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INTRODUCTION 

I n thi s pape r  w e describ e enhancement s bein g mad e t o REVOLVER,  a  progra m tha t  formulate s 

componentia l  model s o f  object s (e.g. ,  physica l  substeinces )  an d replicate s historica l  discoverie s fro m 

domsdns suc h a s chemistr y an d physics .  Th e progrji m input s reaction s relatin g group s o f  substance s 

emd use s heuristic s t o transfor m thes e premise s int o models .  I f  premise s lea d t o inconsisten t  beliefs , 

th e syste m searche s th e spac e o f  revise d premise s i n orde r  t o resolv e th e errors .  Th e syste m wa s 

originall y designe d t o proces s oid y on e theor y a t  a  tim e (i.e. ,  t o kee p onl y on e theor y i n it s 

database) ,  usin g hi U climbin g a s it s searc h strategy ;  onc e a  belie f  wa s revise d i n respons e t o a n 

error ,  th e ol d belie f  wa s deleted . 

The enhEincement s describe d i n thi s pape r  dea l  mainl y wit h extendin g th e R E V O L V ER frame -

wor k t o handl e multipl e theories .  First ,  th e enhsince d syste m explicitl y  represent s assertion s a s 

wel l  a s a n agent' s belie f  i n assertion s (meta-assertions) .  Second ,  inferencin g i s performe d onl y o n 

meta-assertions ,  eillowin g separat e theorie s t o for m fo r  multipl e agents .  B y explicitl y  sepciratin g 

belie f  i n a n assertio n fro m th e assertio n itself ,  independen t  theorie s ca n coexis t  fo r  severa l  agents , 

eve n thoug h th e inferenc e rule s use d b y eac h cji n b e th e same .  Third ,  meta-assertion s ca n indicat e 

ho w strongl y ci n assertio n i s believed ;  thi s degre e o f  belie f  cotd d the n b e use d t o perfor m inferenc -

in g o n strongly-hel d belief s first,  whil e i t  c£u i  als o b e use d t o bia s th e syste m suc h tha t  the y ar e 

revise d last .  Th e othe r  mai n enhcincemen t  involve s explici t  representatio n o f  unknow n object s i n 

syste m beliefs ,  wherea s th e origina l  progra m onl y deail t  wit h object s alread y know n t o b e par t  o f 

it s  beliefs . 

I n th e followin g page s w e describ e REVOLVER' S basi c inferenc e an d revisio n processes ,  the n 

discus s th e propose d enhancement s t o th e program .  A n exampl e fro m th e histor y o f  scienc e i s the n 

presente d whic h illustrate s ho w th e ne w enhancement s ca n b e utilized .  Finally ,  relate d wor k plu s 

idea s fo r  futur e improvement s ar e discussed . 

THE REVOLVER SYSTEM 

Reaction s an d model s ai e th e tw o kind s o f  belief s use d b y th e program .  Reaction s represen t 

relation s betwee n object s sai d eir e give n a s inpu t  premises .  A  premis e migh t  represen t  th e input s cin d 

output s o f  a  chemice J reaction .  A n exampl e fro m 18t h centur y chemistr y woul d b e th e observatio n 

tha t  potassiim i  ein d oxyge n reac t  t o for m caustic-potas h an d water ,  o r  (1 )  K  O  ^  P  W .  Anothe r 

observatio n fro m tha t  er a wa s tha t  potassiu m react s t o for m caustic-potas h an d hydrogen ,  o r  (2 ) 

K W —> P  H  W .  Give n premise s suc h a s these ,  R E V O L V ER trie s t o infe r  ne w model s o f  substeince s 

by usin g a  se t  o f  genera l  heuristics .  Sinc e W appear s o n bot h side s o f  (2) ,  i t  i s  reduce d fro m th e 

reaction ,  leavin g (3 )  K  —> P  H .  Wheneve r  a  substanc e i s alon e o n on e sid e o f  a  reaction ,  th e syste m 

infer s tha t  it s  component s ar e presen t  o n th e opposit e side .  Thu s R E V O L V ER no w infer s fro m (3 ) 

th e mode l  (4 )  K  =  P  H .  Th e progra m the n substitute s K' s component s fro m (4 )  int o (1 )  t o ge t 
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(5) P H O -^ P W. Next, P is reduced from both sides of (5), leaving (6) H O -» W. The final 

inferenc e i s th e mode l  (7 )  W =  H  O . 

