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Abstrac t 

Much previou s wor k i n developin g computationa l  model s 
of  scientifi c  discover y ha s concentrate d o n th e formatio n 
of  basi c laws .  Th e importan t  rol e playe d b y additiona l 
assumption s i n thi s proces s i s a  neglecte d researc h topic . 
We argu e tha t  hypothese s abou t  structur e ar e a n importan t 
sourc e o f  suc h additiona l  assumptions ,  an d tha t  knowledg e 
of  thi s typ e ca n b e embodie d i n th e notio n o f  Informa l 
Qualitativ e Model s (IQMs) .  I n thi s paper ,  w e demonstrat e 
tha t  suc h model s ca n b e synthesise d b y applyin g a  se t  o f 
operator s t o th e mos t  fundamenta l  mode l  i n a  domain . 
Heuristic s ar e employe d t o contro l  thi s process ,  whic h 
form s th e basi s o f  a n architectur e fo r  model-drive n 
scientifi c  discovery .  Conventiona l  data-drive n discover y 
technique s ca n b e integrate d int o thi s architecture , 
resultin g i n law s whic h depen d cruciall y o n th e mode l  tha t 
i s  applie d t o a  problem .  Thi s approac h i s illustrate d b y a n 
historica l  surve y o f  eighteent h an d nineteent h centur y 
solutio n chemistry ,  whic h focuse s o n th e evolutio n o f  th e 
model s employe d b y scientists .  A  serie s o f  model s ar e 
synthesise d whic h reflec t  thes e historica l  developments , 
showin g th e importanc e o f  structura l  model s bot h i n 
understandin g certai n aspect s o f  th e scientifi c  discover y 
process ,  an d a s a  basi s fo r  practica l  discover y systems . 

Introduction 

In order to deduce a law from a basic theory it is often 
logicall y necessar y t o m a k e a  numbe r  o f  additiona l 
assumption s (Zytko w an d Lewenstam ,  1990) .  Fo r  example , 
t o deriv e Kepler' s law s deductivel y fro m Newton' s law s i t  i s 
necessar y t o assum e tha t  ther e ar e tw o spherica l  bodie s i n 
th e system ,  tha t  th e distanc e betwee n the m i s larg e relativ e 
t o thei r  diameters ,  an d tha t  th e mas s o f  on e i s m u c h smalle r 
tha n th e mas s o f  th e other .  Additiona l  assumption s suc h a s 
thes e ar e frequentl y structura l  i n nature ,  an d hypothetical . 
They ar e no t  reducibl e t o basi c laws .  Thus ,  knowledg e o f 
structur e i n scienc e i s a s importan t  a s knowledg e o f  basi c 
law s o r  processes . 

We hav e propose d a n architectur e fo r  scientifi c  discover y 
whic h i s drive n b y th e applicatio n o f  structura l  models , 
whic h w e hav e terme d Informa l  Qualitativ e Models ,  o r 
I Q Ms (Sleema n e t  al .  1989 ;  Stacey ,  1992 ;  Gordon ,  i n 
preparation) .  Discover y i s viewe d a s a  neste d searc h process . 
Conventiona l  empirica l  discover y i n th e B A C O N traditio n 

(Langle y e t  al .  1987 )  take s plac e a t  th e lowes t  leve l  i n thi s 
hierarchy .  A t  th e immediatel y superio r  leve l  i n th e bieraich y 
th e discover y proces s involve s heuristi c searc h i n th e spac e 
of  models .  Thus ,  th e law s whic h ca n b e discovere d b y 
empirica l  discover y technique s depen d cruciall y o n th e 
particula r  mode l  tha t  i s  applie d t o a  problem . 

I Q Ms ca n b e synthesise d b y startin g wit h a  fundamenta l 
structura l  mode l  o f  a  physica l  system ,  whic h specifie s th e 
structure s an d sub-structure s whic h m a y exis t  i n th e syste m 
(the y ca n b e hypothetical) ,  togethe r  wit h th e relationship s 
amongst  thes e structure s an d sub-structures .  A  se t  o f  mode l 
generatio n operator s ca n b e applie d successivel y t o thi s 
fundamenta l  model ,  t o generat e mor e elaborat e models . 
Operator s ca n ad d n e w structure s o r  sub-structure s t o th e 
model ,  o r  chang e th e relationship s betwee n thes e structures . 
Searc h i n thi s spac e i s governe d b y a  se t  o f  heuristics ,  an d 
eac h o f  th e model s i n thi s spac e ca n b e use d a s th e startin g 
poin t  fo r  dat a drive n discover y o f  numerica l  laws ,  o r  fo r 
theor y construction . 

