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n o t a t i o n . Modes were now supposed to stand f o r 
s t ruc tu red ob jec t * i n v i r t u e o f t h e i r own 
semant ica l ly s i g n i f i c a n t s t r u c t u r e . Moreover, the 
connection w i th verba l memory was being severed. 
While the nets were s t i l l s t r i c t l y nota t ions and 
not languages, in t h i s use they began to resemble 
other* es tab l ished formalisms - notably formal 
q u a n t i f l o a t l o n a l languages. 

Two developments in the middle 1970's 
con t r ibu ted the cr i t ical chapter in the, semantic 
nets s t o r y . Minaky's "Frames* paper [16 ] d i rec ted 
tremendous a t t e n t i o n to de fau l t - o r i en ted reasoning 
wi th l a r g e - s i z e chunks of i n fo rma t ion . In many 
network no ta t i ons , nodes came to resemble " f rames". 
The prominent fea ture of these notat ions was tha t 
the nodes stood p r i n c i p a l l y f o r "pro to types" ( e . g . . 
TYPICAL-ELEPHANT), and once aga in , psychological 
concerns were reasserted as the mot iva t ion f o r much 
of the memory o rgan iza t ion and reasoning. 

The other i n f l u e n t i a l development was the 
appearance of Woods' "What's in a L ink" paper [ 2 5 ] , 
an attempt to examine the "semantics" of semantic 
ne ts . Woods showed tha t o f t t imes net-workers had 
been vague, and t h e i r network " languages", 
semant ics- less. But perhaps the paper 's most 
s i g n i f i c a n t c o n t r i b u t i o n to the f i e l d was the 
subt le s h i f t i n perspect ive i t induced - i t i n 
essence granted semantic networks f u l l - f l e d g e d 
" representa t ion language" s t a t u s . The consequence 
of Woods' assumption ( t ha t semantic nets should 
have semantics) was tha t a great number of people 
took se r ious l y the challenge of p rov id ing t h e i r 
network formalisms w i th the appropr iate w e l l -
spec i f i ed semantics. In p a r t i c u l a r , one l i n e o f 
development tha t fo l lowed almost immediately was a 
ser ies of network notat ions modelled d i r e c t l y on 
the language of f i r s t - o r d e r l o g i c ( e . g . , [22]). 
Other e f f o r t s took Woods ser ious ly in other ways. 
p rov id ing us w i th an i n t e r e s t i n g d i v e r s i t y of 
I n t e r p r e t a t i o n s of the "semantics of semantic ne ts" 
( f o r example, of. KL-ONE, KRL, NETL, and PSN's). 

I I I . D R A W I N G THE BATTLE L I N E S 

The var iegated background of semantic nets has 
l e f t us in t h i s s t a t e : most people now see them as 
" representa t ion languages", despi te the f a c t tha t 
they were I n i t i a l l y intended p r ima r i l y as 
psycho log ica l l y tes tab le memory models - not as 
languages at a l l . For some, the expressive power 
of the nets is to be psycholog ica l ly unconstrained 
and perchance u n i v e r s a l ; some see nets as 
p e c u l i a r l y t i e d to verbal comprehension; o thers , 
though unmindful o f t h i s l a t t e r connect ion, remain 
f a i t h f u l t o the o r i g i n a l psychological mo t i va t i on , 
t y p i c a l l y by tak ing prototypes as t h e i r c e n t r a l 
focus. And almost everyone now takes Woods' dictum 
- spec i fy your semantics - as gospel . In f a c t , 
some zealous net-workers f e e l that the only way to 
answer tha t chal lenge is to base networks d i r e c t l y 
on wel l -understood formal languages. Some (usua l ly 
non-net-workers) go even f u r t h e r , and c la im tha t 
semantic nets are noth ing other than no ta t i ona l 
va r ian ts o f f i r s t - o r d e r languages. 

Just f o r argument's sake, l e t ' s d i v ide the 
f i e l d a s i t c u r r e n t l y stands i n t o four f a c t i o n s : 

4. Mtrrarkora: t h o»« w h o a # ■**• **** n o t 

c l a i m e d t o be va r ian ts o f standard 
q u a n t i f l o a t l o n a l formal isms, or are 
e x p l i c i t l y claimed not to be. This group 
breaks down i n t o two sub - fac t i ons : 

o pflYfihprnmt-wwrkara 
n e t w o r k s a r e 

those whose 
s t r i c t l y 

psycho log ica l ly mot iva ted. 
o DQa-paYfiho^Mt-Wwrkers: those whose 

n e t s a r e o r i e n t e d towards 
psyohologioa l ly unconstrained 
un i ve rsa l expressive power. 

