 
function s o f  th e devic e a s a  whole . 

BEGIN BehaviorCoolNitricAcid- 2 

state 2 

fitri c  J 
ici d / 

temperatur e T l 

pro p I— I  para m I Nitri c 
p2 Aci d y  flow 
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R 
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U N D E R - C O N D I T I O N - T R A N S r n ON 
transitio n 1- 2 o f  BehaviorHeatWate r 
PARAMETER-RELATION 
T2-Tl=f(+(Q2-Ql)) ; 
Q2-Ql=f(-R) ; 
Q2-Ql=f(-r3) ; 

state 3 

_E3_ 
lo c 
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sub U p r o p 
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E ND BehaviorCoolNitricAcid- 2 

Structure :  T h e structur e o f  a  devic e i s viewe d a s con -
stitute d o f  component s (e.g. ,  battery ,  pipe) ,  substance s 
(e.g. ,  water ,  electrica l  charge) ,  an d structura l  relation s 
betwee n the m (e.g. ,  connection ,  containment) .  T h e sub -

stance s ca n b e abstract ,  e.g. ,  heat .  T h e component s 
and substance s ca n hav e behaviora l  interactions .  Fo r 
example ,  substance s ca n flow  fro m on e componen t  t o 
anothe r  i f  ther e i s a  certai n typ e o f  structura l  relatio n 
betwee n th e tw o components ,  viz. ,  th e connectio n re -
lation .  Th e mode l  borrow s a  typolog y o f  behaviora l 

Figur e 2 :  Behavio r  CoolNitricAcid- 2 
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interaction s fro m th e consolidatio n method .  Fo r  exam -
ple ,  a  batter y pump s electrica l  charg e an d a  pip e al -
low s substance s wit h certai n properties .  Knowledg e o f 
th e structur e o f  th e devic e i s organize d i n a  structure -
substructur e hierarchy .  A  substructur e i s represente d 
as a  schem a tha t  specifie s it s functiona l  abstractions , 
structura l  relations ,  modalities ,  parameters ,  etc . 

Functions :  Knowledg e o f  th e function s o f  a  devic e i s 
als o represente d i n th e for m o f  schemas .  Th e schem a 
fo r  functio n specifie s th e behaviora l  stat e i t  take s a s in -
put  an d th e behaviora l  stat e i t  give s a s output .  I t  als o 
specifie s th e interna l  causa l  behavior s responsibl e fo r 
transformin g th e inpu t  behaviora l  stat e int o th e outpu t 
behaviore d state .  Thus ,  lik e i n th e functiona l  represen -
tatio n scheme ,  th e function s ac t  a s indice s t o th e behav -
iors .  I n addition ,  th e functio n schem a specifie s th e de -
vic e condition s unde r  whic h th e behavio r  accomplishe s 
th e function ,  an d th e stimulu s fro m th e environmen t 
whic h trigger s th e behavior . 

Interna l  Causa l  Behaviors :  Knowledg e o f  th e in -
terna J causa l  behavior s o f  a  devic e i s represente d a s di -
recte d acycli c graph s (DAGS )  o f  behaviora l  state s an d 
stat e transitions .  A  fragmen t  o f  on e behavio r  o f  N A C 
i s show n i n Figur e 2 .  A  behaviora l  stat e i n a n inter -
nal  behavio r  i s represente d i n th e for m o f  schemas .  Th e 
stat e schem a specifie s th e location ,  property ,  an d pa ^ 
rameter s an d paramete r  value s o f  a  substance .  Fo r  ex -
ample ,  th e schem a labele d state 2 i n Figur e 2  specifie s 
tha t  (som e quantit y of )  Nitri c  Aci d i s a t  poin t  p 2 i n 
th e devic e space ,  an d ha s th e propertie s o f  temperatur e 
and flow  rat e wit h value s T l  an d R  respectively .  Th e 
stat e schem a ma y als o specif y th e substance s containe d 
withi n a  substance ,  e.g. ,  i n state 2 i n Figur e 2 ,  Nitri c 
Aci d contain s hea t  wit h magnitud e Ql . 

