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ABSTRACT

This papsr discusess some problems in the machine transistion of natural
language, in particuler, for transiation from Gerssn into English. An
implowentation of seme ports of the trensieting: process has been bullt. The
‘systen consiste of & Germen interpretive grammer, to tiéke in German text and
output @ set of ssmentic representations, and & gererator, to produce Englieh
sentences from single ssmentic representstions. Although besed on the
assumption that understanding is necessary for cerretit transistion of text,
the system doss not nou contain an understending component to choose betueen
ssmantic representations. The representation of knmiledge and its use in
natural lengusge understanding is 8 ressarch sres thst is airesdy under
intensive investigation siseshers. The inplemsntation descrided here is based
on & systewic grapmer enalysis of Gernen end Engiish, and it applise and
extends the work of Winegrad. Special attentien is pald to questions of
sesantic representation in a muiti- !m setting ane to stylistic issues in
Eng! ish oomnﬂon.

This report is a revised version of a thesis submitted to the Department of
Etectrical Enginsering on January 23, 1974 in pertial fulfiliment of the.
requirenents for the Dagrses of Nester of Science and Electrical Engineer.
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Chapter 1 -~ Intreduction . ..

1.1 The Problem ... .. .

Thc following pages describe. 8. model af the trm!zlthu process, in
particular, 3 systen designed o accept; Gwmn Amt Mwm. an English
translation. Tm7M| “te.not in.eny senee. 8. conplete.one, especisily in the
crucial area of |snguege MOtlnﬂmf Aﬁ;lnﬁ;mtgthgmhm:@!&“ﬁf
the model, houever, .has heen. writisn, .al;n‘;aviw@-gg,,w@gmiqﬁﬂlq4:ﬁtlm of
the mechanical transiation problen, lmwn&rmuﬂmt the ohjsctive.of this
projict \uao not to construct a large-scale working oﬁutu but rather to see
hou far soms oxiot-lm;gprmne and t@dwlﬂm could go in handling & group of
pmblen that come up in text. R : |

Ooes it even make ssnse to spesk.of- miul trlulg&ien ae.00.
indcpendogtvprvqblu? In the eariy 68's. it .uss uidely.recogaized that .
mechanical transiation required. the full resaurees.of. langusge understaading.
'I# the translating prmin;.,.,i:; strictiy a matter .of wnderatanding in-oge . .
language .and. generating in another, doss mam'w*,;srmlmmmpm ’s
such merit attention? 1 think it is fair to.snsusr.‘yss” fp;».t!p;.oggqqgtipn-
Transiation seems to regyire.the full pouss of; langwsge Interpretation but not
‘the full pousr,of genaration. The.hardeat, peoblen of genscation, daciding
uhat to uQ and organizing the mesesge,. is.geperally;pot. st issue. in
transiation. Se transjation offers a somenhat. c{rém}pgg\gqntoxt,_uI,thln
which to discuss |ssues of understanding, lwrmomtltlw.w .
production, _ N N R

. The translation probiem also has the attraction of s.readable output,
namely the transiation. The putput is a.critarion by which success ey be
measured, although of courss there are 8 pumber of pitfalis here: first, it is
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not hard ta recognize, but rather difficylt to describe, what & good
transiation le. _Second, 8 |inited systen 1ike the one discussed here can be
groomed to accept.particuler sénteacés gracefully, so that ite performance
cannot ‘truly be judged wither on the’tixt |t cen probesh “succedsfully or on
the 0o doubt unliited smount ﬁtwtwm%wlf%ﬂmtm and dje: Once
~ we hnow the ocope of & Bertiouter system, hewsvie, s 0k use &:given output,
- or 3 lack-of ene; As S-0Rsie for Coupariaingaml evatystions. Through the ﬂT

problem, then, it ls pessibia to considler soni:ffoBiens sommen to ¢ nusber of

aress of nstursl |anguege procewsing, . - 1 T v

3.2 m&eﬂmmafm Propten
If the translating system di‘oc;uu“_dv here 18 fiot ¥n eni sense i "esslution”
to 'tm:‘mm'ﬂw-mmiewﬁwwf%m,,jj.w,f: igreddht tha evolition that
has ogturred §tnel Unémm o 1949: mambrahih o’ m subject. ‘i Tts 26
‘uﬂr hntnrm mlmt irmhtlmm not’ mmm fAvalived - uith a
single protiew, iut Father therd have badn'a” sertes of grobleds; as wich
' :g:m that :m huiﬂ Pointad’up other- M ‘tht Wﬁioﬁﬂm ‘Bt i lest
: "!ttwta et NT w-amrmg nechan|zed ﬂeﬂmm. Boihg mtltuﬁono
y-Hord, Re i, Ang wore invelvird’ preckeiling’ uas- Tift to howan pre-
“and post-ed] tori.” ‘Hhen 1 t becae clear’ that Wbdbiinerd” mtﬂuuom did
not praduce accupum tﬂi‘mnﬁm. i riien ush Pefined” to Include -
syntactic racognition. Attentien In t!wﬁl‘a Wﬁu EU%s alis cinteied on
parﬂng uith, for example, ﬁ’ltim‘i’ ﬂrdﬁ‘tlﬁ Wﬁilh. ‘or top-down,
approach and the unrk of Yvnge's. group at mr. , Th- »ors sophisticated" fhc
approsch to qgnt‘m becama, hoviever, the. m Sharply the nagging problu of
syn&cﬂc tnbnguitu cone into focus. ~Methaniéal transiation bégan to mesn

- semantice ‘as well s syntex, but 1t uas not’ dctly clear what’ sendittics .




11

meant. Thru approqchu nprugntod Ilnlted nsuere: grobnbllltin qf
lexicgl co-occurence could be used.to select the llkellset” pares, 8 group of

semantic categoriss such a8 sbsireci-concrete 99"1? M%gucl tg rntrlct 4,
participants In & grassatical raiation, and 9, fluad et of kpyorde could be
uuq\tq choo;e pouiblp,jgtoggntguong.m‘W‘m.jglg par.go,‘; v*lgqugv-r.

| as Bar-Hi|lel and athers rcnckqg, gv,n H au -gtpggg could clun SOX

N

~ reliabl)ity, mu would have the, dtmmmmgg,gw u M'd e .

»QQch to

impossible to predict wwre the srrors yould, pocurs, A systenatic o
semantice uas necessary. | |

R e . i
5 14 ,{.8

In recognition of the, ;ﬂfficgutg,of tb;g new’ mgpgl trptlgtioﬂ
probiem, support for: short-tecm, l.y pCAGtIcAl,. RCpigets dripd vp. . The early
60’s sau a shift ausy ‘fren,attnptl, to buiid working systems to an emphasis on
wore basic research. Liuitgd dadugtion ceme into use in systems such as that
of Raphasi (28). with the Iwplication hay, 1Araues we re)uded.not. only @
static "meaning" twt Also & daductive shl) % -g;méée,-;gelmf!n;«!S??i Mith the
development, of PLANER and Winegnsd's gyt Wé‘& systom, the 1]imited”
was dsleted, and mare ganeral deductive shility use advacated for. natursl
languags procasaing. lmphicit I Hinngrad's system. hut nat cisar iy, av)gent
because of ite guestion-snesring Ra\WER, Has 8ieg, the.Jaeoanition that. e

‘sentencs. is not really.an .indepandant ssamntic unit mm*mww L
larger. context. Eugens Chacnisk's, detaijsd ansiysin.(2), o the probiems of

- dealing nith context inples that ssntancazhyzsantencs apRroaches must go. the

uay of word-by-word translating wtﬁ'kﬂmmtﬁa{%%m%rmt tha. sep tence
is not an_importent basjc unit, but 1t dose imaly et 1he only sustes that

has a chance of succesg at high IQVQUWQEWQMLOWJEﬂ can deal
With the interrelationships within text.

£

While we have not yet come full circie, mechanical transiation is
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‘surfacing again as the name of the prodbleh, of, more properly, as the name of
" one probiem, since ianguage ressarch haé @ivarged considersbly since the
inception of reseerch on MT. Avousd transidtion Work is undérusy at the
University of Texes at Austih, the umwuw oF b%’ﬁm-ma at Berkeloy (3),
at Montresl, snd at Stanford Mlilks, 377. A" idas W Légos
Development, |s wackoting an'MT systen foF Engiish to Russian, among other

languages. The system relies on podteditors Gith & Widgu of the source

racy before po.tndﬂting.

language, but the company claiws 8 high +até of #c
I could not get any detailed information about sematic’ processing m in the
Logos I11 systes, it from exawining the compinis's |iterature, 1 qlt the
inpi-culon that wome sort of sesantic’ tww e Usnd.

| 1.3 A mrw
“Assuming that the test of & tranélating wetes is not ite ability to
handle 1solated sentences, but rather Fté @) F1 €y to veal Ailth connected text,
I selected a perapraph fion s paser by Hisbkinnn o dctopuses (17). The text
uas uted as a gosi’ for the systim, ‘snd 1'Kave t V6l V' hatidfte, In ss general 8
| uau as possible, ‘the tijbes of difficultive Wit the polig-dph presente.
Cioosing texts sessbd mich sore destrable 'tHiH w1 ting th

i, since consciously
1" ‘sound, WihT1e the most ‘Innocent-

manufactured examples oftsn Heve sn uwati
Idoking semple of "fourd® text Wilf Gssalfy contath & number Gf subthe
difficuities. The full paragraph I's pressnted snd disciisset urw but let me
first display the adcomp! ishwents Gf i trandtating eystew.
Ein duutlieh sichtvares 2elchen ¢ dis’ hmltn ver faufenden
Erregungen et m Spiel der Chroumnnn &-*t':whatomn
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A clearly visibls indication of the axcitations. that rup. through the
nervous system. is the play of tho M}Mn, i She. g gphalopod
Tho skeptical will l,gu that Ahin i:m M very QNMW, but let me
remark that a wajor factor qug %MM@,O %m iy tpg very
constrained scope. of tn,ml@ w“jmﬁﬂmimet”t probiems
- otill do remain, It ugy}d take only &@Ql%ugl# %mﬂ routine work

again that th'gzy?rm@%é@ wmmwmumt &;agdo

under standing, s0 that diasenlgurtion,of, IArd, APAMN MOk BAIRG Ipetances of
coreference wag. dona. by g\gﬁéuoq,“,}m%wmmaw not done for
the sake of exhibiting transiation withous undecalsndnge byl rether, it uas
in the interest of getting Q\XW ron.p ”atwﬁwmwm

‘Lot us Jagk at, the full text.coneisansdy,sryt ¢l scias. som of the problems
that a mechanical, trpnalatl

4».‘6

o RI9R 20 46,45 053,120 Gacmen
text, and fcl}o@];&:g tJ gwmﬁ% ?ﬂ?'ﬁé ey, ienyecs ner v
b dout L beskl mdeoacens
{1} Ein Mtllmymtwg@z&m ;@' ,ﬁo i&hmtg-
der, Gonhs opodan. , Janer. unier..ar, Mk, eqmeden, anjp, -
sun, schuacz, vialakt sier. karuiprat pedlishisn, Zalien,

(5)  die sich entueger, Zussnanzisier, odey. dreh, LGN ...
anutzu'\gg* Muske!n f1acheph

WAL upamRre) tal, vacsen, .

. k8nnen. l‘liti jhn; HU fe mm aich dis JJ%,@@%
zu einem geuissen. Grade der, Farke des Untergrundes. ... ..,
anzupassen. Die das m pry ,}ﬂ Yoran) sessnden

*ng 1k

(18) Reize werden nlcht ur durch {%mm ondern

L iy wm«%‘féﬂ’“

g Y

durch disse Farbze)len psinst auf




(15)

(28)
 Chrometophorent aus. * Ethe: Efudons;” deren satifche”

- (28)

(38)

(35}

auszuspritzen, 0b die Ciphe

14

Kraken bel piStzlicher Zunahwe der Lichtintensitht

ganz dunkel, such uom ‘sie geblendet sind.”

" hngt der Zustend der Bmww

MW%MM

rauh Tat; eivw verschisdene Wirkung iuf. die

gelbgras, tArtit sich auf MWW oy dunke |

WY stlaig

(Stetnactd 1Pt dew durett Licttrel z herver

Chronatophdrernsp 8T pfisgeh Bliegung
idors Sctb o SOl
beobachten |Asst. Auch der Trmhw pflegt dabel lasser

W esitiet’ auf Farben

‘rEagleren, ist nicht'bekendt.. Niewvon Féss solTen sie

sich: uider farbent! inde Memeck |

Aancha” Inder Tiatess: lebentih Tintentivera in

buttm. von denen mah amtm diu ﬁo 2’

gegenseitigen S?chwﬁtndm der Gucmm«r dim. 80
scheint das zum windesten flr &’i{i‘u’fﬁ Forwen 0r ‘ainen
Farbensinh zu sprechen. Eingehends S
Untu-mmngon Bber- einen etiigigen Ferbensinn der
Cophatopoden sind sehr erubiecht. Neuerdings hat
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Fr8hlich Unterschieds in den vom Auge abgelsiteten
(48) AktionsstrBeen auf vw-chiodom Farbcg ;9 Jestpeateiit,

......

[
R B

A clearly visiblu indmation of tho oxcitltiom that run through the
nervous system is the play of the chromatophores of the ‘cephalopod, those

celis that lie mtm skin and sre colorss 7 ) ig::nck.'
purple, or care Eane thkdutves Al n, via
radially fastensd musciss, be spread um in s face. Hith
their help, the' a;wﬁ K 1) wWw "t the' coior of
its background. The stimuli that trl E § the. chromat
~#re percetved hot only® ’ﬁﬁ?m cg%u thid ' LBTBe cet
themselves, So it is that cepha become quite dark in re n to »

‘sudden” i ncreave’ in 1#&%"%% A ma Mfﬁa W indsd. On
‘the other hand, the state of‘cantrcctlm or relmation be
chromatophbriés (s Bt e tepehdenit” on® 08 Bukk ui‘i. “'en’ tﬁ%& "ate not

rasping, the chromat o8 Are geog j_ t WQ to
Somathing, - m.??'m"“'“mm% et RO St o the
"nature of the bottom, whether jt is
“ Intlushee- o:q the’ éwﬁitwﬁnl W%ﬁm ﬁ%ﬁ all"been .

removed repaine a i lomi ough jt W tit .99 dprk if given
a stimutus (Steing ).“”lloﬂ{?ﬁh&h‘ i -] iu &ggi es elicited by

light stimulus, there are ml ly_ move shich are
particularty ssey 16 ob Qop‘f’l R Wt%ﬂ the inbula:oct'u
funnel usuall squirtqﬂout.‘ t_g . Whether Rhalopods gv o
‘cofor id not" gném 1o’ % » ha?i‘ ehavior gi “”%

postess ight organe’ @h&"*.;:z.f"w.amw&%m ncé “one

assumes these serve the pur of .20eh ot
“then for at Teast thess" ﬁrﬁ‘ﬁm M{%g inel mﬁ%-ﬁ of

lor. Thor i tigations 9 of color in
E:p:rahpodb 3’53% ::’:ir:'. ﬁwrabﬁmﬂw% &if‘m- “‘%&w

distinguish differences in the neural impulses sent ou
‘given different colbred stinali, WhTEH g 4# L ¥ro§§?: M.t- “that

these animals are able to distinguish colors. |

The cholices that had to be made in préducing’ the translation will be discussed

in more detail In the chaptérs that follow, but @ cursory look at the text

reveats the fo?louing sorts of problus:

SYNTACTIC AMBIGUITY: Cholice of a parn can hivé rather otering

influence on a transliation, For exaspie, Iine ‘28 #nd 29 'tan be parsed ln two

S SOV
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ways:
Ob (die Caphaiopoden) ssibst suf Farben rugionn
Hhether {the cm!mdﬂ oven rﬂe{ ta aﬂer voe
Ob (die Cephsiopoden seibst) - auf Fm ruﬂm
Whather (the emtmd- themseivas) resct to

quﬁ"",r-,'- L

(6)  PRONOUM BEFERENCES are wumlnxgumm In Hm 7, to
uhat dou mgmmhr? The. m&m MW? ‘It is our
Mcwing of the. ﬁﬂmi@m ﬁm Mm w¢ and uot rule,
that daterwings. a choics hers. ﬂnm# oows raferance.is nat
only Ivl}tnl to. wml ﬂt’m hui‘ imim vﬂcﬂm prfmn nueh as
daoan in 1ine 33, and demonatrative pqgcgu‘ '

_and igng In Tines 36 and 18. In sddition. conpmnde 1)

' be used to refer W (tine 271 o 1o refer Soevere Uiine 410.

prean to &uliﬂu m m gg;m pt M uith trml:tinq an
swpiguous promoun retference with en leil@w,«hmm peondun. Hhen &
_senterice needs consideceble rearranging, ‘hewixer, this ulll not slusys work.
For exasple, we ng Bave to put in Qmﬁgqpp woors, ;h wigtnml had a
prm Note sisg that the. msm sucaes ‘ot %!m " “‘,;jﬁf ls.pactiy @ by-
"'pr-oduqt of the l mlra QhOm- Gplag m' qulhh !nto Gorngn. where

TR

Gomg from

gender agreement Is necessary betusen H‘m nd rtfornnt a definite choice
_ of pronoun referreat uould be forced wore otten.thas whn. the diregtion of
tr&mlatim is frhp German inﬁ English,  So whi lq a ﬂpeiolo'n lbqut arm
reference uill not be forced in svery coes, . @ franpiating, wotga mst be .
squipped to make the dacision uhen necessary. X :

- e) Asnprmsargnotnm nq'jgohqmqmiuofm

RENCES. Line 7 uses "dis 'l’i»m to rafer back to the cephalopods of line
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* 3, and it requires an undgretanding. of the. parsgraph, to. detecmine. that the tuo

noun groupe are coreferential, If the noun oroups ery corefecential, we can

transiate “die Tisre’ simpiy as "the snimajs’. for, ag.'the animpl,” since this
sounds more .Mu'm!,‘.@;in Englishl. 1f, on. the pther bend, "die Tiere" refers to
‘animsle in general, then. the Engliah ould bave. So e Just, "snissle.” .

(a)  CHANGES OF TOPIGH Taking the, sentence. siactiog uith "eine Eledone® on
ljno 21, ;apdﬁ rgadiipg the ulnclmgg tgg{m ngm.lt is.nnt specified
whose chromatophores and.arys ue are tAIKing, sbaut, -, the. e lego
.. any cephalopod, There are.cluss, but we. have, ip yodersteng. the confext to
find thew, Probably, the,sssisst Wiy to_decids, ia {e use, the. ipfeceation in
 the subordinate clayse: wg. can regaon. that, sep)a, n, & pOGIaey. of cepbelapods,
but not_of eledenes, #p the, dissussion st baFtaIn. 19 cephalopnds, Io, general.
As in, (b) and [c}.shove, . tcanalation.cap veweliy.get,by uithout keeplng

track of changss of topic.. .But. s)tuakions Mil) 5euesyP.dn. which;ua hexe. to
make something explicit that was left implicit in the original, and, . .for this,

oe's o thase of

knouwing the topic couldv be’ crucial. | ,
(e) Another very difficylt. aras is WORD CHOICE. The paragraph here is a
mixturs of technical and comsen. |angusgs.. .lo.genersl.; ihe.mers. common the
‘ to, srapalase: the word Farke from
1. color, tint, hue ‘
2. stain, paint, dum . . ... |
- 3. complexion )

. wWord, the more varied.its uses, For muepls

Therefore, even if we know enough to untsogis..say, preaoun and noun

.reference, ue still have to know mors: . there e fing distinctions betyeen
djfferent words, differnces of. comnotation batusen aucoums, . snd issuss. of
uhat words combine bemt uith uhat other MOrgl., . .ciri cnua
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“Note that technicsl tengusge ts ofteri quite a bit sasier to work with in
terms of word chotce, since the'meanlings’ tend”to be ¢arétut Iy circumscribed
and usages are ‘taited. This-wipht tad ohe toSthink that & highly technical
text uoutd be:@ sz for s mechenival irenéiator. Cowparid to postry, of
course, 1t sioult-be. wmm».wmmt ‘tetanicdi sriting cannot
avo td-praposttions, .and"phaposttions’ (r Neir equiveisnt syntactic |

gubGs siokils in Bhy 1anguuge. “Hord
‘choice, ‘thersfors, is-a problem that is-einsgs uith usl = |

structures) ”’”miu st .

“Hhat these tive-probliems - (§) throddh (6) -“hive In common Ts that they
" are unified probisas in nawe oniy; sech paitithisr ‘sItaation pressnts 1ts oun

‘difficul ties -and-requires |te oun unigue sclttioh. “This, In the end, Is what

‘makes |angusge processing so'difficult. "The bést thet a ssall scale resserch
pProject oardo 18 to-unenii-a SEapling o provlent, Sl th' the ‘hope’ that™ '
sintlar-techniques calbe uewd ‘to-dul’ il th ine-varibus other cases that’

‘ocear.

1.4 Limitetions

“Betore beginning I sarnest, It wight %" good ides to sketch out the
boundartes &f the:préject. Sowi'arase- coutd Hive' bewh: Incorporated Into the
project given more ‘timw, uhile sows ﬂtwwﬁ‘lﬂim their oun right. So
here is a |ist of what the system is not: S
(a)  The project uas Iimited to uritten tekt emi 6t spesch. Thus, problems
like intonation, fixing word boundsriss, and vocal diftersnces betusen
speskers did not-have to-be touched.
{b) Ateo, Input wsis assumed to be grammutically weil-formedi ‘no attempt uas
made 1o ‘extract -a-wesssge frow s form that uss hot tully-defined for the
.system. Readers intsrested in the probidis of Kendiing ungraematical text are
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referred to Levine (21), who has developed @ program for grading German
sentences in a classroom situation.

__(c) No undcratanding of the toxt h lttuptod. ng ig Qecauu tho problon

8 i

of reprnonting knoqlndm and u-ing thi: _know|edge fg{ diulblgultlon are

AR SRR wighas: oo
extrenlg complex. A concidorablc a-ount of roonrch is underuay In thio

area, and uhat-ver ruulto lppur in thc fl-ld of notunl Iangum

3 ;*"‘ sﬂ;’s

undcntanding ulll havo dlroct relevance for trmlaﬂpn. _ Tho Gcrnn

LA BT Bl ST WY

Intorpntivo grmar in tho wota io qomoctod to the Englioh gomrator vla

sageere Pl sdl aet L TOET BT,

,an und-ratanding bg—pns routino that roquirgo huan intoroouion. Thla lo
Ey PR = o " ,336 R £ Yelgo ' i .

- intcnd.d for duomtntion purpono onlu.

23RS

(d) Thc wntu h & very poor convqrutlomliot. Tho German grnnf. }uhich
is the most complete component in the ouom. is propaud to parse quntlom
and conuando, but tho rgnt of tho oggtu i. gurod otrictlwu for duclarotivo

r«z,ig s‘”fl 4rt:

, tcxt._ This Ilnitatlon l- tho ruult of tin comtrﬂnto. but aloo rcflocto

RERE RN o f! 4"'; H E"zj. T :

_ the focus of the prujoct on cpmcctod urltton tut.
The reader by nou hnvln idea of ud'at tho

S T F g

follouing paqu ulH hopofullu uke lt clur not onlu uhat tho 'uoto- don.

o
SRSCIINY B

t‘l dou not do. and th.

224 FARCE KRTIE TN

~ but hou it goes about dolng lt._ l havu trud to givu Englhh oqulvalcnts for

German oxanpln, so that a knoulodgo of Gornn ahoulg not bo mc”urg.

At STOR Y

Familiarity nith Hinograd’'s system (39) and LISP. houonr. uould be useful.

e SRR TREr

1 5 Orglniz.tion of tho S\Mu

B :‘_;‘4 . 5 ’Ag S “’,\“"le:-

Tho mplmntation uu urlttcn in HQC—UQ and runs on tho Pﬂ’-lﬂ

s RIENGO L N

- lnconpatnblo Tln—Shorlng Suptu at H.l T'O‘Projoct MC Tho trmlator hu

R A

snx major conpomnto, uhou functiom are outangL bolou. L1t &9""‘?"“,9‘_,
. occupies about 188 of cors, shich includes the LISP Interprater. The systes

has only been run interpretively, but couid be compiied. The major cgwto
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The GERMAN NCTIM uhlch containe: mtle and semsntic information for

the Wouintﬂu m wm words ww‘mim in the mm.

Thc mpﬁoim routing maw IW e the: ﬂrvt pass: in promaing a text.
Given a mtm. thc iaput rwﬂm mm“ aeh uu‘d Into itn root and

| 'endings. ther uses the dictionary to construct pomaw mheuc featurs
lists for the cosvination. imc .umnm &mm. .rm ulth sesantics
puchod up from the d%ohm M”!Mﬁm && M miaod nlth thc mtonco

WE . g - - SRl e

‘ word.

Thc GEHW" mm M writton i PROGRANIV f“, &L}@m Iarm dujgmd

B 4
i 32‘( ,;:3

as a grmar-uriﬂng tool cmwu Sﬂ fm grw routlm ‘use thc rcsult

Fagintvs oo

".’. Te do thlc. thc

——————

of INPUT to construct a sing%h wn tnb nf'm

aumqu.tm ug the ifwited semgntic. our eﬁu}u ewmtm "t-pu-.nt.e.
_Hh.ra a euntactm M%guitu camct ™ umum Tmﬂﬁu‘g. a cholice Is made
.andbackup wundﬂmmnrg PR R T A R
When the grammer has pwud a esction of the sentence, it calls the SEMANTIC
CWNT for imﬂat umtic prmusne. s-mm cmtructu as many
reprountatuom F ponnﬂc. lf tMo nm h M, mta« in atlmd to
rcparn the ssction. If thu nusber I8 Mﬁ’ N‘lz%&ﬂbi- lniorpnttttono
are carried forusrd. These sensntic “!wﬂu& ii’ll'l“‘ bclfﬂh&iﬁf |Ih?n in
the sentance i ther bg the umﬂc mt o ’bg uur lnﬁrm’tioh. 80 that

onlu a singic r--pnmtrtiqn is sent to a'n m&tfar.




21

Associated uitﬁ the semantic structurs are the routines of the ENGLlSH'
DICTIONARY which, uhen executed, supply a set of rolcvaﬁt English words. :
Using thase words along with other infornatioﬁ aQaifgpio fton the semantic
representation, the ENGLISH GE&E.RATG! can then construct an English equivalent
for the input sentence. Output is not necessarily sentence for sentence,
since the transiator does have a limited facility for breaking down long
German sentences into tuwo or more short English ones.

e .

The sections that follou dcai Hith the system in approximateiy this
ordor;'uith the exception that information about the dictionaries is
distributed throughout as it becomes relevant. Chapters 2, 4, and 6 discuss
the sections of the mods! that have been implemented, and chapters 3 and §
discuse some issues in representing knowuledge and understanding natural

" language.
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Chapter 2 -- The German Interpretive Grameer

2.1 The Und'rlulng Thm'y,, ‘

The analgslo of Ggrun Has based on thc thnqrg of ug.guic grommar
dcvclopod bg n. A K. Hulllm (10—16)._\ Son of Ha!Jldau'o ldou on dhcouru
: hnvo aloo boon uud, but dlpcqulon of thil Ig g,h:r;.@ghto gqctlon 4 9, ln
ducrlblng nuatuiq oranmar, I mt mcqawilu bo hriof. onq tpp rudor uho
wants an in-dopth trutmt il r.forrod to Hlllidlg. M.on (201. ond ulmor-d
TM ccﬁtrﬁl ,;roccpt of ﬁal'liﬂ'g th io thlt Ionguago i.ol‘otr;ctwod
to convey n‘uﬁing. That s, sny analysie of language “m“., and shou]d not,
divorce form from this ilnglo. o.v-rrldlég mt'ign. T!'p joﬁ of convq}lng
meaning is delegated among different ogétnétlc units, o: which there are three
canks: clausse, groun, end uord. At tho group level, there are noun groups,
preposition groups, andi_‘_odjcctnlj;o grouﬁi (1 follow M h-n in exiling the
verb group; see uctlonﬂzj 6. 11.‘ The mechanies of cﬂﬂ_u pqulto one unit
to auun the rolo of angther, for lxuplo. a cuun“ﬁl‘ﬁgtlko the pllco of &
noun group. Auoclatod With sach unit Is 8 netuork W’m. uith a set of
mutual ly exclusive features known u“'il:mm. . Thess netuorks specify the
choices avaiisble in the language. He move from one level to another in the

netuork by satisfying thi antri”ggh ‘64 a ejotit; ‘CoBN choics made may

set up cértain constFaints on the Oﬁi@?di'itr"nciﬁrtéa?"@d‘i‘uﬂoi"inci by Heans
of reatization rules sesociated uith 1t " Foi ‘xiepfe; “¥he deciiton ‘to put sn
advertiigl (a preposition group of an 8djective groll in tha tirét position of
the sentence in German Mo'ifw‘t subject and ‘tinits (i.e. conjugated) verb
Wil have inverted order.” An importent point sbout HilTiaby's theory 1s ‘that
the choices at a given stagé are ot ordéred il th Faepest’ to" olich Sther.
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Unlike transformstionsi grawaar, ue are fiot deriving one fua‘lu-.p.emod
structure from another. Instead, as we procud through the networks we

accumulate partial information, until in tho md tho ourfm utructuro of an

m sy
I3 S

utterance is fulfﬁ opoei*ﬂud.
2.2, aloﬁq with mluplfunim { Mnfrf& %iﬁ;amﬁﬁmtutlm
closs to tm of Winograd, ‘so that  resder taeilier uith Me"sngnm charts

" should have no difficulty here. The ‘notation weed in the netuork Ts ohoun in

Figure 2.1.  In Fi*gun 2_.1u. the vertical line indicates 8 syston, lﬂd tho

LHEET

B4

S

Floure 2.1 .

_horizontal line on the left specities, an. entey condition.  The syetem may be
labsled, as it in.hece, by ueiting the, Ignel sboys.the.sntry condition. Jf

uo indepandent systems share the samm entry.cendtition, this is_ indicated as

in Figure 2.1b.. If thare is wore then.oqe antry coodition ssgecieted uith a

_gliven systen, .it may goly be necesesry. to sstinfy one.of them (Fig. 2.1cl.

- Features i»"d‘cefww o_gashes (~--) sre. yonseked, . sod mﬂm!mﬂ-ﬁmu as
the sbsence of.tha gther festures in the pustes. . ... |

A




l " ?&‘w sr T a SR S ’
REGULAR-ORDER (1) "7~
DECLARATI

INVERTED-ORDER (2) -
QUESTION PO

fi ol TsTE

e e e

*m'ﬂ @ ST f‘::{?;,'ﬁ’ﬁ f> (RN
CLAUSE—] o - TR N T S R
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The following example sentences correspond to the numbered features on the
previous pege. The tmutim -tem te:glan.s rough ides of the
structures involved., - - o w R .

Ty aem( Ry gas e 0

(1) Ein Semi-kolon genligt.
A semi-colon suffices.

(2) Oft, genligt ein Semi-kolon.
‘Often, suffices a semi-colon.

(3) Sie wirden eingentiich nur luffgum, Henn gie

ausfai len.
They uould actually only be mMco&, m .ﬁlﬂ l‘.l
nissing.
4) & den Hund zu ratten, stlrzte ;&;kﬂor Bm Im
sser.
Io saye iha dog, the farmer plunged lnto the utjtcr.
(5) Alts Lieder singend: kewen dis Kinder hinein. .
The children came in gingingald songs.
(6) Am Pflock: m lehz*to tmgmlunnu Bwt in
Wel lenschilge.
Bound 1o-a namt. meﬂkwmﬂumu. .

(7)  Eben bekommen utr uu Nmzeu,m der Z|n fech

We havc just rccloved neus that m,tr_lj_n hll. &1 .I.I.Lt
yet.
(8) Eben bekommen Wir die Nlehricht, m Zug sal m nicht

abge fahran. E
We have just recieved mua !hl mu; has nat 1411 uet.
(9) Ich hatte-die-Gelegenheit, Beriin zu tesuchen. |

: I had the opportunity to yisit Berlin.

(18) Eine Etedone, mmum wmm m

An eledone, @ii '_ ars Hove comgyad, ...
(11) Mit dem m"é‘un‘&” 0iz becyacoesitens i '
Chromatophorenspis! ..,

Along nith the by Light m
chromatophores ...

(12) Ein deutlich sichtbares Zeichen. fér dtq in Narxansustem
Erregungen ...

ver |ayfenden
A clearly visible indication of the through the neryous
suatem running excitations ...

(13} Ich.newe, o %mmgﬁm

. »»..-Nv-v‘ﬁ

pllu of the

I’ dusume
(14) Ich nehme an, gis aind . ,
1 assums thau scs alresty gons.
(15) lch bitte dich, mich lﬂ:mzn um
I request you $a yisit e tomorrou.
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2.2 A Dcnnition for Syntax

a illppqru bu,%mn, npccially

Oz g

Dlotinquuhlng wntnx fron unntico

when | have juct cuiud to umcrlbo to tho idn that the otruch.ro of an

o lomrg <ol

utteranco n mtint;lu mtuimd uith thc nanmg It CW St]”' thar.
L :E; (‘ﬁr W ,.,,_ _;‘:

seems to bo some luf. loft in thi- vcru old dhtinctlon. so Iet ne ukc an
o s~ s

attonpt to dclmit a unful bomdlru. Trnditioml Iu. ogntax hu dult uith

LR e -

the forul of Ianguago md mmticl uith ito eontont. or nanlng. Thlo “

BT R SR ST R i‘»z;r ¥k

mdoﬂnitlon ia 8 otlrt. but it ia too nuch of ] tllpnﬂcation, olnce It

IR ,5;A % "% V’

ulgnoru th- cffocto that manﬂc contmt can hlvo on form. ln Gornn. for

E T AT R s; s Ty R LT
example, the dcfault advorblal ordorlng is tine before nmor bofon phco.
pavig .
Hore. time, manner ‘and plm look Hko unntlc catmlu. but thoir pnunco

Speghs Piow s bamae dmeiniw o

hu a dcr-ct offoct on tho aurfm otructure? of the uttqrm.
i RE tg gl iand 2 Yingny

Tho holo cituation boco-n ovon IOI"I compiex when om coml‘doro that

TeH BT T aTEne ey

noot cholices about tho forl of an uttorm hm mot an, in twn of the

tradltional definition, nuntic hphcntiom. lt il truc thl‘t thcro are

SLrE

choicu that mn to be ntivatod bu suntlctic rulu tlona. ouch n the flct

Fromws EERIK S0 LI

that tho propooltlon m takn tho chmtlvp eno ln Gorm.wmuo ono Hko

. bal, takes the dative. (H-rn. and In uhat folloys, I l - uplng rulo' ln tho

ngusge.) ﬂo"! spmmon, tpuovor. l. L

situation such s plural forutlm. ln Garm thon gre uvpral uag- to form

~ the plural for noyns, wWith doffcrunt nouns t;king , =8, :"cﬁ, - or. o

,.~:rs

etc. The choice hetusen endings is & omt;q\;ic or

2HT DR

prglcol one (although
many uords are fairly ‘lqviqunprgtl”g}, Jut gg,ﬁtln s tip,. the addition of 8

plural ending. rofloctu a distingtim botunn one snd and,

qpro thanom that is

basicallu suantlc. in thc traditionll ugy}u.

O sw Ppettagiite 2o TR

To firm up ow definition, one Yy tq Qg fru hqr. mld be to idantifu

it u.._n‘

the euntactic agpect of langysge uith rqlu that gwqrn ufgtmco forntlon and

gEmn
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say that semantice is the great worass bmnd This definition begs the
question, however, since tho content of tumgo nﬁ b‘ juot as ru!e-govornod
as its form. For oxctptc. thers nigm u a nm‘ to uprm ‘the fact th-t *The
blue horee s biwe* is rédundant, or the ftet that g’ Muc horss is green”
is contradictory‘ To call such m mhct!e m ‘they ore rufc-
governed is hmn tﬁo onm trwbh lt. m. m thcn It is mt clur
uhat, it anything, is left for sommmtics, | -

In buuding the mta. LT dcetmm whether & gim npoct of Imgu.gc
was ogntacttc or uuntic wes based on m fouwm Mlntﬂoﬂ for oyntlx.
Suntactic rules gin: o o

L) & winiwet chicmm of word order

(ii}) & opectﬂcﬁion of tm mic “ I-xieﬁ tm that onplicitlu

mark the rcllﬁomhm b.t—um wﬂ nd m Pﬂlﬂm uifhln and botunn

auntactac gyl S N T S e

i a -poenmum of mtmtm v

Al the rest qo” into tmﬂcc. tl a ignoring the mmuclprmtic
distinction, since I find it even more diffieulf ' am than the ‘
‘ogntactic/umﬂc one.) Note thnt Emtm M&tle mt.o n!u very huw Y]
on word order, while German str ines nore of ‘a Dilance batusen ord order and
llorpﬁolowi(i'\.'e.'cli‘?c dh-t“&ﬁéﬂflo'm)'. With M rtﬂmmcxpncit ‘t.go for
ite syntactic distinctions, Germgn hes @ concositently higher degres of word
order flexibility than does English. WitH respect To (1), the definition of
mininal can reaily onfy bs given in the forn'sf & |fet of syhtictic rules.
The closest thing I have to this now fs the set of word order constrainte
built into the interpretive snd generstive grawmars, but nfcouru Tthese are
not cowplate. To give you an ided of whet | heve in mind for (i), I would

" consider sowething |ike ver ordering In #id-order ‘8 Gjitectic rutdé. On the
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other hand, such things as adverbial ordering (mentioned. abave) and.adjective
ordering before a noun ("the big rid block" o oppoud'to "the rod big
‘block") are ord-riagu beyond the minimal,. pd Are M 90. ”nntic critoria.
Rolpting this definition of syntax to the netupriks.of systssic orssmer, I

would call a feature syntactic if its sssociated resiization rul,g,jll fall
into the thres cltooori” given above. = .

. 1 realizs that the definition of syntax, givm horo ;- s skotcbu one, but
it should be mouoh to glyo a non ,Of tha grltgri.. thlﬁg;mrc,uud fcr

dociding uhlch rogularitin phquld be rgﬂ]lcqt,d AL thpalvﬁtagtlc componen
(both intlrpr.two and_generative) and uhieh in thp Wt! componpnt.
;ogallg for tho uko of

should sdd here thet thess criteria were ignered oce

efficiency, so that the interpretive wmmwv Jo for from a pure .
linguistic statament.

2.3 Uord Cluna .

Hhile I qu not. discuss the trutmt of Clause

uould like to look at clncificqtlon at the uord lcv . A ducrlptlon of the
different parts of speech used for 9"""".“9"". ,'P,!!?‘!!y,“’!”' 5 summary of

the features used in definitions cen be found in Appendix A.

2.3.1 Adjectives and Adverbs

. A diatinction .b-tmqn;pdlopt,l'\r,gg, and .adverbe is q ll!lu d”ﬂ:u!t to

good," the equivalent in Gerun&i:‘q, :.'fﬁiglo,_llpqt gu.;, IndﬂFide l,\’o_t‘ gu;. To
get an idea of whers the distingtion batusen '41"5””9""‘ adverbs is to be
draun - or whether such »gdl.-timzim sven MN“*M - ¥m need {0 knou
the functions that thess unite will have. Fiye |ikely-looking functions would

be:
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(1) attribute of a noun {declined), as in "der hiaus Engel® = "the blue

(2) complement, as in “Die Eledons ist W"-\l".Tm eledone is smart”

3 momﬁmﬂ modifier, as v‘l,n}'vmifﬂca-i“l.m"‘*- “the .tuat:ép the

left - : “ ER . '

(4) modifier of a verb, as in "Er tihrt achoail® = "He drives fast®

{5) _modifisr of the wodifier types (1) thFough (6), as in "sine sahr

gute Gelegenheit® = "a very good opportunity” ‘
Especially uhen dealing iith Gersan, itmay be bettér to have a singls
adjective-adverb category called "modifisrs” #hd aveid the 'bébbiim‘- of where to
drau the line. A highly conservative line, houever, ias drain for the system.
. Basically, anmta fa 8 member of thocsm that porfornfunction (5)
above, but thor-ar- several conditions that further constrain adverb
qeﬂb,crehip; B | |

One criterion for an adverb that will be used is that it may novoé toke
adjective andings, that is, perfors funciion (1), Futher, an adverb may
" nsver have a comperative ':'"orlv Mlltivof form. Both criteris must be present
“at once, since ”m"b‘orf‘ec"t:m gooduordnmf ‘tn‘kiwi*f:tr-f‘bulti% endings do not
have couparativq or suparlativ- forms, md thoro e uordo that cen pcrfor-
‘both functions (1) and (S). An example of the Iutter 18 _mm in "ein
deutlich sichtbaras Zeichen® (*a clesrly visibie indication®) and "ein
deutlicher Satz* {*a mesningful sentence*), Candidstes for dvern, then, are
words |ike ag, Iﬂt. Zu, and a few others. .

