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Abstract 

This paper discusses the theore t ica l basis of 
the f o r m a l i s t used as a foundation for OWL, a 
system fo r represent ing and processing conceptual 
knowledge. This f o raa l l sa at teapts to capture the 
expressive power of natural language by adopting 
the under ly ing representat ional conventions and 
"conceptual models" of English. The fo raa l l sa Is 
b u i l t around spec ia l i za t i on , which is perceived to 
be the key organiz ing p r i nc i p l e of English at a 
deep conceptual l e v e l . The use of spec ia l i za t ion 
In combinat ion w i th another low-level s t ruc tu ra l 
dev ice , reference, leads to a slaple but powerful 
s t r u c t u r e , the concept, which is ideal both for 
the representa t ion of a broad spectrum of 
conceptual knowledge and for computation on 
e x i s t i n g machines equipped w i th large, high-speed, 
random-access aeaories. 

In t roduct ion 

OWL Is a systea for representing and 
processing conceptual knowledge, intended for 
a p p l i c a t i o n s requ i r ing in te rac t ion wi th huaans in 
na tu ra l language, at a human-like level of 
competence. Development of OWL has been 
proceeding for the past two years w i th in the 
Automatic Programming Group of Project MAC under 
the d i r e c t i o n of W l l l i a m A. Mart in. I t is his 
successor to an e a r l i e r systea ca l led MAPL. 

This paper discusses the theore t ica l basis of 
the OWL formalism for conceptual knowledge, which 
serves as a foundation for the OWL system. The 
purpose of t h i s formalism is to allow conceptual 
( i . e . , non- imagis t ic ) knowledge to be expressed In 
terms of concepts and connections between 
concepts; in t h i s respect, i t does not d i f f e r f r oa 
such e x i s t i n g formalisms as Q u i l l l a n ' s seaantlc 
memory or Schank's Conceptual Dependency networks. 
It is q u i t e d i f f e r e n t , however, in respect to 
d e t a i l s of s t ruc tu re , nota t ion, and computer 
imp leaen ta t i on . Among the advantages we expect to 
ob ta in f r o a the OWL fo raa l l sa are: 

(1) despi te I t s s imp l i c i t y and un i fo rmi ty , we 
expect it to be su i tab le for representing a broad 
spect rua of conceptual knowledge at a l l leve ls of 
a b s t r a c t i o n and d e t a i l , in a "na tu ra l " way; 

(2) it provides an organizat ional framework 
tha t should a l low processing tasks required for 
comprehension of natural language to be car r ied 
out e f f e c t i v e l y and e f f i c i e n t l y on a ser ia l 
computer; 

(3) i t s organizat ional fraaework is such that 
I t s performance should not de ter io ra te 
s i g n i f i c a n t l y as the size of i t s knowledge base 
and the scope of i t s a p p l i c a b i l i t y increase, given 
an adequate amount of high-speed, random-access 
memory; 

(4) the no ta t ion for i t w i l l be easy for 
Eng l i sh speakers to learn and use; and 

(5) i t s s t ruc tures and notat ion are 
e s p e c i a l l y e f f e c t i v e for deal ing w i th very large 
knowledge bases. 

There are several d i s t i n c t aspects of the OWL 
f o r a a l l s a which we Bight examine. This paper 
focuses p r i m a r i l y on the s t ruc tu ra l aspect, but 
a l so looks b r i e f l y at the no ta t lona l , Engl ish, and 
opera t i ona l ( i . e . implementation) aspects. For 
f u r t h e r desc r i p t i on of the fo raa l l sa , see Mart in 
and Hawkinson. 

To have any reasonable chance of r e a l i z i n g 
our goals fo r OWL in the near fu ture , we have f e l t 
it wise to s t ruc tu re knowledge In OWL in 
accordance w i t h the p r i nc ip les of organizat ion of 
the human cogn i t i ve systea, insofar as we 
understand them, even though the cont inual advance 
of our understanding mandates cont inual evo lu t ion 
of the OWL formalism. Since auch of the 
s i g n i f i c a n t evidence we have of t h i s organ izat ion 
de r i ves f roa our understanding of the s t ruc tu re of 
na tu ra l language, we have t r i e d to use those 
l i n g u i s t i c ins ights to develop a fo raa l l sa tha t 
would capture the expressive power of natural 
language wi thout s a c r i f i c i n g computational 
e f f i c i e n c y . We f e l t we could succeed in t h i s only 
by adhering as c losely as possible to the 
rep resen ta t iona l conventions and conceptual models 
of one p a r t i c u l a r natural language, Engl ish, even 
f o r the representat ion of "deep- level " s t ruc tu res , 
i . e . , s t ruc tu res at the leve l of Schank's 
Conceptual Dependency networks or Minsky's frames. 
An obvious advantage of a fo raa l l sa based on the 
s t r u c t u r e of Engl ish is that t rans la t ion back and 
f o r t h between it and English might be done w i t h 
r e l a t i v e ease; t h i s is important not only f o r the 
OWL system as u l t ima te l y developed, but fo r the 
development process i t s e l f . 

We do not yet know enough about the s t ruc tu re 
of Engl ish to have a d e f i n i t i v e b luepr in t for our 
OWL f o r a a l l s a . We have had, in fac t , to decide 
among competing a l t e rna t i ve solut ions to a host of 
rep resen ta t iona l probieas by applying p r i nc ip les 
of econoaical systea design — being ca re fu l , 
however, not to compromise our primary gu ide l ine 
of choosing representat ions that are read i ly 
mappable i n t o English and vice versa. The 
s t r u c t u r a l organizat ion we have ar r ived at as a 
r e s u l t of our design e f f o r t s seems so simple and 
n a t u r a l , and the evidence for I t s pervasive use 
throughout natura l language seems so i n t u i t i v e l y 
conv inc ing , tha t we fee l it must hold profound 
i m p l i c a t i o n s for psychological models of human 
c o g n i t i o n . For example, it might be used as the 
bas is fo r a s t rongly p red ic t i ve model of word 
phrase assoc ia t ion . 

