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Abst rac t 

In experience-based (or case-based) reason-
ing ,  ne w problem s ar e solve d b y retrievin g 
and adaptin g th e solution s t o simila r  prob -
lems encountere d i n th e past .  A n impor -
tan t  issu e i n experience-base d reasonin g i s 
t o identif y differen t  type s o f  knowledg e an d 
reasonin g usefu l  fo r  differen t  classe s o f  case -
adaptatio n tasks .  I n thi s paper ,  w e examin e 
a clas s o f  non-routin e case-adaptatio n task s 
tha t  involv e patterne d insertion s o f  ne w ele -
ment s i n ol d solutions .  W e describ e a  model -
base d metho d fo r  solvin g thi s tas k i n th e con -
tex t  o f  th e desig n o f  physica l  devices .  Th e 
metho d use s knowledg e o f  generi c teleologi -
cal  mechanism s (GTM s suc h a s cascading . 
Ol d design s ar e adapte d t o mee t  ne w func -
tiona l  specification s b y accessin g an d instan -
tiatin g th e appropriat e G T M.  Th e Kritik 2 
syste m evaluate s th e computationa l  feasibil -
it y  an d sufficienc y o f  thi s metho d fo r  desig n 
adaptation . 

Overview 

I n experience-base d (o r  case-based )  reasoning , 
new problem s ar e solve d b y retrievin g an d adapt -
in g solution s o f  simila r  problem s encountere d i n 
th e past .  Onc e a  ne w solutio n i s created ,  i t  ca n 
be store d i n memor y fo r  potentia l  reus e i n future . 
Much o f  previou s wor k o n modelin g experience -
base d reasonin g use s simpl e modificatio n opera -
tor s an d rule s for  "tweaking "  th e solutio n i n th e 
retrieve d cas e (Alterma n 1988 ;  Ashle y &  Riss -
lan d 1988 ;  Hammond 1989 ;  Kolodne r  &  Simpso n 
1989) .  Thes e method s ar e ofte n sufficien t  fo r  rou -
tin e case-adaptatio n wher e th e neede d modifica -
tion s involv e changin g th e paramete r  o f  a n ele -
ment  i n th e ol d solutio n o r  substitutin g on e solu -
tio n elemen t  b y a  simila r  one .  Man y adaptatio n 
tasks ,  however ,  appea r  t o requir e modification s 
tha t  g o beyon d paramete r  change s o r  componen t 

*Thi s wor k ha s bee n supporte d b y a  researc h gran t 
fro m th e Offic e o f  Nava l  Research ,  contrac t  N00014 -
92-J-1234 ,  a  graduat e fellowshi p fro m IBM ,  a  researc h 
gif t  fro m NCR,  an d equipmen t  donate d b y IB M an d 
Symbolics . 

substitutions .  Cas e adaptatio n i n innovativ e de -
sign ,  fo r  example ,  ofte n involve s insertio n o f  ne w 
component s i n ol d designs . 

Reasonin g abou t  insertion s o f  ne w component s 
i n a  desig n structur e ca n b e ver y complex .  Thi s 
i s becaus e th e insertio n o f  a  ne w componen t  ca n 
potentiall y  hav e a  non-loca l  impac t  o n th e func -
tionalit y o f  th e design .  A  general ,  computation -
all y feasibl e an d cognitivel y plausibl e mode l  fo r 
thi s typ e o f  reasonin g i s no t  ye t  known .  Never -
theless ,  i t  seem s reasonabl e t o assum e tha t  (hu -
man)  designer s us e additiona l  knowledg e t o con -
strai n thei r  reasonin g abou t  desig n modifications , 
and thu s manag e th e complexit y o f  th e task .  A n 
importan t  an d ope n researc h issu e i n modelin g 
experience-base d reasoning ,  then ,  i s t o identif y 
additiona l  type s o f  knowledg e useifu l  fo r  differen t 
classe s o f  case-adaptatio n task s an d t o develo p 
proces s model s o f  thei r  usage . 

