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1.  Introductio n 

A new theory of representation is proposed. The theory attempts to encompass representational 

idea s tha t  hav e emerge d fro m differen t  school s o f  thought ,  i n particula r  fro m wor k i n semanti c 

networks ,  frames ,  fram e semantics ,  an d Conceptua l  Dependency .  Th e mos t  importan t  charac -

teristi c o f  th e theor y i s th e eliminatio n o f  th e frame/slo t  distinctio n mad e i n frame-base d 

language s (alternatively ,  case/slo t  distinctio n foun d i n semanti c network-base d systems) .  I n it s 

plac e i s a  ne w notio n calle d th e "Absolute/Aspectual "  dbtinction . 

The theory described here provides a means of representation that has the following characteris-

tics :  I t  i s  broa d an d uniform ,  applyin g t o an y numbe r  o f  semanti c domains ;  i t  i s  object-oriented ; 

i t  contain s a  finite  se t  o f  primitiv e epistimologica l  relationships ;  i t  ha s th e abilit y t o creat e ne w 

relationships ;  i t  i s  cognitivel y plausibl e (i .  e. ,  i t  m a y reflec t  ho w thing s ar e represente d i n th e 

mind) ;  i t  conform s t o othe r  desirat a fo r  representations ,  suc h a s canonica l  for m an d usefulnes s a s 

a memor y organizer . 

2.  T h e P r o b l e m wit h F r a m e s 

As has been pointed out by Woods (1975) and Brachman (1979), the interpretation of most 

semanti c networ k formalism s i s a t  bes t  non-uniform .  Attempt s t o addres s thes e inadequacie s ha s 

le d t o th e developmen t  o f  system s suc h a s K L - O N E (Brachma n e t  al .  1979) .  T h e theor y propose d 

her e similarl y begin s wit h a  dissatisfactio n wit h a  numbe r  o f  existin g formalisms .  I t  end s u p wit h 

a ne w formalis m tha t  i s  no t  unlik e K L - O N E an d it s descendent s i n spirit .  I n detail ,  th e formal -

is m describe d belo w make s som e differen t  distinctions ,  an d i n som e case s directl y oppose s th e par -

ticula r  decision s mad e i n K L - O N E an d othe r  recen t  attempt s a t  knowledg e representation . 

We begin with frame-bsised systems (Minsky 1975) rather than semantic networks as the starting 

point .  Researc h o n frame-base d system s hav e produce d a  numbe r  o f  interestin g products ,  argu -

ably .  Conceptua l  Dependency *  (Schan k 1975 )  an d script s (Schan k an d Abelso n 1977) ,  whic h wer e 

specifi c t o particula r  type s o f  knowledge ,  an d K R L (Bobro w an d Winogra d 1977) ,  F R L (Robert s 

and Goldstei n 1977 )  an d F R A I L (Charnia k e t  al .  1983) ,  whic h wer e intende d a s genera l  frame -

work s fo r  representation . 

In all the general frame languages, it is possible to define frames, and include in the definitions 

•Conceptaa J Dependenc y preceede d fr&me s historically ,  bn t  w u bue d o d "cu e fnmes "  tha t  wer e fnme-lik e i n 
th e Minsk y seoge . 
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assertion s abou t  wha t  slot s th e fram e has .  I t  i s  als o possibl e t o writ e d o w n arbitrar y constraint s 

on wha t  m a y fill  thes e slots ,  an d t o specif y default s fo r  subclasse s o r  instance s o f  tha t  frame .  Fo r 

example ,  on e ca n defin e a  "Person "  frame ,  an d specif y tha t  i t  take s slot s fo r  "Age" ,  " N a m e " , 

and "Address" .  I n effect ,  suc h a  fram e syste m woul d b e quit e simila r  t o a  semanti c networ k wit h 

a nod e fo r  Perso n fro m whic h emanate d link s fo r  Age ,  N a m e an d Address . 