As we h in ted above, perhaps the c lea res t 
response to Woods' oonoern about the semantios of 
semantlo nets has come from the f i r s t three of 
these groups. In the f o l l o w i n g sec t ion we analyze 
in some depth the conoerns and assumptions of these 
" l o g i c a l " types. 

I V . QML « M A W T f ! METS AMD »p iMT-QBD«B LOQIC« 

Imagine be l i ev i ng tha t "semantlo net n o t a t i o n . 
i . e . , the g raph ica l symbolism used by semantlo net 
t h e o r i s t s , i s a va r i an t o f t r a d i t i o n a l l o g i c a l 
n o t a t i o n " [23 , p. 122] . Why then go to the t roub le 
of being a semantlo net t h e o r i s t ? 9 Far and away. 
the most commonly c i t e d reason has to do w i t h 
access and r e t r i e v a l f ea tu res . Witness Shapiro, as 
c i t e d in [23 i p . 122]: " A l l the in fo rmat ion about a 
given conceptual e n t i t y should be reachable from a 
common p l ace . " In a network, knowledge about a 
given e n t i t y (or a g iven k ind thereof ) i s " d i r e c t l y 
a t tached" to the node f o r tha t e n t i t y ( k i n d ) . 
Indeed, Sohubert, et a l . enunciate a fundamental 
assumption t ha t motivates the deployment of 
semantic ne t s : " (T)he knowledge requ i red to perform 
an i n t e l l e c t u a l task genera l ly l i e s in the semantlo 
v i c i n i t y o f the concepts invo lved in the t a s k . " 

[ 23 , P. 123] . 

This bundl ing fea tu re i s qu i te d i s t i n c t , say 
such n e t - l o g i o l a n s , from the networks considered 
purely as represen ta t iona l formal isms; tha t i s , the 
aocess and r e t r i e v a l features do not d i s t i n g u i s h 
network formalisms from t h e i r " t r a d i t i o n a l " 
counterparts in respect o f expressive power . • • 
Indeed, we are reminded to keep qu i t e d i s t i n c t in 
our minds the f o l l o w i n g aspects of a 
represen ta t iona l system: 

1. the purely represen ta t iona l or expressive 
features o f the formal ism invo l ved ; 

2. the deduct ive apparatus (ca lcu lus ) 
def ined over the formalism Tor more 
broad ly , any set of s y n t a c t i c a l l y -
spec i f i ed ru l es o f t rans fo rmat ion ) ; 

3. an a lgor i thm implementing ( 2 ) , which 
might invo lve 

4. access and r e t r i e v a l procedures de f ined 
over the formal ism. 

1* l o g i c i a n s : former net-workers who have 
now accepted Log ic , as we l l as those who 
never were net-workers and have always 
known The One True Logic [ s i c ] . 

2- n e t - l o g i c i a n s * those who c la im t h e i r 
5tworks are simply no ta t i ona l var ian ts 

f i r s t - o r d e r languages, 
networks are simp 
of standard 
perhaps w i th 
cons idera t ions . 

spec ia l indexing 

3. extended-net- lQgic lana: those whose nets 
are va r i an t nota t ions f o r ^ standard 
q u a n t i f l o a t l o n a l languages, but w i th 
a l l eged l y minor extensions. 

•We assus tha t by " t r a d i t i o n a l l o g i c a l 
n o t a t i o n " , the authors mean languages of the 
standard q u a n t i f l o a t l o n a l v a r i e t y . Th is assumption 
seems w i l d l y we l l warranted. 