Informa l  observation s o f  designer s hav e le d 
us t o hypothesiz e tha t  (i )  on e clas s o f  case -
adaptatio n task s i s characterize d b y insertio n o f 
specifi c  pattern s o f  component s int o th e struc -
tur e o f  th e desig n retrieve d fro m th e cas e mem-
ory ,  an d (ii )  th e insertio n o f  thes e pattern s i s 
base d o n knowledg e o f  generi c teleologica l  mech -
anisms .  Example s o f  generi c teleologica l  mecha -
nism s (GTMs )  i n desig n includ e cascading ,  feed -
back ,  an d feedforward .  Thes e mechanism s ar e 
"teleological "  i n tha t  the y resul t  i n specifi c  func -
tions .  Th e mechanis m o f  feedback ,  fo r  example , 
take s informatio n abou t  th e deviatio n o f  th e out -
put  o f  a  syste m fro m it s desire d output ,  feed s i t 
jac k int o a n inpu t  t o th e system ,  an d thi s re -
sult s i n th e specifi c  functio n o f  reducin g th e devi -
atio n i n th e output .  Also ,  thes e mechanism s ar e 
"generic "  i n tha t  the y ar e devic e independent . 

The feedbac k mechanism ,  fo r  example ,  i s  inde -
jenden t  o f  th e specifi c  devic e i n whic h i t  migh t 
)e instantiated ,  an d i n principl e ca n b e instanti -
ate d i n an y contro l  system .  Th e instantiatio n o f 
suc h a  mechanis m i n th e contex t  o f  a  particula r 
devic e lead s t o a  patterne d insertio n o f  compo -
nent s i n th e structur e o f  th e system .  Th e instan -
tiatio n o f  th e feedbac k mechanis m i n a  system , 
fo r  example ,  ma y resul t  i n th e insertio n o f  com -
ponent s tha t  ca n measur e th e deviatio n o f  th e 
system' s outpu t  fro m it s desire d output ,  compo -
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Figur e 1 :  Kritik2' s Proces s Mode l 

nent s tha t  ca n rela y thi s informatio n t o a n inpu t 
t o th e system ,  an d component s tha t  ca n contro l 
th e syste m inpu t  accordingly .  Thi s hypothesi s 
abou t  cas e adaptatio n raise s a  numbe r  o f  issue s 
concernin g th e representation ,  indexing ,  access , 
and us e o f  G T M s .  Th e Kritik 2 projec t  inves -
tigate s thes e issue s i n th e contex t  o f  designin g 
physica l  device s suc h a s simpl e electrica l  circuit s 
and hea t  exchangers . 

Process Model 

Figur e 1  depict s Kritik2' s proces s mode l  fo r 
experience-base d design .  Kritik 2 take s a s inpu t 
th e specificatio n o f  a  functio n desire d o f  a  ne w 
devic e Fne w I n th e case-retrieva l  step ,  i t  use s 
Fnew a s a  prob e int o a  fiinctionall y indexe d cas e 
memory an d retrieve s th e closes t  matchin g case . 
Each desig n cas e i n th e cas e memor y contain s a 
pointe r  t o th e correspondin g devic e mode l  Moi d 
tha t  specifie s ho w th e structur e o f  th e know n de -
vic e Sol d deliver s it s function s Fold -  I n th e diag -
nosi s step ,  Kritik 2 use s Moi d t o generat e candi -
dat e modification s t o Sol d s o a s t o achiev e Fne w 
I n th e repai r  step ,  i t  use s th e differenc e betwee n 
F„eu i  an d F^ d a s a  prob e int o a  memor y o f  repai r 
plan s an d retrieve s th e applicabl e plans .  Th e can -
didat e modification s generate d b y th e diagnosi s 
ste p ar e use d a s a  secondar y inde x t o discrim -
inat e amon g th e applicabl e plans .  Some repai r 
plan s contai n pointer s t o G T M s .  I f  selected ,  suc h 
a repai r  pla n instantiate s th e correspondin g G T M 
i n th e contex t  o f  Moi d an d synthesize s th e instan -
tiate d G T M wit h Sol d t o produc e a  candidat e de -
sig n fo r  achievin g Fne w 