Problem 1: The Meaning of a Slot is Completely Unconstrained 

Despite the apparent usefulness of frames, what it means to be a slot in a frame is just as ill-

define d a s wha t  i t  mean s t o b e a  lin k i n a  network* .  I n particular ,  th e meanin g o f  a  slo t  appear s 

onl y procedurally ,  i f  a t  all .  Fo r  example ,  i f  w e fill  th e Addres s slo t  fo r  som e Perso n wit h "39 3 

Foxo n Road" ,  thi s presumabl y mean s tha t  tha t  person' s plac e o f  residenc e i s a t  th e locatio n s o 

designated .  However ,  filling  i n th e N a m e slo t  wit h "Joh n Smith "  mean s tha t  th e perso n i s calle d 

by thi s name .  Unfortunately ,  thi s differenc e i n meanin g appear s onl y i n th e wa y variou s routine s 

happe n t o manipulat e thos e slots ,  i .  e. ,  i t  i s  encode d procedurally ,  an d therefore ,  outsid e o f  th e 

forma l  syste m o f  representation . 

Problem 2: What May be a Slot in a Frame is Completely Unconstrained 

There also appears to be no "in principle" answer to the question of which frames can support 

whic h slots .  Fo r  example ,  i f  w e allo w Ag e t o b e a  slo t  i n Person ,  an d Fathe r  (t o b e filled  b y th e 

Person' s father )  t o b e a  slo t  i n Person ,  coul d w e allo w Father's-Ag e t o b e a  slot ? H o w abou t 

Person' s bes t  friend s betwee n th e age s o f  2 5 an d 35 ? Regardles s o f  ou r  ow n intuitions ,  th e fram e 

language s d o no t  distinguis h th e suitabilit y  on e fro m another . 

In actual practice, frame systems users appear to represent such knowledge outside the frame sys-

tem .  Fo r  example ,  "bes t  friend s betwee n th e age s o f  2 5 an d 3 5 "  migh t  b e represente d a s a  con -

junctio n i n a  predicat e calculus-lik e formalism .  T h e proble m wit h thi s i s tha t  no w ther e ar e tw o 

system s o f  representation .  W e hav e n o wa y o f  decid e wha t  woul d b e represente d i n which ,  o r 

what  i t  woul d mea n t o represen t  i t  on e wa y rathe r  tha n th e other . 

Problem 3: Many Concepts Do Not Get Defined 

Most importantly, what we have been calling "slots" seem to be perfectly good structured con-

cept s i n thei r  o w n right .  Thes e concept s ar e no t  onl y undefine d -  the y ten d t o b e completel y 

unrecognize d i n fram e systems .  Fo r  example ,  th e concep t  o f  Ag e ha s a  perfectl y well-define d 

meanin g (i n fact ,  mor e s o tha t  doe s Person) .  Namely ,  th e Ag e "slot "  implicitl y  refer s t o a  con -

cep t  whic h i s th e amoun t  o f  tim e sinc e th e creatio n o f  a n objec t  t o som e othe r  m o m e n t  i n time . 

Similarly ,  Addres s i s a  "referrin g object "  fo r  a  building ;  N a m e i s a  "referrin g object "  fo r  a  per -

son . 

In sum, frame systems tend to divide up the world into frames and slots, the latter not having 

tru e concep t  status .  Bu t  th e latte r  d o appea r  t o b e full-fledge d concepts .  F r a m e system s neithe r 

recogniz e thi s fac t  no r  allo w fo r  th e expressio n o f  th e meanin g o f  thes e items . 

3.  K O D I A K 

KODIAK (Keystone to Overall Design for Integration and Application of Knowledge) is a 
knowledg e representatio n languag e bein g create d a t  th e Berkele y Artificia l  Intellgienc e Researc h 

•Charniak ,  Riesbec k &n d McDennot t  (1080 )  tal k abou t  thes e language s a s "for m langaages "  Thi s nomencl ^ 
tur e suggests ,  I  thin k correctly ,  tha t  th e formalis m i s mor e o f  a  for m t o collec t  knowledg e tha n a  representatio n 
of  tha t  knowledge . 
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Projec t  tha t  attempt s t o redres s th e abov e grievences .  W e vie w K O D I A K a s a n extentio n o f 

frames .  However ,  th e syste m i s actuall y n o mor e frame-lik e tha n semantic-network-lik e (whic h 

als o appear s t o b e th e cas e fo r  th e mor e advance d semantic-networ k derive d language s lik e KL -

O N E ). 

