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A n Integrate d V i e w o f  Structura l  M o d e l  Dr ive n Scientifi c  Discover y 

Adria n Gordo n (adrian.(;okdon^UNN.ac.UK ) 
Departmen t  o f  Computin g 

Universit y  o f  Northumbri a a t  Newcastl e 
Newcastle-Upon-Tyn e NE18S T U K 

Much o f  chemistr y ha s bee n concerne d wit h determinin g 
th e ftindamentai  chemica l  entitie s whic h exis t  i n nature ,  th e 
structura l  relationship s betwee n them ,  th e propertie s o f  thes e 
chemica l  entities ,  an d th e mechanism s fo r  combinin g an d 
breakin g the m apart . 

Previou s wor k i n computationa l  scientifi c  discover y ha s 
addresse d ho w eac h o f  thes e type s o f  chemica l  knowledg e 
can b e use d t o elucidat e th e others .  Fo r  example ,  th e 
S T A H L / D A L T ON system s (Langley ,  Simon ,  Bradsha w & 
Zytkow ,  1987 )  us e knowledg e abou t  th e proces s o f 
chemica l  reactio n t o determin e th e component s o f  a 
substanc e (STAHL) ,  an d it s  molecula r  compositio n 
(DALTON) .  Ou r  ow n wor k ha s looke d a t  ho w knowledg e o f 
structur e ha s bee n use d b y scientist s t o explai n th e 
propertie s o f  substances .  W e hav e show n ho w a  searc h spac e 
of  structura l  model s ca n b e define d whic h account s fo r  man y 
of  th e historica l  discover y episode s i n th e developmen t  o f 
solutio n chemistr y (Gordon ,  Edwards ,  Sleema n & 
Kodratoflf ,  1994) .  W e hav e als o show n ho w th e H U M E 
discover y syste m (Gordon ,  1995 )  ca n us e individua l  model s 
from  thi s searc h spac e t o guid e th e discover y o f  empirica l 
law s whic h ca n the n explai n th e behaviou r  o f  solution s 
(explainin g thei r  freezing  points ,  fo r  example) . 

I n ou r  earlie r  work ,  w e assume d tha t  a  searc h spac e c f 
structura l  model s existe d i n a  domai n a-priori . 
Subsequently ,  w e showe d ho w suc h a  searc h spac e coul d b e 
generate d systematically ,  b y th e applicatio n o f  a  se t  o f 
model  generatio n operators .  Thes e operator s coul d b e 
applie d t o on e structura l  mode l  t o generat e a  se t  o f  ne w 
models .  Thes e mode l  generatio n operator s hav e muc h i n 
common wit h th e knowledg e tha t  i s  outpu t  b y system s suc h 
as D A L T O N.  However ,  wherea s D A L T O N generate d 
instance s o f  mode l  constructio n operator s base d o n a  singl e 
proces s (th e chemica l  reactio n process )  ou r  analysi s o f 
solutio n chemistr y histor y ha s show n ho w man y othe r 
processe s wer e employe d b y scientist s t o accoun t  fo r  th e 
behaviou r  o f  solutions .  Thes e includ e hydration , 
polymerisation ,  an d ionisation .  A s wit h th e chemica l 
reactio n process ,  eac h o f  thes e othe r  processe s ha s it s ow n 
particula r  characteristics .  Lik e chemica l  reaction ,  hydratio n 
tend s t o involv e smal l  whol e numbe r  ratio s o f  th e numbe r  o f 
molecule s involve d i n th e hydrate .  A s wel l  a s requirin g th e 
conservatio n o f  mass ,  ionisatio n als o require s th e 
conservatio n o f  electri c charge .  Ionisatio n als o require s th e 
presenc e o f  a n electri c curren t  a s a  preconditio n fo r  it s 
application . 

Figur e 1  belo w show s ho w w e inten d t o generalis e ou r 
model  o f  structural-mode l  drive n scientifi c  discover y t o 
allo w th e integratio n o f  knowledg e o f  structura l  chemistr y 
from  differen t  sources .  Figur e 1  show s ho w a  generalisatio n 
of  th e D A L T O N syste m (terme d D A L T O N _ X)  coul d 
empiricall y discove r  instance s o f  mode l  generatio n 

operators .  Usin g appropriat e heuristics ,  D A L T O N X coul d 
discove r  instance s o f  hydration ,  polymerisatio n an d 
ionisatio n operators ,  a s wel l  a s thos e fo r  chemica l  reaction . 
Thes e operator s coul d b e systematicall y applie d t o generat e 
a searc h spac e o f  hypothetica l  structura l  models ,  an d eac h o f 
thes e structura l  model s coul d b e use d t o guid e th e discover y 
of  physica l  laws .  Th e outpu t  from  th e integrate d syste m 
woul d b e a  genera l  theor y o f  (fo r  example )  solutio n 
chemistry ,  consistin g o f  a  se t  o f  empirica l  law s an d 
confirme d structura l  models ,  whic h coul d togethe r  explai n 
th e phenomeno n unde r  investigation . 

Figur e 1  seem s t o impl y tha t  a  se t  o f  mode l  generatio n 
operator s ca n b e directl y applie d t o a  ne w domain .  Thi s i s 
not  th e case .  T w o o f  th e mos t  significan t  advance s i n th e 
histor y o f  solutio n chemistr y cam e abou t  whe n scientist s 
relaxe d th e precondition s fo r  operato r  application .  I t  wa s 
RUdorf f  wh o firs t  propose d tha t  th e hydratio n proces s coul d 
occu r  insid e a  solution .  Similarly ,  Arrheniu s fu-s t  propose d 
tha t  th e ionisatio n proces s di d no t  requir e th e presenc e o f  a n 
externa l  curren t  t o "tea r  apart "  molecule s int o thei r 
constituen t  ions . 
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Figur e 1 .  A n Architectur e fo r  Integrate d Model-Drive n 
Discover y 
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