Though the OWL formalism has been implemented 
in LI5P, OWL does not in fact adopt or bu i l d upon 
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LISP's model of how data should be s t ruc tured, 
namely, in terms of t r e e - l i k e l i s t s t ructures and 
proper ty l i s t s of atonic symbols. Rather, the OWL 
formal ism provides an a l t e rna t i ve scheae for the 
l ow- l eve l ("sub-frame") s t ruc tur ing of knowledge 
(hence data) that i s , 1 bel ieve, as fundanental in 
character as that provided by LISP. This 
formal ism s igh t prove a su i tab le foundation not 
on ly fo r the OWL systen, but also for other h igh-
l eve l systeas l i k e Moore and Newell 's Mer l in or 
any of the recent ly proposed "frame" systeas. 

The Theoret ica l Basis for the OWL Foraal isn 

In developing the OWL fo rna l i sn for 
conceptual knowledge, the f i r s t big issue tha t 
conf ronted us was how to c l ass i f y and " index" the 
enormous number of concepts OWL would need for 
huaan- l ike competence in natural language. We 
s t a r t e d w i th three fundanental p r inc ip les : 

(1) that essen t ia l l y a l l conceptual knowledge 
should be represented in terns of a un i fora , 
s imple " b u i l d i n g block", which we ca l l a concept; 

(2) tha t the set of a l l concepts should be 
arranged i n t o a s ingle conceptual taxonoay 
(concept t ree) in such a way that ind iv idua l 
concepts would " i n h e r i t " f rom superior concepts 
■ost of t h e i r proper t ies , especia l ly "Beta-
proper t ies ' * that indicate what to do w i th concepts 
in var ious i n t e r p r e t i v e contexts; 

(3) tha t the vast bulk of the conceptual 
taxonoay should be deternined " d e r i v a t i v e l y " , so 
t h a t a few tens of thousands of ind iv idua l 
c l a s s i f i c a t i o n decisions night su f f i ce to 
determine a conceptual taxonoay containing 
m i l l i o n s of concepts. 

Almost a c o r o l l a r y of the second p r i nc ip l e is that 
the concept t ree should have a low, r e l a t i v e l y 
u n l f o r a " f an -ou t " (where alaost a l l concepts have 
fewer than, say, ten iaaedlate subconcepts), since 
it is unreasonable to expect a concept to i n h e r i t 
aost o f i t s proper t ies f ron concepts s i g n i f i c a n t l y 
■ore general than i t . A low, r e l a t i v e l y un l fo ra 
fan -ou t a lso o f f e r s important s t ruc tu ra l and 
computat ional advantages. 

We adopted these fundamental p r i nc ip les 
p r i m a r i l y because we Judged that a f o raa l i sm based 
upon then would s imp l i f y the task of bu i ld ing a 
la rge OWL knowledge base jus t enough to Bake that 
task f eas ib l e . However, we would not be surpr ised 
to f i n d that these p r inc ip les were also 
fundamental to the organizat ion of human 
conceptual memory, which, a f te r a l l , must acquire 
and maintain an even larger knowledge base. 

Underly ing the OWL formalism for conceptual 
knowledge, and hence the st ructure of a concept, 
are two basic s t r uc tu ra l devices: spec ia l i za t ion 
and reference. Properly u t i l i z e d , these devices 
permi t the formalism to sa t i s fy our three 
fundamental p r i nc i p l es , and they also give It 
g reat expressive power and charac te r i s t i cs that 
make it e f f i c i e n t to work wi th . (To e l iminate a 
poss ib le source of confusion, note that when we 
speak of the s t ruc ture of a concept, we understand 
it to be located at some one f i xed place w i t h i n a 
p a r t i c u l a r copy of a pa r t i cu la r knowledge base, 
though it may be referred to in any number of 
p laces . ) 

Spec ia l i za t i on 

Spec ia l i za t i on is a means for i den t i f y i ng a 
concept uniquely by a pair of e n t i t i e s : the 
concept 's genus, a superior concept in the concept 
t r e e , and i t s spec ia l l ze r , aost of ten also a 
concept . * Every concept in OWL must, in fac t , be 
i d e n t i f i e d by spec ia l i za t i on , and thus a concept 
is o f ten i t s e l f re fe r red to as a spec ia l i za t ion 
(of i t s genus). The s ign i f icance, If any, of a 
concept 's spec ia l i zer cannot be determined 
according to a few simple, set ru les; indeed, it 
may be a r b i t r a r y , though it t y p i c a l l y depends on 
some genera l i za t ion of the concept at or near the 
l eve l of the genus. 

The fac t that every concept must have exact ly 
one genus does not mean that a concept cannot be 
"a k ind o f " aore than one th ing. Actua l ly , as we 
sha l l l a t e r see, a concept can have any nuaber of 
d i s t i n c t charac ter iza t ions . This aeans that a 
genus could be viewed as simply a charac te r i za t ion 
s ing led out to provide i d e n t i f i c a t i o n for and 
pr imary c l a s s i f i c a t i o n of a concept. The choice 
of a genus Is nevertheless very Inportant , since 
in p r a c t i c e , aost low- level i n te rp re t i ve decis ions 
as to what to do w i th a given concept Bust, fo r 
reasons of se r i a l processing e f f i c i ency , depend on 
i t s genus alone. Fortunately, as we w i l l 
demonstrate below for English, a natural language 
expresses many concepts in terns of an appropr iate 
genus and spec ia l i ze r , and aost of the rest can be 
determined through the use of simple, product ive, 
language-spec i f ic ru les. Only a r e l a t i v e l y sna i l 
nuaber of hard choices reaaln for the conceptual 
taxonomlst, but it is laportant that he Bake them 
wise ly (though on phi losophical grounds, it seems 
u n l i k e l y tha t there is one true conceptual 
taxonoay). 

