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I. IEIMARUCTION

With "knowlsdge represantation” bascoming a hot
topio in Aremauz Intelligencs in recent days,
bcrrom isoussion at an Al confersnce has
u.mo relaticaship betwesn lo&e and the
naw® lI n&“unuuon J.nn;u 1n¢ acrou
the tabl ansther n.t;ht rind
core asmantio nets ar!.cimda and & born—ln
ian, debating the relative merits of nodes and
linka, pndiutu and variables, Tha disoussion
aight get heated; somshow, despite an imability to
prove that hi is mtm scheme has ater
uprnu‘u popr first=arder logic, t
that there is somsthing mors to his
uu thln is dresmed of in tha Tlogician's®
philosophy.

Who sball wa Dbelisve in this tangled
d aleotio? We will coontend hers that it's not sven
ear what the competing muum Il'l. We rirat
tak- & brief look at the ano i of samantic nets
and aee how thay've besen hrt [N oudy lmc{ The
greatast of oclarity on ng of
ssmantic nets seems to have come fm those who
view them a5 mere notaticnal nltoﬂuuvu to more
tradiuml logical notations, We eXARiDne 3ORe
aitions ldn?tod by t.hcu "louohnn"
Unrortum 01,7. uo tham to be a bit haty as
we our confusion over the "logicians'”
mition bc taken for a defaise of semantio nﬂ;a‘
ultimately turn back to the "metwork hackers
ror some oritical comments. In gu't.ioular. ve cast
a lidczonf-‘lmc at "protot iliuvstrating how

ay in networks pcrhapl done those
rwuz a disservice, In the en throw our
oNn hat inte the ring, advmuu like the
logloians, a astrong rurul-uuntina.'l. approach,
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But we refuse to be forced inte astraitjacket of
®*olassical logie" We conolude by offaring some
extremaly brief tuuuuonl of alternative ways o!‘

leoking at representation. These are at
prolra-.t.io and may not do muoh to counteract l'.hc
overall tive tone of the aper, but we do feel

that the ?P 19 needs a critical overview before the

brawl spraads to the whole bar,

II. A RRURE IRNDENTIONS MISTORX OF SEMARTIC MKZS

8ince "semantic networks®™ are the point of
oont.nt:l.on in our barroom debate, we atart out by
tlioltiu thlir somewhat confusing state with a
tle hiator A brief rambls throu their
tncut.ry will 1ndicate some of the traits inherited
from a successjon of what are now apparently mixed
marrisges.®

Firat, of courss, thers was Quillian's work on
"Ssasntic Memory®. Quillian used & network
ntruct.uro te mode]l human verbal memory. His intent

wan ot "hupanliks use® by processing the
mtmrk of asacciations with a spreading activation
search. of the mainstays of current metwork

np--ount.auona were pressnt n that first venturs,
including desoriptiona in the ganeral-class-plus-
m.;rur tradition.

Collins and Quillian followed up the original
work with a uriu or pcyeholouol laul:l.b ity
teats for mtmk uu.n' react. times to

ont leve u- broruncd be mn ltorld
mta. With a couple YOArS ©
striotly psychological motivation, t-bon. uunt-ic
nets were off and running.

The next big move on metwoerk notations came

. natural language prooouin; point of viaw.

Qu:l.llnn had had language from the very

start, it should be noted. In particular, in

aevaral new natwork systems, nodes came to be

looked at am surrogates for vcrb and nouns, with

standing for semantic “ocase™ relations. For

the most l.rt. the nets wers still intended to be

Flyoholog any luusible models, although some
1 considerations wers starting to oreep in.

At more or less the same time a»
pulur!.uuou of nmetworks for 11 uuo ou::

’ being used in o work

dunotc (phrucu objects in the (b.‘l.oekl) world,
14 I-pru nt relations

obJoota. 'rnx

the

hose
fac

represented a sighificant
departurs in the interpretation of the network

*This 1 of necessity a rough-and-tumble trip -
see [M]) for a mors oomprehensive asurvey, with
:.hs."m"'t ltu .“f. AR pp. 14~18 = upcc %g
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to stand for
heir own
Moreover, the

notation. Modes were, now supposed
structured object* in virtue of
semantically significant structure. |
connection "with” verbal memory was be|ntg severed.
While the nets were still strictly notfations and
not languages, in this use they began fo resemble
other* ‘established formalisms ~ - 'notably formal
quantifloatlonal languages.

the middle 1970's
chapter in the, semantic
paper [16] directed
reasoning

Two developments ~  in
contributed the critical
nets story. Minaky's "Frames )
tremendous attention to default-oriented
with large-size chunks of information. In many
network notations, nodes came to resemble "frames".
The prominent feature of these notations was that
the nodes stood _Ipr|n0|(§)ally for "prototypes" (e.g..
TYPICAL-ELEPHANT), and once again, psychological
concerns were reasserted as the motivation for much
of the memory organization and reasoning.

