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Almlraoi

The grammar of many of the lower-level constituents. of grammatical
structures jn Inglish has not been a area of exciting new linguistic
:di'sczovmﬁy, in contrast with study of clause-level constituents. The syntax
of these conceplual jphrases, as they are termed here, seems to. be
somewhat ad hoc, which presents problems for their specifation for the
purpose of computer 'unrlr:'rsmnrling of natural Janguage,

: -'1'his.1'epm;t, concludes that their irregular behavior stems from a closer
relationship between (he syntax and the semantics of these than other
English constructs, Conceptual phrases all correspond - to objects: in a
single, “tightly  constrained semontic class, and as a re'5111t,;-semantic
k'nowl’ﬁr;'.dge-'-,about them can be used to ‘optimize' the process of
commuunicating them. ' ' R

The ﬁnique nature of conceptual phrases is exblo-ited to provide a
combined  syntactic and semantic description for them, consisting of
syitactically auvgmented frames, thal is much simpler than individual
syntactic or semantic descriptions, An example representation for numbers
is given, along with an analysis of some problems that occur when a
practical ‘implementation is atiempted.-

This ‘report describes rescarch done at the Artificial Intelligence Laboratory .
‘of the Massachusetts Institute of Technology. = Support for the laboratory's
artificial intelligence research is provided in part by the Advanced Reasearch
Projects Agency of the Nepartment of Defense under Office of Naval
Research contract NOOO14-75-C-0643
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1. Introduction
This iépnri was motivated by .a.des'i_re ta facilitate the constructibn of a more -
-'.romp]ntw gnnnﬁar for Parsifal, a compuler program that parses written English. The
or minal plom*am ani . glalmlnal woie implemented in an attempt to prowde a better
_'.(:m.n_p_ulmimml (1@5(:1'11)11.011 of ]ill,({".lstlc phenome,n_a', ;'el'ymg heavily -on the res_ults of
éltl’:}'éﬁ't '1'_0..sea1_'c11 i..'n -tra..l_l.sf-'n.l_'-m-at.i(mal granﬁna].'.
Slnce resr._aéfch. in- _go_inera,t-ive grammar has concentrated primarily ‘on
: ph@'ﬁlmnm\'a involving the structure and manipulation of syntactic. constructs at the
- level nf _détéi'}".rv_-*p'l"c.-g_sm_ltnd .hy. Clai_i‘ses.and noun phrases, the. main focus in the |
r.levélop‘mr-n-t of the .cﬁlrreht’ Farsifal grammar bas cdncéntrated on ex‘plainiqg i’he’se
‘.,hi-gh'ei'élr_:‘.ve.l' p-_]ienomena_-.
| .lili”a'i'slifal has-.beenl sucy:ens-f‘ﬂ] in achieving i-ts -goal of expla’ihingl lingtliétic
-'r')'lz)so'r-vaﬁlohs ‘aborit the. nature of {hese 11,ig'hr'-n'-1'_evel constituents,- It. is 'noted in. the
mlgmal papnl rle.,nihmg, I’mcﬂal [o] that its g,lammar for clause- level syntactic
-qhmtmm thnugh sm\pln is more complete than elthnr W.Woods LUNAR -system
[ 1-2__]._or'- '\Ni‘.no‘gra-d_:é? SHRDLU [41], since: these both tend to concentrate on. parsing
' 'pﬁrasé;-'l'_mr;el-' '.cj'q.ns?.t-_it'uients:,.. | |
| HOVVE"VF-‘I 1.116'1'5@ 'a're ﬁmny o,ther fssues that must be dealt with' in or.der“tu_
ariive al a l..nglis.h‘ .undmst'nndm,r' system that’ 1s ’uuly practlca] S"éme of th'e fﬁdré
_obvioua )qsue‘: are hnw to use mfmmatmn derived from discourse co,ntext and how
1o m[nr's«mt knowledgr» in a form ‘that facﬂltates qemantic mterpretatxon Another
-ll:~‘°un .thnt is highhghted hy Pamfals elause-level or1entauon is the queshon of |
“how 1o dpal with the ‘special- pmpoqe phirases that seem. to occu1 frequently in

: nat,u‘-ra'l_ langyage. ‘The last issue is the basis of this report,



Idﬁa]]'j-', 1.§1e érinstraim_-s that alluwl- such an eiegant-.clause-level_' grammar
.'. w_‘nu]d ';1]'.5'0 '_a'lldw' ti;e s.a.nlm .si'm]-.ﬂici_t}’ in the desc_riptiﬁn of mbré- detailed phfases.'
. 'I'J,ii.fQ1't1111a@91'§r.: this .i-s “not 1']_'191_ case, The -grmnmars for numbers, .nal.ne'_s, and ,(.la.te.s,
wh‘kh me 'l'o-x&re-r.-]e{re'l.'-' n .1,1'1@'.-'.-,;{-)1'5.@ -1_'ha't they a-re always constituents of noun
_ phlasns, seem to lose .éﬁny. .s'rs'nsé of l'r_:.ithm' el'egén.ce or theory: It -'s_ﬁould be noted
"__t"h___a_{ "I;arslif.a]‘s .gr:ii_uma'rfs for these constructs are not necessarily any w.o'r'_se'-t,h'an‘.
'.-..'glja.l'.ll.l.ﬂ_al%{‘.ﬁ j__fm'. surh cnhs’tfncfs in other Fnglish parsers; they simply: fail to 'me'asure
llp to thp -rj-_x.m_mjf of ‘Parsifal's g,i-mﬁmar for h'ig.lier--levél_c}:_;j.sti'tuen.ts. The contrast
) _ 1591’_\&;9;11' the J'é].hi-i\'ze.ly ad—hoc implemeniation qf lower-level cbns(ithe_n.ts and the
.1.-1j,'_i;_11h.1'3_"ﬁ'e.r'.":p-icu_'o:lis 1'ep.1'esegntatioi1 for clause-level syntax leads to speculation ‘that a
..'_r.li"'If;e.i".e.e;n't_, sel .of constraints might rosult in.a better grammar for t-he _quEr.éiEvel‘
. .p-I') fa’"s_e‘s.- | | | |

a 'lhis r'.?._pc.'n't.'invr_!s_tigatg.s ihe nature of these special-purpose ph‘rases_ (-Wh_-'icﬁ- .I
iv—i_il l-imico'r:-fc'v_r-l'h:_ter,lm 4(;0,“.;;_,,,,1.“,11 p.hralses'.) in -mqr;a dé.faii. In a‘d_ditioh. a m-g_t'h'o,d_- of
..'1-'._;';_51}'mmuiingz flem s j:i-ésenftg.a_ {hat -tal<.§s_ Adyantage of their'diét’inct nature.. ;F'in"auy,
' .'th"r.s.-.'-rble' of the 'rélétrl{-ing_' sysl.em. is examined in the context of éurrent_ research in
: ;_nah,ﬁ‘al language pi’_oqeés-i-xlg.
-. .—_-C,lmjﬂ,@.r. 2 analyzes the exi’st_in',_é grammar for cpncei:_'._tu-al' phrases’, and
" coneludes that they cortespond to single semiantic entities (hence the

name ‘conceptual phrase').
-Chapter 3 d?velops a suecinet .1’epfp<ﬂntation for comnceptual phrés‘es‘ by

au,z'nmntmp a somamlc wpwanmatmn f01 them with a simple. syntactic
: "_ rlo‘rnptmn

.—f‘hapm 4. gives a sample representation for numbers, while dlscussing
' manv 111c1r1r-nta] 1s<uos

—'(fjliajrt'e_r_' 5‘ discusses the problem .'of how to detect conceptual phirases.
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~Chapter 6 summarizes the results of this efforf.



| 2. "O:bserv;i.t'i_on_s ahout {he Behavior of Conceptual -Phl‘aaeé
Whi]n t-fttlvr.-‘.'z"ztigati-n.g the nature of .congeptual phras_es,: i.t. éeet_ns dl"és'ifable_'to
'r_‘.’}énfmi-._}_m 1h9 :éxif-s'ti.ng Tarsifal fules for lower-level cpnstituéﬁts, and attenipt to f ind
.p'rf.np't?.i't'_izné: ".'_t-ﬁ'd énu.stf-aim.s. 'thlat mi@t allow hetter m'ept.esén-tati'on. | The exiétin_g
'g.rmﬁ_m-:\.t'.'-ilt._.c-'lu-de.s 1':11.1'9.3- for parsing numbers, time_s, dates, and :properl names. -I,n.-
T ;—l,"d'-d-i"f.i"oh',. '1'=t11t95..h-a;vé-: heen ‘constiucted for parsing addresses, .althopgfh they .are 7ot
',i.1.~1 _th‘é f:llrl"t;.-"lll..gfc;lf_n_'n.lt?ll'. These construcis are -all' '-IOWel‘fleVel"' in’ tﬁe_-Séﬁie 's,'ensé as
._r']'i-S:C."l_l_SSéd' pre‘vibusw,, singe théy a_l;e all constituents of noun phrases,
| '__I-li.s_ﬁ"ec-'li'.itm. of '. the ggrafmmar: reveals that the rules’ for'-all'thés_e-_'const-rUcts
. fbl'l’oi.t} 'i.hc.-..- s-‘aﬁm ge_;nr:!.ral.}'mttnrn. A pa_éket. of rules for _éach ma jor ty]ﬁe of .
-."c.oh.stit_tl'en't. "*i..s'.‘:_.',_iﬁ_t';mdi.lce.'d? by an attept’ioms_hifting -1:11'19. The -'ru_'lé's in this. pa’cket
"_at'tacj.l_i_-'v'la__rio.i_i's cons.t.i‘ti.mnfts. from the buffer {e a node on to the stack. When no.
l_r)thei-r‘ 'ru'].n ap'p]_iés', there is .One default fule that deéctivates_ the p‘a‘cket a’nd.-r'estores
.. the bllffel |
_ . : —
It is nnusual that each set 0[ rules is introduced by . an attentian-shifting
_ 1',1';'}_@'.- .'ct-msi'r]'eri"nf--that umr.e mn only twp other attentibn'-',shifti'ng- rules in the'
entuc qutr\m (NG%’]ART wh]rh dmpcts and parses noun groups for use _"by
..'c:l'%h:tsn..—]gve-lf ‘rules, and  POSSESSIVE-DET, which makes possesslves ‘look Iike
._dé"t'm'tn.iﬁers 1o, 'the 1.101111—{*,,1'0‘\1;) parsing rules), As 'is noted in App‘endi'x" 1,
'attpmlnn—thﬂing mlps exist tn allow thn parsing of a phrasp to be transparent' to
__the othm rules in the systnm, _which refer to the resultlng constituent as if it
\f_vr_!re_e _ln-,s_e_rtegj. i_ll:t(? the buf{er by the lexicon. |
| A _ii:btji'cé'atyl.é '_rli.fteroﬂce.’ tm_l.we_mt the rules for loWer--levei constituents and

the other rules in the grammar is thal many of the operations they perform consist -



or '_ j_n‘u.ti'np, ob;octq .'in- i'cgislers. a_.ud..: performing operations on the contents of
r._.égis.{er:s'.; The oni,v ‘purpose. of these a‘cﬁéns is to semantically ihterpr’et the phrases
. parsed hv 't-hé rule; tﬁéy do not aff.ectl the stiucture of the final parse tree, nor do
they .in-'.f--.h.l'm-ﬁ:e 1,]1E..%9q1191iCﬂ 6(’ rules applied during.remainder of the parse. Unlike
- ..th'.ef clause -rules;_-there are no case rules for int.e_.r_p'reting, nodes built by thé
_lo\y.'cflr#]r.:!vel 1'.Iull.é::s,_ :_sl_llce all se-l_n_aﬂﬁc interprelation is _performed by _.this.'
-ﬁmnibti_];ﬂjﬁnn -j'o_f lwgmelq -

Yei nnotl_m'f way’ these rules differ frnm._inost othe.r.' rules s that many
'fna_turn,s nsnd hy the lower-level rules are semaﬁtic in n‘atuf_e, The rullles for the
.]ﬁ‘ghn'.f_;t ']-v.alw.z-l Cnn_s_titu.ﬁm-t-s (i.e. clause-level rules) tes'tl f.ea'_'turés t_ﬁa"t are clearly
sy,ntn'c'tic'c.:-a'lego.r'ifas, or féﬂ_‘_ the. presence of a specific word, The rules for naun
phra.ﬁes;' also cl"e-‘al"- with features thal are either syntactic categories or tests l'fr_jr
'ilydi.\}iﬁ\ié] '14%01'.(1'3’:_ hr_)w.e'ver_.-'11\'?:1'0' are some featlures (such as "quant”, for a noun
. l,']"t.rént-:'i-fi'er)..",H.xat. sr.-.;eni Ao reflect semantic properties_ of the w_orr‘ds in _adt'lit',io.n..tp
L purely S_y;'nlf'-icl.ic chal;a'c'.t'ci'im.ics.