Spec ia l i za t i on is d i r e c t l y evident in na tura l 
language; in fac t , I bel ieve it to be the aost 
important technique of s i g n i f i c a t i o n (concept 
I d e n t i f i c a t i o n ) w i t h i n natural language. Let us 
look at some English phrases that Iden t i f y 
concepts by means of spec ia l i za t ion . In our 
examples below, we w i l l underscore the part of 
each phrase that i d e n t i f i e s the genus. The res t 
of each phrase, minus simple connectives l i k e 
" o f " , "as " , " than" , and sometimes " t o " , " f o r " , and 
" i n " , i d e n t i f i e s the specia l izer (only because we 
have d e l i b e r a t e l y excluded extraneous modi f ie rs , 
such as leading a r t i c l e s , that apply to the phrase 
as a whole). Of course, a genus or a spec ia l i ze r 
can i t s e l f be a spec ia l i za t ion . 

h i t the b a l l , h i t t i n g the ba l l 

get a book, get_ a Job, get to go, 
get l o s t , get_ wet, get up 

look up the name, put o f f my decision 

* I t has been observed that the term spec ia l izer 
can be misunderstood by persons who are Just 
becoming f a m i l i a r w i th OWL terminology. It should 
be understood to aean " tha t coaponent of a concept 
which makes it spec ia l " or " that coaponent of a 
concept which makes it a pa r t i cu la r spec ia l i za t i on 
of the genus", aot as " t ha t which produces the 
s p e c i a l i z a t i o n s of a concept". 
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Let us now general ize from some of these sample 
phrases in terns of parts of speech, ignoring fo r 
now the p o s s i b i l i t y of exceptional cases. 

verb d i r e c t object 

verb i n f i n i t i v e , verb ad jec t ive , 
verb p a r t i c l e (preposit ion) 

verb secondary clause 

noun nominal, nominal " o f nominal, 
gen i t i ve nominal 

a d j e c t i v e i n f i n i t i v e , noun adject ive 

"as" ad jec t i ve "as" nominal 

p repos i t i on nominal, stem su f f i x 

What c r i t e r i a have we used here to recognize 
an Engl ish phrase as a specia l izat ion? F i r s t , the 
phrase must be meaningful as a concept, the tes t 
fo r which is that the phrase as a whole must 
denote something that could be fur ther described. 
Secondly, the phrase must have a sub-phrase which 
one can say the whole phrase is "a kind of" , 
though perhaps only in some very abstract sense 
( e . g . , " I n t roub le " is a kind of " I n " only in some 
abs t rac t sense of the word " i n " ) ; the maximal such 
sub-phrase (e .g . , "on top" rather than "on" in the 
phrase "on top of the tab le" ) i d e n t i f i e s the genus 
of the phrase. Th i rd ly , the phrase must contain 
another sub-phrase which, when properly 
i n t e r p r e t e d in context, combines wi th the genus to 
i d e n t i f y , independent of the context, the concept 
represented by the phrase as a whole; th is other 

sub-phrase, I f i t ex i s t s , is the spec ia l lzer . A 
couple of examples should help to c l a r i f y t h i s 
l a s t c r i t e r i o n . The phrase "the red book", though 
i t s a t i s f i e s the f i r s t two c r i t e r i a , does not 
s a t i s f y the t h i r d , since neither " the" nor " red " 
nor " the red" combines w i th genus "book" to 
unambiguously i d e n t i f y , independent of context, 
the book being re fer red to. The phrase "my 
f a t h e r " on the other hand, would be a 
s p e c i a l i z a t i o n since it has a genus, i d e n t i f i e d by 
" f a t h e r " , and a spec ia l l zer , the referent of "my" 
(presumably determinable from context) , which 
together i d e n t i f y the concept (though not 
necessar i l y its re ferent ) uniquely without need of 
con tex t . A useful d iagnost ic for English phrases 
tha t are spec ia l i za t ions is that , in most cases, 
both the genus and spec ia l lzer w i l l carry s t ress, 
w i t h the stress on the specia l lzer at least as 
s t rong as that on the genus (when no word In the 
phrase is being stressed for the sake of 
emphasis). 

In a c t u a l i t y , a large proport ion of Engl ish 
grammatical const ruct ions may be treated as 
p a r t i c u l a r forms of spec ia l i za t ion , that I s , 
d i f f e r e n t syntac t ic patterns that a l l do bas i ca l l y 
the same th ing , namely, i den t i f y a concept by 
spec i f y i ng i t s genus and specia l lzer . Analyzing 
Eng l ish const ruct ions as spec ia l i za t ions , where 
poss ib le , o f ten obviates the i r analysis in terms 
of t r a d i t i o n a l grammatical categories, such as 
pa r t s of speech. Where i t is possible to analyze 
an Engl ish phrase as a spec ia l i za t ion that 
"matches" a " s u f f i c i e n t l y spec i f i c " concept in the 
knowledge base, there is no real need to also 
match It to some more abstract grammar ru le . 

