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ABSTRACT 

In previous work, we identified a method for automatically deriving possible rules of plausible 

inferenc e fro m a  se t  o f  relations ,  an d determine d tha t  th e transitivit y o f  underlyin g 

characteristic s o f  th e relation s wa s a  significan t  facto r  i n predictin g th e plausibilit y  o f 

inference s generate d fro m thes e rules .  Recen t  wor k b y othe r  researcher s ha s als o focuse d o n 

identifyin g thes e kind s o f  characteristic s an d examinin g thei r  rol e i n th e abilit y  t o predic t 

plausibility .  W e examin e thes e set s o f  characteristic s an d conclud e tha t  thos e factor s tha t 

preserv e transitivit y provid e mos t  o f  th e powe r  o f  thes e systems .  W e the n sho w ho w inference s 

can b e use d t o determin e th e intende d semantics ,  an d thu s th e appropriat e se t  o f 

representationa l  features ,  o f  a  relation . 

INTRODUCTION 

One important aspect of research on semantic relations is understanding their behavior in 

inferences .  Studyin g inference s force s u s t o examin e ho w w e reaso n wit h thes e relations .  O f 

particula r  interes t  ar e c o m m o n sens e o r  plausibl e inferences ,  inference s whos e rule s sugges t 

conclusion s tha t  ar e no t  guarantee d t o b e tru e bu t  ar e tru e ofte n enoug h t o b e useful .  Unlik e 

deductiv e inferenc e where ,  give n th e trut h value s o f  th e premises ,  th e trut h valu e o f  th e 

conclusio n i s determine d b y th e synta x o f  th e inferenc e rul e alone ,  plausibl e inferenc e require s 

tha t  w e als o kno w somethin g o f  th e semanti c conten t  o f  th e inferenc e rule .  \\' e hav e show n tha t 

by identifyin g characteristic s o f  th e relation s use d i n inferenc e rules ,  w e ca n predic t  th e 

plausibilit y  o f  thei r  conclusions . 

Severa l  recen t  paper s (Cohe n &  Loiselle ,  1988 ;  Huhn s k  Stephens ,  1988 ;  Winston ,  Chaffi n 1 " 

Herrmann ,  1987 )  hav e focuse d o n binar y relation s use d i n inference s o f  th e for m 

Given A Ri B and B Rj c 

conclud e eithe r  A  R i  c  o r  . \  R j  c . 

These efforts analyze relations in terms of more '"primitive" elements, which arc used to predict 

th e plausibilit y  o f  thes e kind s o f  inferences .  Thi s pape r  wil l  revie w thes e resiiU s an d discus s thei r 

contributions ,  notin g especiall y thos e factor s tha t  see m t o provid e uu-s t  o f  th e pouc T behin d th e 

abilit y  t o predic t  plausibility .  W e the n examin e th e rol e o f  a  relation' s interpretatio n an d sho w 

tha t  knowin g th e precis e meanin g o f  a  relatio n i s crucia l  t o predictin g plausibility .  W e conclud e 

by discussin g ou r  curren t  research ,  whic h explore s ho w th e meanin g o f  a  relation ,  define d t o b e 

th e assignmen t  o f  thes e mor e priinitiv e elements ,  ca n b e determine d fro m th e behavio r  o f  th e 

relatio n i n inferences . 
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Figur e 1 :  Th e triangula r  structtir e o f  propert y inheritanc e ove r  is a 

GENERATING RULES OF PLAUSIBLE INFERENCE 

Cohen and Loiselle (1988) showed how the structure of property inheritance over isa, a common 

rvd e o f  plausibl e inference ,  coul d b e generalize d t o generat e othe r  possibl e plausibl e inferenc e 

rvdes .  Figur e 1  show s tha t  propert y inheritanc e ca n b e draw n a s a  triangl e wher e th e leg s 

represen t  th e know n statement s (premises )  an d th e hypotenus e represent s th e conclusion .  Th e 

lef t  triangl e Ulustrate s a  specifi c  instantiatio n o f  propert y inheritance :  th e concep t  C A N A RY 

inherit s th e propert y "has-par t  w ing "  fro m it s superclas s bird .  Th e righ t  triangl e show s th e 

genera l  for m o f  propert y inheritauic e ove r  isa :  i f  n i  i s  relate d t o n- i  b y isa ,  an d n- i  i s  relate d t o n a 

by sm y arbitrar y relatio n ili ,  w e ca n infe r  tha t  n \  i s  als o relate d t o n ^  b y Ri . 