The other influential development was the
appearance of Woods' "What's in a Link" paper [25],
an attempt to examine the "semantics" of semantic
nets. Woods showed that ofttimes net-workers had
been vague, and _ their network "languages",
semantics-less. _But perhaps the paper's most
significant contribution to the field was_  the
subtle shift in perspective it induced - it in
essence ranted semantic networks full-fledged
"representation language" status. The consequence
of Woods' assumption ~(that semantic nets should
have semantics) was that a great number of people
took seriously the challenge of providing their
network formalisms with the appropriate well-
specified semantics. In particular, one line of
development that followed almost immediately was a
series of network notations modelled directly on
the language of first-order logic (e.g., [22].
Other efforts took Woods seriously in other ways.
I'OVIdIn? us with an interestin diversity ~of
nterprefations of the "semantics of semantic nets"
(for example, of. KL-ONE, KRL, NETL, and PSN's).

11l .DRAWINGTHE BATTLE LINES

The variegated background of semantic nets has
left us in this state: most people now see them as
"representation languages", despite the fact that
they were Initially intended rimarily as
sychologically testable memo models - not as
anguages at all. For some, the expressive power
of the nets is to be psychologically unconstrained
and perchance universal; some "see nets as
eculiarly tied to verbal comprehension; others,
hough unmindful of this latter connection, remain
faithful to the original psychological motivation,
typically by taking prototypes as their central
focus. 'And "almost everyone now takes Woods' dictum
- specify your semantics - as gospel. In fact,
some zealous net-workers feel that the only way to
answer that challenfge is to base networks “directly
on well-understood formal languages. usually
non-net-workers) go even further, and claim that
semantic nets ‘aré nothing other than notational
variants of first-order languages.
sake, let's divide the

Just for argument's
into four factions:

field as it currently stands

1* logicians: former net-workers who have
now accepted Logic, as well as those who
never were net-workers and have always
known The One True Logic [sic].

2- net-logicians*  those who claim their
n§tworEs are simply notational variants
of standard irst-order languages,
perhaps with special indexing

considerations.

3. extended-net-lQgiclana: those whose nets
are variant notations for " standard
quantifloational languages, but with
allegedly minor extensions.
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whoa# * % not

X m**e
variants of standard
or are

| formalisms, )
: ... This group
down into two sub-factions:

dkkk

whose
strictly

o] IE)fIYflh\k)rnmt-wwrkara those
etworksare
psychologically motivated.
o DQa-paYfiho*Mt-Wwrkers:
netsareoriented towards
psyohologioally unconstrained

universal expressive power.

those whose

As we hinted above, Berhaps the clearest
response to Woods' oonoern about the semantios of
semantlo nets has come from the first three of
these groups. In the following section we analyze
in some depth the conoerns and assumptions of thése
"logical" types.

IV. QML «MAWTf! METS AMD »piMT-QBD«B LOQIC«

Imagine believing that "semantlo net notation.
‘the graphical symbolism used by semantlo net
theorists, ~is a variant of traditional logical
notation" [23, p. 122]. Why then 7q90 to the trouble
of being a semantlo net theorist?” Far and awa%/.
the most commonly cited reason has to do with
access_and retrieval features. Witness Shapiro, as
cited in [23i p. 122]: "All the information about a
given conceptual entity should be reachable from a
common place." In a” network, knowledge about a
given entity (or a given kind thereof) is "directly
attached" to the "node for that entity (kind).
Indeed, Sohubert, et al. enunciate a fundamental
assumption that_motivates the deployment of
semantic nets: "&T)he knowledge required fo perform
an intellectual task generally lies in the semantlo
VICII’]ItB/ of the concepts involved in the task."
[23, P. 123].

i.e.,

This bundling feature is quite distinct, say

such net-logiolans, from the networks considered
purely as representational formalisms; that is, the
aocess and retrieval features do not distinguish
network formalisms from heir "traditional"”
counterparts in respect of expressive power.s*
Indeed, we are reminded to keep quite distinct in
our minds the following aspects of a

representational system:

1. the purely representational or expressive
features of the formalism involved;

2. the, deductive apparatus calculus)
defined over the ormalism or. more
broadly, any set of syntactically-
specified rules of transformation);

3. an algorithm implementing (2), which
might Involve

4. access and retrieval procedures defined

over the formalism.

‘We  assus that by "traditional logical
notation" the authors mean languages of the
standard,_quantifloatlonal variety. his assumption

seems WI|8|y well warranted.

*«Note that it is one thing, to treat a formalism

as a mere notational variant of a standard
language; it is quite  another to treat it as a
different language equivalent in expressive power

to suoh a language.
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being the appuution of functions to ar,
Hone of are characteriatios of "s
qmtir:l.cauml forsalisms.

Toe return to our point. sbout the uae of a
of ununou ct

vork in‘k

u'
d®

portion of the mos :ln th:l.l
arsa also ldn{tt. ox 1011:13 or ilp 101 117 non-
standard forsali or sxample, and explicitly:

" In the following sections 1 will
dcvolop 4 network repressntation which
u the uao of n=ary pndioltu...