A behavioral-stat e transitio n i n a n interna l  behavio r 
i s annotate d b y th e behaviora l  interaction s tha t  caus e 
th e transitio n t o occur ,  e.g. ,  th e transitio n state 2 = ^ 
state d i n Figur e 2  i s cause d (amon g othe r  causes )  b y 
th e functio n allo w o f  pipe2 ,  wher e pipe 2 allow s th e flow 
of  low-acidit y liquids .  A  stat e transitio n ma y als o b e 
annotate d b y th e enablin g condition s unde r  whic h th e 
behaviora l  interaction s resul t  i n th e transition .  Som e 
of  th e enablin g condition s ma y pertai n t o structura l  re -
lation s betwee n components ,  e.g. ,  th e structura l  rela -
tio n tha t  th e heat-exchange-chambe r  include s pipe 2 i n 
transitio n 8tate 2 ̂  state d (se e Figur e 1) .  Also ,  th e 
enablin g condition s i n on e behavio r  ma y ac t  a s indice s 
t o anothe r  othe r  behavior ,  e.g. ,  th e enablin g conditio n 
unde r  — stat e — transitio n i n transitio n state 2 => •  siate S 
refer s t o anothe r  behavio r  o f  N A C (BehaviorHeatWater , 
not  show n here) .  I n addition ,  a  transitio n ma y b e an -
notate d b y knowledg e o f  deepe r  domai n principle s an d 
qualitativ e equation s a s indicate d i n Figur e 2 . 

Functional Differences and 

Structur e Modification s 

The component-substanc e mode l  provide s a  vocabular y 
fo r  expressin g (i )  certai n type s functiona l  diflference s 
betwee n desig n cases ,  an d (ii )  certai n type s o f  mod -
ification s t o th e structur e o f  a  design .  Th e typolog y 
of  functiona l  difference s include s th e categorie s o f  sub -
stanc e difference ,  substanc e propert y difference ,  sub -
stanc e locatio n difference ,  componen t  difference ,  com -
ponen t  modalit y difference ,  an d componen t  paramete r 
difference .  Th e typolog y o f  structur e modification s in -
clude s th e categorie s o f  substanc e substitutio n (includ -
in g substanc e generalizatio n an d specialization) ,  com -
ponen t  modificatio n (includin g componen t  replacement , 
componen t  modalit y change ,  an d componen t  parame -
te r  adjustment) ,  relatio n modificatio n (suc h a s series-to -
paralle l  an d parallel-to-serie s conversion) ,  substructur e 
deletio n (suc h a s componen t  deletion) ,  an d substructur e 
insertio n (suc h a s substructur e replication) . 

Give n a  functio n desire d o f  a  design ,  (e.g. ,  t o coo l 
high-acidit y Sulfuri c Acid )  an d th e functio n delivere d 
by a  specifi c  desig n cas e (e.g. ,  t o coo l  low-acidit y Ni -
tri c  Acid) ,  KRITI K classifie s th e difference s betwee n 
th e tw o function s accordin g t o it s typolog y o f  func -
tiona l  differences .  I f  th e desire d an d th e delivere d func -
tion s diffe r  i n mor e tha n feature ,  the n i t  heuristicall y 
rank s th e difference s i n orde r  o f  th e difficult y o f  re -
ducin g them .  I n th e N A C example ,  fo r  instance ,  th e 
desire d functio n an d th e delivere d functio n diffe r  i n 
tw o features :  subsiance l  — substance 2 (Nitri c  Aci d 
—•  Sulfuri c  Acid) ,  an d property l  —» property 2 (low -
acidit y —•  high-acidity) .  Since ,  i n th e domai n o f  phys -

ica l  device s tha t  ca n b e modele d i n term s o f  flow  o f 
substance s betwee n components ,  reducin g th e differenc e 
substance l  —•  substance 2 i s  i n genera l  les s difficul t  tha n 
reducin g property !  —<•  property2 ,  KRITI K reduce s th e 
latte r  befor e th e former . 