Propert y inheritanc e require s tha t  th e first  premis e b e is a an d tha t  inheritanc e occur s onl y ove r 

thi s is a link .  B y relaxin g thes e requirement s w e ca n generat e m a n y othe r  possibl e inferenc e rule s 

wit h th e sam e triangula r  structur e (Figur e 2) .  Again ,  th e lef t  triangl e give s a  specifi c 

instantiatio n o f  on e suc h inferenc e rul e whil e th e righ t  triangl e show s th e correspondin g genera l 

structure .  Sinc e w e n o longe r  restric t  whic h lin k ca n b e "inherite d over "  w e ar e fre e t o infe r  eithe r 

R\  o r  R j  i n th e conclusion .  S o thi s structur e ca n b e use d t o for m tw o inferenc e rules : 

n\  R i  712 ,  " 2 R j  " 3 ~ > " i  R i  " 3 

ni  R i  712 ,  '̂ 2 R j  " 3 —^ 1̂ 1 R j  ̂ 3 

Clearly ,  althoug h w e ca n us e thi s structur e t o combin e an y tw o relation s t o yiel d tw o possibl e 

plausibl e inferenc e rules ,  no t  a U th e resultin g rule s wU l  produc e plausibl e conclusions .  Bu t  i f  w e 

ar e abl e t o identif y characteristic s o f  thes e rule s tha t  wi U allo w u s t o predic t  whic h rule s wil l 

produc e predominantl y plausibl e conclusions ,  the n thi s triangula r  structur e i s potentiall y  a 

cause s R j 
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Figur e 2 :  Extendin g th e structur e o f  propert y inheritanc e 
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powerfu l  sourc e o f  inferenc e rules .  Th e researc h discusse d i n th e nex t  thre e section s describe s ou r 

attempt s an d thos e o f  othe r  researcher s t o fin d th e characteristic s o f  inferenc e riile s tha t  ar e 

highl y correlate d wit h plausibility . 

TRANSITIVITY 

Our initial experiments with these kinds of plausible inference rules identified two relation 

characteristic s (Cohe n &  LoiseUe ,  1988) .  W e studie d a  se t  o f  nin e relation s an d determine d tha t 

aU ha d eithe r  a n amderlyin g sens e o f  hierarchica l  inclusion ,  tempora l  ordering ,  o r  both .  Fo r 

example ,  th e relatio n component-o f  convey s a  sens e o f  hierarchica l  inclusio n sinc e a  whol e 

include s it s parts .  Similarly ,  caused-b y impose s a  tempora l  orde r  o n th e concept s i t  connects . 

W h en a  relatio n ha s mor e tha n on e interpretatio n bot h underlyin g sense s m a y apply .  Fo r 

example ,  a  mechanis m m a y b e eithe r  a n instrumen t  require d prio r  t o pursuin g som e activity ,  suc h 

as needin g a  ke y t o unloc k a  door ,  o r  a  subproces s subsume d b y a  superio r  process ,  a s i n 

respiratio n bein g a  mechanis m o f  maintainin g hfe ;  therefor e mechanism-o f  admit s bot h a  sens e o f 

hierarchica l  inclusio n an d tempora l  ordering .  Thes e imderlyin g interpretation s wer e use d t o 

determin e th e "dee p structure "  o f  th e inferenc e rul e (Figur e 3 )  wher e 71 3 - > 71 2 indicate s tha t  71 3 

hierarchicall y include s 71 3 an d n i  —> 71 3 indicate s tha t  n- y precede s 712 -

mechanism-of 
" 2 -+-  7l 3 7l 2 

/ 

/ 

cause s /  mechanism-o f 

/ 

/ 
ni  7i i 

" 3 

Figur e 3 :  A  plausibl e inferenc e rul e an d it s dee p structur e 

We noted that some of our inference riiles' deep structures preserved transitivity, that is, the 