I n th e abov e excmiple ,  th e premise s wer e consistent ;  REVOLVER reache d a  quiescen t  stat e 

withou t  inferrin g an y erroneou s beUefs .  However ,  sometime s th e premise s give n t o REVOLVER 

lea d t o reaction s havin g eithe r  n o input s o r  n o outputs .  I n orde r  t o restor e premise s t o consistency , 

REVOLVER invoke s it s belie f  revisio n process .  Th e progrju n finds  th e premise s tha t  le d t o th e 

inconsistency ,  an d consider s revision s t o the m tha t  wil l  lea d REVOLVER close r  t o a  consisten t  se t 

of  beliefs .  Afte r  revisin g a  premise ,  th e syste m continue s mjikin g ne w inference s and ,  i f  i t  detect s 

ne w inconsistencies ,  agai n revise s premises .  Thi s cycl e continue s imti l  n o mor e inference s ca n b e 

m^ade an d n o inconsistencie s exist . 

Continuin g ou r  example ,  suppos e th e syste m receive s ne w premis e (8 )  P  —> K  O .  Substitutin g 

fo r  K  lead s t o (9 )  P  —•  P  H  O  Jin d reducin g P  yield s inconsisten t  reactio n (10 )  ni l  - > H  O .  Invokin g 

belie f  revision ,  REVOLVER identifie s premise s (2 )  ein d (8 )  a s th e source s o f  th e error ,  an d mus t 

decid e ho w t o revis e the m i n orde r  t o resolv e th e inconsistency . 

REVOLVER no w trie s t o eliminat e eac h substcinc e i n th e inconsistency ,  on e a t  a  time .  Hence , 

i n ou r  example ,  th e syste m propose s si x candidat e revisions : 

Rl: add H to (2)'s inputs; R2: add O to (2)'s inputs; R3: delete H from (2)'s outputs; 

R4:  ad d H  t o (8)' s  inputs ;  R5 :  ad d O  t o (8)' s  inputs ;  R6 :  delet e O  fro m (8)' s outputs . 

Implementin g sin y o f  thes e revision s woul d remov e on e substanc e fro m th e inconsistenc y afte r 

REVOLVER hei s mad e th e chcing e selected ,  delete d impacte d beliefs ,  ein d resteirte d it s basi c inferenc e 

process . 

Onl y on e o f  th e candidat e revision s i n REVOLVER i s actuall y carrie d out .  Thus ,  selectin g 

th e bes t  revision(s )  i s especiall y important ;  th e progra m use s a n evaluatio n functio n t o mak e th e 

selection .  REVOLVER score s th e premise s considere d fo r  revisio n alon g severe d criteria ,  multiplie s 

eac h scor e b y a  weigh t  (indicatin g th e priorit y give n t o eac h criterion) ,  sum s th e weighte d scores , 

and revise s th e premise(s )  havin g th e lowes t  tote d score .  Sinc e th e progrci m doe s no t  retai n aJternat e 

revise d premise s 2ifte r  eac h revisio n step ,  i t  i s  a  hiU-climbin g system ,  relyin g o n it s evaluatio n 

functio n t o intelligentl y guid e searc h toward s consisten t  beliefs .  Th e criteri a fo r  selectin g th e bes t 

revisio n ar e discusse d elsewher e (Rose ,  1988 ;  Ros e &  Langley ,  1988) . 