Sectio n 2  o f  thi s pape r  wil l  discus s a  se t  o f  model-drive n 
discover y episode s take n fro m th e histor y o f  eighteent h an d 
nineteent h centur y solutio n chemistry .  T h e discussio n wil l 
emphasis e th e change s whic h occurre d t o th e model s 
propose d b y scientist s i n thei r  attempt s t o understan d th e 
domain .  Sectio n 3  wil l  attemp t  t o synthesis e a  spac e o f 
model s whic h reflect s thes e historica l  changes .  I t  i s  hope d 
tha t  thi s wil l  sho w th e validit y o f  ou r  model-drive n 
approach ,  bot h i n understandin g certai n aspect s o f  th e 
scientifi c  discover y process ,  an d a s a  basi s fo r  th e 
implementatio n o f  practica l  discover y systems .  Sectio n 4 
wil l  discus s furthe r  work ,  an d Sectio n 5  wil l  discus s som e 
related  wor k 

The History of Solution Chemistry 

It had long been known that the properties of a solution 
wer e differen t  fro m thos e o f  it s  constituen t  solvent . 
Howeve r ,  th e firs t  systemati c investigatio n o f  thi s 
phenomeno n t o b e publishe d wa s tha t  o f  Charle s Blagde n 
(1788) .  Blagde n concentrate d o n th e freezin g point s o f 
aqueou s solutions ,  whic h wer e k n o w n t o b e depresse d b y th e 
additio n o f  a  solute ,  an d foun d tha t  th e freezin g poin t  o f  a 
solutio n decrease d wit h increasin g concentration .  Tabl e 1 
show s som e o f  Blagden' s origina l  data ,  an d Figur e 1  show s 
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th e grap h o f  concentratio n agains t  freezin g poin t  fo r  thes e 
data . 

Table 1: Some of Biagden's original data -
freezin g point s o f  c o m m o n sal t  solutions . 

Proportio n o f 
Sal t  t o Wate r 

Fr««zin g Poin t 
(Fahrenheit ) 

32: 1 
24: 1 
16: 1 
10: 1 
7.8: 1 
6.2: 1 
5: 1 

4.5: 1 

29 
27. 5 
25.2 5 
21. 5 
18. 5 
13. 5 
9. 5 

7.2 5 

•J S I -

29 27 J 2SJ S 21. S l» S 13 S 9 S 7.2 5 

Freezin g Poin t  (Fahrcnheil ) 

Figure 1: Graph of data from Table 1. 

It is remarkable to note that throughout the subsequent 
wor k i n thi s field,  Biagden' s law ,  whic h state s tha t  th e 
depressio n o f  th e freezin g poin t  o f  a  solutio n i s proportiona l 
t o it s  concentration ,  w a s accepte d a s bein g essentiall y 
correct .  M u c h o f  th e late r  wor k wa s t o focu s o n th e 
appropriat e definitio n o f  concentration ,  whic h i s  cruciall y 
dependan t  o n th e mode l  tha t  i s  applie d t o th e problem .  Th e 
model  tha t  Blagde n applie d w a s essentiall y th e simples t 
possible ,  th e physica l  mixin g model ,  i n whic h th e particle s 
of  solut e an d solven t  ar e disttibute d evenl y throughou t  th e 
solution ,  wit h neithe r  o f  the m bein g change d i n an y way . 
Thus ,  concentratio n her e i s jus t  nomina l  concentration ,  th e 
proportio n o f  solut e t o solven t  i n th e solution .  Figur e 2(a ) 
illustrate s thi s model . 