same ordering ,  eithe r  tempora l  o r  hierarchical ,  wa s maintaine d betwee n ri i  an d 71 3 i n bot h th e 

premise s an d th e conclusion .  Th e dee p structur e i n Figur e 3  i s transitiv e becaus e th e tempora l  (t ) 

link s i n bot h th e premise s an d th e conclusio n indicat e tha t  U j  come s befor e 713 .  (Th e premise s i n 

intransitiv e rule s d o no t  impl y an y particula r  orde r  betwee n ri i  an d 7x 3 no r  i s an y require d b y th e 

conclusion. )  W e als o identifie d anothe r  characteristi c o f  dee p structure s calle d consistency .  Not e 

tha t  i n Figur e 3  som e o f  th e leg s o f  th e triangle s ar e labele d wit h bot h tempora l  an d hierarchica l 

links ,  bu t  onl y on e o f  thes e form s a  consisten t  interpretation ,  tha t  is ,  w e ca n choos e betwee n thes e 

tw o interpretation s i n suc h a  wa y tha t  allow s u s t o labe l  a U thre e side s o f  th e triangl e wit h t-Unk s 

(th e consisten t  interpretation )  bu t  no t  wit h h-links .  W h e n a  dee p structur e ha s multipl e 

interpretation s w e us e th e consisten t  interpretatio n t o determin e transitivity .  W h e n n o suc h 

consisten t  labelin g i s possibl e w e cal l  th e structur e (an d it s correspondin g rule )  inconsistent . 

Our  experiment s wit h h u m a n subjects ,  wh o collectivel y viewe d ove r  300 0 inferences ,  showe d tha t 

transitivit y coul d b e use d t o predic t  th e plausibilit y  o f  conclusion s suggeste d b y thes e inferenc e 

rule s wit h a  fai r  degre e o f  accuracy .  Transitiv e rule s yielde d conclusion s tha t  wer e judge d t o b e 
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plausible in 77.4% of the inferences. For intransitive rules this figure was 38.8% and for rules 

havin g n o consisten t  interpretatio n th e result s wer e nea r  chanc e a t  57.3%. ^  Thu s wit h ver y httl e 

informatio n abou t  th e specifi c  inference s w e ar e abl e t o mak e modestl y accurat e prediction s abou t 

th e plausibilit y  o f  thei r  conclusion s simpl y b y knowin g whethe r  o r  no t  th e rul e i s transitive . 

I t  m a y b e possibl e t o improv e th e accurac y o f  ou r  prediction s b y includin g additiona l  informatio n 

i n oii r  analysis .  Fo r  example ,  knowin g jus t  th e dee p structur e o f  a  rul e allow s u s t o determin e th e 

rule' s transitivity ;  seein g th e transitiv e dee p structur e i n Figur e 3  let s u s predic t  tha t 

approximatel y 77^ c o f  th e inference s produce d b y thi s rul e wil l  b e judge d plausible .  Knowledg e 

abou t  th e specifi c  relation s use d i n thi s rul e ca n improv e thi s estimate ,  however .  I n thi s case ,  ou r 

dat a showe d tha t  onl y 73.6'̂ c o f  th e inference s produce d b y th e rul e n j  cause s n2 ,  n 2 mechanism-o f 

" 3 - ^  "̂ 1 mechanism-o f  71 3 ar e judge d plausible .  If ,  instead ,  w e kne w tha t  ou r  transitiv e dee p 

structur e wa s derive d fro m th e rul e ri i  cause s n^ ,  n ^  has-produc t  n ^  - *  ri i  has-produc t  n ^  w e 

coul d predic t  a  highe r  numbe r  o f  plausibl e conclusion s becaus e 87.9 % o f  th e resultin g inference s 

wer e judge d plausibl e i n ou r  experiment .  Similarly ,  knowin g th e specifi c  concept s tha t  instantiat e 

an inferenc e rul e als o allow s u s t o mak e mor e accurat e predictions .  Th e rul e n- i  has-ingredien t  na , 

n2 cause s n ^  — n j  cause s n ^  show n i n Figur e 2  seem s generall y plausibl e a s doe s th e instantiatio n 

shew n there ,  bu t  i f  w e substitute d .\I R fo r  COUGH-S^'RU P th e conclusio n woul d certainl y b e 

judge d unacceptabl e sinc e th e concentratio n o f  alcoho l  i n ai r  i s  to o lo w t o mak e u s intoxicated . 