} tnoti\ru, areatri
qu.mu 1ut1m neluding umurinb on

over predicates), lambda ab. uo ou. and
modal  opsrators such and
counterra.otul :l.-plicntian “er 111 cxtmuonl
standard notationsl

dcucu on o od Ln varicus f:l.nt.-ordlr or
h:l.;hor-or I!' redicate Calouli. gh
formal semantics are given ror the
mtmk notation, its oorrespondence to
standard logical notstion indicatss how
;:uh r-’nt cs oould be formulated. [22,

But note that what sesms to be taken lor granted
hara is

Asmmptian 1

That there are standard ways of sxtending
firat-order languages in the directions
alluded to; and

Aasumption 2
that there are well-developed smemantic
ecounts of thess extende formaliaps
ang/or that there is a ¢learly "indicated”

path on which to prooeed in this regard).

Further, "e have
fﬂunution fer propositional
2; :lo::““ s eapatt'nlo lofloaood
D Datura anguage
013::1 modeled on rediosts osloulus,..*®
p. 121 Here, a third assumption appears:

developsd a network
knowledge that we

any proposition
(T ] nyntu ia
(23,

Assusption 3:

That there s a fairly astraightforward
sncoding  of arbitrary sesntenoss of a
aatural language into such a foraslism
which ocaptures the logical fors of such
sentences.

As regards Assuaption 1, we shall hers simpl
note that TC is &t best misléading to think of"iat
Churoh~Henkin type~-theorstio 1 8 as
axtenaions of stendard, aven igher-grder
qumuriuuml formalisms, (In the next seotion

shall address ourselves briefly to issues tha&
nr:l.u in the ocoantext of a fairly
Saxtension® or standard firat-order languages to
accommodate pnrticulnr use of ambda~
abstrng&:n.) ¢ We oan do

r da Assumption 2
no be . g u.in opoulos
shall, howsver,

than quote 1\«:
oy raturn to this 1uuo u ssot

Another strength of logioal sohemes is
the availability of a clesn, well
undaratood and well-acospted formal
semantics, at lesst for fpure™ 1
schemes that are Quite clome First

al
EE, 8 B, e SRS



defaults....the avallability of a clean
formal asmantics beacomea more problln ie
and_ is an ares of active research E

P

Hhilo Hylowulou has aomewhat differant problems in
aind, we certajinly share his skepticism mbout the
rudy an.illbu:lty of "clean, well underatood and
well=acoepted® t.honriu of interpretation for the
kind of formsalisms that & number of lI resoarchers
seelx to have in lind. inally, as to Assumption
3, see section IV.D.

B. On Equivalancs of Excreasiys Powar

We want now to take a brief look at an
exr.ansion of the standard fora of firast-order
..ngg ages to allow for the formation, via a form of
1 a=abetraotion, of complex redicates,
fRopembar that the standard equipment includes no
opsration for rcrlinih Qomplex predicatea from
atomic ones. a, one must bear in wind
the diaunnuon betwasn {a) compound cpen formulae,
formed out of atomic open formulae by, say,

as in "Fx Gx") and (b) cmplex

ormed by out of atomie

g:edicatoa, which can gp ad to 1nd1udual

{as in "lambda x, [Fx & GxI"). is only

{a} sbove that we get for free in a st,nndu-d firat-
order language.

80 let ua imagine thet we do have complex-
predicate forming operators, hat does this
axtensjon buy ua? Givan the samantics for

predicates,

firat-order languages and the semantica for the new
lmguase Eo:t"n by minipup wutilation therefrom
ons ] that the two languages are lquivalon['.
in expﬂuivo power - But

perhaps in other, at lsas eg ;0 important,
senasa. The two 1 ages, call them and FOL+,
are equivalent in the following way: for eve ry

closed sentence of ona, there is a sentence of the
other (its tranalation}, which has the mame truth-
value relative to any van podel {(and assigneent
funotion But do the two langu lﬁﬂ! have the same
fouer with respact to expressing diatinct thoughts
n distinct un{n? Do t.hay have the same power to
distinct as meaning b way of
diatiau.tahin‘ among the losical forms of mentences
tha ght be umed to exprass thosse meanings? It
can be argued that onl; 8o long a8 one st.n{s
strictly within the oconlipea of bstandard firs
order logic are tha two ayatan ?mny powerrul in
thia respect. In particular one ai-g'.y adda
definite descriptions aa co lox aingular terms to
the two languages, FOL+ can be shown to be capable
of making finer distinctiona as to logical form
than FOL. The assme situation obtaina if one wadda
dal oporators. nad in apadea, if one ndda both.
ﬁor a quic ga ek at the firat and aimpiest case,
X your attention on thoae old rlvoritn *The king
of Franoe is not btld " va, "It. is not the ocase
that the Xing of France is bald.® Ramember that 1n

the atandard font.liu there i3 no way
distinguishing the tion of an atoliu
pradicational wff fron o prodieation of thas
nagation of an atomio %r;edionta - indeed, there ia
ne such animsl as t latter. There is ho
atrusht.rorwlrd, au le way tthlt. is, to.(?gptuu

t[Blld(x)r (ix,King=of- rance{x))® and "(Not
EBQE 1: King-o g‘unuotn? s

In fact, sven without these additiona, one can

akepticism about claims for axtfn

stions such as the followl in
mf the formalism, i.e., t ns. :l.nuna

propoaitional nets, is
self-oonaistent, This is & roault. or ua
correspondencs to predicate oalculus, from whioh it
inoherits formal interpratabllity®. We trust that
it is olesmr that the work of Sohubert and
gglhﬁuu 11 bu“ unilod out rﬂaiuﬁ bocaula

theoretically sslf-conso and sxplioit.
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see some possibilities for distinotions within FOL+