| lhe r-u'l_r_;.s' {or _.x_uunh'm"s. however, manipulate features such as: "ones" fdr' a
.11ﬁa11;'1'a-i' -.n.m_nﬁber-' Jess {ban ten, “tens" for words ‘$uch as "twe'n.t}'r'-'-'""ls_i'x-'t-y"'. etc.,
' ., ;'lx-tl'aldt'er:.li+" for a nu-n__ﬂ_wéf w'i_t']i.t'.h'e word "hundred™ in it, and so on. .O.t-her tiia‘n the
j'te.‘st..:s for specific w(.)rds; there are very few features in the n_u'm_ber-'-parsing packet
: th’-at': are. putely _syntactic in the same sense as the features. for higher-level
cé‘ix-Stfttté'll"t'.S'. '-_l"hi.._sj suggests that the syntax and semantics -of lower-level constructs

" ‘are’ more closely, related than for, say, clause-level comstructs. Specifically, the

-parsing ‘process for lower-lével constituents is primarily directed by semantic, not

syntactic, categorization,



.In nddit‘ibn to -these ohservations, there are ot-hér facets of the behavior of
lower-level constituents that might help us understand their true naturé. These
constituents behave Jike single lexical items in almost all contexts, Foir example,
Proper nouns hnha_,vr_» exactly like novns in all cases (justifying their_ designation),
even though they may conéist of several different words, or even ._several different
conslituents, ecach with its own substructure (for example,A '-'Percy Flumbatz
Memorial f'ligh Schn’ol" could he analyzed as having the structure: [[..Percy Fluiﬁbatz]
[Memorial [Iligh _.'Sch_oo]]]]'), Also, mumerals are troa.ted exactly like single-word
quantifiers in all»mbs.t all contexts (except when they alre us‘ed. as arbitrary
'i(lein.li[jm's)il pven .though they may contain more than one word,

Another ‘-aé}iect in \rv;hich- the hnhav_io‘r of ].ow-lev.el constructs differs from

thr behavior of higher-lavel constituents is that they do not appear to be a ‘closed

class'. Clause and nowun phrase level syntactic structures are part of thé permanent
-stru‘ctm'ev o,f.l the Janguage. It is unlikely that a new top-level sentence st’ructu'.l"e
wo_.u.ld e added to a language under ordinary cil'cu.m.s.tances, or that a new order
for ‘.no\,uhgroup constituents would hecome pgrt of a language, It seems to be very
difficult for a 115£ive speaker of a language to acquife‘ the use and u_nderstanding
»of.a new hi,zi},thVé’l construet in any'nal.uiral way. On the other hand, it is not at
Al difficult to Iearn:a different way of communicating a date (e.g. "23 June 79"
:instnéd‘ of “lune 23, 1979"), or to learn a new Kkind of name that provides
different types of i,]]ﬁqx'lllatio.ll. |
The important point to abstract from -these observations is that coneeptual

phrases represent a cross ~ belween clause level structures (such as complete

sentences) and individual lexical items, They have the clause-like characteristics of
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__.st'l'ti'c-t{fr-n and slyi;m,x', but also have :]\1'npnfties that are 'lexi’cé’l' in na_turé,_ such'.as
representing .,'s-.lfn.g]ié'sr.;.lnan-tic d]nsses, being freely added to ihe language, a‘ﬁd filling-
the -sym-:jct'fc' ']'Olf%! of single words, The fact that Parsifal fails to i,e_c'oghizé ‘this
o ﬁﬁdanle;\t-a_ﬂ dif_ far_ené,e;accouu-ts for .11')'9. Jack of perspicuity in the cu_rrenti' gfamma:r'
+ for n'\_il_mbe_ts_. _-l.i'al.nés.' times, -anrl_. other concepiual pﬁrases.

| ']_t sho.uld"af']so be i\ol.@cl that .thr.!' meanings of conceptual phrases could Ee
; cc_lyl\'r'c..*.y-r.-.‘d us.ilig-'ih,e -general syntactic _mc;'ch.anism' f01' r_:lauses and noun phta'sés,
,Ilr.llr_lc_:-nd‘ ‘th.e:'y ._Jnajli'r..‘.\_ve__lgll ha-jve. doveloped from such_ an approacl.l.. -Con;éide; the
derivation -c_vf” 'i.h_e’nalpe Jolm Smiith (“John the smith") or Fred Johnson ("Fred, son
'qf Jb]‘i.xj"-). whi'ch-_'_ have been derived histori(-:all& from shorter constituents combined
hy .llligh'er—lfmre].--s_fvntactic'_ mechanisms., Consider another type of conceptual phrasei
.litilllbf.-_.'l.‘ls. In _-B-.r.i'.t_gi.n, it 15 not wnusual to hear phrases like "several -millions éf
p’uﬁ'nds"' ‘or dven _"':f_ivre millions of dollars”, where the "millions" is 1'e,g'alr,ded mofe as
'-.a 'n,.o_'.u'n ihan caﬁ he':qulan.'t,ii;irzd in' thé same manner as aﬁy othér ‘noun, including
"the n}lm')‘).lii{cfat.ib'n of 1‘111e_s-0f mimber agreement. 'fhi's. in conjunétion with the
.'v'el:'.st_-iéi'q] pi'e:;ence-f c;)'f' the optional word “"and" in number phrases, makes it clear
.th'a't nu'mliérs ‘have teen thought of historicaly és smaller constituents conjoined by
'1.]163 ?héc'l'\'n_nisms of .r::l_,ausé ‘and moun-phrase-level grammars, '

- _c(-m(:ept_u.a]' :;_vhx-as_r;‘s were communicated using the same syntéx- as
higher-ipvel - phrases, ihe 6nly difference between them and other sy_n-tacti'c'-'_
' ".i:tri}r'_:.-tzi_n'c_»s of .t.he. same form wonld he that they correspond to qu'ect-s'. of a sing]'e_

5;?11m‘n_.t.ié r]a':': Tl}.is leads tn :thé. view thatl the unigueée synfax that seemis fo exist
for _-ed‘c’h conceptital .'._p_li'.‘résg is an 'o’ftimized' mechanism for communicating tl_ie;m.'

The additional c%n_sh*aingts on _‘ the semantics of conceptual phrases allow some
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syntactic 1’11,fm:ma1:1'0n {o be Ieft out that would otherwise have‘bee,n pmvidéd Ey
the ‘standard’ gramnar; yet the ahi,lity.n_f the listener to recover all of Ithe. useful
semantic _i]H-O.rmvatbion is retained,

of course, ‘;he constraint thfat a phrase must represent a single semantic class
is not necessarity suf..ﬁci@nt fo allow a more efficient commﬁnicatioﬂ. protocbl. In
ad.d'itir,m, the members of tﬁr:% asemantic calegory must have enough in c‘ommoﬁ
'v-’.f:n'uc’tumﬂy' so that significant assumplions can be made ébout the ;'618 .of various
c-ons'ti‘lur:’rn.:.; being -cg)111»11111‘11ic5110f:1. For rzxam.pl'e-. if addresses in the United States
,\"vrirn not f.ormélizr*d at all, and .co;mistprl simply nf‘dém:riptions of locations ("the
second  white house along the sma‘]l‘ alley next to highway that runs by the
I’lumbatz.p]nce”), it would not be possible 1o communicate them efficiently.

Now thal {\/P ‘have arrived at snme. conclusions about the. general nature of
émt.cmvtual phrases, the original engineering problem of how to represent them in a
~manner, that. exp}.bits-‘.u‘u_?ir Q]J}!a]'ﬁllfASi)l)])]i.Cilty still remains. unsolved, The assertion
that ea‘ch type of CO]}ICEZP-UI‘G] phrase has a corresponding optimized syntax" does nfﬁ
provide a mwethod for deriving that syntax. It also does not provide a method for
‘decoding’ conceptpal phraszes. The next chapter is devoted to ,develqping techniques

that do,
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3. A Combined Syntactic and Semantic_Représ@ﬁtat_ion

3.1 ]r'a,'l.r(_)dsuci-ian, -
. ' . . - . ~

- This chapter ﬁ}'esentsi a. technique for specifying the syniax of conceptlual

phrases in :(.m'm's af their semantic representations. A prerequisite for this feat is

the ability to ‘J'eprésen't the semantics of conceplual phrases, preferably by a means
- 'l].'x';ﬁIt '.'h"as; br;:'r.m._i..llujﬁlle,m_en.ter.l on a computer. There he;v_-é been numerous attempts to
(if?&;i:g'll.-".IQIIO\.V].E’:d';.._’,e 'l"epl"-ESE".ll.lalim'l langnages', with ._varying degmés of suecess. Some
. of the helter _k.nmﬁ; systems (in the ‘Arlificial Intelligence community, at least) are
CKRL [17, lﬁin_l..'-{'a.]_. .O?WL.[._'G]..__'-anrl NETL [-3]._' |
'.I st;']'n(f.téd..'the ‘language FRL (Frame R"c-zpre.sc-n-tati(in Langllage') for the p'urpos.'es_
nf this report, lbt;zc'ause it is implemented in MACLISP, which m-a_kes it possible -to
..'i'-.]_l_-t_E!ff,l‘:al';;"_' it- Wi-t_h I’mTSi[.a'l,' and it is also (relatively) computationally efficient,
'Al(hn‘u_g-;h FRL hés been-. criticized on the ..grmmds of insufficient expressive power
' [?J [f-ﬁ',_]_.. i ,.iuc_l.ﬁ,r'}'es 'most- of 'thé feat-m'es-common .t'o kn_é-wledge- representation
l.éngu_ag.r:s;_mld_ I have .fm,m_d thal an FRL subset is -,suff'icién_tly expressive. for
'-_rét_jresenti'ng. .cn-neeptliél phrases, Most of “the remaining diScu-ssi'on of -s'ema'nt.ic _
--1_"é]‘11.:es'r_=.ﬁta1ijhn Wi.i] be ._in. théuerﬁacnla-r of F-ﬁL, 50 -'the Teader unv-érs(a@in it is
'-ur.g%.-r.i to. 1_jc._>n.rl't]_1e d_'_'resc:riptinn in Appendix ‘I.I béfore continuing. |
' .32 'Iirm-tv('_'-iol.s. for Frame Communication
_ T thn_ pmvibus cﬁap.t'n-_l.'. -it‘ was ._r.létm'm{ned that the ma,-j.o-r__' di.st‘inctjon: between
.lC-O_IIICEI’.'.jﬂ,ue.ﬂ'_ phiases and ﬁ_i}f,her,—}evel cqnst.i-t\ients. is that everythi‘ng ft_hat can be
oxpwasnd 'i;ry -a ;i:.-n.'_ti.c-u_l:ar type of conceptnal. phrase belongs to the same sé_!’ﬂé';ﬁic

class. In FRL l'er.n.li.hblogy, every frame expressed by a single type of " conceptual
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phrase is an ‘instantja(.fo)z of a generic frame, The approach used to combine the
syntactic and semantic rj'escrif{inns of conceptual phrases is to éugment this genéric
frame with a sfnlactic tle.qc1'i}1liqn, w.hich can be thought of.‘és a formula for
"'fen‘cmd‘jng and decoiding the information -in the frame,

I will defer the details of the syntactic description for now, in orr.lei' {o
r,iexrf-*lc)}v" a detailed medel for the process of communicating a particular 'instantiation
of a generic frame. This mode}l will clarify the reasoning behind the fdrm of the
syntactjc d,esmjiptidn.

‘Cmmidm' the fﬁllowing situation: two people are attempling to communicate .
via 'Sp(*rf‘.ch, The 'speaker' ‘wanis to communicate a particular frame to the listener’
.(i..e., the speaker has a S}W’Ci”(}",h‘fﬂﬂfi‘. in mi,nri,.arld wants the tistener to ‘build’
that fr'anm-). va' the t,ilﬁe- being, assume that listener already knows that this frame
is.' an -il'ls!a‘ntiatjnn of a generic frame, and what the géneric frame is. Both
(;owJ‘nrmir.:an"ts{ have '.ag,rraed on a protocol for comn_mnicating any instantiatioﬁ of
this'gr\lmric frame (béca\,lsn they speak the same language). W}lat “lype of protocol’

A would suit the purpose of Comnmnicating the frame? |

One ;jnu‘w‘lp,‘ thdngh inefficient, protocol would be to transmit each slot name
-of the frame imunediately before or after its value.. This would ensure that the
listencr could 60115(1‘11ct a r_inb]ir:ate of the speakef-'s frame without difficulty.
HO\V@\@I, this protocol fails to expioit the informationb that could be pfasséd.
implicitly, hy the order 1n which i]‘xe slot values are communicated.