I n hi s o w n wor k o n solutio n chemistr y Rudorf f  (1861 ) 
was t o focu s o n anomahe s t o Biagden' s la w wher e th e rati o 
of  freezin g poin t  t o nomina l  concentratio n wa s i n increasin g 
progression .  I n orde r  t o accoun t  fo r  thi s phenomenon , 
Riidorf f  propose d a  n e w mode l  fo r  th e suiictur e o f  solutions , 
th e associatio n model .  I n thi s framework ,  th e solut e an d 
solven t  exis t  i n th e solutio n i n th e for m o f  a n associatio n 
betwee n particles ,  thoug h neithe r  solut e o r  solven t  particle s 
ar e change d i n an y way .  Thi s mode l  i s illusu t̂e d i n Figur e 
2(b) .  Rudorf f  seem s t o hav e formulate d thi s mode l  b y 
analog y fro m certai n salt s whic h ca n exis t  i n a  soli d hydrate d 
form ,  i n whic h th e sal t  contain s a  certai n amoun t  o f  wate r  o f 

hydration .  I f  th e associatio n mode l  wer e t o appl y t o aqueou s 
sal t  solutions ,  the n th e additio n o f  a n anhydrou s sal t  t o 
wate r  woul d remov e som e o f  th e wate r  molecule s fro m th e 
solutio n t o for m th e hydrate d sal t  componen t  o f  th e 
solution .  Thi s woul d hav e th e effec t  o f  increasin g th e 
effectiv e concentratio n o f  th e solutio n (th e concentratio n o f 
th e hydrate d sal t  componen t  i n th e remainde r  o f  th e solute) . 
Rudorf f  presente d severa l  case s i n whic h th e relationshi p 
betwee n freezing  poin t  an d effectiv e concentratio n wa s mor e 
nearl y linea r  tha n w a s th e relationshi p betwee n freezin g 
poin t  an d nomina l  concentration . 

> N / ^ » - ® 

X 

^ 

Figur e 2 :  Th e physica l  mixin g (a )  an d 
associatio n (b )  I Q M s fo r  solutions . 

The French chemist De Coppet (1871) proposed that 
multipl e association s coul d exis t  simultaneousl y i n th e 
same solution ,  i n proportion s tha t  varie d wit h concentration . 
Thus ,  i n th e cas e o f  Coppe r  (II )  Chloride ,  hydrate d salt s i n 
solutio n coul d consis t  entirel y i n th e for m CUCI2 . I2H2O , 
entirel y i n th e for m C U C I 2 . 4 H 2 O ,  o r  a s a  mixtur e o f  th e 
tw o forms ,  i n proportion s tha t  varie d wit h concentration .  B y 
proposin g a  multipl e associatio n model ,  D e Coppe t  wa s 
abl e t o explai n al l  o f  th e observe d behaviour s o f  th e freezin g 
point s o f  aqueou s sal t  solutions ,  wher e th e ratio  o f  freezin g 
poin t  t o nomina l  concentratio n wa s linear ,  i n increasin g 
progressio n (du e t o th e formatio n o f  hydrate s i n solution )  w 
i n decreasin g progressio n (du e t o th e decompositio n o f 
previousl y forme d hydrates) . 

Durin g hi s wor k o n solutio n chemistry ,  D e Coppe t 
remarke d tha t  ther e appeare d t o b e certai n similaritie s i n th e 
behaviour s o f  simila r  salts .  I t  wa s thes e aspect s o f  solutio n 
chemistry ,  commonalitie s acros s differen t  substances ,  whic h 
most  intereste d Raoul t  (1884 )  i n hi s trul y comprehensiv e 
wor k involvin g solution s o f  hundred s o f  differen t 
compound s i n eigh t  differen t  solvents . 

I n th e first  phas e o f  hi s work ,  Raoul t  concerne d himsel f 
wit h th e concep t  o f  th e molecula r  lowerin g o f  a  compound . 
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th e lowerin g o f  th e freezin g poin t  o f  th e solutio n produce d 
by I g o f  th e compoun d dissolve d i n lOO g o f  water , 
multiplie d b y th e molecula r  mas s o f  tha t  compound .  B y 
comparin g compound s i n th e sam e groups ,  Raoul t  notice d 
tha t  ther e wer e systemati c difference s i n thei r  molecula r 
lowerings .  Extendin g thi s analysis ,  Raoul t  propose d tha t 
th e depressio n o f  th e freezin g poin t  o f  a  solutio n wa s th e 
su m o f  th e partia l  depression s produce d b y eac h radica l  tha t 
was foun d i n a  molecul e o f  th e solute .  Fo r  example ,  th e 
molecula r  lowerin g fo r  Bariu m Chlorid e (BaCl2 )  wa s 
calculate d t o b e 4 8 ( 8 fo r  th e B a radical ,  plu s 2 0 fo r  eac h o f 
th e C I  radicals) ,  an d observe d t o b e 48.6 . 