1t must be obvious at this point that adverbis are a rather select group,
and that the class "adjective" cq.‘..r’. a ot of ground. To alleviste this.
problem, the systes ua“ features that correspond to the functions given
above. Adjsctives are either ATTR (attributive, function 1), COMPL
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(conplcnnt‘. function 2), POSTNOM (postnominal, function 3), or RELMOQ
v(rolatlonh pomflcrn, fum;tionmb and 8). .§ ‘m bl ing k:vggwtako an
object as a verp doss. for exsmple,. "Ops ist nicht der m% ("That’s not
Horth the effort®). 1f this igv,pqgllg‘_l:ng\} then, the case of the object must be
“ ‘,w'dmtm-i i PR
ATTRibutivo adjectives are [ECLlncd. which means thct they taks mdiﬂﬂir

: !pocifud in the fglturn Iist cf thc F&

which are specified for cass, gender and number of the nln noun l,n the. noun
_group. Adjectives are 8lso said to hlvq & STRONG, HEAK, or MIXED declension,
| depcnding on tho dotcrnimr in the oun group, SM ’dﬂ!‘octi”
vuud uhon an adjoctlvu lo ln flrot ,pooltlon ln thg,nomggow! for :x&ggpplp.
' gutgg_ ugln" ( gond ulm'l or uh-n thg ad}activo por;l lolg anotrpr Qtron&m
) _docllmd, adjective ('fdm. Jephafter Hoin / "_fim. lixnm yim ). MIF?K

indirgg are

Londingc 8ppear on adjoetim folloulng uy dot-rnlmr uith ntrong mlngp

| - dcr gute Ntin / 'thc good ulnc"). ,ond ﬂl)@ .nding_o follou indQﬂnito

dotarnimra, omco thnc may or m not carrg cm mm inforutiom

| cimn guten | u-zn- laccuutive) wt gin gu% Hﬂn" (no-imtivo).

1 should not. that calllng uordt that fulfiil gmu,mo (1). (2). and (4)

: ‘adjoctlvu is in agrumt uut; tl:ﬁmluglep pt Glinz A8 llthqt@h my _adverb

catogoru ls more tightlu comtrningd than h!q. .

2.3.2 Binders _ o el
Examples of the class BINDER are dass, paghdem. 88L4. Hsop, etc. Binders

bordingte:glaves; Neoo/dann, combinations
(the equivalent of (f/then) are not handtgq in the, wmﬁ but they led

T
GOmRg

appear in the first place of g p

need a special tag in the dictionary.

2.3.3 Cardinals v s

-

- Cardiqala IM,I‘D. Aike zual,. dg;g], stc,, oggur, 5»"&1%%'”‘- and right
nou the parser assuses. that they uill nat.be dealined.. .
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2.3.% Conjunctions |
" THe coordinsting Gemjunctions - und, B, gder. sondarn snd tanh - are
not given sgntactic-features, but THutewd §¢é detined usinig a special
function. Th the dgétem, the parsing of conjunctions is done using a program
taken from Wihograd' s ‘systew uith Grly ¥iight woditication. ~See Winograd (33,
p. 98 f£.). | ’ N
'2.3.5 Detarwiners
Determiners (DET) ars a fairiy diverse class, uith the Comwon property
“that theg can, snd ususlly do, ‘otcupy tHe first position in 8 noun group.
Thoss uith the ‘teuturs OEF --the definites der, dla, das, dea, etc. - carry
“specification of gander, nusber, nd cave. The indefinites (INDEF) gin snd
uln are "&iks‘&‘ﬁmi?m with rupdét to ﬁunhr (Slll? or PLUR) and take sndings
that indicate gondur tnd case. Poahuiv- mﬂm ml llkc l!ln Mn
then take ‘endings for mdcr nusber, @nd cass of ‘the main noun in thcnoun
group. Determiners that take “der" mlng"o‘*"an‘ ‘caffed demonstrative
adjectives hers (DEMADY) and include dj_u-—.jm-. otc. ‘There sre also the
interrogative determiners (INTER) m;n-lnd unnn. ﬂl.l.:h-iodoclinddfor
gender, number snd case, while ussssn tekes sﬁomtmm cerries no such
specification. S
2.3.6 Interjections |
These uord-. Hike m; and ja, nau m ‘betussn the tubjoct and verbd in
regular or &ﬂverted ‘order clauses, K o
2.3.7 Nouns.
Nouns may be either MASS, COUNT, or. proper (PR!?N).‘ which are rélw’int to
wuhether a deteriiner m'm used. nw iy be: smm or LtAK dtponding on
what endings are taken. For smc nouns; the plurat ‘and gmtthn endings are
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given’ in, the dofinitiqn.‘ Tba genitive ending.is. mcqnqru hprn -Recause. there
is not enough mphologlqal information. i, the_input coutine.to decive it.
To do.this reliably, INPUT unuid«mg@;togmm@%;mmul;onfQMTW of
| syliables in tMuord and the pature of .its-teewinal latters.
2.3.8 Partictplu S

. The PARTiciple class. consists of past. pactigiplas. (PASIP! - Hu- :
gsachuommen (suun) - and presant particiniey. (PRREP...  |Hke achmiseand
(auimming). Participles are not entered in the ’dictlmwm;!@it[g.’;mt thﬁ
~ under lying verbe are. . |t i-;ttprr'w-éel£<~,ltu.f«zof:r_me,wmléufwovm- |
discussed balow, to trangform 8 verb dafinition. into gu;\.ggqr ,Q,Mt,icipm- I
a participle is DECLined, then it takes. the same endings 88 en.adjective.
2.3. 9 Prepositions E T

- Happily, this is a sisple pact of spes
are either pre-fixed (PRE) as in “zu Haues," or:post-tixpd. (POST). as in. "dem
Hm.-mnmr-i‘_’ The cages they govern o nlthec-dative mgt,)i.;aggqms,u_
(ACC), genitive. (GEN).or mixed (MIXED), i.e..either dative or sccusative,
2.3.18 Pronouns

h.syntactical !y.,:_s:vfgqpqol tions

T

As in the case of determiners, there are @ nusber of variaties. of
pranguns (PRON). lost comsen are the personal prongups. (PERS), which is
acgqal iy a poor chq'icc of terminology hogq.olminﬁecmm they sre
- fraquentiy used to refer to Inanimate obiscte. Persepal pronouns are .
specified for person, cass, number and gender. _ug thjrgporml, There..is
~also a group of personal pro@ounn distinguished %Mfutw@w RELMOD
_pronouns like gdas. uAs, 8cd ga (uben.ga is: compounded.uith.@-preppsition) may
refer to whole relptions or statewents rather. than just to.ether.ooun groups.
The ,in‘torr‘ogatviv‘o pronouns (INTER) |ike.usr. #nd yas.8cs specified for case,
uhile the possessive pronouns (POSS) - |ike. maigs = ore wacked uith geoder,
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© nunber, andwm ‘6t the ‘prenoun part, then ‘sndings [ndicate’ mr daoe,
“and nunbér - in the pronvun’s rold 1K~ the noun group.” Mtﬂct‘*ﬁﬁrmm o
 CABSTRAET) ‘are Wosd ke Raft #hd" m Thé reflitive pronduns (REL) = der,
dis. das. dacen: dsdsen, wsitha. ete. - laukﬁ‘i;’lﬂ%l%i'dﬁﬂnnvdi%nm?n

and cerry gender, nusber, and tase information, Fineliyi'BEFinite and
INDEFinite determindfs may Stso be ubsd 88 SRikoting, ‘ed M e.rré the ‘

~ features FRGN BEN (for ‘dencnstPative prenbui ;

'2.3.11  Quadtitiers 00

t

« This-class 8 used for wbrde M*W in tirst position-of ‘the noun
‘group But cen ‘coexiut uith Mtrﬂﬁirt. 8o 'Iﬁ. ‘aile Hmeﬁoﬁ f"lﬂ_ the
peopie®) and- “silhgt ein Ciphatopod® t‘mi” hifopod™) . -
2.3.12 Soparabll Prefixes

“$n genersl; 'm cotnclide uﬁth the claws of moitioﬂi. “and their
“usage’ corresponds’ to the Englieh particle; su-in <1’ (176a1 1 thewin.*
- Sepirabie prefixes (SEPPRT eppest 14" (WG dietibhahy s separete werds Tn terms

of syhtactic mw “But thcu are not’ giviﬁ‘ sndhtie chﬁﬁltldﬁb lnd-ptndont

of theu- associated. verb.
2.3.13 Verbs | ,

Verbs cm in the fauoutng varistioss ﬁrﬂ. iﬁw are citmﬁ ‘"ain verbs
(MVB), “wuxT iarTes (AUK), ‘or' moBite ONOORLY:  The musi 11 dr ies ‘sée: ‘hatian, sain,
and Qerdan, Wnd-motiéls sre thbse: thet mmvt wi&’wma inFinttive. “Modals
'inermnm o B Mﬁc. e :

If & 'verd i o WBy utmwam». SEPPR oF %SEPPR. +SEPPR means that
* the verb ‘¥érm’ h.ppin% to have” its Wﬁiﬂ‘ﬁn"w fm’ “uhile
~SEPPR medits thut the! m.&wwﬁwww dherd- 61847 1Ght Hon (fillinat
davon abY:  ‘PLAMN verbe: sre dhi- e pest.” A verb 8871Rition also specifies
uhether  the vert ié F‘cguwar- irregular; Wiked, v tikds - oRTout in”the
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second and third person singular (REG, IRR, MIXED, and WML, respectlvely).
‘Vorbn With inssparsble prefixas, |ike hesitzen, #re qgrgmd INREPPR. . _This
_information is for the benefit of the morphology routing.. ot gty
Another sort of information is the tupe of objsats that. & verd may take,
.which uill detarnine the transitivity of the clAus,. Jestead of using .
tive, 1 nave apaci tiad tranel tiw Yudn, secee: ot syntectic
. cass_ for noun groups and other. mgg% for MW" <For sxampls, A+D
is the feature of a verh that takes. an accusstive srvl 4. datjvs object (not
necessarily in this order), 1f a prepesivien in ragyjred. by she. vers,. then
wartial |s reguirsd, 'E* is
pirasdy ueeg for_agsuaativel . An
, intranpitiva verd is -till larked "l. g\d '}l' f J%f;“") is used for

its transitivity is given as °P*, while if any &

used (for no porticular ‘reason; "A"

dative pronouns used reflexively. "Z* is uesd If 8 rankphified, 'zu’ clause I

requnrnd, as in. )

_ Auch der Trichter gﬂcgg @bﬁl

At the same time, the ambulatory funml uwallu%m;p put uater. .
I have not used catogor]o’a H!gg,_nmlng ;.lnocl,‘t‘igﬁ,,“ ﬁgjn,g; Mmig seans to be
» of semantic ralations betuesn qwt; of the

part of tho broad-r phenomen
verb, which is handled hy the semantic component, (In this case, a selection

restriction would be used.) A verb with a reguired J*mgjim.tm. is marked
uith E, P, AP, etc. as relgvant. For 8 compiete |ist.of. the. transitivity
tupes used in the system, ses Appendix A. .

. 2.4 PROGRAITWAR m Gmm L

A netuork |ike Flgug*p 2,2 givas 3 gescription af structures passibis in @
language, but does not specify how ue -go phmet mlg&lm 8,80 santence to

this descriptive information. . One solution to this bnab)

8. sike. glwen by
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Winograd, and for the interpretive grasmer, I fol lowed his @pprosth qulte
closely. Winograd®s approach iw 1ot the only ey, of tlirs, to use the
information in the metuorks to puite parwing, #8 I will come back to this
issue in section 2.7.2, The Germen interpretive’ prassar wifs uritten using
PROGRAITIAR, o LISPLowbedded [ahpuspe ducmented in' (Ninoorad,38). In brief,
 PROGRATIWR provides facif1tise Yor cobwtrudting, Tnepcting, and wanipulating
a parse tree. The bawit function is Memﬂm%mna» inspects the
input sentence snd tries to add the speici¥ied fode Yo ‘the thes. A group of
featurs-ekemining functions ND, WO, €O, IS0, eté.) aliou inspection of the
sentence or tree for particulsr features, and ‘another group ‘(among” them, F,
FO, A, RO, ADD-F-NDDE, and REMOVE-F-NODE) 8iioi chiinges to be made in the
featires of a nods. For mlnghrm the pires tree thers is the function
MOVE-PT, uhile MOVE-PTH can bé used to-wdve sround the Input sentence. 1t &
parse tufnu out to be incorrect, the backup functions POP end POPTO m be
used to remove particuter rodes frow the w The Badic statesent type ie
the branch statemsnt:’ MRt T R '

{1 (<function oF variables) <isbel-1> <ldbal-2> <lebel-3>)

Control goes to lsbel-1 if the function or varisbis ayaluates to non-nil, to
label-2 if the vi’luc is nil, #hd to 1abaT-3 1 ¢ thi\cn'd”of the sentence has
been reached. Lsbel-3 is optional, o B

Since PROGRAITWR was designed to handls Erglfsh, some changes and
extensions were necessery for wmuing&rm.?hﬁi ‘involved ‘the addition
of another auntéc'th: level, that of thc“phrm. the sxpansion of ths apparatus
that assigne feature [Tsts to uords nd nodes, end & mechenism for hand! Thg
partial information as Tt s accumulated., The Fewt of this section will
discuss ‘these additions to PROGRAWR.

As in Minogrsd®s systes, ﬂnnfmmmhmw the. syntactic
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specialists called by the PABSE function, Syntactic specialists correspond to
units, so ue have CLAUSE, NG, ADJG, and PREPS. lq.@iﬁt{l}pn, the German parser
~ containg rautines that handle phrases: . that ls, cqugi‘tmntotmt often
appesr together and far hich sbroutinization sakes, ygnes, But shich do not
enjoy the thaoratical status of & grovp vﬁm» Tmbwc d)fference .
‘betuesn the treateant of graups nd phrases s that A node. is nat estab) ished
for a Ph""m”!f"“w"“ﬁﬂt‘“dv but -2 groyp alyaus has its gun node
marked with'its name and features. Phnu prow}m lri used to handle things
iike verbs and objscts of verbs. The cemponents éf these phrases are

interrejated, so we would Iike to handle then together, . Thay are not full

units of the gramsar, houaver, since the cosponents dg nat haye to remain
contiguous under ail circumstances. Far evsmple, in fiscesn & direct object
may appear .before the finite varb, uhile the indirect object of the same

sentence comes after the varb, No m-wtomw {in PROGRATRIAR in

. order to urite phrase routines, since they sce trested |ike grdinery .
subroutines. Phrase programs look |ike grpugwprogcggnmqpt that they do not
use_the reserved tage RETURN and.FALL, Modifying PROGRATRIAR
these would not have been particulery-difficult. gnd_for uniformity the change
should probably have been made.

to permit use of

The case-gender-number combinatorics of German. (described below in the
morphology section) made it nocn’o&;q tou&téfrpﬂa single list of possible
features associated with each input word in the or'lgi’nal PRMRAMAR to
multiple feature lists. Ea‘ch"poulb’l‘o' unm of 2 uohd, thén, is expressed as
a different feature list. To ﬁindlo.theii. a feu sinple changes were made in
PROGRAMAR. First, most functions now handls s ITsf of features uith an
implied and linking the entries. Thus (N MASC'SING chacks to ses |f some

teature |ist associated uith the next word has both MASC ahd SING propertiss.
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1t uould fail, for example, if mmm and mmm uere the
feature sets in question. , | | ‘

Tuo other sdditions to PROGRANMIAR, FIX and NONEX, wers also wotivated by
the proliferation &f cass, number, wmmmmm They arv uved
for dealing uith partial information amd ars disousesd further in section

' 2.6.2. ' To discus® the Interprative: prociss, et us stabt’ With “the worphology

" program, ﬁmtm: te the first: stop wilé by dn’ npdt setitence.

2.5 Horm‘im . : ‘ !
2.5.1 Analyzing. Morphologicat Ym : o
" Given a word, the job of the mﬂw&m mt “fe te dot-rﬂm ite

ey

mt iirnw Trforsation

root md then welis' up & |ist ot ‘syntectic tistivy
associated uith the root and endings. ~Morpiofogy #inds Fft ‘fntorition in the
German dictionary, ‘which containe both roots shd endings. Igntactic
information for @ réot Ts |isted undée the Ki(uerd FEATURES; uhers thers is
one feature sst for sach possibls ustge. Thie' for tpalt tiigel, which might
appesr in contexts |ike “dis m%tmﬁrm‘if‘ﬁh*ﬁms%u') and  "Die
Chromatophoren bretten sich sus,’ t'muwutwumu out*y thi
syntactic part of the dictionery entry: Iodli“ﬂlut B
'mmn FEATURES' ( o

(VERB REG -SEPPR AUS)

(ADJ ATTR CONP SUPY )
In other words, hreit may be either a regular verd that has the separable
prefix gus, or an Qt;tributivo (that Ic.WMH ‘djective thet cm forn &
comparative or a superlative. Actual Iy, auch dlcf‘ft&!mu‘-ngrinﬁt;gg_:qi‘q,-oro
_information, and the complete specification may mgm in Appendix A.

Morphalogy finds its ending information as .' Hﬁ_ of feature ut‘
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indexed hu ENDING, and then the part .of.spesch, Endings. ane macked by ">", s0
there is no chance of sonfusing the ending »ES.uith-the werd ga. . (This .
distinction is more for fho benefit of the user, since tha EABING indax .is
enough to kesp the system on the right track.) Part of the information
associated with >ES looks |ikes ‘ S b g e

(DEFD y;%smm; [ S P

,(mmnwsm -

W:mmm,, e

Kﬁ“ﬁ- &CL sfnws T NOH SING)

' There are tuo main routines inm;hol”aéulm and TRY.
©2.5.2 The Routinc\':lkM’UT‘

INPUT is the Gerninwcféaivaliﬁf of Hinogv'oa'ln&:gtig%w ml&zoﬁ. I £
‘starts at the end of 8 word, nking successive cute unbil il énding
pouibilitin have boon ‘trisd. “Hith Gorijan”}in%fmt imolv.d in conpound
cndingo. ‘for example when the pr-omt partic‘fph 16 uebd u ‘an ad]cc!hm. as

T PR e

T ﬁ‘*““ﬁ “In addi ton, “there sre some

T

in x.;am“m (cauﬂngi - v
‘prefixes to consider, as s th. ‘case with e l’n the past wticlp?o. “and ‘there

5% . RN o Frma e o

are also some infixes, i.e. go and zu, &s 4T Sl
Busgearbeitet (uorked out) s aus + ge + arbait’s ot ©
anzuschausn (to look at) = an + zu + schauen
The lnput program hindles all’ rtgularlu ‘occurr ing” nrphofogicn‘f chmqu and
also takes care of soke non-standart uituaﬁom “kl tho‘i&dl’ﬂon of | an UIllUt
to the verb j_gnm in ihird pcrcon llngulnr (M Cam that aro mi

' handlod bg YIPUT'a ondlng anawzer appur dlroctw ln tho dictim&ru.ﬂ?ﬁcu
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“irclude mijwiwovmcmricﬁi*of‘@gm*(zﬁ‘m)", past participtes with a
vous! ‘change Fike galirdchen w v m ‘Whih ‘ndeusl plurats Itka
Sepix tpti ‘Sepien).

2.5.3 The Routine TRY
Once INPUT thinks it has a likely split, It sends thy stws and ending
list off to TRY. The first step here Te-to chick to ses If th- proposed root’

e

does indeed appesr in the ammm? tmg

lto suntactic
features and hotd on to thu u. o!ng gin& Q mm qgueut-d uith the
different endings. - It is uf this petnt thet ue’ %ﬂu ‘notice soms specjal

problems miatod with Gcrm mlwiul rooess ing. Since m Cdiicﬂv'

ending may have four cmu. ‘three genders, tuo Ms. and may be strong or
1esk, the combinatarics begin to be 8 problem. Mmtpiomtlm doss not
sven taka into conﬁduratton vm, M or plrﬂclplu sone of mou
endmgs may winclgc with adjtctwq mm;- For thl; regson, TRY makes a
first pass to determine the parts of spesch possjble !or tho root m then
lonkq at thn ondim to. vey of ;m fm . miu;blg plttcrn. ghm: the part
of apmh. | For mh, m (m md mt u trlod as a v-rb. since no
Garun yerd is fovnd bu ;Mlng pptoa P";g ng uﬂu th: wﬂbl”tin
for an adjective need be comidtrnd, md gim the -ndlng- Hoto are. all
indexed by parts of speech, it is lllapinpttgr ‘lggﬁpig,\w;,i;q?”pglcvant
possibilities. . | ) { | o “ ?

( Having nurreuqd tho fiold cmuhlt. Vth- next ttg in to call thc routlno
)naacs f'EHGE ma through thp npd!ngo lio:a. otmtlng uith the Ilgta fcr the
|aot andmg md uerkmg ba;k to_the Het for the. rgct. lts job ic to co-pow
xinfnrutiun and cnnlmtc bad eoubimtiom. To do thlo. m modn to know
which part of thc cndlng pmibilitg st io rmlnd inforntlon ond which is
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nen. In the eystem, stars denote information that mist:be present in the '

- preceding feature list and unmarked featured are siuply sdded. - As :an ;inuplo

of thve watehing and compounding ‘done - in m Aand Elsgarnies-(iying). which
i & pw‘ticlpl.z

liegr  (VERS IRR NVB)
-snd:  (VERB - PRESP)

-8  (PART ° PRESPx STRONG ‘NEUT NOM SING) -
(PART  PRESPS STRONG NEUT ACC SINGI

ot 4 .
ER

Matching on stirred efements, and edding the wurm |nmumn, e gets

(PART  PRESP STRONG: NEUT W S%WM) id i

(PART PRESP STRONG NEUT ACC SING IRR MVB)
These are simpiitied versions of the tuo ?ut'ii"iim-’f"’thi’!f'iulwkfbiﬁ *'luoclato&
uith the word Lidgandes. A special sétith wos-taksn here By the routine TRY
" becsuss we are dvaling uith s changs in part-of speweh.’ zarw%wwm
‘case, the feature VERS nas rewoved after PART hibd added, to prevent the part
.of ‘Speech designition from betoming mm i the Hnwl-feature sets. This
~ deletion T8 done by & sinbte check in TRY, sitce & Plirt of ‘speech change
occurs in oenly & ‘fw' cases. |

Eech calt-of TRY by INFUT way add iﬁht"u“rd‘ Hote 1o ‘the' mmuc- festurse

I1st, so that in fact a word may be divided th severs! usys. ~Te keep the
possibilities straight, a root list is also constructed, uith an entry that

corresponds to each featurs set. ) RS

2.5.4 SBpecidl Features of INPUT

1f INPUT is not suoowssful with its ﬁiltiﬂf ending analysis, 1t looks
for a coupound word. Compound nords spieee -frequent iy in Gerneny: oftan where
English uould uee 8 clawsifier pius s nous, German uwm ‘compountd, - The:
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methor used in. a-brute force one. . The uend.is wplit inte.two parts and sach
- of these is fad. to 8 recursive call of INPUE,. 1f both sectiens turn out to be
< uords, we constewct a feature iist. 1f not, then-ue move over & :letter, ‘ﬁkc
another split, and try again, All sorts of reﬂmnontt.. e.g.. onky making
- splits betueen syllables, are possibiiitiss hess:; et pething |ike this has
~ been done, Right now, the system hindles only coupeunde:mede from.-tuo
 components, but the code. mmm mm h&ﬁ#ﬂ muy The . gompound
analyzer will accept noun + noun palrn liko Wﬂjﬂ ("play of the
| ~'~r.hrmt°9hﬁt'n"l, varb + nown.pairs Like \suchiscase. (}4ight orgen’), aad
pronoun + infinitive used as.a mun ”ia@ I}Mm ('ﬂnllng each
other"). o ‘ ‘

\.,-‘Angsh,-r ;gumeg.ps lNPUTia its bandling.of ipfinitive verbs used as
. nouns, 1f.8 uerdu aypiuated A o infinitive varh, 24014 routine s,
called, to add teatuess and semantics for 4p Infinitive ysed.as & noun, Note
that in a normal text, both vert aod noun ueuld not be.possible at the sawe
~ time, since nouns uould be capitalized, The, sersinal. used.hers for ipput,
housver, had enly Vhper_case,. and it seanad. that. any. apecial ewmmm for
~ nouns would bs & burdon on the user. For this, _Fasson,. noung. are. not

. distinguished foem the. rest of tt-m'w h'mt» }MMMM Just works a

Jittls harcder t&pick them out,

2.5.5 An Alternative

| The morphology cowponent works well, with only one real hitch: words
ending in gn take a considerable length of time,- even uith the. Wul passes
made to cut Wimmlcw This may be. w>M$im~,;,tmt norphology and

- syrvtax M’d not hﬂ & _Avo-pass proposition, but ﬂltm;,ih&k;ima.!tat. of the
Rerse should be used to.|init possible merphalagicat analusis in the next
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_ Word. Thue if ue have "sinen alten flamn® (“an ld man", dative cass),, hy the
time the ginay has been parsed ue have gathered enough i,é\gm;pta,pp.,mgllm
to limit it to tuwo possibilities: either (ADJ WEAK DAT sxm MASC) or (ADJ
WEAK DAT SING NEUT). Therefore, to solve mmm £ cophipetoric problens,
He -ight dutinguiuh tuo lovolo of lq-pholwiggl SARUCHS,. < Jhe higher level
 featurss could be ssaigned in 8 preorocessing. pae, |1he, e oAsens, sner | At
. that paint us ,jnim..m-..s‘. seecify, apy, that an adinctive, had besn. found yith @
permissible adjective snding (ADY W ~hALRC,. 10 RAFRi0g. She. noun.group, &
. sacond morpholopical pase could check ta pes i1, the pronsesd sdjective
exhibited the correct cm& .gender, nusber, And %'&.‘m raspect to, the |
determiners and other adjectives in the, mmﬂww%wm the
_cqmplnator ics of adjective, sdings nesd Anjy e tapkiad shen 1t ARORNCE, .
abspiutely. necessary,  This spprosch wauld pet be gdifficult ta inplpeget, but
. ..\,‘:? would involve considersbls effort to convert the. sxisting system. to use it.

L

. 28 Thquorationofttywq-g
‘ Ths intorprctlvo Qremmar operates on the. string of; ;grgv m ;”*35!
Iists output bu th- lorpholow routim jt gou tp Nork t,gg ongr;ruct . parse
trae. and at anu givcn tin tm grunr uul! b. fol!oatnl? pnlg ons parse.
1f sgntactuc aubiguitcu lead the grammar astray, special backup routlnu are
called to find the difficulty and set the grammar onto snother, hopefully more
successful, path. It does not seem profitable tp pj% tbo Jnterpregive
grammar in dotlll, -lnco its bchlvior is 0 ciose 19.that of plpognd'
English grammar. A :upll parse may be fomp in Appendix B, snd readers.
uiahmg furthor Inforntlon on tha lpprol@ to gars)m ! fl cwoult Hinognd
(39 chap.IS) and. for d-tails. Rubin (32). #gut do seem to be, worth

B0~ 5 W0

dlacugging are the placggﬁgqu Gornqt pr ts miigfjﬂproblmmg uhorg a

SERDN T




44

et ppionch Yéken, ‘5o this Hctidn url| Be devoted to an assor tment
- of ‘Wtct‘t'l Yopice. L swer e s V

2.6.1 The Deiile of tHe Vert Growp
Re s Wen'Toibd Brevivdsly, e Gersn gF e ﬁ‘u*up.cial priograns for

| ciudses, Houh Groub, giUBos tibh Yroibl, il dTeEETV

v grod Brighe, B thers To ' Vb PRI Hoitine Thotsis, The demotion
oF tHé Verb Gredb’ Y1 fe m&sn (20, 0 ‘wges ‘W't one criteribn tor a
grotp 6 Ut TYe CoRpbw T, ¢ Th BRgiven, of course, verbs
Sther @ gobll piFt of the ﬁﬁ %%ﬁ "‘h %%ﬂer to wake a case for
% of ¥ W"&M Gorkian, par

oups. Thers' 18 no

rbe dre sepsreted quite
Yo, TH wedi mﬁ%’ﬂm e wibs Triher wifatehe
gt U BRI TRE,* FTYeRaTTy, e R Wb IO WYL T Tadt,
UharevEk Thbrs WFb Verbs other M % 'Fite ViFD T a Wajor cliuise, Germen
word order requiru that thewe other verbs go to the end. Giving verbs a
phrase instead of ‘& §Fodp statds M ‘ﬁ’ﬁ? Wvﬁi “the graesar from dovcloping
T apaciin Mo IWibhaNibh Tt dbbdr Belilon VAW 1 o seAtence.” 1t 1s the
clatiwe progren, hoibve mm oF 0 ok e Wu ‘that s responsible
for aowmh% ﬁv‘i’ o Felations o GaiiTrg T’h -
"~ @b wo. ‘ woes e

%utaﬁ uun’he routlnu to

2.6.2 Rand!ing Partial Tnforkition

“Trie ‘6F1ginal- PROCRANMAR coaes ohuipped with theie ncﬁunluu for
recbriing Threrwation ecomikted in the doird
the conbtiuction bf ‘the ﬁru tree Tteel f.

c‘? Ip&'“ F‘L‘lrit. there is

cond, ﬂ\or- are rouﬂ"" to-sdd

featires /td‘iibiﬁi-m, and ih"‘irﬂ. we can 0&‘3% uenu varubu-l ike

| FegTatérs Bavociated With & riode. Kctull iy, Gere 1o @ fourth echaniem,




45

since the contro! structure itself is @ uju,ﬁf .holging onto.distinctions
Within a routine. None of thesa mechanisms, houever,. sutomaticelly. .
distinguish batusan information that. 1s.19, sone.senses- frageentary end
information on which further q-slnom..m wmd. lu feagmentary or
partial lnforntiom 1 ngan. tnforuuan M ghelm &hga Mxo bean narroued,
but not. fuuu gecided... For exampls, the definits qg,uqm 0. a:nown group
is DATive, smsum. .a0d either MASCYl ipe.or MEUTer.. [%;is-useful to kpow
that FENlinine, has.basn ol Ininated. fron. he,oomder susées.am & possibi Iity, but
this is only partial Information, .since ;;nﬂnln point ;@mmm st} aees
den . 8s. ambiguous, A pareing systes shoujd bmqmu soal uith this-pertial
information eas) iy, bath to -designate. thy intormstion; jwﬁgm 30 -tadl- the
Parser whers. the partial inforpation Js. .
Lergely in. Fesponse. to.the gender-nusber ~5ee: mimjna Awe-neN

faci litise. wq,,m.to PROGRAISMR: - FiX onet.MONEX.: FIX glves ue » uay of
hand} ing partisl: inforpation befers 8 paresrose-is mttu;tm .~ In._the:
‘Engliah version of PFKJGRN‘I‘IAR. the only way to specify the features required
in 3 word is to use iﬁﬁut a8 mm.m of - the: actund- fumction call..of PARSE.
. With FIX, we can eliminats possible parses, of: the: nextrueed se the:relevent
information is encountered. For exampiy, (FIX :MASG: SING): naves sny festure
‘saty that are not:both HASC and SING to-She back of 4w Jiet. Gimileriy: ue
‘canisay (FIX OR MABC NEUT) , uhich exiies. featire apte-thet-are.not either
MASG or 5EUT., Feature gsts that MV&MQ'W st behing & merker
%0.$hat they ars-ne |ongar.acosesibla. to i PARGE: dunetion, @l theugh it s
- edsy to recover oid pesajbilitiae wgmmft&;mlw.mﬁlx "y be-used
several times, then, 1o nacrow.the poasibHidies: befers.PAREE. Is finadiy.
called.  One faciliity that. le could have but doss: net.righti pom-de FIX-NOT, &
Hay to disqualify fastuce sets that cantain tha.: feature given. -
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Ome place whers FIX is used frequentiy ie in desiing nith verd phrasss.
Consider the exampte: - - A

Eine Eledows, deren shiit!iche Saugnlpte sWtternt wbrden sind,...

An etutone, Whose suckers have ¥11 bewn rewoved,... |
After parsing the past participle uortin, we knew that the next word must be a
form of amin end efther oin"Wimfﬂw oF ‘# Finite verd. e can use FIX to
record these facts, end then check to sws 1f the veib I8 finite.  (At1 but
first and third -psrson plurel of most verbs can be ubsibiguous!y distinguished
~from the infinitive form) Since Tt turni bt thet alnd Te-e Finite form, it
should agres with the eubject, so we cih tel . FIX Wetn uith the persoh dnd
numbér of Sauanlints: (FI% PIRD PLUR). - Notw thist tha addition ot FIX does not
give PROGRAMMAR any new M. since we @nags could Hive done the siié sorts
of thinge by wetting variskive te b used léter I Ne-eall to PARBE. FIX
merely Wokes it saier to sctubuists IVIGFEBHION about the Mext: nord to be
parsed, esven:if this information te fount in widkiy etattoved purts of the
grammar, R SR Ut | ’

‘NONEX, for noh-swciusive parse, siicws the PARSE routihes to live uith
awbiguity, 3t lesst to & |imited ewtent. Wnen we WiRe @ coll 1ike (PARSE ADJ
DAT SING NONEX) ,. we are saying, "EliNinate feature: wete thet don’t sgres uith
the festures specitied, but |f wore m«m ﬁﬁwijm% 1ot oay, wets
wi thx'd:w'?mt gonders), don't 'm,, wwm'm v gremndr, NONEX parses
are uset Wi thin neun groups, 80 that we aFe hot Forced to make clise, nuwber,
and gender distinctions on adjectives and deterninivs bifoire the netsssery
Infermation is in. in the naun greup, the ambiguity:uiil only rarely persist
beyond the point whers the wain noun |s parssd. Code 1w bulit into the moun
group specialist to alkow us to go back end clean up: NONEX: parses (1.e. pick
the correct feature set) uhen it is povsible to do so: Another place that the

e o PRI € e T TS . neME e BT LR
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~ houn group Lq:w;:::_ial.i.A&g_j_u,gmiM_}QJ(_,Ioﬁm|gr|‘;w-n_'gr;&}pgogqg,ql;q\,,.,T Hgsm got koew the
9‘“"5' or number of 8 pronoun until its referant.has beeo fourd, . (e may also
nc;t know t;m ﬁau, but tth ia ‘handled. Py backin, l@gm ene;the next . .

section). NONEX ailous us to do the best,ue_cen with 8 proogun. maybe using
| ‘-ubjoct-vorb ,agresment to |imit.the possibliitien Moo the caferent is:
found, a process ;_yagglw,.:}rgqt,goggﬁpnt;;\gtgoggggﬁafaghq@mtm‘ He con-glean.
up thc _pronoun nodo B

FD( and NCIEX tﬁon, ake |t eaniec tq4Mlcm;yL, intormation. .they

_, do not, housver, reslly cone to grips.yith sgue of .the desper.problems. ff

_. Parsing uncertainty, uhich gce discyssed.in seetion 2e7ede. .o o s

2 6.3 Dqucta of the Verb. . . . o wmeie oo 0
thlo the nm varh in. gmllda n,l\moth&nw W,Jum An
G'f“" this s much lang aEten-the case,. As s, MNLioned sbove, shervar
there is more than gne verh in A mpjor.clause,: b Ok EHLcHNL L. nt; go- to
the end. In add]tion, wees. peandsry.clauses are eonder .. hus., a1l varbs
ars at the and. Trus, ue framentiy thg RIEsAYes CoVirInYme: chjetnef the
verb uith na inkling of what the sain ver. ie.. Ja tunther: complicats. the.
gi tuagj on, the _orkdo-r_i{m :gvf,«, dl f}f,.rgg;:g ol jacts mey. depand. on uhgther .one- of: both
ot &‘,9"!:3’». pronouns, "““"‘“"‘” of propoyns. thay arp,. Tha-sifuation . is
complex enough, I think, to force a factaring of the probiem, .To this.end, I
have ude tuwo distinctionn, ong of yg\lm,wn.mfulvmllnthmothor
eeua leu sattsfulum _. P T R
Let us flr-t considsr the mors wugfég lmtggm}hju:t plrgjng Has
| divided into two passes, the VERS-UBJECTS roytine-(aphomes, rather.than-a
ER-CHECK routine. ; YERB-RJECTS- finds. noun

groups, pfepna.ition groups, etc, and then. WORD-
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they aFe in the cofrect order. This diviston of [abbF had Adthing to do with
efficiency of & visfon of "WHat pesple db.* Tt iiéd Beraly an attempt to svoid
a rat’s st of comsiex progrietng.  Tdlily, the biiréﬁ?orob;.cu and &

© chetk oft thetr word oralr SfolTd W‘“iu bi doié 'fn walhf but the only
dieadvantaye | con'see I the sy I Neve rhitorel the BedoTom 16 that 1t Ilght
- take ‘8 Fitthe [0Agef to rejedt §'bad pursi tn oFdiridg grounds. ‘

A second aspect of the gramser’s handiing of objeécts is the design

- decision thet the‘cask of & rioun gréup Ts o Riger Tavel Fedture than its

| gender Ge nusber: THEt fe, §6 It §tERawndu, TR Aok groub specislist must
aluays be called with & cisd spect¥iéa; My wbtiVation tor doing ‘this was that
at a given point in the parse, noun grom case is often predictable. Thh uu
a bad decision, since if us make the call Wm&) ‘Snd TF t’hon l- a
dat Ve notn grou rathisr “Hieh ‘an #éda Wm. i ‘moun | ’opr mcmm
WEEL i |, riever KROMTNG it <1t whoded: T dftanlit Ve 1d t& parat € NG to

_ be catted UTtHout casE spdc i fTeltron aid o ‘Heve 't ilred dny #un grioup,

. rEporting beck WRFCEEE TR SHE-Finue  TIRE WO be'd reTatively simple
chamye: 1o KRV, ﬁWWcﬁM&’M it tFoU ' wTth posdTble’ inbfgult!u
batusen nowinetive and sccusttive’ cue” T ndtee ﬁﬁuwﬁ feminine

¥ riod; 1t ou'fl Yikd"'some extia’ mechanise

 to hehiie ‘“‘trﬁ*’i"‘. but s %lcm% uﬂwm%wmutrmof a "‘pa-u
(i@ "parse mm But wmiiﬂ e ok ai-ous'f“uouw be wfﬂclmt.
Alouing the: AU grous ST TR T %&“oﬁﬁu‘ mtmut CrOni

'smw'tar. o’ pl‘&ﬁf. s Tt vt

specification would Iuprova the officiuwy of i’ aavoral’ othor-
routines; but’ it mj&mf W ‘l"hi‘ ﬂﬂsétﬁt. 3‘?‘3
Tt etands noi, VERBSOBIECTS i¥ cutiwd otk dheR thi &hin'vérb has béen found

o WhR Tt hae AT Bebn.  The routind-idrke-row"a"shopping 11st found 1h the

Pugister PILTER. ~f the main vech has bben oundl,” then FILTER Vs a list of
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the sorts of transitivity tupes of objscts it may teke_(Ihese nere descr ibed
in uction 2.3. 13).‘ lf no nin»mhv bn yot. Mn , foynd, ,iho min-clause

Vpronran can uouallu tcll ‘whether ve are logking ; m -BRtive or.passive .object
.-tupes and set FILTER to thess. In something Iike, a pogondecy clause, FILTER
is set to all possibilities, of uhich there gre current)y.2é. Nots that this
T8 not as ineteicient as it seens, since sy §tiewt,at paraing 8 9etA1.
objects uill give us informstion that can be used, to uwdate the possibi|Lties
in FILTER. For exampls, FILTgﬂi-atmsgrmufgpﬂgwnn ‘\mtm- ,
wuith noun groups comldoﬂd‘onw' than ngwggl;lmgiggéwmw AP |
before A befors P ). Thus, if at oy polgt ua. fall.to, find.a noun grnews tor 8
oW, t4pes . from. FILTER,. . Wi th
the oxcpptlon of the prqbloa uith noun OrouR. Gane Mju:gy.lqn muqmd
_@bove, parsing of verb, objoctc Rrocesds. iq an, Mlgm !qipl.m-ﬁ}n;nm
‘fqohion. even uhqn the min verb has ng: been_found.. . L

.!!,éond object, jug“ca,nv~n!iilinl§!, all_double noun gre

284 Limiting the Parse e : . ‘
_Hhen I sterted this project, 1 najvely. thm& that peraing Germen. mld
 be & simpler matter than pacaing English, The resson for. this bel lef was the
very thing that gave ths morphology compone: v _ o
of case, gender, nusber, and peragn distinctions. , Natura! |

are very finely balanced. Tﬁﬁ Gwm‘uum%up. components are carefully
tagged because word order has a much wider. degrae of:f laxibility. 1 ulrom

*Den ngnn kenne Vt‘ch'? ip_pcntnctly f,ing;@?;;;gga thpng," v;lgtgxgllw.!lbm nen
know l?'). even "Del_l Mann gab ich es” is not ‘quq"m:gm.uﬁtq the
Ana't.y.,." Viterally, *To tho man gave 1 it"). Mhat gave <the. panesr. the most -
trouble as it was being deveioped wers thinge.!ike the passibiiity of. Nﬁf
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© tined; as-well-asprehisied. prepesitionigroups, -adjectives that take
_ preceding Noun ‘greipe ee-ebjects  uieosss dppesting prenosinaliy, post-fixed
:*‘glmtim thet Sre mirked By case- Dot e no m;w gt airkor ‘a8 in Englith,
 etes, stc. In th‘l»a section, 1 would fike to run through a list of the M-thodo
 used torkeap. the pareer on dhe trebis Smm! MMM‘M
desperats ‘than athere; iut: L trlefato et ieant handbe dhen in.a uniform
manner: Note: thm very Juportent- Dochani s for lfnitino th. paru
‘Is semdntice, ‘whlgh. ie-discusesd 1n e meNt three chapters. '

© v First setiof ‘wethode Sor | mwmmmmm into .