Case-Specific Device Models 

Let  u s conside r  a s a n exampl e th e tas k o f  de -
signin g a  Nitri c  Aci d coole r  (NACnew )  t o reduc e 
th e temperatur e o f  som e quantit y o f  Nitri c  Aci d 
from  som e initia l  temperatur e T l  t o som e final 
temperatur e T2ne w Le t  u s als o suppos e tha t  th e 
case-retrieva l  tas k return s th e desig n aui d mode l 

of  a  Nitri c  Aci d coole r  {NACoid )  whic h reduce s 
th e temperatur e o f  th e sam e quantit y o f  Nitri c 
Aci d fro m temperatur e T l  t o temperatur e T2oid , 
wher e T l  -  T2„eu ,  »  T l  -  T2oid -  Clearly , 
th e desire d functio n o f  coolin g Nitri c  Aci d fro m 
Tl  t o T2ne w i s simila r  t o bu t  differen t  fro m th e 
delivere d functio n o f  coolin g Nitri c  Aci d fro m 
n t o T2oid -  Th e differenc e betwee n th e tw o 
functiona l  specifications ,  whic h w e wil l  denot e a s 
Fnew — Fold ,  lie s i n th e rang e b y whic h th e Nitri c 
Aci d i s cooled . 

The structur e o f  NACoi d i s show n i n figure 
2(â .  I t  consist s o f  a  pum p tha t  pump s col d wa -
te r  int o th e device ,  a  pip e throug h whic h ho t  Ni -
tri c  Aci d flows  i n th e device ,  an d a  heat-exchang e 
chamber  whic h contain s th e col d wate r  pumpe d 
int o th e devic e an d include s th e Nitri c  Aci d pipe . 
The mode l  fo r  NACoi d specifie s ho w th e devic e 
works ,  i.e. ,  ho w it s structur e deliver s it s functio n 
of  coolin g Nitri c  Aci d fro m TUi d t o T2oid -  Th e 
functionin g o f  thi s devic e ca n b e informall y de -
scribe d a s follows :  Ho t  Nitri c  Aci d flows  throug h 
a pipe ,  a  par t  o f  whic h i s enclose d i n a  heat -
exchang e chamber .  Th e chambe r  contain s col d 
wate r  tha t  i s  pumpe d int o th e devic e b y a  wate r 
pump.  Insid e thi s chamber ,  hea t  i s transferre d 
from  th e ho t  Nitri c  Aci d t o th e col d water .  A s a 
resul t  o f  thi s transfe r  o f  heat ,  th e temperatur e o f 
out-flowin g Nitri c Aci d i s lowe r  tha n th e temper -
atur e o f  in-flowin g Nitri c Acid ;  th e temperatur e 
of  col d wate r  increase s correspondingly . 

Kritik 2 explicitl y  represent s th e functions ,  th e 
structur e an d th e interna /  causa l  behavior s o f 
th e device ,  wher e th e interna l  causa l  behav -
ior s specif y ho w th e devic e structur e deliver s it s 
function s (Goe l  1991) .  It s behaviora l  represen -
tatio n languag e generalize s th e functiona l  rep -
resentatio n schem e (Sembugamoorth y fc  Chan -
drasekaira n 1986 )  an d ground s i t  i n component -
substanc e ontolog y o f  physica l  device s (Bylande r 
k Chandrasekara n 1985) .  Th e interna l  causa l 
behavior s i n thi s languag e ar e represente d a s 
partiall y  ordere d sequence s o f  state s an d state -
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QUALITATIV E RELATIONS 

trantiS- G 

/f20.now-rate.R 2 =  [ i  +  H iO-pnmp .C ) 
//i0.now-rate.R 2 =  f(/f20.flow-rate.Rl ) 

state G 
loc:p( ) sub:  Hi O 

prop:temperatur e — param:T 3 

propiflo w — parara:R 2 

USING FUNCTIO N aUo w H2 O o f  Heat-Exc h 
STRUCTURAL RELATIO N containmen t  o f  pip e i n Heat-Exc h 
ENABLING-CONDITION transl- 2 o f  behavio r  CoolNitricAci d 
QUALITATIV E RELATION S 

/f20.Temperature.T 4 =  f(-| -  //̂ 2 0.Temperature.T3) , 
F2O.Temperature.T 4 =  f( -  / f  AfOa.Flow-Rate.R) , 

e.R2 ) 
F2O.Temperature.T 4 =  f( + F20.Flow-Rate . 

trans6- 7 

state ? 
loc:p 7 sub:F 2 0 

prop:temperature — parara:T 4 

propiflo w — param:R 2 

Figur e 2(a) :  Structur e o f  NACoi d Figur e 2(b) :  Behavio r  HeatWate r  o f  th e ol d H N O3 coohi,NACoi d 

transitions .  A  stat e i s a  paurtia l  descriptio n o f 
some substanc e o f  th e devic e a t  som e particu -
la j  poin t  i n th e devic e structure .  A  stat e transi -
tio n describe s ho w th e parameter s o f  a  substanc e 
chang e a s th e substanc e flows  fro m on e poin t  t o 
another . 