Ther e wer e a  significan t  numbe r  o f  anomalie s tha t  Raoul t 
coul d no t  explai n adequately ,  bu t  b e wa s abl e t o hypothesis e 
ne w model s t o explai n m a n y o f  thes e anomalies .  H e 
propose d decomposition s o f  compound s i n solution ,  an d th e 
associatio n o f  sal t  molecule s i n group s o f  tw o o r  three . 
Finally ,  h e eve n propose d a  genera l  mode l  i n whic h 
molecule s o f  wate r  wer e themselve s associated .  Thes e final 
models ,  introducin g th e notio n o f  polymerism ,  ar e furthe r 
variation s o n Riidorff s associatio n model . 

Raoult' s  wor k too k plac e a t  th e tim e o f  th e emergenc e o f 
th e theor y o f  electrochemistry .  However ,  although  h e 
recognise d th e importanc e o f  radical s i n solutio n chemistr y 
(i n th e cas e o f  aqueou s sal t  solutions) ,  an d propose d th e 
additiv e effect s o f  radical s o n determinin g th e propertie s o f  a 
compound ,  Raoul t  di d no t  propos e tha t  salt s wer e actuall y 
physicall y dissociate d int o thei r  radical s i n solution .  Thi s 
final  ste p i n th e histor y o f  solufio n chemistr y wa s lef t  t o 
Svant e Arrhenius .  I t  ha d bee n know n sinc e th e 1830 s tha t 
sal t  molecule s i n solutio n wer e dissociate d int o anion s an d 
cation s whe n a n electri c curren t  wa s passe d throug h th e 
solution ,  bu t  i t  wa s though t  tha t  thi s wa s th e resul t  o f  th e 
molecule s bein g "tor n apart "  b y th e actio n o f  th e electri c 
current .  Arrhenius '  (1887 )  contributio n t o th e histor y o f 
solutio n chemistr y wa s t o propos e tha t  thi s situatio n existe d 
i n norma l  sal t  solutions .  Figur e 3  show s thi s dissociatio n 
model  o f  solutions . 
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Figur e 3 :  Th e dissociatio n mode l  o f  solutions . 

In order to test bis hypothesis, Arrhenius compared his 
prediction s wit h th e dat a o f  Raoul t  o n th e freezin g point s o f 
solutions ,  an d foun d a  marke d similarit y betwee n them .  H e 
als o foun d tha t  man y othe r  phenomen a involvin g dilut e sal t 
solution s wer e o f  a  similar ,  additiv e nature ,  whereb y th e 
propertie s o f  th e solutio n wer e th e su m o f  th e propertie s o f 
it s  componen t  part s (whic h correspon d t o ion s i n Arrhenius ' 
hypothesis) .  Thi s applie d t o propertie s suc h a s conductivity , 

specifi c  volum e an d specifi c  gravity ,  hea t  o f  neutralisation , 
etc . 

M a ny o f  th e anomalie s observe d b y Raoul t  wer e 
explainabl e usin g Arrhenius '  mode l  b y postulatin g differen t 
degree s o f  dissociation ,  fro m 0  fo r  wea k acids ,  t o 1  fo r 
stron g acid s an d highl y dilut e salt s o f  monovalen t  atoms . 
However ,  ther e stil l  remaine d anomalie s tha t  coul d no t  b e 
explained ,  leadin g t o severa l  propose d modification s t o 
Arrhenius '  theory .  O n e se t  o f  modification s ar e o f  particula r 
interes t  fro m ou r  poin t  o f  view .  Thes e thecxie s propose d tha t 
wate r  molecule s coul d b e boun d t o ion s i n solution .  Thi s 
model  i s i n a  sens e a  hybri d o f  th e ioni c dissociatio n an d 
associatio n models . 