" PROGRAMMAR Mltwsm 40 move:around he pired tees sad 1o interrogate the
Pt LOrd AN Wm about 1 £8. Enaminen mm wacighte cen bs set to
mvcnt pareing Winﬁ ‘past: amwa wnhm e mtm Fimum
Aor e fakiurs ‘can be ngmdqd.
One - uay message.vaniabius were-tised:ARcoughiut 'the Systen use. o prevent

* sscond peres attampt.nhen the:finst.one.had airesdy failed. For wanpis, - |t
w0 -cal | (PARSE. NG AGC) #nd-an socusative newn group has &lresdy been :

e mommw ﬂtmm st this point, Aba Houn onom mﬂm returm fa:Huru
: %thw% vy -reparsing. - Al though . thori mmwm in‘setting up & ‘node

- (hereithve - m«mm) hen am»uil ‘i6 wide, ghecke. At every caHing
Pointuoitd-be - dambersons. Mumm ingividual ;:ﬂﬁ‘atn‘t ic spacialists

“ in.addition to the.use.of measege varistilew, the.progrems do some |obk-
ahead-in- the-sentanoss . | aw not sure e ther 49 5% ‘happy with this spprosch
“or.note There is:oguthing: th (7] M with Mm In text procoumg.

mevsage var iables genrbe-set, ‘90 thatinees

’ but. I suspect that. M should be sore. fulm integrated. !nto the dulgn of the
, pmgﬁw&mﬂﬁmehmvz.?«m « i ihatever -the case, thi. look-ahead u«d was simple
ang. reasondbly mffeative, .An.exewpln:is the prenosingl clauss [ike "die jm

t
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Nervensystes veriaufenden Erregungen® ("the miinﬁm that run thl;ough' .tho
nervous system.”) If there is no present:or-past perticiple snyuhere in~the
sentence, a call for a PRESP or PASTP. alause. uill. use Jook~shead snd: fail
immediately. [f this wers not done, ue would probably end up parsing- the main
noun of @ noun group &s & verb object and go to g;lot@t trouble:before it
became cliar that no prsnominal.clauss.uas pragent.  Sinee mi;m&:a!auuo
~can.occur in just about any firll noun group. this Gould siew down the systes
considersbly. I should note thet the Jmmmm here could break
doun in very long and compisx:sentencas, whens & Jot of.different syntactic
structures are present. A-l.%t i».nou, ,if_,tm‘o_,;ua-;;l:;-:mes:ahtborz.md:.‘aolau
anwhwi in the sentence - even tuenty nords-susy - the foak-shead it} de
iatisfiod and.a,p‘arvnvuilﬁl be attempted. This rudimentary:leck-abead,. . then,
is no_:t a panaced, but it doss aliou. the parser ta teks:simple sctions for

simp l_ol sentances. ‘ ' _

~ Two other pareer-| iuit;m;;hgbm:m~ are more conventionab. . Firsts at

the beginning of the 'loro.«-cmliuhifwmwwt"ﬂﬂtrus;mt;glm Here sat up.
If the next word’s possible parts of spesch.de not: mateh thess in-the entry
condition, failure is inmediate. A second msssure is to-distinguish: thres
levels of noun group: FULL, SHWPLE, and NO-RSG. Mhen PAREE ie called for a
FULL noun group, it is free to try anything: - SINPLE .neun groups exciude
rankshi fted noun groups (RSNG - |ike "lch ueies, dass -as uabr ist" /7 *l1 knou
that it is true.") Finally, NO-RSO noun.groups canmot e RGNG iand may not have
‘rankshifted qualifiers. Verb objects in wajée cluusss are persed with FULL,
while objects of prepositions, for exswple. axe papsed.»ith- SHPLE. NO-RSQ is
used primarily within prenoninal ciauses -te prevent amheddirig. -(Actuaiiy; we
might uant to allon embedding to.ons level of PRESP and PASTR ciauses. - This
would be a simple change.) -The noun grouwp distinctions mﬁnmmrur
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otfort. and | da: st fani St theys swipusiy. surietl the gRnerality of the
grewmer.. Ik tidammt aRboaling sinminy: e commehansion, end: it is fair to
treat: ny. enbesding 6. |ike- slamnte MEINE o 68 tein Javel as a pathological
Finably, bt obh alow it there iy MIdkip. The routings used in’the
not the Dest Seesiitis woe.  [nSerestig resiiée the relierad: tia"‘ﬂﬂ.i (197 for
an analysie of mwwc dSasciiption of “Welicit beckup.” Wnile
the Dackup rostines: in: the mmwm Fib thi need srose, they
. do mmwmmmm Rl Fautines wmm
spacific te- the. agaten. Its jeb mw v ?&rmm«t.m*m&t ‘Hers
wintanenly praSd s Seune - & BRoNiRe-thAt ANORY nek S 198 FH tha sustem
distinguished betusen wpper and lwm lattars. (aince fiouns e
copitalized in Genssnk. TRAMG-DAIEI: iy tetted V1 thu-niin vert. Ts persed
aftter bte sijeots end |6 thestreneitinity pelding HiEidE of ‘thil vers do not
NOtTR. the OBjents: demd.  Thie aouting pape ol ek the ‘tres Snd suts the
ENL P Aok aciion. | & the alijeste-oF & SHFi-cime heve Been
Parsed bt 14 S s 56 partiolsie e u plus it it tive 45 e Hoind. The
- routine manmmwmmmmwmw e objects of
Cthe varb. L6 wm it pepe the.obiecte, sstel obt PERGt et dhe verb, and
nctmmm A e CLAUSE reuting: &Mhr W The -test beckup
- opeciakizes in-thess th‘ilu MM Wcm in
uhich. Uhe. finite i is the msinverd. Sinde the eifict follais the verd in
mvwmm,m in Motiting. to prevent. » s fedt N‘ol Mim ;
. praposition groups s oikiedie. Mhtm - uw»ﬁm ﬂ'h- sane Ic trus

i
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of secondary-clauses, but this je handied by TRANS-BACKIP. ) - Semantic checking
heips.some, but often it is:mot until the-paredr setustiy-triee to parse;:

- abjects that it discovers that mthtmm.» -As-the:syeten.etands nou,

~ @ subject noun group Will not mistakenly.appeepriate 8 -peapesition group (for
an explanation of this, ses the next sectisnk: but Q,&,mugpm-;up:nwmb
object, thinking the object use.a.geaitive.::14 is:the job.of SUBJ-BACKUP to
interceds it the main verb.comes .up. short af mmmmu check to see
whether the subject i:hol.dlng on to morm-ghen-it m&ﬁ. pn}gctproblm
With inverted order clauses whose finite werh;la.not themain.verb sre the

samq as for secondary.clauses gnd sre.handied.by TRANGBACKLP.

iy My TR

27 Problul -ond Qossrvations ...
2.7.1 A Sticky Problen and a Partial Solution. . s
One.difficul ty with using:backup for.natucal .jengusge -paceing is that, at
any given point, it is not aluasys cnwwmmmw be. initiated.
In this section | would lika to discuss.a;prehiew:uiyieh:occws .in English, but
which appears in nunh more florid form in-Gernan. . The -selut ion.proposed doni
depend on backup, but it attempts to minimize the imtan&u whers. lncerpsct
parses Will remain undot,oct-d. - R T T F T
~ Conaider a secondary.glause from our-eueepie peragrapht.
Da_aber manche in der Tiafees lebenden:Tinteatiiache . in verechiedenen
bunten Farben orltrlhllndo Lcuehtorm buitz.n.' ces
........ wrf

" Buf since nnu dnpua duolling cmhalopodc pounu tht or-ganc that
ﬁhln. in V”Lm hrlght c“‘to‘:‘ o me iyt G R B

The structure of this ucondlrg clauu ia hmder-intlrjuctnon—oubjoct-diroct

,,,,,,

object-nain verb. and tho corrcct divioion botum wbj-ct lﬂd dlrect objoct

"is after Iintenfische. A progru pauing llong blindlu. houov-r. comd
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quehitier fen -t aanjent wm Wzm&m e paneer: wedld naver
be the wiser, MWW WWQW good 'accusstive
noum growp. ‘Sesmatically, %08, 1t woNte teki 8 fairly-sophiaticated program

In av stielpt ta aveld this sert at-eltuation tht rowr group specielist
‘adjeetive groubs e AB.C PASTIDNG ‘hat 86 #Gt-beteng t5 Ht, Lt wiiT rafrain
frow doing s, - SR prapte; Tt greups, “€tc. wFftl them dften end up bousd to
the major or subgewbnmbe chawee node:  Tife 1o ndt a-biss fute, bécausd Tt is
often the correct ome. Since Mmml mmls froquent use of the
prenominat clause, &t is: mmﬂu Wﬁh&m&um uill be expressed
With postnominal ustifisrs. 14, on e other ikt Hile is the urong
‘dechalon, ne Ere i S etter pusition to Hilil et out. ‘Stnce wajor or
subordinate emmwnmmwxmumw mtrwt noun
groupe, even &-reletively seek-semintics-compitint dight ?gerﬁwwé‘ﬁmm'
et & cloues e -aamething sxtra, sveh Wough 1t Sight"till to do eo for a
. Note that in the exampis sbove, sssigning *15 varechiedenen bunten |
‘ Farben" to the: eberdinete’ ahoune woutd B iocirseet, -#ivices lf”ﬁiﬂ’“m beslongs
to Whe m&m&ammm mcsmﬂ ﬁM M tm mtic
speciatist for mnm. m a. mm. it wiH pnwu mm that
mtad by the verb

tma prepesition proup cm& aodw wm&m repre
mm and tranafer control to &boamp nutlm. m of time
rm&wtm thmm em m ot been urittm. hut ita mic tm sobid

_ be to dttnet wtmc&mu dimtu. Hn t&rnw hmu tMt tm wopooltmn
greupdoumt nﬂﬁu ﬂnclm, mtmm toM to muhtthor tm
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companenta on. aither side.sant to.claim i1, Nith sous aiamie suntactic
information - the entry conditions for diffeesat strugiwees and the.siays  they
may terminate - we could sliminate certain ciaime on the preposition group.
‘ lh the oxaublo sentence 8 simple syntactic check is not enough tb decide
i whether the subject or the direct object thou{d get the pnposit_ionk;‘oo ue
would have to depend on the fuller syntactic check of a parse attempt, with
the ,gécupanging ssmantic checking. The backup code opuld‘ call for the two |
different parsings, which in effect uould aliow the semantics programs to
direct the parse. This echene is simiiar to one outl imd .bu Hoods for English
(48); the difference Is the heuristic that aseusss that modifiers belong to

the dominant clause unless proven otheruiss.

2.7.2 Other Approaches to the Problen |

Uhoﬁ 1 began writing the lnturprotlh grammar, the question 1 uas asking
was houw tovadapt l-llnogradﬁ approach to Bmdllno Gﬁrun. ‘sam.u is not the
only uay, howaver, to transliate informstion Iln that in systemic grammer
netiorks into 8 parm ln'tho time since Hi_nog-od's luito- mcd. there
h‘ai been some Inf.rnting work on Engllo’ﬁ parsing, mt&lu' that of Martin (24)
and of Marcus (23). Martin's spproach takes the form of & parser similer in
~ spirit to Hood’s transition netuorke, but which aluays expands all possible
parses instead of attempting to chooss the most 1ikely one and iuckinc up.
Martin contends that ssmantics will limit the mmber of possibilities st any
given point, so that combinatoric explosion is not mlm. Marcus proposes
a "wait and see” approach, With decisions delayed unti! the necessary
information is in. The ability to deisy parsing decisions uould be
particulariy useful for German; it will therefors be lnt.rc@ting’to ses the
results of this work. The merit of thess approaches is that they avoid backup
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with its accompanying problems of programming complexity and the possibility

of overlooking ambiguous cases.
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Chapter 3 == Ordering Concept: Mapkers. .
:3..1 The Concapiual Structwrs. . . -
Considering language as a "structuce mmw 40 convey mesning,”  ue

~ have discusesd the siructure pant to.soms; extent. and:now. Wikl turn to.the

question of wlm» By the meaning of 8 mard, 1. mesn. the group. of sniries in
the conceptual structure associated with that word. But this, of courss,
means that we now need definitiops fer "eniries® mgr'concoptual structure.”
Another uword for sntriss here .is concapts, uu;g%wmum just how
cancepts should be embadied.. Shauld WA M8 Sules. RrocasTAs,. Inages, some

combination of thess, or something alse altogethen? . Ghould the organization
_.of the conceptual atrugture be a net with ne constraints.on, | inkage, ar @

highly structured hierarchy, or, again, somathing sise? Since.no copponent to

~do understanding has bean impiemanted: hers. my snduers to.thess qusstions uil|

have just snough spacification to mativate other chalges that. wiet be made in
the syetem. : ‘ | ¥

- For_the propossd geductive.eonpensnt, memning canbe defined in. terms of
certein symbole, data structures, and:prograss. - Entries in the conceptual
structure are thwmﬂthah §:leduct lve: pragranming .| anguage Iike

Planner (18). or Conpiven .(25). - For theimest part, -thase are:sithar directiy
or indirectiy associated with entitieecalied poncept mackers. - Hithin the

systen, the concept markars are prisitives: - seesrtiens (in -the deductive dats
base. are buieli from. them and, as mentioned: theorane are Seaaciated with thes.
It ie oan to imagine another level in the systes uith; s8y, viausi images.
The concept markers uakd then $oint 40 these-ineges;-snd proasdures uould be
available to do openations on them | ke ipspection, updeting: aimple . -
manipulations |ike retation, etc, -




- winged broadiy: ©Ret Just reel Lig b

1 ]

~The chapier st foldane. istconcerned i th the-way concept markers should
be ordered, and ghepter Ewim morg detall on the J;_la;d of processing we
w?tndhn siscusssd here ars not
pAwr & wHH be hetprul In
e psither perts of
Hltiv's defictive Componetits’

 would sxpect from. s deductive colpend
~originml, but L Ahiek Shie @
ORI Ing Aol AN These:

coss 3R . Objects; Raiatiohs, wnd-Properties

As inHlinggrails systen; W #hings In THE WORTH 41 1T be represented as
7 objects, redstionm, sog propartie .mth%mv citegories will be
ubed:from now ‘on w F U HEtint Hone o I8 e Soadiit
newe things in'thewgsl worid: o svisetdit. 1k WA I g to consider these
three catagneies sy Drisi tives, s it (s SHHEUI 19 Cone up With water—
Tight desinitions, - An.sn. SEtaNpY. IUGNE, AL 108 el THAL Ny Drockss b
{oreating o concepiuel b et -8 tSet iy HIFtemNISIRY The gart of the wor |d
' to uhich it corrasponds fron the rest of experience (ith expertende:and uor |d

| structurs, not to

Ny Sipdtiences, ‘etc. ‘as well).
An object,  then, EoiNts to fer;- Jﬂfﬁ‘mwmr Peprevents) smything
= vieued staticai iy, At e, g WWM’F an mm. Aﬁm;.;t
might be. s physicsl ghject i oW WTRICK, an ik | PRGN 1k, m:w-om .
.oy o <} B0 JORBAN,;: ‘sowe ; mﬁt aNtity -Hike FTRUTH, etc.  The
sharp-sign here | aw@auﬂwmmtwa.mﬁah are part of the
T systente &nm&mw SPUC g mmmm. whicly #re part of
CABnguRgle Lo R T
. A raletion Jinds.one or more:ent|ties;-the st 4ype of |inkege
depending,: q&m mmmw ‘rolation hwabeedi:: The entities ‘bound

- meantal

may themeeives be relations, may be objects or prepertive, or ‘way be' some:
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combination of the three. One common type of relation is an event; events
al‘uaun invoive a specific point or span of - time in stdition to their other
participants. Properties are relations ulth%wmm ‘Yhis te the only
Hay that properties distinguish themselives. from: ether relations, but tﬁo‘
distinction sesms to bs 8 useful one both conceptusiiy:and for purposes of
implementation. Properties are used to»miwﬂ/md:mim objects and
relations, as well as other propertiss. To:represent this, the system has a
special relation (calied, not surprisingty; :WHAVESPRGPERTY), uﬁi‘ch Finke
properties uith the concept nddifiod.

~ Our three conceptual categoriss corrsspond roughty to the jobs of
different wntacti.c‘osructurus- noun woupl--eﬂoaum:';to-:-obicctu clauses,
preposition groups, and some adjective groups mprmnt rohtiorm and ‘most
complement and. sttribute adjective wmtf’mcmt"Mtin.?‘r “This -

- corrsspendsnce ohould not be teken to-imply: that objects, i&‘lvit'm and -
properties are deriveble from oyntac_zlcv-u‘tmktu.{ Thve -conceptusl structure
is an imt h\hl; in fact it ls.not surprieing to see high level
semantic distinctions reflected in the syntax of at -tuitf~'Eﬁg‘llih and German,

end probably aii languages.

3.3 Seliection Restrictions
Considering the huge classss formed by classifying the world into
‘objects, properties and relations, it seems Iikely that particutar elements
will be more useful and accessibie 1f the clssees are structured in somes way.
Since any choice of structure should be influenced by function, let us look at
the way the system will want to use information sbout the worid. Basically,
there are tuo kinds of activitiss that ue want happening in the system. One

is the use 'of semantic selection restrictions to ol iminste incorrect




e AR

g8

intecpretations. The ather is. the vesef the full rangs of real-worid
infocmation. to makm & final; Mamm JAnterpratations, Including:
P Qe,t:oen;ni@u»mm&mumﬁ [ 2 1. o Im- mwm difterent
demsnds. in: terna:ed the: kinds: of knasiesge -structurs: that' eWch cen- use: most
030 liui, 00 S.denieion. 0o sdeuciune:remmiren 3 cloee Hiok: ot smantic
restrictions: engrdasctive: interpratations -
| Sakectiensresteictions. Indigate: theicuter Hmit on unat types of
concapts nay agpesn e a-relation together.. ' For expemie,

Das Sthok-Seife ist |isbevalls:

The ber of: somp. is.affectionste:
is an odd. um‘xmmmmwmmﬂmoc humahis; “WU of .
-~ animals too, but it e anmmmwnvim of 'v"ﬂﬁfﬂﬁﬂ‘;' iving thing.
~{This ignores, qﬁmmwmtwmmv but::thbexgp
sort of mataphor ies). speech,. uillinot:be:considered nows Ses section 5.8 for

- @ discussion of sems of the issuss: involved.}-Fron this exanpte; we uant the

non, as wetl ‘as any

selaction t;‘on_gpgi‘ gﬁm ;#.sem‘:at‘;d;:ﬂ& th affectionate tecbe MIVING-THING. - Such
a.,,_;.;plgg;_tim;qn@tphggim%givu{ua 8 criterion: for rejacting bad parses. 1f the
semantic component ever finds ,itni;f irgipg’tml&dgmﬂzm to-sosp in‘a
straight scientific text, it will find no possible asanings of umm_l,"that
:;,i Il satiafy the seslection restriction.. Semshtice uill then fail, which will

cause the syntactic component to tey anether paree:

In.addition.to-rejecting. 2:paree. beceues m ‘wesnings of & word are (
GGG,_OR&QN# the. samantic component could alee uss ssisction restrictions to
el iminate poesible; mesnings. of a werd. - m@«mmmug. happen, but ‘it is a
rather ._tri%,huq;mm; For. mlcy, e might sxpeot that sslection | |
restr | ctions, could.help. ue: out in distinguishing hetusen:
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i) Der Film gpinlt heute Abend.
. The tilm is plauina tenight. oeen
_ (i1} Unter Lichreiz splalan dis Chrowstapharsn. .
" The chromatophores play when stimuiated by light..

For the ueanlng of the verb apielsn ln (i) He might lmj@(u that the f!rlt
argunnt of the rolatlpn should be something. |ike. mmam-m:ssugmw.
i.e. a tilm piay, puppst shou, cabaret, stc, It uould.not be yoreasnsble to
°*99°,§;§b- ‘»-'éqt,i c mackers f°' these phenopena. to be. classifisd, wm
Miﬁlc&m@mwﬂ. For (11, houever, it ig e | to,pey whet the first
jrguunt might bo. J Thc llghto on 8 marquse cen play, m thin senpe, the

~ Northern Lights can. _chromatophores, of course, do - aven sgunds can, Tbo

uni fying characteristic hare sesms to be, ihat these Shings forw o system,
“h#“yi"'d’“d"?! 'W-.e-ffer! their mﬁwm;@&!v]i’tu,!flmq onit a
oound. wove otc.) in 0 lppanntlu (to the porcpivw) random order., This i'.

' obvtouslu not a oluplo chlractoriotic. lnd ptpggplu gg;c bgst‘ e can do for a
ulccticn rntriction here is something very geners] Hu WTE. Since a
thing that is a #T*EATR!C&-PWW!W \would 8180 be.glaselfied under -
WTE 1f ue are given sentence (i), selection.restrictions alone uill not
_be‘lble to tell us uhcthgf the fiim is running at. 'ttn theater, or whather we
c.!cgt!on rutrlc_tigga 'gxth‘,«'ﬂ',t!' do Pm:lﬁ-:t%agmtiﬁf markers: of Fodor |
~and Katz (6), they serve a different purgose...In thie system, the selection
restrictions are '-“?t, expcgtéd to gi-vq,u,‘ftyltlgg‘;_gg_m;. or, even_the major ;,ppr,t.’
of the meaning of auord 'Sonthing‘,;q,o algp‘gg a8 8 sg!aqcuon rastriction will
not b e able to represent semantic cphqtg_glntg qg,,?to_'y!;l#h‘fgact.lqipmtg nay

take part in which relations with any degces of seouracy~. Hbat a sslsction




restriction can of fir i8-8 negetive -od BN oW Yor %ﬁﬁ‘ﬁmg%‘ﬁmmbu .
A" bk giving fesdback to

interpretat ions. e tiris woy theg-camnbi: dubie-uo
the parser, and sowstines; tut fot &limge, -they con b foﬂpfm in eliminating
impossibile interprétations of & wordd® s 7

More detall of how esetection vestrictions- ene-weed uiil be given in the
next ehaptir. Busel oSN Wecuseion v 1in; S REH " -ight predict that
* selection restrivtions-cen b ieds to uork Wobt-witictenty uith o otrtcuu
himrarchical“sHHc Il ©h oingletree Wos BEH usdd s selectional
restilCtioh processing, uith the ﬁ#ﬁwﬁ%tm Tevela o the’ tru tm
: g&ﬁérat 6ne of CI88% Wmlp. Note that’ u olng‘lo cnsoffleation schm is

not the ority ehdi“ for ulcéﬂon r“tr‘ic’iiem. ﬁu(tipit tro“ aﬂ a
. possibility, as I8 Bmogna. Operations e i?nglc tru. houéver can ba done
With & 'mininum of time shd etfort; WAl "Binte the r Fenson for uotng ulcction
restrictiohs is efticlency; Tt seews o pe the Beat- aﬂoice. - (

The e TectiohH6dt 15EiBn troe shotild be Bijen
targsat nusber 6f m«wmfmm u:m.n as’ poesibiel m bouohd ‘this gou

“*ion of %ﬁ‘l‘l‘ancc ond & matter of

taste. Given & Edfistant number of ”G f‘; dcptﬁ nam ‘a fntor uarch.
More ‘depth sEsns’ thiit the uf‘ciiﬁn rc‘irfc\’%ni PY Wc ?inor diotfnctlon..
The: Fupture tHETHe GBsent oh Nurd 1o the hisrerchiSBY. dtrdcture. Thus, ‘cur

tr e wIgnt Neve: 3o hods | avéd éc: IORDL HBia thved deicendents drs

| HOBJECT; - WNELARION, o APROPERTY. - TH Giibed’ hodes ‘SF the-rélation subires
 tre ‘ehoRcH PRgwN- it m.micmm nc ool ihl‘ngi fike spatial
Peiations;! rMimwwﬁmn AT SMITEEE YT, afes WENTAL-PY

T tudes - IEEFIeEtoRT, s tienEl, mwup“fw ‘Prde

fiad to ol |iaﬁité7 the

‘cabses. “IThis organization
1 tonem frow Halhidey (1855 Fiiure $:2 ‘onbiid"thé Giger nodes ‘of “the property

g by sgve f ooy @

(PA0P ‘Classes contain
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ARELATION

NEVENT  MENTAL-PROCESS WSTATIC-RELATION

Figurse 3.1 . \

 MANNER-PROP | ASPATIAL namLLm WPERCEPTUAL
TIFICATION  #IDENTITY-INTEGRITY

- Figure 3.2

properties that anasuer the questions "hou", “where" amd “uhen”.
HOQUANTIFICATION deals uith extent, which is sither nusber, for objects, or
intensity, far relations. Jl(ENHW-lewm!mmtlu like |
wholeness and unigueness, whils #PERCEPTUAL desls with any propertiss that cen
be detected by the senses. Note thst this property clapsification is not
.-xhluot,l-vo. but it does give an ides of the organizatiom:of the tres. A
larger ssction of the tree used in the systsw sppears in Appendix C.

3.4 Structug;‘:;t_mAﬂ the. lor Id- for - tm.mtim-;Cmt -

Since the ssiaction rsstrictions-can wevlm;;,mﬁs'm;%vof informetion,
ue would also |ike a f,lw-:onlM check tavrﬁoetvtm. rest of the possible
interpretations. Thece should be 'lmfmﬂtzln»crvit_mll. o&z:&h.t;m can. begin
to know that our chaics makes ssnes. For ihis ue nsed the full power of &
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“ .

deductive systiem. The question we §6¥ . uorking on is heu the data base and
theoreme of ‘the deiwctive syntes st us organteey. For a start, the

Ll

G, A

MOREE  ATIGER #ANT.  #FISH .#FROG  #OCTOPUS

AVERTEBRAYE

| A e o e

classifications uesd: by the sqlection Mr&uﬁm fook useful. Note,
hauaver, that. in-om centent Figure 3.3 #ight be s usstul classitications

~ scheme for objacts, while another context might favor Figure 3.4, Even given
the same. ganeral centext, i.e.- blotogy; Hepchotopisi chidistry, or the
supermarietl, wany:difiterent classitiontery schabés are 'postibie. He uant more
than: just a single-classificetion schems for:the guniral data base, so 'the

- etructune. ussd:ul 14, be: & growp of trees. Actuslly, “stnce thé trees aré not
conpletely disjoint, we con merge them inte a-single ‘fi’!’fiéi*cfi‘ﬁétlﬁ‘i. Doing
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this to the tuwo classifications above, we would.get the claesification shoun
in Figure 3.5. ‘ Cae

What does the hisrarchical structure gt the deductive dgta base bug.us?
First, the uotl#ation for bivrarchu iy econom of definition. An #OCTOPUS is
an #ANIMAL which is a MLIVING-THING which_is, MCONCRETE shich makes |t an
FOBJECT, Nlthout a hisracchical, atrucxuro, . mmmp apecifying, for .
exawple, that octopuses have sowe mechaniem of locomatioa. (property of being
sn HANIMAL), that they have.soms sort of cqncomctln -g;tu Aproperty of
being a ALIVING-THING), thet they are perceivable, aLthaugh possitly aided by
instruments (¥CONCRETE), and that they ugqttttgnrmﬂm procesges or




attributes (praperty of Beiny en WBJMEYF. KAll this weaid be associated with
NOCTOPUS, and muclt of the seme weuld have to be dupiicated for WHORSE,
NEEAGHEL, Snd the rawti 56 fiom Rierarchy b gut edineilt of storsige.

In thinking deat the sgetew; b nmnmwwnc a single context
ard & otighe PEeV Py o SVERO T @ iduTeved IAmernt T mmg to,
delwting frem, @A remsyanizing coewstunt sthuctures, Thess are Intereiting
hypothirsl zing, she eRTIting from one GONtENT t6 shether, A 'uorkt"ﬁg' ’
tranetat TN syetel weota reirite I*W OWW ﬂ eonﬁ&riblu grutor
Frowint ity thar ‘e ofe outlined here.

It should be wentioned i pasEiNg that reither hisrsrchical organization
nor werd deFinl LiNE Thekielvis ﬁme‘ Tugly difticuities with
border | Ine caesd: m tor intence; Wt miﬂﬁm f6r *iiving thing" is
sel f-reproduction: [F viruses repritucs themes! ’

are refuctant te esti thew Fiwing things, then this ls o dilewna only i a

single defiring progerty e ail that wﬂm”um In fact, it is

possibie to set ﬂ! # group of borderiine categories Mmd by Woprhtc
mixtures of propiFties frow the n}&‘ umm.

The Riererchiclt order sione, m. wmtlm. since we

would |ike to wmu to explicitiy rmmf m Wﬂd relltionohips
betwden corcepty. THE sdditions! stFuétres to be hﬁrod&td witl tead uc to a
general graph. strugtwrs with ne ﬁiﬂ-mm but the: presence of our-und’brluing
hierarchicel structure will constrain iﬁéfgmtrot the finished result. Since
the lexicon is. going to be interacting rether sctively uith the conceptual
structare, it might heip to ook #t the situation for uords befors any
additions to the structure are made. |
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3.5 The Relation of Hords ;tg.;Comlth

There are several usys of mmhimﬂnpmbinﬂtm definitions. A
word might be defined in terms.of @ class sas:sone aumker: of sttributes. This
sort of formulation is an oid one ~ “genve’-end "ditferentis® are the
cliaseical terms - and the standerd forw of agictionary definition shous fhﬂ
it is a familiar one: ﬁacvtopuoau;"mw&a onoup -0f mo Huske having e-soft,
sacl ike baody, a large head with & mouth mwmm.wmm arms
coverad with suckers,” Here, the phrase up Ao Ymeliuske’- represents the genus
and then the d}fferentise folioue, As. Sheir amwe inphise,. the di farent las
offer criteria for distinguishing betusen ditfereat uonds datined with respect
to the same conceptusl class. A definition. |ike.this Gould MM A 8
learning (i.e. non-static) structure, and it presupposss s top-doun icorning.
process, The genus is assumad.Knoun m the dlfformtiu give distinguishing
. characteristice for ths neu node fthiatgh_m. Hn sctual practice, the
d,i,furcntiao may be used to pick out a MM k,mrmm snouns- - In
".thi. cau both genus and differantise are knoun, sad ¥w. problan: ie mersly
{sarning a neu uord for an airesdy familise .goncept ). 2 N

This genus-differentia type of definitienmight heve ite place in 8
system nith learning capabilitiss, .although It would Aot be & fundemental
place, since a simple toprdown process can not adesudis ly model: a good part of
the learning that. ue see peopls. daing. - Sinces houswen, . #m not. considering
issues of learning at all, definitions uill. take & ditiarent; forn. the. .
knouledge data base is assumed .to be static in:the senes thet for the words
defined one or mere nodes (i.e.; concept markers! ers:mbuiys preseirt in the
conceptual structure. Furtheessrs, the -di tHerent iee « those bundies of
information that-distinguish .a concept -fron ether messers of|ts class - are
also prssumed to bs in the data bass alrsedy. Therefors, 8 word can be most
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easi Iy defined by reference: to the cengept node or nodes it represents, and so
Werds Dam, i & senee, “oewiliggil in® So<the GencasiNl "StrUCture.  Bince the
| SUSTEM 8ITaedy KN MhouL: the ContuptE: Pepriventad B the réstricted nosber
of uords. i+ sRooumiere,. na:cenceptusl W&Jn mww o' be neceseery.

T gk M&mmmm¢whmi ety thet Lords
ail conceptual. digbinctiene seed-ba-eefiacted -|anicakiyy thet 1, some concept
markers wight: haweone werds desint-far then. e Rekev:- senes 1 Your tHink
Of senucry-impensiner o). angiege: vosstiviirg Wi not bagin to - |
BPDrox At the M ‘o# di4terent ahedes of opisr et ok b mmﬁguw
and: ranswer o, ‘Oe-Hh: mumber aﬁm“& toatens O

36 Flelow” |
With uords: Wy-miaoe, it 1e:tine t9/ge Siok 1o - usofved probiem.  The
 conceptusl stouctuse: dispiaged s feriiew shi d AR @iced betusstt nesbers. of
8 Clona, bist: ua: BavE. A0-ag-6F: SROIrIng WPIING ‘the! imabacs of & #Trigle class |
~or members of. a-’w@m..;.. mtmm‘« A ‘phehomerion” | ke uord
contmm mmvmm m. ‘thiv:Fe-nestid. | One Wivo is to
order: the desc ','_wf!eowtm it Hm%mcﬂtwim s
relevant; bechkesning: could bacoms snneying. Andk’ of courss, this ddes not
_aven sddrese. W slebier- probias-of GRUSFing nodes frol different clusees.
The. soiution prapased s W introdustitn of & Hrguistic Held.. The tern
"linguistic fleld® dmnet news 1or & discussian ot Fte hietdry, ses Robins
431, p.8lda. On shp-bosis of shat v hawe: deveioped ao far, the fisid should
be #n ordeping.of. gbjast, reistion, or. propenty schoepts Using & property as @
-ori tapion... He. do- net:want: to think mﬁﬁﬂwmsmw uord, since the

order ing hers. is. sementic and thus strictiy spesking should not dest: uith: the
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words themselves.

To represent word contrasts, we could uss + and ~ at the extreme ends of

- a field. One special sort of tuo member fisld.reprasents: the:case whers the

elements exhaust the domsin of the fisld's propeety, for. snenple the cass of
negatives. (Thers nesd.not he any middie. ground beluesn "big” and *not big”,
where the criterion of size applies.) Anteoyma:present an interesting

. situation. Take, for example, "good' anel "bad" . . -tHerey:and in the next fen

‘sections, I will use English sxamplas, -since the issuss siscusssd sesm to be

independent of the language inveived.) HNost people wewld.calt "good" and "bad®

opposites, and so their associated congept marhers ane-alioted 8 tuo+member

field along a property |ike SHORTH. . But. what happens shen we: expand the
context to include "great”, 'leylbmt?, m{}m@ﬂ;qm respect to thess,
"good” and "had" underga.a subtie shift in mesning m.‘& mlomor the
absolutes for which we g};pstruqtod the -tuo~nember..fiaid, . Such word pairs can
be called polysystesic. We therefors need one.or mora additional: fisids for

the different frames of reference, and the proosss of interpreting 8 uard/ nay

" entail deciding which fisld is ralevant for the particular.usage. The

inplauntation details for fisids ssem to. depend on the -way knowledge will be

structured in the system, so fields uill not be considered further-here.

3.7 Synonymity and.Connotation
In terms of tho conceptual structure we mm ;dqfnrgihing. synonymi ty
can be defined as the rglatim that hoids bstyesn. worgds that shars the same
associated concept marker. Given a set of synenyms, the:pressat structure can
therefore represent thsir similacitys the next step. is.te look into uays to
represent their differences. The first question to ssk is whether there .exist

any pairs of words that are interchangeabls in every case. Consider, for
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sxanpia, the words Mmmﬂ gat. Teat these are synongmwe is -‘ethl‘f&d.xw
theAact -tRet 8 marmen noutd e'wiiiing4o ues 8| thir 40 dencte the standard
furry anieal wiSh: faur hoge and WhPelers ' fa
+ord #nd BAs «oee sepe woutd tend 088 réstrFEI S aclentific or poetic
RO QL M8 P PIReral pungons Mo NG SISLINOtISN Trere ke the Fimi | ier
one hetusen commeistion ead.senctation. ‘In:
| denoistion the oemosptual Resning-of 8 :werd - WhEt G5 have been talking ‘about
80 Aar -mmmmmmmwm the ‘use of ‘the ﬂord
iteelf. Connetatien tels s Sbout - Srane B¢ -sefunence n ‘which a vord is
heing .used and gives Anforantion shiout: mm “ing prop
informs), snohaie or medern, msﬁf“ -

Afill, ‘honever, ‘I8 a wore furnl

oral; e woutd uant to call

ties ‘formal or

Etive or bizesd, are

2ibits such eaeemy in other sress fe.g. Dirden iNths! declension, see Frey
(7)) thet: it owld e sunprising 26" iad = & Wt the lexicsl Tevel.
complatsly squivetent, We-have 8 pair oF words - Gt St ‘telink - that seem
virdual ly lntersesegesble with respect to denctation.” The dittarence comes,
of Couren, -8t Ahe tevel of conmotetii, and It sesss st this uill be' the

cass for 811 sycengws. e R

To get this meu connotatisn information into the mode!, we ivr'ttroduco
annthar aprt of fiwid, Fhis fMdﬁmIW uerds and orders thﬂan
along prepertiss 1ike forsaiity, techoicality, ste. The ummﬂum in the
systen uss only bikieny propertiss, 1.e., + forwsl, s-techrical) ete. In
another -sypten ma denla uith 8 wider centext ailt hise ¥ Ficher vocsbulary, I
suspect thet one would uant greater expreseive frelides ‘Whan is given by binary
categoriss. '
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3.8 Cheosing Concept Markers
In the chapter so far, we Mv- ;uaculm the, wmm& nrknr, ohould
be ordered, but thers has been no indication of how they sheyld be chosen, In

L b

fact, it is not at all ciear what a sat of esmantic markera should ook |ike,

~because they are used in the system by mora than one component, .Structures
bullt from concapt markers are of central imperiance in the aystes, so
although the fol 'wm #mnimmsgm of the mposlition, J think it is
important to stop and consider some of the. lm dnypiyed. in choasing concept

v

markers. O T R N SR

nt MiLL conptruct & samantic
reprasentation. This uill be butlt from concapt markers. upR).jed by word '
dafinitions ang the u@_lntlg specialist m;@gim.,imw%m Atar a ssmantic
- repressntation has besn conatructed for a santance,. .lia cowpones pt.
markers Hill bs used tq call deductive roytings associsted uith t,hcl It is
the job of the deductive component to pick ths most lmwr,gprwtgtim and

For sach untam. thl SemAntic compons

ship it over to the generator. The generator, in turp Will uas the semantic .
. ropranntnt ign to produco Engl ish, .and, for this, .the Mlimglntiwu is
ordered so that uorqg arq assogipted #gth,

W R

.__f.t,,,ksfaerm!ege groups of
semantic markers. Thq,con;cqpt, mk«u%m have a A,‘f,gg;qu% ,‘rgl'ps in source
| language detinitions, in target |angusge T;QOf-zill'i!“;% Ap the semantic
_ fepresentation, and in the deductive data base. (A closer |pok at a fifth
role, that of selegtion restrictions, is deferrsd until the paxt section.)
Given the various roles played by the asmentic mackers, .lst us consider

.the choice of a dictionary definjtion for the German yech poechsn ("to. ..
break"), as used in the example: . T

Fr'i;t;,m das Fenster. / Fritz broke the mindou..
First, ue.could use.a specis! semantic merksr MBRAEAK uith Gfiwd :
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defini tiorn procedure o redations: levessetion §.2.1). This definition uill
| B compiiet, aubi B uEite;. and edeg: for” @ pabbon to: Ml O the: other hand,
the waricer WBREMG: {¥: o rather WG Hevd- i, i W MIEING choove’ l“ﬁ%ﬁd&i to
el e the dBFITIEION: 11T & spaeial: o Mﬂnﬁwrumm to’ wmr » ctmk of

uiven we: are- desilingi i th - tus: separate: langueges: in &

expacte th ——— GEneratE trdw Tt sl it mwwnw ‘W dedtictive
© CoNpOnent: (ewcutitt T olrtain specl sl oo Nt YT Ui aliudend). Ths:
sepNerte: Of TN suintiG ropees P U i ipte (Toii-Tuvel)
enbugH 85 tHEE: rEE THIGMER PG 1WA Gl i NG et me
One: poswibie: solution: might' be: Foiuss tw seiibivia ¢ rMMion oifly
for detactioni: Dt might: thereftve cbivtsin ww IO TEinit Gomponents: ahid
“diiferildit - Ddictfon, “tier; Woditd not be chbosing
mm t’wm ‘wiich” ~tw-rm1
mr# Tor-tuvei

information weuid:be: lost on the uay: to wm&w 1 dF Aot ‘choose’ | t
for tuo reseons: Firet, &h | Vi oA niove
target lenguage définitioms. WIth & lwloﬁicﬁiﬂ'ﬁ: pepresentation, a

5ols with
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large number of target language definitions-uoudd involve associating pieces
of the v-uamic rspresentation,  instead 'qi -)ugtﬁqq-x.n;gggcggmmr._ with words.
Thi s.is. a pattern matching. prom,q? that, - p&xmgggaw of words, could
$104 doun. the generation.precess. intalerably Lat. leset givan cuErent memory
architecture). In agdition, note that. the (MCAUGE XK. (#RECONE Y, NBROKEN))
repressntation offers ne cl-a.r;»gwmmn for. wmawtmﬁ'ﬂg&&in date
hase.  The kernel 91,.;-\9»'&6»%,;;4&&iﬁham@m%w vary: from one
situation to another, but, a3 the. panticipents. change, S!l!,nltdcc;fgfztbﬂw
cau;al relstion mey, 88 well. For mlmmﬁwm in.2J8y. broke
the mirror” with-the causality Anyelvad- ia 2Eemin mm pepsorn.” The |
actions auo.ciltod With causing breakage are hittivng. drop‘plng, stc. .Jo.cause
corp- to-pop,. on the other: hand, involves putiing. & pan.of it over some heat

. source,. What [ am teying to get at hers is thet mithca lou Jevel .
repressntation,. inforaation used: in: deduction. atild-weulg. have. to: be. - .
associated uith combipations. of concapis, i.e, higher. lavsils. .