Continuin g ou r  example ,  le t  u s assum e tha t  R 5 i s selected .  Thi s result s i n revise d premis e (11 ) 

P O  ^  K  O .  Substitutin g P  an d H  fo r  K  i n (11 )  an d reducin g P  an d O  yield s (14 )  ni l  - > H .  No w 

REVOLVER propose s revision s again : 

R7: add H to (2)'s inputs; R8: delete H from (2)'s outputs; R9: add H to (ll)'s inputs. 

N ow le t  u s suppos e R 9 i s selected .  Thi s result s i n (15 )  P  H  O  —•  K  O .  Afte r  makin g thi s revisio n 

ain d restartin g th e basi c inferenc e process ,  substitutio n lead s t o P  H  O  —̂  P  H  O ,  whic h eifte r 

reduction s lead s t o ni l  —> nil ,  indicatin g consistenc y ha s bee n reached . 

ENHANCING REVOLVER 

Whil e th e exeunpl e jus t  see n i s a  reasonabl e mode l  o f  ho w 18t h centur y chemist s reasone d abou t 

reactions ,  ther e wer e a  niunbe r  o f  drawback s i n th e REVOLVER frcimewor k a s presente d above .  Th e 

firs t  mai n drawbac k wa s tha t  i t  di d no t  reaso n abou t  multipl e theories .  Constructin g inference s 

fro m premise s asserte d (o r  recognized )  i n on e orde r  ca n sometime s lea d t o a  differen t  theor y tha n 

when th e sam e premise s ar e asserte d i n som e differen t  order .  However ,  th e progrei m coul d onl y 
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investigate one of these possibilities. In addition, multiple theories could not coexist in its database. 

The secon d mai n drawbac k o f  th e syste m i s tha t  i t  di d no t  separat e belie f  i n assertion s fro m th e 

assertion s themselves .  Th e thir d mai n drawbac k o f  R E V O L V ER i s tha t  i t  di d no t  reaso n abou t 

degree s o f  belief .  Tha t  is ,  on e assertio n wa s neve r  believe d mor e tha n an y another . 

Thi s pape r  discusse s technique s bein g develope d t o enhjinc e th e syste m s o tha t  eac h o f  thes e 

airea s ax e addressed .  First ,  th e enhance d syste m explicitl y  represent s assertion s a s wel l  a s a n agent' s 

belie f  i n assertion s (meta-assertions) .  Second ,  inferencin g i s performe d onl y o n meta-assertions , 

allowin g separat e theorie s t o for m fo r  multipl e agents .  Third ,  meta-assertion s indicat e ho w strongl y 

an assertio n i s believed ;  thi s degre e o f  belie f  ca n the n b e use d t o perfor m inferencin g o n strongly -

hel d belief s first,  whil e i t  ca n ?Js o b e use d t o bia s th e syste m suc h tha t  the y Eir e revise d last . 

Inferring Multiple Theories 

The ne w versio n o f  R E V O L V ER no t  onl y represent s assertions ,  bu t  cJs o represent s agents '  belie f 

i n thos e assertions .  I  cal l  th e latte r  meta-assertions .  Fo r  example ,  a n assertio n migh t  b e th e 

observatio n (2 )  K  W ^  P  H  W .  Th e meta-assertio n tha t  agent l  believe s (2 )  woul d b e agentl( K W 

^  P  H  W ) .  Th e separatio n o f  belie f  i n assertion s fro m th e assertion s themselve s enable s multipl e 

theorie s t o coexis t  i n REVOLVER' S database .  Theorie s Cei n b e create d fo r  eac h agent ,  eac h theor y 

bein g independen t  o f  th e other. ^  Thes e mutujJl y independen t  theorie s resul t  becaus e inferencin g 

i n th e enhamce d R E V O L V ER i s don e o n meta-assertion s only .  I n othe r  words ,  belief s mus t  b e 

recognize d b y a n agen t  befor e a  ne w inferenc e ca n b e made ;  th e ne w inferenc e i s the n automaticall y 

assimie d t o b e hel d b y tha t  saim e agent . 