An im_movcerf protocol would spwcifiy the order in which slot valﬁes should he

communicated, The amount of information transmitted would be- halved, since the

slot mames would no Jonger be transmitted. However, this protocol fails to“take
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i'ad\r‘an-'tag:-_s_ of the. knowledge that some slol§ are m.uch. more likely than others to
- h_.._a'\_re- ':a _pmiti-(iular value and ‘that the cm-nununicénﬁ may nqi kn:ow or care about
'_1111'@.. \'_'ra]__-.‘l-lé’..‘:: af. o'l-her"slots. In eit’hor case, .the value need not 'bé cﬁhtmunicated
‘ex plicitly. .h.t the :fii's( c}sm, the abscnce of a transmitted value w&mld indicatél to
thn j'ils:immr that atdeiault v.alue.. shnql_rl ‘be used, .an'd in 1ﬁe .TSEC.tJ:I.l..d. casé,
_'6_6111111u._ni'cat'ing. the wvalue \_vould' be: poi'n_t']ess. This would ahlou11t to a major -Ioés .in
.nﬂi.r:.i'c*ncy if most of the siots didn't need to be communicated most of the 'ti-ﬁle. |
Y proir}col is needed thal can {ake advantage of the abqve'obti_mizatipn's in
‘order -1.6:_ conmynunicate with m'a:ximum'r-Jffici'@néy. I propose 'the followi._n'g .prqt'oti':olg...
1]‘ hc' :v-‘a_l-ues of .slals. sjw’uld he communicated in a fixed,_'ordet.

: _’Zg.hc*as',cinab]e- defaults shouwld be asswned for -slots where one pa-rtlcul‘ar
valve is clearly moze probable than any others,

3.The oplional comimunication .of slots may make it difficult to _figufe
out to which slot a certain value corresponds, If there is any
ambigyily, another word should  be. transmitted gither immediately
 before or after that value to indicate the.proper.slot (this extra word
will he ‘referred {o.as a synchronizer later). B

33 'Tlie Syniactic Description

--Th-ié '_1.'@.11(-1.11 takes the pozition. that the above protpcél is mare -thani.,jus't an
'éi.l'gineering. f.-’.xé‘.l'.(_:l.se'. In "fact.- the syntactic. s’pecificat‘i-on Will fJe based on t_he
”'as.su'm:j)ﬁm_m that -this is actually how .conceptual bhrases_ are commﬁni'c'a_xteﬁ by
p.'G'IOIPIE, |

"l‘hﬁ!'spoci.-fi(: sy'nt_.a'ct_'ic sjnccificalion is .t_ailcu;ed to__th_e -i_lee(_ls'of the l'i'st_En-er,
who .must decode the " conceptual p'h'ras:@.'.-. 'F'}ie_ listener r'n'ust- be- -a.-bll"e.to __ co'r_'p-pa‘x"e-
.-c’ons_ilit_:uenjts in his 'buffer""(lmr]-m' 1the assumption that he.ﬁas_ a ._m-e‘ntal Pa’rsifai in

ope;-.'._a}.'i.cn). with the restrictions specified in the frame on the _possi_blé values of



eaC]i slot, (;Iousoquently,.the ,syﬁ.tactic spm:ification for the frame must providé for
tests on >1h~n contents of ‘the huffer to check whetﬁer a given. constituent can ‘fit'
into a particular slqt in- the frame, Also, he must be able to use synchronizers .to
- select lhe‘.'co.x.‘rect ‘s]'c;;t for a constituent,

',Th_f@ specific 1'E}wlfesel1t.aliml) } have chosen meets all df _the ahove requirements,
The frames are ordinary FRL fra'mos._ hui there is an additional 'specification for t'he
syntax of  any frame (there is nothing to prevent two i’rames, from svhar_i;llgﬂ, a
syntactic spr_*cifiicaﬁuni m one frame having multiple syntactic épecifications). The
synﬁct'ic specification consists. of an ordered list of ‘slot specifications' (in thel same.
order as the slols are to_hp,cmnnmnicalm). Fach slot specification consists of a
i‘\t\ffér pattern associated ‘with namrr. of one- of the slois in the fr‘amé; The ‘buffer
patterns resemble the buffer paﬂirjms in normal Parsifal grammaf rules excepvt‘tvhabt
they mever examine a node on the stack, |

‘]‘f he ‘]isloﬁr.-}r‘-.in “{he parlier communication Scenarip is Parsifal, withv this
apecification A tec]miqim ;f,}m' ,cnncopm_n'] .phrasres, the éommunication process. would'
v‘]jmcr-ﬁm] according to the .fqllmvinp, simple algorithm:

l.create a generic frame for this conceptual phrase and put it on the
active node stack (assume -that frames can be nodes),

2. compare each slot specification (pattern/siot pair) of the frame's syvntax '
with the huffer, If the pattern malches, pul the contents of the first
puffer cell in the specified slot, and throw away all other constituents
matched by the pattern. I the pattern does not match, do nothing and
continue to the next paﬁm;h. _ : '

h.w]ien_the entiré pattern has been exhausted, pop the frame currently
~on the stack into {he first cell of the virtual huffer,

The stack should be in exactly the same state immediately after the’

execution of this algorithm. as immediately before. The effect of the rule is to
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rollnrt :all. t'he. words of the _-cn.;_u,fe_.l’tual' phl:éSE! into a single frame, which .replaces
_ ﬂwm in the Eu‘l‘fe'r.'_ From the ﬁ_m’n_t. of view of the higher-level rules, the frame ..
mig‘iht '}'1-:: ,.\«fa.]] .ha\rn 'éo.llfe:'. 'r.)i'rnct'ly'\-f.rom the ]exic'on,l | |
| BARr'Id l'i.5n_t'-1._l.f)'r-)' t.v.\r'('z.en' the Protocol and the Syntactic Description |
:‘It. is'_i'mpor_{-antjtd ;no'tr}. 'ﬂmi th-i_s. a).;gbi-ithm do‘es_ not allc_ﬁv(r- t_ﬁe :f.ull- range L").f '
'.S.-y.ll"tﬂx. _pé_ﬁ:i‘ni_l:le&- by the 'genei'al lpro_'_tnccjl. ‘presented "ear_l__ié:r. "For exai’nblé‘, . the
r‘jestﬁc-iinﬂ' ﬂmt only 'ﬂ'\_e r;_cm'leﬁts of the first huffer cell can be .p.u__t i_n é;slbf (See
s.tr\p."?.)-. is a '._s'.i-mp]ifi.catic'm_ based entirely on the ohservation that it seems fo _Work
. ein‘;‘mi-l"imﬂly in English.
E There 15' fmiothej'- constiaint oﬁ the a‘lgorithm- that doés. not exist for.- the
'prc:xt.o'cbl. b\t(.-.-th.is one has independent justification, Rem’em'b,er that the protocol
o 1,'eq._.1.,ﬂ-i'és " s,-_'n"ch;'n.liizmis .w?hc»n the correct slot for a va.h'.le .‘is Ifl.ot obvmu,é .f_rbm- uie
.'_t:,_c-in_di_t'i:;ons spcv_cif'iéerl on 't.hiﬂ. slc;tﬁfs"\ralth (via the $1}EQUIhED facet')-_ The: algorithm-
"'dms.:_ ';'.161 'inok. -t_h;"oﬁgh the possible slots_,‘ 1.es.ti,ng ar’b,i-tr,ary_ pred{cates on a buf_fer‘
'_:nm';-s;itt,lj.nn-i.._ Tn’sl.én_r?._ 'fl'aé cofditions must be checked entirely by feature t_es_tS'.on_the
cn.nt'e'n-t"':; of “the cells of tho Pbuffer,” . |
Theoretically, 'th'e_.' features i the buffer- 'c(;uld be. médé- arbitrarily

"'_(é0111:151i'_(':al-eri;-'tq ref lg_c,.t: the resilts of camputing .all th.e,. ‘pl'ed,i_cate's-. tha; occur '.i-n .all_ .
ths]ntS of 8]1 the frames. -This would a]lm.v the_ feature.- test to ‘ha-ve.the ‘same
: -ia@x«"r'-:'r as the pf-otf_c-*.# of testing a]llll.he pred'i-ca_tes__du’rin.g'_ the m.atchi'n'g p_rocess_.-(in
.:ml"_'t‘-ll"aﬁ.t.}.'., ._'thi.s"is'. ,;jiJ.;:_i' a pte—r;ﬁmmxtation of the predicates). This is counterintuitive,
'_é.*.'[)“]]ﬂ:l:l_«’ﬂjf_.’hall-].)_’ i.'ne'.ffic-i.em, and i-_nc‘:onue_nie’ni, silice it ‘would require that all the -
ot edt’.ui-‘_e:s- -'.on- coﬁsmuenté. -in '-t.hei lé.xicr.)_..n he upda‘téd wheneve‘r_- a new. condit’ibn_ is

_placed on a -,slot-..The- process of testing the actual predicate at ‘parse-time' instead
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. nf g _i'u=i'tli..n1'1_—ti|"1.1e" (by .mialoé;y with._cmnpilérs_). Would-' ‘probabiy be better.
| -Ildx«'rmrer'.”t_hére is .a- computational -,jus'tjf-ica_t-i,on for testing features tha’tﬁ-db :
ot f'reﬁ.’rb#é‘ﬂt___ all E't'h'e pbl-ﬁentj.ﬂ co_inple;ld.ty'of theﬂ_predicat’-éé oxll a frame's sl.ot..-.. Thé
o :*REQU_‘IB]E;D pr@dié@lﬂS c"a'.n ive arbitrarily ‘complicated. ~ For a. human tb.par;se--é
....cmli.cq]iulal phrase in ‘real-time, the complexity of the tests must b_'e;. bounded in
' =omp W"a"y: ar -'ﬂl_ej tests -éan_ only check for an _apprﬁ'priately constra‘ined . sét of
' fmlmm ‘o’ _-hnffe'r-_ constiﬁ.u_nnts,_ this requirement  is 'fulfilletl. n'ic_ely-.. Even if the
) ..-sm;mi_ilgié Téslric'tions-'-_ on fthe value of a slot are not exactly eq.ﬁ'ivalent_-, to .s.on'le
.S_im.pl'é_. jf_r-vat\'t_re.--téét, it is possilde that these restrictions can.approximaie’ly be met
- 1'5'3’._';'8;_'1(:]] a tnqt
| _ __-'l"hi:s 'a.s__pect _. of - the aI_gnritlmfis-- consistent with ihe’_ohse’rvétion of the
p}mflmm '_c'ha.p.ter; that the semantic objects correspoﬁding to ‘3 c_bm-:ept_u.e;l pﬁrase
© must be c&imtﬁ’i-ﬁad in -sn.me. wqy"besid,es‘ simp‘ly-'f i'tti'ng into-a single semantic class.
lh-:t ._c':‘_n.'nst.l_'lai_ﬁ.t ';‘?“ nmy..'he expressed i_n terms. of the.compufﬁ_tioha’l effort requfir'e_d
:.'to."d.él,éf_nri_'r,ie whether a particular valug can ;fit;"' into a pai't,iculgr siot. As observed
~in chapter 2, the .feai.l_l'nf-ees:':i.esled by the clirient rules for c'onc'eptu-al_'- phrases
cmw,pcmdmthm to t.eé.l_s Afor 'i)an*{iCxll_al' words -o_f for -(seinaht_i'c:. .f'ealt"eutes{'_:(i.'é.
_samé"ﬁli?.-'c'a_'tf;x;of:i.és). _Pé)'halp's_ihe additional constraint of'. "th-a_tz chapter is ‘that ‘an'y'
fr'a1i1e. nx;i;rtess.ihlé' by @ conéepltua} . phrase . must coixs-iét of a- finite set of
"'ﬁéd%sigﬁntgﬂ .s"l'ots,. whose conditions may be .appi‘.o-x_ima;t'e_d' by'. tests for. im‘ii_'_vid'uél'

words- or the semantic classes of constituents.
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%5 T he Rep_reSentaﬁon and 'Meaning _ |

" This -approach 1o 'the'lrr_apresr;unation of con'ce_ptﬁal phrases has. a significant
impl'_i_('j:nti'.dn \-V-i;th_.lr_e;p'ect 1o the nétum of meaning. A commonly held vi_ew (éyen_
when nol stated explicitly) is-that a single ‘concept’. has a single canonical sglilalli'ic -
-reﬁ'}_'esén.,(.a't.i(m,_’.whic'].x is used whenever (he meaning of sbr_'néthing is needed (for

communicafion, formation of other concepts, or some form of manipulation). This

- suggests, 9 _'pir.:tm-é' of natural language understanding ‘as' a transformation from a
. qtrmg of words in the language to this idealized corncept.
~ The representiation -here would run into severs problems wheén evaluated in

: <;uchd .f.i'alilo-x«}_rjl'.li.. Si'nce t_he;semantic represent'ations must be 'chosen to ‘reflect the
.."..st'l"l‘i.t't_,.lll"é.._df- the Eynia‘ci’ic'.]'epre:;énta.1imn,s. they way not be in '.the'.'i_d'eal'i"zed form
-'1-'1'1'a'-t_.."t_j':in.:~7_- A0 ,be‘ ail thihgs to.éll people, If -the structure of t}.lfe'.'_.seman.tic
fé)ﬁf:c:;911$;,ﬁ:tj:on -.is not chosen 1{o reflect the syntactic structure, t’he'. rules for
..1-,:..11_'15-1.;.1'1i.'1_1g' '-r.r'cn_n" ;lth'e;_ semantics 10 thé-'s‘xir')taic, _;‘.;m vice vé;rls_'a“ .hecom_g -extremely
-,cdini'_p]'__-i.‘catﬂd. . |