- -Because of the considerations mentioned,. in. the, sysiam. ssmantic markers
are chosen. as.the union of mﬁmtwdmméﬁmim c8a. have
tha ditferent laxical representations in Gecsan gg. dn English fexciusive, of
" connotation differsnces, .that. is), the loner Jevel.reprsssnistion is chesen.
For axample, kannen and uissan 4" to know). uind.up. with the tuo semantic. .
Wind) get the tuo markers #GALE and MIIND. Hith this mort.of organization,

the deductive cospanent is given hasically a sslectiys role,. snd only adds to
-the semantic representation.it is given by tilling in.gentein siots left open
by the ssmantic spscialist routines. The aenItic. rapresantations, ganerated
from these sepantic markers havs no cleim.at all 2o langusge. .indapend

_the loss in gangrality is compensated for by .faaten genscation.

e S SRR A 0 IR SR TR e e U T e T R T e
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3¢9 Man te: mm»m lom
. When: using-concapt: neckere- 4s-setevtionreatriotions, it is important to
remesber: that: thmg. give-only partist: infermatives’ [t-used th- & system uhere
must 61 -cutegary debinitisns- and-rastpistions: HecieRlats the:semantic: marker
it witobiome: doni bl it ok st M Por- Ui oY |5
etticlency;. ae<diasmesmietm! ter Inctimscingier: | Mothae: attrastion- ot the.
cowtvmmm‘ﬁ&amfmmw g o '
senantica: - in 0L one-0f ther Fan-uae: tHA: e ko~ Wi thout: getting
onteng)od: in-a: Langm dnd-oomplen Lol 06 Padi-uertd MowaNgs:  Setection
r«t'r:imm‘ theoy:. look twawﬂwwt us-olibntios to-gulde: the
The: tiret vecatan of my systow;didcuss sateetisnrestiiction Information:
to guide: the: pareer. altNeugtr omty. to: a.very:) b 84
routine: thet patuser mmmmm ¥ound,- it restrittions
propecty, 1 thie:ues: the: cass:. prepuattiowst phriases: Snd o |
1§ thie e notidie-cane; mmwmmww tﬁeim “1Tke. chetking
 other syntectio: conenants to ses: | & they hed absorting: ‘*«&b‘po_o.ibﬂon by
mistae:  This:usm; of course;: only Hited UNe.ot Sinantite: to gulde the

- o eowy uBg. 10 g0t @ handié-on

This. uas I the

peres; butt |t wae-ii N eree: vhere e ot ot
binding of: sdverbtet woditiers, |
In"the:most: recent version of-the systen, the:paKes does not use
selection restricetons in this usy. THis decislon e pringe] iy wotivated by
mm ‘ordets “Ai-uas nentioned: in-chepter 2, for English clause
stmturm themeie ver: M ‘Thecoljudte W
verb’ s.restrictions: and Use: thewm to |Gok- for-or evaliiate obfects. - ‘In German,

-8tcess the
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_ houever, only some main clauses Mvc 8 subject-verb-ob jectse uordordw,uhi le
secondary clauses are usually ordered ouhjocf-ob]octu-wb. In addition, any
main clause uith an auxiliary, modal, or passive verb structure will also have
its main verb at the end. Since using selection rutric.tllom to guide the
parse requires a .certain amount of ntr@two (to handie muitiple definitions,
optional objects, and variatiom'in word order), the investssnt in programming
effort seemed to promise less return for German than it dqot for English.
Selection restrictions sre, of course, .stH'l pirt of the system, but thou‘ are
used exclusively by the semantic component to sliminate ilpoulbﬁ unanﬂc
representations.

~In the current inpu‘untltlon‘.‘ semantic restrictions are hung on the
concept markers as LISP properties. Singo the markers have sn explicit tree
ordering, the restrictions need not be quociatad uith sach semantic marker,
but may instead be tacked onto the highest node for which the restrictions
hold. This saves space, aithough of courss at the expense of the small amount
of time it may take to trace up the tres to fetch restriction lists.

In this chapter we haﬁ made sowe decisions about the ordering of concept
markers. First, concept nrker.o were divided into objscts, rclatiom, and
properties. Tuo main orderings were pressnted: a tree to implement
selectional rutrictlonﬁ and a |attice ae a‘priuru ordering for deduction. A
secondary ordering uas provided by flelds, to relate concept markers to each
‘other along a dimension. Horde were ordered by virtua of their association
uith concept markers and according to their connotations. The static,
strictly hierarchic concept marker ordering propossd here would not be
adequate for a working translation system; however, the conceptusi structure

is nou well enough specified that we can go on to Yescribe the semantic




component.,
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Chapter & -- Sessatic Precsusing

' S 4.} Ao Overview ..
4.1.1 The Semantic Component . .. ..

In the last chanter ue convidersd.a statis, sepintic; structurs, but ue
have not yet discussed how § pacticular seqtance celates to this genersl |
fromauork.. In this chapter end.the nest, Luill.try.ta resdy that situation.

As 200n as the German grasssr has suceasstully paresd seme section of the
sentence, the semantic routines sre called in, . Tholr Job_ls to Wtruct e

semantic representation for sach possible. interpcetation of the senteios. In

‘many places, the shepe of a sesantic repressatation might parallel the parse

tree, but at other points, the d]yec ance yi!L_be obxieus, Hhers the parse
tres 1o a record qf syntactic.calatigns, the.sammntic, representation bs an

 independent strycture to record sewsntic relaticns that.are both implicit and

explicit in a sentence. The highly steuctuced sewsntic repressntation .
reflects aystematic |inguistis Phenowens acd. i is 8. sten on the, uay from the
gyntactic ropre”ntmnn to the body of :information hat would be invoked by
the daductivo component. :

The general organization of the uuntllc component fol‘lbu- Hinograd's
system, although there have been some fairly high lsvel changes. lp the
transliation systes, the semantic cspresentation. itself plays.a prominent role.
Whereas in SHROLU. the repcesantation s asseatiglly an internediste step. in .

~ the process of building theorsms for dedustion. here it le alea dmportant as

the input_to the generator. To use the semantic .repnesentetion in this uay, |
have made a number of additions .in terms of tm,:;tamﬂms,t.-t contalns,
espscially in the direction of 8 .more systesstic. treatment of thematic

features (ssction 4.8]).
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Hhere possiohl, wErd dotinttion tgpss Hevié been standardized, so that the
individus! sord procetures om s wesd descriptively #s well #s imperatively.
That i, the definitions 0l it wxBiingd‘by the sseshtic component, which can
then take any epprupriate actions defore exsBdting the procsdure. A wechanism
e 1 imo wew OB R NN ertial Nvibrsiatien i i ¢ ler iy Sadnion (the
FBOND warkor; Wee Section 4:7.10.  He wellentic Gikpurief

Tre chagter et m&mmmwamﬂmn, But 1t actual by

Yot hon ‘4.2 desls uith the
tation, and

does Tt Begin 1o wiNedst The m \
* srmy word detinitiame s ‘usell to Wi td 1 ‘dedentic Tigirese

e

. “The ‘sctuai

s i il wmanf‘n.’s. “Not @11 words
vectly, ‘aNd this is considered in
section 4.5, Bectivn 4.7 am%% mab-cm ‘sctions in the
prae ""'““\m of tdioms and

secthon 4/4 ‘o souleEs otier Civ

6.1.2 Tre Representaition
e ssmentic. rupresentation ‘b8 OUNstructid ‘from tiree Sorte of

© PS5, rewpestivelyl. These couenents are BikttEs 6F Iritoradt for, § their

Airiage: Tetiecte 4t HItionehigs wHNIN o soience. - Th genersl, @ semantic

representation ie @ metuork Tathir ‘thow a tres. By i feient feting betueen

tuo worts of {.Lrkage, Mowsver, we cen Slmgs find #h underlging tree Btructure
in & uel|-formed sentence. A sampie repressntation i3 shown Tn Apbendix D,

3




and. 1 will -pond most.of this chapter discussing whw. it lm the way it does.

posntations of the

The diagrams_ that will appesr below xqﬂmgmly

oopantit; repressntation, since tha outpyt of. tmmy conpor
wore information than is ahoup. An. mm%wgmgntmm%m i bung
‘o the LISP property |iat pf specal toan produged: tar.the ocosalen.

A question should be raised hera s o AaGi AL 8 seapntic
representation should rspresent. -hhile me nat replly. ansver this until the

suanta,ic coupgnmthnpqm di ’ }

Icvola. Baucally the prnponitiml lég‘mﬁ! Igﬂ{%‘%tpq t,g&mt ipw&ggld, the

thematic level to the way it is said. Tﬁctmﬂ&,!mgml%uj tp wgtlono
like uhat information is 'W*M”" 2 mtm, “h“gh’ é,”“ﬂﬂ""“ to

‘ ’conveu. Tand thn umtlma ho hn m& t{gt BMQW,H W!‘M

_semantic roprlmtqum usad here is & mixture, of gwinpogm. m.tmt'ic
inforntion. and [ uill come bick to he, guestion of, ugpt ] mﬂs

,roprountation muld look Iiko bnlou. :

4.1,3 Building th! Semantic Rlpﬂmtltlm .

The semantic component, |ike Ijaul.” nnc. FEW X q,g-qmlc
specialist routines (SMSPEC), the semantic utility rwtimgggﬁuﬂu. and the
dictionary definitions. The actusl building of the raprasentation is done by
thu SMUTIL routines, and for much of, the mmﬂ@wt&)% it is the
dict ionary definitions which make the calle. to SMUTIL, . The dictionscy .
definitions, in furn, are unjsashed by SBPEG atien it han.set ald. the. .
necessary calling parawstere, . It is tha SUSPEC routines that are. actually
called by the grammar, and many ot these routings correspond.ta grammatical
constituents: there are SICLAUSE, SIPAEPG,. and SHADJG.. . Ihe. noun, geayn, on the .




Other hand, hes 8 saries 6f sssntic wetiafists, S8E1 thtigh SG3. For 8
and it evaiuates B Prencuing! wedifieiy SUF-ting With those clotest to ihc
noun. Control " them Fetufne 16 the syttactic Lomptnet 10 wuw
gualitiery, and tauk SINGZ Yivke MMM%NN a2 s li.o
respornitiis for svatusting nmw
_entire roun grokg hes bewn persed. ﬁmm@ for raference to other parte
(Bt the text T the aoun grou ‘Te defiHTte. AL part of ThE houn growp
package |s SHOONMEIND,  which wuw GRS Moune thet sre not In the
dictiofary but () ooupehent sissents are. hany. W and sm:z

......

mummm hm
Note that thers s no sepirate nltcﬂe ia-cizlﬂﬁ ‘for verbs. All the
actions m Sor verbe ohe mty ‘e o KUMSE routine. By the

5od1 ¥iars Have all
been parest. (PRI in true wnsugh as ‘furss Tt goss, but hot compietely true
- see section 4.7.1.1 SHCLAUSE binds the Taiation sheci fled by the verd to
its participents faubject + verb objects}, then hinds the modifiers to this
relation. This shele process 14 et sborsti T tactice, snd the '
discuseion leter wr ;ﬂﬂ ‘shied ‘sohe in e ﬁW W inﬂ’rﬁtﬁm m
Has o ohdaueg, R T
“lherever e ssasntic Mniﬁc #¢e calied In the wu. their gomral
‘role iv t6 be yes- or ney- waiere.  Hhensn & |
definttion of  verd, 1y bound, chacks &9 wede UsFRl ‘the witection
restrictions deschibed In ‘th previous chipter, T ot gy m- n
representaition cat be bul It for the eection Pareek

e mm roturm

taitiure to syntax. In the m ‘an 14 ‘whitls ‘noli, BSlENYicH |
the paree’ Aree encept to pet Intoraaton Hrek 1t, aﬂw the anwnmua '
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ideas in section 2.7.1 would invoive a more active sgmantice.

4,2 Lexical Semantic Structures
4.2.1 The Standard Dofinltiom | S
To get a better idea of the, uay . mglc rmgmtgtgon ls butlt uwp,
let us take a bottow-up spproach and start yith exemnies .of the the thres stendard
definition types.

(DEFD ELEDONE
SEMANTICS (
(m (0BJECT CONCEPT: WELEDONE
mm:ms: +SCIENTIFIC

. LABEL: DI
ssnmncs o
7 (VER® RELATION »
CONCEPT: #GO-BEFORE- m-m:
TYPE: NONE  OROER; LENPASS
| ARGS: 2 LABEL: 02 1))
(DEFD BLAU e
"~ SEMANTICS |

(K83 tmwm%uwﬂ “WBLOE

The ianniti_ﬁ c_@flnit)oﬁq hﬁrq havuthofolloulngpu-to; )

The S.Icctor: _ | | | | |

The first entry in any uuntlc doﬂnltlon Is L qptlctm fgltur-, which need
not necessarily be tho pact of upuch, m dioginguhhlnq fl’tl{gﬁgﬂ 1] do

The auntactlc foaturu that Were chom ln thn .GOUres o of tho‘: erse can thus be

used to ah-inato ueuntlc poggibi Itin ug lng &mt tho flrst entry
by iching. og8

noun, there is no need to conoh;hr ite meanings e @ ygb. L1t qgrgthln (]

in each senantlc definltion. For mlc, H RshId ‘

single feature is nesded to digcriminate petueen definitions, theo a |ist of
features may be used. In addition, if more then one syntactic testure list

takes a particular ssmantic definition, then a list of distinguishing features




The Routine Nuwer

OBJECT, RELATION , and PROPERTY routines s paret of SMUTIL, and build uss.
PGS o PO ConiNOnty; reupertiosiy. Witk rost OF W iviirh

A6 INTEhon sippt e PIFOIETICE For (NS FUNRINGS, “Tailieed by the

keysorde:

CONCEPT: R
This s the sementie werker ueed i Bufidivig U Ve ssmintie represantation.
It iv a part of the concest structurw CHeswsseé ie AN iEerious chepter.

TYPE: . (retatiem onig)

This specifies the relution of iln Lo :
Tupes are ONE, TO, THREE, NN, T
senantic arguwents mey be left W v the surface ropnsom.tion. For

Nbacto M semdntic ones.

ve Ond they tell which of the

exanple, ue wey ORPNCT ceFtain relations te ﬁin o Inetrument qnelfud at
the sewantic tevet. The reiastion. mr. then, would have thres arguuntu
sctor, patient shd iitroment, In the dintence “Kek) sthnitt das Worst mit
sinew Medwar” ("Rarl cut the sevwepe Wil o knife), thu ‘gdtini tion used for
the verd sofinkiden weuld Kave tube NONE, sinde Mo ergukents sre (eft |
unwama fh HIF 1 SeRATEE Bile Hrat™ ORI cut the m"! a0
flmﬂm 6F type TIREE nould be used, since the third ‘srgument - the
instrukent - is TeFE ontiir§toed, ‘SWH&W;, ‘ftn%mi tt &u‘ﬂbﬂt"
(“A ketife tut the W m & aﬂmﬁm ‘of m oRe, ﬁﬁéi the détor is
left Uvithirgtood, ' \ SRR . ‘ o

R . e e B L e SRR Lo



(ORDER: ~(relations oniy)

This is anather. uay to swpply. infornqtm fonggtm lnlcc armh to
spmantic ones. Qrder ig used for werd paice Like pRageds And ollake: of in
German yargehen and folasn. He want these pairns to mep into A singls. sementic
| narker, and to do. thic, one of the paice.is Laballed e . lpdc{lleu active

y (LEXACT) and the other as lexically passive GEIPARSL,, bhen order lnAaEWASS.
as in the ‘“W'Qr's'"t‘mm'!tWMzWM | pbeledt oe: subject
(in an active sentence) becomes the second sroument.of the. semsntic ralation.
Tne_daciaion sbout shich ward 1a the Lexigaliu Active qre and which the.

 passive one is arbitrary.

ARGS: (relatiom onlu) samne L. i
tm'm.of
) argunnta 8 relaﬂon, taku gim ito mn (lm MI%L% lomth of its
associated rutrtctiom Hot). AH'SS Js wlﬂpd» \ the definition snuusy,
houever, partly for efficiency reasons, and partly to help we keep track of

’This io ndundant lnforution. since we can Muwg r

¥ kA Y "‘s.-

things when uriting the dictionary definitions. b et
4CMTATlme‘ ‘ i , :
Thio holds the cmtaglm mfomatjon mtl{gpql in mUm}.?. which .is
expected to be in binary form (+slang, recient]fic. ~techalpll.. etc.). . Right
now, this mforntton iu qptlpngl, md it e mmsﬂx&‘ oyptam yntil.

goncrat ion.

g

If a word has more than one samantic definition,. each is given.a iabel. These
‘are used for srror messagés and cross-refarencing. with. adher. informstion..




defin
Vel st dré wwwm cuiev. < Wt mﬁ%@ ‘of ‘Uetini tion ﬁ&w-
T ENSUNtE to Fe The $8T1Hty to ued dieidi ¥Tole

The systew Nis @ group of functions: that K Intoraation out of semantic
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descriptively and Wml‘i Ig.
Another sort of information that sheuld be in thldtﬂn‘itiﬁm. but is not
not, I's @ wessure of pleusibliity, Thie couid tekd @i fore (amthat
spet| F1EN W produstiTey it euee & ‘e 5 duwd, Given that the word
octurs. mmi’mwﬁ - fu ﬁ&f&'ﬁ?ﬁ’ éiui.:' Bt were not

ke hers bebaits oF time TiniGabicne, T T T e s

4.2.2 Other Definition Types

In addition to the three staiterd detinition tgpes, thcn are umal
other dictionery functions: SPECIAL, SNGMINALIZE, end SWREL-PAHT. A SPECIAL
dufttion typd Vs tked 10F Felabions 'Ot dd not Tt existing detinition

~ types: N SPECIRL WS¥intibn Just hav & ‘el ' FoutiAé sesociated uith 1t."

i reily vetullsTe YoR Wdcebtionst’ ciises ke salh ("to
be"), but it hes besn used sparingly elsewhers in the systew. Often, a

definition will start out as SPECIAL, but then snother norﬁ Hko it will éonn

aloﬂg. and mntutﬂv we have 8 class, warranting its oun function tupc.
SYNOMINALT ZE 1w O”&ffﬂifuhkww 6 Hirdie ranksnift. Just as

He heve cidises’ urvmg s9' FOAKUNTS tud hotri -G CTeh LeThs hicht, uarum er
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hier ist," / "1 don't knew uhy he is here."), Ahees gre 8leo:relations: that
may be represented by m#&mm 31X mochuer; ¥ ./ -"He bas trouble
atanding. "), In both Gwm ond-Eng) i oh, any mgk‘inﬁaiehrmsu 7 BRI
rankshifted noun, and there are also words like "der Aufetand” ("the
uprising®) whoss sementic definitions. sne. basieatiy relations rather then
objects. In the .semantic.repcesentation we.yant Apese te.appasr as.relations;
but, since the syntax is a noun group, :special aRtieneheve:te be teken {for
example, to handle time). mm&llﬁ. theni: e responginie for .eome. 8t this
action directly and also acts g;-aasgmﬁtqﬁqtmmldu,»rqutlﬂcl that |
special treatment is in order.

SMREL-PART handles nouns that naws a participant in a relation. - For
. example, the wnord Zaichen ("indication") :can-be. detfingd e "somathing that (s
acting as the first scgument .for the.rebation SUBIGATE. %, The SIFEL-PART -for

Zaichan, then, bullds up & piage of Zepraseatation that wey iteeht he -
represented by Fig. 4.1. | ‘

RSS
HINDICATE

META
NSOFMETHING

o ‘ - Figure &3~ . . - .
_concepts, or, concept. wariables.  Tha MNGPEG asrher, {for: "urapeci find”® » see
section 4.7.2 below) would probabLum he. uasd hepa, since. the information
would be given somewhere in the noun group, as it is in our sample text (“Ein

deutlich sichtbares Zeichen fOr dis ... Ecregungen” / "A clearly visible




“indication gt the smgitétisns’) Bath MW antt the MIM.IIE
- roatines-are ﬁmm wumm e 06 Mf mﬁ &-‘vepirate
Concept marher- for & relation of refBtion PArHICIINY Srditid ds an object.

i e Somant bt She
This 1o the-nous: QEnarated for  the: eRantié Aede; #0° b Tieds enes sre’ 1 ke,

VARI ABLE-

A varieute is sveigmed: to en indivicus! initintistien vl sh object, rétation, |
or proper t. Mmmmwmﬁv W-odirus of bullding *
representtion 4en & pertiseler atsetic siva m,. it %o ver lnte ramsing
the same, V | |

CONCEPT» N
This comes from the: cali imwm tnd“f‘t“h our old frisnd the semantic
marker. ‘ | » . '

" RESTRICTIONS= (P38 st m oniy)

Sslection restrictions are hun. A% She: conceptus! otructun. boing
aseocimted wi U3 partioular Felution, propert) - Wreot. Dnce the
- sem@ivtic utitity prograws: heve rettfeved o ﬂ"ﬂ‘ mmm-. they aré kept
OFF th: SURENTic e fOr | SUEr PeferEnoy.

VR el G
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LINKAGE= ~ (RSS only)
This is a tist of the participants in a relation, and it represents half of
the explicit Iiﬁkm that hoids the semantic representation together.

,
MODIF IERS=
,‘Annthqr mechanisa. for anlnq. thio thn&t.lc Jat,l,r; b!m 085. RSS. and. PSS
components to their modifying relations. thlo‘lev;,y&!%pgmt a. tres
structure, when values from MODIFIERS are added in we can get a general -
netuork structure. A semantic node uith nodllfylng relations is géllﬁ the

"head” of these relations.

CASE=
CASE is set to a epncept marker that is found ahave the CONCEPT.on the

selection restriction tree and dint;imujmm s mpw 48g. .. Jhis is
rcdundmt information, since the case is aluaye dorlvabl. from the concept
marker. It is ussful informstion to have around, however, especiaidy for the
deductive component, _CASE is ast oniy for Pﬁ’&m RSS's that act as
wodifiers, that is, thoss which are connected to the ssmentic repressntation
by MODIFIERS linkage. Sample cases sre  SPATIAL, TRIPORAL, and MANNER. .

use of the term "case" for this ssmantic featurs may be misleading, and it is

discussed in wmore detall in section 4.18.

TYPE=  (RSS only)
This is the TYPE information supplied by the dictionary routines. It is not
- really semantic level lnforn_ition, but it is put. into the representation

anyuay for efficiency reasons.




. ORDER= (RSS owiy)
‘SO.‘ TYPE.

REFERENCE-SCOPE»
This is set to either GENERIC or PARTICULAR, depending on uhether the

information given is sbeut & pertituler ebjeet, retetion or property, or about
the class thereot. | |

G1VEN-NEN~ |
This is sat to GIVEN or NEW. See section 4.8.2 for s w'imt ton,

COREF = |
This gives o fist ot ssuantic structurss thit e corsferent ulth this one.
It te discusssd farther in section 4.8, o |

INFO-ORDERs

This is set to either UNWAKED or to & st of the modlfying Felations in a

- clause in the order thet they m th ‘the surfilce structure. 1t Is
discussed further in section 683 2~ 0 7 |

CONNOTATIONG= | | o o

This is the connotstion information from the dictionery definition.

THEME =
This is swt to the sswantic node thst corresponds to the thews of the clause.

See section 4.9.3 for an explanation.




RESTRICT-DESCRIBE=
This is set to either RESTRICT or OESCRIBE.. See.segtion 4.3.3 for further

discussion.

CLAUSE-TYPE- |
This is sst to COMWND, OUESTION, STATEMENT, or SUBORDINATE. See section

4.9.3 for an oxplmtipn,

PARSENODE = o
This is set to thoparu-nod' that nwpllcdth.com,pt. it thers is one.

PARALLELS=
This is used in rnpr-mting.a varisty of coreferencs. Ses section 4.8 for

details.

4.4 Non-Lexical Entries in the Semantic Representation
The word definitions discussed sbove fors en importent part of the
~ semantic representation. Mot all entriss in the repfesentation, however, are
formed by words - some entries roprountrelat?ogo i,;plicit in the syntex of
the sentence. Sowe exsmples of tp,!lg,zuill be discussed here - e.g. the
postnominal genitive, adjectives that mogdify nouns, snd. compound nouns. These
3ive, bus they give s
representative indication of the issuss invgliveds -Hherever there is an.
implicit relation, it is the SUSPEC roytines thet.supply it snd meke the call
to SMUTIL.

‘are closely-related cases and by no Nesne e

S A PR A




4.4.1 The Genitive
Starting off uith #n example, the semantic répresentation for the
_ genitive construction "der Aegenechirm der Dame® (“the lady’s umbrells,” .
literally, "the umbrella of the lady®) might look like Figure 4.2,

ol

[Fas

4.3.
RSS
WMAVE -AS-PART
“foss '*

; [ m;. -

Figure 4.3

In the diagraws, "hesd" is used t‘o'iﬁa‘ti-.ais“m‘i‘iiu“m&»t;ng of the tuo 0SS’s
is done using the reglster MDIFIEMS, rather ‘than”the EINKAGE Fegister. In
the tuo exsmples, the 0SS’s 'ar'c_for’n& innmtfothom inthe

" phrases, but the RSS refiscts an implitit ralation. (Actions taken for the
determiners have been left out of this initial pass for the seke of
eimplicity.) The tuo phrases give no sxplicit clues to guide the choice
betueen #OWN and #HAVE-AS-PART as interpretations. Hhat's more, there arp &
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number of other pouibli relations that may be implied by the gonltkivo._ e.g.3

der Geruch des Kisse = the smel! of the cﬁuuv

aspect of a thing + thing

l”‘ ‘»i‘:, L

das Buch du bcrbhntun Pocton - tm fm poot'o book

IR T o (I

cr'oatlon_ + crutor _

der Stadt ninor Goburt - tho citu of lu birth .
aspect of a rolltion + rolatioml noun

’das;(?ggchiéht’ meines Lq_bogi - tho ltgru;f lu IH- o
accqéf:\t + sut:;jcqt uttqr T &
Then an nanu such rolouono that can be onpnuoguoing :ho ggnltlvc. but
the ponubilitiu hor-o are not c:onplbut;l;ﬁo:wnvﬂi For ;n;::lc; o

das Pflanze meines Schreibtlocm / tho plant of my desk
cannot be construed to npn the plant M is on my desk. To say this, both
German and English use 8 mitton fwfi on) to explicitly express the
spatial relationship. - Thus, if !hc mmber-of nhﬂom that are implicit in
‘the genitive is bounduf, s | beiieve to be-the-ceee;- ﬂupkn sense to talk
about producing mﬂt representations for W!ﬁmmt possibilities. Some
of the possibilities are in fact comtructod by tm mtu. using selection
restrictions as a fultor to block tho blatmtlg lnponiblc coublnatiom. The
next step io to take a clour look at vt;v;n nuntlc rtpro“ntntiom uoing the
deductive connonant: but let us Hrat finiah up tt}.v'dhczyuion of hou to build

semantic reprountationo beforc going into tho quution of hou to d\oou




betusen them.

4.4.2 Noun Modification
Another exswpls of & seantic refation thit n inptied by a grawmatical
strotture is mwmw m m w to woliity en object w- .

ww_;.'w 2y g ® é’tj Cooank

relation or another th. “tor that satter) 1s nmﬁ & WHAVE

relation. Thus, “der kurzsichtige Hisssnschaftier® (*the rearsighted
scientist®) would b8 ropnmud sy Fim 4h, The mmmv reiation

F SR T

is special, in thet the selaction mm«tm for ith firet or gamt s tound

associated uith its escond. In tha nﬂph, m n;tﬁe;mﬂ mvms-mms is
asgocigted wuith mzmm co wr oemmt ww pies the test. Instead

of conventional aiwﬂml rntrieucm. thbnm “mmn hes a
procedurs, which s latouattcal%u exstuted vy tﬂi ri%!rictlon chocklnu
proeodun Tm r“trtcﬂon code for mmw #tr feves the selection

hooE aRn FREr s Poises wia
reutrictlon frou Hs ucoml rwf ﬁ uers H to wfom tho M ‘on Hl

R0 T I el R e
g S B ] T

firet.

7 B A A SR I =R g LERERS S
1 B . ¥ g [UUERNE AR 6 SISO LA
3 3

Figuro l0 Q S
Om qun n ﬁoun uoéiﬂnr npho:ontlﬂon chculd bo untiomd here. In
Gornn. ao in Emihh. ad]octtvu m bc :tmﬁ w i}: fron‘t of noum ln tuo‘
uagn uriallg or in paralhl. 'fho purai 1ol nnlan n tho om tmt onm has

e

a comwa "die kletm. wbhuu Eum" ("'tho mll. octlvo eledone®).” The




0SS1.
VARIABLE: X1
CONCEPT: AW -

represantation for this is straightforugred, ae . shews-in Figure 4.5.: Serial
adjective lists, on the other hand, pose probiess-of:rapreseniation, . The
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modifying relations for something Fike ‘tdor nette aite Mann" ("the nice old
man") ‘t:outd be represented by -
der (mtta talte Hlann) }

That is, esach ad}sctin nodifies the sntire ronnindur of the phrau. Thc
-correct - rmmﬁcn‘ thoum m&dm A0 -be that -shoun in Figurs &.5.
- This sort .of rmtathn is: munm ut hthiﬂk 4he proliferation of
0SS’s would cause:a great desi tf mmﬁwt for the generator. Another
sort of |inkage uguid be mnm m difhrmt 055's of a noun
group, and: Wmhm uould be iarger. *‘l‘ﬁ mtu ;&hio. the system
abbreviates the. wtakion of Figurc% #“ 14

“if!m using ‘the modifier

relation establ lshed -hetueen aumm and - noun lmm of & neu OSS The
result is shoun Jm:ﬂw{k.?.

RSS1
#HAVE -PROPERTY
HEAD

Figure 4.7 S ’ v
This representation i‘ight break down if -odlfufﬂgrollﬁm- themselves have a
lot of modification, but this'weuid only be happening for prenominal clauses,
not AHAVE-PROPERTY relations, and clauses uill: ProMIY Rot be $tacked up |
.nrlaHu ‘hore thon tao-~duep.
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I should note that only the simplest sort of adjectives ere currently
handled by the semantic component. - For- an aneiysin.of sene of the
complexities involved in English adjectives, ses Vendler. (38).

4,4.3 Compound Nouns , R Ny
. The German compound noun in often transisted by a classifjer plus noun in
English (for MI«Q. "dis Favervehr® / "the fire denartsent'). Awong the
relations that occur bstusen the wta of German conpounds. are relations
: dl.cu”.d for the genitive and simple poun moditisne,, 80, t%gﬂum{qtlm
described in the last tus sections.is alge applicable hers. . Mith compounds,
we also gat relations that could be expeessed using prapositions, such ass
die Gwi:#lsf-l = Stietel ausfomml . . ..

EEI A TR

rubber boots (material of)
die Trinkglhser = Gliser zum Irinken

drinking glasses. . fuse or fupctien of) e
die Todesanzeige = eine Mzolgpuom des. Todes

death notice, obituary (occasion of)
dis.Seereise = sine Reise suf der Ses . |

sea voyage (pisesof). . . . ..

Eapeciailg with the more. common implicit reigtions, we would like to be
able to handle compounds that ars not. i;;,,_,t,mnmct;mg&gut Hhope parts are.
The system does this in the routine SICONPOLMND.. . In p peecpdure.analogous to
that for genitives, the. ssmantics. of the. camponent. yords. are.bound to a-group

of possible relations, selection rntrn;;igmmpjt;,]m,quouru. The
representation produced looks either |ike tha output of the genitive rowtine
or like repressntations of other noun modifisra.. This approsch is desirable

because the represantation resembles thoss built. for similac. atructures, the
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dictionary s not Headed ith-redundent deFinitions, arid the systen is sble to
cope uith nen compotnds it has nst seen fere.

The  draubaek of-using ‘the ‘sewantic compinent tosupply iwpliclt relations
from a built-in set is that the rangs of relations :»‘mibvla bctwuﬁ the
compound’s me to-muth uider than $ie renge ot swdiattone ‘Yor e ther
this would mean ‘thift-certain word paire could Nuve WipFicit relations ‘that are
comp letely sdimme ifa mehﬂmm%mw. it
obviousTy tosw not teieng. in SOPOMND,  Trife vee “to e the place for a
dictionary definttion, ‘ard in fdct the SPECHIL dwfinfttor fecility in the

‘BYBtew coutd ‘hamtie the sttuition Nith-no trouble. ARES for the tmplicit
relation could be-built in tie detinition, Bifding ‘fid colipound”s components

as participents. Fhis is clear iy an eFticiont Sppioech, ‘#s long as the system

has a definition for wach idioeyncratic colpound I't-ensotnters.

Betuesn the compourds ‘formetl’ from s predidtesie st end ‘tho‘ complstely
idiosyncratic compoonds are 8 group: thilt shou solis ‘Fegdfdrtty, &ithough the
particular relations involived sre Wet&im "Thase Qf’i’pl§m
repressntations by the semantic w “But en m Hor "unopociﬂ.d")
marker is used. ¥he werker is dimnw ‘betenin iie%‘%n %:7.2, and the
compound class is investigated in mors detail in section §.8. '

“Finatfy, there are cmmda for which the seening of the whole 1s
different from tie ‘sum of the meanings of its parts.  Coneider “der
" Tintentisth" (“the cuttiefish® or “syaith® [teratly, *ink fish"). Leaving
aside the point that the squid s not & fish to'a ui&tegi-ai'.‘ ue note that "der
~ Tintentisch” refers not just to any uater animal thét. spews an inky cloud, but
to the cuttiefish. ¥ there is some Other fish-like &ﬁtwé‘tﬁlt ilcd’: speus
Ik, it would not be designeted by Iintantiach. Such & situation seews to
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warrant 3 separate concept |ike MSQUID, and o the rmmw&{on fnrthh
tupe of compound looks no different from that of &.cegwlec.noun.

For representing compounds, then, the system otfers four ajternstives:
pre-packaged inﬁl-lc,i,t__rq lations, special, mwg daflaitions,. -
repressntat i‘onsv that leave the qugn w.d dor .the. 1ime. being, and
sytandand_gbjec,t definitions for. mmﬂ MMQ’ are mpre than the sum
of the naningo of their parts, G e 5 R

Thu last growp nf _sompounds nentioned. raiess. 8 mgjgm. .o not all
compounds, in fact, tend to be more then ihe ,;m‘.m?g;hm;mm . Hhen faced
uith 'Bupui,g{)aiol': ("rubber boote”), uom sonething. sbout: this apas il
tupe Of footuear, just ae us heve apecific Infornstion sbaus. “Schniratiefe!®
(literally "lacing baots® - sny boot that has 4, shawkace) ensh Shio laachuhe®
("clogs”). He would nant to.sssociate this Infornabion.sith. soppoific
concept marker, rather than the sore. genersl eoncept WROGIHEAR, . 6iven the
system. up havs nou, Lf the representation for “Gusnistisfel’ sse supplied by
SHCOMPOUND, thers .ia nowhers to. put. the infonsationic: This is & proviem, - but
it is one that the system does not ﬁavc to face, aIMJ& is not [intended to
do any learning (i.e. it is assumed that the informstion in a sentence would"
never be used to permenentiy changs the .daductive dats bess).

1f ue uanted to allow learning in the system, we might. try the feliewing
approach. Whan a new compound is: sncountered, the implicit.reletien could be
sslected by SMCOMPOUND, but then instasd of:seiding thie: (e the: sseentic
representation, we could create a new concept marker. For evxupje;.ua neu
"Gummistiefel” concept wouid have #FOOTHEAR as genus and something |ike
(MATERIAL-OF X #BUBBER) as differsntia, Then.any nem:information learned
about rubber boots, 8.g. that they are sorn in. the rain, could be pssociated
With the neu concept. In addition, we oould add 8 dictienany defind tion for
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gl, 0 thet the rext ues of the lord uould-invoke the new ctoncept.
It would owly be econowice! to butld mew Gencepti, UF coudss; It they are
real ly ussful for orgenizing information #n the detittive dats base. There

Would therefors have to be sows criterton for Wow il specist intorsation is
 needed to justiiy thw creetion of & wpirati cihdept Mirker. The crestion of
‘new concept’ merkars woutt #ths sttect gawiwtion, sd’ ks Would nesd a facility

to update dictionary definitions for the gererstor Wamlu.
Since, houever, we e not' trying o dietrite @ Falew !
there is no need Y5 generdte neu GéRcdpt harkers.” The tompronise used in the
systen wad to ghve concipt markers to cowsounte that had ¥ gobd'deal of
| inforsation sveaciated with thew per e ©Tike "des Meresraisten® / "the
nerveus systes”. Ubrde for uhich: the bulh 8¢ wpatTEK IWtormation Would
probebly de sncousiierdd in the &m TORE For the et Hwe - 11ke "das
“Chromstephorenepié!™ £:*piay of the CHAURIRDpHINUS" ' Bré rapresinted by
chunks of semantic reprasentetion raltutitn s puFticipantsl: - Thuse bFe
“ construeted by SHEONPOUND, &8 desor ibed aiive, uiieed arf Tllosymcretic
relstion ie iwolved: SRR =

wk for learning,

It is thus meowsssry tosupply iugl lott FUlSTRONS For genitives,
adjectives, o Compoundss Iy the: heun Group Hin ‘order o devetop
representetions for the Ui fferemt mwtm mmm. onty the
deduct ive companent cen decide betusen the set ‘of difterent 4

produced.

4,8 Nordé Wi thout Semsntic mmim. |
In the fest ssctioh us tmawhrm et ver'd not ttu to
speci Flc words, but riow the quedtich is ihethi

‘an entry In the semantic
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.reprnontation must be. formed for all uordn.. '--!1;\ uct,x«én%t 8| uords add to
the nprountltiom gensral ly,. wWorgds. that MM geg équ imm&lc%mtmt
and very hlgh in sqnm:tic function, Tha_mast colgqp case. of. thio is
prepositions that mark particjpmts in reiations, Fqggpgpp;o,,. i

Die Eledone. rmiorto m ﬂm Bﬂz. ‘: e e

The ola;lom rescted fg the otin\u;m : B T T
Such prepositions occur both With verbs and mmtin!. m mlu thov former
will ba_ discussed hers. Obviously not all pnpoﬂymt qu of thls tupos
those that mark location, tin. cauullty, atc, are plgg,ln ggdlvgwu

. semantic content and not dependent, except in the most, gengral way, on the

particular verb uud. The prepositions.] am. comhkﬂgg Qroh;)pog closely
tied to individual verbs and uhon fung:;gmnau pgc:jm m,cagp in other
sityations: -ir gefblit as’ versup “ich freus migh. m in German,
(roughiy, "I liko 43" and "1 am happy about 117). lsgh At vecsys ghascxs in
English. Hnere such prepositions oscur,, thwir. sepantice, in essaptigily & no-
op, i.a. the semantics of the prepositional sbject is styck inta 8 register
marked by the propooitionnm.ﬂhonttn gpjgtiqgéfgcpgu.‘gwuyng the vard is
evaluated in SMCLAUSE, a 'Ii@t of it’r.@i?.ﬂp".ﬂg.;!l@gligl retrisved from .
the collocations list. These prepositigng pre. indsxsd py sgmantic definition
labels, since a difference in wmc};}iggi;gag.;laﬁi;.';g%gﬁm.tlgoqmce in
semantics ("dient ais” / "serves as” vwéyg "gﬂoutgu;{l "saryas to"). For
each definition, then, We know q;;;ctl;f WQ to jpogsip;; the seyantics of its
participants. In the case of a a required preposition, ug. just pick up the
object’s semantics from the register that uas sst. Note that essentially the
ssme procadurs is fol lousd, for ssparasle. pretixss, eince a_gapereple prefix
verb is considered to be one word. ThloJug!forultgﬁlg %g:ggﬂlgqu_light of

the ciose relation betueen prspositions and ssparabie prefixes.
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"It is not, perhaps; entirely fair to ciaiw that prepositions that mark

" objects of “the verb dre dévoid of sewarrtic contenti: 1A fatt, 1°uas surprised

at the regularitiss that | enéoufitered ii the courss’ ¥ organizing the
selection restiiction tree. Filimore’s case theory' (8], of course, T8 partiy
"f‘iﬁ 1h 'objett of a mental

based on this sort of rsgusaritu*i" A 0 o

process (including in this perteption) 15 often it
{a) -lch dunke oft dargn. o
I think gf it often.
(b) Ich efrinere wich dargn.
I remesber it. ©
{c) Das’ist gn Sepia’zu beobachten.
That cwn Be* cbserved mﬁph.
In a sense, these-regularities are not’ tuv-priﬁng, ‘sifce pcoplc have to

rehember ahtch prépésitions go%itfh nich virbc. dﬁd Ahe Bore rogularfhes.