R 2 el N M Dt

?n?o untonco or gl. -

Ll B s “':.':...L,,..‘ GO
:I.naioat.o at lsast one auch reason. Buf thers is
one eral po:l.nt about expressive power that we
uoul 111:0 make here - a point similar to one

lbou oquiulonu results ip the theory
o!‘ oo tlbl.;.l.tz The pojnt is that such resulta
don't. m't. ¥y t uulm consiitute arguments
oouputauomx

t
any pronb:lf oquiuhnt)
l‘ltll or ngnun formalism
over another themselvea oonstitute
umoutl for the overr din; importance of that
dimenaion on which the various systems are in fact
g roved cquinllnt.. When faoed with & choice
etwean stems esquivalent in s certain mrot..
one lust ook to other - perhapa task-spsoifi
factora which distinguish them.

C. Mhat'a in a logic?

Thers is a form of Auunpt:lon 2 above that
alao needs to be addressed. It is nice to see some
regognition of the distinotion betwean a language
and a caloulus = batwesz a language and a deductiva
apparatus dorinod over the 1 age, But it would
be just as nice to ses nome mulod;umt. of t.ho
difference Detwasn a 1 e and dogie; n
gu‘tioullr aay, between first-order J.

t:l.rlt.-or or 11 os®, nkrhornou%n of & nr-t-orw
language {(or, you e of a standard at-=or
1"““‘?) ia qu:q:u Al

is a » andn-d‘ rat=order ma}"ﬁ“&?‘lt in cass !t
noet.n osrtain ayntactic lpooa.

T not:l.on of a
logic ias that an scoount of the
o ont.nunm; or the proparty o!'
validity 5 o om asts of sentences of
rirst=-otder

A given 1ln.‘u can have many logios defined
our :I.t. Often, .?-n folks 'I.'.llk of first-order

glo, it ocan be assumed they have in lintl the
?nndnrd, classioal socounts due sal to Tarski
ot al Sad)y t can alac often presumsad
that they are sither unaware of other accounts or
are insensitive to t.ho distinotion Dbetwsean
languages and logics. For noted, thare can be,
yea verily there are, dirrnnnt brands of first-
order laoglca, Other ascoounts Iinclude the
intuitionist account, the so-oalled truth-valus or
aubatitutional meount. the pliobnbilutio acoount ,

various and aundry slevanos neoount.a,
Hintikka's game=theoretic smuti o8, r:
pany=valusd accounta, and Zadeh'a {
acoount (not to be confused with the prob; ilia 1c
sccount}, And there are othera.

It ia, of oouru, sible to identify a logio
for a 1 with t set of logicsl truths -
aoccording ¢ l'::.lh.al'. 1 n - of the R 11{
BOrAOYEr re ooup ste
axiomatization of the und wes or , 1

for that logio ~ than one can 'ﬂpﬂunt' the 1o¢:l.c
with the system of axioms plus derivation rules or
rules of infersnoe. Still, distinot things must be
distinguished, right?

Hllnii: t:t':; to %2. ghon uuyot mglur
nera stinotion .
frother m.r. to be pioked: that batween 8 Lnmiast
].n:bq theory of interpretation
ssed or sxpresaidle in that 1
u ofi o one would oonfuss a Tirat-
formulatica’ of, e, ‘. olassioal mhlnien,
uit.h *firat-order logic®; but people
1neorporatio ot}:;r R md 11. ornl:l ﬂ:;hoﬂur o8, d:I.l:
various rat-crder N W rat-opdar
a itself. It. [ m‘"d g.hmr
thou, in case at :l.out. !ro
1 tan d&n{ oontrouﬂy about rl tionship
betwesn theory and qmuuuum t.hoory
Erovidu a fhul:l.blo .muu. It may have bean
sodal natance :.n the rongn.un;

oil for
passage from Newell's 'Phnioal Sysbol Syst



Modal notions, such as and

1 hl.nd.l.od axi. 1a r.§
:;:gg.ng oaio (hlmo un:.nral Ml,‘lbo
‘2!“’3

lt. rmulluon \d.t.hu uhat is

whioh
ﬁ%’ a0k W n ltndu-d
18, p. 177
l'lm Nowell

.1 s tcndio; mm“nnont‘uuo%. o} *ha: e l.t

a l.n Kripce (et al,) to handle tho n.u
n:tond {c [ FOL with lodal oponto::