CIn order to be able ‘to use the .smman.lic -l'E!pl.'ESE!lHaﬂ:(;ll as a basi_s'. ,for the
__':'5-3_-.11_:1."1‘)__{' of 8 .C(_lllcel._ph_l"c?'l ﬁllraﬁe.. and still retain the suitability of the sem'a'ntiés for
"()(hm‘-‘ npm of ma_n_i-m.l_;latim{ (e.g. structire building, computation, or ri_edu_ctive’
._.:_i.'ll_f"%.";'f‘llf:":‘l)..'“-‘P, \-;v.i-].l..'hav.e to take a different \.'ri'ew. Qne view that see'm_é to bé.'
-'.pa.rﬁ(:u'-._l.a-'r.ly aﬁpnalj-ng,. is that the ‘meanivg' of .someth_ing' is not .juéi_"a single
Séﬁi{m{_icsst_r'uttf-’u.‘r.e: ‘it h a set of such .stmct\.n:es... pach  suitéd for a special purpose
01 - group of _ _p'\i,xf_pc_.!s.es.- Such a system .w-oul'd .ueeﬁd' rules- ‘and procedures for
_.-t;r'ajlil%ﬂ.ﬁl'ihg. a-r_ngﬁ'g the vgi-imm special-purpose representations. | |

The frames we have been referring 1o as ‘semantic representations' are

oy
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.".ac{-udl'l;\,; ._ just-a palt 'o_f_: such a system. This is not to--_sa_y‘ that thé éﬁl'y. t'hin'_'-.g they
are good -for-. ié_.-_Cmmmmicatio-n. {this f&roul'd 'ro_nd_'e'r the ferm 'seﬁ_ia’nti,p': méaningle-ss)._
F-i-rsl._ '-1.-1.1-9"r.vx-'i'-.g'te.ncz‘e- of -the generic fl'aju{é provides’ a point of referen'(;e fdr'.finding
\i'ar_‘_i,ti'ns a\és.n_cia_ltim_rs _ﬁrith an ohject. For example, once .'an‘ address phrase has bé.éﬁ
pmced ..'iﬁ.'tr't.,au addve«ﬁamp we have i_nﬁu_ed_iate access 16' all t_-he_, generi;- p_rOye_l‘iies

nf hr‘]dr-e:#se;s. We also have a frame- to match against memor:y tp see if oﬁe"- _caxll-
'l-.'_d'e.i'..i\'re. --ai\y arlﬁiijoﬁa'l: information flimm._lmowledge about this péi'ticﬁlgr- address.
Fi,_n}jli] ssuch firanms (o_r'. somethinﬁg vary é]oso) could. cbnéei\}a'bly be the basic item
_-'_ri_ianillm.]a”l.b'd dur'i'hg. \_rell'hal.rc-!;s.fscmi_ng. when people translate their .thdu'ght_"s i-n'-tb

'_"la.l{(;:;'tlage {0 Nelp them ‘think (hings th,r-ou:gh'.
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A. Nuinbers: A Sample ilépr_eSentation

41 A _iflfé}al;éscl)-'latidh- for Numbers .,

| . : Tl.’ﬂs. thapt'r.:r develops a mpresmﬂaﬁnn for Engli':s'h numerals '(A:mex'ican
_-;:'l_ial,,r_'dt-). in the fo-rm of _.synmdically augmented frames as described in "t}'ie p)‘e'vi'_oils
- chapter, _,]\l,‘t]_):(_)-l_,lgh_-_m,o.';{ of the discﬁussiﬁn in this chap_ter. relates spec_:i‘fic'éll_y to
_;111‘11‘1'11191-'5. it _sn_o{&_m'- uﬁ':_im-;s_'-lnr‘)d that many ol these issues are éommon" to- the
'_rem'esrei\t,alion __o_{ many Irﬁher 1.y_p_es czf' c:ﬁixceptué] ‘phrases, The fepr.eselita‘tion of
-1_113_-mr;=.ral'.s was. 'chc‘g_)sen_ as Ean_ g‘#m.nplr...‘.' h:cécausej they are -.a particitlarly clea.r. and We]ll_ '
11-_1\"1’1"?1.'.5100'(1 f‘m_‘_}ﬁ nf r:bhée;ptn-a] phrasr.!..'_

| o Brlow is a.:.Sr'_!.].}:TPl(-.Z‘ set of ﬁ:ameé for natufal’ numbers. (less {hén o,'ne trillion-).
“In -'!ﬁh_'i._ﬂ r.@m"bsenlati-m;, numerals. are aclually repi‘ésenleq as several different typés
“of ..«_:'r'.m'cel'.)t.ual p]xé‘ésgs, ~some. ‘of which can be contaiﬁed within others. The -d.i'gi_t_s.'
"bn_e""_ Lhir'o.ugh “nine" are all i_)ln the ievxicon as members of the se‘m.an’tic_. class of
'._DN'I-‘.S. :Nu_m‘l'vgér,s:.b'c-_-’tw.een t-w-ent,\.r_ and ninety, inclusive, that are multi.ple's__of Jten are
_i'n_...'t.-hr_-z 'sc-.l'nai_l-tjc._ciflasg;: of ?]ENS. “The seﬁmﬁtic’- class .SMAL1;~NUNI"__BER- 3156 contfains all :
legitimate cmh,i')_in:aﬁ:cins_ nf _TENS and QNES, such as "thirty sﬁc“’ and "ninety nine".
‘Alsa, -_'_t.h‘ér_"é-. ate. s'_-ome 'SMALL-NUMBERs entered in the lexicon, hamely, the num'e,ral.'s.
1911 I.-ﬂ'n'-'.niv.gh ‘nineteen”, The concepiual ~phrases for TENS..an_d ONES can. be
| . cd_ns\il.u:'t\'.le_n-ll-s ;o'f ._a' S,I\’II_\._L_L*N_UT\_-‘I'BI:‘.Y\. A_nother ‘conceptual- phrase i§ Hﬁ-NDREDS:' any
| ]S-I\'I[:\LI'._-':NL'IMBER 'followe'd-'by 1hel word "hundred", optionally followed by another

: SI\{]ALL—.};\IU]\"IBER Nﬁ_to 1l-h§.'t t‘his a'l'l.qws phrases -sulr;'h as "fi'f.(y four hundred”, which
;i.i'e. -1161 formally correct, but are almost universally ;nserl_. Finaily; the BIG—NUMBEB
f Famo i-ﬁ:clhdo's 'th_ose.l phrases Uw;t h.;rwé'the words "thousand”, "million". or "billion"

Coin ‘them. This system cannot rrcognize numbers greater than "999 billion".
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- T hp frame for a %MALL NUMB]‘R is shown below, All LISP flmctions have

: bnen pamvlnamrl m Fnrlnh and is dehm]ter] by '%".

(FRMIF SN/\LL NW?RFH
- (TENS (SDFFALLT (ZeRm)
' {$REQUIRED (%the value must he a kind of TENS%)))
C(OMES  (RDEFAULT ZERD)
(SREQUIRED (%the value must be a kind of UNES%)))
TAKD (SVALUE (NUMBERI)Y -
lf]h/\NT (IHF NEEDED (Zcalculate the value by addmg {he :
vwhmn of ’che TENS and ONES. stots%)1))

(c,»"mm{ qmmi “NUMBER
([ TFN%] 'TFNCH { = ﬂNFQ'I HNEQH

"l‘hp. ‘bm QHHHD stots 1n the. ahm‘m frame- are. en-tirely i‘edundént siﬁ.ce---they
'rm]mpnnd macuy fo the Ieatules spe ...cinerl in the syntactic description of the
- Irame. The o-nly_lgeaso_n they are rlefmed. hera is to emphasize that, according to the.
N 'a'nal,\_'s-is_:-' of the'_la.s’_t'.".chaptel.‘-, the I'E;atpr'e tests of syniactic. descriptio‘ﬂ are an
.'._F.'-'I-‘r"i}:if-e'n.t _appro#imation to constrainis on the 'p_oss'i'ble: values of a slot. :-The
_cdnsi.rai'ﬁl is 'ax_pi"e§sed' in. the $REQUIRED facet, -éyen ‘though the syntactic
"_f]E;...";(?_l'i.}.?t.iOl.l enf‘drées_ it exactly, in this case, | o
: I“m " the t:h}ir_:ﬁﬂl_lél phrase "fifty six", this frame ' would test if the
I(-:t.')'nsl;.ti.tué'n-i in the f'lt'!)TS.t. piace of tlj.lz- buffer bad the feature TENS, -put it in the.
TENS sl'lo.t'.-' of a SfMA_iL—NUMBE.R frame, 'th.eu'.test "six" for the D'NES.. fé_atu:é, and
. put _'i-i i the QNES- slot.. The constituents for “fifty" and "sixt wt;uld be framéé
: 'then_l.'s'el'v.és,' but’ 'tghes'e. 'f.l';§11m"5' are “prefabricated’, and .anSOC-ia'i'e_(.i; wifth" root ‘words in
'-the lexicon, i | | | ) _
'Ihn $DE F/\I!ILI‘ facatc. in the TTNS and ONB. .sldt-'s 65. the f'i'ame indicate that
if no valnn is availablp ‘to put into a frame exp]icmy, the hPaIEI should assume_.

ﬂmt it haq 1hp value "Z‘ERO"‘._ if the value is needed_ (actually, in thls 'model,
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" .-E;'gt_t.iu.g_' a def a\'ut‘vélt.ie from a frame is a more hasic action psychologically than
‘assuming’ something).

The result of .parsing {the conceptual phrase "fifty six" is the frame:

(FRAME SHALL-NHHBER] )
' ATENS - (8VALLE (FIFTV]))
{OMES (SVALUE (SEX))) _
(AKO, (8VALUE (SHALL-NUNBER) ) ).
‘Bs in any other FRL frame; this frame inherits any .prop.er'ti'es that ar_e..n_cl)'t
. ex:pl_i'c'i_l]'y ‘r_l'.efin.éd-' in the f-r.m'ue from other frames in the AKO hieraichy. In this -
(i.dSE', the frame js ap jnslantiation nf,'the.SMA-I..L-NUMBER f‘rame, so among. the
"i'_nhr_i._rili?ﬁ _Iﬁrn_pé;'ti;gas .',x..vmﬂ.'r.'l be the ._dr.ifém_lt' valtes for its sidts:é_né the $IF-NEEDED
facot of the QIQIA.I};IT slot |

-:Noli.cn -fh.at'?'tijei QUANT '.slln.t dons not appear in this frame. Th_e value of the
(DI.TAN'!‘-'nIn! s thé '.'ct?m.pu'tm-‘ concept‘of a number (ie, TISP 'fixnum‘).'Ther’e--ai‘e at
Teast two Waw' thiq -toulﬂ he Cmnptlur.\rl;; The .fi'rst ‘would be to have a LISP p;og-'ram
a<'ocmlr‘d' Wwith hoth -of the lFN'i anrjl ONFS slats which will calculate the value
a:n__frl; 3ar.llr.1-. it to -t-he-contex;ts of the QUANT s]ot.'Thel other approach, whicﬁ- is the one
, \Liéé_(l. i\ﬁ*)-.g;. y: _tg -]ja\igl é\jL]SI‘ p,-();i;l-_am_ thich calculates _1he value of .the QUAN'} slot -
only if it is asj'k-e'ril fo‘r. '1"-);1'5 mm-jhnd' 1<: more cm._n.pa_tible: with the view of 'meaning"
't_a]m'n in thn]aqt chapter, that a concept is. a group of diffe.r'e'nt repte_séntd'tionS,
ﬁach shimd fu-r. specific wses, Jf the the number is ~going té ‘be used for
_r:m]..l-.]:v'.u_:t'at_ion after lﬁesi.ng parsed, the machine representation is clearly better, On the
o:lh-ér...ha-ild, if 1_1:19. 11'\_11ﬂb§1’ is used fo find associated }'(nc)vs_fleflgv;s (.e.g-_. a year in

'.jmi:st.'or,y':'_).. .t_]'w -c’t_nnpute’r representation is not 'nr_'eded, and s.hould -no_t be computed.