Tidhted by the fact that

the sdme preposition’ may be usedl it H R ather wide® W"iﬁg of verbs in'a

" riumber of différent uau‘ Thus we have for @iifs

(@) Er wirkt m das PubiTkul;
HoHal @n eftect on the public.
©(6) Er religtert nicht dargyuf. oE
‘Hé did not-react tg it.
m Hir Hibeh stundeniany suf 1ha m%t. "
' He walted for him fob hours. - '
The semantics of thebe reguirsd propoaitiahi; "ih:.n.""téin"‘g’ivvc a clue to the

relation batisen sdbject and verd object, but thé ineuudgc 19 Bover
definitive mthout the-evidence” providod bu tﬁo vcrb. R
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4 S ldloutic and Spqclal Uspges o
Anothor oituation in uhich th. words in_a clausy pt@tkngt »3p _one-to-one
onto the sanantic ropromtatlon ia uhon ldlon are prqmt. ;,Lg- vsing
"idlon hcrc in tho mantlc unu. to lun lnu pl'rlqo d\gn ppnlng U
dlfferent from tm sum of tht nuningc of ito coupomnt uordo. A uuntlc

aciated uigh he phrase
- itself. In tm oustn. tho nost gomnl uay to ha!\dlo an idioﬂ io uith £

‘ropresuntatlon for an idion, thm. is prop.rw o

SPECIAL definition. For sonthlng liko:
Das Eiaen’schniodon oolmo es heiss ist,
Strike while tho iron is hot.

.uo could urlto a %CIAL dcfinition for m ('o riko")‘ thlt uould check
for the prosoncc of tho rnt of thc phnu. th@ pr_ggi,gg 4w umm:

7o

reprosontation to onbodu a nanlnq like ‘Act umlo thcro Js thity.

i &8

Note that thc ou-tu dou not dul ulth ouch utmivg idioms, right nos, .

LB

' bacaun nom ara prcmt In tho unplo waglph N ] . e ¢

RS g wes

The w.tn does handlo non rutrlctod !dloutlc usages ln tuo Hayst
through the collocations list and through the uloctor mechanisa. The
selector was mentioned above in section 4.2.1. ltgr’.pqgrmﬁijm{_tg‘crogo‘n .

reference ulantlc definltlono uith oynt.ctic futtrn. A fﬁ&llitu not

AT

nentuonad abov- Is tho appnranco of a uord. s, uoH n L fp;ggo. as

selector.‘ In ouch a case, tho unntic dofinltion ig agglgcoqlo only if the

next word In thc nntlnco ntchn thic word. L :
The uord sclector facilstg is obvloullg linltqq. %“d It would not be

mctuded in the sgatu if it did not cone umtlllw‘i'for free.” The .

eral 1ty 8l thoygh right now 1t

col |ocat|ons Iiat is potontiallg of grum gen
is used onlg for anociating propouitiono uith vorbo. 3 ducr-iqu Ln the last

section. In’ tho collocltiono Iiot. Ve can lnd-x e nanim of a varb by a

5 g B AT e P o % AL TRENS AT Y KR R T LR s ey 4L
R g SR PR b S T e B i A i
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praposition or segurible prefiic ¢l seiners in the mtm 1t would not be

i FFTcuTt to extend this mtn to mm mm mu our "Strnu uhilo the

iron 1 Hot® exsmple, and 1° wmet thtt thlc uould u a good m to procood.
Hriting & SPECTAL @stinitien for mrg dion

thit uu mt tu add to tho ouctu

‘would e time eminu, and the cm mw u rwtﬂm. ffw but poncg

[

séons to be to uss ECTAL Mhﬁﬂm mimlu. M to use tht colloeotion

e mih HiC

wechanion to reflect the rmilﬂﬂu tm Bln bo fm

4.7 Special Entriss m m Scmtlc Mcmtntim

Several mem mt nrku-o arc vud in tho omntic repnunt-t)on

gy JBIIIN oo

" as it Ts bulit up. fmu in tﬁc wwt mmm mm wec.‘

PR

s -

»IB mtn rcpramt noum that

Gl opeoameer §oyhodes 5Yo

o @il T

MNDOURD, il IREFERENY. Tm fmt.

'nawe & participant in s rilatieﬂ. m Iti use use Hlmtutcd In uction

4. 2’.2. ‘the throe other’ ntmopt-. uMeh um m m uum rapueod by the

tine that the wator o:m t‘hc mtc rmom«ﬂon. arc the subject of

this section.

4,7.1 The M"ﬂm

The MNEBOUND arker T8 8 tm&u macommor mm:h diuppurl by tho
R

tine the ssiritic couponent Finishes Ite work.  The m of tm. nrkcr is
to atfon evalustion of relations mon ol mw wticipmt. mm b«n '

2% %"‘”‘ﬁ 3T ¢
bound. This is not in any m a tﬁwrcﬁul multu. otncc ue can lluouo
wal't ot Pl El the' inr‘tletpnnu are !n mn ouhminj t*}olctlm. | nnd

b+ B

it a Sdtisfectory wollition, Howsver. becsuss it mp. "tm ..mue coaponqvt
tatr ) Wookikees thet ls, ‘the INBOD" umium ‘ol los o0 m prmmng L

g ety FotanEEd

U possible fomnmnnmmﬁnmmm

AW o umlm ‘conalder the pﬂ-m "dlo ll lhrmouotu vorltuundon
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‘Erugurgqm," A"the excitatiens -that rum. threugh - the -nervous. systen”s

literally, "the through the mr'm' wﬂmm engitations™). Since we

~ Hant to handle the prenoeinal etm'lmmlm'wm a
1t is pareed, SICLAUEE produges -the :repragentation inditewe 4.8 . (and maybe
others, of caures, for the altarnative intacpeetationel. - Mote thet the
prepositional phrsse i Nerveasyaien’.ses Qm handind using ANND, but

the processing for the prenoninal. cloves-hes-Sinsady dese.the binding there.

~ The representation shoun is left at the clause node.wheee i eite wuntil the
main noun Eu;m is parnd end SINGL Is sctivated. SMNGI clll.l the

o AAN-THROURH (|

. |rETA

' FL”’Q"* sgpt o L ey

SMMODIFIERS routim. which is, n Its name iqmu. a Wul clurlng houu

bt s

for modifiers of nouns, vorbu. adjoctim. ind thu rnt. smmnms takes
'*E." UinanicheEs . *,{u

note of the fact that the modifier i- a prm!ml clnun. It knous that an
M.MOLNJ needs to bs raplaced. bu tmi%s for tho nom. éulng thlo. it calls
REB!MJ to make a ul-ction rntrictiom choek. da tho Mndlng. and ouporviu

romH

any renaming ‘that is nocuuru to kow the nﬁcntlc nwronntuﬂon ‘consistent.

T . medy

mm Is used ¢ for -

: Besides P"m‘ml clouou. “the M8
Prepﬂution ﬂf'oum “(since’ Prlpooitim. .-. m.”" "Wlmt.d w tuo-m.c.

ro!ationo). for ‘ubordinato clmo of varlm mtt. m for thou adj.ctlv-

groups that are r.pruonhd as rﬂlﬂm. Mtﬁotm iﬁnﬁou:“c;u;o sl
o v o Lt i ’{ B
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conetituents -for perticipsnts of the relation il have besn parved, uhmt Iy

- not sl will have heen sveiuveted samentisiily Ffer ‘siiple, the aain verd).
Theretfors, theiise of: mm meshNion i mﬁﬁfm-m ouses,’ end
to keep ‘things weiforn, | hove ssed- U %Wté‘f teature is
probeb iy @ lee westul in’ memrm m»nwni other: high
tovel deciuions ;e siee kapt). oo 29 e of Bereen spntes
tpromuinal cleusss, endvorder Vorne), heneves; WeNeS 'noi SOFE iof portidl
binding weshanisw seseatisl.

4.7.2 The MNGPEC MNerker

MUNSPEC, for mlﬂﬂh" i» mmm hetch for the ssmantic
component; it is azplmwu- ur “"’3‘-*&: iMmﬂm that is loft
understood in the utterance. Some m Wi gnubo replaced when noun
group rofﬂumo to btm but nﬂw‘hlu !ﬁg

¢ “u_'?tht@mtln component
to mull over.. k\mh mw;ma»&wmwm m is used

or. .One place for this sortiof 4#Fkar is in relationsl nouns. Often tlnq is
left for the r«dlr to 111 in, & in N
(g-) xw !rrtmrtl sich an m Renen.
‘ Karl mmnd tm race. ) B '
w Karl freute sich suf dgs Bm-n |
Klrl loalud mwu to the race. | | ,
In (Q). tho rm pndltu Korl'c mul actio‘n,Ain m Kgrl’o mttl procon
comes fint. Furthu-./for m uw af rclatigmi mmo m part[cipnnt i
hft w%. frmﬂilu t& mnt.‘ ln 3 lat ;f ;nu. t(n mnt Il undorstood to
b- tho umurul mm for mlo. ' "Sehiuufon m gnflhrllch um
"Skilng cen bo Wm ’ l.c.. lnym. uhe IHQ cm flnd It dmprou-). Not
all such comtructo lnplu anyone, " hosuever. Some cpmt- can be unique, ae In
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“der Erfinder der Buchdruckerkunst® ("the inventor eof printing*)s  while most

underatood agents, cen only be datermined.yith resgect.te,the aentexts "des
Abschal ten des Stroms® (*the cutting off af _the m-r' SR be dong by &

homeouner, a compsoy, or 8 repsirsen, ..The MMNSPEC macker
to defer the decision untll wore_ Inforugticn ,lg mﬂml&- - Amtw use for
HUNSPEC e when the _armtlcal. pm..lm‘w,qo W;,,géﬂ't_gtvgmum .
abgeschaltet” / "The _power . iy DNMM gﬁ“l.: L gqt the _seme range of -

Phr N R s

possibilities here as in the relstionsl new uith vog

473 IANSPEC for Ellipﬂo A R , e
. The MANSPEC uses abave are bnigng ugtornlnoq bg ogntgx. ln soms other .

N s

: ’situatiom uhern mfucntion is feft out, . there

. Jbo . loxlcal buu

for- the dclotuon. In our par.grgph! fgr 8 oo lq.?,;gu*o
uhethcr octopuou can porcoivq colnr, Mtor ’"'%ﬂ, - .

.8 discussion of

ghut nupporto the

cxittlm:! nf color porcoptlon. the nuthor W& ey ggéggﬂnt du e
nindntln fOr dises Form for mmmw %Wﬂ (".,.thlc. thcn,
at lmtforthmwgc!m sooms. to subport. A colgC AAReR’). Hece the author
has subotityt-d a noun group  for L nhg!m M ;»39’ ggjgt&neq of" plus
_the noun group, 1t sesns to.me ”‘*' sbbreyiations. |ike this depend. vecy much
on the special sense of particular words. {nith possibly, same.growping into
Classes of yords that slio sinilec tupes,of allipala);, In thls.snaenle, the
olVipsie might be friggered by "sprechen fir® ('svpeprt’l. For_thess.cases, -
then, it will be up to a SPELIAL gefinition routing to intreduge the MNSPEC
marker.and do_the necessary binding,  Deductien. can, then deglde whas relation
I8 undergtood. This definition approach. gusrantess, that. the. systen can. Qiﬂd"
ap-clal cases and know what it nesds to bind, for. Mpq:t.imlr cm
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4.7.4 The #REFERENT Nerker for Proncuns’ |
The MREFEFENT warker is used for third person pronouns, #ince these have
‘no concept markers to call thelr oun. This réflects the fact that for the

R

‘'semantics af & prenoun, ue are totalfy de oh IAféimation from the
corsfersnt houn group for on our krowludgs of the actis! refersnt, as for the
first and swcond person).  The WREFERENT weiker ‘1s ‘slipfiied By pronoun
definitions, and it I's similer to MNBEUND in that it has been replaced by the
time the seNsntic representations résch the deductive component. The =
mechanism for hand“nu MREFERENT is also functionally siuilor to that for
#UNBOUND, in that the same sort of rebinding is dene.

Lot us look at the use of the WREFECIENT marker in more detaiil. First,

for things |ike pormi end relative pronm ulght be rcpiocod
aimost inmediately. SANGI causes msumon of the pronoun detinition,
setting up the WMT mkcr. ) prmw Wil not be ‘called, as we
gencraﬂu will not have qualﬂ‘ien foilouﬂne ‘these pronouno.k m is then
called to handle réference. Tts’ Job- It o constrict’'s Tist of ‘possible
referents (using heurfstics tlkﬁd"‘u’l th 11ttle M?r’&mwn' s wiin)
~ and to eliminate m that do Aot spree uith ‘tho‘"prm mtntlcallu “(on

I 088 s then révound to each of

the basis of genter and nusber). The IREFE
thess possibis referents. As semantic pl‘oc“sma éontinues, sosé of these
wil1 probably be eliminated by ssiection réatrictin Ehecks, dnd the final
“corafersnce dcciﬂ"‘{‘f! W11 be made by the deductive” component. |
 FErom uhat hee besh said so far, the resder wight cbnclude that the
WREFERENT marker 18 not necessar v In every case. 1t s true that if the
proncun‘088 s rebound Tmeediztely, then the marker is an extra step. Even
personal pronouns, however, can nake fomoru W-ﬂuﬁ. ‘which sre onounh to
justify the marker. Comider the example:
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Ehe gr _i.uuqyrikujioron,'isam,: wuss ,ighang die ﬁwgfmg maghen.
~Before ha can enrgll, mmm 1ake fhnmm ' oL SRR
Here, the MFERENT marker is ingerted fnru:»mnmms cebqund .ta_the
0SS for Johann unti | m is g&llod for the, nm?gmtg, N)othor
situation uhg{e the WT nacker is, justitied iy the da-compound,. M"
 foruard reference is frequent, 10 the saesle BacagGegh Me haver .
«+ouas_ebenfally sebr daflc wrichts dess dises, Tiera Eachen zu
unter.chgidcn vprpbgqn wa oty Spmeaiuen mlcooon

_ ++suhich again very strongly suggests tm&r,gh-n onimals are pblp to
distinguish colors

Here, dﬂ-ﬂf— refers foruard to tm "dno ,clm Fer . ;,l;qgc oortg ot pronouns,
the #REFERENT narkw- frggu-nglu rming as. ong. pqqgl:ggg 1Igtg:gu&g!t ton, mtll
‘tho ‘end of the nn;cnc;, _k%},t_l;m,?fgg‘gm.trgggc;ggs%-m befound, .. .
_Hhen the #REFERENT marker is.rebound, we wil| went somq way to represent

coreferance. Since coreference in full noun groups will be represented Like

pronoun coreferance, both.are discussed tegether o the next section.
' 4.8 chromtlm Ggrq,f!rm

It seems desirable for pronouns and definite gown groups. (mare proper |y,
_for all noun groups that are cor,-.._t-m;gﬂif@;&?mw!‘gmnsmegln the_ text) to
have similar semantic repressntations, By the time she.generator sesy the
_representation, thers uill be no eliclt indigation A hether .the surtece
structure contained o pranoyn or 8, full.eun.gEaue: . Tnin makeq, seney,. since
the target language has its oun rules for corsfergat.ngun greups and proaoun
insertion, and these may or may not cpincide with the ruley. in the source
language. In this section, I yill discyss tinding the gorefereot. noyn.group,
the rapresentation bqilt.idvd‘i,oqqgg of pequdo-cocefncence, . Althaygh L will
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Faferdntd ‘b a grest distahes: Full Houk groips, Fove
ShetTida, Wnd & rEHEFEAY CouTd potentidl 1§ ba Feind sy
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spedk of & Wouh grodb “refer

ng® Y6 afiither ‘ndun Groud; T really mean that
the tuo B CoF@teront. OnTy extrl-|inguketic tifgs " tor “quoted words or

‘phiidsa Hw [tigatetic discubeitm “Bee Betulll 1y Feflrred to BY noun groups.

Note that reféFifices Can b wade t4 ‘o thir’ ui%mm By USiRg ﬁ*m. “Fike

O 'ndult’ group
& rétation is irivoived.

coreference, Bub Al sHIuETIon TH with the sbid dier
For o provouds W §ETE that 66 sumbi

e Coliponet Mcéiulates a list of
possible corsferent structures. For full m*&wmwunm is |

s 1TgNtTy dirtrerent, dnd the’ SBEPOBEN 04T T inba Fere 1BH Touis & Hinograd. Pronouns
are 80 weskly specified semanticelly that they ésnnct bcuplutod from their

o Th ‘the text.
While I suspict “thlY Feferences outeids e Betagraph ae Timited to certain key

T Houl groupt, T Eted thimk that difﬁ‘il’wlﬁg m"n&‘%"iudc“h non-trivial,
1.8, ROt obVious frok #urfete Structure in every cesd. 86 to ‘procesd for full

noun GFoUPS “as i did Tor pronbuns - EoRBtFUEtTng & pdssibilities mt and
narrowing it - will not be feasible. Even if uo were to Hnlt our seareh for
referents to the scdbé bF & piraheedH, o0 posdibilities |ist would not be
very Interesting, eTHEs ab Have nd Joblividy Yo nerfoi déun
I sowe i1tultions we ’lfﬁﬁf’"bﬁ"ﬁﬁlﬁ Yo ube sefeétion réstrictichs to narrou
PosETBT I i tids, Bl Ta géneral they uifl ndt B4 sdsquate. ~'Firthermore,
corferant ‘Full Wouk grooPs do not sgres dith thelr f‘if&?ﬁnfi?ﬁ"g&ﬁdﬁ? “and

the “possibilities.

' umBEF. W 6018 Hive 8- poYefitTal 1) Butky pivsiBiTiItids 1 Tet snd nothing to
‘do With it For this Fedson, Tt Ts T8Ft 16 'the deBuctiVE component to

determine uhich fai | ‘Houn gFolps ‘are corefrent. “Althéugh the deductive,
rather ‘than the semdntie componsht; ulll bs ddding Edkeference Inforsation to

‘the seRBAtic reprideritition Yor full néon groubs, 1 would |ike to tinish up
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the discussion of corefecsnce at: fhia time. -
- The main feature of tho'rmmntﬂ%na*%i'*smta%MfMtﬁtuo‘rsnjgivon
the same. urialﬂc: GMiotw m&in@aﬁhﬂmﬁkcﬂW"Mﬁﬁi-wi'érf?mf“
-names differ. Prongun semsntic. nodes i) |sslusge tend thein CONCEPT setting
from the corefersnt noun greup when #REFERENT. ip reboindy: A futi neun group,
an the other. hmd. Sluays nupp«Hn itl oén concept markee: Biven a-vaeiable

-~ name alene, it is nat:always easy: Ao find other.semsdtic nodésssharing the

same variable, so the register COREF is;eet toie iist-0f ait the coretferents
of this node. That 18 when we find.s:beck retseence,:ue set .the COREF -
register both on tbo:;r.forrhgf'ilﬁantIeénmfmdﬁéaﬁtu neds refered:to: ' This
uill he.useful for gensration, since: back referance in-one language might b‘,v
better translated.as a feruard @rnm»cna in-snethar: ; Figure c;sg.im. soms of
the informat ion-that uill be present 40 the QB8 sog;sahs;.m «coreterent noun
groups: "the cephalopad”.and "this goimal.® < - .. o

PO I -t d —— §
OSSNAME= 0SSI ,
CONCEPT= #CEPHALOPOD CONCEPTe #ANIHRL
| VARIABLE= X1 VARIABLE= X1 |
m' p ‘m‘ e dEL L EERERVE S & mﬂemt) iﬁi&t'

: Fism&lnﬂ i :':-3-‘%"9%3 S

Note that.other registers .are.sei. separsiely-for gopsferent sesantic nodes, so
that they uaﬁ. and-often:-will, ditfer in @!ém,.cﬁlmm;utc.. 5

- There is.another phanomencn that behevescamch. lbw cersference, but shich
we might call pseudo-coreference. Lonnider -tha-svample:

Anna benltzte das grosse Wirterbuchiund:ich. seghtatedas kisine.

Anna used the big dictionary and | used thifk.aflll m0s. - -
The noun group under!ined in the German is elliptic for "das kleine
W8rterbuch® ("the small dictionary®), and we can supply the main noun by

looking at a noun group earlier in the sentence, "das grosse Wbrterbuch™ ("the.
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big dictionary"). Ue might thi,nh;:\oi MM%Mwm"awmj'm 2 baek
reference: to "das:gnosse. Nbrterbuchy " mm 4 refors: to: thmgomr-al.
class: "WBrterbuoh” {"dictionenyll cather : tham: to- thepmore:restricted class

" large dictionary:” In:thisscoes, us erecnot restiy dusting uith’ cereference,
but with am.sbbrevisded:nay of distinguisiing (00 seperite Dut related

. objegts. unrmomt the: tua. ubth ¢ i fapent vartaniss, but aleo notes that
the abbrewiation has:been:used: by £11 1A in: thesulet: PARALLELS - for both roun

. groups.  This reginter-is 8lee uesd: to 'cepresent paratfel ien exiitlted by
conjunctions. -Lln.oue exonpie sendence shows, the RSB’ e for the tuwo conjeined
clausss: wauld atec. be: mapkadcparas el ) -RARLLELS: lo ated Used for paraiie)
‘wain clauses; either commected by-8 seRi-calences: in supirate-sentences. The
 bamic idea i that this Peratielise. intabmation-1e nbt-reltt |y lahguage
 independant, since-seny. | mngiegss © night: Mive-d¥efeset ‘Files- for conjunctions
or noun group. pm-cenfarm. mi this se- 897 tHH PARALEELS® ‘regieter
saves time mm mmmm ln tMWW

4.9 Smn§te'nmmm for Mm_( Fastores
Thematic -unm represent: Wi:uion of en utterance as a
message. :“As: m. thay: are.dot resteietedstosthe :

I inguistic ongenizetion sbove:the mm “fms fﬁ(. tﬁﬁhttfc syotens can be
found at the serd; group, andzcisuse |evels-af-a sgetinic groeer.  The
dlatinctuona in this. section are-adapted: mmwmwm ‘hepeful iy Wi th
the original intentions:-intact. Resdersiutshing:te judge’ fé> thenseives are
referred. to Hallmwm ‘ o
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4,9.1 What's in a Sountic chrountltion Roviﬂtod
Bofon comidcrlng thontic

In dntailL lot uc r.turn to the

ST weEma

queatlon "Hhat ohould 2 uuntic r.pnnnunon npru!nt?' Uo can di__&gldo the

‘ uhlch um b' thmtlc.

(AR ER B 3 I I

. Fint. tho uuntlc ropr-»ntatlon mtlim lnforntlon frou tho
propooltional lovol - wore or Iou. . Strictlg Mim!& I uould conoldor the

,propoaluonal um to bo rau knoulodgt mtlco ?i;;n the thoutlc
FieR vt

Mogsten. But. as ue mll ses bolou. e obj.ct-nlogim-proportg dioungtlon

cHLEEE R By reaanig}

__ can be callod th.ntlc., To call the propooitloml lwol mmtlco minus

“u“"‘ R
thenatic lnfornation. thon. _Weans thlt lt !l . oxtgnﬂg Iou lcvcl of .

organlzat!on. Let me thoroforc quaufu tho ongtm& ctlpnnt and say that
the semantic rnpruontatlon contﬂm lnforutlm frou tm,prqpultlml level,

;#me* :

augnntod bu tho ob]oct-nutiun-proportg dhtinction. In thh catogwq.

R @ vy FREE A'r M 3 ngraierd

would place the registers CONCEPT, CASE, LINKAGE, VARIABLE, and REFERENCE

- .'A 0 A KR :
g kd

A ucond kind of lnforntion in the unntlc rqprountation rolltn tho
AW T E gy T l*)gﬁ N
kourface otructuro of an uttorm to thia mi-promoithnal lqvnl.k Foc ﬁthil.
c - 2 [ - .
ue have thc ngioton TYPE. m FESTR!CTIOE. m m m

'-ef”*";

‘and W#, Thls ia inforntuon tMt h uogful ln dgcigtnp mothor s
rcpromtafnm\io’appropri.tq. docidlm tu”u glthrqgn} m!'ﬁ
ropruontations. and kuplng trlck 99 ttp “‘%3» Eqwﬁcrgﬂrgwtlﬂm
corresponds to the syntactic structure thet s being built by the parser.
| Tho rest of ghg mforntion in gho mg
This inclu@u WTATICNS, GIVEN-OEU ,COREF, Pﬂ
[TYPE, MODIFIERS, THEME, snd RESTRICT-DESCRIBE, The rgu!m" Qf tbu -qctiw
uill be devoted to these thesatic categories.

ic rmtation ig thematic.
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.

4.9.2 Thematic Organizetion Below the Clauu Level =

Most thematic iriformation m to e nlatcd to the clauu; the group
levei. thematic features that uill be discussed hers are aiso found ut tm
clause lsvel, Dnc ou-tn discussed in this uction - tnforution focus - ls 8
discourse syste, and should properiy be rmmmi soove tﬁo sentence level.
Sirice, hotiever, ite wanifestitions ske swen lt tht m lﬂd cuuu lovﬂo. it
uill Be represented at (N ralevent group end cleuse muc nodes.

A thematic pmnm at the uari Iml l- comtltlon. rolltod as it is
to the Mﬁ-’u choice mtmn different m af mmlng the -m cons:cpt.

Looking next at the grous isvel, the heed / nadumfnnu;& ssoms to be

fs,.w

thewatic. Corsider, for ‘eummple, the diffwm Muuh ‘the tuo noun grwpn
€1)  der Blaud Rimmel / thevtue sky o
(1) die Bilive des Himeais / the biue of th.okg

In the sehlntic rmcmtltion. !hi dnlu uwm umun tﬁou lt thc ;

Ano ther greup lml thematic festure is th- tﬂﬂlmﬂm bltmn obj-ct..

Ngis%r

relations and propmm. Objects and mattm can both be sesn as bundles

[E 5 g &g

of prapurtiu; in a-nmng tm. m m nlﬂngta éoultmt to a comnnt
uorld visu. 1.8 tu ‘some sort of 'Idontitu“ in thc cm of objocto tnd to the
assukiption &f rn!atodmu“ inatad of rlndmu in tho case of relutlom.
This conceptil lep of faith dées not seen 10 be & cor
part of @ Indivieudl épsaker, bt ratheé a cholce that Is bth into the
The ruwn T sy |snguege ﬁtn iretead of coneuptual “structure is
et it is possible, for axsuple, that the cuie.pt"ov qob]odhood" differs
frou rmﬁa Yo limatsp g;fu of Hopi (36).
Neéver tHéieds, for the ﬂ-m:littng wotéﬁ. fho ob}uéf. rouﬂon and proportu

o B

f"touo cholcc on the

, ab Hhorf conttﬁdt in hlt

jdictive dats base.

distiriction is expected to be NaiAt#lfed iﬁ the
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This io bocaun tho dhtlnetvlon seens to be Intowﬂ to both Enplloh pnd

goh gt st RpoRenrwg onesil gin Al Ve
Goruan. ; If. in uct. IW do dhunwiph oujcc‘}g. r.uuong.

amsein ¢

Bere t

as uell, thcn tho meptull ropnundtlt}m M}M'# mug lum
dependent in thlo‘ncpoct.

propnrtin in difunnt mq and If tm. rqﬂntc ?ﬂp mtngl dlffgmo

EE TS RO UEE Fo R 1

o

Fimllu. tho diocouru utmiu ;;@gfﬁfuﬁ m;q," umeh hglonq tg what

Hallidag callo tho inforntion '9'*'!;3 alqgw ” s growp | l-vpl tho”tic
P < o ¥ n X FiE ) = SR ] ft# ,, &
futurc. Sinco thig nggtq- j- rull%}n{gﬁ:};u m!o&)c’llp&mly gortain
aspocts of inforutim organization mgmq tg be; nlpvmt. Q!VEQ
infornatio‘ri ioﬂthﬂa@t !‘,h,i’»‘h the spesker (gg;ﬁtg&:) !thWc the. listener. (rogdgr)

_can d.duce.relthor becauss It m been stated ugllgl g‘#grhmn
conaon knoulodqo or bocauu it io in;ou mugwg 9, n}c. OBJ lpfarggtlon.

on tho other handg h the nuon for the. pitgyi&mw.ﬁl&,.. the ..
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information which he nishes to communicate to the reader.

One place uhvers the hlm di&tinqﬂon is refiected in text is in
definite and indefinite deterniners. The difference betusen the noun groups
under | ired | N

)  Uas Buch ist mm. / mum i sappearad.

(1) Eln Bikh et verschwunden. /- A book hey dissppeared.
is that in (1), the reader is sxpected to know, or very soon find out, which
book is meant, whife In (11), he N‘m‘h :‘A'H semantic nodes corresponding to
noun groups, then, are nrmd bu thq EPMCNM mtu uith either GIVEN or
NEH. Nots that thn Sesne thn Nﬁ nlmmgm propertivs are also wkcd
alang the uay, i.e. those that dére m " mmms "das Schuimmen”
/ "suimmihg”, "d:h Biduse" 7 "the h!m Pronouns, bf course, are
autowatically GIVEN, since their referent is alusys expected to be derivable,
either shen they appeer (for back reference) oruuoonumcof thc .
séntence has besn procevesd (for torverd rcmm). s e

Another placc that the in?orntlun foem mtu Iu roﬂoctod in text
(although it s not now handied), Is shown in im fomuing -xa-pm o

() der blave Kiotz / the blue Mm R

(1) der Kiotz, der blau ist / the block that is blus
One iuportant aifhnm betwsen thess tio Is thot tm t;itlr. noun oroup in
the tirst exanph mt be G!VEN; uhil. in tho neond tho subortﬂnate clauu
ansv "mm to be fiﬂ even thwah tho rut of tﬁo mun group is GIVEN
there are the distinctions batuesn head lﬁd nedmon and botuun objuctc.
relations, and ps‘apur‘ti.o‘. Thut two group Tevel’ diotincuono also appoar at
the clause level. Fimllu. while the information foeue ou-tu is propcrlu

discourse h\m. the given-neu dluﬂneﬂon s ropnuntid both at the group




118

and at thn clauu loval. Noto that tuo othor r.glat.ro ln tho mantic _,

L

roprountltion rolltcd to inforutlon foeuo ”re m gld P_‘

were diocuond in uction k.& abovo

EE S T TR Y

[
ks 23

4.9.3 Thematic Orgenization at the Clause Level

e

L An inportont cl.un Ion&li ‘!“.9‘“& lyohl io tho thoqp-,ég;qgo
dintmctlon. ln terms of Hallidqg s doﬂnitlpn; the theme is the ﬂrct )
constitumnt of the claues. In the tramiating sstpe fcetors,, te,topee 1e
marked by_the sintactic comonant when the plavee iy presd but Lt 1y, glee
given a umtic ropnmtlﬂtiioq. lnmgm. the tw rqglottr on_the

clauu RSS is set tg thc r_‘__,”tlc nodc nm%?t.d glth tho tgg-o Hajl,qglu

| has characturlzod tho thm a "tho po? on which the %%55 bung®

T s

(16 P. 151). _ Th. rhqn io tho rut of thg clwczpm lgj‘ ;,rpg:,‘pf,}tpg_“;nfigﬁmtlon

oiE . EE TR SR

| .tructurq. ,tho thuo iu ofton GlVEN, . im for

Qs p spielen, /[ I&Mglwgm

’Thh is not lluagu tho cass, however, wmw thlo m}gncg from tho

samp | e paragraph:

LA R oty LSS SR

Nach von Hess, sollen sie alch i der farmnn” H-mcfngwn;ngg

According to von Hess, their (the ceshalopods) behavier s |1k that of a

color-blind man.

R L s . Y ST

From the resder’s vimpaint, thees scts se o st of directions for
interpnt‘i:ng tﬁc inforntloﬁ in the sentence. Hhen the thems is GIVEN, the
writer is saying, "Hers 1a a concept uith which you gre fpellier, on uhich you
can hang the information | am going to give you.” On the other_hand, when

e, giving, !Qi,mw;m he.copeiders

theme is NEW, the uriter js setting the s
helpful or gssential to Interpretiog what uill be.ssld ip. the rest of .the

sentence. In the example given, it i important for.the guther_te guplify his
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statement by lttributing it to von M lﬂ nunco. he lu mlng. *Don’ t
assuwe | beﬂm what | om oomg to tﬂl wu ' ln tho -unplo mtmco. this
qualification is also expressed loxieanu hu thc uu cf thc mb m_l_l_m
("supposed to be"). In fact, tho suthor oou on to giv‘ cvldmec that
squids do perceive coler, e A

Another themstic mechanisn thet relates to what the reader is expected to
do with the information he 1s given is wWhat 1 will call the restrict-descr ibe
distinction. Basically, a hesd-nodifisr type reiation ‘tfﬁmﬁmi(‘:f it the
modifier is expacied to give the resder Ussful or eesential ﬁ;ip in
Tdenti fying the READ. DESCRIBE informetion mey sise u useful, tu t it 1.
tr'cihd w im ur%tor s mimu mfarni%m. A nlatim m the |

attribute RESTRICT when modifiers oré used to imit the rofﬂm of tho head.
 ¥Der rote Pulli® (*the red sweater®), for mu. @hibite this Kind of |
relation, since not all sussters sré i‘fd”ﬂ; mi the 'li&}tctlv' ‘has been’ ‘used as a
distinguisher.’ “Ote rote Foumapiitze® ("the red ﬂwwm*) A the other
hand, ‘woutd’ probdﬁlu be & DESCHIGE r&luﬂnn. ﬁiit h m nd ie Wnllu
a property of fire engines, and so the modifier has been used’ punlg
ducruptivolu. rﬂhcr then as oh ﬁtup& to ﬂmlc out’ s partlcular ob}cct.
Tm- distiﬁctlﬂn is nﬂcetd m’tntleﬂlu in tinﬂng\{lsh rutrlctlvo
non-rutrichvc clmz o
(a) Cophalopods that iive in cosstsl arsas bulld thelr housss out of
(6) Cuphalopm which [ive in eontul lrao. bulid tholr houses out of
toias: S T
In te), the m&é@im".fcum*ﬁ dsed a8 & distinguldher, whiTa In (b) it
gives supplednticy ‘descr iptive ifornation, Note thet English readires
~ commaw for (o) but not for (a), and the distinétloh’ Ta'often emphasized by

CR - S
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,contrnﬂw ibas and phich. In German, en:ihe-other:hends: he. transiation for
both (a) and (b} uou!.d,.bn -

Die Kraken, dis. in der Kﬂatm Aebeny. Daven. Jtrtmh us.
Stlimn. T L et ataag, 3UTE
or better ~ |

| Qie in der Kistenzons lsbenden. Knm Hauen )m Mu.luo Steirten,
Since both types of clauses have the same surface ml!zltlon. mmu »

" knouledge must be uud to make the distinction. Here ue have a situation
where semantic interpretation is necessany: for Geeman: 4§ W&»o_httrm&ﬂm.
since i f ve are to cheass 'tbm,«mentfﬁm&mmﬁt‘lm'w»:swch a’

‘clause, ue must inteepret the Gecwan eoroachive

‘. Ancther G lavse: Lavel. featurs: is the regieterINFO-GR0ER. . 1f one-had to
classify this register, it.would be #ssigned te:the infernation. facus systen,
although. the 1HFI-ORCER registier iteelf -is:-8 very &d hog-measure. - The -
semantic component checks the semantic caees-of edversiahe in the Claues end
marks IM»‘D-MER sccordingly. If the adverbial ordurlng li the default one,
the rogiotar in set to UNMWRKED, -1t iiw mmg i mt the d-fault one, thon
the register is set ta.a list of-the RS§'s: nfftmemmu in.the order of
their appearance in the.sentence. Freswshiy: those nesrest.te: the.end.of the

_ clause_are conaideced most importent by the. Apesker; fueiess ihees. |a seus
ather ceason for the ordering, |ike sbupgens-medifions), ond:this night be

~useful .information .to preserve for ihe gensrater..

.. One last thematic category used.at the.clauss leva) M CLAUSE~TYPE,. which
is a register nat on the RSS corresponding to ihe giaves, . g.TM& icagleten may
have the .values COWND, QLESTION, STATEMINE: or GRCONGABY, 1t.is-aesumed
that this information uill be used by the gemarater-end alee by the:deductive
component. He would expect the dedustive.conpenest.40:know aowethingssheut
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~the implications of the type of c¢lause veed, .0 ‘thrprléwppoﬂt'tom and

. expectations associated with it. For connected text, thié sortiof Iinformation
would primeriiy be usetul for dsm;mm,ﬁ t0. to’lndicate the ways the
information in a clause could be used in Wtim.' For lor'o"?ﬁtonctivo‘ uses
of language, the expectations associated uith CLAUSE-TYPE would indicate the
‘type of action that must be W'M-W ‘careying-out a task, finding .

ansuer, etc.

- 4.9:4 ODiscourse Semantic Structures: A
Originaliy, 1 ptmd ‘a seperate-discourse sementic structure (DSS) whlch

uas to be associated with sech mmmd oerry: Ftoruation sbout

inmmtmtial ulaﬂmm. ‘Encept fnr the’ Infurnation systew treated

7 ove, houem. very littie of this desms to be Mhﬁh fru ‘the Wﬂu

structure of a fox_t. I uill defer’ a~¢3m¢$&—&f-m tevel’

,omtww. then, to section &7,

4,18 The Place for Cove

A case grammer in the style of Fitimore ussssiliantic cass mm‘mi;n
‘for ‘several purpdses. For some: o7 these tunctions: 1 Kave used other
ucﬁ:iamurfn the system. thenprﬂwhrmﬁi&m‘lumquim by the
verb; for example, the coltocattdiis 1iet: is uied” teiction 4.5 above). For
objects of the verb in genersl; I hive ignored cess Entirely; sssuming that
this inforntion woutd be used’st the dédubtive fevel. illnogrtd'c oyotu has
‘the case-| fke gloui ‘vartable SHLOC ﬁmnmf, whieh” Io ‘bound 'to ‘a location
required by the verb, as in "Put !Mboekmﬁ tabte. % ‘systes, in

©Ccontrast, uses only SMONE, SNMTHD, ‘and SHTHREE: te specttg participaits in a |

" retation. This uss done beceube:selection Festrictiohs ¢t led the Fote of

% -
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case here; SPLDC and the other globlll that one could add, |ike time and

nnnor ' uore rodundant.