h
1?“" an eonmc val u&‘m . rxuit?-ordor

- in & astandard first-order lan d.u?. - of
pﬁ: flo m.lda l.:gt poutiblouin;l}:l M['I:
acorporntion of  theory (5) inte

rl:-u-%c« logiec itaelr.
D, A Meord on Natural Laoxuage

lu alse raises a controversial toint.
= that of lts.on.lhil: betwesn representations
formalisms and mtun J.an;uuc. t varioua points
in this paper to assums that
pu task at hand t'gr a i hlndl) is that of
ormally modl.n‘ the logical form of sentences of
natural 1 and then of providing s semantios

for such sentences by way of provldinl 2 samantios
for their formal surrogates. This is & docopt1v=
appsa Wa are interssted in "non-natural
representational forsalisms in their own ruht.
have uo partisular appiications in mind; hanca
partioular nstural language lppliuticnn in -ind
either, do assume hers that, to be o!‘
uss, a re rlunt.at.snml foraaliam mus

five pom of ; nunu‘:.omt.‘ otrunnt
lou of interesting u:ou!h

you like thlt. unless
dly deceiving, oan cxpruud

oan, one must Eo
it S
tnll Wm A V.p.l. d&‘l{ about

Howaver we are by

TPI'OPOUJ. tions,
ANGces are

.xgr-l
ot Parently”
those dif oroncu.) no means
assuming that the one ¥ evan Aost
l = use of representation toru.ulll is to
of natural J.nn?m sentences,
It ia oartajiniy 1ikel thers are
linguistically inexpressible representational
struotures, ¢.g., viausl and other senasory data.

crucis
sncode the seani

A. Loxigal Implioaticns of Protolynas

¥We sow turn gur sattention, as promised, to
mk l.n a l.lll J.ou.oal vein, i

work most ful

Blyoholniicll or:. ins of network sobeses.

1npor ant J.mcy handed TOR

logists to network~theorists has besn the

no ion of and of asterect 10: and

plausible ra ng_ (see the work of and

asscoiates [20]), It matters not munr t.ho Al

ressarchers in queation knew of the relevant

g: ohological litsrature dirsotly, serely that

work m.t:"i: 1“('.“ “ébf'"" 1l}fﬂ‘l.ﬂ bp{at:
oo-on-nnu pro pe= ory. ahluan

the relavant point .y. flp.

I should slsec point out that a "rm:
the norma desaribes

node of sort
yﬁul mamber of a set, but dou J::%

ne that set. It is not
dmri 1“ all d to l:llI:
Tpti i’:‘.’&'

CrEPECnc

1ndiﬂ.dul.'l. ﬂ ting tll!
to suggest

456

whioh type-set & new individusl fits into

beat, but this worka by a aort of ted
aver over the available rutuns, t by
satisfying a formssl definiti The

wode nste are very ilnu-in 11ttot.ho
x 1lar-based nu aosordd to

that,
[
tﬂ:l.u:in;. '['9, o f. usan recognition

Now Fahlman ias aurely not fnunt.tu NETL as .
mrs two-dimsnsional notational veriant of !'Ol.. o.
of any atandard ulntifioatiml t'eru.l. ll.
13 a representational scheoe
Eun SOMe among the 10;10:.“: su 11. 14

to believe that Af there is ocme "ropnunn .'umnl

semantic mtm sche that

asocmmodatable H!.t.hi.n thc
involves prototypess sn

fanture of most
not A dlly or dlrnctl{
standar t
defaults. ¥

It i» not clear, however, that this sypposw
difference is one of npnaonntim at all (recal.
the distinctions of asction IV). It is at 1--1
arguable that, if one wants to realize the "logl
of default nmni ", then ons maed not tamper ai
all with (the ayntax or) the uuntiu of th
roprcnnut.ionll orsalisn. Rather, one can tlfgg
whole lot with the inferential lprli‘lt
'f”?l“ by Reiter and MoCarthy in See als

On the other hand, one choose to foo;
around with the "hn a‘ itsall, and thence Hi}!
thl legie, 1In one By t-llu as onely

base a atandard rirst-ord r  langusge dzl
special intensional (modal) operator to it (se
15] aa regards the problam of specifying 1
semantics for this ogarator) Indoo One CAD evel
think of Fahlman's PTYPE-nodes as follows: teke 1
Doyle-MoDermott=-type ununoo-fming oparator (one
applicable to santences both open closed) gn¢
t - voila - into a oonplox predicate-
operator, taking predicates intc
Oiven that -~ in tha context of
the content of sentences of a natura)
he typiul og are, synnct:l.enlly

lpnlti i oa uns, this oparat.or sots like

deteral oh

n combined with a commson noun
yislds a moralizod quantifier, 1In other casss,

pudiggtu .
roproununi

u vhnn apsliod vorb hrase, it plays the rols
vard, n articuiar, an adverb of
qmtifiutioﬂ. )