A Family of Modification-Generation Plans 

The type s o f  knowledge ,  inference ,  an d control ,  neede d 
fo r  reducin g differen t  type s o f  functiona l  difference s ar e 
i n genera l  different .  Thi s implie s a  famil y o f  plan s fo r 
generatin g structura l  modifications ,  wher e eac h pla n 
i n thi s famil y i s applicabl e t o a  specifi c  typ e o f  func -
tiona l  difference .  Fo r  example ,  th e substance-property -
differenc e pla n i s usefu l  fo r  reducin g th e differenc e i n th e 
propert y o f  a  substance ,  e.g. ,  low-acidit y —*•  high-acidity . 
KRITI K use s modification-generatio n plan s fo r  severa l 
differen t  type s o f  functiona l  differences .  Thes e plan s 
ar e indexe d b y th e typ e o f  functiona l  difference s the y 
can hel p t o reduce .  Th e substance-property-differenc e 
plan ,  fo r  example ,  i s  indexe d b y th e functiona l  differ -
ence property l  —» property2 .  Eac h pla n know s o f  th e 
type s o f  structur e modification s tha t  ca n hel p t o reduc e 
a specifi c  functiona l  difference .  Th e substance-property -

differenc e plan ,  fo r  example ,  know s tha t  a  differenc e i n 
th e propert y o f  a  substanc e ca n potentiall y  b e reduce d 
by th e structura l  modification s o f  (i )  componen t  param -
ete r  adjustment ,  (ii )  componen t  modalit y change ,  an d 
(iii )  componen t  replacement . 
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The modification-generatio n plans ,  however ,  d o no t 
kno w wha t  component s i n th e give n desig n nee d t o 
modified .  Th e substance-property-differenc e plan ,  fo r 
example ,  doe s no t  kno w whic h component s i n NAC' s 
desig n nee d t o b e modified .  Thi s i s determine d b y 
th e component-substanc e mode l  fo r  N A C .  First ,  th e 
substance-property-differenc e pla n use s th e N A C cas e a s 
a pointe r  t o retriev e th e component-substanc e mode l  fo r 
N AC (recal l  tha t  a  cas e contain s a  pointe r  t o it s  qualita -
tiv e model) .  Next ,  sinc e th e substanc e propert y differ -

ence low-acidit y  —>•  high-acidit y occm s i n th e functio n o f 
coolin g low-acidit y Nitri c Acid ,  th e substance-property -
differenc e pla n use s thi s functio n t o acces s th e interna l 
causa l  behavio r  responsibl e fo r  it ,  a  fragmen t  o f  whic h 
i s show n i n Figur e 2  (recal l  tha t  i n th e component -
substanc e model ,  function s ac t  a s indice s t o th e be -
havior s responsibl e fo r  them) .  Then ,  th e substance -
property-differenc e pla n trace s throug h th e retrieve d 
behavior ,  checkin g eac h stat e transitio n i n i t  t o deter -
min e whethe r  reducin g th e substanc e propert y differ -
ence low-acidit y  —>•  high-acidit y require s an y componen t 
i n th e transitio n t o b e modifie d (o r  replaced) .  I f  so , 
i t  generate s th e correspondin g structur e modification . 
For  example ,  whe n th e pla n arrive s a t  th e transitio n 
state 2 =* •  state d show n i n Figur e 2 ,  i t  finds  tha t  pipe 2 al -
low s th e flo w o f  onl y low-acidit y substances .  I t  therefor e 
generate s th e structur e modification s o f  (i )  componen t 
paramete r  adjustmen t  (i n cas e pipe 2 ca n allo w th e flow 
of  high-acidit y substance s i n a  differen t  paramete r  set -
ting) ,  (ii )  componen t  modalit y chang e (i n cas e pipe 2 ca n 
allo w th e flow  o f  high-acidit y substance s i n a  differen t 
mode o f  operation) ,  an d (iii )  componen t  replacemen t 
(i n cas e th e first  tw o modification s ar e no t  possibl e an d 
pipe 2 ha s t o b e replace d wit h som e ne w — pipe 2 whic h 
can allo w th e flow  o f  high-acidit y substances) .  Th e gen -
erate d modification s ca n no w b e evaluate d bu t  tha t  i s 
differen t  tas k altogethe r  (se e Goe l  [1989 ]  fo r  ho w KRI -
TI K use s th e model-base d approac h t o solv e it) . 

I n thi s way ,  th e substance-property-differenc e pla n 
uses th e component-substanc e mode l  fo r  N A C t o gener -
at e structura l  modification s tha t  ca n hel p t o reduc e th e 
functiona l  differenc e low-acidit y  —>•  high-acidity .  Th e 
substance-differenc e pla n correspondin g t o th e func -
tiona l  differenc e o f  substance l  —^  substance 2 (Nitri c 
Aci d —>•  Sulfuri c Acid )  similarl y result s i n th e generatio n 
of  th e structur e modificatio n o f  substanc e substitutio n 
NitricAci d —•  SulfuricAcid . 