Figur e 2(b )  show s a  fragment  o f  a n interna l 
behavio r  o f  th e Nitri c  Aci d coole r  calle d behav -
io r  HeatWater .  Thi s behavio r  describe s th e flow 
of  th e wate r  throug h th e device .  Initially ,  a t 
states ,  wate r  ha s a  flow-rate  Rl ,  an d temper -
atur e T3 .  I n states ,  th e wate r  flow-rate  ha s 
increase d t o R 2 du e t o th e functionalit y o f  th e 
wate r  pump .  Afte r  flowing  throug h th e heat -
exchang e chambe r  th e wate r  temperatur e i s T4 . 
The transitio n tram.s6- 7 i s du e t o th e multipl e 
function s o f  th e heat-exchang e chamber ,  whic h 
allow s th e flow  o f  th e wate r  an d als o allow s th e 
heat  flow  betwee n ho t  Nitri c  Aci d an d col d wa -
ter .  Thi s transitio n occur s simultaneousl y wit h 
trans2- 3 i n th e behavio r  CoolHitricAcido f  th e 
device ,  wher e behavio r  CoolNitricAci d specifie s 
th e stat e treinsition s o f  th e Nitri c  Acid .  Eac h 
transitio n i s annotate d wit h enablin g condition s 
tha t  nee d t o b e tru e i n orde r  fo r  th e transitio n 
t o occu r  an d wit h qualitativ e equation s tha t  re -
lat e th e stat e changes .  (Goe l  1991 )  provide s a 
more detaile d descriptio n o f  case-specifi c  devic e 
models . 

Generic Teleological Mechanisms 

Kritik 2 posit s a  memor y o f  G T Ms suc h a s cascad -
ing ,  feedback ,  an d feedforward .  Th e representa -
tio n o f  a  G T M encapsulate s (i )  knowledg e abou t 
th e differenc e betwee n th e function s o f  a  know n 

desig n an d a  desire d desig n tha t  th e mechanis m 
can hel p t o reduce ,  an d (ii )  knowledg e abou t 
modification s t o th e interna l  cause d behavior s o f 
th e know n desig n tha t  ar e necessar y i n orde r  t o 
reduc e thi s difference .  A  G T M thu s associate s a 
typ e o f  functiona l  differenc e wit h a  typ e o f  be -
haviora l  modification ,  wit h th e forme r  actin g a s 
an inde x t o th e latter . 

Figur e 3  illustrate s Kritik2' s representatio n o f 
th e cascadin g mechanism .  Figur e 3^a )  specifie s 
tha t  th e cascadin g mechanis m i s applicabl e whe n 
th e know n desig n (Desig n 1 )  change s th e valu e o f 
some substanc e propert y fro m va/l l  t o va/2 1 b y 
some know n interna l  behavio r  Bl ,  th e desire d 
desig n (Design2 )  change s th e valu e o f  th e sam e 
substanc e propert y fro m t;a/1 2 t o t;a/2 2 b y som e 
Behavio r  B2 ,  an d {va/2 2 — va/12 |  i s  man y time s 
|t;a/2 1 -  t;a/ll| .  Figur e 3fb j  illustrate s Kritik2' s 
representatio n o f  th e moaification s necessar y t o 
reduc e th e functiona l  difference .  I t  specifie s tha t 
Behavio r  B 2 migh t  b e achieve d b y replicatin g Be -
havio r  B l  a s m a n y time s a s needed .  Since ,  i n gen -
eral ,  |t;a/2 2 — ta/12 |  migh t  no t  b e a  multipl e o f 
|t;a/21—t)a/ll| ,  Behavio r  B 2 als o include s th e pos -
sibilit y  o f  formin g a  n e w goa l  t o reduc e th e func -
tiona l  differenc e lef t  afte r  replicatin g B l .  Not e 
tha t  th e behaviora l  m o d e l  o f  th e cascadin g m e c h -
anis m i s indexe d b y th e functiona l  differenc e i t 
ca n reduce . 