Thi s enhancemen t  miecin s tha t  eve n i f  tw o agent s us e th e Seim e premise s an d th e s?uii e inferenc e 

rules ,  differen t  theorie s m a y result .  Thi s i s du e t o th e effect s o f  assertio n orderin g o n th e inferenc e 

process .  Th e orde r  i n whic h agent s recogniz e premise s influence s th e orde r  i n whic h inference s ar e 

made,  an d sinc e differen t  ordering s ca n lea d t o differen t  theories ,  i t  i s  possibl e fo r  agent s t o hol d 

differen t  theorie s eve n i f  thei r  initia l  premise s ar e th e seime .  I n th e originei l  R E V O L V E R,  orde r 

was neve r  a n issue ;  th e mos t  recentl y asserte d premise s wer e alway s processe d immediately ,  an d 

2in y ne w premise s wer e processe d a s the y arrived .  Th e ne w abilit y  t o explicitl y  recogniz e premise s 

i n an y orde r  give s agent s th e abilit y  t o reaso n abou t  existin g premise s i n differen t  ways ,  possibl y 

leadin g t o differen t  theorie s whic h coul d the n b e judge d alon g variou s dimensions . 

Anothe r  effec t  o f  allowin g multipl e theorie s t o coexis t  i n R E V O L V ER i s tha t  th e sam e premis e 

migh t  b e revise d i n differen t  way s b y differen t  users .  Eac h use r  ca n us e a  uniqu e evcduatio n functio n 

i n th e ne w system ,  embodyin g differen t  revisio n strategie s an d preferences ;  thi s mean s tha t  tw o 

user s migh t  no t  revis e a  premis e i n th e sam e way .  Hence ,  mor e thei n on e revisio n migh t  no w b e 

adde d t o th e database ,  eilthoug h onl y on e o f  thes e revision s woul d b e believe d b y eac h user .  Whil e 

th e sam e genera l  hiU-climbin g strateg y i s sti U use d fo r  eac h user ,  eac h m a y tcik e uniqu e paths , 

leadin g t o multipl e theories . 

Integrating Degrees of Belief and the Evaluation Function 

Eac h use r  determine s th e orde r  i n whic h th e progra m recognize s premises .  Ther e ar e tw o 

ways o f  accomplishin g this .  Th e use r  ca n simpl y recogniz e eac h premis e incrementally ,  waitin g 

fo r  processin g t o sto p befor e a  ne w premis e i s recognized .  Th e othe r  wa y i s t o explicitl y  se t  th e 

degre e o f  behe f  o f  eac h premise ;  th e syste m woid d the n proces s premise s wit h highes t  belie f  first . 

Concernin g th e revisio n process ,  degree s o f  belie f  Cci n b e integrate d int o REVOLVER' S existin g 

A late r  sectio n discusse s a  plausibl e exceptio n t o this . 
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evaluation function as well. Just as other biases cire part of this function, a bias concerning which 

assertion s eir e hel d mor e strongl y than ,  other s cji n als o b e used .  Tha t  is ,  whil e th e othe r  measure s 

tr y t o implicitl y  decid e whic h premis e i s bes t  suite d fo r  revision ,  th e degre e o f  belie f  measur e ca n 

be use d t o explicitl y  bia s th e syste m fo r  o r  ageiins t  th e revisio n o f  certai n premises . 

Postulating New Objects and Models 

Anothe r  ne w enhancemen t  t o th e syste m involve s th e abilit y  t o postulat e th e existenc e o f  ne w 

object s (e.g. ,  substJinces )  i n premise s durin g th e revisio n process .  I n fact ,  th e us e o f  unknown s ca n 

for m th e basi s fo r  a  mor e genera l  approac h t o revisio n generation :  wheneve r  addition s t o premise s 

ar e propose d durin g revision ,  i t  shoul d b e possibl e t o simpl y us e a m imknow n symbo l  (e.g. ,  X )  an d 

the n tr y t o resolv e th e identit y o f  thi s unknow n afte r  furthe r  inferencing . 