At this point, we must admit to the following
qualm: we are at a loss to t.nke udu in & debate
a8 to the adequacy of FOL probotl s and
defaults, aince it isn't olear what. the l.l"..
Maybe frototypo/dorault noti ons
ropreuntat 1l onea, and maybe they'rs not. In
particular, to the axtent to vhicn heories lboul:

zoholo!!.onl processes involved in recognit and

nr- mixed up with 1uuu of ngiul

“nF y, 1t is herd to tell what the

.'mt.uitlu, orasl sssantics of a formalism really

o that extent also is it hard to !.lusc

t.bo l.pg.uoability of proposed rorul-uun ical
APPIroan

fjeedliess to say there are "fr ta® of NETL
that correspond quite directly to bite and pieces
of mors stahdard aysteams; but even h'Ee appearances
can be deasiving, For instance, node, it

seema, Can only govern a compound open sentshce.
Onoa one has

ixed an (intuitive) 1nurprot.auon
for the prsliuvo -n E uodn, om
linki a single ~nod

m

e IRV ER Cncae:
t confilss an VEVERY-

quantifier, We are not implying that Fahlsan
himselfl makes this mis-identification).

“lot..lco tlut. this feature has nothing o do with
n- twork structure - it ha» mersly to do with
the prizsoy ot' prototypes.



Regardless of their relation to standard
logics, ~prototype representations are a fact of
life in Boat Al representation frameworks. Here we

take a quiok look at how prototype representations

seem to, rule out, a fortiori, the possibility of
compound concepts), thereby and despite illusions
to the contrary, limiting themselves to primitive,

atomic concepts.-

¢ t'I'he
rototype
gssumeypthat all

principal quantlfioatlonal Import of a
is simply this: unless otherwise told,
.properties of the prototype hold of
eaoh and every "instance" of the rototyp So, if
we know CLYDE to be, say. a CAMEL, then we assume
that all proRertles of “the TYPICALCAMEL hold of
him, too. some point we may learn of some
special feature of CIyde that distinguishes him
from the prototype (say. for mstanoe that he
talks to his® owner). He S|m{) notate this by
"cancelling" the normally inherited ?roperty (e.g
that camels don't talk)’ and substl uting ‘the new
one. Prototype notations wusually carry some
explicit cancellmg mechanism, which allows them to
aooommodate the fact that rarely do real camels
match their prototypes exaotly.

properties. of prototypes are always
properties.** Properties ~ are almost
represented by "slots" of frames or
the attribution of properties of the
prototy{) to any individual s ~achieved = by
‘inheritance of properties” In logical
notation, the meaning of a frame representing the
concept wit slot-relationships  R«,,...,
becomes the foIIowmg [11]:

Vx C(x)"R.(x, f(x))
A Vx C(x)3Rz(x, fa(x))

ft

Thus,
default
universally
whatever, “and

more

n

) This logical notation expresses the
inheritance, but not the default nature of it. The
default rules can be expressed as in _Relter's
"Logic for Default Reasoning" [1], leaving the
object language aa is.

Now, what does that leave us_ with as the
import of the frames, units, etc.? First and

foremost we have the universal quantification over

instances, with ~embedded existentials for the
slots: if Clyde is known to be a then he
inherits all’ of the properties associated with the
TYPICAL-CAMEL Second, we have the fact that since
TYPICAL-CAMEL is a prototype Clyde, as individual
camel, has the righ to have properties
|ncompat|b|e with those of the typical camel. All

this seems quite reasonable from a psychologlcal
pomt of view (again, see [20]).

Given that the properties of the prototype can
be violated by instances of it, these properties
are clearly non-definitional. This conclusion is
reinforced "by the "outwsrd" nature of the slots of
the frames: if Clyde is (known to be) a camel, then
he has typical-oamel-properties; not the other way
around (1.e., the connective in the above logical
reformulation the conditional, not the
biconditional). Again, this seems well and good,
since there are certalnly no deflmn? propert|es
for camelhood - the camel is a ural kind".
And, you might add, so are most, if not aII of the
conoepts that an Al system will have to deal W|th
leave abstract and defined concepts like RHOVBUS to

is

*This section briefly recapitulates a more
detailed discussion that can be found in [5J

oAt least this is the most reasonable
interpretation. Sometimes it is totally unclear

what |s meant by "prototype".
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the mathematioians, and leave the philosophers to
argus about whether "bachelor® can bo defined.