Give n a  specifi c  typ e o f  functiona l  differenc e 
betwee n th e desire d desig n an d th e retrieve d one , 
Kritik 2 use s th e functiona l  differenc e t o acces s th e 
applicabl e G T M .  Fo r  example ,  i f  th e differenc e 
betwee n th e desire d functio n an d th e delivere d 
functio n i s tha t  th e delivere d functio n alter s s o m e 
substanc e propert y b y s o m e "smal l  a m o u n t "  an d 
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Desigi ^  1 . 

GIVEN: •sub:sub l -  prop:prop l  -  param:va l  1 1 

BY" 
r  •  behavio r  B l 
MAKEs[1oc :  -subisub l 

DESIG^^ 2: 

GIVEN 

-  propiprop l  — parani:va]2 1 

loc :  — sub:sub l  -  proprprop l  -  paraxn:vall 2 

BY:  Behavio r  B 2 

MAKES loc :  — sub:sub l -prop:prop l  -parani:va]2 2 

||ro/2 2 -  valU W »  \\val2 \  -  valn\ \ 

Figure 3(a): Functional Difference that Cascading 
reduce s 

the desired function is the alteration of this prop-
ert y b y a  "larg e amount" ,  the n thi s functiona l 
differenc e ca n b e use d t o acces s th e G T M fo r  cas -
cading .  Onc e accessed ,  th e G T M ca n b e applie d 
t o th e interna l  cause d behavior s o f  th e know n de -
sign . 

Case Adaptation 

Let  u s no w conside r  ho w knowledg e o f  th e cas -
cadin g mechsuiis m help s i n th e tas k o f  adapt -
in g th e structur e o f  NACoid ,  whic h reduce s th e 
temperatur e o f  th e sam e quantit y o f  Nitri c  Aci d 
fro m temperatur e T l  t o temperatur e T2oid ,  t o 
desig n NACne w whic h ca n coo l  th e sam e quan -
tit y o f  Nitri c  Aci d from  T l  t o T2ntu> ,  wher e 
Tl  -  T2„eu ,  »  T l  -  T2„,d . 

Diagnosi s :  First ,  th e diagnosi s tas k iden -
tifie s th e se t  o f  structura l  element s tha t  influ -
ence th e substanc e propertie s tha t  nee d t o b e 
changed ,  an d th e se t  o f  th e specifi c  behaviora l 
state-transition s i n whic h eac h elemen t  play s a 
role .  I n th e abov e exampl e th e outpu t  o f  th e diag -
nosi s tas k i s SeUmenu =  {  water-pump. C } ,  wher e 
C i s th e capacit y o f  th e wate r  pump .  I f  SeUment t 
contain s mor e tha n on e element ,  the n the y ca n b e 
ordere d heuristically .  (Stroulia ,  Shajikar ,  Goe l  & 
Penberth y 1992 )  provid e a  mor e detaile d descrip -
tio n o f  th e diagnosi s step . 

Repai r  :  Next ,  th e repai r  tas k instantiate s 
th e cascadin g mechanis m i n th e contex t  o f  th e 
model  o f  th e know n device .  Th e repai r  plan s i n 
Kritik 2 specif y compile d sequence s o f  operation s 
tha t  nee d t o b e performe d fo r  repairin g a  design , 
give n a  specifi c  typ e o f  differenc e desire d i n it s 
frinction.  Kritik 2 use s th e differenc e /"„«« ,  — Fol d 
as a  prob e int o th e memor y o f  repai r  plan s an d re -
trieve s th e applicabl e plans .  Th e candidat e mod -
ification s SeUment ,  ar e use d a s a  secondar y inde x 
t o discriminat e amon g th e applicabl e plans .  Some 
repai r  plan s contai n pointer s t o G T M s .  Thes e 
plan s als o contai n procedura l  knowledg e o f  ho w 
t o synthesiz e th e behavio r  o f  a  G T M wit h th e 
model  o f  th e know n device .  I f  a  repai r  pla n o f 

sub:Hub l  propiprop l  parainivall l 

By Behavio r  B l 

sub:sub l  -  prop:prop l -  param:vaJll-(vall2-val22 ) 

By Behavio r  B 2 

subisub l  -  prop:prop l  —|param:valll-(c-l)(vall2-val22] | 

Form New Goal 

sub:sub l  — propiprop l  — param:val2 2 

Figur e 3(b) :  Behavio r  Modificatio n tha t  Cascadin g 
suggest s 

thi s typ e i s selected ,  Kritik 2 retrieve s th e appro -
priat e G T M,  instantiate s i t  i n th e contex t  o f  th e 
model  o f  ol d device ,  an d synthesize s th e behavio r 
of  th e G T M wit h th e model . 