Resolvin g a n unknow n cEi n sometime s b e don e b y comparin g i t  t o othe r  belief s i n th e database . 

For  example ,  i f  a n unknow n X  ha s component s C... ,  whil e a  know n objec t  M Jils o ha s component s 

C... ,  th e syste m ca n plausibl y infe r  tha t  X  = = (i s equivaden t  to )  M .  Anothe r  les s certai n metho d o f 

resolvin g unknown s ca n com e b y declaa-in g tw o unknown s a s equivjilen t  whe n suc h ei n ac t  woul d lea d 

t o a  ne w mode l  bein g inferred .  Fo r  exeimple ,  i f  unknow n X  ha s component s C... ,  whil e unknow n 

Y =  M ,  th e syste m coul d infe r  tha t  Y  = = X ,  leadin g t o th e ne w mode l  M =  C.. . 

I  mentione d tha t  theorie s ar e generall y mutuall y independent .  However ,  i t  cii n b e usefu l  t o us e 

belief s inferre d durin g th e constructio n o f  on e theor y t o influenc e th e constructio n o f  a  ne w theory . 

For  exjimple ,  i f  th e component s o f  a n unknow n objec t  X  i n theory l  matc h th e component s o f  a 

known objec t  M i n theory 2 (i.e. ,  X  =  C.. .  an d M =  C...) ,  the n a  plausibl e inferenc e woul d b e t o 

equat e X  wit h M ,  eve n thoug h M =  C.. .  wa s neve r  inferre d durin g th e makin g o f  theoryl . 

Finadly ,  not e tha t  whe n th e seim e inference s ar e mad e vi a differen t  methods ,  th e plausibilit y 

of  suc h inference s shoul d increas e (i.e. ,  i t  shoul d becom e les s risk y t o mak e suc h inferences) .  Fo r 

example ,  th e inferenc e tha t  M =  C.. .  i s  suc h a  cas e (fro m th e scenari o jus t  presente d above) . 

EXAMPLE 

Let  u s no w loo k a t  a  mor e complet e exampl e o f  th e ne w idea s outline d above .  W e sa w earlie r 

ho w th e origina l  REVOLVER woul d heindl e a  cas e from  th e histor y o f  chemistr y involvin g thre e 

initie J premises .  However ,  ther e eir e orde r  effect s i n thi s exjimple ;  processin g premise s i n a  differen t 

orde r  ceu i  lea d t o Jinothe r  theor y bein g constructed .  Thus ,  thi s exEimpl e (whic h model s th e 18t h 

centur y disput e betwee n chemist s Gay-Lussa c an d Thencir d an d thei r  contemporar y Davy )  serve s 

as a  goo d exampl e o f  th e ne w concept s bein g presente d i n thi s paper .  Firs t  w e wi U se e ho w 

tw o differen t  theorie s ca n eiris e from  th e sam e premises ,  illustratin g ne w concept s alon g th e way . 

Second ,  w e wil l  se e ho w thes e theorie s compjir e alon g differen t  dimensions . 

Gay-Lussac and Thenard vs. Davy 

The exampl e presente d a t  th e star t  o f  thi s pape r  essentiall y  capture s th e theor y hel d b y Gay -

Lussa c an d Thenaird .  Th e inferenc e proces s i n th e enhance d versio n o f  REVOLVER ca n b e repre -

sente d a s follows : 

Meta-Assertions :  Numbe r  jui d Expljination : 

GLandT( K W - > P  H  W )  1  (premise ) 

GLandT( K - > P  H )  2  (reduction ) 

GLandT( P W ^  K  O )  3  (premise ) 
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GLandT(K = P H) 4 from 2 (infer-components) 

GLandT( P W - + P  H  O )  5  from 4  an d 3  (substitution ) 

GLandT( W - •  H  O )  6  from 5  (reduction ) 

GLandT( W =  H  O )  7  from 6  (infer-components ) 

GLandT( P ^  K  O )  8  (premise ) 

GLandT( P ^  P  H  O )  9  from 8  an d 4  (substitution ) 

GLandT(ni l  - + H  O )  1 0 from 9  (reduction ) 

At  thi s point ,  th e syste m mus t  perfor m revision .  On e o f  th e revision s generate d explain s th e 

inconsisten t  reactio n b y postulatin g a n unknow n substanc e i n th e input s o f  8  (i.e. ,  P  X  —» K  O) . 