Th e abov e discussio n identifie s a  trade-ofi" .  Wit h additiona l  informatio n abou t  th e relation s i n th e 

rules ,  o r  th e particula r  node s use d t o instantiat e th e inferences ,  w e coul d improv e th e acciirac y o f 

our  prediction s o f  plausibility .  Bu t  acquirin g an d representin g thi s additiona l  informatio n 

necessaril y  incur s additiona l  costs .  Therefor e i t  i s  importan t  t o identif y th e amoun t  an d kind s o f 

informatio n require d t o achiev e a n acceptabl e leve l  o f  predictabihty . 

RELATION ELEMENT THEORY 

Relation element theory (Chaffin & Herrmann, 1987) provides some of this additional 

information .  B y focusin g o n cliaracleristic s o f  th e relation s rathe r  tha n o n specifi c  inferenc e rule s 

or  instantiations ,  Chaffi n an d Herrman n ar e abl e t o maintai n a  hig h degre e o f  generalit y an d 

incu r  littl e additiona l  cost .  Relatio n elemen t  theor y hold s tha t  semanti c relation s shoul d no t  b e 

viewe d a s unitar y semanti c entitie s bu t  rathe r  a s composition s n f  a  se t  o f  simple r  relatio n 

elements .  Originall y use d t o gaug e th e similarit y o f  tw o semanti c relations ,  relatio n elemen t 

ihc'ivr y ca n als o b e use d t o predic t  th e plausibilit y  o f  a n inferenc e rule' s conclusions . 

Winston .  Chaffi n an d Herrman n (1987 )  explor e inference s base d o n th e part-whol e relation .  The y 

first  not e tha t  althoug h w e ordinaril y  expec t  thi s relatio n t o establis h a  stric t  partia l  orderin g an d 

tliu s l) e transitiv e man y sucl i  inference s fai l  t o produc e plausibl e conclusions .  Fo r  example ,  give n 

th e prĉ niise s "Simpson' s ar m i s par t  o f  Simpson, "  an d "Simpso n i s par t  o f  th e Philosoph y 

department, "  i t  i s  no t  ap})n>priat e t o conclud e tha t  Sirnj)son' s ar m i s par t  o f  th e Philosoph y 

Departmen t  (Winston ,  Chaffi n &  Herrmann ,  19S7) .  Thi s apparen t  intransitivil y  i s  du e t o th e us e 

of  tw o distinc t  sense s o f  th e relatio n part-o f  i n th e premise s o f  th e inference .  Th e first  statemen t 

expresse s th e relatio n betwee n a  componen t  an d th e objec t  t o whic h i t  belong s wherea s th e 

'Th e thre e classe s o f  rule s identifie d her e d o no t  accoun t  fo r  al l  th e data .  Se e Cohe n an d Loisell e (1988 )  fo r  a 
complet e analysis . 
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Figure 4: The algebra of extended composition. 

second expresses the relation between a collection and one of its members. 

The essenc e o f  thi s distinctio n i s capture d b y relatio n elemen t  theory ,  whic h identifie s thre e 

characteristi c propertie s o f  th e part-whol e relation :  whethe r  th e relatio n o f  par t  t o th e whol e i s 

functional ,  whethe r  th e part s ar e homeomerous ,  an d whethe r  th e par t  ca n be ,  i n principle , 

separate d fro m it s whole .  Accordin g t o th e theory ,  al l  part-whol e relation s shar e th e common 

elemen t  o f  connectio n betwee n par t  an d whole ,  thi s connectio n bein g modifie d b y th e value s fo r 

th e element s functional ,  homeomerous ,  an d separable .  Winston ,  Chaffi n an d Herrman n identif y 

si x kind s o f  part-whol e relation s an d conclud e tha t  a n inferenc e i s vaH d onl y i f  th e sam e kin d o f 

part-o f  occur s i n bot h premise s a s i n th e conclusion .  Thi s ensure s tha t  bot h th e premise s an d th e 

conclusio n wil l  hav e th e identica l  se t  o f  relatio n elements .  I t  als o ensure s transitivity . 