For  ou r  Nitri c  Aci d coole r  example ,  Kritik 2 
uses th e typ e o f  functiona l  differenc e betwee n th e 
desire d an d th e retrieve d design s a s a n inde x int o 
th e repai r  pla n memory ,  an d select s th e repai r 
pla n calle d th e siructure-replicaiio n plan .  Thi s 
pla n contain s a  pointe r  t o th e cascadin g mecha -
nis m show n i n Figur e 3 .  I t  synthesize s th e behav -
io r  o f  th e cascadin g mechanis m wit h th e devic e 
model  o f  NACoi d i n tw o steps :  (i )  behavio r  revi -
sio n an d (ii )  structur e revision .  Firs t  th e behavio r 
Bwaterpum p i s replicate d i n th e interna l  behavio r 
HeatWate r  show n i n Figur e 2(b )  becaus e th e wa -
te r  pum p wa s th e structura l  elemen t  identifie d b y 
th e diagnosi s task . 

More specifically ,  sinc e th e wate r  pum p play s 
a rol e i n trans6- 6 o f  behavio r  HeatWater ,  thi s 
transitio n i s replicate d t o obtai n th e modifie d 
behavio r  HeatWate r  show n i n figure  4(a) .  Th e 
change s i n th e value s o f  stat e variable s cause d b y 
thi s ar e propagate d forwar d throughou t  th e be -
havior .  Sinc e th e change d value s affec t  anothe r 
behavio r  i n th e devic e model ,  namely ,  th e behav -
io r  CoolIitricAcid ,  th e value s ar e propagate d 
i n thi s behavio r  a s well . 

Once th e behavio r  revisio n i s completed ,  th e 
structur e i s revised .  Sinc e eac h state-transitio n 
explicitl y  specifie s th e structura l  element s whic h 
ar e responsibl e fo r  th e transition ,  th e behaviora l 
modification s ar e directl y translate d int o struc -
tura l  modifications .  Th e structur e o f  th e result -
in g design ,  wit h multipl e wate r  pumps ,  i s  show n 
i n figure  4(b) .  Kritik 2 no w evaluate s th e candi -
dat e desig n h y qualitativel y simulatin g th e case -
specifi c  devic e model .  I f  th e simulatio n reveal s 
inconsistencie s betwee n th e desire d function s o f 
th e devic e an d it s outpu t  behaviors ,  redesig n i s 
needed . 
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USING F U N C T I O N pum p H 2 O o f  /fjO-Pump ,  BehaviorH20-p"'" P 
Q U A L I T A T I V E R E L A T I O N S 

/f20.flow-rate.Rl '  =  f(+/^20-pump.C ) 
trans5i-52/f20.flow-rate.R r  =  f(/̂ 20.flow-rat c R  I) ,  HI '  > > R l 

state52 propitempcratiir c — 

oc;p5n_ : 
parai n :T 3 

suh :  H 2 O 

state5n- i propiflo w — param:R r 

USING F U N C T I O N pum p H 2 O o f  /fjO-Pump ,  BehaviorHjO-P'"r' P 
QUAL ITAT IV E R E L A T I O N S 

/f20flow-rate.R2 '  =  f(-|-/f20-pump.C ) 
/f 2 0.flow-rate.R2 '  =  f(//'20.flow-rate.Rl') ,  R2 '  »  R 2 

trans5n-i- 6 

loc:p 6 suh:H2 0 

prop:temperature — parain:T 3 H20-pip e 

state 6 prop;flo w — param:R2 ' 
Heat-Exchang e 
chamber 

USING F U N C T I O N allo w H 2 O o f  Heat-Exc h 
S T R U C T U R AL R E L A T I O N containmen t  o f  pip e i n Heat-Exc h 
ENABL ING-CONDIT ION transl- 2 o f  behavio r  CoolNitricAci d 
QUAL ITAT IV E R E L A T I O N S 