" The frame for HUNDREDS is:
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o FRNIF ‘-l-ll._JNDRFDS- .
{NUHMDER-OF -HENDREDS (ﬂRLHUIRFU (must he less thnn 100%)))
AREST-0F HUNDRFU" ($OEFAULT (ZERD)

- (BREOUIRED (Xmust be less than 108%))]
(AKO (ﬁVALUE (NUMBER) 1)
(OHANT (ﬁlr NFCDFD (%100 {imes the quant of the value of the
~ NUHIBER--OF - HUNDREDS .slot, plue the ‘quant
of the value of. the REST-OF-HUNDREDS
| ~ alet, ) :

' (‘%rNTI\X HUNﬂﬂFDS
(1% 15 ANY OF SHALL -HUNBER, lENo. ONES ][—*HUNDREDS]
- NUHNER-OF - HUNDREDS)
{lx 1S ANY.OF SMALL-NUMBER, TENS. ONES]
F?['CJ -0F - HUNDRFDSH S

l(-l.l.l the Pattern 'fb_r each slot, "¥ IS AINY OF means ih-at--t’he*p_attefh.should match 1f
'-ény. of ﬂ-\rﬁ.. f -'EQIUIII‘:E.‘S.m'e'p].'PSf:‘nl'. Also, a pattern of the f_or_in_ '*FOO' means ‘match on
| the _1-11'65@11(‘.(! of the ward: l"foo_".)." |

. In. 1his ca.ée,- the presence o['.. t-h-@.. word "hundred” is a '.synchr.o,nizer;_ it
”"d'iff e'l"em.:_ialns_bolii_\reen: the conceptual phrase for. thé NUMBER—OF-HUNDREbS slot
~ and the concepiiial phiase: for the REST-OP-BUNDREDS slot. Also, note” that the
SMI\-L}...-NUMBER tule should Ve transparent (e.g. "fifty six"-s_hou'ld appear to he a
K _..Si..ll_"g](; l-e-xic.a'l"')? 1o -[.'.hj's rule, since the HUNDREDS rule can have ;‘1 SMALL-NUMB.Eﬁ -as

: a '.Co:.‘l'r-sl:i_tﬁur_ﬁn't. : .

_ 'Il"h._e seneric frame for a }ilG—NUMBER is represented as follows:
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AFRAHE Hl( NUHOER
© (BILLIONG (SDEFAULYT (ZFROD) ’

' (#REQUERED “%the value must he Iess than 1800%))

(HILLIONS: {8DEFAULT (ZERO)D) ,

{ THOUSAMOS (BUCFALULT. (ZERD)))

AREST-0F -BIG-NUHBER  (${EF AULT (ZERO)M ).

LAKD (SVALUE (NUHBER))) - : :

(QUANT  (81F-NEEDED

{%take the sum of the elots after multlplgmg the

QUANT of the value of each one fy the appraprlate
houer of 1970 ))

{Note: the ﬂREZUU'lRED facets of the other slotls have heen
left nut to avoid needless repetiticn) .

GYNTAX B1G-NUMDER . - |
Uk 15 ANY OF HUMDRENS; GHALL-NUNDER, TENS, ONES] (=%B1LL1ONS]
BILL1ONS) - | |
([% TS ANY. OF HUNDREDS, SUALL-NUMBER, TEMS, ONES] [=xMiLL1ONS]

MILL 1ONS) - - |

(L 1S ANY OF HUNDREDS,  SHALL-NUMBER, TENS, ONES) [-*THOUSANDS]
 THONSARDS ) | | . :
(1% 15 ANY OF HUNDREDS, SHALL-NUIBER, TENS, ONES]

REST-OF -B1 G-NUNBFR) )

“This frame has many more synchronizers than the 6.th'er frames in the numeral’
system, since 1.-11_91":e-ar-e niany- adjacent slols- with jdentical semantic conditions, Also._
S

. tlus' 11119 ha‘ a case of a.synfactic condition apploxlmatmg a semantic- condition on

a slot.  Phrases ."such a_s- "fifteon 111_1)1rj_1-od'-' are allowed as .cons:tlt_uen-ts (allong

_ “four million fifteen hundred thouéan_d'-‘) since they are legitimate HUNDREDS. 'This

--qltuahm\ mnld have- ‘been avmdcd Wy requiring a HUNDREDS to have a ONES as its
first 'mm-:po:n'nn‘l-- '-mq'tpad of a SMI\LL NUMBER, or by crfaatlng an entlrely new
. .ccrnrnpmal phmqp fm pmsmf, nwmnters of the form ONES followed by a IIUNDREDS :

'e_l'r:._ I l.’..h-OlSE‘. the J.E{p_lgsgxylta-tlo11 presented  here since on the’ hasw of lnformal_
"..e'xﬁel‘;ixﬁe_n_!.atiml._ it seems fhat. people 'dj.d'n.ot ]mtfce the incongruity of n'um_bers '

" such asi?.', Yono nii‘llit‘m fifty six hundted thousand [live" until asked to wiite them.
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rlown -1 pc*; fmm mithmpt]c on 1hnm’

’ jI_-m_a‘l]_y : <hmﬂd nntp that ﬂm‘ rejiresentation .has left out at least two: minur
ﬂ.e'ta.'i-lzs ‘u_r' ﬁx-e"_'_g@amhmar'_ for natural numbers. First,,l conceptual phrases in thg .
. imNm_’{F,I'JS 'caﬂlégo';.'ryi Ihfa.vé an ' optional- “ang" a_ﬂ.er__the word "hllndred_“ -_--(_e-.-g. “six
'_-]),'u.'nr')rei;l 'a_nd f-l-f_u:r-sel\_reh.").' 'i'l_lis can he exivre_ssed‘ very easily in-the i'é'presentatic_)n '
hV '.m.lf)w:ing '-'a__'slotispecificm;io'n_ w-i_th' no slot namie, which wo.uld. eff_edii_rel&.
’ d.‘iScm{d .- tl;e "'a]i_'f]"'.?'.

Ahn-l'ﬁéf’livn]; ‘an .addi't’ién.al syntactic description could be constructed ‘for'thE‘ :

_IIUNDRTI)S havmx’ a slot cpemﬁcatmn of {he form

(“YNTI\X HHH[JR[I'IC :

: ( {-SHALL - NUHB[R TEHS, OMES] (- WHHNHRFD][ MND]
HUMBER-OF - BUNDREDS)
{ 1=SHMALL-NUNBER] REST-OF -HINDREDS) )

_:éécbl'ilp]i.ls:liiiiga the saxn.;a_ goal,

'An‘cth‘er rregularity t.‘h'&f is lnot accoumed. for her.e' is the océﬂr-ren’ce of
_-plna:ns qurh as "a nnlhon and wn thousand", where a: leading "one" can optionally'
e .n_.n- “a", Thls <hmﬂd p}ohahh' be taken care of elsewhere in Parsifal; since .
‘and _;"'é)'im." hfwe' the same'qtmn_tific-atinna-l properties, perhaps -the Texical p,-hase of

 {he parser should convert them into the same constituent,

4.2 The Validity of the Representation .
Thie to. a lack. of evaluation procedures, it ‘would be very difficult to
“determine whether the numeral representation presented is 'the correct one'. A

supporting point’ for .this iype of representation is the perspicuity of the

7Y \lan Ka!wijk {4] makes a slmHar oh:nrvanon Lo Justify- the omlaslon of context- senslllve fules In a
) grmnmar for Nutch: numnra}s o
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'l'E’PIf..*SGUla'li.OTIS_‘Of j.n_d.i'vi'r]nal: conceptual phrases. The lfépfe.s;eittation given here
lnm.na'{-*,es 1o express a broad class 6[ 1_1"1111191;515 fairly succinctly. Even if .apothef'
sys(-hh . conld ar)_‘i:vra' 'a.t. a nmr‘é -perspicuouns 'J'Ppl'eéentat'ian for ﬁ.umérals : 'in' one of
.'nm. d_nma’in# of syntax or semanties, it seems unlikely that this'_cpuld be achieved
\.-&_*_.i::th'r_mt greatiy "rimup?icat_-_ing the other domain. In addition, consiﬂei'in.'g' the earlier
:'r')hs_e..'_l'\fatifpn ) that co.'ncept\.la.l phraszes are a_11'-opti'1nized means of communi-ca’ti'ng a
_..'ll.lr:'é_m.'lir-_!'l‘.(l'if a constrainnd semantiic class, the fact that this representation mén’age's,to-
.c.a'y_ﬂ.ﬁi'r__e. the: _intr.'._rvrr?]ati.onship \:v@twee.n the .sremanti,c‘: and syniactic knowledge for
~these. ﬁr?xprr_e:.:,f;-ion-s- in.bfpasg.‘s: its altr.af:tiv.eness. |
| .lﬁ\r_lr)"it-ionally.. a nnmr.-:r,al. in thj.é 'rep'l'_esen.tation can be useful fof operations
"_(J.ﬂ_mr_'l-han .r:.nm-nuin_ial:at-in:'g or '1'c;.'l.i'ieving "assot':iate'rl information, ','Al.t'h..ough. it would
n;it fné qs-.-suilabie-- for some arithinetic _o'pera;lions as an.-other_ mpresehtatién might
'.hg-.  -i..t. -u'roul'ri ’ h_ta_ ar.lreqpate- for' many common operations, For'_'-exam_p'lé',' two _
'_'S}VI_/.\T_,__I-_.ANUMI}'E-RSQ,.cau Te cm’n]fmrécl' easily in sizé'_, by the simp?e al._g(.J'rithm of
'cc_!_l'npat.-inf_',. 1he IINQ ..(x'"ia ‘table’ ]m._)ku-p') and if they are the same, comparing the
"ONES. Tt .is. alqn very:-casy 1o r;ompm‘p‘fcatdina] numbers of different _séxﬁéntig types.
'I.n'.' ‘general, all 't'h;e members of any semantic class are either greater than or less
Cthan an .1.]1'.9._ members of any distinet semantic class (the exceptions are comparing
f'[:.ENS’ -and S‘MM.I,;-NUMBEHS. u.zh.ich can be tested hy comparing the TENS slot of.
.:%maﬁ-guunherﬁ, alid “Tifty m hundred” vs. "five thousand six hundred“."_*)._
[\ln .'é.i.-mpléz_'_ ad-rl'{ti"r.m fanrl -é;lbl_1:étti.o:1. of -numbets" in fh'i's ;éplfeseilfatibn 1s
.fair.],v '.;;i-.m.ple '(tvr:t]_l in {eims -of computation and short-term nlemnr_yi_, as long as no

C MLt cowld be shnvwen that people emplrically have greater difffeully in comparing numbers lfke "forly five
" hundred” with “six {héusand- thrée bundred™ than.wlth “sixly three hundred”, It. would ‘lénd supporf to the
hypothesls that the semantic representations Tor these forms are different '
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'.c.-a'r'-r,vil_lg' is reqitired. Judeed, the fact that these operations: are so much more
Aifficult when ‘catrying' is required, may indicate that this represeritation is the

‘default’ for general-purpose cancepiualization,
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5. When 1o ]‘.‘,xpéct'a -Conceptua] .Phrasé:

Whr'n tho pmmcrﬂ for Immn rmnnmmcatmn was developed in Chapter 2, it
was n:mmnd 1hat 1he }mnnrvx knew ‘which generic hame was being commumcated
b\ 1.]19.' spﬂaker._ Until now, the method hy which th’is Iranig is 'recog_nize.d has
re'niain.nrl -i_i_.n.ﬂ_w_i.lc:lfied. Sinc_,é Ahe ‘syﬂlaciic-d.ﬂscri‘ptinn. of the fl'.éni_e’ does not cohtain
'."rz'..l_l'tmgt'h in.iiolrinatiqn_.-_a' priori, to rlr,'t'r_'.rm'ine when the .frame. .applies, we must
p,.’rm-r:i'rl'e_-"ffi.ther‘ :qm-ne-- _e-xtnrn'al’ indicatﬁm of the “triggering' éonditio_n‘, or some
. l';l’.‘il_!"'iﬁ-'t-{(:" fav deriving that condition from the syntactic description.

As an %:dﬂ-red c,m'n.plicatinn'_, the mc;og‘n..ition process’ cannot'be.e_ﬁtirely syntactic
“in nﬁtt_lre.’ Coxns-i;l_c’l'l the phrase ;'.njlle. i.hirt:y" in jéb)a’tibn; Tﬁis co;ﬂd be a time of
-.d_a_y :(9:3()_), A 'pr.fc_'e '(_$9.'-.'3'O-'.m",-‘R-QBO). part of an address ("930 Percy 5t1."), or élmq"s't
' m;y t_y;pe of number, depending on the context "and the domain-speci{ic 'e-xpect'at_ion_s.
._'ni"i-{-hcz _1_-ist_r3nor_.- This i_s"exacl]y the s;wme problem that .0ccur_s. _When .tr..yin_g o
_'i']'(.i‘i-("l‘-].llil‘m. 'which - wortd serise tn”.a::sohiaté with a given word, ‘and once 'in'ore ,
"'-111d1ra1c-q thp pmt]y lnmlcal nnlme nf ronrpptua] phrases Assuming that-rhscourse
.mntn\t is not - qufﬁrir—\nt to gummﬂen 1hat only one possﬂ)le conceptual phrase ‘can
“occur, ‘here 11'1.11‘5’6 be. .so.ni-e-‘s_y_-utactlr: .-prr.-'fe.rr;n_lce involved, | |

‘.I'"o_r_'9‘1—1{_3{1115;.91'i'n.g_' purposes, it would probably be adequate to construct -t_he

) _..t;ri;zg:'o:ri_ng. _i-l'l-f('?l'ﬂiation fc;l":t'lm.s:e rrles h-s.' hand. and represent it 'e:'cp'lici.tly as a
_P’irlpi-u rule, It wmﬂd e much more ronvnmr'nt ﬁowever-, to have an auto'matic
“trigger generator’ pmducr' the lm,x'elmg information from the specmcation of the'
_-f'rﬁa.nw.... In either case, .'s:‘ome_ -_r.lr.zcisinn-S' m.u,st be made as t__o how the. rules should

i iﬂ._terﬁc:ft; -since this in}era};t'jcixl'llés. a major effect on' the inierpx'etatioﬁ_ of the rules.