Indeed, If we view the genus, spec ia l lzer , 
and syn tac t i c proper t ies of each generic concept 
In an OWL knowledge base as a grammar ru le , we can 
env i s ion a conceptual grammar which, for a large 
knowledge base, could eas i ly include hundreds of 
thousands of such ru les . In a conceptual grammar, 
idioms would be ru les , not exceptions to ru les . A 
conceptual grammar acknowledges and emphasizes the 
e s s e n t i a l l y id iomat ic character, at every l e v e l , 
of na tu ra l language as used, whereas t r a d i t i o n a l 
grammars have tended more to emphasize the 
e s s e n t i a l r e g u l a r i t i e s that can be abstracted from 
instances of i t s use. From our point of view, in 
f a c t , the p r i nc i pa l goal of a t r ad i t i ona l 
grammarian is to approximate a large conceptual 
grammar by a grammar of r e l a t i v e l y few rules 
expressed in some pa r t i cu la r formalism, a task of 
immense d i f f i c u l t y . T rad i t iona l grammars, even If 
they could be rea l i zed , would not be as 
s a t i s f a c t o r y fo r OWL as a more s t ra ight forward 
conceptual grammar. Because most of what is 
needed fo r a conceptual grammar is already 
requ i red to be in the knowledge base for purposes 
of conceptual modeling, i t would almost c e r t a i n l y 
be less work to create a conceptual grammar fo r a 
l a rge knowledge base than to program the mapping 
between OWL conceptual st ructures and s t ruc tures 
produced by a parser for some t rad i t i ona l grammar. 

Thus fa r , we have analysed as pa r t i cu la r 
forms of spec ia l i za t i on only those English words 
and phrases wherein both genus and specia l lzer are 
mani fest . However, for the sake of un i fo rmi ty , we 
would l i k e to t r ea t monomorphemic words as 
s p e c i a l i z a t i o n s and also many spec i f i c phrases and 
cons t ruc t ions that f a i l to express e i ther the 
genus or the spec ia l l zer or both. Thus, we 
t y p i c a l l y t r ea t the concept corresponding to a 
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monomorpheaic wo*,d as some appropriate genus 
spec ia l i zed by the w r i t t en syabol for that word, 
e . g . , the concept spider as the concept insect 
spec ia l i zed by "sp ide r . " Non-word aorpheaes, such 
as " - i n g \ are t reated s i a l l a r l y . We c a l l such 
concepts syabol aeanlngs. (Concepts specia l ized 
by concepts, on the other hand, are said to be 
c l a s s i f i e d : in t h i s case, the specla i izer Bay be 
r e f e r r e d to as a c l a s s i f i e r . ) An idlomatlc concept 
l i k e "hot dog" is dea l t w i th in a way that is 
soaewhat analogous to the treatment of syabol 
aeanlngs; in p a r t i c u l a r , "hot dog" is t reated as 
the concept sandwich special ized by the concept 
cons i s t i ng of concept dog special ized by concept 
hot. (Note tha t there is another teaning of "hot 
dog" tha t would require the concept sk ier in place 
of the concept sandwich.) More general ly, we have 
observed a d lachronic tendency for concepts to 
becoae i d e n t i f i e d in English by the i r 
s p e c i a l i z e s , e.g. " cap i ta l l e t t e r " by " c a p i t a l " 
and "New York C i t y " by "New York", where both 
forms are in common use, and "general o f f i c e r " by 
" g e n e r a l " , where the f i r s t fora (the one reveal ing 
the genus) is now archaic. As Mart in points out, 
t h i s tendency to i den t i f y a concept by i t s 
s p e c l a i i z e r is jus t a special case of the 
widespread, aore general phenoaenon In Engl ish of 
a concept being i d e n t i f i e d (naaed) by some other, 
usua l l y " c l ose l y re la ted" concept. 

We could continue to exh ib i t here 
successive ly aore elaborate foras of 
s p e c i a l i z a t i o n , but that would take us beyond the 
scope of t h i s paper and in to Mar t in 's paper, which 
presents a far aore comprehenslve theory of 
Eng l i sh . As It I s , our t reataent above of 
" s p i d e r " and "hot dog" cannot be argued here to be 
anyth ing aore than convent ional; a deeper 
J u s t i f i c a t i o n could not possibly be given wi thout 
t h a t aore coaprehenslve theory. 

We have def ined and discussed spec ia l i za t i on 
as a Beans for identifying concepts, but 
s p e c i a l i z a t i o n Bay be equally viewed as a Beans 
f o r classifying concepts. Both the genus and 
s p e c l a i i z e r of a concept contr ibute to that 
concept 's c l a s s i f i c a t i o n . The con t r ibu t ion of the 
genus is read i l y apparent- the gross s t ruc ture 
of the concept t ree can, in fac t , be def ined as 
the set of a i l mappings f rom concepts to t he i r 
genuses (or, a l t e r n a t i v e l y , f roa concepts to t h e i r 
s p e c i a l i z a t i o n s ) . This gross s t ruc ture is then 
f u r t h e r re f ined by Baking use of the spec ia l i ze rs , 
a process known as der i va t i ve subc lass l f l ca t l on . 
The r u l e fo r d e r i v a t i v e subc lass l f l ca t lon of 
concepts by t h e i r specia l izers Bay be stated, 
soaewhat i ap rec ise ly , as fo l lows: subclassi fy the 
s p e c i a l i z a t i o n s of a concept as the i r spec ia l i ze rs 
are c l a s s i f i e d . 

An i l l u s t r a t i o n w i l l serve to c l a r i f y the 
aeaning of de r i va t i ve subc lass i f i ca t ion . Figure 1 
shows the gross s t ruc ture of a t iny concept t ree 
(or a t i n y ex t rac t f roa a large concept t ree --
the ana lys i s appl ies in both cases). Figure 2 
shows tha t saae s t ruc ture ref ined by de r i va t i ve 
s u b c l a s s i f i c a t i o n , i . e . , the f i ne s t ruc ture of the 
t r e e . Notice that new generic concepts have been 
In t roduced i n to the tree such that , for every pa i r 
of c l a s s i f i e d spec ia l i za t ions that share a coaaon 
genus, say g spec ia l ized by s, and s2 there w i l l 
e x i s t a corresponding spec ia l i za t ion of g by the 
aost s p e c i f i c coaaon superior of s1 and s2 except 
when tha t superior is the suaaua genus 
"somethlng". Thus, for instance, concepts "get 
a d j e c t i v e " and "get substant ive" are introduced, 
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but "ge t e n t i t y " and "get n a t u r a l - e n t i t y " are l e f t 
out (a l though one or both could l a te r be 
in t roduced e i t he r d i r e c t l y or in consequence of 
o ther newly formed spec ia l i za t ions of " g e t " ) . 