[ ‘;g,,fdt!;} f,.r,- celov Iy S g

Sonntic cau don. houovor. haw R plm in tho tgmutlm wotu,
although in glvlng it om 1 hlvc utmd.d the meaning of th. tﬂ, Fcrth.
rest of tho uction. let us ‘consider -odifuing ;claﬁm mluomly. In the
ngatou, nloction rntrlctlom cpocify tho egpﬂrglnto a mzflw plmo on
ite head. ln odd!tion. He 8leo, nood : say ! nﬁ""”qt% types of uodlﬂoro
thet @ head can taks. _For examply, e, sight want to, spgpify, that, svents can
be modi fled by locetion, tise. end memner, or, that phyelcs] gblects,mpy_bave
shape and color. Thess constraints sre not nou implesented, since . gxpect
_them to be nbcdmd in the ge ;_‘_ktivq routines, W ws%éﬁd M‘gﬂ i, tho
char;ctorlzatlon of the indlvidu.l -gdlme relationy & high level . .

categories which | wiil call sementic casess. griwptatjon, lecation, ehe

etc. - | | |
Nhil- the comtralntn on Iomflora Mn nq,t bgmwlmlmtgd. nnntic

case_information does havs other uses In ttgg wto@ 39!;?59 s _fof ordering

nodlfglng relations are onpruud ip terms of cape. ,{,Img 19 "die grove. grosse

™

Tintenfisch® ("the grey big agugg') m ’”%,&%W?" Ggr”n angd. ggglhh
because the rule "size before color™ has besn viciated. (Note that we may

need more §omnlitu than the simpie cass utogoriu to . express all the
ordering Irulu, but at least case goes a long usy toward expressing the more
common regularities that occur.) Cm also heips to mhln verb modifier
ordering. In German us would bo more likely to say "mr traffen uns gestern
(time) in London (tocation),” uhllc in English the mcéfroqumt arrangement
would be: "We met in London (location) wcfordau (tiu)f." 1 shéuld add that
right nou the German end of the system does nothing loro uith cass then find

it. The semantic componsnt does not care whether it nbo '_m grosse greue
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Tintenfisch® or @ "graue grosse® one. These rules, of course, could be sdded
easily enough. Semmmtic cass inforsstion dovs m'.‘f".,m. in@"mat’iéﬁ.
however, since modifier ordnrlng rulu in m tmt unwm ar- cxpruud in
terms of case. Lo
The mechanism for u‘-ctrlovim sesantic case infersation Is & oinpi‘o one.
Since I am assuming that ﬁiffiwét emt m'nclmu inﬂm‘difformi

 casas, the logical pncc for case inforuation is the selection restriction

' tree. To bai td the sementic rmmtttien for a nhtieﬂ cmopt mk.r that

“acts as & modifiar {including, of course, wikve- : ? we trace up the
‘sefection restriction tres until a merker is foind uith st.’"*c’xsle""bémtg set.
" Semantic ciess are ssseciated with ouhtrm “of thu uhcﬂen restriction tree,
al though thers nay be ssveral’ ‘cases ‘slong & brtmh Thh llim us to hmdlo
‘enceptions, since the first cass found is the one uesd.
oy

In this chapter ue have discussed the sssentic ri’wcﬁtlﬂm ‘m}th. uay
a set of representations are sesocisted uith wmmsmm. * The next
" chapter discusses sows of the issuss tm wist be mlmu if e are to

]

chooss a ﬂnqu lnturpntlilm for » glm uuﬂm,
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_ Chapter § == The Rola of, Uinderatend

| 5.1 Introduction ‘
ratanding 8 mtmg Mg of a8 tho process
of ralating it ,to an internal. know | adge Wg. ”@m&&mﬂmtlm
the tranelating systes inpiemented Amss tn eRAIrS. touirst sngeratanding, but
instead by-passes the probise sntirely lu m;&mwlbmmt on ot
sslaction raatrictions),. This onisslen Anisss oot gut-of the heLief. that
understending I unimertant to transiation, hut, cathwn, out of the. . .
~conviction that a frageantary salutian, is po,meiutian.at alk., Hlle Ate
. understanding camponent, for, the susten Faneine A, "BigEk box, T, the mechenise
‘needed to fill this gap la not as Lli-defined ap. )¢ gna. wea. . Rerank vark by
Tineky (27), Charnisk (20, Galdstain (S),./iclaintt @81, and. Sussman (34) 1s
extremely exciting, nﬁd_mﬂ tutes mmb progress, towend ® theary of
. _rcprooantlnq and ltl'mtwjm m"dﬂ" g ,\, ren T e
The chapter that follous rQl iss hquj l*@ the, Mus, in tha. retarences
_cited above, but 1 uill be m-'d-"wnm more. casiricted questions. Eiret,
Given the systen that Is deacrited hacs, uhat Aprbe of intarsctiens uawid ue
expect betueen a know)edge structurs and the rest of thw, suates? . Second,: 1
Will take a short look at the.sorts of specipl prohipms, that come. up Jn text
~ and some of the cuss ug can, take. santage ofy, In MRt S0l lgus, L uili peter
to our "black box” as the deductive compnent. althpugh Ahis.tece.is
misleading, Deduction. is.probably an. .impaniant; RAFS.of sndecetanding, but not
necessacily. the primacy sghaniss. L use theoed. dedoriont. inatesd of
"understanding,” howsver, since thﬂmmmouﬂwmm the
 companent and the systes.hare. might nat. be:identiasl .t Ahe intersotions
_betusen & more ganeral “understander” snd & sustenis inguiati o comenants.’

The process. af und
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In what follous, I uill sssume that the deductive comgonent is written in a
language uith at least the representations! power of Conniver.

5.2 The Besic Functions of ‘ths Bathictive Component
Understanding ptays @ crucial role ‘at the interpretive end of the

transiating process: we nesd to understiéid ‘Tn ‘order to decide which sense of
a word is intended, to untengle pronoun references, and so on. e would
therefore expect strong ‘Intersiction betusen Y dewkictive cowponent and the
parsing and sesantic components. As will bs discusestd In ‘the* next chapter, we
might also need to tram on our general mmumimun for generation - in
“particular, when paraphrass is ‘necessiry. This sesis to be a more specia)ized
~ mechaniem, but [ sw not preparad to discuss It further, 86 it uill not be
considered here. This leaves, then, the Interpretive role of the deductive
component, which can be divided into two Hnctioie: disasbigustion and
supplying information that is implicht, put nﬂ edticit, Tn text. In terms
of the system hers, these tasks cén be reforsulated 8¢’ choosing bstuesn
possitie sementic representations and f111ing in the slots Teft open in them
" (the MNGPEC marker). Thass processés ars not Independant, but rather

" intimately interrefated. Closriy, & dholce mmm-mtmmb is made
“easier uhen all qm information fs In. Oh ‘the other hand, ue can make @

" decision about Implicit Information onily uhin ue heVa committed ourselves (at
least temporarily) to @ particular context. The situsition Is not as
hop--lésﬁg» circulor as my presentation of ity I merely uish to emphasize "that
implicit information coen hlvd its uses Inv diiﬁlhfumﬂbn. and diuwlguatlon.
in turn, witl supply iaplic!t intornation,

le cannot realiy esk how the deductive comoniht ui 1 interact uith the

rest of the system before we ukuhon It witl do so. Ides! Iy, of coures, the
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understanding ssction of the system would be active, directing the paree.
. Since, housver, text interpretation is stiil st tiw sthge whers: syntectic
information is ususlly the best informatisn svailsble, the question:is resily
uhen the semantic component. should call degiction:. A 1ikely:-piece to-make the
call is at the end of esch semantic specialist, so that bad representations
can be siininated right susy and do #et hive te be oirried foruard. In
addition, if ald representations ars rajected by dediction; we have some good
-y information to send the parser.-. 'ﬂuwmswmﬁﬂluwtm orvor, the
: I.ua compl icated beckup will be; bim‘cun;mﬂuhg; o netr the:ecene of
the difficulity. -

Understanding i&fat, housver,  a singis-uoncl I thic process. Sm =
“linguistic structurss require & dtimfzin?m:l;of’"wmné - For enawple,
where in English:we would: say; ‘lenmmwmm bius one. " thq
- Germen could be, *Gib mir den potewwnd'sen hisain Batife*" (1) teratty,
"Give me the rad and the pius Cancli®): Hets, the' Tibet AouR group T 'the
- -conjoined muctu‘c cm be qui‘ evalusted UBtli: this: sSconid Tids -Beer pareed _
w-and eveluated: Similariy, wwwawdw clouse eonstroct MWﬁtMt |
good part of the processing of the cim mt nalt for the main verb to bo
parud. Constraint number one onoar mtm oe-pomnt. then, is that it
cannot be an all-or-nothing prm Inforntlon should be usable as it is
accumulated. The deductive eo-pomt nfwf be abte;to reject some possible
semantic rcpromtttmm for a8 given noun; group” wmm r'm of the

sentence has been wﬂu&ted but & more Iikow W‘oﬂ

“TS”‘%- to reshuffie ,
the prior%tin cf difhr.nt pouibllitiu. Wrm ‘process will be
discussed further in section 5.#. Rolltod to the uga of partial information,
we would aleo want to activate inforntlm net ]uot— for full wmtlcal uni te

(e.g. noun group, clause, etc.),- but ttwa iortm‘n lnportnnt Int-rudutn
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‘pﬂnt'.;. for exampis, a8 non'-ufu%,: mwmrm.. the: impiementation of
- the  deductive component: outl ined hers: sould-alee’ require. sone changes: #n the
»v sementic- specialists mum}wv;in the m E : '
8.3 -Relating a s-nm»to Ahp:Knoulndge Structure
w2 b ke aseumed.dhat the deduotive sommenent wiii: e activated by en:
aperoach 'sini |ar 10-that. used i Mineprad’ s:systew; Gach poesibie seeantic
. representation of & sentence-is comverted into 8 set:vf sssertions for: the
deductive data base, and procedures are sutowaticelly bullt’ fvom: these -
_ umﬂmm«w wtm the necassary: deduction presessing. - Won of the
mmtic rmmuiw to an sesartion: set:is: mmmmm The vwlnblc
‘in-an 0SS is compined uith theiconcept Warker: and. the:retetion #iS, for-
_.as, uell, dnd an sseertion nese can’ Bpp or:: ap, 80 ﬂf,mwn Mtwlu For
. RSS%a, -the raistion. concept markers. ars. consinad- iith: the vari sbies of-their
~argusents (}f these are.065's) or--the aisst tion:messof the. relations formed

wxomnie, (HIG X109

Al: (WIS X1 #OCTOPUS)
B Az‘ (”S &“ ﬁ“’ﬁ SRR -
A3: (MIN XL X2) | -
. Meeo AMOGATION KA .

Fiw. 5.1
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from armta (it thase ore RSS’'®). thmal,u,;:mufu;m?rgl,nt}cal!rc;@u&m
0 haped: on opnes . Figwe 6.1
1 an example of the nnrtim thet could, pu proguced, fer.a.mod| fying
relation. For the special case of the wedifying.relation. MAYE-PROPERTY. e
",’“‘ Id only one asssrtion, namely ons made up of thu;gn af the,property, the
variable or augft!qn nl@ojaf the head, mtmsmwtu'aathW-
Figure 5.2 9?""'.'»'! exanple of this. Thmmﬂmdv not repcasent all
the information in the semantic.representation, and. it le wqected that, the
procedures uill use thematic information #e they.ga oput tuenlog. the
assertion sat Into routines to be vaed by top, dydustive, seeponent. Just hou
this will be done, houever, ssems to depsnd. vary Wuch q;{tmym mnl.
knoulodgu io to be structured, so I uil} not. consider-. t@ ausstion further

anertionn baud on. consopt nrw: M aaspndie

hﬂ'l.

2SR

[} IR AL R 5 N -
la —_— "y
a4 S5 o3 s e
ysa‘:: L NDRAND §

AB: (IS X3 #ELEDONE)
AS: (#COLOR X3 NGRAY]SH-YELLOW)
When tuples like thou given ‘Soove ‘are nurtnd in the deductive dats

base, It is expected that they Wit tr*igonr lll or soms. part of thi related
information that is storsd as permsnent khouhdgo. “Yn fho -iﬁélo‘ hierarchic
mode! from Chapter 3, this would {nvolve & chain resction up through the

SRR P e

’
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hisrarchies, so that (#IS X1 #OETOPUS) would trigger the?a.g§ftipa'(nis X1
MIATER-ANTNAL) , (m*xx FINVERTEBRATE), (#18°X1 WANTIALY, etc., along uith the
related information in sach case. Most asbertions uill be wore comp!icated
than thess #IS tuples, and we uill uant to bé sble to record information about
the status of an assertion, e.g. under mtmlﬂmmumtioﬂ can be
expected to hold. Certain minimal distifctions are essential. First, ue
would want to distinguish batueen a relation that we know does not hold end
ons shout which we cluplg have o lnfmum. “I'n dddition, we mant to
distinguieh betwuesn a relstion that is undsserted But could hold for a
situstion, and one that Is not only unasserted, but #lso \rrelevant. For
extnple, w6 can avk “Where did HeFvey put the bodk?* but nof, "Hhere did
Hervey put the raldity?® Location, of Bburéd, 6 rélevant for concrete
objects but undefined for abstract ones. Furthermors, we would also went to
qualify assertions in the "yss" and "no™ stites, by the sources of the
information, the times the assertions ce in this state (sonstimes, often,
Mondays only), etc. The uinlnlmrofdifhunt uurtion'otatui. then,
is fours "yus® (1t Molds), "no® (it doss niot hoTd); and two varistes of
"unmwtc‘d;' either “defined" or - “undetined.® In pnorul. It s probably @
non-trivial task tq mtorllm whether or not a rclnuoq mld»ukn sense if it

were nmud. but wtnln broad dlstlnctlom ‘cen be made.

5.4 Positive Sql_;ct‘lon'ﬂntrictioho )

The use of a verb raises cortqlﬁ mcutlmmt m,lpl\t(.rn of the
participmtﬁ i_nvblvid. Similorily, t_t‘tﬂ;:ggtly_i .dmtlmrlln IIp.étlthn.
about the noun modified, md prm:itloqq,wru?MQt{rg<igtl on their objects.
The uloclti}qn restr i,ct ions introduced. inkcmptuﬁ ,3‘_jllduqd Qa'td sxpress

minimal conditions on participents in a relation, but thers is mors
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information that is potentially useful. For example, if we knouw one of the
participants in a relation, ue often have a much better idea of what the
others might be. Let ue cail the restrictions from chapter 3 negative
selection restrictions, and define a positive selection restriction to be a
‘block of information about the expected participants in a relation that can be
used by the deductive conpohent to decide betueen possible interpretations of
an uttefance. When we try to specify more cloealg what positive selection
restrictions should look |ike, we run iﬁto some issues which we did not have
.to face when de;ling With their comparatively simple negative tounterparts.
As mentioned above, if all possible semantic representations for a phrase
are rejected, the parse itself will be rejected. Since ue might expect
positive restrictions to be rather intimately related to the general knouledge
structure, we could find oureelveg‘in a situation where an incorrect statement
by the author violates the restrictions and is sent back to be reparsed. Thls.
is obviously undesirable; the deductive component should distinguish between
false statements and nonsensical ones, at least as much as possible. Note
that nonsense will be considered a misparsing here, since I am assuming that
uhen a nonsensical statement actually appears in text (as in chiildren’s
stories or a discussion of "coloriess green ideas"), we will have been .
adequately warned by context. An example of thg potential confusion of
nonsense With misatatements will probabliy be heipful here.
Eingehende Untersuchungen Ober einen etwaigen Farbensinn der
Cephalopoden sind sehr erwulinscht.
Thorough investigations on the existence of a sense of color in
cephalopods would be very desirable.

Let us assume that grulinscht is defined by the concept marker AISH-FOR (Ue

might want something more precise, but this will do.), and that the first
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argument here is the generalized mm nodlﬂod bu #MY. To apoclfu the
second object, we would give lt th- ncqltwc rntrictiaﬂ m.mm and trut
_thc situation uhorc an ohjoct appun in thio pueo u tho oort of ollipﬂs
discussed in section 4.7.3. What eles con bc nld wout rclatlom that are
wished for? One inportlnt factor io that tm nlat&m don not nou hold. or
at least the epssker bulisves that It doss not now mw If, in fact.
conclusive stucﬂ” of apha!opod eolor porc-ptien did oxist at th. time thh
srticle uas uritten, the reader mt lut-l thtt th. luthor dld not knois about
thewm. Our knowletige of thesk hmothdieal omm nould not. houovu-. block
the fnterpretation of the ssntence a!topthor -

Tt is harder to mulon some mitm mtrlctlom boconing Imrolvou in
misstatenents than others. Our "uish-for® mlo is problhlu d flirlu cpuon

Tl BTy R

“candidate for mikstéfewent. On the other hand, the m ln m) s qum
a bit tes likely to mur then the one In (i): o

(t)' ‘Harry is @ bachefor, -- No. ht out nrrhd Saturday

(1) Jane 16 8 bacholor. i No, she's & uui... o
A uloukc about hiriul otttm is pnmlu mhr to nkc thln one about the
sox of an individial. R R |

For positive eslection restrictione, tﬁm our kmm.ag- '.t'i-dé{un' ‘should

provide a wechenisk to sveiuate how Hiulu a m fu to ulu a mistske.
This mechaniom could take the fm of s voluc. fmctlon. or procoduro
associated with sach rutrictim to cﬂcuhic tho probtbllitu that the
restriction uill be viclated in tho gim cmttxt. H. llght not nud
coﬂplctclu upllclt tn%ruﬂon Mro about the H‘k.lihood uf vlclatlon. since
some of it might be mmu fron th- kﬁwl.ﬁ. .tructuro: H‘ knoulodgo in
" the wctn s arranged so that dcrtoln facts are wuch

Iua prom to lhtlkn

than oth.n. then the system Could sesume tMt “the urlter 18 aln uch less




- likely to .make wisstatewpents of this veriaty. At mgg.,ghi s uwm on'm
- serve as a toke-off polet, since pecticulsr coatext, f9s9n.4hestwr & chilg Is
writing) or .otho.t‘f_ nlu.,tg.tmtg; fgqp;mgﬂwﬁm "-wgﬁggﬁgﬁ our
sxpectations about the. ) iked lhopd, of mgim;r wrecs. .
lnt;rutnd ruﬂ-n&,nn rofgrr;g to. m;t@ mlch trests. guogtlom
vo,f&bclj,of, and doubt in thcauil‘ilulmgtmymwu‘gn- T

L 5.5 Fnllm in the Blmlm nglllmi,uith mE..
_He hlVI uld Ahat in mjtlpn to mggwum,mgbp e
ripnmtatlom. tha. deductive mt hould be, ngp w"&lntgcgum
-ihat has.besn left impiicit in the text. I the 'Q}Mt!é'ﬂm it hes.been
assuped: that such. implicit information cowes. in ﬂtsg@yg;&;;ga; ,Anformeiion
that will be necesssry in. gensration mmmmmz siylnot,
Therefore, . s iot of implicit lnlarmumuul .pat be.reflocied in. tp. mlntlc
- reprasentation at.all.. Consider the mxgmpless. .. ..o . - =
-+, Merkur flog nach Athen. / NMergury fiew. ta Athees. . . .
_ Lindvergh flpg nach Parie. / Lindbergh fieu to.Paris, .

‘Every object has an implicit time nt;tqgm,ﬂrgﬂm AL the, ﬂnrcyru here
i8 the historical one, ys ueuld have.gaod evidencs tar. pesyming, that he wade
the trip under his oun pawer, since the airplane had npt vat.tesn invented.

. On_the other hand, sincs Lindbergh's, f1ight pestdpted the lysntion of, the
airplane, Tt uou)d be highly unikaly thet the {1yl deee, ), done, In sy
other way than in an airpiane. (Knawing that Margur Mgw pn hia feet
and that Lindoergh made the first U.S. to Panise. w,g» L f1ight would be

noun tm”' th.n‘m tg ”’“""4[i»"f“"““‘%aﬁ»‘“w"“'“m%
Since inplicit noun tense seens usetul, should it also have & piace in



 Berkutey. has Jdeaditind’ the aueation of LIt TAtcRAL1en oF ta
ons._for. transiatisn: In m:: _f‘j‘imﬂgﬁ tabgun® gllir, 1 have ot
Aatancep. s 'taoii® 'oF oh)elits, pust be Explicitly
 represented. in t semntic: zeprRemn Rt 1h arlel 1L depéth’ transiation. .
(There may, ai“wu. be “wmg ‘Wi tliptione® uh.n the' ghﬂirofnr canhot
find a well-formed trmmtim And,nlm& M MMMHGW! c.llu to the

encountered any i

elosety related: thas' Gurner
@ semant i'cmm'(tﬂw;mdi?‘tdﬁl Foor ma
i Tte representation-tul tufﬁ@wtmi*‘ . SRR
Wty w'*to e Pﬁ s
repressntation for tma-mtor m Ty eamﬁ-its on’the mmntim that
Wil clasely be iicsenary for ginbration G ek hod Lt can'be supp!lsd. In
astion 4.2.2 ' dhecureed i use of HNGPEL YoF thifis 11ke tiwes,

‘locations, agenta, sff. MWith a m@a Wich be “tHit propoww Minsky

(27), this sort ot information would be sypblied by ‘s rich default ﬂrut:tun.

iufm ’ﬂw uﬁ%t susten

inforwation: both £5¢ ‘Tte Gdh PPl

Of course, mdﬂiutt fided not be ‘cmt.uﬁlfu ‘speci Fled by ‘the lﬁtoma!
structure. For exswple, ua might chodes a general defsult for the location of
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an. object to be, "If there is no rmt& think etherulse and the location of
t‘hp»obj‘cct has besn.specified previously, . m‘ it liqi!ll in the.same
place.” It seems fair to assume_that gnfaultmulll muu@o heavily sontext |
dmﬂdtnt- ,, e T s

In chapter 4 we suggested the yse of MREE for. nuapug situations
uhore a relation uas implied by its u-gunnto. Thon!ﬂ**ﬂ be sevaral.
, ponlbilitln here, Thc first varutu W:Anw‘wh paragraphs
O m- Cephalopoden seibst. auf Fachen m}ﬁn. Ast.aleh. bgkmt.., 80

ochoint ‘das zum mindesten fOr df

SEYL :;ww LR

\Hhothqr ‘the. CODMIopm aven regct: Mwugor Aonot KNOWe. . -at:,&mt for
these species, this sppesrs to support g wm m-
Tho full relation has.besn pressnied.¥irecst iy or gAn.he wmmm

from the context, and the srgument of ,thos,«.n!nticggmt;lom’ 88 an

abbreviation. In the. sxampie, ue.uouid.axpest 4he:deductive component to use
information about rui:ting to imdut#uﬁ‘zc}fmhu;m" tirst sentence oi 8
- question of uhether cephalopods.have & senss:of color. . -Later, when “.-‘.. the
- reference to a color ssnss, we can check gontext and spply the implicit:
relation(s): | |
(#SUPPORT
Al®
(MHAVE-FACULTY mm mmu =T
~ Here, Al® refers to another assartion. Thus, with good-understanding of.uhat
is happening in the text, this sort of ellipsis can be handied in-8
straight foruard menner. »
~ For implied relations that are not.inwediately supplisd by comtext, the
system Hill need a more qonoral-nfochm;ggz_;foeufmipm Aypical-selation gWon
one or more of its arqum,ia,, He wi bl .m<~smu;¢mmg;mvagain for
couipound nouns helpu. [ suspect that thmmwmlhd relations
will be draun from a rether restricted.grous, -with relatisne | ike SEXISTENCE-
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~ OF heading the Iist; but this speculstion is not Suesd gn éxtensive .anaj‘uv_'sin.
~ Note that nons Laplisd relatiphe sns derivebls unowilgued
i structure (for axsuple, the English *if possibte® is squivalent to “1¢'it is

By from surfsce.

 possible”), Ues would sxpact mfwm varbaty. in e
for these gases. ut they sce nat nalwrnk o snilh, “Riiies. Ahay Hould not be
marked with. _;wnﬁ L, o N : i

antic rdﬂnuﬁuti ons

‘ ,'%@Ye%)‘ig &.q» qroup of

- mg-u imtmim e obm ﬁ»mm mtt:gd

) =~ here, Bffren, to.open) " < "; e
H‘rQ. we want to find-3 rrﬁlthﬁ Ahat 1y the funetion af mﬁkm, 1.e. “(NOPEN

MKEY #O00R),  There sre 3 uhols saries f Hesd” Mificttona! ‘cospounds, ih
the relation .itself Is unepecified. So once ;pm, the deduct tve conporient
wilt hava to cm 8 tup:cal ralation uhen given its. ,gpqynﬂti. ‘Nate thtt for
the mnm-us a8 ve: e not seking fok & g )4 gl mechuiiien, since we
~—uould expact & mutw strugture to»m%itrm ﬁﬁw mm m ‘ob jett’ and

its fuaction, = - T LI s R LRE RS

o Co-poundq do .;mmt relations mmn mvwam e might isnt to
wrnpr«mt W m For msa. Do ‘
ndRotfer « hand Tuggegs O EURE S SR

Hmm ‘that can be cérried by hand) -
~ . der Kabinenkoffer s steswer trunk’(fiterally, cebin trunk)
(luggege thet can be used®in & ship's esbin) =
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For thess and other more. sssocjationsl cw&ithm&MW that there
is only one relation that cen mﬂlmtnmwm tb- compound’ e
couponint.. It seens mtublc; hou.nr. fof the mtlvokMt to
supply a likely relation.or rcutlm to 4bs spuantic. gmgmuon. Then,
if there is no squivalent. conpquud o classifisr plus noun m&mtion in
English, the generstor can uss.the ssssatic. rmm@ te.produgce a clause

AR

or parsnthesized explanation to describs.the object,

5.5, Other Contribytions ot the eguctiva Companent

Except in desling with the SUNGPEG. marker, $he.deductive,component is not
Qgpoctod, to alter the semmntic rmmn&pglw, Hnmmtlt.wmo to .
sut rogisters on sssentic nodes. ulth, Information. thas.ulil be usetyl for
_gensration, In pa_r.;tlsu«lr. this «lafngmw»,mda&m&ull ﬂtmzlnuuu
Halliday's knoun-uaknoun and. var iahis-valve. a3.. F iﬂﬂr‘Mﬂwb‘tM‘ tho
categoriss: rntrlctm,«im lﬂd mém&iwlnsﬁ,WC aiso be-pade by tht ,
deductive conponent, s uell as. decisiens sbout. conaterence.. A the- generator
becomes. more sophisticated, there uill .no.doubt .be: ether:gategories. thet. ue
uould want to sdd to-this list, . .. .. S |

. 5.7 Dedugctive Processing. above: the Septence.Lave!

In order to dscide.betuess micrmm;t ions, . She.deguctive.
component ulil have to construct s mods!.of the teut. . Littie inforsstion.
~above the sentencs leysl is surrentiy. incorpoated.inte the.semantic.
repressntation, since it is not yat £1sec-baw such infernetion, can be-used in

text gtnoration. Nevertheless, 1 think it is worthuhile: 4o: take- o lopk-at

_ some structural umtu of our.sample parageaph. .. Apus; Can.see. fros the
English transiation on_page 15, the. sxampie:psnagraph. cen.be divided inte. eix
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- sections. These:divisions con by ‘ ,
- An upweed-painters nm&wm 15 tu. comb 14 What haw coms before
i the: text . e
2. Hiet 1t - generel description oF the wechanise .
v Be Mt b de: ueee . feep: funatise, wmat:
oA Hnat cluees: THY b to- sstivase: thil mecly
5. - Hhat goes: with it: ‘aecompanging sétions

6. lesuet: can cephalopods.perceive colon? ‘
In this anatysisi-adctions 1-5 are. cies wmw “ahid.one would expect them
. to-be-heniied uﬁmun&m knoutadge of thic uey: an ‘
process or- mechsiviems:: The: sixnth wwm jo et tmmw rulpated to the
rest; and-we would-mot-wikpact: the preciassdeser ;5m~mm iddnl with it
optioh 16hot, - Howes
‘other tive: sectines. . The:baaic-ressoning: Kre- is, *Cefhatopdds ere color
 producers:  Are:they-alse cblon-consimens. (1w berabivera) ¥ The sinth
- emation,. tharsferwi Tovestigates dhwinveber: of & ke calation in the
‘peregraph:. Therdsiee i ational. |ink betisen ssction #1i s the Fest of the
pacegraph is nxfﬂrm;:cm.m vomenor. . Stiel far: akacdi atienel 1inks might be
used to intraduce: histonical Ainfoém‘&m;v,;zgr 1o mwim- .that.are too short

Nor vl d describe a

dirgctiy. . - The- lesue:af celar pen i, Uhrsldted to the

to. merit a nen-peregraph of thaie: v, Fron this: anétysie; ue can conclude
that: uhite paragraphs: are general iy orgsiizéd sround s #ingle topic, we cannot
expact  a-strictiy top-doun, one-topic-per e —peragreph orginization. One good
heuristic sesws-to be to-iosk for aveoctetional: | ink>hesr the end of & fine
ot deveription: or redsoning . mmmm mtﬁ eve’ uairld be. considered
Line# of deseriptien) e e nd e
© Amy attempt: to-bulid a wodel of the sampie paragraph wouid siso have' to

‘recreate the reasoning-used. - One.of the patterns ke see i the peragraph’ is:
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(i)' Gcnnralizagmm X ls a cauu of Y.

iy w‘ RGNS S

(i1 Evidoncoz » Exuplo uhcro X s Nockggt%mm in Y s o,bmvod

Thia sort of nnoning pattorn uould bo nnocut-d u;tﬂ cm.llt . anq it

JLJ’E’{uﬁ ity g u

could bo cuod luically w wmlm" ('mim: line 9 of thc G-rgan

I VRO M6 RS

text on page 13) "boi" ("upon, h.n (] cauul nlnum, lim 11). 5""';!?'“

Z‘t:hé STTIVRE. WY o8 sl 5 i S A

von" ("dopond on" llm 13). "oim mrlwng * {“exer t an lff.ct" line
; e A Vi T RRBER 060
19). A variant of thi- rouoning pottorn - uh-n oyi y%o o

SR TIsRE Ty =
- . i iousl
_gencralization night bo olig::t!p lon legtgu‘!yﬁwgg mgc _“lt -,va ously

" aaner to intorpnt ovidonco |f e knou mt It iq cvlqgnco of. lt geans

Satarhag

l that t I l t HI t Ivo
c oar a tho parawoph ovel, too, '::.«35«: gfuag;g %@wg

to hmdlc partm inforntion u it h uecugyutod.

H

Ay E e e g sy e
migyy sty S T

Hoat twu of toxt that uould ho mldu;'g 'ﬁgwi?‘ tranolmlon

probablg uould not contain phrun Hko mwzimmwg '"‘!«!ﬂ'ﬁ
wotorn, ” ono nlght concludn th’,t n%ﬂ.%;p% t3 m% i ,__lg language
~. is not hportlnt in a pr.cticll og-tu., TQ mlq be., wml*nkg ”,e
unfortumte concluﬂon.‘ Hotophor s relevant, bacsuse 1t is part of tha more
general problem of the creative use of lanaysgts it Y taka the

. definitions of the Individual uords Invalved 4. eushend aame A1, thalr, rules,
uhile tran.foriinﬁ otmﬁ slightiy. Metaphor ioﬁg‘&imm inuhigh &
deductiva component uill have to reason by NM% l”g s not thp only
one. Ofton. we sap & m@m’a‘ﬂ lar to petaphor, in nord use.. . .Consider, 4
for oxanpla. tho word Errag '_ ) from the firat m!m%%gmﬁm In
: 1 a technical sense, as it is used here, the wor ‘A Beane. an. alegirical.

}’v axcltatmn. or inpulpo._ umng%ikj;gmmm mmm
sgitation, whle In 8 social situmtion 1t can map. SpapHigri, M might bandle




this by giving thres thnnt definitions tu th. m&m but thon ue
risk missing the ‘coumen ground that wim m M throo umo of the
~uord. A mlw me mwu Mt to rm tho fact that th.
" three senses ars enetogous: m is amwm d . ttatc of rest bu a
‘-MM is W«:wmﬁc Mmm Mlc
language, m mudimmmmkMMm %nd-gr;u
rather than jn quatity. LT
"One poui"bh ditference hﬁum m m mﬂ ungum use is that

metaphor is mprmcmu. unn tm m hw we pruuublu
_ have to cali tnwr Mmm h“ﬁﬁ@ﬂumw -ilnaritu md the
points that are irnelsvent. Once the senses of & sord s known, houever, it
is not clear 'that the closensee Of the !hii&ﬂ‘m i‘l as important snymore.
(Fhers could be the ususi mﬁtu a# I mm mnu of storage,
unifmlw uf w&tim, “stc, - but H hmt ﬂw thlt thun lnucn ere
" retevent,) This mfuot ‘of metaphor ond rmﬁr m wnmn tm polnt
thet ‘language weage hes 1o be fesrned. ihen i &émw “e;‘m m in
a technicel senss for the firet t%lt. w mﬂﬁm W u!th a ott o!
possibiiitiss thet ah be svaiuated to M mich tro hclwmt to tho neu
.unm To mendiy weth wetaphoric ' lmwoﬂurmm sorts of
 engusge uee, ‘thun, 4 Geduttive mt ﬁ’lﬂmdh be sble to lmp.ct and
#1ter word detinitiong tor sose Wode! of them), umiam nsed the mral
wility to resson by m\m | B
Idionstic supressibng have Tost the freshiiss 5 Halr m!oglu m one’
might conclude that the original ‘senses ar rio ‘Yonger relevant. so-o English
ansuphes Wit Dy “THEY takes B Cake!™ drd “Tie s boi

wisd over.® 1 have no

ides of the u-hgmn ‘sentes of these, OIM Yt would prohlblu be
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interesting to find out. The point here ia.that we can stil) uss such phrases
s, Are, unknown of. long. foreosten. For thess
sorts of dud metaphors, 8 system should Probably. hogk yp phrosas dicestiy to
»theu- intended nantng-, M) thout worruing ahoyt soalogiss. ., Thus, tm ticet
‘example uoutd han roughly. the sans. wemning as “Thatis outlaodish, . and. the
La;}naning of tho ‘sacond example uould be sbout the pame 89, “Ha.uas . antounded.
It is not aluouy, 9%, bousver, to tpu N80 8. etaphoe . Lg .dead, .and |
Cpasider the. sityation
of pnpo-itiom. .For the purposes of chapter 4. tbe hasia for sasociating & B
propooition with 2 verb or an adjoctin uas_treated. ”ﬁﬁmlwuy 113 f OM

aven uhen their original comparis

~ think ue phould be cgnful not. to throw. sumy. too. such,

... looks desp mowh. honw. there s often.a cowpsliing cegson. for, gh- choica.

Considor the oxllph

#bhingen.yon. " . We uguld_traoeiate thin.gs
_ but the literal nu;h;og Is blng gwn from " ﬁqg.m is. tomulltod
in terms of a prusical situption. |1 up.hang X fron. end then, ey, ave YV,
thia uil) have an effect on X. Note that thy Epglieh,'depeng,on” uses o
similar physical anslogy, but it is o o&mgm?mmmm; that .of .supports
If X is set on Y, then. g motion in Y will stfect.X.on well.. . (The.Latin.
ancqstor of ~dapend dm; - noaras. the_hepg-down-from mtm, hut -that
is irrelevant here.) One could argue that _the gpetis) snalogiss :hers reprasent
dead metaphors, and that hanging things dowun an’d piling things up have no real

connection to our thoughto_ asbout dependence. The more closely one studies
prepositional use in both German and English, howsver, the more spatial
analogies can be found. This situation seems to be especially interesting in
the light of Minsky's suggestion that a single mechanism could iccount for

~ both visual and conceptual processing (27). Prepositions seem to be one more

example of the intimate relationship betusen visual and conceptual -processes.




5.3 By-passing the Deductive Componen
| The inpienentetion wees en sxtremel mm&- to by-pass
* understanding. 14 is described hens fer Golptatensds anly, since It will be
otvious thet such e scheme iould be iapractioni” in's uerking system. The
PEODran. requires hat the unir undieatend the tait and. m Ahe. information
that uould ortinerily bé supplied by o dalictive Gimsownt. By the time il
© this interact ion hes AN Blace, the umr ooutd Riwe leng-since trensiated
the tewt by hand:  Newsrthelons, thi daduotive. bi-Hem mttm does allow us
‘to get an ides of how the mhb waulid oshave 1f Tt uers more mt-to.
the user ie seked to decids uhich Wmm 6. nowid Iike to send to the

“generator (ng tupieg In & nunbar), or m b8 Gautd Tike to ses the

. generetor tm Yin i 8¢ 2l the. mu ?\‘év_ mtn mmalon (oy |
is then asked to supply concept mm for an ‘nodes uith nm Finally,

#e Rerked GIVEN' s PARLICHEAR aé predentad, and the user
s @ehed to epacity Sther nodes thet drs corstereit. ine other informition
mantioned in m&h» 5.8 s riot reguasted’ rwm akm ‘the Wutor i-
not ' ing-tiunee Wtoan it
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Chapter 6 -~ Geperation

_ 6.1 The Process of Surface ,Gmttm

6.1.1 Input to the Generator

Having compistad syntactic.and nuptln ml;ym g! an_lnput. sentance, ue
.are nou at :the point uhers oenecation of. an. English seatency can. begin,.  The
firat question is just uhat.the surface motﬂemmm e lte input,
and .in genera| the ansuer to:this is et gigzmgg«,wmt. to. uork mith: tho
semantic rmmutlm that has heen: mtauam,,, lqugmu‘ the mtlc
_.reprasentation, overy aﬁu-t. Has nade . te: &MM :a8-auch.-informetion ae .
posaible, uith the hope that this. mw;m;mﬂ iglent..for . the. ganerating -
process. As.will be discunsed balow,.the semsntic repragentation .is.in fact
not adequate for every eventuslity, but it etill m#'wmwlﬁmimt

-$o the generator. . e e mre o aE

. One could. mntlmmtm Ahe, Mlg rwcm&lﬁm 9. 1be proper
-input for generation. For sxpapis, wben trensiating written German inte
English, I find pyself using syntactic guidence.. One.leok.at » prenominal
-¢lause |ike "die wnter der Haut limh&lm'(ll&gylu.'tmmtm
‘skin lying cells”) andfrol;tivg_.ql}% or “that" copes. to mind. This vse of
_language-dependent. transiating.rulas or heuriatice.mey.be a personal
idiesyncracy, or it may, In fact, be one of the shorisyts that people often
use.uhen transisting, At soy rats, rulss wim%’”@&!\'"‘“ on pf squrce
to target language were not used in the tramalating.susten.. Thers seemsd to
. be no case uhers. this-uss necessary, since it uae.8lusys:possinle. to. forpulate

. semgntic rules.corresponding to lLar t syptectic ones. ..
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 6.1.2 Comparing Generstors and-Interprsties |
The surface gensrstor uas writien in n extended varsion of PROGRAIMMAR,
and in many uays tt 4u siniier S0’ the ‘Petiepretar.
generator wers built for tuo different naturat - g
then ‘to e ldentios on e | ine-for=Hne Beeld,
“even if oniy a-etngls lengunge wers invélvidSade, e i
generator ‘to i Kimmeiors Fink-inveres of “fhe  interiicater. * This ts Becduse
there inwwmmmwmw Lk Séioes. n the ‘énd,
“DOth the lrterprdtier sand e QAN S1EF K1 H1: i -aille 1 igoue
Both wiki 1 e using tingalstic intirnbthin:bleid:sd s dgitenic nerwoterizetion
of ‘the tanguages Tavéived. ' ‘But ditiersnt: mmmuwr Be m&fﬁh -t
‘diFrerent tines 40r the- tuo procesesi A Jilarutdtes gy tave to ‘detey:
several praceséing etees untit & Losk! wkbigMity e Se revolved for,
ai»tnmt.i’niy, Itm try one of ,thtmimuuu‘;m;;mﬁ* A W&toﬁ.
 onitive athel hand; 0088’ nOt NRceasEr! LI heve ‘o donién TReWI £ I thi-the Tesus
of ambiguity at'all, siece sl of the MM RIE % wmhm- in
unasblguous ford fnok the somantic reprabion " e, T am using focel
 awiguity to meah sbiguity that ul nurc&t«wwm tise & ‘parssr his
“tinished mmﬁemlmfou poirtancei

Sinoe the interpreter -and

Wit ‘not expect the

choices, since

% T AR sdittten; il le
the cheices: mmmiug and itterprdting 06 colpiry she, the' ratative
imﬂm of the dholoes WL aitfer: Th' rterpriftel uiss ite Mdﬂg’ of
greanaticat Wtﬁﬂ. W ite mw nosiibty, uiiuﬂé 14k Ihood” to
detide uhich cholow use asde ty the au "**wmuﬁt‘”. mmaor. on
“the othes’ fand, bk 3 Wwiuﬂm&f "“'fm& Thtenlte. > 1t miet-hake
choices to Comuriicats Tts eseRg ARt ive ' BV W Tuek, grecefuliy’ snd.
unambiguously. We can thersfors expect the tuo precesses to ditfer in '

relative timing and smphasis.
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6.1.3 Tr-anqlatlon ond Gmal-?urpou Gomrgtlm _

At

Several times airesdy I rg}m nform tqj;&ww}nﬂ eoqppmnt as 8

v het | seen by this:. In

e wan:ﬁ’tgr'-!ng lf,ggg!y‘gaﬂsa;;ﬁ
partlcular. hou dou th- Watim ygc.u mhim _ ﬁw X ?&
gnnonl procuo of urlting toxt in, one's oun lw’? Thp big ¢ diﬂorm is

Ly ourface” g

that the Wator in the tranclgting qptumig ;}!‘ i%ﬂ-o‘ [ htply

specificd semantic representation mlch Is Jn ngot onu ( uill dl.euu the
anged by .the ge ltor. %vl lﬁg. “a» !ut of mp
organization has alrudu bun dorw by ght tln ugh |ﬂwﬂc represantstion

o TR R B

. can be producod. | To urltg the orlglm o g& fgr le, the

..; bﬂu%! e

‘pxcuptionl later on)

inforaation had to be sseesbled sty 11 11 uss low-lavel, sparogated.

isions p&ut the

. Patterns of reasoning ar ' y Snd dec
EIVER BRI L st Sl - ONE ST e oo PN SRR -2 RO GRS IHOHIROD OF v

nt, but mey be l,‘;wm rather Somp!icated
Hays. The turfacc gomrator in thgg}rgmgntin!“ “ - do ;J,;?f';ﬁif' po-g

_»cauo. havo to comldor thgu cholcu. olmgﬁ?h{ggﬂfmlgg’:;gg apqclfhd in the

semantic ropnuntatlon. In this sense, guguﬁon fqr trmlatlon ie
*-w} by ylavijeies 31 a

’ntope are _hot mcngrllg%

esasier than its more émtl-p&pou counterpert.