Like KL-ONE, the primary structure of KODIAK is the Concept. However, there is no notion of 

role ,  slo t  o r  case .  Instead ,  th e ide a o f  hav e a  slo t  o r  rol e i s replace d b y on e o f  a  se t  o f  primitiv e 

epistemologica l  relations .  Thi s relatio n i s calle d M A N I F E S T .  A  Concep t  i s  i n a  M A N I F E S T 

relatio n t o anothe r  Concep t  when ,  intuitively ,  th e Srs t  Concep t  "has "  th e secon d Concep t  a s a 

property .  Fo r  example ,  i f  w e wan t  t o indicat e tha t  physica l  object s hav e ages ,  w e coul d asser t 

tha t  th e Concep t  Physical-Objec t  M A N I F E S T S th e A g e Concept* .  Furthermore ,  onc e th e 

M A N I F E ST relatio n ha s bee n asserte d t o exis t  betwee n tw o Concepts ,  a  ne w relatio n come s 

int o existence .  Thi s relatio n let s u s asser t  tha t  particula r  kind s (o r  instances )  o f  on e Concep t  ca n 

M A N I F E ST particula r  kind s (o r  instances )  o f  th e other .  I f  Concept l  M A N I F E S T S Concepts , 

say ,  the n w e n a m e thi s relationshi p "Concept2-of-Conceptl" .  W e cal l  suc h a  relationshi p a n 

aspectual .  I n contrast ,  w e cal l  al l  othe r  Concepts ,  suc h a s A g e an d Physical-Object ,  abso -

lutes . 

For example, if we assert that Physical-Object MANIFESTS Age, then the aspectual relation 

Age-of-Physical-ObJec t  come s int o existence .  W e ca n us e thi s relatio n t o asser t  th e ag e o f 

some particula r  physica l  object ,  amon g othe r  things . 

The intuition behind the idea of aspectuals to capture the dual use of terms like "name" and 

"color" .  W h e n w e tal k o f  th e "nam e of "  someon e o r  th e "colo r  of "  a n object ,  th e clai m is ,  w e 

ar e referrin g t o colo r  a s a n aspectua l  (mor e properly ,  w e ar e referrin g t o th e 

Color-of-Physlcal-ObJec t  aspectual) .  W h e n w e sa y "re d i s a  color" ,  w e ar e talkin g abou t  bot h 

Colo r  an d R e d a s Conceptua l  categories .  Similarly ,  A g e i s th e Concep t  o f  age ,  bu t 

Age-of-Physlcal-ObJec t  i s th e "age "  implicitl y  referre d t o i n "Joh n i s twelv e year s old" . 

In effect, we have split the idea of slot into several parts. One is the idea that a "frame" can 

hav e a  slo t  o f  a  certai n typ e (thi s i s  expresse d b y th e M A N I F E S T assertion) ;  anothe r  i s  th e 

Concep t  tha t  i s  th e slo t  (thi s i s  represente d a s another ,  i n principl e independent .  Concept) ; 

finally,  ther e i s th e fac t  tha t  particular s o r  subtype s o f  th e "frame "  an d M A N I F E S T e d Concep t 

ca n b e i n a  relatio n o f  thi s sor t  t o on e anothe r  (thi s i s enable d b y th e semantic s o f  M A N I F E S T , 

and expresse d b y a  particula r  derivativ e aspectua l  relatio n assertion) . 

It is awkward to talk about the assertion of a relation between two Concepts. Therefore, I shall 

loosel y refe r  t o suc h a n assertio n a s a  link ,  an d depic t  i t  graphicall y a s such . 

The advantage of this formulation is that we can provide explicit definitions for and assertions 

abou t  Concept s suc h a s A g e .  I n a  traditiona l  fram e base d system ,  suc h Concept s coul d no t  b e 

predicate d abou t  explicitly . 

For example, we would like to assert that the Concept Age is the difference between the creation 

tim e o f  a n objec t  an d som e othe r  tim e (usuall y  N o w ) .  T o d o so ,  w e nee d t o introduc e som e addi -

tiona l  epistemologica l  relations . 