Suppos e thi s revisio n i s chose n a s best .  Inferencin g woul d the n procee d a s follows : 

GLandT( P X  ^  K  O )  1 1 (revision ) 

GLandT( P X  - > P  H  O )  1 2 from  1 1 an d 4  (substitution ) 

GLandT( X ̂  H  O )  1 3 from  1 2 (reduction ) 

GL£indT( X =  H  O )  1 4 from  1 3 (infer-components ) 

GLjuidT( X = = W )  1 5 fro m 1 4 an d 7  (equate-models-with-sjime-components ) 

Thi s las t  inferenc e i s mad e whe n th e syste m trie s t o resolv e X ,  an d finds  tha t  wate r  ha s th e 

s£im e component s a s X .  Hence ,  X  i s inferre d t o b e equivalen t  t o W .  I n othe r  words ,  th e ttnknow n 

substanc e i n th e input s o f  Davy' s observatio n P  —» K  O  i s deeme d t o b e wate r  i n th e theor y o f 

Gay-Lussa c an d Thenard .  Thi s agree s wit h wha t  too k plac e historiceill y  (Zytko w &  Simon ,  1986) . 

However ,  th e ne w syste m ca n als o mode l  th e reasonin g Dav y use d i n formin g hi s counterargu -

ment  t o th e theor y propose d b y hi s tw o colleagues .  Th e differenc e i n reasonin g begin s wit h whic h 

premise s Dav y wotd d hol d wit h highes t  belief ,  startin g wit h hi s observatio n P  - *  K  O .  H e woul d 

the n proces s th e othe r  tw o premise s on e a t  a  time ,  tryin g t o fit  eac h int o hi s evolvin g theory : 

Meta-Assertions :  Numbe r  amd Explanation : 

Davy( P ̂  K  O )  1  (premise ) 

Davy( P =  K  O )  2  (infer-components ) 

Davy( K W ^  P  H  W )  3  (premise ) 

Davy( K - ^  P  H )  4  (reduction ) 

Davy( K ̂  K  O  H )  5  from 4  an d 2  (substitution ) 

Davy(ni l  ̂  0  H )  6  from 5  (reduction ) 

Now revisio n mus t  b e performed ;  th e scenari o i s simila r  t o th e cas e see n earlie r  fo r  Gay-Lussa c 

ein d Thenzird .  Agaiin ,  on e o f  th e revision s propose s a n imknow n (cal l  i t  Y )  i n a  premise' s input s t o 

explai n th e inconsisten t  reaction .  Thi s revisio n i s K  W Y  - ^  P  H  W .  Suppos e thi s i s selecte d a s 

th e bes t  revisio n t o make .  Inferencin g no w proceeds : 

Davy( K W Y  ^  P  H  W )  7  (revision ) 

Davy( K Y  - > P  H )  8  (reduction ) 

Davy( K Y  ^  K  O  H )  9  from 8  an d 2  (substitution ) 
Davy( Y - ^  O  H )  1 0 from 9  (reduction ) 

Davy( Y =  O  H )  1 1 fro m 1 0 (infer-components ) 

At  thi s point ,  th e nex t  inferencin g ste p depend s o n ho w muc h interactio n betwee n theorie s i s 

edlowe d t o occu r  ( a characteristi c tha t  shoid d depen d o n th e agen t  doin g th e inferencing) .  I f  a n 

agent  i s awar e o f  inference s mad e withi n othe r  theories ,  thi s ca n sometime s facilitat e inference s 

withi n hi s theor y tha t  woiJ d no t  otherwis e b e possible .  Fo r  example ,  i n ou r  curren t  situation ,  th e 
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system could realize that a model for water has been inferred within another theory (i.e., W = H O 

withi n th e theor y representin g Gay-Lussa c an d Thenard) ,  Jin d notic e tha t  W' s component s matc h 

thos e o f  th e imknow n Y .  Hence ,  Y  coul d b e equate d t o W ,  thu s resolvin g Y . 