EXTENDED COMPOSITION 

Huhns and Stephens (1988) continue this line of research, identifying ten relation primitives, 

includin g severa l  identifie d i n Cohe n an d Loisell e (1988 )  an d Winston ,  Chaffin ,  an d 

Herrman n (1987) .  Example s o f  thes e primitive s ar e composable ,  whic h indicate s tha t  th e 

"fundamenta l  characteristics "  o f  a  relatio n permit s it s us e i n thes e kind s o f  inferences ; 

homeomerous ,  th e domai n o f  a  relatio n i s "th e sam e kin d o f  thing "  a s th e range ;  an d intrinsic ,  th e 

relatio n specifie s a n intrinsi c propert y o f  it s  domai n o r  range .  Fo r  eac h relatio n thes e primitive s 

ar e assigne d a  valu e o f  + ,  meanin g th e characteristi c i s  present ,  - ,  no t  present ,  o r  0 ,  i f  th e 

primitiv e doe s no t  appl y t o th e relation .  Thu s eac h relatio n ca n b e represente d b y a  vecto r  o f 

value s fo r  thes e t(T i  primilivos .  Plausibl e inferenc e rule s ar e generate d b y th e techniqu e develope d 

i n (Johc n an d Loisell e (1988 )  an d describe d above .  (Huhn s an d Stephen s cal l  thi s techniqu e 

"extende d composition.'' )  . \  correspondin g algebr a use s a n operato r  tabl e fo r  eac h primitiv e t o 

determin e ho w th e I  w o vector s fo r  7', j  an d R j  ma y b e combine d t o yiel d a  rcsid t  vecto r  fo r  th e 

conclusio n (Figur e 1) .  A  matc h o f  th e resul t  vecto r  t o eithe r  o r  bot h rj f  th e premis e relatioiis ' 

vector s i s interprete d t o mea n th e correspondin g inferenc e i s plausible ,  provide d th e domai n an d 

rang e requirement s o f  th e relation s ar e als o met .  Fo r  example ,  i n Figur e 4 ,  V r  matche s V j  s o w e 

predic t  tha t  th e inferenc e rul e n- i  component-o f  n2 ,  n 2 contained-i n n ^  —> n i  contained-i n n ^  wil l 
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Figur e 5 :  Operato r  table s fo r  th e transitivity-preservin g primitives . 

produce predominantly plausible conclusions. The results of this composition may be further 

prime d i f  th e relation s hav e incompatibl e domain s an d ranges .  Fo r  example ,  althoug h th e 

operato r  table s m a y permi t  th e compositio n o f  subfield-o f  an d subprocess-of ,  th e inferenc e wil l 

be disallowe d becaus e i t  make s n o sens e t o tal k abou t  a  subfiel d o f  a  process . 

Huhns an d Stephen s appl y thei r  techniqu e t o a  se t  o f  2 1 relation s (havin g a  tota l  o f  86 1 possibl e 

compositions )  t o yiel d a  compositio n matri x o f  10 3 entrie s wher e th e resul t  vecto r  matche s th e 

vecto r  fo r  eithe r  R i  o r  R j  an d th e correspondin g inferre d relatio n als o satisfie s th e domai n an d 

rang e requirement s estabhshe d b y th e premis e relations .  Tha t  is ,  thei r  algebr a predict s tha t  a t 

leas t  10 3 ou t  o f  86 1 inferenc e rule s wil l  produc e predominantl y plausibl e conclusions .  (Sinc e thei r 

algebr a wa s designe d fo r  correctnes s instea d o f  completeness ,  i t  i s  possibl e tha t  som e composition s 

not  include d th e matri x migh t  als o produc e plausibl e conclusions. )  Huhn s an d Stephen s clai m 

validit y fo r  thei r  result s base d o n th e plausibilit y  o f  selecte d exampl e inference s fro m th e 

compositio n matrix . 