To f a c i l i t a t e fu r the r discussion of the f i n e 
s t r u c t u r e of a d e r i v a t i v e l y subc lass l f led concept 
t r e e , we need to def ine a few add i t iona l terms. 
To begin w i t h , we w i l l def ine the term generaUzer 
to be the immedia te superior of a concept in a 
d e r i v a t i v e l y subc lass l f led concept t ree. Thus, 
the general i zer of "get book" in the concept t ree 
of Figure 2 would be "get p r imary -en t l t y " . Note 
t h a t , un l i ke the genus, the general izer of a 
concept may change as new concepts are introduced 
in to the concept t ree . The genera l iza t ion path of 
a concept is the sequence of concepts encountered 
i n moving from i t to the SUBBUB genus by 
success ive ly taking the general izer at each step. 
Again w i t h reference to Figure 2, the 
g e n e r a l i z a t i o n path of "get wet" would consist of 
"ge t a d j e c t i v e " , "get pred icate" , "ge t " , " - i n g " , 
" s u b s t a n t i v e " , and f i n a l l y "something". The 
g e n e r a l i z a t i o n path of a concept is the primary 
path along which proper t ies are inher i ted ; we 
would there fo re expect "get wet", for instance, to 
I n h e r i t c e r t a i n of the proper t ies of "get 
a d j e c t i v e " , "get pred ica te" , etc. (Some 
p r o p e r t i e s are not inher i ted by i n f e r i o r concepts 
because they are contradic ted at lower leve ls or 
because they are s p e c i f i c a l l y known not to apply 
beyond a ce r t a i n depth). We w i l l use the tem 
conceptual aodel to refer to a concept and a l l i t s 
subconcepts. Thus, in the concept t ree of Figure 
2, there is a conceptual aodel for "get" , which 
cons i s t s of "ge t " and the subtree beneath i t , 
together w i t h whatever night be attached thereto . 
F i n a l l y , generic subconcepts in a conceptual model 
are sa id to be senses of the concept at the top of 
the nodel . Hence, "get ad jec t i ve " and "get 
substance" could be described as senses of "ge t " . 

What is the s ign i f i cance of using a 
d e r i v a t i v e l y subc lass l f led concept tree? F i r s t o f 
a l l , if we were to have a conceptual taxonomy w i t h 
tens of B i l l i o n s of concepts (which we would 
su re ly need to approach a hunan level of 
competence in natural language), we might expect 
d e r i v a t i v e subc lass l f i ca t l on to account fo r a t 
l e a s t 99% of the c l a s s i f i c a t i o n decisions required 
to b u i l d tha t taxonoay. Secondly, i f , when 
b u i l d i n g our taxonomy, we cont r ive to put a limlt 
(say ten) on the number of symbol meaning 
s p e c i a l i z a t i o n s a concept may have, then that saae 
l i a l t can be shown to hold for the nuaber of 
immediate classified spec ia l i za t ions any concept 
cou ld poss ib ly have. Thus, we can eas i ly arrange 
to get a concept t ree whose fan-out at any given 
node is s t r i c t l y H a l t e d . Th i rd ly , I f we put i n t o 
our concept t ree a representat ive sample of the 
s p e c i a l i z a t i o n s of a pa r t i cu la r concept (as they 
occur in ord inary use of the language), de r i va t i ve 
s u b c l a s s l f l c a t l o n w i l l provide us wi th a useful 
and i n t u i t i v e l y reasonable set of senses of tha t 
concept to a t tach i nhe r i t ab le proper t ies to . 
Thus, i f our saaple of the spec ia l iza t ions of 
"have" inc ludes, say, "have a t a i l " , "have four 
l e g s " , and "have a top" , where " t a l l " , " l egs" , and 
" t o p " , are already c l a s s i f i e d as "par ts " , then 
d e r i v a t i v e subc lass l f l ca t l on w i l l give us the 
sense "have as p a r t " , which, as the head of an 
impor tant conceptual submodel of "have", w i l l 
ca r r y many inher i tab le proper t ies . (The quest ion 
of how we might automatically der ive proper t ies 
f o r "have as pa r t " f r om i t s i n f e r i o r concepts is 

i n t e r e s t i n g , but beyond the scope of t h i s paper.) 
Note t ha t j u s t because a concept l i k e "have a 
t a i l " is a subconcept of "have as par t " , there is 
no need to e x p l i c i t l y spel l out "have as pa r t " 
when expressing "have a t a i l " in a formal 
n o t a t i o n , any more than there is a need to do so 
when expressing it in English. In fac t , we might 
go so f a r as to say that a ru le of de r i va t i ve 
s u b c l a s s l f l c a t l o n is necessary in a very large, 
f i n e l y subdivided taxonomy to allow economical 
i d e n t i f i c a t i o n (naming) of concepts w i th in i t . 
F i n a l l y and in sua, de r i va t i ve subc lass l f l ca t l on 
f u rn i shes the Beans for sa t i s f y ing the three 
fundamental p r i n c i p l e s proposed near the beginning 
of t h i s paper. 