Synthesising IQMs for Solution Chemistry 

As described earlier, a space of IQMs can be generated by 
startin g wit h th e simples t  possibl e mode l  i n a  particula r 
domain ,  an d applyin g a  se t  o f  operator s t o tha t  mode l  t o 
generat e successivel y mor e elaborat e models .  I n th e domai n 
of  solutio n chemistr y th e simples t  mode l  i s th e physica l 
mixin g mode l  -  Figur e 2(a) .  Tabl e 2  show s a  numbe r  o f 
operator s tha t  ar e use d i n th e generatio n o f  I Q M s fo r 
solutio n chemistry .  Th e operator s ar e divide d int o ioni c an d 
non-ioni c types .  Ioni c operator s ar e furthe r  subdivide d int o 
break-ioni c an d combine- ion ic .  Th e break- ion i c 
operato r  break s apar t  a  substanc e int o it s constituen t  ions . 
combine-ioni c perform s th e opposit e task ,  combinin g 
ion s bac k togethe r  (i n a  wa y tha t  i s  constraine d b y th e sign s 
of  th e ion s i n question ,  an d thei r  valences) .  Th e tw o non -
ioni c operators ,  b r e a k - n o n i o n i c an d c o m b i n e -
nonionic ,  serv e essentiall y  th e sam e purpos e a s th e tw o 
ioni c operators ,  combinin g object s togethe r  o r  breakin g 
the m apart ,  bu t  appl y no t  onl y t o ions ,  bu t  t o an y othe r 
structures ,  e.g .  atom s an d molecules .  I n othe r  word s thes e 
operator s creat e an d destro y associations . 

Figur e 4  illustrate s h o w successiv e applicatio n o f  th e 
operator s o f  Tabl e 2  ca n generat e a  spac e o f  model s fo r 
aqueou s solution s o f  c o m m o n salt .  Figur e 4  i s no t  intende d 
t o b e exhaustive ,  bu t  i s simpl y intende d t o illustrat e th e 
proces s o f  mode l  generation ,  an d t o sho w h o w thi s 
formulatio n o f  a  spac e o f  I Q M s fits  i n wit h th e historica l 
recor d o f  th e majo r  discover y episode s i n solutio n 
chemistr y .  Certai n multipl e path s t o eac h mode l  ar e 
omitte d fro m th e diagram ,  fo r  th e sak e o f  clarity .  Tabl e 3 
contain s a  selectio n o f  th e operato r  application s require d t o 
generat e th e model s show n i n Figur e 4 . 

S o me o f  th e model s appearin g i n Figur e 4  ar e labelle d 
wit h uppercas e letters .  Thes e ca n b e summarise d a s follows : 

A This model, represenUng water molecules as 
existin g i n pairs ,  firs t  appeare d i n th e historica l 
recor d du e t o Raoult . 

B Als o du e t o Raoult ,  thi s mode l  represent s solut e 
molecule s a s existin g i n pairs ,  or ,  mor e generally , 
"polymerism" . 

1 Certai n o f  thes e model s d o no t  i n fac t  directl y appea r  i n th e 
historica l  record .  The y ar e al l  plausibl e model s o f  solutio n 
behaviour ,  however . 
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Tabl e 2 :  Generatio n operator s fo r  model s o f  solutio n chemistry . 

Operato r Parameter s Precondition s Effect s 

break-ioni c 

combine-ionic 

break-nonionic 

combine-nonionic 

object :  molecul e 
degree :  0  t o 1 

object!: ion 
object2 :  io n 
degree :  0  t o 1 

object: association between 
atoms ,  molecule s o r  ion s 
degree :  0  t o 1 

objectl: atom, molecule, ion 
object2 :  atom ,  molecule ,  io n 
ratio :  intege r 
degree :  0  t o 1 

objec t  mus t  b e enabl e 
of  bein g broke n int o pre -
deflne d ions . 
object l  an d object l 
must  b e o f  opposit e sign . 

objec t  mus t  b e capabl e 
of  bein g broke n int o 
deflne d subparts . 

objectl and objectl 
canno t  bot h b e ions . 

Produce s a  model ,  i n whic h 
objec t  i s  broke n int o it s ion s 
t o degre e degree . 
Produce s a  mode l  i n whic h 
object l  an d object 2 ar e 
ionicall y combine d t o degre e 
degree . 
Produce s a  mode l  i n whic h 
objec t  i s  dissociate d int o it s 
componen t  part s t o degre e 
degree . 
Produce s a  mode l  i n whic h 
ob ject l  an d ob jec t l  ar e 
associate d i n th e ratio  ratio , 
t o degre e degree . 