‘As. dan example of how.the specific triggering conditions for -a frame -can



29

affect the final result of vlhe' parse, consider the specification for numerals
}7rés'0ntml'." in the last r;l'mpter_..l'f we adopted the philosophy that a frame should
trigger whenever sbmethim{ .appéars that fits in one of its slots, the fo]iowing
seenario could obcur: the word "one” could occur at some peint in ‘the input. It
W'mll,d he associaled VV“']?I. the ONF frame in the lexicom, which Woulq he .vi'n l'the
semantic class ONES, and insert it into th.o. buffer. The SMALL—NUMBER franié could
then trigger, since the Oi‘v.]'(‘-!(,?t in the semantic class ONES can fill the ONES slot of
'thm fra‘mé. ’.l‘h.is—Wm!l]d lIeave a SMALL-NUMBER in thé buffer, assoéiated with the
phyase "one”. Similarly, the HUNDREDS and BIG-NUMBER frames would trigger, and
the i‘esu]t of the process. would: h_ra .lh?.e appearance of a BIG—NUMBER constituent in
the huffer, in place of the phrase ".mm". |

This type Qf be_ha'vim’ has prohlem's in the i11~t91:acti611 with the rest of the
grammar. Since cardién:al numhers are frequentlylus_ed As quantifiers,. the rule for
num1':017~agl-;‘t31'1'|Qn.t apvplikns. Any noun q‘uanlified by the number "oné" is singular,
while ‘a noun quaMiﬁed bty any other pumber is plural. If all c_ardinal numbersi
\'\."31.;9 I'E'IG»NIHVlBI'E‘;Rs‘ distiguished - only by the contents of their frames,‘ the
'n'umbm;—ng;roojm.(zni rule wmvl'd have 1o. examine the.conte.nts of thé BIG—NUMBER
‘Il"amn in order to furiction correctly. However, number agreement seems to be mofe
of a synfactic than semantic p]mnmnrmovn’-” .‘In addition, if sevmantic description’
and ’s;ym.aél,'ic d.r_’r:.c‘ripﬁons for SI\II'AI.I_;~NI_TMI,3ER5. for example, already exist it seems
‘artificial ta, . say that they have no i11dépendent existence, except to trigger the
IMUNDREDS rule. | | |

A Jess liberal triggering philosophy that required the phrase for, say,

R

consider the acceptabliity of "1 0 cavities”
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HUN'."I."-)RI:.'.DS. to comlain at Jeast one -nthélj constituen't hosides a .si'ngle -_SM‘ALL-NUMBER
~would havn a much dlfferent result, If a <:1mﬂa1 mggeling cuterion held for the
_ . v
ather j'-ran}'es,_ hach .d.-_iff'el-'e.nt 1.ype of 'num'h_er co_uld thhout being part of anqt-he_r
frams, - | | |
Evpn il the 1pmpapnla1mn for numbnrs could he reformulated o avmd thls I
| _d}fhculty-.‘i_t would still be difficult to control i‘nteractions bet_we'en fram_es,' _ih‘-
general. There is no restriction’ in the rtzpresentation' to pr_evé'nt different frames
Trom having slots {hat peemit the same {ypes of cm-mtit'\xent‘s, inder . the same
conditions. If- this si-t'uatioﬁ occurs in the grammar,- and it seems probable that it
will, ﬂmf_e'-wil'_l ljéve to"b_e some general principle 1o determin.e wh-ich r_ﬁ_le-shbﬁ_ld_.
trd ggm | |
- I seems to mé 'um the proper beﬁavio-r of the rules should t;e- to pi‘ewfe’n't
frajm-p._s_th.a.t'-('.'011'(.;1"1'..11 only on_§ constituent from occuring, Whenever this is practical.
i _-pr_'oj:m.sn' 1.'_hr-$ 'f_o'lli.mr'i.ng, 'm.éore _sfnciﬁc principles for ,d_eier,m,in‘mg the ftr'igge,rihg
.cofiditions for a f:‘,aine:-- . |

1A .'fr_'aljii(r;s J'mmt tl'i,gg;exf on at least two buffer constituents,

' ﬁ?. I two- Immhs ran hl.t’t'f‘l al thp same iime, then

It one: of theo- Trames is a constituent of the other
_ (‘constituent’ here ricans related by the transitive closure of =
. the nmnpdlate constuunm' relation), it shou]d tligger first.
If meither is a constituent, hope that, some other
machanism, such as discourse condext, will give one ruie
- preference. . o ' -

H éach rule can he a constituent of the other,, the
o mplnwntatmn is probahly wrong anyway. Im certainly not’
. poing to wcmv abont it.

"

If the -t-_nggm'l-ng rmr-:.? lntr_-'.-ract" so as o adhere to this principle, the effect
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w-du_:ld fle. that '.th.e' f rame that triggers would bg- the 'IOWest—leVel'- conéeptufgl _'ph'fase
",‘,(-1'1'1'i1.1k-tn'g of _l-hc; _fra’jn'e..s i.n 1;?1%1115 of 2 consti'tu'ent.h‘ierarchy).-.'l‘-here shou__ld ﬁe’ no
 need -l.o. allow a fl'alile "th;s.t con-‘taius only one 'cénéti—@uent,' since _th'at.'cons-t-ituent
'\"V'O-'l.l..ld he a 'sin’gle' semantic cntity, and should . be useful bjr -1't'-se'lf .
An im:plém'r-}'nt_atio;l,_ P-lio_h'lmn is raised by this approach. Since we .h'aire.been
. "ar;s-tiui_i'ﬁg ‘that’ the _.con:cept'\m,l phrases are -parsed inilq. 'ft_émes in a manner
-'i"mn;s'pm-mt .ltol"th;e .-():th:él: r’ﬁies ‘(ncluding the one:s for.-'palrsin'g' other ;onceptdai
"._ph!awo) the omy Jpally cnnvonwnt uix'pm mechanism is attentlon shlfting rules
'-(wh]rh n,\p]ams thn use’ of aur‘nnon shliting_mles in the current grammar)
Unfo‘r.t_u_nately “the nnplr'mr'ntalmn of attention- shlftmg rules in Parsifal constrams
. 1hom to trigger on a single hnﬁm cell, in order to'pr'event v‘_iolations of the.o_retical
-.:cr_i__nstmi'n-'t-s on 'lo.'okl—,ahearl'- in the. huffer. I’ would -st'i-ll be poséible to implement
'_t.-'riggw;ri'ng' '1113;-. hair-iﬁ-g an 'm.ie_n(:ion—.s:h.i'_ftiﬁg rule match on the first cell of. t'_he.
-1‘)att'é'1'.n- 'fdrf t‘fr'-i'gge%r-ing 'thé T 1:a.m.e- anrl' then :ha.ve other (ndriﬁal) rules -chedk the rest
g of the raupm agamst the buffer, and l('S'lOIG‘ it .if none match This arldition to the
romp]nutv plobab]y mdlcates a issed ppnelalizahon eithel in Parsifal or iﬁ our
l'ep;'es'mj\'.t;at_ion .
':l-\.rld.i‘t‘.innally}, ﬁ*mh an e]_tgi'-l_meri.ng point of view, it is not c_o,nveni‘ept to have..
"~ to exdm_iﬁn ;'.i'.ll"'t_:he. other.rules in the syste'm. whenever. a -né’W_COnceptual _ffam‘e is-
_ léa-_rnpd..'j\'i -t'l.wzis time, the problesn of how best to specify the triggering mechanism.

remains open.
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6. Conglusions

6.1 Wilei'o '('Ic')n'cé'm.ual. Phrases Fit In
- One of ﬂfg. d_najo__r. unsolved - problems of both Iinguist.ic-s' and aﬁrtif_iciél.
i’n-lr_'_il'i.g_m_'m;é. is to de.finej th.-e i'elat1011$h_i.p ._hetwrgen language and. 'knowle'dge; The
'Sé)]-'ll'_ti(_)-n, if -there- is ‘one, would have prof oilnd ‘impact on.b'oth fie]ds, ‘and probably
| Bn many 'o-the_r_ fields as _we_ll_.. | |
This rj.e-.f_;_e.-ar-cf.h_ l'.e'pi'-r_esents an attempt 1o find a solution to t'-h.at probleﬁ_ on '_a'_
yery  small ."s(:ale; - 1o .r..lr.:e\-!-olo__.p a represeniation that .c_aptu_reé the -relatio'nsh'ip'
-'lmtwebﬁ- t'he' s"y'nf_axhnd the 50111nn-tics_ of wha? I have termed 'concgp’tuél 'phlr_a_ses‘.
Thé _3'6:#111.1- is-a .s.pr.-_n'-:'i—.'ficati'mi that consists of a frame tepresenta:tl'on of -.an_'. o_b_jlec-t,-'
__;\_'tignmhj_p.rl by a synta_ct-ic &e_scri-ption of the frame, |
_. Cnn’ceﬁtual phrases fill. a niche between the various .p'h.ases of the. parsing
Plo(f‘k ‘;"hr,; d.irf;é-n.'r:_*;nt .t_')fpes of .]ing_uislic constructs, n_1ea_sﬁr-ed along . the .ax_i's of .'
- vomplexity in S'ema’iﬂic ii\'toi'jvl'el.-at-.ion'., can be seén as a spectrum; At one end of the
--'Spt-?.ctrum ;.th@rtlz- -a'l'e".'smlte11ce$‘- ' -which are e}rceedingl’y general constrttcts in tefms
_'of lhn mnanmgq thnv can rﬂ;pmﬂ; The usérs of the language pay a prlce f01 this
'genm‘_n.h_ty (as wuh most rrnnputational tasks), in terms_ -of 'verbos_i_t'y _ and the
_ o , _
AiLr im’.ﬂ(jr of SE_“IH.FiD:ti? interpretation.
At the_ other .end of the spectrum. are individual WO'!'ﬂ.S.- 'Tlfe process of
_-;.'.msf.)_cia..tj__n_.g a word 'xifvith its meaning is very mane Snnply look it up in the_
"le'x'ié(n.\,. 'W@rd.é, by l]_l'.'EI'llSE’.lV(!S,' bhave a very limited range of _meani'n_g', however,"-"

“”'w'hnn' I say word' here, 1 mean an_individual lexical Mem corresponding to a single word in a sentence, 3
‘where - -all the wnhctlc and d|srourse canstraints have already acted to select the correct word sense from a fixed _
st nl‘ altern'\tl\ es
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Congeptual phrases are somewhere between these two ends of the spectrum.
- They are  more gen_era]' . than  words, bul less gene'raylv than clauses, foi‘
Acomnﬁlnicati_ng concepts, ’i'lxéil' range of meaning is sharply limité.d, but there ai'e
many - more pessibilities  than  for single  words, The process ‘of semantic
irrhn‘;ﬁ:r—.s}nﬁﬂn. is much‘ simpler than for sentences, but more complex than for
single words. Tt is interesting to speculate whether there are addi‘tional intermediate
stages, '@aﬁ:h with its own Spf~ciél'tx'adeyoff hetween expressive power and efficiency,
There sv&»emt fo Dbe :itl feast {wo major schools of: thought, among linguists and
in avtificial .i.nte]_,].if-*;mgce. about t{he relationship between syntax an.d smnantics._O'ne
schood  contends ‘éhatvv; the processes of language understanding and acquisition are
marely facets of a f:d,ngral copgnitive mechanism, and -that syntax is an arbitrary set
~of r‘nles for converting knowledge structures to linear streans of words, for the
purpose of r:oﬁmmnicating it. The other school telieves that syntax and semantics
m"r_»-s. separate  (though connected  mechanisms), and  that peop}e‘ have a sp'ecial
fcognitive }n’ocossczr' O Processors that is devated to the manipulation of language,
Parsifal has heen most strbngly influenced by the second line of thought, yet
thr.'. nm'(:]'):mi'Sm proposed Therein is highly l'enn'nisce.nt of the first philosophy. The
combination. of DParvsifal's grammar language f‘o'rlhigher-l'evel constituents and this

specification for the lower-lrvel ones is a synthesis of the two viewpoints.