Reference 

Reference, the second of the two basic 
s t r u c t u r a l devices of OWL, is the Beans by which 
one concept or syBbol aay refer to another. By 
the t e n reference, we are t r y i n g to suggest the 
general func t ion of a connection that is syabol ic 
(non-phys ica l ) , u n i d i r e c t i o n a l , prec isely 
d e f i n a b l e , and d i f f e r e n t i a t e d only as to func t ion 
(not , say, by a label on the connection); these 
i a p o r t a n t p roper t ies of reference are not conveyed 
we l l by such t e n s as "po in te r " , "assoc ia t ion" , or 
" a s s o c i a t i v e l i n k " . The Bost important 
computat ional property of references is that the 
references under a concept or symbol ( to other 
concepts or syabols) aay be accessed t r i v i a l l y 
f r o a i t . In f a c t , a concept aay be thought of as 
being coaposed e n t i r e l y of references, arranged In 
an o rde r l y way. (A syabol has a spe l l ing in 
a d d i t i o n to references) . 

We d i s t i n g u i s h three categories of reference: 
the genera l i zer and spec la l lzer of a concept, 
Index ing , and desc r ip t i on . Except for genera l izer 
and spec la l l ze r references, which are recognized 
by where they appear in a concept's s t ruc tu re , the 
category of a reference Bay be determined so le ly 
by inspect ion of the re ferent (the concept 
r e f e r r e d t o ) . Of course, in an actual computer 
implementation, we might use a more elaborate 
s t r u c t u r e fo r a concept than is s t r i c t l y 
necessary, so that we can categorize a reference 
or r e t r i e v e a l l references of a pa r t i cu la r 
category aore rap id l y than by inspection of the 
r e f e r e n t . I t is wel l to be aware, though, tha t 
such e labora t ions of s t ructure are not 
t h e o r e t i c a l l y ac t i va ted or required. 

indexing in OWL is a category of reference 
used to connect (1) any concept to I t s immedlate 
s p e c i a l i z a t i o n s , (2) any concept to a l l concepts 
spec ia l i zed by i t , or (3) any syabol to i t s syabol 
meanings. Thus, w i th indexing, i t is easy 
(coBputa t iona l l y ) to go froB the syabol "sp ider " 
to the concept spider, and f roa there to 
s p e c i a l i z a t i o n s l i k e red spider and black widow 
sp ider , and a lso to concepts c l ass i f i ed 
(spec ia l i zed) by spider, such as spider web, 
sp ider monkey, and spidery. An index reference 
can be recognized as such by the fact that the 
concept or symbol It is under w i l l appear as 
e i t h e r the genera l izer or the specla l lzer of the 
r e f e r e n t . Thus, a reference to spider web under 
spider would be i d e n t i f i e d as an index reference 
by the fac t tha t spider is the specla l lzer of 
sp ider web. Note that index references under a 
concept c are sometimes ca l led "back po in te rs " 
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because they "po in t back a t " concepts whose 
genera l i ze r or specia l izer "points a t " c. 

There is one unresolved problem wi th index 
references of type (2) above. Whereas index 
references of types (1) and (3) are H a l t e d in 
number by de r i va t i ve subc lass l f l ca t lon and by the 
low leve l of morphemic ambigulty in Engl ish, 
r espec t i ve l y , there w i l l ex is t in the knowledge 
base nany concepts having hundreds of index 
references of type (2), e .g . , the concept house. 
This goes against a p r i nc ip l e we would l i k e to be 
able to adhere to, naaely, that the number of 
references under any one concept should never 
s i g n i f i c a n t l y exceed,, say, twenty. The l i k e l y 
s o l u t i o n to t h i s problem is a second fo rm of 
d e r i v a t i v e subc lass l f l ca t l on to subclasslfy a l l 
the concepts specia l ized by a given concept. 
However, we have not yet adopted such a so lu t ion , 
in pa r t because it turns out to be unsat is factory 
to use the obvious counterpart of the ru le for 
d e r i v a t i v e subc lass l f i ca t lon of the concept t ree. 

Pescr ip t ion is a broad category of reference 
t ha t , by d e f i n i t i o n , includes every reference not 
used for indexing or for the generalizer or 
spec la l i ze r of a concept. The tera descr ip t ion is 
nonetheless qu i te appropriate, since ind iv idua l 
d e s c r i p t i v e references (or descriptors) can a laost 
always be said to describe the concept they ' re 
under (the subject of the descr ip t ion) . We w i l l 
d i s t i n g u i s h here, on funct ional grounds, two 
p r i n c i p a l types of descr ip t ive reference, naaely 
cha rac te r i za t i ons and m o d i f l e r s , each wi th 
nuaerous subtypes. But we w i l l s ide-step, fo r 
now, the d i f f i c u l t problea of providing e f f e c t i v e 
c r i t e r i a ( tes ts ) for such d i s t i nc t i ons , re ly ing 
instead on i l l u s t r a t i v e examples and on the noraal 
Engl ish aeanings of the terms we have chosen fo r 
the types And subtypes. 

A cha rac te r i za t i on is an a l t e rna t i ve , p a r t i a l 
d e s c r i p t i o n of a concept (the subject of the 
c h a r a c t e r i z a t i o n ) . For example, a pa r t i cu l a r dog 
might be character ized as fo l lows: a nuisance 
(abs t rac t cha rac te r i za t i on ) , Mary's pet and F ido 's 
f a t h e r ( r e l a t i o n a l charac ter iza t ions) , a good 
swimmaer ( s k i l l charac te r i za t ion) , a chaser of cars 
(hab i tua l r o l e ) , and the dog who ran across our 
yard yesterday (event p a r t i c i p a n t ) . 