This 1ntu1t$nl.y a 11 uin :I.:Lm
Wfauofbr'fy orronoou. \Z‘b’io}m e o?.&

g:':ir e Vien o ?w t.ouhn.tall mopt:lona gvery
concept ims matural kind-ish has 1%1
ocohssquences, 7The firat is an uluptl.on

abaps of the nmatworks that will rnu.lt whet u
"represant knowlsdge®. wit: "An tant
Egint about the hisrarchies we will want to use ia

at, whils they be v bushy, thay are never
\rar{ doop" [17, p. 81, md :I. . bnos consist
lhort. bus t.r.u" The

ru:l.i to be at the l runt.un ‘of
ne twar) H:I.J.J. bas_ diotated -tri t ths relevant
natural kind hhurohy 'r furthar
slaboration of thi s t.ho depth of
the hitruah! oert nli non't uoud that of the
"taxonomy In petworks with no

componite eonoopt.l. might well be truc.
However, rrol o

orEa standpoint
and not’ pa oh:;_l&ienl ohe ers is ab.oluuu
nothing t.o ot ne the d. th of tho metwor
SRSt ke, FHN 5, SRl eteitial
o N LR

couo R uhnt.so-vc&_ 'j&.. TH~THREE-
HIW-TMB-WS—CDLOWM—LIVHG—I‘-MLLB,
etc., eote,, ato,

The second, and wore important, conssquence is
that thlro hn bean no felt peed to provide a
raotlitx expressi. mlyuc or definitional
connections. s ralses problems with the
conce t.un]. sounterparts of 10:.1.0:1 itams like
"camel® But just as we can create the English
ghrlao, 'mel that talka to the sheik of the
urning sand oxpoct. to be abls to
crezte the no e composite concept that it
expreases, Two things are oertain = a camel that
talks to its owner can't fail to be a camel, and
onn't halp but talk to 1'l‘.l ownar! That is
compoaite ooncept certainl :
r.lationlhip to its "head onocapt,
is a lated with & mtuml kind.

*Framas® paper, defsults bava been
almost univer adopted at the expenas of
dafinitionsa or other analytioc oconneotions. But
this has left metwork repressntations in a fun

L

Sipce the

state: inheritance eof properties works okay, a
one can rapresant exoo tiona (thres-loggad
elaphants and the like); ons can't repressnt
evan the aimplest of oonco t.uu o sius. And it
!'o].lous fros tlu 1 that ever

le node tom 1n the m:wor
:I.n n fact uolll lil le = in ot.h-r worda, a
prius.iu ote on MEVERY-nodes,
above l ntu oan certainly uss anoh n
network u a atabase repository for
olasaificatory facts as the user sees fit to ton
it {e.g., CLYDE isa TYPICAL-CAMEL), but it cannot
draw BUD. ooncluliom itself.  Without bel.
told he systsm cannot even tell tha
an alap 1 thras aga is an elephantt

c.ww laxiosl ¥a.

With reasapect to ro ta made above about
lexical items and {non)dor nability, we have noted
a nasty rumor ‘uf“ u-ouud to the effect that LI
one embraces of formal (nodcl-
theorstio uuntiol ror n.nt.urnl 1 ufo
thars ine lucubly ﬂndn ano ? ok uith
"analy ic definitions®  For !t. ing in u t.
This rumor ia complately unroun (1 H worso; is
Just plain false. Horcovor. iven what we've said
¢lsewhers in this gapnr. esl it incumbent on
ourselves to defend the honor, at least in this
rr-ggrd. of formal semanti - eoven in an orthodox

Let's do & worat casa m
almost only cass analysis; nam
of a rioh m.l-thooﬂun mly s or

e £ e Mt L M v "‘P‘Eo"ué

:ll - :I.n rl.ct.
h



fnyoholoﬂ.ou rnu.

or nﬂmhtm issues
.-' %ﬂ

n i.t.on 1n a mt lggm
moout; rl.l:lu.u of !lo f l
-.117 r-or dar l.nt.m onal logics.
thoro ia ionj

OAR hAVe
asaociatad wi then.
rejacts the line that t.g
analysis in terma of rnurol
analysis into some oomposition
universal, innate and ultimate
tives.
rohtiv

uilrts.a 1y dcﬂ.nlbh, by way of what Montague
tonolri Carnap, oalls "meani stulates®, w ch

canonically 'at  least form g
uns.vu-nuud conditionals (not b:l.oondiuomll
with the pecessity opsrator standing guard
front. oomncuon

In sum, thars is no mouu
batwean rnrlnl-u-nt:l. 1 analyses of .ﬁ..
:l.:;.luigpnuuw of {analytio} dotiniuou yond

VI. CONCLORING RRGARKS - Al RND IQ IS POL-ISHNESS

0 BE SKEPTICAL OF
STANDARD FIRST-ORDER AG AND THEIR STANDARD
LOGICS I3 NOT, IPSO FACTO, TO BE ANTI-LOGICAL.
Though think that with friends like us,
who Dée 497, we in feot intend tc be taken

gl CLAIMS MADE FOR

48 allies of thoss ressarchers in AI who have
stressed the need for the kind of cmcptunl
clar:u'.y that the t.hoorouuny ult—nomioul
of I 11 .ﬁrorou. Btit 1 11 tguly
g ourse o3¢
rhh&op g?lns who !Look at leaast a
ittle uh.noo at c orts to roroc “ dthin; and
thing into the proorustean rat-order
anguages and their clm:l.m. ].o..'.o.