Let  u s suppos e tha t  suc h interactio n i s no t  used ,  an d se e ho w inferencin g proceeds .  Th e thir d 

premis e i s no w finall y processed : 

Davy( P W - > K  O )  1 2 (premise ) 

Davy( K O  W - > K  O )  1 3 fro m 1 2 an d 2  (substitution ) 

Davy( 0 W - > O )  1 4 fro m 1 3 (reduction ) 

Davy( W —> nil )  1 5 fro m 1 4 (reduction ) 

At  thi s point ,  th e syste m mus t  perfor m revisio n again .  On e o f  th e revision s generate d expleiin s 

th e inconsisten t  reactio n b y postulatin g ye t  anothe r  unknow n substeinc e (cal l  i t  Z) ,  thi s tim e i n 

th e output s o f  12 :  P  W - + K  O  Z .  Le t  u s suppos e tha t  thi s revisio n i s chose n a s best ;  inferencin g 

woul d the n procee d a s follows : 

Davy( P W ^  K  O  Z )  1 6 (revision ) 

Davy( K O  W ^  K  O  Z )  1 7 fro m 1 6 an d 2  (substitution ) 

Davy( 0 W - > O  Z )  1 8 from  1 7 (reduction ) 

Davy( W - ^  Z )  1 9 from  1 8 (reduction ) 

Davy( Z =  W )  2 0 from  1 9 (infer-components ) 

Davy( Z = = Y )  2 1 (assume-equivalent-tmknowns ) 

Davy( W =  H  O )  2 2 from  21 ,  2 0 an d 1 1 (equate-ujiknowns'-components ) 

Thes e las t  tw o inference s sho w th e othe r  wa y i n whic h imknown s ca n b e resolved :  b y tryin g t o 

equat e unknown s t o eac h other .  Suc h a n assumptio n i s useft d i f  ne w model s ca n b e inferre d a s a 

result ,  an d thi s i s indee d th e cas e here .  Tha t  is ,  whe n th e tmknown s Y  an d Z  ar e equate d i n thi s 

example ,  th e syste m ca n the n equat e th e unknowns '  respectiv e components ;  sinc e (11 )  Y  =  O  H , 

and (20 )  Z  =  W ,  th e syste m infer s from  th e assumptio n (21 )  Z  = = Y  tha t  (22 )  W =  H  0 .  Not e 

tha t  thi s i s  th e saxn e mode l  fo r  wate r  tha t  woul d hav e resulte d earlier ,  i f  th e syste m ha d equate d Y 

wit h th e W i n Gay-Lussa c ein d Thensu'd' s mode l  fo r  water .  Th e fac t  tha t  tw o form s o f  inferencin g 

woTil d lea d t o th e sam e resul t  make s th e belie f  i n W =  H  O  eve n mor e plausibl e her e (i n th e theor y 

representin g Davy) . 

Not e tha t  thre e differen t  type s o f  belief s ar e a U existin g simultaneousl y i n th e database :  th e 

sissertions ,  th e meta-assertion s representin g belief s o f  Gay-Lussa c an d Thenard ,  ein d th e meta -

assertion s representin g belief s o f  Davy . 