1 should note that in cganetorlzi gg\gnﬂon for transiation as
i MR LR @w

general-purpose gomntlon linus ocn m o 1 de not uish to -uggut

-n&" Dol :( 2] hgua{ va. ;’ nr

that tho unntic rnprguntatlm mm mecessari | orn

W g eyt an #

int nd l in ¢ (" i n fact, 1 t that
nter uto eve| in he general W'ggg@!"fg?' mgg?fmw 1 ?uopgf

'" a mmnl-nurmp ma!or. up u?uld‘ “ﬁ‘éﬁ or este such a hlghly

SRS ‘1*‘% »*“;A TYEE LD

organlzod umtic rupnggntation milggﬁlntcng mw thgy !glu}!t gm
grmaticu lcvol of tho targgt quuag-. w* wgppﬂ urgrin ne, thon to

St O amel

_see subotantul difforoncu betuesn the orgﬂutlon q,g » w:owlﬁ-p\rggu
gcnerator and the genergtor mim hers. .

PEEL Tges ey o et o aagdd
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In agdition to thews mfmms, we' can uy M Y wmon for ‘
translation ceiv b W&rﬁ susier thar gemsrdi-puiibes generation, in
another usy It To Narder, The genew Wrutoh doss not have ¥ decide what to say,

but the other NaT¥ of the coin Is that it hes to tailor what is gererated to
the intent of ﬂw originit text. MMt text, of wu. uas whitten ina

;,‘, 'f“.§;~ o

different |angusgs. lfnsmuqml; piages sre erginiized ‘to convey

weaning, ue can ates say that the crgenizitide of paFticuler messages is
influsnced By the facilities svailsbie i a given ldnguege. MWord cholce is an
obvious exawpie hers - thers is m«vnstmwﬂgammmt word In the
target IW Bt the Pprobiee wmm mm ltuif at ‘ail levels of
lmquitt»ié’ oﬁ‘mmmn. Hhen & m«uﬁm Detusen IW occurs, we often
have to comprowtee, susperding one gisl 1o athteve sisther. 1t Is trus thet
 eimiler “comprowi s mat #so be Wide in general-purjioss gineration,
ewpecially in o situstion uhere one o Bartiouferiy donserned sbout style.
(The worst case Hers is transteting postry.) The resd for ‘such compromise 1e

much Nore frmt in trmtaton. m ﬂwom ‘i cases uhere

by P

style is rtlﬂlww unhportmt.

6.2 The Engiish Grammer

6.2.1 Thcsni'cmof mmumsrm

The English mmrm has thrn mn wtt. Th.rl is s qrew of Englloh
aqntactic memﬂsto for elm. ‘nouh wm pnpuitlon mn. and
gdjective groups. In sddition, & wet of routines skiste to ‘buitd, maintain,
and Insp-ct @ "mrtﬂm t\ru " uhich records the wagrm of the wltmg
procen to date. Finally, there are definition progrm nmlatod uith the
concept markers. Only two standerd definition Mm are used, but we shal|
ses that they offer a great deal of Tatitude In thu fon (] dcfinlnon m
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take. The generator transiates a single. Mmaum.u though - there is
nothing to stop it.from using information. sbout.the,gentext of 8 sentence, or
from lnopcctinj.. tha. text mtm.lpwgmm e
Before going on, | should make a feu .ro,nrk' on the scope-of the:
generator. The system has only & fau Engl ish gggt;msg definitions at this
point, but the routines for writing dofinifljnc are quit‘q‘gomal.'wsim
English syntactic specialists ace not as.sxtensive: a shejr German
interpretive counterparts. The reason for.. this uas m‘mi'@;m@:ﬂf time, and
extending the breadth of the gmgtlng routines ml-d‘b‘ ] -thwd |
process. This is clear first bocmjmmummmlto
moderately compiex sentences: subordinate clauses, conjoined: structures, and
rankshifted noun groups. Secaond,.ihs sajor-gape-in the:Roglish:generator,
wost notably that it does not desl uith questiens or Mxm&:mw
_ulth code that will look WMHR the: decisrative cote:thet:has besn
uritten.. Deglacative, interrogative, snd ispecstive pethe tbrough:the -
~ generatier:should ,,lh!u: 8 lot of comnon.code, as:they do in-Ahe Berman
interprative grasmsc. In contraet: to. mm«m» Ahe. gaserator,:
extending its quu\, ,.J.,q,.» : giving;;‘i—«t; the sinil) ty-40: sakei mere: informed. .
choices, . is of course a mrgﬁ»ui‘f_ff‘isé,is%;m_-mk sgntactic types that uere
implomented, housver, poss encugh questions.for.4 stert, since in langusge
there are no truly "simple” examples. Finally, the routines for generstion
trea construction are fully. ispissented.. aed, thay: ace the:subject of- the next

ssction.

The first 'tn@ in buliding the English component: e 10 sake tuo: additions
to PROGRAITIAR, A mechanish. uss necessiry. for-buiiding apd:maintaining &
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ml‘!’ien: tres. and spaciel functisms sere nesded to spacify the nodes tg be
adiud to the tres. ~The first task wee’s retstively sinple one - generation
tree nodes sre definet ¥ earriing Y fatlauing Inteemistion:
© The ayntectic testures of the unit
ROOT
¢ the node ta & terwingl onw, the rest of the word

trmm
The: phease geaerates for the umit
 The deughters of the wolle In reverss srder
 SEMANTICS |
-The: senantic. nedi: for whith: the: unkt uae genarated ,
The inforsetion ot S:nude suy:de read weirg e fenctiony FELE, PH-E, H-E, and -
SH-E with the nate ss srgunent. - Hare, he “E* stende ¥e Englieh and 1o ueed
to meintain mmmtmm thie gomPation tres ahd. the Gernen parse
tree. Glokal variabios anslogove o those for: the pared tHes are aainteined:
CE, M-E, #te., with the obvious weaninge, Tha Weshslih ver iable mechenisn s
the sane, and o0, With Sous Stdud COUN, - S°W e BKSup FUctions POP and
A node is adied to the generation tréwauch 8 in parsing, WM the basic
function for thia ias TRANSL. When TRANSL is called @ node 1o sat up, and if
TRANGL succesds, the node is added fo the tree. Just ss uith PARSE,-a call to
,or the call nei Fegoent 8
lowical undt tike NOUN or M. Uniike  PARBE;  the cal'l' te’ TRANSL also contains
the mu & notle in the sensntic représbntut ioh for- whith ﬁnmauon is

TRANSL may specify the name of & clauss or grexi
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to be done. Alsp unHklﬂ\O parse tres,  the- daughises of #.nade on the
generation tree .do mt bave to be M.t@dr in.orger.. 1t ie possibie to
shecify that  node.he attached. W& in.ghe. Hist.of. hters of the

currently active nod. A call to TRANSL ulth a clmgr grovp-Rpe causes 8
‘eall- 1o the correspending.English:gemerating.spesialist, sad. |ta suseess. or
failure .dotorntm the Mngt folivre of. m ikm is. couod to
generate @ llnglc word, it mzn »: prmo mlgtﬁ; #ith the. cmupt
‘fnquur of th. Oss. RSS, or. Pgs. to,ao ltm&;ltﬂ These LMVLMI M‘W“
qu e dlscusud more fully beloy, .. , s
.. The generating. routines invoked by TRANRL. to m,ﬂgrw loqu m
much |ike_their_intecpregive countscpacts,. The. bagis sistene
the PROGRAITIAR brench function "1". @) thaugh-1imi tad. to. 8. tHo-wey. brauchy
singe it is not clear bew the three-usy branch. should by defined for ... .
‘generation. The. Inepection, functions, }ike. CO-E snd Uk ace. gwplonous. to
those *nPABSE -ur- F-E, FO-E,. mr-'MMmtm add. Inforastion
0.8 node. At the outest, it is not compiataly clesr,that. it is necessany to
construct a.generstion toasbub holding oo syntastic: laforpation |ike the
'°§§fi°f,' of an adjective or.object af & prepeaitign alious the. grammer. to make
 decisions based op the structure of the secated sentanee. st that paint. A
:‘.'_‘”i. also permits sasy incorporation of backup. should. the genscation. process

t tupe is ol

run into difficulty.

6.2,3 The Gmrltlng Process . ,
I-lherc the mtcrpu&tr m 1ot to rjg\t Qver .8 mt% Ahe,
‘moves basically toprdoun through: the amt&& capcespntation... That ia, . the
generator moves top-deun: through. mumsmsmhw st.each stage,
after vbarticipmto have been trmigtod.gg!&m smm HODIE LBRS

_N_fltor
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links. An exampis might be the sesidst:way: to &xplain: the transitions

involved. Figurs 5.1 shous the sementic reprasent
e Caphetopod-besi tzt mum phioren. - The-cephalopod has yefiou
AL the:top: lavet the generator catlu (TRML-CENS mmm;
* RSSLE which:in turn calin the syntactic. wmﬁ LANBESE ~Sthcd ‘thebe ' €’
 tags are no doubt: distracting; 1 will. ignors thew fhoN hers oh. Ang routine
“mentioned in: this.chipter. is part of the’English comunent uiless otheriiies
noted. The main.relation (w..m)tadmtmwinm in the
‘semantic representation, so 1t is specitiad m*matm gall.” The first
decision in CEMBE ie ihether to generste an Thterrdgitive, Tuperative, or o
dectarative clases: and' the: CUMBE-TYPE reglatis 'of the wain Feistion Is
checked: for | ts recommendation:. Since: hers the ¢liusi® tgpe is "statesent,”

the generstor folfows the declarative path, placing the tag DECLARATIVE in the
currant node C. The tag TOPLEVEL indicates that the riods’ geriskited wutil ot
“have & parent on the trse., Next, CLAUSE tails mwmroutmvemm
and uhich makes the.call (TRANGL VERG'VEFSWOOE: RSS1). Note thut Tn
Engnah. as in Eqrm. we will follow: Hudbor and #eak oF a Verb phrase
instead of a vwﬁ m The generator trsnsiated fhu B IR verp firet, since

it is the m;‘to 't,h;c‘ordkmg, of the dther censtitusnts 1h the clsuss. A call
of TRANSL with MVB will return the verb node and also Peturns a participints
list with the gramwmatical structures that the verb expects for its
_participants. The list has besn ordersd, takiny Intd actount the objects
required by the verb chosen, the thm Bf the Benténcs, and whether the verb
s grammatically passive or sctive. VERB-PYRASE -’&ﬁ’m*ém‘ao iifn*ft&?‘g;ﬁ.nto

passive mmuetiom ore handled right nou. <
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s =

 Figue 6.1
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" The participants |ist returned by the main verb is ih the form of a
series of calls, and the clause roufindmdo’hlumh it. CLAUSE does so
nou and callss | '
(TRANSL NG FULL W BEFORES eveftirocd> SWCCE:  DBSI)
The BEFORE hers Indicatés tlm i bk Lgeoup, - since 1t uill be the subject,
should precede th% verb MM?

noninativo; other Engnsh .yuwuc cases Uved’ il“t mdmm mPDSSuuiva.

atéd. Tm featurds 'B1 indicates

FULL, as in chapt&r 2, nhéa tmt a rﬂmiﬂdm groap mh; generated | f
 necessary.  la Maﬂh iih ’E Fgroup, t .t
COREF = regi-i.f- W%MWru&m it w T4 & e
Will often mm the-uord ehoaei wide for. mwumz. Fmv hete NG

cails (mmst NOGN:SIIGBEY 0S51). 1t i cmr 1A ¥ upkae senve to |

| tranuiata ‘the minimm#lnt. sinco mmmu tond to

: firat Msulto the

L« !

I ‘uerd choice "

ot fh in tm mrérm-. muw cbviously true for

p »wg.ﬂ; »

compounds, uhldtm sbsorb ton qf tho noéifm For ary sort of noun,

lnfluancc m i

since ue mmm &om—to-om mim mmmm iconcopto. the
generator MW&swm .rmfnng to‘f "1 X

e

nodifiorc. lt m m m €o mprno Mumlumu in terms of

WeH betusien noun and

the noun to- umm.d. At any ero. Mm ‘has buo trmlatcd. NG
goes on to trﬁim lodlfi-ﬂ Inte the MC&T- and polt-noﬂnal
structurct. uﬂng +ules based on uﬂnﬂc ciu to' do the ordcrinq. Our
example “é.r cmon§ﬁ§. only § deterniner, which is genersted from
relations’ u&th w%ﬁm and m taking tho cttiwru given-neu into
considerotipn.‘ SIncc no rclatiom rmln. TM can collect its ruultn.

"the cephalopod." m the noun group noa. uhder W Both ‘the subject and

the vcrbm mgcmrmd. 80 TRM& can call the routinc AGREE. AGREE

makes lorphologlcal chanqu to tho vwb root so that it ulll agroe with the
/ ) ' .




149

subject in person and number. . Note. that in Englieh,. agraenent is much (esse
complex than in German snd that AGREE hae 8 much sasier. time than its
interpretive counterpart JNPUT, since it doas. not have {0 go.ssarching tor an

unknown roat. e B T,

by

CLAUSE is nou ready to qamratl m:mu mtrgwin mo vornnndq 8

~ shapping lint. nd it turne out tmt*umgﬁtygdimt pgqug I'J;p example
finishes up as CLAUSE makee @ second. call. to- G uith, (wmm o8l
SINODE:. 0352). NG will generate the main now trom D352, then take care.of
the determiner, and finally cell (TRANGL, |

}hg! v;o sllrpcg nbxgct Micall m \
retyrned, the generstor gathers wtmﬁ'w"* {ron the FHRASE entrigs of the
constituents, makes a PHRASE entry in the clauss nade, decides on punctustion,

. RSS4) to generate the adjective ygllou

and returns from CLAUSE. N S TE L e

ECRD IV

Thlo ua- obv!ouolu a relatlvolu olm&g wlgﬂmw mﬁm
grammar can handle wore couplex cﬂu. Baford ' HirREF ?ﬁcﬁ’u“i}oﬂ. however, It

might be a good ides to take a look at the‘wéchanied for uoré cholco.
‘6.3 Translation at the Lexical Leve!

6.3.1 The English Definition Routines

Mhen TRANSL is ‘called to c@nﬂ?ﬁci*a’*té‘fﬁmt nade In mb'gonii‘rition
con:ldontion and then rotriovu.gn Engi,g’qhm l,mtion ro\gtlu,trpgtho
concgpt.' The definition f,gou_timg.ggn;gmmwl,m to tha semsntic
specialist routines in the interpreter. Whers the ‘semsntic opochﬂch
inspect the parse trea [n order to imw ) nunm: rmmhtton.,

English doflnltion roytines start from tgq mglcvammmw use
special information to not onlu aupplu e nodo ‘for the m@tlm itrﬂ” (and
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hence a tranelationd but also ta specify other nodes tiat will be required if
this tranaistion s to.be used. The.syntectic shopptng ‘tist supplied by
detinition routines sben a relation. is transtatid 'is shalogous to the giobal

variables. bound by the interpretive sssentic specialiste to wppﬁlu Qrwuht- -
.'tn refations.in. the sewentic rapressntatign. -

Thare are tuo standard dictionsry neutines, TRANSL-REL, for tranauting
semantic relationa; and TRANGL-0BJ-PROP, for thanéiating objécts end

propertiss. . The two routines sre quite siutlsr, wxcept that wore. information

must be supp!fed to transiate reletiohe. 1€ houid prosably bs helpful st this

" point ta list the information that cen sppesr In a definition. Starred items

~ appear only in doﬁnlﬂom for relations, mn. ﬂn Fest néy be used for all

‘thees classes. o R o A
ORDERs - LEXM:I or LENPASS

TYPGR  NOME. ONE, O ete,  This specifiss the entries in the
relatim . li@xng reglntu‘ that say be laft understood.

ROOT . tm root of tha tmmllum

FEATURES! the part of mnch of the transiation and then a list of
other futma. umeh are not nou nqulnd to. mm those ln the TRANSL
call L

IJORD: specifiad for lrr-ogular foru only

PARTIPICIPANTS:& a varisble nm or mll mw; that npaciﬁu the
participants List

MTATIGE; " eurrently oniy one fnturg nd optioml
PR(B%B!.LITY& . number from i to 18~ '

CWIFTION: @ procedure that must ‘svaluate’ td non-ni | H‘ this
d.fimtlon ia to bc und. :

CDLLDCATIDNS: "a list of parto of and roct of uordo nquirod-
This is currentiy used only for prapositions and’ wﬁc os.

" _PROCEDURE: a procedure that is ex-cutid Tt this dcﬂn‘tion is selected.

It allous a concept to be trmoutod by more. thm one word. .and does othor
useful things.
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- A call to adefinition muum would M&Q”%'% ) List of anM-

definitions, uch wpressed in terme of mm& m ggg); valuﬂ; wAne

_ Bossible doﬂmtinm flrnt g0 tty‘m@ gy&lglygfm&f Slinination hased
on the part of spesch required .in _the TRANR, call (matched sgpinst FEAW). .
a match on connptations (1t CONDTATIONS,lg sat, i%%mmﬂm Jiat, i

wust match the connotations in the sseantis nody,) s mn syslyation of the
{CONDITION procedure, It thare ls ang.  in trasiationgetetions, datjnitlens
are. qlgﬁ agrcgmd for ORCER (EXPASS or memgmm ONE,..THO, |
yoesd.in sxctign 4.2.1s ALWF, the pralininery
~scresning, a definition wuith the highest gm%gt*qlgﬁg%%ya 1§ there
are several definitions with this probability, the fini one Mtwcd is

- stc.), agreement, which pere disc

used. In the English dictionary, the prebablnﬂu are monlgaﬂ%WO

should be tried. ’Probobilitin cuﬁgg e, pet A

procedures that check context and rot ;

its features are added to the fcam;c ﬂ;ﬁ Qj M% Wuﬁnltim
lists that passed the preliminary screening sre p%ﬁﬁ“ﬂn LEXALTLIST

. register (lexical alternative 1igt) on the oode 1n caem Qackup .ia pecessary
later on. lf e are trmlathq a.relation, '!'M&QQ‘M&! shopping liat is

p— wcuﬂn*mww*m mw sg* L@M'mm‘wﬁf

6.3.2 One farker, Sevgral Moo, . . o o
~ The last section presented the sinpiest case, uhers 8 concept macker |e
transiated by a single word. The definition routines must also be able to
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handie the cass in shich one marker becowss severs! worde, and the case where
several Interrelated sabkers bicows one Word. For situstion one, several
wechariisns are sveitsble. [f the marker ls a relstion, the COLLOCATIONS fist
s used for prepositions snd particles Feduired by verts, adjectives, etc.
The definitios procedures sccred this Hist, Wi insert the reddired ward in
the correct plisce In the pirticipents shipping flet. ~Fer sore coliplicated
constructions, PAOCEDUNE |s used. Assumi, ‘for the sake of wiseple, that the
concaptual Wm contained the nirk mm. and we uented to
transiste the English as "wake friends With.” One sisy te do this In the system
is uith s definition of the forme S S

. Here, 'usm:r n&i‘i-:'fﬂl’t. the order of the srguments of thlmh ‘corresponds to
the order of the srguments of the concept srker. NONE medwis that no narker
arguments have besnt left understood, arid adia Is the root of the main verd.
lhere 8 phrase |s prodeced by 8 GeFIAItien, the wird In the ROBT position
corresponds to the part of mm would be ‘fooking for ‘;‘I'rftﬁli case,
the call wou.,!d»haﬁ been (TRANSL VERB IVB). Here, PARTICIPANTE is set to a
variable wuhose value in the system is a sertes of caife. ’ﬁbmlm
would: bes B
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(SETQ PREPOBJ-INTRANSA ° ((TRANSL NG

m i 'm*am “19"’ «, el T ML L
- BEEDRE: <firet verty) o

T % e wctsr

m; m&mgi shaz i e i
(NG SIIPLE 08J))))))

ARGSLIST is an ordersd list of arguments of the RSS to be translated. The
definition procedure will set up a nghtﬁr fo ?Pldu u%ﬁ u%aﬂﬁihd
for XREQUIRED-PREPY When the repod Efon T4 ‘géeddted. Note ‘st here and In
* PROCEINRE, wiw ‘see s dpectal wort o ‘¢l "o TRANAL “unei AT ‘14 op:el fied In
a TRANGL calt aforig ulth & bart of ‘sised; the BEFIRTtIon rodinds ‘e by-
passed, and the Hode usés the PEATURES, ROOT 'iid, 1¥ gioen, ‘(e HORD sipp! ied
in the ‘cafl. ‘Siwitarty, 1% grous of cliube Te 'td be Yrandiilels,” 'tk the
keyuord GROUP can be used, followed by a |ist of TRAMEL caiis and other
bijible to by-pass syntactic
specialists. Note that we do not hm éa mng specify the words in & group

functions. The GROUP featurs Illlﬁ’”'Tt“” 9

when using these features, for m&c the preposition group from the
participants |ist above: -

(Tm m mps . .«.MM‘F »a\ b e e R ‘
( (TRANSL PREP XREQL :
WORD: XREQU ;
(TRANSL NG SHPLE oan
SMNODE: <semantic riode of ueonq li"qulmt bf
#BEFRIENDSY =

i

This call says, “Transiate a prepositioh w’&bﬂlooklng q{ the nqﬁlrtd
preposition and uslngnfim sscond mmﬁ'*,M1m to product I mun

group." This ability to by-pass definition routines and syntactic specialists -
is extremely useful, and allows ue to write efficient definitions in @

o R T R T N T oo e R T L
relatively ecoriomical manrer. The one trisiback night be the rumber of
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features that must be specified along uith the wordiey: But It would be

relativeiy easy to incorporate iy f Apau in defbni tion

that the participants H;tn hm it s o

patterns woutd M‘W mum
aituations that cm A T 0 ' . R ‘

8.3.3 Semu Mm. Qm Word
The case just dlecyesed involved oae. Wtmew t0.eaveral
words. Let us.row tahe 3. J«M At 0008 1NG.. Jhane SRR tmrmwmt
Wi 0 o & singie verd. Thl. s dom saire. o2 wibation af the
CONDLTION and PR LUIAN in yat tn. spacify. & place of

, Mm..t!c rmm ﬁm mmm mammm of the

ms g T3
m—mw‘

A Fisurqs.z s
ssntence, and then W s used to tel! ﬂymt af the generator hou
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much of the semantic representation has been Sbsorbed by the perticular word.
An example of a multi-merker to single word transiation ie thy generation of
the adjective yiaiRle from the Esnt!ms,--;lm ohawn ig Figure 6.2, Here, the
star mdicatn that anumantic [node may be. In this mqltlo& - Among other
Infornation. the trmslatlon routine would contllm

WSEE

~ vislble -

CtN)lTlmz
(MATCH - (FIND-LTNKs MPERSON)

(MODIF R i3
m@a L

(REMOVE WABLE. MGENERAL momeas)

Juh.n CONDITION ie exccutod. the routine MTCH -tttuﬁg ;tm glqg;n in the |
spwptor, In this
case the RSS for ¥SEE. The MATCH routine maves through the MODIFIERS and
LIMAGE paths spcciﬂed. conparing ;onccpg wk,&q;-g mlmg the nrwtq
gwcn. I1f a conccpt nrkor alom u nnt W tg d gtingul;pj lodifiqr, the
. case uéu bo suppliod. @s is dong fur the MVE-J’WRI ;;p[m;m Above,
LINKS, PHJ!FIER and Flm-le Aaluays refer to the argumenta of the raiation
examined just previousiy. To change the. focus of atisntion. MATEH may be
given a aaﬁantic‘nqdo, as uas done shove. MATCH is qurrently (ipited in the

semantic representation Wcurr-ntiu,wm_mmmau tha. ge

kinds of comparisons that can be made, for exampls it is not mpculblo to
specify that tuo uses of thoaalc concept marker should refer tq diffarent
variables. Such extensions, houever, would be straightforusrd. The matching
process is not a particularly sxpensive one, since the 'ordorlng of the
representation is aluayeﬂ‘_xo&.: and_ue knou uhich nodes are to be heads and
_Which modifiers. Note that MATCH is not the oniy sert af rgutine. that may be
_;i’qoed as a condition. CONDITION succseds or tails depenging, on whather ite
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associated proceduns: succesds of fails,

Once. the wz-tou%ﬁwmmaﬂtmwm the detinition Is chosen,
PROCEDURE s extoyted: to tell the. de not. to trg te: transiate the
wodi ¢ for MABLE. (uhees. the- case hers. |8, given o6 #GENE
already been-used:. The.only peint %m%mf&mbm In. that
i ta: effacts must: be: | inited: to- the node-cuerantly nm.mmmm by the

TRANSL. call. Thh««u»mcm; mwlﬂ muhon a node is

"), sinec this has

checks on:uhat s being. set.

The- two. detinition sethods. dim:m here. diu the: nicumu routines a
great. mtufpm | fhonmmmm tbw!,ugr-vmﬂm«il lous the
ganerator. to tramebate s sirgle macker into.clageltier: Mm noun, or to‘ a
whote clause 11 1t is desiced;: the. metivig 1n this ‘epchion atioks tm
generator. to handie. rdlﬁm wttcw m oucb qm which lrc
defined as MBONETHING plus. a relation, in this cees "somnthing thet
indicates.” We cprmm the tuo methods to. tranelate. s, pfoce of semantic
repressntation into:sore. than one English word, uhich should be useful for
idiomatic phrases: ch “Strike: ublis the iron ‘Te.het.* Given this. general’ity,
the uriting of dlcﬂaﬂtw routines ie rulaﬁ’vcfv simple, and Tt uill become
easier uhon more.:sténderd. pattm and. procedure |

™ wt“hullt ‘fnto the
~ generator. Y -

6.4 Stumb!ing Blocks in the Gensrating Process
In the exampis used to explain the gsnerat ing program, ‘the gensrator uas
suspiciousfy successful at esch transiating lﬂﬁi. This is not aluays the.
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case, and ssvers! probles situations uill be discussed heres.. The firet is the
need for backup, then the issus -otha-;muitl‘em; g _the prohien of sentence
length.

6.4.1 Backup :

Thare are several cases in shich backup is necaesany. . The most. obvious
s the cass of Iexical gaps, o sukisedness, in the \anget |aguspe. In
general, if the first trmlq.tlop, 'WNWWQ&M not sucowed,
the gmgtor needs 8 HaYy to.try.the _Vm;mfmgmwgm.y The
machanism supplisd to handis backup.in the genenater: .is & feir ly genersi:one,
8ithough 1 have not. uritten snough backup. cede at this paint. t0.give mors: then
an initial report on. its performance, . .Ihe mm M&ﬂ wind that |
- am discussing a facility.provided to umxmg.m to WQMW
into prograns, not.a full~t|odged backup mim

There. arp tuo lovels in the gensrator Whern migu mm t m
loxu:al leval. and uithin the, ayntactic. mwm MmMm 4w0
sets of lists that are mpintained as registers on nodes, 9 Heakp purposes:
- LEXALTLIST (the lexical alternative list]. snd ALTLIST Atwstsvotural.
alternative list). Khen s definition is.evalustad s 8. uend: Ls, Chosen, other
possible definition Jm; that psssad the jnitial mmmm -
uctmn 6.3.1 #re placed. in the LEXALTLIST of the. npde being arsated.. At the
structural lavel, svery ehgl,ut:ut night. be Jndepsrdentiy. revsraible (i, s.
would not .imply automatic revereal of chqies wads sari lﬂ‘) iagves, thacks. on
the ALTLIST. These tracks consiat of .the function. in shich. the choice: .. .
oceurrad and a statemsnt label ubsre code for. the Alternative.cholices.bagins.

If the ganerator runs into difficubty fi.e. ahl sossinis TRANSL calls at
a given point fail), spepial backup. rautines are cal ledy. . Jn, general,. ﬂ!.
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first step taken will 9e to try to retranslete the relstion for which the
problematic semantic mode is & participsnt, If sueh s'relation exists.
LEXALTLIST's are used to supply these new alternatives. Backup routines do
what they can to kesep other participants that hawe bsen go%nor;ted intact, that
is, to find lexical alternatives. u(;,m,;.ml_igr, participants shopping lists. If
no texical changes solive the prebism, & structirs! clange ie attempted. For
thie, ALTLIST s umed, and an sttenpt is'uide to'reve
‘choice firet.. The offending nodes dre posped -GN the tres, and control

*s ‘the most recent

returns to the routine sod Ideel apeciisd by WILIET. - THe' syntectic

spacialists ars structured in such a sy Uit Sushwess uill proceed ss usual

. after a backup, sxcept that the ALTLIST hee Das reduced by one poseibility.
For the 4.iwkisd.nuber of coses % ;mmm suems ‘to be

gansral -snough.. . 1t does et on the vt fon At wif

tully order With respect to each cther, shé et this ordering witl not vary

wctursl choltes tan be

from one situstion 10 ‘another, Oniky ‘ors ‘Wxperience Wi th the generator uill

‘detersine uhuther this essumption 8ilous sndugh generah £ In ‘the systen.

< Bufore-going on, 1 would |ike to considér the bW of backup in the
contewt of gereration. 1t mey be ‘that furthier résesrch 11T point out ways to

" cut doun on bitkup by deferring sows decisions fo Tater In ‘the process or
antictpating othiers. T do thirk, howsver, thet beckub wifl Femair en

§s s

impor ¢ant facH1ty In @ generator. - Uniike Tnterpritition; ‘the possible

surface structures for 8 glven ssaentic reprasehtatiti sre fiot fixed. Thers

can-be no quastion here of ‘generating *af1* the poweth
backing up, since with a faciiity for pacaphcase, il could no doubt go on

 generating possibi|ities to rather ridicifous ektres

Tities instead of

. ° Tt might be desirable
‘to generste, say, the three most |ikely texical PoesibYFities at any given
point. This probably vould not cause combinatdric explosion, ‘sirce possible
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paths would be elininated quickly. .| do ngt bave sngugh expecience uith;the

_generator to judge the desitapliity of. this, schame,, -But np metter what new

mechanisms are introduced, a

idin 2 M.ﬁf"§’.$!i%%éﬂqg9?ﬂgsgn’g.in L (LI
impor tant component in & text gecerstor. . ... . ..o

FECAR

B AT e R

6.4, 2 Repotltlono "

The phenomenan of rmtitlon in}pagmtlaug c;glxlgglq;gﬂ&hlt thet
Is, meaning e not !"M!? seriousluy, Repesitioos 5em, heyevar, be wxtremely

distracting. For exampls, the first.sentence of the saeple Rergereeh Genteine
the phrase “ein deutich sichtbargy Zeichen, " Tbg;t;g!:,d%ﬂﬁﬁfgglm here
containe yialpla, gecsaptipla. and scldsats . for, deubhich,tbe fint Is, .

distiogt. clejc, w&ﬂ» -19 ayidml,. Nou on. 1t hognene. thie.in. tcposiated ae

“a claaciy visible Indlgetion.” ut.ubas, 1§ 165 BPRN,EPRND the geeecetan hed

chosen avident for aiGhiRACT, SupPosy. furthar. that, thy distionery.only. ..
contained one transiation for dautlich and that one uss avidegt, An. ...

Mevidently evident imls!sibn’,.m@p;gfl@;tlgﬁl!bﬂaﬁ&&ﬁ!um&%bmﬂ- 0

..... &

the ADJG routing had better retranpisty. m trw;qchp wHith,

wEaD gutg

Not all repetitions are mllu,mlm ,Ear suspple, ttq:u ;u $ ina

sentence uould not be noticed at.all. whils, thres hausysr’s vewld pot.be

overlooked. In addition, soms repetition of.clause siruciyre is.desirshle,

'.g. uhare peralinlise le used gs 9 stulietic_devics.  Finally, dittergnces in

function tend to influence. judgeents sbgyt ubat In cepatitiovs.
(i) He uent to the z00_to talk to the elephent. . .. .
i) The probles uith. mtfimfulthiitmf,ﬂwg e

s

io that Harrg uon t come.

,;.);}‘ .55; L»:,ﬁ,’,’ 3 ‘,.i "Epﬁr‘“' : L .

Hers, the tuo yith's in (11) soen wore prominent tm,ttp three, ,tg n in, H).
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This seews o be bataube the second 3o Heeds sh ﬁ)&ﬁa&’élmintm than a

“ prefios} tlon group. The qibetion of tinich re m&:ﬁwémm‘zm.. then;
i-mtnstuimwaunmtam CERE A

In considering repetitions, lot ‘bs’ ﬁi‘ct nake ‘the’ dhtfncflon betueen
structural and lexical onss. HNo cuwtu ubre mixie in the system to mu

structural proﬂm like rmntim e&m tm. m%‘mm uss of

;;;;;

" to handie the#é eorts of repetitions’ u&o‘w "o : fu Yor a en-pl-h mtu.
but | gavé thie fou pFiority hers.  This dobiaion uas W on the nounptlon
" that enough of the vaFidtion in the’ Mwm ‘tait would ‘cone through so that

s et Spvmes s
N LI

 sentences in the-dwipd or utrucwl‘a!lg.
 As 8 systel baciee WEFE reFined, Neuever: +
the ‘ditferant updblalTéts are blesed tonsrd’ mzw&é mmue tum < the

. m Tnte st#

ones that they' w tiret - and it u&i&«w b

repetitions: ¢ - S Taniant
'For lexical “repatitions, ancther ‘Ustul amfnmoa is betusen function
words and the costs ‘Function werds’drd Brbhesitions, “Binders, and
conjunctim Since they form a clml‘"iﬂ; ?'!""unhﬁ be prthrwlo ‘to handle
Mw mtictwﬂm. Father than Backan. Lot ub l!oﬁéfif the mtu .
ﬁmf rephtitions,” the auf” h kf of thh iari currontlu
wh 8 prapoeTtion 16 to°8e gsaerated by the systés, the
‘ prepasl tion group ‘spectalist Hnt 1 ooke Bask® ‘W‘W l&f‘fﬁ“ ﬁm ocmntcd.
:tepping st e t‘ﬂiiﬂﬂ bouhBary oF the 'V phriiee ot the' ‘najor | 'clause,
uhichever comes first. nawwmniehmom?m a list of tho
prepositions is made, Lith thoss that'iii1 Be hblrlet €6 our new preposition
group sppearing first. The call to TRANEL' ﬁ“thm uidi mma $ hg that we

“implesented.

have not yét ‘dlscisssd:
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- (TRANSL PREP NOTe (prepd pres2es.) mhm;wmﬁﬂ

Thc NOTs dirgctg tho dlgtlmghrwuu 19 ;’;a to, mg thees ugnq ;mmn.
1t there is no Qsher ahaige. AYALLoBle, L8 gwmigm cwswu&fmh

byt the dcﬂgitlm couting. uill m, igtml.,, ngﬁpwmlm from

the end of the. mgy rather Ahen_ M!ML&! ¥ thwg-;}am@m

_the new one. in the ssotance, The NOT mmmmmmmmw
_ for uords, but uith spea_revisigns of $he,suBtesti apechel late. shh-ould also

be used to avoid structural repetitions 1ike thoss degosibed. in the. .last .

5 )' R TR e S TR :

by

For content words, m us. nm 0N sw guumm betyenn alomsets °'

- Sbout repetitions aecog peum orougs. Ry AetAe.bEinfiudlecuse et L think
-1 involved here,..The susten suecantiushanoticeeAntions . in genenating -

coraferential .noun.grouRs.. ; LAcCaR: e}iher wmmm grmm i th
iha as determiner, it. mﬁﬁgam rive: A0 <IN AN 8 -
pronoun. That is, the mtu cen refer bnk to 'o blg ey mtopuo as

either: ‘ - gomanrand nested pon b oaee
(i : th‘“l#‘ﬂ*“maw wE e E] R A4 ;"55{;}{%1’:‘ e e
(H) thi.%mm woed wot ogbiamer st o ogp dmes s Ll St
RUIEIS '

Wi 5 osd @iay g smnginoe wl

~ Na_ghecks ace swmtm Wode ahout g ther. a!am#&» e PAragesph. thet. might

have sinilar desqci,nﬂgggg A.sopbiatineted M‘ mlgmm be abis
to peigh cacatully-Lts gelogs, Sbout e iagcnefacanee chnienc g dintence from

coreferent noun groups mg-mwm-sm mms. who .

repetitiveness. . Any bevcistica, fer mtmm LR GRS,
_ therefore, ugm have.to.bu. inteacatad.ints. e g mmm% oy

&,i:carefullu. R g

npE e met U Eomay onatwee Fiel aenrd das el Dioowte
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ALl the rest -of the content words Like Gur *e¥identiy evident® example
are handied using packip. The heuristis oo hntiy used 13 that it the root of
a0 adjective, nin, or Verd is ripestiel aagibers WiMIh an scgusent of the
main vert or aael¥Tier of thi Nein clivee, -theh Attt should be sade to
~ correct the witustion. " This tavoines it inisity ouadn of LENALTLIST and
holl. It tHis does not work,

“then ‘an ‘attempt to capisce the ol or ‘nikiee #¥ie
the repetition bs.cuerentiy teft as is, Bat it mﬂd:ﬁ Wﬁ!lo to Initiate
wore ‘extsnaive ‘Schup. / e |

The hsuristics used hers e -.m&ﬂﬂg sory simple and |imited ones, and

& good desl of ritinement #E1 e negesiaiy. MW%‘mmt way to do

thie would e 40 Builtd in Be Sy DIt ethictvbil Al tical mms&a as

- possiiste, -then Tan «he Sgsten on StNe at. ke xooil Give “the designer a
chince to fucets ithe inapstitions that otwsi 1§ swand Yitioas. The heart

‘of At pratiew hive Setes 4085 to 88 *WW il tioe ‘goed twiur Istics
ars tound, their iapiesenietion shicid Se.e ;o

6.4.3 Those Long German Sentences
Sentence length .is a problem that swime tiivial wntil one starts to think
about it. ‘Bound up in the question "ﬁaﬂ ‘&m m&immtm ha?" are
icm of the sentsnca’s role.es.a cérrier -Of MNSNges. %m sentence
“length we-heve to knou shich ‘inforuition 6N BE-EeNely ‘Sepsratid ‘out Snd Which
Is aseenthal 10 the integrity of the Gesslipe. AT60 INGIvad Ners are
pory Gapactién: AOG éthel ‘of esntential complexity:
' ing 1 Inktitions.

questions about howen %
must take nte socount humin Shor t-taPe-eentrg and Proce
Sometiing thet ‘s comptex 4o ote sort of wgetes wight be handied ulth ease in

@ sl ightly ditterent one. ‘Thus, uhen ue t+{'to ‘diitersitne uhat size a sentence

should be, we hava left surface generstion and sre resily talking sbout deesp

St o e e T AT L s Tl e e LA
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gonoratiom the process of ormlzing na ages.

R R TTR T

Hu -uotn. of couru. is baud on thg Beiae ?tlg) ”gﬁ"?”m g.mntlon

- Ath‘t Inmrgl we
-do not nud to conplotaly n—build m nessepe for t tar t llngumg pyt

P

BY iR T H Rii-ades

ln tho targot Imgum ulll be wfflclmt. ! hov.

rathor can Watc fro; th- co-mutmw Mgh l Emg}ga_f

{,;;

rcpnuntatlon. ln no-t cnn. thln non to be ;ho loog ;'QQ,F,{!Q“”W o 9o,
£33 R 17 ¥,

and, alnco “e uant to follau ‘the organization og tho .gurco toxt ” g;?lgng!u as

b g ] i}{“

pouiblo. it um to bo tho :oot offnctiv? u gagl e ad,ﬂlng gg;g
| ,untnncn, b havo contmuod to avoid JSrue doop qomrat‘}on. and 1 thlnk only.
furthor ruumh cln dntornino uhotbor thiu lo L] v!ugyow , \Vgo. »w'?'