A n 
X 

X 

Path s t o othe r  descendant s 

• 

0 

• 

A 

Ma 

CI 

o 

H 

NaCl 

Hj O 

1.2.. . 

positive/negativ e ion s 

operato r  application s F 
--t- -

Figur e 4 :  A  partia l  searc h spac e o f  solutio n chemistr y models . 
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Tabl e 3 :  Operato r  call s fo r  generatin g a  spac e o f  solutio n chemistr y models . 
Refe r  t o Figur e 4 .  roo t  represent s th e fundamenta l  mode l  fo r  solutio n chemistry . 

Operato r  Cal l Com inen t s 

2 break-ionic (  roo t  NaC l  _  ) 

3 combine-nonionic (  roo t  H 2 O H 2 O 1  _  ) 

5 combine-nonionic (  roo t  NaC l  H 2 O 2  _  ) 

8 combine-nonionic( _ NaCl H2O 4 _ ) 

9 combine-nonionic( .Na"*" H2O 2 _ ) 

Spli t  NaC l  int o ion s N a + an d Cl " 

Creai e a  dime r  o f  H 2 O molecule s 

Creat e a n associatio n betwee n H 2 O an d NaC l  i n 

th e rati o 2: 1 

Creat e a n associatio n betwee n NaC l  an d H 2 O i n 

th e rati o 1: 4 

Creat e a n associatio n betwee n Na"* "  an d H 2 O i n 

th e rati o 1: 2 

C Th e simpl e associatio n model ,  first  introduce d b y 
Riidorff . 

D Complet e ioni c dissociation ,  first  propose d b y 
Arrhenius . 

E Th e multipl e associatio n model ,  du e t o D e Coppet . 
F A n associatio n betwee n wate r  molecule s an d 

previousl y dissociate d ions .  O n e o f  th e 
modification s propose d t o accoun t  fo r  anomalie s 
unexplainabl e usin g Arrhenius '  theory . 

We propose that search through a space of models, such as 
tha t  depicte d i n Figur e 4 ,  ca n b e controlle d b y tw o simpl e 
heuristics ,  parsimon y an d coherence .  Parsimon y favour s 
simple r  models .  Wher e th e spac e i s explore d b y th e 
applicatio n o f  I Q M generatio n operators ,  thi s equate s t o a 
preferenc e fo r  model s tha t  resul t  fro m th e smalles t  numbe r 
of  operato r  applications .  Coherenc e favour s model s whic h 
resul t  fro m successiv e applicatio n o f  th e sam e operators ,  o r 
model s whic h resul t  fro m applicatio n o f  simila r  operators . 
The orde r  o f  appearanc e o f  th e model s i n th e historica l  recor d 
seems t o follo w closel y tha t  predicte d b y th e us e o f  thes e 
heuristics . 

The H U M E discover y syste m ha s bee n implemented , 
base d aroun d th e idea s o f  I Q M generatio n an d application . 
H U ME use s eac h o f  th e model s fro m Figur e 4  a s a  basi s fo r 
numeri c la w discover y (Gordon ,  1992,1993 ,  i n preparation) . 
HUME 'S numeri c la w discover y componen t  i s provide d b y 
th e A R C syste m (Moulet ,  1991) .  EssenUally ,  th e model s 
used b y H I M E determin e th e precis e natur e o f  th e law s tha t 
th e syste m i s abl e t o discove r  (e.g .  b y determinin g th e exac t 
definitio n o f  th e "concentration "  propert y i n eac h case) ,  an d 
can provid e a  leve l  o f  explanator y suppor t  fo r  thes e laws . 

Further Work 

At present, the model-driven approach described in this paper 
has provide d som e usefu l  insight s int o importan t  aspect s o f 
scientifi c  discover y whic h hav e a s ye t  receive d littl e 
attention .  I n particular ,  th e formulatio n o f  a  spac e o f 
suiictura l  model s ha s increase d ou r  understandin g o f  th e 
histor y o f  a  numbe r  o f  scientifi c  domain s includin g solutio n 
chemistry .  Carbon-1 3 nuclea r  magneti c resonanc e 
spectroscopy ,  an d th e solubilit y  o f  organi c compounds .  I n 
addition ,  i t  ha s forme d th e basi s o f  a  numbe r  o f  implemente d 
discover y systems ;  specificall y H U M E,  an d O z (Stacey , 