TRANSITIVITY REVISITED 

Three of the primitives in Huhns and Stephens' work indicate an ordering along a single 

dimension :  structura l  indicate s a  hierarchica l  relationshi p i n term s o f  physica l  structure ,  tempora l 

indicate s a n orderin g i n time ,  an d intangibl e indicate s a  hierarchica l  relationshi p i n term s o f 

ownershi p o r  menta l  inclusion .  Sinc e relation s tha t  indicat e a n orderin g alon g a  singl e dimensio n 

ca n b e use d transitively ,  thes e primitive s captur e th e sam e kind s o f  underlyin g interpretation s a s 

our  t-Unk s an d h-Hnk s (Cohe n &  Loiselle ,  1988) .  Huhn s an d Stephens '  tempora l  primitiv e 

correspond s t o ou r  t-Unk ,  wherea s th e structura l  an d intangibl e primitive s distinguis h physica l 

fro m menta l  inclusion ,  whic h ar e bot h represente d b y ou r  h-link .  Thi s correspondenc e i s als o 

born e ou t  b y th e operato r  table s fo r  thes e primitive s (Figur e 5) .  Fo r  thes e thre e primitives ,  th e 

value s +  an d -  indicat e th e directio n o f  thi s orderin g rathe r  tha n th e presenc e o r  absenc e o f  th e 

characteristic .  A  valu e o f  0  indicate s eithe r  tha t  n o suc h orderin g exist s o r  tha t  th e propert y doe s 

not  apply .  Thes e table s preserv e th e orderin g o f  th e concept s whe n bot h premise s hav e th e sam e 

valu e (indicat e th e sam e ordering )  an d prohibi t  inference s whe n th e premise s hav e incompatibl e 

ordering s (th e valu e "P "  mean s th e inferenc e i s prohibited) .  Thu s thes e operato r  table s ensur e 

tha t  onl y thos e inferenc e rule s tha t  preserv e transitivit y wil l  b e generate d b y th e algebra . 

Sinc e transitivit y alon e wa s show n t o predic t  prett y wel l  th e plausibilit y  o f  inference s i n Cohe n 

an d Loisell e (1988) ,  w e wer e intereste d i n h o w m u c h th e thre e transitivity-preservin g primitive s 
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contributed to the power of Huhns and Stephens' method. To evaluate this, we implemented their 

algebr a cin d use d i t  t o determin e th e numbe r  o f  matri x entrie s produce d b y ever y subse t  o f  thre e 

of  th e te n primitives .  An y subse t  o f  th e origina l  primitive s i s guarantee d t o produc e a t  leas t  th e 

origina l  10 3 entries ;  fewe r  additiona l  entrie s indicate s tha t  a  particula r  subse t  o f  primitive s come s 

close r  t o reproducin g Huhn s an d Stephens '  origina l  compositio n matri x an d thu s contribute s mor e 

power  t o th e algebra . 

The mos t  powerfu l  se t  o f  thre e primitives ,  structural ,  tempora l  an d composable ,  produce d 19 8 

matri x entries .  Th e se t  o f  thre e transitivity-preservin g primitive s ranke d thir d wit h 21 3 entries , 

tie d wit h th e se t  temporal ,  intangibl e an d composable .  Huhn s an d Stephen s (1988 ,  p.  5 )  not e tha t 

th e composabl e primitiv e i s als o closel y tie d t o transitivity .  The y state ,  "Assignmen t  o f  value s fo r 

thi s propert y ca n b e guide d b y consideratio n o f  th e transitivit y o f  th e relation ,  i.e. ,  i f  a  relatio n i s 

not  transitiv e (canno t  b e compose d wit h itself) ,  the n i t  ofte n caimo t  b e compose d wit h an y othe r 

relation. "  Th e remainin g se t  o f  thre e o f  thes e fou r  primitives ,  structural ,  intangibl e an d 