Evaluation of the Model-Based Method 

The KRITI K syste m evaluate s model-base d metho d fo r 
case adaptatio n i n tw o differen t  domains :  hea t  exchang -
er s suc h a s N A C ,  an d electrica l  circuit s suc h a s th e 
electrica l  circui t  i n a  flashlight.  Thi s insure s tha t  th e 
metho d i s no t  specifi c  t o an y narro w domain .  Th e de -
sig n task s KRITI K solve s rang e fro m simpl e "naive " 
desig n task s i n th e domai n o f  electrica l  circuit s t o com -
ple x "expert "  task s i n th e domai n o f  hea t  exchangers . 
We ar e currentl y extendin g th e KRITI K syste m t o tw o 
new domains :  electromagneti c device s suc h a s buzzer s 

on hous e doors ,  an d rotationa l  device s suc h a s reactio n 
wheels . 

KRITI K show s tha t  th e model-base d metho d i s 
quit e effectiv e fo r  adaptin g desig n case s becaus e th e 
caae-specifi c  component-substanc e mode l  explicitl y  rep -
resent s th e behaviora l  state s o f  th e know n device , 
th e functiona l  rol e playe d b y eac h structura l  com -
ponen t  i n th e stat e transitions ,  th e enablin g condi -

tion s fo r  th e transitions ,  an d s o on .  I t  als o show s 
tha t  th e model-base d metho d i s quit e efficien t  be -
caus e eac h modification-generatio n pla n need s t o searc h 
onl y a  smal l  portio n o f  th e design .  Fo r  example ,  th e 
substance-property-differenc e pla n searche s onl y th e in -
terna l  causa l  behavio r  responsibl e fo r  th e functio n o f 
coolin g low-acidit y Nitri c  Aci d (ignorin g al l  structura l 
component s tha t  d o no t  pla y an y functiona l  rol e i n 
thi s behavior) .  Th e organizatio n o f  th e component -
substanc e mode l  thu s constrain s an d focuse s th e searc h 
fo r  generatin g structur e modification s tha t  ca n hel p t o 
reduc e a  give n functiona l  difference . 

Of  course ,  th e model-base d method ,  lik e an y othe r 
method ,  i s applicabl e onl y whe n th e type s o f  knowl -
edge i t  use s ar e availabl e i n th e domai n o f  interest . 
Our  experienc e wit h KRITI K suggest s tha t  case-specifi c 
component-substanc e model s ar e readil y availabl e i n th e 
domai n o f  physica l  devices .  Whethe r  th e model-base d 
metho d i s usefu l  outsid e physica l  domain s i s a n empir -
ica l  issu e tha t  KRITI K doe s no t  answer .  I n an y event , 
th e domai n o f  physica l  device s i s ver y larg e an d impor -
tant ;  i t  includes ,  fo r  example ,  al l  engineerin g devices . 

Related Research 

Goel  an d Chandrasekara n [1989 ]  hav e earlie r  propose d 
th e us e o f  function-structur e model s fo r  generatin g mod -
ification s t o th e design s o f  physica l  device s fo r  achiev -
in g ne w devic e functionalities .  Th e KRITI K syste m 
transform s thei r  proposa l  int o a  computationa l  mode l 
fo r  case-base d proble m solving . 

Simmons an d Davi s [1987 ]  hav e use d causa l  domai n 
model s fo r  debuggin g plan s bu t  onl y fo r  testin g mod -
ification s t o a  plan ,  no t  fo r  generatin g th e modifica ^ 
tions .  Koto n [1988 ]  ha s use d causa l  domai n model s fo r 
comprehendin g diagnosti c problem s i n interna l  medicin e 
and retrievin g appropriat e diagnosti c case s fro m mem-
ory .  Sycar a an d Navinchandr a [1989 ]  similarl y hav e pro -
pose d th e us e o f  causa l  domai n model s fo r  elaboratin g 
engineerin g desig n problem s an d retrievin g appropri -
at e case s fro m memory .  Th e KRITI K syste m use s th e 
model-base d approac h fo r  thre e subtask s i n case-base d 
reasoning :  retrieva l  o f  relevan t  case s fro m memory ,  gen -
eratio n o f  modification s t o th e retrieve d case ,  an d eval -
uatio n o f  th e generate d modifications .  I n thi s paper ,  w e 
hav e describe d onl y it s us e o f  th e model-base d metho d 
fo r  generatio n o f  cas e modifications . 