1992) .  However ,  th e model s describe d i n thi s pape r  ar e 
purel y structura l  models .  Althoug h som e previou s wor k ha s 
bee n concerne d wit h Ui e us e o f  proces s model s i n scientifi c 
discover y (e.g .  Falkenhaine r  an d Rajamoney ,  1988 ;  Zytkow , 
1990) ,  man y importan t  scientifi c  domain s woul d see m t o 
requir e model s whic h hav e both  structura l  an d proces s 
components .  S o m e example s woul d b e osmosi s (Stacey , 
1992) ,  an d ion-selectiv e electrode s (Zytko w an d Lewenstam , 
1990) .  Generalisin g th e notio n o f  I Q M s t o includ e aspect s 
of  proces s woul d therefor e see m t o b e importan t  fo r 
widenin g thei r  rang e o f  applicability . 

I n addition ,  althoug h th e notio n o f  a  spac e o f  model s 
generate d b y th e applicatio n o f  a  se t  o f  operator s i s mor e 
systemati c tha n previou s presentation s o f  IC^Ms ,  whic h wer e 
rathe r  ad-ho c (e.g .  Gordon ,  1992 ;  Stacey ,  1992) ,  th e 
questio n o f  th e origi n o f  th e "seed "  mode l  an d th e operator s 
fo r  specialisin g thi s mode l  remai n t o b e addressed . 

An examinatio n o f  th e histor y o f  solutio n chemistr y 
shows th e grea t  importanc e o f  analog y i n mode l  applicatio n 
i n science .  Bot h di e associatio n an d dissociatio n model s o f 
solution s wer e inspire d b y analogou s situation s i n othe r 
branche s o f  chemistry .  Roverso ,  Edwards ,  an d Sleema n 
(1992 )  hav e recentl y begu n t o conside r  th e rol e o f  analog y i n 
model-drive n discovery . 

Related Work 

The scientific problem of constructing and revising 
structura l  model s ha s bee n th e focu s o f  variou s studies ,  an d 
has resulte d i n a  numbe r  o f  discover y systems .  Th e S T A H L 
(Langle y e t  al .  1987 )  an d S T A H L p (Ros e an d Langley , 
1986 )  system s construc t  componentia l  model s o f  substance s 
by identifyin g th e component s tha t  ar e involve d i n reactions . 
R E V O L V ER (Rose ,  1989 )  use s domai n knowledg e t o revis e 
suc h models .  D A L T O N (Langle y e t  al .  1987 )  construct s 
atomi c model s o f  substances ,  fro m reaction s o f  th e typ e 
produce d a s outpu t  fro m Ui e S T A H L system .  Althoug h eac h 
of  thes e system s ca n b e viewe d a s undertakin g searc h i n a 
spac e o f  structura l  models ,  th e closes t  correspondenc e wit h 
th e wor k describe d i n thi s pape r  i s i n th e G E L L - M A N N 
syste m (Fische r  an d Zytkow ,  1992) .  G E L L - M A N N model s 
th e discover y o f  quark s i n particl e physics ,  usin g a  se t  o f 
operator s t o construc t  an d evaluat e structura l  model s o f 
quaiks . 
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C o n c l u s i o n 

Knowledge of structure is an important aspect of scientific 
discovery .  Actua l  o r  hypothetica l  structura l  model s o f 
physica l  system s ca n b e vita l  t o th e discover y process . 
Findin g th e righ t  mode l  i s ofte n th e importan t  discover y 
problem .  Th e concep t  o f  Informa l  Qualitativ e Models , 
togethe r  wit h th e formulatio n o f  a  spac e o f  suc h models ,  ha s 
prove d t o b e usefu l  i n increasin g ou r  understandin g o f  th e 
historica l  developmen t  o f  a  numbe r  o f  scientifi c  domains . 
Integrate d int o a n architectur e fo r  model-drive n scientifi c 
discover y thes e concept s hav e als o le d t o th e developmen t  o f 
a numbe r  o f  discover y systems .  However ,  muc h wor k 
remain s t o b e don e o n extendin g th e applicabilit y  o f  th e 
approach .  Curren t  area s o f  investigatio n includ e th e 
importanc e o f  analog y i n mode l  generation/refinement ,  an d 
representatio n o f  proces s information .  Th e questio n o f  th e 
origi n o f  th e fundamenta l  structura l  model s o f  a  domai n i s 
als o a s ye t  unresolved . 
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