composable ,  produce d 23 8 entries ,  rankin g 22n d ou t  o f  120 .  Fo r  comparison ,  th e leas t  powerfu l  se t 

of  primitives ,  near ,  connecte d an d intrinsic ,  produce d 35 1 entries ,  whil e consideration s o f  domai n 

and rang e incompatibilitie s alon e yielde d 44 4 entries .  Base d o n thes e ranking s w e conclud e tha t 

th e transitivit y componen t  represente d b y th e primitive s structural ,  temporal ,  intangibl e an d 

composabl e contribute s th e larges t  shar e o f  th e powe r  o f  Huhn s an d Stephens '  representatio n an d 

algebra ,  an d tha t  th e cos t  o f  assignin g value s t o th e remainin g primitive s m a y ofte n outweig h th e 

sligh t  increas e i n powe r  the y provide . 

ONTOLOGY MAINTENANCE: USING INFERENCES TO DETERMINE RELATION SEMANTICS 

The work by Winston, ChafRn and Herrmann on the part-whole relation discussed above makes it 

clea r  tha t  ofte n wha t  w e conside r  t o b e a  singl e semanti c relatio n m a y b e use d i n severa l  differen t 

ways wit h correspondin g difference s i n meaning .  Furthermore ,  i t  show s tha t  th e plausibilit y  o f 

inference s usin g suc h a  relatio n caimo t  b e reliabl y determine d unles s th e intende d meanin g i s 

known .  W e canno t  sa y whethe r  th e rul e n i  part-o f  7x2 ,  n 2 part-o f  n s —> n- i  part-o f  71 3 wil l 

produc e plausibl e conclusion s unles s w e kno w whethe r  bot h premise s us e th e sam e typ e o f 

part-whol e relation .  Whil e relatio n elemen t  theory ,  an d it s extensio n i n Huhn s an d Stephens '  se t 

of  relatio n primitives ,  give s u s a  representatio n fo r  specifyin g thes e intende d meanings ,  i t  doesn' t 

tel l  u s ho w t o determin e th e correc t  definitio n (assignmen t  o f  primitiv e values )  o f  a  relation . 

Ontolog y maintenanc e offer s a  solutio n fo r  thi s problem . 

Ontolog y maintenanc e i s concerne d wit h assurin g tha t  th e definition s o f  relation s ar e correct . 

"Correct "  mean s tha t  w e ar e abl e t o accuratel y predic t  th e plausibilit y  o f  inference s usin g thes e 

relations .  Thus ,  whe n w e ad d a  definitio n o f  a  ne w relatio n t o a  knowledg e base ,  o r  modif y a n 

existin g one ,  w e ca n chec k whethe r  th e definitio n i s correc t  b y generatin g inference s w e expec t  t o 

be plausible . 

We ar e currentl y developin g a n ontolog y o f  semanti c relation s base d o n thei r  behavio r  i n 

inferences .  Thi s ontolog y include s a  hierarch y o f  relation s determine d b y thei r  primitiv e 

assignment s (Figur e 6) .  Relation s inheri t  primitiv e value s from ,  thei r  parents ,  therefor e thei r 

placemen t  i n th e hierarch y determine s th e kind s o f  inference s predicte d t o b e plausibl e fo r  eac h 

relation .  Evaluatin g thes e inference s thu s evaluate s th e (possibl y partial )  definitio n o f  a  relatio n 

suggeste d b y it s placemen t  i n th e hierarchy .  Th e followin g exampl e illustrate s ho w th e relatio n 
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IKCLUDED-SPATIALLV 
Structura l  =  - ) 
tempora l  — 0 ) 

INCLUDED-BY 
(intangibl e =  - ) 

PART-OF 
(connecte d =  + ) 

INCLUDED-DESCRIPTIVELY 
Structura l  =  0 ) 
tempora l  =  0 ) 

CONTENTS-OF PHYSICAL-PART-OF A-KIND-O F 

COMPONENT-OF 

HAS-DESCRIPTION 

HAS-PROPERTY 

Figur e 6 :  A  partia l  hierarch y o f  relation s wit h primitiv e values . 

material-of ,  whic h indicate s th e mai n substanc e o f  whic h a n objec t  i s  made ,  i s place d i n th e 

hierarchy ,  an d thu s ho w w e determin e th e correc t  primitiv e value s fo r  thi s relation . 