•Of  coursf ,  w e ma y wan t  t o asser t  thi s fac t  abou t  som e categor y mor e genera l  tha n Physical-Object ,  s o i t 
woul d b e meaningfu l  t o tal k abou t  th e ag e o f  a n idea ,  fo r  exampl e I n thi s paper ,  I  shal l  no t  b e terribl y con -
cerne d abou t  th e correctnes s an y suc h assertion .  Instead ,  I  wil l  us e categorie s tha t  ar e familia r  rathe r  tha n 
thos e tha t  ma y b e technicall y necesaar y t o describ e properl y a  conceptio n o f  th e world . 
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4.  Primitiv e EpUtemologlca l  Relation s 

In KODIAK, the following set of epistemological relations is supposed: 

MANIFEST 

The semantics of MANIFEST is described above. We indicate this relation graphically by a 
directe d arro w labelle d "/i" .  Formall y  (i .  e. ,  i n non-pictoria l  language )  w e indicat e thi s b y th e 
for m ( M A N I F E S T Concep t  Property-Concept) .  Fo r  example ,  t o indicat e tha t  a 
Physical-Objec t  ha s a n Ag e an d a  Color ,  w e ca n dra w th e following : 

Physical-Object —r^i>Age 

Colo r 

Similar, we can indicate that an Action has an Actor: 

Action 7"*^ Actor 

These examples illustrate several different kinds of MANIFESTation. Maida (1984) has sug-
geste d tha t  Concept s lik e Actio n M A N I F E S T Acto r  definitionall y  (i .  c. ,  th e Concep t  Acto r  i s 
define d i n term s o f  th e Concep t  Action) ,  wherea s Concept s hk e Physical-Objec t  M A N I F E S T 
Colo r  assertionall y  (i .  e. ,  thi s assert s a  tru e bu t  non-definitiona l  fac t  abou t  th e world) .  I n addi -
tion ,  w e sugges t  tha t  Physical-Objec t  M A N I F E S T S Ag e derivativel y (i .  e. ,  th e definitio n o f 
Age entail s thi s particula r  M A N I F E S T relation) .  Se e Maid a (1984 )  fo r  a  furthe r  exploratio n o f 
thes e ideas . 

DOMINATE 

This is a "structured inheritence" relation between Concepts. Its semantics is essentially ISA. 
We indicat e i t  graphicall y b y a  lin k labelle d "D "  an d formall y b y a n expressio n o f  th e for m 
( D O M I N A TE general-concep t  specific-concept) . 

To indicate the relations between the parts of one Concept and those of a Concept that 
D O M I N A T ES it ,  w e us e a n informa l  relatio n calle d "role-play" .  Fo r  technica l  reasons ,  thi s 
relatio n i s implemente d i n term s o f  another ,  s o i t  i s no t  a  tru e relatio n o f  th e system .  Neverthe -
less ,  i t  i s  convenien t  fo r  expositiona l  purposes . 

As an example, we propose that there exists a type of Event called Causal, which 
M A N I F E S TS a  Caus e an d a n Effect .  I f  w e accep t  th e interpretatio n tha t  Kil l  mean s "caus e t o 
die" ,  thi s ca n b e represente d b y specifyin g a  Concep t  Kil l  whic h MANIFESTS,  amon g othe r 
things ,  a  Kill-Victi m an d a  Kill-Death-Event .  Th e latte r  Concep t  i s represente d a s meanin g 
tha t  th e Kill-Victi m died .  We wan t  t o establis h th e meanin g o f  Kil l  no w b y saying ,  intuitively , 
tha t  Kill-Death-Even t  play s th e rol e o f  th e Cause ,  whe n Kil l  i s  viewe d a s a  Causa l  event . 

Rather than introduce an explicit role-play relation, however, we take advantage of the fact that 
th e M A N I F E S T relation s betwee n Causa l  an d Effec t  an d betwee n Ki U an d 
Kill-Death-Even t  giv e ris e t o aspectuals .  I n particular ,  the y creat e th e aspectual s 
Effect-of-Causa l  an d Klll-Death-event-of-Kill .  Sinc e aspectual s ar e full-fledge d Concept s i n 
KODIAK,  w e ca n represen t  th e role-pla y relatio n simpl y b y assertin g tha t  th e latte r  aspecuta l  i s 
D O M I N A T Ed b y th e former .  Thu s w e hav e th e followin g graphi c depiction : 



348 

/ 

Even t 

CauMl 

KUl 

Cause 

Effec t 

^  Kill-Caus e Deat h 

-KUl-Death-Event^^ Dler 

^ Klll-Vlctlin 

First ,  not e tha t  thes e term s refe r  t o th e actua l  Concepts .  Fo r  example ,  th e ter m Caus e refer s t o 

th e ide a o f  "cause" ,  an d th e ter m a  Effec t  t o th e ide a o f  "effect" .  Thes e ar e no t  meaningles s 

placeholder s i n a  form . 