Comparing Theories 

Once multipl e theorie s ca n coexis t  i n th e system' s database ,  i t  become s desirabl e t o develo p 

criteri a fo r  comparin g suc h theories .  I n th e exeimpl e jus t  presented ,  w e ca n meik e som e intuitiv e 

judgments .  Th e theor y representin g Gay-Lussa c an d Thenao- d seem s mor e plausibl e o n a t  leas t 

thre e dimensions .  First ,  onl y on e revisio n wa s neede d t o reac h consistency ,  whil e Davy' s theor y 

neede d two .  Second ,  th e mode l  fo r  wate r  wa s directl y inferre d i n th e forme r  theory ,  whil e i t  ha d t o 

be inferre d indirectl y i n th e latte r  theory .  Third ,  th e forme r  theor y simpl y require d les s inferencin g 

step s overall .  Als o not e tha t  thes e disparitie s betwee n th e tw o theorie s becom e eve n greate r  whe n 

othe r  belief s ar e adde d (e.g. ,  furthe r  revision s ar e neede d whe n othe r  premise s zir e integrate d int o 

Davy' s theory ,  wherea s the y ca n b e integrate d withou t  revisio n int o hi s colleagues '  theory). ^ 

'Addin g tw o mor e 18t h centur y observation s (potassiu m ̂.n d ammoni a reactin g t o for m hydroge n an d a  substanc e 
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Indeed, the view of Gay-Lussac and Thenard did win out historically, and it was found that 

Davy' s observatio n di d overloo k th e presenc e o f  wate r  i n hi s inpu t  substances . 

DISCUSSION 

We hav e see n tha t  whil e th e ne w versio n o f  REVOLVER stil l  hil l  climb s fo r  eac h individua l  agen t 

(i.e. ,  onl y on e theor y i s eve r  kep t  fo r  an y agent) ,  severa l  theorie s ca n no w coexis t  i n th e system' s 

database .  Assimiption-base d trut h medntenjmc e systems ,  o r  ATM S (d e Kleer ,  1984) ,  embod y a 

simila r  approach .  However ,  neithe r  th e ATMS no r  simila r  system s (Doyle ,  1979 )  addres s th e issue s 

of  generatin g an d selectin g plausibl e revision s (e.g. ,  i n reaction-oriente d domain s suc h a s chemistr y 

and physics) .  REVOLVER wa s originall y designe d t o handl e bot h o f  thes e tasks ,  a s wel l  a s th e 

proble m solvin g task s involve d i n scientifi c  discovery .  Anothe r  approac h t o multipl e theorie s i n 

scientifi c  reasonin g i s th e E C H O syste m (Thagjird ,  1988) ,  whic h model s ho w multipl e theorie s ca m 

develo p fro m evidence ,  an d ho w th e coherenc e o f  eac h theor y ca n b e measure d i n orde r  t o evaluat e 

and compcir e suc h theories .  However ,  a s i s th e cas e wit h T M S systems ,  E C H O doe s no t  addres s 

ho w o r  whe n revision s t o evidenc e shotd d b e made .  Still ,  Thagard' s technique s fo r  judgin g th e 

explanator y coherenc e o f  theorie s ma y serv e a s a  Vcduabl e guid e fo r  futur e improvement s i n th e 

REVOLVER framework. 

Concernin g th e futur e stat e o f  th e system ,  th e integratio n o f  degree s o f  belie f  stil l  remeiin s t o 

be implemented .  I n addition ,  automati c belie f  i n newl y inferre d assertion s wa s assume d i n thi s 
paper ;  on e coul d imagin e a  mor e cautiou s mod e whereb y ne w inference s cotd d b e adde d t o th e 

database ,  bu t  a n agen t  wotd d hav e t o explicitl y  acknowledg e tha t  he/sh e wishe d t o believ e them . 

Thi s cautiousnes s coul d als o appl y t o newl y create d revisions ;  i n fact ,  i n thi s latte r  cas e suc h cautio n 

migh t  b e eve n mor e appropriate .  I n summeiry ,  b y providin g a  framewor k fo r  discovery ,  revision , 

and no w multipl e theor y creation ,  th e REVOLVER syste m seem s t o provid e a  soli d foundatio n fo r 
th e continue d exploratio n o f  ho w scienc e evolves . 
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