At  first,  w e migh t  believ e material-o f  t o b e a  kin d o f  parf-o f  relation :  indeed ,  Winston ,  Chaffi n 

and Herrman n (1987 )  clai m tha t  th e 'stuff-object "  relatio n i s a  typ e o f  part-whol e relation . 

Therefor e w e begi n b y placin g material-o f  unde r  physical-part-o f  i n th e relatio n hierarchy .  Thi s 

result s i n material-o f  inheritin g th e primitiv e assignment s structura l  =  - ,  tempora l  =  0 .  intangibl e 

= —,  an d connecte d =  -! -  W' e the n generat e inference s predicte d t o b e plausible .  Fo r  ou r 

experiment s thes e wer e derive d fro m a  knowledg e bas e w e ar e developin g t o represen t  common 

sens e informatio n abou t  a  house .  On e suc h inferenc e i s 

Given : 

Infer: 

W O OD material-o f  AXE-H.\.\DLE , 

AXE-HA.NDLE componcnt-o f  AX E 

and 

WOOD material-o f AXE. 

Immediatel y w e se e tha t  t o evaluat e th e inferenc e w e mus t  kno w mor e precisel y th e inlendc d 

meanin g o f  material-of .  Wil l  w c allo w i t  t o indicat e a  substanc e i n an y are a o f  a n objec t  >- r  dc )  w e 

rccjuir e i t  t o refe r  t o th e entir e object ? I f  w e ha d intende d th e forme r  (ke n thi s woul d scc>i n a 

reasonabl e inference ,  ba t  sinc e u e intende d th e latte r  th e inferenc e i s unacccp l  able ,  an d therefore , 

th e valu e fo r  a t  leas t  on e o f  thos e primitive s mus t  b e incorrect . 

Examinin g th e hierarchy ,  agai n w e decid e tha t  perhap s a  materia l  i s  mor e lik e a  projjert y o f  a n 

objec t  tha n i t  i s  par t  o f  a n object .  Thi s suggest s placin g has-malcria l  (th e invers e o f  matcrial-of ) 

unde r  has-descriptio n i n th e relatio n hierarchy .  No w has-materia l  inherit s th e primitiv e value s 

structura l  =  0 ,  tempora l  =  0 ,  an d intangibl e =  -  an d w e generat e inference s lik e 
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Given :  boar d has-materia l  wood ,  an d 

WOOD has-propert y flammabl e 

Infer :  boar d has-propert y flammable . 

This time the inference is acceptable, indicating that these primitive values are correct, and we 

keep has-materia l  unde r  has-descriptio n i n th e relatio n hierarchy . 

CONCLUSION 

Certainly the more information we have about an inference, the better we will be able to judge 

th e plausibilit y  o f  it s  conclusion .  Bu t  fo r  task s tha t  d o no t  requir e a  hig h degre e o f  accurac y i n 

suc h judgment s w e ma y reahz e a  saving s b y placin g ourselve s relativel y lo w o n th e 

information/accurac y trade-off .  Th e cos t  o f  assignin g value s t o man y differen t  primitive s fo r  a 

larg e numbe r  o f  relation s ma y caus e u s t o wan t  t o limi t  th e se t  o f  primitive s used .  Therefore ,  i t  i s 

importan t  t o examin e th e source s o f  powe r  i n ou r  representations .  Th e result s presente d her e 

sugges t  tha t  primitive s tha t  represen t  differen t  kind s o f  transitivit y contribut e mos t  o f  th e powe r 

i n predictin g plausibihty . 

Our  abilit y  t o predic t  th e plausibilit y  o f  inference s i s determine d b y ou r  abiUt y t o defin e relation s 

correctly .  Ou r  researc h i n ontolog y maintenanc e explore s ho w w e ca n verif y a  relation' s definitio n 

by examinin g inference s w e expec t  t o b e plausible . 
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