Second, much has been omitted in this diagram, for example, the semsintics of Cause, Effect and 

Death .  Thes e ar e o f  cours e a  crucia l  par t  o f  th e overal l  system ,  an d ar e omitte d her e fo r 

simplicity' s sake . 

Third, note that some Concepts, for example, Kill-Cause, have no additional semantics associ-

ate d wit h them .  Tha t  is ,  thi s i s a n "empty "  Concept .  KU l  coul d hav e inherite d th e genera l 

Cause fro m Causal ,  s o i n thi s cas e th e ne w nam e i s no t  strictl y necessary .  However ,  i t  woul d 

become necessar y i f  w e wante d t o mak e a n assertio n abou t  th e Caus e o f  a  Kil l  event .  I n con -

trast ,  th e Concep t  Kill-Death-Even t  ha s a n explici t  definitio n a s a  kin d o f  Deat h event . 

INSTANTIATE 

This relation holds when one Concept is to be considered as an instance of another. Its depiction 

i s simila r  t o tha t  fo r  D O M I N A T E S.  Fo r  example ,  th e fac t  tha t  som e Concep t  represent s a n 

individua l  huma n bein g woul d b e represente d b y a n I N S T A N T I A T E lin k betwee n tha t  Concep t 

and th e Concep t  Person .  Similarly ,  a  particula r  killin g even t  woul d b e represente d b y a n 

I N S T A N T I A T E lin k betwee n th e particula r  even t  Concep t  an d th e Concep t  Kill . 

Like DOMINATE, INSTANTIATE allows for "role-play" relations between the respective 

M A N I F E S T ed Concepts .  Fo r  example ,  t o represen t  th e even t  i n whic h Joh n wa s killed ,  w e 

creat e a  ne w Concept .  W e cal l  thi s Concep t  EventlOO ,  t o sugges t  mneumonicall y tha t  i t  i s  a n 

event ,  an d t o indicat e tha t  suc h Concept s ar e rathe r  numerous .  Similarly ,  John T denote s th e 

Concept  o f  th e perso n name d "John. "  W e the n indicat e tha t  EventlO O I N S T A N T I A T E S 

Kill ,  an d tha t  John ? play s th e rol e o f  th e Kill-Victim : 

^Kill-Victi m 

EventlO O 

John T 

Again ,  th e representatio n show n her e i s abbreviated .  Fo r  example ,  th e lin k betwee n John ? an d 

Perso n i s no t  shown ,  no r  i s th e informatio n tha t  th e first  nam e o f  John ? i s "John. " 
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Not e tha t  i n K O D I A K ,  ther e i s n o suc h thin g a s a n individua l  pe r  se .  Rather ,  th e notio n o f  a n 

individua l  i s  meaningfu l  onl y wit h respec t  t o anothe r  concept .  Fo r  example ,  al l  o f  th e rathe r  gen -

era l  categor y concept s mentione d abov e ma y b e individual s o f  othe r  categories .  Fo r  example ,  al l 

of  the m coul d b e individual s o f  th e Concep t  Category ,  shoul d w e introduc e suc h a  ter m i n th e 

system .  Th e propertie s o f  som e individual s tha t  usuall y lead s t o typin g object s "individual "  o r 

"generic, "  a s i n K L - O N E ,  ar e her e considere d t o b e peculia r  propertie s o f  physica l  object s rathe r 

tha n somethin g intrinsi c t o individuals . 

As a further example, consider the War and Peace problem. The book War and Peace is an 

individua l  o f  th e Concep t  Book .  However ,  th e particula r  cop y o f  W a r  an d Peac e sittin g o n m y 

shel f  i s  appear s t o b e i n th e sam e relationshi p t o th e Concep t  W a r  an d Peac e a s tha t  Concep t 

i s t o th e Concep t  Book .  Thi s situatio n ca n b e represente d i n K O D I A K b y assertin g tha t  th e 

Concep t  W a r  an d Peac e I N S T A N T I A T E S th e Concep t  Book ,  an d tha t  th e particula r  cop y o f 

a boo k I N S T A N T I A T E S th e Concep t  W a r  an d Peace . 