I n additio n t o th e difference s i n task s an d domains , 
our  model-base d approac h t o case-base d reasonin g dif -
fer s fro m tha t  o f  Simmon s an d Davis ,  Koton ,  an d Sycar a 
and Navinchandra ,  i n th e representatio n an d organiza -
tio n o f  th e qualitativ e mode l  i t  uses .  Below ,  w e describ e 
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thes e difference s b y comparin g ou r  model-base d metho d 
t o Sycar a an d Navinchandra's .  First ,  whil e thei r  meth -
ods us e causa l  models ,  ou r  metho d use s deepe r  function -
structur e models .  Th e state s an d th e stat e transition s 
i n thei r  model s ar e grounde d neithe r  i n th e functio n 
nor  i n th e structur e o f  th e system .  I n contrast ,  th e 
component-substanc e mode l  explicitl y  relate s th e inter -
nal  causa l  behavior s t o bot h th e functio n an d th e struc -
tur e o f  a  device ,  an d thu s constrain s the m bot h fro m th e 
to p an d th e bottom .  Second ,  th e state s an d th e stat e 
transition s i n thei r  model s ar e represente d a s charac -
te r  strings .  I n contrast ,  th e behaviora l  representatio n 
leinguag e provide s a  specifi c  vocabular y fo r  expressin g 
th e semantic s o f  behaviora l  state s an d stat e transitions . 
Third ,  thei r  method s d o no t  provid e an y schem e fo r 
organizin g knowledg e o f  th e interna l  causa l  behavior s 
of  a  system .  I n contrast ,  th e behaviora l  representatio n 
languag e provide s a  specifi c  vocabular y fo r  organizin g 
knowledg e o f  th e behavior s aroun d th e function s the y 
achieve .  Fourth ,  thei r  model s d o no t  provid e an y ty -
polog y o f  structura l  o r  behaviora l  interaction s betwee n 
th e component s o f  a  system ,  o r  o f  th e functiona l  dif -
ference s an d structura l  difference s betwee n cases .  I n 
contrast ,  th e component-substanc e mode l  explicitl y  pro -
vide s thes e typologies .  Fifth ,  a s a  consequenc e o f  above , 
thei r  model-base d method s ca n handl e onl y ver y sim -
pl e form s o f  causa l  reasoning .  I n contrast ,  ou r  model -
base d metho d involve s teleologica l  reasonin g abou t  th e 
function s o f  physica l  device s an d topographi c reasonin g 
abou t  thei r  structures ,  i n additio n t o causa l  reasoning . 

As mentione d earlier ,  th e component-substanc e 
model  an d th e behaviora l  representatio n languag e inte -
grat e an d generaliz e tw o earlie r  devic e representations : 
th e functiona l  representatio n schem e an d th e consolida ^ 
tio n method .  Th e mode l  an d th e languag e ar e comple -
mentar y t o th e commonsens e algorithm s o f  Riege r  an d 
Grinber g [1978] .  Th e representatio n o f  behaviora l  state s 
and stat e transition s i n ou r  schem e i s simila r  t o thei r 
representations .  Th e typolog y o f  structural ,  causal ,  an d 
behaviora l  relation s i n ou r  schem e an d th e type s o f  in -
ference s thi s schem e enables ,  complemen t  thos e use d i n 
th e commonsens e algorithms . 

Finally ,  th e model-base d metho d fo r  cas e adapta ^ 
tio n i s complementar y t o Carbonell' s  [1986 ]  metho d o f 
derivationa l  analogy .  Th e metho d o f  derivationa l  anal -
ogy use s knowledg e o f  th e problem-solvin g proces s b y 
whic h th e agen t  arrive d a t  th e solutio n t o a  previou s 
problem .  Th e model-base d based ,  i n contrast ,  use s 
knowledg e o f  ho w th e solutio n o f  th e previou s proble m 
satisfie s it s constraints .  Th e interactio n betwee n th e 
tw o approache s i s a n ope n researc h issue . 
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