()8 Directions for F»uluin Research

In order to h_a“vn. a practical system for épaci{ying conceptual phrases, there
a]'gw'- some problems which stll must be dealt with, First, there is ihe problem
di‘::(i'nf:r%_@rl in Chapter 4 of how in generale “riggering’ information from the

augmented frdme specification, This is part of a larger question ahout exactly how
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'ﬁm E) 1'é|ii1'e.q 'shc')'n_lri intnract -A.noth.or tazk would he' to .ﬁ.eterlniqe how much pc;wei' .
is..i'nqu'i'tml in t:}.-m' s'yntalct'_ic -flﬁrs;c:ri;»li011, prefernbl}-r stated in terms of _ling\iist.it
u'.-ni\'r(:-rsal_s.'ra;l-h'e'r than as ard-hoc .ohservations about conceptual phrases in Ehgliéh. |

'l"h'e-r.e a're! intgresting :lin_gu"ist'ic questions about 'coﬁ.ceptual_ phrases, if the
) a.na'l;v;si's _§§iyr@1t hiere .is correcl. The communications madel devel_bpéd in Chapter. z
' _.ée__cms,to ,iJ-npl;;v .ﬂ;él' 1'.hé p.l;.,OlCF'.S}S _:r')i' gmmrat;ng a conceptual .phra_._se is dif fé_rent_fl_'om
- the procrss of cbhjwosjﬂg?a sentence, Cé_n the rgpres"en.telltion given here be modifie.d
{o n.l-al';o. it h’i-—di_rec'tinna]_._ (su_itahlze' faor the speaker as well as the itstélnel‘)?.‘

- Additiopally, there is I.‘h'r-z' 'ques'tinn of how conceptual phrases are l_éa_l"ﬁled._
...:ﬁi.m:r-z Aha ‘syn-taxf s’er.-*.n'is- to he siﬁnpler than fm'_'highei'.-level's., .a..re' they eaSi-erl {o
. ,ieai‘n?' Chapi.m'-_zl n‘:g-ntiqns.'llmt'.cr-m.crrpt,ual phrases é'ah.q bé'-adrled to the languaée
J?EJ'lal.i_\'él"}_' T 1'e.e].y_.. Does this i.-mp)y __thai, the process of learning conceptual ﬁhra.se's. i-“'s-
.'#mv:;tar'_\'t._iél-l)*'-f '_diff:r;"ren_t. than the prhcess- of . l'earning- other syntactic rules:?'_Th;e'_
-pr'in'ciplr_ns' r}.r.z-_\relm"ﬁ_r-.:fd in Chapter 5 could be implemented as an -_algori_tllnl Wﬁicﬁ
rhnrks l:fm'-p'ot.(-‘ntial_ 11'iége_1'i11g-cnf\,'fli_ct's with othet f.ule-s. Does this imply .'tha_t-_.' th'e

d'eci_.s%im) ahoul how the frames should interact is made when the rule is acquired?.
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- LA Description of Parsifal

Thié ﬂl’.l’_'-"-"-é".x ;_i-‘? meant in p‘rbvide a description of those parts of -Parsi:fél.
"Gmth' are necessary for underslanding fhe l-ep_;,l-t,_ Pal‘si_fa]’ is an ,En:g,ii._sh parsei
d'é"""'l”']i"’.ﬂ' '*3 Mitchell 'Ml*"“‘—?'-“- of the MIT Al‘f'i._ficiél lnﬂelligence Laboratory. Unless
otherwise noted, -‘hiﬁg:'-‘-‘.‘?s”ip”""- is abstracted from his Ph.D. thesis [5]. T_hé reader -
“ "‘5"."“.’5-”'9‘-". lo that document for a detailed desc.ripti_or‘l"- of Parsifal and its.
il.n..j:w'lica"l.‘ifo-ns. for tfm_fiel‘ds of- I_i'n-:p,uistéz:s and artificial 'int’el'l;i-gel_lce; | |

Z-MOI‘.C“S ca’l]:s the underlying philosophy of Parsifal "strict determfnism" {not

 to hn conl 1_|:sr.>_d'-.x"v;u"h -1h'_e_ccmcopt of '.dr_rte'rmi_n,’i'sm in automata theory, _W_.hich is ‘far
- oo _b.y-rl;a.'d' '_'10'. be '?_«_l)f-' ';;us.é..in this context), but Swartout .[10] claims that a more
accurate view of | thn parser's c.w_pr;efati%m’x Woyld, he ._th.at it adheres fo. the "p,rinéiple
of Ivasi cnm-'tﬁ,imfem:. == it .-de.fers decisions until the latest possible moh;‘e‘r'-:t','_'and
' -W;]mn li_'-t._-m.akze,s a déc';i:sio_i_x, .i'l. gbnside:rs it final, |
N -_iu '_ar.l'di(.iq_l_; Ao delerminism, ano’!&r gnal of Parsifal_ is to 't_aii_o'r th’é'
| _'éa'1ya~1;2i':li'l:ios of i.té:.‘ '-a_hSt_-‘raét machine' (consisting"of the data _Structures and - the
.Q‘pm.'é.{i_nns_ Wh-ich:__niay be' performed upen them) as closely as possible to the t_ask
| :'of _ 'sﬁt'act_i_c p_z'u.:'si__ﬁg'ﬁf | natugal .lan_g:u‘a_m-. This is done in the. hf{)pe of alloWing.'ve'ry-
" brief and 'po'\?\fei;fl_;l; deﬁnitioﬁ’s ..()_ﬁf ;nathral'laqguagéé that sh.oum provide insight into
't"hé... "ﬁsyché-lb};i'cal__-mechanis.ms- al work when .a person understands language. | .In :
__addilion.- this tailoring é11011]d -s_hnpiify the task of. ‘constructing .gr-amniars for
i_)’)'a.cft,liéal' Jmtufa-l .]an}g'uage understanders, - |
' -I'.’{!._I_'S”.Eﬂ. .Was designedn with the theory of géneraﬁva 'gr_aminar very much in
'1.1_1';'11-(1_'._ and 111-air;-ta:injs,, the posilign that syntactic :'and' semantic ‘mgch_anisins 'fc-::r.m_ a

© . nearly-decomposable: system. In other words, there Is a separate 'syntactic processor'
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-t._]'ra.l- imeracts i-n";som"e' ]i-:]ni'.thr_] wéy ;V\;ith the m@éhanéms titat 'actilai'ly de‘rivé t.ﬁe_
meaning: of a _cnﬁerqc-t. This contrasts with many . approaches to natural language
.\j._n'dm-slqﬁd.ing" 1ih.;~4'( %ssume (implicitly or explicitly) that there is no éépalfat'e'
mechanism for sy’ma;cti.r_.' énalysis. |

-_1\’la.r'c,1"15. 'ca'l;l;q Parsifal. a "grémmar interpreter”, since it can be’ divided

cﬁ:'(?:xlp_,c}e._;i.'_{\_la'l-ly. into’an "":.i}_wstlract( machine’ which interprets a set of "g,l'_za'_n:l{nar_‘ rules”,
whu,h amlmpn,hsih]o 1m directing the parsing’ process. Theabstract machine
._i3.1'1'.__p.l_mn_r_."1'1'1-4-7-i'r"l:. by -E-f.a'x‘si'.{al, (-_:on'éis'.ls two ma‘jnf data s-tru.'ctm'es. ..

'I‘hr?'--f'.i'-r'st is a -hu.f..fler, which consists of a series of thrée "Cell's"'W-hicﬁ;...rﬁ:a“Y‘
"conf{.-_a_‘\.;'x "'.c;nn;sti't'uénts". A constituent is any grammatical st‘ructuré,_'iﬁcludi-ng': .-thé'
fffi,)__)":\'l .pf'irsr‘)." trer, '. varjous ‘subirees and ind.iﬁidu-‘al_ words, .Th_e.- rules may insert
_c}c‘ii;\.s';t.iu;lém.s: hito’ the'_hu‘t[m’ or delele constilveills from it. The b’lzlf-[ér_ is a
_"cc’w_ni-pa.dt_i-m;,’_”I;mi}f.ex."'. meaning (hat wheﬁ ml_ob,jed is'inserted.'_the contents:fo_f the
buffer .‘1.v_-j'l"l l'l_'n-u.vs?.'.-.as_id,e‘ ¢] creatn an open cell for it, .,a.n'rl w,hén_ an .ob‘j_ect is
.'1_1-r.'l'r?_‘.i_"w], Tthe mma.i_n_i_'n_g contents will ba shifted to ‘close the gap', lA rule -ma_y' only
.d;!_]h_f('!'- an r:.r-ms-_t-it-t’.lent from the huflfer in thn process 'of' .-éttachin-g' it to. another
' Constii';.u.én'l..' Rules are 'allo-\&'éri to insert (:onsl..i't.ueli't's art;itr.ar_il-y'.. | |

The 'huf.{e.r .jnﬁt.de%rihml should he called the 'vir_tu_al buffer', because it is
a.ct.né_ll_y-“a t}_.n'esi-eelli window into a larger buffer, of _un-spe_cifi"ed Iength. N.'o-rul_lle
-;u'a'.y_' c-xalﬁj'.lx'e. insert, Or'_-rl(:‘.l'em. the contents of any -ce]ll outside of ihis Wln_dow.. '.
_'l-‘hr..{rn is an I.o'prz'.x.'a!l_idﬁ; called - ‘of fsnt thgl allows this window to be shifted t__h'lé'ee. or
,'__ fmv‘m'_" .c'r'llsl_ f’n-ihé- r‘i:g'h{._ a.nd' an c»peiétion 'restore’ which: .-mbvé_s ‘the -W’in’do‘W back
. m it.s'_ _po‘:;iliioﬁ. .j;_b_efor-e ihe 1last 'sﬁiﬁ,'. This. :capébi_Li.ty' is qnly used by

: "?qtté:n,t-ioh_—shi.fﬁ-ng rujes”, which will be explained slightly later,
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The 'second da(a structure used in I’arsifai is a stack. It fuﬁ'ctions' as
temporary st,m'a;f,ef for ‘c:oustiménlz: boing consiructed. -The Only way anything can be
"'pn:;h.r,'d" onto. the stack is by the creatjon of a "node". When a ﬁod_e is crea’ied, it
beeomes fhe 'v'mn'.ront active node”, and stays on the top of the stack until another
node is created, or until it is removed, Nodes are a (ype of constituent, gnd the
__'t,o‘rmr: will be usegi interc)mﬁﬁcsah]y‘in the rest of this report,

A rule can a.tfaéh a. constituent in the buffer to the current active n,odg.
When this occurs, the constituent is yremoved from the buffer (this is the onlyv
titie the dnléte operation can oceur). Node.s may be removed '_from the 'stack, in
which f:asﬁ' they are inserted into the first position of the buffer (relative to thé
virtual buffor s((r_grt), and t_hri next imde on the stgc’k becomes the cuirent a‘(':t_iv.e-
,n‘o.r,lsn.v I‘hor operations  are used in building higher-level constituents . from
lowm'«]‘ével ones, "Typically, a rule will create a node, attach séveral constituents to
it from the huifer, ‘!and then take the node off .of-thé stack and".'put‘it in the
l?lil..ff.(fl'. The ﬁ‘ffnc!, of this‘ is 1o combine se\.m'ral. constituents in' the buffer into ‘a
single m;de, which replaces them in the huffer,