-3

dlocuu Iong untcncu in more dotlll. and ttnn | glll cops back to thlq issue

PR .

bolou. ‘ ’ -
PR s K i : PSR T 3% 3% CE T Fai e
Firot. l ohould "y thnt althqum ocodulc G-rlm h,u ‘J’"‘“'“ mtgﬂ.tu
= ru HMEED v VIR S B A ] o34 o

mwwww

GwE B N8I OG gl

Jlanguagu choun horo. That Io. ,If‘ pe uere. trmla;lgggFgm to Englllh

for lt. Iong untoncn, the untm Imth grcglon

motud of Gornn to Engluh. ‘mtm lmgth upuld otéll bs_an. igmg

AR
Cortain things are aluouo easier tu oxpress ln one. ! 3y Nqngthor: it

PR

o
e 4

ny tako a clauu to cxpron in onq uhat u ggrd cun mgs Ig thc othqc:,@
Bccaun of thh., it e pculblo to ‘tlrt fron an meoqp icgtod sentence in any

Feie] ﬁx{}f’

source |anguago and ond up uith owhu- a voruﬂllrgq mﬂgg?lgx t{tﬂglqggﬂ or
a ouccouion of voru ohort mtuncu tmt Qhogld bQ cogb

. .
e ¥, g &

In tho sgstn. 1 havo concmtmtod on dealing with untnnc-l that are too
Iong. Thns was atrictlu the rnuw of tln Hmtation, qlm Qtprt mtoncu
Ucan e juot a ﬂuluﬂeﬂly of«q M ;wmm&mmtmmg afgtncung.

e W 1&*““5?"’ L2

e twmo. mm Poveinly Mf ey’ ?f!«ﬂgm | :

b e sl “'w '
conprohmoibllltu.) l ohould .I.o add that tho Img'laticq ln thg= mtu are

'very fragmentaey m were mmm rmw el ) $08 “then “to st tempt

| £2% 34
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any sart of comprehansive anser to the probiem. |
The first qusstion that must be ssked Is. 'nmtong is too 'l'ong?" which
should be immedistaly reforsulated se "How mpm is too conplnx?" It isa
common observation that itunﬁw structures m mm- for pooplo to |
understand than recursive ones. Luduia RAniners (Zﬂ warns mmat the dmrs
© of 'mmamum. or mmjw mm of cilunn. So Imgth alone
“is not the problew hers, i though amn. of eouru. maumlu complex
pentences ire aleo mnlnm hmg. Lmth u one mw ln eonplunitg. but -
nat the only one. The recursive otrucm mtlom. in fact. onupnfy ons
very Iuportmt mtﬂbutor to emluitu. m l mr of thlnqo are
started but not ﬂmm we can expect the mmm mol to.be hlgh
Smillr. but not identical, is the mionitu mtrm bu hlek nfcrmcﬁ.
It ue hav-. uu. thru back rcfcnnen In tho u-o mtmn. u- aro not onlg
thﬂng mtmﬂ&l ubimitiu. but lloo thu Wmof cl-pty nintaining
the |inke ntunn coreferent ltm. Yh. mlﬁdm lntrotluc«l bu ‘an
unmnmar word: or bu cc.p“eattd nunﬂc mm mt qloo bc nckamd uith.
Smtnnthl ennhnﬂu sesns ta be an tddﬂlvo phonnmon Sou mt-ncu
that [ consider too cmnc-m in Emliuh cm to h‘ difﬂeult not b-caun
| they contain & aingh eoupllcam ntruntwc, mt rmnr n s ruult of a
compounding ‘of complexity. To ses what | mean hu mu, consider our prizo
exanple sentence end & translation that pmmu éhc mmtm crulnialtlon
of the German: R |
(i) Ein deutiich sichibares Zelchen tor die in N.rmmtu vorlauftndcn _

Eregungen. ist “Spiel der. Lhronsiegheren der Caphalepeden . jensr unter
der Haut lm.%::n geib, braun, schuerz, violstt oder karminrot geflirbten

Zsllen, die sigh sntygder . g Sesh ead| e .aneetzenden
Musksin #18ech o 't suspebreitat nﬁn
(i) A'clearly visible Indication of t‘h. Qdé’ititulm'ihat run throdgh the

nervous systen is the play.ot the cheonsisphergs. of -the cephalspod, those
yellou, brown, biack, purpis or carmine coloreit celis that |ie under the
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skin, and which either contract or can be -prnd out undor tho okln
surface by radially stfixed muscles. R .

- This tr‘anu'rat’ioh woutd sound better ‘i’?'f“tiiﬁ%?fu‘ﬁ mm-m used, but

uhat about the followimg? =~~~ 0 ¢ il e e

(11} Ein interendentes Befepiel daven-etides SEiel der Chresstophuren,
jener unter ?.r Haut |iegenden geld, br v Sohuiarz, violett oder
karminrot git i tel 2atleRl ai.‘*m BISAmnONE FININ LSS o ch
1.1
radide _ansstzenden Huokuln ngt mg;tg}wm bmon o
(ii) An mtaruting example of this is play of the drmtophoru.
those yelioh, broan, black; pirple’ of tiri m:ﬁi gioﬁca ‘citre tRat- 1 Te
under the skin, and which ejther contract or mgu qrud out und-r the
skin surfacé by radiaiiy at¥ised’ waelte, " 378! worl o

To me, the English’in (117 is #ine as’u Bingte sentes *”"&“*Fartﬁirmi‘lﬂn ,

not overly disturbed by » sentercs’ [lker =~ 97 T n e oL ranen

Cii1) A éleariy vinibie niledtion” of the éacitations  thirt run’thiough

the nervous system. h thn pl of the
those wHou. Brown, b % g
akin,

UM OSREE Pt B opoa el beon

Thersfore, it seens to me that no one ttcucttg-. !ugg an eub

conmmcd comp lex oxp-pt ulth rnpo;t to i"tc mtpt. ugn clm can
A iy & ,

ol ity aﬁe‘y“l E

T REELF R T

tip the balance in an otheruiss acce

thle sentsros, but ue oan, not pin_the
blawe on the clauss alone: it is the whole ssntence (st lesst) that
contributu to ]uwu about M&“‘Wo pr Bt ,
It is not aluoyo oasy, then, tQ mldq mleh mtmg lhould po broken
doun into swaller ones. In this respect, I .think pes
of it than machines. since they_have 9 very dire

couploxitm if the wind hag las, ity to

‘lq hava an sasier time
T T N e

qpputoru. mon nlnd.

SEEEES

are not structured in the same “?Uc gon’t bogglg in thg sane qu But even if
He lack a model of husen mesory and processing, 1 think (¢ e possivte 1o
derive a measurs for sentential complexity, By anaiyzing sentences judged by
people to be too m;malwl it uhould bo pouibh te eg?u w . ulth o ‘formla -

Irie
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accuptablo and which are not. ‘

- A Jmk at the .spscific cases handied -in the sysiem mrd probsbly be
heipful, ‘but ‘betors the "uhat," 1 wust sgain WW«W quastion “shen. *
-Hhen -should the transtating sysien seke these checks: mmtm, or more
WWW Length. MM,uhmt@ﬁm Firat, there is
the dcep watim lppmwh !f we start otr. mﬂw proeno from a set
xokporent, we can include
4tion should be, or what
batterns of |inkage cen eccur.. ‘Algernativgly, we can ratain a surface

of :gssertions fru the data base of m Wﬂm

limitations on hou farge or desp A semsetic Fepressn

generation schese ‘but do compiexity sndiysis on thn opantic roprqmtqtjon.
He would bo,mslm«tho sane_sort of information {although probably oot
identical progowes) ss for the desp geharation.apbrosch, Bt v would be
analyzing a structore after it has been built, not h the process of bullding

it. The third approith s for ‘the surtece guriecitor to Wonitor itestf. If
the output has bacome too complex, theh sultebile Siction cah be taken to split

tha semantic rmnmtoum. wnihiy FétoPmIEting Sose part of 1t in the

pPOCO”.
t, uhm %h ‘semmntic
fna simple

I chose the third alternative for ‘the W

coﬂpl-xity of wﬁrmim is I

r-pr-sfcnt-tion is a~¢c‘afuu-'u tousrd TEiguige”

inspection of the ‘semantic narmﬁmm iu édwiot “telt mtm ‘a relstion
can be expressed by @ word, or thethér & CINasd AITl 58 necessiry.  In‘the
_present system, It Is sasy siough, -of toirss, “ts detériing hathior ‘single’
words do exist for a given concept. The polt ts, However, that ue do ot
know whether @ particulsr word can be uded In thtnﬁiuﬁéﬂmﬂ I we take
into ‘account both the interrelationships batuesh ‘parts ‘of the message end the
Hnguhtic constraints on structuring Tn the Séntence. o




. . all the arguments of the rclgzlon

uith the mlq MW glven and % mtmw; W‘«N}' ta.lts
_complexity. The heuristice prassnted here gce ,Ql%ly A hge, and they.
represent the only case currentiy hendied by, the syatem: L think they
suggest, houever, the direction in which ang MM D'M . The, 5'!9“!!‘
cxanplo, lglln. was: beupEs oe
LR e L I DI
-t toe eroun, black, w*eﬁg‘;%%"/; etlle, W the.
Amrfm by mgm Ig aff|xad oegles, . cir e Lgent

One factor here seemy to be the sybisct of thgwﬁm: A,_Mclgplg vl,;.ibln |
indication.” He notice that iggication is.a relation participant noun, and
that the other argument of th, r-!at;mﬂgm&%m 1“ ;hlmﬁwlggtod) is
prncnt as a pnpouitlm group (Gof the WQ% %% JQ <. call a simple
. nominalization (o.g. Ay gerund) or. rq%;ggué m;igl%;m q&wggu' it
gowr waLigitly 1n i sewn grave, |
salect of senterce (11 In thecetsce, stucated, Fimthwrs 11,8 saturatad noun
row féovt,-.i".- 4 pastnoning] rankshifted, qualitier medituing one of the .
‘arguaents of the ralation, ue cen call It "wgecegtucated.”, The subject in
(1) s aleo supersaturated, due to the 850 5imme.that meditisn mshiatione
(*that run throygh the nervoye susent) ., He would. mpect 8 suoesatucated
noun growp to be & key.captr ibuter 30 sentential cemiexkiy, but note that
supersaturation alone is ,ng_t Whm%&'ﬁiw of @ sentance . (axample
‘A turther difficulty With sentence H; 18 the: @m!tl\to,.pm.u that

starts uith "thoss yellou, .., . and cermine colaced gells.” Hers, two
postroningl RSQ clauses wodi fy Ralls. .90d,in Englieh e vould tend to conjoin
the tuo using and. .Furthermors, the gecond pestngminal clauee bere (‘which
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either contract or cen be spread vut ,..™) “is iteslt conjoined by aither 'I Qre
This double level conjunction looks |ike an twﬁamﬂmw to
complexity, but it is difticult to tell iwre to ‘drel the ine 1t our second
clause uers "and unsleh ‘wither expand or f:ohtnct." ‘the sppositive would

~, 'the ‘Gio Clauses sre not perallel.

probably not be teo tong. In (i), Houew
(The first ie ictln. and the second nmm.) This. mntn push the
sppositive. ovpr the ligg. Mt ua m, M vfmt m m;ithm m be
considered complex if it goes beyond. tgq“: ols of parailel gonjunction, or
‘beyond one lanl of nnon-parluol m}iﬁwtiéﬁ. Onoe mln. » ‘complex
sppositive alm ahould not’ trigger N}utlm ot i in‘hiihm “since exanple
(i1) above doss not ssem to be too colpisx: S

By combining 4 supersaturated noun group With & complex appositive as
detined ahove, Hb do gét a°dentence that i1 tos ciwplex.  In désling uith such

a sentence, ue would swpect a generator to Inferrubt Processing 1¢ 1t detects

an cutput that ‘astisties both Complaxity conditions. ‘In the case of example

| (i), nodes mould ‘then be posiped from tﬁo tred b.ek ‘to thé Ecgimlng ‘of ‘the
.appositive, since .sppositives snd ‘c’onjm'c’ﬁ’oni ar¢ natural places to break up
a sentence. Unat fs left on the tres (In this céiss, Svarything up to "the
hronatephores of th- ‘cepha i opod®)’ would Gecons 8 singls ssnténce. The
appositive part of the samentic représentatin aoufd 'pe Getechsd and uould

* becqwe the second sentence, uith QeAdratidh steFting feom the top. Note that

gliven the simllarity lnmammtmmim dl]’wlndm ndary

clauses, it might be fuﬂ»blol to rmdﬂ o‘on. of the output that Has already
generated before the interrupt, Instesd of dilicerding it altogether. In some
‘cases, howsver, this patching might reguire s certatn liount of Iingenuity.
Note that not all !Mg Sentences ‘cin Be wpiitas ulﬂu a8 the exawple
here, lﬂd. for soms, ue wight not’ blﬂ|. o find a dlvhton that maintains

B e N RS D T S T D U e TR S A et
3 R ¥
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A ‘,tho lntogri'ty of the massage. Stilt, 1 think mm; gimln‘ jden. of
some of th- Rl R imglm in "N‘WMWM‘M% L shoyld.aleso
. ronrk that this oqphnh on uaing. w%ﬁ&&%}%ﬁ&;q%u beuciatice
~ may be misguided. 1t may be tggg seamntic, mapmg@%my
heavily. For trmolgtlon. hugov.g', 1 W Asnd. %o me@&!&}%sm”‘“

in terms of thp .urfm otrpctura of. thg}tmt; PONSH,.. y@. s glyen. ..

.uuntic roprcmtatlon has llrgqg bosn o bodied in A ﬂw&Mmggn the
7oourco langum e R

=Y

.8 5 ow Ms'w Es&mlm «

B Evm i u wers sxtended tp handly, the, uggﬂmw mﬂﬁ

ussed hor, gould not.be SAI.P be, 8 Sowplate
one. Thars, are atil1 some very Iaportant prapesses At bame. pat. boen .

, considered, and | would, ””Sﬂﬂjmwiﬁﬁé"@'ﬁ Aoction. Nothing
.discusesd here is currently Impl » ) . .9 ‘

atructuru. tho mutor Siscuss

addi tional appantuo would be mcuuru.

:B 5 1 Duling uith Alblguitu

Aqbiguitu is not an_issue for. ihlm;!tﬁ '»M way-that it.ds

. for the, intprprotnr. But. there ara, saversl.cnestione; waedb: coneigerjng. . Two

mechan)sme for hpadi)ng. differsnt soesa.at; ARIgMItY: A1 Be;disewennd bare; |
.one of thess.uguld be desireple. in 8 vosking. sransisting systew; endi the other
would be quite importent, . .. . oy s o el f o

A The first. fasture s, tm soility te tmtk”émitvfnmmw.
_uhich uas mentioned.in, by intsoguetion. . |<thisk Binopid pechcueetol .
mechanism since I find nysel f nimi;mumww teansiating,
For pcoﬁ'le. such mmiugthw;gg brongwn npferense  and LQ’ i’Aclt
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information |ike understood sgents, stc. For a translating systew uith a weak

 ‘deductive component, the ability to. transiate smwbiguity~for-ambigulty might

#le0 be used to avoid choasing betuesn different seness of & word. Especially
in tangusges as closs historically nﬁnrnn m“Eanuh. it ls often poniblo
langlw'm. In general, & 'agﬁ'uf would have to be quite ib?phmmtod to
transiate abigulty~for-ssbigulty, but st the fexical lf\l;al'. we could make a
start with either an English intsrpretive dictionsry or uith sn sssociative
ability to link concepts to definitions. (Currenty in the system, we can ask
what concept markers are dssociated ulth a CGarnén word or what Eng! ish words
are associsted with & concept macker, but there |s no uay to find out easiiy
‘uhat concept marke

e sre associated with English worde.) It would be &
_relatively simple watter to take tuo Coricept markens roduced for a German
word, Took Up & set of English words assokikted uith ‘ohe of thes, and ic’ef it
eny English uords ‘in this wet could als hava the other concept merker as @
neaning. » e L

To transiate ambiguity-for-asbiguity beyond the lexical level, the
generator would need a model of the English interpretive p"ﬁde'oin.':_ The task
‘here would be to snsilyze the uay the target Tébusge ibe dmbigucus by
snsmnn‘g the semantic representatiofr of 'by’ #ccessing pre-packaged know| edge.
The pre-packaged knowledge wight expred such tacts as) *ln a German
 nominalization of a transitive verb, the genitiva could be either the subject
or the direct object of the verb, if no other participants are given.” The
second phase of this task wuould then be to find an Eﬁyﬂlh structure uith a
similar ambiguity, which for this case Wappens tb be an English nominalizétion
with an gf. To uss s femi{iar exsmple, ' ‘ R

das Schiesesn der Jlger = the shooting of the hunters
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("the hunters shoot” or "the mngm ore_shot®) B
Thc lodil of otructunl ugtgultug might gq derived ggtoqgt,ycajl,u from &
parser of the langquo, although that would not be. mﬁ&? the pacticular

ore MY uRuld. it such,
knoulodqc about mtguitln to be dot.ehld -from the pasoer ... Since. we. do ot

parser und horo.‘ lhonvqr 1% comes. fronh_ .

, ulnt to havo to olmlnto tho paning progna m tlgﬂ Moat to dotqrnlm

uhothor l utructurc h ublguouo. it 9 SAL L

| Th. ablntu to tramlat. ubigﬁnu-for-mlgulgqf ;ﬁua; dl%!'d mld be
cttractlvn ina gmrator. but not umtial.;‘ Tho ogcqnd Joature l will
discuss here, mtnciptting ubim;i.ﬂn in the output text, is more crucill. |
think, since It relates to the reliavility of a transiating aystew, Hhet 1

s ﬂ?ﬂ!‘q‘ Q"“l Lt 'W'U

m Enpgt ,,4&&0..

yuould llka to conoldor ln thc lltwtlon Ml tho

praducn a ountncticallu or mmticallu wtm %%';,

3
L

atcp ono could takq to avoid thio problu uould m go jnd ‘

back lnto an Engllnh intorpntor. to ses H mt Hee

mious miguitin. Thh uould corrupond to a trmilgtor rudin,g ovcr and
corrccting a tramlltion.n lt uould not bo ln Iboolusn lmm, llm the

" proof-roador uould presusably shere tho sams deguctive data bass veeg by the

rnt of thc w-tu. and knoul-dgu Hniutlom night cm lt to lm

anbigultlu that sre pnunt in tho output t.xt.

Evon it such a proof rud%ng fnilit%m aamlablo -md ospecially it
~one uers not - a mator should also be able tp anticipats some. aebiguities
and avoid then. ln hio thnh uS) ‘. Hillca}glm four. couses of globpl. .

syntactic anbigulty in Engliahz L O R T
(1)‘ éhooclnq botuun partt;:iple nd ”rupd
(2) Chooung botmn ‘noun and verb in clause first uqrd potltlon
(é)A Choooing tho correct trmoitlvitu for the vgrb
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&) Chocuim an sttachment point for a -odifulm phrm '
1t te ctear. thet, -glvm the felitures saved ea"tm g.mutlon tru. chccks for
thess sorts of muiguitiss would be: rélatiiely. smmhrwd. A g.nontor

aleo might be abté to mticipato certain. unntlc confmlom ‘sbout the: ocopo
of & quanmm. “(*Ousntifier® Is used m s éﬂgnm port of ‘speschy
“swe Winograd (39,p.67).) Checks for thess nrtu of umgumu could b- bui it
into the syntactic epecisiists of & mma er ﬂn nn mforuuon cwld
be ‘wwbedded in & el routine that woutd monitor m o-mumn procuo m
interrupt if m ‘of thess wm mturu were gmsm. |

'6.5.2 Wnen All EtseFails

i,n,m%‘w‘%;"-~'«‘fnlm as H .tm m, i 2 .H th&blckllp POO’NMHH-.

% Tt

are. mtu for » wtiwhr m im mor -iwm uil-. TM.

" would cbvivusiy be undesirable wm in 0MM§ mmm og-tu. ond
e ubwld uant -8 wstu to ﬁo .Me to m m mt aut oi I ud nltuction. '

" There no- to be two Jiroctlom one. mld oo ta mt thh oui. one b.ing

‘compromiss and the ether paraphrase. Bath mm muw ‘be niinon in a

FLA T R

systen, but it.is not at all clisar how ‘seh mmr mm be producod. Tho

two will be conﬂw brioﬂu h-n. M m uwﬂm uﬂi ho oﬂond. nlnc-
they depend, 1. think,.on sxtonsive further rm '

In tho current mﬂon of the Wﬁw mkup h hlndlod bu trulng
alternative cholm. it this is alum within the eont.xt of & ut of ﬂnod
chaicest no attempt is lidc to iuopcnd m‘ln. “in oetual ﬂtuaﬂom. It u _
entirely possible that no combination of mmtbk ehotcu ldoqtutolu "
vtranslatea the original, and. ‘ih this cau. uu nould uant to produco the best
approximation possible. This could be done cithor w io&i}tng out mo of the

content of the original, or bu viohting one er m of !hl rulu uf tho
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_ terget langusge. (The other alternative, Jp perephragy, yhich ie discusssq

belou.] In general, uhen transistimg,scientitis tenfeue, )|l shogen to ..

violate rules rather than to |ssve out contant, . The ghpige Af which culgs to
suspend, however, can be 8 difficult one, and in lrrivlng at thh dqg&ql\gg.
might get involvod in delicate trade-offs hctuun diffnnnt ponlbilltln.
The generator wouid probsbly n«d tho wllity to produu s set of alternative
treu for uhich difunnt ruln had nggs%@%m um So8e set of

critoria to dotmnino which represented gp%osggu camproniee, Thig ability to

veg“g,{

 make conproniul uould bo ilportmt In L3 ng m&t% ”g% lig‘ p__t}gn
"uon that tho ooqgm of tramlation h tho @!th taﬁﬂgdm comrouluo.

ey 3¢ bl
If no utisfactoru coupronln can“bc fﬂhth%m :t.p Io to g}u
"
p-raphrau. I a- uoing paraphrnt Zn .‘mlﬂ%} e m&e m‘ cggm

in tho -xpllclt nunlng. 8ithough not in the tatal mng af @ text. Let me

Jsnssig s Tty

rv»’.g'" [ siuplc cxupln of e ﬂtuatiun In uﬂ,gq ml icig mk’ﬂﬁf‘&'@ aut in

Tous i

which tom mming I- oquivolmh , Th-,gngﬁqhm'g- X mm»m

in Gnrm ao oin hollor Tl;" (Iiterlllg, 'qf tg' day”) . m 2y Low J% i

R i

“oku io cloar of cloudn. thon tho wnrggm Mt%atmiMs w’"u?? *&‘ 1f
_the =un '9 bﬂcht. e -upoct the sky to be clear. The tuo imn

&lmw

SRRt B bl

on diff-rcnt lndo of thlq lf-m-gnl&-lf rogggtuml%m@g.i %’M explicit

_otat-mto dlffor. the i?llutim lo .ﬂ” m}x MVQ}I@L 5o

This purticulor ml? uouLQ pgcgﬂ;ﬁu %g.gég?c !mnvﬁyqugpgmu”
definitions, by transiating hell as gl.u: under certain clrwnuncus e

probably would not use a general peraphrass mechanisw. Not all possible
paraphrases, of course, cen bs anticipated in this wey. [f the generator
cahnot translate a phrase, we will uant it to consider the implications to see
if another equivalent phrase can be found. Thit‘ will involve 8 return to the

deductive component, since only 8 fraction of the implicit meaning of a
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sentence iv carried Tw the sesentic rmhﬂm. “The: d-ductlvc co-povmt
 uould presumably fifd an equivelent’ p&m alter tﬁ‘ semsntic. R

rmtaﬂd&. ‘o send this nen Fepbeut ok t5 the g-norltor for

Al though tha: wnw mmtw inptmm is. voru Ilnltod in scope, l

S TR

hove tried to féreses the kinds of extenslons

M mw be nmnaru. Thu
lsportant festures ¢f the generator are’ thet it uuo m oﬁmtlc |
repreventation as - input and’ thet it e m mwm u gomnto coupomntc‘
in the linur order that thqwtn m ins m Nlth the utmlom
wade to PROCHASNN, ue can meintein s m&ﬂn tree, snd H is pouibu to
" by-pass syntactic speciaiists or definitioh routines, to specify a definition
Iist ‘to be uﬁd o tu eoplicitiy nm M wﬂewar m ehoteu. E-phuu
has beerk placed” oa sone prabh“ thet m trﬁittwlg eomlmtd stullutle.
but which an of cm%mh lwtm fu- tﬁmlntm k grut dul noro
analysis nesds t6 be: dere on th- semintic mmnm for wtlcuur -untacuc
cholces, and the ganérator would sles benefit from tmmmtm of problems
sUEh wrmﬂﬂm and sentence Im Fimﬂu. the imt d!mnod in
section 6.5 - aveiding swbigiiity, suspending rum. ond pu-mm are
probtens that afi wide open for further’ runréh
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Chapter 7 -- Conglusions ,

In the course of describing the. llplmtltlon. l hav: discussed am
,problems and sops solutions.. Not all of the proh;ngp hqn bun utl-factorllu
solved, and smong thess ere sone, L think, . that ere lntwntln. omugh ta
Justify mors jntsnsive research. In this fln.l Mtw. lot ) rpvuu what |
consider to be the major problews encountered, Ln thlp project and make gome
. remarks sbout tho diffonnt oolutiom m;woud. : v

Heading the |ist of probiems in mechanical trmlgtlon is.otill, of
course, the probiem of understending. .This. mmmuldwghpjm aof the
praject, but I uant to emphasizs again hers. that true undsrstending ef the
source text is crucial to trustworthy transliation... Bp.lq_toq to this is the
issus of accountability. A user should alusys be.sble. to ask & sustem what
choices were made and why. Just as 3 m»'trmlltw could give reaseos for
a partlcular dlu-blwntloq or word. nhoicq. I thlub it is umtill that »
~system be abis to do the same.. This will not gusrentes. rolllblllj;g. but . it
'dooq give the user some c_on_trol by giyiwfhlu{?j chancs to. catch geps in the
knoui | edge base, lncorroct assumptions, etc. . | \

The first problem encountered in the Jnjmmim uas that of plning
German text. Hers,. there.uers tuo difficult sress - German inflection and the
relatively wide (compared to English) syntactic varisty, i.e. prenominal
clauses, the relative freedom of word order for verb objects, end-order
constructions, etc. The former involved chenges to. PROGRAISWR to handle.
multiple feature lists. Thess changes usre sxtensive, @lthough of 8 routine
nature, 1f PROGRAMMAR had. originally besn written to handie Russian or .
lcelandic, the morphoiogy of German would not have.coms ss. such-a obock
English is biased almost exclusively togyard uord order in Ahe linguistic

trade-off betueen norptnpholow ond word grder, ap.one. uquld expect to nsed
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fairly extensive changes in order to handlie a more heavily inflected language.

With respect to actual psrsing perforssnce, | would say that the general

" approach used by ‘ﬂi’mgnd is as good st handi ing German as 1t is at handling
- English. That is to sau. the pcrfornmo of the pﬁm teaves nd doubt that

it could smdau bo cnhhded and” w h‘l a pr"ctlcﬂ ‘system. = There remain
certain trouble’ opots. houever. that are prnont in Engltoh but are
exacerbated in Gm Thc inptmntiﬂon uses 8 nunb.r of ploys to ml u!th
the more varled syritactic cmﬂcu of Gerasn, but I( is not clw ‘that the
oolution is gmra! enough. The ncont dlnathucﬂon oxpruud sbout backup
in language -parsing seems to be well-founded, and It wii! be interesting to
see the’résuits'iﬁ this area. | |

A keg quutlon in nchlnical trmciatlon lo uhlt tm mput to the
qmator should fook 1ike. In designing the inpleméntation, 1 started uith
tuo «mapnom sbout tm- mm. The' ﬂnt‘m that for Jﬂo"-rgw.n terget
language ue can pradlct the nortn of inforntion that will be necesssry for
generation and the sorts that will not. Second, 1 umd that surface
generation ueuld be. enough that the pmrttar could follou the mll

? orgtnlzation af thh courcc text nntona for sentence. Tm» aro baud. \n

“turn, on tm undnrlumg hypothesis thet tnmlot%on of“tolintlﬂc prou dou

not nesd the full ‘pouer of & general purcmn pmnthr. Adoptlng thou
aseunptions resulted in a commitment to- tha uu of & unntlc representation
as input to the generator. In chaptlr 6, we sau that thess assumptions do not
aluags hold. Some situations require paraphress, and in others we might have
to restructure thoy. mécga ent h--l.u.‘ 1 "’(Mﬂk‘ “they e tru\i‘ dft&h oneugh.
however, to justify substential differences batusen the form of generators for .
tnm.iatvion snd general purpose generators. | could‘bc urongln fhii. -
however, end only increased resssrch ulll teil uhather sfficiency .lies 1n the
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direction of a special purpose or of a general generating process.

There are many aspects of the two languages considered here that 1 would
.like to have investigated in more detail. All of these, | think, are
interesting research areas in their oun right, irrespective of‘the
implementation involved. Only @& token gesture was made toward using
information about collocations for parsing and generation. It would be
interesting to see hou this information could be used to build up lexical
expectations about the rest of the sentence, in addition to the syntactic
expectations currentiy embedded in the parser. Furthermors, the area of
- generation poses a number of interesting questions, many of which have been }'
given only rudimentary ansuers here. [ssues of word choice and sentence
length deserve more attention. A good deal more analysis needs to be done on
questions of semantic motivation for surface structure choicéi. Finally,
another very ihteresting problem is that of suspending rules to make good
generating compromises.

Throughout this project, I have been continually impressed by both the
economy of natural language as a communication medium and the variety of its
mechanisms. [ find this convincing evidence that any transiating system that
throus away information, be it syntactic, lexical, or eenantic.‘cannot hope
for success. In the end, only a total approach to language will offer even an
initial solution to the translation probiem, and a lot of intriguing questions

still remain unansuered,
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APPENDIX A. WORD FEATURES

WORD DEFINITIONS FOR THE INTERPRETIVE GRAMMAR REQUIRE THE FOLLOWING SYNTACTIC
INFORMATION.

STARRED FEATURES INDICATE REQUIRED MATCHES IN INFLECTION. FEATURES WITH DOTS
INDICATE TYPES OF FEATURES:

PERSON= P1ST P2ND-FAM P2ND-POL P3RD

GENDER= MASC FEM NEUT

CASE= NOM GEN DAT ACC

NUMBER= SING PLUR

ADJECTIVE, EITHER ONE THAT CAN BE DECLINED OR NOT,

COMP =FORMS COMPARATIVE

SUP = FORMS SUPERLATIVE

IF A SUPERLATIVE OR COMPARATIVE 1S ACTUALLY FOUND THEN THE FEATURES SUPERL AMJ
COMPAR ARE ADOEOC.

ATTRIBUTIVE ADJECTIVES:
(ADJ ATTR DECL COMP SUP)

COMPLEMENTS:
(ADJ NODECL COMP SUP .CASE, )
NOOBJ

ADJECTIVES THAT MODIFY VERBS OR OTHER ADJECTIVES:
(ADJ RELMOD NODECL COMP SUP )

THOSE RELMOD ADJECTIVES THAT MAY NOT APPEAR IN THE FIRST POSITION IN THE
SENTENCE:
(ADJ RELMOD NON-FRONTAL)

POSTNOMINAL ADJECTIVES:
(ADJ POSTNOM NODECL)

WAS FUR:
(ADJ INTER NODECL .CASE.)

WO, WARUM, WOHIN, ETC.:
(ADJ INTER)

WORUBER, WORAUS, WOzZU, ETC.:
(ADJ INTER WO-FORM)

ADVERB MODIFYING ADJECTIVES AND OTHER ADVERBS:
(ADV)

BINDERS:
(BINDER)

COORDINATING CONJUNCTIONS:
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(CONJ)

WRDIE DASETC.% CAE

DIESE JENE ETC.:
{ENDINGS DETERMINE GEMDER, CASE & NUMBER)
(DET DEMADJ)

EIN KEIN EINIGE:
(ENDINGS DETERMINE GENDER, CASE, & NUMBER)
(DET INDEF SING)

PLUR
WELCHE:
(DET INTER DECL)
WESSEN:

(DET lNTER NODECL P.GEN)

MEIN DEIN ETC.:
' (ENDINGS DETERMINE GENDER, CASE & NUMBER. ﬂWMP)
( DET POSS P.PERSON. P.GENDER. P.NUMBER. )

JA, NEIN, DANKE, AHA:
(INTERJECTION) ‘

STRONG NOUNS, THAT xsmmrmamms
(NOUN STRONG .GENDER. GEN-ES mm )
‘ Pun-a

PLUR-ER

PLUR-N

PLUR"E

PLUR"ER

PLUR"
IF THE NOUN MAY TAKE MORE THAN ONE GENITIVE OR PLURAL ENDING, THESE ARE LISTED
SIDE BY SIDE IN THE. FEATURE LIST, RATHER THAN mmm ENTRIES.

WEAK NOUNS, LIKE SOLDAT, MENSCH, ETC.:
(NOUN WEAK .GEMDER.) :

MIXED NOUNS: .
(NOUN MIXED .GENDER.)

NOTE: ALL NOUNS ALSO MAY BE EITHER COUNT, WMM(mm). SHOULD
A PARTICULAR NOUN BELONG TO MORE THAN ONE OF THESE CATEGORIES THE FEATURES
g&LT;IE LISTED TOGETHER IN THE SAME NAY THAT THE TRANBITIVITY mlss ARE
WEAK AND MIXED NOUNS MAY INCLUDE GENITIVE ENDINGS IN lm CASES

CARDINAL NUMBER:
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; (Nl.ﬂ)

DIE MEINIGE, BIE MEINE, EIC.
) "F Tlm =
UNPREFIXED
EVALUATED.
(POSS-SUBST  P.GENDER. P,PERSON. P.m )

PREPOSITION: = -
(PREP . CASE PRE )
.. . POST:

MAN JEMAND ETC.: . |
(ENDINGS SUPPLY CASE & mﬁt-:m
(PRON ABSTRACT . uw )

LER NAS! .,*' :
(PRON INTER CASE)

MEIN- ETC. ' .

(SEE POSS-SUBST FOR EXPLANATION OF P. ENDINGS DETERMINE GENDER, CASE, +
NUMBER. )

(PRON POSS P.GENDER. P.PERSON. P.NU'BER.)

DA-COMPOUNDS:
(PRON PREP RELMOD)

ER SIE ES ETC.:
CASE MAY BE EITHER (NOM GEN DAT ACC REFL WEIF)
.(PRON PERS DEF .PERSON. .GENDER. .CASE. .NUMBER. )

DAS, WAS, DA
(PRON PERS RELMOD)

EIN, KEIN:
(ENDINGS SUPPLY CASE & NUMBER)
(PRON PERS INOEF )

OER, DEREN, WELCHE, ETC,:
(PRON REL .CASE. .GENDER. .NUMBER.)

SELBSTp ALL' ETC-S
(QUANT . MASS )

COUNT
PARTICLE USED AS SEPARABLE PREFIX:
(SEPPR)
VERB:
(VERB REG UML SEIN  .TRANSITIVITY. -SEPPR .SEPPR.)
IRR ---  HABEN +SEPPR '

MIXED  INSEPPR
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IF -SEPPR, THEN THE w'mu: HEFIX IS GIVEN. Fm SEPARABLE PREFIXE. BOTH

TRANSITIVITIES ARE: .
Amn«mmmmmmm&muaasnwsx

[=INTRANSI TIVE A<ACCUSATIVE DeDATIVE GoGENITIVE N-NOMINATIVE ReREFLEXIVE
Me(FOR HEIFALL) DATIVE REFLEXIVE P-PREPOSITION AS OBJECT Z-RANKSHIFTED NOUN
'GROUP E~ANY ADVERBIAL. SOME VEWBS MAVE OBLIGATORY LGOATION, TIfE, ETC. JUST

WHICH CASE APPLIES S SPECIFIED ROUGHLY IN SEWTIC aﬁu&im

IF A VERB HAS NORE THAN ONE TRANSITIVITY RELATION, THESE ARE INCLEDED IN
PARENTHESES IN ONE DEFINITION, RATHER THAN IWKING SEPARATE LISTS FOR EACH ONE.
THESE LISTS ME THEN ENPANDED AUTDMATICALLY UGN ENCIRMSTERED.
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APPENDIX B. - SAMPLE PAREE -

EIN DEUTLICH SICHTBARES zemau FOR DIE m.mm W
ERREGUNGEN IST DAS SPIEL .DER CHROPATORMOREN. . . ... .

(((EIN DEUTLICH SICHTBARES zzmﬂt %m mm mm
ERREGUNGEN 1ST DAS SPIEL DER TNAOMA' |

(CLAUSE MAJOR TOPLEVEL DECLARATIVE REGULAR-OBOER) .
é ﬁwlw SICHTBARES. ZEICHEN FOR DIE. 1M MERVENGYSTE!
(NG NOM FULL NOUN DET INDEF NEUT SING P3RD mum

(EIN (DET mnEF SING NEUT NOM) |

((DEUTLICH SICHTBARES) (ADJG ATTR NEUT sm; rmﬁn ml
(DEUTLICH (ADJ neum UNDECL COMP SUP)) "
(SICHTBARES (ADJ ATTR DECL MIXED NEUT NON SING CONP 8UP)))
(ZEICHEN (NOUN STRONG NEUT NOH BING P3R0 GEN-6 PLUR® COUNT)}

((FOR DIE IM NERVENSYSTEM VERLAUFENDEN ERREGUNGEN)
(PREPG SIMPLE)

(FOR (PREP ACC PRE))

((DIE IM NERVENSYSTEM VERLAUFENDEN ERREGUNGEN)
(NG ACC SIMPLE DET DEF NOUN PLUR MASC P3RD COUNT)

(DIE (DET DEF ACC FEM PLUR))

( (1M NERVENSYSTEM VERLAUFENDEN)
(CLAUSE RSQ PRESP PRENOM NONEX SUBORDINATE FEM PLUR ACC HEAX)

((IM NERVENSYSTEM)
(PREPG NO-RSQ ADVERBIAL)

(IM (PREP MIXED PRE))

({IM NERVENSYSTEM)
(NG DAT NO-RSQ DET DEF NOUN NEUT SING P3RD COUNT)

(IM (DET DEF NEUT DAT SING))

{NERVENSYSTEM :
(NOUN STRONG NEUT DAT SING P3RD GEN-S PLLH-E COUNT))))

(VERLAUFENDEN
(PART PRESP DECL WEAX FErI ACC PLUR ATTR IRR UML SEIN NO-GE
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MVB PLAIN P AS-VERB}M
(ERREGUNGEN,  (NOUN sm FEn ACC.PLUR P3RD PLUR-EN COUNT) 1))
(IST (VERB IRR MV mm SEIN m 'N PRES INDTC PO SING))

((DAS SPIEL DER CHROMATOPHOREN)
(NG NOM FULL DET t sm‘.mmmmmm’

(DAS (DET DEF NOM NEUT SINGT) |
(SPIEL (NOUN STRONG NEUT NOM SING P3RD GEN-S CEN-ES PLUR-E COUNT))

((DER CHROMATOPHOREN) ‘
(NGGENSIN’LE(ETNFNPLLRHASCPWW)

(DER (DET DEF GEN MASC PLUR)) _ ,
(CHROMATOPHOREN (NOUN PLUR-EN PLUR P3RD GE}J GEHvS MASC COUNT) I ))
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APPENDIX C. A SECTION OF THE CONCEPT MARKER TREE

EACH CONCEPT MARKER IS LINKED TO ITS PARENT BY THE UP PROPERTY AND TO ITS
DAUGHTERS, IF ANY, BY DOUN. THE ORDERING OF RESTRICTION LISTS CORRESPONDS TO
THE ORDER OF THE SEMANTIC ARGUMENTS OF THE RELATION.

(DEFS HMENTAL-PROCESS UP A#RELATION
OOWN  (#PERCEPTION #REACTION #COGNITION))

(DEFS #PERCEPTION UP MMENTAL-PROCESS
DOWN  (#SENSORY-INVOLUNTARY #SENSORY-VOLUNTARY))

(DEFS ASENSORY-INVOLUNTARY UP APERCEPTION
DOWN (#DISTINGUISH APERCEIVE))

(DEFS HDISTINGUISH UP #SENSORY-INYOLUNTARY
RESTRICTIONS: (#LIVING-THING #CONCRETE AHCONCRETE))

(DEFS #PERCEIVE UP #SENSORY-INVOLUNTARY
OOWN  (#SEE))

(DEFS #SEE UP APERCEIVE
RESTRICTIONS: (#ANIMAL ACONCRETE))

(DEFS #SENSORY-VOLUNTARY (#PERCEPTION)
OOWN (#OBSERVE))

(DEFS #OBSERVE UP #SENSORY-VOLUNTARY
RESTRICTIONS: (#HUMAN #OBJECT))

(DEFS #REACTION UP #MENTAL-PROCESS
DOWN  (AJISH-FOR))

(DEFS #WISH-FOR UP #REACTION
RESTRICTIONS: (#HUMAN (EITHER: ARELATION #0BJECT)))

(DEFS HCOGNITION UP MENTAL-PROCESS
OOWN (#NEUTRAL-COGNITION #VALUE-ASSIGNED))

(DEFS #NEUTRAL-COGNITION UP #COGNITION
OOWN  (#XNOW))

(DEFS #KNOW UP ANEUTRAL-COGNITION
RESTRICTIONS: (#HUMAN #FACT))

(DEFS HVALUE-ASSIGNED UP #COGNITION
DOWN (#ASSUME) )
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APPENDIX D. SAMPLE SEMANTIC REPRESENTATION

A -aupla.;mmtatim of the sentencs, *Ein mtlio‘: t:chtbwn Zﬂchm ﬂ!r
dis jm wm loutenden Err - ist s fplel der

der Cephalopoden.” ‘Songntic otrwtm&nm Yor Sanse and . thoss prmcod
by determiners have been omitted for ehritu

1RsS
MEQUATE
. =T
HEAD HEAD
META Rss
_ WSOMETHING rss WPLAY
HABLE
. S— 4
HEAD 0ss
RSS
#SEE
1 1
L
#PERSON PHAVE -AS-PART
E—: |
MHAVE-PROPERTY #CEPHALOPOD
|
PSS - :
#OPTIMUM-COGNI TIVE - .| GEE NEXT PAGE
1
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MNERVOUS-SYSTEM

APPENDIX D.  (COND.)
|SEE PREVIOUS PAGE
RSS
HINDICATE
HEAD
0SS
HEXCITATION
RSS
#RUN-AROUND
RSS
HCONTAINVENT
Ll
0SS -
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