••Note tha t i t i s one thing, to t r e a t a formal ism 
as a mere n o t a t i o n a l va r i an t of a standard 
language; i t i s qu i t e another t o t r e a t i t a s a 
d i f f e r e n t language equiva lent in expressive power 
to suoh a language. 
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Regardless o f t h e i r r e l a t i o n to standard 
l o g i c s , pro to type representat ions are a f a c t of 
l i f e in Boat AI representa t ion frameworks. Here we 
take a quiok look at how prototype representat ions 
seem to , r u l e ou t , a f o r t i o r i , the p o s s i b i l i t y o f 
compound concepts, thereby, and despi te i l l u s i o n s 
to the con t ra r y , l i m i t i n g themselves to p r i m i t i v e , 
atomic concepts . • 

The p r i n c i p a l q u a n t l f i o a t l o n a l Import of a 
prototype i s simply t h i s : unless otherwise t o l d , 
assume tha t a l l p roper t ies o f the prototype hold o f 
eaoh and every " ins tance" of the pro to type. So, i f 
we know CLYDE to be, say. a CAMEL, then we assume 
tha t a l l p roper t ies of the TYPICAL-CAMEL hold of 
him, t oo . At some po in t we may learn of some 
spec ia l fea tu re of Clyde tha t d is t ingu ishes him 
from the prototype (say. f o r ins tanoe, t ha t he 
t a l k s to his^ owner). He simply notate t h i s by 
" c a n c e l l i n g " the normally i n h e r i t e d property ( e . g . , 
tha t camels d o n ' t t a l k ) and s u b s t i t u t i n g the new 
one. Prototype nota t ions usua l ly car ry some 
e x p l i c i t c a n c e l l i n g mechanism, which al lows them to 
aooommodate the f a c t t ha t r a r e l y do r e a l camels 
match t h e i r prototypes exao t l y . 

Thus, p rope r t i es of prototypes are always 
de fau l t p r o p e r t i e s . * * Proper t ies are almost 
un i ve r sa l l y represented by " s l o t s " of frames or 
whatever, and the a t t r i b u t i o n of p roper t ies of the 
prototype to any i n d i v i d u a l is achieved by 
" i nhe r i t ance o f p r o p e r t i e s " . In more l o g i c a l 
n o t a t i o n , the meaning of a frame represent ing the 
concept C, w i th s l o t - r e l a t i o n s h i p s R«,,. . . ,R 
becomes the f o l l o w i n g [ 1 1 ] : 1 n 

Vx C ( x ) ^ R . ( x , f . ( x ) ) 
A Vx C ( x ) 3 R 2 ( x , f 2 ( x ) ) 
ft . 

This l o g i c a l no ta t ion expresses the 
i nhe r i t ance , but not the de fau l t nature of i t . The 
de fau l t ru les can be expressed as in R e l t e r ' s 
"Logic f o r Defau l t Reasoning" [ 1 ] , leav ing the 
ob jec t language aa i s . 

Now, what does tha t leave us w i th as the 
import of the frames, u n i t s , e t c .? F i r s t and 
foremost we have the un iversa l q u a n t i f i c a t i o n over 
ins tances, w i t h embedded e x i s t e n t i a l s f o r the 
s l o t s : if Clyde is known to be a CAMEL, then he 
i n h e r i t s a l l o f the proper t ies associated w i th the 
TYPICAL-CAMEL. Second, we have the f a c t tha t s ince 
TYPICAL-CAMEL is a pro to type, Clyde, as i n d i v i d u a l 
camel, has the r i g h t to have proper t ies 
incompat ib le w i t h those o f the t y p i c a l camel. A l l 
t h i s seems qu i t e reasonable from a psychological 
po in t of view (aga in , see [ 2 0 ] ) . 

Given tha t the proper t ies of the prototype can 
be v i o l a t e d by instances of i t , these proper t ies 
are c l e a r l y n o n - d e f i n i t i o n a l . This conclusion i s 
re in fo rced by the "outwsrd" nature of the s l o t s of 
the frames: i f Clyde is (known to be) a camel, then 
he has t yp i ca l -oame l -p rope r t i es ; not the other way 
around ( i . e . , the connective in the above l o g i c a l 
re fo rmu la t i on is the c o n d i t i o n a l , not the 
b i c o n d i t i o n a l ) . Again, t h i s seems we l l and good, 
since there are c e r t a i n l y no de f i n i ng proper t ies 
fo r camelhood - the camel is a "na tu ra l k i n d " . 
And, you might add, so are most, i f not a l l of the 
conoepts tha t an AI system w i l l have to deal w i t h ; 
leave abs t rac t and def ined concepts l i k e RHOMBUS to 

•Th is sec t i on b r i e f l y recap i tu la tes a more 
de ta i l ed d iscussion tha t can be found in [ 5 J . 

• •A t l eas t t h i s is the most reasonable 
i n t e r p r e t a t i o n . Sometimes i t i s t o t a l l y unclear 
what Is meant by "p ro to t ype " . 
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