The conients ‘nf. tho .huf-_fer and " stack are manipulated by grémmar rules,
written in Pidgin, Parsifal’s grammar definition language. Grammar frules are
defined in the fc;’rm of baltern/{action 1'1_11195. A patiern consists of a description of
lhé‘ contents of‘the huf‘fex." nﬁd st.ack; This des‘cription‘ consists of a boélean
_(:cwll'xiwillzlt.iOJI. of tests for the presence or absence ‘of "features” on the node
oceupying (hat posilion, Thesce features can be man,ipulétgd by the "action" part of
the 1wjes, bul ave also associated with words in the lexicon, and may. be modified

by the morphology of a ‘word before it is inserted in the buffer,
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éﬁ:‘-l‘ammn"r j.'lille‘s' have two other imfortanl at-u_'ibu.'.tes.. Each “file ha_'s.'t.)_r_le or
mn’r.r-.{ ;_'paciketsi‘ -gé:soc{iaté'rl wiﬁl_’i\'i;t. For a .-ru]e' to take .éf-fect. not only must itﬁ
_p_é\'lﬁ(é\_’ﬁ 'ma_',lﬁh' _ag,airxﬁt Ithe. buffer, but its- packet must also be "acli.'\re;'_.- Those
packms_ {hat are -dc’ii\_"ré- at .an.}.' time are associated with the current active hode, and
_ 'w_'hm\ a ll.ue.\.v -ﬁ,rx]e l'i'_s pushed, the packr:!t's' associated with the old .nbde .hec_o'me
'-iuact-iv_ﬂ un(_‘il '-.i'_t.'he,comes_ the current aclive node again.' Packets -ni‘ay also be
..'_nc-.ti'\r';'utn'_d :.'alar}'- rlqactivated explicitly by -'tﬁ'e action parts of rules, Tﬂe. ‘other attribute
is the rule's "pr_.io_ri__ty". i-f two rules match, and'.both_ are in currently active
packets, .t'l'{_e-'r_w'--n:é w:th t‘-l_l'e‘ld,w.esl‘ }f)‘idl’i.iy is fmi. |
'I?'in.}')'ll,y.. theve 1= a sprcial .typ_e of rule called én "alten.tion—.-shifting"_ fuie. ,
. which ?Jl?él-ates _in- a manner 'srime\_ivhat di_ffeﬁmt from "nohﬁal'}' mleéI d‘iscus;s.éd
;j"bp.ve; An a.l,l.en‘-tipn-shif tin.g rule has a b.uf fer .speci_f’icat.ion which examines _on_l& a
. sjngle r:é!_]. it 1th.! aﬁy co;;s'-titue'nt- in one of the ;rir_t_ual ‘bu[’fer ceils matches the
pattern, the yule has the effect of shifting the virtual buffer so that buffer cell
will be the first in .'th.é window. The virtual buffer-will remain shifted into this
}.ms"ili'im'_l.'n_'n'l'.i],-'-it is 1‘é$toror1. _l'vy_some'other 1:111_9."1‘113 pa‘rser,'(':,hecks to see if any
_ at..t_'en-__;{ion si’n-i'f_ti_ng 1‘"111_9 maiclies before 9t (ests the jlorlngl. rules.
'_._/'\-.ll.en-i.i01_1-—s_ﬁifti-n_g “rules are used lo make constituents "o_f - one -iype
' 'tl‘_al'lﬁpa"l"'f,-‘:'lll' o --.ru.les of an.m'h,m' 1ype, For example, rules that op'erate: on “_c_lallse"
. '_1@\}@1"' constituents in the parser have patterns. which match- o_ﬁ the presence of a
".-.ix'c'\__l'i.ri ph.rn_sv'."i_n 'a".-spec'i,f'ié cell of the ‘nuffér-. Since noun phrases .uSually consist of
‘a -c-o.111.1»i.;1n,.l’i__r')ﬁ" '.’f_ Jower-level constituents, some set of rules. must build them.
.J.de'al'l‘s.'-,.._.i.-h'r.- pmm"ss of pa‘i-l_'si.ng-. the noun_ phrase would be invisible to .-tlhe

c]a'u.se-]evtﬂ 'r\'ll'é.:.&i 20 that they could treat an them _ek_actly like individual wdrds.
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This effect is achieved «b‘y an attr_‘,ntion~$1‘1iﬂ.ing_ rule, which detects th-e presence of
1 "noﬁﬁ Broup 5&31‘-1"', shifts the buffer, activates a packét .o_f_ rules which pé_rse the -
knmx.n‘ group. 'A. final i‘u]e restores the buffer.

('I\,\-rrmn,]y, t]‘).ére s a rudimentary case frame system which operates in
‘pm‘.nl]nl wiih the pa~fsing process, The details of this system are irrelev:ant to the
purposes of this paper, beyond the _.fact that they are the only form of semaptic
in.lsvrprol;.ﬁ'timt exjsti-ng in the basic Parsifal system,

The result nI the parsing process is what Marcus calls an "a-nnotated surfa;é
Islructfuﬁ". which consists of a tren of nodes, ropresenting various types of phrases.
Each node is Jahelled with a sot of features that describe the phrase it dominates
“(for example, a-si-ngie noun might have the [eature "ns" oﬁ it, meaning that it is a

singnlar . noun. This featwre js used by the rule which'_ checks for

4

number-agreement between modifiers ‘.nnd nouns), The process of parsing proceeds

something like this:

_']"hri_‘:- word is analyzed by the mm'p]'mlogy program, which attempis to
" find its root word in the lexicon. The root has various features associated
with it. The morphology program may modify some of these features or
add some of ils own, depending on the word ending (for example, the
morphology program may decide that because a word ends in "-s" and is
a noun, that it is plural, in which case it will mark it with the "np}"
feature). This root word, with fratures, is i.nserterl into the left-most
empty celt in the virtual buffer, ‘
o Same rule may trigger off of the bubfer at this time. Say,.for exampl
natie [irst constituent  in  the . buffer is_an “the. The ‘the
-altention=shifting rule "NGSTART" will irigger, activating a -packet of
rulas vai,c.h.' attempt . {p parse a noun phrase. The rule "NGSTART" will
create an “NP" node (which is defined to .make it the current active
. ,',n_r:wdn). Successive rules will then altach the condents. of vari-ou_s- ceils in
llir;\,i'_lgm.iffm'- to the new node, until the end of the noun group is detected.
~ Then the I(»(_:r.)'l.n.plomd.) NT' node will be dropped into the buffer, along
with all the features placed on il during its construction, and the virtual
‘huffer will be restored 1o the same absoluie position that it occupied
before NGSTART triggered. Jf the sentence is grammatically correct, other
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_--lmm' will- trigger on the completed NP forming higher- ~level constructs,
-_mml the nnuw spntr-n(‘e is. pmmd

liere are sojne 'exm_pple _rulryS in the grammar:

RULE - 11PE H/\HVE IN §5- ,Mm
{=1insless}
Label ¢ |m|.wer, major,
lrgert the word "you' into the buffer,
Deacitivate ss-start. Activate parse-subj.}

- The -1;.111'9. js named -_'i,mpr:'rati.vef-. i is in the packet SS_—START. It triggers if
© the Edﬁstitunﬂxt in ‘the }il'st coll of the buffer hes the ‘insless’ (tense-less) "féét\lre
':(.g'liis ‘is the pattern), If the paticrn matches, it puts the _.feat_ure“im_pe'r'-a_nd. ‘major'
_ 6'11 't-hé-_ .cl-l_u-'rnn,t active node (represented by ‘c’ in Pidgin r.ule,s)..lt -inserts t_h'e. wdtd
‘jr—nh’ n-\ the huf!m (uansfnrmmg the snnfmnrp to a rlpclalative) I then deactivates'
the ]wacknf 1hat it Js.in and activates. lhe. packetl for pars;lllg declarative sentences, It
s _.a_'tost.i'mr:my' to t_he design of ]-‘m'sif.al‘s ahstract machine that this.t.)ne r.ule- is the

conly addition, to the grammar for declarative- sentences’ that is necessary for it to

parse imperatives,

A vula jn the grammar for nwnbers isi

[RULE NINETY-NINE IN BUILD-NHNBER
[=1lens} [=ones) -5
Latel a new num node s,
Attach lst to c as numl,
- Atlach Zod to o as nim2,
"_=1ﬁt the cquand of ¢ to
' Hlus(the quant wqm{er of 1st,
o the guant register of ?ndl
Transfer drd from 2nd to.c.
Brop el

.

| This rule nia(-chr's 'rm i.]w m'nsnncp nf a constituent in the ﬁrst- p]af:e of 'the
.1111.I'I'm"i-viﬂ.| :a"tnns Inatmo followerd lmnmdmlelv by a constltuent with a ‘ones'
.fl"ﬂhllt" It cwatps a nmv “node (puttmg it on the stack, of course) called num’, and

_ puts the fnnum:- "m's on . 1t Thon Jl attaches the two consutuents frqm the buﬂ‘er-
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to. it ,(_;rl__e-lm.in';r;?-'_'thc‘m -fr_mji:_th:e tuffer). It.then qa]culél-teé'the computer word for _the

'-!ni_lm.'bn_'r._ and .drops the cbmpletr-d_ number into the first place in the virtual buffer.



- 1 l A;_'l.):n'scri Pt 6.11 of FRL
| FRlL _Il(.)?ram'e: Y\_epx*mg1_ﬂétion ]_,mj.guag_e) is a gene_ral. knowle.dge -r'epreseﬁ_tation
--l_d-ili-_;r_-i:u‘n;_{e, inm]g.:mr.-rn.terl, at the M.IT, Artificial I-nte.liligence L.abora.lmjy‘.'The following .
amﬂ"'r.n_éimat-é_ description is dexived from "The FRL Manual" by_R. Bruce Roberts and
ha Goldstein [8]. 'Sinr:e: t'he_}?m_, .s.-yst'(-\;;n is inuch mo_te;_' f_l’e'}iible and _-powerfnl than
this \mrI _'.clr:‘s.c'l'i.p!.i0)1.,. wonld suggest, the reader interested in its full .'cap_abi_lities. is,
rg'r.-c'rj'r;virl tn that dpcumeﬁi. | | |
lHl. aunmph to pmv:do A practical implementation of Minsky's conc.ept of a
;fmmp 17 ’!hp wqtr-m centers amﬁnd a data quucture called a ‘frame’. A frame has
A n'a'm'e. and ‘slots', -whi_ch can lLe thought of as named- attr.ih;utes that ca-n hold
.i.n-fo;.jl'n-éfl-_inn nbput _'u'u_a frame. |
| Each’ s""]_j_dt imq a number of "fz;lcets_" assoc’iate& Wil'th_"it:‘;. Each. féc;et can be
..as_'so.cialieirl _w.:i._t'h_ a LIS-Pth,i(-ct_ (0:['1011' another frame), The facets. 'arg used .' for
;«_i.ésmt'i-;st:iug_ different 't,v‘p_o.:!s of properties with tﬁe slots of a frame. There afe a
f i.x-fnd 11§a1ﬁ1:;-t\1'- of possihle facets, and..ih.e only ones relévant hére are the '."$VALUE".;
-"-ff%i').F.l;“/\‘U.'L'l"", "-‘FI{EQUIRED" "$H"~Ali)l)El)"' and "$-II-'~N.-EE_.DED" facets.
. The %VALUE" facet may be a'sso(*mtr'd with any LISP ob,ject which w111 then
~ be interpreled as the “value! of the slot. For exampl_e_, if we had & PERSON frame
Cwith a ﬂ-[\ME_ siot, we could make the. name FERCY into the value of that slot by
| '_as-S(wim_hm it with the $VALUE facet of that slot. | |
1 an attlempt is made 1o get the value of a fra‘mé‘.s slot, and ‘{here is . no-
_.'ﬂ;\y-A,_l_t.f[,; 'f_;'vct;’t- fr:“-:; that s]m... t.]-m-.slrcit is inspected for a $DEFAULT fa_cei.lI:f there. i.'s.
~ such af acet, ...the' oanrt assoéiatr:_wi.th it is relurned as the yal-u'é. If there is no

" $DEFAULT slot, the’system atfempls to find a $IF-NEEDED. facet to the slot. If there
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- iq '6n§. and. it h':is a LISP T unction associated with it, that functien is run. This
'ifé-é%,iu'e-i.s_ § 1'0’.(11_1#3_1%1}(" us_":erl' to compute vai’ues dynamically Trom: other information in |
: 1.]_1..9',_..53"51.(-‘.-_1.:11. . L N | |

T he ..p_-ur.pqse ‘of thé "$REOUIRED"™ facet is 1o allow restrictions to be placed on
:t'hé pbé#i-b]c values. of a slot. An av-}iiix'arsz'i,ISl’ predicate can be associated witﬁ -t_he
“HREQUIRED® facet of a-slol o test any value '_that is being associated. with the
“:}%\7?\1,(}]’.'-‘ { acét of the Trame. If the predicate does not.evaluatle' to T W'hen. a vélue
is he.__i'ﬁg.' a-?_l_r],r'd,_ th:é_s§'sten1 camplains,

. There is one special slot in each frame, called the "AKO" slot (‘a kin_d_'of')..

- . that ‘S-_i.c'»res- hierarchical information ahou.t'the frame's-b "The entire s_et of frames can

1

'hp lmknrl m;’nthm in a lumalchv via this slot. A flame that has another frame as '
: thn wahueo nf 1ts AKﬂ slot is: an mqhnlntim’: of the second frame, -

Iho AKO hiin_ra_i'chy is used to allow _in_f.ormal'ion; about. -a. f.r_ame to'_l';ve'
.'i-ﬁﬁn.i.'i-tbd. In gsv'hm'ai Ca. frm-ne wil-i inherit -all the p_'ropertie‘s that are not -specified
'_'m that f!nmn fmm all thn rathr' .frames above it in the hlerarchy As a simple
p'\minpln of a'.. cas n iﬁ whlrh ths fraatme would he useful 1mag,me a PERCY frame
_that is. an 1n=tant1atmn of an AMIRI(‘AN fxame The value of the CITIZENSHIP slot
:-nf Hm I\MTHIFAN framn rould he set to USA, to avoxd‘ having to respemfy it
_idmmcalh in all the inqtanuannn, of the AMI‘RICAN flame Thus the value of the
'(‘ll‘l?LN‘;lm‘ slot of: the PLH(‘Y frame would be USA, without expllcltly defining it'

-'in the PT nm frame.

1
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