Re la t iona l character izat ions deserve special 
note. In OWL, a re la t ionsh ip a A a is represented 
by a two-way charac te r i za t ion : a as a value 
c h a r a c t e r i z a t i o n under R special ized by a, and R 
spec ia l i zed by b as a re la t i ona l charac ter iza t ion 
under a. Thus, for instance, "El len is the mother 
of Sam" would be represented by the value 
c h a r a c t e r i z a t i o n " E l l e n " under "Sam's mother" In 
con junc t ion w i t h the re l a t i ona l charac ter iza t ion 
"Sam's mother " under " E l l e n " . Seaantic case 
r e l a t i o n s h i p s such as "New York was the loca t ion 
of the deaons t ra t ion" and ar l thmet ic re la t i onsh ips 
such as "5 is greater than 3" would be handled in 
an analogous way. This composlte technique for 
represent ing re la t ionsh ips , which has been 
borrowed d i r e c t l y f roa Engl ish, o f fe rs a t leas t 
two impor tan t advantages over the t r a d i t i o n a l 
l o g i c a l formulat lon widely used as the basic 
connect ive l i n k in seaantlc networks. F i r s t , 
s p e c i a l i z a t i o n of the r e l a t i on by one of its 
arguments produces a conceptual model fo r the 
r e l a t i o n ; such a conceptual aodel serves as an 
e f f e c t i v e fraaework for organizing knowledge of 
spec ia l i zed uses of the re l a t i on . For exaaple, 

the conceptual aodel of " fa ther " Bight be expected 
to include the senses " fa ther of a person", 
" f a t h e r of a country" , " father of a science", and 
" f a t h e r of a b r ide " , each appropr iately described. 
Second, whenever there are re la t ionships that are 
i d e n t i c a l except for the i r value arguments, the 
set of d i s t i n c t value arguments w i l l be 
au tomat ica l l y grouped as value character izat ions 
under the shared re la t i ona l character izat ion. 
Thus, if Mary has both a dog and a cat, they would 
both appear as value character izat ions under 
"Mary 's pets" . We might also point out here that 
OWL does not represent revers ib le re la t ionsh ips 
canon ica l l y , e . g . , "the elephant is bigger than 
the mouse" would be represented d i f f e r e n t l y f roa 
" the aouse is smaller than the elephant"; humans 
a l so seem not to canonical ize such re la t ionsh ips . 

A a o d l f l e r is any descr iptor not deemed to be 
a cha rac te r i za t i on of i t s subject. Typical 
a o d i f l e r s are: "b lack" (property), "ac tua l " 
( f e a t u r e ) , " the " (determiner), " a l l " ( q u a n t i f i e r ) , 
and " i n the box" ( locat ion) . Note that sometlaes 
the d i v i d i n g l i n e between modifier subtypes is not 
sharp ( e . g . , between propert ies and features) . 

A descr ip tor that is often applied to a 
p a r t i c u l a r concept tends to become a specla l izer 
of tha t concept. For example, " f a t man" is 
spec ia l i zed by a modif ier ( " fa t " ) and " fa ther 
f i g u r e " by a character iza t ion ( " fa ther " ) . A 
concept spec ia l ized by a descr iptor is usual ly 
more spec ia l ized in aeaning than if that 
d e s c r i p t o r was act ing only as a descr ip tor ; thus, 
not every black b i rd is a b lackbi rd, nor is every 
round house a roundhouse. 

An lapor tan t transformation in OWL, again a 
r e f l e c t i o n of a s imi la r transformaton in Engl ish, 
is the conceptua l izat ion of a descr ip t ion to 
produce a p red ica t ion . (We use the tera 
p r e d i c a t i o n here in the c lass ica l sense of a 
p red i ca te appl ied to , i . e . , special ized by, some 
s u b j e c t ) . A desc r ip t i on (descriptor under some 
sub jec t ) Is transformed in to a pred icat ion as 
f o l l o w s : f i r s t , the predicate Is formed as a 
s p e c i a l i z a t i o n of "be ing" (the copula) by the 
d e s c r i p t o r ; then, that predicate is spec ia l ized by 
the d e s c r i p t o r ' s subject to give the p red ica t ion . 
The reason for conceptual iz ing (making a concept 
out o f ) a desc r ip t i on is so that the desc r ip t i on 
can i t s e l f be described, special ized, or otherwise 
used as a concept. In l i n g u i s t i c terminology, 
both the process of conceptual izat ion and the 
r e s u l t i n g p red ica t ion would be referred to as 
n o a i n a l i z a t i o n . An exaaple of a predicat ion in 
Eng l ish is the phrase "John's being happy", which 
we have already used above as an exaaple of 
s p e c i a l l z a t i o n . 

The Structure of the Knowledge Base 

A l l knowledge in an OWL-based system is held 
in a s i ng le , la rge, un i f i ed knowledge base of 
concepts and syabols, except for a rather saa l l 
though lapor tan t amount embedded in LISP and 
machine language programs and the i r associated 
data s t ruc tu res . This knowledge base is not 
s t r u c t u r a l l y p a r t i t i o n e d by subject matter, by 
permanence ( long-term vs. " i n t e r a e d i a t e - t e r a " ) , by 
type of concept (seaantlc vs. episodic, i nd i v i dua l 
vs. gener i c ) , or by leve l of abst ract ion (surface 
language vs. p r i m i t i v e ac t ion, for exaaple), 
a l though obviously such d i s t i n c t i o n s aust o f ten be 
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i n f e r r a b l e by inspect ion of ind iv idual concepts. 
There is even no separate lexicon -- knowledge 
about Engl ish words and grammar Is d i s t r i bu ted 
throughout the knowledge base and is essent ial to 
i t s o rgan iza t ion . 

A l l of the fo l lowing terms are v i r t ua l 
synonyms of knowledge base: world model, semantic 
network, Knowledge Net (a Merl in term), conceptual 
data base, conceptual memory, conceptual grammar, 
conceptual taxonomy, and concept t ree. The terms 
conceptual taxonomy and concept t ree do not 
encompass symbols, but then symbols play only a 
minor ro l e in the knowledge base. Symbols 
correspond to English words and morphemes and 
c o n t r i b u t e no more to the knowledge base than do 
the spe l l i ngs of words to the content of a book. 
E s s e n t i a l l y the en t i r e body of knowledge is 
represented in terms of concepts. 