With respeot to the above, & nttlo - & vary
little - intellsotual hi.st.ory nﬁ. 1n order.
From the very beginnings o besnh &
debate about the relsvance md uufulnnl of work
in ronll, buz nof= one b

Phe peteven : L
lnmo nnd 4 :Lubl.ut
t.ho falp g‘. tan 4 uantificational rarulim
;n ] W: uru 1n the at the
taouth Confarenc 195 with
llocu't.h oa t.bc nido or the . 13 i lunlky and
Howell other The dabate has

and Simon
tw: rooedural vs,

deol t:u 'ﬁﬁ £ koowledg omrnl
ara u o edge:
theorean- u.i’ mq u. onin-lglu
heuristics r o nd ha . N
ou I. ¥,
"mgimc !: ﬂ.‘ht t.hi.a “zu-. ort.m nplnt. ns
uon?.ﬂtm an u o roull.
forwal ssmantics no 10 ' ulu.oh is dtrao!;d
cxpn.ei 1y nat some »such mim standi
To imagine s is to ne a mtioullr bran
ogpomnt. not ons who wishes countarposs t.o
andard firat~cirder formalisas, e¢.g., full omega-
uith Lanbda-sbstraction
urigu other bells and
ointae il ot % 1y 85 mrx“'t enevel
at a [ aise L) [ ra
ism for uh.iohp?vou-dor ned ull;‘huu‘:m be

1ntm1mr. ?nrnors,

s to its b.l. the on.ly CaBS: Mtl?.—lt”lt

tomtl u-n - far, and ® “.
leant -~ over a

oolpoumu ?ﬁﬂ e;‘mut:r semantic
theories of (&) nn.urll

't‘.-' 200 5 '[2]%1{3]

i“ﬁﬂ!ﬁa
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ven. In thia situstion, it makes parfect sanm
0 atress the oconai dcnb’lo virtues of standar:
tirsteorder formaliams and their atandard Tarakl.-
type semantios, not least among which is that asuol
#um have been studied to a fare-thee~well.

Wi
. ©f .yltmuunl
of tha
clans™, distort

were dlrectad

opgomnt than thlt.
sssed, pl guilty, sort of, but our
Lntont. onl lra honor lo. Moreover, it 1's at least
g:l hat soms of the ressarochers in question
u boon trapped by the taotics and atrategy of
ir arguments with the anti-l cim into & tog
P“I acoomnodati te the familiar, the tri d and
it be forgot) - as far as 1t. gou - the true,
discusasion

It uill doubthn ba cbjacted that the presant
basn merely negative, or at best
admonitory, :I.n ohanot.or. What constructive
preposals have we to make? Firat, we advooats
pursuit of alternative astylss of formal aystems,
with caraful attention d to uunuou ar  Any
mn-'oluuoal“ acnatrue Qur fesli h tnia
R’ of research program ars clahont-d n [&4) and

lrd which thay wars iR faot

ambitious additional
lock at those
nro bmd on

One not terribly

lumltiom is that researchars take a
rosohes to forsal unntiou thut
t e lambda-caloulus-type t
sacapad our attention thnt the of
formalisms we here allude to m of prov ut:mt
in the ssmantice of pro alni nn{u 1do tlu
work of Scott, et al,); w tha oan
themsely ough ) as uta Aonal
formalioms {(for which varicus inter utorl can be
defined). So, one thing we would like to eee ia s
unification of programming anguage and
representation 1 qgo rculruh a unification
Blnul:l.bly leas artf ficial tban that proposed by
ropomntl and one in which more of ths
ngive® from the representational aide of the
great dividc.
That anything would come of such a unification
ia highly apeculative, of oourse, t now is oo
Emiu be a stiok-in-the-mud. Witness Jon

of ny owh motivationa wap to uas

the :I.nugh of gensralized recursion
theory to find a computationally plausjblas
alternative to Hont.lgu pmr...!ﬂim ia
a ut.hont.icnl aor nguistic
that npluu thl vieu of the

nfion botmn 1 world
m?. ‘rnuki-n.:lo

t.l.os...[It rajects & level of

Flogioal form™ that h 8 anythi to do with
ﬁ:&-ordn logie., [ T yuhiae
Now one of Barvise's ocomplaints nst the
llont ue t.lut‘m it is

framework [
m. onally intraotable®, var thia
co-p nt wight coms to, we can't help nounc that
tho reocuraion-theoretio framework is the natural
home Cor the work on the denotationsl semantics of
programuing languages alluded to mbove,

An even more radioal view of standard logic is
espoused by the logioian, Richard Routley: oss



On the whole there has been far too
P g WIS L
L |

Sigr i R aephion, ciprigiostises to
= rather than trying to develcp logical
systems to le the evident data and to
deal with
Classical 1
an  instrument
elarification
ioa, haa,

phioal
OnCce &N
4 of lllﬂnntioa and
n philosop

mathemat. in becoming l:trlnchnd
becowe rigld, resistant to change and
highly conssrvative, and ao has Decome an
otpnuin and stultifying influence...
Classical logic is, as now enforced, a
reactionary dootrinpe. [21]

roblems.

going phi
[ llpt.h brisfly
and

loso
ough

Finall and in & A word r :
"Lot al'least & fow Flovers hioom s " Meo Ze Dong
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