/f20.Temperature.T4 '  =  i( + F2O.Temperature.T3) , 
/f2C».Temperature.T4 '  =  f( -  FATOj.Flow-Rate.R) , 
i/ 2 0.Temperature.T4 '  =  f(- h /f20.Flow-Rate.R2*) ,  T4 '  > > T4 , 

T2„e » «  T 2 

stat e 

ns6- 7 

loc:p 7 suh:H2 0 

prop :  temperatur e 

prop:flo w -

- param:T4 ' 

param:R2 ' 

Figur e 4(a) :  Revise d Behavio r  HeatWate r  o f  th e 
new H N O3 cooler ,  NACne w 

Evaluation and Analysis 

Kritik2 provides a computational testbed for con-
ductin g controlle d experiment s wit h G T M s an d 
thei r  us e i n cas e adaptation .  Th e cas e m e m-
or y i n Kritik 2 contain s design s o f  fou r  type s o f 
physica l  devices :  simpl e hea t  exchanger s o f  th e 
typ e describe d above ,  electrica l  circuit s suc h a s 
th e circui t  i n a  househol d flashlight ,  electromag -
neti c device s suc h a s th e househol d buzzer ,  an d 
comple x angula r  m o m e n t u m controller s suc h a s 
thos e aboar d th e Hubbl e Spac e Telescope .  Thi s 
indicate s tha t  it s component-substanc e ontolog y 
and behaviora l  representatio n languag e ar e no t 
limite d t o an y specifi c  devic e domain .  Kritik 2 
demonstrate s th e sufficienc y o f  th e schem e fo r 
representing ,  indexing ,  accessing ,  an d usin g th e 
cascadin g mechanis m i n tw o o f  thes e fou r  do -
mains :  replicatio n o f  pump s i n hea t  exchang -
er s an d replicatio n o f  batterie s an d resistor s i n 
electrica l  circuits .  Again ,  thi s indicate s tha t  th e 
metho d o f  usin g G T M s fo r  cas e adaptatio n i s no t 
limite d t o an y specifi c  devic e domain .  However , 
th e presen t  implementatio n o f  Kritik 2 contain s 
onl y th e G T M fo r  cascading .  W e ar e presentl y 
addin g mor e mechanism s t o ou r  librar y o f  generi c 
teleologica l  mechanism s an d evaluatin g the m i n 
more domains . 

Ablatio n experiment s wit h Kritik2 ,  i n whic h 

HN03-pip e HNO: 

H20-pip e 

p5n- i  p5 2 p5 i 
/f 2 0-pump- n H20-pvimp- l 

Figure 4(b): Revised Structure of the 
new H N O3 cooler ,  N  A C ne w 

specifi c  type s o f  knowledg e an d method s o f  rea -
sonin g i n th e syste m ar e "lesioned "  (Cohe n & 
Howe 1988) ,  indicat e tha t  it s  proces s mode l  fo r 
use o f  G T M s i n cas e adaptatio n i s  quit e flexi -
ble .  I n genera l  mor e tha n on e repai r  pla n i n th e 
pla n memor y m a y b e applicabl e fo r  a  give n case -
adaptatio n task .  Fo r  instance ,  th e component -
replacemen t  pla n i s anothe r  repai r  pla n applica -
bl e i n ou r  Nitri c  Aci d coole r  example .  I f  se -
lected ,  thi s pla n probe s th e memor y o f  compo -
nent s fo r  a  water-pum p wit h highe r  capacity .  I f 
suc h a  water-pum p i s  available ,  th e executio n 
of  thi s pla n result s i n a  simpl e substitutio n o f 
one componen t  (water-pum p wit h a  lo w capac -
ity )  b y anothe r  (water-pum p wit h a  highe r  ca -
pacity) .  I n tha t  case ,  Kritik 2 behave s lik e mos t 
previou s case-base d systems ,  i n tha t  i t  use s com -
ponen t  replacemen t  t o twea k th e retrieve d design . 
If ,  however ,  a  water-pum p wit h a  highe r  capac -
it y i s  no t  availabl e i n th e componen t  memory ,  th e 
component-replacemen t  pla n woul d fail .  I n thi s 
case ,  Kritik 2 resort s t o th e us e o f  th e structure -
replicatio n pla n whic h instantiate s th e cascadin g 
mechanism . 