When OWL st ructures are modeled in terms of 
L15P data s t ruc tu res , a concept is t yp i ca l l y 
represented by a l i s t of i t s const i tuent 
references, where the f i r s t two l i s t elements are 
the genera l lzer and specla l izer , respect ively. A 
symbol is represented by the atomic symbol whose 
"pname" shares i t s spe l l i ng , and the references 
under the symbol appear on a l i s t carr ied as the 
value of a property of the atomic symbol. 

Relat ion to Other Work 

Various uses of spec ia l i za t ion , especia l ly 
fo r compounds, have long been recognized by 
grammarians. Bloomfield, for example, discusses 
how the meanings of various kinds of compounds 
depend on the meanings of the i r const i tuent par ts , 
thereby i l l u s t r a t i n g many of the propert ies of 
s p e c i a l i z a t i o n . (He also compares his classes of 
compounds to s im i la r classes used by Sanskrit 
scholars over two thousand years ago). Jespersen 
saw the " s p e c i a l i z i n g power" of a modifying phrase 
(one of the lower " rank" ) , not ing that "the object 
serves to make the meaning of a verb more 
s p e c i a l " . However, no one appears to have 
understood the un i ve rsa l i t y of spec ia l i za t ion as a 
means for i d e n t i f y i n g and c lass i f y ing concepts 
exp ress ib le in natural language, even though 
b inomia l systems of nomenclature have been used to 
i d e n t i f y and c l a s s i f y b io log ica l species ever 
s ince Linnaeus introduced the f i r s t such system in 
1753. 

Conceptual taxonomies ("hierarchies of 
knowledge") are of c lass ica l o r i g i n . Raphael was 
perhaps the f i r s t person to consider using a 
conceptual taxonomy as part of a computer system 
i n t e r a c t i n g w i th a user in Engl ish. He re jected 
i t , however, on pragmatic grounds, c i t i n g the 
complex i ty of the required s t ructure and the 
d i f f i c u l t y of producing a "use fu l " taxonomy. 
During tha t same per iod, Q u i l l l a n made a serious 
at tempt to design a model su i tab le for a large 
semantic memory, but his organizing p r inc ip les 
were too weak and h is s t ruc ture was connected in 
too ad hoc a fashion to be e f fec t i ve in deal ing 
w i t h knowledge on a large scale. There has only 
r ecen t l y been a rev iva l of in te res t in using large 
conceptual h ie rarch ies , t r iggered p r imar i l y by 
disenchantment wi th the poor e f f i c iency and non-
l n t u l t i v e func t ion ing of systems using logic-based 
ru l es of inference. ( Inher i tance of proper t ies , 
which is p r i m a r i l y what h ierarchies are good fo r , 
is probably the simplest and most "na tu ra l " ru le 

of in fe rence) . However, the h ierarchical 
s t r u c t u r e s proposed by Moore and Newell, winograd, 
and Fahiman pe rn i t concepts to belong to any 
number of classes, none of which is p a r t i c u l a r l y 
favored, whereas in OWL each concept is considered 
to belong to only one class ( i t s genus), though it 
may have any number of character izat ions (each 
i t s e l f a d i s t i n c t concept). The OWL use of 
h ie rarchy is superior if a genus can be readi ly 
chosen fo r each concept and if inheri tance of 
p rope r t i es along the general izat ion path of a 
concept is o f ten s u f f i c i e n t for making low- level 
dec i s ion as to what to do wi th that concept. 

To the best of my knowledge, the closest 
r e l a t i v e of the OWL formalism for conceptual 
knowledge is found in the Merl in system of Moore 
and Newell . As a prelude to making comparisons 
between these two formalisms, l e t us tabulate 
corresponding terms: 

OWL 

knowledge base 
conceptual taxonomy 
concept 
genus 
d e s c r i p t i o n 
cha rac te r i za t i on 

Merl in 

Knowledge Net 
hierarchy of knowledge 
p-structure 
schena 
component 
a l ternate view 

Note f i r s t that in Mer l in there Is no equivalent 
of s p e c i a l i z a t i o n as an essent ia l aspect of every 
concept in the knowledge base. Thus Mer l in has no 
un iversa l means of concept I d e n t i f i c a t i o n (aside 
from f u l l spec i f i ca t i on of the schema and a l l 
components) and no f i ne s t ruc tu r ing of the concept 
t r ee through de r i va t i ve subc lass l f l ca t lon . 
(Ac tua l l y , genus-special lzer i d e n t i f i c a t i o n of 
concepts can be found among samples of Mer l in fi-
s t r u c t u r e s , e . g . , [EYES BLUE] and [TASK LOGIC), 
a l though other p-s t ruc tures of a s imi lar form, 
e . g . , [AUTHOR NEWELL-SIMON-SHAW] and [+ 3], do not 
f o l l o w the same [genus spec la l i zer ] paradigm, at 
l eas t according to OWL's English-based c r i t e r i a 
fo r what cons t i t u tes a spec ia l i za t ion ) . Second, 
each a l t e r n a t e view of a p-structure can 
adequately represent It as a p r inc ipa l view, 
whereas a charac te r i za t ion of an OWL concept is an 
e n t i r e l y separate concept that need be only a 
p a r t i a l desc r i p t i on and which could be the 
c h a r a c t e r i z a t i o n of any number of other concepts. 
Mapping among a l t e r n a t i v e character izat ions is not 
a fundamental operat ion in OWL as it is In Mer l i n . 
T h i r d l y , OWL represents essent ia l l y a l l knowledge 
as concepts in a s ing le , un i f i ed knowledge base, 
whereas Mer l in uses a separate formalism for 
expressing procedures (act ions) , which are, 
however, at tached to and considered part of the 
Knowledge Net. Neither OWL nor Merl in makes a 
basic s t r u c t u r a l d i s t i n c t i o n between ind iv idua ls 
and gener ics. 
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