VIEW 

An important aspect of the theory underlying KODIAK is that conceptual structure is not monol-

ithi c o r  static .  I n particular ,  w e wan t  t o b e abl e t o talkin g abou t  viewin g on e Concep t  i n term s 

of  another .  Thi s ide a W2i s first  suggeste d a s a  representationa l  techniqu e i n K R L (Bobro w an d 

Winogra d 1977) .  K R L doe s no t  admi t  t o a  notio n o f  definition ,  an d treat s al l  perspective s a s 

equall y valid .  W e d o no t  adop t  thi s extrem e position ,  bu t  wan t  t o allo w th e flexibility  o f  viewin g 

a (possibl y defined )  Concep t  21 s somethin g othe r  tha n it s "ordinary "  interpretation . 

For example, it is desirable to realize that a person can have properties, such as weight and color, 

tha t  ar e generall y considere d t o b e genera l  propertie s o f  al l  physica l  objects .  I n mos t  representa -

tiona l  schemes ,  t o capitaliz e o n thi s knowledg e abou t  physica l  objects ,  i t  i s  necessar y t o asser t 

tha t  person s ar e a  kin d o f  physica l  object .  Thi s i s peculiar ,  becaus e suc h a  vie w o f  peopl e i s a t 

odds wit h a  norma l  workin g distinctio n betwee n peopl e an d physica l  objects . 

In KODIAK, we resolve this problem by introducing the relation VIEW. VIEW is similar to 

D O M I N A T E,  excep t  tha t  i t  doe s no t  impl y a  primar y o r  definitiona l  statu s t o th e relation .  Fo r 

example ,  i n K O D I A K ,  w e ca n asser t  tha t  Perso n i s D O M I N A T Ed b y Living-Thing ,  o r  som e 

suc h Concept ,  an d als o asser t  tha t  w e ca n V I E W Perso n a s a  Physical-Object . 

VIEW is more complicated than the other relations we have seen. This is the case because the 

V I E W o f  on e objec t  a s anothe r  i s itsel f  a  full-fledg e Concept .  Fo r  example ,  th e V I E W o f  a 

Perso n a s a  Physical-Objec t  i s  itsel f  th e Concep t  Body .  Thu s w e represen t  V I E W s a s three -

par t  relations .  W e depic t  thi s graphicall y a s follows : 

Physical-Objec t 

Body 

' ^ 

Perso n 

Formally, we can say that (VIEW viewed-concepted viewed-as-concept view-concept), meaning 

tha t  view-concep t  i s viewed-concep t  viewe d a s viewed-as-concept . 

As is the case with DOMINATE, we can elaborate on a view by specifying additional VTEWs 

betwee n th e derive d aspectual s o f  th e Concept s participatin g i n th e relation . 

One application of VIEW is to express some of the notions that arise in frame semantics 

(Fillmor e an d Ka y 1980) .  I n thi s system ,  som e concept s ar e define d i n referenc e t o a  backgroun d 
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frame .  Fo r  example ,  "buying "  an d "selling "  ar e define d i n referenc e t o th e fram e fo r  "commer -

cia l  transaction" .  W e ca n represen t  thi s wit h V I E W a s follows : 

SeU 

Actio n 

Commercial-Transactio n 

^  \ .  }  Acto r 

A ^ S e U e r 

'Mone y 

Buy i s define d similarly . 

GENERIC-INDIVroUA L 

This relation is used to define a Concept that acts as an exemplar of another Concept. Properties 

tha t  ar e typicall y tru e o f  a  Concep t  bu t  no t  strictl y necessar y ma y b e asserte d abou t  a  Concep t 

tha t  i s  i n a  G E N E R I C - I N D I V I D U A L relatio n t o anothe r  Concept .  Informatio n abou t  "proto -

types "  ca n b e accommodate d i n thi s manner .  G E N E R I C - I N D I V I D U A L i s simila r  t o th e 

• T Y P E featur e o f  Fahlman' s N E T L syste m (Fahlma n 1979) . 

EQUATE 

This relation is used to show that two descriptions are co-referential. We shall not elaborate on 

it s us e here . 