Additiona l  ablatio n experiment s wit h Kritik 2 
indicat e a  differen t  kin d o f  flexibility  pertainin g 
t o th e diagnosi s tas k i n th e proces s model .  Al -
thoug h th e proces s mode l  include s a  diagnosi s 

323 

http://F2O.Temperature.T3


task ,  th e diagnosi s ste p actuall y  i s optional .  Th e 
metho d o f  instantiatin g G T M s ,  however ,  result s 
i n poore r  design s i f  th e diagnosi s tas k i s no t  per -
formed .  I n th e Nitri c  Aci d coole r  example ,  fo r  in -
steince ,  w e foun d tha t  instantiatin g th e cascadin g 
mechanis m result s i n th e replicatio n o f  th e wate r 
pump i f  th e diagnosi s tas k i s performed ,  an d i n 
th e replicatio n o f  th e entir e hea t  exchange r  i f  th e 
diagnosi s tas k i s no t  performed .  Th e forme r  de -
sig n i s mor e parsimoniou s an d henc e bette r  tha n 
th e latte r  one .  Thi s lead s u s t o conclud e tha t 
whil e th e qualit y o f  th e solutio n appear s t o im -
prov e whe n diagnosi s tas k i s performed ,  instanti -
atin g G T Ms appear s t o b e a  usefu l  strateg y fo r 
cas e adaptatio n whethe r  o r  no t  th e diagnosi s tas k 
i s performed . 

Related and Further Research 

Experience-based reasoning is a model of human 
decisio n makin g an d proble m solvin g (Riesbec k 
fc  Schaui k 1989) .  Previou s wor k o n experience -
base d reasonin g ha s investigate d th e us e o f  modi -
ficatio n operator s Ein d rule s fo r  routin e cas e adap -
tatio n i n whic h th e neede d modification s involv e 
changin g th e paramete r  o f  a n elemen t  i n th e ol d 
solutio n o r  substitutin g on e solutio n elemen t  b y 
a simila r  on e (Alterma n 1988 ;  Ashle y &  Riss -
lan d 1988 ;  Hammond 1989 ;  Kolodne r  k  Simp -
son 1989) .  Exploratio n o f  mor e robus t  method s 
of  cas e adaptatio n base d o n derivationa l  trace s 
(Carbonel l  1986 )  an d causa l  model s (Goe l  1991 ; 
Koto n 1988 ;  Sycar a i c Navinchandr a 1989 )  als o 
has bee n largel y limite d t o relativel y routin e cas e 
adaptation . 

Our  researc h o n generi c teleologica l  mecha -
nism s build s o n eaurlie r  researc h o n model-base d 
cas e adaptation .  Th e Kritik 2 syste m provide s a 
model  o f  ho w knowledg e o f  G T Ms migh t  com -
plemen t  knowledg e o f  case-specifi c  devic e model s 
and hel p designer s t o reaso n abou t  patterne d in -
sertion s o f  ne w component s i n ol d designs . 

Darde n ha s propose d tha t  scientifi c  theorie s 
can b e viewe d a s device s an d theor y revisio n ca n 
be viewe d a s a  design-adaptatio n tas k (Darde n 
1990) .  I n recen t  persona l  communicatio n (Dar -
den 1991) ,  sh e ha s furthe r  conjecture d tha t  Kri -
tik2' s us e o f  G T Ms fo r  desig n adaptatio n migh t 
provid e a  basi s fo r  modelin g th e formatio n o f 
earl y theorie s o f  heredit y an d genetics .  I f  thi s i s 
correct ,  i t  woul d indicat e tha t  th e us e o f  G T Ms 
i s a  ver y genera l  domain-independen t  metho d o f 
case aidaptation .  Ou r  curren t  wor k o n G T Ms 
involve s modelin g ho w designer s lear n G T Ms 
from  specifi c  desig n case s an d us e thi s knowledg e 
i n analogica l  reasonin g acros s differen t  domain s 
(Bhatt a &  Goe l  1992) . 
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