5.  Example s 

Age 

As mentione d about ,  a  stron g motivatio n fo r  K O D I A K wa s t o b e abl e t o represen t  th e semantic s 

of  concept s lik e "age" .  Give n th e abov e relations ,  w e ca n defin e a n A g e Concep t  whic h i s th e 

differenc e betwee n th e creatio n o f  a  thin g an d som e othe r  time : 

Differenc e 

Age 

State-Chang e 

s Înltlal-Stat e 

JvPInal-Stat e 

ubtrahen d 

Minuen d 
Difference-Resul t 

J ,  Creatlon-Evei^t L 

KZJreatlon-TIm ^  \^ObJect-Not-ExIfl t 

Reference-Tim e ^Object-Exis t 

T 

I n thi s representation .  A g e i s represente d a s a  Difference-Resul t  o f  th e Differenc e betwee n 

Creatlon-TIm e an d a  referenc e point .  Creation-Tim e i s furthe r  defined ,  althoug h th e represen -

tatio n o f  Object-Exist ,  etc. ,  i s  abbreviated . 

Action 

I n K O D L A K,  a n Actio n i s jus t  anothe r  typ e o f  Causal-Event .  I n particular ,  i t  i s  th e clas s o f 

suc h event s wher e th e Caus e i s th e Acto r  willin g som e intende d state .  W e ca n thu s represen t 

th e genera l  ide a o f  Actio n a s follows : 
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CauBal-Even t 

Effec t 

/ ^WUl^Ppoposltibn 

^Actor-WUl 

-^ Action 

Her e w e neglec t  t o represen t  tha t  th e Concep t  Wil l  i s  a  kin d o f  Mental-State . 

0.  ProceMin g an d Representatio n 

One advantage of this representation is that it allows for the full and deep meaning representa-

tion ,  but ,  a t  th e sam e time ,  ha s th e propert y tha t  simpl e linguisti c form s (i .  e. ,  one' s tha t  see m t o 

be easil y understood )  ca n b e easil y represented .  Fo r  example ,  t o represen t  th e fac t  "Bil l  wa s 

killed" ,  w e nee d onl y creat e a  ne w symbo l  designatin g th e particula r  event ,  an d a  ne w symbo l 

designatin g th e perso n an d the n gro w th e appropriat e links .  T o represen t  "Joh n kille d Bill" ,  w e 

coul d ad d furthe r  link s indicatin g tha t  th e symbo l  designatin g th e ne w even t  i s als o a n Action , 

wit h th e symbo l  designatin g "John "  bein g th e Actor . 

Now, if we wished to represent "John killed Bill intentionally", we would flrst have to have 

represente d th e Concep t  Intended-Action .  Thi s coul d b e represente d a s a  kin d o f  Actio n i n 

whic h th e Acto r  Willin g somethin g i s th e actua l  Caus e o f  tha t  thing .  The n th e representatio n 

of  th e sentenc e jus t  entail s a n additiona l  lin k t o thi s Concept . 

The advantage here is that we capture the full semantics of these sentences, but do not require 

processin g tha t  seem s ou t  o f  lin e wit h th e eas e wit h whic h thes e sentence s ca n b e understood . 

7.  Conclusion s 

An outstanding feature of KODIAK is the proliferation of concepts. Rather than a small set of 

semanti c notion s fro m whic h al l  meanin g i s derived ,  ther e wil l  en d u p bein g man y mor e concept s 

i n K O D I A K tha n ther e ar e word s o f  a  give n language .  Thi s doe s no t  appea r  t o b e problematic , 

becaus e eve n mor e reductionisti c system s see m t o en d u p wit h suc h concepts .  Fo r  example ,  th e 

variou s knowledg e structure s o f  propose d b y Schan k see m t o posi t  th e existenc e o f  a  larg e clas s o f 

element s simila r  t o thos e explicitl y  acknowledge d i n K O D I A K .  Wha t  w e hav e attempte d t o pro -

vid e i s a  unifor m mean s t o represen t  thes e notions ,  independen t  o f  thei r  particula r  semanti c con -

cept . 

Of course, there are many representational problems which the current system does not address. 

However ,  mos t  o f  thes e appea r  t o b e problemati c fo r  al l  systems .  W e ar e hopefu l  tha t  th e frame -

wor k establishe d i n K O D I A K wil l  b e abl e t o accommodat e solution s t o thes e problem s withou t 

radica l  changes ,  althoug h w e hav e no t  ha d enoug h experienc e wit h th e syste m t o suppor t  suc h a 

claim . 
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